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Teopns «bonbworo B3pbiBa» U TeEOpPUS OTHOCUTENIbHOCTM HECOMHEHHO obecneunBanu w
obecneumBaloT NPOrpecc Haykn u TEXHWKU. B TO Xe Bpems 9Tu Teopun He MOryT AaTb OTBETbl HA MHOTUE
BOMPOCHI, Kacatolwmecs NPUHLUMMNOB CYLEeCTBOBAHUS MaTEpPUN B OKPYXalowWweM M1pe, 1 Kpyr 3Tux BOnpocoB
JOCTaTOYHO WUPOK. B uncno oxwupawwmx peweHus npobnem BXoAMT psn pasHoobpasHbix 3agay oT
C030aHNs eavHoN Teopun Nons 4o 060CHOBAHMSA MEXAHU3MOB, ONPEAeNsoWMX BO3MOXHOCTb peanm3aumm
B MPUPOAE Takux $SBMEHWA, KakK rpaBvMTauMs, WHepuUMs MoKOS, KpacHoe CMelleHue, Heynpyroe
pacceuBaHue u op.

Monaraem, 4To OTBETbl Ha BbIAENIEHHbIE HAMW U MHOrMe Opyrve BOMpPocbl MOryT ObiTb MOMYy4YeHb
TONbKO B pamkax anbTepHaTUBHOW KOHUEMUUW MaTepuanbHOro Mupa. Takas KoHuenuusi MoxeT ObiTb
cchopMmMpoBaHa 3a cyeT peanusaumm HeCKONbKUX HanpasieHUn nCcnenoBaHuin.

ABTOp npennaraeT uckatb OTBETbl Ha OXwuialowme peleHusi nNpobnems B Modenu BceneHHoi,
KOTOPYIO B KakoW-TO MEpPEe MOXHO paccMaTpuBaTb KakK pasBMBaiowWyl0 wuiew Teopunm ddoupa npu
JONyLWEeHUN MaTepuanbHOCTU ero cybcTaHumm.

Mogenb ponyckaeT, 4TO Ha npocTpaHCTBO BceneHHol HanoXeHo MaTepuanbHoe none
3NEeKTPOMarHNTHOM NPMPOabl ONpeneneHHbIX NapaMeTpoB, KOTOpoe Mbl 6yaeM HasbiBaTb Hecywmm (HI).

MpennonaraeTcsl, YTO HecylWwas CTPYKTypa, SBASASAChb YaCTbio MaTepuanbHOro Mumpa, KOHTponupyet
3BO/NIOLMM MaTepum B HeM. OTO Mofe B MpoLecce CBOEro Pas3BUTUS FeHepupyeT BCE YCTaHOB/IEHHbIE
HabnoeHMsMN NPOosSiIBNEHMS MaTtepun BO BceneHHon, hopMmupys CNOXHO MOCTPOEHHYIO CTPYKTypy
BceneHHon-nonsa (BI). BIT paccmaTtpuBaeTca kak COBOKYMHOCTb HECyWero Mofs v B3BELWEHHbIX B HEM
MaTepuanbHbix 06pa3oBaHuii, NPeACTaBNEHHbIX €r0 OCNOXHEHNSMU.

Mogzenb onuvpaeTcsl Ha psa OOMNyWeHWA, onpeaensiowmx NPUHUMNbLI CYWEeCTBOBaHUS MaTepun B
npupone. B Hauvane ctatbym 3T gonyweHuss 6ymyT obo3HAYEeHbl B BUOE €€ OCHOBHbLIX MOMOXEHWIA.
JHanbHeiwee n3noxeHne matepuana npegnonaraeT getannsaumio 3TMxX NO3nLMA, NOCUNBbHYO 01 OAHOW
cTaTtbu.

Ha nepesom atane paboT Mbl noctaBunu nepel coboil 3amavyy OLEHWTb BO3MOXHOCTb
POPMMPOBAHNA MONEBbLIX B3rN5400B HA MaTepuanbHbl MUP.

1.OCHOBHbIe NONOXEHUs NoneBoi moaenn BceneHHol
1.1. O maTepun

I'IpeunonaraeTcyi, 4TO MaTepuda cyuwectByeT M MOXeET CylleCcTtBoBaTb B Mnpupone TO/IbKO B BhOe
nonei. MNMone paccMmaTpuBaeTCda MOOENbIO KaK crnocob cywectBoBaHMA MaTtepuin B NpPOCTpPaHCTBE.

1.2. O NOHATUN «none»

B pamkax momenu none onpemensetcs Kak AMHaMuyeckas COBOKYMHOCTb MaTepuanbHbIX
obpa3oBaHuii  OonMpeneneHHOro ayanas3oHa  XapakTeEpPUCTUK, WMEWWX OonpeneneHHblM  obpasom
ynopsinoyeHHoe nsuxeHue. Komnnekc matepmanbHbix 06 beKTOB, y4acTBYyOWMX B CTPOUTENbCTBE N0OOro
KOHKPETHOro nonsi, 0603Ha4eH Hamu Kak COBOKYMHOCTb HocuTenel ceoincTe (HC) aToi CTpyKTypbl.
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Kaxgbih HC KOHKPEeTHOro nons umeeT CTPOro MHAMBUAYyaNbHYIO XapakTEPUCTUKY U CYlLeCcTByeT Ha
NHOMBUAYanbHOW TpaekTopun (opburTe), COOTBETCTBYIOWEN 3TOM XapakTeEPUCTUKE.

MpenctaBneHns o MmatepuanbHblx 06 bekTax Kak 0 HOCMTENSIX CBOWCTB noner 6yayT onpeneneHsol B
pasgenax 1.8, 2.

KOHCprKTI/IBHbIe B3rnsanbl Ha CTpoeHune nonemn 6y,D,yT npennoXeHbl NPUMEHNTENIbHO K KOHKPETHbIM
TMNam nonem u KOHKPETHbIM NoNsM.

1.3. O nepBuYHO MaTepranbHol cybcTaHumm

Mopenb ponyckaeT, YTO MepBUYHbIE MaTepuanbHble 06pa3oBaHMs CywWeCTBYIOT B NMPUPOLE B BUAE
nons onpeneneHHoOn KOHCTPYKUMM, SBASSICb HOCUTENSIMU ero CBOMCTB. dTa CTPyKTypa HassBaHa Hamu
npumyc-nonem, a ero HC — MoHoyacTmLaMK.

ﬂemeque none paccMatTpmBaeTCa Kak OunHamMunydeckasd COBOKYMHOCTb MOHO4YacTul, WMerLWunx
onpeneneHHbIM o6pa30M ynopsano4eHHoe aBuXeHwne, npuHunnbl CylwecTBOBaHUA KOTOPbIX onpeneneHbl
HnXxe.

MpuHATbIE OOMyWEHWs NPUNUCHIBAIOT MOHOYACTULAM OMpefeNeHHbln Habop XapakTepucTuk,
obecneymBaloWmMX UM Kak He3aBMCUMMOE CYLIECTBOBAHWE B COCTaBE MPUMYC-MONS, Tak M BO3MOXHOCTb
yyacTusi B CTPOUTENBbCTBE 0O HEKTOB MatepmanbHOro Mupa BeeneHHoid.

Kaxpas MoHo4YacTMua HeceT WHOMBMAOYyalbHYld Maccy, BennyMHa KOTOPOM yknadbiBaeTcs B
onpeneneHHbIi aManasoH OLEeHOK 3TOro napameTpa.

MoHouacTuLpl MMEeKT MpaBo Ha CywecTBOBaHMEe, o06palasicb BOKPYr OnpeneneHHon ocu no
3aMKHYTbIM  KpyroobpasHbiM opbutaM, napamMeTpbl KOTOPbIX  AOMXHbl  COOTBETCTBOBATb WX
XapakTepucTukam.

MepBuyHbie 06BEKTHI MOryT MMeTb Kak npaBoe, Tak M neBoe obpaweHne no opbute npw
COOTBETCTBYIOIWLEM NMPABOM 1 NEeBOM BpauweHuu. [pu BpaleHun kaxnas MoHovacTuua reHepvpyeT 3apan
VHOMBMAYANbHOW BENNYMHDBI, MONOXMUTENbHbIA NPV NPABOM BPALLEHNN 1 OTPULATENbHbIA NPU NEBOM.

Mpu noBopoTe ocK BpaweHust MoHovacTuubl Honee, YeM Ha 90 rpanycoB, 06 bEKT O0NXEH N3MEHUTD
3HaK CBOEro 3apsija Ha NPOTUBOMNOMOXHbINA.

Ha puc. 1 npomnniocTpmpoBaHbl 0XXUAAEMbIE MOAENbIO NPEACTABAEHNS O NPUMYC-NONE.
1.4. O Hecywem none (HIT)

lMpeononaraeTcs, 4TO  Hecywee none  qoOpMupyeTca B TUNOTETMYECKOM  CMOXHOM
MHOrOCTyneH4yaToOM npouecce YNAOTHEHWA W pas3ynnoTHEHWA MaTepum B NPOCTPaHCTBE, ONUCaHHOM B
pasnene 5.

OTta CcTpyKTypa onpemensercs Kak AOMHaMuyeckass COBOKYMHOCTb  HOCUTENEl  CBOWMCTB
onpeneneHHoro avanasoHa xapakTepucTuk, obpalatowmxcs B NpoCTPaHCTBE BOKPYr onpeneneHHol ocu
no cnupaneobpasHoiM opbutam onpeneneHHOro auanasoHa napameTpos. Hocutenu ceoiicte HIM HasBaHbl
HaMmm adoupamun. KoHCTpYKTUBHbBIE NpeAcTaBneHns 0b aTux obbekTax NnpeanoXeHbl HAXE.

Hecywee none oTnnyaeTcs HEOAHOPOAHOCTbIO, Npeanonarawleit, YTo ero xapakTepucTukKn B AByX
MobbIX ToOYKaX OONXHbl OblTb OT/INYHbI.

1.5. O noHATUN «npocTpaHcTBo-none» (M) BceneHHowm

MnoTeTnyeckoe NpPOCTPAHCTBO-None BceneHHol onpenensieTcs MoAenbld Kak COBOKYMHOCTb
MPOCTPAHCTBA M HANOXEHHOW HA HErO HEeCyWen CTPYKTYpPbI.

MpeaononaraeTcs, YTO NPOCTPAHCTBO 6ECKOHEYHO, OAHOPOAHO U HEMTPaNbHO.



Mone paccmaTpvBaeTcsi kak HeoOHOpoOHasi MaTtepuanbHas cybctaHumsi, KoTopasi, MOCTOSIHHO
MEHSIS CBOKO pPAacrnpOCTPAHEHHOCTb B MPOCTPAHCTBE B MPOLECCEe 9BOMIOUMU, B KaXAbli MOMEHT
CyWECTBOBaHNS NMEET KOHEYHble pasmepbl.

Mpeanonaraetcs, 4to npoctpaHcTeo u HIT cocywecTByioT He B3ammomencTeys. MpocTpaHCTBO He
yyacTByeT HM B CTpOUTENbCTBE BCceneHHON, HM B onpeeneHnmn xapaktepa ee 3oL,

CsoiicTBa NPOCTPAHCTBA-MONS, B TOM YACNE U €ro KPUBM3HA, ONPEaensioTCs Hecywen CTPYKTypoi.
OTtoenbHble 30HbI MM MOryT 6bITb KNnaccMguUUUPOBaHbl B COOTBETCTBMM C XapakTepUCTUKaMN HeCyIero
Nonsi B HUX.

B cBA3M C KpuBU3HOI NpPOCTpPAHCTBA-Nons opbutbl 0OBHEKTOB B HEM [OONXHbI BMEWaTbCs
KPWBONUHEAHBbIMU NOBEPXHOCTSMM — NCEBAOMIOCKOCTSAMM.

B pamkax Mogenu MOXHO rOBOPWTb M O MEPBUYHOM MPOCTPAHCTBE-NONe, NpPeacTaBneHHOM
MPOCTPAHCTBOM C HaNOXEHHbIM Ha HEro NPUMYC-MONEM.

1.6. O maTepuanbHbix 06 bekTax BeceneHHoii

Mopenb paccMaTpuBaeT Becb CNeKTp O06bEKTOB MaTepuanbHOro Mupa (KpOMe MOHOoYacTuvu) Kak
peanbHble NONs, NpeAcTaBNeHHbIe OMHAMUYECKMM COBOKYMHOCTSIMM CBOMX HOCUTENE CBOMCTB. B Takom
cTatyce matepumanbHble 06pa3oBaHMs JONXHbI ObITb NoapasaeneHbl Ha achupbl, hopMUpylolMe Hecyllee
none, n psi4 HaaaOMPHbIX 06 BEKTOB, OCNOXHSOWMX 3Ty CTPYKTYpy. MNpeanonaraeTcs, 4T0 HAO3(UPHbIE
obpasoBaHusa BkNoyaloT B cebsi Bce HabniogaemMble NPOSIBNEHUS MATEpUU B OKPYXaloleM MuUpe, B TOM
yncne 1 N3nyyeHus.

Obwasi 0cobeHHOCTb CTPOEHUS 3PVPOB M HAOMUPOB Npedrnonaraet, 4YTo OHWM SABNAKOTCA
OMHAMUYECKMMM COBOKYMHOCTSIMM MOHOYACTWL, kKak OyaeT nokasaHo B pasaene 5.

OTkasaBWwmncb Ha AaHHOM 3aTane paboT OT MOMbITKM Knaccugoumkaumm HaaaupHbix obpasoBaHunii B
cTaTtyce Nonew, Mbl BbIAENNIN B UX COCTaBE U MPUHSANM K PAaCCMOTPEHMIO ABa Tuna oO6bekToB: Tena-nons
(TM) n ecTecTBeHHO AnckpeTuanposaHHble 06bekTol (ELO). Ons ynobcTBa NoCTpoeHMs TekcTa nepsble
Mbl 6yeM npu HeobxoaMMocTn 0603HaYaTh TakXe kKak NCeBAOMOHONNTLI, BTOPbIE — Kak MUKCbI.

Kak TMN n EOO mbl npeactasnsem u matepranbHble 06pasoBaHns aMpHOro psha, paccmarpusas
9TO Kak JonyleHue.

OTMeTUM, 4TO B 3TOM CTaTtbe Mbl He GYJJ,GM onucbiBaTb Takune 06'beKTbI, Kak 60)'II/I,£I,I:>I, KOMEeThl,
MeTeopuTbl 1 Op., nonaras, 4to X CylwecTBoBaHNE Kak oparMeHToB Ten-nosen o4YeBnaHo.

Ha Haw B3rngan BHECEHHble B MOLErb orpaHn4yeHna He oTpuualdT BO3MOXHOCTb peleHns
NoOCTaBNEHHOW B cTaTbe 3adaun.

1.6.1. O Tenax-nonsax

B pamkax momenu Tl vMelOT WHWPOKOE pacrnpocTpaHeHne B MPUPOAE, y4acTBysl B CTPOUTENbCTBE
Makpomumpa, MMKpoMMpa 1 u3nyyeHuin, n 6yayT npeanctaBneHbl Ha NpuMepax NnaHeT, SNEKTPOHOB U Ip.

Mogenb onpegensieT Tena-nons Kak AWHAMUYecKMe COBOKYMHOCTM HOCWUTenel  CBOWCTB
onpeneneHHOro auanasoHa XapakTepuUCTWK, CYWECTBYKLWMX Ha opbuTax onpeaeneHHoro auanasoHa
napameTpoB.

MexaHun3M reHepauum 1 NpUHUMNLI cywecTBoBaHus TI 6yayT npeacTaeneHol B pasgene 4.
1.6.2. O ecTeCTBEHHO ONCKPETM3NPOBaHHbIX 06 bekTax (APOOHbIX Tenax-nonsx)

Mpennonaraetcs, 4To MexaHuam doopmupoBaHus ELO cBasaH ¢ npepnaraeMbiM MOAENbIO BUOOM
TpaHcdopmMaummn Ten-nonen, HaseaHHbIM paclwmnpeHnem ¢ gpobneHunem (pasaen 4).

,D.OI'IYLLLGHO, 4TO Tena-nonsa onpeneneHHbIX KOHOWUWA, Ha3BaHHble HaMu reHepupywouwnmn, B
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onpeneneHHbIX YCNOBUSX NPOXOOAT npouecc ApobneHms nod KOHTPONEM Hecywero nons. SToT npouecc
CBA3aH C (pOpMUPOBAHMEM NPOM3BOAHLIX OT reHepupylowero obbekta Ten-nonein (mpoTen),
OCNOXHSIOWMX UCXOAHbI 06bekT. TeyeHne mpouecca OMCKPeTM3aumm MOXET UMeTb 0cobeHHOCTU ans
pasnnyHblX reHepupytowmx TI, 1 B 3aBUCMMOCTM OT aTUX ocobeHHocTeln poxagatotcs ENO spepHoro nnu
6e3bsiaepHoro Tmna.

Mpu copmuposaHnm EJO apepHOro tmna reHepuvpytlowiee Teno-none B NpoLecce pacumpeHus ¢
IpobneHnem He MNOMHOCTbIO pacxolyeT CBOK CyOCTaHLMIO Ha CTPOUTENbCTBO OCMOXHSAWMX €ero npoTen.
CoxpaHsisicb B M3MEHEHHOM BuAe, OHO CO3JaeT AMHAMMYECKYH0 COBOKYMHOCTb OOBHEKTOB, B KOTOPOWA
npoTenbl obpawatTcs BOKPYr reHepupytoLero tena.

B npouecce ctpoutenbctea 6es3bsaepHoro ELO reHepupyowmii 06beKT MOMHOCTbIO pacxodyeT
cBolo cybcTaHuMio Ha POPMUPOBaHME MPOTEN W co3daeT AMHAMUYECKYH) COBOKYMHOCTb MNpoTen,
obpaliatolmxcs BOKpyr onpeaeneHHoi ocu.

Ons obounx TmnoB ENO xapakTepHO, 4YTO WX MPOTENbI, CyWeECTBYS HA WHOUBMIyaNbHbIX
cnupaneobpasHbix OpbuTax, COXpPaHSIOT BEKTOP ABMXEHNS POAMBLIErO UX FEHepupylowero Tena.

K opobHbiM Tl Moaenb OTHOCUT NNAHETHbIE CUCTEMbI, aTOMbl, (POTOHbI U Ip.

1.6.3. O npuHUMNax COCyWeCTBOBAHMSA PA3HO 3apsiXEHHbIX MNpPOoTen B APOOHbIX Tenax-nonsx
anepHoro n 6esbagepHoro Tuna

B paspene 4 Oynmetr npeactaeBneHo, 4to nwboe Teno-none o6s3aTenbHO OONMXHO HeCTU
9NeKTpMYecknin 3apsan TOro MAW WHOro 3Haka. 3Hak 3apsja Mogenb CTaBuT B 3aBUCUMOCTb OT
HanpaeneHus spaweHuns TT1.

Mogenb ponyckaeTt, 4TO €CTECTBEHHO AMNCKPETM3UPOBAHHble OOBEKTbl Kak $SAepHOro, Tak W
6e3bsnepHOro tvna MoryT 6biTb COOPMUMPOBAHbLI COBOKYMHOCTSIMU Pa3HO 3apsiXeHHbix npoTten — T
MpennonaraeTcs, YTO NONOXMTENBHO 3apPSXEHHbIE MPOTENbI UMEIOT NPaBO Ha CyWeCTBOBaHNE B COCTaBe
npobHoro T npu npaBoMm obpalleHnn BOKPYr FEHEPUpPYIOWeEro Tena UnvM onpeneneHHon ocu 1 npaBoM
BpaweHun. OTpuuaTenbHbie NPOTENbl — MPU NEBOM 06paLLEeHNN 1 NEBOM BPALLEHUN.

Mpw aTom pgonyweHnn cybcTaHumio, NPeACTaBNEHHYIO COBOKYMHOCTbIO APOOHbLIX TeN-nonewn (MUKCOoB),
MOXHO paccmaTpuBaTb Kak OBOWHOCTb pas3HO 3apsiXeHHblXx 06bekToB. Takyw cybcTaHuuio Mbl Bynem
Ha3blBaTb MUKCOBOW CpenoW.

1.7. O BceneHHol-none

Mogenb paccmatpumBaet BIT kak CnoXHO NOCTPOEHHOE Mone, NPencTaBfeHHOE COBOKYMHOCTbIO
Hecyllel CTPYKTYpbl M OCNOXHAIOWMX ee MNosiei, KOTOpbIMU MNpeacTaBneHbl HandgupHble 06 bekThl ee
MaTepuanbHOro Mupa.

HanadoupHble matepranbHble 06pa3oBaHns B3BELWEHbl B HECYLLEM MONE N HaXoAATCS B MEAJIEHHO
MEHSIOWEMCS NPOCTPAHCTBEHHOM COOTBETCTBUM C HECYLLEN CTPYKTYPOA 1 MeX Ly COOON.

1.8. O npupone apuxeHns Bo BceneHHol

Mogzenb npeanonaraeT, YTo Bce 06bekTbl BceneHHol kak agMpHOro, Tak U Haa3UPHOro psinoB
ABNAIOTCSA HOCUTENSAMU CBOWCTB €€ CNOXHO NMOCTPOEHHONW CTPYKTypbl. CywecTBys Kak HOCUTENN CBOMCTB
nonsl, OHW MMEKT MNPaBO Ha CyLWeEeCTBOBAHWE B OKPYyXalolWeM MUPE, TONbKO HaxoAsCb B OBUXEHUN MO
onpeneneHHolM opbutam (paszgensl 11 1 13).

PaccmaTtprBas none kak crnocob CywWwecTBOBaHWS MaTtepuyu B Npupoae, Moaenb onpenenseTt
IBVXEeHVe Kak cnocob CywecTBoBaHNS MatepmanbHblix 00pa3oBaHmnii B MpoCcTpaHcTBe-none BeeneHHoI.

CooTBeTCTBytOWME NPEACTABNEHNS O MOHATUN «MNOKOW» ByayT NPeanoXeHsl.

4 EBpasnincknin HayuHblin XypHan



1.9. O cocylwecTBOBaHUN NEPBUYHOro MaTepuanbHoro Mmpa c BeceneHHon-nonem

Mbl nocuntanu ynobHbiM BBECTM MpencTaBNeHne O OByX MaTepuanbHbIX MUpax: NEPBUYHOM MUpeE,
npeacTaBfeHHbIM MPUMYC-NOAEM, U MUPOM BceneHHon, npencTtaBneHHbIM e€e CNOXHO MNOCTPOEHHOMN
CTPYKTYpPOWA.

lMpennonaraeTcs, 4TO 3TV MUPbI pa3BeeHbl NPOCTPAHCTBEHHO U UMEIOT CYLWECTBEHHbIE Pa3NnnMyng B
CTPOEHUN HOCUTENEN CBONCTB N UX ABUXEHUMW.

Ha pwuc. 1 cxematmyeckm NpOMNOCTPUPOBAHO MNPOCTPAHCTBEHHOE COOTBETCTBME HECYILEN
CTPYKTYpPbl C NPUMYC-NONEM.

2. O MynbTUHOCUTENSX

B pamkax monenu Bce NposiBNeHUst MaTepumn Bo BceneHHoW CylwecTBYOT Kak HOCUTENN CBOWCTB ee
CNOXHO MNOCTPOEHHOro nons. B aToi reHepanbHOW COBOKYMHOCTM MONMEBbLIX KUPMWYMKOB CywecTByeT
6onbwas rpynna matepuanbHblx 06pa3oBaHuWii, BbIMONHSAOWMX 3TN OYHKLMKN, Y4acTBYS B CTPOUTENbCTBE
9PMpPHbIX N HaadPUHbLIX 06bekToB B kKayecTBe Ux HC. O6bekTbl 3TOM rpynnbl Mbl 06 beanHMAN NoL 06LWmM
HasBaHMEM MYNb TUHOCUTENN.

MHorme MynbTUHOCMTENW MOTYT UMETb CBOW MY/NbTUHOCUTENMW, U 3HAYMTENbHas 4acTb 0O6bEKTOB
STOW rpynmnbl MOXET BbINOMHATD OYHKUMW MONEBbIX KUPMWYMKOB MHOFOKpaTHO. Tak NenToH aTtoma,
yyacTByilOWEro B popMupoBaHmm 3emnu, asnsetca ogHuM n3 HC atoma, 0OHMM M3 KUPNNYMKOB 3emnu,
OOHUM N3 HOCUTENE CONMHEYHOW CUCTEMbBI N B TO XE€ BPEMS CYLECTBYET KakK MONEBbIA KUPMNYMK CNOXHO
nocTpoeHHoro nons BeceneHHom.

Hamn ponyuweHo, 4TO KOHCTPYKTMBHO MYynbTUHOCMTENW MOryT ObiTb npeacTaBneHbl Tonbko TI1-
ncesmomoHonutamu n EJO-mukcamu.

MpenononaraeTcsi, 4YTO CyWECTBYIOT MexaHu3Mbl, onpeaensiowme npeobpasoBaHMsi MUKCOBbIX
MY/NIbTUHOCUTENEN B NCEBAOMOHONIMTHBIE (CXNOMbIBAHUE) U MCEBAOMOHONIMTOB B MUKCbI (paclupeHue ¢
IpobneHnem).

Ha Haw B3rnsg, NPpuHATbIE npeactaBneHne o0 MynbTUHOCUTENAX MO3BONAKOT OOHO3HAYHO ONMUCaTb
KOHKpETHbIEe O6'beKTbI, HEeCMOTpPA Ha BblHY XX OEHHOCTb KX Bbl60pa.

3. O cxnonbiBaHUN Kak 0 MexaHn3me SﬂeKTpOMaFHI/ITHOVI KOHCOMaaunn matepun

YcTaHOBNEHHOE Na3epHON (PU3NKOIN SBNEHWE CXNOMbIBaHUS MOEeNb paccMaTpumBaeT Kak npouecc
POPMMPOBaHUS YNNOTHEHWNIA MaTepPUn B cybCcTaHUMM NasepHOro fyya 3a cyeT BO3HUKHOBEHWS NIOKaNbHbIX
o4yaroB ee 3NeKTPOMarHNTHON KOHCONNAALNN.

Takve npeacTtaBneHusi 06 onucbIBAEMOM SIBNEHUM MOTYT OblTb BbICTPOEHbI MPU NPUHSATOM MOLE/bIo
NpeanonoXeHnn, 4TO (OOTOHbI CYLECTBYIOT B MNPUPOLE B BUAE ECTECTBEHHO JOMCKPETM3MPOBAHHbIX
obbekToB Be3bsmepHoro Tmna (pasgen 15). 310 monyweHme no3BonseT paccMatpusatb CybCcTaHLUuio
Nnas3epHOro fiyya Kak MWKCOBYIO cpefy (OMHaMU4YecKylo COBOKYMHOCTb MukcoBbix HC), mpenctaBneHHyio
0OWHOCTbI0-NONEM Pa3HO 3aPSXKEHHBIX (POTOHYMKOB.

MpenctaBneHUss 0 MexaHW3Me CXonblBaHWs CybCcTaHUMU Nas3epHOro nyya Modesb (QOpMupyeT,
NCXods W3 NPeanonoXeHusi, 4To ToukuM cxnonbiBaHus (TC) reHepupyloTcs B Buae Ten-nonei
onpeneneHHbIX XapakTepucTyK.

KOHCTpYKTUBHbIE B3rnsabl Ha 9TOT MPOLECC MOEeNb yTUAU3MPYET, ONMPasiCb Ha LOMyLWEeHWe, YTOo
CXNOMbIBAHME CTAHOBUTCS BO3MOXHbLIM MPW OOCTMXEHUW MUKCOBOWA CpPenon KPUTUYECKUX MAOTHOCTHO-
3N1EKTPOMArHUTHbIX YCNOBWA. DTU YCNOBUS KOHTPONMPYIOTCS ONpPeneNeHHbIM COOTHOWEHMEM MIOTHOCTH
MaTepun B Cpelie Nyya v yCpeOHEHHbIMU 9NEKTPOMArHUTHLIMU NapaMeTpamMm KOMMOHYOWNX ero oOTOHOB.

MexaHuam cpopmupoBaHus TC B nyye CBOAMTCS K psigy MocnenoBaTeflbHbIX TpaHcdopMauuii ero
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cybcTaHumii.

B KkpuTnyeckmx NNOTHOCTHO-3NEKTPOMArHMTHLIX YCNOBUSIX 3amnyckaeTcs MpoLecc reHepauum
MYyNIbTUHOCMTENEN AAep TOYEK CX/IOMbiBAHMS 3a CYET BO3HWKHOBEHUSI NOKANbHbIX 04aroB CTArMBaHUS
pPasHO 3apsiXEHHbIX (POTOHYMKOB. ITU MYyNbTUHOCUTENVN (POPMUPYIOTCS B MNCEBOAOMOHONUTHOM BUIE,
6yoyun npeactaBneHHbiMK TIT onpeaeneHHbiX XapakTepUCTUK. 3apoaMBLIMECS MYNIbTUHOCUTENW, 3aHMMas
mManopaouycHble opbuTbl, COOTBETCTBYIOWME WX XapakKTepucTkam, BbICTPAMBalOT sApa  ToYek
CXNOMbIBAHWA B BWOE WX OUMHAMUYECKMX COBOKynHocteir. Smpa TC, npoifs 3BOMOUMOHHbIE
npeobpasoBaHusl, NoKasaHHbIe B pa3aene 4, TpaHCopMMpyOTCs B 04HO000104eYHbIE TeNa-nons.

Jonyckas, 4To CXNonbiIBaHME MOXET pPeann3oBbliBaTbCS B NPUPOLE B MUKCOBbLIX Cpedax pasfimyHbiX
06bEMOB MPK Pa3nUyHbIX OManasoHax napaMeTpoB MWKCOB, MOLENb paccMaTpuBaeT 3TOT MPOLEcC Kak
WHCTPYMEHT, obecneymBatowWwmii reHepaumnto Ten-nonei kak B MUKpOMMUpe 1 cybcTaHumMsax U3nyyeHuit, Tak u
B Makpomupe.

3aBepwvB pPas3roBOp O  CX/JOMbiBAHWW, OTMETUM, YTO W3YYEHHbIA HayKoW  MeXaHW3Mm
9NEeKTPOMarHNTHOM KOHCONUAALUN MaTEPUM 3a CHET YCTAHOBNEHMS XUMUNYECKNX CBA3E MEX Ay aTtoMaMun B
pamkax MoIenu MOXEeT MPOSIBAATbCS C onpeneNeHHbIMM O0COBEHHOCTSIMU, CBSI3@HHBLIMW C MONEBbIM
CTPOEHMEM MATEPUN.

Kak npuMmep peanundadnn cxnaonbiBaHWA B npupoge, MOXHO paccMaTpumBaTb WapoOBYyHOD MONHUIO,
onpenendsa ee Kak 1efio-nojsie onpeneneHHblx KOHONLNA.

OTMeTMM, 4YTO WCMOSIb30BaHME TEPMUHA «3NEKTPOMAarHUTHasi KOHconmpauusi» MoXeT ObiTb
NMPW3HaAHO KOPPEKTHbIM, €CN 3KCNnepuMeHTanbHo OyaeT ycTaHoBNeHa onpefeneHHas pofib MarHUTHbIX
nonewn NenToHOB B X B3aUMOOENCTBUSX U B3AMMOOENCTBUSAX aTOMOB.

4. O npyHUMNax reHepaumm 1 CywecTBOBaHNSA TEN-Nonein

Mognenb npeannonaraeT, YTO Tena-nond 3apoXaakTcsd B NPOCTpaHCTBe-none B Bae CBOUX sA0ep B
cpepnax, npeacrtaBneHHbIX COBOKYNMHOCTAMN MUKCOBbIX HC B npouecce cxnonbiBaHNA 3TUX Cy6CTaHLI,I/II7I.

Ha nepBom 3Tane aBonwouUMM sOpa BbiCTpamBaloT cTabunuavpyowme 060104KM, HOPMUPYS
ogHoobonouyeyHble Tena-nons. Oanee Tl nnbo coxpaHAT 04HO0O60N0YEYUHbI CTaTyc, MO0 YyCNOXHSAT
CBOE CTpoeHue, npeobpasyocb B MHOroobonoyeyHble 06bEKTHI, Kak 3Be3[bl U MAaHeThbl, ONUcaHHble B
pasgenax 7, 9.

41.0 agpax TN

fpopo kaxporo Tl paccmaTtpuBaeTcsi Kak OMHAMMYeckast COBOKYMHOCTb MynbTUMHOCUTENei
NCeBAOMOHONIMTHOMO TUMA, NPEeACTaBNEeHHbIX TENaMU-MONAMU ONPeaeNeHHOro ananasoHa XxapakTepucTuk,
3BONIOLIMOHMPYIOWMX HA cnpaneobpasHbix opbuTax onpeneneHHoro amanasoHa napamMeTpos.

3apoxpadace B wapoobpasHonh opme, SOpO B Mpouecce 3BonwouMM  npuobpetaet
9NMNCOMAANbHOCTb 3@ CYeT HEepaBHOMEPHOro pacWuMpeHns B HanpaBieHWsX, napanfiefibHOM U
nepneHamkynsspHom ocu obpawerum ero HC. Mpeanonaraetcsi, 4TO CKOPOCTb padynioTHEHUS BAONb OCHU,
onpenensemMas BpalleHMeM MNCEeBAONIOCKOCTEN, BMewamwWwmx opbuTtbl MynbTUHOCUTENENR, 3HAYUTENBHO
MEHblle CKOPOCTW pacWMpeHuss nepneHavkynspHo ocu 3a cyeT cnupaneobpasHoctn opbut HC,
doopMUpYIOLLUX A0PO0.

4.2. O ctabunnampytowein o6onoyke

Mpeaononaraetcsi, 4to crabunusmpytowas obonoyka Tena-nons BbicTpamMBaeTcs B npouecce
pacwmnpeHunsi ero sapa Kak CTPYKTypa, OCNOXHSIoWas LeHTpanbHbIA 9NeMeHT o6 bekTa.

eHepauns ctabunuavpytolein 060104k NPOUCXOONT 3a CYET MHOFOYMCNEHHbBIX akTOB OTCNanBaHms
NMCeBOOMOHONNTOB a4pa, COMpoBOXAaawwmecs WUx npeobpa3oBaHWEM B MUKCOBble MyNbTUHOCMTENN
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SNEPHOro Tuna. 3TN MyNbTUHOCUTENN CO3LAIOT SNUMCOMIOANBbHYIO OMHAMUYECKYIO CTPYKTYPY, B KOTOPOIWA
gopMmupylowme ee SNeMeHTbl YOEepPXWBAOTCA CUNaMU  3NEeKTPOMAarHUTHbIX CBSI3e B MeASIEHHO
MEHSIIOLEMCS MONOXEHUN OTHOCUTENbHO OpYr Opyra.

MexaHun3am npeobpasoBaHma ncesooMoHonutoB-TIN agpa B Mukcbl-EOO  ctabunusmpyiouwei
060104KM ONpenenseTcs pacwmpeHnem ¢ opobneHunem TI1, onucaHHbIM B 3TOM pasaene HUXe.

Crabunuaumpytowas obonoyka, obnagasi onpeneneHHbiMM NPOYHOCTHBIMU CBOMCTBaMW, CoepXnBaeT
pacwupeHue agpa M co3fgaeT B HeM jpdaenexuve. [Mpennonaraetcss BO3MOXHOCTb CyWECTBOBaHWSA B
cTabununsmpyowein cTpykType cnabbix MECT — OTAYLWVH, Yepes KOTOpble AaBleHNe MOXET CTPaBINBaTbLCS.

4.3. O gBUXEeHuUn Ten-nonen

Mognenb npennonaraeTt, 4TOo Tena-nond WMEKT npaBo Ha cCywecTtBoBaHMe B npuponoe TONbKO
HaxoosaCb B OBMXEHUNn no wHOnsBuayanbHbIM CI'IVIpaﬂ606pa3HbIM Op6VITaM, COOTBETCTBYHOWNMM KX
XapakTepuctunkam, o6nap.a$| npn 3ToM onpeneneHHbIM 06pa30M ynopsaoo4YeHHbIM BpalweHNeEM.

BpaleHne Tena-nons cospaeTcsl CYMMOW obpalleHnii KOMAOHYIOWNX ero MynbTUHOCUTENE BOKPYT
onpeneneHHol ocKn, KoTopas NPU3HaeTCcs Ocblo BpaleHns obbekTa.

MpeononaraeTtcsi, YTO OCY BpalWeHUs Ten-nonei NMewT TeHOEHUMIO K U3MEHEHMWIO OpueHTaumn B
NPOCTPaHCTBE-NONEe 3a CYET BpalleHMs NCeBaonNOCKOCTEN, BMewawmx opbuTtel X MybTUHOCKUTENEIA.

4.4. O6 anekTpuyeckmx 3apsgax Ten-nonein

Mpennonaraetcsi, 4TO MpW BpaWEHUU KaxpOoe Teno-none reHepupyeT 3NeKTPUYECKUn 3apsg
WHOMBUAYaANbHO BENNYMHbBI, COOTBETCTBYIOWMIA NapaMeTpam CTPOEHNS, OBUXEHUS 1 BpalleHns o6bekTa.

MpuWHATO, 4YTO NpVM NPaBOM BpawWeHWM COPMMPYETCSH MNONOXUTENbHbIA 3apsn, Npu nNesoM —
oTpuuaTenbHbld.  [lonyckaeTtcsi, 4YTO TENo-none MOXET MeHSTb 3HaK CBOero 3apsiga  Ha
NPOTMBOMONOXHbIV NPU N3MEHEHUN MONOXEHUS O0cK obpalleHusi ero MynbTuHocuTenein 6onee, yem Ha 90
rpanycos.

Bennuuna 3apsima TI 3aBUCMT OT MHOrUX (DAKTOPOB, M3 KOTOPbIX MOXHO BblOENWTb OManasoH
XapakTepuUCTUK MyNbTUHOCUTENEN, CKOPOCTb BpAWEHMS M MONOXEHWE OCU BpalleHUs B MPOCTPaHCTBe-
none.

4.5. O6 oueHKke napamMeTpoB cylwecTsoBaHus TI1

Teno-none MoxeT ObITb oxapakTtepunsoBaHO ero nJIOTHOCTHO-3NIEKTPOMArHNTHbIM KOOOM, UMEKOLWNM
Ka4eCTBEHHYIO N KONIM4YeCTBEHHYIO COCTaB/AOLWYIO.

KonunyecTBeHHbIn ko4 o6bekTa Onpenensietcsi YMCAOM MOHOYACTUL, 3aAeViCTBOBAHHbIX MPU €ro
CTpOVUTENBCTBE.

KauyecTBeHHbIN KOA pernameHTMpyeTcs MHOXECTBOM (DakTOpOB, CPeau KOTOPbIX: AnanasoH KoAoB
€ero HocuTenei, OuanasoH napameTpoB OpbUT, HA KOTOPbIX 3T HOCUMTENM CyWECTBYKOT, napameTpbl
BpaweHuns TI1, BKNOYas NONOXEHUE OCK BpALEHWS, XapakTepucTuka BpalweHUs nceBaonnockoCcTen, B
KOTOpbIX obpallatoTcst HocuTenu obbekTa u ap.

4.6. O pacwmpeHun Ten-nonew

B pamMKax Mooenn cywectesyeTt 6onblWoi nnacT 3ajay, CBA3aHHbIX C U3Yy4YeHNEM 3aKOHOMEPHOCTEN
M3MEeHEeHNda napamMeTpoB Hecylero nonsa n OLIEHKOW BAUSHUSA 3TUX UBMEHEHUI Ha HagaPurpHble 06beKThI.

OpnHa 13 aTux 3ajay, Kacawwascs onpeneneHus NPUHUMNOB paclupeHns Ten-nonen, npuHsata
HaMu K pacCMOTPEHWIO

Mogenb npennaraeT CKOPPeKTUPOBaTb B3rnsiAbl HA pacWMpeHue, OOMYyCTUB CyLeCTBOBaHWE Tpex
TUMOB 3TOro MpoLecca: paclmpeHre ¢ yBenmyeHnem Buaumoro obbema, pacwmpeHue ¢ gpobneHuem u
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pacwmpeHne ¢ yMeHbleHneM BMaMMoro obbema.
4.6.1. PacwmpeHune ¢ yBENMYEHNEM BUOMMOrO 06beMa

Peanmsaunsa aTtoro Buga pacwupeHus onpepensetrcsas TeM, 4YTo B npouecce 3asonoumn TT1
KOMMOHYyIOWMNE €ro MyNbTUHOCMTENW, CYWeCTBys Ha cnuvpaneodbpasHbix opbdbutax, yBeanunsatoT
paccTosiHue oT ocu nx obpalleHusi, obecrneyrBas yBenmyeHne sBnaumoro obbema obbekTa.

4.6.2. O pacwupeHun ¢ opobneHnem

Mogenb npennonaraet, 4TO B NMPOLECCE CyLWeECTBOBAHUS HA cnupaneobpasHoi opbute Teno-none,
nepexoass M3 OOHOW TOoukM opbuTbl B Opyryl, nonamaeTr B MEHee XEeCTKMe MNAOTHOCTHO-
anekTpomarHuTHble ycnosusi HI, npeanucbiBalowme 06BHEKTY peanu3oBaTb SMUCCUIO MaTepun B
MPOCTPAHCTBO MOfie B Kakoi-To cpopMe. MOXHO ckasaTb, YTO B Kaxnaon Todyke opbutbl TI AOAXHO
NPVBECTUN CBOW KONMYECTBEHHBIN KO B COOTBETCTBUM NONOXEHMIO HA opbuTe.

JonyweHo, 4TO Ha KPUTUYECKMX BUTKAxX OPOMTbHI IMUCCUSI MaTepUn MOXET MMETb MPOPbIBHOW
XapakTep W C 9TMM SBNIEHMEM MOAOENb CBA3bIBAE€T CYLWECTBOBAHME TMMNOTETMYECKOro npouecca
paclwmnpeHunsi ¢ opobneHnem.

Mpenononaraetcs, 4YTO MPU  KPUTUYECKUX MNIOTHOCTHO-3NIEKTPOMarHUTHbLIX YCNOBUSAX Hecylen
CTPYKTYpbl Tena-nons, HasBaHHble pPaHee reHepupylwWwnMMy TEPSIOT MpaBO Ha CyLWECTBOBaHME Kak
LuenbHble 06pa3oBaHUsi U UCMbITLIBAIOT MpoLecc Opo6neHus. STOT NPOLECC HauyMHAEeTCs C MPOPbLIBHOrO
cbpoca cybcTaHUMKM siopa reHepupylowero obbekta Yepes oTOylWMHbl B cTtabunmavpytowein obonoyke B
npocTpaHcTBo-none. COpOlWeHHble MNCEeBOOMOHONUTLI  SApa, WCMbITbiBAS  OMUCLIBAEMbIA  NPOLEcC
pacwupeHus ¢ ApobneHmem, TPaHCOPMUPYIOTCS B MUKCOBble 06pas3oBaHns U (POPMUPYIOT MUKCOBYHO
cpedy onpeleneHHblX XapakTepucTuk. OTa cpeja Npu OOCTUXEHWM HaOKPUTUYECKOrO COOTHOLWEHMS
NNOTHOCTU W YCPEOHEHHbIX 3NEeKTPOMarHMTHbIX MapaMeTpPoB ee MYy/bTUHOCMTENEeR CXNonbiBaeTcs C
obpasoBaHveM sgpa HoBoro TI-MpoTena, OCNOXHAWWEro reHepupylownii 06bekT. AKTbl MPOPbLIBHOrO
cbpoca MoryT NoBTOPSAITbCS MHOFOKPATHO M NPMBOIST K 06pa3oBaHni0 €CTECTBEHHO AUCKPETU3MPOBaHHbIX
06beKkTOB siAepHOro nnu 6esbagepHoro Tuna.

4.6.3. PacwuypeHne ¢ yMeHblWeHNEM BUOMMOro o6 bema

Ha 3aBepuwatowem atane 9BOMOUUM B MPOLECCE PaCWUPEHWUs Tena-nons ero HapyXHble Crou
MYNbTUHOCUTENE 3aHMMAKOT BUTKM OPOWUT, HA KOTOPbIX OHWM HE MOryT YyOepXuBaTbCsH Hecylwel
CTPYKTYPOWA, 1 CpblBalOTCS B MPOCTPAHCTBO-NoNe. Buanmblit 06beM Tena-nonsi Npu 3TOM yMeHbLWaeTCs.

4.7. O MHOroobpasnm HagapPHbIX Ten-nonei

B pamkax momenu gga tena-nonsi MoryT ccpopMMpoBaTbCS MM B OBYX COCEOHMX TOYKaX HeCylero
NONs, UK B €ro OJHOW TOYKE HA Pa3NMNYHbIX CTAAMAX 3BOMIOLMU HeCcywen CTPyKTypbl. B obonx cnyyasx
ycnoBums reHepauny 6yayT pasnuyHbl U NPOAYKThl reHepaummn Takxe 6yayT pasnuyHbl.

Mogenb He ponyckaeT BO3MOXHOCTb CylWeCTBOBaHWS B MaTtepuanbHOM Mupe BceneHHon OByX
COBEPWEHHO MOEHTMYHbIX OO bEKTOB NMONMER M B YAaCTHOCTU ABYX OOMHAKOBbIX aTOMOB S4ep, NEnTOHOB,
HEeNTPOHOB 1 Ap.

5. O dpopMupoBaHMM MaTepranbHoOro Mmpa BeceneHHow

OnpepenvB, 4TO B MOMEHT, MNpeAWecCTBYOWNA Havany cTpouTenbcTea BceneHHoi, maTtepus
cylwectBoBana B BuAe NEpBUYHON cybcTaHuun, NpencTaBleHHOW NpUMyc-nonieM, Monenb CBA3biBaeT
reHepaumio BIT ¢ anekTpoMarHMTHOW KOHCONMAAUMEA MOHOYACTML MPUMyC-Cpedpbl Kak NepBbiM 3Tanom
3asIBNIEHHOr0 BbIWE CI0XHOr0 MHOTOCTYNEHYaToro npouecca ynnoTHEeHWA 1 pasynnoTHEHUA MaTepun B
NpPOCTPaHCTBE.

Mpennonaraetcs, 4yto BceneHHas 3apoaunacb B BMAe CBOEro sinpa kak ynjaoTHeHue cybctaHumu
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nepBMYHOro nons. Ha nepBoM 3Tamne 39BOMIOLMM SOPO PACWMPSSACh BLICTPOUNO CTabunnsMpyroLyto
obonouky. JanbHeiwee pacwupeHne sgpa non KOHTPONeM cTabunuampylower CTPYKTypbl MPUBENO K
hOPMUPOBAHUIO HECYLLEro MONS KakK CNOXHO NOCTPOEHHON AMHAMUYECKON CTPYKTYPbI.

MapannenbsHO €O CTPOUTENLCTBOM HECywWwero MNONs peanu3oBbiBANOCb WM peanuayeTcs
POPMMPOBAHNE MHOTFOYUCNEHHBIX 1 Pa3Ho0bpasHbiX HaO3UPHbIX MaTepuanbHblix 06 bekToB BeceneHHoi,
NpeLcTaBNEHHbIX NONSIMU, OCNOXHSIOWNMIN HECYLLYIO CTPYKTYPY.

5.1. O agpe BceneHHom

Mogenb paccmaTtpmBaeT S4p0 Kak OMHAMUYECKYID CTPYKTYPY, MPEACTaBNEHHYIO COBOKYMHOCTbIO
9oUPHbIX HOCUTENEN CBONCTB NCEBOOMOHOIMTHOIO TMNA.

MexaHnam bopMMpoBaHMUS LEeHTpanbHOro anemeHta Bl npuvHuunnanbHO nopobeH onvcaHHOMY
MEXaHW3My CXNIOMblBAHWS Cpel MUKCOBOro tuna. lNpu KpUTUYECKOM COOTHOWEHUW MNOTHOCTU PasHO
3apSXEHHbIX MOHOYacTUL B MPUMYC-NONie W WX YCPEAHEHHbIX 3NeKTPOMArHUTHbIX XapaKTepUCTUK
nepBuYHble O0OBEKTbI NOKANbHO CTArMBalOTCA (MOXHO CcKasaTb, CxfonbiBaloTcs) ¢ obpasoBaHuem
NCEeBOOMOHONNTHBIX 3CPUPOB, NpeacTaBneHHbix Tl onpeneneHHon cteneHn ToHkocTu. 3t HC, npmeoas
napameTpbl CBOEro OBUXEHWS B COOTBETCTBMM C KOAOM, (DOPMUPYIOT SAPO Kak rnofe onpeneneHHbIX
XapakTepucTuk, B KOTOPOM KaXxgplii 3hup WMeeT WHOMBMAOyalnbHbIA KOO W CylWecTByeT Ha
nHOmBMAayanbHol opbrTte, COOTBETCTBYIOLWEN 3TOMY KOy .

Ha MOMeHT 3aBeplieHVs reHepauuMn s4po UMeeT WwapoobpasHyio dopmy. [anee B npouecce
3BONOLMM OHO NprobpeTaeT 3NMNCOMOANbHOCTb 3a CYET MPEACTABNEHHON Bbiwe PasHULbl CKOPOCTU
pacwunpeHunsi 06'bekTa nepneHavKynsapHo 1 napannenbHo ocu obpalleHns 3npoB.

5.2. O ctabunuaumpytowein obonoyke sapa BecenerHon

MpennonaraeTcsi, 4To cTabunuaupyrowas obonoyka POPMUPYeTCs Kak CTPYKTypa, OCNoXHsowas
agpo. OHa siBnseTcs  9KpaHoM, He MO3BONsAOWMM  cybcTaHuMm  sgpa HermocpencTBEHHO
B3aVMMOOENCTBOBATbL CO CPELOV HeCcyLero nons.

MexaHuaMm reHepaumm ctabununsmpytowein 060104KK, NPeacTaBNEeHHOVW COBOKYMHOCTbIO MUKCOBbBIX
3(PMpOB, OMpedensieTcs paclWupeHVeM sgpa U NpUHUMNManbHO NofobeH MexaHu3My (OOPMUPOBAHMS
cTabunnampytowmx o60104eKk Ten-nonei.

Obneras anunconaansHoe A4po, cTabunuaupyowas 060104ka n3HadanbHo MeeT onpeaeneHHyo
3MMNCONAANnbHOCTb, KOTOPAas YCUNMBAETCS 3a CYET TEX Xe (DaKTOpOB, KOTOPble ONpeaenstoT OTKIOHEHWe
LieHTpanbHOW CTPYKTYPbl OT WapoobpasHOCTH.

KoHTponvpylowas obonoyka npuobpetaeT onpeneneHHble NPOYHOCTHbIE XapakTepUCTVKU 3a cyeT
0COBEHHOCTEN CTPOEHUS CBOMX 3PUpPoB. MukcoBble HC-CTPyKTypbl UMEIOT HaMMeHee BO3MOXHble
paanycbl NPOTen N, COOTBETCTBEHHO, MOBbIWEHHYIO CKTOHHOCTb K KOHCoNnaaLumu.

OnwncbiBaemas 060noyka, CoOEPXMBAs pacluMpeHre Sapa, CO3AaeT B HEM OABNEHNE, KOTOPOE MOXET
CTpaBNMBaTLCS Yepe3 OTAYWUHbI B 3TOM CTPYKTYpeE.

5.3. O hopMupoBaHMM HECYLWErO NONS

Hecywee none copmupyeTcsi Kak CTPyKTypa, OCNOXHsoWwas ctabunmaupyiolwyto 06010uKy.
CybcTaHumsa aToiM CTPYKTYpbl 3apoXXAaeTcst B NPOCTPaHCTBE Hal cTabunuaupytowein 060noykoi 3a cyeTt
peanusaumMm Tpex HaAsKpaHHbIX MPOLIECCOB: OTCNavBaHWS MUKCOBbIX 3CPUPOB OT CTabuUnmaunpyrowei
060104KM, AMdPY3MN NCEeBAOMOHONMTOB sSiapa Yepes 3Ty CTPYKTypy u cbpocos HC sapa yepes oTayWwmnHbI
B cTabunuanpytoueii o6onouke.

OtcnanBaHme 3dupoB cTabunuavpytowein 06010YKM MPOUCXOONT 3a CYET ee pPaclWUpeHus.
HapyxHble cnom HC 060n04YKM BLIHOCATCA Ha BUTKWU, HA KOTOPbIX PACCTOSIHUE MeXOy npoTenamu u
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a4pamMum UX MUKCOBbIX 3(PUPOB YBENNYMBAETCA HACTO/IbKO, YTO SNEKTPOMArHUTHbIe XapakTepUCTUKnN 3TUX
MWKCOB NCKNOYaloT BOSMOXHOCTb X CBA3U C O6OJ'IO‘-IKOI7I, N OHWN HA4YMHAIOT He3aBNCMOE CylleCTBOBaHMe.

Mpouecc OMPAY3MN HaxOOSWMXCH MNOL [LABNEHWEM MCEBOOMOHONMMUTHBLIX 3CPUPOB sOpa uvepes
ctabununsmpytowyto 060104Ky NpeacTaBnseTCs ecTecTBeHHbiM. [lpy Bbixoge w3 3TOW 060M0YKM
AN yHOMpYOWME MNCEBAOMOHONUTLI 3aHMMAlT OpbuTbl, Ha KOTOpbIX ApobsTca C obpasoBaHMEM
MUKCOBbIX 90MPOB ONpeaeneHHbIX KOHANLNIA.

Mpwv NoBbIWEHUN OABNEHUS B Ape MOAENb OXWIAAeT NPopbiBHbIX cOpocos ero HC yepes oTaywWHbI
B cTabunuavpytoweii cTpykType. COpOWeEHHble NCEeBOOMOHONMUTLI, TPAHCHOPMUPYSCh, OOPMUPYOT
obnayHble COBOKYMHOCTU MUKCOBbIX 3COUPOB.

C MOMeHTa 3apoX[AeHusi MepBblX CNOEB 3(UPOB HeCywero nonsi B MNPOCTPAHCTBE Han
cTabunuavpytowein 060NOYKOA HauyMHaeTcs npouecc (OPMMPOBAHUS Hecylwel CTPyKTypbl 3a cyeT
pacwupeHust aTux cnoes. [Mpyu 3TOM NpuakpaHHas 30Ha MOCTOSIHHO MOAMUTLIBAETCA 3@ CYET TeYeHus
OMUCaHHbIX NPUIKPAHHBIX MPOLIECCOB.

Hecywas cTtpykTypa HeoOHOpOZHAa, WU Mbl nocuuTanyM HeobxoOuMMbiM MNOOpa3fennTb ee Ha Tpu
060/104KN: BHYTPEHHIO, CPEAHIO M BHEWHIOW. DT 000M104KM OTNMYAOTCS AnanasoHamy NNOTHOCTHO-
9NEKTPOMArHUTHbIX XapakTepPUCTHK MX CybCTaHLMIA.

MpenononaraeTcsi, YTO NpoLecchl NpPeobpasoBaHUs MaTepun B PasnmnyHbiXx 0600YKaxX UMEIOT CBOM
0COBEHHOCTMW.

5.4. O npeobpa3oBaHUsix MaTepPun BO BHYTpeHHe o6onoyke

MOXHO 0XunOaTb, YTO BHYTPEHHAS 060104YKa Hecywero nons OonXHa uMetb 0cobeHHO cepbesHble
HEOAHOPOOHOCTU B CBOWX OTAE/NbHbIX 30HAaX W3-3a Pas3NMyHON peannsaumn NpuaKpaHHbIX MPOLEeCCOB.
XapakTepusyst 3T HEOOHOPOAHOCTW, YCNOBHO BbIOENMM 30Hbl C OOKPUTUYECKMMU U KPUTUYECKUMM
MAOTHOCTHO-3/1EKTPOMArHUTHBIMU NapameTpamu.

B 30Hax C KPWUTMYECKMMM MNOTHOCTHO-3NEKTPOMArHUTHLIMU YCNIOBUSIMA MOXHO OOMNYCTUTb
peannaaumnto CxnonbiBaHns ¢ 06pas3oBaHNEM TMraHTCKMX 0HO0B60M04YEYHbIX TEN-NONENR, KOTopble, Ha Hall
B3rnsi4, MOryT 6biTb MAEHTUIMUMPOBAHbI C YEPHBIMU OblpaMu.

B 30Hax [mokpuTuyeckmx napameTpoB cybcTaHuMyM 060N0YKM npennonaraetcs BO3HMKHOBEHWE
NoKanbHbIX LUEHTPOB KOHCONMaauuu matepum C obpasoBaHMeM 061akoB-Nonein, peannayowmx
cxnonbiBaHve, NpuUBOLsllEe K reHepauumu sinep 3Be3d. Takoi cueHapuii TpaHcdhopMmauuvm maTtepuu
MPUBOOUT K (DOPMUPOBAHMIO POCChINEN 3Be3 . Pas3INyYHON NNOTHOCTMN 06 bEKTOB B HYX.

5.5. O npeobpazoBaHun matepum B cpeaHel obonoyke HI

dopmupysicb, cpefHssi 060n04Yka BbIHOCUT Ha HOBble BUTKM OPOMT BCe paHee poAaMBLIMECS
matepuanbHble 06pasoBaHus BHYTPEHHEN 0060104kM. DT 06beKkTbl, NONaB B M3MEHEHHbIE MNIOTHOCTHO-
3NEeKTPOMarHNTHbIE YCNOBUS, UCMbITbIBAIOT ONpeaeneHHble npeobpa3oBaHus.

MraHTckue Tena-nons, pacwupsiscb ¢ OpobneHnem, POPMUPYIOT 3BE3IOHbIE CKOMMEHWUS, B TOM
yucne n cnvpaneBnaHble ranakTuku.

Slopa 3Bes3n 3aBeplaloT CBOe (POPMMPOBAHME Kak Tena-nons, peannayst MexaHuambl, ONnncaHHble B
pasgene 7. Hanbonee maccuBHble 3Be34bl MOTYT (POPMUPOBATbL OBOMHbIE 00bEKkTbl U Bonee CnoXHble
Knacrepbi.

5.6. O npeobpasoBaHUN MaTepumn BO BHelWwHei obonoyke HI
3 npoueccos, npoTekarowmx B 3Toin 060104Ke, BblAENNM (DOPMMPOBAHME MNAHETHbLIX CUCTEM.

B pamMKax Mooenn nnaHeTHble CUCTEMbl BbICTpamMBakTCA KakK €CTeCTBEeHHO AONCKpPeTu3npoBaHHblie
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06beKkTbl, MPeAcTaBfeHHble 3BE3JaMy — reHepupylowWwUMU obbekTamyu W nnaHeTamym — MpoTenamu.
MnaHeTHble CMCTEMbI 3BOIOLIMOHMPYIOT B MPOCTPAHCTBE-NONE KaK eanHOE Lienoe.

Mbl mpeAcTaBunu Kakylo-TO 4acTb oOwWwein kapTuHbl npeobpas3oBaHuii mMaTepun BO BceneHHol.
MNMonaraem, 4To B pamkax MoAenu ata kapTrHa MoXeT ObiTb CEpbe3HO paclumpeHa.

5.7. O BO3MOXHOI MHOXecTBeHHOCTK BceneHHbix

Mbl paccmatpuBanu CTPOMTENbCTBO MONEBON CTPYKTypbl BceneHHon B npeanonoXeHwuu, 4To
hopMMpPOBaHME ee siapa MPOMCXOAMT B pesynbTaTe CX/0oMbiBaHMsl BCero obbema cybcTaHumMm npumyc-
nonsi.

MoxHo OONyCTUTb JiOKaNbHYKO peann3adnio 3Toro npouecca, nporekawuwero B onpeneneHHbiX
30Hax NepBnUYHOro Nons Npu OOCTUXKEHNN KPUTUYECKUX yC)'IOBI/II7I B NX Cy6CTaHLI,I/I$IX.

Mpv TakoM [OOMylWEeHWM BO3MOXHO OOHOBPEMEHHOE WAW Pas3HOBPEMEHHOE (POopMMPOBaHMe
HECKO/bKMX Saep, NPMBOASLEE K POXAEHUIO HECKONbKMX NapasnienbHo SBOMOUMOHUPYOLWMX BeceneHHbIX.

6. O6 sBontouum o6 bekToB BeceneHHo

B pamkax Momenu 9BonUMOHHbIE nNpeobpasoBaHns nwboro MartepuanbHOro obpasoBaHus
BceneHHOM KOHTPONUPYIOTCS HECyWwUM MoneM, NPennucbiBaloWwmnM eMy MOCTOSIHHOE pasynnoTHEHUe 3a
cyeT peannaaumnmn Toro UIn MHOro BMAa PaclMPEHUst Ha PasNMUHbIX aTanax CywecTBOBaHMS.

Mpennonaraetcs, 4to noboe NposiBneHne Mmatepun Bo BceneHHoi 3aBepliaeT CBO 9BOMOLMOHHbI
NnyTb NOJHbIM pacnagoM OO0 COCTOSHUA MOHOYACTUL, B MHOrOCTYNeH4YaToOM npoLecce ero paclimpeHus.

Poxpatowmecs B npouecce pasynnoTHeHWs O0OBEKTOB MOHouYacTuubl obecrneyvBaldT pocT
MNOTHOCTMN cyb6CTaHLMM NPUMYC-NONS, FOTOBS €ro K hopMMpoBaHunio BceneHHol HOBOro Lmkna.

7. O 3Be3pnax

B pamkax Mogenu 3Be3dbl, CyWECTBYS Kak Tena-nonis, Ha pasnunyHbliX 3Tanax CBOEW 3BOMHOUMM
MUMEIOT PasfUYHyl0 CTPYKTYpPYy W, COOTBETCTBEHHO, pPas/iuyHbiii XapakTep SMUCCUM MaTepun B
NPOCTPaHCTBO-MONe.

Mogenb npegnonaraet, 4to niobas 3Be3na, kak v noboe Teno-none, 3apox.aaeTcs B BULE CBOEro
A4pa B MUKCOBOW Cpele OnpefeneHHbiX XapaKTepUCTWK B pe3ynbTaTe CXNOoMbiBaHWs cybcTaHumMmu 3ToMn
cpeabl.

S0po 3Be3dbl NpencTaBneHo aavMnconaanbHON AMHAMUYECKON COBOKYMHOCTbIO HOCUTENEW CBOWCTB
NCeBOoOMOHONIMTHOrO  TWNA, Has3BaHHbIX HamMu npaatomamu. Kaxnbli npaatom anpa uMeeT
VHOMBMOYaNbHbIA KOO U CyWECTBYET HA UHAMBMIyanbHOW cnupaneobpasHoit opbute, COOTBETCTBYIOWEN
3TOMYy Ko4y.

LleHTpanbHbIi 3neMeHT 3Be3dbl  pacWwupsiscb  BbiCTpamBaeT CTabunusvpyowyro  06010u4Ky,
NPencTaBNEeHHY0 OUHAMUYECKoi COBOKYMNHOCTbio HC, HasBaHHbIX MWHMATOMaMW, OTAUYAOWMMUCS
MWHUMAIbHO BO3MOXHbLIMUW paanycamm npoTen B 9TUX HOCUTENSAX.

Crabunusmpyrowas obonoyka, obnapasi onpeneneHHbIMU MPOYHOCTHLIMU XapakTepucTukamu, 3a
CYET INEeKTPOMarHUTHbIX CBA3EM MeXIy MUHMATOMaMU COEPXWBaEeT paclnpeHne sapa U co3naeT B HEM
[aBfieHne, KOTOpoe CTPaBNMBAETCS Yepes OTAyIWMHbI B KOHTPONUPYIOWER CTPYKTYpe.

Moa KoHTponeMm cTabunuanpylower CTPYKTYpPbl SOP0 QOPMMPYET BHELWHIOW 0060N104Ky 3BE34bl,
NpeLcTaBNEeHHOW COBOKYMHOCTbIO aTOMOB BOAOPOAa. MexaHuam reHepaumm BOAOPOAHON 060104KM
onpenenseTcs peannsaumein Tpex onMcaHHbIX MPUaKPaHHbIX NPOLIECCOB.

0O6s3aTenbHOCTb BOOOPOAHOrO COCTaBa BHewWHen 060104kn 6yneT pacCMOTPEHO OTAeNbHO.

anI co3gaHun B cpene BHellHen 060104KK KPpUTN4eCKnx yC)'IOBVII7I BO3HUKAET TepModaoepHas
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peakuus.
K npenctaBneHvsaM o 3Be3aax Nocie ux yracaHusi Mbl BEPHEMCS MO3Xe.
8. O xapakTepe n3ny4yeHus 3ee3q

Monenb npegnonaraet, 4To Kaxpdas 3Be3da B MPOLIECCE CBOEN 3BONOLMU MOCTOSAHHO MeEHseT
CNeKkTp aMnccnun Matepun B NpoCcTpaHCTBe-Nnone n npu 3aToOM Asaxnbl 3a nepnon CBOero CylwecTtsoBaHNA
HEe 1n3nyyaet B CBETOBOM Onana3oHe.

Mo>XHO oXwubaTb, 4YTO, CywecTBys B BuOe CBOEro sapa, 3Be3ga M3nyyaeT NPeuMyWecTBEHHO B
ananasoHe HeTpuHo. Mpu cTpontenbcTBe cTabunmnampyowein 060104k 06 BEKT, COXPAHSAS HENTPUHHYIO
COCTaBNSOWYO, OOMXKEH YyBENMYMBATD OO0 raMMa-n3nyyeHunin B moToke.

Ha aTtane «pasropaHusi» 3Be3aa LONXHA UMETb B MOTOKE CBOEro M3NyYeHUsl 3HAYNTENbHYO OO0
raMma-nyyei, ymeHbuwatwuwyiocs B npouecce asonouun. MNMonaraem, yto ConHue Ha HavyanbHOM 3Tane
rOpeHMs HECNO B NPOCTPAHCTBO-MOME 3HAYNTENbHYO OO0 ramMma-ny4yei, 1 3To Mbl nonpobyem nokasaTb
OTAENbHO.

<<BbIFOpeBLI.Ia$|>> 3Be3da Ha4dMHaeT wunanydatb B paanognmana3oHe npu 3HAYUNTENNbHOM TENJ/IOBOM
NnoToKe.

Ha 3aknouynTenbHoM atane aBoniounn 06beKT n3nydyaeT NpenMMyLlecTBEHHO B TENOBOM Anana3oHe.
9. HekoTopble NpeacTaBneHust o nnaHeTe 3eMs Kak o Tene-nosne

Moaenb paccMaTpuBaeT COMHEYHYO CUCTEMY Kak Opo6HOe Teno-rnoie s4epHoro Tuna, B KOTOPOM
A0p0 MPEACTaBNEHO 3BE3[0M, a OCMOXHSAoWMe ero npoTenbl nnaHetamu. Kaxabli npoTen-nnaHerta,
CylWecTByS Ha WHOMBMOyanbHON cnupaneobpasHoi opbute, COXpaHsieT BEKTOP  OBUXEHMS
reHepvpoBaBLLEi ero 3se3bl.

MnaHeTHas cucTemMa 93BONMIOLMOHMPYET B NPOCTPAHCTBE-MONE, Kak eavHoe Lenoe npu ero
BU3yanbHOW OPOBHOCTM.

JonyuweHo, 4to 3emns 3apoamnacb B BUIOE CBOEro siapa B CeAbMOM LMKe Apobsero pacwmpeHmus
CO/HUA B pe3ynbTaTte CxXNonbiBaHUst cybcTaHumm cOpoleHHol SApOM 3Be3.bl.

OBONIOUMOHMPYS, A0P0 NNAHETHl TPAHCOPMUPOBANOCH B MHOr0060104e4YHOE TENO-MONE.

B HacToSAWMA MOMEHT, oNnpeaensoWmnin OanH U3 3TanOB 3BONOUUN NNaHeTbl, 3eMNS CylWeCcTBYET Kak
MHoroobonoyeyHoe TeNO-rMosie, CKOMNOHOBAHHOE MSATbI CTPYKTYPHbIMU 31IeMEHTaMMK: SOPOM, MaHTueR,
3eMHO KOpOW, BOOHbIM MAacCUBOM 1 aTMOCHEpPOiA.

Bce CTPyKTypHble 2neMeHTbl 3eMnu paccMaTpvBaloTCs MOAENblo  Kak peasnbHble Mons.
HonyckaeTcs, 4To kaxaasi 060104Ka MMeeT CBOK OCb BpalleHus (ocb obpalleHns ee MynbTUHOCUTENENR),
1 3TN OCY KPVBOIUHENHBI.

B aT1oii cTatbe Mbl OrpaHMuMMCs POPMMPOBAHMEM CXEMATUYECKMX MPEACTABNEHWIA O HEKOTOPbIX
CTPYKTYPHbIX aneMeHTax 3eMnn 1 MexaHn3max reHepaumm HeKoTopbIX Cy6CTaHLUNiA.

9.1. O agpe 3emnu

ﬂupo nnaHeTobl paccMmaTpuBaeTCcH Kak OunHamunydeckasd COBOKYMHOCTb MyﬂbTVIHOCVITGJ'IGI?I
NncCesOooOMOHOJIMTHOIO TunNa onpeneneHHoro anana3oHa KoaoB, Ha3BaHHbIX HAMW MpaaToMaMi. JnanasoH
KOOOB NMpaaToOMOB d4pa njiaHeTbl OT/IN4EH OT Onana3oHa XapakKTepucTtuk npaaTtomMoB 3Be30bl.

LleHTpanbHbIn 3aneMeHT 3eMnu 3apoaunscst Npu CxNonbiBaHWM B wapoobpasHoi ¢oopMe v Janee B
npouecce 3BooUMmM Nprobpen anMnconaanbHOCTb 3a CYET OMUCAHHbIX Bbile PakTOPOoB.

9.2. O MmaHTUM 3emMnun
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Mopgenb paccMaTpvBaeT MaHTUO 3eMny kak cTabunuaupytouyto 060/04KY, OCNOXHSIOWY SA0p0
nnaHeTbl U ONMCaHHbIMK CNOCOHaMMN KOHTPOMPYIOLLYHO €r0 3BOOLIMIO.

MaHTus npencrtaesjieHa COBOKYMHOCTbIO MyJ'IbTI/IHOCVITeJ'IeI7I MWUKCOBOro Tuna, Ha3BaHHbIMU
MUHMaTomMamn. MmHnaTomMbl OTAMYAOTCA OT aTOMOB MUHUMANbHO BO3MOXXHbIMU paonycamm o6pau.teH|/|9|
NenToHOB BOKPYr a40ep MUHNATOMOB.

MuvHMaToMbl, Haxonsicb B 0083aTeNbHOM [OBUXEHWM N0 WHAMBUAYyaNbblM cnvpaneobpasHbiM
opbutamM BbICTPAMBAKOT SNUMCOMAANBHYIO BbICOKOMPOYHOCTHYIO 9NacCTUYHYKD CTPYKTypy 3a cuet
yCTaHOBNEHUsI Mexay coboli 3neKTPOMarHUTHbIX CBA3ei, onpenensiowmx MeaneHHO MeHstoleecs
NONOXEHNE MUHNATOMOB OTHOCUTENbHO OPYr Apyra.

9.3. O 3emMHoI Kope

Mognenb npeannonaraeTt, 4TO K MOMEHTY Ha4ala CTpouTenbCciBa 3eMHomn KOpbl 3emns cywecTtBoBana
B BLOE CBOEro sagpa, OC/I0OKHEHHOro MaHTUEn.

Ha onpepeneHHOn cTaguv 3BOMOUMM, KOrga S4pO, HAXO4sCb MO MaHTMeRn, Habpano BbICOKOE
JaBneHne, Hayanucb ruraHTckme BblIOpocbl cybcTaHuMM sOpa B HaOMaHTMIAHOE NPOCTPaHCTBO.
ObunbHOCTb Takmx c6POCOB ONpeaensnach BbICOKMM AABIEHUEM B SAPE M BbICOKO CKOPOCTbIO €ro pocTa
Ha 9TOM aTane CywecTBOBaHMS NNaHeThl

CbpolleHHble MpaaToMbl siapa, TPaAHCPOPMUPYSICb B HaAMaHTUAHOM MPOCTPAHCTBE B aTOMbI,
hopMMpPOBaNM MarmaTn4eckre MaccmBbl.

C MOMeHTa MOoSIBNEHNS HA MaHTWUM NePBbIX NOPLUUIA NaBoBbiX 06pas3oBaHMWn 3anyckaeTcsl CNOXHbIA
MHOrOCTYyneHYaThblil Npouecc nepepaboTkn MarmaTnyecknx NopoL 1 NpoaykToB nepepaboTkm aTMX Nopoa,
KOTOPbIA OYEHb XOPOLWO M3yYeH M onmcaH. OTOT NPOLECC, CONPOBOX AAKOWMACS NOCTOSAHHLIMK Bbibpocamu
Marmbl B 3€MHYO KOPY, NPVBEN K (DOPMUPOBAHMIO 3EMHOI KOPbI B €€ HbIHEWHEM BUAE.

Bbi6bpocbl NnpaaToMoB s4pa NPOoTeKanu B 3aTyxXalolWeM peXrMe 1 K HACTOSILWEMY MOMEHTY CBE/INCh K
HeakTMBHOW BYNKAHNYECKON AeATEeNbHOCTHU.

9.4. O rMnoTeTUYECKMX MEXaAHN3MaxX reHepauun o nionaoos

Haykoli ycTaHoBNEHbl 1 onpeaeneHbl MHOrMe MHCTPYMEHTbI, oBecneynBaiolLme reHepaumo Xuakux
1 razoobpasHbix O NOMO0B B NpMpoIe.

Mogenb npegnaraet AOMONHUTENbHO PACCMOTPETb BO3MOXHOCTM (DOPMMPOBAHUS (PNIOUAOB 3a
cyeT peannaaumm onncaHHbIX NPUaKPaHHbIX NPOLLECCOB.

MOXHO oXuiaTb, 4TO AMAY3ns NpPaatoOMOB 4Yepe3 MaHTUIoO C UX NpeobpasoBaHWEM B aTOMbI
SABNSETCA WHCTPYMEHTOM reHepaumm Bogopoda. OTcnavBaHWs MUHWMATOMOB OT 3TOW CTPYKTYpbI,
conpoBoxXpalwmecss wux OonpefeneHHbIMKM TpaHcopMauuamy, [ONYCTUMO CcyYATaATb MEXaHU3MOM,
obecneunBaolWmM POX OeHNE KACNOpOoha 1 yrnepoaa B yncne opyrmx atomos. 3BecTHas kombmHaTopuka
3TUX TPEX 3NIEMEHTOB MOXeT obecrneynTb reHepaumio BoIbl, XWUAKMX U ra3oobpasHbiX yrnesonopooB B
HaOMaHTUAHOM YacTN 3EMHOI KOpbl.

OTMeTMM, YTO B paMmkax Momenu, NpeuMylecTBeHHOe (POPMUPOBAHME TOrO MAW UHOro chnounpa
NOLNEXMNT PACHETHOMN OLEHKMN.

10. O yenoseke-none

PaccmatpuBasi 4yenoBeka kak ouanyecknii 06 bekT MatepuanbHOro Mupa, Moenb onpenensieT ero
Kak CNOXHO MOCTPOEHHOE none, NpeacTaBNeHHOEe OMHAMUYeCcKOl COBOKYMHOCTbIO aToMoB. Bce atombl
o6bekTa 9BOMOLMOHUPYIOT HA MHAMBMAYyaNbHbIX crnivpaneobpasHbix opbuTax M HaxXoAsTCs B MeLJIEHHO
MEHSIIOLWEMCS MONOXEHUN OTHOCUTENbHO OPYr Apyra 3a CYET YCTaHOB/IEHMS XMMUYECKNX CBA3ENA.
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O61bekT 06opynoBaH KOMNbIOTEPOM (MO3rom), o6ecneynBaoWmM emy Kak cam oakT CylWweCcTBOBaHMWS,
Tak 1 BO3MOXHOCTb LieneHanpasneHHOo peann3aunm onpeaeneHHoro Komraekca oencTeuii.

B pamkax momenu uyenoeek, kak u nwboe o06pa3oBaHMe Ha nNnaHeTe, UMEET nNpPaBo Ha
CyWeCTBOBaHME, TOMbKO Hax0OsCb B COCTOSIHUM OBuXeHus (pasgen 11). Mpu nobom Buie OBUXEHUS
06bEeKT UMeeT BpalleHe BOKPYr OnpeneneHHol ocu (NeBoe Uav NpaBoe) B 3aBUCMMOCTY OT MOMOXEHWs
Ha nnaHeTte. BpalleHve u4enoBeka KOMMEHCMPYETCS KOHTPBPAWEHMEM CUHXPOHHO WHULMMPYEMbIM
BeCTUOYNSApHbIM annapaTtoM Moara.

Mpu BpalweHUn YENoBEK reHepUpyeT OCNOXHSAIOWY0 ero CTPYKTypy — aypy. Aypa npencrasneHa
CNOXHO TMOCTPOEHHbIM  MHOTOCMOMHBIM  MONeM,  SIBASIOWWMCS  HEOTHbEM/IEMOW  MaTepuanbHoOM
COCTaBNSIOWE XMBOro YenoBeka.

Aypa BbINMONMHAET CNOXHblEe OYHKUUW, SBNSISICb MOCPEOHUMKOM YenoBeka BO B3aMMOAENCTBUMN C
OKpy>XatowWwmm MUpom 1 obecneymsas ero 3awmTy 0T BO3MOXHbIX arpecCUBHbIX BO3AENCTBUIA cpepl.

11. O mBMXeHUN MakpoobbEKTOB Ha 3emne

Kak 6bino npencrtaeBneHo, paccmatpusas BCe NPOSBNEHWS maTtepun BO BceneHHoW kak HocuTenm
CBOWCTB €€ CNOXHO NOCTPOEHHOrO NONS, MOLENb NPEANUCHIBAET UM 06a3aTenbHoe ABuXeHue. Mpn aTom
Takxe npegnonaraeTcs obs3aTtenbHoe OBMXEHUE OOBbEKTOB MnaHeTbl OTHOCUTENbHO MNaHeThl,
peann3yemoe B IByX KaTEropusiX: CKPbITOM (ECTECTBEHHOM) U CUIOBOM (BbIHY X AEHHOM).

CkpblToe  OBMXEHME MakKpoOObekTOB Ha MNjaHeTe KOHTPONMPYeTCS  HecylWwuM  MONeM,
TPaHCOOPMMPOBAHHLIM CaMOW MNAHETON BO BpalatlowWweecs none dNeKTPOMarHUTHON npupoabl (pasnen
13).

CunoBoe M3MEHeHWe MEecTOnonoXeHust obbekTa Ha NnaHeTe MOXeT peann3oBblBatbCAa 3a CYeT
MHOIMX NPUPOAHbIX PaKkTOPOB, B TOM YMC/E U 38 CYET OeATEeNIbHOCTN Yenoseka.

Mpegnonaraetcsi, 4To npu nNoboM BuOe NepeMelleHnsl Ha nnaHete BeCc o6bekTa HaxoauTcs B
onpeneneHHo 3aBUCUMOCTIN OT €ro CKOPOCTU OBUXEHUS.

11.1. O CKpPbLITOM OBMXEHUN

Mogenb npepnonaraet, 410 N60K O0OBEKT XWMBOM UM HEXMBOW NPUPOAbl, (OUKCUPYEMbIN
4YenoBEeYECKMM BOCMPUATUEM KakK BU3yasibHO HEMOABUXHbIA, dPaKTUYEeCKM HaxoOUTCA B COCTOAHUM
CKPbITOrO JBUXEHMS.

Bce o0b6bekTbl Ha MnnaHeTe paccMaTtpuBalOTCS MOAENbK Kak HU3KOOPOWTHbIE CMYTHUKM 3eMnu,
Kaxabli 3 KOTOPbIX CyWeCTBYEeT Ha CKPbITOW cnupaneobpasHoin opbute MHOMBMIyaNbHbLIX NapamMeTpoB.
ObpalweHune matepmanbHbix 06pa3oBaHnii BOKPYr 3eMIN CUHXPOHW3MPOBAHO C BPALLEHNEM 3EMHOM KOpPbI.
MNceBoONNOCKOCTU, BMELAIOWMNE CKPbITbie OPOUTHI, UMEIOT WNPOTHYIO NMPUBSA3KY.

Ona obbekTa onpeneneHHOro koga napameTpbl CKPbITOro ABMXEHMS 3aBUCSAT OT WUPOTHI, Ha
KOTOPOW OH pacnonoXeH, 1 ero BbICOTHOrO NONOXEHUs B pefnbede.

CKpblTOe [OBMXEHWe WOeann3vpoBaHHOrO 006bekTa, Ha KOTOpbIi He BAWSIOT HUKakue 3eMHble
dpakTopbl, NPOMCXOAMT MO cnupaneobpasHoit WHUPOTHOW OpbUTEe C OYEHb MaNeHbKMM WaroMm, BennymHa
KOTOPOro onpeaensieTcs napameTpamy SMUCCUN MaTeprn 06 bEKTOM B OKpPYXatoLyto cpeny

11.2. O 3aBucuMMoCTU Beca ob6bekTa oT CKOPOCTHK ero asnxeHums

Mogzenb nonyckaeT, 4To Mpv OBUXEHUU Noboro MakpoobbekTa XMBOW M HEXMBOW MPUpPOLbl Ha
nnaHeTe ero BeC HaxoamTcs B 06paTHO NPONoOpUMOHaNbHOM 3aBUCUMOCTIN OT CKOPOCTU €ro NepeMelleHms.

JonyckaeTcs, 4To BO3MOXHOCTb peannaaunm 3Toi KOppPensTUBHOW CBSI3W B NPUPOAE OnpenensieTcs
OOVMHAKOBbIM BPEMEHEM MNPEeOoJONEeHNs eOUHWYHOrOo BUTKA cnupaneobpasHoit opbuTbl 06bEKTOM
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(PMKCUPOBAHHOIO KOAa, C Kakoi 6bl TOYKM OnpeaeneHHoro MepuanaHa oH H1 cTapToBan B ONpeaeneHHbIii
MOMEHT CyLEeCTBOBAHNSA NNaHeTbl.

My TakoM  OOMyWEHUMM CKOPOCTHas  XapakTepucTuka CKPbITOrO  OBUXEHWs obbekTa
(PMKCUPOBAHHOrO KoAa B OMPeAeneHHbli MOMEHT BPEMEHW OO0NXHa OonpeaensTbCs POCTOM CKPbITOW
CKOPOCTW [HOBUXEHUS C YMEHbWEHWEM LWWNPOTbl MONOXEHMS MCEeBOOMNIOCKOCTN ero obpaweHus u
yBenuyeHveMm anbTutyabl. [pyn (UKCUPOBaAHHON anbTuTyne OOBbEeKT AO0NXKEH MMETb MakCUManbHYIO
CKPbITYIO CKOPOCTb Ha 3KBATOpPE W, COOTBETCTBEHHO, €ro BeC OONXEeH OblTb HauMeHbWwuM. STOT akT
noaTeepXxaaeTcs HabnooeHUsMN.

O(PPEKTUBHOCTD peannsaunm KOPPENsiTUBHOW CBSI3M MeXAay CKOPOCTbd M BecoM obbekTa Ha
nnaHeTe Bo3pacTaeT C YBeNMYEeHMEM NIOTHOCTM aTMOCHEepsbl.

KoppensatuBHas cBS3b CKOpPOCTM UM Beca oOObekTa B CWUIOBOM  IBUXEHUU MOANEXMT
aKcrnepuMMeHTanbHon nposepke (pasnen 19).

11.3. O cunoBoMm OBMXEHUU

Mon cunoBbiM OBUXEHWEM 0ObekTa MOAENb MOHMMAaeT €ero nepemelleHVe BOKPYr NaaHeTbl Mo
onpeneneHHomn (CMNoBoii) opbute NoL BO3LEWCTBMEM BHEWHEN UMW BHYTPEHHE CUNbI.

Mpn BxoLe BM3yaNbHO HEMOABUXHOrO MaTtepuanbHOro obpas3oBaHWs B CUNOBOE ABWXEHUE OHO
MEHSieT CKpbITylo opbuTy Ha cunosylo. Ha atoit opbute 06bekT yBenuMuMBaeT CKOPOCTb MNPSIMO
NpoMNopUMOHaNbHO CUNe, YMeHbluaeT Bec 006paTHO MPOMOPUMOHANBHO CKOPOCTU U, COOTBETCTBEHHO,
yBennuMBaeT paanMyc CBOero obpalleHus BoKpyr nnaHeTbl. MonoxeHne nceBaonnockoCcTy, BMelatouen
CUNoBYylo opbuTy, onpenensieTcs HanpaBneHeM BO3AENCTBMS CUMbI.

BcTynas B cunoBsoe nepemelieHune, noboi 3eMHON 06 EKT COXPaHSAET CBOE CKPbITOE ABMXEHMWE, Npu
3TOM NnapameTpbl CKPLITOro ABUXEHUS KOPPEKTUPYIOTCS 3a CYET YBEINYEHUS CKPbITOW CKOPOCTM.

B cnyyae Bo3pgeicTBMa mMnynbca cuibl HA 06 BbEKT, HAXOOAWNIACA B CUNOBOM OBUXEHWUU, OH MOXET
MONYyYATb WU HOBYK CUNOBYIO OPOWTY, WAN HOBYK CKPbITyld opbuTty. BbixoL Ha CKpbiTylo 0opbuty
onpepensieTcs afekBaTHbIM TOPMO3SALWNM AEACTBAEM CUNBI.

11.4. O NOHATUN «NOKOW»

Mogenb He npegnonaraetT BO3MOXHOCTb  CyWECTBOBaHWSA  Kakoro-nmbo mMaTtepuanbHoro
obpa3soBaHnsa Bo BceneHHol B COCTOSIHUM aBCONOTHOMO UM OTHOCUTENbHOIO MOKOS.

B pamkax MoZenuM MOXHO rOBOPUTb O KaXylWeMCs OTHOCUTENbHOM MOKOe OJHOro obbekTa
OTHOCUTENbHO [IPYroro, Korga OHW, HaxoAsCb B AMHAMWYECKOM COCTOSHUM OYEHb MEANIEHHO MEHST
B3aUMHOE MONIOXEHME.

12.0 BpemeHn

B pamkax mMopmenu He npepnonaraetcsi BO3MOXHOCTb CyWECTBOBaHUSI BPEMEHM Kak peasibHoro
PM3NYECKOrO SIBNEHNS, KOHTPOMPYIOLLErO 9BONMIOLMIO MaTepmanbHOro Mmpa.

Bpemsa paccmaTtpuBaeTcsi kKak oauH U3 napameTpoB (BO3MOXHO, Habopa napameTpoB), KOTOPbIE B
CcoYeTaHUM C OPYrMMU MHCTPYMEHTAMMW M3YYEHUS OKPYXalwWero Mumpa Mo3BONSIOT OMMcaTb 3BOMOLMIO
BceneHHom.

OueHunBas B pamkax mopenn BO3MOXHOCTW (POPMUPOBAHUSA KOHCTPYKTUBHbIX B3rnganoB Ha BpeMs,
HeobxoOuMo BBECTU npeancrtaeneHne o UMKINYECKOM BpPEMEHU, onunparuemcd Ha Hapa6OTKI/I yrnosoro
BPEMEHMN.

12.1. O UMKNNYECKOM BPEMEHU

Mogenb npegnonaraet, 4YTo KaxAablh 06bekT BceneHHOM, cylwecTBys Ha onpeaeneHHoik
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cnupaneobpasHoii opbuTte, 3BONOLMOHMPYET B CBOEM LIMK/TMYECKOM BPEMEHMN.

Linknnyeckoe Bpemsi ob6bekTa B eavHUYHOM obopoTe crnupaneobpasHoro obpalleHust no opbute
onpenensieTcs ANNHOM BUTKA B NMHEHbIX € AMHMLAX.

MonHaa nNpPoJONXWUTENbHOCTb XM3HU NOOOro mMatepmanbHoro obpasoBaHust Bl ¢ MomeHTa ero
3apoXAeHns B NPOCTPaHCTBE-Noe A0 NOMHOMr0 pacOpMMPOBaHNS ONpenensaeTcs CyMMON ONWMH BUTKOB
BO BCEX LUMKNAax ero AsMxXxeHus (CylwecTBoBaHUs).

EovHuua uamepeHns umknmnyeckoro epemexn (ELUMBP) obbekta MoxeT ObiTb onpendeneHa kak
1/86400 ANVHBI €AMHUYHOTO BUTKA OPOMTHI.

ELINBP nameHsieTcs B KaX40OM eAMHUYHOM BUTKE OpOUTHI 1 OT BUTKA K BUTKY.
12.2. O NOHATUM «LMKSINYECKAA CKOPOCTb»

Luknuyeckasi CKOpPOCTb OMNpPefensetcsl kak OTHOWEHWE ONWHbl BUTKA OpOWTbI, HAa KOTOPOM
HaxoauTcs HabnoaaTenb, K ANNHE BUTKA OPOUTBI, HA KOTOPOW HaxoanTcs Habnnaemblii 06 beKT.

MoXxHO oxwugatb, 4YTO C npeancrtaBneHnamMm o LMK NMYEeCKon CKOpPOCTHN CBA3aH MeXaHWU3M,
onpenenmomvu?l HEe3aBMCNMMOCTb CKOPOCTW CBeTa OT HanpaBfeHNda NBUXEHNA ero NCTOYHMKA.

3aBepliasi pas3roBOp O BPEMEHW, OTMETUM, 4YTO HeobXOAMMOCTb WCMONb30BaHUS LIMKINYECKMX
napamMeTpoB MOXET BO3HMKHYTb NMWb B TOM cny4yae, ecnu byaeTt yctaHoBneHa rnybokasi 3aBUCUMOCTb
pesynbTaTtoB HabnwOeHWiA YyenoBeka OT MapamMeTpoB opbuUT, C KOTOPbIX OH BemeT HabniomeHus. Kak
MepBblil aTan Ha NyTW W3YYeHUs 3TON 3aBMCMMOCTM MOXHO paccMaTpuBaTb OLEHKY BO3MOXHbIX
N3MEHEHWN pe3ynbTaToB ONpeneneHns CKOPOCTN cBeTa NpW ero M3MepeHnn ¢ pasnnmyHblx opbuTt (pasnen
19).

13.0 npuHUMNax cocylwecTBOBaHMS Makpoobpa3oBaHUii B NpocTpaHcTBe-none BeeneHHoiw

Mogenb He gonyckaeT, YTO NMPOCTPAHCTBEHHOE COOTBETCTBME KAKUX-NTMOO 06 BEKTOB OKPYXAaMLWEro
Mupa MOXEeT OonpemensaTbCsa WX HENOCPeOCTBEHHbIM B3aMMOOEWCTBMEM MpuU peanusauum Ccun
rpaBUTauUOHHON UK WHOM npupogdbl. [NpennonaraeTcs, YTO MEexXaHW3Mbl, ONpefensolwmne B3auMHOE
OMHAMMYeCcKoe MONoXeHNe OO6DBEKTOB B MNPOCTPAHCTBE-MONE, KOHTPONUPYIOTCS HECYLWWM MONeM, B
pas3NnyHOM CTeneHn TpaHCOPMUPOBAHHBIM 3TMKU o006pas3oBaHMsAMK, 3a CYET BHECEHUS B HEro
BO3MYLLEHWNIA.

13.1.0 NPOCTPAHCTBEHHOM COOTBETCTBUN 006beKkToB B OTKPbITOM KOCMOCE

Mogenb monyckaeT, YTO B KOCMOCE B3aMMHOE MoNIoXeHue 06 bekToB onpenensieTcsl BO3MyLWEHHbIM
HecyLWmM NosieM, B TpaHCGOpMaLmio KOTOPOro BHOCSIT BKad Bce HaaadupHele obpasoBaHust BceneHHoia.

Mpepnonaraetcs, 4TO HapaUpHble OOBEKTLI-MONS B3BEWEHbl B HECylWeM Mone, SBASSICb €ero
OCNOXHEHNAMU, U HaxoOaTcsa B onpedeneHHOM MenneHHO MeHsleMcs AMHaMnyeckom paBHOBECUU C
Hecylel CTPYKTYpOWi 1 Mex ay coboiA.

13.2. O cocylecTBoBaHNM 06 BEKTOB HA NNaHeTe C NnaHeTon

MpVHUMNBl  cocylecTBOBaHNS OObBEKTOB Ha nnaHeTe C MnaHeTol OonpedensitoTcs ee Mnonem
BO3MyllEHUsI. dTa CTPyKTypa (QOPMUPYETCS B BO3MYLIEHHOM MONE HeCylen nnaHeTy 3Be3dbl Kak
BpaLlatoleecst nNone an1eKTPoOMarHMTHON NpUpPoabl.

Mone BO3MYylUleHNda nnaHeTbl npegnucbiBaeT MaTtepuanbHbIM O6pa3OBaHVI$IM, KOTOpble Mbl paHee
onpegennnn Kak BMU3yaNnbHO HenoaBMXHble, obsizaTenoHoe CKpblTOE OBWXEHWE Ha Op6VITaX C
MWHUMA/TbHO BO3MOXHbIMK pagnycamin o6paLueH|/|;| BOKpPYyr nnaHeTbl Ons 06bekToB KOHKPETHbIX KOOOB B
KOHKPETHbIX YCNOBUAX NMNaHETHI.

ObbekTam nnaHeTbl, HaxogdaWwunMca B CUJIOBOM [OBMXEHWUW, nNnoje BO3MYWeEHUd npeanaraet
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CYylleCTBOBaHME Ha CUNOBbIX OpbuTax, COOTBETCTBYHIOWMX MX CKOPOCTW. [lpu [OCTUXEHWM NepBOM
KOCMMWYECKOW CKOPOCTW MaTepmnanbHoe obpa3oBaHme CTaHOBUTCS BbICOKOOPOMTHBIM CMYTHUKOM MNAHEThI.
Mpy DOCTUXEHUN BTOPOI KOCMUYECKON CKOPOCTM MONe BO3MYLWEHNs paspewaeT 06 bekTy NoKMHYTb 30HY
CBOEr0 BINSIHUS.

HeO6XO,£I,I/IMO OTMEeTUTb, 4yTo HEBO3MOXHOCTb B  paMkKax mMoaenn HenocpencTBeHHOoro
B3aMMOOEeNCcTBNS 06 bEeKTOB HE npeponpenenset OTCYyTCTBME UX B3AUMOB/TUAHUA.

MpeaononaraeTcsl, 4To oAMH 0O6bekT BceneHHoM MOXeT okasbiBaTb BAMSHME Ha [OPYyrol yepes
Hecywee rnone, BHOCA B 3Ty CTPYKTYpPYy BO3MYyLIEHME, MOCTOSIHHO MEHSIoWeecs BCNeACTBME MOCTOSIHHOW
KOPPEKTMPOBKM €ro koaa 1 cnupaneobpasHoCcTn ABMXEHNS.

Mogenb monyckaeT rnobanbHoe pas3BuTre B3aMMOBANSAHUS 06bekToB. Kaxabii 06bekT, peannsys
OMUCaHHbI MEexaHW3M, B OMpeaeneHHON Mepe KOPPEKTPYeT XapakTepuUCTUKM MU napameTpbl OBUXEHUS
BCEX ApYrvx matepuanbHbix 06pasoBaHuii. Bce 06beKTbI, BHOCA M3MEHSIIOWMECS BO3MYLLEHUS B HECYLLYHO
CTPYKTYpPY, BIMSIOT HA KaXA0e OTAENbHOE NPOSBNEHME Matepumn Bo BceneHHo.

K npencrtaBneHnaM O nonsax BO3MyWeEeHUs 6yueT CMbICN1 BEPHYTbCA MNpu 3KCNepuUMeHTalbHOM
noaTeepXxnaneHumn KOppeJ’IﬂTVIBHOVI CBA3M MeX ay BeCoM obbekTa 1 ero CKOPOCTbIO.

14. O6 aTomMe

Mogenb onpenensieT atoM Kak €CTeCTBEHHO AWCKPEeTU3MPOBAHHbI 0ObeKT sihepHoOro Ttuna, B
koTopoM sigpo ENO npeactasneHo SOp0OM aToMa, a OCNOXHSIoWMe ero NpoTenbl — NenTOHaMU.

I'Ipe,u,nonaraeTcsl, 4TO 40pa aToOMOB U NENTOHbI NpeancTaB/ieHbl O,D,HOOﬁOﬂOL-IeHHbIMI/I Tenammn-nonsamm
onpepngeneHHblX onana3oHOB KOOOB. anI 39TOM JonyueHo, 4To ncnyckaemble 40p0M HeVITpOHbI N NPOTOHDI
MOXHO paccMmaTpmBaTb Kak doOpMbl SMUCCUN MATEPUN LieHTpanbHbIM 3IEMEHTOM aToMa.

B pamkax monenu gonyckaetcsi 4To B 06WHOCTb 06 BEKTOB NIENTOHHLIX 060/104EK aTOMOB BO MHOMMX
Cnyyasix MOryT BXOOWUTb HEe TONIbKO 3NEKTPOHbl, HO U MO3UTPOHbI. MNPUHUUNBLI COCYWECTBOBAHMS Pa3HO
3apsXEeHHbIX NEeNTOHOB B aTtoMe npegrnonaratoT, YTO MO3MTPOHbI peanuayioT npasoe obpaleHve npu
npaBoOM BpalleHne, 3NeKTPOHbl — NeBoe obpalieHre Npy NEBOM BpaLLEHWMN.

B HabnoaeHnsIX copBaHHbie ¢ OpOUT aTOMOB NEMNTOHbI MO3ULMOHMPYIO cebst TONbKO KakK 3NeKTPOHbI,
1 Modenb NpeanaraeTt 3TOMy onpeaeneHHoe 00 bsiCHeHMe.

B pamkax Momenun nOKUHyBWME aTOM NEenTOHbl (KaKk 9NEeKTPOHbl, Tak W MO3UTPOHbI) MOryT
pacnpocTpaHATbCA B MOSie BO3MYyLEHUs 3eMnu, TONbKO COXpaHsas yrnopsaoyeHHoe crnvpaneobpasHoe
obpalleHune BOKpPYr Kakoi-To OCU, yHacneaoBaHHOE OT XU3HM B COCTaBe aToMma.

MOXHO [OMyCTUTb, 4TO, MOKWHYB aToOM, MO3UTPOH TEpPsSeT MNpaBO Ha CywecTBOBaHWE B MNoje
BO3MYLWEHUSI 3eMNn, COXPaHss MPOCTPAHCTBEHHYH OPUMEHTAaLMIO CBOE MCeBOonnockocty obpalleHus,
yHacnenoBaHHytl0 OT atoma. M aTo none nosopauymBaeT MceBOoonnockocTe bonee, yem Ha 90 rpamycos.
Takoe W3MEHeHWe OUHAMMWYECKOro MNPOCTPAHCTBEHHOrO MOJIOXEHUS MNO3UTPOHA NPUBOAUT K CMEHE
HanpaeneHusl ero obpalweHns 1, COOTBETCTBEHHO, HanpaBneHus BpauweHusi. Monyyne KOHTpPBPALLEHNE,
NO3NTPOH MEHSIET 3HAK CBOErO 3apsiaa M CTAHOBUTCS 9/IEKTPOHOM.

Ha Haw B3rnsag, SﬂeKTpOH-ﬂ03VITpOHHbII7I aTtomM MoxeT bonee 4eTko onpepnensaTb npencrtasiieHne o
BANE€HTHOCTN, XMMNYECKNX CBA3AX, SNIEKTPUNYHECKOM TOKEe 1 Op.

15. HekoTopble npenctasneHns 06 na3nyyeHmsx

Jioboi NOTOK N3NyYeHns MoLeNb paccMaTpuBaeT Kak AMHAMUYECKYHO COBOKYMHOCTb €ro Hocutenem
CBOICTB, UMetoWMX onpeaeneHHbIM 06pa3oM opraHn3oBaHHOE OBUXEHWE.

ﬂpeunonaraeTc;l, yto HC VI3}'Iy‘-IeHVII7I MOTyT 6bITb npeacrtaBneHbl Kak Ttenamun-nonsaMmun, Tak u
€CTeCTBEeHHO OUCKPEeTU3npoBaHHbIMA obbekTamu A0EPHOro n 663'bF|,D,epHOFO Tvna. Kaxnoblii HocuTenb
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He3aBMCKMO OT €ro KOHCTpyKuuu obnagaeTt WHAMBMIYaNbHOW XapakTepUCTUKOR 1 pacrnpoCcTpaHseTcs B
npocTpaHCcTBe-none No UHAMBMAYyanbHOW TpaekTopun. B npouecce nepemelleHns emy npennvcoiBaeTcs
0bs13aTenbHOE 3BONOLMOHNPOBaHWE Ha cnpaneobpasHoii opbrTe MHAMBMAYaNbHbIX NapaMeTpoB.

KOHCprKTVIBHbIe npeancrtaBneHna o HOCUTensax CBOWCTB Vl3ﬂy‘-leHV|l7| Mbl nocymnTanun y,El,06HbIM
nokasatb npun onncaHnMm 3BOJTIOUMNOHHDbIX npeo6paaoBaHM|7| HeI7ITpVIHO, npeanonaraemMblXx MOLOENbIO.

Llenouka TpaHcdopmauuii aTx O6BEKTOB MPOWMNNIOCTPUPOBAHA HA NpPUMeEpe MONOXMUTENbHOrO
HEeNTPUHO (puc. 2).

15.1. O He#TpuHO

Mopenb onpepenset HENTPUHO Kak 0OHOOBONOYEYHbIE TeNa-nons u npeanaraeT UM Kak u nobbim
HC n3nyuyeHuii cywectBoBaHne Ha cnupaneobpasHbix opbuTax npu nx pacnpocTpaHeHny B NpOCTpaHCTBe-
none.

B npouecce cnupaneobpasHoro obpaleHusi, KoTopoe MOXeT ObiTb kak NeBblM, Tak W MpasbiM
obbekTaM npennucbiBaeTcsi, COOTBETCTBEHHO, NeBOe W npaBoe BpaweHue. lpu neBoM BpaleHun
HEWTPUHO OopMUpPYET OTPMLATENbHbIN 3apag, NPU NPaBoOM — NOIOXUTENbHbIA.

Ha nepBom aTane cBoero passBuTus HEATPUHO peanuayeT pacWwupeHne C YBEeIUYEeHWEM BUAMMOrO
obbema. [lanee Ha KpPUTUYECKMX BUTKaX cnvpaneobpasHoit opbuTbl 9TM mMatepuanbHole 0bpas3oBaHus,
pacwupssce ¢ OpobneHneMm, TPaHCHOPMUPYIOTCS B €CTECTBEHHO [OUCKPETM3MPOBAHHble O06bEeKTb
A0EepPHOro Tuna.

15.2. O ramma-kBaHTax

Mopoenb, paccmatpmBaeT ramma-kBaHTbl kak EJLO gamepHoro Tuna, pacnpocTpaHsiowmecs B
NPOCTPaHCTBE-MNOS, SBONIOUMOHNPYS Ha cnvpaneobpasHbix opbuTtax.

SBONIOUNS raMMa-KBaHTOB CBOAMTCS K UX PaCWMPEHUIO MPU COXpaHeHWn ctaTtyca apobHoro Tena-
nons spepHoro Ttuna. [lpouecc pacwupeHus onpeaensieTcsa pocToM uucna npoten B obbekte npwu
YBENMYEHNMN NX paanycoB obpalleHuns BOKpYr CBOEro sapa.

PasynnoTHeHve ramma-KBaHTa NPVMBOANT K €r0 CMSATYEHWIO.
15.3. O6 ynbTpacuonete

Mpepononaraetcs, 4to HC ynbTpadumoneta npencTtasieHbl OPOOHbIMKA Tenamu-nonsaMu SAepHoOro
TUNa, CTPyKTypa KOTOPbIX SIBASIETCA KpaHein B LuUenoyke npeobpas3oBaHUii ramMma-kBaHTOB Mpu
COXpaHeHUN SAepPHOro cratyca. TN HOCUTENN UMEIOT MakCManbHO BO3MOXHOE KOMMYECTBO MPOTEN NpK
MakCMManbHO BO3MOXHbIX paamycax nx obpalieHms BoKpyr saep.

B kputnuecknx ycnosmax HC ynbTpadpmoneta pacwupsietcd 00 6e3bsnepHOro COCTOSHUS W
npeobpasyetcs B ENO 6e3bsnepHoro tmna.

15.4. O gpoTOHax

dOoTOH onpenenseTcs MOOENbI0 Kak €CTECTBEHHO OMCKPETU3NPOBAHHLIA 0O6beKT 6e3bsaepHOro
TUNa, NPeACTaBNEHHbIA ANHAMNYECKON COBOKYMHOCTbIO NPOTEN, Ha3BaHHbIX HAMU PO TOHUYMKAMMU.

Kaxmpln oOTOHYMK, SBNSISiICb OAHOO0O0NI0YEYHBIM TENOM-MONEM VMHAMBUAYaNbHbIX XapaKTepucTuk
3BONIOUMOHMPYET Ha cnupaneobpasHoin opbute uHOMBUAOyanbHbIX napameTpoB. [lonyckaeTtcs, 4To
POTOHYMKM MOTYT MMETb Kak NeBoe, Tak U npasoe obpalleHune no opbute nNpm cooTBETCTBYIOWEM IEBOM 1
npaBoM BpaweHun. B 3aBMCUMOCTVM OT HanpasfeHUs BpalweHuss oObekT reHepupyeT 3apsig
COOTBETCTBYIOLEro 3HaKa.

MpennonaraeTcsi, YTO POTOH, SBONMIOLUMOHNPYS Kak eduMHoe Lenoe, MMeeT OBa BeKTopa ABVXEHUS:
BEKTOP pacrnpoCTpaHeHUss B MPOCTPaHCTBE-MoNe W BeKTop cnupaneobpasHoro obpalieHus BOKpYr
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onpeneneHHon ocu, yHacneooBaHHbIN OT HENTPUHO.
15.5. O BocnpmaTn CBETA YETOBEKOM

Mogenb npennonaraeTt, 4YTO YeNOBEYECKOE 3peHMe CrnocobHO MKCUMpoBaTb (OOTOHUYMKA 1
IndpchepeHUmpyeT Mx no LBeTy B 3aBUCMMOCTU OT XapakTepUCTUK, NPEACTaBNEHHbIX COYETAHUEM KOLOB
CPOTOHYMKOB U PaanyCcoB Mx 06palleHnsi B POTOHE.

KopoTkopaaunycHble (POTOHYMKM OnNpefeneHHOro AuanasoHa BeNWYMH 3TOro napameTpa rnas
yenoseka domkcuMpyeT Kak douoneToBble; Haubonee AONMHHOPAAMYCHble PErucTpupyroTcs  Kak
MHdppakpacHsble.

I'IpennonaraeTc;l, 4YTO MOTHOKOMMNEKTHbIN poToH, I'Ipe,EI,CTaBl'IeHHbII7I COBOKYMHOCTbIO (POTOHYNKOB
BCEeX BO3MOXHbIX paanycoB, BOCNpUHMMaeTCa Ye/1T0BEeKOM Kak 6enbii.

15.6. O6 ssontouunn 6enoro poToHa

Mogenb npegnonaraeT, 4YTO 9BOMOLMOHHbIE npeobpasoBaHus 6enoro ¢oTOHa CBOOATCS K
peanunsaunm apekTa KPacHOro CMeLLEHNS B MPeACTaBIeHUSIX MOAENN 00 3TOM SIBNEHUN.

B pamkax Momenu KpacHoe CMeleHne NPOUCX0aUT 3a CYeT peannsauun onpeaeneHHoro MexaHuama
pacwmnpeHnsi POTOHa, CBA3AaHHOIO CO CnMpaneobpasHbiM ABUXEHNEM €r0 (DOTOHYMKOB.

OTO MexaHM3M JonyckaeT, YTO KpacHble POTOHUYMKU B NpoLecce 3Bonunn ooToHa Npu BbiIxoe Ha
6onee BbiCOKME BUTKU 0pOUT, pacwunpssach, npeobpasytoTcs B MHgpakpacHble. OpaHXxeBble (OOTOHYMKMA,
yBENN4YMBas CBOW pammycbl obpalleHunsl, CTAHOBATCA KPacHbIMU, XenTble NpeobpasyloTcs B OpaHXeBble.
Becb cnekTp goToHa B 3BO/IOLMOHHOM MpoOLECCe CMelaeTcs B KpacHylo CTOPOHY. Ha nocnegHem atane
pas3snTna Ntoboit (POTOH CTAHOBUTCS MHGDPAKPACHBIM.

15.7. O6 UHpaKpPacHOM NU3Ny4eHnm

NHbpakpacHbii pOTOH paccMaTpmBaeTCs MOLENbIO Kak AMHaMmMyeckast COBOKYMHOCTb (POTOHYMKOB
MakCMManbHO BO3MOXHbIX paanycoB, Ha KOTOPbIX OHM n3beratoT OpobneHus.

15.8. O runoTeTMYECKNX HOCUTENAX CBOMCTB N3NYYeHNIA

Mogenb npegnonaraet, 4TO POTOHYMKM WHMPAKPACHOrO W3NyYeHUs MpU BbIXOAE Ha CBOM
KpuUTU4eckme BUTKM opbut gpobsitca ¢ obpas3oBaHWEM TUMNOTETUYECKMX HOCUTENEA CBOWCTB
pannomnanyyeHnii, npeacTaBleHHbIX 04HO000104YeYHbIMU TENAMU-NONAMU.

B ceoio ouyepeab HC pagnousnyyeHwin B pesynbTate OpobneHusi npeobpasyroTcss B HOCUTENM
CBOWICTB TEMOBbLIX U3NYYEHWUIA, TAKXKE SBNSOWMXCS 04H0060M04e4HbIMKM TTT.

OTmeTumMm, 41O cywecTtBoBaHMe TENJIOBbIX HC sBnsertcs OGHSaTGHbeIM, T.K. B paMKax Monenn OoHun
nepemnaroT Tenno, Bbi3biBas Boa6y>|<p,eH|/|e aTOMOB.

16. O Heynpyrom paccenBaHun

B pamMkax Mmomenu 3HauMTenbHas YacTb 06 BEKTOB MUKpOMMUPA (B UX YnCie siopa aTOMOB, NEnTOHbI,
HENTPOHbI, MPOTOHbLI U Op.) SBNSieTCS 04HO0060104eYHbIMM TeNaMun-nonsiMu.

Heynpyroe paccevBaHue Mbl Oynem paccmaTpvBaTb B BapvaHTe B3auMMOOencTBUS 06bekToB
NpeLcTaBNEHHbIMA UMEHHO TakMMy MatepuanbHbiMy 06pas3oBaHUSMU.

Mpepnonaraetcsi, 4TO MNPW CTONKHOBEHMM [OBYX OAHOODONOYEYHbIX Ten-none ¢ CUIon,
npeBbllWaloWell Kakoe-T0 ee KPUTUYECKOe 3HauyeHne, MPOUCXOOMT paspylweHue CcTabunuanpyrowwmx
o6onoyek B3aMMOAENCTBYOWNX MaTepmnanbHbix obpasoBaHunii. Bcneactsme aTux HapylweHWn LENOCTHOCTH
06 BHEKTOB 3KCMEPMMEHTA Haxoaswmecs nog AaBfeHneM cybcTaHuMm MX sioep MCMblTbiBAIOT MIHOBEHHOE
pacwupeHne, nNpu I3TOM KOMMOHyKWMe sSapa NCEBOOMOHONMUTHbIE MYyNbTUHOCUTENM pasneTtalTcs,
COXpaHss yHacnenoBaHHOE CyLEeCTBOBaHUE Ha cnvpaneobpasHbix opbutax. Pasnetasce, OHM B npouecce
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pacWnpPeHnst Hecylwmx nx opobuT pacwmpsaTcs ¢ apobneHmem u, npuobpeTas cTaTyCc MUKCOB, DOPMUPYIOT
MukcoBoe obnako-none. MNpn HaNUuMM KPUTUYECKMX MNOTHOCTHO-3NEKTPOMArHUTHBIX YCNOBUIA MUKCOBAS
cpepa cxnonbiBaetcs ¢ 06bpa3oBaHMEM siopa HOBOro Tena-nons. dapo, nponas obsizatenbHblin ans TI
nyTb 9BOMOUMOHHbBIX NPpeobpasoBaHnii, NPUHMMaeT BUA 04HO060104e4YHOro obbekTa.

Koo BHOBb poauBlerocss matepuanbHoro obpasoBaHMsi 3aBUCUT OT XapakTepucTukn 06bekToB
9KCMEepUMEHTAa, CUbl UX B3aMMOLEWNCTBUS, NMNOTHOCTHO-9/1IEKTPOMArHUTHBIX YCNOBWIA cpeadbl, B KOTOPOM
NPOUCXOANT HEYNpPyroe paccenBaHne n ap.

B cnyvae, korpa ko BHOBb POXAEHHOro 06 bekTa He paspelaeT eMy CyleCcTBOBaTb B LENOM BUAE B
yCNoBMSAX 9KCNEpUMeHTa, TeNo-none onpeneneHHbIM obpa3om pacnagaeTcs.

17. O NOHATUN «3HEPrns pactopMmMpoBaHNS »

HeobxooMMocTb BBEOEHMS MOHATUSA «3HEPrns pacopMMpoBaHWs» CBA3aHa C NpeanaraeMbiMu
MOLENbIO NpeacTaBneHnsaMn 06 apUpPHbIX 1 HaO3VPHbIX 06bekTax BceneHHoi kak 06 ynnoTHEHUsIX
mMaTepun B MPOCTPaHCTBE, NMPEACTaBNEHHbIX OnpeaeneHHbIM 06pa3oM ynakoBaHHLIMU COBOKYMHOCTAMU
MOHOoYacTuy. MexaHnsm reHepaumMm TakMx COBOKYMHOCTEA OnNpelnensietcs KakvMm-TO  BUOOM
3NEeKTPOMarHUTHOM KOHCONMAaUUM MaTepun.

Mpwn Takux B3rnsgax Ha CTPOEHWe WM reHepauunio 06bekToB BceneHHol cnemyeT npuaHaTtb, 4TO
npvpoda 3aTpauymBana COOTBETCTBYIOWEE KONMYECTBO SHEPruM Ha CTPOMTENbCTBO KaXAoro U3 Hux, u
MO>XHO 0XWIaTb, YTO 9Ta SHEPrus BblAENNTCS B NpoLEecce X pacqopMrpoBaHms.

B pamkax wmopenu paboTel Mo QOPMMPOBAHMIO MakpOOOGBEKTOB OKpyXarmowero Mupa,
npeacTaBfeHHbIX HanaupHbiMM 06pas3oBaHMAMM, BbINMONHSAUCL B OBa 3Ttana. Ha nepeom aTtane
cTpoutenbcTBa BceneHHo npuMyc-none BNOXWNO CBOKO 3HEPruio B OOPMMUPOBaHME 3CPMPOB HECYLLEro
nons B BUIE ynnoTHeHun ee cybctaHumm. [lanee yxe Hecylee none 3atpadmsano paboTy Ha reHepauuio
OCNOXHSIOWMX ero 06 beKkToB-yNNOTHEHWA cybcTaHUMM Hecywel CTpykTypbl. 9Ta pabota cBoamnacb K
nepeynakoBke MOHOYaCTWL, 3MPOB U MNPOM3BOOHLIX OT HUX 06pasoBaHuii Mpu POPMUPOBAHUN
MyNbTUHOCMTENEN BHOBb 3apOXAaloWuxcss OOBEKTOB C Mocnefylolwein ynakoBKOW YyXe caMux
MY/NIb TUHOCUTENEN B CTPYKTYPY 3TUX 06 HEKTOB.

dHeprus pacdopMypoBaHnsi 06bekTa paccMaTpvBaeTCsi MOAENbi0 Kak CrnocobHOCTb Noboro
maTepuanbHoro obpasoBaHus BceneHHoW Mpon3BecTn onpedeneHHylo paboTy B MNpoLecce CBOEro
pacWwupeHunsi, CONPOBOX JAOWErocs 3MUCCHE MaTepumn B NPOCTPaHCTBO-None. MakcumanbHas aHeprus
3TOro BMAa MoxeT ObiTb MoMyyeHa Mpu pacwupeHun obbekTa OO0 COCTOsiHMS MoHodacTul. CKopocTb
pacqOpPMMPOBAHUS MOXET OblTb Pa3IMYHOM BNNOTh 40 B3PbIBHOM.

AHeprus pacopMnposaHns 06 bekTa yMeHblWaeTCs B MPOLECCe ero 9B0JIOLMMN 3a CHET NOCTOSIHHOM
€CTECTBEHHOW aMUCCUU ero cybcTaHUMy B MPOCTPAHCTBO-NONE.

B KOHKPETHbIi MOMEHT 3BONIOLMM MaTeEpPUanbHOro 06 bekTa ero sHeprus pacopMMpPOBaHNS MOXET
ObiTb OMpeneneHa cooTHoweHneM: Epae=n-Eyon, rie Epac — dHeprus pachopmmposanns 06bexTa; Eyon —
cpefHe apumeTuyeckoe 3HavyeHWe YOEeNbHOW 3Hepruun, 3aTpayeHHOW nPUMYC-NOoNieM W Hecyuen
CTPYKTYpPO Ha YynakoBKy OAHOW MOHOYacCTWubl; N — KOMNYECTBO MOHOYACTUL, Y4acTBYIOWWUX B
CTPOMTENLCTBE 0O BEKTA HA MOMEHT ONPELENEHNS SHEPTUN.

18. O HEKOTOPbIX BO3MOXHOCTSAX 9KCMEPUMEHTANbHON NPOBEPKM OTAEMNbHbLIX NONOXEHUA MOJEeNU

B aToM pasgene paccmatpuBatoTcs Hambonee NpPoCThble SKCMEPUMEHTbI, MO3BONSAWMNE B KaKON-TO
Mepe NoATBEPAUTb MONEBOE CTPOeHWe BceneHHo.

MpennaraeTcs:

® [poBepuTb, ABNAETCA N yoaneHne oT 3ee3bl obs3aTeNbHbIM OS5 NNaHET CONHEYHOA CUCTEMBbI,
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® OUEHWTb 3aKOHOMEPHOCTK pa3beraHus NnaHer;

® YCTaHOBUTb KOHTPONb W3MEHEHUS TEOMETPUYECKUX NapameTpoB 3eMnn C Uenbio  doukcaumm
N3MeHeHMnsl ero o6 bema;

® 3a(oMKCMPOBaTb U3MEHEHUS Beca MakpoobbekTa Npu U3MEHEHUN ero CKOpoCTuM (Knaccuyeckoi) ot
CKpbITOW (B COCTOSIHUM BU3yanbHOW HENOABMXHOCTK) o cunoson (300 — 500 km/u);

® MNpoBEPUTb MONOXEHME MOAenn onpegensiouwee, 4tTo nod OpPOWEHHOW HaL Kakoh-TO TOYKOM
nnaHeTbl 06BEKT MOCNe CBOEro nageHust OONXKEH OnepeamuTb TOYKY, C KOTOPO OH Hayan CBOe
CVNOBOE OBUXEHUE;

® 13MEPUTb CKOPOCTb CBETA B CNEAyOWNX TEXHONOMMYECKMX BapnaHTax:

a. NCTOYHUK cBeTa Ha opbuTanbHOM 06 bEKTE, NPUEMHNKK HA 3EMNE,
b. MCTOYHWK cBETA Ha 3eMfie, NPUEMHIMK HA opbuTanbHOM 06 bekTe.

® /I3MepnTb CKOPOCTb CBETA MPMW HAXOXJIEHWM UCTOYHMKA M MPUEMHMKA CBETa NPUMEPHO Ha OOHOM
wupoTe, Hanbonee NPMBNNXEHHON K 3KBATOPY M Hanbonee NPUBNNXEHHON K KAKOMY-TO MONOCY;

e ConocTaBnTb pe3ynbTaTbl UIBMEPEHNS CKOPOCTW KPACHOro 1 (OMONETOBOrO LBETA;

e [lpn Bcex MeXMnaHeTHbIX Mojsetax NPOBOAMTb HEMPEPbIBHYIO 3anncb TemnepaTtypbl kocmoca C
Lienbio yCTaHOBNEHNSI 3aKOHOMEPHOCTEN €€ N3MEHEHUS;

e [IpsAMO MM KOCBEHHO YCTAHOBUTb Pa3HWLY B CTPOEHMUN XECTKMX U MATKUX raMMa-KBaHTOB;

e [IpsAMO MNM KOCBEHHO YCTAHOBWTb pPasHULy B CTPOEHUW ObICTPbIX W MEeLNEHHbIX HEWTPOHOB
(BOBMOXHO, OLEHMB X ONaMeTpbl);

e ConocTtaBnTb MoOKasaHWs MHAOMKATOPOB BPEMEHU, douKcupyowmx konebaHne pasnmyHoi npupoabl,
Ha akBaTope, B 613K Nonca 1 Ha CNyTHUKE;

e Onpepnenntb BO3MOXHblE 3alMTHbIE CBOMCTBA aypbl YenoBeka, ANl Yero yCTaHOBUTb, MOXET Jin
yenosek, obnagawowmii 0cobbiM1 CNOCOOBHOCTAMMK, MO CBOEMY XENAHUIO MEHSTb MNOTHOCTb aypbl Ha
ee oTHe/bHbIX yYacTkax;

e ConocTaBnTb pe3ynbTaTbl UIBMEPEHUSI Nepuoa nonypacnana kakoro-nmbo anemMeHTa Ha nnaHeTe u
Ha CnyTHUKE.

Cnncok ncnonb30BaHHON nuTepaTypbl

1. 3onoTton dpoHA. SHUMKNoneams. duamka.
dursnyecknii aHUMKnoneanyeckunin cnoeapb. MNoa penakunen A.M. MNpoxoposa. — M.:
CoseTtckas sHuuknoneans, 1983.
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1) 6enbiit $OTOH YCNOBHO NOKAa3aH KAK COBOKYMHOCTE 7-MM LIBETHBIX POTOHYMKOB

2) ocn o6 paueHmua GOTOHUMKOB B (POTOHE MOTYT UMETb PA3AMUHYI0 OPUEHTALMIO B NPOCTPAHCTBE
3) HocUTeNM CBOMCTE PaAaMOo- M TENNOBLIX U3NYUYEHMIA YCAOBHO NOKasaHbl e4UHUUHBIMMW 06bEKTaMM
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