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HPEANCAOBHE

B aT0it xnure pasrosop noiaer o BceaeHHol, mapaMeTpax ee
NMPOCTPAHCTBA, & TAKXKE SHEPTeTHKE B3aMMOAEHCTBUSA MUKPO- U MaK-
POKBAHTOB MaTepPUaAbHBIX MacC M UX MoAeBBIX ¢popM. Korpa-T1o MHe
Ka3aA0Ch, YTO A XOPOIIO NOHMMAI0 BCE TEXHUYECKIE AVICLIMIIAMHBI CO-
BpPEMEHHOI1 Hayku. BasoBble GyHAAMEHTaAbHBIE OCHOBBI MareMaTu-
KM, pasAMYHbIe HAITPABACHUA XMMMU U GU3MKM ObIAM ITOHATHBIMM U
HAaCTOABKO IMPOBEPEHHbIMM M AOKa3aHHBIMU 3a MOCAEAHME ABECTH
AeT OecIpelieACHTHOTO pa3BMTUSA MaTEPHMAAMCTHIECKON HayKy, YTO
BOCTIPMHMMAAMCH KaK aKCMOMHbIE AAHHOCTHM, He Tpebyromue HuKa-
KOTO MOATBepKAeHHs. OAHAKO ceifyac COBEPIIEHHO [T0-HOBOMY BOC-
TIPMHUMAETCA CMBICA YEAOBEUECKO¥ >KU3HM, 0OHapyXuBaeTcs, 4TO
MCTUHHbIe QpKU3MIeCKHe NMPOLIECCH MATEPUAABHOIO MIPA HE COOTBET-
CTBYIOT QYHAAMEHTAABHBIM 3aKOHaM Haykyu. CBOM B3TASIABI HA peAM-
THIO ¥ TIPUPOAY MaTEPUAABHOTO MUPa 51 USAOKMA B KHUTE [TOA Ha3Ba-
HHeM «AOKTpMHa HaydHOro boromosHaHmus», a 3aTeM M B AYXOBHO-
AHAAMTUYECKON KHUTE T0A Ha3BaHUEM «AyXOBHbie OCHOBBI MMPOBO
ucTopumu». AyXOBHBIM aHAAU3 COBPEMEHHOM a1M0XHM A IPOBEA B aBTO-
6uorpadpmueckux xuurax «Kypc B 6e3pHy» u «XpoHMKa AyXOBHOTO
pacTAeHuA».

B AaHHOI KHMI'€ pacCCMAaTPUBAETCS TOALKO MaTepPUst ¥ YCTPOJCT-
BO MaTepHaAbHOI'O MHPa, CACAAHA MOIBITKA U3AOKUTb OOHOBAEHHOE
Hay4¥HO€ MMPOBO33pEHME, OIMPAACh TOABKO HA AOCTHXKEHHUS ¥ Olmb-
Ki COBpeMeHHOM HayKu. HeAoBeK ¢ BBICUINM TEXHU4YECKUM 00pa3oBa-
HMEM MAM CTYAEHT TEXHWYECKOrO By3a AETKO MOXKET HOHATb M YCBO-
HTb M3A0XeHHbIe B Helt pen. Ho aTo He Hayka, a duaocodus Haykm.
Yro6b! KHura ObiAa TOHATHA F'YMaHUTAPUAM Y MOAOAEXY IIKOABHOTO
BO3PacTa, CAEAAHO BCE BO3MOXKHOE: UCKAKOYEHDI CAOXKHBIE MATEMAaTH-
deckue GOPMYABI M PaCueThl, CAEAAH YHOP Ha AOTUKY PACCY>KAEHUS.
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YeaoBek, 3aHMMAIOIMIACA HAYKO# B AI00011 0GAacTH u chepe, rae
TpebyeTcs NOHMMaHMe FAYOMHHBIX OCHOB (PMBHYECKMX TIPOLECCOB Ma-
TEPUAABHBIX T€A OT KBAaHTOBOI QUAUKM M HAHOTEXHOAOIHMIT AO ITOMCKa
HOBBIX UCTOYHUKOB SHEPrul, HalIACT B 9TOM KHUI'® MHOTO UHTEPECHO-
ro. BpoueM, MHOTVe YOeXACHHBIE MATEPUAANCTEL ¥ CTOPOHHUKY TPA-
AVI{OHHOM HayMHOI aKaA€MUECKO! IIKOABI MOTYT HE IIPU3HATE M3A0-
sKeHHOTO 3Aech. Ho Beab BCsxas Maes, a Tem 0oAee 06001LeHHAs Hayy-
Hasi HaPaAMIMa, AOAXKHA OBITh AOCTATOYHO «Oe3yMHa», HECTAHAAPTHA
M NapapOKCaAbHa, YT00bI TIocAe OOCY)KAEHMS ¥ DKCIIEPMMEHTaABHOM
TIPOBEPKM CTATh OCHOBOI1 HOBOI'O HAYYHOI'0 MUPOBO33PEHUA.



fmasal
OBLME BOMPOCH! 3BONIOLIM BCENEHHON

Heo6X0AMMOCTb NOABAEHMA BCEAEHCKOTO YEAOBEYECTBa, KAK U
HEOOXOAVMOCTD 3BOAIOLMM YEAOBEYECKHMX PaC, MOXKHO TOHSTh, €CAU
YUTATEAU NPABUABHO TOHMMYT, XOTA OBl Ha NPHUMMUTUBHOM YPOBHeE,
YCTPOIfCTBO MaTepHaAbHO-AYXOBHOTO NMPOCTPAHCTBA OKPYXKRUOIIEro
MUpa, a TAKoKe CMbICA M HasHaveHue Bceaennoit. Ilpu atom Beeaen-
HYIO HAAO PACCMATPUBATh He KaK CaMOCOTBOPEHHYIO CYIHOCTD, a KaK
ra0GaAbHBI OOBEKT, COTBOPEHHBIA 110 NPEABAPUTEALHOMY 3aMBIC-
Ay Croponxum Habaropareaem, kotoporo a HasbiBao Otitom Hebec-
HBIM. B cTporom cooreercTBuM C nAaHaMu ¥ 3aMbicaamy, Bor-OTen
Ha MEepBOM 2Talle B 3aMKHYTOM M OTPaHMYEHHOM NPOCTPAaHCTBE,
CIHelHaAbHO BbIACACHHOM AAS DTHX LieAel, PaSAEAMA C IIOMOILbIO
OnicTpOAENCTBYIOMMUX MHPOPMALMOHHBIX KBAHTOB, IIPUHAAAEXKAIUX
TBopiLy, BCIO MaTepMIO Ha OTAEABHbIE KBAHTHI AOATOBPEMEHHOTO Xpa-
HEHUA FIHEPTUM, KOTOPEIE HayKa HasbiBaeT mporoHamu. Ha atom nep-
BUYHOM 3Talle TBOPEHMA MaTepus He MMEAa MacChl, [TOA€ rpaBUTa-
LiMM, KaK ¥ Kaknx-AM60 Apyrux mapamMerpos. Marepus He Moraa Baau-
MOAEMCTBOBaTh MeXAY co00I, Tak Kak He Copepxaia B cebe Aaxe
3a4aTKOB IIEPBUUHOM MHGOPMAIMU U B HEll He ACHCTBOBAAM HUKaKKe
BCEAEGHCKME 3aKOHH. Ho BMecTe ¢ NMpOTOHaMyu MOABMAOCH M BpeMms,
TaK KaK BHYTPY MPOTOHOB HAYaACA MPOLIECC CUAOBOTO B3aUMOAENCT-
BUA LEHTPOOEKHBIX M LIEHTPOCTPEMUTEABHRBIX CHA, @ 3HAUUT, JACTh
KBaHTOB IIPOTOHOB OCBOOOXXAAAACH OT MEXaHUYECKOIH SHEPIMM U I10-
KMAQAA BHYTpEeHHe MMPOCTPaHCTBO NPOTOHOB, IPEBPANIAsCh B KBAHTHI
TOASl TPAaBUTALIMYM M KBAaHThl MarHUTHOM sHeprun. Tedenue BpeMmeHH
ecTh QYHKIMS, KOTOPasA ONpeAeAseT CKOPOCTb NPOTEKaHUA NPo-
HeccoB (pM3NIECKOro B3aNMOAEHCTBMS TeX MAM MHBIX MaTEPHAAb-
HbIX T€A MAM CKOPOCTb M3MEHEHMA BHYTPEHHEr 0 COCTOAHMA MaTe-
puaabHOro teaa. Ecau pusmueckoe B3auMopeiiCTBME He IIPOUCXO-
AVT, TO 1 BpeMenM He cylectByeT. Ho Ha nmepBoM aTamne sBOAIOLIMMK
BceAeHHOJ U3MEeHIAOCH BHYTPEHHEE COCTOAHME IPOTOHOB M NIOPO3K-
A2AOCh IIPOCTPAHCTBO, IOSTOMY ¥ BPEMA NPOTEKAAO TOABKO BHYT-
PH IIPOTOHOB, a AASI BceAeHHOM NOHATHE BpeMEHM He MMeAO HMKa-
KOTO GPU3NYECKOTO CMBICAQ.



1. Cymynocmp nepsuynol mamepuu

Martepus npeacraBasiet cob0i1 OAMHAKOBBIE O GUSUHECKMUM pas-
MepaM, HO PasHOPOAHbIE 10 MHPOPMATHKE IPOCTPAHCTBEHHbIE KBaH-
THI, B TO MAM MHOM CTeTleHU HapeAeHHble sHeprueil. Mexanudeckue
KBaHTBL 00bEAMHEHDI B €AMHBIE IIPOCTPAHCTBEHHBIE LIENIOYKY U YIIPaB-
ASIIOTCS KBAaHTaMM LIEHTDOB TAXKECTeN, B KOTOPBIX BCAKAs SHEPTUA OT-
CYTCTBYeT, HO mpucyTcTBYeT uHbopmaips. Ha nepsom arane, Ao co-
TBOpeHus [IpoToBceAeHHOM, KBaHTBI LiEHTPa TAKECTU He MOHYKARAU
TIOAYMHEHHbIE BHICOKO9HEPIMYHbie KBAaHThi COBEPHIATb YCKOPEHMA U
3aMEAACHM, A SHAYUT, M He OBIAO CHABI, KOTOpas nobyxaasa 6p1
MATEPHIO COBEPIATh B3aMMOAEIICTBMA M PACXOAOBATb BHYTPEH-
HIOI0 HEPTHIO. B 3TOM NAaHe Marepus NPeACTaBASIAA cO0O0I MaeaAD-
HBUI aKKYMYASITOP AASL BEYHOTO XpaHEeHUA BCEACHCKOJ SHEPIUM.

Ho Cropounuit HabGAopaTeab HE AASL TOTO TIOXKEpPTBOBaA COO-
CTBEHHbIEe OBICTPOAENCTBYIOIIME KBaHTHI, COTBOPMA IPOCTPAHCTBO
BaKyyMa M Dasp€AMA MATEPUIO Ha OTAEAbHbIE SHEPTOKBAHTHI, YTOOBI
BEYHO XPaHUTh 3TY BHICOKOIHEPTMUHYIO MaTEPHIO B CBOMX pe3epBax.
3aMbICeA COCTOSIA B TOM, YTOOB OCBOGOAUTD HOBOPOXXAEHHbIE KBaH-
THi IPOCTPAHCTBA U3 MA€HA SHePIrUy Yepe3 IIAAHOMEPHOE PacXOAOBa-
HMe SHEPIUU ITyTEM HENPEPBIBHBIX YCKOPEHUM M 3aMEAAEHUI 11 TTOPO-
JKAEHUA BEKTOPOB IPOTUBOAEUCTBYIOIMX cHA. BceseHHast AoaKHa
ObiAQd CTaTh M CTAAQ OTPOMHBIM TEXHOAOTHYECKUM KOHBEIiepOM He-
MBICAMMO¥ CAOXKHOCTH. DTOT KOHBeHep, O 3aMbiCAY Boxxuio, riyTeM
HAPOTUBOAENCTBUS U IPOTUBOGOPCTBA, U3 COOCTBEHHOM MaTepUaAb-
HOW CYI{HOCTY IIPOM3BOAUT SHEPTETUUECKY HULIME KBAHTHI, AAA TOTO,
4TOObI HA HUX HEPA3PYIIMMO 3aKPENUTbh UHOPMALMIO U BBIBECTY 3TH
OuMILEeHHbIe KBAaHTH! M3 BCEAEHCKOTO MPOCTPaHCTBa B AoHO OTta He-
6ecHoro. OuMMILEHHBII OT SHEPIMM KBaHT BCEAEHCKOrO IPOCTPAHCT-
Ba CTAHOBUTCA MH(POPMALMOHHBIM KBaHTOM Ayxa. Koraa s ynorpe6-
ASIIO CAOBO «AYX», TO ITOA 3TMM CAOBOM HAAO MOHMMATb OAMH MAM
HEKOTOPOe KOAMYECTBO KyOM4eCcKMX KBaHTOB NPOCTPAHCTBA, KO-
TOPbIe NOAHOCTBIO OCBOOOKAEHD! oT sHepruu. Teopua Bceaennoi
5 HasbiBaio MAKM OtioM Hebechbim uan Croponnum HaGaropare-
AeMm. Oren, HebecHplit siBAsieTCst MHOPMALMOHHOM CYI{HOCTDBIO a6-
COAIOTHOTO 3HAHMS, M OH He MOXeT De3 BpeAd AAst COOCTBEHHOI MH-
$OPMATUBHOCTU CONIPUKACATBCA C AODOM SHEpPruel, KOTOPOil Ha-
MIOAHEHA Marepusi BCEAEHCKOTO HpocTpaHcTBa. Yrobsr samycTurh
mpouecc ouMienus aAyxa ot avepruu, Orery Hebecubiit yepe3 sra-
AOHHbIE KBAaHTbI LIEHTPOB TKECTelt HaAeAMA MaTepuio BceaeHHodm
BCTPOEHHBIMH B Hee MHPOPMaALIMOHHBIMY aATOPUTMaMH Oe3ycAOB-
HBIX MHCTUHKTOB, KOTODbIE HAayKa HasbiBaeT dyHAaMeHTAABHBIMU
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3aKOHAMM MaTepMAABHOro Mupa. ViHdopmalLa BCTPOEHHBIX AArO-
PUTMOB, He MMesl HUKAKO/ BHYTPEHHE! SHEPIMM, CHa4yaAa 3aKpernu-
AACh Ha SHepruM MaTepMaAbHBIX OAEBBIX KBAHTOB, 4 3aTE€M PasMHO-
XKMAACh, IPOUSBEASE SBOAIOLIMOHHBIN CKavoK, M NMopuMHMAA. cebe Bce
Oyayuiie MacChl IPOTOHOB, KOTOPBIE M CTaAM MaTeDHaALHbEIM QYHAA-
MeHTOM Hawel BceAeHHOM. BoXeCTBEHHbIE aATOPUTMBI, UETIOAB3YH
SHEPI'UIO MATEPHM KaK COOCTBEHHDI MHCTPYMEHT, IyTeM ee YCKOpeH-
HOT'O TIEPEABIIKEHMs, 3aCTaBUAM OoAee COBEPLIEHHBIe KBAHTHI IPO-
TUBOAEVICTBOBATb MEHEE COBEPHIEHHDIM, ¥ TEM CAaMbIM B3aUMHO OYU-
HaThCst OT U30bITOUHOM sHeprun. Koraa npoToHsbI cTaAu YacTMLAMu
MACChl, TO 3TH YaCTHL{bi MACCHI OKa3aAMCh HE Xa0COM, a pasoouieH-
HOM MaTepUaAbHOM CTPYKTYPOIi, IOAMMHEHHOM NoAeBbIM GopmMam
MaTepun, NOPOXAEHHBIMM CAMMMM NEPBUYHBIMY NMPOTOHAMM M3
CBOMX BHYTPEHHMX HeAp. B peayabrare aT0r0 npoyecca npoycXoAu-
Aa aBoAlolus Beceaennoit. boiau 06pa3soBaHbl IPOTOraAaKTHKM U rpa-
BUTALMOHHbIC MTOAS, A 3aTeM NPOTOTAAAKTMKM PAa3AEAMAMChH Ha MM-
pHaAbl PasHOPOAHBIX 3Be3A, M CTaA popMupoBaThes TOT 06AMK Bee-
AEHHOM, KOTOPbI1 MbI ¢ Bamy, u HabAl0pAa€eM B Hallie BpeMst.

2. Undpopmanuonuvte daiirvt u sHepUA Mamepuu

o Mepe HEOOXOAMMOCTH, ¥ B CTPOTOM COOTBETCTBUM C NepBO-
Ha4yaAbHBIM 3ambicaoM, CToponnnit HabAlopaTeap A00aBasiA u 3a-
KPEMASIA Ha MaTEPUAABHBIX MUKPO- M MakKpooObekTax BceaenHoM! He-
cTupaeMble HoBbie uHbOpMaLyoHHble dariabi. PazMHOXasACh, U Ha-
CAEACTBEHHO 3aKDEIASsACh HA SHEPrMM MATEPUM KakK Oe3yCAOBHbIE
MHCTUHKTDI, 3Ta MH(QOPMALMA HACUABCTBEHHO 3BOAILMOHUPOBAAA
BceAeHHYI0 B HY)KHOM HATIpaBAGHMM Y C 3aAQHHOM CKOPOCTBIO Bpe-
MEHHBIX TapaMeTpoB. B pe3yAprare 3TOM HACUABCTBEHHOV 3BOAIO-
HUM IIOPO’KAAAOCH OFPOMHOE KOAMYECTBO OCBOOOKAEHHBIX OT U30BI-
TOYHOI SHEPIMM KBAHTOB [IOAEBBIX CTPYKTYP, KOTOpbIe 6BIAM CTHIOCO6-
Hbl Ha AOATOBPEMEHHOI OCHOBE 3aKpemAsiTb Ha cefe MHPOpMaLMIO
¥ C IOMOILBIO COOCTBEHHOM BHEPIMM PasMHOXATD 3Ty MHGOPMALVIO
1 IEPEAABATb APYTMM, TAKUM e HECOBEpLIEHHbIM KBaHTaM, 0CB06O-
AMBLIVIMCSI OT U30BITOYHOI 3HEPIrUM Y TOKMHYBILIUM MEepPBUYHbIE TIPO-
TOHBI BCEAGHCKOM Marepui. IIpOTOHBI CTaAM NPAPOAUTEASIMH TIEP-
BMUHBIX NOAEBLIX (GOpM MaTepuyu B BUAe MATHUTHBIX, SAEKTpUIE-
CKHUX ¥ TPABUTALIMOHHBIX TOAEH GAVDKHETO M AAABHEr 0 OKPY>KeHMA.
C TeyeHMeM BPEMEHM MOCTOSHHO TOTIOAHAEMBIE Pe3epBbI MOAEBBIX
$bopmM MaTepun ¥ CTaA OCHOBOM AAst GOPMUPOBAHUS BUAVMBIX U He-
BMAMMBIX F'RaAaKTHUK M BCETO MHOXECTBA 3BE3A, & TAKXKE M ADYTUX 00b-
€KTOB, KOTOPbIE B Hallle BpeMsl OTKpbIBaeT HayKa U NbITAETCA U3YYaTh
UHCTPYMEHTAABHO-AGTUYECKMMU CIOCO0aMU.

9



Ha aTame aBoaouyum camoit Beceaennoit y Bora He 6piao Heobxo-
AMMOCTYU COTBOPATD JXKM3HDb U BCEAEHCKOE YEAOBEUECTBO, TAK KaK BCe
pe3€epBHl HOAEBhIX GOPM MATEPUM MCIIOAB3OBAAUCH AAST DBOAIOLIMM U
COBEPIIEHCTBOBaHMA camoy BceaenHoit. ToBops Apyrmmu caoBamm,
Ha dTale 3BOAIOLMM camoi BceaeHHoit Bory He 6piA0 HeObXOAMMO-
CTY OAYXOTBOPATh BCeAEHHYI0 ¥ CO3AaBATh B HEl )KMU3HD U BCEACHCKOe
yeaoBeyecTBo. Heob6xopumocTs B opyxorsopennn Bceaennod nos-
BUAACh TOTAQ, KOrAQ BCe MEXaHU3MbI NiepepaboTKN MaTepuu Macc
B noAeBble GOpMBI MaTepuy ObIAM OoTAaKeHBI M Bceaennas crasa
NIPOU3BOANTDH M3GLITOK HEYMCTHIX AYXOBHBIX KBAHTOB, KOTOPBIE 5B~
ASIIOTCS SHEePreTYeCKMMH OTXOARMM ToAeBbIX dopm maTepun. Hay-
Ka AOKa3aAa, YTo COAHIiE ABASETCH MOACGAOH 3BE3AOM M CYLECTBYET
TQABKO OAHY TPETb BpeMEHM OT BpeMEHM HayaAa COTBOpeHus BeeaeH-
HOW. YAMBMTEABHO, HO 3TH AaHHBIE COOTBETCTBYIOT PEaAbHOM AEICT-
BUTEeAbHOCTH M aanam OTiia Hebecnoro. Xota CoaHile 65140 COTBO-
peHo Ha repudepun Hameit faAaKTMKKM TOABKO B IOCAEAHION TPETH
JXM3HN HEOAYXOTBOpEHHO¥ BceAeHHOJ, HO STOT YTOAOK BCEAEHCKO-
ro NpOCTpaHCTBa OblA 3apanee onpeaeaed Borom. IlepBrie ABe TpeTn
BpeMeHM CBOEro cylliecTBOBaHMA BceaeHHasn paGoTasa Ha TO, YTOGHI
NIOATOTOBUTBCS M cOTBOPHTh COAHLIE, KaK OOBEKT YCKOPEHHO 3BO-
AronuHM ¥ GyAyniero oayxoTeropenus Beeit Bceaeunoit. Bor sapaxee Ha-
MPaBMA B 5Ty 00AACTb POCTPAHCTBa Bee $ppaxiuy GOTOHOB Ay4eBOI
SHEPI'MM, KOTOPbIE HayKa Ha3blBaeT «PEAMKTOBBIM» JAEKTPOMArHUT-
HbiM uMaaydenueM. Tem camuim Bor-TBopen npeaompeaeana cyabGy
COAHEYHOM CHUCTEMBI KaK MeCTO U 00AacTD, TA€ BCEACHCKAs XMU3HD U
BCEAEHCKOE YeAOReyecTBO GyayT nepepabarbiBars 1 nmepepabaThiBaoT
B Hallle BpeM#, HeOUUI{eHHbIe OT OCTaTOYHON SHEPIUM KBAHTHI AYXa,
MOCTYTIAIOIME U3 BCEX MATEPUAABHBIX MAacC BCEAEHCKOTO IPOCTpPaH-
cTBa. KBaHTHI CHayaAa OYMINAIOTCS AO UMCTOTHI «AyXa )KU3HM», a 3a-
TeM B 4ICThie PPaKi{My NepBOPOAHOTO AyXa AAs monoAHeHus Llaper-
Bust HeGecHoro. B HacTosimee BpeMst yepe3 «peAUKTOBOE» U3AYYEHHE
M M3AY4EeHUs BCEro MHOXKECTBA BHEITHUX MCTOYHMKOB BCs BceaeHnas
paboraer Ha CoAHEeuHYIO CUCTEMY M HaNPaBASIET CIOAQ KBaHTUPOBaH-
Hbie B (POTOHBI AYYEBOU DHEPIMM HEOUMILEHHble PpaKIMM AyXa, AAS
TOTO YTOOK 3eMHast )XM3Hb U 3¢MHOE YEAOBEYECTBO UCTIOAHMAM CBOIO
60>xecTBEHHYIO paboTy. YpoKkaH 4eA0BE4€CKOro AyXa, 0 KOTOPOM ro-
Bopua Mincyc XprcToc B CBOMX IpMTYaX M HPONOBEASX, 3TO HE BbI-
AYMKa PEAMTHH, a peaAbHasi CyIfHOCTb Beeaennoit 1 weaosexa. Ilpu
STOM YEAOBEK, KaK BhICIee 3BeHO 1 3eMHOI nomomuuk Orua Hebec-
HOTrO, IOAYMMA OT Bora npaBo M CIOCOOHOCTD XUTb U TBOPUTD YPO-
Xalif YEAOBEUECKOTO AyXa B YCAOBMSX CAaTaHMHCKO-OECOBCKMX AYXOB
TAQHETHON NOBEPXHOCTH 3€MHOTO 11apa. Baxkno noHATh, yro bor He
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UMeeT HUKAKOM DHEPTYHM, HO 3aTO BAAAEET BCeH NMOAHOTOM uHpOpMa-
LiM¥, KOTOpasi 3aKPENACHA Ha TeX JK€ AYXOBHBIX KBaHTaX, Ha KOTOPBIX
paHbuie 6biAa 3aKperaeHa sHeprus. [loHuManue aToM 60XXeCTBEHHOK
CYIHOCTH AGeT TpaBMAbHOE 00BsAICHeHHe BceAeHHOM KaK MCTOYHMKA
AyxoBHoi nmiu Aas OTtia HebecHOro 1 pOAM 3eMHOT0 YEAOBEYECTBA
KaK TAaBHOTO nomoiuuka Bora B Aeae nepepaGoTky BBICOKO3HEpruy-
HBIX HEYUCTBIX PPaKLMi AYXa AO MX TIOAHOM SHEPreTUYeCKOi HUIETHI
" 60XkeCTBEHHO IIEPBOPOAHOCTH.

3. Hopsoox comsopenus naarem CoAHeyHOU cucmembl

CoAHIle AeICTBUTEABHO COTBODEHO M3 MBIAEBOM TYMaHHOCTH,
MHAYe OHO He MOrAO OBl paGoTaTh Kak 3Be3Aa, HO MECTO PACIIOAOIKe-
Hus Coannja B Hamrelt [aaaxTuke 1 B ipocTpaHcTee BceAaenHoilt He s1B-
ASIETCSL CAy4YaltHBIM cobbITHeM. TI0 3aKOHaM TeoOpUM BEPOATHOCTEI,
BePOSITHOCTb COOBITUA paBHA IPOM3BEACHMIO BEpOATHOCTEH BCEro
MHOXeCTBa COOGBITUI, KOTOPBIE TEM AU MHBIM 06pa3aoM BAMSIOT Ha
NOABAEHME KOHEYHOTO COOBITHA. “IMCAEHHOE KOAMYECTBO CAYMaiTHO-
cTeit B obpazoBanmy CoAHlja u maaHeT COAHEYHOM CHCTEMBI TaK Be-
AMKO, 4TO IIPEBBIUIAIOT BCE BO3MOXXKHBIE IIPEAEARI MBICAEHHOTO TIPEA-
CTaBACHMA U AEAAeT BEPOATHOCTb TAKOTO CAYYai{HOrO COTBODEHMA
paBHBIM HyAeBOMY 3HauyeHMio. Ho ecam ObiA epBOHAYAABHEIA 3aMbl-
cea TBopua, TO HaAO TpUsHaTh, 4To Macca CoAHLa MOTAA GbITD TOA-
rOTOBA€HA B Ka4eCTBe MBIACra30BOi TYMaHHOCTH B Al060i1 o6AacTu
BCEAEHCKOro NMPOCTPAHCTBA, 2 3aTE€M TEAENIOPTMPOBaHa B 3aAAHHYIO
TOYKY NPOCTPAHCTBa enje py coTBopeHny Hamel TaaakTuxu. CoaH-
1je MOTAO HAXOAUTBHCS B AATEHTHOM COCTOSIHMM MaKCHMAaAbHOIO CXa-
THA, U MUAAMAPADBI A€T BHEIIHE HMKAK He MPOSBAAAACH KaK 3BE3Aa, B
OXMAAHMM, KOTAQ OCTaAbHBIe MacChl BceaeHHo# HapaboTaloT AocTa-
TOYHOro MaTepuaAa AAs ee Gyayiteit paboTsl. BosHukHOBeHMe HOBbIX
3Be3/ TaM, TA€ He HBIAOC HMKAKMX (POTOHHDBIX MCTOYHMKOB M HMKaKMX
[BIAETA30BBIX OOpasOBaHMIA, He ABASETCSA KaKUM-TO YYAOM UAM Ma-
rUYecKuM AeicTBueM. Takue caydan 3apMKCUPOBAHBI ACTPOHOMAMMU.
Ho HUKTO 13 aCTPOHOMOB eile He HaOAIOAAA, YTOOH! U3 TILIAETA30BO-
ro 06pasoBaHUsA MTHOBEHHO COTBOPHAACH HOBast 3Be3aa. [Touemy xe
Hamre CoAHLIE AOAKHO OBITH MCKAIOUeHHEM U3 obulero nmpaBuaa? Oa-
HAaKO 0e3 5Tana NBIAEIa30BOro XOAOAHOTO COCTOSHMA MIHMMAAD-
HOM TEeNAOBOM DHEPTUM M NOCTENEHHOTO HarpeBa M NOBHIIEHUA
3HepreTH4ecKol akTMBHOCTH 3a CYeT yTHAU3anuu 4 cbopa Tenao-
BbIX KBAHTOB M3 IPAaBUTALIMOHHBIX NIOAEI BCEAGHCKOTO BaKyyMa HM
OAHA 3Be3Aa He MOXeT CTAaTh CAMOCTOATEAbBHLIM TBOPIOM IpaBu-
TAMOHHOTO MOAS ¥ POTOHHBIX KBAHTOB.
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IMosxe B MaTepuaAax KHUTM GYAET IOKA3aHO, YTO KaKAOE He-
6ecHoe TeA0, cpaBHMMOe N0 Macce ¢ Maccoit CoAHLIa, criocoOHo caMo
cebs CKaTh A0 HEBEPOATHOM IIAOTHOCTH IIOAHOTO IIPEKpaljeHus BCex
B3aMIMOAEVICTBUI aTOMOB BOAOPOAA M CBEPHYTh BCE CBOM TOAEBbIE
CTPYKTYPHI, BKAIOYAs U ITOA€ IPABUTALMM A0 TOHKOTO CAOS NOBEPX-
HOCTHOM 000AOUYKY. B 5TOM COCTOSIHMA Macca maTepuaAbHOro o6mb-
€KTa NepecTaeT NPOSABAATBCA Y HeOeCHOe TEAO, YIIPABASSCh HEHTPOM
TsoKeCTH Haleit [AAaKTHKY, B IOAHOM COOTBETCTBUH C TPETBUM 3aKO-
HoM Kenaepa, 3aiiMeT METOAOM TEAETIOPTALIMY HYKHYIO AMCTAHLIUIO
oT HeHTpa [aAAKTHKY, KOTOPas CTaHET PAAMYCOM ee raAaKTHYeCKoi
op6urs. Tpernit 3akon Kenaepa xak pa3 u yIBepKaaeT, 4T0 Macca
TNAQHETHBIX TEA ¥ UX MIOA€ [TPABUTALIMN HUKAK HE BAUAIOT HA PAAU-
YC IAQHETHHIX OPOUT 1 Ha BpeMs UX 06pallieHIsT BOKPYT LieHTPaAb-
HOF'O HAAHETHOTO TeAa. 3aKOH BHIBEAEH 110 OTHOIIEHMIO nAaHeT Coa-
HeuHol cucTeMbl K Macce COAHIJa, HO KTO MOXeT OTPMIjaTh, UTO
JTOT e 3aKOH He AeicTBYeT Ha caMy Maccy COAHLIA O OTHOIIEHUM
K HeHTpy TsKecTn Hamedt TaaakTuxu? CoAHIe 3aKFAOCh, KOTAQ 3TO
CTAAO HEOOXOAMMOCTDIO AASL TIepepabOTKN OTXOAOB NOAEBBIX GOpM
BCEX MaTrepUAABHBIX 00'BEKTOB BCEAEHCKOTO NpocTpaHcTaa. [puiem,
TOABKO Ha II€PBBIX NOPaxX B NPUNOBEPXHOCTHOM CAOE COAHEYHOI
MacChl AA TEPMOAAEPHas peakyus ¢ 00pasoBaHMeM M3 BOAOPOAA
reAMs U APYTHX XMMHYECKMX BEUIeCTB IO NepeyHIo TabAnus Men-
AeaeeBa. Koraa npouenTHoe copepxanmne reaust AOCTurao 10 npo-
UEHTOB ¥ 00Pa30BaANCH BCe HEOOXOANMBIE XMMUYECKME IAEMEHTH]
AASL COTBOPpeHMsT AaHeTHBIX TeA CoaHedHO# cucremsl, To CoaH-
Lie EPENIAO HA MOAHYIO IepepaGoTKY NPOTOHOR aTOMOB BOAOPOAA
HENOCPEACTBEHHO B pa3HOPOAHBIN 1O CNIEKTPY NaKeT POTOHOB Ay-
yeBoit aneprun. Kak pocturaercd Takasg HOAHOTa NepepaboTku Ma-
TepUM MacC B AYYEBYIO SHEPTMIO, Mbl HOAPOOHO PaccCMOTPUM B CAe-
AYIOL{MX TAQBAX.

Yepes «peAMKTOBOE» M3AYUEHKE Y BCE MHOXKECTBO PETUCTPUDYe-
MBIX Y HEPETUCTPUPYEMBIX HAYKOM SAEKTPOMArHUTHBIX M3AYMEHUI U
[OTOKOB TOHKMX SHeprui, AyXoBHbiil BeHTp CoAHILIa ObICTPO HanIMThI-
Baaca 6oxecTBeHHONM uH(poOpMauueit >kusHeTBopeHus. Camo Mare-
puasbHoe TeAo CoAHIA, 0CBOOOXKAAACH OT «HEHYKHOTO» MaTepua-
A, TIOCACAOBATEABHO COTBOPMAO M3 CBOET0 MaTePHAALHOTO AOHA
3aUTHO-TIEpepadaThIBAOINI NOAC HECHOCOOHBIX K CaMOCTOs-
TEAbHOMY KM3HETBOPEHMIO NATH nAaHeT COAHEYHOH CHCTEMBL, OT
CaMOro AAABHETO ONbITHOro o0pasna IAyroHa, A0 coBepIIEeHHOTo
nAaHeTHOro ofpaana noa nassanueM IOnmurep. Hayka rayboko 3a-
OAYXKAAETCA UAM YMBIIAEHHO BBOAUT B 3a0AyXAeHMe pasyM yeAOoBe-
4eCcKuit, KOTAQ YTBEPKAAET, YTO HAaHeTsl COAHEMHOM CHCTEMBI COTBO-

.
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PUAUCH U3 TYMaHHOCTEI MAK KaKMX-TO KOCMMUYECKMX OCKOAKOB, Iy-
TEM UX YIIAOTHEHMS IOA AEMCTBMEM CUA TATOTEHUS AO NAAHETHOIO
COCTOSIHUA. 3BE3ABI COTBOPAIOTCS TOADKO Y€PEe3 ra30Bbie TYMaHHOCTH,
a HUKaKasA [TAAHeTa HeCOoCOOHa CaMOCOTBOPMUTBCS, HU U3 TYMAaHHO-
CTeil, HU U3 OCKOAKOB. ApeBHUE MCTOYHMKY ¥ BEAMKUE NOCBSIIICH-
HbIE YTBEPXKAAIOT, YTO BCE MAAHETHI, HAYNHAA C ONBITHOTO 00pa3sya
oA HasBaHueM IAyToH, cOTBOpeHB! HemOCPEACTBeHHO COAHIIEM.
Ha CoAHLe TPOUCXOAMA MOLIHBIA BRIOpOC npoTyGepaHIia, KOTOPbIit
3aTeM 3aAAHHBIN MEPUOA BPEMEHM KAaTHACS IO SKAUNTUKE 5KBaTopa
CoaHua u cobupaa B cebs orpaboTaHHBIe OTXOABI COAHEYHOM XU3HE-
AESATEABHOCTU. B aTHX 0TX0A2X, HEOUMIIEHHBIE OT OCTaTOYHOM! 3Hep-
TMU KBAHTHI AyXa, ObIAM HAAEXKHO CBA3aHBI B XMMWYECKUE DAEMEHTHI
BCero nepeyHs TabAuibl MeHAeAeeBa, a TaKKe B U3BECTHBIE HAYKe XH-
MUYECKHe MOAEKYASpHbIe 0ObEAMHEHUA U COEAMHEHMS 3TUX SAEMEH-
TOB. 3areM Oypymias maaHeTa OTAeAsIAACh OT dkBaropa CoAHIfa U o
CIIMPAAM MAM IO 32KOHY UncAa «ITu» BOCXOAMAA Ha CBOIO NIEPBYIO CTa-
LUOHApHYI0 0p6uTy B6AU3u Coanna. [TaaHeTsl 3apOXAAANCH HA COA-
HEYHOM DKBATOPE, IOITOMY, HOAHSB Ha 3apaHHY10 opOuTy, CoAnile
MPOAOAYKAAQ MX YAEP)KUBATD B NAOCKOCTHM COOCTBEHHOM SKAUNITH-
KH, TEpIEHAUKYASIDHOM OCH COAHEYHOro Bpamennus. Kaxaas HoBas
[IAQHETA MOPOXXAAAACH TAKUM Ke CTIOCOOOM, ¥ OTOABMraAa TIPEABIAY-
{1e NAaHeTH Ha 60Aee BBICOKUE HOBBIE CTALMOHAPHbBIC OPOUTHI, AAS
cTabuamMsamy MeHssA ux nepuop obpamenus soxpyr CoAHLA U CKO-
POCTE COOCTBEHHOTO OCEBOTO BPALLIEHMUsI.

S coBepuieHHO Y6EXAEH, YTO TaK M IPOUCXOAMAO TIOCAEAOBa-
TEeABHOE COTBOpeHMe Bcex maaHeT COAHEYHOM CUCTEMBI, OT CaMoM
nepBoit mAaHeTs! ITAYTOH, AO CaMoJi ITOCAEAHEN NTAaHeTh! MepKypuit.
TIpuuem cpasy ke OCA€ COTBOPEHMA 3aIUTHOrO Gapbepa U3 ILITH
naater, CoAHLle OAHOBPEMEHHO COTBODMAO TPM Pa3HOPOAHBIE XXU3-
HETBOPSIIMeE MARHETHI B cocTaBe AyHsl, Mapca u PaaroHa. Aumib no-
cae aroro cobeitun CoaHle corBopuao 3emaio. Ilaanera Benepa
6blAa COTBOpEHA KaK HOCUTEAB U 006beKT Oyaymieit )XN3HH, KOTO-
past Bo3HMKHeT B COAHEYHON CUCTEME NOCAE BCEAEHCKOT0 ANOKa-
auncuca. Ilo BpemeHn, corsopeHyve naaHeTs BeHepa npeanecTso-
BaAO Pa3pyIIEHHUIO NAaHeThl (DasTOH U NepexoAy AYHBI C COAHEYHOMU
opOUTEI Ha OPOUTY CIyTHUKA MAaHeTH 3eMas. Takum ob6pasom, cro-
COOMBIX X XKM3HeTBOpeHMI0 NAaHeT B COAHEYHON! CUCTeMe cyme-
CTBOBAAO TOXE€ B KOAMYECTBE MATH HWITYK. B pesyabrare sBoaio-
LMY YeAOBEYECKMUX pac, a IpaBUABHEE CKa3aThb, B PE3yAbTATE DBOAIO-
uum AyxoB CaBaoda, SIxBe, Veross: u ppsioaa (Kuszss Mupa Cero),
XU3HeTBOpAmasA NaaHeta GasToH Oblaa YHMYTOXEHA U NpPEeBpaTH-
AaCh B MOSIC aCTEPOMAOB. Bonpekn obmenpuusToi runorese camo-
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COTBOpEHMsI NIAAHET, HUKTO M HUKOrAa He cobepeT aTu acTepomAbl B
€AMHYI0 NaaHeTy. Mapc 1 AyHa noTtepsiau ocTarku aTMocdeps! M CTa-
AM HEeXM3HeCIIoCOOHBI, a paHee CymeCTBOBaBulas Ha AyHe u Mapce
XM3Hb NepelAa Ha 3eMAIO, ¥, COBEPIIMB 3A€Ch DBOAIOLMIOHHBIA CKa-
YOK 10 CTPOMTEABCTBY METAAMTUYECKMX COOPYKEHMU!, CAMAACH C OC-
TaTKaMM 3eMHOTO YeAOBeYeCTBa TpeTel U YeTBepToi pack u obpa-
30BaAa NATYIO ¥ NOCAEAHIOIO Pacy 3eMHOT0O YeAoBedecTBa. Bee atn
CAOXHBIE NIPOLIECChl OYAYT PaCCMATPUBATBCH B CACAYIOIIMX KHUI'AX, &
B 9TOI KHUTE MBI COCPEAOTOYMMCS HA SHEPreTUKe U apaMeTpax Bce-
ACHCKOTO IPOCTPAHCTBA U NapaMeTPaX MOAEBBIX CTPYKTYP, BKAIOYAs
BCEAGHCKOe ToAe rpasuTanyuy. Yro xacaercsa naaHersl MepKypwii,
TO OHa coTBopena CoAHIEM NpUMepHO 60 THICSY AeT Ha3ap ¥ He
npe&nasﬂa'lena AAs1 xusHeTBOpenus. ITaanera Mepkypuit cTabu-
AM3UPOBaAa OpOMTaAbHbIe napamerpsl nAaHeT COAHEYHOM CUCTEMBI
¥ npuAaAa UM TpebyeMy1o yCTOMIMBOCTD M HEPaspYLIMMOCTD Ha BECh
TEpMOA, CYIECTBOBaHUS 60XKEeCTBEHHOM XU3HH B peaeAax COAHeY-
HOM cucTeMbl. Ecau 651 nAaHeTbl CAMOCOTBOPUAMCH U3 IIBIAETa30BO-
IO COCTaBa, TO KaKasi TIOCTOPOHHSASA CMAA MOTAA 6bl CABUHYTD MX Op-
6uTpl B 0OAHY nAOCKOCTD KAunTHKM? Kakas cumaa paspeanaa 6p1 nx
IO MaccaM Ha OTAEAbHbIe AaHeThi? [ToueMy Koablia CarypHa He npe-
BpAUIAIOTCA B €r0 CIyTHUKU? B CBA3YU C STUMM Hepa3pelIMMbIMU BO-
MPOCaM¥ MeHs BOOOIIe YAUBASIET, I0YEMY B TOAOBBI YYEHBIX HE IPU-
IIAQ caMasi TIPOCTaf M CaMa eCTeCTBEHHAsI MBICAb, YTO MAAHETHI MO-
poxaeHs CoAHIEM, '

Ho 51 BRIHY)XKA€H He COTAACUTBCA C BHIBOAAMU BEAMKUX TIOCBS-
HIEHHBIX 0 TOM, ¥T0 COAHIlEe COTBOPUAO ITAAHETHI, TOABKO AAS TOTO,
4TOOBI UCTOPTHYTH M3 Cebs 3A0 HEYUCTOIO ABSIBOABCKOTO Ayxa. Ka-
XKAO€ MAAHETHOE TBOpeHUe OBIAO HAAHOBBIM MEPONPUATHEM, KOTO-
po€ NPEAOIPEAEATAD AAAEKO MAYIME LieAM OYAYLIETO OAYXOTBOpe-
Hus COAHEYHO CHCTEMBL, a Yepes Hee M Bcell BeceAeHHO ¢ TOMOIbI0
BBICOKOMH(GOPMaTUBHBIX TeAeCHbIX ¢pakimit Coiva Boxus — INepso-
xpucTa ¥ CBaroro Ayxa, KOTOpbI1 B HauyaAe >KU3HETBOPEHUs TIpeA-
CTaBAsIA COBOM TPMEAMHOCTb TPEX PasHOPOAHBIX NMHGOPMALMOHHBIX
KBAaHTOB 0O0XeCTBEHHOTO AyXa. DTU KBaHTbHI HE POXKAEHBI M He COTBO-
peHbi B ipocTpaHcTBe BeeaenHon. OHu HacuABHO BHeppeHbl B Coa-
HEYHYIO cUCTeMYy TéM TBOpLIOM, KOTOpSBIt COTBOPHMA U caMy BeeaeH-
Hy1o. Hapo 0c060 NoAYepKHYTD, YTO NoAeBbie GOPMbI MAaTEPUM 5IB-
ASIOTCA TAABHBIM CTPOMTEABHBIM MaTepHAAOM MAaTEPUAABHOM JaCTH
BceaeHHOI M «CKpenioM» BCeX ee 3BE3AHBIX M MAAHETHBIX TEA, A TaK-
JK€ M «CKPEroM» BCEX U3BECTHBIX XMMUYECKNX sAeMeHTOB. [loaeBbie
¢opMs1, Xak nepBudHbIE HOCUTEAU (YAAOB MHGOPMALMY M AHTUMH-
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dopmaumy, IPUHAAAEKAT HIDKHEMY BHYTpeHHeMy AyXy. Koraa B Ber-
XOM 3aBeTe AyX TOBOPUT 0 cebe, YTO OH eCTh IEPBBIV M IIOCAEAHUI, TO
3TM €r0 CAOBA IIOAHOCTBIO COOTBETCTBYIOT MCTHHE,

4. IBoAIORUA BCEAEHCKUX DYX08

Xota s v obelaA nucaTh TOABKO 00 3HepreTUYeCcKHUX NpoHec-
cax MaTepMaAbHbIX MacC, HO MHE HMKaK He 000MTuCh 6e3 omycaHns
9BOAKLIMM BCEAEHCKMX AyXOB. BeAb KOTAa noAesbie pOpMBI yMHUpa-
10T KaK HOCHTEAM SHeprum ¥ MHPOpMaLM, TO OHM HUKYAA He UCHe-
3aI0T M3 BCEACHCKOTO NPOCTPAHCTEA, 4 CKAMIAMBAIOTCH B BUAE OTXO-
AOB NPOMU3BOACTBEHHON AEATEABHOCTU W CTAHOBATCS MBICAAIIMMH
cymHoCcTAMM. Tak e, Kak ¥ HOPOAMBILNE UX TTOAeBbIe GOPMBI MaTe-
PUM, BCEACHCKME AYXM HEOAHOPOAHBI IO CBOEMY COCTaBY, M 9Ta He-
OAHOPOAHOCTD ITO3BOASIET MM AEAMTBCA B CAMUX cebe ¥ TopoXaAaTh
uepapxuio BCEAGHCKMX Ayx0B. B npoitecce sBoarormu BeeaeHnoit no
3aKOHaM YOBIBaHMA SHEPreTHKM NMOAEBbI€ KBAHThI MaTePUM IOAyYa-
10T CIIOCOGHOCTL XpaHMUTh, PasMHOXaTb M HakanAuearb MHGOpMa-
0. Koraa XBanThI noaeesix GopM yMHPAIOT, TO 0OpasyeTcs MbiC-
ASINAA CYIHOCTb HU3NIETO YPOBHI, KOTOPas He HMeeT deAoBede-
CKOro MoA0OMA, TOTOMY YTO IOPOXKAEHA He oT Bora, a oT MaTepumn.
CoepMHeHMe TaKMX MBICAAIMX CYLIHOCTEH B EAMHYI0 OOIHOCTD MO~
POXA2ET AYX ABABOAR. DBOAIOIMOHUPYA IO HEOAHOPOAHOCTAM, AYX
ABSIBOAQ PasAEAMACH B caMoM cebe Ha ABe MepapXuM M. TIOPOAMA He-
YUCTBIN Ayx 0Aee BbICOKOI MepapXmy, KOTOPBIA MBI Ha3bIBaeM. Ay-
xoM HeroBbl. XKn3HepeATeABHOCTh HEOAYXOTBOpeHHOH BceaeHHoM
ITPOAOAXKAAA M TIPOAOAXKAAA HATIOAHATD AYX AbSBOAQ HOBbIMM MHO-
KeCTBaMM PasHOPOAHBIX HedMCTHIX ¢paxumit. Hanboaee Tonkue us
HMX ABABOA HE MOT YA€pXaThb B caMoM cebe u nepeaaBaa ux aAyxy He-
roBel. Korpa AyXoBHasi HEOAHOPOAHOCTD VeroBbl AOCTUTAA KpHUTHYE-
CKUX TIPEAEAOB, TO OH PASA€AMACS B CAMOM cefe M MOPOAMA HeuMC-
Thli AYX Sixse. TIo Takoii e cxeme Ayx SIXBe HOPOAMA BHICIINMI BCe-
AeHckuii Ayx CaBaoda — Aaaaxa.

Ha arom npouecc coTBOpeHMA BBICHIMX BCEAEHCKMX AYXOB 3a-
KOHYMACS. XOTS BBICHIME AYXH IIOPOKAAAMCH MTYTEM ACACHMS, IPU-
CYHIMM BCEMY MaTEepUAABHOMY MMPY M Aa)ke GuoAorndeckum o6n-
€KTaM B BHAE CTPYKTYPbI XMBO! KAETKH, HO B OCHOBE BCEro Bce-
AEHCKOTO TBOPEHMS A€XMT 0O0XXECTBeHHBIH 3aKOH TPOMYHOCTM.
BoT noaTomy YMCAO BbICIIKX BCEAEHCKMX AYXOB M OTPaHUYMAOCH Tpe-
MsI BBICIIMMM AYXOBHBIMM CYIHOCTAMU. KaXKAast BceAeHCKas AYXOB-
Hasl MAM MATEPUAABHAA EAMHMLA C MOMEHTAa TBOPEHHUS COAECPKMT B
cebe Tpu cymHoCcTH, Koraa AbABOA, UCTIOAb3YSE HEO0XKECTBEHHBII 3a-
KOH pa3speAeHMs B caMoM cebe Ha ABe HeG0XKeCTBEHHbIe CYIHOCTH, U,
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paboras B cyry6o AMMHBIX MHTepecax 60XXeCcTBEHHOrO poTUBobOp-
CTBA, MOPOAMA GOXKECTBEHHYIO TPOMIlY BBICIIMX BCEAEGHCKMX AYXOB
CaBaoda, fixBe u VeroBsl, To OH HOMUMO CBOEH BOAM KCIIOAHMA 00-
JKECTBEHHBIN 3aKOH. BOT 3Ta MBICAD ABASIETCA HE TOABKO TAABHBIM CO-
AeprKaHneM BCEX MOMX KHMT, HO M TARBHOM OCHOBOJ CO3ARHHO TBop-
oM He oT Mupa Cero, Bceaennoit. Aaxe paboras nporus Bora, ye-
AOBEK MAM CMEPTHBIA AYX APSIBOAQ HE TOABKO He MOXXeT NoGeAuTh
Bora ¥ BBIITH NOMUMO €70 BOAK M3 OrpaHM4Y€HHOT0 NPOCTPAHCTBA
BceaeHHOd, HO CBOUM MPOTUBOGOPCTBOM HEN3OEKHO MOPOKAAET
6oAee coBepIIeHHbIE AYXOBHbIE CYLTHOCTH, KOTOPBIE NOCAE COOT-
BETCTBYIOHIEr0 OYMLICHUS Yepe3 YeAOBeUeCKHe AYIIM, CTAHOBSATCA
xBaHTamu CBaroro Ayxa.

B uem 3aech TaitHa? TaltHa B TOM, YTO JKepTBa MEPBBIX YeThIpeX
pas, KaK U NMOPOXKAEHUEe MATONM Pachl, MyTeM AYXOBHOTO CMeUIeHUs
3eMHOT0 ¥ MHOIAQHETHOTO Y€AOBEYECTBA, A TAKXKE TIOCAEAYIOIIee CO-
TBOpeHie Apama v EBbl, moTpeGoBaauces Bory Kak HensbexHbre sra-
TIbI 9BOAIOLIMY 3€MHOTO YEAOBEYECTBA. DBOAIOIMSA YeAOBEKa NPOBO-
AMAAChH C YYACTHEM ABLABOAA M C €ro NpoTuBoaelicrsnem Bory, Ho
3aKOHYMAACD He MOGEAON ABIBOAA, 2 OMMIICHUEM TIOPOXKAEHHbIX
AYXOM ABSBOAQ BCeAGHCKUX AYX0B Verossl, Sixse u CaBaoda a0 60-
JKECTBEHHOM YUCTOTHI M CBATOCTH. VIMeHHO 3T Tpy OBIBUINX Abs-
BOABCKMX AyXa, B HauaAe HOBO apbl, 00'beAMHUBLIMCD B TPUEANHOCTD
Casaroro Ayxa, v nopoavau Coiha boxus Mucyca Xpucra. Hauunas c
BTOT'0 MOMEHTR, YKe He ToAbKO bor Becepbimumii, Ho u Cesatas Tpou-
ua Merossl, fixee n CaBaoga, Kak N0 OTAEABHOCTH, TaK U B KayeCcTBe
Cesaroro Ayxa, c nomomplo Mucyca Xpucra u coaHeyHoro Ayxa Bora
Baaaa, npoTHMBOCTOAT AYXy ABSIBOAQ B €r0 KEAAHMM TIOAHOTO TIOAYM-
HeHUs 3eMHOrO YEAOBEYECTBA CBOEH AbABOABCKOM BOAE. DTHUX 00b-
SICHEHMIi BIIOAHE AOCTATOYHO, YTOOBI 3APABOMBICAALIEMY YeAOBe-
Ky MOHATH, AASL KaKuX ueaeit Bory noHap00MAach CTOAb AAUTEAD-
Hasd DBOAIOIIUS 3eMHOIO YEAOBEYECTBA C NEPEXOAOM OT IIEPBOIi
pachbi Ge3rpeimrHoro YeA0BeKa K IATOH M HOCAEAHEH pace rpexoB-
Horo yeroBeuecTsa? Ho yro6pi NOHATH TAyOMHHBIE IIPUYUHBL BO3-
HVIKHOBEHMUS >KM3HU M DBOAIOLMH pac, HeOOXOAMMO NOApOoGHO pac-
CMOTpETH 0Dl1e BONPOCH YCTPOICTBA caMoii BceAeHHOI U ee Mate-
PHAABHBIX MUKPO- ¥ MaKpOOOLEKTOB.



Tnasall
YTO ECTb BCEJIEHHAA?

Tlpexae ueM OTBeyaTs Ha 3TOT FA0G2ABHBIA BOIPOC, HONPOOyeM
camu cebe 3aAaTh HEKOTOPbIE BOIIPOCH O CYIHOCTY MaTepPUAABHOTO
MMpa ¥ OTBETUTD Ha 5TM BONPOCH He TaK, KaK TPaKTyeT HaykKa, a Tax,
KaK AMKTYET HaM YeAOBEYeCKVH PasyM 4 AOTMKa MbliAeHMA. Bo-nep-
BBIX, MTOMNBITAEMCS MIOABEPFHYTh COMHEHMIO Hay4HBIA MU} O AMHEN-
HOM OeCKOHEYHOCTY BCEACHCKOFO NMPOCTPAHCTBA.

LHrr103uA «BeckoneyHocmu» U AOCUYECKas

ozpanu4eHHoCmb peasvrol Beerennoi

YToOB! 3TO AOKa3aTh, Ha ITOMOLIb MBI NPM30BEM CaMY k€ HayKy.
Bce coBpeMeHHble MopeAM BceAeHHOM CTPOSATCS Ha IPEATIOAOKEHUM,
4YTO OHa BO3HMKAQ B Pe3yAbTaTe « BOABIIOTO B3phIBa», KOTOPHIH IPO-
M30MIeA MPUMEPHO 15 MUAAMAPAOB A€T Ha3aA. ECAM IIPEATIOAOXKUTD,
410, 00pasoBaHHble B pesyabraTe «BOABLIOro B3ppiBa» MarepHasb-
Hbl€ TeAa B BUAE [IPOTOHOB, SAEKTPOHOB M Pa3HOPOAHBIX KBAHTOB AY-
4eBOV SHEPTMM, IEPBOHAYAABHO PA3ACTAAUCDH N0 UAEAABHO MPAMBIM
AVIHUSIM, TO I10 AOTHMKE YEAOBEYeCKOro pasyMa, 3a OrpaHU4eHHOE Bpe-
MA B 15 MMAAMAPAOR A€T, OHM HMKaK HE MOTAM YAETETb B PEaAbHYIO
6eckoHedHOCTb. BOT ecAvt 661 «BOABLION B3pHIB» Ipousollea B Gec-
KOHEYHO OTARAEHHOE BpEMs, TOTAA XOTsA OBl TEODETUYECKM MOXKHO
6biA0 roBopUTDH 0 beckoHeynoit Beeaennoit. Ho paxe Teopermuecku
MaTepus He MOTA2 3a 15 MUAAMApAOB A€T pasAeTeTbCs B GeckoHed-
HOCTb. KTO Aas mpaBo paGoTHMKaM HayKu FOBOPUTb O IIPOCTPAH-
crBe BHe Marepuy BceAenHoit, Kak 0 6eCKOHEYHOM NPOCTPAHCTBE,
AQ M eIle MPMHAAAeXAIEM Hames MareprnaspHoit Becesennon? Ta-
KKe MBICAY U BBIBOABI SIBASIIOTCS He HAYKOJ4, 2 AOFMYeCKUM abCypAOM
¥ TIOKA3BIBAIOT HE IIVPOTY MBIIIACHUA pabOTHMKOB HayKH, a UX YMCT-
BEHHYIO OIPaHUYEHHOCTh U beccuave mepep ocMbicAeHueM Beeaen-
HOM KaK OoxecTBeHHOTO TBOpeHus. C APYroil CTOpOHBIL, 13 TeOpHM
OTHOCHMTEABHOCTH M3BECTHO, YTO TOT K€ NPOTOH HEBO3MOXXHO pa3o-
rHaTh AO CKOPOCTH CBETa, TaK KaK AASI 3TOro norpebyercs beckoHeu-
HO€ KOAMMECTBO SHEPrUU. 3HAYMUT, NPOTOHB ABUIAAMCH C MEHBIIMMM
CKODOCTSIMY, YeM CKOPOCTb CBETA, M HE MOTAM OTAETETHh OT HEHTpa
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«Boabmioro sapriBa» Ha GeckoHeuHbie paccTosiHuA. Kpome Toro, 3a-
KOH BCEMMPHOI'O TATOTEHUsI YTBEPKAAET, YTO YeM OoAbIIE HapacTa-
Ad Macca UeHTPaAbHOro siapa BeeaenHoil, Tem ¢ Goabieit cuaoi aTo
IEHTPAABHOE SAPO 3aAMEAAAC PA3AET NEPBUYHBIX MTPOTOHOB M BAEK-
TPOHOB, X He TIPOCTO 3AMEAASAC, & NIEPEBOAMAO UX HA KDUBOAMHEN-
HBIE TPAEKTOPUM ABWKEHUS TI0 PacUIMPAIOILENCs criMpasu, 3To ABU-
JKeHHe 10 PaCHIMPAIOMENcA COUPAAN HeH30eXKHO AOMKHO Ohiro
NPUBECTH K KOABLIEBOH CIIMPAAM CXOKAECHMS, A 3HAYUT, H K Bpame-
HHIO BCeil MATEpUaAbHOM Macchl BceaeHHOM B npeaeaax orpasu-
YeHHOTO 00beMa. VI 9T0 yTBep)KAeHME CIPABEAAUBO HEe TOABKO AAS
MMEIUX KOHKPETHYIO MacCy NPOTOHOB M BAEKTPDOHOB, HO M AA%
He MMeIOmMMX KOHKPETHOM MAacChl Pa3HOPOAHBIX KBAHTOB AY4Y€BOM
aHeprum.. Yxe He IPOCTO B TEOpMH, HO M NMPaKTUYECKMMK HabAIoAe-
HUAM TIOATBEPXAEH dakT, 9T0 GOTOHBI AY4EBOI SHEPTMH, BKAIOYAA
CNIEKTP BUAUMOTO CBETA, OTKAOHAIOTCA B CTOPOHY MAaCCHBHBIX HeGec-
HBIX T€A Yl ABYDKYTCSA He 110 IPAMOIi AMHIMY, A TI0 KPMBOAMHEHHOM Tpa-
€KTOpUM. Aa M TAe HayKa yCMOTPeAa B PeaAbHOM MaTepuM XOTb Ka-
Ky10-HMOYAb NMPOCTPaHCTBeHHYIO 6eCKOHEeYHOCTh?

EcAu 4eAOBEK MBICAEHHO IIOMeCTHT ce6s BHYTpM NNPOTOHA, a Ay4-
Ule CKa3aTh, BHYTPHM aTOMHOTO SIAPA XMMMYECKOrO SAEMEHTa BOAOPO-
Ad, TO OH ITIOTNIAAET B MIOAHOCTDBIO 3AMKHYTOE IPOCTPAHCTBO AASL Ha-
pYXHOro HabAIOAaTeAs, a caM cebs 6ypeT ollymaTh B HPOCTPAHCTBE
6eckoHeuHbIX pa3MepoB. Kakoit OBl CUrHaA YeAOBEK HU MOCHIAAA M3
BHyTpeHHero 06’beMa aTOMHOT0 AADA, STOT CUTHAA HeusbexHo momna-
ACT B «pasMa3aHHYIo» 3auiuTHYIO 000AOUKY BAEKTPOHA M B HEl HaBce-
rAQ MCYE3HET. DAEKTPOH JIOTOMY U «pa3Ma3aH» 110 MOBEPXHOCTH NPo-
TOHa B 6eCKOHEMHYIO 3aMTHYIO CHUPAAB, YTO OH BOAU3H IOBEPXHO-
CTH POTOHa pachopMUpoOBBIBaeTCA KaK Maccoobpasyloniasn 4acTuia.
TsoKeAble PpaKIUM DACKTPOHA NIEPEXOANT BHYTPb IIPOTOHA, & Aer-
Kue dpaxipuy BPAMAIOTCH MO0 CXOAAIIMMMUCS Y PACXOAATIMMCS CITU-
PaAsM, CO CKOPOCTAMM, 3HAYMTEALHO NPEBBIAIIIMMH CKOPOCTH
cseta. Ouu n 0Opasyior BHeninue PUKCHpYyeMbie HayKoii pasmMephl
aToMa BOAOPOAR, KaK M aTOMbI BCEX ADYTHX XUMMYECKMX SA€MeH-
TOB TabANLBI MeHAeAeeBa. CXOASAIIMECS CITMPAAU KBAaHTOB «pa3Ma-
3aHHOTrO» 3A€KTPOHA 3aXBATHIBAIOT M NMEPEHOCAT BHYTPb aTOMHOTO
sIApa «u30paHHbIe» POTOHBI MAY KBAHTBI COAHEYHOM SHEPIUHU, KOTO-
pble MOANUTHIBAIOT MEXAHMYECKYIO SHEPreTUKY aTOMHOTO AAPa, YTO-
6b1 aTOMHOE SAPO MOTAO TIOAAEPXXMBATbh BHYTPEHHME BEKTOpaA LieH-
TPOOGEKHOMN U LEHTPOCTPEMUTEABHON CHAbL LleHTpocTpeMuTeAbHas
CHAQ CO3Aa€T CUAY TATOTEHM: U 3a0MpaeT 3HEPTUI0 BHEIHMX UCTOY-
HUKOB. DTa CHAA TIPOABASIETCS KaK MAacca YacTULbl. AMileHHbie U3-
ObiTKa SHEPIMM U HAAEACHHDIE MATEPUHCKOM MHboOpManyen, «ObiB-

e
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HIMe» KBAaHTHI COAHEYHOM SHEPrUM 3aXBaTBIBAIOTCS PACXOAAIMMUCS
CIIMPAAsIMU SAEKTPOHHBIX KBAHTOB M BBIOPACHIBAIOTCSA Ha TOBEPX-
HOCTb 2TOMa B Ka4yeCTBe KBAHTOB TNOA€EH TPABUTALMM ¥ KBAHTOB Mar-
HUTHOM M DAEKTPUYECKON TIPUPOAB. DTH KBAaHThI, IO CYTU AEAR, AB-
ASIIOTC «HOBOPOXXAEHHBIMU» A€TBMM aTOMa BOAOPOAR, KaK U A06o-
ro APYroro XMMM4eCKOIO DAEMEHTA UAYN 0eCUMCAEHHOTO MHOMXECTBA
ux coepuHeHUi. C APYroif CTOPOHBI, TAKETHE 3TUX KBAHTOB ABAAIOTCA
IHEPTETUECKUMM OTXOAIMH KNUIHEAEATEABHOCTH aTOMOB M MOAEKYA
MaTepHaAbHbIX MacC M 00BEKTOB BCEAGHCKOTO NPOCTpaHCTBa. Alobpie
aTOMBI XMMHYECKHX DACMEHTOB, KaK I MOACKYABI CAOXKHBIX XMMM-
YeCKMX COCAMHEHMH, HOTAOIAIOT HEPreTUYECKYIo «NHULY» B BHAE
$OTOHOB 1 KBAHTOB TOHKUX SHEPIHIA; a BHIOPACHBAIOT M3 ce6A «HO-
BOPOXXACHHBIX» A€TEN B BUAE KBAHTOB ITOAEH TPaBUTALINM W APYTHX
IOAEBBIX CTPYKTYP MAaTEePUAABHOTO MHUPA, YTIAKOBAHHBIX B MHAUBM-
AYaAbHBIE AASl KAXKAOro Marepuasa nakernl. Kanrsl noaeit rpasu-
TALMHU AMILICHBI BHEPTUHM, HO 3aTO MMEIOT MOCTOSHHYIO MHPOPMalMOH-
HYIO CBSI3b C MATEPUHCKMM «AOHOM» IIOPOAMBILIETO X ATOMHOTO SADA.
Baaroaaps aToif MHbOpMaLMOHHOM CBA3M U obecrieunBaeTca UHPOP-
MAaliMOHHOE EAMHCTBO U CMAOBOE AEHCTBME 3aKOHA BCEMMPHOTO TAT0-
Tenus. UToObl He OTBAEKATHCS, MBI ceruac He GyaeM paccMaTpuBarb
0o6MeHHRBIe MPOLIECChl MEKAY ATOMHBIM SIAPDOM M BHELITHMM MUPOM. Aa-
BaiTe COCPEAOTOUMMCH Ha CXOASMIMX M BOCXOAALIMX CIIMPaAsiX Bpa-
IeHHst KBAHTOB SA€KTPOHA BOKPYT aTOMHOrO AApa.

3aech MbI BHIXOAMM Ha TaitHy YMcAa «IIu», KOTOpOe BXOAMT B Ka-
YecTBe COCTABHOM 4acTH, BO MHOTHE (OPMYABI KBAHTOBOM MEXaHUKH
M KBAHTOBOM PUBUKHM, KaK U NPaKTHIECKHU BO Bce GOpMYyAbl PyHAa-
MEHTAABHBIX 3aKOHOB HayKu. B HacTosiee BpeMsi HayKa pacCHMTaAa
yncao «[lu» A0 COpOK MATOro 3HaKa MOCAE 3alSTTON, HO TeopeTuye-
€KY 1 TIPAKTUYECKM 3TUX 3HAKOB MMeeTcd GeCKOHeYHOe KOAMYECTBO.
Ha peae 310 03HayaeT, YTO BCe KBAaHTH «Pa3Ma3aHHOTO» MO Oopbure
aTOMHOTO SIAP2 BOAOPOAA ABWXXYTCS He ITO TOYHbIM KPYTOBBIM OpOK-
TaM, a Mo cnupassm. IIpu aToM U3 cBoicTBa uncaa «flu» BbTekaer
AOTMYECKas 3aKOHOMEPHOCTb, YTO Ka’KAAsl HOBaA CNMPaAb, XOTA U
HNpUOAIDKeHA K TIPEABIAYIfel opOMTe, HO 3aHMMAeT HOBOE IPOCTpPaH-
CcTBEHHOE MeCTo. Korpa cniMpasb pacxoAMTCA M CTPEMMTCS 33AHATh
NMOAOKEHuMeE Kpyra, To B uncae «Ilu» dopmupyerca Hopasa nudpa
nmocAe 3amsiToi. beckoHeuHoe KOAM4eCTBO 3TUX LU(P U XapaKTe-
pm3yeT GeCKOHETHOE KOAUYECTBO OPOUTAABHBIX BUTKOB, KOTOPbIA
AOAXEH TNPOACAATh KDKABI KBAHT BAEKTPOHA, 4T06BI NMpNoAH-
3MTbCH K PaBUAbLHOM popMme Kpyra. EcAu pactpsamuTb a1y cipaab
B MPAMYIO AMHMIO, TO €€ MPOTXKeHHOCTb MOXeET GbiTh 60AbILe rpo-
CTPaHCTBEHHOM NpOTspKeHHOCTH Hamei IaaakTuku. Koraa xe cru-
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PaAb CXOAMTCH M CTPEMMTCs 3aHATh MECTO BOAM3BM LIEHTpA TAKECTH
aTOMHOro AAPa, TO B WicAe «Iln» yncaa mocae 3amaAToOl NOCAEAOBa-
TEAbHO CTUPAIOTCA. MBI NPUBBIKAY ONEPUPOBATh 3HAYEHMEM YMCAA
«ITn» paBubiM 3,14. Ho pasBe cnupaseobpashas popMa parekux ra-
AAKTHK He MOACKA3bIBAaeT HaM, UTO YUCAO «ITM» MOXeT yMeHbIATHCS
A0 eanHubI? DopMyAa TAACUT, YTO AAMHA OKPYXXHOCTH paBHa 2 «[Tu»,
TIOMHOXXEHHOMY Ha PaAuyc Kpyra. 910 o3HavaeT, uto npu «I1u» paB-
HBIM €AMHMIIE, KPYT BBIPOXKAAETCSA B PA30MKHYTYIO CIIMPAAD, 1iep-
BBIA BUTOK KOTOPOM BBIXOAMT M3 LIEHTPa KPYra U paBeH O AAMHE
ABYM papmuycam OyAymuero noaoous xpyra. Yucao «ITu» us eAuHu-
Libl Cpasy NpeBpamaeTcsa o 60XXeCTBEHHOMY 3aKOHY B TPOJMKY, 110-
STOMY BTOPOH BUTOK CIIMPAAM OGYAYILETO KPYIOMOAOOUs MPOAOAXKa-
€T I1epPBbIil BUTOK U 110 AAVIHE PABEH YXKe He ABYM, a IIECTH paAuycam
Oyaymiero xpyra. Ilpu TpeTbeM BuTKe crimpaan, uyucao «[Tu» paBHo
yxe (3,1), a sSHaumT, U AAMHA CIMPAAM BO3PAcTaeT A0 6,2 6yAymero pa-
Anyca. TIpy YeTBepTOM, IATOM U CKOAb YTOAHO GOABIIOM KOAMYECTBE
BUTKOB, AAMHA OTAEABHOTO BUTKA CIMPaAu GYA€T OCTOSHHO Bo3pac-
TaTh. 3TO 06YCAOBAEHO NOABAEHMEM BCE HOBBIX 1P B uncae «I1u»,
KaXAas1 U3 KOTOPBIX MEHBIIIE APYTOM HAa AECATUHBIN NIOPAAOK, HO OY-
ACT NPUOOPETaTh BCe HOBHIE M HOBLIE 3HAUEHMA B IPEACAAX OT EAMHM-
1[I AO yMCAa AeBATh. TakuM 06pasom, mbl Gyaem GeckoHEeUHO npH-
OAMKATBCH K MAEAABHOMY KPYTY, HO, AaXKe NPOVAsA GecKkoHeuHOo
60ABINOJ IYTh MO Pa30MKHYTHIM U BCETAA HOBBIM IPOCTPAHCTBEH-
HbIM CIIMPAASIM, Mbl HUKOTAQ He AOCTMIHEM MAEAABHOTO KPYTa.
MexAy aTOMOM XMMMYECKOTO SAEMEHTA, OTACABHON MOAEKYAOH
XUMWYECKOTO COEAMHEHMS ¥ BCEMM HEOECHbIMM TEAAMU U MX CKOH-
AECHUAMMU €CTh MHOrO NOoAOOMIt 1 06mHoCTel, YUToOH He 3anmyTaThes,
BCe MX Mbl He OyaeM paccMaTpMBaTh, OTMETUM AMILB TOABKO TO MX 06-
Imee CBOMCTBO, YTO BCE OHM C TOM MAM MHOM CKOPOCTBIO BpaljanTcs
BOKDYT COGCTBEHHO# OCH, Ha KOTOPOif HEN3MEHHO A€XAT LIEHTPbI TA-
JKecTey MacC MMKpO- M MakpooObeKToB BeeaenHost. He BeAukue no-
CBAIIEHHBIE, 3 CAMY XK€ yYeHble YCTAHOBUAM, YTO ¥ Haiula [arakTHKa
BpalIAeTcs C nepuoAoM npubausureabio 200250 MUAAMOHOB AeT
BOKPYT cOOCTBEeHHOM ocy, nipu 3ToM COAHEYHas CUCTEMa He HaXo-
AMTCA B LeHTpe [aAaKTHKM, 3 HaXOAUTCS Ha ee nnepudepun. Omyckas
BCE€ MAAOMOHSTHEIE AASI LIMPOKOTO KPYTa YUTaTeAel HayYHble AOKa3a-
TEABCTBA, HAAO MPU3HATD, YTO U BceAeHHas, co BceM MHOXXECTBOM
BXOAAINMX B Hee MAaKkpo- U MMKPOOObekTOB 06s3aHa Bpamarbcs
BOKPYF COOCTBEHHOM OCH, YepPe3 KOTOPYI0 IPOXOAMT €€ LEeHTP TH-
xecT. O TOM, YTO MPOCTPAHCTBEHHBIE Y BPEMEHHbIE XaPAKTePUCTH-
KK BceAeHHO IPUHIMITMAABHO He MPAMOAMHEIHBI, a UCKPUBAEHBI, a
IpaBMABHEE CKA3aTh, NPEACTABAAIOT COOOI CIIMpaAeBUAHBIE OTpE3-
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KM OKDY’KHOCTEJ, SAAMIICOB, FUnepOoA man mapaboa, ydeHble roBo-
PAT YXXe TIOYTH ABa cToAeTusA. Beamkuit Mmatemarux Huxoaair Msa-
HoBu4 AobGaveBckuit (1792—1856) eme B 1826 roay omyOAMKOBaA
OCHOBBI HEeBKAMAOBON reoMeTpun. VIaMeHMB TOABKO OAHY aKcHO-
My 3BKAMAA, AobaveBCKuiT ¢ TOMOIBIO COGCTBEHHOTO pasyMa, AOTH-
K# ¥ MaTEMATUYECKOro arrapara COBepIIMA MepeBOPOT B NPEACTaB-
A€HUY O IIPOCTPAHCTBE U MOKA3aA, YTO HPAMOAMHENHAA SBKAMAOBA
reoMeTpyUA He MMEET MeCTa B peaabHOl BeeaeHHoit. B nocaepyiomem
BBIBOABI A0GAYEBCKOT0 O KPMBOAMHEHOCTY PEaABHOTO IIPOCTPAHCT-
Ba GbiAYM TIOATBEPXKAEHDBI TEOPETUYECKMMM pacyeTaMu o61Hen Teopun
OTHOCUTEABHOCTH W NPaKTHYECKUMM MHCTPYMEHTAAbHBIMM HabGAK0-
AeHuAMM acTpoHOMOB. KoHeuHO e, nmpocTpaHcTBO BeeaeHHo yc-
KPUBAEHO, HO HayKa HMKAK He XO4YeT IIPU3HaTh, YTO 5TO MPOCTPAHCT-
BO B pEaABHOM MUpe [IPEACTABASET COO0I, He TOABKO AASI MaTepUH
ASABHUX M OAVDKHUX FAAQKTHK, HO M AASI BCeX BUACB (POTOHHBIX M3~
AYMEHMH, BKAIOYAS CIEKTP BUAMMOTO CBETA, CTOKPATHO, 8 MOXET
ObITD, ¥ THICSYEKPATHO 3aKPYICHHYIO PACXOASHIYIOCS CIIUPAAb.
IHNoAuvHsaACh 3akoHY umcAaa «I1Iu», He TOABKO BCceA€HCKME Ta-
ABKTHKH, HO M KBRHThl BUAVMBIX 1 HEBHAMMBIX M3AYYEHMI, ABHIKY T~
Cs He N0 HPAMBIM AMHMAM, a IO OTPOMHBIM, HE NepeceKaloufuMHUCs
ADYT C ADYTOM KOABLIEBBIM CIIMPaAsiM. BEIfAs B 6€306AauHyI0 HOYb Ha
TIPUPOAY MAM Ha YAMI{bl HOYHOTO TOPOAR, MBI HabAI0AaeM Ge3a0HHOE
He60, TauHCcTBeHHbI MAeyHbiit [TyTh, M3BeCTHBIE CO3BE3AMS, KOTO-
pbie BAUSIOT HA XapaKTep M CYAbOBbI 3eMHOTO YEAOBEUECTBa, U MUpUa-
ABL 3BE3A U 3BE3AHBIX CKONAeHUA. CO3AQ€TCA [TOAHAS MAAK3UA, YTO
BCs 9Ta GearpaHmMyHas KpacoTa HOYHOro HebGa ¢ MMpMAAaMu 3Besp
MPSIMOAMHENHO YXOAUT B IIPOCTPAHCTBEHHYIO 6ecKoHeYHOCTh. Mot~
Hble DAEKTPOHHBIE TEAECKOMb, C NMOMOILBI0 KOTOPBIX aCTPOHOMBI
MPOHUKAIOT B YARAEHHBIE MPOCTPAHCTBEHHBIE «YTOAKU» M «3aKOYA-
Ku» Hauleit BceAeHHOM M OTKPBIBAIOT TaM HOBbIE FAAAKTHKU 1 APYTHE
TAaMHCTBEHHBIE OOBEKTH], HUUETO HE MEHSIOT i He MOT'YT U3MEHHUTD B
HaleM CO3HAaHUU MPAMOAMHEMHOCTM OKpyXamoliero mupa. OpHaxo,
TOBEPhTE MHE HA CAOBO, YTO MPAMOAMHEHHOCTb OKPYKAIOH[Ero Mpo-
CTPaHCTBA €CTb AMilIb BUAVIMAsT BUPTYaABHOCTh. B peaAbHOCTH, Ia-
AAKTHMKH, KOTOpPBIe, pu HabAropAenun ux n3 CoAHEUHO CUCTEMBI,
OTCTOSAT APYT OT APYTa HA MHOTHE€ MUAAMOHBI CBETOBLIX AET, MOTYT
HAaXOAUTBCSA M HAXOASTCA B PEAABHOM! ACHCTBUTEABHOCTH, IO KOC-
MMUYEeCKMM pa3MepaM B HEIOCPEACTBEHHON GAM30CTH APYT OT APY-
ra. 10T 3QPeKT 0ODACHAETCS TEM, YTO AYY CBETA, IIPEKAE YEM AOC-
TUTHYTb IAa3a 3€MHOTO HaOAIOAATEAS] MOXKET AECATKU, COTHU AU ThI-
ca4n pas 0OOTHYTh BCe BCEACHCKOE MPOCTPAHCTBO MO HUCXOASLLEN
cnupaau. Y MeHs eCTb M MaTeMaTU4eCKMue pacyeTol MoAeAu BeeaeH-
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HOJ, KaK a0COAIOTHO 3aMKHYTOrO NPOCTPAHCTBA, MOAOGHOro 3amk-
HYTOMY TIPOCTPAHCTBY aTOMa BOAOPOAAQ MIAM KaKoro-aubo apyroro
XVMIMMYECKOro aaemeHTa. Ho B 9Toif pabore HUKAKMX CAOXHEBIX $Op-
MYA M HAy4HBIX PacyeTOB A NPUBOAUTH He cobupaioch. B « AOKTpu-
He HayuHoro BoromosHaHus» AASl AOKa3aTeAbCTBa (paKTa HAAMIMA B
HeOEeCHOM MeXaHUKe He TOABKO CMABI BCeOOGILero NpUTSDKeHUs, HO U
CUABI OTTAAKUBAHWA, I IPUMEHMA GOPMYABI M TEM CAMBIM OTTOAK-
HYA 60ABIIMHCTBO UUTATEAEH OT ee nmpouteHys. BUAMMO Te, KoTophie
MPOYMTAAM, MAAO 4ero MoHsAu. KHura ocraaach MaAo BocTpe6oBaH-
HOM. ITO He NMPUBOAUT MEHA B OTYAsAAHWE, TaK KaK HOBBIE B3TASABI HA
NIPUPOAY MaTEPUAABHOTO MYPa MHOIAQ AGCATHACTHAMM M CTOAETHUA-
My OBIBAIOT MAAOMIOHATHBIMU M HEBOCTPEOOBAaHHBIMH, TIOKA HE OBAA-
ACIOT Pa3yYMOM U COSHRHMEM HayYHOro coQOecTBa.

He .1 nepBbiit 3a4BAAI0 0 3aMKHYTOCTH BCEACHCKOFO NPOCTPaH-
crBa. CoBeTCKMiT MaTeEMaTHK ¥ reoPpnsmk AAEKCaHAP AAEKCaHADO-
By Opuaman (1888—1925), B 1922—1924 ropax Ha OCHOBAHMM 3a-
KOHOB TAroTeHMs oOunjeli TeopMy OTHOCHMTEABHOCTY, MaTeMaTude-
CKM AOKA3aA 3aAMKHYTOCTb BCEACHCKOTO NPOCTPAHCTBA. DTH pacueTh
6bIAM NMOATBEPKACHBI AABGEPTOM DIHIITEMHOM. A ellje A0 3TOrO OT-
KpbiTH, pycckmit dpusux Aebepes Ierp Huxoaaesmy (1866—1912),
B 1899 1 1907 roaax oTKpbiA ¥ U3MEPHA AQBAEHUE CBETa HA TBEPABIE
Teaa ¥ rassl. OTKpriTHe AeGepena noaTBepxaaeT (akT, YTO IAEKTPO-
MArHMTHAsl SHEPTMs1 AIOOBIX KBAHTOB AYY€BOV SHEPIUM, MPU B3au-
MOAECTBUM C PU3UYECKUMM TEAAMU BEAET cedsl Kak MaTepuaAbHas
YacTUIa onpeaeAeHHoNM Macchl. [Toa AelicTBueM BpalleHus cymMmap-
Ho¥ Maccpl BceaeHHO, PAaBHOM, N0 OAHUM UCTOYHMKAM, NIPUMEPHO
A€CATU B COPOK UeTBEPTON CTENEHU IPAMM, a 110 APYTUM MCTOYHM-
KaM, 2,174x10% xuaorpamm, (MopasMTeAbHO BeAMK pasbGpoc mapa-
METPOB BCEACHCKOI MacChi!), CBET OT ARAEKMX FaAAKTHK ABIDKETCA B
cropoHy COAHEYHO! CHCTEMBI He MIPAMOAMHEIHO, a 110 CXOAAUMMCH
KOABLIEBBIM CITMPAAAM, MHOTOKPAaTHO orubas 3aMKHYTOe MPOCTpaH-
c1Bo BeeaeHHOM. BoT 3TOT OrpoMHELit IyTh, KOTOPDIA TIPEOAOAEBAET
QOTOHHDIt KBAHT CBeTa, YTOOBI ITONIACTb B TAQ3 3€MHOFO HabAlOAaTe-
AL, Y1 CO3ARET MAAIO3MIO DECKOHEYHOCTH BCEAEHCKOTO NIPOCTPaHCTBa,
Takum o6pazom, Mod r'UNOTE3a AMIIL AOBOAMT AO AOTHYECKOH OC-
MBICACHHROCTH NOHUMaHNsA BceAeHHOM He NPOCTO KaK afCOAIOTHO
3AMKHYTOM CIPYKTYPBbl, HO KaK 3aMKHYTOM CTPYKTYpbl OecKoHed-
HOTO NPUOAVIKEHUA NOTPAHNIHBIX chep BCEACHCKOTO NPOCTPAHCT-
Ba K MA€aAbHOI popMe OKPYKHOCTH 110 3aKOHY yncAa «IIu». B 3a-
KAIOYMTEABHBIX FAABaX STOM KHUIY MbI GoAee NOAPOOHO pasbepemca
C IPUYMHAMM UAAKO3UM paciuupsiioniesicsa BceAeHHOM U AAAMM UM pe-
aAbHOE O0BsACHEHHE.

a
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HarAsiAHBIM NIDMMEPOM MAAIO3MYM TIPAMOAVIHEMHOCTU ABASET-
cs1 paspaboTanHslit B 2010 roAy BUPTYaAbHBIA TPEHAXEP AAA CHATUS
ncuxoAaorudeckoro crpecca y coapar HATO, nmocae ux omacHOM Ass
XKM3HYM CAY>XOBI B OKKYIAlIMOHHBIX BolicKax Vpaka. ITo TeaeBusopy
TIOKa3dAM, KaK YEAOBEK BXOANT B NMOAYNIPO3PAadHbIN AP M HAYMHACT
MepeMeNATLCS MO Mapy, CTPEASIA 110 BUPTYaABHOMY HaceaeHuio Mpa-
Ka M3 BUPTYaABHOTO aBToMata. V{3o06pakeHne, KOTOpOE BUAMT Faa3
COAAATA, TIOAHOCTBIO COOTBETCTBYET yauuaM baraaaa, co Bcemy ux
MPOCTPAHCTBEHHBIMU pasMepaMi, HaBEPHOE, ¥ PACCTOAHUE AO YEAO-
BEYECKMX MUIHEHEN, KaK U caMy QUIYPbl BUPDTYAABHBIX XEpPTB TIOA-
HOCTBIO COOTBETCTBYIOT PEaAbHOM AEHMCTBUTEABHOCTM. BMAHO, Kak
HATOBCKMII COAAAT, PEAAM3YSI CBOM TEMHbie WHCTHHKTDI, C YAOBOAB-
CTBUEM «MAET» BHYTPM H1apa ¥ PacCTPEAVBA€T BUPTYaAbHbI€ XepT-
BbL. HabAlopaTeA €O CTOPOHBI BUASIT, YTO HeT HUKAKOTO NpOCTpaH-
CTBA, a €CTb 3aMKHYTHI HIap, HO AASL 60€BOro COAAATA 3TO 3aMKHYTOE
MPOCTPAaHCTBA HIAPA CO3AAET MOAHYI0 MAAIO3MIO OTPOMHOIG TOpO-
Aa. Takue TpeHaKephl Yike HE EAMHHYHDL, YTO M ABASCTCA KOCBEH-
HBIM AOKa3aTEeABCTBOM TOro $aKrTa, 4To 1 Hama BceaeHHas ABAS-
€TCs AASL HAPYIKHOYO HA0AK0AQTEAS TAKUM Ke mapoM. Passe pazme-
Pbl OTOrO BUPTYAABHOTO IIAPA, KOTOPBIi AIOAM HasbIBAIOT BceAeHHOM,
4yTb HOABIIIE, HO 3TH pa3Mepbl HE MEHSIOT CYyTH BUPTYAABHOCTH Xpsi-
MOAMHEMHOTO MUPA ¥ PEAABHOCTM MCKPMBAEHHOrO M 3aMKHYTOTO
BCEAEHCKOT0 HPOCTPaHCTRA. '

1 651 CKa3aA TaK, YTO HET HUKAKMX AOKa3aTEABCTB, KOTOpble Obl
ITOATBEP)KARAM TEOPHMIO AMHEHHOCTM BCEAEHCKOTO MPOCTPAHCTBa M
OIPOBEPTAAM €€ CIVIPAABHO-KOABLIEBYIO 3aMKHYTYI0 CTPYKTYPY. OA-
HOM U3 NOMBITOK TAKOT'O AOKA3aTEeAbCTBA ABARETCH Teopus pasberaio-
Hievica BeeaenHoit. Ilo aToit Teopny, raaaxTHIECKye CYCTEMBL, TIOAY-
YMB TIEPBOHAYAABHBIA TOAYOK BO BpeMst « BOABIIOro B3phiBay, Kak Obi
TIPOAOANKAIOT 110 MHEPLMY ABUTaTbCA B MPSIMOAMHENHOM HaIpaBAe-
HMH OT ObIBlIETO LeHTPa B3priBa. Ho 5 elje pa3 NOBTOPSAK BONMPOC:
TA€ YYEHbIE BUAEAU B PE€aAbHOM BceA€HHOM MPSIMOAVHENHOE ABMIKE-
Hue? IaaneTs! BpamjaoTcs BOKPYT COAHLIA TI0 BSAAMIITHYECKUM OpOM-
TaMm, a cama COAHeYHas CUCTEMA I10 TAKOM JKe DAAUNITYECKON opOu-
Te BpaulaeTCs BOKPYT YCAOBHOTO LIEHTPA TSDKECTHM Haliel [araKTHKM.
CoAHevHasi CMCTEMA U BCE FaAaKTHMKM ABASIOTCSA COAAAHCHPOBAH-
HBIMM CUCTEMAMM, NOTOMY KX Pu3udYeCcKie pasMepsl B HACTOAMee
BpemMsa He yBeanumBaioTcs. Ho Beab Npy CBOEM 3apO’KAEHMM OHM
6bIAM MaABIMM OOBEKTaMM M, HanpyMep, Halia TarakTuka, BhIAEASA
13 ce0x MUPMaADE 3Be3A, B TOM umcae 1 Hame COAHIIE, MEAAEHHO Bbi-
BOAMAA UX Ha CTALMOHAPHBIE SAAMIITHYECKME OPOUTHL U CIMPAABHO
YBEAMYMBAAACh B PU3NHUECKMX pasMepax, MoKa He AOCTMrAa GasaHca
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M He TIepelllAa B cTalMoHapHoe cocroaHue. Cama BceaeHHas sBaser-
Cs1 HeM3MepUMO DOABLIMM OOBEKTOM 10 CPABHEHMIO C AI0OOM raAak-
TUKOM. M3-3a TOTO, YTO MEXAY raAAKTHMKAMU TTOAE TATOTEHUsI HaKTH-
9EeCKM OTCYTCTBYeT, BceaeHHas, 110 OIIpEAEAEHHIO, HUKOTAQ He TIPUAET
B cO3AAHCMPOBAaHHOE CTALMOHAPHOE COCTORHUE, Aa Y HEHYKHO 3TO
Bory Bcesiunemy! TBopel cospaa ee Takoif, 4To6b1 OHA, MEAACH-
HO BOCXOAS 1IO clIMpaAsM uucaa «Hu» K MAeaABHOMY KpYyr'y, ucrpa-
THAQA BeCh pe3epB KUHETHYECKYIO BHEPIiH, TaK M HE AOCTUTHYB AY-
XOBHBIX rpaHuy BceAeHHOM.

ITo MOMM CKPOMHBIM HOACYETaM, MMEHHO, B MOMEHT COTBODe-
Husa Ceiva boxwus Mucyca Xpucra n HayaAcst o6paTHBIA OTCueT Bpe-
MeHM Xu3HU Bceaennoit. Bocxoasmue ciMpaAu ABVMIKEHHS BCEAEH-
CKOWM MaTepUy CMEHMAUCH HUCXOAsMMU civpassiMu. Ilpuuem, sa
c4eT OrPOMHON, HAKONAEHHOI 3a 15 MMAAMapAOB AeT >Ku3uu Bee-
A€HHOH, MOTEHIMAABHONM SHEPrmH, CKOPOCTb YCAOBHOIO pasae-
Ta FaAaKTHK OYAET BMAMMO Hapacrarb, M nNpu 3TOM, 00bem MaTe-
puaabHoit BceaeHHost OyayT KatacTpoduueckn ymensmarscs. Ho,
3€MHO€ YeAOBEYECTBO ¥ aCTPOHOMEI HMKAK 8TOr0 He 3aMETSIT, a €CAU
3aMeTAT, TO CAMIIKOM I103AHO, BepAb aKcepuMeHTaAbHBIE MIHCTPY-
MEHTAABHBIE HAGAIOAEHNS OYAYT IO-TIpEXHEMY TIOKa3bIBaTh, 4TO Bee-
A€HHAA BUPTYaAbHO AMHEHO pa3AeTaeTcs. Aae CKOPOCTb YCAOBHO-
ro pasAeTa 6yAeT He yMEHbIIATHCS, a YBEAUUMBATHCS, HO 3TO U ABUTCS
TAABHBIM CHUTHAAOM YMEHbUIEHUs IPOCTPAHCTBeHHOro obbema Bee-
AeHHOI. TaaakTuky BeceAeHHOI, 3a cyeT BpalaTeAbHOM SHEPIUU LieH-
TPa ¥ 3aKOHA BCEMMPHOIO TATOTEHMs], B HAYaAe CBOETr0 COTBOPEHUA,
00s13aHBI OBIAM MTepefTH HAa BOCXOASLIME KPYTOBbI€ CIIMPAAU U ABM-
raTbCsl, COTAAQCHO YMUCAY «I11», B KaXKAOM BUTKe [10 HOBBIM OpOGHTaM.
Kaxpblit pas AAMHA KPYTOBO# criMpaAu 65148 G0ABILE AAMHBI IIPEABI-
Aylieil CHUPAAY, ¥ COOTBETCTBEHHO HOBBIN BUTOK CIIMPAAY 3aHUMAA
6oAee BbICOKYIO OpOUTY. HUKTO M3 )XUBYHIMX Ha 3€MA€ AIOAEH HE MO-
JKeT CKa3aTh ¥ PacCYMTaTh, CKOAbKO CIIMPAABHBIX BUTKOB 3a IATHA-
ALIATh MUAAMAPAOB AT CYIECTBOBaHMUA BceaeHHON, cOBepLIMAM ca-
Mbi€ AAAbHME TRAAKTHKM. Aa 9T0 U HUKOMY He HyXHO. Beab y uncaa
«IIn» Her mpeaeAaa, U CKOABKO Obl MaTEPUA HU CTPEMMAACH AOC-
THYb AYXOBHOJ I'PaHMUBI BceAeHHOM M OMUCATh MPAaBUABHBIN HAE-
AABHBII KPYT, AASL Hee 3TO OYAET HeAOCTIDKMMO 110 HECOBEPIIEHCT-
BY ¥ OrPAaHUYEHHOCTU BCEAEHCKOM SHEPTHHN.

2. Apyzue doka3amerbCmBa 3aMKHYINMOCIU HPOCHPAHCMBA

HecmayuoHnapHoii Bceaennoii

BeAb ¥ GOABIIMHCTBO HAOGAIOAGEMBIX ACTPOHOMAMM TAAAKTUK
HMEIOT CIIMPaAbHYIO CTPYKTYpPY. Iloyemy? Aa noTomy, YTO OHM TOXe
CTPEMMAMCD NTPEBPATUTHCA B IOAOOME 3aMKHYTOrO IPOCTPAHCTBA Ca-

e
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Moit Beeaennoit, Ho Orely HebecHbiit IPUHYAUTEABHO, Ha KaKOM-TO
aTane BOAKLMK BceaeHHOI, C6aAaHCMPOBAA MX BHYTPEHHIOI CHAY
TATOTEHMUS CO CKOPOCTBIO ABVYIKEeHUs niepudepuitHbIX 3Be3A ¥ TEM Ca-
MBIM MPEPBAA HX AQAbHellee CIMpasbHOe pacxoxaenue. He Toab-
k0 Bory, Ho 1 YeAOBeKy YAOOHEe yIIpaBASATD KaKOi-HUOYAD HeCcTaluo-
HapHOI Pa36aAaHCUPOBAHHOM CUCTEMOM, ECAM BCE MHOXECTBO BHYT-
PEHHUX 3AEMEHTOB 3TOI CUCTEMbI IPUBEAEHB! B C6araHCHPOBaHHOE
M CTALiMOHapHOe cocrosiHMe. Ha srane HecTaLMOHAPHOIO PasBUTUs
Haulelt [aAaKTUKY, IPUMEDPHO MSITh MMAAMAPAOB AeT Hasap, CoAHIle
TOXE B OAMHOYECTBE I10 CIMPAAY B3OIIAO M3 LIEHTPAaAbHOTO AApa la-
AQKTHKH, TI0 IPUHYKAEHNIO MATEPUAABHONM CMABI BHYTPEHHETO 00be-
ma laaakTuky. CoaHlle 3aHAAO He IIPOCTO CAY4aifHOE, a 3apaHee onpe-
A€AeHHOE TIOAOXEHUE, KYAQ 3aTEM CTAAM CTEKaThCs BCE PEAMKTOBbIE
MIBAYYEHMSI, KaK AYXOBHBIE HapabOTKM BCErO MHOXKECTBa I'aAAKTHYe-
CKMX CUCTEM BCEACHCKOTO NMpocTpaHcTBa. HaxoasAch B HecTanmoHap-
HOM cocTosiiny pasButusi CoaHeyHoM cucreMsl, COAHIE IIOPOAUAO
u3 ceOst onbITHbI 06pasel; aaHeTbt JTAYTOH M TOMECTHAO €ro Hpu-
MEPHO Ha CeroAHsAIIHel opouTe MepKypus. Aas naaHeT MaAoi Mac-
Cbl 8Ta OAVOKHsAA OpOUTa ¢ PAAUYCOM B 57 MUAAMOHOB KMAOMETPOB
SABAAETCA HECTAMOHAPHOM, U NOTOMY TTAYTOH cTaA 6bICTPO OTKAO-
HATHCSA OT MAOCKOCTU SKAUIITHKY U BBIXOAUTD U3 MOAMMHEHUS CUADL
coaneuHoro Tsarotenus. Ha ocnose Ilayrona camo Coannte paccuu-
TAAO €0 HAYaABHYI0 AUHENHYI0 CKOPOCTh TAKMM 00pa3oM, YToGb:
npM AaAbHeleM pa3BuTiun COAHeYHOM CHCTEeMBI, OyAydM nocAae-
AOBATEABHO YAQA€H OT MEePBUYHOI OPOUTHI 57 MUAAMOHOB KMAO-
MeTpoB Ha op6uTy 5700 MHAAOHOB KMAOMETPOB, OH He BBILIEA U3
NOAYMHEHMS ¥ COXPAHMACS, KaK caMasi AAAbHsAs NaaHeTa Coaney-
HOM CHCTEMBI.

3aMeTuM, YTO PaAMYC MEPBUYHONM OPOMTHI YBEAMUMACH IIPaK-
Tuecku B 100 pas mam Ha ABa nopspka. Ilpu aTom AmHeltHas cko-
poctb ITayTOHa, KaK M BCeX HocAeAyOmuX naaHeT COAHEYHON cHC-
TeMbl, IPY TIEpEXOAe C Husmeil opburer Ha 60Aee BBICOKYIO Opbu-
TY, HEU3MEHHO CHMXaAacCh. DTU AEBATH CTaAMIl IOCAEAOBATEABHOTO
pasBUTUH OTKAOHUAM TIAyTOH uyTh O0A€e 17 TpasycoB OT MAOCKO-
CTH SKAUIITHKM, HO BAaropaps «rpeABMAeHMIO» COAHLIA COXPAHUAK
ITAyTOoH Kak cTallMOHAapHYI0 nAaHery. Celf4ac yueHbie rapaioT, Cuu-
taTh AY [1AyTOH nAaHeTHBIM TeAOM COAHEYHOM CUCTEMBI MAM HE CUM-
taTb? Ho aTH rapasma He MMEIOT HMKaKoro saHaueHus. Ecan 6b1 Coan-
Ue «omUBAOCH» B CBOMX NEPBOHAYAABHBIX PacyeTax, To ITayroH anbo
ynaa Ha CoAHle, npuBepst K karacTpode CoaHeuHol cucreMbl, AMOO
nepemeA Ha OacHYI0 KOMeTHYI0 opbuTy. He CAyUMAOCH HM TOTO, HUI
apyroro. O 4em aro ropopur? J10 roBopur o ToM, 4ro Cosnue He
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TOABKO «TIPEABHAEAO» COTBOpeHue BcexX Oyaymmx maaner Coa-
HEYHO CUCTEMBI, HO M YMeeT KOPPEeKTHPOBATh BapMalisIMH CHABI
COGCTBEHHOIO TATOTEHUSN, BOSMYIIEHMS BCeX TMOAYMHEHHBIX IAa-
HeT n ux cnyTHuKoB. baaroaaps ITayrony CoaHlle paccduTaro Mac-
cy Henryna, Ypana, Carypua u IOnurepa Takum obpasom, urobst
OHM CTaAU «IoMoIHMKaMu» COAHLIA B TPYAHOM AeAe obecriedeHust
cTabuapHOoCTY U yeroliunsocT CoAHeuHou cucteMhl. Kcratu roso-
p#1, npu 3aBepineHuy paborsl CoAnLja Kak «6eA0ro KapAnKa» U repe-
XOA€ B COCTOSTHUE «KPACHOTO TMTAHTa» AAAbHWMIL TOSC TIAAHET B CO-
ctaBe lOnuTepa, CarypHa, Ypana, Henrryna u ITayroHa 6yaet morao-
HW[eH ¥ UCTIOAB3OBAH KaK 9HEPreTUYeCKas HOATIUTKA AASL MIEPEXOAHDIX
npoueccos. BrioAHe BO3MOXHO, YTO C IOMOIIBIO MAacC 3TUX NMAAHET,
BO BHYTPeHHEM 00beMe «KPacCHOIo ruranra» GyAyT opraHmsosa-
HbI SIAEPHBIE IPOLECCH 0OPATHOrO MepeXxoAa BCETO MHOMXKECTBa XU-
MMYEeCKHMX S9AEMEHTOB M UX COEAMHEHMIT nMaaHeTHHIX TeA CoaHed-
HOIf CUCTEMBI B aTOMEI IEPBUYHOTO BOAOPOAA. Passe nayKa Cnoco6-
Ha ONPOBEPTHYTH TAKYIO TUNOTE3Y? '

Ocobo oTMeTuM, YTO AMHelHas 'CKOpPOCTD NAQHET HEU3MEHHO
YMEeHbILAEeTCA B 3aBUCMMOCTH OT BBICOTHI OpbuThi. UeM Bbluie op6uTa,
TEM MeHbIlle AMHEJHAaA CKOPOCTh MAAHETHL. DTO CBOMCTBO OIIPEAEAs-
eTCsl TeM, YTO Ha NPOABMIKEHNE BCeX NAAHET 1o ux opbutam CoArnne
TPAaTUT HE TOABKO BHYTPEHHIOIO0 SHEPIMIO CAMUX MAAHETHBIX TEA, HO
M KOAOCCAABHYIO SHEPTHI0 cOOCTBEHHOM coAHeuHOM Macchl. Bo Beex
y4eOHUKAX 10 PU3MKe eCTh HayuHBIe AaHHBIE, YTO COAHLIE eXeAHEeB-
HO TpaTuT 3 x 10" ToHH cBOeit Macchl Ha AyueByio aneprui. Haao
MIOTEPSTh BCAKUIL SAPABBIA PACCYAOK, YTOOBI MOAArarb, YTO «TAY-
noe» CoAHlle 6€CCMBICAEHHO PACTIbIASET 3TY SHEPIMIO 110 OKPYXalo-
mlemy npocTpaHcTsy Beeaennois. Ipy6rie, BoicOKOaHEepruyHble Pppak-
LiMM STOM SHEPIMM TPATATCA Ha UCIOAHEHHe paboThl 10 nepeMelte-
Hio camoro CoAHLIA 110 TAAAKTUYECKOi OpOMTE, U TIO ITePEMEIEHMIO
naaHer COAHEYHOM CUCTEMBI NO MX DAAMIITUYECKHM MAQHETAPHbIM
opburam. Kak ussecrno, pabora B KOAM4ECTBEHHOM OTHOLICHMM
NMPONOPHUOHAABHA NAOIIAAM B3aHMHOTO M3MEHEHMS ITOAGKEHNS
TeA B eAnHuny Bpemenn. Ho o sropomy sakony Kemnaepa, kaxaas
MTAQHETA, llepeMelasich Ha CBoeit opbuTe, 3a OAHAKOBEIE IPOMEXYT-
KM BpPEMEHM IPOXOAUT OAMHAKOBBIE IAOLIAAM CEKTOPOB, OTHOCU-
TeapHO neHTpa ToKecT CoAaniia. Passe 310 CBOMCTBO U 3TOT 3aKOH
Kenaepa He ABASIOTCS IPAMBIM AOKA23aTEABCTBOM, YTO ITOA ACICTBU-
€M COAHEYHOI'0 TArOTEHMs KaKAoe HeDecHoe TeAO UCTIOAHAET pabo-
TY ¥ TPATUT OFPOMHYIO SHEPTUIO Ha COXPaHEHKUE CBOMX op6nraAbm>1x
rapaMeTpoB? «
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CoAHeuHasi 3HEPrUsi AMIIL HEOOABIIYI0 4aCTh CBOETO CHEK-
Tpa Cpasy Xe UCTIOAL3YeT Ha TOAAEP’KaHMe 3€MHOro >KM3HeTRope-
Husi. OCHOBHAA 9aCTh COAHEYHOM SHEPIHU C MOMOMIBIO MUAAHO-
HOB MOAHHEBBIX Pa3pfiAOB, C MOMOIGLIO CMEPYeil U TOPHAAO U ADY-
TMMM «HEM3BECTHBIMM» HayKe criocobaMy, AOCTaBASIETCS B HeApa
TIAQHETHOM MATepMy M UCTIOAL3YETCH AAA 06pazoBaHUA BEKTOpOB
CHABI, KOTOPbI€ ¥ IPOABMTAIOT 3€MAI0, KAK ¥ APYTHE NAQHETHI 110 €€
HeGecHbIM opOuTaM, M3BecTHBINM COBETCKUIA MO3T HAYaAa IPOIHAC-
ro Bexa BaapuMup MaskoBCKMM, YTBEP)KARA MAM BONIPOLIAA B CBOMX
cTuxax: «ECAM 3BE3AK 32KMralOT, TO 3TO KOMY-HUOYAD HYXHO». Mu-
pHaAbl 3BE3A, KaK 1 Haie COAHIje, HENPEPHIBHO, C Hayaaa o6pa3oBa-
H1sA BCeAeHHOM ropsT U nepeBoAAT MUAAMAPAB TOHH CBOE rpybost
SHEPruM MaTePMaABPHOTO BEIJECTBA B TOHKYIO Ay4eByIo sHepryuio. J1a
TOHKAS SHEPIUS, NPOMAA BCe CTAAUM DHEPreTHUYeCKO! YUCTKH yepes
HENpPephIBHYI0 PaboTy no nepeMeleHMIo IAAaKTHIECKUX o6pa3oBa-
HMif U 3Be3AHO-TIAQHETHRIX CUCTEM, B KOHIIe KOHI{OB, IPEBPAIIAeTCH B
TOT «AYX XKM3HH», KOTOPEIA obecneunBaeT 3eMHOe KM3HETBOPEHME M
SBASIETCA AYXOBHOI IMIIeH AASL YEAOBEUECKHMX AYLL Tak 4TO ecam Obl
3Be3ABI HE IOPEAM M He NepeMemjaauch N0 CBOMM HebecHbiM opOu-
TaM, NpeBpallas Yepes CBOIO THKEAYIo pabory rpybylo sHepruio Ma-
Tepuu B MoAeBhie GOpMBI, TO He OHIAC OB M 3eMHOro 4eAOBeYecTBa.
3BesAbl TOPAT, NPEKAE BCero, YTo6bI 06ecneYnTh 3eMHYIO XU3HD
¥ CAAATh OCMBICACHHOM M OAYXOTBOPEHHOM XXU3Hb KAKAOLO de-
AOBEKa 3eMHOTO mapa. B 5TOM M 3aKAI0MAETCH CMBICA M TAaBHAA
raiina Hamedt BeceaenHost. CoanedHas cuCTeMa, XOTA M CTaLMOHAD-
Ha, HO He 3aMKHYTa, TOTOMY YTO IOAYYaeT Ay4eBYyI0 HEPIUIO OT BCETO
MHOXXECTBAa BHELIHUX MCTOYHMKOB BceaeHHol. BceaeHHast He TOAL-
KO CTAlMOHapHA, HO ¥ 3aMKHYTa, TOTOMY YTO BHEIUHNUX MCTOYHUKOB
SHepruM y Hee HeT. Camoe «COKpyLMTeAbHOe» U «6e30T60iHOe» A0-
Ka3aTeAbCTBO 3aMKHYTOCTH BceaerHO# GyaeT ripuBeAeHO B npeAno-
CAEAHEM TAaBE 3TOI KHUTH.

3. Denomen «KpacHozo» cMeWeHUA

Hayxa B KayecrBe rAaBHOro (paKTOpa, OATBEP)KAAIOLIETO pac-
IUpeHye BCEAEHCKOro NPOCTPAHCTBA, BHIABUTAET HAYYHO YCTaHOB-
ACHHBI M SKCIIEPUMEHTAABHO TIOATBEDXAEHHBIN aPdeKT «KpacHo-
ro» CMeWweHNs crieKTpa QOTOHHOI AY4EBOIl SHEPrUM AIALHMUX MC-
TOYHHKOB. J10 TeOpMHM OTHOCHTEABHOCTHM, €CAM PACCTOAHME MEXAY
MICTOYHMKOM AYYEBOM SHEPIMM M HAOAIOAATEAEM IOCTOSHHO Hapac-
TaeT, TO CEKTP HabAIOAQEMbIX U3AYUEHMIT OYAeT CMeIaThCsA BIPABO.
Stot addekrt, nsBecTHolit KaK adpeKT AonAepa, IPOABASIETCH M HA
MaABIX CKOPOCTAX NOBEPXHOCTH Halllei HAaHeTHL. IYAOK MAM CHMTHAA
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TENAOBO3a MMeET MOCTOSHHBII ClieKTp. Ho KOrAa TenAoBos npuban-
XaeTCst, TO CMEKTP CUI'HAAA MEPEXOAUT B 06AACTD ITOBBILIEHHBIX YaC-
TOT, a [IPY YARAEHHMM — TOHIKaeTcs. B acrpoHoMum aror addekr us-
BecTeH Kak a¢gdekT Xab6aa, MOTOMY UTO «KpacHOE» CMEILEHHE, TIo
MHEHMIO HayKM, 3aBUCHMT He TOABKO OT CKOPOCTH «pasberaHusi», HO
Y OT YAQAEHHOCTHU UCTOYHUKOB M3AYYEHMs OT HabAlopAaTeAs. YAbTpa-
buoreTOBOE, HEBUAMMOE M3AYYEHME TIPEBPALIAETCSL B BUAMMBII CBET,
a KpacHOe BUAMMOE M3AYYEHMe ITEPEXOAUT B HeBUAMMOe uHpaKpac-
Hoe n3ayvyernue. Ho pasBe ABVKeHMe CBETOBBIX M HEBUAMMBIX SAEK-
TPOMArHUTHBIX KBRHTOB 1O CHMPAAbHBIM OPOMTaM BOAM3M AYXOBHBIX
rpaHMy BceAeHHOM, onpoBepraet 3TOT HAYYHO YCTRHOBAEHHBI (akT
peasbHOro HabAroAeHuA? 310 HAbAIOAEHME TIOAHOCTBIO BIMCHIBAETCA
B PEaAbHYIO KapTMHY 3aMKHYTOW BceaeHHOM, raoe ranakTuku pasbe-
TaiOTCA He MO NMPAMBIM AMHYSM, & 10 CIIUPAABHBIM BOCXOAANMM UAK
HUCXOAAIMM HeCcTalMOHApHBIM opOuTam. He GyaeM ceituac pacemar-
pMBaTh AOBOABHO CAOXKHYIO (PM3MKO-3HEPreTUIECKYI0 IPUPOAY 06pa-
30BaHMsA «KPaCHOTO» CMeleHNs GBICTPO YAAASIOMIMIXCSI APYT OT APY-
ra obbekToB. [To KpaitHeil Mepe, aTO siBA€HME BbITEKaeT U3 GopMya
TEOPUM OTHOCUTEABHOCTM, a 3HAYMUT, UMeeT HayyHoe 06bscHeHue. Ho
BeAb B 3T0J POpPMyAe 3aBUCUMOCTH BEAMYMHBI «KPACHOTO» CMelje-
HMA OT CKOPOCTH «pa3beraHus» ecTb OAHA TOHKOCTb, KOTOPYIO Hay-
Ka, ONMPasACh Ha AOXKHDII 3aKOH COXPaHEeHMs SHePruH, OOBACHATD He
B COCTOSIHMH.

AeAo B TOM, YTO «KpacHOe» CMellleHne 3aBUCHT He TOABKO OT
CKOPOCTH, HO M1 OT PACCTOSHMA A0 KOCMUYECKOro oobexTa. [Tonu-
Maere, B 4eM AeA0? EcAM KocMUYecKmit 06bEXT YAAASETCA MEAACHHO,
MAM BOOOLTE He YAQASETCA, HO HAXOAMTCS Ha OFPOMHOM PacCTOSHUM
OT 3eMHOTO HabAIOAQTEAS, TO BCE PaBHO, POTOHHBIE KBAHThI OT TAKOTO
00beKTa CMewanTCsl BIpaso B 06AaCTb «KpacHOro» crexrpa. Hayka
paspaGoTasa aKCIepUMEHTAAbHYIO GOPMYAY 3aBMCHMOCTH PAcCTOs-
HUA A0 KOCMMYECKOTO OOBEKTa OT BEAMMMHBI «KPACHOrO» CMelie-
HHA U HMIHPOKO MOAB3YeTCA 3T0I QOPMYAOH AASL OTIPEACAEHUA pac-
CTOSTHMIA AO BHOBb OTKpbIBaeMbiX 3Be3A ¥ raaakTuk. [Ipu aTom Hayxa
BOBCE He 32AYMBIBAETCS, YTO PaKT «KPACHOrO» CMEIeHMUs CIeK-
TPa YAAACHHBIX KOCMMYECKMX MCTOYHMKOB, NMPOTHBOPEYMUT 3aKO-
HY COXpaHeHus1 3HepruM. Kak pas 3TOT yCTaHOBAEHHBIA Hay4HbIi
aKT MOAHOCTHIO ONPOBEPraeT 0OMEBCEACHCKMIT 3aKOH COXPAaHEHUA
aHeprum. Iloaydaercs, 9ro pake (POTOHBI CBETOBOIrO CIEKTpa M3-
AydeHusl, YTOObI NIPEeoAOAETL OTPOMHBIE PACCTOAHMSA, TPATAT CO6-
CTBEHHYIO SHEPTMIO, M CTAHOBSTCSA MEHee SHEPrUIHbBIMY, YeM OHU
OBIAM B MOMEHT, KOTA2 OBIAM MCUYIIEHbI U3 AAABHET0 KOCMMYECKO-
I'o MCTOYHMKa. BOT ¢ TakKMMM NPUHLMINAABPHEIMY IPOTHBOPEYUAMU

au
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¥ XKMBeT COBpPEMEHHasx Hayka. A pasBe B PEaAbHOCTM €CTb XOTb Ka-
Kue-Aubo HebecHbie 06BEKTHI, KOTOpBE b1 BEYHO ABUTAAMCH 1O He-
becHbiM chepam, a TeM GoAee, 10 TPAEKTOPYSIM, NPUOAMIKEHHBIM K
NIPSIMBIM AMHMSAM, ¥ He TPaTUAYM BHYTPEHHIOK SHepruio?

Asobas 3Be3pa, kak u Hauie COAHile, €XeCEKYHAHO HepeBOAMT
MMAAMOHBI TOHH COGCTBEHHOM MacChl B Ay4eBYyI0 SHEPIMIO, YTOOBI He
TOABKO CBETHTD, HO M IIPOABUTATHCA 110 opbure. Y sToT npoyecc uc-
TpebGAeHUs COOCTBEHHOM MacChl MPOAOAXKAETCS HENPEePHBHO, BO Bce
BpEMeHa CYILLeCTBOBAHMA TOM MAU MHOM 3BE€3ABI MAM 3BE3AHOM CUC-
TeMBbI. A pasBe AASL BHIBOAA MCKYCCTBEHHOIO CITYTHMKAa Ha «CTaLMo-
HAapHY0» OPOUTY He TPATUTCA OFPOMHAs SHEPTUA PAKeTHOrO TOMAK-
Ba? Ho BaXKHO ITOAYEPKHYTD, YTO, IOAYYMB OT paKeThi UMITYAbC TIep-
BOV KOCMMY€ECKOI CKOPOCTH, MCKYCCTBEHHBI CITYTHUK 00A3aTeABHO
caMm, 6e3 TOMOLY YEeAOBEKA, NTEPEHAET OT NEPBOHAYAABHON TPAEKTO-
PYM TIPSIMOAMHENHOIO ABIDKEHWS Ha KPUBOAMHEIHYIO TPAaeKTOPUIO
cxopsmencs crvpasy. BcsaKuit MCKYCCTBEHHBIN CHYTHMK 3emawm,
€CAM B HEM HET AOTIOAHUTEABHOJ 3HEPTOYCTAHOBKH, He ABYOKETCA
0 TaK HA3hIBAEMOJ «CTAMOHAPHOM» opbKTe. KaXKABI €ro HOBbI
BUTOK, IO 3aKOHY yucAa «[Iu», Ha Kakue-TO MMAAMMETPH MAM CaH-
TUMETPBI HIDKE NIpeabiayiero. IlpuroM 3a cyer Toro, 4ro 6ecKoHeu-
HBII PAA YNCEA TIOCAe 3amAToN B uncae «[lu» umeloT paskbie Bean-
YUHBI, TO U PU3UIECKUE OTCTOAHUA OAHON CIIMPaAY OT APYTo¥ Crm-
paAu GyAy pasHbIe U COOTBETCTBOBATb OAHOMY M3 UMceA uycAa «ITu».
Hayka paBHO paccumMTaAa ¥ MCTIOAb3YET Ha MPAKTUKE HE TOABKO Hep-
BYI0 KOCMMYECKYIO CKOPOCTDb, HO ¥ CKOPOCTU 0A€e BBICIHUX ITOPSAA-
KOB AASL CO3AaHMA MCKYCCTBEHHBIX CIYTHMKOB AyHbI Ay Coanpa. 3a-
TPaTHB OrPOMHYIO 3HEPTHIO, MOXXHO CO3AATh M MCKYCCTBEHHBIV CITyT-
HuK Hamel TaaakTukn. OAHAKO YeM BHILIE AOAXKHA OBITh pacueTHas
HaYaAbHAA CKOPOCTb UCKYCCTBEHHOTO KOCMUYECKOTO 00heKTa, TEM B
6OADbILIEl CTETIEHN Ha TaKOY MCKYCCTBEHHBI 00BEKT GYAYT BO3AEICT-
BOBAaTb HEAMHENHbIE CUABI TPABUTALMM, U3BECTHBIE U3 TEOPUU OTHO-
cureabHOCTH. ECAn 68l 5 1icaA He paboTy AASL LIMPOKOTO KPyra YHTa-
TeA€l1, 2 HAYMHYIO AUCCEPTALMIO, TO C TIOMONBIO SKCIIEPMMEHTAABHBIX
U TeOPeTHYECKUX (OPMYA TEOPUM OTHOCUTEABHOCTH AETKO 6bI AOKa-
33A, 4YTO «€CAM MBI BAOXXMM B NNEPBOHAYAADHBI/ UMITYABC CKOPOCTH
MCKYCCTBEHHOT'0 KOCMUY€CKOTo 00beKTa BCI0 BHYTPEHHIOW SHEp-
MM MacChl 3MHOI'O IIAPA, TO M TOFAA Halll KOCMUIeCKui 06beKT He
MOXXeT BBIATU 3a rpaHunbl Hamrei faaaxTuku».

Ho HUKaKMX AMCCepTaLMit st mcaTh He cOOMPAloCh, a STOT BbI-
BOA OCHOBBIBAETCSL Ha TOM, YTO CaMM IaAaKTMKM NIPEKPATHMAM CBOE
paciiupeHue ¥ BPeMEHHO HaXOASTCA B CTALMOHAPHOM COCTOSHUM.
HexoTopbsle 13 HUX y)Ke nepellAM K CTAAMM CAMAHMA C APYTUMM CO-
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CEAHVMM TaAAKTUKAMM ¥ TTOCAEAYIOILErO IPAaBUTALMOHHOrO CKATHA.
Yto 3acTaBAsAET MaTepUaAbHOE TEAO C AIOOBIM MEPBOHAYAABHBIM KH-
HETUYECKMM MMITYABCOM, MCKPMBASITh CBOIO TPAeKTOPUIO U Hepexo-
AMTD Ha KpYTOBYI0 OpbuTY civpasbHOro cxoxAenua? Hayka ommbou-
HO CYMTaeT, YTO NIPUYMHA KPOETCA TOABKO B TOM, 4TO BCA KUHETHYe-
CKasl SHEPrusa NEePEMYHOTO MMIYAbCA NEPEXOAUT B MOTEHLMAABHYIO
SHEPTHIO, 3 CAMPAABHOE CXOXKAEHUE O00YCAOBAEHO NMOTEPAMM 3HEp-
ruu Ha Tperue. [ToHAaTHe «TPeHMA» BO MHOrOM ABASIETCS NOCTYAQ-
TOM CaMOOOMaHa MAM CaMOOOGOABINEeHWS Hayku. VicTiHa 3aKAlova-
eTCs B TOM, HTO Alofoe npeoGpasoBanme SHEPIUU U3 OAHOTO BMAQ B
APYTOIt BUA HEN30EXHO MPUBOAUT K HEOBPATUMOMY MAAOMY PacXOAY
cymmapHo# sHeprmu. M B 9THX npouieccax orpoMHoe 3HaueHue Ipu-
obperaer napamerp BpeMeHU. He TOABKO B3aMMHble npeobpaso-
BaHUS OAHOTO BUAQ BHEPIMM B ADYFOil BUA, HO TAQBHBIM 06pasom
CaMO BCEAEHCKOE BpeMA ABASETCA FAABHbIM MCTpeOMTEeAeM DHep-
I'MM MRTEPHAABHBIX TeA. AI000il MCKYCCTBEHHBIN CITyTHUK 3eMAH, HA
KaKylo 651 Mbl €10 KOCMMYECKYIO BHICOTY a0COAIOTHOTrO BaKyyMa He 3a-
AYCTHAM, 6e3 dHepreTU4ecKoi MOAIIMTKI Yepe3 OnpeAeAeHHOe Bpe-
M3 0053aTEABHO ymapeT Ha 3eMalto. VI npuwHa aTOro CBOMCTBA He B
TOM, YTO UCKYCCTBEHHDII CIYTHMK MCIIHITHIBAET «TPEeHHe» BaKyyMa, a
B TOM, YTO ero KMHeTH4YeCKas U NOTEHL[MAAbHasA SHEPrusa HeoOpaTUMO
YMEHBIIAKTCA CO BpeMEHEM.

B T0 e BpeMs o 3aKOHaM TeOpUM OTHOCUTEABHOCTHM MACCa AlO-
60ro MaTepHMaAbHOIO TeAra HEAMHENHO 3aBUCHUT OT CKOpOCTH. Macca
6HICTPOAETALIETO MAaTEPHAABHOTO TeAA HAPACTAET Mo OGecKoHeuHoMn
aKCIiOHeHTe. 110 8T0 3HAUMT? ITO 3HAUNMT, YTO €CAM MBI B OAVOKHEM
oT CoAHIIa KOCMOCE MAU B APYroM MecTe Hauelt [aaakTiKu B3opBeM
TEPMOSAEPHYIO 60MOy, To MaTepMaAbHEIE OCKOAKM SAEDHOIO AeAe-
HHUA, OAATOAAPS OTPOMHO¥M CKOPOCTH, NMpuoGpeTyT Henponmopuuo-
HaAbHO GoAbIUyI0 Maccy. PasAeTasich, OHM HaYHYT B3aMMOAEHCTBO-
BaTb HE TOABKO C noaeM rpasutauus COAHEIHOM CUCTEMBI, HO U C
TI0AEM rpaBuTalMM Hamei [aAakTuku. D10 B3auMoaeicTBUe 00s3a-
TEABHO BBIBEAET MX Ha KaKylo-HMOYAb HECTallMOHapHYIO BHyTpura-
AAKTUYECKYIO OPOUTY, M60 MO GOXeCTBEHHOMY 3aKOHY, HUKAKOMY
dusnieckomy TeAy, HMEWIIEMY HEPBOHAYAABHYI0 MEXAHKYECKYIO
MacCy, HeBO3MOXKHO BBIPBAaTbCA He TOABKO M3 mpepesoB Beeaen-
HOM, HO ¥ U3 npeaeAoB Hamel FasakTuku. IlycTp uuTarean camu
MOAYMAIOT HaA STUM Ne4YaAbHBIM BhIBOAOM. Hy, a Bce-Taky, ecTb AM
MaTepuaAbHas CYITHOCTb, KOTOpasg MOXKET BHIPBATHCH 34 NMPEACABI
Haiert FaaakTuxn? KOHEHHO e, eCTb, U BTOI CYUIHOCTBIO ABASETCA
AydeBas GoTOHHasA sHepruA. Ho ToAbKo HaAO NOHKMMATD, YTO B KaKYIO
6b1 cTOpOHY OT Hailleif COAHEYHOM CHCTEMBI Mbl He BHICTPEAMAM, Ha-
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IpyMep, MOIHBIM AYYOM 13 Aa3€pHOW MYIIKK, STOT AY4 HEU30eXHO
OTKAOHMTCSE OT NIPAMOAMHENHOTO ITYTH, U PAaHO MAM TIO3AHO HAM Bep-
HeTcs 00paTHO, MAM IIepeMAET Ha KOAbLIEBOE BpalljeH1e BOKPYT SaMK-
HYTOro HpOCTpaHCTBa Hauleli BceaeHHoiL.

4. OmxaoneHUe KAK 2AGBHBLI NPUHYUN CamMopezyAupoBaHUS

u cmabususauuyu HebecHbLx mea :

Ecau rosopurb 06 o6mem npuHipine ynpaBAeHWs, KOTOPBI
OPUCYIL KaK AASL YEAOBEHYECKOro COOOIECTBa, TakK U AASL MaTEPUAAb-
HBIX T€A, TO MOKHO OTMETHUTB, YTO YHPABAATD U PETYAMPOBATb MOXHO
TOABKO TOH CYLIHOCTbIO, KOTOpas HENPEPHIBHO MEHAETCA U OTKAOHSI-
€TCsA OT KaKMX-TO 33AAHHBIX MAM MAEAABHBIX MapaMeTpoB. OCTaBUM
6e3 pacCMOTpeHMs BONPOCHL YIIPABACHMS YEAOBEYECKUM coobiect-
BOM ¥ 00paTUMCA K MaTepuasbHOMY Mupy. Co3aaBas Kakoe-HUOYADL
YCTPOMCTBO ABTOMATMYECKOTO YNPAaBAECHMS, YEAOBEK-KOHCTPYKTOD
MpexXAe BCEFO peaAMsyeT B HEM CBOJ 3aMbICEA, ONTUPAACH Ha AOCTH-
)KEHMs HayKW, MaTeMaTUYECKHWil ariiapar, a TaKKe Ha CKOpOCTb M3-
MEHEHMS PETYAMPYEMBIX [TAPAMETPOB M AOMYCTUMYIO BEAMMMHY MX
oTKAOHenu#. EcAM mapameTpnl CUCTEeMBI CaMONPOM3BOABHO He
OTKAOHSIOTCR, M HEe M3MEHAIOTCA BO BPEMEHH, TO M CO3AATH ABTO-
MaTHYECKOe YCTPOMCTBO PEryAMPOBAHMS TAKOM CHCTEMbl HEBO3-
MOXXHO. Tax BpeMs U CMA3, 06paTHast CBA3b, a TaK)Ke 3aA0XKEHHBI
BHYTPb CMCTeMbl MHGODMALMOHHBIA AATOPUTM, CTAHOBATCA 003:13a-
TEABHBIMM Y4aCTHUKaMM BCEro MHOXKECTBA PYKOTBOPHBIX CHCTEM aB-
TOMAaTHHYECKOTO YIIPABACHMA M PETYAHPOBaHUA. -

Bo3bMeM, HanpuMep, AaBTOMMAOT CAMOAETa. 3aAaAUM €My KYDC,
CKOPOCTb ¥ BBICOTY MIOAETA, a TaKKe BpeMs, B TeYeHUe KOTOpOro aB-
TOMMAOT AOAXKEH BBHIAEDXMBATh 3aAaHHbIE napaMeTphl moaera. C ye-
rO aBTOIIMAOT HaYMHAET CBOIO paboTy? C OnpeAeAeHHON 3aAaHHONM
yacToToN (pakTOp BpeMeHM!) aBTONMAOT NOOYEPEAHO CPaBHMBAET
TeKylue NapaMeTpBl BBICOTH, CKOPOCTH M KypCa, C BBEACHHBLIMM B
HETo «UAEAAbHBIMU» 00pasiamMu 3TUX NapameTpos. PeasbHble mapa-
METPBI BBICOTHI, CKOPOCTH M KYPCa, 10 MaTeMaTUIeCKOMY CBOMCTBY
bu3MKY IPOLIECCOB MaTEPUAABHOrO MMPa, HUKOTAQ He OyAyT CoBIa-
AQTh C «MAEaAbHBIMM» 0Opazuamy. Ho noKa OTKAOHEHMA OT «Mpea-
Aa» HE3HAYMTEAbHbI, aBTOMMAOT He IPYMEHSET CUAOBOI'O BO3AEHCT-
BUS HA PYAM CAMOAETA, 2 TOABKO aHAAMBUPYET CUTYaLMIO. Kax TOABKO
OAMH U3 TIapaMeTPOB 1AM BCe CPa3y, NPEBLICAT 3aA0XKEHHBIE B aBTO-
MMAOT TIPEAEABI AOTTYCTUMBIX OTKAOHEHMIA, TO CHAOBOE BO3AEHCTBHE
Ha PYAM YIIpaBA€HMA CAMOAETOM, He CTaGMAM3MPYIOT 3apaHHbIE
nmapaMeTphl BHICOTHI, CKOPOCTH M KYPCa, & C 3aAAHHBIM YCKOPEHH-
€M MEHSIOT 3HaK OTKAOHEHMS MX PeaAbHBIX BEAMYMH Ha NPOTHBO-
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MOAOXKHBIA. APyroro He pano. EcAu caMoAeT YKAOHSIACA BNIPaBoO OT
33AAHHOTO KypCa, TO OH CA€TKa «II0ABEPHET» BAEBO U Yepe3 KaKoe-TO
BpeMs NAABHO «IIPOCKOMMT» 3aAaHHBIA KYPC M HAYHET AEBOE YKAO-
HeHMe OT Kypca. TOUHO TaK e MAYLIVIA Ha aBTOIIMAOTE CAMOAET He-
IIPEPBIBHO «T'YAAET» 10 33ARHHOM BHICOTE M CKOPOCTH IoA€eTa. Apyro-
O CIOC06a HEOTKAOHSIEMOr0O AaBTOMATUYECKOTO YIIPABACHMS B PEAAb-
HOM PusndyeckoM Mupe HeT u 6biTh He MoXeT. Boaee coBepuienHbie
CHCTEMBb! YIIPAaBA€HMS, HANpUMeEP, TaKue, KaKMMM 3aHUMAETCs MOW
TOBapuIl IO BOGHHOMY YMMAMIY, @ HbiHE 1IPOGECCop M AOKTOP Tex-
HUYeCKUX HayK MosxxaeB Aaexcanap Cepreesuy, (OH 3aHMMAaeTCA TEO-
pyeil ¥ IPAKTUKON CO3AAHUA «KOHEYHBIX aBTOMATOB»), MOTYT GHITD
60Aee «HYTKMMMU» 1 0becrieynBaTh MEHbUINE OTKAOHEHUA OT 3apaH-
HBIX BeanunH. Ho npupoay-To He o6MaHenn! OyHAaMEHTAABHON OC-
HOBOW BCSKOTO PasyMHOr0 YNpaBACHHS SBAAIOTCA PUTMHUYECKUe
M3MeHeHMs NpMpaIeHuii PeaAbHBIX TAPAMETPOB C MAIOCA HA MU~
HYC M 00paTHo.

KoHeuno ke, A1060i1 MCKYCCTBEHHDI aBTOMATUYECKMIT PETYAs-
TOP He TOAbKO 0DAaAaeT BHYTPEHHMM MHGOPMALMOHHEIM aATOPUT-
MOM TIOBEACHMS B TOIM MAM MHOI CUTYaluK, HO ¥ CUAOBBIM MEXaHH3-
MOM, KOTOPBI TPaTUT SHEPrHI0, YTOGBI BRIPAbOTATD BEKTOP CHAO-
BOTO BO3AENCTBMA. CHAa MOPOXKAAET YCKOPEHUE, NIO3TOMY BCe TpH
3aAaHHbIX lapaMeTpa BbICOTHI, CKOPOCTU M KYPCa CaMOAETa B peaAb-
HOM IOA€TE OYAYT NPEACTaBAATH COOOM He TIPSMBIE AMHUM, a HErpa-
BUAbHBIE CUHYCOMABL. MOXKHO pacCMaTpUBaTh aBTOMATHYECKYIO CHC-
TeMY YNpaBA€HUs 3aAAHHON MOIIHOCTHIO MPOMBIIIAEHHOIO ATOMHO-
rO PeaKTOpa MAY CUCTEMY «aBTOKPYM3a» COBPEMEHHOIO aBTOMOGUAAL.
Ho Bespe 3aA0KeH OAMH M TOT Xe IPUMHLMIE: UHOOPMALIMOHHBIN aA-
TOPUTM TOFO MAM MHOTO YPOBHS COBEDHICHCTBA aHaAM3HPYeT TEKY-
jee 3HaYeHUE NAapaMeTpa YIPaBA€HU: U, NPUMEHASA CMAOBOM Mexa-
HM3M, 3aCTaBASIET €I'0 YCKOPEHHO MEHATHCHA B TY AU ADYIYIO CTOPO-
HY OT 3aAaHHOro 3HadeHus. OT 5TUX PYKOTBOPHBIX aBTOMAaTHYECKUX
YCTPOJICTB NEpefiAeM K PacCMOTPEHMIO ABVOKEHMUsT HeOeCHBIX TeA.
B mikoAe Hac yMMAM, YTO HebecHble TeAa ABASIOTCSH MHEPLMAABHBIMU
TEAAMH, KOTOpble IIOAYMHSIOTCA 3aKOHY BCEMUPHOTrO TAroTeHus. Kak
MOTA2 OAHOBEKTOPDHAsA CHAA IPUTSDKEHUA, KOTOPasi YCKOPEHHO NpU-
TATMBAeT HeOecHbiE TeAa ADYT K APYTY, TOPOAUTE IPOCTPAHCTBEHHO
orpoMHyo Haimly [aaakTuxy uau COAHEYHYIO CUCTEMY, OCTAETCA He-
pasrapaHHoM TaiHOM. Takoi >xe TalHO| OCTAaeTCA U BOMPOC O TOM,
KaKas MaTepuaAbHas CYLIHOCTDb IepeAaeT BEKTOP CHABL OT OAHOTO
HebGecHOro Teaa K ApyroMmy HeGecHoMy Teay. Ho eme Goabiment Taii-
HOM 0OKa3aACs# BOIPOC 00 MHEPIMAABHOCTH 3BE3AHO-TAAHETHBIX
M raAakKTHYecKMX cucreM. HaM B HIKOAe BHYHIMAU AOKHYIO MBICAD,

-
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4yTO, Hanpumep, Hu camo Coaxlle, HM naaHeTsl COAHEYHO CUCTEMB,
HAaXOASCh B HENPEPBIBHOM ABVXXEHMM B KOCMMYECKOM ITPOCTPAHCT-
Be BceAeHHOM, He TPaTAT HUKAKOM SHEPTUU M HE MPOU3BOAAT HUKA-
Koit paGoTbl,

B mxoAb#HbIe TOABI i MOAYAAMBO TIPUHSIA K CBEAEHMIO 3TY a0CYPA-
HYIO TEOPHIO A’KY U AYKAaBCTBA, NOAYYMA TPOMKY MO aCTPOHOMMH, 32
caaboe 3HaHMe HPIOTOHOBA 3aKOHA BCEMMPHOTO TATOTEHMS U HAAOA-
ro 3abbia 06 aToit npobaeme, O6yyeHre B BOGHHOM Y4MAUILE, 2 3aTEM
cAyk6a Ha aTOMHBIX TTOABOAHBIX pakeToHocax CeBepHoro $paoTa He
AABaAa BO3MOXHOCTH OTASIHYTHECSH Ha3aA M IOCMOTPETh, YeMY XKe Hac
y4MA@ HIKOABHAs PU3MKa M acTpOHOMMA. VIHEpUMAaABHOCTD MIPEAIIO-
AaraeT NOCTOSIHCTBO BCEX MEXaHUYECKUX MapaMeTpOB HeGECHBIX TeA,
[IOTOMY 51 MCKpEHHE IIOAaraA, uro, HanpuMep, CyTO4Hasi CKOPOCTh
BpallleHMA 3eMHOIO HIapa CTOAETHAMM He MEHSETCs, M AUIb He3Ha-
YMTEABHO YMEHBIUAETCA OT BpeMeHH, MOAOGHO TOMY, KaK MapaeT co
BpeMeHeM CKOpPOCTb BpallleHUsI BOAYKa MAM IMpOCKona. ToYHO Tak ke
A CUMTAA HEM3MEHHO! Y CKOPOCTb TOAOBOIO NiepeMel|eHus TAAHETHI
3eMaAsl, KaK U Apyrux naadetr CoAHe4YHOM cucTeMbI, BOKpYr CoaHla.
YitAst IO BBICAYTE AET B OTCTaBKY C BOEHHOH CAYXOHI, y MeHA HOs-
BMAOCH BpeMsl, YTOOBI BepHyTbCA K NMpobAeMam HeGECHON MexaHu-
k. TyT-TO 5 M OOHAPYKMA, 4TO BCe MeXaHMYECKHME MapaMeTphl He-
GeCHBIX TeA He CTaOMABHEI BO BpeMEHH, @ HENIPEPHIBHO MEHAIOTCS,
YCKOPEHHO BO3PACTASl M YCKOPEHHO CHMKAsiCh, M AMIIIb UX YCPEA-
HEHHbIE TAPaMeTPhI ABAAIOTCA CTAOMABHBIMM BO BpeMeHu. B npo-
CTOI MHEPLIMAABHOM CUCTeMe, 6e3 Pa3yMHOTO IPUMEHEHMS TTIOAOXKM-
TEABHOFO Y OTPULIATEABHOTO CMAOBOTO BO3AEHMCTBUA, TAKOe IIOBEAE-
HUe HeOEeCHBIX TeA, IPOCTO HEBO3MOXKHO IIPEACTABUTD.

Ho Bepb HempeprIBHOE CHMHYCOMASABHOE M3MEHEHUE BBIXOAHBIX
MapaMeTPOB SBAAETCS OCHOBOM BCEX MHTEAAEKTYAABHO YMHBIX U NTPO-
ABHHYTBIX COBPEMEHHbIX LIUPPOBBIX CHCTEM aBTOMaTHYECKOro yIIpas-
A€HUS, CO3AAHHBIX C [IOMOL[BIO YEAOBEYECKOr0 PasyMa U paboTaomux
B peasbHOM MaciuTabe Bpemenu. He Gyay ipMBOAUTD MHOTO mpuMe-
poB. AOCTaTOYHO CKa3aTh, YTO IIPY TOAOBOM HepeMeleHUN BOKPYT
Coanla, 3eMAs, BO BpeMs 3¥MHMX MeCS1ieB HENpEpHIBHO YCKOPSAETCS,
a BO BpeMs A€THUX MECSIIEB TaK >Ke HeNpephIBHO 3aMepasercs. Cpea-
Hee YCKOPeHKe COCTABASIET IIPUMEPHO BEAUYMHY 2 MUAAUMETPA B Ce-
KyHAY. Ho ecan yuuThiBaTh Maccy 3eMAM, TO KAKYI0 OFPOMHYIO CUAY
HAAO NMPHMAAraTh K ee UEHTPY TSDKECTH, UTOOBI MOArOAQ 3aMEAASTH
CKOPOCTh ABIDKEHH Hamlei MAAHeThl, a 3aTeM C TAKHM >Ke YIIOPCT-
BOM, MOATOA3 YCKOPATD 3Ty CKOPOCTh. bAaropaps sT¥M Henpepbis-
HBIM U3MEHEHMAM CKOPDOCTM U MPOMCXOAWUT He3aMeTHasl KOPPeKTH-
pPOBKa BpeMeHuM oOpatlieHua naaHeTsl 3eMas BOKpyr COAHUR TakuMm
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00pa3oM, YTO THICAYEACTHUAMMU COXPAHAETCA CTAGUABHOCTBL 3€MHO-
IO rOAQ, KaK rAaBHOTO IapamMeTpa NpOoMmAoi 1 Gyayieit ucropum Bee-
ACHHOI U UCTOpUM 3€MHOTO 4YeAoBedecTBa. PasBe Takoe peiicrBue
BO3MOXHO 6e3 pa3yMHOro NpUMEHEHUSA CHMABI M PACX0A3 BHYTpeH-
Heit sneprun CoAHIIa M BHYTPEHHel SHEePTMM HAaHeTH 3eMan?
Tlpu 5TOM B TeueHue TOAQ MEHAETCA U PACCTOsIHUE MEXAY 3eM-
Aei1 v COAHLIEM, HO He C IEPMOAOM B OAMH F'OA, a € IIOAYTOAOBBIM Iie-
PHOAOM. DTO 00ycAOBAEHO TeM, YTO COAHIIE HAXOAMTCH B OAHOM U3
LIEHTPOB 3AAMIITUYECKOH OPOUTHI 3€MAH, ¥ TIOTOMY NIOATOAA PACCTOM-
Hue MeXAy 3eMaeit u CoAHLIEM NPakKTHYECKM He MeHAeTcA. 3aro B
APYIO€ MOAYTOAME 5TO PACCTOSHUE YCIIEBAET YBEAUIUTHCSA AO MAKCH-
MYMa ¥ CHOBa NIDMITHU B «<HOPMaAbHOe» cOCToAHMe. UTo roaydaercs?
Toayuaercs, 4TO Ha HUXKHEH YaCTU DAAMIICA B AeTHHe MecsaLbl COAH-
1% MCKYCCTBEHHO 3aMEAASIET CKOPOCTb ABVDKEHMS 3€MAM M HaKam-
AMBaeT B HEJl Ay4eBYIO SHEPTHio, YTOObt B 3MMHME MeCsALbl, YCKOPeH-
HO «BBICTPEAMTD» €€, KaK Ipaly U3 AyKa, ¥ NIOCTaBUTb BriepeAy cebst
1o Kypcy cobcrBenHoit opoursl. Yem ke oTamuaercs HebecHas Me-
XaHMKa ABWOKeHIs naaHeT COAHE4YHO# CHCTEMBI OT COBPEMEHHBIX
CHCTEM aBTOMATHMYECKOrO YNPaBA€HUS, CO3AAHHBIX C MOMOIIbIO
YEAOBEYECKOro pasymMa M MCHOAB3YIOIMIMX CAOXHBIe HHPOpMaliH-
OHHBI€ AATOPUTMBI AASI pPacieTa BeAMYMHbI M 3HAKa CHAOBOTO BO3-
AeMCTBUA Ha napaMeTp ynpasAenun? TaKux OTAMUMIL HAlTH HEBO3-
MOJXHO, 32 MCKAIOYEHHMEM TOTO, YTO YEAOBEK CTAPAETCs MMOBBICHTD KO-
9¢$PUIHMEHT TOAE3HOTO AECTBIA AIOOBIX SHEPTOCHCTEM, B TOM YMCAE
M CUCTeM aBTOMaTU4eCKOoro ynpaBAeHus. HYeaoBek 6opercs 3a aHep-
rocbepexenue 1 IKOHOMUYECKYIO 3¢ PEeKTUBHOCTD CBOMX YCTPONCTB,
a Bor crapaercs, IOKa XMBO TEAECHOE YE€AOBEYECTBO, MAKCUMAABHO
UCTpaTh sHepruio BeceaenHoM, COAHEYHOM CUCTEMBI M BCEX €€ [IAAHET.
W He 1IpOCTO UCTPAaTMTH M TIPEBPATUTh STY 3HEPTMIO B TENAOTY, Kak
AYMAIOT HEKOTOpbIE YueHble, a IPEBPATUTD €€ B «AYX XU3HU», B TOM
4KCAE M B CATAHMHCKO-6eCOBCKMe AyXu, MO0 Kak 6e3 «Ayxa >KM3HU»,
Tak ¥ 6e3 CaTaHMHCKO-6eCOBCKMX AYXOB )XM3Hb COBPEMEHHOTO TEAEC-
HOTO YeAOBEYeCTBa HeBO3MOXHa. Tak uTo, CoAHIle CBETHUT He TOAD-
KO AASL TOTO, YTOOBI AIOASIM ¥ MUPY JKUBOI PUPOABI OBIAC «TEMAO»
Ha 3emae. 1ol )Ke AydeBoii sneprueit CoAHlle moMoraer NAaHe-
TaM BHIpa0aTLIBATh Pa3HOHAINIPABAEHHEIE BEKTOPA CMA, AASL ABTO-
MaTH4eCKOro yaepxaHust napamMeTpos COAHEYHOI CUCTeMbI B 3a-
AQHHBIX IPpeAeAaXx M o6ecTiedeHns MX CTaBUABHOCTH, HA 3AAAHHDII,
HO HEM3BeCTHBIN II0Ka 3eMHOMY Y€AOBEYECTBY NEPHOA BPEeMEHM.
YueHble MOTYT OGBMHUTH MEHS, YTO, TOBOPS O HETIPEPLIBHOM M
HEOOpAaTHMOM BHYTpEeHHEM pacxope sHepruy COAHEYHOM CHCTEMB,
s COBEpUIEHHO 3a0bIBal0 O PYHAAMEHTAABHOM 3aKOHE COXpaHeHMs

.
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sHepruu. A3, 3HAI0 A 5TOT 3aKoH! M 3HAl0, YTO MOTEHUMAABHAS SHEP-
¥ 0O TPEM 3aKOHaM MeXaHukyu HbloTOHa AOASKHA CO CTONPOLIEHT-
HBIM BBIXOAOM nepepabarpiBaTbCsi B KMHETUYECKYI0 DHEPTUIO ABM-
XXEeHWs MAM BPAllfeHUs, a 3aTEM CHOBa ITIEPEXOAUTD B IIOTEHLIMAABHYIO
sHepruo. UTo6bl pa3sobpaTbcsi, IPUMIAOCH U3YIUTb U TEOPUIO TMPO-
CKOIIOB, ¥ MEXaHMKY MHEPLMOHHBIX cucTeM. Ho Beab BeuHBIil ABU-
rateab HepoaMoXkeH! M sToT dakT ycTaHOBMAA caMa HayKa, IIOTOMY
4TO NpU AJOOOM, AaKe OAHOKDATHOM, Npe0OpPa3OBaHUM OAHOTO BHMAQ
SHEPI'MU B APYrOii BHA, 4acTb dHeprun 6e3Bo3BparHo Tepsercs. D10
He NPECAOBYTasA AOXKb O KAKOM-TO MU(PHIECKOM «TPeHHM», & BCE-
ACHCKMI1 3aKOH, AASL PeaAM3aliMyi KOTOPOro coTBopeHa Beceaennas.
A BOT MCTpavYeHHAsA SHEPTUS U ABAAETCA AYXOBHOM IMIEN AASL 3eM-
HOTO 4YeAOBeYecTBa. JTa TeMa HeucyepllaeMa, KaK Heucdyepraema u
cama Bceaennas. Ho HaM Xe HapO ABHUTaThCA AQAbILE K pacCMOTpe-
HKIO Borpoca 06 sHepretike BceAeHHOI, TOSTOMY MepeftaeM K cae-
AyIoleMy TOSICHUTEABHOMY BOIIPOCY, O CYIIHOCTH CaMOJ MaTepuu.

or



fnasa lll
OBLLMAE NPUHLMUNDI, nnu NPUPOJA MATEPUU

1. Hepa3szaoanmuvie maiinosi Mamepuu

Bo-nepBeix, moa MaTepHeli HaAO IOHUMATb TAKYIO CYLIHOCTD, Ko+
TOPas YMEET 3aKPENAATb Ha cebe i AAMTEABHO XPaHUTD BCE BUADI U3-
BeCTHbIX 3Hepruit. OCTaBMM HOKa B CTOPOHE BOIPOC: HAa €M 3aKpe-
NAZETCS SHEePrus, YTO0bI MPOABUTCA KaK MaTepusna? B o6mem Buae,
6araHC «pPaBHOLIEHHOCTH» SHEPIUU U MATEPHHM OTIPEACAAETC opMy-
AOJA, YTO SHEpPTrUs MAaTEPUAABHOIO TEAA PAaBHA €r0 Macce, IOMHOXEH-
HOJ Ma KBaApaT CKOPOCTM CBeTa, KOTOpas NMpUOAMBMTEAbHO paBHa
300 000 KMAOMETPOB B CEKYHAY. APYrMMM CAOBaMM, KaXKABIHA rpaMm
BelNecTBa, He3aBUCUMO OT er0 XMMHMYECKOT0 COCTABA, PUINIECKNX
CBOMCTB, IAOTHOCTH, Pa3MEPOB M BCEr0 MHOXXECTBA APYTHX (pU3U-
KO-XMMHYIeCKMX NAPAMETPOB, COAEPIXHUT B cebe CTPOTo onpeAeAeH-
HO€ KOAMYeCTBO BHYTPDEHHell JHEepriM, NPpONOPIMOHAABHOE EAUH -
CTBEHHOMY NapaMeTpy, KOTOPbIi HayKa Ha3pIBaeT Maccoi. AeiicT-
BUTEABHO, TIPM TEPMOSIAEPHBIX PeaKLyAX, aTOMHbBIE APA BOAOPOAA
MAU TIDOTOHBI CAMBAIOTCA B OAHO aTOMHO€ AAPO XMMU4ECKOTO 3Ae-
MEHTa «T'€AUsi», aTOMHbI BeC KOTOPOro MeHblll€é CYMMbl aTOMHBIX
BECOB COCTaBAMIOIIMX 3TO HOBOE aTOMHOE AAPO, NpoToHoB. Hayka
CKPYHYAE3HO MOACYMTAA], YTO KOAUMECTBO BBIACASEMOI [P TEPMO-
SIAEPHBIX TIPOL{ECCaX DHEPIMM HAXOAUTCA B CTPOIOM COOTBETCTBUM
C KOAMYECTBOM YMEHDbIUEHMsI CyMMAapHOJ MacChl IPOAYKTOB TEPMO-
SIAGPHOTO CUHTe3a. B CBA3M € 9TUM, BCAKMIA AOATOBPEMEHHO CYLIECT-
BYIOUIMIT MATEPUAABHBIN KBAHT B BUAE OTACABHOTO POTOHA, DAEKTPO-
Ha, IPOTOHA M HEUTPOHA, a TAKXKe BCETO «CIEKTPa» aTOMHBIX SIAEP
M3BECTHBIX XMMMYECKUX COEAMHEHMS, s PACCMATPUBAIO KaK AOATO-
BpeMeHHbIe aKKyMYAATOPBI SHEPIUM.

OaHako BO BCAKOM MaccooOpasyiolem nepBMYHOM MMKpPO-
KBaHTe, KpoMe 3HepryM, IpONOPUUOHAABHOM Macce, CyHeCTBY-
€T M CKpbiTas sHeprua. Yem 6oAee COBEPIIEHHBIM SBASAETCSA MaTe-
PUAABHBIA MUKPOKBAHT, ¥ 4eM OOAblie OH NPUOGAMKEH K MOAEBBIM
dbopmam maTepum, TeM GOABLIE B HEM CKPBbITOI DHEPIUH, KOTOPYIO
HEADb3sl OIPEACAUTb IO BBIIIENPUBEAEHHOM (OPMYyAE IHPONOPLMO-
HAABHOI 3aBMCHMMOCTU MACCHI M sHeprum. B o e BpeMs 3Ta cKpbl-

=
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Tasg DHEPTUS SBAAETCS XPaHMAMINEM HEOIPEAECAEHHOTO MHOXKECT-
Ba MHPOPMALMOHHHIX (PAAOB, KOTOPHIE YIPABAAIOT TEPMOAMHAMM-
YECKUMM, MEXAaHUYECKUMM, SAEKTPOMAarHUTHHIMM, QU3NYECKUMH U
XUMHUYECKMMHU B3aUMOAEICTBUSIMY MUKPOKBAHTOB Ha YPOBHE aToOM-
HBIX SIAEP, aTOMOB Y MOAEKYA XMMMYECKMX SAEMEHTOB M MX COEAM-
Henmit. YTOOBI MOKasaTh 5TO CBOMCTBO, IIPUBEAEM IPUMEDP C DAEK-
TporoM. PasHoo6pasHsie MHGOPMaLMOHHDBIE PYHKIIMMA DACKTPOHA He
HaAO AOKasbiBaTh. [ToBepeHMe aTOMHBIX SIAEP IIPM TEPMOAMHAMMYE-
CKMUX U DAEKTPOMArHUTHBIX IIpoLieccax, BCA CTPYKTYpa aTOMOB M MO-
AEKYA XMMUYECKHX DA€MEHTOB, BCE MX CBOWCTBA M B3aMMOAECTBHA,
KOTOPBIMM 3aHMMAETCs KBaHTOBast Pu3nka, TaK Xe Kak M BCe pasHo-
ofipasue XMMHUYECKMX HAYK OCHOBAHO Ha U3YYEHUM «YMHOTO» NOBeE-
AeHus aaekTpoHa. He nonuMaTh, 4T0 9AeKTpOH 00AapaeT BHYTPEH-
HHMM KOMIIBIOTEPOM, KOTOPHIN YIIPaBAsIET €ro OBEeACHUEM B pas-
AMYHBIX CUTYaUMAX, MOXKET AUIIb TOABKO TOT Y€AOBEK, KOTOPbIM
HUYEro He CMBICAMT B ¢pu3nKe u Xumuu., CoraacHo AaHHbIM (yHAR-
MEHTAABHOM HayK#, CBOOOAHDINA SAEKTPOH 00AaAAET Maccoil B pasMe-
pe 0,00055 aTOMHBIX €AMHMI] MACChl, MAM COKPALEHHO (aeM), U dAEK-
TPpUYECKUM 3apSIAOM B paamepe MuHyc 1,6 yMHOXHUTb Ha 10" KyAoH
SAEKTPUIECKOTO 3apsAa. B CBOIO 04epeab, HEMTPOH, KOTOPBIN COCTO-
UT M3 NPOTOHA ¥ DAEKTPOHA, 0bAapaeT maccon 1,008665 aem, a Macca
YUCTOro NPOTOHA Oe3 saeKTpoHa cocTaBasieT 1,007825 aem. INoayya-
€TCsl, YTO SAEKTPOH CBOMM NPUCYTCTBMEM B HEMTPOHE YBEAUUMBAET
ero Maccy He Ha 0, 00055 aem, a Ha (,00084 aem. OTKyaa B3siAacCh pas-
Huya 8 0,00029 aeM MexXAY Maccoit CBOOOAHOTO SAEKTPOHa M MacCo
TOTO )K€ 3AEKTPOHA B COCTAaBE HEMTPOHa?

YueHbie 00BACHAIOT, YTO NMpu 06pasoBaHWM HENTPOHA MOrAC-
maeTcs elje M MMelomas MaAyio apPexTHBHYI0 Maccy YacTHIA Hel-
TpuHo. Ho nodemy roraa, npu 6eTa-pacnase HEHTPOHOB Ha TIPOTOHBI,
BAEKTPOHDBI ¥ HEMTPUHO 0OpPa3yeTCs CrAOIIHOM CHEKTD M3AYHYEeHMs
AEKTPOHOB, YKashlBaIOWMIA Ha MX pasHyio sHepruio? Koraa eme He
ObIAO M3BECTHO O HAAMYMM YaCTUL] HEITPHHO, PasMBILIASA O CIIAOLI-
HOM CIIEeKTpe BAEKTPOHOB Ipy OeTa-pacnase HEMTPOHOB, BEAMKMIA
renuit Huasc Bop B 1931 roay BbicKa3aA MAEI0 O HECOXPAHMMOCTH
3HEPrMU MaTepuaAbHoro Mupa. TBopey 60pOBCKOIT MOAEAM aTOMa,
6b1A abcoAtoTHO npaB. Ho Apyrue yyeHbie BHIABUHYAM MA€I0 O Cyllie-
CTBOBaHMM HEBUAVMO¥ YaCTULbY, KOTOPYIO HOCAE OTKPBITHA Ha3BaAU
HENTPUHO, ¥ TEM CaMbIM HayKa OTKAOHMAA PasyMHyIo uaeio Huabca
Bopa 1 IPOAGAXMAA CBOE PA3BUTHE II0 AOKHOMY IyTH camMoobMaHa
0 BEYHOCYIIHOCTY U HeuCTPeOMMOCTH BceaeHCKoi sHepruu. ITpomao
C MOMEHTA 3TMX CIIOPOB OKOAO 80 A€T, HO HMKAKOM ACHOCTU OTKPbI-
THE HENTPUHHBIX YaCTUL] B poliecc GeTa-pacrasd HEMTPOHOB ¢ 06pa-
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30BaHUEM CIAOLIHOTO CIIEKTPA SAEKTPOHOB U BbIXOAOM HEMTPUHHBIX
4acCTUL, OT STOTO OTKPBHITUSA He A00aBUAOCH. Bo-fiepBrix, Macca Heit-
TPMHHBIX YaCTHI] AO CETO BpeMeH! He 06Hapy)KeHa } He YCTAaHOB-
Aena. Bo-BTOopbiX (M 9T0 BecbMa BakHO!), HayKa C TPYAOM Hay4m-
AaCh PerNCTPMPOBATh TOABKO T€ HE{TPUHHBIE YaCTMIIbI, KOTOPbIE
«BBIAETAIOT» M3 aTOMHBIX SAED NPU PAAMOAKTHBHLIX MPOLECCaX,
HO He 3aPErHCTPUPOBAAA HU OAHOM HEeMTPUHHOW JACTULHI, KOTO-
pble «MOTAOLIIAIOTCH» MPH PAAMOAKTMBHBIX IIPOIECCAX A0 Haya-
Aa noraomenns. HenoHATHO, B KAKOM BUAE CYILIIECTBYIOT HEMTPUHO,
KOTAA OHM HE ABMXYTCA CO CKOPOCTBIO cBeTa? HenoHAaTHo, moyemy
HENTPUHO TIPUAQIOT PasHYIO SHEPIMIO BBIAECTAIOUIMM U3 HENTPOHOB:.
BAEKTPOHAM, €CAU 5TO YACTMLBI MOCTOSHHBIX UAY (PUKCHPOBAHHBIX
sHepruit? ITo kpariHeit Mepe, HY OAVH YYeHBIN He 3asgBUA, YTO Macca
HaiiTpuno pasHa 0,00029 aem.

O napapoKce ¥ TalfHe HeMTPMHHLIX YaCTUL Mbl IOTOBOPUM B CAe-
Ayoimx raaBax. OTKpHB HEMTPMHO, Y4eHBIe 3arASHYAM 33 TEMHYIO
CTeHy U CaMM UCITYTaAMCh YBMAEHHOT0. HUKaKoro mporpecca B uayue-
HUM HEUTPUHO HET, IOTOMY YTO AAS M3Y4eHWUSA CBOVCTB HEMTPHUHHBIX
YJaCTHI] HRAO OTK23aTbCA OT BEPHI B HEUCTPEOUMOCTE SHEPTHH, & BOT
STOTO aKTa HU OAVH UCTHHHBIA MAaTEPUAAUCT HE MOXXET UCIIOAHMTD.
Kak ToABKO yueHblif IPH3HAET, YTO 3HEPrus MaTEePHH He COXPaHsA-
€TCsH, a NOCTOAHHO PACXOAYETCA Yepe3s NpUMeHEHNe CUAB U pabo-
TBI, TaK €ro TYT e BhIOPOCAT M3 KOPNOPATUBHOIO HAYYHOTO CO06-
DIeCTBa, HOAOOHO TOMY, KaK BHIGPAcChIBAIOT «OTHIENIEHIEB» M3 TO-
TAAMTAPHBIX PEAMTMO3HBIX CeKT. COBEpIIEHHO OYEBMAHO, YTO TaKOe
yBEeAUYEHME MaCChi IAEKTPOHA, TOTACHIEHHOTI'0 HEUTPOHOM, IPOMCXO-
AWT 3a CYET MEePeXOAd JAEKTPUUECKOro 3apsAAa DAEKTPOHA B peaAb-
Hylo Maccy. Hayka cumraer, 4To QOTOHBI AyueBOi aHepriu He obaa-
AQIOT MaCCOi, HO OHY NMOYEMY-TO OTKAOHSIOTCS OT NPAMOAMHENHOTO
IyTH BOAM3M MAaCCHUBHBIX HEDECHBIX TeA, a TaK)Ke OKa3biBalOT peaAb-
HO€ AaBA€HME Ha MATEPUAAbHbBIE TEAQ, YTO IKCIIEPUMEHTAABHO AOKaA-
3aHO pycCKUM ydeHbIM AeGeaeBriM. Bce mpecAOByTHIE 9AeMEeHTapHbIE
YaCTULIB ACAEHUSA aTOMHBIX SIA€D, KOTOPHIMM TaK AIOOAT onmepupo-
BaTh y4YeHble, 3aHMMAIOIMeCH AAEPHOM ¥ KBaHTOBOM PpU3UKOIL, Ku-
BYT KaK Maccoofpasyioiye YaCTHLIBI AUIIb MAABIE AOAU CEKYHAB, &
3aTeM UCYE3AI0T ¥ 6e3 OCTATKA IIEPEXOAST B YUCTYIO SHEPTHUIO, B TOM
YHCA€, ¥ IOPOKAAS KeCTKUe KOPOTKOBOAHOBbIE (DOTOHHDBIE KBAHTHL
CIIeKTPa PEHTTEHOBCKOIO U3AYYEeHHUA.

W3 Bcex aTHX pacCyXAeHMi HampalMBaeTcs OAMH ofobmaio-
¥ ¥ TAODAABHBIN BbIBOA, KOTODBIN 3aKAI0YAETCSA B TOM, UTO B NpH-
poAe He CYIHECTBYIOT HUKAKMX M3ABIX MACCOOOPA3YIOLIMX YacTuil,
KOTOpbI€ NBITAIOTCA OTBICKATH B MaTEePUM COBPEMEHHBIEC Y4Y€eHbIe.

-
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IMonck TakmMX YacTHI, — 3TO MYTh AOKHOIO CaMOOOOABILEHUs, U HE
6oaee Toro. Ho 3a cuer uero e, obpasyercsa Macca OFPOMHBIX He-
6eCHBIX MaKpOOOBEKTOB M MAABIX MMKPOOGHEKTOB BDOAE DAEKTPOHA,
HPOTOHA M ATOMHBIX SIA€P XMMUYECKMX JAEMEHTOB ¥ X COGAMHEHUN?
Kak aTo HM CTpaHHO IIPO3BYYUT AAA COBPEMEHHBIX YUEHBIX, HO Mac-
ca A1000ro MaTepMaABHOro KBaHTa HAllero MMpa, Kak M Macca Bce-
ACHCKMX MaKpPOOOBEKTOB, B BUAE BCEBO3MOKHBIX «TYMaHHOCTEH»,
raAaKTHK, 3Be3A U MIAAHETHBIX TeA, 00pasyeTcs 3a CUET HempephIB-
HOUl BHYTPeHHell CHHXPOHHOM PaGoThi Bcero MHOXKECTBA MEXAHM-
YeCKHMX MATEPURABHBIX TEA M PACXOACBAHMS HA 3TH I{€AM pe3epBOB
BeeAeHCKoM sHepruMm. Ilpu aTOoM sHeprusa HenpephHBHO PaCXOAYETCA
32 CYET BPEMEHH Y BHYTDEHHMUX CIIMPAABHO-KOAEDATEABHBIX YCKOPH-
TEABHBIX IPOLECCOB PA3HOTO 3HAKa, HETIPUMETHBIMU AASL Y4eHbIX bec-
KOHeYHO MaAbIMM BeanunHamy. IlepepabaTriBaeTcs Kak BHyTpeHH:AA
9Heprus MUKpPO- ¥ MaKPOKBAHTOB BCEAEHCKOIO IIPOCTPAHCTBA, TaK U
BCe BHMADI ITOAEBBIX (HOPM 3HEpIMM, BKAIOMAs MnoAe rpasuraipmm. Ms
MeXaHUYECKMX MacC BBIOpACHIBAalOTCA TOABKO KBAHTBI I'DaBUTALAMN,
a BCe OCTaAbHbIE NOAeBble POPMBI MaTEPUH, TIPM B3aVIMOAENCTBMM C
MeXaHMYECKMMM MaccaMy, 3aXBaThIBAIOTCA MX BHYTPEHHUMM CTPYK-
TYpaMy aTOMOB M MOAEKYA. ITocAe NPMHYAUTEAbHOM BHYTPEHHeEI! 1e-
pepaboTKy, ImyTeM KoaebGaHMI M CIIMPAABHOIO YCKOPEHHOro Bpallie-
HUSA, PerCTpMpyeMble HAyKO¥ dHEPreTHYecKue TNOAEBbIE CTPYKTY-
Pbl, IPEBPAIIAIOTCA B HEPEFMCTPHPYEMBbIE HAYKOI MHPOPMaLMOHHbIE
KBaHThI «AyXa XM3HM», KOTOpble M ABASIIOTCS AYXOBHOW NuIe AAS
BCEro MHOroo0pasus KAETOYHBIX SAEMEHTOB 3€MHOM >KU3HH, B TOM
YHUCAE U AASt YeAoBeka. Takum criocoboM OCyIeCTBASETCA BCEAEH-
CKO€ B3aMMOAEICTBUE «KMEPTBOM» MATEPUM U )XKUBBIX KACTOUHBIX 3A€-
MeHTOB. JKM3Hb, KaK M CaM YEAOBEK, ABASIOTCH IOCACAHUM 3BEHOM
B nlepepaboTKe BCEAEHCKOIH SHEPIMHN B AYXOBHBII YPOXKaif TOr0 HAN
uHOTO KauecTsa. [To sToii npuunne B eAnnoit Beceaennoit cymecTsy-
€T OTPOMHOE KOAVYECTBO COKUTAIOIMX COOCTBEHHYIO SHEPTHUIO raAaK-
THUK, HO CYIL[ECTBYET AMIIb OAHO, EAMHOE YEAOBEYECTBO, TaK KaK AAA
APYTHX BHE3€MHBIX L{MBMAN3ALIA, IPOCTO HE XBATUT AYXOBHO ITMIH
“AYXa )KM3HU», AN OKOPDMAEHMSA MX MHOTIAAHETHOT'O YEAOBEYECTBA.
Muorne ¢yHpamMeHTaAbHBIE NOAOXKEHWsI HAYKM, TIDUHATbIE
KaK aKCMOMHBI€ [IOCTYAATHI, He TOABKO HEOYEBHMAHDI, HO ¥ HEBEPO-
saTHbl. Ho, TeM He MeHee, MUAAMOHBI, @ MOXET OBITh, U MUAAMAPABI
AIOAEH HayYHOTO COAPYXXECTBA NPHUHMMAIOT UX 33 OOBEKTHBHYIO OYe-
BUAHOCTD 6€3 BCAKOI'O AOKa3aTeABCTBA. Bo3bMeM, HanpuMep, MOAO-
JKEHUE, YTO BCAKOE TEAO, IIOAYYMB MMIIYABC CHABIL, OYAET npsMoAn-
HeHO M BEYHO ABMIATBHCA IO MPSAMONM AMHMM C ITOCTOSHHOM CKOPO-
CTBIO, €CAM Ha Hero He GyaeT AefICTBOBaTh HUKaKas APyras cuaa. Kak
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3TY aKCMOMY MOXKHO NPUHATD 32 MCTHHY, €CAM HE TOABKO B Hauei [a-
AAKTUKE, HO ¥ B MEXXTaAaKTUYECKOM NpocTpaHCcTBe BeeAeHHOI, HUrAe
HEBO3MOJKHO OTBICKATh AQXKE MAAOTO KYCO4Ka IPOCTPAHCTBa, TAe Obl
OTCYTCTBOBaAA MHPOpMalMs O Macce HeOeCHBIX TeA, a 3HAYMUT, U He
AECTBOBaAa CHMAA NpUTOKeHUA? Takasd «oYeBHMAHAN» AKCUOMA MOT-
A2 POAUTBCS TOABKO TIOA ABABOABCKUM O0OOABIEHNEM YEAOBEYECKO-
ro pasyMa, U00 HMKaKMMM PEaAbHBIMM MAM AQGOPATOPHBIMM YCAO-
BUsIMM HEBO3MOXXHO 00€CNeuMTb YMCTOTY HayYHOr'0 SKCHEPYMEHTa, U
MCKAIOUMTH AEHCTBME CUAB BCEMUPHOTO TATOTEHUA. Pa3Be HermoHsT-
HO, YTO, HAXOASCh BHYTPM 3aMKHYTO# BCceAaeHHOM, HUKaKoe MaTepu-
aAbHOE TeAO HEBO3MOIKHO BBIHECTH 3a IIPEAEABI 3TOTO IIPOCTPAHCTBA?
A ecAu 3T0 IOAOXKEHE HEBO3MO)XHO IKCNIEPUMEHTAABHO NOATBEp-
AWTD, TO KaK )K€ MOXXHO ObIAO PUMHUMATH 3TO NOAOKEHME B Kade-
CTBe GyHAAMEHTAABHOM aKCHOMBI BCeil COBPEMEHHON HayKu?

Tot xe Apucrtoreab GbIA GoAee IpaB, KOTAQ TOBOPHA, YTO €CAM
Ha MaTepMaAbHOe TEAO He AEVICTBYeT HUKaKas CUAQ, TO OHO KOTAa-HU-
6yAb OCTaHOBUTCA. ITO TOXE AOXKbD, HO, 110 KPaHel Mepe, 3Ta AGKD
Y4YUTHIBAET TO OOCTOATEABCTBO, YTO 0e3 BHELIHEi IMOATIMTKY KUHe-
THUYeCKas dHEPTUA MATEPUAABHOrO TeAa HeoOpaTuMo ucTpebasieTca
u pacxoayercs. Ho ecan u Apucrorear u HoiotoH, He nipassi, To,
YTO K€ IPOUCXOAHMT C OAMHOYHBIM MAaTEPHAABHBIM TEAOM, AdXKe He
Ha HamleM rpelHoOM 3eMAe, a AeTANUM, HATIPUMEP, C IOCTOSHHOM
CKOPOCTBIO B FAYOMHAX KOCMUYeCKoTo npoctpancrea? Yrobwl or-
BETUTD Ha 3TOT BOIIPOC, HAAO BEPHYTHCSI K BOMPOCY, U3 Yero COCTOUT
Maccoobpasyiomas MaTepusi, @ 3a0AHO U OTBETMTDb HA BOTIPOC, Iove-
MY QOTOHBI, IAEKTPOHBI, IPOTOHBI, KAK U ATOMHbIE AAPA BCEX XUMM-
YECKUX DAEMEHTOB U YX COEAMHEHMI CIIOCOOHBI K AAUTEABHOMY M YC-
TOHYMBOMY CYIMIECTBOBaHUIO BO BpeMeHU?

2, Macca u ee yenmp mawecmu

Ha npuMepe mepexopa 2A€KTPUYECKOIO 3apsipa DAEKTPOHA B
MacCy HEeHTDOHA, Mbl OOHapY)XMAM, YTO YaCTh SHEPTMM MaTEpPHaAb-
HBIX KBAHTOB B BMAE SAEKTPUYECTBA, MATHETU3MA U TPaBUTALMN HE
PErucTpMpyIOTCS KaK Macca, Ho, TeM He MeHee, Takas dpopma mare-
pUM, KOTOpasl Ha3bIBAETCS MOAEBON (OPMON, UMEETCS B HAAUYUK
KaXXAOTO MaTepHMAAbHOTO MUKPO- M MakpokBauta. Iloaeenie ¢pop-
MBI MATEPUM, XOTS U HE PETUCTPUPYIOTCA KaK Macca, HO 3aTO He-
cyT B cebe undopmanmonnbie Qaiiabl M YNPABAAIOT MeXaHude-
CKMMM MacCaMM, NOHY)KAQS MX HENPEPhIBHO B3aMMOAEHCTBOBATD
APYT C APYTOM. DACKTPOHHBIE OPOUTAAN aTOMOB Y MOAEKYA XMMM-
YeCKMX SAEMEHTOB U MX COEAMHEHM, IPEBPALAIOT ATOMBE ¥ MOAEKY-
Abl B NPOYHEAIIME CTPYKTYPbl HETPAABHOIO THIIA, KOTOPHIE B AO-
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6BIX CUTYaUUSX ¥ NIPU AIOOBIX YCAOBHSAX MAGHETHBIX TEA MICKAIOYAIOT
BO3MOXXHOCTb TEPMOsIAepPHOTrO cuHTe3a. Ho 3aTo, 1o 3apaHHBIM aa-
rOPUTMaM, SACKTPOHBL Ha OpOUTAAAX 00ECIIEYMBAIOT HEMPEPHIBHDII
9Heproo6MeH KBaHTOB HOAEBBIX CIPYKTYpP BHYTPEHHEro MpOCTpaH-
CTBa aTOMa MAM MOAEKYABl C BHELHHMM MHMPOM, 2 TaKXe obecrneyu-
BAaOT BCE MHOroo6Gpasue CBOMCTB XMMUMECKMX COEAMHEHMI, BIIAOTD
AO CO3AQHMSL CAOXKHBIX XMMUYECKUX COCAMHEHMM KUBBIX KACTOUHBIX
oprauusmMoB. [ToaeBast CTPYKTypa SHEPIMU €CTb AQXKe B OAMHOYHOM
nporoHe, Koraa yyeHsle myTeM CTOAKHOBEHMS OBICTPOACTALIMX Ma-
TEPMAABHBIX YaCTML| CPHIBAIOT C ATOMHOI'O SIAPA BOAOPOAA 3aIUTHYIO
000A0UKY BAEKTPOHA, TO TIPOTOH «OAEBAETCA» 3AIUTHOM 060A0UKOMH
IOAEBO¥ (POPMBI TIOAQKNTEABHOFO SAEKTPHUYECKOro 3apAAa. 3Ta 3a-
mMTHAA 000AOUYKA ABAAETCH «0OKECTBEHHBIM OTPDAHMYMUTEAEMD,
KOTOPBIii HE NO3BOASIET IAAHETHON MaTepuy CaMONPOH3BOABHO
BCTYIIATH B TEPMOSIAECPHbIE PeaKIiMit COOCTBEHHOI0 YHHITOXKEHMSL.
O60A04YKa IAEKTPHYECKOI FHEPTHY K TOMY Ke U CKPbIBaeT HCTHH-
HY10 MacCy IPOTOHA, 0 YeM GyAeT CKasaHo GoAaee IOAPOOHO B 3aKAIO-
YUTEAbHBIX TAABAX 9TOM KHUTH.

B 10 Xe BpeMs Mbl BMAMM, YTO BCA MaTepus BceaeHHoil, a 3Ha-
4T, U ee SHEPrUA XPRHHUTCA EAMHCTBEHHBIM CIIOCOBOM 6e30ropHoro
HENPEPLIBHOTO YCKOPEHHOI'O ABV)KEHMA C MOAOKMTEABHBIM AU OT-
PUUATEAbHBIM TIPUPAIEHMEM CKOPOCTH, B KOTOPOM OTPOMHYIO U He
AO KOHLa BBISICHEHHYIO POAb MIPaeT UEHTP MacC MAM LieHTp dpusuve-
CKOM TAXKECTH TeAd. Boille MBI BHISICHUAY, YTO TIAGHETA 3eMAST ABH-
XKETCS C HENPEPRIBHBIM YCKOPEHHUEM, KOTOPOE MMeEET HE TOABKO LieH-
TPOCTPEMUTEABHOE 3HAYEHIE 3aMKHYTOM KPYTOBOIi OpOUTHL, HO U AM-
HEHOEe YCKOPEHME MAM 3aMEAAEHHe IO Tpacce NMAAHETHOI opbuTh.
INMaaneTta 3eMas He uckAloueHue. AwbObie HeGecHble TeAa, OYAL TO
Kakue-An6o 3Be3ab! uan Hamie CoAHlle, a TaKxKe Bce naanerst CoA-
HEeYHOM CHUCTEMBI M UX CITYTHUKM, NPEACTABASIOT Coboit Gesonop-
Hble ABIDKMTEAM, KOTOpBbI€, MOABb3yACh mHGoOpManuen BaKyyMma
rPaBMTAIIMOHHOTO MOAS, BHIPAGATHBAIOT BHYTPEHHIE BEKTOPa CHA
¥ YCKOPEHHO MPOABMTaloT cebs mo HeGecHbim opOuTam. CTabuAb-
HOCTDb ITapaMeTpoB HebGecHBIX TeA U BHYTpeHHsia rapMorus CoaHey-
HOVi cucTeMbl, Hamei [aaakTUKY, KaK ¥ Beeit BceaenHoit, ykasnigaer
Ha TO, YTO «KOMIIbIOTEPLI», KOTOPble XPaHsAT B cebe dailAbi aATOPHUT-
MUYECKOM YIpaBAsIomeil uupopMaLy aBTOMATUYECKOTO pexmma
BCEACHCKOM TapMOHMM, HAXOASTCA He B BaKyyMe ITOAei ThaBUTaLMY,
a B caMux HebecHbIX TeAax. BcAKkoe aTOMHOe AAPO, KaK TAaBHBIN HO-
CUTEAb ¥ XPAHMTEAb MACChl, YTOObI AAMTEABHO CYLIECTBOBATD B BUAE
aTOMA MAM MOAEKYAB], BCETAA YKPBIBAETCH, IO KPalHeN Mepe, OAHOI,
VA MHOXXECTBOM 3AEKTPOHHBIX OpOMTaAEH, B 3aBUCHMOCTH OT MacChi
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aTOMHOTO JAPa XMMMYECKOTO SA€MEHTa. STO 3HaYMT, YTO caMa Mac-
ca He MMeeT BHYTpH cebi HUKaknX MHGOPMALMOHHBIX AATODUTMOB
HE TOABKO AAS B3aMIMOAEMCTBUS C APYTMMM aTOMaMM, HO AdXKe AAS
coOCTBEHHOro camocoxpaneHust. XOTs SAEKTPOHBL OGAAAQIOT 3HAYM-
TEABHO MEHbIIE MacCO, YeM Macca IPOTOHA, HO Ha HMX 3aKpPeIA€HbI
HecTUpaeMblie MHpOpMaLMOHHbIe dailAbL, u 3Ta cAyXeOHasa uHop-
MAL¥st MIO3BOASET SAEKTPOHAM A€TKO OCYIIECTBAATH MHGOPMaLMOH-
HO-CMAOBOE YTIPABA€HME «CAEMNOi» MACcCOV ATOMHBIX SACP XUMude-
CKUX SAEMEHTOB.

Heboabuias nopumsa «CAeHoM» MEXaHWIECKOM MaCChl 3aKperiAe-
Ha B OAVHOYHOM aBTOHOMHOM 3A€KTPOHE AASl MCTIOAHEHUS MM OTPOM-
HOTO KPYTa CaMOCTOSTEABHBIX 3apau U obs3aHHocTeit. Kak ToAbKo
IAEKTPOH MEPEXOANT HA OPOMTAAD ATOMHOTO SAPaA, 3Ta HE3HAYM-
TEABHAN HOPIMSA «CAEHO» MaTepuy, 0Gpasyioman Maccy AeKTpo-
Ha, IEPEXOAUT BHYTPb ATOMHOTO SIAPQ, & PACKTPOH NPEBPAIAETCA
B MMCTO NOAEBYIO CTPYKTYDY, HE MMEIOIIEr0 ONPEACAEHHOTO IIOAO-
>KeHMs M Macchl. TakuM 06pa3oM, HE3AaBUCHMO OT Pa3MEPOB MaTepH-
AABHOTO T€AQ, UMEIOIETO ONPEAEAEHHYIO Maccy, OYAb TO eAVHMYHBI
aTOM MAY MOAEKYAQ MAM MHOXECTBO aTOMOB M MOAEKYA, 06pasyiomx
CaMOCTOATEAbHOE HeOeCHOE TeAO, B MATEPHAABHOM TEAE AOAKHO CO--
AEPXaTbCA TPM PasHOPOAHBIE CYIHOCTU. Bo-nepBhix, 310 «cAenasn»
MeXaHW4eCKas SHepPruA caMoi Macchl Teaa. Bo-Bropsix, aTo moaesbie
dopmbl MaTepyy, KOTOpBIE, OAArOAAPs] HAAMYMIO B HUX HECTHPAEMBIX
nHpOpMaLMOHHBIX afiA0B, 00ECIIeYNBAIOT IPUHYAUTEABHOE HHPOP-
MALMOHHO-CUAOBOE YIIPABACHUE «CAEMOM» SHEPIUeN MEXaHU4eCKOMn
Macchl. A B-TpPeTsbHX, 3TO Ta YNCTO MHPOPMAIIUOHHAA CYIHOCTD, KO-
TOpaA MMeeT BHYTPEHHMI «KOMINBIOTEP» AAS YNIPABA€HUs IIOAEBhI-
mu popmamu MaTepuu 6e3 BCAKOrO CMAOBOIO BO3AENCTBUA, @ TAKKe
K- «MOAEM» CBS3M AAS CMHXPOHM3AliMyi CBOMX PasyMHBIX A€CTBUI C
MHPOPMAUMOHHBIMYU CYIHOCTAMM BCEX MMKDO- ¥ MAKPOKBAHTOB BCe-
A€HCKO# Marepun. ITH MHPOPMAlMOHHBIE CYIMHOCTH 5 HAa3BIBAIO
60)XKeCTBEHHBIMM MOHAAAMM MAM AYXOBHbIMM KBaHTamu. OHu 3a-
HUMAIOT HEeHTPH TIDKeCTel Beex 0e3 MCKAIOYeHMA MUKPO- M MaKpo-
00PEKTOB MEXAHUYECKMX MACC, BKAIOYAA CaMble MaAble YaCTHIIbI,
KOTOpbI€ PErNCTPHUPYIOTCA KAaK HOCUTEAM MEXAaHIYECKOM MacChl.

3. Mamepuarvnas movxa u ee Ppusnreckas npupooa

YroObt OHATH PUNIECKYIO IPUPOAY LIEHTPA TSHKECTH Maccoo6-
pasywouiero MMKpOKBaHTa Marepuy, a 3HaUMT, M KBaHTa 60)KECTBBH-
HOM MOHAaADI, 5 OKOAO NOAYTOA2 HIBITAACH HaTU MAaTeMaTUYECKOEe U
¢M3M‘IGCKO€' OGEXCHCHMC TIPUPOABI TAKOTO U3BECTHOTO NOHATHA, KaK
«TOYKA». HpgpoAa ata paxe Goaee sarapouHa, yeM cama Bceaennas,
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1 ee MaTepus. VISbICKaHMA IPUBEAY MEHS K TOMY AOTHYECKOMY TpeA-
NOAOXKEHHUIO, YTO TOYKA ABAAETCH OKPYKHOCTBIO, PAAMYC KOTOPOI
CTPEMUTHCS K HYAIO, ¥ B MATEMAaTHIECKOM HPEAEAe DaBeH HYAEBO-
my 3HayeHMI0. Ho Beab B 6eCKOHEUHO MAABIX PapMycax, MOJKHO BIU-
caTb OecKOHEYHO GOABIIOE KOAMYECTBO CIIMPAAEH, KOTOPHIE HO 3aKOHY
uncaa «[11» NPUOAMKAIOTCA K MACAABHOMY KPYTY, HO HMKOTAA MM He
ctaHyT. MaTemarudyecky Touka 06s3aHa GECIIPEACABHO YMEHBINAThCS
AO HYA€BOTO 3HaYE€HMs1 M BOBCE MCYE3HYTb M3 PEAABHOTO ITPOCTPAHCT-
Ba Hameit Beceaennoit. Ho Beab yeaoBek 60AbIYIO YacTh CBOe Hay-
KM CTPOMT Ha IOHATUIX PEAABHOFO CYH{ECTBOBAHMSA KaK CaMO¥ TOYKHM,
TaK M PU3UIECKOro HEHTPA THKECTU MATEPHAALHOrO TeAa, KOTOPBI
BCAKMI Y4EHMK MAY BBICOKOIIOCTaBACHHBIN YUEHBIH TOXe Msobparka-
et Toukoit. Touxoit MoXeT ObITh B PU3MIECKOM MUpPe TOALKO TaKas
CYIHOCTD, KOTOpPas MMeeT MeXaHudeckyio Maccy. Ho xaxkum 6ut ma-
ABIM He OblAa MexaHyyecKas Macca YaCTHMIIb, OHA MMEET «KOHEYHbIN»
3anac OTEHIIMAAbHON M KMHETUMECKOM dHepriu. YeM MeHble mexa-
HMYECKAs MACCa YACTULIbI, TEM MeHblIIe HYOKHMUI YPOBEHbD ee IIOTeHLH-
AABHOJ BHEPI'MM, & 3HAYUT, Y MEeHblIe OYAET PaAMYC ee HIDKHETO No-
TeHLMaAbHOTO YpoBiisi. Ho BeAb B peaabHOM Mupe Her YacTul ¢ Gec-
KOHEYHO MaAbIMM MAcCaMy, a 3HAYMT ¥ HEBO3MOXHO U300pasnTh
TOYKY, BHYTPM KOTOPO# He GbIAO Ob1 MyCTOM ABIDKH.

Aast MeHA 310 6p1AO NOTPACAIONMM OTKPHITHeM! B ApeBHMX Ma-
HyckpunTax BceaeHHas n3obpakaeTcsi KpyroM, BHYTPM KOTOPOro
NOCTaBA€Ha TO4Ka. Sl MOpa)kaacsa NMPUMMHUTHBMIMY M «FAYIIOCTH» Ta-
KOTO U300paXkeHusi OPOMHOTO BCEACHCKOTo NpocTpaHcTa. Ho ecan
BHYTPH AI0605 KOHEYHOH MEXaHUIeCKO Macchl, (a GecKoHeuHO Ma-
ABIX MacC He OBIBAaeT), BCerpa COXPaHAETCH IYCTas AbIPKa, TO TOY-
Ka M300pakaeT BOBCe He MEXAHMYECKYI0 MAcCy BCEAEHCKOro Mpo-
CTPAaHCTBA, a YNPABASIOMYIO IIYCTOTY» HEHTDOB T/KECTe#, BCETro
MHOXeCTBa MeXaHudeckux Macc. Koraa ydeHblif MAM YYEHHK B IIKO-
A€ CTaBMT TOYKY U NPHBA3LIBAET K HeM TPY KOOPAMHATH TPEXMep-
HOI'O [IPOCTPAHCTBA UAM TPadUKK OECUMCAEHHOTO MHOXECTBA (PYHK-
UMIA, TO OH NPUBA3BIBAET UX HE K MATEPUAABHOMY MUPY MeXaHWJe-
CKHX MACC, 2 K ABIPKe YNIpaBASionieii MyCTOTH, KOTOPas 3alIOAHSAET
HEHTPBI TSHKECTEH U Oprann3yeT paboTy MeXaHUHeCKIX Macc Bee-
A€HCKOro npocrpascrsa. [puuem s1a ynpaBASIOmas mycToTa AOAXK-
Ha DIM30AMYECKM «UCYE3aTb» U MOABAATHCA BHOBb., EcAu OBI 3TOTO
He IIPOUCXOAMAO, TO MeXaHNdeCKMe MACChl MMKPO- ¥ MAaKPOKBaH-
TOB MATEPUAABHDBIX TEA OAHAXKALI CBEPHYAMCH AO HVIKHErO YPOB-
HS IOTEHIMM M ucde3au 3 Beceaennoil. A ecaun 0b1 ynpaBastiomas
CHAA LEeHTPOB TSKeCTell ncue3Aa Ha KOPOTKOe BpeMs, TO BCA Ma-
Tepusi BceAeHHOM pacchifiaAach ObI Ha BAeMEHTAapHbIe YaCTUILL, U
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NPOU3OLIEA NMPOLECC MTHOBEHHOIO TEPMOSIACPHOTO CAaMOYHUYTO-
JKEeHWUsI Bceyt BCEACHCKOM MaTepuM. DTOro He IMPOUCXOAUT, 3HAYUT,
TOYKa LIEHTPa THKECTH He TOABKO Mcye3aeT i3 BeceaeHHoit, Ho o6s13a-
TEABHO NOABASETCSA BHOBb, ¥ NPUTOM HUKOTAA Ha IIPEXKHEM MeCTe, a B
6AVDKaitilel OKPECTHOCTH OT TIPEXKHETO IOAOKEHU.

YeM ke OTAMYAETCA AYXOBHBIN KBAaHT TOYKY L[eHTpPa TSDKeCTH Me-
XaHUYECKO MacChl, OT MEXaHUYECKO! MACChl ¥ TOAEBBIX KBAHTOB Ma-
TepUM, M3 KOTOPBIX 06Pa30BaH TOT MAM MHOM MEXAHUYECKMIt 00BEKT,
BKAIOYasi OTACABHbIE aTOMbI ¥ MOAEKYABL MAM HeGecHble Teaa? Toabko
TEM, YTO B HEM HET, N0 BCEACHCKUM MNOHATUAM, HUKAKO/ DHEPrum,
TouKa HeHTpa THKECTU ABASETCA PEAAbHOCTHIO, CYH[ECTBOBaHUE KO-
TOPOM AOKA3aHO MUAAMAPAAMM SKCTIEPHMMEHTOB, ¥ KOTOPas UCIIOAb-
3yeTcs B HayYHbIX pacyerax. Ho ecAu B Hell HeT 3HEPruM, TO 3HAYMT,
OHa, 10 'TeM e PyHAAMEHTAAbHBIM 3aKOHAM HayKH, He IIOABAACT-
Ha HM BPEMEHH, HM NIPOCTPAHCTBY. UyBCTBYI0, YTO He BCE UMTATEAM
HOHAAU MOM 0ObAcHenus. Ho aTu npeasapuTeAbHbie pacCy>KACHUA,
6YAYT NOATBEP)KAEHBL B IIpOLECce U3A0XKEHUS MaTepraAa OGIIMPHbI-
MM TNIOSICHEHMSIMM M AOKasaTeAbcTBamu. He BoaHyirTech, Bce craHeT
SICHBIM U ITIOHATHBIM.

4.Undpopmauuonno-ynpasraiowan paboma

UeHmpa msaxecmu

KBaHT 1leHTpa THKeCTH ABASETCS AYXOBHBIM MH(POPMALIMOHHBIM
MexanmaMom GoxKecTBeHHOro ynpaBAeHus. He uMmes BHyTpeHnel
SHEPIMH, OH MOXKET C HEMBICAMMOW CKOPOCTBIO M OTPOMHBIM YCKO- -
PeHMEM CKPYYMBATHCA MO CXOAAIMMCA CHMPAAsAM, BPalasach mno
YacoBOIl CTPEAKE, AG MOAHOTO VCcHe3HOBeHus: n3 Beceaennoit. B ato
BpeMs TOYKa LIEHTPa T/DKECTU NpeBpailjaerca B TOHHEAbHRIN nepe-
X0A MEXAY NPOCTPaHCTBOM Haweit BceaerHoit M MEGOPMaLiMOHHBIM
npocrpancrBom Otia HebecHoro He o Mupa Cero. A Ta, He uMeio-
I{asi HAKAKOM HEPTMM CYIHOCTh, HO KOTOpas MHGOPMALMOHHO, C
AOMOLIBI0 COOCTBEHHOrO CIIMPAABHOTrO M NPOCTPAHCTBEHHOTO Nepe-
MeilieHus1, YIIpaBAsIeT NOAeBOi ¥ Maccoobpasyoileit sHeprueit Mare-
PUAABHOTO MMKPOKBAaHTa, ABASETCS HEMATEPUAAbHOM AYXOBHOM MO-
Hapoi. CoOGCTBEHHO TOBOPS, BCE 3TO S YK€ M3AOXKMA B «AOKTpMHe
Hayuysoro BoromosHanus». Ho B atoit pabore nsaaraercs 6oaee ray-
60KO€ MOHKMaHME MPUPOABI LIEHTPA TSDKECTH, KAK AYXOBHOTO KBaHTa,
He UMEIOWEr0 HUKAKO 3HEPTUU U CIIOCODHOIO CIIMPaAbHO II0 4aco-
BOM CTpPEAKe CKPY4YMBAaTbCH AO MOAHOTO MCHYE3HOBEHMS Y BO3ZHUKATD
BHOBB B HOBOI1 TO4Ke. [Tpy 5TOM Npyi BO3HMKHOBEHUM B HOBOJ TOUKe,
AYXOBHasA MOHAAQ CIUPAABHO, IPOTHB YaCOROI CTPEAKU PACKPyIMBa-
€TCsl A0 PasMepOB PeaAbHOM KPYTronoA0OHOM MUKPOIAOIIAAN.
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@akTHYECKH B LEHTPE THKECTH MATEPUAABHBIX MMKPOKBaH-
TOB aTOMHBIX SIAEP XMMMYECKMX DAEMEHTOB M MX COEAMHEHHII Cy-
WEeCTBYET HEe OAMH, a ABa Pa3HECEHHBIX B IPOCTPaHCTBe LEHTpa
cuabl. OAMH M3 HUX, C TOMOILBIO He MMEIOIMX MAacCChl IIOAEBHX Gopm
9HEPTUN, B BUAE DAEKTPUYECKONM, MaTHUTHOM M IPaBMTALMOHHOM, HO
3aKpenMBIIMX Ha cebe HeCTUpAaeMyIo aAropUTMMYecKylo uHpopma-
1m0 6E3YCAOBHBIX MHCTMHKTOB, 3aCTaBASIOT SHEPIMIO MacChl YCKO-
PEHHO CKPY4YMBATHCA MO CXOASMILUMCSA SAAUIITUYECKUM CIUPAAAM M
¢$bopMHUPOBATE BEKTOP CHABI TATOTEHNUSA, CTPOro MPOMOPLIMOHAABHBIA
BHYTPEHHEl1 MeXaHWYeCKOM SHepruM Macchl MMKpoksaHTa. IIpu aTom
MHUKPOKBAHT aTOMa MAM MOAEKYABI 6€30TI0PHO nepeMemaeTcs oT
CTaporo HEeHTPa, TAe MPONCXOAMAC IEHTPOOEKHOE PACXOXKAEHME
MeXaHM4YeCKOM 9HEPruU, K HOBOMY LIEHTPY, FA€ MPOUCXOAUT L{€H-
TPOCTPEMUTEABHOE CXOXACHME MEX3HMYECKOH SHEPrMM MACChl.
‘TOYHO TaK XKe [0 SAAMIICAM TIEPEHOCUT BCAeA 3a coboit Coantie U Bce
naaHeTht COAHEYHOM CUCTeMbl, OPMUPYS B HMX BHYTDEHHME Bek-
TOpa CUA YCKOpeHMsA M 3aMepseHmsa. OAHAKO OAHaXKAB!I pa3BEpHyTas
CoAHevHas NIAAHETHAs CUCTEMA, CBEPHETCS1 TOABKO MOCAE 3aBepliie-
HMA CBOETO XM3HEHHOTO LIMKAA. BHYTpM aTOMHBIX SIA€D HET XM3HM,
NOSTOMY MeXaHU4ecKast SHEPIUsi MacChi aTOMHBIX SIAEP CBEPTHIBAETC
AO MaKCHMAABHOTO IEPeX0Aa KUHETHYIECKO SHEPIMM aTOMHOTO AP
B NOTEHLAAbHYIO 3Hepruio. B aToT MOMeHT obGecnieunBaercs max-
cuMMaAbHOe cOAMKeHMe sHeprMM Maccnl ¢ GU3NYECKUM LEeHTpOM
TsDKecTH. Ho MMeHHO B 5TOT MOMEHT AYXOBHasi MOHaAa LiEHTpa TA-
XKECTH CKPYIMBAETCA AO HYA€BOI'O 3HAYEHMsA U MCYE3AET IO TYHHEAD-
HOMY TIEPEXOAY U3 ARHHOI TOYKM NMpocTpaHcTBa Beeaennoit. ITore-
pAB OOBEKT yIIpaBAEHMA, MEXaHUYECKassk MAacCa ATOMHOTO SAPA ¥ ero
noAeBbie GOPMbI HAYMHAIOT YCKOPEHHO PacKpY4MBaTbCA.

BcAepcTBME HEOAHODOAHOCTH MACCHI M TIOAEBBIX CTPYKTYD, NO-
AeBble CTPYKTYphI TIePBbIMM OKasbIBalOTCS HAa NIOBEPXHOCTH, & MeXa-
HUYeCKasa Macca, 06AaAast MHEPLIMOHHOCTDIO, MEAAEHHO paclIMpseT-
cs1, MpeoOpa3oBbIBas HAKOMAEHHYIO TIOTEHLIMAABHYIO SHEPIMIO B KH-
HETUYECKYI0 SHepruio. B 3TOT MOMEHT AyXOBHBI KBaHT LeHTpa
TSKECTH OTCYTCTBYET, M eCAM OBl OH He BO3HMK BHOBH Ha HOBOM
MeCTe, TO Macca aTOMHOTO SIApa pasBaAMAach Obl Ha saeMeHTap-
Hble YaCTUIbI ¥ KBAHTHI PEHTTEeHOBCKUX M3AY4eHuit. B ctporo pac-
yeTHOE BpeMs U B PaCUETHOI TOYKe, IPUHLMIIMAABHO He COBIIAAAI0-
1wed ¢ TOYKOJ MCUEe3HOBEHMSA, OTKPHIBACTCS TYHHEAbHDII ITEPEXOA U B
Hallle IPOCTPAaHCTBO BO3BpalljaeTCsl KBAHT AYXOBHOM MOHAABI LieHTpa
TSDKecTU. ECAM 1pM MCYe3HOBEHUM KBAHT MOHAABL CIIMPAAbHO CKPY-
YMBAACH 110 YACOBOI CTPEAKe, TO NP BO3SHUKHOBEHMY, OH CIIMPaAb-
HO paCKpy4uBaeTcs MPOTUB YAcOBOM cTpeAKu. B aTo Bpems moae-
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Bbie OpMBI DHEPIUY ATOMHOTO IAPa, KOTOPbIE HeuCTpebuMo coxpa-
HAIOT B cebe BHYTPEHHMI aATOPUTM NOBEACHMS, TOAUMHSACH Yepes
3TOT AATOPUTM KBAaHTY MOHAABI LIEHTPa THKECTH, C MOMOINbLIO COb-
CTBEHHOI1 paboThl GOKYCUPYIOTCA BOKPYT HOBOTO LIEHTDPA, 2 320AHO
M TIEPEHOCAT MEXaHNYECKYI0 KMHETMYECKYIO SHEPTHI0 MACChl K HOBO-
MY LeHTPY TsKecTH. MITak, BOSHMKHOBEHHE PACKPY4YMBAaIOmIErocs
NPOTUB YacCOBOI CTPEAKHM KBAHTa MOHAABI HEHTPa TKECTH, NIPH-
BOAMT K TEACHOPTALUM dIKPAHUPOBAHHOM SHEPIUM MACCHI K DTOMY
HOBOMY LEHTPY TAXKECTH METOAOM 6e30MOpHOTO MepeABIDKeHus,
TpuyeM, KaK TeAemopTauMs, Tak U SKpaHMpOBaHNEe 0becneYnBaeTCs
paboToit noAeBbix GOPM dHEPIUM aTOMHOTO AAPa, KOTAQ cama m&c-
Ca NPUBEAEHA B COCTOAHYE HIDKHETO MAYU BEPXHEFO YPOBHS MOTEHIIN-
QABHOM SHEpPTUMK.

PacmupeHue KBaHTa MOHAABI LIEHTPa TSHKECTH MPUBOAUT K YAQ-
A€HMIO TOAEBBIX GOPM Ha 3HAYUTEABHOE PACCTONHME 10 BHYTPEHHUM
MepKaM aTOMHOT'O fAPA, OT MEXaHUYECKOI SHEPruy MacChl. DTO AaeT
BO3MOXXHOCTb MeXaHUYECKOH SHEPTHUYU MACChl NEPEXOAUTD U3 HIK-
Hero ypoBHs IOTEHIIMAABHOVM DHEPIMM B YCKOPEHHOE CIUpaAbHOE
pacmmpenue, ¥ CBOGOAHO NMEPEBOAUTD NOTEHUMAABHYIO SHEPIUIO B
KMHETHYECKYI0 MEXaHM4eCKylo aHepruio maccol. He Hapo 3a6biBaTts,
YTO MeXaHu4yecKasl SHeprus Maccsl 00AaAaeT MHEPLMOHHOCTDHIO, a
BOT 1moAeBbie JOPMBI ¥ CaMa AYXOBHAsl MOHaAQ HIEHTPA TSDKECTH HUt-
KaKoy BHYTPeHHe MHEPUMOHHOCTY He UMeIOT. BMecTe c pocToM Ku-
HeTHYECKOM SHEPTUN TIPOUCXOAUT M CIIMPAaAbHOE HapauBauue Qpu-
3MYECKUX pa3MepoB aTOMHOTO AAPA, U3 «aTTO» O0'bEeKTa C pasmepa-
Mu 10'® aToMHOE SAPO TIEPEXOAUT B «HAHO» OOBEKT C pasMepamu
10, Hapo 3aMeTHTh, YTO B 3TO BpeMs LeHTP THKECTH aTOMHOTO
siApa OoTcyTcTBYeT. Ero orcyTcTBME AdeT BO3MOXHOCTbD MeXaHWYe-
CKOM Macce aTOMHOTO AAPa IepeBecTy# OOABILYIO YaCTh CBOEM MOTeH-
LIMaABHOM HEPIMU HYDKHETO YPOBHA B KMHETHMYECKYIO BHEPIMIO YC-
KOPEHHOTO ABWXeHUs. BcAeACTBUE MHEPUMOHHOCTY, MEXaHMYeCKas
SHeprus MacChl He YCIIEBAeT CPearnpoBarh ¥ PacKpyUMBAETCS MEA-
A€HHO. A BOT moAeBasi popMa SHepruM, NPOXOAUT Yepe3 SHepruio
MAcCCHl, NPUHYXKAAS ee TIPEKPaTUTh HapauMBaHue puUsMdeckux pas-
MEpPOB M KMHETUYECKOM SHEPIVM, M HauYMHAET CHMPAABHO CKPYuH-
BaTbCA BHYTPY aTOMHOTO SIAPA, HO YK€ HE Y IPEXHETO, a Y APyroro,
HOBOTI'O LIEHTPA THKECTH, TA€ OISITh BOSHUK KBaHT AYXOBHOI MOHAAQ.

B 310 BpeMs MexaHM4ecKas SHEpPrusi MacChl aTOMHOTO SIApA Ha-
KONMAA MaKCMMAABHBIIT 3aITac KuHeTH4eCKoit sHeprun. OHa npekpa-
H{aeT pacllMpeHue U MEPEXOAUT Ha CIIMPAAbHbIE OPOMTDHI TIO 3aKOHY
uncaa «In», a KBaHT MOHAABI IIEHTPA TAXKECTH, C OMOILBIO SHEPTUM
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TIOAEBBIX CTPYKTYD, Urpaer poAs $Hokyca uenrTpa nputskenus. Me-
XaHWYeCcKas 3HePIMs MacChl He TOPOXKAAA2 OB HMKAKOTO BeKTopa
CHABI ¥ He MMeAa Obl CIOCOGHOCTH MepeMeNaThCA AQXKe TIOA Aeli-
CTBMEM BHEIIHEr0 BEKTOPAa CHABI, €CAM 0OBI HOBbI LEHTP NPUTI-
JKeHMA 0Ka3aACs TOMHO B FEOMEeTPUIECKOM LieHTpe KPYroBOM CIu-
PaAM, OTKYAA HAYMHAAOCH pacmMpenne sueprumn maccol. Ho no or-
HOIICHMIO K LIICHTPY OTTAaAKMBAHMs, LIEHTP HNPUTSUKEHUSA BCErAa
OKa3bIBAETCs CAErKa CMEEHHBIM Ha CTPOro PacyeTHYIO BEAMUMHY,
KOTOPYIO ONpeAeAsieT CaMa AyXOBHasi MOHaAa. TeM caMbIM MOHaAa
M MaAas MOAEBasA SHePrus, NPMHYKAAIOT 3HAYNTEALHYI0 MHEPHM-
2ABHYI0 MEXRaHMYECKYIO 3HEPIHIO MACChl RaTOMHOTO AP CHIKATh-
CA M CXOAMTHCS K PEAABHOMY HEHTPY TSOKECTH He 110 CIIMPAABHBIM
KPYTOBBIM, & 110 JAAMATHYECKUM OpOMTaM. 3a CueT 3TOro MexaHu-
4eCKast SHEPTUA MACCH] BHIMOAHSET ONPEACACHHYIO IPMHYANTEAD-
HYI0 paboTy 1 BolpaGaTpiBaeT BHYTPEHHMIT BEKTOP CHABI, KOTOPHINA
6€e30NOpHO nepeMenaeT MEXaHMIECKYI0 JHEPrMI0 MAcChl K HOBO-
MY L€HTPY THKECTH.

IToHATH 3TOT IPOLIECC HEMOATOTOBACHHOMY YMTATEAI0 AOBOABHO
CAOXHO. AAsS 3TOTO HAAO B TEYEHME ONPEAEAEHHOrO BDEMEHH I10CTO-
AHHO BCIIOMMHATD ¥ OCMBICAMBATb, YTO XKe IIPOUCXOAUT BHYTPU aTOM-
HOro SIAPa M KaK o0pasyercs Macca aTOMHOTO sIApa M Macca BceX BU-
AMMBIX Belllei Haiero mupa. Kaxpoe HOBoe ocMbicaeHue GyAeT rpu-
6AVIKATDh Pa3yM K ITOHMMAHUIO BHYTPEHHUX IIPOLIECCOB, A 3HAYMT, ¥ K
MOHVMMaHMIO MCTUHBL. CaM g He IIPETEHAYIO Ha TO, YTO AO KOHIIA Mo~
HJIA BCEe BHYTPEHHME NMPOLIECChI, KOTOPHIE MPOUCXOAAT BHYTPU aTOM-
HOFO SIAPA, ¥ C a6COAIOTHOI TOUHOCTBIO IOHAA, KaK M3 MEXaHMYECKOM
SHEPIMM aTOMHOTO siApa obpasyeTcs BEKTOD CHMAbL, CTPOTO IpPOIOP-
LMOHAABHbIIf BHYTPEHHE SHePru aTOMHOTO SAPa. Sl 3aHNMaloCh Ay-
XOBHBIM OCMBICAEHUEM Takoy (MAOCOPCKOM KaTeropmu, KOTOpbie
yuyeHble Ha3pIBalOT MaTepueil, U CTOIO AMIIIb Yy TIOAHOXMSA TPAaHAMO3-
HOI OVPaMMABI 3HAHMIA, KOTOPAasi MOXET OTKPBITHCA 3€MHOMY 4€AO-
BeYeCTBY Ha 5TOM 6AaroAaTHOM ITyTH NPUSHAHMA AyXa, KaK TAABHOM
CYIHOCTH Halllero MUpa.

5. OmBembt Ha HOCMABAEHHDBLE BONPOCHL

Ipexxae ueM Aeaarp 0606IIaIOIME BBIBOABL, OTBETUM Ha Te TPU
BOTIPOCA, KOTOPBIE MBI 33AaAU CaMy cebe B HauaAe 9ToM raassl. Mrak,
A10601 MMKPOKBAHT MaCCHI, HAUMHasA OT SAEMEHTAPHBIX YACTHI] ATOM-
HOTO AEAEHMUs SIAED, BKAIOYAs SAEKTPOHBI, IIPOTOHbI, HEUTPOHHI U
CaMM aTOMHLIE SADA, A TAK)KE ATOMBI ¥ MOAEKYABI XMMMUYECKUX 9Ae-
MEHTOB U MX COEAMHEHMUI, COAEPIKAT B cebe TpM pasHOPOAHBIE CYII|-
HOCTMY DHEPI'MH, KOTOPBIE HAXOAATCS B HEIIPEPhIBHOM ABWDKeHUM. Me-
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XaHu4ecKas sHeprusi, u3 Kotopoit obpasyercs Macca, 06Aapaer unep-
LMeN, OHA SIBASETCS «CAEIMOM» DHEpPrueil, TaK Kak He HeceT B cebe
HUKaKUX UMHGPOpMALMOHHBIX QaitaoB mHbopmanuyn. Moxno paxe
CKa3aTh TaK, YTO 10AeBbie GOPMBL, XOTA M YIIPABASIOT MEXaHUYECKOM
SHeprueil MacChl, HO CTAPAIOTCs C Heil He CONMPUKACAThCs, YTOOb He
paspymmTb cobcTBeHHbie HHGOpMaLvonHsbie gaitabt. OTBeyas Ha Bo-
MPOC, AASL YETO MEXaHMYeCKas SHePrUs MacChl MOCTOSHHO TIPECAEAY-
€T SHEPIHIO NOAS Y TEM CaMbIM TPATHT COOCTBEHHYIO SHEPIHUIO Ha Bbl-
pabOTKY BEKTOpA CHMABIL, HAAD CKa3aTb, YTO Y TAKOIO HEMNPEepbiBHOIO
ABWDKEHMSI MOXKeT OBITH AMILIb ABE HEOAHO3HAYHBIE M NPOTNBONO-
AQ)KHBIE HEAM, M 3TU L{EAM AeXKAT B OCHOBE YCTPOEHUS BCEACHCKOIA
MaTepuM U YeAOBeuecKoro coobuecrsa. OCHOBOM NEPBOI 1eAH SIB-
ASETCH KeAaHHe OCBOGOAUTHCH OT M30BITKA SHEPTUN M IOAYYHTD
unpopmanmo. Ho AAs MeHsl, Kak CTOPOHHEro HabAAATEAS FIpoLiec-
€a, 5TO HOPMAABHOE XXEAAHNE SHEPTUYHOTO KBAHTA BOCTIPMHUMAET-
CS KaK HEHaBUCTb K NOAEBbIM GOpMaM MaTepuu. Beab OHM ABASIIOTCA
HOCHUTeASIMM UHGOPMAIIMOHHDIX (aIAOB, U MMEIT GoAbLIyI0 cBOGO-
Ay nepepBmkenmst. EcAu Kakoit-HuOYAD KBAHT IOAsi COTIPUKOCHETCS C
MHEPUMAABHBIM MEXaRHUYECKUM KBaHTOM MaTepui, To ero undopma-
uuns OyAeT paspyuieHa, M OH CHOBa OGbEAMHUTCS C HEPasyMHO SHep-
rueii MaTepun. Sl Mory ObITb U He TIpaB, HO BEAb HEHABUCTb B YeAOBe-
JeckoM coobuiecTBe cymecTByer! A OTKYAQ €1 B3STbCsL, €CAU OBl He
6bIAO ee 0A0OUS B MaTepraAbHOM Mupe?

OcCHOBOI1 BTOPOIT L[eAM SIBASETCS 3aBUCTb M TAlHOE jKeAaHue
u30aBUTBCA OT COOCTBEHHO! MHOPOPMALVOHHON CAEMOTHI M TIOAY-
YUTb CBOGOAY MepeaBIDKeHMsI, KaKoit 00AaAaloT moAeBsie GopMbl
Marepun. He npaBAa AM, YTO HEYTO TIOXOXKEE MPOMUCXOAMT U B UEAOBe-
YeckoM coobuecTBe? AyXOBHO SHEPTUYHBIE AIOAU TOXE HEMPEPHIBHO
00pIOTCA 3a CBOIO AMYHYIO CBOGOAY M AaXKe 32 CBOOOAY 3€MHOYO ye-
AOBEYECTBa MAM BCeOOIYI0 AEMOKPATHIO M IIPaBa Y€AOBEKa, HO TaK-
e HENPEPBIBHO YHUYTOXKAIOT NPY 9T0M 60pbhe KaK CBOMX NPOTUBHU-
KOB MAM COBEpIIEHHO HEBMHHBIX AIOAEM, TaK ¥ CBOMX CTODOHHMKOB,
B 4eM-AM00 HECOTAACHBIX C TAABHbIMU GopuaMu 3a cBoOOAY, paBeH-
CTBO ¥ 6parcTBO. TaKoBa >KM3Hb M TAKOBa BCSI MCTOPUS 3€MHOIO Ye-
AoBevectea. Camas Boicnias MHpOpPMALMA 3aKAI0UEHA B TPETbEH K
BBICIIEH MEPAPXUN MATEPHAABHOr0 MMKPOKBAHTA ¥AM B CYHJHOCTH
KBAaHTa AYXOBHOI MOHAABI, KOTOPas 3aHHMAET MYCTOe POCTPaH-
CTBO UEHTPA TSHKECTH. DTOT KBAHT MOHAABI YK€ HE TIPUHAAAECKUT
HaleMy NPOCTPAHCTBY, AAXKE €CAU OH TIOPOKAEH M3 KBaHTa NOAEBOI
SHEPruy, MOCAE TOTO, KaK 3TOT KBAHT MOAHOCTBIO MCTPATHUA cObCT-
BEHHYIO DHEPIMIC U TT0AYy4MA OOXecTBeHHYI0 MHopMaymio. Baaroaa-
P CBOICTBY SHEPHETUYECKON HMIEThl, KBAHT AyXa MOHAaAbl LieHTpa
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HOAYYMA abCOAIOTHYIO CBOOOAY mepeMeleHus], TOAHOCTBIO UTHOPH-
pys Takue pyHAAMEHTAAbHBIE TApAMeTPBI IPOCTPAHCTRA, KaK BpeMs
u paccToanve. Ho raaBHoe pAa’ke He B 5TOM, a B TOM, YTO AYXOBHBI
KBaHT MOHAABI LIEeHTPa MOAYYMA GOXKeCTBEHHOE NPaBoO BHIXOAA M3
npocrpancTsa BceAeHHOM O TYHHEABHOMY II€PEXOAY B HEM3BECT-
Hoe npocrpancteo Orna Hebecnoro.

KBant MOHaaBI LIEHTpa THHKECTY aTOMHOTO sIApPa U A06OI sAe-
MEHTAPHOM YaCTUL{H! SAEPHOTO AGAEHUA, HY TIPY KAKUX YCAOBUAX He
AOAKEH CONPUKACATHCH HE TOABKO C MEXaHWYECKOH 3HEpruei Macchl,
HO M C SHepPTUei MOAEBBIX CTPYKTYP. TI0CAGACTBHUS TAKOI'O HECAHK-
UVOHUPOBAHHOIO COMPMKOCHOBEHUA HETIPEACKA3yeMBbI, HO OHM HIKO-
TA2 HE IPOUCXOAMAM U HE MOI'YT IIPOM30UTH. BHICTPOAEHCTBIE HeH-
TPaAbHbIX KBaHTOB NMPEBHIIIAET BCE MBICAKMBIE BEAMMMHB! KBAHTOB
MaTepuaAbHOro mupa. Io cytu aeaa, ux ckopocts besrpanunyna. Ort-
BET Ha BTOPOJ BOIPOC, TOYEMY KBAHThI (POTOHOB, SAEKTPOHOB, MPO-
TOHOB M MUKDOKBaHTBI aTOMHBIX SAEP, a TAKXKe aTOMOB ¥ MOAEKYA
XMMH4ECKMX SAEMEHTOB U NX COEAWHEHUI CTIOCOOHBI K AAUTEABHO-
MY ¥ YCTOMYHMBOMY CTAOMABHOMY CYUIECTBOBAHMIO BO BPEMEHH, 3a-
KAIOYAETCs B TOM, 4TO BHYTPH UX HPOCTPAHCTBA HOCACAOBATEABHO
BO3HMKAIOT ABa MHPOPMALMOHHBIX LIEHTPA PasHOPOAHOM NIPUPO-
AbL. OAMH HEHTP MOHYXAAET MEXaHMYECKYIO SHEPTHIO MAaCChl APOCT-
HO pasberaTbest, MCNOAB3YA BCIO BHYTPEHHIOW CUAY M VIHEPLIMIO AAS
IpeobpasoBaHmsa ITOTEHUMAADHOM YHEPrMM B KMHETUYECKYK SHep-
ruio. B CBasy ¢ TeM, 4TO BCe AEMCTBUS MMKPOKBAHTOB MH(pOpMALY-
OHHO CMHXDOHM3UPOBAHBI, B GOABIIOM MHOXXECTBE MMKDOKBAHTOB
MPU MX BpAILLiEHUM 9TO NPUBOAKT K 3pdeKTy 06pazoBaHua HEHTPO-
6eXHOM CHUABL.

Apyroit mHGOPMALMOHHBIA LEHTP, BO3HMKUIMIA TOOAM3OCTH
OT NPEKHErO LEHTPA, MPUHYKAET MEXaHUMECKYIO SHEPIMIO MaCChI K
CTOAb e SIPOCTHOMY CKATHUIO, C MCTIOAB30BaHMEM B KayecTBe $op-
MBI ABIDKEHUSL HE CIIMPAAEH, 2 CXOAMILMXCS DAAMIICOB, DTO CBOVMCT-
BO 3a cueT Bceobjei CMHXPOHM3aLMM OPOKAAET ABA BEKTOPA CUABL
OauH BekTOp CHAB GE30TI0PHO NepeMelaeT MUKPOKBAHT MacChl K
HOBOMY L[EHTPY TSDKECTHM, A APYTOil BEKTOD CMABI, HANIPAaBAEHHDII K
HOBOMY LEHTPY TsDKECTH, B CHHXPOHM3ALMM C MHOXECTBOM APYTHX
MMKPOKBAaHTOB MacChl, IPUBOAUT K 3¢peKTy 06pasoBaHus LEHTPO-
CTPEMMTEABHOM CUABI MAM CUABI TATOTEHHS. Takum oOpasom, Al0-
6ot MaTepnaAbHbL KBAHT MACChI HAXOAMTCH B HENPEPHIBHOM He-
CTALMOHAPHOM NIEPEXOAHOM BOAHOBOM HPOLECCE MOCAEAOBATEAD-
HOTO PacIIMpeHust, a 3aTeM CKaTHs ¥ 0e30110pHOro NepeMeleHus.
Tipu sTOM MarepuaAbHBIA MUKPOKBAHT TPATHUT COOCTBEHHYIO BHEp-
TUI0 W JHEPTUIO 3aXBAYEHHBIX (OTOHHBIX MMKPOKBAHTOB Ay4eBOM
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aHepruu 3Be3A MK COAHLIa ¥ ADYTHX ITOAEBBIX GOPM MaTepuy, BKAIO-
Yag ¥ KBaHTHI NOAS IPaBUTALMH, AAST TOTO YTOOBl UCTIOAHMTDH BHYT-
PEHHIOI0 paboTy U IOPOAUTD BEKTOP CUABI G€30II0PHOrO Nepemenie-
Husa. Besonoproe cAOBOe epemMenienne BCETAQ OCYIECTBASIETCS
B HaNpaBAEHMHM LIEHTPA TSHKECTH HeGECHOTO TeAa MAM B HampagAe-
HUu 60A€e MaCCUBHbIX HeGECHBIX TeA, eCAM MUKDOKBAHT HAXOAUT-
Csl.B OAMHOYECTBE TAYDOKOro KOCMOCa BCEACHCKOTO IPOCTPAHCT-
Ba. YeTKOCTb M NOAHOTA OTBETA NOHPABUAACH AAXKE MHE, KaK aBTOPY
3TOI1 COBEPLIEHHO PEAAbHOM IMITOTE3bl BHYTPEHHETO YCTPOICTBA Me-
XaHN4YEeCKMX MMKPOKBAHTOB, YTO ObIBaeT OueHb peako. ITyranuyp: B
MoMx paboTax MpeAOCTaTouHO. B OCHOBHOM s MCIBITHIBAKO KpaiiHee
pasoyapoBaHue 1 TAYDOKYIO AOCaAY, KOTAa 0GHAPYXKMBAIO PaCXOXAE-
HHe 3aQMKCUPOBAHHBIX HA SAEKTPOHHOM HOCUTEAE TEKCTOB, C TEMHU
MbiCAAMM 00 YCTpOCTBE MaTepPUAABHBLIX M AYXOBHBIX CYH{HOCTe#
BceeaenHoi, KOTOpHIe IOABUIAM MEHS Ha TBOPYECKY10 paboTy 1o us-
AOXXEHMIO CBOMX MBICAEH AASL HIMPOKOTO Kpyra YUTaTeAen.

OtBer Ha BONPOC, YTO -OYAET MPOMCXOAUTH C MATEPUAABHBIM Te-
AOM HeGOABIIO MACChl, KOTOPOMY ITO BOAE YEAOBEYECKOro pasyma 6y-
AeT TIPHAAHA MOCTOSTHHAA CKOPOCTh B FAYGOKOM KOCMOCe, YaCTH4HO
YKe USAOKEH B ABYX IIPEABIAYIIMX OTBeTax. Beab M30AMpOBaTH MaTe-
PHMAABHOE TEAO OT BCEIIPOHMKAIOIET0 BOACHCTBUSA NOASA IPaBUTa-
IMHM YEAOBEKY He 110 CHAM B AJ0OBIX rAyBuHax KocMoca. Ipapuranm-
OHHOE ITI0A€ — 3TO TOHKas MaTepuaAbHas NPOCTPAHCTBEHHAs CTPYK-
TYpa, KOTOpas HeceT B cebe MaAO SHEPriu, HO 3aTO YMeeT NlepeAaBaTh
M CKAAABIBATD 110 3aKOHY BEKTOPOB MHGOpMaLMIO 0 Macce Beex Hebec-
HbIX TeA BceaenHoit. EcAu MaTepraAbHOE TEAO COCTOUT U3 MHOXKECT-
Ba «IN» MUKPOKBAHTOB ATOMOB M MOAEKYA XMMUYECKNX BA€MEHTOB 1
MX COEAMHEHMIA, TO CAMM KBAHTHI MOHAA UX LIEHTPOB TSKECTe BhIYUC-
AAT U OTIPEACAAT, KEHTPAABHBII MMKPOKBAHT HCTMHHOTO LIEHTpa Td-
XKeCTU MaTepHaAbHOTO TeAd. LieHTp TskecTu A1060ro MaTepuasbHO-
O TeAa MMeeT UHPOPMAITMIO HE TOABKO O KOAMYECTBE «IN» MUKPO-
KBaHTOB (pM3NYECKOro TeA; HO 1 06 uX 06meit Macce. DTO CBOMCTBO
He TpebyeT AokaszaTeAbCTB. OHO AOKa3aHO IPEABIAYIIMMM TIOKOAE-
HMSIMU YYEHDIX, PYKOBOACTBYSCH TOYHBIMU AQHHBIMU 06 001eit Macce
cO6CTBEHHOTO (PU3NIECKOTO TEAR, O IEPBOHAYAABHOM BEKTOPE CKOPO-
crY, a TakKke MHGOpMaleit 0 CYMMApHBIX BEKTOPAX CUA OTARAEHHBIX
¥ OAVDKHMX MAaTepUAABHBIX MaKPOOObEKTaX BCEAEHCKOTO NPOCTPaH-
CTBA, AyXOBHBI/f KBAHT MOHAABI OOLIEro 1jeHTpa MeXaHU4ecKoi Mmac-
Chl HAYHET MIHOBEHHBIMM, KOPOTKMMM «CKauKaMu» Ge3onopHo me-
peMewaThCs 110 3apaHee PACCYUTAHHOM TpaeKTopun. ECAM roBoputh
SI3BIKOM HAyKM, TO MaTEPUAABHOE TEAO, KOTOPOMY YEAOBEK IPUAAA TI0
COGCTBEHHOMY pasyMy M BOA€ MOCTOSHHYI0 CKOPOCTD, TIPUCTYIIUT He
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TOABKO K MCIIOAHEHMIO BOAM 4Y€AOBeKa 110 mepBoMy 3akoHy Heloro-
Ha, HO ¥ K UCIIOAHEHMIO 33aKOHa BCEMUPHOTO TAroTeHus. B xakyio 611
CTOPOHY OT TAQBHbIX MaKpooObexToB BceaenHolt oy GbIA HallpaB-
A€H BEKTOP NepBOHaYaAbHOM CKOPOCTH, i KaK Obl BEAMK OH HM ObiA
MO CHAe MepBOHAYAABHOTO MMITYAbCa, HO AYXOBHAsi MOHaAa ofmie-
FO HEeHTpa TOKECTH MeXaHMYECKMX MACC HIPUHYANT MaTepUaAbHOE
TeAO UCNIOAB30BATh SHEPruI0 COOCTBEHHOM MacChl M BHIpabaThIBaTh
MMHOYABCHBIA BEKTOP CHALI, HANPaBACHHBIH B Ty CTOPOHY, FA€ pac-
NMOAOXKEHbl MACCHMBHBIE MaKPOOODHEKThl BCEAEHCKOrO NMPOCTPAHCT-
Ba. ITpyu sTOM nepBOHAYaALHBI MMITYABC CMABI ¥ CKOPOCTH, KaK M Ha-

. FIDAaBAEHHE ABIDKeHMs, OYAYT M3MeHeHR B CTOPOHY YMEHBIUEHUS MAU
yBeAnuenyis. [ToMMMO BOAM YeAOBEKA M BOTIPEKM BCEM TPEM 3aKOHAM
MeXaHMKH, CKOPOCTh ABIDKEeHMA OYAET COTAACOBAHA He C BOAE YeAO-
B€Ka, a ¢ 3aacOM BHyTPEHHel SHEPTUM M C HAAVMMEM BHEITHMX Ayde-
BbIX MCTOYHUKOB. PasBe g He npap?

O KaKOM MOCTOSAHCTBE CKOPOCTH, M KaKoif IPAMOAMHENHOMA Tpa-
€KTOPHM, MOXXHO BECTU P€ub B YCAOBMSIX AEMCTBM 3aKOHA BCEMMP-
HOT'O TAroTeHUn? U Kax YeAOBEK HayKU MO>KET OTMEHITD.3TOT 33KOH,
npeAltoAarasi Kakoe-1o Muguyeckoe paBHOMepHOe M NPAMOAMHEN-
HOe€ ABHIKEHME MaTepuaabHoro Teaa? Co BpeMeneM pacCTOSHME MEX-
Ay MacCUBHBIMY TeAaMM BceAeHHOM M HAllIMM MaAbIM MaTepUAABHBIM
TeAOM, 00A3aTeAbHO HauHeT yMeHbmaThcsl. TIo 3aKOHY BceMMpHOro
TArOTEHUA CHMAA B3aMMHOTO NMPUTSKEHMS MPAMO NPONOPLMOHAABHA
MaccaM TeA M 00paTHO NPONOPIMOHAAbHA KBAAPATY PACCTOSAHUA Me-
XKAY HUMU. YMeHbIIeHNE PACCTOSHMUA YBEAUIUT CHAY B3AUMHOTO TIpH-
TSDKEHU, a 3HAUUT, GYAET M TIOCTOAHHO HAPAIMBATH CKOPOCTH MX B3a-
HMMHOTO cOAmKeHUS. Besikoe MaccuBHOe HebecHoe TeAo He CTOMT Ha
MeCTe, a ABVDKETCA [0 CIIMPaAM, DAAMICY, Iunepboae nau mapaboae.
BoT ¥ Hame MaAOe MaTepuaAbHOE TeAO OyAeT ABMraThCs B Hanpas-
A€HMH 3TOTO MaCCUBHOIO TeAa He I10 NPAMOIA, a N0 KaKO#-TO KPMBOMI
AVHUM CAOXKHOM GOPMBI, KOTOPAA NPY NPUOAIDKEHHM K MACCUBHO-
MY HeGeCHOMY TeAy 00S3aTEAbHO KBBIPOAVTCS» B CHMPAAb, FUIiep-
6oAy uan mapaboay. MaAoMy TeAy He AAHO IIpaBo Kak oT Bora, Tak 1
OT HayKM, CTaTh CAMOCTOATEABHOM IIAQHETOM M TIEPEHUTH Ha DAAMITTH-
4eCKYI0 (POPMY ABIOKEHMs. TaKMM MCKAIOUMTEABHBIM IIPaBOM O0Aa-
AQIOT TOABKO CAMOCTOATEAbHbIe HeGeCHbIE TeA, HEHTP TAKECTH KO-
TOPBIX 3AaHMMAET HE OAVIH KBAHT AYXOBHOM MOHAABI, 3 ACAETHPOBAH-
HBIA AYX BCETO MHO)XECTBZ MAaTEPVAABHBIX MUKPOKBAHTOB, KOTOpbIE
COCTaBASIIOT CYMMApPHYIO MacCy HebeCcHOTro Teaa.

Touemy s ¢ HOAHOM yOEXKAEHHOCTDIC YTBEPXKARIO, YTO BCE Mac-
cuBHble HeOecHbIe TeAa, OpOuTaAbHbIE XapaKTEPUCTHUKU KOTOPHIX 06-
AQAQIOT HE3BIOAEMOII CTAaOMABHOCTBIO, 00A3aHBI ABUIAaTbCA IO DA-

51



AMITHYECKMM opbUTam? Aa MOTOMY, YTO STOT YAMBMTEAbHbI! (akT
ABIDKEHHs BCeX 0€3 MCKAIOYEHUS HAAHETHBIX TE€A M UX CIyTHUKOB 110
SAAMNTHYECKUM OpOuTaM obHapyxua Kenaep, a 3aTteM u skcriepu-
MEHTaAbHO TIOATBEDAMAA BCS MaTepUaAMCTMYecKasa Hayka. Ho yem
BBI3BaH SAAMIIC NMAAHETHBIX 0pOUT? OH BBI3BaH HENPEPHIBHBIM ABU-
xeHueMm COAHLIA IO CBOel raAakTuueckoit opbure. Ecau 661 Coanue
HE ABUTAAOCDH, 3 CTOSIAO Ha MECTE, TO Bce OPOUTAaAbHBIC NAAHETHBIE
BAAUIICHI HEMEAACHHO <«BBIPOAMAMCBH» B CXOASINMECH CIMPAAU.
INopumusasich 3akoHy 4ncaa «IIm» M 3aKOHY BCEMHPHOIO TArOTe-
Hust, naaHeTsl COAHEYHONM CHCTEMBI MpeBpaTMAMCH OBI B ee «uc-
KYCCTBEHHBI€» CITYTHMKM ¥ HeOOpaTHMO cTaAm 651 CHMPAABHO CXO-
AMTBHCA K «MAaTEPUAABHOMY YPEBY» CBOEH COAHEYHO MaTepH, IIOKa
He MPeBPATMAMCEH B MacTh 3B€3AHOM MaTepuu Haulero Coanna. Ta-
KuM 00pasoM, ABIDKEHME MeXaHMYEeCKOM SHEePIMM COAHEYHOM Mac-
CBI TIO CBOE TaAaKTUHIECKOI OpOUTe ABAAETCA HE «KBO3MYTUTEAEM»,
a rAABHBIM FapaHTOM CTabMABHOCTYM OpPGMTAABHBIX NAPAMETPOB BCEX
naaHeTHbIX TeA COAHEYHOM CHCTEMBI M MX CITYTHUKOB.

Cxopoctb CoAHIa Ha CBO€IT FAAAKTHYECKOM OpPOUTE ABASCTCS OA-
HUM 13 TAQBHBIX PETYAATOPOB He0ECHOTrO MeXaHM3Ma TI0 aBTOMaTHe-
CKOMY YAep>KaHUIO OPOUTaABHBIX APAMETPOB M XaPAKTEPUCTHK I1AQ-
HETHDIX T€A B MX 3aAaHHbIX npepesax. ITpy aTOM UCIIOAB3YeTCsA TOT XKe
NPUHLMIT MaABIX OTKAOHEHMIA OT UA€RABHOTO 00pasiia B Ty MAM MHYIO
CTOPOHY. DTO ABMIKEHHe NIPOMCXOAMUT He NMAABHO, 2 UMITYAbCHO, Ma-
ABIMM KBaHTaM# ¥ GOpMUpPYET BTOPO# HEHTP 9KCEHTPUTETA DAAMII-
COB MAQHETHDIX TeA. ITycTb yueHble, ellje pa3 BHUMAaTeAbBHO ITOCMOT-
PAT, KaKue FPOLIECChi IPOMCXOAAT B HeOECHOI MEXaHMKe aBTOMATH-
4eCKOTr0 PEryAMPOBAaHUA OpOUTAABHBIX I1aDAMETPOB TTAAHETHEBIX TEA?
Macca CoAHlla MCITOAHsIET 3aKOH BCEMMPHOTO TATOTEHUS, ¥ GOpMU-
PYET HEHTPOCTPEMMUTEABHYIO CHAY BpallfeHHsi, KOTOpas NPUTATUBAET
NAQHETY, ¥ 3aCTaBAAET ee ABUIaTbCS He MPAMOAMHENHO, a M0 CXOAS-
meitca crmpaAr. Ho KakABlil LIEHTP 9KCEeHTPUTETa, MHAMBUAYAAD-
HBIN AASL KQXKAOM NAaHeTsl COAHEYHOM CHCTEMB], OTTAAKUBAET BeK-
TOPOM HEHTPOGEKHO CHABI CBOIO NAaHeTy OoT Maccsl CoAHIa, U 3a-
CTaBASIET €€ ABMTAaThCA He MO CXOAAMIENCA CIIMPAAMY, a IO DAAUICY.
A Tenepb NOCMOTPUTE, YTO MPOUCXOAUT BHYTPH ATOMHOTO SIAPA MUK-
pOKBaHT2 MexaHuyeckoit maccel? [Toaoo06Ho CoaHeuHOM cucreme, B
Ka)KAOM aTOMHOM SIAP€ CYI[eCTBYeT ABa LleHTpa cuabl. OAMH U3 HUX
obpaayer cpasy ABa BEKTOpa CUABL: BO-NIEPBBIX, SHEPIMsl MeXaHUue-
CKOM MacChl, U3 COCTOSIHUA BBICILEN CTEeleHU pacliMpeHUs, MbITaeT-
Cs1 CABUHYTD Y YCTaHOBUTb MOHAAY LIEHTpa Ha Ipe’kHee MecTo, u op-
Mupyer B cebe saaunTiueckue opomuter cxoxaeHmst. Ecau 6s1 MoHapa
LEHTPa 00A2A3A2 XOTh KAKOM-TO 3HEPTMEN U HOAUMMHIAACH BCEAEH-

-

52



CKMM 3aKOHaM IIPOCTPAHCTBa ¥ BpEMEHM, TO SHEPTUA Macchl, chopmu-
POBaB CBOMMM 3AAUIICAMU IMPOAOABHBII BEKTOP CHMABI, 00A3aT€ABHO
BepHYAa Gbl AYXOBHBI KBAHT MOHaABI Ha IIpexxHee MecTo. Ho Besikast
3Heprus, 6eCCHAbHA M3MEHMTD NIPOCTPAHCTBEHHOE NOAOIKEHHE AY-
XOBHOTO KBAHTA MOHAABI LIEHTPA, KOTOPBI He COAEP>)KMT HUKAKOMH
SHEPruH M NOTOMY He MCIOAHSET 3aKOHbI HPOCTPAHCTBA M BpeMe-
Hu. He AyXOBHbIf KBaHT LieHTPa, a MEXaHU4eCKast DHEPrUs MacChl 9A-
AMITHYECKMMM OpOMTaMM mepeMelaeT cama cebst K HOBOMY LEHTpY
TSDKECTH, a 3HAYUT, ¥ 6e30IOPHO NEePEABUTAeTC «KOPOTKMMH Niepe-
HexxKaMM» 10 MPOCTPAHCTBY-BPEMEHM.

Bo-BTOophIX, CHOKYCHPOBABIIMCE BOKPYT HOBOrO HOAOXKEHWS,
SHEPIMA MACChl HAYMHAET CIMPAABHO CXOAUTBCA K MOHaA€e LieHTpa U
MOPO’XKAQET BEKTOP LIEHTPOCTPEMMUTEABHOM CHUABL, KOTOPbI YMEHb-
aer pasMepsl aToOMa A0 «$eMTO» U «aTTO» pasMepoB, opsAAKa 10718
MmeTpa. IIpu 5TOM AYXOBHAas MOHaAQ LIEHTPA TSDKECTH, He MMes SHep-
ruy, obAapaeT MOAHOTON MHbOPMAaLUK U TIpEABUACHMEM OyAyllero,
a TaroKe MHGOPMALMOHHO CBS3aHA CO BCEM MHOXKECTBOM AYXOBHBIX
KBaHTOB MATEPUAABHOTO TEAA M €ro o01MM LIEHTPOM TsKecTH. B on-
PEAEACHMEII MOMEHT, He AOTIYCKasi CONPUKOCHOBEHNA C KBaHTa-
MM MEXaHM4€eCKOI SHEPTMHM MacChl, AYXOBHBIH KBAHT MOHAABI 1eH-
Tpa MOKMAQeT N0 TYHHEABHOMY IlepexoAy npocTpancrBo Bceaen-
HOM. JHeprus MacChl 0GHApY)KMBaeT BHYTPHM ce0s IMOAHYIO ITyCTOTY
VAU ABIDKY, ¥ C TaKOi e SPOCTBIO KaK OHa CXOAMAACH K TOYKE LieH-
Tpa, HAYMHAET CIIMPAaABHO PACXOAMUTHCSA, CaMa B cebe NopoXKAas Bek-
TOP IeHTPOOEXHOI CUAbL ITO Ge3yAepiKHOe paclIMpeHHe SHEpPruu
MAacchl, MPEKPAIAETCA TOrAd, KOTAA OHA ITepeBeAET CBOIO MeXaHuye-
CKYI0 KMHETHYECKYI0 SHEpIMi0 B BEpXHMUI YPOBeHb MOTEHLUM U CHO-
Ba OOHAPYXXUT BHYTPH Ce6si AyXOBHBII KBAaHT MOHAABI, KOTOPBIN KaK
Obl BO3HUK M3 «HMOTKYAa». HO yxe He Ha npeXxHeM MecTe, a B HO-
BOM TOYKe IMPOCTPAHCTBA, PACIIOACKEHHO! Ha pacyeTHOM Tpacce
ABWXeHMsI. MexaHu4yecKasi SHeprusi MacChl, He MMesi BO3SMOXHOCTH
CABMHYTEH MH(OPMALIMOHHLIA KBAaHT AyXa COGCTBEHHOM CHUAOW, CHO-
Ba [IEPeCTPauBaETCA 10 SAAMITTUYECKMM OopOuTaM, 1 TeM caMbiM Ges-
OIIOPHO TIepeMEILAeTCA K HOBO TOUKe IPOCTPAHCTBA. 3aTeM IpoLecc
CKaTUs AaTOMHOTO AAPA AO «deMTO» U «aTTO» Pa3MePOB NOAHOCTbIO
MIOBTOPAETCS.

TAaBHBIN BBIBOA HampamvBaeTcs caMm coboi: MaTepusa He Mo-
JKeT CYI|eCTBOBaTh BO BpeMeHy, 6e3 HCHOAHEHH NIOCTOSAHHOM pa-
60ThI ¥ Ge3 HeNPEPHIBHOIO MMIYABCHOTO NepeMeIeHHsI IO Mpo-
crpa”cTBy. [locrosiHHas pabora MpONOPLMOHAAbHA MeXaHUYECKOM
3HEPIUMM MaTEPUAABHOTO TeAd M IPOSBAIECTCSE KaK BEKTOP CHAbI bu-
3MYECKOTo Beca Teaa. Maccy, Kak CKaAsApHYI0 0e3BEKTOPHYIO BEAMYU-
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HY, 00pa3yeT sHeprusi MATEPMAABHOTO MUKPO- AU MAKPOKBAHTA BCe-
ACHCKOJ MaTepuH, KOTOpas 3aKAIOYEHA HEIIOCPEACTBEHHO B KBAHTHI
MPOCTPAaHCTBA. MacCy TeAa HEBO3MOXKHO BLLIBUTH MAM OIIPEACAUTH
HMKaKMM MHBIM CHOCOOOM, KPOMe KaK Yepes BHYTPEHHIOW pabory
BAAMIITHYECKHX CHMPaAeli KBaHTOB Maccoobpasymoleil aHeprun, Bo
BpeM# UX CXOXAeHMs ¥ 6e30NOPHOro nepeMenieHns K HOBOM TOYKe
dunsnyeckoro yeHrpa TaxecTy. Utak, B OTAMYME OT yTBEpXKAEHHA
HbloToHa, BciKOe MaAOe MATEPHMAABHOE TEAO B rAYDOKOM KOCMO-
ce He OYACT ABMIaTbCsl C MOCTOAHHOM CKOPOCTHIO HO NIPAMOM AM-
HUM, 2 GyAeT KOPOTKMMM «CKauYKaMu» Ge30MopHO nepemMeInaThes ¢
HOAOKHMTEABHBIM MAM OTPHIIATEABHBIM YCKOPEHHEM 3a CYeT pabo-
Thi KBAHTOB MEXaHMYECKOI BHYTDEHHEN SHEPrHy U CO3AAHMA Me-
PEeMeHHOTr0 BEKTOpa CHAbL IIpuieM aTOT NepeMeHHBII BEKTOP CHABI,
MPONOPUMOHAAbHBI YCAOBHOMY MOHATHIO MAacChl 1 PEAAbHOMY IO-
HATUIO BHYTPEHHE MEXaHMYECKOIl JHEPIrMM MATEpPMAAbHOIO TeAa,
Bcerpa OyAeT HanpaBAeH B CTOPOHY MacCUBHBIX HeGecHbix Tea. O no-
BEPXHOCTH Halllelt IAAHETH M TOBOPUTD Hedero. 3Aech HUMKaKoe paB-
HOMepHOe U NMPAMOAMHEHOE ABIDKEHUE HEBOSMOJXKHO, IIOTOMY 4TO
HET NpsAMBIX AMHMIL. Kak )ke MOXHO ¢ TAKMM HaMBHBIM TIDEACTaBAE-
HueM CpeAHMX BEKOB ABUTATh COBPEMEHHYI0 HAayKy B NPaBMAbHOM
HanpaBaenuu! He nopa A CHATD ¢ rAa3 MOpPHI HAYYHBIX aBTOPUTETOB
¥ HOCMOTPETb Ha MUP He MX, 2 COOCTBEHHBIMM TAA3aMM.



MasalV

OTPAHWMUTENb CKOPOCTW U TEOPUA
OTHOCUTENBHOCTH

1.Teopuss omHocumeAsbHOCHIU U CKOPOCHb MEXAHUYECKUX meA

TTpumeM aTy BaxkHeNIy1o HGOPMaLMIO 0 6€30NOPHOM YCKOPEH-
HOM IepeMelieHNY MaTePUAABHOTO TeAd B FAYOOKOM KOCMOCe 3a CYeT
COOCTBEHHOr0 BEKTOPa CHAB, K CBeAeHMIO. [1o Aoruke paccyxaeHuin
HOAYYAETCs, YTO YeM Ha GOAbLIEM PACCTOSHUM HAXOAMTCA Haule Ma-
AO€ MaTEPHAABHOE TEAO OT MACCMBHOTO HeBeCHOro Teaa, TeM 60Aplle
TEAO MMEET BpeMeHH, YToOhl Pa3OrHaThCs A0 MaKCMMAaABHON CKOPO-
CTH ¥ MIPOM3BECTY Pa3pyLHAOIMIA YARP O MAaCCMBHOMY TEAY 3Be3AbL
uau naaversl, Ho passe Myapbiit ycTpouTeab BceaeHHOI M03BOAMT,
4yTOOBI MaTepusi BCEACHCKOIO IMPOCTPAHCTBa cama cebs paspyuia-
A2 ¥ MIPMBOAMAA K HECAHKLIUOHMPOBAHHOMY SAAEDHOMY UAM TEpMO-
saepHOMY Tipouieccy? KaKAOMy IIKOABHMKY M3BECTHO, YTO MaTepH-
aAbHbIE TEAA HE MOTYT IlepEMELAThCst CO CKOPOCTBIO BbIlIIE CKOPOCTH
CBETa MAU CKOPOCTM ITepeMEleHUA 10 MPOCTPAHCTBY GOTOHOB Ay-
4yeBOyM dHeprum. Aa’ke OTAEABHBI NPOTOH, B CNELMAABHOM MATH-
AECSITUKHAOMETPOBOM KOABLIEBOM YCKOpHuTeAe nmocpeay EBponni,
HEBO3MO)XHO Pa30THATh A0 CKOPOCTM CBETA, 3 AMIIb MOXKHO HpH-
OGAM3UTBCA K 3TOM CKOPOCTH. A €CAM B3ATb HE OTAEABHBIN NIPOTOH,
a rpaMM Kakoro AM60 XMMMKYECKOIo SAEMEHTA, TO AQKE THICAYA «IK-
BaAaii3epoB» EBpOIIBI HE CMOrYT Pa3OrHaTh 3TOT I'PaMM BELIECTBa He
TOABKO AO CKOPOCTH CBETa, HO AK€ A0 CKOPOCTH OTAEABHOIO Mpo-
toHa. [TpocTo He XBaTuUT BCEl 3HEPIUM, KOTOPYIO BbipabaTbIBaeT Co-
BpEMEHHOE YEAOBEYECTBO, 3 €CAM CMOTPETH rAyOXe, TO AAS pasroHa
OTAE€ABHOTO MPOTOHA A0 a6 COAIOTHOM CKOPOCTH CBETA, He XBATUT
AdKe TOM SHEepPruM, KOTOpas 3aKAIOYEHA B MAcCe MAAHETHI 3eMAsA
u B Macce Coanrja. DTo He MO BBIAYMKA, 2 HaYYHbIM (aKT, KOTOPbIiA
BBITEKAaeT U3 POPMYA TEOPUM OTHOCUTEABHOCTH, U NIPUTOM 3TOT Ha-
Y4HBIA (AKT MOATBEPKAEH GECUMCAEHHBIM KOAMYECTBOM SKCIIEPH-
MEHTAAbHBIX AAHHBIX.

Y3 popMyAa Teopum OTHOCMTEABHOCTH CAEAYET, YTO YeM Bhille
CKOPOCTDb ABMKEHMA MaTEPUAABHOIO TeAd, TeM DOAbLIE B DTOM TeAe
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TIPOMCXOAWT BHYTPEHHe mepepacnpepesenve macc. CyMMapHoe Ko-
AMYECTBO Macchl KaK 6bl He YBEAMMMBAETCs, HO MEXaHUYECKas SHep-
15l MacCChl B HalIPaBACHUM TPACChI IOAETA YMEHBILIAETCH, a B HaNpaB-
AeHUM, 0OPATHOM BEKTOPY CKOPOCTM ABIDKEHUS T€Ad, MEXaHMYeCcKas
3HEpPrus MacChl HACTOABKO Xe€ YBeAuuuBaeTcia. MexaHuyeckoe TeAo
pacTSArvBaeTCs B AAMHY IO Tpacce ABikenus. CoBpeMeHHas Hay-
Ka HeCroCcoOHa O0bsACHUTD PUBMIECKUI CMBICA STOTO SIBA€HMS, MO-
3TOMY TEOPUIO OTHOCUTEABHOCTH He TIOHMMAIOT ¥ MHOTME AIOAU Ha-
y4HOro coo6uectBa. OAHAKO € y4eToM Hammx obmmx GUA0COPCKux
U HaYYHBIX BEIBOAOB O TeX MPOLIECCAX, KOTOPble IIPOUCXOAST BHYTPU
ATOMHBIX SAEP, KaK Y B AIOOBIX MUKPOKBAHTaX, 3aKAYAIOIMX SHEp-
I'MI0 MaccoobpasoBaHMs, Y 3TOr0 GeHOMEHa «CaMOTOPMOXEHUSA» CY-
HeCTBYeT MoHATHOE usudeckoe 06bsacHeHne. Bo-nepBbix, HaAO No-
HATD, YTO Tipu cBOEM pasrone B CTOPOHY MacCMBHOTO HeGecHoro
TE€AQ MAAOE MATEPUAABHOE TEAO He MOXKET MCIIOAb30BATh DHEPIUIO
MaccUBHOTO HeGecHOro teaa, 6o yepe3 moAe rpaBUTALUM Iiepe-
Aaercs ToAbKo mHpOpMayus, HO He nepeAaeTCA HUKAKOM SHEPTUM
OT He0EeCHOro TeAa MAAOMY MaTepHAABHOMY TEAY. SHauuT, npu Ge3-
OMOPHOM CaMOpa3rOHE MaAOe TEAO UCIIOAb3YeT TOABKO COOCTBEHHbIE
OrpaHUYeHHble 3allaChl BHYTPEHHE MeXaHu4ecKOM SHeprum, mpo-
MOPUMOHAAbHBIE MAacce TeAa. Tak Kak 3anachl BHYTPEHHEN KUHETUYe-
CKOJ M TIOTEHUMAABHOI SHEPIuH, HEOBXOAUMDIE AAS HETIPEPBIBHOTO
06pasoBaHuA TpeX BEKTOPOB CUA, B KOKAOM aTOMHOM SIAPE CTPOro
AO3MPOBAHBI, TO M CYMMAPHas BHYTPEHHIA MeXaHUYeCKas KUHeTHYe-
CKast SHEPrusi CTPOTO COOTBETCTBYET MAcce TeAd pH A106oit ee MAOT-
HOCTH, XMMIYECKOM cocTaBe ¥ ¢pusuuecknx pasmepax. Aas popmu-
POBAHU MYABCUPYIOLIETO BEKTOPA CHABI €30NIOPHOIO CAMOABYDKE-
HMSA UCTIOAB3YETCA TOABKO Ta MEXaHMYeCKast KUHEeTUYeCcKas DHePIus,
KOTOpass o0pa3syeT LieHTPOCTPEMUTEAbHBII BEeKTOP MAacChl MMKpO-
KBaHTa ¥ BCETO MATEPUAABHOTO TeAa.

YBeAauuuBasi BEKTOP CUABI 0€30TIOPHOTO CAMOABIDKEHMS, Ma-
Tepusi BEIHY)KA€HA YMEHBIIATh B HAIIPABACHMM ABVKEHUA Mexa-
HMYECKYI0 KMHETMYECKYIO JHEPIui0 MacCoo0pPa3oBaHus, YTO aB-
TOMAaTHYECK! NPUBOAMT K YMEHbUICHHI0O MACCHl B HalpaBACHMM
ABIDKEHUSA TeAa Y K PABHO3HAYHOMY YBEAUUYEHMIO IIEHTPOCTPEMM-
TEABHOTO BEKTOPA CUABI, 4 3HAYMT, K YBEANYEHUIO MAaCcChl B HANIpaB-
AeHnN, 06paTHOM BEKTOPY CKOPOCTHU MepeMeIteHusT Puandeckoro
TeAa. TeAao He Kak Obl, a ACHICTBHTEABHO PAcTATMBAETCH MO Tpac-
ce pBmwkenus. Ho uTo nponcxoaut Ha camom peae? Ha camom aeae,
AQKE MAEAABHO 1APOOOPA3HOE TEAO NPEBPAIAeTCs B SAAMIICOMA, C
ABYMs LleHTpamy Macc. JTa pa3sGaAaHCMPOBKA SABASETCA MEXaHMU3-
MOM aBTOMATHU4€CKOTOQ PETyAMPOBaHMs, KOTOPBIH, 6Aaropaps Massim
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YCKOPEHUSIM M 3aMEAACHHUSM, a IPOIUe TOBOPS, 6Aaropaps MaAbIM OT-
KAOHEHMsIM, CTaOUAKU3UPYET CKOPOCTb T€Aa OKOAO KaKOTO-TO 3Haye-
Hus. [Tpu 3TOM BeAuumHa CKOPOCTH OYAET IOAHOCTBIO 3aBMCETD He OT
Macchl TOTO 0OBEKTa, K KOTOPOMY ABVIXKETCS TEAO, 3 OT BHYTPeHHeM
DHEPIUM U BeAUYUHBI COOCTBEHHO MaCChl. ITOT NPOLIECC MOXHO I0-
KasaTh C MOMOLIbI0 PabOTh BEKTOPOB CHA U MATEMATUIECKUX BBIYMC-
AEHMIA, HO 5 He OyAY 9TOr0 AeAaThb, YTOOBI He OTHYIMBATh TEX YMUTATE-
Aeil, KOTOpbi€ )KAYT OT MEHsi HOBBIX MBICAEH, a He MaTeMaTU4YeCKUX
AOKa3aTeabCTB. OCTaBUM AOKa3aTEAbCTB2 M ONPOBEPXXEHUS CaMUM
yJueHbIM M ABUHeMCs paAblie. Kak pas M3 MaTeMaTH4eCKUX AOKa3a-
TEABCTB CAEAYET, YTO Ha CKOPOCTAX, GAMBKMX K CKOPOCTH CBeTa, Npo-
MCXOAUT TOPMOXKEHMEe MEXaHMYECKOTO TEAA He TOABKO 3a CYET «Iiepe-
pacnpepeAeHusa» Macc. HauuHaeT pacTu caMO YMCAEHHOE 3HAYEHHE
maccel. He TOABKO 00eCneYuTh Pa3roH, HO ¥ IOAAEPKaTh CTaOMAD-
HOCTB CKOPOCTH 0€e3 TOCTOPOHHEr'0 MCTOYHMKA CHADBI, HEBOSMOX-
Ho. Hayka A0 cux nop He NoHsAa GM3MYECKUA CMBICA 3TOTO YHUKAAb-
HOTO sAiBA€HMA. AeAao-To npocToe. EcAu Macca TeAa HauMHaeT Ipu Bbl-
COKMX CKOPOCTAX BO3DACTaTb, TO 3HAYUT, Macca TeAad He ABAAETCA
Pa3 ¥ HaBCETAa YCTAHOBAEHHBIM HEM3MEHHBIM NapaMeTpoM. B Ao~
60M TeAe eCTh CKpbITasgs Macca, KOTOpasi NPOSIBASETCS IPH BBICO-
KMX CKOpocTAX. [IpobAeMy CKpBITOI MacChl Mbl pacCCMOTPUM B 3a-
KAIOUMMTEABHBIX TAABAX KHUT'M. A AQAbIIIE CAEAYIOT ABa BBIBOAA.

HNepeBpiit BLIBOA 32KAXOYAETCS B TOM, 9TO CKOPOCTH MaAOro
(pHU3NIECKOTO Teaa B AAABHEM KOCMOCE ACHICTBUTEABHO CO BpeMe-
HeM CTabMAM3UDPYETCH, HO He Ha TOM CKOPOCTH, KOTOPYIO TeAy HpH-
AQAM B NNEPBOHAYAABHBIN NEPUOA BO3AECHCTBUA CHAOBOTO HMITYAD-
ca, a Ha TOM, KoTOpast OyAer BbIpaboTaHa CAMUM MaTEpPNAABHBIM
TEAOM, MCXOAS M3 KOANYECTBA MeXaHW4eCKO DHepruM COOCTBeH-
Hoit Macchl. TIpuyeM AAs 6e30MacHOCTY MaCCHMBHBIX HEGECHBIX Tea,
BPOAE 3BE3A UM IIAQHET, MaAble TeAd, MMEIoUMEe MAAYIO Maccy, OYAyT
HepeMeliaTbCsl K MacCMBHOMY HeOecHOMy 00beKTy ¢ 6oAbluelt cKo-
POCTBIO, Y4EM MaAble TeAa C GOAbIIel Maccoil. Moy BHIBOABI MTPOTH-
BOpeYaT 3aKOHY BCEMMPHOrO TATOTEHMs], COTAACHO KOTOPOMY, YeM
6AMDKe paccTosHue, HarpuMmep, MeXAy COoAHLIEM M METEOPOM Maccoi
OAMH KMAOIPaMM, TeM OOABILE CHAA B3aMMHOTO TSATOTEHUA. A 3HAYUT,
U CKOPOCTB COAMKEHMS TTOA AECTBUEM HAPACTAIOLIEN CHUABL AOAXKHA
HApacTaTh MO 3KCMOHEHTe e3 BCAKOro orpaHuYeHus M npeaeaa. Ho
TA€ Y4€HbIe BUAEAM, YTOOBI METEOPBI AETEAH CO CKOPOCTAMU, OAN3KHU-
MM K CKOPOCTH cBeTa? Ha aT#X CKOPOCTSX OHM AQBHO Obl BHIBEAU U3
crpos Bcio COAHEYHYIO CHCTEeMY.

Kak pa3 Bonpexu 3aKOHY BCEMUPHOTIO TAFOTE€HMUs, YeM OOAb-
ufe Macca KaKMX-HUOYAD OTA€ABHBIX 6OAHAOB M KOCMHMYECKHX KaM-
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Helt, KOTOpble BO MHOXeCTBe «6AyKAai0T» no CoAHEYHOW CUCTe-
Me, KaK B I0sIce aCTEPOMAOB, TaK M Ha OPOMTAX KOMET, TeM MEHbHIE
X AMHEMHAaA CKOPOCTb. JTa 3aKOHOMEPHOCTb 3KCIIEPUMEHTAABHO
TIOATBEPXXAEHA aCTPOHOMMYECKUMM HAOAIOAGHUSIMU 32 ACTEPOMAAMH
v Goampamu. ¥ aTa 3aKOHOMEPHOCTH, KOTOPas IPOTMBOPEYUT 3aKOHY
BCEMUPHOIO TATOTEHMS, OTIPEACAAETCS TeM, YTO, BO-HepBbIX, CoAH-
Lie He TPAaTHT CBOIO SHEPTMIO Ha HOPMUPOBAHME B HMX BEKTOPA CHADI
NPUTSDKEHUA, 2 AA€T C TIOMOLIbIO ITOAA I'PRBUTALIUM AN MHPOPMa-
LIMI0 O CBOEJ Macce M CBOEM IT0AOKeHMM. BesonopHoe nepemeuieHune
B cTopoHy COAHlla TaKue acTepPOUABL, OOAMABI M METEOPbI OPTraHU3y-
10T TOABKO 3a c4eT cOOCTBEHHOM BHYTPEHHE! MeXaHWYeCKOH 3Hepri:
i, B CBA3KM C 9THM, DKCIIEPUMEHTHI C MAACHHEM TEA PASAMYHOMN
Macchl B BaKyyMHBIX TPY0Gax BOAM3M 3€MHOM HOBEPXHOCTH AOAXK-
HBI MOKa3aTh HE3HAUUTEALHYIO PasHUIY MEXAY YCKOPEHUeM CBO-
60AHOTO MAAEHNA MACCHMBHBIX M A€TKMX TeA. Takoi sKCHepUMeHT
TIOATBEPAMT HEIIOAHOTY M HPUOAM3UTEABHOCTb, €CAM HE CKasarb,
OIMO0YHOCTD, TEX BHIBOAOB, KOTOpbl€ CAEASA reHMaAbHbIt Vicaak
HuioTOH, KOTAQ B CaAy Ha €10 rOAOBY YIIaAO 3peAce 10A0Kko. Bo-BTo-
PhiX, IO 3aKOHAM TE€OPUM OTHOCHTEABHOCTH, Ha GOABIINX CKOPO-
CTAX ¥X BHYTPEHHssl MeXaHMvecKas SHeprust MaccoobpasoBaHus
NPUXOAUT B AUCORARHC M OIPAHNYMBAET MX IIPEAEABHYIO CKOPOCTD
B 3aBHCUMOCTH OT BeAWUINHBI cOOCTBeHHOM Maccent, VsBecTno, ¥ro
1eM GoAbllTe Macca, TeM GOAbILIe MeXaHMYECKas MHEPLHMA MaTePUaAD-
HOTO T€Aa, a 3HAYUT, ¥ MeHbllle OyaeT CKOpOCTb Ge3onopHoro nepe-
MeLeHMs TaKMX MaCCHBHBIX aCTEPOMAOB 110 npocTpaHcTBy CoAHeu-
HOM CUCTEMBI.

2. Bpawenue HeGecHbLx meA U noAe zpasumayuu

M3BecTHO, 4TO KaXKAO€ CaMOCTOSATEABHOE HEOECHOE TeAO Bpatifa-
eTcA BOKpYr cobCcTBeHHOI 0CH 1 6e30M0pHO NpoABUTaeT camo cebs
He 110 OKPY>KHOCT#M; a 1o 3AAuncaM. KpoMe Toro, kaxxaoe HacTosuee
HeGecHOe TeAO OIIMChIBAET PaBHbIE 110 MAOIAAM CEKTOPA, MEXAY LieH-
TPOM TAKECTYU BEAYIETO HEHECHOTO TeAa M OpGUTAABHBIMU MOAGKE-
HUAMM BEAOMOTO HeOECHOro TeAa 3a PaBHBIE IPOMEXYTKM BpeMeHH
VAW UCTIOAHsIET BTOpoW 3aKkoH Kenaepa. BoT ToAbKO npuMeHMTeAD-
HO K 5TMM TeaaM HbioTOH 1 pa3apaboTaA Teopuio NOAS rPaBUTALUMN.
ToBOopa APYIr#MM CAOBAMM, COOCTBEHHBIM MOAEM TrpaBUTAIMM 06-
A3AAET AMHIb TO HeOeCHOe TeA0, KOTOpOe BpalnaeTcs BOKPYr cob-
CTBEHHOM OCK ¥ ABWDKETCS 110 3AAUNITHYECKOl opOuTe. EcTb 11 eme
OAHO YCAOBME, 0 KOTOPOM HBIOTOH OTKDBHITO He FOBOPHMA, HO KOTO-
poe, 6e3ycAoBHO, ToOApasyMeBaA. BesAkoe IMAAHETHOE TEAO TIOPOXKAE-
HO C COAHEYHOT0 3KBATOPA ¥ IOTOMY AOAKHO HAXOAMTBCS BO BpeMs
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CBOEJA TIAAHETHOM XMSHY B TAOCKOCTY DKAMIITUKM, HEPIIEHAUKYASAD-
HOM 0CK BpalyeHMsa MarepuasbHoro Teaa Coannja. [To csoeit buanae-
CKOJf NIPUPOAE 32 CYET PAAUYCA U YIAOBOM CKODOCTH, SKBATOPUAAb-
Hast 00AacTb COAHLIa B THICAYY Pa3 60Aee aKTUBHA, ¥ IIOTOMY I'AQBHas
AyuYeBas PHEPTMs, MUTAIOLIAS NAAHETHBIE TEAa, BHIOpachIBaeTCH Ma-
TepuaAbHbiM TeAOM COAHLIA MMEHHO B MAOCKOCTH 3KAMNTHKM. Kpo-
M€ TOT'0, BCe MOAEKYASDHEIE ¥ AaTOMAPHble CTPYKTYPBl MacC HaA€AEHBI
CNIMHOM BpallleH!s, paBHbIM NTOAOBUHE CIIMHA BpaieHus $OTOHHOTO
kBaHTa. [To CyTM Aeaa, 3TOT CTMH YKa3bIBaeT Ha TO, YTO BpeMsi A€-
CTBUA HEeHTPOOEXKHBIX ¥ LIEHTPOCTPEMUTEABHBIX MEXAHWYECKMX CUA
BHYTPU ATOMHOTO SIAPa TaK OTPETYAMPOBaHbI, YTO 33 BPEMsA OAHOTO
LIMKAQ aTOMHO€ SAPO noBopauuBaercs Ha 180 rpapycoB. A caeaoBa-
TEAbHO, Ha TaKOM XK€ CIMH, HO B NIPOTHBOIMOAOXKHYIO CTOPOHY, ACAX-
HBI MOBOPaYMBATHCS M SAEKTPOHHBIE 060AOYKM AaTOMHBIX AAED.

Bo-mepBbIX, 5TO TOBOPUT O TOM, YTO KaXKABIi1 aTOM ¥ MOAEKY-
A3 MMEIOT cOBCTBEHHYIO OCh Bpaujenus. Bo-BTOPBIX, AAs paBHOBeCUs
M AMHAMUYECKOTO (aAaHCa CIMHBI SAEKTPOHHBIX OGOAQUYEK AOAXK-
Hbl OBITH IPOTMBONOAOKHBI CITMHAM ATOMHBIX AAep. B-Tpernux, He-
GecHbie Teaa 06a3aHB 06AaAATH GOABIMIMMM MacCaM¥M, a MX LIEHTP
BPAL[EHUS M UEHTDP MacChi 0053aHbI ABAATHCA YNPABAAIOIIMM M CUH-
XPOHM3UPYIOIMM OPTaHOM AAS BCETO MHOXXECTBa aTOMOB M MOAe-
KYA BHYTPEHHMX MacC, BXOAAIMX B COCTAB HebecHOro Teaa. Boamox-
HOCTh AIOGON Macchl HeMeAAeHHO (OPMUPOBATH COGCTBEHHHI
LHEHTP TSDKECTH, YKa3hIBAET HA TO, YTO BTA CHOCOOHOCTD MOXKeT
OBITH peaAM30BaHAa TOABKO NPY MOAHOM CHHXPOHM3ALMM CIIMHOB
BpallieHHs OTAEABHBIX ATOMOB M MOAEKYA PU3UIECKOro Teaa, AAs
BCceX HeGeCHBIX TeA OCh BpaLleHusI SIBASIETCS ¥ OCBIO YIIPaBACHMA.
B cBsi3M C 3TMM, IO AOTHMKE MOAGOMS, oCcH BpalleHMiT BCEro MHOXe-
CTBA aTOMOB M MOAEKYA HEDECHOIO TeAa AOAXKHBI ObITH CHHXPOHH-
3UPOBAHDI M HATIPABAEHBI K IEHTPY Macchl HeGeCHOrO Teaa, oopa-
3ys CYMMOI{ CBOMX BEKTOPOB OT NOBEPXHOCTH AO IEHTPA THKECTH,
CYMMApHBIH BEKTOp CHMAB TATOTEHMS AQHHOTO HeGecHOro Teaa.
CyMMBI CIMHOB aTOMHBIX SIAEP GECYMCAEHHOTO MHOXECTBA <AMHe-
€K» aTOMOB M MOAEKYA He(GEeCHOTO TeAa OT IOBEPXHOCTH AQ LIEHTpa
TSDKECTH TOXKe CyMMUPYIOTCSA M 06pa3yIoT CyMMapHbIii CINH Bpale-
HMA HeGeCHOro Teaa.

IpuyeM Te «AMHENKU» ATOMOB UM MOAEKYA, KOTOpbIe AeXar
BAOAB OCH VIAY COCTABASIIOT MAAbIi YTOA C OCBIO BpaiieHus HebecHo-
rO TeAa, B OCHOBHOM PafoTAIOT M TPATAT CBOIO DHEPTMIO HA Bpatlie-
HUue HebeCHOro TeAa. «AMHENKM» aTOMOB ¥ MOA€EKYA, KOTOPBIE IIPK-
MBIKAIOT K TPONNYECKON 30He BKBaTropa, padoTaloT Kak reHepaTophl
bOTOHOB AyueBBIX SHEPIUM Y KOCMUYECKUX AYdeit AAST 3BE3AHBIX TEA,
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MAM KaK IIOTpeGUTEAN DHEPIUM AASL TIAGHETHBIX TeA. ITo npumepy Ha-
et MAAHEeTH 3eMAS, COBEPIIEHHO 0YEBUAHO, YTO TPONIUYECKasA 30Ha
9KBaTOPAa, ABASETCA TAABHBIM ITOCTABIIMKOM (POTOHOB Ay4eBOM SHep-
TMM COAHEYHBIX M3AYYEHUIN AASA IOAITMTKY SHEPTETUKM HE TOABKO aT-
Mocdepbl, HO TAQBHBIM 06pa3soM CaMiX HEApP 3€MHOTO ILapa OT €ro
ITOBEPXHOCTH AO HEHTPa TXeCTH. BaKHBIM BHIBOAOM M3 3THX pac-
CYXKACHHI ABAsICTCA ONpeAeAeHNe MPHYKHBI 00pa3oBaHus HUKAO-
HOB M aHTHIMKAOHOB. ECAM TOCMOTpETh Ha 3eMHO1 IUAP CO CTOPOHBI
CeBepHOTo 110AICa, TO MOXKHO OOHAPYXMTb, YTO 3€MHON HIap Bpa-
MAeTCA IIPOTHB YaCOBOI CTPEeAKM. SICHO, 4TO 9TO BpallleHue BbI3Ba-
HO CMHXPOHHBIM CYMMMPOBaHueM CIMHOB BpallleHUs BCEro MHOMe+
CTBa «AMHeeK» aTOMHBIX sipep CeBepHoro noaymapus. Bo Bpems Ta-
KOrO CIIMHOBOro BPAllieHUsl aTOMHBIE SIAD2 XMMMW4YECKUX SA€MEHTOB,
BO-TIEPRBIX, 00PA3YIOT BHYTPEHHME BEKTOPa EHTPOCTPEMUTEABHO-
IO YCKOp€eHMs, KOTOpble MPOABAAIOTCA KaK HAAHETHAasA Macca, a BO-
BTOPBIX, CUHXPOHHO MEPEMEAINTCA HA 0eCKOHEUHO MAAble BeAUYM-
HBL K LEHTPY TSKECTH NAQHEeTHl ¥ 00pasyloT BHELIHUI CyMMapHBIA
BEKTOP CHABI 3eMHOTO TAroTenus. [Tpy 06pa3oBaHuy LIEHTPOCTPEMN-
TEABHOTO YCKOPEHUsI, aTOMHBIE AADaA IIOTAOI{AIOT OCKOAKM (POTOHHBIX
KBaHTOB MEXXATOMHBIX U MEXMOAEKYAAPHBIX NPOCTPAHCTB U CO3Aa-
0T paspsbKeHne MEXAY aTOMHBIM SAPOM ¥ 3alUMTHBIMU 060A0YKaMu
9AEKTPOHHBIX OpOuTaAEi aTOMOB ¥ MOAEKYA. Bee aToMBI 1 MOAEKYADE
XMMHYECKUX BELECTB MMEIOT pe3OHaHCHbIe YaCTOThI NMoOpsaKa 10—
100 MuaAmMapAOB KoaeOaHMit B CeKYHAY. DTH YaCTOTHI ONPEACATIOT
CKOPOCTb 0OMeHHBIX TPOLIECCOB MEXAY BHYTPEHHUM 0ObeMoM Mo-
AEKYA Y MEXXMOAEKYAAPHBIM IIPOCTPAHCTBOM BHelIHel cpeabl. ITpo-
1€ TOBOPS, IPUMEPHO C TAKOJ CKOPOCTHIO B 3AIWTHLIX 000AOUKAX
SAEKTPOHHLIX OpbuTaseit 0OPa3yIOTCA ABIPKM.

Ecan paBAeHMe BHEIIHE CPeABbl Bblille BHYTPEHHETO AABACHWs
MOAEKYABL, TO TpK 06Pa30BaAHMM ABIPKM BHYTPb MOACKYABI XABIHET 110-
TOK OCKOAKOB ()OTOHHBIX KBAHTOB AY4EBBIX SHEPTHI U IPOM3OMAET He
TOABKO TIOTAOLIEHVME U3 IIPUITOBEPXHOCTHOIO CAOS BO3AYIIHOM aTMO-
cdepbl POTOHHBIX OCKOAKOB AYYEBBIX BHEPTUI BHEHIHMX MCTOYHUKOB,
HO U AOKaAbHOe raserue aTMocdepHoro saBaeHus. Takum oOpasom,
TIOrAOIIeHNe AYyueBO¥ SHePTeTHKH NOBEPXHOCTHLIMM CAOSIMM 3€M-
HOTO IIapa CBA3aHO C lapeHneM aTMOochepHOro AaBAeHus M HauGo-
A€ee MHTEHCHBHO NPOMCXOANT B 9KBATOPHAABHOW 30HE, YMEHbINAACh
no mepe npubamxenus K Cesepaomy u 10xHOMY noArocy nnaaneTsi.
EcAM MBI CPaBHUM CKa3aHHOE C METPOAOIMYECKUMM HabOAIOAEHMAMM
aTMOCHEPHBIX ABAEHMM, TO IPUAEM K BHIBOAY, WTO TIOTAOLIEHWE U Tie-
PEXOA OCKOAKOB AY4€BOM SHepruy s aTMmocdepbl B TOBEPXHOCTD 3e€M-
HOFO Il1apa BCErAa CBsi3aHbI C 00pa3oBaHMeM LMKAOHOB. Ha CeBepHoMm
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TIOAYIIApMy BCe LIMKAOHBI BPAIJAIOTCS MIPOTUB YaCOBOM CTPEAKH, HO-
TOMY 4TO MEXaHWYECKHE CIIMHBI MOMEHTOB BpallleHW# aTOMHBIX FAEP
XUMMYECKUX HAEMEHTOB Ta30BOM aTMOChEPH CUHXPOHM3UPOBAHbL C
MeXaHMYeCKUMM CIIMHAMM aTOMOB M MOAEKYA ITOBEPXHOCTMU M HEAD
3eMHOTO mapa. MOAEKYABI ¥ aTOMbl HOBEPXHOCTH M HEAP 3€MHOTO
mapa NPUBA3aHbI K 0611eil Macce TBEPAOTO NAAHETHOTO BENeCTBa,
M CHHXPOHHAs CYMMa CIIMHOB MX aTOMHBIX SIA€P BbI3biBaeT Bpaie-
HUe 3emHoro mapa. IIpu nepeaade u nepexope Ay4eBoi sHepruu us
aTMoc¢eps! B IIOBEPXHOCTh TIAQHETDI, AOKAABHOE TTAACHUE AABACHU
BbI3bIBAET AMHAMMYECKUI AUCOAAQHC M BO3AYLIHASA CPEAQ, YBAEKASACh
CAMHAMM BPAIlleHIsI aTOMHBIX AA€P IIAGHETHBIX MacC, IEPEXOAMT B LiM-
KAOHMYecKoe Bpaienue. liukaoust Ha CeBepHOM MOAymapum Bce-
rAa BpaIaloTCs POTUB YaCOBOW CTPEAKH, B TY K€ CTOPOHY, KYAa U
BPAIJAETCSA 3€MHOM 1ap, YBACKAEMbI CIIMHAMM BPANIEHUM aTOMHBIX
siAep NAaHeTHBIX Macc. 1o 3akoHaM TeopuM OTHOCUTEABHOCTH, LM-
KAOHBI IO>kHOro noaymapust 06s13asbl BpaaTsCsa IO YaCOBOM CTPeA-
Ke. OHM TaK 1 BpalllAlOTCS HA CAMOM A€Ae.

AeiCTBUTEABHO, AAS1 HabAIOAaTEAS, cTOsIETO HA CeBepHOM 10-
AlOCe, 3€MHO 1Iap BpallaeTcs NPOTUB YacoBoi cTpeaku. Habawopaa-
Teab Ha JOXHOM noaloce Oypaer BHoAHE 0GOCHOBAHHO YTBEPKAATD,
YTO 3eMHOM LIap Bpalaercs Mo 4acoBoi crpeake. Y oba 6yayr npa-
Bl TTosTomMy muxAonbl FO)KHOro moAynmiapms BpaIaloTcs o 4a-
COBOM CTPeAKe, B U€M HET HMKAKOIo IIAPAAOKCa, 4 eCTh IIPOsiBAe-
HUe 3aKOHA TEOPUM OTHOCUTEAbHOCTH. Takoe BpalleHue LIMKAOHOB
€CTb OTpa)KeHue BpAalleHMsl CIIMHOB aTOMHBIX AAEP HAAHETHBIX MacC
1 B 60A€e WIMPOKOM CMBICAE€ OTPAXXAIOT HANPABAEHME OCEBOTO Bpa-
IEHUA TTAAHETHBIX MacC 3eMHOTO mapa. PaccMoTpe npupoay obpa-
30BaHVA LIUKAOHOB, AEFKO MOHATH J NPUPOAY 06pasoBaHMsA aHTH-
IMKAOHOB. Ho AAS TaKOro MOHMMAaHMs HAAO YAACHMTB, YTO HeApa
3€MHOrO IIapa He TOABKO NOTPEGAAIOT BHEIIHIOW 3HEPTNIO Ayde-
BBIX HCTOYHMKOB BCEAEHCKOTO IPOCTPAHCTBA, HO M BhIOpaceIBalOT
Ha NTOBEPXHOCTDb NAAHETHI M B OKpY>KalolHee NPOCTPAHCTBO KBaH-
THI TIOASI TPABUTALMY M APYTHE KBAHTHI TOHKMX BHEPIUii, KOTOpEIe
sl Ha3BIBAIO CATAHMHCKO-0ecoBCcKuMM Ayxamu. HazHaueHue KBaHTOB
TOASA TPaBUTALIMHU 3aKAIOYAETCA B OPTaHM3al MM B3aMOAEUCTBUS UH-
($opMaLMOHHON M BHEPIeTUYECKOM CBA3U C OKPY)KAIOIMM MMPOM, a
CATAaHMHCKO-DECOBCKME AYXU MCIIOAB3YIOTCS AASL DHEPTEeTUYECKOM U
AYXOBHOM ITIOAKOPMKHM PaCTUTEABHOTO M >KMBOTHOT'O MMpPa ITAQHETHI, B
TOM YMCAE M AASI PACTAEHUA YEAOBEYECKMX AYHIL TaK KaK KBAHTHI NOAS
rpaBUTaIMM Y CATAHMHCKO GECOBCKUE AYXU ABASIOTCA GOACE TOHKM-
MM CTPYKTYPAMH, IO OTHOIIEHMIO K 3HepreTHKe AyJYeBbIX dHepruii
BHEHIHUX UCTOYHMKOB, TO BbIOPACHIBAIOTCA Ha MOBEPXHOCTH MAa-
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HETHI OH¥ He CaMMMM MeXaHMYEeCKMMM MacCaMM aTOMHBIX SAEp, 4
3AI{MTHBIMU OPOMTAASIMNI SACKTPOHHBIX 000AOYEK ATOMOB U MO-
A€KYA 3eMHOro mapa. JammrHble OpOUTAAM IOBEPXHOCTEH aTOMOB
¥ MOAEKYA TaK)Ke CMHXPOHM3MPOBAHBI 110 MOAEKYASPHBIM AMHENKaM
OT LEHTPA TSKECTHU AO IIOBEPXHOCTH, HO MMEIOT IIPOTHBONOACKHBIE
MOMEHTHI CIIMHOB N0 OTHOIIEHUIO K CIIMHAM ATOMHBIX SAEP mAa-
HeTHbBIX Macc. [To aroit mpuumnHe BBIOpOC TOHKMX (pakumit Moaes
IPaBUTAUMIT U AYXOBHEIX CTPYKTYP XusHeobecrneueHns TPOTUBOAERI-
CTBYeT NOrAOUEHMIO AaTMOC(EPHOM SHEPTETUKY U BbISHIBAET AOKAAD-
HOe NOBBIleHKe aTMOC(epHOro AaBAeHMs. B T ke BpeMa npoTuBo-
IIOAOXKHBi€ CIIMHBI BPAalleHMil NOBEPXHOCTHBIX 000AOYEK aTOMQB
M MOAEKYA 3eMHOTO IIapa, YBACKAIOT aTOMBI M MOAEKYABI BOSAYHI-
HOJ CPeABl M MPHHYXAAIOT uX Ha CeBepHOM NOAYIIApUU BPalaTh-
C# DO HacOBOM CTpeAKe, a Ha JO/KHOM NMOAymIapuu — NPOTHB 1aCo-
Boi1 crpeaks. Takue ABAeHMs ¥ HAOAI0AQIOT METEOPOAOTH NIPH 06-
Pa30BAHMHN NAAHETHBIX AHTULNKAOHOB.

Eie pa3 HanomHIo, 4o NepBUYHOIM NPNIMHOM BpaljeHUs NAAHeT-
HOTO TeAa 3eMAM, KaK M NEepBUYHOIM IPUYMHOM 00pasoBaHMsA LMKAO-
HOB, AIBASIETCS1 CMHXPOHHOE CIIMHOBOE BpallleH/e KBaHTOB MeXaHuJe-
CKOJ 9HEPIMM ATOMHBIX SIAEP ITAGHETHBIX MACC, C X OAHOBPEMEHHBIM
nepeMellieHNEM B CTOPOHY LIEHTPA TDKECTH MAAHETH M OAHOBPEMEH-
HbiM 00pasoBaHMEM BHYTPEHHMX BEKTOPOB LIEHTPOCTPEMMUTEABHOM
CHMABI, KOTOpbIe M MPOABAAIOTCA KaK TAAHETHasA VHEPUMAAbHAS Mac-
ca. CAGAOM 3a 5TMM LIMKAOM CAEAYeT CMHXPOHHBIA UMKA, KOTAZ Me-
XaHW4eCKas SHEPIUA aTOMHBIX AAEP MAAHETHBIX MAcC, CTPEMUTEABHO
PACXOAUTCH, IepeMeIasch Ha OECKOHEYHO MaAbie BeAWUMHD! B 06paT-
HOM HATIPABAEHMH OT LIeHTPa TSDKECTH K TOBEPXHOCTY IAAHETHI, U 00-
pasys BeKTOpa HEHTPOOEXHDbIX CHA. B 3TOT MOMEHT MexaHMYecKas
M MHepIMaAbHasi Macca HAQHEThl He NPOABAAETCH, @ CHHXPOHHASN
CyMMa BHYTPEHHMX BEKTOPOB LIEHTPOOEKHBIX CHA ATOMHBIX SAED
YBAEKaeT MOBEpPXHOCTHbIE 00OAOYKM BAEKTPOHHBIX OpOMTaAEl U
NPUHYXAQET MX UCTIOAHATD 0OpaTHBIE ClIMHDI, KOTOpbie GopMHUDpY-
K0T aHTULMKAOHBI M BBIOPAChIBaIOT B aTMOC(EPY MPOAYKTHI SHepre-
THYECKOMH AeSITEABHOCTH 3eMHOTO Miapa, Ba)KHEHIIMM U3 KOTOPhIX
ABAMIOTCS KBAHTHI HOAS TPaBUTAIMM. MHe NPMINAOCH HEMAAO TIOAO-
MaTh TOAOBY, IIPEXXAE YeM 51 OCMBICAMA IPUYMHY, KOTOPAsi AEXHT B OC-
HOB€E NIPOTHBOIMOAOYKHOIO ACACTBUS, CHHXPOHHBIX CIIMHOB BPAIE€HM,
ATOMHBIX SIAEp XMMHYECKUX SIA€MEHTOB [TAAHETHOTO TeAa 3EMAY IO OT-
HOLIEHMIO K CIIMHAM SAEKTPOHHBIX 000A0UYEK, AENCTBUTEABHO, aTOM-
HbI€ SAPA [TARHETHBIX MACC HETPEPBIBHO M CMHXPOHHO, LIUKAMYECKH
CXOAATCA K COOCTBEHHBIM LIEHTPAM TSDKECTeN U 00pasyloT BHYTpeH-
HUE BEKTOPa LIEHTROCTPEMMTEALHBIX CUA U CIIMHOBDI MOMEHT CHABI,
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KOTOPBbIi IIPUHYXAQET 3EMHOI Iap BpalaTbcsA BOKPYT cBoelt ocu. Ho
IIPU 3TOM HapPY>KHbie 000AOYKH DAEKTPOHHBIX OpOUTAACH MOAEKYA U
aTOMOB HMKAaK He pearupyioT Ha 3TO NPOSIBAEHME CHABL U He 06pa3syior
CITMHOBbIE MOMEHTBI B HANIPaBACHUM BpallleHUsi 3€MHOT'0 1apa. B cae-
AYIOIIEM I{MKA€ aTOMHBIE AAPA MAQHETHBIX MAacC CMHXPOHHO pacXo-
AITCA, 00pasys BHyTpeHHMe BEeKTOpa LeHTpobGexxHbIX cuA. VI neHTpoO-
6exxHas cMAa 06PATHOTO AECTBUSA 110 OTHOWIEHHIO K LIEHTPOCTPEMU-
TEABHOM CUAE TIDEABIAVILIETO LMKA@ TIPUHY)KAZ€T TIOBEPXHOCTHBIE
060A04YKM 5AEKTPOHHBIX OpbuTasei coBepmUTH 06GPaTHLI CIIMHO-
BBiif MOMEHT U BEIOPOCHTD M3 BHYTPDEHHEr0 NPOCTPAHCTBAa aTOMOB
‘H'MOAEKYA NPOAYKTBI JKM3HEACATEABHOCTH B BMAE TOHKO 9Hepre-
THKM «AyXa )XM3HM» ¥ KBAaHTOB NOAA FPaBUTAUMM.

Kakum 06pa3oM LeHTPOCTPEMUTEABHbIE M HEHTPOGEXHbIE CHABI
aTOMHBIX SIAep MAGHETHBIX MACC BHI3BIBAIOT OGpaTHYIO peaKiMio no-
BEPXHOCTHBIX 000AOYEK 3aIHUTHBIX BAEKTPOHHBIX opbuTaseii? OTBer
Ha 9TOT BOMPOC 51 HAllEA, KOTAA OTIPEAECAUA M OCMBICAMA B CBOEM CO3-
HaHMMK, ¥TO TAABHEHIINM TIapaMEeTPOM YIIPaBACHMS MEXaHMYECKOM
SHEPreTHMKOM aTOMHBIX AAEP ¥ MOA€BOI DHEPTeTHKON BHYTPEHHUX
00'beMOB aTOMOB M MOAEKYA siBAsieTCs BpeMst. IIpexkae Bcero A no-
HSA, YTO, IPUMEHSAS PA3HYIO 10 BpEMEHM BO3AEVICTBUA CHAY Bpallie-
HU#, MOXXHO 3aCTaBUTh BPAIATHCA BHYTPEHHIOK MaCCy XMAKOTO Be-
HIeCTBa, KaK 110 YaCOBOM! CTPEeAKe, TaK ¥ B 0OpaTHOM HallpaBAEHMM.
AAs sKcriepuMeHTa MOXeT MOAOHTH CTeKAsiHHaA GaHKa ¢ 3aKOHCep-
BUPOBaHHbIMY rpubamMu MAK OrypLiaMu. MEICAEHHO IIPEACTaBUB cebe
3TOT 3KCHEPUMEHT; 51 CITYCTUACH B IIOABAA M HallleA TaM OaHKy Mapu-
HOBaHHbIX rpu60B AeTHero ypoxas 2010 roaa. Bass 6auky B npasyio
PYKY, & CTaA MEAAEHHO M C FPaBUABHBIMHM LIMKAAMU TIOBOPAYMBaTh
KVCTb PYKM BIIPaBO U Pe3KO BO3BPAIliaTh €e B UCXOAHOE MOAOXKEHHeE.
Yepes Tpu-yeTbipe IMKAQ BHYTPEHHEE COAEP)KUMOe OaHKM B BUAE Ma-
PHHOBaHHBIX TPMOOB U PacTBOpa MapUHaA& CTAAO C IOCTOSAHHOM Yr-
AOBOJ CKOPOCTHIO BPaILaTbCs CA€BA HAIIPABO, JTO HAIIPABACHUIO MEA-
AEHHOr'O NMOBOPOTA KMCTH M HUKAK He PearMpoBaA0 Ha MoK GbIcTpbie
obparHbie ABWKeHUA. He MeHsist yrAa moBOpoTa KUCTH, 2 AMIIb YCKO-
psst 0OpaTHOE BpaleHne, I AeTKO U3MEHSIA YTAOBYIO CKOPOCTb TIPaBo-
TO BpallieHUsl COAEP>KUMOTO OaHKK. YOEeAUBIINCD, YTO MOM IIPEATIOAC-
’KEHUA IPAaBUABHBI, 1 CMEHUA CBOM AEMCTBMS M CTAA COBEPIIATD MeA-
AEHHBIE ABVKEHMsI KUCTH BAEBO, 11 GLICTPO BO3BpAllaTh ee B NpaBoe
cocrosinve. CopepXuMMoe GaHKU MEpPEeIIAO OT IPABOrO BpPALIEHUs K
AE€BOMY BpalleHUIO, U TaK)Ke AETKO PETYAMPOBAAOCH MO YTAOBOIH CKO-
POCTH C M3MEHEHNEM BPEMEHMU AEHMCTBUA NMPSIMOro ¥ 06paTHOro HUK-
Aa. TouHO Tak ke, yaep>KuUBasi OAHOJ PYKOH ¥ MMIIYABCHO U PasHoO-
BpEMEHHO Bpalias B MPAMOM U IIPOTUBOMOAOXKHOM HaNpaBACHUY OCb
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POTOpa HEOOABIIOTO 9AEKTPOMOTOPYMKA, MOXKHO 3aCTaBUTh KOPITYC
DAEKTPOMOTOpA BMECTe C 0OMOTKOJ CTATOpa BpalaThCs BIIPABO MAM
BA€BO, 10 HallleMy >KEAAHHMIO.

ITH 3KCIEpUMMEHTHl M ABUAUCH AAS MEHSI OYE€BMAHBIMM AO-
Ka3aTeAbCTBAaMM, YTO KBAHT MOHAAbI IIEHTPAa TDKECTH aTOMHBIX
#AAEP MCNoAb3YyeT (PaKkTOp BpeMeHH KakK FAaBHbIA DAEMEHT YIpPaB-
A€HUA dHEepTHeil Macc aTOMHBIX sAep. A yepe3 HuX obecneunBa-
€TCA M CHHXPOHHOE YIIpaBAeHIe BCEMU MUKPO- M MaKpooObeKTa-
MM BCEACHCKOTO NNPOCTPAHCTBA, OT OTACABHbLIX aTOMOB M MOAEKYA
AO MaCCHMBHBIX HeOeCHBIX TeA. YTo ke MPOMCXOAUT BHYTPM ATOM-
HBIX AAEP, HANIpMMED, TeX MATEPUAAOB, KOTOpbie 0OpasyioT nAaaHeT-
HoOe TeAo 3eMHoro mapa? Bo-niepBbIx, Bce ocu BpallleHMif aTOMOB U
MOAEKYA HamlpaBA€HBI K LIEHTDY TsKeCTU. BO-BTOPBIX, AA% IEPBOTO
arane.06pasoBaHNA IeHTPOCTPEMHUTEABHOM CHABI M CMIMHA Bpalue-
Husl, TpebyeTcs, HO KpaliHeil Mepe, B ceMb pas 60Aee AANTEABHBIN
MMITYABC BpeMEHH, €M AAsSL 00pa3oBaHMsI MUMITYABCA LIEHTPOGexK-
HOI CMABI. AelICTBUTEADHO, HA IEPBOM 3Tarle KBAHThl MHEPLMAABHBIX
MEXaHWYeCKMX SHePTHI aTOMHBIX SAEP NePeCTPaMBAIOTCA HA 3AAMII-
THYECKMEe OPOUTHI, TepeMeIaloTCA Ha DeCKOHEYHO MaAble BEAMYMHDI
10 HANpPaBAEHUIO K LIEHTPY TAKECTU 3€MHOTO 1Iapa, U CAHOBPEMEH-
HO 00pPa30BBIBAIOT HEHTPOCTPEMUTEABHYIO CHAY MEAAEHHOTO CXOMXK-
AeHus. [Ipy 9TOM KBaHTBI BBICOKMX 3HEPI'MIt IOAEBBIX GOPM MaTepuy,
13 HapY>KHBIX 000AOYEK 3AEKTPOHHBIX OpOMTaAeil 3aXBaThIBAIOTCH
LIEHTPOCTPEMMUTEADHON CHMAOM M NIEPEXOAST B HEAPA AaTOMHBIX AAEP.
MexAy s3alUTHBIMM O0OAOYKAMM TIOAEBLIX KBAHTOB 3AE€KTPOH-
HBIX OpOUTaAEl M MEXAaHUYECKOI MHEPLVIAABHO SHepruei Macchl
aTOMHOTO fAPA BOSHHMKAET Pa3pskKeHHOEe MPOCTPAHCTBO. Bee ato
HIPMBOAMT K TOMY, YTO OO0AOUKY DAEKTPOHHBIX OpOUTAAEI He pearn-
PYIOT Ha AAMTEABHBIN MMIIYABC HEHTPOCTPEMMTEABHOM cuAbl. Bo
BpeMs 06pa3soBaHMsA KOPOTKOrO MMITYABCA LIEHTPOOEKHOM CHABI,
M3 HEApP aTOMHOTO SiApPa BBICKAKMBAIOT KBaHTHI TOHKUX SHEPIui U
MIePeAAIOT CBOIt MMIYAbC Ge3MHEepLMaAbHBIM 000AOYKAM DAEKTPOH-
HbIx opburaaeir. IIpy 2TOM sHepreTHKa HapY)KHBIX 060AOYEK C KaXkK-
ABIM TaKTOM 0Opa30BaHNs BEKTOPA LIEHTPOOEXXHOI CUABI BO3pACTaeT
3a CYET HAKOIMAEHV OTXOAOB >KM3HEAESITEABHOCTM KBAHTOB MEXaHU-
4ECKMX SHEPTUI, U, AOCTUTHYB KPUTHIECKOro 3HaYeHMs, obpasyer
CIUH 00paTHOrO BpalieHus: C BHIGPOCOM B Hapy>KHOE IPOCTPAHCT-
BO OKPY>Kalomei CPeAbl NPOAYKTOB JKM3HEACATEABHOCTH ATOMHO-
Io AAPa ¥ KBAaHTOB IOAS TPaBUTALMMN.

Taxue MOTAOUIEHMA HAPY>KHOM IHEPTETHUKHU U BBIOPOCH IIPOAYK-
TOB XM3HEAEATEAPHOCTH, HPOMCXOAAT B 000AOUKAX ATOMOB U MOAe-
KYA C IEPUOAVYHOCTBIO Nopsiaka oT 10 Ao 100 MMAAMAPAOB B CEKYH-

-
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Ay. Hacrora Takux xoAebaHMIl HADYKHBIX 000AOYEK aTOMOB U MOAe-
KYA COBMECTMMA C YaCTOTaMU (POTOHHBIX KBAHTOB M OTIPEACASETCS
SHEPTreTUYECKUM B3aMMOAEVICTBMEM aTOMOB M MOAEKYA C MCTOYHM-
KaMU Ay4YEBBIX SHEPTUI Y MEKATOMHBIMU U MEXKMOAEKYAAPHBIMYU 06-
MEHHBIMU NPOLeCCaMU. DTY MHAUBHAYAABHbBIE AAS KaXKAOIO XUMUYe-
CKOI'O BellleCTBa YaCTOThl U3BECTHHI HayKe. Ho Hayka unaeduumpyer
9TH YaCTOTHI C YACTOTaMU KOAeOaHMIf KBAHTOB MeXaHMYECKHUX aHep-
IUit AaTOMHBIX SIA€D U COBepIIAeT rayboyaiinryio ommndky. Koaebauus
KBaHTOB MEXaHM4eCKUX SHEPrUii aTOMHBIX fAEp € oOpa3oBaHyuem
LeHTPOOEXKHBIX U HEHTPOCTPEMUTEABHBIX CMA KOTE€PEHTHBI AASA
BCell MacChi NAAHETHOTO TEAR, i, N0 KpaifiHeil Mepe, Ha CeMb NOPAA-
KOB Bblllle pe30HaHCHBIX YaCTOT HAPY)KHBIX o6oaoyek. Ecan o6o-
AOYKHM ATOMOB ¥ MOAEKYA KOA€0AIOTCS CO CKOPOCThIo 100 MuAAK-
aPAOB B CEKYHAY, TO €AUHAsI KOTepeHTHas 4YaCToTa aTOMHBIX SAep
MAQHETHBIX U 3BE3AHBIX TE€A BCEACHCKOT0 NPOCTPAHCTBA AOAXKHA
HUMeTb YaCTOTY NopAaKa 100 MuAAMAPAOB, YMHOXUTH Ha 107 repyy.
Takue 4acTOTbI HEBO3MOXHO 3aPerMCTPUPOBATD HUKAKMMHU TIPUGO-
paMM U TIOATBEPAMTD MX HaAWYME MPSAMBIMU SKCTIEPUMEHTaMH, MO-
3TOMY HayKa M CUMTAET MX HecyuiecTByowmMu. Co3AaeTcs Brieyar-
AeHMe, 4TO (PYHAQMEHTaABHAs HayKa NPOCTO OOMTCA MCCAEAOBAThH
aTy mpobAeMy, TaK KaK pe3yAbTaThI MCCACAOBAHMI pa3pyuiaT Hayd-
HYI0 IAPAAUTMY TTIOCAEAHMX ABYXCOT A€T Pa3BUTUA BCEX OTPACAEI Ha-
yuHbix 3HaHui1. 1o aToit npuyMHe Hayka He MOXKeT OOBACHUTDH u-
3MKY CAMBIX MPOCTHIX M OOBIMHBIX APOLECCOB MATEPUAABHOIO MMpA.
Hanpumep, KakuM crioco6oM MaTepMaAbHOE TEAO AK060I1 IPOUIBOAD-
HOJ1 (POPMBI, aBTOMATHYECKM U MIHOBEHHO OTIPEACASIET TIOAOXKEHME
c0OCTBEHHOTO 1ieHTPa TsDKecTn? IToBepbTe MHE, UTO HM OAMH Y4EHBIN
AOKTOP HayK M AQ’KEe aKaAEMMK He CMOXXET AQTh BPa3yMUTEABHOTO OT-
BETa HA 3TOT IMPOCTON BONPOC. A CKOABKO CYLIECTBYeT TaKuX IpHU-
POAHBIX IBAEHMH, KOTOpbIe HayKa NMPOCTO UTHOpUpYeT!

Ceifyac AECATKYM ¥ COTHU aBTOPOB M3AAAM KHUTH, B KOTOPBIX CO-
OpaHbI CBUAETEABCKYE NIOKa3aHMA U AOKa3aHHbIe apTedaKTbl HO MHO-
KECTBY TaKMX HEOIO3HAHHBIX SBA€HMI ¥ 0OBEKTOB PEAABHOTO MMDa,
KOTOpble He BIUCHIBAIOTCA B HAYYHYIO HAP3AUIMY M [OTOMY WMIHO-
pMPYIOTCA Hay4HbIM coobmecTBoM. IlpeacTaBuUTeAM BhICHIEH Hay-
KU TIepeCcTasn ObITh PHIIAPAMM KCTHHBI, 4 YIIOAOOMAMCH CTPAyCcaM U
CNIPATaAM CBOM Hay4Hbie TOAOBBL B I€COK, 4TOObI 30€XaTbh OMacHo-
CT¥ pa3pyllleHWsl TAapAAUTMbl HAYYHOTO MaTepuaAusMa, a CaMOe TAaB-
Hoe, YTOOH M30eXKaTh ONACHOCTH OTKPHITH B MATEPUAAM3ME TIPUCYT-
crsue bora-Teopua. Ho 4To ke naoxoro B ToM, yro Beeaennas ne
SIBASIETCS CAY4a/HO0M CaMOCOTBOPEHHOM CYIHOCTbIO, 8 peaAu3aly-
el npoexTa Go)KeCTBeHHOro 3aMbicAa? PasBe KoMy-uuOGyAb OyAer
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Xy’Ke OT 5TOro OTKPHITHA? YeM paHblile HayKa HaYHeT OCBOOOXKAATH-
CsL OT AOXKHBIX MAAIO3MIT ¥ COOCTBEHHBIX OIIMOOYHBIX YTBEPXKAECHMIA,
TeM OBICTpEe YEAOBEYECTBO CTAHET Ha ITyTh AYXOBHOTO OYMIICHUA OT
COOCTBEHHBIX MEP30CTel, KOTOpble BEAYT 3EMHOE JEeAOBEYECTBO IO
IYTH TPAAYIETO U CKOPOTO CAMOYHMHTOXXEHUs. 3aBepHiasi pacCMOT-
peHMe BOIIPOCca O NPUYMMHAX BpaljeHMsA 3€MHOTO IIapa BOKPYr cobCT-
BEHHOM OCH, TIPOIIY YMTATEAEN, AAST AYYIIEro NIOHUMaHUs BCEro, 4YTo
OYAET U3AAraTbCs B IIOCAEAYIOINX TAABAX, ellje Pa3 NepeynTaTh TEKCT
STOM FAQBKM M OCMBICAUTD ee copepkanyie. O MOAEAM aTOMHOTO SIApa
¥ 0 padoTe NNAAHETHBIX TeA, KaK EAMHBIX KOT€PEHTHBIX M CUHXPOHHBIX

cucremax, obecriednBaIOIMX SHEPreTHIECKUA U MHPOPMALMOHHBINA |

oOMeH U B3aUMOAEWCTBHE B MHTEPEeCaX 3eMHOM )XM3HU ¥ B MHTEpecax |
3eMHOTO 4eAOBEYECTBa, 5 Y)Ke TOBOPUA B «AOKTpuHe Hay4uHoro Boro-
nusHauusA». Ho B 270 paboTe 9TH Xe MAeH 51 CTapalOCh NPEACTABMTL B

60Aee pa3BepHyTOM U DOAee AOCTYIIHOM BUAeE. M AeAalo 9TO He B AMY-
HBIX MHTEPECaX, a B MHTEpecax COBPEMEHHOI Hayku. Aas meHs 6y-
AeT BeAMKMM GAAroM, ecAu coBpeMeHHble PaOOTHMKM HAyKM XOTSH
6BI 3AAYMAIOTCA O TOM, 9TO MATEPHAABHBIH MUP YCTPOEH HE COBCEM
TaK, KaK HaM €ro NPeACTaBAAeT PyHAAMEHTAAbHAA HayKa.

Hame CoaHue paforaer He Ha noTpeOAeHMe, a Ha BHIPAbOTKY
AyYEBOM 3HEPrMM BCErO CIIEKTPa GOTOHHBIX M3AYYeHMI, HeOOX0AM-
MBEIX HE TOABKO AAS CYLIECTBOBAHMSA 3€MHOM XKU3HY, HO M AAS COXpa-
HEHUA CTaGMABHOCTH OPOGUTAABHBIX XapaKTEPUCTUK NAAHETHDBIX TEA
CoaneyHoit cucrembt. O6AaCTb MAAHETHON TPOMMYECKOI SKBATOPU-
AABHOI 30HBI 3€MHOTO LIapa, ABASIETCS CaMbiM AKTUBHBIM 1OTpPe6u-
TEAEM Ay4Y€EBOW SHEPIMM BHEIHUX MCTOYHUKOB M CaMOM aKTUBHOM
06AacTbIO BBIPAbOTKM KBAaHTOB NOA€i IPAaBUTALIMM U «AYXA XKU3HM».
Marepus COAHEYHOM MacChl TOXE TIOAYMHEHA 3aKOHY EAMHOM Kore-
PEHTHOCTH, HO TOABKO He NOTPEOAsIET 3HEpPruio, a BiOpachBaeT ee B
OKpY>XaloLiee IIPOCTPAHCTBO AAS KM3HeobecnedeHus! IIOAYMHEHHbBIX
nAaHeTHBIX TeA. OAHAKO TaK Ke, KAK B MAAHETHOM TEA€, B COAHEY-
HOM TeAe HaMOOAee aKTUBHOI SBASIETCS TPONMYECKast M SKBATOPU-
aAbHas 30Ha MAOCKOCTH sxaunTvku. Ilo sToi npuunHe BCe MAaHe-
bl COAHEYHO CHCTEeMB, 3a MCKAIOYEHHEM ABYX «KPAMHUX» B AULle
Mepxkypus u [1ayToHa, pacnioAoKeHBI Ha CBOMX OpGUTaX CTPOTO B
IAOCKOCTH COAHEYHOM IKAMIITMKY, U GAATOAAPA 9TOMY HOAYYAIOT
OT COAHEYHOM AESITEABHOCTH MAKCMMAABHOE KOAMYECTBO BHEPIUM.
YTo6bl IOATBEPAUTD MOI1 BBIBOA, AOCTATOMHO MOCAATh MCKYCCTBEH-
HBII1 KOCMUYECKMI annapar nonepex mAockocT axauntiuku CoaHua.
Koraa Taxoii anmapaT CTaHeT BXOAUTD B 30HBI COAHEUHBIX IOAIOCOB,
TO €ro ¥3MepMTEAbHAs aIapaTypa 3agUKCHPYET PesKOoe CHUKEHUe
SHEPTUM COAHEYHOTO U3AYUeHUs. DTO U OYAET IIOATBEPKAEHNEM TOTO

66



(dakra, 4TO MAAHETHOE TEAO HE MOXET AAMTEABHO CYIeCTBOBATb BHE
[AOCKOCTY SKAMITTUKU. AASl TAKMX HEOECHBIX TEA, KOTOPbiE OTBEYaloT
BbIILIENIEPEYMCACHHBIM YCAOBMSM, 3aKOH BCEMUPHOTO TSATOTEHMSA Aeii-
CTBYeT B oAHOM obbeme. IIpumMennTeAbHO K NaaHeTaM COAHEUHO
CHCTEMBI 3TO 03HAYAET, YTO, HAIIPUMED, TAaHETa 3eMAs MPUTAIUBA-
etca K COAHLIY KOPOTKMMM MMIIyAbCAMM CHUABI, yCPEAHEHHOE 3Haye-
HUE KOTOPBIX BO BPEMEHM HPSMO NPONOPLMOHaAbHO Macce CoaHla U
Macce TIAQHETHI 3eMAS 1 00PaTHO MPONOPLIMOHAABHO KBaAPATY CPeA-
HErO PacCTOSHUA MEXAY HUMM.

A BOT Tenepb A 33AaM CaMbIif CAOXKHBII BOIIPOC AAST UMTaTeAel
U AASL COBpEMEHHBIX yueHbiX. KTo ¢popmupyer sTy cuAy B3aMMHOrO
NPUTSDKEHNA, €CAM IToAe rpaBuTalyy COAHIIA HE IepeAaeT CHAY, a Ile-
peaaeT TOABKO MHdopmauuio o cBoeit Macce? KoHeuHo e, OTBET Ha-
npammBaeTca caM coboit. CyMMapHYIO CHMAY HNPHTDKEHMS MEXKAY
naanerou 3emas u Coanniem GopMupyer TOABKO ¥ MCKAIOUMTEAD-
HO TOABKO CaMa IAaHeTa 3eMA, UCIIOAb3YS AASL STHX LieAeil cOOCT-
BEHHYIO BHYTPEHHIOIO dHepruio 1 nidopmanmio o macce CoAHIa 1
MHPOPMALMIO O TEKYIHEM PACCTOTHUM MEXAY Humu. Cpasy e Bo3-
HUKaeT Bropoi Bonpoc. OTKyAa ke maaHera 3eMas GepeT sHepruio,
4ro6bl paborarp 3a cebs u 3a CoaHle, 6€30MOPHO NepeABuras cebs
110 SAAMIITUYECKOI COAHEYHOM opOuTe? AAS YHEHOro MaTepMaAMCTa
MO OTBET OYAeT KaK KpacHas TPANKa AAA pasbapeHHoro 6Obika. Ho
BBICAYLIATh 3TOT OTBET NMPUAETCA. VITaK, c TOMOMBIO KBAHTOB BCEBO3-
MOXXHBIX M3AYYEHMIA, B TOM YMCAE U CTIEKTPa BUAMMOTO cBeTa, COAH-
1le HalIUTHIBaEeT MIOBEPXHOCTD NAAHETHI U 3eMHYI0 aTMOCepy cobet-
BEHHOI1 SHeprueit, eApo pacTpauuMBas Ha TU HEAM €XeCEKYHAHO
MMAAMOHBI TOHH COOCTBEHHO MaCCHi.

Pa3Be MOXXHO MOBEPUTH HAYYHOM AXKH, YTO €KETOAHOE KOAM-
4eCTBO B 23 MAM 34 MMAAMApAQ MOAHMEBBIX PaspsAOB, a TaKXKe
BCE TOPHAAQ, CMEPYM U IMKAOHBI IIOPOKAAIOTCA 32 CHET BETPOBOM
SHEPruM 3eMHOM aTMocdepbl? Becb HEBUAMMBINA CHEKTP Ay4eBO
sHeprun COAHLA TIOAAEKNT pa3bopke B BEPXHUX CAOAX aTMOChephbl
Ha KBRHTbI TOHKMX SHEPI'Uit, B TOM YMCAE ¥ HA KBAHTBI SAEKTPUYECKON
SHEpPIMM. A 3aTeM 5Ta SHEpPruA C NMOMOILBI0 MOAHMEBBIX Pa3psiAOB,
cMepueit, TOPHAAO, HMKAOHMYECKUX BMXPel M BCEBO3MOMKHBIX OCaA-
KOB B BMAE AOXKASA M CHera, 0643aTeAbHO AOCTHUIAET 3€MHOI T10BEpPX-
HOCTY MaTEPUKOB U oKeaHoB. [lokazaTeAeM HaChIN[EHHOCTH IIPUIIO-
BEpXHOCTHBIX 00AACTEl 3eMHOTO Iapa TOHKO 3Hepruei1, 06pasoBa-
HOM B peayAbTaTe pasbopku GpBIMX POTOHHBIX KBAHTOB HEBUAVIMOT'O
CIIEKTPA COAHEYHOU 3HEPIUH, SIBAsETCA aTrMocdepHoe AaBAEHHe.
HenocpeACTBEHHO MAQHETHOE TEAO 3e€MAM MOPOXKAAET LIMKAOHBI M
AHTMHMUKAOHBI, HO 00 95TOM MbI [IOFOBOPUM IO3Ke. DTa TOHKAsA SHep-
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TUsl, TPOMASM MO TPAHCIIOPTHO-KOHBEEPHBIM AMHUAM ITAQHETHBIX TEA
OT MMOBEPXHOCTH AO LIEHTPA, HAMUTHIBAET AaTOMbI 1 MOAEKYABI MaTepy-
AABHOTO TEAa TAQHET CIieLM(UIEeCKUM, TOABKO AASL HUX MPEAHA3HA-
JeHHBIM BUAOM dHePIvM. A caMa ObiBLIasi AyueBas SHEPIUs 0CBOGOX-
AQ€ETCs OT M3ObITOYHO SHEPIUU U NIPEBPAIKAETCH B KBAHTHI HEYUCTO-
'O AyXa aACKOM IIPEUCTIOAHEI, KOTOPast OKPY>KaeT O60XKeCTBEHHBII AYX
LieHTpa 3eMHOro mapa. Tak 4To, BCce Tp1 CyMMapHbIX BEKTOPA CHA,
KOTOPBIMM B aBTOMAaTHYECKOM PE>KMMe YIPaBAAETCS Hallla TIAaHe-
Ta 3eMAs Ha OCHOBe HHPOPMalK COOCTBEHHOTO TPABUTAL{MOHHO-
TO TIOASI M IPaBUTALMOHHOrO NMoAa CoAHIA, IPMHYAUTEABHO BhIpa-
6aTBIBAIOTCS BCeil MAcCOM 3€MHOTO 1IApa, C MCTIOAb3OBaHKEM CO6-
CTBEHHOH BHEPTMM U Ay4eBosi sHepruu CoaHua.

Ha aunmm, coeamnsiomeit ueHtpol 3eMan M CoAHUA, A€XUT
TOAPKO BEKTOP CHABI IPUTDKEHUs, KOTOPbIi GOPMHUPYIOTCA LIEHTPO-
CTPEMHUTEABHbIM YCKOPEHUEM BCEr0 MHOXKECTBA aTOMOB UM MOAEKYA
MaTepuM 3€MHOro Iapa, BO BPEMA CMHXPOHHOTO 1 OAHOBPEMEHHOTO
CXO>XACHUA DHEPIMY MACChl aTOMHBIX SIAEP K AYXOBHBIM KBaHTaM C00-
CTBEHHBIX LIEHTPOB TSDKECTe. YCKOpeHue CBOOOAHOTO HAACHUA UAK
CHAQ TATOTEHUA Ha NOBEPXHOCTU 3€MAM paBHA B cpepHeM 9,8 MeTpa
B CEeKYHAY 3a cekyHAY. Kak pacumgpoBars ¢pusmueckusi cmpica aro-
ro mapaMerpa? 3ToT napaMeTp O3HAYaeT, YTO Mbi B PEaAbHOCTH, KaK
Macca, nepeMemaeMcst 6eCKOHeYHO MAABIMM BEAWYMHAMM B Teye-
HME OAHOM CEKYHABI Ha 9,8 MeTPOB N0 HATIPABAEHMIO K HEHTPY 3eM-
Horo mapa. Koraa nmoa AelicTBMEM CHHXPOHHBIX M KOT€PEHTHBIX
BHYTPEHHMX IeHTPOOEXKHBIX CMA aTOMOB M MOAEKYA Halla Mac-
ca MCYe3aeT, TO MBI TAKMMMU K€ 6eCKOHEYHO MAABIMU BEAMIMHA-
MM «TEAENOPTUPYEMCII» OT LEHTpa 3eMHOro Iapa K -€ro moBepx-
HOCTH. BeXTOp 1ieHTPOOEKHOI CHABL, KOTOPBIM 3€MAS OTTaAKMBAET-
cs1 oT COAHIIa, HAKAOHEH Ha HEKOTOPHI! HEGOABIION YTOA BIIEPEA MAM
Ha3ap, IO AHVIM ABV)KEHMS TTAQHETHI Ha CBOEN opbuTe. TOT BEKTOP
OTIpeACASIETCA LIEHTPOOEXHBIM PAaCHIMPEHMEM OAHOBPEMEHHO BCEX
MUKPOKBaHTOB MaTepHaAbHOIO TeAa 3eMHoro mapa. He 6yay noero-
PATh CaMOpa3syMeloIyecs: Bely, YTO OH MMeeT MMITYAbCHBII Xapak-
TEep, a TAAHETA ONIYIIAET TOABKO €ro yCpeAHeHHOe 3HadeHne. Ho Baxk-
HO TIOHATD, YTO 10 OTHOLIEHMIO K LIEHTPY 3€MHOTrO Lapa, 3TOT BeK-
TOP A€KHUT HE Ha AVHUY, KOTOpas COEAMHSET LIEHTP NTAaHEThl M LIeHTpP
CoAHIla, a HA AMHUH, KOTOPas COEAMHSIET «3aAHWI» LIEHTP 3KCEHTPHU-
TeTa, TA€ MaTepuarbHOe TeAo COAHIJa HUKOrA2 He ObiBaer, ¢ pusmye-
CKMM LIEHTPOM IIAGHETHI 3€MAL.

BexTopHas CyMMa 3THX ABYX BeKTOPOB, KOTOphIE He AeXKaT
Ha OAHOM HPAMON, M AACT HAM BEAMYHMHY BEKTOPA CHMABI, KOTOPBIA
6€30M0pHO NMPOABUTAET HAIIy MAAHETY Mo ee HebecHon opbure.

™
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PucyHOK, Kak GOpMUPYIOTCA M KaK paboTaioT BeKTopa cuA npu bes-
OMOPHOM ABJKEHMM TIAGHET 10 CBOMM OKOAOCOAHEUHBIM OpOMTaM,
npuBeAeH B «AOKTpuHe HayuHoro BoromosHanua». Hukaxue xome-
Thl, ACTEPOUABI, OOAUABI M METEOPHI, U3-32 MAABIX MAacC, HE MMEIOT AY-
XOBHOTO LIEHTPa YIIPABACHMS, a MEIOT AULIb QU3UIECKUIl LIEHTP TA-
xectr. He MMest AyXOBHOrO LieHTpa, TaKHe TeAa He MOTryT NIPUAARTH
ce6e popmy Bpamaromerocs cheponpa, KoTopas 06s13aTeAbHa AAS
Ka)XXAOTO HEGECHOro NAAHETHOTO TeAa, NOPOKAEHHOIO MAaTepHH-
ckum Teaom COAHLA 1O MpeABapMTEABHOMY 3aMbicAy. Koraa yve-
HBIE HAUMHAOT PACCYXAAThb O chepoupHOit GopMe HeGeCHBIX TeA, TO
4aCcTO BBOAAT caMMX cebs B 3a0AyKAeHHMe, TIoAaras, uto cpepomaHas
¢$bopMa NAaHETHBIX TEA IOPOXKAEHA BpalljeHUeM PAclAaBAEHHBIX Mace
BO BpeMsA CAaMOCXaTHsI IBIAEBBIX 06A2KOB U APYTOit MaTepuu CoaHew-
HOIT CUCTEMBI B Ty MAM MHYIO NAaHeTy. Ho KTo Xe pacmaaBua Gyay-
LYIO MIAQHETY M IMPHAAA el BpaigeHue? Kakaast MCTUHHAsA IAaHeTa
nopoxaeta u3 reaa Coanna. CHavana OHa B BUAE PACKAACHHOTO HIapa
KaTMAACh ITO COAHEYHOMY 3KBAaTOPY ¥ BIMTHIBAAA B ce6s Bee Te TKe-
Abi€ XMMMYECKHME SAEMEHTH Y COCAMHEHMA, KOTOPBIe MelaAu pabo-
Te CoAHLIa M GBIAM «3A0M» AAS Hee, A 3aTeM caMo CoAHlle, BpEMEHHO
M3MEHMB BEKTOpP IOAA TPaBUTALIUM, BBIOPACHIBAAO HOBOPOXAEHHYIO
[AQHETY Ha MEPBYI0 HIDKHIOI OpOMTY, OAHOBPEMEHHO yBeAMuMUBasA
PaAMYCHI ¥ TIOBBILIAA BBICOTHI BCEX NPEXKAE POKAECHHDIX MaaHeT CoA-
HeyHoIt cucTeMbl. Karas 6yayuie nAaHe Tl 10 CBOEMY 3KBaTOPY, CaMo
CoAslie ¥ IPUAABAAO MM OCb BpaileHKs i NEPBOHAYAABHYIO YTAOBYIO
CKOpOCTD Bpaigenusi. [Toaxxe OHM CTaHOBUAMCDH Chepompamu Bpaiile-
HMS, TaK KaK U ux marepb-COAHLE TOXe ABAAETCA CheporaAOM Bpa-
wenma. O61muit BpiBoA TakoB: «Becsikoe camocTosreAbHOE HeBecHoe
TEAO, UMeloIliee MEXaHMYECKYIO MACCY, OYAB TO 3Be3Aa MAY MAAHE-
T4, HE MOXKET CYH[ECTBOBATH B FAPMOHUM C ADYIMMHM HeOeCHBIMM
TeAaMM BceAeHHOM, ecan He GypeT BpamaTbCa BOKPYT cOOCTBeH-
HOM OCH C TOW MAM MHOM CKOPOCTBIO».

3. HyscHo Au co30aBamp. paxenHo-a0epHvlil uum

OAR 3ausumpt 3eMAu om acmepoudos u 6oaudos?

IMpu tpoyeccax poXKAEHUS IAQHET, KaK «M3ACPKKI» IPOU3BOA-
CTBa, PO)KAAAMCH KOMETHbIE T€AA U APYTHE MaAble 06bekThl CoAHeu-
HoJt cucTembl. [0 3Tol npMYMHE B MX MaTePUAABHBIX T€AaX HET OCH
BpailieHuA. A pa3 HeT OCH BpAIieHus, TO M HeT COOCTBEHHOTO MOAS
rpaBuTanuu. YacTHUHO S yXKe 1oKa3saa, YTo Al0boe HebecHoe TeAo,
nMelolilee cOGCTBEHHOE TIOAe IPaBUTALMK, 00513aHO BpaIATHCA BO-
Kpyr cOOCTBEHHOIT OCH C TOM MAM MHOIA YTAOBOI CKOpoCTbi0. ECThb 1
ellle 0OAHa Ipo6GAeMa 10 MOBOAY TIOBEACHHMS KPYIIHBIX 60AMAOB M ac-
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TEPOUAOB. YueHbie B IIOCAEAHEee BpeMs Bce GOAbLIIe TPEBOXKAT Vi IyTa-
10T MUP COOOIEHMAMM, YTO €CTh BEPOATHOCTH «AOOOBOTO» CTOAKHO-
BEHMA MAAHETHI 3EMAS C HEKOTOPBIMM KPYTIHBIMM aCTEPOMAAMHM. Yue-
spie CHIA u Poccum pAaKe IPEAAATaloT CO3AATh PaKeTHbIE YCTAHOBKM
C TEPMOAAEPHBIMU OOETOAOBKaMY, YTOODbI paspyilaTh TaKMe aCTePOu-
ABI H2 AAABHMX MOACTYIIaX K Hauleil AaHeTe, T.e. CO3AaTb obmenaa-
HETHYI0 PAKETHO-SACPHYI0 KOCMUYECKYIO 000POHUTEABHYIO CUCTEMY.
HudeM MHbIM Kak HaydHOU YYINBIO M GPEAOM, TaKue «HaydHbie»
HPEAAOKEHUA HA3BATb HEAb3s. DT AKOObI «HayYHbIe» MPEAAOKE-
HUS ¥ TIOATBEPXXKAQIOT TOT GaKT, 4YTO COBpEMEHHbIE YYeHbie He Npo-
ABMHYAMCD IO AECTHML{E 3HAaHMI, a 3HAYUTEABHO AETPAAMPOBAAM, TIO
cpaBHeHMI0 ¢ TeM ke Keraepom uau Mcaaxom Heioronom. Cospe-
MeHHBI€e yueHble KaK Obl 3a6bIAM, YTO TOBOPHAU 3TH TE€HUM CPEAHEBE-
KOBOM HayKiu. A OHY FOBOPUAM, YTO KQXKAOE CAMOCTOATEAbHOE Hebec-
HOE TeAO AOAYKHO BPAIAaThCS BOKPYT COGCTBEHHOM OCHM M ABUTaThCA
He TI0 OKPYXKHOCTSM, a 1o aaaunicaM. Kpome Toro, kaxpoe HacTos-
mjee HebeCHoOe TeAO OTMCHIBAET PAaBHBIE IO MAOIAAM CEKTOPA, MEXAY
LIEHTPOM TSDKECTH BeAYLero He6eCHOTO TeAa ¥ OpOUTAABHBIMU HOAO-
XeHMsSIMU BeAOMOro HeGeCHOro TeAa 3a paBHbIE IPOMEXYTKU BpeMe-
HU. BoT ToABKO npuMeHMTEABHO K STUM TeAaM HbloToH 1 paspaboTaa
TEOpMIO oA rpaBuTaLmu. EcAy Xopouwo noAyMaTth, T0 MOXHO o6Ha-
PYXHTb ABa GYHAGMEHTAABHBIX CBOVICTBA COAHEYHOI'O M MIAAHETHOTO
HOAA IpaBuTauyn. PaccMOTPUM BTU ABa CBO/CTBA IO OTAEABHOCTH.
Bo-mepBbIX, KaXAO€ aTOMHOE SIADO XHMMYECKOTO JAE€MEH-
Ta MAM COCAMHEHMUI XMMUYECKIX DAEMEHTOB, CYH[eCTBYeT BO Bpe—
MeHN 6Aaropapsi HempepbIBHOMY 00pasoBaHUIO M NCYE3HOBEHHIO
BHYTPH MX NPOCTPAHCTBEHHBIX OOHEMOB ABYX HECOBIIAAAIOIIMX
Pu3sMYecKnX WEHTPOB yNPaBACHMA UAM LeHTPOB cuA. OAMH HEeHTp
MIOPOXKAAET LIeHTPOOEKHYIO CHAY, 2 KOTAA KBAaHTHI' MACChl MeXaHUye-
CKOJ SHEPTUM MAKCMMAABHO PACHIMPATCS, TO HOBBII LIEHTP NOPOXKAA-
€T EHTPOCTPEMUTEABHYIO CHAY, M BEKTOP CUABI 6€30TIOpPHOTO Mepe-
MeljeHHus. A Tenepb AaBaliTe MbICACHHO, CBEPXY BHMS, [10A AYXOBHBIM
MMKPOCKOIIOM COOCTBEHHOTO Pa3yMa, HOCMOTPUM, YTO IPOUCXOAUT B
aTOMHOM sApe B NIPOHECCe eT0 PACXOXKAEHWS U CXOXKAEHUA? Mbl yke
YO€AUMAMCD, YTO BCAKAsA MEXaHUYECKash Macca MMeeT BHYTPH ceOs
MYCTY10 ABIPKY. Pa3 KBaHTBI MEXaHMYECKOIM MaCcChl aTOMHOTI'O IAPa He
NPUKpPeNAeHb! K MPOCTPAaHCTBEHHO TOUYKe AYXOBHOTO KBaHTa MOHa-
AbL, TO TIPM MEAAEHHOM [IEPECTPOEHUM HA DAAMIICHE ¥ IOCACAYIOLEM
CKPYYMBaHUM, CaMa MAacCa SAPa OYAET MEAAECHHO, 38 CYET MHEPLIMAAD-
HOCTHM BHEPIMy MAcC, BPAIATHCA MPOTUB HACOBOM CTPEAKM U 06pa-
30BBIBATh HEKOTOPLIN MMITYABC CIIMHA BpAIeHMs. 3aTeM AYXOBHBINA
KBaHT MOHaAbl Mcye3aeT u3 npocrpancrsa Bceaennoit mo tyn-
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HeAbHOMY nepexoAy. Hu k yeMy He npUKpenAeHHble KBAaHTHI MeXa-
HUIECKOW SHEPIrUM MacChl IAPa MMITYABCHO M CIIMPAABHO PacKpydn-
BAalOTCA MPOTHUB YaCOBOI CTPEAKH, TOAOGHO MPY)XUHE MasiTHMKA Ya-
COBOT'O M€XaHM3Ma, ¥ 00PasyIoT NPOTUBOIIOAOKHBIA CHUH BPALIICHUS,
IpaBpa, B OTAMYME OT HACTOSAMEV NPYKMHbI MAITHMKA YaCOBOTO Me-
XaHM3Ma, KBaHThl MEXaHWYEeCKMX 3HEPIruil MacChl aTOMHOrO sSIAPa
CKPYYMBAIOTCS IECTh TAKTOB BPEMEHU MAM NEPBUYHBIX KBAHTOB
BpEMEHY, 2 PACKPYYMBAIOTCA 32 OAUH KBaHT BpeMeHU. YToObI He
3aIyTaThCA B PACCY)KAECHUAX O IMMOHATHM KBaHT4 BpEMEHM, MBI IIOro~
BOPMM B CACAVIOLMX TAaBaxX. Macce sApa Ipu pacx0oXKAEHUH, HET He-
06X0AMMOCTH 06pa30BBIBATb SAAMIICHE, & 3HAYUT, MMITYABC BPaLeHUs
TI0 4aCOBO CTpeAKU OYAET, o KpaliHeli Mepe, B ceMb Pa3 KOPOoYe, 4eM
TIPM CKPYYMBaHMM MACCHI IAPa K AYXOBHOMY KBRHTY MOHaABL UTo MBI
OyaeM HabAIOAaTh BU3yaAbHO? BuayaabHO Mbl GyaeM HabAIOAATD cAe-
AYIOIMe SABACHUA,

Bo-nepBhix, HenpepyriBHOe BpallfeHVe KBaHTOB MEXaHUYECKOM
¥ MHEPLMAAbHON 9HEPTMM MacChl ATOMHOIO SAPa IPOTMB YaCOBOM
CTPEAKH, C ITyABCUPYIOIIUM pacHIMPEHUEM B TE€YEHUE OAHOrO TaKTa
BPEMEHH ¥ € TIOCAEAYIOLIMM CKaTUEM B TEeYeHMe LeCTH TaKTOB Bpe-
MeHu. Bo-BTOpBIX, MMITyAbCHBIE BBIOPOCHI K NMOBEPXHOCTAM OJA€K-
TPOHHBIX 0DOAOYEK aTOMOB U MOAEKYA, IIPOAYKTOB JKU3HEACATEAD-
HOCTM ME€XaHUYECKMX KBAHTOB aTOMHOTO sIAPa BO BpeMs AEHCTBHS
LIEHTPOOEXKHOM CHABI PACXOXAEHMS, KOTOPbie U 06pasyloT cnuH Bpa-
IL[eHUsE IAEKTPOHHBIX 000A0uex Ha 180 rpaaycoB mo 4acoBoi cTpea-
Ke. B-TpeThix, «BcachIBaHMe» U «BTAIMBAHUE» BHYTPB IIPOCTPAHCTBa
MEXaHMYECKUX KBAHTOB AaTOMHOTO AP, OCKOAKOB (POTOHOB Ay4eBhIX
SHEPruii, KBAHTOB DAEKTPUYECKMX M MATHUTHBIX DHEPIMIA B Ka4eCTBe
SHEePreTUYECKOoM MOAIMMTKM MeXaHUYeCKO SHEPIMi aTOMHOTO SAPa B
MOMEHT IIECTUTAKTHOTO LIMKAA 00pa30BaHUA LIEHTPOCTPEMMUTEABHOI
CHUABI MAM CHABI IPUTSKEHM, DTOT LIMKA ¥ 06pasyeT CIMH BpallieHus
Ha 180 rpapycos npoTnB yacoBoi cTpeaknu. Koraa cBepxy cmoTperTs,
KaK BOAA YXOAUT U3 BaHHBI [10 CAMBHOMY OTBEPCTHIO, TO MOXKHO Ha-
6AI0AATD, KAK BOAA CaMa Cebsl 3aKpyIMBAET UAM HPOTHMB, MAM II0 HaCO-
BOM CTPeAKe. JTO M eCTb OTPaK€HHE PEAAbHBIX IPOLIECCOB CUHXPOH-
HOTO CIIMHOBOTO BpaieHusa Ha CeBEPHOM HOAYIIapUM SAEKTPOHHbIX
060AOYEK ATOMOE M MOAEKYA 3€MHOrO Iapa II0 YacOBOM CTPEAKe, a
9KPaHMPOBAHHBIX ATOMHBIX SAEP — IPOTUB 1acoBOM cTpeAKH. Ecau
©Obl He OBIAOC IKPaHMPYIOLIETO BAMAHNA SAEKTPOHHBIX 060A04€EK, TO
BCe KMAKOCTH NpH NPOXOKAEHMY depe3 y3Kue oTBepcTus, Ha Ce-
BEPHOM NOAYIIAPDMM 3aKPY4YMBAAMCH IIPOTUB 4aCOBOM CTPEAKH, B
TY e CTOPONRY KyAa BpailialoTcA 1 aTMochepHbie HMKAOHBI. Ho ak-
PaH SAEKTPOHHBIX 060A0YEK YPABHUBAET BAMSIHKE IPAMBIX U 06par-
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HBIX CHJMHOB, HO3TOMY XMAKOCTD OyAeT 0653aTeAbHO BpalmaThCs, HO
HaTIpaBA€HME BPALIEHUsI MOXKET OBITh KaK IO YaCOBOM CTPEAKE, TaK
U TIPOTHUB 4aCOBOI1 CTPeAKM. B To ke BpeMsi, eCAM IIPOBECTH TOUHBDIIA
SKCIIEPUMEHT, TO a0COAIOTHO PaBHbIE U AOCTaTOYHBIE GoAbIIMe 06B-
€MBI XMAKOCTHY UCTEKYT OBICTpee, ecAM oHM OYAyT Bpailarbcs B ab-
COAIOTHO OAMHAKOBBIX OTBEPCTUAX CAMBA 110 HAlNPAaBACHMIO Bpalje-
HUA LMKAGHOB, Y€M TaKKe XKe 00'beMbI XXUAKOCTH, KOTOPOE MCTEKAIOT
M3 CAMBHOTO OTBepCTH, BpalljasiCb B HANIPABAEHUM aHTULMKAOHOB.
A aAymaio, uTO 3TOT DAKT AABHO YK€ MOATBEPIKAEH BKCIIePHMEH-
TAAbHO, TOABKO HayKa CKPbIBRE€T PE3yABTATHI IKCIIEPUMEHTOB, TaK
KaK He HAXOAUT MM Hay4HOTO 06 bscHeHns,

Tenepn mepeitaeM OT OTAEABHBIX aTOMOB U MOAEKYA K IAaHeT-
HBIM Y 3BE3AHBIM TeAaM. ITAaHeTHBle U 3BE3AHBIE TEAa IIPEACTABA-
10T CoO0I CMHXPOHM3UPOBAHHOE 00beAMHEHME KOHEYHOTO MHOXECT-
Ba aTOMOB M MOAEKYA, TO3TOMY MX LIEHTPHI TSDKECTe, o noA06uio
HEeHTPOB aTOMHBIX SAEP, TAK)Ke COCTOAT M3 ABYX PasHECEHHBIX
BO BpEMEHM M NIPOCTPAHCTBE NPOTUBOMOAOKHBIX LEHTPOB. OAMH
LEHTP OPTaHU3yeT LEHTPOCTPEMUTEABHYIO CUAY ITAAHETHOI'O NPUT-
XEeHMA U BEKTOP 0€30MTOPHOTO NepeMeleHns IIAQHETHI 1o ee opbuTe,
a BTOPOI1 LIEHTP OPTAaHU3YeT LIEHTPOOEXHYIO CUAY U BEKTOD OTTAAKH-
BaHMA. B To e BpeMs BceoOljasi CMUHXPOHM3ALUA CMHXPOHUSUPYET
M CIIMHBI BpAIfeHUs] BCETO MHOXXECTBA aTOMOB M MOAEKYA 3BE3AHOIO
MAK naaHeTHOTro Teaa. Ha CeBepHoM noAymapuu HeGecHOro Teaa,
(npu B3rasiae CBepXy KOHKPETHO HA MAAHETY 3€MAs), BCA Macca
ATOMHBIX SAep 6YAeT CHHXPOHHO M MMITYAbCHO BPamaThCs IPOTUB
4acoBO CTpeAKH. [Ipy 3TOM 000A0UKYM aTOMOB 11 MOAEKYA GyAyT 06-
PA30BbIBaTh NPOTUBOMOACKHBIE CIIMHEI 110 180 rpaAycoB 10 YacoBOM
crpeake. Ha KOxHoMm noAaymapuy, (fipyn Barasiae CHu3y), 5Ta XKe Mac-
Ca aATOMHBIX fIAep GYAeT BpalaTecs Mo YaCOBOM CTPEAKE, & 060A0UKM
ATOMOB ¥ MOAEKYA — IIPOTHB YaCOBOM CTPeAKU. A B cymme? A B cym-
Me, A1I000e HeGeCcHoe FeAD-HOA CHHXPOHM3UPYIONMM BO3ACHCTBH-
€M COOCTBEHHOTO LIEHTPa THHKECTH, CTRHOBUTCA chepouaoM Bpa-
meHus, nopoxxkpaeT CepepHblii u HOHKHBIM IOAKOCA, HOPOXKAAET OCh
BpallieHUsI M HAYMHAET BPAlJaTbCA BOKPYT 3TOI COOCTBEHHOI OCH C
TOM MAM HHOI CKOPOCTBIO. HO 11 5Ta CKOpOCTD TOXe He YyCTaHAaBAUBa-
€TCs caMma co60i1, & PETYAUPYETCA UEHTPOM TDKECTH HeOeCHOTO TeAa.
B oTAMYME OT KOCMUYECKNX O6BEKTOB, HE MMEIOLIUX CTATYCA IAAHET-
HOTO TeAa, TUITa KOMET, aCTEPOMAOB, OOAMAOB Y METEOPOB, B MAaHE-
TaX, UX CHYTHKKaX U B caMmoM CoAHIe, KaK ¥ BO Bcex 3Be3aax Beeaen-
HOM, MX CUCTEMa LIeHTPOB OTTAAKMBAHMA U MPUTSDKEHUA BPALAETCs C
60ABIIONA CKOPOCTBLIO BOKPYT OCH, ITEPTIEHAUKYASIPHOIM MOBEPXHOCTH
COOCTBEHHO SKAMIITUKY, A€XKAHIEN B IIAOCKOCTH 3KBaTOpa.

™
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CaM AYXOBHBI LIEHTP HAQHET, MX CIIYTHMKOB M 3BE3A HE MMeeT
SHEPrMU, HO HAAEAEH IIOAHOTOM OoecTBeHHOMU uHpopmaumu. Ma-
HUITYAMPYs ITapaMeTPaMM IIPOCTPAHCTBA ¥ BpeMEHH, OH IIPUHYKAQET
000AOYKY KBAHTOB HEUNCTOIO AbSIBOABCKOTO AYXa CAEAOBaTb 3a CO-
0011 ¥ TOXe HeNPePHIBHO BPALAThCA BOKPYT OCH 3BE3AHOTO MAM NAA-
HETHOTI'O TeAa. AbIBOABCKMI AYX MMEET OCTATOYHYIO SHEPIMIO M C ee
TIOMOIIIbIO, 0 TEPMUHOAOT UM TEPMOAMHAMMUKH, KYBAEKAET» IIOAEBbIE
(dopMBI MaTepun B BUAE SAEKTPUYECKOTO M MATHUTHOTO TIOAS K Bpa-
IeHMIO BOKDPYT MAAQHETHOM MAM 3Be3AHOM OCH BpallieH!s1. YueHble Ha-
3BIBAIOT TAKOe BpAallleHHE LEHTPA TAKECTU «FE€OAMHAMOI» U KapHuo-
AMCOBOI cHAOIL. ITyCTh HAasBIBAIOT, KAK XOTAT, HO TI0 GOXECTBEHHOMY
3aKOHY BcsAKan opMa MaTepuy, KOTOPast MMEEeT MeHbille SHEePTUHY,
HO HeceT B cefe 6oabie HecTupaeMoit nnbopmaluu, UMeeT IPaBo
YIpaBASATD M YNIPaBASET TOM MaTepuel, KOTOpas He HeceT B cede
HMKaKo#M uHpopManmu, HO 3aTo cnocoGHa 0o6pa3oBHBATHP Mac-
cy. B aToM U ecTh pacmndpoBka TepMOAMHAMMUECKOTO NPUHIM-
na «yBaedyeHus». Macca CoAaHLa ¥ pa)Ke Macca MAaHeThl 3eMAs Co-
AepKaT B cefe KOAOCCAABHYIO SHEPTHIO, €CAM OLIEHMBATh 3Ty Hep-
rMi0 o GOPMYAE, YTO SHEPTUS PABHA MACCe, YMHOXKEHHOJ Ha KBaApaT
ckopocTi cBeta. Ho Kak Macca aTOMHOFO SIADA TMOAYMHSETCH AYXOB-
HOMY KBaHTY MOHaABI, He MMelou[el! HUKAKO 3HepruM, Tak u mMacca
3BE3A U ITAAHET NOAUMHAETCSI AYXOBHOMY LIEHTPY YIIPaBA€HMUS, KOTO-
PbIii HAXOAUTCA BHYTPM MX LEHTPOB TsbKecTeil. Bpamenue aas He-
GecHbIX TeA HEOOXOAMMO, KaK JAEMEHT WHEPUMOHHOM YCTOHYM-
BOCTH IIPY MX 0€30MOpHOM nepeMeljeHHn N0 COOCTBEeHHBIM Op-
6utam. Bce MBI 3HaeM, UTO BPAI{alOIMICS BOAYOK He TaK-TO IIPOCTO
CTOAKHYTB ¢ MecTa. llleAukn masbiia no ero nmoBepxXHOCTY OH HE Olfy-
IHaeT, TOYHO TaK JKe, TAZHETHI He OU[YHIAIOT U «IIAAEHUA» METEOPUTOB
Ha 3eMAI0. A BOT OCTAaHOBAECHHBIN BOAYOK MOXCHO CABMHYTb C MeCTa
NPOCTbIM IPUKOCHOBEHMEM naAbija. PasBe He gcHo, yTo He Bpailawo-
1ecs KOCMUYECKHE TeAd, BpOAE KOMET, BOAKAOB, aCTEDOMAOB U Me-
TEOPOB, HAXOAATCS HO CPABHEHUIO C BPAHIai0WMMKCs HebecHbpIMH Te-
AAMM B COCTOSTHMM «4aCTUYHOM» TEASTOPTaLMu?

Ho aaxe u 10 He camoe raaBHoe! TAaBHOE 3aKAIOYAeTCA B TOM,
4TO BpaljeHMe HeGECHBIX TeA NO3BOASIET UX AYXOBHBIM LIEHTpaM pe-
HIaTh ABE KpajtHe Ba)KHbIe 3aA34M. Bo-nepBbIX, MaABIM OTKAOHEHUEM
ocel BpallleHUs OT CBOETO ITOAOKEHMSA M MaABIM OTKAOHEHMEM CKO-
pPOCTH BpAIEHUs B TY MAM MHYIO CTOPOHY HebecCHbIe Teaa YAEPXKH-
BalOT. BO BPEMEHM NOPA3UTEABHYIO CTaOMABHOCTb KaK COBCTBEHHBIX
OpOUTAABHBIX IAPAMETPOB, TAK U CTAOMABHOCTD OpGITAABHBIX MApa-
METPOB BEAOMBIX AaHET MAM ciyTHMKOB. Ho ecTh 1 BTOpoe ynipas-
AsIIOINEe CBOHCTBC BPAIHAIOIMXCA HeOechbix TeA. ITo saauncam op-
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6uT Becex naaveT COAHEYHOM CUCTEMBI, MbI BUAVIM, YTO BEKTOP CUAhLL
OTTAAKMBAaHUA GOPMUPYETCH MHAUBUAYAABHO AAS KOKAOVM IAAHETHI
M3 BTOPOTO LiEHTPa sAAUIICa, AAs BceX mAasHeT COAHEYHOM cucre-
MBI CYIECTBYeT MHAMBMAYAAbHAS SAAMNTHYECKast opbura, a 3Ha-
YMT, CYI[ECTBYET U HHAMBHAYAAbBHBIV 3KCHEHTPUTET AASL BTOPOIO
nenTpa saAunca. Ha peae 1o osnavaert, yto CoaHue no uH¢opma-
LMK cOOCTBEHHOT0 IPABUTALMGHHOTO TIOAS M ITOA€ FPaBUTALMM [TOA-
YMHEHHDIX IIAQHET, IPUHYKAQET UX NPUTACMBATBCA K cebe ¢ CUAoiL,
IPONOPIMOHAABHOI CODCTBEHHOI Macce M MHAMBMAYAABHOM Macce
Ka)KAOT'0 IAQHETHOTO TeAa. A BOT CHMAY oTTaAkMBaHus macca CoAHLa
$opMUpYeT UHAUBUAYAABHO AASL KQKAOTO 1AAHETHOTO Teaa CoAHeY-
HO¥ cucTeMbl. YeM GoAbllle SKCLEHTPHTET DAAMIICA IIAQHETHOM Op-
OMTBI, TeM GOADBIIE CHAA €€ OTTAAKMBAHMA. A BEAD STOT BEKTOP CHABI
OTTaAKMBAHMUA AaXKe HE YIIOMMHAETCHA B 3aKOHE BCEMUPHOTO TArQTE-
HUA, XOTS IBASETCS BKHEMHIIUM HaKTOPOM AAS «PA3YMHOTO» yIIpaB-
A€HMA BPALJAIOIUMNCH HEOECHbIMYM TEAAMM, KAK COOCTBEHHBIMM Be-
AOMBIMM ITIAAHETHBIMM TEAAMU, TaK ¥ BCEM OCTAaAbHBIM MHOT0O0Opa3an-
€M He BPalaloHIMXCA KOCMUYIECKMX 00BeKTOB. BOT aTOT 0ueBUAHDIN
(axT 1 He 3aMeyaeT COBPEMEHHAsI HAayKa, Iyras 3eMHOe YeAOBEYeCT-
BO HEMPEACKA3yYeMbIM CTOAKHOBEHME 3EMHOTO 11apa C KaKUM-HUOYAD
KPYNHbIM GOAMAOM MAM aCTEPOMAOM. DTOIO He MOKET POM3ONTH,
€CAM CaMa MAAHeTa 3eMAS He 3aX0YeT TAKOTo KaTacTpoduuecKo-
r0 CTOAKHOBeHMs. PazbepeMcs ¢ cuTyanmeit Ha npyuMepe BBITAHYTHIX
SAAUNTUYECKUX OPOUT KOMETHBIX TEA.

Nx BorrsiHyTEIE OPOUTBI AQIOT OTPOMHBIA IPOCTPAHCTBEHHBIN
3KCLEHTPHUTET, MEXAY TOYKO! LIEHTPa SAAMNCA, TA€ HaXOAMTCA COAH-
1ie, M «3apHe» TOYKOM BTOPOTO EHTPA DAAUIICA KOMETHOM OpOUTBHI.
W3 Toit ToukH, rae HaxoauTca COoAHLIE, OCYLIeCTBAMETCS IPUTSDKEHNE
KOMETBI, a M3 BTOPOTO «3AAHETO» HEHTPA SAAMIICA OCYIECTBAAETCA
orTaskuBanue komerh ot Coanya. ITo BTopomy 3akony Kenaepa, pa-
60Ta CMA OTTAAKMBAHMA PAaBHa MMAOLAAM CETMEHTa, KOTOPBII «PUCY-
eT» KOMeTa CBOeil OPOMTONM U TOUKOM «33AHEro» LEeHTpa sAAuIca. Pa-
60Ta CHA IPUTSKEHMSI PaBHA MAOIAAM CETMEHTa, KOTOPBI «pUcyeT»
KOMeTa cBoeil opbuToit u eHTpom Tsokecty Coanua. CoBepmeHHO
O4EeBUAHO, YTO NpH HpuGAIKenuu KomeTsl K COAHLYY, 3a CUET Ha-
pacTaHusl BeKTOpa CHABI B3aMMHOTO NIPHTSDKEHUsI, AUHeHHAsA CKO-
POCTH KOMETBI 3HAYMTEABHO BO3PACTAET, HO B TO )K€ BpEMS C eme
0OABIIMM YCKOPEHMEM HAPACTAeT BEKTOP CUAbI OTTAAKMBAHMHIA.
Baaropapsi 3TMM pa3HOHANPABACHHBIM YCMAMAM, KOMETA He MaAa-
et Ha CoAaHILle, 2 KPYTO Pa3BOPAYMBAETCH BIEPEAN MACCH! COAHEY-
HOM MaTepMM M CHOBA YXOAMT B pocTopbl COAHEYHOM CHCTEMBI.
Ho xomeTHl He 1o Eoﬁcmeuuoﬁ TAYTIOCTH AETaIOT B AAABHMH KOCMOC,
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a 3aTem Bo3BpamanTca K Coanly. OHM UCTIOAHSIIOT HENIPEPBIBHYIO pa-
60Ty KOCMMYECKMX MYCOPOCOOPIIMKOB M YTHAM3ATOPOR M COOMpalOT
HE TOABKO KOCMMYECKYIO IIBIAD 1 IOTTYTHBIE METEOPUTHI, HO, FAABHbIM
06pasoM, COOMPAIOT M MPUHOCAT K XXUSHETBOPSIIEH NAaHETe 3eMAs
oTrpaboTaHHble KBAHTBI MOAEH I'DAaBUTAIMM ¥ NIPOAYKTHI SKU3HEAES-
TEABHOCTM APYTHX NmAaHeT CoAHeuHOIt cucTeMbl. T1pu npubarmkeHnu
K COoAHITY, KOCMUYI€CKME AYYH M IIOTOKHM HEHTPHMHHBIX YaCTHL, BCTY-
TAIOT BO B3aUMOAEICTBIE C KOCMUYECKUM MYCOPOM M OTPabOTaHHbI-
MM GpakUUAMY NoAelt TAroTenusa. O6pasyeTcs OrpOMHBIN KOMETHBI
XBOCT, HAIIPABACHHbIi1 B CTOPOHY, IIPOTUBONOAOXKHYI0 Macce Coanla.
Aas paboThl CoAHLIa STOT MaTePHAAbHBI «MyCcOp» KpaifHe OfaceH,
IOTOMY YTO TIPEACTABASIET OO0l He TOABKO TElAOBbIe KBAaHTHI, Ha-
paboTaHHbIE NOASIMU IPABUTALMIA B TAYOMHAX KOCMOCA, HO U CTYCTKH
KBaHTOB MPOAYKTOB KU3HEAEATEABHOCTH YAaAeHHBIX nAaHeT CoA-
HEYHOM CUCTeMBI. ADYIMMH CAOBAMH, B XBOCTE KOMETbI MOKeT ObITH
cocpeapoTodeHa sHeprus Aecarok HAO.

YAaAeHHbIe NAQHETH UCIIOAb3YIOT MaTePUI0 KOMETBI KaK TPaHC-
NIOPTHOrO areHTa. IIPOAYKTHI MX JKH3HEAECATEABHOCTH AUILIEHBI MaTe-
PMAABHOM OCHOBBI, HO MMEIOT BBICOKYI0 OCTaTrO4HYyI0 sHepruio. Ot-
CYTCTBME B IIPOAYKTAX IMAQHETHOM XXU3HEAEATEABHOCTH KBAHTOB Me-
XaHUYECKNX IHEPIUil, HO3BOASET UM He IOAYMHATCSA CHAE ITAAHETHOTO
TATOTEHUs ¥ 3aKOHaM rpasuTatuy. Ho 0HM MMe0T BBICOYAMIIYIO MH-
($HOpMaTUBHOCTH, M YXKe CIIOCOOHBI 3aKPENAATh HA CBOMX CTPYKTYpaXx,
AAUTEABHO XPaHUTb M MCIIOAHATb Takue MHPOPMALMOHHBIE AATO-
PUTMBI, KOTOpbIe IIPOTUBOPEYAT MaTepPUAAbHbIM 3aKoHaM. Baaropa-
psa Tomy, yro HAO ncnoab3yior oA nepemMemeHus 10 MPOCTPaH-
cTBY COAHEYHOM CHCTeMbl CHHXPOHHYIO LICHTPOOEXKHYIO CHAY OT-
TAAKMBaHMA, 2 TAK)Ke B3aMMOAEHCTBYE COOCTBEHHBIX MATHUTHBIX
H DAEKTPUYECKHMX NMOAEH C AHAAOTMYHBIMM HOASMM IIARHEThI-Ma-
tepu, HAO cnocoGHBI 1 CaMOCTOSTEABHO AGOUPATHCA A0 3€MHOM
armMoc(epnl ¥ TMOBEPXHOCTH Haiueil nmaaHernl. CBUAETEABCTBAMMU
06 HAO 3anoAHeHa crneuMaAbHasi AMTEpaTypa, KOTopas Ha3bIBaeT-
cst yboaorueis. Ho MaAo KTo 3HaeT, YTO 60AbIIAS YaCTh MPOAYKTOB
JKMBHEAESATEABHOCTU APYTUX NAaHeT COAHEYHOM CUCTEMBI AOCTABAS-
I0TCA Ha MAAHETY 3eMAS He CaMOCTOSTeAbHO, B Buae HAO, a B pac-
CPeAOTOYEHHOM M He30macHOM Buae, KoMeTHoN MaTepueii. TToa Aeit-
CTBMEM KOCMUYECKMX Aydeil «COAHEYHOro BeTpa» M JIOTOKA COA-
HEMHbIX HEWTPUHO, IPOAYKTHI )KM3HEAEATEABHOCTH APYTHX MAQHET
¥ KBAaHTHI TENAOBBIX dHEPruii npeodpasyiorcs B 6e3onacusie do-
TOHBI M AOCTAaBAfIIOTCA Ha MOBEPXHOCTb ¥ B arMocdepy 3eMHOro
1Iapa, ¥ 3AeCh OKOHYATEALHO YTMAU3UPYETCH B ABSBOABCKOI TIpe-
UCTIOAHEH, BOAM3M LeHTpa TshKecTH. [locAe yTHAM3aLMK OHM Hpe-
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BpAIAIOTCA B pa3HOPOAHBIN ACIMOH CaTaHUHCKO-DECOBCKUX AYXOB U
OTNPaBASIOTCA CHOBA HA HOBEPXHOCTD IAQHETHI, AASl «ITEpepaboTKU»
B YEAOBEYECKMX AyLIaX.

To, 4To Cc MoOsIBAEHMEM XBOCTATLIX KOMET, CBS3aHbl MHOIMe
TparmuecKue coObITHA 3eMHOT0 YEAOBEYECTBa, €CTh He BBIMbBICEA
aBTOpa, a MCTOPUYECKM 3aPUKCHPOBAHHBIN (PAKT MHOTHX A€TONHN-
ceif, M1 (OB, KaK ¥ IPSAMbBIX CBUAETEABCTB, APEBHMX HCTOPUKOB. OT
CaTaHMHCKO-DECOBCKMX AYXOB ITOBEAEHUE OTACABHBIX MCTOPUYECKMX
AVIMHOCTE! U BCETO 3€MHOTO YEAOBEYECTBa CTAHOBWTCA DOAee ak-
TUBHBIM ¥ arpecCMBHBIM. HeaAeKkBaTHOCTh IOBEACHMA BCETAA YpeBa-
Ta ABOPLIOBBIMM I1€PEBOPOTaMH, BCEOOLMM 03A00A€HNEM, BOMHAMMU
¥ sannaemuaMu. O6 5TOM ¥ TOBOPAT HaM MCTOPUYECKUE CBUAETEAU.
Hy, a Kak He cBs3aTh oCeHHee 060CTpeHEe NOAUTUYECKON AKTUBHO-
CTM HADOAOHACEACHMS 3aIAAHBIX CTPaH, C aBI'YCTOBCKUMM METEOPMT-
HBIMU AOXKAAMMU? TToCcMOTpYMTE IO TEAEBUBOPY, C KAKOM IPOCTDIO U aK-
TUBHOCTBIO OCeHHUe DOpLb 3a NpaBa YEAOBEKA, BCAKUE KHECOTAAC-
HBbie» ¥ IPOCTO AECATKM THICAY PAAOBBIX AEMOHCTPAHTOB «BOIOIOT» C
MOAMLIMEN, CKUFAIOT ABTOMOOMAM M TBOPAT ApYTUe 6e33aKOHMS TIOA
Ao3yHramu 6opb0BI 32 COOCTBEHHDIE DKOHOMHUYECKME MAM ITOAUTHYE-
CKue TIpaBa M IpaBa CBOMX COIPaXAaH. 3abecoBAEHME MOAABASIOLLE-
ro 60AbIIMHCTBA BaCTYIOIUMX IPAXKAEH, KAK BpEMEHHaA AyXOBHas 6o-
A€3Hb, KOHYAETCS BMECTE C OCEHbI0, DHEPIHst HeYUCTOro Ayxa ucrpet-
ASIETCA U XXM3Hb BXOAUT B HOPMAABHOE PYCAO, €CAM MOXXKHO Ha3BaTb
HOPMAABHOJ u3Hb, B BEYHOM OXXMAAHUU YXYAIIEHHUS COOCTBEHHO-
rO BKOHOMMYECKOTO TIOAOXKEHMA U OXXMAQHVA TEPPOPUCTHUYECKUX aK-
TOB. OAHAKO OTACAbHBIE AMMHOCTHM OCTAIOTCA HaBCerpa 3aGecoB-
Aennbimu. Vix BpemenHas AyxoBHast 60A€3Hb TIepepacTaeT B Xpo-
HU4YecKyio ¢da3dy. 3TH XPOHMKK ¥ COCTaBAAIOT AKTUBHYIO “acTb U
AYXOBHbIE LIEHTPhI YNPaBA€HMSI, KaK TeX TIOAMTHYECKMX MapTuif,
KOTOpbI€ AOCTUIAM BAACTH, TaK U TeX, KOTOpble He AocTuran. OQuu
GOPIOTCS 32 BAACTD, YTOOBI YCKOPEHHO NPOABUTATBCA K aACKOMY ATIO-
KAAMUIICUCY, YCTHAAS BTY AOPOTY oboAbieHueM AXM U GAarumu no-
JKEAAHUAMM, KaK AASL YAEHOB CBOMX IMTOAMTHUYECKMX IIAPTMITL, TaK M AAST
BCero 3eMHOTO YeAOBEYeCTsa.

MuTepecHo NOHATDH, YTO ABMAOCH aKTMBATOPOM AAA pa3)Kura-
HMsL 6Ee3yMHOIM PEBOAIOLIMOHHOCTY M NIOAMTHYECKOI aKTUBHOCTH Ha-
poaoB Tyunca u Erunra, a 3areM u Bcero ucaaMmckoro mupa? Eruner
¥ AuBus 6b1aM raaBHBIMY cTabuansaropamu CeBepa AQpHKK U BKO-
HOMMYECKM YCTOIMBLIMY TOCYARPCTBaMN. AMBUA AaBaAa pabory He
TOABKO CBOMM COrpPa)KAQHaM, HO ¥ COTHSAM TBICAY XXUTEAEH COCEAHUX
cTpaH. PeBOAIOLMOHHBI NOPHIB BHEC XaOC ¥ TPAKAAHCKHME BOJHBL
IMocmoTpuTe Ha AMIja BOOPY>KEHHBIX AO 3y0OB COBPEMEHHBIM OPYXXM-
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eM noBcTaHueB AuBuu. VX XeCTbl, AMLIa U TA23a CBETATCA Ge3ymu-
eM ¥ papocthio. HUKTO yke He OCTAHOBUT 3TO Ge3yMue 1 5TOT Xaoc.
Bor papu atoro xaoca ¥ MeXAOYCOOHOTO KPOBOIPOAUTHS, AASL UC-
TpeGAeHUsE HAPOAOB AQPHUKM ¥ HAPOAOB MCAAMCKOTO MMpa, ¥ MO-
TPpeOOBAAMCh PEBOAIOLMM IO BCEMY MCAAMCKOMY MMpY. DTO He Bbi-
FOAHO HU OAHOMY Y€AOBEKY 3€MHOTO Iapa, He3aBUCHMO OT TOTO, Ha
KaKoii TEpPpUTOpPUK OH npokusaeT. Ho aTo BBITOAHO TOMY AYXY, KO-
TOPDIiA TIPOBOAMT DBOAIOLIMIO YEAOBEKA IO CBoeMy naaHy. He cBo6GoA-
HBIE AEMOKDATBI, a AyXOBHBIE pabbl IOMOralOT Pas>KUraHUI0 MUPOBO-
ro koHdAKKTa. VI A€AQI0T 3TO OHM He OT cebs U He BO UMt COOCTBEH-
HbIX MHTEPECOB, ¥ AAXKE HE BO MM BCEOOLIEN AEMOKPaTUH, a BO UMA
MHTEPECOB TOT0 AyXa, KOTOPbI HEHABUAMT COBPEMEHHOE YeAOBeue-
CTBO, KaK ¥ HEHABMAUT CBOMX HEPEIINTEABHBIX ¥ CAAGOBOABHBIX pa-
60B. YK 0O4eHb MHOTO OHJM 3aHMMAIOTCS He KOHKPETHbIMM AeAaMM, a
CAOBOOAYAMEM AXKM, TIBITASACH «0BEAUTb» ce6s epes AULIOM HAPOAOB
3eMHOTO HIapa.

Ho mbr ceifvac 3aHuMaeMcs He PUAOCOPCKUM OCMBICAEHMEM CO-
BpPEeMeHHOro 001mecTsa, a PUAOCOPCKIM OCMBICAEHUEM TIPUPOABE Ma-
repyu. [ToaTOMY BepHeMCsl K Mpee HayYHOro COOBIIECTBA O CO3AAHUM
PaKETHO-SIAEPHOIO HINTA AAS 3AIUTHI HallleH [TAAHETBI OT KaTacTpo-
(buuecKoro A060BOro CTOAKHOBEHUSI C ACTEPOMAAMM UAM GOAMAAMMY.
CoBeplIeHHO ACHO, YTO FPABUTALMOHHOE IOAE 3eMAM, IPU PUOAN-
KEeHMM AI00Oro KOCMHYECKOro 00beKTa K DAMXKHEN 30He 36MHOTO
mIapa, C GAHOM CTOPOHBI, YBEAWYHBAET €TI0 CKOPOCTbD, 3a CYET NpH-
PanieHust BEKTOpa CHABI B3aMMHOTO NPUTSKEHMS, a C APYTOH CTO-
POMBI, KMCKPMBASIET» €0 TPACKTOPHUIO BEKTOPOM CHABI OTTAAKM-
BaH#sA, CHOPMMPOBAHHOIO UHAUBUAYAALHO AASL KKAOTO KOCMM-
4eCKOro o6mexra. AAsS MaAbIX METEOPUTOB, STO «HMCKPUBAEHME»
He3HaYMTEABHO IO BEAUMMHE. 3eMAs BOBCE He XOYEeT, YT00bI OHU Ipo-
A€TeAU MUMO. 3€MAS IIOTAOHIAET METEOPUTHI M TEM CaMbIM Hapal(y-
BAET CBOX 3HEPTETHYECKYIO MOUIHOCTD U NIOIIOAHSET pe3epBbl HeYuC-
TOTO AyXa, AASL TIOBLILIEHMS AYXOBHOM M TEAECHOW DHEPrMM 3€MHO-
ro 4eAOBeYeCTBa. BeAb eCAM Y YEeAOBEKA eCTh arpEeCCUBHOE JKeAaHMe,
TIOMTH HA YAMHY M CKeub, HalPUMMep, aBTOMOOUAbL MAM «IpUneda-
TaTh» MOAMLENCKOTO YAQPOM KaMHs UAY AYOMHKM, HO HET TEAECCHOMN
SHEPTUM, TO OH OYAET IPOMKO NMPOKAMHATD ACUCTBUS IPABUTEABCT-
Ba,.CHAS Y 9KpaHa TEAE€BM30pa, M He BBIMAET Ha yAauny. Ho npexae
JeM NPEeBPaTHTb COXOKEHHYIO B aTMOCdepe ITAaHEeThl MATEPUIO METE0-
pa B HEYMCTBIA AYX, KaK IMILY AAS 36MHOTO YEAOBEYECTBA, AYX Absi-
BOA@ THIPOTOHSAET BBICOKOSHEPTUYHbie PPAKLMM MPOAYKTOB IOPEHUA
110 KOHBEI1epy OT IIOBEPXHOCTU AO penucnopHein. VM rem caMmbiM obec-
fleYuBaeT MaTEPHIO IIAQHETHI HEOOXOAMMOIT SHEPTUEN AASL BPALLIEHNA
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U 6e30MOpHOro HNPOABIDKEHMs 3€MHOTO LIapa B KOCMMYECKOM Mpo-
crpaHcTBe COAHEYHOU cucTeMbl. 3eMHOMY Liapy He OyAeT Anurmet,
HUKAaKas AOMOAHMTEAbHAs SHeprus. A BOT HOTEPSBIINI M30BITOK
SHEPrUM HEYMCTBIN AYX HapeAseTca aHTuMHOpMaLiei M OTIIPaBAS-
€TCs CHOBAa Ha NOBEPXHOCTD, OKOPMASITb AIOAEl CaTaHMHCKO-6ecoB-
ckumu Ayxamu. TToaromy 3eMAst no KacaTeAbHOM TPaEeKTOPMH BBO-
AHT METEOPHUTHI B CBOIO ATMOC(EPY U B IOAABAAIONIEM KOANYECTBE
CKUTAET X HA Ge30MaCHBIX AASL 3€MHOM )XM3HM BHICOTAX,

Bce MeTeoputHbIE AOXKAM, M AKe TYHI'yCCKUI METEOPUT, KOTO-
poiit 30 mionst 1908 ropa BaopBaacs Hap, 6acceitHoM pexku ITopkameH-
Hast Tynrycka B BocrouHoit CuOMpH, YHUYTOXMB A€C Ha TAOLAAM
2000 KBaApaTHBIX KHAGMETPOB, ABUTAAVICh Y OYAYT ABMTaThCSI 110 HUC-
MAARIOLUIMM KacaTeAbHBIM CIMparAM. MeAKkue MeTEODUTHI He OCTaBAS-
10T TIOCAe ce0sl HUKAKMX TAY6OKMX BOPOHOK, HOTOMY YTO MX CKOPOCTD
BOAM3YM OBEPXHOCTH CTRHOBUTCS CPAaBHMMO# CO CKOPOCTBIO MAAAID-
el HepasopBasuIeitcsi 60MOBI MAM TOrO ke MOTEPHEBILErO aBAPUIO
caMoaeTa, MHOro4McAeHHbIe 9KCIIEAMLIMM K MeCTy B3pbiBa TyHryc-
CKOTO METEOPUTa He OOHAPY)KUAM TaM HMKAaKUX OCKOAKOB. O 4eM aTo
roBoput? Bo-11epBhIX, 0 TOM, YTO METEOPUT MOr MMETb PYKOTBOpP-
HYI0 OCHOBY BeAukoro reHus Huxoabr Tecaa (1856—1943). Vimen-
HO B 3ToM, 1908 ropy, Hukoaa Tecaa npoBOAMA SKCIIEPMMEHTHI IO
6ecnipoBOAHOI ITepeaaye SIAEKTPOSHEPruM Ha GOAbIIME PACCTOSHMS.
B aTom cayyae Tynrycckuit Mereopur npeacTaBAsiA co00it aHepre-
THYECKUI CI'YCTOK ACCATKA ThICAY MOAHMI, 00 hEAMHEHHBIX B OAHY
TMI'AHTCKYIO HIApOBYI0 MOAHUIO. ECTecTBEHHO, YTO Ha MecTe B3phl-
Ba HMYEro BeleCTBEHHOr0, KpOMe MOBbILIEHHO! Pagualuy, oGHapy-
KUTb HEBO3MOXKHO. HO BpSIA AM IepBble 3KCIIEAMIIMU MMEAU C cOb01t
AO3MMETDBI, a B AAAbHelfeM cAaaboe paAMOaKTUBHOE 3apakeHue Me-
CTHOCTH ¥ BOBCE MCYe3A0. Bo-BTopbix, 5T0 MOT OBITH M BHEpreTude-
CKUJ CI'YCTOK HEYNCTOTO AyXa, KOTOPbIi Ha3bIBAETCA HEOMO3HAHHBIM
AeraomuM 0ObeKTOM MAU coKpaiieHHo HAQ. Takoit MOIHEIA aHep-
rocrycrox mor 6br1b Hapa6oTan nAaHeTHEIM TeaoM IOnurepa u cre-
LIMAAbBHO TIOCAQH HA NTAQHETY 3eMAS AAS YTUAU3ALMM M OKA3aHUA 1O~
MOIHU AbSBOAY B €r0 AYXOBHOM BO3AE/CTBMM HA 3€MHO€ deAoBede-
ctBo. Mereopur yraa B 1908 roay, a 4yepes ueThIpe roaa HadaAach
nepBasi MuposBasi BOJHA, U MUP COAPOTHYACS OT €€ KPOBONPOAUTHA,
a 3aTeM OT KPOBOTIPOAUTHA KOMMYHUCTUYECKUX PEBOAIOLIMIA.

A He Gyay B 9TOi KHUIre pacCMaTpMBATh GECKOHEHHOE MHOXECT-
BO CBUAETEABCKMX [TOKA3aHUI O HEBEPOSATHBIX (eHOMEHAX, IIPOU3BO-
aumbix HAO. Bee aTM peHomens! 1 HermosHaBaeMble AASL HAYKM 4y-
A€Ca AerKo OOBACHAITCA HE MaTEPUAABHOM, a AYXOBHO IPUPOAOI
cammux HAQ, Aasxe Te MaTepuaAbHbie KOHCTPYKUMM CAOXKHelIIe He-
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3€MHOM TEXHOAOTUM, KOTOPbIe HAXOAST B BUAE OCKOAKOB, ITOCAE IIe-
pexopa AyxoBHOI sHeprun HAO B Heapa 3eMHOro mapa, UMeloT He-
PYKOTBOPHYIO HPUPOAY M BeCbMa ONACHbt AASl TEAECHOTO OpPraHuM3Ma
U IICUXUKM YeAoBeKa. ToT Xe, HbIHe MOKOMHBIN COBETCKMI aKaAe-
MK Bukrop BeitHuk, oOHapy)KMBaA B HMX TPAHCMYTALMIO XMMMH-
YeCKMX DA€MEHTOB, SKCIIEPMMEHTAABHO NMOATBEPXKACHHYIO CIIeK-
TPAaAbHBIM aHaAU30M 0CcKOAKOB HAO. Hy, KTo Xe, KpoMe KBaHTOB
IepexoAHBIX GOPM MEXAY AYXOM M MaTepHeli, MOXKET HPOM3BOAMUTD
MYTAL{MIO XMMUYECKMX 9AEMEHTOB ¥ HEMBICAMMbIE XMMMYECKHE pe-
aKUMM HE TOABKO B HEAPAX 3eMHOTO LIapa ¢ 00pa3aoBaHMEM YTAEBOAO-
POAHOTO TOIIAMBA, 2 IPAMO Ha NMOBEPXHOCTY Haulesf naanersl? Ilpas-
A3, B TEAEBM3MOHHOM PeKAaMe I10 BCEM KAaHAAAM A AECATKM pas Ha
AHIO, BOT Y)XXe B TeY€HHIE TOAQ, CABIIY, YTO KaKasg-TO HEB3pavyHas yIM-
TEABHMLA FI0 XMMHMM M300peAa HOpoIoK «PeHHM», KOTOPbIit NPAMO B
JKEAYAKE YEAOBEKA IPOM3BOAMT TPAHCMYTALMIO KMCAOTHI B BOAY. Yue-
Hble Bcelt Poccuy MOAYaAMBO ITepeKEBBIBAIOT 3TO «OTKPHITHE BeKa» U
HUKaK He Bo3MyaoTcs. Hey)xeAu Bce OHM OTyIeAM AO TaKOM cre-
TIEHM, YTO He 3aMeYal0T PEeKAAMHOM AKKU? A eCAM 3aMevaloT, TO Ho-
yeMmy He obpamaTcs B [TpaBUTEABCTBO, YTOOBI TEeAEBU3MOHHAN PEK-
AaMa NPeKpaTHAa BBIAABaTh AOXKb 32 MCTUHY M OTAYHASTD TEAe3pHUTe-
Aeit. Apyroit pekaaMHBIi1 u300peTaTeAb U300peA TpHOOp, M NPAMO HA
yAMIie 33 CUMTAHHBIE AOAM CEKYHABI, OOHapyXuBaeT MMKpoObl B 110-
AOCTHM PTa YeAOBeKa 1 oToOpaXkaeT MX Ha 3KpaHe KoMmubioTepa. C Ta-
KUM NpUBOPOM Hap0 He peKAAMUPOBaTh 3yGHYIO NIacCTy, a UCATh 3a-
sIBKY Ha noAyderne HobeaeBckoit npemumn. ITouemy, pekaamupyionjas
ce0s1 KaK NIpeAaHHas MCTHHE, MATEPMAAMCTHIECKAA HayKa He IIPEAAO-
xuT I1paBuTEABCTBY CO3AATH KOMUTET TI0 PEKAAME U OIPaHNIUTD MO~
TOKM YYAOBMIHOM «HAYMHOM» AXHM, KOTOPbie eXXeAHEeBHO obpyimBa-
JOTCS Ha YEAOBEYECKOE CO3HAHME U Pa3yM C Ia3eTHBIX TIOAOC U DKpa-
HOB TE€AE€BM30POB?

Hy, Aa AapHO, TyCTb MOAYAT, €CAM CKa3aTh HEYero, M HeT Hayd-
HBIX APrYMEHTOB AAsl Bospaxenus. Ho M npo6uBaTh B AIOACKOM CO3-
HaHMH CTPOMTEABCTBO MHOT03aTPaTHOTO PAKETHO-SAEPHOro INMTA
NPOTUB aCTEPOUAOB M GOAMAOB TOXKE NOPa MPeKpaTUTh. 3TO TOT
Ke Map MAM CaMOPeKAaMa AASL MOBbIMIEHNA COOCTBEHHOM 3HAYMMO-
¢t ¥ aBTopUTeTa. CaMO 3eMHO€ NTOAE IPABUTALUY ABASICTCH HETPO-
6yuBaeMOil 3aLMTON NPOTUB HECAHKLUOHUPOBAHHOTO CTOAKHOBEHUSA
C KPYIHBIMM 60AMAAMU U acTEpOMAAMU. LIeHTp TskecTH Hamrel maa-
HETBHI MMeEET IOAHYI0 MHPOPMAlMIO O Macce, CKOPOCTH M TPAeKTO-
puM TToA€Ta AIOOro HeGECHOTO TeAd, B AMIie COOCTBEHHOTO CIIYTHMKA
AyHbl, BceX GAVDKHMX U AQABHUX nIAaHeT COAHEYHO CUCTEMDI, & TaK-
e 0OABIIMX ¥ MaABIX 06BEKTOB KOCMOCA, KOTOPBIE He MMEIOT CTaTyca
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HebeCcHOro teAa, cCOGCTBEHHOI OCH BpallleHUsA N COBCTBEHHOrO 110AA
rpaBuTauu. Ha nmoapaere Taknx 06beKToOB K OAMOKHEH 30He 3eMHOTO
TIOAS TPaBUTALIMY, KDOME 3aKOHA BCEMUPHOTO TATOTEHMs, HAYMHaeT
paboTarbh «3aKOH BCEMMPHOrO OTTAAKMBaHMA». OLEHUB, YTO KOC-
MUYECKMIt 0O'bEKT ONAaceH ¥ MOXET CBOEH MacCoif IIPUHECTH KaTacT-
poduyeckue pa3pyuieHus IOBEPXHOCTY 3eMHOTO Iapa, LEHTP TsXKe-
CTH 3eMHoOro mapa 6e3 3aTparst COGCTBEHHOM 3Heprun, BoipabaToina-
eT yrpaBAsioiyio #HbopManuio. JTa yrpaBasiomas uHGopmaums co
CKOPOCTBIO CBeTa, a MOXeT ObITh 1 ¢ 60Aee BHICOKOV CKOPOCTBIO, TK
KaK 9KCITEpMMEHTAABHO MIPOBEPUTD MaPAMETPhI TIOAS IPAaBUTALIMM He
TIPEACTABASIETCST BO3MOXHBIM, IPUHYKARET LEHTD TSHKECTU OMACHO-
TO KOCMMYECKOro 00'beKTa M3MEHATb HaTIpaBA€HUE €TO BHYTPEHHETo
BEKTOpa CHABI He30nopHoro nepememenus. indopmanuonnoe npu-
HY)KASHME U3MEHAET TPAeKTOPHIO MOAETA ONIACHOr0 KOCMUYECKO-
ro o6bexTa TakuM 06pa3oM, 4T0 OH 0643aTeABHO HPOACTHT MHMO
M Ad)Ke He 3ap€HeT BepXHMX caoeB arMocdepst. [Ipyu sToM, Bee aTo
MIPOMCXOAUT He 0 3aKOHaM Maruu, a B TOAHOM COOTBETCTBMM C pas
¥ HAaBCETAA YCTAHOBAEHHBIMM QYHAAMEHTAABHBIMU PU3UMECKHUMM 3a-
KOHaMM 3TOro MMpa.

3a nocAepHMe rOAB aCTPOHOMbI MHOTOKPAaTHO PaclpoOCTPaHs-
A MHPOPMaLMO O NPUOAYDKeHMM K HalHel NAaHeTe OMACHBIX acTe-
poMAOB. PYKOBOACTBYACH TOABKO 33aKOHOM BCEMHUPHOTO TATOTEHMA,
MX PacYeThl HOKAa3bIBAAM HEU36EXHOCTh AODOBOrO CTOAKHOBEHUS, HO
BCSIKMIA Pa3 OMACHBI 00BEKT MPOAETAA MUMO 3eMHOTO 1lIapa Ha 3Ha-
uUTeAbHBIX M 6e30ITacHBIX PACCTOAHUAX. YueHble OKa3bIBRAUCH AXKe-
LjaMM, TIOTOMY YTO IIOAb30BAAMCH TIPM KOMITBIOTEDHBIX PacyeTax He-
HPaBMABHEIM aATOPUTMOM TOBEACHUA MAAbIX M OOABIINX KOCMMUYe-
CKMX 00beKToB. VIX aArOpMTM YYMTBIBAET TOABKO CHAY B3aMMHOro
MPUTSKEHUA, TA€ BEKTOPA CHA A€XKAT Ha OAHON NIPsIMOI, COCAMHAIO-
mieit eHTpe Macc. Ho MmoAe rpaBuTalmMy Halllel IMAQHETH CIOCO6-
HO A0 COGCTBEHHDBIM pacyeTaM OTKAOHATH BEKTOP CHMABI TIPUTsIKe-
HUSA ONaCHOTO HebecHOro ofbeKTa Ha TOT MAM MHOM YTOA M TEM ca-
MBIM M30erath NpsiMOro CTOAKHOBEHUA C ONACHBIMM KOCMUYECKNMM
o6BpeKTamMu. MHe MOTYT BO3pa3uTh TeM, 4TO MOBEPXHOCTb AyHbi, KakK
¥ TOBEPXHOCTH MHOTMX TIAGHET, YCesiHbl KpaTepaMi OT CTOAKHOBe-
Hus ¢ 6oaupamu u acreponpamit. Ecam nouckarb, To Takue CA€AbI
KOCMMYECKMX aTaK MOXXHO OTHICKATh M Ha NOBEPXHOCTHM 3eMHOrO
mapa. Ho Beab Kaxkpas IOCA€AYIOIast TIAAHETA POXKAAAACH C HOMO-
IIbI0O BPEMEHHOTO KaTaCTPOPUUECKOro HepexoAa MOASi TPaBMTALMM
CoAHlLja OT TATOTEHYA K MOLIHOMY MMITYABCY OTTaAKMBaHuA. [1aane-
Ta Mepkypuit poxkaeHa TOABKO 60 THICAY AET Ha3aA, M IIPU ee poXKae-
Huy CoaHue 6bIA0 BbIHYXKAEHO NEPEABMHYTb BCe IPeAbIAYIIME MAa-
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HEThbl Ha HOBble OpOMTHL. AyHa Boobuie DOXAEHA KaK ITAAHETHOE TEAD
NpeXAe 3EMAY, 1 AAUTEABHO CYLIECTBOBAAQ B €AVIHOM CBSI3Ke, Ha OA-
Hol'opbuTe BMecTe ¢ nAaaHetamyu PasroH u Mapc.

Bce atit TpM mAaHeTbl HeCAUM Ha cebe KU3Hb, KOTOPYIO COTBO-
pua He Bor BceBpuunmit, a BHyTpeHHMe BeeaeHckme ayxu CaBaoda,
Sixse, VleroBbl U AbSIBOAQ, HCIIOAB3YSI AAL €€ COTBOPEHMS HOXKeCTBeH-
Hbie 06pasupl 3eMHoI >xu3HK. KoHeuHo Xe, poskaeHHe TIAaHeT Behe-
pa 1 Mepxypmit, Kak U paspymenue naaHetsl (PasToH C MEPEXOAOM
AyHbl Ha OpOMTY CTIYTHUKA 3eMAHM, OBIAM CBA3AHDBI C KOAOCCAABHDI-
mu KatacTpodamm B npeaerax Beeit CoaHeuHoM cucrempl. B aToi
CUTYalMM TIAAEHME MAABIX KOCMUYECKMX OOBEKTOB Ha MAAHETHBbIE
TeAa ObIAC HEYCTPAHUMOI1 Hen30exXHOCThIo. OAHAKO A€T IITh HAa3aA,
B VIHTepHeTe psiA YUeHbIX OnyOAMKOBAaAM MaTepUaAbl COOCTBEHHBIX
MCCAEAOBAHMIT, B KOTOPBIX AOKa3aHa PYKOTBOPHasA NPUPOAR MHOTMX
KpaTepoB Ha MOBEPXHOCTH 3eMHOro mapa. He noMHIO aBTOpOB, HO
ITOCAe FAYGOKOrO M3ydeHust NPEAbICTOPUHM 3BOAIOLMY camolt CoaHey-
HOI CUCTEMBI ¥ BCEAEHCKOIO Y€AOBEYECTBA, BKAIOYASA M MHOTAAHET-
Hoe He60XXeCTBEHHOE YEAOBEYECTBO 3BE€3AHO-MAPCUAHCKOTO MPOUC-
XOXKAEHMA, A NOAHOCTBIO COTAACUACH ¢ MHEHMEM HEM3BECTHBIX aBTO-
pOB. AeCTBUTEABHO, )XM3Hb CYHIeCTBOBaAa u# Ha AyHe, Mapce u
®dasrone. V1 He TOABKO CYIECTBOBaAR, HO MMeAa CIIOCOOHOCTH He-
FIOCPEACTBEHHOI'O MCTIOAB30BAHMA OFPOMHBIX DHEPTHH AAS CODCT-
BeHHbIX HYXA. Ho 3T1 Hy>XABI ObIAM HanDaBAEHHI HE CTOABKO Ha LIeAU
CO3MAQHUSA U IIPUCTIOCOOASIEMOCTH K CYPOBBIM YCAOBMSIM Bhlllieriepe-
YMCAEHHDIX TAGHET, CKOABKO Ha LIEAU BHYTpeHHei 60pbOBbI 1 3aBoeBa-
HU1 3€MHOTO YeAOBeuecTBa, Ho 06 3TOM Mbl OroBopuM, Koraa 6yaem
PacCMaTpUBaTh 3BOAIOLMIO YEAOBEKA ¥, B YACTHOCTH, IBOAIOLIMIO 3€M-
HOTO YeAOBeYeCTBa ILITOM pachl.

4. O6uiue BtBOOBL NO Mmeme

A) Mou paccyXAeHUsI HAYMHAAKMCD C TOTO, YTO 5 HE BepIo B YT-
BepxpeHue HbioToHa, a BCAeA 32 HUM M BCell MaTepUaANCTHIECKOMH
HAayKM O TOM, YTO MOAy4YMBLIee IePBOHAYAABHEIA VUMITYAbC MaTepH-
aAbHOe TeAO Oyaer OeCKOHEYHO ABUIATbEs C HEU3MEHHOM CKOpO-
CTBIO 110 IPAMOAMHEIHOM TpaekTopni. HUKaKo#! 4eA0BeK HayKu He
B CHAAX M3BATh M3 BaKyyMa MHQOPManNOHHOE NIOAE FPaBUTALHH,
a 3HAYMT, M HE MOKET SKCIIEPMMEHTAABHO IIOATBEPAMTH 3T0 abco-
AIOTHO GecnoyBeHHOe yTBep)KAeHHMe. Besikoe oAMHOUHOE MaTepu-
AQABHOE TEAO B «AOOPOBOABHO-TIPUHYAUTEABHOM» TIOPSIAKE TIOAMMHSI-
€TCA CBOEMY LEHTPY TsDKECTH M HelpephiBHO ABXeTcsa. Ho aeaaer
STO OHO He IO BOAE YEAOBEKA U HE N0 ero 0eCcriOYBEeHHBIM M3MBIIIAL-
HUSIM, a CTPOFO PYKOBOACTBYeTCA MHPOpMaumei, KOTOPYI HOAyYa-
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€T OT MOA€l TPaBUTALNIA MAaCCHBHBIX HeOECHBIX TeA, a TaKXKe pesep-
BOM BHYTPEHHEI! MOTEHIMAABHOM ¥ KMHETNYECKOM IHePIU MACC,
BCEro MHO>KECTBAa ATOMOB M MOAEKYA COOCTBEHHOT0 MaTepUaAbHO-
ro Teaa. Ilpu 9TOM Takoe OAMHOYHOE TeAO He GpesryeT saxBaThIBaTh
U TIOTAOILIATD AASL IIOTIOAHEHUA COOCTBEHHOI sHEPruu A0Obie HOTOH-
HBble KBaHTbI 3BE3AHO-KOCMMMECKMX M3AYYEHUI BCEAEHCKUX UCTOY-
HMKOB J TENMAOBBIE KBaHTH NoAeit rpasutanun. Ilocae Toro, Kak Bo
BHYTPEHHMX 00'beMaX aTOMOB ¥ MOAEKYA OAMHOYHOTO TeAa (pOTOH-
HBl€ KBaHThI U3PACXOAYIOT M30BITOK CBOEIT SHEPIVM, OHM He BbIOpa-
CBIBAIOTCA M3 MaTEPUaALHOTO TeAa, KaK HY HA YTO He cnocofHble
orxoabl. OHU . JIEPEBOASTCA B AATEHTHOE COCTOsHVEe aHabuo3a U 6y-
AYT HaKAQIIAMBATHCSA BO BHYTPEHHEM OO'beMe aTOMA MAM MOAEKYADBI A
KPUTHYECKOrO COCTOSHUA NEPEX0Aa SAEKTPOHHBIX 060A0YEK Ha No-
BBIIIEHHBIN SHEPTeTUYECKMI YPOBEHD. DHepreTudecKu 06esHeHHbI!
MMKPOKBaHT ATOMa ¥ MOAEKYABI TeHEPMPYET B MAABIX KOAMYECT-
BaX EAMHCTBEHHYI0 MaTePHAAbHYIO CYIHOCTD, ¥ 3TOM CYIRHOCTHIO
SIBASIIOTCSL KBAHMTBI IOAS FPABHTALMM.

Aa, KoHeuHO, BCeAEHCKOe NPOCTPARHCTBO, KPOME 3B€3A Y IIAQHET,
HAIIOAHEHO Fa30BBIMM TYMaHHOCTSIMY M MEX3BE3AHBIM BELIECTBOM,
a Taioke GOTOHAMMU, KOCMUYECKMMM AYYAMU U HEATPUHHBIMU YaCTH-
LJaMM, HO BCe OHM NpeAHa3Ha4YeHbI AAsl TOTO, YTOOBI cOGpaTh M yTH-
AN3MPOBATh TEMAOBBIE KBAHThI U OMMCTUTD MOA€ IPABUTALMM OT
PEe3yABTaTOB €ro NPOM3BOACTBEHHON AESTEABHOCTH. TemaoBbie
KBAaHTBI IBASTIOTCSI FIO OTHOIICHHIO K MOAIO TPaBUTALIMU €XO MaTe-
PMaAbHBIM YpoKaeM. MexaHn4yeckast SHEPrust MACCHBHBIX TEA OAHO-
BPEMEHHO NTOPOXXAAET KBaHThI FPaBUTALIMM 1 POTOHDI Ay4eBBIX SHEp-
ruit pAasl cOopa ypoKast, HO STOTO HEAOCTAaTOMHO, YTOOBI COXPaHATh
CTaOMABHOCTD BCEACHCKOM SHTPONMM, a MpPaBUAbHEE CKa3aTb, obec-
TIEYNTH MOCTOSHHYIO TEMIEPATYPY a0COAIOTHOTO HYASI BCETO BCEAEH-
CKOFO IIpOCTpaHCTBa. [T03TOMY U CYmIECTBYIOT ra30MBIAEBbIE TYMaH-
HOCTM M MEX3Be3AHOe BEIeCTBO, KOTOPHIE YTUAU3MPYIOT KBaHTHI
TENAOBOJ SHEPTMM M UCTIOAB3YIOT UX AASL COOCTBEHHOI BHEpreTHYe-
CKOM TOAITMTKM, a 3aTeM M AASL AKTUBALMKM MEXAaHWYECKO SHEPruu
BCETO Pa3HOOOPa3us BCEAEHCKOM MaTepuu.

B) YrsepxpaeHust $yHAaMEHTAABHBIX 3aKOHOB O COXPaHEHMM
HEPIMM M BeYHOM COXPaHEHMM KaKUX-AMOO UMIYABCOB HPSAMOAM-
HEfHOTO MAM BPAIaTEABHOTO ABMXEHMS HEe TOABKO He Hay4Hbl, HO
M He 000CHOBaHDI, C TOYKM 3PEHU, COBPEMEHHO I0PMANYECKO: 1
npaBoBoil 6aspl. Kpome cOOCTBEHHBIX AOMBICAOB, HU OAMH HAYUHBIN
MarepyaaucT, 6oaee yeMm 3a 200 AeT CYIUECTBOBAHUA TpeX MEXaHU-
YeCKMX 3aKoHOB HbloToHa, He AOGBIA HEOCITOPUMBIX U SKCITEPUMEH-
TAABHO TIOATBEP’KAEHHBIX BEIECTBEHHDbIX AOKA3aTEAbCTB MX MUCTUH-

.
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HOCTU. A BOT 3KCIIEPMMEHTAABHO MOATBEPKACHHBIX (PAKTOB, Ha-
npuMep, YTO AEHCTBHE IIPU OTPOMHOM Pa3HOCTH B CKOPOCTSAX ABYX
B3aMMOAEHCTBYIOUINX TeA, HE PABHO MPOTHBOAEHCTBIIO, HAKONM-
AOCh OFPOMHOE KOoAN4ecTBO. Kakoil e Cya IOBEpUT B yTBepXAe-
HMI, Y KOTOPBIX HET 0eCCIIOPHBIX SKCIIEPMMEHTAABHBIX TIOATBEPXKAE-
HMI1 ¥ BellleCTBEHHBIX AOKasaTeAbcTB? KpoMe Toro, cama e Hayka,
«3anperyAa» U300pPeTATh BEYHBIA ABUI'ATEAD, TAK Kak ybeauAach Ha
THICSYAX 3KCIEPUMEHTAX, YTO BCAKAsA «XUTpasi» cucrema Oe3 aHep-
reTM4ecKoi MOAIUTKY, CO BpeMeHeM TepsieT SHEPTUIO M IpeKpalia-
et pabory. Ecau odunmasbHO NOAATH Ha AXXMBbIie YTBEP)KAEHUSA Hay-
KM MCK B MEXKAYHAPOAHBIN CYA, TO HE3aBUCHMBENA OT HAayKH CYA 00s13a-
TEABHO IIPUMET NIPABOBOE PeILIeHME B II0AB3Y MCTLIA, MO0 HET Y HayKu
HUKAKMX BelieCTBEHHBIX AOKa3aTe€AbCTB MCTMHHOCTH COOCTBEHHBIX
byHAaMEHTaABHBIX 3aKOHOB. Hayke HapA0 AyMaTh He O Be4HOM ABUTa-
TEeAe U He 0 3a11Te UCTUHHOCTH (PYHAAMEHTAABHBIX 3aKOHOB, 2 0 TOM,
KaK C [IOMOW{bIO COAHEUHBIX 6aTapeil nepeBOAUTH X0OTs 661 80 npoLeH-
TOB Ay4Y€BOJf SHEPIUM COAHEYHBIX KBAHTOB BCEro CIEKTPa M3AYYEHMIA
B aAeKTpuyecTBO. Briro OHl ellle Aydille, ecAM HayKa 03aboTmaach
HEMOCPEACTBEHHBIM COOPOM SAEKTPHYECTBA U3 BO3AYIIHOM aTMO-
cdepsl Hameil mAaHeTsl M GeCIpOBOAHOTO ofecneuyeHns dBAEKTPH-
9eCTBOM KKAOTO OTACABHOTO XKMAMINA M KAXKAOTO OTACABHOTO de-
AoBexa. Ho noka Hayka Aep)XMTCH 3a CBOM AXMBBIE (PyHAGMEHTaAD-
Hbl€ 3aKOHbI, Y Hee HET HUKAKMX NMEePCIIEKTUB MPOABUHYTHCSA B 3TOM
MCTVHHO HayYHOM HAIPaBACHMU.

B) Caeayommit rA06aAbHBI# BBIBOA 3aKAIOYAETCSA B CYHJHOCTH
TEOPUM OTHOCUTEABHOCTH ¥ B O€30MOPHOM IPUHLMITE IIepeMellieHUs
MUMKpPO- ¥ MAaKpPOKBaHTOB MaT€pMaAbHOTO MUPA, MMEIOLUX OCTATOY-
HYIO 9HEPTUIO UAU B BAE SHEPIUM MACCHI MAM BHEPIUMHM 11oAA. FaaBHOE
3A€Ch 3aKAKOYAETCsA B TOM, YTO HMKAKOH MaTepUAAbHbIN KBaHT CO
BpeMeH COTBODEHMsI MaTepMasbHOro Mupa Beeaennoit, He croco-
6eH NPUKPENUTHCA AQXKE HA KOPOTKOE MTHOBEHMeE K A1000# Touke
CYIIero TPexXMepHOro MpoCTPaHcTBa. B mecTHapllaToM Beke BeAu-
KU1 ppaHIy3CKUit y4eHbiit M MbicauTeAb Aexapt (1596—1650), kcra-
TH TOBOPS, Bepytomuit B Bora u cuuratonmit BceaeHHy10 TBOpeHMeM
BoXbuM, IPUAYMAA AAS MaTEMATMYECKOTO M (PU3UYECKOTO OIpeAe-
A€HMSA TOAOXKEHMA TEA MPSIMOYFOABHYIO CUCTEMY KOOPAMHAT B BUAC
Tpex NePNEeHAMKYASIDHBIX OCeM, UCXOAALIIMX U3 OAHOM TOYKH. AeKap-
TOBA CUCTEMA KOOPAMHAT CTAAA NIPUYMHON MOIHOTO Pa3BUTUA MaTe-
PHAAMCTMYECKOI Hayku. Sl U caM, Koraa OBbIA YYEHVKOM HIKOABI M BO-
€HHOr0 MHXKEHEPHOTO YYMAUIIA, HUKOTAQ HE COMHEBAACH, YTO HAaYaAb-
Has TOYKa TPEXMEPHOI CUCTEMbI KOOPAMHAT HAMEPTBO CKPENA€Ha C
TEeM TPeXMepHBIM NPOCTPAHCTBOM, B KOTOPOM CYILECTBYeT MaTepus
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u cama Bceaennas. VM BOT Ha CTapOCTH AT MHe IIPMIIAOCH >KECTOKO
pa3o4apoBarbCiA. AeKapToBa CMCTEMa KOOPAMHAT €CTh AMIUD MAAO-
31s ¥ oboabljeHue pasyMa. Ha caMoM Aeae B HameM NPOCTPaHCT-
Be HET HM OAHOM TOYKM, K KOTOPOi 6b1Aa OBl pUKpenAeHa xoTb
MaAast 4aCTh BCEAGHCKOI MaTepun, HAYNHAsA OT MAaCCUBHDIX Hebec-
HBIX TeA M KOHYas CAMbIM MAaABIM SIADOM aTOMA, IPOTOHOM, SAEK-
TPOHOM M BCEM MHO>K€CTBOM 3A€MEHTAPHBIX YACTHIL. YCAOBHO, AAS
K2)KAOTO MaTePUAABHOIO OOABIIOrO M MAAOTO 0GBEKTA MOXKHO TIpU-
MEHUTb AEKapTOBY CUCTEMY KOOPDAMHAT AAS YIIPOILEHHS Pacyeros,
HO B PEeaAbHOCTM Taxkas KOOPAMHATHAS CUCTEMa ABASETCSA He UCTH-
HOI1, a UAAIO3HEN. MaTepys B 3TOM [AAHE IPeACTABASAET Co6ol Gec-
NPEeCTaHHO, BOT yKe 15 MUAAMAPAOB AeT, roHuMoro usros. Huka-
KO OTIOPDI ¥ HUKAKOTO NOKOS HEe AAHO MaTepUaAbHbIM KBaHTaM C
MOMEHTa MX COTBOPEHUA.

Kax TOABKO Takas OIopa B BUAE AYXOBHOTO KBaHTa LIeHTpa TA-
JKECTH, HaTIpUMep SAPa NPOTOHA, BO3SHMUKAET, TO SHEPTUs BCe MacChl
CIMPAABHO CXOAUTCS K 3TOMY KBaHTY, He XaAes COOCTBEHHBIX CUA.
Ho Bory He Hy>XHa 3Heprus, KOTOpas 3akpenaeHa Ha Ero ke Ayxos-
HBIX KBaHTaX. EMy Hy>XHBI CaMy AyXOBHBI€ KBaHTHI, KOTOpbIe 0CBOGO-
JKAQIOTCA OT DHEPIUM B PE3YAbTATE HEIIPEPHIBHONM IIPUHYAUTEABHOI
paborni. Koraa mMacca sApa NpoTOHa CKPYTHTCS B NOAOOMe TOYKM,
TO LIEHTPAABHBI KBaHT MOHaABI AyXa OeccaepHo mcuesaet. [Ipukpe-
MUTbCA He K yeMy! BHYTpM Macchl MpOTOHA OKa3bIBae€TCA UCTHHHAL,
3UAI01asA IYCTOTA MAM ABIPKa. Aa ¥ caMa Macca IPOTOHA, CKPYTHB-
HINCh B HUITOXKHBI TIOTEHUNAADLHBIH KPYT 3Hepriy, CTAHOBUTCA
6AM3Ka K a0COAOTHOMY HYAI0 I10 BCEM MAaTePHAAbHBIM NapaMer-
paM, BKAIOYasi IPOCTPAHCTBEHHbIE PasMePbl U CUAOBOE BO3AEH-
CTBHMe HA COCEAHME NPOTOHDI, M AQ)Ke HAa BHYTPeHHe NPOCTPaHCT-
BO COOCTBEHHOM cpeabl 06uTanms. Hapo Xopouwo 3aOMHUTE, 4TO
B 9TOT MOMEHT, KaK Y OTA€ABHOI'O NPOTOHA, TAaK M Y BCETO MHOXECT-
Ba aTOMHBIX SIA€P AaTOMOB M MOAEKYA, HalIpMMep NAaHEeTHOTO TeAa Ha-
IIero 3eMHOro Iliapa HeT HuKaxol Maccel! BeAb pelicTBUS Bcex, 00-
PasyIOmMX BPEMEHHBIA LEHTD TsDHKeCTel KBAHTOB MOHAA KOHEYHOI'O
YMCAA ATOMOB ¥ MOAEKYA 3€MHOTO IHApa CUHXPOHU3UPOBAHbL GpU3H-
4eCKMM LIEHTPOM TSDKECTU MAQHETHI, 4 3HAYMUT, ¥ OAHOBPEMEHHO MC-
4e3al0T BO BCEM ofbeMe 3eMHOrO Wapa, IIpeBpauiasl Hally [AaHeTy,
B NMYCTYI0 O0OAOUKY, AMLIEHHYI0 MacChl M MEXaHUYECKOW SHEepruM.
TIpu aTOM M MBI C BAMM NPEBpaLlaeMCs HA KOPOTKOE MTHOBEHME B HIA-
YTOXKHBIE MYCThIE 000AOUKM, KAK M BCE OKPYXKAIOLMe IPEAMETSI, pac-
TEHUS ¥ XXMBOTHBIE, BKAIOYas BO3AYIIHYIO aTMOChEPY AO TIOCAEAHErO
aTOMa a30Ta ¥ KUCAOPOAR.
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I') HanpammBaeTtcsi u 04epeAHO BRIBOA, YTO HIKAKOI MacChl KaK
BEUHO CYLIHOCTH PEAABHOrO MMUpa TOXe He CyHiecTByerT. SIApa aTo-
MOB M MOAEKYA, KaK ¥ B€eX APYTMX MaTepUAAbHBIX MMKPOKBAHTOB,
C MOMEHTa CBO€ro COTBOPEHMS HeTIPEPBLIBHO BBIHY)KAEHBI MCKaTb
onopy. B oTux mouckax Be4HO Mcyesalouias M BHOBb BO3HMKAOMAg
B APYTOM MECTE «OMOpa» B BUAE AYXOBHOTO KBaHTa MOHAABI LiEHTPa
MIPUHY)KAQET MAaTEPUAABHYIO SHEPIUIO TOAYMHEHHOM CTPYKTYPH He-
[PEpPHIBHO COKMMATHCS M PasKUMaThCs M TP STOM BBUTOAHATD pabo-
TY ¥ TIOPOXKAATh BEKTOPA 1{eHTPOGEKHBIX M L{eHTPOCTPEMUTEABHBIX
cuA ¥ BekTop Ge3onopHoro nepemengeHus. Takum o6pasoM, Hampa-
IIMBAETCST MAPAAOKCAABHBINM AAS (PYHAAMEHTAABHOM HAyKM BBIBOA!
AAs cozpanus 3ddexTa Macchl, a B YCAOBHMAX MAAHETHOTO TeAa,
AAsL coapanni addexra Beca Teaa, MATEPHAABHOE TEAO HENPEPHIB-
HO CKPYYMBAeTCsl, PACKPYIMBAETCs U repeMemaercs B NPOCTpan-
CTBe B HANIPABACHHM LIEHTPA TSHKECTHU MAAHETHOTO TeAa M 00paTHoO.
ToBOpA APYTMMM CAOBaMM, MATEPHAABHOE TeAO, YTO6bI CO3AATD (-
deKT Macchl M Beca COGCTBEHHOTO TeAa HenmpephIBHO paboTaer u
TPATUT BHYTPEHHIOO dHepruio. [loBepuTs B 3TOT PaKT, Kak MCTHHY,
TPYAHO He TOABKO MaTEPUAAUCTY-YIYE€HOMY, HO U BepyiomieMy B Bora
4eAOBeKY. Aa 1 ¥ CaM AOATO COMHEBAACA U AYIIIEBHO CTPAAAA, IPEXAE
YeM B3ATHCs 38 MyOAMKALMIO cBouX paboT. YTo CKpbIBaTh, A HE CUM-
Tal ce0s reHueM, a CYUTAI0 CAMbIM 3aYPSAHBIM, HO BECbMa A0OOMbIT-
HBIM YE€AOBEKOM, 1 TOXKE TOAAMU HE MOT MOBEPUTh COOCTBEHHBIM Bbl-
BOAAQM, CTapasiCh pa3buTb uX paKTaMMu MaTePUAAMCTHMUECKON HAYKMU.
S npucTynMA K paboTe AMIIb IIOCAE TOTO, Kak YOeauAcs, 4To Mon
BBIBOABI HEBO3MOKHO Pa3OUTh C IOMOINbIO COBPEMEHHOM HayKH, &
CaMM OHHM BO MHOIOM OOBSCHAIOT HEMOHATHBIC, TYMAHHbIE MECTa
U NPOTHBOpPeYMs PYHAAMEHTAABHBIX HAYYHBIX 3HAHWIH, KOTOPHIX
caMa Hayka Kak Obl He 3aMeuaeT. AMIlIb AAUTEABHOE KPUTHMYECKOE
ocMbIcAeHMe BeeX PUAOCOPCKMX U HAYUHBIX PAKTOB, KOTOPbIE U3A0-
JKeHBI B MOMX paboTax, IOMOTyT YNTATEASAM 110 COOCTBEHHOMY yOex-
AEHMIO, a He TI0 MPUHYKACHUIO MOl MbICAM, TIO-HOBOMY B3TASHYThb
Ha MaTepUaAbHBI MMp M Ha caMy BceaeHHy1o, Kak Ha 60)KeCTBEHHOE
TBOPEHHME, KOTOPOE CYIL|ECTBYET BO BpeMeHY ¥ MPOCTPAHCTBe, i He-
TIPEPBIBHO TPYAMUTCS, YTOOB OCBOOOANTD KBAHTHI AyXa OT SHEPIUM U
BepHyTh Mx TBopry Beero Cymero.

A) Tlo cytu peaa, Bo BceAeHHOI, Kak ¥ B AI0OOM FMIAHTCKOM
MATEPMAABHOM TeAe€ MAM CaMOM MAaAOM MUKPOKBaHTe HMPOTOHA,
SAEKTpoHa M AaKe POTOHA AyYeBOI SHEPruM HET HMKAKOH Mac-
Chl, 4 €CTh TOABKO KBaHThl HPOCTPAHCTBA, OYMUIEHHbIE A0 YMCTO-
Thl AYXa ¥ HaACAeHHbIE BCeil MOAHOTO nHbOPManMK, UAN HaAe-
ACHHbIe DHEPrUii M HemnoAHo# uHdopmanueidl. JHeprua pa3MHO-
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JKaThCs He MOJXKET, a BOT nHdopMaumna cnocofHa K Pa3sMHOXKEHMUIO.
Ho sneprus HecoBmecTuMa ¢ uHpopmaumeir. MeaaeHHO 1 HeoOpaTH-
MO YHHMYTOXas caMmy ce0s, C TOMOIbIO IapaMeTPOB BPEMEHU U TIPO-
CTPAHCTBA, SHEPTUsS HEBOABHO paspymaeT ¥ MHPOPMauMio MAM MC-
Ka’kaeT €€ A0 NPOTUBOMOAOXKHOTrO cMbicaa. [loaeBbie popmer maTe-
puH, GOTOHB Ay4eBBIX H3AYIEHUI BCEACHCKUX NUCTOMHMUKOB M BCE
MHO)XeCTBO SA€KTPOHOB, €CTh YCOBEPIIEHCTBOBAaHHAN BpeMeHeM 1
npocrpascrsom Marepus. Ha aToif MaTepuy KBaHTbI MOHaA LieHTpa
TAKECTH C HOMOLIbIO PE3OHAHCHBIX FADMOHMK 3aKPENASAIOT Hepaspy-
mmMble MH$opManmoHHbie daitabt. DTh daiisl u onpeaeasior GyH-
ARMEHTaABHbIE 3aKOHbI Mupa. OHM YIIPaBASIOT MaTepyesl, 3aCTaBAsAA
ee BbIpabaThIBaTh SHEPTUIO AQXKE TOTAR, KOTAA MAaTEPUSL HAXOAUTCH B
YCAOBHOM «IIOKO€», HATIPUMED, A€XKUT BPOAE NPUAOPOXXHOTO KaMHs,
MIAM CTOAT B BUAE 3AaHMs1. Marepust B 570 BpeMs paboraer u cospaer
BEKTOP CHABI cOGCTBeHHOI TspkecTn. Y Ha aty paGoTy MaTepus Tpa-
TUT HE TOABKO BHYTPEHHIOIO 9HEPTUIO MacChl, HO M TY 3HEPIrMIO, KOTO-
PYI0 OHa TIOFAOUAET U3 BO3AYIHHOM aTMOC(ephl TAAHETHI, B BUAE TETI-
AOTBI, BAEKTpUYECTBA MAM GOTOHOB AyueBos aneprum Coanna. Ecan
aTOMBI AY MOAEKYABI HAXOAUTCSI B HEAPAX 3eMHOrO 11apa, TO OHU Bce
PaBHO MOATIMTHIBAETCS TOM TOHKOM SHEPIUH, KOTOPYIO UM AOCTABAS-
10T BCEBO3MOXKHBIE OCaAKH, CMEPYY, MOAHMU U OOUIETIAQHEeTHBIE Mar-
HUTHbBIE Y DAEKTPUUIECKME ITOASL.

HeyxeAu He AcHO, YTO BCe SHEPTOB3aMMOAENUCTBUSL MATEPUAAD-
HOTO MMPa, B3aMOAEHCTBU ee MacCOOOPA3YIOIUX U IOAEBHIX HOPM,
HalpaBA€Hbl Ha ABe CTparerudyeckue lieau? Bo-miepBbix, Ha yCTOM-
YHBYIO ¥ CTAOMABHYIO PaBOTY aKKYMYASATOPOB AOATOBPEMEHHOro
XpaHEeHHA SHEPIuH, B BUAE OTPOMHBIX MeXaHWIeCKMX MacC raAak-
THYECKMX CKOTIAGHMH, 3BE€3A M IIAQHET, B TOM YMCA€ U CaMbIX Ma-
ABIX MAaTEPHAABHBIX KBAHTOB 3HEPTHH. A, BO-BTOPbIX, Ha HOATIMTKY
3THX )K€ AKKYMYASITOPOB AOATOBPEMEHHOrO XpaHeHMs dHepreTu-
YeCKOM Nuieif B BUAE KBAHTOB TOHKMX SHEPIUi MaTHUTHBIX, SA€K-
TPMYECKMX ¥ IrPaBUTAHMOHHBIX IOAEH ¥ KBAHTOB TOHKOW SHEPrMy
TENAOBOI IPUPOABL. BO BpeMst npeBpalieHnsi SHEPTMM MaCChl B YHUC-
TYIO MIOTEHHUIO MAAOH TOYKY B 0OAACTY COOCTBEHHOTO LEHTPA TsKe-
CTH, B OTPOMHOM BHYTPEHHEM IIPOCTPAHCTBE MEXAY ITOI TOUKON U
OpOUTAAAMYU DAEKTPOHOB 00pasyeTcsa MCTUHHAS MYCTOTA C HYAEBOM!
FIAOTHOCTBIO ¥ HYAEBBIM pAaBAeHieM. OpOuTasM 5A€KTpOHA Ha MIHO-
BEHMeE PACXOAATCA, ACHICTBYA B CTPOTOM COOTBETCTBUY C BHYTPEHHUM
HECTUPAEMBIM 3ATOPUTMOM COOCTBEHHOIO MOBEACHMS, U B 9Ty NYC-
TOTY YCTPEMASIOTCS KBAaHTHI TOHKUX 3Hepruit. TO €CTh HEepronu-
Ma MeXaHu4ecKoil Macchl aTOMHOYO sIApa. IToraolas BHyTpU Mo-
AEKYAAPHOTO MAM aTOMHOT'O ITPOCTPAHCTBA, SHEPIMIO 3TUX KBAHTOB,
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AASL AMUHBIX LieAelt 6e30mopHOro nepeMelieHust 1 06pasoBanus Bek-
TOPOB, LEHTPOOEKHBIX M LIEHTPOCTPEMHTEABHBIX CHA, MEXaHMYECKas
Macca aTOMa YMePIIBAAET MX M 3aTeM C OTIPEAEACHHON YACTOTOM BbI-
6pachiBaeT HapyXXy Kak COGCTBEHHbIE OTXOABL M dKCKpemeHThl. Ho
3Tn GesnHepLMAABHbIE U MMEIOIIMe AUIIb MAAYIO 4aCTh OCTATOYHOM
SHEPrMyM KBaHThI MPOAOAXKAIOT OCTaBaTbCid Marepueit. OHM HapeAst-
1orcst uHGOpMaLMeR U CTAHOBATCA KBAHTaMM MoAs rpasuranum. Vix
MH(POPMAIMOHHAS NAOTHOCTb OT NOBEPXHOCTY IAAHETHI YObIBaET
NPONOPLMOHAABHO NAOIAAM Kpyra. [Taomaap xpyra, B cBOIO O4e-
peAb, NPONOPLMOHAABHA KBAaAPATY paguyca. Bor u noayyaercs, 4ro
uH(pOpMaLMI O MATEPUHCKOM TEAE, KOTOPad ABASETCHA O€3YCAOBHBIM
MHCTMHKTOM AASI CO3AaHMs B IOCTOPOHHEM TeA€ BEKTODA CAMOABM-
XKYIIE CUABL «B3aUMHOTO TIPUTSKEHM», YMEHbIIAETCA NPONOPLIMO-
HAABHO KBAAPATy PACCTOSHUSA MEXKAY MAaTEPMHCKMM HAAHETHBIM Te-
AOM ¥ TIOCTOPOHHMM TEAOM B BUAE GOAMAR, KOMETHI MAM aCTEPOMAQ.
BrpoueM, 3T mpoLECChl «OCMBICAEHHOTO» YIIpaBA€HMS MOCTOPOH-
HMMU KOCMUYECKMMM TEARMM MBI Y)KE C BAMM PacCMaTpUBAAN.

VI3 TAaBHOrO BHIBOAQ, YTO MATEPUA MACC MUKPO- ¥ MAKPOKBaH-
TOB BCeAeHHO HM K YeMy He NIPMKPENACHA M HAXOANTCS B HeTpe-
PBHIBHOM NIOCTYIATEABHO-BOAHOBOM ABWKEHNY, MOXKHO ACAATD A€-
CATKM Pa3sAMYHBIX (pyHpaMeHTaAbHBIX BhIBOAOR. Ho npepsaraemas
BaM Hay4Ho-(puaocodckas pabora u eCTb He YTO MHOE, KaK Pa3bsiCHe-
HME U OCMBICAGHME DTHX BHIBOAOB. MOM paboThl He ABASIOTCA HEON-
POBEP)KMMBIMM AOTMAMH, a ABASIIOTCS CPEACTBOM AASI HPOOY>KAEHUS
pasyMa OT TBOPYECKOi CTIMKN. 51 m mybAMKYIo MX He 3a FOHOpap, a 32
cobcTBenHbie puHAHCOBBIE CpeACTBa. TIPUAOCKMNB yCHAMS pasyMa, Bb
CaMM MOJKETE CAEAATH COOTBETCTBYIOLIME BBIBOABI, KOTOPHIE MAU OfI-
POBEPTHYT MOM Hay4YHO-(PUAOCOCKME PACCYKAECHWA, MAU IPOABUHYT
MX AO CO3AQHMA KOHKDETHBIX HOBBIX MaTe€PHaAOB M HOBBIX BKOAOIY-
YecKMX MCTOYHMKOR SHEPTHM Ha IIOAb3Y 3eMHOTO YeAOBEHECTBa.



fnasaV
OBLLWE MPUHLIMMbI COTBOPEHIAA BCENEHHON

1. Komy u 3auem nonadoburace Bcerennas?

Cama o ce6é BceaeHHas ToxXe npepcTaBAsieT cob0it BOAHOBOM
MpoLecc, COCTOALIUIA U3 0AHOro niepuoaa. Oter| HebecHpiit AAUTEAD-
HO CKAAAMPOBAA U HAKallAMBaA HEeHYXHble EMy AAs undopmaimon-
HOTO IpACTpaHCTBa, rae OH oOUTaeT, BHICOKOIHEPTHUYHDIE KBAHTD
Ayxa. TIpyuMHa B TOM, YTO aHeprus UCTpebAseT M ucKaxaeT uHOp-
Maluio, npespauiasi ee B aHTUMHpopMauuo. Henposieaennas Bce-
A€HHAs I MOTA3 HAaXOAMTBLCH TOABKO B OAHOM CTAIIMOHAPHOM CO-
CTOAHMH, KOTOpPOEe MOXXHO HAa3BaTh COCTOSHMEM MOTEHLUAADHOM
TOYKM. HTO 3TO 3HAYMT? DTO 3HAYMT, YTO UEHTPAABHLIN KBAaHT MO-
HaAbl 6OXEeCTBEHHOIO AyXa HMKYAQ He MCY€3aA U3 LIEHTPA NOTEHLM-
aABHOM TOYKM, KaK OH MCY€e3aeT B Hallle BpeMs U3 LIEHTPOB aTOMHBIX
SIAEP BCeX MaTePUAAbHBIX KBAHTOB. Al0Oas aHeprus obAapaeT uHep-
uyMen. DTo CBOMICTBO CIIPABEAAMBO U AASL KOAOCCAABHOM 3HEPruM Oy-
aymieit BceaenHoi. OpHako HanbGoAbIeH MHEPUMOHHOCTDIO 00AaAa-
€T MeXaHuuecKas sHeprua. byayuas Matepus BceAeHHOM, UCIIOAB3Ys
cOOCTBEHHYIO SHEPIMIO M Bpalasich NPOTUB YaCOBOW CTPEAKM, ITBI-
TaAaCh CKPYTUTBCA A0 PasMEpOB MOHAABI U CONPUKOCHYTBHCA C Hel,
MCTIOAb3YA LIEHTPOCTPEMUTEABHOE YCKOpeHMe. ITOT nmpouecc npu-
BOAMA BOAM3M (PHM3MMECKOIO LEHTPa TIDKECTH MPOTOBCEACHCKO-
IO SAPa K CBEPXMOI{HOMY AABAEHUIO M 00Pa30BaHMIO U3 MOAEBLIX
dopm mMaTepuy MHEPIMAABHBIX KBAHTOB MeXaHHYECKOW SHEPIMM.
Ho wmnepuma 6yayweit Maccel BceAeHHOI MOpoXKAaAa LiEeHTpoOex-
HOE YCKOp€eHMe, ¥ COMPUKOCHOBEHMA C 60KECTBEHHOM MOHAAOM L{eH-
Tpa He MPOMCXOAMAO, AA ¥ IPOM30IMTH HUKOTAA He MOTAO. B sTO Bpe-
Ms BceaeHHas HAXOAMAACH B COCTOAHUM TEAETIOPTALIMY, HOTOMY YTO
MeXaHIYecKue MHepUMaAbHble KBaHTbI OyAyiteit maccel BceaeHHoit
6bIAY 3KPAHMPOBaHB! OT MHGOPMALMOHHOIO MPOCTPAHCTBA 3AUUT-
HBIMM 000AOYKaMM TeX YNPABAAIOMIMX KBAHTOB, KOTOpPbIE MPHU pas-
BepThIBaHUM BCeAeHHOM CTaAM LeHTPaMU TKECTe BCero MHOMKECT-
Ba MEXaHMYECKHX Macc.

Ipu orpoMHBIX pesepBax sHepT1H, KOTOPbie K TOMY e He yMeHb-
HIAAMCB, a nonoAHsAauch Otuom HebGecHbiM, BeeaeHas He uMeAa HU-

a
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Kako# maccel. TlpoctpancTBo BeeaeHHOI Toxe ObIAO BAMBKO K HyAe-
BOMY 3HayeHHI0. BaKkyyM COCTOMT M3 NpOCTPAHCTBEHHBIX KBAaHTOB
roAst rpaButaluy. Bece MHOKeCTBO 3THUX GYAYIIMX KBAHTOB FpaBU-
Tauuu ObIAO «BNPECCOBAHO» B MeXaHNYECKNe KBAHTHI, 2 3HAYMUT, U
NpPOCTpaHCTBa He GbiA0. Tak Kak aHeprus He TPATUAACh, TO U BpeMe-
HU He CYH[eCTBOBAAO, BpeMsl ABAsIeTCA eAUHCTBEHHBIM IIAPaMeTPOM,
KOTOPBIA C ITOMOIIbI0 HETIPEPhIBHbIX BOAHOBBHIX IPOLIECCOB Y BHYT-
PEHHEl UAM BHeIHel paboThl, C TOM MAM MHOM CKOPOCTBIO 0CBOGO-
JKAAeT KBAaHTBI AyXa OT oHepru. ITo AaHHBIM OKKYABTHBIX HayK, B Ta-
KOM COCTOSTHUM HEMpOSBAEHHOM TeAenopTaluu sHeprua BceaeHHoil
Haxopauaachk 100 60xecTBeHHbIX AeT. EcAM ke UICXOAUTD U3 MEXaHMU-
CTUYECKYUX 3aKOHOB ¥ U3 BOAHOBOY TeOPUU PU3MKH, TO IIEPUOA CKPBI-
TOM BEereTaliui BCEACHCKOM 3HEPIMM AOAKEH ObIA HPOAOGAIKATHCA
okoao 30 muaauapaos AeT. Ho Tak Kak BpeMeHu ¥ NpoCTpaHCTBa
He CYIeCTBOBAAQ, TO BCE 3TH UG PLI ABAAIOTCA, B HEKOTOPOI CTe-
neHy, TOAHBIM abcypaoM. Ho kakoBa 0CHOBHas MPUYMHA COTBOpE-
Hus Bceaennoi? Yo aTo: TBOpYeCKuit nopbiB TBOPLA ¥ BONAOIEHME
ero 0co00ro 3aMbICAA MAYM 3TO CYPOBas HEOOXOAMMOCTD, CBA3aHHAsA
C paspyueHueM MHQPOPMALMOHHBIX CTPYKTYP TOFO NPOCTPAHCTBA,
KOTOPO€ AEXKUT 3a rpaHuLaMM Haiedt BceaeHHoM? BoinyxaeH npu-
3HaTh, YTO OOAee BepOATHO BTOpOe yrBepxaehue. Ecan undopma-
UM KBaHT2 abCOAIOTHOIO NPOCTPAHCTBa CTAHOBUTCH aHTMMHOOP-
Malueit, To BOCCTAHOBUTb MH(POPMALIMIO MOXKHO TOABKO uepes3 MC-
Tpebaenue unpopmannn ¢ NOMouUpIo sHeprun. TBoper; 0CO3HAHHO
cobupas HeucmpapHbpie KBaHTBH HHGOPMAIMOHHOIO NPOCTPAH-
CTBa M NPECCOBAA MX C NOMOLIbIO HENPEPHIBHON 1IEHTPOCTPEMHU-
TEABHOM CHAB!I M HeBePOATHO BHICOKOTO ARBA€HUS B KBaHTHI Me-
xanuveckux aHepruii. Ecan 661 OH 2T0r0 He AeAaa, TO «3apasa» aH-
TUMHGOPMALIMY BHIBEAA U3 CTPOS U BeCch 06beM MHPOPMaLMOHHOTO
[POCTPAHCTBA. B 3aKAIOUMTEABHBIX TAaBax KHUTM OYAET MOKa3aHo,
9TO NNepBOHAYAABHBINM MEXaHMYECKMI KBAHT Oyaymieit BeceaenHoii co-
aepxaa B cebe He MeHee yeM 0,18x107° «HencIIpaBHEIX» KBAHTOB a0-
COAIOTHOTO MHQOPMalMOHHOIO NPOCTPAaHCTBA, KOTOPOE OKpYXXaeT
Hairy BceAeHHYI0 ¥ GyKBaAbHO HAaCKBOSh MPOH32€T e BO BCe BpeMeHa
ee 3HepPreTUIEeCKoM >XU3HH.

Koraa Oteu He6ecHnlit nocuntaa, uro sHeprus Oyayueir Bee-
AEGHHOM AOCTUTAQ HY>KHOTO IMOTEKLIMaAa ¥ KPUTUYECKOTO 3HAYEHNs,
t0 OH 110 3aMbicAy CBOEMY, PELIMA CO3AATh De30TXOAHOE BBICOKOTEX-
HOAOTMYECKOE ITPOM3BOACTBO MO OYMCTKE AYXOBHBIX KBAHTOB OT He-
HyxHO0 EMy aHTUMHpOPMaALIMH, KOTOPas PONOPLMOHAABHA BCEACH-
ckoit sHeprun. Hapo ray6ike MOHATD 3Ty rA00aAbHYIO MBICAB, YTO
anTMuHdOpMaLUs NMPONOPLUMOHAAbHA dHepruM. VcTpebasis aHep-
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ruio B cebe CaMOM, B OKPYXKAaIlOIl{eM MMpPe MAU B OKPYXKAIOIMUX AlO-
ASIX, MBI TEM CaMbIM MCTpeDAsieM u yacTh aHTMMHPOpMauuu. Tipex-
A€ YeM CTaTh 3aKOHAMM MaTePUAABHOI'O MUP4, BCe MHGOPMALMOHHbBIE
AATOPUTMBI, KOTOPBIM TOAYMHSETCS MaTepusi BceAeHHOMH, CHauaAa
Ob1amn TROpueckum 3aMbicaoM OTia HeGecHoro, KOTOPSIN HUKOrAA
He TIPUHAAASKAA U He GYAET IPMHAAAEKATD HEe TOABKO MATEpPUH,
HO ¥ IPOCTPaHCTBY Hamleii Bceaennoit. YUro6s! HayaTh npoiiecc pas-
BopauuBaHus Beeaennoit, Oter; He6GecHbiit npocTo yOpaa u3 jeHTpa
TIOTEHLMAABHOM TOYKM Oyayileit BceA€HHON 1jeHTpaAbHble KBaHTHI
CAYXKeOHOTO ayxa. M xoaoccaabHas sHeprus BeeaenHoit, 3a cueT cob-
CTBEHHOI'O BEKTOpa LIEHTpOOEXHOi1 CHABI, CTaAa Pa3sBOPauYMBATbCSA
110 pacxopsumeircsa cnmupasn. TIpy sToM CKOpPOCTh Pacxo’kKAeHMs, KaK
M caMa HapykHas OOOAOYKA HaXOAMAMCH MOA TIOAHBIM. KOHTPOAEM
Orua HeGecnoro se or Mupa Cero. CKopocTh pacxosxaenus Obiaa
OrpaHMYeHa TeM NTapaMeTPOM, KOTOPBI ITOCAE CTaA CKOPOCTBIO CBe-
Ta B BakyyMme. Ha Bce Bpemena, HUKaKas MaTepMs HE MOXKET «AU-
HEeHHO» NIepeMeljaThCa CO CKOPOCThIO Bhlie ckopocty 300 000 km
B CEKYHAY. A BOT IO CITUPAAM OHA MOXKET NepeMelaThCs ¢ AX000i
CKOPOCTBIO, KAKYI0 CYMeeT AOCTMIHYTh 0 cOOCTBEeHHOMY COBep-
meHCTBY. Yem y MaTepuu OYAeT MeHbllle dHepruM, TeM OyaeT HUXKe
MHEPUMOHHOCTD ¥ Bbllile MOABVMXHOCTb. MeHbIIasA UHEPLMOHHOCTD
[O3BOASIET MAaTePHH CKPYUUBATHCSA B MEHBIIYIO TQUKY, & 3HAYUT, IPH-
6AMKaThECA Ha MEHbILEE PAaCCTOSTHUE K AYXOBHOMY KBaHTY LIeHTpa Tsi-
xecTu. D10 U ecTb Mapamerp 6ansoctu Marepun Kk Oty HebecHomy
M TAQBHBIIT TapaMeTP COBEPIUEHCTBA MATEPHU AAS €€ HAACAEHUA He-
CTHUpaeMbIMM KBaHTaMK 60xeCTBeHHO# MHpopMaLmu.

OAHaXABI yOpaHHBIE U3 LIEHTPa MOTEHLMAABHOM TOYKM GyAymest
BceaeHHOM MOHAaABI CAY)KeOHOTO AyXa Y)Ke He BEPHYAMCh Ha MecCTO.
OHu BMeCTe C KBaHTaMM AyXa 3aH[MTHOM OOOAOYKM MEXaHMYECKOi
MAacChl TIPOTOBCEACHHOV OAHOBPEMEHHO BO3HMKAM B MMAAMAPAAX TO-
YeK BHYTPM SHePreTUYECKNX CIIMPaAeif M 3aCTaBUAY PAaSACAUTBCA OTY
SHEPIUIO HA MMAAUAPABI OTAEABHBIX MEXaHM4eCKMX KBaHTOB. V3 Mme-
XaHMYECKMX KBAHTOB, 3a CYET 0OPasoBaHMsI MEXaHMYECKUX pPe3oHa-
TOPOB HEIPEPHIBHBIX NPOLIECCOB CXKAaTUM M PACIIMPEHUN, CTAAU BbI-
ACAATHCA M BHIOpACHIBaTbCA KBAHTBHI NPOCTPAHCTBA IOAS IPaBUTa-
i1, Tak GbIAG MOPOKAEHO NIEPBUYHOE NIPOCTPAHCTBO 3aMKHYTOM
BceAeHHOI, a 3a0AHO M MMAAKAPABI GYAYIIMX rarakTuk. B ueHTpax
aTUX OYAYIIMX raAaKTUK caykebHbre moHaps Orija HebecHoro craan
C OTIPEACAEHHBIM CUHXPOHHBIM YaCTOTHBIM PMTMOM TPONAAATh B OA-
HYX TOYKaX NPOCTPaHCTBa U BO3HUKATh B APYTMX TOYKaX HPOCTPAHCT-
Ba, IIOPOXAAs ITepBHUHbIE KBAHTHI BPEMEHM U repeMellas 1o CBoeMy
YCMOTPEHMIO OYAYIIME IaAaKTMKM B HOBbIe OGAACTH AAA BOTAOLLE-

-
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HHU# 3aMbIcAa Boxxua. Paboras Hap aTOM TEMOI, 1 MBICAEHHO «IIPOMT-
paA» MHOXECTBO CLieHapueB pasBUTUA U pa3BepThiBaHus BceaeHHO
AO ee COBpEeMEHHOTO cocToAnuA. OHM He BCTYNAIOT B IPOTHBOpeYNe
¢ Bo)xecTBEHHBIM 3aMbICAOM, HO M NYOAUKOBATD MX HE UMeeT HM-
KaKoro cmbicaa. Orver HeGecHniit, KOTODBI yIIPaBASET BpeMeHeM U
IPOCTPAaHCTBOM, M 33CTaBUA SHEPIrMI0 OYAyLIel MaTepuyi HempepbiB-
HO paboTarTh, CO3AaBas POTUBOTIOAOXKHbIE BEKTOPa HEHTPOOEKHBIX
M LIEHTPOCTPEMUTEABHBIX CHA, 4 TaKXKe 0e30NOpHO NepeMemaTbCs
10 OTPAHNIEHHOMY HNPOCTPAHCTBY BCEACHHOM, MOI' MATH IO KaKOMY
YFOAHO MYTH U CLEHAPUIO. AAS Hallel COBPEMEHHOCTH 5TO He UMe-
€T HMKaKOr o CYIieCTBeHHOT0 3HaueHus. [AaBHOe, YTO 5Ta HelpephiB-
Hasi IPMHYAUTEABHAs Pab0Ta IOPOXKAAAA BHYTPY PAa3AEAEHHOI Ha OT-
A€AbHble SHEProKBaHTbI OyAyIleil BCEAEHCKOM MaTepuM SHepreTude-
CKYI0O HEOAHOPOAHOCTD, Hayka cumTtaeT, 4To 9Ta Xe sHepreTMyecKas
HEOAHOPOAHOCTD COAEpKaAa B cebe 1 BCio mudopManmio o Gyayimx
(dbyHAaMEHTAABHBIX 3aKOHax BceAeHHOM, MO KOTOPBIM MaTepMs caMa
ce0sl CTpYKTypHpOBaAa BO BpeMeHM U IPOCTPAHCTBE.

Ho, Bo-niepBbiX, A0 «BOABIIOTO B3phiBa» He ObIAO BpeMeHM M
npocTpaHcTBa. HeAbss 103HATH TOTO, O YeM HeT HMKAKOIO ITOHATHA.
Takoe yTBEPXAECHHE PABHOCHABHO YTBEPXXAECHUIO, YTO peOEHOK B yT-
pobe MaTepH yxe SIBASIETCS TIOAHOLIEHHBIM YyeAoBekoM. Heyxean He
ICHO, 4TO 0€3 AOTIOAHUTEABHOU UHGOPMALMY HUKAKOI MAAAEHeN He
MOXET CaMOCTOATEAbHO CTAaTh ITOAHOLIEHHBIM 4YeAoBeKoM? Bo-BTo-
PBIX, cCaMa XKe HAyKa AOKa3aAa, YTo AI00ast yCAOBHO 3aMKHYTas MaTe-
pUaAbHas CUCTEMa, 6e3 B3aUMOAEICTBHUS C ADYTUMU TE€AAMM, dHep-
reTU4ecKu M MHGOPMALMOHHO BHIPOXKAACTCS, AETPAAUPYET U TepsieT
AXKe Ty uHGOpMaLMIO, KOTOpas B Heil HakomaeHa. Kak ke npoucxo-
AVIAO HAKOTIA€HMEe HecTHpaeMoll MHGOpMaimy 0 BCEAEHCKUX 3aKO-
Hax? Korpa AyxoBHble KBaHTH! TEPSAM YACTH CBOEM 3HEPIMM U UHEp-
114, To Bor OTAEASA X OT OCHOBHOI MACCHI M IOMEILaA BHYTPM 8TUX
HOBBIX MaTE€PUAAbHBIX 06pasoBaHMIT CAY)XeGHbIE KBAaHTHI AYXOBHBIX
MoHaa. Tak 6b1AM 06pasoBaHbl NPOTOHBI, 3AEKTPOHBI M BCE BUABI Ay-
yeBbiX sHepruil. Hapoo NoHATD, YTO B MOMEHT COTBOPEHUA TeX SHep-
roo6'beKTOB, KOTOPbIE B IOCACAYIOIEM CTAAY TFAAAKTUKAMM, NOAS
rpaButanym He 6p120. HyxxHo 651A0 BpeMmsi, TO eCTh, HecuncaeHHOe
KOAMYECTBO NPUHYAUTEABHBIX PAaCHIMPEHUIT U CXaTHi1, 4To0bl sHep-
rusA BceaeHHoit cama B cebe BhipaboTasa TOHKME KBaHTHI OAeN rpa-
BUTaLuHU. IpaBUTAIMOHHBIE KBAHTbI ABASIOTCA NEPBOM IPOAYKIH-
el BCeACHCKOLf MATEPUM U BCEACHCKOT'O MPOCTPAHCTBA.

Pa3 He OBIAO NOAS rPaBUTALMM, TO HEBO3MOKHO OBIAO U TIepeAa-
BaTb MHPOPMALINIO, OT OAHOTO IHEPrOoOOBEKTa K ADYTOMY 9HEpProoton-
eKTy. Aa 1 He MOTAO ObITb U POTOHOB, KOTOpPbIE IBASIIOTCH COOUpPa-
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TEASIMM DHEPTeTHYECKOrO YypoXKasi C MOAsA I'PABMTAIMHM 1 HECYT B
cebe 3apoABIIIN TENAOBBIX KBAHTOB. T€NAOBbIe KBaHTHI SABAAIOTCH
OoAee BrICuIelt MepapXyuell HOA€BOM GOPMBI MATEPHH, KOTOPbIE MOT-
AV OABUTHCA TOABKO ITOCAE MHTEHCUBHOM rMOeAM KBaHTOB MOAS rpa-
BUTalLMU 1 MX TIOTAOL{EHUSA BHYTPEHHUMH 06'beMaMU aTOMOB M MOAe-
KYA BCEAEHCKOTO MpocTpaHcTBa. ITo 9T0it npudmHe Macca Gyaymmx
TaAAKTHUK He OblAa MPOABAEHA KaK peasbHas CYIHOCTb, a TAAAKTH-
K{ Pa3BMBAAMCHh KaK YaCTHMYHO M30AUPOBaHHBIE OGDBEKTHI, KOTOpbIiE
He MOTAM 0OMEHUBATBCA MEXAY C000i1 MHpOpMaLUet A2Ke Ha YpoB-
He Ay4eBbIX Hepruii co cKopocTbio cBeTa. Kak 6yaeT Hibke nokasa-
HO, AAMTEABHOE CYIIeCTBOBaH}e GOTOHOB AyYEBBIX 9HEPTUA BOZMOX-
HO TOABKO IIPY HAAWYMM TPaBUTALMOHHOTO NTOASL. BHe noas rpasura-
1uu GOoTOHBI OYAYT HENPEPHIBHO TEPATH SHEPTHIO M IEPEPOAATCH B
CBEePXAAMHHBIE BOAHDI. B 3aMKHYTOM BeeAeHHOM Takas CBEPXAAMH-
Has BOAHa 00f3aTeAbHO BCTPETMT MaTepHaAbHbIit 06BEKT M GyaeT
IIOTAOLIEHA 9TMM MATEPUAABHBIM 00'BEKTOM.

Hy, a Kak e ObITh € rUNMOTe30i1 «BOABLIOro B3phIBa», KOTOpas
TAQBeHCTBYET B COBPEMEHHOM Hay4HOH MPAKTUKE KAK OCHOBHAN
runore3a camocorBopenms Beeaennoit? Ha 9710 5 ckaxy, 4To mnoa-
POGHOCTH 3TOM TUIIOTE3bi MHE HEU3BECTHHL. S1 ee He M3y4aA, omaca-
ACh MOATIACTD NOA €€ BAUSHUE M BCTATh Ha IYTH HAyYHOTO 00OAbH{e-
HusA u co6AazHa. Bee, YTO 3A€Ch M3A0XKEHO, €CTh PE3YABTAT MOMX CO6-
CTBEHHBIX pPa3MBILIACHMIT HA OCHOBe M3yueHus Bubaun u uayyenus
dusuyeckux MPOLECCOB B3aMMOAEICTBUA MaTepuaAbHbIX TeA. B ro
JKe BpeMs pa3Be XOTb OAMH SIACPHBIN MAM TEPMOSAECPHDI B3PbIB,
OPraHM30BaHHbI HA OCHOBE AOCTIDKEHUV COBPEMEHHOM HayKu
B MpeAeAax 3eMHOYC IHapa, MPOMCXOAMA 6es 3aMbicAa YeaoBeve-
cxoro pasyma? Bcakuit MOLIHBINA SACPHBIA Y TEPMOAAEPHDBINA B3pbIB
B MPEAEAAX 36MHOTO 1LIapa He TOABKO ObIA CIIAQHMPOBAH YEAOBEKOM,
HO U YTIPaBASAACA ¥ PETYAMPOBAACS AIOABMM HAYKU Ha OCHOBAHMU UX
nH}pOPMaMOHHOIT KOMIIETEHTHOCTH O BHYTPEHHMX SHEPTeTHMEeCKHX
NpOLIECCax aTOMHbBIX M TEPMOSIAEPHBIX B3pbIBOB. BoT 1 TOT «BoAb-
10V B3pbIB», KOTOPBIN NPUBEA K COTBOpPeHMIO BeeaeHHOM, ToXe npo-
M30uIeA He caM N0 cebe, a ObIA peaAu30BaH KaK 3aMBICEA TBOPYECKO-
ro rennst Orua Hebecroro. TlpocrpaHcrBo 3a rrepBoie 15 Muaauap-
AOB A€T CyHIECTBOBaHIA BCeAEHHO HAPACTAAO, TaK KaK C HOMOIBIO
npolecca pacimpenus Bor npuBOAMA MaTepHio B TapMOHMIO M Ha-
AQXMBAaA IPOLECC HENIPEPHIBHOTO OMMILEHMS KBAHTOB AyXa OT SHep-
run. Ilo cyru Aeaa, npocTpancrBo BceaeHHOM siBASIETCA He IIpo-
CTO NOAEM IPABUTALIMH, A TIOAEM AAS BHIpAIIMBAHUA YPOXKas Te-
TIAOBBIX KBAHTOB, C MEXaHH3MaMu COOpPa U AOCTABKH «YPOXKasi»
K obbekTam norpebaenuna. Ho ecan moaymMarp, To M HapallMBaHUe

'

92



BCEACHCKOTO MPOCTPAHCTBA CBA3AHO C nepepayei B 06aacTb Beeaen-
HoVi 3 uHpopmaumonnon ob6aacty Oria HebecHoro Bce HOBBIX M HO-
BBIX OP1MI1 MHGOPMaLMM. AAS TOTO YTOOBL «06YUMTH» OBIBIIYIO Ma-
Tepuio MHOOPMALIMOHHOMY B3aMMOAEHCTBHIO, ¥ IIOTpeGOBaAUCh OT-
POMHBIE IIPOCTPAHCTBA HOAEi IPABMTALMM, KOTOPble HAayKa AOXKHO
TPU3HAET ITYCTOTOM KOCMOCA.

B koHLe cymiecTBOBaHMsI MPOCTPaHCTBO BceaenHoit 6yaer mo
3aKOHaM KBaHTOBOJ MEXaHUKH UMITYAbCHO YMEHbIIATHCS, IT0OKa CHOBA
He MPEBPATUTCS B CTaliMOHAPHOE COCTOSTHME MOTEHLMAABHOM TOUKN.
CocCTosHMe TIOTEHIIAABHO TOUKM OAHOBPEMEHHO OYAET M COCTOSTHU-
eM Teaenoprauyu. BeceaeHHas U3 NPOABAEHHOM AYXOBHO-IHEPIeTH-
4eCKOM CYL{HOCTH IIPEBPATUTHCA B HEMIPOSIBAEHHYIO CYLHOCTD, B KO-
TOPOIt OCTAHETCS MMHUMYM AYXOBHBIX KBAHTOB M MUHUMYM SHEPTVU.
TIpu sToM Beskywo noaesuyto uidopmanmio bor uspiMer 13 GpiBlIei
Marepuy, 2 aHTUMHOpMALMIO YHUUTOXNT. Beeaennas, Kak Goxect-
BEHHbII1 MEXaHU3M, BbIpabOTaeT NMPAKTUYECKU AO KOHLIA COOCTBEH-
HYIO 9HEPTUI0. JHEpreTUvecKy HuUlliue KBaHThH Ayxa Bor nepeBeaer B
Cnoi0 uHPOPMALMOHHYI0 06AACTD ¥ NIpeBPaTuT UX B CBOIO CYIHOCTD,
HaAeAuB 6oxkecTBeHHON MHbopMalMeit. BoT 3pech-To 1 3akAyaeT-
Cs1 FAQBHOE PACXOXKAECHUE MOEM TMITOTEe3bl C TUIIOTe3aMK HayKM M M-
MIOTe3aMM OKKYABTHBIX HAyK O CYmHOCTH BeeaeHHOM. OKKYABTHCTHI
cuymTaloT, 4ro Bor, B BuAe Beunocymero MHpOpManuoHHoro abco-
AIOTA HAXOAMTCS He BHe npocTrpancTBa BeceaenHoit, a «pacTBopen»
B CAMOM BCEA€HCKOM NMPOCTPAHCTBE M B CAMOI BCEACHCKOM MaTe-
pmn. B o101t cuTyaluy, Bcsa uHbOpMaLMsa O BCEAGHCKMX 3aKOHAX M3-
HAa4YaABHO «PacTBOPeHa» B MaTepuy BMeCTe ¢ GeCCMepTHOM CYI{HO-
CThIO MHPOPMAUMOHHOrO abcoalora. Aa M cama Marepust oOpeTaer
GeccmepTHe, pa3 COAEPXMT B cebe HECCMEPTHYIO CYH{HOCTb OKKYABT-
Horo 6ora. B aToM naane popmarbpHoe paspeAeHMe OKKYABTH3MA M
HAYKH NMOAHOCTBIO Mcye3aer. Kak ¥ OKKYAbTH3M, HayKka mbITaeTcs
AOKa3aTb OeccMepTye MaTepuy, a BeCh TBOPYECKMI HOTEHLMAA Hay-
Ka OpOCHAA Ha TO, 4TOOBI BBOAIOLIMOHUPOBATD U3GPaHHYIO YacTh Ye-
AOBeYeCTBa A0 6ecCMepTHOro ¥ BCEMOTYIET0 COCTOSIHUS MHGpOPMa-
LIMOHHOTO abcoAwTa. TTokaxkeM aTy OOIM[HOCTD HAYKM U OKKYABTM3MA
6oAee noApo6Ho.

2. Hayunplii Mamepuaruam U ezo USHEHHbLE teAl

MHorue y4eHble-MaTepUaAMCTBE TOXE 3HAIOT, YTO STOT MUP HE
MOXeT MMeTh BeYHON XMn3Hu U dusmueckoro beccmeprust, OpHax-
ABI TOpOXKA€HHas1 BceaeHHas cBepHeTCs B MOTEHLIMAABHYIO HEBUAM-
Myto Touky. Ho, onupasich B CBOMX pacCy’)KAE€HUsAX Ha 3aKOH COXpaHe-
HYSI MaTe€PUU M 3aKOH COXPAHEHMs1 SHEPIUH, TaKUe YIeHbIe TOAHOCTDIO
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yBEpeHb], 4YTO TaKOe BOAHOBOE KBAHTOBOE CBOpauMBaHue BceAaeHHoil
TIPOM3OMAET TPY NMOAHOI COXPAaHHOCTY BCEACHCKO SHEPTUU U MaTe-
pun. ToBopsa ApyrvMuM caoBaMM, BceAeHHas HAXOAUTCS IO HEMOHST-
HBIM NIPMYMHAM 15 MMAAMAPAOB A€T B COCTOSHMM 3BOAIOLIMM, IIOPO-
XKAas B cebe Bce GoAee CAOXKHDIE XMMMUECKME COEAMHEHMS, a 3aTEM U
6roaoruyeckre 0ObeKTHI BO TAGBE C MBICASUIMM YEAOBEKOM, a 3aTeM
cama K€ ¥X YHUYTOXUT. [IpUTOM YHUYTOXEHNE MBICASILIETO YEAOBE-
4eCTBa POU30MAET BONIPEKH €0 BoAe. MaTepus u ee sSHEPIUs MOAUM-
HSIOTCA MEXQHUCTVMECKUM 3aKOHaM, KaK Obl BCTPOEHHBIM B MATEPUIO
AO coTBopeHust BceaeHHOM. DTM MeXaHUCTUYECKME 3aKOHbL TIPEAO-
MPEAEASIOT BOAHOBOM HPOLIECC PACIIMPEHUA M TIOCAEAYIOILETO CXKATUA
BCEX BUAMMBIX ¥ HEBHAVMBIX MAaTE€PUAABHBIX TE€A, UYTO U ABUTCA IIPU-
YHMHOM HeN3OeXHOM rnbeAn Beeit BCeACHCKOM JKU3HU U IIOCACAYIOLIETO
cBopauMBaHusa BceaenHo B HEBMAMMYIO TOUKY. B ueM ke Takue yue-
Hble-MaTepPMAAMCTbI BUAST CMBICA JKM3HM, €CAM OHA PAHO MAM [103A-
HO GypeT GeccAeAHO YHHUTOMKEHA CAMOM NMPUPOAOI, B CBOe BpeMs
COTBOpMBINEll He TOABKO >KM3Hb, HO M MbICAsINEe YEAOBEYECTRBO?
CMBICA XXM3HM TaKK€ yYeHbie-MaTePUAAUCThI BUAAT B TOM, YTOObI ITO-
3HaTh MEXaHUCTHYECKIEe 3aKOHbI MUPa ¥ MUSMEHUTD UX Pa3YMOM U€AO-
B€Ka J €r0 TBOPYECKOJ CUAOH TakuM 00pa3oM, 4To6st Beeaennas Hu-
KOTAR He NepeliAa B CTaAMIO HEOOpaTHMOro CBepTHIBaHMA, a CTaAa
GeccmeprHoit cymHocTbio. [lepecrpous apxurextypy Bceaennoit,
CaMO 1€AOBEYECTBO CTAHET 6eCCMEPTHBIM YEAOBEYECTROM.

OHo OyaeT BEUHO HACARKAATHCSH JKMU3HBIO, COBEPIIEHCTBYA Hay-
KY, MEAMLIMHY, Y YAYYllIasi KOMOPTHBIE YCAOBMA GBITA HOBBIMM 9KO-
AOTMYECKMMM TNPOAYKTAMY TUTAHUS, CTPOUTEAbHBIMM MaTepHuaAa-
MM, aBTOMATH4YeCKUMM NTOMOIHMKAMM YEAOBEKa, THUIIa MHTEAAEKTY-
AABHBIX pOOOTOB, M SKOAOTMYECKUMM UCTOYHMKamu sHepruit. Ocobo
HaAO NOAYEPKHYTD, YTO TAKOM MaTEPUAAMCTUYECKNIL BSTASIA Ha [IPH-
poAy BceaenHOJ OTpULIaeT BCAKYIO POAb peAuruim, oTpuljaer bora u
6oXKecTBEHHOE TIPOMCXOXKAEHME BCEro Cyufero. VicTMHHbie MaTepua-
AMCTHI IIOAHOCTBIO YBEPEHB], YTO IOCAE UX PU3NUECKOIT CMEPTH He
OCTAETCs HMKAKOM AYXOBHOM GecCMepTHOM CYI{HOCTH, TO3TOMY OHU
LEHAT CaMy 3€MHYIO )XM3Hb, )KU3HEHHbBIE TEAECHbIEe YAOBOABCTBUS M
HaCA@XAEHMS, a TaKxe KOMGOPT OnITa Bbllle BCEX AYXOBHBIX OAar.
OHM AEAQIOT CTaBKY Ha HAayKy U BO3BOASAT PaGOTHMKOB HAYKu B CBO-
MX «KYMHUDPOB», MO0 HAAEIOTCS, YTO TEXHOAOTMYECKUE HPOPHIBBI HAY-
Ki B 00AaCTH QUSUKM U MEAMLIVMIHDL, IOMOTYT, €CAM HE COBPEMEHHOMY
JEAOBEYECTBY, TO CACAYIOLUIMM TOKOACHUSAM AwAei, obpectu duan-
Yyeckoe HeccMepTHe, UAM TIPOAAUTD TEAECHYIO XKM3HB XOTs OBl AO Tisi-
TUCOT MAU TBICAYM AeT. Lleab 6eccMepTsi Bce paBHO OCTAETCS TAAB-
HOM LIEAbI0 MAaTEPHAAUCTOB, HO 3Ta LiEAb PAa3AEASETCA Ha ABE YaCTH:

.
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1. C noMonipi0 HayKy, U3MEHUTb TEAECHYI0 IPUPOAY YEAOBEKa, U
MpeBpaTUTh «M30paHHBIX» yHpaBUTeAei Mupa B 6eccmepTHbix Ye-
A0BeK0OOoros. 2. C noMombI0 TGH >Ke KacTbl BPICHIMX Y4Y€HBIX, I10-
AOGHEIX KacTe >XpeLoB, 0BAapAeTb Marueii BO3AECTBYSI Ha MaTe-
PHAABHBIA MUP, HU3MEHUTDb apXUTEKTYPY BceAeHHOM 1 npeBpaTUTH
ee B 6eccmeprHyio cymuocTb. Ho UMeer au ara «baaras» xapTuHa
OYAyILIEro TeAeCHOTo HeccMepTHs «M30paHHbIX» YIIPaBUTEAEH 3eMHO-
ro 4eAoBe4eCcTBa, Kak u GeccmepTus camoit BeeaeHHo, nop co6oit
Kakue-Au60 OCHOBaHUS U NPOYHbIE PYHAAMEHTHI?

DTUMM OCHOBAHUIMM SBASIOTCA MaTEPUMAAMCTUYECKME 3aKOHBI
O BEYHOI CYUHOCTH BCEAEHCKO 9Heprmv u matepum. Ecau sneprusa
M MaTepUs He PAaCXOAYIOTCA B IPOLECCE )KUBHEAEATEADHOCTH Haulemn
BceAeHHOIt, a CYLIECTBYIOT BEHHO B BUAOM3MEHEHHOM BUAE, TO, YTO
MelIaeT YeAOBEKY TBOPUECKM IBOAIOHUOHMPOBATH CaMmoro cebs Ao
YPOBHA GECCMEPTHOIO TEAECHOTO HOAHOLCHHOTO XO35MHA, HE TOAb-
KO mAaHeTsl 3eMast, HO M Bceit COAHEYHOM CUCTEMBI, A 3aTeM U BCeii
Bceaennoit? Bot, HanpuMep, KpyroBOpoT BOABI B IIPUPOAE, O KOTO-
POM HAC YYMAM B UIKOAE, IIOBTOPACTCA MUAAMAPADBI M MUAAVOHBI A€T,
a )KM3Hb OT 3TOTO KPYTOBOPOTa TOABKO YCUAMBAAACH Y SBOAIOLMOHU-
poBaAa. BeAb ecAM 4eAOBEK BOMAET B TIOAHYIO TBOPYECKYIO CUAY U TO-
3HAEeT NPUPOAY MaTepyH, TO YTO EMY MeluaeT COTBOPUTh BCEAEHCKMIA
«KPYTOBOPOT» MaTE€pUM U SHEPTUM U CACAATD XKu3Hb BeeaenHoi bec-
cMepTHO#? Takme AOXKHBIE OCHOBAHMS BEYHOTO CYHIECTBOBAHMA U
feccmepTHsL BCEACHCKOM SHEPIMU M MaTepUM MOXKHO HaOAI0AATDb U B
MaTepuasbHOM mupe. CaMblit IPOCTON NPUMEP MOXHO HaiT# B NO-
BEAECHMM TeX )K€ aTOMOB M MOAEKYA XMMMYECKMX sreMeHToB. Hayka
AQBHO 3KCIIEPMMEHTAAbHO YCTAHOBMAA U MpPHUOOPHO 3aperucTpupo-
BaAa, UTO BCE ATOMbI U MOAEKYABI COBEPIIAIOT HEeIIPePhIBHbIe KoAeba-
HUA C 4aCTOTOM, IPUCYIIEN TOABKO AAHHOMY XMMMUYECKOMY DAEMEHTY.
CaMo MOHATHE CEKYHADI KaK «KBaHT» BpeMeHM MMEET CBO} STAAOH.
DTHUM TAAOHOM ABASIETCA 9 MUAAMAPAOB 192 MuaAmoHa 631 Teicaya,
770 xoaebanmit aToMa XMMHYECKOTO BAeMeHTa 1ie3usa-133. Mbui He 6y-
AEM 00CYXAATb, II04EMY MMEHHO KOoAeGaHusa aToMa liesus-133 npu-
HSATHI 32 5TaAOH BpemeHu. [Ipobaema B pApyrom.

HayuHble paGOTHHMKU SKCHIEPUMEHTAABHO YCTAHOBMAM, YTO BCE
MOAEKYASIDHbIE COEAMHEHMS ATOMA TOTO )K€ NEPBOPOAHOTO NPOCTEI-
IBEr0 XMMMYECKOT0 SAEMEHTA «BOAOPOA», KOTOPbIN COCTOUT U3 OAHO-
rO IIPOTOHA U 3AEKTPOHA, C MOMEHTa COTBOpeHus Bceaennoi, a 3xa-
4uT, 15 MHAAIAPAOB A€T Ha3aA HAYaAU HENPEPBHIBHO KoAebaThCs ¢
NPUCYIIeli UM YACTOTOI, M KOACGAIOTCS AO CHX ITOP 6e3 BCSIKUX M3-
Menenmii, Kak Tyt He moBepuins, 4To Ha 5T KoAeOaHUs He pacxo-
AyeTcs HUKakas sHeprusi? Beab K TOMy ke ¥ Macca aToMa BOAOPO-
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Ad CO BpeMeHeM He MeHseTcA. Takue KoAeOaHMsA COBEPLIAIOT ATOMBbI
BCEX XMMMUECKMUX IAeMEHTOB TabAuLel MeHpeAaeeBa, KOTOpBIE OBIAK
COTBOpeHbl BCEAGHCKO MaTepuelf Ha Oase MEPBUYHOrO aTOMa BOAO-
poaa. M yro? Bce oHM yCEUIHO CYIIeCTBYIOT B OFPOMHBIX IIPOCTPaH-
CTBEHHBIX ¥ BPEMEHHBIX PAMKAaX B MUAAMAPABI A€T, 2 UX KoaebaHus
HMKAaK He BAMAIOT HM Ha MX BHYTPEHHIO SHEPreTUKY, HU Ha UX Mac-
cy. S Aymaso, YTO 3TO M €CTh CAMO€ rAaBHOE, KaK FOBOPUTCS «0e30T-
00iHOe» AOKA3ATEABCTBO, YTO SHEPTUS U MAaCCa BCEACHCKOM MaTepun
€O BpeMeHeM He MEHAETCH, 2 0CTAeTCs BEAUMUHOM TOCTOsiHHOM. EcaK
3TO TaK, TO Oyayiiliee cBopauuBaHue BceAeHHOI B IOTEHIIMAABHYIO
TOYKY eCTh GEeCCMBICACHHBIH CaMOYHMYTOKAIOWUN aKT CAenoi
TPUPOADBL PasyMHBI YeAOBEK B 3TOM CAy4ae, 00A3aH IIPUAOKNUTD BCe
CBOM TBOPYECKHME CHABIL, YTOOBI MOAOMATh 3aKOHBI CAEINONM IPUPOABI
Y IDEAOTBPATUTD AKT CAMOYHMMTOKEHMA MATEPUAALHOTO MUpa. Ho
TAKOM B3TAfiA HA LJeAM 3€MHOM )XN3HM YeA0BeKa He eCTh MCTHHA, a
eCTb AGXHOEe 000AbIIieHNe Pa3yMa YeAOBeKa.

3. B yeM npuMuHa AOKHOCHIU HAYYHOZ0 MamePpUarUImMa?

Bce 6b1 2T0 6BIAO TPaBUABHO, ecAM Obl MaTepust ¥ dHeprus Bee-
AEHHOI1 He PACXOAOBAAKCH M HEOOpaTUMO He paspymaAuch becumc-
A€HHBIM KOAMYECTBOM BCEAEHCKUX 3Besp, Macca CoAHila oLjeHMBaeT-
cs1, Kak 2 x 107 TOHH, IpU 3TOM €XKeAHEBHO 3Ta Macca npeobpasyert-
CA B AYYEBYIO BHEPTHIO B pasMepe 3 x 10!! ToHH coOCTBeHHOTO Beca
n 6e3BosBpaTHO pacnbiasgercs. [Aas yeroBeueckuit BUAUT B 6e306-
AQYHYI0 HOYb LIECTD THICAY 3Be3A, 2 MOXeT ObITb, 1 60Abie. C nmomo-
I{bIO COBPEMEHHBIX TEAECKOMIOB YYEHBIE aCTPOHOMBI BUAAT elje 60Ab-
Hiee KOAMMECTBO, HE TOABKO OTACABHBIX 3B€3A, HO M FAAAKTUYECKMX
ofOpasoBaHmil, COCTOALIMX U3 TAKOro Ke 6ECUNCAEHHOTO CKOMAEHMS
3Be3A, HEAPO PACTIBIASIONIMX CBOI0 MATEPUIo B BUAE AYYEBOH dHep-
UMM TI0 OKPYXXAIOIEMY BCEACHCKOMY HpocTpaHCTBY. Heyxkeau Mate-
PHA TaK TYNA, YT0 6€CCMBICAEHHO PacxoAyeT COOCTBEHHYIO Mac-
Yy, Ha GecripepbIBHBIE M3AYYEHH HA NPOTHKeHUN 15 MUAAApAOB
AeT? EcaM oTa 3Be3pAHAasA Ay4YeBas dHEPrus COXPaHAETCA B KOCMMUYe-
CKOM BaKyyMe NPAaKTUYECKU B HEM3MEHHOM BHAE, AMUIb CAEIKa NOA-
BEPTasACh «KPACHOMY» CMeEIEeHUIO, To noyeMy BceaeHHas He B3opBa-
AQCh OT TEMAOBOTO NeperpeBa? AMYHO MHE OTKPbIA TAQ3a Ha IIPUPOAY
CHABI, KaK MCTPeOUTEAs] BCEACHCKOI aHepruM, AeoHapao pa Bunun.
Ho u pApyrue cpepHeBeKOBble T€HMM HAYKU, UCKPEHHee BepYIoiiue B
Bora, Bpope AeGHMUI{Q, HEMAAO TIOAOKMAY TBOPUECKNX CHA, STOOBI
[10Ka3aTh, YTO BCEACHCKast SHeprus HeoOparTuMo youiBaeT. A MHPOP-
Malusl He BHIpaUIMBAETCs caMa TIo cebGe Ha MaTepuy, a IPUBHOCUTCH
B HAlll MUD 9BOAKOLMOHHBIMM IOPLMAMM U3 MHOPMALIMOHHOTO NPO-

-
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cTpaHcTBa bora, KoTOpoe OTA€AEHO OT Hallero MpOCTPAHCTBA He-
MPOXOAMMOI 060A0UKONM AASI BCAKOM MaTEPUAABHOM CyIiHOCTH. TTo-
4eMy y4eHble He CABIIIAT I'OAOCA BRIAgIoIerocs ¢pusuka Kaaysuyca u
APYTMX T€HMEB 110 U3YUEHMIO TEPMOAMHaMUdecKnXx npoueccos? Ouu
FOBOPMAM U TOBOPSIT O TOM, YTO KaXKABI! TEPMOAVHAMMUYECKUIL IIPO-
Lecc CBA3aH C MCMOAHEHMEeM paboThi NPOTUBOAEHCTBYIOIUX BeK-
TOPOB CHA, U TIpK STOM NEPBUYHASA SHEPrUA HeoOpaTUMO Tepsiercs,
MOPOXKAAA M3 TOM XKe AyueBOi SHEPTMU 3BE3A TENAOTY M DHEPIUIO
HOAEBBIX CTPYKTYP. Tenaora Toxxe He Beuna. Ecau Obl TenaoBas aHep-
' He UCTPEOASAACh MaTepHelt HALIEro MAAHETHOTO TeAR, TO 33 NSTh
MHAAMAPAOB AeT Hauie popHoe CoAHlle IpeBpaTuAO Dbl 3eMAIO B pac-
KaA€HHbIN ap.

Ho 3emas, Bonpeku 3aKOHY COXpaHEeHMs DHEPIMM, HE TOABKO
MPEBPATHAACH M3 PACKAAEHHOTO TeAa B XOAOAHYIO IAQHETY, HO U IIO-
poayAa Ha cebe XU3Hb BO BCEM ee PasHooOpasuy, B TOM YUCAE M Ca-
MOTO YeAOBEKa, KOTOPbIA BO3OMHMA ce6s1 BEHLOM IIPMPOABL, CIOCO0-
HBIM TEPECTPOUTH apXUTEKTYPY BCeAeHHO U M3MEHUTh ee 3BOAIO-
Luio no cBoeMy ycmoTpenuio. Ho caBaiiTe BMecTe OCMBICAMM, KaK Ke
6e3 3aTrparbl COOCTBEHHOM SHEPIMM, TOT XKe aroM Le3ua-133, coeep-
waeT Goaee 9 MUAAMAPAOB KOAEOaHMIT B CEKYHAY, U NIPM DTOM He Te-
pAer HY COOCTBEHHOM Macchl, Hu coOCTBeHHOI sHeprun? Beap yae-
HBble CBOMMM MpUOOpamMy PeTMCTPUPYIOT ITH KOAeGaHUA, a 3HAUMT,
AASL IPOM3BOACTBA 3THX KoAeOGaHUit aToM e3usa-133 mpouspoanT
paGoTy HEKOTOPOI CHABI M TPATHT Ha 3Ty PaboTy KaKyio-TO sHep-
ruto. Ecan 61 pabora He COBepINaAach, TO Mbl HUKAKUM CrIocobom
He MoTAM Ob! 3aperucTpupoBarh Koaebanus aroma. He caeayer 3abn1-
BATh, YTO U HA CO3ARHME BEKTOPA CHABI IPUTSDKEHUS K APYTUM Mare-
PHAABHBIM TEAAM, TO €CTb, Ha AEMOHCTPALMIO COGCTBEHHOI Macchl,
A0607 aTOM, B TOM YMCAE ¥ aTOM 1e3nsa-133 TpaTut sHepruio, u6o
HEAb35 MOPOAMTD BEKTOP CHABI, HE 3aTPaTUB YaCTh JHEPIMM HA €ro
nopoxkaenue. Uro e y Hac noaydaercs? Tak kak macca aToMma Lie-
3usi-133 He MeHseTCsl, TO MAM aTOM Lie3usl-133 siBAseTCs reHepaTopoM
SHEPTUH, KOTOPYIO OH IOPOXKAAET U3 COOCTBEHHOI CYLIHOCTM, VIAM OH
BCe-TaKM NMOTPebAseT KaKylo-TO S9HEPruio, KOTOPYIO HayKa He MOXET
3aperncTpupoBarh. MHOro pas Aykasble paGOTHYKM HayKy HacTyna-
AM Ha coOCTBeHHBIe Tpaban 1 M300peTaAM «BEYHBIN ABUTaTeAb». Ho
BCSIKMI pa3 3TH rpaban 60APHO 6MAM TAKIMX AyKaBLEB OT HAYKH Mps-
MO B MX «BbICOKOHAy4HbI» A0D. B KOHIe KoH1I0B, (aKT, 9TO HEp-
[MIO HeAb3SsI Pa3MHOXXUTb U TIOPOANTD M3 «HUYEro», CTaA OAHUM
U3 OCHOBOMNOAaralommx ¢pyHpamentoB Hayku. B Poccuiickon akape-
MMM HaYK CO3ARH AdXKe OTAEA T10 Hopbhe ¢ AkeHaYKO¥, KOTOPBIi BO3-
TAAQBASIET HeKMi1 «reamit» Dpayapa Kpyraaxos. Ero Anio craao odexb
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YacTo MOABAATHCA HA DKPaHaX TEACBM30pa, a 3HAYUT, C HAYKoOil He BCe
B NOPAAKE. DTOT «TEHUI» U300peTaTeAeit HECTAHAAPTHBIX METOAOB
MOAYHEHUA SKOAOTUYECKU YMUCTON SHEPIUH, HANPMMep, U3 armocde-
PBI BO3AYXa 6e3 BCAKMX MPOBOAOB, CPa3y XKe «IOraHOM» METAO Bbl-
TOHAET U3 XpaMa HayKy, KaK JIPOXOAUMIIEB U LIAPAATAHOB,

A xaap. BeAb MHOTHE HeCTaHAAPTHble M300peTeHMs, KOTOpbIe
He BIMCHIBAIOTCA B PAaMKM MaTepHaAu3Ma, OCHOBAHbI He HAa IPUHLN-
nax reHepUpOBaHMA UAY Pa3MHOXXEHMSA S3HEPIMM, KOTOPbIE AHICTBU-
TEABHO ABASIIOTCSI HAYYHBIM a6CYPAOM, a Ha IPUHLMIIax c6opa TOHKMX
SHepruit us oKpyxaoei cpeabl. Mo)xao, HannpuMep, CO3AATDb ycTa-
HOBKY BAKYYMHpPOBaHMsA, KOTOPast, PACXOAYA Ha CBOI0 paboTy oAuH
KMAOBAIT 9HepruH, Oyaer ciocobua coGupars u3 armocdepn: Bo3-
Ayxa 10 KuaoBarT 3AeKTpHueckoi sneprum. Ho 3710 xxe He Beunbiit
ABurareab! Takas yCTaHOBKA OYA€T He IIOPOXAATH BHEPIMIO U3 «HU-
4ero», a.cobupaTh €€ M3 TOHKUX MOAEBBIX CTPYKTYp. Ilpuyem, dpop-
MaabHO KITA Takoit ycTraHOBKM 6yAeT 6GAM30K K HYAEBOMY 3HAY€HUIO,
TaK KaK YCTaHOBKA CIIOCOOHA OTOMpaTh AMIIb MAAYIO YaCTb SHEPIUH
¥3 TOTO OTPOMHOTO KOAMYECTBA TOHKOM 3HEPTUH, KOTOPOE IIPUCYTCT-
ByeT B 3eMHOI1 arMocdepe. Ho peaabro, no cooTHoweHmio norpeb-
AsieMOlt ¥ npousBoAnMoit MomHocTH, KITA Takoi ycraHoBku OyaeT
pasen 1000 npouenTos. Ho BepreMcs x Hamemy aTomy Heans-133. He
6yAyYM reHepaTOpOM 9HePIuy, OH 06s13aH OBITH MOTpebUTEAEM BHED-
MM, MHaYe He CMOT OBl AAMTEABHO CYIIECTBOBATD, AQ €lle [P 3TOM U
«IIEBEAUTHCA» C YACTOTOM BHIllle 9 MMAAMAPAOB repil. MisBecTHo, 4TO
BCAKas JKUBasi KAETKA, KaK M Al000i XMBOI MMKPO- MAM MaKpoop-
raHy3M, BKAIOYasi CAMOTO 4€AOBEKa, Kak «BeHLa» U Oyayuiero teaec-
HO GECCMEPTHOrO «TIOBEAUTEAN» 3eMHOTO mapa U COAHeYHOM cucTe-
MBI, 3 MOXeT ObITh, M Bcelt BceAeHHOM, He MOKET AAMTEABHO CYHIecT-
BOBaTh 6€3 KHCAOPOAA 3eMHOIT aTMOChEpPHI, BOABL Y IMIIM TEAECHOM.
Hesepyiomue B Bora yuexbie AI0AM, €AAT 3TY NUILY, KAK AAHHOCTD Ca-
MOJi MEPTBOJ ¥ TYTIOM TIPUPOABI, HHCKOABKO HE AyMasi, O ee Goxkect-
BEHHOCTHM, a BOT BEPYIOIME AIOAM Bcerpaa Gaaropapsr Bora 3a xaeb
HacywHbii. B MmoanTBe Mucycoroit ckasano: «Aa byaer Boas Tsos u
Ha 3eMAe, Kak Ha Hebecax. XAe6 Halll HACYIHBIA AQil HAM Ha KaXXABIA
AeHb». KoHeuHo e, yueHble MaTEpPUAAMCTBI CUMTAIOT BEPYIOHIUX AIO-
A€t peAMrnosHbiMY paHaTHKaMy M HEAAAEKUMM TYTIMIIAMU, KOTOPbIE
HE BUAST «OYEBUAHOM» PEAAbHOCTY, YTO XAe6 HACYIIHBIN, KaK U BCA-
KYI0 IMIIY AAst aGCOAIOTHO BCEX XKMBBIX KACTOYHBIX MMKPO- M MaKpO-
OPraHM3MOB AaeT cama npupoaa. [IpuyeM yacTb KAGTOYHBIX OpraHu3-
MOB TIMTAETCsL HE TOABKO PACTEHMAMM, HO ¥ C OTPOMHBIM YAOBOABCT-
BUEM U a3aPTOM NOEAAET ADYTVE XMBbIE KACTOYHBIE OPraHN3MBbL ITO
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Ka4eCTBO SIIU30AMIECKOro IIOEAAHMS KUBbIX KAETOYHBIX OPraHM3-
MOB, TIOCA€ MX YOMICTBa ¥ CTIELIMAADHOIO IPUTOTOBACHUA, PUCY-
Ie ¥ CAMOMY Y€AOBeKY, KaK BEHIY HPHPOAbI.

EcAu X1BOJ KACTOUHDBIN OPTAHU3M CAOXKHOM JepapXuy AMIIUTD
KICAOPOAQ, TO OH NIOFUOHET B TeYEeHME HECKOABKMX MUHYT, €CAU AM-
IIMTBb BOABI, TO OH NOIKOHET B TeUeHMe HECKOABKHMX CYTOK, a €CAM AK-
IIMTh NPUBBIYHOM AASE HETO IIMIIN, TO )KUBOI OPTaHM3M CAOXKHOI KAe-
TOYHOM MepapXuy 00s13aTEAbHO YMPET, CIIYCTA HENPOAOAKHMTEABHOE
BpeMa. Kucaopoa, Bopa n muma ectb 60’keCTBEHHasA TPOMYHOCTD
AAsl oGecrieueHMsI BpeMEHHOTO GeccMepTHMS BCeX BMAOB KMBBIX
KA€TOYHBIX Oprasusmos. I1pu sTom camo «beccmepTue» obecreun-
BaeTCA TeHHOM HAaCAeACTBeHHOCThIO AHK-MOAeKyYA, yepes ymupanue
TIPEXKAE POXKACHHBIX IOKOAEHMI AGHHOTO MHOXKECTBA BUAA Y HAPOX-
AEHUS HOBOrO MHOXECTBA MOKOAEHUI ARHHOTO Bupa. Pacrenmsa or-
AVYAIOTCA TOABKO T€M, YTO OHMU MTOTAOILAIOT B Ka4YeCTBe OAHOM M3 CO-
CTRBAAIOUMX 3EMHOJ MUINM YTAEKHUCABINA I'a3, & BOIACATIOT KHCAOPOA.
Ho ecan 6b1 pacTeHns 5TOTO He A€AAAM, TO HEBO3MOXHO ObIAO CO-
XPaHUTb BCE MHOTOOOpasne KACTOYHOM JKM3HHM, KOTOpas B Ipoljecce
XKU3HEAEATEAPHOCTU MOTAOLIAET KMCAOPOA M BBHIACASIET YTAEKUCABINA
ras. 9To CBOIICTBO KUBOI IPUPOABI, CYILIECTBOBATDH KaK >KMBOI1 Opra-
HM3M 32 CHET TOTO MAU MHOTO BUMAA MMM, HEBO3MOXHO OCMApUBaTh.
OHO NpUHATO HayMHHIM MHMPOBBIM COOOINECTBOM KaK aKCHOMaA,
KOTopas He TpebyeT HMKAKMX AOKa3aTeAbCTB. Ho ecan ata akcuo-
Ma AGHMCTBYET KaK PEaAbHOCTDb AASL JKMBOI MaTEPUM, TO 11O TIOAOOMIO
Boxmuio, mouemMy OHa He AOAXKHA AEHCTBOBaTb AASL MAaTepPUAABHOTO
Mupa? Kro «yMepTBuA» MaTEPHIO, OTACAMB €€ OT MMPa )XHMBOTHBIX
M PACTeHMH, M MPUAYMAA AAS Hee AOXKHYI0 aKCMOMY, YTO OHA MO-
eT CymecTBOBaTh Ge3 noTpebAeHns sHepreTHYecKoi numu? 310
CAEAAAV AYKaBble MAaTEPUAAKCTHL M TEM CAMbIM HE TOABKO caMy cebst
3arHaAu B «6e360Kue», HO ¥ MPOAOAXKAIOT NIUTATh 3€MHOE YEAOBe-
4eCTBO AGXKHBIMM MAAIO3MAMM, YTO MaTepus He3aBUcUMa OT Bora, u
MOXeT XUTb BeYHO Ge3 noTpebAeHna Kakoit-Anbo mmy B BAE TOH-
KOii 9HeprumM MOAEBbIX KBAHTOB MAaTepMaAbHOTO Mupa. Awboit arom
MAM MOAEKYAQ, KaK U A1060e MaTepUaAbHOE TE€AO, COCTOALIEE U3 MHO-
KECTBA XMMUUYECKMX DAEMEHTOB M MX COEAMHEHMI, TIOAOOHO KMBOMY
CYLIECTBY, )XMBET 32 CYET BHEIMHNX MCTOYHUKOB SHEPIHH, YIOTpeD-
AsIs BTY DHEPIMIO B KayecTBe COOCTBEHHOM muuy. [IpryeM KasKAbLA
aTOM XMMMYECKOTO SAEMEHTa He ABASETCS BCENOXUPAOU[M TPOrAO-
AUTOM, a BoIOMPAeT TOABKO TY THIILY, KOTOPYIO OH CMOXKET «IiepeBa-
puTb» U NepepaboTaTh, M 0TOpACHIBAET BCAKYIO SHEPTeTHKY, KOTOpast
€My HEMPUTOAHA AAST FIVILIH,
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4. ITuwesan IHepemMUKA XUMUYECKUX

Iremermos mabruyvt Mendereesa

Ilpexae 4eM rOBOPUTH O MUILEBOH SHEPTeTUKE XMMUYECKUX DAL-
MEHTOB, HAAO CKa3aTb, YTO XMMHUYECKHE SAEMEHTHl POAUAMCEH HE OA-
HOBPEMEHHO, 2 B CTPOTO#1 NTOCAEAOBATEABHOCTH CEMU NIEPUOAOB Bpe-
MeHM, C TIOCTETIeHHbIM HapalllBaHMEM aTOMHBIX MacC Ha OAVIH MAM
ABa HPOTOHA MAM HENTPOHA, IPU cobAloAeHMM baaaHca obwero Ko-
AMYECTBa IIPOTOHOB ¥ HEMTPOHOB B OAHOM aTOMHOM sIADE XMMMYe-
CKOro aAeMeHTa. IIpy 3ToM AIGO CTapIHeKAACCHUK 3HAET, YTO BCe
XUMU4ECKHUE IAEMEHTHI 06pa30BaHbI TOABKO U3 ABYX NEPBUYHBIX Ma-
TepPUAABHBIX KBaHTOB MacChl, B BUAE ITPOTOHA M SAEKTPOHa. Beab wro
Takoe HelTpoH? HeMTPOH eCTh coepMHEHMe IMPOTOHA M 3AEKTPOHA,
€ Y4aCTHEM YaCTULbl HEMTPUHO, TI0STOMY, CKOABKO B aTOMHOM SIApe
XMMUIECKOTO BAEMEHTA 3aKAIOYEHO HEATPOHOB, CTOABKO TaM Haxo-
AMTCS ¥ IOTAOUIEHHBIX DAEKTPOHOB. POPMaABHO ATOMHBIN BeC Al0-
00ro XMMMYECKOro 3AMEeHTA MOXKHO OLEHMBATh HE N0 KOAMYECT-
BY He/ATPOHOB M NPOTOHOB, A 110 KOAWIECTBY IPOTOHOB M SAEKTPO-
HOB. [Ipy 3TOM aTOMHOE AAPO XMMMYECKOIO dAeMeHTa YCTOMYMBO, 1
cnoco6H0 AAMTEABHO CYILECTBOBATb BO BPEeMEHM, €CAYM KaXKABIL1 NoO-
FAOI{EHHbIHA 9AeKTPOH 06cAyXuBaeT He 6oaee ABYX npoToHoB. Tloye-
MY 5 IBITRI0Ch MSMEHUTD NIPUBBIYHYIO CXEMY PACCMOTPEHMUA ATOMHBIX
AIAED, KOTOpBIe HaM HaBs3pIBAET aTOMHAst MAM KBaHTOBas ¢uauka?
INMoTomy 4To, He OTPULIAA APYTUX BOXHEHLINX POAEH, KOTOpbIE UTpaeT
AEKTPOH B CTPYKTYP€E aTOMHBIX SIAEP, M B CTPYKTYP€ CAaMUX aTOMOB ¥
MOAEKYA XMMMIYEeCKMUX IAEMEHTOB M MX COEAMHEHMIA, B CBOEH Hay4HO-
dnarocodckoit paboTe A paccMarpuBaI0 SACKTPOHBI KaK SHEPreTH-
YeCKMX KOPMUABIEB NPOTOHOB ¥ HEHTPOHOB ATOMHBIX SIAEP Bcex
fe3 MCKAIOYEHMSI XMMMIECKMX DAEMEHTOB. VICKpeHHee YAMBAeHME
¥ BOCXMILEHHE BHISBIBAET TOT (aKT, YTO HE CAMM IIPOTOHBI ATOMHBIX
siAep BHIOMPAIOT, YTO UMM yHOTpebAsTL B KaueCcTBe SHEPreTUYecKoi
TDAY, a 32 HUX 9TO AEAAIOT DAEKTPOHBI, pYKOBOACTBYACH BHYTpEH-
HMM HeCTUpaeMbiM MH(OPMAIIMOHHBIM QAAOM AATOPUTMUYECKOTO
tuna. Emje 60Ablree yAMBAeHMe BRISBIBaeT TOT QaKT, 4YTO BeCh MaTe-
PYiaAbHBEI MMp BCEAEHHOI, BCE XMMMYECKUE SAEMEHTHI U OIPOMHOE
pasHoobpasme COEAMHEHMIL STUX DAEMEHTOB OPraHNYeCcKoro M Heop-
FaHUYECKOrO TUNA, BKAIOYasi, 0MOAOTMYECKIE CTPYKTYPbI )KMBBIX KA€-
ToK 1 xpomocombl AHK-MoA€KyA, HOCTPOEHBI TOABKO U3 NIPOTOHOB
¥ 3AEKTPOHOB C YMACTHEM YaCTHH, HEHTPUHO. '

ViueHble MHe CKaXYT, YTO €CTb K€ OCKOAKM AEAEHMsI aTOMHBIX
AAEP M eCcTb nepededdb, npymepHo B 200 HaMMeHOBAHMI, BCEBO3-
MOJHBIX BA€MEHTAPHBIX YaCTHUL], KOTOPBIE IOAYYaIOTCS B Pe3yAbra-

-
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Te «60MBapAMPOBKI» aTOMHBIX AAEP GBICTPOAETALIMMY ITPOTOHAMM
VAU SIADAMM APYTHX XMMMYECKUX SA€MeHTOB. Yero TaM ToAbko HeT!
He 6yay 3a6uBarp Mo3ru unMrareAeii ux HasBaHmAMU. CKaxy TOABKO,
4YTO BCE OHYM PasOMTHI Ha TPYIIIH, B 3aBUCUMOCTY OT MAaCCHI, KaXAAs
13 KOTOPBIX COAEPKUT YaCTHLbI ¥ aHTH4acTuihl. Kpome mMaccsy, B oc-
HOBHBIE XaPaKTEPUCTUKM SACMEHTAPHBIX HYaCTUL| BXOAAT UX BAEKTPU-
YeCKUI 3apsip, CIIMH BpallleHMs, BPEMsA XU3HHM, a TaKKe rmapamMeTpsl
Y IOPSIAOK B3AMMOAEMCTBII C APYTMMM HaCTUUAMYU U AHTUYACTULA-
mu. Mb1 He GyAeM ITOAPOGHO BHMKATD B KBAHTOBYIO M SIA€pHYIO PU3n-
KY, @ BBIAGAUM M3 BCEro MHOXKECTBA YacCTUL, Te, KOTOpbIe Crocod-
HbI K AAUTEABHOMY M CTaOMABHOMY CymecTBOBaHMIO. MIX He Tak
MHOTO. VITak, N0 MHEHMIO YIeHBIX, U3 TeX YACTHUL], KOTOpble He NPO-
ABASIIOT CBOE MacChi, CTaOMABHBI TOABKO OTOHBI ¥ TPH BHAA Yac-
TUL{ IOA 00IGUM Ha3BaHUEM «HENTPUHOY», CTabMABHOCTD QOTOHOB He
HYXXAQ€eTCH B IMOATBepKAeHMU. CBeT OT CaMbIX AAABHUX FaAaKTHK U
3Be3A Mbl HabAI0A2EM, IOTOMY YTO QOTOHBI CTaGMABHEL, HO He OyaeM
3abbIBaTh, YTO POTOHBI;, IPOABHUIAACH CO CKOPDOCTDIO CBETA OT A2Ab-
HUX MCTOYHMKOB B COAHEUHYIO CUCTEMY, TEPAIOT YacTh CBOEA SHep-
My, 9TO onpeaeasieTca apPeKToM «KpacHOTo cMellieHMsa». Hayka po-
Ka3aAa CTAaOMABHOCTb «HEHTPHHON», 32 uTO eif 60AbIIOe cracnbo, HO
OHA MAAO YTO TOBOPUT 00 MX CBOMCTBaX, KOAMYECTBE 1 Ha3HAYEHUH,
TaK KaK MOXKET 3aperMCTPUPOBATh AMllb OBICTPOAETSAIIME «HEATPU-
HO». B OTAMYME OT BCex APYTMX YaCTHL, OPICTPOAETSAIINE KHEATPUHO»
[POHS3AI0T 3eMHOM 1Iap, He BCTYNask BO B3aMMOAEHCTBUA, GYATO 3TO
He Marepusi, a rAy6oKmit BakyyMm. BAuMO 110 o101 nipuymHe, KaK Obi
[0 YMOAYAHMIO, QUBMKH CUMTAIOT, YTO YACACHHOE KOAMIECTBO «Hel-
TPUHHBIX» YACTHL] HE3HaYNTEABHO. 3Aeck OHYM TAYOOKO ommbaiorcs.
BeAb cOBEPINEHHO OUEBHAHO, YTO KOTAQ SACPHBIE PeaKuHH POX0-
ASIT C IOTAOI{EHNEM «HEHTPUHO», TO DTH «HEHTPUHO» HeoOX0AM-
MOTO THIA BCETAR HAXOAIATCA B A1000i1 06AACTH €CAM He BCEro Npo-
crpancrBa Bceaennoi, To, no KpaiiHeiil Mepe, B a'rmoc(bepe M 1o-
BEPXHOCTH 3¢MHOFO Iapa.

Ho ckoAbko 1 e u3y4aa crareit VIHTepHeTa o aToMy Bompocy,
MHE TaK ¥ He YAAAOCh HAlfTH OTBET: OTKYAQ MPOTOHBI ¥ SAEKTPOHBI
HaXOAAT HEMOABVIKHBIE YaCTHIbI HEMTPUHO AAA SIAEPHOM peaKInu
TiepexoAa MPOTOHAa B HEMTPOH? ‘A TaloKe, TIOYEMY 5T «HETIOABIDK-
Hble» HEMTPUHO He OOHAPYXKMBAIOTCA M HE PETMCTPUPYIOTCS HUKAKH-
MM COBPEMEHHBIMU PErUCTPATOPAMY «OBICTPBIX» HEHTPUHO MAM APY-
TMMM Hay4YHBIMM Npubopamu u ycrpoiictBamu? Takoit undopmaimm
HeT He IOTOMY, YTO OHA CEKpPeTHa, a TIOTOMY, 4TO CaMa HayKa He MMe-
eT crnoco6oB 3aperncTpUpoBaTh «MEAAEHHBIE» HeTpuHO, IIpobaemy
Ha3HaYeHMs U BAXKHOCTH HEMTPUHHBIX 4aCTMI] MBI GyAeM paccMaTpu-
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BaTb B CAEAYIOIIMX TAaBaX, KOraa HepeitaeM K IIPUHIMITY o6pasoBa-
HMS AY4EBOi1 DHEPIMM COAHEYHOrO M3Ayuyenus. Kak pas no wHreH-
CHUBHOCTH PEaAbHOTO TOTOKA GbICTPHIX HEHTPUHHBIX HaCTHL] COA-
HEYHOTO M3AYYeHMSI MOXXHO CAeAaTh BbIBOA, YT0o Ha CoAnite user
He TEPMOsAAEPHAs PeaKiViA CHHTE3A «TSDKEABIX» JAeP XHMUIECKO-
TO SAEMEHTA reAMs U3 POTOHOB ATOMOB BOAOPOAA, a IOAHOE Npe-
obpasoBanue 6OAPIIMHCTBA NPOTOHOB BMECTE C MX BAEKTPOHHBIMM
000A0YKaMM U YACTHUAMM HEHTPHHO B TIaKeTH (POTOHOB COAHEU-
HOTO CIeKTpa u3AyieHus. QDOoTOHbI COAHEYHOrO U 3BE€3AHO-KOCMM-
4eCKMX M3AY4YEHMI1 06eCcreYnBaloT 3eMHYIO XU3Hb, TTMTAIOT SHepruen
BpalijeHMe 3€MHOIO 1apa U obecreyuBaT 6e30MOpHOE NepeMeilne-
HUe AAHETHL IO ee cOAHeuHou opbute. KpoMme Toro, dyrkuuonnpo-
BaHUe KOMMYHMKAIIMOHHBIX ceTeil BCEX BUAOB CBS3H, B TOM YUCAE U
Unreprera Toxe obecneunpaercs poronamu. Ho Bce-rakm ecam ro-
BOPUTDH 0 KOAMYECTBE, O ¥eM HayKa YMaAuMBAaEeT, TO HAAO CACAATH
BBIBOA, UTO «KHETPUMHHBIX» YaCTHUI] B MaTePHAALHOM MMpe Cywje-
CTBYeT HeM3aMepHMO GoAbine, yem PoTOHHBIX KBaHTOB. [TpocTo us-
33 MX HU3KO/ 3HEPIrUM y Hayku HeT YYBCTBUTEAbBHHIX NPUOGOPOB AAs
PerMCTPauMi MEAACHHBIX «HEITPUHO», KOTOPbIMM OyKBaAbHO Ha-
NIOAHEHH BCE MEXATOMHBIE M MEXXMOAEKYASAPHBIE IPOCTPAHCTBA Ma-
TEPMAABHBIX TEA.

U3 rex 6oaee 200 areMeHTADHEIX HacTHll, KOTOpbie obGAaaa-
10T MAcCOM, CTAOMABHBIMH ABASIIOTCA TOABKO SA€KTPOHBI, IPOTOHL
M HeliTpoHbl. OAHAKO 8Ta CTaGMABHOCTD TpebyeT nosAcHeHwA. Ael-
CTBUTEABHO CTaGMABHON MaTepHAaABHOM YaCTHIIEH, KOTOpas MO-
JKeT AAMTEADHO CYHIECTBOBATDh B YCAOBMAX NAAHETHBIX TEA; HAAO
MPH3HATH TOALKO YaCTHUITY DAeKTPOHA. MeXaTOMHOE 1 MEXXMOAEKY-
AAPHOE NMPOCTPAHCTBO BCEX SAEKTPOMPOBOAHBIX U AXKe HEBAEKTPO-
MPOBOAHBIX MaTEPUAABHBIX T€A, B TOI MAM MHOI CTENEeHHM, 3aNOAHe-
HO 3AeKTpOHaMU. KpoMe TOro, B KaXKAOM aToMe M MOAEKYA€ XUMM-
4eCKOTO 3AEMEHTA MIPUCYTCTBYET TO MAU MHOE KOAUHECTBO YaCTUHHO
BUAOM3MEHEHHBIX SAeKTPOHOB, B BUAE 3AEKTPOHHEBIX OpOuTaAel 3a-
MTHBIX 060A0UeK. YeM 60oAbIe Macca AaTOMHOTO SAAPA M Y€M AaAb-
e OTCTOUT XMMMIECKUIA SIAEMEHT TI0 CBOEMY MOPSIAKOBOMY HOMEpY
B TabAuiie MeHAeAeeBa OT aTOMa BOAOPOAR, TeM OOAbLIE Y HEro 3a-
I{UTHHIX CAOEB SACKTPOHHDBIX OpOUTaAel, a 3HAUMT, 11 GOAbLIEE KOAMK-
94eCTBO M3MeHEHHBIX BAEKTPOHOB TPebyeTCs AAT ODecriedeHNs AAK-
TEABHOTO CyUIECTBOBAHMA XMMMUJYECKOro saeMeHTa. Boxkecrsennoe
YUCAO 7 IPUCYTCTBYeT B TabAuue MeHAeAeeBa M ONIpeAeAsieT ceMb
HEPHOAOB, IOTOMY YTO XMMHYECKMe SA€MEHThI KaXKAOTO CACAYIO-
HIero MEePUOAR, AASl YBEAHYEHMsI CPOKOB MX KHU3HM, HAACAAIOTCA
HOBOM 3aIUTHOM 000AOYKOI IAEKTPOHHBIX opOUTaAeit. X1Muye-

-
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CKMe SAEMEHTHI LIIECTOTO U CEABMOTO IEPHOAA MMEIOT CaMble MACCHB-
Hble aTOMHBIE AAPA ¥ TOTOMY MMEIOT, COOTBETCTBEHHO, LIECTh U CEMb
3aUTHBEIX 000A0YEK DAEKTPOHHBIX OpPOMTaAEH, HO AQXKE BTO HE ARET
MM TOrO CPOKa XM3HH, KaKUM 00AaA2€T NepBAYHBIN XMMUYECKMUI 2AC-
MeHT TabAMIEI MeHAeAeeBa, IOA HasBaHUEM BOAOPOA. BoAblumHCTBO
CaMBIX TSPKEABIX XMMUYECKUX 2AEMEHTOB AOATO He XUBYT. OHM MOA-
BEpraioTCsi PAAIOAKTUBHOMY CAMOPAcCIaAy M ymMupaior, obpasys 6o-
Aee yCTOHYMBBIE XMMUYECKHE dAeMeHTh!. TIpM4MHbI TAKOTO caMopac-
MaAa TSKEABIX SAEMEHTOB OYAYT pacCMOTPEHHI B 3TOM KHUTe.

Caepyiomas 0cO0eHHOCTh DAEKTPOHOB 3aKAIOYA€TCA B TOM, YTO,
M BCE XMMMYECKME SAEMEHTHI, 32 MCKAIOYEHMEM BOAODOAR, BHYTPH
CBOMX ATOMHBIX SIA€D O0fA3aTEABHO COAEPXAaT BMAOU3MEHEHHhIe
9AEKTPOHBI, KOAMYECTBO KOTOPbIX HapaCTaeT M0 AMHEHHOMY SaKo-
HY MIPOMOPLIMOHAABHOCTH, BMECTE C HOMEPOM XMMMHYECKOTO SIACMEH-
1a. Takum 06pa3oM, YCTOMYMBOCTE aTOMHBIX SAEP, KaK M cTabuab-
HaA YCTOMYMBOCTb CAMMX ATOMOB M MOAEKYA XMMUYECKHX IAEMEHTOB
obecrieuBaeTcA NPUCYTCTBMEM B HUX BCTPOESHHBIX M BUAOU3MEHEH-
HBIX 9AEKTPOHOB KakK B aTOMHOM SAD€, TaK M B 3alUTHOM o60oA0uKe.
BuaouaMeHEeHHOCTD TeX BAeKTPOHOB, KOTOPbIe IOTACHIEHE ATOM-
HBIMH SAPaMH, AASL YUEeHBIX (PM3MKOB BOAHe odeBuAHA. Hu opuu
(U3BMK-SIAEPIMK He MOXKET IIOXBACTAaTbCA, YTO OH HabAlopaer arex-
TPOHBI B ATOMHBIX SIAPAX XUMUYECKUX SIAEMEHTOB UAU B OAMHOYHOM
HeitTpoHe. BUAOV3ZMEHEeHHOCTD 5AEKTPOHOB 3alUTHBIX OpOKTaAei He
o6AaaaeT MOAHOM O4EBMAHOCTHIO, M HOTOMY BO BpeMeHa Pesepdopaa
1 Huabca Bopa aAexTpOHB! 3aIMTHBIX OpbuTaAeii CYMTAAM NPOCTO
«LIAPUKAM#M», KOTOPbie MIEPELIAM U3 MEXXATOMHOI'O MPOCTPAHCTBA HA
opbuTaAbHOE BpalleHe BOKPYT AaTOMHBIX AAeD. YCUAMAMM HOBBIX TO-
KoAeHMI GU3MKOB 3TOT IPUMMTHBU3M pas3pyLieH, HO He Ao Koulja. He
BAABasiCb B NOAPOOHOCTH, 3aMedy, YTO rAaBHasA ommbKa coBpeMeH-
HBIX PU3MKOB 3aKAIOYAETCA B TPEX OHEBUAHBIX QaKTaX.

Bo-nepBoix, ¢U3MKM He AQ KOHUA TOHMMAOT MH(pOpMannoH-
HYIO ¥ 3HEPTETUYECKYI0 POAb SAEKTPOHOB Ha 3aH[UTHBIX OPOMTaAAX
ATOMHOTO AAPA. DAEKTPOHDI SBASIOTCH <AEP)KATEASIMH» AATOPUT-
Mudeckux GaiA0B, KOTOPBIE ONPEACAAIOT B3AUMOAECHCTBMSA M BCE
dusnueckue n xuMMYECKHUe CBOICTBa aTOMOB U MOAEKYA TOAUM-
HEHHOTO XMMMYecKoro saemenra. Ho passe dpusuku xorpa-anbéo
ynomMuHaloT 06 arom? Bo-BTOphIX, 2AeKTPOHbI OpOuTaseli Haxo-
AATCSA B BUAOM3MEHEHHOM COCTOSHIM, IIOTOMY 4YTO IIEPEAAIGT COO-
CTBEHHYI0O MacCy CAMOMY ATOMHOMY SIADY TOTO MAM MHOTO XMMH-
4eCKOro sAeMeHTa. B-TpeTbux, 0CBOGOAMBHIMCE OT MAaCChl, IAEK-
TPOHBI NPEBPAMAIOTCH B MHTEAACKTYAAbHBIX poGOTOB, KOTOPHIE,
KopmsT, Gopmupyior dusnko-xuMuueckne CBOMHCTBa u afepera-
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0T aTOMHOe SIAPO, KaK CBOIO cobGcrBennocTb. Kak 651 3a601sch 0
co6CTBeHHO! MacCe, BUAOMI3MEHEHHbIE DACKTPOHBI 3alUTHBIX Op-
6uTaAell HAYMHAIOT MCIOAHIATD POAb DHEPreTMYECKMX «CHabxeH-
UeB» BCell Macchl ATOMHBIX siaep. O nuieBoM cHab>xeHuu M Hempe-
PBIBHOM 3HEpronorpebieHuy, Kak OCHoBe CTabGMABHOIO CYLIECTBO-
BaHMA KDKAOTO OTASABHOIO aTOMA MAM MOAEKYAb! BEH|ECTBEHHOroO
MMpa, HayKa AyKaBO YMaA4YMBAaeT M He 3aMedaeT ero. ITu MOphI HA
TA23aX HAYKM M 3arOHHIOT €€ B TYNMK TBOPYECKOW MMHOTEHIUM.
CHabXeHye OCYLIECTBASIETCS CaMbIM NPOCTBIM CHIOCOGOM. DAEKTpPO-
HBI C OIIPEACAEHHOM YaCTOTOM OTKPHIBAIOT M 3aKPHIBAIOT «CTBOPKU»
3aIUTHBIX 060A0UEK HAa CTPOTO YCTRHOBAEHHBIE AAS KQXKAOTO XMMM-
YEeCKOTO DAEMEHTA MaAble OTPE3Ky BpeMenu U BeanumHbl. Y a1 Be-
AMUMHBI, KaK OyAeT [T0Ka3aHo B CAEAYIOI{MX FAGBaX, HAXOASTCA B AY-
HeMHOM nAM 60Aee CAOKHOM 3aBUCMMOCTH OT HAOTHOCTM ¥ HAPYXK-
HOTv*AaBAeHNA. BAaropaps 3To CTPOroif COPasMepHOCTH YAaCTOThI M
TIPOCTPAHCTBEHHOTO «3a30Pa», MOA SAEKTPOHHbIE OPOUTAAM NTPOHM-
KaloT B Ka4eCTBe HepreTMIecKoit MUY aTOMHBIX AAEP TOABKO «MU3-
6pantbie» GOTOHB! YaCTOTHOIO CREKTPa AydeBo sHepruu. He Toap-
KO Y4€HbI!i MATEPMAAKCT, HO ¥ KaXKABIA YYEHMK CTApIIMX KAACCOB
CpeAHeH MIKOABI 3HAET, YTO CIHEKTP NOoraomeHus: POTOHHOM IHep-
THUH HHAMBHAYAACH AAM KOKAOFO XMMMYECKOTO DAEMEHTA, I ABASI-
€TCHA CAMBIM YYBCTBMTEABHBIM ONPEACAUTEAEM AAA OOHAPYXeHUs
B Bell[eCTBE Aa)Ke He3HAYMTEAbBHBIX KOAMYECTB TOIO MAM MHOTO XM-
MU4ECKOro aseMeHnTa. Ho 4To NpoucXoAUT ¢ MOTAOIeHHBIMHU POTO-
HaM# «u30PaHHOrO» CHEKTPa M3AYYE€HMI BHYTPU NPOCTPAHCTBA aTo-
Ma MAY MOAEKYABI XMMMYECKOTO 9AeMeHTa?

Hayka roaaraer, 4To aTOM MAM MOAEKYAQ, IIOFAOTUB, HANIpUMeEp,
TpU POTOHA OMpeAeAeHHOV CYMMAapHOI aHEpIrMM, POBHO HA CTOAb-
KO Xe TOBbIIIaeT CBOI0 BHYTPEHHIOI0 S3HEePreTUKY. 34 CUeT 3TOM sHep-
reTUKM 3AEKTPOHHBIE OPOUTAAM NEPEXOAAT Ha 60Aee BHICOKME BHep-
reTM4YEeCKUe YPOBHM, YTO MOBBINIAET «IIOABVDKHOCTB» aTOMa MAM MO-
AEKYABI M AdeT NPONOPLHUOHAABHBINA TPUPOCT Temneparypel. Ho BoT
NPUTOK GOTOHOB AYJEBOIf IHEPTUM NPEKPAMAETCH, HalpuMep, no
IpUYMHE HACTYIACHMA HOuN. [10o MHEHMIO Y4eHDBIX, ATOMBI MAM MOAE-
KYABI XMMUYECKUX SAEMEHTOB, C TIOMOIIbI0 NPOCTPAHCTBEHHBIX «3a-
30POB», OPTaHU30BAHHBIX YACTOTHBIMM KOACOAHUAMM AEKTPOHHBIX
opOUTaAel, OXAAKAAACH, CHOBA BHIGPACHIBAIOT M3 CBOEro «upe-
Ba» POBHO TaKyIO e JIOPUMIO SHEPTMH, KOTOPYI0 OHH NMOTAOTHAM
B MPEABIAYIEM Y3CTOTHOM I[MKA€E DAEKTPOHHOM opOuTtaau. Takoe
CBOWMCTBO BbITEKaeT U3 3aKOHA COXPAHEHMUA IHEPIUHK, HO 3TO CBOMCTBO
He COOTBETCTBYeT PEAaAbHOM ACMCTBUTEABHOCTH Y TIOTOMY HE ABASET-
€A SKCTIEPUMEHTAABHO YCTAHOBACHHBIM M HAyYHO HOATBEP)XKASHHbBIM
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bakToM, a ABAAETCA IPYOBIM HAyYHBIM AOMBICAOM M 0OMaHOM. YTo-
ObI AOKa3aTh, 4TO GOTOHHBIE KBAHTHI, HAIPMMEP BUAMMOIO COAHEY-
HOTO CBETA, CTRHOBATCS SHEPTETUYECKOM NUILEN AAST AaTOMOB ¥ MOAE-
KYA 3€MHOIO HIapa, He HAAO ObITh reHueM, a AOCTATOMHO 00PaTUTbCA
K COOCTBEHHOMY JXM3HEHHOMY OIThITY ¥ AOFMKE YeAOBEYECKOro pasy-
Ma. TTepBblit, O4EBUAHBIN BBIBOA M3 HaOAIOACHUI 3aKAI0MAETCS B TOM,
4TO BCE AOCTUTIYNE IOBEPXHOCTH 3eMAM POTOHBI COAHETHOM DHep-
TM}, HE3ABMCHMMO OT NMPOAOAKUTEABHOCTM CBETOBOr0 BO3AENCT-
BH ¥ CHABI CBETOBOTO OTOKA, HEMEAACHHO YMUPAIOT, ¥ A0 uc-
Ye3a10T BOBCE, NPEBpALIasACch B MATEPHAABHOE «HIUTO», AN6O BO3-
POXKAQIOTCA B BUAE KaKOM-TO APYTOli HEPIeTMYeCKOH CYHHOCTH,
KOTOpas He PETUCTPHPYETCS HAYKOM Kak Marepus. To, 4ro poToHb!
COAHEYHOTO CBETa HEMEAAEHHO YMMPAIOT, AOKA3hIBAET TEMHOTA HOYHM
WAY, HanpuMep, PakT NOAHOTO COAHEYHOTO 3aTMeHus. YUto of sTom
roBopuTb, ecAl COAHLIE 5 MMAAMAPAOB AeT ITOAMBAET NIOBEPXHOCTH
3eMAM MPaKTHYECKN HETIPEPhIBHbIM MOUIHBIM IIOTOKOM $OTOHOB Ca-
MOro MMPOKOIrO SHEPreTUYECKOro CHEKTPa, a CaM 3eMAs, OTpaKas
AMIIb MAAYIO YaCTbh SHEPIUU 3THX (OTOHOB, HENPEPLIBHO MOXKUPaeT
MX, ¥ [IDH 3TOM He HaKaASeTCA A0 PACKAAE€HHOTO 1Hapa, a 0CTALTCS
B COCTOSIHUY HENPEPHIBHOTO KAETOYHOTO KU3HETBOPEHU.

Taxxe He TpebGyer 0COOBIX AOKA3aTEABCTB M HeOOPAaTUMOCTD
3TOro HpoLiecca NPy HOPMAABHBIX XU3HEHHBIX YCAOBUAX B IIAQHET-
Hot 6uocdepe. OcTaeTca ONPEAECAUTD, A BO YTO e NPeBPAIAINTCA
¢oToHBI COAHEYHO aHEprUM TOCAE CBOe rnbean? Awdoil yueHmi
HAa 5TOT BOTIPOC, He 3aAYMBIBasACh, OTBETHT, YTO 110 3aKOHY COXpa-
HeHUsl, BCA dHePIrMsa (OTOHHBIX KBAHTOB NMEPEXOAUT B TENAOBYIO
3Hepruio. BpeMeHHO coraacMmcs ¢ 5STUM HENMPaBUABHBIM OTBETOM, U
33AAAMMCH CACAYIOIIMM BONPOCOM: KaKasi MaTepUaAbHas CYIJHOCTH
ABASIETCA HOCUTEAEM U NIEPEAATYMKOM TEIIACBOM SHEPIMM OT OAHOIO
aToMa BelleCcTBa K APYTMM aTOMaM ¥ MOAEKYAAM CBOETO OKPY>KeHusA?
MaTepHaAMCT OTBETHT, YTO HOCUTEAAMY M NIePEATTIUKAMM TETIAO-
THI SBASIIOTCSI CAMM aTOMBI M MOAEKYABL TaK HAaC YUMAM B HIKOAe, U
MBI K 3TOMY 0e3A0Ka3aTEABHOMY U SKCIIEpMMEHTAABHO He TIOATBEp-
KAEHHOMY (aKTY, IPUBBIKAM KaK X aKCHOME, He Tpebyionieil HUKaKux
AokaszareAabcTsB. CpepAHeBeKOBBIE yueHble 0OpalaAuch K Maee TeNAo-
POAa, KaK MaTepMaAbHBIM YaCTMLaM, HECYIUM Ha cebe 9Hepruio ren-
Ao06pa3oBanMs, HO ObIAM OCMEsTHDL, a MX TUIIOTe3a Obiaa oTOpoIeHa
Kak HeHay4Hast. [TouemMy? Aa NOTOMy 4TO He OBIAA OTKPBITA ARKE NPU-
MUTUBHAs CTPYKTYpa aTOMOB M MOAEKYA XMMMYECKHUX BelU|eCTB, HU-
4ero He OLIAO M3BECTHO 00 DAEKTPOHE, POTOHE ¥ KBAHTOBOM! NIPUpPoAE
bM3MYECKIMX IPOLIECCOB ATOMOB M MOAEKYA peaabHoro mupa. [Tpumu-
TUBHbIC MOHATHA 00 aTOMaX M MOAEKYAAX KaK HEAEAVMMBIX MaTepu-
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AABHBIX YaCTHIAX He MIO3BOAMAM CTOPOHHMKAM THMIIOTE3bl TEMAOPOAA
IIPEAOCTaBUTD SKCIIEPUMEHTAABHBIX AOKA3aTEABCTB M 3aPErUCTPUPO-
BaTbh HOCHUTeAEH TOHKMX SHEPIuit. A MaTePMAaAM3M UAET M0 IyTH OT-
punianus bora: ITO HeAB3s 3aperMCTpMpOBaTh Kak MaTepuio, TO U He
CYHIeCTBYeT. DAEKTPMYECTBO M MarHETU3M, & 3aTeM M IIOA€ IpaBUTa-
1M OBIAM IPM3HAHEL MATEPUAABHBIMY, IOTOMY YTO OKa3blBAIOT CUAO-
BO€ BO3AEICTBUE HA TeAd, TIOMeNieHHbie B 30HY uX AeiicTBuA. Cnay,
KaK MaTepuMaAbHOe ABACHME, HAYKa npusHaeT Gesorosopouno. Ho
CIIPOCHUTE Bbl Y4EHOI'O MYXa, A@Ke TOTO K€ PYKOBOAMTEAA OTAEAA IO
6oppbe ¢ AxeHayKoit IIpu akapemuy Hayk Sayapaa Kpyramkosa, uro
3a CyOCTaHLWST ACXMT B OCHOBAaHMM DAEKTPUYECKMX, MarHUTHBIX M
IpPaBUTAIMOHHEIX HoAel? BpasyMuTeAbHOro 1 ACHOTO OTBETA BH HU-
KOTAA HE NIOAYYMTE, FIOTOMY YTO CAMO CMAOBOE BO3SAEACTBHE PerucT-
PMPYETCs M A2Ke IIMPOKO MCTIOAB3YETCS HAYKO AASL CO3AQHMS DOAD-
IIOTO KOAMYECTBA NIOAC3HBIX AASL YEAOBEKA YCTPOICTB, a BOT O HOCH-
TEAAX M MepPeAATIMKAX CHAOBBIX BO3AECHCTBUHA NOAEBON TIPHPOADI
HAyKa He UMeeT HUKAKOro NOHsTHA.

Ewe 6oAblree HepOyMeHue 1 HeOObACHNMOCTD, C HAYYHOI TOYKU
3peHMs1, BhI3bIBaeT IPOCTOI NpOLecC HeMPEPHIBHOrO 06AyYeHNS TP
HOPMaAbHOI KOMHATHOM TEMITEPAType AI0O0r0 MaCCUBHOIO IIpEAMe-
Ta. MBI MOXXEM TBHICAYY A€T HeNpepbiBHO 0DAyYaTh, HaNpUMep, Me-
TAAAMYECKYI0 DOABaHKY (GOTOHHBIM TIOTOKOM, HO BCE BpeMs «M3-
6panHbie» GOTOHBI OYAYT HENPEPHIBHO M HEOOPATUMO HOTAOIATHCH,
a QOTOHBI C APYTMMM YaCTOTAMM M SHEPIUSMM C TAKOH e HeoTBpa-
TUMOCTBIO M HEU30EXKHOCTBIO OTCKAKMBATD OT STOM METAAAMYECKOMH
60aBaHKM 6e3 BCAKOTro nNOBpexAenmsi, Merasandeckas 60ABaHKa, KO-
HEYHO, CTAaHeT TelAee OKPYXKaloulel CPeAbl, ee TeMrepaTypa NnoBbi-
CHUTCH, HO A)Xe TIOMeEIeHHas B rAyOOKMiM BakyyM, Ipu cAaboM mno-
TOKE POTOHHHIX KBAHTOB, AOCTATOYHO 0OABIas MeTaAAMYecKas 60A-
BaHKa HMKOTAA He HakaAnTca AoKpacHa. KpacHblii cBeT 03HadaA Obl,
yT0 60ABaHKA, HAKOHEL|, HACKITHAA YTPOOY CBOMX ATOMOB M MOAe-
KYA M Ilepelliaa Ha M3AyYeHHe TIOrAoINaemMoro cnekrpa. He poxae-
tecs! [pyu onpeaseAeHHBIX 3HAUEHMAX CUABI CBETOBOTO MOTOKA, AdXKe
BaKyyMMpOBaHHasA DOABAHKA GyAeT BeuHO paboTaTbh KaK HENPEpPbIiB-
HBI/I MOTAOTUTEAD, CTAOMAMBMPOBAB CBOIO TEMIEPATYPY OKOAO Ka-
KOM-TO KOHKPETHO# BeAMUMHBI. Sl TpUBeA 3TOT NpUMeEp, IOTOMY YTO
M Halla MAaHeTa 3€eMAs, KaK ¥ Apyrue nmaaHeTs! COAHEYHON CUCTe-
Mbi, B KaKO1-TO Mepe SABAAIOTCA MOMeIeHHBIMM B BAKYYM, MOIHBIMMU
MaTEPUAABHBIMM TEAAMM U B TOXE BPEMA NMOTAOTUTEASIMM AY4eBbiX
9HEepIMif BHEIUHUX UCTOYHMKOB. BaAaHC sHeprMm moToka mMsAyue- .
HM TIOTAOIAEMbIX KBAaHTOB, ¥ NMPUPAIEHUA SHEPTUN 0DAyIaeMO-
IO TeAa 3a CYET M3MEHEHHs ero TeMIEPATYphl, HEBO3MOXHO AOC-
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TUFHYTh HMKAKMM# CaMbIMM YMCTHIMM 9KcriepumenTamu. Iloanon
CXOAMMOCTM K HYAI0 HUKOTAa He OyAer. Yaenble sToT addexr 065-
ACHAIOT €CTECTBEHHDIMM NTOTEPSIMM HA MEXXMOAEKYASIPHOE «TPEHME»,
Ha HEAOCTATOYHBIE «M3OAALMOHHBIE» CBOMCTBA BAKYYMa M APYTMMM
«HeHayYHBIMM» npuunHaMu. Ho B Takux o6psacHeHMsIX HeT HaydHOI
MCTMHBI, 3 TOABKO AYKaBCTBO AbSIBOABCKOI'O AYXa, KOTOPHIi OY€Hb XO-
4eT BHIAQTD JKEAAEMOE KaK AOKA3aHHYI0O HAyYHYIO MCTUHY. TAaBHBIM
AOKa3aTeABCTBOM AXKUBOCTM YTBEPKAEHWA, UYTO BCSH SHEPrus u3-
AyueHus, 6es ocTarka Npeadpasyercs B TENAOBYIO BHEPTMIO TEM-
nepaTypsl TeAa, ABAAETCA IapaMeTp BpeMeHM.,

Ilpu MaAbIX OTpe3Kax BpeMeHM 2KCHEPUMEHTA MOXHO AEHCTBH-
TEAPHO TIOAYYMTDb HEOOABIIYIO PasHULY MEXAY AY4€BOIt U TENAOBOI!
3HEPTMEN TeAa M TOAYYMUTb AMHENHYIO 3aBMCMMOCTD, HO YEM AOAb-
1lie TIPOAOANKATHCA BKCIIEPUMEHT, TeM 3Ta omimbka G6yAer HapacTarb.
AOCTUIHYB ONPEAEAEHHOTO IIPEACAQ TEMIEPaTYpHl, aHeprus obay-
4aeMoro teaa BYAeT OoCTaBaTbCA NOCTOAHHON, 8, TEM HE MeHee, Mo-
raouleHue «M30paHHbIX» POTOHHBIX KBAHTOB GYAET NPOAOAKATBCH, H
HMKAaK CO BpeMEHEM He yMeHbNThCs. He 6yay XoAUTb BOKPYT Ad OKO-
A0. VI3A0Ky CBOIO T'UTIOTE3Y TeX NPOLECCOoB, KOTOPbie IPOMCXOANAT
BHYTDM NPOCTPAHCTBAa aTOMA MPH NOrAOUIeHMH (POTOHOB, 2 Hay-
Xa NycTh MEHS ONPOBEPraeT, €CAM CYMeeT ONPOBEPrHYThH He C NO-
MOHIbIO «YMAAYMBAHUA», 4 C NOMOMIBIO HAYYHBIX IKCIIePUMEHTOB.
AAs npuMepa paccMOTPUM PaboTy aTOMHOTO SAPA 3TaAOHA BDEMEHH,
KOTOPBIM SIBASIETCS XMMMYECKUIt saeMeHT yesuit-133. Mitak, ¢ orpom-
HOI1 YaCTOTO, KOTOPYIO HEBA3MOXHO M3MEPUTD U 3aPETUCTPUPOBATH
HMKaKMMM HayYHbIMM IPUOGOPaMU, AaTOMHOE AAPO 1{€3UA HENPEPHIBHO
OKUMaeTCA, pasXMMaeTCs i 6e301I0pHO IepeMeltaeTcs B IpoCTpaH-
CTBe. B pesyAbTaTe 9T0if paboThl YacTb SHEPTMM ATOMHOTO AAPA He-
00paTMMO pacXOAYeTCsi, IIAOTHOCTD IIOACBHIX KBAaHTOB MATEPUM TI0A
000AQUKOI 3AWUTHHIX OPOUTAACH CHIDKAETCH, & 3HAYMT, U NaAaeT
BHYTPEHHee AaBAeHHe aroma ue3us. Koraa sTo aaBaeHue yMeHb-
HIAeTCA A0 KPMTHYECKOM BEAMYMHBI, UHAMBUAYBADHOM AAS KaXKAO-
rO XMMYYeCKOTO DAEMEHT, TO DAEKTPOHBI OpOMTaAEl OTKPHIBAIOT
HieAb B «<yTpoOy» aToMa M B 3Ty ITYCTOTY YCTPEMASIETCS 3aXBadeH-
Hble OpOUTAAIMM SAEKTPOHA BHICOKOIHEPrMHbIE KBaHTb poToHa
¥ BBITECHSIOT HU3KOIHEPIMYHbIE OCTATKY KBAHTOB TOHKOMH 3Hep-
M IPEABIAYIHEro (OTOHa, CMeIlaHHble C KBAHTaMM TOHKHMX dHep-
CMI CAaMOr0 aATOMHOro AApa ueaus. Ilpy aToMm opOuTasb sAeKTpoOHa
MIOAHMMAETCsl Ha 00oAee BHICOKUIT SHEPreTUYECKUIT YDOBEHD, UCIOAD-
3ys TY K€ SHEPIUI0 NOTAOLEHHOT0 (POTOHR, ¥ 3HAYMTEALHO YBEAUUM-
Bas NIPOCTPAHCTBEHHBI 00beM BHYTPEHHE! «yTPOObLIn aToMa Lesus,
HaumuaeTcss AAMTEABHBIIT IPOLIECC «IIEPEBAPUBAHMS» ITUIIHK, B Teye-
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HI€ KOTOpPOI'o SHEPTUs MacChl aTOMHOTO SIAPA MUAAMapABL Pa3 CoBep-
IIaeT [POLeCcChl PACIIMPEHNs, CXaTus U (€30TIOPHOTrO ITepeMeieHN.
IToaA CMABHBIM SAEKTPOHHBIM MUKDOCKOIIOM MOXHO HAOAIOAATH, KaK
TIOCA€ «3arAaThiBaHMsA» POTOHHOM MUY MOABWKHOCTD ATOMA pes-
Ko BospacTtaeT. Ho 2To ecrecTBeHHO, TaK Kak u AI060 KUBOi# Op-
TaHM3M, ITOAYMB TIHILY, YBEAHYHMBAET CBOIO NOABIDKHOCTD,

PasHOCTb TOABKO B TOM, YTO >KMBOJ OPraHM3sM AOOBIBaer muily
cebe caM, UCITOAB3YS TaK HasbiBaeMble 0€3yCAOBHBIE MHCTMHKTHI, 4
aTOMHOE AAPO 1ie3U1, KaK 1 AI0OOTO APYIoTO XMMHYECKOI'O JACMEHTA,
He HeceT B cebe nubopmaymm 6€3ycAOBHBIX MHCTHHKTOB. Ero kopm-
AeHle OCYHIeCTBAAETCS ¢ MOMobI0 WHpopManun 6e3ycAoOBHBIX
MHCTHHKTOB OBIBIIMX 5AeKTPOHOB. IIpM 2TOM 4acTh BAEKTPOHOB
TOTPYKaeTCs HEOCPEACTBEHHO B aTOMHOE SIAPO AASl YIIPRBAEHMA
MeXaHNeCKo# aHepTuei ero Maccel, a APyraa 4acTh npeobpasyer-
CA B 3aMMTHBIE 000AOUKM SAEKTPOHHBIX OpGUTaAeil, OPraHU3ys He
TOABKO NPOLIECCHI SHEPreTUIECKOMH NOATMTKY 9HePIrMM MaccChl, HO
¥ 110A00me xuBOTO opranuama. Koraa nmuia 6yseT yTuansmposaHa
B TOHKHE KBaHTHI TEITAOBOM, 2A€KTPUYECKOI, MarHUTHOM U rpaBUTa-
LUVIOHHOM IPUPOABI, TO IIAOTHOCTb BHYTPEHHETrO IPOCTPARHCTBA aTOMa
MAM MOAEKYABI CHU3UTCA U SAEKTPOHHaA OpOUTAAD nepeyiper Ha Go-
Aee HU3KMIf SHEPTeTUYeCKui1 ypoBeHb. [1py aTOM BHYTpeHHIN! 00beM
MPOCTPAaHCTBA aTOMa PE3KO YMEHBIUNTCS, ¥ BBIAABUT Y€PE3 KIHEAb» B
3aIMTHOM 000AOYKE 3TH KBAHTHI IIOAEBBIX CTPYKTYD M3 BHYTPEHHeH
«yTpoObI» aTOMa B BUAe HEHYXHEIX 3KCKpeMeHToB. Ha camom aeae
aTa oTpaboraHHasA noaesas marepus ($OTOHOB M CaMolt Macchl
ATOMHBIX SACP CTAHOBMTCA MH(QPOPMALMOHHO-DHEPTEeTHIECKUMM
KBAHTaMM NMOAEBbIX CTPYKTYP U IIMMIEH AAR APYTMX aTOMOB M MO-
AeKyA. Tlocae 6eCYMCACHHOTO KOAUYECTBO OTHEMa SHEPTMM U3 ITHUX
KBaHTOB, OHM AOCTUIAIOT DHEPTETHUECKON «HUILETHI» M CTAHOBATCA
MPOMEXKYTOUHBIM 3BEHOM, MEXKAY «AYXOM JKM3HM», KOTOPbIM IIMTaET-
CA BCAKOE JKUBOE CYIIECTBO, B TOM YHCAE M AYHIA Y€AOBEKA, U cOOCT-
BEHHO, CaMOJ HEPa3yMHOI MeXaHUIeCKOM SHeprueit, KoTopas oopa-
3yeT Maccy ¥ NPOABASIET cebsl Yepes BEKTOP CUAB] B3aUMHOTO IIPUTH-
XeHuA. YyeHble MATEPUAAMCTHI CKaKYT MHE, YTO aBTOP 3aHMMaeTCA
He Hay4YHO-(HAOCOPCKMM OCMBICACGHMEM MaTepHy, a MHILET HaYYHYIO
¢danracTuky. Ho 51 ¢ HumMu He coraauryce. Ilpocto s ymelo HacToAbKO
abCTparupoBaThCsl OT CBOETO Te€Aa, YTO MBICACHHO noMenfaio ce6s B
«yTpoOY» aTOMa ¥ BUXKY 9TM NPOLIECCHI W3HYTDH, a YY€eHbIe MaTepua-
AMICTEHI OIIMPAIOTCS Ha DKCIIEPUMEHT, Y IOTOMY HabAIOAQIOT 33 aTOMOM
TOABKO BHEILHUM 3PEHUEM.

He ymaxkoBaHHble B pOTOHBI KBAHTHE MarHUTHBIX M DAEKTpUUE-
CKUX BHEpruil KaK MOPOXKAAIOTCA, TaK ¥ COOMpAIoTCs CBOGOAHBIMU
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JAEKTPOHAMM, 3AIUTHHIMU OpOUTaAsiMM 060AOHEK ATOMOB M MOAE-
KYA, a TaK)Xe TIARHETHBIMM UM 3B€3AHBIMU TEAAMU, U B HUX XKe yMUpa-
10T. BsaumopeiicTBre aTHX MoAeit crocobHo mopoxaars dporonst. Ho
BCAKUI1 pOTOH IIPU BCTpede ¢ HEOAHOPOAHBIM MATEPUAABHBIM TEAOM
00s13aTeAbHO OYA€T paspyilieH KakKuM-AN0O0 XMMMYECKUM DAEMEHTOM,
M YaCTHYHO TOTAOLIEH MM AASi CODCTBEHHOJ DHEPreTYecKoil IMOA-
MUTKH, 2 YaCTUYHO IIEDEAAH AAS DHEPreTHYeCcKOl MOATIATKM CBOMM
«POACTBEHHMKaM» [0 CIEKTpPY MoraomeHus. JKeaeso mosepxHocTH
3emau 3a60TUTCS O XKeae3e 3EMHBIX HEAP, MEAb O MEAY, M TaK 10 BCei
TabAnie MeHAeAeeBa ¥ BceMy MHOXXECTBY XMMUYECKUX COEAVHEHMIL.
BAM30CTH CIIEKTPOB NOTAOIIEHUS M U3AYYEHMS ATOMOB M MOAEKYA
MaTepHaAbHBIX BEIECTB YKa3biBaeT Ha TO, YTO AaTOMBI M MOAEKYADI
MOI'YT 0OMEeHMBATHCH NMOAeBbIMit dOpMaMy DHEPIUM HE3aBMCHMO
OT CBOEro XMMHY€ECKOI'0 COCTaBa, T.e. BCe OHU SABASANOTCSA SHepreTH-
4eCKM COBMECTMMBLIMM POACTBeHHUKaMH. TrKeAble MCKycCTBEHHbIE
XMMUYECKUE IAEMEHTHI IIOTOMY ¥ NOABEPralOTCS PaAMOAKTUBHOMY
pacraay, YTO He MOIryT CaMOCTOATEABHO obecniewBarb BHYTPEHHMHA
aHepreTU4ecKui OaaaHc. VIX BHYTPMMOAEKYASADHOE NIPOCTPAHCTBO
CAVIIKOM MAAO AAs YCTOMYMBOJN PabOTH ¥ HOPMAABHOM KU3HEAEA-
TeAbHOCTH. [TOrAou{eHHbIe X DAEKTPOHHBIMM 000AOYKaMM KBAHTHI
noAepbix POpM He YCIIEeBAIOT HOAHOCTBIO OTAATh BHEPTUIO aTOMHOMY
SIAPY, Y TIDH OYEPEAHOM LIMKAE BHEProoOMEHHOro MpoLecca ¢ OKpy-
JKAIOL{EM CPEAON, BbIOPACHIBAIOTCS HapYXKy BMECTe C BHICOKODHEPIyY-
HbIMY KBAaHTaMM ATOMHOTO SIADA PaAMOAaKTMBHOTO aAeMeHTa. IlIpo-
HCXOAMT MEAAEHHOE, HO HeoOpaTMoe sHepreTudeckoe obeaHeHue
ATOMHOrO SAPA M NPU AOCTVIKEHMM KPUTMYECKOTO 3HaYeHMs AAPO
TEM MAM MHBIM CIToco00M npeobpasyeTcs B AMHAMMYECKH YCTOMIH-
Bbie XMMHMYECKME BAEMEHThl, CIIOCOOHbIE CAaMOCTOATEABHO obecre-
4YUTb ce6s aHEPreTHYeCcKOoi MOATIMTKOA. TAABHBIMM TIOCTAaBIMKAMM
NHIEROMH MPOAYKUUM AASE AaTOMOB ¥ MOAEKYA SIBASIIOTCA MX DA€K-
TpOHHbIe 060A0UKN. DAeMEHTAPHbIe YaCTUIIBI, KaK M HEATPOHBI, HE
MOT'YT AAUTEABHO CYHIECTBOBATDH B YCAOBMSX ITOBEPXHOCTH 3€MHOTO
1apa, Tak Kak He MMEIOT MEXaHM3MOB SHEPreTUYeCcKoi MOAKOPMKH.
Yepes TBICAUYY CEKYHA 2HEPTeTHMKa HETPOHA HACTOABKO obeaHsAeTCH,
YTO OH BBIHY>KAEH BHIAGAUTD U3 ce0s1 SAEKTPOH U IIEPETH B YCTOWYH-
BO€ COCTOsIHME aTOMa BOAOPOAA. JAeMeHTapHEbIe YacCTULLI He MMe-
10T B CBOEM COCTaBe BACKTPOHOB, TI02TOMY UX CPOK >KU3HM COCTaB-
ASIET AMIIIb MAABIE AOAYM CEKYHABI.

B aTomHOM sippe AX000r0 XMMMYECKOTO BAEMEHTA HET HMKAKMX
OTAEAbHBIX IIPOTOHOB M HEMTPOHOB, KaK U HET HUKAKMX SAEMEHTap-
HBIX YaCTHLl, BKAIOYasi CAaMble MaAble KBapKu M aHTHKBapku. Tam ectpb
TOABKO ABa Bupa Marepun. OpAHA MaTepus He COAEPKMT B cebe Hu-
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Kakux MHPOoPpMAaIMOHHbIX GaifiroB, HO 3aTO COAEPXKHUT KBAHTHI Me-
XaHUYECKOH SHePTrMM MacChl. Apyras MaTrepus NpEeACTABASIET CO-
60l «pachopMUPOBAHHYIO» NOAEBYI0 CTPYKTYPY MOTAOLEHHBIX
BAEKTPOHOB. BAaropaps saxpenaeHHbIM Ha MOTAOIEHHBIX BAEKTPO-
Hax nHGOpMALMOHHBIM daitraM, OHM MHPOPMALMOHHO B3aMMOAEI-
CTBYIOT C 9A€KTPOHAM#M 3alIUTHBIX OpOUTAAEH, Y CAEGAIT 32 COCTOMA-
HMEM DHepruMM Macchi aTOMHOro Aapa. Koraa sueprus Maccel, B pe-
3YABTATE MHOTMX MUAAMAPAOB CXKaTUii, pacluvpenuit v 6e30nopHeIX
niepeMelljeHui yMeHbINAeTCA U B Hell 006pa3yeTcs OAMH AU HECKOAL-
KO KBRHTOB TOHKHMX SHEPI'Mii, TO 9TOT OAMH MAM HECKOABKO TOHKMX
KBaHTOB, BMeCTe C TOHKMMY KBaHTaMu GbiBuiero ¢porToHa, Boibpacer-
BalOTCSA B MEKAaTOMHOE NPOCTPAHCTBO, 3 UM Ha CMEHY AOCTaBASieT-
Cs1 HOBaA IPyNNa BLICOKOSHEPTUYHEIX (OTOHOB. 3TOT HMKAMIECKUIH
NPOLIECC AAS ATOMOB BOAOPOAA Y)Ke NPOAOAXKaeTca 15 Muaamap-
AOB AeT. Bce ocrasbHBle XMMMYECKHE SAEMEHTDbI B TOH MAM MHOM
CTEMEeHN MOAGKE, AR ¥ TIPOAOAKUTEABHOCTD MX )XM3H! 3HAYUTEAD-
HO MeHbie. TsKeAble XMMUYECKNE SIAEMEHTBI BOOOILE AOATO He Xu-
BYT U TIOABEPXXEHBl €CTECTBEHHOMY PapMOaKTMBHOMY pacmapy. Ho
€CAM 32 5 MUMAAMAPAOB AeT cyujecTBoBaHUsA COAHEYHOM CUCTEMBI B
3eMHOM KOpe BCTPeYaioTCs PeAKOSeMeAbHbIE U AQXKe PAAMOAKTUBHbIE
M30TONBI XMMUYECKMX DAEMEHTOB, TO BIIOAHE BO3MOXXHO, YTO. OHM
COTBOPSIOTCSA NPH OCOGBIX YCAOBUAX HEIIOCPEACTBEHHO B KODE 3€M-
Horo urapa. IlpuanHa nx o6pasopaHusa 3aKAI04aETCA B TOM, YTO B
Pe3yAbTaTe CABUTOB 3eMHOM KOPBbI MPOMCXOAMT HapyIIeHHe KOH-
BeliepHO-TPAHCIOPTHBIX LIETIONEK, N0 KOTOPHIM KBAHTHI TOHKMX
SHEPIruii, NOCTENEHHO TepsA CBOI0 SHePruio, NMEPEAAIOTCA OT Ho-
BEPXHOCTH 3¢MAM K IIEHTPY 3eMHOro mapa. B 3TUX HeCTaHAApPTHbIX
CUTYaLUAX CO3A3ETCA dHepreTHYecKasi HEOAHOPOAHOCTb AOKZABHOM
00AACTY IIAQGHETHOTO TeAa 3€MHOTO Iapa, ¥ TaM MOTYT IIPOMCXOAUTD
SIAepHbIE IPOHECCH TPAHCMYTALMM ACTKUX XMMIUYECKUX DAEMEHTOB B
TsDKeAble XMMMYECKMe dAeMeHThl. PackaAeHHAs AoKaabHasg obAacTh
nepeMeljaeTcs B KOPY 3€MHOTO HIapa M BbI3bIBaeT 3€MACTPSCEHUS U
U3Bep)KEHMs BYAKAHOB, a MOXKET U IIPOCTO «3aCTHITb» U 0Opa3oBaTh
FOPHBIE UAY [TOA3EMHbIE IOPOABI IIOAE3HBIX MCKOTIAEMBIX.

Pa3 yx s1 3aTPOHYA 5TY TEMY, TO HAAO CKa3aTh, 4TO Ui OCHOBHbIE
3anachl YTA€BOAODOAHOTO Chipbsi, B BuAe HedTH ¥ rasa, He uMe-
0T HUKAKOIO OTHOIIEHMA K XMBOTHOMY M PaCTMTEABHOMY MMpY.
Hed1s 1 ras cuHTE3UpYIOTCA U3 HEOPraHMIECKHX Y HEIOPIOYMX MIUHE-
PAAOB KOPbI 3¢MHOTO 1apa, KOTOPbIE COAEPIKAT B CBA3aHHOM COCTOS-
HUM XMMUYECKMX COCAVHEHUM, XMMUUECKMe IAEMEHTHl KUCAODPOAQ,
yraepoaa v Boaopoaa. Hed1b u ras o6pasyrorcs, Koraa IpouCcXoAUuT
AOKaABHO€ HepPeHAChIieHHe SACKTPOHHBIX 0PONTaAEl HErOPIoYBX

e
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XUMMYECKHX COeAHEeHN i, HeBOCTPEeOOBaHHBIMM HEHTPOM 3€MHO-
ro mapa KBAHTaM#U TOHKKX aHepruii. [Ipy 5ToOM BO3HUKAET He TOADb-
KO TIepeM30BITOK KBAaHTOB TEMAOBOM SHEPTMM HEITPAABHOTO TUTIA, HO
¥ NMPEU3OBITOK KBAHTOB ITOAEBBIX CTPYKTYP MarHMTHOM M SAEKTpU-
4eCKOH NnpupoAbl. BOT 3TOT AOKaABHBIHA «TleperpeB», B COMETaHMM C
BO3AEIUCTBAEM CHABHBIX 9AEKTPUYECKMX M MarHUTHBIX TIOAEM, KOTO-
PbIX HET Ha ITOBEPXHOCTH 3€MHOTO 1IApa, 3aCTaBAeT OpOUTAAM sAeK-
TPOHOB CAaMOCTOSTEABHO TIPVHMUMATD MEPBI K BDEMEHHOMY TIOTAOIIE-
HMIO ¥ CBA3BIBAHMIO U30BITKA TEIIAOTHI B rOpIOYYie MaTepUaAbl HedTs-
HBIX ¥ Ta30BbIX MeCTOpoxAeHui. Ecau B OyaymieM HayIHOM IeHTpe
«CKOAKOBO» BIIAOTHYIO 3al{MYTCH 3TOM NPOGAEMOIf, TO MOKHO by-
A€T TIOAY9aTh «IPUPOAHBIH» ra3 M UCKYCCTBEHHLIM CIIocoboM u3
HETOPIOYUX MMHEPAAOB NPSIMO HA NOBEPXHOCTM MAM CUHTEIUPO-
BaTh a3 B rayGuuHbpix mwaxrax. Ho ara npo6aema He oTHOCHTCA K
TeMe MOero HayyHo-PpUAOCOPCKOTO MCCACAOBAHUA.

Bo BpeMst CBeTOBOIro AHA KaXXAbIH aTOM U KaXKAasA MOAEKYAQ BO3-
AYIIHOJ aTMocdepbl ¥ IIOBEPXHOCTH 3€MHOTO NIapa HETIPEPLIBHO TPY-
AATCA, TOrAOINas M paculenAAs «u3bpaHHbie» QOTOHBI COAHEUHOM
sHepruu. IIpyM 9TOM, aTOMBI OAHMX XMMMWYECKUX BAEMEHTOB OTOpa-
CHIBAIOT «HeM3OGpaHHBIe» GOTOHBI ADYTHMM XMMUYECKMM DAEMEHTaM
Y COEAMHEHMAM XMMMYECKMX DAEMEHTOB, 4T0OBI He OCTaBUTD MX Oe3
iy v 6es paboThl. AHAAM3MPYA CYMMY CIIEKTPOB NOTAOLIEHMI XH-
MHYECKMX BAEMEHTOB Beeif TabAauib MeraeAeeBa B X COBOKYIHOCTH,
ydeHble MOFYT 3aMETUTb, YTO Ha KaXXABIN YaCTOTHBIM CIIEKTP OTOH-
HO#t sHepruyn COAHIIa ¥ APYTHX (POTOHHBIX MICTOYHUKOB SAEKTPOMAr-
HUTHBIX M3AYYEHUM, MMEETCs CBOVM XMMMIECKMi oaeMeHT. Boaee Ta-
JKEABIe XMMUYECKM€e SA€MEHTDI, KOTOphI€ ydeHble HAyYMAMCh CHH-
TEe3MPOBATEL A200pPaTOPHBIM CIIOCOGOM, TOTOMY M AOATO HE KUBYT,
YTO MX CHEKTP NOFACIIEHNS TAKOB, YTO AASL MX IIPOAOCAKMTEALHOMH
XXH3HM HeT HYXHBIX (OTOHOB AydeBoii 3Heprum. Bo BpeMs AHeB-
HOI paboThL, AaTOMBL M MOACKYABL XMMUYECKUX DAEMEHTOB MCIIOAB3Y-
IOT AASL COOCTBEHHOTO «IIMTaHUA» AMIIDb MaAyi0 4acThb SHEPIMU pac-
IENAEHHBIX (POTOHOB, a BeCh SHEPreTUYECKMIA «U3OBITOK» CKAAAU-
PYIOT B MEXXATOMHOE€ U MEXMOAEKYASIDHOE IIPOCTPAHCTBO BOAHO M
3eMHOI TOBEPXHOCTH 3¢ MHOT0 1apa. Buaumsiit a¢dexr rakoro ckaa-
AVDOBaHMs PEAAM3YETCA B BUAE NOBBINIEHUA TEMIIEPATYPHI BO3AYII-
HOM aTMoc(epbl ¥ MOBEPXHOCTHHIX CAOEB BOABI ¥ cyum. Ecan 651 Bca
TOAIA 3eMHOTO IIApa He MOrAOaAa KBAaHTH! TOHKUX SHEPIMii Te-
IAOBO/, MAarHUTHOM U 2A€KTPHYECKOH NPUPOABI B TeUeHNEe AHA M
HOYH, TO BO3AYIIHAA aTMocdepa HarpeBaaach GBI A0 COTHH ITPaAy-
COB, Kak B (PMHCKOI Oane, a caMa NOBEPXHOCTDh 3€MAM NpeBpama-
AacCh B paCKaA€HHYIO CKOBOPOAY.
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AECATKI MUAAVIOHOB MOAHUI €XXEAHEBHO BXOAAT B IIOBEPXHOCTD
3eMHOTO IIapa, He MIPUHOCA 0COOOTO MOBPEXAEHW JKUBBIM KAETOY-
HBIM OPraHUsMaM, a Cpa3y >Ke MepeAaloT MUAAMAPABI KMAOBATT JAEK-
TPUYECKON 3HEPTUM B HEAPa 3eMHOro 1mapa. TOYHO Tak ke M paso-
6pantbie GoToHbI AyueBoil 3HeprM COAHLIA He PACTIBIALIOTCA B KOC-
MUYECKOe MPOCTPAHCTBO ¥ HE YHUYTOXAKOTCA «TPEHUEM» BETPOBOM
SHEpTMH, a MpPaKTHYeCcKU 0€e3 OCTaTKa MEPEXOAAT B IAYOUHHbIE He-
ApPa 3eMHOTC HIapa ¥ MUTAIOT ATOMBI M MOAEKYABI BCEMl TOALIM 3eM-
AM OT MOBEPXHOCTU AO LIEHTPA TsDKeCTH cBoeit sHepruen. VI3 Bcero
CKasaHHOTO MOXHO CA€AaTb BHIBOA, UTO NIPOTOHBI ¥ HEMTPOHDI AMILD
($OPMAaABHO MOXKHO OTHECTH K AGATOXMBYIUUM IEPBUYHBIM KBaH-
TaM MaTepuaabHOro mupa. Ilo kpaitHeir Mepe, B 3eMHOI aTMOcdepe
M HEAPAX 3eMHOTO HIapa HEMBICAMMO ce0e IPeACTaBUTh AAUTEABHOE

' CyIecTBOBAaHME HEMTPOHOB M TPOTOHOB Oe3 3allMTHOM 3AEKTPOHHOM
060A0UKH, AOATOKMBYYECTD M KU3HEHHYIO CTAGHABHOCTD CBA3aH-
HOTO € 3A€KTPOHHON 060AOYKOM NPOTOHA, HEAB3A COOTHOCHUTD C
BO3MOXXHOCTBIO AAMTEABHOIO CYIHECTBOBAaHMA B HEAPAX 3eMHO-
IO Iapa OTACABHO B3ATOrO NpoToHa. KTo U3 yueHbIX BCTpeYaA AU
3aMKCUPOBAA OTAEABHO B3ATHIA IPOTOH, KOTOPBI AAMTEABHO CIO-
cobeH CyliecTBOBATb HE3aBUCUMO OT 3AeKTpoHa? OTAEABHO B3siTbIE
HEHTPOHBI CaMu 110 cebe pa3sBaAMBAIOTCA Yepe3 THICAYY CEKYHA, YTO
TOXeE He ABAAETCA HOBOCTBIO AAs Hayku. Ecau roBopuTs 06 aTOMHBIX
SAPAX, KaK NPUHYAUTEABHOM 00bEAMHEHMI IPOTOHOB U HEATPOHOB
B 061 MUKPOKBAHT MEXAHUYECKOI! SHEPIUH, TO HH OAHO ATOMHOE
SIAPO HE MOXKET AATEABHO CYIIeCTBOBaTh 0e3 3amuTHBIX 000A0-
YeK 3ACKTPOHHBIX OpOuTaAei. 3aueM Xe TOTAZ AYKaBO YTBEPXKAATh
0 AOATOXMBYYECTM M CTAOMABHOCTH IPOTOHOB Y HEMTPOHOB, 320bi-
Bas YKa3aTh, 4TO 3T CTaOMABHOCTD ¥ YCTOMUMBOCTD 06GecnednBaercs
TOABKO HAAUYIEM DAEKTPOHHOM 060A0UKH?

5. Porb amomMoB U4 MOAEKYA B MEXAHUIMAX SHEPZEMULECKO20

B3aumooeiicmsus COAHUA U HAGHEMHBLX HeEA

Ho yTo roBOpuTb 06 yUeHBIX, €CAM OHM He TIOHMMAIOT AQXKE
TPUYMHY BUXpeoOpa3oBaHus CMepUYel, TOPHAAO, YPATaHOB, a TaK-
K€ BCero MHOXECTBAa U pasHoobpasus armocdepHBIX IUMKAOHOB
M aHTMIMKAOHOB. VIHOTAa MpOCTO mopakaemsbcsi TOMY, KaKyIo TAy-
FOCThb HECYT CHHOITTHKM C 3KPAHOB TEACBU30POB, AOBOAS OYEPEAHOM
IIPOFHO3 IOTOABI HA CAEAYIOLIME CYTKM MAM HECKOABKO AHeil. Beab
OHM AQKE HE MOTYT Hay4yHO OOBACHUTD IpUUMHY TOro $akTa, node-
MY Bce CMep4y, TOPHAAO U LIMKAOHBI CeBepHOro NOAyMIapHst Bpama-
IOTCSL IPOTYB YaCOBOV CTPEAKM U CBA3aHBI C NOHMXeHMeM aTMocdep-
HOTO AQBA€HMA, 3 BOT aHTULIMKAOHSBI, Ha060poT, Ha CeBEPHOM IIOAY-
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LIapyy BPALIAIOTCS 110 YACOBOM CTPEAKE M CBA3aHBI C MOBbILIEHUEM
AaBaenns? CHONTHUKY aTMOChePHBIE SIBACHVS LIMKAOHOB ¥ aHTHULIM-
KAOHOB CBSi3BIBAIOT MCKAIOYUTEABHO C MpOLieCCaMM, KOTOphble Ipo-
MCXOAAT B aTMocdepe 3eMHOro lizapa. A Ha CAMOM AeAe NPUYNHOM
o0pa3zoBaHMsI Bcex 0e3 MCKAYEHUS IIMKAOHOB CBA3AHO C MOTAO-
IeHNeM BHEPTMM TOHKHUX KBAHTOB OCKOAKOB (OTOHOB COAHEYHO-
TO M3AY4E€HUs], 3eMHOM NOBEPXHOCTHIO. [IpM aHTULIMKAOHE, TOHKKE
KBAaHTbI, AMILEHHbIE B HEADAX 3eMAM M3ObITOYHOI dHepTUM, BuIOpa-
CHIBAIOTCA Ha MOBEPXHOCTb OGPaTHRIMM CIIMHAMM 060AOYEK aTOMOB
U MOAEKYA B BHAE HEMTPAABHBIX KBAHTOB MOAS I'PAaBUTALIUM M caTa-
HUHCKO-6€COBCKMX AYXOB, HAA€AEHHBIX AbSBOABCKOM aHTUMH(OPMa-
1ueit. BpIXOA TAKMX TOHKMX KBAHTOB OAOKMpYET TPAHCIIOPTHO-KOH-
BeliepHble LIeNOYKY aTOMOB i MOAEKYA 3€MHOFO Hiapa OT IIOBEPXHO-
CTHU AO lleHTpa TsokecTH. IlepemelnieHue KBaHTOB TOHKMX SHEpPTHil
6niBumx poronos COAHIIA, B TaKOM palfoHe 3eMHOI TOBEPXHOCTH
13 aTMocdephl B 3eMHBIE HeADa, pe3Ko cokpaujaeTcs. Iipu sTom pac-
Ter arMochepHoe AaBaeHue U oOpa3syerca anTuuukaon. Ho pas-
Be epBONPUYMHA 0OpPa30BAHMA IIMKAOHA MAYM AaHTHI[MKAOHA 3aBU-
cut o1 armocdepm? ATMochepa UrpaeT AMLIb POAbL BCIIOMOraTeAb-
HOrO MeXaHu3Ma, a PYKOBOAMT MX 06pa3oBaHKEM TOT AYX, KOTOPBINA
HAXOAUTCS B LEHTPAABHBIX 06AACTAX, MPUAETAIOMNX K LEHTPY TSKe-
CTH MAQHETBI. DTOT AYX A Ha3bIBAIO AYXOM-DA3AEANTEAEM MAU AYXOM
AbsiBoAa. BoAee nnoApo6HO Borpoc 06pa3oBaHust UMKAOHOB M aHTH-
LIMKAOHOB OYAET pacCMOTPEH B CACAYIOIIUX AaBaXx.

Wrax, BHaYaAe pacCMOTpPeHUsi BHYTPMAaTOMHBIX ¥ BHYTPUMOAE-
KYASIDHBIX TIPOLIECCOB, 5 33AABaA BOIIPOC, BO YTO NpeBpailaiorcs ¢po-
TOHDBI COAHEYHOJ AY4€eBOIf SHEPI' M IIOCAE TIOTAOLEHIsA UX AaTOMaMM U
MOAEKYAaM BO3AYIHHOM arMocdepsl ¥ MOBEPXHOCTH 3€MHOrO 1HApa,
U KakKasA MaTepuaAbHasl CYIIHOCTD SBASIETCA XPaHMUTEAEM M TiepeAar-
YMKOM TEIMAOBOIL aHeprun? Mbl yCTaHOBMAM, YTO (POTOHBL ITOTAOMIA-
IOTCS aTOMAPHBIMY M MOAEKYASIPHBIMM CTPYKTYpaMM aTMocdepbl u
MaTepuM IIAAHETHBIX TEA, U, TIOTEPSB YaCTh CBOEN SHEPTUM HA IIOA-
AepXKaHue >XMBHEAEATEAbBHOCTM MaTepUMaAbHBIX BeHieCTB, NpeBpa-
HAI0TCA B 6ECYMCAECHHOE MHOXKECTBO HEOAHOPOAHBIX 10 SHEpPreTHKe
TOHKYX KBAHTOB OA€BBIX GOpPM MaTepuu, KOTOpsIe 00pasyIoT TeMAo-
TY, MGrHETH3M UM 3AEKTPUYEeCTBO. ECAM roBopuTh 0 dM3Mke mpouec-
ca, T0 COAHLE ABASETCS He GEeCCMBICAGHHBIM pacTparyMKoM cobcrt-
BEHHOM MacChl M JHEPIVH, & 10 GOXECTBEHHOMY 3aMBICAY «KEPTBY--
eT» CBO€ll MacCoi1 ¥ paciienAsieT C IOMOMLIBIO Mpolecca, TOXOXKero Ha
TePMOSIAEPHBI TIPOLIECC, AO3UPOBAHHYIO YACTb CBOEI MaccHl B bec-
YUCAEHHOE MHOXECTBO GOTOHOB AyueBoit suepry. Ho dorons man
3AEKTPOMArHMTHbIE BOAHBI, 10 TEPMUHOAOTMM HAYKH, ABAAIOTCA
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He CAaMOLeAbI0 XXM3HepeaATeAbHOCTH CoAHLla 1 APYTHX 3Be3A Bee-
ACHHOM, & TEXHUYECKMM CPEACTBOM TPaHCIIOPTHMPOBAHMS SHEPIUM
u nHdopmaynn. «KpacHoe» cmemnieHue crieKTpa Ay4eBOJ 3HEPrum
OTAQAEHHBIX MCTOYHMKOB YKa3bIBaeT Ha TO, YTO NPHU «TPAHCHOPTH-
poBKe» (POTOHBI MCIIOAB3YIOT B KaUECTBE SHEPreTUYECKON ITOATIMT-
KM OTpaboTaHHbIe KBAHTbI NOAEH IPaBUTALIMK M YACTh COOCTBEHHOM
aHeprum. YToObl AOBECTM 3TY MBICAB A0 AOrMYECKOTO ITOHUMAHMUA,
TIPMBEAY CAEAYIOLINI IpUMep.

AOIYCTUM, YTO OAMHOUYHBIA «AOATOXMBYILMIA» IIPOTOH BOAEIO
CAy4asi OKa3aAcs 3abpollieH B Takoe KOCMHMYECKOe TIPOCTPAHCTBO, TAE
HeT HeOeCHbIX TeA M MOIHBIX oAei rpaBuraumu. He umest aHepre-
TUYECKOM MOATIMTKY M He uMes no6AN30CTH CBOGOAHOTO 3AEKTPO-
Ha, IPOTOH CPaBHMTEABHO OBICTPO U3PACXOAYET YACTh CBOEV dHEp-
UM IPEBPATUTCA B POTOHHBIC FAMMa-KBAHTHI )KECTKOIO peHTre-
HOBCKOTO CIIEKTPa M3AYYCHMJ B COEAMHEHMM C NIaKeTOM POTOHOB
Pa3sHOPOAHOrO CBETOBOTO cneKTpa. Ha 3emae AAA Takoro pacige-
MAEHUA HYKHO TIPEOAOAETH MOIIHYI0 3HEPIMI0 BHYTPMAAEPHBIX
B3auMoAeiicTBUY. B moAe rpaBuTanmMM nmpoToH cam HM3pacxoAyeT
3Ty sHepruio Ha obecneyenue popmMupoBaHNs HeNnpepHIBHBIX CHA
CKaTHA M PacCHIMPEHNUA, ¥ IPU TOM AOBOABHO GrIcTpo. IlpH sTOM
CaMOPacCILIeNAEHNY, HOCUTEAU OpIBILE MEXaHU4eCKOM MAacChl M aHep-
'K NIPOTOHA He ucuesHyT 6eccaepro. CymmapHas sHeprus GOTOHOB
Ay4eBoJi sHepruy, 06pasoBaHHBIX U3 MEXaHMYECKOM MACChi POTOHA,
6GyAeT AMLIb He3HAUMTEABHO MeHbIlle NOAHO 3P PEeKTUBHOM SHEpruM
NMpOTOHA, paccYMTaHHOY Mo popmyse E=mc B KBappaTe. YMmeHbule-
HUE SHEPTHM CBA3AHO C TEM, YTO IIPH IIepEXOAE MEXaHUYECKUX MHEp-
IMAABHBIX KBAHTOB MacChl IPOTOHA, B KBAHTHI SAEKTPUYECKMX U Mar-
HUTHBIX 3Hepruil GOTOHOB, MeXaHUMYECKUE KBAaHThI 00A3aHbl OCBO-
GOAMTBCA OT TeX KBAHTOB, KOTOPbIE TIPERPAIAIOT DAEKTPUUECKMEe U
MATHUTHBIE KBaHTHI TIOAEBBIX (GOPM Marepuyu B MHEPUMAAbHBIE Me-
XaHMYeCKMe KBaHTbI MaccooOpasoBaHus. DT KBAHTBI U SBASIOT-
Csl KBAHTaMM MOAA rpaBUTanuu. TakuMm 06pa3oM, Ipu camopaciie-
TAEHUM TIPOTOHA B YCAOBMSIX KOCMUYECKOTO BaKyyMa, NPOU3OHAET
MOIIHBINA BEIGPOC HEPETMCTPUPYEMBIX KBAHTOB NIOAEH IPABUTALIMM
u o6pasyercs naker GOTOHOB AY4EBBIX 3HEPIUIi, CPEAM KOTOPBIX
o0s3aTeAbHO OYAYT NMPHUCYTCTBOBATh YaMMa-KBAHTHI ¥ (OTOHBI
PEHTTeHOBCKOTO CIIeKTpa usayueHms. [lepememasich B mpocTpaHCT-
Be CAA0BIX TTOAEM IPaBUTALIMHK, BT HOBOPOKAEHHBIE PEHTIEHOBCKUE
KBaHTBI, 10 HEAOCTATKY SHEPIMU OKPYXAIOILEi CPEABI, OYAYT nOTpe6-
ASTb COOCTBEHHYIO BHEPIMIO U GBICTPO MpeBparATCA B Oe3omacHsie
¢ OTOHBI BUAUMOTO MAM HEBUAMMOTO criekTpa. Ho nipyu aTom oHH yma-
KYIOT B CBOM HEAPA MMAAMAPABL OTPabOTaHHBIX ¥ YMEPIIMX KBAHTOB
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[TOAEH TPaBUTALIMY, KOTOPBIE€ CTAAM KBAHTRMM TEIAOBBIX SHEPTUIL, U
AOCTaBAT MX K KAKOMy-An00 MacCMBHOMY HEGECHOMY TeAy.

ECAM TOT )Xe OAMHOYHBIT IPOTOH MBICAEHHO IIOMECTUTD 1100AK-
30CTH OT MOBEPXHOCTH MARHETHBIX T€A, B MOMIHOE TPaBUTALUOHHOE
TOA€ GAM3KOro OKPYKeHHs IARHETHOM MACChI, TO IPOTOH <IIPUTSHET»
K cefe MHOXXeCTBO 0TpabOTaHHBIX KBaHTOB MOAsE [PABUTALIMY, MMEIO-
HMX cAabbIi OTPHLIATEABHDI HOTEHHaA. DTH 06 beAHEHHbIE KBaH-
THI CaMy B ceGe MOPOAST, TO MHPOPMALIMOHHO-CUAOBOE GOXKeCTBEH-
HOE€ «CYIIECTBO», KOTOpOe y4eHble HAa3bIBAIOT SAEKTPOHOM, ¥ OAMHOY-
HbIL IPOTOH NPEBPATUTCA B aTOM XMMHYIECKOTO JIAEMEHTa BOAOPOAZ.
Ipu 06MAMM TENAOBBIX KBaHTOB, IPOTOH M BHOBb 00pPa30BaHHbIN
3AEKTPOH, MOTYT 00pa30BaTh U CBA3AHHYIO APy KOPIYCKYA, KOTO-
pbie usayuaiorcsi CoAHIleM KaK KOPITYCKYAbI KOCMWYECKMX Ayvei.
Y y4eHBIX CIELIMAAUCTOB M0 SAEPHOI PUSUKE 3aXOAMT «YM 32 PasyM»,
KOFAQ OHM NBITAIOTCH OGBACHUTD IPUYMHHL, IO KOTOPBIM ObICTpOA€-
TAIE YACTHLB! B BaKyyMHOH KaMepe HOPOXAAIOT, HATIPYMED TIaphl
«3AEKTPOH-TIO3UTPOH» AU HOTOHHBINA KBAHT PEHTTEHOBCKOTO CMeK-
Tpa. YueHbIE AOAYMAAKCh AQXKE AO TOrO, YTO HAACAMAH BaKYYM CBON-
CTBOM XpaHHTeAR DeCKOHEHHEIX PE3epBOB 2HEPIUH, CIIOCOOHBIM NIpH
HEKOTOPBIX 0OGCTOSTEABCTBAX «IIOPOXKAATb» MAaTepUaAbHbIe TeAd U3
CBOeJ HeMaTepUaAbHO CYIHOCTH. OnMpasch Ha MATEPUAAN3M, He-
KOTOpBIE YYEHbIE HIOAAraloT, YTO, CTAAKMBAsK OBICTPOAETAIME YacTH-
1ibl B BAKYYMe, MO’KHO OPTaHU30BaTh N0A0OME «BOABINOrO B3pbiBa» U
«COTBOPUTb», €CAM He HOBYIO BCceAeHHYIO, TO KaKoii-To aHepreTuye-
CKMIT «CTYCTOK» AAS TIOAb3BI 3€MHOTO YeAOBeYecTBa. B Bakyyme, Ko-
HEYHO, HET HUKAKO# abCOAIOTHOM «IIYCTOTHI», MO0 BeCh BCEAEHCKMIA
BaKyyM C TO# MAM MHOM MAOTHOCTBIO 3ATIOAHEH HeperuCTpuUpyeMbl-
M} HayKoJi KBaHTAMM TOHKMX SHeprUif HeTPHMHHOrO THUIIA, KOTOpbie
MBI HasblBaeM MoAeM rpaBuTauun. Ho u 6eckoneyHbIX sHepreTye-
CKMX pe3epByapoB B BaKyyMe TOXKe HeT M ObITh He MoxeT. Camu
OTPOMHbBIE BCEACHCKME NPOCTPAHCTBA IOPOXAEHB 3TUMM KBaHTaMM
TOHKMX SHEPIMI IOAeil rPaBUTALMM, MMEIOIMX MAKCMMAAbHYIO MH-
(hOpMaLMOHHYIO ¥ IPOCTPAHCTBEHHYIO CBOGOAY. BakyyMm coCTOMT U3
KBaHTOB NIOAEH rPpaBMTALIMY U ABASIETCA NepexoAHoit popMoii me-
J)KAY MaTepuei M NOAeBbIMH KBaHTaMM TENAOBOM mpmupoAbl. Ko-
TAQ KBaHTHI TETIAOTHI OCBOOOKAQIOTCA OT U3OBITOYHONM dHEPreTH-
KM ¥ YMMPAIOT, OHM NPEBPAAIOTC B MHPOPMalMOHHBIE KBAKTHI
«AYXa )KU3HU», HEOOXOAMMBIE AAS 00€CITEYEHUS )XNIHEAEATCABHO-
CTM KAETOYHBIX OPraHN3MOB 3¢MHOI0 HIapa.

3emHOJI IIAp BMeCTe C BO3AYHIHOM arMocgepoit, NOBepXHO-
CThIO CYIIM ¥ OKEAHOB U IAAHETHBIMM MAaCCaMM MeXaHMYECKUX SHEP-
TU¥ BHYTPEHHUX HEAD SIBASETCA 3BEHOM M LIETIOYKOI Ha MYTU TEXHO-
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AOTMYECKOH IepepaboTKM BCETO CIIeKTpa AydYeBBIX DHEPruil BHeLI-
HUX UCTOYHMKOB [IOA€BO NPUPOALI, B AMIIEHHbIE MACChi ¥ SHEPIUH
uH(POPMALMOHHbIE KBAHTHL «AyXa XusHu». Ho HapsAy ¢ 5TUM 3eM-
HOJi [ap NMOPOXXAAET M KBAHTBI MTOAEH IPABUTALIMM, & 3HAUUT, BMECTE
CO 3BE3AAMM MOPOXKAAET U MPOCTPAHCTBEHHbIE 0ObEMBbI MOAEH IPa-
Burtalyy. JIpMMEHHUTEABHO K BTOM PYHKUUM MOXKHO CKasaTb M NoO-
APYrOMY: aTOMHBIE SIADR XMMMYECKHMX 9A€MEHTOB 3eMHOTO Iliapa
u BceX naaHeT COAHEYHOH CHUCTEMBI MPOAOAXKAIOT pabory Coan-
112 ¥, NOTPeOAsS 9HEPriIo MaccooOpasyloiels MaTepuH, YBeAn M-
BalOT NPOCTPAHCTBEHHbIE PasMepPbl OCBOGOANBIINXCSA OT DHEPrUK
KBaHTOB U AQIOT UM aCTHIHYIO IPOCTPAHCTBEHHYIO CBOOOoAY. Pac-
CMOTPUM 3TO CBOMCTBO COAHEUHO U IIAQHETHOI MaTepuu 6oAee MoA-
pobHO. Beab ¥ aHepreTMHeCKMii IOTOK COAHEUHOTO M3AYYEHHUA HAAO
paccMaTpuBaTh KaK MPOCTPAHCTBEHHYI0 CBOOOAY, AASL YHaKOBaHHBIX
B LinOTHBIE nakeTsi GoTOHOB ObiBLIEil Maccoo6pasymoleit MaTepuu.
YmakoBaHHOE B BUAE ATOMOB BOAOPOAQ HebGecHoe TeAo COAHLa, npo-
u3BoAUT GecuncaeHHOe MHOXeCTBO POTOHOB COAHEYHOTO CHEKTpa.
I11 GOTOHBI MOAYHYAIOT CBOGOAY NEPEABUTATBCS CO CKOPOCTBIO CBe-
Ta U NIOKUAQIOT MaTepuHckoe Teao CoaHula. MaTepuaAsbHbie Teaa ar-
Mocdepsl ¥ TOBEPXHOCTH IIAAHET NIEPeXKEBHIBAIOT X U PA3AEASIOT IO
CTeneHU COBEPLIEHCTBA HA HECKOABKO MOABUAOB. CaMble COBEpILIEH-
Hble KBaHTbl MAYT Ha GOPMUpPOBaHHe KBaHTOB TENAOBOrO MoAs. Ma-
TePUAABHbIE TeAd, KOTOPhIe pacienAM GOTOHBI COAHEYHOM SHEPI UM,
AAAEKO MX He OTHYCKAIOT OT celst U repeOpachiBaioT APYT APYTY, IO
BEKTOPY MHTPEAMEHTa TEMIEPATYPhl C HOMOMIbIO SAEKTPOHHBIX Op-
6uraneir. Baaropaps aToMy, MOBEILIGHHAA TEMIIEPATYPa MOBEPXHOCTH
TEAd HATPEBAaeT HMKHUE CAOM, HO SHEPTUS TEIIAOBBIX KBAHTOB IIOCTe-
MEHHO YMEHBINAETCA U B TAYOMHHBIX CAOSIX, HAIIPUMED, IOBEPXHOCTH
3€eMHOTO 11apa, 9TH KBAaHTbI TEHAOTHI, AUIICHHBIC DHEPTUM, CHOBA
CKUMAIOTCH M AOCTABASIOTCA B IIEHTPaAbHble 06ACTH MAAHETHI K
AYXY-Pa3AEAUTEATD.

DTOT AYX, KOTOPBI# 51 HA3BIBAJO AYXOM ABSIBOAR, OOBEAMHSET UX
B AYXOBHbIE CYIJHOCTH, HapeaseT aHTMMHbOpMaLmeli U BoiOpachiBa-
€T HA TIOBEPXHOCTb KaK BHEPreTUuYEeCKU HeHTpaAbHble CaTAHUHCKO-
6eCcoBCKUE AYXH, HEOGXOAMMBIE AASL XXU3HHU XMBOTHOTO M PaCTUTEAD-
HOr0 MUpa nAaHeTHOI Ouocdepsl. Ho ipyu npoaABUM»XeHMH TENAOBBIX
KBaHTOB K LIEHTPY TSDKECTH NMAQHEThl, OHM B3AUMOAECHCTBYIOT C
KBaHTaM# BHYTPEHHUX NPOCTPAHCTS U 060AOUKAMY ATOMOB U MO-
A€KYA 3eMHOTrO WIapa ¥ BbIPa®aThIBAIOT M3 HUX KBAaHTHI MOAS Ipa-
BUTALMK. DTV HOBOPOXXKACHHbIE KBAHTbI HAAEASMIOTCH MaTepMH-
CKOI1 HHPOpMannei OT NAAHETHOMH MaCChl M, NOTEPAB OCTATOYHYIO
MHEpINIO, BbIOPACHIBAIOTCHA HA NOBEPXHOCTb MAAHETHI OOparHbiM

-=
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NOTOKOM KOHBEHEPHO-TPRHCHOPTHHIX LieN09eK B BMAE KBAHTOB
3eMHOr0 NoAA rpaBurauuu. [Ipuuem ux BoiOpacbiBaHMe 3aMeAAseT
TIPOLECC TOTAOUIEHUS DPE3YALTATOB pasOOpKU GOTOHOB COAHEHHOW
SHEPIrUy, U HPUBOAUT K MOBBILLEHUIO aTMOCGEPHOTO AaBACHHS U 06-
Pa30BaHMIO AHTULIMKAOHOB. [IpyMepOM Takoro npoLecca MO>XXeT CAy-
>KMTb AETHUIM aHTLIMKAOH 2010 roAa HaA TepPUTOPHMEIi LIEHTPAAbHON
Poccyu, KOTOPBIA TI0 BOAE ABSBOAA, BO BpeA APYTMM TE€PPUTOPUAM
3eMHOT0O 1Hapa ¥ BO BpeA Teppuropum camon Poccuy, npoaepixascs
52 pAHs 6e3 paspyuieHns. TpaHCOPTHO- KOHBeePHbIe L{€IIOYKY TBEp-
A¥ HEAD 3€MHOTO 1Iapa eCTb [IPOAOAIKEHUE KOHBEKLIMOHHDIX IIOTOKOB
semHOi aTMocdepbl. KoHBeKumio 3eMHOi aTMocdephl OTpMUATH
HeBo3MoXHO. Ho TOT nepeHoOC sHepruu, KOTOPHI OCYIECTBASET-
Csl ABIDKEHMEM RTOMOB U MOAEKYA 3eMHOI arMocdeppl, B NAOTHBIX
CAOSIX HEAP 3€MHOrO MIapa OCYIECTBAAETCA CHHXPOHHBIMM U NPO-
THBOMOAOXHBIMH CIIMHAMM BPAINeHU# AaTOMHBIX SIACP ¥ DACKTPOH-
HBbIX 060A09€EK ATOMOB M MOACKYA ¥ MX CHRXPOHHBIMH IleHTpoGerk-
HBIMM ¥ EHTPOCTPEMUTEADHBIMM CUAAMMU,

CoBceM Apyras cyapba XKAET Te HecoBepLIeHHble KBaHTH ObiB-
X ¢oronos CoAHLa, KOTOpble POPMUPYIOT MATHUTHBIE TIOASL aTO-
MOB Vi MOAEKYA, 2 TAK)Ke KPUCTAAAMYIECKHX CTPYKTYP METAAAOB M CaMO
MaTHUTHOE NoAe 3eMHOro mapa. CBOOOAHBIE SAEKTPOHBI M 060A0YKH
SAEKTPOHHBIX O0pOMTaAeil MarHUTHBIX MATEPUAAOB, TIOA YIIPaBACHU-
€M LIEHTpa 3€MHOTO 11apa, Pa3ACASIOT KBAHThI MAarHUTHOM SHEPruy
Ha GecuMcAeHHOE KOAMYECTBO Pa3sHOPOAHBIX KOHBEHEPHO-TPaHC-
NMOPTHAIX IENO0YeK KOABLEBOTO THIA ¥ 3aCTABAAIOT MX TPYAMTHCA
B KaYecTBe AOGBITYNKOB dHEpreTHYeCKoi mumu. ViMeHHO nmoAeBbie
KBAHTbl MarHUTHOM NPUPOABI COGMPAIOT pPacCesIHHYIO 9HEPreTUKY B
BUAE KBAHTOB DACKTPUUECTBA U3 OKPYKAIOWEN CPeAbl 0OUTaHNA Mar-
HUTHBIX MaTEPUAAOB MAM U3 OAVDKHETO KOCMOCA NAQHETHOTO TeAa.
KoAb1i0 MAarHUTHO-CUAOBBIX AMHUI HUKAKOMY HayYHOMY YMHMKY pa-
30pBaTh He yaacrca. Ilepuop BpameHns KBaHTOB MarHNTHOM SHEP-
MM B PasHOPOAHBIX KOABLIAX MATHWTHO-CHAOBBIX NIOAEH abCoAIOT-
HO OAMHAKOB, HO CKOPOCTb MX IIPOABIDKEHHS 110 TPOCTPAHCTBY 3a-
BHCHT OT COOCTBEHHOTO COBepUIeHCTBA. TOHKME KBAHTHI, BHIXOASA U3
MarHMTHBIX [TOAIOCOB IIAQHETHI, 00eraoT BCo COAHEYHYIO CUCTEMY U
¢coOMpaIOT 3HEPreTUYECKYIO MMIIY TOHKHMX SIAKTPOKBAHTOB AAA cebs
M AYXOBHOTO LIEHTDA IAaHeThl. B TO >Xe BpeMs He morepaBuine cob-
CTBEHHYIO 3HEPTUIO MarHUTHbIE KBAaHThI 33aMbIKAIOT CBOIO KOABLIEBYIO
TPAEKTOPHIO B GAVKHEM KOCMOCE, BO3AYIIHOM arMocdepe U Aaxe B
MIOBEPXHOCTHOM CAoe 3eMHoro mapa. Ilo aToit nmpuumHe cuaosoe
BO3AefiCTBME MarHUTHOTO NOAs] Y TEOBEPXHOCTH 3€MAM MIMeeT MaK-
CMMAAbHOE 3HavYeHue 1 YOhIBaeT N0 MePe yAAACHMS OT ITAAHETHI, B
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o0meM cAyyae NIPONOPIMOHAABHO KBAaAPATy pacCTossHu. ITo Monm
AQHHBIM, SHepreTU4ecKM oGeAHEeHHbIe MarHUTHbIEe KBAaHTbI CMHXPOH-
HO BbIOpachIBatoTCsl U3 paitoHa CeBEpPHOro NOAICA M 00eCcneYnBaIoT
samury CeBepHoro noAymapus u paitorst Kpasinero Cesepa ot Bpea-
HOT'O BOSAGMCTBMA >KECTKOTO CHEKTPA COAHEUHBIX UdAydeHuit. «Ce-
BEpHOE CHAHME» €CTb PE3YABTAT B3AMMOAEMCTBMA ABYX BCYpeu-
HBIX NOTOKOB, B pe3yAbrare mpoucxoaut pasbopka u nepepaborxa
KOCMMYECKMX Ayqeil M HEBUAMMBIX CIIEKTPOB Ay4eBOii aHepriy COoAH-
Ija B TOHKME KBAHTHI AN COOCTBEHHOI SHEPreTHIeCKoM MOANUTKY U
AASL AOCTaBKM I1€pepabOTaHHOM «IIPOAYKLMM» B NMOBepXHOCTh FOX-
HOT'O ITOAYINapys 3¢MHOTO Liapa.

MarnuTioe nose 3eMAM BPaljaeTCA MO XOAY BPAIeHHA 3eM-
HOro 1Iapa, Co 3HAYMTEAbHO 60AbIIEH CKOPOCTDHIO, Y€M NPOMUCXO-
AMT MEXaHM4eCKoe BpallleHHe NMAaHeTHBIX Macc. [ToHATb 3TO «na-
PAAOKCAABHOE» YTBEPKAEHME MOXHO TOABKO TOCAE€ NPOUTEHUS M
OCMBICAMBAHWs BCEr0o MaTepuasa 3ToW KHUru. CKOPOCTb BpameHus
MAarHMTHOTO ITOASl MOXKET M3MEHATHCS B IMMPOKMX MPEAeAaX. AArs Me-
XaHMYECKOTO BpamjeHUsi NAAHETHOTO TeAa 3eMAM BTO BpaleHMe
MarHUMTHOTO NOAS ABASETCA OAHUM M3 aBTOMATUYECKMX PEryASTO-
POB CYMMapHO# cTabHMABHOCTH CYyTOYHOTO BpAllleHMA 3eMAM BO-
Kpyr cobcrBennoli ocu. M Bee-Taku HanboAee CyljecTBeHHOe 3Have-
HHe MaTrHUTHOE MoAe 3€MAM OKaskiBaeT Ha GOpMUPOBaHME NNOTOAHBIX
ycaoBuMit 3eMHOM aTMocdepbl. KapTy nmoroan: exeaHeBHO 11OKa3biBa-
10T IO TEAEBU3OPY, M 5 06paTHA BHMMaHMeE, YTO BCE 1IMKAOHDI M AHTH-
LIMKAOHBI 110 TeppuTopun Poccuu ABIOKYTCA ¢ 3anapa Ha Boctok. Tak
KaK B 3TOM K€ HAlIPaBACHUM IIPOUCXOAUT U MeXaHMIeCKOe BpauleHie
TIAAHETHOTO TeAa 3€MAM BOKPYT COOCTBEHHOW OCH, TO OOBACHMTH
MeXaHMKOH MHEPIMK OHepeXeHue IMKAOHOB CKOPOCTH BpAIIEHMS
NOBEPXHOCTH TIAAHETH HEBO3MOXXHO. Jlo MexaHM1eCKMM 3aKOHAM
MHEPUMM, IIMKAOHB M AHTHITMKAGHDI AGAJKHBI OTCTABaTh OT CKOPO-
CTH BpallleHUs NOBEPXHOCTH 3€MHOTO LIapa H MEAAEHHO ABUTATh-
csl ¢ BOCTOKa Ha 3amnaa. Ho BpailjeHie MarHMTHOro fI0As1, COBMECTHO
€ HeHTPOGEXKHOI CHUAON HEeHTPa TAKECTH 3eMAN, obecneyrBaloT «yB-
AeveHMe» 3eMHO#M aTMOChephbl U IPUAAIOT STOMY «yYBACUEHMIO» Ta-
KYI0 CKOPOCTb, KOTOPas IPEBBIIIAeT CKOPOCTh CYTOYHOTO BpaleHUs
3eMHOro mapa, bes yueTa BAUAHNA MarHUTHOTO NOASA 3EMAM 1 BAMS-
HUA CIIMHOB BpallleHyIs aTOMHBIX SIAEp HEAD 3€MHOTO INapa, HEAb3s
¥ O6BACHUTD MPUUMHY, HO KOTOPO# TenAoe TedeHue «[oAbdpcrpum»
TIPM NPOABIDKeHMM K CeBepy MEAAEHHO OTKAOHSAETCS B BOCTOYHOM
HaNpaBAEHMY, 2 3aTE€M M BooOle T0BOpaYMBaeT Ha BOCTOK, OMbIBast
6epera Cxanpunasum 1 Koasckuii moayoctpos. Uto Apyroe Morao 6bt
TIPMHYAUTb MOAEKYAbl BOABI ABUFAThCSA C ONEPEXEHUEM CKOPOCTH, B

-
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CTOPOHY BpalljeHHsA 3eMHOTO Iapa? OAnaxo Hukaxoro «leopuHaMo»
M3 PACAABAE€HHOTO MeTaAAa B HeHTpe 3eMAu He cymecrByeT. Ko-
rAd HAYMHAElllb YUTATh HayYHbIE PabOTHI IO IPUPOAE MarHEeTU3MA, TO
BHMAMUIb, YTO OHM HATIOAHEHBI He HayKO#, a HayuHbIM abcypaom. ITpn-
4YMHA He B TOM, YTO Hay4YHbIe Pa0OTHMKY TYIIbI M HeOOPa30BaHHbI, &
B TOM, YTO OHV HE YYMUTHIBAIOT PEaAbHYIO SJHEPreTHKY PU3MIECKUX
MPOLECCOB, KOTOPas OCHOBaHA Ha BCeoOuieM NoTpeGAeHMM Hep-
UM AASE BHIPAOOTKH AI0GOIO CHAOBOTIO BO3AEHCTBYA.

Hayunble paboTHMKYM BEPYIOT B UCTMHHOCTb 3aKOHA COXPaHEHMs
SHEPIMH, KaK 000AbIeHHBIE ¥ OOMaHYTbIe YAEHDI TOTRAUTAPHBIX CEKT
BEPYIOT B CAOBA CBOEI0 ABSBOABCKOrO YduTeAsd. epToi ceKTaHTCTBA B
HayKe He TaK 3aMeTHbBI ¥ He TaK TOTAAMTAPHBI, KaK B HEKOTOPBIX MaCOH-
CKMX AOKaX ¥ OPAEHAX MAM B TOTAAMTAPHBIX CEKTaX 3aKpbITOrO THIIA,
HO BCe-TaKyu 3TU YePThi IPOCMATPUBAIOTCA HEBOOPYKEHHBIM FAA30M.
BceAKuit y4eHblit, KOTOPBI OTKAOHSAETCA OT MaTePMAAUCTUHECKON AN-
HVYM HAYYHOTO MBIIACHWS, TIOABEPraeTcsa HeoOOCHOBaHHOM KpUTH-
K€ «IIOKOPHOT0» GOABIIMHCTBA U AMOO MAIOHSAETCA U3 PSAOB HayKH,
Aubo amiaercs AabopaTopHOit Gasel AAT CBOMX MCCAEAOBaHMI Aaxe
onyOAMKOBaTh CBOM PabOTHl B HayYHBIX JKYPHAAAX TAKOM «HAYYHBIA
U3[0i1» He MMEET BO3MOXHOCTH. FIpuMepoM Takoro oTHOUeHMs Hay-
KM K «HECTRHAAPTHBIM» YYEHBIM, MOXET CAY)KMTb HBIHE TIOKOMHBLA
coBeTcKuit akapeMuK Bukrop Beitank. CBou sKcnepumenTs! ¢ 6es-
OITOPHBIMM ABIDKMTEASMH, a TAKKe ¢ ockoaKaMu HAO emy npuiiaoce -
MPOBOAMTD HE B Hay4HbiX AabopaTopiusx, a Ha cOGCTBEHHON KBapTH-
pe. Caaga Bory, 4To ecTb nHTepHeT U C paboramu Buxropa BeiitHuka
MOXKET 03HAKOMMTbCA AI000¥ xkeaatoumit. Ho ecan Bukrop BeitHuk B
4eM-TO He IIPaB, TO A€ Hay4HO 060CHOBaHHasg KPMTHKa ero pabor no
TEPMOAMHAMMKE ¥ N0 6€30TIOPHOMY ABVOIKEHMIO?



Mnasa VI

NPUPOJIA SNEKTPOMATHWUTHOW BOJTHb!
W OOTOHHOTO KBAHTA

1. Konv u nae3dnux. Ynpasienue du3uuecKumMu npoyeccamu

CoBepIieHHO OMMOOYHDBIM SBASETCs YCTAaHOBMBLIEECH HayYyHOe
MHeHMe, YTO B MaTepMaAbHOM MUpe, KaKk M BO BCEX MHOTOYMCAEH-
_HBIX TEXHOAOIMYECKM CAOXHEIX MAM NMPOCTHIX CUAOBBIX U UHGOpMa-
LIMOHHBIX 3AEKTPOYCTaHOBKaX, IPOMCXOAUT HeIpepbIBHOE Hpeobpa-
30BaHME SAEKTPUIECKOI DHEPIY B MATHUTHYIO SHEPIMIO, 1 0OpaTHO.
DAEeKTpOMarHNTHAaA BOAHA, FA€ IPOUCXOAMT HenpephiBHOE Npeoh-
pa3oBaHMe OAHOTO BMAQ NOAEBOI (OPMBI SHEPIUM B APYT'YIO HO-
AeBylo ¢popMy, 6e3 BCAKOI MOTepH U PacXopa BHYTPEHHEN 3Hep-
I'MH, KaK TAQBHBIA NOCTYAaT COBPEMEHHOM HAYKH, ABASETCS IOA-
HOM MAAIO3MeN U 3a0AyKAeHNeM, 3arAsHeM BHYTpb Ar06oro ¢porona
BO Bpemsl €ro 6e30M0pPHOro nepeMeLieHus 110 NOA rpaButauu. Co-
BEepIIEHHO OYeBMAHO, YTO KOTAA MOA€Bas GpopMa MarHUTHOM SHep-
ruu GOTOHA CIIMPAABHO PACKPYYMBAETCS B IIPOCTPAHCTBE, TO OHA He
YHUYTOXKAET KBAHThl HOCUTEAEH BAEKTPUYECKON SHEPIUH, 4 DKPAHU-
pyer nx. Ilo cyTv Aeaa, sAeKTpuuecKas SHEPIUs B 3TO BPeMs CKpY-
YMBaeTCs B IOTEHLMAABHYIO TOUKY BOKPYT KBaHTa AyXa GU3HYECKoro
LieHTpa (OTOHA, HO OCTAETCs CaMoit co60ilt, KaK M0 SHEepreTUKe, Tak U
110 CyMMAapHOMY KOANYECTBY SAEKTPOKBaHTOB.

HeyKeAr TPyAHO NOHSTH, YTO OHA B 5TO BPEMs CYECTBYET
He KaK MarHMTHas, a KaK HeNpoOsIBACHHaA dACKTPUYECKasA 3Hep-
rus. MoXHO Aae cKasaTb, YTO B 9TO BpeMs DAEKTPUYECKasA JHep-
TS HAXOAUTCH B COCTOSHMM TEAENIOPTALMM YIO OTHOLIEHMIO K Mar-
HUTHO! 5Hepruy GOTOHHOIO KBaHTA. 3aTeM CaMa MarHUTHAas SHep-
IMsA HauYMHAeT CIMPAAbHO CKPYMMBATBHCS, HO YXKe He MO KPYIOBbIM,
a 10 SAAMIITUYECKUM OpPOUTAM, caMy ceGs M MOTEHLMAABHYIO SHep-
FUIO 3AEKTpHYeCcTBa 0e30MOpHO nepeMewtas K HOBOMY LieHTPY $hoTo-
Ha. [TpUHIIMII AEJICTBUS TOYHO TaKOM Xe, KaK B IPOTOHAX MAM B aTOM-
HBIX AAPAX AIOOBIX XMMuyeckux asemenros. Ho ToAbKo B KauecTne
SHEPreTUYECKOT0 MCTOYHMKA BeKTOPAa CHMABI 6e30MOpHOro mepe-
MeHIeHHMsA B aTOMHBIX AAPAX M NMPOTOHAX UCTIOADB3YETCH KMHETHYE-
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cKasi 9Heprus COOCTBEHHBIX MEXaHMYECKUX MACC, a B POTOHAX BeK-~
TOP CHABI 6e30N0PHOro nepemereHus o6pasyeT MarHUTHast SHep-
rusi. 3TO U SIBASIETCH TAQBHBIM TTOATBEP)XAEHMEM €€ HEAOCTATOYHOM
AYXOBHOM COBEPLIEHHOCTH, a 3HAYUT, U HAAMYMEM B Hell 3aNacoB OC-
TATOYHOM HEPTUM U AQXKe OCTATOYHOM MHepuyoHHoCcTH. Ho Hamom-
HUM 00liiee IPABMAO AASL BCETO MAaTEPUAABHOTO MUpa Hamel Beeaen-
Hoii. BoAee coBepluennas MaTepusi, TOAY4as GOABIIYIO IPOCTPaH-
CTBEHHYIO CBOOOAY, HAACARETCS AATOPUTMU4ECKOit nHGopMamesi
MOBEAEHMsI, OYEHb MOXOXKeil Ha Oe3yCAOBHble MHCTMHKTHI MMpa
pacTeHuin u xXuBoTHbiX. C momMombio 370l MHbOpManuu 1 CBOMX
MPOCTPAHCTBEHHLIX BO3MOMKHOCTel GesMHepUHOHHOro Iepeme-
HIeHMs1, COBEPIIEHHasi MaTepMs MCIOAHSET POAb «HAe3AHMKa» U
KCIIOAb3YET MeHee COBEPIICHHYI0 MaTepuio B KauecTBe Gesonop-
HOTO0 «KOHSI» M KCTOYHUKA COGCTBEHHOTO NUTAHU, 2 OAHOBPEMEH-
HO M OPraHU3YeT BpPEMEHHOE XpaHEeHUe M AOCTABKY ITHIH AAR CO6-
CTBEHHOT'O «KOHS» U «KOPMMABIIa». B cAydae MHOXecTBa aTOMOB U
MOAEKYA BCEro MepeyHs YCTOMYMBbIX XMMUYECKUX SA€MEHTOB, TaKu-
MU «KOHAMM» ¥ «KKOPMUABLIAMM» ABASIOTCS CAMU MACCHI IPOTOHOB M
aTOMHBIX sipep. B cAyyae ITAAHETHOTO MAM 3BE3AHOI0 MAaTEPHMAABHOIO
TeAd, AYXOBHBIH LIEHTP, KOTOPbI OAHOBPEMEHHO ABASETCSH M NeH~-
TPOM THKECTH 3BE3ABI HAM NAAHETHI, HCIIOAB3YeT B KauecTBe Ges-
ONOPHOTO «KOHA» M COGCTBEHHOI0 «KKOPMMABLIa» BCIO MacCy 3Be3-
AbI MAYM NAQHETHI BMeCTe CO BCEMM €€ NMOACBbIMM CTPYKTYpaMM M
dopmaMu noAuYMHEHHOM MaTepuu. EAMHCTBEHHBIM MHGOPMALIMOH-
HO-CHAOBBIM YIIPaBUTEAEM MaTEePHAABHOM MacChl BCETO MHOXeCTBa
aTOMOB M MOAEKYA XMMMYECKMX DAEMEHTOB, a TAKXXe FAABHBIM Opra-
HU3aTOPOM paboThi IOAEBBIX GOPM MaTepuK Ha OGAVIKHMX IIOACTYHAX
K Macce aTOMOB ¥ MOA€EKYA, SIBASIETCS SAEKTPOH.

To GoxecTBeHHOMY TTOA0GMIO SAEKTPOH €AUH B TPEX AMIAX M
SIBASIETCSH TAABHOM TBOPYECKOM M MHPOPMALKOHHOMH CYIHHOCTDBIO,
KOTopasi ofecneumuBaer XU3HECTOMKOCTb M TY MAM MHYIO CTa-
OMABHOCTD BCEX AaTOMOB M MOAEKYA MaTepHaAbHOro mmpa. B npo-
CTPaHCTRe BaKyyMa HeT HMKAKMUX dAEKTPOHOB. CyllecTBYA He3aBu-
CUMO TOABKO BHYTPY MaTE€pPHUAAbHBIX T€A, DAEKTPOH, EAMHCTBEHHbIN
M3 MEPBUYHBIX KBAHTOB, MMEIOIIMX COOCTBEHHYI0 MacCy, CUMTAeT-
¢ CTaOMABHBIM, IIOTOMY YTO MOXET CaMOCTOSTEABHO IONOAHSTDH
CBOI0 2HEPreTUKY TOHKMMM KBAHTAMMU OCKOAKOB (OTOHOB Ay4eBbIX
9HEPTUIT ¥ OTXOAOB >KU3HEACATEADHOCTY aTOMOB M MOAEKYA, KOTO-
pble INEeApO BBIOPACHIBAIOT U3 CBOMX «YTPOO» AMIIB CAerka Iepexe-
BaHHYIO U nepeBapenHylo myy. [Ipy aToM, NOTpebAsis OYeHb MaAO
9HEPTUU Ha CBOM HY)KABI, CAMOCTOATEAbHbBIN SAEKTPOH TPYAUTCS KaK
MYEAKA Ha ofecneuyenyne HyXA MaTEPHAABHON cpeppl cOGCTBeHHOro
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oburanus. OH cobMpaeT TOHKME KBAHTbI SAeKTPUYECKOI JHEPIUM U3
aTMocdepsl BO3AYXa M, Pa3AYBasCh A0 BUAUMBIX Pa3MepOB MOAHMe-
BBIX paspsA0B, Hauboaee 6e30maCHBIM CIIOCOGOM CITYCKaeT Ty DAEK-
TPUYECKYIO SHEPTHIO B TIOBEPXHOCTb 3eMHoro wapa. Ecau rae-to 06-
pasyeTcsa M3OBITOK 3AEKTPUYECTBA, TO DAEKTPOHbBI BHICTPaMBAKOTCA B
TPAHCIIOPTHYIO LEMOYKY, CAOBHO LIEIOYKA TPY3YMKOB IPK Pasrpyske
KUpIIMYEeN U, epebpachiBast CO CKOPOCTBIO CBeTa 3apsAAbL APYT APY-
ry; 6bICTPO 06eCeYMBAIOT PABEHCTBO YAEKTPUUECKUX 3apAAOB. Ecan
HAAO, TO BAEKTPOHBI, HaNpUMep, B NMPOMBIIIACHHBIX 3AEKTPOCETAX
MAM B KOMMYHMKaLMOHHBIX YCTPOMCTBAX IE€PEAAYM CUTHAAOB, TPY-
ASITCS HETTPEPHIBHO B TEYEHME AAUTEAbHOTro BpeMmenu. [lpyu mepeaa-
e SAEKTPOSHEPIUY 3AEKTPOHBI 00eCIeYuBaIOT ee 3aIMTY OT 10TePh
C NOMOUIbI0 CYMMMPOBAHHMA COOCTBEHHBIX MarHMTHBIX MOAen. Aa
METHUTHOE IOAE SACKTPOHA M ABASETCSH TAABHBIM XpaHHUTEAEM M
TPAHCNOPTEPOM KBAHTOB dAEKTPUIECKOW sHepruu. Ipysumky, npe-
AaBasf KUPIIMYHK, APYT APYTY, YIIMPAIOTCA HOTaMM B 3€MAIO M IOTOMY
COXPaHsIOT CBOE CTACMABLHOE NOADXKEHME OTHOCHTEABHO 3€MHO T10-
BEPXHOCTU. DAEKTPOHBI He. NPHMKPENATIOTCA K MATePUM IPOBOAHM-
Ka M MOTOMY N0 33KOHY PeaKTHMBHON OTAQYM, MEAAEHHO NepeMe-
IMAIOTCA B CTPOHY, HPOTHBONMOAOXKHYI) HAHPABACHUIO dAeKTpHye-
‘CKOro ToKa. HeyxxeAu pAae 5TOI IPOCTO UCTHUHBI HE MOI'YT MOHSATb -
y4Y€EHbl€, YBEpSAA HaC, 4T0 IAEKTPOHDI NEPEHOCAT DAEKTPHYECTBO CIO-
co60M COOGCTBEHHOrO IepeMeLIeHUs MAM CIIOCO60M HEepepbIBHOIO
npeo6pa3oBaHus 3ACKTPUYECTBA B MAHUTHYIO SHEPIHIO ¥ 00parHo?

Ho eie 60abure MHPOPMALMOHHO-YIIPABASIIOIINX QYHKLMI IPYU-
XOAMUTCS IIPUMEHATD S3AEKTPOHY, KOIAA OH [TEPEAAET CBOIO MacCy aTOM-
HOMY SIADY ¥ CTAaHOBUTCS OAMHOYHOJ 3alMTHO-YIIPaBAsIOweH opOu-
TAABIO AASI aTOMa BOAOPOAA MAM LIEABIM CAOXKHBIM Habopom cemu-
BAEMEHTHBIX CTPYKTYD 3QIIMTHBIX OPOUTaA€i TAKEABIX XMMHHECKMX
3AeMeHTOB. KoMOMHALIMM NPOTOHOB M 9AEKTPOHOB CO3AAI0T BECh
nepevyeHb XMMHU4ECKMX d3AeMeHTOB Tabannn: Menaeaeesa. Ho ato
)K€ CPaBHMTEABHO HEGOABIIOE YUCAO XMMMYECKNX SIAEMEHTOB 6Aaro-
Aaps MHGOPMAaTUBHOCTH 3AEKTPOHOB 3aliMTHHIX 000A0YeK co3paeT
OTpOMHOE MHOXeCTBO XMMMUYECKMX COEAMHEHMIA, CIIOCOOHBIX YAOB-
ACTBOPUTH HE TOABKO MOTPEOHOCTH COGCTBEHHOTO dHeprocHabxe-
HYSA, HO Y JKM3Hb )KUBBIX KA€TOYHbIX OPTaHU3MOB, BKAIOYAS CaAMOTO
yeaoBeka. He Hapo 3a0bIBaTh, YTO KaK MPOCTHIE, TAK U CAOXKHBIE XU~
MUYECKHE COEAUHEHUS, KOTOPbie 00eceynBaioT XM3HeCHOCOOHOCTD
JKMBOT'O YEAOBEKa Y TIEPEAAYY €T0 HACAEACTBEHHBIX CTPYKTYP OT OA-
HUX IOKOAEHUI APYTMM NOKOAeHMAM ¢ oMomibio AHK-Moaexya, co-
CTOSIT UCKAIOUMTEABHO U3 ABYX IEPBUYHEIX DAEMEHTOB B BUAE IIPOTO-
Ha U 9AeKTpoHa. Kakum 6bI CAOKHBIM HY GBIA HACACACTBEHHBIN Te-
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HOM Y€AOBEKa, HO OH C(POPMMPOBAH M3 FAYNBIX IPOTOHOB M YMHBIX
3AEKTpOHOB. HeyxeAu yueHble XUMMKHM ¥ 6MOACTH He TIOHMMAIOT, YTO
ecAn Gsl Ha BceX, 6e3 MCKAIOUEHMS, SAeKTPOHAX Halleil IIAQHETHl He
ObIAM 3aKpenAeHbl HecTMpaeMbie uHpopMalMonHbie Qaliabl, TO He
OBIAO GBI HUKAKMX CAOKHBIX OpPraHW4eCKMX COeArHeHu#, obecneun-
BAIOIUX MATEPHAABHOE TEAO XKMBOI KAETKU HE TOABKO TaKOTO CAOXK-
HOTO OpraHM3Ma, KaK 4eAOBEK, HO Aa’Ke M MPUMMTUBHOTO OAHOKAE-
TOYHOro opraHuama? PazHopoaHbie u pasHooOpasHele puaMuecKue 1
XMMMYECKUE CBOMCTBA, KaK CAMMX XHUMUYECKIX SAEMEHTOB, TaK U UX
COEAMHEHMI 3aBUCAT TOABKO OT MOBEAEHMS CAMOCTOATEABHO 3aKpe-
AMBIIMXCA HA MX OPGUTAAAX BAEKTPOHOB M TEX DAEKTPOHOB, KOTOpPbIE
NPOHUKAM BHYTPb aTOMHOrO SIADA M AGOPOBOABHO CTAAM «YSHMKa-
M¥» CAENION MEXaHMYECKOM 9HepruM MaccoobpasosaHus.

Ho ecAu BHUMaTEABHO PacCMOTPETh AYXOBHO-9HEPreTHYeCcKy1o
MOAEAD aTOMHOTO AAPa (cM. «AOKTpHHY Hay4Horo BoronosHaHus»),
TO MOXXKHO OOHAPYXXMTb, YTO SA€KTPOHBl B HEATPOHAX M B CaMMUX
ATOMHBIX SAPAX XMMMYECKUX JAEMEHTOB SIBASIOTCA He Y3HMKaMM, a
OXPaRMUTEASIMY, KOHTPOAEPAMH 1 HAACMOTPHIMKaMK. OHM OpraHu3y-
10T MIOBEAEHUE BHICOKOSHEPTHHHOMN, HO CAENOM MexaHM4YecKoi Mac-
coobpasyiolleif 9HeprMy NMPOTOHOB, U3 KOTOPLIX COCTABACHO aTOM-
HOE AAPO TOTO MAM MHOTO XMMWUYECKOro aaeMeHTa. Campie ycroium-
Bbi€ AAPA XUMMYECKMX BAEMEHTOB COAEPXAT B cebe OAMH DAEKTPOH
Ha ABa npoToxa. HanmomHIo, YTO B peaAbHBIX aTOMHBIX SIAPAX BCe-
rO M3BECTHOTO IEPEYHsl XMMMYECKNX BAEMEHTOB HET ¥ He MOXeT
OBITD OTAEABHBIX HPOTOHOB, HEHTPOHOB, DACKTPOHOB M KAKMX-
AMG0 «3AeMeHTapHBIX» YacTul. Kak u B poToHe, TAM NPUCYTCTBY-
10T ABe pasHOpPOAsbIe (POPMEI MaTepHUH.

2, Ceoiicmsa diomona

B ¢oToHe aaekTpHUeCcKas SHEPTrUA YIIPABAAET MArHUTHOM BHEP-
THei U TIPUHY)KAZET ee 6e30MOpHO NepeMellaTbCs CO CKOPOCThIO CBe-
Ta ¥ npu 3TOM cobupaTh U3 OKpY)Kalolero NPOCTPAHCTBA BaKyyMa
oTpaboTaHHBIE MAM (YMEpIIMe» KBAHTHL MOAS IPABUTALUMM AASL COO-
CTBEHHOTO MPONMUTAHUA U AAS OOeCledeHNs MMIUeN YIPABAAIOMIMX
KBAaHTOB 2AeKTpHUyeckoit sHeprun. Ecau poron He Gyser nepeme-
HIATbCH MPOCTPAHCTBEHHBIMM CKadYKaMM CO CPeAHeif CKOpOCTbIO,
PaBHOM CKOPOCTH CBETa, TG OH YMPET C TOAOAA M PasBAAUTHCA Ha
MHO>XeCTBO Pa3HOPOAHBIX KBaHTOB. HO 9TV KBaHTHI He OCTaHYTCA B
BaKyyme B BUAE KOCMMYECKOI'O Mycopa ¥ 0TX0A0B. Vix TyT Xe morao-
TST APYTHe GOTOHBI AYYEBOIi DHEPIUM, KOTOPBIE CAEAYIOT [I0 AAHHOMY
MappyTy. 5l TOABKO 3a0BIA CKa3aTh, YTO NIPEXAE YEM YMEPETh, BHYT-
DeHHsIs BHepreTKa POTOHA MOHU3NTCA, M POTOH MO CIEKTPY nepeit-
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AET B 00AaCTb «KPaCHOTO cMenleHus». TIpu 9TOM CHUBUTCS 4acTOTa
pacimpeHus U cxarus GOTOHHOM SHEpPruy, a SHAYMT, YTOORI coxpa-
HUTb CKOPOCTb CBETA, POTOH OYAET AeAaTh GOABLIME IO PACCTOSHMIO
MPOCTPAaHCTBEHHBIE «CKAaYKH» 33 OAVIH TIEPUOA CBOeM XusHu. B oTan-
qKe oT POTOHA, AaTOMHOMY SAPY XMMMYECKOTO SAEMEHTA He HAAO Ile-
PeMeIaTbCs B MPOCTPAHCTBE CO CKOPOCTHIO CBETA B MOMCKAX ITMIIU.
Ho onu ToXe He MOTYT XKuTb O€3 BHeluHe ITOAITUTKH, U 3TY IIOAIUT -
Ky UM 00eCreunBaioT SACKTPOHHbIE 0G0AONMKM U CBOOOAHBIE BAEK-
TPOHB, a TaKXKe O0HMe U MHAMBMAYAAbHBIE MATHUTHBIE M SAEKTpHYE-
cKue moAs. Bece xumuyeckue sAEMEHTHI CTPYIITMPOBAHBI B OCHOBHOM
B 3Be3AHBIC M NAaHeTHbIe Tena. Ho pasBe MO)XHO HaifTH MAaHETHOE
TeAO, KOTOpoe Obl He HMeAO CBOell MaTepUHCKOIf 3Be3AbI? 3Be3aa
ofecrieynBaeT 3a CYeT PACXOAOBAHMA MACCHI COOCTBEHHYIO XHU3He-
AEATEABHOCTb ¥ 00eCreunBaeT SHEPreTMYECKYIO MOATIMTKY MAGHET-
HBIX TeA, Kak MaTh 00ecneunBaeT KOPMAEHIME CBOUX FPYAHBIX MAGAEH-
1ieB MOAOKOM, TPOM3BEACHHBIM €€ TEACCHbIM OPTaHH3MOM.

ATOMHOE SIAPO AJ060r0 XMMHUYECKOrO 3A€MEHTA COCTOUT U3 ABYX
BUAOB 9Hepruu. BoAee moABWKHBIA (POTOH COCTOMT M3 TpPeX BM-
AOB oHepruu. TerAoBbie KBaHTHI, COOpaHHbIe C ITOAEH rpaBUTALMM,
SIBAIOTCS BbICIIEN LEHHOCTBIO PoToHA. OHM NMPH NMOTAOLIEHUM OT-
AQIOT CBOIO DHEPTMIO SAEKTPUYECKVM M MarHUTHbIM KBaHTaM ¢oOTo-
Ha, TIEPEXOAAT B AATEHTHOE COCTOsHNE aHabuo3a, ¥ B HENIPOABAECH-
HOM COCTOSTHMM XPAaHATCA B HeHTpe GOTOHA. ABa APYTHX BMAA KBaH-
TOB SAE€KTPMYECKOM, YNIPaBASIOMEH, 1 MarHUTHOM, NMOAYMHEHHOM,
SHEPIMM ABASIOTCS NOAeBbIMU popmamu Matepum. C 4acTOTOM, KO-
TOpasi NMPONOpUMOHaAbHA DhGPEKTUBHOM aHepryMM (POTOHA, KBAHTHI
3AEKTPUYECKOI U MATHUTHOM 9HEPI'MU NONEPEeMEHHO CIMPAABHO pac-
XOAATCA U CXOASATCS, COOMpas AASL SHEPreTUYECKOM TOATTUTKU KBaH-
ThI TEMAOBBIX SHEPTHIA ITOAA TPABUTALMH, M TEM CaAMbIM obecrieynBa-
10T MOATIMTKY CBOEH BHYTPEHHEN SHEpreTuky ¥ 00eCHeunBaioT MoA-
A€pXaHMe KOCMMYECKOTO BaKyyMa B COCTOAHUMM a0GCOAIOTHOTO HYAA
TemiiepaTyphl. DOTOHbI He TOABKO AOCTaBASIIOT YPOKai TENAOBbIX
KBaHTOB K HeGeCHBIM TeAaM, HO M ABASIOTCH FAABHBIMHM XpaHUTe-
Aamu suTponuu Beeaennoit. ITo KocBeHHbIM AQHHBIM, B POTOHE Her
HMKAaKMX APYTMX SHEPFOHECYLMX YacToT, KpoMe GUKCHUPYeMOoit Hay-
KOI1 YaCTOTH! M AAMHBI BOAHBI POoTOHa. HO 8TO He 3HAYMT, 410 B do-
TOHE He NPHCYTCTBYIOT YaCTOTHI BBICUINX rapMOHMK, Ha KOTOPBIX
sammucasa Ta MAn MHasa nadopmanmna. Kak pas, BanssHue GoTOHHBIX
U3AYYEHUI 3Be3p 3HAKOB 30AMaKa Ha GOPMUPOBAHIE CBOVICTB YEAO-
BeYyeCKHX XapaKTePOB, YKa3bIBaET Ha TO, YTO GOTOHBI ABASIOTCS U Ie-
PEHOCYMKAMYM HeCTHMpaeMbIX WMHGPOPMALMOHHBIX (AfAOB, KOTOpbIE
ofecreynBaoT pasHO0Opasye AYXOBHEIX KauyeCTB 3eMHOTO YeAoBede-
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cTBa. B otAMume oT poToHa aTOMHOE SAPO COCTOMUT M3 «Ipyboii» M
«CAETIO¥» MEXaHNYECKOI SHEPIMM MacC IPOTOHOB U TOHKOJ 3HEPTrUHy,
OBIBIIMX SAEKTPOHOB, KOTOPBIE «AOOPOBOABHO» TIEPEIIAY B AaTOMHOE
AP0, 4TO6bI OGBEAVHUTCA ¥ CTATh MHOOPMALMOHHO-CUAOBBIM YIIpa-
BUTeAeM rpy0oit MEXaHUYECKOI SHePruy, 0ObeAMHEHHOV B €AMHYIO
MacCy POTOHOB 2TOMHOTIO AAP@ AKOOTO XMMUYECKOTO SAEMEHTA.
OO6paiao BHUMaHNE Ha OAHY BaXKHYI0 0coOeHHOCTD. B porone
HaBAIOARETCHA HOAHBIN 0AAAHC DAEKTPUIECKON M MaTHMTHOM dHEp-
rimn. Kpome Toro, ¥ BpeMs AeCTBUS MMITYAbCA CXXaTus LIEHTPOCTpe-
MUTEABHOM CHABI COCTABASIET POBHO IOAOBMHY BpPEeMEHM AeNCTBUA
LIeHTPOGEXXHOM CUABI PaCXOXKAEHMA. DTU ABa DaraHca M IIOPOAUAU
AOXKHYIO MBICAB Y4€HBIX, UTO KUIHEAEATEABHOCTDb GOTOHa obecneyn-
BAaeTCA 3a CUET HENPEpbIBHOTO M 6e3PaCXOAHOIO LIMKAMYECKOTO fipe-
00pasoBaHMA 3AEKTPUYECKOH SHEPIMM B MarHUTHYIO U oOpatTHO Ho
dopmyaam cunycoup MakcBeasa. Ha camom aeae, Koraa opHa sHep-
I'MsA, HATIpUMeEpP, DAEKTPUIECKas HAXOAMTCS B NPOABACHHOM CO-
CTOAHMM CIIMPAAbHOIO PaCXOXKACHMA, BTOPast, MOA «Marm4ecKuM»
BO3AEHCTBHEM AYXOBHOIO KBaHTAa MOHAABI NeHTpa $oTOHa, CKpY-
YMBaeT, 3a CYeT COOCTBEHHOI IHEPTHH, CaMy Ce0s B IOTEHI{HAAD-
HYIO TOYKY HeIPpOsBAEHHOro0 cocToaHnsa. Ho aaexTpuyectBo B dpo-
TOHHOM KBaHTe OepexeT CBOIO 9HEPIUIO M He TEAENIOPTHPYET MOTeH-
IMAABHYIO TOYKY MArHUTHOM 3HEPTUM B HOBYIO TOUKY MPOCTPAHCTBA.
Ha aaexkTpuyeckux KBaHTax sakpenAeHnl GecumcaeHHble MHpopMa-
IIMOHHBIE (aiiAbl, Vi BCAKMI TIEPEX0A OT CNUPAAEN K DAAMIICAM MO-
XKE€T MCKasUTb UAM CTepeTh 4acTh MHGOPMALMOHHBIX ¢aiiaoB. ITo-
3TOMY DAEKTPMYECKAsA DHEPIUA BCErAR CXOAUTCH K TIOTEHIMAABHOM
TOYKe IO CIIKPAAAM, MIPUHYKAQS MarHMTHYIO SHEPTUIO HO SAAMIITH-
qecknM opburaM 6e30n0pHO NEpeHOCUTDh LieHTP (POTOHA Ha HOBYIO
AAMHY TIOAYBOAHBL DAeKTpUYecKas SHeprusa QoToHa HeceT UHGOP-
MAalMIO M UCTIOAHAET POAb HAE€3AHUKA, 2 POAD KOHA AOCTAETCA Mar-
HUTHOI sHeprun. Ho 00a Buaa KBaHTOB cOOMpAIOT M3 OKpYKaloilje-
IO MPOCTPaHCTBa MOAS FPaBUTALMM CBOIO Iuiy. KBaHThl MarHuTHOM
SHepruM COOMPAIOT KBAHTHI JAEKTPMYECTBA, 4 KBAHTHI SACKTPUIECT-
Ba — yMepluMe KBAHTHI OAs rpaBuraiiuu. Kro BaaseeT mndopmarm-
€i1, TOT ¥ KOHTPOAMPYeT DHepreTudecKuit pesepB. I103TOMy raaBHbIM
SIBHBIM «XO3AMHOM» B QOTOHE SABASETCS DAEKTPUYECKas SHEPTUsA, HO
TAMHBIMM PYKOBOAMTEASIMM CTAHOBATCS «HPMIIEABLIbI», COCTABAEH-
Hble U3 KBAaHTOB TEMAOBBIX sHepruit. OHU MeHee aHepIrUYHBI, HO bo-
aee uHOpMaTHBHBL. Bech MaTepuaAbHbII MUP YCTPOEH TaK, YTO OH
«KepTBYeT» 4YaCThIO CBOEH SHEPIuH, YToOB AOOBITL MHbOPMALMIO,
Beakyio, Aake MCKaXKeHHYI0 MH(OPMaIuio MaTepMaAbHbIA MHUp
cuutaet Goaee HEHHOI Bemblo, YeM COOCTBeHHas sHeprud. Ksan-
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ThI MATEPUH MOAEBBIX CTPYKTYP TIATEABHO XPaHAT U Pa3MHOMXKa-
10T uHpopmanuonnsie BaiiAbl, HIEAPO PACTPAYMBAA HA ITO pas-
MHOX€HHEe COOCTBEHHYIO 3HEpTHIO.

B BakyyMe HeT CrpynIpoOBaHHBIX MAaTEPUAABHBIX OOBEKTOB, 06-
PasyIoHMX Macchl, TOITOMY DAEKTPUYECTBO GOTOHA HE pa3MHOXKAeT
urdOpMaLMIO, 8 THIATEAPHO COOMpaeT ee Ha BCeM ITyTH CBOETO CAe-
AOBaHMS K TIAQHETHOMY MAM 3BE3AHOMY TEAy B BHMAE KBAaHTOB Teli-
AOBBIX 3Hepruif. B ouepeAHOM CHHYCOMAAABHOM LMKA€ MarHMTHasA
sHeprua GOTOHa HAYMHAET CIIMPAaAbHO CKPYYMBATbCA M MOTAOINATH
B ce0A MAM 3arAaTHIBaTh B KaYecTBE NHUINU «yMmepmme», oTpabo-
TaHHBIEe KBAHThI MArHUTHON SHEPIUM, KOTOPEIE YIKe CTaAM KBAHTA-
MM BACKTPUYECTBA. A KBaHTHI DAEKTPUYECKON JHEPTUM TTOTAOIAIOT
B KayecTBe MUY YMepilie KBaHThl TPaBUTALIMOHHOIO 1TOAsL. B epu-
©A CBEPTHIBAHUA 9KPAHMPOBAHHBIE KBAHThl 3AEKTPUHECKOW SHEPTUMU
‘TIOTAOIAIOT, 3 BepHee CKa3aTh, NePEenuChIBAIOT B cebs uHopMmaimio
«YMEpHIMX» KBAHTOB TIOAS TPaBUTALIAM AAS AAUTEABHOTO XpaHeHM,
a MX OCTATOMHYIO SHEPTMIO UCIIOAB3YIOT AASL SHEPreTHYeCKOM IIOA-
TIMTKU MAFHUTHBIX X SACKTPUYECKMX KBaHTOB PoToHa. He npaBaa Ay,
YTO STOT MPOLIECC OYEHb MIOXOXK Ha Te MPOIiecch, KOTOpbie MPOCXO0-
AAT B AIOOOM yMepIlIeM TEACCHOM OPTaHN3Me, B TOM YMCAE M B TEAEC-
HOM OpraHMaMe YeAOBeKa? YMupasi, MaTepPHMaAbHbIN TEAeCHbI# I Opra-
HU3M Pa3AaraeTcs Ha IIPOCTbIe ¥ CAOXKHbIE XUMMYECKHE COGAMHEHNS,
BBIACASIET SHEPIMIO ¥ CTAHOBUTCA UAY NMUILEN AASL ADYTOTO OPTaHM3-
Ma, MAM TMIOAE3HBIM YAOODEHMEM AASL POCTA M Pa3SMHOXEHMA APYTUX
)XMBBIX OPraHM3MOB, HO MHPOPMAIHsI, HAKONACHHAS HA AYXOBHbIX
KBaHTaX, KaK M CAMH AYXOBHbI€ KBaHThbI, HUKYA HE HCYE3aI0T M He
pasaaraioTcs. OHM NIEPEXOAAT B TPYANOBLIE AYXM PACTUTEABHOTO
MAN )XMBOTHOFO MHADPa AA5 AdAbHelimero MHQGOPMALMOHHOIO CO-
BepHIEHCTBOBAHMA H IIOAHEMA 110 MePAPXHIECKOl ACCTHHMIE AO CO-
CTOAHMA YEAOBEIECKOTO «AYXa XHU3HM». AASI MBICAAIEH AYILIHN de-
AOBeKa pu3uecKas CMEPTh He MMeeT HUKAKOTO 3HaAYeHUA.

AyxoBHbIe KBaHTbl, 06pasyouime NPYKU3HEHHYIO AYIIY YeAOBe-
Ka, BMECTe CO BCeM MHOXeCTBOM (aifAoB MHGOpMaLiMy, HAKOMAEHHBIX
B TeYeHMe 3eMHOM )KM3HY, B aBTOMAaTUYECKOM PEXMMe, [10 TPAHCIIOPT-
HO-KOHBefepHDBIM LIeTI0YKaM MaTepyy 3eMHOTO 1apa, OCTYTIAoT B Ay-
XOBHYI0 006AACTb ABABOABCKOI HMPEMUCIIOAHEN, KOTOPasi COCEACTBYET C
(pU3MYECKHUM LIEHTPOM 3€MHOTO 1apa. DTO ¥ eCTb 06AaCTb apa. 3aech
MPOMCXOAMT Pa3A€AEHNE AYXOBHBIX KBAHTOB yeAoBedeckoi aynm. Te
KBaHTBI, KOTOphIE He OCBOGOAMANCDH OT DHEPTUM, HeCYT B cebe ucka-
XEHHYI0 MHpOPMaIIO, OHM OCTAIOTCA B Ay KaK AYXOBHBI ypoXait
ABSIBOAQ M MCHOAB3YIOTCA UM AAsL Gorobopueckux ueaeit. Te KBaHTHI
AyXa 4YEAOBEYECKOT'0, KOTOPBie MOAHOCTBIO OCBOGOAMANICH OT SHEPIuy,

s
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IIPOXOAAT HEBPEAMMO Uepe3 AYX AbSBOAA KaK yepe3 AbIPSBOe CUTO.
OHM IEpeXOAAT B AyXOBHBII IEHTP 3¢MHOT'O HIapa ¥ CKpY4YeHHbie B T10-
TEHUMAABHYIO TOYKY, 10 TYHHEABHOMY HEPEXOAY BPEMEHHO BHIXOAAT
U3 IPOCTPAHCTBa BceAeHHOIM M TeAENOPTUPYIOTCA B 00AaCTH past AA-
aaxa 1 CaBaoda, ¥ TOABKO ITOCA€ OKOHYATEALHOM YMCTKH TIEPEXOAAT
B oGaactp Hapcreua Hebecnoro Mucyca Xpucra. Tak uro y aro6oro
JKMBOTO KAETOYHOIO OpPraHM3Ma eCTb AYXOBHbI€ KBaHThI, 00AaA210-
mue TOM MAM MHOM creneHplo GeccmepTusi. Ho Bee aTu mcepaobec-
CMepTHbIe KBaHTbI MH(OpMALMM XPaHUT B cebe Bo3AyLIHaA aTMocde-
pa, BOAHBIE IPOCTOPHI ¥ TAYOMHBI MOpeii 1 OKeaHOB 3eMHOTO 1Iapa, M
TOABKO AYX Y€AOBEYECKUIi NepeAaeTcss Ha XpaHenue GeccMepTHO-
my Ayxy Kusas Mupa Cero uan 6eccmepTrbim pAyxam Aasaxa u Ca-
Baoda. Bcakuit Ayx ueAoBedeCKMit, KOTOPbIii IPAaBEAHO# JXKM3HBIO AGC-
TUFAET UCTUHHOM BHEPreTMHECKOM HMILEThI, KAK BEAMKas LIEHHOCTD
nepepaerca B LjapcTeue Hebecnoe u obperaet He Muduyeckoe, a pe-
aAbHOe GeccMepTHe U cTaHoBUTCS cymHocTbIo OTia Hebecnoro. Toro
Ortua HebecHoro, xoropsiit corBopua BeeaeHnyio pas npeoGpasoBa-
HUSL BHEPTUY B MHPOPMALIMIO AU AAS TIOTIOAHEHU S CBOEV TBOPYECKOM
MHGOPMALMOHHON MO,

WTrak, BepHEMCS OT 3TOTO HEOOABIIOTO HOACHNUTEABHOTO OTCTY-
MA€HMsI K TEeM TPOLHeccaM, KOTOphble IIPOMCXOAST BHYTPU POTOHHO-
ro KBaHTa M BHYTPHM aTOMHOTO 5APA AIOOOr0 XMMUYECKOFO dAEMEH-
Ta. MBI OCTaBUAM paccMoTpeHue GHOTOHA B COCTOAHMM CIMPAaAbHO-
rO pacCUIMpeHMs MarHUTHOW SHEPIMU M CIIUPAABHOTO CKPYYMBaHHUA
SAEKTPUYECKOU SHEprUM B OTEHLMAABHYIO TOYKY. KBaHTHI aAeKTpHU-
4eCKO DHEPTUM, TaK Ke KaK ¥ KBAaHTbl MarHUTHO SHEPTUY, TIPH 3TOM
CKPY4YMBaHUM 3aXBATHIBAIOT CaMble TOHKME MHGOPMALIOHHbIe KBaH-~
TBI, KOTOpblE YMEPAM KaK KBaHTHI IOASI TPAaBUTALMU U BO3POAUAUCH
KaK MHQOpMAallOHHbIE KBAHTHI: TEIAOBOM TPUPOABI, HaxXopsIMecA
B COCTOSIHMU AaTeHTHO¥ Teaenoprauyu. IIpu opraHusaimyu BeKTopa
LEHTPOCTPEMUTEABHOM CHUABI BAEKTPUYECKAs SHEPTUS UCTPATUT OC-
TATOYHYIO SHEPTUIO 3aXBa4EHHBIX KBAHTOB, HO MTOAHOCTDIO COXPAHMUT
UX MHPOPMALMIO, €CAY OHA OTAMYaeTCA OT MHGOPMAlMM BAEKTPU-
4yeckux KBaHTOB. [IpousoiiaeT KadeCTBeHHOE U3MEHEHMEe DAEKTPH-
4eCcKMX KBAHTOB Npu coOXpaHeHMM o6uiero 6asaHca cobcTBeHHOM
sHeprun. Ho paspe He TaKMM ITyTeM MAET 3BOAIOLIMS MMpa KAETOY-
HbIX opraHuaMoB? Korpa saekTpuyeckas sHeprus $oTOHA CBEpHeT-
Cs1 B HOBOM KayecTBe B MOTEHL{MAABHYIO TOUKY, TO MaTHUTHas SHep-
TUA, IOAYYMB MOPLMIO TIMIIU, B BUAE SHEPTUM «MEPTBbIX» KBAHTOB
[OAA TPaBUTALNM, CIIMPAABHO PacIMPUTCH A0 MaKCMMAAbHBIX pas-
MepoB. B 970 BpeMs AyXOBHBI KBAaHT MOHAABI GM3UYECKOro LieHTpa
¢$oTOHa BO3HMKHET B HOBOJ TOYKe NPOCTPAHCTBA IO Tpacce ABMXKe-
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Hus poToHa. UTobbl chOKYCHPOBATH CBOM CIUPAAM BOKPYT HOBOTO
LIEHTPA CXOXAEHWUA, MarHUTHAs SHePIus OYAeT BBIHYXXAEHA IlepeiTi
HAa SAAUIICH M TEM CaMbIM BbIpabOTaTh BEKTOP MOCTYHNATEAbHON Oe3-
OTOPHOI CHABI, AASL TEACTIOPTALIMY MIOTEHLUAABHOM TOYKH DAEKTPU-
4eCKOJ DHEPIMHM B HOBYIO TOYKY IPOCTPAHCTBA IO TPACCe ABVDKEHMA
doroHa. BoT 911 sAAMIITHYECKME YCHAUS KBAHTOB MarHUTHOM 3Hep-
ruu npy 6esonopHoM nepemeltieHun GoToHA, HOAHOCTBIO AMLIAIOT MX
uHOpMALMOHHBIX (aNAOB.

Mo aToJ NpMMMHe MATHHTHAs 3HEPTUSA BO BPEMs NPOABIDKe-
Hus POTOHA [0 KOCMMYECKOMY BaKyyMy BCEACHCKOIO IIPOCTpaH-
CTBa, He COBEPUICHCTBYETCA M HE 9BOAIOLMOHN3HPYET, @ MCIIOAb3Y-
€TCA KaK TPAHCIOPTHAsA AOHIAAKA. POAD yIIpaBUTeAs 3TOM TpaHC-
MOPTHOI AOINAAKH, POAb HAKONNTEAS M OYTAABOHA BCEAECHCKOM
RudopMauumu Urpaer sseKTpudeckas sHeprus. Hemyapeno, uro
IIAPOBHIE MOAHMU YaCTO BEAYT ce0d KaK )XUBBIe opraHuaMbl. He ToAb-
KO IapOBasi MOAHUSL, HO M AI06as MOAHMS, IPEXAE YEM HaYaTh CIYCK
Ha OBEPXHOCTh 3€MHOIO IUapa, «3amedaTtaeBaet» U ¢ororpadpupy-
€T NOBEPXHOCTD, & TaK)Xe 3apaHee PAaCCYMTLIBAET CaMyi0 SHEpreTH-
9eCK! BBITOAHYIO TPAcCy AASL CBOETo cxoKAeHMs. TToka MOAHMEBBIH
3apAA He «CO3PEA» AASL TOTO, YTOOb 0OHAPY)KMTH 3¢MHYIO NOBEPX-
HOCTb MAM ADYTO€ CKONAEHME DAEKTPHYECTBa B IPO30BBIX 00Aa-
KaX, OH ¥ OCTRHeTCSI AMIIIb HEOPTaHU30BaAHHBIM CKOITACHHEM JAEK-
TPUYECKUX KBAaHTOB. Bo MHOTUX CAyvYasX, P NONAAAHUM MOAHMY B
4EeAOBEYECKOe TEAO, Ha KOXKHOM TTOKPOBE OCTaeTCs BbDIOKeHHas ¢o-
TOrpadusa MECTHOCTH C BBICOTHI TP030BOI obAauHocTH. PasBe st
baKThI He CBMAETEABCTBYIOT O IIOTEHLMAABHON PA3yMHOCTH SAEKTPU-
gectBa? CoBepIIEHHO OYEBMAHO, YTO MOCAE BbipaGoTKK ocTaTo4-
HOIt SHePIMM, KBAHTHI BAEKTPUYECTBA He UCYe3aI0T M3 9TOr0 MMpa.
OHM YMMPAIOT KaK SJAEKTPHYECTBO ¥ BO3POKAAIOTCA KaK «AYX )KM3-
HU», obecrieunBasi BHyTpeHHee MHPpOPMaLMOHHOE B3aNMOAENCT-
BMEe MUAAHAPAOB KAETOK )KMBOTO OpraHusma.

Y100BI 3aKOHYNTb paccCMOTpeHMe MHPOPMALMOHHO-SHEPreTH-
4eCKMX MPOLECCOB, MPOUCXOAAIIMX B CAMOABIKYIIEMCS CO CKOPO-
CTBIO cBeTa POTOHE, HATIOMHIO, YTO 10 AAHHBIM HayKU (OTOH, EAMHCT-
BEHHBIi1 3 EPBUYHBIX KBAHTOB MaTepyy, 06AaAaeT EAMHUYHBIM CIH-
HoM. YUro 910 03navaeT Ha Aeae? Ha pAeAe aTO 03HauaeT, 4TO 32 OAMH
HIOAHBI LIMKA BOAHBI HOTOH MoBopaunBaeTcs Ha 360 rpapsycos Brpa-
BO I10 AMHMY ABWKeHMs. KaKAYI0 4eTBepTh EPUOAA BOAHBI IPOMCXO-
AMT CKpYYMBaHMe 1 CXOXKAEHME OAHOTO BUAA ITOAEBO# SHEPFUM B 110-
TEHLMRABHYIO TOUKY ¥ CIIIPAABHOE PACXOXKAEHHME ADYTOTO BUAQ IOAE-
BOJi DHEPTMY B OAHOM BHepreTnyecKoy naockoctu. Ho B HOBOII TOukKe
NPOCTPAHCTBA TAOCKOCTb 3AEKTPMYECKOM SHEPIMM NOBOpaYMBaeT
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caMa cebs BripaBo Ha 90 TPAAYCOB MO AMHMU ABWKEHUA U TIPMHYKAQ-
€T MarHMTHYIO SHEPTHIO OBOPAaYMBATh CBOIO SHEPreTUYECKYIO TMAOC-
KOCTb Ha 90 rpaaycoB BIpaBo. Takum obpasom, boToH npoaBuraer-
Csi B TOAHOM [I0AO0OMH 3AeKTPOMArHUTHOM BOAHBI MaKkcBeAsa, Aa n
elje BKPYYMBAETCs B IPOCTPAHCTBO, TOYHO TaK e, Kak BKPy4YMBa-
eTcA OypaBYMK MAM INYPYN B KaKoe-HUOYAD NAACTUIECKOE MaTepH-
aAbHoe TeAo. Kak MbI 103)xe yCTaHOBUM, LEHTPAAbHOE JAPO 3€MHO-
ro 1mapa 06AaAaeT CBEPXNPOBOAVMOCTDIO MO MPWYMHE HAAMYMA TaM
TeMnepaTypbl MyuHyC 273 rpapyca Lleabcus. BuxpeBbie Toku cBepx-
IIPOBOAHMKA U obGecreunBalor GOPMMPOBaHME ¥ BpPalieHe MarHUT-
HOTO ITOAS 3eMHOTO Iiapa. MarHMTHOe NOAe 3eMAM peuraeT Ty xe
3aAavy, YTO M KBAHThI MarHMTHoOI anepruu dotona. Ouu cobupa-
10T TOHKKEe KBAHTBI SJAEKTPUYECKON SHEPIUM U3 OKOAO3EMHOTO TPO-
CTPAHCTBa YU TIPUHOCAT MX B LIEHTP 3€MHOTO HIAPa AASL DHEpreTHde-
CKOSt TOATIUTKM CBEPXIPOBOAAMIEH DAEKTPUYECKON «AMHAMO-Malliu-
Hbl». BOT TOABKO paGoTaer aTa SAEKTPHIECKAA MAlIMHA HE HA TeX
NMPUHLIMITAX, Ha KOTOPbIX paboTaeT Mudpuieckas «recAnHamo». Ta
«TEOAMHAMO», 0 KOTOPOW yueHble TOBOPAT, YyThb AM He KaK 06 sKc-
MepMMEHTAABHO TIOATBEP>)KACHHOM (akTe. Tae aTH moaTBep)AeHNUA?
VIHTepHeTOBCKME CTAThi 1O 5TOMY BOIPOCY IOAHBI IIPOTUBOPEYH-
BBIX FMIIOTE3, & 3HAYMT, HET AaXe COTAACOBAHHOM IMITOTe3bl. A Mo-
gyemy? [ToroMy 4YTO yueHble He AO KOHL2 NOHAAM yyeHue HpioToHa 0
poau uentpa tsokecTH. 1o moBoOAY aHepreTukM POTOHA MOXHO CKa-
3aTh, YTO BCe-Taku PopMyAbl MaKcBeAAa AQIOT AMIIb IIPABAOITOAOD-
HYIO MAAIO3MIO, HO He OTpaXaloT ucTuHsl ITomnbrraeMcs pasobparbes
B 3TOM CAOKHOM IIOCTYAATe 00 SAEKTPOMArHMTHOM Npupope dorto-
HOB AY4eBbIX 3HepIuil.

3. Hayuno-dunrocodpcxan kpumuxa

IrexmpomazrumHoil meopuu Maxcseara

Beanvaiumit anrawiickuit ¢pusux U MaTeMaruk AxeiiMmc Mak-
cBeaa (1831—1879) Ha OCHOBaHMM M3Y4YEHMS DKCIIEPHUMEHTAABHBIX
paboT Qapapes 10 S3AEKTPUMECTBY M MarHETU3MY, B 1864 roay ¢ no-
MOIbIO MAaTEMATUYECKOTO anmapara aAnddepeHUMaAbBHOIO UCHHCAS-
HUA, pa3paboTaHHOrO elie reHMaAbHEIM VicaakoM HeloToHoMm (1642—
1727) aAas 0GOCHOBaHMS 3aKOHa BCEMUPHOTO TATOTEHUS M OAA Tpa-
BUTAL[UY, MATEMATHYECKMMU POPMYAIMM OITMCAA DAEKTPOMATHUTHYIO
VIHAYKLMIO KaK [POLECC HENPePHIBHOTO NpeofpasoBaHust sAeKTpuye-
CKOTO ITOASL B MAlHUTHOE M MarHUTHOTO B 3A€KTpUYecKoe, MaremaTn-
YeCKHI anmapat COCTOUT M3 IsITU KpacuBeitmmx popmya auddepen-
UMAABHOrO UCYMCAEHMS, KOTOPBIE HET CMBICAA IPUBOAMTD ITO MX IPO-
MosakocTH. Kro 3axouer, MoxxeT nocMorperb X B VinTepsere. B yem
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MX AOXKHOCTB? HauHeM OTBeyaTh Ha 3TOT BOIPOC IO NOPAAKY. Ilep-
Bbie ABe GOPMYABI CBOAAT BCSKHME ITPUPALIEHNS M UBMEHEHUs DAEK-
TPUYECKOV M MarHUTHOM SHEPTUM K HYA€BOMY 3HaueHM10. To ecTp, Ha-
CKOABKOQ, HAIIPUMED, 3A€KTPUYECKasA SHEPIMH, NPUOLIBaET, HACTOABKO
MarHUTHas sHeprus ymeHpuaeTcs. Paso6paBmuce B 3TOM Bompoce,
51 TOBOPIO, YTO HA CAMOM A€Ae DAEKTPUYECKasi 9HEPFUs BO3pacTaerT,
IIOTOMY YTO U3 HEIPOABAEHHOTO COCTOSHMS IIEPEXOAUT B NPOSIB-
AeHHOE COCTOsSIMMe. A MATHUTHAS 3Heprus yObIBaeT, OCYIeCTBASAA
o6parubit mepexoa. B doroHe arexTpuueckune KBaHTHI He nEepexo-
AAT B MATHUTHEIE KBAHTBI M 06paTHO, 2 AMHIL BKPAHUPYIOTCI APYT
Apyrom. Ha ¢pusuueckoM yposHe MaTeMaTyuKa IEPBHIX ABYX GOPMyA
MaxcBeAAa 03HAYAET, YTO IAEKTPUIECKAsA U MATHUTHAA SHEPTUA MO-
I'YT CYW|eCTBOBAaTh CKOAb YTOAHO AOATO HE3aBMCUMO OT MaTepMaAb-
Hotd Teaa. Ho ecAnt HeT paike BEMHOM MaTepuM, TO KaK MOXXHO Fo-
BOPUTH O BEYHOH BACKTPHYECKOM M MarHUTHoOM sHeprum? U xto
B PEAABHOCTH BHAEA MAM PETHCTPUPOBAA MAaTHUTHBIE Y BAEKTpHUE-
CKMe 1oAsl, KoTopble 6b1 6AyXAaAU BO BeeaenHoit, He Gyayuu npussi-
3aHHBIMM K IIAQHETHBIM M 3Be3AHBIM TeAam? DOTOHBI MOPOKAAIOTCA
MaTepyaAbHBIMK TeaaMy. OUMINASA rPABUTALUMOHHBIE ITOAA OT TENAO-
BO¥l DHEpIMM YMEPIIMX KBAaHTOB rPaBUTALMOHHBIX TOAEH, CAMU OHM
He TUOHYT B BaKyyMe, a THOHYT TOABKO TPy B3aMMOAENCTBUM C MaTe-
PUAABHBEIMM TEAAMM BCEAEHCKOTO MPOCTPaHCTBA, POTOHNBI ABAAIOT-
Csi BCeAGHCKUMM NIOCPEAHMKAMM M UCTIIOAHSIOT POAb Mycopocbop-
IMKOB U TPAHCTIOPTHPOBIMKOB UG OopMaLUK U MOAEBLIX KBAHTOB
MaTepuaAbHOTO MMpa. A BOT 0 TpeTheii popme sHeprum GoToHa, 0
KBAaHTAX TENAOTHI;, KOTOPBIe 3aHUMAIOT LeHTp PoToHa, B popMyAax
MaxcBeAAa A2)Ke He YIOMMHAETCA,

Ocraabubie Tpu dopMyabt MakcBeaAa copepixat napamMeTp Bpe-
MeHu M Tpu Koadduuventa. Opmud u3 atux KospdULMEHTOB HOA-
TBEP>KAQeT 3aKOH COXpaHeHMA sHeprmu. To eCTb OH NIpeAlNoAaraer,
YTO, CKOABKO 65 LIMKAOB MarHMTHAsI SHEPIUs He Npeobpa3oBhIBaAaCh
B 3AEKTPUYECKYI0 Y 0OPATHO, HAXOAJCH B HETIPEPHIBHOM ABVDKEHMM U
MCTIOAHSA paboTy, KOAWYECTBO SHEPIMM OT ITHX IIEPEXOAOB HE MEHSI-
ercsa. PacnosHaTp 3A€Ch AYKaBCTBO OY€Hb CAOXKHO. AeCTBUTEABHO,
SHePrusA POTOHHOTO KBAHTA AOBOABHO AOAIO MOXKET COXPAHATHCSH B
HeM3MeHHOM cocToasuM. Ho 3a cuer yero? 3a cuer Toro, 4ro ¢poroH
ABASETCA OTKPHITON sHEpPreTH4ecKoil Kop3uHoi. B kakoit-To Mepe
OH TIOX0XX, HAalIp¥Mep, Ha COOPIUMKA AECHBIX ATOA. ITpoXoAs mo Aecy
TI0O CTPOrO OIPEAEACHHOMY MaplUpYTY, Takoil cOOpHmK moabupaer
CrieAble SITOABI ¥ CKAAABIBaeT X B KopsuHy. Koraa emy saxouercs Ky-
HIaTh, TO OH CaM €CT ATOABI, HO CEMEHA OT CHEAECHHBIX SIF0A, He BbiOpa-
CBIBET, 2 CKAQABIBAET B TY XK€ KOP3HHY. Bblitast U3 Aeca Ha roae, cbop-
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MK STOA BBICHINIAET CeMeHa B OAArOAATHYIO IIOYBY, A ATOAAMM ACAUT-
€1 C TPY’)KEHMKaMM 3TOro noAs. TouHO Tak ke M GOTOH, AOCTUTHYB
MaTePUAABHOTO TOAA TIAQHETHI, IEPEAAET HAKOMACHHYIO MHpOopMa-
UI0 ¥ COOCTBEHHYIO DHEPTUIO TAAHETHOMY Teay. B oTauune ot cOop-
H{MKa SIT0A, KOTOPBIN NPOAOAKAET XXMTb, (POTOH KepTBYeT coboi,
49TO0bI CTaTh YaCTHI0 AHEPrHM MATEPUAABHOrO Teaa. EcTecTBenno,
4TO €CAM Ha BbIAGAEHHOM MApiIpyTe COOPIIMK He OOHAPYXMT 5roa,
TO OH OYAeT MCHBITBIBATH YYBCTBO TOAOAA M TEPATb COGCTBEHHYO
2Hepruio. YeAoBeK MOXKET U BEPHYTHCH, MOXKET U CBEDHYTD Ha APYTOi
MapLIpYT, HOTOMY 4TO 00AaAaeT CBOOGOAOI BOAM, a BOT HOTOH AelCT-
BYeT He 110 cBOGOAE BOAM, & TI0 3aA0XKEHHOM IporpamMMe MHQGoOpMa-
LIMOHHO-3HepreTuueckoro pobora. Mornbas or sHepreTU4ECKOro mc-
TOLIEeHMS, POTOH CAeAaeT BCe BO3MOXHOE, YTOOBI CAEAYIONIME 32 HUM
dOTOHBI HalllAM CeMEHR U ATOADI, & €0 DHEpreTUYecKu obeccuaeHHoe
TEAO UCTIOAb30BAAU AASE COOCTBEHHOTO MponuTaHus. B nmpeacraBae-
HMM MaKcBeAAa M €ro NOCAeAOBaTeAel (POTOH NMPEeACTaBAAET CO-
6o0if 3aMKHYTYI0 CMCTEMY M He TPAaTHT COOCTBEHHOI SHEPrMM Npu
MEPEABMIKEHUM 110 POCTPAHCTBY Bakyyma. O6Ga aTu mpeacTaBae-
HUA B KOpHe HEeBepHbI U He COOTBETCTBYIoT ucTuHe, OAHAKO 0CO-
60€e BHMMaHKE HAAO OOPATUTDL B 5TOM CpaBHeHMM POTOHA M YeAOBEKa
Ha MOMCTHUHE FAOGaABHBIN BHIBOA, OOIIMIT AAS MMPA JKUBOJE IIPUPOABI
M «MEepTBOi» MaTepUU.

Awbas peanrns yTBepKAaer, 4TO y YeAOBeKa ecTb GeccMepTHas
Ayllia, KOTOpas MOCAE PU3MIECKON CMEPTH YEAOBEKA IEPEXOAUT B Ay-
XOBHYI0 00AaCTb apa, pas uayu Llapcreust HebeeHoro, B 3aBucumocTty
OT COOCTBEHHO IPeXOBHOCTH. APYTHMM CAOBAMM, YEAOBEK IIPH KU3-
HY ABASETCS MHCTPYMEHTOM AYXOBHBIX CYIHOCTEN AbSIBOAA, AAAaXa,
CaBao¢a mau Mucyca Xpucra. Hepeako yeAoBex Ipy xxu3Hu pabora-
€T OAHOBPEMEHHO U Ha AbSBOAA M Ha AaAaxa u Ha Casaoda v paxe,
JacTiyHO, Ha Miucyca Xpucra. ITocae cmepTy YeAOBeKa BbIleHA3BaH-
Hbl€ MEePapXU# AYXOBHBIX CYIHOCTEH, PasSAEAAIOT YPOXail AyXOB-
HBIX KBaHTOB 110 OCTATOYHOIT sHepreTuke. Kakaas AyxoBHas uepap-
XU XPaHUT GECCMEPTHBIA AYX YEAOBEUECKMX AYHI, M MCTIOAB3YIOT €10
110 CBOeMY HasHaueHuio. Ho ¥ A1060i1 GpoToH copaepXuT B cebe Gec-
€MepTHbIe KBAHThI I{eHTPa, KOTOPble He MMEKWT SHEPTHH, a HeCyT
uHbopmMaimio u obecneunpalor 6e3onoproe nepememenne poro-
Ha, Kak co0cTBeHHOr0 poboTa. S ceituyac He OyAy OTKAOHATBHCA B CTO-
POHY OT CBOMX PacCY’KACHM, HO HayKa caMa AOKa3aAa dKCIIepUMeH-
TAABHBIM NyTEM, 4TO GOTOH 06AaAAET IPOCTPAHCTBEHHBIM (IIPEABU-
AeHMeM». PazBe MOXXHO cefe TpeACTaBUTD, YTOOB MHPOPMaLIMOHHbIE
KBaHTHI HieHTpa GOTOHA, TIpY HeGAATONPUATHBIX IHEPTETUUECKUX YC-
AOBUSAX CpeAbl, yMupaAau BMmecTe ¢ poToHoM? Koraa sHepreTHka rpa-
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BUTALMOHHOIO TOAS AOCTHMIA€T IIPEACABHONM OOEAHEHHOCTH MEX-
raAaKTUYECKOTO INPOCTPAHCTBA, TO OeccMepTHble KBAHTHI MOHAAbI
LIEHTPa TPATAT BHYTPEHHIOK SHEPIUI0 POTOHA M IEPEBOASAT €TO B He-
PErNCTPUPYEMYIO HayKOJ BOAHY CBEPXAAMHHOTO AMariasoHa. B atom
COCTOAHUM MHGOPMaLMOHHbIE HOAEBbIE KBaHTHI U AOCTUIAKT Ma-
TEPUAABHBIX TEA OYEPEAHOM raAakTUKu. [Ipu 3TOM Tepsercs sHep-
T3, HO HY OAMH KBAHT MHPOPMALMM He TepAETCsA, U AOCTABAAETCA
Ha MaTepMaAbHBIE TeAd AAS TIOCAEAYIOMEH 00paGoTKM U MCHOAB-
30BaHMA. Ayl AIOAEl, Kak boAee COBepILICHHbIE AYXOBHBIE CTDYK-
TYPBI, XpaHATCs B 0baacTy aaa, pas u Llapcrsus HeGecHoro. A Bor
6GeccmepTHBIE KBAHTHI HEHTPA (POTOHA XPAHATCA B MATEPHAABHBIX
00pexTax, OyAb TO OTACABHBI ATOM MAU MOIIHOE 3BE3AHOE TEAO,
KaK CaMOCTOSTeAbHbIe MHPOPMALIMOHHO-9HEPTeTUYECKHE CYIIHO-
cry, Vix-TO 1 He MOXeT 3aperMCTpUpoBaTh HayKa. M o HuX He ynnomu-
HaT ¢popMmyanl MakcBeara. Ho mMenHo aas MX mepenoca, Aa eme
AASl OYMIIEHUA BaKyyMa OT YMepIMX KBAaHTOB MAarHWTHOI 3Hep-
'Y K KBaHTOB rpaBuTanuu u Gopmupyercs ¢oTon, Kak cGasaHcu-
POBaHHasg AOATOKMBYHIasi SHepPreTU4YeCKast CYIIHOCTb.

4. Taiina 06pasosanus Pusu4ecKux ueHmpos HomoHos

U YeHmpoB maxcecmell AMOMHBIX Adep

Koraa 06bexT MUKpOMMPa, B BUAE IIPOTOHA MAM aTOMHOTO SADA,
MPU CUABHOM CTOAKHOBEHMU C APYTMMM MMUKPOYACTHMLIAMM, BbIHY-
KAEH MOPOXAATH 11apy (POTOHHBIX KBAHTOB PEHTTEHOBCKOIO CIIEK-
TPa MAM CIIEKTPaA FaMMa-U3AYYEHUH, TO AASL DKOHOMMY BECCMEepPTHBIX
KBAaHTOB LIEHTPAABHOI MOHAABI STOT K€ LIEHTPAABHBIN 6eCCMepPTHBDL
KBaHT - OAHOBPEMEHHOI'O COIPOBOXXARET ABA POACTBEHHBIX raMma-
KBaHTOB. BpeMeHHO ucuesas u3 OAHOro GOTOHA ¥ 3ACTABASAA €50 CIM-
PAABHO PaCHIMPSTHCA, AYXOBHbIA KBAHT MOHaABI LIEHTPAa BO3HUKAET B
APYroM poACTBeHHOM doToHe. OH mpexpailaeT ero CMpaAbHoe pac-
IIMPEHNE U NPUHYIKAZET HAYRTb CIMPAABHOE CKPYYMBAHME B NIOTEH-
LMBABHYIO TOUKY. EAMHCTBEHHOE YCAOBME, KOTOPOE AOAXKHO HeTpe-
MeHHO 06ecneYnBaThCs, 3TO YCAOBME NpoTnBodasHOCTH. DTO XKe
ycAOBHE NPOTHBOGMAZHOCTH ABASETCS €AMHCTBEHHBIM OTAMYNEM
YACTHMIBI M AHTUYACTULBI B MUpPe 3A€MEeHTAPHbIX yacTuy, Takum
00pa3oM, ABe POACTBEHHEbIE AaHTUYACTUIIbI YIIPABASIOTCS OAHUM U
TeM ’Ke LieHTPaAbHBIM KBaHTOM, KOTODbIN MONEPEMEHHO ocenaer
o0e YaCTHITHI, MCIIOAB3YS CBOMCTBA CBOETO AUHOTO CBEPXOLICTPO-
AeficrBus. Tipy 5TOM NPOCTPaHCTBEHHOE PACCTOSHUE MEXAY POACT-
BEHHBIMU IIapaMyf FaMMa-KBaHTOB He MMeeT HUKAKOIo 3HAYEHUS, TI0-
TOMY YTO AASI 0ECCMEPTHOrO KBAHTA MOHAADBI LIEHTPA He CYLIeCTBYeT
NAapaMeTpOB BPeMEeHM M PACCTOAHMSL. DTUM U OODBICHACTCS U3BECT-
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HbA ¢ 1935 ropa mapapokc DixiuteitHa — Ilopoabckoro — Posena.
Koraa oAMH U3 TaKMX POACTBEHHBIX TAMMa-KBaHTOB AOCTUTAEeT MaTe-
PUAABHOIC T€AA 1 ormbaeT Kak GOToH, IPEeBpANIAsICh BO MHOXECTBO
KBaHTOB IIOA€BOI1 (OPMBI, TO AYXOBHBIV KBAaHT CUMTAET CBOIO 32539y
BBITOAHEHHOH. OH QUKCHPYeT BEKTOP MOAApM3aLuu Apyroro ¢oro-
Ha-0AM3Hella, B TOi e (ase, KaK 1 BEKTOP IMOASPU3ALIMM «yMeplie-
ro» GpOTOHA, ¥ BO3BPALIAETCH B AYXOBHBIN LIEHTP TOTO MMKPOKBaHTa,
KOTOPBIit IOPOAMA POACTBEHHYIO flapy ramMma-¢oronoB. Takum crio-
COG0M AYXOBHBI1 KB2HT MOHAABI LieHTpa POTOHA MOXKET MTHOBEHHO
nepepaTb MHGOPMALMIO O COCTOSIHMM OAHOM «4aCTUL(bl» Ha Al0Obie
MPOCTPAHCTBEHHBIE PAacCTOSHMS, U 3adHKCHpOBaTh 3Ty MHpOpMa-
LMIO B COCTOSIHUM APYTOM «dacTulsn. Boobuie roBopst, 0 MIrHOBEHHO-
CTH MepeAa M MHPOPMAlINM SKCIIEPUMEHTAABHOM U TEOPETUHECKOMH
dusuke usectHo ¢ 1935 ropa. ViMeHHO B 9TOM oAy coBeTcKue (pu-
3uku ITopoasckuit u PoseH, 06Hapyxmnau addekt KBaHTOBOIT KOppe-
ASALMH, KOTOPBIA B OOLIEM BIAE MOXHO COPMYAHPOBATbH TaKUM 00-
pasoM: «uHpOopMalLA OT OAHOI SAEMEHTAPHOM YRCTHIBI K APYTOii,
1epeAaeTCsi MTHOBEHHO, HE3aBHCHMO OT PACCTOSHUA».

TMocae Toro, kak JHIITEMH yHEAUACS B YHCTOTE SKCIEPUMEHTA,
9TO CBOVCTBO MFHOBEHHOTO AAABHOAEICTBUA (POTOHOB 3AeKTpoMar-
HUTHBIX BOAH [TOAYYMAO HasBaHue mapapokca (ST1IP) uau mapapoxca
Sitnmreitia — IMopoAabckoro — Posena. Cam DitHmTens o6pacHaa
CyTh MapapoKca Takumyu caoBaMy: «[IpEANIOAOXMM, 4TO Y Hac ecThb
BOAHOBOJ TTAKET U3 ABYX CBOGOAHBIX MUKPOYACTHML], Pa3AETAIOMIMXCS
ITOCA€ CTOAKHOBEHMA. VIX AASA HATAIAHOCTM IIPEACTABMM B BUAE ABYX
cunyconA. OAHA U3 CUHYCOMA HATBIKAETCs Ha NMPUOOp, N3MePAIomMIi
aMIIAMTYAY MAM a3y BoAHBL M TYT xe repsieT cBow cBOGOAY U MTHO-
BEHHO «TBEPAEET» HE TOABKO IiepBas YaCTHL, HO ¥ BTOpas, HETPOHY-
Tast, AAKe ECAM OHM YCIIEAM Pa3AE€TEThCA Ha PaCCTOSHME, USMEPEHHOe
CBETOBBIMH ropamu. 3aduKcupoBaB IpubOPoM basy 0AHOM CUHYCOM-
AbI, MBI COBEPIIEHHO OAHO3HAYHO PUKCHUPYEM H COCTOAHUE APYTOH —
OTAETEeBIUeNl — MUKPOYAcTUUL». Pazse Aa)Ke M3 STUX NMPUMMTUB-
HBIX PAcCY)KA€HMII JIHIITEHA HEAB3SI CAGARTH BBLIBOA, YTO 06a
POACTBEHHBIX (DOTOHHBIX KBAHTA, SIBASIIOTCHA OAM3HeIaMM, KOTO-
pbi€ YIPABARIOTCA OAHMM CBEPXCKOPOCTHBIM KBaHTOM, YCIIeBalo-
MM OAHOBPEMEHHO OBITb B LieHTpe 00euX POTOHOB, AAXKe ecAr
aTU (POTOHBI Pa3AEAAIOT NPOCTPAHCTBEHHbIE PACCTOSHUSA B COTHU
THICAY CBeTOBbIX AeT? Ho npusHarh 9TO0, 3HAUUT, IPU3HATD, YTO He
TOABKO B TEAECHOM OpTaHU3Me YEAOBEKA, HO AdXKe B IPocTOM GOTOHe
«MEPTBOM» NPUPOABL, €CTb HeccMepTHAA YaCTULIA AYXOBHOTO KBaHTa,
AASL KOTOPOJ He CyHIeCTBYeT BpeMeHM U paccTosHuit. HayuHbii ma-
TEPUAAUCT, OCTaBasICh H6€300XXKHMKOM, He MOT OTBEPrHYTHh KAaHOHBI O
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CaMOCOTBOPE€HMM MaTepUM U NPU3HATh, YTO BCE MHOXXECTBO aTOMOB
M MoAaekyA BceaenHoI U ele 6oAbiiee MHOXECTBO (GOTOHOB, Cyile-
CTBYIOT He caMM No cefe, a NOTOMY, YTO B HUX BCTPOEHa 60XeCTBeH-
Has «yacTula». [IpusHaBas sToT $akT, MATEPMAAKUCT 00sA3aH MONTH
M AaAbllie K 00I{€BCEAEHCKOMY TA0OaAbHOMY BbIBOAY: «Marepns cy-
mecTBYeT He caMa I1o cebe, a 110 BoAe 6eCCMePTHBIX MHCTPYMEHTOB
Bora, KOTOpEbIe IPUHYKAAIOT (POTOHBI, ATOMBI M MOAEKYABI MCITOA-
HATH BCEAGHCKME 3aKOHBI, KaK M 3aKOHEI, BbIABACHHBIC HAYKOM, B
BHAe pyHAAMEHTAABHBIX 3aKOHOB CaMOJ HAYKH, a CAMU He MOABAA-
CTHbI HU HPOCTPAHCTBY, HY BCEACHCKOMY BPEMEHMU».

B 1949 ropy sSMOHCKMit yyeHbIit By aKCIiepUMMEHTaABHBIM CIIOCO-
60M TOAHOCTBIO MOATBEPAUA HaAuume addexra DIP, kak peaabHo-
rO «HAy4YHOro» 3aKoHa. IlpM B3aMMOAEMCTBMM MaCTHUL] SAEKTPOHA C
NG8UTPOHOM, POXKAAAMCH ABa raMMa-KBaHTa. Puxcauus Ha mpubope
BEKTOPa MOAYASILIUM OAHOTO TaMMa-KBaHTa MTHOBEHHO PpUKCUPOBaAa
BEKTOP MOAYASILIMM APYToro raMMa-KBaHTa, TAe Obl OH HY HAXOAMACH.
CoBepHieHHO OYEBUAHO, UTO NIOKA Pa3A€ACHHBIE TAMMa-KBAHThI «A€-
TSAT» IO IIPOCTPAHCTBY CO CKOPOCTBIO CBETA, X BEKTOPA MOAAPU3A-
LIMM OTAMYAIOTCSA Ha 180 rpaaycoB, OHM CYILIECTBYIOT B IpOTUBOga3e
M ABASIOTCA IO OTHOLIEHUIO APYT K APYTY YaCTHULIEH Y aHTUMaCTULEN.
3aduKCHPOBAB OAMH raMMa-KBaHT Ha MaTePMAABHOM TEA€, KBAaHT MO-
HaAbI LIEeHTpa BO3BPAlllae€TCA B APYTOi FaMMa-KBaHT U «AOBOAUT» €10
dasy Ao dasnl yxe 3adpUKCMPOBEHHOrO TaMMa-KBaHTa, YeM M 00'BIC-
HAETCS IOAHOE COBNAAEHME BEKTOPOB NOASPU3aLii pa3sHeCEHHbIX Ha
Al060€e pacCTosHME POACTBEHHBIX raMMa-KBaHTOB. COBeTCKMe yue-
Hble AAEKCAHAPOB U BUTHep ObiAM BIHY)XAEHBI AQTb XOTb KaKye-Hu-
6yAb 0ObACHEHNS CYLIECTBOBAHMIO 3TOTO 3aKOHA MTHOBEHHOT'O AQAb-
HoAevicTBuA. VIx oObsacHeHMsn KpaitHe HeAenbl Bo-mepBmix, mo mx
MHEHMIO, AAABHOAEICTBUE eCTh HeubexHas 0COGEHHOCTh KBaHTO-
BOJ MEXaHMKM, BHITEKAIOWAA U3 ee MaTeMaTHyecKoro anmapara. Ho
IIPY 4eM 3A€Ch MATEMATUYeCKHiA allNaparT i pe3yABTATHI SKCIIEPUMEH-
Ta? He MaTeMaTnyeckuil anmapaT HOANPaBASET PE3yABTAThI 3KC-
TIEPMMENTa, a SKCTIEPMMEHT HOATIPABASIET JIOA ce0s MaTeMaTu4ue-
CKMI{ annapar, 3aCTaBASS €ro COBEPIIEHCTBOBATLCA ¥ PA3BMBATD-
cs1, Bropoe ux o6pscHenne eiie 60aee Heaeno, ueM nepsoe. YacTuna
¢$boToHa 3AEKTPOMAaTHUTHOTO M3AYYEHUS €CTh AKOOBI IAKET BOAM, KO-
TOPBIN pasMaspIBaeTcsA 10 TIPOCTPAHCTBY U 3aNOAHAET COOOM Bech
MUp, He 6yAyuM NPUBA3aH K MATEPHAABHOMY OOBEKTY KAKUMH-AMGO
MOASIMM, T.€: STOT IaKeT BOAM HAXOAMTCS BCIOAY, HO KOHKPETHO HM-
rAe. Yl TOABKO CTOAKHYBIIMCh C KaKMM-AMO0 MaTepUaAbHbIM 00bEK-
TOM, 3Ta HHFAE He IIPUCYTCTBYIONIAsl BOAHA-YACTHULA, CHOBA CTAIMBa-
€TCs B SHEPTeTUYECKYI0 TOYKY POTOHHOTO KBAHTA.
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M#He paxe He X04eTCs IOAEMU3UPOBATD C STUMM HEAETIBIMM «Ha-
Y4HBIMU» OOBACHEHUSIMU NIPMPOABE AaAbHOAEHCTBIA. OAHAXABI pa-
306paHHBIN M «pa3sMasaHHbI» MO MPOCTPAHCTBY (OTOHHBLA KBaHT
CTaHOBUTCS KpaiHe BPEAHEIM SA€MEHTOM ITOAS ITPAaBUTALUU, TIOTOMY
4TO YHUYTOXaeT abCOAIOTHBIN HyAb TeMnepaTyphl. M pas cbopa ero
OCTATOYHON SHEPreTUKN NOTpebyeTCsa OrpOMHBIN epUOA BpeMeHHM
M MMAAVIAPABI APYTMX (POTOHHBIX KBAHTOB, CACAYIOHIMX 110 MapHIpy-
Ty pazobpanHoro ¢oroHa. BoAbIIOe KOAMYECTBO TaKuX «pasMasaH-
HBIX» (OTOHOB NIPUBEAO OBl K TEMAOBOY OAHOPOAHOCTH M paspylle-
Huio Beeaennoit. Ilpu paccMOTpeHMM pOACTBEHHBIX raMMa-KBaHTOB
MBI HEBOABHO KOCHYAUCH (PM3HYECKOM TIPUPOABE RHTUYACTMUL], 110 KO-
TOPHIM CO3ARHO HEMAAO Hay4YHBIX MUQOB U CIEKYASALMI AAS HOAHS-
THS ABTOPUTETA HAYKM U ITMapa CaMbIX HEAEINbIX HayYHBIX UCCAEAO-
BaHMi1 U QyHAQRMEHTaABHBIX UCCAeAOBaHMI. S Aymalo, He HalAeTCA
TAKOTO YMTaTeAs, KOTOPhIN He cCANIAA Ob1 Hayaupix Mudos 06 an-
TUMaTepHH, AHTUMMPAX UAM N0 KpaiiHe Mepe 06 aHTHraAaKTHKaX.
Hukakoit Hay4HOl OCHOBBI B 3TMX MM(aX HET. ACAO B TOM, UTO Hay-
Ka He MOHMMaeT PU3MIEeCKOro CMBICAA KBAHTOB MEXaHMIECKUX SHep-
M1, KOTOpbIe 0OPa3yIOT MEXaHNYECKYIO MacCy IPOTOHOB, HEMTPOHOB
1 BCEX ATOMHBIX SAEP XMMHYECKMX JAEMEHTOB 1 X coepnHenmit. Kak
MMKPOKBAHTBI, TaK M MaKPOKBAaHTbl MEXaHMYECKMX MACC CTAOMABHO
CYLIECTBYIOT BO BPEMEHU CHOCOOOM KOTepEeHTHOIO HelpephIBHOTO
LIMKAMYECKOro 00pasoBaHusi LEHTPOCTPEMMUTEABHBIX M 1IEHTPOOEX-
HbIX cMA. KOrepeHTHOCTD SIBASIETCH €AMHCTBEHHBIM FapaHTOM M
€AMHCTBEHHBIM CIIOCOOOM YNpaBA€HMs MeXaHNYeCKMMM MacCCaMM
C TIOMOIIBIO OOIRET0 MAM MHAMBMAYAABHOTO HeHTpa TspkecTH. Jlo
9TO¥ NIPUYMHE HY OAHOMY YY€HOMY HMKOTAQ HE YAACTCS CUHTE3UPO-
BaTh He TOABKO AHTMATOM MAM AHTMMOAEKYAY, HO Y OAMHOYHEIH IPO-
TOH MAU HEUTPOH.

XoT5, KOHEYHO, TMITOTETUYECKH, KOTEPEHTHOCTh KoaeGaHmit Me-
XaHMYECKMX MACC/OTAAAEHHBIX FAAAKTHMK MOXET HAXOAUTBCA B IPOTH-
Bodase ¢ KorepeHTHoIMM Koaebanuamu Hamest TaaaxTuxn. Io do-
TOHHBIM U3AYYEHMSAM, KOTOPBIE HE UMEIOT KOTEPEHTHOCTH, ONTPEACAUTD
a3y MexaHUYECKUX KOAeOaHMIT OTAAACHHOM FAAAKTUKY He IIPEACTaB-
AseTCsi BO3SMOXHBIM. Ho KoMy aTO HY)XHO, U AAST KAKO IleAH OTARACH-
Hbl€ I'AAAKTUKU AOAXKHBI paboTaTh He B KOTEPEHTHOCTH, A B IIPOTHBO-
¢dase ¢ mexanmyeckumm Maccamu Haireit FaaaxTiin? O yeM 3pech ro-
BOPUTb, €CAM y4EHbBIE ellje HE A0 KOHLa MMOHAAM, YTO aTOMHBIE JAPA
XMMMYECKHUX SAEMEHTOB M MX COCAMHEHMI CYIeCTBYIOT OAaroaa-
PA €AMHOJ KOTePEHTHOM YaCTOTe, KOTOopas, N0 KpaitHeil Mepe, Ha
ceMb MOPAAKOB Bblllie M3BECTHBIX YACTOT (POTOHOB Ay¥€eBbIX HEP-
rMit. AHTMYMaCTULb] NIPEAHAa3HAYeHbl AAsT 0e3011aCHOro BHIHOCA 3Hep-
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TMM M3 MECTa SAEPHOTO CMHTE3a MAM SIACPHOTO pacnaaa. Ecay roso-
PHTb O Mape SAEKTPOH-TIO3UTPOH, TO YaCTOTA MO3UTPOHA KOTEPEHTHa
C YaCTOTOM IIPOTOHA M BCEX OCTAADHBIX ATOMHBIX SIA€P MEXaHHYEeCKUX
Macc. 3TO MOKHO CYAMTD IO TOMY, YTO 3apsA MMO3UTPOHA ¥ MPOTOHA
UMEIOT OAMH U TOT )K€ 3HaK, KOTOPBIA B HayKe YCAOBHO IIPUHAT MOAO-
XKUTEABHBIM 3apAAOM. B aToM naane nmo3suTpoH ABAsIETCS YacTULEi,
a 3AEKTPOH M0 OTHOIIEHHMIO K HEMY fIBAsileTca aHTugacTuuein. [Tpo-
THBO(da3HOE KoAehaHMe SKPAHPOBaHHOM MaCCHI SAEKTPOHA, KOTOpas
B 1860 pa3s MeHblite MacChl NPOTOHA, OOECTIEYNBALT €r0 YHUKAAbHbIE
CBOJCTBa M 0c06yI0 POAb B MUpe MaTEpHUH. B aAekTpOHE HAXOAATCS Te
’Ke KBaHTBI AEKTPUYECKMX SHEPIHii, KOTOphIe eCTb M B IIPOTOHE, HO
KOTepeHTHasl NMPOoTHBO(A3HOCTD OTACABHOTO JACKTPOHA, KOTOpas
HeTNpPEephIBHO COXPAHACTCS U TeHEPUPYETCA LEHTPOM TSDKECTU AAS
SKpAHMPOBAHHBIX KBAHTOB MEXaHWYECKOM 3HEPTMM MacCChl dACKTPO-
Ha, NpeBpaIaeT SACKTPHIECKMI 3apsIA SAEKTPOHA B OTPUIIATEAD-
MBI 3apsia. BAaroaaps sToMy HexuTpoMy crocoOy, Kak 6bl TOCTOSH-
HBIA OTPUIIATEABHBI U CTAOMABHBIA DAEKTPUUYECKUI 3aPsA DAEKTPO-
Ha, BMeCTe C MarHUTHBIMM KBaHTaMM Y MAaAO MEXaHUYECKOA Macco,
NpeBPANaeTCsl B MOLIHBIA «COOMPATEAD», KYTHAM3ATOP», HAKOIM-
T€Ab M TIEPEHOCYMK SAEKTPUYECKMX 3apSAOB, KpaliiHe HeoOXoAm-
MBI AAS SHEPTeTHYECKOM NOATIMTKM aTOMOB M MOAEKYA ITAQHET-
HBIX U 3BE€3AHBIX HeOEeCHBIX TeA.

TTo3uTpoH, KaK aHTHYACTHLIA DAEKTPOHaA, Boobuie He cnocoben
K AAMTEABHOMY CYWIECTBOBaHMIO, XOTS €ro YacTOTa KOrepeHTHa C
YacToTO KOAeOaHWil Mexanuueckux Macc! OH OTTaAKMBaeT OT ceba
3AEKTPUYECKHe KBaHTbI, TOAOOHO OAMHOYHOMY IPOTOHY, ¥ BBIHYX-
A€H IIUTAThCA TOABKO COOCTBEHHO aHeprueit. ECAu nosurpoH He 06-
HAPYXUT PIIAOM C CODOIM IAEKTPOHA, TO OH 06A3aH CAMOCTOSITEABHO
1peobpa3oBaThCsl B raMMa-KBAaHT MAM DasBaAUTHCA Ha MaAOXKUBY-
Hi¥e 3AEMEeHTapHbIe YaCTHULBL Y)Ke 13 BO3MOXKHOCTY NIEPEXOAA TTO3K-
TPOHOB M 3A€KTPOHOB B raMMa-KBaHTHI, C Npeobpa3oBaHneM MeXa-
HUYECKOM MAcChl 3TUX YacTHL B IIOAEBHle $OPMDbI, CAEAYET BBIBOA,
YTO B OTAMYHE OT (POTOHOE; BHYTPH HO3UTPOHOB Y SACKTPOHOB HET
6araHCa MeXAY 3alIaCOM MAU Pe3epPBOM 3HEPIruM SAEKTPUYECKUX
KBaHTOB M SHEPIMM MAarHUTHBIX KBAaHTOB. [1o 3TO NpuYMHe 3A€K-
TPOHBI He COOMPAIOT KBAHTHI TENAOBBIX SHEPIMiL, a COOMPAOT U yTH-
AM3UPYIOT KBaHTBI SAEKTPUYECKUX MU MaTHUTHbIX 3Hepruii. OHYU AOB-
KO MaHMIYAMPYIOT CBOMMM BO3MOXXHOCTSIMY, BCAKMI pa3 BOBPeMs
nepeaaBas U3ObITOK SAEKTPUYECTBA MAM MarHETM3Ma ADYIMM DAeK-
TPOHAM UAM BAEKTPOHHBIM 000AOYKAM aTOMOB M MOAeKyA. TeM ca-
MBIM 00ecreYynBaeTcs TOT MAM MHOM BHYTPEHHMIL AUCOAAAHC U NO-
CTOSAHHAS NOTPEOHOCTDL B SAEKTPUIECKMX MAM MArHUTHBIX KBaH-
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Tax. UTo6bl He MOTEPATH HUTb DPaCCYXAEHMI, GoAree MOAPOOHBIE
CBeAEHUsA 00 2AEKTpOHE OYAYT AOBEAEHBI AO YUTATEALH B CACAYIOLMX
FAABaX KHUIH, A TI0KA BEPHEMCH K KpUTHIECKOMY PaCCMOTPEHMIO TH-
nore3bt MakcBeAAa,

Kak ¢uaocod, s He Oyay onpoBeprarh runoressl MakcBeaaa, a
TAK)KEe TMIIOTE3bi COBETCKUX YUeHbIX AAeKCaHAPOBa M Burnepa mare-
MATUYECKUMM ACKA3aTEAbCTBaMu, Boiire s cpaBuuBaA GyHkimu ¢o-
TOHA C QYHKUMAMM COOPIIUKA ATOA, B BUAE YMEPIINX KBRHTOB HOAS
rpaBUTALMM, M TPAHCIIOPTUPOBINMKA STUX MHOOPMALIMOHHBIX KBaH-
TOB K ITAAHETHBIM TEAAM AAS UX AAAbHEHINel SHepreTuyecKom YNCT-
KM ¥ COBeDHIEHCTBOBaHMA. Ho AAS XKBaHTOB LIEHTPaAbHOJM MOHaABI
(OTOHOB MAM ATOMHBIX SAEP HANPAIIVBAETCS M APYrO€ CpaBHEHHME.
Bo-nepBsix, 5TH He MMeEIOUME HUKAKOV MACChl, SHEPTUU M MHEpLUU
AYXOBHBI€ KBaHThI ABAAIOTCH HOCUTEAAMM MHOOPMALMOHHBIX ¢asi-
A0B 060 BCcex BCEAEHCKMX 3aKOHax. ViMeHHO MX crioco6HocTH cBoe-
BPEMEHHO «MCY€3aTh» M3 LEHTpa POTOHA MAM aTOMHOTO SiApa M
BO3HMKAaTb BHOBb B HY)KHOE BPeMsl i B HY)KHOM MeCTe, BbI3hIBAIOT
B OTOHE MAU ATOMHOM AAPE HenpephiBHbIE KoAeOaTeAbHbIe HPO-
LeCChl CXOXKAEHNS U pacxokaenust. Liuxangeckue cMeHs o6paso-
BaHUsI HEHTPOGEXHBIX M LEHTPOCTPEMHMTEABHBIX cuA GesonopHo
nepememialor GOTOH 3a CYET ero e sSHEPrUH K NAAHETHBIM TeAaM
MAM YAEP)KHUBAIOT ATOMHOE SIAPO B COCTaBe Kakoro-Anbo marepn-
AABHOTO TeAa, BKAIOYAA M 3BE3AHO-TIAAHETHbLIE CTPYKTYphL VX
MPUCYTCTBUE NPEBpALaeT KaXKAbIA GOTOH, aTOM 1 MOAEKYAY B ITOAO-
OUe XXMUBOrO OPraHM3Ma MAN MHTEAAEKTYaAbHOTO poboTa. Kak u xu-
BbI€ OPraHU3Mbl, (POTOHBI, ATOMBL i MOAEKYABI «CAETION» TIPUPOABI
HOTPEOASIOT TOABKO CBOIO CIIeM(UYECKYI0 SHEPTeTHUECKYIOo MULLY
M3 BCEr0 MHOXECTBa BCEACHCKOM aHepreTHKU. Ho oTxoAb! ux XusHe-
AEATEABHOCTU SABASIIOTCS SHEPTeTUYECKONM TIUIIEN AAS APYTHMX BUAOB
«CAENOM» MAaTEePHM, a TAK)Ke AASL 00ecriedeH s KU3HEACATEABHOCTH
JKUBBIX KACTOYHbIX OPraHi3MOB DACTeHMIt M KMBOTHBIX, BKAIOYas de-
AoBeKa. [Tpy 5TOM eCAM 110 KAKMM-AMG0 MPU¥MHAM HHTEAAEKTYaAD-
Hblit po60T POTOHA, ATOMA MAM MOAEKYABI, pasOupaeTcs U YHUUTOXKA-
€TCSl, TO IPEXAE 3TOTO aKTa LEHTPAAbHbI MH(OPMALIMOHHLI MOAEM
HEBPEAMMBIM MMOKMAAET 3TH YMUPAIOIie MaTePUaAbHBIE MUKPOOOD-
€KTBl M BO3BPAILAETCA B LIEHTPHI TSDKECTEN 3BE3A U ITAAHET, KOTOPbIM
paHbIie MPpUHAAAeXaAM GOTOHBI, ATOMBI M MOAEKYABL

ToBOps APYTHMM CAOBAMU, AYXOBHBIE KBAHTBI MOHAaA IEHTpa Bce-
e MHOXeCTBa (OTOHOB, Halpumep, POTOHOB COAHEYHOIO M3AyYe-
HMSA, AOCTaBMB GOTOHBI 110 HA3HAYEHUIO Ha TAGHETHBHIE TEAA, TIOKU-
AQIOT VX, UTO IPUBOAUT K CMEPTH POTOHOB, a CamMy BO3BPAUIAIOTCS B
MaTepuaAbHOe Teao CoAHIA. 310 oO6MeHHBI GoHp CTPOroro yuera
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U 00s3aTeABHOTO Bo3BpaTa. KakABILl aTOM M MOAEKYAR, IOPOKAAA
doTonsl cieKTpa cCOOCTEEHHOTO N3AYUEHN, HAACASIOT UX M CBOM-
MM MOHapaMu HeHTpa. EcAu Kakoe-HUOYAb aTOMHOE SIAPO MaTepuu

- 3eMAM, HaTIPMMeD, B PE3YALTATe TEPMOSAECPHOTO B3PhIBa IIOAHOCTHIO
pasBaAMBaeTcsa Ha (OTOHHBIE TAMMA-KBAHTH, TO IOCAE CMEPTM I'aM-
Ma-KBaHTA, UHQOPMALIMOHHEIN KBAHT UX LIEHTPA 00A3aTEABHO MIHO-
BEHHO BO3BDAIaeTCA B NAAHETHOE TeAo 3eMHOro mapa. Camu ymep-
Hie MaTepyaAbHble KBaHTbI POTOHOB M ATOMHBIX YaCTHUI] MCIIOAb3Y-
IOTCA B Ka4eCTBE SHEPreTHYECKO! My MaTePUAABHBIMU TEAAMM U
MX TIOAEBBIMM CTDYKTYPAMM AAA IOAAEPKAHMA COOCTBEHHOM dHEp-
TETMKM U AA% 3aKPENACHMA Ha TOHKMX KBAaHTAX SHEPTMM crienudpu-
4ecKko¥ MHQOPMALMK TEMAOBOTO, MarHUTHOTO, SAEKTPHUYECKOr0 MAM
rpaBUTALIMOHHOTO TOAsL. Vl NOCAEAHMI BBIBOA 3AKAIOYAETCSA B TOM,
4TO0 coraacHo napaaokcy I1IP, cama ke HayKa AOKa3aAa, Yro Kax-
AbIii AYXOBHBI# KBaHT LIEHTPa aTOMHOTO AADA, SAEKTPOHa UAM §o-
TOHA Coco0eH NpU HeOGXOAMMOCTH AAUTEABHO YIIPABASITH OAHO-
BPEMEHHO ABYMS POACTBEHHBIMM (OTOHAMM MAM NAPAMU DAEK-
TPOH-TIO3UTPOH, KaK M -APYFMMM SACMEHTAPHBIMM HaCTHI{AMK,
KOTOPBIX HayKa BOCIIDMHMMAET KaK aHTUYACTHUILI. AeliCTBUTEAD-
HO, (POTOHHEIE TAaMMa-KBaHTH! NPOSIBASIOT CBOMCTBA AQABHOAEMHCT-
BuA nmapapokca SI1P, TOABKO ecAM OHHM NOPOXAECHBI B3aMMOAEMCTBU-
€M SAEKTPOHA U TIO3UTPOHA. IT03UTPOH 1TO OTHOIIEHMIO K SAEKTPOHY
ABASIETCS €r0 AaHTMYACTHULIEH. Y HUX yXKe TIO AOTUKE 3APABOTO CMBIC-
A AOAXKEH ObITh OAVIH AYXOBHBIIi PYKOBOAUTEAD. AASI 5TOTO AYXOBHO-
rO PYKOBOAMTEAS He CYLIeCTBYET IapaMeTPOB BPEMEHH M NPOCTPaH-
CTBa, 2 3HAYMT, €CTh CTIOCOOHOCTH MIHOBEHHOTO OBICTPOAENCTBUS M
MHGOPMALMOHHAS IIOAHOTA YrpaBasomux ¢paaos. Kro moxer mo-
MelIaTh TAKOMY AYXOBHOMY KBaHTY, YIIPaBAATb OAHOBPEMEHHO ABY-
M POTOHHBIMU ramma-KBaHTamu? 5l sToit TeMOI CIeLMAAbHO HE 3a-
HMMAACH, HO CMeIO BBICKa3arb TMIIOTE3Y, 4T0 M BCe OOHApyKeHHbIE B
KBaHTOBO GH3NKe aHTUIACTHLDI ABAAIOTCA «NPOTUBOQasHRIMMU»
6AM3HElaM¥ MAM ABOMIHMKaMM «HOpMaAbHbIX» YacTui,. [Ipoge ro-
BOPsl, HHKaKasi aHTMJACTUL[a HE MOXKET CYNIeCTBOBaTh 6e3 cBoero
HOPMaABHOTO ABOMHMKA, TaK KaK aHTMYAaCTHUIIA YIIPABASIETCA TEM
’Ke AYXOBHBIM KBAaHTOM, KOTOPBIM YIPAaBASETCS M POACTBEHHAsA
HOPMAAbLHAA YACTHUHA,

BriepBbie rumoTesy o CyleCTBOBaHMM NO3UTPOHA BBICKA3aA aHTI-
awitckuit pusmk IToab Aupax B 1928 roay. B 1933 roay cympyru XKo-
Auo-Kiopu 06Hapy:uAM, YTO POTOHHBIN raMMa-KBAaHT C CyMMapHO#I
dHepruei OOAbILE SHEPTUK SACKTPOHA M NIO3UTPOHA, IIPU TIPOXOXKAE-
Huu BOAM3U aTOMHOTO SIADA MOKET NIPEBPATUTHCS B NPy SAEKTPOH-
1o3uTpoH. Sl 0co60 obpamjarc BHMMaHue Ha TOT GaxT, YTO aHTHYAC-

s
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THULbI TOPOXKAAIOTCA B Nape C HOPMAaAbHBIMM YacTHLaMK. B Hacros-
Hiee BpeMA HayKa SKCIIEPUMEHTAABHO YCTAaHOBMAQ, YTO NMPAKTUYECKH
Y BCex 3apsDKEHHBIX YaCTUL| IPH B3aMMOAEHCTBUYM C aTOMHBIMU SIADa-
MM MAM MEXAY CO00I, MOTYT BO3HMKATh aHTUYACTHUIIBI, KaK GAM3HELB
YacTHL, MMEIOIMX TY Xe MAacCy, HO POTHBONOAOGXKHBIA 3HaK 3apsAa.
CuMraercs, YTO aHTMYACTMLbI He3aPDHKEHHBIX YacTHLl, Turia GOTOHa
MAM [TU-HYAb-M€30HA HEOTAMYMMBI OT YAaCTUL, ¥ HOTOMY MMEIOT ITOA-
Hoe mopo6ue. Ha 3TOM 0CHOBaHMM HEKOTOpBIE YYEHBIE CACAAAM TIPEA-
TIOAOXKEHHME O CYIECTBOBAHMHN MHTUATOMOB M aHTMMOAEKYA U A@XKe O
CYLIeCTBOBaHMI BCEAEHCKUX RHTUMMPOB. Bee aTu mpeAnioAokeHns sB-
ASIIOTCSI YMCTHIM BBIMBICAOM 00OABIEHHOTrO pasymMa. Kak s noHumaio,
Hponecc 06pa3soBaHMs Maphl MPOTOH-TIO3UTPOH M3 OAHOTO BHICOKO-
SHEeprMYHOro (POTOHHOIO raMMa-KBaHTa, KOTOPLIH yyeHbie «IIPUHYAN-
Au» npoirTi B6Au3H aTomHoro aapa? Taxoit GOTOHHDIA raMMa-KBaHT
YTPOXKaeT PaspylIMTh aTOMHOE AAPO, M YTOOBI STOr0 He CAYMMAOCH,
AYXOBHBIIf KBaHT MOHAABI LIEHTPA TAKECTH aATOMHOIO SADa NPUXOAUT
Ha MOMOILb AYXOBHOMY KBaHTY OTOHHOrO raMMa-KBaHTa.

N3 aromuoro siapa BbIGpaceIBaeTCs MaxeT, He UMEIOMMX MacChi
Y 3HepruM, a BepHee CKa3aTh, TAKeT HEPErMCTPUPYEMBIX HEHTPAAD-
HBIX KBaHTOB NOAs rpasuranmn. YacroTa BHyTpeHHUX KoAeOanmit
raMMa-KBaHTa BO3pacTaeT Ha ceMb NOpPAAKOB. Llemrpocrpemu-
TeAbHas CHAA BIATHBAET KBaHTHI PABUTALUHU BHYTPb, B ICHTDAAD-
HYI0 06AACTh, TA€ OHM B COCAMHEHHH C KBAHTAMM MArHUTHBIX DHEP-
THii HPeoOPa3yIOTCA B KBaHTHI MEXaHUYECKUX DHEPTMii PerHcTpy-
pyeMoit Macchl. ABa HEHTPa CHABI, EHTP HEeHTPOOEKHOMH M IeHTD
LEHTPOCTPEMHTEABHOM CHABI PASACARIOTCA MEXAY coboii u obpa-
3y10T ABe NPOTHBO(a3HEbIe MAPHl YACTHL] HO3MTPOHA ¥ DAEKTPOHA.
TToAoXuTeAbHBIN 3apsia TO3UTPOHA O0ECTIeYNBaET €T0 CAMOOTTAAKH-
BaHMe OT NOAOXKMTEALHOT'O 3apAAa aTOMHOTO sApa. Ho Beab B AroboM
MaTepHUaAbHOM BElECTBE, HE3aBMCHMO OT TOTO, 00ARAAET AM BEIEeCT-
BO DAEKTPONPOBOAHOCTHIO MAM He 06AapaeT, CYMMapHOE KOAMYECTBO
5AEKTPOHOB 3HAYMTEABHO IIPEBHILIAET CYMM2PHOE KOAMYECTBO aTOM-
HBIX siaep. DTO Xe M AOKasHIBaTh He Haao! [T03UTPOH, TPOXMUB KOPOT-
KO€e BpeMs ¥ BBIAAS U3 ONacHOi GAM30CTH C aTOMHBIM SADOM, 00s3a-
TEABHO BCTPETUTCA CO CBOODOAHBIM DAEKTDOHOM MEXATOMHOIO MAM
MEXMOAEKYASPHOTO MPOCTpaHCTBAa. VIMes NPOTMBONOAGXKHBIX 32-
PAA, TO3UTPOH CaM NMOMAET Ha COAYDKEHME C 9AEKTPOHOM, 1 [IPOU30M-
A€T MPOoLIeCC, KOTOPbI HayKa Ha3biBaeT aHHUTMASIIMEIL.

O6aymbiBas npouecc obpasoBaHis u3 GOTOHHOTO raMMa-KBaH-
Ta Napsl YACTUL, SACKTPOHA-TIO3UTPOHA, HPUXOAUIIb K HEBEPOATHOH
MBICAM: KBaHThi TPaBUTAlMK, KOTOpble OOPa3ylOT HPOCTPAHCT-
BO BaKyyMa, CIIOCOOHBI He TOABKO BHIGPachIBaTbCA M3 MeXaHMye-
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CKWX MacC, paciiMpssi NPoCTpaHCcTBo BeceAeHnoit, HO 1 CHOBA yma-
KOBBIBAaTbCA ¥ NPECCOBATHCS B A€TKUX JACTHIAX SACKTPOHOB M IT0-
sMTpOHOB. HUKOTA2 He CABIIAA, YTOOBI HayKa YIIOMMHAAA O TOM, YTO
OPOCTPAHCTBO CBOMM 00'beMOM yyacTBYeT B GOPMUPOBAHMM MaTEPU-
aAbHBIX YaCTHUL] IPAMO MOA HabAIOAEHMeM HayKu! AAs MEHSI Ke COBep-
IIEHHO SICHO, YTO HE TOABKO IIPU COTBOPEHMM MaTepHaAbHOIt Beceaen-
HOM, HO ¥ B HacTosMIee BpemMsA YaCTh BCEACHCKOIO NPOCTPAHCTBa
OCTaeTCs YNRKOBAHHBIM B MeXaHWYECKMX Maccax Marepuu. B cae-
AYIOLUIMX FAaBaxX OYAYT TIPUBEAEHBI U AOKA3aTEABCTBA 9TOTO (aKTa, ¢
yKasaHMeM YMCAEHHBIX 3HaYeHMH, CKOABKO NPOCTPAHCTBa BaKyyMa
yKe 0CBOGOAMAOCH U3 MEXAaHMYECKMX MACC MaTePyH, 2, CKOABKO TaM
efle OCTaAOCh. PacxoAyst MEXaHMYECKYIo MaccCy, HebeCHBIE TeAa 3Be3A
M TIAQHET MOPOXARIOT M KBaHTHI [TOAA I'PaBUTALMK; @ 3HAYMT, M 1O~
POXAAI0T HOBBIE 0OBEMBI BCEAGHCKOTO npocTpancTsa. Maao aroro,
npu Heob6xoAMMOCTH 0GecriedeHMsa COGCTBEHHON Ge3onacHOCTH,
YaCTh KBaHTOB MPOCTPAHCTBA BaKyyMa, MOXeT ObiTh CHOBa yna-
KOBaHa B MATEPHIO SACKTPOHOB M IIO3UTPOHOB. TO Y>Ke He MbICAb,
a oTkperTie. Ho ecau 6b1 KBaHTBI 1TOAST rpaBHMTalMHM, KOTOPbIE HayKa
CYMTAET MyCTHIM BAaKYYMOM, B COEAMHEHMM C KBAaHTAMU MarHWTHOM
SHEPTMU IOA ACHCTBMEM MOIHON LEHTPOCTPEMUTEABHOR CUABL, He
YAAOTHSAUCh AO COCTOSHMS MEXaHWYECKMX KBAHTOB, TO OTKYAa ObI
B35AaCh MexaHuyecKas Macca Mo3uTpPoHa U SAEKTpoHa?

5. Ocmbicaenue ABACHUS anHuUAIYUL 1 napadoxca IIIP

Y 2T0r0 TAaMHCTBEHHOTO ABACHMA KBAHTOBOW QUSMKHM €CTh MHO-
r0 Hay4HBIX OOBACHEHUIA, HO 51 MX He OyAy paccMaTpMBaTh, 4TOOBI HE
neperpyxarb $puaocoPcKyio paboTy uaAMmHeN OTBACYEHHOCTDIO. He
BAABAACH B Hay4HbIE NIOAPOOHOCTH, USAOXKY CBOE MHEHME O (U3MKe
nporecca 06pasoBaHMA AHTUMACTUL] M [TOCAEAYIOI e aHHUTUAALIMY,
KaK O TAQBHOM METOAE COXPAHEHUS «HENPUKOCHOBEHHOCTH» aTOM-
HBIX AAEP U HPEAYNPEXACHUSE MX HECAHKLHOHMPOBAHHOIO pa3pyle-
ums. Huxro e He OyaeT oTpuuarh, 4T0 GOTOHHBI rAMMa-KBaHT ITe-
peMelaeTcs co CKOPOCTBIO CBETa M MMEET YacTOTY KoAeOaHmii, Ipo-
[OPLMOHAABHYIO BHYTpeHHel aHepruu ¢poroHa. Harromnio, yro doron
raMMa-KBaHTa TIPU CTOAb GBHICTPOM HepeMmellleHUH NPUCHOCOOAEH K
TOMY, 4TOOBI CBO€H MarHMTHOM SHEPrueil 3aXBaTbiBaTh KBAHTHI IIO-
AEBBIX CTPYKTYP SAEKTPUIECKON SHEPTUH, MTOKUPATH UX SHEPreTHKY,
a CaMyl TOHKMe KBAHTblI HAKANIAMBATh B cebe, KaKk ATOABI B AYKOILKE.
TOYHO TaK >Ke pabOTAIOT U KBAHTDI SAEKTPUYECKIX IHEPTHI, HO COOU-
paloT ¥ HAKAIIAMBAIOT HE KBaHTHI SACKTPUYECTBA, 8 KBAHTHI TEIAOBBIX
dHeprui. B KOCMMYIECKOM MPOCTPAHCTBE, TAE HET ATOMAPHBIX CTPYK-
TYP> POTOHHBI raMMa-KBaHT N0 6EAHOCTY SHEPreTUKY BaKyyMa MAU

-
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TI0TEPSET 4aCTbh CBOEN SHEPTUU U MEPEHAET B CIIeKTp yAbTpaduoae-
TOBOTO M3AYYEHUS, MAM AOMAET A0 aTMOC(EpHI MMAaHETHI B Ka4eCTBE
ramMMa-KBaHTa COAHEYHOTo U3Ayyenms. Ho 06si3aTeAbHO paspymmnTs-
€51 B BEPXHUX CAOAX aTMOC]epsl, YToObI He IPUUMHUTD BPEAA KMBBIM
KAeTOYHBIM opraHnaMaM. CoBceM ApyToe AeA0, KOraa GOTOHHBINA FaM-
Ma-KBaHT MYMUTCS CO CKOPOCTBIO CBeTa B MaTePMAABHOM TEA€ TIAaHe-
TBI MAM KaKOr0-AMOO0 IMAAHETHOr'O BeleCcTBa. JHEPreTUYeCKO ITHMILH,
B BUAE HEMTPUHHBIX KBAaHTOB, a TaKK€ KBAaHTOB TEMAOBOTO, MarHUT-
HOTO M 3AEKTPMYECKOro TMOAs B AI0DOi IIARHETHOM MaTepuM Haxo-
AUTCS BEAMKOE MHOXeCTBO M C OrPOMHBIM M30BITKOM. DHepreTka
doronHoro raMma-KBaHTa C KaXKABIM IPOLIECCOM LMKAMYECKOH
cOGopku ¥ pa3GopKM CTaHET CTPEeMHUTEABHO YBeAMYMBATHCA. Bme-
CTe ¢ YBeAueHHeM dHepreTUKH GyAeT COKpPalaThCsl M AAMTHA BOA-
HBI, TAK KaK SHEPIHA A1060r0 (OoTOHA HPONOPLIOHAABHA IOCTOAH-
Hoit ITaaHka ¥ YacTOTe SAEKTPOMATHMTHEIX KoAebGanmit. Ecau sTOT
A@BVHHBII IPOHECC He OCTAHOBUTH HACUABCTBEHHEIM CNIOCOOOM, TO
doToH raMma-KBaHTa OYAET CHavaAa MOXMUPaATb BAEKTPOHBI 3aIUT-
HBIX OpOUTaAel aTOMHBIX AAEP, a 3aFEM M CAMY ATOMHBIE AAPA. ITOT
MpoLecC MOXeT NepepacT¥t B AOKaAbHBII M HEYIIPaBAsIeMbIM TEpPMO-
SACPHBIN B3psIBa MecTHOrO Macirraba. Ho Bean npu xaxpom repmo-
SIA€PHOM B3phiBe 00pa3yioTcs cBoy (OTOHHBIE TaMMa-KBaHTDI BhI-
COKHX 2HEpPTHif, KOTOPbIe IPEBPATAT NPOLECC TEPMOSAAEPHOTO pas3-
AO)KEHMSI MAAHETHOTO TeAa B AaBMHHbBIA IIPOLECC HEYHPaBASEMOI O
camopa3spymenusi. Kak BaM HpaBuTCsi aTa KapTiHKa?

BoT pAAs TOrO, 4TO6BI 5TOTO He CAYYMAOCH, AYXOBHBIii KBAHT MOHA-
ABI LIeHTpa $OTOHHOTO raMMa-KBaHTa, Ha ONPEAEACHHO CTAAMU YCH-
A€HMS €T0 dHEPreTUIECKOM MoILy, pa3bMBaeT ero sSHepreTUKy Ha napy
SAEKTPOH-MO3UTPOH. DTH YaCTUL{BI UMEIOT MAaCCY U MHEPLMIO, a HOTO-
My, IT0 3aKOHaM T€OPUM OTHOCUTEABHOCTH, TI0 MEXAHMUECKUM 3aKO0-
HaM HbloTOHA ¥ O 3aKOHaM 5A€KTPOMArHUTHOTO B3aMMOAEMCTBUA,
CTaHOBATCA 6e30MaCHBI KaK AAA SAEKTPOHHBIX OPOUTaA€eH 3l THBIX
0060A0YEK, TaK M AAS CAMMX ATOMHBIX siAep. TAaBHOe, 4TO X CKOPOCTD
OT CKOPOCTM CBETa HEMEAAEHHO TAAA€T AO TEX BEAMYMH, C KOTODbI-
MM ABMXXYTCSI CAMM aTOMBI 1 MOAEKYAbL 6AN3KOTO okpyxeHns. Bos-
HUKaeT BOMPOC, OTKYAQ ¥ HEe MMEIOIIETO MAcChl M SAEKTPHYECKO-
ro 3apsiaa (pOTOHHOTO TAMMa-KBaHTa, MOABMAACH Macca, paBHas
ABYM MaccaM 9A€KTPOHa, AQ ellle M AB2 3apsiAa IPOTHBOMOAOKHO-
ro 3HaKa? 910 TAMHCTBO MPOMCXOAUT He TI0 BOAE CaMOro GOTOHHOTO
raMMa-KBaHTa, a 110 BOA€ €T0 IIEHTPAaABHOTO AYXOBHOIO KBaHTa UAM
MOHaABI 1leHTpa. KOrpa AAMHa BOAHBI TaMMa-KBaHTa CTPEMUTEABHO
YMeHbIIAETCsI, TO AYXOBHBIN KBaHT MOHAAbI IEHTPA HA IEPBOM dTarle
3aAEPXKUBAETCS TI0 OYEPEAU B ABYX COCEAHMX TOYKaX, 0Gpasyolmx
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ITOAYBOAHBI (POTOHHOIO raMMa-KBaHTa, ¥ TeM CaMBIM DAspACAdeT UX
SHEPIMIO MOIIOAAM U CTATMBaET 00€ MOAOBUHKYM MarHUTHO dHEPrun
B MOTEHLMAABHBIE TOYKM AO HETPOSABAEHHOIO COCTOSIHUSA TEAETNOp-
Tauuu. Bmecre ¢ KBaHTaMM MATHUWTHO# DHEPIiM TOTAOLIAIOTCA M
KBaHTEI TPaBUTALIMM, O Y€M 51 Y)Ke PACCKA3bIBaA B MPEALIAYIIEM I1a-
parpade. IToraomaercsa caMo OKpysKawliee npocrpaHcrso! Mx co-
eAVHeHHe obpasyeT MHepLMaAbHble KBAHTBI MEXaHUYECKUX SHEPTMIL.
Ha Bropom sTamne, BO3HMKAs U UcYe3as MO oYepeau B 00enX BHOBb
00pa3soBaHHbIX YaCTUL{AX, C YACTOTOM, B MYAAMAPABI Pa3 MpEBLIIAI0-
et 4acToTy GOTOHHOrO raMma-KBaHTa, AYXOBHBIYI KBaHT MOHAABI
ueHTpa (6Aaaropapst aToi OrPOMHOI, HE PErMCTPUPYEMOIt HUKAKUMM
npubopamu, YaCTOTe), YXKe He AAeT BO3MOXKHOCTHU BHOBb 06pa3oBaH-
HBIM KBaHTAM MEXaHWYECKON SHEPrMM 3aHATh GOABLIMI MPOCTpaH-
cTBeHHbIt 06beM. Tak rpy6ble KBaHTbI MArHUTHOV 3HePTuM ObiBiIe-
ro GOTOHHOrO raMMa-KBaHTa, KOTODbie HE yCleAu M30aBUTbCA OT
M30bITKA 3HEPrUK M COOCTBEHHOM MHEPLMOHHOCTH, CHOBaA IpeBpa-
HAIOTCS B CIpPEeCCOBaHHblE BOKPYT AYXOBHOM MOHAABI LIEHTPa KBaH-
TBI MEXaHNYECKUX SHEPTHi1, KOTOPbIe TIPOABASAETCA U PETUCTPUPYET-
€5 KaK Macca 3A€KTPOHa 1 1o3uTpoHa. Ho AyXOBHBIA KBRHT MOHAABI
KEHTPa NMO3UTPOHA M DAEKTPOHA, IOPOXXAEHHDIX, B BUAe OparbeB-
6AM3HenoB, 3 GOTOHHOrO raMMa-KBaHTa, ABASETCA TOT JKe OAM-
HOYHBI KBaHT ABOMYHOTO LieHTpa OmBmero ¢orona!

AAsA Mero MrHOBeHHoe NepeMelleHHe M3 LEHTPA JAEKTDOHA B
LIEHTP ITO3UTPOHA He TpebyeT HUKAKUX 3aTpaT sHeprmu. OH Kak pas
Y TIPEOACAEBAET MTHOBEHHO AlOObie paccrosiums Ge3 saTpar Bpe-
MEHM, TOTOMY 4TO He 00AapaeT HY MAacCOi, HUM DHepruey, HU MHep-
uyueit. Iro ksaut unGopmanuu. OH HACTOABKO COBepILieHeH U IHep-
reTudeckyu HMim, 4To TBopel paspelmA eMy Ha KOPOTKOE BpeMsit
BBIXOAMTD 10 TYHHEABHOMY IEPEXOAY 32 ITPEAEABI BCEACHCKOI0O npo-
CTPAHCTBa, M, MUHYS MaTePUAABHEIA MUP, MTHOBEHHO TepeMemaTh-
Cs1 BHE HAlllero MUpa Ha A0ble paccTosHus. Y BHOBb BXOAUTD B IPO-
CTPAaHCTRO BceAeHHON MO TYHHEABHOMY IEPEXOAY, HEAOCTYIHOMY
HM AAST KaKMX MAaTePUAAbHBIX YaCTHL, He OCBOOGOAMBILMXCA OT OCTa-
TOYHOM 3HEPIUM ¥ MHEPLMOHHOCTH. B TO )Ke Bpema STOT KBAHT HH-
dopMaiuu He ABATETCH HACTOABKO COBEPUIEHHBIM, YTOOBI AOAIO
npelbiBaTh BHE NMPOCTpPaHCTBa Haureit BeceaenHoil. Bece A0 epnHoO-
rO KBAHTA LIEHTPAAbBHBIX MOHAA, AOATOBPEMEHHO TIpeObIBaiOT U Xpa-
HATCA B LEHTPAX TAKECTEN MUKPO- U MaKPOOOBEKTOB MATEPUAABHO-
ro MMpa, HauuHasg OT GOTOHOB, IAEKTPOHOB, ATOMHBIX SAED XUMUHe-
CKMX 3A€MEHTOB Y 3aKaH4YMBAsA BCEMM 3BE€3AHO-ITARHETHBIMM TeAaM¥
BCEAEHCKOIO fIpocTpaHcTBa. Ho mpebbiBaoT OHM TaM He B COCTOS-
HUM TIOKOSt M OTABIXA, @ KaK MHPOPMAlMOHHbIE YIIPABUTEAM, XPaHH-
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TEAU ¥ CMHXPOHM3ATOPbI SHEPIETUIECKNX B3AMMOAEHCTBII MaTepH-
AABHBIX TeA. MOXHO CKa3aTb 1 TaK, YTO OHM CBO€i MHPOPMALMOHHOIA
AEATEABHOCTBIO ¥ CBOMMM CIIOCOOHOCTSMM CBEpXOBICTPOAEACTBHA U
AAABHOAEMCTBUS, 3aCTABAAIOT OAHM KBaHTH! MAaTepUy NPOTUBOAEH-
CTBOBATb APYTMM KBaHTaM MAaTepMM, a KOTAQ 3TU KBAHTHI MOTEPAIOT
YacTh CBOEV SHEPTUM BO B3aUMHOM NPOTMBOOOPCTBE, TO HAACAAIOT
MX NIOBEAEHYECKOM MHOpMaLMeit, CTapasiCh AOBECTH A0 COOCTBEH-
HOTO yYpOBHs coBepurteHcTBa. KBaHTHI Monap CoAHLa, AoctaBuB do-
TOHBI IO Ha3Ha4YeHyI0, Bo3BpaaloTcsa Ha CoAHlle 32 HOBBIMU (OTO-
HaMMU, UCTIOAb3Y IIPUHL[UIT MTHOBEHHOTO AAABHOAEHCTBUA, OTKPHITO-
I'0 COBETCKMMU YueHbIMU [Top0AbcKMM U Poserom. [Ipudem ecau aToT
KBAaHT MOHAADBI TIPMHAAAEXKUT ITAAHETHOMY TEAYy 3EMAM, TO OH MTHO-
BEHHO BEPHETCs Ha 3eMAI0 U3 AI06G0i TOUKM IPOCTPAHCTRA,

Koraa opHa 3 4acTui, B BMAE OMacHOro (POTOHHOTO raMma-
KBaHTa CTOAKHETCSI, HAPUMED, C M3MEDUTEABHBIM Npnbopom u pas-
PYUIMTCS, TO KBAHT MOHAABL CYMTAET CBOIO 3aAa4Yy CIIACEHUA MaTePUN
OT HECAHKL[IOHUPOBAHHOTO Pa3pylleHMs BBIIIOAHEHHOW. OH AOBOAUT
dboToHHBI 6AM3HeL B A1060J1 TOUKE IPOCTPAHCTBA AO TOT'O e BEKTO-
pa NMOAApH3aLMHY, B KOTOPOM ObIA PaspyIHeH ero ABOMHUK M TTOKHAR-
€T ero, BO3BPAILAsACh B MaTepuio Hameit naavets. Ilo MeTkoMy Bbipa-
XKEeHUI0 DIHIITENHA, AeTAILAA CO CKOPOCTHIO CBETa POACTBeHHAs (o-
TOHHAs YaCTULA B TOT )K€ MOMEHT «3aTBEpAEBaeT» B To xe da3se, B
KOTOpO# Noru6 u 6Au3sHel aToro GpOTOHA NpU CTOAKHOBEHMM C M3Me-
pUTEABHBIM npubopoM. B AoaHHOM cAyyae «3aTBepAEBaHMe» O3HAYA-
eT cMepTh doToHa. B CBA3M € 3TMMM PacCyKAEHMSAMH, BhilelpUBe-
AeHHy10 GOopMyAUPOBKY addekra nmapasokca DITP MOXKHO N3AOKUTD
B 60A€€ pacuIMpeHHOM BUAE, YIUTHIBAIOIEM (PU3UKY MCTUHHOTO TIPO-
necca: «/IHpopMaums OT OAHOrO MATEPHAABHOTO SHEProXBaHTA
K APYIOMY NIE€PEAAEeTCsI MIHOBEHHO, HE3aBMCHMMO OT PacCTOSHUSA
TOABKO B TOM CAyYae, €CAM DTH SHEPrOKBAHTHI YIIPABAMIOTCH OA-
HOM M TOM Xe MOHAAOM MX LeHTpa TmKecrei», Kak caeacTBue U3
STOM (POPMYAMPOBKHM, TaKME SHEPTOKBAHTH AOAKHBI MMeTp 061fero
MAaTepraAbHOTO POAMTEAS], CYL[ECTBOBaTb B BOAHOBOM NpoTHBOda-
3€ 4 OBITh 110 OTHOIIEHUIO APYT K APYTY YacTMIlel ¥ aHTHYaCTHLIEIL.
Korpa sHepruu 4acTHUBI M aHTMHACTHHBI COAARHCHPOBANSBI, TO UX
B3aMMOAENCTBME TIPUBOAUT K dHEPIeTMIECKON AaHHUIMAALMH, HO
BCE KBAHTHI YaCTULBI M AHTUIACTUIBI COXPARAIOTCS U NEPEXOAAT
B HEPEerucTpupyeMoe COCTOSTHUE HEOAHOPOAHBIX KBAaHTOB HeM-
TPAABHOM IIPUPOABL.

IMTo Aoruxe nmoBeaeHMsi U GU3NIECKUM CBOMCTBAM OTPULIATEAD-
HOTO 9AEKTPMYECKOTO 3apsiad, CTAHOBUTCA SICHO, YTO OAMHOYHBIE Ca-
MOCTOSATEAbHbIE SAEKTPOHBI, KaK ¥ DACKTPOHbI 3aI{MTHBIX 060A0UEK
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aTOMOB ¥ MOAEKYA XMMMYECKMX BelijecTB paboraior B mpoTuBoga-
3€ C aTOMHBIMU SIAPaMM BCETO MHOXKECTBA XMMUYMECKHUX 3AEMEHTOB U
UX COEAMHEHMI. AaKe CIIMHBI SAEKTPOHOB M aTOMHBIX SIAED, XOTS U
OAMHAKOBBI, HO MMEIOT NPOTHBONOAOKHbBIE 3HaKu. [IpucyrcTeue B
AI00BIX YaCTULIAX MEXaHMYECKMX KBAaHTOB, OBbIMIAET MX MHEPLMOH-
HOCTB, M UX COMH Bpailienns oT 360 cokpamaerca A0 180 rpaaycos
MAM CTRHOBUTCSA PaBHBIM % OT CIIMHA BpauieHust GOTOHOB M APYTHX
4aCTHLl, B KOTOPBIX OTCYTCTBYIOT KBAHTHI MEXaHNYE€CKUX aHepruit. M3
3TOrO CAEAYET BBIBOA, YTO BCE YACTOTHI, KOTOPbIE PEFUCTPUPYET Hay-
Ka KaK 4aCTOTHI KOAeOaHMI ATOMOB MAM MOAEKYA MAM 4acToTh o-
TOHHOTO CTIEKTPa Ay4eBbIX 3HEPTHIl, IBASIOTCS YACTOTAMM KOAEGaHMIt
roAeBhix GopM Marepun. Korepenrnyio yacrory KoareGanmii mexa-
HUYECKHX KBAHTOB MacC ellle HUKOMY He YAQAOCh OOHapY/KUTb, HO-
TOMY <2T0 3Ta YaCTOTA KaK MMHHMYM Ha CeMb IOPAAKOB HpeBbIILa-
€T 9acTOTY CaMOro SHeprMYHOro ramMma-KBaHTa. Takum o6pasom,
SACKTPOHBDI ABASIOTCA AHTUHACTUIIAMY ATOMHBIX SAEP ¥ UMEIOT MIHO-
BEHHYI0 MHPOPMALMOHHYIO CBA3b CO BCEMM MOHAAAMM LICHTPOB Tsi-
XKECTe! aTOMOB UM MOoAeKyA. Ho B oTAMuMe OT BCceX APYTHX aHTHYac-
THY, CBOOGOAHDIE SAEKTPOHBL ABASAIOTCS AOATOKMBYLIMMM aHTHYACTH-
LaM¥, BCTPOEHHbIMM B MATEPUAADHYIO DHEPTETHKY KaK ITOCPEAHUKHU
aTOMHBIX AAEP, KOTOPble COOMPAIOT AASL HUX C IIOMOIBIO OTPULIATEAD-
HOTO 3apAAd M MarHMTHOM DHEPIMM, KBAHTHI DACKTPUYECTBA M Mar-
HETU3Ma M3 CpPeAbl 0OMTaHUA MaTepHaAbHOTO TeAa. Koraa saextpo-
HBI NEPEXOAAT B 3alUTHBIE 000AOYKH, TO KBAHTBI SAEKTPHYECT-
Ba 9ACKTPOHOB U CPEePOMAHO-CIIMPAABHOI TOBEPXHOCTH ATOMHBIX
fAA€Ep, MO 3aKOHY AHHUTHAALIMY NPEBPAIfAIOTCSA B KBAaHTHI TIOAEBBIX
CTPYKTYP HEHMTPAaAbHOTO THIA.

[lpy 5TOM HENTpaAM3YeTCSt M YacTb MArHMTHOM sHeprum. U3
3TMX aHHUFMAMPOBAHHBIX ¥ HEUTPAAM30BaHHBIX KBAHTOB M 00paso-
BaHbl 06OAOYKM aTOMOB U MOAEKYA MaTE€PUAABHBIX TEA, KOTOPBIE MBI
TPOraeM pPyKaMu, KeAas YAOCTOBEPUTHCA B HAAMYMM MATepHAABHOTO
TeAa ¥ B CBOICTBAX CaMOro MaTepuaAa. JTH e GbICTPOABIXYIHMe-
€A1 HelTpaAbHbIE KBAHTH BbIOPachIBalOT U3 HEAD BHYTPEHHEro Npo-
CTPAHCTBA ATOMOB ¥ MOAEKYA CHOPMUPOBAHHBIE B HUX BTOPUYHLIE
(OTOHBI BUAMMOTO CIIEKTPA AYYEBBIX SHEPTUIA, KOTOPEIE Mbl BUAUM
KaK «TBEPAYIO» MAU «KMAKYIO» TIOBEPXHOCTb TOTO MAM MHOTO (pu3u-
4eCcKoro BeillecTsa MAM MaTepuasa. Takum 06pasom, ecau 6p1 npu an-
HUTHMASALIMM SACKTPHIECKMX KBAaHTOB aTOMHBIX SAEP M SAEKTPOHOB
He 00pa30BBIBAAMCh KBAHThI HEHTPAABHBIX JHEPIUI, TO, 110 KpaM-
Hell Mepe, 000AOUKM aTOMOB M MOAEKYA, KaK M IIOBEPXHOCTH Be-
IEeCTB MARTEPHAABHOTO MHPA, MPOABASAN CHAbHbIE MATHUTHBIE U
IAEKTpHYECKUe cBolicTBa. K HUM HeAb3si 6b1 OBHIAO NPUKOCHYTD-

-
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CSi He TOABKO PYKOI1, HO He OBIAO OB BO3MOXXHOCTH c(HPOPMUPOBATH
%3 TAKNX aKTMBHBIX ATOMOB M MOAEKYA Ad)Ke IPMMUTHBHOTO KAe-
TOYHOTO OpraHu3mMa. K aAeKTPOHy U HeITPAABHOCTH HEPTUH, U3 KO-
TOPOM «MOCTPOEHBI» 0GOAOUKY ATOMOB ¥ MOAEKYA, 51 HEOAHOKDATHO
OYAY BO3BpAIIATBCS B CAEAYIOIMX rAaBax, OAHOKPAaTHOE yIIOMUHAHMe
06 5TOM BaXkKHENLIEM CBOMCTBE MATEPUYU HEAOCTATOYHO AAST HAASXK-
HOTO 3aNIOMMHAHUA TOro $aKTa, YTO HEMTPAABHOCTD 000A0YEK, CO-
BMEIIeHHAs € UX IMKAMYECKUM 00pa3oBaHMEM ABIPOK» AAS 06-
MEHHBIX SHEPIONPOI[ECCOB, ACAQET ATOMBI M MOAEKYABI AdKe Goaee
COBEPIICHHBIMM ¥ B MMAAMAPABI Pa3 GoAee KM3HECTOMKMMM DAe-
MEHTaMM M MEXaHM3MaMM MATEPHAABHOTO MUDA, 4€M AI00bIe TpK-
MMTHMBHBIE OAHOKAETOYHbIE OPTaHN3MBI.

IToayyaercsa Tak, yro HU AAeKcaHApPOB, Hu Burhep He ocmbic-
Aauan nmapapoxc SITP Ao ero aorudeckoro saBepuieHus. Maao toro,
HO ¥ COBPEMEHHbBIE CIIEHMAAUCTHI TI0 KBAaHTOBO! OU3MKe MAAO TIPO-
ABMHYAMCD Ha TIYTH PasTapAKy STOTO TIAPaAOKCa. A BeAb pasrapKa Ae-
KUT Ha TOBEPXHOCTH, €CAM OOpaTHTh BHMMaHME HA TOT (aKT, 4TO y
3aPSOKEHHBIX YaCTUL, MX aHTUYACTMLBl MMEIOT TIPOTUBOMOAOKHBIN
3HaK 3apspa. ITo Bonpocy He3apsikeHHBIX 4aCTUL] B CIPaBOYHMKAX 11O
KBaHTOBOI ¢pusmke OpoumeHa HeOpexxHasa ¢ppasa, YTO aHTUYACTHULIBL U
4acTHULBI (OTOHA M IU-HYAb ME30H2 110 GUNYECKUM CBONHCTBAM He-
PasAVUYMMBI M IOTOMY CYMTAIOTCA OAHON M TOM Xe yacTuyeit. B sTom
YTBEPKAECHMM M KpoeTcst ommbka. EcAu aKcriepMMeHTaAbHBIM ITyTEM
CTOAKHYTb ABa CHApeHHbIX (POTOHHBIX raMMa-KBAHTA, MOAYYEHHBIX
IpM 5KCIIEPUMEHTAABPHOM MOATBep)KAeHuM Ttapasokca DI1P, To oun
06s3aTeABHO aHHUIMAMPYIOT. HO 5 TOXKe He 3Hal0, KaK 3TO CAEAATb Ha
TIPAaKTUKE, BeAb POTOHBI MeKAY CO6011 He B3auMOAENCTBYIOT. OAHAKO
AASL MEHS COBEPHIEHHO ACHO, YTO YACTUIHI ¥ aHTUIACTHIBI YTIPaB-
ASIIOTCSI OAHMM KBaHTOM MOHAABI LeHTpa. JTO 3HauuY, 9TO ¢dasa
KOAEOaHMII MAM IMKAMYECKOIO CXOXKACHUS M PACXOXKAEGHMSA vac-
THII, ACAJKHA OBITh MPOTHBOMOAOKHA (pase HMKAMYECKOTO KOAe-
6aHUA POACTBEHHBIX MM aHTHYACTHL. Aa TIO-ADYIOMY M HE MOXXeT
6b1TB! XOTS KBAaHT MOHAABI LIEHTPa M 00AaAQeT MTHOBEHHEIM CBepX-
OBICTPOAEICTBUEM, HO OH MOXET HOKMHYTh LIEHTP OAHOM U3 YacTHI]
AMIIb TOTAQ, KOFAQ HeCOBepleHHAas SHEPIus, B BUAE€ MATHUTHOM MAN
SHepruM Macchl, OYAET CBeAEHA B HOTEHLMAABHYIO TOUKY. B aTO Bpems
Yyepes «AbIPKY» TYHHEABHOTO ITePEX0AA, KBAHT MOHAABI LIEHTPA CHO-
KOJHO IIOKMAAET CBEPHYTYIO SHEPIHIO YaCTHLBI U TIOABASIETCA B LieH-
TPaAbHOM 00AACTH Pa3BEPHYTOM SHEPIUM AHTUYACTULIBL, TIPUHYXKAASL
ee JIepPETH OT PACIIMPEHUs K CKATUIO.

OcraBumch Ge3 KBaHTa MOHaAbl LIEHTPA, YaCTUL[A HAYHET CIIM-
PAABHO PacXOAUTbHCS, HO PasBAANTBCS HA YACTH €Il He AACT BCe TOT
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JKe KBaHT MOHaAh! HeHTpa. OH BOBpeMs BepHETCs M CHOBA 3aCTa-
BMT SHEPrMI0 YacTUILI CBEPHYThCA B NIOTEHUUAAbHYIO TOUKY. Pas-
HHLa AMIIb B TOM, YTO AASL POTOHHBIX KBAHTOB, HE IIPOABASIOLMX 3¢-
dexTa Maccel, 4acToTa NPOoTUBOhA3HEIX KOAeDaHMI U3BECTHA M pPABHA
4acTOTe 3AEKTPOMArHUTHBIX KoAeGaHMil GOTOHA, MPONOPLUOHAAB-
HOM €ro sHeprum. ITY YaCTOTY YUeHbIE AABHO HAYUMAWCH PETUCTPU-
posatb. COBCEM APYFO€E AEAD, KOTAR Pedb MAET O TaKUX YacTHMLaX, KO-
TOpBIE TIPOSBASIIOT MacCy. 3A€Chb Mbi MOXXEM TOABKO AOTaAbIBAaTbCH,
4TO AAL 06pa3oBaHMs M3 MAarHUTHOM 3Hepru GOTOHHOro raMma-
KBaHTa PErUCTPUPYEMON MACCH SACKTPOHA WAV TTO3UTPOHA, 3Ty Mar-
HUTHYIO SHEPTMIO HAAO COEAMHUTD ¢ KBAHTaMM IPaBUTALIMM, A 3aTeM
YIIAOTHUTB AO NMAOTHOCTHM OTAEABHBIX IPOTOHOB MAM AQ IAOTHOCTH
ATOMHBIX SAEP XMMKIECKVX 2AeMeHTOB. Takoe yAOTHEeHUE MATHUT-
HOUf dHepruM, npeobpa3oBaHHOM B KBAHTH MEXaHMYECKUX FHep-
Vi, MOXHO NPON3BECTH AMILD EAMHCTBEHHBIM cnocobom. KBanr
MOH2ABI HEHTPa 06A3aH B MMAAMAPABI Pa3 YCKOPUTb CBOM nepe-
MEIIEHUA MEeXAY HEeHTPAMM SAEKTPOH2 M NO3UTPOHA, a 3HAYMT,
M BHYTPEHHA 4aCTOTa KOAeOaHMil aTOMHBIX AAEP M CBOGOAHBIX
SAEKTPOHOB ACAJKHA KaK MUHUMYM HA CEMb HOPAAKOB BPeBLIATH
4acTOTHI KoAeGanuit GOTOHHBIX KBaHTOB. TaitHa 06pasoBaHNs Npo-
SIBAEHHOM MAacCChl 9AEKTPOHOB, ITO3MTPOHOB, NPOTOHOB, HEWTPOHOR,
KaK ¥ BCEX MAcCcoOOpasyoIuX d9AeMEHTAPHBIX YaCTHL], a TAKXKe BCe-
IO MHOXECTBA 1 pa3Ho00pa3ys aTOMHEIX SACP XMMMYECKUX SAeMeH-
TOB, KaK pa3 ¥ 3aKAIOYAeTCsl B TOM, YTO Y yYeHBIX HET MHCTPYMEH-
TAABHBIX CPEACTB, YTOOK 3aMepuThb M 3aPUKCUPOBATh 3TY EAMHYIO
KOTepeHTHYI0 06IeBCeAeHCKYIO YACTOTY KoAeOaHu! BceX MMKPO-
U M2KPOKBAHTOB BCEAEHCKOTO NPOCTPAHCTBA. B To Xe BpeMs Hay-
Ka SKCIIEPUMMEHTAAbHO YCTaHOBMAA, YTO aTOMHBIE AAPA XMMUYECKUX
HAEMEHTOB, IIPOTOHBI ¥ HEMTPOHBI 00AAAAIOT CAMO¥ BBICOKOI HAOT-
HOCTBIO CPEAM Beell BeeaeHCKOM Marepuu. Takast NAOTHOCTD AOCTH-
raercs He npeKpallieHueM KoreGanuii, a nepexoAoM Ha Taxkue Jac-
TOThI, KOTOPbIE HEBO3MOXKHO 3APErUCTPHUPOBATh,

B T0 xe BpeMs1, YTOOBI MacChl NOAYMHSIAUCD LIEHTPAM TXKECTE,
KOA€GaHMA OTAEABHBIX MMKPOKBAHTOB MaCC AQAJKHBI GBITH KOrepeHT-
HBIMY Y FapMOHUYHBIMHU TI0 BCEMY BCEACHCKOMY mpocTpaHcTBy. IMo-
aTOMY BCe MaCChl MMKPOKBRHTOB U MX 00 beArHe Nl B 6ecumcAaeH-
HOE€ KOAMYIECTBO 3BE3AHOI M IIARHETHOM MaTepUH, APEACTaBASIOT
coboi1 GesonopHbie KOrepeHTHbIE KOAe6aTeAbHbIE cHCTeMbl. [Toka
HAyKa ellle He OTOIIAA OT MBICAM, YTO He roAeBbie GOPMEI, @ UMEHHO
HAOTHbIE 06Pa30BaHMs MAacC 3BE3AHDIX M NIAQHETHBIX TeA BceAeHHOM
SIBASLIOTCSL TAQBHBIMM XPAHUTEASMI BCEACHCKOM BHEPruu. 3Aech 5 co-
rAaceH ¢ BiBopamy Hayku. Ho pasee MoxXHO npepcTaBuUTh cebe, Ha-

-
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XOASICb B 3ADABOM PAacCyAKe, 4TOOBI KaKas-AMO0 SHEPTHA MOTAG AAU-
TEABHO COXPaHATbCA 6e3 HenpeprIBHOTO ABWKenusa? Koraa s unralo,
HanpUMep, CHPaBOYHbIe AAHHBIE O MACCe MTOKO JAEKTPOHA HAU IPO-
TOHA, TO MHE XOUYETCHA He CMEeAThbCA, a MAakarh. JIpouecc nepexopa
¢$poTOHHOTO raMMa-KBaHTa BOAM3M aTOMHOIO SAPAa B MaTepHaAb-
Hble YAaCTUI(HI IO3UTPOHA U SIAEKTPOHA CBS3aH C TEM, YTO CaMa Mar-
HUTHAs ¥ DAEKTPUYECKasl sHeprus ObIBmero poToHa BHYIIMTEAb-
HBIX MPOCTPAHCTBEHHBIX Pa3MEPOB BAPYT CTArMBAETCH B ABE Ma-
ABie YaCTHMI{BI MO3UTPOHA M SAEKTPOHA. AAS YIIAOTHEHUs TIOAEBOMH
¢$bopMbI raMMa-KBaHTa AO IAOTHOCTH MACChl SAEKTPOHA HAAO MHOTO-
KPaTHO YBEAMYUTb BHYTPEHHIOW LIEHTPOCTPEMUTEABHYIO CUAY, A CAe-
AQTb 3TO MOXET TOABKO KBaHT MOHAABI LIeHTpa. AASL 3TOro eMy HaA0
3aAEPKaThCA Ha MTHOBEHDE AOABIIIE B LEHTPE TSHKECTU raMMa-KBaH-
Ta, ¥ IOCAE 3TOTO COrAACOBATh BHYTPEHHIOKO YaCTOTY, C KOT€PEHTHOM
YacToTOM KOAeDaHMiT BCETO MHOXKECTBAa aTOMOB ¥ MOAeKyA. Hayke
M3BECTHO, YTO YeM GOAbile BHYTPEHH:A sHeprus GOTOHA, TeM MeHb-
1le €ro AAMHA BOAHDI, MEHbIlle IPOCTPAHCTBEHHBIE 00beMbl oTOHA
¥ Bbllie Y3CTOTA ero CYHeCTBOBAHMA B KaueCTBe DAEKTPOMArHUTHOM
BoAnbi. Ho yeM doToHBI OTAMYAIOTCSA OF MaTepuu Macc?

Ectb Tpu pyHAaMeHTaABHBIX OTAMYMs: 1. Al06oe 06beanHeHNe
MeXaHMIECKMX YaCTHI, MACCHL TYT JKe HOPOXKAaeT OOmMit ueHTp TH-
)KecTH, 2 POTOHB AdXe KOFePEHTHOTO AA3ePHOTO MCTOYHMKA AM-
meHbi criocobHocTH o6pasopannsa o6mero yenTpa ToKecTH. Cra-
HYTb (POTOHBI B «ITyYMOK» MOHIHOTO AYYEBOI'O IIOTOKa MOXHO TOABKO
INPUHYAUTEABHHM MeTOAOM. 2, (DOTOHBI BO BpeMs CBOei KM3HU He
BLIOpPACHIBAIOT M3 Ce0s1 HUKAKKX d9HEPreTUIeCKHX OTXOAOB, 4 DHEp-
reTHYECKYIO HOATIMTKY 00eCneYnBaloT TOAbKO YMEPIHUMY KBAHTA-
MU [T0A€H IPAaBUTAMM M KBRHTAMM SAEKTPHYECTBA. 3TO MOKa Hay-
KoM He OOHAPY)XEHO, HO SIBASIETCSI PEaABHOCTBI0O MaTePHAAbLHOTO
Mupa. ATOMBI M MOAEKYABIL, 2 TAK)KE€ DAEKTPOHEI, He MOTYT JKMTb
6e3 mpoLecCOoB 9HepreTMIecKoro ooMera. IToAOOHO BCeM >XUBBIM
OpraHM3MaM, OHM SITU30AMYECKM TTIOTPEGAAIOT BHELIHIO 3HEPreTH-
Ky ¥ BBIOpachIBaloT U3 cebs 0TXOAH XuaHepesrreabnocTH. TIpuuem
BHYTPEHHMIA DHEPTeTUYECKUI OAARHC U HXUMBHECTOMKOCTD BAEKTPO-
HOE, aTOMOB ¥ MOAEKYA 00€eCriedMBaeTcs TeM, YTO 32 OAMH )KM3HEH-
HBI LHMKA KOAMYECTBO NOTpeOAsAEMOil sHeprun Ha 6eCKOHEHHO
MaAy10 BeAuduHy GoAbIIe TOJH SHeprMM, KOTOpas BeIOpachiBaer-
CSi M3 BHYTPEHHEro NPOCTPAHCTBA SACKTPOHA, ATOMA M MOAEKYABI.
3. Ilo Ha3Hauennio GPOTOHOB KaK MHAMBMAYAABHBIX AOCTABIIMKOB
sHeprum u nHdopmMaLuy, OHM CIIOCOGHBI JKUTh TOABKO Ha CKOPO-
CTAX CBETA, YTO 06eCneYnBaeTCa KX MAAOI DHEPTETHUKOM M COTAA-
COBaHHBIM C 3TOI DHEPreTUKOM YaCTOTHBIM AMANIA30HOM MHAUBH-
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JKe KBaHT MOHaAbl enTpa. OH BOBpeMs BepHeTCsA M CHOBA 3acTa-
BUT SHEPryi0o YaCTULBI CREPHYTHCA B MOTEHIMAABHYIO TOUKY. Pas-
HUL]A AMLIb B TOM, YTO AASL POTOHHBIX KBRHTOB, He IPOABASIOINX 3¢-
dekTa Macchl, 4aCTOTa NPOTUBOGAZHBIX KOACOAHMIT M3BECTHA U PABHA
YaCcTOTe 3AEKTPOMArHUTHBIX KOAeOaHMit (pOTOHA, MPOIOPLUOHAAD-
HOI1 ero aHeprum. DTy YaCTOTY y4€eHble AABHO HayYMAUCH PEIUCTPU-
poBatb. CoBCEM APYTOE AEAO, KOTAQ Pedb MAET O TAKUX YaCTHLIAX, KO-
TOpBl€ MPOABASIOT MacCy. 3A6Ch Mbl MOXXEM TOABKO AOTaAbIBAaTbCH,
4T0 AAS 06pa30BaHMA M3 MaTHMTHOM 3HeprMM GOTOHHOIO raMma-
KBaHTa DETUCTPUPYEMON MACCHI IAEKTPOHA MAM TIOSUTPOHA, 3Ty Mar-
HUTHYIO SHEPIMIO HAAO COEAMHNUTD C KBAHTaMU IPaBUTaLIMK, & 3aTeM
YIAOTHUTD AO MAOTHOCTH OTAEABHBIX IPOTOHOB MAM AO MAOTHOCTHM
ATOMMHBIX SAEP XMMUIECKMX SIAEMEHTOB. TaKoe YNAOTHEHNE MATHHT-
HO¥M aHeprum, npeo0pa3oBaHHOM B KBAHTBI MEXaHHUIECKUX BHep-
rMii, MOXKHO TIDOM3BECTH AL EAMHCTBEHHBIM cnocobom. Ksanr
MOH2ABI HEHTPa 06A3aH B MMAAMAPABI pa3 YCKOPUTDH CBOU nepe-
MeIEHUA MEXAY UEHTPAMHU DAEKTPOHA M NMO3UTPOHA, a 3HAYMT,
¥ BHYTPEHHSAS YaCTOTa. KoAeOaHMiI aTOMHBIX SIA€D M CBOGOAHBIX
3AEKTPOHOB ACAKHA KAK MUHHMMYM HA CEMb IOPAAKOB NPEBHINATD
4acTOTHI KoAeGannit poTonHbIX KBaHTOB. TaltHa 00pa3oBaHuA Mpo-
SABA€HHOI MacChl AEKTPOHOB, HO3UTPOHOB, NPOTOHOB, HENTPOHOB,
KaK ¥ BCeX Maccoo6pasylomux sA€MeHTapHBIX YaCTHL, a TaKXKe Bce-
ro MHOXKECTBA U Pa3HOOOPasys aTOMHBIX sAepP XMMMYECKMX SAEMEH-
TOB, KaK pa3 ¥ 3aKAIOYAaeTCA B TOM, YTO Y Y4€HBIX HET MHCTPYMEH-
TAABHBIX CPEACTB, YTOObI 3aMepUTh U 3aPUKCHPOBATD 3TY EAUHYIO
KOTE€PEHTHYI0 06IeBCeAeHCKYI0 YaCTOTy KoAeDaHuit Bcex MMKpPO-
¥ MAaKPOKBAaHTOB BCEACHCKOrO MPOCTPAHCTBA. B TO Xe Bpems Hay-
Ka 9KCIIEPMMEHTAABHO YCTAaHOBUAA, ITO aTOMHbIE AAPA XMMMUIECKUX
SAEMEHTOB, IIPOTOHBI M HEMTPOHBI 0OAAAQIOT CAMOM BBICOKON MAOT-
HOCTbBIO CPEAM BCElt BCEAGHCKOW MaTepuu. Takast IAOTHOCTb AOCTH-
raeTcs He NpeKpamenneM KoreGaHUii, a NePEXOAOM Ha TaKHe Yac-
TOTHI, KOTOPbIe HEBO3MOJKHO 3apernCTPUPOBATD.

B To 3xe BpeMs, 4TOOBI MacChl NOAYMHSAMCH LEHTPaM TsDKECTeH,
KOA€0AHUSA OTACABHBIX MMKPOKBAaHTOB MACC AOAXKHbI OBITh KOTEPEHT-
HBIMM Y TADMOHMYHBIMM 110 BCEMY BCEAEHCKOMY npocTpaHcTsy. Ilo-
3TOMY BCe MacChl MUKPOKBAHTOB U MX 06beanHennit B 6ecuncaen-
HO€ KOAMYECTBO 3BE3AHOM M NMAAHETHON MaTepMH, MPEACTaBAAIOT
€060 Ge3onopHLie KOTePEeHTHEIE KOAeOaTeAbHbIE cucTeMbl. T1oka
HAyKa ellle He OTOLIAA OT MBICAM, YTO HE IOAeBble POPMBI, a UMEHHO
NAOTHBIE 06Pa30BaHUs MAcC 3BE3AHBIX UM MAAHETHBIX TeA BceaeHHoM
SIBASIIOTCSI TAQBHBIMY XPaHUTEASIMM BCEACHCKOM dHepruM. 3aech 4 co-
raaceH ¢ BpiBopamu Hayku. Ho pa3Be MOXHO 1peAcTaBUTD cebe, Ha-
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XOASICb B 3ADABOM pacCyAKe, 4ToObI Kakasi-AMOO sHEPTUA MOIAa AAU-

“TEAbHO coxpaHsnThes Ge3 HenpepriBHOTo ABWKenus? Korpa st uuraio,
HarnpuMep, CIIpaBOYHBIE AQHHBIE O MACCE MOKOS BAEKTPOHA MAU IPO-
TOH&, TO MHE XOUYETCS He CMeAThCs, & Maakars. Ilponecc nepexopa
¢oTonHOro raMma-KBaHTa BOAM3YM AaTOMHOTO SIAPA B MaTepMaAb-
Hble YaCTUIBI IIO3NTPOHA U SAEKTPOHA CBA32H C TEM, YTO CAMa Mar-
HUTHAS ¥ SAEKTPUYECKas sHeprud ObiBiero GoTOHA BHYHUTEAD-
HBIX NPOCTPAHCTBEHHBIX PA3MEPOB BAPYI CTATMBAETCH B ABE Ma-
Able YACTUIbl HO3UTPOHA ¥ DAEKTPOHA. AAS YIIAOTHEHUA [OAEBOM
¢dbopMbl raMMa-KBaHTa AO IIAOTHOCTY MACChl SAEKTPOHA HAAO MHOT'O-
KPaTHO YBEAMMUTD BHYTPEHHIOKI LIEHTPOCTPEMUTEABHYIO CHAY, a CAe-
AQTh 3TO MOXET TOAbKO KBAHT MOHaABI LIeHTpa. AAA 3TOTO eMY HAAO
3aA€PXKaThCA Ha MTHOBEHbE AOABIIE B IEHTPE TsHKECTH raMma-KBaH-
Ta, U TIOCA€ 3TOTO COrARCOBATh BHYTPEHHIOI YaCTOTY, C KOTEPEHTHOI!
4acTOTOM KoAeDaHMil BCET0 MHOXKECTBA aTOMOB ¥ MOAeKyA. Hayke
U3BECTHO, YTO ueM GOAbllie BHYTPEHHss SHeprist POTOHa, TeM MeHb-
HIE €r0 AAVHA BOAHbI, MEHbILE NIPOCTPAHCTBEHHbIE 06BeMbL POTOHA
M Bbillie YaCTOTA €T0 CYHIECTBOBAHUA B KaYeCTBE SAEKTPOMATHUTHO
Boanst. Ho yem poToHb oTAMYaIOTCA OT MaTepun macc?

EcTb Tpu ¢pyHAAMEHTaABHBIX OTAKMYMA: 1. AlobGoe 06 beAuHenNe
MEeXaHMYECKMX YRCTHI, MACCHL TYT JKe HOPOXKAAeT 00uit ueHTp TA-
*ecTH, a POTOHH AdXKe KOFEPEHTHOrO Aa3ePHOr0 MCTOYHMKA AM-
ueHsl CIOco0HOCTH oOpasoBanus obmero HenTpa TmxecTH. Cra-
HYTb (POTOHBI B «ITy4OK» MOH[HOTO AYY€BOro MOTOK2 MOKHO TOABKO
TNIPUHYAUTEABHBIM MeTOAOM. 2. DOTOHBI BO BpeMsa CBoel KM3HM He
BBHIOpAChIBAIOT M3 Ce0s1 HUKAKUX SHEPTEeTUIECKMX OTXOAOB, a SHep-
reTH4eCKyIo MOANMTKY 00ecneuuBaloT TOABKO YMEPIHMMM KBaHTa-
MM TIOA€H TPaBUTAIMM M KBRHTAMM SACKTPHYECTBA. 3TO ITOKA Hay-
KO He OOHapyXeHo, HO ABASIETCA PEAABHOCTBIO MATEPHAABHOTO
Mupa. ATOMB M MOAEKYABI, & TaK)XXe DAEKTPOHEI, He MOTYT >KMTh
fe3 npoueccoB sHepreTnueckoro oomena. I10A00HO BceM XMBBIM
OpraHUsMaM, OHM 3MU30AMYECKM NOTPEOAAIOT BHENIHIOW HEPreTH-
Ky M BBIOpachiBaloT u3 ce6Gs OTXOABI JKM3HEAEATEAbBHOCTH. [Ipnyem
BHYTPEHHUI DHEPreTUYecKui GaAaHC ¥ >KM3HECTOMKOCTb. SAEKTPO-
HOB, aTOMOB M MOAEKYA 00€CIeYuBaeTCs TEM, UTO 332 OAMH XXU3HEH-
HBII IMKA KOAMYECTBO NOTpeGAAeMOil sHepruy Ha GecKoHewHOo
MaAyl0 BeAMMMHY 6oAbilie Toi 3HEPruu, KoTopas BoiOpacpiBaer-
CA ¥3 BHYTPEHHETO NPOCTPAHCTBA SAEKTPOHA, AaTOMAa M MOACKYABL.
3. Ilo Ha3HaweHNI0 POTOHOB KaK MHAMBUAYAABHBIX AOCTABUIMKOB
sHepruu ¥ MuopManuy, OHM CIIOCOGHDI KUTh TOABKO Ha CKOPO-
CTSAX CBETa, YTO 0Ofecne¥nBaeTcs MX MaAOi DHEPTeTHKOM U COTAA-
COBaHHBIM C 3TOI HEPTeTUKOIT TACTOTHBIM AMATIA30HOM MHAVBH-
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AYaABHOTO CYIeCTBOBaHMS. DACKTDOHbBI, aTOMbI M MOAEKYABI TIPU-
CIOCOOAEHBI XXUTh Ha CKOPOCTSX MeHbile CKOPOCTH CBETA, KakK Mo
OTAEABHOCTH, TaK M B MaTepUaAbHBIX coobmecTBax Macc. OrpomHas
KOT€PEHTHas YaCTOTa BHYTPEHHUX KOAeOaHMI MEXaHMYECKMX MaCCOo-
00PA3YIOLMX KBAHTOB, YIAOTHSIET MX M IOPOXAZET BHYTPH HUX MOLY-
Hble LIEHTPOCTPEMUTEABHbIE U LEHTPOOeXKHbIe CUABL LleHTpocTpeMu-
TEABHDBIE CUABIL IBASIOTCS PUYMHON MeXaHMYEeCKON MHEPLIMAABHOCTH
Macc v IpUYMHOIT 06pasoBanus cuabl TsokecTH. He ToABKO aTombl U
MOAEKYABI, HO A@XK€ SAEKTPOHBI HEBO3MOXXHO Pa30THATb AO CKOPOCTH
doroHa! Tem yacTMLaM, KOTOpPbie NIPpeAHas3HaueHn pabortars B c006-
IECTBE 3BE3AHBIX M MAAHETHBIX TeA, DeCCMBICAEHHO TepeABUraThCs
CO CKOPOCTBIO CBETA.

Eme pas nocMOTpUM, KaK IPOUCXOAMT ITEPEXOA OT raMMa-KBaH-
Ta NOAEBOM GOPMBI K 5AEKTPOHY M NosuTpoHy Macchl? Ha ompeae-
ACHHOM 3Talle KOAMYECTBEHHOTO HapalllMBaHUs BHYTDEHHEN 3Hep-
M, GOTOHHDBIA raMMa-KBaHT CTAHOBUTCS OacCeH AAS CYLECTBOBaA-
HUS SAEKTPOHOB M aTOMHBIX siaep. VIcrioAb3ys mapamerp BpeMeHH,
KaK MeXaHM3M YIIPaBA€HHMA, KBAHT MOHAAbI LieHTPA NOOYEPEAHO 3a-
AEDXXMBAETCA B ABYX pasHeCeHHbIX LieHTpax ObiBlero ¢poroHa. He oc-
BOOOAMBIINECS OT MHEPLIMOHHOCTYM KBAaHTBI MAarHUTHOM SHEPrum Co-
EAMHSAIOTCA C KBAHTAMM IPaBUTALMK, 33 CHeT COOCTBEHHOM MEXaHN-
4ecKo# aHeprum o6pa3yloT BEKTOP LEHTPOCTPEMUTEABHOM CHABL U
CTATUBAIOT caMu Ce0sl B ABe MaTepUaAbHble TOUKH LIEHTPOB TAXeCTeN
MO3UTPOHA M 2AEKTPOHA. Kak CA€ACTBME, U3 3TOTO NMPOLIECCa MOKHO
CA€AATh BbHIBOA, YTO 3HEPrUs CaMOro SHEPruyHOro raMma-KBaHTa
B lieaAx 6e30MacHOrO CyIecCTBOBaHNA ATOMOB ¥ MOA€EKYA, He MO-
JKeT NpeBbIHIaThb CYMMAapHOM SHEPTUM MACChl ABYX SAEKTPOHOB
MAM IIApHI IO3UTPOH-dAEKTPOH. ECAM 6bI KBaHT LEHTPAABHOI1 MOHa-
Abl HE ICHOAB30BaA CBOIO BO3MOXHOCTb MTHOBEHHO 0CBOOOXAAThCA
U3 NIA€HA HeCcOBEPLIEHHON MaTepyH, a IPOAOAXKAA OCTABAaThCA B L{eH-
Tpe CPOpPMUPOBAHHOTO MO3UTPOHA MAU BAEKTPOHA, TO OAHA U3 STUX
YaCTUL, HABCETAR MCYE3Aa M3 IIOAS HAIlero 3peHMs M IIPEBpPaTUAACDH
B HOTEHLMAABHOE HMYTOXECTBO HECKOHEYHO MaABIX pasMepos. Bro-
pas e 4acTuLa, OCTABIINCh 6e3 PYKOBOACTBA KBAHTA MOHAAbI LiEH-
TPa, IPOCTO pa3BaAMAach ObI Ha OTAEAbHble KBaHTbI MarHUTHOM U
SAEKTPUIECKOIt SHEPTUK. /M 5Tu KBaHTHI cTaAu Obl IMILE AAS DAEK-
TPOHOB, aTOMOB ¥ MOAEKYA MaTepHUaAbHO BelleCTBA, TA€ MPOM3OLIAO
npeoGpasoBanye GOTOHA B APy YACTHL, SIACKTPOHA U TIO3UTPOHA.

Ho pasBe 1 3TUX pacCy>XAEHHUI He CAEAYET TAOOaAbHBIN 0bie-
BCEACHCKMI 3aKOH, KOTODBI MOXHO CHOPMYAUPOBATD CACAYIOIUM
obpasom: «Marepusi Bcero MHO)KECTBa MUKPO- M MaKpOOO'beKTOB
BceaeHHOJ cymecTBYeT BO BpEMEHM U NPOSABAAET CBOI0 MeXaHU-
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YeCKYI0 MacCy ¥ SHepruio, TOABKO IIOTOMY, 4TO B KaXKA 0 Marepu-
aABHO¥M MHKPOYACTHIE KOTEPEHTHO ¥ C IUKAWIECKOH HeNpephiB-
HOU NEePHOAUYHOCTHIO, MTHOBEHHO NIOSBASETCA M McYe3aeT KBaHT
MOHAABI LeHTPa TsxecT». EAMHAas KOrepeHTHas 4acToTa Koaeba-
HUI BBITEKAeT KaK CACACTBHE M3 TOro dakra, YTO BOAHBI-MUKpPOYAC-
THLBI MacC BEAYT cebst KaK HeCKOHeYHO MaAble EAMHOro HEAOro M
3THMM EAMHBIM LEABIM ABAACTCS UEHTP TAXKECTH Macchl. [Tpu A060it
ObicTpOMeHAIOIENCH Popme, AI0OOI MACcCe U TIPU TBEPAOM MAU KMA-
KOM arperaTHoM COCTOSIHUM BEll[eCTBa, Y BeleCTBa BCeraa NpyUCyTCT-
BYeT LIeHTP MacCChl, CBA3AHHBII C LIEHTPOM MaCC COCEAHMX MaTE€PUAAD-
HBIX TEA ¥ C LIEHTPOM MAacChl 3BE3ABI A IAQHETHI. DTO aKCHOMa, He
Tpebylomas HUKAKUX AOKa3aTeAbCTB. [a30BuIe U NMAasMeHHbIE cpe-
ABI €CAM ¥ MMEIOT o0mMii HEHTP TDKECTH, TO OH HAaCTOABKO TOA-
BIDKEH, YTO €ro PoAb HesHauuTeabHa. )XuaxocTn Toxe 6e3 nmomo-
11 GOPMBI TBEPABIX TEA HECTIOCOOHDBI OOBEAMHUTCS B EAUHYIO Maccy,
a MOT'YT IIPH OXAQXKAEHUM CO3AABATh TOABKO KalleAbHbIE MAU CHETO-
MMOAODHBIE CTPYKTYPHI HE3HAUUTEABHOI MAcC. JTO TOXE He HAAO HU-
KOMY AOKa3bIBaTb. ECAM KOCMOHAaBT NIPOABET B KOCMMYECKOH CTaH-
UM CTaKaH BOABI, TO cobpaTh 3Ty BOAY B eAMHblil ap GyAeT HeBO3-
MOXHO. OHa PACCHINAETCA MEAKMMM KalleAbKaMi. DTOT HaTASAHBIN
IpUMeEP ABASETCS AOKA3aTEABCTBOM, YTO [AAHEThI HEBO3MOXKHO CO-
TBOPUTBL METOAOM CaAMOCIKATHA ra3a M xmaKoctn. CaMockaTue Hauu-
HAeTCs AMIUb TOTAA, KOFAA MAacCa NBIAETa3oBOro obAaka rpesbimiaeT
KPUTHYECKYIO MacCy 3BE3AHOTO Teaa. VI Bceraa U3 nelaerasoBoro 06-
AaKa POXKAAETCA TOABKO OAHA 3B€3AA. A Y)K OCTAHETCS AM OHa OAM-
HOYHOW 3BE3A0M MAU MOPOAUT NAAHETHBIE CITYTHUKH, 3TO APYTO# BO-
npoc. Cuuraifre 3TO 3aMedyaHHe ACIIOAHEHMEM K FAaBe NepBoi, llapa-
rpada Ne3, o mopsigke coTBOpeHyis naaHeT COAHEUHOV CUCTEMBIL.

6. Ob6ocHoBaHUe UCIMUHHOCMIU 30KOHA

MemoooMm oM HPOMUBHOZO

Ecau GBI KBaHTHI EHTPAABHBIX MOHAA HE UMEAM CIocoGHOCTH
MTHOBEHHO MCY€e3aTh U3 MPOCTPAHCTBa BeeAeHHOM, MAM ecaM ObI OHU
OAHAXKABI HE BOCIIOAb30BaAMCh TaKOM CIOCOOHOCTBIO, TO BCe MaTepH-
aAbHBIE TeAQ BCEAEHCKOr0 MPOCTPaHCTBA PEBPATUAKCH GbI B KOHEY-
HOE UMCAO NMOTEHIMAaAbHBIX ToueK. KaXkAas Takas TOYKa HecAa ObI B
cebe NOTEHIMAABHYIO 3HEPruI0 GhIBIIero MaTepUAAbBHOTO MMKPO-
KBaHTa, YNIAKOBAHHYIO AG CBEPXIIAOTHOIO COCTOSIHMSA NOAHON Te-
Aenoprauun. Bes Beceaennas ucdesaa 6bl Kak MaTepHaAbHast Cyll-
HOCTb. B cAepyOLlieM sTare 5TH MOTEHUMAABHBIE TOUKY CTaAM ObI IMO-
TAOINATD B Ce0Sl MarHUTHBIE MTOAS 3BE3A M IAAHET M MarHUTHBIE TIOAS
OBIBIIMX MMKPOKBAHTOB MAacC B BUAE DAEKTPOHOB, AaTOMOB M MOAe-
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KYA. 3aTeM TaKoMY ke NPOLiecCy NOABEPIAMCh ¥ KBaHTBI SAEKTpUie-
cKoil sHeprun. BecuncaeHHOe MHOXKECTBO GOTOHOB AY4EBHIX BHEp-
ruii 3Be3A ¥ PAAMOUCTOMHUKOB HEMEAACHHO NPEKPaTUAM CBOE ABH-
XeHUE U ToXe CTAHYAMCh B IOTeHHMaAbHbie TOuYKM. [lepeBop Bceit
BHYTPEeHHel 3Hepruu BceAeHHOM B NOTEHUMAABHOE COCTOSHME AM-
A -6b1 rpaBUTaLMOHHOE ToAe BeeaeHHOI aHepreT4ecKoi noAnmnT-
KM, M BECh ee NMPOCTPAHCTBEHHBI 00'beM CTaA GBI 1O 3aKOHY CXOAS-
IUXCsl CIIMpaAel] CTAIMBATHCA B AUHYIO NOTEHIMAABHYIO, HUYTOX-
HO MaAylo TouKy. BceM cepbe3HBIM y4eHBIM HaAO TBEPAO IIOMHUTD,
YTO AKE B MEKXTIRaAAKTHYECKOM NPOCTPAHCTBE HET HU OAHOrO K-
60MeTpa aGCOAIOTHOI ITYCTOTLL, 4 €CTh PA3PEKESHHAA MATEPHS, KO-
TOpas COOCTBEHHOM HernpephIBHOIM padoroi ocBo6OANAA ceba oT
M30bITKa SHEPTrMM ¥ IOAYYHAA MAKCHMMAABHYIO CBOGOAY M BbICIIMIA
CTATYC CYIIeCTBOBAaHU B BUAE BCEACHCKOro noAs rpaBuranum. Ho
aTa Boicwas GopMa MaTepuUU MOPOXKAEHA HEADAMYU 3BE3A U TIAQHET U
MMeeT AOCTaTOYHYIO ITAOTHOCTb, YTOOBI YyAepKuBaTh Ha cebe u oxpa-
HSTb «OTBOEBaHHOE» Y bora BceAeHCKoe IPOCTPaHCTBO.

Flocae Toro, Kak MaTepus 1 ee MoAeBble CTPYKTYPHI, B BUAE TeTl-
AOBOJ, MAaTHUTHOM M SAEKTPUYECKOM 3HEPIUM, TIEPEHAYT B IOTEHLIM-
aABHOE COCTOAHME TEACNOPTALMY, KBAHTaM NOASI I'PaBUTALMY HUYETO
He OCTAeTCsA ACAATb APYTOFO, KaK OCBOOOXAATH «OTBOEBaHHOE» [IPO-
CTPaHCTBO OT CBOET0 NPUCYTCTBUA M CTPEMUTEABHO CTATUBATHCA IO
CIMPAAM K LEeHTpY «ObiBliei» Beeaennoit. Ipu sTom opAHOBpeMenso
CBOCH MAaAOH DHepruel CBOpauuBaiomieecs MOA€ BCEACHCKOM Ipa-
BUTaRuK GYAET CTATMBATEH 1O MYTH, A BepHee CKa3aTb TeAeNOpTH-
poBath, He MMelonie MacChi ObIBIIME FAAAKTHKH, 3BE€3AbI M TIAQ-
HEThI, 4 TAKKe BCI0 «TEMHYIO» BCEACHCKYI0O MaTepHi0 K HEHTPY
«Op1BIIel» BeeaeHHOIM. A 4TO ke GYAYT ACARTD Te AYXOBHbIE CYIHO-
CTH, KOTOPBIE COCTABAMIOT LEHTPbI TAKECTEH 3Be3A U IAQHET M LieH-
TPH TSDKeCTel raAaKT4eCcKuX o0pasoBaHmit? Beab OHM coCTOSAT yXKe
He M3 MaTepuy, a U3 TeX AYXOBHbIX KBAHTOB, KOTOPbI€ COCTABASIAM B
TIEpBbI€ STAIbl BCEAGHCKOM XKM3HY becumcAeHHOe MHOXECTBO AYXOB-
HBIX MOHAA LIEHTPOB TsDKeCTel 9HEPrOKBAHTOR MaTEPHAABHOIO MUPA.
B aToM maaHe oy GoAee COBEPIIEHHB!, YEM KBAHTH MOHAA LEHTPOB
TAXECTEl IePBUYHbIX 9HEPTOKBAHTOB B BUAE (POTOHOB, BAEKTPOHOB,
NMPOTOHOB M aTOMHBIX AAEP. HO ecAM KBaHTHI MOHaA HEHTPOB TKe-
cTe#l CBOMM COBEPIIEHCTBOM AOOMAMCH IPaBa KPaTKOBPEMEHHO BbI-
XOAMTD U3 MaTEPUAABHOTO IpocTpaHcTBa BeceaeHHol, B MHpOpMaLym-
OHHOe ApocTpaHcTBO Bora, To u 60Aee coBepIeHHDbIE KBAHTDI LiEH-
TPOB TSDKeCTei 3B€3A U MAAHET, HECOMHEHHO, MMEIOT TaKoe NPABO.
Bot ouu 1 nomoryt Bory cobpare B eAMHYI0 IIOTEHLUAABHYIO TOUKY
He TOABKO BCIO OBIBINYIO MaTepuI0, HO U HPOCTPAHCTBO BceAeHHoI,
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B BUAE BaKyyMa MOAS IPaBUTALIMM, 4 CAMM CTAHYT HAAEXKHOM 3alUT-
HOI1 060A04K0i1 MeKAY MHGOPMALIMOHHBIM HPOCTPaHCTBOM TBopHa
BceaeHHoi 11 €AMHBIM KBAaHTOM HOTEHLMAABHOM SHEPIMH, B KOTOPYIO
npeobpasutcsa ObiBlIas BCeACHCKast MaTepysL.

TTpakTH4YeCKM «BHIBOPOYEHHAA» HA OOPaTHYIO CTOPOHY MaTepus
BceAeHHO¥ cTaHeT HEBMAMMOM M HUYETO He BeCAIeM II0TEHLMAABHOM
TOYKOI1, KOTOPYIO ObIBLIME AYXOBHBIE LIEHTPhI 3BE3A M MAQHET CBOEN
AYXOBHOI 0OOAOMKO# TIPUBEAYT B HETIDOSIBAGHHOE COCTOSHUE TeAe-
nopTanuy, 6ecCMepTHOrO Mo BpeMeHM XpaHeHMA, TaK Kak He Oyaer
HUKAaKOr'o PacXoAa BHyTpeHHel aHeprum. K rakomy o6bexTy nosstue
TIPOCTPAHCTBA ¥ BPEMEHMU M AaXKe NOHSTHE MHEePLUM, HeNPMMEHUMO,
XOTs1 B 9TOM 00beKTe, B IIOTEHLIMAABHOM, He IIPOSBACHHOM BHAE OY-
AET XPaHMUTBCA Ta NOAOBMHA oHepruu BceaeHHON, KoTopas elje He
M3PACXOAOBAHA BO BPEM XKMIHEACATEABHOCTH Haulero Mupa. Takum
00pasoM, eCAM KBAaHTBHI MOHAA IIEHTPOB 0€CUMCAEHHOTO KOAMYe-
CTBa MMKPOOHEProOKBAaHTOB MATEPHH, KOTOpbIe 00OpPa3yloT Maccy M
HOAEBbIE CTPYKTYPBI BCEX MaKpoOObeKTOB Beeaennoii, npexparsr
IMKAWYECKM ¥ TAPMOHUYHO BXOAMTH M BBIXOAMTH U3 HMX L{EHTPOB
TSDKeCTel, He AaBasi BO3MOXHOCTH 3HePIMM MacC HY NMPHKPEIUTh-
€A K NPOCTPAHCTBY, HU CHMPAABHO pa3GeKaTbCs, TO KU3HeAesn-
TeABHOCTb BCEAEHCKOM MaTepuy NpeKpaTurcs, a cama BceaenHasn
CBEpHETCs B MOTEHLMaAbHYIO TO4KY. Ho 51 0c060 moauepkHy, 4TO
3Ta MOTEHHUAABHAs TOYKa He OYAET MAEHTUYHA M TIOA0OHA TO¥ 1o-
TEHHMAABHOM TOYKe, KOTOpoit Bceaennas 6biaa A0 «BoABIIOTO B3phI-
Ba». 3a 15 MMAAMapAOB AeT CBOero CyiiecTBOBaHMA BceaeHHas, Kak
OTAQKEHHBIN MexaHU3M cBoero TBopIla, yxxe nepepaborasa HE MeHee
IIOAOBMHBI CBO€ IIEPBOHAYAABHOI SHEPTUM U MOMTOAHMAA MH(DOpMa-
LMOHHOE TIPOoCcTpaHcTBO Bora ypoxaeM 6ecuuCAEHHOTO KOAMYECTBA
MHGOPMALMOHHBIX KBAaHTOB., JTH KBAaHTHI HABCEIAQ HOKMHYAM MaTe-
PUBABHBII MUP M CTaAM IPUHAAAEXKATH HEBEAOMOMY MHGPOPMAIMOH-
HOMY -NIpOCTpaHCTBY TBopHa BceAeHHOM, Kyaa HET AOCTYNA HUKaKo-
MY MaTepMaAbHOMY KBAaHTY, KOTOPbBIN He A0 KOHIia OCBOGOAMACﬂ oT
OCTaTOYHO! IHEPTHM.

PaccmatpuBas MaTepMaAbHBIA MHUp, MBI ceitdac He GyaeM moa-
pPOOHO paccMaTpUBATD POAB XXUBBIX OPTaHU3MOB M POAb 3€MHOTO Ye-
AoBedecTBa. Mbl 3aiiMeMCsl 5TUM B APYTOM MeCTe, HO U TaK ICHO, YTO
JKMBbie OPraHM3MBbI BO AaBe ¢ 3€MHbIM Y€AOBEYECTBOM, NPOM3BOAAT
caMble YMCThbIe (PPaKLUM TPONYHOTO BOXECTBEHHOI'O AyXa, KOTOpbIE
YXKe He SIBASIOTCSI CAY)KEOHBIM AYXOM, a ABASIIOTCS AYXOBHOI1 CYIIHO-
crbio camoro bora BeeBbnunero He or Mupa Cero, KoTopbiit # 3amyc-
THMA BCEAEHCKMIt MexaHusM aas CBoux OoxxecTBeHHbIX Lieaed. Bee-
AeHHasl pa3BepHyAach He cama 1o ceGe B pesyabraTe «Boabmoro
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B3pbIBa», 8 HACMALCTBEHHLIM CIIOCO00OM, o 3aMbicAy TBopua, HO
OHa ¥ He CONPOTUBAAAACH CBOEMY IEPBMYHOMY TBOPEHMIO, TaK KaK
He 06Aapana HM COOCTBEHHOM BOAEH, HU COOCTBEHHBIM pasyMom. HYe-
AOBEK M 3€MHAs XU3Hb OBIAM COTBOPEHBI TOXXE HACUABLCTBEHHBIM
cnoco6oM, xoraa Matepus BeeaenHoit HapaboTaaa AOCTATOYHOE KO-
AMYECTBO TOHKMX KBAaHTOB, HA KOTOPHIX ObIAa 3aKpeAeHa HECTHpae-
Mas nHpopmaims bora, a Takke cTasa 3aKPENASTBCA M PA3MHOXKATD-
CA MCKaXKeHHas aHeprueil aHTunHGpopMauua. AasbHeiflliee HAKONAe-
HMe B MaTepHaAbHBIX Teaax BceAeHHOM aHTHHHGOPMAIIUY, YTPOXKAAQ
crabuabHOCTH BCeaeHHOI 1 MOTAO MPMBECTY K Pa3PYIIEHUIO NAGHET-
HBIX TeA. YeAOBeK U BCEAEHCKast J)KM3Hb HACMABCTBEHHO BHEAPEHbI
Ha mAaHeTHble Teaa COAHEYHON CHCTEMbl, Kak HEOOXOAMMBIH dAe-
MEHT JXM3HeAeATEeAbHOCTH BceAeHHOIM, AAST YTHAM3aMK U Niepepa-
OoTiu KBaHTOB aHTHMHPOPMALMM B YMCTDHIA M OCBOOOKACHHBINA OT
anTMMHGOpMAlMK ¥ DHEPTUM AYXOBHBIN ypoxai TBopua Bceaen-
Holt. O0bepMHEHHDIE B MBICASIIME AYXOBHbBIE CYLIHOCTH BHYTPEHHMUE
AYXY, TIMTASACh BHTUMHGOPMALIMEN, TOXXE UCTIOAHSIAU POAb YTUAM3A-
TOPOB U1 He JXEAAAU, YTOOB! )KM3HD U YEAOBEK UCTPeBGASAN MX AYXOB-
HY10 3Hepruio. OHM IPOTUBOAEICTBOBAAY KU3HM 1 YEAOBEKY, KaK CBO-
UM KOHKYPEHTaM M CMePTEeAbHbIM BparaM. VI B aToM npoTusoaeicT-
BMU HEOAHOKPATHO A€AAAM NOMBITKM McTpebaenus xusuu. Ho nocae
Kaxaoro ucrpedsesis Bor BoccraHaBAMBaA XKHU3Hb B HOBOM Kage-
crae. Ceifyac MAET 3Tal, KOTAa 60ro6op4ecKue Ayxu BpeMEHHO CMU-
PMAMCD C HeM30eXXHOCTDIO XMU3HH, HO M3MEHUAM TAKTUKY ¥ 3aMbICAU-
AM TTOAYMHMUTD YEAOBEKa TAKUM 0Opa30oM, YTOObI OH U3 MHCTPYMEHTA
Bora npeBpaTiACA B MHCTPYMEHT BHYTPEHHUX BCEAEHCKMX AYXOB,

M3 aTnx paccyxpenmit AcHo, uro TBopiy BceaenHoi HeT HuKa-
KOT0 pe30Ha OCTaHaBAMBATh BCEACHCKHME TIPOLIECCH MPEXAE BpeMe-
Hu. OH BripaboTaeT sHepruio MaTepuaAbHOM BceaeHHOI, A0 KaKoro-
TO, OAHOMY EMY M3BECTHOTO KPUTHUYECKOTO MIPEAEAA, ¥ TOABKO TOTAA
NpeBpaTUT OCTATOYHYIO SHEPrui0 MaTepuarbHOM BceaeHHOM B mo-
TEHIMAABHYIO HEMPOSIBAEHHYIO TOYKY, O KOTODO MbI Bbillle TOBOPU-
AM. M1 paccMOTpeAM, 4TO NpoU3oMAeT BO BceaeHHOM, eCAM 0AHAXKADBI
KBaHTBI MOH3A LIEHTPOB GOTOHOB, 3AEKTPOHOB ¥ AaTOMHBIX SAEP BCETO
MHOXECTBa Y BCeTO KOAMYECTBA XMMUYECKMX DAEMEHTOB U MX COEAV-
HEeHMIT IIepeCcTaHyT B PUTMUYECKOM IMKAE ITOKUAATH LEHTPBI sHep-
FOKBaHTOB, i 33A€PKaThCs B HUX XOTs Obl Ha CeKYHAy. AaBaiiTe pac-
CMOTPMM U aAbTEPHATHBHBIN BapMaHT, MBICAEHHO TIDEACTaBUE cebe,
YTO KBAHTHI IEHTPAABHBIX MOHAA OAHA)KABI BBILIIAM ¥13 IPOCTPAHCTRA
Beeaennoit 0 TYHHEABHBIM TIEPEXOAAM M Ha CEKYHAY 33AEPKAAUCDH
B uHdopmanmonHoM npocrpancrse bora. B aToit curyaumu maccst
3Be3A M IAAHET B30OPBYTCA KaK CBEPXMOIIHbBIE SACPHbIE YCTPOHCT-
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Ba. [To n3BecTHOM popMyAe, YTO SHEPTUA PaBHA MAacCe, YMHOXKEHHOM
Ha KBaAPaT CKOPOCTH cBeTa, BCs Macca BeeaenHoi, 6es Beskoro oc-
TaTKa, IPEBPATUTCA B CAENYIO SHEpIuio. ByAeT YHMUTOXXeHa He TOAb-
KO 3eMHas >KM3Hb, HO BcAKast MHQOpMaLMsA U aHTMMHPOPMALMS TYT
e GYAYT CTepThI C BHYTPEHHMX IIOAEBBIX CTPYKTYP M C AYXOBHBIX HO-
cUTeAelt BHYTPEHHHMX BCEAEHCKMX AyXOB. HacTynur MCTHMHHBNM 3Hep-
reTHYeCcKMit Xaoc, B peayAbTaTe KoToporo BeceaenHas norepser BCiO
nHGOPMALIO, HAKOMACHHYIO 32 15 MMAAMAPAOB A€T CBOETO CYIHeCT-
BOBaHWUA, a CAeNasA dHeprusl, B NpoTMBOOOpCTBe cama ¢ coboit, npe-
BPaTUTCA B OAHOPOAHBIE CTYCTKM, HECIIOCOOHBIe K CAMOOpraHM3a-
uun. Beab oA caMoopraHusaumm HyxHa MHbOpMaLMA, A AAXKE CAY-
XKebHYI0, a He TBOPYECKYI0 MHPOPMAIINIO, MOJKHO 3aKPENnTh TOABKO
Ha TOHKMX KBaHTaX MaTepyun, KOTOPble OTACACHBI OT «CAETIOH» aHep-
CHH MACC Y CYIECTBYIOT B BUAE COOOINECTBA NOAEBHIX CTPYKTYP Terl-
AOBOW, MarHUTHOM, 2A€KTPUYECKON M TPABUTALMOHHOM NIPUPOADIL.

AAs sakpenAeHus TBOpUeckoit MHGOPMaLuM, B TOM YHuCAE U
aHTMMHbOpMaLMK, Bo BceAeHHOM CO3AQHBI BHYTDEHHME AYXOBHbIE
CTPYKTYPBI, BKAIOUAs ¥ 3eMHOE YeA0Be4eCTBO. CTpeMsACh K OAHOPOA-
HOCTH, SHEPIeTH4eCKui1 XaoC HAMMOAHUT STU TOHKHE CTPYKTYPHI CAe-
MOV 3HEPrueit ¥ PaspylumT, IPEXXAE BCEro, CaMy CAyKeGHYIO U TBOp-
4ecKyo MHGOPMaLMIO, a 3aTeM, YHUITOXHUT Y IPEBPATUT B CBOE SHEP-
reTU4eckoe nopaobme sceobweii GAHOPOAHOCTH, M CAMMX HOCHTEAEN
TBOpYeCKoil uHGOpMauuu. Aaxke COTHH MUAAMAPAOB A€T CYIIECT-
BOBaHMS SHEPreTH4ECKOro Xaoca He MOTYT HOPOAUTH B cebe He
TOABKO KaKO#-TO 0cMbicAeHHO# nHopManuy GyHAAMEHTAABHBIX
3aKOHOB BceAeHHON, HO ¥ CAMMX TOHKUX KBaHTOB AASl 3aKperiAe-
HHA CAyXeGHoM uHpopmanmn. Ho sHepreTuka Taxkoro sceoflero
Xaoca OT HelpepbIBHOM 60pbObI M NPOTUBOOOPCTBA GyAeT MEAAEHHO
uctpebastoca. OpHaxo nHpOpMaLMA He NOPOXKAAETCA HA U3 MaTepH-
AABHOJ MacChl, H4 M3 3HepreTM4yecKoro xaoca. OHa PUBHOCKTCA U3-
BHe U Pa3MHOXaeTCA nmoaesbiMM dopmamu Matepun. Ecan TBopen us
HEBEAOMOro MRPOPMallOHHOTO POCTPAHCTBA He NPUBEAET 3HEP-
reTMYECKuif XaoC B MaTepMaAbHYI0 FADMOHMIO M He NPMBHECET B
TAPMOHMYHBII MMP CcAyXXeGHYI0 M TBOpYecKyio nHpopmanmio, To
paspymieHHasi BceaeHHast TaK ¥ OCTaHeTCA CAENON 3HepreTuye-
CKOit GOABaHKOM, HeCIIOCOOHOM X CODCTBEHHOMY OCMBICACHHIO U
CcOOCTBEHHOMY TBODYECTRY.



Mmasa Vi

MACCA MATEPY KAK MCTOYHUK MONEBBIX
GOPM, KNETOYHOM KM3HH, |
CO3HAHMA M PA3YMA YETOBEYECKMX AL

1.Hpocmpancmso u dsouyHoe pacuyenserue

MeXaHu4ecKux Macc

Koraa y4yeHble TOBOPST, UTO B pe3yAbTare XM3HEAEATEABHOCTH
Y BbIpaGOTKM OIPOMHOrO KOAMYECTBa AY4eBO# dHeprum, Beceaennas
TIPOABUTAETCA K BHEPreTUYECKOM OAHOPOAHOCTH, TO 3TO HE YTO MHOE,
Kak oboabieHne cobcTBeHHOro pasyma. Becs o6bveM peasbHo cyue-
CTBYIOI[MX HEOAHOPOAHOCTEN, B BUAE TEIIAOBBIX, MATHUTHBIX, DAEK-
TPUYECKMX UM IPAaBUTALMOHHMIX MOA€, a TaKKe B BUAE BHYTPEHHMUX
AYXOB, KaK xpaHureaest nupopmauuu 1 antnnHGopMaLuy, BKAIOYAs
KAETOYHYIO XM3Hb U TEAECHYIO XM3Hb YE€AOBEKa, MOPOXKAEHBI U3 Me-
XaHWYeCKMX Maccoobpasyommx MUKPO- M MAKpOKBAaHTOB BCEAEHCKO-
ro mpocTpaHcTBa. IIpuyeM AAsl IEPBUMYHOIO TIOPOXKAEHMUS TMOAEBbIX
CTPYKTYP, Ha KOTODHIX 3aKpemAeHa cAyXebHas uHpopmauma Tsop-
1a BeeAeHHOM, AOCTATOMHO OBIAO HUKAMYECKOTO NIPUCYTCTBYA B LiEH-
Tpax MaccoofpasyoIMX MUKPO- ¥ MaKPOKBAHTOB LIEHTPAABHBIX MO-
Hap,. TIpuHyxaas MexaHuyeckue Maccoobpasyiollje KBaHThI Helpe-
PBIBHO CXOAMTBCS M PACXOAUTHCH, Macca COGCTBEHHBIMU YCUAMAMM
BhIpabaThiBaAa 9HEPIUMIO OTACABHBIX KBAaHTOB aTOMHBIX SIA€P M BbI-
OpacsiBaAa MX U3 ATOMHBIX SAEP KaK HEHYXKHBIN «XAAM» U COOCTBEH-
Hble 9KCKpeMeHThl. MOHaABI LIEHTPa Maccoo0pas3yIoHIMX d9HeProKBaH-
TOB HAACASAM DTM BBHIOpOMIEHHDIC, SHEPIEeTUYECKM HMIME SHEpro-
KBaHTB! CAY>XeOHOI1 MHbOpMalMelt M YIUAM UX B3aMMOAEHCTBOBATD
MeXy co60it ¥ yrpaBAsATb 3SHEProKBAHTAMM MaccC, B Ka4eCTBE AMMHBIX
MOMOUHUKOB AYXOBHBIX MOHAA LieHTpa. Tak GpiBllINe OTXOABI «IPO-
M3BOACTBa» MOCAEAOBATEABHO PA3AEASIAUCH Ha ABe BeTBU. T10 0A-
HOI BETBM OHM CTAHOBMAMCHL MHPOPMALMOHHBIMM CTPYKTypamMmu
¥ KBaHTAMM TPaBUTALMM, 3aTeM KBAHTAMU TENAOTHI, a 10 APYTOif
BeTBH KBAHTAMM MAarHMTHOM M dAeKTpu4eckoi 3Hepruu. Ho kak
KBaHTBI IPAaBUTALMM, TaK ¥ KBAaHThl MarHUTHOM SHepPTMM, NPEX-
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Ae BCEro, IOPOXXAAAM HOBbie 00'beMbl BCEACHCKOIO NPOCTPAHCT-
Ba! Ynpapastiouue GpyHKUMM STUX TTIOAEBBIX CTPYKTYP BUAHBI HEBOO-
PYXeHHBIM rAazoM. Ho TOABKO HM OAHA 10AeBad popMa MaTepHH He
ABASIETCA BEYHOI CYLHOCTBIO. Bce HEOAHOPOAHOCTH BUAMMOTO MUpa
MOPOXAEHB MEXaHMYECKMMM BCEACHCKUMM MAccamu, a BCst OyAymas
HEOAHOPOAHOCTb, He0OXOAMMasn AA Oyaymieid xusuu BeeaeHHOM U
3eMHOTO YEAOBEKa, BpEMEHHO YNakoBaHa B MUKPO- ¥ MakKpooObex-
Thi BCEAGHCKMX MacC.

KBaHTbI M3BECTHBIX BMAOB ITOAEBBIX (POPM MaTEPUM B BUAE TETIAO-
BOi1, MATHUTHOM Y 9AEKTPUYECKON SHEPruM, Yepes B3auMOAENCTBHS,
HEMpEPHIBHO UCTPEOASIOT COOCTBEHHYIO 9HEPIUIO U, yMUpad, nepexo-
AST B LEHTD TSDKECTU HeDeCHOTO TeAa, KaK TAABHBIN OpPraH ynpaBAe-
HUA U MHULMATOP SHEPTeTUYECKMX MPOLIECCOB 3BE3AHOIO MAM MAA-
HeTHOro TeAa. Ho CTOABKO e, CKOABKO YMUPA€ET KBRHTOB MATHUTHOM
¥ BAEKTPHUYECKOI1 IHEPTUH, CTOABKO BO3POKAAETCA MAM M3 CAMOM Ma-
TEpUM, YTO XaPaKTEPHO AAS MaTEPUM 3BE3AHBIX MACC, MAM M3 OCKOA-
KOB (POTOHOB AyyeBBIX SHEPruii BHEUTHUX MCTOYHMKOB, IIPU MX B3aK-
MOAENMCTBUM C MAaTEPUAADHBIMM TEAAMM NAaHeTHhIX Macc. [loAeBnie
KBaHTHI TENAOBOI NPHUPOALI IPUBHOCATCA B IIAAHeTHBIe TeAa ¢o-
TOHAMM BHEHIHWX MCTOYHMKOB. CaMu 1o cebe TenAoBbie KBaHThI
ABASIOTCA YMEPIIMMY KBAHTAMM I'PaBMTAIIMOHHBIX TMIOAEH BCEACH-
cxoro mpocrpaicTtea. Hn opona Mexanmyeckasi Macca 3Be3AHOrO
TeAa He NOPOXKAAET B ceGe TeMAOBbIe KBAHTHI, 4 AMIIb HCMOAB3Y-
€T K IKOHOMHO PAaCXOAYET Te KBAHTHI TENAOBBIX IHEepPruit, KOTOphie
6b1AM HAKOTIAEHH B 3BE3AHOM MaTepuy B IEPHOA CYLIECTBOBAHMS
3BE3ABI B BIA€ NBIAETA30BOI TYMaHHOCTH. BaauMoaeitcTBya ¢ Mac-
CaM¥ IIARHETHBIX ¥ 3BE3AHBIX T€A, TETIAOBbIE KBAHTHI TOPOKAAIOT HO-
Bble KBaHTHI TIOACH IPaBUTALMK MAM TIOPOKAAIOT NIPOCTPAHCTBO Ba-
KyyMa M TEM CaMbIM IIPEAOTBPAHIAIOT CBOPAYMBaHue BCEACHCKOTO
[IPOCTPAHCTBA Y 00eCreYNBAIT AVHAMUYECKYIO CTAGUABHOCTD 1 rap-
MOHMIO BceAeHHOM KaK eAMHOTO MPOU3BOACTBEHHOTO MEXaHM3Ma,

KBaHTBI OASI rpaBUTaLIM MMEIOT MMHMMAABHYIO 3HEPIMIO, HO
B3aMeH el IIOAYYMAM MaKCUMAAbHYIO IPOCTPAHCTBEHHYIO CBODOAY U
noMCTUHE GesrpaHnyHbie CriocoOHOCTH, B peaAbHOM MacuiTabe Bpe-
MeHM BBINOAHATE CAOXKHbIE MaTeMaTH4YeCKUE AESICTBUA CYMMMPOBa-
HUsI BEKTOPDHBIX BEAWYMH OT BCEX L{EHTPOB TsDKECTel MaTepHUaAbHBIX
00BEKTOB BCEAEHCKOro NpocTpaHcTBa. KpoMe Toro, rpaBUTalMoOH-
Hble IIOASL HaAEACHBI MPaBOM OBITh NOCPEAHMKAMM MEXAY lLeHTpa-
MU TAXKecTell HeGeCHBIX Tea, IyTeM IepeAauy MHGopMaLMK O Mac-
Ce U PacCTOAHUU A0 AoGoro HebecHoro Teaa. CoGCTBEHHO roBo-
psA, PYKOBOACTBYSICH MHQOpManmeit oA rpasuranmuy, HebecHsie
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TeAa ¥ ABIXKYTCA IO cBOoMM op6uTtaM. OAHaKO MH(oOpMALMs KBaH-
TOB TOASI TPAaBUTALMV HENPEPHIBHO KOHTPOAUPYETCA U IpOBEpsieT-
CsT AYXOBHEIMM LIEHTPAMH TsKecTeil HebecHnix Tea. CoBecTs, co3Ha-
HUE M AQ)KE YePTHI XapaKTepa 4YeAOBeYeCKMX Aylll, QOpMUPYIOTCS B
OCHOBHOM ¥3 OBIBIIMX KBaHTOB TIOAEH IPABUTALMM MAU M3 BaKyy-
ma BceaeHHoi. BoT AAst TOTO, 4TOOBE MaTepHaAbHBIE KBAHTHI IIOAEH
rpaBMTaliMM OKOHYATEAbHO YCOBEPIIEHCTBOBAAKUCH M 3a0bIAM O CBO-
€M MaTepuaAbHOM «pabcrBe», TBOpel u pacIiMpsIA MO CIMpPaAsIM, B
Tedenue 15 MMAAMAPAOB A€T MpOCTPaHCTBO BeeaeHHoi, obecnevun-
Basd BPEMEHHYIO «M30AALMIO» KBAaHTOB IOAS FPaBUTALMU OT COIPU-
KOCHOBEHMsA C BbICOYaifuieil SHEPruelf MaCCHBHBIX HeOECHBIX TeA M C
MX HWKHMMM IOAEBBIMM CTPYKTypamu. U B aToit pabore, TBopey py-
KOBOACTBOBAACSH M PYKOBOACTBYETCSA He TOABKO MaTepHMAAbHBIMM, HO
U AYXOBHBIMU 3aKOHAMM.

Ecau 6b1 coTBOpeHMe KBaHTOB TOAei IpaBUTaLuM OBIAO IAaB-
HoM 3apaveit TBopia Beeaennoit, To Emy He morpeGosaaoch coTBo-
PATH BCEAEHCKYIO )KM3Hb M 3eMHOe YeAoBedecTBO. Toraa 661 OH op-
raHM30BaA MOIHHbIE TYHHEABHBIE IIEPEXOABL, B BUAE «UEPHBIX ABIP»,
KOTOpble HAOAIOAQIOT COBPEMEHHBIE aCTPOHOMBI, ¥ 3a0UpaA KBau-
THI rPAaBMTALMM B CBOE MHPOPMALMOHHOE IPOCTPAHCTBO rAe-HUGYAD
Ha rpaHutax BceaeHHoM. Tak M MOXHO IIOAYMATh, €CAM NIPUHATD AAA
cebs1, YTO HecOBeplLIeHHbIe M HEOYMIL|EHHBIE OT OCTaTOYHOM SHEPTUM
KBAHTh! IOASA TPaBUATALIMM SBASIOTCA BBICHIMM AOCTVDKEHUEM €€ 3BO-
AIOLUMOHHOTO Pa3sBMTUS M CMBICAOM CyllieCTBOBaHUA Beeaenuoit. Ho
XM3Hb-TO cylecTByeT! Mbi ¢ Bamu XuBeM, UCIIBITHIBa€M PEXOBHbIE
TeAECHBIE JXEAAHMA, peaausyeM Mx uAau 6opemcs ¢ Humu. Mcnbitsl-
BaeM YyYBCTBa AIOOBHM, HEHABHCTH, 3aBUCTH, CTPEMMMCS CAEAATh YTO-
TO IOAE3HOE AAS CceDs 11 CBOMX OAMBKMX M BPEAHOE AASL CBOMX Bpa-
roB. Bo Bpema cBOeJl KM3HU MBI He TOAbKO PacTpaduBaeM TeAec-
HYIO 3HEPIHIO, HO PACXOAYEM M AYXOBHYIO dHepruio. Mbi TBOpUM U
MBICAMM, M TEM CaMbIM, IPUBOASA CBOM TEACCHbBIN OPraHU3M K He-
M30€XKHOM CMEPTH, COBEPIICHCTBYEM Te KBAHTHI AYXa, KOTOPbIE CO-
CTaBAAIOT MHPOPMALMOHHYIO OCHOBY Hallleil YeAOBEIECKOM AYIIH.
Ho otkypa u xakum 06pa3oM, MOTAa NOSIBUTBCA 5TA OCHOBA AAS 3a-
KpeIAeHUs M XpaHeHHUs MHPOPMaLMK B HAIIUX AYHIAX M AASE TBOpYE-
CKOT'O OCMBICA€HUA OKpYyXamollero Mupa? UroOn! moHATH 3TO, CACAY-
eT NPU3HATDH, YTO Bhiciias (PopMa CYyH[eCTBOBAHUA MATEPUN B BUAE
BaKyyMa BCEACHCKUX NOAeH rPaBUTALUU He SIBASIETCS HOCACAHUM
3BEHOM B COBEPUHIEHCTBOBAHMY MAaTEPHU U He ABAACTCS KOHEYHOM
LJeABIO 9BOAIOLMY BCEACHCKOIH MaTepUH M DBOAIOLINK BCEAEHCKOTO
NPOCTPAaHCTBA.
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2. CBA3b menAombpl 4 BAKYYMA HOAA 2pasumanuu

Yepes onpeAeAeHHOEe BpeMs IPEXAE POXKAECHHbIE KBAHTDI ITOAS
TpaBMTALUH TEPSIOT CBOXO BHEPTMIO, HO COBEPIIEHCTBYIOT CBOU MH-
dopmMaluoHHble COCOGHOCTH. Yoke Ge3 moMowy 1 6e3 MOACKasKy Ay-
XOBHBIX LIEHTPOB 3Be3A M ITAQHET, OHM 110 COOCTBEHHOM BOAE U Ke-
AQHMIO OOBEAVHSIIOTCA B KOAAGKTUBHbIE MHOXKECTBa, He MO NPUHLK-
Iy POACTBA DHEPIrUH, a N0 NMPMHIKITY POACTBa nHGopMamyu. Tak, B
KOCMMYECKOM IPOCTPAHCTBE BCEACHCKMX NOAEi FPaBUTALIMU YMMUPa-
€T coBepuieHHas noAeBas pOpMa MaTepuM U POXKAAIOTCA 0600men-
Hble KBaHTh! OYAYIIero HECOBEPIIEHHOTO NEPBOPOAHOIO AyXa, KOTO-
pble B HAYAABHOM CTAAUY SBASIIOTCA KBARHTaAMM TENAOBOM NPHPO-
ABL VIx 6eCKOHEYHO MaAble OCTATOYHbIE SHEPTUM [IOCAE OObEANHEHUA
B KOAAEKTUBHbIE MHOXXECTBA CTAHOBATCA 3HA4MMOM KOHEYHO BeAM-
uuHoi. Ho 3TO yXe coBepieHHO apyrue KBaHThl! JIx raaBHOe OT-
AMYHE OT MaTePUAABHBIX KBAHTOB B TOM, YTO MaTepus BCAYECKM,
¥ A1000i1 LIeHO CTPEMMTCA COXPAHUTh CBOXO SHEPIMIO, AAKe Ie-
HOM YHMYTOXKEHUS MAY MCKa)KeHMsT HAKONAeHHOM uHopMaiumy, a
KBaHTBI TEIAOBOM NPUPOABI C PAAOCTBI0 OTAQIOT CBOI0 SHEPIuUIO,
YTOOBI NOAYYMTH BO3MOXXHOCTD PaCIIMPUTH CBOM MHPOPMaMOH-
npie cnocobHocTn. OHM OeperyT HaKONAEHHYI0 MHopMalno, Kak
3€HMILY OKa, AQXKe €CAM OHA MCKa)KeHa HPU Nepeaade u ABAAETCA He
undopMaLmeit UCTUHBL, a uadopMauueit Axu. TA06aAbHBI BHIBOA 113
9THUX PACCY)KAEHMIT 3AKAIOYAETCA B TOM, YTO HabAIOAaeMbie HAMH OT-
pOMHbIe, «Oe3A0HHEIe», MPOCTOPE KOCMUYECKOTO APOCTPAHCTBA
He eCTb 6eCcCMBICACHHAN Y HUKOMY He HY KHas IIYCTOTa, a eCTh He-
06x0pMMasn 06AacTh TpexMepHOro o6beMa, oTBeaeHHas TBopLom
BceaeHHOIt AAST )KU3HU M COBEPHIEHCTBOBAHMA KBaHTOB IpaBMUTa-
MM, KQaK OAHOM U3 Bbicieit GopMbpI MaTepMaABHOTO MMpa.

Koraa mMb1 paccMaTpuBaeM paboTy M )XusHb OOBIKHOBEHHOTO aTo-
Ma MAM MOAEKYABI XMMMYECKOTO DAEMEHTa, TO OOHapyXuBaeM, YTO
JAEKTPOHBI 3aLIMTHbIX OpOMTAA€!l aTOMHOIO JAPA, TIO TIPOBEpeH-
HbIM (GODMYAaM KBAaHTOBOM MeXaHMKH, POPMUPYIOT papMyc cBoeit
3AIUTHON 0OBGOAOYKM BOKDPYI aTOMHOTO SApA B CTPOTOM COOTBETCT-
BMUM C DHEPreTU4eCcKUM ypoBHeM aroMa. Harpumep, ecan aTom BOAO-
POAQ TMOTAOLIAET OAMHOYHEIN GOTOH, TO ATOM MEPEXOAMUT Ha BTOPOiL
SHEepreTUYEeCKUIL YPOBEHD, @ €70 PAaAUYC BO3pAcTaeT NpONOPLOHAAD-
HO KBaApaTy SHEPreTMYeCcKOro ypoBHs. AAst BTOPOT0 sHepreTU4ecKo-
ro YPOBHS PAaAMyC aTOMa BOAOPOAA YBEAMYMBAETCS B ueThipe pasa.
M3BecTHO, 4TO 06'beM MPOMOPLMOHAAEH KYOy pasuyca, 3HaYUT, 00b-
€M aTOMa BOAOPOAA TOABKO OT OAHOTO IIOTAOIIEHHOTO GOTOHA MaAOH
SHepruu, Hanpumep, oT GOTOHA CRETOBOIO CIIEKTPa, BO3pacTaeT B 64
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pasa. CoBeplleHHO 04€BHAHO, YTO 3aIMTHAS OPOMTAAD DAEKTPO-
Ha aTOMa BOAOPOAA He AASL TOTO NOrAaomaeT GPOTOH BUAMMOTO CBe-
Ta ¥ YBeAMYMBAET NPOCTPAHCTREHHBIH 00'bEM ATOMA BOAODOA2 B
64 pasa, YTOOBI GE€CCMBICACHHO XPaHUThb B HENPNKOCHOBEHHOCTH
3TOT NOTAOIEHHHBIT POTOH B CBOMX Heppax. B pocTpaHcTBe aToM-
HOTO siApa OTOH pazOupaeTcsa Ha MEAKME SHEPTOKBAHTDI, M €T0 SHEp-
FeTUKA UCTIOAB3YETCA AASI SHEPTETHHECKOM IIOATIUTKMA MEXaHUYEeCKMX
KBaHTOB. TeM cambiM 06ecrieunBaeTcs nopaep>xaume paborocnoco6-
HOCTH IIPOTOHA ATOMHOT'O SAPA M OAHOBPEMEHHO HaCTb KBAHTOB ObIB-
mero $poToHa uabapasteTcs oT usAmiunen aHeprium. Ho uro npeacras-
Asiet coboit pa3obpaHHbli GOTOH?

Mmui yXe Bbillle TOBOPMAM, YTO POTOH Ha CBOEM IYTH, OT MOPO-
AMBLIIEN €r0 3Be3Abl AO NAAHETHOTO TEAA, HENPEPBHIBHO ITOTAOLIAET
«MePTBble» KBAHTbI BCEAEHCKOTO ITOAA IPABUTALIMU. ITU «yMepilne»
KBaHThI TPABUTALMOHHOrO TIOASL, CTAaAM KBAHTaMM TEMAOBO NPUPO-
ADBlL, M CAMM C PaAOCTBIO OTAAIOT CBOIO OCTATOYHYIO 3Hepruio ¢oTo-
Hy. [To myTH cAeAOBaHNs OHM He BhIOpachIBAIOTCA HAPYXKY B BaKYYM, &
CAEAYIOT B YpeBe (POTOHA K MECTY €ro pa3bopKy MAM K MaTEPMAABHO-
My TeAy. Takmm oOGpasom, pasoGpannbiii POTOH B upeBe aTOMa BO-
AOPOAQ MAM B UpeBe AI0OO0H aTOMapHO-MOAEKYAAPHOM CTPYKTYphI
NAGHETHOTO TeAR, MPEACTABAAET C000M «CIPEeCCOBaHHBI» 00b-
€M ObIBIIEro BCEACHCKOTO BaKyyMa, a Taloke KBAHTHI MarHWTHOM
H JAEKTPMYECKOH NPUPOABI MATEPMHCKOIC 3BE3AHOI'O TeAa MAM
aKTHMBHPOBAHHOM ra30BOM TYMaHHOCTH. Sl He MOTY TOMHO CKa3aTh,
«CTpeccoBaH» AM, HaNpUMepP, B OAHOM (GOTOHE CBETOBOrO CHEKTPa,
OAMH KYOOMETp BakyyMa MAM B HEM 3aKAKOUEHO MHOrO KyOuueckmx
KMAOMETPOB BCEAEHCKOTO MPOCTPAHCTBa? 3TO 3aBUCUT He CTOABKO
OT 4aCTOTHI SAEKTPOMArHMTHBIX KOA€DaHMIL, CKOABKO OT BpeMeHH, B
TeyeHue KOTOPOro CymecTBoBaA GoTOoH, 4T0Ob AOOpaThCA OT OKpa-
uH BceaeHHOM A0 Halllero mAaHeTHOro TeAa. OT AAMHBI BOAHBI (POTO-
Ha 3aBMCUT TOABKO €Tr0 SHEPreTHKa, a BOT Ka4eCTBO M KOAMYECTBO
UHGPOPMAIMOHHBIX KBAHTOB TENAOBONM NMPUPOAB], NOAHOCTDBIO 3a-
BMUCHT OT MHGOPMAIHK 3BE€3AHOrO IPpapoAnTeas GPOToHa U OT Bpe-
MEHM ero MyTelUIeCTBUsI OT MECTa POXKACHMUSA AO MAAHETHOrO TeAa.
A aymaio, 4To HanOoAee KauyeCTBEHHDI AYXOBHbII MaTepuaA Ha Haury
ITAAHETY AOCTABASET Ay4eBas SHEePIyusl CAMbIX AQABHMX BCEAEHCKUX
UCTOYHUKOB.

YToOBI ITOHATDH Pa3AMYME MEXAY ONIACHBIMM AASL TEAECHRIX Opra-
HI3MOB (POTOHAMM raMMa-KBaHTOB PEHTIEHOBCKOTO crieKTpa u ¢o-
TOHAMM BUAMMOTO CIIEKTPa UAM AAMHHOBOAHOBOIO CIIEKTpa Pasuo-
U3AYYEHUIT, HAAO NMPEACTaBUTh QOTOHBI He B BUAE COOPIMKOB STOA
Ha TI0A€ KOCMMYECKOIO BaKyyMa, a B BUAE pPHIOAKOB, MMEIOLMX CeTH

.

158



C pasHBIMM pasmepamy siueeK. DOTOHBI PEHTIEHOBCKOTO AMarniasoHa
MMEIOT CETH C CAaMbIMM KPYNHbIMU styeiikaMu. OHU M AOBAT CaMble
KPYIHBIe 00 beAMHEHMT AKTUBUPOBAHHBIX TEIIAOBBIX KBAHTOB, He 3a-
Medasi MeAKUX poioeiek. IT0aTOMy OHM 1 ABASIOTCA BBICOKOTEMIIEPa-
TypHbIMU. YeM G0AbIIE AAVHA BOAHBI POTOHA, TEM MeAbde UeHKM
ero cetn. OH OTAGBAMBAeT MeAKue 0ObeAMHEHUS HeaKTMBUPOBAH-
HBIX KBaHTOB TENAOBO MPMPOADI, TOABKO ONIPEAEAEHHOJ BEAWYNHB
OCTaTOYHOI SHEPTETHKM M HAKONMAEHHOM MH(OpMaLyH, U BOBCE He
samevalor Hu GoAee KpYNHBIX, Hu OGoaee MeAxux poibemrexk. TToaTo-
MY OHM U SIBASIIOTCSL «XOAOAHBIMM» QOTOHAMM «PEAMKTOBOTO» M3AY-
4YeHUs NAU (POTOHAMU PaAMOBOAHOBOTO AMaria3oHa. BosBpamasach K
aTOMY BOAOPOAA, KOTOPBIif OT HOFAOLIEHN: QOTOHA TIepeleA Ha BTO-
po¥t SHEPreTHYECKMil YPOBEHD M YBEAUHMA CBOM IPOCTPAHCTBEHHBIN
06BbeM B 64 pasa, HAAO 3aMETUTD, YTO ATOM BOAOPOAQA HIOTAOIIAET He
Bce GOTOHI 6e3 pasbopy, a TOABKO Te, KOTOPbie IIPEAYCMOTPEHEI €ro
CIIeKTPOM IOTAOINEHUA. AAs BOAOPOAA XapaKTePHA U3 IUMPOKOTO
CTIEKTpa AMIIb OAHA AMHENKA C AAMHOM BOAHH! 21 caHTUMeTp. Apyrue
bOTOHBI OH OCTaBASIET AASL PAa36OPKI CBOMM COCEASM MO TabAMLE XM11-
MMUYECKMX DAEMEHTOB MeHpeAeeBa.

Ho mocMotpum, yro 6yAeT HMPOMCXOAMTH C aTOMOM BOAOpO-
Aa paabure? Ecavt HOBBIX POTOHOB HY)KHOTO CIIEKTpa IPY OYEPEAHOM
UMKAE OCMOTPAa MEXaTOMHOIO IPOCTPAHCTBA DAEKTPOHHOM opbuTa-
AbI0 He 6yaer oGHapyXXeHO, TO IAOTHOCTH BHEPTMM BO BHYTPEHHeM
npocTpaHcTBe 06beMa aToMa depe3 KOPOTKMIA IPOMEXYTOK BpeMeHM
YIIaAeT M OpOMUTaAAD MepeifAeT Ha NEPBbiil SHePreTU4ecKuii ypoBEHb,
COKpaTHB 00'beM NMPOCTPAaHCTBa aTroMa B 64 pasa. Ho, nepea TeM xax
BEPHYTbCS B UCXOAHOE COCTOSHMUE, «COXPaB» M NPOrAOTHB QOTOH B
CBOE YPEBO, ATOM IPUXOAMT B BO36YXAeHHOE COCTOsIHME. DTO BO36Y-
KAEHHOE COCTOSTHUE YCKODSeT MEXaHMIECKYI0 CKOPOCThb mnepeme-
HIeHUA aTOMa B BellleCTBE MaTepUM M BOCIIDHMHIMAETCS HaYKOM Kak
AOKAABHO TIOBBIIICHHE TEMNEPaTYPhI. Aa ¥ KOMY He 3aX04eTcs obe-
raTh ¥ OPE3BUTHCSA T10CAE NIPHEMa SAOPOBOI U NoAe3HO Tiniy! Pas-
BE MOXXHO TPEACTABUTD )XU3Hb yeAoBeKa Gea rpuema rmumy u 6e3 ABH-
KeHUA? ITO TOABKO GUAOCOdDI TOBOPSIT, YTO S MBICAIO, 3HAYMT, CYILie-
CTBYIO, USBECTHO, YTO ¥ NPOLIECC MBILIACHUS CBA3aH C BO30YyXAeHUeM
KOPBbI FOAOBHOT'O MO3Ta, a 3HAYUT, ¥ C ABIPKEHMEM KAETOYHbBIX CTPYK-
TYP Y€AOBEYECKOTO OPTaHU3MA M PACXOAOBAHMEM DHEPIui. A MHOTHE
Halmy COBPEMEHHMKM CYMTAIOT, YTO MBICAMTD CAMOCTOSTEABHO HET
HUKAKOM HEOOXOAMMOCTU. AOCTaTOYHO ObITh PM3UUECKM 3A0POBBIM,
XOPOIIO IMATATHCSA U TPATUTD 3HEPTHIO HA TEACCHBIE YAOBOAbCTBUSA, HE
MPOMBBOASL HUKAKOM TBOPYECKOH MBICAMTEABHONM PaboTHI, AOBOABCT-
BYAICh BUPTYaAbHbIM MMPOM TeAeBU30pa U VIHTepHeTa. Y4yeHble, KO-
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TOpbIE 3aHNMAIOTCA MOAEKYASAPHOM KMHETUUECKO! TeOpHet, CYUTAIOT,
YTO aTOMbI U MOAEKYABL IPUXOAAT B BO3OY>KAEHHOE COCTOSHME HE OT
BHYTPEHHETO IepexoAa 060A0YEK 3AEKTPOHHBIX OpOUTaAeit Ha NOBBI-
IIEHHDBIN SHEPreTUYIECKNH YPOBEHB, a OT Temneparypsl. Ho yro Takoe
TeMIiepaTypa U KakK OHa TOABASIETCA B KOHKPETHOM MOAEKYA€ MAU aTO-
me? Pazbepemcs C IPUPOAOH TENIAOBOM SHEPTUM.

3. Tennrosas snepzus u undopmayus

ATOM >XMBET He [0 3aKOHaM CBOGOABI BOAM, a IO 3AKOHAM Ma-
TepuaAbHOro po6oTa. OH UCIIOAHSIET Ty POrpaMMy, KOTOpas 3anu-
CaHa Ha YTIPAaBASIOIMX uHOPMauMOHHBIX ajfAaX ero SAEKTPOHHBIX
opburanseir. ITocae nporaarsiBanusa GOTOHA TOT JKE aTOM BOAOPOAR
TpUAET B BO30Y)XA€HHOE COCTOAHME, KOTOPOe HayKOM MOHMMAETCH
KAK MECTHOE «TOUEYHOEe» TOBBIIEHMe Temnepatypbl. Beab ero 06s-
€M MMITYAbCHO, CO CKOPOCTBIO CBeTa yBeAMYMTCA B 64 pasa u Bo Bce
CTOPOHBI 0 CHEPOUAY TOBEPXHOCTM 0H0A0YKH 006pasyroTCs LeHTpO-
6exXHbIE BEKTOPA CUA PACHIMPEHMsA, KOTOPHIE OYAYT BOCTIPUHMMATD-
Cs1 €70 COCEASIMM KaK BEKTOPA CHMA OTTAAKMBaHMUA. ATOM HayHeT aK-
TUBHO CTAAKMBAaTbCA C ADYIMMM aTOMamM. Tak KakK 3aKOH COXpaHe-
HU UMITYAbCA, AAS MAABIX CKOPOCTEM A€MICTBUTEABHO MCIIOAHSAETCH,
TO [IPH KOKAOM CTOAKHOBEHMM C PAaBHO3HAYHBIMM IO Macce aTOMa-
MM, €r0 UMITYABC OYAET AGAUTDHCA MONOAAM U YMEHBLIATHCA HPOIIOP-
LIMOHAABHO YMCAY CTOAKHOBeHuit. B oOmieM cayvyae AMHMSA coepM-
HEHUs TOYeK MAAEHMA KUHETUYECKOl SHepruMu BO30y>KAeHHOTO
4TOMA OAHOM KPHBOH, GYAET MOX0)Ka HA 3aTYXAION[YK SKCIOHEH-
TY, FA€ NAPAMETPOM 3aTYXaHMA ABASETCH KOAMYECTBO CTOAKHO-
Bennii. B oTamdie oT MOAEBBIX CTPYKTYP, TA€ CHMAOBOE BOBAEHCTBUE
ybbiBaeT 0OpaTHO NMPONOPLHOHAABHO KBaAPaTy PacCTOsAHUA, B Me-
XaHMYECKMX MMKDOKBAHTAX B3aMMHOE CHAOBOE Bo3peiicTBue Oy-
AeT YOpIBaTbh 00PaTHO NPONOPUMOHAABHO KBAaAPATY KOAMYECTBA
cToAKHOBeHMIA, M 3TO oYeHb BaXkKHOE 3aMeyaHuie, KOTOPOe CBA3biBa-
€T II0BeAECHNE MeXaHMYeCKNX MUKPOKBAHTOB MACC C IIOBEACHUEM 10~
A€BBIX CTPYKTYP MaTepuaAbHOTO Mupa. Uepes KOpOTKO€ MrHOBEHME
BO30Y)KACHHBIN aTOM BOAOPOAA Pa3sAACT CBOM AOHOAHMTEABHBIN UM-
ITYABC ABMOKEHMS COCEASIM DAM3KOTO OKPYKEHMSA U €10 MMIIYABC ABH-
XEHWsI CTaHeT PaBeH MMITYABCY ABMIKEHMsI aTOMOB €ro 6AMSKOro oK-
pyxenms, Ilpy aTOM rpapMeHT epenaaa TeMiepaTypsl CTaHeT paBeH
Hyawo. Ho, ecau paccMmarpuBaeMoe dusmyeckoe TeAO He IOMEIEHO
B NIPOCTPAHCTBO aDCOAIOTHOTO BaKyyMma, rae sapuKCMpoBaHa MUHM-
MaAbHas TeMIeparypa B MMHYC 273 rpaayca LieAabcusi, To ABM>KeHMSA
M B3aMMHbI€ CTOAKHOBEHMSI aTOMOB (PM3HYECKOTO TEAa, CO CPEA-
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Hell CKOPOCTHIO NPONIOPUMOHAABHOM TeMIIepaType Teaa 6yAyr ne-
NPEPBIBHO NPOAOAKATHCS.

YacTuHOe CHYOKEHUE TEMITEPATYPhI CHUBUT CPEAHIOI CKOPOCTD
CTOAKHOBEHM, HO HUKAK He OCTAHOBUT CaMOTO IPOLecca Henpephis-
HOro «oDmeHMsa» METOAOM B3aMMHBIX CTOAKHOBeHuit, HaOawopas
3a 3TMM TPOLIECCOM, YYEHBIE CAEAQAM OLUMOOYHBINA BHIBOA, YTO aTo-
MBI TIPY 9TUX CTOAKHOBEHMSAX HE TPATAT HUKAKOM SHEPruu M He 06-
MEHMBAIOTCA HUKAKMMM MaTEPUAABHBIMU U AYXOBHBIMM YaCTULIAMM U
ksaHtamu. Tyr-TO ydeHoe coobliecTBO 1 BriapaeT B raybouaitiuee 3a-
6ayxAeHMe. V3BecTHO, YTO BaKyyM MOXKET OTHMMATh TEMAO OT Ma-
TEPUAABHOTO Te€Ad TOABKO B TOM CAy4Yae, €CAM MaTepHaAbHOE TeAO
HACTOABKO IOPSIY0, YTO CaMO M3AyYaeT GOTOHBI 2AEKTPOMarHUTHOM
SHEPIr¥H, YIIAKOBBHIBA B HUX KBAHTBI TTIAOBOI sHeprun. Kak Toabko
TEMIIEPaTypa TeAa CHU3UTCA, Hanpumep, Ao 100 rpapycos Lleabcus,
TO OHO MpeKpaiaeT M3AY4aTh GOTOHBI SAEKTPOMarHUTHON SHEPruH,
M B 9TOM CAy4Yae AaXe cAabbill BaKyyM TepMOCA CTAHOBHUTCH HAACK-
HOM 3alIUTON AASEI AAUTEABHOTO XPAHEHUS TOPAYMX BenjecTB. MoxHo
CKAa3aTb, YTO BaKYYM «OTTOPraeT» TENAOTY MAaTEPUAABHOTO TEAA B
BHAE TOH MAM MHOJ CKOPOCTH ABIKeHMS ATOMOB M MOAEKYA, HO C
YAOBOABCTBMEM NIPHHUMAET Ha XpaHeHHE ¥ NEPEeHOCUT Ha OrpOM-
Hble PACCTOAHMSE AI0OBIEe GOTOHDI 3AEKTPOMArHUTHOM SHEPIUH, KO-
TOPBIE MOPOIKAAIOTCH HATPETHIMU MaTepUaAbHbIMYU Teaamn. OpHa-
KO €CAY B SKCIIEPUMEHTAABHBIX 1IEASIX CO3AATh TEPMOC C CAMBIM FAY-
60KUM BaKyyMOM ¥ TIOMECTUTDb B eMKOCTb TepMOCa, HANPUMEp, AUTD
BOABI HarpeToit A0 100 rpapycor Lieancus, To ecan He uepes mecs,
TO Yepes rop, TEMIEepaTypa BOABI B TEpMOCe CTaHeT PaBHA TeMMepa-
TYP€ OKPYKaolei1 Cpeabl, B KOTOPOH BCe 9TO BpeMsl HAXOAMACS Hall
3KCNEePUMEHTAABHBIN TEPMOC.

CrpaiuusaeTcs, KyAa A€Aach M3OBITOYHAs TENMAOBAas SHePIus,
€CAM MOAEKYABI BOABI IIPU CBOMX GECYMCAEHHBIX CTOAKHOBEHMSAX He
TpaTAT Hukakoyl sHepruu? IlpoBeaeM M APYTON aKcmepuMeHT. Tor
ke 0co00 IIPOUHDIA TEPMOC C AMTPOM BOAbI, HATPETON A0 TeMHepa-
Typsl 100 rpapycoB, BbIBEAEM Ha MCKYCCTBEHHOM CIYTHMKE B OAMK-
HMIT KOCMOC U BBIOPOCUM €To Ha roa, 3a 60pT, a MOTOM 3aHeceM B KOC-
MUYECKYI0 CTaHLIMIO M 3aMEPUM TEMIIEpATYpy BOAHI B Tepmoce. OHa,
KOHe4HO, He OyaeT paBHa MUHYC 273 rpapycaM, Tak Kak GpOTOHBI Ay-
yeBoil sHeprum CoAHLIA GYAYT NMOAOTpEBaTh NMOBEPXHOCTH TEPMO-
ca, HO HECOMHEHHO, YTO BOAR OXAAAMTBCH 3HAYMTEABHO HIKE MUHYC
100 rpaaycoB Lleabcusi. Kyaa 'ke, B 060MX CAYHAsiX, AeBaeTcs Tpe-
CAOBYTHII CyMMApHBIA MMITYABC ABVYIKEHMs HATPETOro TeAd, eCAU
BaKYYM SIBASAETCH AYHIHMM H3OASTOPOM AAS TENAOBOH 3Heprun?
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ToAbKO He rOBOPHTE, YTO TENMAOTA YMEHbUIAETCA 3a CYET NOoTeph
Ha Tpenme. Viay 3a cYeT TOro, YTo BAKYYM MMeeT KaKYIO-TO MHUHH-
MaABHYIO OCTRTOYHYIO TENAOIIPOBOAHOCTD. 51 Ipu3Halo, YTO BaKyyM
Y HOBEPXHOCTH 3eMAY, 0OPa3OBaHHbIA TAYOOKUM OTKaYMBaHUEM BO3-
AyXa U3 3aMKHYTO¥ KaMepbI, He ABAAETCA HAaCTOAIIMM BakyymoM. Hu
B KaKOJ BaKyyMHOI1 KamMepe Ha 3eMHO MOBEPXHOCTH HeAbsst obec-
IeYHTh TEMITEPATYPY MMHYC 273 rpapyca, a 3HAYMT, B TAKOM BaKyyMe
OCTaeTCst HeCUNCACHHOE MHOXKECTBO KBAHTOB TOHKMX SHEPTUif, KOTO-
pble 1 00eCneYnBaIOT He3HAYUTEABHYIO TETACIIPOBOAHOCTD BaKYyM-
Holt Kamephl. B HacTosmemM KOCMMYECKOM BaKyyMe aTOMBI M MOAe-
KYABI MaTEpPMM HE OXAQKAAIOTCSH, OTAABAS TENAO IPABUTANMOHHBIM
CTPYKTYPaM BaKyyMa, a CAMM KBaHTHl SHEPTMM TENAOTYH A0bpo-
BOABPHO YKPHBAlOTC B IIPOCTPARHCTBE MEXAY ATOMHBIM SADOM M
" 3AIMUTHBIMYU OPOMTAAAMM SAEKTPOHOB.
OBM He TIPOABAMIOT HMKAKOW aKTMBHOCTU M MPAYYTCH, YTO-
OBl CHOBA He MOMACTb B BaKYYMHO€E IPOCTPAHCTBO KOCMOCA. ATOMBI
M MOAEKYAB! BelIeCTBA 3aMMPAIOT M KOHCEPBMPYIOTCA, IOTOMY YTO
IpU TEMIIEpaTYPHBIX YCAOBMAX 3€MHOro HIapa, OHM IPOABASIAM aK-
THBHOCTb M ABMIAAMCH He 110 COOCTBEHHOM BOAe, a IO BOA€ KBaH-
TOB TENAOBOH 9HEPruy. 3aCTaBAAA aTOMbBI M MOAEKYAbI Bel|eCTBa
HENpEPLIBHO CTAAKMBATHCA, TETIAOBHE KBAaHTbHI BO BPeMs KAXAOro
CTOAKHOBEHMA 0OMEHMBAIOTCA HE TOABKO MMITYABCOM ABVOKEHMA, HO
U BHyTpeHHel unpopmaymeit. Tak 410 nepBMYHas NpUYMHA TENAO-
BOH SHEPrUHM 3AKAIOYAETCA HE B YIIPYIMX CTOAKHOBEHMAX ATOMOB M
MOAEKYA, KaK HAAYTHIX BOSAYIIHBIX IaPHKOB, a B MH(pOpPMaMOH-
HOM obmeme. [To cyTH Aeaa, HenpepHIBHBIMA TEMAOBOM IPOLECC AB-
AAETCA TPEHUPOBOYHBIM HPOLECCOM, BO BpeMs KOTOPOro TOHKHe
KBaHThI OLIBIINMX MOAEH rPAaBHTALMM CTABIINE KBAHTAMM TENAOBOMK
NPMPOABL, Y3aTCA HAKANAMBATD, XPaHUTDb ¥ nepepaBaTb undopma-
nmio. B Kakoii-To Mepe, OHM IIPMBOAAT aTOMbI M MOAEKYABI BelljeCTBa
B MoA0GMeE OAHOKAETOYHBIX XXUBBIX CYLIECTB, HO AaXe Ha 6oAee BbIC-
IeM NOBEAEHYEeCKOM YpOBHe. /M He 3aMeTHTDb 3TOro HEBO3MOXKHO.

4. UndpopmayuoHHan cBA3b KUBO20 U MEPMBOZO

KyBble OAHOKAETOYHBIE CYIIECTBA ABUTAIOTCA B MOKCKAX TIMIHU
U TOXe aKTUBUPYIOTCS HOCAE €€ IOTAOLIEHUS, HO HUKOTAQ He OYAyT
AODDOBOABHO AEAMTDH CBOIO NMIY KaK C POACTBEHHUKaMM MO BUAY,
TaK U C ADYTMMH BMAAMM OAHOKAETOYHBIX OpPraHusMoB. B opoHoKAe-
TOYHBIX OpPraHK3Max yKe [[POCMATPUBAETCS «3TOU3M» TEAECHOM XXU3-
HM 1 KOHKYpeHTHas 60pn6a. KTo cuaeH u cmea, 6oaee aHepruyeH un
TIOABVOKEH, TOT ¥ CbeA. ATOMbI M MOAEKYABI TIOA ACCTBMEM KBaH-
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TOB TENTAOBOM DHEPIMM, TOXKE aKTUBUPYIOTCS, HO, IIOAYYMB HOPLVMIO
TETIAOBO¥ SHEPIY, OHM YCTPEMASIOTCS C ITOBBIIIEHHOM CKOPOCTBIO K
AI060i1 MOAeKyAe MAYM aTOMY GAM3KOro OKpY>XeHWs, He obpaujas Hu-
KaKOTO BHMMAaHU Ha XMMWYECKUI COCTaB aTOMa MAYM MOAeKyAbL [pu
COAV>KEHMM aKTMBUPOBAHHOM C MOMOILDBIO KBAaHTOB TENAOBOW 3HED-
T MOAEKYABI C He aKTMBMPOBAHHON MOAEKYAO!, OHa IO KaKVM-
TO IIPU3HAKAM, C BHICOKOI TOYHOCTBIO ONPEAEASeT SHEPreTUYECKYIO
PasHOCTb COCTOSHMI ¥ AOOPOBOABHO AGAUTBHCS POBHO MOAOBUHOM
n36bITKa IHEPIUM CO CBOEN COCEAKOI, 2 3a0AHO M 0OMeHMBaeTCs
undopmanmeit. Ecau HarpeTh, HalpuMmep, CIIMYKON MAM 3a)KHUIaA-
KO/ OAMH KOHell AECATUCAHTMMETPOBOrO OTPe3Ka MEAHOJN MPOBOAO-

. KM, TO BOSHMKHET I'DAaAVIEHT TeMIEpaTypbl, d 3HA4YNUT, KBAHThI TEIAO-

. BOM. DHEPTUM Ha OAHOM KOHIe OTpe3Ka aKTUMBMPYIOTCA M aKTUBUPY-
10T MOAEKYABI MeAM. Ba)KHO MOHATH, YTO aKTHRANMSA MPOUCXOAUT
He Ha YPOBHE SHEepruM, a Ha ypoBue UHPoOpMaumn. AKTUBMPYIOTCA
HQOPMALIMOHHbIE KBAHTH TEITAOTHI BHYTPEHHEr0 IPOCTPAHCTBA MO-
A€KYABL YAAPUB MOAOTKOM TIO OAHOMY M3 KOHLIOB MEAHOTO NMPOBOAA,
MBI HEPEAAAUM €MY 3HAYMTEALHO OOABIINIA UMIIYAbC. SHEPIMH, Y€M
CEKYHAHOE€ TIAaMs1 CIIMYKM, HO HAllla SHEPTUs YHAeT B AedopMaLiyio
¢$hOpMBI M AHIIIb HE3HAYUTEABHO USMEHUT Temmneparypy. Heyxean ne
SICHO, ITO MOAEKYAQ AKTMBMPYETCs, KaK aKTUBMPYETCH )KUBOM Op-
TaHM3M NOCAe 3uMHel cisaukn? ToHKMe aKTUBUPOBAaHHbIE KBAHTHI
TEIAOTHI IPOHMKAIOT BHYTPb MOAEKYADL M IIPUHYKAQIOT €€ ABMIAThCSA
C NOBBIIIEHHOM CKOPOCTbIO. [Ipn HaAMMUM TpasMeHTa TeMIepaTypHl
aKTUBMPOBaHHbIE MOAEKYABI ABVIKYTCS HE CAY4RIHO, KaK HaC y4MAY B
IIKOA€E Ha SKCIIEpUMEHTAX C OpOyHOBCKUM ABiokeHneM. Oxu A06po-
BOABHO TIEPEAQIOT POBHO MOAOBMHY CBO€l U30brTouHoi MHpopManmuu
¥ DHEPTUU OT OAHOM MOAEKYABI K APYTOM MOAEKYA€E, AOBOABHO OBICT-
PO pacipoCTpaHsis TENAO OT OAHOTO KOHI|A HArPeTOro OTpe3Ka K ero,
He HarpeToM, XOAOAHOJ, YaCTH.

Ho v 3aech opHO BellleCTBO He IOXOXKe Ha APYTO€. Ka)KAbIM XM-
MMUYECKHUI SAEMEHT, KaK ¥ KaKAO€ BelljeCTRO, UMEIOT ONPEAEAEHHYIO,
TOABKO MM INPUCYINYIO TENAOMPOBOAHOCTD. Ta MAM MHasA TemAonpo-
BOAHOCTb CBA3aHa B I€PBYIO OYepeAb CO CIIEKTPOM IOTAOIIEHUS U
UBAYYEHUA, HO KTO U3 YYEHBIX IKCIIEPHUMEHTAABHO HCCACAOBAA 3TY
B3aMIMOCBSI3b TENAONPOBOAHOCTM M CIEKTpa XUMMYECKOTO 3Ae-
menTa? Takux Hay4yHsix paboT BCTpeyarb MHe He NPUXOAUAOCh. Ko-
TAQ TEMIIEpaTypa CPaBHAETCs, TO ABU)KEHME aTOMOB M MOAEKYA He
TpeKpPaTUTCA, HO CKOPOCTh B3aMMHbBIX CTOAKHOBEHMI CTAaHET Npu-
MEpHO OAMHAKoBa. YTO B 3TOM CAy4Yae NMOAAEPKHBAET, TaK Ha3bl-
Baemoe, 6poyHoBcKoe ABibKeHune? JToAAepXMBAIOT 5TO ABIOKEHUE
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nHbOpMaLMOHHBIE (aifAbl KBAHTOB TEMAOBOI sHeprmu. B xoAaopHoM
COCTOSIHMM 3TU KBAHTHI YNAKOBaHbl BO BHYTPEHHEM INPOCTPaHCT-
B€ MOA€EKYA, ¥ MHGOpMaumOHHbIe DAL HAXOAUTCA B HEIIPOSBAECH-
HOM COCTOSHMM BpeMeHHOM KoHcepBaLuy. IIp1xoa TemAoBbIX KBaH-
TOB OT NOCTOPOHHEr0 UCTOYHMKA, B BUAE CITMYKU MAM 32KUTAAKH, aK-
TUBHUPYET MX, OHM TIEPEXOAAT B OPOUTAAU IAEKTPOHHBIX 0O0AOUEK U
AASE COGCTBEHHOTO MH(OPMALMOHHOTO COBEPUIEHCTBOBAHMUS NPUHY-
JKAQIOT MOAEKYABI BelljeCTBa HEMPEPhIBHO CTAAKMBATBHCA M PACXOAO-
BaTb COOCTBEHHYI0 MeXaHUYECKYIO aHepruio. HuKaKoi OAHOPOAHO-
CTM MAM HAKOTIACHUS TENAOTHI B PEAABHOM MMpPe He TIPOMCXOAMT.
KBaHTBI TENAOBO! DHEPIMM NOCAEAOBATEABHO COBEPHICHCTBYIOT-
Csl ¥ NEPEXOAAT B TAYOMHHBIE CAOM 3€MHOI'0 IAPa, IPUHYXKAaA Be-
I[eCTBO 3€MHOIO Iapa BHIpaGaThIBaTh KBAHTbI TOHKMX BHEPruii
I0AS TpaBUTalMM. B KoHUEe KOHLOB, NOTepABIINE SHEPTUIO TEMNAO-
Bbl€ KBaHTHI MONAAQAIOT B AbABOABCKYIO NPEUCTICAHIOI LIEHTPAAbHOM
00AACTY 3eMHOrO HIapa U CTAHOBSATCA, XOTS M €llje HECOBEPIIEHHOM,
HO HacCTOsMIEN AYXOBHOI CyIfHOCTBIO. Toi cyuHocTbio, 6e3 unpop-
MaLuM KOTOPO#i HEBO3MOXKHO OBIAO ObI CyIeCTBOBaHME KUBBIX KAE-
TOYHBIX OPraHN3MOB.

Ho rae KBaHThI TENAOTbE HAYYMAUCH AEAVITHCS TIOAOBUHKOI CBO-
el MHpOPMaLMK € COceAHUM KBaHTOM? KoHeuHO Xe, KOrAa OHM GbIAM
KBaHTaMM NOAA rpaBuramm! OT MOBepXHOCTH HeGeCHOro TeAa Ma-
TEpH, KOTOpas MOPOXKARET KBAHTHI IPABUTALIMM, OHU BHICTPaUBAIOTCA
B uHbOpMaLMOHHbIe Lienouki. IToAy4yas uHpopMaLMIo OT KBaHTa, KO-
TOPBII OAVDKE K MATEDUHCKOMY TEAY, OHU ACAAT €€ TIOIOAAM M repe-
AQIOT IIOAOBUHY OAMKalieMy AaAbHeMY «coceay». [To aToi npuunHe
uHpoOpMaLMs O ClAe rPAaBUTALUM MAaTEPUHCKOIO TeAa YObIBaeT 1o
3aKOHY OOPaTHBIX KBaAPATOB PaCCTOSIHMIA, B IOAHOM IOA0GMH, KaK
yOnIBaeT DHEPTMSA MMITYABCA I'PAAMEHTA TENIAOBOI SHEPIUN, pasae-
ASIACH IOMOAAM NPU KaXKAOM CTOAKHOBEHUM «HArpeToi» MOAEKY-
ABI BelmeCcTBa ¢ foaee «X0AOAHOI» coceaxoit. Hy, a ectp AM oTAK-
une? Koneuno, ectp. KBaHThl rpaBUTaLIMKM OAHOPOAHBI IO 3HEPrUH,
HO PasHOPOAHBI N0 uHGopMarmu. OHM npy OOIEHUN ADYT C APYTOM
NEePeAAIOT TOABKO MH}popMainio. VIX sHepreTuka «3aMopo)KeHa» Ha
yYpoBHe MuHYC 273 rpapyca lleAbcus. D10 Mo3BOAsIET COXPaHATDH
«HETAeHHOCTb» NMPOCTPAHCTBA BaKyyMa (MAM KOCMOCA, 11O Bbipaxke-
uuio IlaaToHa, B ero samevaTeAbHOM paGorte «TuMeit») MUAAMOHBI
aeT. EcAM yK 4ero cuMTaTh yNpyruMM IIapuMKaMH, TAK 5TO KBaH-
TBI TIOASl TPAaBUTAIMM MAM KBAHTBI IIDOCTPAaHCTBA BaKyyMa. OHu
npu nepepade MHGoOpMaUMM NPAKTUYECKHU He PACXOAYIOT SHEPIMM.
CraB KBaHTaMM TEMAOTHI M [10MIaB B TPOCTPAHCTBA aTOMOB U MOAEKYA
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JKMAKMX Y Fas0BbIX Cpea HeGECHBIX TeA, AASL iepeAaun MHGOpMaluu
OHM UCMOAB3YIOT aTOMBI M MOAEKYADI KaK CBOMX 9HEPIeTUYECKUX KO-
Helf, a CAMU ABASIOTCA BcapHukaMy. Kak 0HM B KoCMOCe NPUBBIKAHY, a
BepHee CKasaTb, 00YYMANCH HENMPEPHIBHO COAVDKATBCS APYT C APYTOM
M o6MeHMBaTbCA MHGOPMALME, AKe €CAM HMKAKOTO NpUpaltieHus
MHGOPMALVIM HET, TAK OHY MPOAOAKAIOT 3TO AEAATH M B aTOMAX ¥ MO-
AEKYAaX XMAKOCTEN U Tas0B, TPUHYXAAA UX, AaKe TIPM TIOCTOSHHOM
TeMIIEPATYpe, HETIPEPBIBHO CTAAKMBATHCSA APYT ¢ Apyrom. Ho Kak pas
3A€Ch-TO, KBAHTHI TENAOTHI IPUHYIKAQIOT ATOMBI M MOAEKYAB! TPATUTD
COBCTBEHHYIO SHEPIUIO AaXKe MDY MOCTOSHCTBE TEMIIEPATYPhl M NPy
HYAEBOM IpasueHTe nepernaaa remneparyp. Ho AAs gero kBaHTBI Te-
NAOTHI 9T0 AeAaloT? OTBeT OYeHb NPOCT: YTOOBI aTOMbI M MOAEKY-
Abl HETIPEPBIBHBIM ABIDKEHMEM MCTPATHAM YACTh CBOEIH MeXaHuye-
CKOM SHEPIMM U BBIACAHAM M3 Ce0s HOBbIe KBAaHTHI MOAS rPaBUTa-
MM VAU KBaHTH MPOCTPAHCTBA BaKyyma. Tak ymepiune KBaHTbI,
cTaBmue Goaee COBepHIEHHBIMM KBAaHTaMM TEHAOTHI, 3a00TaTCH,
4T06bI BOCCTAHOBUTD IOTOMCTBO CBOMX IIDEAKOB.

IToBTOpIO, YTO KBAHTH TENAOBO SHEPIIH, HPEXAE YEM IIONACTb
B YIIaKOBAHHOM COCTOSTHUM B IPOCTPAHCTBO MOAEKYA M aTOMOB, ObiAK
IpEXXAE KBAHTAMY MOASI TPABUTALIMM, U MOTAM HAXOAMTBCA 33 MUA-
AMapAbI CBETOBBIX A€T OT IOBEPXHOCTY 3eMHOro inapa. [Tonas B cetn
(OTOHOB 3BE3AHBIX M3AYYEHWI, OHM CAMOYITAKOBAAMCH B HIX M ITPU-
6BbIAM Ha IOBEPXHOCTD IAQHETHBIX TEA VAU Ha HAaLIy 3eMAIO He AAJ OT-
AbIXa, a AASL paboThI ¥ AaAbHeLIero MHGpOPMaHMOHHOTO COBEDIIIeH-
ctBoBaHMA, COBEPIIEHHO SICHO, Y4TO TAKMM COBEpIUEHHbIM MHPOPMa-
HMOHHBIM KBaHTaM, KAKMUMM CTaAV KBaHTbI TEIIAOBOW SHEPIMY, yiKe
HEYErO AEAATb B KOCMOCE, TA€ OHY NPOBEAM MHOTO MUAAMOHOB AeT,
TPEHUPYACh [EPEAABATh MHPOPMALMIO B KaueCTBe KBAHTOB IOAeid
rpaBuraumy. YToObI IONMACTh B MATEPUAABHOE TEAO, OHU AOOPOBOAD-
HO 3alUAU B (POTOH AYYeBOi1 SHEPIMM KaKOV-HMOYAD 3BE3ABI, U, OTAAB
CBOIO 3HEPTuI0 GOTOHY, CNIPSATAAUCH B €I0 HEAPAX, TOYHO 3Has, YTO
$oTOH 00653aTEAPHO IIPUHECET UX K MATEPUAABHOMY TEAY, TAE UX MH-
PpopMaumonHbie crioco6HoCcTH 6YAYT BOCTPeOOBaHbI M YCOBEPIIEHCT-
BOBaHbl C MOMOLIBIO TEX XX€ aTOMOB U MOAexyA. [ToBeaeHHe Moae-
KYA TIpM MOBBIEHNH TeMNIepaTyphi NOACGHO NMOBEACHMIO MUKPO-
OpraHu3MOB U A@XKe PbIGoK B axBapuyme npu mx nopxopmke. Ho
aKTHBALNS >XMBBIX OPFaHM3MOB OT IMIYM TIOABEP)KEeHA «BTOM3MY»
JKU3HU. ATOMBI M MOAEKYABI IIPY IIOAYYEHIY TETIAOBOH 3HEPIuy, Ha
yYpoBHe uH(OPMALMOHHOrO MHCTHHKTA BCETAd AECTBYIOT IO 3a-
KOHY AI0GBM 1 cipaBepaAuBOCTH. ECAy 6B KBaHTbI TENAOTHL, Oyayan
KBaHTaMM [PaBUTALMM, MUAAMOHEI AET HEe TPEHUPOBAANCH B CIIPABEA -
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AVIBOM Pa3AEACHMU UHPOPMALINY, TO XKMUBbIE OPTaHNU3MBbI ObiAM OBl 60-
Aee TOMCTUYHBI U HENIPUMUPUMBI ADYT K APYTY. B aTOM cAyuae Bpsia
AY BO3HMKAM CAOXKHBIE (POPMBI XM3HH, KaK ¥ CAMO 3eMHOE Y€A0-
BedecTBO. COBECTh ¥ CHPaBEAAMBOCTD JEAOBEYECKMX AyIN Oepet
HA4YaA0 B MOBEACHMH KBAHTOB IPABMTALMM M KBAHTOB TEMAOBBIX
SHepruit. Mpl He MOJKeM BOCCTAHOBMTD CBOMX NPEAKOB, KaK 5TO Ae-
AQJOT KBAaHTBI TENAOTbI, HO MBI BCETAA IOMHUM O CBOMX YMEPIHUX
POAMTEASAX M MBICACHHO OOpalaeMcs K HUM B TPYAHbIE MMHYTbI
xusuu. Tak o6ecneunBaeTCA CBA3D )KUBOTO U MEPTBOTO.



fnasa Vili

B3AUMOCBA3b FPABUTALOHHDBIX NOJEN
MPOCTPAHCTBA BAKYYMA
W BHYTPEHHETO NPOCTPAHCTBA ATOMOB
W MONEKYT XUMUYECKWX SNIEMEHTOB

1. BaaumocBa3u menAomoL U BaKyyma, IAeKmMpuvecmaa

u Maznemusma. 3aboma o «npedxax»

B npepbipyiieM MaTepuase s1 pacCcKasaA O TOM, YTO TEMAOBBIE
KBAHTHI, BBIAS U3 FAYOMH BHYTPUMOAEKYAAPHOTO MAM BHYTPHMATOM-
HOro NMPOCTPAHCTBRA, IPYU TeMIIEPaTyPe CPEAb, OTAMYHON 0T abCOAIOT-
HOFO HYAS B MMHYC 273 rpaAyca, DPMHYKAQIOT aTOMBI ¥ MOAEKYABI
HENpepbIBHO ABUTATHCS M PaCXOA0BATH COGCTBEHHYI0 MEXaHUYECKYIO
SHepruio. IIpy 5TOM ONpeAeArA, YTO TAABHAs LIEAb TAKOIQ IPUHYX-
AeHUA ABAAETCH cOOCTBeHHOe MH(OPMALMOHHOE COBEPLIEHCTBOBA-
HUeE Y TIOCTENEHHBIH IEPEXOA OT HOBEPXHOCTH B FAYOMHBI [TAAHETHOTO
TeAa, YTOOBI CTaTh TaM HECOBEPINEHHBIM NEPBUYHBIM AYXOM € BbICO-
KOJ OCTaTO4YHOM 3HEpPreTHMKoi. Mbl yCTaHOBUAM, YTO B 3TOM NPHHY-
KACHUM €CTb M APYTasi, TAHAA L|eAb, OIIPEAeAseMas GOXKeCTBeHHBIM
3aKOHOM BCEACHCKOro MUpo3paHua. Beab mpexae 4eM cTaTh 0AHUM
13 KBaHTOB (POTOHA, OYAYHIMI TEMAOBOM KBAHT COCTOSIA U3 MUAAMO-
HOB, 2 MOXET, ¥ MMAAMAPAOB KBaHTOB I'PABUTALMOHHOIO SHEPrOMH-
¢dopmaimorHOro moAs. TOUHOE YMCAO ITHX KBAHTOB HEBO3MOXHO OfI-
PEAEANTDb HAYYHBIM CHOCOOOM, Aa 5TO U He HyxHo. Koraa aTu mua-
AVIADABI KBAHTOB NOASI ITPABMTALMM TePAIOT SHEPIHIO, TO YMUPAIOT
KaK KBaHTHI IIOASI IPABUTAIIMM M BO3POKAAIOTCA B HOBOM KavecCt-
Be, 00'PEAMHSSICH BO MHO)KECTBa HE 1O SHEPreTHIECKOMY POACTBY,
a 1o MHPOPMALUMOHHOMY POACTBY COOCTBEHHOrO COBEPIICHCTBA.
3areM OHM AOOPOBOABHO NONAAQIOT B 3HEpreTHYecKue ceTi GoTOHOB
Ay4eBbIX SHEDIUif, ¥, OTAAB M30BITOK 3HEpPIruu QOTOHY HA €ro mnepe-
MellieHHe, IePEXOASLT B AATEHTHOE COCTOSIHME M NPAYYTCA B TAYOUH-
HbIX Heapax GOTOHA, CTapasCh MAaKCUMAABHO COXPAHUTb HAKOIMAEH-
Hbie MHPOpMalMOoHHbie (aifAbl [IPUMEHUTEABHO K TAGHETHOMY TEAY
3eMAs, BcAKuit GOTOH, PAaHO MAY TIO3AHO, 00s3aTeAbHO OYAET MAK Pa-
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300paH Ha COCTaBHBIE YaCTH B arMocgepe, AN OYAET NOTAOLLEH aTo-
MaMM ¥ MOAEKYAAMH aTMOC(]epHI ¥ MOBEPXHOCTH 3€MHOrO 1Iapa.

[Momaaasi BO BHyTpeHHMe MIPOCTPAHCTBA 00BEMOB ATOMOB M MO-
A€KYA, TEIIAOBbI€ KBAHTbI aKTMBUPYIOTCA U YACP)KMBAIOT 3AIMTHYIO
OpOMTAAD 3AEKTPOHA HA TOM MAU MHOM SHEPreTMYeCKOM YPOBHe, B
3aBUCHMMOCTM OT TEMIEPATYpPbl OKPY)KaloHiell CpeAbl, HACHILEHHO-
CTH MEXMOAEKYASIPHOM CPeAbl KBAHTaMM TOHKMX DHePruii GOTOHOB
AYHEBbIX MCTOYMHMKOB 1 HasHaYeHMUsA TOTO MAM MHOIO XMMMUYECKO-
ro 3AeMeHTa MAU UX coeAunenumit. Tlpu arom onm Kak 651 popmu-
PYIOT CBO€, YACTUYHO 3aMKHYTO€ NPOCTPAHCTBO, KOTOPOE NOA00-
HO IIPOCTPAHCTBY BCEACHCKOT0 BAKYYMa, HO MMeeT APYTYIo HHOP-
MaHMOHHYIO OCHOBY. Hy a Kak ke mo-ApyromMy oHU MOT'YT YCTPOUTD
CBO€ HOBOE€ XXMAUIIlE, €CAU OHU ABAAIOTCS TEMU «AETbMU», KOTOPBIX
MMOPOAMAO BCEAEHCKOE MoAe rpasuTaiuu! OHM U GOPMUPYIOT BHYT-
peHHMIT 06 BEM MOAEKYA M aTOMOB 110 06pasyy u moa00uio Bceaex-
cxoro noas rpasutaluu. Ho Maao aToro, sacraBasAs U NpuHyXAad
MOAEKYAbI HEIIPEPHIBHO ABUTAaTHCA U CTAAKMBATBLCA MEXKAY COGOM,
KBaHTBI TETIAOBOS SHepTUM OYKBAABHO «MAXTAIOT» MOAEKYAM, KaK
B MOEM AETCTBE AePEeBEHCKME JXEHINUHBI MaXTaAM MOAOKO B TOA-
BEUICHHBIX K MOTOAKY KYBUHIHAX, YTOOB AOOBITh M3 HETO CKaTaH-
Hble camu co00# cheponpnbie Teaa macaa. Kro nocrapure u3 unra-
TeA€ll, Te XOPOIUO TIOMHST, HACKOABKO OBIAO HATYPaAbHO ¥ HACKOAB-
KO BKYCHO HACTOslllee ACPEBEHCKOE MaCAO, CAENACHHOE M3 TaKMX
cdepouaHbix mapukos. Ho cdepoupHbie mapmxu, KOTOpbie A0GbIBa-
10T TEIAOBBIE KBAHTHI BO BHYTPEHHUX 0ObEMaX aTOMOB M MOAEKYA,
He ABASIOTCS MAaCAOM, a ABASIIOTCS TIEPBOPOAHBIMM KBAaHTAMU NMOAEH
rpaBuTaiuu. JIpeXxAe YeM BHITOAKHYTb MX M3 BHYTpeHHero obbeMa
MPOCTPAHCTBA aTOMAa MAM MOAEKYABI, KBAHTHI TEMAOTBI HAACAAIOT MX
AATOPMTMUYIECKMMHU (allAaMM IIOBEACHUYECKOH MATEPHHCKOM MHGOP-
MalMH, a 3aTeM OTTIPABASIIOT Ha AOATYIO XXM3Hb B KaUeCTBe CAMOCTO-
TEAbHBIX KBAHTOB T1oAeit rpaBurauyu. Ilpyu 3ToM KaXKAbIil KBaHT Te-
IAOTHI YETKO MOMHUT, CKOABKO MEPTBbIX KBAaHTOB IOAEi IPaBUTa-
UM OH 00'beAMHHA B cele, IpekAe YeM YKPLIThCA B Upese (oToHa
¥ NPUOBITH Ha NAQAHETHOE TEAO.

Yrobbl «TBEpAb» Hebec He ocaabaa u BeceaeHHas He mepelnAa Ha
HVWOKHUY 3HEPreTYeCKMi YPOBEHD, KaKABI KBaHT TENAOBON 3HEp-
ruM, 00si3aH BOCCO3AATh M3 MaTEPMAABHBIX TE€A aTOMOB M MOAEKYA
TOYHO TaKoe K€ KOAMYECTBO KBAaHTOB IIOAEM IPaBUTALMHK, KOTOpbIe
cpOPMHMPOBAAM AQHHBI KBAHT TENAOBOM sHepruy. Tak 4To 00beM
npocTpaHcTBa BceaeHHOM MAM KOCMMYECKMH BaKyyM, 9TO He pas
M HaBCeIAa AAHHas CYMHOCTb, He3aBUCMMasi OT BCEACHCKOM MaTe-
P¥M, 2 CYIHOCTD, NOPOXACHHASL MaTepue, I MOCTOAHHO NOAAEP-
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)KMBaeMasl BHYTpeHHell sHepruei BCeAGHCKMX Macc. He no 3Toi An
HNpUYMHE, BEYHOTO POXAEHWUS HOBBIX KBAaHTOB BaKyyMa IIOAel rpa-
BUTAL{MM, BOSHUK HAy4HbII MU} «paciIMpeHUsI» BCEACHCKOTO IpO-
crpascTBa? Al 6b1 moBepuA B 5TOT MU, ecaM Obl He 3HaA, YTO ymep-
e KBaHTH BaKYyMa BCEAEHCKOTO ITPOCTPAHCTBA BO3BPAljalOTCH B
MaTepuaAbHble TEAA B BMAE KBAaHTOB TENAOBBIX aHepruil. CBOICTBO
TEMAOBBIX KBAHTOB, UMETh IAMATh O CBOMX MHOTOYMCAEHHBIX IIPEA-
KaX 1 NOIaB B OAQronpysiTHHE YCAOBUA IAQHETHBIX T€A, HTOAHOCTBIO
BO3POXKAATh X M3 MaTEPUM aTOMOB ¥ MOAEKYA B TOM JKe YMCAEHHO-
CTH M C TEMM Xe >KM3HEHHBIMM CBOWCTBAMM U NTapaMeTPaMH, ABAS-
€TCst YHUKaAbHbIM GoXecTBeHHBbIM CBOCTBOM. Himvero mopobuoro
HMKOTAA He OblAO M He OyAeT Aaxke B Mupe >KuBOi npupoant! Hu ve-
AOBEK, HU AI0G0€ APYTO€ KMBOE CYIIECTBO, HE CIIOCOOHDI «BOCCO3-
AATb» CBOMX NPEAKOB. A BOT (puaocodcKas UAEst TaKoro npoiecca,
KaK 00'b€AVHUTEABHAs MAES AAA MPeKpaleHNns BOEHHBIX KOHPAUK-
TOB, OAHO BpeMs Obira BecbMa monyAsipHoit. Iae-To HakaHyHe Ilep-
BO¥ MUPOBOI1 Bo¥tHBI, B KoHiie XIX Beka, pycckuit puaocod-camoyy-
ka Pepopos onybaukoBaa pabory noa HaspanveM «O0mjee AeAao».
B 51031 paboTe ObIAa IPEAAOKEHA OOLIIEMUPOBAsT MAEA HATIDABUTD BCe
TBOpYECKME YCHMAUA 3€MHOTO YEeAOBeYEeCTBA Ha PasBUTHE HayKM Ta-
KMM 00pa3oM, YTOOB YeAOBEK OCBOMA HE TOABKO TEXHOAOTHMM COOCT-
BEHHOro 6eccMepTHs, HO M OCBOMA TEXHOAOTMU «BOCKpPEIIEHNA» AU
TEAECHOIO M AYXOBHOI'O BOCCTRHOBAECHUSA CBOMX MPeAKOB. Atobas pu-
AocodcKast HAeS He POXKAAETCs Ha TycToM MecTte. Bupumo, Oepopos,
Ha YPOBHE MHTYML{M, HACTOABKO TAYOOKO IIPOHMK B NPOLECCh MaTe-
PMAABHOFO MMpa, YTO OGHAPYXXUA TaM YAUBHUTeAbHbIe (akThl A dak-
ThI 3TH 3aKAIOHAIOTCA B TOM, UTO KaXAbIi HECOBEPINEHHBDIN 1TOAEBOM
KBaHT MaTepuM, Hanpumep, KBaHT MarHWTHOM SHEPIMM, B MpoLeC-
Ce KUBHEAESTEABHOCTHM TepsieT SHEPruio M mpuobperaer MHPoOpMa-
Um0, MHOXXECTBO TAaKMX «yMEPIUIMX» KaK MarHUTHAs 3HEPIUA KBaH-
TOB, OOBEAUHSIOTCS. ¥ JIOPOXKAQIOT KBAHT SAEKTPUYECKOM SHEPIuM.
Ho 3TOT HOBBI1 KBAHT HA YPOBHE a0COAIOTHOIO MHCTUHKTA «IOM-
HHUT» 0 CBOEM NPOUCXOKAECHUM.

Paboras Hap COOCTBEHHBIM YCOBEPIIEHCTBOBAHMEM, OH NMPMHY-
JKAZET MArHUTHDbIE KBAHTbl HEMIPEPHIBHO ABUFATHCH, SIBASACH AASL HUX
«YUUTEAEM» M PYKOBOAUTEAEM, Y B TO K€ BPeMs, UCMIOAb3YS UX B Ka-
4YeCcTBE CBOEM 3aHIUTHL ¥ COOPIIMKA SAEKTPUYECKMX KBAHTOB M3 OKPY-
xarongero npocrpadcrsa. Ho ecTb 1 Bropas QyHKIUMs SAEKTPUYIECKNX
KBAHTOB. B3auMOAEMCTBYS BO BHYTPMATOMHOM M BHYTPUMOAEKYAAp-
HOM MIPOCTPAHCTBE C ATOMHBIM SIADOM, K&5KADIl KBAHT 3AEKTPUHECKON
AHEPruM, IIPEKAE YeM YHTH K LIEHTPY 36MHOTO [1apa | IIpeBPaTUTbCSH B
MEPBOPOAHBIN AYX, IPUHYKAAET ATOMHOE SAPO MOPOAUTD CTOABKO He-
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COBEpIlIEHHBIX KBaHTOB MarHUTHO SHEPIMU, CKOABKO OBIAO 3aTpaye-
HO Ha COTBOPEHME DTOTO SAEKTPUYECKOro KBaHTa, U 3pech Tarxoke 06-
HAaPYXXMBAETCA YAUBUTEABHBIN HPOLIECC, HE CBOMCTBEHHbIN KAETOUHBIM
opranmsmam: «Ka>kaAplit KBaHT SAEKTPUYECTBA, IPEXKAE YeM YMEPeTb
KaK 9AEKTPHYECTBO H BO3SPOANTLCA KaK NEPBOPOAHDIN AYX, BOCCTa-
HAaBAMBAeT NOAHYI0 YMCACHHOCTb M TO )K€ Ka¥eCTBO KBAHTOB Mar-
HITHOI SHePriM, KOTOPbIe OBIAM 3aTPaYeHbI Ha ero cobCTBeHHOE COo-
TBOpeHHe». PaccMOTpUM 3TO YHUKAABHOE CBOMCTBO «MEPTBOI» IpU-
poABI 60oAee MOAPOGHO. CAOBO «<MEPTBOI» 5 B3SA B KaBBIYKH, TaK KakK B
PE3aABHOCTH HMKAKOM MEPTBOI IIPUPOABI HE CYILeCTBYeT.

2. Comsopenue, uepapxus u 6araHC HOAEBBLY
CMPYKMYp MamepuarbHOz20 MUpa
‘ B yeMm oTanume Moero GpnA0codCKO-AyXOBHOrO NOHMMAHUA Ma-
“repum OT HayuHOro momumaHua? Hayka BOCIpMHMMAeT NOAeBbie
CTPYKTYpPbI KaK AMHaMWUYeCKHe MEeXaHU3Mbl N0 YIPaBAEHMIO Macca-
MY MaTEPUAABHBIX TEA, KOTOPbIE OAHAXAB BO3HMKAM TIPU COTBOpE-
Hyu BceAeHHOI MAY, TIO MX TOAKOBaHMIO, BO BpeMsi «BoAbIIOro Bapei-
Ba», ¥ TaK U CYLIECTBYIOT B HeM3MeHHOM ByAe, [IpaBMABHO HOHMMATD
MpoLeccs OOHOBAEHMS U HEOOPATUMOTrO NEPEXOAA OAHUX MOAEBBIX
dbopMm MaTepum B Apyrue, NOMeEIIAA OMMOOUHBIA 3aKOH COXPaHEHUs
sHeprun. PacrnipocTpaHuB BeCbMa MPUOAMIKEHHBIE SKCAEPUMEHTBI 10
KpParkKOBPEMEHHOMY MeXaHM4YeCKOMY B3aMMOAEUCTBMIO MaTepHaAb-
HBIX TEA Ha BCE BMABI MOAEBBIX GOPM MATEPUM, HAYKA MPUHAAA 33-
KOH COXP2RHEHMs MacChl ¥ DHEPIMM He KaK HayvHbIl (akT; a Kak
PEAMTHO3HYIO Aormy. Hayka He ToAbKO Brasa B co6Aa3H 060Abie-
HUt COOCTBEHHOM AOXDBIO, HO MPEBPAaTHAR MATEPHIO B «CBAIIEHHYIO
KOPOBY» M HAA€AMAA €e MarM4eCKUMM CBOMCTBAMU U CIIOCOOHOCTH-
MM, HEeTIPEPBIBHO paboTaTh, ¥ B TO )K€ BPeMsA He PACXOAOBATH HU OA-
HOTO AXKOYAsl coOcTBeHHOI anepruu. Ho 310 ke He HayKa, a yMCT-
BeHHOe oMemaTeAbCcTBO! Ecan 6bf Macca CoAHIja He YMEHbIIaAACh
©XKEAHEBHO Ha 30 MMAAMOHOB TOHH, NIPOM3BOAS SHEPTMIO AAA pabo-
bl COAHEYHON CHCTEMBI M AAS KU3HeobecrieYeHMsT MAAHETHBIX TeA,
TO TAe Obl HayYHbIe YMHUKM HalIAM CMA ¥ dHepruH, YToOb paboTatp,
OTABIXaTb, POYKaTh MOTOMCTBO ¥ TBOP4YeCKHU MbICAUTB? EcAu OBl no-
A€Bble CTPYKTYPBbI, HOPOXAASACh MATEPUAABHBIMU MaCCaMH, He nepe-
XOAMAU NOCTENEHHO B IIEPBOPOAHBINA HEPETUCTPUPYEMBII AYX, TO Ha
4yeM Obl MPUPOAA MOTAa 3aKpenUTh MHGPOPMALMIO AASL TTIOPOXKAECHUSA
BCEro MHOrooGpasusi KAeTOYHbIX opranuamoB? Hy U, HakoHew, ecAu
OB1 KBAHTHI «AYXa JXKM3HH», IPOIIEALINE STANLI NOAEBbIX GOPM Ma-
TEPHH U TAIBI NIOCACAOBATEABHO 00y YEHUSI MBICAUTEABHOMY NPO-
HECCY B XKUBIX KACTOYHBIX OPraHU3MAaX, He cTaAu uHdpopManuon-
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HBIMM AYXOBHBHIMM KBaHTaM# HAIIMX YeAOBEYECKUX AYI, TO KaKHM
MeCTOM MpI OB CTaAM MBICAUTD?

Ipuuem BCsakumit pas, nepexop OT MAcCH B IIOA€BbIe GOPMBI, OCY-
IIECTBASIETCH TOTAQ, KOIAQ OBIBHIMI KBaHT MeXaHUYECKOI Macchl,
NPUHY>KAQEMBII MOHAAON I{eHTPa M MOAEBbIMU GOPMaMU MATEPHH,
PacXOAYeT CBOIO BHEPIMIO B Pe3yAbTATE HeNPepLIBHOM paboThl, pasae-
ASIETCSL HA KBAaHTHI IPAaBUTALIMM ¥ KBAaHTHI MArHUTHOM 9HEPIUH, M Ha-
AeasieTcs daiiramMu nopepeHYecKoit uHdopManuu. Kak ToAbKo Takoi
aKT TPOMCXOAUT CTOAPKO pas, YTO BO3MEIAeT KOAMYECTBO KBAHTOB
rpaBMTaLM¥ ¥ KBAaHTOB MarHUTHOV SHEPrMM, 3aTPayeHHbIX Ha NPO-
U3BOACTBO KBAHTOB TEIIAOTHI Y KBAaHTOB SAEKTPUYECTBa, TaK CaMM
3TH KBaHTBHI NIEPECTAIOT CYI[ECTBOBATb KakK TEMAOTA M 9AEKTPUIECTBO,
OHu YMMPAIOT U BO3POXKARIOTCH B BUAE «AYXA XKUIHM» ABYX Kpai-
HUX NPOTUBONIOACKHOCTEN. B 001ieM BuAe, Te pacTeHMs 1 XKMBOT-
Hble OPIaHU3MBI, BKAIOYAsA U YEAOBEKA, B KOTOPHIX IPe00AGARET «AYX
XMBHM» Ha OCHOBE 00beAMHeHMs ObIBIINX TEMAOBBIX KBAHTOB, CTa-
HOBATCA >KEPTBaM ¥ 3aHMMAIOT NPABOCTOPOHHMIA CTIEKTD AyXa XKH-
BLIX OPraHU3MOB U YeAoBeKa. JK1Bbie OpraHU3MEBI M AIOAM HEeAOBEYe-
CKOTO COODILECTBA, B KOTOPBIX NMPEOOAAAACT «AYX XKM3HU» Ha OCHOBE
00beAMHEHUA YMEPHIMX KBAHTOB BAEKTPMYECTBa, CTAHOBATCA XMI-
HMKaMM ¥ 3aHMMAIOT A€BOCTOPOHHMI CHEKTD AyXa JKMBBIX Opra-
HU3MOB 1 yeAoBeka. O0 3TOM MAET pedn B « AOKTpHHe HayyHoro bo-
rOTIO3HaHUA», a 00 SBOAIOUMH YEAOBEYECKMX pac, KakK 0 6oppbe aTux
ABYX TIPOTUBOTIOAOXKHOCTEIA, HOMAET Peyb B cAeAyioieli Knure. Muo-
rue He BEPAT, YTO nocse GU3UIECKOlH CMEPTH YeArOBeXa, KBAHTH
AyXa €ro Ayniv, BMeCTe C HAKONIACHHBIMM BO BpeMs XH3Hu uHop-
MallAOHHBIMM (aifAaMH He MCHE3AI0T, A FIOCTYNAIOT Ha XpaHeHue B
obAacTu apa, pas uau Llapcreusa HeGecroro. Ho kak ke sTomy He
BepPHUTD, €CAU 1O BTOMY >Ke NPUHIUIY )KMBET «MEPTBasA» MATEPHA?

Korpa KBaHTbI MarHUTHOI SHepPruy BhIPabaTHIBAIOT OnpeAeAeH-
HBIA 3amac SHEPIUM, TO OHM YMUPAIOT KAK KBAHTHI MarHUTHO 9Hep-
vy, HO MHGOPMaLMA B HUX coxpaHsaercs. OObeAMHMBUACE N0 IPUH-
LMITYy SHEPTeTUYECKOM HUIYEThl ¥ OOIHOCTH MHbOpMAaLMK AO SHep-
vy ObIBLIErO MarHMTHOTO KBAaHTA, MX CHOCOGHOCTD K 3aKPENAECHHIO,
XpaHeHMIO ¥ nepepade (pasMHOXeHMIO) MH(ODPMAaLMM BO3PacTaeT
NpYMEpHO Ha CeMb MOPAAKOB MAM B 10 MuaAmoHos pas. Ho sTi Ho-
Bbie KBaHTbI YXKe SIBAAIOTCA TOM MaTepHAAbHON CYIHOCTDBIO, KO-
TOPYIO HAayKa Ha3biBaeT dAeKTpu4ecTBoM. Kax 6oaee coBepuieHHBI!
BMA DHEPIUM, BAEKTPHYECKMUE KBAHTHI YIIPABAJIOT MarHUTHOM 3HEp-
CME M UCHOAB3YIOT €€ AASI CBOEH 3allMTBI, @ TAKOKE AAS cO0pa, BHOBD
POKAEHHBIX DACKTPOKBAHTOB M3 OKpY»Kaloilero mpocrtpaHcrsa. Ho
CaMBIM CYHIeCTBEHHBLIM B 3TOM TBOPYECKOM IIpOLIECCE MaTepUaAb-
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HOTO MUPA SIBASETCS TOT BaKT, YTO KaXKABIA SAEKTPUYECKMi1 KBaHT,
B3aMMOAENCTBYS C SHEpPTUeil HepephiBHO paboTaIOWMX MexXaHuye-
CKMX MacC aTOMHBIX SIA€P, COOMPAET C ero NOBEPXHOCTU U NIepeAAET B
3alMTHBIE 060AOYKH 9ACKTPOHHBIX OpOMTaAel Te KBAHTHI MaCCHi, KO-
TOpHIe BHIPa0OTaAM CBOIO SHEPIUI0, YMEPAYM KaK Macca U IpeBpaTH-
AVCb B KBaHTbl MarHUTHO sHeprun. [Ipu aToM, coxpaHsas 6asaHC MU-
POBOJ rapMOHMM U NPOIOPLIMM MOAEBBIX CTPYKTYP, KaJKABIM KBaHT
BAEKTPUYECKOi1 DHepruy CBoei HenipepbIBHON paboToit Ha moBepx-
HOCTM TIAQHETHBIX TeA CIOCOBCTBYeT BBIAGACHUIO M3 MeXaHUYe-
CKMX MacC aTOMHBIX SIA€P TOYHO TaKOro ke KOAMYeCcTBa KBaHTOB
MArHUTHOR 9HEPTMM, KOTOpble HCTPaYeHb! HA COTBOPEHHME AAHHO-
T'O KBAHTA 3AEKTPUIECKOM 3JHEeprum,

YMmepiume KBaHTHI NMOASI TPaBUTALIMK NIPUOBIBAIOT HA NMAQHETHBIE
TeAa ¢ IOMOuIbI0 GOTOHOB Ay4eBoi1 sHepruu 3Be3A, COAHLA, «PEAUK-
TOBOTO» MU3AYYEHUs U PasAMYHBIX BCEACHCKUX PAAMOMCTOYHUKOB.
DoTOHDBI pa3HOPOAHBI KaK IO CBOE YaCTOTe, TaK Y MO NpOrnopuuyu
KBaHTOB MAarHUTHOM, DAEKTPUYECKO# M TEMAOBOM NpUpPOABL. Mar-
HUTHbBIE U SAEKTPUYECKUE KBAHTH POTOHOB NMOPOXKAEHBI M3 MATEPUN
3BE3AHBIX TeA MCTOYHMUKA U3AYUERMI1, a TETIAOBbIE KBAHThI ABASAIOT-
€A yMepIIMMM KBaHTaMU IIOAS TPaBUTAUMM U coOpanbi GOTOHOM M3
NPOCTPAHCTBAa BaKyyMa rPaBUTALIMOBHBIX NIOAEHM, BO BpeMs nepeMe-
jeHms POTOHA OT MCTOYHMKA UBAYYEHUS AO MMAAHETHOTO TeAd. AKTH-
BUDYSCh B MaTEepPMAAbHbBIX TE€AAX MAAHET, B BUAE TOM MAM MHOMN TeM-
HepaTypsl, ¥ UCIIOAB3Ysl CBOM BHYTpeHHME MUHPOPMalMoHHbIe (aliAbl,
KaKABIV KBaHT TENAOBOM 3HEPTMH MPUHYKAAET aTOMbI M MOAEKY-
ABI HETIPEPBIBHO PabOTaTh, N B pe3yAbTaTe 3TOi pa6oTnl 0cBOGOXK-
AQeT OT M30bITOYHOM HEPIUM YACTh MEXAHMIECKIX KBAHTOB MacC-
ChbI AaTOMHBIX AAEP U GOPMUPYET U3 HUX KBAHTHI OAS IPABUTALVIN.
TIpuyeM, KaXKABI KBaHT TEIIAOBOJ SHEPIUH, IIPEXAE YEM YIITH K LieH-
TPY NMARHETHOTO TE€AQ M CTaTh HECOBEPIIEHHBIM AYXOM, BOCCTaHaB-
AMBaEeT BCEAEHCKMIT 0aAaHC ¥ TIPUHYKAAET aTOMbI M MOAEKYABI MAcC,
MOPOAUTH TOYHO TaKOe XK€ KOAMYEeCTBO KBAaHTOB IOAS IpPaBUTaLiMMy,
KOTOPbIE YMEPAU M CTAAM €AMHBIM KBAaHTOM TEIAOBOH 3Hepruu. Be-
DOATHO, YTO U 3A€Ch CODAIOAQETCA TOT XKe GOXeCTBEeHHDBIN HaAaHC: Ka-
KABIA KBaHT TETIAOBOJ BHEPTUM COAEPIKUT B cebe ACCATb B CEABMOM
CTereHN OBIBIIMX KBAHTOB MOAS TPaBUTALIMM.

IHonmaes B MarepuaAbHOE TeAO, TaKOH KBAaHT 00S3aTEAbHO
chopMUpPYeT U3 MACChl AaTOMHBIX sAep Te Ke 107 OTAeABHBIX KBaH-
TOB NMOAS IPaBUTAIMM, TO €CTh BOCTIOAHMT «TBEPADb» IIPOCTPaH-
cTBa BaKyyMma. Tak 4To0, BCe IOAeBbIe CTPYKTYPbI HEOOpaTUMO fepe-
XOAAT OT MeHee coBepleHHbIX popM B Goaee coBepurenHble GOPMBL
Y PACXOAYIOT MacCy MaTepuy, 4ToGbl COXPAHUTH BCEACHCKMIX HaAaHC
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TIOAEBBIX CTPYKTYP AASl TApMOHMYHOTrO (QyHKLMOHMPOBAHMUA Mare-
puaabHO¥ Beeaennoit. [TaaHeTHas Macca TOXe PacXOAYeTcsl, HO Io-
CTOSIHHO BOCCTaHaBAMBAaeTCs 3a cyeT (POTOHHOM SHEPruM BHELIHMX
MCTOYHMKOB. fI CYMTal0, YTO TAABHBIM OEACTBMEM U TAABHOM Yrpo-
3001 AASI 3eMHOT0O YeAOBEYEeCTBA KaK Pas M ABAsIeTCS NOCTOSTHHOE
HapacTaHue Macchl 3¢MHOTrO mapa. DTy TeMy Mbl GyA€M paccMar-
pMBaTh B CAepyiouinx raaBax. He BoccraHaBAMBaeTCA TOABKO Mac-
Ca aTOMHBIX SAEP 3Be3AHOI MaTepuu. OHa ABASETCA NOCTONHHBIM
VICTOYHUKOM 3HEPIMU U MCTOYHMKOM CaMMX OYAYIIMX KBaHTOB IO-
A€BBIX ¥ AYXOBHBIX (popM MaTepuu, Ha BCe BpeMeHa CYIeCTBOBaHM
MarepuasbHOro mMupa. Eme Ao Toro, xak BeceaeHHast «cTasa Ob1Tb»,
3a CYeT BBICOKOM KOrepEHTHOM! YaCTOThI ¥ MOUIHBIX HEHTPOCTPEMU-
TEABHBIX CHA, 3Hepr#s M camMyu OyAyiiue KBaHTHI MOAEBBIX M AYXOB-
HbIX OPM MaTepuM, B TOM YMCAE M MPOCTPAHCTBO BaKyyMa, OniAu
yIaKOBaHBI M CIIPECCOBAHBI B BUAE MEXaHUYECKOM Macchl KBaHTOB
aTOMHBIX SIAEP, KaK B aKKYMYAATOPaX MAM XPaHMAUILAX AOATOBpe-
MEHHOI'O XpaHEeHUSI.

Ho kBaHTHI, 0Opasylomue MexaHn4ecKne Macchl aTOMHbIX SIAEp,
HACTOABKO «TAYTbI» M AMILIEHB MHGOpMaLyu, 4To Ge3 momoim 60xe-
CTBEHHOJM MOHAABI LleHTpa cpa3y Obl pas0exaAuch U CBOEN 3Hepru-
€il IOPOAMAM MTHOBEHHBIN AaBMHOOOPA3HbI MPOLIECC Pa3pyIEHNs
MaTepUAAbBHOTO MMpa, a 320AHO M NMPOM3BEAU GBI 1epexop MaTepumn
oT 60XeCcTBEHHOM rapMOHMH K HeoOpaTuMoMy Xxaocy. Bot moatomy B
MaTEepUAABHO TOYKe HEHTPa THKECTU aTOMHOTO AP, IIPOTOHA U
Aa)Xe SAEKTPOoHA M (OTOHA BCETAQ MMEETCH KaK OBl mycTas «ABIp-
Ka», HO 3Ta HYCTasA «ABIPKa», TA€ HET, U He MOXKET ObITh MacChl, U
SABAAETCS FAABHBIM YIIPAaBUTEAEM MEXAHUIECKOH MacChl aTOMHOTO
sgapa. TaM BUKAMYECKY TIOABASETCS MHPOPMaLIMOHHLI KBaHT MOHa-
ABL LIEHTPa, ¥ pa3feraroilascs MeXaHM4eCKasi Macca aTOMHOTO Apa, B
HEOAOAVIMOM KEAAHMM FIOAYYMTDH OOXKeCTBEHHYI0 MHPOPMALMIO, Iie-
PEXOAUT OT npoliecca pasberasus K npoueccy cxkaTus. I1pu aToM aA-
AUIIC MacChl TIEPEXOAUT B COCTOsIHME CxxuMaomterocs Oybamka. Ho
KaK TOABKO 3TOT GYOAMK YITAOTHUTCSA AO CBEPXIIAOTHOTO COCTOSHMA
HIDKHEro MOTEHLMAABHOTO YPOBHA, KBAHT MOHAABI [I0 TYHHEABHOMY
TIepexoAy MCYe3aeT M3 NMPOCTPAHCTBAa BCeAEHHOI, K NPEeAOCTaBAEH-
HBIA caM cebe «OyGAMK» MeXaHMYECKOM 2HEproMacchl CHOBA HAYM-
HAeT PACXOAMTBCA U pacmUpAThCA. OH 00s13aTeAbHO OBl pasBaAMACH
M epeBeA He TOABKO caM Cef, HO 1 BCI0 MacCy MaTepuM B Heolpa-
TUMBIA Xaoc. Ho B kpuTHueckunit MOMEHT BpeMeHU, GAU3KMIA K Bepx-
HEMY YPOBHIO TIOTE€HIIMH, B «AbIDKE» CHOBA MOSABASETCA KBAHT MOHa-
ABL LIeHTPa, yKe B HOBOJ1 TOYKe IIPOCTPAHCTBA, CAeTKa CMELEHHOI! ITo
OTHOLIEHUIO K IIPeXKHEMY LIeHTPY. DTO MOsSBAEHUE OIATh Bbi3bIBaeT B
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CA€NOI 3HEPrMM MEXaHNYECKOH MacChl HEYAEP)KIMOE )XEAAHUE OBAA-
A€Tb MOHAAOM LieHTPa Y BIMTATh B cebs1 ee 60)keCTBEHHYIO MHpOpMa-
pvio. Pacimpenne Macchl 6yOAKKa 3aMepAS€TCA, a 3aTeM Ha KOPOTKOe
MTI'HOBEHIE SHEPrusi MacChl IEPEXOANT B COCTOSIHME BEPXHETO IIOTEH-
LMAABHOTO YPOBHS, ¥ CHOBA MO SAAMIICAM NMEPECTPAUBAETCA B KOAb-
1ieBble CnMpaAn, YToObl C MOMOIIBIO MEPEBOAA BBICIIEH NOTEHLUM B
KMHETUYECKYIO SHEPTHUIO CXKATHCA AO CBEPXIIAOTHOTO COCTOAHMS Ma-
TEPMAABHONM TOYKM C MYCTOI «ABIPKOit». IlycTh paboTHMKM Hayku
OCO3HAIOT, YTO LIEHTPOCTPEMUTEAbHAS CHAA, B TOM YMCAE U CHAA T~
FOTEHMs, Macca U AAKe YCKOpeHMe CBOOOAHOTO MapeHus 06pa3yioTcs
OT MHPOPMALIMOHHOTO, & HE OT BHEPTETHUECKOIO BOSAENCTBUS KBaH-
TOB MOHA, LIEHTPOB TsDKeCTeu.

Ho ecau 6b1 KBaHTaM MOHaA IEHTPAa He MOMOTAAM, HAACACH-
Hble nHoOpMauMel U TpeMA BHAAMM DHEPruil, JAEKTPOHBI 3a-
HMTHBIX Op6UTaAeit aTOMHBIX SIAEp M He MOMOraAu mHpopManm-
OHHBIE KBAHTBI TENAOBOI M SAEKTPMYECKOH NMPUPOABI, TO HUYEro
GoAee COBepIIEHHOTO, YeM MArHUTHAA DHEPTUA M KBAHTHI TPaBU-
Tal{}, aTOMHbIE IAPA M MPOTOHbI He MOTAM GbI BeipaGoTaTts. B yc-
AOBMSIX TIOBEPXHOCTU 3€MAM HEBO3MOXXHO 0GECIIEUNTD YUCTOTY 3KC-
HepUMEHTa, ¥ CO3AATh HACTOAIMI KOCMUYECKMIA BaKYyM NIPH TeMIIe-
parype munyc 273 rpasyca Lleabcus. Ecan e OMeCTHTb OAMHOMHBII
NPOTOH B HACTOANIMI BAaKYyM MEX3BE3AHOM CPeAbl 3a PaHMLAMMU
cOAHeyHOM reanocepb (BHe npeAeaoB pAeicTBUsA «COAHEYHOro BeT-
pa»), TO Takoil MPOTOH 0643aTEABHO CTAaHET MAM aTOMOM BOAOPO-
AR, MAM «pa3sBaAMTCA» Ha (GOTOHHDBIE KBAaHTHI, YTOOBI CO CKOpO-
CTBIO CBETA NOAETETh B IIEHTPaAbHYI0 006AacTs CoAHeuyHOM cuc-
TeMbl. Ecay Takoil e sKCIlepMMeHT NpoBecTH ¢ Hoaee MaCCMBHBIM
ATOMHBIM SIAPOM, TO TaKO€ SAPO CHa4aAa HEMEAAEHHO PAa3BaAUTCA Ha
MAacCHUBHbIE 3AeMEHTapHbIe YaCTHUIIbL, a 3aTeM 0bpa3syeTt Habop poToH-
HBIX TRMMa-KBaHTOB MAM BBIAEAMT HECKOABKO HEHTPOHOB, HeltrpoHsl
yepes THICAYY CEKYHA BBIAGAAT U3 Ce0si MOTAOLIEHHBIE DAEKTPOHBI U
IPEBPaTATCA B HEMTpaAbHbIe aTOMbI BOAOpoAd. Penomen «CoaHey-
HOTO BeTpa», Kak M deHOMEH 00pasoBaHMs YAAPHOIO GPOHTA COA-
He4HO reAocdepbl, MAaTEPUAAMCTHYECKAS HAYKa TPAKTYET HEBEPHO.
Hayka He yuntsiBaeT TOT dakT, yto CoAHue, c moMombio «CoAHEYHO-
o BeTpa» HenpephBHO GOPMMUPYET 1 TIOAAEP)KUBAET AMHAMUYECKYIO
CTabMABHOCTD COOCTBEHHOTO MOASl TPABUTALMU Y TIONIOAHSET SHEp-
ui0 COAHEYHO! CHMCTEMBI TIyTeM BO3BpaTa KOCMMYECKUX Ayueil u
aTOMapHO-MOAEKYAAPHBIX CTPYKTYP MEXX3BE3AHOTO BEll[eCTBa B BUAE
«PEAMKTOBOIO» M3Ay4eHMsA. DT NpoHAeMbl HACTOABKO FAOGAABHBI U
BaXKHBI AASL TIOHVIMAHMA PEAABHBIX [IPOLIECCOB, YTO AASL UX OO'BsICHE-
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Hus HoTpebyercs OTAeABHOE NcCAeAOBaHMe. PaboTa, KOTOPYIO BB Um-
TaeTe, HOCUT 0630pHBINA XapaKTep.

Ho 6e3 06bsicHenns nprumH 06pasoBanmns «COAHEYHOIO BeTpar
¥ COAHEYHOM reanocdepbl, MHe He 000iTHCh. B 0630pHOM BuAe aTa
TeMa GYAET M3A0XKeHa TIPU PaCCMOTPEHMIN BHYTPEHHETO CTPOEHUSA U
anepreTuku Coanija. CaMoe rAaBHOE B MOMX PACCYXAEHUSX O Npo-
TOHE MEX3BE3AHOM CPEABI 3aKAIOUAETCA B TOM, YTO HA MECTE AOKAAD-
HOW SAEPHON KaTacTpodbl B BAKYyMe IPABUTALMOHHOTO TIOA, KaK M
B GADKalLIelt OKPECTHOCTH, He OCTAHETCA HUKAKUX BPEAHDIX 3HEpre-
TUYECKMX MaTEPUAAOB, KOTOPbie MOTAM Ohl cylecTBeHHBIM 06pasom
U3MEHUTh MHQPOPMALMOHHYXO CTPYKTYPY NOAsA rpaBuTaumu. Ilpo-
TOH B BAKyyMe KOCMMYECKOIO XOAOAR 00A3aH pacuienvuThCs Ha IaKeT
6esomacHbIX HoTOHOB. B ycAOBHAX MOBepXHOCTH 3eMAY U B 3eMHOI
aTmocdepe Takoil IPOLUECC NOAHOIO Pa3sAOKEHUW A NPOTOHA HA Nia-
xeT GOTOHOB AydYeBbBIX SHEPIui HEBO3MOXKEH. 3eMHasa arMocdepa
M TIOBEPXHOCTD, HAChIEHbl KBAHTAMM TEIAOTHI, MAlHETH3Ma M JAEK-
TpuyectBa. Ilo 310l NpyuMHe TDKeAbIe SAeMEHTAPHBIE YaCTUL{BI IPH
MCKYCCTBEHHBIX SAEPHBIX MAU TEPMOSAEPHDIX MPOLeCcCaX B YCAOBUAX
MIOBEPXHOCTH 3€MHOTO lIapa, Yepe3 KOPOTKOe BpeMs, UCIIOAB3YA Te
MAM MHBIE KBAHTHI HOAEBBIX CTPYKTYD, U3 CMEPTEABHO ONACHBIX AASL
XMBBIX OPTaHM3MOB, IIPEBPAL[AIOTCS B 6€30MacHHE KaK AASL XKMBBIX
OPTaHM3MOB, TaK U AASl CAMOIi MaTepuM MAAHETHOrO TeAa. AHTHYAC-
THUIBE ¥ YACTMLbE YBOAATCA OT MECTa AOKAABHOIO PAacriapa aTOMHOTO
AAPa OAHMM M TEM XKe KBaHTOM MOH3ABI LieHTpa, T0aToMy paboTaior
B MPOTHBO(dA3HOM peXXHMe BHYTPEHHNX KoaeGaumit. ITO No3BoAseT
IPY BCTPeYe YaCTULBI M aHTUYACTHULIBI MCHOBEHHO NIOTACUTb MX BHYT-
PEHHIOI KMHETUYECKYIO SHEPIMIO Y NEPEeBECTH €€ B SHEPIUIO IIOTEH-
uun. Ho npu 8TOM HY OAMH KBaHT MarHMTHOM, DAEKTPHYECKOM UAH
TENIAOBOM SHepTMM JaCTHI, ¥ aHTUYACTHH, He YHUITOXKAeTCA, a ITe-
peBOAMTCA B Ge3onacHOe COCTOAHME AAS OKPYIKAIONIETO MUpa.

TIpy oTHX B3aMMOAENCTBUAX YACTUL] MU AaHTHYACTUL, MOCAE HUX
HEMOCPEACTBEHHOTO CTOAKHOBEHM, BO BpeMs B3aMMHO NIOTAIHEHHOM
KUHETHYECKOl 3HePTMM, BHYTPEHHSA 4acTOTa ABYX aHTH4yacTHi] ¢o-
TOHHOTO TUIIA IO BOAE MOHAAB! IEHTPA MTHOBEHHO ¥ CKaYKOOOPasHOo
BO3DACTAeT Ha YNCAOBOH TIOPSAOK, HE MEHEe YeM B AECATH B CEABMON
cTeneHM pa3. MarHUTHAsA BHEPrus CTATHBACTCA BMECTE C KBAHTa-
MM IPaBMTalMM U3 NPOCTPAHCTBEHHOM CHUPAAHM B MATEPHAALHYIO
TOYKY «0y0AMKa» C ABIPKOI, M GbIBIIAS MarHMTHAsL SHEPrust Mpo-
ABASAETCH KaK «<HOBOPOXXAEHHas» Macca. ITepexop ABYX pOACTBeH-
HBIX (@ 3HAYUT, U 1poTUBOQasHbIX!) POTOHHBIX raMMa-KBaHTOB B [1apy
npoTHBOda3HBIX MATEPUAABHBIX YACTHML, SACKTPOHA U IIO3UTPOHA SIB-
ASETCS SKCIEPUMEHTAADHO AOKA3aHHEBIM ABACHUMEM AAEPHO U KBaH-
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TOBOY QU3NKKU. BoT 9TOT 5KCIIEpUMEHTAAbHEIN GaKT M IIOATBEPXKAAET
HaM Ty MCTVHY, YTO MEXaHMUECKYIO MAacCy NPOTOHOB, 06pa3yoT yra-
KOBaHHbIE Y CIPECCOBAHHBIE A0 CBEPXNAOTHOrO COCTOAHUSA KBaH-
THI MArHUTHOW SHEPIMM B COAMHEHUH C KBaHTaMu rpasuranuu. To
€CTh CaMO MPOCTPAHCTBO YTIAKOBAHO B MeXaHUYECKMX Maccax Ma-
TepuaabHoOro mupa! I'lpu sTOM YacTOTa BHYTPEHHMUX KOAeDaHMIT Tpo-
TOHOB, KaK ¥ BCEX aTOMHBIX SAEP XMMUYECKUX 3AEMEHTOB TabAMLIbI
MenpeaeeBa, abCOAIOTHO OAMHAKOBA M CUHXPOHU3MPOBAHA AAST BCe-
ro KOHEYHOTO MHOXKECTBA ATOMOB ¥ MOAEKYA TIAQHETHBIX Y 3BE3AHBIX
TeA BCEAEHCKOrO TIPOCTPAHCTBA.

He3aBucumMo oT Macc aTOMHBIX AAEP M KOAUYECTBa B HUX NPO-
TOHOB Y HEMTPOHOB, AaTOMHBIE SIAPA BCEro cnexkrpa rabaunsr Men-
AGA€EBa, UMEIOT OAHY M TY )K€ HaCTOTY COOCTBEHHBIX KOAeGaHUI.
DTa yacTOTAa, B OTAMYNE OT HIVIPOKOTO CIIEKTPa (POTOHHDBIX M3AYYe-
HUI IMeeT AMIIb OAHY AUCKPETY, KOTOPasi AGAXKHA GbITh NpUMep-
HO Ha CeMb NOPAAKOB Bbie 4acToT ¢oronos CBUY-puanasona u
AMana3oHa PEHTTeHOBCKNX TaMMa-KBAHTOB, U100k 0TAMYATS €€ oT
4acTOT (POTOHOB Ayu€BOi SHEPIMM, DTY EAMHYIO 0OU{EBCEACHCKYIO
AMCKpPETY CAEAyeT Ha3BaTh 1aCTOTON Maccoo0pa30BaHMUA MAM HYac-
TOTOM Macchl. Maes, 4To MexaHUYeCKas Macca CyleCTBy€eT He TOABKO
KaK 4aCTHILa, HO M KaK BOAHA, He ABAAeTCA YeM-To HoBbIM. Ete dpan-
y3ckui GU3uK Ayu pe Bpoitab B 1924 roay, Brickasaa runoTesy, YTo
BCA MaTepUs IBASETCS PasHOPOAHBIM 00beArHEHNEM KBAaHTOB, KOTO-
pble COBEPIIAOT HeTpepsIBHbIe KoAeOaHUA. V3BeCTHO, 4TO aHeprus
$oTOHA TIPOMOPLMOHAABHA €T0 YACTOTE, YMHOXXEHHOM HA IOCTOSMH-
Hy10 [1aaHKa. B To xe Bpems 1o u3BeCTHOV HOpMYyAe, SHEPTUS TIPO-
TIOPLMOHAABHA MAacCe YACTMUIBI, YMHOJKEHHOM Ha KBaApaT CKOPOCTH
cpeta. OObepAuHAsS 5TH ABE QOPMYABI B OAHY Y IIOACTABASASA 3HaYEeHUS
MEXaHMYECKMX MACC ATOMHBIX SIA€P BCeX XMMUYECKMX SA€MEHTOB,
MOHO [TOAYYMTD YaCTOTY MX BHYTPEHHMX KoAaebaHmit, CaM AuvHO, s
He NPOBEPA, KaKoi pasbpoc 4acToT OYAET MEXKAY CAMBIM TSDKEABIM U
CaMbIM AETKMM XMMMYECKUM 2AeMeHTOM TabAnun MeHpeAeeBa, Kak
¥ CaM HOPSIAOK YUCAOBBIX 3HAYEHMII STOTO CIIEKTPa BHYTPEHHMUX KO-
AebaHMs aTOMHBIX JAEP XUMMYECKHUX dAeMeHTOB. [IpeaocTaBum aro
CA€AATh YUEHBIM UAM AIOOUTEASM, )XEAAIOMVM HO3HATH TallHbI MaTe-
puaabHoro mupa. He orpuuas camoro ¢akra, 4T0 Bce aTOMHBIe SIApa
XUMMNYECKUX 3AEMEHTOB KOAEOAIOTCS C BBICOKOIf YaCTOTOI A@Ke B CO-
CTOSIHMM TaK Ha3biBaeMOro MOKOs, HayKa, TeM He MeHee, IPM3HAAA
cBOe DeccuAMe B BOIPOCaX 3KCHEPUMEHTAABHOIO (usmyeckoro 06-
HAPY>XeHUA U PETUCTPALIMM STON OOIEBCeAEHCKOI YACTOTH MaTePK-
aabHOro Mupa, Ee Geccuame IPOAOAIKAETCS YIKE OKOAO COTHM A€T.

176



AOATO ¥ BHUMaTeAbHO Pa3GUpascCh C 3TON APOGAEMOI, s IPUIIEA
K BBIBOAY, YTO Y aTOMHBIX AAEP XMMM4ECKUX SAEMEHTOB HeT HMKa-
KOT'0 CHEKTpa, KOTOPBIi CYIeCTBYeT B MUpE Ay4eBbIX aHepruif ¢po-
TOHHOI'O TUNA. 3AeCh BO3MO)KHA TOABKO OAH& AMCKPETHas 4acTo-
Ta, KOTOPast EAMHA AAS BCEX aTOMHBIX AAEP XMMIUYECKUX DAEMEH-
TOB, a 3HAYUT, M €AVHA AAA BCe¥ BCEACHCKOM Macchi, HE3aBUCUMO
OT TOT0, ABASICTCA AM 3TA MACCA 3BE3AHBIM MAM NIAAHETHBIM TEAOM.
Aaxxe OTAEAbHBIE CTPYKTYPH IAQHETHOTO TEAd, MMeEIOIME CTAaTYC
«MEepTBOI» MaTepyM OKPY>Kalowiell HaC MPUPOADbI MAM CTATYC >KMBO-
ro KAETOYHOrO OPraHM3Ma PaCTUTEABHOr0 M >KMBOTHOTO MUpa UMEIOT
LEHTP TSDKECTY U CYIECTBYIOT BO BpEMEHHM U MPOCTPAHCTBeE, IOTOMY
4TO SAIBASIIOTCA He MAaCCaMH «IIOKOS», 2 KOTEPEHTHBIMH BOAHOBBIMM
00beKTaMu, DTOT BHIBOA HEBO3MOXKHO MOATBEPAUTD TIPSIMBIMU 3KC-
NEPUMEHTAMK, IO MPUUMHE HECTTOCOOHOCTH HayKM ONPEACAUTD U 3a-
PerucTpMpOBaTh YaCTOTY, KOTOpas, KaK MUHMMYM, Ha CEMb IIOPAAKOB
IPEBBILIAET YACTOTY PEHTTEHOBCKUX TaMMa-U3AyueHmit GOTOHHOTO
Tuna. B cAeayiomyx raaBax Mbl HOMBITaeMCA KOCBEHHBIM criocobom
OIIPEAEAUTDb YUCAEHHOE 3HAYEHME ITOI EAMHOI YacTOTH Maccoobpa-
soBarmA. Ho ecan Ol aTOM eAMHOI YaCTOTHI He GBIAO B IPOCTPaH-
cTBe BceAeHHOU, TO MaTepUA 3BE3A M IAAHET He Moraa Ob1 cymiecT-
BOBaTh KaK MEXaHMYECKasi MaTepUaAbHasd Macca ¢ COOCTBEHHBIM
HeHTpoM TspKecTH. TIpu cxauko0Opa3sHOM HepexoAe 3TOM YaCTOThI
B CIeKTp o6pasoBanusa GOTOHOB BCA MaTepus BceaeHHOt MrHOBEH-
HO Obl PacUIMPHAACh CO CKOPOCTBIO PACIUMPEHNS B3PHIBHOM BOAHBI,
PaBHOIT CKOPOCTH CBETA, ¥ IIPEBPATUAACH B AYYEBYIO S3HEPIHIO POTOH~
HbIX KBAHTOB. A €CAM Ob HMKAMYECKHI IIPOLECC CUHXPOHHOFO HeTipe-
PBIBHOT'O CXXAaTMA M PACIIMPEHA AaTOMHBIX SAEP XMMMYECKMX DAEMEH~
TOB, IPEKPaTHACS, TO MaTEPUAAbHBIN MUP BMECTe C IPOCTPAHCTBOM
¥ BpeMEHEM, HEMEAAEHHO TIepelieA B COCTOsIHUE HIDKHEN MOTEHLMH U
Teaenoprauuu. Ho aToro He CAyuMTCS, IOK2 B Maccax aTOMHBIX SAEP
YIaKoBaHO 6eCYMCACHHOE KOAMMECTBO AYXOBHBIX KBAHTOB, KOTODBIE
HaAeAeHBl He MHpOpMaLmet, a CAeNol aHeprueit.

Bce noaeBble CTPYKTYPBl MaTe€pPUM, TOABKO TE€M M 3aHMMAIOT-
cs1, 4TOOBI M3PACXOAOBATh BHEPTUIO MACC, U, OTAEAAS M3 Hee KBAHT
3a KBaHTOM «JHEPreTHYECKM HMIMe» KBaHTH, HAACAATD UX uHpOp-
Manues U yCoBepLIeHCTBOBATh, HOCTENEHHO NMOAHMMAs OT MOAEBBIX
CTPYKTYP AC YPOBHsI MbBICAAIMX CYIHHOCTeN MHpa >XMBO# NpUpPO-
ABbI M AO YPOBHS MbICASIINMX CYIJHOCTEN YeAoBedecKux Ayur Hro 6bi
TaM HY FOBOPMAM YIEHBIE O HEUCTPEOMMOCTY BCEACHCKOV MaTepUN 1
BCEAGHCKOM 3HEpruy, HO PaKT HaAMIO. Bce, YTO MBI BUAMM BOKPYT
ce6n, BKAIOYAA )KMBble KACTOYHBIE OPraHM3MBI M CaMOI0 TeAec-
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HOTO 4EAOBEKa C €ro AYHIOH U MbICAMTEABHBIM annaparoM, B He-
AQBHEM NPOMAOM GBIAO MEXaHMYECKMMM MACCAMM aTOMHBIX SAED
MAM, IO MHEHHIO HAYKH, <MEPTBOM» MaTepuen.

3. O6mnocmy npocmpancmsa BaKyyma U BHYMPEHHEZ0

NpOCMPAHCHIBA AIMOMOB U MOAEKYA

AAA YIIPOLIEHMA STOT BOMPOC Mbi pACCMOTPHUM Ha [IpUMepe Cpas-
HeHus1 aToMa BopAopoaa u Coaneynodt cucremsl. Papuyc CoaHua co-
craBAsgeT 696 THICAY KMAOMETPOB, a MOCAEAHAA naanera ITayroH Bpa-
HIaeTCst Ha. OPOUTE CO CPEAHMM PAAUYCOM TIPMMEPHO 6 MUAAMAPAOB
KuAaoMeTpoB. Paspeaus papuyc opbute: ITayTona Ha papnyc CoaHua,
[IOAYYa€eM, MTO MaTepuaAbHEIM pasMep CoAHeyHoM cucteMbl B 8600
pas npesbitaer paguyc Coawiua. Pasuyc nporoHa, cocraBasiole-
0 ATOMHOE SAPO aTOMa BOAOPOAR, PaBeH 6,5 x 107 HanomeTpos. Pa-
AMYC HEBO3OYKAEHHOTO aTOMa BOAOPOAA Ha CAMOM HIDKHEM, T1epBOM
ypoOBHe 3AeKTPOHHOM opb6uTaau cocraBaser 4,6 HaHoMeTpoB. IToae-

- AMB 3T BEAMYMHBI, IOAYYAEM, YTO MATEPHAABHBIA paaMep aToMa BO-
Aopoaa B 7 076 923 pasa npeBbllIaeT pasMepsl €10 aTOMHOTO AAPA.
HMoaeaus aty Beanuuny 7 076 923 #a 8600, moaywaem, 410 Ad)Ke NP
MMHMMAABHBIX pasMepax HEBO30Y)KAEHHOIO COCTOSIHMSA, OTHO-
CHTEABHbIH MaTEePHMAAbHBIA pa3Mep aTOMa BoAOpoAa B 822 pasa
MpeBpIIaeT OTHOCHTEAbHBIA MaTepuasbHbi pasmep CoaHed-
HO# cucTembl. B oTHOCHTeADHBIX DUdPax ATOM BOAOPOARA GoAn-
me Coaneunoit cuctemsi! Ho enje 60aee ysuBUTEABHBIE PE3YABTATH
MBI TIOAYYMM, €CAM BCTIOMHMM, YTO MO 3aKOHaM KBAHTOBOM (PU3UKM
aTOM BOAOPOAA MOJXET AMCKDETHO NepexoAUTh Ha 30 IOAOXKMTEAD-
HBIX YPOBHEV BO36YXAEHHOIO COCTOSHMSA, M KAXKABI YPOBEHDb YBe-
AMYMBAET PAAUYC HEBO3GY>XAEHHOTO aTOMA IIPONOPLMOHAABHO KBaA-
Pary UMCAEHHOTO 3HaueHUs HoMepa ypoBHA. TakuM obpa3oM, aToM
BOAOpOAA B BhbiciieM, 30-M ypoBHe BO30Y)KA€HHOTO COCTOSIHUA yBe-
AMYMBAeT CBOH papuyc B 900 pas 1o CpaBHEHMIO C PaAUyCOM HeBO306y-
xAeHHOro aroma. Ob6bem aToMa NponopLMoHaAeH Kyby ero paauyca.
DTO 3HAYMT, YTO OOBEM aTOMa BOAOPOAA Ha TPHALIATOM dHEpPreTH-
4eCKOM YPOBHe B 729 MUAAMOHOB pa3 GoAblIe ero o6beMa Ha nep-
BOM YPOBHE dHepreTudeckoro Bosbyxaenms. Takum obGpazom, Ma-
TEpUAABHBI 00beM BO30YXAeHHOTO A0 30-TO YPOBHS aTOMa BOAOPO-
A2 B OTHOCHTEABHBIX L¢pax npeBbiiiaeT 06beM COAHEYHOM CUCTEMBI
npumMepHo B 600 MuAAMapAOB pa3.

CnpamusaeTcs, Kakoii BHyTPeHHe! CHAOM, M KAKUMI MaTepu-
AABHBIMM CYLIIHOCTAMM YACP)KMBAETC HEC)KMMaeMblil 00beM aTo-
Ma BOAOPOAQ, KaK Ha NepBOM SHEPreTUYecKOM YpPOBHeE, Tak M Ha
BCeX MOCAEAYIOLIMX YPOBHSAX, HAYUHASI OT BTOPOTO A0 TPMALATO-
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ro ypoBHA? Bepb AAst TOro, 4TO6bI NEpeBeCTH ATOM BOAOPOAA € HIXK-
HEro ypoBHs Ha 60Aee BBICOKMIT YPOBeHb, He 00513aTeAbHO 00Ay4aTh
ero ¢poToHaMu, a AOCTATOYHO MOBBIIATH €T0 TEMIEPATYPY AKOOBIMU
AOCTYIIHBIMM CPEACTBAMU. AOCTUIHYB ONPEAEACHHOM TEMIIEpaTyphi,
aTOM BOAOPOAR CaM MFHOBEHHO YBEAMYMBAET CBOM PapMycC NpONOp-
LIMOHAABHO KBAaAPAaTy HOMepa 2HEPreTUYecKOro YpOBHA M yXe HHU-
KakMM AQBACHMEM HEBO3MOXXHO YMEHBUIUTb 00beM BO36Y)KAEHHO-
ro aToMa, ToKa He 6yAeT CHIKEHa ero TemmnepaTtypa. Heyxean sro
CBOJCTBO He ABASIETCA AASl PaGOTHMKOB HAyKM HATASAHBIM TOA-
TBEp)KACHUEM TOTO (PAKTa, YTO BHYTPEHHMIt 00BEM aTOMa NpH ero
HarpeBaHMM HANOAHAETCHA KaKOH-TO MaTepMaAbHOM CYIHOCTbIO,
KOTOpasi 00ecneYvBaeT ero HeCKMMAEMOCTb M YBEAMIMBAeT MOA-
BIbKHOCTB? Takue CyHmHOCTHM eCTh, M A MX Ha3bIBAIO KBAHTaMM JAEK-
TPUYECKOi, MAaTHUTHOM ¥ TETIAOBOI dHepruu. B TO >ke BpeMs, He3aBU-
CUMO OT TOro, KaKuM croco6oM Mpl HarpeBaeM aTOMBI XMMUYECKUX
SAEMEHTOB, KaXKAbIi1 HOBBIA 60Aee BBICOKUI SHEPreTH4YeCKuil ypo-
BEHb aToOMa 00eCIIeYuBALTCA TEM, YTO B €T0 BHYTPEHHEM TIPOCTPaH-
CTBe HaKaNAMBAETCH KPUTMYECKOE YMCAO KBAHTOB TEMAOBOM U 9AEK-
TPUYECKOM MPUPOAD], KOTOPbIE B COEAMHEHMM C MATHMTHBIMM KBaH-
TaM#¥ BHYTPMAaTOMHOTO NPOCTPAHCTBA, CTAHOBATCA SKBUBAACHTHDI
no 3HepreTuke ¥ uxdopManuM GOTOHHOMY KBaHTY CIIEKTpa MOTAO-
jeHns. ATOM MOT M He IOTAOLIaTh ¢ OTOHM TPy ero HarpeBanuu. Ho
OH HaKONMA ¥ 06pad0TaA TaKkoe KOAMYECTBO KBAHTOB TOHKMX SHEp-
M U B TAKOM NPOMOPLMHM, YTO TOTOB IIPU HEOOXOAUMOCTH MCHYC-
THTb POTOH, IOPOXAEHHBI B HEApPaX ero npocTpaHcTBa. PoTOH AB-
ASIETCsl IEPEHOCYMKOM He TOABKO SHEPTUH, HO ¥ MHopMalmu.

Bot AAs HemcKaxeHHOro XpaHeHusi nHpopMaumoHHbIX daii-
AOB, OpOUTAAD DAEKTPOHA M AMCKPETHO HEPEXOAUT Ha HOBYIO Op-
6MTY, papMycC KOTOPO# NPONOPIMOHAAECH KBIAPATY HOMepa aHep-
rernueckoro yposus. Ilpudem undopmanums BHICTYHAET KaK 9K-
BMBaA€HT sHepriu. HeyXean yueHbie He 3aMeYalOT, YTO IOA STHMH
KBaApaTaMM HaAO IOAPa3yMEBATh HeC)KMMaeMble KPYTOBbIE IAOILIAAK
BHYTPEHHEN SHEPI'uM, TOAOOHBIE TEM TIAOHIAAAM, KOTOPbIE CYILECT-
BYIOT ¥ B MOASIX I'PaBUTaLiMM HEOECHBIX TeA? DAEKTPOHHAA OpOHUTaAD
He 3a CYET CBOeil BHYTPEHHei SHEPIUM, 2 32 CYET YMeAolt paboThl Te-
TAOBBIX KBaHTOB IIPHHYXA2€T aTOMHOE SIAPO BBIAGASTb AOTOAHM-
TEAbHYIO MATHUTHYIO SHEPIHIO. DTO 1. 06ecrieynBaeT HECKMMAEMOCTD
BO36Y)KAEHHOTO aTOMa, & TAKXKE YAEP)KUBAET SAEKTPOHHYIO OpOMTaAD
B 3aAaHHOM PaAMycCe OT aTOMHOTO AAPA, YTOObI He TIOBPEAUTD MHOOP-
MauuoHHble $aitabl Gyaymero porona. Ecan remnepaTypa MexxaTom-
HOM cpepbl GyAeT BO3pacTaTh, TO MEXATOMHOE IIPOCTPAHCTBO OyAeT
HAMOAHATHCA KBaHTAMM TENAOBBIX SHEPTUM, M 3TU KBAHTHI GYAYT Ipu
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CTALMOHAPHON Op6UTe MOTAOLATHCA OPOUTAABIO 3AEKTPOHA BHYTPb
MPOCTPAHCTBA aTOMA, IOKa C UCHOAb30BAHUEM DHEPTMM aTOMHOTrO
sApa He Oyaetr chopmupoBana sneproundopmanus Broporo ¢go-
TOHA. JTO BHI3OBET OYEPEAHOE UMITYAbCHOE paciiMpeHHe MPOCTpaH-
CTBa aTOMa M €ro NepexoA Ha CACAYIOIIYIO CTYNIEHb SHEPTeTMIECKOro
ypoBus. C y4ETOM TOrO, 4TO YMCAO IIOAOKUTEABHBIX SHEPTETUYECKUX
ypoBHell paBHO 30, SA€KTPOHHasE OpOMTaAb ¢ MOMOLIBIO TEMAOBBIX
KBAHTOB M C MCIHIOAb30BaHMEM SHEPTUM ATOMHOTO 5ADA, CIOCODHA
chopMMpOBaTL U YAEPXKMBATH BHYTPYM IMPOCTPAHCTBA aTOMA OAHO-
spemeHHo 30 GoToHOB. Aa, COOCTBEHHO rOBOPA, 3IAEKTPOHHAs Opbu-
TAAb M He YAEPKMBAeT MX, TaK KaK C EPMOANYHOCTBIO cOGCTBEH-
HBIX Pe30OHAHCHBIX KOA€0aHMi1, MHAMBMAYAABHBIX AAS KOXKAOL'O XH-
MMYECKOTO BAEMEHTA, COEAUHsIET BHYTPMATOMHOE POCTPAKCTBO C
GXPY’KalOIMM MeXXaTOMHBIM NIPOCTPAHCTBOM. ECAM B MEXKaTOMHOM
MPOCTPAHCTBE MNAOTHOCTh TENAOBBIX KBaHTOB BbIllle MX NAOTHOCTH
BHYTpM aTOMa, TO OHM B MOMEHT BTOTO COEAMHEHWS BXOAST BHYTDPb
aToMa, a eCAM MeHpilie, T0 B 00pa3oBaBIIYIOCA ABIPKY 3AEKTPOHHAA
opbuTaAb BHITYCKAaeT OAMH M3 TIOPOXAEHHBIX aTOMOM (POTOHOB U UM-
MYABCHO YMEHBINAET CBOM PaAMyC HNPONOPLUOHAABHO KBAAPATy HO-
Mepa DHEPreTMYeCKoro yposHA. BoT aAas BeIpaGoTKM M XpaHeHMs
OAHOBPEMEHHO TPUALATH (POTOHOB ATOM BOAOPOAA M YBEAUMBAET
CBOJi 00beM B 729 MUAAMOHOB pa3 N0 CPABHEHHIO C 00BEMOM He-
BO30Y)KAEHHOI'0 COCTOAHUA.

Ipexxae yeM ABUTATbCA AAABLUE, AABaITE OLIEHUM YaCTOTY M Ile-
PMOAMYHOCTb MHTEpBaAa, BO BPeMsA KOTOPOro oOpasyercs AbIpKa B
3aMMTHOM OPOUTAAM BAEKTPOHA M BHYTPEHHee IIPOCTPAHCTBO aToMa
COEAMHACTCA C MEXATOMHBIM NPOCTPAHCTBOM AASL BBITIOAHEHUS 006-
MEHHBIX TIPOLIeCcCoB. Brime GbIAO CKa3aHo, YTO 32 3TAAOH CEKYHABI
HayKa MpUHAAA 9 MMAAMAPAOB 192 MuaAMoHa 631 Thicauy 770 ne-
PMOAMYECKMX M3AYYEHMI aTOMa XMMMYECKOTO JAE€MEHTAa Ie3uit-
133. AAst aTOMa BOAOPOAQ A He 3HAI0 YACTOTHI COOCTBEHHBIX U3AYYe-
HMI1, HO 3Ta YaCTOTa AOAKHA A€XKATh B TOM K€ AMATIa30He, YTO M AAA
aToMa 3TAAOHHOTO 3AeMeHTa le3uit-133. Ho camoe raaBHOe, HYX-
HO XODOILEHbKO 3aIlIOMHUTD, YTO STU MHAMBUAYAABHBIE AASL KaXKAO-
ro XMMHYECKOTO IAEMEHTa 4aCTOTHI CBA3U BHYTPEHHETO MPOCTPAH-
CTBa aTOMa C HAPY>KHBIM IIPOCTPAHCTBOM, 10 KpaifHeit Mepe, Ha ceMb
TOPAAKOB HVIKE TOVM €AMHOM AAS BCEll BCEAEHCKOM MaTepuM 4acTOTHL,
KOTOpast YAEP>KMBAET IPOTOHDI, HEMTPOHBI, CBOOOAHBIE SJACKTPOHBI, @
TAK)Ke AaTOMHBIE AAPA BCEX XMMUYECKUX DAEMEHTOB B CBEPXIIAOTHOM
COCTOAHMY APOSBACHHOM Macchl. OO 3TOM MBI y)Xe FOBOPMAM, HO TO-
HMMaHME OTAMYMSA MOAEBbIX GOpM Marepum ot Tex GopM Marepuy,
KOTOpble 00pa3yloT MacCy, KaK pas M 3aKAKYaeTcs B TOM, 4TO 4ac-
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TOTa KOA€OaHMIT Macchl eAMHa AASL BCEJT MAaTEPUM, 2 CHIDKEHHAs, IO
KpaitHeii Mepe, Ha CeMb MOPAAKOB YaCTOTA TOAEBbIX POPM, OTAMYAET-
C51 OFPOMHBIM Pa3HOOGpPa3ueM M 3aHMMAET AMAIIa30H MMPUMEPHO B 25
MOPSAKOB. ITOT AMANa30H XOPOILIO U3BECTEH HAYKe: YaCcTOTa raMma-
KBaHTOB COCTaBAsIET BEAUUMHEI MOpsAsKa 10 B BOCEeMHAALIATOM CcTerne-
HHU Teply, 2 YaCTOTa CBEPXAAUHHBIX BOAH MOXET COCTABASTh AGCATKU
M COTHM THICSY KMAOMETPOB, TO €CTh UMeTb yacTory 107 repu. S Ay-
Malo, YTO eCTh ¥ H0Aee HU3KME YACTOTHI, HO 8TY MBICAb OCTaBUM HOKa
6e3 KoMMeHTapues.

Yr1obbl MMETHh CIOCOOHOCTD MOTAOLATh KBAHTHI AY4YEBBIX SHED-
ruit, ¥ 00pa30BBIBaTb MPUCYHIMIT AGHHOMY XMMUYECKOMY SAEMEHTY
AMHEA4aTBIl CMEKTDP MOTAOUIEHHUA, PE3OHAHCHBIE KOAeOaHUA aTOMOB
AOAXHBI MUMETh TOT X€ AMaNa30H YacToT, YTO ¥ GOTOHBI, MO KpaHei
Mepe, He Bbillle YeM YaCTOThi PEHTITE€HOBCKMX raMMa KBaHTOB. Yuc-
A0 KoaebaHumit aroma 1je3umit-133 coctaBaser 9192631770 3a oany ce-
KYHAY, YTO MOXKHO 3anmcarb Kak 0, 9192631770 x 10" repii. Oto pAma-
Ma30H MUKPOBOAH MHMAAMMETDPOBOFO AMaNa3oOHa, 4To ¥ TpeboBa-
AOCBH AOK23aTh. DTH YaCTOTHI, 110 KpaiKRen Mepe, Ha 7—14 NOpIAKOB
HIDKE, YeM eAVHas YaCTOTa BCEAEHCKOro Maccoobpasosanus. Hapo
3aNOMHUTDb, YTO HTO YACTOTA KOAeOAHMS 3AEKTPOHHOU opbuTta-
AM, 3 He MEXaHM4ECKKX KBAaHTOB MAaCChl aTOMHOTO AApa He3na-133.
B A1060M cAydae pe3oHaAHCHAsl YACTOTA aTOMA, BO BpeMs KOTOpPO-
FO BHYTPEHHee NPOCTPAHCTBO COEAMHAECTCA C MEXATOMHBIM NPO-
CTPaHCTBOM, AOAJKHA AEXATh B AKaNla3oHe CIIAOIIHOTO COAHEYHO-
ro cnekTpa. Vinaue aTOMHOE SIADO ATOMA MAM MOAEKYABI HOTHOHET
OT HEAOCTATKA NUINHM U TPOCTO Pa3BaAUTCA.

4. SnepzemuKa BHYMPEHHUX HPOCIPAHCINE AIMOMOB U MOAEKYA

TIpeacTaBAeHMe 00 MHAMBMAYAABHBIX PE30HAHCHBIX YACTOTAX
TIOTAOLIEHUI ¥ UBAYYEHUI d4TOMOB M MOAEKYA, KaK O mpotiecce 06-
Pa30BaHMs ABIPKM MEXAY BHYTPEHHMM U BHEHIHUM MPOCTPaHCTBOM,
HIO3BOASIET I0-HOBOMY OOBACHUTD IIPUMYMHY HEC)KUMAEMOCTH 3AINUT-
HBIX 060AOYEK SAEKTPOHHBIX OpOMUTaA€ll aTOMOB npyU AI060M sHepre-
THUYECKOM cOCTOsiHMM OT 1 A0 30. OrpomHbIe 06 beMbl aTOMOB HEBO3-
MOJKHO CKaTh IPY BEHICOKOM TeMIepaType A0 COCTOAHUA HIDKHETO
YPOBHs BO36y>XAeHus, OTOMY YTO HAOTHOCTD TENAOBBIX KBAHTOB
B M@XaTOMHOM M BHYTPMATOMHOM NMPOCTPAaHCTBE YPaBHOBEMMBA-
erca. Kakoe 6bl MBI BHICOKOE AQBACHME HU CO3AABAAU B 3aMKHYTOM
of’beMe HArpeToro BeleCTBa, HO MOBEPXHOCTb 3aIUMTHOM opbuTaAn
OT 3TOT0 HE UCTILITHIBAET HUKAKOTO AaBAeHMA! AeAO B TOM, 4TO aTo-
MBI ¥ MOAEKYABI HUYEro oOIiero He MMeIoT C IOA0DMEM HAAYTBIX pe-
3MHOBBIX IIAPUKOB, KaK HaM NPEACTABASET HayKa. Ecau u npeacras-
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ASITb aTOMBI M MOAEKYABI HIAPUKaMy (Ha CAMOM A€A€ 3TO He TaK),
TO BCe 3TH WIAPMKH UMeI0T AbIpKHU. [IpoBepaem akcrepumeHT. Bpo-
CYIM B BOAY COTHIO MEAKMX ITAACTMACCOBbBIX MAM AQ)Ke METAAAMYECKUX
HIAPUKOB C BHYTPEHHMMM ITyCTOTaMM, 3alIOAHEHHBIMM AQXKE He Ba-
KYYMOM, 2 OObIKHOBEHHBIM BO3AYXOM. TTOMECTHB 3TY BOAY B 3aMKHY-
TOV eMKOCTHM TIOA TIPECC, ¥ CO3AAB AABAEHME, MBI Pa3AABMM CHadaAa
MARCTMACCOBBI€, 2 3aTeM M METaAAMYECKHE IAPUKA.

A Terneppb M3TOTOBMM HOBYIO NMOPLMIO HIAPMKOB, HO TIPEXAE YeM
6pocaTb UX B BOAY ¥ NOBTOPATH SKCIIEPUMEHT, 000PYAyeM KadKAbLiA
IIapUK aBTOMAaTUYECKUM KAATIaHHBIM YCTPOMCTBOM, KOTOPOE C Ofl-
PEAEAEHHO 4acToOTOM GyAeT CBA3bIBaTh BHYTPEHHee TPOCTPAHCTBO
HIApUKOB C HapPY>KHbIM MPOCTPAHCTBOM BOAAHOM eMKoCcTH. Aloboe
HapY)KHOE AaBA€HHME He CMOXKET NOBPEAMTb HAIM MOAEPHM3MPO-
BaHHble HIAPUKH, TaK KaK aBTOMaTHYeCKoe KAaNlaHHOe YCTPOMHCT-
BO GYAET C ONIpeAeAEHHOM YaCTOTOM CPABHUBATH AABACHNE BHYTPH
HapuKOB C AABACHIEM BOAHOM cpeabl. HanoMHio, 4To Aas xummde-
CKOro SA€MEHTa Ljesuii-133, aBToOMaTHYeCKUIt KAATIRHHBIA MEXaHU3M
pabotaer c uacroroir 0,9192631770 x 10" repu. B npupope HeT HM
OAHOTO XMMMYECKOIO SAEMEHTA ¥ HH OAHOT'0 aTOMA, KOTOPbIi OhiA
6p He 060pYAOBaH NMOAOGHBIM ABTOMATHYECKMM KAATIAHHBIM Me-
xauusmom, Ho MOXKHO AM paspyluuThb 3A€KTpOHHBIE 000A0UKH, 060-
PYAOBaHHbIEe TAKMMU aBTOMATU4ECKUMM KAATTAHHBIMM MEXaHU3MAMU?
MOXXHO, €CAM C NOMOILBI0 CUHXPOHHOrO CPEepUIECKOrO B3pbIBa CO3-
AATh CKOPOCTb HAPACTaHMs BHEIIHETO AABACHMs1, KOTOpas Oyaer mpe-
BBUIIATH CKOPOCTb paboThl KARMaHHOTO MeXaHM3Ma 3aIUTHBIX 060-
Aouex. CoapaHue Takoro cdepuueckoro B3pHIBHOTO YCTPOMCTBA AAS
HayaAa LeMHO pPeakiy AACPHOTO B3PhiBa U AAS aKTMBALMM HayaAa
fIPoLeCcca TEPMOAAEPHOTO B3PbIBa, OBIAG OAHOI M3 CaAMBIX TAKEABIX
TEXHUYECKUX U TEXHOAOTMYECKMX NMPOGAEM IPU CO3AAHUM SAEPHBIX
U TepMOSAEPHBIX 60eroAoBok. Ho, mpoexTHpys B3pHIBHOU MeXa-
HMU3M AASl MTHOBEHHOTO CO3AAHMA KPUTHMYECKOM MACCHI M IIOADDI-
Ba SIAGPHOTO YCTPOJCTBA, YIeHble Irpyninbl akapemuka Kypuarosa,
KaK M aMepHKaHCKHe Y4YeHble, IPOABUraAKCh He NyTeM MOHUMaHMA
dusuxku npouecca, a myTeM sKCEPpNMEHTA ¥ MHTYMIMH.

Sl BHMMaTEABHO TNPOYMUTAA 3aMeyaTeAbHyl0o KHUTY Baapnmu-
pa Iyb6apeBa «AromHas OomOa» (M3p-Bo «Aaropurm», Mocksa,
2009 roa). B Heit nzaoxeHa NOAPOOHAsE XPOHMKa BEAMKOTO OTKpbI-
TUA C TEXHUMECKUMU NOAPOOHOCTAMKU. OAHAKO SCHO, YTO M aMepu-
KaHCKHe ¥ COBETCKUE yYEHbIE HE A0 KOHIIa TIOHMMAAHM, B €M 3aKA0-
YaeTca CMbICA PUaNyYeCcKoro mponecca HaYaAa LIeMHOM peakuum sAep-
Horo pacnapa? [Touemy ABe moaycdepsi SAEPHBIX MATEDUAAOB AAS
CO3AAHMSI KPUTUHECKOI MACChl HYXKHO OBIAO He MPOCTO MeXaHuye-
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CKU cOAM3UTH, @ MTHOBEHHO CAABUTH CHepuueCKM-KOABLIEBBIM B3pbI-
BOM? AeAao 0ODBACHAETCs 0ueHb MPOCTO. TOABKO MTHOBEHHBIN POCT
AQBAEHUSI IO3BOASIA TIPEBBICUTH CKOPOCTb OOMEHHDIX IIPOLIECCOB Me-
KAY BHYTPEHHMM TNPOCTPAHCTBOM aTOMOB PaAMOAKTMBHOIO Mare-
pyaAa ¥ MeXaTOMHBIM NpocTpaHcTBOM. Hapsay c npoueccom co3-
AHMA KPpUTHIECKOH MacChl, IPOMCXOAMAO «B3AAMBIBAHUE» DACK-
TPOHHBIX 000AOYEK ¥ COAMDKEHHME aTOMHBIX SIAEP B LEHTPAABHOM
JaCTU AAEPHOTO YCTPOICTB], YTO M ACARAO BO3MO)KHBIM MIHOBEH~
HO€ pacnpocTpaHeHMe HEelHOoM peakMu i MAKCHMaAbHOE UCTIOAb-
30BaHNe MacCChl IAEPHOr0 Marepuasa AAJd o0pa3’oBaHMA IHEPTUM
B3pbiBa. [Ipu MexaHUIeCKOM COAVDKEHUM ABYX OAOBMHOK SAEPHOTO
3apsAAd, 00pa3oBaHMe KPUTHYECKOM MAcCChl IPUBEAO 6bl K TIPOCTOMY
«TEMAOBOMY» B3pbIBY. MoXeT ObITh, AMilb 5—10 NPOLEHTOB Macchl
SIACPHOTO 3apsAa YCIEeAM MOABEPrHYTbCS LIEITHOM peakLMy M BbiAe-
AWTD SIACPHYIO SHEPTHIO, 2 OCTAABHAA Macca SIAEPHOIO 3apsAa Ipo-
cTo OblAa 61 paccesHa B OKPECTHOCTAX B3pbiBa. To JKe ceituac i npo-
MCXOAMT Ha aTOMHbIX cranymax Anouun. Tenaora pacceusaer pa-~
AMOAKTHBHbIE MATEPMAABI TEHAOBBIACASIONIMX BACMEHTOB, YT00bI
He IPON30MAO SAEPHOIO B3PhIBa.

Ho BepHeMcs K HameMy 5KCIepUMeHTY ¢ mapukamu. Hamm
«MEPTBBIe» LIAPUKH, [FOTAOTHB BOAY, HUMETO C Hell HE ACAQIOT, 3 AMIIbL
XPaHAT BO BHYTpeHHUX 06beMax. Korpa Mb1 cHuMeM paBAeHMe C ripec-
ca, TO M36BITOK BOABI BHIAET M3 00'bEMOB IIAPMKOB B EMKOCTD 6e3
BCSKOrO M3MeHeHus. Ho aToMbI XMMMYECKMX SA€MEHTOB ABAAIOTCS -
He TAYNIBIMM HIAPHKAMM, & MHTEAACKTYaABHBIMM POGOTaMI1, BKAIO-
YeHHBIMU B 00I{YIO CHCTeMy MaTepMaAbHOro Mupa. Vs nux maoro-
GYHKIMOHAABHBIX 33A24 Ha30BY AMIIb TAaBHbIe 3apaun. Bo-mep-
BBIX, OHM IIOPOXKAAIOT HOBbIE KBAHTHI TIOAEM IPAaBMTALIMK, B3AMEH TeX,
KOTOpbie CTaAM TENAOBBIMM KBAaHTaMHM, CO3AABasT TEM CAMbIM MAAIO-
3U10 Be9HOM 6€CCMEPTHOCTH MOAS I'PaBUTALMU M CAMOTO IPOCTPaH-
CTBa BCEAEGHCKOro Bakyyma. Bo-BTopsix, BHYTpM MX 00'beMOB mIpoO-
MCXOAMT HENpPEPHIBHAS TPEHUPOBKA U 00yYeHMe MATHUTHBIX U DAEK-
TPUYECKUX KBAHTOB 3aKPENACHMIO Y YAEPXKaHUI0 MHPOPMaI[MOHHbBIX
aiiroB. [TopoxxaeHme GOTOHHDIX KBAHTOB M €CTh HAFASIAHBIN PE3YAD-
TaT Takoi paboTsl. B-TpeThUX, BHYTPM MPOCTPAHCTBa aTOMOB, M3-
AVILHSAST SHEPTeTUKA TEMAOBDBIX M DAEKTPUYECKMX KBAHTOB, KaK M BCeX
APYT¥X KBaHTOB TIOAEBBIX (POPM MaTePHHM, IEPEAAETCA MEXAHUHECKOI
Macce aTOMHOTI'O SADPa, M3 aTOMHOTO SIAPa M3BIMAIOTCA Te MarHUTHbIE
KBaHTBI, KOTOPbie OCBOGOAMAUCH OT KBAaHTOB TPABUTAUMM, NOTEPAAM
CBOIO 9HEPIMIO U YK€ HECTIOCOOHBI YAEPXKMBATbCA B Maccoobpasyio-
Hieil MaTepuM aTOMHBIX sAep. AAsl IOACHEHUS TOTO (akTa HATIOM-
HI0, uT0 Macca COAHIIA eXXeAHEBHO YObiBaeT Ha 30 MUAAMOHOB TOHH U
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TIEPEXOAUT B MOAEBbIE POPMBI, YTOOBI IOAAEPKMUBATD XMUBHECTIOCO6-
Hocth CoaHeuHOU cucteMbl. EcAu 6b1 3TOro npoijecca HellpephiBHO-
ro ucrpebaenus maccsl CoAHLa He ObIAO, TO MCUe3Aa OBl He TOABKO
3eMHasl )XM3Hb, HO M [IOA€ COAHEUHOM IPaBUTALMU CTAAO Obl TEPATD
CBOM IPOCTPAHCTBEHHbIE 00bEMBL, YTO APUBEAO OBl K PA3PYIIEHUIO
CoAHEYHOIT CUCTEMBI KaK CTaOMABHOTO M MpoyHoro Mexaxusma, Ho
9TH eXeAHeBHBIE 30 MUAAVOHOB TOHH ABASIOTCS 6ECKOHEYHO MaAOHA
BEAMUYMHON O OTHOWIeHMIO K Macce COAHLIA. YyeHble YTBEPXAAIOT,
YTO IIpK TaKOM pacxoae maccol CoaHna, CoAHeYHAs: CUCTEMA MOMKET
QYHKUMOHMPOBATb MHOTO MUAAMAPAOB AeT 0e3 moTepy COOCTBEHHOM
CcTaOMABHOCTH.

Ho u3 Tex ¢yHkumii, KoTopbie obecriednBaeT KayKAbIiA aTOM U
MOAEKYAQ BCETO MHOTO00pasusi M BCEro MHOXKeCTBa XMMMYECKNX
2AE€MEHTOB, HAAHETHDIX ¥ 3BE3AHBIX T€A, CACAYET BBHIBOA, YTO OHM
ABASIOTCH NOA001siMU COAHEIHO CUCTEMBI, JIMEHHO aATOMBI 3BE3A-
HBIX Y [IAQHETHBIX TeA GOPMUPYIOT KBAHTHI [TOA€I FPaBUTALVM, 4 3aTEM
TIOTAOBIAIOT yMepIIye KBAHThI, CTABHIME KBAHTAMM TEMAOBOI SHEPTUH,
¥ KOTOPbIE AOCTABAAIOTCA Ha TIAAHETHBIE TEAR, C IIOMOIbI0 GOTOHOB
AYYEeBDIX SHEPrUil. ATOMBI M MOAEKYABI QOPMUPYIOT IIEPBUYHbIE Mar-
HUTHBIE ¥ BAEKTPUYECKHME TTOAEBbIE CTPYKTYPBHI, a 00beAMHEeHNsT aTo-
MOB B ITAQHETHbIE U 3BE3AHDBIE TeAa, GOPMUPYIOT MATHUTHBIC M BAEK-
TPUYECKUE IIOASL. DTU NOASL TOKE MCIIOAB3YIOTCS AASL COOPa M AOCTaB-
KH BCEBO3MOKHBIX KOPITYCKYA COAHEYHOTO M3Ay4YEHUs Ha MAAHETHBIE
TeAa. Ho, paboTas B OKOAOIIAAHETHOM M OKOAO3BE3AHOM IIPOCTPaH-
CTBE, 3, TakoKe paboTasi B MATEPUAABHBIX TEAAX TAAHETHBIX T€A, KBaH-
Thl MarHMTHBIX ¥ SAEKTPUYECKMX IHEPIUI NOCTENEHHO TEPAIOT CBOIO
SHEPIeTHKY M CHOBa BO3BPAILAIOTCS BO BHYTPEHHE NPOCTPAHCTBO aTO-
MOB U MOAEKYA. 3A€Ch OHM, MCIIOAB3YS MacCy aTOMHBIX SA€EP, CO0-
CTBeHHYI0 MH(POPMATMBHOCTD M OCTATOYHYI0 DHEPIHIO, BO3POXK-
AQIOT ¥ BOCCTAHABAMBAIOT YMCACHHOCTb CBOMX SHEPIMYHBIX NPEA-
KOB, 2 CAMM CHYCKAIOTCS K LIIeHTPaM NMAAHETHhIX M 3B€3AHBIX TEA, 110
NYTH HENPEPHIBHO paboTad U UCTPebGAAA OCTaTKH MaTepHaAbHOM
anepruu. Tak Marepus, pacTpaunBasi CBOIO 3HEPIMIO, HAAEASIETCA
Bce OoApmMMM M Goabmmumu QaiiaaMu cAyxe6GHol uHPOpManm
HMHTEAAEKTYAABHBIX pOOOTOB, a 3aT€M M IOPOXAAET BHICOKOHEP-
FUYHBINA HEPBOPOAHBIA AYX, KOTOPBIA ABASETCH AYXOBHOM IMINEH
¥ GYHAAMEHTOM AA3L CYLIECTBOBAHMS BCET0 MHOrooGpasus u Bcex
¢OopM KAETOYHOI TeAeCHO JKU3HH Halllel TAaHeTbl.

W3 Bcex aThx pacCyXAEHUI CAEAYET IAOGAAbHBIN BBIBOA, YTO
ecAam Obl aTOMBI He TPAaTUAM MACCY M SHEPTUIO AaTOMHBIX SIAED Ha Ipo-
M3BOACTBO IIOAEBBIX (POPM Marepuu, TO He OBIAO HUKAKMX [TOAEBBIX
CTPYKTYP, KaK He ObIAO Obl U AYXOBHOTO (YHAAMEHTA AASL 3EMHOIA
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JKM3HM HE TOABKO YEAOBEKA, HO U NPOCTeMIIero MMKpOOpraHM3Ma.
TIpuueM coBepilIeHHO OYEBHMAHO, YTO STH PACXOABL MAacChl aTOMHBIX
SAAEP XMMUYECKUX DAEMEHTOB OAHOCTBIO COTAACOBaHEI C PACXOAAMM
Maccel COAHIIA U B €XXECYTOYHOM M AQXKEe B €KETOAHOM M3MEPEHMH,
COCTaBASAIOT OECKOHEYHO MaAble BEAMYUHBI MO OTHOIIEHMIO K Mac-
CaM aTOMHBIX SAEP XMMUYECKUX 3A€MeHTOB. MO>KHO caeaaTb U ApY-
TOJ BBIBOA O B3aMMOCBS3M MacC AaTOMHBIX SIAEp IIAGHETHBIX TEA M Mac-
col CoaHla: «Yepes kepTBY coOCTBeHHOI Macchl, CoAHLie MopAep-
JKMBAeT U MOANMTHIBAET SHEPTETUKY M PpaGoTOCNOCOOHOCTh Mace
ATOMHBIX SIA€P IIAAHETHBIX TeA. BAaropaps ocoObIM CBOMCTBA 3eM-
HoMit aTMocdepsl, aTMochepa ¥ TOBEPXHOCTh 3€MAM HACHIIIAET-
Csl OCKOAKaMM (POTOHHDIX SHEPrii, HOAe3HBIMH ¥ HeOOXOAUMMBIMM
AASL JKHBBIX OPTaHU3MOB M PACTHTEABHOTO MHPa».

5. Snepzemuvyecxue yposHu amomos

U MOAEKYA U IBOAIOUUS MAMEPUL

A0Ka3aTeAbCTBO aBOAIOLIMOHHOTO NpolLiecca, NPOUCXOASAHIETO B
aToMaX ¥ MOAEKYAaX, Mbl MIONBITAEMCS OOHAPYXUTb Ha OCHOBE aHa-
AM3a BCe TOTO0 )Xe MMITYAbCHOI'0 PaCllIMpPEeHUs ¥ CKaThsi 06beMoB aTo-
MOB ¥ MOAeKYA. Halmm ycKkyccTBeHHBIE WIApUKY U3 BhILIENPHMBEAEH-
HOro mnpumepa, 0OOpPYAOBaHHbIE ABTOMATUYECKMMM KAAMAHHBIMU
YCTPOWCTBaMHK, XOT% U He DYAYT pasAaBA€HBI B BOAE AOOBIM BHemI-
HMM ABBAEHMEM, HO M He GYAYT yBeAMHMBATDH CBOM NPOCTPAHCTBEH-
Hble 06 beMbl, noraouasi B cebs Kak MOXXKHO GOABIIIE BOABI M3 3aMK-
HYTOro pe3epByapa. DTM MCKYCCTBEHHBIE MIADUKM SBASIOTCS AWUID
MEPTBBIM I10A0GMEM XMBBIX aTOMOB U MOAeKYA. I'lpy HarpeBaHuu ok-
pyXalolleit CpeAb! ¥ MOBACHUM B MEXKATOMHOM ITPOCTPAHCTBE aKTH-
BMPOBAHHBIX TENAOBBIX KBAHTOB, HAaTIPYMEP, )XMBOI aTOM BOAOPOAA,
OyAeT He MPOCTO BHIPABHUBATH NAOTHOCTb U HACHIIEHHOCTD TEIAO-
BBIMM KBaHTaMM BHYTPEHHETO M BHEIIHero npocrpaHcrea. OH Oyper
CO3AABaTh BHYTPH ce6s MCKYCCTBEHHYIO IOHIDKEHHYIO0 IAOTHOCTD,
M 3aTAATHIBATh TENIAOBBIE KBAHTH!, KaK )KUBOH MIKPOOPraHN3M 3a-
raarpiBaeT minagy. Kak u B )XuBom opraHusme, 4aCTb SHEPrETUKM Te-
MAOBBIX KBAHTOB MCTPATUTCAH Ha MOAAEPIKaHMe XXM3HECTIOCOOHOCTY 1
SHEPreTHYECKON MOATIMTKY MEXaHUYECKUX KBAaHTOB siApa aroMa Bo-
AOpOAQ, a BOT ux MHpopMaLus OYAeT epenmuchiBaThCA Ha APYIve
HocuTeAr B o6beMe BHYTPEHHETO aTOMapHO-MOAEKYAADHOIO Hpo-
cTpaHCcTBa. HakanAmBas KOAMYECTBO HOBBIX KBAaHTOB, aTOM HeE YBe-
AnuuBaeTcs B obbeMe. Koraa xxe KOAMYECTBO HAKOMAEHHBIX KBAHTOB
AOCTUTHET TPONOPLMOHAABHOCTH M CYMMBbI SHEPreTUKU POTOHA, TO
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aTO OYAET PAaBHOCMABHO TOMY, YTO KOAMYECTBO I'OTOBO IIOPOAUTD
HOBOE KavecTBO.

B 3TOT MOMEHT, 3a1UTHAst OpOUTAAD SAEKTPOHHOM 0OOAOUKM aTO-
Ma BOAOPOAQ, UMITYABCHO YBEAMYMBAETCS MPOMOPIOHAABHO KBaApa-
Ty HOMepa SHEPTeTUYECKOTO YPOBHs, a 06beM aToMa yBeAMMMBaeT-
€A IPONOPLIMOHAABHO Ky6y HOBOTO PaAMyCa MAM HPOMOPLMOHAABHO
LIECTOW CTeNeHM MPEXHEro papuyca. ATOM BOAOPOAAR CTAHOBUTCH
«0epeMeHHBIM» M HAOAOM 3TOM GepeMenHocTH sBAsierca GoOToH,
KOTOPBIii B pachOpMUPOBAHHOM BUAE XMBET BHYTPH PACHIUPEHHO-
TO MPOCTPaHCTBA aTOMa BOAOPOAA. EcAu B MeXXarOMHOM MPOCTpaH-
CTBe MPOAOAXKAIOT HAKAIIAMBATBCS TENAOBBIE KBAHTHI, YTO MOXKET TIpO-
MCXOAMUTD TOABKO NIPU IIOBBILIEHNY TEMIIEPATYPhl CPEABI 0OMTaHMS, TO
aTOM BOAOPOAR, KaK X1BOe cymecTBo byaer, u 6yaer noraomars rern-
AOBbIE KBaHTbI ¥ IOCAEAOBATEABHO NIEPEXOAUTD Ha HOBblE BHEPTeTH-
yeckye ypoBHU. Kaxkpo0e HOBOe HEPOKAEHHOE, HO NMOATOTOBAECHHOE
K POXAEHUIO, GOTOHHOE «AMTA», OYAET MMNYABCHO YBEAMMMBATH
papuyc M 06'beM aToMa Bopopoaa. Korpa B ypeBe aroma BOAOpOAa
CKOMMTCS TPUANATD GYAYIINX (POTOHHBIX MAAAEHIIEB, TO 5TO YPEBO
YBEAMYHTCS B CBOeM 00'beMe B 729 MMAAMOHOB pa3.

EcAu 1 pAanee TIpOAOAXKATh MOBBIIATL TEMOEPATYPY, TO 3aMUT-
Hast 060AOYKa DACKTPOHHOM OPOMTaAM He BBIAEPXMT Harpysku. 3T1o
HE NPEAYCMOTPEHO NPUPOAOI Ha ITAGHETHDBIX TEAAX, HO MCITOAB3YeTCA
B armocdepe 3Be3a. Bee Tpuanath poToHOB mpakTiyecku opAHOBpe-
MEHHO TTOKVMHYT BHYTPEHHEEe IPOCTPAHCTBO aTOMa M YHMYTOXKAT €ro,
NIPEBPATUB, MHTEAAEKTYaAbHBIA POOOT, B CAETION CI'yCTOK MEXaHu4e-
CKO#M Macchl TPOTOHA. OAMHOYHbI IPOTOH 6e3 9AEKTPOHa, B YCAOBH-
SIX TIAAHETHBIX TeA, He MOXXET IIOPOAVTD HUMKaKo# nnoaesoy ¢popmor. Ho
€CAU CBEDXCUABHEIM AABACHMEM IPMBECTH YeTHIpe IPOTOHA Ha OAua-
KO€ PacCTOSIHHE, TO OHM COABIOTCS B IADO aTOMA reAMs ¥, YMEHbILNB
CBOI CYMMAapHYI0 Maccy, € MOMOILbIO TEMAOBBIX KBaHTOB OAM3KOro
OKPY)KEHUSI CHOBa MIODOAST MoAeBbie M POTOHHBIe (POpMBI MaTEPUU.
ITpoToH — aTO yHMKaAbHasA JacTHI@ MarepmasbHoro mupa. Bo-
nepBhIX, IPOTOH ABAAETCA CaMOM NAOTHOM JacTUIel U3 BCEX MaTepu-
AABHBIX KMPIIMYMKOB, a BO-BTOPBIX, OH BXOAUT, KaK 00pasylomuii sae-
MEHT MAacChl, B COCTaB BCETO MHOXKECTBA aTOMOB ¥ MOAEKYA MUKPO- 1
MAaKpOOOBEKTOB BCEAEHCKOTO IPOCTPpaHCTRA. C yueToM 3THX 0C06BIX
CBOJCTB, IPOTOBCEACHHAA MOTAA COCTONTH TOABKO M3 NPOTOHOB,
a Bce ocTaAbHble popMbI MATEPHMAALHOTO MIpa OBIAM TIOCAEAOBA-
TEABHO IIOPOXKAEHDI M3 STUX 0CO00 MPOYHBIX YaCTUL]. ITY TUIIOTESY
SI UBAOXKY B TIOCAGAYIOIIMX FAABAX, a CeMYac BepHEMCsI K HallleMy pac-
KaA€HHOMY BOAOPOAY. AAst 0Opa3HOCTH PaCCMOTPUM TIPOLIECC, KOTAA
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TEMIIEpPATypa He AOCTUraeT NPEAEABHOTO YPOBHA, 4, AOCTUTHYB, Ha-
MpUMED, YETBEPTOIO SHEPreTUYECKOTO YPOBH, CTAGUANSHPYETCA.

B atom caydyae aToMBl BOAOPOAa OYAYT HENpPEpHIBHO M3AY4aThb
4eTBEPTbIt POTOH, COXPAHANA TPY OCTAABHBIX B CBOEM UpeBe, 1 CHOBa
’KaAHO HaKallAMBATh TEMAOBBIE KBAHTEHI, YTOOBI MMITYABCHO TI€PETH
HA YeTBEPTbI dHEPreTUYeCKUil YPOBEHD U CHOBA TIOPOAUTD OYepPeA-
HOI1 GOTOH. DTO €CTb TOT K€ MPOLECC SHEPreTMIECKOro B3auMoos-
MEHa, KaK ¥ npyu GPOYHOBCKOM ABMXKEHMM, HO aTOMbi OOMEHMUBAIOT-
cs He TeNAOBBIMYM KBaHTaMH, a poToHaMu. TenaonpoBOAHOCTH NPK
BBICOKMX TEMIIePaTYPaxX ecTb NOCTOAHHAN BEAMYMHA AAS KaKAO-
IO MATEPKaAa, IOTOMY YTO OHa KBAHTHPOBaHA GOTOHAMM, M KOAM-
4ecTBO 3THX (GOTOHHBIX KBAHTOB NPH NOCTOAHCTBE TEMIIEPATYPhI
OCTAeTCA BEeAMMUHOM NocToAunoM. B caepyiomux raaBax 6yayT pac-
CMOTPEHB QM3MIeCKHe NPHUMHDI, KOTOPblE MEHAIOT TEMAOHIPOBOA-
HOCTb M CO3AQI0T PasHbii TPAAVEHT NEPEHOCa TEMIIepaTyp B MPSIMOM
¥ 00paTHOM HanpaBAeHMU. 3apaHee CKakKy, YTO TAKHMM NOGyAUTe-
AAMH SIBAACTCA IPAAMEHT MOAA FPABUTALMM U TPAAMEHT Nepenasa
AaBaennsn. [Ipu MOCTOAHCTBE AQBAEHMSA M TIOASl IPaBATaUMMH ATOMBI
MAM MOAEKYABI MaTEPHAAR, A0 HACTYIIACHMA KPUTHYECKOH TeMnepa-
TYPHI MX paspyHIeHUs, MOTYT OGMEHMBATLCA AULIb OAUHOYHBIMY $O-
TOHHBMM KBaHTaMM.

Ho 3aech ecTpb 0 ueM noaymars paGoTHMKAaM Hayky, B BOPOCax
CO3AHMA MaTePHAAOB CO CBEPXTEIIAONPOBOAHOCTBIO MAM MaTepua-
AOB C TOBBIUIEHHEIMU TENAOU3OASLMOHHBIMM cBolicTBaMu. OAHAKO
HEBO3MOXKHO COTAACUTBCA C MHEHUEM HayKM, UTO IPM TeNAOOOMeH-
HbIX NIPOLieCccax He TPATUTCA HECKOHEYHO MAABIMH TOPUMAMM BHYT-
PEHHsAS 9HEPTyA BellecTBa MAM MaTepuaaa. ipnuem yem Boime TEM-
nepaTypa BemecTBa, TeM 60AbIIe peakTUBHAs OTAAYA NIPU OTPbIBE
$OTOHOB OT NOBEPXHOCTH 3AIUTHHIX OPOUTAAEH DACKTPOHOB ATO-
MOB ¥ MOAEKYA BelIeCcTBa, a 3Ha9MT, U BbIllle MEXaHMYIECKAN CKO-
POCTb aTOMOB M MOAEKYA, KaK B TBEPABIX CPEAAX, TaK M B rasax.
ViMimyAbC peakTHBHONM OTAQYM YBEAMYMBAETCS HE OTTOrO, YTO MEH-
€TCA CKOPOCTh (POTOHOB, @ OTTOrO, YTO KBAHTOBO YMEHbIIAETCA AOT-
HOCTb aTOMOB M MOAeKYA. Ecant Ob1 aTOMBI 11 MOAEKYABI GBIAY MBIAB-
HBIMM ITy3BIPAMH, a X O60AQUKY AErko ObIAO CKaTh M AedopMupo-
BaTh, TO TOro 6b1 He NPoNCx0AKA0. CBEPXYNPYIOCTb SACKTPOHHOMI
060A0YKM Ha BCeX KBAHTOBBIX YPOBHAX M KBaHTOBOe YOBIBaHMe MAOT-
HOCTH, 00€eCTIeYMBaIOT PE3KHIf POCT CPeAHE CKOPOCTY aTOMOB U MO-
A€KYA, C TOBBIILIEHNEM TeMIlepaTypHl BHelliHell cpeabl. Ecau 661 Ma-
TEPUAABHDII MUP MMEA 3aKOHBI, HAIIPAaBAECHHBIE Ha COXpaHeHue Co6-
CTBEHHOI SHEpruM, TO MaTepus Bera Ob cebs mo-apyromy. Ilpu
AOCTIDKEHMH KaKOTO-TO TEMIIEPAaTYPHOIO YPOBHS M HYAEBOM IPaAM-
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€HTe TeMIepaTypsl BHYTPYM UCCAEAYEMOTO MaTepUaAa, aTOMBI M MO-
A€KYABl 3TOTO MarepMaAa, IIOTAOTUB KBaHTH! TEMAOBBIX SHEpPIUil B
CBO€ 4peBO, NMepemay Obl Ha CTALMOHAPHBIN dHEPreTU4ecKuit ypo-
BeHb, COOTBETCTBYIOIMIT COOCTBEHHOI TeMIIepaType M NpeKpaTuAu
«beccMbICAEHHBLt» B3auMoo6MeH GoToHHBIMK KBaHTamu. TenaoBoit
npouecc B3aMMOoOMeHa B OAHOPOAHOM TENAOBOJ CpeAe mpH Mno-
CTOSIHCTBE TEMIUIepaTyYpbl U HYA€BOM BHYTPEHHEM IDaAMEHTE Te-
IAOTDI, ABAACTCA «6E€CCMBICACHHBIM» MPOLECCOM C TOMKH 3PeHHA
SKOHOMMM IHEPIUM.

Hy, Haxonua BHyTpM ce6s Tpn MAM YeThIpe POTOHa, ITEeperIeA Ha
COOTBETCTBYIOMMII DHEPreTWYECKUII YPOBEHD, M CMAY, HE Aeprajics,
AU, KOTAQ C BHEUIHEro MCTOYHMKA MOCTYMAT HOBbIE KBAHTHI TENIAO-
BOI 3HepruM, YTO6bI ITOrAOTUTh X U CHOPMMPOBATh B CBOEM 4ype-
BE QUEPEAHO (OTOHHBIN KBAHT. A €CAM CHAPYXU KIIOXOAOARET», TO
OTAQI1 OAMH QOTOH M OILSATB XKAM, SKOHOMS CBOJO BHYTPEHHIOIO SHEp-
ruio. BeAb Tak u A0AKHa BecTH cebst MaTepus, ecau 651 ee pyHpaMeH-
TaAbHblE 3aKOHBI ObIAY HAIPABAEHB! HA 5KOHOMMIO BHYTpEHHel aHep-
run. OAHAKO B yuep6 co6CTBEHHOM sHepreTHKe U BOIIPEKM 3aKOHY O
COXpaHEHMY SHEPIUU aTOMBI M MOAEKYABI IO BHYTpEeHHUM nHdOpMa-
LMOHHBIM (afiAaM MHTEAAEKTYaABHBIX PoOOTOB, npy Al06OM TeMne-
parype, OTAMMHON OT abCOAIOTHOTO HyAsl, GECKOHEYHO MaAbIMK HOP-
LUAMY BbIpabaTHIBAIOT SHEPTHIO TENAOBBIX KBAHTOB U TPEHUPYIOT MX
MH(POPMALMOHHBIE CITOCOOHOCTY HEPaspYIIMMO YAEP>XXMBATh HOBbIE
vHbopMaLoHHbie ¢aifabl. CocOOHOCTh HAKAaNAMBATHP M Hepas-
PYUIMMO XPaHUTHh MHG(POPMAIMIO ABAAETCA OoAee BHICOKOM IieH-
HOCTBI, Y€M COXpaHeHne CTAOMABHOCTH M HEPa3PYIHUMOCTH CO6-
CTBeHHO¥M aHepruu. Bce TenAoBble NPOLIECCH HAAO PaCCMaTpHUBATh,
KaK TPEHMPOBOYHBIE TIPOLIECCHE 110 00y4eHuIo noAeBobix GopM MaTe-
pUM AOCTMYb COBEPIIEHCTBA B 3aKPENACHMM M XPaHEHWM Ha CBOMX
MOAEBbIX CTPYKTYpax G6oAbulero obeMa MHOOPMAUMOHHBIX GANAOB.
TIpakTHYECKH NAQHETHAsA MaTepysl, KaK ¥ Bce NoAeBbie GOPMBI Ma-
TepuY, ABASIOTCSH HAYaAbHOI LIKOAOI, A€ OYAY1Mit IEPpBOPOAHBIN
AYX, PacTpauMBas CBOI0 DHEPIMI0 HAa BOCCTAHOBACHME TOAEBBIX
¢opM, roroBuTCa cTaTh GYHAIMEHTOM KAETOYHOTO JKHU3HETBOpE-
HusA ¥ MHGOPMaUMOHHBIM YIIpaBUTEAEM BCEX BUAOB MHUpPa pacTe-
HUI ¥ XUBOTHBIX. [IOHATH 2TO He TPYAHO, €CAM YMTATEeAb MOWMET
6oAee CAOXKHBIN BBIBOA, YTO MATepms, YAP)KUMBAA CBOU IPOCTPaH-
crBeHnble GOPMBI i 06bEMbBI, H, Aa)Ke IPOABAAA e KaK MeXaHM-
YeCKYK MacCy, TOKe padoTaeT ¥ TPATHT HA 9T LieAn OeCKOHeYHO
MaAbie IIOPIMM SHEPTUH.

[Ipy 5TOM COBEPUIEHHO OYEBMAHO, YTO PE3YABTaTOM DPaboThHI
O yAepXaHuio GopMei M oObeMa SBASETCA COTBOPEHME KBaHTOB
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HOAsl rpaBUTaLuM. B KakoM ObI TAYGOKOM BaKyyMe KOCMHYECKO-
YO NPOCTPAaHCTBA TPaBHUTALMOHHBIX NOAEH HM OKa3aAoChb MaAoe
AU GOABLIIOE MEXaHUYECKOE MATEPHAABHOE TEAO, OHO NPOSBASIET
Maccy, a 3HAYKT, paboTaeT, TPATUT BHYTPEHHIOO 3Hepruio u dop-
MMPYeT KBaHThI TOAA rpaBuTanmmu. CoBCeEM APYIMe 3apady pelia-
10T KBaHTHI TEIIAOBBIX aHepruit. OHM NMOPOKARIOT B Pe3yAbTare CBO-
i1 paGoThI, U3 MEXAaHMYECKMX KBAHTOB, KBAHThI MAarHUTHOM SHEPrum
M KBAaHTHI ITOASI FPABUTALMM, @ CAMM, YMUPas, CTAHOBATCA IPYOBIMU
KBaHTAMM HIEPBOPOAHOTO AyXa, KOTOpbIE MOI'YT OBITh BOCTpe6OBaHbI
TOABKO LIEHTPaMM TSKECTEN 3BE3AHBIX M NTAAHETHBIX TEA BCEAEHCKO-
IO APOCTPAHCTBa. MaAbie TeAa Bpoae KoMeT, GOAUAOB 1 BCEBO3MOX-
HBIX METEODUTOB, He MMEIOT Pa3BUTOTO LiEHTPa TSKECTH, TAe Obl OHM
MOT'AY BpEMEHHO CKAAAMPOBaTh HapaGoTaHHBIE BO BpeMsl CBOEH KU3-
HM Tpy6bie Gpakuuy nepBopoAHOTro Ayxa. Ecan bl mepBopoaHEIi AyX
OT MHOTOYMCAEHHBIX MAAbIX MaTePUMaAbHbIX TeA, 60po3AAmmMX KoC-
MUYECKUE TIPOCTOPBI, pasdpachIBAACS TI0 BCEACHCKOMY IIPOCTPAHCT-
BY IOA€M TPaBUTALMY, TO STOT JIPOLieCC BEI3BaA Obl paspylieHue 1o-
A€l TPaBUTALINM, IIOAOGHBIN TOMY, KaK PaKOBbIE KA€TKY Pas3pymAloT
3AOPOBBIE KAETKM TEAECCHOTO opraHusMa. IlosTomMy rpaBUTalMOHHBIE
MOAS KOCMMYECKOT'0O IPOCTPAHCTBA M UMEIOT TeMIeparypy abcoAloT-
HOTO HYAS, paBHOro MuHyc 273 rpaayca Lieancus. [Ipu aToit remmepa-
Type TENAOBaX aKTUBHOCTb aTOMOB ¥ MOAEKYA CBOAUTCSI K HYAIO.
Marepun sanpeigaeTcs NPOUSBOANTD M pa3épachiBaTh IO Ba-
KYYMHOMY IIPOCTPaHCTBY TIPABUTAlYMOHHBIX IIOA€H BBICOKOMH-
dbopmaTuBHbIE, HO He YCOBEpIIEHCTBOBaHHBIE 10 SHEPreTHKe, Te-
NAOBBbIe KBAHTBI. ECAM ObI TeMAOBbIe KBAHTH, CKAITAMBAAUCH B IPO-
crpaHcTBe BceAeHHOIt, TO HapYMIMANCH OBl 3aKOHB! IpaBUTALINM, U
HACTYIMA Xa0C B NOBEACHUM HeOEeCHDbIX TeA M raAakTH4ecKux obpa-
30BaHML. AaXKe He3HAYUTEAbHOE OTKAOHEHME NPOCTPAHCTBA BaKyy-
Ma OT aGCOAIOTHOTO HyAs TeMIIEPAaTyP BOCTIPMHMMAETCA KaK PaKoBas
ormyxoAb. HTo peAaeT 1 Kak cipaBAsieTcs BceAeHHast C 5TMMM PaKOBB-
MM OITyXOASIMM IPaBUTALIMOHHBIX TIOAEH, Mbl PACCMOTPMM, KOrAa 6y-
AEM paccMaTpUBaTh IPUPOAY «depHbIX Abip». B CoAHeuHOI cucTeMe
TAKMX PAKOBBIX OIyXOA€it He HabAI0AQETCA, MOTOMY 4TO XOPOMIO OT-
ADKEH MEXaHM3M cOOpa ¥ AOCTABKU CAYYAIfHBIX TEAOBBIX KBAHTOB
K mAaHeTHsIM TeaaM CoaHeuHoit cuctembl. Ecan Temnepatypa abco-
AIOTHOTO HYAA B MHHYC 273 rpapyca rpaBUTaLliMOHHBIX roAeit CoaHed-
HOV CUCTEMbBI OTKAOHUTCS XOTA OBl Ha THICSYHBbIE AOAM TPaAyca, TO
9TO IPO3UT KaTacTPOPUUECKMMM TTOCACACTBUAMU AASE €€ YCTOMIMBO-
CTU ¥ >KM3HECTOMKOCTU. OrpoOMHBIif NMOTOK (POTOHOB COAHEYHOTO U
3BE3AHOTO M3AYYEHUA SBASETCS AYqIIUM cOOMpaTeAeM M OYMCTHUTe-
A€M ITOASl YPaBUTALMM OT BPEAHBIX oOpasoBauuit. VimenHo GpoToHbI
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U MOAAEPKHBAIOT IIOCTOAHHYIO TEMNIepaTypPy KOCMOCa B 3HAYEHUM,
YyTb HWKe MuHYC 273 rpasyca. EcAn He ommn6aioch, 0HO paBHO M-
Hyc 273,15 rpaayca Ileabcus.

Ho xpynHble coepAMHEHNs OOAMAOB, KOTOPbIE HAa3bIBAKTCA KOMeE-
TaMM, BCe Xe YaCTUYHO HAKAAMBAIOT TEIIAOBbIE KBAHThI OT B3aMMO-
AECTBISA ¢ POTOHAMM 3BE3AHBIX M COAHEYHBIX U3AyueHuit. [To aToil
NpUYMHE Y KOMET, TPy uxX npubamwkenuy K COAHL, BRIPAaCTalOT Or-
POMHBIEe XBOCTBI, KOTOPbI€ HA CAMOM AEA€ He MMeIT B CBOEM COCTa-
B€ MaTePUaABHBIX COCTAaBASIOIIMX B BUAE KOCMUYECKON MbIAY, O KO-
TOPOM rOBOPAT yueHble. /3 XUMUIeCK#X SA€MEHTOB B COCTaBe «XBO-
CTa» MOTYT, IPUCYTCTBOBATh TOABKO HEHTPAAbHBIE ATOMBI BOAOPOAR
M TeAMsT MeXX3BEe3AHOro BemecTBa. B aroMax 1 MoAeKyAax HeTpaAb-
HBIX BEleCTB HAKOIIAEHO OPOMHOE KOAMYeCTBO MH(POPMALMOHHBIX
KBaHTOB TEMAOTH], KOTOpLIe KOMeTa coOpasa ¥ HAKOMMAA Ha OKpau-
HaX COAHEYHOI1 CHUCTEMBI OT AATEABHOCTH YAAAEHHBIX nAaeT Coa-
HEYHOUf CUCTeMBI, & TaKXKe Te KBaHTHI TEMAOTHI, KOTOPble 0Opa3oBa-
AVICb B pe3yAbTaTe B3aMMOAEICTBUSI MAaTEPHAABHOTO T€Aa KOMETHI C
¢hoToHaMM COAHEHHO# 3HepriM. XBOCT OTKAGHSETCS OT MATEPHAAL-
Horo reaa CoAHIIa, TOTOMY YTO IO HU3KOH MEXaHM4ECKOH HAOTHO-
CTHM M 10 BBICOKOW HACBI[EHHOCTH dHEPreTHKOM NMOAeBBIX GOpM,
OH NMOAYMHAETCS He [EHTPOCTPEMMTEABHON CHAE NPUTKEHMS, a
LHEHTPOOEKHOM CHAE OTTAAKMBAHMS COAHe4HOU Macchl Terao-
Bbie KBAHThl MaTEPUM KOMETH aKTUBMPYIOTCH TI0OA ACHCTBMEM DAEK-
TPMYECKMX M MarHMTHBIX KBAHTOB (POTOHOB COAHEYHOTO M3AYYEHMUS
u camu GOpMUPYIOT HOBbIE (POTOHBL, KOTOPbIE ¥ M3AYYAIOTCSA B BUAE
CBETAIETOCS KOMETHOro XBOCTa. 10 CyTH AeAa, TENAOBBIE KBaHTH B
KOMETHBIX XBOCTAX HACTOABKC YCOBEPIIEHCTBOBAHLI, YTO MO IPUOLI-
TUM Ha TIOBEPXHOCTb 3eMAM B BUAE DOTOHOB, OHM OCBOGOXARIOTCA
oT 060A0YEK KBAaHTOB MarHMTHOM U SAEKTPHYECKOIM SHEPIUM M Cpasy
e YCTPEMAIOTCA B LIEHTPaAbHBIE 0OAACTH 3eMHOTO mapa. Tam yco-
BEPIICHCTBOBAHHbIE KBAaHTbI TEIMAOTHI CTRHOBATCHA CYLIIHOCTBIO IEp-
BOPOAHOTO Ayxa. OHM HapeAsioTCA aHTHHMH(pOpManuein, u, OyAyuu
MCTOPTHYTHI Ha NIOBEPXHOCTH 3€MHOTO INapa, IPUBOASIT K 00ocCT-
PEHHIO YeAOBEeYeCKOM NCHXMKM M MHOTMM TParn4eCKum ucTopmye-
CKHM COOBITHAM.

ITo sTOJ NMpuuyMHe, MOSABAEHME XBOCTAThIX KOMET BCETAA CBA3AHO
C TpareAUsIMM 3€MHOTO YEAOBEYECTBA AU OTACABHBIX HALMI ¥ HApO-
AoB. CaM no cebe aToT ¢axr «nepedopmupoBku» PporoHop CoaHua
B OTOHBI «<KOMETHOTO XBOCTa» SIBASETCA AOTIOAHUTEABHBIM CBMAE-
TEABCTBOM, 4TO AI060J POTOH 3Be3AHOTO MAM COAHEMHOro U3AY-
JeHNs, KaK OBl AOATO OH He NIPOABUTAACH OT NOCAaBIell ero 3Be3-
ABI K IAQHETHOMY TE€AY CO CKOPOCTDBIO CBETAa, HUKOTAQ M HUYEro He
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M3AyvaeT ¥ He TepseT no acopore. Ho xaxxaniit GoTOH moAnuTLIBaA-
€T CBOIO DHEpPruio, cobupas Te POPMBI NMOAEBBIX CTPYKTYP, KOTO-
pbie ONACHBI AAS CYILIECTBOBAHMS MOASI FPABMTAIIMM, HO HEOOX0AM-
MBI AASI IOAAEP)KAHNA DHEPTeTUKM IIAQHETHBIX TeA MAU SBOAIOLMM
xu3Hu. TAQBHDIA TAPAAOKC 3aKAIOYAETCS B TOM, YTO KOMeTa BOAM3H
CoaH1a ¢ ToMo1bi0 POTOHOB He HarpeBaeTCs, a OYMIJAETCA M OXAXK-
Aaerca! BoT xoraa HayKa pasrapaer ¥ IpaBMAbHO OOBACHUT ITOT Ma-
PaAOKC, KaK ¥ APyTMe CBOM MHOTOYMCAEHHbIE TTaPaAOKChl, TOTAA OHa
M craHeT Hacrosuei Haykoit XXI Beka. Hukro xe He Mepua TeMmne-
parypy KoMeThl Ha HiopaeTe K COAHILY U ee TeMIiepaTypy Ha obparHoi
TPaeKTOPMH, TIOITOMY BCAKUE MOM OOBACHEHUSA 110 9TOMY TIOBOAY pa-
OOTHMKY HayKN BOCIIPHMYT He KaK MCTHHY, 2 KaK HayMHYI0 GaHTa3uIo.
1 ke MCXOXY He U3 SKCTIEPUMEHTA, a U3 puaocodcKoi AOTHKHM 3apa-
BOTO CMBICAQ, HO B TO )Ke BpeMs B KauecTBe GpyHAAMEHTaALHO Ofo-
Pbl CBOMX PacCYXXAEHMIA UCTIOAB3YIO IPOBEPEHHbIE SKCTIEPUMEHTAAD-
Hble AQHHBIE HAYKU.



Inasa IX

OBLLWE BbiBObl O NPUPOLE
TEMI0BOW SHEPTAK

1. Ksanmosocmb Hocumeneil menaosoi 3Hepauu

HocuTeAssIMH TEIIAOTbI SBASIOTCS BbICOKOHMH(OpMaTUBHbIE
KBAHTbhl TOHKMX HEPruil HeTPAAbLHOTO THUIA, KOTOpbIE MpEeXXAe
YeM CTATh KBAaHTAMM TEIIAOBOH TIPUPOABI, AOCTATOYHO AAUTEAb-
HBIM EPNOA BpeMeHH PaboTaAu B KaueCTBe HEMTPaAbHLIX KBaH-
TOB moAelt rpasuranuu. Kpome BbllleNpyBeACHHBIX pa3bsACHEHM,
MOXXHO IIPMBECTH IPUMEP CIAOIIHOFO CIIEKTPa SAEKTPOHOB IpH
bera-pacnape HEMTPOHOB HA POTOHBI, DAEKTPOHBI ¥ AHTUHEUTPUHO.
Bo BceaeHHoOIT HeT HMKAKMX MAaTePUAABHBIX U NOAERBIX GOpM Mare-
puy, Kakue He ObiAM Obi TOAEA€HDB! Ha KBaHTHL. XOTA COAHEYHOe U3-
Ay4YeHME AAET CHAOLIHOM CTIEKTP PasHOPOAHON 3HEPreTHMKM, HO BECh
3TOT CIEKTP HOPOXKAAETCA CACAYIOIMMU ADYT 33 APYTOM KBaHTMPO-
BaHHbIMU PasHOPOAHBIMU POTOHAMM. DTO YTBEPKAECHUE HEBO3MOXK-
HO ocnopuTh. OHO AOKa3aHO Haykoit. BoT u cnAoniHo# cniexTp us3-
AYYE€HMIT SAEKTPOHOB NIOPOXKAEH HAAMYMEM B X CTPYKTYpaX TOro
MAY MHOTO XOAMYECTBA KBAHTOB TOHKMX SHEPIMi HeHTPaAbHOroO
THMIa, KOTOpPbie HayKa Ha3BaAa HeUTpuHO. C APYTOI1 CTOPOHBI, XOTA
IpMOOpHI HAYKU ARIOT CITAOINHOM CIEKTP, Ha CAMOM AEA€ BTO AMHMM
TaKOTO CHeKTpa, pasHOCTb YAaCTOT KOTOPOrO HEBO3MOXKHO 3aperucr-
pupoBarb. VIMEHHO M3-3a MAaAOCTM KBAHTOB M MAABIX dHepreTude-
CKMX pasAMuuiL, CrieKTp GeTa-pacimasa CAMBAETCsS M3 OTAEABHBIX AU-
HU1 B OAHY IIOAOCY SHEPreTH4YecKoro pAuanasona. Hecmorpa wa To,
4YTO 5TOT $M3MUeCcKuit mporiecc usBecreH ¢ 1930 ropa, Tam ele MHO-
IO TEMHBIX TISITEH M HEM3BEAQHHBIX HAY4HBIX TaliH. IIpu sTom A BO-
BCE HE YTBEP)KAAIO, YTO KBAHThI HEMTPHUHO, KOTOPbIE CONPOBOKAAIOT
9AEKTPOHBI IIpH GeTa-paciase, UAEHTUYHBI KBAHTAM TETIAOBBIX SHep-
ruit. Takux AOKa3aTeAbCTB Y MeHs HeT. Ho y MeHsI eCTb AOKa3aTeAbCT-
Ba TOrO aKTa, uTo KpoMe GOTOHOB AyYEeBbIX SHEPTHIA, a TAKOKE KPOMe
MAarHUTHBIX, 5AeKTPUYECKUX M TPAaBUTALMOHHBIX TIOAEBHIX GOPM Ma-
TEPUY, KOTOPBIE NPOABAAIOTCA C NOMOIbIO O0pa3oBaHMsA B MaTe-
PMAaABHBIX TEAAX CHAOBOTO BEKTOPA, B aTOMaX M MOAEKYAAX U B UX
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BCEBO3MOXKHBIX OG'bEAMHEHHMAX, CYIIeCTBYET OecuncAeHHOE KOAM-
YeCTBO TOHKVIX KBAHTOB HEHTPAaAbHOrO THIIA.

TpuyeM uX HENTPAABHOCTb UTPAET CAMYIO PEIIMTEALHYIO POAD B
($OpMUPOBAHMM BCEX M3BECTHBIX MOAEBBIX GOPM U OTIPEAEASIETCS TEM,
4TO OHHM ABASIOTCS FAABHBIMM XPAHUTEASIMU NOBEACHYECKON UHPOP-
Maumy Bcex GOpM MaTepUaAbHOro MUpa. JTO NOAOXKeHUe g 6yAy Mmo-
CAEAOBATEABHO AOKa3bIBATh IIPU U3A0KEHUM MATEPHAAOB DTOM KHUIU.
O6bluHble Bely, KOTOPbIE HAC OKPYKAIOT ¥ C KOTOPHIMU MBI IOCTOSH-
HO COTIpUKacaeMcsi, He GBI0T HaC TOKOM M He NPUTATUBAIOTCS K HalluM
pyKaM. A BeAb CONPUKACaeMCA Mbl HE C OTOACHHBIMU aTOMHBIMM AADa-
MM, 2 IAEKTPOHHBIMY 000AOUKAMM ATOMOB U MOAEKYA UAU MX COEAMHE-
HUWITL. AASI 9THX 9AEKTPOHHBIX 060A0UEK ACHCTBYET MPUHLIMAI HEONPE-
AEAEHHOCTH. BO3MOXXHO, YTO CIMPaAbHO-KOABLIEBAas CKOPOCTb KBaH-
TOB SAEKTPOHHbIX OPOUTAAEH BBIlUE CKOPOCTH CBETA, HO P 3TOM MBI
YyBCTBYEM VX MOAHYIO HEMTPaAbHOCTD. Pa3se 3ToT pakT He sABASET-
C AOKQ3aTEABCTBOM HAAWMMS B MATEPUM GECYMCAEHHOTO KOAMYe-
CTBa KBAHTOB MOAEBBIX POPM HEHTPAABHBIX DHEPruit?

2.boasnuv saxyyma. Tenroma u saxyym

Harperoe BelljecTBO, 10 MHEHMIO HAayK¥, IIPM MIEPEXOAE M3 KUA-
KOTO COCTOSIHMA B ra3o00pasHoe COCTOSIHUE, 3aTPAUMBAET TEIIAOBYIO
SHEPIuIO Ha paboTy 1o COOCTBEHHOMY pacIiMpeHHIo, ¥ TIO3TOMY ObI-
CTpo oxaaxaaercs. Ha aToM npuHume ocHoBaHa paboTa XOAOAMAD-
HMKOB, KOHAMIIMOHEPOB, & TAK)KE OCHOBAHO NPOMBIILIAEHHOE NPOU3-
BOACTBO CXKIKEHHBIX ra3oB. C yueToM KBaHTOBOM NPHPOADI TENIAC-
Thl, 2 TAKKE C y4eTOM IIPOUCXONKAECHNA KBAHTOB TENAOBOM SHEPrUH
OT KBaHTOB 1IOAS rPAaBMTALMH, HAAO AOGABMTD, YTO TEHAOTA, KAK
MHTEAAEKTYaAbHBI# POGOT, IPMHMMAET BCe Mephl K TOMY, YTOOBI
CHOBa He OKa3aThCA B BaKyyme B 6ecnomomuoM cocrostHnm. ITpo-
[JeCC BBITASIAUT CAEAYIOIIMM 00pasoM: NpM PE3KOM TMaACHMHU AaBAe-
HMsS. BHYTDM BelIeCTBa, TENAOBBle KBAHTbl BPEMEHHO TIpeKpallaioT
TPEHUPOBOYHBIN MPOLIECC U «IIPSYYTCA» BHYTPb MOAEKYA, IEPEBOAS
MX Ha HOBBIl HEPreTUYeCKMil YPOBEeHb. AAST XKMAKUX BeliecTB 06b-
€M MOAEKYA IIDM IepexoAe cO BTOPOTO Ha TPeTHil YPOBEHb SHepre-
THKHM yBeAuuuBaerca npumepHo B 11,4 pasa. [laoTHocTh BemecTBa
BHYTPH MOAEKYA CTAHOBMTCS CPaBHMMA C MAOTHOCTBIO MOAEKYA aT-
Mocdepbl Boaayxa, ¥ XMAKOCTb CTaHOBMTCA razoM. Ilpu arom Bech
#36BITOK TEMAOTHI NIPH TIEPEXOAE JKMAKOCTH B ra3 He pacnbiAfieT-
Cf B ME)KMOAEKYASIPHOM NIPOCTPAHCTRE ras0BOi CPEAB], 2 UCMIOAD-
3yeTCsl BO BHYTPEHHUX 00 beMax MOACKYA AAS IOAAEPKAHHUS SAeK-
TPOHHBIX 000A0YEK Ha TPeTbeM YDOBHE DHEPTeTHKY, 4 YACTHYHO
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nepeBoOAUTCA B (OTOHHBIC KBAHTHI M M3AydaeTCsA. ITOT Npouecc 1
ofecneunBaeT pe3xkoe MaAEHME TEMIIEPATYphl Ta3a.

EcAM MBICAGHHO NPEACTABUTH, YTO TAKYK) CAMOOXAAKAECHHYIO
MOAEKYAY € MOHVM)XEHHOM MAOTHOCTBIO, MBl HAUHEM TIPUHYAMTEABHO
MOAHMMATD B BEPXHME CAOU 3eMHOI aTMocdepsl, TO IIPM TAAEHUH aT-
MOCHEPHOrO AABAEHMSI OHa CaMa, 6e3 BCIKOro NPUHYKAEHUS UCITYC-
TUT QOTOHHBIN KBAaHT M NEpefAET Ha BTOPOi1 SHEPIeTUHeCKUil ypo-
BeHb. Y4eHble CUMTAIOT, YTO TAYHas MOAEKYAA UCIYCTUT GOTOH KyAa
[TOIAAQ, C OAMHAKOBOH BEPOATHOCTEIO B CTOPOHY HIOBEPXHOCTH TIAa-
HEThb! AU B [IPOTUBONOAGKHYIO CTOPOHY. 3AeCh OHM TAyOOKO 3abAy-
xaaorcs. Poron Gyaer McnymeH K MOBEPXHOCTH 3€MHOrO HIapa, Tak
KaK MHGOPMALMOHHBINA TPAAMEHT MOAS TPABMTALMM B CTOPOHY IO-
BEPXHOCTH HAPACTAET MO 3aKOHY OGPATHBIX KBaAPATOB, 4 B IIPOTUBO-
MOAOXHYIO CTOPOHY YMeHbiiaeTcsa. ECAM MOA€KYAY HACMABCTBEHHO
He mepeMemaTh B rAyGOKMit KOCMOC, 2 OCTABUTh B BEPXHMX CAOMX
aTMocdepsl ¢ HU3KMM AABACHMEM, TO TaKast MOAEKYAA HaYHET pa-
60Tarb Kak cOopmuK noaesnix GopM MarepuM M TEHAOBBIX KBaH-
TOB MAM KaK O9MCTMTEAD IIOAS TPABUTAIIMM OT TEMAOBOIO «MYCO-
pa». Hakorus TenaoBhie KBaHTHI AO SHEPreTMKM (POTOHA, MOAEKY-
Aa 6YAET MMITYAbCHBIM TIEPEXOAOM CO BTOPOTO Ha TPETHI YPOBEHDb U
06paTHO UCIYCKaTh POTOHBI B CTPOTOM HAIIPABAEHMY B CTOPOHY I1O-
BEPXHOCTH 3€MHOro 1uapa. PoAp cOOpmMkoB paspymeHHbIX $hoTo-
HOB COAHEYHOM! SHEPTrUM ¥ PETPAHCASNIMM ¥X K MOBEPXHOCTU 3€M-
Au B popme GesonacHbix GOTOHOB MCTIOAHSIOT BCE MOAEKYADI 3€M-
HOM arMocdepbl, HO FAABHBIM COOPIIMKOM ABASIOTCSH MOAEKYAB
BOABI 00AQTHEBIX 06pa30BaHMi TAAHETHI.

EcAn MoA€KyAa BOABI CAMOCTOSITEABHO TIOAHUMETCH AO YPOBHA
M BBICOTH! CBEPXHU3KOTr0O aTMOCHEPHOTO AABAEHHA, TAE OTCYTCTBYIOT
TEMAOBb€ KBAHTHI, TO OHA UCITYCTUT B CTOPOHY IIOBEPXHOCTH NAaHE-
ThI 0YepeaHoil GOTOH U nepeiaeT Ha BTOPOIf SHEPreTUYECKMH YPO-
BeHb, YTO COOTBETCTBYET arperaTHOMY COCTOSHMIO XMAKOCTH, TTAoT-
HOCTb MOAEKYARI Bo3pacTeT B 11,4 pa3a. OHa cTaHeT TAXeAee MOAe-
KYA Ia30BOM CPeABl arMocdepbl M MEAACHHO HAYHET CHIDKAThes. Ecan
M Ha HIDKHUX 3TaXax armocdepsi He 6YAyT OGHapYKEHbI TENAOBBIE
KBaHTBl, TO MOAEKYAB! CAMBAIOTCA B KaMAIO M BBIIIAAQIOT B BHAE AO-
XAsL Ha OBEPXHOCTb 3€MHOro mapa. Msl He OyAeM paccMaTpuBaTh
Bce MHOrooOpasue armocdepHBIX ABA€HUN, 4TOOB He YATH B CTO-
POMY OT TEMBI, HO HaAO HPU3HATD, YTO B 06BsACHEHUM DUBMKY TIPO-
L{eCCOB aTMOCEPHBIX ABACHMI OOABIIIe IPUCYTCTBYET HAyYHAsl TAY-
MOCTb», YeM HayYHAS «KMCTUHA». ATOMBI M MOAEKYADI Fa30BOM CPEABI
BO3AYHIHOJ aTMOCepBI 3eMHOTO LIapa, HY IIPM KAKMX YCAOBUSAX He
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MOTYT AQ)Ke B MAAOM KOAHYECTBe NOKHHYTh 3eMHYI0 aTMoc(epy.
HopHuMasch K 06AaCTH BaKyyMa, MOAEKYADBI Ia3a AOOPOBOABHO U3-
Ay4al0T GOTOHB! U IEPEXOAAT HA BTOPOI DHEPTreTMYECKUI YPOBEHD,
KOTOPBIif COOTBETCTBYET arperaTHOMY COCTOAHUIO Xupkoctn. Ecan
TEMAOBBIX KBAHTOB B MX OKDPY>KeHMU He OOHAPYKUTCH, TO MOAEKYABI
rasa M3AyYaT MOCAeAHMIT QOTOH M NepeiAYT B YCAOBHO TBEPAOE CO-
CTOSTHME NEePBOro ypOBHA 3HepreTUKu. MIX HAOTHOCTD ITOBBIINAETCSH
B 729 pa3 no cpaBHEHMIO C MAOTHOCTbIO aTOMOB M MOAEKYA Iasa, U
OHM CAOBHO KaMHH, MIOA BO3AEHCTBUE 3eMHOM rPaBUTALMM, HAYK-
HAIOT MaAATh B 60Aee ITAOTHBIE CAOM BO3AYIIHOI arMochephl.

TAaBHEI BBIBOA M3 3THX PacCy>KACHMI 3aKAIOUAETCH B TOM, YTO
[PH MEAAEHHOM UAM GBICTPOM MOTPY>KEHUM Pas0oGLIEHHBIX ATOMOB U
MOAEKYA B CpeAy KOCMHYECKOTO BaKyyma, aTOMBI M MOAEKYABI A0O-
POBOABHO TIEPEBOASAT IHEPTMIO TEMAOTBL M3 COCTOAHUA TOHKMX Tell-
AOBBIX KBaHTOB B COCTOsIHME (POTOHHBIX KBAHTOB M HAMPABAAIOT 5TU
KBaHTBI CTPOrO K IIOBEPXHOCTH 3eMHoro wapa. Koraa nocaeaue do-
TOHbI IOKMHYT aTOMBI ¥ MOAEKYABI, TO OCTaBIUMECA TENAOBbIE KBaH-
THl CaMi AOODOBOABHO, TOMEUIAIOTCA B NPOCTPAHCTBO BHYTPEHHE-
ro o0'beMa aTOMOB ¥ MOAEKYA, M BIIAAAI0T B COCTOSAHME «aHabuosan.
Takum 06pa30oM, BAKYYMY He AOCTAeTCA HU OAHOTO KBaHTA TEIAOBOI1
sHepruy. He BaxyyM BhIXOAQKMBAET MaTepPHIO AO TeMNepaTyphi ab-
COAIOTHOTO HYAS, 2 CAMA MaTepusA NePeBOAUT BCIO CBOIO TEMAOTY
B GOTOHHBIE KBaHTbI M BIIAAAET B COCTOAHIIE TENAOBOIO «aHabHno-
3a», 4T00Bl He HABPEAUTh FPABUTALMOHHOMY NOAIO Bakyyma. [To-
HUMaHMe 3TOI MPOCTOI UCTHHDI IO3BOASIET M NIPABMABHO OOBACHUTD
HAay4HYIO TailHy SABACHMA CBEPXIPOBOAMMOCTU IPOBOAHMKOB TOKa,
OXAQKAEHHBIX AO KPpUTMYECKOI TeMIIepaTypbi HOAHOTO IMpeKpaile-
HUS TEITAOBOM aKTUBHOCTU MX aTOMOB M MOAEKYA.

3. Tenroma u srexmpuvecmso

ConpoTuBAeHKE IPOBOAHMKA TOKA €CTh TApaMeTp, KOTOPHI OIl-
peaeasieT MHGOPMaLMOHHO-9HEPreTUYECKoe B3aMMOAENCTBUE Terl-
AOBBIX KBaHTOB C TOHKMMM KBRHTaMM DAEKTPUYECKMX aHepruit. Yem
foAbIe cCONPOTHBAEHNE IPOBOAHMKA, TEM OH DOAEe OAE3eH MUDY
JKMBOM HPUMpPOABI. TenAoBbie KBaHTHI NPMHY>KAQIOT MeEXaHU4YecKue
MAacChi K aKTUBHOCTHY U MOABWKHOCTH. [Ipy aTOM 4acTh dAeKTpUue-
CKMX KBaHTOB TOHKMX SHEPTHII 0CBOOOXAQETCs OT M30bITKA BHEPTUM,
4YTO MPOABASAETCS B BMAE NOBHIIEHUS TEMIIEPAaTYPhl MPOBOAHMKA.
O6eccuAaeHHbIE DAEKTPOKBAHTHI € TIOMOINBIO TEMAOBLIX KBAHTOB YB-
A€KalOTCsl BHYTPb APOCTPAHCTBA MOAEKYA ¥ aTOMOB AAS MIX AQABHEN-
1Iero MHGpOPMAMOHHOTO COBepIIeHCTBOBaHUs. ITpy sTHX 06MeHHBIX

195
7



MIPOLIECCAX Te KBAaHThl SAEKTPUYECTBA, YTO OBIAY TIOFAOLIEHBI B aTOMBI
Y MOAEKYABI IDOBOAHMKA B IIpEABIAYLIiEe BpeMs, OCTABUB TaM 3Hep-
I'MIO Ha HOAAEP)KaHME XXU3HEAEATEADHOCTH ATOMHBIX JAED, U TIOAYYMB
B3aMeH ¢aifA HOBOJ NMOBEAEHYECKOI MH(OPMALINY, BHIXOAAT B MEX-
MOAEKYASIpHOE IMpOCTPaHCTBO. Ho 370 yKe He sAekTpuyecKas SHep-
it 3To Tak Ha3bIBaeMOe CTATM4YecKoe dAaeKTpuyuecTBo. OHO He
noAuMHseTca 3akoHaM OMa ¥ MOXKeT NPUBECTH K COOI0 MAM BBIXO-
AY 43 CTpOs ”HPOPMALIMOHHBIX dIAEKTPHYECKUX YCTPOCTB. [Ipoek-
THUPOBLIMKY U U3rOTOBUTEAU DAEKTPOYCTAHOBOK CMAOBOIO U MHPOD-
MaLOHHOTO TMIIA BCTYECKM CTAPAIOTCA M30aBUTHCA OT CTATUYECKO-
rO SAEKTPUYECTBA, NYTEM 00S3aTEABHOIO Y HAAE)KHOTO 3a3eMAEHUS
SAEKTPOYCTaHOBOK.

B cyxyio noroay ¢ HU3KOM BAQXKHOCTBIO LIEPCTSHASL MAU CUHTe-
THMECKasA OAEXKAA (M30ASITOP AASL SAEKTPUYECKOTO TOKa!), BAPYT Ha-
YMHAET 3apsaKaTh HAIE TEAG SACKTPUYECKMM 3apsiaoM. SI AyMalo,
4YTO OOABUIMHCTBO YMTATEAEI Ha cebe IPOYYBCTBOBAAM 3TO HEIPU-
ATHOe (pUauYecKoe ABACHUE, KOTAQ APU CONPUKOCHOBEHHUM C 3a3EeM-
ACHHBIM [IPEAMETOM MAM AdXe C ADYTMM HeAOBEKOM, 1iepeA, COMpH-
KOCHOBEHMEM TIPOCKAKMBAET MUKPO«MOAHMS» MCKPOBOTO paspsipa.
OTKyA2 B YEAOBEYECKOM OpraHusMe cpopMHUPOBAAOCH CTOAb BBICO-
Kas pasHOCTb NMOTeHLMar0B? KoHeuHO, 3T MUKPOKBaHTHI 3AEKTDM-
4eCTBA BBIAEAEHBI Y3 ATOMOB M MOAEKYA IHEPCTAHBIX M CUMHTETHYE-
CKMX MaTEepHAAOB, KaK IIPOU3BOACTBEHHbIE 3aTOTOBKM YCOBEPLIEHCT-
BOBAHHOM C MX ITIOMOIIbIO TOTOBOM MPOAYKIMY. DTO SHEPreTHIeCKH
cAaaboe, HO Goaee MHPOPMATUBHOE CTATMIECKOE BAEKTPUYECTBO,
OHoO He uMeeT YOOIMHOM CHAB HACTOSNIETO pabo4ero sAeKTpMIecT-
Ba ¢ rpyOBIMM KBAHTaMH, HO 3aTO YMeeT YNPABAATH CBOOOAHBIMM
SAEKTPOHAMM B COOCTBeHHBIX HeAsnX. CHHTeTUKA M LIEPCTh He UMe-
10T CBODOAHBIX 3AEKTPOHOB, HO3TOMY IOTOBAas MPOAYKLIMS CKaNIAVBa-
€TCA B 3alUTHBIX 000AQUKAX IAEKTPOHHBIX OPOUTaAEH MaTepHaAa U
BbI3BIBA€T €ro NPMAUINIAaHUE K TeAy. IIpu aToM Halle TeAo noraoma-
€T He DACKTPOHbI MaTePHaAa, a MHOXKECTBO dAEKTPOKBAHTOB TOH-
KHX SHEPruii, HO BBICOKOH uHpopmaTusHocTH, Hanboaee ycosep-
IICHCTBOBAHHYIO YaCTh 9TMX KBAaHTOB TEAECHBIN OpPraHM3M UCHOAb-
3yeT AASL CBOMX MOTPeOHOCTel, a HeHyXHasd NPOAYKLMA KypCHpPYyeT
[0 OpPraHU3MY, B OXUAAHMM YAOOHOro cAyuas NOKMHYTb YeAOBede-
CKMi1 OPraHM3M M NIePeiTH B MOBEPXHOCTb 3eMHOTO HIapa MAU B APY-
Ol IPEAMET, TAE UCTIBITHIBACTCS HEAOCTATOK HOAOOHBIX KBaHTOB. He-
AOBEYECKUIA TEAECHDII OPTAaHU3M SIBASIETCS CAAOBIM DAEKTPOAMTOM,
HO B 3TOM CAa00M 3AEKTPOAUTE CO CKOPOCTBIO CBETA MPOXOAMT He-
IpepbIBHbLA UHGOPMALIMOHHBIA B3auMoobMeH. V1 BOT OAMH U3 3A€K-

s
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TPOHOB, HANPUMeEP, YEAOBEYECKOTO MAAbLA, MOAYYAET MHGPOpMALMIO
0 HEAOCTATKE TTOAOOHBIX HECOBEPIIEHHEIX S9AEKTPOKBAHTOB B MPEA-
MeTe, C KOTOPbIM COAMDKaeTcs YeAoBedeckas pyka. ViHpopmaims o6
STOM HEMEAAECHHO PaCIIPOCTPAHACTCS MO BCEMY OPTaHU3MY U BCe 9TH
pacrpeAeAeHHEIE SAEKTPOKBAHTBI CO CKOPOCTBIO CBETA € MOMOILIbIO
CBOCOAHDBIX SAEKTPOHOR M DACKTPOHHEIX 32U THHIX OpOUTaAel Moae-
KYAADHBIX CTPYKTYP KAETOK TEA€CHOrO OPraHM3Ma, HEMEAAEHHO 3C-
TadeTHBIM CIIOCOOOM AOCTABASIOTCS TOMY DAEKTPOHY, KOTOpbIit 06-
HapyXHUA GAM30CTh HEOOXOAMMOro npepMeTa. TOT SAEKTPOH NpU-
XOAUT B BO3GY)XA€HHOE COCTOsAHME, HO TYT-TO ¥ HAUMHAETCSA CaMoe
MHTEpecHoe!

Hayxa cunraet, 4ro BO30Y)KAEHHbBIE 3ACKTPOHBI HAYMHAIOT IO
O4YepeAM CTapTOBATh M3 KOXKM HAAbLIA M «TIPUSEMAATHCS» Ha IIPEAME-
Te GAM3KOro KOHTAKTa, OPraHN3ys BPEMEHHBIA «KaHaA» 3a3€MAEHUA,
IIOKa He BBIBEAYT M3 OPTaHM3Ma BeChb SAEKTPOMYCOpP. AOKa3aTEAbCTE
Y MEHs HET, HO A He AYyMalo, YTO OPTaHU3M YeAOBeKa MMeeT 0OMeH-
HBI GOHA 2AeKTpOHOB. CKOpee, BO36YXACHHDIIi JAEKTPOH Ha 1aAbLie
PYKM IIOAGET CUTHAA B IPEAMET OAM3KOTO KOHTAKTA, O TOM, YTO Y HEro
€CTb M3OBITOK BAEKTPOKBAHTOB. EcAM B nmpesMeTe KOHTAaKTa mme-
I0TCA U36BITOUHBIE CBOGOAHDIE IAEKTPOHBI, KaK, HATIPMMED, B AIO-
60OM DAEKTPONPOBOAHOM METAAAE, TO OHM M CTAPTYIOT C METAAAR
Ha KOXXy nasbya. Oprasu3oBae KOHBEEPHYIO AVHHIO, SAEKTPOHSBI
METAaAAA NePETACKUBAIOT SAEKTPOKBAHTLI DACKTPUYECKOro 3apsAa
M3 TeAa YeAOBeKa B MeTaAAWYecKuit npeamer. Kakue pokasareancr-
Ba? IIpsimpix HeT. HO MOAM3THAEHOBAS 00epTKaA OT CUrapeT TOXe He
6orara CBOGOAHBIMM 3AEKTPOHAMM, TaK KaK SIBAAETCH M30AATOPOM.
TMocAe oTpbiBa €€ OT IAaYKY CUrapeT, B Hell He MOryT 0Opa3oBHBATHCS
cBOOOAHDIE 9ACKTPOHBI, MHaYe O6bl 006epTKa NpEeBPaTUAACh B IPOBOA-
HUK TOKa. B Helt oGpasyercs M3bLITOK MHOXeCTBA 3AEKTPOKBAHTOB,
KOTOPBI€ XPAHATCA B CBA3AHHBIX 3IAEKTPOHAX ¥ B 000AO0UKAX MOAEKY-
ASPHBIX CTPYKTYp. BpoilteHHas 06epTKa, He AOAETEB A0 HOA], MOXET
HIPHMAETINTBCA K AePEBAHHOM AOCKE, K METAAAUYECKOMY OKPaHIEHHO-
MY TIpEAMETY UAM A@Ke K 0OAMLIOBOYHOI TAUTKE M MHOTO BpeMeHH
HMPOBECTH B TAKOM ITOAOXKEHUM. UTO ee yAep)XKMBAET OT NaACHN?

OHa He mapaeT 1o ABYM NpuMuMHaM. Bo-mepBrIX, nOoTOMY 4TO
MaAro HapaboTaAa TOHKMX KBaHTOB CTaTM4eCKOTO BAEKTPMYECTBA,
cnocoGHBIX NIpUBecTH B BO30YXAeHME XOTA OBl OAVH DAEKTPOH B Ma-
Tepyuaae 06epTKH. A BO-BTOPBIX, HOTOMY YTO B TOM HPEAMETE, K KO-
TOPOMY IIPUAMIIAA 0OEPTKA, MAY TOXE HET CBOOOAHBIX DAEKTPOHOR (B
A€peBe M TAVTKE), UAM OHU HEAOCTYTIHBI U3-33 CAOS KPacKy Ha METAA-
AMYECKOM IIpeaMerte. B mkoAe MeHs yuman, 4To €CAM norepers 360-
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HUTOBYIO ITAAOYKY O WIEPCTh, TO MBI MEXaHUYECKUA UCTIOAHMM pabo-
TY 110 OTPBIBY 2AEKTPOHOB M3 MaTepuaAa 500HUTA, ¥ KOTAA TIOAHECEM
3TY MAAOUYKY K METAAAMYECKOMY IIApY, OTOpBaHHbIe ¥ BO30YKAEHHbIE
DAEKTPOHBI HEPEMAYT Ha 1ap, U cHOPMUPYIOT Ha HEM SACKTPUUECKMIA
sapsa. He O6yay ceituac BAaBarbcst B NIOAPOOHOCTH, HO TaKkoe 00b-
sSICHEHHE HeAb3s Ha3BaTh «HaydHbIM». MexaHniyeckoe B3anMOAEi-
CTBUE MOAEKYASIDHO-9AEKTPOHHBIX CTPYKTYP 900HNTa U HIEPCTH, TIO-
3BOAsIET BbICBOOOAUTD rpyOble SAEKTPOKBAHTH M3 MaTepHaAa iep-
CTH M TIEPEHECTH! MX B MaTepuaA 560HUTa. Ho 9T sAeKTPOKBaHTDI He
SIBASIIOTCA 3A€KTPOHaMu. B MeTaAAMYECKOM 1Iape y)Ke CYIeCTBYIOT
CBOGOAHBIE SACKTPOHBE, KOTOPBIE ¥ NPEAHASHAYEHDI AASL XPaHEHMUS
M [IEPEHOCA FIAEKTPUIECKHX 3apaA0B. [Tocae TOro Kak KBaHTbI SAEK-
TPMYECKOTO 3apAAa HEePefAYT ¢ 560HUTOBOM ITAAOYKM Ha METaAAMYe-
CKMi4 LIAp, KOAUYECTBO SAEKTPOHOB, KaK B 360HUTOBOI MAAOYKE, TAK
M B METAAAMYECKOM LIape, OCTAHETCA TAKUM XKe, KaKUM ObIAO AO Ha-
4yaAa 0OMEHHOro npouecca. 3T 0ObsACHEHN TTOKA3BIBAKT, YTO IAEK-
TPUYECTBO COCTOMT HE TOABKO U3 SIAEKTPOHOB, HO TAK)KE H3 PasHO-
POAHBIX 9AeKTPOKBAHTOB IIMPOKOrO CNeKTPa dHepreTnku. [Ipudem,
YeM MeHbllie B TAKUX SAEKTPOKBAHTAX SHepPIuH, TeM boabile MHOP-
MaLMOHHBIX (AAOB OHM CIIOCOGHBI 3aKPENUTh HA CBOMX CTPYKTYPAX,
v TeM 6oAbLe PyHKIWIT YIPABAEHNSA OHU UCTIOAHSIOT 11O OTHOILEHUIO
K HECOBEPLIEHHbIM 9AEKTPOKBAHTAM BbICOKMX sHepruif. Kak He mo-
HUMAKOT YY€HbIe, YTO €CAM Obl BCe KBAHTBI IACKTPUUECKON IHEP-
iy ObIAM COCPEAOTOYEHDI B BACKTPOHE, TO HEKOMY OBIAO GBI CO3-
AAQBaTbh DAEKTPHYECKOe NoAe! DAEKTPUYECKOE I10A€ HETIOABUIKHOTO
3apsAAa U COCTOMUT M3 Pa3HOPOAHBIX AEKTPOKBAHTOB, KOTOPHIE pellia-
10T MHGOPMALIMOHHbIE 33A24M OCBelleHUs 0OCTaHOBKY B MeCTe CO-
CPEAOTOYCHMS SACKTPUYECKOTO 3apsiAa. Ecay B kBaHTe aAeKTpHYeCT-
Ba MeHbllle SHEPIUM, sHaYNT Goabie MHPOPMALMY U BBILIE TOABMXK-
HOCTb. OH U YAQASETCA AQABILIE OT HOCUTEAS SAEKTPUIECKOTO 3aPAAA.
Ha ocHoBanmy MHGOpMALMK SAEKTPONOAS APUHUMAETCS DEINEHME,
OTTAAKMBATh MAU NPUTATMBATD COCEAHMIT 3apsiA, a Takke dopmupy-
eTcsl KOAMYECTBEeHHasi BEAMYMHA Pa3HOCTHM TIOTEHLMAAOB, KOTOpas
NpY CTaLMOHAPHOM mpouecce noTpeGAeHNA ToKa NMPOSBASETCA Kak
HarnpsDKeHue SAeKTPOCETH. ‘

4. Tenroma u PyHKyUY YNPABACHUSA

Ipy B3aMOAECCTENM MaTEPUAABHEIX TeA ¢ GOTOHAMM Ayue-
BBIX 3HEPrMi B TEMIEPATYPHLIX YCAOBHAX HOBEPXHOCTH 3€MHO-
ro wapa, CBo60AHBIC DACKTPOHBI MATEPUH, A TAK)KE M €€ ATOMBI M
MOAEKYABI, C TIOMOUIbIO KBAHTOB TEIIAOBO NPUPOABI HETIPEPHIBHO
IIPOM3BOAAT PA3HOPOAHBIE KBAHTHI IAeKTPUIeCKoif s3Heprin. Cno-
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€06 oAMH. CBOOOAHBIE 3AEKTPOHBI M DAEKTPOHHBIE 000AOYKM aTOMOB
Y MOAEKYA PA3AEAAIOT SIAEKTPOKBAHTH GOTOHOB 0 SHEPreTUYECKo
PasHOPOAHOCTY M MCTIOAB3YIOT YaCTb SHEPTUM SAEKTPOKBAHTOB AAS
COOCTBEHHOM 3HEPTETUYECKOM IMOATIMTKY ¥ AAS IOATIMTKY DHEPreTH-
KM MOAEKYASIPHBIX CTPYKTYP Marepuu. DTUM HelpepbIBHbIM NpoLiec-
COM TeIIAOBbIe SHEPrOKBAHTbl BOCCTAHABAMBAKT YMCAEHHOCTH TeX
SHEPIUYHBIX DAEKTPOKBAHTOB, KOTOPBIE MCTPATHAU CBOIO IHEPIHUIO, U
YIIAM K LIEHTPY 3€MHOI'O IIapa, YTOOb MOAYYUTH TaM HOBYIO UHOOP-
MalMI0 ¥ CTaTbh MEPROPOAHBIM AyxoM. Takum o6pasom, Tenaora pa-
0oTtaer, YT06bI NOANNTHIBATh MHPOPMALMOHHO-AYXOBHYIO MOIIb
UEHTPaA THXKECTH MMAAHETHI M BOCCTAaHABAMBATb YHCACHHOCTD 3HEP-
IMYHBIX SAeKTPOKBAHTOB M KBAHTOB TOAs rpaBuTanuu. CaMo xe
9AEKTPUHECKOE CONPOTHBAECHME DAEKTPOTIPOBOAHBIX MaTEPHMAAOB 5B-
AsIeTCA HeOOXOAMBIM MHCTPYMEHTOM COBEPIIEHCTBOBAHMS CTaphiX ¥
NPOM3BOACTBA HOBBIX DAEKTPOKBAHTOB. Be3 TEMAOTH M CONPOTUBAE-
HMS MAaTEPUAAOB, KOAUUECTBO IpyOBIX KBAaHTOB SAEKTPUYECKOI XIPH-
POADI Ha NOBEPXHOCTH 3€MHOTO IHapa CTaAO Obi HEYAEPXXHMMO BO3pac-
TaTh, YTO BCKOPE NMPUBEAO K TMOEAM BCEX 3AEMEHTOB ITAAHETHOM XN3-
Hu. B kocMoce ¥ BakyyMe rpaBuTallMOHHBIX NOAEH, HApaboTaHHbIE
TENAOTONM MOAEKYASPHEIX CTPYKTYP MaTepHi, PA3sHOPOAHEIE KBaH-
ThI SAEKTPMYECTBA CTaAM OB cMepTeAbHOI YIpo30it AASI sHepre-
TH4YeCKOH M MHGPOPMALMOHHOM CTAOMABHOCTH NOAA TPABMTALMN.
TloaroMy TenAaoTa U He paboTaeT B KOCMOCE, TIOAAEP>XKUBAs TeMIle-
parypy musyc 273 rpasyca u obGecrie4uBas MOCTOAHCTBO BCEACH-
ckoit aHTpommM. Te daitab nHGopMalH, KOTOpPbIe HayKa OOHaPYXM-
BaeT, KaK 3aKOHbI IOBEAEHUA MaTepUH, B OCHOBHOM MMEIOT ABOSIKYIO
UeAb, BO-NIePBbIX, HEMPEPHIBHO TPAaTUTh OECKOHEYHO MAAbIMY TIOP-
UMAMU SHepryo Beex GopM MaTepui, a BO-BTOPBIX, He HABPEAUTD Ca-
Mot cebe U He UCTIOPTUTD TO, YTO Y)Ke HapaboTaHO AAF APYTUX LieAelt
M HaAeA€HO MHPOPMALIMOHHBIMY (aiAaMH.

5. Tenroma u csepxnpoBooumocmy »

B cAyyae raybokoro oxAakpAeHMs IIPOBOAHMKA TOKA AO KpUTHYE-
CKOr'0 3HaYeHUA, UHAUBUAYAABHOTO AASL K&KAOTO MaTepHUaAQ, TENAO-
Bbl€ KBAHTBI CAMU NP4y TCA OA 060A0YKY MOAEKYASIPHBIX CTPYKTYD,
M IPEKPAIYaloT BCSKOE B3aHMOAEHCTBUE C KBAHTAMM DAEKTPUYECKUX
SHEprui. B coCTOAHMU TEHAOBOro «aHabMo3a» OAHM IIPOBOAHMKHN MO-
T'YT BIIAAATD NIPHM TEMIIEpaTypax B npeaeAax munyc 270—150 rpapgycos
Heabcus, a ApyTvie MOTYT HPOSBASATH STO COCTOAHME U NPH TeMIlepa-
Typax oOBIYHOTO XOAOAMABHMKaA (0T MuHyC 20 A0 10 mau paxe 8 rpa-
aycoB Lleabcus). ConpoTuBAEHME TAKOIO OXABKAEHHOTO IIPOBOAHM-
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Ka 3AEKTPUYECKOMY TOKY CTaHOBMTCS PaBHbIM HYA€BOMY 3HA4Y€HMIO.
MoAekyAB CBEPXNIPOBOAHMKA 00pPasyloT HPOCTPAHCTBO CYDIeCT-
BOBaHMs CBOGOAHBIX S9AEKTPOHOB, HO CAM¥ 2ACKTPOHEI HE CBA3a-
HBI C MOAEKYARMH CBEPXITPOBOAHUKA HUKAKMMY dHEPreTHIeCKMMHU
B3aMMOAEHACTBUAMU. 3aKOHB TEPMOAMHAMMKN M 3aKOHbBI DACKTPO-
TeXHUKY, ONepUpYIolye TeMIepaTypaMy 3eMHOM HOBEPXHOCTH,
nepecTalor paborarb. DAEKTPOHBI ABASIOTCS MHTEAACKTYAABHBIMU
poboTamMu, KOTOpbie CaMOCTOATEABHO He NOPOXXAAIOT HOBHIE DAEK-
TpUYeCKye KBaHThl M PAKTUYECKU He YMEKT MX COBEPLIEHCTBOBATD,
eCAM He MepPeAaloT 3TH KBaHTH APYr Apyry. Ho 3aTo oHM nmpexpacHo
00yueHsbl COOMPATDh BAEKTPUYECKHE KBRHTHI M3 GAM3KOTO M AAAbHETO
OKPYXEHUs!, XPaHUTb MIX U TIEPEeAaBaTh APYT Apyry. TToAyuuB m3Gbi-
TOYHBIA 3apSIA SAEKTPUYECTBA, JAEKTPOHBI HAYMHAIOT 110 TPAHCIIOPT-
HOJ LienoyKe MEPEeAaBaTh 3TOT 3aPSA MO CBEPXIIPOBOAHUKY 6e3 BUAM-
MBIX 3aTpaT 9A€KTpOo3Heprumn. ECAM ke CBepXIIPOBOAHUK 3aMKHYTh B
KOABLIO, TO DA€KTPOHBI IIOPOBHY TIOAEASIT SAEKTPHUYECKUI 3apAA Ha
paBHbIe IOPLMY, U OYAYT OECKOHEUHO TOHATH €ro 110 TPAHCIIOPTHOMI
KpyroBoii genouke, Co BpeMeHeM BEeAMYMHA NePBOHAYRABHOTO 3apsi-
Aa Bce paBHo 6yaer yMmennmatbca. Ho aTo He moTepu Ha Temaory u
TpeHMe, KaK AYMAIOT Y4Y€HBIE, a OTEPU Ha MOAAEPKAHHE «KUBHEH-
HOJ» DHEPI'MM CAMUX SAEKTPOHOB.

@u3suka aToro npopecca MPOCTa: IAEKTPOHBI HE TOABKO Xpa-
HAT ¥ MOCTOSHHO NEPEHOCAT NOPLUMIO IACKTPUYECKOTO 3apsAAa, HO
M MIUTAIOT CBOIO ABUTATEABHYIO M MH(POPMAIMOHHYIO aKTUBHOCTD 32
CuYeT 3HepruM nepeHocuMoro 3apspa. Ilouemy siBaeHMe CBepXIIPOBO-
AVIMOCTY BO3HUKAET TOABKO IpM HU3KuX TeMneparypax? Ilo Tem xe
CO0OpaKeHUs M CTA0MAM3ALUM SHTPOIIMHM MATEPHMAABHOTO MMpPA M
COXpaHeHHA «YMCTOTHI» HPOCTPAHCTBA BAKYyMa. DAEKTPOHBI B KO-
MeTax, 60AMARX M ADYTMIX MAABIX KOCMMYECKMX 0GBEKTAX HE CO3ARK0T
BHEIIHNX 2A€KTPUYECKMX TTOAEH, 3 CAMU COBEPLIEHCTBYIOT JAEKTpPO-
KBaHTBI, TIePEAABasi, UX APYF APYTY M MCIIOAB3YSA MX SHEPrUIO B Kaye-
cTBe COOCTBEHHOM NUIM. - OHM COZAQIOT BUXpeBOe IIOAE M TEM Ca-
MbIM (POPMHPYIOT MAarHUTHOE MOA€ B KOKAOM OCKOAKE KOMETHO-
IO BEIeCTBa AAZL COOpa M YTMAM3AUMY SAEKTPHYECKUX KBAHTOB U3
KOCMMY€ECKOro IpocTpadcTsa. BoT 3To CBOMCTBO OXA@KAEHHBIX Be-
IIeCTB CO3AaBaTb MOI{HOE MarHMTHOE IIOAE€ IPM MMHUMAABHBIX 3a-
TpaTaxX 3AEKTPOIHEPIMM, ABASETCH KOCBEHHBIM TIOATBEPKAEHMEM,
YTO U BeIIeCTBO LIEHTPA 3eMHOTO 1apa, KaK U LeHTPaAbHOM o0Aac-
i COAHIa, He COAEPIKAT B cebe HUKAKMX KMAKUX PACITAABOB MAM
TAA3MBI TEPMOSAEPHOIO PEakTOpa, A COCTOAT M3 MaTEePHH, OXAa-
JKAEHHOM AO COCTOAHMSA CBepXnpoBosumocTi. OCTaBUM BOHPOC O
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APUMEHMMOCTH ABACHNSA CBEPXIIPOBOANMOCTH U KPUTEPUAX UCKYCCT-
BEHHOTO CO3AaHMS TAKUX CBEPXTIPOBOAHMKOBBIX MATEPUAAOB AASL pas-
paboTKM YYeHOMY COOOILECTBY M 3aIMEMCST MCCAEAOBAHUEM TIOBEAE-
HUA TEMAOBbIX KBAHTOB NPU CBEPXBBICOKUX AaBAaeHmsX. [Ipexae yem
PacCMaTpPUBATh 3TOT FAGOAABHBII BOTIPOC, HEOOXOAMMO BKpATLE pac-
CMOTPETh NPUPOAY 0Opa30BAHMA HUKAOHOB Y aHTULIMKAOHOB 3€MHOMR
MIOBEPXHOCTHM U AZXKE 3aTAAHYTh B AAAEKOE TPOILAOE SBOAIOLIMM 3€M-
Horo mapa. Ho, noxaAyi, Aydiie BCero Ha4aTb pacCMOTPEHME Bblllie-
NepevViCAEHHbIX BOMPOCOB C KPUTUKU KMHETHYECKO! TEOPUM Ia30B.



nasa X

KBAHTOBAf TEOPWUA NMONEBbIX CTPYKTYP
W ObPA3OBAHUE LIUK/TOHOB U AHTULIUKNOHOB

1.Kpumuxa Kunemu4ecxkoii meopuu za3os

Cpasy xe xouy 3asABUTDb, UTO TPEXAE YEM M3AAraTh CBOIO KBaH-
TOBYIO TEOPHIO MOACBBIX ¢(popM MaTepuM, BKAIOYAs U KBaHTHI TETIAC-
BRIX SHEPIMil HEITPAABHOrO THIIA, A IOAPOGHO M3YYMA KMHETHue-
CKY10 TEOPUIO [A30B ¥ MPEKPACHO 3HAKOM C 3aMeYaTeAbHbIMM 3aKO-
namu lapas, Boias-MapuorTa, Teit-Aloccaxa, a Takke ¢ paboramu
Boasumana u Aorappo. Kuneruseckas Teopusi ra3oB HOPa3MTEAb-
HA IO CBOEMY COBEPIIEHCTBY, BIIPOYEM, TaK )K€, KAK ¥ TEPMOAMHAMMU-
Ka, KOTOpasi OIMpAeTCA Ha KMHETHYECKYIO TEOPHIO Ta30B, B KaueCT-
Be HEOCHOPMMOTO Hay4yHoro ¢yHpamenTa, He 6yay moaBeprars pooc-
KOHAABHOI KPUTUKE 3TU BEeAMKHE TeODMM, HA30By AMIIb MX TAABHbBIE
HepocTaTtku, [lepBolit M CaMpliil TAQBHBIA HEAOCTATOK 3aKAIOYAETCA
B TOM, YTO Bce $pyanvecKue Mpoueccs PacCMATPUBAIOTCA B KAKMX-TO
MUPUIECKUX «3AMKHYTBIX» cMCTeMaX. Hu B yCAOBMAX MAAHETHOrO
TEAa 3€MHOTO LIApa, HY B AI0OOM MaTEPUaAbHOM TEAE M AQXKe B TAY-
60KOM BaKyyMe BCEACHCKUX IPABUTALIMOHHDIX HOAEH, TAKMX 3aMKHY-
THIX CUCTEM HET U O8ITh He MoxXeT! OAHAKO 5TH CYIeCTBEHHEIE B3au-
MOAEMCTBUASL HACMABCTBEHHO 00pesaioTcsa 060AbIIEHHBIM CO3HAHMU-
€M YYEHOTO AO YPOBHS «3aMKHYTBIX» CUCTEM, 1 TEM CaMbiM KapTHHA
MUpa YIIPOIAeTCA M UCKAKAETCA AO TIOAHOTO OTPHBA OT PEAAbHOM
AEACTBUTEABHOCTH. BO-BTOPHIX, BCe SKCIIEPUMEHTH IPOBOAMAUCH B
«TENMAMYHBIX» YCAOBUSX IOBEPXHOCTYU 3EMHOIO [Hapa, TAE HEBO3MOX-
HO AOCTHYb HY AABA€HMS L[EHTPA 3€MHOTO IIapa, HM MUHUMAABHOM
TeMNepaTypsl aGCOAIOTHOrO HyAst, HU MAKCHMAAbHONM TeMIepaTyphl
COAHEUYHbIX HepAp. TeM He MeHee, 110 HAYYHOI FOPABIHE M YeAOBeYe-
CKOMY TIECAABUIO, BCE SKCIIEPUMEHTAADHBIE 3aKOHBI KMHETUYECKOM
TEOPUM ra30B PACTIPOCTPAHSAMCE Ha AIOObIE TPEAEAbHbIE YCAOBMA CY-
H{ECTBOBAHUS MaTepHM BHYTPY HAQHETHBIX M 3BE3AHBIX TEA, 2 TAKKE
HA BaKyyM FPaBHTAI[MOHHBIX IIOAEH KOCMUIECKOr0 NPOCTPaHCTBa.

A, HanipuMep, AOATO BepHA, 4TO B LieHTpe COAHLIa HAXOAUTCA He-
CXUMAEMBiif «<MACAAbHBIN» Ia3, a B LIEHTPe 3eMHOTO IHAP3 HAXOAUT-
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€A pacHAaBAEHHOE SAPO, KOTOPOe COXPAHUAOCH OT TeX BPEMeH, KO-
rAa 3eMas 6p1Aa packaaeHHsIM mwapoM. Ho B atom cayyae vy CoAH-
e, Hit 3eMAs, He MOTAM OBl MCIIOAHATD CBOMX QYHKLIMI CTabUABHBIX
HeOeCHBIX TeA, M 3TO CTAaHET SICHO, KOFAQ MBI MCCAEAYEM IIOAE IDaBU-
TaLUMM ¥ MOMMeM, MOYeMY B HEHTPaX HeOEeCHbIX TeA MOA€ IPaBUTa-
LMY PABHO HYAIO, & HAa MX HOBEPXHOCTH, IPUHMM2ET MaKCUMaAbHOE
3Ha4yeHue. B-TpeTbux, pa3zpaboTHMKM KMHETUYECKOV TEOPHY ra30B B
CBOMIX SKCITEPUMEHTAX He YYMTBIBAAM BPEMs IIPOACAKUTEABHOCTH
SKCIIEPUMEHTA, a 00A3aTeAbHble HEOOADILIME HECTHIKOBKH KCIIEPH-
MEHTAABHBIX PE3YABTATOB C MAaTEMATUYECKUMM 3aKOHAMU OTHOCHAM
B rpady HensbexHbIX noTepb Ha «TpeHne». OAHAKO 3TH OecKoHed-
HO MaAble OTEPK NIPM MAABIX NPOMEXKYTKAaX BpeMeHM, npu 60AbHmMUx
[IPOMEXYTKAaX BPEMEHU B COTHM A€T MAU COTHM THICAYEAETMH Tipe-
BpaTHUAM OBl BCE 3TH «3aMKHYThIE» CUCTEMbI, KaK ¥ 3aKOHbI KHHETHYE-
CKOJ TEOPMU ra30B B IIOAHOE IOPUANYECKOE HUYTOXECTBO. B-yeTBep-
THIX, CAM ITOCHIA O HEUCTPEOMMOCTH SHEPIUM IIPU IIEPEXOAE MATEPUH
13 oAHOM GopMbl B APYryio GopMy, KaK M MOCBIA OAHOBPEMEHHOIO
TIOPOXKAEHMs BCeX MOAEBBIX GOpM MaTepuu, BMECTE C MATEPUAABHbI-
MM MacCaMH, ecTb FrAybovaiiiliee 3a0AyXA€HME YEAOBEUECKOro pasy-
Ma. Ecan Gb1 moaeBbie popMEI npu B3aHMHBIX IPe0Opa3oBaHMsAX He
COBEpUIEHCTBOBAANCH, NOPOXKAAS MH(POPMALMOHHbIE CYIIHOCTH, 1
He BOCCTAaHABAMBAAM CBOIO SHEPreTHKY M3 MEXaHNYECKOi MaTepu-
AABHOM MAacChl, TO COTBOPEHIE AQKE IPOCTeMIel BBICOKOMHGOp-
MaTHBHOJ KUBOM KAETKM 651A0 OBl HeBo3MoxHO. Hayka npusHaer,
yro emje A0 corBoperust CoAHeyHOM cuctTeMbl Beeaennas cywectso-
BaAa OKOAO 10 MuAAMapAOB AeT. Onupasch Ha 3TOT QaKT, HEKOTOpbIE
HeAQAEKMe YYEHbIe BHIABUIAIOT UIIOTESY, UTO KM3Hb MOTAA BOSHMK-
HYTb B ADYTMX FaAdKTHUKaX ellie B HepBbie IATb MUAAMAPAOB A€T, a ITo-
TOM 3TU YMYAPEHHBIE NPEAKM U MOPOAUAM JKU3HD Ha 3eMAE, AEMOH-
CTPUPYA CBOE «00XXeCTBEHHOE» MOTYIIECTRO.

SToro He MOTAO ObITh, Tak KaK 10 MUAAMAPAOB AET BCEAEHCKON
MarepuM noTpeGoBaAOCh Ha TO, YTOOB! U3 TIEPBUYHBIX TPOTOHOB (a
BceAennas Moraa GbITH COTBOPEHA TOABKO B IPOTOHHOM BapHMaHTe,
KaK CaMOM NPOYHOM KMPIMYMKE MUPO3AAHMsI), MaTepusi BbIPACTH-
Aa CHavaAa BCe MMKPO-, a 3aTeM ¥ MaKpooObeKThl COOCTBEHHBIX 110-
AeBBIX GOpM. DBOAIOLIMsI MATEPUU TIPEATIOAAraeT MOCTENEHHYIO Bbl-
paboTKy ee SHepTMM M HAAGACHME YCOBEPIICHCTBOBAHHBIX KBAHTOB
PasAMYHBIMM CTeneHs MM cBOGOABI ¥ aAropuTMudeckumu Qaitramuy,
AQIOITMMY BO3MOKHOCTh 00Aee COBepIIEHHBIM NOAEBHIM opMaM
YIPaBASITE MEeHee COBEpILEHHBIMM GOPMaM¥, KOTOPhIE B IIOCAEAYIO-
weM OBIAM NPOSIBACHBI KaK MACChl IIPOTOHOB, @ 3aT€M M MacChl aTOM-
HBIX fIA€P ¥ MaCChl aTOMOB M MOAEKYA XUMUYECKUX 3AeMeHTOB, DyH-
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AQAMEHTOM XKU3HH SIBASETCA AYX, KOTOPBIi HapaGoTaH K3 NOAEBBIX
dopm marepun. ITpexxae YeM COTBOPUTD XKU3Hb, MEXaHMYECKHe Mac-
¢bI BCeAEHHOM ADAXKHBI ObIAM COTBODUTD COOCTBEHHOE NPOCTPAHCT-
BO CYILECTBOBaHMs U MOAeBbie GOpMbI MAaTEPUy, a 3aTEM IIPUBECTU
MX B FapMOHMIO AUHaMu4ecKoro Gaaanca. To ects, B3aMeH u3pacxo-
AOBABIIMX CBOIO SHEPTMIO KBAHTOB MAarHUTHbIX, SAEKTPUYECKUX, IPa-
BUTALMOHHBIX U TEMAOBBIX TIOAEH, CaMM TIOAE€BBIE CTPYKTYPHI, MC-
MOAB3YH BCEACHCKYI0O MEXaHUYECKYIO MACCY, KAK aKKYMYASITOP AOATO-
BPEMEHHOTO XPaHeHWsl, AOAXKHbI GBIAM HAYYMTHCS BOCCTAHABAMBATD
COOCTBEHHYIO BHEPreTMYecKyI0 U MHGOPMALMOHHYI0 MOIFHOCTb U B
TO e BpeMsl o0ecrneumBaTh HAASKHYIO OXPaHY U 3aI{UTY MaTepHaAb-
HoIt Macchl. B aToT nepuop craHoBAeHMs, KTO 6b1 HM 3aHEC KAETOY-
HYIO TEAECHYIO XM3Hb B IPOCTPAHCTBO BeeaenHod, oHa 6b1 ObiAa He-
Me4AEHHO YHUITOXEHA.

2. Pa6oma amomoB u MoAreKyA 3eMHOU ammocdepoi

u o6paszosanue aHMUYUKAOHOB

Mo sBAEHMIO-CBEpXIIPOBOAMMOCTY MBI YCTAHOBMAM, UTO B BaKyy-
Me IPaBUTALIMOHHBIX MMOAEH MaTepus AOOPOBOABHO NMpeKpamjaer re-
IIAOBYIO aKTMBHOCTh ¥ BMAAAET B COCTOAHME TEMAOBOIO aHabuosa.
ABCOAIOTHO BCE XMMMKYECKUE DIAEMEHTDI MTEPEXOAAT Ha HWKHUM, ep-
Bblif SHEPTEeTUYECKUI YPOBEHb TBEPAOTO COCTOAHMS. ITOT NMepexop
OCYIECTBASCTCA MyTeM M3AydeHM:A GOTOHOB M OCTATKOB KBaH-
TOB MArHUTHOM M 5AEKTPUYECKOIi IPHMPOAB B CTOPOHY BO3pacTa-
Hust HHPOPMAIMOHHOTO TPAAMEHTA NMOAS IPDABMTALMN, A 3HAYMT,
B CTOPOHY NMOBEPXHOCTH seMHoro mapa. Ilpn stom cama MoAeKy-
A4, M0 3aKOHY PEeaKTMBHOM OTAAMM; IOAYUAET HMITYABC CKOPOCTH B
TPOTHBONOGAOCXHYIO CTOPOHY. Ha aTOM npuHLmune OCHOBaHO CBOICT-
BO, KOTOPOE B HayKe IIOAYYMAO Ha3BaHUe «paBAeHue» cBera. Ho ato
e CBOMCTBO HAMPABAEHHOTO «BBICTPEAd» POTOHOM B CTOPOHY IO-
BBIIIEHHOTO TPAAMEHTA NOAA TATOTEHUSA, UCTIOAB3YETCSI MOAEGKYAAMHU
BOABI, KOTAQ ¥IM HAAO OTOPBATbCs OT BOAHOW MNOBEPXHOCTH Y NEpeiTH
B armocdepy semuHoro mapa. Bepop TeMnepaTypa kuneHus BOAb paB-
Ha 100 rpaaycam LieAbcust, HO Aaxe TIp# HU3KHMX TEMIIEpATypax, 6Au3-
KHMX K HYAIO MAM NpU OTPUIATEABHBIX 3UMHUX TEMIIEpaTypax cesep-
HBIX HIMPOT, B AHEBHOE BPEMsi IPOMCXOAMT MEAACHHLIA npoinecc
MCTIapeHMs BOABI MAM MCNIAPDEHMs CHera.

MoaekyAa NOBEpXHOCTH BOABI MAM HOBEPXHOCTH CHera Bpaija-
€TCsA CO CKOPOCTBIO MOA-000POTa 32 OAVIH MEPMOA, COEAVIHEHIS CBO-
€ro BHYTPEHHEro 06'beMa ¢ 061eMOM Hapy>KHOro MPOCTPAHCTBA. DTO
CBOVICTBO OTIPEAEAAETCA CHMHOM JAEKTPOHHOM 000AOYKM, KOTOPBLIH
AASL BCEX MaccooOpasylolX TeA paBeH NOAOBUHe eAuHuLbL B cooT-

e

204



BETCTBHMY CO CIIMHOM, COEAMHUTEAbHAs «ABIPKa» NIO0YEPEAHO OKa-
3BIBAETCS TO B BepXHel, TO B HinkHel o6AacTu MoaekyAbl. Koraa
«AbIpKa» HalpaBA€Ha BBepX, TO MOAEKYAA BOABI 3aTAQTHIBAET KBaH-
THI pa300paHHBIX (POTOHOB COAHEUHBIX U3AYUEHMIT, 4 €CAY NOBe3eT,
TO U Cpasy LeAbt POTOH CBETa M MEPEXOAUT Ha TPETUIl SHEpreTH-
yeckuit ypoBeHb. O6beM MOAEKYAbI MMITYABCHO YBEAMMUBACTCS, a
NIAOTHOCTb YMEHbHIAETCH, i MOAEKYAA BOABI CTAHOBUTCHA NOAO0GHA
BO3AYIIHOMY HIApUKY. B cAeAyiolieM TakTe MOA€KYAQ M3AYYAET B MO-
BEPXHOCTb BOABI CO CKOPOCTBIO CBETa CBOi COGCTBEHHBIN HOTOH M
TI0 3aKOHY OTAQYM MOKMAAET BOAHYIO ITOBEPXHOCTh. Ecan aTMocde-
pa HacblI[eHa OCKOAKaMM (OTOHOB COAHEUHBIX M3AYYeHMI UAH do-
TOHaMM COAHEYHOI'O CBETA, TO MOMABLUAA B BO3AYLIHYIO CPEAY MoAe-
KYAa BOADI, IIPEXAE YEM YNACTh Ha IOBEPXHOCTh BOAOEMA MAM CYIIH,
ycrieeT 3aTAOTHYTb OYEPEAHYIO MOPLMIO TOHKUX KBAHTOB OCKOAKOB
$HOTOHOB COAHEYHOTO M3AYHEHMst U IPEBPATUTHCA B BOSAYILHbLIA 11a-
PUK TPETBhEro sHepreTyeckoro ypoess. Hayka nopcunuraaa, 4To Bos-
6y>xaeHHas MOAeKyAa o0s3aHa yepes BpeMs nopsaxa (10 MuHyc B 8
cTeneHu — 10 MUHYC B 7 CTeneHM) CEKyHA, U30aBUTHCs OT POTOHHOTO
«Opemenn». Tak KaK MOAEKYAA ABAAETCA HE CACNON MaCCO, a MH-
TEAAEKTYaABHBIM POGOTOM, TO, HOAYMHAACH TPAAUEHTY MOAS TA-
rOTEHMUs, OHA «BBICTPEAMT» HOBbIM (OTOHOM B CTOPOHY TOBEpPX-
HOCTU 3€MAM MAM NOBEPXHOCTU BOAOEMA U €llle AAbLIEe YAAAUTCSA
OT MOBEPXHOCTH BOABI MAM CyuiH. PasBe He IOXOXe Ha TO, KaK Mo-
A€KYAQ, CAOBHO 110 paHTasuyu MioHxray3seHa, cama ce0si BoITaCKMBaeT
Y OTpbIBaeT OT MOBEPXHOCTHM 3€MHOro 1iapa? A pasBe COBpeMeHHas
PaKeTa He ACAAET TO JKe, 4TO M MOAEKYAR BOADI, YTOOBI OTOPBATHCA
OT 3eMHOJ MOBEPXHOCTH?

Ho moAekyAa BOABI AeAaeT 3TO He 10 3aKoHaM Maruy, a 1o 3ako-
HaM MaTePUAAbHOTO MMPa, KaK HEOOXOAMMOCTD PeIlnTb BaXKHEMIIYIo
3aAaqy, HAUAYYIUMM CIIOCOGOM CoOpaTh U AOCTaBUTH K IIOBEPXHOCTH
3eMAM PasSHOPOAHbIE KBaHTBI IOAEBBIX CTPYKTYP COAHEYHOTO, AyHHO-
ro u 3Be3pHOro usayvenus. Ipu aroM MOAEKyAa PYKOBOACTBYeTCS
COOCTBEHHBIM AATOPHTMOM HMOBEACHMA, HO MCHOAb3YeT B KadecT-
Be SHEePreTH1eCKOoM NMHUIEM BCe Te Ke OCKOAKM (POTOHHEBIX KBAHTOB.
CoBepnieHHO SICHO, YTO MOAEKYAA BOAbI, IPM HAAMMMH B aTMO-
chepe sHepreTMYECKOi NUINK, GYAeT NOAHMMATLCA HA TaKUe BbI-
COTBI, TA€ HEAOCTATOK IHIIM YPaBHOBECUT CKOPOCTB IOAbEMA U
CKOPOCTb NMaAeHusA. ITO M eCTh BBICOTH oOpasoBanms o0AauHO-
cri. O0ARKa AEpPXKATCsA Ha OMPEAEAEHHOM BBICOTE, IOTOMY YTO KaX-
A3sl MOAEKYAA BOABI HempephiBHO paboTaeT, MoTpeGAsieT SHepreTU-
KY OCKOAKOB ()OTOHOB AyYeBbIX SHEPIUIf M OTIIPABASIET POAYKT CBOM
AEATEADHOCTH B BUAE COOCTBEHHBIX POTOHOB K IOBEPXHOCTH 3€MHO-
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ro mapa. Ho ¥ Bce MOAEKYABI MPUPOAHBIX Fa30B 3eMHOM aTMOC(hephI
TaK>Ke HeNpPephIBHO pabOTAIOT, IO TOMY TEXHOAOTMYECKOMY AATOPHT-
MY, KOTOPbIif BMOHTMPOBAH B MX aTOMbI M MOAEKYABL TO, 4TO KBaH-
TOBBbIE 3aKOHBI QU3NKKM paboTaIOT B AIOOBIX arperaTHbIX COCTOSHUAX
MATEPHAABHBIX TEA U IIPU AIOOBIX TeMIepaTypax, OTAUYHBIX OT ab-
COAIOTHOTO HYAs, COMHEBaTbCs He npuxopurcsa. Hanpumep, 20 ky-
614eCcKUX CAHTHMETPOB )KMAKOTO BO3AYXa NPH HOPMAABHBIX TeM-
neparypax M AABACHHMSIX IOBEPXHOCTH 3eMHOTO IIAPa HOPOKAAIOT
15 000 xy6uyeckux caHTUMeTPOB Bo3Ayxa. O6beM yBeAnuMBaeTcs
B 750 pa3! DTOT 06BbeM AaKe MPEBBILAET pacyeTHbIE AQHHbIE KBAHTO-
BOIT GU3MKKM. DTO CBA3AHQ C TEM, YTO 10 BEPOATHOCTHHIM 3aKOHAM U
CTaTUCTUYECKUM pa3bpocaM, 4acTb aTOMOB BOSAYIIHOM aTMOChEpHI
BOAM3M IIOBEPXHOCTH, OCYHIECTBASIOT KBAHTOBbIE SHEPreTHYECKMe
MIENEXOADBI He MEXXAY BTOPbIM M TPETBUM YPOBHEM, 2 MEXAY TPETbUM
Y YeTBEPTHIM YPOBHEM SHEPTETUKU.

EcAM Hap AQHHBIM YYaCTKOM TOBEPXHOCTY OYAET CKalAMBATbHCA
M30BITOK OCKOAKOB (POTOHOB Ay4€EBBIX SHEPTMM, TO, HOTPEOASAS UX B Ka-
YeCTBe SHEPreTUYECKONH THAINM, aTOMBbI M MOAEKYABI BEPXHMX CAOEB aT-
Mocdeprl OYAYT IOAHMMATBCA Hap STHUM PaiiOHOM BCe' BBIIE Y BbIIIE.
YacTb MOAEKYA BO3AYIIHOM aTMOChEpPH U3 BAVDKHMX 00AaCTeit IPUAYT
MM Ha [IOMOUIb, CTAPAACh CPABHIAThL AABAEHMUE, 4 B PE3YABTATE Ha I0-
BEPXHOCTH 3eMAU chopMupyeTcst 00AACTD MOBLIMIEHHOTO AABACHMS.
MoAeKyAbl, CAOBHO JKMBBi€ CYIIIECTBa, COeryTcs B 3Ty 06AaCTD AAR
ABYX LieAeit. Bo-nepBbix, 9ro6s1 ObiTh G0ACEe aKTUBHBIMH M 60ABIIE pa-
6oTarp, a BO-BTOPBIX, 4TOOBI MOOBICTPEE AOCTaBUTH HAa NMOBEPXHOCTH
MAQHETHI HEOOXOAMMYIO KaK AASL CAMOVE IIAQHETBI, TAK U AASL €e PacTH-
TEABHOTO U )XMBOTHOTO MMPA, XU3HEHHYIO aHepruio. V1 ato He nycThie
CAOBa HAay4yHOTO (aHTACTa, 3 HACTOAIAsA HayuHas MCTMHA. Baaropa-
Pst 3TOM BHEPTUM MOAAEP>)KUBAETCA HE TOABKO aKTUBHOCTD 6Mocdepsl,
HO ¥ aKTMBHOCTb BCEF0 MHOXXECTBA aTOMOB M MOAEKYA 3€MHOTO IUapa.
C nOMOIBIO 3TOM 9HEPTHM ITAAHETHOE TEAO. BOCCTaHABAUBAET Tpebye-
MEI1 6aAQHC MAaTHUTHBIX, TEIIAOBBIX, DACKTPUYECKUX M IPaBUTALMOH-
HbIX MOAEI U AQXKe BhIpabaThIBaeT TOT BEKTOP CUADI, KOTOPHIM YAEpPXH-
BaeT 3eMAI0 Ha COAHEYHO! HAQHETHO opbuTe.

Baaroaaps Tomy, 4To MarHWTHOE TIoA€ 3€MAM BPaBjaeTCA B TY
K€ CTOPOHY, KyAa BpalllaeTCA M NMA3HETHOE TeAO, 06AACTb MOBbBI-
HIEHHO¥ MAOTHOCTH Pa3HOPOAHBIX KBAHTOB M OCKOAKOB doroHoB
AyYeBBIX DHEPTUil, yBAeKaeMasd MarHUTHLIM HOAEM, MEAACHHO MHT-
PHMPYIOT C 3a11apa Ha BOCTOK. ApyTas Ipu4MHA MUTpanuy arMocde-
PH, ONPEAEASETCA NACYOM CHABE MEXAY LEHTPOCTPEMUTEABHOM U
HEeHTPOOEKHOM CHAOH LEHTPA TAKECTU MAAHETBI. DTOT BONPOC MBI
6yAeM paccMaTpMBaTh B CACAYIOLIMX rAaBax. /3 AokaabHOI o6AacTu

au
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TIOBBILLICHHOTO AABA€HUA MOXeT cpOPMHPOBATHCA, C PABHON! BEPOAT-
HOCTBIO KaK 00AaCTb IMKAOHA, TaK U 00AACTb aHTMLMKAOHA. Bkpar-
Iie PAaCCMOTPUM, KaKie YCAOBUSA MPUBOAAT K 0OPasoBaHMIO 3TUX ABYX
MPOTHBOMOAOXHBIX aTMochepHbIX sABAeHMIL. C NOAHOI YBEpEHHO-
CTBIO MOXKHO CKa3aTh, UTO 0e3 BMEIHATEAbCTBA YIIPaBASIOILErO AyXa
Kusias Mupa Cero uan «Baaabiku 3eman», 06pa3zoBaHme LIKAOHA UAU
AHTMLMKAOHA OBIAO OBI IIOAHOCTBIO IpEACKasyeMbIM siBAcHMeM. Kak
U BO BCel MAAHETHOM Marepum, Aa M B YEAOBEYECKOM COolImecT-
Be, MPOLIAOE COCTOAHHE U3MEHsIET HACTONINee, U ONPEAeAsieT OyAy-
mee cocTosHue. OAHAKO, €CAY OBl NOBEPXHOCTh 3eMAM HE M3AYYaAA
KBaHTh! NIOASl TPaBUTALlMH, TO CHopMUPOBATL AHTHIMKAOH CHAOM
3eMHO# arMoc(epsl 6b1A0 611 HeBo3MOXHO. ITpeacTaBuM cebe Mbic-
A€HHYIO CUTYaliMI0, YTO, NPOABUTasACh Ha BOCTOK B CeBepHOM NOAyIIa-
puH, 06AaCTH BHICOKOTO AQBAEHMS MIEPENIAA K TOM [IOBEPXHOCTH CYILUM,
TA€ TiepeA, aTUM ObiAa morAo[eHa M3OBITOUHAA SHeprus ObiBIIei Ay-
YeBOM DHEPrMi. DTa NPomiAas M3GBITOTHOCTD AKTHBMPOBAAA BHYT-
peHHMe 06AACTH 3eMHOro mapa M KakK MOCAEACTBUE TON aKTHBA-
MM, 3eMHasl IOBEPXHOCTD 9TOM 0GAACTH B HaCTOAIIEe BPEMS U3AY-
4aeT B OAVOKHMIT KOCMOC GOAbIIE KBAaHTOB [IOAN FPABHTALMHN,

OTH KBaHTBI «BBICTPEAMBAIOTCSI» U3 MAAHETHOIO TEAQ B MOMEHT
0bpasoBaHMA LeHTPOOEXKHOM CHABL, KOTAA MACCA TIAQHETHl CO BCEMM
€€ aTOMaMM U MOAECKYAAMM, HAXOAUTCA B COCTOSHUM «TeACTIOpTALU-
OHHOrO» PacCIIMpPEHUs, TIOA ACACTBHEM TOH €AMHON KOT€PEeHTHOIH
CBEPXYAaCTOTHI, 0 KOTOPOi1 MBI C BaMM TOBOPMAM BBilli€, KOTAA pac-
CMaTPUBAAM NPUYMHY 0OPa30BaHUA MACChl ATOMHBIX JAEP XUMMUYe-
CKMX 9AEMEHTOB. B MOMEHT «TeAenapTaMOHHOIO» PaCIiIMPEHUS TOH-
Kasi SHeprusA 3aUIUTHBIX 060AOUEK 3AEKTPOHHBIX OpOUTaAEl aTOMOB
1 MOAEKYA BelleCTBa 3€MHOI'0 IIapa ¥ BCeX €ro 3eMHbIX oOuraTeaei,
BKAIOYasi HaC C BaMM, OAHOBPEMEHHO 0 CUHXPOHU30BaHHOMY CIIM-
HY BpalljaeTcs IO 4aCOBOM CTPeAKe. JHEpreTMIecKoe IPOTUBOAEN-
CTBME MCXOAAIMX MOTOKOB IPaBUTALIMOHHBIX KBaHTOB, 0TOpachiBa-
€T OT MOBEPXHOCTH 3€MAU HUCXOASIIME TOTOKM ATOMOB M MOAEKYA
BO3AYIIHOM aTMocdepbl, HACHIEHHBIX KBAHTAMU Ay4eBbIX SHEPIMI,
¥, 3aKpY4MBast MX [I0 YACOBOM CTPEAKE METOAOM TEPMOAMHAMMNYECKO-
ro YBACYEHMsI, OTBOAUT OT OGAACTH BBICOKOI'O AaBAE€HMs, GopMupys
pacmmpsIonyocs 06AacTs aHTMUMKAOHA. IlepBonpuumHa-To obpa-
30BaHMA AaHTULIMKAOHA AO KPatHOCTH OOBIYHA ¥ OUEBMAHA: «HE ATMO-
cdepa, a HOBEPXHOCTD 3eMHOTO IApa B MecTe 06pasoBaHMs aHTH-
HMKACOHA He HY)KAAETCS B COAHEUHOM dHEPreTHKe U NBHITAeTCA Ie-
PeAATDb DTy 3HEPrHIO TeM 00AACTAM HOBEPXHOCTH 3eMAH, KOTOPhIE
B Hel HyXAaTCcA». OUEBUAHO M APYTOE CBOWMCTBO aHTHMLIMKAOHOB.
OHu MeHee MOABVIKHBI, YeM IIMKAOHBI, IOTOMY YTO MArHUTHOE TIOA€
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3eMAM He B3aNMOACHCTBYET C KBAHTAMM OAS IpaButaitun. Paspy-
HIMTH RHTUI{HKAOH MO>KHO TOABKO C MOMOMIbI0 HACTYNAKOIIHUX C 3a-
naAa HMKAOHOB.

EcAM aHTMLIMKAOH pacHIMPUTCA M 3aXBAaTUT 3HAYMTEAbHbBIE IIPO-
CTPAHCTBA CYLIM, TO 3TO MOXET NPUBECTH OrPOMHbIE TEPPUTOPUM
CylM K TemneparypHoin aHoMaauu. B aeto 2010 roaa aHTMLMKAOH
Ha teppuropueit Poccuu npoaepkaacsa 52 AHs, HO 51 HY Pasy He yc-
ABIHAA OT CUHOIITUKOB ¥ METEOPOACTOB HY OAHOM IPaBUABHON ITPU-
4uHbl 9TOro armocdeproro Geactsusa. Ho ecan yuenvie He 3nalor
DPUYMHBL SBACHMS, TO KaK JXe OHM ¢ 9TMM cobuparorca 60poTh-
csa B Gyaymiem? A BepAb OT KOPPEKTYDbI HeXXeAaTeAbHbIX arMocdep-
HBIX SIBAGHMI 3aBMCUT GyAyiee OAAromnoAyume 3eMHOro 4eaoBeye-
CTBA, YTO HEBO3MOXHO OCHOPMTD. Aa M He MHOI'O Au Oea, TOABKO 3a
IIACAEAHEE BpeMsl, IPUHECAA 3EMHOMY YEAOBEYECTBY YEPEAA HEXeAa-
TeAbHBIX aTrMocdepHbIX saBAeHuit? ITo NOBOAY A€THEro aHTHUIIMKAOHA
2010 roaa MO>XKHO CKa3aTh, YTO €ro IpUIMHA 3aKAIOYAAACH B TOM, 4TO
noBepxHocTb Teppuropun Poccunm B 511 52 AHA 6biaa aKTUBHBIM U3~
Ay4aTeAE€M KBaHTOB MOAS 36MHOM FPaBUTAlIMM M IPOTUBOAEACTRBOBA-
AQ TIEPEeXOAY AYYEBOJ IHEPTMM BHEIIHUX MCTOYHUKOB B 3EMHYIO TIO-
BepxHocTb. CobpaHubie arMocdepoit BO3AYXa KBAaHTH TETIAOBOM U
SAEKTPUYECKON TIPMPOABI AOCTABASIAMCh K NOBEPXHOCTH, HO HEApa
3€MHOTO INapa B HUX He HYXAaAmuch. HebecHast sHeprus Hacslua-
Aa A€CHbIE MaCCUBBI ¥ PACTUTEABHOCTb TOHKMMM KBRHTAMM JAEKTPH-
YeCTBa, M, IPUKATast K IOBEPXHOCTY 3eMAH, GYKBaABHO, BHINMBaAa U3
PeK, BOAOEMOB ¥ NOBEPXHOCTH 3€MAM BCIO BAATY.

To, YTO AOAXXHO GBIAO IIPOMCXOAUTH Ha BBHICOTaX oOpasoBaHus
00AQYHOCTH, TIPOMCXOAMAO B IPHIIOBEDXHOCTHBIX CAOSX 3€MHOM
aTMocdepsl. MOAEKYABl BOABI M BO3AYXa, HACHIM|EHHBlE HeOecHOM
SHEPruei, MEAAEHHO PACMiOA3aAYICh M3 LIEHTPa LIUKAOHA N0 YacoBOM
CTpeAKe ¥ BBIHOCHAM MHAAMApAbI KYOOMETPOB BAAru 3a THICAYH
KMAOMETDPOB OT LIEHTPa IIMKAOHA. TaK Xax c 3anapa Ha Espony npo-
AOAXKAAM HACTYTIATh HACHILIEHHbIE BAaroil u HebecHolt aHepruei aT-
AQHTHYECKHUE IIUKACHBI, TO 3TO NPHBEAC BO MHOTMX cTpaHax EBponbi
K CUABHBIM HaBOAHEHHMIM. MolHoe HaBoAHEeHHe Ha TeppuTopmu Fla-
KUCTaHa TOXe ABMAOCH CACACTBMEM CTOAKHOBEHMS BAAIM TMXOOKe-
QHCKOM aKBaTOPMM M TOWM BAAry, KOTopas ObiAa BBITECHEHAR AHTHLM-
KAOHOM C LJeHTPAABHbIX ¥ CEBEPHBIX Pai1oHOB EBPasuitcKoro KoHTH-
HEHTA. AHTMIMKAOH Pa3pyIIMACA HE NOTOMY, YTO €r0 CTOAKHYAM
HACTYNamue ¢ ATAQHTMKY IHKAOHBI, 4 IOTOMY 4TO TAYOUHHBIE
CAOM 3€MHOTO IIapa, AeXKamiMe oA NMOBEPXHOCTHIO TEPPUTOPHM
PoccuM, CHA3UAM aKTMBHOCTD 0 GOPMHUPOBAHMIO KBAHTOB TOAS
IPABHTANMA K 0CAAOUAU NMPOTHBOAEICTBHE 3eMHOM armMocdepe.

-
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Koraa BAara pek ¥ BOAOEMOB LIEHTpaAbHBIX o0AacTeir Poccuu moay-
YMAQ BO3MOPKHOCTD TIOAHMMATBCA B PAaOHBI 06pa3soBauust 06AaYHO-
¢TH, TO 0bAaKa He 06Pa3OBEIBAANICh, IOTOMY YTO BAAra, yXe He ve-
Pe3 NPUNOBEPXHOCTHBIE CAOM, @ Ha GOABIIMX BHICOTAX, O YACOBOI
CTpeAKe YXOAMAR Ha nepudepuio OrpoMHOro aHTMUMKAcHa. Koanue-
CTBO BAAI'M B IIPUITOBEPXHOCTHBIX CAOSIX LIEHTPaAbHBIX 06AacTeit Poc-
CHU pe3KO YMEHBLIUAOCH. ITO Y HPUBEAO K MACCOBOMY BO3TOPAHUIO
06e3B0)KeHHDBIX Y HACHIIEHHBIX JAEKTPUYECKUMY KBaHTaMH Aec-
HBIX MaccuBoB. HasBare npuunHY, 10 KOTOPO! TAYOMHHbBIE CAOU U
HeApPa 3eMHOr0 1Iapa, KOTOPbie AEXKAT MOA NOBEPXHOCTHIO TEPPUTO-
puu Poccum, BpeMeHHO CTaAM MON[HBIM M3AYYdTEAEM KBAHTOB IO-
Aelf TPABUTALIMH, Y IPOTUBOAENCTBOBAAU CXOAY M NpueMy HebGecHoi
3Hepruy, BOT TaK C HAAETY, HeBO3MOKHO. OAHAKO, KOTAA SICHA IPU-
poAa obpa3soBanMs aHTULMKAOHA, KOTOPas CBSI3aHA, NPEXAE BCEro,
He ¢ aTMOCQepHBIMM ABACHUAMMU, A C AKTHBALIMEN HEAP 3€MHOIO L1apa
IO AOKAABHOMY M HPOAOAXKHTEABHOMY BbIOpOCY KBaHTOB ITIOAS Ipa-
BUTALMM, TO MOXKHO HHIOAYMATh M O TOM, KaK IIPOTMBOCTONTD U ITPOTH-
BOAEMCTBOBATD 9TOMY BEACTBUIO.

CoBepieHHO 0YEBUAHO, YTO HE TOABKO AASL 6OPBOBI, HO AaKe
AASL IpeABUMAEHUS OYAYI{UX GEeACTBMIT M COCTaBACHUS METEOPOAO-
IMYeCKUX NMPOTHO30B, HAAO YYHTHIBATD KaK aKTMBHOCTb armocde-
DB, TaK M AKTUBHOCTb FAYOMHHBIX CAOEB 3eMHOTO apa. Ho s ue
NPM3bIBAI0 AOMATh Y€pe3 KOAEHO NPUPOAHBIE aTMocdepHbie sBAe-
HML. S npU3BIBaI0 HAYYMTHCA OKa3BIBATH IOMOLLb 3eMHOM arMocdepe
Y HOBEPXHOCTH 3eMHOTO 1apa, 6e360Ae3HEHHO TOTPeOASTD AYYEBYIO
SHEPIUIO U MOMOraTh aTMoc(depe, AOCTABAATD YHEPTETHYECKMIT [1PO-
AYKT M BAAry He TYAA T'A€ OHU BBI3OBYT KATacTpOQUUECKUE IOCAEA-
CTBUS, 2 TYAQ, TA€ TIOBEPXHOCTDb ¥ TEAO 3€MHOTO IIApa HY>KAQITCA B
3TUX >XU3HEHHbIX POAYKTaX. IIpu 9TOM He caepyeT 3abpiBarh, 4TO
NOTPeOHOCTH TeAa 3eMHOTO MIapa 60Aee BaXHbl, 9eM NOTpebHOCTH
3eMHOTO YeAoBeuecTBa. [TOHATD NpUYMHY 06pa3sOBaHNs HMKAOHOB
elije Npoile, YeM AHTULMKAOHOB, HO 3A€Ch HAAO YUUTHIBATD Te CHO-
COOBI M TEXHOAOIMHM, C NIOMOMIbIO KOTOPBIX MAGHETHOE TEAQ 3€MHOrO
IIapa OPTaHU3YeT BEKTOP CUABI TSDKECTH MAM BEKTOD YCKOPEHMSA CBO-
boaHoro napenuns. Hayka He oraeasier GopMupoBaHHME HOAS TPaBU-
Tauuy oT GOpMUPOBAHMS CUABI 3¢MHOrO NpUTsDKeHus. OHa CUMTaer,
YTO ITOAE TPABUTALIMM €CTh Pa3 U HaBCETAA YCTAaHOBACHHOE CBOMCTBO
MaTepHUaAbHBIX MAcC, @ TOTOMY He TPebyeT HMKaKoM SHePreTHIeCKo
3aTpaThl M HUKaKOM paboThl AAS cBOero nopaepxanusa. Ho ecan 6o
BTO OBIAO TakK, TO, BO-MIEPBBIX, GOTOHDI 3BE3AHBIX MBAYYEHMIT ¥ MHO-
TOYMCAEHHBIX HEBUAMMBIX 0OBEKTOB, B TOM YncAe U QOTOHDI «PEAUK-
TOBOTO» U3AYIEHMUs, HUKOTAQ He MOTAM 6b1 A0OpaThest a0 CoaHeuHOI
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CUCTEMBHI U AO TIOBEPXHOCTH 3eMHOTO Hiapa. OHu OB yMepAM IO AO-
pore OT 3HEPreTHYECKOT0 roaoaa. Bo-BTOphIX, BaKyyM NMpoCTpaH-
cTBa BeeaeHHOI mOTepsIA OB CBOIO «TBEPAb» U YAEPKMBAIOIIYIO CHAY,
M TAapMOHMS MMPA IIPMIIAA B COCTOsIHMUE Xaoca. B-TpeTbux, Aaxe npu
COXpPAHEHMM WM3AYYATEAbHBIX crniocobnocteit COAHIR, KOAMYECTBO
AOCTABACHHO Ha [MOBEPXHOCTH HAQHETDHI AY4EBOM SHEPTUH CTaA0 Obl
HEYAEP>XXMMO COKpPaIMaThCs U Bce XKMBOE HA 3eMAE BBIMEPAO OT XOAO-
A@ M KHCAOPOAHOTO TOAOAQHUSA.

Bce TpM BbilemepevMCAEHHbIE Tparuyeckue CHUTYALMH He
MNPOKHCXOAAT, NIOTOMY TO S9HEPreTHKA ITOAA IPABUTALHH ITOCTOAH-
HO TIOTIOAHAETCS 32 CHYET PACX0AA WHEPHMAABHBIX MeXaHMYeCKHX
macc. Bor noaromy, nmpexae yem paccMarpuBaTh NPUYMHY 00paso-
BaHUS LMKAOHOB, HaAO TIOTAyOXKe pa3soGpaTbCs ¢ IPUPOAOI 3eMHO-
FO MOAS rPaBUTALMK M C IPUPOAOI YCKOPEHMA CBOGOAHOTO NaAeHUA
VIAM CUAOI 3€MHOTO TATOTEHUS.



nasa XI

TPETIAW 3AKOH KETJIEPA U 3BOJIIOLIUA
3EMHOIO WAPA

1.IIpupoda cuavt

3abAyKAEHMA HAYKU MAYT OT HETIOHMMAaHMA HIPUPOABI CHABL MHO-
e CpeAHEBEKOBbIE yyeHble YBACKaAMCh Maruei 1 IouMcKoM Maryuye-
CKOT0 KPUCTaAAA AU «DHAOCODCKOroy» KaMHA, C HOMOLBIO KOTOPBIX
MOXXHO TIOPOXAATh OAHM METAAABI M3 APYIMX METAAAOB MAM Maru-
4eCKUM CTIoco60M AOGbIBATD HEOrPAHNYEHHOE KOAMYECTBO SHEPIUM
Aas moTpebHocTell yeaoBeka. He po6uBIIMCh yenexoB B aeaax Ma-
FHU, 5TH YueHble CO BpeMeHEM IepellAl Ha PM3MYEeCKyI0 HayKy, HO
He 0CBOOOAMANMCH OT Maru4ecKoro MbrAenus. Oy yoeAuau camu
ce0s1, a 3aTeM U APYIMX AIOAE€H, UTO MaTepPUs MOXKET TIOPOXKAATD CHAY,
Y BBIOAHATDH C MOMOLUBIO 3TOI CMABI KOHKPETHYI0 pafoTy, HO Tpy
5TOM He TPAaTUTb U HE PACXOAOBATb HIKAKOM SHEPIUM, a AULIb Oe3 13-
MEHEHW 3anaca BHyTpeHHel SHeprim, IIEPEXOAUTD U3 OAHOI HopMbI
XPaHWUTEAsS SHEPIUM, B APYIyI0 popmy. UTo6b1 BBIATH M3 3aMKHYTO-
ro Kpyra Maru4eckoro 3sabAyXA€HMUs, HY>)KHO OCO3HATbh, B [ICPBYIO Oye-
peAb PasyMoOM M CO3HaHueM, YTO HMKaka# ¢opma MaTepum He MO-
JKeT MOPOKAATH CHAY 0e3 3aTpaT MaABIX KOAMYECTE cO6CTBEHHOI
sHeprum. ITpy 3TOM HOPOKAEHME CHABI HE ABASETCA GECLieABHBIM U
HEOCMBICAEHHbIM AKTOM MAaTePMaAbHEBIX TE€A, @ Bbi3BaHa, HEOOXOAM-
MOCTDIO ITOAAEPKMBATD M BOCCTAHABAMBATbH COOCTBEHHYIO SHEPTeTH-
KY ¥ XM3HeCnocoOHOCThb. KaK >KMBOi OPraHu3M He MOXeT XUTh 0e3
HOTpeOGAEHMS M PAaCXOAOBAHMA DHEPTMU, HA Te MAM MHBIe BUABI pabo-
ThbI M KM3HEAESTEABHOCTH, TaK M MaTepysa HauHET HEMEAAEHHO Bbl-
MMpaTh U BHIPOXKAATECS BO BCEX CBOMX NMOAEBBIX GOpPMax, eCAM OAHa-
XABI IPEKPATUT (POPMUPOBATH BEKTOPA MOAEBBIX CHA ¥ BBIIIOAHATD C
VX TIOMOIHBI0 paboTy 10 BOCCTAHOBACHMIO SHEPIETUYECKO! MOIHO-
CTH BCeX TIOAEBBIX GOPM MaTEPMAABHOTIO MMpa.

Hayka npeKpacHO BHAMT, 4TO BEKTOPAR CHA BCEX IFOAEBBIX
dbopm MaTepum co BpemeHeM He 0CcAaDEBAIOT, a COXPAHAIOT CBOO
CcTaOMABHOCTD M Kak GBI He 3aBUCHT OT BpeMeH. DTO H NOPOAH-
AO MAAIO3UIO, YTO MATEPUAABHBII MUP ABAAETCA 0€CCMBICACHHBIM
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BeYHBIM ABUTaTeA€M MAM CAMOCKOHCTPYMPOBAHHBIM CBEPXTOY-
HbBIM YaCOBBIM MEXaHM3MOM, paboralomum Ge3 3aTpar coOCTBEH-
HOIt aHepruu. B 310 MOXHO 6bIAO GBI IOBEPUTD, eCAM Obi XOTh OAMH
Y4€HbI MOT' CKOHCTPYMPOBATb BEUHBII ABUI'ATE€Ab MAM 4aCOBOM Me-
xaHuaM, paboralonmii 6es saTpar sHepruy, Ho BeAb CamMa HaykKa I1pu-
3HaAd 6€CCMBICAEHHOCTD TaKOM MAEM.

2. Macca u ee ynpasaaiowas porv B pa3ssumun

U CAMOpeyAAUUI HOAEBBLX PopM Mamepuu

Koneuno, pacxopbl MexaHMYECKOM MacChl aTOMHBIX AEP ITAQHET-
HBIX TeA GECKOHEYHO MaAbl, M MX HEBO3MOXXHO U3MEPUTb Ha MAAOM
MPOMEXYTKe BpeMEeHM B AECATKM U COTHU AeT. K ToMy ke 1o oTHoiue-
HUIO K IAAHETHOMY TEAY 3€MHOTI'O [Iapa Y MeHA eCTh KOCBEHHbIE AOKa-
3aTeApCTBa, YTO Macca Haulelf MAGHEThl He YMEHbLIAETCsI, 2 MEAACHHO
yBeanuuBaeTca. Ho Bce 2To He AaeT MpaBoO HM AMYHO MHE, HU Al06o-
MY PasyMHOMY yYEHOMY OTPHMLATh TOT (aKT, 4To cTabuabHas pabora
Bcex GopM MaTepuM U BCeX MaTEPUAABHBIX TeA BceAeHHOI, moAnUTEI-
BaeTCs SHEpPreTHKON MexaHudeckux macc. [ToaToMy oOmas macca u
3arac BCEAEHCKO! SHePIUM HEMPEPhIBHO YObIBAST TAKMMM BEAMYMHA-
MM, KOTOpbI€E SIBASIIOTCSA BECbMa 3aMETHBIMU AASI 3BE3AHBIX MeXaHUue-
CKMX MacC BCEAEHCKOTO TPOCTPAHCTBA, HO ABASIIOTCA 6ECKOHEYHO Ma-
ABIMM BEAMMMHAMU AAS BCeil MaTepuaAbHOM Macchl BceaeHHOM.

DTO OTCTYNIAECHME CAEARHO AASL TOTO, YTOOBI WNTATEAM MOHSAH,
YTO BEKTOP CHUABI 3€MHOI'O TATOTEHUsE GOPMUPYETCSL HE TOABKO AASL
TOro, YT06B! 3eMAA npuTArNBasach K COAHLY, KaK HaC YYMAU B WIKO-
Ae. B 11epBY10 0YepeAb 3TO HY)KHO AASI TOT'O, YTOORI IAAHETHOE TEAO
3eMAM, 3aTPATUB YACTh CBOEN sHeprun Ha GopMupoBaHKe BeKTOpa
CHABI 36MHOT'O NNPUTSHKEHMUSI, MOTAO HOTAOTHTD 3HAYMTEABHO G60AD-
IIYI0O 9HEPIrUI0 BCEX BHAOB AyYeBbIX BHEPTUM BHEHIHUX MCTOIHMU-
KOB AAS cOGcTBeHHOTO nponnTaHnsa. CuAa MAAHETHOTO TATOTEeHUs
3aBUCHT TOABKO OT MEXaHMYEeCKOMH Macchl mAaHeTH. YeM Goabine
MeXaHMYecKas Macca NMAAHeTH], TeM OOAblLIe 3HepIuH eit HeoGXOAMMO
cOOpaTh OT BHEUIHNX VICTOYHUKOB, YTOObI 06ecneyunTdh CBOK XKU3HE-
CNOCOGHOCTD B TapMOHMM UM TIPOTIOPLIUM C KU3HECTIOCOOHOCTDIO APY-
rux naaHer CoAHeuHol cucremsl. YTo6bI AOKasaTh, YTO Macca MAa-
HETBI, KaK ¥ e€ NOoAE TArOTeHusl, He UMEIOT HUKAKOTO 3HAYeHMA AAS
FAQBHBIX OPOMTAABHBIX XAPAKTEPUCTMK NAQHETHBIX TeA B BUAE
papuyca ¥ BpeMeHu MX obpaimerusi BOKpYr COAHIJa, AOCTATOMHO
BCIOMHMUTD Tpetuit 3akoH Kenaepa. Koraa Heioron «usobpear 3a-
KOH BCEMMPHOIO TArOTEHMA, TO OH He OTMEHMA 3aKOHbI Kemnaepa, a
AMIIIb [I0KAa33aA, YTO €ro 3aKOH He NMpOTHMBOpeuuT 3aKkoHam Kemnaepa.
DTOT 3aKOH IAACHT, YTO KY0 PapMyca IMAAHETHO! OpOUTHI, ACACHHDI

>
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Ha KBaApaT BpEMEHM IIep1oAa oOpallleHHs, €CTb BEAMYMHA NTOCTOSH-
Has AAS BCEX IIAQHETHBIX TEA U 3aBUCUT TOABKO OT Macchl COAHIIA U
rPaBUTALMOHHONM MOCTOSHHOM, EAUHOM AASl BCEX ITIOA€I TPaBUTALIMM
COAHEYHO! CUCTEMBI, a MOXeT ObIThb U AAA Bcell BceaeHHo. B yem
YJAMBHUTEABHOCTb U MapapOKCAAbHOCTD 3TOro 3akoHa? OHa 3aKAw4a-
€TCS B TOM, YT0 KaK 661 «Bonpeku» HproToHOBY 3aK0HY BCEMUPHO-
TO TATOTEHMs, HM IePUoA 0Opamenns nAaHeTsl BOKPYT CoAHIIa, HU
PACCTOSHME NAQGHETHI OT HEGECHOTO CBETHAA, HUKAKHM 00pa3oM He
3aBUCAT OT MEXAHMYECKOM MACCHI IIAAHETHI, X OT AQHETHOTO IOAS
rpaBuranun. Kak 6yAT0 OHM He CyIeCTBYIOT BOBCE M HE MMEIOT HUKA-
KOI'O 3HaYEHUsI AASI YAED)KaHMsI TIAQHETHI Ha ee opbuTe.

Ho U3 5TOro 3akoHa CTAaHOBUTCA OYEBMAHBIM, YTO SHEPTETH-
ka CoAHla nponopumoHasbHa o06beMy cdephl u ybbiBaeT mponop-
LIMOHAABHO YBeauueHust o6bema 3toit cepst. Ilpuuem, yeM 60ABb-
me o6beM cdepsi, Tem 6oAabiue BpeMeHu Tpebyercs CoaHly 3aTpa-
TUTb Ha MCTIOAHEHME PaboThl IO NIePeMENeHHI0 TAGHETHOTO TeAa TI0
3aMKHYTOMY SAAMIICY, A€XKAlIeMY B IIAOCKOCTY COAHEYHOM SKAMIITH-
ku. TloAyuaeTcs, 4To papnycoi opoUT M BpeMst oOpameHnn NAaHeT-
HBIX T€A IO OpOMTaM, HUKaK He CBA3aHBI C BHYTPeHHelt aHepruen
MAAHETHBIX TEA, a OTIPEAEASIOTCHA TOABKO MEXaHUYECKOH SHepruen
COAHEYHOM MACcChl. AaXKe eCAM IAAHETHI CTAHYT «MEPTBHIMM» TeAa-
MM, TIPEKPATAT MOTAOIATH AYYEBYIO COAHEMHYIO BHEPruio 1 obpaso-
BBIBAaTb COOGCTBEHHDIE TIOAS IPaBUTALIMK, TO OHM BCE PABHO CTAOUAD-
HO OYAYT BpaIfaThCs HA CBOMX OpOUTAX, TTOKa SHeprust Macchi CoAHLia
3a CYET HElpEePhIBHOIO GECKOHEYHO MAAOTO YOBIBaHUA COOCTBEHHOM
Macchl, GyAeT OAAEPKMBATb CHMAOBDIE TAPAMETPbI COAHEYHOTO TIOAS
rpaBuTaiuu. M3 aToro 3akoHa MO>XHO BHIBECTH 3aMeYaTEABHOE CACA-
crBue. OHO 3aKAIOYAETCH B TOM, YTO KaXKAASA NIAAHETA MOXKET 1o He-
00X0AMMOCTH ¥ N0 COOCTBEHHOMY YCMOTPEHMIO YBEAMMHMBATD UAM
YMEHDBINATh CHAY BEKTOPA HAAHETHOI'O TArOTEHUA M CHAOBBIE Xa-
PaKTEPUCTHKM COOCTBEHHBIX NOAEH rpaBuTauy 6e3 BCAKMX IO-
CAGACTBMIL AASE CBOMX FAQBHBIX OpPOMTaABHBIX XapakTepucTHK. Ha
A€A€ BTO 03HAYAET, YTO MPY COTBOPEHMM TAAHET U UX NEPBOHAYAAD-
HOM OTAEACHUM OT MaTepUaAbHOTO Teaa COAHLIA, OHM HE IPOCTO MOT-
AM, a 00s3aHbI 6b1AM MMeTh HOABINYIO MEXAHMMECKYIO MACCY, YeM Ta
Macca, KOTOPYIO OHUM NPOSBAAIOT B Hanle BpeMsA. Ho Kyaa ke peaach
aTa «M30BITOYHAA» Macca, M AAS KAaKMX IjeAeil OHa 6bira He0OXoA M-
Ma HA NePBOM 3Tare )XU3HK MAAHETHOTO TeAa?

TyT MBI BHIXOAMM Ha HOBBI YPOBEHD TOHMMAHMUA MPOLIECcca aBO-
AIOLIMM MTAQHETH 3€MAsL, KaK U ApYrux naaHer COAHEYHOIt CUCTEMBI,
KOTOPOMY He y4aT B aKaA€MMYECKMX MHCTUTYTaX U INKOABHBIX IPO-
rpamMMax. [IpyunHy «136BITKa» MacChl MOXKHO OOBSICHUTD AMILIb TEM,

213



YTO Y HOBOPOXXAEHHOI MAaHeTHI He 6biA chOpMUPOBaH MHCTPYMEHT
AAA CO6Opa 3HEPTETHYECKOM UL B BUAE SHEPTETUKU NOAS FPaBUTa-
L¥M, a TaKKe SHEPTeTMKU MarHUTHBIX U DAEKTPUUE