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Bkpartiie o BceaenHon

ceAeHHast 6e30pe>KHa U HEBEPOSITHO MpeKpacHa. YAUBUTEABHO

IIpOCTa B OAHMX CBOMX NPOSIBAEHUSX U HEBEPOSITHO CAOXKHA

B Apyrux. VI3 Bcero HeCMeTHOro MHOr00Opasusi MOHSATUI, OTHO-
CAMXCS KO BceAeHHOI, HaM celtyac MOHAAOOUTCSI AU HECKOABKO —
0 HUX Y TIOTOBOPUM.

Boabl11011 B3pbIB

BceaenHast o6pasoBaaach 13,7 MuAAMapaa A€T TOMY Ha3aA B pe3yAbTa-
Te TPAHAMO3HOTO B3pbIBa. «BOABIIION B3pbIB» — 3TO HACMEIIAMBOE Ha-
3BaHue® IpuAyMaa Moy ApyT, kocmoaor @pep Xoiia, KOTopbiit B 1940-¢
TOABI TIPUHSA AQHHYIO VA€I0 B IITBIKU.

Opep, ombascss. Mbl yoxe HaOAIOAAAM MBAYy4YEHME OT STOrO B3pbIBY,
VI AVIILIb 32 HEAEAIO AO TOTO, KaK sI IHUILY 3TU CTPOKY, ObIAM TIOAYY€HBI SKC-
HepYMEHTAABHbIE AQHHbIE 00 VIBAYYEHUY, UCITYILIEHHOM CITYCTSI OAHY TPUA-
AVIOHHYIO TPMAAVIOHHOV TPUAAVIOHHOM AOAM CEKYHABI TIOCA€ €r0 HadaAa!™

* Big Bang, AoocaoBHO — «Boaboit 6abax». [Tpum. nepes.

* BBepute B mouckoBrke Google «gravitational waves from the big bang» («rpa-
BUTALMIOHHbBIE BOAHBI 60ABIIOTO B3pbiBar) uau «CMB polarization» («moAsipu-
3aL1sI PEAMKTOBOIO U3AYYEHMsI»), YTOOBI IPOUYUTATh 00 3TOM MOTPsICAIOLIEM
OTKPBITUM, CAeAQHHOM B MapTe 2014 ropa. HexoTopbie oApo6GHOCTM 51 pacKpoio
B KOH1e TAaBbI 16. [Ipum. asmopa.
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Ham HensBecTHO, YeM OBbIA BBI3BaH BOABLION B3PBIB 1 CYIECTBOBA-
AO AU YTO-HUOYAB AO Hero. Tak MAM MHAYe, B 9TOM B3PbIBE POAUAACH
BceAeHHast — B BMAE OKeaHa CBEPXTOPSYErO rasa, PaciivpsIonierocs
BO BCeX HAIPaBAEHMSIX TOAOOHO OrHEHHOMY OOAaKy OT B3PbIBA aTOM-
HOI1 GOMOBI AU Ta30MIPOBOAA.

51 6B ¢ papOCTBIO HANUCAA O BOABILIOM B3pbIBE LIEAYIO TAABY, HO Te-
POMYECKUM YCHMAMEM BOAY CAEP)KY CBOJI IIOPBIB — AO TA@BbI 16 MbI I10-
4TU He OYAEM O HEM BCIIOMUHATb.

laAakTuku

ITo mepe pacipenust BceAeHHOV ropsiumit ras, U3 KOTOPOTO OHA CO-
CTOSIAQ, OXAQKAAACA. B KaKMX-TO CAy4allHBIX ee 00AACTSIX ITAOTHOCTD
rasa OblAa HEMHOTO BbIlle, YeM B Apyrux. Koraa ras cTaHOBMACS AOCTa-
TOYHO XOAOAHBIM, IPABUTALIS CTSTMBAAA KAKAYIO U3 00AACTEN BBICOKOI
IIAOTHOCTY BHYTPb Ce0sI, MOPOXKAAsI TAAAKTUKY (OrPOMHbIE CKOIIAEHMSI
3Be3A C UX MAQHETAMU U Pa3peKEHHBIM ra3oM, 3allOAHSIOIIUM MEX-
3BE3AHOE MPOCTPAHCTBO), cM. puc. 2.1. Camasi miepBasi raAaKTMKa oopa-
30BaAach, KOraa BceAeHHO ObIAO HECKOABKO COTEH MUAAVOHOB A€T.

B Habaropaemoit BceaeHHOI MPUOAUSUTEABHO TPUAAVOH FAAAKTUK.
Camble 60ABILME 13 HUX COAEPXKAT II0 HECKOABKY TPUAAMOHOB 3B€3A, X
MOIIEPEYHBIN pa3Mep — OKOAO MMAAVOHA CBETOBBIX AeT® CaMble Ma-
A€HBKJE COAEP>KaT OKOAO 10 MMAAMOHOB 3Be3A, UX pa3Mep B IONepey-
HJKe — IIPMMEPHO ThICSIYa CBETOBBIX AeT. B LIeHTpe KaXkKAOM KPYITHOM
raAaKTUKM PACIIOAATAETCs YepHasi AbIpa (CM. TAABY 5), KOTOpasi TsKeAee
Hatrero COAHIIA B MUAAMOH UAU OoAee pas*®

3eMAs pacroAo)KeHa B raaakTyke MaeuHblil [ TyTh. BoABIIMHCTBO 3Be3A
MaeuHoro ITyTu cocpep0TOYEHO B 00AACTY SIPKOV TIOAOCHI, KOTOPYIO MOXK-
HO HAOAIOAATh Ha 3¢MHOM Hebe SICHBIMM TeMHbIMU HoYaMu. VI mouTu Bce
BUAVMbBIE HA HOYHOM HeDe OTOHBKU — HE TOABKO T€, YTO PACIIOAOKEHBI
B ITPEAEAAX SIPKOI TIOAOCBI, — 3TO 3Be3Abl MaeuHoro [TyTu.

bawxaiiimas K Hallelt KpynHasi raAaKTMKa Ha3blBaeTCA TAAAKTUKON AH-
ApoMeab! (prc. 2.2), U HAXOAUTCSI OHA Ha PACCTOSTHIY 2,5 MUAAMOHA CBETOBBIX

B mapre 2014 ropa AEICTBUTEABHO OBIAO 3a5IBAEHO O A€TEKTMPOBAHUM He-
HYAEBBIX BO3MYILEHUII PEAMKTOBOIO M3AYYEHUs, HO PsA aBTOPOB OCIOPUAU
pesyabTarsl sKcrepuMeHTa. OAHMM 13 OCHOBHBIX KOHTPAPIyMEHTOB ObIAO M-
HOpUPOBaHMe BKAAAA 3 (HEKTOB MeXX3BEe3AHOI IBIAU. [Ipum. HayH. peo.
CBeTOBOJ IOA — 3TO PACCTOSHYE, KOTOPO€E CBET IIPEOAOAEBAET 32 OAVH TOA:
OKOAO CTa TPUAAVIOHOB KMAOMETPOB. [ Ipum. asmopa.

**  BpIpakasich 6oAee HayuHO, ee Macca B MUAAVOH MAY O0A€ee pa3 IIPEBBIIIAET COAHEY-
HYIO, TO €CThb Ha HEKOTOPOM (PMKCHMPOBAHHOM YAQAEHMM CHAQ €€ IPABUTALIVIOHHOIO
TIPUTSDKEHM S 9KBUBAAEHTHA CUA€ IPUTsDKeHMsI MUAAMoHa CoaHLL. [Ipum. asmopa.
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Puc. 2.1. MaccmnBHoe ckonne-
HMe ranakTuK Noj Ha3BaHMEM
Abell 1689 1 MHOXecTBO Honee
OTHaneHHbIX ranakTunk; cchoTo-
rpadpMpoBaHO KOCMUYECKMM
TeNeckonom «Xab6m»

AeT OT 3eMAl. B Helt 0KoAO TPUAAVIOHA 3BE3A, €€ HOl'Iepe‘{HbI];I pasmep —

npumepHo 100 000 cBeToBbIX A€T. MAeuHbI I IyThb 1 raaakTVIKa AHAPOMEADI
B HEKOTOPOM POA€ OAMBHELIBI — OHY CXOXM IO pasMepam, 1o GopMe U I10 KO-
AnvectBy 3Be3A. Ecan 6b1 Ha puc. 2.2 6b1a n300pakeH Maeunstit [TyTb, 3emas
HaXOAMAACD ObI TaM, TA€ HAPVMICOBAH >KEATHI POMOMK.

B raanaxTnke AHApOMeADBI ecTb orpoMHasi uepHasi Abipa. Ona B 100
MMAAMOHOB pa3 TspkeAee COAHIIA, a ee MoIepevyHblll pasMep NPUMepPHO
paBeH MonepevHoOMY pasMepy opouTsl 3eMaiu (Te Ke Bec* U pasmep, YTO
1y 4epHOI AbIpbl [apranTioa B «VIHTepcTeAAap», cM. raaBy 6). OHa Ha-
XOAUTCS B LieHTpe sIpKoit chephl Ha puc. 2.2.

CoAHeyHas cucTeMa

3Be3ABI — 3TO OrPOMHBIE PAaCcKaAeHHbIe ra30Bble LIAPhI, TEMIIepaTypa
KOTOPBIX OOBIYHO TTOAAEPKMBAETCS 32 CUET SIAEPHBIX peaKLuii, IpoTe-
KaolNX B 3Be3AHOM sAppe. CoaHLle — BecbMa TUIIMYHAsA 3Be3pa. Ero
AvameTp — 1,4 MUAAMOHA KMAOMETPOB, UTO B COTHIO pa3 OoAblle Aua-
MeTpa 3emau. [ToBepxHocTh CoAHLIA TOKPBITA PAa3AMUYMMBIMU Ha BUA

* B 3TOI KHUTE€ 51 ICTIOAB3YI0 CAOBA «MaCCa» U «BeC» KaK CUHOHUMBL [ Ipum. asmopa.
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Puc. 2.2. TanakTuka
AHLpomeabl

100 000 cBeTOBbLIX NET

Puc. 2.3.  ConHue, cchoTorpa-
durposaHHoe ObcepeaTopueit
conHeyHom auHammkm NASA

1,4 MUNNMOHA KNNOMETPOB
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ConHue H.OFIC acTepovfoB

3empa: Mapc

12 munnmnappos KnnomeTpos (11 cBeTOBbIX YacoB)

OTHOCHUTEABHO TOPSTYMMU 11 OTHOCUTEABHO IIPOXAAAHBIMI 00AACTAMY,
a TAK)Ke KOe-TA€ BCTPeYalTCs BCIBILIKY (TPOTYOepaHIIbl), U ee Upe3Bbl-
YalHO MHTEPECHO HAOAIAATH B TeAecKoI (puc. 2.3).

Bocemb 1naaHeT, BKA0Yas 3eMAI0, BpalaoTcs BOKPYr COAHLIA IO SAAUII-
TUYIECKUM OpOMTaM BMeCTe CO MHOKECTBOM KaPAMKOBBIX IIAQHET (CPeAV KO-
TOpBIX Harboaee nsBecTeH [TAYTOH), a TAK)Ke KOMET 1 HEOOABLINIX TBEPABIX
00'BEKTOB, Ha3bIBAEMbIX aCTEPOMAAMU U MeTeopoupaMu (puc. 2.4). 3eMast —
TpeTbs naaHeTa oT CoaHLa. CaTypH € ero POCKOLIHBIMY KOABLIAMY — ILIeCTast
MAQHeTa, U eMy B «/IHTepcTeAAap» BbIAEA€HA 0CO0ast pOAb (CM. rAaBy 15).

CoaHeuHasi cucTeMa B THICSIUY pa3 O0oAblie, yeM camo COAHLIE; CBETY
norpebyercst 11 yacoB, 4TOOBI IPOMTHM OT OAHOTO €€ Kpasi A0 APYTOro.

Paccrosinne A0 bAkaitieir K Ham (He cunrtast COAHIIA) 3BE3ABIL, TIPO-
KcuMbl LleHTaBpa, cocTtaBaseT 4,24 cBeTOBOro roaa, uro B 2500 pas npe-
BbIIIAeT TonepeyHbi pasmMep CoaHeuHol cucreMmbl! B raase 13 mbl no-
rOBOPUM 00 YAMBUTEABHBIX OCOOEHHOCTSIX MEK3BE3AHBIX [Ty TELIECTBUIL.

3Be3AHasI CMEPTh: OeAble KAPAVKY, HEMTPOHHBIE
3BE3AbI U YepHbIE ABIPbI

CoAHILy 1 3eMAe OKOAO 4,5 MIAAMAPAQ A€T, 5TO IPUMEPHO TPETh BO3PacTa
BceaenHoi1. CriycTsi IpUMepHO ellle 6,5 MUAAMAPAA AET B COAHEYUHOM sIApe
JCCSIKHET SIAePHOE TOIIAMBO, KOTOpoe nopaep>kuBaeT »kap CoaHua. Toraa
Ha4yHeTCsl BbITOpaHMe TOMAMBA B 00OAOUKE, OKpPY)KaIoLell sIAPO, U TO-
BepxHOCTh COAHIIA pacUIMPUTCs, TOTAOTUB 3eMAlo. Koraa sxe TormauBo

n nyTOH

Puc. 2.4. Opbutsl nnaxet Con-
HEUHOW crcTemsl 1 nyToHa
¥ CKOMeHne acTeponaos
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Puc.2.5.  benbin kapank
(cneBa), HeMTpOHHas 3Be3/a
(nocepenwnHe) n uepHas abipa
(cnpasa), KOTOpble BeCsT

B 1,2 pa3a b6onblue ConHua.
34ecb NokasaHa nLlb Manas
uacTb NOBEPXHOCTM 6en0ro
Kapnwvka

B 000AOUYKe TOXe 3aKOHYUTCS, 8 3eMasi croput, COAHLIE COXMETCS, Ipe-
BPaTUBIIVCDh B O€ABII KaDAMK BEAVYMHOI NMPUOAMBUTEABHO C 3EMAIO,
HO B MMAAVOHBI pa3 MAOTHee. BeAbllT KApAMK MOCTENEHHO, 32 AECSTKU
MMUAAMAPAOB A€T, OCTbIHET, CACAABIINCH ITAOTHBIM TEMHBIM OrapKOM.

Te 3Be3AbI, UTO BecsAT ropaspo 6oabiie COAHLIA, CKUTAIOT CBOE TOII-
AVIBO 3HAUMTEABHO OBICTpEE, a 3aTeM CXAOIBIBAIOTCS, 00pasys Hell-
TPOHHYIO 3B€3AY UAU YEPHYIO ABIPY.

Macca HelITpOHHOII 3Be3Abl COCTaBASIET B CPeAHEM OT OAHOJ AO Tpex
COAHEYHBIX Macc, AuameTp — oT 75 Ao 100 KkuaomMeTpoB (CpaBHUMO
¢ paamepamu Uumkaro), a TAOTHOCTb paBHA MAOTHOCTY aTOMHOTO SApa:
B COTHU TPUAAVOHOB pas3 Bblllle IAOTHOCTY KaMHS ¥, COOTBETCTBEHHO,
3eman. [TouTy 1leAMKOM HEITPOHHbIE 3BE3ABI COCTOSIT U3 SIAEPHOI Ma-
TepUM — YIAKOBAHHBIX OOK K OOKY aTOMHBIX SIAEP.

YepHble ABIPBI XK€ (CM. TAABY 5) LIEAVKOM 1 IOAHOCTBIO COCTOSIT U3 UC-
KPMBAEHHOTO [IPOCTPAHCTBA U MCKPUBAEHHOTO BpeMeH (B raase 4 s1 mosic-
HIO 9TO CTpaHHOE YTBepXAeHMe). Takym 00pa3oM, uepHasi AbIpa He COAEPXKUT
marepyy. OAHaKO OHa MMeeT TOBEPXHOCTDb — €€ Ha3bIBAIOT «TOPU30HTOM CO-
OBITUIT» A IIPOCTO «TOPU3OHTOM», — Yepe3 KOTOPYI0 HUYTO He CIOCOOHO
BBIVITY HAPY)XY, AQKe CBET; OTCIOAQ M CAOBO «UepHas» B Ha3BaHUU. AuaMeTp
YEPHOI ABIPbI TPOMOPLIIOHAAEH €€ BeCy™: ueM OHa TSDKeAee, TeM OOABILIE.

EcAM macca 4epHOII ABIPBI paBHA Macce TUIIMYHOM HEMITPOHHO 3Be3-
ABL UAU Oeaoro kapAuka (ckaxkem, B 1,2 pasa tsbkeaee CoAHILR), TO ee
OKDY’KHOCTb OyAeT paBHa MPUMEPHO 22 KMAOMETPAM, UTO COCTABASIET
4eTBEPTb AMaMeTpa HEMTPOHHO 3Be3Abl MAUM THICSTYHYIO YaCTb AMaMe-
Tpa b6eaoro kapAuka (cm. puc. 2.5).

TTockoABKY 3Be3AbI 00br4HO BecsiT He Ooabire 100 CoAHL, BeC YePHBIX
ABIP, KOTOPBIMI OHM CTQHOBSTCS IIOCA€ CMEPTH, TOXe He TpeBbliiaeT 100
COAHEYHBIX Macc. VI3 aTOro caeayer, YTO TMIAaHTCKME YepHBIE ABIPBI, KO-
TOpbIe HAXOASITCS B SIAPAX FAAAKTUK UM BeC KOTOPBIX COCTABASIET OT MUA-
AVOHA A0 20 MUAAMAPAOB COAHEYHBIX MAacc, He MOTAM 0Opa3oBaTbCs
13 YMUPAIOLIVX 3Be3A. BUAMMO, OHU 3apOAMAMCH KAKMM-TO MHBIM 00pa-
30M — BO3MOXKHO, ITPY 00'bEANHEHIY MHOXKECTBA YEPHBIX ABIP IOMEHbIIIe
VIAYL B Pe3yAbTaTe CXAOIBIBAHMS MACCHBHBIX Ia30BbIX 00AAKOB.

MarHuTHbIe, SAEKTpUYECKUe
Vi TPaBUTALIMIOHHBIE TIOAS
CI/IAOBbIe AVMHUN MAarHMUTHBIX l'IOAeIZ ]/II'paIOT 6OAbIIIYIO pOAb BO BCeAeH-

HOI1 ¥ OYeHb Ba)KHbI AAS MOHMMaHuA «VIHTepcTearap», IO9TOMY CTOUT
IIOTOBOPUTD O HUX, IIPEKAE YeM YTAYOUTBCS B Hay YHbIe aCIIEKThI PUABMA.

* 3A€eChb MeeTCs B BUAY COOTHOLIEHME MEXAY MAaCCOI1 YePHOI ABIPBI U €€ PaANYCOM
IIIBapLjIIMABAQ, KOTOPBIN XapaKTEPU3YET TOPUZOHT COOBITUIL [IpUMm. HayH. peo.
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HaBepHoe, Ha ypokax ¢pu3uKK BaM y>Ke MPUXOAMAOCH IMETb A€AO
C CMAOBBIMU AMHUSIMM MarHUTHOTO ITOASI, KOTAQ BBl CTABUAM IIPOCTOTL,
HO oueHb 3¢ PexTHbIN onbT. [loMHNKTE, Oepelrb AUCTOK Oymaru, Ha-
KpBbIBaelllb UM MarHUTHBIN OPYCOK U ChINEIb CBEPXY YKEAE3HbIE OIUA-
ku? ONMAKM NIpU 3TOM CKAAABIBAIOTCS B Y30p, KaK Ha puc. 2.6. OHu
BBICTPAUBAIOTCSI BAOAD CUAOBBIX AMHMIT MAaTHUTHOTO TIOASI, KOTOpPbIE
caMi 1o cebe HEBUAMMBL. DTU AUHUY VICXOAST OT OAHOTO 13 IIOAIOCOB
MarHuTa, ornbaT MarHUT U AOCTUTAIOT APYTOro MOAICa. MarHuTHOe
TIOA€ — 3TO COBOKYITHOCTb BCEX MAaIHUTHBIX CMAOBBIX AVIHUMN,

Ecau BBl BO3bMeTe ABAa MarHuTa U MOAHECETE UX CeBEPHBIMU TIOAIO-
CaMM APYT K APYTY, X CUAOBBIE AMHUM OYAYT OTTaAKMBAThCS. [Ipy oTOM
B IIPOCTPAaHCTBE MEXAY MariuTaMiu Bbl HUYETO HE YBUAUTE, HO CUAY
MAarHUTHOTO MOASI HOYYBCTBYeTe. DTOT 3¢pPeKT MOKHO MCIOAB30BATh
AASI YAEP)KaHMSI B BO3AYXe HAMarHMYeHHbIX 00beKTOB, KAKOBBIM MOKET
OBITH AQ)KE )KEAE3HOAOPOSKHBIN 10e3A (puc. 2.7).
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Puc. 2.6.  Cnnosble NVHUW Mar-
HWTHOrO NONS BOKPYT MarHuT-
Horo 6pycka BuaHbI 6naroaaps
pacchinaHHbIM Mo NUCTy Bymarn
)enesHbim onunkam (PrcyHok
M>3TTa 3nmeTa no moemy
HabpocKy; 13 MOel KHIMN
«YepHble Ablpbl 1 CKNaAKK Bpe-
MEHW: Aep3koe Hacnegme SH-
TenHa»

[TopH 2009].)

Puc.2.7.  TlepBbli B MMpe KOM-
MepuecKni noesn Ha MarH1T-
How noayLuke B LLaHxae, Knutam
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Puc. 2.8.  CunoBble NMHUN Mar-
HUTHOrO Nons 3emnm

VY 3emau Toxe ecTb ABa oAroca, CeBepHblit 1 FO>xHbI. Cr1AOBBIE AM-
HUY MarHUTHOTO MOAS BBIXOAST 13 FO)KHOTO MmoAtoca, orubaroT 3eMAi0
u pocturaioT CeBepHOro noawoca (puc. 2.8). DTu AMHUM BO3AENCTBYIOT
Ha CTPEAKY KOMITaca TaKMUM >Ke 00pa3oM, KaK U Ha )KeAe3HbIE OMMAKIU:
CTpeAKa He YCIIOKOUTCS], IIOKA He BCTAHET BAOAb ATHUI HACTOABKO TOU-
HO, HACKOABKO 3TO BO3MOXHO. TaKOB IPUHLMIT pabOThI KOMITACA.
CrAOBBIE AVHUY MarHUTHOTO TIOASI 3eMAM MOXKHO YBUAETb, HAOAIOAASI
noAsipHoe (MHade — ceBepHoe) cusinue (puc. 2.9). CAOBble AMHUM 3aXBa-
Puc.2.9. TlonspHoe cusaHue

TBIBAIOT AeTsiye 0T COAHLIA TIPOTOHBIL, 11 T€ BXOAST B 3eMHYI0 aTMOC(EpY.
Haa Xammepdectom, Hopeerus
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-
» 250 KnnomeTpos

TaM MPOTOHBI CTAAKMBAIOTCSI C MOAEKYAAMI KMICAOPOAQ U Q30Ta, 3aCTaB-
A1t UX GAyOpecLpoBaTh’. DTO CBEYEHME U eCTh IIOASIPHOE CUSHIE.

MarHuTHoe MoA€e HEITPOHHBIX 3B€3A OYeHb MoljHoe. Ero cuaoBbie
AVIHMM, TaK >Ke KaK M 3eMHble, 00pa3yloT GUIypy, HAIIOMMHAIOILYIO
MIOHYMK. DBBICTPO ABVKYILIMECS YacCTULBI, ITOJMaHHBIE B MarHUTHOE
IIOA€ HEMITPOHHOIT 3BE3ABI, TIOACBEUMBAIOT €r0 CHAOBBIE AHUY (TOAYObIE
KOAbL[a Ha puc. 2.10). HekoTopble 4acTu1ibl OCBOOOXKAAIOTCS U OTAETAIOT
OT MOAIOCOB, 00pasysi KOHycoobpasHble CTpyu — Owermb™ (Ha puc. 2.10
MOKa3aHbl GPMOAETOBBIM). AJKETBI COCTOSIT 3 CAMBIX PA3HBIX UBAYYEHUIL:
raMMa-Ay4ell, peHTT€HOBCKUX AyYeil, yAbTpadrOA€eTa, BUAVMOTIO U3AyYe-
HUsI, MTHPPaKpPacHOI0 M3AY4YeHNs, @ TAK)Xe PaAMOBOAH. [To Mepe Toro Kak
3Be3AQ BPALaeTCsl, M3AYYaIOLIMe AXKETBI ABVDKYTCS 10 HEOOCBOAY ITOA00-
HO npokeKTopaM. Ka>kAbIll pa3, KOTAa A>KET IIOBOPauMBaETCsl B CTOPOHY
3eMAM, aCTPOHOMBI HAOAIOAQIOT MMITYABC M3AYUYEHMS]; U3-3a TIEPUOANY-
HOCTY MMITYABCOB TaKVe 3BE3ABI M IPO3BAAY ITyAbCAPAMMU.

Bo BceAeHHOIT ecTh U Apyrue moast (COBOKYIMHOCTY CUAOBBIX AU-
HMIT) IOMMMO MarHMUTHBIX. DTO CPEAU IPOYMX DAEKTPUYECKME TOAS

* MexaHU3M BepHO OIMCAH AAS MIOASIPHOTO CUSHUSA Ha 3eMAe. AASI APYTUX ITAQ-
HeT HauboAee sSIpKMe AMHUM B CIEKTPe U3AYYEHMUsSI OTPEAEASIOTCSI COCTABOM
armocdepsl. Tak, Aast FOnnrepa Hanboaee sipkoit GyAeT AMHUSI U3AYyYEHNSI BO-
AOPOAQ B YABTPa(UOAETOBOM CIIEKTPE. [Ipum. HayH. peo.

* CpeAy pOCCUIICKIMX (pUBUKOB OBITYET TEPMIH «PEASITUBUCTCKASI CTPYsi». [ [puMm. nepes.

Puc. 2.10.  YcnosHoe 1306pa-
XKEHWE HEMTPOHHOW 3BE34bl

C MarHUTHbIM nosiem B hopme
MOHUMKA N AXKETaMM
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Puc. 2.11. Cnnosble NUHWM rpa-
BUTALMOHHOrO Nons 3emnu

(COBOKYIHOCTY CUAOBBIX AMHNIT, OAQropapsi KOTOPBIM SAEKTPUIECKUI
TOK ABIVDKETCSI IO mpoBopam). Eilje 0AMH npuMep — rpaBUTALIMOHHbIE
MOASI (COBOKYITHOCTY CUAOBBIX AVHUI, KOTOPBIE, B YACTHOCTHU, IIPUTS-
UBAIOT HAC K 36 MHOIT IOBEPXHOCTM).

CHAOBBIE AMHUM T'PAaBUTALMIOHHOTO IIOASI 3€MAM HalpaBAEHBI pa-
AVIAABHO, K €€ LIEHTPY, ¥ NPUTATMBaloT o0beKThl K 3emae. Cuaa rpa-
BUTAL[MIOHHOTO NPUTSDKEHM S MPOIOPLIMOHAABHA ITAOTHOCTU CUAOBBIX
AVHUI (KOAMYECTBY AMHUIL, KOTOPbIE IPOXOASIT Yepes 3aAaHHYIO ITAO-
maab). ITo Mepe TOro Kak AMHUYM IPUOAVDKAIOTCS K 3eMAe U IIPOXO-
AST Yepe3 BooOpa)kaeMble cpepbl BCe MEHBIIEN 1 MEHBIIIEN MAOIIAAN
(OKpY’>KHOCTM 13 KPaCHOrO MyHKTMpA Ha puc. 2.11), MAOTHOCTb AMHUI
YBEAMYMBAETCS 00PaTHO NPONOPLMOHAABHO MAOIAAY Cdep, a CAeAOBa-
TEABHO, PaBUTALIMS BO3PACTAET 10 Mepe NPUOAVIKeHMS K 3eMAae — 00-
PaTHO IPOMOPLIMOHAABHO MAOILAAY BOOOparkaemoit cepsl. [TOCKOABKY
IAOILJAAD Ka’KAOM Cepbl IPOMOPLIIOHAABHA KBaAPATY ee YAAAEHHOCT!
OT LleHTpa 3eMAMU 7, CMAQ MIPUTSDKEHM s 3eMAY BO3pacTaer Kak 1/r% 9to
HBIOTOHOBCKUII 3aKOH OOPaTHBIX KBAAPATOB AASI IPAaBUTALIUY — OAUH
13 pyHAQMEHTAABHBIX 3aKOHOB (DM3MKM, KOTOPBIMU TaK CTPACTHO YBA€-
yeH npodeccop BpaHA 1 3HAKOMCTBO C KOTOPBIMY — Hallla CAeAYIoLIast
BeXa Ha IIYTM OCBOEHISI HAYYHBIX acIeKTOB «/IHTepcTeAAap».
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3aKOHBDI, yIIPaBASIOL[ e
Bceaennon

Ornoxa BEAUKMX HereorpapmyecKyx OTKPbITU

XVII Beka u 1o ceit A€Hb yueHble ObIOTCS Hap pasrapkon ¢u-

3MYECKVX 3aKOHOB, KOTOpPbIE YIIPAaBASIOT BceaeHHON 1 hopMu-

PYIOT ee. DTO HAIIOMMHAET TO, KAK €BPOIIEICKIE Ty TelleCTBEH-
HUKM-TIEPBOOTKPBIBATEAM CAMOOTBEP)KEHHO MCCAEAOBAAM 3EMHYIO
reorpaduio (puc. 3.1).

B 1506 roay xpyrosop kaprorpadoB orpaHuunbaacs EBpasuent n aniib
rae-To BAaAseke Opesxuau 6epera IOxxnont Amepuku. K 1570 roay obe
AMepuKu ObIAM OTKPBITHI, HO HUKTO U He TIOAO3PEBAA O CYLIeCTBOBa-
Huu ABctpaaunn. K 1744 ropy 6p1aa OTKpbITa M ABCTpaAus, HO AHTapK-
TMKA OCTaBaAaCh Ha KapTe OEABIM IISTHOM.

ITopo6HO aTomy (puc. 3.2) Kk 1690 ropy ObIAM OTKPBITHI HBIOTOHOB-
ckue 3aKoHbl ¢pu3uKu. C NOMOIIBIO TaKMX IOHATUI, KaK CHAQ, Macca
1 YCKOPEHME, a TAK)KE yPaBHEHUI, KOTOPbIE X CBS3bIBAIOT (Hampumep,
F = ma), 3akoHbl HpI0TOHA TOYHO OMMCHIBAIOT ABYKeHME AYHbBI BOKPYT
3emAM U ABIDKeHME 3eMAM BOKPYT COAHILIA, IIOAET CAMOAETA, paclpe-
A€AeHVe Harpy3Kyu B KOHCTPYKLMYM MOCTa M COyAapeHUe OMAbSPAHBIX
IIApOB, ¥ MHOTME-MHOTME MpOoYKe sIBA€HUs. B raaBe 2 Mbl yXXe CTaa-
KMBAAUCh C OAHUM U3 HBIOTOHOBCKMX 3aKOHOB — 3aKOHOM OOpaTHBIX
KBaApPAaTOB AASI IPaBUTALMN.
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Puc. 3.1.

Kaptbl mupa

OMaHyanb boysH, 1744

K 1915 roay DMHIUTENH U APyTUe yueHble AOKa3aAl, YTO 3aKOHBI
HeioToHa He paboTalOT B CAyYae OYeHb BBICOKMX CKOpocTelt (AAst 00b-
€KTOB, KOTOPbIE ABVDKYTCSI CO CKOPOCTBIO, OAM3KOI K CKOPOCTM CBETA),
o4yeHb OOABLIMX paccTossHUM (MaciuTab BceAeHHOIT) 1 B cAyvae BbICO-
KOJ1 rpaBUTALIMY (HATIpUMEP, AAST Y€PHBIX ABIP). YTOOBI yCTPaHUTD STOT
HEAOCTATOK, DITHIITENH CHPOPMYAUPOBAA CBOK PEBOAIOLIMOHHYIO TEO-
puto oTHOcuTeABHOCTHU (prC. 3.2). VICOAB3YS MOHSTHSI UCKPUBAEHHO-
IO BpeMeHU U MICKPUBAEHHOTO IPOCTPAHCTBA (O KOTOPBIX TIOMAET peyb
B CAEAYIOLLEl TAQBE), 3aKOHBI TEOPUM OTHOCUTEABHOCTU TIPEACKA3AAU
1 00bsicHMAY TaKMe HeHOMEHBI, KaK pacuiupeHre BceAeHHOI, yepHble
ABIPbI, HEITPOHHBIE 3BE€3ABI 11 YePBOTOUMHBI.

K 1924 roay craao sicHO, uTo 3aKoHBI HbloTOHa He paboTaloT TaKxe
Y AASI CBEPXMAABIX Pa3MepOB (MOAEKYABI, aTOMBI 11 (pPyHAQMEHTAAbHbIE
yactuipl). YTo6bI pazobparbcst ¢ sTum, Huabsc bop, Bephep leizenbepr,
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/i, pyTewecTsl

Tlouth Hen3BeaaHHas Tep PUTOPUA

OpsuH llIpéanHrep n Apyrue yueHble BbIBEAV 3aKOHBI KBAHTOBOI (u-
3uku (puc. 3.2). B3siB 32 OCHOBY, YTO BCE BOKPYT XOTsI ObI B HEOOABILIO
Mepe IMOABEP)KEHO CAYYaiTHbIM KoaebaHMsIM — daykTyanusm (06 sTom
B raaBe 26) 1 4yTo 3TU PAYKTYaLMM MOT'YT MOPOXKAQTb HOBBIE YaCTULIbI
VI U3AYYEHMSI «M3 HUYero»*, KBaHTOBas GU3MKa IIoAAPMAQ HAM AQ3€pB,
SIAEPHYIO DHEPIUIO, CBETOAMOABI U O0Aee TAYOOKOe IOHMMAaHMe XUMMU-
4eCKMX IIPOLIECCOB.

K 1957 ropy cTaAo 04€BMAHO, YTO T€OPMSI OTHOCUTEABHOCTU U KBaH-
ToBasl ¢u3MKA NMPUHLUMIUAABPHO HECOBMECTMMBI. VIX NMPOrHO3bI KO-
PEHHBIM 00pas3oM pPaCXOASTCS B TeX CAy4YasiX, KOTAQ BEAUKMU CUABI

N

rpaBUTALMY U KBaHTOBbIe GAyKTyauun**. Hanpumep, Koraa peub upeT
0 poxxpeHuy BceaenHoit B Boabliom B3pbiBe (CM. FAaBy 2); 0 siApax yep-

HBIX ABIP, TOAOOHBIX lapraHTioa (cM. raaBsl 26 u 28); MAM O myTelle-

* CoBpeMeHHasi HayKa IIPEANIOAATAET, YTO BaAKYYM IIPEACTABAsIET COOOI HE MOA-
HOE€ OTCYTCTBUE KaKUX-AUO0 00bEKTOB (YaCTULI, UBAYYEHUIL U T. A.), @ CAOKHYIO
CTPYKTYPY, ¥ YaCTULbI IIOHUMAIOTCS KaK HeKye BO30Y)XAEHNs HaA BaKyyMOM.
Tpum. Hayu. peo.

** CKa>keM, €CAM SHEPIUsl CBETOBBIX BOAH ITOABEP)KEHA CHABHEMIINM KBAaHTOBBIM
bAYKTYaLMsIM, KOTOpPbIE HACTOABKO 3HAYUTEABHBI, YTO CAY4YailHBIM 00Pa30M ypes-
BBIYAITHO CABHO MCKPUBASIIOT IIPOCTPAHCTBO U BpeMsi. TaKue MCKPUBAEHUS Bbl-
XOAST 38 PaMKU 3aKOHOB OTHOCUTEABHOCTY DIHIITENHA, @ X BAMSIHUE Ha CBETO-
Bble BOAHBI A€XKUT 32 PaMKaMy KBAaHTOBOJ Teopuu CBeTa. [Ipum. asmopa.

Puc. 3.2.
ynpasnstowune BcenenHon

3aKOHbI PU3NKY,
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CTBUAX Hasap Bo BpeMeHu (cM. raaBy 30). «IIbiakuit Opak»* 3aKOHOB
TEOpUN OTHOCUTEABHOCTY Y KBAHTOBOI (PUBUKU ITOAOXKMA HAYaAO HO-
BBIM 3aKOHaM KBaHTOBOJ I'PaBUTALIUN.

MpI 1OKa ellje He 3HaeM 3aKOHOB KBaHTOBOII I'PaBUTALINY, HO CTapa-
HusiMu Beanvaniumx ¢pusnkoB X XI cTOAETUSI HA STOT CYET BBIABUHYTHI
HEKOTOpble OYeHb MHTEepeCHble TMIIOTe3bl, BKAIOUAsl TEOPUIO CyTIep-
cTpyH (cM. raaBy 21). Tem He MeHee KBAaHTOBasI IpaBUTALIMSA OCTAETCS
MOYTV HEU3BEAQHHOV TEPPUTOPYEN, U 9TO OCTABASIET IIPOCTOP AAS Ha-
y4HOI1 ¢aHTacCTUKKU — npocTop, KotopeiM Kpucrodep Hoaan tax umc-
KYCHO BOCIIOAb30BaAcs B «/IHTepcTeaAap» (cM. raaBbl 28-31).

Hay4Hble ncTuHbI,
000CHOBaHHbIE MTPEATIOAOXKEHMST I AOMBICABI

B «VHTepcTeAarap» 3aA€lICTBOBAHDI BCe YeTbIpe «KOHTMHEHTa»: HbIO-
TOHOBCKast (Gu3MUKa, TEOpUsI OTHOCUTEABHOCTH, KBaHTOBas ¢u3uka
" KBaHTOBasl rpaBuTauus. YacTb MPOUCXOASILIETO B pUABME COOTBET-
CTBYeT Hay4YHBIM MICTMHAM, YaCTh — OTHOCUTCSI K 000CHOBaHHBIM IIPEA-
MIOAO>KEHM M, 2 OCTAAbHOE — AOMBICABL

YTOOBI Ha3BIBATHCSI MCTMHOM, HAYYHOE 3HAHME AOADKHO OCHOBBIBATHCS
Ha MPM3HAHHBIX 3aKOHAX GUBMUKM (HBIOTOHOBCKMX, PEASITUBUCTCKUX VAU
KBQHTOBBIX) 1 OBITB TOAKPEITAEHO AOCTATOMHBIM KOAMIECTBOM HAOAIOAEHUIL

B aTOM cMmbICA€ HEMITPOHHBIE 3B€3Abl I X MAarHUTHbIE TOASI, ONU-
CaHHbIe B IAaBe 2, IBASIOTCS Hay4yHO UCTUHOM. [Touemy? Bo-nepBbIx,
CYLIeCTBOBaHME HEMITPOHHBIX 3Be3A OBIAO IIPEACKA3aHO Ha OCHOBAaHUM
TeopUM OTHOCUTEABHOCTU U KBAaHTOBBIX 3aKOHOB. BO-BTOpBIX, acTpo-
HOMBI B MEABYAIIINX TOAPOOHOCTSIX U3YUMAU IIYABCUPYIOLlEe U3AY-
YeHl€e HETPOHHBIX 3Be3A (MMITyAbCHI CBETA, PEHTTEHOBCKOIO U3AyYe-
HUSI M PAAMIOBOAH, OTMCaHHBIE B TAaBe 2). DTUM HaOAIOAEHUSIM, €CAL
MPUHATDb, 4YTO MyAbCApbl — 3TO Bpalljaloll1ecs] HeTPOHHbIE 3BE3AbI,
HallAEHO MOAHOe OOBSICHEHME C TOUKM 3PEHMUsS] TEOPUU OTHOCUTEAD-
HOCTM ¥ KBaHTOBBIX 3aKOHOB; APYIMX )Xe OObSICHEHMIT Ha 3TOT CYET
HalIA€HO He ObIAO. B-TpeTbux, ObIAO NMpPEACKA3aHO, YTO HENTPOHHBIE
3Be3AbI 00PasyI0TCs IPY ACTPOHOMMYECKMX B3PbIBaX (TaK Ha3bIBaeMble
«BCITBIILIKY CBEPXHOBBIX»), & ITyAbCApbl HAOAIOAQIOTCS KaK pas B LIEHTpe

* BeiparkeHue «IIBIAKUI OpaK» MMYCTUA B XOA MO HayUHbBIN PYKOBOAUTEAD AXKOH
Yuaep, HacTOAIMMI MacTep 1O 4acTU MeTKMUX HasBaHuil. Kpome Toro, AxoHy
MIPMHAAAEXAT BBIPA)KEHMS «4epHasi AbIpa» U «4epBOTOYMHAY», a TaKXKe ppasa:
«Y 4epHBIX ABIP HET BOAOC» (CM. raaBy 6). OAHQXKABL OH pacCKasaA MHe, YTO
yacaMy A€XUT B TEeIIAOJ BaHHe, BOCNAPASA Pa3yMOM B IMOMCKAX MOAXOASIIEro
caoBa. Ilpum. asmopa.
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OOABILIMX PaCIIMPSIOLMXCS Fa30BbIX 00-
AQKOB — CAEAOB TaKMX Bcmbilek. [1oaTo-
MY Y Hac, acTpOpU3IKOB, HET COMHEHNI,
YTO HEMITPOHHBIE 3BE3AbI ACVICTBUTEABHO
CYLIECTBYIOT U AEVICTBUTEABHO SIBASIIOT-
CS1 UICTOYHUKaMU HaOAIOAQEMBIX ITYAbCH-
PYIOLIMX U3AYyYEHUI.

Eije opvH ipuMep Hay4HO UCTUHBI —
TO, KaK YepHasi Abipa [apraHTioa UCKpuB-
ASIET AyUM CBETA, CKa’kast BUA 3BE€3AHOTO
Heba (puc. 3.3). OusuKy Ha3bIBAIOT TaKOE
MCKaXKeHUE «IPABUTALMIOHHBIM AH3UPO-
BaHMEM», IOCKOABKY OHO M3MeHsIET 130-
OpakeHre MOAOOHO AMH3e (HY, MAU KpU-
BOMY 3€PKaAy B IIapKe aTTPaKL[1IOHOB).

Teopysi OTHOCUTEABHOCTM DVHIITENHA OAHO3HAYHO IpPEACKa3bIBa-
€T BCe CBOJICTBA YEPHBIX ABIP, KOTOPBIE MPOSIBASIIOTCS CHAPY>KU UX T10-
BEPXHOCTM, BKAIOYAsI TPABUTALMOHHOE AMH3upoBaHue (puc. 3.3). Y act-
POHOMOB €CTb TBEPAOE, OCHOBAaHHOE Ha HAOAIOAEHUSX, YOXKAEHE, YTO
YepHbIe AbIPbI (BKAIOYASI ¥ TUTAHTCKME YePHBIE AbIPbI Bpoae ['apranrioa)
CYLIEeCTBYIOT BO BceaeHHOI. ACTPOHOMBI y)Ke HaOAIOAQAYM TPaBUTALIU-
OHHBIE AMH3bI, 00pa30BaHHBIE ITYCTh He YEPHBIMU ABIPAMU, HO ADYTUMU
obbekTaMu (Hampumep, cM. puc. 24.3), u 5T HAOAIOAEHUS B TOYHOCTHU
COOTBETCTBYIOT IPEACKA3aHUSIM TEOPUM OTHOCUTEABHOCTY DITHIITEN-
Ha. Ha Mot B3rAsIA, 9TOro A0CTaTO4HO. [paBUTALIMIOHHOE AMH3UPOBaHME
lapranTioa, cMopeApoBaHHOe KOMaHAOM [Toaa @paHKAMHA B CTyAUUN

Puc. 3.3.
lapraHTtoa. fapraHTroa NCKpPUB-

3Be3/bl BONM3M TeHN

nsieT Nyun CBeTa, nayLine

OT KaXkAoWM 13 3Be3f, uyLo-
BMLLIHO MCKaxas 06/nK CBOEN
ranakTUKm — «rpaBUTaLMOHHO
nnH3Mpys» ee (KomnbroTepHas
MOAEeNb, CAeNaHHas ans 3Ton
KHUM KOMaHAO0M NO CO3AaHMI0
BM3yanbHbIX 3 eKToB CTYAUM
Double Negative.)

Puc.3.4. CoxOKEHWE 3apaxKeH-
Hol kykypy3bl (Kagp

13 «VIHTepcTennapy, ¢ paspeLue-
Hus «YopHep bpasepc».)



44 HMumepcmearrap. Hayka 3a xappom

Puc.3.5. Hawa BcenernHas

B okpecTHoCcT ConHua, n3o-
OpaskeHHas Kak AByMepHas
noBepxHoCTb (nw 6paHa),
HaxoasLascs B TPEXMEPHOM
H6anke. B 0eMCTBUTENBHOCTM
Halwa 6paHa obnagaet Tpems
NPOCTPAHCTBEHHbIMM M3MEpe-
HUAMM, @ 6ANK — YeTbIpbMS.
ST1a cxema byaeT paccMoTpeHa
nogpobHee B rnaee 4, CM. B 0CO-
6eHHOCTU pUC. 4.4

Double Negative ¢ moMolIbi0 PeASTUBUCTCKUX YPaBHEHUN, KOTOpbIe
s1 AASL DTOTO COCTaBMA, COOTBETCTBYeT Hay4YHOM UCTMHE. VIMeHHO Tak
BCe U BBITASIA€AO ObI B PEAABHOCTM.

A BoT 0oAe3Hb pacTeHuit, koropas B «VIHTepcTeaAap» yrpoxkaer
JKU3HU AIOAelT Ha 3emae (cM. puc. 3.4 1 raaBy 11), ¢ OAHO CTOPOHBI, OT-
HOCUTCSI K 000CHOBAHHBIM ITPEATIOAOXKEHSIM, & C APYTOIl — K AOMBbIC-
AaM. Celryac MosCHIO.

B TeueHMe Bcell AOKYMEHTMPOBAHHOM MCTOPUM YEAOBEUYECTBO ITe-
PUOAUYECKY TIEPEKUBAAO ATIUGUTUY — MACCOBbIE 3aPa>KEHMUSI KYABTU-
BUPYEMBIX PacTeHMII. BruoAormyeckme mpolecchl, MPOMCXOASIIIVE TPU
3a00AeBaHMM, 3aBUCAT OT XMMUYECKUX MPOLIECCOB, KOTOPBIE, B CBOIO
ouepeAb, MOAUMHSIIOTCS] 3aKOHaM KBAaHTOBOM (M3UKU. YUeHble MOI'YT
OOBSCHUTh KBAaHTOBBIMM 3aKOHaMM MHOTVE XMMMYECKME IPOLECCHI,
HO AO CUX IIOp He BCe, 2 TAK)Xe He MOT'YT OOBSICHUTD Yepe3 XMMUYECKe
npoteccsl Bce buoaornyeckre. Tem He MeHee OMOAOTY MHOTO€ y3Ha-
A 0 OOAE3HSIX pacTeHuil 6Aaropapst HAOAIOAEHUSAM U SKCIIEPUMEHTAM.
Cayuau, Korpa 3ab0AeBaHMe NTEPEAABAAOCH OT OAHOTO BMAQ PACTEHMIT
K APYTOMY HACTOABKO CTPEMUTEABHO, YTOOBI 5TO YIPOXKAAO KU3HU AO-
Aell, Hem3BecTHbL. OAHAKO HeT y HaC U rapaHTUIL, 4YTO 3TOTO He MOXKeT
6bITb. BO3MOXXHOCTD TaKOro 3apakeHuss — 0O0OCHOBAHHOE IIPEATIOAO-
JKeHue. A AOIyIleHMe, YTO OAHAXKADBI OHO MOKET IIPOU30MITU, — AOMBI-
CeA, KOTOPbIiT OOABIIMHCTBO OMOAOTOB OTHOCAT K 00AACTM KpaliHe Ma-
AOBEPOSITHBIX COOBITUIL.

I'paBuTaLMOHHBbIE aHOMaAUM (CM. TAaBbI 24 u 25), HaNIpUMep, KOraa
Kynep O6pocaeT MOHETKY, @ OHa YCTPEMASIETCS K IIOAY 110 HEBOOOpasu-
MO TPaeKTOPUU, — AOMBICABL. TO ’Ke OTHOCUTCSI U K VICIIOAb30BAHUIO
AHOMaAWIT AASI BBAKyaL[M YeAOBeyecTBa ¢ 3emau (cM. raasy 31).

XoTst GUBMKU-IKCIIEPUMEHTATOPBI, U3Mepsisl TPABUTALIUIO, CTapa-
TEABHO MCKaAM aHOMAAUMU, KOTOPble HEOOBSICHUMBI C TOYKM 3pEeHMS
3aKOHOB HbIOTOHA MAM TEOpUIM OTHOCUTEABHOCTH, Ha 3eMAe TakuX de-
HOMEHOB HU pa3sy 3apUKCUPOBAHO He OBIAO.

OAHaKoO MCCAEAOBaHUsI B 00AaCTM KBAaHTOBOM IpaBUTALMU IIO-
3BOASIIOT TNPEAINOAOXKMUTD, YTO Halla BceAeHHass — 3TO MeMOpaHa
(pusuxm yxopaumBarT A0 «OpaHa»), HAXOASIIASICS B MHOTOMEPHOM

Hawa 6paHa —

bank (2unepnpocmpaHcmeo)
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«TUIEPIPOCTPAHCTBE», KOTOpPOe (PM3MKM Ha3bIBAIOT CAOBOM «DaAK»
(cMm. puc. 3.5 n raaBer 4 u 21). Korpaa ¢pusuku npuMeHsIIOT TEOPUIO OTHO-
CUTEABHOCTY DVHIITENHA K 0aAKY (9TOMY MOCBSILIEHbI 3alI1ICK Ha AO-
ckax B KabuHere nmpodeccopa bpaHaa (puc. 3.6)), OHM OTMEYAOT BO3-
MOKHOCTb I'DaBUTALIMIOHHBIX aHOMAaAW, BBI3BAHHBIX AEJCTBYIOLIVIMU
B OaAke pU3NYECKUMU TIOASIMU.

MBI AQA€KM OT YBEPEHHOCTH, YTO 0AAK AEIICTBUTEABHO CYILECTBY-
eT. Il pake ecAM 3TO TaK, IPUMMEHMMOCTb TEOPUU OTHOCUTEABHOCTU
K 0aAKy — 00OCHOBaHHOE, HO NpEATIOAOKeHMe. Takke MbI MOHATUS
He 1IMeeM, AEVICTBUTEABHO AU B OaAKe, ECAM OH CYIECTBYET, ACIICTBY-
0T MOASI, CIIOCOOHBIE BBI3BAaTh I'PABUTALIMOHHbIE AHOMAAUM, & €CAU
1 TaK, TO BO3MOXKHO AU 9TV QHOMaAUM UCIIOAb30BaTh. AHOMAAMU 1 UX
MCIIOAB30BaHle — OY€Hb BOAbHbIE AOMBICABL. OAHAKO AOMBICABL 3THU
OCHOBaHbBI Ha HayYHBIX MAESIX, KOTOpble Mbl C HEKOTOPBIMU MOVMU
APY3bsIMU-(DU3MKAMU OXOTHO TIOAAEP)KMBaEM — I10 KpallHeil Mepe, KO-
raa 0ecepAyeM Be4epKOM IOA UBO. [T03TOMY OHM YAOBAETBOPSIIOT MOMM
npaBuAaM AAsL «VIHTepcTeAAap»: «AOMBICABL... AOAXKHBI OBITh Hay4-
HO TIOAKPETIAEHBI, TO €CTb OCHOBaHBI Ha MAESX, KOTOpPbIe IPMHUMAIOT
XOTsI ObI HEKOTOPBIE 113 YBA)XKAEMBIX YYEHbBIX» (CM. TAaBY 1).

Puc. 3.6. Penatmsucrckume
ypaBHEHMs Ha focke npodec
copa bpanpfa, onuceliBatoLne
BO3MOXHble 060CHOBaHMS rpa-
BMTALMOHHbIX aHOMaNUM.
MoapobHee cM. B rnase 25
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PacckaspiBast 110 XOAY 9TOM KHUTY O KAaKOM-AMOO siBAeHUM B «VIH-
TepCTeAAap», s YKa3bIBaIO €ro CTAaTyC (Hay4yHasi UCTUHA, 00OCHOBaHHOE
MPEeANIOAOXKEHME VAU AOMBICEA), TIOMeEIljasi B HaYaA€ TAABBbI MAY Iapa-
rpada OAVH U3 3HAYKOB:

@ MUCTUHA
@ 000CHOBaHHOE MPEAIIOAOXEHNE
AOMBICEA

PasymeeTcsi, CTaTyC MOXeT MEHSThCs; IOAOOHBIE TIepeMeHbI BCTpe-
yaoTcs U B puabMe, u B Kuure. Aast Kynepa 6aak — 060CHOBaHHOe
NIpEeAIIOAOKEHME, KOTOPO€E CTAHOBUTCS MCTUHOM, KOIAQ OH IIOITaAQeT
B 0aAK C MOMOIIIbI0 TeccepakTa (cM. raaBy 29). 3aKOHbI KBAHTOBOM I'pa-
BUTALIMU — AOMBICEA AO TeX 1op, oka TAPC He pobbiBaeT nHbopma-
L0 O HUX B YePHOI1 AbIPE, TocAe uero aast Kynepa nu Mépd oHu craHo-
BSTCST UCTUHO (CM. rAaBsl 28 u 30).

Aast dusukoB XIX Beka HPIOTOHOBCKMII 3aKOH OOpaTHBIX KBaApa-
TOB AASI TpaBUTALMK OBIA HEMPEAOKHOI UCTUHOM. OAHAKO IPUMEPHO
B 1980 roay nmpousoliieA peBOAILMOHHBIN [1€PEBOPOT 13-32 OOHApYKe-
HUSI KPOLIeYHO! aHoMaAnu opoutsl Mepkypusi B6An3u CoaHua (cMm.
raaBy 24). 3axoH HpioToHa BbInoAHsieTcs B Halelt COAHEYHOI CHCTe-
Me IOoYTHU Bcerpa — U Bee e nmoutu. B XX Bexke aHomMaAans Mepkypus
pacuMuCTNAQ AOPOTY AASL SMHIITEMHOBCKOV T€OPMU OTHOCUTEABHOCTH,
KOTOpasi CHauaAa ObIA2 AOMBICAOM, 3aT€M, KOTAA CTAAM HAKATIAUBATHCS
AQHHBIe HAaDAIOAEHUII, IlepeliAa B pa3psip 00OCHOBAHHBIX IIPEAIIOAO-
KeHMiT 1 HakoHel| K 1980 ropy, o mepe moay4yeHusi Bce 60A€e TOUHbBIX
AQHHBIX, IPEBPATUAACDH B HAYYHYIO UCTUHY (CM. TAaBY 4).

PeBoAOLINY, KOTOPBIE NT€PEBOPAYMBAIOT YCTOSIBIIMECS HAyUHbIE MC-
TUHBI C HOT Ha TOAOBY, CAy4aIOTCA KpaitHe peako. Ho xoraa aTo nmpouc-
XOAWT, TOCAEACTBUS AASI HAYKU U TEXHUKU TPYAHO I€PEOL€HUTD.

IToMHUTE AV BbI IPUMePBI U3 COOCTBEHHOI KM3HMU, KOTAQ BALIU AO-
MBICABI CTAHOBMAMCH O0OOCHOBAHHBIMM IIPEATIOAOKEHMSIMY, & 3aTEM —
uctuHoOMN? CAy4aAOCh AM XOTb pa3 Tak, YTO IPUBBIYHbIE AAS BaC UCTU-
HbI PYLIMANMCDH, OTYEro B Balllell XM3HU IPOUCXOAUAN KaPAMHAABHBIE
repeMeHbI?





