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IIpeaucaosue

Knwura «O MupoycTpoicTBe, Koutaiaepe U TOKaMake». JTO NepBasi KHUra O HOBBIX 3HAHUSIX
MUPOYCTPOMCTBA M3 LIMKJA HAay4yHbIX (paHTazuil Adanacusa Kuma o Equnom mupe.

B kHure npecrapieHsl NepBUYHbIE 3HaHUs O cBoiicTBax Hedusnueckrx sHepruii Ha OCHOBe
3aKOHOB KJaccuyeckoi pusuku. OO0CHOBaHBI BO3MOKHbIE ONACHBbIE IPOOJIEMBI 1S YEI0OBEYECTBA
B Cllyyae CHCTEMHOIrO HapylleHusl ycrtaHoBuBIIUXcsS B Ilpupone ycioBuil OOHOBJIEHUSI MaTepuu
BcenenHol BO B3aMMOJENCTBUAX (PU3NUYECKUX U He(PU3MUECKUX SHeprui EnquHoro mupa.

B kyaccnueckoit (pu3MKe OTKPBHITH eCTeCTBEHHbIE MUpOBHIE NocTossHHbIE [I. Ctonm (1881),
MEHBIINE HA MOPAAOK IUIAHKOBCKMX MMPOBBIX NOCTOSAHHbIX. Hu Bo Bpemena Cronu-IlnaHka, Hu
B HacTosilee BpeMsi, TaK 1 He HaliJleHbl 000CHOBAHUSI HOBBIM MOCTOSIHHBIM, He BCKPBITA
HX CYIIHOCTb. MBI Hallu1 1pyrue (pu3nYecKre 3aBUCMMOCTH, TIOATBEPANBIINE MUPOBBIE KOHCTAHTBI
CroHM, KOTOpBIE Ha3BaJIM ATOMHBIMU IJIAHKOBCKUMU ITIOCTOSTHHBIMMU.

ITouck cyTy aTOMHBIX IUIAHKOBCKMX TMOCTOSIHHBIX MO HOBBIM 3aBUCUMOCTSIM HPHUBEN K MOHU-
MAaHHIO MHTETPAIBHOTO BJIMSIHUS MOJEH Pa3IMIHBIX MPUPO] Ha (PM3MUYECKUE MPOLIECCH M K HE0OXO-
JAUMOCTH PACCMOTPEHMs BUAMMBIX MPOSIBJIEHUH CBs3el Hepusnueckoro B (pusrueckoM. Ilocnenyio-
MU UCCIIEA0BAHUAMHU OOOCHOBAHO:

* B3aMMO/IEIICTBYE MarHUTHBIX MOHO-TIOTOKOB C BbleIeHHOW 30H0M Témuoii matepun — TM ;

* co3nanue B TM( epBUYHOIO JJaBJICHUS;

* (hopMupoBaHUE NEPBUYHON MPOCTPAHCTBEHHOW MaTepUM B BUE COBMECTHOM Mpo-pusnye-
cKoM yacTtulpl — TMy.

Pa3eutue Takoro nonumanus IlpocrpancTs 1 MmaTepuy nNo3BOJNJI0 YBHAETh U pac-
CUHUTATh OrPOMHbIE MOIIHOCTH He(PU3HYECKOro MUPa 1 NNPHCYTCTBHE €€ SHepruil B 4acTH-
nax (pu3n4YeCcKol MaTepuu B CBEPHYTOM COCTOSIHHM.

Jlornueckoe npencrapiaeHre He(pU3NYECKUX CBOICTB SHEPrUil Ha OCHOBE MX IPOSIBJICHUIA
B (PU3MUECKOM MHUpE, U UX KOCBEHHOE MOATBEPK/IeHUE (PU3NUECKON HAYKOH, TpeOyeT pa3BUTh UX
10 COCTOSIHMSI METOIMYECKMX MHCTPYKLMH C LIeJIbl0 BepU(PUKALIMU HAYYHBIX IKCIIEPUMEHTOB U UCCIle-
IOBAHUI:

* 110 KOHTPOJTIO ITyOMHBI MX O€30IacHOro MpoHMKHOBeHus B [Ipupony;

* 110 YTOYHEHHMIO OE30IMaCHOCTH TUIAHUPYEMbIX METOJIOB MCCIIEIOBAHUIA;

* 10 HEJJOMYIIEHUIO HAapyIIeHNsI CHCTEMHOM LIEJIOCTHOCTH IIPUPOIHBIX YCIOBUI B OOHOBJIEHUN
Matepuu Bo BceneHHOil.

I[pencraBneHs MOJEIN YACTHLL, CYOCTAHIIMOHAIBHOCTH [IpOCTpaHCTB 1 MaTepuy Ha OCHOBAHUH
eMHBIX CBOICTB (PU3NUECKOro U He(pU3MUECKOT0, MPEIJIOKEeHbl OCHOBAHMSI 10 MEXaHU3MaM OOHOB-
JIEHUs1 MaTepUu U pecTpyKTypusarmu [Ipuposnsl.

Ha ocHoBe Mopiesnielt a/1eKTpoHa, MPOTOHA M HEUTPOHA 0003HAYEHA KOHLIETIIS CTPOSHHSI MHO-
TO2JIEKTPOHHOI'O aTOMa, €ro s/1pa, MeXaHu3M (pOPMUPOBAHUSA TPOTOHOB U HEUTPOHOB, COBMECTHOE
UX aJPECHOE YIPABJIEHHUE S-IEKTPOHOM U COBMECTHOE (DOPMHUPOBAHNE HEMTPOHOM M JIEKTPOHOM
HaBEJIEHHBIX SHEPro-LIEHTPOB B (p—d—f—) MIIOCKOCTSX aToMa.

IIpennoxeHo npencrasienue cucteMsl [Ipocrpancts u cuctemsl [IpocrpanctBenHoro Pazyma.

B Ilpupone IIpoctpancTB U (hOpMUPYEMBIX MU MAaTEPUI, U SHEPTUii, MPEIOKEHO MTPEACTaB-
nenue o Enqunoin [Tporpamme ux passutus, noqunHeHHor Exunoit e ooy [Tpuponast. 1o
TO, YTO 14 Hac sABjsercs [IpoBuneHueM, boxecTBeHHbIM.

OO6ocHoBaHO, uTO TpH IU(depeHInay BelecTBa, KakA0€ BEIIeCTBO HAAENseTcsi BO3-
MOXKHOCTBIO HEKOTOPOM aKTHBU3AIMU CBOMX HEMAaTepHAaJIbHBIX MPOCTPAHCTB, M 00J1a/1aeT SHEPruen
Pazyma B TOIl MUHMMAaJIbHOW Mepe, KOTOpasi MO3BOJISET YIPAaBJIATh STUM MarepHajbHbIM TEJIOM
co croponsl [Iporpamm Beiciiero Pazyma Camopassutus ITpuponp.
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OTa KHUTa — 3TO KPaTKoe Npe/icTaBjeHne 0CHOBHBIX Hjeil o o6pa3oBannio pusnye-
ckoii yactu Equnoro mupa. Mbl HazieeMcsi B ClIelyIONIMX KHUTAX MPeJCcTaBUTh Oosiee MogpoOHbIe
00OCHOBaHMSI CUCTEMHOT'O €IMHCTBA MUPOYCTPOKCTBA U O0JIee YTOUHEHHOE UX TOJIKOBaHME.

Bce nionu 3HAIOT, YTO B MX OpraHM3Me MPOUCXOIUT TOCTOSIHHOE OOHOBJIEHHME KJIETOK M Hapy-
IIIeHUe YCJIOBUH MX OOHOBJICHHSI MOXKET IPUBECTH K JieTaibHOMY ucxony. [louemy ke MbI Tak 6€3-
JIYMHO U 0e30TBeTCTBEHHO OTHOCHMC S K cBoeii Iliianere, k cBoeil cpese oonTanus?

OtcytcrBre 3HaHui 0 EquHOM Mupe paspelaeT CO3HaHMIO YeJloBeKa IUIaHUpOBaTh rpydoe
BMEIATEIbCTBO B YCTAHOBUBIIIMECS TIPUPOIHBIE TIPOLIECCH IO OOHOBJIEHUIO MaTepuu Bo BeeneHHoid,
He 3a00TsCh O MOCE/ICTBUSX UX Pa3pyIICHUH.

Ora KHUra npejjaraer nepBuYHble 3HaHus o EnnHoM Mupe, Kak npeaynpexJeHue YYEHBIM
0 HEOOXOIMMOCTH OCO3HAHUSI €IUHCTBA (PU3MYECKOr0 U He(PU3MUECKOTO, M OCO3HAHHSI OrPOMHOU
Y OIACHOHM MOIIHOCTHU 3HEpruil Hepusmueckoro Mupa. M 06 ux orpoMHON OTBETCTBEHHOCTH Tepes
YesloBeYeCTBOM 32a CyapObl Mupa u [TnaHeTsl.

B 3aksioueHny KHATY MPEICTABICHbl PACUYETH U BBIBOBI [0 TEM UYJOBHUIIHBIM MOIITHOCTSIM,
KOTOpbIE MOTYT OBITh aKTMBU3MPOBAHBI YETOBEYECKOW JESITEbHOCTBI0. MBI MTPOCUM BOCIIPUHSITH
3TU Pacy€Thl U HaIIM NPeLyNpekJeHUs HE 32 OUYepeJHYyI0 Muap-aKUuio, WIA PeKJaMHYI0 KamIa-
HUIO, & BHUMATEJIBHO MPOYUTATh OOOCHOBAHWU S, BHITIOTHEHHBIE HA OCHOBE MOHSTHIA OOIIEAOCTYITHBIX
¥ TIPU3HAHHBIX (POpPMYJT KJaccudeckon (pusuku. [IpencrapieHHbie MEXaHU3Mbl 0OPa30BaHMUSI OTPOM-
HBIX MOIIHOCTEH He(pU3NIECKON SHEPTUM U UX BO3MOKHbIE TIPOSIBJICHUS B HallleM mupe Bam OynyT
MOHSTHBI, ¥ BB IpuU3HaeTe, YT0 MBI MPABHI.
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BBenenne

B HOBBIE 3HaHMS 0 EHOM Mupe 1 0 ipodiieMax eCTeCTBEHHOTO OOHOBJIEHH S MaTepru Bo Bee-
JIEHHOM.

VBa:kaemble yuenbie Ilnanerst 3emis!

VBaxaeMple y4éHble N0 (PU3MKE U MO BCEM JPYIMM CHELUAIBHOCTSAM, IPUBJICYEHHBIE IS
paboThl Ha coBpeMeHHbIX Koyutaiiaepax CERN! Bel — camble BHICOKOKBaIM(PUIIMPOBAaHHbIE ClIElra-
yvctsl Ha [Inanere 3emiis, u 'y Bac camble MHTEpECHBIE U yBJIEKATEIbHbIE UCCIIEN0BAHNS, O KOTOPBIX
MOHO TOJIbKO MeuTaTh. Yects Bam u xBasa!

Mm1 riyboko yBakaem Bac, HO BbIHYXkIeHBI 00paTUThCsl K Bam, utoOsl monenuthest ¢ Bamu
HallMMU 3HaHWAMM, HAKOIJIEHHBIMM HAMU ¢ MOMEHTa 3arycka bonbimoro Anponnoro Komnannepa
B 2008 rogy. DTy 3HaHUA HAC OYEHb TPEBOXKAT B CBA3M C BalmmMmu 3arlaHMpOBAHHBIMU KCIIEPU-
menTamu Ha FCC — konnaiinepe Oyaymiero [1], u Omkaiiiem 3armycke ero IJ1aBHOrO CTPYKTYpPHOTO
YCTPOWMCTBA — TEPMOSAAEPHON ycTaHOBKM ToKamak T-15MJI [2]. Mm npyroro Tokamaka, KOTopeiM Bel
pelmte Bocnob3oBaThes, eciau T-15M/]], no kakuM-To npuurHaM Bamu OyzieT OTKJIOHEH K UCHIOJb-
3oBanmio B [Iporpamme FCC.
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OCHOBHOH epeYeHb HOBBIX 3HAHUI 0 He(PU3NUECKOM

1. Mupossle pusnyeckrie KOHCTAHThl UMEIOT IBOVCTBEHHbBIE 3HAYECHUS:

* TSI JIOKQJIM30BAHHOTO (PU3UYECKOTO MPOCTPAHCTBA — OOIIEU3BECTHHIE;

® /1JIs IEPEeX0/JHOr0 B HeJIOKAJbHOE COCTOsIHNE NIPOCTPAHCTBA — Apyrue, HO paccym-
ThIBaeMble Ha OCHOBE M3BeCTHBIX (DYHKI[HI KJIacCH4eCKoil (PU3NKH;

2. CyiectBoBaHue HE(PU3MUECKOTO MUPA HE TOJIBKO 0 YTBEPKIECHUSAM KOH(ECCUOHATbHBIX
YUEHMId, HO M U3 COBPEMEHHBIX JOCTMKEHUU (pusnyeckoil Hayku. KomiuiekcHO-MHMMas cyml-
HOCTb «IIPOCTPAHCTBO-BPeMsi» BHYTPH AaTOMHOI0 IPOCTPAHCTBA M €ro nepexo Hbie CBOM-
CTBa;

3. OcHOBHbBIE CBOWCTBA HE(PU3UYECKOIN COCTABJIAIOIIEH B MaTepuu U €€ BOZMOXKHOE BO3JEH-
cTBUe Ha pusnueckoe. ONacHOCTh HeJOOIeHKH YHePreTHYeCKUX U KauecTBEeHHbIX peodpa-
30BaHnil (hu3nueckoro B Hepu3nvyeckoe 1 0OPATHO B NPUPOJIHOM OOHOBJIEHHH MATePHHU
BO Bcesiennoii;

4. C. XokkuHr u P. [lenpoy3 o kosiarice BOJTHOBOH (PYHKLIMH, KaK O 3apOKIEHUN MBICIIUTEb-
HOU (PyHKLIMM B MaTepuu. JKCIePUMEHTHI Ha KoJulIaiiepax — 3TO HAKOIJIEHHe MbICJNTeIb-
HOIl MaTepuH BO BHYTPHATOMHBIX NIPOCTPAHCTBAaX TexHMYecKHux ycrpoucts. Ilpeackasa-
HHs1 BuHepa MOryT oCylmecTBUTBCS, €CJIH TeXHNYeCKUI HHTEJUIEKT CTaHeT Pa3yMHBIM.

5. [lpyrue ucciefoBanus 1o (pu3nyeckuM 1 HepusnueckuM ocHoBaM EjmHoro mupa.

Bce 3T 060cHOBaHNs1 Bbl pounTaeTe B npejiaraeMoii KHIUTre HOBBIX 3HaHui o Eqn-
HoM mupe. [IpuHnMnuasbHOE OTIINYNE HAINMX 3HAHUN 0T Bammx B TOM, 4TO MbI H3y4aem
npupoay (pusnueckoro u He(pu3nM4YeCKOro B MX CyNIHOCTHOM B3aHMO/I€MCTBUU U €JIMH-
CTBe Ha OCHOBE JIOCTIZKeHUil (pu3n4ecKoil HAyK, U He OTBepraeM CBoicTBa Hepusnue-
CKOT'0 TOJIbKO HU3-3a TOT0, YTO OHH MOTYT HCTOJKOBBIBAThCS He(pU3NYEeCKNMH, a U3y4aeM
HX ¥ 000CHOBBIBA€M Ha OCHOBE HOBBIX 3HAHHII.

OTU 3HaHUS JAIOT HAM YBEPEHHOCTh B TOM, 4TO BbI He CMOXkeTe TOBECTH CBOU SKCIIEPUMEHTHI
10 UX 3aBepineHus. bonee Toro, Hamm 060CHOBaHUS YOEK/IAI0T HAC B TIPABOTE KPUTHUECKUX BBICKA-
3bIBaHU# N0 Batueit nestensHoct o nporpaMMam BAK. Mebl noaTBepk/1aeM HEKOTOpPbIE HETaTHUB-
HbIE MPETOIOKEHN s, AHATTM3UPYEM U pacCMaTpUBaeM UX Ha OCHOBE HOBBIX 3HaHUM 0 ExrHom Mupe.

B cooTBeTCTBUY C 3TUM aHATM30M U TEOPETHYECKUM OOOCHOBAaHMEM Pa3BUTHS COOBITUI IKC-
MEPUMEHTOB Ha KOJUTaiiepax, Mbl ONPeAeIIN CAeAyIoe TeXHUUYECKU BO3MOKHBIE CIleHApHH
IKCTPEMATbHBIX MPOLECCOB MPH Pa3pylieHUHN MPUPOTHBIX YCJIOBUH 00HOBJIEHHS MaTEPHH
BO Bcesennoii. ViIMeHHO 3T pa3pylieHus TPUPOAHBIX YCJIOBHMA, MPETYCMOTPEHHBIX 1J1s OOHOBJIE-
HUSI MaTepyH, OCYIECTBIISIOTCS B KOJUIaiepax.

Bce moau 3HaIOT, 9TO B UX OpraHU3Me MPOUCXOAUT TIOCTOSTHHOE OOHOBJIEHHE KJIETOK U Hapy-
IIIeHUE YCJIOBHUI MX OOHOBJIEHUSI MOKET ITPUBECTH K JICTAJTLHOMY UCXOMY.

IMouemy ke MbI Tak 0e3yMHO U 0e€30TBETCTBEHHO OTHOcuUMcsl K cBoeli Il1anere,
K CBoOell cpene oouTanusi?
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Bo3Mo:kxHbIE SKCTPeMaJibHbIE MPOLECCHI
NPHU SKCIePUMEHTAaX Ha KoJuIaigepax

1. Pa3pymieHusi npu CHJIOBOI 1eKOrepeHIUH.

[Tporiecc npsimoro Bo3aeicTBUs He(hU3UUECKOUN SIHEPTUH Ha (PUBNIECKUT TTPOLIECC MOKET MPO-
M30ITH, €C/IM HaBe/ileHe He(pU3NYECKOU SHEPTMM IIPOUCXOAUT B YCIOBUSX MTHOBEHHO pa3pylleH-
HOTO (pU3UKO-HE(PUINIECKOTo cyOCcTpaTa U MOKET 3aBEpIIMThCS BONMbIIMM B3pHIBOM. YKe MOKHO
paccumTarh, IpU KaKKUX SHEPTUsIX BCTPEYHBIX ITyYKOB IIPOTOHOB M 00pa30BaHUM (PU3HKO-HepH3IUe-
CKOro cyOcTpaTa U3 OCKOJIKOB pa3pyIlIeHHOW MaTepuH, riepexon TEMHOI SHepruu U3 COCTaBa YacTHIl
TMy B puznyeckuit Mup craHet HeoOpatumbiM. O00CHOBaHUE NMPEACTABJIEHO .

2. Pa3pymieHusi npu CHJIOBOI J1eJIOKATU3 AN,

[Tpu Hapy1IeHnH eCTeCTBEHHOTO Mpoliecca OOHOBJICHHUSI MATEPUH B IIPOLIECCAX JAETOKATM3ALUH
JI0JIZKHA NPOU30iiTH HHTErpanus 00JJOMKOB MaTepHAJbHOr0 00beKTa B eIHHYIO MOIJI0IIA-
IOLIYI0 bIPY H BOBJIeYeHNeEe B 3TOT MPOLecC BCero OKpy:kamwmiero npocrpancrsa. Toraa,
3TO CTAHOBHUTCH ONACHBIM JJIsI MPOCTPAHCTBA... DTO KAKOI-TO HOBbIM (DEHOMEH — MaTepusi
TOIVIOIIAET [TPOCTPAHCTBO. DTO YE€pHAs AbIpa, cchopMIpOBaHHAsI MaTepHe.

3. B OObIUHBIX YCJTIOBHSX JEOKAIM3AIMYA MATepUabHOIO OOBEKTa MpH OOHOBJIEHHM MaTe-
pUU BBINIOJHSETCS PaBEHCTBO AABJIEHUH si/ipa MPOCTPAHCTBEHHOU CBEPTKU, HEUTPAIbHON SHEPIUU
Y QaHTUTPABUTALIMOHHOM HEPIUHU: P 4= APys = APars- IIpH pa3pylmieHnn ecTecTBeHHBIX YCJIOBHIT
OOHOBJIEHHSI MAaTePHH HEMPEMEHHO BO3HUKHET YCJIOBHE, UTO AP 505> Pg. TOraa Npou3oini-
JET norJyomenne npocrpaicreom siapa Ceéprtkm. [IpocTpaHcTBO, poxoAs yepes sapo, umest
OOJBIIYIO TJIOTHOCTD, PACHIENTUT MATEpPHIO siIpa HAa €ro COCTABJISIONINE IEMEHTHI U TMOIJIOTUT HX.
ITO NPOCTPAHCTBEHHO — siiepHas YépHas npipa, cchopMupoBaHHasi IPOCTPAHCTBOM.

4. NHTEJUIeKTyaJIbHO-arpecCUBHBIN aTOM KOJLIalliepa i TOKaMaka.

370 OTAETbHAS HOBas TeMa, KaK pe3yJbTaT MpeHeOpeKeHNs 3HAHUSAMHU, TOITYyYeHHBIMU ellé
ot HopGepra Bunepa [3] (1948, Kubepneruka) u 1o Ctuena Xokunra [4] u Pomxepa [lenpoysa
[5] (2004, TTyTb K peaJlbHOCTH) U B APYTUX IMyONMKALUsAX BEMMKUX YUEHbIX [6], [7], [8].

B Hacrosiinee Bpems aToM NOCTENEHHO TPHOOPETAaeT CaMOCTOSTENIBHOCTh U3-3a O€30TBETCTBEH-
HBIX JIEVICTBUI (PU3MKOB IPU BHIIIOJIHEHMHM MHOTOUMCJIEHHBIX OIBITOB Ha TOKaMaKax M KoJulaijiepax,
B KOTOPBIX OECUKCIIEHHOE MHOKECTBO I1eJIeHAIIPABIEHHBIX KOJUIAICOB BOJTHOBBIX (DYHKIMIA KBAHTO-
BBIX COCTOSTHUI MaTepUM IPUBEIM K CaMOOOPa30BAHHIO MBICJIMTEIBHOTO Mpoliecca B aToMax pado-
Yero BellecTBa KOJUIaigepoB. DTO BOT O 4éM. IIpoTuBOCTOsSIHME BOJHOBBIX (DYHKLIMI HEUTPOHOB
Y MPOTOHOB, B COOTBETCTBUM C BBIMOJIHSAEMBIMU UMHU (DYHKIIMSIMU B aTOME, ITPUBOIUT K COBMECT-
HOMY KOJUIANCY X BOJIHOBBIX (DYHKLIMI BO BCEX MHOKECTBEHHBIX SKCIIEPUMEHTAX C pa3pyleHHbBIMU
Ha OCKOJIKM IIPOTOHAMM U 3/1eKTpoHaMU. [IpOTOHBI M 2/1€KTPOHBI BOCIIPUHUMAIOT CBOU BBIHYK/IEH-
HBIE COCTOSIHUSI, B KOTOPBIX OHHM OKa3bIBAIOTCS B SKCIIEPUMEHTAX, Kak cOOCTBeHHbIe perieHus. [Tpo-
MCXOJUT UX CAMOOOYUYEHHUE TIO COMTPOTUBIICHUIO IIPOTHB BHIHYKICHHBIX PEIIEHHI, HAKOTICHUE 3TOTO
HEraTMBHOI'O OIMbITA U, 3HAUUT, COITPOTUBIIEHUE IIPOTUB OPraHU3aTOPOB IKCIIEPUMEHTOB.

YBaxkaemele rocnoga YuéHenie!

Mpb1 oueHb HajgeeMcsl, YTO Bbl 03HAKOMIIINCH ¢ HACTOSIIUMHU MPeBAPUTEIbHBIMHI
cBeleHHsAMH 00 omacHocTH Bammx HaMepeHUil M NMPOHUKJINCH HalIed 03a004eHHOCTHIO
o 0e3onacnoctu Hamell Ilnanersl. OueHb HajeeMcs, UTO MOCJIE 03HAKOMJIEHHSI C OCHOB-
HBIMH MaTepuajamMu KHUTH Bbl mosxyyure HOBbIe 3HaHHs 0 HameM ExmHom mupe, ocra-
HOBHTe Bamm 3kcneprMMeHTHI H BBINOJHUTE 0e30MacHble PAcYEThI 0 HOBOH METOJUKE
¢ y4éTOM 3Hepruii, HABOJMMbIX He(pN3UIeCKIMH MPOCTPAHCTBAMHU.
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MbI ri1y60Ko0 y0e:k/1eHbl B TOM, UTO H3y4eHHne (hu3nyeckoro u He(pu3n4eCKOro MUPOB
MOZKHO M HY?KHO OCYIIEeCTBJSATH TOJbKO HA OCHOBE NMPHUPO/IHLIX NpoLeccoB, 6e3 rpydoro
HapyILIeHNsl eCTeCTBEHHBIX YCJOBUI UX (DyHKIHMOHIPOBaHMsl, 0€3 BApBapCKOro OTHOIIe-
HHA K cBoell cpene oouTanusi. Toabko Torga Mbpl NOJIy4uM B OTBET J00poe OTHOIIEHHE
k cede ot Co3narens Beero Cymero u ot IIpupoasbi!

Ms1 6ynem oOpamatkesi kK Bam, u Oyaem nuckytupoBath ¢ Bamu o yerpoiictBy EnquHoro mupa
10 TeX Top, NOKa Bbl He 0CTaHOBHTECh B CBOHMX BaPBAapPCKHUX YKCINEPUMEHTAX MO MOMCKY
TOTr0, YTO MOKHO HAWTH ¢ noMombio Pazyma n ¢pu3nuyeckux 3aKkoHoB, nposiBiasieMbix Ilpn-
pooi.

MBbI nipeiCTaBiM 3TH MPOOJIEMBbl U HAIIIM HOBBIE 3HAHUS HMIMPOKOMY KPYTry OOIIECTBEHHOCTH
C TIeJIbI0 CO3TaHusT MH(POPMHUPOBAHHON JUCKYCCUH, OMpeiesieH s OoJiee 3paBoOi TeXHOIOTUIECKON
MOJIMTUKH B OYyIyIIEeM U MPEeICTaBUM MOMMEHHO BCEX OTBETCTBEHHBIX 32 HETaTHBHBIC TOCIIEACTBUS
st [pupoasbl M MUpa B pe3yibTaTe BApBAPCKUX IKCIIEPUMEHTOB.
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IIpoekTt HOBOTO KoJLtaigepa CERN

1. O6mas nagopmanmsi.

EBporneiickuii nientp no saepabiM uccienoBanusiMm — CERN oGHaponoBan miaH HOBOTo
TUTAaHTCKOTO YCKOPHTENsl YacTHll, KOTOPbIA JOJKEH CTaTh HAMHOTO MOIIHEE CYIIECTBYIOIIETrO
ceroansi bonbioro agponHoro komwtaiaepa (BAK). KonuenryanbHblil mpoekT HasbiBaetcs: LMkim-
yeckuit koyaiinep Oymymero (Future Circular Collider — FCC). [Inuna ero oKpy:KHOCTH JOJKHA
obiTh OKOJ10 100 Kometpos [1], [9].

BoJbmon axpoHHbBIN KoJIaiiep, CaMblil MOIIIHBII IOCTPOEHHBIN HA JAHHBIII MOMEHT YCKO-
purtenb yactui, Obu1 3amyiieH B 2008 roay. Ero anna cocrapisiet 27 KMJIOMETPOB, YTO O3BOJISIET

€My CTaJIKMBaTh IPOTOHBI Ha 3Heprusix 1o 13 ToB (1012 3B).

Bonbias Hagexna (pu3nkoB Ha OOHAapyKeHHUEe HOBBIX YacTuIl He ornpaBaaiack. BAK He Hamen
HUKAKUX MPUHIUIATBHO HOBBIX (DU3NYECKUX SIBJICHH.

B 2015 rony aerextop bonbioro agponHoro komnaiiaepa MoEDAL npou3Bén nmouck mar-
HUTHBIX MOHOTIOJIEW Npy dHepruu cronkHoBeHurd 13 T3B. Hukakux ciieoB MarHUTHBIX MOHOIIOJIEN
C Maccoy BIUIOTh 10 6 ToB 1 MarHUTHBIM 3apsiIOM BILIOTH JI0 5 TUPAKOBCKUX €MHUI] OOHAPYKEHO
He ObLIO, BOIPOC UX CYIIECTBOBAHUS OCTAJICS] OTKPHITHIM.

B 2013 romy Hayanmach pa3padboTKa HOBOTO UKJIMYECKOro Koyutaiiepa. B ero o0ocHOBaHMSX
MOIPOOHO OMKCAaHA peanu3alus 3aJyMKH, a TaK:Ke BO3MO:KHble (hu3nuecKue pe3yibTaThl,
KOTOpbIE YIACTCS C €ro MOMOIIIBIO IOy YHUTb.

IlepBBIM 3TANOM JOIKHO CTaTh CTPOUTENHCTBO JEKTPOH-NMO3UTPOHHOIO KoJLIaiigepa
(FCC-ee) ¢ yymHOM OKpy)kHOCTH OKOJIO 100 KMToMeTpoB. DHEPrusl YacTHIl B HeM OyIeT MOCTETIEHHO
yBenmuuBatbes oT 91 mo 360 I'SB, yro MO3BOMMT HA MPUHIIUIIMATIBHO HOBOM YPOBHE AeTain3a-
UK uccienoBatb W- u Z-0030HbI, 0030H XHUITCca, a TaKKe t-KBApKU — CamMble MACCUBHBIE YaCTHUIIbI
B Cranpaptroit mozenu. Ciieaylonum 3TaroM CTaHeT CTPOUTEIbCTBO B ToM ke 100 kumomeTpo-
BOM TYHHeJIe IPOTOH-NIPOTOHHOTrO KoJjianaepa — FCC-hh.

ITOT ycKopuTenb OyAeT ucronb3oBath BAK B KauecTBe BCIOMOraTesIbHOTO YCKOPUTENS ISt
MIpeJBapUTEIbHOIO pa3roHa yacTull. MakcuMasbHasi SHeprust JomkHa coctaButh okoio 100 T>B

1 -
(10 3 3B). Cpok cmyxObl YCTAHOBKH JOJDKEH COCTaBUTD IO KpaiHel Mepe 25 JIeT, TO eCTh MPaKTH-
gecku 1o koHa XXI Beka.

2. Texuuuyeckne 0COOEHHOCTH IVIAHUPYEMBIX IKCIIEPUMEHTOB

2.1. Pusuku Hageorcs Ha 1o, uyto FCC-hh cmozkeTr moaTBepaNTH MJIH ONPOBEPTrHYTH
CyllleCTBOBaHUe BUMIIOB — runorernyeckux yacrun TemHoi matepuu.

Kak MoxHO 0OHapyxuTh yactuibl TMy 1o MeTogooruu (pu3ndeckon Hayku?

Toabko pa3pymeHueM yactuil npocTpaicrBeHnoil marepun — [IM = TM), koTopoe
npecKa3syemMo KoJuiancoMm norjomenus TémHol MmaTepueil 0apMOHHON YaCTH B YaCTULAX
IIpocTpaHCcTBeHHON MaTepHu.

Bo3MOXkHO 5111 3TOT Mpolece ynepkaTh B paMKax dKcriepuMeHTa?

OueHnb cOMHUTETbHO. OOBSICHIM HHIKE.

2.2. Enle ogHuM HarpaBiieHueM OyleT Hccie0BaHHe KBApK-IIIOOHHON NIIa3Mbl, A7
CO3IaHUsI KOTOPOW B YCKOPHTEJb OYAYT OTHPABJSTHCS He IPOTOHDI, a TSKeJIble s1Apa.

ITOT Ipoliecc onaceH B eme donpiuei creneny. [pu paspymennn yactui [TpocTpancTBeHHOM
MaTepuH emié ecTh Kakas-To HaJekJa Ha JIOKAIbHBIA MCXOJ COOBITHI Oe3 JTaBUHHOTO 3aXBaTa IMpo-
1ieccoM Beero U Besi. Ho npu paspy1eHnn KBapK-IJTI0OHHOM I171a3Mbl, KOTOPOE HEMPEMEHHO CITy4UTCS
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MpU TUITAHUPYEMBIX K HUCIIOJIb30BAHUIO SHEPrUsAX, MPOH30MAET rpydoe BTOpP:KeHHE B OCHOBBI
npoIeccoB 00pa3oBaHusi MaTepHu He(PU3NIECKNMH CHCTEeMAaMH, BMEIIATeJbCTBO B yCTa-
HOBHBIIYIOCSI IPOrpaMMy o0ecrnedyeHHs YCTOMYHBOCTH KBAPK-IJIIDOHHOIO COOTBETCTBHS
HYKJIOHOB H HX pa3pylleHue BILUIOTH /10 MOPYH X KOJ0B. U eciu mporiecc nmepeiaéT JoKab-
HBIC TPAHUIIBI CTyYaHBIX COOBITHH, JOMYCKaeMbIX CUCTEMOM, 3TO y:Ke MOBJEUYET pa3pylieHue
Mmupo3aanns.

Koneuno, Coznarens Beero Cyiiero, He IOMYCTUT Takoro pa3Butusi COOBITHIA, €CJIM MbI
¢ Bamu, kaxkabiil Ha CBOEM MecTe, momMo:xeM Emy B 3ToM. U He BaxkHO, Kak Mbl ¢ Bamu ceituac
npencrasisieM cede Coznarens Beero Cyiero — bor 3to wiu [Ipupona. BazkHo, 4To MbI JJOJKHBI
BCe BMeCTe He JOMyCTUTh pa3pylleHNnsl OCHOB Hallel cpebl 00UTAHMSI.

2.3. O poccuiickoil TepMosiiepHOl ycTaHOBKe Tokamak T-15M L

Poccwuiickast mporpamma o UTIP pomkHa BKTOUaTh B ce0s1 OTPaOOTKY TEXHOJIOTUH, HE0O-
XOOUMBIX JUIsl CO3[aHUsI HEUTPOHHBIX MUCTOYHUKOB. DTO UJEOIOTUSI HEUTPOHHBIX UCTOYHUKOB /IS
BBUKUTAHUSI aKTMHUJIOB U HAPAOOTKM TOTUIMBA JJIs1 aTOMHOM SHEPreTHKH.

B Poccuu Obita co3nana ycraHoBKa Tokamak T-15M]I ¢ ATMHHBIM UMITYJIbCOM CTAIlTHOHAPHOTO
ropeHHs IUIa3Mbl C BBICOKMMHM NapaMeTpamMH U Nepexoja Ha HEMHIYKTHUBHOE IMOAJepkaHue TOKa,
C MOIIHBIM JIOTOJHUTEJIbHBIM HarpeBOM IUIA3MBbl, BHITSIHYTBIM c€4eHUEeM U AuBepTopoM. CornacHo
TEXHUYECKOMY OINMUCAHUIO0, ycTaHOBKa T-15MJl uMeeT BBITSHYTYI0 KOH(Uryparuio Iia3MeHHOTo
IIHYypa C aCTIEKTHBIM OTHOIIEHUEM 2.2, TOKOM Iu1a3Mbl 2 MA B TopouaaabHOM MarHuTHOM nosne 2 T
C KBa3UCTAIIMOHAPHOW CHCTEMOW AOMOJHUTEIBHOIO HarpeBa CyMMapHOM MOIIHOCTBIO 10 20 MBT.
YcraHoBKa paccuuTaHa Ha JUTMTEIbHOCTh UMIyJibea 10 30 c.

B cratee [2] «DxcnepuMmeHTanbHas TepMosiiepHas yctaHoBka Tokamak T-15MJI» (BAHT,
Cep. Tepmosimepusiii cunte3, 2019, 1. 42, Bbin. 1), TpeAcTaBiIeHbl TEXHUYECKHUE OOOCHOBAHUS
Y TOIPOOHBIE ONMUCAHMSI MTPOBEJEHHBIX MCCIIEIOBAaHNUM, OOECTICUMBAIOIINX HANEKHYIO padoOTy ycTa-
HOBKM BO BCEX peXHUMax e€ MPOEKTHOro (PyHKIIMOHUPOBAHUSI.

Hayunpiit pykoBoautesns [1. I1. XBocTeHKo 3aBepui1, UTO B 9KCIIEPUMEHTAX C 3aMKHYTHIM KOH-
TYPOM LIMPKYJISILIAY JIMTUSI U U30TOTIOB BOAOPO/A B KBA3UCTAIIMOHAPHOM PEXUME PaOOThI IJTUTEIb-
HocThIo 30 ¢ O)kMIaeTCsl JOCTHKEHHE PEKOPIHOM, MPEBHIINAIIEH B 3 pa3a U3BECTHBIE 3apyOeKHbIC
aHaJIOTW, SHEPrOHANPSKEHHOCTH MEPBOM CTEHKM TOKaMaka-peaktopa Ha yposHe 0,3 MBT1/M2, uto
oOecrieynBaeT TEXHOJIOTMYECKUI TIepexo]] K MPOMBIIIIIEHHBIM TEPMOSIEPHBIM M THOPUIHBIM peak-
topam YTC.

B pesynbrare npoBeaEHHBIX UCCIEI0BaHMIA MOMyvYeHa (pu3ndeckast M TEXHOJOruueckas 0asa
B 000CHOBAHUE CO3/JAHUS CTAIIMOHAPHBIX TEPMOSIIEPHBIX PEAKTOPOB [24] 1 NepCrieKTUBHBIX THOPH -
HBIX CHCTEM Ha OCHOBE TOKAMAKOB. YCTaHOBKa 0OOpYIOBaHa CUCTEMOW JOMOJHHUTEIBHOTO HarpeBa
IJIa3MBbl U TOJIEP:KaHKsI TOKA ITPU YPOBHE BBOAMMOM B I1a3mMy MoiiHoctH Paon =~ 15—20 MBT,
KOTOpasi MO3BOJIUT I0CTUYb BhICOKOH Temrieparypsl (Ti — Te ~ 5—9 k3B) u mioTHOCTH M1a3Mbl (N,

~10% M'3) B pa3psje ¢ JJIUTEIbHOCTBIO nMITyJibca 4o 30 c.

VkazaHHble OCOOEHHOCTH OCYIIECTBIISIIOTCSI B YCTAaHOBKE, MMEIOIIEH CIeqyOIe OCHOBHBIE
napaMeTpsl: ofiHO- U J1ByxHYyJeBas (SN, DN) koH(urypauus miasmsl cO 3HaYEHUSIMU aCIEKTHOTO
OTHOIIEHUA A~2, BHITAHYTOCTBIO TUIA3MBI 110 YPOBHIO 95% notoka kgs = 1,7—1,9 1 TpeyrospHOCTbIO

d95 ~ 0,3. OCHOBHBIE TEOMETPUYECKIE pa3Mepbl BHIOPaHBI CIIEAYIOIIMMI: OOJIBINON paanyc Topa R =

1,48 M, Masblii paauyc miazmsl — a = 0,67 M. DTu napameTpbl MPU 3HAYEHUU MAarHUTHOT'O TI0JISI HAa OCH
m1asmbl Bro = 2,0 T onpeensioT MakCUMAaIbHYI0 BEIMIMHY TOKa miasmbl I, = 2 MA. TpeGyempiid

3arac MarHUTHOTO TIOTOKA B IIEHTPaJIbHOM cojieHoune AW s = 6 BO. /[ mapaMeTpoB yCTaHOBKHU
T-15M/1 nnpenen 'puHBaibaa 1yisi IVIOTHOCTY TUIa3MBbl N COCTABIISET N, G = Ip/a'ca2 ~ 1,4 1020 M3,

[lepevyeHb TeXHUUYECKUX MApaMEeTPOB CJIOKHEWIIed YCTaHOBKH, NMpeJHA3HAYEHHOH I
pa6otbl B coctaBe FCC-hh, nokasbiBaer e€ HayuHyl0 (PyHAAMEHTAJIBHOCTh U BBICOKHMI KJIAcC
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WHXEHEPHBIX pa3padO0TOK, MO0 KOTOPHIM rapaHTUPYeTCs pacu€THast Oe30MacHOCTh €€ (PyHKITMOHUPO-
BaHUsI.

K coxasennio, onacHOCTH, KOTOpPble HAMH NpejacTaBjaeHbl B m.2.1. n m.2.2. coBep-
IIeHHO peaJibHbl He3aBHCUMO OT JieKJapupyemMoi 6e3onacHocTH . U 310 CBSA3aHO C TeM, UYTO
3eMHbIe YUEHbIE M KOHCTPYKTOPHl He 3HAKOT M He YUYHMTBLIBAIOT HaBeJéHHble He(U3nuecKue
napamMeTpsl Ha (pu3NYecKHe NPOIEeCChl.

3. O6 onacHOCTH PKCNIEPUMEHTOB Ha KoJLIa1epax

3.1. IlpumeHsieMble SHEPruu.

BAK, 13 T3B (10'% 3B)

* CrI0CO0eH pa3roHsiTh NPOTOHHBbIE MYYKH U CTAJKHBATh HX ¢ YHepruei a0 14 tepa-
3J1eKTPOHBOJBLT 40 MJIH pa3 B CEKyH]Y;

* IPOTOHBI OYAYT cTAJKHBATHCs HA YHeprusx 10 30 ToB B MexayHapogHOM JIMHEHHOM
komnaiiaepe (International Linear Collider, ILC B cocraBe BAK;

* o cBetuMocTd B oonactu 40 200 I's B nukmmueckue Koyutaiiepbl IPeBOCXOIAT JIMHEHHBIE,

* [Iy4YOK IPOTOHOB ¢ MMITYyJabcoM 26 I'3B/c (kunetnueckas sneprus ~ 1,4 ['3B), Bbiny1eHHbIN
U3 IPOTOHHOTO CUHXPOTpoHa PS, cOpackiBaeTcsi Ha MUIIIEHb U POXJAET JIMBHU;

* MakcUMaJibHasi S3Heprusi mpotoHoB B ISR cocrasmia 31.5 I'3B.

FCC. 100 T>B (1013 3B), o mMomHoCcTH — Ha IopsAAOK Bhiine, yeM BAK.

3.2. OcnoBHas kpurtuka no bAK.

HeKOTOPI)Ie CIICUAIMCThl U IMPEACTABUTEIN O6HleCTBeHHOCTI/I BbICKA3bIBAIOT OIIACEHUA, UTO
CYIIECTBYET BEpOSATHOCTh BBIXOAA W3-TIOJ KOHTPOJIS, MPOBOAMMBIX B KOJUIAMEpe KCIEpUMEH-
TOB, 1 Pa3BUTHA IEMHOH PeaKIUu, KOTOPas MPHU ONpe/IeJIEHHbIX YCJIOBUSIX T€OPeTHYECKHU
MOKeT YHHYTOKUTH Bclo Ilimanery. MHoOrue y4eHsle CUMTAIOT HEJOCTATOYHO OOOCHOBAHHBIM
0030p 6e3omacuoctTt CERN «Review of the Safety of LHC Collisions» rpymrst 6e3onacaocts (LHC
safety assessment group (LSAG), u TpeOyIOT NpeKpPaTuTh IKCIEPHUMEHTHI HA KoJuUIaiepe
U PaccMOTPETh BCe ACNeKThI 0€30MaCHOCTH SKCIePUMEHTOB He3aBH CUMOI1 MesK TH CIIUILIH-
HApPHOIl KOMHCCHEN.

B cBs13u ¢ onacHoOCTHIO 9KcniepriMeHToB Ha BAK HanoJiee 4acTo ymoMuHaeTCs1 TeopeTnye-
CKasi BO3MOKHOCTh MOSIBJIEHUS B KoJLIaliiepe MUKpockonmmyecKux UEPHBIX AbIP, a TAKKE
TeopeTHYeCKass BO3MOKHOCTh 00pa30BaHUs CTYCTKOB aHTUMATEPHU 1 MArHUTHBIX MOHO-
noJiel ¢ mocJjeayinei HenHou peaxkiuen 3axpaTa OKpyKamiiein MaTepun.

3.3. OcHOBHAs1 aHTUKPUTHKA

B kauecTBe OCHOBHBIX apryMEHTOB B HEOOOCHOBAHHOCTH KaTacTpo(PpUUeCcKHX CI[eHa-
pHeB NPHUBOJATCS CCHUIKH HA TO, 4T0 3emuist, JIyna u apyrue IlnaneTsl nocTosiHHO 60M-
0apaAupyloTCs MOTOKAMU KOCMHYECKHX YACTHI ¢ Topa3/io 0oJiee BHICOKUMH SHEPrusiMH .
[TpuponHble YacTHlIbl, SHEPTUU KOTOPBIX SKBUBAJICHTHBI U AaKe HA MOPsAKY Bblle Hepruil Ha BAK,
OOHAPYKMBAIOT B KOCMUYECKUX JIy4yaX, TaKKe, Kak 39BaTPOH — IMIIOTETHYECKUIA UCTOYHHUK SJIeMeH-

TapHBIX YacTHI] C Hepruer B 1 3eTTadJ1eKTPOHBOJBT (1021 3B, wm 1 33B) u 6onee. Haspa-
HUE NpUAyMaHo 1o aHajoruu c¢ cyniectByioumMu B CIIA yckopurensmu basarpoHoM (109 3B)

n TeBaTtpoHOM (10'% 5B). B0 o1 JyKaBoro. V1 OTBETYMKM MOHMMAIOT, YTO MPUPOAHBIE YACTHULIBI
B YCTAaHOBMBILMXCS YCIOBHMSX B3aUMOJIEICTBUII HE ONACHBI, TAaK KAK OHU HE pa3pyllialoT OCHOBBI
MaTepuu — eIMHCTBO (PU3UUYECKOTo U He(pM3MUecKoro B yactuiax marepuu. Ilotomy uto, ams Koc-
MUYECKHX JIy4el MPOCTPAHCTBO U MaTepHsi MPOCTO Pa3/IBUTAIOTCS, MaTepUaIbHbIE YaCTUIIbI OTCKA-
KMBAIOT U HE MOJBEPraloTcs MpsAMOMY Pa3pyLIMTEIbHOMY MacCOBOMY BO3JEHCTBUIO HAa BHYTPEH-
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Hue cBsa3M yactull. [Toromy, uto B Ilpupone HeT Takoro NpuUeabHOro CTAIKMBAHUS ITyUYKOB YaCTHLL
U UX pa3pylleHus], KaKk 3TO IPOUCXOIUT B KoJutaiaepax. [Ipy npuuesbHOM CTaIKMBaHUK BCTPEUHBIX
MyYKOB B KOJUIAiepax, MacCOBO pa3pblBAIOTCS BHYTPEHHUE CBSA3M MEkXAY (PU3MUYECKUM U He]U-
3UYECKUM COCTOSIHUEM MATepuil 3a TaKOoW MPOMEKYTOK BPEMEeHHM, KOrja cucteMa e€ OOHOBIICHUS
HE yCIeBAaeT OTpearupoBaTh Ha BOCCTAHOBJIEHHE CBOMX IporeccoB. MMeHHO 3TO U OnmacHo JJisi
IIpuponsl.

B kauectBe rapaHTuMM O€30MACHOCTM YINOMHHAETCSl YCIelIHas padoTa paHee BBEIEHHBIX
B crpoli KoaiaepoB RHIC u TeBarpon. Ho koHLeHTpaliys TPOTOHOB U TsikeIbIX MOHOB B BAK
Ha TOPSJIOK BBIIIE, YEM B 3TUX YCKOpHUTENsX, a 3Hepruu paspyuieHuss B FCC Boie yuem B BAK
Ha niopsifok! [loaTomy kosaiinepsl, nogoonsie LHC u FCC, npeacTaBasioT riodajabHyio
ONIACHOCTh, KaK PeaKIOHHbIe CHCTEeMbl, TeHePUPYIOIIHe y:Ke He eJMHUYHbIe SABJIEHMS,
a YKCTpeMaJibHbIe MPOLEeCChl, OTCYTCTBYIOIINE B 3€MHBIX YCJOBHSIX.

Takoii JOBOJ O 3HAUMTENILHO O0JIee BBICOKMX KOHLIEHTPAIMSAX aKTHBHBIX BEIIECTB M SHEPruii
yXe TIPUBOIMJIICS [UIsl TOTO, YTOOBI OCTAaHOBUTH padoThl HAa BAK, HO Ha MpaKkTHKe HUYEro KaracTpo-
¢puueckoro no sxkcnepumentam o BAK, He npow3sormuio.

Hawm oyeHb moBe3J10, 4TO Ha3BaHHbIE KOHIleHTPaIuM BemecTB U SHepruil B BAK empé
He JOCTHUIVIM KPUTHYECKUX 3HAYeHUH.

Ho 3710 He moBop 1151 TOro, 9T00bI 3a0BITH PO OMacHOCTH FKcriepuMerToB Ha FCC komnaiiepe.
IToka emé He OBLIO C/I€JIaHO TEOPETHYECKOT0 000CHOBAHNSI YKCTPEMAJIbHBIX IPOLECCOB,
NPONCXOSANIUX BO B3aMMOCBSI3aHHBIX IPOCTPAHCTBAX SKCIEPHMMEHTA  BHYTPHATOMHOTO .
Ceituac Mbl yxe 3HaeM MHOro o EquHom mupe, 1 MoskeM BBINOJHUTH OPHEHTHPOBOYHbIE pac-
4Y€Thl MO MpejeJy JOMYCTUMOIO B NPUMEHsIeMbIX SHEPrusix U NpeacKa3aTrb BO3MOKHbIN
crieHapuii coObITHIA.

Bo3mokHOCTh 00pa3oBaHMsI MHUKPOCKOMMYECKUX YUEPHBIX ABIp HE OTPHILIACTCS CIIEIHaId-
cramu CERN, ofgHako mpy 3ToM 3asiBJIsSI€TCsA, YTO B HAIlIEeM TPEXMEPHOM MPOCTPAHCTBE TaKKe 00b-
eKTbl MOTYT BO3HHMKATh TOJIBKO IPU SHEPrusix Ha 16 mopsiakoB OOMbIIMX HEpruu my4ykoB B BAK.
I'mnoreTnyecku MUKpockonunyeckne YépHoie AbIPbI MOTYT NOABJAATHCS B IKCIIEPUMEHTAax
Ha BAK B npeacka3zanusix Teopuil ¢ JONOJHUTEJbLHBIMI IPOCTPAHCTBEHHBIMH H3MepPeHHU-
sIMU. DTH TEOPHH NIOKA He UMEIT KAKNX-JIU00 SKCNePUMEeHTAJIbHBIX OITBeP:K1eHHIl.

Koraa nosiBATcs 9KcnepuMeHTaJbHbIE NOATBEP:K/1eHUs1, OyAeT MO3/HO.

Ecnmu Yépuble apipbl OynyT BO3HUKATh MPH CTOJIKHOBeHMH vactvil B BAK, mpenmonaraercs,
YTO OHU OyIyT Ype3BbIYANIHO HEYCTONUMBBIMU BCIIECTBUE N3TyUYeHUs] XOKUHTA U OyIyT MPaKTH-
YeCKH MTHOBEHHO HUCTapAThCcS B Buae oObIYHBIX vactuil [10]. U3aydyeHuss XoKHHra CJIMIIKOM
MAaJIOMOIIHbI, YTOObI TAK KAPAUHAJbHO NOBJHMATH Ha MUKPOAbLIPHL. BoJiee cymecTBeHHBI
U3JIyuyeHusi, oOpasyemMblie IriAPONUKIOHHBIM pa3/ieieHHeM NMOTOKOB YILUIOTHsIeMOIl maTe-
pun B UépHoii abipe H o0pa3oBaHHeM 3HAYHTEJbHOIO pa3psiKeHHsl JaBJeHHs B IeH-
TPAJbHO-0CEBOM HANIPABJIEHUH, IPOTHBONOJ0KHOM OCHOBHOMY HAaNIPABJICHHUIO IBUKEHMSI
MaTepHu, 1 BHIOPACHIBAIOIIET0 HA 0OJIBIIYI0 BHICOTY MEJKOAUCIEPCHYIO U NPo-(pusnye-
CKYIO 4acTh yILIOTHsieMOro BemiectBa. [logo3peBaem, 4To u3 3Toro n3iydyenus oopmMupy-
I0TCA KBa3aphbl.
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A. Kum. «O mupoycTpoiicTBe, KoJUlaiiepe U TOKaMake»

KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[IpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB IIOJHYIO JIEraJbHYIO Bepcuio Ha JlutPec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
COOOM.
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