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IIpeaucioBue

BaxHoe MecTo B COBPEMEHHOM NMOHUMAHUM (PU3UYECKUX PeasInil 3aHUMAET MOHSTHE O CO3U-
AaTeIbHOM PO B3aMMOZEHCTBHS IPOTUBOIIOIOKHOCTEN B OpraHn3aly v popMUPOBAHUU OKPYKa-
I0I1Iero Hac Mupa. VIMeHHO 3TOT (hakTOp MMEET INIaBEHCTBYIOIIEe 3HAUSHUE B €T0 PA3BUTHH, CTAOHJTb-
HOCTU U PaBHOBECUMHM. MHOXECTBO TOMY IIPUMEPOB MOKHO HAlTH B )KMBOW U HE KUBOH IMpPUPOLE,
a TaKxe B JyXOBHOM IUIaHe.

Tak B pe3y/bTaTe B3aUMOAEHCTBUS MOJOXUTEIbHBIX M OTPULIATEIBHBIX 3apsAA0B BO3HUKAET
MEKTpUYECKast SHEPrusi, a GOpeHNe X0I0/1a U TeIlIa MOPOkKJaeT KIMMaTUIecKre pa3HooOpasus 1Jia-
HETHI.

MsuorooOpazue ¢GopM B COBPEMEHHOM IOHUMAHMM KMBBIX OPraHW3MOB CYIIECTBOBABLIMX
Y CYLIECTBYIOUIMX Ha 3eMJIE — 3TO MPOLYKT COEIUHEHUS KEHCKAX U MYKCKHUX Hadall, a pOXICHHUE
Y CMEPTB, JIeKaIle B OCHOBE OECKOHEUHOH uepe/Ibl CMEH MOKOJICHUI, SIBJISIETCS TapaHTUel CTaOuJTb-
HOCTH U NTPOLIBETaHMUsI OMOJIOTMYECKMX BUIOB.

CTOJIKHOBEHME pa3IMYHBIX MUPOBO33DEHUMM M B3IVIA0B POXKAAET MCTHHY, a IOKA3aTellb
60pbOBI 100pa U 3714 SBJISIETCS MEPUIIOM MOPAJIbHBIX YCTOEB YEJIOBEYECKOro OOIIECTBaA.

OpHaxo cieryer OTMETUTD, YTO JOMUHUPYIOLIEN OCHOBOW B CO3UIATEIBHOM POJIY B3aUMOAEH-
CTBUS NPOTHBOIIONIOKHOCTEN B ITyOMHHBIX Ipoleccax (pU3MYECKOro Mupa siBJIseTCs B3auMOJIe-
CTBUE €r0 OCHOBHBIX KOMITIOHEHT — MaT€pPUU U IPOCTPAHCTBA.

Hacrosmuii cOOpHUK COCTOMT U3 CTaTel, HAIIMCAHHBIX B COOTBETCTBUM C OA30BbIMU MPUHIIU-
[IaMU €MHCTBA B3aUMOJEWCTBUS MaTePUU U MPOCTPAHCTBA, U3JIOKEHHBIX B MPEABIAYIIUX padoTax
10 (pU3MKe MPOCTPAHCTBA

B HUX Ha OCHOBe aHaJIM3a MHOTOYMCIICHHBIX MAaTEPHaoB, ONYOJMKOBAHHBIX B HAYYHBIX JKyp-
Hasa (JKypHast SKCcriepriMEHTAIbHOM U TeOPETUYECKOU (PU3MKH), HaydHBIX 0003peHusix ([TpocTpan-
CTBO, BpeMmsl, rpaBuTarus nox pea. 0.C Bnagumuposa), yueOHbIX mocodusx (OOmmas u HeopraHu-
yeckast Xumus nog peal. A.f Yrail) u Apyrux MCTOUHMKAX BBISIBJIEH psl (PU3NYECKUX U XUMUUYECKUX
IIPOLIECCOB, SIBJIEHUI, 3aKOHOMEPHOCTEH, Ha KOTOPbIE Y COBPEMEHHbIX TEOPHIA TPAJULIMOHHON (PU3H-
YEeCKOW M XMMUYECKOM HayKM HET OIHO3HAYHbIX MCUEPIBIBAIOLIUX OTBETOB, & B MEXaHU3ME UX AeH-
CTBUS1 MHOTO HESICHOCTE! M COMHEHHUIA.

IIpu cpaBHEHUM OKa3aJ0Ch, UTO CMOJIEJIMPOBAHHASI CHCTEMA eIMHCTBA B3aMOJENCTBHS MaTe-
PUU U IPOCTPAHCTBA HE TPOTUBOPEUUT OCHOBHBIM (PyHJAMEHTaIbHBIM (PU3UUECKUM M XUMUYECKUM
3akoHaM. B e€ pamkax cHMMaercsi mpoOsnema 3akoHa coxpaHeHus sHepruu B OTO DiiHmreiiHa.
ITo HOBOMY, MCXO/Sl U3 PEaIbHOIO paclipeAeieHns] XUMUYECKUX JIEMEHTOB B IpeJesiaX COMHEYHOM
CHUCTEMBI, OOBSCHAETCS MEXaHU3M 0Opa30BaHUs MX B Hezipax 3Be3[. CrenaHbl MPOrHO3bI 10 U3Me-
HEHUIO TPaBUTALIMOHHOIO MOJIsI MaTepUaIbHbIX TeJl ¢ TEYEHUEM BPEMEHH, M0 pa3padOTKe METO/I0B
NoJTy4yeHus1 B OyIyIieM HOBBIX UCTOYHMKOB SHEPIUH, a TAKXKe OCBOEHHIO KaHAJIOB M0 MH(pOpMAaLH-
OHHOMY OOIIEHHIO 3eMJISIH C IPyTMMU [IMBUIM3ALMAMU Ha PUHLIMIIMATIBHO HOBOIM OCHOBE.

dusuka HayKka, OCHOBaHHAsl Ha ONBITAX, SKCIIEPUMEHTAX, JJOCTOBEPHO YCTAHOBJIEHHBIX (DAKTaX.
CmMmoznenmpoBaHHas clUcTeMa, KOTopasi MOJIoKeHa B OCHOBY JAHHOM paOoThl, Oa3upyeTcsl Ha MpeAro-
JIO)KEHUU CYIIECTBOBAHMS CUJIOBBIX JIMHUIM MPOCTPAHCTBA, OOBEKTUBHYIO PEaIbHOCTh KOTOPBIX KC-
NepUMEHTAIbLHO HEBO3MOKHO YCTaHOBUTh. B TO e Bpems ciieayeT OTMETUTb, YTO B MOJOOHBIX CIIy-
Yyasax Jyis NOATBEP:KICHNS TEOPETUYECKUX 0OOCHOBAHUH MTPOLIECCOB, POTEKAIOIINX B HEAOCTYITHBIX
IJI X M3MEpPEeHMs] MeCTaX, UCHOJIB3YIOTCS KOCBEHHbIE JoKa3aresbcTBa. Hampumep, Heapa 3Be3.
ITOT NpUeM UCIOJIb30BaH 1 B ITaHHOH padote. Tak, Harnpumep, pe3y/bTaTsl MOJEIMPOBAHHS HAXOAT
KOCBEHHOE NOATBEPKICHUE B PEAJIbHO MPOTEKAIONIMX (PUBNYECKUX IpoLeccax U sABaeHusAx. Cmone-
JIMPOBaHHAs CUCTEMa TO3BOJISIET BHECTU OIPE/IENIEHHYIO SICHOCTh B CYLTHOCTb (PM3MUYECKUX MTPOLIEC-
COB, SIBJICHUI U B NIOBEJICHUE OT/IEJIbHBIX JIEMEHTAPHBIX YaCTHUL], O KOTOPBIX B HAYKE JJO CUX IOp HET
OJTHO3HAYHBIX OTBETOB. BBIBO/IBI MOZIETMPOBAHUS TTO3BOJISIIOT CAETATh MPOTHO3BI PEIIEHHs TIPOOIeM
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Y IyTel pa3BUTHS NMO3HAHUS (PU3MUECKUX CBOICTB MAaTepUAJIbHBIX TEJI, IPOLIECCOB U MX B3aUMOJIEH-
CTBUM B CBETE COBPEMEHHBIX O HUX MPEACTABJICHUSX

B Hacrosimem cOOpHMKE TIPE/ICTaBICHBI CTAThU C TIO3UIIMU CMOIETMPOBAHHON CUCTEMBI €J1H-
CTBa B3aMMOJIEHCTBUSI MaTepUH U MpoCcTpaHcTBa. VX HOBH3HA 3aKJII0YAETCsl B TOM, YTO B HUX (PU3U-
YecKue TOJIsl, 3aKOHBI, SIBJIEHHSI M MPOIECCHl pacCMATPUBAIOTCS ¢ 0A30BBIX MPHUHIMIIOB CMOJIEIH-
POBAaHHOHM CUCTEMBI, COIJIACHO KOTOPBIX MaTepusi U MPOCTPAHCTBO B3aMMOCBS3aHbl U HAXOIATCS
B HENPEPbIBHOM B3auMoaercTBrU. POpMOii B3aMMOCBSI3U MaTepUU U IPOCTPAHCTBA SIBJISIETCS BPEMs,
a B3aUMOJIEICTBUE MKy HUMM OCYILECTBJISETCS C MOMOIIBI0 SHEPTUU MATEPUU U SHEPTrUM IpO-
CTPaHCTBa, KOTOPblE HE MOTYT CYHIECTBOBAaTh OTIEJBbHO, a HEMPEPHIBHO MEPEXOAT ApYyr B APYra,
MMEHHO B 9TOM M COCTOMT (PYH/IaMEHTAJIbHOCTh 3aKOHA COXPAHEHU S SHEPIUU

Ilepexon onHOM 3HEPrUX B APYIYIO0 OCYLIECTBIISIETCS C MIOMOILBIO IPOTOHA U JIeKTpoHa. [IBU-
rasich 10 CUJIOBBIM JIMHUSM MPOCTPAHCTBA MPOTOH CKUMAET UX, 3aTpauynBasi Ha 3TO CBOIO SHEPrHI0
ABUKEeHUs (3Hepruio Matepun). [Ipu 3Tom cxaTum NpoucXoauT NepeBo] SHEPrUu MaTepU B SHEPTUIO
IIPOCTPAHCTBA ITyTEM €€ KOHCEpPBALUY 3a CYET CKATHSI CUJIOBBIX JIMHUI IPOCTPAHCTBA. DJIEKTPOH NIpU
ABWKEHUU TI0 CUJIOBBIM JIMHUSIM TIPOCTPAHCTBA PACHIMpPSIET UX. MPU 3TOM BBICBOOOXKIAeTCs 3aTpa-
YeHHasl Ha UX CKAaTHe SHEPTUU MaTepu DTUM U OOBSICHSACTCS TOT (DAKT, UTO EKTPOH MPOIOIKAET
ABWXKEHUE TPU TeMIeparypax ONMM3KHUX K aOCOTIOTHOMY HYJIIO, KOTJa BCE JIeMEHTAPHBIE YaCTHUIIbI
OCTAHABJIMBAIOTCS, a Takke TO. UTo y (pOTOHA HET aHTMYACTULBI. XOTs, C TOYKU 3PEHHUs], CMOJE-
JIMPOBAHHOM CHCTEMBI y (DOTOHA €CTh» CBOEOOpa3Hasi aHTMUACTHIIA aHTU(MOTOH». [leso B ToM, 4TO
(bOTOH enuHUIA U3MEPEHH ST SHEPTUN MAaTEePUH, & «aHTU(OTOH» €AUHUIIA U3MEPEHHUsI SHEPIUU TPO-
crpaHcTBa. POTOH 3TO YacTh CBETOBOM JIEKTPOMATHUTHOM BOJIHBI, HA HEE MPUXOJUTCS MAKCUMYM
SHEpPruv Marepyu U MMHMMYM SHEPrUU MPOCTPAHCTBA, KOTOPasi BOCHPUHUMAETCS] OpraHaMy Hallux
YYBCTB U (PUKCUPYETCS Pa3TUUHBIMUA (PU3UUECKIMU TPUOOpamMu. « AHTU(OTOH» ITO YaCTh CBETOBOM
BOJIHBI, HA KOTOPYIO IPUXOAUTCS MUHUMYM MaT€pUM SHEPTUU U MAKCUMYM SHEPIMU POCTPAHCTBA.
OnHa He BOCIIPMHMMAETCSl OpraHaMu HalllMX YyBCTB, IO9TOMY OHa HEBUAMMA U s €€ (puKcaluu
B HACTOsIIIIee BPeMsI HET COOTBETCTBYIOIIMX (PU3NIECKUX IPUOOPOB.

Bce crarbu ommyOnKoBaHbl B COOpHUKAX KOH(pepeHInH, KoTopsie mpoxoauau B 013—2015 rr.
B CIIIA, Kanane, I'epmanun Poccun (MockBa, Cankt — [etepOypr).
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OoOpa3oBaHue XUMHYECKHUX JIEMEHTOB B HeJIpax 3Be3]] —
pe3yJbTaT B3auMOECTBHSI MaTePHH U MPOCTPAHCTBA

ITo coBpeMeHHBIM ITpe/ICTaBIeHUSIM 00pa30BAaHNE HOBBIX XUMUYECKHX JIEMEHTOB ITPOUCXOAUT
B He/Ipax 3Be3[l, IJIe C MOBbIIIEHUEM TEMIIEPATyPbl PE3KO BO3PACTAIOT CKOPOCTU XaOTUYHO JIBHIKY-
LIMXCA OTAEJBHBIX IIPOTOHOB M HEUTPOHOB. CKOPOCTH IOCTUTAlOT TAKUX BEJIMYMH, YTO MOSBIAETCA
3HAYMTENbHAS 1011 BEPOSITHOCTU MX CONMMKEHUS IO PACCTOSTHUM, TIPH KOTOPBIX OHM OOBEJUHSIIOTCS.
B pesynbrare nosABIAI0OTCA spa Pa3IMYHbIX JIEMEHTOB OT IeJIus JI0 JKeJle3a. TO MPOUCXOAUT B HEl-
pax 3Be3/1, Macca KOTopblx He Oonee macchl ComnHia. 3Be3bl Y KOTOphIX Macca Oosiee IBYX Macc
ConHia KOJIaNCUpYIOT, IPU 3TOM IIPOUCXOAUT NEPEMENIMBAHUE BEILECTB, HAXOASAIIMXCA B pa3HbIX
00J1acTsaX 3Be3/1bl. B TaKMX yCIOBUSX MHTEHCUBHOCTD M KOJIMUECTBO SIACPHBIX PEaKIMid yBETMUMBa-
ercsi. B pe3ynbrare NosBIAIOTCS MEIJIEHHO JBMIKYILMECS] HEUTPOHBI, CHOCOOHBIE TPOHUKATH B S/Ipa
XMMHUYECKHUX JIEMEHTOB. f/ipa ¢ M30BITKOM HEUTPOHOB He cTaOWiIbHbL. O/IMH U3 HETPOHOB pacria-
JaeTcsl Ha IMPOTOH U JIEKTPOH, KOTOPBIM BbUIETAET U3 A1pa, Y spa YBEIUUMBAETCS 3aps] U OHO
CTaHOBUTCS SIAPOM OoJiee TSKENIOro 37eMeHTa. TakiM clocoO0M 00pa3yloTcsl lIEMEHThI OT KOOaJIbTa
no ypana. Cocrasistonpe 72% I1CD. [Ipu TakoM BapraHTe BEpOSITHOCTh 00pa30BaHM XUMHYECKUX
3JIEMEHTOB B KOJIMYECTBEHHOM BBIPAKE€HUU JOJKHO OBITh OAMHAKOBOM Y BCEX 2JIEMEHTOB BIUIOThH
10 KeJle3a, OIHAKO B PEaJIbHOCTU 3TO JAJIEKO He TaK. XMMHUYECKMI aHAJIU3 COCTaBa IUIAHET, UX
CITyTHUKOB, KOMET, aCTEPOU/IOB, HACEJISIOIIMX COJIHEYHYIO CUCTEMY, MOKa3bIBAET. UTO B HUX JOMMU-
aupyor O, N, Si, S, Ca, K, Fe. [lons ocTranbHBIX 31€MEHTOB B pa3bl MeHblle. A jij1si 06pa3oBa-
HUSI BCEH MX MAacChl KOJIMYECTBO CBEPXTOUYHBIX «CIUSIHUNA» U «3aCTPEBAHUN» JOIKHO COCTaBIISITh

1081 CEeKYH/y, UTO BecbMa U BechbMa IpodiemariuHo. ClieioBaTe/IbHO, HAPSY, C STUMH CIIOCO-
06aMu CyIIECTBYIOT U Jipyrue 0osee 3(GeKTUBHBIC CIIOCOOHL.

Takum crocoOoM, N0 MHEHUI0 aBTOpa, MOXET ObITh 0Opa3oBaHHE XMMHUYECKHUX JIEMEHTOB
B pe3yJibTaTe B3auMOJEHCTBHUS MaTepuu 1 ipocTpaHcTBa. CyTh €ro 3aK/I04acTcs B CIIEIyIOIEeM.

IMPUHIIAIIBI MOJAEJIMPOBAHUA

Peayiun (R) okpy:xaroiero Hac Mupa MOKHO MPEACTABUTD Kak:

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

T — BpeMs popMa B3aMMOICHCTBUSI MATEPUU U TTPOCTPAHCTBA.

Eg — sHeprus ¢popma B3aMMOCBSI3M MAaTEPUH U IIPOCTPAHCTB

B cmonenrpoBaHHOM cucTeMe, YTOObI ITyOKe MOHSATh POJib KAKAOW U3 KOMIIOHEHT, MaTepust
Y TIPOCTPAHCTBO OBbLIM pasJieieHbl A0 MOCISAHMX HeJeIMMBIX (TMIOTeTHYECKHX) YacTHIl U 0003Ha-
YeHBI CJIETYIOIUM 00pa3oM:

€ — TIOJIOXKUTEJHHO 3apsDKeHHAs! YaCTUIIA — TPABUTOH

P —OTpHUIIATENBHO 3apsKEHHAsT YaCTUIA TPOCTPAHCTBA — MPOCTOH.

I'paBUTOH 3TO («rOpsAYMIi») CTYCTOK SHEPTUM MAaTEpPUHU, a IPOCTOH 3TO («XOJOAHBIN») CI'YCTOK
sHepruu npocrpancTea Oda crycrka o0pa3oBaIuch B HAYaIbHOM CTaauu 00pa3oBaHust BeeaeHHOM.

YacTuiibl OAMHAKOBBI IO MOLYJII0 M OOPATHBI TI0 3HAKY.

[TpocTpaHCTBO B CMOJETMPOBAHHOM CHCTEME MPE/ICTABJICHO COBOKYITHOCTSIMH IMPOCTOHOB,
COOpaHHBIX B «CHJIOBbIE JIMHUW», KOTOPBIE, B CBOIO 0Yepe/ib, 00pa3yloT CBOeOOPA3HYIO «CeTh», PaB-
HOMEPHO HAIpsIKEHHYIO BO BCEX HAINPABJIEHUSX 3 CUET CHJI OTTAJIKMBAHUSI OJJTHOMMEHHBIX 3aps/IOB.

Marepusi B CMOIETMPOBAHHOW CUCTEME MPeCTaBIseT COOOW COBOKYITHOCTh IPAaBUTOHOB, pa3-
MEIEHHBIX OIpeAeIeHHBIM 00pa30M MeXIy CHJIOBBIMU JIMHUSAMU MpocTpaHcTBa. Criocodamu 3THUxX
pa3MeleHni onpeesnsieTcsi Bce MHOrooopasue (pu3Mueckoro Mupa.

Bce marepuanbHble Tesa (OT YacTHIL 10 TAIAKTUK) JABMKYTCS B CHUJIOBBIX JIMHUSX TPOCTPaH-
crBa 1 aAedopMupyiot ux. [IpoToH ckUMaeT, a MEKTPOH PaCIIUpPSIET CHJIOBbIE JTMHUM IPOCTPAHCTBA
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B stom ux (pyHIameHTanbHOE CXOACTBO U pasnuyue. HecMoTpst Ha TO, UTO MPOTOH TsKENee MeK-
TpoHa B 1840 pa3z, y 000MX yacTHIl OIMHAKOBBIE 110 BEIMYMHE, HO pa3HbIe 10 3HAKY 3apsi/Ibl.

DHeprus sABjsieTcs: GOPMON CBSI3U MEXk]ly MaTepyel U MPOCTPAHCTBOM. 3[IECh OHA BBICTYIIAET
B JIBYX MIIOCTACSIX — SHEPIUM MaTepry U SHEPIUY MPOCTpaHCTBa. B coBpeMeHHOM Mupe Bce (hu3u-
YecKue, XUMUYECKHe, OMOJIOrMYecKue, sAepHbIe MPOIIECCHI, SIBJICHMU s, B3AMMOAEHCTBHS TPOUCXOST
MIPY HETOCPEACTBEHHOM Y4acTuu 00ouX BHUAOB dHeprud OHHM B3aUMHO TEPEeXOAST JAPYr B JIpyra
U CITy’KaT OCHOBOM J1s1 ()OPMUPOBAHMSI BCETO MHOTOOOPA3Ms pa3IMUHbIX BUOB MaTepraIbHOMN SHEp-
MU ¥ CTIOCOOOB UX Tepexoia OMHOTO BUAA B APYTOM.

PE3YJIBTATBI MOJIEJINPOBAHUA

C poCTOM TpaBUTAIIMOHHOTO CKATUs B HEIpax 3Be3Jl YBEJIMUMBACTCS CTETeHb AedopMaliu
(cxkaTusl) CUJIOBBIX JIMHUM BHYTPHM 3BE3JHOTO NMPOCTpaHcTBAa. M Kak TOJNBKO OHA IPEBBICUT CTe-
neHb e opMaliy CHJIOBBIX JIMHAN BO BHYTPHATOMHOM IPOCTPAHCTBE aTOMa BOIOPOIA, JEKTPOH
MPeooJieBaeT MpUTSDKEHNe sapa (OH JIBUKETCs B HAMpaBJICHUH OoJiee BHICOKOM CTETICHHW CHKaTHS)
U «BBUICTAET» U3 aTOMa, B pe3ynbrate nonyyaercst «OyJIbOH» U3 BHICOKO SHEPIMUYHBIX U BBICOKO CKO-
POCTHBIX ITPOTOHOB U IJICKTPOHOB. HpI/I IIEUII)HGI;'IHICM YBEJIMYCHUM CTCIICHU CKATHUA CUJIOBBIX JIMHUANR
MPOCTPAHCTBA MPOTOHBI MOTJIOMIAIOT JIEKTPOHBI M IIPEBPAIIAIOTCS B HEUTPOHBL. [IpOTOHBI 00bEIUHSI-
I0TCSI C HEUTPOHAMHM U 00pa3yloTcs IEUTPOHBI. [IBa IEUTpOHA CIIMBAIOTCS W 00OPa3yIOT MEPBbIN SHEP-
TeTUYECKUH CJI0M s1/1ep XMMUYECKUX JIEMEHTOB (S1/1pO TeNsl) C BbIICJICHUEM SAEPHON SHEPruu

Takum 0Opa3oM, reiuil sIBIseTCs MepPBbIM JIEMEHTOM, 00Pa30BaBIIMMCS U3 sIIep BOIOPOIA
B HeJpax 3Be3l.

[leiTpoH

() He#lTpOH  (p) mpoTow

Puc. 1 Cxema sigpa renus

CormnacHo 06H.[CHpHHHTOﬁ KJIaCCI/I(I)I/IKaLII/II/I QJICKTPOHHOTI'O CTPOCHUSA aTOMOB 3JICKTPOHHAS

KOH(pUIypaLWsi aToMa re/ns 06o3Hauaercs 1s%. ATOM reJiisi B HOPMAJIBHOM COCTOSIHAU TIPEICTAB-
AT coOOH AIPO, COCTOAINIEE U3 JBYX MPOTOHOB U JIByX HEWTPOHOB, 00pasyloLIMX MEPBBIA ep-
HBIi cr1ofi (¢~ €101 @ ~ €10y peex xumudeckix amementoB TICD (Puc. 1), BOKPYT KOTOPOTO ABHKYTCS
JIBa 3JIEKTPOHA C AHTUIIAPAJIEBLHBIMU cliMHaMU. O0a 3IEKTPOHA HAXOIATCA HA HAMHM3IIEH 10 SHEp-
UM opouTaK 1, rpaHUYHAs TIOBEPXHOCTh KOTOPOM ABJIAETCS CAMMETPUYHO-C(heprudeckoid. BHyTpu
3TOM MOBEPXHOCTH CUJIBI CKATUSA yPABHOBELIMBAIOTCS CHJIAMU PACIIMPEHMS HA TPAHUYHOI TTIOBEPX-
HOCTH, TJI€ 3MEKTPOHHASA TIOTHOCTh JTOCTUTAET CBOETO MAKCUMAJIHOTO 3HAYEHHMS, TIOSTOMY CTETEHb
nebopMarum (CKaTHeE) CUTOBBIX JIMHUIA IPOCTPAHCTBA JI0 TPAHUYHOM MOBEPXHOCTH BBICOKA U OIHO-
poIHa, a 3a Hell (TO ecTh BOKPYT 3(h(heKTUBHOIO pajuyca aToMa) OUeHb HE3HAUMTENIBHA, UTO JIEJIAET
XMMHYECKYIO CBA3b TeNHs C APYTMMH dJIEMEHTAMH TPYIHO JOCTYNHOM. Tak, HanpuMep, 1jis aToMa
res IPOMOTUPOBAHKE JIEKTPOHA C OpOMTaIH 1S Ha OpOMTasIb S TpeOyeT 3aTpar sHepruu 1672 kJIx/
MOJIb, UTO B OOBIYHBIX PEAKLIMSAX HE OTMEYAETCSI, IOITOMY IeJIUiA He 00Pa3yeT BAIEHTHO-XUMUIECKHX
COeIMHEHU.
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/ﬁ{\
. MepBbiii AgepHEI# cnoR

() Bropoit AgepHIii cnof

Puc. 2 Cxema sigpa nmutus

AtomoM renus 3akaHunBaetcs [ nepron IC3. V Hero nomHocThio chOpMUPOBaH NEPBBI O~
KUK OT siApa 1eKTpoHHbIN ciio (K-cnoit). Takoit ke coil pucyTCTBYeT B aTOMaxX BCEX OCTalIb-
HbIX 351emeHToB [1C.

Puc. 3 Cxema snpa kuciopona

[To mepe ycunenus creneHu nedopMaliy CHJIOBBIX JIMHUI MPOCTPAHCTBA B HEApaX 3BE3/Ibl
K SIIpy TeNUsi, COCTOSIINIEMY U3 JIBYX JIEHTPOHOB, IPUCOSIVHSIIOTCS TPETHI JAEHTPOH U CBOOOIHBIH
HEWTPOH M 00pa3yloT BTOPOW SIEPHBIA CJIOM BCEX MOCIEAYOIIMX 32 TeMeM JIEMEHTOB, TIPU STOM
CBOOOHBIN HEUTPOH BHITIOJIHSIET POk «Oydepa», He AaBasi CJIOSIM CIIMTHCSI BOSIMHO. DTO AP0 JIUTHUS
MEPBOro XMMHUUYECKOro 35ieMeHTa Broporo nepuona [1C (Puc.2) [IpucoesuHUBIIMIACSA K SIIPY Tenus,
AEUTPOH U3MEHSIET KOH(UTYPAITHIO €ro AEKTPOHHOTO 0O1aKka. JIMTHii epBblii JIEMEHT, C KOTOPOTo
opmupyetcs Bropoit anekTpoHHbld cinoit (L — cioit, n=2). Ero TpeTuil 31eKTpPOH HE MOKET HaXo-
JWTCS Ha OpOUTAIM 1S, Tak KaK TaM yxke HaxXOISATCs [1Ba JEKTPOHA, a comiacHo 3arpera [laymu
Ha OJIHOW OpOUTAIM MOTYT HAXOIUTCS TOJIBKO JIBA IEKTPOHA, TIOSTOMY TPETHI JIEKTPOH 3aIOHSIET
c OoJiee BBICOKMM 3HAYEHUEM SHEpPruH OpOHUTabh S. L — CIION sIBISETCS BHEIIHUM 3JIEKTPOHHBIM
cioeM aroma Jutus. HesHauuTesnbHasi creneHs AeopMaluy CUIOBbIX JIMHUAN TPOCTPAHCTBA BHEIII-
HETo JIEKTPOHHOT'O CJIOS B HAJIMYKE HEOOIBINOTO 1Mo 3(p(eKTUBHOCTH 3apsijia sapa, NesIaloT BHEITHUI
NIEKTPOH JIUTHSI JIETKO JOCTYITHBIM JUIsi 0Opa30BaHMsI KOBAJIEHTHON XUMHUYECKOH CBS3U C APYTUMHU
XUMUYECKUMHU JIEMEHTAMHU.

Puc. 4 Cxema sigpa HeoHa

Bepwiumii (Be) oOpasyercs B pe3y/bTaTe MpUcOeIMHEeH! s OYePeJHOTO ISUTPOHA K SI/IPY JIUTHS

2 2 o o
BO BTOPOM 2HEPIreTUYECKOM CJIOC. Ero QJICKTPOHHAA (pOpMy.]'Ia 1s” s , Ka)KIIbII/I ACUTPOH OKAa3bIBACT
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nedopMUpyIollee BIUSHUE Ha ONPEAEIEHHOE KOJTMUECTBO CUIIOBBIX JIMHUI ITPOCTPAHCTBA, T03TOMY
MIPUCOEIVHUBIIMICS JEUTPOH YBEINYMBAET 00BEM BHYTPH aTOMHOTO IPOCTPAHCTBA BO BHEIIHEM
JIEKTPOHHOM CJIO€ M TOBBIIIAET CTeTNeHb JeOpMaliy CHUJIOBBIX JIMHUI BO BHEIIHEM 3JIEKTPOHHOM
cioe [lecbopmupoBaHHble (CKaThie) UM CUJIOBBIC TMHUM YaCTUYHO MEPEKPeluBaIoTCsl (HaKJIaIbiBa-
I0TCS1) C CUJIOBBIMU JIMHUSIMU ITPOCTPAHCTBA, 1e(POPMUPOBAHHBIMU MPEABIAYIIMM. AEUTPOHOM. Tak
KaK, CHJIOBBIE JIMHUM ITPOCTPAHCTBA COCTOSIT U3 TIPOCTOHOB, PE/ICTABIISIONINX COOOM BOJIHY-YaCTHILY,
TO MPU HAJIOKEHUU MPOUCXONUT MX MHTeppepeHuus. Tam, rae ¢a3pl BOJH COBINAJAIOT MPOUCXO-
JWT TOBBIIEHUE CTETIEHU J1e(pOpPMalIM CUJIOBBIX JIMHUI MPOCTPAHCTBA U C HEW BMECTE YBEIUYMBA-
eTCsl BEpOATHOCTh MPeObIBAHMUS JIEKTPOHOB, a TJIe HE COBIMAAAIOT UX MOHIKEHHE U, CIIEIOBATENIBHO,
YMEHBIIIEHUE BEPOSTHOCTH MPEeObIBAHMS JIEKTPOHOB, TTOITOMY. JIEKTPOHHOE 00JIAKO atomMa OepHJI-
JIMSl COCTOUT M3 CTYILIEHUI U pa3peKUBaHUN

. - NepBLIA CNOA

. BTOPOW CNOM
. - TPTHIA AOepHbLIA CNIOR

Puc. 5 Cxema sigpa aprona

Kak u nutuii, 6epryuinii XMMUYeCKU aKTUBHBIN JIEMEHT, XOTsI HECKOJIBKO eMY YCTYTIaeT.

Bop nAThI 37IeMeHT MepruoMYecKOi CUCTEMBI. DJIeKTPOHHAS CTPYKTypa Oopa 1s%§? pl.

Bo BropoMm siepHOM citoe siipa 6opa, (hopMUPYIOIIEM KOH(PHUTYPAITUIO JICKTPOHHOTO 00JIaKa
aroma Oopa Tpy JIeHTpoHa

[No xuMuYeckor akTHBHOCTH OOp He ycTymaeT Oepusutiio. [ledopmariiy CUITOBBIX JIMHHIA TTPO-
CTPAHCTBA BO BHEIIIHEM JIEKTPOHHOM CJIO€ €ro MMeeT NMPOCTPAHCTBEHHYIO HANpaBiIeHHOCTh M3-3a
KalHOCUMMETPUYIHOCTH aToMa OOpa ero BaJICHTHBIE JIEKTPOHBI MeHee SKPaHUPOBaHBI OT 3apsiia
sI7Ipa, ero MOHW3AIMOHHBIN TIOTEHINAN coctaBisger 8,3 3B, a 090—2,0, cam aTom numeeT HeOOJIbIIIHE
pa3Mepsl. Be€ 310 onpenensier HeMeTaIMuecKylo Mpupory oopa.

Vrnepoa nepBbiii aneMeHT IV rpynmbl nepriogudeckor cuctembl. OH oOpasyeTcsl B Heipax
3BE3]1 MyTeM CIUSAHUS TPEX siiep renus ¢ BbiaesneHueM sHeprun 0,80% ot sHepruv mokosi. JJek-

TpOHHas1 popMyJIa aToMa yrjiepoaa 1s% s p2. Bropoii sinepHblii cinoit coctaBisioT 4 aeirpona [pu-
COE/IMHUBIIMICS YeTBEPTHIN IEUTPOH, CKUMAsi CUJIOBBIE JIMHUKM BHYTPH aTOMHOTO MPOCTPAHCTBA,
pacimpsieT MPOCTPAHCTBEHHYI0 OPUEHTALIMIO BHEIITHETO JIEKTPOHHOTO 00Jaka (opOUTaib p) U TeM
CaMbIM YBEJIMUMBAET €ro BO3MOKHOCTH JIJIsl TIEpPEeKPEIIMBaHUS C MEKTPOHHBIMU OOJIaKaMU C Jpy-
TMMH 3JIeMEHTaMH. TO U ONpe/iesisieT XMMUUECKe CBOMCTBA atoMa yriepoa. Tak a/1eKTpoH, ypaB-
HOBEIIMBAIOIIUI CHJIBI CKATUSI YeTBEPTOro NEUTPOHA, 3aloNHsIeT OpOUTalb P U JIeNaeT YIriepos
JBYXBAJIEHTHBIM 3JIEMEHTOM, HO IPOCTPAHCTBEHHASI OPUEHTAIMS BHEIITHETO SJIEKTPOHHOT'O CJIOSI TIPU
BO30YXK/IEHMM aToMa JefiaeT BOZMOXHBIM MPOMOTUPOBAHUE OIHOTO M3 CIAPEHHBIX MEKTPOHOB C
OopOUTAN S HA OPOUTATIB P, UTO JIENIAET €ro YeThIPeXBAJIEHTHBIM

A3oT niepBbii aeMeHT V — rpymisl [ICD. DnekTpoHHas popMyia azota 152 s p3,. Bo BTOpOom
SIZIEPHOM CcJioe a30Ta 5 nedTpoHOB HOBBIN (TISITHINM) AEUTPOH CKUMAET CHIIOBBIE JIMHUU MPOCTPaH-
CTBA BO BHEIIIHEM 3JIEKTPOHHOM CJIO€, a TIPUTSHYTHI UM JIEKTPOH 3arofHAET OpOUTab P M TEM
CaMbIM TPOIOJIKAET PACHIMPSTh €r0 MPOCTPAHCTBEHHYI0 OPUEHTAIUIO, TO €CTh (POPMHUPOBATH €T0O
XAMUYECKHe CBOHCTBA. [IpocTpaHCTBEHHAs HAITPABIEHHOCTh BAJICHTHBIX OpOUTAJNICN P B COBOKYII-
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HOCTH C BBICOKOU CTEIEHLIO IICCpOpMaLII/II/I CWJIOBBIX JIMHUN MMPOCTPAHCTBA BHEITHETO 3JICKTPOHHOI'O
CJI0s1, IeJIaeT a30T OIHUM M3 aKTUBHEUIINX XUMHUYECKUX JIEMEHTOB.
Kucnopon Bockmoti anemenT [1CD u ¢ Hero HaunHaetcst VI rpynma. OH, Kak U yriiepos, oopa-

3yeTcsl B He[lpax 3Be3[ IyTeM CIMSHUSA ABYX sJep yriepona. DeKTpoHHas popMyJia KUCI0poaa 1s?

s2 p4 Bropoii sipepHblil ¢10i KUciIopoaa cocTouT u3 mectu eidTpoHoB (Puc.3). [lectoit (HOBbIIT)
JEUTPOH, C)KMMAeT CUJIOBBIE JIMHUM MPOCTPAHCTBA BO BHELIHEM 3JIEKTPOHHOM ciioe. [IpuTsaHyThii
VM 3JIEKTPOH HEe MOXET 3allOIHUTh BAKAHTHYIO HOBYIO opouTaib (3d), Tak Kak OHa IPOCTPAHCTBEHHO
HEJIOCTYIHa Ui 1epopMaluy CUJIOBBIX JIMHUM JAEUTPOHAMHM BTOPOTO SHEPreTUYECKOro SAEPHOTO
CJI0$1, TIOSTOMY HOBBIF JIEKTPOH 3arOHSIET OpOUTAb P C HAXOSAIIMMCS TaM 3JIeKTPOHOM. Bbico-
Kas cTerneHb JedopMaluyl CUJIOBBIX JIMHUN MPOCTPAHCTBA BHEIIHETO 3JIEKTPOHHOTO CJIOSI B COBO-
KYITHOCTH C TIPOCTPAHCTBEHHO! HAIPaBJIEHHOCTHIO BaJIGHTHBIX OpOUTasIel, ejlaeT KUCIOPO/T OHUM
N3 CaMbIX arp€CCUBHBIX XUMHNYCCKUX JIEMCHTOB. ITo XxMUYecKkol aKTUBHOCTH KHCJIOPOJ YCTYIacT
TOJIBKO (pTOPY.

Kucnopon camblii pacripocTpaHeHHBIN JIeMEeHT Ha 3emJyie M 00pa3yeT OrpoOMHOE KOJTUIECTBO
COETMHEHUH C APYTUMH JIeMEHTAMH.

®rop Bozrasnser VII - rpynmy anemenros [IC3. Ero anektponnas ¢popmyia 1s%s? p5 VY Hero
7 IEUTPOHOB BO BTOPOM SIIEPHOM ciioe. PTOp AOBOJIBHO PACHPOCTPAHEHHBIN JIEMEHT B MPUPOJIE.
Beicokas crenens nqeopmanivu (CxaTusi) CUIOBBIX JIMHUM MPOCTPAHCTBA Y HAUBBICIIIMI NIOKA3aTEN b
o O30 (4,0) nenaot PpTop caMpIM XMMUYECKH AKTUBHBIM JIEMEHTOM MEPUOJUYECKON CUCTEMBI.

Heonowm 3akanumBaercs 11 — ot nepuop [1CD u 3aBepiiaercs 3an0MHEHUE JEUTPOHAMU BTO-
poro sinepHoro ciost (Puc.4). OH 006pa3oBbIBaeTCs B He/Ipax 3Be3[] CIIMSHUEM JIBYX sIIEp KUCIOPO/a.

DreKkTpoHHas (popmysa HEOHA 1% s p6. Y atoma HeoHa HET CBOOO/IHBIX (BaJICHTHBIX ) JIEKTPOHOB.
BocbMoO¥1 271€KTPOH ¢ aHTUNApaJIeIbHBIM CIIMHOM, IPUTSHY T BOCBMBIM JIENTPOHOM BTOPOT'O SHEP-
TeTUYECKOTO CJIOS spa, 3aroHsIeT OpOUTaIb P, C HAXOASIIIUMCS TaM JIEKTPOHOM, TO3TOMY BCe
NIEKTPOHBI Y aTOMa HEOHa criapeHHble. 13-3a OTCYTCTBHS BO BHEIITHEM 3JIEKTPOHHOM CJI0€ CBOOO-
HBIX OpOUTANIEH MPOMOTHPOBAHKE OTHOTO U3 CIIAPEHHBIX AIEKTPOHOB HEBO3MOKHO. [IpocTpaHcTBeH-
Hasl OpyeHTauus gedopMaluy (CKatusl) CUJIOBBIX JIMHUN IPOCTPAHCTBA BHEIIHETO JIEKTPOHHOTO
CJIOSI aTOMa HEOHa, OCYIIECTBIIsIEMasi BOCbMbIM IEITPOHOM, CMBIKAETCS C TAKOBOM, OCYIIECTBIISIEMON
MIEPBBIM JIEMTPOHOM, U TepsieT HamlpaBieHHOCThb. [Ipu 3TOM creneHs JedopMalivii CUIIOBBIX JTMHUN
BOKPYI' aTOMHOI'O IIPOCTPAHCTBA CTAHOBUTCSI OJMHAKOBOM, [TO9TOMY aTOM HEOHA XMMUYECKU UHEp-
TEH.

C saapa cneayionero 3a HEOHOM JIEMEHTa HAaTPUsl HAUMHAeTCsl (pOPMHUPOBAHUE TPETHETO s1ep-
HOTro cj1os1 xuMudeckux 31eMeHToB [IC3. Kak v BTopoil siiepHblii 10 OH COCTOMT U3 BOCbMHU JIEH-
TPOHOB M KaXkJ0€ MOCJeJ0BaTeIbHOE PUCOEJUHEHNE HOBOTO JIEMTPOHA O3HAYaeT BO3HUKHOBEHHE
OoJiee MaCCUBHOTO CJIEYIONIEro 3MeMeHTa Tpetbero nepuona [1C3. Na, Mg, Al, Si, P, S, C 1, Ar.
3akaHuMBaeTcs (pOPMUPOBAHUE TPETHETO SAEPHOTO ci1os y spa aproHa (Puc. 5), a BMecte ¢ HUM
Y XUMUYECKUX 31eMEHTOB TpeThero nepuoaa [1C. 3-3a Tex ke ycoBuil, YTO y HEOHA. aprOH UHEPT-
HBIU Tas.

JanbHeiiee HapacTaHue eopMarvy (CKaThsl) CUIIOBBIX JIMHUIM TPOCTPAHCTBA BHYTPH 3B€3/1
MPUBOAUT K 0OPa30BaHMIO YETBEPTOrO U MSATOTO SAEPHBIX CJIOEB, 2 BMECTE C HUM XUMHUYECKHX 3Jie-
MEHTOB UeTBepTOro nepuopa u rnsroro neprojaos [1CD. B Hux conepxurcs rno 18 nedTpOHOB U OHU
TaKkKe 3aKaH4YMBaeTcsl (POPMUPOBAHUEM $1/IEP MHEPTHBIX ra30B KPUIITOHA U KCEHOHA.

[ecroii ssnepHblii C10i COAEPKUT 32 NEUTPOHA. 31€Ch, Kak U B IIPEAbIIYIINX IEPUOAAX, TOCTIe-
JOBaTeJIbHOE MTPUCOEANHEHNE, TPOMCXOIIEE B Pe3y/IbTaTe CTENIEHN CXKaTHUs CHJIOBBIX JIMHUI TPO-
CTPaHCTBA, 3aKaHYUBAETCS BOSHUKHOBEHMEM HOBOTO XMMHUYECKOTO JIEMEHTA, HO B OTJINYME OT HUX,
re BCe XMMUYECKHE JIEMEHThl HaXOIATCS B OCHOBHOM (HOPMaJIbHOM) COCTOSIHMH, 3JIECh BCE 3Jie-
MEHTHI OT MOJIOHUSI /IO PaJIOHA PaJroaKTUBHBL. [Tocie1HmiA CTaOMIBHBIN JIEMEHT B IIECTOM MepHO/Ie

BUCMYT. Ero anexkrponnas gopmyina (Xe) 4f 145910 652 6p3, B AJIEPHOM O — CJIO€ fApa HAXOMUTCA
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9 nenTpoHOB. [IeNTPOHBI CKUMAIOT CHJIOBBIE JIMHUM IIPOCTPAHCTBA BO BHEIIHEM P — 371eKTpOHHOM
cJIoe, a IPUTSHYTHIN 3JIEKTPOH 3acesisieTcsl Ha opouTanb 6p. Ha sTux opOutansx y BUCMyTa Haxo-
JWTCSI TPY CBOOOIHBIX JIEKTPOHA, M03TOMY (popMasibHasl BaJIGHTHOCTh €r0 paBHa 3.

[Tononuit nepBblii paIMOAKTUBHBINA JIEMEHT Tocjie BUcMyTa. Ero anekTponHas gopmysa (Xe)

4F14 5410 g2 6p., B LIECTOM s1IepHOM cJioe HaxoauTcs 30 1edTpoHOB. PaTnoak TMBHOCTh XMMUYECKUX
9JIEMEHTOB C TMO3UIIMU €MHCTBA B3aUMOJIEHCTBUSI MaTepUH U MPOCTPAHCTBA OOYCIIOBJIEHA HecTa-
OUJIBHOCTBIO UX sIJIep, KOTOpasl SIBJISIETCSl Pe3YJIbTaTOM MEePEHACHIIIEHHOCTH UX HYKJIOHAMU (TIPOTO-
HaMU U HeUTpoHamu). [lesio B TOM, YTO, KaK M3BECTHO, HYKJIOHBI 0OJIa/Ial0T CIIUHOM (COOCTBEHHBINH
MeXaHUYECKUI MOMEHT JBMKEHHUSI YACTHUIIBI), IO3TOMY KaKAblid SHEPreTUUECKU CJI0H sipa uMeeT
TOXE CIUH, KOTOPBIH SIBJISIETCS PE3y/IbTaTOM CIIOKEHUsI COCTABISIONINX UX HYKJIOHOB. B cBOIO oue-
penb sapa aTOMOB Takxke OONaJaloT CIIMHOM, KOTOPBIN Cllaraercsl U3 CIUHOB MX SHEPreTHYecKuX
clloeB. Y BUCMYTa SIIPO COCTOUT U3 6 SHEPreTUUECKUX CI0EeB U BCE OHU CTAOWIIBHBL. SApo MomoHus
TaKkKe€ COCTOUT U3 O-TU IHEPreTUUecKUX. CJIOeB, HO, B OTIMYME OT BUCMYTA, 5 U3 HUX CTaOWJIbHBI
(OHU TIPENICTABIISIOT COOOM SAPO CTAOMIIBHOTO KCEHOHA), a INECTON SHEPreTUIECKUI CIION He cTa0u-
neH. Ero HectaOuIbHOCTH OOYCIIOBIIEHA TEM, YTO OH MepEHACHIIIIEH HYKJIOHAMH, TIOTOMY 4TO BO BCEX
SHEPreTHUYECKHX CJIOSIX SiIep CTAOMJIBHBIX JIEMEHTOB, HAUMHAsI OT BOAOPOJA U KOHYAS MOCIIETHUM
CTaOMJIBHBIM BUCMYTOM, KOJIMUECTBO HYKJIOHOB B OT/IEJIbHOM SHEPreTHUECKOM CJIOE s1/ipa He TIPEBbI-
n1aet 78 HyKJIOHOB. Takoe KOTMYeCTBO HYKJIOHOB HAaXOAUTCS B IIECTOM SHEPreTUYECKOM CJIOE BUC-
MyTa, a OH SIBJISIETCS] IOCTIeIHMM CTaOMIbHBIM 31eMeHToM T1CD, y Hero cootHomenue N / Z =126/
83 = 1,518. ¥V nononus coornomntenre N / Z =126 / 84 =1,50, HO BEUCMYT cTabWIieH, a MOJIOHUN
pamroakTuBeH. ClieIoBaTeIbHO ero paIMOaKTUBHOCTL OOYCIIOBJIEHa He 00IIMM cooTHomeHueM N / Z,
a HeCTaOMJILHOCTBIO LIECTOrO SAEPHOTO CJI0s1, TOTOMY UTO B HEM Y MOJIOHU ST HAXOAUTCS 79 HYKJIOHOB,
a BUCMYTa UX 78. DTOT BBIBOJ MOATBEPKAAETCS TEM. YTO BCE MOCJEIYIOIINE 32 HUM JIEMEHTHI TOXKE
PaIMOAKTUBHBI, TaK KaK Y HUX B IIECTOM SIAE€PHOM CJIO€ KOJIMUYECTBO HYKJIOHOB BHIIIE MPEIeTbHOTO
(78 nyksoHOB). [leperpykeHHOCTh HYKJIOHAMH JIEJIaeT CIIMH [IECTOr0 SIIEPHOTO CJIOSI HECTAOUIIbHBIM,
a cJieoBaTeIbHO CTAHOBUTCSI HECTAOMIILHBIM OOIIHIA CIIMH sIIpa, YTO MPUBOIMUT K €r0 Pa3pbIBY LIEH-
TPOOEKHBIMU CUJIAMH U OHO pacrialaeTcsi Ha U30TOIIBI.

JanbHEeHIuii poCT rPaBUTAIIMOHHOTO CKAaTUsl CHIIOBBIX JIMHUIM MPOCTPAHCTBA BHYTPU KOJLIar-
CHUPYIOIIICH 3Be3/Ibl TPUBOAUT K OOpa30BaHMIO sIep XMMUYECKUX JIEMEHTOB, COJEPXKAIMX CEMb
anepHbIx cioeB — Fr, Ra, Ac, Th, Pa, U/ Bce oHM paguoakTUBHBI.

Vpan nocneguuil paguoakTuBHbIN 31eMeHT [1C3, BeTpevaronuiics B MpUpoe B €CTECTBEHHOM
BUje. Bece octanbHble pagrioakTUBHBIE 1eMeHThl [ICD NCKyCCTBEHHOTO MPOUCXOXKICHH . DIIEKTPOH-

Has ¢opmyJa ypana (Rn) 7s? 6d' 5£3, cenpmoit T — cioit siipa COCTOMUT U3 6 JeUTPOHOB.

XUMHNYECKAA CBA3b

IIo coBpeMEeHHBIM IpENCTABIEHUAM IIPUPOJA BCEX BELIECTB ONPEAEIIACTCA UX XMMUYECKUM
CTPOEHUEM, XaPAKTEPU3YIOIIUMCS CIIEAYIOIIMMYI NTapaMeTpaMu:

— SHEPreTUYECKUMHU, FEOMETPUYECKUMU M KBAHTOBO-MEXaHUYECKUMMU:

— MPOCTPAHCTBEHHOW HAPABJICHHOCTBIO JIEKTPOHHBIX O0JIAKOB U

— 3 HEKTUBHOCTHIO 3apsiIOB aTOMOB.

Onpenensiomiasi pojib B XUMHUYECKOM CTPOSHUH JTI0OO0TO BEIIECTBA MPUHAICKUT XUMUUECKOM
CBSI3U MEX/Y YaCTULIAMH, COCTaBJISIOIIMMU JIaHHOE BEILECTBO: aToMaMH, MojiekyJamMu. OHa Xapak-
TEpU3YeTCsl SHEPreTUUECKMMU U FeOMETPUUYECKMMHU TapaMeTpamMu. Besikoe Xxumudeckoe B3aumoei-
CTBHUE 3TO B3aMMOJEUCTBUE BAJIEHTHBIX IEKTPOHOB, I03TOMY MHOI'ME MUCCIIEIOBATENIN CUMTAIOT TEO-
PHIO XUMUYECKOM CBSI3H, TIPEXk ]I BCETro, Kak MeKTpoHHYIo Teopuio (C.A Kyronun, I'.M IMucnyenko)

AHaM3 MHOTOYMCIIEHHBIX MATEPUAJIOB O XUMUAYECKUX CBA3AX CBUETENILCTBYET O TOM, UTO B X
00pa30BaHNU JOMUHHUPYIOIIYIO POJIb UTPAIOT POCTPAHCTBEHHAsI HAIPABJIEHHOCTh M MAKCUMAITLHOE
MepEeK PhITHE EKTPOHHBIX 00JIAKOB B3aMMOJICHCTBYIOIIMX ATOMOB M MOJIEKYJT B COBOKYITHOCTH C BO3-

13



A. TpyrneB. «HoBblil cOOpHUK cTaTeil 1o (pusuke mpocTpaHcTBa. Hayka Oynymero»

AeWCcTBEM Ha HUX 3((PEKTUBHBIX SAEPHBIX 3aps0B aTOMOB. B TOXe Bpems cielyeT OTMETUTh, YTO
caM MEeXaHW3M BO3JEHCTBUSA AJEPHBIX 3apsI0B ATOMOB Ha 3TH MApaMeTphl JO CUX IOP HE U3yYEeH.

C no3unMy eAVHCTBAa B3aMMOJEWCTBUSI MAaTepUM U MPOCTPAHCTBA MEXAHM3M BO3JEUCTBUS
SIIEPHBIX 3apsA0B aTOMOB XUMUYECKHX JIEMEHTOB Ha POCTPAHCTBEHHYIO HAITPABJIEHHOCTh U MAKCH-
MaJIbHOE TEPEKPHITUE TEKTPOHHBIX OOJIAKOB B3aMMOJECHUCTBYIONIMX aTOMOB BHIIJISIIUT CJIEAYIOIIM
oOpazom

B kavecTBe npuMepoB pacCMOTPUM 0Opa30BaHUE MOJIEKYJI IBYX pa3HOpoHbIX atomoB Hy O

Monexkyna Boasl Hy O o6pasyercst u3 AByX pasHOPOAHBIX aTOMOB — OJIHOTO aTOMa KUCJIOpoja
Y JBYX aTOMOB BOZIOpOZa. ATOM BOJOPO/Ia UMEET OJUH BAJIEHTHBIN S-3JIEKTPOH, a €I0 PO COAEPKUT
OJIVH MPOTOH, KOTOPBIN CKMMAET CUJIOBbIE JIMHUM MTPOCTPAHCTBA BOKPYT cedsl ¢ OIMHAKOBOI cTene-
HBIO JlepOpMaLi BO BCEX HANIPABJICHUSIX.

V¥ aroma kucnopoaa BO BHELIHEM JIEKTPOHHOM HaXOAUTCS [Ba BaJIEHTHBIX P-2JIEKTPOHA, & €TO
SIPO COCTOUT M3 JBYX SHEpreTMueckux cioes (o U [3). BTopoil sHepreTnyeckuid cioi, KOTOpbIi
neopMHUpPYET CUIIOBbIE JIMHUYU IIPOCTPAHCTBA BO BHELIHEM JIEKTPOHHOM CJIO€ U MTPUJAET EMY IIPO-
CTPaHCTBEHHYIO HAIIPABJIEHHOCTb, HAXOAUTCS 6 neiTpoHOoB. CTeneHb CkKaTusl CUJIOBBIX JIMHUM IIPO-
CTPaHCTBA BO BHELIHEM JIEKTPOHHOM CJIOE aTOMa KUCJIOPOAA B 3HAUUTEJIbHOW CTETIEHU IIPEBOCXOAUT
CTereHb MX CKaTUs IPOTOHOM siipa aToMa BOJOPO/A, TOITOMY ITpY COMMAKEHUN aTOMOB MaKCUMAJIb-
Hasl CTENIeHb CKaTHs1 CUJIOBBIX JIMHUI MEKaTOMHOI'O IIPOCTPAHCTBA C/IBUTAETCs B CTOPOHY aToMa KHUC-
nopoaa (Puc 6).

(8- anexTpoH

Puc. 6 Cxema 0Opa3oBaHUsI MOJIEKYJTBI BOJIBI CO CIBUTOM MAaKCUMAJTBHOTO COJIVIKEHM ST CUJTIOBBIX
JIMHAA MEKaTOMHOTO IMPOCTPAHCTBA B CTOPOHY aToMa KUCJIopoaa

Onwupasice Ha 6a30BbIe MPUHIIMAIIBI CMOJICTUPOBAHHOM CHCTEMBI MOJKHO CHENAaTh CIEAyIoIIue
BBIBOJIbI:

1. ObpaxoBaHre XUMHUYECKHX JIEMEHTOB MPOUCXOOUT B PE3yJIbTaTe IMOBBIIICHUS CTETIEHH
nedopmMaruu (Cxatus) CHIIOBBIX JIMHHUI TIPOCTPAHCTBA B HENIPaX 3Be3[, OOYCIOBJIEHHON I'paBUTAIT-
OHHBIM CKaTHUEM KX Macc

2. ddapa XuMHUYECKHUX JIEMEHTOB MMEIOT CJIOM, COOTBETCTBYIOIIME rnepuogam [1C.

3. BO3HMKHOBEHHE HOBBIX S/IEP XMMHUYECKUX JIEMEHTOB, HAXOISIMXCS B OCHOBHOM (HOp-
MaJIbHOM ) COCTOSIHUM, IPOUCXOAUT MPH YCJIOBUM PABHOBECHSI CTETIEHU CKATHS CHIIOBBIX JINHUIA OKPY-
JKAIOLIETo PO MPOCTPAHCTBA C TAKOBOW BHYTPU CAMOTO S1pa.

4. Slnpo HOBOrO XMMHYECKOTO JIeMeHTa 00pa3yeTcsl IyTeM MPUCOEMHEHUsT OIPE/IeNICHHOTO
KOJIMYECTBA HYKJIOHOB K HE3aBEPIIEHHOMY CJIOIO si/ipa MPeblIyIero JeMeHTa.

5. IpucoearHeHyre NONOJHUTENbHBIX HYKJIOHOB K 3aBEpILIEHHOMY CJIOI0 siipa (pOpMHUpPYET
HOBBIU sIIEPHBINA CJIOM, BMecTe ¢ HUM opmupyercsi coorBercTByommii nepuopa I1C. Tlpu stom
MIPUCOSIMHSIIONINECS HERTPOHBI BHITIONHSIOT POJIb «Oydepar», He JAOIIEro sIIEPHBIM CJI0SIM CJTUTHCS
BOEJIMHO.

6. B mpupozie He cyIecTByIOT XMMHUYECKHe IEMEHTHI (KpoMe aToMa JIETKOTO BOIIOpOo/a), sapa
KOTOPBIX ObI COCTOSUTH U3 OJIHUX TPOTOHOB.
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7. cHOCOOHOCTh XMMUYECKUX JIEMEHTOB OIpeessieT KOMMUECTBO JIEUTPOHOB, HAXOASIIIIUXCS
B SJIEPHOM CJIO€, OCYILECTBJSIOIMX Ae(OpMALMI0 CHIIOBBIX JIMHUI MPOCTPAHCTBA BO BHELIHEM
BaJICHTHBIM JIEKTPOHHOM CJI0€ U BOKPYT aTOMHOTO IIPOCTPAHCTBA.

8. HanborpIreit XMMUYeCKOW aKTUBHOCTBIO 00MafaioT xummudeckue sneMenTsl 11 — ro u IIl-ro
MEPUOZIOB. DTO CBSI3aHO C TEM, YTO NEPBBIN SIEPHBIN CIIOW Y HUX IUIOTHO KPAaHUPOBaH, a jaedop-
MUPYIOIIME YCUIINS SIAEPHBIX CIIOEB, OCYLLIECTBIAIONIMX Je(OPMAIMIO CUIIOBBIX JIMHUI BO BHELTHEM
JIEKTPOHHOM CJI0€ U BOKPYI' aTOMHOI'O ITPOCTPAHCTBA,. IOJHOCTBIO HE SKPAHUPYIOTCSI COOTBETCTBY-
IOIIMMU TEKTPOHHBIMU 00JIAKAMU U UMEIOT ONpe/ie/IeHHYI0 IIPOCTPAHCTBEHHYIO HAIPABJIEHHOCTb.

9. Ilpu coeaqHEHNN XMUMHUYECKUX JIEMEHTOB, OONAIA0MIMX Pa3IMYHON CTeNeHblo aedopma-
IIUM CUJIOBBIX JIMHUM MPOCTPAHCTBA, MPOMCXOAUT CIOBHT JIEKTPOHHBIX 0OIAKOB, OCYIIECTBIISIONINX
3TO COEIMHEHHUE, B CTOPOHY XMMUYECKOT'0 JIEMEHTa ¢ O0JIbIIel cTeneHblo aedopmarmu. Apkuit npu-
MEp 3TOMY CTPYKTYPHOE CTPOEHUE MOJIEKYJIbl BOJBI. ATOM KUCIOpOJa UMEET B aKTUBHOM SIIEPHOM
cioe 6 IeUTPOHOB, Ae(POPMUPYIOLIMX CUJIOBBIE JIMHUMA BO BHEUIHEM 3JIEKTPOHHOM CJIO€ U BOKPYT
aTOMHOTO [TPOCTPAHCTBA B OIIPEJEJIEHHOM ITPOCTPAHCTBEHHOM HallpaBjieHUuU. ATOM BOJOPO/A CONEp-
KUT OAMH IIPOTOH, KOTOPBIN 1e(POPMUPYET CUJIOBBIE JIMHUM BOKPYI' aTOMHOT'O ITPOCTPAHCTBA C OJU-
HaKOBOM CTENEHbI0 BO BCeX HampapiieHusX. [Ipu coerHeHnn 3TMX aTOMOB J1e(POPMUPYIOIINE YCH-
JIMS UX SI7Iep HAKJIAAbIBAIOTCS APYT Ha JIpyra. B pe3ysbTare BOZHMKAIOT IPOCTPAHCTBA C MOBBIIIEHHOW
cTerneHblo JepopMaliy CUJIOBBIX JIMHUNA MPOCTPAaHCTBAa B HUX M cABUTAIOTCS /IEKTPOHHbBIE 00JIaKa,
OCYLIECTBIISIOINE XUMUYECKYIO CBSI3b aTOMOB KUCJIOPOJa U BOIOPOAA, TaK KaK JIEKTPOHBI ABUKYTCS
B HaIpaBJICHUH HAUOOJIBINEH cTerieHn aedhopMalivu.

10. KonruectBO 00pasylonuxcsi XMMUYECKHUX JIEMEHTOB B HE/Ipax 3BE371 ONpeAesieTcs JJTi-
TEJIbHOCTBIO TIEPUO/Ia HApacTaHUs CTerneHn JedopMaliy CHIOBBIX JIMHUMA MpocTpaHcTBa. Hanboss-
111ee pacrpocTpaHeHHe UMEIOT IEMEHTHI, Y KOTOPBIX OH HanOosiee MpOIOKUTENIEH.

CIIUCOK JINTEPATYPbBI
1. Kyromun C.A, TMucnuenko "M Oo6mias u Heopranndeckas xumust Hoocubupck — 1998.
c.456.
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K Bonpocy o npo0JiemMe 3aKOHA COXpaHEeHHSsI SHEPTUHA
B 001el TeOPUH OTHOCHTEJIbHOCTH JIHINTEHHA

BBEJIEHUE

OpnHOM U3 caMbIX 3araJlOYHbIX MPUPOAHBIX SABJIEHUH, K KOTOPOMY ITPUKOBAHO BHUMAaHHE y4e-
HBIX BCETO MUpa Ha MPOTSKEHUU MHOTUX CTOJIETUM, SIBJISIETCS CBOMCTBO MaT€pPUAJIbHBIX TEJI B3AUMHO
MIPUTATUBATHCS APYT K Apyry. [lepBeIM M0 — HACTOAIIEMY OCO3HABIIMM, YTO B OCHOBE 3TOI'0 SIBJICHUS
JexkuT Macca Tena, obu1 Mecak HpiotoH. OH nonbITasics peluTh 3Ty mpodieMy, ornrcaB e€ MaremMa-
TUYECKUMU 3aKOHaMU. COIJIaCHO ero TeOpHH Bce TpaBUTAIIMOHHBIE (h(PEeKThl 0O0YCIOBIEHBI CUIAMU
B3aUMOJICUCTBU I MaTeprasibHBIX Tell. [1o HpioToHy Macca Tea o6aiaet ABOsIKUM CBOCTBOM. B nep-
BOM CJTy4ae OHa MHepTHA (M;) U MPEeACTaBIsET COOOM OTHOIIEHNE HErPaBUTALIMOHHON CUJIBI K YCKO-
PEHMIO, 8 BO BTOPOM I'PABUTALMOHHAsA (Mg) U ONPEAEIIAET CUITY IIPUTSIKEHUA TeJla IPYTHMHU TEJIaMH,
a TaK’Ke MPUTSHKEHUE CAMUM TeJIoM JIpYrux Teil O0e 9TH BeJIMUMHBI TOXKIECTBEHHBI IPYT APYTY, XOTS
Y TOJTyYEHBbI SKCIIEPUMEHTAJIBHO B XOJI€ Pa3HbIX KCIIEPUMEHTOB U UMEIOT MTPUHLIUIIAATIBHO PA3HYIO
(puznyeckyo npupomny.

m; = Mg

Teopus rpaBurtaiu HeloToHa 6a3upyercst Ha CHIaX TATOTEHUS, KOTOPbIE SIBJISIIOTCS AaIbHO-
JEWCTBYIOIIMME U PACHIPOCTPAHSIOTC MrHOBeHHO. OHa nonnyuusia Bceooliee Mpu3HaHie ¢ MOMEHTa
onyOIMKOBaHMS U Tipofiepkanack 10 1905 roza, Korjia Oblj1a 3aMeHa Teoprel OTHOCUTETbHOCTH DIH-
IITEeHHA.

Heo6xonumocTh Takoii 3aMeHbl IPUBEJIO OCO3HAHKME NTPOTUBOPEUMil B OCHOBHBIX IPUHLIMIIAX
KJIACCMYECKOW MEXaHWKHM — HECOBMECTUMOCTH MPUHLIUIA OTHOCUTEJIBHOCTH 3aKOHA PACpOCTpaHe-
HUS CBETa.

Kak cumran DuHITENH [S],. 3TO CBA3aHO C TEM, YTO KJIACCUYECKAs MEXaHMKa ONMPAETCs
Ha HeollpaBJaHHbIE TUMOTE3bI: IPOMEXKYTOK BPEMEHH MEkK/1y IByMsI COOBITUSIMU HE 3aBUCHUT OT [IBU-
JKEHHU S TeJla OTCUETA, He 3aBUCHUT TaKKe OT HEro U MPOCTPAHCTBEHHOE PACCTOSIHUE MEXKIY AByMs TOU-
KaMH TBEpAOro Teja, a 3T0 03HAYAET, YTO BPeMs U MPOCTPAHCTBO aOCOJIIOTHBI U pa3iesIeHbl MEK/1y
COOOI.

[MpotrBOpeunst KIacCHYECKON MeXaHUKKM DUWHINTEHH pa3per B pa3paO0TaHHON MM CIIeIH-
QJIbHOM TEOPUH OTHOCUTEJIBHOCTH/, B OCHOBY KOTOPOM IOJIOKUJI IBA IOCTYJIaTa:

— IIpuHIMIT OTHOCUTEIBHOCTH DUHINTENHA, KOTOPBIN YTBEPKJAET, YTO BCE (PUBMUECKUE TIPO-
LIECChI U SIBJIEHUS B OIHUX M TEX K€ YCJIOBHUAX B MHEPLMAJIBbHBIX CUCTEMAX OTCUETa MPOTEKAIOT OU-
HakoBo. Bee 3t ICO coBepiieHHO paBHOIIPABHBI U (PU3UYECKUE 3aKOHBI B HUX MHBAPUAHTH

— CKOpOCTb cBe€Ta B IIyCTOTE MOCTOSIHHA Y HE 3aBUCHUT OT JABWKEHUSA UCTOUYHUKA WU IIPUEM-
HUKa CBETa, OMHAKOBA BO BCEX HAIIPABJIEHUAX U BO BCEX MHEPLUAIBHBIX cUcTeMax orcuera. OHa
npeebHa ¥ HA KaKoe MaTepuasibHOE TeJo MM MH(pOpPMAaIMsi HU MOTYT ABUTaThCsl ObICTpee CBETa.

B cooTBeTcTBUM € TUMU MOCTYJIaTaMU COBEPLIEHHO W3MEHUIUCH NTPEJCTABIEHHS O IIPOCTPaH-
cTBe 1 BpeMeHH Eciu B KJ1lacCHUeCcKO MeXaHUKe OHM pacCMaTpUBAIOTCS KaK aOCOTIOTHBIE BETMYMHBI,
10 B CTO 0HM M3MEHAIOTCSA IIPU NEPEXOJE OT OJHOM CUCTEMBI OTcUeTa K Apyrou. Tak, JymHa Tena
B IBUKYILIEHcs cucTeMe oTcyeTa Oy/leT HECKOJIbKO MEHbIIIe, YeM JITMHA TOTO e TeJla B TOKosIIencs
CHUCTEMe OTcYeTa, 1o hopmyJie
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rac 1- OJIMHa T€JIa B IIBI/I)KYH_ICI'/JICH CUCTEME OTCUYETA CO CKOPOCTHIO V IO OTHOIIECHUIO K ITOKO-

HH.[CEICH CHUCTEME OTCUETA.
10 — IJIMHA TEjia B HOKOHIJ.[CﬁCH CUCTEME OTCUETA.

Bpems xe B aBuxkymieiics cucteme Oynet, HA0OOpOT, TeUb Me/JIEHHee, YeM B TMOKOsIIeNcs
cucreme, 1o opmyJie:

Q_F
I

o B

rae t — BpeMs, TeKyllee B IBUKYILEHCS CUCTEME OTCYETA.

to — BpeMs, TeKyllee B OKOSILLIENCs CUCTEME.

U TosbKo equHOe YeThipeXMepHOe MPOCTPAHCTBO — BpeMsl OOHAPYKMUBAETCs, Kak a0COMI0THAs
BEJIMYMHA, KOTOPasi BRIPAXKAETCs B, TAK HA3bIBAEMOM, IPOCTPAHCTBEHHO-BPEMEHHOM HHTepBaJie (s),
1o opmyJie

s =VI2 — c2t2

I'naBHbIM TeopeTrueckum cieacteueM CT O DiHITeHA ABISIETCS HOBOE TIOHUMAaHNE MaCcChl
1 3Hepruv (pU3MYecKuX Tel U UX cucTeM. Macca B Hell ompeJesnisieTcs SHepruen Tena, a He yepes

CUJIY M yCKOpeHHe Kak B MexaHuke HbiotoHa, o dpopmyie:

E = mc?

B CTO Tak:xe packpblBaeTcsi BO3MOKHOCTb ITPEBPALLEHH S| SHEPT UM MTOKOSI B IPYTUE BUJIbI SHEP-
WU, 3[IECh 3aKOH COXPAHEHUsI MACChl 1 3aKOH COXPaHEeHHs SHEPTUK OObEANHSIIOTCS B €IMHBIN 3aKOH
COXpaHEHMs1 MacChl — SHEPTUH.

CrienianbHasi TEOpUsi OTHOCUTENIBHOCTU TMOJMy4YMsa IIUPOKOE SKCIEPUMEHTAIbHOE MOATBEp-
kKJIEHUEe U MHOTHE €€ CJIE[ICTBUSI UCTIONb3YIOTCS Ha MpakTHKe. B HacTosiiiee BpeMsi OHa sIBJIsIeTCs Kpa-
€YroJIbHbIM KAMHEM COBPEMEHHON (PM3HKH, 3aHUMAET CBOIO 0OJIACTh MPUMeHeH . B Hell He yuuThI-
BaeTCsl IPAaBUTALIMOHHOE BO3JEHCTBHE HAa XOTS KaK M BCSKasi TEOPUsl OHA MPOCTPAHCTBO — BpeMs,
[I09TOMY €€ BbIBOJIbI IPUMEHUMBI 151 JIOKAJIbHBIX YYaCTKOB MTPOCTPAHCTBA —BPEMEHH, a B MacCIIITa-
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6ax Bcenennoit onu He mpuemiemsl. [is onvicanust BeesileHHOM UCTIONB3yI0TCs 00111asi TEOpUsI OTHO-
curesibHOCTH (OTO). — reomerpuyeckast Teopusi I'paBUTALINY,

I'naBHOE paznuuue 3TUX Teopui 3aKmodaeTcs B ToM, 4To B CTO cBs3aHbl BOEAVHO MTPOCTPaH-
CTBO U BpeMsl (IpocTpaHcTBO — BpeMs), a B OTO ycraHoB/eHa TpUeaWHAs CBSI3b: IPOCTPAHCTBO —
BpeMs — Macca.

B CTO npoctpaHCcTBO-BpeMsi paccMaTpyBaeTCs TJIOCKUM, UMEIOIUM HYJIEBOM TEH30p Kpu-
Bu3HBI, @ B OT O OHO UCKPHBIIEHO, C TEH30POM KpUBU3HBI Oosbiiie HyJsL. B OT O rpaBuTaniioHHbIiI
a¢pdekT 00ycIOBIeH He CUIIOBBIM B3aUMOJICHCTBIEM TeJl U TIOJICH, HAXOASIIUXCS B POCTPAHCTBE —
BpeMeHH, a AedopMalueil caMoro MpoCTpaHCTBa, — BPEMEHU, KOTOpasi CBsI3aHa C MPUCYTCTBHEM
B HEWl Macchl.

B Hacrosiiee BpeMsi nocTpoeHo MHOTO anbTepHaTuBHBIX OTO Teopuil, ITO rpaBUTALMK — TEO-
pusi CTpyH, MeTieBasi KBaHTOBasl IPaBUTALIMsI, TEOPHUsI MEMOpaH, KOTOpbIE MO3BOJISIOT KBAHTOBATh
IPaBUTAINIO, HO BCE OHH 00JIAJAI0T CYIIIECTBEHHBIM HEAOCTATKAMH, KOTOPbIE HE TIO3BOJISIIOT CYUTATh
ux (pU3UYECKUMHU TeopusiMu [3].

B ommune or Hux OTO 3aBepuieHHast ¢pusnyeckas Teopus, NMpeacKa3aHus KOTOPOMl MOj-
TBEP:K/I€HbI HAOMIONEHUSMH U SKCTIEPUMEHTAMH, BKJTIOUAIOIIHE B ce0s IPaBUTALIMOHHOE 3aMeJICHUE
BPEMEHM, I'PABUTALIMIOHHOE KPACHOE CMELLEHNE, 3a/IePKaHAe CUTHAJIA B TPAaBUTALIMOHHOM T1osie [1].
C nomoreio OTO 00bsICHEHB! aHOMaJIbHAS TIPELieCCHs Tiepurenus MepKypHsi 1 IPUYMHBI OTKJIOHE-
HUS1 JIy4el cBeTa B rpaBUTallMoHHOM nosie ConHua.

Hecmotps Ha BceoOliee MpU3HaHKE U OIITOMIISIIONINI yCeX, o01as Teoprsi OTHOCUTEIbHO-
CTH, KaK U BcsKas (pu3nueckasi Teoprsi UMeeT CBOI0 00JIacTh MPUMEHEHHS U, IO MHEHHUI0, MHOTUX
(pusukoB [4] uMmeeT cyliecTBEHHbIE HEJOCTATKY.

OCHOBHBIM M3 HUX CUMTAETCSl HapyLIEHUE IJIABHOTO 3aKOHA (PU3MKU — 3aKOHA COXPAHEHMS
sHepruu. [lesio B TOM, 4TO, C TOUKH 3peHus Mmarematnueckont puszuku, B OTO u3-3a HeOMHOPOAHOCTH
BpPEMEHU 3aKOH COXPAHEHUsI SHEPTUM SIBJISICTCS CIIE/ICTBUEM YpaBHEHMI DUHINITEHHA U MOXKET OBITh
BBIPaKEH TOJIBKO JIOKAJIBHO IO (popMmyJie:

TH =0 (1)

ra€ TO4YKa C 3aIITOH 0003HAYAET B3ATHE KOBapHaHTHOfI HpOH3BOIIHOi/JI.

Hepexon OT HEIo K rno6aan0My 3dKOHY HCBO3MOXKCH, IIOTOMY 4YTO B OTO HeT BeIUYHMHBI
SKBHUBaJIEHTHOU 9HEPIuuy, YTOOBI HUHTEI'pUPOBATDH OT Heé COXPAaHAJICSA ITPU ABUKEHHUU 110 BDEMEHHA Sy
BUHO, €CJIU MIEPEINCATDh BBILIC ITPUBEACHHOC YPAaBHCHUE B CIICAYIOIEM BUEC:

d 1 Ogu
0% )~ AT =0 @
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Ho B nCcKpHBIEHHOM NPOCTPAHCTBE, I[le BTOPOM WIEH HE PAaBEH HY/I0 JAaHHOE BbIPAXKEHHE
HE MOXET MPEACTABJIATh 3aKOH COXpaHeHUs SHepruu. B Toxe Bpems paja pusukos cuuraer [2], 4to
B IIOJIHYIO SHEPIHUI0, KPOME SHEPIMH MAaTEPUH, MOKHO BKJIIOYATh U SHEPIUIO I'PABUTALIMOHHOIO IOJIS.
Torzma coOTBETCTBYIOIIMI 3aKOH COXPAHEHU I MOXKHO 3aIACATh B CJIEAYIOIIEM BULE:

2 FaTi+t)=0 ©

rae T ", sHeprusg-umMmysbe Matepun

t" |, SHEPrUA-UMITYJILC MPABUTALIMOHHOTO MO,

Ho BenmumHa mpencraBisieT coOOM TMCEBAOTEH30P M MPHUIMCHIBAEMbIA €My OTPUIATETbHBIN
BKJIaJ] TPaBUTALIIOHHOTO MOJIsI B OOLIYI0 9HEPruio He cocrosTeseH. Ha camoMm siesie OH MosiokuTeNeH,
a 3TO JIMIIAET cMBbICTIa camy uzelo. HekoTtopsle (hu3nky onpeesnsior TeH30p SHEPruK-uMITyJIbca Ipa-
BUTAIIIOHHOTO TIOJISI KaK TEH30p DUHINTeHHAW U OHa TOYHO YPABHOBEIIMBAET SHEPIHIO — MMITYIIbC
Marepuu B JIOOOM 0ObeMe, TOrJa MX CyMMa TOXKIECTBEHHO PaBHA HYIIO, HO 3TO YTBEpXKIEHHE
HE HAIUIO BCEOOIIero Mpu3HaHusI.

Takum 0Opa3oM, BhIIlIe MPUBEACHHBIN JUTEPATYPHBIA 0030p MPOOIEMbI 3aKOHA COXpPAHEHUS
sreprur B OTO, o He pa3pemmmMocTi KOTOPO# emé B OHOM U3 MOCIeAHUX padoT B 1946 romy nucan
DUHIITEHH [5], HeCMOTPsI Ha YCHIJIMS MHOTMX YYEHBIX, OCTAETCS] HEPA3PEeIMMON JI0 CUX TIOP.

Jlnst 6osnee riyOOKOro OCMBICTIEHHSI B3aMMOCBSI3M MaTepUy U IPOCTPAHCTBA OblJIa CMOJIETTMPO-
BaHa CUCTEMa, B OCHOBY KOTOPOU OBbLITM TIOJIOKEHBI YTBEPIKIeHU s DUHINTEeHHA:

— Ecnm ncuesHer matepus, TO UCUE3HET U IPOCTPAHCTBO;

— Bcee B puzrueckom Mupe IepKUTCs Ha B3AUMHOM OTTAJIKUBAHUM U TIPUTSKEHUH.

IMPUHIIAIIBI MOJAEJINPOBAHUA

Nznoxens! B ctathe «O0pa3oBaHne XUMHUECKHUX JIEMEHTOB B HEJpax 3BE3/1-pe3y/bTa B3au-
MOJICHICTBHSI MATEPUH U TIPOCTPAHCTBA.

PE3VJ/IbTATBI MO/JIEJINPOBAHUA

B cooTtBeTcTBUM C 6a3OBLIMI/I IMPpUHOUITAMHA CMOIICHI/IPOBaHHOﬁ CHUCTEMBI SHEPIrUuA ABJIACTCA
(popmoii B3aMMOCBSI3M MaTepuM ¥ MPOCTpaHCTBA. B Beex mporieccax, MpoTeKaiux B (pU3nIeckomM
MHUpe, UMEET MeCTO OOMEH SHEeprusiMu Mexay Mareprell U mpocTpaHcTBoM. [Ipu 3ToM 3Heprus
marepu (Ey,) mepexonut B sHepruio mpoctpancTsa ( — E,) n Hao6opor, a ux odmas cymma (Eg) pasHa
Hymo. B 3Tom 1 3akmouaercs pyHIaMEHTaIbHOCTh 3aKOHA COXPAHEHUsI SHEPTUM WM BEpHee Ipe-
BpallICHHUC OJHHUX BUOOB 9HCPIvU B IPYTHC.

ITpumepei.

1. Teno ¢ Maccoii m JBMKETCS BEPTUKAJIBHO BBEPX, COBepIas padoTy (A) MPOTUB CUITBI TsIKe-
CTH.

A = mgh

Ha 370 3aTpaunBaetcs coodiieHHas Teiny kuHetndeckas sHeprus (Ey)
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m
Ex =—v?

[Ipu aBUMXEHUU Tesla BEPTHKAJIbHO BBEPX OHO JBMXKETCS B CHJIOBBIX JIMHUSAX MPOCTPAHCTBA
neopMUPOBAHHBIX (CKATBIX) MACCOI 3eMJIU, IPH STOM KMHETUYECKasi SHEPIUsl, 2 9TO SHEPIUsl MaTe-
pUM, NEpexXoqUT B SHEPIUI0 MPOCTPAHCTBA U PACUIMPSIET CHJIOBBIE JIMHUM MPOCTPAHCTBA B HAIpPaB-
JIEHUHU JIEMCTBUS CUJI TSKECTH, B pesysibTaTe CUiIoBbIe JIMHUM MTPOCTPAHCTBA JehpOpMUPYIOTCS (CKU-
MAlOTCs1) B HAaIIPaBJIEHWHU MPOTHUBOIOJIOKHOM AEHCTBUIO CHJI TSKECTH U TeJIO IBMKETCS OT 3eMJIH.
Kak Tospko crenenu aecopmaryiy (C:kaTus) BIIEPEAr U C3a1 Tesla CPABHUBAIOTCS, a 9TO TPOUCXOAUT
B MOMEHT MOJIHOTO nepexoaa suepruu marepuu (Ey) B sHepruio npocrpanctsa (Ep), Tesio HauMHaeT
ABUKEHUE 110 CHJIOBBIM JIMHUSIM IPOCTPAHCTBA B 0OPaTHOM HallpaBJeHUH, TO €CTh K 3emiie

En+(-Ep=0

[Ipu gBUKEHMM Tesa MO CUJIOBBIM JIMHUSAM IIPOCTPAHCTBA 10 HAMPABJIEHUIO K 3eMJle Takxke
IIPOMCXOIUT CKATHE X B 3TOM HAIPABJIEHUH C BbIIEJIEHUEM SHEPTUU MaTEPUH, 3aTPAu€HHON Maccou
3eMiM Ha UX cxarue. B pesynbrate sHEprus NpOCTPAHCTBA NIEPEXOIUT B SHEPTHI0 MAaTEPUU U TEJIO
NpUOOpeTaeT KUHETUUYECKYI0 (MEXaHMUECKYI0) SHEPIUIO ABWXKEHUs K HEHTpy 3emin. B ciencteue
TOT'0, 4TO CTENEHb AeopMaLuu (CKaTUs) CUIOBBIX JMHUAM MTPOCTPAHCTBA YBEJIMUMBAETCS 110 MEPE
npuOIKeHus K 3emiie, BO3pacTaeT U BeJMUMHA BbIISISIONIENCs Heprun. B pesysbTate Teso 1Bu-
HKETCA C YCKOPEHUEM.

B npouecce ¢porocunTesa sneprus ceera (E) nepexoaut B sHepruto npocrpanctsa (E). ITpu
aToM 70% €€ 3aTpaunBaeTcsi Ha 0Opa30BaHUE CIOKHBIX MOJIEKYJT OPraHUYEeCKUX BeleCTB (III0K03a)
U3 MOJIEKYJI IPOCTBIX HEOPraHWMYECKUX BEIIECTB (BOAa, yreKUciblid ras), a 30% eé 3amacaercs
B XMMUYECKHX CBSA3X MOJIEKYJ OpraHnyeckux semects (Puc.1).
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

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

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