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Hama Bcenennas oOpa3oBaHa AByMs IJaBHBIMH KOMIIOHGHTAMH — BaKyyMOIIOJOOHON
cpenoil u MaTepueii, obnanaromei Maccoil. Cpesja 1 MaTepust COCTABILIOT €AUHCTBO U HE MOTYT
cyliecTBoBaTh pasfgenbHo. CTpykTypa Bakyyma He IpoTuBoOpednT (opMmymam Makcsenna,
OIIPEeNIeTAIONIM PACIPOCTPAHEHNE DIEKTPOMArHUTHOH BOJHBI TONBKO HPH YCIOBHH YydeTa
Cpellbl CyLIECTBOBaHHMS MaTepUH — BaKyyMa, 3(pupa. YueT CyIecTBOBaHUS 3(Upa B KauecTBE
cpelibl OOUTaHMs MaTePUH TTO3BOJIMI OOBACHUTH Ha (PU3MUECKOH OCHOBE NPUPOY TPaBUTALUI—
nHepuun (Macchl), MarHeTU3Ma, JIeKTPOMArHUTHBIX BOJH, AyanusM yactui. Cpena oOUTaHHMs
BEIECTBA UMEET CIOKHYIO CTPYKTYpY U3 0e3MaccoBOH 3aps/10BOH pelIeTKH U KBaHTOB IOTOKa
MarHUTHOM MHIYKIUH, KOTOPBI HMEeT NpsMOE OTHOLICHHE K MAarHeTH3My, OOpa30BaHUIO
Macchl MaTepur. Ha ocHOBe 9HepreTHuecKux COOTHOIMICHHUH IIPH MPEBPaIIeHHU (JOTOHOB B Maphl
BEI[ECTBA—AHTUBEIIECTBA OINPEICNICHBI CTPYKTYPHBIC OCHOBHBIC 2I€MEHTHI BaKyyMa—sdupa. Ita
HOBas (pu3HUecKas MapagurmMa He NPOTHBOPEUUT HU OJHOMY H3BECTHO-MY HAOMIONEHUIO U
OIIBITY.

Dark Energy and Matter in the Universe.

Our universe is formed by two main components —like vacuum environment and a matter
having a mass. Environment and a matter make unity and can not exist separately. It does not
contradict Maxwell formulas determining propagation of an electromagnetic wave, only under
condition of the account of existence of the environment of matter existence: vacuum, an ether.
It also has found The account of existence of an environment as an inhabitancy of a matter has a
nature of gravitation—inertia, magnetism, electromagnetic waves, dualisn of particles. The
inhabitancy of substance has complex structure from the massless charges and quantum of
magnetic flounce that has the direct relation to magnetism, formation of mass of a matter. On the
basis of power parities at transformation of photons into pairs substance — antisubstance
structural basic elements of a vacuum — ether are determined. Confirmation of this new physical
paradigm is made by the experiment data
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Penensus na kaury A. B. PrikoBa «Bakyym u
BEII[ECTBO BCEJICHHOM»
JoxTop pusnko-maremarnyeckux Hayk, akageMuk PAH B.H. Crpaxos

Kunra Anatonus BacwibeBnya PrikoBa oTHOCHTCS K (yHIaMEHTAIBHOMN
obOnacti (U3UKU: CTPOCHUIO BAaKyyMa U €ro CBSI3U C BEIIECTBOM,
M3BECTHBIM HaM I10 HayKe U MOBCEJHEBHOM JXU3HU. ABTOP MCIIOJIb30BaJ
XOPOIIIO U3BECTHBIN (PaKT OOpAIICHHS YHEPTUH FraMMa-KBaHTa BEIUIHHON
6onee 1,022 M»3B B mapy 9JeKTpOH U TMO3UTPOH. B Qusuke 310
BOCIIDHHATO  KaK TPEBpalieHHe DJHEPrUM B  BEHIECTBO  0e€3
aKICHTUPOBAHUS BHUMAHHS Ha CaM IIPOIECC TAKOTo MpeoOpa3oBaHMS,
XOTsI TIPSIMOE CBsI3W dHepruu U maccel B [Ipupoxne wHer. EcTh anamorus,

BeIpakeHHas popmynoit E = mc’, u3 KOTOpOH odYeBHJIHO, 4TO E He
paBHO Macce M.

Janee aBTOp MPEIIIONIOKHI, YTO ITOT TPOLECC HAMPSIMYIO CBSI3aH CO
CTPpYKTypOH Bakyyma H, CcoOONIoJas BCE W3BECTHbIC (QH3HUYECKUEe
COOTHOIICHUS, BBIBEI  PABCHCTBA,  XapaKTEPU3YIONIHE  BaKyyM:
3apsIOBYIO KPHCTAJUIONONO0HYIO CTPYKTYpY, OOBEIMHEHHYIO KBaHTAMHU
nmotoka MarHuTHOW wWHaykmuu @D. I[lpu  dToM  HabmOJArOTCS
YIUBUTEIBHBIE COBIAJCHUS C XOPOIIO H3BECTHRIMH (PYHIaMEHTATBHBIMH
KOHCTaHTa-MH. YK€ JTO SsBJSIETCS OCHOBAaHMEM Il HMHTEpeca Kak
npoQecCHOHANIOB B (PU3HKE, TaK U U 00Pa30BAHHBIX YATATEIICH.

Ho camoe wuHTepecHOE B KHUTE€ — 3TO TO, YTO CTPYKTypa BaKyyMma
oKaspiBaeTcs  JI(PQPEKTUBHOH B  OOBSACHEHHMH MIMPOKOTO  Kpyra
(GyHIaMEHTANbHBIX SBICHUHA [Ipupons!, HauMHAS OT PACIPOCTPAHEHHUS
CBETa COIJacHO Teopur MakcBemia depe3 CYINIHOCTh TPaBUTALUN U
WHEpPIMH JO CTPOCHHUS BEIIECTBA W POXKICHUS MAaCChl BEIIECTBA.
OpHUTHHATEHO TPAKTYETCsl aHHUTHIISIMS BEIISCTBA U AHTUBEIIECTBA, IPU
KOTOpO#l Macca MeHseT (OopMy CYIIECTBOBaHHS U 00OpaduBacTCs
HEBO3MYIIICHHBIM IIOTOKOM MAarHUTHON WHAYKIIMU CTPYKTYpPBI BaKyyMa.
Hecmotpss Ha siBHBIC yIymIeHHsS aBTOpa B HCIIOIB30BAHHHM IPUHSTHIX
MPaBWI U TPAIUIUN B OQUIMATBHBIX MyOJUKAIUAX, KHATa 0€3yCIOBHO
MPEICTaBISICT IIEHHOCTh CBOCH HOBH3HOW MPEICTABICHHUN O (hU3HUECKOM
Mupe BceneHHOW, OTKPBIBAET OTOJE HEU3BECTHBIC TAHHBI, U €€ MOXHO
PEKOMEHIIOBATh Il TEYaTH M JJIsi 3HAKOMCTBA C HEH IIHPOKOWM
myOJIMKOW, MHTEpECYIoIeHcsl yCTpoiicTBOM Mupa. Hamo mpusHatk, 4To
KOHIICTIIMSA CTPYKTYpPHI BaKyyMa, H3JIOKCHHAs aBTOPOM, HE SIBISETCS
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enuHCTBeHHOH. CyYIIECTBYIOT M Jpyrue BO33peHHS Ha (HU3NICCKHIA
BaKyyM, XOpPOIIIO U3BECTHBIE B UCTOpUH (Hhu3uku XX Beka.

Penensus na kaury A. B. PrikoBa «Bakyym u
BEILIECTBO BCEJICHHOW»

Jlokrop TexHmueckux Hayk B.A. Menbmukos, mupexkrop HUM kocMuudeckux
cucteM uM. A.A. MakcumoBa, npodeccop, 3acIyKSHHBIH eaTelb HayKH
Poccuiickoit  ®enepanuu, naypear npemuun IlpaBurensctBa Poccuiickoit
Odeneparyu, 3aciIyKEHHbIH CO3aTeb KOCMHYECKOW TeXHUKH, aBTOp Oosee 500

Hay4HBIX paloT.

Hebonpmas kHura kaHguaata (QuU3HKO-MaTeMaTHYeCKUX Hayk A.B.
PrixoBa mpencraBiiseT HECOMHEHHBIM HMHTEpeC Uil LIMPOKOIO Kpyra
guTaTeNel, BKIIOYAsS BEOYIIUX (HU3WKOB, CTYJEHTOB M IIPOCTO
00pa30BaHHBIX JIFOEH, HHTEPECYIOIIUXCS BOIIPOCaMU (HYHIaMEHTAILHON
¢usuku. Kuura cymecTBeHHO OTIMYaeTcs OT MOA0OHOrO poaa pabor,
OHA HE BCEX YCTPOWT IO TEPMHUHOJIOTHH, IO PIAy QU3NIECKUX MPOOIIEM,
B Hel 3aTpoHyThiX. Ho Hammcana xuBO, yBlekarenbHO. YTO TiaBHOE B
Hei? ['1aBHOE OTpakeHO B 3arjlaBUH: BaKyyM, €ero MecTo Bo BceneHHoi
U OTHOLLIEHME BaKyyMa K BEILECTBY.

Kak cnenyer w3 mo3uuuu aBTOpa, KOTOPYIO HE TPYAHO pa3deiuThb
PELIEH3EHTY ¥ YUTATENSIM, TEOpPEeTHISCKas: (PH3UKa COBEPINMIIA OMIHOKY B
Hauyane XX BeKa, UCKIIOYMB HCCIEJOBAHUE CPEIbl PAaCIPOCTPAHEHUS
cBera W Bakyyma B ToM umcie. CnencTtBueM 3TOIO  ABIAETCS
npotuBopeune Gu3uku Gopmynam MakcBesuia, onbitaMm ['epiia, pabotam
Jlopenna n XeBucaiina. JIo cux mop HET YETKOTO MPEICTaBICHUS O TOM,
KaK pacnpocTpaHsAeTcsl CBET B BellecTBe M B Bakyyme. [IpuHuMaetcs
pacrpocTpaHeHre TOOBIX (QHU3MYECKHX TOoJel BoOOIIE, B TOM YHCIIE
TpaBUTAIH B IIyCTOTE, B (PU3UYECKOM BakyyMme. Bakyymy MOCBSIIEHO
MHOrO pabor. Oro Teopust Jlupaka («mope» Jlupaka), BakyyM,
COCTOSIIIMN M3 BUPTYalIbHbIX (HEpeajbHbIX) YACTHIl, M3BECTHAsI CTAThsI
A.Jl. CaxapoBa 1O KBaHTOBOW CTPYKTyp€ BaKyyMa W TpaBUTALUU H
MHOTHE JpPYyrue TEOpHU KpynHbIX (m3umkoB. Ho 1o cux mop ocraercs
TalHOU siBJeHHME rpaBuTaiu W uHepiwu (cM.. B.A. Menbmukos, B.K.
Henkos. Taituel Tsrorenns // M., HUW KC, 2007, 331 crp.), HECMOTps
Ha ToYHBIe GopMynsl HpI0TOHA, MaTeMaTHYECKOE ONMCAHUE TPABUTAIINN
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B TEOpHUH DWHIITEHHA, B KBAHTOBOM MEXaHUKE.

BakyyMm, OTKpBITHE €ro CTPYKTYphl aBTOPOM Ha OCHOBAaHHH JaBHO W
TOYHO YCTAHOBJICHHBIX OKCIEPHUMEHTANBHBIM IyTEM JAHHBIX IO
00pa30BaHMIO Tap JJIEKTPOH—IIO3UTPOH TaMMa-KBaHTOM C DHEprHel
6ompme 1,022 M3B MOXHO TPUHATH KaK OCHOBHOE TIOJIOKECHHUE PaOOTHI
PrikoBa. [lns ee yCHENIHOTO 3aBEpIICHUS aBTOPY NPHUILIOCH CHETATH
€CTECTBEHHOE IIPEAIONOKEHHE, YTO BHECEHHE B BaKyyM YKa3aHHOH
SHEPTUU TPUBOJUT K POXKICHHUIO BIIOJIHE MATEPHAIBHBIX YACTHII
AJIEKTPOHA W MO3WTpoHA. I[IpepcraBiieHue, 4TO JHEPTHS MOXKET MPSIMO

IpeBpalIaThCs B BEMIECTBO (usuuecku HesepHo. Popmyna E = mc®
YKa3bpIBaeT TOJILKO HA TO, YTO IS MOSBIICHHS BEIIECTBA C MAaccoil M
HYXHO OIpEeAeICHHOE KoIm4yecTBO SHepruu £. Ham npencraBnsercs, 4yto
CIIEyeT E€CTeCTBCHHOE IIPECAMONIOKEHUE aBTOpa O TOM, YTO Macca
poknmaercss U3 BakyyMma. M3 3Toil maew o4eBUIHA CTPYKTypa BaKyyma.
DTOT BBIBOJ CAETAH CTPOTO MATEMATHYECKH W ¢ OOJIBIION TOYHOCTEIO.
OTnuuuTenbHass OCOOCHHOCTh KHHUTH 3aKITIOYAETCS UMEHHO B IIPUME-
HEHHHU TOYHO ONPEACTICHHBIX (PU3UIECKUX KOHCTAHT U MX UCIIOIb30BAHUE
B (hopMyIax, KOTOPBIE JalOT TOKE OYCHb TOYHBII YHCIOBON pE3ysIbTaT.
BTopelM BaXHBIM CIEICTBHEM BBIABICHHOW CTPYKTYphI BakyyMa
SIBIISICTCSl TUIOTE3a O TPHPOJE TPaBUTAIUH U uHepuuu. PaxTHyecku
npeoOpa3oBaHHAass Ha OCHOBaHMM CTPYKTYphl BakyymMa Qopmya
HpioToHa MOXET YCHENIHO MPHUMEHSTHCS BO BCEX pacdyerax II0
JBIDKCHHIO KOCMHYECKAX OOBEKTOB U HCKYCCTBEHHBIX AaIlllapaToB.
OCOo0EHHOCTBIO TAHHOW TUIIOTE3BI O IPaBUTALIUH SBIICTCS €CTECTBECHHAS
CBSI3b TPABUTAIMY U WHEPLUH, YTO OTCYTCTBYET B M3BECTHBIX Ha CETOJHS
TEOPHSX IPABUTAIHH.

Heo0xonuMo OTMETHTH YOMBHUTENBHYIO CHOCOOHOCTH  CTPYKTYPHI
BaKyyMa OOBSICHATH IIUPOKUH Kpyr (PU3MUECKUX MpoOJeM, BKIHOYAS
MEXaHHU3M PACIPOCTPAHCHHUS CBETA, IPABUTAIMIO U WHEPIIHIO, POXKICHHE
Macc BEIIECTBA M aHTHBEIIECTBA U JIp.

K coxanenuro, B KHUIe €CTh 3aMETHBIC HEAOCTATKH. YacTh M3 HHUX
ynomuHanack Beimie. COMHEHHS BBI3BIBAIOT PACCY)KIEHHS aBTOpa O
CTPOGHHH U CTPYKTYpe MHKpPOUYacTUI] W TOMy momoOHbeie. OmgHAKO
OTKpbITHE TaliHbl (HajeeMcs!) TrpaBUTAlMM M HWHEPLHH, CcHocoda
pacmpoCTpaHeHHsI CBETa C JIMXBOH MOKPHIBAIOT BO3MOXKHBIE HEJTOCTATKH,
HETOYHOCTH W MPOMAaxH aBTopa. B menoM, MpUXoauM K 3aKIIOYCHHIO O
YpEe3BBIYAMHON IMONb3¢ KHUTH M PEKOMEHAYEeM €€ K IyONUKaIllud H K




NpUOOPETEHNIO 3aWHTEPECOBAHHBIMHI YUTATEISIMH, KOTOPBIX BOJIHYET
(byHmaMeHTaNbHAs IPo0IeMa rPaBUTALIUH.

Ob ABTOPE

PeikoB Awnaronmii BacwmseBnu B 1953 romy oxoH4mi Qu3HUecKuit
(bakynpTeT JICHHHTPaACKOro TOCYAapCTBEHHOTO YHUBEpCHUTETA. [lepBhle
JIBa Kypca o0yd4aJcsi Ha OTIEJNICHUN «CTPOEHHE BEIIeCTBa», IOCJe Yero,
BEPOSITHO, TI0 MPHUYHHE MOIO3PUTEIBHON (aMminy ObUT MEpeBeleH Ha
oTJieNieHHe «reou3uKa». B crmcke OTIeNeHHi MocienHee MeCcTo o
3HAYUMOCTH OTBEICHO OTACICHHIO «acTpou3mka», KOTOpoe ceildac
HAXOJUTCS HA TepelHeM Kpae (U3UKHU Onaronaps oOHApYKEHHIO, YTO
«TEMHBIe» CYITHOCTU Beenennoit 3annMaroT 6osee 96%.

C momeHnTa okonuanus JII'Y, yxe Gonee 54 ner padoraer B MHCTUTYTE
¢usukn 3emim PAH. 3a Bpems paOoThl 3alIUTHII JTUCCEPTAIMIO TIO
CeCMOMETpPUM Ha CTENeHb KaHAWAaTa (U3MKO-MAaTEMAaTHUYECKUX HayK.
WM co3mansl ceiicMorpadsl MEPOBOTO YPOBHS, KOTOPBIE BIOJHE MOTYT
OBITh KBATH()UIIMPOBAHBI CTEIICHBIO TOKTOpa HayK. MHTepec k mpupoe
rpaBUTAMM M WHEPLUMH BO3HHMK COBEPLIEHHO Ccly4yaiiHo. Psgom c
aBTopoM pabortan EBrenuii BacuibeBuu bapkoBckuii. ExenHeBHO OH
oOpamaics K aBTOpY C €ro ujaeeil yBenwdeHUS 3eMIH W TIPHIUHBI
3emuieTpsicenuii. OH ToBOpwi 00 3(upe, KOTOPBI B IEHTpe 3eMiu
pOXJaeT BEIIeCTBO, pacmmpsitomee 3emmo. Kaxneii aeHs! On
CTpalIHO HAJO0ell, ¥ aBTOP 3aJyMall BEIBECTH €r0 Ha YHCTYIO BOJY ITyTEM
YCTAHOBJICHUS NIPUYMH T'PABUTAIMU U WHEpIWH. Y TyT OBUIO yIMBICHHE
ToMy (akTy, YTO OTO HeusBecTHO (usumkam. EcTe HeHaydHbIEC,
reoMerpudeckue moHsTus Teopuit OTHOCUTETHLHOCTH B (DaHTACTUYCCKHE
0OMEHHBIC YacTHUIbI TPABUTOHBI U TpaBUTHHO Pruyapna deiinmana, ero
KgantoBoii Onektpo Junamuku (KDJ[). ABrop Torma eime Bepui
¢u3uKam, HO TYT 3aKpanock comHeHne. Tak i 310? OCOOEHHO CTPaHHO
6bu10 3HaTH, yTo UHEPIIMUS ecTh SKBHBAJICHT TrpaBUTAMUA. DTO SBHAS
gymib. ['e xe pemenne? Hukakux ocoObIx aMOuUImid y aBTOpa HE OBLIO
U HeT.

[Tapy ner uckan pelieHue, ¥ OHO HAIIOCh. JTO ObLT W3BECTHBINH (HaKT
POXAEHUSI Macc JIEKTPOHA M MO3UTPOHA, KOTOPOMY HET IMPaBUIBHON
UHTEpIpeTalud B QU3UKe. ITOT (aKT HCHOIB30BAH U HAXOMKICHHSI
CTPYKTYpbl BakyyMa. CTpyKTypa Bakyyma abCOJIIOTHO TOYHO BBIBEIECHA
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U3 OTOrO DKCIEPUMEHTANIbHOTO (hakra. TaM HET NPUBBIYHBIX
¢usndeckux ¢anrazuii. [anee Obuia TpydaHas paboTa mo IUTH(OBKE
CTPYKTYpbl Bakyyma. W tonbko nocne nmyosmukanuu B 2007 romy sToi
KHHUTH TOCTENICHHO MpHIIEN K aOCONIOTHOH YBEPEHHOCTH B PEalbHOM
CYIIECTBOBAaHMU CTPYKTYpbl cpeabl Bakyyma. OHa Hamuia cBoe
TIOJITBEPKACHUE BO BCEX H3BECTHBIX HaM SIBJICHUSIX:
anekTpomarunetu3ma, BoiH Jle Bpoiiasi, cTpykTypel aToMOB U sjep
aTOMOB, POKICHUH BEIIECTBA W3 BaKyyma, TpaBUTAIMM U, TNIABHOE, B
npupone MHEPHIUUN. TlpuumHa OTKPBHITHS pPEATBHOCTH CTPYKTYPHI
BaKyyMa €CTh €CTECTBEHHBIH XOJ| HCCIIC[IOBAaHHS U HE UMEET HHUKAKOro
OTHOILICHUS K JIMYHOCTU aBTOpa. OTKpPBITHE AaBHO Ha3peso, HauMHas C
1933 roma. OHO MOTJIO OBITH CAETAHO JHOOBIM 00Pa30BaHHBIM B (DU3HKE
genmoBekoM. CKopee BCero, B TEOPETHUECKOH (DU3MKE COBEPIICH
KPYIHBIA MpoMax B O00BsICHEHHH (aKTa POXKICHHS Macc W3 BaKyyMa.
DT0 3aciyra He aBTopa, a mpomax puzuku!

Kak-to cpa3dy ¥ HEOXMZaHHO BO3HHUKJIA HAES O TOM, YTO NpUPOAa
rpaBUTALMK DJIEKTpOMarHuTHas. Ho 3To BIOJHE €CTeCTBEHHO, TaK Kak
BECh OKPYXXAIOIIUH HAcC MHpP HMeEET DJICKTPOMAarHUTHBIA XapakTep.
ATOMHOE CTpOCHHE BEIIeCTBA OCHOBAHO HA AJICKTPOHAX M IPOTOHAX,
00TagaonMx 3JIeMEHTAPHBIM AJIEKTPUIECKUM 3apsiaoM. Jlaxe simepHbIe
CWJIBI UMEIOT MPSIMOE OTHOIICHHE K 3JIeKTpoMarHeTusmy. HelTpoHsl B
AIpax CIO0XKHBIX aTOMOB 00€CIIeYHBalOT KOMIIOHOBKY IIPOTOHOB B SiApax
C MOIIHON AIIEKTPUYECKOW HANPSHKEHHOCTBHIO Ojarojnaps MoJApH3aliu
HEUTPOHOB CO CTOPOHBI MPOTOHOB. DTO OTPHUIAETCS B CYIIECTBYIOILIEH
¢u3uKe, MpH 3TOM MPAKTHYCCKH HHUKAaK HE OrOBAapUBACTCS pOJb
HEUTPOHOB B AaToOMax, XOTS CJOXHOCTh 3apsOBOTO YCTPOMCTBA
HEUTPOHOB OPOCAETCS B I1a3a: B €ro CTPYKType ecTh 3apsinl (+) u (-).
Okazanoch, 4TO €l MEX]ly BEIIECTBEHHBIMH TeJIaMH MIOMECTUTH C1ab0
3apsSHKEHHYIO Cpefly, TO 3TOro OylIeT JOCTaTOYHO JUIs MPUTSHKEHUN 3TOU
cpeloii Bcex Ted JApyr K Jpyry. PemieHne 3TodH  mpoOiiemMbl
OTHOBPEMEHHO IPHUBOJUT K IMOHUMAHUIO PACIPOCTPAHEHHS CBETAa U
MHOTHX JPYTUX (PU3UUECKHUX SBICHUHA. DTO OYEHb BA)KHOE ITOJIOKCHHE,
MOCKOJIBKY pa3InYHble (PU3NYECKUE SBICHUS IIONYy4ar0T OJHOPOIHOE
TOJIKOBaHUE, 4YTO, B CBOIO OdYepenb, 0O€3 BCIKUX TEOPETHUCCKHUX
«HATsDKEK»  maeT  Bemukoe — OObequHEHHE  BCEX  CHJIOBBIX
B3aUMOJICUCTBUN B MIPUPOJIE.
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HUcrTopus

HcTopus mo3HaHMsl OKpY)KaroLEro Mupa BecbMa IoyuuTenbHa. Eciu
NPUBOAUTH CaMble SPKHE€ W KOHTPACTHbIE MPUMEpPbI, TO CJEAyeT
obparutbcs k Iltomemero (Il-1lB.) u k H. Komepuuky (1478-1543).
Meron mo3Hanusi Iltonemes cBoawics K HaOmojenuto  (mo
COBPEMEHHOMY — K ONbBITY) M IOCTpOeHHIO Teopud. Ero Teopus
U3BECTHA. Haj 3eMiiell pacIoJOKeHbl XpycTajibHbIe (IPO3payHble U
HEBUMMBIE) KyIOJa, Ha KOTOPBIX Pa3MelIaIiCh BCE BUAUMBIC ITPOCTHIM
rna3oM oObekThl. IlTonemel mpuayman cxeMy JBHXKEHHS KYIOJIOB,
KOTOpasi MO3BOJISUJIa BIUIOTH /O CPEJHUX BEKOB JOCTATOYHO TOYHO
npeJcKasbiBaTh Oyayllee pacrlojoxeHue cBeTwl Ha Hebe. Kak Hu
CTPaHHO, HO 3[1eCh MMEETCsl IIOJIHOE COOTBETCTBHE C COBPEMEHHBIMU
HOHATUSAMU CBA3U. OIBIT — Teopus — Ipenackazanue. Ilo coBpeMeHHbIM
KPHUTEpUsIM, IPUMEHSIEMBIM B (usuke, Teopus [ITonemes BepHa.

UYro ke crmenan Komepuuk? OH TpOSBWI HEAIOKHHHYIO HHTYHIHIO U
Oorartoe BOOOpa)XEHHE W TOHSI, YTO BCE JOJDKHO OBITH IMOCTaBJICHO C
rojoBbl Ha Horu: CoNHIE SBISETCS LEHTPOM IUIAHETHOW CHUCTEMBI.
WupiMu coBaMHu: He Bce B (pr3uKe 0053aHO BHIBOAUTHCS aHATTUTUICCKH,
Ha OCHOBE TOJILKO MaTeMaTHKH. B Hayke ObLI COBEpIICH MOIIHCHUIIHNA
pbIBOK B mo3Hanuu [Ipupoapl. X0opomio u3BECTHBI JOCTHKEHUST THUXO0 /e
Bpare, Tammnes, Kerurepa, Hprorona. Hactymun pacuser ¢usuky,
YBEHUaHHBIH TakuMH uMeHamH, kak @apanei, MakcBemn, Awmmep,
Bonbt, Kynon, I'epu u 1.1. Poaunace Tak Ha3biBaeMasi Kiaccudeckas
¢u3mKa, Mo 3aK0OHAM KOTOPOH 0 CHX MOp KHUBET IUBUIIN3AIHS.

JIBaauatelil BEK IPUHEC yIUBUTENBHbIE 3KCIIEPUMEHTAIBHbBIE OTKPBITHS,
KOTOpBIE, KaK 3TO OBUIO BOCHPUHSITO (HM3WKAMH, HE YKIAIBIBAIUCH B
KJIACCUYCCKUE TPEICTaBICHUA. B HCTOpUH ATOT (DakT HA3BaH KPUIUCOM
B NIO3HAHUU MPHUPOJIbl. B KauecTBe mpuMepa HaJ0 NPUBECTH U3BECTHYIO
«ynbTpaduoneroByro karactpody». Peneit (1842-1919) wu [IxuHc
(1877-1946) moayunmnu  GOpMyNly  3aBHCHMOCTH  CIIEKTPaJIbHOM
IUTOTHOCTH DSHEPTeTHYECKOH CBETHMOCTH JIIOOOTO Tela OT YacTOTHI:

— 2
I, =2n°KT /c”. B obnacti MasbIx 4actor GopMysia TOUHO ONKMCHIBAIIA

JAaHHBIC OIIbITA. HO, KaK BHJHO, € POCTOM YaCTOThHI IO KBAAPATUIHOMY
3aKOHY KOJHUYECTBO H3Hy‘IaCMOI>'I OHEPruu HCOIpaHUYCHHO PpacTeT.
C.]'ICL[CTBI/IGM 9TOIro0  MOrJjo GBITL, C TOYKH 3pCHUA BCCJ’IeHHOﬁ,
IMPaKTUYECKU MTI'HOBEHHOC OCTBIBAHUEC, YTO MNPOTHBOPECHUIIO Obl BCcEM
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HabmoneHusm. Jlanee, u3 (GopMyibl BHIHO, YTO B HEH KCIOJL30BaHA
sueprust bomsumana KT/2, rme k=1,38044¢10% Jfoc/T— mocrosuuas
Bonbimana, T — abcomoTHas Temieparypa. Makc Ilnank (1858-1947),
3aHMMAsCh TEPMOJMHAMHUKON, OBLI 03a1adeH MpoOIeMOM H3IydeHHs,
KOTOpas Mydulla MHOTMX HCCenoBareneil. IIIaHK Mpeanonokui, 9To
OoOMEH DJHepruedl MEXAy HAarpeThiM TEIOM U OKPYXKAIOIIUM
OPOCTPAHCTBOM — MPOMCXOAUT  mopuusimu. Ero  dopmyna s
CIEKTPAILHOM IUIOTHOCTH 3HEPreTHYECKON CBETHMOCTH abCOOTHO

YCPHOI'O TE€JIa UMEECT BLIpa)KeHI/Ie:
hn

r =2pn®/[c’(e¥ - 1)].

[Tnank, momy4uB 3Ty GOpMyIy, JOITO0 MEUIWI C €€ OMyOIUKOBaHUEM,
CO3HaBasl, 4TO «OJAromoNydHOW KIaccHYecKor (u3uke OyneT HaHeceH
JKECTOKUH ymap», Kak paccyxnanu (usuku-npodeccuonansl. OCeHbIO
1900 r. Ilmanka mocerwsn skcrepuMeHTarop PybOene. OH mokazan
[InaHky o4eHb TOYHBIE U3MEPEHHUS CIIEKTPa SHEPTUH HArPEeTOro YEPHOTO
tena. JlanHple abcomoTHO coBmanu ¢ Gopmyioi [lnanka. B yem xe B
JICHCTBUTEIBHOCTH COCTOUT yap Mo Kiaccuieckor pusuke? Okazanocs,
YTO HU3IyYCHHE MPOMCXOIAWT HE IO 3aKOHY YBEIWYCHHUS YacTOTHI, a
nopuusiMid  (KBaHTaMM), KOTOpbIE HAa BBICOKHMX 4YacTOTaxX H3JIy4eHHs
orpaHn4MBaOT Oe3ynepkHY0 noTepto 3Hepruu. [locrosHuas [Tnanka h
3amsuia B (usuke XX Beka (yHIaMEHTaabHOE MECTO M Ha3BaHA
«KBaHTOM JeiictBusi». Ee pasmepHocTs paBHa Jlkec. be3 Hee He
00X0UTCA HM OJHA M3 KBAHTOBBIX TEOPHH, HU OAHO U3 OINUCAHHM
ABJICHUH B MuKpomupe. Ho moueMy BAPYr WOCUMTAIHM, YTO OTO
TEOPETUYECKOE W OKCIECPHMEHTATHHOE OTKPBITHE HAHOCUT yHaap II0
kiaccuueckoi ¢u3uke? [IpuumHa 3TOr0 MOXET OBITh TOJBKO OJIHA!
OTpHUIIAHHUE POJIU CPedbl, B KOTOPYIO OCYILECTBIseTcs u3nydeHue. Eciu
OPENONOKHUTh, YTO UMCHHO ¢peda (B HalIeM ciydae 3TO (HDU3HUYECKUiA
BakyyM, 3(QHp I[O-CTapoMy) CIOCOOHA U MOXET BOCIPHHUMATH
M3JTy4eHHE Ha BBICOKMX YacTOTaX TOJBKO MOPIUSIMH, TO PasTOBOPHI O
Kpm3uce B (H3HKE TEPSIIOT BCAKYI0 NO4By. (DH3MKaM HE XBAaTHIIO
HAyYHOU WHTYHIIMH, YTOOBI MOHATH CYIIHOCTH SIBIEHUS. EAMHCTBEHHBIM
ONpaBJaHUEM MOTYT ObITh TaK Ha3bIBaEMbl€ OTPULIATENIbHBIE PE3YIIbTATHI
MHOTOYHUCIIEHHBIX OMBITOB MaiikenbcoHa—Mopiau 1o 0OHapyKEHUIO
a¢upa. [IpuurHa Heygad MOXKET OBITH B TOM, YTO 3(Up UMEET TaKue
CTPYKTYpy M CBOHCTBa B3aMMOJCHCTBHUS C BEIIECTBOM, KOTOpHIE HE
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coBnagaroT ¢ mpexacrabineHussiMu XIX—XX BB. Ho rinaBHOE - ONBITHI
MaiikenbcoHa MPOTHBOPEYAT KAK YCIOBUIO PACIPOCTPAHCHUS CBETa B
KOCMOCE, TaK M TOCTyJnaTy OWHIITEHHAa O HE3aBUCHUMOCTH CKOPOCTH
CBETa OT COCTOSIHUSI ABWDKCHHUS, KaK WCTOYHHKA, TaK M HPUEMHHUKA.
Henp3s cknagpBaTh ¥ BEIYUTATH CKOPOCTH IBIDKCHHS HMHTEphepoMeTpa
YCTAaHOBKH CO CKOPOCTBIO CBETa, Kak 3T0 nenan Maiikenbcon! B memsax
yIoOHOTO OOpamieHus K cpede, BUIUMO, CICAYeT IaTh HOBBIH TEPMUH
it ee obo3HaueHus. OTMETHUM, YTO BBIMOJHEHUE OJTOU 3aJadu
3aTPyIHUTENBHO. TepMHH MODKEH OBITh TOHSATHBIM B PYCCKOM U
MHOCTPaHHBIX s3bikax. Hampumep, memuym (medium). Omnako, Ha
PYCCKOM SI3BIKE 3BYYHT JIBYCMBICIEHHO. UTO-TO MOXOKE Ha MapaHayKy.
Jdeno obopaumBaeTcs TeM, YTO HAIO0 INPHU3HATH Cpedy BaKyyMa Kak
BEIIECTBO, KOTOPOE PE3KO OTIMYAETCS OT MPHBBIYHOTO BemiecTBa. Kak
MBI YBUIMM TO3XKE, 3TO HYJIEBOE» BEIIECCTBO 00NANACT CTPYKTYPOH H3
3JIEMEHTApHBIX 3apsiaoB (+) U (—) u «mMaccoi» B HEOOBIYHOM COCTOSIHHH.
«Macca» cpedsl 3aHHIMAET BCE MPOCTPAHCTBO MEXIY IIEMEHTAPHBIMH
3apsmamu. OHa XapakTepu3yeTcss MOTOKAMH MAarHUTHOH WMHIYKIUH OT
3apsija OJHOTO 3HaKa K 3apsay IPyroro 3Haka W BBIpakeHa B (opme
KBAHTA TIOTOKA MAarHUTHOH WMHIYKIMH, OMHCHIBAEMOTO YPaBHCHHSIMHU
Makcgemia. Hamuaue 3apsiia U Macchl JaeT BO3MOXHOCTH MPUMEHHUTH
TEPMHUH «BEHIECTBO». HawmmydmiM Ha3BaHHEM YHHKaIbHOTO COCTOSIHHUS
(bnuzmueckoro Bakyyma BBIOPaHO MPOCTO cpeda.

Jpyrum «mpu3HakoM KpU3HCa» KIACCHUECKOW PU3UKH ObLT ocTyaat 0o
OTCYTCTBHHU HM3JIy4CHUS JJICKTPOHOB Ha OPOUTAX BOKPYT sEpP B aTOMax.
[lo kmaccHYeckuM TPENCTABICHUSM, BCSKHAN 3apsii, JBUTAIOIIUICT C
YCKOPCHHEM, JOJDKEH H3IydarTh OJJICKTPOMATHUTHBIC BOJHBI (CBET).
OTOro He MPOHMCXOAWT Ha CTAIMOHAPHBIX opOWTax B aromax. Ho ecmu
OBl OBUTO yZENEHO NODKHOS BHHMAaHHE CTPYKType MPOCTPAHCTBA MO
Ha3zBaHueM 3¢dup, win Qu3nUecKuit Bakyym, TO KJlacCHMueckas (pu3nKa
npoxoiokmia Obl CBOM ycmex B mo3HaHum [lpuponsl. PasperieHubie
BopoBckre OpOUTHI TPOCTO OOBSCHSIOTCS CTPYKTYPOU Cpedbl BOKPYT
saep.

Hanee wumyr Takume «Menoun», Kak BOJHBI A€ bpoiins, BoIHOBBIE
CBOWCTBA YaCTHII, KOTOPBIE OOHAPYXHUBAIOTCS B OIBITAX MO AU(PAKINH
YaCTUII TPU B3aMMOJCHCTBHHM C PETYISIPHBIMH KpPUCTALIHYCCKIMU
pemerkamMu BemecTBa. [losBriock BomHOBoe ypaBHeHnue Llpeaunrepa,
omuchIBaIoIlee MoBenaeHue yactun. OTsTe Kiaccudeckas —(U3UKa
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OKa3anach He y JieJl — He MOrjia OObSICHUTH siBiIeHUe BOJH Je bpoitna. Ho
u ypaBHenue LlpenuHrepa He OTBEYaeT Ha BOMNPOC O MPHUPOJE
OTKPBITOTO BOJIHOBOTO SIBJICHHS YaCTHI[ M HE DPACKPHIBACT NPHUHHY
CYILIECTBOBaHHsI CTAllMOHAPHBIX OpOUT B aTomax (B HAcToslee Bpems
OpOUTHI 3JICKTPOHOB B aTOMaX 3aMEHEHbl MECTaMU OOUTaHHUs 00JIaKOB U3
JJMIEKTPOHOB TaK, KaKk OyATO KapTWHA OOJAaKOB pEIIacT BCE MPOOICMBI
u3nydeHuss aroMoB). Muctukal PaHblile OHa BOCHPUHHMATIACH KaK
3aranka [Ipuponpl. Ceiiyac HACTONBEKO MPUBBIKIHN HANENIATh BOJTHOBBIMHU
CBOWCTBAMH BCE YACTHUIBl, YTO BOIPOC O TNPHPOJC BOIHBI-YACTHIIBI
3BYYHT U (PU3MKA HEIEMOCThIO. boiee Toro, BOIMHOBOE ONMCAaHKE BCETO
U BCS CTAIO MOAHBIM. TEpPMUHONOTHS OTpakaeT 3Ty MoAy. Bmecrto
YaCTUIl IPUMEHSIOT TEPMUH «PE30HAHCHD.

B ¢wusuke momymspHa wies oOMeHHbIX moned wimu yactuil (Puuapn
Deiiuman). Tak, B 3JIEKTPOJMHAMUKE POJb OOMEHHOM YaCTHIBI UTPAET
BUPTYaNbHBIH (DOTOH, TIIOOHBI SIBIIAIOTCS MEPEHOCUMKAMH CHIIBHBIX
B3aUMOZCHUCTBHH B SIIPax, YACTUIIAX, & TSKEIIbIC BUPTYaIbHBIE YaCTHUIIbI
W+, X mwm Z — B cnaObIX B3aUMOJCHCTBUAX, TPAaBUTOHBI — B
TPaBUTAMOHHOM B3aWMOJICUCTBUH. BBeneHne OOMEHHBIX YacCTHIL
CHUMAeT «TOJIOBHYIO OO0JIb» y TEOPETHKOB B OOBSICHEHHUHU <IIPUPOJIBI»
BCEX B3amMojeicTBUA. VHOTA (U3UKU BCE K€ TBITAIOTCS BBISICHUTD
IpUpONy TE€X WIM WHBIX sBIeHHH. Ho cama maest oOMEHHBIX YacTHI]
OecrepCeKTHBHA B CBETE HCCIICOBAHUS CTPYKTYPHI CPeobl.

Bosuuknu kBantoBbie Mexanuku (KM), smextpomarnetm3ma K3JI. U3
psAaa BhIIaJaeT MO CBOMCTBY BHYTPEHHErO YCTPOWCTBA HYKJIOHOB
kBaHTOBast xpomoauHamuka (KXJI). Ona BO3HHKIA TI0 CBOEH
TEPMUHOJIOTUN ©3 (AaHTACTHKH B JHTEpaType, a HE Ha MPOYHOM
(yHZaMEHTE OTKPBITHS KBAapKOB B CBOOOIHOM COCTOSIHUH. OIISTH
KJlaccuueckass (U3uKa OKa3ajach HECIOCOOHOW OOBSICHUTH TPUPOIY
KBaHTOBBIX YHCENI. JTO IMOCTABIEHO € B BHHY, a HOBOW (hU3HKE — B
3acimyry. Ho kakas TyT MoxeT OBITh 3aciTyra, KOTJIa OTKPBIT TOJBKO
croco0 pacueTa KBAHTOBBIX YHCEN, a HE MPHPOAA KBAHTOBAaHHS B
CTPOCHHH BeIlecTBa?

OOHapy>KeHBI CHJIBHBIC U Ca0bIe SIIEPHBIC CHIIBI, KOTOPHIE MPUHSTH B
JOOMOJHEHHE K  paHee  W3BECTHBIM  DJIEKTPOMAarHUTHBIM U
rpaBUTAIMOHHBIM cuiaM. [IpaBaa, He SICHO, KaK MOXKHO 3/1eCh OOBUHATH
KJIACCHUYECKYIO (PU3HKY B TOM, YTO OHA HE OOBSCHICT MPUPOAY SIIEPHBIX
cun?
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KonunuecTBo mpuMepoB MOXXHO MHOXUTh. HO, Kak YBHIUT 4uTaTelb
Jlanee, MHOTHE BOMIPOCHI WM MPOOJIEMbI HOBOM (DM3UKH pa3periaroTcs Ha
OCHOBE YyX€ OTKPBITHIX Kiacchieckod (u3Mkoi 3akoHOB HeloTOHA,
Kynona, ®apanes;, MakcBesuia Ipy yCJIOBHH NPU3HAHHUS OOBEKTUBHOTO
CYIIIECTBOBAHUS Cpedbl, €€ DIIEKTPHUYECKOW CTPYKTYpbl W KBaHTOB
MAarHMTHBIX HOTOKOB . Bce IMOIBITKHM OIMMCATh OIBITHBIC JAaHHBIC 0€3
MPUBJICUYEHUS CTPYKTYPBI €pedsl, OTy4YeHHbIE 3a MPOLIE/IIIee CTOJIETHE,
MPUBOJAT TOJIBKO K OYEHb CJIOKHBIM MAaTeMAaTHUYECKHM IOCTPOSHUSIM
(Bcromuum kymosa Iltosemes;, BomHOBoe ypaBHenue Illpemunrepa,
MaTpUYHbIE YPAaBHCHUS IISI METPUKH MPOCTPAHCTBA IUTIOC Bpemsi!).
BBenenue moHSATHS OCHOBOMOJAramined cpedst BceenenHnodt, kak
(dyHmameHTa  CylIeCTBOBaHHs ~ Mmarepud  (Macchl), HE  TOJIBKO
CrocoOCTBYET YIPOIICHUIO B METOAONOTUU onucanus [lpupoasl, HO U
OTKpBIBa€T HEOOO3PUMBIE MPOCTOPHI B HOBEHIIINX TEXHOJOTUAX AOOBIYH
OKOJIOTUYECKH YHUCTOH OSHEPrUU M BO3MOXKHOCTH IIE€PEMEIICHUS B
MPOCTPAHCTBE O3 MHEPIIMH C JIF000H CKOPOCTHIO.

Ente onuH npuMedaTenbHbIA JeekT pu3ukn XX Beka — OTPUIIAHAE WIIH
OTCYTCTBHE JIOTUKH. ITO OTPUIIAHUE TIPOXOAUT MO (pJIarOM MOPOTHOCTH
«BIPaBOTO CMEICTa» B (u3uke. Jlormka yHIXKEHa O IOJOXKECHUSI
OBITOBOrO  3[PaBOr0  CMbICIA. JTO  YHIDKEHHE Hayalio CBOE
TpuyMbalbHOEe IIECTBUE TIOCIEe OOIMEH W CHelUaabHOW TEOpHid
OTHOCHUTCIBHOCTH  OUWHINTEHHA, KOTOPBIA, 4YTOOBI  BBIATH U3
MICKOTJIIMBOTO TIOJIOKEHHUS, KOTJa €ro TEOPHH HE VYKIaJIbIBaIUCh B
JIOTHKY, OOBSBUII 3[paBbIi CMBIC] BHE 3aKOHA s ¢usuku. C TexX mop
«3apaBbiil cMbic» (unuTail — norumkal) He B mouere y (Gu3ukoB. Tem
OoJiee, YTO MHOTHE OIBITHBIE JAHHBIE OTKPBHITHIA MPOIIEIIIETO BeKa HE
HAXOMIST JIOTUYHOTO OOBSCHEHWs] B pPaMKax MPHHIATON (uU3HuecKon
napagurMbl, HE YYMTBHIBAKOIIEH Cpedy pacnupoCTpaHECHUS CBETA.
OTpullaHue JIOTHKH IO/ BHUIOM O€3rpaMOTHOCTH CaMOI0 <G3JIPaBOTO
CMBICJIa» 0KA3aJI0Ch OYeHb YA00HBIM. OTHana HeoOXOAUMOCTh B TIOUCKE
MPUPOAHON CYILIIHOCTH SIBJICHUH. Oka3zaiach JIOCTaTOYHOM
marematudeckas nmoarodka (ad hOC) pe3ysibTaToB ONBITOB IMOJ] TEOPHIO.
Kak mpuMep BBICMEHBAaHHUS 3APAaBOTO CMBICIA MOYXHO TPUBECTH KHUTY
I1. [I»Buca, B KOTOPOH OYE€Hb XOPOIIO OMMUCAHO COBPEMEHHOE COCTOSTHUE
MHOTHUX MPOoOIeM (U3UKU U OJHOBPEMEHHO MOJABEPTHYTO KPUTHKE CaMO
MOHATUE 3ApaBoro cmeicaa. OJHAKO CTOUT MPHUHATH MapajurMy
CTPYKTYPHI cpedst, 6e3 KOTOpo BooOIIe Helb3s moHATh [Ipupomy, kak
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JOTMKa  OKa3plBaeTcsi BocTpeOoBanHoW. [IpuHSATHE  Mapagurmel
CYILIECTBOBAHUS MAaTEPHUU B ¢pede CTABUT MO/ COMHEHUE MMPAaBOMOYHOCTD
WCTIONIb30BAHUS KATETOPUHU «IIPOCTPAHCTBO—BpeMs». Camo MOHATHE
MPOCTPAHCTBO—BPEMSI AHTHHAYYHO U MOXET OBITh HPEAMETOM TOJIBKO
TEOMETPHYECKOTO PACCMOTPECHHS, PE3YNbTaThl KOTOPOTO HE JOJDKHBI
COOTBETCTBOBATh  pealbHOMY  MHpPY. [lOHATHE  TPOCTPaHCTBO
HECOBMECTUMO C OTCYTCTBHUEM MaTepHuu. BceraeHHas CylecTBYeT TOJIbKO
MOTOMY, 4YTO CYIIECTBYeT Marepuss B BUAE Pa3HOOOpPa3HbBIX
actpoHomuueckux  (pusmyecknx) o0ObekToB. IIpocTpancTBo  6e3
BEIIECTBA — JTO HIEATU3M, C BEHICCTBOM — MarepuanusM. Bpems
HUKOMM 0Opa3oM He SBIsIeTCs arpuOyToM MPOCTPAHCTBA WA
pPaBHONIPABHOM C TPOCTPAHCTBOM KaTeropueil. Bpems orpaxkaer
CKOPOCTh  mpolleccoB  (mBmkeHHs B (GUIOCOPCKOM CMbICIE) B
¢u3ndecKkux OOBEKTaX W CHUCTEMaX, JWHAMHKY MaTepud. I[lodTomy
o0beMHEHNE NPOCTPAHCTBA M BPEMEHH, MHUHYS MaTepHIO Kak
BKHEHIIINI KOMIOHEHT BcenleHHOoH, SIBIsIETCs] Cepbhe3HON JIOTUUECKON U
MHUPOBO33PEHUYECKON OMTMOKOH, BeyIIeH K JTOXKHBIM BBIBOJIaM.

CaMo0 u3MepeHHe NPOCTPAHCTBA M U3MEPEHUE BPEMEHH MOPOXKAEHBI
BEIIECTBOM. Mephl JJIMHBL: METpP, MUIIS, JIOKOTh, SPH, CAXKEHb U T.II. —
BO3HHKIIH [IPH U3MEPEHUU MaTEPUATBHBIX O0OBEKTOB. 3aMEUaHHE TAKKE
OTHOCHUTCS K U3MEPEHHIO BpeMeHH. Bparenne KocMrIeckux 00bEKTOB B
COJTHEYHOM CHCTEMe, TPOIECCHl B aTroME M KadaHue (QH3HYECKOTO
MasTHHKA MIPUBEIN K CEKyHJE, MHHYTE, 9acy, CyTkaM, rogam. [loatomy
BCE TaK Ha3bIBAEMBIC MBICIICHHBIC JKCIIEPUMEHTHI ¢ WHEPIIHATEHBIMU U
HCHHEPUIUATBHBIMA ~ CHCTEMaMH B paMKax  YETBIPEXMEPHOT'O
MIPOCTPAHCTBa—BPEMEHH IPOCTO HEJIETIBI.

Urtak, B mpomecce mno3HaHus I[Ipupoapl MOXKHO ONPENENUTH TPHU
BakHewue (asbl:

[lepByto a3y COCTAaBISAIOT ONBIT, HAOJIOJEHUS], B TOM UHCIE
UHCTPYMEHTAJbHEBIC. DTO HEOOXOIHUMO€ YCIOBHE JUIS JTF0O0H TCOPHH.
Onncanne HaOJMIOMACMBIX SBICHHA C IIOMOIIBI0 MAaTEMaTHKH,
COCTABJISIIOIIEE TCOPHUIO HAyKH, — 3TO BTOpas (paza Mo3HAHUS SBICHUI
[Tpuponpl. BaXXHBIM 371€MEHTOM TEOPHH HAYKU SIBISIETCSI BO3MOXKHOCTD
IpeACKa3aHusl eme HE OTKPHITHIX sBiIeHHHA. Omnmcanne OOBIYHO
onupaeTcs Ha PU3UIECKHUE MOJEIH, KOTOPBIE B CBOIO OYEPEIh OCHOBAHEI
HAa [IPHUHATOHN B JAHHBIA MOMEHT MapaJnurMe.

Hakxonen, TpeThs (a3a BKIIOYACT MOHMMAHHE CYIIHOCTH SBIICHHA,
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MOHNMAaHUe TMPUPOIbI ABJIEHHII, KOTOPOE YaCTO UMEET WHTYHTUBHBIN
XapakTep, HOCUT NMPU3HAKH TCHUANBHOW IOTAJKH WM BBICTYIACT Kak
pe3yibpTaTr OGoraroro BooOpakeHHs. HoBOe MOHMMAaHWE NPHBOAUT K
HOBOW (PU3MYECKON TMapagurMe, KOTOpas CIIOCOOCTBYET OBICTPOMY
Oporpeccy B MMO3HAHHH MPUPOABI U €CTh JAOCTATOYHOE YCIOBHUE
BEPHOCTH TCOPHH.

Meropomaorus IIToneMess COCTOUT B TOM, YTO «BUOUM, MO U UCTUHA.
IIpakTHueckd 3STa METOJOJOTHS COXpaHEHa W B  COBPEMEHHOM
TEOpETHUECKOW Pu3nKe: «Bce, umo mvl HabmOOaem u uouUM 6 ONbIMax,
ecmb ucmuna». Ho B IEHCTBUTEIBHOCTH PE3yJIbTaThl HAOIOACHUN U
OIBITOB HY)KJAIOTCS B MCTHHHON WHTepmperanuu. [IpuMepoB MOXKHO
mpuBeCTH MHOro. JloctaToueH OJWH TMpUMEpP HUHTEpPHpETaI[HH
«KpaCHOT'0>» CMEIICHUS B U3IYYCHUHU TsHKEION 3Be3noii. Habmomaemyro

Cc
anuHy BonHbel | = T MO>KHO JIBOSIKO MHTEPIIPETHPOBATH: THOO0 C=CONSt

, 1160 f=const. fIcHO, YTO BCE 3aBHCHUT OT BEPHOM HHTEPIIPETALIUU
HaOIIOACHU.

K coxaneHuto, HHTYUTHBHOE IIOHMMaHHE CYIIHOCTH SBJICHUH He
HAXOJUT JOJDKHOTO BHUMAaHUsS B JII00OH Hayke. HemoorneHka BaKHOCTH
peuieHuss mpoOyieM HayKd WHTYWTHBHBIM ITyTeM HaOJromaercs U B
¢m3uke XX Beka. Mamo Toro, QU3MKH HE «I00ST» (riocoduro,
KOTOpas B MIPaBHJILHOM €€ Pa3BUTHU 00s3aHA JIaBaTh OOIIHNE OPUEHTHPHI
JUTSL pelieHust 0003HAYeHHBIX HAyKOH MPOOJIeM.

WnmrocTpanuei 5Toro MO>KeT CIyKUTh OTHOILICHHE OOIIECTBA K CTPOTO
HAy9HOMY METOJy KJIacCHUeCKor (U3UKH, 3anokeHHoMmy Vcaakom
HproToHOM ¥ 3aHABIIEMY MECTO CTapblX JOTM M TPEIPacCydKOB, U
TEOMETPUUYECKOMY TOJXOJy B HCCIICIOBAHUAX (PU3UUECKUX SIBICHUH
AnpbepTa DWHIITEHHA.

B pamkax ro0mneiHpix Meponpustuil ['ona (u3uku, OOBIBICHHOTO B
2005 roaxy B o3HameHoBanwe 100-if TrOMOBIIMHBI  OTKPBITHS
OWHIITEHHOM TEOPHH OTHOCUTEIHLHOCTH, 10 MHHUIMATHUBE JIOHIOHCKOTO
Koposnesckoro obriectsa, ObIT IPOBEACH OMPOC Ha TEMY, KTO U3 YYCHBIX
— DifHmTelH Wi HploTOH — cienan HanOONbIIWN BKJIall B pa3BUTHE
HAyKH W OKa3all HauOoJjblliee BO3JEHCTBHE Ha CyJIhOY IMBIIIU3AIHM.
Onpoc npoBoamics Kak cpeau wieHoB KoposeBckoro obmectsa (345
YeI0BEK OTBETH/IM Ha BOIPOCHI DJIEKTPOHHON aHKETHI), TaK W CPeIu
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OpPE/ICTABUTENICH [IMPOKOH OOLIECTBEHHOCTH (B pPEXHUME OHJIANH
nporosiocoBano 1363 uenoseka).

U pe3ynbTathl oOKa3zanuch TakuMU. Ha Bompoc, KTo clienan HauOoIbIIii
BKJIaJ] B HAyKYy, MPEJICTABUTENN 00IecTBeHHOCTH oTaam 61,8% romocos
3a HeroToHa u 38,2% — 3a DiiHIITeiiHa. MHEHHS YYEHBIX Pa3JICIHIUCh
cienyromuM odpazom: 86,2% romocos ObUT0 O0TIAHO HEIOTOHY U TOBKO
13,8%— Diinmreiiny.

Ilo mHeHuto mmpokoil myOnuku, Bkiajg Helorona u OifHmreiiHa B
oOmiecTBeHHBIN mporpecc npuMepHo oamHakoB: 50,1% mporomocoBasno
3a HeroroHa n 49,9% — 3a DiiHITEliHA, 2 BOT MHEHHSI YYCHBIX OBLIH
uabiMA:  60,9%ronocoB  yueHele oTmanu  Heootony u  39,1%—
OHHIITEHRY.

Jlopn IMutep Meii, npesunent Koponesckoro o0riecTBa, KOMMEHTHPYS
pe3yabTaThl TOJI0COBaHUA, cKa3al: «MHOIrHe oAU MOIJH Obl CKa3aTh,
4YTO CpaBHMBATH HbI0OTOHA M DWHIITEHA — TO )K€ CaMO€, YTO CPAaBHUBATH
SIOJIOKH U aIleNIbCHHBI, HO YTO IEHCTBUTEIHHO UMEET 3HAYCHUE, TaK ITO
TO, YTO JIIOAM XOPOIIO MPEACTABISIOT JOCTIHKEHHUS 000X YUEHBIX, U TO,
YTO MX BKJaJ B CyapObl MHpa MPEBOCXOAUT 3HauU€HHE J1abopaTopuil u
YPaBHEHUII».

B 1950 ronmy AnpbepTt DWHIITEHH ObUT BBIHYXJICH 3asBUTH. «HeT HU
OJTHOTO TMOHATHS, OTHOCHUTEIBHO KOTOPOTO sI ObUT OBl YBEpEH, YTO OHO
ocTaHeTcsl He3bIOJeMbIM. Sl make HE YBEpeH, YTO HaxXOXyCh Ha
MPaBUIBLHOM ITyTH BooO1ie...». A B 1955 roxy B cBoeM mpencMepTHOM
HAy9HOM 3aBCIIAHWW yYCHbIH Hamucald: <«MOoXHO yOemIuTeIbHO
JI0Ka3aTh, YTO PEaJBHOCTh BOOOIIE HE MOXET OBITh INPEICTaBICHA
HENPEPBIBHBIM 10JIeM. M3 KBAHTOBBIX SIBJICHHIA, [10-BUJUMOMY, CIEIYET,
YTO KOHEYHas CHCTEeMa C KOHEYHOM SHEprued MOMKET MOIHOCTHIO
OIUCHIBATHCS KOHEYHBIM HaOOpoM umcen (KBaHTOBBIX 4YHCeN). OTO,
Ka)XCTCs, HEJb3s] COBMECTUTH C TEOpHEH KOHTHHYyMa W TpeOyeT I
OIMCAaHUs PEATBHOCTH YUCTO anredpamdeckoit Teopuu. OmHaKo ceifuac
HUKTO HE 3HAeT, KaK HAliTU OCHOBY JAJISl TAKOW TEOPUU».

Bcem m3BectHO poTO DUHINTEHHA, TOKA3BIBAIOIIETO SA3bIK. be3ycioBHO,
OH OBUT YMHBIM YEIIOBEKOM U IIOHMMAJl, YTO BBEN B 3a0IyKacHue
y4eHblid MUp. EMy mpunuchIBaloT ciioBa: «Ecmb 08e becKkoneuHocmu —
Bcenennou u enynocmu».

B 1966 romy KpyHHEHINUiI TEOPETHK PEISATHBUCTCKON KBAaHTOBOM
¢uzukn [1.A.M. [lupak 3asBuia. «HeoOxomaumo, 9TOOBI KBaHTOBas
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Teopus Mo 0a3upoBajiach Ha TAKUX IMOHITUSX U METONIAX, KOTOpBIE
MOHO OBUTO OBl YHH(PHIUPOBATH C MOHATHSIMA W METOAAMHU OCTAIBHOM
¢u3uKy... OOWEIPUHATYIO TPAKTOBKY KBAHTOBOH TEOPHH IIOJIS CIETyeT
paccMaTpHUBaTh B KadecTBE MajuHaTuBa 0e3 Beskoro Oyaymero... Takum
00pa3zoM, KBaHTOBasl TCOPHS ITOJIST HA TOM CTAaIMH Pa3sBUTHS, HA KOTOPOM
s e¢ OCTaBILIIO, Nalleka OT 3aBepuieHus. Llenmelii psn HampaBieHuWit
TEOpPHU HYXKIAeTCsl B JalbHEHIIeM pa3BUTHH. BakHeliiee W3 HUX —
HAWTH KaKOH-HUOYIb MMOIXO/ K BOIIPOCY O CHIIBHBIX B3aUMOICHCTBHIX.
[Tpu Poccuiickoii akamemMuu Hayk cymiectByer Komwmcecusi mo 6opnbe ¢
mxeHaykod. Panee ee Bosrmamisun akagemMuk Burammit  JlazapeBuu
I'mu30ypr. Ceituac — akagemuk Onyapn [MaBmosuu Kpyrisko. Moxer
OBITh, ¥ HY)XHa TaKas KOMHCCHsS, KOTJa pedb UACT 00 aBaHTIOPHCTAX,
KOTOphIE TMOJ] HAayKOOOpa3HbIe MPOEKTHI CTPEMSTCA  MOJIYYUThH
¢unancupoBanue. Ho ecTb MHOTOUYHCICHHAs apMUsl JHJICTAHTOB,
YUEHBIX, KOTOPBIX HE YIOBJCTBOPSCT HBIHEIIHEE COCTOSIHUE (PH3HKH,
OCTaHOBHBILIEHCS Ha TEPBOM M HEOOXOAMMOM OJTale IO3HAHHUSA —
MaTeMaTHYeCKOM OIMCAHWN SKCHEPHUMCEHTAJBHBIX SBJICHHH — W HE
CTaBsIICH mepes co00i 3a1auy BBIICHEHUST MEXaHU3MOB, IIPHUPOJIBI ATHX
SIBIICHUH. DTOT HTAIl CIUIIKOM 3aTSHYJICS BO BpeMeHH — mouTr Ha 100
net. JIo CHX Mop OCTAIOTCS 3araJKaMu:

1) npuposa rpaBUTALMHN U UHEPLIUH;

2) npupoza cpedst, <IIyCTOro» MpocTpaHcTBa (PU3NIECKOro BaKyyMa);
3) npupoaa pacnpocTpaHeHUsE HICKTPOMArHUTHO BOJIHBI,

4) npupona Marsetu3ma Boooiie. JIo CUX Mop UILYT TEOPETUIECKH
«OTKPBITBIC» MATHUTHBIE MOHOIIOJIH;

5) npupoaa orpaHn4eHUsI CKOPOCTH CBETA B Cpede U B BEIECTBE;

6) npupoaa KBaHTOBaHUS OPOHUT DJISKTPOHOB B aTOMax;

7) npupoza ABJICHUS <BOJHA—IACTHIIAY;

8) mpupoaa CTPOSHHS «3JIEMEHTAPHBIX> YACTHII;

9) npupo/a AAEPHBIX CUIT;

10) npupo/a 3AEKTPUIECKOro 3apsiia U MacChI.

11)O6benunenne Bcex B3aumojeiicTBuii B Ilpupoge, auUKTyemoe
Enuncteom [Ipupossr.

BepositHo, cnucok MOXHO HponoJkUTh. OnpeneneHue NPUPOJb
9JIEKTPUUECKOT0 3apsia MOXKET OBITh OTHECEHO Ha HEONpEeNeleHHOE
BpeMsi B Oynymiee. OcTanbHble 3araJku y)Ke ceiyac MOTYT HAWTH CBOM
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peIIeHNUs, €CIM YYeHbIC OyIyT MoJjaraTbCs Ha YK€ XOPOIIO U3BECTHBIC
JAHHBIC SKCIIEPUMEHTOB H... Ha Ki1accuueckyio (usuky. Ho orcyrcTBue
OTBETOB HA ITOCTAaBJICHHBIE BOIPOCH M TIOPOKAAET HEIIPEPHIBHBII TTOMCK
B HayKe, KOTOPHIH YacTO COINPOBOXAACTCS «AHTHHAYIHBIMH» WIIH
«TICEBJIOHAYYHBIMID» pPa3pabOTKaMH, YHCIO KOTOPBIX HEMPEPHIBHO
mHOkuTCs. [loaTomy nesitenbHOCT, KOMuccHu 1o JDKeHayKe, MpexkIe
BCEro, JOJDKHA OBITh HAampaBieHA HA KPUTHKY HIM CaMOKPHTUKY
CYIIECTBYIOIICH TEOPETUUIECKOW (U3UKHU, KOTOpas caMa MOXKET OBITh
MOJBEprHyTa OOJIBIIOMY COMHEHHIO. 3a TPHMEpaMH HE TNPHXOIMUTCS
JAJICKO XOIUTH.

HckpuBieHne «IIyCTOr0>» MPOCTPAHCTBA B KAUECTBE MOJICIIN TPABUTALINI
Y MHEPLUH BOOOIIEC HEMBICIHMO U aHTHHAYYHO.

CoemuHeHUE B OIHO IENOE IMPOCTPAHCTBA W BPEMEHH ITOPOJIUIIO
WLTIO3UI0 BO3MOXKHOCTHU CYIIECTBOBAHUS MHOTOMEPHBIX IPOCTPAHCTB U
Jaxe BO3MO)XHOCTh CYIIIECTBOBAHHS «qrapayIeIbHBIX
HETIePECEKAIONIMXCs MHUPOB» — Ojed, KOTOpbId B3AT (aHTacTaMH Ha
BoopykeHne. OJIHAKO MaTeMaTWKa JIETKO YOEXKIaeT B peabHOM
CYIIECTBOBAHHNH MHOTOMEPHBIX ITPOCTPAHCTB.

3aMeneHHe BPEMEHH MMOPOIMIO WLIIO3UI0 BO3MOXKHOCTH CO3IaHUS
«MAIllMH BPEMEHU», U UX u300peTaror y Hac, B Poccuu, B CIIIA u B
OpyruX MecTax. B maHHOM mpuMepe TOpPXKECTBYET MPHHIUI
BEPOATHOCTU U TepnuT (uacko aerepmuHusM B [lpupome. Ilocnennmii
3aKpBIBAET MyTh K CTPOMTEILCTBY «MaIlMH BPEMEHH», MO0 IPOILIOE,
HacTosmiee W OyAyllee SBILIIOTCS JKECTKO NPUYNHHO—CIICACTBEHHO
CBSI3aHHBIMU M HE MOTYT OBITh IIEPECTABICHHBIMU BO BPEMEHU MECTaAMH.
3aMemIeHHe BPEMEHH TAKXKE IMOPOJIIO MBICICHHYIO BO3MOXKHOCTD
IPEBpaIleHUs] MPOCTPAHCTBA BO BpeMsS U, HAOOOPOT, BpPEMEHH B
IPOCTPAHCTBO.

BeposATHOCTHBIN MOAX0/] BPEMEHHO IIOJIE3CH» TaM, 1€ JIFOH HE 3HAIOT
BCEX (PM3MYECKUX U BPEMEHHBIX XapaKTEPHUCTHK sBIeHU. [loaToMy BCe
BEPOSTHOCTH B (PH3HKE, SBILIIONIMECS CICICTBHEM CTPEMIICHHS Kak
MOXXHO CKOpee TOHITh MHp 0e3 [OCTaTOYHBIX 3HAHUH O HeM,
MOPOKICHBI ~ HE3HAHHEM W SIBISIIOTCS «TICEB/IOHAYIHBIMU»
NPEACTAaBICHUSAMH WM BPEMEHHBIM BBIXOJJOM M3  CO3JaBLICTOCS
TIOJIOXKEHHSL.

WnmocTpanueil HECOCTOATENFHOCTH TEOPETUICCKON (PU3UKH CIYKUT U
TEOpHs «CYIEePCTPYH», B QyHIAMEHT KOTOPOH MONOKeHa Heu3niecKkas
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KaTeropusi MpOCTPaHCTBa—BpeMeHH (Space+time).

Ecin ¢usuka pemmt BhIlleyKa3aHHbIE IPOOJIEMBI IIPOCTOW MapaurMon
CBETOHOCHOH cpedst, TO cepa NEATETBHOCTH A TaK HA3BIBACMBIX
«TICEBIOTEOPHIN» 3HAUUTEIFHO COKPATHTCSI.

IMoctynar A. DiiHIITeiHA HA aHTTIMICKOM s3bIKE 3BYUYHT Tak: «...light is
always propagated in empty space with a definite velocity [¢] which is
independent of the state of motion of the emitting body». Cser Bcerna
pacnpocTpaHsercs B IIyCTOM IIPOCTPAaHCTBE C  OTPaHUYCHHOMN
(ompeneneHHO#) CKOPOCTHIO, KOTOpas HE 3aBHCHT OT COCTOSHHS
JIBIDKEHHUSA H3JIydarollero Tena. Bce cka3aHO IpenenbHO HaydHbIM
00pa3oM, IPETEHAYIONUM Ha TTyOOKHH (PU3MIECKUN CMBICIL.

I'myGokuii (U3MYECKUIA CMBICT 3aKIIOYaeTCs B TOM, 4YTO TaKUM
CBOWCTBOM MOXKET oO0JIaaTh TOJNBKO HeKas (Qu3ndecKas cpeod.
JeficTBUTENBHO, €CIM CKOPOCTh CBETA, M3IYUYCHHAs] TEJOM, Jajlee He
3aBUCHUT OT CKOPOCTH TeJa, TO 3TO BO3MOXKHO TOJIBKO B ONPEAEICHHOM
cpeme. Takoil, Kkak, Hampumep, BO3AYyX, B KOTOPOM 3BYK
pacrnpocTpaHsieTcsi C ONpeAeNeHHON CKOpPOCTbIO, HE 3aBUCAIICH OT
CKOPOCTH UCTOYHHKA, U OINPEENIAETCS TOIBKO MIIOTHOCTHIO U 0ObEMHOM
VIPYrOCTBbIO  BO3ayxa. Takum 00pa3oM, MONYAIHUBO MOCTYNIAT
DWHIITeHA YTBEPXKIACT HATMYUE BMECTO MYCTOTHI (PU3UIECKON cpedsl,
napaMeTpbl KOTOpPOH M ONpEenesstoT CKOPOCTb CBETa, PaBHYI, Kak
M3BECTHO, KOPHIO KBAJPaTHOMY M3 MPOM3BEICHUS OOpPATHBIX BETUYUH
3JIEKTPUYECKON U MarHUTHOM MpOHUIIaeMocTel BakyyMma. UTo naer yder
cpeodbl KaK MeCTa CyIIeCTBOBaHUS BeecTBa BeeneHHOH?

Ouryeckoe 000CHOBAHUE TSI «POIKACHUS» TAPBI IEKTPOH—ITIO3UTPOH
MIPH DHEPTHH, HEOOXOIUMOMN IJIsi BO3JICHCTBHS HA CTPYKTYPY Cpeodsl U
uisT 00pa3oBaHMsl «CTYCTKa» MAacChl ABYX OSTHX YacTHIl. PoxaeHne
Macchl JIOJDKHO MMETh CBOK MOJEJb, KOTOpas IIOKa €Il HEACHa, HO
MOXeET OBITh NPEICTABICHA KaK HEKUH BHUXPh B IMOTOKE MAarHUTHOMH
UHIYKIIAU BHYTPH 3apsIOBOH 000JIOYKH IJICKTPOHA U TIO3UTPOHA.

Ecnu  BBICKa3aTh THUIOTE3y, YTO BEIWYUHBI 3apsmoB (+) u (o)
OTJIMYAIOTCS Ha 7,848981010_41 Kynown, TO 3TOW pa3HMIBI IOCTATOYHO,
4TOOBl Cpeda ObUIa WCTOYHMKOM TpaBUTAlMM W wHepnuH. Cralblii
ANEKTPUUYECKUN 3apsij] cpedsl, B KOTOPOU HAXOMASITCS BCE MAaTepUAIbHBIC
Tena, MPUTATHBAET BCe Teja APYr K Apyry mo 3akoHy Kyiona, B
corjacuu ¢ 3aKoHOM TaroteHus: HetotoHa. C apyroit cropoHsl, ciaalbli
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3apsA cpedvl OJHOTO 3HaKa 00pa3yeT CHJIbI OTTAJKHWBaHUS, KOTOPHIE
OpOSIBIIIOTCS B BUIE pacmmpsitomneiics Beemennoit. Takum  oOpa3om,
CHUMAaeTCs 3aragka yIUBHTEIHFHOIO EAWHCTBA CHJI TATOTEHUS M CHII
«OTPUIATENILHOTO» JaBieHUS Aiisg BceneHHoW. YkazaHHash pa3HOCTh
BennynH 3apsaoB  (+) u (=) cpedbl JOTUYHO CleayeT u3 ee
3JIEKTPUUECKOH CTPYKTYpHI, @ HE BBEACHA KaK IPOU3BOJIbHBINA apaMeTp.
l'umore3a mnpupoAbl TrpaBUTAllMM [OATBEPXKIEHA pacueTaMu yria
OTKJIOHEHHUSI D3JIeKTpOMarHUTHOM BosiHbl CosHuem. PacueTHbld yrou
PacXoIuTCs C SKCIICPUMEHTAIBHBIM 3HAYEHHUEM TOJIBKO B IISITOM 3HAKE,
KOTOPBIA 3aBHCUT OT TOYHOCTH 3HAHMS pPsna (PU3UUECKUX BEIWUHH,
BXOJAIUX B ¢opmyiny pacudera. CoBmnajeHue ¢ oOmeld Teopuein
otHocutenbHocTH DitninreiiHa (OTO) mpaktiuecku monnoe. OTinuue
cocraBisier To, uro B Teopun OTO mnpeobnamaer KOHUEHIHA
OPOCTPAHCTBA U BPEMEHH (T€OMETPHS), a B MIPUPOJIC TPABUTAIMHU JICHKHUT
¢usmueckoe  obocHoBaHme. CKOpPOCTh CBETa  HEMOCTOSHHA U
OTIPEIIEIISICTCS. COCTOSTHUEM CPeO0bl, KOTOPOE 3aBUCHT OT DIICKTPHUCCKHX,
MarHUTHBIX, TPABUTAIIHOHHBIX TOTCHIINAIOB.

W3 ycTpoiicTBa cpedvl W CBA3aHHOW C HHUM MPHUPOJONH TpaBUTALMU
Clle/lyeT CYLIECTBOBAHUE «UEPHBIX JBIP», HAa Kpaw (IPaHuIle) KOTOPBIX
peanu3yercs npeesibHOe YCKOPEHUEe OT CHJl TAroTeHus. OHO MPUBOAUT
K pa3pyLICHUIO CBA3EH B AJIIEKTPUUECKON cpede, POXKICHUIO BEIIECTBA U
aHTUBEIIECTBA (TaK HAa3bIBAEMOE  HCIIAPEHHE» YEePHBIX  JBIP,
TEOPETUYECKH TIPENCKA3aHHOE HBIHE 3APABCTBYIOIIUM AaHTJIMHCKAM
yueHbiM O. Xoykunrom). OJHAKO Ha Kpar YEPHOU IBIPHI CKOPOCTh
CBETa B CHJIy MCUE3HOBEHUS Cpedbl €0 PAacIpPOCTPaHEHHs paBHA HYIIIO.
A B Teopun DHHIITEHA TOBOPUTCS, YTO BpEMs 3aMeJII€TCs] HACTOJIBKO,
YTO YacTOTa SJIEKTPOMATHUTHBIX KOJIeOaHUH CTAHOBUTCS HYJIEBOM.

Camo co0oil ciemyer, 4TO cpeda SBIACTCS HOCHTEIEM BCEX BHIOB
QJIEKTPOMAarHUTHOTO ~ W3JIyYeHHs, HadWHash OT  CTaI[lOHApHOTO
9JIEKTPUYECKOTO HAampsHKeHUST M KOHYas CBEPXBBICOKOYACTOTHBIMU
«(HOTOHAMU», KOTOPBIE MOTYT OBITH OIIMCAHBI HE KaK 3JICKTPOMAarHUTHOE,
a Kak MAarHMTOdJIeKTpUYecKoe sABJeHHe. B mocienHeM ciydae
PEIIAONIyI0 PO UTPAaeT MAarHUTHAS MHAYKIHS Cpedsl, OTIPECIIOnmas
CTOJIb MaJIble pa3Mepbl MAarHUTORJIEKTPHUECKOTO BO3MYILIEHHSI, KOTOPHIE
B TBHICSYM Pa3 MEHbBIIE pa3MepoB aTtoma Bozaopona. EctecTBenno, 4to
CTOJIb Mallble Pa3Mephbl MOPOXKIAIOT HILTIO3UI0, 4TO (OTOH o0NamaeT
cBoiicTBaMu yactull. Kpome TOro, B CBEpXBBICOKOYACTOTHOM JIHAINa3oHe
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WCYE3al0T KBAHTHl M3JIYYEHHUS, U CIEKTp M3IIydyeHHs mpuodpeTaer
XapakTep  HENpEepbIBHOCTH. IOTO  BHOBb  CTaBUT  Ipodiemy
«OHEPreTHYECKON KaTacTpodbD», KOTOpask OTPUIIAET OCHOBHI KBAaHTOBOU
MEXaHMKH.

CtpykTypa cpedsr TpsIMO BeJET K MOHATHUAM KBAHTOBOM MEXaHUKU B
OTrpaHWYCHHOMN 007aCTH (PU3UKH, HAUMHAS ¢ KBAHTOBAHHS 3JICKTPOHHBIX
«OpOUT» B aToMax. ITO cpeda ONpeeseT «pa3pellicHHBIE» MecTa
PacrooKeHUs JIEKTPOHOB BOKPYT sep.

Takum 00pa3oM, cpeda ecTh HEOOXOIUMOE MECTO CYIIIECTBOBAHUS BCETO
BemiecTBa, wmarepun Bcenennoit. OgHUM U3 CBUIETENBCTB  WITH
00OCHOBAaHHMEM JTOrO IOJOKEHHUS  SBIIIETCS TaK  Ha3bIBaeMas
KomnTroHOBCKass ~ JyiviHA  BOJHBI  JJIGKTPOHA, KOTOpass  MPSIMO
pacCUMTHIBACTCS C OONBIION TOYHOCTHIO COTJIACHO JJIEKTPUYECKOU
CTPYKTYpE cpeowl.

OkaspIBaeTCs1, YTO MOCTOsiHHAs IliaHKa He eCTh 3araJOoYHbId «KBaHT
JIEUCTBUSA», a TIOJHOCTBIO OIpPEACNsETCs TMapaMeTpamu  cpeobl,
BOCTIIPUHUMAIOIIEH H3IyYeHHE C YacTOTaMHU [0 2,484.1020 Ty ToNBKO
KBaHTaMU. TeM caMbIM, TOT KpHU3UC, KOTOPBIA CTaBIT B BHUHY
KJIACCHUYECKOW (DU3UKE, JOTHMYHO TMPEOJOJICBACTCS BBEACHUEM CPeObl.
Koncranra Ilnanka HEM3MEHHO MNPHUCYTCTBYET BO BCEX KBaHTOBBIX
nomxojax. OTO  JIOTOJHUTENBHOE  CBHUACTEIBCTBO B TOJB3Y
HEOOXOJIMMOCTH yUYeTa Cpedbl KaK eCTECTBEHHOTO MECTa CYIIeCTBOBAHHUS
Bcero BemecTBa B mpupoae. Cpeda comepXUT 1Ba KBaHTa!
JNIEKTPUYECKUI 3apsii OAMH HAa BCE M3BECTHBIE MHUKPOYACTHIIBI U TIOTOK
MarHUTHOW MHIYKIUH.

Emie Hen3BeCTHO, Kakue MPOIECCHl MPOUCXOMAT B IEHTPAaX TrajaKTHK.
HaOroieHus MOKa3bIBarOT, YTO HEHTPHI TAJIAKTHK POXKIAIOT BEIIECTBO
3Be37. OHM 4YacTO BEepOM HCTEKAIOT M3 LIEHTPOB W PaCIOararoTcs
MPUMEPHO B OJJHOH TIOCKOCTH, YTO CBHJIETEILCTBYET O TOM, UYTO [EHTPHI
raJlakTUK OBICTPO BPAIIAlOTCSA, U B 3KBATOPHAILHON 007aCTH CO3ar0TCS
OnaronpusATHBIC YCIIOBHS LIS BRIOpOCca BemecTBa s 3Be31. [10m00HbIM
o0Opa3oM 00pa3yroTCsl IUIAHETHBIE CHUCTEMBI BOKPYT BPAIAFOIIUXCS
3Be37. CuuTaercs, 4TO IICHTPHl TaJlaKTHK — 3TO TUTAHTCKUE YEpHBIC
JObIpbl. B KOHIENIIMW cpedbl CYNICCTBOBAHHS BEIIECTBA MOXKHO
BBICKA3aTh TUIIOTE3Y, YTO CPeda B 0COOOM COCTOSTHUU POXKIAET 3BE3/IHBIC
CHCTEMBI — FaJaKTHKH.

B actpodusuke Bce OONbIIe CKIOHAOTCS K TMOHHMAHHIO, YTO
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CYLIECTBYET HEU3BECTHAs «TE€MHas» MaTepus M «TeMHas» dHeprus,
KOTOphIe 3aHMMAaroT mpumepHo 96% Oe3 Bcero BemiecTBa. BemecTBo
3anuMaeT MeHee 4% Bo Bceil Bceenennoii. I'oBopsT, 4TO 3Ta TeMHas
CYITHOCTh OTBETCTBEHHA 3a pacimupeHue BceneHHolt Omaromaps
CBOMCTBY aHTHTpaBUTAIlMH. [ umoresa o mMpupoje rpaBUTAIMU OTBEYAET
MOJIOKUTENIFHO Ha TakWe MPeANoJoXKeHHUs: paciupenue BcenenHoii
MPOUCXOJUT H3-3a C1abOro DJIEKTPHUYECKOTO 3apsija cpeosvl, a
pacrpenienieHHas «Macca» B (OpMe MOTOKOB MArHUTHOW WHIYKIUU U
€CTh Ta TEMHAsI MaTEPHsl.

Bce oaneMeHTapHble 4YacTHIBI  (DJIEKTPOHBI, IO3UTPOHBI, ME3OHBI,
OPOTOHBI, HEHUTPOHBI © T.O.) HAXOAATCI B cpede U C HeEi
B3aMMOJICUCTBYIOT. JTO B3aUMOJEHCTBHE NPUBOAUT B  CiIydae
9JIEKTPOHOB M TMO3UTPOHOB K CHUJIBHOMY BO3ICHCTBUIO Ha cpeody,
MPUMBIKAIONIYI0 HEMOCPEJACTBEHHO K TpaHHLaM YacTHull, KOTOpoe
obneryaer poXKJACHWE IMap BellecTBA M aHTUBeniectBa (ortoHamu. B
Clly4ae TIPOTOHOB Ha WX TPaHHIAX Cpeda pa3pyliaeTcs HACTOJIBKO, YTO
MPOTOHBI  OKa3bIBAIOTCS OJIETHIMU B  «IyObI» U3 BHUPTYaIbHBIX
3JIEKTPOHOB W TO3UTPOHOB. M Tombko Kk mepBodi bopoBckoit opbute
cpeda OKa3blBaeTCsi B LIEJIOCTHOM COCTOSHUU. OTO B3aUMOJICHCTBHE
cpeodbl W YaCTHIl IPUBOIMT K (PaKTOpaM, OMPEACISIONUM BPeMs KU3HU
HEKOTOPBIX M3 HUX. Tak, HEUTPOH uMeeT Bpems xu3HU 10 30 MUHYT B
3aBUCUMOCTH OT COCTOSIHHSI, B KOTOPOM OH MOKHUHYI siApo. [ Me30HOB
«pazaupatonyie» KyJIoHOBCKUE CHIIBI MEXKIY CPedoii M YaCTHIIAMHU CTOJIb
MOIIHBIE, YTO BpeMsl JKU3HM ME30HOB Ype3BbIUaiiHO KOpoTKoe. OmHaKo
JBWKEHHE 4YacTHULl C OOJBIIOM CKOPOCTbIO OTHOCHUTENBHO Cpeobl
OPUBOAUT K TOMY, YTO 3TH CHUJIBl 3aMETHO YMEHBINAIOTCSA, U MpU
CKOPOCTSX, OJIM3KHX K CKOPOCTH CBETa, OHU Majibl. Bpems H3HU TaKuX
YaCTHI yAJIuHsETCsA. B Teopun DWHINTEIHA TOBOPUTCS O «3aMeIJICHUN»
BpeMeHU. B KoHeuHOM cdyere, BpeMsl >KM3HH YaCTHIl OIpenemsieTcs
BHYTpEHHEH yCTOMYMBOCTBIO M BHEUIHMM BO3ACUCTBHEM cpeobl.
[IpoTons! 06nanaroT GaHTacTHYECKON SHEPTHEi CBS3H, K OHU HACTOIBKO
paspylIaloT BHELIHEEe BO3JEHCTBHE, YTO BpeMs JKU3HU MPOTOHOB
orpoMHO. [Ipu OoONBIIMX CKOPOCTAX JBFOKEHHS YaCTHII B cpeode
oOpa3yeTcsi CrynieHHe TIOTOKOB MAarHUTHOW WHAYKIHH, KOTOPOE
MIPUHUMAIOT 33 POCT MAacChl YaCTHUIL IIPH POCTE UX CKOPOCTH.

BeposiTHO, criucok GpU3MUecKuX SBICHHUM, CBA3aHHBIX C HATHYUEM CPeObl
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0oOUTaHUs BEIIECTBA, MOXKET OBITh MpPONObKeH. Ho yke 3Toro BmoiHe
JOCTATOYHO, YTOOBI TPH3HATH BEIUKYIO POJb ¢pedbl ((PU3n4ecKoro
BaKkyyMma, 3(upa) B CaMOM CYIIIECTBOBaHUH BceneHHON 1 B mporieccax, B
Hel npoucxonamux. Ocoboe MECTO 3aHUMAeT «MEXaHNU3M» IPaBUTALIUI
u uHepruu. MO0 TONBKO OH CHOCOOCH «OTKPHITH TIJla3a» Ha
neiictButenbHOe  yerpoiictBo  [lpuponsl.  Ilpunstas B (usmke
METOJI0JIOTHsI, BO3MOXKHO, U SBJISIETCA HEOOXOAMMOM, HO HEJAOCTaTO4Ha
JUTsI IOHUMaHUA CYIIHOCTU «IIPOCTPAHCTBa» U BellecTBa. PaccMoTpeHue
cpedbl OONTAHNS BEUIECTBA CMOKET BBIITOJIHHUTE YCIOBHS TOCTATOYHOCTH
B J1000# (pyHIaMEeHTaTLHON TEOpHUH.

3HaHUE YCTPOHCTBA CTPYKTYpPHI Cpedsvl, 00Opa30BaHHON 3IIEKTPHUSCKOU
PEIIETKON U3 3JIEMEHTAPHBIX JJEKTPUUECKUX 3apsiOB, MOTPYKEHHBIX B
MOTOKM MAarHUTHOW WHIYKIMH, JaeT BO3MOXHOCTh JUIS YIPAaBJICHUS
CHJIAMH TPaBHTAIMU U UHEpUUHU. Bo3ielcTBOBATE HA cpedy MOKHO:

a) M3JIyYCHHUEM C YacTOTaMH, MPUONMKAIOIIMMHUCS K 4acToTe ()OTOHOB,
DHEPrHUs KOTOPHIX HACT Ha 00pa30BaHUE Map <AICKTPOH—IIO3UTPOH,

0) DIEKTPUYECKHUMHU HAMPSOKEHUAMH B Cpede, YTO MaJONEPCIeKTHBHO
U3-32 PeaNbHOrO Mpo0Os BemecTBa U CIIa00i 3aBHCUMOCTH CTPYKTYPHI
OT DJICKTPUUCCKHUX HATIPSHKCHHIA;

B) MArHUTHBIMU HANPSOKEHHOCTSAMH (ITOTOKAMU MATHUTHOM WHIYKIHH).
D10 HamboJiee MEPCIEeKTUBHBIA CIIOCOO0 BO3JCHCTBHSA, OCTHXHMBIA B
3eMHubIX yeinoBusx (1-10 Tecra nOCTaTOYHO 1T KOMIICHCAIIMK 3€MHOTO
TATOTEHUS);

r) mpeoOpa3oBaHHMeM Cla0bIX YCKODEHHH B CHIbHBIE YCKOPCHHUSI
yOApHOTO THIA; pealu3aldell  BpamarelbHbIX  (IIEHTPOOEIKHBIX)
YCKOPEHHH.

[ToTeHnnaneHast HIIEKTPUIECKasi © MaTrHUTHASI SHEPTHA B ¢pede OTPOMHA.
Ee onenka, ucxoss U3 3HEPrUM OJHOTO JUIIOJS, PABHOTO 1,6°10_13 LDie,
JacT BEIUYMHY IEKTPUYECKOW SHEPTUH B OJHOM KyOHIECKOM METpe
cpedvt opsinka 107" [, 4T0 SKBHBANCHTHO AHHUIMISALME MACCHI B
10" k!

Jns  tunote3sl 00 DJIEKTPOHHOW CTPYKTYpe cpedsl HEeo0XO0IuMO
MIO3HAaKOMHUTBECS B CaMbIX OOIIMX YepTax C 3JIEMEHTApPHBIMHU 3apsaaMu
peasbHO CYIIECTBYIONINX JJIEKTPOHOB M MO3UTPOHOB. Hipke mpuBemeH
KpaTKui 0030p 1o TeMe.

IMopsnka 2000 ner Hasan JIEMOKPUT BBEN MOHSITHE <«QTOMD.
CoBpeMeHHas (pU3UKa NPUHSIA 3TOT TEPMUH, M OH 0003HAYAET ONHY W3
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OCHOBOIIOJIATAIOIIMX S4YE€EK CTPOCHUS BEIIECTBA — MOJOKUTEIBHO
3apsHKEHHOE AP0, OKOJIO KOTOPOrO B HENPEPHIBHOM JIBHXKEHHU
HaXOASTCA JIEKTPOHBI, KOMIIEHCUPYIOLIUE €ro IOJIOKUTEIbHBINA 3apsin
OTpULIATEIbHBIMU  3apsaMM  IEKTpoHOB. PakT  yCcTOWYMBOIO
paBHOBecHs sipa U 00JIaKka AIIEKTPOHOB HAYKOH OOBSACHAETCS TOIBKO C
MOMOIIBIO CHUMBOJIOB KBaHTOBOM MexaHuku u 3ampera Ilaymu. B
OPOTUBHOM CJIydae, «COTJACHO» KJIACCHYECKOH (DU3HKE, DIEKTPOHBI
ObUI Obl 00fA3aHBI «yMacTh» Ha sAApo. B omHOM 3TOM 3akioyaercs
ycIieX KBAaHTOBBIX IPEICTABICHUH B (usuke. DPupy «CMepTEeIbHO HE
IIOBE3JIO» 10 CPAaBHEHUIO C aTOMOM, HECMOTpPs Ha TO, YTO INOHATHEM
«@pup» mnonp3oBamuch co BpemeH M. Heioroma u go ®penens,
Makcpemna, ®u3o, Jlopenna. [la u DUHINTEHH MOJ KOHEI[ TBOPYECKOU
JKU3HH COXKaJIeN, 4YTO HE BOCIHONB30BANCS JPHPOM Kak Cpeooil,
3aMOJHAIONICH MYCTOTY mpocTpaHcTBa Bceenennoit. IlogcmynHo adgup
CyllecTByeT B ero nmocrtymarax. Ho cymectBoBanne adupa
HECOBMECTUMO C TEOpUAMU OWHINTEHHA M C JOPYTHMH TEOPHIMH B
¢usuke.  YnuBUTENBHOE A€o, 4YTO  (U3HMKH, 3a4apOBaHHBIC
JOCTMKEHUSAMH MAaTPUYHOM MAaTeMaTHKH, OIMCBIBAIOLIEH IycToe
MPOCTPAHCTBO IUTIOC BPEMsl, TaK HEB3TIOOWIN d(QHp, YTO JaXe BBEIH
HOBOE MOHsTHE — (pru3mdeckuii BakyyMm — BMecTo 3¢upa. Ho Ha kakom
OCHOBAHUH BBEICH HOBBIN M HEYKITIOKUI TEPMHUH TUIIa OapoKaMepHhl HIIH
mblJIecOca BMECTO HCTOPHYECKH 3aciIy’)KEHHOTO TepMHHA «up»?
OcHOBaHUM IS TAKOU 3aMeHBI a0COJIFOTHO HeT!

PazButne B XIX Beke mnpencraBieHuii 00 aTOMapHOM CTPOSHHUH
BelIeCTBA M JUCKPETHOCTH DJJEKTPUUECKOro 3apsAga IMpHBEIO K
OTKPBITUIO JJIEMEHTApPHOW YacTUIBl — OJJIEKTPOHA — HOCUTEJNA
JIEMEHTAPHOIO U  OTPULATENBHOIO HEIEIUMOIO  3JIEKTPUYECKOIO
3apsga. Jlupak mnpenckasail CyLIECTBOBAHUE AHTUYACTHL, M IO3UTPOH
KaK aHTUYACTHIA JJIEKTPOHA OBUI OOHApYKEH B KOCMHYECKHX Jydax
aMEpUKAHCKUMHU Y4YeHbIMH AHAepceHoM, bimsketoM M OKKUHAIUHH B
1932 romy. OCHOBHBIE TapaMeTPhI 3JEKTPOHA (TIO3UTPOHA) CIIEIYIOIIHE:

macca m =9,10938188(72)+10" ke,
sapsn € =1,602176462(63)+10" K

KBanToBOM MeXaHUKOW [JIsl 3JIEKTPOHA YCTAHOBJICHBI ITApaMETPhI: CIIHH,
MarHUTHBI MOMEHT U T.II., KOTOPbIC HE UMEIOT OTHOIICHUS K PeabHBIM
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BPAIlICHUSIM MUKpOYacThll. KBaHTOBBIX BOIPOCOB 3leCh He Oynaem
KacaTbCsl, XOTS DJIEMEHTAPHBIA 3apsii €CTh HE YTO HHOE, KaK KBaHT
3apsina. BoT peanmpHBIM BOmpoc: 3apsiAbl 3JEKTPOHA W TMO3UTPOHA
OIMHAKOBHI? OIIBIT MOKA3BIBACT, YTO C HE OUYEHb OOJMBIION TOYHOCTHIO /10
10-ro 3Haka mocie 3amAToil OHM OAMHAKOBBL. HO Tak au 31O, ecim
npeArnonaraT 0ojiee BHICOKYI0 TOYHOCTB? [IOCKONBKY Ha 3TOT BOIPOC
MOKa HEBO3MOXKHO OTBETUTh C IIOMOIIBIO OKCIEPHUMEHTa, TO €CTh
BO3MO)KHOCTB IPEIIOI0KUTD, YTO B JAHHOM CIIy4ae CHMMETPHSI HAIIIETO
MHUpa HapylIeHa U 3apsabl AJIEKTPOHA M MO3WTPOHA HE PaBHBEI B 21-M
3Hake. Uto 310 maer? OAuH W3 TVIABHBIX PE3yJbTAaTOB 3aKIIOYACTCS B
TOM, YTO, COTJIACHO 3aKOHY COXpaHEHHs 3apsna, oTKpeitoMy dapaneem,
3apsiIpl DJIEKTPOHA W TO3UTPOHA, JJICKTPOHA M IMPOTOHA HE MOTYT
YHAYTOXUTB APYT apyra. UHEIMU cOBaMH, 3JIEKTPOHBI HE MOTYT YIIacTh
Ha SITPO aToMa, SJIEKTPOH M MO3UTPOH HE MOTYT aHHUTHIMPOBATh HHAYE,
KaKk TpU YHHYTOKCHHHM HMX MAacC, a 3apsasl OCTAIOTCI U 00pa3yroT
CBSI3aHHBIC 3apsIbl CTPYKTYPHI cpedst. Kak OynmeT mokasaHo HIDKE B
pa3zmerne 00 MCTOYHHUKE I'PAaBHTAIMH, HEPABEHCTBO 3apsI0B JIEKTPOHA U
MIO3UTPOHA TIOPOKAAET CUITBI TPABHUTAIIHH.

DJIEKTPOH U MO3UTPOH SBIIIOTCS UCTUHHO 3JIEMEHTAPHBIMH YaCTUIIAMH.
OTO HErjacHO MOJTBEPIKIAACTCS KBAHTOBOM XPOMOAWHAMHUKOM, KOTOpast
OCHOBaHAa Ha TEOPUH KBApKOB, IO KOTOPOH BCE YACTUIIBI TsDKElee
aNeKTpoHa (MO3UTPOHA) COCTOSAT M3 KBAPKOB C JPOOHBIM 3apsiioM IO
OTHOUICHHUIO K LIEIOMY 3apsiay dMeKTpoHa. B sToM cimabocTs mo3ummu
KBAaHTOBOW XPOMOJMHAMUKH: Jienias 3asiBKy Ha 0oJiee MEIKOe CTPOCHHUE
TaKUX YacTHIl, KaKk IPOTOH, HEHTPOH H T.JI., OHA MACYeT Mepen
npoOIeMol CTPOEHHS HJIEKTPOHA W TO3UTpoHa. HO HAXOmUT BBIXO[,
OOBSBJISISL TOCIIEAHNE «TIApTHEPAMHU» KBapKOB!

B ¢usuke cunraercs, U, BeposATHO, He 0€3 HEKOTOPOTO OCHOBAHUS, YTO
YaCTULbl HE SBJISIIOTCA COCTABHBIMU, KPOME TEOPUH KBApKOB, KOTOpas
OCHOBaHA Ha TOM, YTO KBapKH SIBJSIFOTCS ¢TUHCTBCHHBIMU COCTABHBIMHU
YaCTSIMU YaCTHII.

OpHako HEHTPOH OEMOHCTPUPYET CBOM COCTAaBHBIC YaCTH. NPOTOH H
anekTpoH. HesicHa ponb HEWTPUHO: KaK OHO POXKIAETCS M POJb €ro
00pa3oBaHUsl B HEUTPOHE, €CIM OHO TaM CYIIECTBYeT. MOXKHO TaKxke
MPENONIOKUTh, YTO HEUTPOH B sJipe Takke HecTaOuiIeH, KaKk U Ha
cBoOozme. Torma Bce peakuuu oOOMEHa HEUTPOHOB M TMPOTOHOB
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9JIEKTPOHAMHU CYIIECTBYIOT IIOCTOSHHO BHYTpH sapa. KoHKpeTHbIi
HEUTPOH CTAaHOBUTCS MPOTOHOM, a MPOTOH — HEUTPOHOM MpPU TaKOM
oOMeHe. DTO TIONOKEHHE MOXKET OBITh MOATBEPKACHO CIIEAYIOIIUM
U3BECTHBHIM (DaKTOM — OCBOOOXKICHHBIE W3 SAOpa HEUTPOHBI HMEIOT
«CIIEKTP>» BPEMEH JKU3HU C HaWOOJBIIEH MPOJOIDKUTEIEHOCTBIO SKU3HH
1o 30 munyT. CpemHee BpeMsl JKHU3HH COCTAaBISET IPUMEPHO 15 MHHYT.
3TO 3HAYMT, YTO HEUTPOHBI MMOKUIAIOT SIIPO HA PA3HBIX CTAIUIX OOMEHA
9JEKTPOHaMU C TPOTOHaMH. M HUYEro He H3BECTHO OTHOCUTENIBHO
JIpyroro pacmaja HEWTpPOHa, MHauye KaK Ha IMPOTOH M JJEKTpPOoH. B
(u3nKe HEe3HAHWE MCTHHHOW NMPHPOIBI paclana MPUKPEIBACTCS TEOpUeit
BEPOSITHOCTH.

Teopernueckas pusuka XX Beka

OnMH TONBKO B3IVIS C BHEIIHEH CTOPOHBI, 0€3 IETAILHOTO 3HAHUS, HA
TEOPETUUECKYIO (PU3UKY HABOAUT HA PSIJ] PA3MBIIILICHHIA:

CoopyKeHO «3IaHie» HEMMOBEPHOM BBIIIUHBI U cofepkanus. [Ipu sTom
3aTpaveH KOJOCCAIbHBIA TPY/A TaJaHTIMBBIX Y4YCHBIX. B mocTpoeHuu
Teopuil npeycnenu Benukue co3nateny GU3NIECKUX TEOPUi:
3ommepdenna(1868-1951), lllpémmurep(1887-1961),
Teitzentepr(1900-1976), Tupax(1902-1984), Jitnurreiin (1879-
1955), ®eiinman(1918-1988).

BonnoBoe ypaBuenne IlIpéamHrepa TOYHO OMNUCAIO BOJHOBBIC
CBOWCTBA MHKPO 4YaCTHI[ O€3 YKa3zaHHWs IPHUPOJBl YaCTHIIA—BOJIHA,
BOJTHOBBIE TIOJIS 0€3 3HAHWSI, YTO OHU MPHIYMaHbI JIFOJAbMH, KOTOPBIX HET
B mpupoge. KBaHToBas MexaHHKa HHUYEro He pellwia C MPUPOIOH
TpaBUTALNY, WHEPLUUH, C POXKACHHEM MacC MHKpodacTH. OTKpBITHE
acTpopU3UKaMU «TEMHBIX» CYIIHOCTEeH BceleHHOW MOCTaBrUIO B TYITHK
Bce mpensiaymue teopuw, BKaoyas KM. VckpuBnenuss HEMOHSITHOMN
(dusmueckoil abcTpakuuu Spacettime Hu Ha Imar He NPHOIU3HIO K
MOHUMAHUIO TPaBUTALMK U WHEpUUU. OOMEHHbIE TOJS WIM YaCTHUIIB HE
BCKpPBUIM TMPUPOJY CHJIOBBIX B3auMmojeicTBuii. M Tak Be3me ¢
IPUHIMIIOM CTPOTOTO MAaTEeMaTHYECKOTO OIMCAHUS SIBICHUH, KOTOpOe
€MeJI0 MOKHO OTHECTH K UCIO0JIb30BaHUI0 MeTonooruu Iltonemes.
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B Teopermueckoii (u3MKE NPUMEHEHO CIOXKHOE MAaTeMaTHUECKOE
OTIMCAaHNE SBICHUH, N3BECTHBIX 10 HAOIIONCHHUAM U HKCIIEPUMEHTaM, HO
HEU3BECTHBIX IO MPHPOJE, MO «MeXaHW3Mam» peanu3anud. K takum
(yHZaMeHTaIbHBEIM  SBJICHUSIM, B HEPBYIO OdYEpelb, OTHOCSTCS
pacnpocTpaHeHue CBETa U OrpaHHMYEHHE €ro CKOPOCTH B BEIIECTBE U B
«mycrore» (B Bakyyme, B (DM3MYECKOM Bakyyme, B 3(GHpe U MpPOCTO B
npocTpancTse). OPyHIaMEHTAIBLHOM MPOOIEeMON HEU3BECTHON HPHPOJIBI
ABJIAIOTCS TPaBUTALUA U HHEPLUS BEILIECTBEHHBIX Macc.

B kayecTBe TIIaBHOTO KPHUTEPHS OICHKH JIIOOOW CYIIECTBYIOUICH
(byHIAMEHTaTbHOW TEOPHHM MOXHO TPUHATh HAIUYMEe B HEH
NPEICTaBIEHU O TPUPOJE TPaBUTAUUU U HHEPLUHUU OOHOBPEMEHHO.
OO0was Teopusi OTHOCUTEIBHOCTH JHINTeiHA M Teopus KBAaHTOBOU
MEXaHUKH He YIOBJIETBOPAIOT 3TOMY OYEBHJIHOMY TpeOoBaHui0. B
Teopun  JWHINTEiHA WHEpPIUS I[OHMMAeTCs Kak  OKBUBAJICHT
TPaBUTALNK, B KBAaHTOBOM MEXaHUKE HET CONPSDKCHHS OOMEHHBIX
YaCTHIl TPABUTOHOB B KAYECTBE «MEXaHHM3Ma» I'PaBUTAIMU C SIBIICHUEM
WHEPLUU BEUIECTBEHHBIX Macc. PacmpocTpaHeHue cBeTta BooOIIe
OTCYTCTBYET B 3THX TEOPHUSIX.

OmnpeneneHHbId HUHTEpEC BbI3bIBalOT ONbITHl Pu30 1 CaHbsAKa, HO UX
MHTEpIIPETalMs OCTAaBISIET JKeNaTh MHOro Jyumero. Hawmbomnee
IIpUEMJIEMOE TOJIKOBAaHUE HaxoguM y MakcBeJsula: paclpocTpaHEeHHe
CBeTa OOYCITIOBJICHO HAJIMYHEM DJIEKTPUIECKUX 3apSA0B U TOKOB OT HX
CMEILIEHUS TIPU BO3ACUCTBUM 3JIEKTPOMATrHUTHBIX HampspDKeHHOCTEH E u
H.

BriBoa HampammuBaeTcs cam coOOM: MHEpLUs 3apsJOoB OrpaHHUYUBAET
CKOpOCTh cBeTa. I HUUYTO Oojiee HE OrpaHUYMBAET 3Ty CKOPOCTh. B
IIyCTOTE€ — 3TO CTPYKTypa BaKyyma U3 3apsiioB M IIOTOKOB MarHUTHOM
uHAyKIMK (MHepuus!), B BEIECTBE — 3TO MHEPLHS DJICKTPOHOB M siIEp
BELIECTBA.

IIpoHunaeMOCTH  ONpEeneNsioTcs HMEHHO CIOCOOHOCTBIO  3apsiioB
JBUTATHCs, CMEIIAThCs. [Ipu MrHOBEHHOH CKOPOCTH CMeEIeHHs ObLTa ObI
1 MTHOBEHHAsl CKOPOCTh CBETA.

B omnbitax ®u3zo—CaHbsIka CBET YBIIEKAeTCs ABIKCHHEM 3apsiioB
BeliectBa (BOJbI, CTEKJIOBOJOKHA B JIa3epHBIX THPOCKONAX). YMy
HETOCTHKAMO, IO KaKuX 1Mop (Qu3uka OyaeT Ha CPeIHEBEKOBOM YPOBHE
MOHUMAaHUs sBIeHUs pacrnpoctpaneHus cBera?! Ceiiuac yxxke XXI| Bek...

29




U Bce 00BACHATD PEISITUBUCTCKUMHE d(PPEKTaMH yxKe HETPIITHIHO.

OTH COOOpaKCHHSI CTaBAT IOJ COMHEHHUE IPaBOTy U COOTBETCTBHUE
TeopeTrueckoi Gu3uku yctporcTBy I[lpuponsl. Tak uyTo *e jaenarb B
TaKoM 3amyTaHHOW cuTyanuu? BeposTHO, Hajo MCKaTh 00OCHOBaHHUE U
PacnpOCTPaHEHHUIO CBETA, U SIBJICHUSAM I'paBUTAlMU—MHEpIHH. B dusnke
HAKOIUIEH TPOMAIHBIAH MAacCHB JAHHBIX HAONIONCHUNA H (PUIUUCCKUX
OIBITOB, KOTOPBIA W Celdac MO3BOJISIET HA WX OCHOBE OCYIIECTBUTH
MOMBITKY PEHICHUS YKa3aHHBIX NpoOJeM B TOJOXKUTEIHHOM BHJIC:
pelieHrne JOJDKHO OBITh BCEOOIMM U BceoObeMIIOINM. [lodemy
UMEHHO TaK?

Heno B Tom, uto nHama [Ipupona, npupona Beenennoi, siBnsercs equHoM
U HemenuMod. Henp3s co3maBaTh KIACCHYECKYHO (DH3HKY, TEOPUH
JiHINTeHA, KBAaHTOBYIO (H3HMKY, TEOPHIO CTPYH IPAKTHYECKA B
MOJTHOM OTPBIBE NIPYT OT Jpyra M yIOBaTh HA TO, YTO B IPEACIBHBIX
nepexofax OHW JOJDKHBI JOMONHATH Apyr apyra. dmsmka XX Beka
«acTpsula» Ha JTalle aHaiu3a SBJICHWH, HAa PACUJICHCHUW SIBICHHN
[Tpupoasl Ha oTAENBHBIE 00JACTH. JTO, E€CTECTBEHHO, HEOOXOMUMBIN
9Tamn MO3HAHWS MUpPa, HO OH HE JOJDKEH BO3BOJIUTHCS B JorMmy. HyxeH
cuHTe3 (hM3ndecKuX 3HaHui. KITrod K TakOMy CHHTE3y JISKUT B IPUPOJIE
TpaBUTAMUA—MHEPIUN M paclpocTpaHeHus cBeta. Ho Teopermueckas
¢uszuka gomycTmia TpyOyrd OMMUOKY, HCKIIOYHMB W3 MpeaMeTa
uccienosanus 3¢up. bes ahupa He OBbUIO TOHUMAHUS PACTIPOCTPAHCHHS
cBera B XIX Beke. MakcBeJUT ONPEACITUII MEXaHU3M PacIpOCTPAHCHHS
cBeTa ¢ moMoIIbo ero BektopoB E u H(B) u TOKOB cMmelieHus B 3upe.
Ceiidac 3TH cooOpaxkeHUs] MakcBeinta OJIaromoryd4Ho UTHOPHPYIOTCS B
TeopeTUdecKor Qusuke. MHOTHE SIBICHHS, OOBSICHUMBIC C ITOMOIIBIO
TOKOB CMEIICHUS, ceiidac HaXOIAT TOJIKOBAaHUE B PEIIATUBU3ME.

B mnacrositiee BpeMsi €CTh BO3MOXKHOCTh HAaWTH PEAJIBHYIO CTPYKTYDPY
a¢upa, paBHYI CTPYKType (U3WYECKOTO BaKkyyMma, CTPYKType cpeobl
Bcenennoii. Bce 9TH  mmocrtacm  TOXIECTBEHHBI  JAPYT  JAPYTY,
nouuHs0Tca Eouncmey Ilpupoowt.

Ocoboe TMONOXKEHUE B TEOPETHYCCKON (PH3MKE 3aHMMAeT KBAaHTOBAs
MexaHuka. Haumnanmace ona Makcom Ilmankom, KOTOpBIM BBEN
KBaHTOBBIN XapaKTep M3IIyYEHHUS «ISPHOTO TeJa», MOITBEPKIACHHOTO Ha
onbiTe. Jlamee orpoMHBII BKJIa/ B TEOPHUH KBAHTOBOW MEXAHUKH CIEIIATN
3ommepdenna (1868-1951) u Teitzenepr (1900-1976). BepositHo,
noctosHHyto IlIaHKa MOXHO CYHMTaTh CTEPXKHEM, KOTOPBIA MOMOT
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CO3JIaHHMI0 KBAHTOBOW MEXaHWKH: BCS KIAcCH(UKAIUSA W3BECTHBIX
MHKPOYACTHIL COJEPKHUT 3Ty HocTosHHyI0 N = 2— , KOTOpast IpUMEHEHa

B KayecTBE COCTABIIAIOLIEN CHMHA YacTui. [IOHATHE CIMHA HE HMMEET
HUKAKOTO OTHOIICHHS K PEaJbHOMY BpAIICHHIO MHKPOYACTHII,
OPUMEHSETCS Kak dYdCTO (opManbHas XapaKTepPUCTHKA U, Kak
yTIBepKaaeTcs, cooTBercTByeT [Ipupoae. ITOT popManu3M B KBAHTOBOK
MEXaHMKE JIOJDKEH BOCIPHMHUMATHCS B  KAUeCTBE KPUTHYECKOIO
OTHOILICHUSI K HEHM camoil, Hapsay C OTCYTCTBHEM B HEil MOHUMAaHUs
IPaBUTALIMY U MHEPIIUH BEIIECTBA.
CrnemyeT OTMETUTHh BBIJAIOLIYIOCS POJIb TAKUX CTOJIIIOB COBPEMEHHOM
¢usuku, kak [pexunrep (1887-1961), dupax (1902-1984),
®@eiinman (1918-1988). B 1926 romy (U3UK-TECOPETHK MO HMEHH
Opeun IIpeauHrep BhICTyNal HA HAYYHOM ceMuHape B I[ropuxckom
yuuBepcutere. OH PacCKa3bIBaJl O CTPAHHBIX HOBBIX HJIESIX, BUTAIOIIUX B
BO3/yXE, O TOM, 4TO OOBEKTHl MHKPOMHPA 4aCcTO BEAYT ce0s CKopee Kak
BOJIHBI, HEXENMM KaK 4YacTUIBl. TyT CJI0Ba IOMPOCHI IOKHJIOHN
npenoaaBarens U ckazan: «llIpeaunrep, BbI 4TO, HE BUAWTE, YTO BCE ITO
gyiis? VoM Mbl TyT BCe HE 3HAEM, YTO BOJHBI — OHHM Ha TO M BOJIHBI,
4r00Bl  OMUCHIBATHCS ~ BOJHOBBIMH  ypaBHeHUsiMu?»  [lIpemunrep
BOCIIPUHSUT 3TO KakK JHYHYI0 OOWMAYy W 3ajaics Lenbio pa3paboraTh
BOJIHOBOE YpaBHCHHE Ul OMNKMCAHHs YaCTHI[ B pPaMKaxX KBaHTOBOM
MEXaHUKH — U C OJIECKOM CIIPaBHJIICS C OTOM 3amauei.
JyanbHass KOPIYCKYJISIPHO-BOJHOBAasS MPUPOJA KBAaHTOBBIX YaCTHUI]
omuckiBaeTcss  qudhepeHIanbHbIM - ypaBHEHHEM. bieck  pemieHus
3a/1a4u KOPIYCKYJSIPHOTO Jyain3Ma 4acTHIl AyThii, TaK KaK HE pelieHa
cama IpUpoJia WK IPOUCXOKIEHHE STHX BOJHOBBIX ITPOSBIICHHIA.
®@eifHMaH pa3paboTal METOJ HMHTETPUPOBAHHS IO TPACKTOPHAM B
kBaHTOBOW MexaHuke (1938), a Takke TaKk Ha3bIBAEMBIH METOI
nuarpamm @Peiinmana (1949) B KBaHTOBOW TEOPHM TIOJIS, C MTOMOIIHIO
KOTOPBIX MOXKHO OOBSCHATh NPEBPAIIEHHS 3JEMEHTAPHBIX YACTHIIL.
VueHslii OpeUIoKUI MApTOHHYI0 Mojenb HykimoHa (1969), teopuro
KBaHTOBAHHBIX BUXpeil. s Hac IPeICTaBISIOT HMHTEPEC OOMEHHBIE
yacTUIBl WMWiK auarpamMmel  DeifHMaHa, KOTOpBIE HCKYCCTBEHHO
OOBSACHSIOT ONMKHEJCHCTBUE B 00XOA pealbHON NMPUPOIBI CHIIOBBIX
B3aumoniecTBui.  IIpakTHueckm 3TH  AWArpaMMbl  «CHSUIM» B
TeopeTuueckord  (u3uKe TpoONIeMy BCEX HU3BECTHBIX  CHJIOBBIX
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B3aumo/iericteuil B [lpupone.

CrpykTypa BakyymMa OTBETCTBEHHa 3a pOXJIEHHE @ap d3JIEKTPOH-
MIO3UTPOH B IIOJIHOM COIVIACUM C HAESIMM <«Mops» JlMpaka u omnblTamu
JIamba. VYpaBuenne Jlupaka — KBAaHTOBOE YypPAaBHEHHE [IBIKEHUS
AIIEKTPOHA, YAOBJIETBOPSIONIEe TPEOOBAHUSIM TEOPUH OTHOCUTEIHHOCTH
ycranosieno I1. Iupaxom B 1928. U3 ypaBaenus upaka cienyer, 9To
JNEKTPOH  O0NamaeT  COOCTBEHHBIM  MEXaHHYCCKHM  MOMEHTOM

h

KOJIMYECTBA JBWKEHUSI — CIIMHOM, paBHBIM h =2—, a TaKxke

COOCTBEHHBIM MAarHUTHBIM MOMEHTOM, paBHBIM MarHetoHy bopa,
XapakTepHas 0COOEHHOCTh ypaBHEeHUS Jlupaka — Hanu4wue cpemau ero
pemieHuii  TaKWX, KOTOPBIE  COOTBETCTBYIOT  COCTOSHHUSIM  C
OTPHULATEIbHBIMA 3HAYCHHSIMA DHEPTrUH IS CBOOOTHOTO JBHKCHUS
4acTHIBl (YTO COOTBETCTBYET OTPHUIIATEIBHONW MAacce YacTHIIbL). ITO
NPEACTABIUIO TPYAHOCTh ISl TEOPUH, TaK KaK BCE MEXaHUYECKHUE
3aKOHBI ISl YaCTUIBl B TAKMX COCTOSHHUAX OBUIM OBl HEBEPHBIMH,
Hepexoasl K€ B OTH COCTOSHHUS B KBAHTOBOW TEOPHH BO3MOKHEI.
JleficTBUTENBHBIN (U3NYECKHHA CMBICI TEPEXOJIOB Ha YPOBHH C
OTPHULIATEIBHOW DHEPrHel BBUICHWICS B JalbHEWIIEM, Koria Oblia
JIOKa3aHa BO3MOXKHOCTH B3aWMOIIpEBpalieHus 4dactul. W3 ypaBHEHUS
Jdupaka crenoBano, 4YTO JOJDKHA CYIIECTBOBAaTh HOBAas 4YacTHIIA
(anTMYAacTHIIA TIO OTHOIICHHIO K IJJIEKTPOHY) C MAacCOd 3JICKTpOHA H
AIIEKTPUYECKUM 3apsiIoM IIPOTHBOIIOJIOKHOTO 3HAKa; Takas dacTUIla
Obla geiicTBuTeNbHO OTKphiTa B 1932 K. AHaepcoHOM M Ha3BaHa
MO3UTPOHOM. DTO SIBHJIOCH OTPOMHBIM YCIIEXOM TEOPUH 3JICKTPOHA
Jdupaxa. U3 otkpeiToro JIupakoM ypaBHEHUsI CIEAOBAIO, YTO JOKHBI
CYIIECTBOBATh M AHTHIICKTPOHBI. [IprueM 3JEKTPOH M aHTHIICKTPOH
POKIAIOTCST W MCYE3al0T TOJBKO HomapHo. /lMpak MpeArmosioxKmwI, 9To
BEChb MHpP JO OTKa3a 3a0UT MOpEM DJJIEKTPOHOB, KOTOPBIC
HeHaOmoxaeMsl. Ho MOXHO BBIOWTH 37IEKTpoH W3 Mopsa. Ha mpesknem
MeCTe OCTaHeTCsl He3aHsaToe (MyCTOe) COCTOSHHE — AaHTHIJIEKTPOH.
Korma osnekTpoH, Omyknmas, HATKHETCS Ha MOJOOHYIO IBIPKY, OH
MPOBAJIUTCSA B HEE M CTAHET CHOBa HeHaOmomaeMmbIM. [loszmHee mope
Jupaka otTBeprii, Tak Kak y HE(PEPMHOHOB TOXE HAILINCh
AHTUYACTHIIBI

Bce a1o0 Xopowiasas UCTOpHA (l)I/ISI/IKI/I, KOoTOpas ceiluac HaxXOdUTCS YK€ B
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XXI Beke u Hyxaaerca B nepecmorpe. [naBnoe y Jupaxa u Jamoéa —
9TO BaKyyM, Ha KOTOPBIA PaHbBIIE CIIUCHIBAIU BCE HETIOHATHIC SIBICHHUS.
Mexay TeM B BakyyMme pacrpocrpansercs cBeT (OMB, «poToHBI»),
pactpocTpaHseTcsT TpaBHTAMsA, OOpa3ylOTCS MacChl  BEIIECTBA,
AQHTHBEIIECTBA M MPOHCXOAUT MHOTO IPYTUX (U3UUECKHUX SBICHUH,
BKITIOYAsl PAcIIPOCTPAHCHHS BCEX U3BECTHBIX (DU3UUECKHUX «rmoneit». Tak
4TO K€ TPENCTABIsET cO00M BakyyM B peambHocTH? Ha 3TOT BOmpoc
€CTh JIOCTATOYHO JICTKUI OTBET. BakyyM poXIaeT JIEeKTPOH U MO3UTPOH
MIpY BHECEHUH B HETO JIOCTATOYHOW SHEPTHH, YIIOMSHYTOH Bbilie. Kpome
TOTO, TP BHECEHHUH B COTHH pa3 OOJNBIIEH PHEPTHHM POXKIAIOTCS BCE
ME30HBI, NMPOTOH M AHTHUIPOTOH. Pe3koe TOpMOKEHHE BEIICCTBEHHBIX
MYYKOB TIOCIIE YCKOPHUTENs BBI3BIBACT IMMOTOK YAaCTHII M AHTUYACTHIL.
TakoB Hall BakyyM. YTBEpXKIaTh, YTO SHEPIHs MPSMO MPEBPAIIACTCS B
MaTepHIO BellecTBa Heseno. Macca CyliecTByeT caMa 1o cede, SHeprust
TOJNBKO HYXHa JUII OOpa3oBaHMS MacC © HE MOXET IPOCTO
IpEeBpalIaTeCsi B MacCy. OTO OYEBHAHO M B JIOKAa3aTelbCTBE HE
HYXXIaeTcs.

Baxusplii pesynprar «Mops» Jupaka u HaOMOACHUH MO3UTPOHOB B
KOCMHUYECKUX Jyd4aX TOT, YTO €CTh JJCKTPOH U IO3UTPOH, KOTOPHIE
BO3HHKAIOT M3 BakyyMa IIpH BHECEHHH B Hero JHepruu Oonee 1,022
M>»5B=1,64936940e-13 /icoyaeu. Onnako ¢opmyna Jdupaka nunib
npuOMIDKEHHO JaBaia JMHAM H3JIy4eHHs atoma Bogopoxa. JIamé u
Pusepdopn B 1947 rony (o6a ameprKaHCKHE yICHBIC) TOYHO H3MEPHIIH
paclieIuIeHue JIMHUA BOIOPOIa TIPH Iepexoie 3—2 paBHO

pasHocti wyacror: df=1,05777e+9 Iy Ha 4acToTe HU3Iy4YCHHUS
f=4,5692e+14 TIy. JI3mMG OOBSICHHI Takoe pACIICIUICHHE JIHHUIA
M3Ty4eHHUS HEKUMH (UIyKTyanusiMH BakyyMa. M3 Buay ormymieH Ba>KHBIH
(akt Monenu atoma Bopa, B KOTOpO#i 1O JUTHHE KAXKIO0W pa3pelIeHHOM
gyem-To (KM wiam  cTpykTypod Bakyyma?) OpOWTBI JJIEKTPOHA

yKJaapIBaeTcs 1esnoe yucio BoiH e bpoitast L= _V B cuny toro,
m

4TO CTPYKTypa Bakyyma uMeeT 3apsabl (+) u (-), 9JIEKTpPOH MOXET
JIBUTAThCS TOJIBKO KIIOJ» 3apsifaMH (-), YTO MPUBOJUT K BUHTOOOPA3HOM
TPAaeKTOpUM  JIBIDKCHWs  OJJeKTpoHa  Ha  opbute  (y3Haere
HEOMpeAeIeHHOCTh TpaekTopuii mo I'eiizeHdepry?).

OO0OCHOBaHHYIO KPHUTHUKY TEOPETHYCCKON (PU3MKKM MOKHO MPOIOIDKATH
33




g0  OecKkOHEYHOCTH.  SIpkuil  mpuMep:  BbIlle  NPUBEACHHBIN
JJEKTPUYECKUM 3aps] CcO 3HakaMH IUIFOC M MHHYC B IPHpOJE
UCTIONIB3YeTCSI aOCONIOTHO [UISI BCEX W3BECTHBIX MHKPOYACTHI[ M HE
3aBHCHUT OT MX Macc. JTOT (akT B (PHU3MKe HUKAK HE HHTEPIPETHPYETCH,
KpoMme IpoOHBIX 3apsmoB (haHTACTHYECKHX KBapKoB. Hipke moxaskem
BBIXOJ] U3 CO3/IABIIETOCS MMOJOKEHUS.

CtpykTrypa cpeabsl Bakyyma BeesieHHo#

@DaKkT pacHpOCTPaHCHHUS AIICKTPOMArHUTHBIX BOH (OMB) B Bakyyme
KOCMOCa JI0 CHX IOpP OCTaeTcs 3arajkoil U CIY>KMUT OCHOBAaHUEM [yIf
BO3BpaTa K MOHATHIO 3(HUpa, KOTOPOE CyIIecTBOBaO 10 XX Beka.
BosBpar nomkeH OBITH BBINIOJHEH C HCIOJIB30BAHMEM COBPEMEHHBIX
3HAHUH.

e” et

A

y-K eaHm

B 30-¢ romsr mpomuioro croieTsi ObUT OTKPHIT MO3UTpOoH. OH ecCTh
aHaJIOT JJEKTPOHA IO BCEM IapaMmeTpaM, W OTINYAeTCsS OT DJICKTPOHA
3HakoM 3apsna. [lns HoBoro moHuUMaHHWs 3(HUpa, KOTOPBIA ceiuac
3aMEHEH HEJENbIM [0 TEPMHUHY (QH3MYECKHM BaKyyMOM, €CTh BCE
SKCIIEPUMEHTAJIbHBIC TaHHBIC.

Orto mpeBpalleHHe ramMa-kBanta ¢ dHepruedr 1,022M»sB B mapy
AJIGKTPOH M TMO3UTPOH. ['aMMa-KBaHTHI ¢ OOJIbINEH PHEPTHUEH POKAAIOT
ME30HBbI, IIPOTOHBI U AHTUNPOTOHBL. [Ipu ynape (pe3KoM TOPMOKEHUH)
MIOTOKOB YCKOPEHHBIX YaCTHUI] BO3HUKAOT IEJIbIC JINBHHU HOBBIX YAaCTHII 1
aHTH4YacTull. PoxJaeHue BellecTBa M aHTHBEIECTBA HaONIOaeTcs Ha
TpaHWIle YEPHBIX IbIp B (popME IOTOKOB, HA3BaHHBIX JDKETaMH. B
HoCJIeHee BpeMs acTpo(Qu3uKu OOHAPYKHMJIM HOBBIE CYIIHOCTH,
Ha3BaHHbIC [0 MPUYUHE HEBUAUMOCTH (OTCYTCTBHS H3JIyYCHHUS)
«TEMHBIMH» JHEPrHed M Marepueil. DIeKTpOMAarHuTHas BoyiHa (CBET)
MOXET pPAacIpOCTPaHATECS TOJIBKO B (PU3NYECKOH cpede, CTPYKTypa
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KOTOPOH OTpaHUYMBAaeT CKOPOCTh paclpocTpaHeHus cBera. Bekropa E u
B 37ekTpoMarHUTHOW BOJHBI MOTYT OBITh (YHKIIMOHAIBHO CBS3aHBI
yepe3 3apsiasl (+) u (—), CrOCOOHBIE CO37MaBaTh TOKH CMEIICHHUS
Makcaeia.

Mexnay TeM B (pr3rke HaOMIOHAIOTCS CTEPEOTHITBI, IIPHHSATHIC TTOUYTH Ha
Bepy 06e3 gocrarouHoro o6ocHoBauusi. CBeT (3J€KTPOMArHUTHbIC
BOJIHBI) MOXKET PACIPOCTPAHSTLCS B MYCTOTE, OOHAPYKEHHBIC YACTHUIIBI
HE MOIyT OBITh COCTaBHBIMH, D3JCMCHTAPHBIA 3apsili MOXET OBITh
JIpoOHBIM (KBapKH), IPUPOJIa MarHETH3Ma HE BhI3bIBAET BOIPOCOB U TaK
naiee. [Tepeuenn MOKHO MIPOIOJIKATh. 910 MOPOXKAAET
HEYJOBJIETBOPEHHOCTh M HMHMULMUPYET MHOTOYMCIEHHBIE IIONBITKU
NpOM3BECTH «peBH3MI0» (yHmameHnta ¢usuku. CTpykTypa BaKyyma
OTKpHITA TPH HCCICHOBaHUM (akTa 00pa30BaHUS MacC JIICKTPOHA U
no3utpona suepruedt 1,022 Ms>B ramma—kBaHTa. POoKaeHUE DIEKTPOH-
MO3UTPOHHBIX IIap TaMMa—KBaHTaMH BHepBbele HaOmomamu HpeH u
®penepuxk Kommo-Kwopn B 1933 rogy B kamepe Buibcona,
NIOMEUIEHHON B MAarHUTHOE I0J€ AJs pa3feiieHUs] TPEKOB JJIEKTPOHA U
no3utpona, a Takke Iarpuk Bikert, nonyuusmmii B 1948 3a 3710 U
npyrue OTKpeITHs HoOeneBckyro mpemuro mo (u3uke. AHATOTHYHO
OOHapy)XeHO pOXKIEHME MacC IMapamMHu. TNPOTOH — aHTHUIPOTOH,
IIOJIOJKUTEIbHBIE M OTPULIATEIbHbIE MIOOHBI U T.1.

HauGonee o0mue mapaMeTpbl CTPYKTYPBl Cpedsl B  TIEPBOM
IpUOIIDKEHUN ONPEACIIIOTCS U3 yPaBHEHUS YHEPT Uil

hn =¢e EDr,. (1)
3I[eCI> h — koHucranra Hnamca, V — yacTtoTa raMma-KBaHTa, €y —
3JIeMEHTapHbIN 3apsi, E— HanpsHkeHHOCTh ANEKTPUUECKOro MoJs cpeost,

Dr

(6,E— cuna, Dr,— myrs: snemenrapHoe mpejcraBieHHe 0 pabore u

. — Jedopmanus cpedel 1oJ BIMSHHEM O3HEPrUMM TIaMMa-KBaHTa

sHeprun). OnpeaesanM HaMpPsHKEHHOCTh JIEKTpUYecKkoro moss, rae N —
HEU3BECTHBIN KOA((DUITHUCHT:
E=Nx-2 (2

re
B nauHoit hopmyiie re— paccTosiaue Mexxay 3apsaamu (+) u (—), koropoe
Ha JaHHBI MOMEHT HEM3BECTHO. IIpM MPOXOKIEHMH BOJIHBI IaMMa-
KBaHTa oOpasyeTcs aehopMamus cpedvl, KOTOpas SBISETCS YacThIO
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YKa3aHHOTO PAaCCTOSHUS, 3aBHUCUT OT LMKIMYECKOH YacTOTHl BOJIHBI
W = 2PN u BpeMeHH t MPOXOKIEHUS PACCTOSHHMS MEXLY 3apsIaMH:

r=r,sin(Zpnt) dr=2pnrdtcos(Zpnt) dr =Dr,; dt =t
Dr,=2pvr,t, (3)

[Toacraum HanpspkeHHOCTH U3 (2) u gedopmaruio u3 (3) B (1):

h=2p Nejxi (4)
r /t

e v

MoxHo IPEATIOJIOXKUTh, YTO CKOPOCTh CBETA COCTABUT.

r,/t, =c=4hx . (5

Omnpenenum gncio N:

h
N=———=137.035999815=a" (6
2p €4 Ih ©

e h =L =100000000407 [a2n s 2]~ warmmmmas
m
KOHCTaHTa cpeobl,
X = 1. 8,98755179 >{|.09[a 203k X 4] - JIEKTPUYECKAs
e

KOHCTaHTa Cpeobl.

HewnsBecTHOoe 4wMCIO OKa3anoch OOpaTHOW BEJIMYMHON KOHCTAHTBI
TOHKOW CTPYKTyphl. BbiBeZileM ypaBHEHHE JHEpruM ramma-KBaHTa JUis
YaCTOThl YCIIOBHOW «KPACHOM TIpaHUIbD NV, U [NOTEHIHMATBHOM

3HeKTpI/I‘IeCKOﬁ SHEPIrUU Napsl <«OJCKTPOH—TIO3UTPOH:
2

w=x2 =2pa-telv, Jx /h =1.6493694040% 7xc (7)
re

DTa 3HEPTHUs MPEBOCXOIUT SHEPTUIO MACCHI APl <AIEKTPOH—TIO3UTPOH
Ha HEeOOJBIIYIO BEIMYUHY, OINPEICIICHHYIO B ONBITaX IO MPEBPAIICHUIO
ramMMma-KkBaHTa B YKa3aHHYIO Tapy: 2mec?=1,63742083°10"  J{oic.
Pacxoxnenne OOBSICHAETCS TeM, 4YTO, Kak TMPaBHIO, HA OIbITE
OpPEBpalllCHUe MPOMCXOAUT B  HEMOCPEIACTBEHHOM  MPUCYTCTBUU
MOCTOPOHHEN YacTHIbI (JJIEKTPOH, SIPO JH000ro aroMa) H raMMa-KBaHT
JIOJDKEH OTJIaTh CBOM MMITYJIBC TOCTOpPOHHEN yactuiie. Ho MoxxHO mate u
npyroe oO0bscHeHue. [Ipu «poKIeHUM» 3JICKTPOHA W TIO3UTPOHA HYKHA

36




sHeprust (MMIyJbC) ISl pasjieTa BO u30€kKaHHE YrpOKarolled um
AQHHUTWIANIMA. ECTh CBUJIETENBCTBA O TOM, UYTO TMpPEBpAIlEHHE TaMMa-
KBAaHTA B MIAPY YaCTHI[ HAGIIOIATIOCh U B YHCTOM BaKyyMe.

YacroTra raMMa-KBaHTa Ui «KPACHOM TIPAHHUIBI» PACCUYMTHIBAETCS II0
(7), m oxa3piBaeTcs, 4TO Vrb:2,489213°1020 I'm. Dnextpuveckas
HAMpPSHKEHHOCTh  ¢pedbl Mexnay 3apsgamu (+) u () cocrasiser
E=1,008552¢10% B/m. U3 (7) HaxomuM pa3Mep CTPYKTYPHOTO dIIEMEHTa
cpeowt, u3 (1), (2) — npenenbHy0 AehOpPMAIIUIO CPeosL:

C -15
rL=—C  =13087631X0 " ; 8
° 2palv, " ®
2
Dr, = Male@ 1 0007267440 .

e

0
@DaKTUYECKH BEIMYMHA YaCTOThl ~ «KPACHON  TPAHUIBI»  MOXET
paccMaTpHuBaThCS B KauecTBE MOCTynara. [Ipeanmaraercss 3aMEHUTH STOT
MOCTYJIAT PABEHCTBOM KJIACCHYECKOTO Pajiiyca JIeKTPOHa:

R =2r,(1+a) =2,817940284X0 " .

Knaccuueckuit paguyc ¢usunvecku o60CHOBaH B Monenu aroma bopa,
OTIPEEINSAIONICH KBAHTOBOE PACCTOSHUE JJICKTPOHA OT MPOTOHA IS

BOIOPOJIA; r = a? R, =5,291771946 X0 . [Ipu  HOBOM

OIPE/ICNICHUH COXPAHSIOTCSI BCe cooTHOMIeHusI (8).

CTpyKTypa cpedsbl He OrPaHHINBACTCS PEMIETKON» ¢ 3apsaamu (+) u ()
B ee y3nax. Mexay 3apsaMd OKa3bIBaIOTCS 3JIEMEHTAPHBIE [TOTOKH
MarHUTHOW MHIYKIMH, BEJIMYHHY KOTOPBIX OMNpelessieM M3 BEYHO
BepHbIX 3ak0HOB HeioToHa 1 Kynona. [Jist uX UCMOIb30BaHUsSI B 00J1aCTH
MHKPOMHPA JOCTATOYHO TPHHATH PABHBIC PACCTOSHUS  MEXIY
OPOU3BENICHUSAMH MAace, 3apsiioB M «MArHUTHBIX 3apsifoB» B (opme
NOTOKOB MarHUTHOW MHAYKIMK. Hanpumep, B KauecTBe 3JIEKTPUUECKOTO
3apsia TpUMeM 3apsiji JIEKTPOHA, MMO3UTPOHA, MPOTOHA, AHTHUIIPOTOHA,
paBHOTO TaOIUYHOM €ro BEIINYHHE 60:1,602176462010'19101:

Gm, =xe’ =hF? (9)
3 YpaBHCHUA HAXOOAUM MaccyZ

mM=185944722X0° =m,<a e,

MpU 3TOM HEW3BECTHasi Macca 3aBUCHT OT Macchl [lmanka. IloTox
MarHuTHoOW WHAYKuuH @ OKa3pIBaeTCs HE CIy4yallHOM BEITMYMHOMN
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CprKTypBI, a UMECT €LIC TaKOEC OGOCHOBaHI/Ie:
F=F_ /(pa')=4,8032042x0"" Bs

Janum  onpeneneHue KBAaHTY MAarHUTHOTO IIOTOKAa, OJHOM U3
(yHIaMEHTAIBHBIX (PU3MYECKAX KOHCTAHT. DTO MHHUMAIBHOE 3HAYCHUE

MAargtMuTHOro I10TOKa Foqepe3 KOJbIO CBEPXMNPOBOAHHKA C TOKOM,

00yCIIOBJICHHBIM ABMKCHUEM KYIIEPOBCKHUX Tap JIEKTPOHOB!
F,=h/2e, =2,0678336368x10 " B,

rae ®,— 3neMeHTapHBIA MOTOK MATHUTHOW NHIYKIUH.

[opasurensHo TO, Kak wu3BecTHBIE (Gopmynsl HbloTona u Kymnona
MPOCTO (hopMyTUpyIOT ITOHSTHS nu3 TEOPETHUECKON i
sKkcriepuMeHTanbHOH (usuku! EcTh mpsiMasi CBs3p ¢ KyNepoOBCKHMU
napaMu 3JIEKTPOHOB B 3(PQeKTax CBEPXMPOBOIUMOCTH. DIEMEHTAPHBINA
MOTOK MarHMTHOM MHAYKLMH, BEPOSTHO, 3aBEpPLIAET CTPYKTYPY Cpeosl
(BakyyMma), M3 KOTOPO#l JOJIKHBI CI€J0BATH BAXHBIE BBHIBOJIBI KACATEIBHO
pacmpoCTpaHEHHUs CBETa U NPUPObI FPABUTALIMK U UHEPLIUH.

Eme BaxHOe crnencTBue W3 TPHUBEACHHON CTPYKTYpbl OTHOCHUTCA K
nocrostuHou Ilinanka:

1

— 2, -1 [ X _ o F _ -1
h=2pea " |—-=2pea  —=2peFa . (10
h €,
Iocrosiauas [Tranka 3aBHCUT OT OTHOILICHUS IIPOHUIIAEMOCTEN BaKyyMa,
HANpPSIMYIO CBsI3aHA C 3JEMEHTAPHBIM MOTOKOM MATHUTHOW WHIYKIHH
U 3JEeMEHTAPHBIM 3apsoM Yy3Ja CTPYKTYpbl cpeodvl. KoHcrtaHTa
TOHKOH CTPYKTYpHI SIBJISIETCSI €CTECTBEHHOM MNPUHAIEKHOCTBIO ITOU
CTPYKTYpB. DTOT BBIBOA HEBO3MOXKHO OIIPOBEPTHYTH, B HETO HAAO0

IIOBEPUTD.

Konpgencarop

Kongencatop crmocoOeH HE TOJIBKO MPOBOIUTH IEPEMEHHBIA TOK, HO H
JUITETIFHOE BpEeMsS COXpaHsTh 3apsan. Kak mpoumcxomsar Takue
¢usndeckue sBieHus? OOBIYHO MEXKIY MPOBOISMIIUME ILIACTUHAMHU
KOHJIGHCATOpa MOMEIAIoT JUAJIEKTPUK. B mpocTeiiiemM citydae mpocTto
BO3JyX — 3TO BO3AYIIHBIA KOHJEHCATOp. YeM AMAIEKTPUK OTIMYAETCA
oT npoBogHuKa? Tem, 9To B HEM HET CBOOOIHBIX 3apsinoB. EcTh Tombko
CBSI3aHHBIC 3apsifbl B CaMOW CTPYKType amdiekTpuka. Kak MoxxHO
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OOBSICHUTE SIBIICHUS B KOHIeHcatope? TONbKO C MOMOIIBIO TOKOB
CMEIICHUS, BIIEPBEIC BBEJACHHEIC B Teoputo MakcBeinioM. Tok cMerieHus
TOBOpPHT caM 3a ce0s: OH o0pasyercs MpU IMOBOPOTAX-CMEIICHUSIX
CBSI3aHHBIX B aTOMax, MOJIEKYJax >JICKTPHUECKHUX 3apsuoB. [Ipu 3apsae
KOHJICHCATOPa M CHATUU C €r0 MPOBOASAIIMX IUTACTHH 3JICKTPHUYECKOTO
HANPSDKCHHUST  COXPAHSCTCS CMEMICHHOE COCTOSIHHUE OJICKTPHYCCKHUX
3apsimoB. [103TOMY KOHIECHCATOP COXpaHSET OJJICKTPHUYCCKHU 3apsi.
CToHUT 3aMKHYTH ILIACTUHBI, KaK TYT ¢ WHIYyIUPOBAHHBIN Ha TIIACTUHAX
3apsi U3 CBOOOIHBIX 3apsAIOB IIPOBOJHNKA, 00pa3ys €CTECTBEHHBIH TOK,
paspsoKaeT KOHAEHCATOp, M O3JIEKTPOMATHUTHBIC CHJIBI JAMIEKTPUKA
BO3BPAIIAIOT CBOM CMEIUICHHBIC 3apAbl B COCTOSHHUE IIEPBOHAYAIHLHOTO
paBHOBecus. Ho He 10 KOHIIA, HE IO IPEKHETO COCTOSHUS PAaBHOBECHS.
OTO SIBICHUE XOPOIIO M3BECTHO MPAKTHKAM: KOHIEHCATOP eIe JOJToe
BpPEMs COXPAHAET YaCTh MOTYICHHOTO paHee U Pa3psDKEHHOTO 3apsja.
MOoXHO cenaTh CIICAYIOUINHA BBIBOJ: 0€3 CBSI3aHHBIX 3apsSA0B U TOKOB
CMenIeHus1, 00pa30BaHHBIX ATUMH 3apsAaMi, KOHIEHCATOP HEBO3MOXKEH.
Teneppr TOMECTHMM BO3IYIIHBIH KOHJCHCATOP B TIYOOKHH BaKyyM.
CrpammBaeTcs: KOHIEHCATOp MepecTaneT ObITh TakoBbIM? HeT. OTcrona
€CTh TOJBKO OJWH BBIBOJ. JIFOOOW BaKyyM HMECT CBSI3aHHBIC 3apsiibl,
CHocoOHbIE 00pa30BBIBATH TOKHM CMEIIEHHs. TeopeTmdeckas (u3uka
UTHOPHPYET 3TO €CTECTBCHHOE NPHPOAHOE siBIeHUE. 3a mocienHue S0
JeT B ydeOHMKax TMOSBWIACH KOCBEHHAs JAUCKPEAWTANNS TOKOB
cMenieHus. Yke ceifuac MHOTHE (PU3UKH HE NMPHU3HAIOT TOKH CMEIICHUS
3a peallbHOCTh NpUpobl. Haxomsrest Takue clioBecHbIe (HOPMYIHPOBKH,
KOTOphIE  CTPaHHOW  OSKBWIMOPUCTUKOW  OOBSCHSIOT  CYIIHOCTb
KOHJICHCATOPA ¥ MPOTHBOPEYAT CaMOU MPHUPOJie KOHIeHcaTopa. Haunnas
¢ u300peTeHus JIeHneHCKol OaHkH, (pU3UKa JODKHA OblIa MCCIIeIOBATh
TEOPETUUECKUE U MMPAKTUICCKHUE SBICHUS B KOHICHCATOPE.
AmnanornyHas neopManys HayKd KacaeTcsl U PaclpOCTPaHCHHS CBETA.
CBeT MOXET PacHpOCTPaHITHCS TONBKO B Cpele, UMCIONICH CBsS3aHHBIC
3apsipl, 0Opa3yoNINe TOKH CMEIICHHS I CBSI3U DJICKTPOMATHUTHBIX
BekTopoB cBeta E n H. K stomy Hago no6aButh pabory OMB B
MHUKpPOBOJIHOBBIX Iledax. Harpe mpoayKToOB, B KOTOPBIX €CTh METAaILIHI,
OOBSICHSCTCS pacKauMBaHUEM aTOMOB (3apsi[IOB 3JICKTPOHOB U si/IEep) TpH
uX OOJy4eHHH MUKPOBOJHOBBIMH W3IIyYCHUSIMH. 3/1€Ch HATJISIHO
JEeMOHCTpUpYeTCs B3anMoieiicteue DMB ¢ aTomamu BemecTsa.
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IIpoGyaema OsimKHe— U JTaJIbHEAEHCTBUS

PasButie nonumanus [Ipuponasl B GU3MKE HCTOPUIESCKU MPOXOAUT Yepe3
(dbyHIaMeHTaTBHBINA paszzen MEXTY OnxHeneiicTBEM u
JNATBHECHCTBIEM, MEXKIY MaTepHaau3MOM U uaeanum3MoM. Kak
NPaBWIO, C HEKOTOPHIMH HCKIIOUEHHUSIMH BCE TCOPETHUKH MpPU3HABAIH
TOJBKO (PaHTACTHUECKOE IabHEICHCTBHE, MHOTHE SKCIEPHMEHTATOPHI
CUNTAIN HEOOXOANMOCTh BBEICHHS TIOHATHUS OJIDKHEICHCTBYS, KOTOPOE
0053aH0 UMETh Cpeay JUIs Mepelaui CUIIOBBIX B3aUMOACHUCTBUI.
HamomuuM cTopoHHukoB OmwkHenewctsusas: HbloTton, dapanei,
Makcsesui, JlopeHu u MHorue apyrue. s OMMKHEASHCTBUS HyKHA
¢usnueckas cpeda. HbOTOHA TPYyAHO OTHECTH K O€3YCIOBHBIM
CTOPOHHUKAaM  OMmKHe#EHCTBHA ~ Omaromapss ~ MaTeMaTHIEeCKOMY
ONMCAHMIO TpaBUTaMH. Ho BOT ero mpsMoe CyXICHHE IO JaHHOM
npobieme:
«HemoHsATHO, KakuM 00pa3oM HeOAyILIEBJIEHHAas KOCHas marepus, 0e3
MOCPEICTBA YEero-Imb0 HHOrO, YTO HEMAaTepUalbHO, MOLJIO OBl
JIEHCTBOBaTh Ha Jpyroe Teino 0Oe3 B3aWMMHOTO TNPHUKOCHOBEHHs. YTo
TATOTEHUE IOJDKHO OBITH BPOKACHHBIM, HNPUCYIIUM H HEOOXOIMMBIM
CBOWICTBOM MAaTEpHH, TaK YTO OJHO TEJIO MOXET B3aMMOJCHCTBOBATH C
JpyrMM Ha pacCTOSHHM, 4Yepe3 IYCTOTy, 0e3 ydacTusi 4Yero-to
MOCTOPOHHETO, TPU MOCPEJCTBE YEro U Yepe3 UTo UX JEHCTBHE U CHIIa
MOrJH Obl IepeaBaTbest OT OAHOTO K JPYroMy, 3TO MHE Ka)XeTcs CTOJIb
0oNBIIUM a0CYpIIOM, UTO sI HE MPEICTaBs0 cebe, 4TOoOBl KTO-IHOO,
BIAJCIONINIA CIIOCOOHOCTBIO KOMIIETEHTHO MBICIUTE B  00JacTH
(unocodcekoro xapakrepa, MOT K 3TOMY IIPUHTH. .. »
CTOpOHHHMKAaMHU NTANBGHENCHCTBUS SBISIFOTCS TAaKWE TEOPETUKU, Kak
Kyaon, Ammnep, Aparo, Jlannac. [IpuHuunuanbHO AanbHENEHCTBHUE
00s3aHO TMepenaBaTbCsl HA paccTOSHUE MIHOBEHHO. B 3ToM ecThb
CJ1a00CTh TIO3UIINH TTO00HOH Iepeaun B3auMo ISHCTBHN.
B XX Beke P.@eiiHMan «o0omen» 3Ty NpoOJIEeMy OPUTHHAIBHO: BBE
oOMEeHHBIE OIS WIM OOMEHHBIE YacTUIbl — (OTOHBI, Me30HbI, W-X-Z
YacTHUIIBI, TIIOOHBL. Takum o00pa3oMm, OBUI pa3pemieH BOMPOC K
BCEOOIIEMY COTJIACHIO MEXIY TeOpEeTHUKaMHU M MpakTUKaMmu. [lockonbky
(OTOHBI W IpyrHe YacTUIBI HE MOTYT PacHpOCTPAHATHCS MTHOBEHHO
COMIaCHO ToCTynaTy A. DHHIITEHHa, TO BOMPOC 00 OTrpaHHYCHHUH
CKOPOCTH  pPAaclpOCTpaHCHHs B3aUMOJICHCTBHIA caM Cco0OM  ObLI
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paspelieH.

Oco0oe MecTo B 3TOM «COpPEBHOBAHUU» 3aHMMaeT A. DifHwreiiH. OH
BBEJl KpPHBHM3HY [pOCTpaHcTBa Kak (OpMy TpaBHTAlMOHHOTO
B3aumogerictBua. KpuBusna mpoctpaHcTBa, 3aaBaemMasi OTHON Maccow,
npeogoneBaer I[IYCTOE  mpocrpanctBo 70  Apyrod  MAacchl.
[IpocTpancTBO M BpeMs OBUIO OOBETUHEHO C MOMOIIBI0 MaTEMAaTUKH
ds?=(cdt)?(dx*+dy*+dz®), uro Tpebyer 3aMbICIOBATON TPAKTOBKH TH
OTCYTCTBHH BEIIECTBAa. MaTepHalbHOCTh BEIIECTBA C €0 pa3MepaMu U
npoleccaMu OIpe/essieT IPOCTPAHCTBO U BpeMs. be3 BelecTBa NOHSTHS
NPOCTPAHCTBA U BPEMEHHU He UMeIoT (Qusnyeckoro cMmpicia. OTcyTcTBHE
peajbHOM Cpelbl, OrPaHHYMBAIOIICH CKOPOCTb PacHpOCTPaHEHHUS
rpaButaniu  (KPUBH3HBI [POCTPAHCTBA), MOTPEOOBAIO BBEICHUS
mocTynata 00 OrpaHUYCHHU JIIOOBIX B3aWMOJCHCTBUHA MPEACIBHOM
CKOpOCThIO cBeTa. [locTymar o HEHU3MEHHOCTH CKOPOCTH CBETa
000CHOBaJI BBEJICHHE TAKUX IOHATHH, KaK 3aMeJICHHE BPEMEHH H
HCKPHBJICHHE MTPOCTPAHCTBA, KOTOPBIE CaMH 10 cede ykKe eCTh OTXOJ OT
MaTepUaJbHOCTH MHUpa B yroiy reoMeTpuu. TOIBKO C ITOMOIIBIO 3THX
MOHSATHH OKAa3aJ0Ch BO3MOXKHBIM OOBSICHUTH HAaOJIOJaeMbIC SIBICHUS B
KocMoce. [IpuMep paccyXIeHuUs pEITHBHCTOB:

«Mamemamurxa cmoakHynach ¢ GuU3UYecKol meopuetl, KOmopas Mo2ia
HANOIHUMb KOHKDEMHbIM (DUSUYECKUM COOEPICAHUEM COOMHOULEHUS
yemvipexmepuou 2eomempuu. OUeHb GAJICHO, HMO peub Wild He O
Genomenonocuyeckom, a o cyocmanyuanvHom cooepocanuu. Koeoa
Ilyankape, ucxooss uz meopuu Jlopenya, 6 KOmopou HOCMOIHCIMEO
ckopocmu céema He OblLIO CYOCMAHYUATLHBLIM, pa3pabomanl O4eHb
o0wull U OCMPOYMHbIU  MaAmMeMamudeckuii — annapam  meopuu
OMHOCUMENLHOCMU, 3MO He Odl0 MAKo20 MONYKA U Qusuke u
2eomempuul, kak  udes  Munxosckoeo, ucxoouguie2o  u3
CYOCMAHYUAIbHO20 HOCMOSHCMBA CKOPOCMU  C8emd U  OMKPbIMOU
DiiHwmelHomM cyOCmanyuanrbHOU Hepaspul@HOCMU NPOCMPAHCMEa U
BDEMEHUP.

OTO eOUHCTBCHHBIA <«apryMEHT» s TIONBITKH  peabuminTanuu
unean3Ma space-time B MOHATHSIX MaTepUalU3Ma IIOJl TPHKPBITHEM
TEPMHUHA «CyOCTAHIMS». 3aMETUM, YTO MOCTYJIAThl B (pU3HMKE YpeBaThl
JOMYyLIEHHeM OINMOKM MNPUHIUIKAIBHOTO Xapakrepa. I[locrymaTsl
(axcrOMBI) HEOOXOMMMBbI B MaTeMAaTHKE, B reOMETpHU. be3 akcuom B
ITHX pa3lieNax HAyKd HEBO3MOXKHO IPUMEHSTH JIOTUKY BBIBOJIA TEOPEM,
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CIEACTBUM W TOMY TMOAOOHBIX CYXACHWH, HANONHIIOMUX JTU
JUCHMIUIMHBI CcOAep)KaHueM. B CBA3M ¢ 3THUM MOXHO YTBEpKIaTb
HAJIMYWE CYIIECTBEHHOTO OTJIUYWS MATEMaTHYECKHX AWCIHUIUINH OT
npeaMeTa (Gpu3nukd. VIrHOprpoBaHWE 3TOTO OTIIMYMUS MOXKET MPHBECTH K
CEPbE3HBIM 3a0NyKJIEHHSM B 3HaHUSAX O Tpupoxae Bcemennoii. Ham
Ka)XETCsl, YTO pEIICHHE O CHIIaX B3aMMOJICHCTBUS B (Qu3uke Oe3 ydueTa
BO3MOKHOCTHU CYILIECTBOBAHUSA 0CO0O0H ¢pedsl TPAaHUUUT C OTKPOBEHHOMN
MUCTHUKOH.

OOmass u crenuanbHash TEOPHH OTHOCHTENBHOCTH IOATBEP)KIAIOTCS
OKCTIEpUMEHTaMH. Ba)keH Bompoc BepHOW WHTEPIPETAMH JaHHBIX
AKCTIIepuMEeHTOB. CyIiecTByeT BHIOOD:

1. IToctynaT C=CONSt TUKTYeT yCIOBHE 3aMEAJICHHUS BPEMEHHU, KOTOpOe
MPOCIEKUBAETCA 110 HAOMIONEHUSM B KocMoce. J{JI1MHa BOJIHbI, IPUHATAS
Ha 3emile, OKa3bIBaeTCs, HE paBHA JUIMHE BOJHBI, KOTOpas M3JydaeTcs
aTOMaMu 3BE31.

Jmna onpenensiercss mo dopmyne. | =c/ f . 3amennenne Bpemenn

CKa3bIBaeTCsl HAa M3MEHEHWH YacTOThl M3IY4EHUS NPU HEU3MEHHOMN
CKOPOCTH CBETA.

CKopocTh cBeTa U3MEHAETCSI B KOCMOCE U 3aBUCHUT OT COCTOSIHUSI CPEJIbl
OKOJIO 3B€3[] M JPYTHX KOCMHYECKHX OOBEKTOB. B sTOM cimyuae
u3MepsieMas JUIMHA BOJIHBI Ha 3emiie ONpenaessieTcs sBJICHHEM
YBEJIIMYEHHUS CKOPOCTH CBEeTa BAAlM OT M3JIydaloUulero OObeKTa:

D(I ) = Cqpace = Cqar - 3AMEIICHHS BPEMEHH IPH ITOM HE IPOHCXOJTHT.

Takum o00pa3oMm, COBMAJCHHE CICNHATBHOH © 0OIIeH Teopuu
OTHOCHUTEJIBHOCTH C pe3yJabTaTaMd HAONIOICHHUI 3aBHCHT OT BhIOOpa
crocoba MHTEpNpeTanuu sBieHui. OT MPaBUIBHOCTH MPOU3BEIACHHOTO
BBIOOpA 3aBUCHT aJIcKBATHOCTh BCEX KOCMOJOTMUYECKHX BBIBOJOB H
TEOpHil B acTpOpHU3HUKE.

PacnpocTtpanenue IMB (cBeTa) B Bakyyme

Ha pucynke 1 mnpuBeneH YCIOBHBIM MeXaHW3M BO30OYKICHHS U
pacnpoCcTpaHeHHsI CBeTa B CTPYKType cpeodwvt. KonebaHus peansbHOTO
JNIEKTPOHA B MCTOYHHUKE (KPYMHBIH YEpHBIH KPYXKOK) MepeqaroTcs
coracHo 3akoHy KysjoHa MOJOXKHUTENbHBIM 3apsiiaM cpefbl. YepHbie
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KPY>KKH 0003HAYa0T 3apsijibl (—), CBETIIbIE KPY:KKH 0003HAYAIOT 3apsiibl
(+). AmmiuTtyma kosieOaHUil CBS3aHHBIX 3apSAIOB CTPYKTYPHI MHOTO
MEHBILIE PACCTOSHUA MEXIYy Yy3JlaMHU 3apsiioB, U B IIpelene ¢

ammmrynoit  Dr, =1,020726744 40 Yy cosmarorcs YCIOBHS ISt

IIPEBpALLIEHUs SJHEPTUU raMMa-KBaHTa B [1apy <AJIEKTPOH— IO3UTPOH.
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Puc. 1
JIBIoKeHHE 3apsI0B PELICTKHA 00pa3yeT TOK CMEIICHH |.
_ -12
Ecim ma ¢ur.l gmmma Bommsr | =1.2043666X107 meTpa, uTO

COOTBETCTBYET YACTOTEC «KpACHOi» rpanumne «horoaddexra», ToO
OTHOILICHUE JJTMHBI BOJIHBI

2p|a'1 =1.398763098 X10%°, IpPH TOM JUIMHA BOJHBI OXBATHIBAET

861.02=2pa" paccrosmuii B peumerke cpedsi. HarmpspkeHHOCTb

ANEKTPUYECKOrO TOJISl OT PEabHOI0 JIEKTPOHA NCTOYHHMKA OKA3bIBACTCS
BITOJIHE JOCTATOYHOM /ISl CO3ZaHusi cMmerneHus 3apsgoB (+) u () Ha
PaCCTOSIHUM [UTHHBI BOJIHBI. [10JyBOJIHA CIBUraeT B OIHY CTOPOHY BCE
3apsabpl (+), a B OPOTHBOMOJOXKHYIO CTOPOHY — Bce 3apsiinl (). Ilpu
5TOM CMEIIEHUH 3aps0B 00pa3yroTCsl COTIACOBAHHBIC TOKH CMEIICHHUS,
KOTOpbIe OTBeUaroT cBs3u BekTopoB E u B s BonmH cBera. Cmemenue
CTPYKTYpBI TpuoOpeTaeT xapaktep naedopMmanuy pu JCHCTBUH CHI
rpaBUTAlMK: Il OJHOW TIOJNYBOJIHBI, MPOXOAAIICH [JaHHOE MECTO
CTPYKTYPBI, HAMPABJIEHBI B OJIHY CTOPOHY; JUIS CIEAYIOIICH MOIyBOJHBI
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— HampaBsJeHbl B NPOTHBOINOJOXHYIO CTOpPOHY. B wurore BHemHee
IpaBUTallMOHHOE CBOIMCTBO CBETa OKAa3bIBACTCS CKOMIIEHCHPOBAHHBIM,
HposiBIsIeTCs. €N1ab0 U MOXKET BBIPAXKATHCS B JABJICHUH CBETa WM Kak
UMIIyJIbC TaMMa-KBaHTa. PacCTOSHMS MeXIy UYepHBIMH M KPaCHBIMH
3apsJaMH JOJDKHO OBITh 1,39876,10'15 METpa TI0 BCEM HAIPAaBICHUSIM, a
CMEILCHHE B 3TOI CTPYKType MAakCHMYyM coOcCTaBisieT Toibko 1/137,036
YacTh OT 9TOTO PAcCTOSHUA. PacCTOSHMS 110 BEPTHKAIN MEXKAY 3apsaaMu
IPOMOPIUOHANBHEl TOKY CMEIeHHs j. YpaBHeHHe MakcBenia umeer
BUIL

. 19E
rotH = j -11E (1)
s Mt
B ypaBHeHue BBeaeHa miomiane S. OHa HeoOXomuma Ui COOJIIOJCHHS
pasmepHoctd B (opmyne Makeseana: OtH =i+ ] — s3gecs

IUIOTHOCTh TOKa. PopManbHO MOXKHO B ypaBHeHHH (11) MCKITIOUUTH TOK
cMenieHusi. MaremaTuyecku K 3TOMy HeT mpensarctBuid. Ho mpasas
YacTh YpPAaBHEHHUS OKA3bIBACTCS PABHOW HYJIO, U HAPYIIUTCS CaMmo
SIBIICHUE PACIPOCTPAHEHHs CBETAa. B 3JEKTPOMArHUTHBIX MAIIMHAX WU
npubopax — JICKTPUYECKOE HANPSHKEHHE CBSI3aHO C  MAarHUTHOM
MHIYKIHEH TONBKO Yepe3 TOKH MPOBOANMOCTH M CMeIIeHHs. VICKimounB
TOK, MBI HCKIIOYaeM cpedy B OOIHMKE NPOCTPAaHCTBA, B KOTOPOM
npoucxoaut siseHne DMB (cBera) u ncuesaet 3aBucumocts ®, B u E.
MOoXHO CKa3aTh, 4TO 3TO PABHOCWIEHO HTHOPUPOBAHUIO dJICKTPHUESCKOM

IIPOHHUIIAEMOCTH BaK a € . [oBops TepMHUHAMH CVYILIECTBYIOIIEH
0

(bI/I3I/IKI/I: YCTpaHCHO IPOCTPAHCTBO, B KOTOpOM JOJI2KHa
pacrpoCTPaHATHCA BOJIHA CBETA.

Tok cmemenus s pacnpocrpasenuss JMB
(cBeTa) B cpede

OOUIenpUHATO, YTO PaCIpOCTPaHEHHE ITIOOBIX (U3MUECKUX TIONEH,
MPU3HAHHBIX MaTepUaJbHBIMH, MOXET IPOUCXOIUTh B aOCONIOTHON
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nyctote. Jlioboe ¢u3mdeckoe Tmole POXKIACTCS MaTePHATBHBIMHU
HOCHUTENSIMU  (IJIEKTPUYSCKUMH  3apsilaMH, [BIDKEHHEM 3apsijioB U
maccamu). OOHapyHUTh JF000¢ (HU3MUECKOE MOJE€ MOXKHO TOJBKO C
MOMOIIBI0  TIEPEYUCIICHHBIX  HOCUTENEeH. A  pacrnpocTpaHsATHCS
(busrueckue moist MOTyT B a0CONIOTHOM mycToTe! Takoe mpescTaBieHue
OTHOCHUTCA K PAaCIpOCTPAHEHHIO CBETa M JIIOOBIX 3JIEKTPOMAarHUTHBIX
BoH (OMB). 3mech HapyIlieHa IPOCTAast JIOTHKA (YUIUKH.

Hocurensmu cBeta MOTYT OBITH TOJBKO IJCKTPHUCCKHE 3apsabl — Kak B
BEIIECTBE, TaK W B cpede. B BemecTBe 3apsmpl HaxXoIiITCsS B
HETIPephIBHOM IBIDKCHHWH, B Kosiebanmsx. IloaTromMy mpoucxomut
pacceMBaHME CBETa, a TAKXKe Macca 3apsoB, O0JIQAaloIIas MHEpUUeH,
CHIDKAaeT CKOpPOCTb CBeTa. B c¢pede srekTpuuecKue 3apsiibl 3aHUMAIOT
JKECTKYIO TIO3UIMIO, HE JBHUTAIOTCA U HE KOJIEOMIOTCA ¢ OOJbIION
aMIUIUTYJI0U, HE UMEIOT 3aMeTHYI0 uHepuuto. [loaToMy cBET B cpede He
pacceuBaeTCs, a CKOPOCTh CBETa MMEeT MaKcuMaibHOoe 3HaueHue. [lpu
pacTpoCTpaHEHHH  CBETa  JJCKTPHUYECKHE  3apsiibl  UCTBITHIBAIOT
CMEIICHNE, KOTOPOE COIMPOBOXKIACTCS TOKAMH cMemleHus MakcBema.
Tok cMeIrIeHus SBISIETCS 00SI3aTeIbHBIM JUIS CBSI3H aMILIUTY CBETOBOM
BoJIHBL £ 1 H. «[louiynarb» Halnu4yue CBsI3aHHBIX 3apA0B CPedbl MOKHO
C TOMOIIBIO OOBIYHOTO KOHJIEHCATOpa C «BaKyyMOM» MEXIY €ro
TutacTiHaMHM. Takoi KOHJEHCATOp ocTaeTcsi paboTocrnocoOHbM. [l ero
paboTbl HEOOXOAWMO WMETh AMAICKTPUK CO CBS3AHHBIMU 3apsiiaMH,
KOTOpbIE MOTYT CMEINAThCS TI0A BO3JCHCTBHEM DJIEKTPHUYECKOTO
HanpsOKeHUsT Ha OOKJIagkax KoHueHcaropa. Crienyer BBIBOA, YTO
«BaKyyM» UMEET CBA3aHHbIE 3aPS/bl.

Haiinem cBs3p HampsbkeHHOCTEH E w1 H ¢ TOKaMU CMENICHUS TpU
pactpocTpaHeHHH cBeTa B cpede. [lpn KomeOaHMSIX BEIIECTBEHHBIX
3apsIOB IPOWCXOIUT BOBJCUCHHE B JIBIDKCHHE 3apsiioB cpedsl O
3akony Kysona, kotopoe obpasyert siBierue ceera (OMB). Ammuryna

. _ e ¢éd(Dr)u
TOKa CMEMICHuSA. |, - , oOpa3oBaHHas CMeIICHUEM

- Dr,& dt H,
aneMeHTapHoro 3apsiga (+) wm () € Ha paccrosaue Dr, co
&d(Dr) i

g dt H

CKOPOCTBIO AMIUIMTYa CKOPOCTM CMELUEHMs 3apsja:
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2d(Dr) ¢
g%léa = 2pVDI’a, KOTOpast  OHNpEAEsIeTCsl M3  BOJIHOBOI'O
(cumycompmansHoro) xapakrepa csera Dr =Dr,Sn(2pvx). Tok

CMCIICHHUA IocCJIe oACTaAaHOBKH AMIUIUTYAbI CKOpPOCTH!

. e
=2pDrv—>=
Ja pbr, Dr

= 2pe0v. B urore, Tok cMelieHns 3aBUCUT TOJIBKO
a

OT 2JIEMEHTAPHOTO 3apsiaa u yactotsl cBeTa (OMB).

BeposiTHO, K TOKY CMELICHMS MOXHO IIPUMEHHTb 3aKoH Oma:
U,=j,R u U,=E,Dr,. Orciona Haxomum, 410 3I1€KTpHuecKas

HanpsHKEHHOCTH BOJHBI cBeta (OMB) paBHa:

a

=, Riae B/m.
Dr,

3I[eCI> CAMHCTBECHHO BO3MOXXHOE€ COIIPOTHBJICHUEC — OTO BOJIHOBOC
COIIPOTUBJICHUC «BaKyyMa» (I/IMHeIlaHC «BaKyyMa»)
X E

= |- =-—=29,9792458[O.
Rnrave h H [ M]

B 1puHATON cHCTEME €IMHMI[ ONYIIEH MHOXHTENb 4P, KOTOpbIi
HapymiaeT Bce (yHIAMEHTANbHBIE KOHCTAaHTBI B  MEXKIYHAPOTHOM
CUCTeME€ €IUHHMII, BKJItouyas noctosHHyio Ilmanka. [lostomy BoiHOBOE
conpoTuByieHne cpeabl B 4P pa3 MeHblIle, IPUHATOTO B (QU3HKE.
[ToncranoBka B hopMyity IS DNIEKTPUIECKON HAIPSHKEHHOCTH JAET:

2pe /X _ec 20
="Foy 2= =7.359755X10° B/m.
® Dr h r? Rie "

a

E

HampspkéHHOCTh  OKa3bIBaeTCsd IOCTOSIHHOM Ui BCEX 4YacTOT CBETa
(OMB) u 3aBHCHUT OT CKOPOCTH CBETA, BEJIMYUHA KOTOPOM OMpeesseTcs
rpaBUTaLEH (oTkOHEHHE nydei cBera ConHuem u
MUKPOJIMH3UPOBaHUE B KOCMOCE 0 MPUHLHUITY [ folireHca, HeBUAUMOCTD
«4EpHBIX» JbIp). MarHutHas HaNpsDKEHHOCTh CBETa, C Y4YeTOM
BBIPAKEHHUS TSI BOTHOBOTO COIPOTHUBIICHHS, Oy/eT:

H,= Mg =, Rme N _8C_ 5 1540500640 A
X Dr, X

e
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WHTepecHble COOTHOLICHUS aMIUTUTYA 3JIEKTPUYECKOH M MarHUTHOW
HANpPsHXKEHHOCTH B DJJIEKTPOMArHUTHOM BOJIHE, BBIPAKEHHBIE uYepes
aMIUTUTYIBl TOKAa CMEHICHUS MU JAe(OpMalll CTPYKTYPHI BaKyyMa,
IIOPO’KAECHHBIE PACIIPOCTPAHEHUEM CBETA:
. 1
a:JaR\DN;\:; Ha:JaDira; Ea:RwaveHa

MosxeT yAuBUTh OTpOMHAsI BETMYMHA aMIUTUTY HanpsbkeHHocTer. Hano
IIOMHUTb, YTO BCE DJJEKTPOMAarHUTHbIE BOJIHBl I'€HEPUPYIOTCS
WIEKTPUUECKUMHU  3apsjaMd M, B OCHOBHOM,  DJIEKTPOHAMH.
DnexTpuyeckasi HaPsHKEHHOCTh CaMOTro JIEKTPOHA!

E, =X 2 = 7.350758410% Bix.

e
OTa BEIMYMHA COBMAJIAET C JJIEKTPUUYECKON HampspkEHHOCTHI0O B OMB.
OrtHotrenre HanpspkeHHOCTeH OMB M HamnpsDKEHHOCTH cpelbl paBHO:

E-a
E
BbIBO/1bI

Jna nonaep:kaHus MEKTPUYECKONH M MarHUTHOM HaNpsKEHHOCTEH CBeTa
(OMB) HeoOX0aUM TOK CMEILICHUsI 3JIEMEHTAPHBIX 3aps0B CTPYKTYPhI
cpeowl.

OTHoOIIEHHE JJIEKTPUYECKOM W MAarHUTHOM HANpsHKEHHOCTEW CBeTa
MIOCTOSTHHO M HE 3aBHCHT OT COCTOSIHHSI CTPYKTYpPHI cpedsi. OHO PaBHO
BOJTHOBOMY COIIPOTHBJICHUIO BaKyyMa.

AMIHTyIbI HanpshKeHHOCTEH cBeTa (OMB) He 3aBUCST OT YACTOTHI.
[onmHpIil MOTOK MArHUTHOW WHIYKIUHM 33 MOBEPXHOCTHIO S B (opme

BekTopa B He paBeH Hymr0 TONBKO B TOM Cllydae, KOTJa CyMIECTBYIOT
MarHuTO-MacCOBBI KOHTHHYYM, OIPaHHYMBAIOIIANA CBOEH HHepUUEH
CKOpPOCTh CBETa, W JJeKTpuueckue 3apsapl. [IpepcraBieHue crocoba
pactmpoCTpaHEeHHs] CBETa, BO3MOXXHOTO TOJBKO B cpede, HAXOIUT
MOATBEPXKACHHE B ciy4yae cBera B BemlecTBe. CTPYKTYpHBIN 3JIEMEHT
cpeowt B 37832 pa3 MeHblle panuyca atoma Bojgopoaa. [loatomy ceer B
BellecTBE OOJBITYIO YacTh MyTH IIPOXOJUT MEXY YaCTHIIAMH BEIIeCTBa
U TOJIBKO 4YacTh IIYTH CBETa B BEIIECTBE «IOAJIEPKUBACTCS» 3apsAaaMu
JJIEKTPOHOB U Sijiep, KOTOphIe OOJAgar0T 3aMETHBIMH HMHEPTHBIMU
CBOMCTBaMH. HNueptHOCTH BEIIlECTBA CHIDKAeT CKOPOCTh
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pactipoctpaHeHuss cBeTa. B wurore 3ddexTHBHAs CKOPOCTh CBeTa B
BELIECTBE HIKE CKOPOCTH B cpede. DTO MOATBEPIKIACTCS Ha OIBITE, a
Takxe HaOmonaercs B onbite On3o0, Koraa 00HAPYKUBACTCS «IACTHIHOE
yBIIeUeHHE Od¢upa» TMpH JBWKCHUM BemecTBa. Ha camom jene
YBIIEKAeTCS caM CBET OJJEMEHTAMH BemecTBa. A cpeda ocTaéres
HeroABKHOM. Kazamock 061, GU3UKU TOJDKHBI OBUTH YYUTHIBATH BCE ITH
U3BECTHBIC (pakThl. HO 3TOr0 HE CITy4riiocs.

Mano TOro, HaunuloOCh ONpaBIaHWE MJIsi HUTHOPUPOBAHUS Cpeobl
pacrpocTpaHeHHs CBETa IO pe3yJbTaTaM OIBITOB MaiikenbcoHa—
Mopnu. OTH ONBITEI MOTJIM BBISIBUTH TOJIBKO CHOC CBETA IO NPHHIUITY
“3Be3qHON abeppanuu” JUTS MOTIePEYHON COCTaBJIAIOLIEH
unrepdepomerpa. IlpojonbHas KOMIOHEHTa YCTaHOBKM HE MOIJa
3aMETHTh IBIKEHUE B d(Upe O MPUIMHE CIOKECHUS PaBHBIX Y PEKTOB,
HO ¢ OOpaTHbIMM 3HAKaMHU TpPU JBW)KEHUU CBETa BIEpel] M Has3al B
uarepdepomerpe. CiokeHHE CKOPOCTEH, KOTOPOE 0XKHAATIOCH B OIBITE
MaiikenbcoHa, MPOTUBOPEUUT MOCTYATy DUHINTEIHA O HE3aBUCUMOCTH
CKOPOCTH CBE€Ta OT COCTOSIHHS IBIDKCHHS HCTOYHHKA-TIPUEMHUKA.
Bpamenne ycraHoBkr MaiikenbcoHa (DHKCHPOBAIO Majoe MOCTOSHHOE
CMEIICHHE WHTEPPEPEHIUOHHBIX II0JIOC, KOTOPOE OBUIO IMPHHATO 3a
cUcTeMaTh4ecKyro ommOky. Ha camom geme 3TOT 3QQeKT TOIbKo
noareepxkaan onbiTel Gu3o u Canbsika. Bei3piBaeT HeoyMeHUE: TOUEMY
onbIT Maiikenscona—Mop:u npusHaercs, a onbITel ®u3o u CaHbsika HE
npusHaroTes. HecMoTps Ha ¢akT ucmoip3oBaHus siBieHUsT CaHbsKa B
COBPEMEHHBIX JIa3epHBIX TUPOCKOIIAX.

U Bce ke 0 CUX MOp OCTAeTCsl HESICHBIM — YTO TaKOE 3JIEKTPOMAarHUTHOE
BO3MYILEHHE Cpeodbl, KaKk OHO o0pasyerca W pacrpocrtpansercs. [lnsa
HarJISIHOCTH HaMu npuBeaeHa cxema (cM. pucyHok 1), koTopas
MOSICHACT yKa3aHHBbIC MpoOJieMbl. BombInoil 4epHBIH Kpyr o0O3Ha4aer
AIIEKTPOH, COBEPIIAIOIINIT BEPTUKAIbHBIE KOJIEOAHUS B HICTOYHUKE BIIOJIb
ocu co crpenkamu. [Iponecc pacnpocTpaHsaeTcs B ¢pede cO CKOPOCTHIO
CBETa, U 332 ONHY CEKYHIy pPe3yJbTaT KOJeOaHUs JIEKTPOHA MCTOYHUKA
okaxercs Ha paccrosHud 3+10° u B BHE 97EKTPOMATHUTHON BOJIHEL
VYike moKazaHo, 4TO IJIMHA BOJHBI «KPACHOW TPAHHUIIBI» U3ITYUCHHS IS
cpenst  cosmagaer ¢ |, =2r, =1,20430230 2. CoBepLIeHHO
OTYETIIMBO BHAHO, YTO PACCTOSHHE MEXIy 3apsgaMH HETPEeMEHHO
BXOJUT KaK KBaHT JUIMHBI 3JIEKTPOMAarHWTHON BOJIHBL. B 1ynHYy BOJHBI

BXOOUT 861 paCCTOSIHI/Iﬁ CTPYKTYPBI. OTCIOI[a MOXXHO MNOpEACTABUTD,
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HACKOJIbKO Hallla cxeMa YCJIOBHAa. V3 MpHUBEJEHHBIX BEIUYHMH MOXKHO
MOJyYUTh BpeMs IMepenadyd NEeHCTBHs OT JJIEKTPOHA K MEPBOMY 3apsay
JUTIONS, KOTOPBIH TMOBTOpsieT ero koyebanus. [leproag  BOJHBI

Boipakaercs paserctoM | /C=4,017119X0 % c. Pasnenus nepuon

Ha 861 paccTosHUe, TONXYYUM BpeMs MOJSPHU3ANUN OJHOTO JIMITOJIS:
T/861=4,665643°10%* . [IpoBepuM pacueThl MMyTEM ONpEACICHUS
CKOPOCTH TIEpe/lauu B3auMOJCHCTBUS: €=2,99792458+10° m/c. B ToM,
YTO MOJYyYeHa CKOPOCTh CBETA, HUYETO yAUBHUTEIBHOTO HET. Pe3ynpraT
MOJTBEPXKAAET, YTO NPUBEICHHBIA MOIXOJ K SBICHUIO H3IIyYCHUS U
pacnpocTpaHeHH s ANEKTPOMArHUTHBIX KOJICOaHUH BEpeH.
BaxHO MOJUEpKHYTh, YTO 3JIEKTPOMArHWTHAs BOJHA He oOpa3oBaHa
3apsOM OJHOTO 3HaKa, a COCTaBJCHA W3 3JEMEHTAPHBIX 3apsoB
OPOTHBOIOJIOXKHBIX 3HAKOB M MX cMeleHuit (nedopmarwmii). Ecinu sToro
HE YYUTHIBATh, TO MOXXET CJOXHTHCS HEBEPHOE IPEICTABICHUE, UTO
BOJHA  BO3MYIIEHHS OO0pa3dyeTcs TIOCTCIICHHBIM  pPOCTOM  HITH
yYMEHBLICHHEM CMEIeHUI 3apsja OIHOro 3Haka. VHBIMH cloBamH,
KaXIas Imapa 3apsioB Ha IIyTH PacIpOCTPAaHEHHsS BO3MYIICHHS
HPOXOJIUT MPOLIECC OT MUHMMAJIBHOTO J0 MaKCHMAJIbHOI'O CMEIICHHS,
3aJaBaeMOr0 DJHEprueld WM YacTOTOH 3JICKTPOMArHUTHOW BOJHEI.
DJIEKTPOMAarHUTHOE SBJICHUE CBA3aHO UMEHHO C YepPEIOBaHHEM 3apsi/IOB
pasHoro 3Haka. PacmpoctpaneHue nedopMamuy OJXHOTO 3HAKA MOXKHO
paccMaTpuBaTh Kak pacrpoctpaneHue coautoHa. Co cxeMoi Ha pHCYHKe
1 cBs3aHO riIy0OKOE MOHMMaHHE CYLIHOCTH KBAaHTOBBIX IMPE/ICTABICHHUN
B 3JIeKTpoMarHuTHOH BosiHe. C Touku 3peHust pusuku Hadaisa XX Beka,
aMIUTUTYIBl BOJIH JOJDKHBI ObUIH OBl cKianpiBaThes. Dotodaddext
OPOTUBOPEYMWII TAaKOMY MpeicTaBieHuio. Pabora A.JiHImTEHHA
o0BbsicHUIa (akT 3aBHCUMOCTH (HoTod(h(DEeKTa OT YaCTOTHI H3IYICHUS U
€ro He3aBUCUMOCTH OT SIPKOCTH M3JIy4CHHUS.
s Toro, dYToOBl amIuMTYAa JedopMmanuud  cpedst Ha puc.l
YBEJINYNIIACH, HAZI0 YBEJIHYUTh CKOPOCTH JIIEKTPOHA, H300paKEHHOTIO B
Havyayie KoopauHatel «O», T.€. 4aCTOTY €ro KoJieOaHui, TH00 YBEIUIUTh
3apsi] AJNEKTPOHA, MPEACTABHB, YTO B OJHOM MECTE MOTYT HaXOJIUTHCS
OTHOBpPEMEHHO 2 W 0oliee AJIEKTPOHA, YTO B IPHPOAE HEBO3MONKHO.
Takum 00pa3oM, BCce KBAaHTOBBIC SIBJICHHS M HAIK O HUX MPECTABICHUS
HOJIHOCTBIO OMPENEIISIOTCS TUCKPETHBIM CTPOCHUEM MaTepHu U Cpeodbl.
CrHekTp 9JIeKTPOMAarHUTHOTO H3JIy4eHHUs coracHo «Du3nueckoit
sunuknoneaum» [1998] npencrasnen B tabnuie 1:
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Yacrora, JmuHa
Ha3Banue nuanazona | Mcrounuku
I'g BOJIHBI, M
Ilepemennsle TOKH B
MPOBOJTHUKAX U B
10° 3.10° PagunoBonnbl JJIEKTPOHHBIX IOTOKAX
(reHepaTopbl pasHoYacToT U
CBY)
Monekybl ¥ aTOMBI IPU
g HNudpakpacunoe
10" 3.10° bpaxp TEIJIOBBIX U IJICKTPHUUECKUX
H3ITydeHUe .
BO3JICHCTBHSIX
MonekyIbl 1 aTOMBI TIPU
3,75.1014 8.107 Buanmenii ceet TEIUIOBBIX U JIEKTPUUECKUX
BO3JCUCTBUAX
Yabtpagnonerosoe ATOMBI IOJT BO3JCHCTBHEM
7,5.10% 4.107 U3ITydeHHe, MSTKUHA
YCKOPEHHBIX JIEKTPOHOB
PEeHTIeH
IIpomeccs! B aToMax 1oz
17 9 Penrtren u ramma- o
3.10 10 BO3JCHCTBUEM YCKOPEHHBIX
U3JIy4eHHe
3apsHKEHHBIX YaCTHUIL
SAnepHsle npoueccsl,
3.10° 10 amMa-u3nydeHue paaroaKTHBHBIH pacmas,
KOCMUYECKHE MTPOIECCH
SnepHble npo1iecchl,
10 3.10™ T'amma-uznyuenue paluoaKTUBHBIN pacnaf,
KOCMHYECKHUE IPOIECCH

B 00bI4HBIX KpUCTalIaXx, ¢ YMCHbIICHUEM JUIMHBI BOJIHbBI YIIPYTUX BOJIH

JI0 Pa3MepOB KOHCTaHTHI

pelieTkHy,

AOJDKHAa YMCEHBIIATBCA OO0 HYJIA

CKOpOCTh MX pacmpocTpaHeHus. [IpudrHa 3TOro 3aKif0UYeHa B TalllCHUU
nedopmaimii  MOHHBIX y3JI0B perieTkd. I[IpoOieMa BO3HHKAeT NpH
BOIIPOCE O TOM, KaK MOXET, CYIL[ECTBOBATh U PACIPOCTPAHSITCS IUIOCKAst
3JICKTPOMArHUTHAs BOJIHA C JJIMHOW BOJIHBI 310® M B MIPUHATON HAMU
cTpykType. KpoMme Toro, oka3slBacTCsl, YTO B TOH JK€ SHIUKIIONEAUU €CTh
Opyrue JaHHBIE [0 TaMMa—¥3Iy4YeHUIO C OONBIIUMH YacTOTaAMHU
(MEeHBIINMH JUTMHAME BOJIH). DTU JaHHBIC IPUBE/ICHBI B TA0JI.2:

Tabmuma 2
Yacrora, I'n Hﬂnﬂa]:(mﬂu’ HaumeHoBanue HcTouHuK
2.48935e+020 1.2043e-012 Msrkoe Bo30yxnennsie
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H3JlyuyeHue A1pa, aaepHbIe
peakuuu

AHHUTHIISIAS,
2.48935e+021 1.2043e-013 Cpennee KOCMUYECKHUE JTy4U
U BEILECTBO.

Topmo3sHoe,
(cunxpoTpOHHOE),
paccesiHne
9IIEKTPOHOB HA HE
9HEPTHYHBIX
¢oToHaxX U Ha

2.48935e+025 1.2043e-017 Kectroe PETMKTOBOM
M3IyYCHIH,
pacraj 4yacTHIL
(muoHOB),
AHHUTHIISIIAS

pp

CBepXBbICOKNX

2.48935e+028 1.2043e-020 =
3Hepruu

VAbTpaBBICOKUX

2.48935e+031 1.2043e-023 N
SHEpruit

Tabnuma BBINIIAAT AOCTATOYHO IOJHOM. HanmeHblnas UIMHA BOJIHBI
JUISL CTPYKTYPBI Cpedbl TPAKTUYECKH COBMAJAaeT C IOCTOSAHHOM €ero

pemetky | =2re » 340 15 M. 31ech Kpoercs 6o 3arajka, 1Moo

min

npsMOe  NPOTHBOpEYHME. MB3BECTHO, 4YTO  «KpacHas TI'DaHULA»
_ 12

cootserctyer mmmue Bonubl |, =1,2044X0 * M, uro B 430,5 pa3

0OJIbIIIEe MMOCTOSIHHOW PENIeTKH U HUKAKUX MPoOIeM He BO3HHKACT IPH
uHTepnperamu. Hmwke Ml BeTpeTM 310 uncino. O0patuTe BHUMaHHUE,
YTO paHee B 3TOM maparpade BcTpeuanoch uncio 861, kotopoe 2 pasa
oosbmie yncina 430,5.

B 0OBIYHBIX KpHCTAJUIAX, C YMEHBIICHHEM JUIMHBI BOJHBI YIIPYTHX BOIH
O pa3MepoB KOHCTAHTHI PEIICTKH, MJOJDKHA YMEHBIIATHCS 0 HYJS
CKOpOCTh UX pacmpocTpaHeHus. [IpydarHa 3TOro 3aKiIf0UYeHa B TalllCHUU
nedopmaimii  MOHHBIX y3JI0B perieTkd. [IpoOieMa BO3HHKAeT NpH
BOIIPOCE O TOM, KaK MOXKET CYILIECTBOBATh M PACIIPOCTPAHATCS IUIOCKAs
3JICKTPOMArHUTHAs BOJHA C JJTMHON BOJIHBI 310" m B MIPUHATON HAMU
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cTpykType. Kpome Toro, oka3siBaeTcCs, YTO B TOH e SHLIUKIIONEAUN ECTh
Opyrue JaHHBIE [0 TaMMa—W3Iy4YeHHI0 C OONBIIUMH YacTOTaMHU
(MEeHBILIMMHU JUTMHAME BOJIH). DTH JJaHHBIE IPUBE/ICHBI B TA0J1.2:
[Ipexne Bcero, BOSHUKAIOT BOIIPOCH 00 MCTOYHHKAX JKECTKUX M Ooiee
SHEPrUuHbIX BOJH. IIpUHATO TroOBOpPUTH YK€ HE O BOJHAX, a O
KBa3m4actunax — (Qoronax. UX dyeKTpOMarHuTHas — MIPUPOIA
YCTaHOBJIEHA TOJIBKO B anb(a u OeTa pacmazax siiep MO OTCYTCTBHIO
OTKJIOHEHUI raMMa-HU3JIydeHUH B CHJIBHBIX MarHUTHBIX NOJsX. B nepBoi
CTPOKE UMEEeM IIOJIHOE COBIAJEHHE C «KpacHOW rpaHuiei». Bropas
CTpOKa [JaeT €Il IIAaHC I'€HEpaluu U paclpOCTPaHEHUs B 3apsiioBOH
CTPYKTYpe, a IIOCIE€IHUE TPU CTPOKHU BBIXOAAT JAJIEKO 3a pPaMKHU
BO3MOXKHOTO "mpu3HaHuA' (DOTOHAMH KECTKOW CTPYKTYPHI B KadeCTBE
cpenpl pacrpocTpaneHus. HeoOxoanma nanmpHelas paboTa Hall JaHHOMH
npobieMoli. Bo3MOXHBII MyTh — OTKPBHITHE HOBOH  MPHPOMIBI
JIEKTPOMAarHUTHOIO M3JIy4€HUs B BUAE MarHUTONIEKTPUUECKOrO, T.C.
BOJIHY BO30YKIAIOT HE JABIKEHUS 3apsAA0B, a TIOPOKACHUE BO3MYIIICHUI
IIOTOKOB MAarHWTHOM HHIYKIWH W 00pa3oBaHMsA, COTIACHO (GopMmyie
MakcBenna, 3JeKTpUIECKOT0 HaNPSIKEHUS
rotk =- E

It

CO3Z[3€TC$I «IOKaJIbHBIN» MOTOK MarHUTHOM WHAYKIIUN

F g = SB, xoTopslii ucxomut U3 Manoi 061acTH Cpebl, OrpaHUYEHHOM

3aMKHYTOH TIOBEpXHOCTBIO S. Jlns Takoii Mozennm oOpasoBaHus
YJIbTPAKOPOTKOBOJIHOBOM ~ MAarHMTORJIEKTPUYECKOH  BOJHBI  HET
HE0OXOJMMOCTH TIPUHMMATh BO BHUMAHKE 3apsI0ByI0 CTPYKTYpy. Hazno
3HaThb CBOWCTBA «MArHUTHOTO» TOTOKA MHAYKIMH. Jlns ckanspa
E =cB [®eiinman, 1964] nnu

xh = (E)2 , B= i H . Torna nomnyuaewm, uro

X E.,
— = (ﬁ) , TIE OTPakaeTcs CBA3b DJIEKTPUYECKOH M MATHHTHON

h

KOHCTaHT Cpe/ibl C KBaApaToM OTHOIIEHUS 3JIEKTPUIECKON M MAarHUTHOMN
HanpsHKEHHOCTEH. TlontBepxkaeHue CM. B «Duznyeckon
SHUUKIONEANUN», pasfieNl «DJIeKTpoMarHuTHoe usiydeHue». C apyroii
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CTOPOHBI, 3JIEKTpUYECKasl HAPsHKEHHOCTh £ HEe paBHA HYIIO B Ciy4ae,
KOrJa BHYTpPM 00beMa, M3 KOTOPOHl HMCXOAUT MOTOK E, CyliecTByeT

snexrpudeckuii 3apsn  OiVE =X q, . Cuexyer BbiBOA, uTO HMCTOUHMK

MarHUTHOW HMHOYKIUH CO3/aeT HEKWH 3apsi, BEJIWYMHA W TIPHPOIA
KOTOPOI'O Ha ceil MOMEHT He siICHbl. BepoaTHo, Tak B cpene oOpa3yrorcs
raMMa-KBaHTBl ~CBEPXBBICOKMX »dHepruii. OpmHako, ¢opMmyna s
nocrosiHHOM IlaHka CBHIETENBCTBYET, UYTO OHA ONpeAesieHa Kak
AIIEKTPUYECKOH, TaK U MAarHUTHOM NMPOHHUIIAEMOCTSIMU cpedst. Crenyet
OKUJIaTh, YTO JHEPIWs raMMa KBaHTa TaKKe ONIpenenseTcs, Kak U B
cilydae 3J1eKTPOMAarHUTHOM BoaHbl W= hN ¢ Toii 0coGeHHOCThIO, UTO
0CTaeTCs MOJI BOIIPOCOM HAITMYHUE HIEMEHTApHOTO 3apsaa B popMyIie

1 X
h=2pa™* |~q’.
h
JlrobombITHAS TpaHCOpManUs TaHHOH (HOPMYIIBI
1 E
h=2pa ﬁqi , T.e. nocrosHHas Ilmanka  onpezpensercs

OTHOIICHHEM CHH(A3HBIX AaMIUIUTYH JJICKTPUYECKOW W MAarHUTHOMH
HaIpsHKEHHOCTEH B AJIEKTPOMArHuTHOM BoiHE. [Ipyn 3TOM OHA BBITIISIINAT
KaK xapakTtepuctuka usnydenus. CobctBenHo, Make Ilnank BBen ee
UMEHHO [UIsl ONpejAeieHUs HHTEHCUBHOCTH U3NMy4deHHs. Bo3Hukaer
3aKOHHBIA BOIPOC: MOYEMY B (PH3HKE HPUHSATO HCIIOIB30BATH TAHHYIO
MOCTOSTHHYIO B KJIaCCH(HKAIINK 3JIEMEHTAPHBIX JacTull? HamoMHIo, 9To
y BCEX YaCTHWI[ €CcTh CIHH, ompexaensembiii uncnamu O, %2, 1 ...u Tak
naiee, yMHOKeHHbIe Ha Beqmuuny N/ 2P . B Takom onpenenenun cnvu
HE €CTh KAaKOW-TO MOMECHT BpAIlleHHs, a €CTh YHCTO (hopManmpHOe
MOHSATHE, WCIONB3yeMoe JUIl ymoOCTBa KiAcCH(UKAIMK OONBIIOrO
MHOT000pa3us 4acTHIL.

s guratenst cTpaHHAas CHTyallsl — XapaKTEPHUCTHKA M3IIydeHUE
O/IHOBPEMEHHO CIYXUT HEKOH XapakTEepPHCTUKOW BelecTBa. B0O3MOXKHbI
JIBa CYX/ICHHSI [I0 ITOMY ITOBOAY:

CylecTByeT €CTeCTBEHHAs CBS3b WIM €IUHCTBO 3JIEKTPOMArHUTHOTO
U3Ny4YeHHUs M BellecTBa. lToraa Hameyaercs MyTh AJIs JlalbHEHIIEero
nonumManus [Ipuponsl.
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JJIeKTPOMATHUTHAS BOJIHA

Hcronp3oBaH 10CTaTOYHO (HOPMATBHBIA IPUEM ISl OMCAHUS YACTHBIX
nposiBiIeHAN [Tpupoas! ¢ LeapI0 YIPOIIEHHOTO €€ TOHUMaHUS.

OTH MyHKTHI MOTYT OBITh HEKHM BOJIOPA3IEIIOM sl (PU3HKH.

To, 9TO DJIEKTPOMArHUTHAS BOJHA MOXET BO30YKIAThCS M3MECHCHHEM
MarHUTHOW HaNpsHKEHHOCTH WJIM MAarHUTHOM MHAYKLMH, XOpOLIO
n3BecTHO. CylIecTBYIOT MarHUTHbIE aHTEHHBI U3ilydyeHus u npuema. Ho
IIpU JUIMHAX BOJIH, IPEBOCXOALIMX B JECATKH, COTHU pa3 IOCTOSHHYIO
KpUCTaJUIMYECKON  pEIIETKH, PpPaBHY0  JBOMHOMY  JHUIOJIBHOMY
paccrosiHuio, npobiemM Her. OHM BO3HUKAIOT, KOTJA [UIMHA BOJIHBI
CpaBHMMA c BEJTMYMHON MTOCTOSIHHOM. Bo3z0yxnenue
MATHUTO3JIEKTPUYeCKOii BOJTHBI ITyTeM 00pa30BaHUs BUXPSI MATHUTHOM
HAIPsDKEHHOCTH MOKET JaTh pelIeHHe MpobjeMbl. B kauecTBe mepBoro
OpuONIDKEHWsST B pEIICHHM IIOCTaBICHHOM 3amaun  oOpaTtumcs K
(dopmyiam MakcBeruia i uX O9eHb YIa4HOM TpakToBKe P. deliHManoM.

< . .
EH,dl =1,, 1, - IMPKYISIHs HANPSHKCHHOCTH MAarHMUTHOTO IO

paBHa CyMM€ TOKa IIPOBOJMMOCTH M TOKA CMELLEHUsI. 31€Ch BbIpa)KaeTCst
TOT (aKT, 4YTO MATHUTHOE TIOJIE OTIMYHO OT HyNsd, Kak IIpH
NEPEeMEIICHNN JJIeKTPUUYECKUX 3apsAAoB, TaKk U MNP H3MEHEHHH

snektpudeckoro moms Bo spemenn. T.e. gy dl =i, + 11T]t OP.dS. Bee
s

DJICKTPOMATHUTHBIC SBICHHS CBS3aHBI TONbKO uepe3 Ttoku I, +1 .

WUrHopupoBaHue 3TOH CBSI3M MyTeM YUCTO MaTeMaTHYECKOTro
npupaBHUBaHusS QYHKUMHA E W H BeJeT K HEBEPHOMY BBIBOIY, YTO
AIIEKTPUYECKUE W MAarHUTHBIC HANPSHKEHHOCTH MOPOXKIAIOT IPYT Apyra
IpSIMO, MUHYS TOKH.

ogd =- 163 dS - maremartnueckuii «pakT» BO3HMKHOBEHMS
Tt "

QJICKTPUYCCKOr'0 I0JIA IMpU U3MEHCHUHW BO BPEMEHU MAarHUTHOTO ITIOJIA.
I/IHTeraI[ OT MHAYKIHAU MArHUTHOT'O IOJIA MOXHO 3aMEHHUTHL HOJIHBIM
MOTOKOM MAarHUTHOM WHAYKIIUK OT HCTOYHHWKA BHYTPHU 3aMKHYTOﬁ

noepxuoctn F = (‘ﬁndS U MOXHO Tepenucarb BTOPOE ypaBHEHHE
s
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ra: Ol =- ’1; |

AN —_ %
@DHdS— ( - HOTOK DJIEKTPUYECKON HHIYKIUM Yepe3 3aMKHYTYIO
s

MOBEPXHOCTh PAaBEH IOJHOMY 3apsly BHYTPH JTOH TOBEPXHOCTH.
YpaBHEHHE OMUCHIBACT AIEKTPUIECKOE MOJIE BOKPYT 3apsiI0B.

@‘andS=0 - motok MarmutHOH wmHAykumu F =0 wgepes mobyro
s

3aMKHYTYIO TOBEPXHOCTb, HE COJEPXKAIYI0 BHKYIIHECS 3apsiibl
(oTcyTcTBHE TOKOB CMeleHwMs! ).

B muddepennmanpaoii dopMe ypaBHeHHs MakcBelUta IEpENuUIITyTCs
TakK:

rotH :f+E
\p ﬂt
rotE =- 18
qt
divE oL
eO
divB=0

P. ®eituman [1964] uznaraer 3T0T MaTepuan B CleayIOIIeH Ghopme:

.= T
divE =— - nortok Bektopa E uepe3 3aMKHYTYIO TIOBEDPXHOCTh PaBeH
(0]

3apsily BHYTpHU €e.
= B
rotE =- _t - HHrerpan or BekTopa E MO 3aMKHYTOMY KOHTYpPY

paBeH M3MEHEHUIO BO BPEMEHHU IIOTOKY MHIYKLHU BEKTOpa «B» uepes
KOHTYD.

divB =0 - IMorok BekTOopa B uepe3 3aMKHYTYIO TIOBEPXHOCTH PaBEH

HYJIIO (B Clly4dae, €CJIM BHYTPpU 3aMKHYTOﬁ MOJIOCTH OTCYTCTBYIOT
HUCTOYHHUKH MArbvTHOr'O II0JIdI — MOHOIIOJH HJIU TICPEMCHHBIC TOK —
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[PUM. aBTOPA).

I’OtB:—z(—+— - HMurerpan Bekropa B 1O KOHTYpY
c" e It

OIpeJeNnsaeTCs TOKOM B KOHTYpEe U U3MEHEHUEM BO BPEMEHHU BeKTOpa E.

B oatoii  dopmyne, K COXKaICHUIO, MPHUXOIUTCS KOHCTATHPOBAThH

HapyllleHUe pasMEpHOCTU. Pa3MepHOCTb BBINOJIHAETCS Torz[a Korja

1E

BBOJUTCSI TMOTOK MAarHUTHOM WHAYKIHH rotF —(—+ ﬂt ,
0

pasubii F = B*S. Mmenno 510 u umen B Buny ®eiinmMan.

3akoH coxpaHeHus 3apsga Dapaness mpoucxomut w3 1. m 4. -

LT r
dIVj =- _t - TIOTOK 3apsja, O0pa3yloIero BEKTOpP TOKa, 4Yepe3

3aMKHYTYIO IOBEPXHOCTb PaBeH CKOPOCTH M3MEHEHUs 3apsia BHYTPH €e.
ITo ®eitnmany (ero TpakToBka!) coBepmiaeTcs: KaTHOPOBKA BBEIACHHEM

\l

HEKHX TOTEHIMANIOB rotE =- ﬁ rotA ® rot(E + 111—?) =0

udivA=- EnN (xamubpoBka Jlopenma). BsemeHo u3MeHeHHe
c® it

norennmana A 3a cuer joGasnenus Qrad] , m jaunas omepanus

Ha3BaHa «KaJHMOPOBOYHBIM mpeoOpa3oBanuem». [Ipu KkanuOpoBKe He
IMPpOUCXOAUT HAPYHICHNUE 3aKOHOB MaKCBeJIJIa, TOJBKO MCHACTCA d)OpMa
ux HpeﬂCTaBHeHHﬁ. B PE3YIIbTATC MOJYy4acM JiBa BOJIHOBBIX YPaBHCHUA
JJIA OITMCaHUA BHGKTPOMaFHHTHOﬁ BOJIHBI.
2 2 H
"A 1T°A_ | N
> > =" 5 - AJs OTHOM KOOPIMHATHIL. B TPEXMEPHOM
x c 1t e,C
IIPOCTPAHCTBE YPAaBHECHHUE 3AITMCHIBAECTCS C IPOU3BOIHBIMHU 110 BCEM TPEM
KOOpAUHATaM.
2.
o195 _
=-— .B IMPaBbIX YaCTAX COXPAHCHBI TOKW W 3apsAabl
2 2
fx c 9t e,
cpeObt. OTMETHM Ba)KHOE OGCTOSITGJ‘IBCTBO, A nepexoJia K IyCTOTE
IMpaBbIC YaCTU NPHUPABHUBANOTCA HYJIHO. Tak COBCPHIWJICA MEPEXOJ OT
3(1)1/1pa K IIYCTOTC CYIIPOTHUB <«BOJIU>» MakcaeJia. OKa3I)IBaeTC$I, 4To
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3JIEKTPOMArHUTHBIE BOJHBI PAaCIpPOCTPAHAIOTCA B IIyCTOTE, a HE B cpede,
B KOTOPOM MOTYT CYLIECTBOBaTh 3apsiibl U TOKH cMmelleHus. VIMeHHO
TOKH CMeIIeHHsI 00pa3yloT IONEepevyHyrd K BekTopy FE Bektop B.
IToatomy BooOOmIE He MOXeT ObITh HHKakoi OMB! Bces mpakTrka
CBUJICTETILCTBYET O TOM, UTO BCE 0€3 MCKIIOUCHHS SJIEKTPOMATHUTHBIE
yCTpOKCTBA PabOTAIOT MO MPUHLKIY: £ MOPOXKAAET TOKH MPOBOAUMOCTH
U CMEUICHUA, TOKU MOPOXKJAIOT MAarHUTHYIO MHAYKUUIO B 1, o0paTHO,
nepeMeHHas MHIyKIus B mopokaaer TOKH, KOTopble Bo3OyxaaroT E.
Henb3s mpupaBuusath Gyakiuu E(t) u B(t), MuHys TOkH, i TOrO,
9TOOBI IPAaBMIIBHO IOHUMATh CYTh AIEKTPOMATHUTHBIX SIBIICHHH.
BonHOBOE ypaBHEHHE MOXHO HOJYYUTHh M 0€3 OmIepanuy KalnOpOBKH.
Bepewm 4-¢ YPaBHEHUE 110 3aNUCH P. ®deiinMana ¢ HAlIUM YyTOYHEHUEM:

1TfE_ 1 - _1-
I’Ot =——]=—-]. Bropoe ypaBHeHue HaM Jaer
e ft ce h

rotkE =- T CoBepiim  onepaipio Ot K MOTOKY HMHIYKIUH

~

rot (rotF)- = (rot E)——rot j ®

MarHUTHOTO TOMIs - 1
ﬂ—ZF +—— ﬂ —F= rot i
X c’S 1t? h
ITonyunnu BOTHOBOE ypaBHEHHE C MOTOKOM MAarHUTHON MHAYKUUH, HE
npuberasi K U3MeHEHHIO ()OPMEI 3aIllUCH ypaBHEHHI MaKkcBeJa.
Ocraercs 3ajaya TOJYYEHHS BOJHOBOIO YypaBHEHHsS MJii IOTOKa
AEKTPUUECKON HANPSHKEHHOCTH C TMPaBOW YacThi0 pOTOpa OOBEMHOU
IUTOTHOCTH 3JIEKTPUYECKOTOo 3apsiaa. B aTom ciydae Oynem nMeTh Bech
Ha0Op MaTeMaTHYECKOTO ONMMCAHHS HICKTPOMATHUTHOW BOJHBI. MOXKHO
MOJ03pEeBaTh, YTO B JAaHHOM Cllydae HET OOBEMHOH IUIOTHOCTH
JNIEKTPUYECKOTO  3apsijia, a eCTh KPYroBoit  (BHXpeBOil) TOK,
dg,
dt
OKpYXHOCTU. [l M3Iy4eHHs C MaJbIMH YacTOTaMH B PEUICHUH
BOJIHOBOTO ypaBHEHMsI oOpasyercsi cdepuueckas BosHa. OnHAKO ¢
POCTOM YacTOThI CHEPUICCKUIA WIIH TUIOCKUI BOJTHOBOM ()POHT HE MOXKET
0o0pa3oBbIBaTbCSI B CHJIly  OrPaHUYEHHUA  CKOPOCTH  Iepenayu

ompenensieMblid  IBIJKEHUEM  HEKOTOPOTOo  3apsiza j= o
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ANEKTPUIECKON U MATHUTHOH HAPSDKEHHOCTEH 10 MOBEPXHOCTH (PPOHTA
CKOpOCTBIO cBeTa. Tak, Hanmpumep, wms yactotel 2.4-10%° 'y nepuon
KoneOaHust OymeT TmopsaKa 410% ¢. Ecmm MOBEPXHOCTh (pPOHTA
oOpasyercsi He ObICTpee, 4YeM CO CKOpPOCTBIO CBETa, TO paJuyc
MOBEPXHOCTH 32 YKa3aHHBIA IEPHOJ] COCTaBUT BCETO 4.10%%3.10° =
1,2.10" y, uto cpaBHIMO ¢ pasMepamu aTOMOB. IIpH BBICOKHX SHEPIHSX
(GpoOHT BOJHBI HACTOJIBKO Mad, YTO €ro JIETKO NpPUHATH 32
pacrpocTpaneHue yacTuibl. J{isi pazmepa GppoHTa, paBHOMY IBOHMHOMY
PacCTOsIHUIO Cpedbl, OyIEeT COOTBETCTBOBATh YaCTOTA raMMa U3JTyYCHUsI
10®I'y. YKasaHHbIC OLCHKH COOTBETCTBYKOT OINPEICICHHIO JUIMHBI
BOIIHBI M3JIy4eHHMs, T.€. McHojb3oBaHa gopmyna | =r =c/n . Takum
00pa3oMm, JJIHHA BOJHBI (PaKTHIECKH €IIe CBUICTEIBCTBYET H O Pa3Mepax
BOJTHOBOTO ()pOHTA.

Tak KaK MarHUTHBIC BEIUYMHBI MPOYHO CBSI3aHBI C 3JIEKTPUUCCKUMHU
BEJIMYMHAMH B 3JIEKTPOMArHUTHOM H3JIYYeHUH, TO IOJy4UM BTOPOE
BOJIHOBOE YPaBHEHUE OTHOCHUTEIBHO 3neKTquec1<0171 HAIpPSKEHHOCTH:

2
"= 1 'ﬂ =

— E+— 3nech HCTIOIH30BAHBI
X c’s t? se0

cootHowmeHus Mexay £ u B (@) u onpejiesieHHe 2IEMEHTAPHOTO TIOTOKA

MarHUTHOM  MHIYKIHH F,=¢e ;](— =4,80320404 140 *® Bebep.

OOpaTiM BHHMaHHE, YTO OTHOIICHHE KBaHTA IIOTOKA MAarHUTHOW
uHayknuu [@usndeckas sunuknonenus, 1998] x moaydeHHOMY HaMH
3JIEMEHTAPHOMY IMMOTOKY MarHUTHON wHIykimu paBHo 430,5! Beime B
3TOM maparpade Mbl yiKe BCTPEUaar 3TO YKCJIO.

HekoTopast HeKOpPEKTHOCTb ObllIa MCIOIb30BaHA MPH BbIOOPE 3HAUCHHMS

3apana (, = €, . HaM noxa HEM3BECTHO CYHIECTBOBAHUE DIIEMEHTAPHOIO
3apsia, OTIMYHOTO OT 3apsijia 3JIEKTpOoHA (32 MCKIFOUEHHEM JIPOOHBIX
3apsiIOB KBapKOB, KOTOPBIC BPS JIM HAXOIATCS B CBOOOTHOM COCTOSIHUH.
B kawecTBe 3aMKHYTOM TOBEPXHOCTHM IUIOHIAABIO S TPHUHSITA
MOBEPXHOCTh C(Eepsl € pPaAXycOM JUIMHBI BOJHBI, ONPEACIISIONIETO
cepudecKuil GPOHT BOJIHBI S = pI z,

O0beMHas SHEpPrus 3JIEKTPOMarHUTHOU BOJIHBI
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2 2 2 2
= 1 (E— + H—) A = E—V = H—V B kauectBe pasmepa Uit
2 x h X h

4
—_ 3
BBIUMCIIEHHS. 0ObEMAa MOKHO B3ATh JUIMHY BOJHBI M Toraa V —§p| .

DHeprus ramma-kpanTa W = hn .

OpaHako BCe OLEHKH, MPOU3BEICHHbIE MCXOMAS U3 TaKOro ONpeAeeHUs
00beMa, IPUBOAST K HEJOCTATOYHO BPa3yMUTEIBHBIM pe3yiabTaTtaM. Bo-
nepBbIX, Hano, BUAMMO, Opath 3a ocHoBy | =1 & mus nposepku

paboTOCIIOCOOHOCTH TIpUeMa Ha YacTOTe «KPACHOH TPaHUIIBD» CpPeodl.
Bo-BTOpBIX, TpeacraBicHue oObeMa B BUAE Cdepbl HE HMEeT
HEoOX0MMOro 000CHOBaHUs. B mocnemHeM ciaydae JIOTUYHEE MPHHATH
[UJIUHIP, HANPaBICHHBIA BIOJIb PACIPOCTPAHEHUS BOJHEI. IMeem

— 2 y
V,=p(l,a)d,. Duekrpuueckas HAUPSIKEHHOCTb IS KPACHOM

IPaHUIBI E, =bDr, /e =7,32936746540° Blu.  Dueprus

pOXIEHMUS Hapbl MIEKTPOH M IO3UTPOH OIpPENEIEHA BBIIIE Kak

W, = 1 ELV, =16374224340 " =2mc®. Orcioma  Haxomum
X

00beM nedopMaIyiv, BBHI3BAHHBIA (OTOHOM — BOJIHOH M IPOU3BOIUM
OLICHKY nedopmariu Kak JUIMHBI LWIMHIpA

d, = V— =111975547X40  », wuro crerka IpEBBILAET
p (I rb )

npejel NPOYHOCTH CTPYKTYphl d¢upa. OleHKa HAaXOAUTCA B PaMKax

npuemneMoctd. MTak, mojgy4uM KOHEUHBIA PE3yNIbTaT OLEHKH SHEPIHH

raMMa-KBaHTa

w=hn :@(al E)* =phd(@E/n)?
X

ITosiBneHue, B KOHEYHOM CYeTe, MarHUTHON TOCTOSIHHOW ¢pedbl TOBOPUT
0 TOM, YTO TaMMa-KBaHT M €r0 PacIpPOCTPAHECHHE CBS3aHO C MOTOKOM
MarHUTHOW WHOYKIUH Cpedbl W OTPaHUYCHHE paCIpOCTPaHECHHUS
AJIEKTPOMAarHUTHOM  BOJIHBI ~ BEJIMYMHON  TIOCTOSIHHOM  pEHIeTKH
(oronHOTO 3dHpa oTHAAACT. IMITyIhC HIEKTPOMATrHUTHOMN BOJIHBI OyIIeT
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p:V—V: h—pd(a E/n)>.
c \x

[lo BemuuuHE OH COBHAAAeT C HMITYJIbCOM (POTOHA. DTO €me OIHO
3aMedvaTesIbHOe corylacue ¢ (PM3MKOM, KOTOPOE OMPaBAbIBACT HAIKCAHUE
JTAHHOH paboTHI.

BakHo mpaBuibHOE MOHMMaHWE TOro (¢akra, 4yTo y (HOTOHA Kak y
JJIEKTPOMATHUTHOU BOJIHBI, HET Macchl [OkyHb u 1p., 1999]. Beskue
pasroBOpPbl O TOM, YTO (POTOHBI HMPUTATHUBAIOTCS K TPABUTHPYIOIINM
o0BbeKTaM, JMIIeHbl (U3NYeckoro ocHoBaHus. OJHAKO, MOJHOCTHIO
HCKJTIOYNTH BPEeMEHHOE 00pa30BaHMe B MArHUTHOM KOHTHHYYME BUXPS

rot F npu makcumanbHOM €ro amIuiuTyse BO BpPEMs MPOXOXKICHHS

AJIEKTPOMArHUTHONW BOJIHBI HENb3s. TakoW BUXPH POXKAAET BPEMEHHO
Maccy, KOTopasi MOXKET OBITh IIPHHSATA 33 8UPIMYAIbHYI0 Maccy (POTOHA.

Ilouemy KOHTHMHYYyM Ha3BaH MarHHTHBIM?  BrlmienpuBeeHHbIC
¢dbopMmynel  maHHOTO maparpada BEIHYXAAIOT 3TO ClIenaTh. Hrnke
IPUBE/IEM €eIlle JOMOIHUTEIbHOE 000cHOBaHUE. ONMpPEeaeInM MarHUTHYIO

maccy 3apsjga M

X
= |— q=29.9792458 Om>q . Hano ckasare, 4o
€ \h
CYIIHOCTh MAarHMTHOM MacChl MOXET OKa3aTbCsi HE HUMEIoIen
(usnyeckoro cMmbicia. JIF0OOMBITHO Onpe/ie/iecHHe MATHUTHOTO MOMEHTA
MacChl 3JIEMEHTapHOTO 3apsiia

Mg =a L = ieo =4.8032068 40 18, B6 . MaruurtHas macca
2peg  \h
y MMa
¢urypupyer B m3BecTHoii dopmyre Kyaoma: F =h —5 . Ona
r

oCTaeTcs IIOKa «Bellpl0 B cede», MO0 HeoOXOAMMO OOmMpHOE H
CaMOCTOSITEJIbHOE HCCIIEJOBaHUE MpPOOJIeMbl MAarHUTHOW Macchl U
MarHUTHOTO KOHTHHYyMa. [IpuBeneM HeKOoTOpEbIe (hOPMYIbI MarHETH3MA,
U3BECTHBIE B Hacroslee BpeMs. HanpspkeHHOCTP MarHUTHOTO I0JIA
IIOCTOSIHHOI'O ~MarHuTa, BBIp@KEHHAs 4Yepe3 MarHUTHYI Maccy

M
H =h—2,a/M
R
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2 2
M
f,=x==1,=h R—z - 00bemHeHHbIH 3akoH Kystona s 3apsios

X
¥ MarHUTHOM «macchl». PelleHne ypaBHeHWs paeT M, = h—eo,
_ X _ 2 .3 .2
rie I, = H =29.979244785 m“kec Ca - SIIEKTPUYECKOE
CONPOTHBIECHME.  DJEMEHTAapHAs  MarHUTHas  «Macca»  paBHa

5JIEKTPHYIECKOMY CONPOTUBJIEHUIO, YMHOKEHHOMY Ha DIIEMEHTAPHBIi
_ _ .18
3apAl, YTO  COOTBETCTBYET M, =I,€ = 48032140 °, B6 -

3JIEeMEHTAPHBIM MOTOK MAarHMTHOW WHAYKIHH B cpede, UCXOMSAIUNA W3
AJIEMEHTAPHOTO 3apsjia €ro S3JEKTPUYECKOH CTPYKTyphl. M300pazum

F.=m,=480321040",B6 B  nupuHATHIX  (U3HYECKUX

0003HAYEHUSAX I TOTOKA MAarHUTHOW WHIYKOUU. [lOCKONBKY
CYIIECTBYIOT  MOJOXUTEIbHBIA  (MO3UTPOH) W OTPHIATENbHBIN
(ameKkTpoH)  dJEMEHTapHbIE 3apsibl, TO, BHIMMO, CYIIECTBYIOT
MOJOKUTENBHBI ¥ OTPHIATEIBHBI INOTOKM MAarHWTHOM WHIIyKINH.
Bripaxasich sI3bIKOM (U3NYECKOH MaTeMaTHKH, B cpede CYIECTBYIOT
UCTOK (MIO3UTPOH) M CTOK (3JIEKTPOH) MATHUTHON WHIYKIMH, BEIMIMHA
KOTOPBIX paBHA BBIIIC OMPEACICHHOMY DJICMEHTAPHOMY ITOTOKY
MarHUTHOW UHIYKIUH. B UCTOKE M B CTOKE OTOK MarHUTHON MHIYKITUH
3aMBIKAaeTCsl, UTO BBI3bIBAaeT cmry npuTspkerus Kynona. U, maobopor,
BCTPEYHBIE IOTOKM MAarHUTHOW  WHAYKOHH  OOpa3yiOT  CHIIBI
orrankuBanusi Kysnona. Tax mnomydaer ecTeCTBEHHOE TOJIKOBAaHUE
«onwkHenericTBue» cuin B [lpupone. O600mas 3TOT BBIBOJ, MOXKHO
KOHCTaTHpOBaTh, YTO JrO00OE  B3aUMOJCHCTBHEC, MOXKET  OBITb,
OCYIIECTBIATECS TOJNBKO 4epe3 c¢pedy, B KOTOPYIO HOMEIICHBI
B3aMMOJICHCTBYIONUE OOBEKTHI. [lOHATHE <«IIOJSA» WIH «OOMEHHOM
YaCTHUIB» MPU B3aMMOJCHCTBHAX — 3TO €CTh YAOOHAS I MMOHUMAHUS
abcTpakiys, He UMEIOIIast PealbHOTO CMBICIA.

«Keéanm macnummnozo nomoka — mun. 3HaueHue MAZHUMHO20 ROMOKA
@D, uepes KONbUO CEEPXNPOBOOHUKA C MOKOM, 00YC106T1EHHbIM
osudiceHuem Kynepoeckux nap inekmponos (cm. Kynepa ghgpexm,
Csepxnposooumocms); o0na u3z Pynoam. @us. Koncmaum.
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, =h/2e =2,067833636(80) 40 ** Bo»

IMurara B3siTa M3 «PU3HUECKON SHUMKIIONEIUN». PaznennuM ykasaHHBIA
KBAaHT HAa IIOTOK MAarHUTHOW WHIYKIMK BJIEMEHTApHOTO 3apsia:
n=F_,/F =430,51129. Cpasuum mnomydeHHoe uYucIO C

OTHOUICHHEM [UIMHBI BOJHBI TaMMa-KBaHTa, pPOXKIAIOUIETO Iapy
ANEKTPOH-TIO3UTPOH, C TIOCTOSSHHOW  KPUCTAJUTMYECKOW  pEHIeTKH
3JIEKTPUUECKOI CTPYKTYPBI CPEIbL:

= nil 2r, =1,2043666120 "% / 2x,3987632X40*° =
rb

=430,511

Emie onHo u3 yauBuTENbHBIX coBNageHuil. Ho OHO yIMBUTENHHO TOJIBKO

C TOYKH 3pCHHUSA, YTO (bopMyna Ky.]IOHa crpaBeaiiBa M IJ1s1 MUKpOMHUpaA:
2

hnrb =X ? Hcnonp3ys nanayo GopMmyny IS MpeaelbsHOro raMma-
e

KBaHTA, IMOJNyYHMM KBaHT MarHUTHOTO MOToKa. Kpyr, Takum oOpaszom,
3aMBIKAETCS €CTECTBEHHBIM 00Pa30OM.

SIBJIeHHE SKCTPATOKOB 3aMBIKAHUS — Pa3MBIKAHUS YPE3BBIYAHO TTOXOXKE
Ha SBJICHHC WHEPUMU OOBIYHOrO BemlecTBa. JlelWCTBUTENBHO,
TOPMOXKEHUE WM Pa3rOH DJJICKTPOHOB YK€ JIaBHO CBS3BIBACTCS C
WHEPIIMOHHBIMHU CBOMCTBAMHM TAKMX YACTHII KaK AJIEKTPOH, KOTOPBIHA €CTh
€CTECTBEHHBIM HOCHUTEIh TOKa BO BCEX HAIIMX JJICKTPHUUYECKHUX
yCTpOHCTBaX. ITO CBOWCTBO 3JIEKTPOHOB B CBOE BPEMS UCIOJIB30BAJIOChH
JUISL ONpEJINICHUs] ero Macchl. Mepoil MHEpPIHMOHHOCTH B SIBJICHHUSX
9KCTPATOKOB MOKET CIYKHUTh KOX(PPHUIIMESHT CAMOWHTYKIIHH.

Bossmem 3axon buo—Casapa—Jlamnaca, ycTaHaBIUBAIONIUH CBA3bh TOKA B
HpOBOI[HI/IKe c HaMPsHKEHHOCTHIO MardUTHOTO OJIA.

DH =k Dlsma®|_| d<I>Dl\smada

Cnenyer 1nenb npeoOpa3oBaHUi C TIOMOLIBIO BBEACHUS IOTOKA
MarHuTHOU MHAYKInHA @:

2
H:4p$l; F=NF =nHSN= 4pmNTIS N _

F=4pmn®V1; L=4p mn’V
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1
Kos¢pdunuent CaMOMHIYKIHH L=4p H n/ onpenensiercs

MarHUTHOW KOHCTaHTOH cpeodsl, YNCIOM BUTKOB HAa CJUHMILY JUIUHBI,
3aHMMAaeMBIM 00BEMOM.

IIpumep.

1=05 S=10% N =3000; n=6000; L =0,0226, I'x. Torna

VI: 0,022105 m*/TH. Unu VLZ 45,239 Iulv®. Ho 310 ¢ y4ETOM
4p.
VvV _ 3.2 12 2 3
bes  yuera T =0.27778 [m°m ke "c“a®l  wmIlu Wi
L

v =3.599976 » 3.6 [m’ke ¢ *a *m®] Tulr’.

BeiBOoa 1711 0OAHOTO BHTKA. HaprI)KCHHOCTI) IojJi1 Ha OCHM BHMTKaA OT
3JIEMEHTA NJIMHBI IIPOBOIHUKA

dH = kgsin(b) =k | dlgR; sin(b) :?R
r r

Unrerpan or dl naer mmuny sutka 2P R. Tloacrasnsem u umeem
2p R
r3

H =k

| . I[.]'IFI MarHUTHOM HAIPsKECHHOCTH B OCH OAHOI'O BUTKaA

2p .
HMEEM H=k—I. IToTok MarHUTHOH HHIYKIUHA

F,=mHS=mp R°H = 2mp2RI =L, ¥ . Orcrona xoddduument
MHIYKUME OJHOro BuTKa Oyner L, =2p ’R/h =1.97392140°° R,
I'a. Ecnu npuHsATE BO BHUMaHKE pa3Mep CTPYKTYPHI, TO

L, =1.97392140 °r, = 2.76104157 40 **, I'n.

MomeHT MHEPLUH IS 5JI€EMEHTapHOTO BHTKa
K, =L, e =7,085948X0 %, ko m>. Torma cmemyer uacrota

KOJ1eOaHui QJICMCHTAPHOI'O0 MArHUTHOIO KPYIrOBOI'O IIOTOKAa KakK
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w? =b/K, =1630296840""; f, =1339736X0%, I'y. Macca
xomsiia M, = K_/p r2 =1,15282140 %, xe.

4p 1
Ecnu npencrasuts, uto N =1, To nomyunm, uro V = |_£JXI‘T Jimny
MOYKHO COKPaTUTh u Torma CIIeLyeT, 4TO
4p S S S P
h= P =4p L =4p—,M2KZC 20°? WHBIME cIOBAMH,
L L h ¥

CaMOMHAYKIUS WA MPOCTO WHIAYKTHUBHOCTH OIPENEISETCs TIOMIAAbI0
ceueHuss o0beMa COJICHOWIA, ACJACHHOW Ha nHy (MpUXOomIeiics Ha
eIMHUIYY JJIMHBI), U MArHUTHOW TMOCTOSHHON cpedbl. Paccunraem
«HYJIEBYI0» HHIYKTUBHOCTh, MIPUXOASANIYIOCS Ha €IUHUILY [UIOMIaan IS
y4acTKa COJICHOMUIa ATMHON eJuHIIIA

L, =4p hl =1.256637130° I'u. «HyneBoii» MOTOK MAarHHTHOM

VH/yKLIAU OIPEENNThCS TOIbKO Tokom F o = L, % .

OO6HapyxuBaeMble CBONCTBA Cpedbl KOHTHHYyMa COBMECTHO C €ro
JKECTKOU AJEKTPUUECKON CTPYKTYpOH COCTABIIAIOT €IUHYI0 OCHOBY JUIS
rpaBUTALMM, 3JIEKTPOMArHUTHBIX BOJIH U JPYTUX 3JIEKTPOMArHUTHBIX
CBOMCTB MaTepHH. DJIEKTPUUYECKUW 3apsifl, WHEPTHAS W TATOTEIomas
Macca OMNpEeNeNdioT IOTOKH MAarHUTHOW WHAYKIMH B cpede WIIH,
HA000pOT, MIOTOKH MAarHUTHOW HHIIYKIIUHU CPeObl OTIPEACISIIOT Maccy Ted,
3JIEKTPUUECKUHN 3apsil.

IIpumep. IIpenensHast cuiaa MarHUTHOTO B3aMMOJAEUCTBUS B CTPYKTYpE:
2
F h_F
- 2 _ -17
&, Dr, =—x—%)" =1.0206735X0 " n. Oror
e b re
pe3yJbTaT COBEPIIEHHO €CTECTBEHEH, TaK KaK 371eCb JJIEKTPUUYECKUM
3akoH KyjioHa 3aMeHeH ero MarHuTHBIM aHaJIOIOM.

f =bDr,, :h(

I'paBuTanus u nuHepuus

Cpeoa, wmMmeronas 3JIEKTPOMArHUTHYIO CTPYKTYPY, MOXeET OBbITh

HCTOYHHUKOM I'paBUTAllU U UHCPLUH. I[OCTaTO‘-IHO MMPEAIOJIOXKUTL, YTO
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cpena uMeeT u30BITOK 3apsiia co 3HaKoM (+) wiu (—). 3apsukeHHast cpeda
¢ momompto uHAyKipu @Dapages CrocoOHA TONAPU30BATH JHOObIE
MaTepuanbHBIe Tela W TPUTATHBATH MOJAPH30BAHHBIC TeNa IPyr K
IpyTYy. B03MOKHOCTB 3TOTO JIOKa3bIBACTCS TeM, 91O
HaDIICKTPU30BAHHBIA TPEAMET TPHUTITHBACT HE3apPSDKCHHBIE OOBEKTHI.
MOKHO MPEAIONIOKUTh, YTO 3apsiy Cpedbl 00pa3yercsi HapyIleHUEM
CHMMETPUH B BEIUYMHE 3JIEKTpHuecTBa 3apsaoB (+) u (-). BepostHo,
Pa3HUIIA BEJIMYKMH 3aps/I0B ONpeessercs u3 papencrsa cui HooToHa U
KysioHa mpu paBHBIX PACCTOSHUAX TS MACCHI DJIEKTPOHA!

./xDe* =-/G ¢ = /hDF;

(12)
+ G . -41
De" = /;me =7.8490194 X0

Kynon.

[Ipu Hemocratke Bo BeeneHHOM MaTepuanbHbIX 00bEKTOB, CIIBl KynoHa
3apsDKCHHOW ~ Cpedbl  CO3JAI0T  «OTPUIATENBHOE  JIABJICHUE,
OTBETCTBEHHOE 3a pacimupeHne BcemeHHOH. DTH CHIBI  MOTYT
NPETeHIOBaTh HAa <TEMHYIO» DJHEPIUIO, OTKPBITYIO acTpO(pH3MKaMHU.
Oo0paiaer Ha ce0si BHUMaHKE, YTO OTHOIICHHUE CHJI TPaBUTAL[MN MEHbIIIE
CWJI DIIEKTPUYECTBA  MPUMEPHO B 10% pa3. DTO MOXHO TOYHO
OlpeAeNuTh, TOACTaBIsAsT B ypaBHenue (12) Bemuuuny 3apsjia
anekTpoHa. Pasuuia B BenmuuuHe 3apsiioB (+) U (—) OPUBOAUT K 3apsiiy,
PaBHOMY OTIMYUIO OT 3apsiga sjiektpona B 21 3make. Crpykrypa
obnamaeT CrmocoOHOCThIO K mosipu3anuu. OOIee NpeacTaBiIeHUE O
3akoHe HpOTOHa B TepMHMHAX TMONSPU3ALMNA [AIOT CIEAYIONINE
paccyxknenus. 13 dopmynsr (12) momydaeM CBsSI3b MacChl C 3apsiioM

G
r = |— =8.6164161340™ Kyonlke. Cepuueckas nomspusanus ot
X

3apana (| ONpENENACTCS COOTHOLICHHEM: S p = OKBUBAJIEHT

— -
4 R
3apsna mMaccel M paccunteiBaetcs Kak 3apsng =r M . 3asucumocts

M

YCKOPEHUsI OT CHUJ TATOTeHus:: Q = GF =4p /GXS . DopmaisHO

BCE TO BEPHO U HE JOJDKHO BbI3bIBaTh Bo3pakeHui. Kpome riasHoro:
COOTBETCTBYET JIM AaHAJOIMs MacCc U DIJIEKTPUYECKUX 3apsioB
peanpHOCTH? ©OpMyna TsaroreHuss HproToHA proOpeTaeT BH!
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MM
F=G = 2_X(4pR) S 1S 5 Wi (13)

F =X (4p R)’S*(Dr,,)*(Dr,,)*

Ionspuzanus S ;, CO3Aa€TCA MEPBOM MACCOM B TOYKE BTOPOH Maccel, a

nojispusanus S, CO3JAE€TCS BTOPOM Maccoil B TOYKE IIEPBOM.
[TpousBenenmne nomsipu3aiyii MOKHO Ha3BaTh B3AaUMHOW MOJIIPU3ALINEH.
Hedopmauust cpeast DIy, cosmaercst mepeoit Maccoii B LeHTpe BTOPOii

Macchl, a JedopMaius cpeost DI’21 CO37aeTCsl BTOPOM Maccoil B IIEHTpE

nepBoii maccel. ®opmyna (13) nompasymeBaer, uYTO TpaBUTALHS
XapakTepU3yeTcsl paAuaNbHOW CHMMETpPHEH, NpH KOTOPOH <«I1oje»
MOJISIPU3AIIAN CPedbl WK KII0JIe» Ne(OPMAIH CTPYKTYPBI CPedbl NUMEET
3aMKHYTYIO Iaporo00Hy0 GOpMy B MPOCTPAHCTBE. ITO O3HAYAET, YTO
ecmu pedopMmanusi cpedbl CBS3aHA C BO3HUKHOBEHHEM DPAIHAaTbHBIX
TOKOB CMEIICHHS, TO UTOTOBOE MAarHUTHOE TOJE€ JTHX TOKOB PaBHO
HYJTIO.

HecMoTpss Ha BHENIHIO BUIMMOCTD «HE3aBUCHUMOCTH» (HOPMYJIBI

G ;
r = |— =8.6164161X0™ , onpexencHHO CyLMECTBYET CBA3b MEXKILY

X
¢dopmynamu (10) u atoit hopmynoit. Ita CBI3b MPOCICIKUBACTCS MPH
npumeHenun Gpopmyiisl (12) k 3apsmy 37I€KTpOHa!

_ |G . _ _ |cah, _. |G
—\/;mx,mx Va m, |20 G’ ' e°\/cah

ch

PG

B cBsi3u ¢ MOAOOHBIMH COBMAACHUAMH, MpeIiaracTcs TaKOW 3aKOH
MIPUPOJIBIL:

"[lpupoma eauMHa BO BCEX CBOMX NPOSBICHUSAX. OJTO EIUHCTBO
MOJATBEP)KAACTCS TOJHOW B3aWMOCBSI3BI0 BCEX MHPOBBIX KOHCTAHT
Mexy co0oit”.

Ha Hay4HO-OBITOBOM S3BIKE OSTO HA3BIBACTCS TABTOJOTHEW. ABTOp
TABTOJIOTHH ecTh cama [Ipuponma. Bcs TaBTOJOTHS COBepIaeTcs B
EBKIINI0BOM IPOCTPAaHCTBE, KOTOPOE OTBETCTBEHHO 3a 4uciao P. Cessb
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MEXIly MPOHULAEMOCTSIMU CPedbl, TIOCTOSHHOW TIpaBUTALIUU, 3aPsI0M
9JIEKTPOHA, CKOPOCTHIO CBE€TAa W IOCTOSHHOHW TOHKOW CTPYKTYpHBI
U3Iy4eHUs YHHUKaJbHAa II0 XapakTepy COCOIUHEHUs] TpPaBHUTAINH,
AIIEKTPOMAarHeTH3Ma, H3ITyICHUS.

Teneps oOpaTHUMCS K TOJSAPH3AIMU CTPYKTYpPHI cpeowt. Tlonspuzanus
€MHUYHOTO 3JIEMEHTAPHOTO 3aps/a;

s*=_% = 46516495121440° Kyrouirr

e 4p rez
EcTtecTBeHHBIM 00pa3oM MOJSpU3aLUs CTPYKTYpPhl HAXOJUTCS B MOYTH B
CKOMIIEHCHPOBAHHOM COCTOSIHMU OaslaHCa MOJISIPH3aIMu OT 3apsiaoB (+)
u (-). HexomneHcupoBaHHas yacTh MOJSIPU3ALMHA TOJDKHA TPOUCXOANTD
10 IPUYUHE

De*

a1 = +3.192414684 30"
re

HepaBeHcTBa 3apsnoB (+) u (-): S; =

Kynonlw®.

Orta nomspusainus  JODKHA  BbI3BIBaTh  rpaBuTanuio.  Jloboe
B3aUMOJICUCTBUE JOJDKHO MPOSIBISITRCS uepe3 Jae(opMaiuio cpeodst,
KOTOpas HaXOJWT CBOE BBIPHKEHHE 4YEpe3 M3MCHEHUE pa3Mmepa
3IIEMEHTOB CTPYKTYPHI:

.2
_ 6 a&Dro _ e
r— 2 = - 2.4
dprogar, g 4pacr,
KOB(b(l)I/IHI/IeHT nepea KBaapatom L[e(l)OpMaHI/II/I SABJIACTCA HCU3MCHHBIM U

€

——°  =6.2545635740% Kyronln®.
dpacr,

HCKOTOpLIe COOTHOIICHUA I IIOJIIpU3allMy. CYUTACM, YTO DJICKTPOH
CO34acT MOJIAprU3aluio

S pe = —2_ =1,60559840° Kyaonlsi’,
4 R

S; (Dr)? =S(Dr)>. (14)

€ro MOKHO PaccuuTaTh S =

rie R, —knaccnueckuii paanyc snekrpona. ITonsipusanust OT 9JIeKTpOHa

Ha PAacCTOSIHUU MEPBOW CTAIlMOHAPHOM OpOUTHI aToma Bojopona Oyaer

(S
=——>—=4.553005 kynon/n®.  OTHOWEHHE mOTAPH3ALMA

or

S

Bor
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naercs popmyson
.2

S R, 0 ;
ZRe —¢”Bo - =352645828400:0° =a ™ =const .
S o
IIpennonaraeM, 4TO OTHOIICHWE MNOJAPH3ALUN, PaBHOE HMOCTOSHHOMN
TOHKOH CTPYKTYphl B 4ETBEPTOH CTENEHH, €CTh BceoOllee IIPaBUIIo,
YIOBIETBOPSAIOLIEE KBAHTOBOMY XapakTepy CIPYKTYpsl cpedwt. U3
ypaBHEHHS SHEPTHH CIEIyeT

2 e? r2
w=x—2=x-"2a"'Dr; Dr,

R T R.
= 5.0666388704520 408 [ 1]
AmnanoruuHo ompezpensieM JIedopMalUi0  CTPYKTYpHl cpedsl Ha

paccrosiHuM paauyca bopa:
2

Drg, =a F;Z = 2.698053608229X10'% 1. OtHOLICHHE YKA3aHHBIX

or

Dr

nepopmamuii —— =a 2. Bce MIPOBE/ICHHBIE PacyeThl MOKa3aHbI C
Bor

IU(QPOBBEIMU JaHHBIMH. A y4acTHE IOCTOSHHOH TOHKOH CTPYKTYpHI

MO>KHO BHECTH B KONTWIKY €€ BCEOOIIHOCTH AJis Haeil BeeneHHoil.

Bce cooTHoOIIEHHS CBUAETENBCTBYIOT B MOJIb3Y KBAHTOBOI'O MOHUMAHUSA

CTPYKTYpBI Cpellbl, KOTOpasi, B CBOEM MCTOKE, ONPEIEIIAET pa3pelleHHbIE

OpOUTHI B aTOMAX.

YckopeHne OT JIOOBIX CHIJI, BKIIIOYasi TPaBHTAIlMOHHBIC CHIIHI,

MOpOoXKIaeT AeopMaIrio cpedst. 3aBUCUMOCTh YCKOPESHUS M BEITHYUHBI

neopmarmu 1aércst GopMyITOn:

g=4p E, S(Dr)? E, =./Gx =0.774404859[m%a™c .

OnHOl W3 MEHTPaJIbHBIX MPOoOIeM B (HU3UKE OCTAETCS HEPENICHHBIN

BOIPOC O  CKOPOCTH  paclpoCTpaHEHUs  [paBUTALUU WU

rPaBUTALIMOHHBIX BOJH. MOXKHO MPENNOJIOKHUTh, YTO C TOUKH 3PEHUA

B3aUMHOM  CBSI3aHHOCTH BCeX OOBEKTOB BceneHHOW  CKOpPOCTb

rpaBUTAllMM JOJDKHA NPEBBIIATh CKOPOCTh cBeTa. Ilpu neHTpanbHOM

XapakTepe TrpaBUTAllMd MAarHuTHasE KOMIIOHEHTa TOKOB CMELICHMs

CKJIaIBIBACTCS M IPU ChpeprIecKoM CyMMHUPOBAHUH OKa3hIBACTCS PABHOI

Hym0. DTOT (akT OOBACHSAET OOJBIIYH CKOPOCTh PaCHpPOCTPAHCHHS
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TPaBUTALUH, Y€M CKOPOCTh CBETA.
Ha ocHOBe CTPYKTYpBI cpedst U €€ CBOWCTB IOMIBITAEMCS MPOH3BECTH
«OLIEHKY» 3TOM CKOPOCTH.

MaxkcuManbHO BO3MOXKHAsT CHJIA WHEPIMH MO3BOJSET OINPEICTHUTh
KOX(POUIMEHT  YOPYrocTd  MpOJOJbHOW  jaedopManuu  cpedst

= b (Dr,, )2 . Cuma wuHepuMH  ompejensercs  KBaJpaToM
z[e(bopMauHH cpeovt
f=b,,(Dr)*=ma. (15

m
Wnu nepopmanus onpeensercs yckopenuem Macesl DI = [——a.
D, 4
Haiinem 3TOT KO3 PHUIHECHT u3 paBeHCTBA CHIIL:
a’el
=b, (Dr,)’ =x ———2-=mg,,. =117.888954, Hviomon.
(D rb)
DT0 MakcHManbHas CHWia THKECTH Ha MOBEPXHOCTH MHUHHMATBHOM
«4EpHON» JIBIPBI [29], Macca KOTOpOW

m, =1.8594472240° = m,</a xr,
npezensroe yekopenne J, = 6.341468751X10" wm/c?.

B pe3ynbrare nmeem, 4to
a Zef 36 Ay 2
=x ——0_ =1.13176086 0% [xe*u 7.
(Drrb)
[TomydeHHass BeMMYMHA YHPYTOCTH Cpedbl UMEET B (DH3HKE Ha3BaHUE
K03 hHUIIIEeHTa TPOIOTBHOTO PACTSDKEHHUA—CKATUS Wi Moayiist FOHra.
CKOpOCTh TpaBUTALIMK OMNpENessieTcs BHIOOPOM IUIOTHOCTU cpedbl

a,9

C,=.—. Hampumep, Macca 3JIEKTPOHA-MO3UTPOHA  MOXKET

4 3
00pa30BBIBATECS M3 00JIACTH cpedbl gp R’ ¢ pasmepom knaccudeckoro

3m, _
3

paguyca. I[lnotHocTh cpedvt Oyner P =

CKOpOCTh MPONOJBHEIX BOJNH B JIIOOOH Cpefe OmpenenseTcs MOIyJeM
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KOnra bg Y IJIOTHOCTHIO. TOrga CKOPOCTh MPOJOJIBHBIX BOJH B cpeoe

Cq =1.0720744X0%, uro B 3576,055 pa3s MpEBBILAET CKOPOCTH

CBeTa.
[TpuHIMTIHATEHO TaK W JOJDKHO OBITH 111 BeeneHHOH, 00beIMHEHHOH B
OJIHY CBA3aHHYIO CHCTEMY.

SIBneHue cBeTa MPOUCXOUT C IIOMOIIIBIO TTOTIEPEYHBIX BEKTOPOB £ 1 H K
HanpaBJIeHUIO pacnpocTpaHeHusd. OmnpeaenuM MOIYlb IOMNEPEYHOr0
CIBUra cpedbl. DTOT MOJYJIb PACCUUTHIBACTCS Yepe3 aMIUIUTY/y CIBUTA,
YMHOXCHHYIO Ha YroJl, 00pa30BaHHBI HOPMAJIBIO K IUIOCKOCTH C/IBHTA U
MIPSIMOM, COEAMHSIIONIEHN TTOHBIM CABUT 10 TOUKH MEPEeCceUeHUs] HOpMaIH
B TOM MECTe, B KOTOPOM CJBHUT paBeH HyJto. OnpeaennuM CKOpoCTh CBETA

ze

3 3aBUCHMOCTH: h =hx =c? CKOpoCTh cBeTa:

c= h—= bcros
)
SN P
b -1 -2
rae D, [kr.Mm.c] — Momyne caBura, p — IIOTHOCTE cpedsl. CMOXKeEM
2
— cros eo
OMMpE€AC/INTL IJIOTHOCTDH p - W Ocraercs y3HaTh MOAYJIb CABUTA

cpedvt. OH ONpENENAETCS M3 MAKCHMAIBHOM CHIIBI JUIsi PACTSDKEHHS
CTPYKTYPBI CPEIbI Ha TIPEAENLHYIO BETHUHHY'
e : _
f e (Dr,.) =x—%] =117.888954% Hviomon. Yron |
e
TOJIy4aEM U3 HAKJIOHA YETBEPTH CHHYCOMJIbI MAKCHMAIBHO KOPOTKOMH
BOJIHBL.

2Dr
a r

CI'OS e

=1.0650271X.0 paoua.

=8.79591x0% [keowt.c?] W, cooTBETCTBEHHO,

IJIOTHOCTB CpEJIbI KOCMOCa:

Moguynb casura: b,
P =9.786769%0% [ken]. Dra mIOTHOCTE «TEMHOI» MaTepu,

KOTOpass HE COOTBETCTBYCT HAIIUM IPEACTABJICHUSAM O IIJIOTHOCTHU
BeliecTBa. MOXHO Tak ONpPEACIIMTh. 3TO aHAJIOI IIJIOTHOCTHU BEIICCTBA,
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WHEPTHOCTh KOTOPOM OrpaHUYMBAET CKOPOCTh CBETA B OTKPBHITOM
kocMoce. IlomydeHHass NMIOTHOCTh IPAakTUYECKH pPaBHA IUIOTHOCTH,
OTIPEJICIICHHON B pacdeTe CKOpPOCTH rpaBUTanuu. PacxoxaeHue meHee
O/IHOTO TPOIIEHTa, YTO KOCBEHHO CBHJIETEIHCTBYET O BEPHOCTH
MIPOU3BEAEHHBIX OLIEHOK.

IIpoucxokaeHne Macchbl BellleCTBA U ee
NHEPIUN

OOpatuMcsi K ONpPEACTICHHIO MAacChl W HMHEPIUH B  (QH3HYCCKUX
cnpaBouHUKax. «Macca ecTb Mepa HMHEPTHOCTHM Tel M HX
rpaBuTaMoOHHBIX cBoiicTB». [H.M.Kapskun u ap. Kpatkuii cripaBouHmrK
o ¢usuke //[M31.BII, M.,1964 r. 574 c.]

«[IepBplii 3akoH HpIOTOHa mOKa3bIBae€T, 4YTO COCTOSHUE IIOKOS WU
PaBHOMEPHOTO W TPSIMOJIMHEHHOTO JBIKCHHUS HE TPeOyeT IS CBOETO
MOJIICPXKAHUS KaKUX-THO0 BHEUTHUX BO3JCHCTBHA. B 3TOM mposBisieTcs
0coboe JMHAMHUYECKOEe CBOICTBO Tell, Ha3blBAEMOE WX HHEPTHOCTHIO.
CootBercTBeHHO TepBbI 3ak0oH HBIOTOHA HA3BIBAIOT 3aKOHOM
WHEPINY, a JBIDKCHHE Tela B OTCYTCTBHH BO3IEHCTBUS CO CTOPOHEI
JOPYTHX TeJI — IBIKEeHHeM 1o uHepuuu» . [B.M.SIBopckwuit, A.A. Jletnad .
Crpasounuk no ¢usuke // Hayka, pusmariur, M., 1996 r. 619 c.]

Vausun JI. 1. Mangeabinrtam [1946 Vcemexu (usuyeckux Hayk T.
XXVIII, B 1]

«TpyAaHOCTH, KOTOPBIE BO3HUKAIOT B BOIPOCE O TaK HAa3bIBAEMBIX CHJIAX
WHEPLUH, CBS3aHbl T[JAaBHBIM 00pa3oM C IByMs MomeHTamu: 1.
PaccMaTpuBarOT CIUIONIHBIE TEJIA, HAIPUMEP: MAXOBHUK, HUTh U T. J1. (pH
5TOM U CBSI3M OCYLICCTBIISIIOTCS TOXE CIUIONIHBIMH ~TEJIaMH), a
NPUMEHSIOT TEPMUHOJIOTUIO KTOYEHHOW» MeXaHuKH. 2. PaccmarpuBaroT
CBsI3M Kak abcomoTHO xk&ctkue. [lo cyiiecTBy, KOHEYHO, HUKAKHX CHII
UHEpLUUH HeT, HU pealbHbIX, HU (QukTHBHBIX. OJHaKO, BBULY
YCTaHOBHUBILETOCS OObIYas HYKHO CKa3aTh M O TOM, Kak MOIXHO
0e3BpeIHO TTOHUMATh ITOT TEPMHUH. HY)KHO OTMETHUTH, YTO BBOAMJIO B
3a0myxaeHre T0 00cToATeNnbCTBO, YTo y HploToHa B «Principia» ects
cienyrouee Mecto: «Omnpenenenue |1, BpoxnénHas cuna MmaTepuu ecTb

npucymass el CcrnocoOHOCTh COMPOTHUBJICHHSA, 10 KOTOPOHM BCIKOE
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OTAEIBbHO B3ATOE TEJO, MOCKONbKY OHO MPEAOCTAaBIECHO camMoMy ceoe,
YAEpKUBAET  CBOE  COCTOSTHUE  IOKOS ~ WJIM  PAaBHOMEPHOIO
IPSIMOJIMHENHOIO JBM)KEHUS. DTa CUJla BCErla IPOIOpLMOHAIbHA Macce
U €CJIM OTJINYAeTCsl OT MHEPLIMU MacChl, TO pa3Be TOJIBKO BO33PEHUEM Ha
Heé». «OT MHEpUMM MacChl IIPOMCXOAUT, YTO BCAKOE TEJIO JIMIIL C
TPYJIOM BBIBOJUTCA U3 CBOEr0 TIOKOS WM JBIWKEHHUS, IO3TOMY
BpOXKIEHHAS CHJIa Moryia Obl OBITh BECbMa BPa3yMHTEIFHO Ha3BaHA
CWIOH MHEepIUUU... ).Bcésro mano uto rosoput. Hackoiapko s
oMHI0, MakcBemn B «MaTepuun U IBHKEHMM» IOJABEPI 3TO MECTO
KpuTuke. Bo BcSIkOM ciydae, BBIBOAWTH OTCIOa YTO-HHOYIL O
«pEATbHOCTH» WJIH «(DUKTHBHOCTH» CHJI HWHEpuuu Henb3s. [lo-
BHJIIMOMY, OJTHAKO, HA4aJI0 BCETO cropa — 3T0 MecTo y HproToHa.»

Iepeoiii 3akoH Hbwrona (3akon Waepuun). M30mupoBaHHOE OT
BO3JICUCTBUSA BHEIIHUX CHJI TEJIO COXPAHSET COCTOSHHE TIIOKOS WITH
paBHOMEPHOTO TPSAMOJIMHEHMHOTO JIBXKEHUS JI0 TeX TMOop, IIoKa
MPWIOKEHHBIE CHJIBI HE 3acCTaBsT €ro HM3MEHUTh JTO COCTOSIHHE.
[IpsamonuHeliHOe ABM)KEHUE, COBEPILIAEMOE TEJIOM MPHU OTCYTCTBUU CHJI,
Ha3bIBaeTCA MPSIMONIMHEHHBIM ABIKEHUEM 110 HHEpLHH. Macca siBisercs
KOJIMYECTBEHHOW MEPOil HHEPLIMH TeJia P JeHCTBUU Ha HErO CHJIBL.
Wneprus (ot nar. inertia — 6Ge3xeiicTBue), HHEPTHOCTH (B MEXaHHKE),
CBOMCTBO MaTepHalbHBIX TeJ, HaXojsdllee OTpaxeHue B 1-M u 2-Mm
3aKoHax MexaHukd. Korma BHEHmIHME BO3AEHCTBHSA Ha TeslO (CHIIBI)
OTCYTCTBYIOT WJIM B3aHMHO YPaBHOBEILMBAIOTCS, HHEPLUSA MPOSBISETCA
B TOM, YTO TEJI0 COXPAHSIET HEM3MEHHBIM COCTOSIHHE CBOETO JIBUKECHUS
WIM TOKOS TI0 OTHOILIEHUIO K TaK Ha3bIBa€MON MHEPLHUAIBLHOU CUCTEME
otcuéra. Ecnm e Ha Teno neidcTByeT HeypaBHOBEIIEHHAs! CHCTEMa CHII,
TO CBOMCTBO WMHEPIIMM CKa3bIBACTCS B TOM, YTO M3MEHEHHE COCTOSHUSA
MOKOSl WM JABW)KCHHS Tena, T. €. M3MEHEHHE CKOpPOCTEeH €ro TOodYek,
MPOUCXOAUT TMOCTENEHHO, a HEe MIHOBEHHO, IpPH 3TOM JBHXECHHE
U3MEHSETCSI TEeM MeAJIeHHee, 4eM OoJblle HHEepUuH Tena. Mepoi
MHEPIMH Tejla sBisiercst ero Macca. [3emsmosud f. B., Hosukos U. 1.,
PensruBucrckas acTpou3mKa, M., 1967; I'paButanus  u
OTHOCHUTEJIBHOCTb, 1ol penakiueit X. [[3to u B. I'oddmana, nepesox ¢
anrnuiickoro, M., 1965; Reinhard M., Mach’'s Principle — a Ciritical
Review, «Zeitschrift fiir Naturforschung», 1973, B. 28a, Noe 3—4.]
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ITonBoas utor kpaTkoMy 0030py CYILECTBYIOIIUX MHEHHH O HpUpoie
Macchl W €€ HHEpLUH, NPUXOAMM K HEYTCIIMTEIbHOMY BBIBOIY: B
TEOpETHUECKOW (DU3MKE HET MOHUMAHUS HU O TPOMCXOXICHUH MAaCChI
BEILIECTBA, HM O CBOMCTBAX MAaccChl B rpaBUTanvu U uHepuuu. CTpyKTypa
KOCMHUYECKOH cpedwt (Bakyyma, 3dupa) AaeT BOZMOKHOCTD ISl TIOMCKA
00BSICHEHHI CBOMCTB MacCHI.

Koe-uTo oTHOCUTCA U K JBMXKEHHUIO MACChl YaCTHUI] B CTPYKTYpE cpedsl, K
MPOSIBJICHUIO €€ CBOWMCTB MHEpUUU. Macca BellecTBa U aHTUBEIIECTBA
oOpa3yeTcsl IpU BHECEHUH HYKHOTO KOJHMYECTBA SHEPTHH B CTPYKTYPY
cpeowl. I'0CTIOACTBYIONIEE MHEHHUE O TOM, YTO SHEPTHUs MPEBPAIACTCS B
Maccy JIOKHO. DHeprusi HeoOxoauma Uil 00pa3oBaHMs MAacChl, HO HE
MOXeET npous3BecTd e€. Jlaxke mpu «3KBUBAJICHTE» SHEPTUU U MAcCChl B

W3BECTHOM cooTHOmeHMn E =MC”. Dta popmyna ykassiBaeT Ha To,
9T0 cama To cebe DHeprus He POXIAeT Maccy, a TONBKO MpeiaracTt
ycioBue Juis e€é oOpasoBanust B opMe KBajaparTa CKOpOCTH CBeTa. B
(dopMylie HET TIPSIMOTO YKA3aHWs Ha <IIPEBPAIECHHE» DHEPTUH B MACCY
M. B CIpyKType cpedbl uMeeTCs «pemiéTka» u3 06e3MacCOBBIX
DJIEMEHTApHBIX 3apsnoB (+) u (—), HeOOXOMUMBIX TS PACIIPOCTPAHSHHUS
CBETAa, M DIIEMEHTAPHBIX IOTOKOB MArHHUTHOW WHIYKIIHHA HEOOXOMUMBIX
JUTSL MHEPIINH, OTPAHMYMBAIOIICH CKOPOCTh CBETa, U MPOTHBOACHCTBHS
U3MEHCHHUIO CKOPOCTH BEIIECTBEHHBIX MACC.

= 4.8032042 10" *® BeGep, neoGxomuMbIX s MHepLuH,

F
F=_y

OrpaHUYMBAIOIIEH CKOPOCTb CBETa M IPOTUBOAECHCTBUS HM3MEHEHUIO
CKOPOCTH BEIIECTBEHHBIX Macc.

Macca oOpasyeTcsi emle HEH3BECTHBIM CIOCOOOM M3 3TOr0 IOTOKA
MarHUTHOW MWHAYKOMH. YTO 3TO TakK, TMOKaXeM C IOMOIIBIO
oObenuHeHHol cwibl HptoroHa—Kynona. Ha paBHBIX paccTOSHUSX
BBITOJIHAETCS pPAaBEHCTBO!

JGm = /hF, e  G=6.67258923X0" u e
h =r];]= 1,00000000 x.0" [a ke c2] - MarHuTHas KOHCTaHTa

cpenbl. Haiinem u3 ypaBHeHHs Maccy

m, =\/EF =1.858518584X10°k>. Dra wmacca He sBisercsa

73




ciydaiiHoii. OHa ecth B macce Ilianka: m =-~amy, anbda ecTh

NOCTOSHHAS TOHKOH CTpyKTypsl u3myuenms @ - =137,0359998 .

HewusBectHast macca yka3bpIBaeT Ha TO, YTO BECh AJIEMEHTapHBIN MTOTOK
MarHUTHOW WHIYKOIHHM MOXET o00pa3oBaTh Maccy MaKCHUMAaJIbHOM
BEIMYMHBL. Bce Maccel MHKpPO dYacTHIl MOTYT 0e3 OrpaHHYCHHUI
00pa3oBaThCsl JTaHHBIM AJIEMEHTAPHBIM MIOTOKOM MAarHUTHOW WHITYKIINH,
BKJIIOYAsl THIIOTETHYECKUH 0030H Xurrca. Takol BBIBOJ IOJE3€H A
cymectBytouieit CtangaptHod Mognenu. JlONOJHUTEIBHOE CBEACHUE O
MIPUPO/IE HEM3BECTHON MACCHI: OHA paBHA MAacCe MUHUMAIbHOU <«IEPHOM
IBIpED» ¢ paguycom 1,39876e-15 nempa.

CrpaBka: XHUITCOBCKHI 0030H, Wi 0030H Xurrca, (HHOTIa TOBOPST
OPOCTO XWITC) — DJEMEHTApHAs YacTHIA, KBAHT MOJA XHITCA, C
HEOO0XO0AMMOCThIO BO3HMKawmas B CrtaHaapTHOH Mopaenu BCleACTBHE
XUITCOBCKOTO MEXaHW3Ma CIOHTAHHOTO HAPYIICHHS JIIEKTPOCIadoin
cummetpud. [1o MOCTPOEHHUIO, XUTTCOBCKUN O030H SIBISCTCS CKAISIPHOU
YacTHIeH, T. €. oOnagaer HyneBbIM ciiHOM. [loctynmupoBan ITutepom
Xurrcom B 1960 r., B pamkax CtanmapTHON Mojenu oTBe4aeT 3a Maccy
JJIEMEHTAPHBIX YaCTHII.

[lpu MUHEMATBHON peaau3aliil XHITCOBCKOTO MEXaHHU3Ma JOJDKEH
BO3HHKATh OJIMH HEHTPANBHBIA XWITCOBCKUI 0030H; B PaCIIMPEHHBIX
MOJENSX CIIOHTAaHHOTO HAapyIICHUs] CHUMMETPHUH MOXET BO3HUKHYTH
HECKOJBKO XHITCOBCKMX OO30HOB pAa3IMYHOM MacChl, B TOM YHCIE
3apsUKEHHEBIE.

Ioucku xurrcoBckoro 0o03oHa B EBpomeiickoM IIEHTpe SIEPHBIX
UCCIIeIOBaHUM Ha BOJBIIOM 3JIEKTPOH-TIO3UTPOHHOM Kosuainepe LEP
(sxcriepument 3aBepinén B 2001 r., sueprus 104 I'5B Ha Kaxablii My4oK,
T. €. CyMMapHasi SHEprus My4KoB B cucteme IeHTpa mace 208 I'3B) He
YBEHUYAIMCh YCIIEXOM: ObUIH 3a(DMKCHPOBAHBI TPH COOBITHSA-KaHIHATA
Ha nerektope ALEPH mpu macce 114 I'3B, nsa — nwa DELPHI u oxHO
— Ha L3. Takoe KOAMYECTBO  COOBITUH  MIPUOIHM3UTEIHHO
COOTBETCTBOBAJIO OXHIABIIEMYCS YypoBHIO (oHa. Oxumaercs, 4YTO
BONPOC O €ro CyUIECTBOBAaHUHM MPOSICHUTCS OKOHYATEIBbHO TIOCIHe
Berymienus B crpoid B 2008 romy 0Gonbmioro aapoHOro Koluaimepa
LNC.

B 2001 r. Obula mpoBeAcHa TOBTOpHAas 00OpabOTKa JTaHHBIX
skcnepumenTa DO mo ompeneneHuio Macchl t-KBapka, MpOBOAMBIIETOCS
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Ha CHHXPOTpOHE Tevairon HanuoHalsHOW Jaboparopuu uM. Depmu, B
X0Jie 3ToW 00pabOTKM ObUIA MONyYeHa YTOYHEHHAsI OICHKA Macchl t-
KBapKa, YTO JaJI0 MEPEOLEHKY BEPXHEH TpaHUIIBI MacChl XUITC-0030HA
1o 251 I'3B (Nature. Vol.429, p.638).

MexayHapOoIHBIA KOJUIEKTUB (H3UKOB, PabOTAIONIMX HAa THTAHTCKOM
aMEPUKaHCKOM  TPOTOH-aHTUIIPOTOHHOM  Kosuaiinepe "ToaBarpon"
(Tevatron), 3aHOBO m3Mepwa Maccy t-KBapka, KOTOpas OKasajiach
HECKOJIBKO OOIIbIlIE paHee MPHHATOrO 3HAYEHHsS. OJTO OOBSICHICT
HETAaTHBHBIA pE3yNbTaT 3KCIIEPUMEHTOB IO IMOHWCKY TaK HAa3BIBAEMOTO
6030Ha XWrrca, KOTOPbIE B KOHIIE IPOILIOTO AECATHIICTHS IIPOBOIMIINCE
B IIEPH,e (CERN), EBporieiickoM eHTpe AACPHBIX HCCIICIOBAHUH.
Copemennas CTaHmapTHas MOAECIb JIEMEHTAPHBIX YACTUI] YTBEPIKIACT,
YTO BCE YACTHUIIBI, YYACTBYIOIIHME B CHJIBHBIX B3aUMOJCHCTBUAX, TaK
Ha3bIBAEMEBIC AJIPOHBI, COCTOST U3 KBAPKOB U aHTHKBAPKOB. AJIPOHBI C
LEJbIM COMHOM (ME30HBI) COCTaBJICHBI W3 OJHOTO KBapka M OJHOTO
AHTUKBApKa, B TO BpeMs Kak OapUOHBI, apOHBI C MOIYLEIBIM CIIMHOM,
COCTOSIT U3 TPEeX KBapKOB (a aHTHOApUOHbBI - U3 TPEX aHTHUKBApKOB). B
HACTOSIICe BpeMsl U3BECTHO 6 KBapKOB M 6 aHTHKBAPKOB, IPUYEM €CTh
OCHOBaHUS CUUTATh, YTO JPYTHUX KBApKOB W HE CYIIECTBYeT. B cocraB
OOBIYHOIM MAaTEpUU, MHAYE TOBOPS, BCEX 0€3 MCKIIOUYCHHS XUMHYSCKUX
DJIEMEHTOB, S/Ipa KOTOPHIX OOpa3oBaHBI NPOTOHAMH M HEUTPOHAMH,
BXOJISIT TOJILKO JIBa "IIETKUX' KBapKa, KOTOPBIE MPHHATO 0003HAYaTh
cumBoiamMu U u d. OcranbHble 4YeThIpe KBapKa 3a/eiiCTBOBAHBI B
CTPYKType  MHOTOYHCICHHBIX  OJK30THYECKHX  YACTHIl, KOTOpPBIC
HAOFOTAIOT B KOCMUYECKUX JIy4aX U IMOJYYarOT Ha YCKOPUTEIIX.

W3 Bcex KBapKOB TOCIEAHUM WO CYETy OBUT JKCHCPUMEHTAIHHO
3aperuCcTPUpPOBaH "TspKeNbIi" t-KBapK - 3TO mpousonuio 9 yer Haza.
Cotpynuuku "ToBaTpoHa", OTKPBIBIIME ASTOT KBapK, MEPBOHAYAILHO
ompeieNwId  ero  Maccy — mnpubnusutensHo B 175 1B
(rurasnexTponBosisT). Tenepp 3Ta BeaMUYHMHA MEPECMOTPEHA B CTOPOHY
yBenmueHus. HoBoe ycpemHeHHOe 3HAUeHHE MAcChl -KBapKa COCTaBIISIET
178 TI»mB. IluceMo ¢ WU3NOXKEHHEM MOIYYCHHBIX PE3yIBTATOB
ommybnukoBaHo B xxypHaie Nature ot 10 uroHsl.

BouBrneHHbId  cIBUT  Macchl  [-KBapkKa  TO3BOJNSIET  OOBSCHHUTH
0E3yCIeNIHOCTh TONCKA 3araJlouyHON SIEMEHTApHOW YacTHIlBI - 0030HA
Xwurrca. Ero cymectBoBanne B 1964 romy mpeackaszan MOTIAHACKUI
¢usuk-reopetuk I[lutep XWrre, OJHAKO MHOTOJNETHHUE MOMBITKH
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MOJTBEPIUTh €0 MPOTHO3 B JKCICPUMEHTE IOKa YTO HH K 4YeMy He
OpUBEIU. A OTKPHITH 0030H XHUITCa OYECHb BAaXKHO, MOCKOIBKY €ro
CYIIIECTBOBAHME IIO3BOJIMIIO OBl OOBSCHHUTH, MOYEMY ODIIEMEHTapHBIC
4acTHUIIBI UMEIOT Maccy. COrmacHO COBPEMEHHBIM B3ITISIaM, CYIIECTBYET
BCEOOBEMITIONIEE BaKyyMHOE CHiIOBoe mmoje (moje Xurrca), CpemHss
BEJIMYMHA KOTOPOTO HE paBHA HYM0. CUUTAETCS, YTO OHO 3aIOIHSIET BCE
MPOCTPAHCTBO, U YTO UMEHHO IO 3TOW MPHUYUHE BCE (PYHITAMEHTAIBHBIC
YacTUIBI  TPUOOpPETAaloT  Maccy. YacTuipl, KOTOpBIE  CHIBHO
B3aMMOJICHCTBYIOT C ToJieM Xurrca, o0namaroT OoJbleld Maccoi, a
C1a00B3aMMOJICHCTBYIOINE - MEHbIIIEH. B momynspHOU uTeparype 3ToT
3¢ eKT 9acTo CpaBHUBAIOT C ABIKCHUEM Tella B BA3KOH JKUAKOCTH, HO
Takoe OOBSACHEHWE, KOHEYHO, CWIBHO YOpPOIIAeT (PU3UUESCKYIO
peanbHOCTh. KBaHTOBBIE BO30YXKICHUS XUTTCOBCKOTO IOJISL MPOSBIISIOT
ce0s KaK YacTHIBI C HYJICBBIM CIIMHHOM - MX W Ha3bIBalOT 0O30HAMHU
Xwurrea.

Bce, usnoxenHoe B crpaBke, ecTh (haHTa3uM TEOPETHYECKON (PH3HKH,
OCHOBAaHHOW Ha KBAapKOBOM Teopuu. TEepMHUH «KBapK» B3ST U3
TUTEPaTyphl (paHTAaCTUKU. MHEHUE aBTOpa: KBapKOB BOOOIIEC HET, a MX
IpUMEHEHHE 00YCIOBICHO HE3HAHUEM peabHOTO yeTporcTa [Ipupoast
U peaTbHOTO «MEXaHU3Ma» 00pa30BaHMs MAacC BCEX U3BECTHBIX YACTHII.
[lo mpuuymHE KBaHTOBOTO XapakTepa HW3IydeHus corjacHo Makcy
[Tmanky, Bce MacChl MUKPO YacTHIl, POKACHHBIE C ITOMOIIBIO YHEPTUH
U3JIyYeHHS, TAK)KE OTBEYAIOT KBAHTOBOMY IIPABHILY.

Macca onekTpoHa, HampuMmep, o00pa3yeTcss TpU HUCIIOJIE30BAHUU
HUYTOXKHOM 9aCTH MOTOKA MATHUTHON MHIYKIIHH:

m, = \EDF =9.1093818850 X0 *;

DF =2.35076812x10"%*

Bebep.

Vike cam BakT poXKICHUSA MACChl YACTHII TPAKTHYCECKH JTF000H BETHYHUHBI
M3 TOTOKA MAarHUTHOM HWHIYKIIMH TOBOPHUT O TOM, 4YTO Macca
yHacJieqyeT HHePIMOHHOCTh MATHMTHBIX siBJeHui. Cria WHEpIHUU

fe =Mma onpenensderca NP YCKOPEHWHM. BepHeMcad K IIOTOKY

MarHuTHOM WHAYKIUU JJI1 9JICKTPOHA, 06pa3y}01ueMy CHUJIy HHCPLIYH.
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f,= h—XDF><a: 1 DF xa
XG Req

Raq =29.9792458  Om —  CONpOTHBJICHHE  BaKyyMma,

r= \F =8.6164161X10™" Kyonlxe.
X

1 DF = 9.109381886 X0 «-.

Macca snekrpona M, =
aqr

Vekopenne a=4pE S(Dr,)? nopoxnaer aehopmaumio cpedst DI,

! DF xa=
Riag" Riag"

Cpeoa cTpyKTyphl Bakyyma o0iajaeT ympyrocteio D, omnpenensemoit

DF x4pE_S(Dr,)*.

ucnny: f, =

nedopmammeii  crpykryps:  f =b(Dr)>=m,a (Dr)? =mt’;an

Oy =1 ="%

=1.859429541X0° «e.

4pE,S
DF =Ly — noTok MarHWTHOI MHIYKUMH, HEOOXOIMMBIH IS Macchl
5J€KTPOHA, PaBEH IIPOM3BEIEHUIO CAMOMHIYKIMM L BUTKa Toka ¢
KJIACCUYIECKMM PaJMyCOM DJIEKTPOHA, YMHOXKEHHOMY Ha TOK B 3TOM
BuTKE. OKa3bIBAETCSA, 4YTO CAMOMHIYKIHUS OTHOCHTCS K BEJIHYMHE
KJIACCHYECKOTO Paguyca 3J1eKTPOHa KaK:

_ _ -7 -2
L./ R, =p/h=3,1415926536 X10"" [pao.ke.n.(a.c)“].
Benuuuna ko3 (UIHMEHTa CAMOMHIYKIIUH OJJHOTO BUTKA C TOKOM:

L; = DI‘:Q = 8.8528205 X102 I enpu. COOTBETCTBEHHO, TOK B BHTKE

CaMOMHYKIIUU OyleT:
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I = [EF =2.65799675X10"° Aunep.

R

Macca snekrpona: M, = L, % = 9.109381886X10*" ..

aq
Htor — macca, HanmpuMep, IEKTPOHA PACCUNUTHIBACTCS CAMOUHIYKITHEH
BHUTKa C TOKOM KIIACCHYECKOTO pajinyca, U €€ WHepUus OompenesasieTcs
uHepuuein camomnaykumu. Ilpuposa wHepuum Macc BemiecTBa
MOJTHOCTHIO aHAJIOTHYHA HHEPUHUHU HHIYKTHBHOCTE B
JIEKTPOMATHUTHBIX SIBJICHUAX.
Huyero ynmuBUTENBHOTO HET, MOO HAIl MHUP UMEET 3JIEKTPOMAarHUTHOE
ycTpoicTBO. ['paBuTanvs u wHEpLUS CIEAYIOT U3 3JIEKTPOMArHUTHOU
CTPYKTYpBl Bakyyma (3¢wupa), Macchl POXICHBI W3 DIESMEHTAPHOI'O
MOTOKA  MAarHUTHOM  MHAYKLUWH,  OJEKTPOMAarHeTU3M  HIMPOKO
UCIIOJIb3yeTCs] B MPAKTUKE YEJIOBEYECTBA, ATOMHOE CTPOEHHUE BEIIECTBA,
SJICPHBIC CHJIBI 00ECIEYMBAIOTCA HAJUYUEM HEWTPOHOB, KOTOpHIE
MOJIIPU3YIOTCS MOIIHEHIIAM DJICKTPUYSCKUM HAIPSDKEHUEM TPOTOHOB
E=6.3998e+26 B/m v dJIeKTPHUECKON CHIION TOJIAPU3AIHH COCAMHAIOTCS
B si7Ipa CIIO’KHBIX aTOMOB.
3neck nonpoOyeM HaWTH CBA3HM MapaMeTPOB ¢pedbl C BETMYMHON MacChl
3JIEKTPOHA, KOTOPYIO IPUMEM 3a DIIEMEHTAPHYIO Maccy.
Jlerko n3 popmyn Herorona u KynoHa MOXHO HONYYUTH CIEIYIOIINE
COOTHOIICHUS JIJISl SJIEMEHTaPHON MaCCHI:

2
M =— 1 =910038188500 *[kg]
2(r,+Dr,)x

. e2 -31

- % _91003818845x10 % [k
™ =2, +Dry)h Hal

s &FT 9100381886110 [kg]
m 2(r,+Dr.)c

. h N 9109381889500 {kg]

m = 2pca '2(r,+Dr,) - 2pRca’!
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F? _x

— = =28.987551790 X0°[W] - onpenensier sneMeHTapHbii
* h

MIOTOK MArHUTHOI MHIYKIIWM, KOTOPBIH CBS3aH C NPUHATHIM B (U3MKE

KBaHTOM II0OTOKa I10 (bopMyne:

F =F,/a'p=4.8032042X10" Betep.

1 [X aF .
h=2pefa* h =2p€’a 16—0—2pe0F a’
Takum oOpasoM, mnocrosHHas IlmaHka TPOYHO CBsA3aHA 4Yepes
9JI€MEHTApHBIA 3apsii U KBAaHT MOTOKa MarHMTHOW MHIAYKLHH, a 4yepes
HUX M C DJJeMeHTapHoil Mmaccoil. Tepser cMbIci HaMMEHOBAHHA
koHCTaHThl Ilnanka kBaHTOM JedcTBHUs. CBs3b KOHCTAHTBl CO
CTPYKTYPOH cpedst TOpaszio TiayOxke W 3HauuMmee. DakTUUECKH pedb
MOXET HATH O CHOCOOHOCTH Cpedbl BOCIIPUHUMATH U TPAHCIHPOBATH
u3IydeHre YEpPHOTO Teya, o0Opa3oBBIBATH MAcChl BEIIECTBA |
AHTHUBELLECTBA.

Kiaccuueckuit paguyc npotrona

e2

R, =x—°5 =1,53469685x10 " .
m,C
Jns mMaccel TPOTOHA-aHTUMPOTOHA CIIPABEVIMB TOTOK MarHUTHOU
MHIYKIAH.
2
._F

m; =
Rpx

= 16726231140 [Kg]

DNeMeHTapHBIH MOTOK MAarHUTHOW WHAYKIWMU @ sSBIsSETCS OOLIMM ISt
BcexX (pyHIIaMEHTALHBIX YaCTHII.

BaumManus TpeOyeT HMHTEpecHOEe 00CTOSTENhCTBO. B IBYX mepBbhIX
(dhopMyrax aBTOMATUYECKU CBSI3BIBACTCS IIOTOK MArHUTHON MHAYKIHU C
JNIEKTPUYECKON KOHCTAHTOU Cpeobl, a DJIEMEHTAPHBIN 3apsiJ] CBI3bIBACTCS
C MAarHUTHOM KOHCTaHTOH cpedvl. B  (opmyrne COBMECTHOTO
MPUCYTCTBUS W TOTOKA, W 3apsja Mbl HaONMoJaeM CBSI3b ¢ O0eHMHU
KOHCTaHTaMH cpedbl TIOJ TIOHSATHEM CKOPOCTH CBETa B BaKyyme. OTO
CBUJICTCIILCTBYET TOJILKO 00 OJHOM. Macca TMPOYHO CBs3aHa C
3JIEKTPUUECKON U MarHUTHOM CTPYKTypaMu cpedsl. B 3TOM mnposiBiseTcs
enuHCcTBO [Ipupoasl. ENMHCTBO 35IeKTprUdecTBa U MacCHhI.
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HpeI[HOJ'IO)KHTeJ'ILHO:

mt = —° yotE =9.1093818872X10°%

2p vre

[ —panunyc BUXps.

V — 4acTOTa BPAILCHUS BUXPSL.

F — notok mMarautHOM MHIYKIMK B BUXPE.

Tok |, = n—‘; =1.1678953833X10° 4., me MancHbKMII ¥ OIKEH
HOPOJUTh CHIBHOE MArHUTHOE I0JIe, KOTOPOE O00S3aHO CXKATh TOK IO
¢dopme Topa. [To3TOMY MBI MOXEM CHIENaTh 3aKIFOUCHHE, UTO DJIEKTPOH
uMeeT GOopMy TOpa € KIIACCHYECKUM PaiyCoM

R.=2.817940284.10™ [m].

pubnmkEHHO ONpeneuM paguyC MAacChl 3JIEKTPOHA, KOTOpas
HAXOAUTCS B IEHTPE pamuyca Topa. I103TOMYy MBI MOXEM TOJBKO
OLICHUTH PAANYC TUIOLIAJIH TSI MATHUTHOTO

MIOTOKA, POKTAIOIIETO MACCY DJIEKTPOHA:

2RF )
e = hL =1,47931385X10""° .
Pl
Oror pagumyc B 19.03742 MeHbIe KIIACCHYECKOTO paguyca 3apsjaa
3NIeKTPOHA. BeposiTHO, 4TO MpHU pacuere yepe3 WHTerpal, pajnyc MOXET
3aMETHO YMEHBIIUTCS.

Vupoctum 3ajauy, HpUHSB, 49TO
4+ e = .
m = 2702 0 =9.1093818872X10* . Ocrarorcs Hem3BecTHBIME
pVIe

IJIs1 DJICKTPOHA-IIO3UTPOHA pazu/lyc BUXpPA W €ro 4acToTa BpaliCHUA.
Pazmyc BHXPs U3BECTCH U YaCTOTa
e F
=0 __ o =1822293X0%* Hz

2

m 2pre
AHamoruyHO AN MPOTOHA-AaHTUIPOTOHA TOK HAa  3aps0BOU

MOBEPXHOCTHU MPOTOHA!

Pp = 45021 =5,050778569 X0 [a.MZ] — MArHUTHBIA MOMEHT
P
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IIpOTOHA,

= 8N ) 4a4362400° 4 "
dpm,R;

I:QpF [¢] -19

Mep = T =1,385588039 10"~ u.
UYacrora MIPOTOHHOTO BHUXPsI
v=2 Fo 3814127308407 Hz

m, 2pre,
I[J'IS[ YI[OGHOFO CPaBHCHMA. YaCTOTA DJICKTPOHHOI'O BUXPS

-5 Fo - =1.82229274X0% Hz
me 2p r¢

HenmocTmskuMocTh JIOTUKH BeeeHHon

B ¢usuke w B actpoduzmke HIYT M COCTABJISIOT TCOPHUH
BO3HHMKHOBEHUS, pa3BuTus Beenennoi. O4eBUIHO, UTO M MHOTHUX JIFOJIEH
Ha 3eMJIe HHTEPECYeT JIIOOUTENLCKOE 3HAHNE U MMOHUMaHue BcenaeHHoH,
Y MECTO Halled *U3HU B HEl. B ATOM OTHOLIIEHHMH aBTOp HE OJMHOK. B
camoMm gene, name (mame!) ConHile sBasseT co0OW YAMBHTEIBHOE
3peiMile W YIWBUTEIBHOE HAydHOE 3HAaHWE. JTO OTrPOMHBIA IIap,
COCTOSIINHA TJIAaBHBIM 00pa3oM H3 BOAOPOAa (IIPOTOHOB, DJICKTPOHOB H
MHOTHX JPYTHX <IIpUMEcel» u3 MHKpO dactuir). CONHIE OTCTOMT OT
ONMKAWIINX «COpPOAWYEH» Ha THICSYM CBETOBBIX JIeT, 4TO OoJjee
365* 3600* 24* 3000000 = 9.4608e+13 !

Oto B 9.4608e+013/1.392e+6 =8 muH. pa3 Oosblire nuameTpa (pasmepa)
Counnna. B atom cmeicie ConHile OQUHOKO HE TOJIBKO BO Beenennoi, HO
U B CBOEM poaHOW ramakThke. HaM Hew3BecTHa HCTOPHS TakKOTo
OJIMHOYECTBa, OTKyAa npuobu1o CojHIle, TOYEMY OHO BpallaeTcsi BOKPYT
[EHTpa TalaKTHKH U coBepmaer onuH o6opot 3a 200-300 muH. ner.
Bpems xu3nu Connua oueHuBaercsa yuéHbiMu B 4,5 mipa. ser. Hoas
ncropus CojlHIIAa B €ro TEMEpEeIIHEM COCTOSIHHUM COBIIQJaeT C JaToi
BBEIOpOCa TPOTO—COJIHIIEM BEIIECTBA, JAOCTATOYHOTO Ui O0Opa3oBaHUS
TUTAHET W BCEX JPYTUX KOMIIOHEHTOB COJTHEYHOU CHCTEMBI.
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[epen yu€HBIME BO3HHKAET BOIIPOC O HMPOUCXOKACHUM MPOoTO—COIHIIA.
Kakum o00pa3oM B TalakTHKE KOHIEHTPHUPYETCS BOJOPOJ, oOpa3ys
npoto3Be3abl? COCTaBHBIE YaCTH BOIOPOJA M3BECTHBI. 3TO MPOTOH Kak
MpocTeiiee sSapo aromMa W JIeKTpoH. Kak OHHM TOSIBWIMCH BO
Bcenennoi? Bpllie moka3aHo, 4TO BEIIECTBO MUKPOYACTHUI] POKIACTCS
Opd BHECEHHUHM JOCTATOYHOH OSHEPrHU B CTPYKTYpPY cpeodsl. 1O
MOJOKEHUE MOXKET KOS-4TO Pa3bhsICHHUTH B IPOOJIEME POXKACHUS 3BE3I,
rajakTuK. [JTaBHBIM CHOCOOOM BHECEHHS! HY)KHOW DHEPTHH SIBISIETCS
AIIEKTPOMAarHUTHOE M3JIydCHHE TaMMa-KBaHTOB. B KOCMOJIOTHYECKHX
TEOpHAX YTBEp)KIaeTcsi, yTo BceleHHas mepexnina SMoXy H3ITydeHus,
KOTOpOE 3amojHIO Oe3pa3leNibHO BCE MPOCTPAHCTBO  paHHEH
Bcenennoit. Ilpupoma 3toro m3nmydeHus: aBTopy HemsBecTHa. OmHAKO,
U3JIyYeHHE eCTh B HacTosimee BpeMs. [Ipexie Bcero, OHO OCYIIECTBICHO
BHyTpHU 3Be3q u ComHia. M3mydeHrne mpoUCXOIUT MPU CTOJKHOBEHUH
QJIEKTPOHOB, TPOTOHOB H APYrHX KPaTKO >KUBYIIMX YAaCTHIl, IPH
AHHWTWISIIAN YaCTHIl BEUIECTBA M AaHTUBEIICCTBA. JHEPTUS N3IyUCHHS
JaeT XHM3Hb HOBBIM MHKPOYACTHIAM. Takod Mpolecc MPaKTUICCKU
HETIPEePBIBEH, TOKa CYIIECTBYET BOJOPOJ IPH BBICOKHX TEMITEpaTypax H
naBneHud. BernecTBO crmocoOHO pokaathes BHYTpW 3Be3n u ConHIa
Omaromapsi TOMy, YTO, HalpuUMep, IMO3UTPOHBI HE TOJBKO CIOCOOHBI K
AHHUTWISIIMY C 3JIEKTPOHAMH, HO M K 00pa30BaHUIO TaKUX YaCTHI], KaK
ME30HBI, TMPOTOHBI. VIHBIMH CIIOBaMH, BHYTPH 3Be31 OOpasyercs
BEIIECTBO, KOTOPOE COCTaBIsIeT cymHOCTh 3Be3n u Comnma. Yactsb
BEIIECTBA «CTOpPAcT» B SACPHBIX PEAKIHAX C OOpa3oBaHHEM Teus,
TPUTHSL U JAPYTUX Oosiee TsKENBIX dMeMeHTOB. COJNHIEC HAXOMUTCS B
CTagM pPAaBHOBECHS M3IIyYCHHS, POXKACHHUS BemecTBa H cOpoca
BEIIECTBa B ()OPME IIOTOKOB YACTUI[ B COJHCYHOM BETpPE, KOTOPHIH
YCHJIMBAETCS MPHU MOITHBIX COJHEYHBIX BCHBIIIEK, KOTOPBIE Ha (poHE ero
CIIOKOMHOTO» W3JIyYeHHs COCTABJISIET JOJIM MPOICHTA M HEBHUIHBI «HA
rnas». M3-3a comneunoro Betpa CONHIIE TepseT €KECEKYHIHO OKOJIO
OTHOTO MHJUTHOHA TOHH BemiecTBa. COJNHEYHBIA BETEP COCTOUT B
OCHOBHOM W3 3JICKTPOHOB, NPOTOHOB W simep renus (anbda-dacTuir);
sApa JAPYTHX 3JIEMEHTOB M HEMOHHM3WPOBAHHBIX YaCTHUI (JIEKTPHUYCCKH
HEWTpaIbHBIX) COJEPIKATCSA B OYCHb HE3HAYMTEIBHOM KosinuecTBe. [Ipu
paBHOBecuu B Heapax CojiHIA JOMKHO OOpa3oOBBIBATHCS HPUMEPHO
MUJUIAOH TOHH HOBOT'O BEIIIECTBA.
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VHTEeHCUBHOCTh CONTHEYHOTO BETpPa 3aBUCHT OT M3MCHEHHU CONHEYHOMN
AKTHBHOCTH W €r0 UCTOYHHKOB. B 3aBHCHMOCTH OT CKOPOCTH IOTOKHU
COJTHEYHOTO BETpa JAENATCS Ha JaBa Kiacca: memieHuble (mpumepno 300-
400 xm/c okono opbutel 3emim) u ObicTpeie (600—700 km/c okoJI0
opbutel 3emin). CylecTBYIOT W CIOPAAMYECKHE BBICOKOCKOPOCTHBIC
(mo 1200 km/c) KpaTKOBpEMEHHBIE TOTOKH.

He wuckimodeHo, 4TO «dIEpHBIE» IBIPHI UTPAIOT 0CO00 BAXKHYIO POJIb B
o0pa3oBaHMU BEIIECTBA W AaHTHBENIECTBA, HEOOXOAMMOTO IS
BO3HHKHOBEHHS 3BE3/] M MOIITHOTO M3IyYEHHS B CBEPX BEICOKOYACTOTHOM
001acTH 9acToT.

«OTKpBITHE OTPOMHOM HAy4YHOH BaKHOCTH CHAENAIM aMEpPUKAHCKUE
acTpoU3UKU. BIEPBBIC YAAJIOCh TONYYUTh ODKCICPUMEHTAIBHOE
MOJTBEPXKACHUE HHQIIIHOHHON TEOpPHHM DJBONIONUHM BceneHHOH.
CornacHo TeopuH, mocie bonbImoro B3phIBa, JABIIET0 HAYAIO HAIICH
Bcenennoit, oHa 3a HEMBICTUMO KOPOTKHH MPOMEXYTOK BpPEMEHH -
TPWUIHOHHYIO JIOJIIO CEKYyHIBI - MPEeBPaTHIACh U3 MUKPOCKOIMHYECKOTO
00BEKTa B HEYTO KOJOCCAIFHOE, MHOTOKPATHO MPEBBIMIAIONIEE BCIO
HaOIFOTaeMYF0 9aCcTh KOCMOCa, TO €CTh IIpeTepresia HHQISAIHIO.

O0 otkpeiTHH OBUIO 00BsABIEHO Ha mpecc-koH(pepeniun B HACA.
Wudopmarys, mO3BONUBIIAS €ro CAeNaTh, OblIa MOMYYCHA C MOMOIIBIO
KOCMHYECKOTO 30HAa "YWIKUHCOH' TIO U3YyYCHHIO aHHU30TPOIHH
MHUKPOBOJIHOBOTO M3JIy4eHHs1, KoTophiid Ob1 3amyiieH B 2001 roxy.
HoBprlit anann3 qaHHBIX TO3BOJIMI YCTAHOBHUTE, YTO BapHAIUU B SIPKOCTH
9TOr0  M3JIy4eHUs Ha  "HEOONbIIMX'  Yy4acTKax  KOCMHUYECKOTrO
NPOCTPAHCTBA, MPOTSDKCHHOCTHIO B MIUUIMAPABI  CBETOBBIX  JIET,
Pa3UTENBHO OTIMYAIOTCS OT TAaKUX (IIYKTyalluil Ha OONBIIUX y94acTKax,
IOPOTSHKCHHOCTRIO B COTHM MWJIIMApAOB CBETOBHIX JieT. Ecmu ObI
WHQISIIIMOHHOTO TIEpHOo/ia B pa3BUTHH BceneHHON He ObUI0, TO HE OBLIO
OBl W OSTOTO pacXOXKICHHS, YTBEPXKAAIOT y4eHble. [lo ux cioBawm,
KPOXOTHBIC (DIIYKTYyallil B PEIMKTOBOM H3JIyYCHHU HAaYadl BO3HHUKAThH
elle B rmepuoj MHQIAIKNN, a B KOHSYHOM HTOTE JAJId HAadyalo 3Be3/aM,
raJakTHKaM, [UTAHETaM.»

3T0 coobIICHNEe MOKHO KOMMEHTHUPOBATE C MO3UIIMH 3/IPABOTO CMEICTIA:
HEBO3MOXXHO MTHOBEHHOE pOXJeHHE BceleHHOW B m000OM BHJE.
HeBo3moxkHa Teopust HMHQUIAMH, OCHOBaHHAS Ha (DaHTACTHYSCKHX
MpEICTaBIEHUsIX O pealbHOCTH BceenenHol. BepositHO, yuéT cpedwr
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Bcenenno#t crocoObHO mpuMepuTh (paHTa3HI0 C peanbHOCThIO. KakoB
9TOT y4YeT JOJDKCH OBITh, IOKAa HEBO3MOXKHO mpenactaBuTb. Ckopee
BCETO, CMEpTh MpPEenbIAYIIero coctosiHus BceneHnHoil, mpuBemmei k
00pa3oBaHMIO TUTAHTCKOM «JEpHON» MABIPHI, BpallaloOmIeHcs Ha
MPEJICIbHON CKOPOCTH, Oblla HAapylIeHa YBEIHMYCHHEM 3TOW CKOPOCTH
BpallleHUs] MOJ BIMSHUEM <«MaJeHUs» Ha €€ MOBEPXHOCTh OCTATKOB
BEILIECTBA NMPOTO—BCENEHHON M BHE3AITHOTO Pa3pblBa «UEPHON» JIBIPHI
KOJIOCCAJILHBIM  IICHTPOOSXKHBIM yCKOpEHHEM. OTa KapTHHa Oolee
peanucTHdHa, YeM HHQISIIUOHHAS TEOpHs, CTPAAAIOIas TEOPETHIECKON
orpaHMYeHHOCTRI0. OHa MOTYHMHSACTCS BCEOOIIEMY 3aKOHY POXKICHUS,
JKU3HU U CMEPTHU.

CTpykTypa Bakyyma peuiaet npoodjaeMbl ACTpOQU3MKU U
DOuzukn

1). Acrpodusuku monrBepawiau mocie 1998 roma, uro Bcenennas
obnamaer CKphITHIMU (0€3 U3NMydeHHs) «IEMHBIMH» DHEPrued u
matepued. OTKpBITHE CTPYKTYpPBl BakyyMa JaeT BO3MOXKHOCTb
MMOHUMAaHUS YKa3aHHBIX «TEMHBIX» cyliHocTer Beenennoit. OcHoBaHueM
IUIL TaKOTO YTBEPXKICHHS SIBIISICTCS HEPa3phIBHAS CBS3b IPABUTALUN U
AHTUTPABHUTAIIMH, OTBETCTBEHHOM 3a «réMHyI0» sHepruto [3]. CTpykTypa
BaKkyyMa HUMEeT DJJCKTPOMAarHWTHBIA XapakTep ©  oOpa3oBaHa
KPUCTaJUIMYECKON PEMETKON C JIEMEHTApHBIMH 3apsiiaMH B €€ y3lax
Benuunnoi  (+.-)1,602176462¢-19 KkynOoH W TOTOKAMH MAarHUTHOM
HHIYKIHU MEKAY 3apsiaamu Bennunnaon ®=4,8032042¢-18 Bebep [1,2].
PemeéTtka c pasmepom anementa 1,3987631e-15 M BhImONHSAET QYHKIIHIO
«TE€MHOI» HEpruH, MOTOK MAaTHUTHOM WHAYKIIMU BHITTOTHSCT (HYHKIIHIO
«TEMHOI» MaTEPUH.

BennunHa moTOKa MArHUTHOW WHIYKIUU HMEET CBS3b C W3BECTHBIM
MOTOKOM MAarHMTHOH WHIYKIUH JUIS KYHEPOBCKHX Iap JJEKTPOHA B
SIBJICHUH CBEPXIIPOBOIUMOCTH:

F =F,/a"'p=4,8032042X0* Bebep. (1)

OTOT (paKkT MPHBEICH TOJBKO IS WILIFOCTPAIUM HECIy4ailHOH CBSI3U
CBEPXIPOBOJIUMOCTH CO CTPYKTYpOIl BaKyyMa.
IIpodJeMa «TéMHBIX» JHepruM U Mmatepuu BceesienHoi peiena.
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2). Ular cTpykTypsl Bakyyma B 37832 MeHblIIe pauyca atoMa BOJ0po/ia,
49T0 OOBSCHSET HEBO3MOKHOCTh 3KPAHUPOBAHUS TPABUTALMH U JIPYTUX
MOJOOHBIX JCUCTBHH (CHATHS OJCKTPHUYCCKON HANMPSHKEHHOCTH C
3aps0B CTPYKTypbl). OHa HEMmOJBMKHA U KECTKO CBsI3aHA C BAKYYMOM
Bcenennoit, B KOTOpoii pacmpocTpaHsieTcsi CBET corjiacHo Makceny, u
JBIDKYTCSI BCE MHKPO YacTHIBI. J[BUIKCHHE MHUKPO YaCTHUI[ HOAYHHSIETCS
YCTPOUCTBY BaKyyma. DIICKTPOH, OTPHUIATENBHBIA MIOOH, aHTHUIIPOTOH
JBUTAIOTCS «IOJ» 3apsimamu (—), MO3HTPOH, IOJOXUTEIbHBIA MIOOH,
NPOTOH ABUTAIOTCS «a1oa» 3apsimamu (+). B pesynabprare TpaekTopuu
JBIDKCHUsI YaCTHI[ UMEIOT BUHTOOOpa3Hyro (opMy ¢ miarom BoiHbl [le

BpOﬁJ’IfI: I = _V . Takoe nBH)KEHHUE HAXOJMUTCS B COIVIACUM C TOHKUM
m

pacIieIUIeHUeM JIMHUM HM3IYYeHUs aToMa BOJAOPOJA, HCCIEIOBAHHBIM
JIomGoMm. D10 pacmiermieHue — OOBSCHSICTCS HEKHUMU (DIYKTyausMu
Bakyyma. Ha camom gene BHHTOOOpasHas TPAcKTOpUS  BIOJb
OpOUTATFHOTO ABIDKCHUS SJIEKTPOHA, CO3/1aBasi HEOOJBIIIE OTKIOHEHUS
AJIGKTPOHA OT CYIIECTBYIOIIEH OpOUTHI, 00pa3yeT (PU3HYECKYIO OCHOBY
JUISL Pa3MBITHSI IMHUW B CHIeKTpe u3nyueHust atoma. Bonnsl [e bpoitns
VKJIQJBIBAOTCS IIEIBIM YHCIIOM JUTMH BOJIH B OJHOM OpOWTE AJIEKTPOHA.
KomnrToHOBCKas ATHHA 3JIEKTPOHA ONPEIEIACTCS CTPYKTYPOi BaKyyma:
L(k)=4pi.1,3987631e-15 (1+1/137.03998)= 2.4261764e-12 m.

IIpo6siema BoaH [le Bpoiinsgs W TOHKOro pacuiernieHusi JTHHUIA
H3JIy4YeHHUs aTOMa BOAOPO/A pellleHa.

3). Heiitpon uMeeT JBe MacChl: NPOTOHA M OJIEKTPOHA, Kaxaas U3
KOTOPBIX JIBUTaeTcid <«IOJ» CBOUMH 3apsaamu. Ilpu stom cozpmaercs
HEYCTOWYMBOCTh HEUTPOHA, a €ro <«TaHTelb» pPACTATHBACTCS O]
JOeMCTBHEM TIPOTOHA B sApax BemlecTBA, 00pa3ys CHIBI TJII0OHA
HaToJJ00Me pacTsHKEHHs PE3UHBI Wi NpyXuHbl. I[IpobJjema riawoHa B
TeopeTH4ecKoil saepHoi ¢pu3nKe pemieHa.

4). Jlwobas wMacca MHKPO 4YaCTHIBI 00pa3yeTcs MpU BHECCHUH
HEOOXOJMMOTO KOJIMYECTBA DHEPTUH B CTPYKTYpPY B ItOOOH Qopme,
BKJIIOYAsl KoJUlaiaepbl. BHeceHne sHeprur B MarHUTHBIA MOTOK @
BBI3BIBACT POKICHHE JIOOOH MAacchl, M3BECTHBIX U €II¢ HE M3BECTHBIX
MUKPO YaCTHII:
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Kak IMpaBuJIO, BCEC MACCHI 06pa3y10T05[ nmapaMu: DJIEKTPOH — IIO3UTPOH,

(+) MrooH — () MIOOH, MPOTOH — AHTHIPOTOH. BHIMMO, TaKOBO
CBOMCTBO CTPYKTYpHI. B (pu3mke ecth (haHTa3ust O MPHUMHAX OTCYTCTBHS
aHTUBenlecTBa BO Bcenennoil. CtpykTypa BakyyMmMa IIO3BOJISIET

o0xoauthbes 0e3 Takoil ¢antasmu. HelTpoH oOpasyercs W3 MapHOTO
AHTUNPOTOHA, OCTAaBIIASA IMPOTOH CYIIECTBOBATh LIS BEUICCTBA, M M3
MApHOTO TO3UTPOHA, OCTABJSISL JJEKTPOH JUIs BemiecTBa. HeiTpon
HEOOXO0MM JUTs 00pa30BaHUs BCEX S/IEP BEIIECTBA, CIIOKHEE BOJOPOJIA.
B smpax HEWTpOH, SBISAACH B MPUHIMIIE UCTOYHHKOM DJICKTPHYECKHUX
CHJI TJFOOHA, CKPEIUIIeT NMPOTOHBI B CIOXHEBIE Aapa. B cBobomHOM
COCTOSHMM B HEWTPOHE TPOUCXOIOUT «IIEPECBOILIOLICHHUE» MAaCCHI
AQHTUNIPOTOHA B MAacCCy 3JEKTPOHA, a MACChl MO3UTPOHA — B Maccy
nporona. HelTpoH pacmamgaeTcs Ha MPOTOH, JIEKTPOH M aHTUHEHTPUHO.
[To Takoli cxeme MPOUCXOAUT TPAaHCHOPMAIHS YACTHI] AHTUBEIECCTBA B
YaCTUIIBI BEIIECTBAa ITyTEM 3aMEHbI MAacChl AaHTHIIPOTOHA Ha Maccy
AJIEKTPOHA M MAcChl TIO3UTPOHA HA MAcCCy MPOTOHA, COXPAHSS IPH ITOM
MECTO TIOJIOKEHUS B 3apsiioBoi pemérke. Cieayer Mpu3HATh CBOWCTBO
CTPYKTYpHl B O0pa3oBaHHUM H TPAHCHOPMAIMH MAaCC YHHUKAIBHBIM
cBoiicTBoM. [Ipobiiema aHTHBEIIECTBA PEIICHA.

5). Omun axkT BHeceHWs OrpomHOil sHeprum 1.6712e+8 mxoyieit
Croco0eH co3/1aTh MAaKCUMAIbHYI0 MacCy MUHHMAIBHOW 110 pa3Mepy
«4EpHOU» ABIpHI [1]:

m., = \/gF =Jam, =1.859429541%10° kg. (3)

I'ne M, — macca Ilnanka, a =1/137.035998 - nocrosuas ToHKoi

CTPYKTYPBI.
Orta Macca MPEBOCXOJUT HA MHOTO MOPSIKOB JIOOYID MacCy MHKpO

YaCTHII, BKJIOYAs THIIOTETHYCCKHH 0030H Xwurrca. MHepuus mro0oit
MHUKPO YacTUIbl YHaclleAyeT HHEpLMI0O 4YacTh IIOTOKa MAarHUTHOM
WHAYKIIUU, U3 KOTOPOH mpou3onuio e€ oOpazoBaHue. VHEPIIMOHHOCTD
BCEX MAarHHUTHBIX SIBIICHHM XOpoIno u3BecTHa B ¢usuke. CTpyKTypa
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BaKyyMa pellaeT MpoOiieMy PpOXKIEHHS BCEX MAacC MHUKPOYACTHULl H
nHepiuu. Her HeoOXOIMMOCTM B  OMNBITaX IO  CTOJKHOBEHHIO
MUKpouacTull B Komaiaepax. [IpoGaema po:kaennsi Macc BellecTBa
peuieHa.

6). CTpykTypa Bakyyma OMpeessieT BCE SBICHHS DJICKTPOMArHETH3MA,
HAYUHAs OT TOKOB W 3aBeplias BCEMHU MAarHUTHBIMHU siBICHUsMH. bes
CTPYKTYpBl ~ BakyyMa  OJJCKTPOMArHeTH3M,  H3BECTHBIH  JIFOISIM,
HeBo3MOkeH. [Ipemen  pacTsbkeHHMsT  CTPYKTYPbl  [OJ  BHELIHHUM
BozjeiictBueM ompenenéH kak 1,020726744e-17 . OtHolIeHue
aJIEMEHTa CTPYKTYPHI K Mpeiey pacTshikeHus TouyHo paBHo 137.035998
[1]. Takos 3akou IpupoasI.

7). OmHO#t W3 rIaBHBIX (DYHKIHMU CTPYKTYphl ecTh rpaBuranus. Ona
MOPOXKIACTCST HAPYIICHUEM CUMMETPHH 3apsiaoB (+) u (=), mpu KOTOpOit
BennynHa 3apsiaa (+) 6osbiie mo Benuuute 3apsan (—) Ha 7.8490194e-41
kyJoH [1]. Hanuuue maccel B CTPYKTYpe MPOU3BOAMT €€ MOJISPU3ALIHIO,
KOTOpasi MPUTIATHBAET BCE MACCHI APYT K Ipyry. OTCYTCTBUE MAacC HIIH
ux Oosplias yaaaéHHOCTh CO3[A€T «OTpHUIATeNbHOE» jaaBieHue [3],
U3BECTHOEC MO SIBJICHHIO paciiupenus BceeneHnoit (e€ «réMHy0»
sHepruto). Popmysa HeroTOHA A7 CHIIBI FpaBUTALUK PHOOPETAaET BULL!

F =M =x(4p RYS 15,

7€ TTOJIIPHU3AIHs CTPYKTYPBI BaKyyMa OT OJHOW Macchl OyIeT:

S = ElzKyHOH/MZ. 5)
X 4R

OTta IOJIpU3alrA CO30aCT YCKOPCHUE OT CHUJIbI TPaBUTALIUN:

g=4p /Gxs w/c* (6), rae

X =1 =8.98755179%0° — osnexTpuueckas KOHCTAHTA BaKyyMa,
eo

oOparHas BEeJIMYMHA €T0 3JIEKTPUUECKON MPOHUIIAEMOCTH.
IIpo6siema rpaBuTanmuu u pacumpennsi BeesieHHoi pemena.

8). IlocrosinHast [TaHka ©MeeT HOBOE HAITUCAHUE:
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h=2peFa- 1 = 6.6260687652 40 ** JDKOYJIb* CEK.

HoBoe Hamucanue TOYHO cOBHAJaeT C HaWIEHHBIMH OCHOBHBIMU
KOMIIOHEHTaMHU CTPYKTYpPbI BaKyyMa. 3JIEKTPUUECKUM 3apsA0M, IOTOKOM
MarHUTHOW WHIYKIIMM M KOHCTAHThI TOHKOH cTpykTypbhl 137,035996.
OTO 03HAa4YaeT HE TOJBKO KBAHTOBOE H3JIyHYEHHUE <«HUEPHOrO» Tena ¢
pOCTOM TeMIlepaTyphl, HO U HOBBIH B3 Ha KBaHTOBYI0 MexaHHKY, B
KOTOpOi#i h urpaer KIIoYeByIo poiib.
Cocrosiiioch yTouHeHUe cMbIcia KOHCTaHThI Maxkca Ilinanka.
BriBogsbl.
JIrobast cpema M B TOM 4YHCIE Cpela BaKyyMa HMEIOT CHTHAIBI C
MOMEPEYHbIMA U MPOAOJBHBIMH  aMIUTUTYAaMHU, CKOPOCTH
pacnpocTpaHeHus] KOTOPBIX Pa3IUYHBL: CKOPOCTH MOMEPEYHOr0 CUTHaa
MEHbILIE CKOPOCTHU MPOJOJIBHOIO CUTHAJIA.
[Tonepeunslit curHam B cpeie BaKyymMa OTHOCHTCSI K CBETY. DTO TBEPIIO
ycTaHOBJIEeHO B (pusuke. IIpononbHBIH CHTHaT MOXKET OBITH OTHECEH
TOJIbKO K TPAaBUTAIMU U HE K 4eMy Oouree.
Ckopocts rpaButanuu B 3576,055 pa3 6osbIie CKOPOCTH CBETA.
Omuyeckux moneii B [Ipuponae HeT, OHM NMPHUIYMaHbI (HU3UKAMHU IS
00BsICHEHHS MPUPOJHBIX SBJICHUN, MPUYMHA KOTOPHIX HeM3BecTHA. Bce
CWIOBbIE B3aUMOJEIHCTBUS HapsALy CO CBETOM TpPAaHCIMPYIOTCS
MaTepHaIbHON CTPYKTYpPOU Cpelbl BaKyyma.
Tak kak cpela BakyymMa MMEET JIEKTPOMarHUTHOE CTPOEHHUE, TO CBET
MMEET AJIEKTPOMArHUTHBIA XapakTep ¢ HampspkeHHocTsiMu E u H co
CBA3BIO 4Uepe3 TOKU CMEILICHHUsl 3apsioB Cpelbl BaKyymMa W OTBEYaer
npeiacTaBieHusiM - MakcBemia.  ['paBuTanusi, pacmpocTpaHssicb B
CTPYKTYpE BaKyyMa, UMEET TaKXKe JIEKTPUUYECKYIO0 OCHOBY 110 IPUHLUILY
HOJISIPU3AINN CTPYKTYPBI CO CTOPOHBI JTI000H MAaccCHI.
B »stom cwmpicie Bech Mup BceneHHON WMeeT 3IEKTPOMarHUTHOE
CTpOEHME, HauWHas OT CpeJbl BaKyyMa 4epe3 MpUpOJy I'paBUTALMH U
WHEPLUU JI0 HIEKTPUUECKOHN CTPYKTYpBl aTOMOB U UX KOMIIOHEHT.
HcTouyHUK TrpaBUTAUM DIIEKTPUYECKash KOMIIOHEHTa Cpelbl BakyyMma,
UCTOYHMK HMHEpLUMM MarHuTHas KOMIIOHEHTa CpeAbl BaKyyMa,
HacJenyomas XOpOIIO H3BECTHYI0 B (HU3HKE HHEPIHOHHOCTH
MarHUTHBIX ABJIEHUM.
DJeKkTpuyeckas KOMIIOHEHTa CTPYKTYpPhI BaKyyMa oOHapyxeHa B opme
«TEMHOW» HHEPTUM, MarHUTHasT KOMIIOHEHTa OTHOCHUTCS K «TEMHOW»
88




Matepuu BceneHHol.

OnexTpuyeckass KOMIIOHEHTa CTPYKTYpbl BakyymMa OOECIEeYMBAET
abCOIOTHO BCE MAaCChl MUKPOYACTHI] BETUINHON 3apsa (+—
)1,602176462e-19 xyron. D1oT (dakT ocraercs B (GH3MKE O€3 BCIKON
untepnperanuy. HeocropuMoe 10kxa3aTeibCTBO peajbHOCTH Cpebl
CTPYKTYPbI BaKyyMa.

Hano 3nate 3akonsl HbloTtona, Kysona, Oma, teopuio MakcBesia,
I'epua, Xesucaiifa, U OTKpBITHE CTPYKTYpbl BaKyyMma, KOTOpas
ynpasisier BCEM.

YMecTHO OyzneT maTh 0OCYXKICHUE TCOPHH WHQISIMH, KOTOPOE aBTOPY
MOKa3aJI0Ch JOCTATOYHO TPE3BHIM:

«MHIAIOHHAN» BCEICHHAS

I[Tomumo Bompoca o mpoucxoxaeHun BceneHHo#l, COBpeMEHHbBIE
KOCMOJIOTH ~ CTAJIKMBAIOTCA C psAAOM Jpyrux npobiem. YUtoObl
CTaHZApTHAs Teopusi OONBIIOTO B3pHIBa MOTJa IPEACKAa3aTb ToO
pacrnpesneneHue MaTepuH, KOTOpoe Mbl HaOJrogaeM, €€ HCXOAHOE
COCTOSIHME JIOJDKHO XapaKTepU30BaTbCid OYEHb BBICOKOW CTENEHBIO
opranuzoBaHHOCTH. Cpasy e BOSHHKAET BOIPOC: KAKUM 00pa3oM Takas
CTpYKTypa Moriia oOpazoBarbcsa? @usuk A. I'yr u3 MaccayyceTckoro
TEXHOJIOTMYECKOI'O0 HMHCTUTYTa IPEJIOKUIT CBOKO BEPCHIO TEOPUU
0O0NBIIOTO B3pBIBA, KOTOpask OOBSCHIET CIIOHTAHHOC BO3HHKHOBCHHE
STOW OpraHu3aliH, YCTpaHsIs HEOOXOIUMOCTb UCKYCCTBEHHO BBOIUTDH
TOYHBIE MApPaMETPbl B ypaBHEHMS, ONMHCHIBAIOIIME UCXOHOE COCTOSHHE
Bcenennoii. Ero Mojens Oblia Ha3BaHa «HHQIIAIMOHHOW BceneHHOW.
CyTh €€ B TOM, 4TO BHYTPU OBICTPO PACHIMPSIONICHCS, Mepe TpeTon
Bcenenno#t HeOONBIIONW yYacTOK TMPOCTPAHCTBA OXJAXKIACTCS |
HAYMHAET PACIIUPATHCS CHIIbHEE, TOZOOHO TOMY, KaK IePeOXJIaXICHHASL
BOJa CTPEMHTENBHO 3aMep3acT, paclupssich HpH 3ToM. JTa (¢asza
OBICTPOTO pacCIIMPEHHUsT MO3BOJSET YCTPAHUTh HEKOTOpPbIE MPOOJIEMBI,
MpUCYLLIUE CTaHJIAPTHBIM TEOpHUAM 00JIBIIIOTO B3pbIBA.

Onnako Mozenb ['yTa Toxke He JHIleHa HelocTaTKOB. UToObI ypaBHEHHS
I'yra mnpaBuiabHO omnmCHBAIM WHQIAIUOHHYIO Bcenennyro, emy
MPUILIOCh OYEHb TOYHO 3aJaBaTh HCXOJHBIC MapaMeTphbl IS CBOHMX
ypaBHeHu#. Takum 06pa3oM, OH CTOJIKHYJICSA C TOH e MpoOJeMoii, 4To
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U cosmarenu Apyrux Tteopuit. OH Hamesyics W30aBUTBCS  OT
HEOOXOAMMOCTH 33JaBaTh TOYHbBIE MApaMEeTPbl YCIOBHM OONBIIOTO
B3pBIBA, HO MU ATOTO €My IPHIUIOCH BBOAWUTH COOCTBEHHYIO
napaMeTpU3alnio, OCTaBIIyIOCs HeoObsicHeHHOU. I'yT 1 ero coastop II.
ITaliHrapT NOpPU3HAIOT, YTO B MX MOJENH «pacyeTbl NPUBOAAT K
MpUEeMJIEMbIM MPEJICKAa3aHUsIM TOJBKO B TOM cllydae, €clid 3a/laHHbIe
UCXOJHbIE TapaMeTpbl YpaBHEHUIl BapbUPYIOT B OYEHb Y3KOM
Jrana3oHe. BONbITUHCTBO TEOPETUKOB (BKJIIOYAS U HAC CAMHX) CUHUTAIOT
NOJOOHBIE HWCXOJHBIC YCIOBUS MAaJOBEPOSITHBIMI». [lamee aBTOpEI
TOBOPSAT O CBOMX HAAEkKJaX HA TO, 4YTO KOTHa-HHOyOb OymyT
pa3paboTaHBl HOBBIE MAaTEMAaTHYECKHE TCOPUH, KOTOPHIC MO3BOJT UM
CZIeNaTh CBOIO MOJIeNb OoJiee MPaBaONno 00HOM.

OTa 3aBUCHUMOCTb OT €II€ HE OTKPBITBIX TEOPUU - JPYrol HEJOCTATOK
mozaenu I'yra. Teopus emuHOro mOJsl, HA KOTOPOM OCHOBBIBAETCS
MoJ1eTb HHQISAIMOHHON BCeeleHHOM, MOTHOCTHIO THITIOTETUYHA U «III0X0
MOJIACTCSL YKCTIIEPUMEHTAIBHON MPOBEPKE, TaK KaK OOJNBIIYIO YacTh €e
npejicka3anui HEBO3MOXKHO KOJIMYECTBEHHO TIPOBEPUTH B
nabopatopHbix ycnoBusix». (Teopusi €IUHOrO MO - TO JAOCTATOYHO
COMHHUTEJIbHAS TIOTBITKA YYSHBIX CBS3aTh BOSIIMHO HEKOTOPHIE OCHOBHBIC
cuitbl BeeneHHoi. )

Hpyroii Henoctatok Teopuu I'yra - 370 TO, 4TO B HEHl HUYETO HE
TOBOPUTCS O MPOUCXOKIECHUH MEPETPETON U PACILUPSIIOIIEICS MATEPHH.
'yt mpoBepms COBMECTUMOCTh CBOCH WHQIIAIMOHHOW TEOPHH C TPEeMs
TUnoTe3amMu mpoucxoxaeHus Bcenennoi. CHawama OH paccMoTpen
CTaHIAPTHYIO TEOPHIO OOJBIIOTO B3pHIBAa. B 3TOM ciydyae, Mo MHEHHIO
I'yra, MHQIAIMOHHBIA 3MU30]] IOKEH OBLI IMPOU30WTH HA OJHON U3
paHHMX cTanui sBomouuu BcenenHoil. OnHako 3Ta MOAENb CTaBUT
mepel HaMH  HEpa3pelmuMylo MpoOJeMy CHHTYISpHOCTH. Bropas
TUIOTe3a MOCTYIUpPYET, uTo Beenennas Bo3HUKIIAa U3 Xxaoca. Hexkotopsle
€e YJaCTKH OBUTH TOPSYUMH, JPYTHE - XOIOJHBIMH, OHU PACIINUPSUINCE,
a Ipyrue CKUMaIHChk. B aToM cirydae nHQIAIMS omKHA ObLTa HAYaThCS
B Ieperperoil u pacmmupstomeiics odbnactu Beenennoit. [Ipasma, 'yt
NpPU3HACT, YTO 3Ta MOJIEIL HE MOXET OOBSCHHUTh HPOHCXOKICHUE
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MEPBHUYHOIO Xa0oca.

Tperbst BO3MOXHOCTH, KkoTtopod I'yr ormaer mpenmodrenue,
3aKJIIOYAETCSl B TOM, YTO TIEPErpeThI PACIIUPSIONINICS CryCTOK
MaTepuu BO3HUKAET KBAHTOBO-MEXaHUYECKUM IIyTeM M3 IyCTOThl. B
CTaThe, MOsBUBIICHCS B kypHane «CaiteHTnduk Amepukin» B 1984
rogy, I'yr m Iraiiarapt yrBepxknarorT: «MHGIIIHOHHAS MOJEITH
BcenenHnoit naeT HaM TpeACTaBICHHE O BO3MOXKHOM MEXaHU3MeE, MpHU
MOMOIIIM KOTOpOro HaOmronaemas BceneHHas Morna TOSBUTBCS U3
OCCKOHEYHO MAaJoro Yy4YacTka TNpOCTpaHCTBa. 3Has dTO, TPYIHO
yIep)kaThcsi OT co0ja3Ha clienarh elle OAMH LIar U MPUUTH K BBIBOLY,
9TO Bcenennas BO3HHUKIIA OyKBaJIbHO 3 HHYETO».

OnHako kKakoi Obl MPHBIIEKATEIIEHON HU ObUIA 3Ta Wiaes JJIs yUYCHBIX,
TOTOBBIX OIOJYHUTHCA Ha JII000E€ YIOMHUHAHWE O BO3MOXKHOCTH
CYIIECTBOBAHUS BBICHIETO CO3HAHUS, CO3/AaBIIEro Bcenennyio, mpu
BHHMATEJILHOM PACCMOTPEHUU OHA HE BBIJICPIKUBACT KPUTHKU. «HHUTO»,
0 KoTopoM roBOpuT I'yT, - 3TO THIOTETHYECKHA KBAaHTOBO-
MEXaHHYECKHH BaKyyM, OMUCHIBAEMBIN €Ille HE pa3paboTaHHON Teopueit
SJMHOTO TIOJIsl, KOTOpas JOJDKHA OOBECIUHHUTH YpaBHECHWS KBaHTOBOU
MEXaHWKH M OOIIei TEOpHH OTHOCHUTEIHLHOCTU. JIpyrMMH CIOBaMH, B
JIAHHBII ~MOMEHT JTOT BaKyyM HEBO3MOXHO OMNHUCaTh Jaxe
TEOPETUYECKHU.

Hano orMeruth, 9TO (U3MKH omucamu Oojiee MPOCTOH THIT KBaHTOBO-
MEXaHWYECKOTO BaKyyma, KOTOPBIH MpeicTaBiseT co0oi Mope Tak
HA3bIBAEMBIX <GUPINYAIbHBIX YACTHI», (PPArMEHTOB aTOMOB, KOTOPBIC
«TIOYTH CYUIECTBYIOT». BpeMs 0T BpeMeHH HEKOTOpHIE W3 JITHX
CyOaTOMHBIX YaCTHUI] MEPEXOAAT W3 BaKyymMa B MHpP MaTepUaJIbHON
peallbHOCTH. OJTO  SBJIEHHME TOJYYMIO  Ha3BaHUE  BAaKYyMHBIX
¢nykryanmii. BakyymHBIE (QUIYKTyalnd HEBO3MOXKHO —HAOIIOAAThH
HETIOCPENICTBEHHO, OJTHAKO TEOPHH, HOCTYJIUPYIOIIHUE ux
CYIIIECTBOBAHME, OBUIM MOATBEP)KICHBI AKCIEPUMEHTANbHO. COrylacHO
THM TEOpUSAM, 4YaCTHUIBI M AHTHYACTUIBI ©0€3 BCAKOH NPHYUHEI
BO3HUKAIOT U3 BaKyyMa MU MPaKTHUUYECKU Cpa3y MCUE3al0T, aHHUTWIHPYS
apyr apyra. I'yT U ero xojuierd IOMYCTUJIM, YTO B KAaKOH-TO MOMEHT
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BMECTO KPOIIEYHOW YacTHILIbl U3 BaKyyMa MosiBUIach lienas Bcenennas,
U BMECTO TOro, 4roObl Cpa3y HCYe3HYTh, dTa BceneHHass KaKHUM-TO
00pa3oM MpPOCYIIECTBOBAJIA MIJUTHAPABI JIET. ABTOPBI 3TOH MOJEIH
pemmy npodieMy CHHTYIISIPHOCTH, HOCTYJIHPOBAB, YTO COCTOSHHE, B
KoTOpoM BceneHHnas nossisiercs U3 BaKyyma, HECKOJIBKO OTJINYAETCS OT
COCTOSIHUSL CHHTYJISIPHOCTH.

OpHako y 3TOro cleHapus eCTh ABa OCHOBHBIX HeJoCTaTKa. Bo-mepBbIX,
MOXXHO  TOJBKO  yOUBISATBCA ~ CMENOCTH  (DaHTa3Wu  yUCHBIX,
PacTIpOCTPaHUBIINX JTOCTATOYHO OTPAHHMYCHHBIA OIBIT ¢ CyOaTOMHBIMHU
yactuniamu Ha nenyio Bceenennyto. C. Xoykumur m I'. Duime mynapo
NpEeJoCTEepPeraloT  CBOMX  M3JIMINHE  YBJEKAIOUIMXCS  KOJUIET:
«[IpenmonoxeHne 0 TOM, YTO 3aKOHBI (PH3HKH, OTKPBITHIC U H3YUICHHEIC
B  Jaboparopuu, OydyT cHopaBemIMBbl B  JPYyrMX  TOYKax
IPOCTPAaHCTBEHHO-BPEMEHHOT0 KOHTHHYYMa, O€3yCIOBHO, OUYCHb CMeast
9KCTpanoALus». Bo-BTOphIX, CTPOro roBopsi, KBaHTOBO-MEXaHUYECKHH
BaKyyM  HeNlb3sl  Ha3blBaTh  «HUYTO».  OmKcaHue  KBaHTOBO-
MEXaHHYECKOr0 BaKyyMma Jake B CaMOW MPOCTOW M3 CYIIECTBYIOLIUX
TEOpHUil 3aHUMAET MHOXKECTBO CTPAHUI] B BBICIIEH CTENEHHU a0CTPaKTHBIX
MaTeMaTUYeCKUX  BBIKJIQNOK.  Takasd  cucTeMa,  HECOMHEHHO,
MPEACTABIISICT COO0 «HEUTO», M Cpa3y e BCTAET BCE TOT K€ YIPSIMBIHA
Bonpoc: «Kak BO3HHMK CTOJIb CIIO)KHO OpPTaHU30BaHHBIH «BAKyyM>»?»

Bepuemcs k u3HauanbHOM npobiieme, i pemenus koropoit I'yT co3nan
UHQIMIUOHHYI0O ~ MOJIENb.  TpoOJieMe  TOYHOH  MmapaMeTpHh3amnuu
HCXOJHOTO cocTossHHA Bcenennoil. be3 Takol mapaMerpu3anuu
HEBO3MOXKHO NOJYYUTh HAOIIOAaeMOe paclpelesieHHe MaTepuud BO
Bcenennoii. Kak bl yOenuiuch, pemuTh 3Ty npobdbnemy [yTy He
yaamock. boimee  TOro, COMHHTEIBHOM  TPEACTABISIETCS  CcamMa
BO3MO)KHOCTh TOTO, 4YTO Kakas-HUOyOb BEPCHUS TEOPUU OOJBIIOTO
B3pbIBa, BKJIIO4as Bepcuto I'yra, MoxeT mpenckasath HaOnromaeMoe
pacnpenenenue Marepud Bo BceeneHHoll. BpicokoopraHM30BaHHOE
UCXOAHOE cocTOsHME B Mozenu I'yra, mo ero ke cjaoBaM, B KOHILE
KOHIIOB, TIpeBpainaeTcsi Bo «BceneHHyro» nuametpom 10 caHTUMETpOB,
HaIlOJHEHHYIO OJIHOPOJHBIM CBEPXILIOTHBIM, IeperpersiM razom. Ona
OyZer pacmupsTbcs ©  OCTbIBaTh, HO HET HHUKAKHMX OCHOBaHHA
IpeArnonaraTb, YTo0 OHa KOTrJa-HUOYIbh MPEBPATHUTCSA B HEYTO OOJBIIEE,
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4eM OJHOpOAHOe oOmako rasa. [lo cytm menma, K ITOMY pe3ylbTary
OPUBOIAT BCce Teopu: Oombmioro B3peBa. Ecimm [yty mnpunmiocs
MyCKAThCSI HA MHOTHE YXHILPEHUS U JeNIaTh COMHUTENbHBIE AOIYIICHNUS,
9TOOBl B KOHIIE KOHIIOB IIOJIyYUTh BceneHHyl0 B Buie o0iaka
OJIHOPOJTHOTO Ta3a, TO MOXKHO TPEACTaBUTh cebe, KaKUM JIOJKCH OBbITh
MaTeMaTUYECKUI ammapaT Teopuu, NPUBOAAIIEH KO BceneHHON B ToM
BUJE, B KakoM Mbl ee 3Haem! Xopomas Hay4yHas TeOpHs Jaer
BO3MOXHOCTh TIPEJICKa3bIBAaTh MHOTHE CJIOKHBIE MPHUPOJIHBIC SIBICHUS,
HCXO/IS M3 IPOCTOH TeopeTrdeckoi cxembl. Ho B Teopuu I'yra (1 mo60it
JIpyroil BEpCHU TEOpHH OOJIBIIOrO B3PhIBa) BCE HAOOOPOT: B Pe3ybTaTe
CJIOKHBIX MAaTeMaTHYECKHX BBIKIAJIOK MBI MOJY9aeM PaCIIUPSIOIIUICS
my3bIpb OJIHOPOJHOrO raza. HecMoTps Ha 3TO, Hay4HblE >XYpHAaJIbl
MEYaTalOT BOCTOPXKEHHBIE CTaTh 00 HMH(DIAIHOHHOW  TEOPHH,
COTIPOBOXKIAIOIIHECS MHOTOYHCIICHHBIMH KpacOYHBIMU
WJUTIOCTPAIIMSAMHU, KOTOPBIE NOJDKHBI CO37aTh Y YMTATeNs BIIEYATICHUE,
yto I'yT HakoHelm JOCTUr 3aBETHOH IeJM - Hamen OOBbsSCHCHHE
npoucxoxaeHuss BeeraeHHO. Mbl OB HE CTalld TOPONHTHCS C TAKHUMHU
3asBiIeHUsAMH. YecTHee OBLTO OBl IPOCTO OTKPHITH MOCTOSHHYIO pyOpUKY
B HAYYHBIX JKypHanax, 4dYroObl MyOJUKOBATH B HEH TEOPHIO
MIPOUCXOXKIICHUS Bcenennoii, MOJIHYIO B 3TOM MecsIIIe.

TpynHO nake MpencTaBUTh cede BCIO CIOXKHOCTh MCXOJHOTO COCTOSIHUS
W YCJIOBHUH, HEOOXOIMMBIX NIl BOSHHKHOBEHUs Hameil BcemeHHol co
BCEM MHOrooOpasueM ee CTPYKTyp M OpraHu3MoB. B cnydae Harei
Bcenennoii creneHb 3TOH CI0KHOCTH TaKOBa, YTO €€ €IBa JIM MOXKHO
OOBSACHUTD C MIOMOIIBIO OJJHUX (PU3UUESCKUX 3aKOHOB.

Teopernkn mpHOEraloT K IOMOIIM TaK HAa3bIBACMOTO <«AHTPOITHOTO
IIPUHLIAIIA»,

Ilo wux TUIoTe3C, KBaHTOBO-MEXaHUYECKUI BAaKyyM [IPpOU3BOAUT
BCCJICHHBIC MWUIHOHaMH. HO B OOJBIIMHCTBE W3 HUX HET yc.]'IOBI/II\/'I,
HGO6XO,I[I/IMI>IX JUIA BOSHUKHOBCHUS XKU3HH, IO3TOMY HHUKTO HE MOXKET
HCCJIEA0BATh 3TH MUPHI. B T0 )¢ BpEMs B APYIUX BCCJICHHBIX, BKIIOYas
Haury CO6CTBGHHYIO, CJIOXKUIIUCH NOAXOOAIIUC YCIOBUA JJI IMOABJIICHUA
I/ICCHeI[OBaTeJ'Ief;I, INOTOMY HET HHUYCTO YAUBUTCIBHOTIO B TOM, YTO B
OTUX BCCJICHHBIX LapUuT TaKoOMu HeraBI{OHOI{O6HBII>i MOopAaO0K. HHaue
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TOBOPSI, CTOPOHHUKH AHTPOIHOTO TMPHUHIMIA MPUHAMAKOT caM (akT
CYILIIECTBOBAaHUS YeJloBeKa 3a OOBSCHEHHE YMOPSIOUYEHHONH CTPYKTYpPBI
Bcenennoit, koTopasi co3mana ycloBuUS IUIsI BOSHUKHOBEHUS YeNIOBEKaA.
OnHako TMOMOOHBIC JIOTHYECKHE YBEPTKH HHYETO HE OOBSICHSIOT.

Jpyroii ¢popmoii NceBIOHAYYHON Ka3yHCTHKHU SBISIETCS YTBEPIKACHHE O
TOM, uTO BceneHHas mosiBUiach MO BOJIE CIEMOro ciydas. OTH cl0Ba
TOXE POBHBIM CYETOM HU4YEro He oO0bACHs0T. Cka3zaTh, UTO HEUTO,
NOSBUBLIEECS OJMH Pa3, MOSBUIOCH CIy4aifHO - 3HAUUT IPOCTO CKA3aTh,
YTO OHO MOSBWIOCh. Takoro poja YTBEPKICHUS HEIb3s CUUTATh
Hay4HbIM OOBSICHEHHEM, TaK KaKk OHM HE COJIEepXKaT B ceOe HHUKAKOH
HOBOH nH(popMayy. [IpyrumMu cIoBaMH, 3TH «O0BSCHEHHA» HU Ha IIar
HE MOpUOIU3HIM YYEHBIX K PEUICHUI MPOoOIEMbl IPOUCXOKIACHUS
Bcenennon.

OO0Omass  Teopuss  OTHOCHTCIBHOCTH  OIKCBIBACT  HMCKPUBJICHHOE
MPOCTPAHCTBO—BpPEMsI U SBISCTCS HEOTHEMJIEMOH YacCThiO JIHOOOM
COBpPEMEHHOM TeopuM npoucxoxacHus Bcenennon. Ilostomy ecimu
oOwiast Teopusi OTHOCUTEIBHOCTH HYXKAAETCs B MEPecMOTpe, TO Jrodas
KOCMOJIOTMYECKAsl TEOpHs, OCHOBaHHAs Ha HEHl, TOXE HYXAAeTcs B
MOTPaBKax.

[Tpumenenune oOIIel TEOpHH OTHOCUTEILHOCTH, TaK K€ Kak W Ooee
paHHel Teopuu JHHINTEHHA, 4YaCTHOW TEOPUH OTHOCUTEIBHOCTH,
COTPSKEHO C OZHOM TPYJHOCTHIO: MOHATHE BPEMEHHU NepeocMbIciieHo. B
HBIOTOHOBOW (PM3MKE BpEMs pacCMaTpHBacTCI Kak IEepPEeMCHHAs,
He3aBUCUMas OT MpocTpaHcTBa. biaromaps 3ToMy Mbl MOXKEM OIMCaTh
TPaeKTOPHIO ABIKEHUS 00BEKTA B MPOCTPAHCTBE M BPEMEHHU: B JAHHBIN
MOMEHT BpEMEHH OOBEKT HAXOAWTCS B OIPENCNICHHON TOYKe
MPOCTPAHCTBa, a CO BPEMEHEM ero mnojoxeHue MeHsiercs. Ho Teopus
OTHOCUTEIBHOCTH JWHINTEHA O0BEIUHSCT MPOCTPAHCTBO U BpPEMsI B
YEeTBIPEXMEPHBIA KOHTUHYYM, TaK 4TO MPO OOBEKT yXkKe HeJb3sl CKa3aTh,
YTO B OIpEIEICHHbII MOMEHT BPEMEHM OH 3aHUMAET OIPEAEICHHOE
MOJO)KEHHE B MPOCTPAHCTBE. PensTHBHCTCKOE OMMCaHue OOBEKTa
IIOKa3bIBAET €ro IOJIOKEHUE B IPOCTPAHCTBE U BPEMEHM KaK €IMHOE
Lesnoe, OT Hayajla M JI0 KOHIA cyllecTBoBaHHUA oObekTa. Hampumep,
YEJIOBEK, C TOYKHU 3PEHUS TEOPUH OTHOCUTENbHOCTH, NpEACTaBisIeT
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c000¥ MPOCTPaHCTBEHHO-BPEMEHHOE €MHCTBO, OT 3apOJIbIllia BO UpEBe
mMarepud a0 Tpyna (Tak Ha3bIBAEMbIN «IPOCTPAHCTBEHHO-BPEMEHHOM
YepBbY»). JTOT «HUEPBB» HE MOXKET ckaszath. «Celvac s B3pOCIbIH, a
panbiie Obl1 pebeHKkoM». TeueHnss BpeMEeHH HE CYIIECTBYeT. Best )Ku3Hb
YelloBeKa TIPEJACTaBisieT co0OW enuHOoe Ienoe. Takod B3N Ha
YyelloBeKa O0CCIIEHHWBAeT Hallle JIMYHOE BOCHPHATHE MPOILIOTo,
HACTOSIIIETO W OYAYIIEro, BBIHYXKAas HAC IOCTABUTH IOJ] COMHCHUE
caMmy peagbHOCTb 3TOTO BOCIPHUSITHS.

B cBoem mmceme k M. Becco JiiHmTeiiH mwmcan: «Tsr 0ordicer
Co2nacumvcs ¢ mem, 4mo CyObeKmMuUeHoe 8peMs ¢ e20 AKYeHmoOM Ha
Hacmoawem He umeem obvekmusHozo cmwicia». Ilocie cmeptu Becco,
OWHINTEH BBIPA3WI CBOE COOOJE3HOBAHUE €r0 BIIOBE CICTYIOIIHM
oOpazoM: «Maiikn HeMHO20 onepedusl MeHs, NOKUHY8 IMOm CMPAHHbL
mup. Oonako smo e umeem 3navenust. s Hac, yOedcOeHHbIX PU3UKO8,
pasnuuue mexncoy NPOUIbIM, HACMOAWUMU OVOYWUM - XOmb U
Hasa3uuseas, Ho 6ceeo auwb unnosua». Ilo cytw  gema, 3TH
NPEJCTaBICHUS]  OTPUIAIOT  CO3HAHWE, KOTOpPOE  IOAYCPKHBACT
peanbHOCTh TEPEXKUBAEMOT0 MOMEHTa. Haillle HBIHEIIHEE TEa0 MbI
OIyIIaeM KaK pealbHOe, TOT/a KaK Halle JETCKOE TEJNO0 COXPAaHHIOCH
TOJNBKO B MamsATH. J[Js HAC HET HUKAKMX COMHEHHMH B TOM, YTO MBI
3aHMMaeM OIPEJICJICHHOE MECTO B IMPOCTPAHCTBE B JAHHBIA MOMEHT
BpeMeHU. Teopuss OTHOCHTEIBHOCTH IPEBpAIllaeT CEepUH COOBITHHA B
€ZIMHbIC TIPOCTPAHCTBEHHO-BPEMEHHBIC CTPYKTYPhI, HO MBI OIIyIIIaeM HX
KaK IOCJENI0BATEIbHOCTh  ONPECICHHBIX JTAallOB  BO  BPEMEHH.
CnenoBaTenbHO, Jr00as  MoOJAeIb  IPOMCXOXACHUS  BcelaeHHOH,
MOCTPOCHHAs HAa OCHOBE TEOPHUHM OTHOCHTEIBHOCTH, HE CIIOCOOHA
OOBSCHUTP Hallle BOCTIPUATHE BPEMEHH, U IMOTOMY BCE 3TH MOJICIH B UX
COBPEMEHHOM BHJIC HECOBEPIICHHBI H HEMPUEMIIEMBL.»

[IpuBeneHHast CTaThsl OYCHb MOKA3aTENbHA B TOM OTHOIICHUW, K YeMY
MPUBOIWT TeopeThueckas (Gu3nuka 0e3 CBSI3U C PealbHOH MPHUPOIOH
BEIIECTBA U CTPYKTYPHI cpedst BeeneHHoil.

Ente npumep MHQIIAIIMOHHON TEOPHH, C KOTOPOH HYKHO TTO3HAKOMHTCS
BCEM YHUTATENIAM JAHHOM KHHIH.

«Cragusi  SMOMpHYecKOl  HeBecomoctn Tteopum» u ad  hoc
apryMeHTaIus

Pazpabotka B 80-¢ rojapl WHOIANUOHHBIX CIICHAPHEB B KOCMOJIOTHH
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3aBepUIniIach, IO CJIOBaM OJHOrO U3 aBTOpoB A.JlmHme, co3maHuem
unpsuonnoi teopun (UT) u gaxe mapaaurmsl [1]. Momoaas teopwus,
uMes s JOCTOMHCTB (pelleHHe MOAABISIOIEr0 4YHCia MpodiieM
PEISITUBUCTCKOM KOCMOJIOTHH), COJCPKHT B ce0e, C TOYKH 3peHHs
CTaHIAPTOB  HAYYHOW  PAalMOHANBHOCTH, ONWH  CYIIECTBEHHBII
HEJIOCTAaTOK, KOTOPBHIA CBS3aH C €€ JMIUPUYCCKUM OOOCHOBAHHEM.
Xopomio coriacyschk ¢ yke u3BecTHbIMU jgaHHbIMH, UT moka 4to He
UMEET BECOMOT0 OSMIHMPHYECCKOTO IOATBEP)KICHUS CBOUM HOBBIM
CIICACTBUAM. DMIMPHYECKOE ITOITBEP)KICHNE ITHX CICACTBHNA CBSI3aHO C
TPYAHOCTSMH UMEIOIIMMH MHOTO(GaKTOPHYIO pupony [2].

JpyruM ¢yHAaMEHTaNBHBIM TIPeCKa3aHUeM SIBISICTCS MPEIIoNaraeMoe
CYIIECTBOBAHHME CTEHOK JOMeHa (HEOJHOPOIHOCTH), pa3Mepbl KOTOPOi
MPEeBOCXOAAT TOPU30OHT  BuaMMONM  BcenmeHHoil. 310  cozmaer
NPUHIMITIATFHOE 3aTPyJHCHUE B HAONIOJATEIEHOM ITOATBEPIKICHUU.
Hagmexna monTBepskIeHNsT MOKET 0a3upoBaThCsl TOJIBKO Ha KaKOM-JIHO0
TEOPETUYECKOM WM ONBITHOM MPOPBIBE 32 PAMKH CYIIECTBYIOIIETO
YPOBHS Pa3BUTHSI HAYKH U BCEH UEIOBEUECKOMN MPAKTUKHU B LIEIIOM.

He wMeHee cepbe3Hble TPYIHOCTH CBSI3aHBI H € OOHApY)KCHHEM
MATrHUTHBIX MOHOIOJIMH — YaCTUIl, POXKIAONIUXCSI B MOMEHT (Da30BOTO
nepexona.

HabnronaTenpHoe MOATBEPKACHHE ITUX TPeX M APYTHX IpeICcKa3aHUil
UHQISIIMOHHON TCOPUH B HACTOSIINN MOMEHT 3aTPyIHEHO.

[Tosromy  wHGNANIMOHHAS  Teopus,  BepHee, Tmpobdiema  ee
HAOFOIATENBHOTO  MTOJTBEPIKICHUS, HA  CEroJHS  SIBISICTCS
TPYIHOPA3pEIIUMON B paMKax 3€MHOHW SKCICPUMEHTATbHOH (PH3HKH.
HasBannuple BblIlE W JApPYrde TPYOHOCTH B OMIHPUYECKOM
(HabromaTeIbHOM) 000CHOBaHUU WHQIIAIMOHHON  Tapajurmbl,
0€3yCIIOBHO, CTUMYNHPYIOT HAyYHBIH TIIOHCK, CTaBSIIUN 3amady WX
npeofgoieHus. Tak, B TOCHEOHHWE TOABl BEAYTCS HHTCHCHUBHBIC
UCCIICIOBAHUS 10 OOHAPYKEHHIO O€3MaCCOBBIX M OUSHb JIETKUX OO30HOB
B COJJHEYHOM H3JIyYCHHU, CYIIECTBOBAHUE KOTOPHIX IPEANOIAracTCs KaK
pa3 B TeX TEOpUSIX (PU3HKH — TEOPUs CYIEPrpaBUTALMU U TEOPHUS
CYHEepCTpyH — KOTOpPHIE HCIIONB3YIOTCS B KA4eCTBE OCHOBBI IS
uHpsuoHHON mapaaurmbl [7]. TpyaHocTe uMX OOHaApyKeHHsS HMEeT
[IOKa YUCTO MHCTPYMEHTAIBHYIO TPHPOAY, T.K. “MPHMECHSIEMBIC paHee
JIETEKTOPBl 4yBCTBHUTEIbHBI K akCHOHaM ¢ maccoil menee 0,1 »B” [7,
737]. IMEHHO aKCHOHBI U JPYrHe YacTHUIIBI ATOTO )K€ Kacca SBISIOTCS
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OpeTEeH/ICHTaMH HA  pOJlb  TOrO0  CyOcTpara, KOTOPBI  Hecer
OTBETCTBEHHOCTH 3a “cKpbiToe BemiecTBo” (dark matter) Bo BcenenHoii
[8].

C.B.X0yKHHI' TIOJaraer, 4To XaOTUYEeCKUW WHQISIIMOHHBIN CIICHApHA
HepealnCTUYEeH, BCIIEACTBHE BBEJICHHOTO UM OIPAaHUYEHHUS HA 3HAYCHUS
noteHimana ckaaspaoro nons [12, 339]. JIL.A.Xanduu mnbitaercs

MOKa3aTh, 4YTO XaoTU4ecKas UHQIHOHHAS Teopus
HEYJIOBJIETBOPUTEIbHA C TOUKH 3PEHUS TEOPUHU BeposTHOCTH. Paccuntan
9KCIIOHEHIMAJIBHYIO OLICHKY BEPOATHOCTU JIOIyCTUMOM

HEOAHOPOJHOCTH peal3aluy CIyYailHbIX ITOJIeH, OH 3aKII0YaeT, “dTo
BEPOATHOCTh OOpasoBaHus “Hamiell” BceeneHHodt ¢ momycTUMOn
MPOCTPAHCTBEHHON HEOJHOPOMHOCTHIO ()aHTACTHYECKU Maja B paMKax
xaotuueckoro cueHapus® [10, 1142] kpome TOro, TeOpHs XaOTHIECKH
paszmyBaromieiicss BceneHHOM mpeacka3biBacT HEOAHOPOJHOCTH, KOTOPHIE
MMEIOT pasMepsbl “MHoro Gosbuie Bumumoil (102 cm) Beenennoit”, uto
“Hesb3s MPOBEPUTh HAOMIOACHHMSIMU Nake B mpuHimme” [10, 1140]. He
MEHEe CEephe3HbI, C Hallel TOUKU 3penus, aprymeHTs! U.I'. JIBIMHUKOBO.
“Cormacio OTO, reoMeTpus NPOCTPAHCTBA-BPEMEHU TE€HEPUPYETCSI
JIBIKEHHEM M paclpeleieHueM MaTepuu’, — CleA0BaTeNbHO, — “Kak
MOXET Marepusi, ¢ KOTOPOH HHYEro HE MPOHCXOIUT, BBI3BATH CTOJb
TpaHIMO3HBIE TEOMETPUYECKHEe W3MEHEHUs?.. B Takom ciydae
pasayBaHHE Bakyyma MpeICTaBiIseT co00i KoopawHATHBIA 3(]dekT, a
HEBO3MOKHOCTH CBSI3aTh C BaKyyMOM BBIJCIICHHYIO COITyTCTBYIOIIYIO
CHCTEMY OTCYETa, HABOJUT Ha MBICIb, YTO 3TO pa3dyBaHHE SBISIETCS
¢uxtuBHbM (KypcuB moit. — AI1.)" [11, 1903].

He BpaBasch B HOAPOOHOCTH YaCTHOHAYYHOTO XapakTepa, BBIACITHM
OIIMH, HAa HaIl B3IV, OYCHb CYIIECTBEHHBIH 3MHUCTEMOJIOIMYCCKUI
aCIeKT B OTOM KpUTHKE Teopud HHGISIMOHHONH BceneHHoid.
[InomoTBOPHOCTH  TOYKM  3pEHUS, COTJACHO KOTOPOM  CErojHs
MPOUCXOANUT CMEHA OYEePETHON HAyYHOW (DU3UICCKOU KAPTHHBI MHPa
[13, 89], 3akimouaeTcsi B TOM, YTO OHA IO3BOJSET OLICHUBATh BHOBb
co3naBaeMbie Teopud kak B Qusuke (TBO, Teopust cyneprpaBHTaIuy,
TEOpHsl CYNEPCTPYH U IIp.), TAK U B KOCMOJIOTuH (MHQISALMOHHAS TEOPHS
U [Ip.) HE C TO3ULHMI CTapblxX, NPUHAICKAIINX HPEIIISCTBYIOIICH
TOCIIOJICTBYIOIIEH TEOpWUHU, COOCTBEHHBIX OCHOBAaHMH (U3UKH W
KOCMOJIOTHH, KOTOpble B OcHOBHOM omupanmuch Ha OTO wu Teopuro
@puaMaHa, a C MO3HUIUN HOBBIX (PU3MYECKUX M KOCMOJIOTHYECKHX
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OCHOBaHH#, KOTOPBIE €IIIe TOJIBKO POPMHUPYIOTCS (POKAAIOTCS) B paMKaXx
BHOBb CO3/IaBacMbIX Teopuil. He mpeTeHays Ha MONHOTY M MOJHOCTHIO
oThaBas ceOe OTYET B HEOAHO3HAYHOCTH WX MPUHATHSA, K HUM MOXHO
OTHECTH CJICAYIOIINE TTOJIOKCHUS.

Du3nvecKue OCHOBAHUS!

1. CxopocTh yBenuYeHHs Pa3MEPOB CUCTEMbI (HA CTAJUHM Pa3TyBaHMHS)
Ha MHOTO TIOPSIKOB IPEBEINIACT CKOPOCTh CBETa B BaKyyMme. DTO HE
npotuBopeuutr OTO, MOCKONBKY CKOPOCTh YBEIUYCHHS pasMepa
CHCTEMBI, B OTJIMYHE OT CKOPOCTH IEpEeladyd CHUTHAIOB, MOXET OBITH
CKOJIb yromHo Oosbioi. Pagnyc BeeneHHOW Ha cTaguu pa3ayBaHuUs 3a
10 ¥ cex. YBEJIMYMIICS OT IJIAHKOBCKOT'O pa3Mmepa 10 cm., TO ectb B
101000000 pas! [14, 11]. 2. ®yHaaMEHTATBHOCTD BaKyyMa 10 OTHOIICHHUIO
KO BCeM JIpyruM (hU3M4ecKuM (opMaMm CYIIECTBOBaHUS Marepuu. B
W3BECTHOM Mepe, ero MOXKHO PacCMaTpPHBaTh KaK MPUHIUAI BaKKYMHOTO
€IMHCTBa MHpa. JTO O3HAYAeT, YTO B ACHCTBHUTEIHFHOM (H3MYECKOM
MHpE HET HMYEero, YTO MOTEHIMAIBHO (BUPTYaJIbHO) HE COMIEPIKANIOCh Obl
B BakyyMme. “[loTeHIIMaNbHO” OH CONEPKUT U CYOCTaHIIMOHAIBHBIA MUD
[15, 192] WudnsuuoHHas TEOpHs  MPEINoNaraeT  POKACHHE
(Bo3HukHOBeHne) Meraranaktuku (MuHH-BeeneHHON) B pesysbrare
BakyyMHOU (uykryanuu. 3. [IpuHIMI HE3aBUCUMOCTU TPOCTPAHCTBA U
BPEMEHH OT BEIIECTBA W HU3IYYCHHS HA PAHHHUX CTAIUSIX HBONIOLUH
Bcenennoit.  Cramusa  pa3gyBaHus B JBOJIOLIMH  BceneHHOU
ocymIecTBISIeTCsl 0€3 MPUCYTCTBUS BELIECTBA M M3NMydeHUs. Jpyrumu
CJIOBaMHU, pa3iyBaercs “mycToe” MPOCTPaHCTBO U “myctoe” BpeMsa. OHu
HAITOJIHEHBI JIUIIb MoJeM XHITCa.

YkakeM Ha  OCHOBHBIC  pasiuuyus  (PU3WYECKUX  OCHOBAHUH
(bpuIMaHOBCKOW KOCMOJIOTHMH, TMOCTpoeHHo Ha 6Oaze OTO, or
(bM3HUYECKUX OCHOBaHWN KOCMOJIOTHMH, TMOCTPOESHHOW Ha 0a3e Teopwuu
cyneprpaButaiu (TouHee, ux goctwkeHuit), TBO wu psme apyrux
TEOPHH:

a)  (pUIMAHOBCKAas  KOCMOJIOTHS  MPEANOJaraeT  KOHCTaHTY
MaKCHUMAaIBHOW  CKOPOCTH  TIPOTEKaHHWs  (U3UYECKHX  IMPOIECCOB
(ckopocth cBera B Bakyyme). VHQIsILMOHHAs KOCMOJOIUS HE
IPOTUBOPEYUT 3TOMY MOJOKeHHI0. OIHAKO eciu B TEPBOM Ciydae
MOJTYaJIMBO MPEAINONAraioch, YT0 U BOOOIIE Bee mporecch (B TOM Yucie
U yBEIMYECHHE Pa3MEPOB CHUCTEMbI) €My MOJYUHSIOTCS, TO BO BTOPOM
cirydae HHQIIAUOHHAS TEOPHs JIOMYCKaeT cocTosiHue BeenenHoH, korna

98




9TO orpaHmdyeHue He paboraer. Kpome TOro, camMm KOCMOIOTH
MOCTOSIHHO HACTAWBAIOT HA OTCYTCTBHHU ATOT0 MPOTUBOPEUHS, TOT/Ia KaK
YBEJIIMYCHHUE DPa3MepoB "00jacTh', 3aloJIHEHHOW CKaJISpHBIM IIOJIEM,
€CIIi ¥ HE TPOUCXOIHUT B pe3yibTaTe IepeJadd CHTHAJOB, TO YK BO
BCSIKOM CITydae ecTh mporiecc. [10cKombKy ke yBEeNHIHBAIOTCS Pa3MepEbI
TAKOW CHUCTEMbI, KOTOpas 3amojHEHa (PU3MYECKUM | -TIOJIEM, TO 3TO C
HEOOXO0IMMOCTBIO eCTh (PU3MUYECKHUH IpoIiecc;

0) (puaMaHOBCKAas KOCMOJIOTUSI CIPAaBEJIMBAa TOJIbKO IMPU OIMHCAHUH
BelecTBa U u3inydeHus (naxe B dopme moisi). HoBble dusnueckue u
KOCMOJIOTHYECKHE TEOPUU OKa3bIBAKOTCS CIpaBeUIMBBIMH (TO eCTb
MO3BOJISIFOT OMKCBIBATh) U MO OTHOIICHUIO K TAKOMY COCTOSIHHIO MHpa,
BceneHHolM, KOrja BENIECTBO W HM3JIyYCHHE elle He BO3HUKIO (B
“grcTOM” BHJIE), TO €CTh YYUTHIBAIOT B OMMCAHUU MHUpPa Oojee ryOoKuii
“cpe3” peanpHOCTH, Korma (yHIAMEHTAJIbHBIM “THUIIOM” MaTepuu
BBICTYIIAET BaKyyM,

B) eciu (DpUIMAHOBCKas KOCMOJIOTHS, a paBHO W (u3mKa, Ha Oase
KOTOpOH OHa CTpOWJAch, IpeAmoyarana aOCONIOTHYI0 3aBUCHMOCTD
OPOCTPAHCTBA U BPEMEHHU OT BEIIECTBA M M3MydYcHUs (IECUTTEPOBCKHUE
MOJECTH B paMKax OHHINTEHHOBCKOW (H3WKM ©  KOCMOJIOTHH
paccMaTpHUBAIKCh KaK HepealnucTHyeckue u Obuth B Hadane 20-X TOmoB
HBIHCIITHETO CTOJICTHS BOCHPHUHSATBI Kak “Kypbe3bl’, TaK CKa3arb,
pe3ynbTaT CcBOOOJHOM “Wmrpel yma”, XOTd TIO3JHEE, B paMKax
UHQISIUOHHON TEOPUH MPOU3OLLIO UX TMO3UTHBHOE MEPEOCMBICICHHE),
TO HOBas KOCMOJIOTHs JIOIIyCKaeT OTCYTCTBHE TaKOW TMPAMOi
3aBUCUMOCTH (Ha PAaHHHX CTAJMSAX dBOJIONNH BeeneHHoil).

Y4uuThIBass ~ BBIICNCHHBIC  OCHOBaHUSA  (DU3WKH,  UCIIOJB3yeMBbIC
COBPEMEHHOH KOCMOJIOTHEH, M HMX OTIWYHS OT OCHOBAaHWUH (M3HKU
Hayaja Hamero BeKa, MOXXHO YCTaHOBUTH OJIHCTEMOJIOTHIECKYIO
npuunHy ((pU3MYecKue MPUYUHBI MOT'YT OBITh CAMBIMH Pa3UYHBIMU),
WM, €CJIA TOYHEE CKa3aTh, IPUPO.TY, IOSBICHHUS KPUTUKA H HETOYMEHUS
OTHOCHUTEIBHO BO3HUKHOBEHUsI MHOISIIUOHHON Teopuu. OOBHHEHHE B
“(pukTHBHOCTH  pa3ayBaHHs, MAJTOBEPOSITHOCTH POXKACHUS U T.I., HAM
MPEACTABIISIIOTCS TTOMBITKON M BIOJHE €CTECTBEHHON MHTEPIIPETHPOBATH
HOBEIC SIBJICHUS, MPEACKa3bIBaeMble HH(OISIIMOHHON TEOpHEl, B paMKax
TeX OrpyONeHNH NeHCTBUTEIBHOCTH, KOTOPBhIE OBUIN IPHHATHL 32 OCHOBY
OpeABIIYIIeH KapTHHOW MHpa, T.€. C MO3HIUN COOCTBEHHBIX OCHOBAHUI
pensTuBUCTCKO#M (pr3uku. CerofHs, MO CYIIECTBY, MPOHCXOIHUT TO KE
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camoe, 4TO MNPOMCXOIWIO B KOHIE NPOLIUIOr0 W IEepBOH YeTBEPTU
HBIHCITHETO ~ CTOJICTHS, KOTa HOBBIM  (DU3UYECKUM  TECOPHSIM
MOHAI00MIIOCE BO MHOTOM HM3MEHHTH CYIIECTBOBABINYIO TOINIA KAPTHHY
MUpA, IPUHSITH HOBbIE OCHOBAHUS JUIsl (U3NYECKUX TeopHil. P.Delinman
0 TIOBOJIY TaKOW CUTYallMHd B HAYYHOM IMOMCKe 3ameTHi. “ Kaxaplii pas,
KOTJa 00pa3yeTcsl JUIMTEeNbHBIN 3aTOp, KOTJa HAKAIUIMBACTCS CIUIIKOM
MHOT'O HEpELIEHHBIX 33/1a4, 3TO MOTOMY, YTO MBI MOJb3yeMCsl TEMH K€
METOJlaMH, KOTOpbIMH MoJb30Banuch paubiie [16, 180]. Homyio xe
CXeMy, HOBOE OTKpPBHITHE HY)KHO HMCKaTh COBCEM Ha IpyroMm mytu. U,
JIEWCTBUTENHHO, WCKPHUBICHHOE IPOCTPAHCTBO-BpeMsi OWHINTEHHA B
IJ1a3ax MocJIeZI0BaTEIbHOTO HBIOTOHHAHIIA Ka3aJloch “ QUKIUEH” HUYYTh
HE MEHBIIE, YeM pa3lyBaHHUE BaKyyMma 3a 10% cex B 10'%%%%% past 5
riaszax MOCIIEI0BATENLHOTO MpeaCTaBUTENS PEJIATUBUCTCKON
rpaBuTaly. B HM3BECTHOM CMBbICIIEe, HOBas KOCMOJIOTMYECKas TeOpHs
BHOBb CTAaBHUT BOIIPOC O HE3aBHCHMOCTH IPOCTPAHCTBA M BPEMEHHU OT
BEIIECTBA M M3IIyYCHHUs, KaK 3TO YK€ OBIJIO B HBIOTOHOBCKOW KapTHHE
MHpa, HO Ha COBEPIICHHO HHOM YPOBHE PAacCMOTPEHHS PeaIbHOCTH.
Ecnu HploToH mpezanosaran He3aBUCHUMOCTb HNPOCTPAHCTBA M BPEMEHU
OT COCYIIECTBYIOIIEH C HHUMHU Marepuu (BEIIECTBA M HM3IYYEHHUS), TO
HOBasi ()U3MKA U KOCMOJIOTHS OIMCHIBACT TAKUE COCTOSIHUS MATEPHH, B
KOTOPBIX BEIECTBO W H3JIy4YCHHE elIe He aKTyalu3UpOBaIUCh (He
HepeLuId U3 BUPTYaJIbHOTO COCTOSIHHS B JICHCTBUTENBHOE, HAJUYHOE).
OpfHAaKO TMECCUMHUCTHYECKHE OLECHKH WHQISIMOHHOW TEOPHUH KaK ee
OpOTHOBHUKAMU  ([IPEICTABUTENIM aJbTCPHATHBHBIX HAMpAaBICHUN B
KOCMOJIOTHH U 3[I0POBBIIl KPHTHIIU3M B CpPEJIE CAMHX YUYCHBIX), TaK U
CTOPOHHHMKAMHK “cepXuBaHus” pocta yHHBepcanbHOCTH ((unocodsr
HAayKH) HaM MpEJACTABIAIOTCS HE /0 KOHLA OOOCHOBaHHBIMH B CHITY
CJIeYIOLIMX 3aMeYaTeIbHBIX CBOMCTB ATOM TEOPHH:

1. NndnsamuonHas Teopus JaeT HOBBIE IPOBEpSIEMBIC MPEICKa3aHus, B
cpaBHeHUM ¢ Teopueil @punmana-Jlemerpa.

2. NndnsanuoHHas TEOpUS MOXKET PAaCCMaTPUBATH PETPOCIICKTHBHO TE
SMIHMPHYCCKHUE TMOIKPEIUICHHUs, KOTOphle uMena Teopust Dpuamana-
JlemeTpa Kak CBOHM, MO0 CONEPXHT ITOCIECTHIOID TEOPHIO KaK CTaJUI0
(mpenmenbHBIN Cciy4dail) B CBOoeM 0ojiee YHHBEPCATBHOM OIHCAHUM
sBomonuu Beenennoii. [Ipyrumu cioBamu, Ta “dacth’ MHQIISAIUOHHON
TEOpHH, KOTOpas COOTBETCTBYET (PUIMAHOBCKOH HBONIOIHMH —
SMIUpU4ecku obocHoBaHa. Ho 310 “kocBeHHoe”, a He “mpsimoe”
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noaTBepikaeHHe (00OCHOBaHME), H IOJITOMY HE MOXET HUIpaTh
pemaromnen poiu.

3. B mcropun ecTecTBO3HAHUS OUYEHb PEIOKH TE CIydad, KOTAa pyKa
HKOCHEPUMEHTATOpa JABMKETCSI HETIPEPBIBHO BCIIE 32 PYKOW TEOpPETHKA.
Mexny “OTKpeITHEM” sBICHHS Ha Oymare M €ro IMOJATBEPKICHHEM B
JNEHCTBUTENBHOCTH, KaK MpaBWJIO, JIKUT BPEMEHHOH OTPE30K,
JUIUTEBHOCTh KOTOPOTO MOKET OBITh CKOJb YroJHO OOJBIIONH. DTO
O3HaYaeT, 4YTO WHQISAIHOHHAS TEOpUs B 0003pHUMOM Oyaymiem,
BO3MOJKHO, OyIeT JIn0O OJATBEpKICHA, TMOO0 OIPOBEPTHYTA.

OTH TpH MOMEHTa, Ha Hall B3MIAA, CYOICCTBCHHO MCHSIOT
MIECCUMICTHYECKYIO OIIEHKY II€PCIIEKTHBHON TEOPHH B COBPEMEHHOIA
KOCMOJIOTHH. B cuiy sToro, oHa mpoJoJKaeT OCTaBaThCs Ha CTaUU
SMIIUpUYECKO HeBecoMocTu. [loaToMy st TOro, 4TOOBI YNPOYUTH
MOJIOKEHUE WH(ISIIMOHHONW TEOPHH CPEIU IPYrHX KOHKYPHUPYIOIIUX C
Hell KoHmenmii BeeneHHOH, 1enecoodpa3Hee yYuThIBaTh €€ COOCTBEHHO
TEOPETUUECKHE MJOCTOMHCTBA. 37eCh Ha TEPBBIH IUIaH BBICTYIIAET
CIOCOOHOCTh TEOpPHH pemarh NpoOsieMbl (GPHUIMAHOBCKOW TEOPHH C
YUETOM TOCNIEIHUX JOCTIKCHUHA B SICPHOW (HU3MKE M KBAaHTOBOM
MeXaHUKe, C OJJHOH CTOPOHBI, U COOTBETCTBHE CAMOI €€ TeOpEeTHUECKOM
OCHOBBl — COBOKYITHOCTH HJI€AJIOB M HOPM IIOCTPOEHHS Hay4yHOIO
3HaHUA, C JPYro CTOpoHbl. TO ecTh, COOTBETCTBHE HHQIIAIUOHHON
TEOpUH B HOBOW penakiuu JlmHae TpeOOBaHUSAM COOTBETCTBUS,
IOPOCTOTHI ~ WCXOJHBIX  NPUHIWIOB, KPacoTHl  IOCTPOCHHS |
HE3aBUCUMOCTH TEOpUU OT TpaHUUHBIX ycioBuil. Kcratu, mocnemnee
TpeboBaHKe OBLUIO ¥ OCTANIOCH ACHCTBUTEIHLHBIM UICATIOM B KOCMOJIOTHH,
Ha KOTOpBIA J1aBHO OPUEHTHUPOBAJIO CBOE HMCCIENOBAHME IMOAABISIONICE
YHCII0 KOCMOJIOTOB.

WNtak, MBI BHANM, 9YTO COBPEMEHHOE COCTOSIHHE KOCMOJOTHH
MPOBOIMPYET OOCY)KICHNE HE TOIHKO M3MEHHBIINXCS NPEACTABICHHUIN O
CTPYKTYpE M CBOMCTBax BceneHHOW, HO U 0 caMOl NMPUPOJE HAYYHOTO
no3HaHua. He wucKiIoueHa BO3MOXHOCTh, YTO Takas JUCKyCCHUs
NPUBEACT K M3MEHEHUIO HAlIMX MPECTAaBICHUI 00 uaeanax U HOpMax,
cthopmuposasmmxcs B Hooe Bpems.
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PAaCKpBUI TAHBI POKIAEHHUS U )KU3HU BCeeHHOM.
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Bce 5Tu BBIOEpXKKM TpPUBEAEHBI K TOMY, YTOOBI JaThb YHUTATENsIM
XOPOIIYIO WLTIOCTPALUIO COCTOSHHS TEOPETHUECKON (DU3UKH, B KOTOPOE
oHa cama ce0s 3arHajna He3HaHHeM MpPUPOJIbl IpaBUTALMK (BBEICHHUEM
(haHTaCTHYECKOTO IPABUTHHO), OTPULIAHHEM OOBEKTHBHOCTH CTPYKTYPBI
adupa, CTPYKTYpHl BaKyyMa, CTPYKTYPHI €pedsl, KOTOPHIE COBEPIICHHO
UICHTHYHB. WHQUIAMOHHAS TeopHs Ha3BaHA TaK, BEPOSTHO, IIO
OpuYrHe WHQIIUA ~ pa3yma: HapyHIeHbl (U3UYECKUE  3aKOHBI
COXPaHEHUS SHEPTUH U 3aps/I0B.

Oo6patumcest kK Anzapero JIMHAE W K €ro apryMeHTAallMd B IOJIb3Y UM
paszButoil MHGIAIMOHHON Teopuu. OH TNpHBEN YPaBHEHUE JIBYDKESHUS

al m.
Ditnmreiina (otkyma on ero B3s?): H?=(=)>=—j % e H —

noctosiHHas XaO0ma (KoTopas Heu3BecTHa TouHO!). YpaBHeHue
o . . 2- —
Kneitna—Topnona: | @+ 3H) ¢+ m7 =0, xoropoe ouenb moxosxe Ha

JABHXKCHHC a000ro  Teaa B <II0JIE» YIOPYTOCTH M KTPCHHUI».

xC+ax(t+kx=0
(ypaBHEHHME IBUKEHUS MATEMATHYECKOro MasTHUKa). [log |  mpumHsTO

HEKOE CKaJSIPHOE MOJIE B OTIMYHE OT BEKTOPHOrO IOJISI TPaBUTALMH U
YCKOpEHH «a». B pe3ynbrare moiay4eHo MHOXECTBO PEUIeHHUI, KOTOpPOe
OTHOCUTCS K MHOXECTBY BCelIeHHBIX, Cpeli KOTOPhIX HaXOIUTCS Hallla
Bcenennas, oTBeuaromias aHTPOIIHOMY KPUTEPUIO — €IMHCTBEHHOM
BO3MOXHOCTH  JUIsl  BO3HUKHOBEHHUs KM3HU. TakoBa  JIOTHMKa
TEOpPEeTUYECKOW (U3UKK B caMoil €€ >KMBOTperelryme cdepe — B
MPUPOAE «TEMHBIX» CYHNHOCTEH KocMmoca. IlpuBomsTcs maHHBIE
HaOmoaeHns kocmudeckoro ammapata WMAP u moctpoeH rpaduk
MIOBEJICHUS] PEJIMKTOBOIO H3JIYYE€HUS M TOUKU PpELICHUs YpaBHEHMS
JBIKEHUS CKAJISIPHOTO <«I10JISI.

Bonee 500 cnywaTtenei cobpanock 10 nioHa 2007 roaa B KOHdEpPeHL-3ane
dusunueckoro nHctutyTa umenn M.H. llebegesa Poccuiickoit akagemumn Hayk (PUAH)
Ha ny6nuyHoi nekumm npodgpeccopa puanku CtaHdopackoro yHuBepcuteta (CLUA),
O[IHOTO 13 aBTOPOB TEOPUM UHNSLMOHHOI BeeneHHomn AHapest Nukae “«MHoronmkas
BceneHHas».

103




WMAP
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CoBmaficHue HWACATBHOE. KaK TYT HE IOBEPHUTh B WHQIAIHOHHYIO
Teopuio! ?

3aBUCHMOCTHb CKOPOCTH CBETa B KOCMOCE OT
pusnyeckux «moJiein»

PacripoctpaneHne cBeta B cpede oOecmieuuBacTCS — IMOMEPEUHOM
nedopmarerd  CTPYKTypol — cpeodwvt. Jledbopmarsi TPUBOIUT K
BO3HHKHOBCHHIO TOKOB CMEHICHUS. TOKHM CMEIICHUS  CIIy)KaT
(YHKIMOHAEHON CBS3BI0 MEXKIY MOTOKOM MATHUTHOW HWHIYKIUH U
JNIEKTPUYECKON  HAmpsDKeHHOCThIO  (9).  AHanoruuHo  OOBIYHBIC
YCKOPEHUs] ¥ TPABHUTAIIMOHHBIC YCKOPEHHS BEAyT K IPOJOIBHOMN
nedopmarmu  cTpyktypbl  (14). Cpema oka3bIBaeTCs ©OWHOW ISt
coBepmieHHO pasHbix siBaeHuil Ilpupoasl. B 3ToM mposBisieTcs
HecomHeHHoe enuHcTBO [lpuponsr. Ilonmarasce Ha 3TO CBOMCTBO,
JOTHYHO TPOM3BECTU IMOHMCK OOLIEr0 BIMSHHUS Ha cpedy CO CTOPOHBI
U3BECTHBIX (PU3HYECCKUX «TI0oNei». [loHsITHE ToNs OepeTcst B KaBBIYKH 110
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OpUYUHE TOrO, YTO B HACTOSILIEE BpeMsl IOJ TEPMUHOM «IIOJIEe»
MOHUMAETCsl HeKass CYHUIHOCTh, KOTOPOH TMOCTYJIUPYETCS CBOHCTBO
MaTEepHAIBHOCTH 0€3 BCSAKOTO AKCIIEPUMEHTANBHOTO J0Ka3aTeiabeTBa. Ha
CcaMoM JeJie He CYIIECTBYET IoJyiell 0e3 MX MaTepHaTbHOTO MCTOYHHKA
WM HocHTelnsi (Macchl, ANIEKTPUYECKHe 3apsjabl U UX TokH). [IpuHUun
OJIMKHEIEICTBUS TUKTYET YCIIOBHUS B BHJE CYLIECTBOBAaHHS CpPeIbl [UIs
nepenaun «mosei». Ilojaraem, 4To CKOpPOCTb CBETa MOXKET 3aBHCEThH OT
JnedopMarmy cpensl o popMysie:

(16)

IIpuBeneHHas 3aBUCUMOCTb II0KA TOJIBKO IPEANONAraeTcs U He ClIenyeT
U3  KaKUX-IMOO TEOPETHMYECKUX  H3bICKAaHMH KpOME  aHaJOruu
npeoOpaszoBanuto Jlopernma. Ho momkHa OBITH  TOATBEpIKIEHA
SKCIIepUMEHTaNIbHO. J{7151 €€ HamMcaHus CyIeCTBYIOT PsiJi 00OCHOBaHMM:
OO6HapyXEHHBIE «IEPHBIE» IBIPHI B KOCMOCE.

SIBieHME KPaCHOIO CMEIIEHUS IPU U3IIYUYEHUH TKENBIX 3BE3 L.
Muxkponua3upoBanue B kocMoce. OTkiioHeHue ceeta ComHIEM.
«AHOMAJIFHOE YCKOpEHHE» KocMHYecKuX ammaparoB «[lumonep-10,11».

V
Usmepero B HACA mno ¢opmyne Df = f —. Ouesumno, uro mpu
C

HEU3MEHHON CKOPOCTH V CMEIeHHE YacTOThl PaJHOBOJIH ONpeAeseTCs
TOJIBKO YBETMYCHHUEM CKOPOCTH CBETA C B OTKPHITOM KOCMOCE.

“UY€puple” NbIpbl HEBUIUMBI 10 MPHUYMHE TOTO, YTO HA HMX TPAHUIIC
nedopMmarMs cpeasl JOCTHraeT CBOEro Ipeaena, M CBET TepseT
CIOCOOHOCTD K pacnpocTpaHeHnto. PopMaibHO 3TO 03HAYAET PABEHCTBO
HYJIIO CKOPOCTH CBETa. YMEHBIIICHUE CKOPOCTH CBETAa BONU3U TSDKEIBIX
3B€3/] MPUBOAUT K OTKJIOHEHHMIO JIy4ell cBeTa, Mpoxo simx MuMo. OHO
BEJET K CMEIICHHIO CIIEKTPA M3Iy4eHHs 3BE3MaMH CBETa B OTKPBITHIM
KOCMOC, B KOTOPOM CKOpPOCTh OOJbIlIe, HYeM Ha I[TOBEPXHOCTH
usaydaroiero oorekra. [loncranoska B (16) nedopmarmu cpedot u3 (14)
TAET:

1.+ 9
@r) 4pES

@DopMyily MOXKHO IIPOBEPUTH Ha NPUMEPE OTKIOHEHUsI cBeTa COJHIIEM.

c.=¢C

(17)
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Bocnons3dyemcst  mpuHnunom — ['rolireHca,  KOTOpBIM  ONpeneiuI
KO3 (QUIIMEHT TpPETOMICHUS CBeTa KaK OTHOIICHHE  CKOPOCTEHi:

n:sm(90) 1

———~=———=— (BuauMo, OGU3NKH <3a0BUIH» OCHOBBI

sn@i) sin(i) ¢
OpPEIOMIICHHST CBETa, 3aMEHHUB €ro HCKPHBJICHHEM [POCTPAHCTBA).
IIpoxonsmuii iyda Mmumo noBepxHoctd CoiHIa 00pa3yeT ¢ HOPMAaJbIo
nosepxHoctu yroa 90°, a OTKIOHEHHBIH JIyd MPOXOAUT MO YIJIOM | K
KacaTelbHOW JJs1 IOBEPXHOCTH. Tak onpenenen koddhunneHT
npenomienusi [roiirencom [1]. Tlomywaem dopmyny ans  yria
OTKJIOHEHHS!

1 g ©

@r) 4 ESy
naHHyro (Qopmyny Hens3s. B ¢dopmyrne moxmpasymeBaercs, UTO
YCKOpPEHHUE OT CUJIbI TSDKECTH Hajlaraercs Ha Bclo cpedy. Her Taxoke
yKa3aHus, U1 KaKOTo pa3Mepa 00beKTa MPUXOIUTCS TaHHOE YCKOPEHHE.
Koppekuus HaiineHa »MOMPUYECKMM IIyT€M, M OHA 3aKJIIOYaeTcs B

Opnako, TPsIMO HCIOJIB30BATh

[ :arcS'ngel

.2
21 O
l: . Benuunna B 3HamMeHartesne YK€ BCTpEHAIACh

pa g
BBIIIIE W OHAa HE SBisIeTcs ciaydaiiHoW. OHa Tak)Ke HCIOJIb3YyeTcsl B
KomnToHOBCKOM JuMHE 3nekTpoHa. Beemem pamuyc oOwbekta R,.
®dopmyia pacueTa OTKIIOHEHHUs cBeTa ColHIleM OyieT:

MHOXHUTCIIC

_ 1- 1 GM 9
&alo " G @ HESR R 5
X2,062648%X.0° yen.cexyno.

B Tabnuiyy BHeceM jaaHHbIE, monydeHHbie u3 (17) U paccuMTaHHbBIC MO

dopmyne OTO: iz = 4GM /CZRO %2,062648 X10° .

Tabmuna 3.
Kocmuueckuii YckopeHue cuiibl Yroi oTKIOHEHHUS, JlaHHbIe 110
00BEKT TspKecTH, M/c2 VTJI.CEK. OTO
CooHiie 271 1.74803 1.744277
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Onurep 25,1 0.01478 0.016437

3emust 9,81 0.00225 0.000574
Jlyna 1,62 0.00006 0.000026
Otxnonenne OSMB Connuewm, yri. c.

1rs5 ]

172536

1,2

17h _-.-:

170 .-[|_-

2ok

1,550

178 “!3—

1728 ZI]—-

-t -y 11! - G

PAEATAIRL A AZITWCIATE O 6T b4 K3 FAT0E 03 R,

VYron orkinonenus: ColHIIEM COBMAAaeT C JAaHHBIMH M3MEPEHUH, U MaJjio
orinyarotces ot ganueix O6mmeit Teopun OtHocutensroctd (OTO). st
IOnurepa paznuuue Taxke He3HaUUTENbHO. JanHble uia 3emid U JIyHbI
HE TIPOBEPSEMBI 110 TPUIUHE HETOYHOCTH U3MEPEHUH.

Ha rpaduke ¢wur.2. npuBeneHa 3aBHCHMOCTh OTKJIOHCHHUS JIyda
AJICKTPOMArHUTHOW BOJIHBI OT PACCTOSHUS HWCTOYHHK—HAOIIOAATEb.
BunHo, 9TO ¢ pOCTOM pacCTOSIHUS yrojl OTKJIOHEHUS MEHsAETCS clabo u
nposiBnsiercs A CoitHIa TOJIBKO B 4 1 5—TOM 3HaKax.

OCHOBHOE OTKJIOHEHHE MPOHCXOJIUT HEMOCPEICTBEHHO Y MOBEPXHOCTH
Connua. M3BecTHO, 4YTO CKOPOCTh CBE€Ta B BaKyyMme OINpeaenseTcs

5JIEKTPUYECKOH M MarHUTHOM MpOHHMIAeMOCTsAMH Bakyyma: C=-/Xh.

3aBHCHMOCTh CBETa OT Ae(OPMAIMOHHOTO COCTOSHHS CTPYKTYphI (16)
OPUBOJIUT K IMPU3HAHHUIO, YTO IPOU3BEICHUE MPOHHUIAEMOCTEH TaKkKe
yMmeHnbinaercs. Kakum o0pazoM? BeposTHO, HEHM3MEHHOCTH (U3UKH
pacrpocTpaHeHus CBeTa 00s3aHa COXPAHATHCS. B mpoTWBHOM ciydae
ObuUTO OBl HEBO3MOXKHBIM CYIIIECTBOBaHWE CBeTa BO BcemeHHoi. D10
OPUBOAUT K BBIBOJLY, 4YTO OTHOIICHHE MPOHHUIIAEMOCTEH OCTaeTcs
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HEU3MEHHON BIUIOTh JO TMPHUHATHUA CKOPOCTHIO CBETa HYJIEBOTO
3Ha4eHUs. MI3BECTHO, 9YTO YCTAaHOBICHO KaK (haKT

x _E?

_:_2:8,987552>§|_02[W2], rIe JaHO OTHOLIEHWE KBaApaTOB
h H

AIEKTPUYECKOH W MArHUTHOW HaIpsDKEHHOCTEN B AJIEKTPOMArHUTHOMN
BOJIHE. JTO COOTHOUICHHE CJeIyeT U3 OOBEMHOW  DHEpPruH
9JIEKTPOMAarHUTHOM BOJHBI M JOJDKHO COXpaHATbCA MpH  JHOOBIX

BEJMYMHAX CKOPOCTH cBeTa. OTHOIIEHME m =29.9792458 Om
ONpEENAET BOJIHOBOE CONPOTUBJIECHHE BakyyMa. B (u3MKe IPUHATO

E
Apyras BeIMYHHA BOJHOBOro comporuBieHms: R, =4p m ~376.7.

[TocTosiHHAS TOHKON CTPYKTYPHI PACCUUTHIBACTCS 1O (hopMyIiam:

al= 2phXCez = 2ph 7 ; =137.03599979. Ecau ckopocTh cBeTa

3aBUCUT OT jaedopmarmu cpedst, To afa He 3aBucUT OT cocTosHUS
cpensl. [Ipu HeusMeHHOCTHM TOCTOSIHHOHM IlnaHka W 3JIeMEHTapHOro
3apsna, afa  onpenensiercss BOJHOBBIM CONMPOTHBICHHEM BakKyyMa.
KoHcranTa TOHKOHN CTPYKTYpbl OKa3bIBaeTCsl, BEPOSITHO, €AMHCTBEHHOMN
peasbHO GyHIAAMEHTAIBHON KOHCTaHTON Hamedt BeenenHoii. Ctonb ke
(yHIaMEHTANBHOW CleyeT CUMTaTh KOHCTAHTy [lnaHka, Tak Kak OHA
3aBHUCUT OT OTHOUICHHS TNPOHHMIIAEMOCTEH WM OT COOTHOUICHUS
3JIEKTPUUECKON U MarHUTHON Hanpspk€HHocTel B OMB 1 He 3aBUCHT OT
CKOPOCTH CBETA.:

h=2pefa* \/;(: =2pefa '15 = 2pela "' x29.9792458 .

JIOTIONTHUTEIBHBIM ~ JIOKA3aTEIbCTBOM ~ 3aBHCHMOCTH OT TPABUTAINH
CKOPOCTH CBeTa WK paauoBosiH siBisiercst onbit HACA ¢ anmapatamu
«[Tuonep-10 u 11» [16, JD. Anderson]. Ilo s¢ddexry Hormepa,

V
KOTOpBIH paccunThiBaics mo popmyne Df = f —, 6bu10 onpeneneno
C

MOCTOSIHHOE «aHOMaJIbHOE» YCKOPEHHE alllapaTroB, HAIpaBICHHOE K
3emiie y)ke Ha paccTosHUsX 2,5 pannycoB COTHEUHOW CHUCTEMEI, T.C.
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Janeko ot BiausHus rpasutanuu CosnHia. Ha camom jienie HeT HUKaKoro
s¢dekra Jlomnepa U aHOMAJIBHOIO YCKOPEHHS, €CIH IOJOXKHUTh, YTO
CKOPOCTh paanoBONH Baamu oT COMHEYHOW CHCTEMBI YBEIHIUBACTCS JI0
HOPMAIBHOTO 3HAYEHUSI B OTKPHITOM KOCMOCE, & CKOpPOCTh V octaercs
HEM3MEHHOW. OTOT ONBIT TO3BOJSIET OMpPENEIUTh MOMPaBKy K
KOCMHYECKOU CKOPOCTH CBETA.

Jlnst  mpelenbHOro TrPaBHTAMOHHOTO — YCKOPEHUs, ONPEeAeEHHOTO
cornacHo hopmyie (13)

O = 4P E. S(Dr,,)? =6.341445X1.0" u/c®. Bomosoe ypasHenme

(9) He peiicTBUTENBHO MO NpHYMHE OTCYTCTBHA (yHKIMU Jlaruiaca

&
@r
[1- g ]N F =0 or notoka MarmuTHOii UHIYKIMH W TOKOB
ar, g

T1=rotj=0.
]h j

MarHuTHOE «I10JIe» TAKXKE OKA3bIBACT BIMSIHUE HA CTPYKTYPY BaKyyma U
U3MEHSET CKOPOCTh CBeTa. PacueT BIMSHUS MAarHUTHOTO TOJS HA
CKOPOCTh CBETA MPOU3BOAUTCS 110 opmyiie, aHamoruduoi (16):
Gh B
Cgz =C,,|1- ( ; ) p , TIie (18)

e ES
B — MaranTHas HHIYKIUS MaTHUTHOTO <IIOJISI.
Ha rpadukax ¢ur.3 npuBeeHbl 3aBUCUMOCTH YIJIa OTKJIOHCHHS JTydel
CBETA NIPH MPOXOXKICHUU CBETA Yepe3 TPABUTALMOHHYIO U MAarHUTHYIO
«rpusmy». HIkanel s YCKOPEHHS U MarHUTHOM WHIYKIUHM YHCICHHO
COBIIAIAIOT.
I'paduk 1 oOTHOCHTCS K OTKJIOHEHUIO JIydedl CBETa TpaBUTALUCH.
HwxHwmii rpadmk 2 OTHOCUTCSA K OTKJIOHSHHUIO JTy4el CBETa MarHUTHBIM
«oniem». PacdeTsl IS AJMIEKTPUYECKOro MO IMOKa3aiH, YTO €ro
BIMSHUE HA CTPYKTYPY 3HAYHTENHbHO MEHBIIC BIMSAHUS MarHeTu3Ma U
TpaBUTAOUHA. OTO YAUBUTEIBHBIN (DAaKT, KOTOPHIA HE COBMAAaeT C
COOTHOIIICHUEM TPABUTAIIMOHHBIX, MAarHUTHBIX U JJICKTPUYCCKUAX CHII.
[IpencraBinenHoe 37eCh HUCCIENOBAHUE KMMECT CEPbE3HBIA MOPOK.
Onucanzble
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W o LY BT HATR TR R

T 0 R SO

1 wieapenme g
2 MarnanE andyegaa U leona

Puc. 3

YpaBHeHue CI/IJ‘I Hetorona u Kynona (10) gaér:

G= XaEDe_ T =6.67258923X10 1 1 eé saBucHMOCTD:
m ra
: = 6.67258923X1 0™
= 1 5 = 2.0412441174322 x0*
(1,01355000>a )

Tak kak OXKMNAACTCA, UYTO OJICKTPUYECKAasA IOCTOAHHAA Cpedbl
YMEHBIICHUEM CKOPOCTH CBE€Ta YMCEHbIIACTCA, TO, CJICIA0OBATCIBHO,

TpaBUTalIUA JOJIKHA TaK)KE YMCHBIIATHCA.

CoBeplIuM TMOMBITKY CBSI3aTh TIPAaBUTALMI0 CO CKOPOCTBbIO CBETa U
ONpEAETUTh YMEHBIIEHHE KOHCTAaHThl TPAaBUTALMM C YBEIMYCHHEM
JIeopMaImy cpepl MPpH MOMOIIU (bopMynLI (15) u BbIIe MpHUBEICHHON

€  aDr o U
sasucumoctn: G =G, @. g
a re ﬂ H

WNnmoctpanus npencrasnena Ha ¢ur.4., eciu aedopmanus cpeosvt
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OPOUCXOAUT TMOMHUMO JCHCTBUSI TrpaBUTalMd. 1l0O3TOMY HENb3s
paccMaTpHBaTh BCE IMPHUBENCHHBIC BBINIE PE3YJIbTAThl PACUETOB U
rpaguKi Kak OKOHYATEIbHYI MCTHHY. COBIajeHHEe OTKIOHEHHS JIyda
ceeta (OMB) Comnumem ¢ maHabiMH onbiTa 1998 roma u mpyrue
HabJro1aeMble sIBJIeHHs (KpacHOe CMEIEHUE, YEPHBIE JBIPBI) KaK OyaTo
Obl CBUJETENLCTBYIOT B TMOJB3Yy MNPHUBEACHHBIX PACCYKACHHUU, HO
COMHEHHS OCTAXOTCA.

I — i : =
I TS Tl P b L 1 o CI AT | LB PO it

| SH L OIS R Tl e 820 MR apked A4, Ul

Puc. 4

Ipapux  nedopmammu  cpedsr TOMHUMO  ACWUCTBHS  TpaBUTALUU
npeacTaBiieH Ha pucyHke 4. Bce mnpuBeneHHbIE BBILIE PE3yNIbTaThl
pacyeToB M TpadUKd HENb3s pPacCMATPHBATh KaK OKOHYATEIHHYIO
uctuHy. HeoOxoaum nanbHeHmmid mouck Hauboliee mpaBioro100HOTO
pemenns. B CBs3M ¢ TpUBEACHHBIMH HECOMHEHHBIMH (DHU3UUCCKUMU
COOTHOIICHUSIME  BO3HHKAeT  IPOOJieMa  COOTBETCTBUSI  TEOPUH
rpaBuUTamUK DHHINTEHHA ee (Qu3mdyeckoil mHTepnperanuu. Hampumep,
MUKPOJMH3UPOBAaHUE B KOCMOCE IO3BOJSET MPOU3BOAMUTH C IOMOILBIO
oOmieil TeopuH OTHOCUTENBHOCTH OLIGHKY paclpeieieHus macc
00BEKTOB, BBI3BIBAIOIIMX OJTO sBIEeHHE. HacKONBKO 3Ta OIEHKa
cripaBeInBa?

Bo MHOrUX COOTHOIIEHUAX HEOAHOKPATHO IPUCYTCTBYET YAUBUTEIbHAS

-1
BeIMuMHA —Pa ~, KOTOPYI Halo Bcerjga uMerh B BuLy. OkasbiBaeTcs,
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. -1 o
9TO yncio Oonbine cBsi3aHO ¢ PA ~, 4eM ¢ moctostHHOW [lmamka. B
(usnke, Ha060pOT, MpHHATO MoNB30BaThest N =h/2p .

Pe3oHaHCbI CTPYKTYpbI Bakyyma

NsBecten dakr Tpatel 3neprun 1,022 M>B ramma u3JIydeHUs Ha
o0Opa3oBaHUe JJIEKTPOHA M MO3UTPOHA [1]. DTOT (aKT UCIOIB30BaH IS
OOHapyKeHUsI CTPYKTYpbl Bakyyma [2]. MOXHO NpEamoNoKUTh, YTO
raMma H3Jy4YeHHE T[ONajaeT Ha OJMH M3 TJaBHBIX PE30HAHCOB
CTPYKTYPBI. DTO CJEyeT U3 COMOCTABICHUS YaCTOThI raMMa U3JIyueHHS],
KOTOpasi €CTh B TabiuIile M3aydeHUui B «DU3HUECKOM DHIIUKIIONE TN

[3:

Tabmumna 1.
2.48935e+20 I'y | 1.2043e-12m. | Msrkoe Bo30yxaeHHbIC
Yacrora Jnua Bostapr | M3TYHICHHC A/1pa, ANepHbIe
H3J1y4YeHH s H3J1y4YeHHs peaxknnuu

B kuure [2] HEOTHOKPATHO OTMEYANIACH POJIb TPOU3BEICHUS YHCIIA CITH>
Ha KOHCTaHTY TOHKOH CTpyKTypsl m3mydenus 137,0359998 B pasHbIx
¢bu3nUeckux SBJICHUAX, a TaKkKe B CaMOMl CTPYKType BakyyMa.
Hampumep, ecian Bo3bMEM JUIMHY BOJIHBI U3 TaOJIMLBI M pa3leiuM Ha

npousseneane 2P a’ ' 10 MOJIYYUM OCHOBHYIO JIJIMHY CTPYKTYpPBI
BakyyMa I'—=1.39876288e-15 mempa. 310 coBNajicHne MO3BOJISET HANTH

IIyTb HUCCICAOBAHUA PE3OHAHCOB CTPYKTYpPbI, IOJiarasg 4aCcTOTy IaMMa

U3JIyYCHHS TIEPBBIM PE30HAHCOM B CTPYKType. [JaBHBIM (pakTOpoM B
-1

JTAHHOM KCCIIEIOBaHUY IIPUHUMAEM BEITUYNHY 2p a .

Ioctymum ¢opManibHO, monaras, 4To ACTUTENb OMPEACISICTCS CTEIICHBIO

«»  (2pa’ l)n .

Croilb  «pe3koe»  pasMelleHHe  PEe30HAHCOB
MOJICKa3bIBACTCS OTPOMHBIM  Pa3iMYMeM KOCMHYECKHX CTPYKTYP.
Pe3ynbTar momerieH B TabIHILy:
Tabmuna 2.

| n |I[CJII/ITGJIB | Pasmep, m | Yacrora, [y |
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0 | (2pa!)®=1| 139868e-15 2.14339e+23 | cir,
=2.14339%e+
23
1 (2pa” 1) 1.2043e-012 2.48935e+20 | Msrkoe
U3IydcHHE
2 (2pa” 1) 2 1.0369296e-9 2.891155e+1 | Bugmmerit
7 CBET
3 (2pa” 1) 3 8.9281982e-7 3.35782e+14
4 (2pa” 1) 4 7.687380e-4 3.89980e+11 | Tak
Ha3bIBaeMoe
«PETHKTOBOEC»
U3IIyYCHHUE
5 (2pa- 1) 5 0.661901 4.529266e+8 | Pamuounsmyue
HHE
6 | (2pah)e |569912e+2 5.260333e+5
7 (2pa- 1) 7 4.907067e+5 6.109402e+2 | fBneHus Ha
3emie
8 | (2pah)® |42250955e+8 | 0.709552 Bouna
IpaBUTALNU?
9 (2pa- 1) 9 3.63790261e+0 | 8.240805e-4 | BonHa
11 IpaBUTALINU?
1 (2pa- 1) 10 3.132316e+14 9.5709510e-7 | fBneHus B
0 ConHevHoH
CHCTEME
1 (2p a’ 1) 1 2.696995e+17 1.111598e-9 SBnenus B
1 ConneuHoit
CHCTEME

Tabnuma pesonancoB B COTHEUHOM CUCTEME:

ITnaneTn! YacToTa BpallEHus, Fu OTHoOLIEHNE YaCTOThHI BPallleHUus!

IUIAHET K YacTOTEe pUTMa KOCMOCA B
CoJiHe4HoIi cucreme
9.5709510e-7 u 1.111579561e-009
Ty.

Mepxkypuii 1.31568422e-007 0.13747

Benepa 5.083036484e-008 0.05311

3emas 3.1683751e-008 0.03310

Mape 1.68477599e-008 0.01760

FOmurep 1.488435452e-008 13.390333

Carypn 8.116461e-009 7.30174

Ypau 4.0351686e-009 3.63012

Hentyn 2.5752785e-009 2.31677
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KommenTapuii k Tabaume 3. 3eMHas TpyNma Mo 4YacTOTE BPAIICHUS
BOKpyr COJHIIA TATOTEET K PE30HAHCY CTPYKTYPBI BaKyyMa ¢ YaCTOTOM
9.5709510e-7 [y wu pacronaraercsi Ha HH3KOYACTOTHOM CKJIOHE
pe3onanca. ['pyrina ra3oBbIX THTAHTOB TATOTEET K PE30HAHCY C YaCTOTON
1.111579561e-009 'y, HO pacmonaraercs Ha ero 0oJiee BHICOKO YaCTHOM
ckione. Hwke ¢opmanbHbI BBIBOJ HUTFOCTPALMKA I ONPEAeacHHS
JIUHWIA pe30HaHca.

AMNMWTYN 3 PEACHAHCOE CTRYKTYREI

i

n - <Tens-s rpy 220157025

Puc.1 Pe3oHaHCHI CTPYKTYpBI BaKyyMa COTJIACHO Tabmwiie 2.

[Ipobnema cymHOCTH pe3oHaHCOB He mpocTa. K coxkanenuto, B pusnke
OTCYTCTBYIOT NaHHBIC Jis e€ pelieHus. ECTh ONBITHI, KOTOPHIE MOTYT
OBITh MCIIOJB30BAHBI B Ka4eCTBE KOCBEHHOTO IMOJTBEPIKICHUS HATHMYUS
pe3oHaHcoB. Yike Oonee 15 net mpoBonsATcs pabOThHI IO CXEME <«ITHUCKOB
Ixona Cepna» C.M. l'oguaeim u B.B. Pommueim [4]. B ycranoske
Pomura—I ovHa TTaBHBIM YBETMYEHHEM CKOPOCTH BPAILICHHUS POTOPA U
POJIMKOB CTaTopa JOCTUTAETCS MOMEHT, KOTJa BpamieHue He TpeOyeT
3aTpaThl YIICKTPOIHEPTUH U BPAICHHE aBTOMATUICCKU TIPOJIOIDKACTCS C
HE3HAYUTENBHBIM yCcKOpeHHeM. [Ipoliecc HANOMHHAET pPE30HAHCHOE
SBJICHNE. ABTOPBI CUMTAIOT €T0 MPOSIBJICHHEM HEW3BECTHBIX MAarHUTHBIX
spienuid. Yro Takoe yactora 6.10940219e+2 [y niis sBienuii Ha 3emiie?
B oxnom u3 BapuantoB crareit Pomuna—I onuna B MIHTepHETE monanack
¢paza o TOM, YTO AMAMETP POJIUKOB B MEPBOHAYAILHOM OIBITEC OBLI
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kpatieiM 4.  Ecmu pazmenmum wacrory 6.10940219e+2 [y Ha 4, 10
MOJIYYUM YacTOTy 000poTOB poTopa kak 9.1667 [y, paBHBIN NPUHITOMY
UCYHCIICHHIO 000poTOB B MUHYTYy 550, nenennomy Ha 60. B HacTosiee
BpeMsl pasHHUIla IUaMeTpa poTopa W poJidka cocraBisier 15, a He,
Hanpumep, 16. HoBas ycraHOBKa MOKa He 3amylieHa B paboTy.
[IpuBeneHHble JNaHHBIE KAk OYATO CBUACTENBCTBYIOT B  TOJB3Y
CYIIECTBOBAHMS PE30HAHCHBIX YaCTOT CTPYKTYpPBl Bakyyma, HO 0e3
«MEXaHU3Ma» ITUX PE30HAHCOB OCTAIOTCS TOJBKO TLIOJIOM BOOOPaXKESHUS
WU HHTYHULIMH.

c= bLF;s =299792458[ms ']

CxopocTh cBeTa Monyns casura

- 29

CTPYKTYpBl ~Bakyyma bros =8,7959110 .
— 12

CTPYKTYpbl ~BaKyyMa p=9,78679610 . C noMmompl0 3THX
XapaKTePUCTUK CTPYKTYphl BaKyymMa OOHApy>KMBaeM IJIABHYIO 4acTOTY,
MOKA3aHHYIO B Ta0JHIle 2, epBasi CTPOKA, IJIC CKOPOCTh CBETA JCIHUTCS
Ha TJIABHBIM JIMHEWHBIN 3JIEMEHT CTPYKTYpbl. BeposTHO, ¢ aHamorom
IUIOTHOCTH M MOJYJeM CIOBUTAa M CKOPOCTBIO CBETa CBS3aH BECh
«MEXaHH3M» CIEKTpa TIJaBHBIX YacTOT CTPYKTypsl Bakyyma. Cama
CTPYKTYpa MOJYy4YHMJIa elle OAUH HEOKUJAHHBIIi aprymMeHT B eé
HCTHHHOCTH.

AHajgor IUIOTHOCTH
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Mopaeasb aToma Bogopoaa

CTpykTypa cpeibl ONpelessieT cTpoeHue 00oovek atoMoB. CIIOKHBIC
aTOMBI TPEOYIOT A MX OMHCAHHSI MHOTO TEXHOJIOTHYECKHX YCHIINH.
[TosTomy mroboe ommcaHme aroMa HAYMHAETCS C aTroMa BOJOPOAA,
COCTOSIIEr0 M3 OJHOTO MPOTOHA W AJIEKTPOHA. Pamuyc mepBoil opOUTHI
aToMa BOJIOPOJIa TOUHO ONPEIEIIeTCs CTPYKTYPOU cpeosr.

r,=2a2(r,+Dr,) =5291772460 “.

Macca snekTpoHa TPU CBOEM <«POXKJIEHUW» U3 IOTOKA MAarHUTHOU
MHIYKIUU CPEAbl «pa3IlyBaeT» AIIEMEHTApHBIN 3apsa €€ CTPYKTYpHI 10
pa3MepoB KIIACCHUECKOTO pagmyca

R =2(r,+Dr,) = 2r,(1+a) = 2.8179402839 40" yempa.
[TosToMy nIepByro opOUTY I BOIOPO/Ia MOXKHO 3anHcaTh 0ojiee KpaTko:

r,=a °R, =5.291771946340™" . Tpetnit  mocrymar  Bopa

YIBEPKIAAeT, YTO MOMEHT KOJIMYECTBA JBWDKEHHUS JJIEKTpOHA Ha
CTAIlMOHAPHBIX OPOMTAX BOAOPOAA paBeH M = r, mevn = n2— . 31echb

Nn=12,3,...ectb HOMepa OPOMT MO MEPE MX yAAIEHUs OT NpoToHa. U3

MOCTyJaTa CJEXyeT, YTO JUIMHA OpOUTHI DJIEKTPOHA OMpPEHEISIeTCs

nosHol mHol Bonus! le Bpoims: 2P I, = N—— . Kuneruueckas
n
SHeprusi [JBIJKEHMs DJEKTpOHa Ha oOpOUTe ompenensercs, Kak

2
—_ mVn
W, = > B (usKKe IpUHATO 3Ty SHEPTHUIO MIPUBOIAUTH K SIEKTPOHO-

BonbTaM. JlJii 3TOrO Hamo pa3leluTh SHepruio B eauHunax CU Ha
1.6%0 ® Jocoyreii nns momyuenms 1 MoB. Torma dopmyma ans
2

mv, 6
2X1,60"

B tabimne 4 npuBeieHbl JaHHBIE PACUETOB.

pacuera 6yzer W, = 5B.

IPaz[Hyc Op6I/ITI)I,|CKOpOCTI) I[BI/I)KGHI/IS[|KI/IHeTI/I‘-IeCKaﬂlﬂaHHLIe
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r(i), m Vs DHEpTHs, CIIPAaBOYHHK
m/c bB a
5.291772e-11 2.18769131e+6 13.6242 -13,5
1.058354e-10 1.09384565e+6 3.40605 -3,38
1.587532e-10 7.29230436e+5 1.51380 -1,50

JlaHHbIE CBUIETENHCTBYIOT O TMPaBUIBHOM Mozenu. Pe3ynbrarhl
MOKa3bIBAIOT, YTO MpUpoAHas ocHoBa KBanTtoBoit Mexanuku 3anoxeHa B
CTPYKTYpe cpenbl. OqHaKo, COBPEMEHHbIE NIPE/ICTaBICHUS], HECMOTPS Ha
Onectsiiiee MoATBepXkaAeHHEe Mojaenu bopa nis aroma Boxopona Ha
CHEKTPax €ro M3JIy4deHHsd, CYLIECTBEHHO OTIM4aroTcs. BMecTo opOuT B
aToMax WPHUHATHI MECTa HAXOXICHHS HJICKTPOHOB B (POpPME HEKOETO
o0maka Hag sApaMy CIOKHBIX aTOMOB. Eme omHUM 0OCTOSTEIBECTBOM,
NOTPEeOOBABIIMM BHECEHHS [OINOMHEHWH B Mozaenbs bopa, sBisercs
TOHKO€ pacLIEeIICHUE JUHUN CIIEKTPa B U3IYy4EHUU. DHEPIUsl U3TyUEHUs]
onpezenseTcd He KUHETUYEeCKON HEPTUr IBMXKEHHUS, a OTPHULIATEIbHON
3JIEKTPUYECKON TMOTEHLMANbHON »JHEpruei 3JIeKTpoHa Ha BBICOKUX
op6utax. Bonna /le Bpoiins onpezensercs TOIBKO IBUKEHUEM MacChl U
HUKaK HE CBs3aHa C DJJIEKTPUUYECKUMM 3apsiaMH. OTO IIOJOXKEHHE
npeJyIaraeT «CyMacIIe/IIyI0» HJICI0 O HETIOJBHKHOCTH «IIOJIS» 3apsI0B
cpelipl, B KOTOPOM Macchl MUKPOUYACTHIL ABMXKYTCS TOJIBKO MO 3apsaaMu
cBOero 3Haka. M3 3Toro cieayer BaxHBIH BBIBOJ], YTO MAacChl YacTHIL C
sapsiaamu (+) u (-) Mexay co60i YeM-TO OTIHYAFOTCSL.

Mopnens bopa Obuta  mOATBEpXKIEHA  CIEKTPOM  HU3Iy4YEHHS
BO30Y>KIEHHOTO COCTOSIHUSL BoJOpona. bop mcxoamn w3 ypaBHEHUS
KknHeTnyeckoi E n morernmansHoi U HEPruM 31eKTPOHA HA «KEM-TO»
pa3pelIeHHbIX opOuTax SJEKTPOHA BOKPYT siApa aroMa. YpaBHCHHE
noJHOM SHepruu [1].:

mv’> €

TXL (19)

n

W=E-U=

rae
m=9.1093818872e-31 — ke, macca 3JeKTpOHa,

¢=1.60217646263e-19— Kyson, 3apsj 31EKTPOHA,

V, — CKOpOCTh IBWXKEHHS 10 opbute HOMep N=1,2,3/4....— o mopsaxky
yIaJIeHust OpOUTHI OT Sapa,

X =8.9875517930° — oGparHas BenMUMHA ~ IEKTPUYECKON

IIPOHULIAEMOCTH BaKyyMa,
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Iy — paauyc opOuTe ¢ HoMepoMm N=1,2,34....—
MocnenoBanu otkpeitiisi H.Bopa BemuuuH CKOPOCTH IBHDKCHUS Ha
opouTax:
V, =
na
C = 299792458 m/cex — ckOpOCTh CBETA B BaKyyMe.
U paanyc KpyroBoi OpOUTHL
r =na’R,
YpaBHeHHE UIS TOJHOW JSHEPTrUM JONOJHUM YCIOBHEM PaBHOBECHS
neiictByrommx cui  (meHTpoOexHoW cwimoi um  cwioi  Kymona):

V 2 ez
F = mVn _ X —‘; . Cmexmyer, 4YTO  KHMHETHYECKas  OHEPrus
rn rn
V: 1 € 1
E, = % = EX — = EU . DPaBHa TOJNOBHHE IOTEHUMAIBHON
r

n
SHEPTUH WM NOTCHIUATIBHAS YHEPTUS HA N-HOH opOuTe poBHO B 2 pa3a
0O0JIbIlIe KWHETHYECKOM SHEPTHH JIEKTPOHA. ITO BBIBOJI KJIACCHUSCKUI U
OH XOpOLIO M3BeCTeH B (u3uke. [IpHHATO, YTO MOTEHIMAIBHAST SHEPTH
oTpuLaTelbHa IO MPUYUHE OTPULATENBHOIO 3apsiia 3IIEKTPOHA,
norenmman  kotoporo U =-U ... B dopmyne mapymena

pasMepHocTh dHepruu. Ckopee Bcero, nodas dHeprusi JODKHA OBITh
MOJIOKUTENIFHON ~ BETMYMHOM. IlogcranoBka Bcex  yKa3aHHBIX
3aBUCHMOCTEH OT 4Hcia N B OOIIYI0 SHEPrHI0 JaeT (GopMyiy MOJHOM

JHEPTUHU:

mc?

2a°*n*’
ITonnas sHEprus AMeKTpoHa OKaszajack oTpunareiabHon. [loTeHmanpaas
DHEPrusl UMEET OTPUIATENBHYIO BEJIHYHHY M IIPH IEPEXOe ICKTPOHA
Ha HIDKHIOIO OpOUTY, TIOJOBHHA MMOTEHIMATBHOW dHEPTUU TPATHTCS HA
ramMma-u3Jiy4eHue, TOJOBUHA — Ha YBEJIMYEHUE KUHETHYECKOW SHEPruu
JJNIEKTPOHA Ha HIDKHEW opOure. BEIMOMHSIETCS 3aKOH COXpaHEHUs
sHepruu. MaremaTudecku Bce BepHO. HO HACKOIBKO TMOHSATHE
OTPUIIATEIHPHON HHEPIMH COOTBETCTBYET peaJlbHOCTH? B  pamkax
MIPEANOIOKEHUSI CYIIECTBOBAHUSI CBETOHOCHOW Cpedbl W cpedbl, Kak
UCTOYHMKA TIPaBUTAIUU-UHEPLUH, MOXHO HHAu€ HWHTEPIPETHPOBATH
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U3Iy4eHHe aToMa BOJOpOJa.

ITonnas sHeprus U NOTEHIMAIbHAS SHEPTHs HE OMPEACIAIOT U3JIyueHHE
Bomopoma. /st yOeAWTeNmbHOCTH HIDKE TIPUBEICHBI O00O3HAYCHUS
NepexoI0B C OpOWTHI Ha HIDKHIOI OPOWTY M PAa3sHOCTH KHHETHUYECKHUX
SHEPruil U AJUHBI U3J1y4aeMBbIX BOJIH.

Tabmuma 5.

n | nepexox Pa3noctb Jnuna BOJIHBI
SJIEKTPOHA  HA | KUHETUYECKOH U3Ny4eHUd  1pu
COCEIHIOI0 sHeprud, J[x. nepexoe, M
opouTy

1 |2—>1 1.634904e-18 1.2150e-7

2 | 3—>2 3.0276e-19 6.5611e-7

3 | 4——>3 1.05966e-19 1.8746e-6

4 | 5—>4 4.9047e-020 4.0501e-6

5 | 6—>5 2.6643e-020 7.4559e-6

6 | 7—>6 1.6065e-020 1.2365e-5

. me,2 2
Pasznocth kuHeTHueckoii sueprun: DE = E(V .- V). dnuna BonHbI

o
ch
L=—
DE
Eme ogHo coBnagenue: uMesi CKOPOCTh ABMKEHUS 110 0p6HTaM, MOHO
Ol'[peI[eJ'H/ITB I[J'II/IHy BOJIHBI Jle BpOﬁJIﬂ JJIsL 3J'IeKTp0Ha 110 XOpOHIO
U3BECTHOM (opMmyIe:

| = LV - h=6,6260687652 30 34,ZZ:>fc.ceK —  TOCTOSHHAS
m n

nDB

ILnanka.
OxazpIBaeTcs, 9TO Ha OJHOM IMKIIE JBIKEHHS JIIEKTPOHA BOKPYT AApa
yknazpBaercs Touso N sonn e Bpoitas: 20 1, =nl 5.

OmHaKoO TPYAHOCTH MOJENH HAYaHCh MOCIE TOTO, YTO OBUIO OTKPHITO
TOHKOE pAaCIICIICHUE CTPOTO ONPEACTICHHBIX JIMHUN W3IydeHUS Ha
CIIEKTpE aToMa BOJOpPOAA. ODKCIEPUMEHTAIBHO pACHICTUICHUE IJHUHUHN
obHapyxeno B ombiTe JIam6a u Pusepdopna (oba amepuxaHckue
ydeHbie). Paciensienuie oaHON JHHUKM BOAOPOA IpH Hepexoae 3—>2
PaBHO Pa3HOCTH YacTOT:
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Dv =1,0577710° I'y na uacrore msmyuenns V= 4,5692 10" Iy.

JI>M06 OOBSCHMI Takoe pAaCHICIUICHHE JHHUM W3IY4YeHUS HEKUMHU
¢GnykTyanusaMu Bakyyma. B Hacrosimee Bpemsl IS TEOPETHUYECKOM
OLIEHKM  JTOr0  SIBJIGHUS  HCIOJB3YIOT  ypaBHeHue Jlmpaka,
PESITUBUCTCKYIO 3aBUCUMOCTb MaccChl JIEKTPOHA OT CKOPOCTH, HalIU4uue
KBaHTOBOI'O CIIMHA Y OJJIEKTPOHA, BIUSHMS Ha MAarHUTHBIH MOMEHT
9JIEKTPOHA CO CTOPOHBI JJIEKTPUYECKOro TMOJds NpoToHa. Bce 3TH
MIOTIBITKU SIBJISIOTCSA MPEENIbHO CIOXHBIMH M HE 00eCHeunBarOUIMMU
TOUHBIA pe3ynpTaT. (Oco00 HeJembIM BBITJSIAMT OOpalleHue K
pensaTHBHCTCKOMY 3(h(heKTy pocTa Macc ¢ yBEIMIEHHEM CKOPOCTH!

m
m=

Jleio B TOM, YTO CKOPOCTh JJICKTPOHA HA TIEPBOM OpOMTE MEHBIIE
ckopoctu cera B 137,036 pa3, Ha BTOpoii opbure B 274,072 MeHbIe
CKOPOCTH CBETa M TaK Jajee. A 3aMETHbIC PEJATHBUCTCKHE 3(DHEKThI
MPOMCXOMAT, HAYMHAS TOJIBKO cO ckopocTel mopsinka 0,8 ot ckopoctu
cBeTa.

Ham kaxercs ectectBeHHBIM 00patuThes K BomHe [de Bpoiias. [lo cux
nop Her (HU3MYECKOro oObSCHEeHHs Ayain3Ma 4acTdll. B Hacrosiuee
BpeMsI MPOJOJDKAIOT CUMTATh BOJHOBBIE M KOPITYCKYJISIPHBIE CBOMCTBA
YACTHI[ HEKMM MUCTHUYECKUM CBOMCTBOM BCEX YACTHIL: B OJHHX OIBITAX
YacTHIA TMPOSBISET CIOCOOHOCTh K AuBpakiMd U HHTepEepeHInH
(BosHal!), B Apyrux BBICTYIaeT Kak MaTepualibHas Mmacca. Bomna Jle
Bpoiinsa o0benuHsAET 3TH CBOWCTBA B 0JIHO 1iesioe. CTpyKTypa Bakyyma
COIJIACHO Hjiee aBTopa 00pa3oBaHa B KPUCTAILI U3 3apsiI0B

(+) u (). EcrectBeHHo, uro r0bas Macca HE MOXET J(BHUTATHCS
OPSMOJIMHEHHO, TaK Kak MPSIMOJHMHEWHBIA IyTh MpOJICTaeT dYepes3
yepenyromuecss 3apsiasl (+) u (-). Ilostomy, Hampumep , Macca
ANIEKTPOHA MOXKET JBHUIaThCsS TOJBKO IO 3apsiiam (—), a MO3UTPOH —
TOJIBKO 110 3apsigam (+), 00pa3yss BAHTOOOPa3HYIO TPACKTOPHIO C IIaroM
JutHBI BonHBI [le Bpoiinsa. IMeHHO 1o3ToMy IPOSBIISIETCSI CIIOCOOHOCTH
MAacChl, JIBUTAIOIIEHCSA [0 BUHTOBOW TPACKTOPUH, K SIBICHHUSIM
nudpakipu-uaTepdepernun.  MUCTHKA — Iyaqu3mMa [P TakoM
NOHMMAHUH UCYE3aET, U BCE CTAHOBHUTCS HA CBOM MECTA.
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ToHkoe paculeluieHue B JIMHUAX H3IYy4eHHS aTOMOB  IIPOCTO
OOBSICHSIETCS. TEM, YTO JJIEKTPOH Ha OpOHMTE HE IBIKETCS CTPOrO IO
KPYTrOBOI OpOHTE, a 3TO IBIKEHHE COYETAETCSI C BAHTOBBIM JBIKCHHUEM
BIIOJTb OPOMTHI, MEHSSI HEMHOT'O PACCTOSHESI 3JICKTPOHOB OT siApa. JTO
W3MEHEHHUE PACCTOSHUS U MPUBOJUT K «Pa3MBITHIO» YACTOTHOW JIMHUU
U3NydeHUs B Tpenenax ammuuTyasl BouHbl [Jle Bpoiinsa. Ouenka
aAMILTUTYIBI TPACKTOPUH AJIEKTPOHA Ha OPOUTE IPH MEPEXo/ie

3—>2 naer pemmunny Dr = 1,676 X10™ ™ yempa. Ona Bemonuena na

OCHOBaHMHU JaHHbIX omnbIiTa JIamba—Puseppopaa.

Takum oOpa3oMm, pemraercs MapaJokKC Ayain3Ma 4YacThll. Bropoi
napaiokc uMeeT Oosee CephE3HyI0 OCHOBY. DHEPTHUs U3ITYUICHUS CIeayeT
COTJIACHO NMPHUBEICHHBIM B TaOJHIle JAHHBIM M3 PA3HOCTH KHHETHYECKOM
sHepruu. [lpuuem, mepexoa OCYIIECTBISAETCS C OpOHMTHI ¢ MEHBINEH
sHeprueit Ha opouty ¢ 60mbirelt sHeprueit. Honcenc! ITomydaetcs, uro
SHEPrusi ramMMma-KBaHTa H3Jy4eHHS BO3HUKAeT MPHU OJHOBPEMEHHOM
VBEJIIMYCHUH DHEPTHHM JJIeKTpoHa Ha opbOute! Hapymaercs 3akoH
COXpaHEHUs YHEepruu. B TeopeTndeckol Gpu3MKe BBIHYKICHB 00XOAUTD
ATy HENIPUATHYIO OCOOCHHOCTh TE€M, YTO MOJTHOM SHEPTUH MPHUIIHACHIBAIOT
OTpHUIIaTE]IbHOE 3HAYEHHWE WM OTPHULATENbHBbIM 3HaK. Brluutanue u3
OTPULIATEIBHONM SHEPruM BEJIMYUHBl OTPULATENIbHOW DJHEPruu ¢
00mnpiiel abCONIOTHOM BEIMYMHOW JaeT HYXHYI IOJOXHUTEIbHYIO
SHEepPrur0 u3nydeHus. [lompoOyiite yOenauTh KOro-nmubo B peasbHOCTH
CYIIIECTBOBAHMS OTPUIATEIBHON YHEPTHH!

Ho BbIXox M3 3TOrO mapajgokca Takke ecTb. I 3TOro HYXHO TOJIBKO
NpU3HAHKUE CYIIECTBOBAHUS CBETOHOCHOIO BaKyymMa, HMEIOIIETOo
CTPYKTYpy u3 pemiétku 3apsiioB (+) u (=), OKPYXEHHBIX MMOTOKAMH
MarHuTHOW wWHAyKmuun @. DTa CTpyKTypa Bakyyma o0JiagaeT
KOJIOCCaJIbHOW BHyTpeHHeW sHeprueil. [lpu m3mydeHnn aToma Bakyym
Kak OBl «OJaJDKMUBACT» SHEPTHIO U TaMMa-KBaHTA M ISl YBEIUICHUS

KHHETUYIECKOW SHEPTHH JICKTPOHA 110 (hopMyIie
2

mV 2
W =hv+ =mV
Hama Bcenennas MoxeT ObITh 3aMKHYTOH CHUCTEMOM, YTO TPUBOIUT K
TOMY, YTO B 3TOH CHCTEME HUYETO HE BO3HUKACT U HE UcYe3aeT. DHeprus
cpedbl obecrieurBaeT W3JIYYCHHE W M3MEHCHHE COCTOSHHS aTroMa
OJIHOBPEMEHHO, HE U3MEHSIS CBOCH DHEPTHM, — BCE OCTaeTCs B cpede, U

121




TOJIBKO MEHSeT (OpMy IMPOSBICHUS CBOCH JHEpPruu. Takoe €IHMHCTBO
BellecTBa U cpedul B IIpupone obecrieuuBaeT Bce 3aKOHBI COXPAHEHUS:
PHEPruM, 3apsma, Maccel. Macca oOpa3yeTcs B Iporeccax ITOTOKa
MarHuTHOW MHAYKIMU. Cpeda oOecnieunBaeT pacnpoCcTpaHEHUE CBETA,
CYLLECTBOBAHHUE BEILLECTBA U U3IIYUYEHUs, TPAaBUTALIUIO U HHEPLUIO.
PeanbHbIl HOHCEHC B (PM3MKE OTHOCHUTCS K OTpPHIAHHIO B XX Beke
CBETOHOCHOH cpeodst, N3HAYATHLHO HA3BAaHHOW 3upoM. Yder peanbHOi
CTPYKTYPBI Cpedbl 00CCIICUMBACT PEIICHHE MHOTUX TEOPETUYECKUX U
MPaKTHYECKHUX MPobJeM no3HaHus Mupa.

Monenr Bbopa ucxomauna w3 MOHATHH Kiaccuyeckod ¢usuku. Ona
«Oe3HaZEKHO» ycTapena 1o cpaBHeHHIO ¢ KsaHToBoii MexaHuKoi
(KM). Tak mnpuHATO cumMTtath. Takoe COCTOSHHE (U3MKU KakKeTcs
CTpaHHBIM, KaK U CTPaHHBIM ABJISIOTCS psl nojoxkeHnit KM. Uto moxer
clenaTh BBellEHUE cpedvl BceneHHOU ISl «IPUMUPEHUS» KIACCHKH U
coBpeMeHHOCTH? UyTh BBIIIE BBICKA3aHO NPEAINOIOKEHHE, YTO He
3apsabl IEPEMEIIAIOTCA B IIPOCTPAHCTBE, @ UX MacChl. DTO I0JIOKEHUE
CYLLIECTBEHHBIM obpazom MEHSET OTHOILIEHUE K pany
IKCIEPUMEHTATBHBIX TAaHHBIX. B 20-¢ ro1el OBLTH MOMBITKA PACCMOTPETh
BJIUSHUE MAarHUTHOTO TOJIA Ha H3Jy4yeHue. [IBajlaTUIETHHH IOHOIIA
Panbd Kpounur, a Bciex 3a HuM u He3aBucuMo JI:k.YJeHOek u
C.TayncMuT OpeanpuHsUIM IONBITKY Ha OCHOBE KJIACCHKHM DPELIMTh
npo0IeMy C MOMOIIBIO BPAIIAIONIETOCS BOKPYT CBOEH OCH AIIEKTPOHA.
[Ipy 3TOM HCHONB3OBAINCH KIIACCHUYECKUN PAJAMYC OJJIEKTPOHA U
MarHeToH bopa. bBbpuiM  mosydeHbl  OLIENOMIISIONIME  PE3YJbTaThl,
CBUJICTEIbCTBYIOIIME O TOM, YTO JHMHEHHAass CKOPOCTb BpalleHUS
chepudeckord O0OJIOUKM 3JCKTPOHA HAMHOIO COTEH MPEBBIIIACT
CKOpOCTh CBeTa. Bropoe mpotuBopeune OBJIO B ONBITaX IO
paccerBaHUIO 3JIEKTPOHOB, B KOTOPBIX KJIACCHUYECKUM paguyc HE MOI
OBITh TIPUHSATBIM. PaIWyC pacceuBaHus ObUT I < 10" m. Yto Ha 4
MopsZiIkKa MEHBIIEe KJIACCHYEeCKOro paauyca. Tperbe NpemnsiTcTBHE
3aKJII0YAJIOCh B HEMPUMEHUMOCTH 3akoHa KyJjioHa Ha paccTOAHUAX [ ~
10" M. D10 Ha 2 MOpsIIKA MEHBIIE HICKTPHICCKOI CTPYKTYPBI Cpeabl.
YeTrBepToe HECOBHAACHNE OBUIO B pE3yNbTaTax, OTINYABIINXCS POBHO B
2 paza. [lociennee HecoBmajeHHE MOXXHO HE NMPUHUMATh KaK OYCHb
CTpOroe, T.K. B pacuerax 4acTo MpoINajaeT MHOXUTEIb WM JIENHUTENb
poBHO 2 pa3za. Bropoe mpoTmBOpeure MCUe3aeT NMPH ABHKCHUH Macc
YacTUL, a HE HUX 3apAd0B, KOTOpBIE PACIOJIOXEHbl HETOABHKHO B
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npezenax IOMyCTUMBIX Aedopmanuii cpedst. 3akon Kynona nmpuMeHUM
na paccrosumax 10" mempos. TIpakTmueckd Bce  BO3DaKCHHS
OKa3plBalOTCs HeclpaBeIMBbIMU. [lo3TOMy MOBTOpMM MOAXOH K
AIIEKTPOHY KaK BPAIIAIOMIEMYCsl OOBEKTY.

Marseron Bopa: m, = % =0.2740089953%0%* A 2

Pa3mepHOCT HaM [aeT MpaBO ONPEIECIUTh IIEKTPUUECKUN TOK IMpHU

BPALLICHUH <OKBATOpa» JJIEKTPOHA: | :n—§:1.1678953833>§.06A.
Tok He MajeHbKMU M JOJKEH MOPOAUTH CHIBHOE MArHUTHOE IIOJIE,
KOTOpOe 00s53aHO CkaTh TOK 1O ¢opme Top. [loaromy MBI MOXeM
ClIeNaTh 3aKJII0YEHHE, YTO AIIEKTPOH uMeeT GopMy TOpa ¢ KIACCHYSCKUM
paanycom R.= 2.817940284.10™ [x].

Bpemst omHOro 000poTa CBSI3aHO C 3apsJOM M TOKOM IO M3BECTHOU B

e N
=0 =1.371849340 % cex. Orcrona HOIy4aeM
Ie
HEOOXOIMMYIO JIMHENHYI0 CKOPOCTh BPAILEHHsI «OKBATOPA» DIEKTPOHA:

Vg = ZF’TRe =1.2906404 X.0" xu/cex. OueBmmHO, 4TO Ta CKOpOCTB

¢usuke popmyne t =

€l

Ha MHOIro IpeEBbIIIACT CKOPOCTbH CBETa B cpede. OHpeL[eJ'II/IM ux

V;d?l =1.0000000131! [Momyunmu,  9TO
palc

OTHOIIICHHUE:! n=

OTHOWICHME WMeeT pasimmy B MHOxuTene Pa - =430,5113.

Oxazanoch, 4YTO0 pasHUIA B  CKOPOCTSIX  ONPEHEIsIeTCsS — yXKe
BCTPEYABIIMMCS HAM  MHOXHTENEM, KOTOPBIH HAg0 MpPH3HATH
¢bynnamentanpHbIM. CKOpPOCTH BpAICHUS <OKBATOpa» JJICKTPOHA B
430,5 pa3 mpeBbIIIaeT CKOPOCTh cBeTa. J[isi coBpeMeHHON (U3UKH 3TOT
Pe3yJbTaT BHINISANT HernpuemieMbiM. CTPYKTypa cpedst He 3arpelaet
BpallleHHe JIF000ro 00bEeKTa CO CKOPOCTBIO, MPEBBILIAOIICH CKOPOCTh
ar000ro O0BEKTa MNpPH HEPEeceYeHUH CTPYKTYPHI cpedsl. Y CTPaHEHO
NPOTUBOPEYUE KIACCHUECKON W COBPEMEHHOW KBAaHTOBON (DM3UKH B
npuMepe ¢ MarHeToHoM bopa. Beenenne B coBpeMeHHYIO (GU3UKY Cpeabl
CYILIECTBOBaHHMs BellecTBa BcelleHHON eCTeCTBEHHBIM IyTEM CBSI3bIBACT
HepaspbIBHbIC pa3iensl puznku B Equnoe onucanue [Ipuposi.
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OcHoBaHUA 115l OTKPBITHSH
«TEMHOW» JHEPIrUd U KTEeMHOW» MaTepuH

Yurarens HACTOPOKUT OOJIBIIAS TNTIOTHOCTh MAcChl cpedbl. OHA KakeTcs
IPOTUBOECTECTBEHHOM. 3/1€Ch HAl0 YYUTHIBATh, YTO 3Ta IUIOTHOCTH HE
COBIIAIaeT C HAIIUMH TPUBBIYHBIMU IpeAcTaBieHIsIMU. [lmoTHOCTB
OTJIIMYAETCS] OT BEIIECTBCHHOW IUIOTHOCTH TEM, UTO Macca cpeodwbl <«He
OlIeTa» B DJCKTPUUCCKHUN 3aps ¥ HE MpHoOpera TeM CaMbIM CBOHCTBO
o0pryHOTO BemiecTBa. Macca cpedst 00pa3yeT COBCeM IpYyroe IOHSTHUE,
OHa HaXOJUTCS Be37e: MPOHU3BIBAET OOBIYHOE BEIIECTBO, 3EMIIIO, HAC —
JKUBBIX CYIIECTB, HAXOIWTCS HE TOJNBKO B CAMHX BEUICCTBEHHBIX
obwekTax Beenennoit. [Ipsimo 3Ta Macca 0OHapYXKHBAeTCs B JIOCTATOYHO
TOHKHX 3¢ ¢pexTax BeeneHHoi B kauecTBe «TéMHOI» MaTepuH, OKa3bIBast
TPaBUTAMOHHOE BO3ICHCTBHUS HA IBH)KCHHE 3BE3] B TanakTukax. Ha
muarpamme Qur./ ToOKazaHa mpeqnonaraeMas 0e3 ydera TEMHOM
MaTEepPHH 3aBHCUMOCTh CKOPOCTH 3BE3][ C POCTOM PACCTOSIHUS OT LIEHTPa
Macc TalaKTUKH W TPHUBEICHA 3aBHCHUMOCTb, OIpENeNEHHAs W3
actpo¢usnuecknx HaOmroneHnil. Jlmarpamma B3siTa W3 JICKIUH aKaf.
B.A.PybakoBa [28]: «KakoBbl CBOWMCTBAa TEMHOW MAaTepUH W TEMHOM
sHeprun? Kakume KOCMOJIOTUYECKUE HAaHHBIE CBUAETEIBCTBYIOT 00 HX
cymectBoBaHHH? O YEeM OHO TOBOPHUT C TOYKH 3peHUS (HU3UKH
Mukpomupa? KakoBBI MEpCHEKTHBBI HM3YYCHHS TEMHOW MATEepUU U
TEMHOM YHEPTUH B 3¢MHBIX YCIOBHUSIX?

Bcenennass pacmmpsieTcs: TaJakTHKH yOAISIOTCS Apyr OT JIpyra.
[TpocTpaHCTBO pacTATUBAECTCS BO BCE CTOPOHBI, M YEM JAANbBIIE OT HAC
HAXOJUTCS Ta WM MHAs TajJaKTUKa, TeM OBICTpee OHA yIAIIETCs OT Hac.
Cero/iHsl TEMII 3TOTO PACIIUPEHHS HEBEIHK: BCE PACCTOSHUS YBEINIATCS
BJIBOC MTPUMEPHO 3a 15 MiIpJ. JIeT, OJHAKO PAaHBIIEC TEMIT PACHIMPECHUS
0bL1 TOpazmo Gosbie. [ImoTHOCTH BemiecTBa Bo BceeneHHON yObiBaeT ¢
TEYCHHEM BpeMeHH, U B Oynymem BceeneHnast Oyner Bcé OGonee u Gosee
paspexxenHoi. HaoGopor, panbiie BceeneHnas Obima ropasmo Oolee
IUIOTHOM, 4eM celyac. O pacmupenun BcenenHoit  mpsimo
CBUJICTCIILCTBYET <«IIOKPACHCHHE» CBETAa, WCIYIICHHOTO YAaJCHHBIMHU
raJaKTHKaMU WU SIPKAMH 3BE3JaMH. H3-3a OOINEro pacTsHKCHUS
MPOCTPAHCTBA JUTHHA BOJIHBI CBETA YBEITMYMBACTCS 32 TO BPEMsI, ITOKa OH

124




JIeTUT K HaM. IMEHHO 3TO siBICHUE OBUTIO YCTaHOBIEHO 3. XaOOioMm B
1927romy W TOCIYXWIO HAONIOJATEeNBHBIM  JOKA3aTEeIbCTBOM
pacuupenust BceneHHOM, MpeAcKa3aHHOTO 3a TPU Tojida 10 3TOro
Anekcanapom OpugiMaHOM.

CymHocTh TEMHOM HEPrHH SIBISIETCS MPEeaMETOM cropoB. M3BecTHO,
YTO OHA O4YEHb PABHOMEPHO pacrpesesieHa, UMEEeT HU3KYIO IJIOTHOCTh, U
HE B3aUMOJIEICTBYET CKOJIbKO-HUOY/Ib 3aMETHO MIOCPEICTBOM M3BECTHBIX
(yHIaMEHTANBHBIX THIIOB B3aMMOJICHCTBHS — 33 HCKIIOYCHUEM
TPaBHUTAITUH.>»
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TemHass MaTepusi UMEETCS U B ralakTUKaX. DTO CIEAYeT U3 U3MEPEHHA
TPAaBUTALHOHHOTO IOJIS, TETIEPh YK€ B TATAKTUKAX M UX OKPECTHOCTSIX.
UeMm cuipHEE I'PaBUTAIIOHHOE II0JIE, TeM OBICTpee BPAIIAIOTCS BOKPYT
rajJakTHKH 3Be3Ibl W OOJaka rasa, TaKk 4YTO HM3MEPEHHUs] CKOpOCTei
BpallleHUs] B 3aBHUCUMOCTH OT pAacCTOSHHUS [JO LEHTpa TaJlaKTUKU
MO3BOJISIIOT  BOCCTAHOBUTH ~ pacmpeziefieHhe Maccbl B Hel. OITo
NPOMJUIIOCTPUPOBAHO HA JAMarpamMme. MO Mepe yAajeHHs OT LIeHTpa
TaJJaKTHKHA CKOPOCTH OOpAIICHHS HE yMEHBIIAIOTCS, 9YTO TOBOPUT O TOM,
YTO B TAJAKTHUKE, B TOM YHCJIE BAAJIEKE OT ¢ CBETAMICHCS YacTH,
MMEETCs] HEeCBETSIAsCs, TeMHas MaTepusi. Takum obpa3oM, ¢ TOMOIIBIO
acTpoU3UIECKUX HAOIIOACHUH, MONydeH (aKT MPUCYTCTBUS TEMHOUN
MaTepuu Bo BceneHHOH. Yxe Bbillle OTMEUYANOCh, YTO TEMHAasl MaTepus
MOJI03PEBAETCSl KAaK KBaHTHI OTOKOB MAarHUTHOM HMHAYKLHHU cpedbl. B
KadecTBe TEMHOW DHEPTHH, KOTOpas MPOSBIAETCS B (DaKTe PacIIMPEeHUs
BcenenHno#t, MOXXHO CUHMTaTh HEKOMIIEHCUPOBAHHBIA JJIEKTPUUECKUN
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3apsd Cpelbl, OTBETCTBEHHBIH HE TOJIBKO 3a TPaBUTALMIO MEXITY
MaTepuanbHbIMH OObekTamu BcenenHolr, HoO u 3a e€ KynoHoBckoe
pacuupenue.

OO01mmii cueHapuii CHJIOBBIX
B3auMOJeiCTBUI

Ha npumepe rpaBUTAlMOHHBIX CHJI YCTAHOBJIEHO, YTO HCTOYHHUKOM
rpaBUTALMK  SBJSIETCA DJEKTPUYECKHH 3apsii  cpedst. ATOMapHOe
CTPOCHHE BEUICCTBECHHBIX TEJ, 00JalalomMuX MAaccoii, CTOCOOCTBYET HX
MOJSIPU3AIMN CO CTOPOHBI €pedbl W OOpPA30BAHUIO MEKAY TEIaMH
HerotoHoBckoro mputsbkenust («cBerias» sHeprus). Cpeda, B KOTOPOi
€CTb HEIOCTAaTOK Tell, OO0JajarolliuX Maccoil, TMpOsBISET CHIIBI
OTTAJIKUBAHMsI, KOTOPbIE MOKHO HHTEPIIPETUPOBATH KaK OTKPHITYIO B
acTpopu3uKe «TEMHYIO» HHEPruI0, OTBETCTBEHHYIO 3a pacCLIMpEeHHe
Bcenennoii. HeBozamorkHo cebe mpencTaButh, uto [Ipupona HyxaaeTcs B
COBEpLIEHHO [JPYTHUX CLEHApUsX DJIEKTPUYECKOIO U SIAEPHOIO
B3aUMO/IEHCTBUI.

Onextpuyeckoe KyloHOBCKOE B3aMMOJEHCTBUE TaKXKE BO3MOXKHO C
MOMOIIBIO CPedbl COTIIACHO MPUHLMITY OMkHeaelcTBus. B cuiy Toro,
YTO DJEMEHTapHbIE JJIEKTPUYECKUE 3apslbl HAMHOTO IOPSIKOB
MPEBOCXOMAT CIA0BbIA AJIEKTPUUECKUN 3apsil ¢pedvl, TO B TIEPBOM
NpUOMIDKEHUH MOXHO TPHUHATH, YTO ISl DIICKTPUUECKUX CHI cpedd
SIBJISICTCSL  DJICKTPUYCCKH HeWTpanpHou. Jlroboit 3apsim (+) wim (-)
BBI3bIBACT TOJSIPU3ALUIO CPedbl, KOTOpas CO3JAaeT CHUJIbI MPUTSKEHUS
WIM OTTAJKUBAHUS MEXKAY 3apsiiaMd BelleCcTBAa B 3aBUCUMOCTH OT HX
3HAKOB (QHATIOTHS «TEMHOI» U «CBETIION» SHEPTHii).

CocTtaBuM MOZE€Jb B3aUMOAEHUCTBUS Macc U 3apsijia 4epe3 IoCPeICTBO
CTPYKTYpbI cpelbl. s rpaBuTaliuy CyleCTBEHHBIM CBOMCTBOM Cpelibl
SIBJISICTCSI MAJIOE pa3iinuue B BenuuuHe 3apsmaoB (+) u (). DTo mpuBoanuT
K Takoil rpy0oil cxeme rpaBUTallMOHHOIO B3aUMOICHCTBUS:

... —(+maccal+)— ——(cpeoa)— — —(+macca2+)——....

HarisiHo moKa3aHo, Kak 3apspKeHHasl cpeda ¢ U30bITKOM 3apsiaa (—)
OCYILECTBIISIET IPUTSIKEHME Macc. B oTcyTcTBUM Macc WIHM IIpU
pa3psokeHHOM TipocTpancTBe Beenennoit ocymectsisercs Kymonosckoe
OTTaJIKUBaHUE WIM pacluupeHue BceneHHOHM, KoTopoe MOYKHO Ha3BaTb
«TEMHOI» dHeprueil, OTKpbITON B actpodusuke. Jlas peansbHBIX
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JNIEKTPUYECKUX 3apsjioB, BenuuuHa Kotopbix B 107 pa3 Gosbiie
pasHuilbl BenmuuuH 3apsamoB  (+) u  (-) cpembl, B3aUMOJCHCTBHUEC
MPOUCXO/IHT IO CXEME!

.. t—(+3apsint+)—+—+—(cpena)+—t—(+3apsiat)—t.... — 3TO OTTAIKHUBAHHE
3apsI0B OTHOTO 3HaKa (MHHYCOB MEXY 3apsiaMHi OOIIBIIIE IITFOCOB),
<.~ H(=Bapsp—)+—+—(cpena)+—+—(+3apsat)—t.... — ITO NPHUTHKEHHUE

3apsI0B Pa3HOro 3Haka (MUHYCOB U IUTFOCOB MEXIY 3apsiaMi PaBHOE
KOJIMYECTBO).

TakuM 00pa3oM, 3JIEKTPUUYECKOE U TPABUTAIMOHHOE B3aMMOJICHCTBUS
OCYIIECTBIISIIOTCS. TOJIBKO C TOMOIIBIO Cpeddbl, HAXOISIICHCS MEXITy
00BEKTaMH B3aUMOICHCTBHS.

Ha camom gene 3apsjgoBasi pelieTka cpeobl OCTAETCS HEMOJBUKHOH.
IlepememnatoTcss Macchbl JIE€MEHTApHBIX YacTHIl MOJ 3apsJaMH CBOEro
3HaKa, nopoxxaast BojaHbl Jle bpoiins, KoTopble 3aBUCSAT UIMEHHO OT Macc.
3apsiapl PEMIETKH «PaclyXaroT» B MPUCYTCTBHU I10JI HUMH MacC U B TO
)K€ BpEeMsl <«BBIIABIMBAIOT» MAacChl TIOJ COCEJHHE 3apsibl MpH
KynoHOBCKMX B3aMMOJAEHCTBUSAX COTJIACHO TIPHBEJCHHBIM CXEMaM:
3apsAbl OJMHAKOBOTO 3HAKA BBHITAJIKUBAIOT MACChl B IIPOTHUBOIOJIOKHBIE
CTOPOHBI, 3apsiAbl Pa3HOTO 3HAKa BBITAJIKUBAIOT MAaCChl HABCTPEUy APYyT
JIpyry. OTo cxeMma sBJsieTcs albTepHATUBOM nuarpammam P.Deiinmana,
OCHOBBIBACTCSI HE Ha BUPTYAIBHBIX YAaCTHIAX B3aWMOACUCTBHA, a Ha
MaTepHalibHON cpede, B KOTOPOI HAXOASITCS MACCHI.

SlnepHble CHIIBI TAaK)K€ MOKHO IMPEACTaBHUTH IO CIIEHAPHIO, KOTJA POJb
€pedbl BBINOIHAIOT IMPOTOHBI C MOILHBIM DJEKTPUYECKUM 3apsIOM,
MOPOXK/IAIOIIUM  HAMPSHKEHHOCTD  TIOJIS 6,3998.1026 Blm. Pons Temn,
CHOCOOHBIX K MOJSIPU3alUM OT CTOJb MOIIHOTO BO3JAEHCTBHA CO
CTOPOHBI MPOTOHOB, BBIMOJHSIIOT HEHTpOHBI. OHM TpH pacmaje HaloT
IPOTOH, 3JCKTPOH U TamMMa-m3nydenue. s yaepKaHus HECKOIBKHX
MIPOTOHOB B sape Tpedyercs Ooiibliiee KOJIMYECTBO HEHUTpoHOB. [lpm
TaKOW peanu3anuu OOIIEro CICHAPUS «CBETIIAS» JHEPTHS MPHUTKCHUS
HYKJIIOHOB B SIp€ Ha MHOIO IPEBOCXOJUT «TEMHYIO» DHEPTHUI0
ortankuBaHus. To, UYTO 3aKOH HapacTaHWs SJIEPHBIX CHI €
YMEHBIICHHEM pAacCTOSHUS MEXKAYy HYKIOHAMH, OTJIHYACTCS OT
oObuHOrO0 3axkoHa KynoHa, He JODKeH cMymath. M3BecTHO, YTO
B3aUMOICHCTBHE 3apsIOB MO 3aKOHAM MOJSPH3AINHU CICIYeT COTJIACHO
1/R® u naxe B Gonpeit crenenn (N=3...5...9). DTOT BONPOC HOAICKHUT
JeTanbHOMY HccienoBanmo. Kpome Toro, (akr, 4To Macca IJIEKTpOHA U
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Macca MpoToHa, 00pa3yrolue HEUTPOH pacloyiaraloTcs B pa3HbIX y3ax
3apsA0BOM pEmIETKH, MPUBOAMT K SBJICHUIO YBEIWYEHUS SACPHOTO
MPUTSOKCHHUST TIPU  «PACTATUBAHUM» HEHUTpPOHA, 4T0 B (U3UKE
00BsicHsIeTCS (PAHTACTUYCCKUM TIIFOOHHBIM PACTSIKCHHEM.
OOCTOSITENTLCTBO, UYTO JIJIS BCEX TIJIABHBIX CHJIOBBIX B3aWMOJICHCTBHIA
JeHCTByeT OOIIMI cLieHapuid, SBJSETCS XOPOLUIUM apryMEHTOM B TOJIb3Y
MOJIPOOHO U3JI0KEHHOW MPUPOABI TPABUTALUH.

CBoHCTBA <4E€PHBIX» JAbIP

I'panuna depHoil AbIpEI 00pa3oBaHa TOH 001ACTHIO Cpedbl, B KOTOPOH e
nedopMmarms J0CTUrIa cBoero npezeia (8). MakcuManbHOE YCKOPSHUE

%ammgsm%f:aMM%&WM&

CKopocTh CcBeTa Ipu Takod aedopManyyl M MPH TaKOM YCKOPCHUH
paBHa Hymo. YEpHas Aplpa CTAHOBHUTCS HEBUAMMOH, a e rpaHHIa
o0agaeT MaKCUMAaJIbHBIM T'PaBUTAIMOHHBIM MpUTsDKeHHeM. Co3maroTcst
YCIIOBUSL JJIi POXAEHUS BelleCTBAa M AaHTUBEIIECTBA, Kak  MOpHU
COOTBETCTBYIOIIMX SHEPrUsiX raMMa—KBaHTOB. B mpocTteiimem ciydae
POXKIAIOTCS DIIEKTPOHBI M MO3UTPOHEL. JTO SBJICHUE HA3BaHO B (hHU3UKE
«ucnapernem» 4€pHbix Aplp (C.Xoykuur). MHepuus Hrke TPaHUIIBI
OTCYTCTBYET U CKOPOCTH BpAIIEHHUs MOXKET OBITH JTIO0OW, €CIH Takoe
BpalieHne nmeercsl. Paanyc 9€pHBIX IBIp ONpenesnsioTcs 1o Gopmye

GM

Herorona R = 0. MuHuMmaneHasi — Jplpa  HMEET  Maccy
max

m =Le =1850447219x10°
;

ke. E€ paauyc coBmasaer ¢ pazmMepom

pemetkn cpenpt (8). IlpuBenmennas ¢GopMyna pe3Ko OTIHYACTCSA OT
_2GM
thopmyner [lIBapimnbaa, HainenHas u3 pemieans OTO: Rbh - c
YTO MPUBOAUT K 3HAYUTEIHFHON Pa3HUIIE B OICHKAX Pauyca «4EpHBIX»
neip. [Baprmmibaosckuii paguyc Comnia paser 3 kv (R = 46 xm mo
TEOpHU CTPYKTYpbI cpedst), mnsi 3emmu - 1 em (79 m mo Teopuun
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CTPYKTYPHBI ¢pedsnt). Jlist YEpPHBIX JbIP B IIEHTPAX rajakTUK ILIOTHOCTH
no [lIBaprmieny MoxeT OBITh Ha YPOBHE IUIOTHOCTH BOJBI, IO
CTPYKTYpE Cpelibl Ha 5-7 OpsAKOB OOJIbIIIe.

3azadka «uepnvix 0vip»

3aragka <«4EpHBIX [BIP» COCTOUT B TOM, 4YTO HEWU3BECTHO, YTO
MPOUCXOJUT C BEHIECTBOM BHYTPH YEPHBIX JBIPp, a TaKXKE HESACHO,
CYIIECTBYET JIM CKa4eK B KaYeCTBE YEPHBIX JABIP MPHU KOJIUYECTBEHHOM
pocte o0bemMa YepHbIX IbIp. ApyrumMu cilioBamMH: BCE JIM YEPHBIE JIbIPHI
OJIMHAKOBBI MO CBOMM CBOWMCTBAaM B HE 3aBHCHMOCTH OT WX Pa3MepoB?
CkaxxeM, MaJlble YEpHbBIE JBIPHI C Maccod TMOpsAKa HECKOJIbKUX
CoJTHEYHBIX Macc 00JIaJIaf0T TAKUMHU K€ CBOMCTBAMH KaK YEPHBIC JIBIPBI
B IleHTpax ["anakTuk?

BrleckaszanHoe MPUBOAUT K BO3MOXHOCTH CYLIECTBOBAHUS THIIOTE3BI
CBsI3U (DOTOHHOM, ME30HHOW W HYKJIOHHOW cpel. JTH CpeAbl U HX
Ha3BaHUE BBIMJISIAT HECKOJBKO HCKYCCTBEHHO B paMKax JaHHOU
pabotel. XOTS ¥ MOAKPEIUIAIOTCS W3BECTHBIMH JHEPreTHUECKUMHU
COOTHONICHUSIMH TIPH  TNPEBpPAllCHHW TaMMa-KBaHTOB B Taphbl
AJIEKTPOH+HITO3UTPOH, ME30HBI pasHoii MOJIIPHOCTH,
MPOTOH+aHTUIIPOTOH, OCHOBAaHHBIMU Ha ONBITHBIX JAHHBIX. | HUITOTE3a
3aKJII0YAeTCAd B TOM, YTO 3TH €pedbl MOTYT ObITh CBSA3aHbI C KOHEUHOMN
CTaarel 3BONIIOIUU 3Be3] BceleHHOM B ITITaBHOM IOCIIEIOBATCIBHOCTH.
®DOoTOHHAS Cpeda — ITO cpeda KU3HU BCEX KOCMUYECKUX O0OBEKTOB M UX
B3aUMOIEHUCTBUH. Me3oHHass cpeda  MOXET  OTHOCHUTBCA K
TPaBUTAIIOHHOMY KOJIJIAICy, CBSI3aHHOMY C OCIIbIMH KapiuKaMHu.
HyknoHHast cpeda poxnmaercss B HEHTPOHHBIX 3Be3laX, KOHeuHas (asa
KOTOPBIX MPUXOAUT K COCTOSIHUIO YEPHBIX JIBIP.

B xauecTBe cripaBku MpUBECHBI BBIICPXKKHU cTaTeil B UHTepHETE:

Yepuas ovipa

«Hmeemces npeden 01 MACChbl 36€30bl, KOMOPASL MONCEM YOePHCUBANBCS

6 pasHogecuu WNIOMHO YNAKOGAHHLIMU HeUmpoHamu. Dmom npeoei

HEeBO3MOJICHO GbIMUCUMb MOYHO, MAK KAK NOBeOeHUe Gewecmea npu

NIOMHOCMAX, CYUECMBEHHO NPEeSbIUAIOWUX NJIOMHOCMb  S0ePHOl

mamepuu, Hedocmamouno uzyueno. OyenKu Maccol 38e30bl, KOMOpas
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yoce He  Modcem  CMAOUNUBUPOBAbCA  3d  CHEM  BbIPONCOCHHBIX
HeumpoHos, oarom 3uayerue ~ 3M.

Taxum obpazom, eciu npu 63pviee C8EPXHOBOU COXPAHAEMCS OCHAMOK
maccoer M > 3M | mo on He modicem cywecmeosams 8 ude YCmouyuso
HelmponHoU  36e30bl. SOepHbie Ccuibl OMMAIKUBAHUS HA  MATbIX
pAcCmosHUAX He 6 COCMOSAHUU — NPOMUBOCMOSAMb  OdlbHeluemy
2PABUMAYUOHHOMY CHCAMUIO 36e30bl. BosHukaem HeoObiuHblll 00beKm -
yepHas Ovipa. OCHOBHOE CBOUCMBO YEPHOU OblPbl COCHMOUM 8 MOM, YUMo
HUKAKUe CUSHAbL, He MO2Ym ebllimu 3a eé npedeivl U OOCMUSHYMb
sHewHe2o Habmooamens. 36e30a maccet M, xonrancupys 6 uepHyio
owipy, oocmueaem cgepel paduyca Iy (cpepwr Illeapywunvoa). Iy =
2GM/c?,

(Popmanvro Kk 2momy COOMHOWEHUIO MOJNCHO NPULMU, NONA2AS
u38ecmuol  ¢hopmyne 01l 6MOPOL KOCMUHECKOU cKkopocmu Vi =
(2GM/R)1/2 npederbHoe 3HaweHue Mol CKOPOCmU, pagHoe CKOPOCHU
ceema)».

Jna maccol 3M nonyuaem paouyc uepHoii Ovipol

R =79.5 km. Ilo OTO R= 8.91 xm. Pasnuya cywecmgennas.

Ilpu oocmuoicenuu obwvexmom pasmepa cgepvl Lllsapywurvoa, eeco
2PasUMayuoHHoe Nojie CMAHOBUMCS CIOAb CUILbHBIM, YN0 HOKUHYMb
9mom 00beKm He Modicem 0axice INEKMPOMASHUMHOE U3TYYeHUe.

Yepnas owipa Ilsapywunrsoa omuocumes K — He8pAWAIOUUMCSL
00beKmam u s16/s1emcsi OCMAmMKOM MACCUBHOU He8PaAuaouelics 36e30bl.
Bpawaiowascs maccusnas 3se30a Komiancupyem 60 6pawyaouwyiocs
UepHYIo obIpy (wepnyrio obIpy Keppa).
Yepryo 0bipy MOANCHO OOHAPYICUMb MOJLKO NO KOCEEHHbIM NPUSHAKAM,
6 YACMHOCMU, eClU OHA 8XOOUM 8 COCMAB8 OBOUHOU 36€30HOU CUCTEMbL C
8UOUMOU 36€300U. B amom cnyuae uepnas ovipa 6ydem 3amazugams 2a3
36e30bl. Omom eaz Oydem HaAcpesamuvCs, CMAHOBACH UCMOYHUKOM
UHMEHCUBHO20 PEHM2EHOBCKO20 UBNYHeHUsl, KOmopoe Mmodcem Obimb
3ape2ucmpupos8ano.

B macmosuyee  epems  mem  ApAMbIX  IKCNEPUMEHMANbHBIX
NnOOMBEPAHCOeHUNl  CYWeCmeo8anusi YepHulx Oblp. Ecmb  Heckobko
KOCMUYECKUX 00beKmos, NoGedeHue KOMOPLIX MOICHO OOBACHUMb
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npucymcmeuem uepHwvix Ovlp. Tax umeemcs obwvexkm Jlebeov Xl,
npedcmassiouuti coootl 080UNYIO CUCHEMY C nepuodom epaujeruss 5.6
cymok. B cocmas cucmemvt 6xooam 2onyoou eueanm ¢ maccoi 22M u
HeBUOUMbIL UCIMOYHUK NYIbCUPYIOUIe20 DPEHM2EHOBCKO20 UBNYHEeHUST C
maccou 8M |, komopulil 603M0OxCHO sA87sIeMCsL wephot Obipou (06vexm
maxoi OONbLUIOT MACCbL He MOdXcem Oblmb HeUMpPOHHOU 36€3001L).
Hapsaoy ¢ uepnvlymu dvipamu, 06paz08asuiuMucs npu Koalance 36e30, 60
Bcenennoti mozym 6vimv  uepHbvle Obipbl, GO3HUKUWIUE 3000720 OO
NOsGAEHUsL NEPBbIX 36e30 6credcmaue HeoOHOpooHocmu  bBoavuioco
Bspwisa. [Tossuswuecss npu 9mom  c2yCmKu — 6eujecmsea  Mo2iu
CHCUMAMBCS 00 COCMOSIHUSL YEPHBIX ObIP, M020A KAK OCMALbHASL YACHb
sewgecmea pacuwupsinacs. YepHvie Obipvl, 00pazosasuiuecs Ha CAMOM
pannem smane Bcenennoil, nazvieaiom penuxkmosvimu. I[Ipeononacarom,
YUMo pazmep HeKOMOPbIX U3 HUX MOdcem Oblmb 3HAYUMENbHO MeHbUle
pasmepa npomona. (Coanacno 0annou pabome MUHUMANbHASL YepHAs

ovipa umeem maccy My = \/g mpl =1,859459407 k2).

B 1974 2. Xokune noxazan, umo uepHvie Oblpbl OO0JICHBL UCHYCKAMD
yacmuyvl. UCmMouHUKoM 3Mux 4acmuy si81semcs npoyecc oopazoeans
BUPMYATBHLIX NAP YACMUYA-aHmudacmuya 6 cpeoe. B 0bbluHbIX nousx
9MU  NAPbl  AHHUSUAUPYIOM CMONL  ObICMPO, YMO UX He Yyoaemcs
Habmodamov. OOHAKO 6 OUeHb CUIbHBIX NOJSX SUPMYAIbHbIE YACMUYA U
anmuiacmuya mMo2ym pazoeiumscs u cmamo peanvhvimu. Ha epanuye
YepHoUl ObIPbL OCliCEYIOm MOuHble npuIueHsle cuvl. 1100 delicmeuem
omux cun Hexomopule u3z wacmuy (aHmuuacmuy), 8XOOUSUUX 68 COCMA
BUPMYATBHLIX NAp, MO2YM 6bliememsb 3a npeoeivl YepHol Ovipul. Tax
KaK MHO2UE U3 HUX AHHUSUTUPYIOM, YePHAs Oblpa OOJICHA CAHOBUIMbCS
UCTOYHUKOM UBLYHEeHUS. DHEpeUst, U3yHaemas 6 nPOCMPAHCIME0 YePHOlL
Ovlpoil, nocmynaem u3 eé wuedp. I[loomomy 6 npoyecce markozo
UCNYCKAHUsL  4aACmuy, MAcca U pasmepvl HepHol Obipbl  O0JNCHBL
ymenvuamoca. Takos mexanusm “ ucnapenus” uepnoti Ovipsl. Oyenku
noxaswiearom, yumo memn “ ucnapenus’” ouenb MedneHHbvll. Yepuas ovipa
maccoii 6 10 conneunvix mace ucnapumes 3a 10% gem. Bpems ucnapenus
ceepxmaccuenvlx (muinuapovt macc Connya) yYepHuix Oblp, KOMOpble
Mocym Obimb 6 yeHmpe O0IbUIUX 2ANAKMUK, MONCEM COCMABIANMb 10%
sem.
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Due.6.
TakoBBI COBPEMEHHBIE MPECTABICHHS O YUEPHBIX JbIPax, OCHOBAHHBIC HA
OTO. OHu CyIIECTBEHHO PACXOATCS C MPEICTABICHUSIMU O CTPYKTYpe

CpeObl. Pazmyc H_IBapan/mb[(a OIIpCACIIACTCA PaBE€HCTBOM
G N
R = 2_h M,,,, pammyc d4epHOil ABIPBI ISl CTPYKTYPHI CPEIBI IO
X
H . —_ G Mbh
BIOTOHY: Ry = —— . OueBuaHO paziauune, KOTOPOE
O max

3aKiovaeTcs B Oonee MIATKOH 3aBHCHUMOCTH Pajiyca YepHON IBIPHI OT
Macchl B CiIydae NPHHATONH CTPYKTYPBHI CPEIbl, YeM JUII aHAJOTHIHOM
3aBucumoctt B OTO. Ha puc. mokazaHbl 3aBUCHMOCTH IUIOTHOCTEH
YEePHBIX ABIP UTS 00CHX MOJIEINICH IpaBUTAIHH.

OueBugHo, uto cxema OTO-IlIBapuimmibpaa MeHee MpaBaONoa00Ha 10
TOW MpHYMHE, YTO C POCTOM pPa3MEPOB YEPHBIX MBIP IUIOTHOCTH
JOCTaTOYHO OBICTPO YMEHBINACTCS M, HANPHUMEp, U YEPHOH ABIPHI B
[EHTpaX TallakKTUK C pPaguycamMH IOpsIKa 10-10" » mnotHOCTB
CTaHOBHTCS HHUYTOXXKHOM, HE CIOCOOHOH O0Opa3oBBIBATH <«TPAHHILY
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coObITHID». HaobopoT, MO/IeNb TpaBUTAIMU C HCTOYHUKOM B CTPYKTYpE
BaKyyMa JaeT PEaMCTUYHYIO IUIOTHOCTh Ha YPOBHE 10"-10° keln®.
Touka «BcTpeun» rpadukos s paguyca llBapmmneaa u st TEOpUH
CTPYKTYpbl ~ CpeAbl  OIpeleNsaeTcss M3  paBeHCTBa  IUIOTHOCTEH

Ron = % k-G =7.00140° u.

max
Beablii kapauk

«/[1s1 36€30 ¢ MACCOU HUdICE HEKOMOPOU KPUMUUECKOU 2PABUMAYUOHHOE
colcamue OCMAHABIUBAENMCA HA CMAOUU MAax Hazvleaemozo “ 0enoco
kapauxka' . Ilnomnocmv  0Oenoco  Kapauxka — Oonvuue 10" xelad®,
memnepamypa  nO8epXHOCmMuU — ~ 10°K. Ilpu  cmonv  gvicokoill
memnepamype amomvl OOMJCHbI OblMb  HOIHOCHBIO UOHU308AHLL U
BHYMPU 36€30bl A0PA OO0IAHCHBL ObIMb NOZPYHCEHb 8 MOPE INEKMPOHO8,
00pa3yIoUUX BbIPOHCOEHHBIL INeKMPOHHDBIL 2a3. [lasneHue 3moeo 2asa
npensmcmeyem OdibHeuuemMy 2epasumayuoHHOMy KOJIANCY 36e30bl.
Jlasnenue 6bIPOINCOCHHO20 DNIEKMPOHHO20 2434 UMEem K8AHMOBYIO
npupody. Ono eo3nuxaem kax cieocmeue npunyuna Ilayiu, komopomy
nooyunsiomcss  snekmponvl.  Ilpunyun  Ilaynu — ycmanagiueaem
npeoenbHblll MUHUMAIbHLIL 00beM NPOCMPAHCMEA, KOMOPLIU MONCEm
3aHUMamMb KaX#COblll 91eKMpOH. BHewnee oOaéneHue He 6 cOCMoOAHUU
omom o0bvem yMmeHbuUms. B berom kapiuxe ece 37eKmponbl 00Cmuiu
MUHUMAIbHO20 00beMa U 2PABUMAYUOHHOE CHCAMUE YPABHOBEUIEHO
BHYMPEHHUM OABJICHUEM JJLeKMPOHHO20 2A3a».

C  Hawell MOuYKU 3PEHUS PACCMOAHUSL  MeNCOYy  INEeKMPOHAMU
NpUOIUNCAIOMC K XAPAKMEPHbIM PA3MEPAM  3apsio06ol  peuiemKu

— -15
CmMpYyKmypol  cpedvl r. =1,398763188x10 M. Knaccuuecxuii
paouyc snekmpona noumu 6 2 paza npesviuiaem smy geaudury. Omcrooa
cnedyem 6vi800, UMO pACCMOAHUE MeNCOY YACTUYAMU B8bIPOHCOCHHO2O
NEeKMPOHHO20 2a3a 6 OeloM Kapiuke He Modicem Oblmb MeHbue,

I
Hanpumep, HeCKONbKUX eounuy €. Boluenpusedennas niomuocmo
. —14
Oaem nuHeliHoe pasmeujerHue daekmponos Ha paccmosnuu 45407 u,
umo daem pazmeujeHue INeKmporHo8 Ha paccmosnusx 6 16 paz bonvuiux
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Onunbl KoHcmanmol peuwtemxu. Omcrooa 8bl600 MaKkos. Oenvlil KapiukK 6
C80eM YNJIOMHEHUU CYWeCMEeHHO He Hapyuiaem cpedy. Dmom obvekm
Modicem cyujecmeoseams 6 pamkax cpeovl. Ho bonee drazonpusmusimu
VCL08UAMU MO2YIM. ObIMb XAPAKMEPUCMUKY ME30HHOU CPeObl, OUNOJIbHbIE

_ -17
PACCMOsIHUSL KOMOPOU OUKMYIOMCSL K8AHMAMU rp =1.0315-40 M.
B smom cnyuae pazmewenue 3apscennvlx yacmuy 60nee KOMGOpmHo u
€60000H0. MuHUuManbHble PACCMOAHUA MENCOY HUMU YEETUYUBAIOMCA 00
16*137=2192 pasza. Aemop CcKioHAemMCs K HNOCIEOHEMY BAPUAHNLY
VRIOMHEHUsT éewecmea OJisi OelblX KAPIUKO8, HO Ve 6 HYKIOHHOU
cpede.

Obpamum 6HUMAHUE HA ewje O4eHb BAJXCHOe O0OCMOAMENbCMEO.
Co2nacro  u3nodiceHuio eunomesvl O HPUpooe  2pasumayui, OHd
nopoxcoena cradvim  3apsaoom  cpeovl, umelwel CmpyKmypy c

— -15

XapaKkmepHvlM — paccmostHuem r. =1,39876318810 M. Yoce
celinac  Quzuku  3a0alOMC  BONPOCOM. HACKOIbKO — CHPABEOIUGbL
epasumayuonnvie cuivl Hoiomona ons muxpo mupa? Ha kaxux
paccmosHusx — epasumayus  nepecmaem  Oblmb  HbIOMOHOBCKOU, a
Kynonosckue  cumvt  cmanossmes  npeobradaiowumu [ Randall,
RSundrum, 1999]? Ob6wenpunsmas ¢uzuxa noxa moavbko Cmasum
n0000OHble 3a0auu UIU NbIMAEemcs peuums OAHHbIL 80NPOC HA OCHOGE
NPUHATMOU NAPAOUSMbL, NPUXOOSL K COMHUMENbHBIM Pe3YIbmama.

Hawa cunomesa oaem omeem na 3a0anHulii 0npoc — epasumayus Ons
KOCMUYecKux o6vekmos onpeoensemcs cmpykmypoil. A smo o3nauaem,
YUMo Cunbl MALOMEHU OONICHBL UCHE3AMb UTU BUOOUIMEHAMCA N0 Mepe
npubnudIceHuss K YKA3aHHOMY  6blile  OUNOIbHOMY  PACCHIOSHUIO.

Beposimno, umo knacmep c¢ nuneinvim  pasmepom  137,036* fe
npeocmasgniem coOol NOCIeOHION OUCMAHYUIO OAs CYUecmBo8aHus
NpUsbIUHLIX ONA HAC cun msacomenus. Janvheliwee ymeHvuleHue
PACCMOAHUSL  MedXHcOy —o0vekmamu Ui  Mukposacmuyamu 0Oyoem
CONpOBONCOAMbCSL  UCUEIHOBEHUEM 2pABUMAYUY U 3AMEHOU ee Ha
Kynonoeckue cunvl mexcoy 3apsAdCeHHbIMU UYACMUYAMU U HAPAOY C
9NIeKmpuUYeckou noaapuzayueti HeumpanbHolMu yacmuyamu. Iloamomy
npu 06pazo8aHUU CIe0YIOULe20 8bIPOAHCOAIOUE20CA KIACCA KOCMUYECKUX
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00beKmMOo8 CUbl 2PABUMAYUU 3AMEHAIOMCS HA KYIOHOBCKUE U A0epHble
(HyxnOHHBIE) Cumbl ¢ NONPABKOU HA HOBYIO MPAKMOBKY GCEX CUI
83AUMOOCICBULL 8 PAMKAX OAHHOU pabombl.

HeliTponnas 3Be3aa

«Pacuemvl nokasvieaiom, umo npu e3pviee ceéepxnosoi ¢ M ~ 25M
ocmaemcst niomuoe Heumponnoe 10po (HeumponHas 36e30d) ¢ Maccou ~
1.6M . B 36e3z0ax ¢ ocmamounon maccou M > 1.4M |, ne oocmuzuiux
cmaouu  C6epxXHOBOU, OABNICHUE BbIPONCOCHHO20 INEKMPOHHO20 2a3d
maroice He 8 COCMOSIHUU YPAGHOBECUMb 2PASUMAYUOHHbLE CULbL U 36304
colcumaemesi 00 CocmosiHust s0eprotl naomuocmu. Mexanuzm smoeo
2PAsUMAYUOHHO20 KOJLIANCA MO Jice, YMo U NPU G3pPblee CEEPXHOBOIL.
Jlasnenue u memnepamypa @Hympu 36e30bl 0OCMUSAION  MAKUX
SHAUeHull, Npu  KOMOPLIX INEKMPOHbL U  NPOMOHbL  KAK — Obl
“ goasnusaromces” Opye 6 Opyea u  pe3yavmame peaxyuu

pte+ve

nocie 8blOpOCA HEUMPUHO 00PA3YIOMCsT HEUMpPOHbl, 3AHUMAIOWUE
20paz0o meHvuiull (hazoevili 00veM, wem d1eKmponsl. Bosnuxaem mak
HazvleaeMas HeumpoHHAs 368e30d, NJIOMHOCHb KOMOpOU Oocmueaen
10" - 10" kalai®. Xapaxmepuwiii pasmep Hetimponroui 36e3061 10 - 15 xu.
B nexomopom cmuicie Hetimponnas 36e30a npedcmasgisiem coooil
2ueanmekoe amomuoe s0po. Jlanvreiuemy epasumayuoHHOMy CHCAMUIO
npensamcmeyem OdaeneHue s0epHOl Mamepull, GO3HUKAowee 3d cuem
63aUMOOELCMBUSL HeUMPOHOB. DMO MAKICe 0ABIEHUE BbIPONHCOCHUSL, KAK
panee 6 cayuae 0en020 KaApauKkd, HO - OdGIeHUe GblPOICOCHUS]
cywecmeenno 6ojee NAOMHO20 HEUMPOHHO20 2a3d. Dmo OasieHue 6
cocmosiHuu - yoepoicueams  maccvl  énaoms 0o 3.2M . Heuimpuno,
obpazyouuecs 8 MOMEHm KOJLIANCd, 00BOIbHO ObICIMPO OXAANCOAIOM
netumponnytlo  36e30y.  CoenacHo — meopemuueckuM — OYEHKam
memnepamypa ee nadaem ¢ 10 0o 10° K 3a epems ~ 100 c¢. Janvwe
memn ocmuvl8anusl HecKkoIbko ymenvuiaemcsi. OOHAKO OH 00CMAMOYHO
BbICOK NO ACMPOHOMUYECKUM MACUMAOAaM. Y MeHvulenue memnepanmypol
¢ 10° 00 10® K npoucxooum 3a 100 rem u do 10°K - 3a munnuon nem.
ObHnapysicums HellmporHble 36e30bl ONMUYECKUMU MEMOOaMU 0080TbHO
CILOJICHO U3-30 MAI020 PA3MEPA U HUZKOU MeMNepamypui».
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«Coenacno  coBpemeHHbiM  NPeOCmAGieHUsM, —NYIbCapbl - MO
spawaiowuecs: HeumponHvle 36e30vl, umeiowue maccy 1 - 3M u
ouamemp 10 - 20 xm. Tonvko Komnaxmwuvie 00BeKmbl, UMW
ceolcmea HeUMpPOHHBIX 36€30, MO2YM COXPAHAMb C80I0 (Popmy, He
paspywascy npu maxux cxkopocmsax epawenusi. Cuumaemcsi, umo
HeUmpOHHAs 36€30a uMeem MAZHUMHOe Nnoje, 0Cb KOMOpPO2O He
cosnaoaem ¢ ocblo epaujenus 36e30ol. B amom ciyyae uziyyenue 36e30bl
(paouosonnvl u eudumbill céem) ckorb3um no 3emae Kak Ayuu MAsKd.
Koeoa nyu nepecexaem 3emmio, pecucmpupyemcs umnyiavc. Camo
UBNyHUeHue HeUmpoOHHOU 36e30bl  GO3HUKAem 3d Ccyenm mo2o, Hmo
3apSIICEHHble HACIUYbL C NOBEPXHOCTU 36€30bl O8USAIOMCS 606HE N0
CUNOBLIM  JUHUSIM MACHUMHO20 NOJIsL, UCHYCKASL DJIeKMPOMASHUMHbLE
BOJIHDL.

Hznyuenue nyivcapa OOINCHO NPUBOOUMb K VMEHbULEHUIO CKOPOCHIU
8pawyeHuss  HeumpouHou 38e30vl. Taxoiu a¢hghexm maxoce Ovin
obnapyocen. Heumponuas 36e30a, 6xo0swas 6 cocmag O0BOUHOU
cucmemvl,  Moxcem — Oblmb U UCHOYHUKOM — UHIMEHCUBHO20
DEHM2EeHOBCKO20 UBTTYUEHUSL.
pacnonodxcenvl 68  6ude  00LEMHO-YEHMPUPOBAHHOU  KYOUUECKOl
pewemku. Jlemanu cmpoenus HeUmpoHHOU 36€30bl 8 HACMOSWee 8PeMs.
VIMOUHSAKOMCS.

Jlist HYKIOHHOU — cpedbl — A0pa  umMeeM — pasmep  peuemxu

rn = 3,836819%10° 19 m. Tlpu xnaccuueckom pasmepe npomona (u,

seposmno,  netimpona) — Tp = 1.5347 X10" 18M, nonyuuM,  4mo

HeUumpoHbl QOJIIHCHBL OblMb CAHCAMbL 00 PACCOAHULL 1.2:10™% x, umo
cocmasum 6 388 pas Oonbie KOHCMAHMbL HYKIOHHOU cpedbl. BeposamHo,
9MO  QOCMAMOYHO O/l <CNOKOUHO20» CYWEeCmMBOBAHUS HelUmpOHHOU
36306l 6 HYKIOHHOU cpede. [Ipedcmasienus 0 HeMpPOHHBIX 36€30AX He
npomusopeam ycmpoucmesy HyKIOHHOU cpedbl.

TopmMoO3HOe usny4vyeHue

Macca n1000ro MaTepualbHOrO Tella CO3/aeT BOKPYT ceds pauaibHOe
«monie»  aedopMalMu  CpPenbl,  ONPEICISIONISe  IPABUTAHMOHHOE
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B3aUMOJICCTBHE MEXKAy TelaMu. [lpum T1MOKoe W paBHOMEPHOM
OPSMOJIMHEHHOM ~ JBHDKCHUM MAacChl HM3MCHCHHE TI'PaBUTALIHOHHOTO
«TIOJISI» HE MPOUCXOINT BIUIOTH 10 CBETOBBIX CKOPOCTEH mmopsinka 2e+8
mlc.  YckOpeHHOE [BIDKCHHE MAacChl HajaraeT JIONOJHUTEIbHYHO
JedopMalmo, OTIIMYHYIO OT palualibHOM. [ledopmarnus oprueHTHpOBaHA
BJIOJIb BEKTOpPA YCKOPEHHsI. DTO IIIABHOE OTIUYUE OOBIYHOTO YCKOPEHUS
(mudt B Teopun OTO) OT ycKOpeHHs, POXKIAEMOro JIt000i Maccoii BHE
3aBHUCUMOCTH OT CKOpOCTHM €€ mepeMelleHus. | paBUTalMOHHOE

m
yckopeHue g = GF. g onMcanusi TOMOJIHUTENBHON Nedopmanun

dg Gidm

Cpebl HAJIO MPOU3BECTU MMPOU3BOTHYIO 110 BPEMEHU: —— = -

at R° dt
JuddepennupoBanre Macchl M0 BPEMEHH O3HAYaeT TOJILKO OJIHO: B
MPOIIECCEe YCKOPESHHOTO JBIDKCHHS B TAHHOW aOCOIIOTHOW TOYKE CPEIbI
MPOHMCXOJUT CO BPEMEHEM H3MEHCHHE MAacChl 0€3 W3MCHEHHs CaMoii
MAacChl, KOTOpasi ABHIXKETCS M MCHSET CBOE IOJIOKEHHE B a0COJIOTHOM
MpocTpaHcTBe cpeasl Beenennoii.

Macca 3JIeMEHTapHOMN YaCTHUILIBI:
F 2 eZ
F = = 2 =9.1093818850 %0 31[kg] .
2(r,+Dr)x  2(r,+Dr,)h

Orcrona MIPOM3BO/IHAS Oyxer:
dm dF 1 de, 1

=F =g . [Ipomie

dt dt x(r,+Dr,) dt h(r,+Dr,)
de

OIEpUPOBATD € 3aPSOM, TaK KaK |, = d_to Ja€T cpa3dy TOK CMELICHHs

B cpelie, TOPOXKAEHHBIM B pe3ysbraTe yCKopeHHs. Takum oOpa3om,
YCKOPEHHOE JIBUKEHHUE MAcChl MIPOSBIISIETCS B TAaHHOW TOYKE Cpelbl Kak
dm _ &, i, = F, j me ] _1dF,

d h(r,+Dr,)° c(r,+Dr,)"° ° R, d
R, =29,9792458 Om, BOJTHOBOE COTIPOTHBIICHNE BAKyyMa.
dg_g1 rm

dt R*h (r,+Dr,)
Tok cMeleHus ¢pedbl OOHAPYKHUBACTCS [IPU TOPMO3HOM (YCKOPEHHOM)
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IBIDKCHHU MacChl B (OpPME H3IYyYCHUS DICKTPOMATHUTHBIX BOJIH B
[POJI0JILHOM HANPABICHUH OTHOCHTENILHO BekTopa yckoperusi [30]. Ero
MOYKHO BHUJIETh Ha dKpaHe OCImiuIorpaga MpH OTHOCHTEIHFHO OOJBIIOM
yIapHOM YCKOPEHHUH. [{j1sl 3TOro Mexy 31eKTpoiaMu, MOAKII0YEHHBIMU
K ocmmuiorpady, MOMENAoT AWAICKTPUK WM MPOBOAHUK. Broib

MacCChbI OTOTr0 IMpeAMETa HAHOCAT JICTKUEC YyAapbl, HaOpuMep,
MCAUIMHCKHUM MOJIOTOYKOM. Honepequ PACIIOJIOKECHHBIE J3JICKTPOIbI,
KOTOPBIC HC IMPpUKACaArOTCA K npeamMeTy, BOCIIPUHUMAIOT

SIEKTPOMArHUTHOE m3nydenne. Ha skpane ocnmmutorpada mosBIsSIFOTCS
HUMITYIIbCHL. B cilydae IMAIEKTPUKA UMITYIbCHI OBICTPO 3aTyXafoT, M UX
CIIEKTP COCTABJISET HECKONBKO JecATKOB x/y. Jlms mpeameroB w3
MPOBOHHUKA MMITYJILCI UMEIOT YacTOTy mopsiaka ml y u o0pasyroT Iyr
3aTyXaroMHX KOJeOaHuiA.

Ha ¢oTo mokasaHbl YYaCTHHKH [POCMOTpa Ha ocumwuiorpade
HUMITYJIbCOB M3ITydICHHSI TIPH YAAPCHUH UAICKTPUKA *CyXxoe JIepeBo) u
TIPOBO/IHAKA (CTEPIKEHD U3 JIFOPAIIs):

s dAETRR ] LIT]

AR 0 e
e R T T T T TN 11]
R T T

Amnatoauii BacuabeBuu B nmaboparopun 3a ucciiegoBanueMm 3¢ddekra
YIAPHBIX YCKOPEHHUIA, COMPOBOMKIAEMBIX dJICKTPHUCCKUM HATIPSHKCHUEM.
CrneBa HaIpaBo:
Buktop BoakoB, CT. Hayd. COTPYOHHK, CICIHAIUCT IO TPaBU- H
HAKJIOHOMEpaM,;

Banentun MexGepr, Bei. HWHXKEHEpP, MacTep <GOJOThIE pPYKH»;
HUrops YiaomoB, cT. Hayd. COTPYIHUK, CIIEHHUATUCT HA BCE PYKH, B TOM
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YUCJIC IO KOMIIBIOTEPAM.

BO3MO’KHBIE IPAKTUYECKHE
TEXHOJIOI'MHU

B caydae, ecnum CTpyKTypa cpeowbl ICUCTBUTEIIHO CYIIECTBYET
OPUMEPHO B TaKOM BHAE KakK ONHCAHO BBHINIC, TO BO3HUKAIOT
(haHTacTHYECKE BO3MOXKHOCTH [UIS YIPABICHHS COCTOSHHEM Cpeobl,
KOTOpOE BIMSCT Ha TPABUTAILUIO, PACIPOCTpaHCHHWE cBeTa W T.m. Ha
CTPYKTYPY MOKHO OKa3bIBaTh BO3JEHCTBHE C TOMOILUBIO H3IY4YEHUs
ramMmma-KBaHTOB, YCKOPEHHEM, IMOCTOSHHBIM M MEPEMEHHBIM MAarHUTHBIM
«rosieM».  YCKOpPEHHUsl B LENAX MX KOMIIAKTHOH peanu3aluy AOJKHBI
OBbITh BpAIIATEIbHOIO TUIIA (EHTPOOCIKHBIC YCKOPECHHUSL).

WznydeHne  ramMma-KBaHTOB  IMOpOXKJaeT  JedopMmaivie  cpedvl

hv=eEDr,. BeposrHo, BbGOp YaCTOTHI ONpEAEISIET CTEICHb

negopmarmu. JloBemeHne 0 POXKICHHS AIICKTPOHOB M ITO3HUTPOHOB
HEXeJaTeJIbHO 10 NPUYMHE CIIy4yaeB UX aHHUTHIISLUH.

BpamarenbHble yCKOpeHHS MOTYT OBbITh BBIMOJIHEHBl KOMIIAKTHBIM
o0Opa3oM, yJoOHBIM /Ul KOHCTPYKLMH ammapara C [epeMelieHHEeM B
MPOCTPAHCTBE 0€3 MCIIOJIF30BAHUS OOBIYHOTO PEAKTHBHOTO JIBHUTATEIS.
[Tpy PTOM yMEHBIIAIOTCSI CHIIBI MHEPIMH. Pa3sroH MoKeT OBITh OYeHBb
ObicTpeIM  0e3 Bpema mis OKHMBBIX cymecTB. Popmyna pacuéra

a, =4p E, S(Dr)?. Iror cnioco6 ssercs HauGomee sb heKTHBHBM

B BUJIy OTHOCHUTEJIBHOM MPOCTOTHI pean3auun. Bo3aMOKHBI TEXHUYECKHE
3aTpyAHEHUs B 3ajjauye NpUIaHHUS BpallEHUI0 HECUMMETPUYHOCTH,
KOTOpasl BBIIIOJHMMA BpAIllEHUEM YacTed ycTpolicTBa B Pa3HbIX
TUTOCKOCTSX, PACTIONIOKEHHBIX IT0]T BRIOPAHHBIM YTIIOM JIpPYT K JIPYTY.

Y100HO HPUMEHHWTh MEPEMEHHOE MAarHUTHOE <II0JIe», MPU KOTOPOM
COYETAIOTCS BpalllaTelIbHble YCKOPEHHS W JeHcTBHE MarHeTusma Ha

JGh
PES

nedopmario cpedst Drg =
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PacueT yckopeHusi Npy1 HECUMMETPUYHOM
BpaLlleHun

Tperuit 3akon HbroroHa: «/lelicTBUE Bcerga BbI3BIBAET PAaBHOE U
MIPOTHBOIOJIOKHOE JieiicTBHEe». Ha ocHOBaHMM 3TOTO 3aKOHA BBEJEHA
LEHTPOCTPEMUTEIIbHAS CHJTa JIJIsl BPAIAIOIIETOCs Tella.
«lleHTpoOeKHAs cHila 10 BEIMYMHE PaBHA IIEHTPOCTPEMHUTEIILHOW CHIe
2
\

— — — 2
Y IPOTHUBOIIOJIOKHA IO HAMPaBJIEHUIO: Frun =m—=ma=mw°R.»

a=(2p f)’R. a:\$. 2p f :\LF;. Pe30oHaHCHas 4acToTa paBHa

6.1094021931et+2, R= 2:34 : =1.0607e-007 wmerpa!

V2
LlenTpobesxHoe YCKOpEHHE: ay, :#R. a,, =20 fV,.

V, =—9 = 4.0715e-4 wicex.
2p f

2.5

15

0.5

3aBUCUMOCTb CKOPOCTH OT LIEHTPOOEIKHOTO YCKOPEHHUS a.
[Tpu yckopeHnn g CKOPOCTh J0JDKHA OBITH OKOJIO 2,25 MeTpa B CeKYH/LY.
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V2
R=-1=0.5155 merpa.
g
Hmuna oxpyxuoctn 3.2390 merpa. O6opor 1.4396 cexynn. Ywmcio

o0opoToB B MuHyTy 41.6782. 3mece M — macca Bpalllarolierocs Tena
(nanpumep, aucka), R — paauyc aucka, V, — ckopoctsb BpaieHus 0601a

JMCKa, &, — LHEHTPOOEKHOE YCKOPEHHE, HAIIPABIEHHOE BJIOJIb PaHyca

B HaIpaBJICHUM OT IeHTpa. [[eHTpocTpeMUTenbHOM CHUIbl HET, 3Ta CUja
eCTh peaKIMs MaTepHaja, U3 4ero CJIeaH Bpallaloluiics 00beKT. DTa
peaxiusi CIEp)KUBAeT paclIMpeHHe MaTepualia M0 HAINPaBICHUIO  OT
HeHTpa BpamieHus K nepudepur (BI0ab HEHTPOOSIKHOTO YCKOPCHHS).
M3rortoBumM cucTeMy JIByX BpaIlarONIUXCS AUCKOB, JUIsl MPOCTOTHI
PacMoIoKEHHBIX NEePIEHAUKYISPHO APYT K Apyry. Cxema npuBeaeHa Ha
puc.

a, cymma
YCKOpEeHU

al
al

A

Huck?2

Ocu BpalleHus

\

a2

v

Crpenku MOoKa3bIBalOT HarpapiieHue BpamieHus mquckoB 1 m 2. Touka O

0003HaYaeT COEJMHEHHE [IMCKOB Yepe3 JJIEMEHThl TPEHHS WM

KOHMYECKOH pe3p00il Tak, 4ToOBl TUCKH BpAIAUCh CHHXPOHHO U
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COIIACHO yKa3aHHBIM HampaBiieHusiM. CII0)KEHUE YCKOPEHH BO3MOYXKHO
Tombko B Touke 0. OYeBHIHO, YTO CIOXKEHHUE YCKOPEHHU B
MPOTHBOIIONIOKHOM HAIpaBICHUH aOCypIHO, TaK KaK TaKoe CIOKCHHUE
NPUBECT K HYJIEBOMY 3HAUCHHIO IIEHTPOOSKHOTO yckopeHus. [loaTomy
9Ta CUCTEMA HUCIHBITHIBAET YCKOPEHME a KaK I'€OMETPUUECKYIO CyMMY

nenTpoGekHBIX yekopenmit al u a2 (a=+/al’ +a2* =1.4142>q,,,)

IpU AUCKaX PaBHOTO JHAaMeTpa. Y CKOPEHHE a MOPOXKIAeT OC30MOPHYIO
CHJTY B IaHHOI CHCTeMe BpalIalonIuxcs AUCKOB. Bo3HUKaeT Bompoc: uem
OTJIIMYAETCS] TPABUTALMOHHOE YCKOPEHNE OT OOBIYHOTO M, B YACTHOCTH,
YCKOpeHHe 000/1a BPaIIAoMerocs: AucKa? ['paBUTallMOHHOE YCKOPCHHE
eCTb pEe3yJbTaT JCHCTBUs T'PAaBUTHPYIOMICH MAacChl, IEpeAaeTcss Ha
paccrosiHue. YCKOpeHHe o000/a BpAaIIAIONIerocss JAWCKAa HUKYAa He
MePeIacTCs, @ COIIYIIAETCs» TOJIBKO Maccoi 000a.

OpnHako, MeXaHWKa KIacCH4ecKod (u3uku ToBOpUT Jpyroe. Ocu
BpallleHUs] 3aMKHYTBI B KOpITyce 0JHOHM KOHCTpyKuuu. [Toatomy, cremys
MEXaHHUKE, HY)KHO BCE YCKOPCHUS (CHJIbI) OTHECTH K MOJIIIHITHIUKAM THX
oceit. Cymma yckoperuii B Touke 0 IODKHA TPOSIBUTHCS B YCKOPCHUU
ocell BpallleHus AUCKOB, PA3ACICHHBIX KOHCTPYKTUBHO B TIPOCTPAHCTBE,
u OynmeT paBHa HYJIIO NPH TEPEHOCE YCKOPCHWH Ha OCH BpalICHUS.
[TprymHa B TOM, YTO OCH JaBSIT HA MOJIINIHUKA PABHOMEPHO COTJIACHO
BCEM  IIGHTPOOEKHBIM  YCKOpPEHHUsAM 0€3  BIMSHUS  YKa3aHHOMH
reOMEeTPUYECKON CyMMbI YCKOpPEHHUH. TOJIBKO OIBIT MOXKET MOJITBEPIUTh
MPAaBOTY MEXaHUKH B BO3MOXHOCTH IEPEHOCa F€OMETPUUECKON CyMMBbI
YCKOpEHHUH K moamumHukaM. Cxema mepeHoca BEKTOPOB JIBYX HCKOB
YCKOPEHHS K Y3JIy IBYX IOALIUITHUKOB, PACTIONIOKCHHBIX ITOYTH B OJTHON
TOYKE NpuBeaeHa Hirke. [lokazaHo, 4TO MEpeHOC YCKOPEHUH U3 TOYeK
X1 u X2 npuBOIUT K IOJHOMY PaBEHCTBY HYIIO CYMMBI BEKTOPOB
YCKOPEHUSI, ACHCTBYIOIIUX HA OOIIUH Y3 HOAIUITHUKOB (CBSI3b C
KOPILyCOM
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\

X2

YCTPOUCTBA).

Eciu Moziens rpaBuTaliii—HepLUn BepHa (a oHa BepHal):

F :G% =X (4pR)’s 1,8 ,ywm F =x (4p R)*S?*(Dr,,)*(Dr,,)*.

1 rpaBUTallMOHHOIO YCKOPEHUSI!

g=4p E,S(Dr)* E, =./Gx =0.774404859 v’ a7,
eO

4pa’r

111 00BIYHOTO YCKOPEHUS 9TO BEPHO?:

f =ma=mxp E, S(Dr)*> u a=4p E S(Dr)* nomyuaem, uro

mo0oe YCKOpEHHE TMOPOXKIAET BeIMYMHY JAe(popMaluu CTPYKTYpHI

2

. B oTom ciyuae B Touke 0 &, =—— u

S= =6.25456357 0" Kymnou/u®*,

Bakyyma Dr =

4 ES

Dry =Vl |— =+ uDr =V, |—t
|4 ER V% ER

B »sToli TOuKe I[e(bOpMaHI/II/I BaKyyMa CKJIaAbIBAIOTCA T'COMETPUUYCCKU
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Dr = /(Dry )? +(Dr,)?

e 1 0
a=4p E,S(Dr¢ +Dr2)=4p E,S(V,5 +V2)6————3i=
pEs ( U c) pEs (\/tU t0)§4pESS?a
_Vib *tVie
R

IMonyunnu  1OYTH YIBOEHHBIM pe3yabTaT MO CPABHEHHIO C OJHUM
BpAILAIOLIUMCS JTUCKOM.

DTOro Henb3s clieiaTh B MPOTHBOIOJIOKHBIX TOYKAX 00EMX TUCKOB IO
IIPUYMHE Pa3HECEHHOCTU UX B IIPOCTPAHCTBE U 3aBUCUMOCTH aMIUIUTYbI

2
nepopManu CTPYKTYpBI Bakyyma oT paccrosaus DI » [— = ﬁ R.

Dr? =1.4142* R

2/sqrt(2) =1.4142

Wrak, kiaccMka MeXaHHKH JaeT HaM OTPHIATCIBHBIA OTBET Ha
BO3MO)KHOCTh CXEMBI C HECHMMETPHYHBIM BpAICHHEM IHCKOB IS
OCYIIIECTBIICHUST OE30TTOPHOMN TSITU TAKKM CIIOCOOOM.

[lpupoga  rpaBuUTanMi U MHEPUMOHHBIX  YCKOPEHWH  JlaeT
MOJIOKUTEIBHBIN OTBET HA BO3ZMOYKHOCTD MCTIOJIB30BAHMUS JAHHOH CXEMBI
st Ge3omopHOit Tiaru. Pacyer mokasplBacT, YTO TPaBUTAIMS 3EMIH
BBI3BIBACT JIe(hOPMALIUIO BaKyyMa

(= 9.81 —1.2695e- 022 werpa,

4p 0.774405>6.2545636 X 0*
AHasnoruunyto jgedopMalnio Bakyyma IOpOXK/IaeT BpallleHHe JUCKa CO
ckopocThio V U paanyca R:

Dr =0.5000 .t =1.2695e-022, t.e. npu paauyce

4p E, S$°0.25

mucka R=0,25 mertpa u ckopoctu ero Bpamienust V=0,5 merpal/cex.
Jocturaercss jgedopManus CTPYKTYphl Bakyyma, COBIIQAIOMIas C

JIEUCTBUEM rpaBUTAINN 3emutn. Yacrota BpalIeHUSs
Vv
v=——x60=47.1239 06/MmuH.
PR
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To, uyTo Ha »dKBarope 3eMJId YCKOPEHHE CHJIbl TSHKECTH MEHBIIIEe
YCKOpPEHHs Ha MOJI0CcaX, J0Ka3bIBAET, YTO YCKOPEHHUE BpAIICHUsT 3eMIIH
BBIUNUTAETCA U3 YCKOPEHHUs cuibl TskecTd. IlosToMy Hamo co Bcei
CEPbE3HOCTbI0 OTHOCHUTCSI K CYMMMPOBAHHIO BEKTOPOB YCKOPEHHs
BPAIICHUSI M YCKOPEHHs CHIIBI TSDKECTH depe3 IeOopMaIfio BaKyyMa.
3aKOHEH BONPOC: CIYTHHUKH IO 3KBATOPY 3eMJIM «3aMeyaroT» BpalleHHe

3emn? Ckopocts  Bpaienusi 3kBaropa 462.9630 wmetpal/cek.
Jedopmarus Bakyyma Ipu BpalieHUU 3eMJIH B pailoHe IKBATOpA!

1
Dr =462,963 =7.4305e-024metpa. T.e B

4p E; S>6378000

17.0850 pa3 MeHbIIIe, 4eM OT IpaBUTAIINH.

IIpumeuanune. B Qusuke HET TEOpUM TrpaBUTAUUMU M HMHEPLMH, HET
cormacusi ¢ MakcBemiom, [epuem, Jlopenmem B mpobieme
pacrpocTpaHeHHUs] CBETa M OTpaHUYEHHUs ero ckopocTu. [IpuBenenHoe
MIpE/ICTaBJIEHNE EIWHCTBEHHOE, KOTOPOE OTBEYAET OJKCIEPUMEHTaM |
pelieHnIo yKka3aHHbIX npobiemM. [Ipemimaraemplii onbIT 1acT oTBet: «Jla
wi Her stoit teopun? Jla wim Her nomydeHuro yckopeHus is
0C30MOPHOI CHITBI IBUKCHHUS 25

NMNosscHUTeNnbHaA 3ameTKa

1.®usuyeckast CYIHOCTD siBJIeHUs (THIOTE3a).

B Teoperudeckoil Gpu3HKe HET «MEXaHU3Ma» PACIPOCTPAHEHUS CBETA U
OTPaHUUYCHUS €T0 CKOPOCTH, KaK B BEIIECTBE, TaK M B KOCMHYECKOI
cpene; HET  «MEXaHW3Ma»  TPaBUTAIlMA—HHEPIHH. Ho B
IKCIIEPUMEHTAITLHON oOyacTi Gu3uku 1 B Gusrke X|X Beka cymiecTByro
BCE NPEANOCHUIKH JUIS THIIOTE3 OTHOCHUTEIBHO CBETa W TPAaBHTAIIHU.
Ipunuun OmwkHeneHWcTBUs TpeOyeT Hajauuue Oco0OH cpeabl uis
nepeiaun BCeX CHJIOBBIX B3aMMOJCHCTBU, N3BECTHBIX B mpupoje. B 30-
€ TOIBI yXKE€ MMENIUCh BCE HEOOXOAMMBIC TaHHBIC U MCCICIOBAHUS
9TOHM cpeapl. B Havane XX Beka TeopeTHueckas (U3nMKa OTKa3ayiach OT
MOJOOHBIX HCCIEIOBAHUH, TaK KaK OHU IPOTHBOPEUMIIN IPHUHSATOH
HapajurMbl OTCYTCTBUSI 3(Hpa, KaK CpPeAbl PACIPOCTPAHCHUS CBETA.
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Ddup okazancst BpeAHBIM TS TCOPH DWHINTEHHA W Beel NajabHEUIICH
Teoperuueckod  ¢gusukn. Ho or 9JTOro CcBET HE mepecTal
pacnpocTpaHsThCsA, a TpaBHTallUs HE TMepecTalia JIeHCTBOBATH.
HccnenoBanusi aBTopa A3TOM Cpeibl IOKa3allo, YTO Cpela HuMeeT
HEBEIIECTBEHHYIO CTPYKTYPY, 00pa3oBaHHYIO 0e3MacCcoOBbIMU
JJIeMEHTapHbIME 3apsyiamu (+) u (=), paBHBIMH 3apsiaM BJICKTPOHA U
no3utpoHa. CBepxMmalioe OTIMYWE BEIMYMH JTHUX 3apsamoB (+) or (-)
o0ecreunBacT UCTOYHHK MPAaBUTAIUH BO BeelleHHOIA.

BzanmopeiicTBue BpamiaTeNbHBIX JIBIKEHUW TaKK€ IPOUCXOIUT C
TTOMOIIIBIO 3TOMN cpesl, 49TO TO3BOJISET npe/oaraTh
MPOCTPAHCTBEHHOE pa3lIMune pe3ysbTaTa CIOXKCHHS BpallaTeIbHBIX
YCKOPEHUI ABYX U 0ojiee PH3HIECKUX 00BEKTOB.

2.JKCHEepUMHTAIIBHOS  TNOATBEpXKAEHHE  rumote3sl.  Kpurtepuw;
COZIepIKaHUE IKCIIEPUMEHTA.

3.CTonMoCTh IKCIIEPUMEHTA (OIICHKA).

4 mpakTU4ecKoe  MCIOJIb30BaHWE  OE30MOpHOr0  JBUTATeNsd B
KOCMHYECKOU OTpaciu (BO3MOKHBIC BAPHAHTHI).

CymiecTByeT BO3MOXXHOCTh BO3ACUCTBHS Ha CTPYKTYPY CpEIbl IpH
MIOMOIIM CO3JAHMSI OCOOBIX XHUMHYECKHX BEIIECTB C HCIIOJIIB30BAHUE
HAHOTEXHOJIOTUH, KOTOpblE B  HAWOOJBIIEH  CTENEHH  MOTYT
IeOpMUpPOBATh CPEAy TaK, KaK dTO MPOHCXOAUT IO BIUSHHEM
OTJENBHOrO  MPOTOHA, KOTOPbIM  CcHocoOeH  pa3pylmiaTb  CBOU
OKPECTHOCTH, POXK/Iasi 00JIaKO U3 «BUPTYaJIbHBIX» YaCTHUI] CTPYKTYPHI.
Bexrop nedopmarin 1aét BEIOOp HampaBieHUs IBWOKEHHS ammapata. B
NPEACTHHOM CIIydae ammapar TepseT CBOWCTBO WHEPIIMH U CTAHOBHTCS
HEBHUIUMBIM.

lNMpumeyaHue no nosody
8eJIUYUH NPoHuuaemocmeu e 0aHHOU KHuUz2e

ABTOp HE IpuIaBal CYyLIECTBEHHOIO 3HAUEHMsI HCIOJIb30BAHHBIM
BEJIMUYMHAM [IPOHULIAEMOCTEN BaKyyma:

146




h =L =1,00000000207 a2 k2" 1e2]

m - MAr"duTHas KOHCTaHTa
cpelsl,

1 i i
X == =8,98755179:40%[a” 2n°ke x4

e - BHCKTpI/I‘IeCKaH

KOHCTaHTa CpPeJibl.
CnpaBoyHHUK CODATA MIPUBOJIUT JIpyrue ONPEICIICHUS
MIPOHUIIAEMOCTEH B BaKyyMe:

— 2 -12 — -7
e, =1/mc? =8.854187817402 m =4p 20"

OTCcyTCTBHE ABTOPCKOTO MOSICHEHHsSI OTXO0/a OT OOIIEIPUHSITHIX BEIUYNH
npoHunaeMocTed B MEXKIyHAPOJAHOW CHUCTEME CIUHHUI ObUIO Obl
CYILIECTBEHHBIM [IPOMaXOM.

B pabore mpuHsTAa KOHLEMIMS TJIABEHCTBA OJJIEKTPUYECTBA HaJ
mMarHeTH3MoM. CTaBHUTh IEKTPHUYECKYIO IIPOHUIIAEMOCTh B 3aBUCUMOCTH
OT MArHUTHOW MPOHUIAEMOCTH ObUIO OBl JIOTMYECKH HEBEPHO. A
CBSI3BIBATH €€ CO CKOPOCTBIO CBETA, KOTOpAs MEHSET CBOC 3HAYCHHE B
KOCMOCE TI0 MEpe paclupOCTPaHEHUs OT 3BE3/Ibl K IIaHETaM, BOOOIIE HU
4YeM He OIpaBaHo.

[TpunsTeie B pu3uKe MPOHUIIAEMOCTH B cucteme [Kg-m-S| mpoTuBopedat
MHOTUM  (yHIaMEHTAIbHbIM KOHCTaHTaM: TOCTOsHHOW [liaHka,
3JIEMEHTAPHBIM MACCaM 3JIEKTPOHA M MPOTOHA, KJIACCHUYECKUM PajIiycam
MHKPOYACTHUI[. YKa3aHHbIC (YHIAMEHTAIbHbIC KOHCTAHTBI OMPE/IC/ICHBI
B TEKCT€ WMEHHO C BBEJCHHBIMH 3/I€Ch MPOHHUI@ACMOCTSIMU U C
HEOOXOMMbIM BOJIHOBBIM COMNPOTHBICHHEM Bakyyma. [IpuBenem s
HarJISIHOCTH pacydeT noctosiuHon [lnanka:

h=2p e’a "' x29.9792458 = 6.6260687652 10 K.

BugHo, 4TO BOJHOBOE CONMPOTHBICHHE, BXOJSIICe B 3Ty (GOpMyIy,
HUKAaK HE MOXeT ObITh BeluuyuHol 376,7. To4yHO Takoe Ke
HEIOpa3yMEHUE CYIIECTBYET W C JAPYTHMH, HCIIOJb30BAHHBIMH 31€Ch,
KOHCTaHTaMH. BaXHO 3HATh MPUYMHY OTMEUYCHHOTO IPOTHBOPEHNSI.
Kaxketcst, OHO OCHOBAHO Ha ONPEIEIICHHH CHIIbI B3aMMOJICHCTBUS IBYX
napauieIbHBIX TOKOB B popMmyiie Amrepa:

AMriep — 9TO CHJIa HEU3MEHSIOMIETOCS TOKA, MPOXOJSIIETO MO JIBYM
napauIebHBIM MTPSIMOJHHEHHBIM TPOBOJHUKAM OCCKOHEYHOW [UTHHBI
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HUUYTOXKHO MAaJOi IUIOLAJU KPYrOBOrO MOMEPEYHOr0  CEYeHus,
pacroyoKeHHbIM B BaKyyMe Ha pacCTOsSHMU 1 M OOuH OT Apyroro,
BBI3BIBAIONICTO HA KAXKAOM YYacTKEe MPOBOAHUKA JIHHOW 1 M cmiry
B3anmozeiicTBus, pasayio 2107 Hbrotom.

[TpeamnonoXuTensHO, BEIMYNHA CHJIBI M JA€T KaK CICACTBUE MPHHATHIM
B CODATA mnpoHUIIAEMOCTSIM, a MarHATHas IPOHUIIAEMOCTb
OKa3bIBAETCS TIEPBUYHOM!

dF = 1[dI,dB] = m[dI,dH]

B oroii  dopmyne  3ampsTan

MHOXKUTEJb 4p B CBS3U C KPYTOBBIM HaIlpaBJICHUEM IMOTOKA MArHUTHOU
WHAYKMU B ans  npsMonmuedHoro mnpoBojgHuMKa ¢ TOokoM. C
OCTOPOKHOCTBIO MOXKHO  YTBEP)KJaTh HMEIOIIEECS PACXOXKJIECHUE
KIIACCHMYECKOTO  OMpEeIeNieHUss CHibl Toka 1A ¢ HOBEWIIMMH
(byHIaMEeHTATLHBIMY TIpeJICTaBICHUSIMEU. He uckimoyaeTcst BO3MOXKHOCTh
oOpaTHOro mepecyéra CHIIbI 2107 HproToH, HMCcX0oasi M3 MarHUTHOM
MIPOHUIIAEMOCTH, CBS3aHHOW € «(pyHJaMEHTAJIBHBIM» 3HAYCHUEM
ckopocTH cBera B Bakyyme. OmpezneneHue BeauuuHbl AMiepa
TEOPETUYECKOE, a HE IKCIIEPHUMEHTAIILHOE.

BMECTO 3AKVIIOYEHUA

CymectByeT 0OJBIIOE KOJIUYECTBO HAYYHBIX PabOT MO TEOPETHYECKOM
¢usuke. [IpakTrdyecku 3a 0003puMOE BpeMsi HEBO3MOXHO IPOYECTH,
HOHTh CTaThM M KHHUIH, HOCBSIICHHBIE (H3UYECKOMY YCTPOHCTBY
Ipupoas. OGHAPYKHUBACTCSI OJHO BAXKHOE OOCTOSATEIBCTBO, IPHCYIIIEE
MHOTUM TeopusiM. ECiii B cTaThe OTCYTCTBYIOT TaKHE MAaTeMaTHYSCKUE
npu€MBI, KaK MHOTOMEPHOCTh MPOCTPAHCTBA—BPEMCHHU, KaK MAaTpPHIIbI,
naHrpamkuanel, GpyHknun Kpucroddens u uM mogo0HbIe, TO 3Ta CTAaThs
paccMaTpuBaeTcs Kak HMEIOINas HHU3KH HaydHBIH YypoBeHb. MHOTHE
(GU3MKM, JIOCTHIIIME  LIMPOKOr0  MPH3HAHUS M 3aHUMAIOIIUE
ABTOPUTETHOE IIOJIOKCHHE B HAYYHbIX Kpyrax, CUYHTAlOT, 4YTO B
OCHOBHOM CO3/[aHa HENPOTHBOPEYMBAs KapTHHA MHPO YCTpOIicTBa.
Octanoch nopaboTaTh MEJKHE JETaad W BCE OYIET COBEPIICHHO
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3aKOHYCHO B MOHMMaHuW (yHKIuoHUpoBaHus [Ipuponsl. Hamexxasr Ha
OJlaronojyqyHoe 3aBepLEHHE JTOH MHCCHMU BO3JIATaloTCs Ha sl
9KCIIEPUMEHTOB C IMPUMEHEHHUEM CBEPXMOIIHBIX YCKOpUTENEeH M Ha
Pa3BUTYI0 MOIIHYIO MaTeMaTHKy. 3HAaKOMCTBO C TEOPETUYECKOM
(¢u3nuKOW TPUBOOUT K IPOTHBOIIOJIIOKHOMY 3akiroueHuio. U rmaBHas
MpUYUHA U1 ATOTO OMpeaeseTcs TeM, YTO:

JIrobas MaTemaTrKa OeccriibHa 0e3 Xopouiel (pH3HIecKOil MOIEITH.
Matemartuyeckas MOJIeNb MOXET WUTHOPUPOBATh BaXKHBIE
JKCIIEpUMEHTANIbHbIE JaHHble. Hampumep, pacrpocTpaHeHue CBETa B
BakyyMe. MckiroueHue U3 3J€KTPOMAarHUTHBIX BOJH TOKOB CMELIEHHS
JUKBUIUPYET BO3MOXKHOCTh UX PaCIpOCTPaHEHUSI.

OTtka3 ot wuccienoBanus 3(upa B Hadane XX Beka HaHEC YpPOH B
noHuMaHue MHorux sBieHwi [Ipuponmel. Teopermueckas (usmka
MpPOSIBIJIA B ITOJTHON Mepe OJIECK M HUMIETY. biieck 3aMeuaTenbHbIX HMEH
B UCTOpHUU PU3UKK XX BEKa, OTMEYCHHbIX HOOEIEeBCKUMH MTPEMHUSIMHU U
MIOJIHYIO HUILETY B IOHUMaHUM peanbHocT [Ipuposl.

Baxnoe wMecto 3anumaer KBantoBas Mexanuka. Tak mpodeccop
Amnppeii Jlunae B pa3BuTHE HHPISIMOHHONW Teopun Beenennoit He cMor
crenaTh e€ BHATHOM 0e3 KBAaHTOBBIX (UIYKTyalui, 6e3 CKaJIIpHBIX HOJeH
3araJJOYHOro MPOUCXOXKIeHUs, Oe3 pa3mepHOocTH Bceenennoit 10 6
HOpsITKa. 3aKOH COXPAaHCHHS JHEPrHH OOOCHOBAI TEM, YTO IIOJHAs
sHeprus BceneHHoil mpu e€ paciMpeHUH COXpaHseTcs — HOpMajbHas
DHEPrUs C yBeIHUeHHEM e€ 00bheMa YMEHBINACTCS MPH POCTE YHEPTUH
BaKyyMa.

IIpocmoTp nuTeparypbl B €€ CIUCKE IMOYTH HUYETO HE Jalo IpH
UCCIIEJIOBAHUU CBETOHOCHOW cpedbl. Camble BaXkKHbIE CBEICHHA
U3BJIEKAIOTCS M3 J3KCIEPUMEHTAIBHBIX [aHHBIX, & HE U3 TEOpHil.
IloaTomy Ha mnepBoM MeCTe€ B CIHMCKE JIMTEpaTypbl I1OCTaBJICH
3aMevaTeNbHbIi cripaBouHuK [1] mo ¢usuke 1964 roma. B mocmeamion
Tpeth XX Beka B 00pa3oBaHMU MO (PHU3HMKE IIIABHOE MECTO 3aHSITH
TeopeTHueckue acrektbl. JlabopaTopHble pabOThl, paHee TIIATEIBHO
COMPOBOXKJIABIIME JII0OOOE MaTeMaTHYeCKOe ONUCaHHEe B Y4eOHHUKaX,
COLUUTM Ha MHHHUMYM B TeopeTnieckux Kypcax Jlammay—JIudmmna.
JlocTKeHus: SKCTIEpUMEHTANBHON Qu3uKu BrieuaTisitonie. Ho naHHbIe
OTIBITOB HCIIONB3YIOTCSI B TEOPHSX CTpaHHBIM obOpasoMm. Hampumep,
ceifyac M3BECTHBI BCETO [[BA DJICMEHTAPHBIX 3JEKTPUUCCKUX 3apsiaa (+) u
(). B ux uncino MoxHO (OPMATEHO OTHECTH HYJIEBOM 3apsijI, KOTOPBIN B
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OPUHLUIE MOXET OBbITh 3aMEHEH Ha CyMMY YKa3aHHBIX 3apsJoOB.
Y n0o0HBIH pUEM OMHCaHUs Ha OCHOBE KBAPKOB MOXKHO HE MPUHUMATH B
pacuér. TonpKko oOHapyKeHrEe KBAPKOB B CBOOOZHOM COCTOSTHUH MOYET
yCTpaHUTh coMHeHHe. OrpaHMYCHHOE YHCIIO 3apsAoB, NPUXOISIICe Ha
gucio wmacc OTKpBIThIX Oonee 2000 wacTui, MOPOXKIAET Ipyroe
COMHEHHE. SBJISIETCSA JIM Macca YacTHULl HACTOJIBKO OCHOBOIMOJIATAIOIUM
KpuTepueM, kak 310 npussto B CrangaptHoit Moaenu (CM)? ITostomy
MOMCK YacTHULl XHUITCa, HAaXOXJEHHE KOTOPBIX MPUHATO B KayecTBe
OCHOBHOU TipoBepku BepHOCTH CM, CTONB )K€ COMHUTEIEH.

[Tpobiema rpaBUTALINY, IO MHEHHIO aBTOPA, OCTACTCS IIEHTPAIEHON U He
pemienHoii. He pemenHod  mpoOiemoit Hapsiy C  3amaden
pacnpocTpaHeHus CBeTa B MPOCTpaHCTBe. B o01eil Teopun rpaBuTaniu
UCIIOJIb30BAHO MIOHATHE MPOCTPAHCTBO—BpeMsl B KauyecTBe
CaMOCTOSITEJIbHOM KaTeropud B YCTPOHCTBE MHUpaA. IJTO MOJOKEHHE
MPOTHUBOPEUUT MaTepHalibHOU cymHocTH [Tpupoasl. OObEKTH MaTepuu
OIIPECNSIOT MPOCTPAHCTBO, a MPOIECChl (IBWKEHHE) B HUX XOJ
BpemeHu. OIHAKO, B TEOPHU Bce BpeMsl (UTypHPYET 3Ta KaTeropus,
OpsAMO He CBsizaHHas ¢ BemectBoM. Crathst [2] sBIsieTCs OuYEHb
MOKa3aTeJIbHOW B KayeCTBE OTPULIATENILHOrO MpuMepa. Teopuu CTpyH U
CYNEpPCTPYH, KaK U TEOPUH KBAHTOBOUM T'PABHTAIMH, CYIIEpP TPABUTALUU
JEMOHCTPHUPYIOT TPUMEpPHl TOTO K€ Tmopsaka. [maBHOe B HHX!
CTpEeMJICHHE ONHCaTh H II0 BO3MOXHOCTH TOYHO YIOBJIECTBOPHUTH
HaOMIONEHHBPIM ~ JaHHBIM C  IIOMOIIBIO  CJIOXKHOW  MaTeMaTHKH.
JIroGonbITHOE Mpu3HaHue caeinano B [31] B oM, uto addexr Canbsika
OJIMHAKOBOW TOYHOCTBIO OMNMCHIBAETCS C TIOMOLIBIO PEIATUBU3MA U
a¢upa. Ho BeIBOX clienaH B MOJB3Y MEPBOTO. ..

WutepecHsl  paboTBIl 1O  OTKIOHEHWIO CBeTa B KOCMOCE
rpaBuTHpyomuMeu oobektamu [3, 24]. Be3ycioBHO, HY)KHO yYHTHIBAThH
HaOmoaeMble 3(Q(EKTHl OTKIOHEHWH W MUKpOJIMH3UpoBaHus. [lpu
obcyxnennn Ha (GopymMax I3TOW TpOONEMBI BBIICHHIOCH, 4YTO
NpeACTaBICHHAsT 37eCh (U3UYECKash MOJIENb OTKIOHEHHS HE BCerna
KOOBl cOOTBeTCTBYeT HabmogeHusm. Opnako B pabore [24], kak
0Ka3aJIoCh, 3a7ada OIpeesieHus OTKIOHeHHs cBeTa IOmuTepom emie He
peleHa, a TOJIBKO COCTaBICHa CTpaTerus OyayIIero OmbITa.

B cratee mpuBeneHa TeopeTHUecKas BEIWYMHA 33JCPKKH  CBETA,
npoxosiero Mmumo FOmutepa. OHa oneHuBaercst kak 1 Microarcsec.
@®opmyna (16) mo3BoNSIET TAaKXKE OLEHUTH BpPEMsl 3aJEPKKU CBETa,
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npoxozasuero auamerp Mumo IOnutepa. DTa  3agepkKa paBHa
0,0100050 MHKPOCEKYHI MO CPaBHEHHIO C IPOXOXKICHUEM CBETA B
CBOOOIHOM KOCMOCE.

B mpuBenenHoli nuTepatype €CTh OPHTHHANBHBIC HIIEH OTHOCHTEIHEHO
npupoasl (puzMyeckoro Bakyyma. Ho HM omHa W3 3TUX HICH He
OpEAINoNaracT Omopel Ha ()akT MPEBpalIeHUs TaMMa-KBaHTa B Mapy
3JIEKTPOH—TIO3UTPOH.

Oco6o Hamo Beyienuth [27, O. YUTTEKEP]. Ucropus wuzaeit sdwupa,
TOTOBOTO K PAaCHpPOCTPAHCHUIO CBETa, OYCHb IOKA3aTeNlbHA M JIOJDKHA
COCTaBHTh 3aMETHYIO YacTh IAaHHOM palOTHI, KOTOpas CIyXuiaa ObI
HCTOPUYECKUM OOOCHOBAHMEM HIEU CTPYKTYPHI CPEeAbl, OTBETCTBEHHOM
3a pacmpocTpaHeHue cBera. OmpaBaaHWeM OTCYTCTBHS JTOM YacTH
SIBISICTCSL TO, YTO Cpela HeceT OOJBIIYI0 (PM3UUECKYIO HArpy3Ky, 4eM
nro0ast M3 MPOILIBIX Teopuid 3dupa.

ABTOp HafZIeeTCsI, YTO JOCTATOYHO IHUPOKUHA KPYT (pru3ndeckux mpodiem,
KOTOpPBIN 37IeCh TMPEJCTAaBJICH, SBHUTCS XOPOIIEH WILIIOCTpanuei
BO3MO)KHOCTEH, OTKPBIBAIOIIMXCS BBEACHWEM KOCMHYECKOH Cpersl.
I'nasnvim aenaemca mo, umo abCconOMHO 6eCb Mup, U Mbl emecme ¢
HUM, OcHoéan Ha 31eKmpomaznemusme. Huoe npedocmasnenue o
IlIpupooe ob6azamenvno npugedem K Ja0dxcHoIM meopusim. CaMbIM
JY4IINM B 3TOM ciiydae Oy/eT 0OBIKHOBEHHBI HHKEHEPHBIN pacyer.

Dark Energy and Matter in the Universe

A.V. Rykov

We will begin with quotations by well-known Russian scientists
regarding the nature of "dark" energy. No better references exist in the
literature:

Dark energy - a surprising phenomenon of nature - has been found in
observations of supernewstars flashing halfway to horizon of the
universe. It creates "antigravity" which is shown in the accelerated
expansion of the universe as the whole. Because of this global effect,
dark energy was postulated by two international groups of space-
observersin 1998-99.[ 1]
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What are the properties of dark matter and energy? What data from
space-observations testify to their existence? What does it say from the
point of view of microcosmic physic? What are the prospects of studying
the phenomenon under terrestrial conditions? The universe expands and
galaxies separate at speeds that are proportional to their distances from
us. Soace is extended in all directions. Today, this rate of expansion is
insignificant compared to earlier periods. It is estimated that all
distances will be doubled in approximately 15 billion years. The density
of substance in the universe also decreases and will become more
rarefied in the future.

The red-shifted wavelength of light directly testifies to the stretching of
gpace and the expansion of the universe. This phenomenon was observed
by E. Hubble in 1927 and has served as the experimental proof of the
expansion of the universe, predicted three years earlier by Alexander
Fridman. The characteristics of dark energy are in dispute. It is known
to be distributed in regular intervals, has low density, and does not
operate by means of fundamental types of interaction, with the exception
of gravity. [2]

A feature of "dark" energy is the surprising connection of the energy of
expansion of the universe with the phenomenon of gravity. As Pall
Davis, the popular writer of physics states,[3]:

At the moment of birth of the universe, corresponding to 1 second... The
speed of expansion would differ from the real value by more than 107,
and would be enough for the full destruction of the balance (between
gravity and expansion).

From these comments, there follows one very rigid conclusion: to know
the nature of dark energy, it is necessary to know the nature of gravity.
This has been investigated much more fully since the time of Kepler and
Newton. The ability of light to be propagated in the physical vacuumis a
new insight into the nature of gravity. The term "vacuum' is very
misleading. We shall replace with the concept of the environment of the
universe, which is responsible for dark energy and matter.
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In physics, the phenomena of transformation of energy of a photon into
matter and antimatter is well known. In particular, a gamma wave with
energy greater than 1,022 MeV forms an electron—positron pair. To be
more exact, the energy should not be less than hv = 1.031 MeV so that
the electron and positron will have scattered without the possibility of
immediate annihilation, and without the participation of extraneous
particles. On this basis, the electric structure of the environment is
logically deduced. Most of the general parameters of the structure of the
environment are, as a first approximation, determined from the energy
eguations:

hn =e EDr, )

Here h — Planck's constant, v — frequency of the gamma — quantum, e —
dementary charge, E_ — intensity of the electric field of the

environment, f=gE_ force, Dr._ a path of the moving charge of the

environment under the influence gamma — quantum energy. We shall
define the intensity of an electric field, where N — unknown factor as:

E=Nx2
I

e

)

Fe _ Distance between charges (+) and (-) which is not known at
present. At the passage of a wave of gamma - quantum deformation of
the environment whose value depends on the cyclic frequency of awave,
w=2pn

established:
Dr, =2pvr.t, ©)

Let us substitute the intensity from (2) and the deformation from

h=2p Ne(fxi
r/t

e Vv

and time t of a passage, the distance between charges is

(4)

It is possible to assume, that r/t, =c=yhx

determine number N:

h _137.035099815=2 "

N=——m——
2p €4/x Ih

— speed of light. We shall

()
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— 7
Where h =1.000000000>40

environment,

— 9
X =8.98755179+40 [&m'kg?s® ]- An electric constant of the
environment. The unknown number returned the value of the fine
structure constant. The equation of energy of a photon for the frequency

[m kg g— a magnetic constant of the

of a conditional « red border » Ve and the potential electric energy of
an electron—positron air:
— eO2 —_ -1.2 _ 13 (7)
w=Xx-—=>=2pa eV, x/h =1.649369400 ]
e

The frequency of the gamma-quantum for « red border » pays off in (7)

— 20
and it appears as Vip = 2:48921340 Hz. The €electric intensity of the
environment between charges (+) and (-) is
E=1,008552:10° V/m. From (7) we find the value of a structural
element of the environment, and from (1, 2) the limiting deformation of
it:

c .15
r=—=1.398763140
° 2palv, meter
V. rla ©®
Dr, = rbz e” =1.020726744X0"
e meter

The environment, having electromagnetic structure, can be a source of
gravity and inertia. It is enough to assume, that the environment has a (+)
or (-) surplus charge. The charged environment, with the help of
Faraday’s induction, is capable of polarizing any material bodies and
drawing them together. This is proven in that the electrified subject
draws uncharged objects. It is possible to assume that the charge of the
environment is formed by an infringement on symmetry in amounts of
(+) and (-) electric charges. Probably, the difference in the values of
charges is determined by the ratio of Newtonian and Coulomb forces at
equal distances from the electron mass:

Jx De* =J/Gm¢; De* = F mE =7.849019440 (10
X
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Because of the lack of material objects in the universe, Coulomb forces
of the charged environment create “negative pressure’, which is
responsible for the expansion of the universe (dark energy). Note that the
force of gravity is less than the electric force by approximately 10%
times. This can be determined precisely, substituting the electric charge
in equation (10). The difference in values of the (+) and (=) chargesis
equal to the difference in the charges of an electron and positron to the
21% power.

The structure possesses the ahility of polarization, which is the reason for
the attraction of all massive bodies. Newton's formula for gravity
becomes:

MM
F=G—}~2 _X(4pR) SiSa (11)
R or

F =x (4p R)?S*(Dr,,)*(Dr,)*

Polarization > 12 is created by the first mass at a point on the second

S 21js created by the second mass at a point on the

first. Deformation of the environment Dry, is created by the first massin
the center of the second mass, and the deformation of the environment

Dr21is created by the second mass in the center of the first mass. For
gravity, the essential property of the environment is a small differencein
the values of the (+) and (=) charges. It results in a rough schematic of
gravitational interaction:

mass, and polarization

.. —— (+massl+)— ——(environment) — — — (+mass2+)——.

It evidently shows if the charged environment has a surplus of negative
charge, masses are attracted. In absence of masses or in the empty space
of the universe, a Coulomb repulsion or expansion of the universe is
effected. This can be named as the "dark" energy of astrophysics. For
real electric charges with values 1041 times more than the differences of
the value of (+) and (-) charges of the environment, interaction occurs
under the circuit:

.. + — (+charge +)—+—+—(environment) +— + — (+charge +)—+..
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Is arepulsion of charges of one sign (minuses between charges are more
then plusses),

...t (charge -) +—t—(environment) + — + — (+charge +)—+....

Is an attraction of charges of aifferent sign (an equal quantity of minuses
and plusses between charges).

Thus, electric and gravitational interactions are carried out only with the
help of the environment, and are taking place between interacting
objects.

Instead of R. Feynman’s diagrams where virtual particles are entered, the
physical structure of the vacuum is substituted.

Current of displacement for light propagation at the environment

It is accepted that any material bodies or physical fields can propagate in
absolute emptiness. Any physical field is born by materia carriers
(electric charges, movement of charges and masses). Only with the help
of the material carriers can physical fields be found. “Physical fields can
be distributed in absolute emptiness!” This is the representation in XX
century physics regarding the propagation of any electromagnetic wave,
and here the simple logic of physics breaks down.

Light can only be carried by electric charges, both in substance and in
the environment. In substance, charges are in continuous motion.
Therefore there is a dispersion of light, and also the mass of charges,
possessing inertia, reduce the speed of light. In the environment, electric
charges occupy an inflexible space, do not move, do not change
amplitude, and have no appreciable inertia.

Therefore light in the environment is not dispersed, and speed of light
has a maximum value. In the propagation of light, electric charges have
displacements which are accompanied by Maxwell displacement
currents. The displacement current is obligatory for the connection of _
and amplitudes of light waves.

Let's find the connection between _and _ amplitudes with displacement
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currents for the propagation of light in the environment. With
fluctuations of material charges there is an involvement with the
movement of charges of the environment under Coulomb’s law, which
forms the phenomenon of light. The amplitude of a displacement current:
_ ¢ éd(Dbr)u
“"Dr, & d Ha formed by the displacement of an elementary

charge (+) or (- %

. éd(Dr) &
atdistance ~ ' withaspeed & (it Ha

Amplitude of the speed of displacement of a charge is

&d(Dr)u _
§ o f 2P VDY. \uhich is defined by the sine wave character of
light Dr =Dr.Sn(2p v>¢). A displacement current after substitution

. As a result, the

i = eo —
of amplitude speed: Ja=2p DraVDr =2peyv

a
displacement current depends only on
an elementary charge and the frequency of light. To a displacement

current, it is probably possible to apply Ohm'’s law: U.= 1R . On the

U, = EaDra. From here we find, that the electric

. Rie

intensity of awave of light is equal: E.=1a Dr. V/m.
a

other side we have:

Here, the only resistance is the wave resistance of the "vacuum" (an

_ X _E_
impedance of the "vacuum'") , Riave = \/h: “H 29,9792458[ Ow]

The impedance has the value in physics, of 4[0and is not removed. It
changes all fundamental constants in the international system of units,
including Planck's constant. Therefore wave resistance of the
environment is 4Jtimes less than that accepted in physics. Substitution
in the formulafor electric intensity gives:
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_2pe, _ &c _ 20
E,= DT, V\/I‘]:—?Rme =7.359755%40 v/

Intensity appears a constant for all frequencies of light and depends on
the speed of light, which is defined by gravitation. The magnetic
intensity of light, in view of the expression for wave resistance, will be:

H, \fE = Ja Fé”"”e\P:—-245495006>4_019
r re

The huge amplitudes of E and H are surprising. It is necessary to
remember, that al electromagnetic waves are generated by electric
charges and basically by electrons. Electric intensity of the electron

E, =X -2 =7.3597584:40%
re

itself: —® V/m. This value coincides with
eectric intensity. The relation of electric intensities of light and the
Ea
—==a

intensity of the environment is: E
The capacitor

The capacitor is capable of carrying an alternating current. How can
there be such a physical phenomenon? Usualy, a dielectric is placed
between the conducting plates of a capacitor. In the

elementary case, this is simply air. How does a dielectric differ from a
conductor? There are no free charges in it. There are only connected
charges in the structure of a dielectric. So how it is possible to explain
the phenomenain the capacitor? It can be explained only with the help of
displacement currents introduced into theory by Maxwell. The
displacement current speaks for itself: it is formed at turns and
displacement connected to atoms and molecules of electric charges.
Therefore the capacitor keeps an electric charge. It is necessary to close
the plates as the charge induced on the plates from free charges, forms a
natural current, unloads the capacitor, and electromagnetic forces return
the displaced charges to the condition of initial balance. Presence of the
connected charges in the vacuum proves to be true by simple experience.
The usual "air" condenser represents the capacitor in the "absolute"
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vacuum and carries an alternating current in a circuit. The conclusion —
without the connected charges and displacement currents formed by
these charges, a capacitor is impossible. From here there is only one
conclusion: any vacuum has connected charges, capable of forming
displacement currents.

Conclusions

1. The displacement current of the elementary charges of the structure of
the environment is necessary for the maintenance of electric and
magnetic amplitudes of light.

2. The relationship of electric and magnetic amplitudes of light is
constant and also does not depend on the structure of the environment. It
isequal to awave resistance of the vacuum

3Amplitudes of light do not depend on frequency.

The full stream of a magnetic induction behind a surface s in the form of
avector B is not zero only in that case where the mass continuum exists
in the environment, limiting the speed of light by its inertia. The
structural element of the environment is 37832 times less than the radius
of an atom of hydrogen. Therefore, light in a substance passes mostly
between particles of the substance and is supported only partially by the
charges of the electrons and nucleus, which possess appreciable inertial
properties. The inertia of the substance reduces the speed of propagation
of light. As a result, the effective speed of light in a substance is lower
than the speed in the environment. This proves to be true in experiments,
and is also observed when the partial convection of ether is found in the
movement of substance. Light is transmitted by elements of the
substance and the environment remains motionless. Justification for
ignoring the environment in the propagation of light is found in the
results of the M.-M. experiment. These experiments could only reved
the displacement of light by the principle of “star aberration” for a cross-
sectional placement of the interferometer. Longitudinal positioning could
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not detect movement of air owing to the summing of equal Doppler
effects. A rotation of the instalation showed a small constant
displacement of interference lines which was considered a mistake.
Actually this effect is confirmed by well-known experiments.

The dark matter aspect of the structure of the environment is not
sufficient to investigate the mass continuum. It is responsible for the
delivery of "material" for formation of masses of al particles of matter
and antimatter, and for the restriction of the speed of light by inertia,
with the help of

indissoluble connections of the charge and mass of the environment. The
nature and essences of electric charge and mass of elementary particlesis
not known to physics

at this time. This impedes progress in the knowledge of Nature. Here we
shall try to find connections of parameters of the environment with the
mass of the electron which we shall consider the elementary mass.

From formulas of Newton and Coulomb, it is easy to determine the
following parities for elementary mass:

2
M =——=01003818850x0 *[kg]
2(r,+Dr, )X
. 62 -31
f= % -91093818845:10% [k
™ o, +Dry)h ]
me= %P =9100381886110% kg
2(re + Drrb)c .
. h h _
> 2pca *2(r,+Dr,) ) 2p Rea™ =9:109381889 40" kg]
e rb
F? x _

—- =—=38.987551790 0% [W]
(0] h -
of magnetic induction which is connected to the quantum of stream F

accepted in physics under the formula:
F =F,/a 'p =4.803204240™" W
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h=2p ega'l\/g:Zp e§a'1£:2peoFa'1
h e

Thus, Planck's constant is strongly connected through the elementary
charge and quantum of a stream of magnetic induction, and through
them, to elementary mass. It is probable, that all the information stated
here testifies to necessity for the recognition of a structure of the
environment as a source of dark matter and energy, and also as a source
of gravity known to us, and the structure necessary for propagation of
light.

Let's determine speed of light from the dependence of relations of
squares of a stream of magnetic induction and an elementary charge:

F? F_|b
21 = =2 -h__ = cros
h e’ hx=c . Speed of light: ¢ heo p » Where
b°f<JS[kg.m'1.s'2 — the module of shift of the environment. We can
2
- bCfOS eO
determine density: h2F 2 . Itisnecessary to find out the module

of shift. This is determined from the maximum force for stretching the

environment at the limiting value:
2

(S .

f e Doos Fe (D) =X r_02 ] =117.888954% | ion.
e

The angle Uis determined by the inclination of a quarter of a sinusoid of

a maximum “red boudoir” wave,

. _2Dr . _ 4
J —a—lre—10650271>§1.0 Radian

—_ 29
From here we receive the module of shift: b°f°s =8.7959140 .

Density of the environment of space: p=9.786769 10 kg/m®. This
density of "dark" matter does not correspond to our representations about
density of substance. It is possible to define it as an analogue of density
of substance whose inertia limits the speed of light in afree space.
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