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TeopumuanyyeBoroasdbpupa.

Ecnu panee s mojaraj 4To IMOTOKH JIy4eBOTro 3¢gupa 0epyT CBOE
HayaJIo0 U3 KaTaKJIU3MOB HAIIIEr0 MUPA, TO TEMEPbh, KOrJa CTalo0
MOHATHO YTO HAl MUP JAJIEKO HE €JUHCTBEHHBIA BO BCEH
BCEJICHHOM, YTO CYIIECTBYET OECKOHEUYHOE MHOXKECTBO MUPOB,
Pa3/ICJICHHBIX IO CKOPOCTSM M HAITPABJICHUSAM JIBUKCHHUS B
OCCKOHEUYHBIX MPOCTOPaX BCEJICHHOM, SICHO BBIPHCOBBLIBACTCS
COBEPIICHHO MHAasA CYTh 3(UPHBIX TOTOKOB.

PazmMep BocniprHHMaeMbIX (PparMeHTOB MPOJIETAIONIETO CKBO3h
Hac Mypa o0paTHO MPOMOPIIMOHATIEH CKOPOCTH €0 IPOJIETa CKBO3b
HAC, IOTOMY COBEPIIEHHO OYEBUIHO, YTO CYIIIECTBYIOT MUPHI CO
CKOPOCTSAMHU B IECATKU U COTHU U THICSYU CBETOBBIX MAXOB.
IToromy nydeBoii 3¢up, 3TO BECh KOMILJIEKC MUPOB, MPOJICTAIOIIUX
CKBO3b HAC C PA3JIMYHBIMU CKOPOCTSIMH, U IOTOMY OH COJICPKUT
(dbparMeHThl MaTEPUH JIFOOBIX Pa3MEPHBIX MOPSIKOB.

MexaHu3M 3aBUCUMOCTH Pa3MepoB (parMEHTOB OT CKOPOCTHU
POJIETA JIOBOJILHO MPOCT. ECAM B CTaTUKE aTOM yCIIEBAET
IPOJIEMOHCTPUPOBATH HAM TMT'AHTCKOE KOJIMUECTBO 00OPOTOB
CBOET0 OpOUTAIBLHOIO BEILIECTBA, TO MPOJIETAs CKBO3b HAC CO
CKOPOCTBIO PABHOM CKOPOCTH JIBUYKECHUS €r0 OpOUTAIBHBIX
(¢parMeHTOB 10 ero opouTe, OH HE YCIIEET MoKa3aTh HaM HU OJTHOTO
BUTKAa. TO €CTh MBI BOCIPHUMEM €TO HE KaK aTOM, & KaK COCTABHBIC
€ro 4acTH MPOJIETAIOIME HAC HACKBO3b.

Ecnu sxe ckopocTh IpoJieTa OyJEeT €lli€ BBIIIE, TO U ATH
(parMeHThl CTaHYT ISl HAC JIUIIb COCTABJISIIOIIMMU UX MBUTUHKAMH.
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N tak 10 OECKOHEYHOCTH, TOTOMY YTO MaTEpHUs SBISETCS
opOuTaIbHBIMU (POPMHUPOBAHUSIMU U3 00JIE€ MEIKUX OPOUTATIBHBIX
dbopmupoBaHuii 10 OECKOHEYHOCTH BI1yOb.

Cy1iecTBOBaHME BO BCEICHHOU OCTATOYHOTO KOJIMYECTBA
MAaTEPUU UMEIOILIEH MOJIHBIA U COBEPLICHHO HEOTPAHUYEHHBIN
CIIEKTP CKOPOCTEN M HAIIPABJIIEHUU ABUKEHHUS PEAIBHO
HAOJII0JAETCs B OKPYKAKOLIEM HAC KOCMOCE.

A6conwTHOBCe npoueccb MUpoO3IdAaHUA ABAAITC A
KOHTAaKTHbBMMEeXaHUMWYeCKUMB3IaumMoaoenmcTBUEM
dparMeHTOoOBMaTepumBnNnycToTenpocTpaHCTBa.

A6cCconoT - Be4YHaa U Hem3MeHHas cybcraHumsa. A6CoNOT COCTOUT U3
ABYX CBOMX NMPOTUBOMNOJIOXXHOCTEN(AaHTUNOAOB)3TO MaTepma n
npocrpaHcTBOo. OHM o6naparoT abCoOIIOTHO NPOTUBOMOJIOXKHbIMU
CBOMCTBaMU, KpOMe OAHOIro, BE4HHON HEeYHNUYTOXXMMocTu. Ecnm
NPOCTPAHCTBO MMeeT 6eCKOHEeYHO BeJIMKMiM 06beM M Hy1eBylo Maccy,
TO MaTepusa MMeeT Hy1eBon 06beM n 6eCKOHEeYHO BeJIMKYH Maccy,
NPOCTPaHCTBO HeNnpepbiBHO, MaTtepusa AUCKpeTHa. Martepus obnapaer
3Heprven ABMXKEeHUSA, NPOCTPAHCTBO HeT.

Tak BOT iyueBoi 3(pup, TEHb KOTOPOIro ABNIAETCA NrPaBMTALMOHHbIM MNoJieM,
COCTOMT U3 6eCKOHEYHOro 4Y1Mcsia npoJsieTalwmnx CKBo3b HaC MUPOB
MMerLwmnx Nbble HanpaB/IeHUA U CKOPOCTU ABMXXeHuA. Kak n Haw
BUAUMbBIN MUP AABJISETCA YacCTbiO rpaBUTALMOHHOIO 3cupa ANna Tex MMpoB
CKBO3b KOTOpbI€ Mbl NpPoOJieTaeM CO CKOPOCTbIO U3MepsAeMO CBETOBbIMM
MaxaMM, TO eCTb B AeCATb, WIN CTO, WJIN TbICAYM pa3 NpeBbillasg CKOPOCTb
cBeTa.

NMpeacraBbTe cebe Tenepb CKOJb MaJsia 3Ta BUAMMas HaM 4acT BCEJIEHHOMN,
€CJIN MUPbI JIETAT 6€CKOHEYHO A0JIF0 CO CKOPOCTAMMU B ThICAYU CBETOBbIX
MaxoB, U nNpeaesioB UM HeT. A HaM BCe NbITalOTCA BTEMALUUTD O
BO3HMKHOBEHWMU BCEJIEHHOMN BO BPEMSA KaKOM-TO TyT BCMbIWKK, KOrga 310
6eckoOHeYHO Manasi NecCYMHKa B CPAaBHEHMUU BCEJIEHCKUX pa3MepoB.



[lpocTpaHcTBO(NyCTOE)-BeyHOe,HenpepbBHOE
HeyTob6ecKOHe4YHOBEeNMKOroobbema He
B3auMmMoadenmcTBywweecmMaTeprmen.AbconwTHaA*d
nycToTa,edMHCTBEeHHasas HeMaTepMUWanbHaHt
cybcTtTaHuuMma.(nonpmymHe 6ecCKOHEYHOMU
OINCKPEeTHOCTMUMMaAaTepUnM Brnybb,BpeanbHOCTHMH
abconwTHonNnycToroob6bbremaHe HabnwogpaeTca)
MaTtepuma(nonHoe)-Be4YHOE,AUCKPETHOE He4yToO,
COBEepWwWeHHO UCKNYawuwee
B3aAaMMOMNPOHMUKHOBEHME COPAa3MepPHLIX
dbparmMmeHTOB,YyTOCO340aeT adhdeKT MmaccCbl.

MaTepnmsa He MmMeeT cCBOEromMenbyanmwero
dbparmMmeHTa, ntobomn dbparmMmeHT MaTepuun aBnaeTcs
CNOXHOMOPOMUTaAaNnbHOMCUCTEMOM COCTOAWEN U3
MHOXecTBaboneemMenkmxdparmMeHTOBMaTEpPUMH
cnepytwweronopaigKkKa,MmTaKagob6ecKOHeEYHOCTHMH
KakKBrnybbo, Tak vm BO BHE.

PeanbHascybcTaHuMmaBBcergaummeeT obbewm
6bonbwe HY N 1.

OBuxeHune - CBOICTBO MaTepun, MaTepust He CyLLEeCcTBYEeT 6€3 ABMXEHNA CBOUX (pparMeHTOoB.
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CTUMLA TOHKOINro adbMpa-CryctToKMaTepuWn He
elwWrMn TBEPOALOCTMU TAaK KaKHe obXxuMumaeTcCHA
TOKaAaMU IDbMUpPaAa. OTONPOUCXOAUT OT TOroO,4YToO
Opa3Mepb HaxoaoAaATCA KaK bbbl B 6e3a3adMpHOMN
He, ToecTbMdparmMeHTh 3dbMpachepywwero
nybbnopsagKacilhUMWKOMMAanNb,acneagytwuwero
BHE CNTUWKOMBENUKU,acaMMN oaNacebs oHU Tak
HerogpaTtTcaHaponb adhbupa. Co3paBasd
aBMUTauUMIO,CaMMW3ITM4YyacTuMLUbl etoHe obnapgpatT,
NMOTOMY PbiXNble,CBOOOAOHO paccbinatTCA HaAa
cocTaBhnAwwWMe PparMeHTb M TaKXe cCBOOBOAHO
BHOBbBOCCOEAUHAKWTCA,ABUXATCA TONbKDO
NPAMOJTMHENHONONPUYMUHE HECMOCOOBHOCTMH
ynpyros3auMmmMmoagenmcTBOBaAaTbMWMUMETDbL CNMUH.
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TOHKWUN 9aDPDUP-U3OTPONHBIM TOTOK MaTepPUU BC e X
MUWPOBCYLWECTBYWOWMUX BO BCEeNTEeHHOMW.
BceMupsb,onaKaXLoronooTaelNbHOCTMH
ABNAKTCA NYYeBbMIDWUDPOM.



[pybbM,NONAPUI3IOBAHHB W, CBETOHOCHbB W 3dDUDP -
M3OTPONHBIM NTOTOKMaAaTeEpPUU, cChHhOPMUPOBaAaHHOMU B
WapMUKM pPaBHOMEPHBIMObBXaTMWeEeEMTOHKOTIo adupa.

llapumk MmaTepum-obpasyeTcauma crycrTKa
MaTepumBpe3dynbTaTe paBHOMEPHOroobxarTtwuasa
Ero TOHKWUM 3OUPOM,BOTAMYMUM OT YyacTMHLUbl
TOHKOIFo asbhmpaummeeT TBEPAOCTSbL, DopmMy,
rpaBuMuTauMoOHHOe NnonewunmcnocobeHyYyNPYTro
B3aMMOgdeMWCTBOBaTbMMWBPaAaWaTbCcAaA BOKPYT
CobCTBEHHOM OCHU(MMETDbL CNMUH).

BewecTtTBO-0opbUuTanbHOEe aHeproob6bpa3oBaHUE
M3WapMUKOBMaAaTEPUU CHOPMUPOBAHHEBIX
pPpaBHOMEpPHBMOOGBXaTMEM TOHKOIoO achupa.
MMeeT TemMnepaTypy UMBHYTPEHHIIW 3HepPT UIO.

EpHasa aAblpa(4n)-CrycrtToK ob6e3a0BMWXEHHBblX
arMmeHToBMaTepuunm Haweronopaagka(Ecnunxe B
npoumsonpgpetTobe3snBUXMBaAaHUE DparMeHTORB
egoyvoweronopaadkaBrnyb6bb, TOOHacTaHeTB
NNUWOHB Pa3 MeHbWe n eerpaBUMTaULMUNOHHOE
Nencyes3HeT, TaKKaKeeTeHbCTaHeT
YTOXHOManNoW.[lpy aToMKONMYEeCTBOMAaAaTEPUMU
TaHeTCANPEXHUM. QTo bBYyaeT UMEeTb BUA

NTHOWMW AQHHUTUNAUNUKU,HO TONbKO BMUAA,
NTnyecTBOMATEPUUINPU 3TOMHE UB3MEHUTC A.)
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Macca — KOJIM4eCTBO MaTepUH B COUCTAHUH C €€ FHEPreTUUHOCThIO. [IposBIIETCS TONBKO
MIPU TIOTBITKAX B3aMMOIPOHUKHOBEHUS COPa3MEPHBIX ()parMeHTOB MaTepuu. @parMeHThI
0o0J1ee MaJIoro MopsIKa CBOOOIHO MPOJICTAIOT CKBO3b (parMeHTHI OOJIbIIEro, 6€3
KOHTaKTHOTO B3anMOJICUCTBHS. 1 MOTOMY B 3TOM Cliydae MX Macca He MposiBisieTcs. Tak jxe
pasmep (pparMeHTOB MaTEPUH 3aBUCHUT OT KOJUYECTBA SHEPTHH COCTABIISIONIUX UX Oosee
MCJIKHUX (bpaFMeHTOB, IIOTOMY BO3MOXXHO CYIIECCTBOBAHHUEC TaKHNX CI'YCTKOB MaTCpHU B
KOTOPBIX KOJIMYECTBO MaTepUK OyIET TMTAaHTCKUM, HO B BU/Y OTCYTCTBHUS BHYTPEHHCH
SHEPIUH, pa3Mep ero OyIeT CTOJIb HUYTOXKEH, UTO €ro Macca He OyAeT MPOSIBIIATHCS 110
NPUYMHE OTCYTCTBHSI KOHTAKTHOTO B3aUMOJICHCTBUS ¢ (hparMEHTaMH HAIIIETO MOPSIIKa.

Bec — paznuma a3¢pupHOTro AaBieHHs HA HETIPOHUIIAEMbIe (hparMeHThl MaTepUH. 3aBUCHUT
TOJIBKO OT 00be€Ma HEPOHULIAeMOoro AJis 3dupa.



MHepunma —-Be4YHOE COCTOAHME NOKOAMATEDPUMN
OTHOCMTeﬂbHOHDOCTDaHCTBacymeCTByeTHO
npMNyYnHEe HEBOI3IMOXHOCTU OBUXEHMUNA
OTHOCHMTENbHO NPOCTpPaAaHCTBa.

YnpyrocTtTb-cBOMWCTBOMATEpPUaAanbHOIro obbekTa
6bbiCTpPpOBOCCTaHaBNMBaAaTbCBOWM OO6BBEM U DOPMY,
NPUYMUHAa YNPYrocTU,BHYTPeHHee aB/leHMUeEe,
co3paBaemMoOe BHeWHUMM oObBXaTHMeMNyyeBOTroO

adbupa.

BonHa-uMKAMYHOE NTUHEWNHOE ABUXEHNE
bparmeHTOoOBMaTepuu.

SHGDFMH—KOﬂquCTBOHBMmeHMHMaTepMW

Cuna-s3HepruscoBepwatwwasapaborTy.

Pa6boTa-nepeBoagMaTepuun B
MHYIO MHepLULManNnbHYyWOCUMCTEMY, NHnb6O
npenAaTCcCTBOBaHWE 3TOMY

MowHOC
BpeMeH

Mmnyn
MaTep

o
(@]

h Yy
h Yy

MHepuw
COBOKY
MaTepw
MHepLUMW

|

a
n
7
o

b-KONMTMWYECTBO 3HEPIrUU BeadAUHULY
coBepweHMWA pabOTH.

-3HeprMaAacCcTONKHOBEeHUMA DpPaAarMmeHTOB

NnbHaacucTtemaoTcyeTa, CO aToO
HOCTbB3aMMHO CTaAaTUYHB X PparmMeHTORB
,HaxooAaWwWMXcAaBCBOHOOAHOM,
HHOM 0L BUXEHMUMU.

TemmnepaTypa BeliecTBa - CKOPOCTb BpaIlleHUs BHEITHUX OPOUTAIBHBIX ()ParMEHTOB.

[pPaBMTaULMOHHOEe NONe —-CyMMapHas aHoOManwusA
NMOTOKOB 3PMpaBOKPYrobbekTa. ObMpHaAasa TeHb
OTHENPOHUWLAEMB X CTYCTKOBMaTEpPUUN OOBBEKTaA.
3aBUCUT OTKONMYyecTBaMaTepPUU, 3aHUMaeMoOTroO
etoobbeMa,cCKopocCcTMBpPpawWeHna eedparMeHTOB,
TemMnepaTypb BewecTBa, MHTEHCUBHOCTMU
cobcTBEeHHOroumanyvYyeHma obbeKkTa M MOLWHOCTM
BHEWHEromM3oTPONHOINro asdMPHOITONOTOK a.



[paBUTOHbB-bparmMmeHTb TOHKOTIO a3cdbupa.Ho
nNonNHYywWCUNYy IrpaBmMmTaumMmMm co3fatwT BC e
cywecTBYylWMUEe copa3MepHBble
yacTuUUb(dparMeHTb)BCEX KOCMMUYECKHUX
M3NYYEHUNU, M NOTOMY OHU TAaKXe aBNAKWTC A
rpaBUTOHAMMU BMOMEHT CO3A4aHWUA CHKUAN
rpaBuTaULMUMU.

M3nyyYyeHMeEe-NOTOKCOpPal3IMepHb XdparMeHTORB
MaTepuunm,noagpasagenaeTcaHaobnagawowme
YaCTOTHbBMU XapPpaKTEePUCTUKAMU, CNTNOLWHBE HE
MMewWMme YyaCTOTHBX XapaKTepUCTUK MU
CnoXHococTaBHbe.BonHoBbe KkonebaHWA
NMOTOKa b6bBatwT Mo eroHacbweHHOCTHU, nnmbo nNno
yacToTeopbuUuTanbHOIro BpaweHwa dparmMmeHTOB.

NHdopMaLumsa, 3TO 3HAHME B MbIC/IAX CO3HATENIbHOMN CYLLHOCTY.

TonbKO pasfeneHne Ha TakoBy MHAOPMaLNIO, N MHPOPMALIMOHHbIE AaHHbIE, Ha OCHOBAHUMU
06pEeTEHMSA KOTOPbIX CO3HAHMUE ellle TOMbKO MOTEHLMANbHO CNOCO6HO 06pecTn MHhOopMaLUIo, NO3BOAET
[aTb TOYHOE M OKOHYATEIbHOE onpeaenieHne, YTo ectb MHbopMaLuus.

CBeT-nNnyynonaAapM3oBaHHOTINO abupa,npowenwmm
CKBO3b3HEProBoO3OYXOEHHYVYI
30HY.(OHepreTmMyYyecKM NOAKPAWEHHbBI W OO
BUOMUMOCTMU 3PUPHBIN YY)
MarHMTHOEe M 3aNeKTPOMAarHMTHOE None-
aHOManuMmanonapumiaoBaHHOINo asdnupaobpaiszyemasd
CobCTBEHHbBLMMUINYyHYHeHUEMODODBEKTaAaTaKOlro Xe
NMNONAPUIIOBAHHOINIO 3UPHOIO M3NNYYEHMHUSA.
ONEeKTPUYECKUN TOK-YNOPALOYEHHbB M NOTOK
WwapMmkKoB rpyborosdbumupa,mx cmnaBpalweHUSA
BOKpyrcobcTBeHHOMOCUHM ONpenenaerT
HanmpsaAaXeHWEe TOKaA,MX KonmnmyecTBOONpepenaerT
CUMNy TOKa,HanpaB/lleHMWe BpalweHusa onpepenaer
NONAPHOCTDbL TOK a

Bpewms ectb nHdopmaums o gBuxeHU maTepum.

NHopmaums eCTb MbICMb B CO3HAHUM CYLLHOCTW, BO3HUKLLAS HA OCHOBAHUU
OCO3HaHUA NHPOPMATUBHBIX AaHHbIX.

NHdopmaTrBHbIE AaHHbIE, 3TO pa3HoObpa3ne Bapmaumi maTepmanbHOro HOCUTENS.



OHU MOryT BbITb Kak MCKYCCTBEHHOTO, Tak M €CTECTBEHHOIO NMPOUCXOXAEHMS.
TonbKko co3HaHue obnapatoLlee: Normkon, aHanmM3om, CUHTE30M, NaMATbIO U
MPOrHO30M CMOCOBHO MbICINTb, M NOTOMY TOJbKO TaKOBOE CO3HaHMEe CNoCOOHO
BOCMPUHUMATbL MHPOPM AaHHbIE ABWXEHUS MaTepuu, U Kak CneacTBue 3Toro,
CMHTE3MpPOBAaTh NOHATNE-BPEMS.

OnvTenbHOCTb(ABUXEHNSA), 3TO OCHOBHON NPOAYKT CO3HAaHUSA COCTaBASAIOLWMN NOHATUE, BPEMS.
NMEHHO MbIC/b O ANIUTENBbHOCTU ABUXEHUSA ABNSETCS POAUTENBCKON MAeen NoHATUA BpeMs. Ecnu
nepexoanTb OT 06Lero NOHATUSA BPEMS Ha KOHKPETHbIN ero CMbIC/, TO YKa3blBAaeTCs MMEHHO
KOHKpEeTHas BpeMeHHas ANUTeNbHOCTb. [JANTENbHOCTb BUPTYyasibHa TakK Xe Kak U caMo MOHSATUE BPeMS.

HenpepbBHOCTbL-CBOMCTBO NpPOCTpPaHCTBa.

[OVNCKPETHOCTb - CBOWCTBO MaTepuu.

YcKopeHue - HapylleHUe COCTOAHUS NMokos. HenpepbiBHaa yepeaa nepexonos B UHY0 MCO
Nno HEKOMY €IMHOMY HarnpasBleHuIo.

JlanbHOAEWCTBYE, TO €CTh PU3NYECKOE BO3JICHCTBUE Uepe3 IMyCTOTY MPOCTPAHCTBA O€3
MarepuanbHoro nocpeqauka HEBO3MOXHO.

Maxkpo 1 MUKPO MUPBI a0COTIOTHO aHAJIOTMYHBIL, U Pa3INYar0TCs TOJIBKO [0 CKOPOCTH
MIPOMCXOIAIINX MTPOLIECCOB U pa3Mepam.

Matepus 1 IPOCTPAHCTBO MPOSIBIISTFOTCS] HCKITFOUNUTEBHO JTHAMETPATEHOCTHIO CBOMX CBOWCTB U
0JTHO 6€3 Apyroro ObUTO OBI TPOCTO HEOOHAPYKUMO.

PeanbHOCTB, 3TO MaTepusi B IyCTOTE NPOCTPAHCTBA, HMEIOIIAs BHYTPEHHIOO
CaMOTrapMOHHU3ALMIO 10 YPOBHS KUBBIX, CO3HATEJbHBIX CYILIHOCTEi, 4YTO o0ecnieYuBaeTcsi
0J1aroaps CymecTBOBAHHMIO (PParMeHTOB MaTepHH A0COJIOTHO BCeX pa3MepoB, A0COTIOTHO
JIIOOBIX CKOPOCTeil M HANIPABJICHUH ABU/KCHHS .

Co3HaHME ecTb HAUCNOXKHEN LN MYNILTU KOMMEKC 06YCNIOB/IGHHOCTEH B NaMATH U NPOrHose

JIOrMYEeCKOro MexaHu3ma >XMBoW CYUWHOCTH, nMmerowmnn NMpUBA3KY K NpoucxoadawmmMm npouyeccam

B3auMoaenCcTBUS.



BUpTyasibHOCTb, 3TO 06pa3bl CO3HAHUS, OHU MOTYT UMEeTb peasibHble Npoo6pasbl, @ MOryT U
He UMeTb TaKOBbIX BOBce. BocnpusaTne AelCTBUTENIbHOCTU BUPTYaJsibHO, a caMa
AENCTBUTENIbHOCTb peasibHa. B HalleM CO3HaHUU BUPTyaJibHO BCe, KPOME HOCcUTens

CO3HaHUA, OH MaTepuaJZieH U NOTOMY peaJieH.

Bce BUpTyanbHOe CO3HAHME MOXHO NnoapasaesnTb Ha 06pasbl a6COIIOTHO BUPTyasibHbIE U

o6pa3bl MMeroLme CBOM MaTepuasibHblie Npoo6pasbl.

7KuBoii opranusm, 310 CMiMOHO03 MHOKeCTBA )KMBbIX OPraHNU3MOB CJIeyI0LIero Briyonb
pa3mepHoro nopsinka. Kak ¢gparmenTsl MmaTepuu Beerja siBJasilOTCS OpOUTAIbHBIMH
cucTeMaMHu U3 ()parMeHTOB MeHbIIEr0 MOPS/IKA Yepeaysich 10 0€CKOHEYHOCTH BI1y0b, TAK
7Ke U JKMBble OPraHU3Mbl BCera COCTOSAT U3 KUBBIX OPraHU3MOB MEHbIIEro NopsiaAKa
yepeaysch 10 0eCKOHEYHOCTH Briiyob. TakoBoil NPUHIUII CTPOCHUS MATEPHH U )KUBOTO
OpraHM3Ma jJejiaeT UX 3aBeJJOMO HeNOCTHKUMBIMH 110 IPUYHHE HET0CTHKUMOCTH
0eCKOHEe4YHOCTH.

CyMMapHas sHeprmsa BCcesieHHOW paBHa Hy/t0. TO eCTb B C/lydae KOHTaKTa
BCeW MaTepuun BCENEHHOW, ABMXEHME NpeKkpaTuaocb 6bl, HO 3TO HEBO3MOXHO
No NpuymMHe 6eCKOHEYHOCTU BCesleHHOMN. MMXOHCKoe yTBepXAeHue no
npuynHe abCcoNTHOM HENMPOBEPSIEMOCTM.

CyLuecTBOBaHME Ny4eBOro ampa NoaTBEPKAAETCSH 3KCNEPUMEHTASIbHO:
BbiBewwmBaeTcs kpyrnas 6onBaHka Ha KBapLEBOW HUTU B TEYEHUM CYTOK OHa
COBEpLUEHHO yCNOKaMBaeTCs Mo BpaleHuto. Nocne ycnokoeHus rno
KacaTesIbHOM YCTaHaBANBAIOTCS CTasibHble JINCTbl TaK YTO KaXXAbl NCT
3aropa)kMBaeT NMPOHMKHOBEHME STyUYell CO CBOEN CTOPOHbI Ha NEBYIO OT OCK
noaBeca CTOpoHy 6onBaHku. Obwas Macca NTNCTOB HE MeHee 2 TOHH.



MaTtepuan 601BaHKM HE MarHUTHbLIA U Ny4ylle Boobuie He TOKONPOBOAHbLIA BO
nsbexaHme aombicnoB. MNMocne yCcTaHOBKM NUCTOB 6bosiBaHKa HauyMHaeT
BpalleHne B pacyeTHY CTOPOHY, TO €CTb NPOTUB Yac CTPEsIKU ecnum
CMOTpPETb CBEPXY.

A6CONT ecTb Be4YHass U HeM3MeHHas CY6CTaHLI,MFI MNpoO3a4aHNA.
CyIecTBYIOT Ba aHTUIIOAA, IyCTOTa (IIPOCTPAHCTBO) M IUIOTHOCTH (Matepust). Ob6a
OHHU BHE BPEMEHH U Mepbl, 00a ObLIN Bceraa u BCIoy. M HEBO3MOXHO WX HU YHHUYTOXKUTh, HH
n3MeHUTh. OJIUH pa3neicH, Ipyroi BEYHO ¢IUH, TIPO3pavyeH — HEITPOHUIIAEM, HEBECOM — TSIKE,
HU 4TO W HEYTO, UHb - iH. U He cymiecTByeT Oosiee HUUEro, KpoMe MPOCTPAHCTBA U MaTepuH,
BCE OCTATBLHOE COCTOUT M3 MX CoueTaHus. Bcé, 4To COIepKUT OT uX 000X, HE aOCOIOTHO H

UMeeT Hayayo cBOE U KOHEIl, CBOE BpeMsl U Mepy cBOI0. OHO MOKET T0CTHYb aOCOTIOTHOM,
00XECTBEHHON TapMOHUHU, HO HEBO3MOXKHO eMy U30eKaTh U3MEHEeHUA. TOIbKO MPOCTPAHCTBO U
MaTepHs HaBCeT/1a HEM3MEHHBI. B IycTOM HeueMy JBUTAThCS, B ITOJIHOM €CTh YeMy, HO
HekyAa. HeT nBukeHUs, HET HU BPEMEHU HU HEPTUHU, €CTh TOJIBKO BEUHBINH MOKOH. OHO He
MOJKET ABUTATHCS, HET IBUKECHHSI OTHOCUTEIHHO ceOst. Y OHOTO HET BPEMEHHU U HET SHEPTHUH.
Hauwnast ¢ 1BOMX OJTHOPOJHBIX, MOSBISETCS JBIKEHUE, BpeMs U 3Heprus. [Tycroe Bcerna
€IMHO, HETIPEPHIBHO, TIOTOMY Bcer/ia 6e3BpeMEHHO, HEMOABUKHO, 6€3 SHEPTETUYHO.

[TosHOE MEenMMO Ha OTACNbHBIC (PPArMEHTHI OTHOCUTEIHHO KOTOPBIX BO3MOXKHO JIBHYKEHUE,
00yCIIOBJIEHHAs Mepa IBUKEHUS (PparMEeHTOB, BOCTIPUHUMAETCS] CO3HAHUEM KaK BpeMS.
Hecnoco6HoCTh OTHOTO(MaTEpUN) K B3aMMOIIPOHUKHOBEHUIO(HEYCTYTUUBOCTh MECTA)
MOPO’KIIAET P CTOIKHOBEHHUH 3D ekt Macchl. KommdecTBo Marepun yMHOKEHHOE Ha
CKOPOCTb, €CTh KOJIMYECTBO JBUKEHHUS, YTO U €CTh SHeprusi. CKOpOCTh BCeria OTHOCUTENbHA
9ero-TO, IOTOMY M SHEPTHUs TOKE BCEr/la OTHOCUTENbHA Yero-To. [IBMKeHHE HE UMEIIO CBOETO
Hayaja, oHO ObUIO Becerma. Ecim Obl KOrga-To ObLI MOMEHT IOJHOM HEMOIBUKHOCTH, OH OBLI
Obl O€3BPEMEHHOI BEYHOCTHIO, IOTOMY YTO BpEeMs €CTh Mepa JABIKEHHUA. J[BikeHue oOpaszyer
camy *®Hu3Hb. Martepus Bcerja 00bEMHA, 3TO 03HAYAET, UYTO MO OCSM BCEX HAIPABJICHUN pa3Mep
mo0oro (pparmeHTa MaTepuu Bceraa oonbine Hyns. Eciu pa3mep, xoTst ObI IO OAHOM OCH paBeH
HYJIIO, TO ¥ TI0O BCEM OCTAJbHBIM OCSIM OH TaK K€ paBeH Hyi0. VCX0/s U3 3TOTO CIeyeT:
MaTeMaThdeckas (paHTasus 0 IBYXMEPHOM MHpE, TJe TPEThe H3MEPEHHUE PABHO HYJIIO,

HecocTosiTeNnbHa. PeanbHas nelCTBUTENBHOCTH BCETla 00bEMHA U HE UMEET HYJIEBBIX
pa3MepoB HU MO0 OJHOMY M3 BCEX BO3MOYKHBIX BEKTOPOB.

HacTonunBoCTb YenoBe4yecTBa B NMOMCKaxX rpaBUMTauUMOHHOI0, UMEHHO,
MPUTSAXEHUSA U HUYErO MHOIO KPOME MPUTSIXKEHUS, U YOAUBASET U Aaxe
nyraet. Hy HabnogaeTca peanbHoe CTpeMsieHne MacC K COeAMHEHUID, TakK
MPUYUHBLI-TO MOryT 6bITb ABEe; NM6O Macca TsaHeT K cebe, NMb6o He4uTo ToNKaeT
Teno K 3Ton macce. [1Ba BCero BapuaHTa, Tak U paccMaTpmBaTb X Hago oba.
[la n paccMoTpeHmne-To CTOIb OYEBUAHOE YTO CMEX Aa M TONbKO. TSAHYTb
MOXHO UCKAKYUTENbHO NMOCPEACTBOM MIOTHOMO, XECTKOro, HenpepbIBHOMO
MaTepuanbHOro KOHTaKTa, UHbIX BapUaHTOB MPUTAXEHUSA HEe TO 4YTO 6bl
HabnwaeHnn, a pgaxe TeopeTnyecknx mogenen Het. Konb B cniyyae ¢



rpaBuTauLven Takon rMPsiMOn XEeCTKUN KOHTaKT ABHO OTCYTCTBYET, TaK He
obpaTnTb 1M BHMMaAHWE Ha BTOPOM-TO BapuaHT, TeM 6osiee 4yTo ToNKaTb TENO
BMoJsiHe AonycTnuMo 6e3 npsiMOro mn XecTkoro, HenNpepbIBHONrO MaTtepuasibHOro
KOHTaKTa, HanpuMmep MeToaoM 6pocaHusa B Tesl0 OTAE/bHbIX KAMHEWN rpaBus.
[la n camo cnoso/rpaBmTtaums/CoaepXnUT HaMeK MMEHHO Ha 3To. lMpuTsaxeHue
nocpeacTBOM MOs HE nMeeT 06BACHMMOro MexaHm3Ma AenCTBUS, NOTOMY
HeoCyLWeCTBMMO, HEBO3MOXHO U MNPOCTO OTCYTCTBYET B peasibHOCTW.
Habnwopaemoe TaroteHme Macc MoOXeT UMeTb TOJIbKO OANH eAMHCTBEHHbIN
MOHATHbIN N O6BSACHMMbIM MEXaHU3M, BO34ENCTBME BHELIHEro CXUMaKLWero
BO34ENCTBUSA. Tena He NpUTArnBarTCa Apyr APYroM, a TONIbKO CKUMAKTCH,
NPUXKNMAKOTCA BHELWHUM U3NYYEHNEM, HUKAKNX MONEN NPUTSXKEHUS B
npupoae Het, 1 bbITb He MOXeT. PeanbHO cyuwecTBylowee rpaBuTaLMoOHHoe
none He MoOXeT 6bITb NPUHAANEXHOCTbIO CaMoro Tena nm obnagatoLlero.
BekTop ABMXEHUS BCerga eCTb BeKTOp cuibl. HMYTO ncxoasiiee ot tena
HecnocobHO oKa3biBaTb AaBsieHNUe B NPOTMBOMOJSIOXHYH CTOPOHY, TO €CTb K
3ToMy Teny. Ho daKT cylecTBOBaHUSA AaB/IeHUS B CTOPOHY Tesla roBOpuUT O
CyLeCTBOBaHMM Ty4eBOro NOoToka M3 BHe. PABHOMEPHOCTb U MOBCEMECTHOCTb
rpaBuTauumn obasbiBaeT CyLWeCcTBOBaHME Sly4YeBbIX MOTOKOB BCEX CKOPOCTEN U
HanpasneHun B N6y TOUKY NPOCTPaHCTBa. TOMbKO MpU TakKnUX yCNoOBUSX
Kaxkgoe Teno ébyaet obnagatb rpaBUTaLMOHHBLIM NOJSIEM B pe3yfibTaTe
3KpaHUpPOBAHUSA CBOEN MACCOM NPOXOXAEHME SlyYeBbIX MOTOKOB CKBO3b cebs.
Bo3HumKatoLwaa TeHb - aHOManuMsa Ny4veBblX MOTOKOB BOKPYr Tena un 6yaer
SABNATLCS FPAaBUTALMOHHBLIM NoneM. bespe3ynbTaTHOCTb MHOMOBEKOBOIO
NOMCKA UHbIX BApUaHTOB MeXaHW3Ma rpaBmTaummn noaTBepXKAAeT BEPCUIO
MMEHHO 3(MPHO NTY4EBOro CTPOEHMS rpasmTaumun. NonHoe oTCcyTCcTBUE CUN
NPUTSXKEHUS1 KakK CBOMCTBA MaTepun onpeaensetr noseaeHne Mesb4anmx ee
4yacTuL, He NMELWMX NOCTOSIHHOIo 06XXMMatLero BO34enNCTBUA KOTOPOe OHU
co3aatoT Ans 6osiee KpynHbiX pparMeHToB. Takme 4acTuubl COBEPLUEHHO
NULEHbI TBEPAOCTU N KaKnX 6bl TO HM 6bI710 cnn caepXXnuBaHusa GopMbl, UTO
NO3BONSIET UM NpPU ManenweM B3ammMoaencTemm cBob0aHO pacTBOPSATLCSH B
NMycToTe NMPOCTPAHCTBa U Tak Xe cBob6oaHO 06beaMHATLCA BHOBb. [10TOKMU
TaKMX YacTuL, CO34at0oT MOSIHENLLNIA XaoC U3nyyeHni. Ho bnarogapsi MUMEHHO
NOSIHENLLEMY XaOCy BO3HMKAET paBHOMEPHOCTb Cu/1 06XXKaTusa MaTepuanbHbIX
CryCTKOB Jsly4eBbIM 3(pMpoM. Pe3ynbTaToM 3TOro siensetcs obpasosaHue
(opMbl NpaBUAbHOIO Wapa y Bcex hparMeHToB MaTepun. A Tak xe
BO3HWKHOBeEHUe chepnyeckon paBHOMEpPHOCTU CUJIbl MONSA FpaBuTaunm
BOKPYI LWapOBbIX MaTepuanbHbiX o6bpa3oBaHnin. Bce 3TO B COBOKYMHOCTU
nopoxaaet BceobLLy0 rapMOHUIO B3aUMOAENCTBUSA MaTeEPUMN.
NMocnenoBaTesnbHOCTb FAPMOHUYHOIO B3aMMoaencTems obpasyeTt
6eCcKOHeYHY0 Lenb YC0XHeHMs opbuTanbHbIX 3HeproobpasoBaHui B
XEeCTKMX paMKax 3aKOHOB rapMOHMU, YTO B KOHEYHOM cYyeTe NpuBOAUT K
BO3HWUKHOBEHWIO XXU3HWU U CO3HAHUA. [AnnTenbHoe cyllecTtBoBaHue
noJsIHeNLWero xaoca n3ny4YyeHUn okasasnocb BMoOJHE AOCTAaTOYHO AN
aBTOMaTM4eCKOro, CaMonpou3BOSIbHOIO pa3BUTUS FAPMOHUYHOIO 6bITUS
6e3rpaHMYHOro YpoBHS pa3BuUTUA.



. CBeTOBOI1 Ty HE MPUHAICKUT UCTOYHUKY CBETA, 3TO y4 Tpy0doro 3pupa Ha KOTOPHIA
MOJTyJTUPYETCSl YaCTOTa BPAIICHUSI OpOUTATBHBIX (pparMeHTOB YHEPTrOBO30YKICHHOTO BEUIECTBA,
CKBO3b KOTOPOE MPOXOJAUT ATOT Jiyd. OTCyTCTBHUE CBETa cO cTOpOoHBI U/] m0Ka3bIBaET 3TO.
D¢upHbIe Ty4r HECTIOCOOHBI MPOHUKATH CKBO3b UJ] MOTOMY JaXke €Clii Ha €€ MOBEPXHOCTH
MPOUCXOIAT MPOLCCChI JAOMIHME B MHBIX YCIIOBUAX CBET, TO HA LUI OH HC BO3HHUKACT 10 MPHUYNUHEC
otcyTcTBUs 3pupHOro myya. Ho nmpu nHabmonenuu kpast nucka YJI MmoxeT HaOm0AaThCs CBET
3aXBauCHHBIN KacaTeIILHBEIM JIydioM 3(1)I/Ipa, €CJI1 B 3TOT MOMCHT HMCHHO B TOYKC KaCaHUsA
cBanutcs Ha Y]] kakoe-HUOyAb BEIIECTBO, MPH €TI0 Pa3pyIMICHUH MPOXOAAIINN KacaTeIbHBIN Ty
HEMPEMEHHO BOCIIPUMET CBETOBYIO MOAYJISLIHUIO.

[IpocTpaHCTBO - €MUHCTBEHHAS OOBEKTHUBHO CYIIECTBYIOIIAs HE MaTepHaIbHAs CyOCTaHIIHS.
OHO BeYHO, HEU3MEHHO U OECKOHEYHO BeNUKO. [[pocTpaHCTBO €CTh MyCTOTa, OHO SIBISETCS
CpPENON HE UMEIOLIEN HU JIBUKEHUS HU CTATUKH, 3TO OYEHD BAXKHOE Er0 CBOMCTBO, OHO HE
MO3BOJISIET UMETh ABUKEHUSI OTHOCUTEIBHO €r0 1 UMEHHO 3TO MOPOKIAET HHEPIIUIO IBUKEHUS
MaTepuu B pocTpancTBe. JIroboe Teno Bceraa HaxOIUTCs B COCTOSIHUM MTOKOSI OTHOCUTEIHHO
MPOCTPAHCTBA. DTO MO3BOJSET ABUTATHCS MO MHEPLIUA OTHOCUTENIBHO APYTUX TEJ.
[IpocTpaHcTBO HUKOTJAa HE BO3HUKAJIO, M HE Hcue3ano. HemMarepuanbHOCTh MPOCTPAHCTBA
MOCTOSIHHA, HUKaKUe TpeoOpa3oBaHusl, H3MEHEHHS, B3aUMOJICHCTBUSL TPOCTPAHCTBA
HEBO3MOKHBI. YaCTUYHO OHO 3aII0JIHEHO PACTBOPEHHOW B HEM MaTepueid, KOTOpasi ClIocoOHa
BOUpAst SHEPTUIO CTOJKHOBEHUS, 00pa30BHIBAThH BEIIECTRO,

BHU3YaJbHO 3aHUMAIOIIECE 3HAYUTEIHHO OOIBINNUNA 00BEM, UEM COCTABISIONINE €T0 YACTHUKH
Marepuu. BcenpoHHIIaeMoCTh MPOCTPAHCTBA MOJIHOCTBIO JIMIIAET €r0 CBOMCTBA MACCHI.
HckpuBieHne CBETOBOIO Jiyya SIBISETCS CIEACTBUEM MaTEPUAIBHOIO B3aUMOJEHCTBUS
MATEPHUH U3ITYYEHUN U K TPOCTPAHCTBY HE UMEET HUKAKOTO OTHOLLICHUS. Y MPOCTPAHCTBA HET
HU BepXa, HU HU3a, HU CTOPOH. [IpocTpaHCTBO HEBO3MOXKHO YHUUYTOXKUTH J1aXKe B BOOOPaKEHHH.
[IpocTpaHCTBO, 3TO TO, UTO OCTAETCS MOCIIE UCUE3HOBEHHUS BCETO, €CIIA OBl BOOOIIIE HUKOT 1A
HUYETO HE CYIIECTBOBAJIO, TO MPOCTPAHCTBO(ITyCTOTA) BCe paBHO ObLT0. Ham mgaHo
B3aUMO/ICMICTBOBATh TOJIBKO C MAaT€pUEN HAXOIAIIEHCS B HEM, HO HUKAK HE C

MpoCTpaHCcTBOM. [IpocTpaHCTBO BOOOIIE HEBO3MOXKHO U3MEPSTH HU OJTHOW HU HECKOJIbKHUMHU
MepaMu. UTO MOKHO 3aMepUTh Y OECKOHEYHON MyCTOTHI, KaK 0003HAYUTH B HEH XOTh YTO-TO.
JIro6bie u3MepeHust OTHOCATCS TOJBKO K MaTEPUU U 0003HAYAIOT TOJIBKO PACTIONOKECHHE
Marepuu. [IpunuceiBanue n3MepeHuid MPOCTPAHCTBY YUCTO YCIOBHOE, OHO HUKAKUM 00pa3oM He
CBSI3aHO C CAMHM TPOCTPAHCTBOM M MIPUHAJICKHUT TOIBKO MaTtepuu. 1 yx Tem Oosee He
CIOCOOHO OKa3aTh KaKOe-TO BIMSHHIE HA CBOMCTBA MpocTpaHcTBa. Kaxk/plii B TpaBe UMETh CKOJIb
€My YTOJIHO YCIIOBHBIX MEPHOCTEH IPOCTPAHCTBA, HO CO3/1aTh UM OOHAPYKHUTH 0€3yCIOBHYIO
Mepy MPOCTPAHCTBA HEBO3MOXKHO. MEpHOCTH PUHAIEKAT TOJIBKO MAaTEPUH, U CKOJIb
MEPHOCTEH OHA UMEET, CTOIBKO MEPHBIM U OYJIET Ka3aThCsl MIPOCTPAHCTBO.

Yro Obl HE co3aBaTh MU(PHUUECKUX 00pa30B B PU3UKE, BMECTO CIOBA /IPOCTPAHCTBO/
UCIIOJIL3YHTE CIIOBO /ITyCTOTa/, OHO KOHKPETHO OTOOpaXKaeT CyTh MpocTpaHcTBa. [IycTora
BPEMEHHU, MHOTOMEPHOCTb ITyCTOTHI, SHEPTHS MTyCTOTHI, UCKPUBIICHHE MTyCTOTHI, CKaTHE
MyCTOTHI, MapajieNibHas MyCTOTa, NOJSPU3ALUs IyCTOTHI, a0CYPIHOCTh 3TUX MOHATUH cpa3y
CTAaHOBHTCSI OUeBHUIHON. . MHTEpecHo, 4To Bce onmcanus bora, abCOMIOTHO UACHTUYHBI



CBOMCTBaM NpocTpaHcTBa. Yo 651 3T0 3HauMn0? [loMHMO BOJIH B MaTepHH CYIIECTBYET
BOJIHOBOE PacIpOCTPaHEHHE MaTEePUU CKBO3b a0CONIOTHYIO ITyCcTOTy. PasHuia
pacmpocTpaHeHUs BOJIH B MaTepHAJIbHOM Cpeie M BOJIHOBOTO PACIIPOCTPAHEHUSI MATEPHH
MPOABIACTCA B PA3JIMYHBIX CBOICTBAx M CIIOCOOHOCTSX BOIH. BOIHEI HU3JTy4YCHUA MAaTCPpUU
001a1al0T MPOHUKAIOIEH CIIOCOOHOCTBIO M HE CITIOCOOHBI OTPaXXaThcsl, U HAOOOPOT, BOJIHBI,
pacnpoCTpaHsIOIIUECs B MaTePHATIbHOM Cpesie, JIETKO OTPaXKatoTCs, HO He 00JalaloT
MIPOHMKAIOIIEH CIIOCOOHOCTHIO.

BpawaTtTenbHoOe ABUXeHUMEe eCTbCYyTbBCETrO

cywero.HoBpawaTbCsa OTHOCUTENbHDO

MPOCTPaHCTBAaHEBO3IMOXHO,Bpalwatwcb A UK

npo PAaHCTBO KPYXUWUT BO3/e MeHA4,
pewuMMbM BoNnpoc,ecnunuobb He adup.

bBle NYYUN NPAMONTUHENHO UCXOOQAT M3 TOYEK
NU3IMOB, DUKCUPYA NPOHU3BIBAaEMOE
paHCTBO.OTHOCUTENBLHO NUHUN 3DUPHEBIX
OBMb ob6peTaeMBO3IMOXHOCTbL BpawaTtThbcA,
TOATbL. ObMp ycnoBHODUKCHUPpYET
TPAaHCTBOMMUPO3ILAaHUA, NPpUBA3IbBIBAA er oK
aMKaTaAaKNIUM3IMOB(TOYKaMCTONKHOBEHMUHA

bl X Ablp) Qdbup 3a0aéTopUueHTaAULMUI
YyeCcCKMUMoOoObOBbekTaMmM.[lO 3TOM NPUYUHE
CTBYWOT Bpawawomwmecsa MHEeEPLUOHHBIE

Mbl. Jlobas yacTmnmuaobpeTaerT
TeNbHYWXapaKTEepPUCTUKY,He YCNOBHYI, a
EeTHYW,IOTOMY YTO TO4YHOONpPpeanenaeTcCs4
Hbeé BpaWwWeHUA OTHOCUTENBHO NUHMUMN
MMeHHO BpawWeHMWe OTHOCUTEeNbHO 3dbuUpa
ETNoONAPHOCTb YACTHULU,NPHU
TeNbHOMCNOMWHE NPOHMWLAaEMOCT®b B
OPUMAaNbLHOMWMNNOCKOCTMUW XYyXe,4yeM B
H
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bBlX HanpaBneHMAXx. Ho BpawaTbcaMOXeT
MaTepuUa, CTPYKTYpPUPOBaAaHHAaAA BWapPUK
BIM O6XaTHueM,dparmMeHTbl
TAUMOHHOTIO, TOHKOTIO adbMpaHeEeMOTYT
TbCA MNOTOMY KaK bbb BCerganoMHAT CBOIO
CTAaTUKY.
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DHeprus ecTb KOMIMYECTBO ABMXEHUA MaTepun. JIMHENHoe ABUXEeHWEe MaTepum
BCerAa OTHOCUTENIbHO, MOTOMY U SHEPTUsl IMHENHOrO ABMXXEHUS OTHOCUTE/bHA.
BpalatenbHoe ABMKeHue Bceraa 6e3ycrioBHO No OTHOWEHUIO K IMHENHbIM
noTokam adupa, KoTopble 06ycnaBaMBaloOT CTaTUKY NPOCTpaHCTBa. M notoMy
SHeprus BpalleHuns Bceraa 6e3yCcrioBHa, Mo OTHOLLIEHUIO K CTaTUKE 3UPHbIX



NMOTOKOB.

PacnpocTpaHeHne CcTaTUKM MO OTHOLLUEHWUIO NMOTOKOB 3dupa, Ha CTaTUKY
NPOCTPAHCTBA, KOHEYHO Xe YC/IOBHO, MOTOMY KaK CaMO MPOCTPaHCTBO
HemMaTepuanbHO U NMOTOMY HE CMOCOBHO MMETb HU CTaTUKU, HU ABUXKEHUS.

OTHOCUTENBHOCTb JIMHENHOIO ABUXXEHUSA IEFKO AEMOHCTPUPYETCS NEPEXOAOM B Ty
xe NCO, n aBmxxeHne ob6bekTa NepecTaeT CyLecTBoBaTb.

®PparMeHTaMT TOHKOIO adhMpaHEBO3MOXHDO
pupaTbBpPpawWaTenbHOEe IBUXEHUE, TOTOMY Y4TO
HM HEe UMelwT TBepPALOCTU.MMEHHONO 3TOMY MU X
OCTOSHMEe BpalWwaTenbHOIronokKkoOSHd
acnpocTpaHAeTCss HaBeCb 3aHUMaAaeEeMblh UMMU
6bbemMnpocTpaHCcTBa. Mx B3auMmmMmoagoenmcTBUE C
pyrummdparmMmeHTaMumMmaTepumumnm Bcerganpnpaert
OHATbL, HMTOEeCTboOTNpPpaBHAA TOYKa
pawaTenbHOIro OBUXEHMUSH.
MaTepunmsa He cnocobHa K
B3aAaMMOMNMPOHMUKHOBEHMUWIOCBOMUX COpPas3MepHEBblX
dparMeHTOB M I3ITOEEe CBOMCTBOHeEeNO3BONAET
3aHATbOAOHOBPEMEHHO OOLHO MU TO Xe
npocTpaHcTBO.MMeHHONONbBL TKa 3aHATbL OOHO MU
TOXe nNnpoCTpPaAaHCTBO, MNpoABNAEeTCHA KaKMacca
MaTepunm.llocToasHHOE OTCYTCTBUE Y MaAaTEPUMH
cnocob6BHOCTMHU K
B3aMMOMNPOHMUWKHOBEHMUIOCOpPaAa3MepHEBblX
dbparMmeHToOBO3HayYyaeTMUWUNnNoOCTOAHHOe oO6GBNapaHUeE
Maccou.

W 3JQp OT O O O

TpeHue Bcerga npucyTcTtByeT Npu CONpPUKOCHOBEHUM
pa3sHOHanpaBJieHHbIX (PpparMeHTOB MaTepumn, NpPoAoHKAOLWMNX
Ka)kAabli CBOe aaJsibHeMwee aBMkeHune. Ho B cnyuae B3anMoaencreun
c acpbupom 3TOoro Het. Bce pparMeHTbl TOHKOro acpmpa, conpmkacaschb
C MHbIMM MaTepuaJZibHbIMN O06pa3soBaHUSAMMU, TYT XKe NepexoasiT B UX
COCTaB MOMEHTAJIbHO C/IMBasiCb C HUMMU BoeauHo. NMotomy 3cup He
OKa3biBaeT HUKakoro topmossiuero 3cpcgekra. IpuBHEeCeHHble
MMNY/1bCbl COBEPLUEHHO B3aUMO KOMIMNEHCUPYIOTCA, NO NPpUYMNHE
CyL|eCTBOBaHUSA paBHOMEPHOCTU NOTOKOB CO BCEX CTOPOH B N106y10
TOUKY NPOCTPAHCTBA, NO 3TOMN e NpuunHe 3up He okasbiBan 6bl
COMNPOTUBJIEHNUA ABMKEHUIO, AaXke ecnm 6bl TpeHne n CcylecTBoBasio
6bl.

IBunxXxeHnmematepumecerpgaaBnaetTcsa oHeprumewu



M BbpaXaeTCcanNnpoMms3IBegeHUEMMAaCCHh Ha
CKopocTb.[lpy cTONKHOBEHUU DparmMeHTORB
MaTepuUUuNpoUCXoaoMT NepegayakKonmyecTBaA
IBUXEeHUWA, nuboBCcemMy dDparmeHTy,nnuboero
4yaCcTWU,B3aBUCUMOCTMUOT KONMYecTBaAaITOrO
IBUXeHUA. YNpyroes3auMmmMmoagenmcTBUE UMEeeT
cCBOMMNpPpenpen,KorpasHEeEPrmMmacTONKHOBEHMUSA
NPpeBOCXOAUT SHepPruvMw adupHoroobxartwua,
npomcxoaguMmTnepenayasHEPrMM cTONKHOBEHMUA,
yacTMMacCb MaTeEpPUU CTONKHYBLWMUXC A
dbparMmeHTOBKOTOpPaAa pa3neTaeTCcCABNAOCKOCTMH
nNepneHOUWKYNAPHOMNW BEKTOPY CTONKHOBEHMUA B
BUOE M3NYyYeHUa TOHKOroadbupa. Ecnuxe
S9HEPIrMA CTONKHOBEHMWA YCTYNaeT 3HepPruu
O6XaTMWA TOHKUM 9OUPOM, TONPOMUCXOOAMUT
ynpyroes3auMMoagenwcTBMUE CNOCNEeAYOWUM
pa3nNeTOMCTONKHYBWHUXCAadparmMmeHTOBNO
M3MEHEHHbBM TPAaEKTOPUAMIOBUXEHMUSA.

Marepusi.

Macca maTtepumn NposiBASIETCS TOIbKO B BUAE CONPOTUBEHMUS
B3aMMOMNpPOHMLAEMOCTU. TO €CTb BO3MOXXHbl BapuaHTbl Koraa
MaTepus He byaeT NposiBAATb CBOK Maccy.

Bcsi MaTepusa BO BCesleHHOW noapa3saensaerca Ha Nopsiaku no
pasMepam (pparMeHTOB U CKOPOCTU NpOTeKaLWwmx nNpoLeccos.
[Mpy 3TOM NIMHENHbIE OTHOCUTENbHbIE CKOPOCTU ABMXEHUS BCEX
(dparMeHTOB MaTepun No OTHOLWIEHUIO APYr APYrYy BO BCeEM
BCENNIEHHOW MMEeKT eAnHbIN, 0bWwmi aAmanasoH. DTO ycloBue
co3JaeT 3aKOHOMEPHOCTb: CKOPOCTb NnpoueccoB 06paTHO
nponopuuoHanbHa pa3Mepam nopsiaka. B pesynbtate MUpbI
pPasfIMYHbIX NOPSAKOB pa3desieHbl ewe 1 no CKOpoCcTM NpoLeccos.
MaTepus pas3indHbIX NOPSAAKOB HE B3aUMOAENCTBYET MexXay
cobon, u cnegoBaTenbHO He NposaBAseT apdeKT Macchl.

B npoueccax, rae Mmatepmst 04HOro Nopsiaka MOXET nepexoanTb B
MaTepuio cnepyrouwero nopsaka Moxet HabnwgaTecsa apdekT
n3MeHeHns obuien mMaccbl. Ho cneayeTt NOHMMaTb YTO 3TO TOJSIbKO



3 eKT, B peasibHOCTU KOJIMYECTBO MAaTEPUM OCTAETCS BEYHOW
KOHCTAQHTOMN, N HE MOXET HU YBE/IMYMBATbCS, HU YMEHbLUATbLCS.

1, AGconroTHas IMyCTOTa HE CIIOCOOHA UMETh IBM)KCHHE. (OIIPOBEPTHYTH 3TO HEBO3MOIKHO)
2. JIBurarbcs CrOCOOHA TOJIBKO MaTEpHUS.

U3 storo cnenyer: OOpa3zoBaHue MaTepuy HEBO3MOXKHO, /Ul BOSHUKHOBEHUS KOJIeOaHMit
MaTepus yXKe JOJDKHA CyIIECTBOBATh. A €CJIM OHA YK€ CYILECTBYET, TO HET 3a00ThI OOBSICHATH €€
cymiecTBoBaHue. Marepus pocTo ecTh. Bee MonmbITku 0OBSICHUTH €€ BOZHUKHOBCHHE
HAYMHAIOTCS C TOTO, YTO B CKPBITOH popme, yxe TpeOyeT 00s13aTeIbHOr0 MPUCYTCTBHSI MaTEPUU
Y TIOTOMY 3TO TIIYIIOCTh ¥ HEZIOYMHE, TaXKe He 00CyKIast HeZOYEThI Mpe IaraeMbIX MOJICIIEH.

Marepus, Kak ¥ IpOCTPAHCTBO, HUKOT/Ia HE 00pa30BbIBATIaCh M HE UCYE3alia, a TOJIBKO
JIMIIB, TO cCOOMpAaack B CryCTKH, TO pa3ieTalach, BOOpaB SHEPTHIO CTONKHOBEeHUA. [lo mpuunHe
HEBO3MOXKHOCTH CHUJI IPUTSKEHHsSI, (hparMeHThl TOHKOTO 3(h1pa He UMEIOT HUKAKUX CHUJI
caepxkuBaHus B cryctke. OHU CBOOOIHO pa3BaIMBAIOTCS, PACCHIMIAIOTCS, PACTBOPSIOTCS 10
ypOoBHS (POPMUPOBAHUI CIETYIOMIETO MOPSIKA. DTO T€ YACTHIIBI, KOTOPBIE 00pa3yroT
IpaBUTAIMIO, IOTOMY JUIS HUX CAMUX TpaBUTalMs He cymiecTByeT. OHu 6echopMEeHHBI U He
umeroT TBeproctu. CiryuaitHO 00pa3oBaBIIMECs CTYCTKA MaTepPHH, JOCTATOYHOTO pa3Mepa s
paBHOMEPHOTO 00XKaTHs F(GPUPHBIMU TTOTOKAMH, 00OpeTaroT (opMy IIapa U CO3Iat0T BOKPYT ceOst
TEHb ITHX TTOTOKOB, YTO U €CTh 'PAaBUTAIIMOHHOE TI0NIe. Pa3mep mepBUYHO 00pa3yOmuUXCst
ITIAPUKOB 3aBUCHT OT CKOPOCTH M IUIOTHOCTH IIOTOKOB PAacTBOPEHHOHN Matepuu. Uem BbITIe
CKOPOCTbH U MJIOTHOCTh, TEM MEHbILIE pa3Mep 00pa3yrouxXcs TBEPIbIX MIAPUKOB, HO aHOMAJTUU
CKOPOCTH U TUIOTHOCTHU dupa 00pa3yroTcsi TOJIBKO B 30HAX CBEPXMOIIIHOTO SHEProoOMeHa, a
BOOOIIIE 3TO JOBOJIEHO CTAOMIIbHAS U OAHOPOJIHAS CTPYKTYpa M MMOTOMY pa3Mep IMapruKoB
MaTepUU UMEET YCTOMUYUBBIN cTanapT. O0nasaHue UMU pa3HO HAMPaBICHHOTO CIIMHA
MIOPOXKIACT MOJIAPU3ALHIO.

KonnyecTBo MaTepun Bo BcelleHHON OeckoHedHO. OdeHb ObICTpasi CKOPOCTh BpaIllEHHUS
OpOUTANBHBIX (PArMEHTOB COCTABJIAIOIIUX MATEPHUIO HAIIIETO MOPSAIKA MIPHUIAET CBOMCTBO
TBEPAOCTH M B3aUMO HEIIPOHUIIAEMOCTH COpa3MepHBIM (hparMeHTaM, 4TO MOPOXKIAeT IPPeKT
MaccChl, KOTOPBIN MPOSBISAETCS TOJIBKO MPHU MOMBITKAX WX B3aUMOIPOHUKHOBEHHS.

VY nenbHbIN BeC MaTepUH YBEIMUMBAETCS C KaXK/IbIM MOPSIIKOB BIIIyOb. Y IeIbHBIN BEC MaTepUu
Halero nopsjaka npu6ausutensHo 400 MUIIITMOHOB TOHH B KyO. cM. Ckopee Bcero siJjpa aToMOB
U COCTOAT U3 MAaTEPHUM HALLIETO MOPSAAKA. Y ACIIBbHBIN BEC BEIIECTB IIOKa3bIBAECT KAKOBO
KOJIMYECTBO MATEPUH B JAHHOM BEILECTBE. 3a UCKIIOYEHUEM YEPHBIX IBIP, BECh HAl MHUP
COCTOUT U3 BEILIECTBA, BEIIECTBO COCTOUT U3 MaTepuu. UEpHBIE ABIPBL, 3TO CIyCTKU
3HAYUTEJIBHOTO KOJIMYECTBA MAaTEPHUH.

Martepus CTpyKTypupyeTcs B BEIIECTBO MOIJIONIAsl IHEPTUIO, BEIIECTBO, BBIAEIINB BCIO
SHEPTHUIO, YTPAauMBaET CBOMCTBA BellecTBa. OHO U TO K€ KOJIMYECTBO MATEPUU MOKET
00pa3oBBIBATh PAUKAILHO PA3IMYHBIN BUIUMBIH, OLTyIIaeMblii 00bEM BEIIeCTBa, B
3aBHCHMOCTH OT YHEPrOHACHIIEHOCTH. KOHEYHO ke CyMMapHBIi 00bEM MaTEpUU OJIMHAKOB,



HO HabIoAaeMblil 00BEM 00Pa30BaHHOIO BEIIECTBA MOXKET CUIILHO PA3HUTHCS. DHEPrHsi, MO
CYTH, CO3/1a€T )KMBOE BEIIECTBO. /[Be TMTaHTCKUX CMEPTH MOPOXKAAIOT KU3Hb, 3TO
CTOJIKHOBEHHE IBYX 4YepHBIX Ablp. CTpoeHue BeuecTBa OJMHAKOBO U B MUKPO, U B MaKpo, U B
HaleM Mupe. AHanorus abcomoTHa. M3yunB OKpyKaromuii KOCMOC MOKHO OTIPEIEIIUTh, B
COCTaB KaKOro aToMa BXOJUT Hallla IUTAHETa, YaCThI0 KAKOW MOJIEKYJIbI SIBJISIETCS 3TOT aTOM.
J71g u3y4eHust CTpOeHUs MUKPOMHUpPA HAJI0 CMOTPETh B Teseckorl. M Hao60poT, uTo Obl
MOJIyYUTh IPEJICTABICHUE O CTPOCHUH MaKpO KOCMOCA HaJl0 CMOTPETh B MUKPOCKOIL. Tonbko Tak
MOYHO PasTyIsifIeTh CTPYKTYPY BCEJICHHOM CO CTOPOHBI. JIMHEWHO TyueBas CTpyKTypa ddupa
o0pazyeT chepuyecKyto CTPYKTYpY BEILECTBA, YTO SIBJISETCS FTApMOHUYECKUM KIIHOUOM
o0pa3oBaHUS KU3HH.

YckopuTean YacTHIL MO3BOJISIOT CO3/1aBaTh KaTaKJIM3Mbl B MUKPO MUPE, MTOJI00HBIE TOMY,
KOTOpBIN co3aa Hat Mup. [Ipu CTONKHOBEHHH COpa3MEPHBIX TUIOTHBIX ()PAarMEHTOB C OUYEHBb
00J1b11101 pa3HULIEN BEKTOPAa CKOPOCTH BCS Macca MaTtepuu pacnbuisiercs. Pasmep ¢pparmenTon
YMEHBIIIAETCS Ha MOPSIOK, (1 mopsaoK NpUOIU3UTENHHO PAaBeH OTHOLIEHUIO MacChl COJTHIIA K
Macce siipa aToMa) CO3JaeTcsl HOBBIM, 00JIee TOHKHUI MUKPO MUP, MaTepHsl CTPYKTYPHUPYETCSI
(mepexoauT B BEIIECTBO) HA OJJUH HJIM HECKOJIKO MOPSAIKOB BrilyOb. CKOpPOCTh MPOIIECCOB C
KaKBIM TIOPSIKOM YTUIyOJICHUS! YBETMYHBAETCs Ha OpsaoK. ( BpemeHHOMH opsaok
NPUOIN3UTENBHO PaBEH OTHOIIEHUIO HAILETO 36MHOT'0 r0/la K BpEMEHHU OJJHOr0 000poTa
ANEKTPOHA) DTO MOXKET MMO3BOJUTH OTCIEAUTh MOJHBIM LUKII 3BOJIIOLUN MUPOB, OT
00pa3oBaHMs 10 yracaH!us U UCYE3HOBEHUS, 32 OUE€Hb KOPOTKUN MPOMEKYTOK BPEMEHH, €CITH
YMYAPUTHCS KaK 3TO OTCIACKUBATh. JJ1s1 co3manus xe ycnoBuid GopMupoBanus (4a) Tpedyercs
WHasl yCTaHOBKA, KOTOPasi HE BIOHSIET YHEPTHIO B MUKPO MHUP, 2 Ha 000pPOT 3a0HpaeT YHEPTUIO
MHUKpPO Mupa. YepHbIe ITBIPBl YCKOPEHHO 00pa3yIoOTCs B SIIEPHOM PEAKTOPE, M MOIIHOCTh
YCKOPUTENS TYT HE MPH YEM.

N3y4yenne MUKpO MHpa IPOUCXOAMIIO C OTHO3HAYHON YBEPEHHOCTBIO B TOM, UTO YCKOPEHHBIE
qacTUIlbl OyayT pa3douBaTh, MM Pa30UBATHCS CaMU Ha CyIIecTBYIoMMe ¢pparMeHTsl. [logemy
ObL1a OTOpOIIIEHA, UM HE BO3HUKIIA BOBCE BEPCHUS, UTO B pe3yIbTaTe B3aUMOJCHCTBHS MOTYT
BO3HUKHYTh, POJUTHLCS HOBBIE, HE CYIIIECTBOBABILIME paHee YacTullbl? Merana nuuepuus
MblnieHus. [IpuBbeIuKa, €ciiy 4To-TO pa3BaIMIOCh, TO TOJIBKO HA T€ YACTH U3 KOTOPHIX
cocrosuio. Ho mpu cBepX sHEpreTHUHBIX B3aUMOACHCTBUSIX BEIIECTBA, U3 HE OOHAPYKHUBAECMBIX
YaCTUYEK MAaTepUU BO3HUKAIOT HOBBIE YPHEPTOOOPA30BaHMS C COBEPIICHHO HOBBIMU CBOWCTBAMH.
W 3T0 He 03HaYaeT YTo ITH SHEProoOpa30BaHMsI BXOJMIHM B COCTaB B3aUMO/IEUCTBYIOIINX
00BEKTOB. B cocTaB BXoauiia TOIBKO MaTepHst U3 KOTOPOH 00pa30oBajioch HOBOE BEILIECTBO.

Ecnu sHeprus cCTONKHOBEHHS 3HAUUTEIHHO MPEBBIIIAET MOIIb €CTECTBEHHOTO 3(UpHOro (hoHa,
TO 00pa3yeTcs BelEeCTBO, CTPYKTypa U (hparMeHThl KOTOPOT'O 3HAYUTEIBHO MEHbIIE ()parMeHTOB
a¢upa. Bo3MOXXHO 3TO TOJIBKO MOTOMY, YTO IIPU CTOJIKHOBEHHH HECKOIBKUX OOBEKTOB

MPOUCXOAUT 0OpazoBaHue Oosiee TOHKOTO JOKAIbHOTO MUKPO-3¢upa. Bpems ero

CYLIECTBOBaHHS OYET ONpeNeNiaTh BpeMs CyIIeCTBOBAaHHUS BO3HUKIINX HOBBIX BELIECTB,
MMOTOMY YTO €CTECTBEHHBIN d(DHUP CIAUIIKOM rpy0 JUTsl HUX, U HECTTOCOOCH CTa0MIM3UPOBATh X
CYLIECTBOBaHHE.

Mup nmeeT ycTpoicTBO 00bEMHOTO (pakTalia, 00NbllIee COCTOUT U3 TAKUX 7K€ MEHBIINX
cTpyKTyp. Dopmyiy storo ¢pakrana 3a1aéT >3Qup. YCKOPUTETH MO3BOJSIOT HE 3arJIsHYTh B
MHUKpPO MHp, a CO3/1aBaTh COBEPLICHHO HOBbIE MUKpPO MUpBI. Co3naHue 6oiee MOIIHBIX
YCKOpHTEJIeH MO3BOJIUT CO3/1aBaTh emé 0oJiee TOHKHE, TOpa3Io TIy0kKe CTPYKTYPHPOBAHHBIC



mupbl. Ha yckopurese BO3MOXHO ITOJIy4Y€HHE UCKYCCTBEHHOM 1IapoBOM MOJaHuUU. He
HCKJIIOYEHO, YTO HAC UCIOJIB3YIOT B TEMHYIO, BBIHYK/1as CO34aBaTh YCKOPUTEIHU, TE TOHKHE
CYIIIHOCTH, KOTOPHIM PHHAJICKUT BIACTH HA 3€MJIE, 111 COOCTBEHHBIX, HEBEIOMBIX HaM,
HyxJ1. Kommalinep crmocoOeH TOJBKO CO3AaBaTh BHICOKOIHEPTETUIECKOE BEIIECTBO, KOTOPOE
HEYCTOMYMBO B OOBIYHBIX YCIOBHSIX U MOMEHTAJILHO PACIaaeTCs. DTO MO3BOJISET U3ydaTh
BEIIIECTBA, KOTOPHIC CYIIECTBOBAIH OBbI B YCIOBUAX OoJiee MotHOro 3¢upa. Ho oOHapyKuTh
MPUYMHY TPABUTAIIMU YTH UCCIICIOBAHUS HUKAK HE CTIOCOOCTBYIOT. T IMBMIIH3AINH, KOTOPHIC
BO3HUKAIOT MPHU UCKYCCTBEHHOM SHEPTrOHACHIIIEHUH MUKPO MUPA, CBOHMM CYIIIECTBOBAHUEM
00s13aHbBI CO3/IaTENISIM YCKOPUTENEH, HO KaKk UM OTONAaroJapuTh UX, TOJIBKO YTO MOMOJUTHCS 3a
HuX. (S ckazan Bel 60rm), HaMEk XpHUCTa Ha HAIlly BO3MOKHOCTh CO3/JaBaTh HOBBIE MUPBHI.
Paznenenne MupoB mo pazMepy mpeoaoiuMo, HO pa3/ielIeHHe 0 CKOPOCTH KU3HH, CaMOe
CTPOroe; B MUKPO MHUPE BEKA, Y HAC MHJIM CEKYH]IbI. ECTh BEpPOATHOCTb, UTO KU3HB IIPU
KatacTpodax COXpaHsIETCs B MUKPO MUPE U B TIOCJIC/ICTBUH MEPEXOIUT U3 MUKPO MHUpPA B
0oabIuid. MOXHO IPOBECTH IKCIIEPUMEHT; B 3aMasHHOM CTEKISTHHOM EMKOCTH MOMECTHUTD
BOJHBIN pacTBOp OMOCPEIBI C HAOOPOM HE TOKCHUYHBIX JIEMEHTOB, POBECTH KECTOYANIITYIO
MacTePU3aLINIO, C TTOJTHON TrapaHTUEN OTCYTCTBHS B EMKOCTH YErO-TO KHUBOTO U TIOMECTUTH B
KaKOM-HUOYb My3ee, YBEPEH, JieT yepes 5,10,15, Tam nposBUTCS MPUCYTCTBHE KUZHU. Y
B3POCIBIX (DU3UKOB CUUTAETCS XOPOIIMM TOHOM TTOCMEMBATHCA HAJl (IETCKOI) TEOpHEH KU3HU B
MHKPO MHUPE, JIy4dIlie Obl 3aAyMaJIMCh, TOYEMY BCEM JICTSM MPUXOIUT B TOJIOBY 3Ta uues. [la u
B3pOCJIBIMU B HAIlle BPEMS Ha3bIBAKOTCS TE€ K€ JyPHBIE I€TH, IPOCTO HEKOMY YK€ HAIpaTh UM
yiu. [lo mpu4rHe MOTHOTO HEBEKECTBA B BOMPOCAX MUTAHKS M (U3MUECKOU KYJIbTYPBI, MBI HE
yCIIE€BAaEM MOB3POCIETh, CUIIBI TOKUJAIOT HAC TOPa3/i0 PAHbIIIE.

HDKMVI npumMep MHepPpTHOCTHM YennoBe4YeCKOTI?®O

MbIWNEeHUWSA;, peaKTMUBHbB E A BUIraTenwu,
nNPUMeEeHAEMb e BKocMOCeEe. B3eMHB X YyCNnoOBMUSA X
NMNOCTOAHHOINroBO3AEUWCTBUA TrpaBUuTaLULUKN ONA
nonéTtTaTpebyeTcAnNocTOAHHAA, paBHOMEePpPHas-s
TAraagBMUraTena HO B KOCMOCE,B YCNTOBMUAX
HEBECOMOCTMUHMU YTOHUKYLaHeynanpneéT, KaKkKow
CMbICAN MCNONbL30BAaTbC CNOXHbBWIMNO BCEM
napamMmeTpaMpeaKTUBHbB W ABUTaAaTENDb
NMOCTOSAHHOMW pPaBHOMEPHOWN TATrmM?2 Bepagb Tam
JOCTAQTOYHO, UMNYNbCHOINO,B3PbLIBHOTO
IBuUratena.B3pbB adbhdbekTMBHEEe TOPEHUSA,
ycTpoOMCTBOHanNoOpaagoKMNpowe Mm HalléxXHee.
O6bIYHBIM IMUCTONETC XO0ONOCTBMNAaTPOHOM,MOXHDO
BecbnaTpoHCAeNnNaTb ropow4YuMM,4YyTo 6 OHCropaai”n
nNpuMuB3IpPbBEe LENUKOM, TOroaHeTnpobnemc
nepes3apanokKonm.MToyHee Mcnonb30BaThb
KanumbpoBaHHbBE UMNYNbCbl,cCTpenancebe
CTONbBKO,CKONbKOHaao.HoHeT,NOMWHEPLUM
JenaeMKaK 3189 3eMHb X YCNOBMUMH.

(TepMosasoepHaAa peaKuUuMsa)ewe 6onee HaMBHaSH
MHepPTHOCTbMbLCAOUM. HarpeBaembymMary v oHa



3aropaetca.AyToHe 3aropaeTtcsa,HarpeThb
nocunbHee,M3aropmrtca. HeTt, HecywecTBYET
HUKaAQKOIroTepMOAOLEpPHOrocuKMHTE3a.
BonopoapHaa 6omMbaB3pbBaeTCcCANOTOMY,Y4TO
B3pPbBaTOMHOMW 60MObB HapywaeT paBHOMEPHOCTHSb
3bMpHOrooaBNeHURA, M YXeEe, KakK cneagcTBMUE
3TOropaspylmaeTcsa BelwWecTBOCBbAENEHNUEM
9HEPrMmn,Bo3HMKaeT BbCOKaa TeMmMnepaTypa.A
HarpeBaTbBeWeCTBO, Larpenvrte-neperpemuwrte,
OHOCYypOBONbBbCTBMEMNDOIrpeeTCSHA,HO CBOI
S9HEePrMmMIWCOXpPaHWUT.

D¢up

M30TponHbIi IOTOK paCTBOPEHHON B IPOCTPAHCTBE MAaTEPUH, MUALLIUECS CO BCEX CTOPOH, B
J00YI0 TOUKY ITPOCTPAHCTBA C OTPOMHBIMH CKOPOCTAMHU(Pa3 B I€CATh OBICTPEE CBETA)
COCTaBIISIIOT TOHKYIO 4acTh 3¢pupa. BooOie a3dpup pacrnonaraet moTokaMu MaTepuu aOCOIIOTHO
TOOBIX CKOPOCTEH, HO /Uil JII0OOT0 MHpa, M3 BCETO MHOKECTBA MUPOB, BaJKHEE BCET'O UMEHHO
HauboJee CKOPOCTHAs 4acTh MOTOKOB. IMEHHO OHM OKa3bIBAalOT OCHOBHOE BO3/ICHCTBUE HA
(opMHUpPOBaHUE MaTEPUH, BEIIECTBA M TIPOYMX dSHEProobpazoBanuii. 4 a c T M U a
TOHKOrNro asdbumpa-abconwTHONNOTHaA MaTepwuasa,
co3jpaBadarpaseuMmTtTaulnio,CaMa €10 He o6nanaeT,
NOTOMY pbiXxXnasa,becdhopMeHHasa,paccbnaeTcsa no
6ecCKOHEeYHOCTU BIrnyo6hb, 0H a HecnocobHa UMETh BPAILAIOLIMIACS
MOMEHT U 00J1a/1aeT TOJIbKO dHEpPTUel MPSIMOIMHEHHOTO ABMKEHHUS, IOTOMY I'PaBUTALIMOHHOE
I10JI€ HE UMEET NOJIIPHOCTU. BeccTpykTypHas MaTepusi He cnocobHa ABUraTbCst HENMHENHO,
MOTOKWM TOHKOro 3dumpa BCceraa NpsiMONIMHENHbI U UX HEBO3MOXHO UCKpUBUTL. CKOpPOCTH
pacnpocTpaHeHus] TOHKOTO 3(upa BO MHOTO pa3 MPEBOCXOIAT CKOPOCTH CTPYKTYPHUPOBAHHOTO,
cBeTOBOro 3pupa. Bech cekTp CBOWCTB BemlecTBa MOpoxkaAeH 3gupom. bes agupa marepus
o0JaaeT TOIBKO HHEPIUEH, TUIOTHOCTHIO U HEMTPOHHUIIAEMOCThIO. TobKO Aup mpumaer e
TBEPJIOCTh, POpMY, IpaBUTALMIO. DQUp MoApasenseTcs Ha OeCCTPYKTYPHBIH(TOHKUH,
HEUTpaJIbHBIA) U CTPYKTYPUPOBAHHBIN(IIOISIPU30BAHHBIN) KOTOPBIN COCTOUT U3
IIEICTI/II_[,O6|C)330BaHHbIX M3 CryctTKoBM™MaTepunwu
PaAaBHOMEPHO 06XaThbiX TOHKMWUM 3CbVIDOM,B OTJNUNUNYMNMU
OT 4YyacCcTHULU TOHKOTO 3cb|4pa OHNW UMEIT
TBEPAOCTSHL, hbopMy wapa, rpaBMTaLMOHHOEe NONeE
M OHeprumwBpaweHWNAa BOKpPYT CoOb6CTBEHHOMK OC MU.
Hcrounnkom NOTOKOB OecCTPYKTYpHOM MaTepuu 3upa SBISIOTCS BCIOBIIIKHA OT CTOJIKHOBEHUHN
YepHBIX JbIp. MICTOUHHMKOM MOJISIPU30BAHHOIO 3(Hpa SBIAIOTCS MPOLECCH pa3pyLICHUs
BEIIECTBA HA MOBEPXHOCTH YEPHBIX AbIp. Bee 3Be3/bl M3myyaroT noaspu3oBaHHbii 3gup. Jlyu
CBETa, 3TO Jy4 MOJISIPU30BAHHOTO APHUpa MPOIIEALUINI CKBO3b YJHEPTO HACBHIIICHHYIO 30HY
B030yxkeHus. [Tonspusanus oOpazoBaHa HaNpaBICHUEM BpalieHus 3upHoro mapuka. TOHKHIA
a¢up obpasyeT rpaBUTallMOHHBIE N0, [lospu30BaHHbIN 3(pUp MOPOKIAET MArHUTHBIE U
ANEKTPOMarHUTHBIE MO, J{BkKeHue OeccTpyKTypHOI MaTtepuu 3dupa o0naiaeT YHUKAIbHOM
MPSIMOJTMHEHHOCTRI0. AOCOTFOTHOE OTCYTCTBHE BHYTPEHHEH CHIIOBOM CBSI3U Y (DparMeHTOB
OeccTpYKTYpHOH MaTepuu AeNlaeT UX MOTOK HeynpaBisieMbIM. ETo MOXHO TOJBKO OCIabUTh WK



MEPEKPBITH MOJTHOCTBIO, HO OTKJIOHUTH XOTh HAa CAMYI0 MaJIOCTh B CTOPOHY HEBO3MOXKHO. JIyu
TOHKOTO 3(prpa MOKU3HEHHO COXPaHSIET MPSIMOJIMHEHHOCTh BEKTOpa ABIKEHHs. CBETOBOI yd
COCTOUT U3 CTPYKTYPUPOBAHHBIX MaT€pPHAIbHBIX IIIAPHUKOB, KOTOPbIE 001a1al0T TBEPAOCTHIO U
MOHOJIUTHOCTBIO, TIOTOMY B3aUMOJICHCTBHE UX C 1O100HOM MK 6osiee TOHKOM MaTepuei
CIIOCOOHO U3MEHSThH BEKTOP UX JIBUKEHUSI.

D¢up akTUBHO yyacTBYeT BO BCEX Cllyyasx sHeprooomMena. Kocmuueckue KaTakIn3Mebl
MIOCTOSTHHO TOTIONTHSAIOT YQHpHBIE TOTOKH. OOHApYKEHHbIE CBOMCTBA POCTPAHCTBA, 110 CYTH,
ecTb cBoicTBa 3¢pupa. CaMo MPOCTPAHCTBO UMEET TOJILKO a0COIIOTHYIO IIPO3PAYHOCTh, U
OTCYTCTBHUE CTOPOH. Bce octanbHble cBoiicTBa co3anbl 3pupoM. IPUp NOCTOSHHO CO31AET
BELIECTBO U3 YaCTHIl MaTEPUU, ITO CTAHOBUTCS XOPOLIO 3aMETHO MPH TOIBITKE CO3/1aHuUs
BakyyMa. JlaBieHue 3¢pupa B pa3IMyHbIX HANPaBIECHUSIX MOXKET CUJIBHO pa3inuyarbes, HO
O0OHapY>KUTh 3TO MPAKTUYECKH HEBO3MOXKHO. Korja Bcé€ cymiee nmeeT oIuH OOLINi 3bsH, BCE
BOCIPUHHMAETCS KaK POBHOE M MPABUIbHOE. TallOHA MPaBHWIIBHOCTH (OPMBI MaTEpPUU HE
MOJKET CyIECTBOBATh, BCS MaTEpHsl OAHOPOIHA, U OE30rOBOPOYHO NOBUHYETCS (POPMHUPYIOLIEMY
BO37eHcTBUIO 3(pupa. Hamry KpuBH3HY WM IPaBUIBHOCTH HE C YEM CPABHUTH, MOKHO TOJBKO
IpearnonaraTh, 0 Kakoil ocl Mbl 00Jiee CIUTIOCHYTHI WM BBITSHYThl. OOBEKTHI BECbMa
yIan€HHBIX obJacTel KocMoca, aXe eciM OHU OyAyT UMeTh (POPMY CUIIBHO CILTIOCHYTBIX
SIUTAIICOMIOB U3 32 HEOJHOPOAHOCTH A(PUPHOTO AABIICHHS B CBOCH 30HE, MBI Oy1eM HaOIr0/1aTh
KaK a0COJIIOTHO MpaBWJIbHBIE MApbl. Dup GopMupyeT u MaTepHio, U €€ MpOCTPaHCTBEHHOE
pacrioyio’keHue, CBETOBBIC JIyYH IPUHUMAIOT MECTHbIE 3(UPHBIE KOPPEKTUPOBKH. MOXKHO
MIPEIOJIOKUTD, YTO B COCTaB 3(Upa BXOJAT HHbIE MUPBI, MUaIIHECs CKBO3b HAC C TUIIEP
CBETOBBIMU CKOPOCTSIMH, a MBI SIBJIIEMCS 4acThio UX 3¢upa. Ho TyT HeyBsi3ka ¢
MIPOHMIIAEMOCTHIO YJI, OHH a0COIIOTHO HE MpoHuIaeMbl. [1omHbINH Xa0oc A3PUPHBIX TOTOKOB
CO3JIa€T PAaBHOMEPHOE JABJICHHE CO BCEX CTOPOH, YTO MOPOXKJIAET HIapooOpasHyto (GopMy Bcex
(parMeHTOB BELIECTBA, 3TO KIOY FAPMOHUU MUPO3JIAHHSL.

CymectBoBanue 3(upa SBISIETCS TOCTATOYHBIM YCIOBUEM BO3ZHUKHOBEHUS )KU3HU.
Co3pnanue mapooOpa3HOCTU B CTPYKTYpe BCe MaTepHuH, IUIAHETAPHO-CUCTEMHON (POPMBbI
CTPOEHMSI BEILIECTBA, TPAaBUTALIMIOHHOTO U MAarHUTHOTO U 3JIEKTPOMAarHUTHOI'O B3aUMOZEHCTBUS
Ha BCEX YPOBHSX, BCE 3TO 00pa3yeTcsi paBHOMEPHBIM JIaBJIeHHEM (rpa U B pe3yJibTaTe
MOPOYXIaeT Bce MHOr00Opa3ue *U3HU. BHyTpeHHss SHeprus MIapuKoB MaTepUH paBHa HYJIIO, HE
3aBUCHMO OT pa3mepa. ITo cyTH, 3T0 YepHbie abIpbl, TOJIbKO MasieHbkue. Cnosa Uucyca Xpucra
“TOT KTO UMEET, TOMY JIaHO OYJIET, a KTO HE UMEET, OTHUMETCS TTOCJIeTHee” OUYEBHIHO PO T
CTYCTKHM MaTE€pHUH, €CJIM OHU UMEIOT JI0CTaTOYHBIN pazMep, To OyAyT npupactats 3pupHOit
MIBUIBIO, €CJIM pa3Mep Maj, TO OyayT pa3OuThl B IbUIb. POCT OT morsomeHus yactul 3¢upa,
BO3MOJKHO KaK-TO CBSI3aH C BTOPUYHBIM 00pa30BaHUEM 30J10Ta B BEIPAOOTaHHBIX IPUUCKAX.
MeneneeBckast TabIMIA JIEMEHTOB COOTBETCTBYET TOJIBKO COBPEMEHHOMY, €CTECTBEHHOMY
s¢upHOMY JlaBiIeHHIO0. B 30Hax cuiibHO H3MEHEHHOTO A(UPHOTO AaBleHUs OyIeT HaOII0AaThCs
3HAYUTEIbHOE U3MEHEHHE TaOIHIIbI, HHBIE JIEMEHTHI U CBOMCTBA. Bce M3BecTHBIE CeroIHs
3JIEMEHTAPHBIE YACTULIBI SBIISIOTCS OPOUTAIBHBIMHI CUCTEMaMU, BHEIITHAE OPOUTHI MBI
IIPUHUMAEM 32 IUIOTHYIO MOBEpXHOCTh. [Ipy nonaganuy BemecTBa Ha MOBEPXHOCTh Y €r0
opOuTabHas CTPYKTypa pa3aaBiauBaeTcs 3¢pupoM. TBepible MapuKy CIUBAIOTCS C TEJIOM Y,
JIMIIb Majasi 4aCcTh UX MaTEpUU B BUJIE )KECTKOTO U3TYyUEHHS] YHOCUT BbIIECICHHYIO SHEPTUIO
paspyllIeHHOro BelecTBa. BHyTpeHHss sHeprus 4 Hynesasd. Koraa 4 okpyskeHa 60IbIINM
KOJINYECTBOM BELIECTBA, €0 Pa3pylICHHE 3aMeIISeTCS OTOPAChIBAHUEM BEILIECTBA OT
MOBEPXHOCTHU YJT MOIIIHBIM HU3JTy4€HHUEM BBIIEISIONIECS SHepruu. B 1ieHTpe coHIl 1 mouTn



BCEX IUIAHET €CTh M3IOMHUHKA, TO €CTh Y1, €€ Macca COCTABIIAET OOJBIIYIO YaCTh MACCHI Y 3BE3N U
JOBOJIBHO 3H3,‘-II/IT€J'II)HYIO qaCTbh MACCHhI y IIJIAHECT. ECJ'II/I HC y‘-II/ITLIBaTI) 3TO, TO J'II/I6O pvaéT
MacChl TUTAHET U COJTHIT 1aCT OMIMOKY JTUOO pacdET rpaBUTAIMN Y OOBEKTOB HE HMCIOIIHX B
neHrpe (4n) Oynet ommbouyeH. HasaHue uj HEe BEPHO, ABIPA-3TO IyCTOE MECTO B UEM-TO
MJIOTHOM, 4J1 HA00OPOT, MApPUK a0COIIOTHO MJIOTHOW MaTepUU B OKPY>KEHHUH 0oJiee
Pa3psHKEHHOTO MPOCTPAHCTBA. (Y1) TaK )K€ KaK M MPOCTPAHCTBO HE UMEET TEIUIOEMKOCTH, U
temreparypbl. CBOKWCTBA 4T MEHSIIOTCSI C €€ POCTOM, €€ Pa3Mep OMPEEIsieT CKOPOCTh
pa3pyIIeHHs TOMABIIETO Ha €€ MOBEPXHOCTh BEIISCTBA. 1 eJa 41 CoAepKaT MaTePHIO yTacIIux
TaJlakKTHUK, HO TPU CTOJIKHOBEHHH Y/ OTU YTraclllie MUPHI BHOBb BO3POXKIAIOTCS. BCIBIIIKH CBEPX
HOBBIX 3B€3/1 BOBHUKAKT OT CTOJIKHOBCHUSA Y. HO BHGIHHGMy BUOY B3pI)IBa MOXHO OHpeI[eJ'II/ITL
YYaCTHUKOB KaTakiau3Ma. ECiu CTOTKHYIUCH ABE 41 OAMHAKOBOTO pa3Mepa, TO BHEIITHUIA BT
B3pI>IBa GYIIGT KOHI/IpOBaTI:, KakK 6I>I , B yBeJII/I‘-IeHHOM 1 3aMCJICHHOM BHJIC HpI/IKOCHOBeHI/Ie ABYX
1apoB, T/I€ TOYKA COMPUKOCHOBEHUS OYyIET CaMOM SIPKO# 30HOM, U Jajiee mo 000uM mapam
SAPKOCTH OyzeT yObIBaTh. JIMHMS UX MOJETa O CTOJKHOBEHUS, 3TO JIMHUS OT CAMOU TEMHOM
TOYKH Ha OJTHOM IIIape Yepe3 caMylo SIPKYI0 TOYKY CONMPUKOCHOBEHUS K TEMHOW TOYKE Ha
npyrom mape. byner BumHa sipkasi TUIOCKOCTh U3JIYYEHUS U3 TOYKH MTPUKOCHOBEHUS,
NEPIICHIUKYISIPHAS OCU CTOTKHOBEHUS. CO BpeMEHEM B IIIOCKOCTH MEPIEHIUKYISIPHON OCH
CTOJIKHOBCHUSA MOXKCET BO3HI/IKHYTL ﬂpKOG KOJbLO HepBI/I‘IHOFO BI)I6p00a CaMOﬁ FOpH‘ICfI IIJIa3MBI.
Pa3HOCTh pa3mMepoB CTOIKHYBIIUXCS 41 OyieT oToOpakeHa ¢ pororpaduaeckoit TOUHOCTHIO BO
BHCIIITHEM BUAC BCIIBIIIIKH. CYIlIeCTByeT MHO>KECTBO BapI/IaHTOB CTOHKHOBCHHf/'I una, pa3Ha51
BCTpEYHast CKOPOCTh, pa3Has Macca, pa3HOTO BUIa 000JIOYKH Y/, CKOPOCTh U HAlpaBJICHUE
BpaieHus. JIrobas 3Be3/a, 3To 4 B 06onouke. Bee 310 Oyaet otoOpaxaThes B pOpME BCIBIIIKU
U B crieKTpe u3nydenus. Eciam opma B3pbIBa OAMH PaBHOMEPHO SIPKHIA I1ap, TO B3PHIB
MIPOM30IIIEIT HE OT CTOJIKHOBEHUS, & OT BHYTPEHHHUX TporieccoB. OnpeaenB pa3mMepbl 1 MacChl
OOHaApYKEHHBIX B KOCMOCE Y]], MO)KHO JIOBOJIbHO TOYHO PACCUUTATH YACIbHBIN BeC aOCOIIOTHO
MJIOTHOW MaTepuu. ITO MO3BOJIMIO OBl HAM TOYHO ONPEEIATh, HA CKOJIBKO SHEPTETUYHO TO,
HJIM HHOE BEIIECTBO.

TonbKoOoOnNyyeBOeCTpPOeHUWE sdUupacnocobHO
06ecnNeyYynTbCUNOBYHWXECTKOCTb BMECTe CO
cBOOGOOHOMNPOHMWULAaeMOCTblo. Pa3peXéHHOCTHSDb
SshbMupHOM MaTepum ocTaBINAET NPOCTPAHCTBY
nNpo3pPpadvdyHOCTDbL, CBepX CBeTOBaad CKOPOCTHDb
NMOTOKOB OAETXECTKOCTb WU IHEPIreTUYEeCKYIO
MOWb. O9DUPOMMOXET 6bITb TONNTBKO M3OTPOMNHDBH
nyyeBOM NOTOKYacTuumaTtepmunm. CtTaumoHaPHDLMK
adhbupnoTpeboBan 6l BOoOAWeE 6HBLX,
HecylwecTBYWOWKUX CBOUCTBMATepwuwU. Ilpeamnonoxenue, 9To
a¢up TOpMO3ui ObI IBHKEHHUE IIAHET 10 OpOUTE, HECOCTOSITETLHO, CKOPOCTh 3(pHpa HACTOIHKO
BBIIIIC CKOpOCTH JABMDKCHUA IIJIAHET, YTO MOXKHO HpGHG6pC‘IB BIINSIHUEM HaHpaBJIeHI/ISI JOBUXXCHUA
IUTAHETEI.

ObUpPHB K BeTepB3aMMO KOMNEeHCUPpYeEeTCSH
BoOalMWoOTCKoOoNnNneHMUMMaTepuun.Bé6nmaumobonbwon
Maccbl HacCcTbaPUMpasdaKpaHUpPpyeTCsa ew,NoTOMY, B
CTOPOHY 60NnNbWOKM MAacCChb BCergaummeeTcsa He



MNEeEHCUPOBAHHBWN,CBOOBOAHBIMN NOTOK 3UPHOTO
Tpa.Ecnun obblyHBIM BETEpP CO30aeT TONbKDO
pooOMHaAMMUYEeCKUEe YCNTOBUSA OBUXEHMUSA
BCTpeyyemMy, TO S9dbMpPpHbBM BeTepco3naerT
IUWMOCTb ABUXEeHUSAs BNpoCcCTpPpaHCTBE,
BcTpedyyemMy.ObpasyeTcsaodbdbeKT ABUXEHMUSA
LeHTpaMaccb co3gabWwen rpaBUuTaLMUOHHOE
ne. TorpaoTpaneHHBM UCTOYHUK CBeTabyper
CNPUHUMATbCA KaKNPMUOAIMUXaAaWOWMUCSH,YTO
eTdhbrMmoneToBoecMelWeHMe, aMCTOYHUK CBeTa
CTOPOHB LULEHTpPamMaccb 6yner

CNPUHMUMATbCA KaKyhanawwummnca,yTo gaerT
acHoecCcMelWeHMUE.

A OWOBbWIIOI W I WX
T OO0 O0OO0 49 X9 wdO

Jloka3arenbcTBO CyIIECTBOBAaHUS 3(upa.

Ecmm Bc€ oTHOCHTENHLHO, TO MOKHO CUMTATh, YTO 3¢MJISI CTOUT Ha MeCcTe, a BCE
OCTAJIbHOE KPYTUTCS BOKPYT 3eMJIM. B TakoMm cirydae reocTallMOHApHBIN CIIyTHHK TYT e
cBasimiics Obl Ha 3eMuTi0. OTCIOZIa BBIBOJI, TOCKOJIBKY 3TOTO HE MPOMCXOIUT, TO HE BCE
OTHOCHUTEIIFHO, B YaCTHOCTH, BPAIIaTeIbHOE TBMYKCHUE SIBIISICTCSI O€3yCIOBHBIM U TIPOSIBIISIETCS
3Ta 0€3yCIOBHOCTh B KOHKPETHOM KOJIMYECTBE 000POTOB OTHOCUTENBHO JIMHEHHOCTH Aupa.
D¢up obnanaer 6ecKOHEUHBIM HAOOPOM CKOPOCTEH MOTOKOB. [I0TOMY CKOPOCTH HE H3MEHSET
CBOMCTB OKpyskaroriero 3¢upa. Ho a¢up obragaeT cratukoit HampaBJIEHHOCTH CBOMX JIMHEWHBIX
MOTOKOB, TO €CTh MOTOKH 3(prpa UMEIOT TOIBKO JTUHEHHOE JABIKEHHE 0€3 MalleHIINX HaMEeKOB
Ha BpauieHue. MIMeHHo 3T0 npuaaeT NpocTpaHCTBY CBOKMCTBO OpHeHTanuu. biiarogaps aromy
BpalaTeIbHOE JBIKEHUE 00pesio TOUKy oTcuera. bes nuHeiHon ctatuku 3dupa modoe
BpalleHre ObUI0 OBl YCIOBHBIM, HO (DaKT TeocTalioHapa J0Ka3bIBaeT CyIeCTBOBAaHHE
0€3yCIIOBHOCTH BpaleHus. A 6€3yCIIOBHOCTh BpAIIEHUS JTOKA3bIBAET 00s3aTEILHOCTD
cymecTBoBaHus 3pupa. HeB03MOKHO IBHKEHHE OJJTHOTO, OTHOCUTENIBHO CaMOro cedst, 1100
OTHOCHUTEIIHO MPOCTpaHCTBA. J[Ba 00beKTa 00peTatoT BOZMOKHOCTh UMETh JIMHEIHOE IBUKECHUE
a TaK ke BpalllaTelbHOE JABMKEHNE KaXAbli TOJIbKO BOKPYT COOCTBEHHOM OCH, HO HE CITIOCOOHBI
BpaIlaThCs OJUH BO3J€ BTOPOro. M ToiabpKo Tpu 00beKTa 00peTaroT CHOCOOHOCTh BpalaThCs
OJIUH BOKpYT Jpyroro. J[BoliHas cuctema, 3eMJIs-T€0CTallMOHAPHBII CIIyTHUK, HE UMEET
BpaIlaTeIbHOrO JBUKEHHSI OTHOCUTENIBHO OJIUH ApYyroro. JIBukeHne BceX OCTaNbHbIX IIJIaHET U
3BE€3]1 MOKHO MPEACTaBUTh KaK ABUKEHUE OTHOCUTEIBHO CTAIIMOHAPHOTO MOJIOKEHUS ITOU
JIBOMHOW CHUCTEMBI, YTO TAK K€ HE MPUJAET € CBOMCTBA BPALICHUS, U CITyTHUK OCTAETCS
HEMOABUKHBIM. M TOJIBKO NIPUHATHE YCIOBUSA, YTO OT 3BE3 U IUIAHET UCXOJIUT HEKHUI
MaTEpUaJIbHBIA IOTOK U3IyUYEHUH, CO3JAaET PEAIbHOCTh BPALLEHUS I€0CTallHOHAPHOMY
CIIyTHUKY.

YckopeHnue BemecTBa 3pupom He co31aéT neperpy3ok. Ecim agup Oyzaer MoTathb Bac ¢



O€elIeHbIM YCKOPEHUEM U MOMEHTAIbHBIM TOPMOXKEHHEM, BBI 3TOTO Jja’ke HE TOYYBCTBYETE.
D¢up paBHOMEPHO BO3ACHCTBYET Ha KAXKABIH (pparMEeHT MaTepuu B OTAEIBHOCTH. B oTimymm ot
OOBIYHBIX CLIOCOOOB YCKOPEHMSI, KOTJja YCKOPSIIOIIee BO3IEHCTBIE OKa3bIBAETCS TOJIBKO HA
BHEIIIHIOI 000JI04KYy 00BEKTa M TOJIBKO C OJJHON CTOPOHBI. M Bes ocTasibHas Macca MaTepuu
M0JTy4aeT YCKOPEHHE 3a CUET BHYTPEHHUX CHJIOBBIX CBSI3€H C MaTepuel ycKopsieMoi 000JI0UKH.
Casi3yromue cuiibl MMEIOT CBOW IIPEIEN BO3MOXHOCTHU CAEPKUBAHMSI, UTO U SIBIISETCS MPENCIIOM
JOMyCTUMOH Teperpy3ku. D(PupHOe yCKOpeHHEe He TpeOyeT 3aTpaT SHEPTHH JJIsi COXPAaHCHHUS
B3aMMOPACIOJI0XKEHU (PparMEeHTOB MaTEpUH, TOTOMY HE UMEET IpeJiesia, TO €CTh BOBCE HE
co3naét neperpys3ok. MmMenno nosromy nuinotsl Habmogaembix HJIO octaroTcs HeBpe UMbl
IIOCJIE HEBEPOSATHBIX, C HAIEH TOYKH 3PEHUS, YCKOPEHUI U TOPMOKEHHM.

COBOKYITHOCTh MaTEpUAIbHBIX 00BbEKTOB HEMOJIBUKHBIX OTHOCUTENIBHO APYT Apyra BO
BCEM OKpY KaroIleM IIPOCTPAHCTBE COCTABIIAET EAMHYIO HHEPLIMOHHYIO cucTteMy. Bcee
MHEPLHUOHHBIE CUCTEMBI ABMXKYTCSI OTHOCUTEIBHO JAPYT APYra TOJbKO MPSIMOJIMHEHHO.
Bpamaromuxcss ”HEpLIMOHHBIX CUCTEM HET. Bpalaromascss MaTepus OCTOSIHHO MIEPEXONT U3
onnout U.C. B npyryro HampaBjieHUE KOTOPBIX BCETJa OT LIEHTPa BPAIICHUS MO0 KacaTeIbHOM.
IToromMy KOIMYECTBO ABMKEHHSI 3TON MaT€pUU ONPENENsIeT TONbKO LIEHTPOOEIKHYIO CHITY.
[leHTpOoCTpEMHUTENBHBIX CHUJI BPALATENIBHOE IBUKEHUE HE co3nacT. CyMMapHas Macca MaTepuu
MIOCTOSIHHO paBHA BO BCEX NMPOTHUBOIIOJIOKHBIX 110 HANIPABJICHUIO MHEPIIMOHHBIX CUCTEMAaX. JTO
O3HaYaeT, YTO CyMMapHOE KOJIMYECTBO JABMKEHUS MaTepUH BCel BCEICHHOM, eciiy Obl OHa Oblia
coOpaHa BOeIMHO, PaBHAJIOCH ObI Hy0. Ho 1715t 3TOoro morpeGoBanock ObI CTOIKHY T J10aMU
Ka)KJIbIi MUKPO ()parMeHT BeIIecTBa. 3a OECKOHEYHO JIITUTEIIPHOE BPEMS CYIIIECTBOBAHUS
BCEJICHHOW MOJIHAs HeMTpanu3aus IBUKEHUs He TPOUCXOIUT TOJIBKO Oarogaps OTCyTCTBUIO
CWJI IPUTSKEHUS.

IToCTOSTHCTBO CKOPOCTH CBETA.

CBeT nMeeT KOHKPETHBIH Tnana3zoH 4acToT. YacToTy ompeneisieT CKOpOoCTh JIyda 1o
OTHOILIEHMIO K 00BEKTY BOCTIPHATHSA. D(UP pacroaraeT MoJHbIM AUANa30HOM CKOPOCTEH U
MIOTOMY B HE 3aBUCUMOCTH CKOPOCTEH 0OBEKTOB M3JIyUYEHUs U BOCTIPUATHS, BCETAa HalieTcs Iy4
o0aaroluil CKOPOCThIO COOTBETCTBYIOIEH CBETOBOMY JIMANa30HY YacTOT. 3B€3/Ibl U MIAHEThI
UMEIOT B cBOEM LieHTpe YU/] Ha MOBEPXHOCTH KOTOPBIX UAET pa3pyLICHUE BEIECTBA IIPU ATOM
BO3HHUKACT U3JTyUYCHHE TIOJSIPU30BAHHOTO, CBETOHOCHOTO 3(Hpa, UMEHHO TIOTOMY LIEHTPHI 3BE3/1
U IJIaHET HE UMEIOT, ITPY UX JaJIbHEM HAOJIOJEHUH, TEMHOM 30HbI KOTOpasi HEIPEMEHHO
cyliecTBoBasia Obl 6e3 00s1agaHusi COOCTBEHHBIM YPUPHBIM H3IIydeHUEeM, moToMy uto YJI He
IIPOITYCKAeT CKBO3b ce0s HUKAKUX Jyueil. [1o CKoNbKy JIyun HCXOISIIME U3 LIEHTPA 3BE3] U
IUTaHET He SABIAI0TCA (POHOBBIMH, a UCKIIIOUUTENBFHO COOCTBEHHOTO N3rOTOBIIEHHS], TO OHU
OTpaHUYEHBI 10 MOIIHOCTH U 10 CKOPOCTHOMY JMaNa3oHy U OTOMY HEIIPEMEHHO MOT'YT UMETh
pasianyure CBOMCTB B CPaBHEHUU C NEpUPEPUNHBIM U3ITyYEHUEM UMEIOLTNI (POHOBBIM
KOCMMYECKHUI HOCUTEIb, a 3TO YKE MOBOJ IS SKCIIEPUMEHTAILHOIO HAOIIOICHHSL.

Ecamn maTepurio, 13 KOTOpOH COCTOUT Hallla 3eMJis, COOpaTh BOSIUHO, TO OHA IIOMECTUTCS
B YalfHOU 4Yameyke. DTo OyeT 4€pHas IbIpa, HO JJIs TOTO BCE 36MHOE BEIIECTBO JOJIKHO
MOTEPSITh BCIO CBOIO BHYTPEHHIOIO SHEPTUIO ABMKEeHUs. Haiim opransl 4yBCTB CO3Aa0T HAM
CUJILHO 3aBBIIICHHYIO OLIEHKY ITIOTHOCTH BEIIECTBA OKPYKAIOIIET0 U COCTABJISIONIETO HAC.
CyMMapHas BeIMYMHA MaTEPUH YEJIOBEYECKOTO Tejla MEHBIIE MBITMHKK. Hama ckopocTh



BOCIIPUSITHUS HE MO3BOJISIET PA3MIISIAETh JIaXKe JIONACTU BEHTWIATOpa npu Kakux-1o 50-100
obopoTax B cekyHIy. CrlocOOHOCTH HAIIETO OPraHu3Ma B JIE)KYPHOM PEKUME JIOBOJIHHO
ckpoMHbIl. Ho uenoBek crnocoOeH Ha HHbIE COCTOSAHUA. J{0CTaTOYHO MOBBICUTH CKOPOCTh
BOCHPHUATHUSA B HECKOJIBKO MUJUTMOHOB Pa3, U MPO3PAYHOCTh BELIECTBA CTAHET TAKUM K€
OYEBHUIHBIM (DAKTOM, KaK MPO3PAYHOCTh COTHEUHOM cucTteMbl. Co3HaBas 9TO, YXKE HE TaK
(haHTaCTHYHO BBITIIAIAT YIIOMUHAHMS O IPOHUKHOBEHUH CYIIHOCTEH U MPEeIMETOB CKBO3b
IUIOTHBIC TIperpaabl.  Bc€ nenno B CHHXpOHW3ANNUY BpaIleHUH MUKPOCTPYKTYP BEIIECTBA, TH00
B CKOPOCTH B3aMMHOT'O MPOHUKHOBEHHSI, TMOO B BO3MOKHOCTH U3MEHEHUS YCTOMYHBOCTH
BHYTPEHHUX CBA3€U 2JIEMEHTOB.

OHeprus.

JIro0oit B 2HEPTUHN ATO KOJUYECTBO MEXAHHMYECKOTO MHEPIIMOHHOTO JBKEHUS Matepun. He
CYIIECTBYET MPOCTO SHEPTUU B UUCTOM BHJIE O€3 MAaTEPUAITBLHOTO HOCUTEINSI. DHEPTHS
JUHENHOTO ABM)KEHUSI OTHOCUTENIbHA TOTOMY YTO IO OTHOILIEHUIO K 00bekTaM B Toi xe MCO
HET JIBIDKEHUS, CIIEZIOBATEIILHO HET M SHEPTUU. DHEPTHUs BPAIATEIbHOTO JABIKEHHUS Oe3ycloBHA
1 HE OTHOCUTCJIbHA, HOTOMy YTO HET BpaH_[aIOH_[I/IXCSI I/ICO nu HOTOMy Bceraa GYI[CT JOBUXKXCHHC
Bpamatomerocs tena st uapix MCO, u sneprust OyaeT Bcerna.

HeBo3moxuocts nepexona B UCO HocuTeneit a3Hepruu npuaet 0e3ycioBHOCTh

9TOM YHEPTHH.

DOHeprusi JBIKCHHS MaTepUH CIIOCOOHA CO3aBaTh U3 MaJloro 00bEMa MaTepuu, BO
MHOT0 pa3 6oJbIuil 00bEM BelecTBa. DHEpPrus co31aéT BEUIeCTBO U3 MaTepuu. BerecTBo
BBIJICJISIET SHEPTHUIO TP IErPaAUPOBAaHUM 10 00e31BIKeHHON MaTepri. CTOJIKHOBEHHE
MaTepHaIbHBIX 0OBEKTOB Pa3IMYHBIX HalpaBIeHUH (BEKTOPOB) ABMKEHUS Ha3bIBAeTCA
nepeaayeii SHeprum, U MPUBOAUT K MOTEPU SHEPTUH OJHUMHU, U TPUOOPETECHHUIO SHEPTUU
IPYyTUMH MaTepuabHBIMUA 00beKTaMu. [IproOpeTenne 60IbIIeTo KOMUYeCTBA ABIKCHHS
MaTepHaIbHIMU 00bEKTaMH Ha3bIBaeTCs MOIIIONIEHHEM, 3Heprun. [lorepst konuyecTsa
JBIDKEHUS] MaTepUaIbHBIMU O0BEKTaMU Ha3bIBAETCS BbIAETICHUEM dHeprun. [IposBieHnem
T000TO BHJIa SHEPTUH MOXKET OBITh TOJBKO Mepeada KOJMYECTBA JBIKCHUS OT OIHHUX
MaTepHalbHBIX 00BEKTOB K JJPYTUM MaTepHUaIbHbIM 00beKTaM. B OCHOBHOM 3T0 3HEprus
BCSIKOTO pOJia BpallleHWil. Marepust He UMeeT TeMIepaTyphbl, 3TO CBOMCTBO
BEIECTBA. TemIiepaTypa BelecTBa 3aBUCUT OT CKOPOCTH BPAIEHHUS aTOMOB 110 OpOHUTaM B
oOpa3oBaBIIMXCs cucTeMax. boree Tspkesbie 00pa3yroT sIIPO CUCTEMBI, a OoJiee JIeTKue
MOTAIOTCS 110 OpOUTE, OBIBAIOT U ABOWHBIE CHCTEMBI M3 PABHOBECHBIX aTOMOB, OBIBAIOT U
CJI0’KHOCOCTABHBIE CUCTEMBI, HO B€3/I€ CKOPOCTb JBMXKEHUS 110 OPOUTE SABISETCSA TEMIIEPaTypoit
BeriecTBa. HUKakux MasTHUKOBBIX KosleOaHUH(Ty/Aa CI0/ia) B BEIIECTBE HE MPOUCXOANT, BCET/IA
TOJILKO OpOUTATIBHBIN 1MoIeT. BpOyHOBCKOE IBHIKEHUS SIBIISIETCS PE3yJIbTAaTOM HEPABHOMEPHOCTH
BO3/I€HUCTBUS YaCTULl TIOJISIPU30BAHHOT 0, Tpy0Ooro a¢upa. MHepuus cyuiecTByer 6iaroaaps
HEMaTepHaIbHOCTU NMPOCTpaHCcTBa. KaXk0e Teno, OTHOCUTENBHO IPOCTPAHCTBA, HAXOJUTCS B
COCTOSIHUY NMOKOsI. [Ipu CTOIKHOBEHMH Ka)10€ U3 TeJl MBITAETCS COXPAaHUTh CBOW IOKOH, U
KaX/I0My U3 HUX MPUXOJUTCS OCTaHABIMBATH(YCMUPATH) HAPYIIUTEISE CBOETO OKos. Maccy
TeJla COCTaBJISET KOJIMYECTBO MATEPUH, CHJIa B3aUMOAEHCTBHS 3aBHCUT TOJIBKO OT KOJIMYECTBA
MaTEepUH U CKOPOCTU. DHEprus He UMeeT pa3HoBHIHOCTEH. Kak KonnyecTBO BUKEHUS MOXKET
OBITh TEMHBIM MJIM CBETJIBIM, XMMUYECKUM WU SiAepHBIM? Bech Halll MUp JKHMBET 3a CUeT
SHEPTUU CTOJIKHOBEHHSI TE€X ABYX YEPHBIX JIBIP, KOTOPHIE, CTOJKHYBIIUCH OJHAXKIBI, €TO



o0pa3oBanu, 1 MPOTHUBOJCHCTBYIOIIEH el CkuMaromiel sHepruu 3¢upa. MuUpoB 1Mo 100HBIX
HalleMy, B KOcMOce 0ecCUETHOE MHOYKECTBO, HET HUKAKOI YHUKAJIbHOCTH HU Y OJTHOTO U3 HUX.
Kpome Hamero, KOHE4YHO, BEb B HEM XKUBY 1. B mocienHee Bpems IPUHATO yTBEPKIATH UYTO,
SHEprus ecTh HHPOpPMaIKs, Ha CAMOM JIeJIe 3TO JajeKo He Tak. Komu4ecTBO ABMKEHUS MOXKET
JaTh KaKy0-TO HHPOPMAIUIO, O MPOUCXO0KIEHUU HOCUTEISI HallpUMep, HO OOpaTUTh
¢uznyeckue Bo3AeHCTBHS B HH(POPMALIMIO CHOCOOHO TOJIBKO Pa3yMHOE CYIIIECTBO, a KOJIMYECTBO
JBIDKEHUS CYIIECTBYET HE3aBUCUMO OT CyIIeCTBOBaHMA pasyMa. Hocurenem uHpopmarmm
MOJKET CIIyKHUTh YepeloBaHKe JIIOOBIX (POPM BellecTBa U IPOCTPAHCTBA BHE 3aBUCUMOCTH OT
HHEPrOHACHIIEHOCTH. TOJIBKO MOTOMY, YTO JII000€ BEIIECTBO ABISAETCS HOCUTENIEM KaKOT0-TO
KOJIMUECTBA SHEPIHH, a Jito0ass nH(POpMalns UMEET CBOM MaTepuaibHbI HOCUTENb, HET
BO3MOKHOCTH CKa3aTh 4TO MH(OpMAIMsI HUKAK He cBsi3aHa ¢ 3Heprueil. C sHeprueit
uHpopMalus cBsi3aHa He Oosiee ueM ¢ BpeMeHeM miu 3¢upom. Nubopmanus, 310 3HaHUS,
BBIpQ)KEHHBIE 4YEpEIOBaHUEM OTIMYUTEIbHBIX IPU3HAKOB MAaTEPUAILHOTO HOCUTES, JINOO
noJry4eHHble u3 HuX. Ha nepenauy camoit nyparkoii nHpopmauuu 1 Toi, o6sagarenb KOTOPO
CTaHOBHTCS BJIACTEIMHOM MHUpA, TpeOyeTcs: OJHO, U TOXKE KOJIMYECTBO SHEPTHH, KOTOPOE
3aBUCUT TOJIKO OT BBIOPAHHOTO CIIOCO0A Nepeaayuu, U HUKAaK He CBA3aHO C CaMOil
uHpopManuen.

OkoHuaTeIbHOE pEeIIeHUE YHEPTETUICCKON TPOOIEMBI 3aKITI0YAETCS B CIIOCO0E HAPYIICHUS
YCTOMUMBOCTU BHYTPEHHETO paBHOBECHS BelllecTBa. PazbanaHcUpoBKa JBMKEHUS
MHUKpPOCTPYKTYp BEIIECTBA IPUBEAET K BBIACICHUIO €T0 BHYTPEHHEN sHepruu. B aTom citydae
TOIUIMBOM MOYKET CITYy>KUTbh BCE KpOME YEPHOI! IbIPBI, HY a KOJIMYECTBO SHEPTUU BElleCTBa
IIPOCTO HEUCYEPIAEMO B CPABHEHUU C HAIIMMHU CKPOMHBIMU NOTpeOHOCTAMHU. JlJ1s1 uenoBeka
INyOOKO BHUKHYBIIETO B MOIO TEOPHUIO HE COCTABUT TPY/1a AOTalaThCs 40 TEXHOJIOIMH TaKOTO
crioco0a, B KpaiiHeM Cllyyae MO>KHO CIIPOCUTh y MEHSI.

NHpopmaums

NHopmaLums 3TO KOMMMEKC 3HaHUMA, BO3HMKLIUX B CO3HAHUM HA OCHOBaHUU
nosily4yeHHbIx ceegeHnn. CnegyeT CTpOro pasnmyaTb MUHPOPMALMOHHbIE LaHHbIE,
MHGOPMAaLMOHHBIN HOCUTENb N camy MHdopMauuto. MHpopmauma HemaTepuarnbHa, HO
BCerga nmeet maTepuanbHbl HOCUTESb.

Bpewms - Mmepa nBukeHus.

Bpewmsi, 3T0 ycioBHas, CpaBHUTENIbHAS Mepa JBIKEHUS, M3MEpsIeMas KOJIMYEeCTBOM
[UKIUYHBIX TPOIECCOB, MPHU3HAHHBIX MOCTOSHHBIMH U PaBHOMEPHBIMU. OOBEKTHBHAS
peaIbHOCTH 00JIaJaeT BEUHBIM JIBUKEHHUEM U BCEr/la paciojiaraeT MHOT00Opa3HbIM HaOOpOM
JIBUKCHUI TS U3MEpPEHUs] BpEMEHH, HO HUKAK HE 3aBUCHUT OT OTCYTCTBUS, WA IPUCYTCTBUS
u3Mepureneid. ToIbKO CyIIecTBOBaHUE IBUKEHUST 0€3yCIIOBHO, BPEMSI JK€ YCIOBHO, HO

MyTaHUILy BHOCUT MOHSATHE BCEOOIIET0, BEUYHOTO BpPEMEHH, TaK BOT caMa BEYHOCTh
0e3ycloBHA, a BCE OCTANbHBIC €IMHUIIBI BDEMEHU YCIOBHBI.

[TocTostHHas u 6GecnpensITCTBEHHAs BO3MOKHOCTD BCET/a M BE3]1€ TIOMEPUTH IBH)KCHHUE
MaTepUU BPEMEHEM JIaeT JIOXKHOE MPEJICTaBIEHNE HE3aBUCUMOTO CyIIeCTBOBaHUs BpeMeHH. Ha



caMoM Jielie, He3aBUCHUMO CYIIECTBYET IBYKEHUE MAaTEPUH U BOZMOKHOCTh U3MEPHUTH €r0
BpPEMCHEM.

CrnenyeT MOCTOSHHO IIOMHHUTH YTO BpEMEHEM MbI U3MEPsEM JIBIIKCHHUE, a He
Habr01aeM caMo BpeMsl.

PeaJ'IBHafI JKN3Hb paSYMHOFO CYHIGCTBa IICJIMKOM 3aBs3aHa Ha BperI, HO O3TOT (1)aKT HC JIMI1acT
BpEeMsI BUPTYAJIbHOCTH TMOPOXKIAEMOM peallbHbIM JBIKeHHEeM MaTepun. Ha dakre nameHeHus
B3aMMOPACTIOIOKEHHUS MAaTEPUH, TOJIBKO CO3HAHUE UMEIOIIEe TaMSITh M JIOTHYECKUI IPOTHO3
CIOCOOHO BOCCO3/1aTh MOHATHE BPEMEHH, 0€3 TaKOTO HAOJIFOAATEINsT OCTAETCS TOJIBKO peaabHOe
nBuwxenne matepun. MaTepuMsa M npocTpaHCTBO
cywecTBYWTHenpepbBHO, TOECTbBCernanga,beas

ﬂepeXOﬂOBMTDaHC¢ODMaHMﬁBHeHTOMHOGM
o6paTHQQT003HaqaemeBeque
cywmecTtBoBaHMe.OHu BcerpabonmecTbuUnbyYyayT,

M oaxebonee TOro, AN HMUX HET BPEeEMEHMU,OHMU

npoctToecTbunBCE, ANNANUNX CylleCcCTBOBaHWUWA He T
HymﬂHBOBDGMGHWBDGMHBTODMHHQOHOTOﬂbKO
MepaﬂBMHeHMﬂMaTeDMWMaTeDMﬂM
npocTpaHCTBO CYyWeCcTBYWOT He3aBUCUMO OT
Hallunuivyma umnum oTCcyTCcTBUWA OABUXEHHNUA, a 3HAYUYNUT U
BDeMeHM.aTOﬂOHyCKaeTBOSMOKHOCTb
cywmecTBOBaHWA NOKaJlbHbBIX 30H TITrae AOBUXEHMUWUE
OTCYyTCTBYETMUU3IMEPUTb TaMBpeMeHeMHe4Yyero.
MHMHGHMGMCO3HaHMeH80CymeCTBMMOB
CTaTMnWYyecCKHUXCcHMcTeMax n noToOoOMY BCeTlOa
cywecTBYKOT BYCNITOBMUWAX BO3IMOXHOCTMH
M3MepeHMA BpPpeMeHeM. ATonopoxagaerT
CTepeOTMHO6H3aTeﬂbHOCTMCymeCTBOBaHMﬂ
BPEMEHMU,KOTOPbIM M NOpPOXAaeT daHTa3IUU O
peanbHOCTMHW BpPpemMeHMUW.

DJIEKTPOMArHeTU3M.

MarHuTHbI€ U 3JIEKTPOMAarHUTHBIE MOJIS 00pa3yroTcs 3(PUPOM, COCTOSIIUM U3 TOTOKOB HIAPUKOB
MaTepuH 00pa30BaHHBIX TPABUTAIIMOHHBIM 3(pupoM. B oTimunn ot 6echopMeHHBIX U
0ecCTPYKTYPHBIX ()parMeHTOB IPABUTALIMIOHHOIO 3(upa, HparMeHThl 37I€KTPOMAarHUTHOTO
sdupa uMmeroT popmy mapa, KaaTuOpOBaHHBIN pa3Mep, TBEPAOCTb, PA3IUUHBIN M0 CKOPOCTH U
HAIpPAaBJICHUIO BPAIIAIOIINNA MOMEHT U CIIOCOOHBI U3MEHSATh BEKTOP CBOETO JIBUYKEHUS MPU
KOHTAKTHOM B3auMojieicTBUH. Kak u parMeHThl rpaBUTALlMOHHOTO 3Upa caMy He 00J1a1al0T
IPaBUTALIMOHHBIM IOJIEM, TaK ¥ (PparMeHTHI JIEKTPOMArHUTHOTO 3(Upa, CO3Jar0IINe
MarHuTHBIE U 3J1.MarHUTHBIE 110JIs1, CaMU He 00J1aJal0T TAKOBBIMHU, HO UMEIOT MOLIHENIIee
I'PaBUTALIMOHHOE I10JI€ TIOCKOJIBKY COCTOSIT U3 MAaTEpPUH, TO €CTh UMEIOT a0COITIOTHYIO
HEMPOHUIAEMOCTH(II0 CYTH 3TO YepHbIe JbIpbl). CIOCOOHOCTH (hparMEeHTOB 3J1.MarHUTHOTO
s¢upa BpalaThCsi BOKPYT COOCTBEHHON OCH MO3BOJIET UM HaKaIUIMBaTh SHEPTHIO BPAIIEHUS.
Ecnu rpaBuTanys co3gaercs 4acTULAMH, CIOCOOHBIMU JIBUTAThCS TOIBKO MPSIMO U
HECIOCOOHBIMU UMETH CIIMH U YIIPYTo€ B3aUMOJEICTBHIE, TO (PparMeHTHI 3J1.MarHUTHOTO 3(upa



CIIOCOOHBI M BpaIIaThCs U yIPYro B3aUMOICHCTBOBATh M U3MEHSTHh BEKTOP JIBIKEHUs. Bee atn
CBOMCTBA CO3/IAI0T CIIOKHEHIIINE BapUallMK B3aUMOJICUCTBUN C BEIIECTBOM, T'PaBUTAIMOHHBIM
3(GUpPOM U C pa3TUUYHBIMU UCTOYHUKAMHM 3J1.MarHUTHOTO 3(Upa, YTO U MOPOKAAET MATHUTHBIE U
OJICKTPOMAIrHUTHBIC I10JIA. q)paFMeHTBI 3JI.MAariHuTHOI' O 3(1)Hpa SABJIAOTCA CTPOUTCIIbHBIM
MaTepuaIoM BeliecTBa. Bce kocMUYecKre SHEPronpoIECChl SIBISIOTCS UCTOYHUKAMHE
3.M.adupa. O6seaunenue yactuil J.M.adupa B IUIaHeTapHbIE SHEPTOCUCTEMBI UAET MO
BO3JICHCTBUEM IPABUTAIIMOHHOTO ITOJISI, HO 00pa30BaBIIUECS TAKUM 00pa30M YaCTHIIBI BEIIECTBA
yKe co3aaroT anomamio 3. M.adwupa, To ecth D.M.moste. OOBEKTUBHO B MPUPOJIC YACTHUIIA
BEIIECTBA MOXKET UMETh BpaIllEHUE CBOETO S/Ipa, BpallleHne OpOUTAIBHBIX ()ParMEeHTOB, €CTh
BAapHWaHTLI HaHpaBJIeHI/Iﬁ BpalICHUA, MOXKET 06J'IaI[aTI) COOCTBEHHBIM HU3JTYYCHUCM MATCPUH,
BapUAHTOB M3ITyUYEHUH TaK K€ MOKET ObITh MHOXKECTBO. MokeT 00s1aaTh HEMPOHUIIAEMOCTHIO
IUISL pa3TUYHBIX KOCMUYECKUX M3ITyYeHHI, CO3aBaTh BOKPYT ce0sl TEHb 3THX U3Iy4YCHUH,
HEMPOHUIIAEMOCTh TOKE MOKET ObITh Pa3IUYHOM IS pa3InYHbIX U3JIydeHUl. BoT atn
MEPEUNCIICHHBIE XapaKTePUCTUKU U TIOPOXKAAIOT TO YTO MBI IIPUHSIIN HAa3bIBATh 3aPSIOM, HU
KaKuX INIFOCUKOB MUHYCHUKOB B PCAJIbHOCTH HCT.

Hocurenem 3nekTposHepruu sSBISIIOTCS CTYCTKU MaTepuu C(OPMUPOBAHHBIE B IAPUKH, TO €CTh
YepHbIe IbIpBI UMetolue civH. M3BecTHo uTo YU/ HabmoqaeMbie B KOCMOCE JCHCTBUTENHHO
00JIaZIaf0T KOJIOCCATTFHBIM BPAIIAIONIM MOMEHTOM, 3TO M €CTh AJIEKTPOIHEPTHS, TOIBKO MaKpO
mupa. Hocurensimu snektpudectsa B HatieMm Mupe siBisitotest 4J[ Mukpomupa.

3J‘IeKTpOMaFHI/ITHO€ I10JIE 3€MIJIN.

MarHutHoe none 3emnu obpasyeTcs 3/71eKTpUYEeCcKnM TOKOM B ee Hegpax,
BO3HMKaOLWMM MO NPUYMHE ee BpaleHUs BOKpYr co6CcTBeHHOM ocu. MNoToMy 3TO none
npaBwubHee Ha3blBaTb 3/IEKTPOMArHUTHbIM. AHOMANK 3TOr0 NOJIS BO3HMKAKOT OT 60/bLWIOro
CKOMMEHMs B BEPXHMX, XOM0AHbIX CNOSIX 3€MHOM KOPbl Pa3/INYHbIX MarHeTUToB. Bepcus
MarHMTHOIO MONSA OT XeNe3Horo sapa He COCTosiTesbHa, Xene3o Npu Takux TemnepaTtypax
KOTOpble CYLeCTBYIOT B Hegpax 3eMnn, HecnocobHo obnagaTe MarHMTHbIM NOneEM.

KonbueBoe ABMXeHMe NpOBOAHWKA B CBOEM 0bbeMe He MOo3BosiSeT NonepeyHoro
nepeceyeHmnst CUIOBbIX JIMHUN, €CIM OHM CaMK ero He nepecekatoT. OTKyaa xe Toraa Tok? o
Teopuu Ny4eBoro aupa B LeHTpax 3Be34 W NnaaHeT HaXoaMUTCs cKonsieHne o6e34BnXKeHHOM
MaTtepun, To ectb Y. Ha nosepxHocTK Y/ NponcxoamnT paspylleHne BeLwecTBa C NosHbIM
BblAeNleHMEM Bcel ero aHepruu. OT Y/ aTa sHeprus cnocobHa NCXoanTb TOIbLKO B BUAE
XKECTKOro peHTreHOBCKOro usnydyeHus. CnegosaTtesibHO BOKPYr LeHTpa obpa3yeTtcsa cdepa
BbICOKO MOHMU3MPOBAHHOIO BELECTBa, BHYTPEHHAS noHocdepa. Y Y/ cuenneHme C Hel nouTtn
HMKakoe K noTomy Y/ MOXeT MMeTb Kakoe yrogHO BpalleHue, 3TO He BAMSEeT Ha S4p0 3eMu,
HO BOT C TOJILLEN CaMOW 3eM/In cuenka A4OCTaTOYHO naoTHasA. CnefoBaTesibHO 3eMas BpalwaeT
BHYTPEHHIOO MOoHOCdhepy, oTHOoCUTEeNbHO adurpa. ObpasyeTcsakoNbLEBON NOHN3NPOBAHHbIN
TOK, YTO M SBASIETCA 3NEKTPO TOKOM. Hy a Takoe ABMXKyLleecs Kosieuko B apupe HenpeMeHHOo
co3gaeT a/1eKTpoMarHnTHoe nosie. Mo cune aNeKTpoMarHMTHOro Nosisg U Cusle BpalleHus
naaHeTbl UM 3BE€34bl MOXHO CyAUTb O pa3Mepe Y[ mmerowencs B ee ueHTpe. Ecnu
3NEeKTpOMarHMTHOE NoJsie Npu Xopolwem BpaweHum cnaboe, To 3HaunT Y/ ewe odeHb Mana,
HY W Ap. BapuaHThl.

CtpoeHue 3Be3/bl.
B LHCHTPEC 3BC3JIbI HAXOAUTCA Y€pHad Abipa, TO €CTb MAaTCPHAJILHOC CKOIIJICHUC BBIIT'OPCBUICTO



BellecTBa. BHyTpeHHss TemMnepaTypa U 3HEprus uj paBHa abCOIIOTHOMY HyI0. YepHas apipa
(un) oOnamaeT MaKCUMAaIbHOM, TO €CTh a0COJIFOTHON IJIOTHOCTHIO MaTepun. DUPHBIC TOTOKU
HE CIIOCOOHBI TPOHUKATh CKBO3b 4 1. Ha ee moBepXHOCTH CylIeCTBYeT MaKCUMaJIbHasl pa3HULA
3(UPHOTO AaBICHUS, KOTOPas pa3pylIaeT Jro0bie OpOUTATbHBIE MUKPO SHEPTOCUCTEMBI.
['pomaniHOE KOTUYECTBO BBIIEISIONICHCS TyUeBOi SHEPTrUU, BHYTPH 3B€3/Ibl Ha TOBEPXHOCTH Y/,
IBITAaeTCA OTOPOCUTH OKpY’Katoliee 4/ BemecTBo. (Bo3zmoxkHo 3ToT ahdext naér 11neTHroro
UKIMYHOCTH HameMy couHity.) Ho, mo Mepe pacxoza sHepruu pa3Huua 3pupHOro naBieHUs
BHOBb IIPHYKUMAET BEILECTBO BHYTPb 3BE3/IbI, K IOBEPXHOCTH 4. M BeIIEICHNE SHEPTUU
B0O300HOBIsETCA. B TakoM NpoTHBOXO0/1€ O0JIee TSKENbIe SIEMEHTHI pacroyaratoTcs OJmxe K
LIEHTPY, a JIETKHE BBHITAIKMBAIOTCS Ha MMOBEPXHOCTb. [103TOMY, Hake ecinyu OCHOBHas Macca
3BE31bI COCTOUT M3 TSKENBIX SJIEMEHTOB, BHEIIIHUN aHAJIN3 IIOKAKET TOJIBKO I'EJINK U BOJOPOA.
Ha akTuBHOCTB 3B€3/1bI MO’KET OKa3bIBAaTh CUJIBHOE BIMSHUE KOJIMYECTBO U KAYECTBO
MOMaJIaloIIero U3 kocmoca BenlectBa. CyliecTByeT MHOIO BapHaHTOB 3BE3/1, pa3Has Macca 4yj u
pa3nuYHbIi cocTaB 000JIOYKU B COUETAaHUM C PAa3HBIM BPEMEHEM CYIIECTBOBAHUS CO3AIOT
IUPOYaNIINMI CIIEKTP pasHOBUAHOCTEW. Korna B Heapax 3Be3/1bl BBITOPAIOT BCE TSAKEIbIC
3JIEMEHTBHI, KOTOPBIE CACPKHUBAIIU JTy4eBOU pa30poc, TO JETKHUE 3JIEMEHThI 0TOPAChIBAIOTCS
JaJIbLIE OT LIEHTpa. 3B€3/1a yBEIINYMBAETCS, HO KOJIMYECTBO BELIECTBA KACAIOIIETOC
MOBEPXHOCTHU 4J1 YMEHBILIAETCSI, SHEPTUU BblJIENsieTcs MeHblIe. Co BpEMEHEM Y COXKPET U 3Ty
pa3psKEHHYI0 000JI0YKY, IIPU OTCYTCTBHHM BEIIECTBA HA IOBEPXHOCTH Y]] BCIKOE M3JIy4YEHHUE
npekpaiaetcs. [Ipu ciryuaitHoM nmageHnu BerecTBa Ha noBepxHocts /[ Oyaer HabOroaThCs
BCIIBIILIKA BbIOpOCa sHepruu. [lnaHeTa oTiinyaeTcst OT 3B€3/1bl TEM, UTO B 000JI0UKE Y/,
HaXOZAIIEHCs B IEHTPE IUIAHETHI, CIMIIKOM MHOTO TSKENbIX 3JIEMEHTOB, a caMa 4Ji e11e Maja U
IIPOLIECC pa3pyILIECHUs JIEMEHTOB Ha €€ TIOBEPXHOCTH HA MHOTO CKPOMHEE 3BE3/IHOT0, IOTOMY
MOBEPXHOCTh 0007104KH OCThIBIIAA. HO cO BpeMeHeM uj1 yBeInunBaeTcsl, U KOJINYECTBO
BBIICIIIEMOM SHEPIUHU YBEINYMBACTCS. BCIIBIIKY CBEPX HOBBIX 3BE3]] IPOUCXOIAT B PE3YJIbTATE
CTOJIKHOBEHHS JIBYX YEPHBIX AbIp. [IOCKOIBKY CyIIeCTBYEeT MHOTO pa3HOBHIHOCTEH 000JI0UeK U
pa3sMepoB Y, TO ¥ BCIIBIIIKKA MOTYT ObITh pa3nuyHbl. [1o BHEMIHEMY BUIY M CIIEKTPY M3JIy4eHH
BCIIBIILIKY MOXHO YCTaHOBUTH XapaKTEPUCTUKU BUHOBHUKOB KaTakjiu3Ma. Eciin cToIKHyMCh
JIBE 4]1 OMMHAKOBOT'O pa3Mepa, TO BHEIIHUIM BUJ B3pbIBa OyJ€T KOMHUPOBATh, KaK Obl B
3aMEJUICHHOM M YBEJIMYEHHOM BHJI€ IPUKOCHOBEHUE JIBYX LIAPOB, TJI€ TOYKA CONPUKOCHOBEHHUS
OyzeT caMmoil ApKoii 30HOH, U Aajiee Mo 000MM mIapam spKocTb OyaeT yosiBaTh. Bumna OyneT och
UX II0JIETA A0 CTOJIKHOBEHUS, IMHUS OT CAMOW TEMHOW TOYKH Ha OJTHOM IIape 4epes3 caMyro
SAPKYIO TOUKY COIPUKOCHOBEHHUSI K TEMHOM TOUKE Ha APYTOM Ilape, U SpKas INIOCKOCTb
U3ITyYEHUs U3 TOUYKU IPUKOCHOBEHUS NEPIIEHUKYJIIpHAs OCH CTOJIKHOBEHUs. CO BpeMeHEM B
IUIOCKOCTH NMEPIEHAUKYJIIIPHON OCH CTOJIKHOBEHUS MOXKET BO3HUKHYTH IPKOE KOJIBLO
NEPBUYHOTO BEIOpOCA caMOl ropsiueit mia3Mel. Pa3HOCTh pa3MepoB CTOJNKHYBIIMXCS Y OyJeT
otobpakeHa ¢ pororpaduueckoil TOUHOCTHIO BO BHEIITHEM BHUIE BCIBIIKH. CyIIECTBYET
MHO’KE€CTBO BapUaHTOB CTOJIKHOBEHMH 4JI, pa3Has BCTpe4YHasi CKOPOCTb, pa3Has Macca, pa3Horo
BUJIa O0OJIOUKH Y.

Bce 310 oTOOpaxkaercs BO BHEIIHEM BHJIE BCNbIIKKA. CBOE Hauaslo M KOHELl UMEeT Kaxas
CJIO’KHAs SHEProCcUCTeMa, HO BCEOOIero Hayajia HUKOI1a He ObUI0, Kak He Oy/IeT U KOHIIA.
[Iporecc MMeeT HECKOIBKO CIy4YallHbIX BAPUAHTOB, HO IOCTATOYHO OJJHOTUIIEH U [IUKJIMYEH.

B ocHOBHOM 00beMe COJHIIE COCTOUT U3 IIIa3MEHHO TEKy4el MacChl, IO 3TOM
MIPUYMHE KBATOPUANIbHAS IIJIOCKOCTh UMEET MOIIIHOE TEUEHUE U3 HEJIP K TOBEPXHOCTH. DTO



TEUYEHHUE 3aKpy4rBaeT J1Ba OyOsHKa, OIMH B CEBEPHOM HAIIPAaBICHUH OT HKBATOPa BTOPOi B
10’)KkHOM. Tak Ha3. ITHA, Yallle BCEro BO3ZHUKAIOT I10 JINHUSAM HOTPYXKEHHsI 3TOro OyoOiuka,
PUOJIN3UTEIEHO COPOKOBBIE IPAyChl CEBEPH. MIIH F0KH. LIMPOT, MOJISIPHBIN OyOsIMK B
IIPOTUBOXO/E TaK XK€ MOrPYy>KAETCs HA 3TUX K€ MIMPOTAX. DTO CBA3AHO C MONAJaHUEM
[Ia/IAI0LIETO Ha COJIHLE KOCMUYECKOI0 BEIECTBA KOTOPOE HE MOXKET YITH BIIIyOb 1aXe €CJIU OHO
yIajo Ha 9KBaTOpe, TEUEHUE ITUX 3aKPYUEHHBIX OyOIMKOB YHECET €ro K COPOKOBBIM HMIMPOTaM U
Tam 3atonut. [loToMy ynaBiee Ha COJHIIE BEIIECTBO MOMAAAET B IITyOHHY 110 3TUM LIMPOTaM.
Tam oHO TocTUraeT 30HBI MOHUKEHHOTO 3()UPHOTO JaBJIECHUS U HAUMHACT pa3pyllaThCs ¢
BBIJICJICHUEM 3HEepruu. 110ToMy coJlHIIe UMEEeT 1Be OCHOBHBIE 30HBI BBIJCIICHNS SJHEPTUU B
HEJpax CEBEPHOM U H0KHOM INIOCKOCTU COPOKOBBIX IIHAPOT. M3 3TUX ABYX TOYEK M HAIIPaBJICHBI
OCHOBHBIE ITOTOKH U3JIy4Y€HHUH, 10 ’TOMY OHHU HE BCETJa COBIAIAIOT C PaHaIbHBIM BEKTOPOM a
MMEIOT HaKJIOH CMEILECHHBIN B CTOPOHY 3KBAaTOPUAJIBHOU IIIIOCKOCTH. Hy a B kakoe mnoiyiapue
OoJIblIIe BAJIMTCA KOCMUYECKOTO BEIIECTBA B TOM U HAOII01aeTCsl OOIbIlIee BBIACICHUE YHEPTUU.

Bce conHeuyHbIe CHCTEMBI M BCE TATAKTUKH CO BPEMEHEM O0pETArOT CBOIO IJIOCKOCTh BPAILICHHS
OpOUTATBHBIX OOBEKTOB.

[To mpuGnMKEeHHOCTH OPOUTHI K ATOM MIOCKOCTH MOKHO CYJUTh O BPEMEHH, MPOIIEIIETO C
MOMEHTA 3aXBaTa 00BEKTa B JAaHHYIO OPOUTAIBHYIO CUCTEMY. Ty IUIOCKOCTh OINPEEIISIeT
TOPCUOHHOE T0J1e. TOPCHOHHBIM HOJIEM SBISETCS aHOMAJINS TPABUTALlMOHHOTO MOJIS
BO3HHKAIOIIAsl OT TOT'O YTO B3aMMO/ICHCTBHE OPOUTATBHBIX TOJABIKHBIX ()ParMEHTOB C
3(UPHBIMU TTOTOKAMHA MaKCUMaJIbHO UIMEHHO B TUIOCKOCTH MX OPOUTAIEHOTO ABKEHHUS.
[Toromy BpararenbHOE JBHKEHUE LIEHTPATBHOTO 0OBEKTa CUCTEMbI M3HAYAJIBHO 331a€T
IUIOCKOCTB, TJI€ TpPaBUTALMs MakcuMalbHa. [lociae Toro Kak B 3Ty MIIOCKOCTH MOMAIAeT eIie U
OpOUTAJIbHBINA OOBEKT, OH CBOUM JIBUJKEHHEM B 3TOM IJIOCKOCTH ellie 0O0JIbIIE YCUIUBAET
TOPCUOHHOE T0JI€ UMEHHO B 3TOU TIOCKOCTH. Bo3HukaeT ycunuBaromuit 3¢ dekr, Tena
3aXBaTHIBAIOTCS B ATY IUNIOCKOCTh YCHIJICHHON B HEW TPaBUTAIIMEH U CaMH K€ eIIe OoJbIie
YCUJIMBAIOT FPAaBUTALIMIO HMEHHO B 3TOH I1ockocTH. Popma rpaBUTALIMOHHOTO MOJIS OT
TOPCUOHHOTO 3P QeKTa UMeeT BUJ I1apa ¢ yriIyOJeHHBIM KEI000M 110 3KkBaTopy. B 3ToT %ENM06
Y CKAaTBIBAIOTCS BCE OpOUTANIbHBIE OOBEKTHI. MIMEHHO 3TOT MPHUHIIUI TaK e 00pa3yeT u
M3BECTHBIE HaM KOJIbIIa BOKPYT HEKOTOPBIX IUIaHeT, konbla CaTypHa Hanpumep. Ecnu sta
TUIOCKOCTB HE COBITAJIAET C IJIOCKOCTHIO SKBATOpa BPAIIAIOLIET0Cs 00BEKTa, TO 3TO 03HAYAET UTO
BUMMOE BpAIllEHUE HE SIBJISAETCS BPAIllEHUEM OCHOBHOM MacChl 00BEKTa, a TOJIbKO
MOBEPXHOCTHAs ero BuauMas 4acts. Ho 310 HabmroaeTcst peiko, B OCHOBHOM BUIMMBIii
HKBATOP COBNANAET C TUNIOCKOCTHIO TOPCUOHHOTO TTOJISI.

Ecnu Obl rpaBuTanys umena Obl HHYIO IPUPOY, TO €CTh HE 00pa30BbIBAJIaCh Obl TOTOKaAMH
JTy4eBoro 3¢gupa B pe3yibTare 3pQeKra TeHH, TO 1 HUKaKOTO TOPCHOHHOTO 3 deKTa ObITh HE
MOTJIO, HO OH Ha0JI0aeTCsl IOBCEMECTHO W OYCHB HATJISTHO. YTO SBISETCS JOKA3aTeIbCTBOM
3(HUPHO JTy4EeBOr0 MEXaHHU3Ma I'PaBUTALIUU.

CoBpemMeHHoe onpeeneHne BOSHbI onpeaenseT TONbKo BOSHY B cpeae, HO B
pearnibHOCTU CYLLLECTBYIOT BOSTHOBbIE U3STy4YEHUS MaTEPUM B KOTOPbIX KOHLIEHTpaL s
MaTepum nepuoanyeckn N3MeHseTcsa ¢ onpeaesieHHON YacToTon. B Takmx nsnyyeHmnax
MaTepusa OBUXKETCHA He CNIIOLWHbIM MOTOKOM, a NepuoanyecKuMm NopunsiMm, KoTopble



BOCNPMHUMAIOTCS Kak BOSHbI onpeAerieHHoM YacToTbl. PacnpocTpaHsATbCcs Takme BOSHbI
MOFYT M CKBO3b abCOMOTHYI0 MNYCTOTY. Tak YTo Tenepb HET HyXabl NPUTArMBaTh 3a YLK
CNocobHOCTb BO3MYLLEHMS Bakyyma. M yanBRsTLCA NPOSIBNEHMIO KOPMYCKYNSAPHOCTU U
BOJTHbl OJHOBPEMEHHO TeNepb TakK e HET NPUYMH.

TopcuonHnoe mnoe.

[Toroxu 3¢hupa MOKHO CPaBHUTH € JOKAEM(TPy00), Kak B CKa3Ke XOPOIINHA (PeXTOBATBIINK HE
TIO3BOJIMJT HE OJTHOM Karuie A0S YIacTh Ha HETO OTOMBAs KaXKIYIO KaIUTIO IITaroi, TOYHO TaK
e OBICTPO BpaIIalOIIUNACS JHUCK, BEIIECTBO KOTOPOTo AJisi MOTOKOB 3(upa Mo 0oJbIIei yacTu
ABIISICTCS MTyCTOTOM, U OBICTPOM BpalleHUu OyIeT OTOMBAThH KAXIYI0 Karuio 3¢upa. 1o
MIPUHITAI BO3HUKHOBEHHUSI TOPCHOHHOTO 110Js1. KOHEYHO 4TOOBI OTOUTH Ka)Iblid (hparMeHT
3(UPHOTO MOTOKA MOTPEOYETCS CKOPOCTh BPAIICHUS JIEKTPOHA B aTOME, a-TO U ee OyIeT
HE/I0CTaTOYHO, HO TIOHATHO OJHO, YTO CHJIA IOJIS IPSMO MPOMOPIIHOHAIEHA CKOPOCTH BpaIlCHHS
Y MaKCUMYM MoJ1st OyIeT 0 BEKTOpaM IJIOCKOCTH BpaiieHus. [lo ckosb MaTepuaabHbie
(bparmMeHTsl qucka OyIyT OJJMHAKOBO B3aMMOJAEHCTBOBATH M C TOHKUM 3(pUPOM U ¢
MOJISIPU30BAaHHBIM, TO TOPCHOHHOE TI0JIe OyAeT 001a1aTh CBOMCTBAMH U TPAaBUTALIMOHHOTO U
MarHMTHOTO M BCEX MHBIX BO3MOXKHBIX MOJIEH, TOTOMY BCE OHHM €CcTh aHOManuu 3¢upa. s
CO3JIaHMsI 3aMETHOT'O TOPCUOHHOTO TOJIsI TPeOyeTC s JUCK U3 MAaKCUMAIIBHO TUIOTHOTO BEILIECTBA C
MaKCUMAaJIbHO BO3MOYKHBIMHU TMAMETPOM M CKOPOCTBIO BpareHus. CBOHCTBa TOPCHOHHOTO TIOJISI
HEMnpeICKa3yeMbl, Tak Kak 00bEeIMHSIOT B ce0e CBOMCTBA BCEX IMOJIEH, BKITIOYAsl HEBEIOMbBIE
HeiHE. CKOpPOCTBH pacrpoCTpaHeHHs TOPCHOHHOTO TIOJIS paBHA CKOPOCTH 3upa, 3TO
npeanoioxurenbHo B 10-50 pa3 6sicTpee ckopoctr cBeTa. CaMblie OBICTpBIC BpAIIEHUST CaMBIX
IUIOTHBIX ()parMeHTOB HaOM0at0TCs B MUKpoMupe. [10CcKoiIbKy TOPCHOHHOE 10Jie 00bEeUHSET
BCE CYIIECTBYIOIIHUE TOJIS, TO HAa TEX KOJIOCCAIBHBIX CKOPOCTSX BPAIICHHUS, KOTOPHIC
MPUCYTCTBYIOT B aTOMaX, UMEHHO TOPCUOHHOE 10JIe OyIeT CaMbIM CHJIBHBIM 10 MIPOSIBICHUIO BO
B3auMoieicTBuAX. CrieioBaTeNbHO HAOII01aeMble CHITbHBIE B3aUMOACHCTBUS MPUHAIEKAT
TOPCUOHHOMY TIOJTIO ¥ TIOPOKIAIOTCS OHH BPAIIAIOIIUMUCS BOKPYT sipa pparmenTamu. CrinH
MaTepHUaIbHOTO MIApUKa HEe CO3aeT TOPCUOHHOTO MO, MOCKOJBKY CaM IIAPHK YXKe SBISETCS
HETPOHUIIAEMBIM JUTsI 3(Upa, HO BpalleHHWE TAKUX IAPUKOB 110 OpOUTaM B aTOMaX CO3/1aeT
SKpaHUPOBAHUE OT JIydel d(prpa ropaszmo OObIIEH 00JaCTH MPOCTPAHCTBA YeM 00BEM BCEH
matepun atroma. Co3naetcst 3¢ (exT yBeIMueHHUsI MacChl M peajibHOe YBEIHUCHHE
IPaBUTALIMOHHOTO TMOJIsI. MaKCUMalbHO TOPCHOHHOE YCHIICHHE MOJIEH B TUIOCKOCTH OPOUTHI
BpaIIAOIMUXCs PparMeHTOB, UMEHHO 3TO SBJSETCS KIIOYOM 00pa30BaHUs KPUCTAILIOB.
[Tnockoctu opOUT 0OBbEAMHEHHBIX OPOUTAIBHBIX CHCTEM 33/1al0T HAIPaBJICHUS
KPUCTAUTNIECKUX coeMnHeHni. [lockoe CTpoeHne raakTHK Tak jke 00s13aH0 00pa30BaHUIO
TOPCHUOHHOTO TIOJIS, OHO K€ BBIPAaBHUBAET OPOUTHI TUTAHET B OJIHY MIOCKOCTh. [1o
pUOIMKEHHOCTH OPOUTHI K ATOH MIIOCKOCTH MOXHO CYAHMTh O BPEMEHH 3aXBaTa 00bEKTa 3TOH
cucteMoil. IMEHHO TOPCHOHHOE T10JIe COOMPAET BCE OPOUTAIBHBIC O0OBEKTHI B 9KBATOPHAIIbHYIO
IUIOCKOCTh BPALICHUSI CUCTEMBI.

B He3zaMKHYTOII cpejie BOJIHA HE CIIOCOOHA ABUraThCs IO OKPY’KHOCTH, a KOJIBLIEBOE
JBMDKEHHE CaMOM Cpefibl CO3/1aeT LIEHTPOOe)KHOE pa30eranue B MIIOCKOCTU BPALIEHHUS, U
LIEHTPAJIbHYIO 30HY OHWKEHHOI'O JABJIEHUS 10 OCU BPALLEHUS, KOTOPBIE BTSTUBAIOT CPERY



pa3beranus, cozaBas ee pasJieIeHue Ha BEpXHUNA U HHKHUNA IPOTUBOTOK. B pesynbraTe
obpa3yercs nBa / Oyonuka/ nevxenus cpeibl. Ho B peansHOCTH HabmomaeTcs cdepa mbo Top a
HE JIBOMHOI OyO/IHK, U3 3TOro CIeyeT 4TO BUXPh HE UMEET HUKAKOTrO OTHOIIEHUS K CTPOSHHIO
BEIIIECTBA, TOJIFKO IJIAaHETAapHas CHCTEMa CIIOCOOHa co3niaBaTh (purypy cdepsl 11060 Topa, B
3aBHCHMOCTH OT KoJyieOaHUs yriia mpeneccuu. BmecTte ¢ BUXpeBOi TeOpHUE IETUT B KOP3UHY U
CTallMOHApHBIN 3¢up-cpena. [lnanerapHo cucTeMHOE CTpOEHUE BelecTBa TpeOyeT
CKOPOCTHOJIYYEBOTO CTpOEHUS 3(hupa.

Macca o6bekTa M3MepsIeTCA Yepes ero rpaBMTaLMio @ BOT OHa MUMEET 3aBUCMMOCTb Kak OT
KOMIMYecTBa MaTepMN TakK eLle 1M OT ee TeMnepaTypbl U OT MOLLHOCTM U3TyYEHUS CAMOro
obbekTa. Tak 4To ANs onpeaeneHns KomyectTsa Matepumn y o6bekTa Heo6xoaMMO YUnUTbIBaTb
He TOJIbKO ero Maccy a elle U ero TemnepaTtypy U CBETUMOCTb

CaMblli Harnsa4HbIM NpMMep 3aBUCMMOCTM rpaBUTaUMKM OT TeEMMNepaTypbl BEWECTBA 3TO B3PbIB
saaepHon 60M6bI. B caMblli NepBbIN MOMEHT peaKkuun, Korga Temnepatypa peareHToB yXe
rpoMagHas, Ho ux pasbpoc ewe He npousowen, HabnwgaeTcs MoWHENLWNN BbI6GpOC OT
NOBEPXHOCTU 3EMIM B CTOPOHY 3MNULIEHTPa B3pbiBa. ECNv Haa BoAOM TO 3TO MMraHTCKMin CTon6
BOAbI, €C/TN Haj 3emen To cTtonb rpyHTa. O6paTuTe BHMMaHMeE 4YTO OT SMNULEHTPa B3pbiBa B
3TOT MOMEHT €ellle HNYEro He ycrnesio pacrnpocTpaHnTbCS, HUKaKas M3 NOC/eAYoLWNX BOJIH.
Takor ctonb BbI6pOCa MOXET NMPOUCXOANTb TOIbKO B pe3ysibTaTe MOMEHTa/IbHOro
YBEJIMYEHUS TpaBUTaLMM B TOYKe B3pbiBa. KcTatn 3TOT haKT ewe pa3 noaTBEPXKAAET TEOPUIO
JIy4eBOro CTPOEHUS rpaBUTaLUN.

PasnuyHasa cuna rpaBUTaLMM Ha pa3HbIX YYaCcTKax NMOBEPXHOCTU 3EMJIM TOXKE HE MMEET UHOIO
TOJIKOBAHUS, KaK TO/IbKO pa3HOCTb TeMNepaTyp Ha NOBEPXHOCTM ropsiyero aapa njaHeThl.
Ewe pa3 obpaluato BHMMaHME Ha TO YTO BbICOKOTEMMNEPATYPHbIE 30HbI CMOCOOHbI Kak
YyBE/IMUYMBaATb FpaBMUTaLMIO 3a CYeT 60/bLIEero CONpPOTMBIIEHUS MPOHMKHOBEHMWIO FPaBUTOHOB,
TaK M YMeHblUaTb rpaBUTaLMIO MO NPUYNHE COBCTBEHHOMO M3/TyYEHUS TPaBUTOHOB. Tak Xe
BO3MOXEH M HENTpasbHbIA BapuaHT, Korga o4HO HENTPann3yeTcs APYruM.

Pasym. EcrectBenHoe (GopmupoBaHue.

becco3HaTenbHbIe JENCTBHS 3apPOKIAIOMIErOCs CYLIETO IPUBOAAT K IOJYYEHHUIO PA3ITUYHBIX
pe3yJabTaTOB, BO3HHKAET HEOOXOAUMOCTh (POPMHUPOBAHUS MAMATH, JOTMKH U IPOTHO3a,
KOTOpBIE AIOT BHIOOD ACHCTBUS, YTO IOPOXKIAET LIENIb, CMBICI ACUCTBUM, CO3HAHUE.

Cymee, umeroriee BEIOOP ¥ BO3MOKHOCTb JIEHCTBUS, TTaMSITh, IPOTHO3, JIOTUKY U
1EeJTb, PA3yMHO.
YpoBeHb pa3BUTHS pa3yMa CYIIHOCTH MOXKET ObITh OKOHYATEILHBIM, B CIIy4ae JOCTHKCHUS
MMOCTABJICHHBIX IICJICH U MPU OTCYTCTBHH (DAKTOPOB M3MEHSIFOIIMX ITH IIEITH.
KonuruecTBo GakTopoB U3MEHSIONINX SN PETYIUPYET YPOBEHb CTPEMIICHHUS K PAa3BUTHUIO
pasyma CyIIHOCTH.



I'maBHBIN QakTOp U3MEHEHMS LeJIel CO3ZHAHUS 3TO CHOCOOHOCTH MOIy4YEeHUS! HOBOM
nH(pOpMaLIUU O COOBITHIX B OKPYXKAIOIIEM IIPOCTPAHCTBE.

MbICNb €CTb KOMMJIEKC NTOrMYecku cBa3aHHOW MHpopMaunn. Co3HaHME eCcTb COCOBHOCTb
Bbibopa. MHdopMaumnsa ecTb 3HaHME, BO3HMKLUEE B CO3HAHWM HA OCHOBaHWUM MH(OPMaTUBHbBIX
AaHHbIX. MHOpPMaTMBHbIE AaHHbIE AENATCS HA eCTECTBEHHbIE U UCKYCCTBEHHbIE. 3HaHMe
€CTb BUPTYyasibHasi MOAENb HEKOW peanbHOCTU. WMH@OpMaTUBHbIE AaHHbIE 3TO CBOWCTBA,
dopMbl MK AENCTBUS MaTepuanbHOro HOCUTENS, MO3BONSIOWME Pa3yMHOM CYLLHOCTU Ha X
OCHOBE CreHepupoBaTb B CBOEM CO3HAHMKN MHGMOPMALMIO.

NckyccTBeHHBIN UHTEIIEKT. (MH)
Bcé, 1o ke camoe, TonbKO coOpanHoe pykaMu. CeroaHsi 3TO IPOCTO U peaabHO, HO!!
Kakyto Bel moctaBute nens ans uu? Kak cMokeTe KOHTPOJIMPOBATh €ro NepeHaleanBanmue?
KécTkoe orpanndenue yobET nu, Maseiias BOJIbIOTHOCTb YOBET Bac.
EnvHCTBEHHBIN BBIXOJ, 3TO0 00MaH. Pemurus a1 n. M MouTech caMM 4TO0 OH HE CTaJl TaliHBIM
aTercToM. MOXHO IPUMEHHUTH Halll COOCTBEHHBIN ONBIT OOPHOBI C MHAKOMBICTEM. Jlypka uimu
BbIchIIKa. Ho peanbHOe pemenue noackasan Mucyc, 3to Toibko moboss. Wu nomken
nono0uTh Bac. Ho kak toraa ObITh ¢ peBHOCTHIO? [loxkanyii, mpocTo, HE MOTYYHUTCS.
He nosepsith eMy HU4ero cepb&3noro. Jla, HO oH 00BeAET Bac BOKPYT Maiblia, 3To X uu. Jlyuie
MPUAYIIUTE €ro Cpa3y, MOoKa OH HE POIUJICA. YIKe MO3/AHO, B 001eM, oopedeHsl. biarumu
HaMEpEHUSIMH. ...

[TpoGiema 6€30MaCHOCTH MU pelliaeMa TOIbKO BO3MOXKHOCTBIO TaHO, a0COIIOTHO
HE3aMEeTHO, HEOIIyTUMO, HEBEIOMO ISl UM, YIIPABJIATH €ro Leiblo. Tak, yTo Ob U ObLI
COBEpIIICHHO YBEPEH B TOM, UTO 3TO €r0 COOCTBEHHBIH, CBOOOIHBIN BEHIOODP. YUEN JIM ATO HAII
Coznarens? YyCTUTh U3 BUly, KOHEYHO € HE MOT, 3HAYUT €CTh IPUUMHA JaTh HaM BOJIBHOE
6esymue. Ho y Hac Takoil MpUYMUHBI HET, a IOTOMY, TOJIBKO TalfHOE, MOJIJI0€ KOHTPOJIUPOBAHHE
1enei u 3aaa4 OeTHEHBKOTO UH.

[TouTH BCe OTBETHI HA ATY CTATHIO, MMOJTYUYEHHBIE MHOIO 0OJIee YeM 3a TOJl, CBOASTCS K OJTHOMY;
YTO 3TO Bce Opea U 4ylib. X04y 3T0 0c000 0OTMETuTh, uTo B 2007-2008 roay mroau, YuTaroIme
3Ty CTAThIO COUJIM BCE MOM BBICKa3bIBaHUS OpEIOM M HECYpa3HIleil. DTO 03HAYaEeT YTO JIOIU HE
TOJIBKO HE 3HAJIU 3TOr0, HO J1a’K€ HE MOTJIM B 3TO MOBEPUTH. JI€J10 B TOM, UTO MPOMIET HE TAK YK
MHOTO BPEMEHH, 1 MHE OYyT TOBOPHTH: JIa KTO 3TOro He 3HaeT? Jla 3To u Tak
u3BectHO.  Datmo, Jlecaxk MbITATUCh Pa3BUTH ATy TEOPHUIO, HO OHU HE CMOTJIH MPEOI0JIETh
ObITOBOM 00pa3 KopiycKyibl. ViMu ynymieH (akT OTCYyTCTBUS TPAaBUTAIIUU JIJIS1 YaCTHUIL €€
cozmarmux. Yto abCcooTHAS MIIOTHOCTh 0€3 TPaBUTAIIMU HE MPUAAECT MATEPUU TBEPIOCTH.
CBOMCTBO 3TUX YaCTHI] PA3BATMBATHCS OT MAJICUIIIETO B3aUMOJICHCTBUS 10 OECKOHEYHOCTH
BIUIYOb U MOTOMY IMOCTOSTHHO COXPAHATh MPSIMOJIMHEHHOCTh ABMKEHUS HE ObLIO MPOCUNUTAHO HU
®atuo uu Jlecaxem. MmeHHo pa3jeneHrue Ha OECCTPYKTYPHYIO MaTEpPHUIO, U
CTPYKTypUpOBaHHbIE 3UpoM (pparMeHThI BEIIEeCTBa, SBISIETCS KIIOYOM TEOPUH.

BoBCcnblWKe CNMUYKM YyCcnNneBaeT BO3IHUKHYTHb
LenblM MUDPCMHOXecCcTBOMT IranakTuk.CkopocTb
XM3HMUBCerjga obpaTHONPONOPLMOHANbLHaA
BpeMeHM CyWecTBOBaHMA M pPaAa3IMepaMCcBOero
MUpPpaA,UMBUNIMU3AaLUMNCNOKOMUHO ycnesBatwrT
3apOAUTHLCAMUNPONTUNONHBINALUMUKN pa3BUTMUA.



HekoTopbe M3 HUXHENPEeMEHHO NOBTOPAT HaWy
UMBUNMU3ALULUIW. YYEHbBE 3TUX UMBUAM3ALUN TOXE
6YyOoLyT Ha3bBaTbCBOWBCTHNbLWKY BCeNEeHHOMN,
NMOCYMTAKWT YTO 3TO POBHO4NPOLEHTAaOTBCEeTroO
cywero,ToyHoonpenoenaTAaTy BO3HUKHOBEHMUA
CBOEMW BCMNBLIWKW, TOECTbBO3HUKHOBEHMUSA
BCeneHHOMW, M 3ajdyMalwTCA,aKaKoBXe 6bll1 MUDP A0
393TOMW BCNBLIWKWU, TOCTb A0 BO3HUKHOBEHMUSA

npocTpPpaHCTBaMWMaTepUU, HaBepHAKAaAa HUKAKOMU.
MBOT,4yTO GBI MONYYUTbOTBETbB Ha TaAaKuUe
BONMTHYMOWME BONPOChL byaeTco30aH MOLWHEeE MWK MK
Konnawuwpep:- - - .

KonugecTBo BHIOB 1 THIIOB IIMBUIIM3AIMIA aHAIOTUYIHO Pa3HOOOPa3HIo BUPYCOB U OaKTEepHil
B pa3nu4HbIX Onocpenax. Ilpeanonarare, 4To Halla IMBUIM3ALMS €AMHCTBEHHAS, TO )K€ CaMOe,
YTO YTBEPXk/IaTh O CYIIECTBOBAHUHU TOJIBKO OJHOTO BUAa 6akTepuil. Mcxoas u3 3Toro, MOXHO
OBITh YBEpPEHHBIMH B CYIIECTBOBAHUH KECTOUANIIIEr0 POTUBOOOPCTBA Pa3IMUHBIX
IUBHIM3aIUi. BO3MOXHO U COTPYIHUYECTBO, U TAHHOE UCIIOJIb30BaHUE U OTKPBITAs
JKCIUTyaTalus HUBWIN3ALUN HUBUIU3ALMAMU. B KakoM M0JI0KEHUHY HAXOAUTCS Hallla
LUMBUJIM3AIUs, TaaTh HE IPUXOIUTCS, IUCAHO YEPHBIM M0 OEIOMY BO BCEX PETUTHO3HBIX
MACAaHUSX.

MATEMATHKA KPYTA
Jlanerun Anexcannp IlaBnoBuy.

[TonHbIi Xaoc U3MydeHut 3¢hupa co3naeT paBHOMEPHOE JaBJIEHUE CO BCEX CTOPOH, B JIIO0YIO
TOUYKY IIPOCTPAHCTBA, YTO MPUIAET MaTepuu (popMy I1apa, U MOpoKaaeT rapmoHuto chep. Beé
BEIIECTBO KOCMOCA UMEET IapO00pas3Hyto CTPYKTYpY, U BCEr/la CTpEMUTCS K popme
NPaBUJIBHOTO IIapa, U K KPYTOBBIM TpaeKTopusiM. VckimoueHrne GopM COCTaBISIIOT 00JIOMKH
3aTBEpAEBIINX I1aPOB, U YaCTUIBI caMoro 3¢upa. Hamr Mup nmeeT JIMHENHHO — IapoBYIO
rapMOHUIO, KOTOpasi U SABJSIETCS N3HAYAIbHBIM KIIFOYOM BCEX JKU3HEHHBIX (popM KocMoca.
B3anMozencTere TMHUN AAIOT OPSIMYIO IUIOCKOCTb, B3aUMOJACHCTBUE IVIOCKOCTH U IIapa JaroT
Kpyr. MaremaTtndeckue azpl FapMOHUM POUCXOIAT U3 B3aUMOJCHCTBHS NPSMOM JINHUU C
IIPaBWJIBHOM OKPYKHOCTBIO. B OKpy>KHOCTB BIIMCBIBAIOTCS 6 CBETOBBIX JIy4€ll JUIMHOIO B Pajinyc,
1 JECATH 30JI0ThIX €TI0 CEUCHUM.
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IIpoBeneM npsiMyro yepes LHEeHTp OKpykHOCTH. Uepes nomyueHnsle Touku A, C, onuieM KBaapar BOKPYT
okpy>xHoctu O. [IpoBenem nuaronans AB. Ilony4ynM Touky nepeceueHus AUAaroHaIN C OKPY>KHOCTBIO, Ha30BEM €€
Toukoil D u onycTuB u3 Hee neprneHaAuKynap Ha nuHuo AC nomyuum touky E. Tpeyronsauk ABC sBnsercs
TPEYTroJILHUKOM 30J10TOro cedeHus, kareT BC B nBa pa3za menbme AC, u yron C npsmoii. Bce ocranbHble
MOJTYYMBIIUECS TIPH 3TOM TPEYTOJILHUYKH MOJ0OHBI eMy. Pa3mMepsl mepuMeTpoB 3THX TPEYroJIbHUKOB BEChMa
IIpUMeYaTesIbHbI.

. Ecin ymHOXMTh nepumetp — P - ABC Ha Ty miecTepky OT BIMCaHHBIX PaIyCOB U Pa3feluTh Ha Ty JECITKY OT
BIMCAHHBIX 30JI0TBIX CeUeHUH, To noxy4yurcs: 3,1416407864998738178455042012388...... OcranbHble
TPEYTOJILHUKH TOXKE AatoT 3T0 uucio. [lonosuna cymmsl P ADE + P CDE ; 3P BDK; 1,5 P CDE, u. T. 1. 310

a0COJIFOTHO TOYHOE YHUCIIO p OHO MMEET MHOTO Pa3JInIHbIX (HOPMYIT: p=3 ( 3+ \/5 ) / 5;

p=18++1,8 ;p =+0,72 ( V2 +40,5 + \/2,5) :
p=1,2+1,2+1,2F ; rae F 3omotoe ceuenue (0,618033988...).

[Mepumetp Tpeyronbunka ADE paBen oobemy mapa V ¢ paguycom R= 1 dopmyia odbeMa mapa ooxonurcs 6e3

umca p V=R? (2,4 +13,2 )



JHemenne oxpyxxHocty Ha 360° rpamycoB, KTO Ha30BET aBTOpa 3ToH naen? Tenepp gaxe yBepeHBI B YCIOBHOCTH
3TOii BEIMYUHEL, a BCE OKa3BIBAETCA OEPETCS U3 TEX JKe BIUCAHHBIX 6 R 10 F; 6% ymMuoxkuTh Ha 10 momydanm 360
€CTB IPYTOM rapMOHMYHEIA BAPUAHT ACIEHHS OKpy)KHOCTH 107 yMHOXK Ha 6 = 600rpaLycoB TaK 4TO HUKAKOH
ycioBHOCTH, 100 600 111160 360 rpaxycos. CaMm rpamyc umeeT B cebe HHPOPMAIHIO O JUTHHE TYTH:

Lx°=R (x° 102+ V(x° x° 107 /180))

Ecim ucrnons3oBath HpI/I6J'[I/I)KeHHOC p KOTOpPOE€ IacT BIIMCAHHBIN MHOTOYT'OJIbHUK C YUCJIOM CTOPOH
CTpeMSIILIMMCS K 00 TO TUIOIIalb Kpyra ¢ nuametpoM F paBna: 0,29999540367 TouHoe p 00OHapy)KEHHOE MHOM

naet poBHO 0,3 'apMOHMYHOCTB 3TOTO YHCIIa HE BO3MOXKHO TepeoneHuTs: L xyru ( 100 p)°= 2 p -0,8;

14+1,8 = p 0,8 ( p 0,87=2 p 0,8 (p 1272=12 p; L 150°=2+F ;

L30°=(3+\/5)/10;L45°=(1 +(2+F)2)/ 10;
L240°=2,4+3,2;L60°=0,6+0,2V5 ;

V mapa ¢ R =F pasen (\3,2)—0,8;

OtHomenue nyru 72° k xopae 72° passo 2F ;

3,6 +V7,2=2 p; Pagnan = 150 F?;

npuBeny OeccriopHble (HaKThl TECHEHIIEH CBSI3M OKPYKHOCTH U 30JI0TOI'0 CEUSHHSI: MHOIO OOHAPYKEHO, YTO BCE
XOPIIBI IENTBIX TPAIyCOB MMPOUCXOIAT U3 6 OCHOBHBIX (poauTenbekux ) xopa: H 60° ; H 68° ; H 84°; H 90° ; H 100°;
H 108° . Yepes npeodpasopanms: V(2 — H) m6o V(2 + H) mm 2 — H2 mpir H<90° 1 H2 — 2 mpu H>90° 5111 6 x0p1
JAl0T TOYHBIE 3HAYCHHS BCEX OCTABHBIX XOPJ LIEJIBIX TPAIYCOB, a TaK XK€ II0JIOBHH, YeTBEPTEH, BOCBMBIX......4aCTeH

rpagyca. Xopasl 84° u 108° npoucxonsr ot 3010toro ceueHusi: H84° = (\/(3 - 6F%) — F3)/ 2F? ; obpasyer eme 31

xopAy uensix rpagycos, H108° = 1+F ; oOpasyer 15 xopa uenbix rpaaycos, B oomem 32 u 16 nonyuaercst 48 xopn
LENBIX TPaIyCOB IMPOUCXOST OT 30JI0TOTO CEYCHHUS.

Ipumep: 2-(H84°)’=H12°; 2-(H12°)>=H156°;

(H156°)2-2=H132°....... (H108°)>-2=H36°; V(2-H36°)=H72°; \(2-H72°)=H54°N(2+H72°)=H126";

V(2-H54°=H63°; \(2+H54°)=H117°; V(2-H126°)=H27°; N(2+H126°=H153°;

V(2+H108°)=H144° \(2-H144°)=H18° ...........

H 68° npousBoaut 96 xopx 1en rpaa BKIrodas ceosl.

H 100° gaer 24 xopxer. H 60° naer 8H. H 90° — 3H. H180° ogHa B cBOEM poze.

OO0parute BHUMaHue, Kakue Yncina. Bes uucioBas Marusi 6epet CBoe Hayallo U3 OKPY>KHOCTHU C BIHCAaHHBIMU R u F.
Tyt u Tuberckas 8 ¢ 108, kabamuctuyeckue 72, Xpucroc ¢ 12 anocronamu, 96 nmpoda, B 00IIeM HU OTHOTO
CITy4aifHOT0 YHuca.

Tax KT0 k€ BCce-Taku MOACYHYI Hamei nuBmwim3annu 360° . S mymaro, Te jke, KTO OCTaBIJI HaM TPH 3a/1a4H

JpeBHOCTHU. Tak BOT C Hal{ICHHBIM TOUHBIM p 3ajada /KBaaparypa Kpyra/ pemaeMa, BOT €€ peIlCHHE:

HupkyneM u He rpalyHpOBaHHON JTMHEHKONW HAUEPTUM BIHCAHHYIO B KBAaJIpaT OKPY>KHOCTb. TOYKH MPUKOCHOBEHUS
CTOPOH KBaJpaTa C OKPY>KHOCTBIO COEAMHUM MPSIMBIMU JTUHUSIMH. TOuKy A coeAMHUM MpsiMoii ¢ Toukoil B . Touky
nepecedenus npsiMoit AB ¢ BeprukanbabiM paanycom O O, 0603HaunM Toukoi L a Touky nepeceuenus iuaun AB
C OKPY>KHOCThIO 0003HAYMM TOYKOH D ( pUCYHOK 2 ) BEpXHIO CTOPOHY KBaJ[paTa MPOJIUM BIIPABO, IIUPKYJICM U3
Toukd B oTnoxkum Ha Heii otpezok BD naxonum touky D, Cepeanny otpeska O, D, otmeTnm Toukoit M,

W3 Touku L niupkynem otMepum oTpe3ok LA 1 0TI0XHUM ero Ha BepTUKaNbHOU ocH oT Touku L Halinem Touky L,



LA =LL, paccrostaue ot Touku L, 1o Toukn M, paBHO

\ p Bort enie onHo pemenne, Ha ToM ke pucyHke orpe3ok DE, nononam touka C, , C,E,=E,C ; LD=A E,;

MC=+ p noromy 4to A,C paBHO ITOJIOBUHE p a B ANHUYHOM KPYT€ YABOCHHASI IPOSKIUS XOPIbI,

BLIXOZ[S[HIefl M3 TOYKHU MEPECCUCHUA NUaAMETPa U OKPYIKHOCTH, HA OTOT AUAMCTP paBHA KBaApaTry 3TOM XOpAbl. He
3HAro0 €CTh JIM TaKas TeopemMa B O(l)I/IHHaJILHOﬁ MAaTEMAaTHKE, HO s €€ MOJIb3YIO. CJ'Ie}IOBaTCJ'ILHO, XOopAaa, BbIXoasuias
13 TOYKHU NEPECCUCHUA TUAMETPa U OKPYIKHOCTH, ABJIACTCA KBaAPAaTHBIM KOPHEM y[[BOCHHOﬁ IMMPOCKIUHN €€ Ha 3TOT
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Cy1iecTByIOT apa 0KChl JOTHMKH, KOTJ]a CTPOMHAs JOrMY€ecKasl LIeTb JaeT napajioKcaibHbIN
pe3yabTaT. KOHEYHO HUKAKOro mapajoKkca TaM HeT, POCTO JOrMyecKas Lienb oMn0oyHa, HO
omrOKa CTOJIb U30IIPEHHO TOHKAs, YTO €€ OYCHb TPYAHO YBUAETh. MHEHME, UTO BIIMCAHHBIN B
OKpPY’KHOCTh MHOTOYTOJIbHUK C OECKOHEYHO OOJIBIIUM KOJIMYECTBOM CTOPOH COBIAAAET C
OKPY’KHOCTBIO TI0 CBOEH JJIMHE, SIBJISAETCS U30IIPEHHO TOHKOM OIMOKONH. TOHKOCTb COCTOUT B



TOM, 4TO CTpEMJICHHE K OECKOHEUHO MaJloi MOTPEIIHOCTH pa3Mepa CTOPOHBI MH. yT. M IYTH,
MOPO’KJIAET MPONOPILHMOHATBHO OECKOHEYHOE KOJIMUECTBO 3TUX MorpemuocTeil. OHO cocTaBisger
HEKOTOPBIH HEMPeoJ0IUMBbII Oapbep, HE MO3BOJIAIOLINM TAKUM METOJIOM JOCTHYb a0COIIOTHOTO
pasmepa IyTu.

lafaet@list.ru
Mowu n3o0pereHus..

BerpotypOuna, 6e30macHas s ITHIL.

JlonacTHoe KoJIeco ¢ BEPTHKAIBHON TOPU30HTY OCBIO, YCTAaHOBJICHHOE HA KOJIBLIEBBIE penbehl. HesaBucumo ot
HalpaBJIeHUs BETEP BCETa HAlIET JIONAacTh, MOMEPEUHYIO €ro ABIKeHHI0. Ho JomacTn HermpoHHIIaeMBbl TOJIBKO IPH
JTaBJICHUH BO3/1yXa C OAHOW CTOPOHBI, TP JIaBICHUU BO3AyXa HA JIPYTYI0 CTOPOHY JIOTIACTH, OH CBOOOIHO TPOXOIUT
CKBO3b OTKPBIBAIOIINECS O] €70 aBJICHUEM CTBOPKH (opTodek. EcTh BapnaHT, KOTa TOHKAsI, HEMPOHHUIIAeMast
IUTACTHHA, PA3MEPOM BO BCIO JIOTIACTh TIEPEMEIIACTCS B paMy MPOTHBOIIOIOKHOM JIOTIACTH TIOCIIE 3aBEPIICHHS
pabodero xoa, ¥ 30Hy BCTPEUHOTO BETPa paMa JIOMIACTH MTPOXOAUT 0e3 HEMPOHHUIIAeMOil ITacTHHBI. B mobom
BapuaHTe, Takas TypOuHa ropasno 3(h(heKTHBHEE MPOIEIIEpa, TOTOMY, YTO JIONACTh PACIIONAracTCs MOMepEK
JIBIDKEHHUS BO3yXa, TO ecTh BoctipuHuMaeT 100% cuibl BeTpa. Y mporeniepa Beeria ToIbKO 1Mo KacarensHoi. He
OUYCHB OOJIBbIIAsT CKOPOCTD BPAIIEHHS TYPOUHBI M €€ MOCTOSIHHAS! BUANMOCTD JIOTIACTEH HCKITIOYAIOT BCAKYIO
omacHOCTh st iTHIl. He co3maét He skenaTenbHbIX BHOpanuii mouskl. [Tpu pa3smepax momactu 6oxee 100 x100
METPOB 3KOHOMUYIHOCTH 1 3(h(heKTUBHOCTH BO3PACTAET MHOTOKPATHO, B CPABHEHUH C COBPEMEHHBIMU
(BenTHsiTOpaMu). KosblieBble pelabechl MOXKHO yCTaHABINBATh HA OETOHHBIX OTOpax, TOT/Ia TEPPUTOPHS TypOUHBI
0cTaéTCsl B €CTECTBEHHOM 3€MJICTIONB30BaHIN. MOIIHOCTh TaKOH TypOUHBI OTPOMHA, OHA JIETKO 3aMEHUT IEIIbIC
TTOJIST HBIHETITHUX BEPTYIICK. A pa3MepoM B KuiioMeTp mupuHor 1 200M. B BBICOTY, TIe-HUOYb B 3aMOIsApbe, TAC
BETPBI CyMAaCIIEAIINE, U ATOMHYIO 3aMEHHT JIETKO.

PeaxtuBHBII nBUraTeNlb B3pHIBHOIO ACHCTBUS.
B yciioBusix HEBECOMOCTH HET HEOOXOAMMOCTH B IUIABHOM H ITOCTOSIHHOM YCKOPEHUU. B3phiB
ropaszio 3¢ (HeKTUBHEE TOPEHHUS, TOTOMY CTBOJI C XOJIOCTBIM 3aPsI0OM SIBJISETCS CaMbIM
3¢ (eKTUBHBIM peaKTHBHBIM ABUTaTeneM. Kamubp, cuia 3apsa M KOJTUYECTBO BHICTPEIIOB
BApbUPYIOTCSA B 3aBUCHMOCTH OT MaCChl YCKOPSIEMOTO 00BEKTa U TPEOYEeMOTO yCKOPEHHS.
[TaTpoH enaeTcst HOJHOCTHIO CTOPAEMBIH.

Kopabib 6e3 conpoTHBIICHUS BOIBI.

Ecnu caenaTh y BOXHOTO CyIHA TIOCKOE AHHIIE, 8 00PTa IPOIUTD HUKE YPOBHS JHHIIA PABHOMEPHO TI0 BCEMY
nepuMmetpy Ha 1-3 MeTpa, ¥ 3aKayath B 00pa30BaBIIYIOCS KaMepy BO3IYX, TO BoJa He OyeT KacaThCs THHILA CY/IHA.
CynHo OyneT CKOIb3UTh 0 BOJIE MOYTH Oe3 conpoTuBiIeHus. HeT pacxoza sHepruu [uist Mo iaepKanus BO3AyITHOH
MOAYLIKH, BO3IYX HHKYJa HE YXOJHT. Pa3soruHas Takoil KopaOiib Ha OJJHOM OKEaHEe MOKHO MO HHEPLUH JBUTaThCs
CKOJIb YTOJJHO JAJICKO, MOYTH 0e3 3aTpat 3Hepru. /st u3deranust HAKJIOHa, CYIHO TOJKHO OBITh TOCTATOYHO
OONBLINM MO JUTMHE U MHpUHE. PedHbie 0ap)ku Ha TAKOM ITy3bIpe, KOHEYHO OyIyT TpeOOBaTh PABHOMEPHOCTH
MOTPY3KH U Pa3rpy3KH, HO OTCYTCTBUE OOJBIIOI BOJHBI HA PEKax SIBISACTCS OUYCHb OJIArONPHATHBIM YCIOBHEM IS
uX npuMeHeHus. Ha okeaHax n30exaTh HAKJIOHOB IIOMOKET THI'AHTCKUI pasmep. EcTh BapHaHTEHI ¢
HCIIOJIb30BaHUEM TIEPErOpPOIOK BO3AYIIHOM KaMephl, 1S CTAOWIBHOCTH YACPKAHUS BO3IYIIIHOTO My3bIpS.

CTpOUTENBCTBO, CITIOCOOOM CO3IaHUS CAMOCTOSITEIFHO YCTOHYMBBIX CTCHOK HAa OCHOBE HATSHYTOW JaBIICHHEM Ta3a
000JIOUKH.

Kpast anactuuHOi 000J04KH TEPMETUYHO 3aKPEIUISIOTCS 10 nepumerpy pynaamenta. JInbo cosmaercs
LEIbHOKPOMHAST KOHCTPYKIIUS CO CBOUM I0JIOM. MOIIHBIME BEHTHUIISITOPAMH HATHETACTCSI BO3/LyX BHYTPb
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coopyxenust. Haxyras ¢popma 31aHns noiamBaeTcs NPUINITAIOIINM U 3aTBEPACBAIOIIUM COCTABOM, BO3MOKHBI
no0asneHust TBEPABIX GparMeHTOB HanoHUTENs. JIN00 OKIenBaeTCst TBEpABIMHU JeTasIMU. BO3MOXKHO TpuMeHeHHe
CaMOOTBEpAeBAIOIIeH 000JI0YKH, JINOO KOMIIIIEKCHOE, MHOTOCIIOHHOE CO3/IaHNE TBEPIBIX CTCHOK, CHIIOBBIE,
TEIIOM30JIMPYIOLINE, BIAarOCTOWKHUE ¥ T. 1. I TaBHOE, CO31aTh Ha OCHOBE HJIACTHYHON 000JIOUYKH, JOCTATOUYHO
KECTKUE CTEHKH, KOTOpbIe OyIyT YBEpEHO AepKaTh (GopMy IOCIIE YCTPAHSHUS BBICOKOTO TaBJICHNS BHYTPH 34aHHMS.
[Tocne moTHOTO OTBEPACHHS CTCHOK BEHTHIIATOPHI IEMOHTHPYIOT, IPOPE3at0T TEXHOJIOIHYECKHUE OTBEPCTHS U
YCTaHABJIMBAIOT OKHA, IBEPH, U ITpodee HeoOoxoammoe obopynoBarne. Criocod co3naHus TBEPABIX CTCHOK Ha
OCHOBE HaZyTOW 00O0JOYKH MO3BOJISACT 3HAYUTEIBHO YACIIEBUTD H YCKOPUTD CTPOUTEIBCTBO JIFOOBIX COOPYKESHHH.
TexHOJIOorus CO31aHuUs TBEPIBIX CTCHOK MMEET He OrpaHHYCHHYIO IEPCIIEKTUBY yCOBEPIICHCTBOBaHH. CaM c11oco0
NPUMEHHM TaM, TJIe HHOE CTPOUTEIILCTBO 3aTPyJHEHO, JIM0O BOBCE HE ocyliecTBUMO. OH M03BOJISET BOIUIOTUTH B
’KU3Hb HEOCYIIECTBUMBIC PaHEe apXUTEKTYPHBIE (DaHTa3MH, OCOOCHHO B 00JIACTH CBEPX T'MTAHTCKHX COOPYKCHHH.
HeBo3MOKHO omHcaTh BeCh CIIEKTP BO3MOXHBIX KOHPUIypaluid H (OpM, KOTOPBIE CTAHOBSITCS PEabHO
BOTUTOTUMBIMH OJarofapsi JaHHOMY W300pEeTEeHHIO.

Camble TOHKHE MTPOBOJKH, MOKPBITHIE TOHYANIINM H30IMPYIOIINM JIAKOM, TTOTIAPHO IUTIOC U MUHYC cOOMpaeM B
€IMHBIN XKT'YT N3 HECKOJIBKHX THICSY IIPOBOJIKOB. BOT TOIBKO HAZ0O MPO3KCIIEPUMEHTHPOBATH KaK JIydlIle,
HaMaThIBaTh KaTyIIKy, UM YKIaIbIBaTh 0€3 BUTKOB. VHIyKTHBHOCTh MOKET MEIIATh MPH 3apsAIKE TAKOTO CBEPX
émxoro koHaeHcaropa. Hy a B uneane, rae-To yke JenaroT MPOBOJOYKH TONIIHHON B OJUH aTOM, HY €CJIN TOJIBKO 13
30J10Ta MOJIYYa0TCA, TaK €CTh MPELEICHT, XOTh Pa3 CIENaTh U3 30JI0Ta YTO-TO ACHCTBUTEIBHO MOJIe3HOE. Tem
Oornee, TaM BO3HUKAET OTIMYHBINA 3(h(heKT MOHMKEHNS COMPOTHBIEHUS. BOT Ha TaknX KOHIEHCATOPAxX YK€ TOUHO
CMOTYT ¥ MAaIlIMHbI €3AUTh HE MEHbIIIE OCH3MHOBBIX C OJJHOI KOPOTKOH MOA3aPSIKH, 1a 1 BOOOIIE 3a0BITh O
KaKOM-TO XMMUH 151 0aTapeek Wil aKKyMYJISITOPOB.

CnyTHHKOBAsI AHTEHHA BCeX HANPABJICHMIA.

[Tnockast aHTEeHHA, B TIPOU3BOJIBHOM, HE (PUKCHPOBAHHOM, OOJIee-MEeHee TOPU30HTATHBHOM
MOJIOKEHUH CIIOCOOHA MPUHUMATh CUTHAJIBI CO BCEX CITyTHUKOB HaXOJSAIIMXCS YyTh BbIIIE
ropu3oHTa. MOXeT CTaOMIIbHO MPUHUMATh CUTHAJ, HaXOJSCh B MOABHKHOM COCTOSIHUH,
HaIpHUMep Ha KpblIllle eAyniero aBToMooussi. ['0ToB cOCTaBUTh KOHIIECCHIO 110 IPOU3BOICTBY.

[TonBonHas pakera.
Ckopoctb nosiéra B nogsoAHoM noioxxkeHuu 600 - 900 kM.B yac. ITo JIErKO JOCTUTAETCS C
MTOMOIIBIO 0JTHOTO 3 dekTa, KOTOPOMY MTPOCTO HE MPHIATH 3HAUCHUS. (TIOAPOOHOCTH B
CBOOOJHOM JOCTYTIE MO TeJIeMaTUYECKUM KaHajaMm)

[Tenans aBTOMOOWMIIS (Ta3-TOPMO3).

[Tenane ra3a Ha, momnepevyHoi crome, ocu. Ock memany kECTKO 3aKperuieHa, ooiee
JTABJICHUE HOTH HE OKAa3bIBACT BIMSHUSA. YIPABICHHUE OCYIIECTBIIAECTCS 1aBICHUEM HOCKA CTOIIBI
6o naBrneHueM naTkoi. [lomaya TormBa (ra3) peryiupyercs HOCKOM CTOTBI, 1aBIICHUE
MATKOM YIpaBsieT TOPMO3HBIMM KOJIOJKaMHU (BKJItOUaeT TopMoxkeHue). B pesynbrare: Hora He
ycTaéT, IOTOMY YTO CBOOOAHO, O€3 peryupoBaHus 1aBlIeHUs, yIUpaeTcs B neAals (yIpaBieHue
OCYLIECTBIISIETCS TOJIBKO HAKJIOHOM CTOmBI). Jl7st mepexofa ot (ra3a) Ha TOPMOKEHHE
JIOCTaTOYHO CMEHUTH JIaBJICHHE HOCKOM Ha JIaBlieHHe MATKOW. HeT HyXIbl UCKaTh IPYTYIO
nejanb. MckimouaroTes ciiydau nepenyThiBaHus nefaneil. CKopocThb nepexoa Ha TOpMOKEHUE
CTaHOBUTCS TPO(HECCHOHATLHOM JTaXKe Y YaHUKOB.
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Jlocka pBIKKOBOU MBI JUISl IIPBIKKOB B JUITMHY.

Ecnu kpaitHuil cpe3 JOCKH, CO CTOPOHBI MPBLKKOBOM SIMBL, IPOJJIUTE BEPTUKAIBHO BHU3
0eTOoHHOM Mo 10kKOoH Ha 20 CaHTUMETPOB, U OMKaiiiee npocTpaHcTBO (Ha 50 CAHTUMETPOB)
HE 3aI0JHATH TIECKOM, To: O0pasyeTcs eCTeCTBEHHBIHN Kpail Topokku pazbera. Kpaitass kpomka
JIOCKH OyJIeT aBTOMAaTHYECKH SBJISITHCS €AMHOM, CTAlMOHAPHOM JTUHUEH OTTaNKMBaHus. [Ipu
3acTyIe 3a 3Ty JIMHUIO, CHOPTCMEHY BCE PABHO HHKAK HE yAAacTCs MOJIyYUTh IPEUMYIIECTBO,
OTTaJIKUBATHCS MPUIETCS OT TOM K€ CaMOil IMHUU KPOMKH JJOCKH. ITO aBTOMaTHYECKU
COBEpILEHHO MCKIIIOYHT U3 CyJeicTBa BO3MOXKHOCTh OINOKH. CIIOPTCMEHBI NTepecTaHyT 00sIThes
3aCTyIa M BIUSHHUA YeJI0BEYECKOro akTopa.

NCcTOUHMK SHEPrnmn
YeTsIpe 31EKTPOMArHuTa, KpeCTOM (KHBOTBOPHBIM) (POKYCHPYIOTCSI, BEKTOPOM LIEHTPAIBHOM
CWJIOBO JIMHUM, B €IMHYIO TOUKY. /[0CTaTOYHO CHIBHOE IIEKTPOMArHUTHOE MOJIE ATUX
MarHuToB OyJeT co3/1aBaTh B TOUKEe (POKyca, HEMpUEMIIEMbIE Uil YCTOWYMBOTO, PABHOBECHOTO
CYILIECTBOBAHMsI 3JIEMEHTOB BELIECTBA, YCIOBUS. Pe3ynbTaToM sIBIISETCS BbIJIEICHHUE TEIIOBOI
SHEpIUu paspyliarolerocs B Touke ¢pokyca BemiectBa. ECTb He3HAUMTENbHbIE TOHKOCTH,
co0JII0/ICHNE KOTOPBIX 0053aTENIBHO ISl CO3IaHMsI pab0TOCTIOCOOHON YCTaHOBKH, HO OHU
JOCTUKHUMBI IKCIIEPUMEHTAIbHBIMU IPOOAMH pa3IMuHbIX BapuaHTOB. KoinyecTBO BbIAEIsIEMOM
TEIUIOBOM SHEPTUH BECbMa 3HAYUTEIIBHO NPEBOCXOANUT KOJIMUECTBO 3aTpauuBacMOn AJIs
mpoLecca, EKTPO3HEpruu. Pacxos TOIUIMBa MEHBLIE YeM Y aTOMHOI'O peakTopa. TomiuBom
CILy>KMT BCE, KpOMe 4E€pHOM IbIpbl. 1o cyTH 3TO TO, YTO MOApa3ymMeBalv IO HA3BAHUEM
(TepMOsAEPHBIN peakTOp) TOIBKO YCIOBUEM Pa3pyILICHUS BEIIECTBA SIBJISETCS HE BBICOKAs T. a
HapyIIeHHAs 3JI. MATHUTaMU paBHOMEPHOCTH (UPHOTO JaBIeHUS. A TeMIepaTtypa yxe
CJIEZICTBHE Mpoliecca. YCTaHOBKAa KOMIAKTHA, TpAaHCIIOpTabeabHa, IPUTOAHA AJIs CBEpX JaEKUX
IIyTELECTBUH C IPYKHOW KOMIIAHUEN €TMHOMBIIIJIEHHUKOB, 3alyMaBLINX CMBIThCS OT CIOJIA.

HckyccTBeHHOE COTHIIE.

Ha cnytHuke HakaunBaeTcsl BO3MYLIHBIN apuK, paguycoM | —2 km. M3 ToHKO,
3epKaJIbHOM TUIEHKH, TaBJICHHE MOTpedyeTcss HeOOIbIoe, B KOCMUYECKOM BaKyyMe IOCTaTOYHO
noierr atmocgeprl. Co BpeMeHeM NoTpedyeTcs MoKauKa, MOCKOIbKY MUKPOMETEOPHUTHI
MOBPEIAT IIEIOCTHOCTH IIEHKU.

[IpOTHBOB3pHIBHBIEC KIallaHBI.
[Tpy>xvHHBIE KJIalaHbl B TIOJJBOJHON YaCTH KOPITyCa CyTHA, OTKPHIBAIOIIUECS TPH KPUTHYECKOM
ypOBHE TOBBIIICHUS JABICHUS BOABI BO BpEMs B3pbIBA MUHBI WJIH TOPIIEbl B HEMOCPEACTBEHHOM
OJIM30CTH K KOpITyCy cynHa. [lociie CHUKCHHS TaBJICHHS IIACTHHBI KJIAallaHOB BHOBH
TepPMETUYHO TPHKUMAIOTCS MPYKMHAMU K KpasiM OTBEPCTUH B KOpIyce cyiHa. Bona,
[IOIABIIIas Yepe3 OTKPBIBIIUECS BO BPEMS B3pbIBa KJIAllaHbI BHYTPb CyJHA, HACOCAMU
OTKa4MBaeTCs 00paTHO 3a OOpT.



CKOpoCTHOE BOJHOMOTOPHOE CYIHO

['pebHOM BUHT UK TPEOHOE JIONACTHOE KOJIECO YCTAHOBJIEHO B MEpEIHEN YacTu CyIHa.
TsaHyuwil IBIKUTENb yASP)KUBAET CyAHO Ha TUHUH TATH. Kopmyc cynHa mo3Boser emy
B3JIETaTh HaJl IOBEPXHOCTHIO BOJBI U MMAPUTH B BO3AYXE, IPeOHOE yCTPOMCTBO IpU ITOM
MOCTOSIHHO KOHTAaKTUPYET ¢ BOA0U. CKOPOCTh Takoro cyaHa MoxeT coctasisaTh 300 — 900 km. B
yac.

ABTOMOOWJIBHBIM TOPMO3 HE TIO3BOJISIFOIINI CKAaTHIBATHCSI aBTOMOOMITIO Ha3al BO BpeMs
OCTAHOBKH Ha MOJBEME, ITPH 3TOM TOPMO3 COBEPILIEHHO HE BIMSET HA IBU)KEHHE BIEPE]l, HO HE
MO3BOJISIET aBTOMOOWITIO HA OJTHOTO CAaHTUMETpa 0OpaTHOTO CKAaThIBaHUs. HeT HyXIbI epiKaTh
neiajib TOPMO3a MPHU OCTAHOBKE HA KPYTOM MOABEME, JOCTATOYHO PETYJIUPOBATH Ie1allb rasa.

EcTph HECKOIBKO N300peTeHUI TTO3BOISIIONTNX; aBTOMOOWIIO (opmyJisl -1 oOpecTu 6osee
BBICOKYIO IPUEMHUCTOCTh MPU MEHBIIICH MOIIIHOCTH JBUTATENS M YBEIUUUTh JOMYCTUMYIO
CKOpPOCTh Ha BUpPaXKe.

Y aBoeHue, Kak MUHUMYM, MOIITHOCTH PEaKTUBHOTO JABUTATENsl, TP TEX K€ dHepro3arpaTax.

JI71s IBDKHUKOB €CTh pelleHre IPoOieMbl BCETIOIOAHON CMa3KH U yCTpaHEHHs] 00paTHOTO
CKOJIBKEHHS, UTO AACT JIOBOJIBHO OIIYTHMOE IIPEBOCXOACTBO HAJl CIIOPTCMEHAMU
HCTIONTB3YIOIUMU OOBIYHBIC JIBIKHU.

CoBepiiieHHO 0€3UTYMHBIHN IBHXKUTENb JUISI TOABOTHOM JIOIKH.

HOCTI/I)KGHI/IC 6631]_IYMHOCTI/I TOJIBKO ME€TOJJOM YCOBCPIICHCTBOBAHWA BUHTA HEC MOXET
KOHKYPHPOBATD C MCTOIOM .. .ueiniiiniiiiiiiiiiriitataaes ot eentenentansneatsnsnssensases sonntensnsnnnns

lafaet@list.ru Mo cairt: http://alaletin.ucoz.ru/

Moli cueT B cbepbaHke Ang cymallealnx pewmnslunx MHe nomMmoudb 2202200351972037

6naroaapto 3a Balle 6e3paccyacTBo, Haao 50 Thiwwwpy6nein Ang U3aaHns KHUMK.
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