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IIpeaucaoBue

[ToGynuTebHBIM MOTMBOM HAIMCAaHUS JAHHOW KHUTH TIOCITY-
KA HAyYHBIE Pa3padOTKU MHOTUX (PM3HKOB TEOPETUKOB, KO-
TOpBIE POBOASATCS OCOOEHHO MHTEHCUBHO B TIOCTIEIHUE JIECSITH-
netusi. OCHOBHBIMU HAlpaBJICHUSIMU 3TUX PaOOT SABJISAIOTCS MO-
UCK «HUTEW» MPOCTPAHCTBA M MCCIIEIOBAHUE CTPYKTYpPHI IPO-
cTpaHcTBa — BpeMeHH. [1o cooOmienuio psiia y4eHbIX B HACTOS-
11ee BPeMsl peaiu3yloTCsl IKCIIEPUMEHTBI, B KOTOPBIX yKe OOHa-
PYKEHbI IIEpBbIE TPU3HAKY «HUTEW», COCTABJIAIOIINE TKaHb Bee-
JeHHoH. A ¢pusuk JKBUpOIUC CUMTAeT MPOCTPAHCTBO — BPEMs
JUCKpETHBIM. [10 MHEHMI0, aMEPUKAHCKOTO BEIYIIETO TEOPETH-
kabomxoBania, no3HaHUE CTPYKTYpPBI IIPOCTPAHCTBA — BPEMEHHU
9TO TOCJIEIHUI pyOek Ha MyTU K MOJTHOMY NMOHUMAHUIO MPU-
ponsl. B cBoux HayuHbIX Tpygax bomxoBann numer «Msl Te-
1epb 3HAEM, KAKOBBI CJIEACTBHS ATOMHOM CTPYKTYpbl MAaT€pHH,
HO C MPOCTPAHCTBOM-BpEMEHEM BCE ellle paboTaeM Ha ypOBHE
(puzukn XIX Bekar.

Lesbio JaHHOW KHUTHU SIBJISIETCS] 3HAKOMCTBO UMTaTENIel C pe-
3yJbTaTaMU MPOBEIEHHBIX UCCIIEJOBAHUN, B HEKOTOPOM CMBICIIE
MIEPEKJIMKAIOIIMMUCS C TEeMATUKOM BBITIETIPUBEIEHHBIX HAY YHBIX
pa3paboToK. B KHUTe TIpecTaBieHbl 3aBepIIaoIye MaTepraibl
WCCIIE/IOBAHUH, TOMCKA KOCBEHHBIX JIOKA3aTeIbCTB CYIECTBO-
BaHUsl CWIOBBIX HUTEW MPOCTpaHCTBA. Pe3ynbraThl MpoBeJeH-



HBIX MCCIIEIOBAaHUI U3JI0KeHbI B KHUTAX: PU3KKa MpoCTpaHCTBa,
CoHopHHUK cTaTedl 1o (pr3MKe MPOCTpaHCTBa, TanHCTBEHHAs Tpa-
BuTanus1, HoBbIil B3MJIs] HA IPUPOLy MaTepPUU U MPOCTPAHCTBA,
[TpoucxoxaeHne cTabuiIbHbIX 371eMeHTOB. CTaThu OMmyOIMKOBa-
HBI B COOpHHMKAX KOH(epeHIIni, KOTopble poxoamiy B 2013—
2018 rr. B CIIA, Kanane, ['epmannn, Poccun (MockBa, CaHKT —
[letepOypr, benropoa, Kamuuunrpaa, Bonrorpan). Kuaura co-
nepxuT 14 rnas. B kax10i U3 HUX, HA puMepax (pakTUYECKU
MIPOUCXOMISIIIMX SIBJICHUM, TTPOIIECCOB, 3aKOHOMEPHOCTEN MpUBe-
JIeHbl KOCBEHHBIE JI0KA3aTeJIbCTBA CYILIECTBOBAHMU S CUJIOBBIX HU-
Teil MPOCTpaHCTBa. B KHUre Takke MpeAcTaBieH HOBbIM B3IJIS
Ha MPUPOYy MaTepUU M MPOCTPAHCTBA, AAH OIpPEIeIEHHbIN OT-
BET Ha OJIHY U3 MIyOUHHBIX TPOOIEM (PU3MKU CYIITHOCTh I'PaBH-
TalUK, MPEJCTaBJIeH HOBbIM MOAXON K MOHATHIO 3apsja B (pu-
3uKe. B Hel 3a10keH LIesblii B3aMMOYBA3aHHBIN TEOPETUUECKUI
TJ1ACT HE MPOSIBJIEHHBIN €IIE CTPOroM TEOPUEH.

Hacrosiimas KHUTa paccuuTana Ha JII0OO3HATENIBHBIX JTyMalo-
X YUTATENIeH, B HEH MPUOTKPHIBAIOTCS] HOBBIE TOPU3OHTHI (DU~
3uku. Kak Bo BceM HOBOM, B Hell MPUCYTCTBYIOT CIIOPHBIE ac-
NIeKThI, MICUEPITHIBAIOIIE OTBETHI, HA KOTOpPBIE OYIYT MOTy4eHbI
CO BPEMEHEM.



I'maBa 1. UcTopust Bonmpoca

1.1. OT aToMmucTUKH
10 KBAaHTOBOM (PU3HKHU

Emé B aHTMUHBIE BpeMeHa JpeBHerpedeckue ydenoie [le-
MOKPUT, DnuKyp U JIyKpenuil CTpeMuInch JaTh MOHSATUIHOE
OCMBICJIEHUE OKpY:Kallero ux (usnyeckoro mMupa. VIMeHHO
OHH BBEJIM B OOMXO]] MOHSATHE MYCTOrO MPOCTPAHCTBA U CUUTA-
JI1, YTO OHO OIHOPOJHOE U OecKkoHeuHoe. Bpems onu npeacras-
JISUTM KaKk CyObEKTHBHOE OIIYIIEeHNE ASHCTBUTEHHOCTH. 3aTeM
3Ty KOHLENIUIO pa3BWJI aHIIMHACKUI y4eHbll HpioToH. CorniacHo
€ro BO33PEHUSIM IIPOCTPAHCTBO €CTh ITYCTOE «BMECTUIIULIE TET»,
OHO HETO/IBUKHOE, HENPEPbIBHOE, OTHOPOJHOE M U30TPOITHOE
BO BCeX HarpaByieHus. [IpocTpaHcTBO OECKOHEUHOE U MPOHMIIA-
emoe. OHO He BO3/IEMCTBYET HA MAaTEPUIO U CaMO He MOJIBEPraer-
Cs1 BO3/ICHICTBUIO CO CTOPOHBI MaTepuy U 00NaIaeT TpeMsi U3Me-
peHusmMu. Bpemsi aGcomoTHO, ero TedeHne OqMHAKOBO BO BCEX
MHepIUAIBbHBIX cucTeMax. KoHlenius npocTpaHcTBa U BpeMe-
HU HpI0TOHA rocrioficTBOBaJia B €CTECTBO3HAHUM Ha IPOTSKEHUU
XVII - XIX BEKOB ¥ COOTBETCTBOBAJIA HAYKE TOTO BPEMEHHM.

B konue XIX — Hauyasie XX BEKOB HAay4yHOE MPEACTABJICHHE
0 MaTepuy W MPOCTPAHCTBE MpETepIesio IIyO0oKoe N3MEHEHHeE.



B ¢uznueckyio kapruHy Mupa ObLI0 BBEAEHO MOHSATHE MMOJIS KaK
ocoboii hopMbl MaTepur. B cOOTBETCTBHM C 3TOW KOHIIETIIHEN
BCE TeJla — 3TO CUCTEMBI 3apSIKEHHBIX YaCTHII, CBA3AHHBIX MEXK-
oy coboit moneM. JIeficTBUSI OT OMHOW YacCTHUIIBI K JPYrou repe-
JIAIOTCSI C KOHEYHON CKOPOCThIO — CKOpOCThIO cBeTa. [Ipu atom
TI0JI€ CYATAJIOCH KAK COCTOSTHUE (pupa. DPup ke npeacTaBIIsI-
csl Kak aOCOMIOTHO HENOIBIMIKHASI Cpe/ia, 3aroJHSIOee MUAPO-
BOE ITPOCTPAHCTBO. 3aTEM B 3Ty KOHLIENIIINIO, HEMELIKUI YUYEHBIN
Jlopenir BHec npeoOpazoBanrsi. COrJlaCHO STUM KOHLIETIIUSIM,
MIpU JIBUKEHUU TEJl C OKOJIO CBETCKMMU CKOPOCTSIMH, ITPOUCXO-
JAT U3MEHEHM S TPOCTPAHCTBEHHBIX U BPEMEHHBIX CBOWCTB TeJl.
DTO NPUBOAUT K COKPALICHUIO UIMHBI TeJla B HAIPABJICHUU UX
JBUKEHUSI U 3aMEJICHUI0 MTPOUCXOASIIUX B HUX (PUBUUYECKUX
nporieccoB. Onupasich Ha 3T MPeodpPa30BaHUs, IPYTror HEMeTl-
KU y4eHbld DUHINTEHH pa3padoTan CrieruanbHyo TEOpHUIO OT-
HOCUTEJIbHOCTH, OCHOBAHHYIO Ha IMPEEIbHOCTH CKOPOCTHU CBE-
Ta U paBHOIIPaBHOCTU BCEX MHEPIMATIBHBIX cucTeM oTcuera. Co-
IJIACHO 3TOM TEOPUH MTPOCTPAHCTBO U BPeMsI SIBJISIOTCS He a0co-
JIIOTHBIMU, & OTHOCUTEIbHBIMU BEJIMUYMHAMU. DTUMHU TIOJIOKEHU-
SIMU CBOEM TEOPUM DWHIITENH MOCTABUJI OKOHYATEIbHYIO TOY-
Ky B CHOpax Y4YeHbIX O (pU3MUecKoil cymHocTH 3¢upa. [ToHs-
THE 3(rpa MOTEPSIIO BCAKUU CMBICII, BCE YTO PaHbLIE CUUTAIIOCH
cBoicTBamMM 3(pupa caenanock kuuematnkou CTO, u Bce ¢pusn-
YeCKHe M0JIs TeNepb pacCMaTpUBAJIMCh HE KaK IPOLECCHI, MPO-
xofsmue B 3pupe, a Kak pusnueckre 0ObeKTh 0CO00Tr0 COCTOSI-
HuA Marepuu. CielyeT OTMETUTD, YTO HE BCE YUEHbIE Pa3eiIsia



Y pa3ZIeNisIioT IO CUX TIOP 3TY TOUKY 3peHusi. YacTh yUeHBIX Mpo-
JOJKajda U IPOJOJIKAeT MOAJEPKUBaTh KOHLIENIMIO CBETOHOC-
Horo a¢upa, Aa U cam DUHIITEIH Y CO3AaHUM OOIIEN TeOpUr
OTHOCHUTEJIbHOCTH BHOBb UCIIOJIb30BaJl TEPMHUH 3(Upa, OAHAKO,
101 STUM TEPMHUHOM YK€ TIOHUMaJ (PU3UYECKOe MPOCTPAHCTRBO.
Hpyrue yuensle, Hanipumep, JIomoHOCOB oz 3¢upom mnoapa-
3yMeBaJl HEKYI0 « TATOTU TEJIbHYI0O MaTepuio», KOTOpasl 3aro-
HsIET BCE MUPOBOE MPOCTPAHCTBO U COOOIIAET BCEM TeslaM CH-
JIy TATOTEHUs], a YUTTEKep Mpeasiarai nogpasyMeBarhb noj Tep-
MUHOM 3¢pup — BakyyM. Byparo cuuraer, yro Bcs Bcenennas
3aro/iHeHa 3(PUPHBIM Ta30M U BCe TeJla MOIJIOoMmaT 3¢up, Ko-
TOpBIN 3aTeM MpeoOpasyeTcs B Marepuio. Poccuiickum yueHbIM
HaneeBbiM paspaboraHa acupomexaHuueckass teopusi 3pupa,
rae 3(pup MpencTaBieH B YETHIPEX OCHOBHBIX (POpMax: 3BE3AHOU
TUIa3MBbl, BEIECTBA, (PU3NIECKOTrO BaKyyMa U BHICBOOOKIEHHOTO
acpupa

B Hacrosiiee Bpemsi TOCIIOACTBYET TOYKA 3PEHUsI, UTO IMPO-
CTPAHCTBO 3aIlOJHEHO «(PU3MUYECKUM BaKyyMOM», HaJleJIeHHbIM
(puzrueckumm cBoiictBamMu. U ri1aBHbINA CMBICT 3TUX YTBEPKIE-
HUI1 3aKJII0YAeTCs] B TOM, YTO OH MPUCYTCTBYET BCIOIY, TPOHU-
3bIBasi BCE MPOCTPAHCTBO M Martepuio. Jlaxke BHYTpU TBEPHAOTO
MAaCCHBHOT'O TeJla BAKYyMHOT'O IIPOCTPAHCTBA HEM3MEPUMO OOJTb-
e, yeM BerecTBa. OOMENPUHATO CUUTATh, YTO y (PU3UIECKO-
ro BaKyyMa camasi BbICOKasl IJIOTHOCTh SHEPIMU U OH SIBJISIETCS
HeHcUepriaeMbiM Pe3epByapoM KOJOTMUYECKH YUCTON SHEPIHU.
[To pacueram [Ix. Yuiiepa «B BakyyMme, 3aKJTIOYEHHOM B 00b-



eMe OOBIKHOBEHHOMW 3JICKTPUYECKOM JIAMIIOUKH, SHEPIHH TaKOe
KOJIMYECTBO, YTO €€ XBAaTHJIO Obl, YTOOBI BCKUIISITUTh BCE OKea-
HbI Ha 3emuie». Ho, HecMOTps1 Ha KosoccaibHbIE 3arachl SHEPrUun
B BaKyyMe JOCTYI K HE BCJIEICTBHE €r0 BICOKOM CUMMETPUU
OUY€Hb 3aTPYIHUTEJICH.

[To coBpeMeHHBIM MpeCTaBIeHNAM YUEHBIX B BakyyMme Oec-
NPECTAaHHO 00PA3YIOTCS U MICUE3AI0T MaPhl YaCTUII—AaHTUIACTHIL:
JIEKTPOH—IIO3UTPOH, IPOTOH aHTUIIPOTOH U JIPYTU€ Mapbl 4a-
crur] — anTrdactul]. OH OyKBaJIbHO HATIONHEH. MOSIBIISIONUMHU-
csl M “cyesarlMy yactiuiamu. Ho B onpesiesieHHbIX yCIOBUSIX
BUPTYaJIbHbIE YACTHIIbI CTAHOBATCS peasibHbIMU. Tak, Harpumep,
€CJIM CyMMa SHEepruil CTOJIKHYBIIMXCA (POTOHOB OyJeT paBHOM
wi 1yTh Oonbiierd 1,02 M3B, To B pe3ynbraTe CTOJIKHOBEHUS
MOXET MOSIBUTHCS Mapa EKTPOH — MO3UTPOH, a €CJIU B PE3YJIb-
TaTe CTOJIKHOBEHUSI 00beM Hepruu Bo3pacteT jio 1,876 KaB, To
MOKHO OXH/IaTh POK/IEHUE Mapbl IPOTOH — AHTUIPOTOH.

B nocnenHue necsATuieTusi NPUHATO CUUTATh, UTO (pU3MUe-
CKHM BaKyyM 3TO (pyHJAMEHTAJIbHBIN BUJL (PUBMUECKOU pEaIbHO-
cru. U xots Teopusi (pU3MYECKOro BakyyMma MoKa enieé co3jaHa
npu e€ pazpadoTke HEOOXOAUMO YUecTb, YTO OHA JOJIKHA Opra-
HUYECKU MEPEXOANTH B KBAHTOBYIO Teopuio. HekoTopelie yueHsble,
B. I1 lopogpeeB u apyrue, nojaraior peajbHOE CyIIECTBOBAHNE
(puzrueckoro Bakyyma B BUJie HENpepbIBHOM cpeibl, Ero Hesb-
351 HAOMIOATh, MOTOMY YTO 3TO MPSMOE CIIE/ICTBUE ero Herpe-
PBIBHOCTU. DTO JienaeT (pU3NUeCKUid BakyyM MapagoKCalbHbIM
0OBEKTOM U OH TOABEpraeTcs Bce Ooliee MpUCTaTbHOMY BHIMA-



HUIO0 (PU3UKOB. YUEHBIM MPEICTOUT HAUTH MPUHIUIINAIBHO HO-
Bble METOJbl €r0 M3y4YeHUsl, BBISCHUTb NPUPOAY (PU3UUECKOTO
BaKyyMa, a 3TO MO3BOJIUT MO-UHOMY YBUIETh (PU3UUECKUE SBJIe-
Husl. PU3NUECKU BaKyyM MOPOXJIAeT (pU3MUECKUe MOoJIs U Be-
niectBo. Bo BecenenHoil TOMUHUPYIOT 3aKOHBI (PU3MUECKOTO Ba-
KyyMa, KOTOpbIE HayKe eIli€ Hen3BeCcTHbI. Kak 3asBuI1 aMepuKaH-
ckuil puzuk Maptun BomxoBaii, uccienoBaHue Bapualvii pe-
JIMKTOBOT'O W3JIyY€HUSs], IPOBEIEHHOE UTAJIbIHCKUMHU YYEHbIMU
nioz1 pykoBoacTBoM Padpuiro TaMOypuHM ¢ TOMOIIIBIO TEJECKO-
na Xa060ma, Aal0T YYeHbIM IIaHC OOHAPYXUTh TIEPBbIE MMPU3HA-
KU «HUTEN», COCTaBIANMX TKaHb Becenennou. I1o ero Mmuenuio
«CTpyKTypa IpOCTPaHCTBA-BPEMEHU — 3TO HOBBIN, BO3MOXXHO
TIOCJIEHUM pyOek Ha MYTH K MOJTHOMY MOHUMAHHIO TIPUPOIBI».
OH cuutaet, 4yTo (PU3UUECKYIO HAYKY KJIET HOBasl KapTUHA pe-
AJIBHOCTH, MO0 € MPOCTPAHCTBOM-BPEMEHEM YUeHbIe TTOKa pado-
TaloT Ha ypoBHe pu3uku XIX Beka. AHIMNUCKUI (pU3UK ApoH
Youn u ero komern u3 CTaH(OPACKOro MHCTUTYTa TEOpeTHYe-
CKOM (DU3HMKH B CBOMX HAYUHBIX PA0OTaX MBITAIOTCS PEIIUTh 3a-
rajKy NpocTpaHcTBa — BpeMeHu. OHU pacCMaTpUBAIOT €ro Kak
MOTOK KBaHTOBOUW uH(popManuu. [lerp 3enunkoBckuit u3 M-
ctutyTa siaepHoil pusuku [lonbcKol akajeMun HayK CUMTaeT,
YTO MPOCTPAHCTBO COCTOUT U3 AUCKPETHBIX YACTHII.

AHanu3 IUTEepaTypHBIX UCTOYHHUKOB, TOCBAIIEHHBIX TEOPH-
SIM, YTBEPXKAAOIIMX PEAIbHOCTh CYILIECTBOBAHUS (PU3MUECKOTO
BaKyyMa M. HA00OpOT, OTBEPralolInX 3Ty PEabHOCTh, TOKA3bl-
BAE€T, UTO HECMOTPsl IJIMTENbHBIA MEPUO]] UCCIIEA0BATEIbCKUX



paboT. MPOBEIEHHBIX HA BBICOKOM MPO(ECCHOHATIBHOM ypPOB-
HE YUYEHBIMH Pa3HbIX CTPaH, OAHO3HAYHOTO OTBETA [0 STUM BO-
npocaMm HeT. [lyOnukaimu Ha 3Ty TeMy MPOAOIKAIOTCS A0 CUX
nop. B naHHOI KHUre caenaHa MomnbiTKa NOJIyYUTh B 9TOM ILJ1a-
HE ONpeJIeIEHHYIO SICHOCTh M0 HEKOTOPHIM BOITPOCAM C TIOMO-
IO CMOJIETUPOBAHHON CHUCTEMBI Oa3UPYIOMIENCS Ha CIIeTyIO-
HIMX TPUHIUIAX.



1.2. MeToauka Mo1eJIMP OBaHHUSI

R=W+P,
rae W — marepus, P — npoctpaHcTBO

T — Bpemsi, 310 (popMa B3aMMOAEUCTBUSI MaTEpUU
Y TIPOCTPAHCTBA.

E — sneprus, 310 popMa B3aUMOCBSI3U MaTepum
Y IIPOCTPAHCTBA.

®opMyIHPOBKA OCHOBHBIX MOCTYJIAaTOB

1. Peasmn (R) okpyskaromiero Mupa sBJIAIOTCA pe3yIbTaTOM
B3aMMOJIEMCTBUA MaTepU U nnpoctpancTsa. [locneanen nepenn-
MOW YacTULIEW MaTepUU SIBJISIETCS MOJIOKUTEIBHO 3apsSKEHHBIN
I'PaBUTOH, a TPOCTPAHCTBA OTPULIATENIBHBIN ITPOCTOH.

2. ®opmoii UX B3aUMOCBA3M sBisieTcs sHeprus, OHa npej-
CTaBJIeHA B JIByX Bujax: sHepruu marepu (E ) v snepruu nmpo-
crpadcTBa ( — Ep.), KOTOpbie B3aMMHO MEPEXOMSAT APYT B ApYra.

3. IIpocTpaHCTBO B CMOAEIMPOBAHHOM CUCTEME IIPE/ICTABIIE-
HO COBOKYITHOCTSIMH IIPOCTOHOB, COOPaHHBIX B «CUJIOBBIE HUTH»,
KOTOpHIe, B CBOIO Ouepe/ib, 00pa3yloT CBOEOOPA3HYIO «CEThb»,
PABHOMEPHO HANIPSKEHHYIO BO BCEX HAIPABJICHUAX 32 CYET CHUII
OTTAJIKUBAHUS1 OJHOMMEHHBIX 3aps/I0B.



4. Matepusi B CMOZIETMPOBAHHOM CHUCTEME MpeCTaBIseT Co-
00l COBOKYITHOCTh I'PAaBUTOHOB, Pa3MEIIEHHBIX OMPe/Ie/ICHHbIM
00pa3oM Mek/ly CUJIOBBIMU HUTSIMU MPOCTPAHCTBA.

['paBUTOH 3TO CryCTOK SHEPrMM MaTepvM, a MPOCTOH 3TO
CTYCTOK 3Hepruu npoctpancTBa. CrycTku oOpa3oBajich B Ha-
YJaJIbHOUW cTajuu oOpa3oBaHust BeenenHoi. YacTuipl onuHako-
BbI TI0O MOJYJTIO ¥ OOpaTHBIE TIO 3HAKY

Bce matepuasnpHbie Tena (OT 4acTUIl 10 TaJIAKTUK) ABUKYTCS
B CHJIOBBIX HUTSIX MPOCTpAaHCTBA U Aedopmupylor ux. IIpoton
CXKHMMAET, a JIEKTPOH PaclIMpPsIET CUJIOBbIE HUTH ITPOCTPAHCTBA,
B 9TOM UX (pyHIaMEHTaJIbHOE CXOJCTBO U pasnuuue. HecmoTpsi
Ha TO, YTO IPOTOH Tskesee ekTpoHa B 1840 pa3, y vactuu
OJMHAKOBBIE M0 BEJIMYMHE, HO PA3HBIE IO 3HAKY 3aPsi/Ibl.

B coBpemeHHOM Mupe Bee pusrueckue, XUMHUYECKe, OHOJIO-
TMYecKue, siIepHbIe MTPOLIECCHI, SIBJIEHUSI, B3AUMOJEHCTBUS MTPO-
UCXOJAT TIPH HEMOCPEJCTBEHHOM YYaCTHM SHEPruyd MaTepuu
Y SHEpruu npocrpaHcTsa. OHU B3aMMHO MEPEXOIAT APYT B IPY-
ra u cIy)aT OCHOBOM 1Jis1 (hOPMUPOBAHMSI BCETO MHOT0OOpasus
Pa3IMYHbIX BUJIOB SHEPIUM (MEXaHUYECKOU, XUMUUYECKOM, Tep-
HOU U JIp.) U CIIOCOOOB MX Mepexoa OHOTO BUAA B APYTOM.



I'nasa 2. IIpocTpancTBo

2.1. MupoBasi ceTb CHJIOBBIX
HHUTEH, COCTOAINASA U3 MIPOCTOHOB

CornacHo 0a30BbIM TPUHIIMIIAM CMOJIEIMPOBAHHOW CHCTe-
Mbl (DU3BUYECKUI BaKyyM MPEACTaBIIsSET COOON OTPHIIATENHHO
3apskeHHYI0 MUPOBYIO «CE€Tb» M3 CUJIOBBIX HUTEW MPOCTPaH-
CTBa, KoTopasi cpopMupoBasack B pedysbrare bosbioro B3pei-
Ba (Puc.1).
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Puc. 1. Ilpennonaraemass cxema MupoBoOii CETH U3 CHUJIOBBIX
HUTEW IPOCTPAHCTBA, COCTOSAILASA U3 IIPOCTOHOB.

S — CunoBsle HUTH, a b ¢ d — pacronokeHne UX B pa3InyHbIX
IUIOCKOCTSIX



OOIenpuHATO CUUTaTh, YTO MPOCTPAHCTBO BceneHHoi, TO
ecTb MupoBasi ceTb, MOCTOSIHHO YBEJIIMYMBAETCS B pa3Mepax.
Ho ckopocts pacimmpenust BeeneHHOM He Beeryia Oblia OfiMHa-
KOBOW. B MHQIAIMOHHBINA Mepro oHa Obljla CaMON BBICOKOM.
MupoBasi ceTb B TOT Nepuoj pa3BuTUsl BeeneHHON yBennuu-
BAJIACh B pa3MePAX CO CKOPOCThIO MHOTOKPATHO MPEBBIIIAIOIIEN
CKOPOCTb CBeTa.

R(t)=

L ]

%=

rae R — panuyc Beenennoit, t — Bpems,
X — CKOPOCTb — B3aUMOJICHICTBUSI MaTepUU U TTPOCTPAHCTBA

Ha stom sTarne pa3zButus BeeneHHON JOMUHAPOBAIO U3Tyde-
HUE SHEPrUM. DHEPrus MaTepuu B3aMMOAEKCTBOBAJIA C SHEPIU-
el IPOCTPaHCTBA U pacimpsuia MUPOBYIO CETh CO CKOPOCTBIO
B MUJUIMApAbl pa3 MPEBbILIAIIYI0 CKOPOCTh cBeTa. PaccTossHusA
MEXAy IByMsI CUJIOBBIMH HUTSIMH IPOCTPAHCTBA ObUIA CAMBIMU
MHUHHAMAJIbHBIMU.

3arem HacTynuia KBapkoBas 31oxa. CKOpoCTh pacIMpeHns
Bcenennon ynana B pasbl. Kak cuuTalor (puzuku, B 3TOT NEpU-
0Jl CBOEro pa3Butusi BcenieHHasi, Hauana MeJJIEHHO OCTHIBATb.
C yMeHbIIIeHHEM TeMITepaTypbl Hauajla CHUKAJIach CTENIEHb CKa-
TSI CWJIOBBIX HUTEW MPOCTPAHCTBA M HAYaJld 0OPa3OBBIBATHCS



NIEpBblE MUHUMAJIbHBIE KUPITMYMKH BEIIECTBA KBapKU, COCTOS-
M€ U3 IrpaBUTOHOB, ITo mepe manpHeumero ocrsiBaHusA Bce-
JICHHOW ITPOJIOJIKAJIACh CHUKATBCS U CTENEHb CKAaTHsI CUIIOBBIX
HUTel npocTpaHcTBa B MupoBoii cetu. KBapku oOpa3oBbIBaIN
KBapK-IJIIOOHHYIO IU1a3My. PacctosiHue Mex 1y JByMs1 CUJIOBBIMU
HUTSMMU ITPOCTPAHCTBA 3HAUYUTEILHO BO3pOCa0. OJHAKO CTENEHb
CKaTHsl CHJIOBBIX HUTEH MPOCTPAHCTBA ObLIA enié JOCTATOYHO
BBICOKOH, T09TOMY KBapKH He 00pa30BbIBaJIM apOHBI, a (PoTO-
HBI HE MOIVIM PaclpoCTpaHATbCs B MUPOBOM CETH.

B anpoHHOE JENTOHHYIO 310Xy IJIOTHOCTh U3JTyYEHUS U TEM-
nepatypa BceneHHOM CyleCTBEHHO CHU3WIMCH. YMEHbBIAIACh
Y CTENEHb CKaTUs CUJIOBBIX HUTEN NPOCTpPAaHCTBAa B MupoBoi
CETH 10 BEIMYMHBI, IPH KOTOPOH CTAJI0 BO3MOKHBIM OObeI1HE-
HUE KBApKOB B aJJPOHbI

doToHHAA 3M0Xa JIMIach ThHICAYM JeT. B Hel Takke mpe-
oOnajana TeHAEHLMsl, CHUKEHUS CTETIEHU C)KaThsl CUJIOBBIX HU-
Tel mpocTpaHcTBa MupoBoii cetu. B pe3ynbrare paccrosinve
MEXIy OBYMS CUJIOBBIMHA HUTSAMM IIPOCTPAHCTBA AOCTUIJIO BE-
JIMYUHBI, TIPU KOTOPOW (POTOHBI CTAJIM CBOOOIHO PacrpocTpa-
HATbCA B TpocTpaHcTse. CKopocTh paciurpenus BeenenHou, To
€CTb YBEJIMYEHHUE B pa3Mepax MuUpOBO CETH, COIJIACHO, pacye-
TOB (PM3MKOB TEOPETUKOB, TOCTUIVIA ONPEIEICHHON BEIMYMHBI
u crajia nocrosHHou. Korga BeenenHas, oxnaguiach 1O TemIie-

parypsl 3000° K, ona crana NIPO3PaYHOM /1J151 POXOXKIEHUS CBE-

TOBBIX BOJIH, CreneHb cxxaTus ITpy 9TOM CHU3HJIACh OO 10_18 M
1 OoJbllle HE YBEJIMYMBAJIACh U OCTACTCA ITOCTOSIHHOU B npenc-



nax ot 0° J1030000 K

Crenienb cxaTusl CUJIOBBIX HUTeW npoctpaHcTBa (R) 3to pac-
CTOSIHUE MEXIY ABYMSI COCEIHUMH CHIOBBIMU HUTAMU. C po-
crom Ttemneparypsl (T) BemecTBa OHO yMEHbIIAETCH, a IPU
OXJIAXKICHUH, HA000OPOT BO3PACTaeT.

T = R/k,,

rae kg _ KoappuiueHT cBsi3u MeKAy CTeTeHbI0

CKaTus U TEMIIepaTypou, U OH paBeH 033102

B Hacrosmiee BpeMs pactsxeHne MupoBou CETH BHOBb YCKO-
puiack. B pamMkax TeopeTryeckoil MoJesu 3To 00yCI0BIEHO Clie-
JOyIOLUIMMY TpUYMHAMU. Pasnieraomyecs rajJlakTuKy pacTsaruBa-
10T MUpPOBYIO CETh U TEM CaMbIM CXUMAIOT €€ CUJIOBbIE HUTH.
[Ipu 3TOM BBICBOOOKAAETCSI SHEPTHsl MPOCTPAHCTBA, 3aTpavYeH-
Hasl Ha UX pacIlMpeHue. DHeprus NpocTpaHCTBa peodpasyercs
B SHEPIUI0 MaTepUU, KOTOpas MOPOXKIAET CUIY, ACUCTBYIOLIYIO
B HAIlPaBJICHUU [IBUKEHUS TAJIaKTHK.

MupoBas ceTb sBiseTCA (PyHIAMEHTAJIBHOM OCHOBOW BCEX
(puzmyecKkMX MPOLECCOB U ABJIEHUN. DTO TMHAMUYECKAS] CUCTE-
Ma, 00aiaoIas UHTEHCUBHBIMU (piryKTyauussmu. CUIoBbIe HU-
TU TIPOHU3BIBAIOT MUPOBOE MPOCTPAHCTBO U BCE HAXOIALIMECS
B HEM HOCHUTEJIM MaTepud. BHyTpH TBEPAOrO MAacCMBHOIO Tesa
3aHMMaeMbIii UMH 00BbEM B pasbl OObINe 00beMa, 3aHIMAeMOTO



MaTepHel, IPY STOM 3HAYMTENIbHAS UX YaCTh HAXOAUTCS B CBO-
OOITHOM OT MaTepuu cOCTosTHUU. HenocpeicTBeHHO CHITOBBIE HU-
TH B HACTOsIIIlee BpeMsl HeJlb3sl OOHAPYKUTh, TaK KakK JJIsl 3TO-
r'0 HET COOTBETCTBYIOIIUX MPUOOPOB, HO B IKCIIEPUMEHTAX, MPO-
1eccax MOKHO HaOoAaTh MposiBJIeHWE MX CBOKMCTB. Tak, Oma-
rofapsi OTPULIATEILHOMY 3apsily OHU COEIUHSIOT B OMpeAesieH-
HBIE CTPYKTYPBI, MOJIOKUTENILHO 3apsi’KEHHbIE YACTUIIBI MATEPUN
Y yIEPKUBAIOT UX OT pacrnaja. Eciv Obl CHITOBBIE HUTH HE TTPOXO-
JIUIM ObI CKBO3b JIAMITHI HAKAJIMBAHUA, TO HUKAKOI'O CIIOHTAaHHO-
IO U3JTyYEeHUsI He TIPOUCXO/INIIO, U OHU Obl He CBETUJIHCH. [1710T-
HOCTh BemectBa B Heapax ComHua cocraBisieT okono 150 r/

cm’. Ho, BCIEACTBHE HAIMYKS B TAKOM CBEPXIUIOTHOM COJIHEY-
HOM BeINECTBE CHJIOBBIX HUTEH CBOOOIHBIX OT MaTepHaIbHbBIX
HOCHUTEJIEU, NEKTPOHHBIE HEUTPUHO, POKAAIIIMECS B PE3YJlb-
Tate TePMOsIEpHBIX peakiusax B 1eHtpe ConHia, OecrpernsT-
CTBEHHO JJOCTUT'AIOT €ro MOBEPXHOCTU. B TO BpeMs kak (poToHam
IUTSI STOTO TPeOYIOTCS] MHOTHE TOJIBI.

[IpucyTtcTByionye B CUJIOBBIX HUTAX MUPOBOU CETH B CBO-
OOTHOM COCTOSTHMM TPAaBUTOHBI M TIPOCTOHBI M SIBJISIOTCSL TEM,
«HUUYTO» KOTOPOE, KaK CYMTAIOT MHOTHE (PU3MKH, 0OpaIaercs
BO MHOECTBO Iap YaCTUIA — QaHTUYACTALIA. DTU YaCTULBI CITy-
KaT «KUPIUUUKAMU» JJ1s1 00pa30BaHUs PA3IMYHBIX Map YacTH-
1[a — QaHTUYACTHIIA, HO TOJIKO TPU OJNAronpusITHBIX YCIOBHSIX.
K HuUM OTHOCATCS: BeIMYMHA CTENIEHU CKATUsI CUJIOBBIX HUTEH
IIPOCTPAHCTBA, COOTBETCTBYIOIIAS TOW CTENIEHU CKATHUS, TIPU KO-
TOPOH JaHHasl yacTHila oOpa3oBaiach U3 MaTepUabHOW IHEP-



ruu nocjie bonbinoro B3pbiBa, a Tak:ke ooliiee KOIMYeCTBO SHep-
T'MY B3aMMOJEUCTBYIOIIMX (POTOHOB, KOTOpas AOJIKHA COCTaB-
JIATb HE MEHEe CYMMBbI MACC TIOKOSI POXKIAIOUIEHCS Mapbl YaCTH-
1a — antTryacruia. Hampumep, 11 poxaeHus napsl poOTOH —
AQHTHUITPOTOH HEOOXOIMMO, YTOOBI CTAJIKMBAJIMCh BHICOKOHEPIe-
Tyeckre (potonsl. OOIIee KOIMIECTBO HECYIIE UMH SHEPTUH
JOJIKHO OBITh HE MEHEe CYMMbI Macc IOKOsI ITUX YaCTHI, TO €CThb
1,8K3B. Crenenb cxxaTusi CUJIOBbIX HUTEW MPOCTPAHCTBA B MO-
MEHT B3aMMOJEUCTBUS (POTOHOB JIOJIKHA COOTBETCTBOBATh CTE-
IIEHW UX CKaTWs BHYTPU NMpoTOHA. Ecim ke 0gHO W3 ycaoBuun
HE BBINOJIHAETCS, TO MOABJIAITCA U TYT k€ UCUE3AI0T, TaK Ha3bl-
BaeMble «BUPTYyaJIbHbIE YACTUIIbD». [IpH BHIIOJTHEHUH BCEX YCIIO-
BUI POXKJAIOTCS PeajbHblE YacTHLBl. B mpupone Takue ycio-
BUS CO3JAI0TCSI BOKPYT MAaCCUBHBIX KOCMUYECKHUX TEJl B sIpax
[anakTuk. 3apoxaariuecs TaM aHTUYaCTULIbI JOCTUTAIOT 3€M-
. B Hacrosiiiee BpeMsi B KOCMMUYECKHMX M3JIy4eHUsX HaOuo-
JAI0TCSl TIO3UTPOHBI, AHTUIIPOTOHBI M AHTUHEUTPOHBI. OcoOeH-
HO ONTUMAJIbHBIE YCIIOBUSA ISl POKICHUS aHTUYACTHUL] CO3AAI0T-
cs1 BOMM3M yepHbIX Jplp. CTeneHb CkaTvs CUIIOBBIX HUTEH Mpo-
CTPAaHCTBAa BOKPYI' 9TUX KOCMHUYECKMX OOBEKTOB JIOCTUTaeT Ta-
KHMX BEJIMYMH, YTO Mapbl YaCTHLIA — AHTMYACTULA POXKIATCA
HETPEPHIBHO ¥ B OTPOMHOM Konn4decTse. [Ipu 3Tom onHa u3 va-
CTHUII 3aXBaThIBACTCS YEPHOM JIBIPOM, a BTOpas yJleTaeT OT He€,
o0pasys, Tak Ha3bIBaeMOe U3JlydeHne XOKUHIa

OnHuM n3 Hanbosee BaKHBIX 3arajJok (pU3MKH SIBIISETCS BO-
IIpOC, IMOYEMy BO BCEW BUAMMOM 4acTh BeeneHHou npucyTcTBy-



€T OfIHA JIUIIb MaTepusi. XOTs COrMacHO PyHIaMEHTAIbHBIM 3a-
KOHaM (PM3UKHM B MOMEHT POXAeHHs BceneHHON HOKHO ObLIO
BO3HHMKHYTh OIMHAKOBOE KOJIMYECTBO MATEPUM U AHTUMATEPUHU.
Kyna B Takom ciyvae aenack antumarepusi? Ilo astomy Bonpocy
cpeny (PU3UKOB TEOPETUKOB HET enHOro MHeHus. OqHU 00b-
SICHSIIOT OTCYTCTBUE BO BCENeHHOM aHTHMBEIECTBA aCUMMETPHU-
€l MEX/1y HElO U BEIIECTBOM, KOTOPasi BO3HMKJIA YK€ B IIPOLIEC-
ce Bonpioro B3pbiBa. [Ipyrue oObsACHSIOT HapyllleHUe AUCTIPO-
MOPUMHU MEXY HUMU TEM, YTO U3HAYAILHOE KOJIMYECTBO BEILIE-
crBa (OapyoOHHAsi MaTepusi) U aHTHBeEIecTBA (aHTUOAPUOHHAS
Martepusi) ObLJIO OTMHAKOBBIM, HO, BCJICICTBUE HECUMMETPUYHO-
CTU peaKkUUi OTHOCUTEIBHOCTH YacTHll (MaTepuu U aHTUMaTe-
pUM) U IPOU3OIILIO YBEIUUYEHNE IEPBOI M YMEHBIIIEHUE BTOPOU.
Tpetbu cunTaiot, 4To Bo BeeneHHO nMeroTcst 001acTu, r/ie B Ofi-
HUX JOMUHUPYET MaTepusl, a B IPYIrUX aHTUMAaTepus



2.2. AHTHMHPOBAasi CeTh CIJIOBBIX
HHUTEN, COCTOSAINASA U3 TPABUTOHOB

B Teopuu B3aMMOAENCTBUS MaTepuu C MPOCTPAHCTBOM, Ma-
TepUsi U aHTUMAaTepUsi COCYIIECTBYIOT BMECTE, HO TOJIbKO B pa3-
HBIX IJIOCKOCTSIX. DTO MPEAIOI0KEHNE apryMEHTUPYETCS CIIeLy-
IOIM 00pa3oM.

OOMIenpuHATO CUUTATh, YTO MATepUsi W MPOCTPAHCTBO 00-
pasoBanuch u3 sHepruu bombioro B3peiBa. B Teopetnueckon
MOJIEJIN SHEPrus MpeACTaBlieHa KaK MPOLYKT B3aUMOJAEHCTBUS
SHEPruM MaTepyy U HEPIUU MPOCTPaHCTBA. M3 3TOro MOXHO
IPEATOJIOKUTh, YTO 0Opa30BaHKe MPOUCXOIWIO B BYX BapH-
aHTax. B mepBoM BapuaHTe U3 SHEPrUU MaTepru 0OPa30BaJIKCh
I'PaBUTOHBI, & U3 HUX Matepus. W3 sHepruu nmpocrpaHcTBa 00-
Pa30BAIMCh TPOCTOHBI, @ U3 HUX MUpPOBasi CETh U3 CHJIOBBIX HU-
Teii (mpocTpaHcTBO). To ecTh 0OpazoBasics Hail Mup. Bo BTopom
BapvaHTe U3 MPOCTOHOB 00pa30Baiach aHTUMATEepHsl, a U3 rpa-
BUTOHOB 00pa3oBaiaCh AHTUMHPOBAsI CETh U3 CHIJIOBBIX HUTEH,
COCTOSIINIMX U3 TPABUTOHOB, TO eCcTh aHTUMUP. OOa Mupa cyIe-
CTBYIOT BMECTE, HO TOJIbKO B Pa3HbIX ILUTOCKOCTSX. MumocTpanu-
el K 9TOMY MNPEeIIOI0KEHUI0 MOTYT CIYKUTh cienytomme ¢u-
3UYECKHE MPOLIECCH, MPOUCXOASANINE B PEAIBHOCTU: POXKICHUE
JIEKTPOHA U MO3UTPOHA, YACTUIIBI U AHTUYACTULIBI TIPU BCTpPE-
Yye JIByX KBAHTOB SHEPIruv. A TakKe aHHUTWIISALMS JEKTPOHA,
IIpU BCTpeUe ¢ MO3UTpoHOM. B mepBoM BapuaHTe, AJ1s1 00pa3oBa-



HUS JIEKTPOH TMO3UTPOHHOW Tapbl HEOOXOIUMO CTOJIKHOBEHHE
aByx ¢potoHOB. O0mas sHeprusi GOTOHOB AOJKHBI OBITH HE Me-
Hee AByX macc 371eKTpoHoB 1,02 M»sB. Dnektpon oOpasyercs
U3 CBOOO/IHBIX MMPOCTOHOB, A MO3UTPOH U3 CBOOOIHBIX I'PAaBUTO-
HOB. O0e YacTuIlsl B CBOOOJHOM COCTOSTHMU HAaXOASTCs B Mupo-
BOU ceTH. BricBOOOAMBINASCS B pe3ysibTaTe CTOJIKHOBEHUS (ho-
TOHOB SHEPTrUsl JJOKATbHO C)KMMAET CUJIOBbIE HUTH IIPOCTPAHCTBA
JI0 CTETIEHU, PEBOCXOAAIIEN CTETIEHb CKaTHsI UX BHYTPH JIEK-
TpoHa U no3utpoHa. [Ipu 3ToM MaTepualibHasi SHEprusi GOTOHOB
pacxomyercsi Ha 00pa30BaHMe SHEPreTHUECKUX CBS3ed BHYTPH
TIO3UTPOHA, a SHEPrusl MPOCTPAHCTBA Ha 00pa30BaHKE YHEpre-
TUUYECKUX CBsI3el BHYTpU 3MeKkTpoHa. [locne obpasoBanus 4a-
CTULIbl HE AHHUTWJIMPYIOT, a Pa3JIeTaloTCsl B Pa3Hble IIOCKOCTH.
Bo BTOpoM BapuaHTe 4aCTULbl BCTPEYAIOTCS B OIHOM IJIOCKOCTH
¥ B3aMMHO YHUYTOXAIOTCSl. B 3TOM cilyyae BHYTpY MO3UTpPOHA
Y 3JIEKTPOHA Pa3pylIAIOTCS] SHEPreTUYECKUE CBSI3U, COEANHSIO-
1K€ IPAaBUTOHBI M IPOCTOHBL. 3aKOHCEPBUPOBAHHbBIE B SHEPIETH-
YECKUX CBS3SX SHEPrUU MATepPUU U SHEPTUM MPOCTPAHCTBA BbI-
CBOOOJK/IAIOTCS, 2 CBOOOJHBIE TPABUTOHBI M TIPOCTOHBI BO3BpA-
maTcsa B. MUPOBYIO CETb.
BriBoabI

dusnuecknii BaKyyM 310 MUpoBast «CETh» U3 CUJIOBBIX HUTEU
IIPOCTPAHCTBA, KOTOPAsl COCTOUT U3 OTPULIATEIBHO 3aPSIKEHHBIX
(pynmameHTanBHBIX YacTUl IpocToHOB. OHa copMuUpoOBasIach
B pesynbrare bonsioro Bapeisa/



I'naBa 3. Marepusi 1 CHJIOBbIE
HHUTH MPOCTPAHCTBA

3.1. Macca

B cMoznenmpoBaHHOM cUCTEME BCE, UYTO MaTEPUATIbHO, TO UMe-
€T MacCy ¥ COCTOUT U3 MOJIOKUTEIIBHO 3apsKEHHbIX TPABUTOHOB,
Pa3MEeIeHHBIX OIpeIeNIeHHBIM 00pa30M MeKAy OTPHULIATEIbHBI-
MU IIPOCTOHAMM B CWJIOBBIX HUTSX IPOCTpaHCTBAa. B3ammHoe
NPUTSIKEHUE YaCTUIl CO3JAeT YCJOBUsI, IPU KOTOPBIX YAaCTHILIBI
Matepuy 0ObEANHSIOTCS B ONPEEIEHHbIE CTPYKTYPBbI, TpUoOpe-
TaloT (POPMBI, yIEpP:KUBAIOTCS OT pacnaaa. Ecim Obl cuiioBble HU-
TH He TIPOXOAMIN OBl CKBO3b JIAMITBI HAKAJIMBAHM S, TO HIKAKOTO
CIMOHTAaHHOTO U3JTy4YeHUsl He MPOUCXOANIIO, M OHU Obl HE CBETH-
scs. [lnotHOCT BenecTBa B Heslpax CosHIIA COCTaBIISET OKO-

10 150 t/em’. Ho, BciencTBue HaiMuvsi B TAKOM CBEPXILIOT-
HOM COJTHEYHOM BEIIECTBE CHJIOBBIX HUTEN CBOOOIHBIX OT Mate-
PUAILHBIX HOCHUTEJIeH, JIEKTPOHHbIE HEUTPUHO, POKIAIOITUECS
B pe3y/ibTaTe TepMOSIIEpHBIX peakimsax B rienTpe CoiHia, Oec-
MPETSITCTBEHHO JOCTUTAIOT €r0 MOBEPXHOCTH

CoBpemMeHHOe TIpeIcTaBIeHre O Macce OazupyeTcs Ha ooIIe-
MIPUHSATON KBAHTOBOW TEOpWH T0JIsA B Jinile CTaHJapTHOUM Mojie-
. [Ipu 3ToM ocoboe Mecto B CTaHIApTHON MOJETN 3aHUMA-



€T, TaK Ha3bplBaemoe Iojie Xurrca. /lejo B ToM, UTO COIJIaCHO
CUMMETPHUH MUKPOMUPA, EMEHTAPHBIM YaCTUIAM 3AIPEICHO
MMETh Maccy, a CKaJsipHOe Mojie XUrcca CIOHTAaHHO HapylllaeT
3TY CHMMETPHIO, 1 BHITEKAIOIUE U3 HEE 3aIPeThl HE BBITMOIHSIOT-
cs1. CumrraeTcs, 4To 3JIeMEHTapHbIC YaCcTUIIB IPUOOPETAI0T Mac-
Cy B3aMMOJEHCTBY C ITUM IOJIEM, TPUYEM YEM CHIIbHEE (TUIOT-
Hee) 3TO B3aMMOJCUCTBHE, TeM OOJIBIIYI0 MacCy MproOperaer
JacTuIa u, HaoOOPOT.

B Tteopun B3aumoAencTBHs MaTepUU U MPOCTPAHCTBA Maccy
9JIEeMEHTAPHBIE YACTHUIIBI MPUOOPETAIOT B TIPOIIECCE JABUKEHUS
I'PAaBUTOHOB B CUJIOBBIX HUTSIX MpOCTpaHCTBa. PaccMoTpum 310
Ha IpUMepe POKACHUS Napbl YACTUIIA — AaHTUYACTHUIIA TTIPOTOH —
AQHTUIIPOTOH MPY CTOJIKHOBEHHUHU ABYX (DOTOHOB C SHEPrUen paB-
HOW BOMHOU cymMme macc rpotoHa 1,88 K3B (Puc.2.a).
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Puc. 2. Cxema poxJIeHHS Tapbl YaCTHIIA — AHTUYACTHIIA,



MPOTOH —AaHTUMPOTOH, hv — poToH,

a — poXkJIeHHE TMapbl YacTUIA — AHTUYACTHUIIA,

b — MexaHu3M BO3HUKHOBEHHsI MacChl POTOHA,

C — MEXAaHM3M BO3HMKHOBEHHS MACChl aHTUIIPOTOHA
S — cuiioBast HUTh

3.1.1. I'paBuTanimoHHast Macca

Ha coBpeMeHHOM 3Tarne pa3BUTHs (PU3NUYECKON HAYKU CUMTA-
eTcsl, YTO Macca MMeeT BHYTPEeHHee U BHelltHee CBOWCTBO. [lon
BHYTPEHHHMM CBOWCTBOM MacChl, IOJIpa3yMeBaeTCsl €€ MHEPTHOE
CBOWCTBO, a 0] BHEIIIHUM €€ IPaBUTAIMOHHOE CBOICTBO. B KOH-
HEMIUN TeOPUM B3aUMOJIEHCTBUSI MaTepuu C MPOCTPAHCTBOM
MaTepHraibHOE TeJIO MPOSIBIISIET CBOU IPABUTAIIMOHHBI € CBOMCTBA
yepes CKaThe CUIIOBbIX HUTEH OKPY:KAIOIIEro ero MpoCTPaHCTBA.
CrerneHb cxaTusl U JAIbHOCTh PACIIPOCTPAHEHMS STOTO CKATHS
orpenesnsieTcss Maccoll MatepuanbHoro tena. [IpenenbHoe pac-
CTOSIHME, Ha KOTOPOM MaTepHaJIbHOE TEJIO MOKET OKa3aTh JOMMU-
HUpYIOIllee I'PaBUTAILIMOHHOE BO3/EHCTBUE HA JIPyroe Teso, Ha-
3bIBA€TCS IPABUTAIIMOHHON 3(D(PEKTUBHOCTBIO STOTO TeJa.

3.1.2. NuepTHas Macca

B Harmeit noBceIHeBHOM )KM3HU MbI IIOCTOSIHHO CTAJIKMBAEMCSI
¢ nposiBjieHreM uHepimu. OO MHEPIUU MaTepUaIbHbIX TeJl Ha-
NKCAHO MHOTO HAyYHBIX TPAKTATOB, HO € MIyOMHHAs CYTb MOJI-
HOCTBIO HE PacKpbITa JI0 cuX mop. OOBIYHO e€ CBA3BIBAIOT C YCKO-



pPEHUEM, ITOTOMY UTO OHa (PU3MYECKU OIIYIIAETCS TOJIbKO, KOT/1a
TEJIO HAYMHAETCS JBUTAThCS C yCKOpeHueM. IHepLus B TeopeTu-
YECKOM MOJIENIA PACCMAaTPUBAETCSl HU KaK BHYTPEHHEE CBOMCTBO
MAacchl TeJla, a KaK pe3yJIbTaT MPOTUBOJEUCTBUS CUIIOBBIX HUTEN
MPOCTPAHCTBA U3MEHEHUIO CKOPOCTH JIBUKEHUSI B HUX IPABUTO-
HOB, COCTABJISAIOIIMX 3TO TEJO, TO €CTh I'PAaBUTALIMOHHON Macce
9TOro Tesa. JTO U yTBepKJaeT TpeTui 3akoH HelotoHa. Beskoe
JEVCTBUE MOPOXKIAET OIMHAKOBOE IO CUJIe, HO TPOTUBOIIOJIOK-
HO HarpaBJIeHHOE MMPOTUBOJCHCTBHE.



3.2. OTpunarejbHas Macca

O¢urmanbHad ¢pus3MKa yTBEPKIAET, OTpULATEIbHAsA Macca
HE MOJKET CYyIECTBOBaTh B mpuHuMNe. OIHAKO B CBS3U C Ha-
KOMUBIIMMUCS TIpoOieMaMy B KOCMOJIOTUH, HEKOTOpbIe (hu3u-
KU MEHSIIOT CBOM B3IJIsI[Ibl HA Takoe yTBepxkjaeHue. [eno B Tom,
YTO COITIACHO HAOMIONEHUSIM BUIMMasi Macca Bo BceneHHoM co-
cTaBysieT Bcero 5% ot e€ oO1eid Macchl IPUCYTCTBYIOIIEH B €€
BuAMMON yactu. OcrasbHas A0Js IPUXOAUTCS Ha, TAK Ha3blBae-
MYI0, TEMHYIO MacCy ¥ TeMHYI0 SHepruio. COBMECTHbBIM JIEUCTBU-
€M TUX KOMIIOHEHTOB 1 MOXKHO OOBSICHUTH JBMKEHUE TAJITAKTHK
u 3Be371 Bo BeenenHoi. /s oObsicHeHus 9Toro (peHOoMeHa JI0K-
Top Ixeiimu PapHC pa3padboTan TeOpeTUIECKyI0 MOJe b, KOTO-
pasi OObETUHSET STU KOMITIOHEHTHI B OJTHY CYOCTaHIIUIO B BUjIE
KUJIKOCTHU C OTPUILIATEIBHON MAaCCOM.

CornacHo 0a30BBIX MMOJOKEHHN CHUCTEMBI B3aUMOIEUCTBUA
MaTepuu C MIPOCTPAaHCTBOM, TEMHOM MaTepuen sSIBJISIIOTCS YacTu-
161, 00Pa30BaBINMECS B CAMOM Hauajie BO3HUKHOBeHUs Beenen-
HOW IMTPY KOJIOCCAJTBHBIX 3HAYEHUSIX TJIOTHOCTU U3JTyUYEHUsI SHEP-

I'Uid MaTepuy U MPOCTPAHCTBA MPU TeMIlEpPaType 10 K. 0)3178
KaK U TPABUTOHBI SIBJISIIOTCS CTYCTKaMH SHEPTUY MaTepuu, HO UX
Macca B pasbl OOJIbllie MacChl IpaBUTOHOB. Camasi MaccHBHast
yactuiia CTaHIapTHOM Mojelu t- KBapk uMmeer maccyl75 I'5B
(80 macc mpoToHa). DTOT KBapK 00pa30BajICs 3HAUUTETBHO M03-
’Ke TI0 BpeMeHH OT poXkJeHus BeeneHHOM, Kora oHa Oblia 3Ha-



YUTEJIbHO pa3pekeHa U MUMella TeMIepaTypy 10'% K. Crnenosa-
TEeJIbHO Macca YacTUI[ TEMHON MaTepuu [OJKHA 3HAUYUTEIbHO
MPEBOCXOAUTh MacCy t-KBapKa U COCTaBJIATh B npegenax S00—
1000 macc npoToHa. A TEMHOI SHEpPruei, yCKOpsIoIel paciuiy-
penue BceneHHou, siBisieTcst SHeprus npocrpaHcrsa. Paznera-
IOIIHMECs TAJIAKTUKY PACTArMBalOT MUPOBYIO CETh U TEM CAMbIM
CKUMAIOT €€ cujioBble HUTHU. [Ipr 3TOM BBICBOOOKAAETCS IHEP-
r'si MPOCTPAHCTBA, 3aTPAu€HHasl Ha UX paCIIMpeHue. DHEeprus
IIPOCTPAHCTBA MPE0OPa3yeTCsl B SHEPTUIO MATEPUU, KOTOpast M0-
POXAAET CUITY, AEUCTBYIOILYIO B HAIIPABJIEHUU IBUKEHUS TajlaK-
UK. KommuecTBo BRICBOOOKAAIONIENCS SHEPIUU TIPOCTPAHCTBA
OIpeIeNSIETCs] OTHOIIEHUEM, PA3HUILIBI MEKAY NEpBOHAYAIbHOM
Y KOHEUHOW CTEMEeHSIMU CXKaThsl CUJIOBBIX HUTEW MPOCTPAHCTBA
Y pa3HUIIEH PaCCTOSTHUU MEXIY IByMSI CUJIOBBIMU HUTSIMH TTPO-
CTPaHCTBA.

Z

Ep:n—r2 _?_1{2 ’

rae Z — pa3HuIla MeXIy KOHEYHOH U
MEPBOHAYAJILHOW CTETEHSIMU — CHKaTHsI CUJIOBBIX HUTEH,
I'y — PACCTOSIHUE MEKAY HUMHU JIO Hayasa — cKarus,

I'y — PaCCTOAHUC MCXKIAY HUMMU I10CJIC OKOHYAHUA CKaATUA



UYem BbIIIIE pa3HUIIA MEXy KOHEYHOM U TIEPBOHAYAJILHOM CTe-
TICHSIMU CKaTHsI CUJIOBBIX HUTEH MTPOCTPAHCTBA, TeM OOJIbIIIe OY-
JIeT BBICBOOOXKIATHCSl SHEpruu mpocTpaHcTBa. ClieoBaTeIbHO,
u Oonbliasi cuna Oyner AeHCTBOBAaTh HA TANAKTUKH, BbI3bIBAS
YCKOPEHHOE UX JIBUXKEHHE.

B cunoBbix HUTAX MUPOBOIA CETH MPUCYTCTBYIOT TPABUTOHBI
¥ TIPOCTOHBI B CBOOOJJTHOM COCTOSIHUY. YacTUIThI HAXOASTCS B TIO-
CTOSITHHOM JIBUKEHHH 32 CUET e€ MepUoInYecKOro CxkaTus U pac-
mmpenus. Konebanuss MupoBo#t ceTr 0OyCIIOBJICHBI TEM, UTO
B HEW COCPEJOTOYEH HEHCUEPIIAEMBbI OKEaH SHEPIUM, SHEpre-
THYeCKasl MIIOTHOCTh KOTOPOro MeHsieTcsi BO BpeMeHU. OCHOB-
HBIM MCTOYHMKOM SHEpPIriu 3TOr0 OKeaHa SIBJISIETCS] KUHEeThYe-
ckast sHeprus bonbioro B3peiBa, mpeoOpa3oBaHHasl B SHEPIHIO
MPOCTPAHCTBA M 3aKOHCEPBUPOBAHHASI B CUJIOBBIX HUTSIX Mu-
poBoii cetu. OHa MpeTeHyeT Ha TUITOTETUYEeCKUIA BUJT SHEPTUr
C OTpULIATEIbHBIM JABJIEHUEM, KOTOpasi HOCUT Ha3BaHUE TEeM-
HOW SHEPryy M 10 MOCIEAHUM pacueTaMm (PU3UKOB COCTaBJIsIET
okoso 70% ot oOmielt Macchl Hepruu Habmonaemoi Beenen-
HOM. [T7OTHOCTH SHEPrUK MPOCTPAHCTBA B CUJIOBBIX HUTSX Mu-
POBOIi CETU MEPUOANYECKH U3MeHsieTcsl. MarepuanibHasi SHep-
T'Ysl JIEKTPOMArHUTHBIX U3TyYEeHUI 3Be3]] U, MoTyvaemasi B pe-
3y/lbTaTe AaHHUTWISAIMN Tap YacTUIla — aHTUJacTUIa Tpeodpa-
3yeTcsl B 9HEPIUIO IPOCTPAHCTBA U YBEJIMUYUBAET €€ TIOTHOCTb.
Ha yckopeHHOe ABUKEHME TalakTUK U 00pa30oBaHue Map 4acTh-
112 — AHTUYACTHUIIA PACXOYETCSI SHEPIHs MATEPUU, KOTOpast rpe-
oOpaszyeTcsi U3 SHEPruy MPOCTPAHCTBA, B PE3YJIbTATe TUIOTHOCTh



€€ YMEHbLIAETCH.

VcKkopeHHOE [BMKEHHE TaJakTHK He OyJeT MpOmoIKaThCs
BEYHO, a NPEKPATUTHCA MPU JOCTUKEHUU PACCTOSTHUS MEXIY
CWJIOBBIMU HUTSIMU NPOCTPAHCTBA KPUTUYECKOTO 3HAYEHUSA T
B pesysprate cuiioBble HUTH IPOCTPAHCTBA PACHalyTCs Ha MPO-
CTOHBI, UCUE3HYT (PyHIaMEHTAJIbHbIE B3aMMOJEUCTBUS, A ITO
NpUBEJET K pacnagy saep aToMOB XMMMYECKMX 3JIEMEHTOB
OOBIYHOTO BEIECTBA /10 HEJEIMMBIX YaCTHIl IPOCTOHOB U Ipa-
BUTOHOB. B OTCyTCTBMM I'paBUTAllMK YaCTULBI TEMHOU MAaTEpUn
pacnajayTcs Takxke A0 IpaBUTOHOB. BceneHHast OyneT cocTosTh
U3 XaOTUYECKOW CMECH U3 ITPOCTOHOB U T'PABUTOHOB C TEMIIEpA-
Typoii 0 K.

BoiBoabl

Maccy anemeHTapHbIe YacTHIIBl IPUOOPETAIOT B pe3yJbTare
JBWKEHUSA B CWJIOBBIX HUTSAX ITpocTpaHcTBa. [Ipn aTOM BBIAENSA-
eTCsl SHEeprusl MaTepuu, a 3To ABMKYyILascs Macca. Macca oOna-
JaeT OIHOBPEMEHHO CBOMCTBOM MHEPLIMU U rpaBuTanmu. Mare-
PHAIBHOE TEJIO CKUMAET CUIIOBBIE HUTH, OKPYKAIOLLETO €TI0 MPOo-
CTPAHCTBA U TEM CAMbIM OKa3bIBA€T I'PABUTALIMOHHOE BO3JEU-
cTBHE Ha Jipyrue Tena. CTeneHb 3Toro cxkarus MpornopLUUOHab-
HO 3aKJIIOYEHHOM B 3TOM Tesle mMacce. MHepuus Maccel 310 pe-
3yJIbTaT POTUBOAEHCTBUS CUJIOBBIX HUTEW IIPOCTPAHCTBA U3ME-
HEHMIO CKOPOCTH JIBUKEHHUS B HUX I'PAaBUTOHOB, COCTABJISIOLINX
3TO TeJO,



I'1aBa 4. DHeprust 1 CHJIOBBIE
HUTH IPOCTPAHCTBA

OO1men3BecTHBI MPUHIMI AUAIEKTUKH IJIacUT « Matepus
HAXOIUTCS B HENPEPbIBHOM [BUKEHHUW», HO BeAb ISl 3TOrO
HEOOXOIMM MOCTOSIHHBIM NpUTOK 3Hepruu. [lompoOyeM oTbic-
KaTb €ro, MCHOJb3ysl OA30Bble MPUHIIUIIBI CUCTEMbI B3aUMOJEH-
CTBHUSI MAaT€PUU U MPOCTPAHCTBA.

Bce matepuasbHble Tena, MPEACTaBIISAIOT cOO0M COBOKYITHO-
CTU TPABUTOHOB, INMOCTOSIHHO JBMKYLIMXCS B CHJIOBBIX HUTSX
IPOCTPAHCTBA U JepOPMUPYIOIIMX UX B HAIPABJIEHUH CBOETO
JBKEHUS

Hedopmarus (cOMMkeHre) CUIOBBIX HUTEH MPOCTPAHCTBA
OyZieT coIpOBOXAATHCS BbIAEIEHUEM SHEPIUu, MPU 3TOM OyzeT
coBepIIarbcsi padoTa Mo NepeMeIleHUI0 TPABUTOHA B CUJIOBBIX
HUTSIX IPOCTPAHCTBA:

A =Fd,

rae F — cuina,
d — paccrosinue

CornacHo Broporo 3akoHa HeiotoHa



F =ga,
7€ g — Macca rpaBUTOHA,
a — YCKOpeHHe

CrnenioBaTesibHO, Ha TPABUTOH Oy/eT JIeMCTBOBATh CUJIA B Ha-
NpaBJIEHUM JIBUXKEHM S, TpUAaBas emy yckopeHue. [1pu atom ne-
(popmanusi cunoBeIX HUTEN OyleT yBEIMYMBATLCS, a BblJese-
HUE YHEPruy BO3pPACTaTh U MPEACTABIATh COOOM MOTOK HEp-
ruy, odecrieunBaIieid coO0i HenmpephBHOE IBMKCHHE MaTe-
pun. Bmecte ¢ TeM cienyer Takke OTMETUTh, YTO MPOLIECC STOT
Oy/IeT ¥ TOPMO3UTCS U3-32 CONPOTUBIIEHUS CUIIOBBIX HUTEH MPO-
CTPAHCTBA UX CXKATHIO

CornacHo 0a30BBIX MPUHIMIIOB CMOAEIMPOBAHHON CHUCTe-
MBI OTJEJIBHBIE YACTULIBI, COCTABJIAIOIINE MATEPUATIBHOE TEJIO,
CKPEIUISIOTCS. MEXAy COOOM OmnpeNesieHHbIMU CBs3sIMH. B Ka-
YECTBE CBSI3U MIPU 3TOM BBICTYIAET SHEPIUs MPOCTPAHCTBA, KO-
TOpasi TPe/ICTaBIsieT OO0, 3aKOHCEPBUPOBAHHYIO B CHUJIOBBIX
HUTSIX TPOCTPAHCTBA «CBOOOIHYIO» SHEPrusl MaTepru. JTH JBa
BUJIa SHEPIUU CBSZBIBAIOT MEXy cOOOI MaTepHIO U MPOCTPaH-
crBo. VX B3aMMHBIM Nepexo[ sIBJISETCS OCHOBOM Bcex (pyHAa-
MEHTAJIbHBIX 3aKOHOB (PU3MKH — 3aKOHOB COXPAHEHUsI SHEPIUH,
Macchl U T. 1. TemnepaTypa MaTeprUaIbHOTO Tesla ONpENesaeT-
CS1 KOJIMYECTBOM «CBOOOJHOM» SHEPrMU MATEpUM, CIIOCOOHOM
NePEXOIUTh B SHEPTUIO IPOCTPAHCTBA U TEM CAMbIM OCYIIECTB-
JIATh CBSA3b MEX[y OTIEJbHBIMU YaCTUIIAMH, COCTABJISIONIMMU
9T0 Teno. Yem Oosblliee KOMMYECTBO TOW IHEPIUU IMOCTYIA-



€T B TeJIO, TEM BbIIIE CKOPOCTh KOJIEOAHUST COCTABJISIIOIINX Te-
JIO YaCTUIl M TEM BBIIIE €ro TeMreparypa. Pasznmuuaiorcs cie-
JYIOIe€ YPOBHU MOCTYIJICHUSI B TEJIO JIAHHOU SHEPrUM: MEX-
MOJIEKYJISIPHOE WJIM MEKAaTOMHOE IMPOCTPAHCTBO, BHYTPUATOM-
HO€ MPOCTPAHCTBO, BHYTPUSAEPHOE MPOCTPAHCTBO. [j1s1 Kax10-
IO YPOBHSI CYIIECTBYET CBOM Ipe/ie HAChIEHU S (TIOTTIOIECHMS)
CBOOOJHOW MaTepuaJbHOW SHEPruH, 32 KOTOPHIM OHA TMepexo-
JWT Ha CIIeAyomui ypoBeHb. [Iporcxoaut 3To creayomum oo-
pa3oM. BHeniHsis TerioBasi SHEPrusi, a 3TO SHEPrusi MaTepuu,
MOCTYITAET B MEXXATOMHOE IPOCTPAHCTBO U CKUMAET TaM CHJIO-
Bble HUTH. DTO CMIOCOOCTBYET YBEJTMUYEHUIO CBOOOTHOTO Mpode-
ra 3JeKTPOHOB U MPHUBOAUT K TOBBIIIEHHIO CKOPOCTH Kojeda-
HUS1 YaCTHII, COCTABJISIIOLIMX aTOM, TO €CTh K MOBBIIIEHUIO TEM-
neparypsl Teja. Teno HauMHaeT W3JIydaTh TEIJIOBYIO SHEPIHIO
B UH(ppaKpacHOM Juarna3oHe. Kak TOJIbKO CTeneHb CKaThs CUIIO-
BBbIX HUTEW B MEKATOMHOM ITPOCTPAHCTBE CPABHSETCS C TAKOBOM
BO BHYTPUATOMHOM IIPOCTPAHCTBE aTOMa, TeTlJIOBasi SHEPrusi Ha-
YMHAET MOCTYIAaTh TyJa U HAYMHAET TaM C:KUMaTh CUJIOBBIE HU-
TU. [Ipy JOCTMKEHUU ONPENEIEHHOro opora CTeNeHu CoKaThs,
9NIEKTPOHBI C YAAJIEHHBIX OT siApa OpOUT, 00JIAAI0IMX BHICOKH-
MU HEPrUsIMH, HAUMHAIOT TIEPEXOIUTh Ha OoJiee OJIM3KKE K S1-
py OpOUTHI C HU3KUMU SHEPrusiMu. BricBOOOKmatoIasics: mpu
9TOM 3SHEPrusi CrIOCOOCTBYET MOBBIIIEHUIO TEMIEPATYpPhl TeJa.
Ero atrombl BO30y:K/1aI0TCSI 1 HAUMHAIOT UCITyCKaTh (DOTOHBI yxke
BUAMMOIO u3nyuyeHus. JlanbHeniee yBeJInyeHre CTENeH! Cxka-
THSI CUJIOBBIX HUTEH B 0OOMX YPOBHSIX MPOCTPAHCTBA TIPUBOINT



K PE3KOMY IOBBINICHUIO TEMIIEPATYPHI TCJId, YTO BbI3bIBACT 3HA-
YUTCJIBHOC YBCJIMYCHNEC SHCPIrvUr UCITYCKACMBIX TCJIOM CI)OTOHOB

OT KpacHoro 10 (puoseroBoro 1Beta. [1pu temneparype 3000 'K
TEJIO UCIYCKAET YK€ HEBUIUMOE YIbTPaprOIETOBOE U3y YEHHUE.

[Ipu yBennyeHUU CTETIEHW CXKATWsl CUJIOBBIX HUTEH, B MEX-
aTOMHOM M BHYTPU aTOMHOM IPOCTPAHCTBAX BEIECTBA, O Be-
JIMYUH, CPABHUMBIX C TAKOBBIMHU BO BHYTPH SIIEPHOM MPOCTPaH-
CTBE, €ro TeMrieparypa AOCTUraeT MoKa3aTesieil, Mpu KOTOPbIX
HAUMHAETCS] TEPMOSIICPHBIN CUHTE3 siJIEp XUMUUECKUX JIEMEH-

0B (2 107 K).

IIpu Temneparype 0°K B MaTepHaJIbHBIX TeJlaX HeT CBOOOI-
HOW SHEepPruy Marepuu, MO3TOMY B HHX OTCYTCTBYIOT KoJyieOa-
TeJIbHbIE JBUKEHUS COCTABJISIIONINX UX YACTULL. A BOT POCTPaH-
CTBEHHAs SHEPrusl B CHJIOBBIX HUTSX MPOCTPAHCTBA, HA0OOPOT,
HaxXoauTCs B MakcuMasibHoM KonmnuectBe (Puc.3). ITo mepe po-
CTa TemrepaTypbl TeJl B HUX YBEJIUUYMBAETCS KOJUYECTBO CBO-
00qHOI MaTepuaIbHON SHepruu. KaxmaoMy ypoBHIO MpoOCTpaH-
CTBa COOTBETCTBYET CBOSI JIOJISI CBOOOTHOM SHEPrUU MPOCTPaH-
CTBa IO OTHOIIEHMIO K 00I11IeMy 00beMy MaTepUaIbHONU SHEPTUU
nanHou yactuiiel (Puc.4). Tak, HarpuMep, 107151 CBOOOIHOMN Ma-
TepuasibHOM sHepruu (E;,) B MeKaTOMHOM MPOCTPAHCTBE, KOTO-
pas MOXET IEPEXOAUTh B SHEPruio npocrpancTsa (Ep) cocras-
ager 0, 000001%, BO BHyTpHATOMHOM IPOCTPAHCTBE COOTBET-
crBeHHO 0,001%,a BO BHYTpHUAAEPHOM IPOCTPAHCTBE COCTAB-
nset 0,1—0,9%. Takum oOpa3oM, camble BHICOKHE TOKa3aTe-



JIM CBOOOJHOM SHEPIruH, 3aKOHCEPBUPOBAHHOM B CBA3SAX MEK-
Ny YacTUlIaMH, SIBJISIETCS] BHYTPUSIAEPHOE MPOCTPAHCTBO sIIIEP
XMUMUYECKUX 37eMeHToB. Haumbonbliee ke e€ KOJIMYecTBO Co-
CPeIOTOYEHO B CBA3SIX aHHUTWIMpYlonmx 4yactuil. K mpumepy,
NpY AaHHUTWISIUK 1T BEIeCTBO — aHTUBEIIECTBO BbIACISAECTCS

101 JDKOYJIEH, B TO BpeMsl Kak Ipu JieieHnd 1 rpamma ypaHa

oigessiercst 101! IDKOyJIer TeruioBor 3Heprun. Ho, v npu aH-
HUTWISILIYM TIOJTHOTO TPEBPAILEHNs] MacChl MaTepuu B SHEPruio
He rpoucxoaut. B 3Tom ciiydae macca BelecTsa (MaTepuu) pac-
najiaeTcs 10 PABUTOHOB, 4 MACcCa AHTUBEIIECTBA (AHTUMATEPUN)
10 pocToHOB. [loyHOE mpeBpaleHe MacChl MaTepuu B SHEP-
ruto nporcxonuio npu bonbmom B3peise (Puc 3.bib). B 310 Bpe-
MsI Macca BCeX IPaBUTOHOB, COCTABJISIBIIMX MaTepUIo, peodpa-
30BaJIach B SHEPIUIO.
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Puc. 3. Cxema pacrnipenesneHusi CBOOOIHOW SHEPrUK MaTepun
B 3aBCMMOCTH OT ITPOCTPAHCTBEHHOI'O YPOBHSI €€ B HAXOXKICHU S
Y TeMIIEPaTyPbl

W3 cxembl pacnipenesieHus MoKa3aTesieid CBOOOTHOM SHEPruun
MaTepuu MO MO3UIUSAM CJIEYeT, UTO €€ MUHUMAJIbHOE KOnYe-
CTBO MPUCYTCTBYET B MaTepUabHBIX Tejlax (YacTUIax), HaXo-



JSIMXCS TIPU Temreparypax OMM3KUX K aOCOIOTHOMY HYIIO,
a MAaKCUMAaJIbHOTO 3HAYEHUSI OHA JIOCTUTAeT B YCIIOBUSAX, CO3/1aB-
mmxcd rmpu boseiiom B3peise. B 31X TOUKax €€ KpyroBopor OT-
CYTCTBYET. B OCTanbHBIX MO3ULIMAX OHA 3aHUMAET IIPOMEKYTOU-
HOE NooxeHue. Tak, B MeXXaTOMHOM ITPOCTPAHCTBE 3a CYET CBO-
OOITHON SHEPrUU MaTepPUr 0OECTIEUMBAIOTCS CBSI3U MEKIY MOJIe-
KyJJaMd ¥ aTOMaMU BEIIECTB, BCTYMNAIOIIMX B XMMUYECKUE pe-
akumu. [Ipy cuHTE3€e BElIECTB SHEPrus MaTepuu CKUMAET CU-
JIOBbIE HUTH MPOCTPAHCTBA U MEPEXOAUT B SHEPIUI0 IPOCTPAH-
CTBa, a Ta 00pa3yeT W3 HUX CBSI3U M COCUHSET BOSTUHO aTOMBI
pa3IMUHBIX XUMUUYECKUX JIEMEHTOB. B citydae pacnaga, Hao0o0-
POT, CUJIOBBIE HUTU PACLIMPAIOTCA U 3aKOHCEPBUPOBAHHAS B HUX
SHEPrusi MaTepuu BICBOOOKAaeTcs. B 9TOM 1 3aKkmovaeTcs Kpy-
TOBOPOT SHEPIrMU MEXJY aTOMaMHu U MOJIEKYJIaMH Pa3IMYHbIX
XMUMHUYECKHX JIEMEHTOB. BOo BHYTpHaTOMHOM IPOCTPaHCTBE 00-
MEH SHEPrUsAMU IMPOUCXOAUT MEXK]Y COCTABJIAIOLIIMMY YaCTHLIA-
MU ITPOTOHAMH U JIEKTpOHaMU. 1lepBbie cXMMaKOT CUIIOBBIE HU-
TH IPOCTPAHCTBA U MPEOOPA3yIOT SHEPTUI0 MATEPUN B SHEPTUIO
MPOCTPAHCTBA, a BTOPbIE, HAOOOPOT, PACIIUPSIOT UX U MEePEBO-
JAAT SHEPTUI0 MPOCTPAHCTBA B SHEPruio MaTepun. CTeneHb cxa-
THSl CUJIOBBIX HUTEW MPOCTPAHCTBA 3/1€Ch 3HAYMTENIBHO BBIIIIE,
4yeM B IpeIbIIyIeM YPOBHE, O3TOMY U JIOJSI CBOOOTHOM SHEP-
rud B o0mieM oObeMe MaTepuaJIbHON SHEPruy YacTull, y4acT-
BYIOIIMX B (PUBMYECKUX IPOLIECCAX, TAKKE CYIIECTBEHHO BbI-
me. B siiepHOM mpocTpaHcTBE KPYyroBOPOT 0OMEHA SHEePrusiMu
MTPOUCXOIUT MEX]Y YACTULAMH, COCTABJISAIOIIUMU SIpa XUMHU-



YyecKuX 71eMeHTOB. CTeneHb CKaTusl CUJIOBbIX HUTEW MPOCTPaH-
CTBa 3[IECh HA MOPSIJIOK BBIILIE, YEM B MPEABIIYIIUX YPOBHSIX, MO-
9TOMY M COOTHOIIIEHHE Mexk1y oObeMaMu CBOOOJHON U oOIIei
SHEepruey 4acTHull, TAKKE COOTBETCTBEHHO BhIlE. B ecrecTBeH-
HBIX YCJIOBHSIX 3TO ITPOUCXOAUT B HEJlpax 3BE3/.

ES, ES ES ES ES
0K _,ija—»im — iIn —» bb

0% 10°% 10 % 0.1-09% 100%
E3, — cBoGoaHas SHEPrus MaTepuu

Puc. 4. CooTHomieHre noneil CBOOOTHON SHEPruu K ooIie-
My 00beMy MaTepHabHOW SHEPrHU YACTHIBI B 3aBUCUMOCTU
OT YPOBHSI ITPOCTPAHCTRA.

B paboueil rumore3e CHUCTEMBbl B3aMMONCWCTBUS MaTEpUH
Y [IPOCTPAHCTBA SHEPIrUs sIBIsIeTCs (POPMOI CBSI3U MEK Ly HUMU
371ech OHa BBICTYIIAET B JIBYX BUJIaX: SHEPTMU MaTepHU U SHEPTUU
npocTpaHcTBa. B coBpemeHHOM Mupe Bce (pU3MUECKHE, XUMU-
JecKue, OMOJIOTUYeCcKye, sepPHbIE TPOLIECCHI, SIBJICHHSI, B3aUMO-
JEWCTBUSI TIPOUCXOASAT MPU HEMOCPEICTBEHHOM y4acTUH 000MX
BUJIOB 3Heprur. OHM B3aUMHO NEPeXOAsT APYT B APyra U CIIykaT
OCHOBOM 151 (POPMUPOBAHKS BCETO MHOTOOOPA3Usl pa3IMUHbIX
BUJIOB MaTepHATLHON SHEPTUU U CIIOCOOOB UX TIEPEX0/a OHOTO
BUJIa B Apyroi. PaccMoTpuM 310 Ha ceayomux npuMepax:



1. [epexon MexaHuvecKor SHEPruM B TerioBywo. [1pu pado-
T€ HAa METAJUIOPEKYIIMX CTAHKAX, PE3EL] CHUMAET CTPYKKY C Me-
TAJUTMYECKOW 3arOTOBKM M OHa HarpeBaetcs. [Ipoucxoaut 3to
MIOTOMY, 4YTO B pe3yJbTaTe MOCTYMNATEJbHOIO ABMKEHUS pe3lia
€ro MeXaHU4YeCKast SHEPrusl 3aTPaunMBaAETCS Ha PaclIMPEHUE CU-
JIOBBIX HUTEW MPOCTPAHCTBA MEKAY aTOMaMH MeTajula KpPUCTaJI-
JIMYECKON PEIIeTKH, CKATHIX BO BpeMs1 00pa30BaHMsI 3arOTOBKH
00pabaThIBAEMOro MeTasuia. 3aKOHCEPBUPOBAHHASI B HUX YHEP-
T'Ysl POCTPAHCTBA MpeoOpa3yeTcsi B SHEPIUI0 MATEPUH, TO €CTh
B TEIUIOBYIO SHEPTHIO.

2. Ilepexon TEmIOBOM SHEPIUM B MEXAHUUYECKYIO SHEPTHIO
B kauectBe mnpumepa HUCIONb3YyEM CHUCTEMbl: WEANIbHbIA ra3
1 nopiieHb. MoneKyIspHOe B3aUMOAEHCTBUE MOJIEKYJT UIEaIb-
HOTI'0 ra3a HUYTOKHO MaJjlo U3-3a JI0CTATOYHO OOJBIIMX PACCTOSI-
HUI MEX/ly MOJIEKYJIAMHU ra3a, I03TOMY €€ BHYTPEHHS151 SHEPIrUsl
(U) 310 CyMMBI KHUHETUYECKUX SHEPTUM MOCTYINATEIbHOTO [IBU-
JKEHUsI BCEX ero MoJieKy1. Ecim cooOdumTs oqHOaTOMHOMY He-
aJIbHOMY ra3y TEIUIOBYIO SHEPIUI0 (SHEPrui0 MaTepuu), TO OHA
npeoOpasyeTcs B SHEPTUI0 TPOCTPAHCTBA U 1e(pOPMUPYET CHIIO-
Bbl€ HUTU MEKaTOMHOI'O ITPOCTPAHCTBA. ATOMBI r'a3a, pacluimpsis
CWJIOBBIE HUTU TMPOCTPAHCTBA, MPUOOPETAIOT JOMOIHUTEILHYIO
KMHETUYeCKy1o sHepruio. [Ipu ynape o qHUIIE MOPIIHS aTOMbl
rasza rnepejaloT KMHETUYECKYI0 SHEPIUI0 CTEHKaM THUINA MOpIII-
Hsl, [IPY 9TOM BO3HHMKAET CUJIa, IEVICTBYIONIAs HA CTEHKY JHUILA
MOPUIHS, MPUBO/S MOPIIEHb B IBUXKEeHHE. B urore Bcero mpo-



Hecca TCIIoBas SHCPIrysA rasa npeo6pa3yeTCH B MEXaHUYCCKYIO
9HCPIrUI0 IBUKCHHA MOPIITHA.

3. Ilepexon CBETOBOW 3HEPIUM B JEKTPUUECKYIO SHEPTHIO
MPOUCXO/UT B pe3yibTare (poToanekTpuieckoro 3gdexra, Ko-
TOPBIN TPENCTaBysAeT cOOOM MPOLIECC BHIPHIBAHUS JIEKTPOHOB
U3 TBEpIbIX TeJl B pe3yJibTaTe BO3JEHCTBHUS HAa HUX CBETOBBIX
BoJiH [Ipu ocBeleHuu TBEpIOro Tena (Karoaa) SHEPrusi CBETO-
BbIX BOJIH JI6(DOPMUPYET CUJIOBbIE HUTH MPOCTPAHCTBA HA €TI0
MOBEPXHOCTHU. DJIEKTPOMATHUTHBIE BOJHBI COCTOSIT U3 OTHEJIb-
HBIX MOPLUXM SHEPIUU — KBAHTOB ((pOTOHOB). POTOH — 3TO BOJ-
Ha 4yacTulla, UCITyCKaeMasi aTOMaMu IpH MEPEXO/IE IEKTPOHOB
C opOWT, yJaJIeHHBIX OT siapa Ha OmmkHUe K Hemy. [Ipu mane-
HUY Ha MOBEPXHOCTh Karofa (pOTOHBI AeOpMUPYIOT (C:KMMA-
I0T) B MECTe MaJIeHHs1 CUJIOBbIE HUTH NpocTpaHcTBa. CTerneHb Je-
(popmary cUIOBBIX HUTEHN MPOCTPAHCTBA IIPU STOM ONPEAEIsi-
€TCsl KOJIMYECTBOM MepeHOCUMOM (POTOHOM SHEPIuu, TO €CTh Ya-
crotor. KaTtomHbli 3JIEKTPOH pacIIUpsET CKAThIE CUIIOBBIE HU-
TH ¥ TIpHOOpEeTaeT BCIo MpUHeCeHHYIo (poToHOM sHepruio. Ecim
NPUOOPETEeHHON KMHETUYECKON SHEPrUur JEKTPOHY I0CTATOY-
HO, YTOOBI COBEPIIIUTH pabOTy BBIXO/IA, TO OH BBIPHIBAETCS U3 Ka-
TOJIA, JOCTUrAaeT aHO/A, U B LIENH MOSBJISETCS TOK, & €CJIM HEeJl0-
CTaTOYHO, OH OCTaercsl B Katoae U poToapeKT He BO3HUKAET

4. Tlepexon cBETOBOM SHEPrUM (JEKTPOMArHUTHOTO U3JTyUe-
HUS) B TEIUIOBYIO 3Hepruio. IIpyu noromennm 31eKTpoMarHuT-



HOT'O U3JTy4YeHHUs TBEPIbIMU TeJIaM SHEPrusi U3JIyuyeHusl AONOI-
HUTEJIbHO C)KUMAET CUJIOBbIE HUTH MPOCTPAHCTBA B KPUCTAJLIM-
YeCKOH PelIeTK! ITOro Teja U Mpeodpasyercsl B SHEPTHio Mpo-
cTpaHCTB. B pesysbrare ymsimHseTCs CBOOOIHBIN MPOOEr 3/1eK-
TPOHOB WM YBEJIMUMBAETCSI aMILTUTYAa KojaeOaHusl siiep aTOMOB
KPUCTAUTMYECKOI PEIIETKU. DNEKTPOHbI, IBUTASICh [0 CUJIOBBIM
HUTSIM MPOCTPAHCTBA PACHIUPSIOT UX MPU ITOM 3aKOHCEPBUPO-
BaHHAsI B HUX HEPIrUsl IPOCTPAHCTBA MPeoOpaszyeTcs B SHEPTUIo
MaTepUU TEIIOBYIO SHEPIUIO.

5. Ilepexon MeXxaHMYECKOW SHEPIUU B JEKTPUUYECKYIO SHEP-
TUI0 TIPOMCXOAMT B IeHepaTopax MOCTOSHHOIO TOKAa, KOTOPbIHA
U CIIy)KUT UCTOYHUKOM TOKA. BHYTpU HMCTOYHMKA TTPOMCXOAUT
pasjiesieHue MeKTPUUYECKUX 3apsoB TMOJ EHCTBUEM CTOPOH-
HUX CWJI Ha TIOJIOKUTENIbHbIE U OTPUIATEIbHBIE, KOTOPBIE KOH-
HEHTPUPYIOTCS y PA3IMYHBIX TOJIOCOB UCTOYHMKA. B KauecTBe
MCTOYHUKOB CTOPOHHUX CHJI HCHOJIB3YIOT MEXaHUYECKYIO HEP-
THIO ABUTaTeJIe BHYTPEHHETO CrOPaHUs, MaJa0Ien BOJbI U JIp.
CKOHIIEHTPUPOBAHHBIE Y TIOJIIOCOB EKTPUUECKUE 3apsifbl Jie-
(bopMUpPYIOT CHUJIOBbIE HUTH OKPYKAIOIIETO MX MPOCTPAHCTBA.
BzanmMoneiicTByst Mex 1y coO0i, OHM 00Pa3yIOT €MHOE TIEKTPH-
yeckoe mosie. [Ipu 3aMblkaHuM LIENU 3apsijibl MOMOKUTETBHOTO
MOJTIOCa CKMMAIOT B MPOBOJAHUKE CUJIOBbIE HUTH MTPOCTPAHCTBA,
a coiepikalecst B HeM CBOOOTHbIE SJIEKTPOHBI IPUXOIST OIHO-
BPEMEHHO T10 BCEW JJIMHE MPOBOIHUKA B YIOPSAOUYEHHOE JIBU-
sxenue. [lpu ABMKEHUU 3NIEKTPOHBI PACHIMPSIOT CKAThIE CHUJIO-



BblE HUTU MPOCTPAHCTBA, B Pe3yJIbTAaTe YEro BBHICBOOOXKIAETCS
SHEPrusl, 3aTpPauCHHas Ha UX CKaTUE, U B LIENM BO3HUKAET JICK-
TpUYECKUH TOK. [Tpr 3TOM BHYTpY UCTOUHMKA HAPYIIAETCS PaB-
HOBECHE MEXJY CTOPOHHUMU U KYJIOHOBCKMMM CUJIAaMH 32 CYET
CHMIKEHUs CcTerieH! AehopMaliiK CUJIOBbIX HUTEH POCTPaHCTBA
y MOJIIOCOB, U pa3feieHHe 3apsA0B HAUMHAETCS BHOBb.

6. [lepexon aTOMHOIi 3HEpruM B TEIUIOBYIO SHepruio. Ha 00-
pa3oBaHMe sAep XMMUUYECKUX IEMEHTOB 3aTPAaurBaeTCsl SHEP-
rust Matepun. OHa mpeoOpasyeTcsi B SHEPrHIo MPOCTPAHCTBA, KO-
TOpasi CBSI3bIBAET MEXAy cOOON HYyKJIOHBI sifpa. Ilpu cunTtese
SIIEp JIETKUX 3JIEMEHTOB WU TIPU pacrajie saep TSKEeNbIX, 4acTb
STUX CBSI3€H pa3pylIaeTcs U 3aKOHCEPBUPOBAHHAS B HUX YHEP-
TYsl IPOCTPAHCTBA MEPEXOIUT B SHEPTUI0 MATEPUU U BHIJEIISET-
csl B BUJIE Terlia.

7. Tlepexon 3HEpruM rpaBUTALMMA B MEXAHUYECKYIO SHEP-
rui0. 3eMiisi CKUMaeT BOKPYT ceOsl CUJIOBbIE HWTH MPOCTPAH-
cTBa. HauBbICIIasi cTeneHb X CKaTUs HAXOAUTCS HA TTOBEPXHO-
cTy 3eMJtu U yObIBaeT B HAITPABJIEHUH OT HE€ MPOIMOPIIMOHATIBHO
KBaJIpary paccrosinusi. MarepuasbHOe Tej0, HOMEIIEHHOE B Ipa-
BUTAIIMOHHOE TOJIe 3eMJIM, UCTIBITBIBAET He ceOe ero BO3JeH-
crBue. CTeneHsb ke CKaTusl CUJIOBbIX HUTEN MTPOCTPAHCTBA Mac-
coil 3eMJIM Ha HECKOJIbKO MOPSIKOB BbIILIE CTETIEHU UX CHKATUS
MaTepUaJIbHbIM TEJIOM, IOSTOMY MaTepUaIbHOE TEJIO COBEpIIa-
€T JBMKEHUE B CKAThIX 3€MJIEM CUJIOBBIX HUTEW MPOCTPAHCTBA



B HAIIPABJIEHUHU €€ TTOBEPXHOCTH. [[BUKEHUE Tesla HOCUT MeXa-
HUYECKUW XapaKTep U MPOUCXOAMT OHO IOJI IEUCTBUEM SHEPTUU
rpaBUTAIMH, TPEOOPA3OBAHHON B MEXaHUIECKYIO SHEPTHIO.

CornacHo 6a30BBIX MPUHIIAIIOB CMOJETUPOBAHHON CHUCTEMBI
BCE MAaTepHUAIbHBIE Tea OONAJA0T TPABUTAIIMOHHON 3(dek-
TUBHOCTBIO. [1o/1 9TUM TepMUHOM MoOApa3yMeBaeTcs Onpe/ieieH-
HOE KOJIMYECTBO CHJIOBBIX HUTEH MPOCTPAHCTBA, COIEPKAIIUXCS
B TAHHOM MaTtepuaibHOM Tesie. CTeneHb CKaThsl STUX HUTEH Ha-
XOIUTCS B IPSIMON 3aBUCUMOCTH OT MAacchl 3TOTO TeJsa

Kak u3BecTHO, /11000€ MaTepuaibHOE TeJI0 MOXKET ObITh CXKa-
TO 10 00beMa, KOTOPBI HE MOTYT MOKUHYTH JJaske (DOTOHBI JIeK-
TPOMAarHMTHBIX M3Ty4yeHuil. Paauyc Takoro oObema Tena Hasbl-
BAETCsl IT'PABUTALIMOHHBIM. Y BCEX MaTepHasIbHBIX TeJl, HaXO[s-
IIMXCS B TAKOM (PH3MUECKOM COCTOSIHUY, OMH KyOMUeCKUI CaH-
TUMETP UX BEILEeCTBA CONEPKUT OIMHAKOBOE KOJIMYECTBO CHIIO-
BBIX HUTEW C OIMHAKOBOW CTETeHbI0 uxX cxarus Sg. [Ipu oObIu-
HBIX K€ paJnycax MaTepUaibHbIX TeJl KOJTMUECTBO CUJIOBBIX HU-
Tel B OJJTHOM KYOMUECKOM CAaHTUMETPE Y HUX pa3InudHo. | KyOu-
YeCKHld CAHTUMETP C(hephl C TPABUTAIIMOHHBIM PaIyCOM CIIOCO-
OeH OoKa3bIBaTh 3((PEKTUBHOE IPABUTAIIMIOHHOE BIMSHIE HA Ma-
TepuajbHble TeNa Ha paccrosnuu K g, a Best cpepa COOTBETCTBEH-

HO Ha Rg



e
]

=

rae So= 103 em

Rg=Vg Kg’

rae Vo — O0bem cdepsl ¢ rpaBUTALMOHHBIM PAJHYCOM.

B tabmuue 1 npuBenensl rpaHuipl 3(pOEKTUBHOTO rpaBUTa-
LIMOHHOT'O BJIMSIHUSI Pa3/IMUHBIX MaTepUalbHbIX TeJl Ha Apyrue
Tena. JlaHHble TaOMUIIBI CBUAETENBCTBYIOT O TOM, UTO HAIIE CBe-
THJIO CLIOCOOHO MPUTSITUBATH U yIEeP)KUBATh MaTepraIbHbIE Tea
Ha paccrossHnu 6omee 2400 a.e, FOmutep Ha paccrosunu 10,4,
a CarypH, 3emus, Benepa, Mapc coOTBETCTBEHHO Ha paccTo-
sauu 0,69, 0,007, 0,006, 0,002 a. e. ['paBuTaniuoHHOE B3au-
MOJEVCTBUE MATEPUAJIBHBIX TEJ B 30HE 3(P(PEKTUBHOM I'paBUTA-
MU OCYIIECTBIISIETCS crieyonmM oopa3oM. [lpu BeTymieHun
OJIHOTO MaTepUAJILHOTO TeJla B 30HY 3(h(PEeKTUBHOI IpaBUTALIUU
APYroro Teja CTENEeHU CKAaThsl UMHU CHJIOBBIX HUTEH MpPOCTpaH-
CTBa HaKJIaIbIBAIOTCA IPYT Ha Apyra. I[Ipu 3Tom BeKTOpbI cKaTHSA
IIPY HAJIOKEHUU BBIUMTAIOTCS, TAK KaK OHU BCEra HarpaBJIeHb



B IIPOTHUBOMNOJIOKHBIE CTOPOHBI. [lo3aTOMY MX pe3ysbTupyomas
OyneT JefCTBOBATh B HAMTPABJIEHHUH TeJIa, y KOTOPOTo OOJbIIe pa-
ayc 3 EeKTUBHON rpaBUTAlMK. PaccMOTpuM 3TO Ha ITprMepax
I'PaBUTALIMOHHOTO B3aMMOJIECTBUA IIJIAHET COJTHEYHOW CUCTEMBI
IpY OTCYTCTBUM rpaBuUTaniMoHHoro noss ConHua, Korjga e€ me-
cto 3aumMet FOnuTep, camast MacCMBHAs IUIAHETAa COJTHEYHOM CH-
crembl. B aTom ciydae FOmutep OyaeT mpuTATUBaTh U ylepKu-
BaTh B KaUECTBE CITyTHUKOB BCE YETBHIPE IUIAHETHI, IOTOMY 4YTO

y Hero paauyc 3(p(peKTUBHOM rpaBUTALIMK cocTaBisieT 1,57 10°



Konen 03HaKOMUTEJLHOI'O
¢dparmenra.

Tekct npenocraBieH OO0 «JIutPec».
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Bepcuio Ha JIutPec.

Be3ormacHo oriaTuTh KHATY MOKHO OaHKOBCKOH KapToit Visa,
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PayPal, WebMoney, Aunexc./lensru, QIWI Komenek, 60Hyc-
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