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AHHOTANNA

B crarbe rpaButamus u sddexr Kasumupa paccmarpuBaroTcs B paMKax BOJHOBOW MOJEIH
MaTEpUN KakK MPOSBIEHUS PEAKLUU YHEPrOHACBHIILIEHHOW cpezbl (IPOCTPAaHCTBA) Ha JIOKAJIbHBIE
U3MEHEHMS paclpeaesieHHs] IJIOTHOCTH SHEPTHH U YCIOBUI (POPMUPOBAHUS CTOSIYUX BOJIH.

[TokazaHo, Kak JTOKaJbHBIE BO3MYIICHHS CpeAbl, HHTEPIPETUPYEMbIE KaK Macca, GOpMHUPYIOT
IpaJueHThl TUIOTHOCTU HEPTUH, BOCIIpUHUMAEMble Kak IpaBUTAllMOHHOE moje. OObscHseTcs,
MoYeMy YCKOpPEHHE CBOOOJHOTO MaJeHMs HE 3aBUCHUT OT MAcChl MPOOHOTO Tena, KaKuM 00pazom
BO3HUKAET 3aBUCHUMOCTb CHUJIBI OT PAcCTOSHUS MO 3aKoHy 1/r2 M mouemy rpaHHIbl 0OBEKTOB
UMEIOT TUTABHBIN BOJTHOOOPA3HBIN XapakTep.

JononuurenbHo paccMoTpeH 3ddext Kasumupa Kak BO3MOXKHOE CIEACTBUE W3MEHEHHS
CTPYKTYPBbI IOIYCTUMBIX BOJIHOBBIX COCTOSTHUI MEKIy OJIM3KO pacnofioKeHHBIMU rpaHuliaMu. B
paMKax MOJIENHM OIPaHUYEHHE CIIEKTPa CTOSYMX BOJIH NPUBOAUT K BO3HUKHOBEHHUIO I'DaJUEHTA
IUIOTHOCTHU SHEPTHH, MPOSBIISIONIErOCs KaK cujia COMMKEHUS.

OOcyxmaercs poyib TJIOOATBHOTO PACTpPENCICHUs] HSHEPTUM Cpeabl, BKIoYas (HOHOBBIC
GuyKkTyanuu, TEMHYIO MaTepuio ¥ TEMHYIO SHEpPruio, Kak 3JIEMEHTOB E€IMHON BOJIHOBOM
KapTHHBIL.

CraThsi HOCUT Ka4yeCTBEHHBIH W WHTEPIPETAIMOHHBIN XapakTep W TMpeICTaBlseT CcoOOn
IOINYJIAPHOE BBEJCHHE B BOJHOBYIO MOJEIb MaTepun 0O€3 HCHONb30BAHUSA CIIOKHOTO
MaTEMaTU4YeCKOro armapara.

KiroueBnle cjioBa:

rpaButanus, 3pdexr Kazumupa, cTosiuast BOHA, IIIOTHOCTh YHEPTHH, TPAIUEHT TOJIS, BOJTHOBAs
MOJIETb MAaTEPUH, BAKYyyM, FPaHULIbl, TEMHAsI MaTepusi, TEMHas dHeprusi, 1/r2, pe3oHaHc, mojie
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BBenenue

['paBuTamusl TPaAUIIMOHHO PAacCMATPUBAETCS KaK CHJIA MEXKIY IBYMs TelaMu. Mbl u3MepsieMm
yCKOpeHue CBOOOHOTO MaICHUS U BUUM, YTO OHO HE 3aBHCHUT OT MACCHI Mmajaroniero rena. [lpu
9TOM KaXKETCs, YTO BO3JCUCTBHE HIET TOJBKO MEXAY IByMs oObekTamu. Ho 3TOT B3Mmsia
YIOPOILIEH: HA CAMOM JIeJie B TPaBUTALMU YYacTBYET BCEé MPOCTPAHCTBO BOKPYT HAC, a TO, YTO
MBI Ha0JTt01aeM, — JIUIITH TTPOSIBIICHHE OTHOCUTEIHLHOT0 BO31eHCTBHS.

JlanHas cTaThs ONMUpacTCs Ha BOJHOBYI MOJeJIb MaTepPUH, MOIPOOHO M3JI0KEHHYIO B paboTe
“Mojienb BOJIHOBOI'O CTPOEHHUSI MaTepud U (paKTaabHOW CTPYKTYpHl Bceenennoii”. CormacHo
3TOM MOJIENH, MPOCTPAHCTBO — HE IMYCTOTA, a aKTUBHAs dHEProHAChIIEHHAas cpeaa. Macca —
9TO JIOKAThHOE OTKJIOHEHHUE IJIOTHOCTH YHEPTHH OT cpeaHero (OHOBOro 3HaueHus. ['paBuranus
BO3HUKAET KaK PeaKIys BCEH ATON CpeAbl Ha JIOKAIbHBIE BO3MYIIICHUS.

31ech MBI TOPOOYEM YIIPOIIEHHO, O€3 CII0KHON MaTEMATHUKH, OOBSICHUTD:

s TOYEeMY YCKOpPEHHUE CBOOOIHOTO MaIeHUsI OJIMHAKOBO JUISl IETKUX U TSKENBIX Tel,

¢ Kak IpaJueHTHl IOJIs CO3/1al0T CUITY,

+ TOYeMy CUJIa yOBIBAET C pacCTOsIHUEM Kak 1/12,

* U Kak MOHSTHE «CTOSYEH BOIHBI» CBSI3bIBAET Maccy 00bekTa ¢ (hopMoii ero
rPaBUTALMOHHOTO TOJIA.

ﬂﬂﬂ SACHOCMU. NOO «NJIOMHOCMbIO dHepauu» 30eCcb NOHUMAEMCs KOIUYecmaeo IHepcuu 6 edunuue
0bvéma. B eonnosoii mooenu macca — 3mo NOKANbHOE OMKIOHEHUE NIOMHOCMU oHepzuu om
cpec)Hezo gbOHOGOZO sHavenusi. Yem OGonvuie OMKJIOHeHue, niem bonbue macca. Fpaeumauuﬂ
603HUKAem u3-3a npocmpancni6eHHblX nepena()oe (zpa()uenmoe) oMot NIOMHOCMU.

1. OOBEKT Kak JIOKaJIbHOE BO3MYIIIEHUE OIS

B mpennaraemoii BOJHOBOM Mojenu Jr000€ BEIIECTBO, JI00Ass 4acTUIla — 3TO HE TOYCUHBIN
HIApPUK U HE «CTYCTOK MAacChl» B IyCTOTE, a JIOKAJbHOE BO3MYIIIeHHEe JHEPreTH4eCKOM cpebl,
KOTOpOe uMeeT (hopMy YCTOMUUBOU CTOSTYEH BOJIHBI.

[TonpoGHee: mMacca BO3HUKAET TaMm, I/I€ IUIOTHOCTb SHEPTUHM B MPOCTPAHCTBE OTKIIOHSETCS OT
cpenHero (OHOBOTO 3HAYCHHUS, U ITO OTKJIIOHCHHE MOICP>KUBACTCS B BUE CTOSUYCH BOJIHEI.

e Y sneMeHTapHOM YacCTHUIIbI HET PE3KOHM IPaHUIbl — €€ TMOJIe MJIaBHO CMAaaeT OT LIEHTPa,
HO BBIICNIEHHAs! 001aCTh (TIOTYBOJHBI) CO3/1AET OLTYIEHUE «TOKATU3AIUN».

+  MakpooOBeKT (KaMeHb, TUTAaHETa) — JTO CYNEPITO3UIINS MHOKECTBA CTOSYUX BOJIH OT
Bcex yacTuil. x o01ee BO3MyIIIeHHE CPe/Ibl TOKE MOKHO pACCMATPUBATh KaK eTHHYIO
YCPeIHEHHYIO CTOSIYYI0 BOJIHY C XapaKTEPHBIM pa3MEepPOM, 3aBUCSILHUM OT MACCHI.

« I'paBuTaiusi BO3HUKAET UMEHHO IIOTOMY, YTO 3Ta CTOsTYasi BOJIHA CO3/IaET B
MPOCTPAHCTBE BOKPYT ce0s rpaiieHT NJIOTHOCTH JHEPTrUM — IJIABHOE U3MEHEHHE OT
00JacTH ¢ OBBIIIICHHON YHEPTHEH (TeNo) K QoHY.

Baxxno: rpaHuiia o0bekTa — HE TBEpJAs MOBEPXHOCTH, a 30HA, IJIE CTOsYasl BOJIHA Hamboiee
ObicTpo 3aryxaeT. Jlrobasi rpaHuiia ectb ciencTBue (OpMbI BONHBI, a HE MEXaHUYECKOU
000JI0YKH.



JlokanpHbIE BO3MYIICHHS TMOJS (CTOSYHE BOJIHBI) MOPOXKIAIOT TPAIUCHTHI, a TPAJUCHTHI MBI
BOCIIPUHUMAEM KakK CUITY.

2. Ilone v rpaueHT — UCTOYHUK CHUJIbI

B BomHOBOI Mozenu cuja BO3HHKAET TaM, rA¢ €CTb IrpajueHT NJOTHOCTH IHEPIruM — TO
€CTh IJIaBHOE M3MEHCHHE 3TOU IIJIOTHOCTH B IIPOCTPAHCTBE. FpaBI/ITaHI/IH — HC HCKIIFOUCHHUC.

+ OOBexKT (cTOsTast BOJIHA) CO3AAET BOKPYT ceOs1 001aCTh C TOBBIIEHHOHN TJIOTHOCTHIO
sHepruu. Bonusu o6bekTa rpaieHT (CKOpOCTh U3MEHEHHSI MJIOTHOCTH) BEJIUK —
MIOATOMY CHJIa CHITbHASI.

« Ilo mepe ynanenust oT 00beKTa CTOSUAsE BOJTHA 3aTyXaeT, €€ «ropObl» CTAHOBATCS
MIOJIOXKE, TPAJIUEHT YMEHBIIACTCS — W CHJIa cllabeerT.

[TpocTpaHCTBO (SHEProHACHIICHHAS Cpela) «pearnpyer» Ha JIOKAJbHOEC BO3MYIICHHE,
BbIpaBHHBAsA TI'PaAUCHTHI. Orta pcaknuda Cpcabl MU CCTb TO, YTO Mbl NPHUBBIKINA HA3bIBATH
rpaBuramuei. [[pyrumu cioBamu:

TPaBUTALMS — 3TO He «IPHUTSKEHHe IBYX Tel», a BbIHYK/ICHHOE JBHKEHHE BellecTBA B
CTOPOHY 00J1ee BHICOKOI0 rPaIMeHTa IJIOTHOCTH IHEPIUH, CO3IAHHOT0 IPYTHMH MacCaMM.

Ba:xxnoe 3ameuanue o popme rpaguenTa:

B nanHol Monenu rpaJueHT UMEET HE CTYNEHYATYIO, a IJIABHYI0 BOJIHOOOpa3HyI0 (popMy (Kak
y4acTOK CUHYCOM/IbI). DTO MPSAMOE CIEACTBUE TOTO, UTO Macca IPECTaBIeHa CTOSIYEN BOJIHOM, a
HE TOYEYHBIM UCTOYHUKOM C pe3KuM oOpbIBOM moJisl. [lo3ToMy H3MeHeHHe CUJIbl ¢ pacCTOSHUEM
MPOUCXOAUT MOHOTOHHO U T'JIaJIKO.

3. [ToueMy cuiia 3aBUCUT OT PACCTOSTHUS

B BoHOBOI MOJeNM IpaJueHT MIIOTHOCTH SHEPTUH, CO3/IaBaeMblii 00bEKTOM, paCIIPOCTPaHAETCS
B mipocTpaHcTBe. [ 00beKTOB co chepruueckoit cumMmMeTpueit (3BE31bl, IUIAHETHI, & B XOPOIIEM
npuOIMKEHNN — JI00bIe KOMIIAKTHBIE MAacChl) crjla yOBIBA€T C PaCCTOSIHUEM I10 3aKOHY 1/12.

IMouemy umenno 1/r??

[IpencraBuM, 4TO BO3MYIIEHHE OT TOUEYHOI'O UCTOUYHUKA pAaCIpOCTpaHseTcs: chepruuecku BO Bce
cTOpoHbl. [IOTHOCTH 3HEpruu B TakoW cheprueckoi BOJIIHE pacHpenesisieTcsl MO MOBEPXHOCTH
cdhepsl, TIOMAIL KOTOPOH pacTéT kKak 4mr?. Ecnu oliee KOMMYeCTBO HEPTHU, IEPECHOCHUMOE
BOJIHOHM B €IMHUIlY BPEMEHH, COXPAHAETCS, TO IJIOTHOCTh IIOTOKA dHEPIUU (a CIEeI0BaTENIbHO, U
TPaIUCHT, U CUJIa) Ha PACCTOSHUU T Oy/eT 0OpaTHO MPOIMOPIMOHANIbHA IO chepbl — TO
ecTb ~1/12.

B mameii mMomenn MecTO TOYEYHOrO MCTOYHHKA 3aHHMAcT CTOS4Yasi BOJHA (00OBEKT), HO Ha
PACCTOSTHUAX, 3HAYUTEIHHO TMPEBBIMIAOIINX pa3Mep O0BEKTa, Ta CTOSYAsT BOJHA «BBITJISIUAT

KaK ToueuHoe Bo3MmyuieHue. [loaromy 3akoH 1/12 ocTa€res cripaBeAIuBbIM.

AJIbTEepHATUBHBII B31JIs1 (B paMKax BOJIHOBOI reoOMeTpHH):



MO>XHO TakKe MPEeCTaBUTh, YTO CHJIa — ATO MPOEKIUs KPYroBoro (chepruueckoro) BOJIHOBOTO
mpolecca Ha paauaibHOe HampabieHue. [Ipu Takod MPOEKIUH 3aBUCHUMOCTh OT PACCTOSHUS
€CTECTBCHHBIM 00pa3oM MpHoOpeTaeT KBaJApaTU4YHBIM Xapaktep. O0a moaxoma — uepes
I0IaaAb c(hephl U Yepe3 MPOEKIMI0 — MPUBOJIAT K OJHOMY U TOMY K€ 3aKOHY.

dopmya, oTpaxkaromas cBa3b cuibl F ¢ rpaguenTom norennuana O:
F~—=Vo,
rae ns chepudeckoro ciaydas O~—1/r, a rpaguent ga€t 1/r2.

Baxkno: cuia nposiBisieTcsl yepes rpajMeHT noJis (IJIaBHOE€ U3MEHEHHUE TI0THOCTU dHEPIUun), a
HE Yepe3 MTHOBEHHOE JIEHCTBHE HA PACCTOSTHUU.

4. Posp Bcero npocTpaHcTBa

B cranpaptHOW (u3nke paBEeHCTBO YCKOPEHHUS A Pa3HbIX MacC OOBSICHAETCS MNPUHLUIIOM
SKBUBAJIEHTHOCTH (MHEpPTHAs Macca paBHA IpaBUTAllMOHHOW). B Hamell BoaHOBOH Monenu
IPUYMHA Ta K€, HO (POPMYITUPYETCs MHAYE Yepe3 CBOWCTBA CPE/IbI.

KiroueBasi uaesi: rpaBUTalisl — 3TO HE CHUJIA MEXIY JIBYMsI U30JIMPOBAaHHBIMH TelaMH. DTO
peakuusi Beceil JHEProHACHIIEHHOM cpeAbl (IPOCTPAHCTBA) HA JTOKAJIbHbIE BO3MYIICHHS.

«  Kaxnplil 00beKT CO3/1a€T CTOSUYIO BOJIHY — OTKJIOHEHHE MIJIOTHOCTHU SHEPTHH OT
cpenHero GOHOBOTO 3HAYCHHUS.

« IIpoctpancTBO BOKpYyT 00BeKTa HE TTycToe. OHO camo 00s1agaeT pacipeaeaEHHON
TUIOTHOCTBHIO SHEPTUU (BKJIAJ «TEMHON MaTepuu», (POHOBBIX (DIyKTyaluid, a TakxKe
yIanéHHbIx Macc BeeneHnHoit).

« Koraa manoe Teno (Hanpumep, KaMeHb) MOMAIAET B 110JI€ 3€MJIU, OHO ABUKETCS HE
MOTOMY, YTO 3€MJISl €70 «TSHET», a IOTOMY, YTO CYMMAaPHBbIH I'PAAMEHT NJIOTHOCTH
Hepruu (3emis + (OH BCEro MPOCTPAHCTBA) 3aCTABIISET JH000E JTIOKAIBEHOE
BO3MYILIEHHE CMEILAThCSl B CTOPOHY O0Jiee KPyTOro CKJIOHA.

Iloyemy yckopeHHe OIMHAKOBO /JIs1 JIETKOT0 M TSKEI0ro KaMmHs?

[IpencraBuM, 4TO MPOCTPAHCTBO — H3TO TyCTass Cpella C HEKOTOPOM CpeIHEW IIOTHOCTHIO
sHeprun. Jlro6oe m006aBoYHOE BO3MYIIEHUE (YACTHIIA, aTOM, KaMEHb) «UyBCTBYET» TOIJIBKO
TPaIUCHT, CO3/IaHHBIN BHETHUMHU MaccaMu (3eMii€il), HO He CBOM COOCTBEHHBIN. Peakiius cpess
Ha FpaI[I/IeHT HC 3aBUCUT OT MacCChl HpO6HOFO TCiaa, HOTOMy YyTO Macca Hp06HOI‘O TCJia
OTpeNesieT JUIb aMIUTUTYy €ro COOCTBEHHOM CTOSYEH BOJIHBI, & TPAIUEHT BHEITHETO TOJIS
OJWHAKOB AJ1s1 BCCX.

Cuna, aeicTByromiasi Ha TeJO, paBHa €ro Macce, YMHOXXEHHOW Ha yckopeHue. C apyroit
CTOPOHBI, Ta K€ CHJIa paBHA €ro Macce, yMHOXEHHOW Ha YCKOpEHHE CBOOOJHOTO majeHus g. B
Hallleld MOJIeNIM Macca, KOTOpasl COMPOTHUBIISIETCA YCKOPEHHIO (MHEpPTHAas), U Macca, KOTopas
«4YyBCTBYET» T'PaBUTALMIO (IPaBUTALMOHHAS) — 3TO OJHO U TO K€ CBOWCTBO CTOSIYEH BOJIHBI.
[ToaToMy yckopeHWe Tena @ BCerja paBHO g M HE 3aBUCUT OT TOro, JETKOe 3TO TEJI0 WU
TKETOE.



YTo TaKkoe «<MaKpoMacca NPOCTPAHCTBA»?

OTHUM TEPMHHOM MbI 0003HauaeM CyMMAapHoOe paclpejejieHue MJI0THOCTH JHEPTHH BO BCEM
NMPOCTPAHCTBE, BKIIOYas:

¢ DJHEPrHIo KBAaHTOBBIX (PIYKTyalllii BakyyMma,

+  TEMHYIO MaTEPHIO (JOMOJIHUTEIbHBIC TPABUTUPYIONTUE BO3MYIIICHUS, HE BXOIAIIHEC B
0OBIYHOE BEIIECTBO),

+  BKJIAQJ BCEX YIAICHHBIX TAJIAKTUK H CTPYKTYP.

NmenHo »ToT rnoOanbHBld (QOH CO3MAET «CUCTEMYy OTCU€Ta», OTHOCHUTENBHO KOTOPOM
MpOsIBIISIETCS yCKOpeHue. be3 (oHa rpaBuTaius 1ByX W30JUPOBAHHBIX TEJ B mycTol Beenennoi
Obu1a Ob1 MHOM — HO B peasibHOM Beenennoit (hoH Beceraa npucyTCTBYET.

Bazknoe ciaeacrBue:

Jnist ManbIX MPOOHBIX TeT MX COOCTBEHHBIHN BKJIAX B CYMMAapHBIN I'paJUEeHT MPEHEOPEKUMO Mad,
IIOTOMY YCKOPEHHE OJIMHAKOBO. [[/1s1 04eHb MaCCUBHBIX OOBEKTOB (Hanpumep, uépHas AbIpa) UX
COOCTBEHHOE BO3MYIIICHHE YK€ BIUSACT HA OOIIUI IpaJueHT — 3/1€Ch JINHEHHOCTh HAPYIIAETCS.

5. FpaBI/ITaHI/IH KaK CJIICACTBUC PCAKINU I10JIA

ITonBeném wurtor. B pamkax MNpeaioKEHHONW BOJHOBOM MOJEIHW TPaBUTALMS BO3HUKAET Kak
CCTCCTBCHHAsL peaKumI 3H€pI‘OH21CBIH.ICHHOfI Cpe,Z[BI Ha JTOKAJBHBIC CTOAYHUEC BOJIHBI (OGBGKTBI C
Maccoii). Beck nporiecc MOKHO OnucaTh HECKOJIBKUMU IIaraMu:

1. JIw0oii 06 beKT ¢ Maccoii (0T AJIEKTPOHA /10 3BE3/IbI) TIPEACTABIIET COOO0M JT0KAJIbHOE
BO3MYIICHHE IVIOTHOCTH JHEPIruH B BUJIE YCTONUNBOM CTOSTYel BOJIHBI. AMILIUTY1a U
pa3Mep ATOM CTOSTYEH BOJTHBI ONIPEACIISIIOT BETUYMHY MAaCCHI.

2. Crosiuasi BOJIHA He 00pbIBaeTCs pe3Ko — e¢ aMIUINTY/1a IIJIaBHO YOBIBAET ¢
paccTtosiHueM. JTo yObIBaHUE CO3/1aET B IPOCTPAHCTBE TPAAMEHT MJIOTHOCTH IHEPTUH
— TO €CTb IIJIaBHOC, BOJ'IHOOGpaSHOG HU3MCHCHHUC OT IMMOBBIICHHOI'O 3HAYCHHUA BHYTPU
00bekTa K (HOHOBOMY 3HAYCHHIO BJIAJIH.

3. I'pagueHT MJIOTHOCTH YHEPTHH — 1TO TO, YTO MBI BOCIIPUHUMAEM Kak cuiy. Jlroboe
Jpyroe JIOKaJbHOE BO3MYIIEHUE (IPYyroil 00bEKT) «UyBCTBYET» 3TOT IPATUEHT U
CTPEMHTCSI CMECTUTHCS B CTOPOHY €0 YBEIHUYEHHS (TO €CTh B 00J1aCTh 00Jiee BHICOKOM
IUIOTHOCTHU SHEPTHUH, OJIMKE K UICTOYHHUKY). ITO CMEIIEHHE Mbl HA0II0AaeM Kak
YCKOpeHHe CBOOOHOI0 MaJAeHus.

4. BeJu4uHa yCKOpeHMSs ONIPEIEIAETCA:

o Maccoil UCTOYHUKA (aMILTUTYAO0M €ro CTOSYEHl BOJIHBI),

o PpaCCTOAHUCM 0 UCTOYHUKA (‘ICM Jajablie, TEM MCHBIIIC I‘pa,Z[I/IeHT),

o (pOHOBBIM pacmpeeeHHeM IIJIOTHOCTH SHEPIHH BO BCEM IPOCTPAHCTBE
(Makpomacca MpOoCTPAHCTBA, BKIItOUas TEMHYIO MaTepUIO U SHEPTHIO).

JTa KapTHHA 00BSICHSET KJII0YeBble HA0II0/ICHHUS:
*  YckopeHuHe He 3aBHCHT OT MacChl MAAAK0IIET0 TeJa — MOTOMY YTO IPOOHOE TEIo

pearupyer Ha BHEITHUN IPaJIMCHT, a HE Ha CBOM coOcTBeHHBIN. ET0 Macca (ammmnTyna
€ro CTOSYEN BOJIHBI) COKpAIAETCS B yPAaBHEHNUHN JABW)KCHHUS.



« Cuaa yobiBaeT ¢ paccTosiHueM Kak 1/r? — u3-3a chepruueckoro pacnpocTpaHeHHUs
BO3MYUIeHHUs (TUTomanb cepsl pacTET Kak 12, INOTHOCTh MOTOKA YHEPTUU MalaeT KaKk
1/12).

« I'paBuTanus cBsi3aHa co Bcell BeesleHHOM — yCKOpEHHE B JaHHOM TOYKE 3aBUCHUT HE
TOJIBKO OT OrpKaiiiiei Macchl (3eMiIn), HO U OT pacIpeiesieHusl BCEil OCTaIbHON
SHEPTUU B MPOCTPAHCTBE, KOTOPOE 3a/1aET «(POHOBBIN YPOBEHb» IIOTHOCTH.

BaxxHo: B 3TOI MOAENM TpaBUTALUs HE SIBISETCS «CHIJIOW MPUTSHKEHUS» B MEXaHHUCTUYECKOM
CMbICTIE. DTO BBIHY:KIEHHOEe [BU:KeHHe 00beKTa B 00J1acThb 0oJiee KPYTOro rpajueHta
IJIOTHOCTH YHEPTHM, CO3AaHHOTO IPYTUMHU 00beKTaMu Ha (hOHE INI00ANTBHOTO paclpeieieHus
SHEPIHH.

6. Baxxabie orOBOpKH

qTOGBI I/136€)I(aTI> HEAOIIOHUMAHUA, HGpG‘-II/IC.HI/IM KJIFOUCBBIC OI‘OBOpKI/I, BBITCKAOIIINEC U3
BOJIHOBOI MOJEJIN:

1. I'panunbl 00beKTOB — He TBEP/ble IOBEPXHOCTH

JIro6ast rpaHuLa (MTOBEPXHOCTD IJIAHETHI, Kpail aTOMa) — 3TO 30HA, TIe INIOTHOCTh YHEPTUU
Haubosee OpICTPO MeHsieTCs. B BOTHOBOM MO/IEIN HET PE3KUX CKAUKOB: MOJIE 3aTyXaeT IUIaBHO,
110 CUHYCOUJJAIbHOMY 3aKoHy. « TBEpasi rpaHnIia» — JTUIIb TPUOIIMKEHUE JUTS
MaKpPOCKOIUYECKUX MACIITa0O0B.

2. Cujia — 3TO rpajilueHT, a TPaIieHT UMeeT BOJTHOBYIO GopMy

Cuita BO3HMKAET TaM, T'JI€ €CTh IPAJIMEHT IJIOTHOCTU SHEpTrun. B naHHON MO/eNn 3TOT rpaiueHT
HE CTYIEHYATHIN, a NJIABHbIH, BOJTHOO0Pa3HbIil (KaK y4aCTOK CUHYCOHJIbI). ITO MPSAMOE
CJIEZICTBHE TOr'0, YTO MACCa MPEACTABIIEHA CTOSTYEN BOJHOM. TEPMUH «BOJIHOBOE U3MEHEHUE»
3/1eCh O3Ha4aeT UMEHHO GpopMy, a He Hanmyue Oeryiiei BoiHbl. (I'paBUTallMOHHbBIE BOJHBI,
npenckazanabie OTO u 0OHapyKeHHBIC YIKCIIEPUMEHTATBHO, — OTICIBHOE SIBIICHUE, HE
paccmaTpuBaeMoe B 3TOM CTaThe.)

3. 3akoH 1/r? BbITeKaeT U3 chpepuyeckoii CHMMETPHHU

Jnis cepruueckn-cCUMMETPUYHOIO BO3MYIIEHHUS IUIOIA b, TI0 KOTOPOM pacnpenensercs
SHEPrus, pacTeT Kak 47mr?, IoATOMY INIOTHOCTh NOTOKA (M cWila) majaeT Kak 1/r2. 9to
CIPaBEAJINBO HA PACCTOSTHUSIX, OOJIBIINX 10 CPABHEHUIO C pa3MEPOM UCTOYHHKA.

4. Témuasi MaTepusi U TEMHAsSI FJHEPTUsl — He OT/eJIbHbIe CYII[HOCTH

B pamkax BoJHOBOM MoJeNU «TEMHAsI MaTEPUS» UHTEPIPETUPYETCS KAK JTOMOJIHUTEIbHbIE
JIOKaJIbHbIE YCTOWYUBbIE BOSMYIICHHUSI IJIOTHOCTH SHEPTUH, HE BXOJISIIUE B COCTaB OOBIYHOTO
BEIIEeCTBA (HAIpUMep, CTOSIYME BOJIHBI MHBIX MacTadoB), popmupyronire 3peKTUBHBINA BKIAT
B I'pPaBUTAIlMOHHOE TIOJIE.

«TéMmHast sHEprus» MOXKET PacCMATPUBATHCS KaK TiIo0albHAs JUHAMUKA CPEIbl, CBSI3aHHAS CO
CTpEMJICHEM K BBIPaBHMBAHHUIO TJIOTHOCTH SHEPTrUU U MPOSBISIOLIAscsS Kak Habaiogaemoe
YCKOPEHHOE pacIIupEHHE.

Takum o0Opazom, o0a SBJICHHS ONMHUCHIBAIOTCS B paMKaxX €JIMHOW Cpelbl C pachpeaeiéHHON
IUIOTHOCTBIO SHEpPruM, 0e3 BBEICHHS HE3aBUCHUMBIX KOMIIOHEHT MaTepuu; Oonee noopobHoe
paccmompenue, GKIOYAs B03MONCHYIO (DpPAKMANbHYl0 CMPYKMypy, HpueedeHo 6 pabome
«Mooenb 601106020 cmpoenus mamepuu u QpakmanvbHol cmpykmypsl Beenennoii».



S. MakpooOBbeKTHI U rajio TEMHOI MaTepul — yCpeIHEHHbIe pacnpe/aeeHust

Korna mb1 roBopuM 0 «rajgo TEMHOW MaTepuu» BOKPYT TAJIAKTUKU, B BOJTHOBOM MOJIENH 3TO
03Ha4yaeT YCPEeAHEHHOE paclpeesICeHNe MHOKECTBA MEJIKMX BO3MYILIEHUN (CTOSTYMX BOJIH), a HE
pa3MBbITHE TPAHUL] OJHOTO 00BEKTA. DTO BAKHOE YTOUHEHHE: TPAHHIIbI IIJIaBHbIE, HO HE MIOTOMY,
YTO 0OBEKT «PACIUIBIBAETCS», a IOTOMY, YTO IOJIe KaXJI0r0 00BhEKTa caMo 1o cebe umeeT hopmy
IIJIAaBHO 3aTyXAaIOIICH CTOSYEH BOJIHBI.

6. lanHas cTaThsl — MOMYJISIPHOE BBe/IEHUE

Bce u3noxeHHbIe 3/1eCh UEH SBISIOTCS CIIECTBUEM 0oJiee 001Iel BOJTHOBOW MO, KOTOpast
OMUPAETCS] HA HECKOJIBKO MOCTYJIATOB (IEPBUYHOCTH YHEPTUU, aKTUBHAS CPE/a, CTOSUNE BOIHBI,
PE30HAHCHBIA MEXaHU3M B3aUMOJIeHCTBUI). JIJIs TTy00KOTO MOHUMAaHHUS PEKOMEH Ty ETCS
00paTUTHCS K UCXOAHOM padore:

Ckpuinnuk C. «Modenb 601108020 cmpoeHusi mamepuu u hpaxKmanbHOU CIMpPYKmypol
Bcenennoii», Zenodo, 2026.

HoctynHo no cepuike: https://zenodo.org/records/19315913

7. Cornacue ¢ mpoBepeHHbIMU 3 PEeKTaMu U SKCIIEPUMEHTAIbHBIC
peeIibl

BonHoBast Monenb He OTMEHSET YCIEIIHO IPOBEPEHHBIC MpeACKa3aHus OOIIed Teopuu
OTHOCHUTEJIBHOCTH M KBaHTOBOM (U3MKH, a IMpeplaraeT Uil HUX HHYH (DU3HYECKYIO
WHTEPIPETALMIO B paMKax €BKJIMI0BA IIPOCTPAHCTBA U IPAJAUEHTOB INIOTHOCTU 3Hepruu. Huke
IIOKAa3aHO, Kak KioueBble A(QQEKThl M OrpaHUYEHHMs] E€CTECTBEHHO BIIMCBHIBAIOTCS B
IIPEMIOKEHHYIO KAPTUHY.

7.1. HpI/IHHI/IH OKBUBAJICHTHOCTH U IIPCACIIbI N3MCPUMOCTHU

B cranmapTtHO#l Qu3MKE paBEHCTBO YCKOPEHMS Ui BCEX TeJ MOCTYJIHMPYETCs Kak TouHoe. B
BOJIHOBON MOJIENIM YCKOpEHHE MPOOHOro Teja ONpeneNsieTcsl BHEIIHUM IPaJUEHTOM, KOTOPBIH
co31aéTcd HE TOJIBKO OJNIKAaWIIMM MacCUBHBIM OOBEKTOM, HO M «MaKpOMAacCOi» BCEro
npocTpaHcTBa. M3-3a 3TOro BKiIaga BOZHUKACT MUKPOCKOIIMYECKOE OTKIOHEHHUE: ISl 3EMIIM OHO
cocraBisieT MeHee 102, st ConHia — MmeHee 1022, CoBpeMEHHbIE IKCIEPUMEHTHI (BKIIIOYast
CIIyTHHKOBBIE TECTbl) MPOBEPSAIOT MPUHLUN SKBHUBAJEHTHOCTH C TOYHOCTBIO 1O ~10713-107%,
Takum 00pa3oM, MpelICcKa3blBAEMOE MOECIBI0 pa3Inyhe JISKUT MJajJeKo 3a MpeaernaMu
BO3MOXHOCTEH COBPEMEHHOM H3MEPUTENIbHOW TEXHUKH, M B JIIOOBIX MPAKTUYECKUX pacuérax
PaBEHCTBO a = g BBIITOJIHACTCS C HEAOCTUKUMOM Ha CETOHS TOYHOCTBIO.

7.2. TémHas Matepus, TMH3UPOBAaHUE U KPUBBIE BPAIICHUS

Actpodusndeckre HaOMOACHUS (TUIOCKHE KpPUBBIE BpAILIEHUS TalaKTUK, TPABUTAIMOHHOE
JMH3UPOBAHHE B CKOIUICHUSX, aKycTudeckue ocuwuianuu B CMB) 4yBCTBUTENBHBI K
MPOCTPAHCTBEHHOMY PacIpe/ieNIeHUI0 TPaBUTHPYIOLIEH MacChl, HO HE K €€ MUKPOCKOTMYECKOMY
HOCUTEN0. B BOTHOBOM Monenu «TEMHas MaTepHUsi» HE SIBISETCS OTAENbHBIM BELIECTBOM, a
NpEICTaBIsIeT  CcOO0OW  MPOTSDKEHHBIE  O0JIACTH  TOBBIMICHHOW — IUIOTHOCTH — DHEPIHH,
COMPOBOXKAAIOIINE BUIUMBIE CTPYKTYphl. MX mnpodunb ecTtecTBEHHbIM 00pa3oM CO34aéT
TPaBUTALMOHHBIA TOTEHIMAI, HEOOXOAMMBIN 11 OOBSACHEeHUs HaOmomaemMbix 3G EKTOB.
[Tockonpky TrpaBUTaLMsl pearupyer Ha HWHTErPAIbHYIO IUIOTHOCTh, @ HE Ha YacCTHUIBI,
MpeACKa3aHusi MOJENU COTJACyIOTCS C JaHHBIMU B Mpe/esiax COBPEMEHHBIX MOTPEHIHOCTEH.
Taxkum obpazom, zcpasumayuoHHoe JUH3UPOBAHUE BO3HUKAEN eCMeCcmEeHHO KAaK CledCmsue
0bwezo pacnpeodeneHus sHepeuU, 6e3 66e0eHUs. He3A8UCUMOT KOMHOHEHMbL MEMHOU Mamepuu.



7.3. IloBenieHue npu CTOJKHOBEHUHU CKOIIJIEHUH TaJlaKTUK

Habmonenus, Bxmouas Bullet Cluster, moka3bIBalOT, 4TO paclpeesieHue TI'paBUTALMOHHOM
Macchl MOXKET HE COBIAJATh C paclpeAeIeHUEM ropsyero rasa.

B pamkax mMozaenu 3T0 0OBSCHSIETCS TEM, YTO YCTOWYUBbIE KOH(DUTYpaluu MIIOTHOCTH SHEPTUU
MNpEUMYIICCTBCHHO CBA3aHbl C KOMIIAKTHBIMH W JHHAMUYCCKH CTa6I/IJII>HI:IMI/I CTPYKTypaMu
(raJlakTUKaMHu), a HE C pa3peKEHHONM ra30BOM KOMIOHEHTOH. B pe3ynbTaTe npu CTOJIKHOBEHUU
CKOIUICHUH TaKhe KOH(MUTYpaLUU COXPAHSIOT CBOIO LEIOCTHOCTh M IPOJOJIKAIOT JBHKCHHE
BMECTE C FaJIaKTUKaMH, TOTJ1a KaK ra3 HCIBITHIBACT TOPMOKEHHUE U TIEpepacipeieiaeTcs.

7.4. I30bITOUYHBIN rpaBUTAMOHHBIN (D PEeKT

Hab6nromaembie rpaBuTarinoHHbie 3GGEKThl B pse CIydaeB MPEBBIMIAIOT OIEHKH, OCHOBAHHBIC
TOJILKO Ha BUIMMOM Macce.

B npezmaraeMoﬁ MOZCIIN 3TO CBA3aHO € TCM, YTO BKJIAJA B I'PABUTALIMOHHOC ITOJIC OIIPCACIACTCA
HE TOJBKO OapMOHHOM MaTepHieil, HO W JIOMOJHUTEIBHON CTPYKTYpOH IUIOTHOCTH SHEPTUU
Cpedbl, BO3HUKAIOUIEH BOJIM3M MAacCHBHBIX OOBEKTOB. Takas CTPYKTypa MOXET JaBaTh
CYILLIECTBEHHBIN JOMOIHUTEIbHBIN BKIIA, HHTEPIPETUPYEMbIN KaK «TEMHAsI MaTEPUSI».

C mouku 3penus mooenu, 2alaKkmuKy UH020ad MO2ym UHMEPNPEemuUpo8amsvcs Kak 00pa3o8anus,
aAHANO2UUHble INEMEHMAPHbIM YACMUYam, HO Ha OolbuieM macwmabe — npossieHue
@pakmanvrHocmu mupa. B maxom ciyuae mémuas mamepus modxcem o0vims “3anepmuim nojiem’”
sHympu maxou “yacmuysl”’. Kpome moeo, nabarwoaemas Bcenennas oepanuuena, ymo Ooenaem
HEeB8O3MONCHBLIM MOYHDIL PACUEm NOIHOU OAPUOHHOU MACCHI.

7.5. TémHas sHeprus u riodaabHas JUHAMHUKA

«TémHas sHeprusi» B pamMKax MOJEIU MOKET paccMaTpHUBAThbCs KaK MpPOSBIEHUE TI100albHOMN
JTUHAMUKU CPEJIbl, CBI3aHHOM CO CTPEMIIEHUEM K BHIPAaBHUBAHUIO TNIOTHOCTH SHEPTHUHU.

Ha Gonpmmx macmrabax 3To0 NpUBOAMUT K 3()p(PEKTHUBHOMY YMEHBIICHUIO TPAJUEHTOB U MOXET
MPOSIBIIATECSA Kak HaOJo/aeMoe yCKOpeHHoe pacmupeHue BceeneHHoW, 0e3 HEoOX0IUMOCTH
BBEJICHUS OTJEIBHOMN CYIITHOCTH C OCOOBIMH CBOHCTBAMHU.

7.6. KauecTBeHHast KapTHHA PEISTUBUCTCKUX d(DPEKTOB

Bce mpoBepeHHbIE PENATUBUCTCKUE SIBICHUS HAXOIAT B MOJEIU HarjisigHoe OOBsSCHEHUE depes
CBOMCTBA BOJTHOBOM CpE/bI:

* I'paBUTallNOHHOE KpacHoOe CMelleHHe — BBIXOJ M3 00JIaCTH MOBBIIIEHHOW IUIOTHOCTH
sHeprun Tpedyer 3arpar palbotTbl. IIpu c = const 3ITO KOMIEHCHUPYETCS M3MEHEHHEM YacTOTHI
dotona. [Ipu Bxoze B mose mporecc oopaTeH.

* OTK/I0HeHUe cBeTa — (OTOH, HE MMEsl Macchl TOKOs, oOyiafaeT UMIyIbcoM. B cpene ¢
IPaJUEHTOM IIJIOTHOCTH €ro TPAaeKTOpHUsl CMEIIaeTcs B CTOpPOHY Oosiee KpyTOro rpaaueHTa,
N0JO00HO TMPEIIOMJICHUIO B ONTHYECKH HEOTHOPOAHOM cpene. CyMMapHBIH yrojl OTKIOHEHHS
COBMAJIa€T C KIIACCHYECKUM TMpeJCKa3aHueM NpH ydére HeluHeHHocTH mpoduias BOIU3U
MaCCHBHBIX TeJl.



e IIpeneccuss mepurejus MepKypus — Ha MalblX PacCTOSHHUAX TPAJMEHT IUIOTHOCTH
OTKJIOHSIETCS OT 3aKOHA 1/r? U3-3a KOHEYHOT'O pa3Mepa CTOSYEe BOJIHBI U BIMSHUS BHYTPEHHEU
CTPYKTYpbl. OJTa HEJIMHEHHOCTh BHOCUT IIONpPAaBKy ~1/r}, MaTeMaTHUYeCKH DJKBUBAJICHTHYIO
PENATUBUCTCKOMY C/ABHUTY OPOMTHI.

* 'paBuTanuonHoe 3amenjienue Bpemenu (GPS) — Bce mepuogmveckue mpouecchl, BKIOYas
aTOMHBIE TIEPEXO0/Ibl, ONPEACIAIOTCS PE30HAHCHBIMU YaCTOTAaMH BOJHOBBIX CTPYKTYp. B obmactu
MOBBIIICHHON TUIOTHOCTH YCJIOBUS PE30HAHCA CMELIAOTCS, YTO MPUBOAUT K CHCTEMAaTHYECKOMY
CHIDKEHHIO YacCTOTBhl «THKaHbS» 4YacoB. D(P(PEKT KOIMUECTBEHHO BOCHPOM3BOIUT TOIMPABKH,
HEo0XouMBbIe 7151 pabOThl CIIyTHUKOBOM HaBUT ALK,

Taxkum 06pa3zom, BOJIHOBAs MOJIENIb HE IPOTHUBOPEUHT MPELU3UOHHBIM TECTaM, a TIEPEOCMBICIISIET
UX MEXaHW3MBbl B TEPMHUHAX I'PAJUEHTOB INIOTHOCTH DHEPIUU U PE30HAHCHBIX CBOMCTB CTOSYMX
BOJIH.

7.7. OrpaHuyeHuss MOJEIn

B mpencraBneHHOi Qopme MoJens HOCUT KAayeCTBEHHBIH XapakTep M HampaBjieHa Ha
WHTEpPIpETANi0 HAOMI0JaeMbIX SBJICHUHW B paMKax €IUHOM Cpembl ¢ pacrpeaciéHHON
IUIOTHOCTBIO SHEPTHUU.

Jlnst mosrydeHusl KONMMYEeCTBEHHBIX MPEICKa3aHUi, COTOCTABUMBIX C HAOIIOJEHUSAMHE, TPEOYyeTCs
JMaNbHEWIas MaTeMaThdeckast opMaan3aius, BKIIOYas sIBHOE 3aJaHHe AWHAMHUKH TJIOTHOCTU
SHEPTHH U €€ B3aUMOJCHCTBHUS C BEIIECTBOM.

bonee noapobHOe paccMoTpeHne, BKIIOYast BOZMOXKHYIO (pPaKTAIbHYIO CTPYKTYPY U HEpapXUIo
YCTOMUMBBIX KOH(UTYpaluii, npuBeneHo B padore «Mozeab BOJIHOBOIO CTPOCHHS MAaT€pHH H
bpakTanbHON CTPYKTYphI BeeneHHOM».

7.8. Bo3moxHas untepnperanus 3gdexra Kazumupa

Oddexr Kazumupa 0oObIYHO paccMaTpHBAETCS KaK OAHO W3 IMPOSIBICHUN KBAHTOBBIX CBOMCTB
BaKyyMa. DKCIEPUMEHTAIBHO HAONIOJAeTCs, YTO JABE OJIM3KO PACIOJIOKEHHbIE MPOBOJSIINE
IUTACTHHBI ~ HMCIBITBIBAIOT ~ B3aMMHOE TMPHUTSHKCHHUE JIaXe TMpPH  OTCYTCTBUM  BHEIIHUX
SJICKTPUYCCKUX U MAIrHUTHBIX MOJIEH.

B pamkax mnpeamaraemMoil BOJHOBON MOJAENIM JaHHBIM 3((PEKT MOXKET paccMaTpHBaThCA Kak
€CTECTBCHHOE CJICCTBUE MU3MEHEHUS CTPYKTYpPbI CTOSYMX BOJIH M PACHpENENICHUs MIOTHOCTU
SHEPTUU CpPe/Ibl B OTPAHUYCHHOM 00IaCTH MPOCTPAHCTBA.

KnroueBas nzest Mozienu 3aKJI04aeTcsi B TOM, UTO MPOCTPAHCTBO MPEACTABISIET OO0 aKTUBHYIO
OHEPrOHACHIIIEHHYIO CpPEIy, CIIOCOOHYIO MOJJICPKUBATH BOJHOBBIE TIPOIECCH PA3THMUHBIX
MacimTaboB. JIroOble pU3MUecKue rpaHUIlbl U3MEHSIOT YCIOBUS (DOPMHUPOBAHUSI CTOSTYMX BOJIH B
3TOM Cpene.

IIpu pasMemeHun AByX NPOBOAAIIMX IUIACTUH HAa MAajOM PACCTOSHUU JPYr OT Apyra Mexay
HUMHU BO3HHKaeT O00JIaCTh C OTPaHUYEHHBIMH YCIOBUSMHU i (OPMUPOBAHUS BOJHOBBIX
KoH(urypanuii. YacTh BO3MOXKHBIX KOJIEOATEIBHBIX PEKHUMOB OKA3bIBACTCS IMOJABICHHOW WIIN
M3MEHEHHON TeoMeTpuel CHUCTeMbl. BHemHss o00JacTh MPOCTPAHCTBA TMPHU ITOM COXPaHSET
6OJ'II>H_IGG KOJIMYCCTBO AJOIMYCTUMBIX BOJIHOBBIX COCTOSIHUM.
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B pesynbrare MeXay BHYTPEHHEHM M BHENIHEH OOJacTSIMHU BO3HHKAET paszuyue B
pacupCaACIICHUU MMIIOTHOCTU SHCPTHUU CPCbL:

+  BHE IUIACTHH CHEKTP AOMYCTHUMBIX BOJTHOBBIX KOH(PHUTYpaIHii mupe,
*  MEKIy IJIACTHHAMHU 4acTh BOJTHOBBIX COCTOSIHUN OTPAaHUYEHA,
e BCIEACTBHUE 3TOI'0 BO3HUKACT IPAJUECHT INIOTHOCTH DHEPIUM.

B paMkax BOJTHOBOW MOAENW CHIa BO3HUKAET MMEHHO KaK peakius Cpeibl Ha MOAOOHBIN
rpaaueHt. [loaToMy TIacTHHBI HAUWHAIOT CMENIATHCS HABCTPEUy APYT APYTY, CTPEMSCH K OoJee
YCTOMYMBOMY COCTOSIHUIO PACIIPEICICHUS YIHEPTUH.

C sroit Touku 3penus >hdext Kazumupa MOXKHO paccMaTpuBaTh KaK YaCTHBIM ciydaid Ooiiee
o0I11ero MexaHu3Mma:

. JIOKAJIbHOC U3MCHCHUC NOITYCTUMBIX BOJTHOBBIX COCTOSIHUM CpCablL CO3I[aéT TpagucCHT
IIJIOTHOCTHU SHEPI'vH,
. a BO3HHKaIOILIHI>'I IrpaJUCHT MPOABJIACTCA KaK CHJIA.

BaxHo oTMeTHTh, YTO B JaHHOW uHTeprperanuu 3(dekT He Tpedyer paccMOTpPeHHS
IPOCTPAHCTBA KAK «IIyCTOTHI». HampoTus, cam (akT BOSHUKHOBEHUS CHJIBI MEXY IIACTHHAMHU
yKa3bIBae€T HAa aKTUBHBIC CBOWCTBA CPEIbl W HA CYLIECTBOBAHHE paCHpeAeiIEHHBIX BOJHOBBIX
IPOLIECCOB JIa’K€ B OTCYTCTBUH OOBIYHOTO BEII[ECTRA.

HpI/I 9TOM IpeajiaracéMad MOACIb HE HNPOTUBOPCUUT CYHICCTBYIOIICMY KBAaHTOBO-IIOJICBOMY
onmcanuto rpdexra Kasumupa, a nperaraet ero KaueCTBEHHYIO (U3HUECKYI0 HHTEPIPETAIHIO
YCPe3 USMCHCHUC CTPYKTYPLI CTOAYNUX BOJIH U I'PaJUCHTOB INIOTHOCTU SHCPTHUH.

Ha Ttexymem sTame naHHOe pacCMOTpPEHHE HOCHT KaueCTBEHHbIM xapakTtep. KomnuectBeHHOE
OTMCaHue, BKIIIOYAsl BBIBOJ 3aBUCHUMOCTH CHUJIBI OT PACCTOSIHUS MEXIY IUIACTHHAMH, TPeOyeT
JMaIbHEUINEH MareMaTudeckoi (opmanu3anmuu MOIETH W OTACIBHOTO aHaiu3a JOMYCTUMBIX
BOJIHOBBIX MOJ] B OTPAaHHYEHHON T€OMETPHH.

JIOTIONMHUTENBHO B paMKaX Ka4eCTBEHHOTO PACCMOTPEHHS MOKHO OTMETHTh, YTO 3aBHCHMOCTH
cuitel 3dexra Kazumupa oT paccTosiHUS MEXAY IUIACTUHAMU MOXKET €CTECTBEHHBIM 00pa3oM
OTJINYATHCS OT TPABUTAIIMOHHOTO CITydas.

Jns chepudeckn CHUMMETPUYHBIX OOBEKTOB T'paBUTAIIMOHHOE BO3ACUCTBUE OIPEACINIseTCS
pacrpeieiecHueM BO3MYIIEHHUS O TOBEPXHOCTH c(ephl, TIOMmaasr KOTOPOW pacTér kak 4mr2.
HNmenno MMO3TOMY T'paJUCHT INIOTHOCTH S3HCPIrUr U CBA3aHHAsA C HUM CHUJIa y6I>IBaIOT 10 3aKOHY
1/12.

B cnywae sddexra Kasumupa cuTyanus TpUHIUIHATIBLHO WHas. 37eCh B3aUMOJACHCTBHE
ONpeIesAeTCss HE TOUYCYHBIMHU WM JIOKATbHBIMU UCTOYHUKAMU, a MPOTSHKEHHBIMU TPAHUYHBIMU
CTPYKTypaMH, OTrPaHWYMBAIOIIMMH JOMYCTHUMbIE BOJHOBBIE COCTOSIHHMSI CPEIbl MEXIy
noBepxHOCTAMHU. CyIleCTBEHHYI0 pOJIb HAayMHAET WUIPaTh HE TOJIBKO IPOCTPAHCTBEHHOE
ocnabyieHue BO3MYIIEHHUS, HO U U3MEHEHHE CHEKTPAIbHOM IUIOTHOCTU AOMYCTHMBIX CTOSYHX
BOJIH B OTPAaHMYCHHOM 00BEME.

[Io mepe yMeHBIIEHHS pACCTOSHHA MEXKAY IUIACTUHAMM YHCIO JOCTYIHBIX BOJIHOBBIX
KOHQUTypalMii W3MEHSeTCs 3HAYUTEIbHO ObicTpee, dYeM B cilydae Cc¢epuyecKoro
pacnpoCTpaHeHusl BO3MYLICHHA. B pe3ynpTaTe 3aBHCHMOCTb CHIIBI OT PACCTOSHUSA MOXKET
npruoOperath 0oJiee BHICOKYIO CTEIIEHb, YeM B TPAaBUTALIMOHHOM CIIydYae.
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C KayecTBEHHOM TOYKH 3PEHHSI 3TO MOXKET CIIY’)KUTh BO3MOKHBIM OOBSICHEHHEM MOSBICHUS
3aBUCUMOCTH Topsiika 1/r*, Habmomaemoil B cranmaptHoM ommcanuu 3¢dekra Kasumupa. B
paMKax TpeiaraeMoil MOJENH Takas 3aBHCHMOCTh MOXKET PAacCMaTpUBAThCS KakK CIIEICTBHE
COBMECTHOT'O BJIMSIHUSI T€OMETPUU TPAHHUL, OIPAaHMYCHHN Ha JOMyCTUMBIC BOJHOBBIE MOJBI U
niepepacIipeieJIeHNs INIOTHOCTH HEPTHU CPelbl B OTPAHNYEHHOM ITPOCTPAHCTBE.

Ha rtekymem sTtame gaHHOe OOBSICHEHME HOCUT HMHTEPIPETALMOHHBIN XapakTrep U Tpedyer
JATbHEHIIIEr0 MaTEMAaTUYECKOTO Pa3BUTHSI MOJIEIIH.

3aKJII0YEHHE

B pamkax mpemiokeHHOW ~BOJTHOBOM Monaenu rpaButanus U dddext Kazummpa
paccMaTpuBarOTCA KaK Pa3INYHBIC IMPOSBJICHUA €AUHOI'O MEXaHUu3Ma — pcaknuuun
SHEPrOHACHIIEHHONW cpeabl (IIPOCTPAHCTBA) HA JIOKAJIbHBIE WM3MEHEHUs] paclpeeseHUs
IUIOTHOCTH SHEPTUU U YCIOBUHA (POPMUPOBAHUS CTOSIUX BOJIH.

OCHOBOI MOJIeNH SIBIISIETCS MIPECTABICHNUE O IPOCTPAHCTBE Kak 00 aKTUBHOM cpefie, CHoCOOHOM
MOJJICPKUBATh YCTOMYMBBIE BOJIHOBBIE CTPYKTYphl. Macca MHTEpIpeTHpyeTcs Kak JIOKaIbHOe
BO3MYUICHHE TUIOTHOCTH SHEPTUU B (JOPME CTOSUEH BOJIHBI, @ BOSHUKAIOIIME TPOCTPAHCTBEHHBIE
rpaJueHThl BOCIPUHUMAIOTCS KaK CHJIa.

ITokazano, 4yTO:

s YCKOpEHHE CBOOOTHOIO MaJIeHUs ONPEACACTCS BHEIIHUM I'PAJUCHTOM CPEIbl U HE
3aBUCUT OT Macchl MPOOHOTO Tea,

+ 3aKoH 1/r? eCTeCTBEHHO BO3HHMKAET BCIIEACTBUE CPEPUIECKOTO PacIipOCTpaHEHHS
BO3MYIICHUH,

¢ IpaHUIBl 00BEKTOB UMEIOT TUIABHYIO BOJIHOBYIO CTPYKTYDY,

« TéMHas MaTepus U TEMHAs YHEPTU MOTYT PacCMATPUBATHCS KaK Pa3IU4HbIe (OPMBI
pacnpeneseHns SHEPTUU CPEBI.

JIOTIOTHUTENBHO TpeNioKeHa KauyecTBeHHas MHTepnpeTauus >pdexra Kasumupa. B pamkax
MOJENIM CHJIa MEXKAYy OJIM3KO pACHOJOKEHHBIMM IJACTUHAMHM BO3HUKAeT Kak CIEJCTBHE
WU3MEHEHHUS CIIEKTpa JONYCTHMBIX BOJHOBBIX COCTOSSHUN U IOSIBIEHMS TPaJUEHTa IUIOTHOCTU
SHEPrUU MEX]Y I'paHHULIaMU.

Takum 00pa3oM, Kak rpaBUTAI[IOHHbIC, TAK U BAKYYMHBIE 3((EKTH MOTYT pacCMaTPHBATHCS KaK
CJICZICTBUSL €IMHOTO IMPHHLMMA: JII000E JIOKAIbHOE M3MEHEHHE BOJHOBOH CTPYKTYpBI CPEIbl
NPUBOJUT K TE€PEPACHPEICICHUIO IUIOTHOCTH SHEPTUM W BO3HUKHOBEHHIO HAOIIOJaeMBbIX
CHIIOBBIX 3((EKTOB.

[IpencraBnenHas paboTa HOCHUT KAa4eCTBEHHBIH M WHTEPHPETAIMOHHBIA Xapaktep. E€ menbio
saBisieTcs GopMUpOBaHHUE HATISAHON (PU3HMUECKON KapTUHBI, 00BEINHSIONMEH Pl HaOII01aeMbIX
ABJICHUN B paMKax €IuHOro BoJHOBOro mnoaxoaa. KomumdectBeHHoe omucanue 3((eKToB,
BKJIIOYas CTPOTMH BBIBOJ 3aBUCHMOCTEH M CONOCTAaBJIEHUE C 3KCIIEPHUMEHTAIBHBIMUA JaHHBIMH,
TpeOyeT JanbHEHIIeH MaTeMaTHIeCKO (hopMaTi3aIiuy MOJIEIH.

bonee mompoOHOE M3M0KEeHHE 001 BOJTHOBOW MOJEIN MaTepUH U €€ BO3MOXKHBIX CIIEACTBUI
IpUBECHO B padore:
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Cesi3aHHbIe padoThI U MyOJIMKAIIMUA ABTOPA

[Ipennaraemasi MOENb SBISETCS YACTbIO CEPUM B3aWMOCBSI3aHHBIX pabOT, B KOTOPBIX

nocieA0BaTelbHO (POPMUPYETCs KOHIENTYyalbHasi OCHOBA pacCMaTPUBAEMOT0 MOJAXO0AA.

1. Pazmvrunenus: Bepa, nesepue. /[VX u mamepus
https://zenodo.org/records/20032688
— ¢unocodcko-3THUECKas paboTa, B KOTOPOUH GOPMYITHPYIOTCS HCXOIHBIC UIEH U
001Nt MEPOBO33PEHUYECKHI KOHTEKCT.
2. Ouepeus kak hynoamenmanvHas peaivHocms. Om mouex Kk npoyeccam
https://zenodo.org/records/17170686
— ¢opMHpOBaHHUE OHTOJIOTHYECKOW OCHOBBI, B paMKaxX KOTOPOU (uznueckas
pPEaTbHOCTh PACCMATPUBAETCS KAK COBOKYITHOCTD MPOLIECCOB, @ HE CTATUYECKUX
00BCKTOB.
3. T'unome3sa 601106020 pagnosecus: BceneHnas Kak cOAIancupo8anHuoe coCmostue HyJis
https://zenodo.org/records/19727806
— paccMOTPEHHE BO3MOKHOTO MEXaHH3Ma BO3HUKHOBEHUS (PU3NYECKON PEaTbHOCTH.
4. Mooenv 601106020 cmpoenus Mmamepuu U ppaxmaivHol cmpykmypsl Beenennou
https://zenodo.org/records/19703486
— a11po (PU3UUECKON YacTH JaHHOU cepuu padoT
5. Pooicoenue usmeperuil u socnpusimue GpakmaibHoCmu
https://zenodo.org/records/19695379
— OINHCaHWe MeXaHu3Ma (POPMHUPOBAHUS CTPYKTYPBI U3MEPEHUIN M MacIITaOHBIX
YPOBHEM.
6. EOuncmeo 6onHbl: Mamepus, dHepeus U CO3HAHUE KAK ACNeKmbl 4acmombl
https://zenodo.org/records/19839673
— CHHTE3 KJIFOUEBBIX UCH U MOIBITKA 00bEIMHEHHS PA3IMYHBIX ACTICKTOB MOJICIIH.
7. Co3HnaHue Kak 80JIHOBASL CMPYKMYPA: B03MONCHASL CE3b MeAHCOY YACMOMAMU MO32A U
yacmomamu 80CHPUAMUsL
https://zenodo.org/records/19839850
— paccMOTpEHUE BO3MOXKHOM POJIM CO3HAHUS B paMKax MPeII0KCHHOM MOIEITH.

[IpencraBnenHas paboTa omupaeTcs Ha pe3yJbTaThl, M3JIOKEHHBIE B YKa3aHHBIX

nyOJIMKausaX, U pa3BUBAET UX B paMKaX €MHON MHTEPIPETALMOHHON CXEMBI.
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