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IIpeaucaosue

dusuka Hayka o npupone. E€ pyHaaMeHTOM ABISIOTCSA TEOPUU. OCHOBaHHBIE HA OMBITAX, IKC-
NepUMEHTaX, JOCTOBEPHO YCTAaHOBJIEHHBIX (hakTax. BONBIIMHCTBY BeyIIuX €€ TEOpUil MpeALIecTBO-
BaJIM TUIOTE3bl, KOTOPBIE 3aTeM MPOXOIMIIN MPOBEPKY BPEMEHEM, MOATBEPKIAAINCh U 3aTeM Ipe-
BpallaIuCh B Teopuu. Ha cerogHsmHuii 1eHb NOHATUIRHOE OCMBICTIEHHE (PU3NYECKUX MPOLIECCOB,
MIPOUCXOISAIIMX B IPUPOE JAJIEKO OT COBepIeHCTBA. M yeM rimyOxe OHM UCClIelyIoTcs, TeM Oosblie
nosiBIisieTcst BorpocoB. K coxkanenmio puzmka, Kak Hayka o IpUpojie reHepupyeT Hanobosblee KOJ1-
YecTBO Mpo0JieM, KOTOpble HAXOASTCS B CTAAMU 3arafiok M MapagokcoB. Pemenue stux mpoOiem
3aKJII0YAeTCsl B pa3pelleHNe 3TUX MapagoKCoB.

Ha cTpanmniax KHUTH MPEACTaBIeH JIMTEPATypHBI 0030p HESICHOCTEH, COMHEHHUH, MMEIOIIHIX
HEOJHO3HAYHOE 0ObsICHEHNE 3aKOHOMEPHOCTE, COAEPKAIIMXCS B HACTOsAIIee BpeMs B (PU3UUECKOM
Hayke. KHura siBnsiercst COOpHMKOM cTaTeil. B HUX npecTaBieHsl CTaThi ¢ MO3UIIMI CMOJIETPOBaH-
HOW CHCTEMBI €IMHCTBA B3aMMOJEHCTBUSA MAaTepUU U MpocTpaHcTBa.. CMoienMpoBaHHas CUCTEMA,
KOTOpas MOJIO;KEHA B OCHOBY JJaHHOM paOOThl, 6a3upyeTcs Ha MPEATOI0KEHUN CYIIIECTBOBAHUS CUJIO-
BBIX HUTEH MPOCTPAHCTBA, OOBEKTUBHYIO PEaTbHOCTh KOTOPHIX IKCIEPUMEHTAIBHO B HACTOSIIEe
BpeMsl HEBO3MOXHO YCTAaHOBUTb. B TO ke Bpems cieayeT OTMETUTb, YTO B MOJOOHBIX CIydasx
1151 TIOATBEPK/ICHUSI TEOPETHUECKMX OOOCHOBAHMIA ITPOLIECCOB, MPOTEKAOIUX B HEJOCTYITHBIX /IS
MX U3MEPEHUS MECTaxX, UCIOIb3YIOTCS KOCBEHHBIE JOKa3areabcTBa. Hanpumep, Hegpa 3Be31. I1OT
IIpYUeM HMCHOJIb30BaH U B IaHHOW paloTe. Pe3yabTaTsl MOIeIMpPOBaHKS HAXOAAT KOCBEHHOE NOATBEp-
KJEHNE B PEAJIbHO NIPOTEKAIONIMX (PU3NYECKUX ITpolieccax U ABIeHuAX. CMoAeIMpoBaHHas CUCTEMA
MI03BOJISIET BHECTH ONpPEEIEHHYIO ICHOCTb B CYIIHOCTh (PM3MUYECKUX IIPOLIECCOB, SIBJICHUM U B TIOBE-
J€HUE OT/IENbHBIX JIEMEHTAPHBIX YACTHII, O KOTOPHIX B HAyKE IO CHX MOpP HET OIHO3HAYHbIX OTBE-
TOB. BBIBOIBI MOZIETMPOBaHMS TIO3BOJISIOT CAENATh NMPOTHO3bI pElIeHUsT MPpoOIeM U IMyTell pa3Bu-
THS TIO3HAHUSA (PU3MUYECKUX CBOWCTB MaTEpUAJIbHBIX TeJ, IPOLIECCOB U UX B3aMMOJIEHCTBUN B CBETE
COBPEMEHHBIX O HUX IPe/ICTaBJICHUI.

D70 3aBepUIAOIINIA STal MPOBEAEHHBIX WCCIEJOBAHUN. VX YacTHUHBIE Pe3yJabTaThl ObLIM
OIyONMMKOBaHBI B KHUTax: «PU3MKa MPOCTPaHCTBa», «COOPHUK cTaTel Mo (pU3MKe MPOCTPAHCTBAY,
«TanHCTBEHHAs1 TpaBUTALM», «HOBBIN B3I Ha IPUPOLy MAaTEPUU U IPOCTPAHCTBa», «KBaHTOBas
(pusurka n HUTH npocTpaHcTBa». «Ilapagokcsl pusnkn». «Marepus, NPOCTPaHCTBO, TPaBUTALIUS»,
«®Pu3nKa B3aMMOIEHCTBHS MaTePUH C TPOCTpaHCTBOM». MccnenoBaHuii Takke ObUTH OITyOJIMKOBAHbI
B HAay4HBIX XypHasax, COOpHUKax, KoH(pepeHuusx B Tedenue 2013 — 2024 rr.

Hacrosiias kHura paccuntana Ha oOO3HATEIbHBIX yMAIOIIUX YHATATeNel, B HEW MPUOTK PhI-
BalOTCs1 HOBbIE TOPU30HTHI (bM3MKK. Kak BO BCeM HOBOM, B HEll NMPUCYTCTBYIOT CIIOPHBIE ACTIEKThI,
MCYEPIIBIBAIOIINE OTBETHI, Ha KOTOpbIE OyAyT MOTyUYEeHBI CO BpeMEHEM
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TalHBI MOCTOSITHHOTO MAarHUTA

Annotanus. [Ipeanaraemast crathbsi NpecTaBiseT HOBBIM B3IVIAA HA (DOPMUPOBAHME MArHUT-
HOTO MOJIs1, OKPYXKAIOIIEro MOCTOSIHHBIA MarHuT U3 (heppoMarHeTMKoB. BrickazaHO npearnonoxeHue
0 (opMe M CTPYKType MCTOYHMKA OOpa30BaHMsI STOTO MOJISI U 3aBUCMMOCTU OT He€ ABYNOJIBHOH
CTPYKTYpBHI 10141. JlaHbl JIornyeck 0OOCHOBaHHbIE OOBSICHEHU I TPOLIECCa BOSHUKHOBEHUSI SHEPIUU
MarHUTHOTO MOJIS1 M [TOKA3aH MEXaHU3M e€ BUKEHHS BJIOJIb CUJIOBBIX JIMHUI MarHUTHOTO TOJIA.

AxTtyanbHOCTb. [Ipupoga MarHuTHOTO TMOJS BBI3BIBAET MHOKECTBO BOIIPOCOB, MIOITOMY IPH-
BJIeKaJla MPUCTAIbHOE BHUMaHKE KCCIIeJoBaTeN el MpOIILIOro U MPOIOIKAET MPUBJIEKaTh BHUMAaHKE
COBpeMeHHbIX (pU3MKOB. OCHOBHOW 3araJikod 3TOi CYOCTaHIIUM SIBJISIETCSI BOIPOC CYIIECTBOBAHUS
€IMHUYHOrO MarHUTHOTO 3apsiia MarHUTHOTO MoHoIoJs. Kimaccuueckast a1eKTpoIMHaAMUKA 110 HeMy
JaeT OJHO3HAUHBIN OTpULIATEIbHBII OTBET. B KBAaHTOBOH TEOpUU MOJIsl €T0 MPUCYTCTBUE BIIOJHE BO3-
MoxHoe [7]. A BoT Teopusi BeeoOiero oobenuHeHns1 6€3 3TON YacTUIbl BOOOIE HE MOXKET CYIIle-
crBoBath [20].Takoe napagokcaibHOE 3HAYEHUE ITON HEYJIOBUMOM 151 (PU3UKH YACTHUIIbI BHI3bIBAET
e€ aKTUBHbBIE [MOUCKU B MIPUPOIHBIX YCIOBUSAX U B Jaboparopusix. OgHAKO, HECMOTPsSI Ha HEOIHO-
KpaTHbIE TIOMBITKM OOHAPYKUTh MAaTHUTHBI MOHOIIONb, OH el€ He HaiineH. [ToaTomy Bompoc o ero
CYIIECTBOBAHMHU JIO CHX TIOp aKTyasleH. B JaHHOH cTaThe mpeasioxkeHa rMroTe3a o peleHuio SToro
BOMpoOCa.

Lenplo cTaThyl SBJISIETCA HOBBIA MOIXOA K (popMe OOBSICHEHHUsI CYIIECTBOBAHHMS MarHUTHOTO
MOHOITOJIAL.

Hayunast HoBu3Ha. OOOCHOBaHa 3aBUCUMOCTb BEKTOpa MarHUTHOTO TOJISI IIOCTOSTHHOTO Mar-
HUTa OT BEKTOpa UCTOYHKKA ero 00pa3oBaHusl. PackpbITo BivsiHUEe (pOPMBI HICTOUHMKA HA AUTIOIBHOE
COCTOSIHUE ITOTO IOJIA.
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BBenenue

CrnocoOHOCTb MOCTOSIHHBIX MarHUTOB TIPUTSATMBATD JKEJIE3HbIE MPEAMETH ObliIa M3BECTHA eIlE
JPEBHUM IpeKam, a KUTaiicKue MoperiiaBaresiu yxe B X1 Beke, UCToIb30BaIv MPUOOP C MArHUTHOM
CTPEJIKOH JIsI OTIpe/ie/ieHNs] CTOPOH cBeTa. M3 3Toro siBeHus ObUI cieiaH BHIBOJ O TOM, UTO 3eMJIs
o0nagaeT MarHUTHBIM MosieM. [loMeleHHast B 3TO 1MoJjie MarHUTHAsI CTPEJTKa YKa3bIBaeT OIpeiesieH-
HOE HarpapJieHHe MarHUTHOTO 1oisi 3eMyd. B pesynbTraTte ObUIO IPUHSATO HAa3bIBATh KOHEII CTPEJIKH,
YKa3bIBAIOIIMM Ha CEBEPHBIN MOJI0C 3€MJIU CEBEPHBIM, a IPOTUBOIONIOKHbIM KOHEL CTPEJIKU I0KHbBIM.

Bbu10 ycTaHOBIEHO, UTO MATHUTHOE M0JIE CO3JAETCS ABUKYILIMMUCS JIEKTPUUECKUM 3apsaaMu
Y TOKaMU 3apsKEHHBIX 4acTULl. I10CTOsIHHBIE MarHUTBI TaK:Ke OKPY:KEHbl MAarHUTHBIMU NOJIsIMU. X
MarHUTHBIE TIOJISI CO3AAIOTCS EKTPUYECKUMU MUKPOTOKAMU, LIUPKYIUPYIOIMMUA BHYTPU aTOMOB
Y MOJIEKYJL.

OOmenpuHATO CYUTATh MATHUTHOE TI0JIE 0COOBIM BUJJOM MaTepHH, CHIIOBOW XapaKTEPUCTHKOM
KOTOPOTO SIBJISIETCS] BEKTOP MarHUTHOM MHAYKIMK B. MarHuTHOe 1ojie BO3JENCTBYET Ha IBUKYIIU-
ecst 3apsiabl ciiioit Jlopenna. Bmecte ¢ anekTpuueckuM mojieM, OHA 00pas3yloT 3JIeKTPOMAarHUTHOE
ToJe.

CoBpemMeHHas1 TeOpUsI MarHeTU3Ma ONMPAETCsl Ha JUIMTEJIbHBIN MEepHO]] HAKOIUIEHUS] 3HAHUI
00 ocobeHHOCTH MarHuToB. HauanbHast craaus pa3BuTHs 3Tol Teopuu npoxoauia B XIX Beke, Boiga-
foruecs: pu3nKu Toro Bpemenu Ammep u Papaneil OOHapyKWIN 3HAYUTETHLHOE CXOACTBO MEKLY
MEKTPUUECKUMHU ¥ MArHUTHBIMU TIOJIsIMUA. OHU B3aMMOJEHCTBYIOT MEXKIY COOOM M 00pasyloT SMeK-
TpoMarHuTHoe mnosie. Ho y HUX Takke uMeercsi OOJbIIoe paszinyre. DIeKTpUIecKoe mose odpa-
3YIOT JIEKTPUYECKHUE 3apsi/ibl, HECYILIME IIPOTHUBOIOJIOKHBIE 3apsAbl. DTU 3apsAabl (PAKTUYECKHU CYILe-
CTBYIOT B MPUPOJE U JOCTOBEPHO YCTAaHOBJIEHBI B XO/I€ SKCIEPUMEHTOB. MarHuTHbIE K€ 3apsi/ibl
10 OTJEJIBHOCTYA HUKTO M HUKOTJa He HaOmoal B pupoae. B 1abopaTopHBbIX yCIOBUSX, HECMOTPS
Ha MHOTOYMCJIEHHBIE MOTIBITKA YUEHbIX, CO3JaTh TEJIO C OIMHOYHBIM MAarHUTHBIM 3apsiJOM HE YBEH-
YaJIUCh YCTIEXOM.

[IpoBeseHHbIE B TOC/IECTBHAE TEOPETUUECKUE M3BICKAHUS MOCTABMIIM T10J, COMHEHUE CYIIe-
CTBOBaHME OJVHOYHBIX MArHUTHBIX 3apsaoB. OOHMM W3 HUX sIBJsieTCs 3akoH [aycca, KOTOpBIU
HE JOIYCKAeT CYIIECTBOBAaHUS MAarHUTHBIX MoHorosel [27].. CornmacHo 3TOMy 3aKOHY, MarHMTHbIE
nosist oopasyoTcest qunoisiMu. CHJIOBbIE JIMHUM STHX TIOJIeH 3aMBIKAIOTCS U TTPOXOIAT CKBO3b OKPY-
JKAIOLIYI0 UX TIOBEPXHOCTh B ABYX ITPOTUBOIMOJIOKHBIX HAIIPABJICHUsAX. B pe3ysbrare uX cymMmapHoe
T0JIE PaBHO HYJIIO.

OpnHako He Bce (PU3UKHU OBUTH COTJIACHBI C TAKOW TPAKTOBKOM MPOOJIEMBI CYIIIECTBOBAHUSI €11~
HUYHBIX MarHUTHBIX 3apsaoB. TeopeTnyeckue pa3paOOTKM BUIHBIX YUEHBIX MOKA3aid JIOMYCTH-
MOCTb € MO3ULUM KJIACCUYECKON IEKTPOJUHAMUKHU CYIIECTBOBAHUE YAaCTULl C OJHUM MarHUTHBIM
nomocoM. OcoOeHHO 3HAYMMOU B pellieHre 3Tor mpodiemsl sBiistiorcst padotsl [ons dupaka [14].
CorytacHO Teopuu 3TOro (pU3MKa MarHUTHBIM MOHOIIOIb MOXKET CYIIECTBOBATh, HO IMPH YCJIOBUH, UTO
ero 3apsj JomkeH ObiTh paBeH 137 3apsimam anektpona. [To rumorese coBeTckoro usmka AJiek-
canzpa IlonsikoBa Ji1s1 ycrienHo# pa3padoTKu Teopur Benmkoro oobequHeHr st HEOOXOIMMBIM YCIIO-

BHEM JIOJIKHO ObITh CYILIECTBOBAaHHME MArHUTHOIO MOHOMOJIA ¢ Maccol B ipeziesiax 10 16 pace IIPOTOHA
[22]. la v KBaHTOBasi TeOpHs MOJS MOLPa3yMeBaeT /ISl CBOEr0 Pa3BUTHS HEOOXOAMMOCTD CyILle-
CTBOBAHMS €AMHUYHBIX MAarHUTHBIX 3apsAa0B. CTOPOHHUKYU 3TUX TEOPHil, BELyT aKTUBHBIE IOMCKU
MarHUTHOTO MOHOMOJS. VIX MBITanuch HalTH B 1Ta0OPAaTOPHBIX YCJIOBUSIX, 110 aHHUTHIISIIAY, B HEJl-
pax 3Be3/, B KOCMMUYECKHX JIy4ax, MarHUTHBIX pyJax, Ha JHe okeaHoB. Ho 10 cux nop, HU B OJHOM
U3 MPOBEJEHHbIX SKCIEPUMEHTOB HE YAAJIOCh JOCTOBEPHO OOHAPYXUTh MU(UYECKUI MarHUTHBIN
MOHOIOJTb.
B 3akmoueHre MOXHO OTMETUTD cliefytolee. [Ipupona MarseTusma B HacTosiee BpeMs elé
710 KOHIIA He U3y4eHa. B Hell MHOTO «OeJIbIX MSATeH», XOTS 3[1eCh TIOMHAT B3aMMOYBSI3aHHBIN TEOPETH-
8



A. ®. TpyrtHeB. «3araaku pU3NKW»

YEeCKUI TIJ1aCT, HO OH He UMeeT ITyOOKUX KOpHel. B TaHHOM cTaThe ciesiaHa TOoIBITKA B TeOpeThye-
CKOM TUIaHE TIOJTyYUTh JIOTUIeCKA OOOCHOBAHHBIE OTBETHI O YACTHIIE, KOTOPask OTCYTCTBYET U B TOXE
BpeMs Bpojie Obl pealibHO cylecTByeT. MccnenoBanust mpoOBOJUIIKICH C TOMOIIIBIO CMOJIETMPOBAHHOM
CHCTeMbl, 0a3UPYIOIIMeCs Ha IPUHIIMIAX eIMHCTBA (DOPMBI 0Opa30BaHKS MAaTePUH U TIPOCTPAHCTBA.
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MeToauka MoaeJIupOBaHUSA

Mertonuka MoAEIMPOBaHMsI OCHOBBIBaeTCsl Ha Teopuu bosbiioro B3peisa. CormnacHo 3To# Teo-
pUM Yy MaTepuu M y TIPOCTPAHCTBA OfHA mprpoaa ¢popmupoBanus. O06e 00pa3oBaIKCh U3 eANHOM
cyOcTaHIIUM HEpruu, B MHISAIMOHHBIN nepuos B ipoliecce (popMupoBanust BeeneHHON OHU pa3b-
eIMHWINCh, HO TOCTOSTHHO M HEMPEphIBHO B3aMMOJIEHCTBYIOT MeXIy cOOOH. Matepusi He MOXeT
cylecTBOBaTh 06€3 MPOCTPAHCTBA, a MPOCTPAHCTBO Oe3 Matepru. Bee pusmyeckue mporiecchl, sipiie-
HUSI ¥ 3aKOHOMEPHOCTH OKPY’KAIOIIEro MUpa SIBJISIOTCS PE3y/bTaTOM B3aMMOJIEHCTBUS ITHX KOH-
cranT. [Tosromy puznyeckuit mup (R) MOKHO MpeCTaBUTh Cleayiolen (popmyIioii:

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

B cmonenupoBaHHOW cucTeMe Marepusi M MPOCTPAHCTBO ObLIM pa3lesieHbl Ha HeJeIuMble
YaCTUIIB M 0O03HAYEHBI CIIEAYIONMM 00pa3oM: g — CTYCTOK SHEPry MaTepru — TPaBUTOH, P — CTy-
CTOK SHEPrvy MPOCTPAHCTBA — MIPOCTOH.

[TpocTpaHCTBO B cHCTEMe MPEACTABIEHO COBOKYITHOCTSIMU TMPOCTOHOB, COOPAHHBIX B «CHJIO-
BbIE HUTH», KOTOPBIE, B CBOIO OUepelb, 00pa3yloT CBOEOOPA3HYIO «CETh», PABHOMEPHO HANPSIKEHHYIO
BO BCEX HAITPABJICHUAX 3a CUCT CUJI OTTAJIKMBAHUA OOAHOUMEHHLIX 3apA/10B.

Marepusi B cucteMe Mpe/cTaBieHa COBOKYIHOCTSIMH IPAaBUTOHOB, pa3MelIeHHbIX OMpe/iesieH-
HBIM 00pa30oM B CHJIOBBIX HUTSIX. CIIOCOOBI STUX pa3MEIeHuid ONpeIesissioT MHOrooOpasue pusnde-
CKOro MHpa.

DHeprus B cucteMe fABjsgercss (pOpMON B3aUMOCBSI3M MaTepuu ¢ MPOCTPAaHCTBOM. B Heil oHa
npejcTaBieHa B Bue sHeprun Matepu (Ey,) u sHeprun npocrpanctsa (Ep). Onu B3anmMHO niepexo-
AST APYT B Ipyra M CIIyXaT OCHOBOM sl (pOPMUPOBAHUS Pa3IMYHBIX BUJOB SHEPTHH U CIIOCOOOB UX
repexoia OJJHOro BU/Ia B JPYTOu.
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PesyabTaThl Hccjie0BaHu

Kak wu3BecTHO, 27€KTpOH 3TO MaTepHhasIbHBII HOCUTENb OTPULATEIBHOTO JIEKTPUYECKOTO
3apsiza v sBisieTcss OeccTpyKTypHOH yactuneidl. C mo3unuu 6a30BbIX MPUHIMIIOB CMOJIETUPOBaH-
HOW CUCTEMBI IEKTPOH UMEET BHYTPEHHIOI CTPYKTYPY U BOT IoyeMy. Eciiu 351eKTpoH uMeeT Touey-
HBII 3apsifl, TO SHEPrusl €ro AMEKTPUIECKOro Mojsl JIOKHA ObITh OECKOHEUHOM, a, CIIeIOBATENIBHO,
M ero Macca JIOJKHa ObITh TOXe OeckoHeuHol. Ho ero macca I0CTOBEpHO yCTaHOBJIEHA M COCTaB-

nster 9,1 10 kr. DNEKTPOH COCTOMT M3 OIHUX OTPULIATESILHO 3apsIKEHHBIX MTPOCTOHOB, MOITOMY
€ro HeJlb35 pa3fie/IuThb Ha yacT. Y Hero cpepuydeckas popma. OH UMeeT BXOA U BBIXO[, Yepe3 KOTO-
pble ero NPOHU3bIBAIOT CUJIOBBIE HUTH, KOTJa OH AIBUKETCS IO HUM. [IpOCTOHBI pacrosiokeHsl BHYTPH
3JIEKTPOHA TaKMM OOpa3oM, UYTO B pe3yJibTaTe MX BO3AEHCTBHUSA Ha MPOXOIAIIME CKBO3b JIEKTPOH
CUJIOBbIE HUTHU CTENEHb MX CKaTHs u3MeHsieTcs. Ha BXone oHa Bblllle, YeM Ha BBIXOJIE, TO €CTb IpU
JABUXEHUU JIEKTPOHA IO CUJIOBBIM HUTAM, OHU paciuupsiiorcs. [Ipu pacivpeHuy cruioBbIX HUTEH
BbIJIEJISIETCS SHEPrusl, KoTopas ObliIa 3aTpayeHa Ha UX cKaThe. A SHEeprus 3T0 Cuja, KOTopasi HOPOXK-
JaeT CIMH, a CJ1e10BaTeIbHO MArHUTHBI MOMEHT 2JIeKTPOHaA. B aToMe 3/1eKTpOH HaXoAUTCs B CBA3aH-
HOM COCTOSIHUM, TOTOMY MMEIOT CIIMHBI C [TPOTHUBOIONOKHBIM HarpaBieHueM. Ha pucynke (Puc.1.a)

IIPEJCTABJIEHO BpAIllEHNE CIIMHA 10 YaCOBOM CTpeliKe, a Ha (Puc.1.b) Bpaienue crimHa npoTus 4aco-
BOM CTPEJIKH.
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Puc.1 Cxema BHyTpeHHEN CTPYKTYpBI JIEKTPOHA U CXeMa OPUEHTALMM JIEKTPOHOB MOJ1 Jei-
CTBUEM BHEIIHETrO MarHUTHOI'O NOJIst — S — cuiloBast HUTh; T — BXOJ B 97EKTPOH; Q — BBIXOJ U3 2J1EK-
TPOHA; € — JIEKTPOH
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Bemiecta, moMeneHHble BO BHEIITHEE MarHUTHOE 110J1€, IIPOSIBIISIIOT CIIOCOOHOCTh HAMAarHN4u-
BaTbCs B PAa3HOU CTereHu. B cOOTBETCTBIM C 3TON CHOCOOHOCTBIO OHM TOJPa3/IesIAIOTCS Ha ClIeLyIo-
1€ BU/Ibl MArHETUKOB: MaMarHeTUKHY, apaMarHeTUKU U (peppoOMarHeTHKH.

K nramarHeTrikam OTHOCATCS BEIIECTBA, KOTOPBIE B OTCYTCTBUM BHEIIHETO MArHUTHOIO MOJIS
HeMarHuTHbl. [Ipy BHECEHMM AMaMarHETMKOB B MAarHUTHOE MOJIE Y KaX/JIOrO MX aToMa IOSABIIAETCA
MarHUTHBI MOMEHT, HaIlpaBJIEHHBIII HAaBCTpeuy Momo. B pe3yibpraTe BHEIIHEE MarHUTHOE IOJIE
ocnabnsieTcs. Y aToMOB MapaMarHeTUKOB B OTCYTCTBMM BHEITHETO MAarHUTHOTO TOJIsSi MarHUTHbIE
MOMEHTHI JIEKTPOHOB B JIEKTPOHHBIX 00JIaKax MMeeT pa3innyHble Harpaienus (Puc.1.c). [1Ipu BHe-
CEHMHU NTAPAMArHETUKOB B MATHUTHOE I10J1€ 3HAYMTEJIbHAS 4YaCTh MATHUTHBIX MOMEHTOB JIEKTPOHOB
OpPMEHTHUPYETCs 110 HarpasieHUIo BHelHero noss (Puc.1d). B pe3ynprate BHellIHee MarHUTHOE 10J1e
YCUJIUBAETCS1, HO 0YeHb c1a00. PeppoMarHeTHKH 3TO Te ke NapaMarHeTUKH, TOJBbKO ¢ OOJIbIIIeH Mar-
HUTHOH MPOHUIIaeMOCThI0. OCOOEHHO BBICOKAs CTEMNEHb YCHJICHUsI HAMPSKEHHOCTH BHEIIHETO Mar-
HUTHOTO 10151 IPOUCXOJMUT, €CJIU B Ka4eCTBE (peppoMarHeTvKa UCTIojb3yeTcs kee30. B pamkax cmo-
JeJIUPOBAHHON CHCTEMBI 3TOT (DEHOMEH MOKHO OOBSCHUTD CIIELYIOINM 00pa3oM.

VY ¢eppoMarHeTUKOB MMEIOTCS 30HbI, I MPeo0IaaloT MEKTPOHbI ¢ MArHUTHBIMU MOMEH-
TaMU OJIMHAKOBOTO HampasieHus. VX Has3biBaloT noMeHaMu. [Ipu BHeceHUM Takux peppomarHeTu-
KOB BO BHEIIIHEE MArHUTHOE I0JIe, JOMEHbl OPUEHTUPYIOTCS B HAIPABJIEHUM JEMCTBUS ITOTO MOJIS.
Yem Gostbliie TAKKX 30H, TEM OOJIbIIIEE CBOUM COHAITPABJICHHBIM JABUKEHHEM OHU CO3/IA0T MArHUTHOE
10JIe, KOTOPOE B 3HAUYUTE/IBHOM CTENIEHH YCUIMBAET BHELIHEE MATHUTHOE T10JIE.

AnekTpoHHas opMyJsia atoMa xkejesa [Ar] 3d® 4s%. V nero YEThIPE HECIIAPEHHBIX JIEKTPOHA,
ATOM 3KeJie3a 3TO MOCTOSTHHBIN «MaJleHbKH «MarHuT. [1pu 1BMkeHNN HecTiapeHHbIe IeKTPOHbI PH-
0OpeTaloT MarHUTHBIE MOMEHTHI, KOTOpbIE MepeMeNaloTcs B OAHOM HAIlpaBJICHUH, IO JeHCTBHEM
MarHUTHOTO TOJIS 3EMJIM, HABEIEHHOTO €r0 KUJKUAM POM, COCTOSALIETO B OCHOBHOM M3 JKEJIE3a.

CornacHO 6a30BbIM MPHUHIMIIAM CMOJEIMPOBAHHON CHCTEMBI MPEATIONaraeTcsi, YTo SHEeprus,
BBIJICJISIOMASACS TIPU IBMKEHUM HECHAapEeHHBIX IEKTPOHOB JOMEHOB, 00pa3yeT MarHMTHOE IIoJe
BOKPYT IOCTOSTHHBIX MarHUTOB B OTCYTCTBUM BHEIIIHEro MarHuTHoro noss (Puc.2.a). ITone Bekrop-
HOe M 00JIajlaeT SHepruel, a, CaeoBaTesbHO, M Maccoil. HanmpshkeHHOCTh TOJsl BapbUpyeT B 3aBU-
CHMOCTH OT MecTonoyiokeHusi. Hanbosee BhICOKHME MOTEHIMATbl HAIMPSKEHHOCTH MPOSIBIISIOTCS
y TIOJIIOCOB M 0C/a0eBaIoT M0 Mepe YAAJIEHHOCTH OT HHUX.

JIoMeHbl, CUHXPOHU3UPOBAHHbIE B JBWXEHWU B OIHOM HAllPaBJECHUM, Pa3AeNsIoOTCs Ipyr
OT Jpyra Tak Ha3bIBAEMBIMU «CTEHKaMU», KOTOpble 0Opa3yloT ClIapeHHbIE IEKTPOHDI, Bpallaloiiye
BOKpYT aTOMHBIX s1ep (Puc.2 b). JIoMeHBI, COCTOAT U3 IEKTPOHOB, UMEIOILUX BXOJ, U BBIXOJI, TOTOMY
00pa3oBaHHOE MMM MarHUTHOE TOJie TaKKe MMEET COOTBETCTBYIOIIYI0 OPUEHTAIMIO. DJIEKTPOHbI
B JIOMEHAX BCE BPEMS HAXOIATCS B JBWKEHUU. DHEPrus, BBLIEIAIOIIAACSA IIPA 3TOM, HEIIPEPHIBHO
IIOCTYIIAE€T B MArHUTHOE I10JI€ IIOCTOSHHOI'O MarHuTa. JHEprus, Kak U3BECTHO OfiHa U3 (popM mare-
pyH. DTO OPraHU30BAaHHBIN IIOTOK y HETO €CTh UCTOYHUK U €My IpUCYILa CTPYKTypa pacipocTpaHe-
HUS.

Kax nokasanm 1abopaTopHble UCCIIeI0BaHM S, TOTOKHM SHEPTUM PACIIPOCTPAHSIOTCS 110 3aMKHY-
THIM KPHUBBIM, KOTOPbIE HA3bIBAIOTCSI MATHUTHBIMHM CUJIOBBIMU JIMHUSAMU. JIMHUM BXOAAT U BBIXO-
AST B 00pasel] MoCTOSIHHOTO MarHuTa. Touka, I7ie OHM BBIXOASIT, HOCHT Ha3BaHUE CEBEPHBIN TOJTIOC,
a TOYKa, I7Ie OHM BXOJAT, HOCUT Ha3BaHUE 10kHbIN nomoc (Puc.2.a).
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Puc.2 Cxema MarHuTHOrO MOJIs1 BOKPYT MOCTOSIHHOTO MarHvTa
N — ceBepHbIii IOMIOC S —I0KHBIN MOJTIOC  — CHJTOBBIE TMHUYA MarHUTHOTO TIOJIS € — SJIEKTPOH.

B pamkax cMmopmenMpoBaHHON CHUCTEMbI MPEATOJIAraeTCsi, YTO MOTOKUA SHEPIHH, TBUXKYIIUE
BJIOJIb CUJIOBBIX JIMHMA MAarHUTHOTO TIOJSI, PACIIPOCTPAHSIIOTCS MO0 CUJIOBBIM HUTSIM ITPOCTPAHCTBA
Y CKUMAIOT WX HAIPaBJICHUX CBOETO JIBMkeHUs. [IoaToMy MakcrMasbHOe UX CKaThe OylIeT IMpowc-
XOJIUTh HA MOMI0CaX MOCTOsTHHOrO Maruura (Puc.3). [ToroMy 4TO, MIMEHHO B 9TMX TOYKaX MAarHUTHOTO
T0JIS1 TIOTOKW HEPrvH OYIyT JOCTUTATh MAKCUMAJIbHOTO 3HAYCHUS.

Terepb OTHOCHTEIILHO OCHOBHOM 3araJku NOCTOSHHOro MarHura. [louemy neneHue oOpasiia
MOCTOSTHHOTO MarHuTa, Jake JI0 OJIHOTO aToMa, He JIaeT TOJIOKUTENIbHBIX PE3y/IbTAaTOB B MOTYUYSHUH
€IMHUYHOTO 3apsa MarHuTa MarHuTHOro MoHonossA? C Mo3uIuM CMOIETTMPOBAHHON CUCTEMBI 3TO
MOHO OOBSICHUTD CJIEIYIOIIMM 0Opa30M.

HcrounnkoM oOpa3oBaHMS MAarHUTHOTO TIOJISI SIBJISIETCS JBYIKYIIUACS 1O CHUJIOBBIM HHTSIM
JIEKTPOH. DJICKTPOH MMeeT BXOJ Y BBIXOJ. DTH TOYKH SIBJIIOTCS €0 CBOEOOPa3HBIMM TIOJIIOCAMH. .
YroOBI MOMTYYUTh MATHUTHBI MOHOIIONIL HEOOXOAMMO pa3/IeIUTh JIeKTPOH, KaK CO3JaTelisi MarHUT-
HOT'O TT0JIs1 Ha JIBE YaCTH, TO €CTh OTJEMTh BXOJ OT BbixoAa. Ho, eciu y asekTpoHa He Oy/ieT BbIXo/a,
TO BBIJIJISIONIASICS BHYTPHU HETO SHEPTHS pa3pyIIuT ero. VI3 3Toro nosoxeHus uctekaeT BeiBoa. Oau-
HOYHBIX MarHUTHBIX 3aPsI/IOB B TIPUPOE HE CYITIECTBYET.

Yro xe KacaeTcsl IPUTSKEHUSI U OTTAIKUBAHUS TIOTIOCOB MOCTOSIHHBIX MAarHUTOB, TO 3TH MPO-
LIECCHI MPOUCXOAT TIO CIISAYIONTUM clieHapusiM. [10TOK sHepruu, JBUKYIITUIACS TIO CHJIOBBIM HUTSIM,
BBIXO/IUT U3 CEBEPHOI0 MOMI0CAa MarHUTa W BXOOUT B €ro 1okHbid nosmioc (Puc.3. a). Dueprus 3to
BEKTOpHAs CWJIa, KOTOpasi UMeeT OmpejieieHHOe HarpaniieHue. [Ipy cOMMKEeHUH TTPOTHBOIONIONK-
HBIX MOIIOCOB MarHuta (Puc.3 b) BEKTOp CUJIbl UCXOASANIETO MOTOKA SHEPTUU U3 CEBEPHOIO MOJIIOCA
Y BEKTOP HEPruu MOTOKA, BXOAIIETO B I0XKHBIH MOJTIOC UMEIOT OIMHAKOBOE HarpanjieHre. BeKTopsl
CKJIaJIbIBAIOTCS, OOBETUHSAIOTCS B €IMHBIN BEKTOP CHJIBbI, AEHCTBYIOIIUI B HAITPABJICHUN COMMKEHUS
00pa3IIoB MOCTOSITHHOTO MarHuTa. [1py uX MOJHOM KOHTaKTe 00pa3yeTcst OMUH IMTOCTOSTHHBIA MarHUT
C IBYMs IojlocaMu. B ciydae cOnmmkeHns: OTHOMMEHHBIX IMOJTIocoB MarHuTta (Puc.3.¢) BeKTop CHIIbI
HCXOSAIIEro TOTOKA SHEPTUU M3 CEBEPHOrO TOJI0Ca OHOTO MAarHWTa M BEKTOP CHJIBI UCXOMSIIETO
MOTOKA SHEPTrUU U3 CEBEPHOTO IMOJI0CA APYroro MarHuTa UMeoT MPOTHUBOIOJIOKHOE HallpaBJIeHUE,
TO €CTh JEUCTBYIOT JIPYT MPOTUB Apyra. TOYKW MPHIIOKEHUS] ITUX CHJI HAXONSTCS 3a MpeaeaMu
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IIOJIIOCOB MarHura. HpI/I MOIBITKE X MEXAHUYECKOT'O COMMKEHNA BOSHUKAET CUJIa, IPEIATCTBYIOIIAA
sToMy AeiicTBHIO. HaromoOue critbl, He TaoIen ckaTh MpyKuHY.
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Puc.3. Cxema O6p330BaHI/IH MardiMTHOI'O ITIOJIA IIOCTOAHHOI'O MarHuTa 1 CXema BSaHMOHeﬁCTBHH

ero momocoB N — ceBepHbIN MOMIOC S — I0KHBIN TOJI0C f — MarHWTHAs CUJIOBast JIMHUS U — CHJIOBAst
HUTh W — TIOTOK SHEPTUM
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3akJaroueHnue

HcrounukoM oOpa3oBaHKsi MarHUTHOTO TIOJISI, OKPY’KAIOLIErO MOCTOSTHHBIA MarHuT u3 gep-
POMAarHeTUKOB SIBJISIIOTCS] HECTIApEHHbIE IEKTPOHBI, OOPAIIAIONIMECs] BOKPYT sIep aTOMOB XKeJie3a.
CorytacHO 6a30BBIM IPUHIIMIIAM TIpe/JIaraéMoi T'UIOTe3bl, JMEKTPOHBI UIMEIOT ONpee/IeHHYI0 (hopMy
Y BHYTPEHHIOIO CTPYKTYpy. ¥ HMX €cTb BXOA U Bbixof. [Ipy IBMKEHMU MO CHJIOBBIM HUTSM IIPO-
CTPaHCTBa OHM paclMpsIoT uX. [Ipu 3TOM BBIAENAETCA HEPrusi, koropas (popMHUpPYEeT MarHUTHOE
110J1€ BOKPYT MOCTOSIHHOTO MarHuTa. [losie BEKTOpHOE, TUMOJIBHOE, UMEET, KaK U €€ UCTOYHUK, BXOJL
1 BbIxod. OHM HOCST Ha3BaHHE MOMIOCOB. 1J1s MOy4YeH!s eAMHMYHOTO MarHUTHOTO 3apsijia He0OXO0-
VMO pa3eUTh UCTOUYHUK TOJIyYEHUs] MAarHUTHOTO TOJISl, TO €CTh OTAEIUTb BXOJ, OT BBIXO/A Y 2JIEK-
TpoHa. Ho B 3TOM cily4ae HaKONUBILIAACS BHYTPU SHEPTUs Pa3pyIIUT MEKTPoH. C MO3ULIUKU cMOjie-
JIMPOBAHHOM CUCTEMBI OTBET 10 3TOMY BOIIPOCY OIHO3HAYHBIA. MarHUTHBI MOHOMOJIb B IIPUPOJIE
OTCYTCTBYET.
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A. ®. TpyrtHeB. «3araaku pU3NKW»

MexaHu3M 00pa30BaHUSA MACChI Y YePHBIX JIbIP

AHHOTaI_II/I}I. B cratbe paccMaTprBarOTCA HpO6J'IeMH 06pa30BaHI/I$I MaCC MUKPOCKOITUYCCKUX
1 CBCPXMACCHUBHBIX YCPHBIX ObIP. OOOCHOBBIBAETCS 3TO OTCYTCTBUEM BHATHOI'O OOBSACHEHHUS CIIO-
co0OB HX q)OpMI/IpOBaHI/IH. HccnepoBanus MpOBOOUINCh C HCIIOJIb30BAHUEM CMOI[CJ'IPIpOBﬁHHOfI
CHCTEMBI. ITO AaJI0O BOBMOXHOCTb PACKPBITH MEXAaHU3M 06pa3OBaHI/IH X Macc ¥ 0OOCHOBAThH OEH-
TpaJIbHOC MECTOITOJIOKEHUE B I'AJIAKTUKAX CBEPXMACCUBHbBIX YEPHBIX IbIP

AxtyanbHOCTb. HecMOTps Ha CTOMb UIMTENIBHBINA NIEPUOJ, U3YUEHHUSI C NIPUBJICYEHUEM Bely-
KX (PU3MKOB TEOPETHKOB, YEPHBIE ABIPbI O CUX HOP COIEpKaT MHOIO HESICHOCTEH M BOIPOCOB.
W onHMM 13 ITTaBHBIX U3 HUX SIBJISIETCS MEXaHM3M 00Opa30BaHMsI STUX 3aralouHbIX 0OBEKTOB MPUPO/IBI
[19]. [Tomy4eHue Oru4ecKkrt 0OO0OCHOBAHHBIX OTBETOB, [0 TOMY BOIPOCY SIBJISIETCS] aKTYaIbHBIM IS
COBpEMEHHOM (PU3UKU

Llens. [ate sorudeckn OOOCHOBaHHBIE OOBSICHEHHMS] MEXaHW3Ma OOpa3OBaHMS PA3IMYHOM
MacChl YEPHbIX JbIP.

Hayunas HoBu3Ha. Ha ocHOBaHMM Oa3uMCHBIX MPUHIMIIOB CMOAETMPOBAHHON CUCTEMBI TIpe[-
CTaBJIEHbl MEXaHU3Mbl (POPMUPOBaHUS YEPHBIX AbIP B pe3yJibTaTe B3aUMOAEHCTBUS MAaTEPUH C IPO-
CTPaHCTBOM
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BBenenue

B03MOXHOCTB CyIIECTBOBAHUS K30THUECKOIO COCTOSIHUS MATEPUX B BUZE YEPHBIX JBIP Clle-
AyeT U3 o01Iel TeOpur OTHOCUTEIbHOCTH. MHorHe yuensie [ 18] craBuim nog CoMHEHUE PeabHOCTh
ux cymectBoBanusi, Ho B 2019 rogy Oputa onyoimkoBaHa potorpadusi, Ha KOTOPOH M300pakeHa
TEeHb YEePHOM ABIPHI B TasiakTrke M87,. I300paxeHue, MoyYeHHOE B pe3y/ibTaTe HaOIOIeHU ], SIBJIsI-
eTCs JOKa3aTeJIbCTBOM PEAJIbHOCTH UX CYLLECTBOBAHUS.

UepHble JbIpbl OTAEIAIOTCS OT OCTAJIILHOTO MPOCTPAHCTBA ONPEIEIEHHON MOBEPXHOCTHIO, KOTO-
pasi Ha3bIBAaeTCsl TOPU3OHTOM COOBITHI. Yepe3 3Ty MOBEpXHOCTh BEIECTBO M M3JIyYeHUE CBOOOIHO
1aJ1al0T B YEPHYIO AbIPY, & Ha3a/l OHU BBIUTU HE MOTYT, IOTOMY UTO, [Ja’Ke CBET HE MOXET IIPEOA0JIETh
MPUTSIKEHUS €€ CUIIBHOTO I'PaBUTAIMOHHOTO ToJ1s1, O01acTh HE BO3BpaTa OrpaHMUeHHA s TOPU30HTOM
COOBITHI HOCUT Ha3BaHKE CHHTYJISIPHOCTH. DTO BHYTPEHHSISI YaCTh YEPHOM JBIPHI, TI€ COCPEIOTOUEHA
e€ Macca.

['paBuTaIysi YepHOM ABIPHI CIMTAETCS TAKOM CHITbHOM [28], 4TO Bce MaTeprasbHble OOBEKTHI,
OKa3aBILIMECs B 30HE €€ BIMSAHUSA, pa3pbIBAIOTCA U MOMIOLIAIOTCA €10. YacTuIbl MaTepuu, JOCTUTAI0-
I1ie TOPU30HTA COOBITUH, MAJAI0T B He€. B pesysbrare BOKPYT YepHOU JIbIpbl (hOpMUPYETCS aKKpe-
LUMOHHBIN auck. [lapaoonyie B HeE yacTHIIbl ABUKYTCS C OKOJIO CBETOBOM CKOPOCTBIO. B ncke oHu
TEpSIIOT YIJIOBOM MOMEHT M BCIIE/ICTBUE TPEHUSI MEXY COCEJHUMHU CJIOSIMU, BBIIEIISIETCS SHEpPrus,
OpnHa e€ yacTb UAET Ha yBEJIMUYEHUE CKOPOCTHU ABUKEHUS Ta3a, a Jpyras U3J1yyaeTcsi B BUJE TeIuia.

B Hacrosiiee BpeMsl y yUeHbIX HET HUKAKUX COMHEHUH B CYIIECTBOBAHUHM C pa3IMYHON Maccou
YyepHbIX Ablp (Tabnuua). [puBeneHHble B TabnuIe AJaHHbIE B3STH M3 Bukuneaun.

Tabmmia
HaumeHoBaHWe HasgaHue MecTononoxeHue Macca yepHBbIX
YepPHBIX JbIp YEepPHBIX IbIP JBIp
Mukpocko- :
P HeM3BEeCTHO HEM3BECTHO 2,176-10° kr
nuyuecKas
Ot Koananca Ceblie 3-x
HEeM3BECTHO HEM3BECTHO
3BE3/IbI | - | CONMHEeUHbIX Macc
Sgr A* 5 10
z 510
Ceepxmac- («Crpenewy A*»), | MneuHslit nyThb 1.4 10°
CUBHBbIE M31 AHppomena 4
COJIHeUHbIX MAacc

Tak, B X0O/le aACTPOHOMUYECKUX HAOMIONEHUI TOCTOBEPHO YCTAHOBJICHO, UTO B IIEHTPAaX MHOTUX
TaJlaKTUK PACOIOKEHbl YepHbIE apbl MACCAMU B MUJUIMOHBI M MUJLTUAP/Ibl COJIHEUYHBIX Macc. Pac-
YyeTaMu, MPOBeICHHBIMU MHANUCKUM (puznkoM Yanapacekapom [31] nokazaHo, 4TO €cv HavyalbHas
Macca 3Be3/Ibl COCTaBIsAeT OoJiee 3- X Macc COJHIIA, TO OHA B KOHIIE KU3HU KOJIJIATICUPYET B YEPHYIO
abipy. Takke, TEOPETUUECKU CUMTAETCS JOIMYCTUMBIM BO3MOKHOCTb CYIIECTBOBAHUE MUKPOCKOMU-
YECKUX YEpHBIX JbIP, OTPAaHUYEHHBIX TJIAHKOBCKOW Maccou [13]. B Toxke BpeMs cieayeTr OTMETHUTb,
YTO MEXaHU3M UX (POPMHUPOBAHUSI COIEPKUT MHOTO HEsICHOCTEH 1 BoIpocoB. OCcOOEHHO 3TO Kaca-
eTcss 00pa30BaHUsI MUKPOCKOIMMMYECKUX U CBEPXMACCUBHBIX uepHbIX Ablp [30]. Y nuis ux penieHus
BBIJIBUTAIOTCSI Pa3IMYHbIE TUTIOTE3b U TTPEATION0KEHMUS.
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A. ®. TpyrtHeB. «3araaku pU3NKW»

B nanHO¥ cratbe MpeCcTaBIeHO 0OBbsICHEHNE MEXaHU3Ma 0Opa30BaHUs CIIEKTPA YEPHBIX IBIP
Ha OCHOBE CMOJIEJTMPOBAHHOW CUCTEMBI B3aMMOJIEHUCTBHS MaTEPHH C TPOCTPAHCTBOM, Oa3UpyIoIIeics
Ha CJIEAYIOIIMX [TPUHIMITAX.
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MeToauka MoaeJIupOBaHUSA

Meroauka npeacTaBieHa B CTaThe « TaMHCTBA OCTOSTHHOTO MArHUTA» .
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A. ®. TpyrtHeB. «3araaku pU3NKW»

PesyabTaThl MO IMPOBAHUS

B Hacrosiiiee BpeMsi B HayYHOM MUpe JOMUHUPYET TeOpHsi poxkieHust BeeneHHoi B pe3ysbTare
Bonbioro Bapeia [25]. Cumntaercs, 4To nocjie Hero Hauyajaoch MO3TAIHOE POKACHUE, CTAHOBJICHHUE
1 (pyHKIIMOHMpOoBaHue BeeneHHoil.

Ilepsoii nocne bonsmoro B3peiBa cunraercsa [InaHkoBcKas 31oxa ¢ Temreparypou 10% K
¥ IUIOTHOCTBIO 0KOIo 105 r/em’. Yepes 10732 CEKYH[Ibl Tocie HacTyrieHus [1aHkoBCKoi amoxu

HacTynuia 3pa MHGISALMOHHOM 31oxu. B atoT nepuon Beenennas yBennuuiach B 10 pa3. 3arem
HACTYIIJIa KBapKoBas 3moxa. Temmeparypa B 3TOT Nepros pa3BuTUs BeeneHHoii cocrasisiia 6omee

10'’K. B 310 BpeMs BceneHHass Obia 3armojiHeHa KBAapK-TIIOOHHOW TUIa3MOM. 3a Hell HacTynuia

3M0Xa aJpOHOB M JienToHOB. Temneparypa BeenenHoit omycruiiack Huskel0 K u KBapK-IJIIOOHHAS
IU1a3Ma OXJIaIWJIach /10 BEJIMYMH, MPU KOTOPBIX KBAPKU I'PYNIMPOBAIUCH U 0OPAa30BbIBAIM aIPOHBI.
B stoT )¢ mepuon Havanm oOpa3oBBIBATHCS JIENTOHBI. JlanbpHeliliee CHIKEHNE TUIOTHOCTH U3ITyde-
HUS MIPUBEJIO K 00pa30BaHMIO aTOMOB BOAOPOAA U rejus. Dmoxa 3Ta HaszbiBaercs (potoHHOU. K eé

KOHITy Temnepatypa BcesneHHo# onmycTumiack 10 3500°K u oHa crana MIPO3PAYHON JJ1s1 TPOXOKACHHU ST
¢oroHoB.

Pabouasi rumorte3a MozjeMpOBaHUS OCHOBaHA Ha Oa3WMCHBIX MPUHLIMIAX Teopuu Bosmbinoro
BapeiBa. CoracHO 3TOi TEOpUU y MaTepUM M Y TIPOCTPAHCTBA OfHA mpupoaa ¢hopmupoBanus. Ode
00pa30BaJMCh U3 EIUHON CyOCTaHIMY SHeprun, B MHIAIMOHHBINA neproz B ipotiecce (popMupoBa-
HUs BeeleHHOM OHYM pa3beqMHUIIUCH, HO MOCTOSTHHO U HETIPEPHIBHO B3aMMOJIEHCTBYIOT MEK/Ty COOO.
Marepusi He MOXET CyIIeCTBOBaTh O€3 MPOCTPAHCTBA, a MPOCTPAHCTBO Oe3 Matepuu. [lostomy Bce
(pusrueckue npoueccsl, IBIEHUSA U 3aKOHOMEPHOCTH OKPYKAIOLIETO MUpA SIBJISAIOTCS Pe3y/ibTaToM
B3aMMOJIEWCTBUS ITUX KOHCTAHT. PaccMOTpUM MO3TanHOE POXKJIECHUE, CTAHOBJIEHUE U (DYHKIIMOHU-
poBanue BceneHHoi, Mcxos U3 TUX MPUHLIMIIOB.

HavanbHblil oTcuer. B Havane BspbiBa (107P—10% cex.) W3JIydeHHs] SHeprui ObUIN
000CcO0JIeHBI ¥ HE B3aMMOJIEHCTBOBAIM Mek Iy coOoi, Temrieparypa SHEprun MaTepry COCTaBIsIa

32
10°°K, a snepruu mpoctpanctsa 0 K. B 3ToT nmepuos 1 06pa3zoBainch CryCTKH SHEPrUM MaTepuu (rpa-
BUTOHBI) U CTYCTKHM SHEPIUH MTPOCTPaHCTBa (IPOCTOHBI). B TeueHne 10%¥ -1073° CEKYH/bI OTHEb-
HBIE MPOCTOHBI TPYHIUPOBATIUCH (OOBEIMHSIINCH) B «CUJIOBbIE HUTH», & IPyTUe OCTAIMCh «CBOOO-
HBIMU». YacTb IpaBUTOHOB TOKE O0bEANHSINUCH (CIMBAJIMCH) B CBEPXMACCUBHBIE CI'YCTKH (YaCTHLIBI),

HO OOJIbIIIasA YacTh OCTaBAJIACh B <<CBO6OI[HOM>> COCTOAHUU.

Ipa undusimnu. Korga Bospact Beenennoit poctur, 1022 CEeKYH/1 [TPOU30ILUIO0, NTepeMeIlIH-
BaHUE SHEPruil NpUBEALIee K €€ IKCIIOHEHIIMAIbHOMY B3pbIBY, B Pe3yJIbTaTe KOTOPOro €€ MepBOHa-
YaJIbHBIY pa3Mep yBEJIUUUIICA 10 pa3. 3HaunTesbHAsA YacTh UH(IALMOHHON SHEPIUN U3PACXOLI0-
BaJIach Ha pacTsKEHUE CUJIOBBIX HUTEH MPOCTPAHCTBA U 00pa30BaHUE U3 HUX CBOGOOPA3HON «CeTh»,
PaBHOMEPHO HaIPsKEHHOW BO BCEX HAIPABJIEHUSX, TO €CTh HAa (POPMUPOBAHKE TPOCTPAHCTBA COBPE-
MeHHoi Bcenennoii. B aTor mepuon Hayamm 0Opa3oOBBIBATHCS TEPBBIE MPEACTABUTENN OOBIYHOTO
BEIIIECTBA YACTHIIbl PA3HBIX 3apsAI0B.
KBapkoBas 3moxa. OHa Hauaiach B 1039 CEKYyH/]] OT MOMeHTa poxxaeHusi Bcenennou. B neit
Havya (popMUpOBaThcsi KBapku. KBapku oOpa3zoBauch cieayiomum myteM. CrycTKY SHepruy Mate-
pum (TpaBUTOHBI), BCIIEICTBUE PA3HOBUIHOCTH 3apsIOB CO CTYCTKaMH SHEPTUH MPOCTPAHCTBA MPO-
CTOHAMM CTATMBAJIMA CUJIOBbIE HUTH, COCTOSILIIME U3 ITPOCTOHOB. B pe3yibraTe BblEAIACh, SHEPTHS,
3aTpaueHHasl Ha pacTsUKeHHe CHJIOBBIX HHUTEW. 3aTeM Heprusi mpeoOpa3oBhIBalach B CHITY, KOTO-
pasi AefiCTBOBAJIA HA TPABUTOHBI, B HAITPABJICHUU UX CONMKEHUS. [|BUTasiCh 1O CUIOBBIM HUTSIM ITPO-

CTpaHCTBA, I'PAaBUTOHLI O6’beIII/IH}IJII/ICb (C)II/IHaHI/ICI)) B OIIPEACIICHHBIC ITPOCTPAHCTBCHHBIC COBOKYII-
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HOCTH (KBapKH) M PHOOpeTaIn Maccy. B 310 BpeMs yike cyliecTBOBIN (POTOHBI, HO M3-3a BHICOKOM
TUIOTHOCTHY M3JTy4YEHHsI OHM HE MOIJIA PACTIPOCTPAHSATHCS B CUJIOBBIX HUTSIX MPOCTPAHCTBA.

Jnoxa BOZHUKHOBEHHUSA a/IPOHOB M JienTOHOB. [1o Mepe pacupenus Beenennoii u yBe-
JIMYEeHHs e€ paanyca, INIOTHOCTb U3Ty4YeHUsI SHEPIMU U TEMIIEpaTypa B HEW YMEHBIIAINCh, a BMECTE
C HUMH CHMKAJIach U CTENEHb CXKaTHsl CUJIOBBIX HUTEW. B 3Ty 31oxy, KBapKH, JBUrasich B CHJIOBBIX
HUTSIX POCTPAHCTBA, TPHOOPETATIM MacCy, 00beAMHSUIMCDH U IPEBPAIAIMCEH B TPOTOHBI M HEUTPOHBHI.
CB0OOIHBIE TPOCTOHBI OOBEANHSIIACH M 0OPA30BBIBAIIM JJIEKTPOHBI.

PoronHas 3m0xa. [lanbHeillee CHUKEHUE IUIOTHOCTH U3JIyYeHUs U CTENIEHU CKaTusl CUJIO-
BBIX HUTEH MPOCTPAHCTBA MPHUBEJIO K TOMY, YTO PACCTOSIHUE MEXKIY CUJIOBBIMUA HUTSMH MPOCTPAH-
CTBA JIOCTUIJIO 3HAUYEHUI COOTBETCTBYIOIMX BHYTPUATOMHOMY IIPOCTPAHCTBY aTOMOB TI'eJiisl U BOJIO-
pora 1 HayaI 0OPa30BBIBATHCS ATOMBI 9THUX 71eMeHTOB. K KoHIty (hoToHHOM 310xu BeenenHas crana
MPO3PavHON 7151 IPOXOKAEHUS (POTOHOB.

C moMoIIbio Mpe;IokeHHON TUTIOTe3bI MOMpoOyeM OOBCHUTH MEXaHU3MbI 0Opa30BaHUSI CTICK-
Tpa YEpHBIX JIBIp chaeayomuM oopa3om. C MO3UIMKA MOIETH, YePHbIE JbIPHI MPEACTABISIIOT COOO0M
CWJIOBbIE HUTH, CKaTble O MUHMMAJbHBIX IPEAEIOB, a MEX1y HUMM pa3MELIeHbl HeAeIMMble
YacTUIIbl MaTepuu IrpaBUTOHBI (Puc.1). Mcxoas U3 3Toro, MOKHO 3aKJII0YUTH cieayomee. [TpuHimn
(bopMUpOBaHUS y YEPHBIX JbIP OMMHAKOBBIN, @ BOT MEXaHU3MbI IPUOOPETEHUS] UMU MacChl OyayT
pasHble. PaccMOTpUM MX Ha BbIIIe PUBEACHHBIX BAAAX YEPHBIX ABIP.
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Puc. 1 Cxema ¢opmMupoBaHus CTPYKTYpbl YEPHOU JbIPBI
G — ropu3oHT COOBITUI; Z — CUHTY/ISIPHOCTB; S — CUJIOBasi HUTh; P — IPOCTOH; g — TPABUTOH
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1. Mukpockonuueckue yepHsie aplpbl (Puc. 2 a). [IpeanonoxuTeabsHO OHU MOIJIM MOSIBUTHCS
Ha paHHMX CTaJUsIX pa3BUTHs BceneHHo# B MecTax ¢ OlaronpusTHHIMU YCIOBUSIMU (hOPMHUPOBAHUS
YEepHBIX AbIP, & UMEHHO, TJie JOMUHUPOBAJIHM OOJIbIIIAsH TUIOTHOCTh MATEPUH U BBICOKASI CTENIEHb CKa-
THS CUJIOBBIX HUTEH, TeopeTueckn He MCKITIOUeHO 00pa30BaHKe UX M Ha TMOCIIEAYIONHMX CTaAUsIX.
Hanpumep, npu B3pbIBax CBEPXHOBBIX 3B€3[] BBIIEISETCS KOJIOCCAIBHOE KOJTMUECTBO SHEPIUU, KOTO-
pas 3ateM npeoOpasyeTcs B MOIIHYIO yIapHYI0 BOJHY. IIpy mpoxoxkaeHnn e€ cKkBo3b KOCMHUYECKOe
00J1aKO B OTAEJIBHBIX €r0 MEeCTaX MOTYT CO3aThCs YCIJIOBUsA Uit 0Opa30BaHUsI MUKPOCKOIIMYECKHX
YEPHBIX JBIP.

2. YepHble OpIpbl, BO3HUKIIHME B pe3yabTaTe Kojularca MaccuBHBIX 3Be3q (Puc.2.b). O6pasy-
I0TCSI OHU CJIeyIOIUM 00pa3oM. 3Be3/1a 3TO Ta30BbIi ap, KOTOPbIN YIUIOTHSETCS Ha MPOTSKEHUN
Bcell cBOei ;KkM3HU. [IponcXoauT 3TO 3a CUET YMEHBIIEHHUS PACCTOSIHUNA MEXY CHJIOBBIMU HUTSMM,
TO €CTh YBEJIMYEHUE UX CTEIIEHU CKATHsl, IPOHU3BIBAIOIIMMY €r0 BHYTPEHHIO nosocTb. Poct cre-
TIIEHU CKaTUs MIPOJOJIKAETCS [0 Hayalla TEPMOsAIEPHON peaklvu. 3aTeM TeIUIOBast SHEPTUsl, BbIIEIS-
IOLIASICSA [TPU STOM peaKIMK, HAUMHAET UX PaCIUIUPSATH, IEHCTBYS B IPOTUBOIOJIOKHOM HAIIPaBJICHUM.
B pe3sysbTare ycraHaBiIMBaeTCs paBHOBECUE, U YIUIOTHEHHE 3Be3/1bl ipekpaniaercs. Ilocne Beiropa-
HUS SIEPHOTO TOIUIMBA BbIIEIEHUE TEIJIOBOM SHEPIUM NMPEKPAILAeTCsl, U YIUIOTHEHHE BHYTPEHHETO
MIPOCTPAHCTBA 3B€3/Ibl BHOBb BO3OOHOBIISIETCSI. YMEHBILICHUsI PACCTOSIHAN ME3K/ly CHJIOBBIMHU HUTSIMU
IIPOUCXOIUT BHAYaJle B MEXMOJIEKYJIIPHOM IIPOCTPAHCTBE, 3aT€M BO BHYTPU aTOMHOM IIPOCTPaH-
CTBE. W B IOCJIE/IHEN CTaJUU BO BHYTPH SIIEPHOM IPOCTPAHCTBE aTOMOB XMMHUUYECKUX JIEMEHTOB,
coziepXKaIuxcsl B LIEHTpe 3Be3/1bl. B 3T0i cTagny paccTosiHUS MEXKy CUIOBBIMU HUTSIMU JOCTUTAIOT
MUHHUMAJIBHBIX pa3MepoB (1), AOMYCTUMBIX JJisi CONMMKEHUs OMHOMMEHHBIX 3apsiioB. B pesynbrare
MIPOMCXOOUT pa3pylleHUE MPOTOHOB M HEUTPOHOB, COAEPKALIMX B spax aroMOB, /10 MOCJIEIHUX
HEJIeJIMMBIX YaCTUUEK MaTeprUy 'PABUTOHOB U OHU PaCIIpelesIsiioTCsl BHYTPY CUJIOBBIX HUTEN
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Puc.2. Cxema nzo0paxeHust pa3IMuHbIX BUJOB YEPHBIX JIbIP.
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a — MUKPOCKOIIMUYECKHX; b — 00pa3oBaHHbIE B pe3y/IbTaTe KOJUIAICa MAaCCUBHBIX 3BE3M; C —
CBEPXMAaCCUBHBIE; S — CHJIOBasi HUTb; P — IPOCTOH; g — TPABUTOH

3. CBepxXMacCUBHBIEC YepHBIE AbIPHL. B pe3ynabrare acTpOHOMUYECKHUX HAOIOICHHUI IOCTOBEPHO
YCTAaHOBJICHO HAJIMYUE B ICHTPAX MHOT'UX TAJIAKTUK CBEPXMACCUBHLIX Y€PHBIX ObIP C MAaccoil MUJIJIU-
apIoB CoHEYHbIX Macc. [ToaToMy BCTaeT BOmpoc, KakuM 00pa3oM 3TH 3araJjouHble OObEKThl CMOTJIH
HAKOIUTh TAKKE KOJIOCCaTbHbIE Macchl. ECM penonokuTh, 9YT0 OHM MOTJIA 00pa30BaThCsl M3 Mac-
CHBHBIX 3B€3[] IIOCJIE MX KOJUIamca, TO 3T0 MajoBeposATHO. [loromy uTo 3Be3na JomkHa copmu-
POBaThCsl U3 KOCMHUYECKOro 00aKa, MpOXUTh KU3Hb Ha TJIABHOW IMOCIIEI0BaTeNbHOCTH. TlepexuTsb
KOJUIAIC ¥ MPEBPATUTHCS B YUEPHYIO JbIPY. 3aTeM MPUTSIHYTh K ceOe MUJUTMOHBI JPYTUX YAaTeHHbIX
OT He€ 3Be3/1, Pa3pyIIUTh UX U MOrIOTUTh. Ha BCE Ha 910 TpedyeTcs BpeMsi, HO Bo3pacT BeeneHHoM
cocrapiser 13,5 Mumapaa JieT, y HUX HeT BpeMeHU, Ha ipuoOpeTeHre Takoi macchl. C mo3ummu
CMOJIEJIMPOBAHHON CUCTEMBI XOJ] BOJIIOLIMHM CBEPXMACCHUBHBIX YEPHBIX AbIP MOT IIPOUCXOAUTH CIIENLY-
I0LTUM 00pa3oM

CBepxMacCHBHBIE YepHbIE IHIPBl 0OPA30BBIBAIMCH HA PaHHUX CTaausix (opmupoBanus Bcee-
JIeHHOH. B 3TO BpeMs B Hell MOIJIH MOSBIIATHCS 00JIACTH, Tie JIOMUHUPOBAIU (DIYKTyaIluy TUIOTHO-
CTU BEIICCTBA B COBOKYITHOCTHU C BBICOKOU CTEIEHBIO CXKaTUs CHIIOBBIX HUTEN. Takue O6J]aCTI/I BIIOJIHE
MOIJIM UMETDb NTPOTAKCHHOCTb B MUJJIMAPAbI KUJIOMETPOB. B Takux Mecrax MOXHO MMpEAIOIOKUTD,
YTO paCCTOAHUE MEXAY COCCAHUMHA CUJIOBBIMHA HUTAMU, MOIJIM YMCHBIINTLCA, 10 paCCTOHHHﬁ, cons-
MEpPHUMBIX C pa3MEepOM I'PAaBUTOHOB. B 3THX yCIIOBUSIX TPaBUTOHBI OyAyT IJIOTHO Pa3MeIleHbl MEKTy
MPOCTOHAMH, COCTABJISIIONIMMY CHJIOBBIE HUTH, a YepHasi Ablpa He Oy[eT, YBEJIUYMBAETCS B 0Ob-
eMe YeThIPEeXMEPHOTo MPOCTPAHCTBA, a OyaeT pactu BHYTpu ceds (Puc.2. c). B ¢oTroHHyI0 310Xy,
B 9Dy POXAEHHS 3BE3[l, YePHBIE JBIPHI C TAKOW MPOTSKEHHOCTHIO MOIJIM CTaTh 3apOIbIIaMy OyIy-
muUX rajgakTik. Oonagas KornoccaabHOW MacCOi, OHU OBUIM CITIOCOOHBI CKATh CHIIOBBIE HUTU BOKPYT
ceOs1 10 TAKOU CTETIeHH, YTO OKPYKAIOIIMe UX 3BE3/Ibl CTAIM UX CITyTHUKaMU. V3 Macchl 3THX 3Be3]1
¥ BEIIleCTBa elI€ He BOIIEANIEro B CTaIUI0 3Be31000pa30BaHMs, TU MOHCTPBI Ha MPOTSKEHHUH OCIIe-
AYIOIHUX IMIEPUOOOB KW3HU, HapalllUBAJIM CBOIO MACCy 10 BCJIMYNH, BBIYUCIICHHBIX aCTpO(l)I/BI/IKaMI/I
B HacCTosIlIee BpeMs
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3akJaroueHnue

HpeIIHO)KCHHaH CMOACIMpOBaHHaA CUCTEMaA B3aHMOHCﬁCTBHH MaTE€pUM C INIPOCTPAHCTBOM 1103~
BOJIACT OaTh JIOTUYECKH 000CHOBAHHBIE OTBETHI HA pAa HpO6JIeMHLIX BOIIPOCOB IO HETIPEPLIBHOMY
CIICKTPY MacCC YEPHBIX ObIP. A HNMCHHO, 110 BOBHUKHOBCHHIO 1 9BOJIIOIIUMHA MUKPOCKOITMYECKUX U CBEPX
MAaCCHUBHBIX YEPHLIX IbIP. Cucrema MOCTPOCHA Ha TUIIOTETUYECKON OCHOBE CyHECTBOBAHWU CUJIOBLIX
HUTEH IMPOCTPAHCTBA, KOTOPBIC B HACTOAIIEC BPEMA GHlé HE OTKPBITBI, HO UMCIOTCA KOCBEHHLIC JOKa-
3aTCJIbCTBA UX BJIMAHWA HA MHOI'OYMCJICHHBIC (1)I/I3I/IIIGCKI/I€ MMpOUECChI, ABJICHUA U 3aKOHOMEPHOCTH,
MMpoUCXoAIune B p€aJIbHOCTU.
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TanHncTBa AHTUTPABUTAINH

AHHOTaI_II/I}I. Hpe;maraeMaﬂ CTaTbd MPEACTABIIACT codoun HUCCIIEOOBAHUEC HpO6J'ICMH paBHOBE-
CUA CUJI NIPUTSAKECHUSA U OTTAJIKUBAHUA, I[OMI/IHI/IPYIOH_ICﬁ OCHOBBI BCEX (pI/ISI/I‘{CCKI/IX mpoueccoB Bce-
JICHHOM. Hccnepopanus MpOBOIUJIUCH C UCITOJIb3OBAHHUEM MOICIIN B3aHMOHCﬁCTBHH MaTepum C I1po-
CTPAaHCTBOM. B PE3YJIbTATE UX IMTPOBECACHUA JAHbI JIOTUYECKN 00OCHOBAaHHbBIE OOBSICHEHU A PpaBHOBECHUA
MPUTAKECHUA U OTTAJIKUBAHUA IJICKTPUUCCKUX 3apANOB HaA IMPUMEPE aTOMa BOAOPOIA. ITo HOBOMY
MMpeACTaBJICH MEXaHNU3M CTaOMJILHON YCTOﬁqHBOCTH IIOJIOKEHUE Ha 0p6I/ITC IUTAHETHI 3eMJIS pu ee
06paH_ICHI/II/I BOKpYT CO)'IHLIa. PaCKprTbI MPUYXHBI 3aMCIJIECHUSA CKOPOCTU KOCMHUYECKUX allllapaTOB
IIpU UX BBIXOIE 3a MPpEACIIbI COJTHEYHOH CHCTEMBI.

AxtyanbHOCTh. Ilo COBpeMEHHOMY NpPE/ACTaBJICHUIO YUY€HbIX BO BceseHHOH NOMUHUpYeT
OCHOBHOMW 3aKOH INpPUPOIBI — coxpaHeHue paBHoBecus [11]. Bce uaymume B Hell mpouecchl HOCAT
JBOICTBEHHBII XapakTep. BmecTe ¢ mpolieccamMy IpUTSKEHHMEM KOCMUYECKUX TeJl CUJIAMU I'PaBUTa-
LM, JOJDKHBI WATH U MPOLIECCHl OTTAJIKMBAHUS UX JPYr OT Apyra, CUjaMu «aHTUrpasurauuu. Ho,
HECMOTP#1 Ha JJIUTEJIbHBIN IEPUOJ M3YUYEHM 1, BOIIPOC O IPUPOJE OTTAIKUBAIOIIEH aHTUT PaBUTALIMUM
Ha CerofiHALIHUI JIeHb OCTaeTcsl OTKPbIThIM. [I03TOMY MosyueHue 1oruyeck 000OCHOBaHHBIX OTBE-
TOB, 10 STOMY BOIIPOCY SIBJISIETCS AKTYaJIbHBIM 1JIs1 COBPEMEHHOMN (PU3BHUKHU.

Llens. Ha ocHOBe cMOIeIMpoOBaHHOW CHUCTEMBI [JaTh JIOTMUECKM OOOCHOBAHHbIE OOBSICHEHHS
3aKOHA COXPAHEHUs1 pAaBHOBECH S ITPUTSKEHUSA U OTTAJIKMBAHUS B (PU3MUYECKUX MPOLIEccax, MPOUCXO-
AAIMX BO BeeneHHOM, Ha KOTOpBIe B HACTOSILEEe BPeMsl HET OIHO3HAYHbIX OTBETOB.

Hayunas HoBu3Ha. Ilo HOBOMY, MpelCTaBjeHbl MEXAHU3M B3aUMOJEUCTBUS EKTPUUECKUX
3aps0B BHYTPU aTOMOB XUMUYECKHX JIEMEHTOB U MeXaHH3M (hOPMUPOBAHHUsSI CTAOWIIBHON YCTOM-
YMBOCTH Ha OpPOUTAX IJIaHET.
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BBenenue

BaxHoe MecTo B COBpEMEHHOM MOHUMAaHUU (PU3MUECKUX peasluil 3aHUMAET MOHSATHE O CO3U-
JaTeJIbHOU POJIM B3aUMOJIENCTBU I IPOTUBOIIOIOKHOCTEN B OpraHu3alyy 1 (OpMUPOBaHUH OKpYKa-
Io1Iero Hac Mupa. IMeHHO 3TOT (hakTOp MMeeT ITTaBEHCTBYIOIee 3HaYE€HKE B €T0 Pa3BUTHH, CTAOWITb-
HOCTHU M paBHOBecuU. [6].

B Hacrosimee Bpems (pr3rueckoii HayKo¥ YCTAHOBJIEHO HAJTMYKME Y OOJBIITMHCTBA YaCTHUI] TIapT-
HEpPOB, UMEIOLIMX TaKKe ke MOKa3aTesIM 110 MacCe CIIMHY M BPEMEHHU KU3HU, HO TPOTUBOMOIOKHbIE
3HAKH I10 3apsJaM. DTU apTHEPbI HOCAT Ha3BaHUE AaHTHYACTUL. Tak aHTUYACTULIEH IEKTPOHA SIBJIS-
eTcsl NO3UTPOH, Y MPOTOHA aHTUIIPOTOH, EIMHCTBEHHBIM OTIIMYMEM 3THUX YACTHUI] SIBJISAETCS pa3HULIA
UX JEKTPUYECKUX 3apsAA0B, OCTAIbHBIE UX MOKA3aTeIM COBEPILIEHHO OJUHAKOBbIE. A BOT aHTHUYa-
CTUIICH HEUTPOHY CITYKUT aHTUHEUTPOH. OOe YacTHIIbl He UMEIOT SJIEKTPUIECKUX 3apsIoB, HO UX
MarHUTHbIE MOMEHTHI IMEIOT IIPOTUBOMOJIOKHBIE 3HaKU. OHM BpaIlaloTcst B 0OPaTHOM HAIpaBJICHUH.
VY (ortoHa Bce mokazaTenu COBNAAAI0 C MOKA3aTeIsIMU €r0 aHTUYACTHILIbl, [I09TOMY OH CUMTAeTCsl
VCTUHHO HEWTPAJIbHOW YaCTULIEH.
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

IIpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB II0OJHYIO JIETaJIbHYIO Bepcuio Ha JluTpec.

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