IMPAKTUYHA POBOTA 3 ACTPOHOMII HA TEMY:
«JTOCJILIKEHHS TEMHOI EHEPTII
YEPE3 MEPEXY IHTEPHET»

HOpiii bopucosuu Mupowniuenko,

KaHOUO0am neoda2o2iunHux HayK, yuumeib Qizuku ma
acmponomii [lenmpanvuencoxoi 30LL I-11I cmynenis,
Memooucm 8i00iny oceimu

Muponiscoroi patideparcaominicmpayii

Meta [noc/izKeHHsI: TOJSITae y TEOPETUYHOMY JOCITIPKEHHI 4epe3 MEepexy
[HTEpHET pe3ynbTaTIB CydYacCHMX HAYKOBUX JAaHMX 3 KOCMIYHHMX J1aboparTopii,
MPOBITHUX HAYKOBIIIB Ta aCTPOHOMIYHMX IHCTHTYTIB, AI3HATHCS OLIbIIE MPO TEMHY
CHEpPrif0 Ta 3aKOHW TpaBiTaIlil TPHUCYIIOI KOCMIYHHUM O0'€KTaM 3 BEITUYC3HUMU
MacamH.

TeopernuHi BixomMocTi.

Kinenps 20 cromiTTs 03HaMeHOBaHI/II/I BIJIKDUTTSAM HOBOiI (pi3nyHOi cyOcTaHuli -
TEMHOI €Heprii, ska ‘“po3mupac” MPOCTIp MK TaJIaKTUKaMH 1 TPU3BOIUTH 0
PUCKOPEHOTO po3IKpeHHs BeecBiTy.

BoHna nominye 3a cepeqHbOI0 TYCTUHOIO, BIUIMBAE€ HA TEMIT YTBOPEHHS TajaKTHK
Ta iX CKyIUeHHb, MPOTE, 3aMIIAEThC HEBIOBUMOIO y Nabapartopisx ¢isukis. Ii
npupoaa HeBijoMa. Haj i po3rajkoro mpaimroloTh KOJEKTUBU BYEHHUX 3 PI3HUX
KpaiH CBITY, GOPMYIOThCS IPOTPAMU 3 JTOCIHIJKEHHS, OYIyIOTHCS HOBI TEJIECKOIIH...

[Toxu o/1HI TEOPETUKH MPOMOHYIOTH BCE HOBI 1 HOBI MOJIEJII TEMHOI €Heprii, 1HII
3aJIal0ThCSl MUTAHHSM: @ YW ICHY€ BOHa B3araii? MOXJIMBO 3aKOHM TpaBiTailii Ha
KOCMOJIOTTYHUX MaciiTabax BIIPI3HAIOTHCS BiJl THX, IO NEPEBIPEHI eKCIIEPUMEHTAMU
B Mexax COHAYHOI CHCTEMHM 1 CHOCTEPEKEHHAMHM B MacmTabax ranaktuk? I
pPO3BUBAIOTh HOBI, a00 y3arajbHIOIOTH “‘TEOPII0 B 3aKOHI” HAa IHIII BUMIpHU, SIKI O
MOSICHUJIM  CIIOCTEPEXKYBaHE TMPHUCKOPEHE pO3IIMpPEeHHs  Hamoro BceecBity, um
MOKa3aJld, 110 B paMKax HOBHX TE€OpId HOTo HE Mae.

Hackinbku BakiiMBa BIJANOBIAb HAa 11 3alUTaHHS MOXHA TEPEKOHATHUCH
HaOpaBmm B Google kirouose ciioBo dark energy. Llst TemMa He CXOAUTH 31 CTOPIHOK
HAYKOBUX JKYypHAJIB 3 BUCOKUM IMIIAaKT-(akToOpoM B 00jacTi (Pi3uku i1 acTpodi3uku,
TaK camo, SIK 1 HAyKOBO-TIOMYJISIPHUX CBITOBUX BHUJIaHHb.

IIlo Take “Temna eHeprisn”? [losicHUMO 711 TOYATKy caM TE€PMiH, OCKIJIbKU BXKE B
HBOMY € MEBHE MPOTUPIYYS: SKIIO ICHY€E EHepris, To Xi0a BOHA MOXe OyTH aOCOJIFOTHO
TeMHOI0? TeMpsiBOIO MM Ha3WBA€EMO BIJICYTHICTh CBITJIa, a CBITJIO, SK BIIOMO, 1€
CJICKTPOMAarHiTHe BUIIPOMIHIOBAHHS 3 JoBXuUHaAMU XBWIb Big 400 mo 760 HaHOMETpIB
(MUTBsIpJIHA YacCTKa METpa), SIKe CIPUUMAETHCS HAIIMM OKOM 1 HA3UBAETHCSI BUAUMHUM
YU ONTHYHUM Jiala30HOM €JEKTPOMArHiTHOTO CHekTpa. Mu ao0pe 3HaeEMO TaKOX,
o0 3a MeXaMU IbOTO € EJIEKTPOMArHiTHI XBWJII, IO BIJHOCATHCS 10 pajio-,
1H(payepBOHOI0, PEHIeHIBCHKOIO Ta TraMMa-aiana3oHiB. IloTpiGen mnumie npumnan,
KWW BJIOBJIIOE 1€ BUITPOMIHIOBAHHS 1 MEPETBOPIOE MOTO B IHIIMNA CUTHAN, JOCTYITHUAN
JUIS peecTpalllii HalmMMu opraHaMud 4yTTs. bijgelie Toro, Mu 3HaEMo, 10 Oy/b-sgKe
TUJIO, TEMIIepaTypa SKOTO BHINA 3a abCOMIOTHUM HyJb Temmeparypu (-273,15°C)
Bunpomintoe. OCKUTbKH, HI B OTOYYIOUOMY HAC CBIiTi, HI B OJIM3bKOMY 1 JAJIEKOMY



KOCMOCI HE ICHY€ PEYOBHUH 3 TaKOIO TEMIIEPATypOr0, TO 1 HeMae aOCOIIOTHO TEMHO1
pedoBuHU. Ta HaBITh, AKIIO YSIBUTU COO1, IO JIECh Taka PEeUOBUHA ICHYE, TO il MOXKHA
Oynmo © 3HaWTH 3a TIOMVIMHAHHSAM, a00 pO3CIIOBaHHSAM EJICKTPOMAarHiTHOTO
BUMNPOMIHIOBaHHS, K€ IIPOXOJUTH Yepe3 HbOro (B SIKOCTI UIIOCTpaIlii CKa3aHOTo,
HaBeZieHo (oTto TymaHHocTi KiHcbka ronosa) [3].

Puc.1. Temna nunosa mymannicms "Kincoka conosa" 6 cyzipi: Opiona, sKy 6UOHO 3a NOTIUHAHHAM
Helo ceimaa 2a3060i emicitionoi mymannocmi Opiona.

A Bce, 1110 MOXKHA 3apeeECTPyBATH B OYyIb-SIKOMY J1ala30H1 €JIEKTPOMAarHiTHOTO
BUITIPOMIHIOBaHHS, BXKE HE € HCBHJIMMHUM UM TEMHHM. TaK BBaXalOTh aCTPOHOMH, SIKi
OCBOINTM BECh [iama3oH €JEKTPOMArHiTHOTO BHUMPOMIHIOBaHHA. BoHu HaBummmucs
“OaunTH” pPEUOBHUHY, SKa CKJIAJAEThCA 13 AaTOMIB, MOJICKYJ, MUJIMHOK YM 10HIB
1 T.Jl HE3QJIEKHO BIJ Alania3oHy, B AKOMY BOHHM BUIIPOMIHIOIOTh YU NOTJIMHAIOTh. Piu y
TIM, IO aTOMU CKJIQJAal0ThCS 3 €JIEMEHTAPHUX YACTUHOK — EJIEKTPOHIB, MPOTOHIB i
HEUTPOHIB, SKI TPUIAMAIOTh Yy4YacThb Yy €JIEKTPOMArHiTHIA B3aemomii. | mwuiie
dbyHIaMEHTaIbHI YaCTUHKH, SIKI HE MPUIMAalOTh B HiM y4acTi MOKHA Ha3BaTH TEMHOIO
Matepieto. BoHu He BUIIPOMIHIOIOTH 1 HE MOTJIUHAIOTh.

CporosiHi € BCl MiJICTaBH TPHUIYCKaTH, 110 B HamoMmy BcecBiTi Takoi TeMHOT
Martepii NpuONM3HO B TMATh pasiB Oiiblle, HIX 3BUYANHOI pPEUYOBHMHHU, 3AATHOI
BUIIPOMIHIOBATH, PO3CIFOBATH YH MOTJIMHATU €JIEKTPOMATrHITHE BUTIPOMIHIOBAHHS.

[Tpupona wiei cknmagoBoi Hamoro BcecBiTy noci HeBinoMma, ane (I3UKU Ta
aCTpOHOMI/I NOKJIaJal0Th BeJII/I‘-IC3HI/IX 3yCWJIb I 11 BCTaHOBJ'IeHHSI MoXIHUBO yxe
Ha Benmkomy ampoHHOMY Komaiiiepi 4d B JIETEKTOpax KOCMIYHUX MpomeHiB. Lle
HaJ[3BUYAHO aKTyaJibHa 1 IliKaBa mpobisieMa cydacHoi (i3uKu Ta acTpoi3uKH, aje
TyT MOBa MiJie¢ NpO 1€ OUTbII JUBHY MPUXOBAHY CKJIAIOBY - TEMHY €HEPrio, SKa
noAi0HO 10 HEBUAMMOTO eipy piBHOMIPHO 3allOBHIOE HaIll BcecBiT 1 3acTaBiise€ MOro
MPUCKOPEHO PO3ITUPIOBATUCS, YUM PATUKATIHLHO BIIPI3HIAETHCS BiJl TEMHO1 Matepii. Sk
1 TEMHa MaTepisi, TeMHA €Hepris He MPHUIIMaE yJ4acTi B €JIeKTPOMArHITHIN B3a€MOIIi, a
NPOSIBIISIETHCS 3 TPABITALIMHOIO €0 HA 3BUYAMHY PEUOBUHY, 3aBISKU SIKIH 1 Oyia
Bigkputa [4].

BinkputTtss TemHoi eHeprii. Te, 10 TalakTHKW BIANANSAIOTHCS B Hac 13
IIBUJIKICTIO, SIKa TPOIOPINiHA BIiJCTaHI O HHUX, CTajlo BimoMo Ie B 20-X pokax
MUHYJIOTO CTOJITTA. Brepme ue sBume Oylno BIIKPUTO aMEPUKAHCHKUM
actpodizukoM Ensinom ["ab6mom y 1929 porri. 3a 101moMororo HaOUIBIIOTO B TOM Yac
Tejaeckona 3 jgiameTpoM A3epkana ~2.5 M  (obcepBaropiss MayHT-Binscon B



Kamidopnii, CIIIA) BiH BU3Ha4YaB BIACTaHb 10 HAWOIMKINX TAIAKTUK 32 3HAHJICHUMU
B HHUX IYJIbCYIOUUX SICKpaBUX 3Ip - 1edein, Kl € CBOEPITHUMU MasikaMd — Hamoi 1
cyciiHix ramakTuk. CHoiBCTaBUBIIM 11X 31 MIBUJAKOCTSAMHU, BUMIpsiHUMHU Becro.
Cnatibepom 3a 4yepBOHMMH 3MIIIEHHSIMU JIiHIM B CIEKTpax NIMX ramaktuk, E. 'a60n
BCTaHOBUB, 110 IMIBUAKICTh BIJJAJCHHS TaJJaKTHK THM O1JbIlIa, YUM OUIBbIIA BIJCTAaHb
JI0 HHUX. 3roJ0M IIICIs MIATBEP/PKEHHS IIbOT0 SBHUINA 1HIIMMHU acTpodizukamu, I
3aKOHOMIPHICTh Ha3Bau 3akoHoM ["'a006ma [3].

Bapro 3ayBaxxuTu, 10 €KCIEpEeMEHTalIbHE BIAKPUTTS po3lupeHHs BcecBiTy
He OyJH IIIJIKOBUTOK HECIIOJIBAaHKOI JJII TEOPETHKIB - 3a CIM POKIB J0
[[LOTO TAaKy BJIACTUBICTH OJHOPIIHOTO 130TponHOro BeecBiTy nepenbdauns Onexkcanip
®pingmaH, BUKOPHUCTABIIM JAJSl HOrO OMHMCY pIBHSAHHS AMWHINTaliHA 3arajbHOI TEOpii
BITHOCHOCTI. I3 OTpMMaHuX HUM PO3B'S3KIB BUIIMBAIO, IO OAHOPIAHUNA 130TPOMHUIA
CBIT MOXe abo posmuproBaTuch abo ctuckartuch. Illo BimOyBaeThcs 3 HammMm
BcecBiToM — MOKHA BCTAHOBUTH JIUIIIE HA OCHOBI CIIOCTepekeHb. ['ab011 10oBiB, 110
BiH po3mmuproeThes. Teopis @pigmana 1 emnipudyHuii 3akoH ['ab0ma 0OAHO3HAYHO
BKa3ylOTh Ha T€, II0 Take PO3UIMPEHHS € MOAIOHMM JI0 BUOYXy - BOHO IOYanocs B
OJIMH 1 TOM caMU{ MOMEHT Yacy JiIsl BCix rayiakTuk. [li3Hime ioro Tak 1 Ha3Bajau —
Benukuit Bubyx, sikuii mokjgaB moyaTok ICHyBaHHIO Toro BcecBity, B gKOMy MU
3apa3 KMBEMO. 3a CYYacCHUMH OIlIHKaMH BiH BIIOYBCS Maiixke 14 MUTbspJIIB POKIB
TomMy. B TakoMy CBiTI HEMae BUIJICHOTO IIEHTPY PO3IIMPEHHS - 13 BCIX TAJJAKTUK BOHO
BUTJISIIAE€ OJTHAKOBO.

Jlpyra BakJIMBa BJIACTUBICTh CBITY, 3alIOBHEHOI'O 3BUYAMHOI0 PEUOBUHOIO —
HOro  pO3IIMpPEHHs MOBMHHO  BiAOyBaTuCcs 3  ynoBuUlbHeHHsSM.  Chpasni,
camMorpasBiTallisi — B3a€EMHE MPUTATAHHS BHACIIJOK /il 3aKOHY BCECBITHBOT'O TSDKIHHS
MDK YacTUHKamMu (TaJaKTUKAMHM) TakKOro CepeloBUIIAa - MPU3BOAMTHME 10O
3MEHILIEHHS IIBUJIKOCTI PO3diTaHHs. B SIKOCTI O4Y€BHJIHOI aHAJNOrIT MOKHA MPUBECTU
NPUKJIAJ] 3 KAMEHEM, MiJIKUHYTUM BBEpX: HE3aJE€KHO BIJl MOYATKOBO1 IIBUAKOCTI BIH
Oyze BIAJANSATHCS BiJ TOBEPXHI 3 YINOBUIBHEHHSIM, HOr0 IIOYaTKOBAa KIHETUYHA
cHepris OyJae WTWU Ha TIOJOJIAaHHS CHJIM TsDKIHHA 3emiil. BenmuuuHa CrHoOBiITBHEHHS
BU3HAYAETHCS MAcor0 1 pajgiycoM 3emili 1 Ha TIOBEpPXHI OJIHAKOBA I BCIX TII
(9.8 M/c?). 3HaruM 3aKOH BCECBITHHOTO TSKIHHS 1 BUMIPSIBIIM 1€ MPUCKOPEHHS,
MOXHa JIETKO BHW3HAYUTH Macy 3emuli abo ii CepelHi0 TYyCTHHY 3a BIJIOMUM
(BuMmipsiHuM) cepeaniM paaiycom 3emumi. [lomiGHa cuTyarfiss 1 B CBITI TaJaKTHK:
BEJIMYMHA YIOBUIbHEHHS PO3UIUPEHHS BU3HAYAETHCS CEPEAHBOI0 TYCTUHOIO PEUOBUHU
Bceecity. Cnpo6a BUMIpSATH Take YMNOBUIBHEHHS 3 METOK) BHU3HAUUTH CEPEIHIO
I'YCTUHY pPEUOBMHHM y BcecBITI poOMIMCS HEOJHOPA30BO, aje JOCSATTH HEOoOXiTHOI
TOYHOCTI He BaaBajiocs. Haato ciiaOke CBITJIO HAJIEKUX TaJIaKTHK JUIT BU3HAYECHHS
BIJICTaHI JI0 Hac 3a OJIMCKOM THUX ke Hedeil, KOTpi BUKOpUCTOBYBaB ['ab01 B CBOIX
BUMIpax. A BUMIPSITU TaKe YIOBUIBHEHHS! MOXHA CIIOCTEPIralouM TUIbKU AyXKe JaneKi
rajjiakTuku. KpiM TOro, CBITJIO BiJ] TAKUX TajJaKTHUK JocsArae 3eMJil 3a MUIbSIPIU POKIB,
TOOTO, MU 0AUMMO 1X HA CTUIBKH K POKIB OLIBII “MOJOAUMHM”, HIK OJIU3bKI raJaKTUKH.
Lle o3Hauae, 1o JKepena CBITJIa B HUX MalOTh 1HIIY HEBIIOMY HaM CBITHICTb
(KITBKICTh  BUMPOMIHIOBAHOT CBITJIOBOiI €HEprii 3a OJWHHUIIO 4Yacy) BHACIIIOK
EBOJIIOIIIMHUX €(EKTIB 1 JJI1 HUX HE MOXKHA BUKOPHUCTOBYBAaTH METOJM BU3HAYCHHS
BiZICTaHI, sIKi aCTPO(DI3MKH BUKOPUCTOBYIOTH JIJIsl OJM3bKUX rajakTHK [3].
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Curyariis 3MiHWIACh 13  BUBEICHHAM Ha JOBKoJazeMHy op0OiTy KocmiuHoro
Teneckomna iMeH1 ['ab6a 3 giameTpom rosoBHoOro a3epkaia 2.4 M. OHIEIO 3 TOJTOBHUX
3amad, JUIS SIKAX CTBOPIOBABCS €W HAWTOPOKYUI TEIECKOI CBITY — MOCIIIKCHHS
JAJICKNX TaJakTHUK 3 METOI0 YTOYHEHHS 3aKoHY ['ab0ia i BU3HaUEHHS yMOBUTbHEHHS
po3mmpeHHs BeecBiTy.

\ :
Puc. 2. bacame cxkynuenns eanakmux Etioen 1263. Brakxumnor OuMKow HOKA3aHO PO3NOOIL MEMHOT
mamepii,BCmano61eHull Ha OCHOGI 2pasimayiuno20 NiH3Y8AHHA HUM
300padicenb eanakmux oaneko2o ¢ony. Temna enepeis po3nooiiena pieHOMIPHO (YOPHULL KOID)..

Pe3ynbraty qoCiiKEHHs, K1 TPOBOAWIM HE3AJE€KHO JBI HAyKOBI IPYNH Mailke
necsath pokiB «CHiBmpansg Mo JajeKux HagHoBUX» (HaykoBHil kepiBHUK Con
[TepaemyTTep) 1 «KoOCMODOTiUYHUM MPOSKT MO HAAHOBUX» (HAYKOBUM KEpPIBHUK
Anam Pic) - Oynu omyOJsikoBaHI MPakTHYHO oAHO4YacHO B 1998 pomi. Bxe 13
HABEJICHUX Ha3B IPyIN BUAHO, IO O0'€KTaMM 1X JOCIIJKEHHS OyJluM HaJHOBI 30pi
B JAJIEKNX TalakTUKax. HagHOBMMH Ha3MBAIOTh 30pi, AKI 3aKiHUYIOTH OCHOBHUH
HAUTPUBATIIIMKN MK CBOTO KHUTTS SIK 30p1 BHUOYXOM 1 SICKpaBUM CIAJIaxOM: iX
CBITHICTh B MAaKCUMyMi OJIMCKY B MUIbSPAU pa3iB NepeBullye cBIiTHICTH CoHI!

[leBHuii dac Taka HagHOBAa  BUIIPOMIHIOE SK I[la TaJlaKTHMKa 13 COTEHb
MUIBSIpIIB 31p. Take cTaeTbesl 3 ACSKUMHU 30pSMHU Ha KIHUEBUX CTAisAX iX €BOJIOLII.
YacTtoTta TmOsSBM TakuX 31p HEBeIMKa - B OAHIA  rajakTUI[l  HaJIHOBI
CHaNaxyloTh NPUOJU3HO OJWH pa3 Ha TPHUALLTH POKiB. TpHUBATICTh crajaxy B
MakcUMyMmi  OJNMCKYy  BCbOIO JEKIJIbKAa  JHIB, 3TracaHHs, KOJM BOHA IIE
CIIOCTEPITa€ThCsl — B JIEKIJIBKOX THXHIB J0 JBOX MicsuiB. Lle o3naudae, 1o
iX BUSIBJICHHS B JAJCKMX CJIa0OKWX TajakTUKaX € CKJIQJHOI 3ajadeto (MOTpiOHO
pPEeryJIIpHO  TMPOTJISIATH 300pa)KEHHS BEJIMKOiI KUIBKOCTI TajlakKTHK), 1 KOXXHE
TaKe BUSBIICHHS € BEJIMKOIO MOJII€I0 JUI acTPOHOMIB [4].

Cepen HUX € 0COOJIMBUI TUIT HAAHOBUX - KOJM CHAlaxye€ KapJiMKOBa 30ps Ha
CTaaii TOpIHHA B 11 siApl aTOMIB BYyIJeIo 1 KUCHIO (Tum la), sika 3HaXOIUTHCA B
TICHIM OABIMHIN cucTeMi. BUSABISETHCS, IO clTajlax TaKUX 31p OJHAKOBUN — OJIMCK
B MaKCHUMyMi, HOTO MOJaibIlIe 3MEHIICHHs, IOsSBa XapakTEpPHUX JIHINA B CHEKTPi
CTPOTO KOPENIOITh. TakuM YMHOM, 32 KpPUBOIO OJNMCKY 1 KOJIbOPY  MOXHa
BCTAHOBUTU 1i ICTHHHY CBITUMICTb, HE3QJIC)KHO BiJl TOTO, B SIKIM TaJlaKTHIII BOHA
nepeOyBae. Maioun ICTHMHHY CBITUMICTh (200 aOCOJIOTHY 30psSHY BEJIMYHUHY) 1
BUMIpSHUH NOTIK Ha 3emiii (a00 BUAMMY 30psIHY BEJIMUMHY) JIETKO 3HAWTHU BIJCTaHb J10
Hel, a 3HA4WThb 1 JO TaJaKTHKH, B SIKIM BOHA 3HaXoIUThCA. (OO0”€KTH 3 BIJOMHUMH
CBITUMOCTSIMU B acTpo(i3uill Ha3WBaIOTh  ‘‘CTAHJAPTHUMHU CcBiukamu’. Jls
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ONMU3bKUX TaJIaKTUK TAaKUMHU € BXe 3rajgaHi 1edeian, 30pi-TiraHTH HAWBHILOTO
KJIaCy CBITMMOCTI, $ICKpaBi ra3oBi TyMaHHoCTi Ta iH. [IpoTe, BCi BOHHM MaiOTh HaATO
MaJiiii OJTMCK Ul IXHBOT peecTpallli B JajJeKuX rajlakTuKax, 10 TOTO K €BOJIIOIIHHI
e(eKTH JUIs HUX 30BCIM HE BHUBYEHI. HaaHOBI, HaBMaku, 3aBAsKU iXHIM BEIUYE3HIM
SCKpPAaBOCTI B MOMEHTH clajaxy a0o HEIOBIO MICJsl HbOTO MOXHA CHOCTepiraTv 1
BUBYATH (BUMIPIOBATH OJIMCK, KOJIP, CIEKTP) 1 B HAMOUIBIN BiJJalICHUX TajlaKTUKAX.

BiakpuTTss nOpUCKOPEHOTO posmrpenHs Bcecsity cTaso HAyKOBOIO
ceHcami€eo. Y copobax MOro TMOSICHEHHS Yy CIOBHHUKY (I3UKIB 1 KOCMOJIOTIB
3'IBUJIMCh ~ Takl TEPMIHM, SIK TEeMHa €Hepris, MoaudikoBaHa TIpaBiTallis,
aHTUTpaBiTalllsl, KOCMIYHE BIAIITOBXyBaHHA Ta 1H. llepm HiX mepeltu [0
OOrOBOpPEHHA BapiaHTiB (I3UYHUX MPUYUH IHOTO MPUCKOPEHHS, HEOOX1THO
BiJI3HAYUTH J[B1 HOTO BYKJIMBI EMITIpUYHI BIACTUBOCTI:

1) BoHO mposBIAE€THCS TITBKM HA KOCMOJIOTIYHUX BIJICTaHSIX, 3HAYHO OUIBIINAX
pPO3MIpiB TpaBiTAIlIfHO- 3BA3aHUX CTPYKTYp BcecBiTy — ramakTuk, rpyn 1 CKym4eHb
rajnakTvk. Becepeauni 1 B HAMOMMDKUUX —OKOJMIIX IMX O0'€KTIB TaHye 3BUYaiiHa
BiJIOMa HaM TpaBiTallis 1 >KOJHOIO MPUCKOPEHOTO PO3LIUPEHHS HE BIJJOYBAETHCS.
2) Bci BusBJICHI HaWHOBIII THIy la 3HAXOASAThCA B TallaKTUKAX 3 YCPBOHUMHU
smiteHHsaMu Binx z=0.02 mo z=1.5, mo BiAmoBigae mianazoHy Biactaded Bigx 100
10 4300 M. HagHoB1 Ha MakCUMaJIbHHMX BIJICTaHSIX CIallaXxHYJIH, KOJIH Bik BeecBiTy
JIOPIBHIOBAB MPHUOIU3HO 4 MIpJ. POKiB, a HaWOIMK4Yl - KOJM BIH CTaHOBUB 13.4
MJIpJ. PpOKiB. TakuMm YMHOM, CIIOCTEpiralouu O0'€KTH Ha PI3HUX  BIJICTAHAX MU
0aunMo BcecBiT y MUHYJIOMY 1 MOXEMO BIIHOBUTH JWMHAMIKY MOro po3MIUPEHHS
B1JI paHHIX YaciB JI0 Cy4acCHOI ernoxu. BUsiBIsSIEThCS, 1110 TPUCKOPEHO PO3IIUPIOBATUCS
BcecBiT mouaB, koim ioro Bik OyB mnpuOIM3HO 6 MIIpA. POKIB, TOOTO, BABIYl
Mmoo [3].

Temna enepris a6o wmoaudikoBana rpasitamis? CporojHi axKTUBHO
pPO3BHUBAIOTHCA  JIBAa  MIAXOAWM 70 TOSCHEHHS  BHUSBJICHOTO  TPHUCKOPEHOTO
po3umpeHHss BcecBiTy: a) BBeA€HHS HOBOI (PI3MYHOI CyOCTaHIii, L0 OTpUMala
y3araJibHeHY Ha3BY «TeMHa eHepris», 0) moaudikaiiss abo y3araJbHEHHsS pPIBHSHb
rpaBiTamii. Y KOXHOMY 3 HHX 3aIIpOIIOHOBAHO O€3/114 MOJIeIICH, ajie 1aJieko He BCl,
MOSICHIOIYM  TPUCKOPEHE  po3MUpeHHs BcecBiTy,  y3TOUKYIOTHCS 31 BCIEIO
CYKYIHICTIO JAHUX MPO BIACTUBOCTI HAIIOTO CBITY Y BCIX MPOCTOPOBO-YACOBHUX
macmTabax.  Ciig 3HOBY K Takd BIJ3HAYUTH, IO BIIKPUTTS MPUCKOPEHOTO
po3mpeHHs BcecBiTy He OyJio TOBHOK HECTOMIBAHKOIO ISl TEOPETHKIB, Y HUX
OyB JOCBIJl aHAJII3y BJIACTUBOCTEN CBITY 3 KOCMOJIOTIYHOK TIOCTIHHOIO, a TaKOX
YCHIIITHUI PO3BUTOK 1HQIAMIAHOT KOCMOJIOri - MOAeNl paHHboro BcecBiTy 3
KOPOTKOYACHOIO (pa300 €KCIOHEHI1aJbHOTO PO3UIMPEHHS, HAa  AKIA pO3IIHUPEHHS
BiIOyBaeThcsl mpuckopeno. IlyOumikamis nepmmMx MNOBIAOMJIEHb 1 MOAAJbIII
MIATBEPKCHHSI BIAKPUTTS TPUCKOPEHOT0 PO3LIMPEeHHS BcecBiTy CTUMYyIIOBAIU
pobotu 3 ioro GI3MYHOI  1HTepHpeTalii y BKa3aHuUX Hampsmax. IlpuBeaemo
OCHOBHI, HaMOLJIbII OMpankoBani Moaeni [3].

Temna enepzia. JIns noscHeHHs ii (PI3MYHMX BIIACTHBOCTEH TOBEICTHCS BCE K
MPUBECTHU JeKUIbKa (hOPMYI 3 MIKUTHHOTO Kypcy (PI3UKH 1 IX MPOCTUX y3arajlbHEHb. 3
KJIACUYHOTO (HBIOTOHIBCHKOTO) 3aKOHY BCECBITHBOTO TSKIHHS BUXOJUTH, IO Oyb-
sKa 4YaCTUHKA HE3aJeXHO BIJ 1i MacH B TpaBiTalliiHOMY MOJi Tija 3 Macor M Ha
BIZICTaHI I BiXl HWOro IEHTPY PyXaerbcs 3 mpuckopeHHsm g=-GM/r2, e G —



rpaBiTaliiiHa NOCTiHA, OAHA 3 PyHIAMEHTaIbHUX KOHCTAHT HAIIOTO CBITY.

OckinpKH BCl BEJIMYMHU B MPaBiil 4aCTUHI 3aBXIU MO3UTUBHI, TO MPUCKOPEHHS
3aBXAM HeraTuBHE. | OCKUIbKM MPUCKOPEHHS 3 HETaTUBHHUM 3HAKOM HAa3MBalOTh
YHOOBUIBHEHHSIM, TO Oy/b-fKa YacTKa B IOJI 1HINOI YaCTKH 3aBXKIU BIIJAISETHCS 3
YHOBUIbHEHHSIM. YSBUMO TeTep, IO YacTKa 3HAXOJIUTHCA B OJHOPIIHIA cPepuuHii
XMapi TYCTUHOIO p Ha BIJCTaHl T Bif i1 neHTpy. Iligaiero cuam TSOKIHHS PEUYOBUHH,
0 3HAXOJIUTHCS ycepeauHi cdepu paaiyca r, ii IPUCKOPEHHS MOpPIBHIOE ( = -
4nGpr/3, ockinbku M=4nr?*p/3. 1 B 11bOMY BUIAJKy NPUCKOPEHHS TEX Oyne 3aBXIu
HeraTuBHUM (BenuunHHU =3.14, G, p, r B mpaBiii YaCTUHI 3aBXKJIU MTO3UTHUBHI1), TOOTO,
CIOBUIPHEHUN pyX YaCTHHKH B XMapi, L0 pO3MIUPIOETbCA. B omgHOpimHOMY
130TpONTHOMY CBITi Oy/ab-fKa YaCTUHKA MOke OyTu BuUOpaHa 3a IIGHTp XMapH,
oTkKe, Oyab-iKa 1HIIA YacTHHKA BIIJAIATAUMETHCS 3 YNOBUIbHEHHSIM. 3arajibHa
TEopis  BIJHOCHOCTI [EIIO y3arajibHIOE MPUBEIUI BUpa3 Ui NMPUCKOPEHHS 3
BpaxyBaHHSIM BKJaqy THCKYy cepeqoBHIla P B Take NPUCKOPEHHS HACTYIHUM
auHOM: g = - 4nG(p+3P/cA)r, e ¢=2.998-10° M/c — mBHAKICTH CBiTIa, BaXIMBA
(¢yHIaMeHTaJlbHa KOHCTaHTa Haoro cBiTy. OCKUIbKY 3HaYEHHSI BEJIMYUHU ILIBUKOCTI
CBiTJIa (a2 B 3HAMCHHHMKY BOHA IIl¢ 1 B KBajpati!) ay’ke BeJIUKe, TO I BCIX BIIOMHX
HaM pIBHSHB CTaHy PEYOBHHM Ha 3eMJIi 1 B 30psix 3HadeHHs 3P/c? Ha Garato mopsjakis
MEHIIIE, HIK p, 1 HUIM MOKHA 3HEXTYBATH MPHU JI0IaBaHH]1 BEJIMYUH B Ty)KKax. [ nuiie
IpU EKCTPEMaJbHO BEJIMKHUX TEMIEpaTypax AOCATraloThCsi YMOBU Koiau P=pc2/3, i1
BKJIAJ] TUCKY Ha YIOBUIbHEHHS MOPIBHIOETHCS 3 BIUIMBOM T'YCTUHHU. AJIE 3ayBaTe,
NO3UTUBHUI THUCK YNOBUIBHIOE, a HE MPUCKOPIOE POLIUPEHHS, SK MOXKE 3JaTHCS 3
OrJIsily Ha Te, IO CHUJIa TUCKY, JIIF0YM HA30BHI, «PO3MNHpaE» Ta3, a rpaBiTallisl HABIAKH,
«TATHE» yCEpEeANHY, HaMaraeTbcsl CTUCHYTH ioro. lle pendaruBicTChkuili edexTt, B
OCHOB1 SIKOTO MNPUHLHMII €KBIBAJEHTHOCTI Macu 1 eHeprii E=mc?. Bci pedoBuHM y
BCIX CTaHax Ha 3emill 1 B KOCMOCI MalOTh MO3UTUBHHMM THUCK. Y 3BUYAMHIN maTepii 1
TEMHIM MaTepii BIH OyK€ MaJluid, JUIsl BUIIPOMIHIOBAHHS BIH TaKUU X K 1 A
yIIBTPapEIATHBICTCHKOTO cepenoBuiia P=pc?/3.

BiAWITOBXYBaHHA

NMPUTRAraHHA

2

BMNPOMIHIOBAHHA SBMuYanHa TeMHa eHeprin
pevoBuHa (noMipHU#A BIA'€EMHMKA THCK) TeMHa eueprl,
(Bucoxknn Bin'eMHMA THCK)

Puc. 3. Intocmpayis enaugy mucky na epasimayiro. Ilomenyianvni samu gionosioaioms 3a
epagimayiliine NpumseauHs, 20pou — 3a GiOWMOBXysanHs. HYum Oinvuwuti 000amHuitl MucK, mum
enubwa ama, mum CUlbHiue NPUMsauHsa (BUNPOMIHIOBAHHS). V 8Unaoxy 6i0'emMHoc0 mucky - uum
8iH OLbUUL 30 AOCOIOMHOIO 8EIUYUHOI, MUM CUTbHIUe 8i0umosxysants (Pucynok eé3amo 3 [1]).



OTxe, HINO 3 BXE BUBYCHOTO 3€MHOIO 1 KOCMIYHOIO (I3MKOI0 HE B 3MO31
MOSICHUTH TIPUCKOPEHE pO3IMpeHHsT BcecBiTy. Asie OCKUIBKH,  CHOCTEPEKEHHS
BKa3yloTb Ha Moro mMO3UTUBHUNA 3HaK, g = - 4nG(p+3P/c*)1/3>0, To 3Bincu
BUILUIMBAE, 110 B HamoMy BcecBiTi € 1mie ojHa cyOcTaHIlisg, ska 1 3a0e3rneuye
HEraTUBHUU 3HAK cyMH B Ayxkax: (pt3P/c?)=(pm+px+3Px/c?)<0, ne pm — rycruHa
Matepii (OapioHHa pedoBMHA, TeMHa Mmatepis), a px 1 Px - ryctuHa 1 THCK
HOBOI  HEeBiAOMOi cyOctaHIii. [Ilpuuomy ii THUCK - 1€ ii BHYTpIIIHIA THUCK, HA caMmy
cebe, a He Ha MaTepio. bimbiiToro, BiH HeraTuBHUM: Px <-(pmc? +pxc?)/3  mid
MO3UTUBHOI T'ycTMHM pm 1 pX. lle He3BMUaliHO, BUXOUTH 32 MEXK1 HAIIIOTO 3€MHOT'O
JOCBIy, aje He 3a00pOHEHO 3aKoHaMU (i3ukH. TakuM 9YMHOM, 13 CIIOCTEPEIKYBAHOTO
¢dakTy npuckopenoro (g>0) po3mmpenHss BcecBiTy BHXOAWUTH, IO BOHA OJHOPITHO
3allOBHEHA CYOCTAHIIIE€I0 3 MO3UTHBHOIO TyCTHHOIO pxi HEraTUBHUM BHyTpimHiM
THCKOM Px<- (pmcz+px02)/3 Ha Bci iHmi Bugu MaTepn 1 eHeprii BOHa i€ IUIIe
TPaBITAIlIAHO 1 HE MPUHAMAE y4acTi B EJIEKTPOMArHiTHUX, CJIa0KMX 1 CHJIBHHUX
(sAmepHUX) B3aEMOJISAX, HIYOrO HE BUIIPOMIHIOE 1 HIYOTo He moriuHae [3,4].

BoHa nilicHO TeMHa, TeMHillIa 3a TEMHY MaTepilo, TOMY ii Ha3BaJd TEMHOIO
eHepriero. TakuMm 3arajdbHUM BIJIACTUBOCTAM TEMHOI €HEprii - MO3UTHUBHA
IYCTMHA, HEraTUBHUN BEJMKUNA MO aOCOJIOTHIM BEJIWYMHI THCK, Y4YacTh JIMIIE
B TIpaBiTallliHIi B3a€EMOIT - MOXKYTh 3a/IOBOJIBHSITH, 30KpeMa, CKaJApHI MoJs abo
«PIIUHWY», SKUX B apCeHall TEOPETHKIB BEJIMKA KIJIbKICTh. SIK MpaBWiIo, BCIX iX
MO>KHa 3BECTHU JI0 TPEJICTABIICHHS 1l€aIbHOI PIAVMHU 3 PIBHSHHSAM CTaHy BUTJISAIY:
Px=wpx, ne w<-1/3 - mapameTp piBHSHHS cTaHy. BiH Mo)xe¢ OyTHM  IOCTIHHOIO
BCIIMYMHOIO, OUIBIIOI0, a00 MEHIIOIO, HDX -1, abo 3MIHIOBAaTHCS 3 YacoMm 3a
AKUMOCh 3aKOHOM. SlKkuii BIH € HacmpaBil Yy Hamomy BcecBiTi - Mae OytH
OTPUMAHO 13 CHOCTEepeKeHb. HalOiIbII NTPOCTHIl BUIMANOK MOCTiiHOTO W=-1
BIJINIOBIJIA€ KOCMOJIOTIYHIN cTaniii AiHiuTaiiHa. Take mone Mae Mainy TMOCTIHHY
B uaci rycruny (px=10%°r/cM®) i € imeambHO omHOpimHMM. Y BCIX cHCTeMax
BIJITIKY BOHO OJHAKOBE SK BaKyyM, TOMY HOTO III€ HAa3WBAIOTh BAKYyMHUM. AJie
CIpoOU Y3TOAWTH HU3BKY TYCTHHY €HEprii IbOTO MOJS 3 EHEPri€lo HyJIbOBUX
KBaHTOBOMEXaHIYHUX KOJWBaHb Bakyymy Hapa3i Oesycmimmni. Ille omna roctpa
npo0iema, 110 He Ma€e 3aJI0BIILHOTO MOSICHEHHS, - TaK 3BaHa MpoOJieMa TOHKOTO
HaNAITyBaHHA. i cyThb B HacTynmHoMy. KocMororiuna cranga abo rycTHHA eHeprii
BaKyyMy, siKa i BIAMOBIJAa€, HE3MIHHI B 4aci - IX 3HaYEHHS TaKl X SK 1 Yy MOMEHT
Benukoro BuOyxy. Ane B panHIO emnoxy, Biapa3y micis Bemukoro BuOyxy, xonu
dbopmyBanucsa ¢Gi3uyH1 B3aeMo/lii, BoHA Oyyia Ha 120 mopsAKiB HMXKYE 3a HIUIHHICTD
BcixX iHmUWX ¢izuuanx momiB (ix BigHomeHHs 0.000......1, me mepen omununero 120
uyniB!). Ile myxe MajeHbka BeTUYMHA, MPAKTHYHO HYJIb. Ta SKOW Mepen OJIMHHIICIO
Oyno 115 abo 125 nyniB, To cBiT OyB OM 30BCIM 1HIIMM, 1 HAC Y HHOMY, CKOpIII 3a BCE,
He OyJio 0. Sk Bi0yJI0Cs Take TOYHE HaJaIlITyBaHHS CBITOBUX KOHCTAHT?

Mogeoni, 1m0 po3mIsiAalOThCSl  Ha Cy4aCHOMY e€Talll BUBYEHHS TEMHOi eHeprii
MOKHA PO3JIUIMTH Ha JEKUIbKa THUIIB, 110 BIAPI3HAIOTHCS XapaKTepoM 3MIHM B Haci ii
napameTpiB, 3[aTHOCTI pearyBaTH Ha HEOJHOPITHOCTI pO3MOoaiTy marepii abo
reHepyBaTu CBOI, 1, IK HACIIOK, BIUIMBATH Ha MUHYJY 1CTOpit0 1 MaliOyTHE BeecBiTy.
OCHOBHI 3 HHX, SIKi Hal4acTiIlIe 3rayroThCs B HAYKOBIH JliTepatypi, Taki [3,4,5].

Keinmecenuyia (ab6o n'ama cymuicms). [lapamerp piBHSHHS CTaHy W B JIaHUU
yacy Mae€ 3Ha4YeHHs MeHIie -1/3, ame Oinpme -1. ['yctuHa eHeprii KBiHTECCEHITIT



MOBUIBHIIIE 32 1HIII KOMIIOHEHTH 3MEHIIYETHCSI 3 YacoM 1 3 TIEBHOTO MOMEHTY
NOYMHAE JOMIHYyBaTH. Hampukmana, KBIHTECCEHINS 31 3MIHHUM W, III0 MOBOHHO
3MEHIIYEThCS, Y MHUHYJIOMY 32 CBOIMH JWHAMIYHHUMH BIACTHBOCTSIMH MOTJIa
OyTu TOAIOHOI0O Ha 3BHYAMHY MaTepito ab0 BUIIPOMIHIOBAHHS, ajie 3 YacoM
nepexoauTh JO CTaHy, MOJIOHOrO J0 BakyyMHHX moiiB (w=-1). CBiT 3 Takoo
TEMHOIO CHEPTi€I0 BIYHO PO3IIMPIOBATUMETHCS 3 TPHUCKOPEHHSIM TaK, 1[0 MaclTadu B
HBOMY  30LTBIIYBaTUMYThCSI 32  €KCIIOHEHI[iaJbHMM  3aKOHOM. |  HaBakw,
KBIHTECCEHIIII 13 3pOCTal0dMM W B paHHbOMY BcCecBiTi 3a CBOIMHU JMHAMIYHUMH
BJIACTUBOCTSIMU OyJjia Moji0Ha 10 KOCMOJIOT1YHOI cTajoi. Y Takiid Mojeli 3 dYacoMm
«KOCMOJIOT1UHE NPUCKOPEHHSD 3MIHUTBCS «KOCMOJIOTIYHUM CIHOBIJIBHEHHSIMY, SKE
3YMUHHUTE POSIIUPEHHS CBITY 1 MpHUBENE MO MOJANBIIOTO KOJAICy, SKAH BXKE
HIIIO HE 3yNUHUTH. Takuil CBIT € CKIHUEHUM B 4Yaci 1 HOro iCHyBaHHS 3aKIHYUTHCS
IIOBHUM KoJjarncoM, Tak 3BaHuM Bemukum Komancom (Big Crunch) [3].
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Puc.4. 3anesxcnicmo macuma6is 6io uacy 6 pisHux mooensax memuoi enepeii Cxkopouenns: BEP -
siune excnonenyianvre poswupenns, BCP - giune cmenenese posuiupenns.
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®antom. I[lapamerp piBHSHHS cTaHy W 3aBXIu MeHmM -1 1 Moxe Oytu
MOCTIHUM a00 3MIHIOBATHUCS 3 YacoM. ['ycTuHa eHeprii (paHTOMa MOBUIBHO 3pOCTAE 3
4acoM BIJl HyJsI 1O Jy’K€ BEJIMKUX 3HAUYCHb B MalWOYTHbOMY, YHACIH1JIOK YOTO
Horo ponib, K JOKEpela «KOCMIYHOTO BIALITOBXYBAHHS» BHSBISTUMETbCA Ha
BCE MEHIIMX 1 MEHIIMX MacuTadax - 3 YaCOM PO3MaayThCsl CKYTUEHHS TajakTHK,
NOTIM TaJIaKTUKH, Jail 30pl, MJIAHETH, aTOMH 1 €JEeMEHTapHI YaCTUHKH — BCE
3akiHuuThCs Benmukum PospuBom (Big Rip), npuyomy 3a ckinueHuit yac. I xoua BiH 1
Jy’K€ BEIIMKHI, BiijlajdeHe MailOyTHe Takoro CBITY HaATO Bxke moxmype. [lepexig w
yepe3 -1 K s KBIHTECEHWIi, Tak 1 s (paHTOMa 3a00pOHEHUH, aje B apceHall
TEOPETHUKIB € TaKOK MOJENI TEMHOI €HEprii, MmapaMeTp PIBHSAHHA CTaHY ISl SIKHX
3MIHIOIOUHCh MOXKE MEPEXOAUTH Yepe3 -1, Tak 3BaH1 KBIHTOM, K-€CEHIISl Ta 1H.

Ha pucynky 4 npuBeeH1 3aJIeKHOCTI MaciiTady Bij 4acy JJisl J€KUIbKOX MOJIENeH
TEMHOI €Heprii 3 peajJiCTUYHUMH napameTpamu. Yac maHmii B MUTbApAax
poOKiB, BiK cydacHoro BcecBitry - 14 wmipa. pokiB - MOKa3aHUN TPUKYTHUKOM
3J11Ba BHU3Y.

BaxxnuBow BIIacTHUBICTIO MoOJeNel TEMHOi eHeprii € TakoX iX TpaBiTalliiiHa
HECTIMKICTh - 3JaTHICTh A0 PO3BUTKY 30ypeHb TYCTHHHM €HEprii, sKi BIUTUBAIOTh
Ha (opMyBaHHA BelIMKOMAacIITaOHOI CTPyKTypu BceecBiTy. V KoXkHIM Moaen Takui
BIUIUB € PI3HUM, 110 3aJICKUTh Bij Horo ¢hi3uyHuX BiacTUBOCcTel. Lle 1ae MOXKIUBICTD
PO3BHUBATH CIIOCTEPEKYBAJIbHI TECTH, K1 O T03BOJMIN BCTAHOBUTH (DI3UUHY TPUPOAY
TEMHOI €Heprii HAIIOTOCBITY 3a XapaKTEPHUMH «BIJOMTKAMHU MaJIbILIIB» KOXHOI 3
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HUX Yy BeJIuKoMmaciTabHii cTpykTypi Bceecity. Ilum cbhorogHi 1HTEHCHBHO
3aliMaloTbcsl 0araTo HAYKOBMX Tpyln B PpI3HUX KpaiHax CBITY. Y OUIBIIOCTI
KUTTE3NATHUX MOJielel 30ypeHHSI TYCTMHU TEMHOi €HEeprii HacCTIIbKM Majl Ha
Macmtabax CcTpyktyp BcecBiTy, 1m0 iX TOpsMe BUSBICHHS ~ CY4YaCHUMH
CIIOCTEPESIKYBAILHUMH 3aC00aMU HE € MOXIJIUBUM [3].

[IpyunHOIO TOMY - BEIMKWNA HEraTMBHUN THUCK: 4YUM OUIBIIOI0 € JOKaJIbHA
I'yCTMHA, THUM OUIBIIMK HETaTUBHUM THUCK, 10 OOYMOBJIIOE TpaBiTalllifHE
BI/INITOBXYBAHHS 1 PO3IMIIAJIKY€E JIOKAJIbHY HEOJHOPIIHICT TeMHOI eHeprii. Takum
YUHOM,  OPUOYLIEHHS  OPO MPOCTOPOBO-OJHOPIHUNA PO3MOALT TEMHOI €Heprii
oOrpyHTOoBaHe. Yn MOXKHA CHOTOJHI IIOCH CKa3aTH MPO MIKpOQi3HUYHI BIACTUBOCTI
TaKuX MoJieJiel TeMHOI eHeprii? Sk Bke 3raayBajoch, TEMHA CHEpris Maibke
OJHOPITHO 3allOBHIOE BECh BCECBIT, «HIPOHU3YIOUM» BCli Tia 1 YacTHHKH,
B3a€MOJII0YH 3 HUMH JIMIIIE TpaBITallifHO. 3 1HIIOrO OOKY, HA3BABIIU TEMHY €HEPTil0
¢i3uuHOI0 CcyOCTaHIi€l0, CiJl Xo4a O crpoOyBaTH MOACHUTH i1 3 MO3MIIA CydacHOI
¢b13uku. [lutanus 1-me, Ha SKUH XOUYETHCSI MaTH BIANOBIAL MOBOIO (PI3UKHU: OCKUIBKU
MPUYUHOIO MPUCKOPEHOTO PO3IIUPEHHS € HETaTUBHUM TUCK, TO SKUM €  (PI3UYHUN
MeXaHi3M, M0 3a0e3ledye Takuid THCK B KOXHIA Touri mpoctopy? [3].

[lepenbavaeTscsi, 10 TEMHOIO €HEPri€0 € HOBE IOJie, BEIMYMHA  SKOTO
OMHCYETHCS MPOCTOI0 (CKAIAPHOI0) — (BYHKIICI0 KOOPAMHAT i yacy. Moro moBHa
ryCTUHAa €Heprii € CyMOI TYyCTHMHHM KIHETMYHOI 1 J0JaTHbOI MOTEHIIAIbHOI
eHeprii. OcTaHHs OMKUCY€E JIiI0 MOJsl HAa camoro cede. B mporeci eBoroIii ckansapHe
[10JI€ 3 TIO3UTUBHOIO T'YCTUHOIO MOTEHIIAIbHOT €HEPrii CKOYYETHCS B CTaH 3 MEHILOIO
TYCTUHOIO TOTEHLIAIIbHOI €HEprii, 10 € 3arajJbHOK BIACTUBICTIO BCIX (I3UYHUX
CUCTEM 1 MOJIB. AJie BIACTHBOCTI MOJISI MAarOTh OyTH TakMMH, 100 CKOUYBaHHS
BIIOyBaloCAd  MOBUIBHO: KIHETHMYHAa €HEprisi HEe T[OBHHHA [EPEBHILYBaTU
noTeHmianbHy. Lle 3a0e3neduye HEraTUBHICTh THUCKY, OCKUIBKU BIH JIOPIBHIOE Pi3HULII
I'YCTUH KIHETUYHOI 1 MOTEHUIabHOT eHepriil. Take Moxxe OyTH, KOJIM MOTEHIIIaN MOJIs,
IO OMHCYE CaMOJiI0 ToJid, OyJe MOCUTh mosnoruMm. Pemty poOuTh Tpasitaiisi: BCi
YACTUHKH 1 TIOJISI PyXaIOThCS TI0 Te01e31MHUX (HAUKOPOTIINX ) TPAEKTOPISAX B IPOCTOPI-
gaci, 10 1 MPHU3BOJUTH JIO0 IMPUCKOPEHOT'O PO3IMIMPEHHS OJHOPITHOTO 130TPOITHOTO
cBiTy. IluTaHHs 2-re: SKIO TEMHA €HEPTIS € MOJEM, TO Kl YaCTKH € HOCISIMH I[bOTO
nosis? Ha xanb, MOKM HE BAAE€THCS MOOYTyBaTH )KUTTE3AATHY MOJIETh TEMHOT €Heprii
B paMKax Teopli eJeMEHTapHHX YacTHHOK 1 (yHIaMEHTaJbHUX B3a€EMOJIM, sKa
MOBUHHA BIJIMOBICTU HA 11 TUTaHHA. [IpudnHOI0 TOMY € y’Ke HU3bKa T'yCTHHA TOJIA,
3 4OTO BUIUIMBAE, 10, HANPUKIAJ, Y BHUIAJIKYy KBIHTECEHIIli Maca YaCTHHOK, fKa Ii
Bi/[MOBI A€ 32 KBAHTOBO-MEXaHIYHUMHU Po3paxyHKamu, Mae 6yt ~10"% eB.

VYV cywacHiii @i3uill  eJeMEeHTapHUX YAacTMHOK TakuX Mac Hemae. Maca
€JICKTpOHA, HAMNJIErmoi cCTabIbHOI YaCTUHKA  JOPIBHIOE 5-10° eB, T100TO, €
Ha 38 mopsankiB Oulbiiow. Po3Mip eleMeHTapHUX YacTUHOK BU3HAYAETHCS
KOMIMTOHIBCHKOIO JTOBKUHOKO XBUJI1: JJIsI €IEKTPOHA BOHA PiBHA 2.4-10" cm, a ms
YACTUHKU KOCMOJIOTIYHOTO CKJSIPHOTO TOJIs ~10% cM, TOOTO,

Ginblma 3a po3Mip croctepeskyBanoi odmacti Beecsity (~10% cm). Ile i mosicHroe
TPYJIHOIl KBAaHTOBOI IHTEpHpeTarii Takux TOJIB 1 IIE pa3 MJKPECIIOE iX HOBY
¢biznuny cyTHICTb [3].

Moaundikanii i y3araapHeHHs rpaBitamii. [HmMHA miaXioq A0 MOSCHEHHS

MPUCKOPEHOTO PO3MHMpeHHs BcecBiTy 3acHOBaHWM Ha y3arajabHEHHI a00 Moaudikarlii



rpaBiTaiii — JiBId YacTWHI pPIBHSAHH AMHINITalHa (TEeMHA €HEpris, Ky MU
0OrOBOPIOBAJIM JI0 IILOTO Yacy, BIIHOCHUTHCS 0 IX MPaBOi, MaTepiaibHOI YACTHHU). Y
HbOMY Tiepe10aya€eThCs, 0 B CBITI € JIMIIE 3BUYaifHa PEUOBMHA Ta TEMHA Marepis,
a TpHUCKOpeHe po3lupeHHs: BcecBiTy - pe3ynbTaT rpaBiTalii 3 iHIIMX MTPOCTOPOBUX
BUMIpiB a00 iHIIOI TpaBiTamii Hamoro 3+1 mipHoro cBity. lle#t migxim Mae CBO¥O
1CTOpItO, KA, K 1 KOCMOJIOTIYHA cTala 1 ¢ppiaMaHiBCbka Mojenb BeecBiTy, moJanacs B
20-x pokax MHHYJOIO CTOJITTA. IcTopudHO TepIIold 1 TMPOCTOr  (HOopMOIO
Mo (IKOBAHOI TpaBiTallii € Ta caMa KOCMOJIOTIYHA CTajla, SKIIO ii 3amuCcyBaTd HE B
npaBiil MaTepiajabHIA, a B JIBIM YacTWHI pPIBHSHB 3arajbHOi TEOpii BIJHOCHOCTI.
Came Tymu ii 1 BBIB AWHIMTAaliH. AJie TOAl BHXOAWTH Ka3zycC, IO MEPEUYUTH AyXy
OTO — mpocTip BUKPHUBJICHUI HAaBITH TOJI, KOJM B HHOMY Hemae marepii abo
eHeprii. Came ToMy ii mepeHecIN B IPaBy YaCTHUHY 1 aCOIIIOBAJIM 3 CHEPTIEI0 BAKyyMy.
[Tomanpiia ii icTopist HaM Bxke Bigoma... [3].

JKomna 3 ¢i3muHMX Teopid HE Malla CTUIBKOX OITOHEHTIB Ta Oakarouux
nepenucaTd i MO-IHIIOMY, SK 3arajlbHa Teopis BIIHOCHOCTI AWHImITaiiHa. Aue
KOIHA 3 11 aJlbTepHATUB HE MOXKE MOPIBHATHUCS 3 HEW B Kpaci, €JIeraHTHOCTI,
CTPYHKOCTI 1 TOYHOCTI Y3TO/PKCHHS 3 €KCIIEpUMEHTAJIbHUMU JaHUMU Ha 3emull 1
B KocMmocl. CTBopeHa jist onucy (i3UYHUX SBUII B MPOCTOPI-4aci CIOCTEPEKYBAHOTO
CBITY, BOHa, TUM HE MEHIIIE, HE OOMEXKeHa TphOoMa MPOCTOPOBUMH KOOpJIUHATAMU
i onmicro uyacoBoro. Ii piBHAHHA BHYTPIIHEO HE CYyNEpeuwIMBi B IPOCTOpi-yaci
OyIb-sIKOi PO3MIPHOCTI, ajie mepeadadueHHs] MOXKYTh MEPEUUTH CIOCTEPEKEHHIM 1
EKCIIEpUMEHTAJIbHUM TecTaM. [CHYIOTh BC€ K BJllajil y3arajibHEHHS 1 PO3IIMPEHHS Ha
OUIbIIIE YUCTIO BUMIPIB, IO Y3TOKYIOThCS 3 €KCIIEPUMEHTAIbHUMHU TECTaMU B MexkKax
CoHSYHOI CHCTEMH 1 3/1aTHI MTOSCHUTH TPUCKOPEHE pOo3MMpeHHs BcecBiry.

OCHOBHOIO TIpOOJNEMOI0 TpU [bOMY € (DI3UYHA IHTEPOpPETALis JOJATKOBUX
PO3MIPHOCTEH.

Teopii Kaayuu-Kasiiina i 6pan. Brnepmie teopis rpasitauii Jjsi S-BUMIpPHOTO
npocropy Oyna nmodynoBana Kamymoro 1 KusitHom B 1921-1926 pp. 3 Meroro
MOSICHUTU 3 €IWHUX (DI3UYHUX MPUHIUIIIB TPaBITAIlIO 1 eleKTpoMarHeTusM. Lle im
MaiKe BJIaJoCs, ajie  BIAKPUTTS CHJIBHOI 1 €JIeKTpociadKoi B3aeMOJii MoKa3ao,
0 I TeOpis HEMOBHA 1 YHUCIO MPOCTOPOBUX BUMIPIB HEOOXITHO 301JIbIITYBATH.
CyuacHi teopii npaioroTs 3 10, 11, 26 Ta OUIBIIUM YKCIIOM MPOCTOPOBUX BUMIPIB 3
METOI0 00'€THAHHS BCIX B3a€MOJIIM, BKJIIOYAIOYM TpaBiTaIlilo. AJ€ MU KUBEMO B 3-X
MIPHOMY TMPOCTOpl 1 OJHOBUMIPHOMY 4aci Ta He (PIKCYyeEMO HASBHOCTI 1HIIMX
BuMipiB. [lf0 O4eBMAHY CIOCTEpPEKYBaJbHY BJIACTUBICTh HAIIIOTO CBITY aBTOPH
pi3HUX MOAM(QIKALIN TaKuUX TEOpid MOSICHIOIOTH PI3HUMHU crnocobamu.  IcTopuyHO
NEepIINM € TaKui: BCl «3aiiBl» MPOCTOPOBI BUMIPU KOMMAKTU(DIKOBAHI 1 MAarOTh
CKJIaJIHy TomoJiorito (cdepu, Topa 1 1H.) 3 maiameTpamu Bia macmTady Ilinanka (10
3em) no macmtaGy ®@epwmi (107 em). Ane Taki Mami MacIITabu MOKH-INO HEAOCTYIIHI
BUBUCHHIO 3ac00aMM Cy4YacHOiI  €KCIepUMEHTalbHOI (Pi3uku. VY 3BUYAWHUX
yMOBaxX BOHU MPOSBIISIIOTH ce0e SIK KBAHTOB1 yucia (CTeNeHl CBOOOIN) eJIeMEHTApHUX
YaCTUHOK - 3apsija, cmiH, komip 1 T.1. o0 «3armsiHyTi» B 111 MPOCTOpH, MOTpiOHA
BEIIMUE3HA CHEPris, OCKUIbKKM TaKUM MaJMM JIOBKHMHAM XBWJIb BIIMOBITAIOTH
BEJIMYE3HI EHeprii.

Jlo HIWKHBOI MeXi eHeprii (BepxHbOi Mexi wmacmTabiB, wmacmTady Depmi)
ninoupaeTbes Benmukuil agpoHHuid KoJaiaep 1, MOXKIIHUBO, BXXE HAWOJIMKINM 4acCOM



10

3BiATH Oyae OTpUMaHWM SKHICh CHUTHAL.. Y IHIIOMY CIOCOOI TOSCHEHHS HeE
CTHIOCTEPEKHOCTI «3alBUX» BHUMIpIB, BBaXKAETHCS, LI0 BCl BHUMIPH PIBHOIPABHI,
ajie crocTepekyBaHi HamMu (I3U4YHI TOJIA 1 B3aEMOJAIl SKMMOCH YMHOM IIPUB'S3aHI
JUIIEe 70 YOTUPUBUMIPHOI TINMEPIIOBEPXHI, SKYy Ha3WBalOTh OpaHowo (Bl clioBa
MeMOpana). CpOrojiHi akTUBHO PO3BUBAIOTHCS JEKUJIbKa BapiaHTiB Teopli OpaH (p-,
D-, M-6panm), 1m0 oOilAI0Th BIAKPUTH HAM HE3BUYAiHI BJIACTUBOCTI CBITY B 1HIIUX
BuMmipax. Teopii OpaH TICHO TIOB'sI3aHI 3 TEOPIIMH CTPYH, CYNEPCTPyH 1
cyneprpa,iTallii, 31aTHUX o0O0'€THATH 1 TOSCHUTH BCl YOTUPH (PI3MYHI B3aEMOJII]
HAIIIOTO CBITY (€JICKTPOMArHIiTHY, CHIIbHY, CJIa0Ky 1 TpaBiTalllifHy). Y HUX, HAIIPUKIIAI,
YaCTMHKHM HAIIOTO CBITYy TMPEACTABISIOTECA HOTO0 MEPEeTMHOM OJHOBHUMIPHUMH
CTpyHaMH, 5Kl BIOpYIOTh Ha MEBHHMX YacTOTaX. baraTto BIaCTUBOCTEH HAIIOTO CBITY B
TaKUX MOJIEISIX 3'SIBISIIOTHCS IPUPOJHBO, Y TOMY YHCII 1 MPUCKOPEHE PO3LIUPEHHS
Bcecpity. Ha manmux macmrabax B HaIlIMX BUMIpax MepeBakae IpaBiTallis HAIIOTO
3+1 cBiTY, a Ha BENUKUX MPOSABIAETHCS TpaBiTallisl IHIIMX BUMIPIB, fAKa, B pasi
NOBUIBHOI 3MIHM MaclTablB B HHUX, MNPUBOAUTH 1O NPHUCKOPEHOIO PO3LIMPEHHS
cnocrepexyBaHoro BcecBity. EdexkTuBHO B Hammx BUMIpax BOHa i€ SK
KOCMOJIOT1YHA CTalla, Ika B IIbOMY BHUIIQJKy MOXE II€ 1 3MIHIOBATUCA 3 YacCOM.
[IpuyomMy, 1€ mpairoe BXE B MOJEIl 3 MIHIMAJIBHUM PO3LMIUPEHHSIM PO3MIPHOCTI
npocTopy — B 5-Tu MipHOMY cBiTi Kanmyru-Kusiina [3].

Teopisn bpanca-Jlikke .3arasbHa Teopiss BIJHOCHOCTI - II€ METpUYHA Teopis
rpaBiTallii, B AKid poJib MOTEHIIAJIB TPaBITAIlIMHOTO TOJISI BIAITPalOTh KOMIIOHCHTH
METPUYHOTO TEH30pa, IIOBH3HAYA€E T€OMETPUYHI BIACTUBOCTI MpocTopy-dacy. loms
K TaKOoTO B HIA HEMa€, € BUKPHUBIICHHS MPOCTOpPY-4acy  MaTepi€lo-eHepriero, a
rpaBiTalis MOBHICTIO ONHUCYETbCS TEH30poM KpuBHHM Pimana. He BciM ¢i3ukam
Taka 1HTeprnperauis Trpasitamii Oyna [0 Aymil, TOMy poOMucs OaratokparHi
cpoOu omMcCy IpaBiTalii B TEPMIHAX KJIACHUYHOI TEOpli TOJsA y BUKPHUBJICHOMY
npocropi-uaci. HaiOinemr Bpanow € Teopis rpasitamii  bpanca-/likke, ska
3anponoHoBana y 1961 pori, Ta ii BapiaHTH po3BUTKY. Lle 1HIIMI HanpsiM y3araibHEHb
3arajbHOi TEOpii BIAHOCHOCTI. Y HHUX OKpPIM METPUYHOTO TEH30pa € 1€ CKaJApHE
1oJie, 110 TEeHEPY€EThCs MaTepiero, yepe3 sIKe BOHA BIUIMBAE€ HA METPUKY IPOCTOPY-
gacy. Y IIUX TeOpisx BiJjoMa HaM cCTaja BCECBITHHOTO TSDKIHHS B)KE HE ITOCTIMHA
BENIMYMHA, a Taka, II0 3MIHIOEThCSA y MpocTopi Ta yaci. I[lapamerpom Teopii €
0e3po3MipHa KOHCTaHTa 3B'A3Ky, SKUW BH3HAYA€ TaKOXK il MIPYy BIAXUJICHHS BiJ
3aranbHOi  Teopil BimHOCHOCTI. Ii BU3HAYEHHS B EKCIIEPUMEHTAaX 3a JONOMOTOI0
cynytHuka Kaccini-['tolirenc B 2003 p. mnoka3zamu, 1o Teopii bpanca-/likke
MPaKTUYHO HE BIAPIZHSIOTHCS Bl Teopli AMHIITaiHA B JIOKAJIbHUX €KCIIEPUMEHTAX,
TOMY YMCIIO iX MpUOIYHUKIB HeBelnKe. OCTaHHIMU POKAMH IHTEpPEC 0 HUX 3pIC, Y
3B'SI3KY 3 MOKJIMBICTIO TIOSICHEHHS B paMKaX IIUX T€OPii BUSBJICHOTO MPUCKOPEHOTO
posmupenHs: BeecBiTy. BusiBunocs, 1o J10moBHUBIIM Teopito bpaHca-Jlikke nesaKoro
(GYHKITIEIO B TOTO K MOTEHIIAy MOYKHA 33JI0OBOJLHUTH 1 JIOKQJIbHI 1 KOCMOJIOT1YHI
TECTU. Y 1bOMY MIAXOA1 TPHUCKOPEHE PO3MIMpPEHHS BcecBiTy NOsSCHIOEThCA
CKJIQHIIIIOI0 TPABITaIl€l0 3BUYAHOT peUOBMHHU 1 TeMHOT Matepii [3,4].

Heainiiitna a6o f(R) rpasirauis. Tperiii HampsM y3arajabHeHb Teopii
rpaBiTallii, IKMA ChOTOJIHI AKTUBHO PO3BUBAETHCS, II€ - TpaBiTallisl BUIIUX IOPSIKIB
3a CKaJsIpOM KPUBUHU mpocTopy-yacy R. Piu y Tomy, 1o piBHAHHSA AMHIITaliHa,
10 OMUCYIOTh TPABITAIII0 SIK BUKPUBJIIEHHS TPOCTOPY-4Yacy, €KBIBAJICHTHI 3aJaHHIO
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NEeBHOI (PYHKIIIT, Ky Ha3UBAIOTh JIATPAHXKIAHOM, 1 3aCTOCYBAaHHS 0 HHOTO CTaHJAPTHOI
TEeXHIKM BHUBEICHHS PIBHAHb PyXy Y BHKPUBJICHOMY IMpocTopi-uaci. Y  Teopii
AMHIITallHA HUM € CKajgsip KpuUBHMHU R, T0OOTO, HAWMpOCTIIIA SKa JTUIIE MOXKE
OyTH JiHIMHA 3aJIEXKHICTh JarpaHkiaHa BiJl CKaJigpa KpUBU3HU 4-TIPOCTOpY. Y LBOMY
CeHCl Teopis AMHINTalHa JiHIMHA 1 HakuTpocTima. [IpupoaHbo, 1110 TeopeTUKaM IiKaBo
PO3MIISIHYTH  CKJIQAHINI 3aJIEKHOCTI 1 3aCTOCYBaTH iX JO OMKCY SIBUI HAIIOro
cBity. Hampukian, BKIIOYEHHsS KBaApaTuyHOro uieHa  R+oR? ge o — pesika
KOHCTaHTa, 3a0e3neuye 1HQIALINHY CcTagilo B paHHbOMY BcecBiti 6€3 BBeIeHHS
CHEIIaJIbHOr0 1H(IJIATOHHOTO MOJs. AJie B Cy4acHy €MoXy, KOJM CKaJisip KpuBUHU R
Manuii 3a BennunHoio (1 R? ictotHO MeHmie 3a R), BOHO HIYOro He Aa€ 1 I Teopist
OPAaKTUYHO HE BIAPI3HAETbCA Bl Teopli AMHIITailHA 1 HE MOXE TMOSCHUTH
npuUCcKopeHoro po3mmpeHHs BceecBity 0e3 BBemeHHss TeMHOi eHeprii. BapiaHTis
yCKIaAHeHb (opMHU JarpaHkiaHa BIIKpUTa MHOXKWHA, JOCIIIKEHO BCHOTO JIHMIIC
nekinbka [13].

CyuacHi BU3HAYCHHS IApaMeTPiB TEMHOI eHepril .

HacmipaBai >k, eKCIEpUMEHTAJIbHE BHUSBICHHS MPUCKOPEHOTO PO3IIUPEHHS
Hamoro BeecBiTy 3a HaqHOBUMU TUNy la 3Ha4HO CKJIAAHINIE 1 TPYIOMICTKIIIE
3aBJIaHHS, HIXK MOXKE 37]aTUCsl 3 BUKJIaJeHOTo Buille. HeoOXiHO BpaxoByBaTH BEJIUKE
qyucio (akTopiB JIJIsl KOKHOI HAJTHOBOI, SIK1 BIUTUBAIOTh HA BUMIPSIHI 3HAYEHHS TTOTOKIB
BUIIPOMIHIOBaHHS B PI3HUX CIHEKTpaJbHUX Jiana3oHax, (GopMy KpHUBOi OJHUCKY,
MDK30pSiHE Ta MIKTaJJaKTHYHE MOTJIMHAHHA 1 T.IL. | HEe Bce IUIKOM sicHO sIK. JIucKycii
MPOJIOBXKYIOThCA cepell (paxiBIiB B 11 001aCTl 3 MUTaHb 00JIIKY TOHKUX €(EKTIB s
N1ABUILLIEHHS TOYHOCTI. OCHOBHMI K€ Pe3yJIbTaT CYMHIBIB HE BHUKIHMKA€E HaBITh B
3aKOPEHUINX CKENTHUKIB. JI0 CbOrOJIHIIIHBOTO JHS PIZHUMH TIPYyNaMH JIOCHIIHHKIB,
BKJIIOYAIOYH JIFOOUTENIB aCTPOHOMIi, BIAKPUTO BXKE€ OJM3BKO THUCSYl HAJHOBHUX JO
YEpBOHMX 3MillleHb ~2. HOBI  JaHl MATBEPAMIM 1 YTOUHWIM MEpIIl pe3yibTaTH 1
BHCHOBKH [6].

[Hmmit k1ac 00'eXTIB, IO MATBEP/KYIOTH 11€ BIIKPHUTTS - TaMMma-crajgaxu. Jlins
63 3 HHMX 3HAWACHI ONTHYHI JPKepena, 3a SKUMH BH3HAYECHI iX 4YEpBOHI 3MIIICHHS.
BusBuiioch, mo 30 3 HUX MarOTh ICTOTHO OUIBIINI YEPBOHI 3MIIICHHS, HIK HAJIHOBI.
MakcumanbHe JOPIBHIOE MPUOIU3HO 5.6. 3aNeKHICTh «IOTIK €Heprii — dYepBOHE
3MIIIIEHHS» JUIsI  HHX, BlJKajgiOpoBaHa 3a  HAJHOBHMH, IMATBEpAMIA MEpEBaru
MOJIeJIi 3 TEMHOIO €HEPri€lo 3a TaJEeKUMH raMMa-criajaxam. BakIuBICTh IUX JTaHHUX
NOJIArae B PO3LUIMPEHHI MPOCTOPOBUX MAaCIITa0IB CHOCTEPEKYBAHUX JaHUX,
K1 BKa3ylOTh Ha ICHYBaHHS TEMHOI €HEPT1i.

[Ipote, HEOOX1AHI MEPEBIPKH, SIKI 3aCHOBAH1 Ha 1HIIMX TeCcTaX 1 Kjiacax 00'€KTiB.
Takum Mir 6u OyTH TECT «BUAMUMHUI KYyTOBHM pO3MIp — YE€pPBOHE 3MIIIECHHS», CYTh
SKOTO TOJISITAE Y BU3HAUEHHI BIJICTaHI 0 O0'€KTYy BIJIOMHUX JIHIMHUX PO3MIPIB 3a
BUMIpaMH iX KyTOBUX po3MipiB. [lo aHamorii 3 «CTaHIApTHOIO CBIYKOIO», 00'€KTH
BIJIOMUX JIIHIMHMX pO3MIpIB HAa3UWBAIOTh «CTAHAAPTHUM MeTpom». OjHak, Hi
rajJlakTUKH, Hi X CKYIMUYEHHS HE MAIOTh YITKHX MEX — SICKPaBICTh MMOCTYIOBO CHa/la€e
BiJl IIEHTPY 10 Kpar 1 KyTOBI pO3Mipu 3MIHIOIOTHCS 3 BIJICTAHHIO HE JIMINIE 4Yepes3
reoMeTpudyHuil edekrt, ane i yepe3 (OTOMETPUYHHM, 1, THM CaMUM, HE MOXYTh
CIIY)KUTH «CTaHIAPTHUM MeTpom». lIpoTe BupimeHHs mnpoOiemu OylIo Bce X
3HAUIEHO...
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TakuM «CTaHIAPTHUM METPOM) € JIHINHHUM po3Mip IUISIM Ha KapTi (IIIOKTYyaIlii
TEMIEPATypU PETIKTOBOTO BUIIPOMIHIOBAHHS, SK€ MPUXOIUTH MO0 Hac 13 cdepu
OCTaHHBOT'O PO3CIIOBAHHs, IO 3HAXOAUTHCA Ha YepBOHOMY 3MimieHHI ~1100 1
Bigictani ~14000 Mnk. I[lepin BUMipu iX KyTOBUX pO3MipiB Oyjau TIpPOBEJEHI B
2000 pomi B crparochepHux excnepumentax BOOMERanG i1 MAXIMA. Bixe
BOHU TOKA3aJId, 10 XapaKTepHi KYTOBI PO3MIPHU TaKUX IUISIM 100p€ y3roIKYIOThCS
3 KOCMOJIOTIYHOIO MOJIEJUIIO, B SIKIM KpWMBHMHA 3-TIPOCTOpPY OJIM3bKa 1O HYJs, a 3a
TYCTUHOIO 3apa3 JOMiHye TeMHa eHepris. OcCTaTouyHO IIe MIATBEPAUMB KOCMIUHUN
excriepuMeHT WMAP, B sikoMy OTpuMaHui KYTOBU CIIEKTP MOTY>KHOCTI (PIIFOKTYaIlii
TEMIEPATypyu PENIKTOBOIO BHIIPOMIHIOBAHHS BChOTO HebOa. XapakTepHi KyTOBI
pPO3MIpH TUISIM, OTPUMaHI B IIbOMY €KCIIEPUMEHTI, CTaHOBIATH ~0.6 Tpagyca. JliHiHI
1 KyTOBI pO3MIpH Y3TOJKYIOTHCSI MIDK COOOI0 B MOJIETISIX, B SIKUX JIOJIS TEMHOI €HEprii
ckianae npubmuzHo 70%. Takum unHOM OyJIO OTPUMAHO HE3AJIEKHE MMiATBEPIKCHHS
icHyBaHHS TeMHOi eHeprii [9].

[HII fgOKa3uW 1CHYBaHHS TEMHOI €Heprii OTpHMaHi 3a JaHUMH BHBYEHHS
BEJIMKOMAacIITaOHOI CTpYyKTypHu BeecBity Ta ii enemeHTiB. IcHyBaHHS 1y’Ke MacCHUBHUX
CKyNUEHb TaJaKTHK, IO 3HAXOAAThCS Ha YEPBOHUX 3MilIEHHSAX ~1 (BiamoBigae
BiJicTaHl Onu3bko 10 MUTBSPIIIB CBITJIIOBUX POKIB 1 BiKy BcecBiTy ~4 MIipJ. pOKIB),
MOKJIMBO JIMIIE B MOJENSIX 3 TEMHOK eHepriero. dopMa 1 aMIUNTyAa CIEKTPY
MOTYXXHOCTI 30ypeHb WIUIBHOCTI PEYOBHHM, IO BHU3HAYAETHCS 32 PO3MOIIIOM
rajJakTUK B MPOCTOPi, OJHO3HAYHO BKa3ylOTh Ha ICHYBaHHS TEMHOI e€Heprii i
TEMHO1 MaTepii B mpomnopiiii npudimu3Ho 7 10 3 BIATOBIIHO.

Axmo  BU3HAUYAaTH  KOCMOJIOTIYHI — MapamMeTpu 3a  CYKYNHICTIO  BCIX
CTIIOCTEPEKyBaHUX JaHUX, TO CKJaa Hamoro BcecBiTy Takuii: TemHa enepris — 72%,
TemHa matepis — 23%, OapionHa pedoBuHa — 5%. CydacHa TOYHICTH 1 HaJIHHICTh
BU3HAYECHHS LMX BEIUWYMH HACTIIBKA BHUCOKA, IO ICHYBaHHS TEMHOI €Heprii
BBKAETHCS ToBeAeHUM (pakToM. CKIaaHilIe 3 BU3HAUCHHSIM BEIHUYMHU TTapaMeTpa
piBHSHHS cTaHy w. [loku BCTaHOBIIEHO JiMIE T€, IO 3 BIPOTiAHICTIO 95% (kpuTepii
20) cyyacHe 3HAYeHHS W 3HAaXOJUThCA B iHTEepBaii Bif -1.2 mo -0.8. Axum BoHO OyIi10
y JajJeKoMy MHHYJIOMY — CY4YaCHMMM JaHMMH BU3HA4ae€Tbcsad HEHaaiiHO. Tomy,
KO’KHA 3 MOJICJICH TEMHOI €HEprii, pO3rIIAHYTHX TYT, IIOKKA Ma€ mpaBo Ha xutTTs [10].

Kocmornoru cnoaiBaroThes, 1o AaHi, siki Bxke 3i0paia Kocmiuna obcepBatopis
[Tnank 1 me 30epe 10 3aBEpIIEHHS CBO€I MICii, MCJA BIAMOBIAHOI O0OpPOOKH 1CTOTHO
3BY3UTh 00JIACTh JOIMYCTUMHUX 3HAYEHD MMapaMeTpiB TEMHO1 €HEePTii 1, MOXKIIMBO, KJIaciB
ii moneneit. Ile nepcnekTuBa HalOmmkunux 2-3 pokiB. B 1ieit ke uac 3ampaiioe Ha
NOBHY TMOTYKHICTh Benukuil afpoHHUI KoJuaiiep, SIKUil, sSIK CHOAIBAIOThCS BEJIHKI
ONTHUMICTH, MPOJUIE TPOXHU CBITJIA B 1€ LAPCTBO TEMPSIBH, — TEMHOI €HEprii,
TEMHOI MaTepii 1 HECIOCTEePEeKYBAHUX MPOCTOPOBUX BHUMIpiB. [IoMipHI X onTUMICTU
MPOEKTYIOTh HOBI TEJIECKONH, IUIAHYIOTh CHEIialdbHl TPOrpamMH CHOCTEPEKEHb
Ta BAOCKOHAIIOIOTh METOIU 1X 00poOku [5,7,12].

Y crapii po3poOku mepedyBae MPOEKT KOCMIYHOIO Tejleckona 30HA
MpUCKOpeHHS 3a HagHoBMMHU (Supernova Acceleration Probe, SNAP), 3aBmanusM
sKoro Oyne CHUCTEMaTHYHHUU TOIIYK HAaJHOBUX 3 METOI0 BCTAHOBJIEHHS 3aJIEKHOCTI
napameTpa pIBHSIHHSI CTaHy TEMHOI €Heprii BiJl 4acy, IO J03BOJUTh BCTAHOBUTH ii
npupony. OUiKyeThCs, IO BIH 3MOKE€ HIOPOKY BUSBIATH Onu3bko 2000 HaIHOBHX.
Sxu1o nei npoexT Oyae NPUHHATHIA O BUKOHAHHS, TO HOr0 3aIyCK MOKe BiIOYTHUCS
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omuzpko 2020 poky. VYV CIIA mnouamucs pobot 13 cTBOpeHHS Bemmkoro
CHUHONTUYHOTO orisinoBoro teneckona (Large Synoptic Survey Telescope, LSST),
sakuit Oyne BctaHoBieHuil Ha BepmnHi Ceppo Ilauyn (Cerro Pachon, 2682 M) Ha
niBHoui Ywmmi. 3 gilamerpoMm 13epkana 8.4 M, mosem 3opy 3.5 rpaayca 1 3.2
rirabaiTHOIO ITU(POBOIO KAMEPOIO BIH 3MO’KE JBi4i 32 THXKICHb CKaHYBaTH BCIO
JIOCTYIIHY YacTUHY HeOa. ['0JIOBHMMHU 3aBIaHHSAMU Tejeckona OyayTh BHUSIBIICHHS
crajaxiB HagHOBUX 1 e(eKkTiB c¢Ja0Koro rpaBITAliIfHOTO JIIH3YBAaHHS IS
BCTAHOBJICHHSI TPUPOJM TEMHOI eHeprii 1 TemHoi marepii. [lmaHyeThcs, 110 mepiie
CBITJIO 3ip BiH 3apeecTpye Bxke B 2015 pori [6].

€Bporeiicbka miBaeHHA 00cepBaTOPis MICHs 0araToiTHROI POOOTH HAJ TPOSKTOM
€BponeicrKoro excrpeMaabHo Benukoro Tteneckoma (European Extremely Large
Telescope, E-ELT) 3 miameTpom rojoBHOTO n3epkaia 42 M [BOTO POKY IIAHYE
BXKE TPUCTYNHUTH 10 WOro ctBopeHHs. Bin OyayBaTtumetscs Ha BepuinHi Ceppo
Apmazonec (Cerro Armazones, 3060 M) sika 3HaXOIUTHCS B IEHTPAIBbHIN  YaCTHHI
BHUCOKOTIpHOI 4mIiichbkoi mycTeni Atakama. Jlo KIHISE MOTOYHOTO JECATHIIITTS
BIH TIOBUHEH OM BXKE MOYaTH CIIOCTEPEKEHHS. Y MPOEKTHUX OOTPYHTYBaHHSIX
HEOOXITHOCTI CTBOPEHHSI TaKOTO TEJIECKOMa - MOMIHUBICT  MPSIMOTO BUMIPY
MPUCKOPEHHs po3mupeHHs: BeecBiTy 1 Bapialii B yaci ¢pyHAaMEHTAIBHUX (I3UYHUX
CTIUX.

Homyk indopmanii A JOCHIAKEHHSI TEMHOI eHeprii y mepexi IHTepHer.
Jnst  mocniipkeHHsT HaykKoBoi 1H(opmaiii uepe3 Mepexy I[HTepHeT HeoOX1aHO
OIpaIbOBaTH CydacHy HayKoBY iH(opmariro goctynHy Ha caitax : NASA, ESA, the
Hubble Heritage Team (STScl/AURA), J. Blakeslee (NRC Herzberg Astrophysics
Program, Dominion Astrophysical Observatory), H. Ford (JHU). Cropinku moctymy (
http://www.nasa.gov/, http://www.esa.int/ESA , http://mechafushigi.com,
http://www.sciencedaily.com) .

AHaJi3 pe3yJbTATIB CHOCTEpPe:KeHb TEMHOI eHeprii Bigo0pakeHHX Yy
AOCJTIIHUNIbKINA po0OTi .

AHani3ylouu pe3yJbTaTh CIOCTEPEKEHb HEOOX1THO 3POOUTH JIEKIIbKa 3ayBaKeHb
TEPMIHOJIOTIYHOTO XapakTtepy. YacTto B jiTepaTrypi Ta ONHUCI TEMHOI €Heprii sK
G13U4HOI CyOCTaHIli BUKOPUCTOBYIOTHCSI TEPMIHU «aHTUTPABITAIISN», «TpaBiTaIliiiHe
BIIIIITOBXYBAHHS», «KOCMIYHE BIAIITOBXYBaHHM» 1 ToMy moziOHe [4]. HacnpaBai ik,
MU HE PO3TJIAJaly SKICh HOBlI CHJIM, IO JiIOTh Ha 3BUYAlHYy MaTepio 1 MarTh
NPOTUJICKHUI 10 TPaBITALITHOrO TsDKIHHS 3HAaK. EQEexkT mpucKOpeHHsS pO3MIMpPEHHS
OJIHOP1THOTO BCecBiTy BUILIMBAE 13 3arajibHOI T€OPii BIIHOCHOCTI, B SIKiil HEMa€e CUIIU
NPUTATaHHS, a0o0 BIJIIITOBXYBAaHHsS, a € BUKPUBJICHHS MPOCTOPY-4acy Macorw ado
eHepriero (auB.Puc.3), a 4acTMHKM pyXarOThCSd B HBbOMY BUIBHO IO TIe0Ae31MHUX
TpaekTtopisx. IlpuckopeHHs a0o cuily MOXKHaA po3paxyBaTH 3a 3MIHOKO IIBHIKOCTI
YaCTMHOK B KOXHIM TOYI[l MPOCTOPY B JIOKANbHIN 1HEpLIANbHIA CHUCTEMI BIAJIKY. Y
TAKOMY KJIFOUl 1 CJIIJT pO3YMITH 111 TEPMIHH.

Jxepena indopmanii mepeski IHTepHeT peKOMeH/I0BaHi /i1 BUKOPUCTAHHS LI00
JAOCJII>KEeHHS] TEMHOI eHeprii


http://www.nasa.gov/
http://www.esa.int/ESA
http://mechafushigi.com/
http://www.sciencedaily.com/
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Jlnst mocmipKeHHsST TEeMHOI eHeprii 4yepe3 Mepexy [HTepHeT pexkoMeHIyeMOo

BUKOPHCTOBYBATH PE3yJIbTaTH CIOCTEPEKEHb MPOBIAHUX 1HCTUTYTIB Ta 0OcepBaTOpiit
CBITY, BKJIFOUAIO4M 00cepBaTopii MiBACHHOT MIBKYIII:

Hauionanvna onmuuna acmponomiuna oocepsamopis (NOAO, CIIA):
http://www.noao.edu/noao.html . Yepes 1ieit cepBep MOKHA BUHTH Ha CTOPIHKH
3HaMeHUTHX obcepBaropiit Maynt Biscon, Maynt [1anmomap 1 Kart ITik.
Hauionanwvna padioacmponomiuna oocepeamopia (NROO, CIIA):
http://www.nrao.edu/.

Incmumym kocmiunozo menecxkona im. Xaoona (STSc, CIIA):
http://marvel.stsci.edu/.

Oobcepeamopia im. B. M. Kexa (CIIA, T'apaiiceki octpoBu). Mae naBa
HaWOIMBIIMX HA CHOTOJHI ONTUYHUX TEJIECKONMU 13 CETMEHTOBaHMMH 18-
MeTpoBUMH A3epkanamu: http://astro.caltech.edu/.

Henmp acmpoghizuxu I'apsapocvkozo ynieepcumemy (Cf, CII1A):
http://cfa-www.harvard.edu/.

Hauionanvnuie acmponomiunuii i ionocpepuunn yenmp ¢ Apecioo (NAIC,
CILIA): http://www.naic.edu/.

Conauna oocepsamopisa biz bep (BBSO, CIIIA):

http://www.bbso.njit.edu/.

Oocepsamopia Coeppo Tonono (CTIO, Ynm):

http://www.ctio.noao.edu/.

ITieoenna esponeiicoka oocepsamopisn (ESO):

http://www.eso.org/.

Aneno-Aecmpaniiicoka oocepsamopia (AAO, ABcTpanis):
http://www.aa0.gov.au/.

Paoioacmponomiuna oocepsamopisn /[rrcoopenn benk (AHrmnis):
http://www.jb.man.ac.uk/.

I'pyna im. I. Heriomona (ING, o. Jla-Ilansma, Kanapceki ocTpoBa):
http://www.ing.iac.es/.

006'econanuit acmponomiunuii yenmp (I'aBalicbKi OCTpOBH):
http://www.jach.hawaii.edu/.

Incmumym acmponomii moesapucmea Maxca Ilnanka (MPIA, ©OPH,
[arinens0epr): http://www.mpia-hd.mpg.de/.

Incmumym acmpoghizuku moeapucmea Maxca Ilhanka (MPA, ©OPH,
[apxinr): http://www.mpa-garching.mpg.de/.

Incmumym  paodioacmponomii  moeapucmea Makca Ilhanka (bonH,
Himeyunna MPIf):  http://www.mpifr-bonn.mpg.de/. Mae  HaHOUTBIIMI
MTOBHOIIOBOPOTHUH PaiOTENIECKOMN 3 JlaMeTpoM J3epkaia 109 m.

Incmumym acmponomii Bioencvkozo ynieepcumemy (ABctpis):
http://www.astro.univie.ac.at/.

Oocepsamopia brakumnozo oepeza (OCA, Opaniiis):

http://www.obs-nice.fr/.

Oocepeamopii Maynm Cmpomno i Caidine Cnpinz (ABCTpis):
http://msowww.anu.edu.au/.

Ilieoenno-Agpuxancoka acmponomiuna oocepeamopisa (I1AP):
http://www.saao.ac.za/.



http://www.noao.edu/noao.html
http://www.nrao.edu/
http://marvel.stsci.edu/
http://astro.caltech.edu/
http://cfa-www.harvard.edu/
http://www.naic.edu/
http://www.bbso.njit.edu/
http://www.ctio.noao.edu/
http://www.eso.org/
http://www.aao.gov.au/
http://www.jb.man.ac.uk/
http://www.ing.iac.es/
http://www.jach.hawaii.edu/
http://www.mpia-hd.mpg.de/
http://www.mpa-garching.mpg.de/
http://www.mpifr-bonn.mpg.de/
http://www.astro.univie.ac.at/
http://www.obs-nice.fr/
http://msowww.anu.edu.au/
http://www.saao.ac.za/
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«  Hauionansna acmponomiuna oocepeamopin Anonii (NAOJ):
http://www.nao.ac.jp/ .

IMicas pocaigkeHHsT TeMHOI eHeprii 4yepe3 Mepexy IHTepHeT He0OXiaHO
MiArOTYBaTH BUCHOBOK Ta 3BiT NMPO NMPOBeAEeHY PoOOTY.
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