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HoBrpie A0Ka3aTeALCTBA B COBpeMeHHOﬁ TEOPUU TI'PABUTAIIAU
I vacrtp
ITpupoaa rpaBuTAIIMIN B MEXAHU3M €€ BAUSHHUA

AxBHOTAIIMA
Hocunreaem rpaBUTAIIHOHHOTO IIOTOKA ABAACTCA HEHTPHUHO. 3eMHOE IIPUTHKEHIE 00Pa3yeTcs B PE3yAbTATE
SKPAaHHUPOBAHNA IEHTPAABHBIM  AAPOM 3EMAM  BCEIPOHHKAIOIIMX IIOTOKOB HeWrpuuo. Hefirpuno
IIPOHU3BIBAIOT 3EMAIO M YYaCTBYIOT B TEPMOSACPHOM CHHTE3€ HA IIOBEPXHOCTU fAPA HAIIEH ITAAHETHI U
IIPEKPAIIIAIOT CBOE ABIUKCHHE U AaBACHUE. B pesyAbTare, Ha ITyTH HEHTPUHO BO3ZHHUKACT IPABUTALIMOHHAS CHAQ,
HAIIPABACHHAA B CTOPOHY LIEHTPA HAIIICH ITAAHETHL

KaroueBrnle cA0Ba: MEXaHU3M I'PABUTAIHH, ITOAC IIPUTHKECHHA, HEHTPUHO,
46 crpammi, 27 pHCYHKOB, pasMep mpudra 12.

Abstract

Neutrino is considered the carrier of gravitation. Earth gravity is formed due to the central Earth core
shielding all-penetrating neutrino flow. Neutrino penetrates the Earth interfering fusion reaction on the core
surface of our planet and stops motion and pressuring. As consequence neutrino is facing gravity force
forwarded to the center of our planet.

AsTopedepar

3axonsl rpaBuTaruy 3HaroT Bce. OAHAKO, HE BCE 3HAIOT, KAK H II0 KAKOMY MECXAHH3MY BOSHHKACT CHAA IPABUTAIIHHL
[IpunaTOe yIBEpKACHHE O TOM, UTO TEAO, UMEIOIIEE MACCY, OOAAAACT IIOAEM IIPUTAKEHHSA, HE ITOAKPEIIACHO HUKAKUM
OPHHININAABHEIM ~MCXAHH3MOM. DB 9TOH TeOpHH aBTOPOM IIPEAAATACTC AOTHMYCCKAs UM IIOAKPCIIACHHAS
SKCIICPUMCHTAABHBIMH ~AAHHBIMH MOACADb BO3HHUKHOBEHHA TIpaBHTanud. |IpmpoAa rIpaBHTAIIMHM OCHOBAHA Ha
KpyroobopoTe HeHTPHHO. BAmAHIE IpaBUTAINK IIPHBOAHUT K ABEDKCHHIO ITAAHCT IIO OPOHTE M HX BPAIICHUIO BOKPYT
ocu.

Teopuu O TPABUTALIMHE MHOIO, OAHAKO, OHH HE MOLYT OIPEACAUTDH IIPUHIINIINAABHBIA MEXAHU3M BO3HHKHOBCHIS
rpaButanuu. [Ipeasaraemple B HEX IPUHIIUIIBL HMEIOT IIPOOAEMBI U YACTO IIPOTUBOPEYAT APYL APYIY.

B Hacrofmed TeopuM HOCHTEAEM TIPABHTAILIMH YCTAHOBACHO HEHTPHUHO. ODKCIEPUMEHTAABHO IIOAYICHHBIC
XAPAKTEPUCTHKA 3TOH (DYHAAMEHTAABHOI YACTHIIBI IIOAHOCTBIO COBITAAAIOT C IapaMeTpamu rpaBurToHa. IIpocrpancrso
MAKpPO H MHKPOMHpPA 3aIIOAHEHO M COCTOHT H3 HEHTPHHO. HelTpHHO HMeeT OrpOMHYIO IIPOHUKAFOIIYIO CIIOCOOHOCTD,
IIOTAOIIACTCA M H3AyYaeTcd B Oera-pacmajax. 3eMHOE NPUTHKEHHE O0pasyercd B PE3YAbTATE SKPAHHPOBAHUA
LIEHTPAABHBIM AAPOM 3EMAH «BCEIIPOHUKAIOIINX IIOTOKOB HEHTPUHO». HeHTPHHO yIacTBYIOT B TEPMOSACPHOM CHHTE3E
Ha IIOBEPXHOCTH fAPA HAIIEH IAAHETHI M IIPEKPAIAIOT CBOE ABIKECHHE. B pesyAbrare, TOABKO IIOTOKH HEHTPHHO,
HAIIPABACHHBIE B CTOPOHY LIEHTPAABHOIO AAPA, HE UMEIOT YPABHOBEIIHUBAIOIINE IIPOTHBOUAYIINE IIOTOKH HEHTPHHO.
Ao MOMeHTa CBOEH OCTAHOBKH, HEHTPHUHO Ha CBOEM IIyTH OKA3bIBACT AABACHHE Ta3aM, KHAKOCTAM U IIOPOAAM

Ha mosepxuaocra 3emMAr 00beM IOTOKOB HEHTPUHO, HAYIIHX CO CTOPOHHI sipa 3emam (vg~ =100(v+V)/cmZcex),
OIIPEAEACHO B dKcIepuMeHTe HelTpuHHOrO Aetektopa KamLAND. Dror mokasareab mMenbme oobema (vg+ =~107-108
(v+V)/cm?cex) HeHTPUHO, IOCTYIIAIOIIEIO HA TIOBEPXHOCTh 3EMAHM CO CTOPOHBI KOCMOCA.

HoBblil B3TAfIA Ha IIPUPOAY IPABHTALIME OCYILIECTBACH C HO3HIIMM H3MEHEHHA HAIIPABACHUSA IIOTOKA HEHTPHHO,
IpH IPOHHKHOBEHWN B  Marepuio. HeATpuHO, NIpH IPOHHKHOBEHHM B TEAO, HE3HAYUTCABHO OTKAOHACTCA OT
IIEPBOHAYAABHOIO HAIIPABACHUA ABIDKEHHA. B MAarHUTHOM IIOA€ TAKOE OTKAOHEHHE B IIOTOKE HEHTPHHO IIPOHUCXOAUT
OPraHHu30BaHHO, YTO CIIOCOOCTBYET (POKYCHPOBAHUIO IIOTOKA. B pesyabrare, COKyCHPOBAHHBINA IIOTOK HEHTPHUHO
OKa3BIBACT AaBAacHue Ha atmocdepy u amrocdepy. Bosnukaer cmaa rpapurannn. [lose HpHTMKEHHA BO3ZHHKACT ¥
AFODOTO KOCMHYECKOTO TeAd, OOAGAAIOIIErO B CBOEM IIEHTPE 30HOH TepMOAAepHOI peakimu. Kamaoe teao obaaaaer
CIOCOOHOCTBIO CMEILIEHUS ITIOTOKA HEHTPHHO, OAHAKO, 9TO He IpUTAKeHne. HalrpaBA€HHBIH TIOTOK IPABUTALIIH BPAIIACT
LIEHTPAABHOE AAPO 3EMAHM, CO3AAET IPOLIECC MATHHUTO-AHHAMO, a4 Takke TOAKaeT AyHy Ha opbure. Iloa BAmMAHHEM
HAIIPABACHHOIO ITOTOKA IPABUTALIIE BOKPYT ITIAAHET OOPa3yeTCs KOABLIO.

I'paBurrariimonnas IOCTOAHHAA XapaKTepHAa AAA KaKAOIO HCTOYHHUKA I'PABUTAIINM W BBIPAXKAETCA COOTHOIICHHEM
IIPOCTPAHCTBA M BpEMEHH BOKpyr Hero. OOpaTHas  B3aMMO3aBHCHMOCTB  IIPOCTPAHCTBA M BPEMEHH IIOPOKAACT
AHOMAABHOE OTKAOHEHHE B IIPUPOAHBIX ABACHUAX.
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K’ro MyAp, 2Ty KHHIY OIIE€HHT C ITIOUTCHBEM, -
Annis TOT IEHHT 3HAHBA, KTO 3PEA PA3YMEHEEM.
FOcygp basacarymm, TFOPKCKHE ¢hraocogh

BBeaenue

CAOBO «rpaBHTAIIUM IIPOUCXOAHT OT AATHHCKOTO CAOBA «gravitas», O3HAYAIOIIEIO «BEC, TAKECTHY.
OAHAKO, «IPaBUTALINM) BEIPAKAET OOACE IIUPOKOE IMOHATHE, YeM IIPOCTO Bec Tead. CBOOOAHOE ITaACHME TEA HA
3eMAIO M3AaBHA OOBACHAAOCH HAAMYHEM WX TAHHCTBEHHOIO IPHUTHKEHUA K 3eMAe. ACTPOHOMHYECKHE
HAOAIOACHUSA ITOKA3AAH, YTO HEKOTOPEIE HEOECHBIE TE€AA TAKKE IIPUTATUBAIOT APYT APYyra.

I'paBuranimoHHBIE  ABACHHA HA IPOTHKEHUM BCETO  CYIIECTBOBAHHA YCAOBEYECTBA  BBISBIBAAHU
IIOBBIIIIEHHEIT HHTEPEC, IIOCKOABKY B CBOCH IIOBCEAHEBHOI IIPAKTUKE YEAOBEK HEIPEPHIBHO C HIMH
craakuBaAcs. EcrecTBO3HAHEE BBIABIHYAO ABa BOIIPOCA B 3TOI ODAACTH - O IPHUPOAC IPABUTAIIMU U O 3aKOHE
rpapuTannn. OTBET Ha IIEPBBIH BOIIPOC AOAKEH OBIA OBl IIPOAHUTH CBET HA IIPHPOAY TPABUTAIIHMH, HA €€
BHYTPCHHHI MEXAaHH3M, HA YCTPOICTBO IPAaBHTAIIMOHHOIO IIOAA. Kpome 9TOro HaAO OBIAO OIIPEACAHUTH
HCKOTOPI)IC HpI/IKAaAHI)IC aCHCKTbI, BBITCKAIOIITME M3 BO3MOXHOIO IIOHHMaHUA CyTI/I FpaBI/ITaHHOHHI)IX
rporteccoB. Hampumep, HEAB3Sl AU YBEAHYHTh HAU YMEHBIIHUTD THKECTb TEA, HEAB3S AH KPAHHPOBATHCA OT
BAUSHHA IIPUTATUBAIOIIEro Teaa u T. 1. OTBeT Ha BTOPOIl BOIPOC AOAKEH IIPHUBECTH K ITO3HAHHIO
(PYHKIIMOHAABHBIX 3aBUCHMOCTEH, HEOOXOAUMBIX AAf PACYCTa ABIDKEHUA TEA B IIOAE TAKECTH APYIHUX TEA.
Hampumep, AAfl pacdera ABIKEHHA WM TPAGKTOPHI IIAAHET U KOMET, MAM AAfl pacdera OaAAHMCTHYECKHUX
TPAEKTOPUI TEA B IIOAE TAKECTH 3EMAU.

3akoH BCeMUpPHOro TAroreHusA, chopmysupoBaHHbi — BeaukuMm Vcaakom Hproromom BO BTOpOIt
morosuHe XVII Beka, oTpakaeT yHHBEPCAABHOE CBOMCTBO MATEPHUH — 3aBHUCHMOCTH ABIDKEHHUA TEA OT HX
Macchl U paccrosaus MexxAy Humua. Oanako, cam V. Hproton u Bce mocaeayroriue (U3HKH HA IPOTAKEHAN
6oaee 300 Aet HE CMOTAH OOBACHHUTE IPUPOAY CHA, ACHCTBYFOIIHE HA TEAQ, COTAACHO 3TOMY 3aKOHY.

[Touemy, Ha IIEpBBII B3rAfA, TAKOH IIPOCTON 3aKOH, TaK AOATO HE IIOAYYAA AOAKHOIO OOBACHEHHA CO
CTOPOHBI (PU3UKOB? DTO MOMKHO OOBACHUTH TEM, YTO IIPU OOBACHEHHU IIPUPOABI BO3ZHHKAIOIINX CHA B
AQHHOM 3aKOHE, BCE YCHANA OBIAM HAIIPABACHBI HAa ITOMCK IIPUYHH TATOTCHNSA, HAIIPABACHHOIO TOYHO B IICHTP
3eman. B rtewenme XVIII—XX BB. dusukm nckaAm MeXaHH3M, OOBACHAOIUI TArorenwe. Hproron
IIPAKTHYECKH BCIO CBOXO JKH3Hb IIBITAACA AOKOIATBHCA AO CYTH TIpaBHTAHH. [Ibrrascsd BHadaAe OODBACHHUTH
AAABHOACHCTBHE TATOTEHHA HAAMYIHEM 35(HUpPa, TOHKOIO BEIIECTBA IIEPEMEHHON IIAOTHOCTH, KOTOPOE,
BBITCCHAA OOAee TPyOOE BEIIECTBO M 3AIOAHSAA IIOPBI TEA, BBI3BIBACT TeM cambiM apdekrt mpurmkerus. Ho,
BO3HUKAAM MHOKECTBO BOIIPOCOB, HAa KOTOPBIX HE HAIEA OOBACHEHHH M BIIOCACACTBHH OH OT ITIOHCKOB
MEXAHM3MA TATOTEHUS OTKA3AACH.

B rtedenme AByx BekoB pH3MKH OOCYHKAAAHM ABA THIIA MEXaHHU3MOB,
OOBACHAIOIINX TPABUTAIIHIO - C IIOMOIIBIO 9(PHPa U C IIOMOIIBIO KOPIIYCKYA.
Oanaxo, 918 OOBACHEHHUSA HE BHIACP/KHBAAH CEpPbe3HON kpurtuku. Bompoc, kyaa
AEBAIOTCA 3TU YACTHIIBI IIOCAE CTOAKHOBEHHA C TEAAMH, HE AABAAW ITOKOA
YICHBIM.

Becp aToT MexaHM3M IpaBHTAIIMNI MOKHO HATASAHO IIOKA3aTh Ha IIPOCTOM
OIbITE C BO3AYIIHBIMU Inapamu (puc. 1). «Ddup» - BO3AYX B OOABIIOM IIape
OKA3bIBAET AABACHHME HA MAACHBKHE ITTAPHEI, OAHAKO MEKAY HHMH TATOTEHHE HE
ITOABAACTCH.

Bosuukaau pasHele OOBACHEHHA IHIPUPOABI TATOTCHHA (IAECKTPHUYECKHE,
MarHUTHBIE U Ap.), OAHAKO BCE OHH IO TE€M MAM HMHBIM IIPHYNHAM HE HAXOAHAU
AOAKHOTO YAOBAETBOpeHHA. k1 9TO cIpaBeAAMBO, Tak KaK OHH HE OITMCHIBAIOT IPUYNHY TATOTECHHUA MEKAY
TEAAMH.

I makxowrer, GpU3NKH OCTAHOBHANCH HA TOM, YTO MACCa TE€AA - IPUYHHA IIOASl TATOTEHHSA, U BCe. XOTH, BCE
MBI 3HaEM, 9TO AyHa, IMEIOIas MacCy MEHbIIE MacChl 3eMAn B 81 pas, mMeeT IPUTAKEHIE BCErO B IIECTH Pas3
MEHBIIIE, YTO CBUAETEABCTBYET O HECOOTBETCTBHH M HE3ABICUMOCTH MACCHI T€AA B TATOTEHU.

TAroTeHHEe — 3TO ITOCAEACTBHE I'PABUTAIIMOHHOTO B3aMMOACHCTBHA TEA, CHAA, IIOAYICHHAA B PE3YABTATE
BAHAHUSA I'PABUTAIINA. DTO MOKHO CPaBHHTDH C HHAYKIIHEH MaTHHTHOM KATYIIIKH, BOSHHKAIOIIEH B PE3yAbTaTe
HAIIPAaBACHHOIO TOKA 9ACKTPOHOB. A, TaK KaK, H3BECTHBIH 3aKOH BCEMHUPHOIO TATOTEHUA OTHOCHUTCA K
BBIYHCACHUIO I[EHTPOOEKHON CHABI TEA C OIPEACACHHOI MACCOH M €€ IIPOTHBOACHCTBHUSA, TIPABHTAIIUA B
AQHHOM 32KOHE HMEET BTOPOCTEIICHHOE MECTO.

Wurepec k mpobaeme rpaBuTaiuy BO3HUK 3aA0ATO A0 Hprorona. B IV Bexke Ao Harrei aper AprucroreAs
VTBEP/KAAA, UTO BCE TE€AA ITAAAIOT, IIOTOMY YTO OHH CTPEMATCA K IeHTPY BceAeHHOI, a 9TUM IIEHTPOM ABAAETCA




3emas. Ilpu o1OM CYHTAAOCH, YTO YEM THKEACE TEAO, TEM OBICTpEE OHO ITaAaeT. Takoe IIPEACTABACHHE
IIPOAEPIKAAOCH OKOAO 2 TBICAYEACTHI M OBIAO OIIPOBEPTHYTO B pPe3yAbTaTe OIBITOB ['aAamAes coO CBOOOAHBIM
ITaACHHEM TeA. 'aAmAeH AOKa3aA, 9TO €CAH OCBOOOAUTHCA OT COIIPOTHBACHHSA BO3AYXA, TO BCE TE€AA VIIAAYT Ha
3eMAIO C OAMHAKOBBIM YCKOPEHHEM. BOABITION BKAAA B pa3BUTHE HACH O BCEMHPHOM TATOTEHHUU BHECAO
otkperrue M. Kermaepom 3akOHOB ABIKEHHSA IIAAHET, OAHAKO, TAK K€ O3 OOBACHEHHSA IPUYHUH TATOTCHUA U
yaactus rpapuranun. Bee otu dhakrer moarotoBuAn 1mousy AAf otkperrus V. HeroroHoM 3akoHA BCeMUPHOTO
tarorenusa B 1685 roay.  DTOT 3aKOH, a Takke cOpMyAHpoBaHHbIE HBIOTOHOM TpPHM OCHOBHBIX IPHHIIUIIA
MEXAHUKH: 3aKOH WHEPIHH, 3aKOH IIPOIOPIIMOHAABHOCTH YCKOPEHHSA ACHCTBYIOIIEH CHAC K OOpAaTHOM
IIPOIIOPIIMOHAABHOCTH MACCE, 4 TaKKe 3aKOH PaBEHCTBA ACUCTBUA IPOTUBOACHCTBHIO — AETAM B OCHOBY
COBPEMEHHOM KAACCHYECKOM, MAH, KAK 9aCTO TOBOPAT, HBFOTOHOBOM MEXaHUKH.

Kak B Tteopum tarorenms HproroHa, Tak M B OOIIEH TEOPUH OTHOCHTEABHOCTH DUHIITEHHA
I'PaBUTAIIMOHHAA IIOCTOSIHHAA PACCMATPUBACTCA KAK YHUBEPCAABHASA KOHCTAHTA IIPUPOABL, HE H3MEHAOIIAACH B
IIPOCTPAHCTBE U BPEMEHH U HE 3aBUCAINAA OT (PU3UYECKAX U XUMHUYECKUX CBOMCTB CPEABI M IPABUTHUPYIOLIIIX
Mmacc. Bmecre ¢ Tem, 9TH yTBEpKACHHUA CACAAHBI O3 OIPEACACHHSA IIPUPOABI CAMON I'PABUTALIUM, B CBA3H C YEM,
HE MOIYT IIPETEHAOBATH HA OOOCHOBAHHYIO TEOPHUIO.

I/ICTO"IHI/IK I/IHCPL[I/II/I A MEXAaHM3M I/IHCPL[I/II/I €CTb KpaCyFOAbeIfI KaMCHb, Ha KOTOPOM O603HanHO
paspellieHre Ha IIPABOMEPHOCTh HAM Ha HCTHHHYIO MOACAb Teopuw rpasuraiun. Permms mpobaemy
HHEPIIHH, MO>XHO CMEAO YTBEPXKAATHb, YTO MOA€Ab IPABHTAIIHH BEPHA H YTO OTKPBIT IIVTH AAA
ITOHHMAHHA MHOTHX ABACHHH IPHPOABI - OT OCHOB YCTPOHCTBA BEITECTBA AO PACIPOCTPAHEHHA CBETA.

Paccmorpum cocrosnme mHeprnu B cymiectByromux teopusx. Flcaak Hproron odopmua mam ormcaa
IPABUTAIIMIO U MHEPIIMIO OYEHBb IIPOCTHIMU (DOPMYAAMH, CACAVIOINMNMH U3 3aKOHOB Kemaepa AAfl ABHKeHUA
maanet. Bor dopmyast Herorona:

mqgm
IPaBHTALIHA — F=G %
HHEPIIHA- F=a-m

OueBHAHO, 9TO 9TH (POPMYABL, HUKOUM OOPa3OM HE AAIOT IIPEACTABACHIA OO HMCTOYHUKE IPABUTALINN K
HMHEPITHH. DTO COBEPIIEHHO YETKO MoHnMaA caMm Heroton.

B macrosmmee Bpems OOINEIPU3HAHHOH TEOPHEH TI'PABHTAIIMH SABAACTCA IIPOCTPAHCTBEHHO-BPEMEHHOE
npeacrtaBacHHe AApOepra Ofimmrrefina O6rmmas Teopusa ortHocuteapHOCTH (OTO). OpHako, B OTO
akTHYIeCKH OTCYTCTBYEeT CHAA TIPABUTALINM, KaK 9TO HpuHATO HeroroHoMm. Bmecto cumAmr BBeA€HO
I'PaBUTAIIMOHHOE IIOAE B (DOPME, OIMCHIBAEMOE METPHYECKUM TEH30POM, B KOTOPOM I'PaBHTAIIHOHHOE IIOAE
XapaKTEPHU3yeTCA HEe CKaAAPHBIM IToTeHImasoM Herotona
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a ACCATBIO cbyHKL[I/IHMI/L D cbyHKLH/IH OHPEACAAIOT IICEBAOPUMAHOBO IPOCTPAHCTBO C HHTEPBAAOM

ds?= n(ik) - dx(i) - dx(k)

[IpuHATO CYUTATH, YTO TAKOE OIMCAHUE M €CTb - IOAE TPABUTAIIMU U ABAAETCA (DOPMYAOH IPABUTAIIII
mo OTO, a wmmepnud - ectb IOAHBIA 9KBHBaAeHT rpaBuraruu. OHA OIKCBHIBACTCA TOYHO TAKHM KE
IIPOCTPAHCTBEHHO-BPEMEHHBIM HHTEPBAAOM. Y TBEPKAATH, YTO IPOOAEMA IPABUTAIIMN U MHEPLIUH Pa3perieHa
C IIOMOIIBIO reoMeTpun upe3Berdaitno TpyAHo. OTO He 00AaA2eT MEXAHU3MOM, HAH IIPUPOAOH I'PABHTAIINN-
HHEPIUN. DTO AO CHX IIOP ABAAETCA OCHOBHOM IPHYHMHOMN HEIPEPHIBHOIO ITOMCKA PEAABHOTO MEXaHHU3Ma 3THX
IIPUPOAHBIX CYIITHOCTEH. [1]

B macrosieir pabore HmKe BBIBOAUTCA KOCMHYECKAs I'PABHTAIIMOHHAA ITOCTOSHHAS, XapaKTEePHAd AASA
K@KAOTO ~ TPABUTHPYIOIIETO TEAd M 3aBHCAINAA OT OOBbEMA €ro IEHTPAABHOIO AAPA, TAE IIPOHCXOAHUT
TEPMOSACPHBIN cuHTe3. PHU3mdyeckne M XHMHYECKHE  CBOMCTBA MAaTEPHAABHOM CPEABI HEITOCPEACTBEHHO
3aBHCHUT OT BEAHYHHBI IPABUTAIIMOHHON ITOCTOAHHOM.

ACTPOHOMHYECKHE HAOAFOACHUS ITPOH3BOAATCA TOABKO C ITOMOIIBIO 3AEKTPOMATHHTHBEIX KOACOAHHH
(OMB, ramma-kBaHTOB, PEHITEHOBCKOIO H3AYYEHHSA, CBETA) U KOCMHYECKHX Aydel. [Toka Apyrmx AOCTYIIHBIX
CII0cOOOB HE CYINECTBYIOT. B WacTHOCTH, HET OOHAPY/KEHHUA HOCHTEAA IPABUTAIIMOHHBIX BOAH, HET IIPAMBIX
M3MEPEHUI CHUA TPABUTALIMN U HHEPIIUU. B ITOCACAHHE TOABI IOABHANCH CIIOCOOBI HEWTPHHHON TOMOrpaduu
U CKAaHUPOBAHHA, UTO AAFOT HAACKAY B PACIIMPEHHUH aCTPOHOMHYECKHX mccAaeaoBaHmH. [loka oObacHeHme
ACTPOHOMMYECKAX HAOAFOACHHH, B OCHOBHOM, OCHOBBHIBACTCA HAa AOCTHKEHHAX TEOPETHIECCKOW (DU3HMKH W,
IAABHBIM 0O0pa3oM, Ha rpapuraruu-nHeprun Herorona, OOme#d Teopuu OTHOCHTEABHOCTH, KBAHTOBOI
TEOPUH I'PABUTAIIN.



I. HoBrIi1 B3TASIA HA TIPUPOAY TPABHTALINH
Hcrmnpa 6b1BacT 9acro HACTOABKO IIPOCTA, YTO B HEE HE BEPAT. Danau AeBaspa

1.1. Mecro rpaBUTAIIHU B 3AKOHE BCEMHPHOI'O TATOTCHUA

[Ipupoaa rpaBUTAIINN AO CHX IOP HE ACHA U YYEHBIEC YIOPHO IPOAOAKAIOT HUCKATH YaCTHIY-HOCHTEAS
[PaBUTALINA — THUIIOTETHYCCKYIO YACTHIY «IPaBUTOHA». VIMerormmecs cefYac MOACAH «TPABUTOHOBY IIOKA
AAACKH OT OIIMCAHHN PEAABHOH ACHCTBUTEABHOCTH, TaK KaK MX M HE CMOTAM IIOKa OOHapyxuThb. Aa, U3
HEKOTOPBIX ITOCTPOCHHUI BBITEKACT, YTO B3AUMOACHCTBHE C IIOMOIINBIO «IPABHTOHA» AOAKHO KAaK OYATO
BBEI3BIBATH 9(P(EKT OTTAAKHBAHUA, HO 3TO BCE ITOKA TEOPHH.

Besae BemectBO (T€A2) ImaAaroT Ha Kakoe-AmOO meHTpaspHOe Tero. Ha 3emae - 910 maseHme tea u
IpeAMeTOB Ha 3eMAlo, yckopernue AyHbl B cropony 3eman, B COAHEYHON CHCTEME - 9TO HAAUYHE YCKOPEHUSA
(maaenus) maanet B cropory Coanna. Hekas HeBuAnMas craa TAHET OOBEKTOB B CTOPOHY LIEHTPAABHOIO TEAQ,
1 3aCTaBASICT HX BPAINATHCA BOKPYT Hero. Takoe moaoxkenne cam HprotoH HasBaA TAroteHHeM (YCKOPCHHEM)
TEA K LEHTPY OKPYKHOCTH. M, HCXOAA H3 9THX IOAOKEHHI, OH CPOPMYAHPOBAA CBOM 3aKOH BCEMHPHOIO
TAroreHus. TAroTeHne, Oka3aAoCh, IIPOIOPIUOHAABHO MACCAM TE€A, H OOPATHO HPOIIOPIIMOHAABHO KBAAPATY
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ITpu<uHbl TAKOTO ITOBEACHNA OOBEKTOB (ITAACHISA, YCKOPEHUA) OCTAANCH HEBBIACHCHHBIMI. CaM 3aKOH
HproToHa OXBAaTBIBAET TOABKO YaCTh HEKOETO ABACHHA M 3aKOH «HAYMHAECTCA» TOTAQ, KOTAA HEKHIT OOBEKT yike
CBA3aH (B3aMMOCBA3aH) IICHTPAABHBIM TEAOM, U OH, KPYKaCh BOKPYI OOABIIIOIO T€AA, IO CHHPAAH ITAAAET Ha
LEHTPaAbHOE TeAO. V, ..Bce. A BOT, 94TO IIPOUCXOAHUT AO B3aHUMOCBSI3H TEA, M UTO 32 IIPOIECCHI ITPHUBOAAT K
TAKOM B3aHMMOCBS3H, OCTAIOTCA HEACHBIMH. UTOOBI OOBACHUTE BCE 3TO HEACHOE, OBIAO H300PETEHO U IIYIIIEHO
B OOHXOA rpaBuTanuoHHas cuAa. OHa B3fAa Ha CeOf OTBETCTBEHHOCTD 3a ITAACHUSA M TATOTEHUA TEA APYI K
Apyry. 11 310 OBIAO TIPaBHABHOE perreHne, H0O Hayka 0OA3aHA OBIAA PA3BUBATHCHA AAABIIIE.

HoBprit  1OAXOA B HacTOAIIEH paboTe, KAK pa3 COCTOMT B TOM, YTOOBI 4yTh, OOAEE INHpE U TAyOKe,
B3TAAHYTH HA 3TH BEIIH, U TOIBITATbCA OXBATUTEL 9TO ABACHHE OT HAYaAAd M AO KOHIIA, U BBIACHHUTD, YTO 9TO 32
ABAeHHE. BeAp ABHO dyBCTByeTICs, YTO €CTh HEKOE OOABIIIOE SBACHHE, a 3aKOH BCEMHPHOIO TATOTCHHA
«yXBATBIBAET» TOABKO KyCOK 3TOIO ABACHHA.

ITpupoaa rpaBuTamum OKa3aAach  CaMOM CAOKHOM M YBAEGKATEABHOHM BO BCEH COBPEMEHHON
dysramenTanbHON dusnke. EcTecTBEHHON 5KCIIEPHUMEHTAABHOI YCTAHOBKOM AAf OTKPBITHA IIPHPOABI
rpapuTanun  rmocAyxnsa CoanedHas cucrema. B a10l cmcreme camad MaAeHbKAs YACTHIIA - HEHTPHUHO
OKA32A0Ch AOMHUHHUPYIOIIHM II0 SHEPIHH M EAHHCTBEHHO CIIOCOOHBIM CO3AaBAaTh CHAY rpaBuranud. Ilo
CBOHUM Ka4eCTBAM Ha POAb «(IPABUTOHA» - UCIIOAHUTEASA TPABUTAIINN IIPETEHAOBAAO TOABKO HEUTPHHO, OAHA U3
CaMbIX MAAEHBKUX YACTHIT, H3BECTHBIX COBPEMEHHOM HayKe.

[Ipocrefmmii  9KCIIEPUMEHT - «TPABUTAIMOHHOE OTKAOHEHHe» (puc.2),
\ ImpoBeAeHHBII MHOIO B ropoae [IevkenTte (Kaszaxcran), B KOpHE MEHAET B3TAfIA HA
‘\ Crexsfrrmit IIPUPOAY TPABUTAIIUU. DTOT SKCIEPUMEHT HAIIPABACH HA OIIPEACACHHE CBONMCTBO
| o IPaBUTALINN 110 M3MEHEHHUIO HAIIPABACHHA ABIKEHUA CBOOOAHO IAAAIOIINX TEA B
\| BepTuKaAbHOI (A) u ropusonTaspHON (B) maockocrax. AAf HCKAIOUCHHA BAUAHHA

‘\ ABIKEHHS BO3AYXd, IIAACHHA KaIAM 3a(DUKCHUPOBAAMCH B  H30AHPOBAHHOM

| CTEKAHHOM BEPTHKAABHOM COCYA€ AByxmerposor Beicotel (H = 2000 mm).

\\ Dukcarusa pe3yAbTaTOB IIPOBOAHAHCH B PasHOE BPEMsA CYTOK, TOAA M Ha Pa3HBIX

Oomee | mectax. 80% KallAm BOABI, IIPH CBOOOAHOM IIAACHUH, B 3aBHCHMOCTH OT BPEMEHU
“ Kanas sart CYTOK HMEIOT fABHOE OTKAOHEHHE, HO IPEHMYIIECTBEHHO B FOTO-BOCTOYHYIO

1 A 4 —

| CTOPOHY OT BEPTHKAABHOTO OTBeca M maAaroT Ha paccrogamu (L= 10 mm) or
|
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FOro-socrok DTO MOXKHO OOBACHUTH TOABKO TEM, YTO OTKAOHEHHE IIPOMCXOAHT IIOA
BO3ACHCTBHEM  TIPABUTAIlUM,  HMEIOIIEH B OCHOBHOM  IOTO-BOCTOYHYIO
L HAIIPABAEHHOCTb BAMAHHA, TO €CTh HE IPAMO K HeHTPY 3eMAn. O IpHUYIHHAX TAKOTO
| Puc2 CBOICTBA I'PABUTAIIHH ITOAPOOHO OCTAHOBHMCH HITKE.

[IpramsOi  TPyAHOCTH ~ OOHAPYKEHHA  HOCHTEAl  IPABHTAIIMA  AO




CETOAHAIITHETO AHA, ABAAETCA HEYIPABAAEMOCTh M HEYAOBUMOCTD HOCHUTEAA TPABUTAIIAH, A TAKKE, OTCYTCTBHE
APKUX IIPU3HAKOB, IIO3BOAAIOIINX CAEAATH BBIBOA O CBOMCTBAX M KAYECTBAX, TAK HA3BIBAEMOTO «TPABUTOHAY.

OAHOM H3 TAQBHBIX IPOOAEM B IIYTU ITO3HAHHUA TAWH IPABUTAIIMH CTAAO HEYAAYHOE IIPEACTABACHUE O
CBOMCTBAX I'PABUTAIIMU IIO B3aUMOAECHCTBHIO C MATEPHAABHBIMU TEAAMHU. DBIAO OIMMOOYHO IPHUHATO, UTO
TPABUTALNSA, CO3AABAA IIPUTHKEHUE MEKAY TEAAMH, HE IPUTAAKMBAET UX APYT APYITY, 4 IPHUTATMBAET UX IIO
npAMOH AmHHH. Takoe IPEACTABACHHE HE ITIO3BOAAAO OOBACHUTD MEXAHH3M OOpAIIEeHHA KOCMHYECKHX
OOBEKTOB IO OpOHUTE, TEM OOAEE BPAIICHHUA UX BOKPYI COOCTBEHHOM OCH. MBI HCKAAH TPABHTAIIHIO HE TaM,
TA€ OHA HAXOAUTCA.

ITpeanaraemas HIKE «HEHTPHHHAA THITOTE3Q» ITO3BOANAA ITPUBAECYDL B HOBYIO TEOPHIO O BO3HUKHOBEHHH
I'PABUTAIINN CaMBIE APKHE HACH (DU3NKH SAEMEHTAPHBEIX YaCTHI] U TEM CAMBIM OOOTaTHUTbh COAEPKAHUE 3TOH
Teopuu. bAaroaaps cMEABIM HPEATIOAOKEHHUAM, KOTOPBIE BIIOCACACTBHN HAXOAHAH HOATBEPKACHUA, B 9TOH
paboTe YAAAOCH CO3AATH CTPOHMHYIO CHCTEMY O CBOMCTBAX IPABUTAIIMH, KOTOPAs XOPOIIO COIAACOBBIBACTCH C
CYIIECTBYIOIIUMH B IIPUPOAE U HAYKE 3aKOHAMHU U IIPABUAAMH.

1.2.0mpeaereHre HEUTPUHO KaK HocuTeAd rpasutanmuu. Ilocryaar

I'paBUTOH - I'HIOTETHYECKUIT KBAHT-IIEPEHOCYUK I'PABHTALIMOHHOIO B3aMMOACHCTBUA - 9ACMEHTAPHAA
9gacTuIa 06e3 9AEKTPUYECKOIO 3apsAAA CO CIIMHOM 1/2 ¥ ABYMsI BO3SMOKHBIMU HAIIPABACHHAMU IIOAAPU3ALINN.

Bo3smOXHO KBaHTOBAaHHE CAAOBIX BO3MYILCHHH 3aAAHHOIO TPABHTAIIMOHHOIO IOAA. B pamkax Taxoit
AMHEAPU30BAHHOH TEOPUU IAEMEHTAPHBIM BO30OYKACHUEM H ABAACTCA TPAaBUTOH. B pesyAbraTe UpesBbIYaliHON
cA200CTH TPABUTAIIMOHHOIO B3aUMOACHCTBUA, 3KCIEPUMEHTAABHOE OOHAPY/KEHHE OTAECABHBIX I'PABHTOHOB B
HACTOAIIEE BPEMA HE IIPEACTABAACTCA BO3ZMOKHBIM.

I'mrrore3sa O CyIIeCTBOBAHHHM I'PaBHUTOHOB IIOABHAACH OAAroAaps YCIEXY KBAHTOBOH TEOPHUH IIOAA
(ocobenno  CTaHAAPTHOM MOAEAH) B MOACAMPOBAHHUU ITOBEACHHSA OCTAABHBIX  (DYHAAMEHTAABHBIX
B3aMMOAEHCTBHII C IIOMOIIIBIO ITOAOOHBIX YACTUIL: (DOTOHBI B 9ACKTPOMATHUTHOM B3aHMMOACHCTBHH, I'AFOOHBI B
CHABHOM B3anMoAerctBrn, W u Z 0030HBI B cAaOOM B3ammoAeiictun. 1o amasormm, 3a rpaBHTAIIMOHHOE
B3AMMOACHCTBHE TAKIKE AOAKHA OBIAA OTBEYATH YACTHUIIA.

Oanako, monertku pacmuputb CTaAHAAPTHYIO MOAEADb TI'PABUTOHAMH CTAAKHBAIOTCA C CEPbE3HBIMU
TEOPETUIECCKUMU CAOKHOCTAMU B OOAACTH BBICOKHX SHEPIUi (PAaBHBIX HMAHM IIPEBBIIIAIOIINX ITAAHKOBCKYFO
SHEPIUIO) H3-32 BO3PACTAIOIIEH OECKOHEYHOCTH BCACACTBHE KBAHTOBHIX 3((eKroB (rpaBuTanud He
peHopMaAnu3yeTcs). DTOMy BOIIPOCY ITOCBAIIEHO HECKOABKO IIPEAAOKEHHBIX TEOPHH KBAHTOBOM IpaBUTAIIH (B
YaCTHOCTH, Teopus cTpyH). COrAaCHO TEOPUHU CTPYH, IPABUTOHBI (TAK/KE KAK M APYTHE YACTUIIBI) TO COCTOAHUA
CTPYH, 2 HE TOYEYHBIE YACTHUIIBL, B 9TOM CAYYIae OECKOHEYHOCTH HE IIOABAAIOTCA, B TO K€ BPEMA, IIPH HU3KHUX
SHEPIUAX HX MOKHO PACCMATPHBATL KaK TOYEYHBIE YACTHIBL 10 €CTh IPaBHTOH - 3TO HEKOTOPOE
IIPUOAMKEHHE K PEAABHOCTH, KOTOPOE MOKHO HUCIIOAB30BATh B OOAACTH HU3KHUX SHEPIHUIL.

B paborax A.A.Vuaepa u C.I.®PepocuHa B KadeCTBE TPABUTOHOB OBIAM IIPHHATEI KOCMHYCCKAE KBAHTHI
Kak cocraBHble yacTu porToHoB. [Ipeasaraeman C.I.PeAOCHHBIM MOAEAD IPABHTAIIMOHHOIO B3aMMOACHCTBHA
ITO-CBOEMY PEIITA€T YKa3aHHBIE IIPOOAEMBI, IIPU 9TOM B KaYECTBE I'PAaBHTOHOB IIPEAIIOAATAFOTCA HE TOABKO
¢OTOHBI, HO TAKKE HEHTPUHO U PEAATHBUCTCKHE YaCTUIIBI, TOAOOHBIE KOCMIYECKHM Ay4aM. [3]

Msydenne HEWTPUHO - 9TO KaK pa3 TO HAIIPABACHHE B AACPHOI (DH3MKe, KOTOPOE B HACTOAIIEE BPEMs
repexuBaeT Hacrosmuil 6ym. B mccaepoBanmax Amxona bakasaa, Asona Vuaepa, Mureas A.X., 3eapaoBrda
S.B., Cronsesa P.A., ITapxomosa A.I'., ®eaocuna C.I'., bepesunckoro B.C., 3anenuna I''T., , Aaekceesa E.M. u
APYIHX YACAAETCA OCOOOE BHUIMAHHUE HA AHAAOTHYHBIE IPABUTOHY CBOMCTBA HEHTPHHO.

CoraacHo OOIIEH TEOPHH OTHOCHTEABHOCTH, IIPU ABIKCHHH MACCHBHBIX TEA C IIEPEMEHHBIM
YCKOPEHHEM BO3HHKAIOT BO3MYIIEHHUA IPABUTAIITHOHHOIO IIOAS, KOTOPBIE PACIIPOCTPAHAIOTCA B BAKYYME B BUAE
IPABUTAIIMOHHBIX BOAH. MOIIHBIM HCTOYHHKOM HX ABAAIOTCA B3PBIBBI CBEPXHOBBIX 3BE3A, IIPOIIECCHI HX
I'PaBUTAIIMOHHOIO KOAAQIICA4, KOTA2 BMECTE C TIPaBHTAIIMOHHBIMH BOAHAMH HCIYCKAIOTCA W HEHTPHHHBIC
OTOKH.

MoA€Ab HCIYCKAaHHA IPABUTAIIMOHHBIX BOAH OBIAA IIPOBEPEHA HA B3PHIBE CBEPXHOBOH, KOTOPBIH
mpousorreA Ha paccrofauu 168 Teicad cBeToBBIX AeT OT 3emMAn B Boasmmom Mareasanosom Obaaxe. Ot
BOAHBI OBIAH 3apPETHCTPUPOBAHBI AMEPHUKAHCKAMH TI'DAaBHTALIMOHHBIMU AeTekTopamu B deBpase 1987 roaa.
Toraa HEHTPUHHBIE ACTEKTOPBI YAOBHAH 24 HEHTPHUHO, UCIYIICHHBIX BO BpeMA B3pbiBa. PDH3NKN BBIACHHAM,
YTO C TOYHOCTBIO ITAFOC-MHHYC 10 MHAAMCEKYHA MAKCHMyM TIPAaBUTAITMOHHBIX BO3MYIIEHHN ITPOHMCXOAUT
IIPUMEPHO 32 5 MUAAHUCEKYHA AO BOSHHUKHOBEHNA HEHTPUHHON BCIIBIIIKH. [4]
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DTO ABAEHHE COIPOBOKAAAOCH CTATUCTHYECKI AOCTOBEPHBIMH HAA (DOHOBEIMH CHTHAAAMH HEHTPHHHBIX
TeAeckorioB. VccaeaoBaTeabcKass Ipymia Ha HEHTPHHHOM obOcepBaropuu 1mos MoHOAaHOM coOOOIIHAZ O
PErHCTpAINN IIATH AHOMAABHBIX HEHTPHUHHBIX BCIIACCKOB, €IIE€ HE 3HAad HHMOPMAIHIO OO OITHIECKOM
otkperrun CepxHOBOH. Koraa mocrymmaa u ata mHMOpPMANHA, TO OKA3aAOCh, YTO HEHTPHHHBIC COOBITHSA
onepeKaroT (PaKT OITHYIECKOH perucrpanuu Ha 6 9acoB. Bcaea 32 sTUM aHAAM3 AAHHBIX Ha APYTHX KPYITHBIX
HedTpuHHBIX ycTaHOBKax — Kammokanae (Amonms), IBM (CILIA) u baxkcamckoi HeHTpHHHONI 0OCEpBATOPHI
(CCCP) mokasaA HaAIYHE IIPEBBIIIAIONTUX (DOH CUTHAAOB B HOUb nHofBAeHnA CBepxHoBOM 23 deBpand 1987 1.
Pesyapratel AQHHOTO COOBITHA CBHACTEABCTBOBAAM, YUTO HEHTPHHHBIH CHIHAA (DAKTHYIECKH OOOTHAA
doTOHHBINH curHAA U (PAKTHYECKUIT COBITAAAA C TPABUTAIIHOHHBIME BOAHAMHE. [2] OCHOBBIBaACh Ha 3TOM (haKTe,
[laapusa A.I'. AeraeT BEIBOA, 9TO HEWTPHHO €CTh IPABUTOH.

IIpoxoaAs ¥epe3s MAaCCHBHOE TEAO, IPAaBUTAIIMOHHBIC BOAHBI M3MEHAIOT HAIIPABACHHE, ITPEAOMAAFOTCH,
ITIOAOOHO CBETOBBIM BOAHAM, IIPOXOAAIIHM dYepe3 AMH3y. B pesyApTaTe TIpaBUTAIIMOHHBIE BOAHBEI
dOKycHpyrOTCA Ha HEKOTOPOM PACCTOAHUHU OT TAKOH «TpaBHTAIIMOHHON AmH3bD. Kak mokasaa A. X. Mureas,
oObraHas 3Be3Aa, TuIa CoAHIa, 00A2A2eT XOpOIIHMU (DOKYCHPYIOIIUMU CBOUCTBAMIL. [5]

VYcTaHOBAEHHBIE CBOMCTBA HEUTPHHO HACHTUYHBI CO CBOHCTBAMM 3MIIMPHYECKOro rpasuToHa. Ha
OCHOBAHHNU H3AOKECHHOIO, HEOOXOAWMO BBIABUHYTb HOCTVAAT rpapurarmum: Hocwmreaem rpapwurarmn
ABAFCTCA HEHTPHHO.

BriaBuraemoe B 310 padoTe HA POAD HOCHTEAA I'PABUTAIINN - HEHTPUHO OOAAAAET BCEMU CBOMCTBAMU H
KaYeCTBAMH, IIPUHAAACKAINUMU 3araAOYHOMy rpaBuToHy. (CpaBHEHHE CBOWCTBA TI'PAaBUTOHA W HEUTPUHO
ITOKa3BIBACT HX MACAABHYIO HACHTUYHOCTB: OOABINAf IIPOHUIIAEMOCTb, IIPHUCYTCTBHE BO BCEX YIOAKAX
BCEACHHOI M BHYTPHATOMHOM IIPOCTPAHCTBE, U3AYYEHHE U IIOTAOIIECHHE B TEPMOSACPHOM CHHTE3E, cAaboe

B3aUMOAEIicTBHIE C BerectBamu. [1o rrepedncAeHHBIM CBOMCTBAM HU OAHA M3 M3BECTHBIX HAYKE YAEMEHTAPHBIX
YACTHUII, KPOME HEUTPHUHO, HE MOKET IIPETEHAOBATh HA POAb I'PABUTOHA.

PearmpoBath ¢ ApPyrHMH YACTHIIAMH HEWTPHHO MOIYT 33 CYET CAADOTrO AAEPHOTO B3aUMOACHCTBHAL
IToTok HERTPUHO, BOZHUKAIOIIUX IIPU O€Ta-pacIraAax, 0e3 0CAaOACHHA IIPOXOAHT CAOH BEIIECTBA TOAIINHOM,
COITOCTABHMOH C MEK3BE3AHBIMH PACCTOSHHUAMHU.

Bosmo:xHO, ¥TO HEHTPHHO CIIOCOOHO OYCHD CA2DO B3AMMOACHCTBOBATH C 9ACKTPOMATHHTHBIM IIOACM,
TaK KaK TEOPETUKU AONIYCKAIOT HAAWYHE y 9THX YACTHI[ MATHHTHOIO MOMEHTA, XOTA H OYEHb MAaAOTO.
Maruawurabiii MoMenT HefiTpuno menbirne 107° MATHUTHOTO MOMEHTA SAEKTPOHA, HO, TIO-BUAUMOMY, HE PaBEH
HyAr0. Bo3MOKHA IIperieccus B CHABHBIX MATHUTHBIX IIOASIX, nMmeeT Bparienue (1/2 crmm).

B macrofee Bpemsa M3BECTHO O CYIIIECTBOBAHUU ITIECTH THUIIOB HEUTPUHO (IAEKTPOHHOE (V,), MEOOHHOE
(V,), Tay-HEHUTPHUHO (V,), 2 TAKKe UX aHTHYIACTULDY). HEHATPHHO BO3ZHUKAFOT H OTAOIIAFOTCA IPH PACHAAAX
ATOMHBIX AANEP H 3A€MEHTAPHBIX YACTHII.

HefitpuHo yABPTpaHH3KHX SHEPIHI - CaMO€ PacHpOCTpaHEHHOe BernecTBo Beeaemmoin. Mx
KOHIICHTpaIusA, B cpeAHeM 1o laaaxktmke, cocTaBasieT 10"- 10°v/cM’cex. BsiicHmaoce, dro B
IIPOTHBOIIOAOKHOCTb PAaHEE CYIIECTBOBABIINM IIPEACTABACHUAM, HEHTPHHO YABTPAHH3KHX JSHEPIHH
B3aHMOACHCTBYFOT C BEIIECTBOM HECPABHEHHO 6oAee 3¢hgheKTHBHO, YeM HEWTPHHO «IACPHBIX» SHEPIUIL.

BzaumoaericTBue HEWTPHHO YABTPAHU3KUX SHEPIUI C BEIECTBOM IIOAOOHO B3aMMOACHCTBHIO CBETA A
PAAHOBOAH CO CPEAOH, OOAAAAIOIIEH OYEHb BBICOKOW IIPO3PavHOCTBIO. B Bakyyme pacmpocrpanenue
HU3AYYEHHUSA IIPOUCXOAUT IIPAMOAUHEHHO 1 Oe3 oomena sueprueil. Ho, Ha HeoaHOpOAHOCTAX, HAa rpaHAIIax
CpeA C pasAHYHBIMH GDH3HIECKHMH CBOHCTBAMH IPOHCXOAHT IIPEAOMACHHE H OTPAKEHHE, T.€.
H3MEHEHHE HAIPABACHHA PacHpocTpaHeHud. lpu sroMm sHeprus dactuil (KBaHTOB) TOXE HE MEHACTCA.
M3menenne HalpaBACHUA ABHKEHHA O3HAYACT M3MEHEHHE MMIIYABCA, C KOTOPBIM CBA3aHO ACHCTBHE CHABI HA
dparMeHT BeIecTBa, IAC IIPOM3OIIAO 3TO H3MEHEHHe. TakuM 0Opa3zoMm, HEHTPHHO B3aUMOAEHCTBYET C
BEIIIECTBOM CBOCOOPA3HO: IHOTOK H3AVYECHHA OKA3ZBIBAET MEXAHHIECKOE AABACHHE IIPH OTCYTCTBHH
sHEproobmeHa. (0]

Yacrora KBAHTOBOIO KOAEOAHMA HEHTPUHO CTPOrO IIPOIOPLHUOHAABHA €rO MacCe M OOpasyer BaKyyM.
EcrectBeHHO, 3Ta 9aCTOTA AOAKHA OBITH HE MEHBIIIEH M KPATHOH KOMIITOHOBCKOI "yactore. Takum oOpaszom,
HMEET MECTO CACAYIOITIEE COOTHOIIIEHUE AAA «TPABUTAIIMOHHOIO HMMITyABCA»:

2 2
o, == ]

TA€ M — Macca HEHTPHHO, TEHEPUPYIOITasd KBAHTH Bakyyma, h - mocrosunas [1aanka, € - ckopocTh cBeTa B
BaKyyMe.

Ha ocHOBe AQHHBIX, IIOAYYEHHBIX H3 ACTPOHOMHYECKHX HAOAIOACHHH, CACAAHA OIICHKA MAacChl
HEHTPUHO, BAWAIONIEIO HA GETa PAAHOAKTHBHOCTH (0koAO 20 9B), u maoTHOCTH WX TOoTOKa (0KOAO 10V
gacTuI Ha cM’ ceK).[6]


http://www.chronos.msu.ru/TERMS/pole.htm

HedtpuaHoe m1ose ecTb EAHHCTBEHHOE H3BECTHOE HaM 110oA€ PepMu, KOTOPOE ABAAECTCA HCTHHHO
IPOCTHIM H PyHAAMEHTAABHBIM. PH3HKA HEHTPHHO, BCE€ OOABINE, 3AHHMAET IEHTPAABHOE MECTO B
¢pu3nKe 3AeMEeHTAPHBIX YACTHI] H ABAACTCA CAMBIM AKTYAABHBIM H IE€PCIIEKTHBHBIM HAIIPABACHHEM.

Bera-mporieccsr - 0OyCAOBAEGHHBIE CAQOBIM — B3AaUMOACHCTBHEM SAEMEHTAPHBIX — YACTHUII, IIPOIIECCHI
B3aMHOIO IIPEBPAIICHHUA CBOOOAHBIX MAM CBfA3aHHBIX B fAAPaX HEUTPOHOB (N) u IpOTOHOB (p). Onum
COTTPOBOMKARIOTCA OOPA30BAHUEM HAHM MOTAOIIEHUEM DETA-YIACTHIT [3AEKTPOHOB (€) mAM mosuTpoHos (7)), a
TaKKe HeHTpuHO (V) mAn anTHHEeHTpHHO (V). K Gera-miporieccam otHOCATCS:

1) Gera-pacmaa B-pacrian: n — p + e+ v,  B'-pacmaa B aape: p — n +e'+ v

2) 5AEKTPOHHBIIT AW TO3UTPOHHBI 3axBaT: € +p —>n+v, manm € +n—p+ v,

3) peakumn 3axBaTa HEHTPHHO HAHM AHTHHEHTPHHO - TAK Ha3BIBAEGMBIN, OOpATHBIA Oera-pacmaa,
HanpuMmep, v, +n— € +p uan V. +p — e’ +n.[7]

QusukaMy IIPOBEACHBI ABa BapHAHTA OSKCIIEPHUMEHTOB AAf OOHapyxeHusa HeHTpuHO. [lepBrrii -
nabaroaenue B -pacnaaa - Brepsoie pacemortper X. Bere u P. TTatiepacom B 1934 roay, B peakium, KOTOPBIX
OOHAPY/KEHO IIOTAOIICHHE HEHTPOHOM HEUTPHHO B OOpPaTHOM O€Ta-paciiaAe, CYIIECTBOBAHHE KOTOPBIX
caeayer u3 Teopun Pepmm:

ntv—opt+e +v
IIPOUCXOAMAIIIE, KAK HAa CBOOOAHBIX, TAK M HAa CBA3AHHBIX B AAPAX HYKAOHAX. DACKITPOH U AHTUHEHTPHHO
BBIACTAFOT U3 fIAPA, a IIPOTOH M OCTaBINHECA HYKAOHBI OOpasyroT HOBOe fApo. IlpemmyrnectBeHHo 310
IIpEBpAIllEHUE IIPOMCXOAHUT B AAEpHOM peakrope. OIleHKa BEPOATHOCTH IIOTAOIICHHA HEHTPHHO AAA2
IIOPa3SUTEABHBIN PE3YABTAT: B TBEPAOM BEIECTBE HEHTPHHO C SHEPIUEH, XapaKTEPHOM AAf OeTa-paciraja,
AOAJKHO IIPOUTH PACCTOAHUE IMOPSAKA COTCH CBETOBBIX ACT, IIPEKAC I€M OYACT 3aXBAYCHO SAPOM.

[Tpu B*-pacmape sapa, coaepKaIero u3OHTOK IPOTOHOB, OAUH M3 HUX IIPEBPAINAETCA B HEHTPOH M
OAHOBPEMEHHO HCITYCKAIOTCA ITO3UTPOH U HEHTPHHO:

p—on+te +v

DAEeKTpOHHOE HEHTPHHO BCEIAA B KOHEYHOM COCTOAHHH ITOABAACTCA B IIAPE C ITOSHTPOHOM, A
JAEKTPOHHOE aHTHHEHTPHHO - B IIApe C 3AeKTpoHOM. IlpHu 06AyYeHHH HYKAOHOB B IIy9K€ HEHTPHHO B
KOHEYHOM COCTOAHHH BCETAAd HADAFOAAFOTCA 2AEKTPOHBI. EcAn peaknua IMpOHCXOAHT ITOA ACHCTBHEM
AHTHHEHTPHHO, CPEAH IPOAYKTOB PEAaKIHH BCEIAA IPHCYTCTBYIOT IIO3HTPOHBI, H HHKOIAA HE
HaOAFOAAFOTCA 3A€KTPOHBL[11]

B 2005 roay B sxcnepumente KamLAND (eAMHCTBEHHBIN H3 CYIIECTBYFOIIHX HEHTPHHHBIX ACTEKTOPOB,
CIIOCOOHBIN YAABAHBATH IIOTOK HEUTPHHO CO CTOPOHBI AAPA 3EMAN) YAAAOCH 3aPEIUCTPUPOBATH IACKTPOHHBIC
AHTHHEUTPUHO, HCIIYCKAEMbIe IIpU Oera-pacmase ypaHa-238 u topua-232, 910 MO3BOAHUAO BIIEPBBIE OLIEHUTDH
BEPXHIOFO IPAHUILY TEIIAQ, KOTOPOE MOKET BEIACAATHCA IMPU PAAMOAKTHBHOM PACIIaAe B AApe 3eMam.

Kak coobrmaer «PhysicsWeb», pesyapraTsr 00pabOTKH AAHHBIX, TOAVIEHHBIX AcTekTopom KamLAND,
mokazaam, 9ro Ha 1l cm® B CEKYHAY Ha ITOBEPXHOCTH 3eMAHM IIPUXOAHUTCA OKOAO 16,2 MAH. HEHTPHHO,
«POMKACHHBIX» Ha IIOBEPXHOCTH AApa 3eMAH. TermaoBasg MOIIHOCTh PAAMOAKTHBHOIO PACIaAd YpaHa U TOPUA
B IApDe 3EMAM MOKET, COIAACHO OIICHKAM Yd4eHbIX, Aocturate 60 TBr (HanbGoaee BepoATHOE 3HAUEHUE -
24 TBr).[9]

[Torok Temaa m3 mentpa 3emam - okoAo 00 TBr. Uro fBAfeTca mcTOYHHMKOM 3TOrO TerAar Pacrraa
AOATOKHBYIIHUX M30TONOB? SAepHEIT peakrop B meHTpe 3emAam? OTBET MOMKET AATh H3YYCHHE IIOTOKA
HEHTPUHO H3 fAPAa 3eMAM, KOTOPOTO HCCACAyeT — HeirpuuHad reodusuka. B 90-e roasl aafl 0ObACHEHHA
IIEPEOPHEHTAIINA 3EMHOIO MATHHTHOIO AHIIOASl VICHBIMU ObIAA BEIABUHYTA THIIOTE€3a O CyIII€CTBOBAHHUH
AAepHOro reopeakropa B nenrpe 3eman (J.Herndon, 1993, 2003). [10]

MccaepoBatean 1mBeAckoro yuusepcurera Ymcaasr ([IBemms) Haraaps Crkopoaymoa m AHartoAmit
BeAoHOINIKO IPOBOAMAHM HMHTEPECHBIH KOMIIBIOTEPHBIH skcrepuMeHT. OHH C HHTEPBAAOM B UETHIPE IOAQ
HU3MEPAAH CKOPOCTH IIPOXOMKACHUA CEHCMHYECKUX BOAH H3 parioHa (CeBepHOro IIOAIOCA B PaiOH OCTPOBa
Tantu. Oxa3aAoCh, YTO BOAHBI IIPOXOAUAU C PAa3HOM CKOPOCTBIO. Takoe BO3MOMKHO B CAy4ae, €CAU BHYTPH
3eMAHN eCTh HEKHE CTPYKTYPHI, HAIIPUMEP, ECAU AAPO IIEPEMEIIACTCA OTHOCUTEABHO IToBepxHOCTH 3eMan. [10]

I'. V1. Kyspmenko B cBoell paborte «'AyOHHHBIE IIPOIIECCH 3EMAM», CUHTACT, YTO B IIOCACAHEE BpEMA
AKIIEHTBHI B U3Y9ICHUN IAYOHMHHBIX IIPOLIECCOB 3EMAU CMEIAFOTCA C KOPBL M MAHTHUH Ha 3eMHOE AAPO. VIMeHHO B
AAPE POKAACTCA HE MEHBIIIE TEIIAQ, YEM B PAAMOAKTUBHBIX MaTepPHAAaX KOPBL VIMEHHO TaM - AASl KAACCHYECKOI
TeopUHU - OOABIIIE BCEI'O HEACHBIX ABACHUI. [ToaToMy cAeAyer BHHMAaTEABHEH OTHECTHCH K IIPEAIIOAOKEHHAM
O CYIIIECTBEHHOM YTOYHEHHH TEMIIEPATYP BHYTPHU fAPAa U BOSMOKHOCTH TaM HEKOTOPOIO IIAA3MEHHOIO
cocTOAHMAN. 8]


http://www.astronet.ru/db/FK86/search.html?where=gl&words=%DD%EB%E5%EC%E5%ED%F2%E0%F0%ED%FB%E5%20%F7%E0%F1%F2%E8%F6%FB
http://www.astronet.ru/db/FK86/search.html?where=gl&words=%CD%E5%E9%F2%F0%EE%ED
http://www.astronet.ru/db/FK86/search.html?where=gl&words=%CF%F0%EE%F2%EE%ED
http://www.astronet.ru/db/FK86/search.html?where=gl&words=%DD%EB%E5%EA%F2%F0%EE%ED
http://www.astronet.ru/db/FK86/search.html?where=gl&words=%CD%E5%E9%F2%F0%E8%ED%EE
http://www.cnews.ru/cgi-bin/redirect.cgi?http://www.physicsweb.org

HedrrpuaO OKpyXKaroT HAC CO BCEX CTOPOH. MBI KHBEM B ITOTOKE PEAHMKTOBBIX HEHTPHHO, OCTaBIITHXCSH
rmocae boAbIIoro B3peiBa - OAKAAYH, CAMBIX CTAPBIX YacTHI] BO Beeaennoii. VX smeprusa HUYITOXKHA - ITIOPAAKA
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107" 5B, 0AHAKO MX IIOTOK OAMH M3 CAMBIX MHTEHCUBHBIX Ha 3emae ~ 107°—10

3emHOI
nrap

(v + ¥)/cm’cex.

Aymaercs, He OYAET OOABIIHM IIPEYBEAMYECHUEM CKA3aThb, 9TO CETOAHSA
pr3rKa HEHTPHHO HAXOAUTCSH B 3CHUTE HHTEPECA K ITOH YACTULIE U BCEMY, YTO
c meil cBszano. OO 3TOM CBHAETEABCTBYET HEIIPEKPAIIAFOIINNCH IIOTOK

TToTok
HEHUTPUHO

TEOPETHYECCKUX U OKCIIEPHMEHTAABHBIX pPabOT, CBA3AHHBIX C HEWTPHHO,
BBEACHHE B CTPON HOBBIX 3KCIIEPHMEHTOB M Pa3pabOTKa HOBBIX ITPOEKTOB. 32
ITOCAGAHHE TOABI MHOIHME 3araAKd, CBA3aHHBIE C HEHTPHUHO, HAIIIAU CBOC
perrenne. MBI ceiuac BXOAMM B HOBYIO 9Py HPEIHU3MOHHBIX HM3MEPEHHH B
HEWTPUHHOI (HU3HKe, IIPOIPECC B KOTOPOH HEBO3MOMKEH O€3 aKTHBHOIO
y9aCTHA HOBBIX I MOAOABIX YI€HBIX.[7]

IlentpansHoe
AP0

Ha ocroBaHHH BHIIIEU3AO0KEHHOTO, MOKHO BEIACAHTD CACAVIOIIIIE CBOMCTBA HEUTPHUHO:

- POMKAAIOTCA B TEPMOAACPHBIX PEAKIINAX 3BE3A, IIAAHET U 3aIIOAHAIOT BAKyyM;

- HMErOT OOABIIIOE IIPOHHKAFOIIIEE CBOMCTBO U CAA0O0 B3aUMOACHCTBYIOT C SACKTPOMATHHTHEIM ITOAEM;

- Ipu nepeAade KOACOAHUH BUAOM3MEHAFOTCSH, MACCHI HEHTPHHO ITO3BOASFOT MM KOAEOATHCA MEKAY TPeMsA
apomMaTaMu HEHTPUHO;

- OOHAPYKHBAIOTCA BO BPEMSA PaCIiaAd KaKAOW SAEMEHTAPHON JaCTHIIbL;

- HEWTPHHO YABTPAHU3KUX SHEPIHH B3aUMOACHCTBYIOT C BEIIECTBOM OoAce 3(PEKTHBHO, YeM HEHTPHHO
«IAEPHBIX» SHEPIUIL;

- B HCOAHOPOAHBIX BEIIECTBAX, HA IPAHUIAX CPEA C PASAMIHBIMU (DU3HYECKUMH CBOWCTBAMU H3MEHSAFOT
HAIIPaBAEHHUSA PACIPOCTPAHEHU;

- HEHTPHHO yABTpAHM3KHX dHepruii m3 Bakyyma B oobeme 107 - 10° (v)/cM® cexk, moraomarores B Gera-
OOpPATHOM PACIIaA€ HA ITOBEPXHOCTH LIEHTPAABHOTO AAPA 3EMAU U HM3AYYAETCA U3 AAPA 3EMAH B IIOPAAKE
10° (v)/cm’cex B cropomy moBepxHOCTH 3eMAM. PA3HHIA TTOrAONIAEMOrO HEHTPHHO OKA3BIBACT
MEXAHIYECKOE AABACHHE U3-3a OTCYTCTBUN SHEPrOOOMEHA;

- KBaHTYIOTCH, COBEPIIIAIOT KOACOAHUA 1 COIIPOBOKAAIOT IPABUTAIINOHHBIC BOAHBIL.

Hefitpuro, 00Aapas yKa3aHHBIMH 3KCHIEPUMEHTAABHO ITOATBEPKACHHBIMU CBOHCTBAMH, MMEET IIOAHOE
IIpaBO Ha  3aMEIEHUE THIOTETHYeCKOoro rpapuroHa (puc.3). IlpuBeaeHHBIE AAHHBIE CBHAETEABCTBYIOT O
IIEAECOOOPAZHOCTH  AAABHEHIIIETO PACCMOTPEHHA TIPAaBUTAIMOHHBIX IIPOIIECCOB C  HEIOCPEACTBEHHBIM
yJaCTHEM HEUTTPHHO.

1.3.MexaHn3M BO3HHKHOBEHUA I'PABUTAIINH

AAA MEHA ACHO, 9TO €CAH MATEPHA HMEET BOKPYI Ce0A ITOAE€ TATOTEHHA,
TO BHYTPH €CTH MEXaHH3MbI AAF €0 0Opa30BaHHA. K. IuoarxoBckmii

ITombrrkn y‘IeHbIX O6’BHCHI/ITB HpI/I‘II/IHy FpaBI/ITaHI/II/I HpI/IBeAI/I K HOI/ICKY 1 CO3AAHHIO pa3HbIX BapI/IaHTOB
MEXaHU3Ma TATOTEHHA, OOBACHAIOIIETO IIPUPOAY BO3HUKHOBeHuA rpasuTanuu. Ere B XVII Beke 1manm sxapkue
CIIOPBEI O TOM, ABAAECTCA AU TPABHTAITUA CACACTBHEM BHEIITHHX BO3ACHCTBHII HMAM 9TO BHYTPEHHEE CBOMCTBO
camux TeA? [IpuTAruBarOTCA AN TeAa B IPOCTPAHCTBE HEIIOCPEACTBEHHO HAH JKE€ HX ABIDKCHHE OOBACHACTCH
yAapamu Hekux gactuil? Camo 1o cebe npuHAToe B (pU3UKE YTBEPKACHHE O TOM, YTO T€A0, HMEFOIEE MACCY,
006AasaeT CBOHCTBOM NPHTAXKEHHE, HE 000CHOBAHO HUKAKHM IIPHHITHITHAABHBIM MEXAHH3MOM.

Muorum (P Aekapr, u Ap.) MBICAB O HEIOCPEACTBEHHOM IPHTMKEHUN ObIAd COBEPIIEHHO
HEIIPHEMAEMOM, I OHH CYHUTAAH, YTO ABHKEHHE OOABIIIHX TEA MOTYT BEI3BATH TOABKO ACHCTBHE MEABYAMIIIIX
HeBUAUMBIX dacTuil. B 1690 roay msefinmapckuii matematuk Hukoaac @artro ae Ayuabe 1 B 1756 roay Kopixk-
Ayn Ae Cax B JKeHeBe IPEAAOKHAM TPOCTYIO KHHETHYECKYIO TEOPHIO TIpaBHTaruu. OHa ITO3BOAMA2
MEXaHIYECKOE OObACHEHNE ypaBHeHNN CUABL HproToHa. D1a TOYKa 3peHns IOAYINAa AAABHEIIIIIEE PA3BUTHE B
XVIII B. u u3BecTHA ITOA HaszBaHHEM «KpaHHOI Teopum» (M.Aomonocos, B XIX B. B.Tommcon). Coraacuo
3TOH TEOPHH, BCE MHPOBOE IIPOCTPAHCTBO 3AITOAHEHO MEABYAWININMH YACTHIIAMH, KOTOPBIE XAOTHYHO
ABHTAIOTCA C OOABIITUMH CKOPOCTAMH BO BCeX HarTpaBAeHHAX. OAMHOUYHEIE TeAd OOMOAPAMPYIOTCA YaCTHIIAME
CO BCEX CTOPOH OAMHAKOBO. ABa TeAd SBAAIOTCA SKPAHAMH AASl YACTUII, U MEKAY HUMH IIAOTHOCTH YACTHII
OKA3BIBACTCA MEHBIIIE, YEM «CHAPYXKI». B pe3yabrare cO3AaeTc pasHUIA AABACHUN: «HM3HYTPU» — MEHBIIIE,
«CHAPYKID - DOABIIIE, I TEAA KTOAKAFOTCS» B HAIIPABACHUN APYT K APYIY, CO3AaBast 9(pEKT IPUTHKCHU.


http://www.chronos.msu.ru/TERMS/pole.htm
http://ru.wikipedia.org/wiki/1690
http://ru.wikipedia.org/w/index.php?title=%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D1%81_%D0%A4%D0%B0%D1%82%D0%B8%D0%BE_%D0%B4%D0%B5_%D0%94%D1%83%D0%B8%D0%BB%D1%8C%D0%B5&action=edit
http://ru.wikipedia.org/wiki/1756
http://ru.wikipedia.org/w/index.php?title=%D0%96%D0%BE%D1%80%D0%B6-%D0%9B%D1%83%D0%B8_%D0%9B%D0%B5_%D0%A1%D0%B0%D0%B6&action=edit
http://ru.wikipedia.org/w/index.php?title=%D0%96%D0%BE%D1%80%D0%B6-%D0%9B%D1%83%D0%B8_%D0%9B%D0%B5_%D0%A1%D0%B0%D0%B6&action=edit
http://ru.wikipedia.org/wiki/%D0%96%D0%B5%D0%BD%D0%B5%D0%B2%D0%B0
http://ru.wikipedia.org/w/index.php?title=%D0%9A%D0%B8%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D1%8F&action=edit
http://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%B2%D0%B8%D1%82%D0%B0%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9D%D1%8C%D1%8E%D1%82%D0%BE%D0%BD%2C_%D0%98%D1%81%D0%B0%D0%B0%D0%BA

OAHaKo, HpHYHHA SKPAHHPOBAHHA TE€A, TeM 004A€€, KyAa AEBArOTCA 3TH YACTHIBI ITIOCAE
CTOAKHOBEHHA C TEAAMH, OCTAAHCH HE OIIPEACACHHBIMH, ITO IPHBEAO K HECOCTOATEABHOCTH AAHHOH
TeopuH.

Orxperreiit MI.HproToHOM 32KOH XOPOIIO ONHCHBAA TPHPOAHBIE fABAcHHA. Ho 310 OBIAZ  AMIIb
KOAMYECTBEHHAA cTopoHa TtAroteHnsd. Hu Bo Bpems V.Hproroma, HEm 1mocae Hero, IPHOTKPHITH TAHHY
dusnuecKOl IPUPOABI TATOTCHUA HIKOMY HE YAAAOCH.

B teopun oraocmreapHOCTH A.DHHINTEHA TATOTEHHE PACCMATPHBACTCHA KAK OCOOCHHOCTD T€OMETPUM
IIPOCTPAHCTBA-BpEMEHN. B 3aBHCHMOCTH OT MAaCChl BEIIECTBA IIPOUCXOAHUT HCKPHUBAEHHE IIPOCTPAHCTBA-
BPEMEHHU U ABIDKCHHE TEA B TAKOM IIPOCTPAHCTBE BBITASAUT KaK IIPOSIBACHHE rpaBuTannu. [lo-cymecrtsy,
T€OpHA OTHOCHTEABHOCTH (DH3HYECKYFO IIPHPOAY CHA TATOTEHHA OCTABHAA BOOOINe 6€3 BHHUMAHUA.
Bece cBoamrca k  aAedpopmanum reoMeTpuM IIPOCTPAHCTBA-BPEMEHH, 4 MEXaHU3M BO3ACHCTBHA TAaKOM
Aedopmariun Ha pHU3HUIECKHE TeAa He IposAcHeH A0 cux 1op. Ceroans, mocae 300-AeTHero pazputus pUHIKI
C MOMEHTA OTKPBITHA 3aKOHA BCEMUPHOI'O TATOTEHUA BCE €IIle HET OTBETA Ha BOIIPOC, YTO TAKOE TATOTCHHE.

HecmoTpss Ha IIOMCK BCe HOBBIX JAEMECHTAPHBIX YACTHI[, KOTOPBIE MOTAH OBl OBITH HOCHTEAAMH
IPaBUTALINM, HECMOTPSA HAa CO3AAHHE HOBEHIIHX TEOPHH MHOTOMEPHBIX IIPOCTPAHCTB (TCOPHA «MEMOPAH»,
TCOPI/IH ((CprH», TCOpI/Iﬂ ((L[CHTpa MaCCbD), ((CyHCpI‘paBHTaL[HH», «CyHCpCHMMCTpHH)), AI)IpO‘-IHaH TCOpI/IH
IPaBUTALINN, U T.IL) CYIIECTBEHHOTO IIPOABIDKCHHA B ITOHUMAHUN (DU3HYECKOH CYTH ABACHHUA IDABUTAIHIH
IIOKA 9TO HE BHAHO.

B paccmarpuBaeMoil MOAEAH «HEHTPHHHOHN TEOPHI» HCIIOAB3YETCH IIPEACTABACHHE O HEUTPHUHO KAK O
MEABYANIINX YACTHIIAX CO CAAOBIM B3aHMMOAEHCTBHEM C BerecTBOM. CymMMapHOE BO3AEHCTBHE HEHTPHUHO HA
IIPOOHOE TEAO IIPHBOAUT K «IIPHTAAKHBAHUIIO» OAHOIO T€AQ K APYroMy. Takoi ITOAXOA IIO3BOAAET OOBACHUTH
MEXAHU3M HAOAFOAAEMOTO (IPUTHKEHUD OAHHUX TEA K APYTHM C IIPUBACYCHUEM TCOPHH OTHOCHTEABHOCTU U
IIOHATHH OO0 MCKPUBACHHH TIPOCTPaHCTBA. Pacder 1O ITOAyYEHHBIM 3AeCh (DOPMYAaM ITOAHOCTBIO
COOTBETCTBYET PE3YABTATAM PACUETA IO SMIIMPUIECKOI PpOopMyAe 3aKOHA BCeMUpPHOTO TAroreHus HeroTona.

MoaeAb,  paspaboraHHasg ~— aBTOPOM U
IIOKAa3aHHAA Ha PHUCYHKE 4, XOpOIIO OObBACHAET

HENTPUHHBIN MEXAHH3M BO3HUKHOBCHUS
rpasuTarun.  Heirrprao (v+) IIPOHUSBIBAIOT TEAO
Ha cBoeM nyTu. I1pu 3TOM, BAMAHIE HEUTPUHO HA
TEAO YPABHOBEIIIEHO C IIPOTUBOUAYIIUM IIOTOKOM
weritpuao (V) (puc.4-A). Mx  cymmaprOe
BO3ACHCTBHE TEAY VvV +V T=0.

) AMEPHKAHCKHH VIEHBIN Mapsun

%y Wosepxocts Xepuapon (J.Herndon, 1993, 2003) yrsepmxaact,
3emin Puc.4 YTO AAPO HAIIEH ITAAHETHI ABAACTCA HPUPOAHBIM
AACPHBIM peaxkTopom, COCTOAIIIM 3

TPAHCYPAHOBBIX 3ACMEHTOB. B 3TOM peakTope IIOCTOSHHO IIPOHCXOAUT TEPMOSACPHBINA CHHTE3, KOTOPHBII
HIKOTAA HE IIEPEXOAHT B IIEITHYIO PEAKIIUIO U ABAACTCA OCHOBHBIM MCTOYHHKOM BHYTPHUIIAAHETHOrO TenAa.[10]

UYepes HAIy IIAAHETY B CAMBIX PAa3HBIX CAYYAHHBIX HAIIPABACHHAX IIPOACTAIOT HEHTPHHO (IIYHKTHPHBIC
AnHHE Ha pHC.4). DOABIIMHCTBO HX HPOHU3BIBAIOT MHMO IIEHTPAABHOIO  fIADA IIAAHETBHL. TOABKO Te
HEITPUHO, KOTOPBIE AOXOAAT AO IOBEPXHOCTH IIEHTPAABHOTO fAAPA 3EMAH, VYaCTBYIOT B OOpaTHOM Oera-
pacmase M IIPEKPAIaroT CBOe ABHKeHHE. VIMEHHO OHM HE MOIYT OCYIIECTBHTH SHEPIrOOOMEH C HEHTPHHO,
IIPOHUKAIOIIIMU Ha IIPOTHBOIIOAOKHYIO ITIOBEPXHOCTD LIEHTPAABHOTO fAAPA. KoAnmdecTBeHHEIIT OObEM ITOTOKA
HEITPHHO, H3AYIaEMOIO GETa-TIOAOKUTEABHBIM PACcIIaAoM (Vp') H3 HOBEPXHOCTH LEHTPAABHOIO AAPA, BCETAA
MeHblIIe 06beMa Ioraommaemoro (vg) Heitrpuno (vp'<vg). PasHuia moToka HEHTPHUHO COCTABHT OTCYTCTBHE
dHEProoOMeHa:

vg—vg" =~10"=10°(v + v)/cm’cex— 10° (v) / cm’cex= ~ 10'- 10°(v + V) /cm’cex

B pesyabrare, TOABKO HEHTpPaABHOE FAPO IAAHETHI 3KPAHHPYET BCEIPOHHKAFOINHH ITOTOK
HEHTpHHO. Pe3yAbTupyIromee BO3ACHCTBHE BCEX HEHTPHHO HA IEHTPAABHOE fAAPO PEHOPMAAMIYETCA H
BO3HHMKHCET TPABUTAIIMOHHAA CHAQ, HAIIPABAGHHAA B CTOPOHY IIEHTPAABHOTO fAAPA ITAaHETHL. He mmverormmit
SHEProoOMeHA HEWTPHHHBIN IIOTOK B CBOEM IIyTH IIPOHHU3BIBACT ATMO-, THAPO- U AUTOCEPY U IPUAABAUBACT
ux B cTropony Aapa 3eman. OObeM IPaBUTAIIMOHHON CHABI, ACHCTBYIOILIEIO HA ITAAHETY, OYAET 3aBHCETH OT
CTEIIEHH IIOTAOINEHUS HEUTPHHO IEHTPAABHEIM AAPOM. /\FOOOE TEAO C HEHTPAABHBIM AAPOM, TAE IIPOXOAUT
AACPHBIN CHHTE3, SKPAHUPYET HEHTPUHHEIA IIOTOK H 0OPa3yeT IMOAE TATOTEHIs BOKPYT CEOS.



VyacTue HEHTPUHO B TEPMOSACPHOM CHHTE3E BO3HHUKAET TOABKO B HEAPAX 3BE3A M ITAAHET, 'AEC BBICOKOE
I'PABUTAIINOHHOE AABACHHE CITOCOOCTBYET BBIACACHHIO BBICOKOTEMIIEPATYPHOH ITAA3MBI M HE IIO3BOAfAET €i
IIEPEXOANTH B IIEITHYIO PEAKIIUIO. TeIrA0, OOpa3OBaAHHOE B PE3YABTATE TEPMOSACPHOIO CHHTE3d, COXPAHACT
KHAKOE COCTOSIHHME MaHTHH B T€YCHHH MHAAHAPABI ACT CyIllecTBOBaHMA 3eMAH. B mmporecce tepmosaepHOro
CHHTE32 BBIACAACTCA OIPOMHOE KOAHYECTBO HEHTPHHO, KOTOPOE B MOMEHT OOpasoBaHHA CA20O
B3aMOAEHCTBYIOT C BemectBamu. [Ipm 3TOM, HEATPHMHO B IIpOIlECCE YAAACHHA OT CBOEIO MCTOYHHMKA HA
ACCATKA ACTPOHOMHYECKHE CAMHHUIIEI OCAADEBAIOT U BHAOHM3MEHAIOTCA, IIOCAE HYErO CTAHOBATCA AKTUBHBIMU
IIPU B3aMMOACHCTBHH C APYIMMH HEOECHBIMH TEAAMH. OTH AKTHUBHBIE IIPU B3aMMOACHCTBHH YaCTHUIIBI
ITOTAOIIAFOTCA TEMH K€ IIPUPOAHBIMU TEPMOSACPHBIMI PEAKTOPAMH B IIEHTPE APYTHX 3BE3A U ITAaHET. Bwmecre
C TEM, KOAMYECTBO H IIAOTHOCTb HEMTPHUHO, M3AYYAEMBIX M3 fAAPA HAIEH ITAAHETHI, MMEET MEHBIIYIO
ITAOTHOCTDb HEUTPHHO, HAYIIIUX HABCTPETY OT APYTHX 3BE3A.

[TorenmuaA rpaBUTAIIMOHHOTO CKATHA BAKyyMa B IHPHCYTCTBHU TPABUTHPYIOIINX B HEM TEA, B
TPEXMEPHOM ACKAPTOBOM CHUCTEME KOOPAMHAT, OIMCHIBAECTCHA M3BECTHBIM CKAAAPHBIM ITOAEM IPaBUTAIIMH, B
BuAe Auddepenimasbaoro ypapaenus I lyaccona:

2
ot + 5 =-4nGe [1/5]

rae G - TpaBHTAIIHORHAA TOCTOSHAAS 3eMAH [m’/s7)], ¢ — 9acTOTa KOAEOAHHUSA HEHTPUHO.

Taxum 0O6pa3om, HEHTPUHO, KOTOPBIE ITOMAAAIOT B IIEHTPAABHOE SAPO, YIACTBYIOT TAM B TEPMOSACPHOM
CHHTE3€ U IIPEKPAIAFOT CBOE HAIIPABACHHOE ABHUKEHHE. BOT MMEHHO Te HEHTPHHO HE MOTYT CO3AABATH
PaBHOBECHE IIPOHUKAFOIIUM C IIPOTHBOIOAOMKHONW CTOPOHBI HEHTPHHO, KOTOPBIE TaKKe HCYE3aI0T B
TEPMOAACPHOM cHHTe3e. B pe3yAbTare, TOABKO IIEHTPAABHOE AAPO IIAAHETBHI JKPAHUPYET TPABHTAIIHOHHOE
BAUSHHE YyKUX HEHTpHHO. PesyApTHpyroiee BO3AEHCTBHE BCEX HEUTPHMHO Ha LEHTPAABHOE AAPO HE OyAeT
PaBHBIM HYAFO, I BOSHHKHET CHAQ, HAIIPABACHHAA K LICHTPAABHOMY AAPO IAAHETBL 1€A0 C IKPaAHHPYFOIIHM
HEHTPAABHBIM AAPOM, TA€ IPOXOAHT TEPMOAAECPHBIH CHHTE3, 00pa3yeT MOA€ TATOTEHHA BOKPYT CE04.
TeAo, He HMeErOIIIEe TAKOE SAPO, HE MOXKET CO3AABATH ITOAE TATOTCHUA, OAHAKO CITOCOOCTBYET IPHOAMKCHIIO
APYTHX TEA 32 CICT PA3HHUIIBI IIOTEHIINAAOB CMEIIICHHBIX [IOTOKOB IPABHUTALIHH.

OObeM CHABI, ACHCTBYIOIIEH HA IIAQHETY, OYAET 3aBHCETb OT CTEIEHH IIOTAOIIECHHA HEHTPHHO
LIEHTPAABHBIM SIADOM, TAE€ IIPOXOAHUT TEPMOAAEPHBIH CHHTE3. MeKAY HAIPABACHUAMU IICHTPAABHBIX AAEP,
O0OO3HAYEHHBIX Ha PHC.5 TOAYOOH IIOAOCOH,  OOpasyercs 30Ha, TIAC YPOBEHb BAHMAHHA TI'PABUTAIIMH

Ayma * / 3emas

/1 v

yMEHBITIaeTCcA He3HauuTeAbHO. [loAmasarormme B
3Ty 30HY YYaCTKH ODOUX IAQHET, IOA BAMAHUEM
LIeHTpO6C)KHbIX CHUA TIAQHET, HCITBITHIBAFOT
IIPHUAHBEL B BOAHBIX DacceliHax U ITOAHSTUA [OYBHI,

aTMOCd)CPbI. B srux 3omax YPOBCHB TIpaBHUTAIINH

A R COXPAHAETCA 32 CYET HEUTPUHO, IPOHU3BIBAFOIIIX

MHMMO HﬁHTpaABHbIX HAep (HYHKTI/IPHQ.H AMHHUA Ha
pI/ICS) ypOBeHb BAMAHHSA TPABUTATNH TAKKC XAPAKTCPHA AASA Ka}KAOI‘/'I "3 HHUX, HO BBIPAKACT CIIOCODHOCTH MX

CO3AABATH IPHTAKEHHE U 3aBUCHT OT OObeMa M MOIITHOCTH HEHTPAABHOTO AAPA, TAC IIPOXOAHT TEPMOAACPHBII
CHHTES3.

3emHaA rpaBHTALIHA 00pa3yerca IMOTOKOM HEHTPHHO HAYIQHX B CTOPOHY 3€MAH H CO3AAET
nparsoKeHne 3eMAH HA IIOBEPXHOCTH HAIIECH ITAAHETHL.

B cBAA3m ¢ Tem, YTO HEHTPHUHO HA HECKOABKO ITOPAAKA MEHBIIIE IIPOTOHA, IIPH IIPOXOKACHHUH 9€PE3 ATOM
BEIIIECTBA OH CO3A2eT 9(PAEKT IIPOHU3BIBAHUA €TI0, 4 IIPU CTAAKUBAHHH C €r0 SACKTPOHOM H AAPOM IIEPEAAET
M HE3HAYHTEABHYIO YaCTh CBOEH KuHeTHdecKoi sHeprun (A Ha puc.4). [Ipu croAKHOBEHHH € SAPOM aTOMA
HEHTPHHO BO3BPAIIACTCA OOPATHO, TOYHO TAKKE PAa3BOPAYMBACTCA HEHTPHUHO C APYIOH CTOPOHBI fApa. B
pe3yAbTaTE AAPO HE MOKET OCTAHOBUTH ABIKCHHE HEHTPHHO 1N (DAKTUYECKH OCTACTCA IIPO3PAYHBIM AAA
HEUTPHUHO.

1.4. Apyroii pe3yabrar saxcnepumenta KaBenauina nau cMelieHue MoTOKOB HEHTPUHO
Iloxa He BEIMPYT aIIOAOrE€THI CTAPOH HAYKH, AO TE€X IIOP HOBOH TeopuH He npobursca.  Maxc IliaHk

B 1797 r. I'empun Kasemammn BrepBble M3MEPHA TI'PaBUTAIHOHHYIO noctofgHHyro - G. Kapemawmmm
HICIIOAB30BAA KPYTHABHBIC BECHI, HA OOOHMX KOHIIAX KOTOPBIX BUCEAH MAaCCHUBHBIE IMapbl. OHU IPABUTAITHOHHO
IPUTATUBAAUCH K IIApaM, IIOMEIIEHHBIM PAAOM, U IIOBOPAYMBAAU BECHI, 3aKpydnWBas HUTh. Beamdmna
3aKPYYMBAHUA M3MEPAAACH IO CMEIIEHHUIO Ay4Ya CBETA, OTPAKEHHOTO OT 3€PKAABIIA, 3aKPEIIACHHOIO Ha HHTH.


http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D1%8F%D0%BC%D0%BE%D1%83%D0%B3%D0%BE%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BA%D0%BE%D0%BE%D1%80%D0%B4%D0%B8%D0%BD%D0%B0%D1%82

3a TPOIIEAIIHE ABECTH AET HEOAHOKPATHO AEAAAHCH ITOIBITKH Ooaee TouHOro mamepenus G. Oamako
ITOIPENTHOCTD  YMEHBIIIAAACh HE3HAYUTEABHO  H cocTtaBadaa B 1998 1. 0,15%. I'pymme yuenwix us
Vuusepcurera Bammmarroma B Cuatae Bo raase ¢ Jens Nundlach u Stephen Merkowitz yaarock yAydImuTs

01t
TOYHOCTD Ha 2 nopsiaka. Ouu oObsBUAN pesyabTaT usmepenust G = 6,67390 107 m:M2/K1r? ¢ IOTPEIIHOCTHIO

0,0014%.[12]

VKa3saHHBI 9KCHEPUMEHT B PaMKaxX HACTOAINEH TEOPHHU

CBUHITOBBIE ITIAPEI MarnurHoe moae o
3eman oObaAcHAeTC Takum obpazoMm (puc.0). Helrrpuno, Aersiiue B CaMbIX
PA3HBIX HAIIPABACHUAX, MMCIOT IPOTHBOAECHCTBHE CO CTOPOHBI TEX

M HEHTPUHO, AeTAmux HaBcrpedy. Ha mosepxsoctnm 3emam, B
TOPHU30HTAABHOM HAIIPAaBACHHMH, IPOTUBOAECHCTBYIOIINE HEUTPUHHBIE
ITOTOKH ypaBHOBEIIEHBI. Kak m3AaraAach BHIIIIE, P IIPOHUKHOBEHUN
B OOA€e IAOTHBIE TEAd, HEHTPHUHO MEHAIOT HAIIPABACHHE CBOErO

>

ABrKeHHA. [ TOA BAMSHEEM MarHUTHOTO ITOASl 3EMAH 9TO IIPOUCXOAUT
OPraHU30BAHHO. B pe3yAbTaTE IPOUCXOAUT CMEIIIEHUE
IIPOTUBOACHCTBYFOIIINX TOPU3OHTAABHBIX IIOTOKOB HEHTPHHO (KPACHBIE OOABIIIHE CTPEAKH Ha PUC.0) TEAY V; —
v, = Av. Cmerenne TOPOKAAET HE3HAYUTEABHYIO PA3HOCTD ITOTEHIIMAAOB B IIPOTHBOACHCTBYFOIIUX ITOTOKAX
HEHTPUHO, YTO 3aCTABASCT IPHOAMIKATHCA TEA APYT APYIy. Bmecte ¢ Tem, OHH He IPHUAHIIAIOT, X 3TOT IIPOIIECC
HE ABAACTCS TATOTEHUEM. DTO IPOCTOE CMEIEHUE MPOTHBOAEHCTBYIOIINX IIOTOKOB HEUTPUHO Av.

Puc.6 |

[ToAyYEHHBIE PE3YABTATBHI CBHACTEABCTBYIOT, YTO YCTAHOBACHHAA MM rpasutanuonas noctosanas (Gey)

ABAsieTcA KO3(PHUITHEHTOM CMEITIEHNA IPOTHBOMAYIIIHX HEHTPUHHBIX ITOTOKOB Ha 3eMAE.
G, = Av

KaBeHAMIIT  9KCIIEPHMEHTAABHO AOKA3aA  CIIOCOOHOCTb HEHTPUHO HM3MEHUTh HAM  OTKAOHHTH
HAIIPABACHHUE ABH/KEHUSA ITIOA BAUAHIEM MarHUTHOTO 11oAf 3eman. [Torpermmnocts B mamepennsax Ha 0,0014% 3a
200 Aer mokasaA, 9TO 32 3TOT IEPHOA MATHHTHOE IIOAE M YPOBEHb IPABUTAIIMH 3EMAHM YMEHBIITHACH HA
VKa3aHHYIO BEAUYHHY.

KaBeHAMIII COBEpPIIHA BEAMKOE OTKPBITHE, OAHAKO, OOBACHHA €ro II0 APYIOMY, B COOTBETCTBHHU C
VPOBHEM AOCTIKEHUA HAyKH Ha TOT IepuoA. Harra o0f3aHHOCTE — IOAUpPaBUTH €ro OOBACHEHHE U
PACTOAKOBATD €TO YHUKAABHBIA SKCIIEPUMEHT, B HOBOM IIOHATHN U HAIIPABACHUH.

1.5. OnpeaeseHne rpaBUTAIMOHHOM IIOCTOAHHOM 3€MAM C MOMOIIBIO AyHBI

OHHIITERH OIPEACAHA TIPABUTAIMIO HCKPHUBACHHEM IIPOCTPAHCTBA U BpeMEHH. |'paBUTarmoHHAA
ITOCTOSAHHASA €CTh IIOCACAOBATEABHOE H3MEHEHNE COOTHOIIECHHA IIPOCTPAHCTBA M BPEMEHH, TAE€ TEAO HAXOAUTCA
B pPaBHOBECHH. |'paBHUTAIIMOHHBIE IIPOIIECCHI HEOOXOAHMO pPACCMATPHUBATH C YYETOM SHHINTEHHOBCKOIO
HCKPUBACHUA IPOCTPAHCTBA.

Ha ocHoBaHnn M3A0KEHHOTO IOIPOOYEM OIPEACAUTH IPABUTAIMOHHYIO IOCTOAHHYIO C ITOMOIIBIO
CYILIECTBYIOIIUX OOBEKTOB B COAHEYHOM CHCTEME, YYACTBYIOIIUX B OOPA30BAHUH BCEMHPHOIO IIPUTAKEHUA U
HAXOAAIINXCA B paBHOBeCHH. AAf IIpUMepa BO3BMEM HAIIY IAAHETY — 3EMAIO U €€ CITyTHHKA /\VHy.

Ayna Bokpyr 3eman 1o cBoeii opbure paamycom R = 384 000 km aBuraercsa co ckopoctpro v = 1012
M/cek. C Takoil CKOPOCTBIO, BO B3AUMOACHCTBUM C LEHTPOOEKHOH CHAOH, /AyHa HaxOAUTCA B
VPABHOBEIIIEHHOM  COCTOSIHHH. Takoe e COCTOAHHE HCIBITBIBAET HCKYCCTBEHHBIM CIYTHHUK Ha
IeOCTAIIMOHAPHONU OopbHuTe ¢ coorBercTByIOIMME mapamerpamm: R — 42 178 kv (35 800 xm + 6378 km),
IepuoA Bpammenus 24 gaca, ckopocts v — 11 035 kM/4gac, uan 3 065 M/ cek.

Ha opbure KOCMOHABT BBIXOAUT M3 UCKYCCTBEHHOIO CIIyTHHKA B OTKPBITHINA kKocMoc. 1o Bropomy 3akony
Hprorona, m3-3a OOABIIION PAasHUIIEI B MACCaX HA HHUX AEHCTBYET pa3Has IeHTpoOexHad cuaa. KocmonaBT
AOAKEH YAETETh IIPOYb OT CTAHITUH, OAHAKO OHHU BPAINAIOTCA BMECTE Ha 3aAaHHOH opbOute. IloTomy uTo, oaHA
3 cocraBafromux rpasuranun — (G), OAMHAKOBO ACHCTBYET Ha BCE TEAd, HE 3aBUCHMO OT KX MACCHL U
maotHOCTH. TTosToMy — KOocMHdYeckne OOBEKTHI C PAa3HOH MAcCOH (M) U pasMEpaMH, MOIYT HAXOAHUTBHCA HA
oanont opomre (R) mpu oamHAakOBOM ckopocTtu (V) oOpameHua. Bor modemy HMCKyCCTBEHHBIN CIyTHHK,
HAXOAACHh Ha opbOuTe AyHBI, OYAET OOpAIATHCA BOKPYT 3EMAU C OAHHAKOBOH CKOPOCTBIO Kak /\yHA. YKa3aHHBIE
COCTOAHHUSA UX ITOKA3BIBAIOT YPABHOBEIIICHHBIE ACHCTBUA IEHTPOOEKHON CHABL U CHABI IPHTAKCHHA 3EMHOI
IPaBUTAIINN HE3aBUCHMO OT HX Macchl. llpm sTomM AaHHOE paBHOBECHE AAQE€T OCHOBAHHE IIOAATATh, YTO
LIEHTPOOEKHAA CHAQ, BO3MOKHO, ABAACTCH IIPOU3BOAHON OT 3€MHON I'PaBHTALINM.

ITo Bropomy 3akony Hprorona nenTpoOeKHafA CHAA, ACHCTBYIOIAaA Ha /AyHY IIPH OOpAILEHUH BOKPYT
3eMAm, HAITIPaBAEHA OT IIEHTPA U BEIYHUCAACTCA KaK IIPOM3BEACHIE MACCHI HA CKOPOCTD BPAITICHUSA:



MV?
F, = R
rae F; — nerrpoberkman cuaa, My — macca AyHsl, V - ckOopocTs ABIkeHHE /\VHBI 10 opbuTe BOKpyr 3eman, R
— paccrosfHue OT HeHTpa 3eMAN A0 AyHBL
Cuaa, IpOTHBOAEHCTBYIOIIAA IIEHTPOOECIKHON CHAE M BO3ZHHKAIOIIAS B PE3YABTATE IIPUTHKCHHUA 3€MHOI
rpaBATAIINN Ha OpOMTE /AVHBI, COrAACHO IIEPBOMY 3aKOHY HproToHa paBHa:
F,=M;¢g
VpasHoBerenHOE ABHKeHNE AYHBI U CIIYTHHKOB Ha OpONTE CBUACTEABCTBYET, uTo F, = F,, 3Hagur,
M]_‘V2
M,
L g R
OTCIOAA BHAHO, YTO TAKOE PABHOBECHEC HE 34BHCHT OT MACCHI, TaK KaK, C €€ COKPAIECHHEM AAHHOE
ypaBHEHME OCTACTCH HEU3MEHHBIM:

g =1 1)

AaHHOE ypaBHEHHE IIOKAa3bIBACT, YTO IIPU YPABHOBEILICHHOM ABIKEHUHU TEAO Ha OpOHTE, HEHTPOOEKHAS
CHAQ PaBHA YPOBHIO BAIAHUSA IIAOTHOCTH TPABUTAIIUH U XaPAKTCPUIYCTCHA BHICOTOH H CKOPOCTBFO ABH>KCHHA
Teaa Ha opOure. B IOAB3y YKa3aHHOIO ypaBHEHHs TOBOPHUT M TOT (PAKT, UTO BCE TEAA C HYACBOH TOYKH
OTCYETA B OKOAO3EMHOM IIPOCTPAHCTBE ITAAAFOT B CTOPOHY 3EMAU C OANHAKOBOHM CKOPOCTBIO.

CocrosHnms  AyHBI M HCKYCCTBEHHBIX CIyTHHKOB 3E€MAM Ha OpOHTE CBHACTEABCTBYIOT, HTO
VPABHOBCIIICHHBIE ACHCTBHA LIEHTPOOCKHON CHABI M CHABI IIPUTHKCHUA 3€MHON IPABUTALINN HE3ABHCHUMBI OT
HMX MACCHIL.

C y4eToM BBIIIEU3AOKECHHOTO, ACHCTBYIOINYIO IPABHTALIHOHHYFO HOCTOAHHYFO G BBIUHCASIEM IIO

dopmyae:

N

\'4 VZ
G:Rz'ngz'KzR'Vz, rAe g:]_:TZ_K
TO €CTb, G=RV (2
rae, R — paccrosuue or 1ieHTpa AO OpOUTEI OOpaIeHns OOBEKTA,
V— CKOPOCTb ABIKEHHA OObEKTA Ha OPOHTE.
ITo dpopmyae (2) opeAeAUM KOCMHYECKYFO IpaBHTAIHOHHYFO HoCcTOAHHYFO (KI'TI) 3eman ana Aymbr:
G_. = R v'=384000 xm " 3642° km/wac = 5093438976000 kn’/wac® mam 399 10 M’/ cex’.

B mexaymapoanoit cucreme nocrosaabix IERS B 1992 roay mpunfta rpaBuTanMOHHAA ITOCTOSHHAA 3EMAHR
G - 398,6  10” M’/ cex’.

C yaerom, uro AyHA HIMEET YCPEAHCHHYIO OPOUTY C HEKOTOPBHIMH OTKAOHCHUAMU, 3d TOYHYIO BEAUYHHY
KITI 3emAnm mpuMeMm BEAUIHHY 398,610 m’/cex’. AaHHAS KOCMHUYECKas I'PABUTAIIMOHHAA IIOCTOSHHAA
3eMAH XapaKTepU3yeTCA IIPOCTPAHCTBOM M OOPATHBIM YMEHBIIICHICM BPEMECHI HAIIICH IIAQAHCTHL.

AAf CITyTHHKA Ha reocTarmoHapHON opounte ¢ Beicotort H = 35800 + 6378 = 42378 xm:

G, = H v =42178 xm 11135 km/uac = 5254372999050 knr’/aac” = 396 - 10" M’/ cex”

TodYHO TaKKe C IIOMOIIBIO CIYTHHKOB Mapca OIPEACANM €ro TPAaBHTAIIMOHHYIO IOCTOSHHYIO, KOTOpas
pasua aas Poboca G, = H v’ = 9380000 M 2137,26° m/cex = 42,847  10"*n’/cex’n ans Aciimoca G, = H-
v = 23460000 m 1351,18" m/cex = 42,831'10" wm’/cex’. McHoOAB3ys JCTAHOBACHHBIC AQHHBIC CITyTHHKA

K]

FOmmrepa Mo seramcasem rpasutarmonnyio noctosanayio Omarepa G, = H *v' = 420000000m = 17444
M/cex = 127,809 10" m’/cex’.

C momompro GopmyAsl (2) MOXKHO BBIYHCAHUTH CKOPOCTB AAfl HCKYCCTBEHHBIX CITyTHHKOB 3EMAH,
HEOOXOANMAA AAA CTAIIHOHAPHOIO OOPAITIEHHA Ha 3aAAHHON opOuTe:

v= |2 3)

AAfl KaKAOH ITAAHETHI CBONCTBEHHA CBOA I'PABHTAIIMOHHAA ITOCTOSAHHAS, BBIPAKEHHAA OTHOIICHHEM
IIPOCTPAHCTBEHHBIX M BPEMEHHBIX XapakTepuctuk. OHa OTAMYAETCA OT APYIHMX CTPYKTYpOH, dopmoi u
VCAOBHEM  KMBOM M HEKHBOW MarTepud. [IpeacraBureAm ApPyrux IAAHET, HOHAaAafs B YCAOBHA 3EMHOM
IPAaBUTAIIUN, CO BPEMEHEM MEHAIOT CBOM  CBOMCTBA B COOTBETCTBHE C HOBBIMH IPOCTPAHCTBEHHO-
BPEMEHHBIMU XaPAKTEPUCTUKAMI 3EMAL.



1.6.B3anM03aBHCHUMOCTE IPOCTPAHCTBA U BPEMEHU

CyIecTByIOT pasHBIC BAapPHAHTBHI TEOPUU TIPABUTALNM, HMEIOINNE B CAAOBIX IIOASIX OAMHAKOBBIN
HBIOTOHOBCKHH IpeAcA. OHH A2IOT PAA IPEACKA3aHHH, OTANYHBIX OT IIPEACKA3aHHHI OOIIEH TEOpHH
OTHOCHTEABHOCTH, B T. 4. IIEPEMEHHOCTb I'PAaBUTAIMOHHON rocrosHHOoI. Hampumep, teopus IToas Ampaxa
(1930r), mpeAckasbBaeT H3MEHEHNE TPABUTAIIMOHHOM roctosruoi (AG) Ha Beamunny ~AG/G~ 610" B roa.
CBHACTEABCTBOM TOMY fBASIETCA TO, YTO /\VHAa €KErOAHO yAarderca ot 3emam Ha 3,8 cm.[13] Hexoropsre
BAPHAHTEl TCOPUU TPABUTAIIMH IIPEAIIOAATAIOT 3aBUCHMOCTD IPABUTAIIMOHHOI ITOCTOSHHOI OT PAaCCTOAHUA
MEKAY IPHTATUBAIOIIIMUIC TEAAMH.

I papuranrmonraa nocroaaHaa (G) xapakrepHa AAd KOCMHYECKHX T€A H 3aBHCHT TOABKO OT
06BbeMa EHTPAABHOIO AAPA, TAE€ IPOHCXOAHT TEPMOAAEPHBIH cuHTE3. B 3aBmcmmocrm or obbema
YKA3aHHOI'0 HCTOYHHKA 3HEPI'HH, IAAHETHI H 3BE3ABI OOAAAAFOT CBOHCTBAMH COCPEAOTOYECHHA H
IIOTAOIIE€HHUA [PABUTALIHH.

[Tosromy, HEOOXOAHMO CYHTATBH, YTO IPABUTALIMOHHAA ITOCTOSHHAS XaPAKTEPHU3YET MOIIHOCTH 3BE3A U
IIAQHET IIO TIOTAOIIEHHUIO M COCPEAOTOYECHHIO I'PAaBHTAIIMOHHBIX ITOTOKOB. B 3aBHcHMOCTH OT yMeHbIIEHNA
MOIITHOCTH TEPMOSACPHOIO CUHTE32, IPABUTAIIMOHHAS IIOCTOAHHAS OOBEKTA TAKKE YMEHBIIACTCA.

Ilpu coxpaHeHHH BEAHYMHBI I'PAaBHTAIIMOHHON ITOCTOSHHOM MOKET IIPOHCXOAUTH  IIPAMO
MPOTIOPITHOHAABHOE H3MEHEHUE €€ COCTABAAFOIINX — aCTPOHOMIYecKoro mpoctparctsa (H - m)) m Bpemern
(T - cex). DTy 3aBUCHMOCTD MOKHO BBIPA3HUTBH B BHAC 3aBUCHMOCTH IIPOCTPAHCTBA 1 BPEMEHH, IIOKA3aHHON Ha
puc.7. K3 cxeMBl BUAHO, 9TO C H3MEHEHHEM BPEMEHH TAK/KE MEHACTCH IIPOCTPAHCTBO.

C YMCHBIIIEHIEM IIPOCTPAHCTBEHHBIX
xapakrepuctuk  (H—h), BpemMA  KOAHMYECTBEHHO
ymensmmaercst (I'—t)  n pacrarusaercs (At=t/T< 1) B
LIEPCIIEKTUBY AO IOAHOH ocranoBku (At = t/T = 0).
Takasg npAMag IPONOPIIHOHAABHOCTb OYEBHAHA, E€CAH
BpeMsi  yMeHbLIaercs n pacrarmsaerca (At = t/T< 1) -
IPOCTPAHCTBO TO ke ymenbmaercs (Ah = h/H< 1). Toraa

G = m3/cex?

]

Bpewms T (cex?)

___________ H T | obpasyercs IIPOCTPAHCTBO, COOTBETCTBYIOITICE

[P nporrromy. Ecan Bpemst  yBeamdnsaercst n yOpICTpAeTCs

Wl A (At = t/T> 1), TorAa ¥ HIPOCTPAHCTBO YBEANIHBACTCS

| —-“I&' ' (Ah=h/H>1) U COOTBETCTBEHHO  OOpasyercs

A npomroe . macrosmee . Gyayiee pocTpaHcTBO ¢ Oyaymum. Koraa rpaBuraruonHas
B Puc.7 IIOCTOSIHHASL HAXOANTCA O3  H3MCHCHUA, BpeMs
X : X : X ypaBHOBemrena n  nocrosiuaa (At = t/T = 1), touno

TAKKE IIPOCTPAHCTBO YPABHOBEIICHO M IIOCTOAHHO (Ah
= h/H = 1). Takum 00pasom, TIPaBUTALIMOHHAS ITOCTOSHHAS ABASCTCSA HE YETBIPEXMEPHBIM, 4 IIIECTHMEPHbIM.
3A€Ch BpemsA UIPaeT OCHOBHYIO POAB B OOPA30BAHUHU TPEXMEPHOIO IIPOCTPAHCTBA B IPOIIIAOM, HACTOAIIEM K
OyAyILIEM.

B smawenmn mpocrpancTBo-Bpemss G = wm’/cex’, TPOCTPAHCTBO (METp KyOHUecKmil) MOHATHO 6e3
pasbAcHeHHA. A BOT, BpeMA (CEKYHAA B KBaApaTe) BOCIIPHHHMACTCHA C TPYAOM, TaK KaK B IIPHPOAE TaKOE
IIOHATUE HE BCTPEYACTCA, M IIPEACTABHTH ceOe BpeMfA B TAKOM BHAE HE BO3MOKHO. OAHAKO, KBAAPATHIHOE
BpeMs OOO3HAYAET, YTO BPEMsA B COCTABE IPABHTALIMH HE ITOCTOSHHOE M MEHACTCHA IPOIPECCHBHO. B cucreme
KOOPAHHAT X = y2 BpeMf COCTABAfACT MAPAOOAHYECKYIO KPUBYIO. TO €CTh ¢ H3MEHECHHEM IIPOCTPAHCTBA, BpPEMs
MEHSAETCA HEAABEKBATHO.

Beaukuit Diinrrreiin, onpeAeAfil MCKPUBACHUE IIPOCTPAHCTBA U BPEMEHH, IIPEB3OIIEA CBOE BpeMA U

IpOCTpaHCTBO. AoAroe Bpemsa MBI BOCHPHHHMAAH €I0 TI'€HHAABHOE OTKPBITHE - HCKPHBACHHE
IIPpOCTPpAaHCTBA  H BPEMEHH B OyKBaAbHOM cMbIcAe. OAHAKO HOPHIIAO BpPEMA ITOHATH, YUTO
SHHINITEHHOBCKOE HCKPHBACHHE IPOCTPAHCTBA €CTH HCKPHBACHHC IPABHTAIHH - H3MEHEHHE

HAIIPABACHHA ABHXXEHHA HOCHTEAA IPABHTAIIMH. DHHIITEHH YKA3BIBAA HA HCKPHBACHHE TPACKTOPHH
ABIDKEHHA «[PABHTOHA», KAK y (pOTOHA.

BsanMo3aBHCHMOCTD COCTABAAIOIINX KOMIIOHEHTOB I'PABHTAIIMOHHON IIOCTOSHHOM ABAAETCA TAAQBHBIM
dakTOpoM mM3MeHEHHA CBOMCTBA BCel Marepun. B 3aBucnMocTH OT CBOEro oObeMa OHA COCTABAAET OCHOBY
pasHoBuAHOCTU Mupa. Koraa mamMeHAETCAa X0A BPEMEHH, TAABHBIM 00PA30M IIPETEPIIEBAIOT H3MCHECHHIA
SAEKTPOMATHHTHEIC BOAHEI. B pesysbrare H3aMeHArOTCA HX IIPOH3BOAHEIE - CBET, TEITAOBBIC H3AYICHHA,
3BYK H T.A. YeAoBeueckne OpraHU3MbI BOCHPHATHSA - 3PEHHUE, CAYX, HAYMHAIOT YAABAUBATD IIUPOKHH CIIEKTP



OACKTPOMATHHUTHBIX ~KOACOAHMIN, KOTOpBIE paHbIlle ObIAM He AocTynnbiMu. Ilpm  ymMeHBHIeHnw
IIPOCTPAHCTBEHHBIX XAPAKTEPHCTHK, H3IMEHAFOTCA CBOHCTBA Marepuu. 1 a3b1 CTAHOBATCA IIAOTHBIMH,
BOAa - IYCTOH, KaMEHB - XPYIIKOH, CTE€KAO - MYTHBIM H T.A. B COBOKyIIHOCTH, IPOHOPIIMOHAABHOE
YMEHBIIICHUE IIPOCTPAHCTBA M PACTATMBAHHE BPEMCHH AKTHBHO BAHAIOT Ha OMOXHUMHYECKHE IIPOILICCCHI.
XUMHYECKHEe PEAKITUH IIPOUCXOAAT MIHOBEHHO, IIPOIIECCHI PA3ACACHHA UM PA3MHOMKCHHA KUBBIX KACTOK
IIPOXOAAT CTpeMUTEABHO. [loABAAIOTCA CBETOBEIE, 3BYKOBBIE AHOMAAMI, OOOHAHHWE W HIOX CTAHOBATCA
9IYTKHMH.

Takyro 3aBHCHMOCTb ACTKO OOHAPY/KHTb B IIPHMEPE YCKOPEHHA CBOODOAHOIO IIAACHUSA TEA Ha
rosepxHocTH 3eMAH. TeAo, IpH CBOOOAHOM ITAACHHH, YCKOPAET CBOE ABIUKCHHE W B IIEPBYIO CEKYHAY
peopoAesaetr paccrogaue 9,81 merpos, a Bo Bropoi cekyHAe - 19,62 meTpos u B Tpetbeit — 29,43 m. Buano,
YTO B OTPE3KE IIyTH, COOTBETCTBYIOIIEH KO BTOPOMH CEKYHAE, TEAO paccrosaue 9,81 MeTpOB IIPEOAOAEBAET 3a
0,5 cexyHAbl, a B Tperbeil cekyHAe — 3a 0,3 cekyHABL Paccrofnne ocTaAoCh IpeKHUM, a BpeMs YOBICTPHAACH.
Oanako, oOmuil 0ObeM I'PaBUTAIIMOHHON IIOCTOAHHON OCTAaACs He M3MeHeHHBIM. |Iperepriean mamenenus B
OOpaTHOM IPOIOPIIMOHAABHOCTH €rO COCTaBASFOIIIME KOMIIOHEHTBI — IIPOCTPAHCTBO M Bpemsd. Takwme
HM3MEHEHHUSA IIPUBOAAT HE3HAYUTEABHOMY OTKAOHECHHIO B PACIIPOCTPAHCHHH ACKTPOMATHUTHBIX BOAH (3ByKa U
ceera) — oaddexry Aomaepa. Ilpum 5TOM KadeCTBEHHOE HM3MEHEHHE ITAAAIOIIETO TEAO IIPOHCXOAUT
HE3HAYUTEABHO, KOTOPOE ITOYTH HE YAABAUBACTCA HAIIMMH OPTaHAMH IyBCTBA.

Ha pucynke 7 annunsa B xapakrepusyeT HBIHEITHHEH aCTPOHOMIYECKUI TEMII PABHOMEPHOTO ITPOTEKAHUSA
BpPEMCHH, a AMHHA A — 9BOAFOIIHOHHBIA TEMIT IPOTeKaHusA BpeMeru. CpaBHEHHE fAPKO CBHACTEABCTBYET HX
HECOOTBETCTBHE AASl COM3MEPEHNA U COIIOCTaBACHMA. Ha AmHIE A XOPOIIIO BHAHO, YTO K IIYHKTY «IIPOIIAOEC)
COOTBETCTBYET IIPOIIEAIINI IEPUOA, K IYHKTY «HACTOSAINEE» — HACTOAINMHA 1 «OyAymiee» — Oyayrmid. [Tpu
3TOM, YaCTOTAa 3BOAIOIIMOHHOIO BPEMEHU OYAET COOTBETCTBOBATH ACTPOHOMHYECKONH TOABKO B HACTOAIIEM
repuoAe. BoT mostomy TOYHO MACHTH(UIIIPOBATH IIPOIICALIICE HAM OYAYIIIEE BPEMs C HACTOAIINM BPEMEHEM
HEBO3MOJKHO, TaK KaK OYVAYT OTAHYATBHCA COOTBETCTBYIOINME HX IIPOCTPAHCTBEHHBIC BEAHYMHEL Taxoe
COITOCTABAEHHE CBHAECTEABCTBYET, YTO IPABUTAIIMOHHOE ITOCTOSHHOE HMEET TEHACHITUIO K YMEHBIIIEHHUIO.

DTO O3HAYACT, YTO €CAU MHUAAUOH A€T HAa3aA IPABUTAIMOHHAA ITOCTOSHHAA 3eMAM OBIAA AECATH Pa3
OOABIIIE YeM ceffuac, BpeMs IIPOTEKaAd COOTBETCTBEHHO ACCATH pa3 Obictpee. M maobopor, ecanm, uepes
MHAAHOH ACT IPABUTALIMOHHASA ITOCTOSHHAS YMCHBIINTCA B ACCATH Pa3, BpeMsA PACTAHETCA B AecATh pas. Ha
AOCTYITHOM fI3BIKE 9TO TAACHT TAK, €CAU BPeMA YOBICTPACTCA — YBEAHYHBACTCHA IPOCTPAHCTBO, €CAH BpeMA
pacTArMBaeTCA — YMEHBIIIACTCH IIPOCTPAHCTBO.

Taxkum 00pasom, ITOCTEIeHHO yMEHBIIAFOINAACA 3€MHAA IPABHTAHOHHAA IIOCTOAHHAA CBIIPAAA
T'AABHYFO POAb B 3BOAFOIIHH >KHBOH H HEXKHBOH MATEPHH HAa HANICH IIAAHETE. DTO HPHBEAO K
€CTeCTBEHHOMY BHAOH3MEHEHHFO IIPHPOABI HA T€HETHIECKOM YPOBHE.

CoBpemennas pusmdeckas Hayka AaBHO OTKA32AACh OT HBIOTOHOBCKOIO IIOHHMAHHA BPEMEHH B BHAE
aOCTPAKTHOM  AAHNTEABHOCTH. YUCHBIE TECOPETHKH, B COOTBETCTBHH CO  CIICLHAABHOH  TEOPHEH
OTHOCHTEABHOCTH, IIPUXOAAT K ITIOHUMAHHIO 9TOrO SBACHHA B BHAC MHOKECTBA BPEMCH, KAXKAOE M3 KOTOPBIX
COOTBETCTBYET CBOEMY IIPOIIECCY, CBOCH IAEMEHTAPHOH YACTHIIE, T.€. CBOEH CHCTEME OTCYETa CO CBOCH
OAHOBPEMEHHOCTBIO.

To ectp, B mpHUPOAC HET HH aOCOAIOTHOTO BPEMEHH, HH aOCOAIOTHOTO IIPOCTPAHCTBA - €CTh AHIIb
ITOCACAOBATEABHOCTD ~ M3MCHCHHH  OOpPA3yIOIMHX IIPHPOAY IAEMEHTOB M IIOCACAOBATEABHOCTD — HX
B3aumopacoroxenusa (puc.7). Iloayuaercd, 9T0 TIpaBHTAIIMOHHAS IIOCTOSIHHAS €CTh ITOCAEAOBATEABHOE
HM3MEHEHHE COOTHOIIECHHA IIPOCTPAHCTBA U BPEMEHH, TAE€ TEAO HAXOAUTCA B PABHOBECHU.

B pesyapTaTe MOMKHO 3aKAIOYHTH, YTO BPEMA €CTb ABIDPKCHHE TeAd B IIPOCTPAHCTBE, TO €CTh
mepeMerriecHHe B COOCTBEHHOH cHcTeMe KOOpAHHAT. OCTAHOBHTCA ABHIKCHHE B IIPOCTPAHCTBE —
OCTAHOBHTCA BpPEMA AAAd OCTAHOBHBIEIOCA reaa. Bpemsa HemocpeAcTBeHHO CBA3AHO C
npocrpaacrsom. IlpocrparcrBo xapakrepusyer KOOPAHHATBI ITOAOXKEHHA TE€A, a4 BPEMA
XAPAKTEPH3YET MNEPEMEIIEHHE ITOAOXKEHHA TE€A B IPOCTPAHCTBE.

HeoOXOAMMO YYHTEIBATD, YTO IIOA TOHATHEM ABIKEHHE HAAO IPHHHUMATH BCE BHABI ABIUKCHHA —
HAYHHAS OT PACIAaAA ATOMA M XUMIYECKAX 9AEMEHTOB, PA3SACACHUA KACTOK AO IEPEMEIICHNA KOCMHYECKHUX TEA
B IIPOCTPAHCTBE.

Koraa 3emas m AyHa HAM CTPEAKH YaCOB IIEPEMEINAIOTCHA HA COOCTBEHHBIX OPOHTAX, IIPOXOAHT
COOTBETCTBYIOIIIEE HX ABIKECHHIO Bpemf. TOYHO TakiKe B KHBOM OpPraHH3ME IHUPKYAHPYIOT KUAKOCTH U
IIPOUCXOAUT Pa3MHOKEHIE KACTOK — BCE 9TH ABIDKEHUA UMEIOT COOTBETCTBYIOIIEE BpeMa. Aaxke IIOAYPACITaAY
PAAHOAKTUBHBIX 3AEMEHTOB COOTBETCTBYET CBOe BpemsA. Her ABmxeHHSA — BpemsA OCTaHABAUBAETCA, BEpPHEE,
pacTaruBaeTca AO OECKOHEIHOCTH.



II. PoAs rpaBuTaniuu B 00palneHn MAaHET HA opouTe

Aarite MHe TOYKY OIIOPEL, H A IIEPEBEPHY BECH MHP. Apxmmen

2.1. YkAOH rpaBUTANINN, BAUAHHAE I'PABUTAIINY HA ABYDKEHHE IIAAHET HA opbuTe

OOpamenne AyHBI IO CBOECH OpOHMTE  MHOIHE yY€HBIC OOBACHAIOT Tak: AyHa  IIOA BAUAHHEM
HIPUTHKECHUA 3EMAH, HAIIPABACHHOIO B IIEHTP 3EMAH, IIOCTOSHHO IIAaAA€T HA HEE, OAHAKO, 32 CYET OOABIIOHN
CKOPOCTH ABMZKEHHSA HE ycIreBaeT yuactb Ha 3emaro. Ilocrosanaas ckopocts  ABmxeHus AyHBI OOBACHACTCH
COXpaHEHHEM dHepPrun. 10 ecTh, OHA OAUH pa3 HaOpaB CKOPOCTh HAa OpOnTe, OYAET ABUIaThCA OE3 OCTAHOBKH,
TAaK KaK HE BCTPEYACT COIPOTHUBACHHA Ha CBOeM IyTH. OAHAKO, HA €€ ABIKEHUE OKA3BIBAIOT
M 4 BAuAHpe rpaBurannn 3eMAn, COAHIIA M APYIHX IIAQHET, KOTOPBIC, AOAKHBI H3MCHUTD
CKOpOCTh ABHKeHHS AyHBI Ha opbure. EcAm M3MeHHTBCA CKOPOCTh ABMKEHMA /\YHBI OHA

AOAHA YITACTDb HA 3EMAIO HAU YAETETH B OTKPBITHI KOCMOC.
Toraa crpaBeAAMBO BO3HHUKAET BOIIPOC, UTO KE ABAACTCA HMCTOYHHUKOM SHEPIHH AAA

v coxpaHeHns ckopoctu ArxeHus AyHer? [1o pacderam HACTOSAIIEH TEOPHH, €IO ABAACTCH Ta
HC.
Ke IpaBUTAINA 3EMAH.
Hocurean rpaBuranimm - HEHTPHHO, IPOHHKAA B MATEPHAABHOE TEAO, BCTPEIAFOT

COIIPOTHBAECHHE, B PE3VABTATE €TI0 HEZHATHTCABHO 3AMEAAAECTCA CKOPOCTH HX PACHPOCTPAHEHHA. DTO
IPHBOAHT K HEKOTOPOMY H3MEHCHHIO €0 HANpaBACHHA ABm>xeHnAa (puc.8). Ha Bexoae m3 maotHOrO
TeAd, HEUTPHHO  AOBOAAT CBOIO CKOPOCTb PACHPOCTPAHEHHA AO IIEPBOHAYAABHOIO, M BOCCTAaHOBHTDH
HAIIPABAEHHUE CBOETO ABIKEHHS.

B 3aBucummocTH OT HAOTHOCTH H 00BE€Ma MATEPHAAOB T€Ad, OTKAOHECHHE HAIPABACHHA
rpaBuranud ObIBacT pasHbIM. Bce s1n m3mMeHeHHA MPOHCXOAAT PABHOMEPHO H COCTABAAIOT KPHBYFO
IOPOCTPAHCTBA. YKa3aHHBIH IHPOLIECC IMPOHCXOAHT B IIAAHETAPHOM MAacIITa0€, B CBA3H, C 9eM
IOBTOPHTH 3KCIIEPHMEHTAABHO B AA00paTOPHBIX YCAOBHAX, IIOKA, HE IPEACTABAAECTCA BO3MOKHBIM.
Bmecre ¢ Tem, orkaomenme moroka rpapurtanmn Ha 0,5% ycraHoBAeHHOE B
Jlyna VE skcriepuMenTe B raase 1.1 pHCYHOK 2, CBHAETEABCTBYET, YTO H3MEHEHHE HAIIPABACHHA
ITOTOKA TPABUTAITIH BCE-TAKH MMEET MECTO.

3emmuas rpaBuTanud, HIpPOHHKaA B AyHY, MEHAET CBOE HAIIPABACHUE M BBIXOAHUT U3
Hee B APYTOM HalpaBAeHuH (kpacHad kpusad puc.9). Ilpm sToM oHa TOAKaeT ee He 1O
| UpAMOI, HAIIPABAEHHOI TOYHO K IIEHTPY 3EMAH, a II0 KACATEABHON K TPAEKTOPHHU
v e ABrxeHus AyHBI 110 opOure. I'paBurarus ABASETCA BEKTOPOM HAIPABACHHUA K IICHTPY

3eMAM U HapaBAEHHUA ABIKEHHA 110 opoOute. To ecTh, HOTOK 3€MHOI IPAaBHTAIIUH, IIPH
IIPOHUKHOBeHHHN B AyHy, He OYACT HATH OPAMO K LEHTPY 3EMAHM, a IOHACT IIOA

Semutst
OHPCACACHHBIM yI‘AOM.
B TAKOM CAY‘IQ.C, KaK ITIOKa3aHO Ha pI/IC.g, AYHQ. paBHOMCpHO 6yACT ABUI'aATbCA C
LTy OHpCACACHHOfI CKOpOCTbIO I10 CBOCI>'I Op6I/IT€, IIOCTOAHHO HOAY"IaH oT FpaBI/ITaHI/H/I
moJjie 3emiu

TOAKAIOIIYIO 9HEPIHIO AAf ABIDKEHHA. [Ipm 3TOM, IpOEKInA ITOTOKA TIPABHTALINH,
Prc.9 mporreArero depes AyHy, Ha IIOBEPXHOCTH 3EMAH BBICTYIIACT B BUAE IIPHAUBHOTO ropOa
1 HAXOAHTCA BIIEPEAU IIPOEKITHH CaMOH /\VHBI I10 HAIIPABACHHIO K €€ OOPAIIEHHIO.

A 9TO BepHBII IPHU3HAK TOIO, YTO HOTOK 3€MHOH IPABHTALHH, INPOHHKAA B AyHy, He TOABKO
YMEHBIAET CBOH yPOBE€Hb IIAOTHOCTH, HO H CMEIA€TCA B CTOPOHY €€ ABIDKEHHA. 1Ak Kak IIEPHOA
obparenns AyHBI IO OpOHTE TOCTOAHHBIN, CKOPOCTD €€ ABIDKCHHSA ITO OPOUTE TAKIKE ABAACTCA OTHOCHTEABHO
PaBHOMEPHON. DTa CKOPOCTh 3aBHCHT OT BEANYHHBI I'PABUTAIINA M OOPATHO IPOIOPIHOHAABHO K PAAHYCY
opOuTH:

ecan 3ameruM G oT ykasaHHON (DOPMYABI HA yCKOpeHHe /\VHBI Ha CBOEH opOuTe g

g= o @
OTCIOAQ G=g¢g R?
ITIOAYYIHM CKOPOCTH OOparieHus /\yHBI 110 opOuTe:



v= 5= R ®

V= JgR = \/0,00266 w/cex? 384000000 v = 1011,65 m/cex

rae R — paccrosnne or nenrpa 3emMAan A0 AVHBL, ¢ - YPOBEHb BAUAHMA ITOTOKA IPABUTAINN 3EMAN Ha OpOHTE
AyHBL

®opmyasr (1, 2, 3, 4 u 5) HOKa3BIBAIOT, YTO CKOPOCTb ABIKCHHA M PAANYC opouTel AyHBI
IIPOITIOPITMOHAABHO H3MEHAIOTCA, IIPH, HEMEHAOIIEHCA TPABUTAIIMOHHO ITOCTOAHHOM.

2.2.PoAb rpaBuTAIIAM B OOPA30BAHUH IAAMIITHYECKOM OPOHUTEI

PaccmorpumM cAyual, KOrAa ITOA BAHUSHHEM COAHEYHON TIPAaBHTAIIMH OpOHTa AYHBI IIEPHOANYECKH
KoAeOAeTcA. B pesyabraTte pasmyc OpOHUTEI ITIOCAEAHEIH M3MEHHUTCHA, COOTBETCTBEHHO M3MEHHUTCA CKOPOCTH €€
ABIDKEeHHA. Takoe H3MEHEHIE OCOOCHHO 3aMETHO, KOTAA /\yHa okaxercs MeikAy CoaHeM i 3eMACH.

Vposens BAnAHuA 110TOKA rpaBuTarmi COAHIIA HAM YCKOPEHHE CBOOOAHOTO IIAACHHA Ha YPOBHE OPOUTEI
3emanm  pasma g, = G/H? = 0,005898 m/cex’. YpOBEHb BAHAHUM ITOTOKA TPABHTAITMM 3EMAM Ha OpOHTE
Ayner g, = G / R*> = 0,00266 m/cex’, modaru B ABa pasa MEHbIIIE COAHEYHON. Takoe HECOOTBETCTBHE AOAKHO
IIPUBECTH K OOA3aTEABHOMY OTKAOHEHHIO OpOuTH AyHEL B cTOpoHY COAHIIA. DTOT IPOIECC, KaK IOKA3aHO HA
pucynke 10, mpomcxoanT cAeayromuM odbpasom. Ilpu cyMMapHOM yMEHBINICHHH YPOBHA BAMSAHHA ITOTOKA
3eMHOI rpauranuu (g), nenrpoodexnad cuaa (F)orraskmsaer Ayny or 3eMAHM, HE3HAYHUTEABHO YBEAHYUB
paccrosame  (t,)MexAy HuMa. [lo mHEpIIMHM CKOPOCTH ABHKECHHSA
Aysbl 110 cBOeH opbure (V,) HEKOTOPOE BPEMfA OCTACTCH IIPEIKHEH.
DTO TIPHUBEACT K €€ YAAAEHHUIO OT 3eMAH (t,) U (I,)TIO SIAAUIITHYIECKON
Conne | opoute (1 yaacrox opOurer). Koraa AyHa BEIXOAUT U3 aHOMAaABHOM
30HBI, U3-32 €€ PAAMAABHOIO YAAACHHSA OT 3EMAH II0 IPAMOH, YTAOBas

ckopocTp obOpareHns AyHBI () BOKPYr 3€MAM YMEHBIIUTCA. DTO

3eman IIPHBEACT K YBEAHYCHHIO (g,)- YPOBHA BAHAHUSA ITOTOKA IPABHTAIINN
3eMAH, TO €CTh YCKOPEHHUIO CBOOOAHOTO ITaAcHHA AVHBI Ha 3EMAIO.

I1pu atom, yaaseHne AyHBI IO IPAMOM HAYHHACT TOPMO3HUThCA. OHa
YMEHBIITHT CBOIO CKOPOCTH (V), YTO IPHUBEAET K YMEHBIIECHUIO
nenTpodexnoii cuanl (F)u yBeamdenuro yckopeHms CBOOOAHOIO
maaeHuA (g) (2 ygactok opbutsr). Aasee paccrosiHEme A0 AyHBI HAYHHAET COKpAImatscs (f;), a CKOPOCTH €e
ABIKEHHSA YBEAHMYHUBATHCA (V5). [Ipu aTOM, OHa, Kak OBI, TapaeT Ha 3EeMAIO HE 11O IIPAMOI, a ITO KacaTeAbHOMN (3
YVYIACTOK OPOHTEL). DTO IPUBEAET K YBEAUYIECHUIO YTAOBOI CKOPOCTH () C YTAOBBIM YCKOPEHHEM

B=(w-0,)/t.
CoOTBETCTBEHHO YBEAUYNTCA IIEHTPOOEKHAA CHAQ
F = ﬁ.r’

KOTOpaH HAYMHACT OTTAAKHBATH AYHY oT 3eMAm. AﬂHHbeI HpOHﬁCC ABIKCHHS CITyTHHKA 3eMAn obObAcHAETCA

dopmyaamu (5):
v=gr
V2

r=— 6
- ©)
TAC, V — paBHOHCpeMCHHaH CKOpOCTb ABITKCHUA AyHbI Ha Op6I/IT€, g — ypOBCHb BAMAHUSA ITOTOKA I‘paBI/ITaL[I/II/I

3eman Ha opbuTe AyHEL r — pasuyc oOparenus AyHB Ha OpOUTe.

O1croaa BHAHO, 9YTO pPaAHyC OOpaIieHHsA U CKOPOCTh ABIKeHHA AyHBI Ha OpOHTE OOpaTHO
IIPOIOPIIMOHAABHBI APYT APYIY, TAaK KAK, YPOBECHb BAUSAHHS ITOTOKA IPABHTALIMH MCHACTCA B 3aBHCHMOCTH OT
paamyca opburtsr. [Tosromy ykazauuas opmMyAa ApKO BEIPAKAET ABIDKECHIE \VHBI M HCKYCCTBECHHBIX CITYTHHKOB
Ha 9AAUIITHIECKOH OpOHTE BOKPYr 3eMAH.

[TpeaorokumM, 910 3eMAfl ABAACTCA EAMHCTBEHHBIM TEAOM BO Bcell Bceeaemmo#l u HaxoamTcd B
cocrossanu nokos. Ecan  AyHna, B cocTOfHNN ITOKOSA ITOABHAACH OBl Ha paccrosamu (r) (touxka A puc.11), To
OHA IIOA BAHSHHEM 3CMHOH I'PABHTALINH, CCHYAC K€ HAYaAd OBl ABHIATBCH YCKOPSIOIIEH CKOPOCTBIO (V,)B
HAIIPAaBACHHH 3EMAU IO KACATEABHOH K HpAMOM amuunu. [Ipu stom Ayma He ymasa O Ha 3eMAFO, a IIPOIIA2
OBI PAAOM Ha YCKOPAFOIIEH CKOPOCTH B PACCTOSAHUU (I,) H OIUCAB BBITAHYTBIE 9AAUIIC BEPHYACA ObI OOpPaTHO.




OrmmcaB HECKOABKO MHUAAHOHOB BHTKOB, /\yHa BBIIPAMHAQ OBl CBOIO OPOHTY M OOpaIiarach OBI ITO
HACAABHO KPYTAOH OpOUTE, HE UCIIBITHIBAA HUKAKAX BO3MYIIICHHIL.

IIpeacTaBbre cebe TakyrO 3aKOHOMEPHOCTH: IoBepxHOCTh AyHbI, Mepkypus, Benepsr me mmerormnx
BpAIIATEABHOE ACHICTBHE BOKPYT COOCTBEHHOI OCH, HCIIEIIPEHA KPATEPAMHU OT OOABIIIIX METEOPHTOB. B 1O ix1e
BpeMs, IoBepxHOCTh 3emam, Mapca, [Ommrepa, m Apyrux HEOECHBIX TEA, HMMEFOIIHX BpAIIECHHE BOKPYT
COOCTBEHHON OCH, TAaKOH KapTHHBEI HE HMEIOT. TaKoe IIOAOKEHHE HADAFOAACTCA M HA CHYTHHKAX IIAAHET-
TUIaHTOB, 3a(PUKCHPOBAHHOE AMEPHUKAHCKHM KOCMUYecknM armaparom «Bosaxep». Tak, mosepxHOCTD
cuyraukoB FOmurepa Mo, EBpomnsl, ['armvesa mMeeT peAKHE CACABI METEOPUTHOH OOMOAPAHPOBKH, TOTAA KaK
oBepxHOCTh Kaaaucro craormrs mokperra kpartepamu. Cryrauku Catypaa DHieaas, Amona n Turan Takke
HMEIOT PEAKHE KpPaTephbl Ha ITOBEPXHOCTH, KOTAA

Vi AvHa ¢y -V Tedua, Pea m Smer cuABHO mHOCTpajaAH OT
pam— i fo A mereoputoB. CroyrHuk VYpaxa ApHIAB MaAO
= E IIOCTPAAAA OT METEOPHTOB, 2 YMOpuaab, ObepoH
u TuraHus 9acTO CTAHOBUAMCH UX MHUIICHAMIE. [14]
BosmoxHO, TE CHOYTHHKH, KOTOpPBIE HMEIOT

MaAOYHCAEHHBIE KPATEPHI, BPAIIAIOTCA BOKPYT COOCTBEHHOIT ocn Kak 3emas u Mapc.
3emas u AyHa HAXOAATCA CPaBHHTEABHO OAM3KO APYI APYIY H OAHMHAKOBO ITOABEPIKEHBI METCOPHUTHOM
ObomOapaupoBke. Bmecte ¢ TeMm, Ha IIOBEPXHOCTH 3EMAHM TPYAHO OTBICKATH CAGAOB METEOPUTHOMN
6omMOapanposku. CoBpemMeHHas aCTPOHOMUA OOBACHACT HAAMYNA MHOMKECTBA KPaTepOB Ha /\yHE TeM, 9TO M3-
3a OTCyTCTBHA aTMOC(EPH M BAArM HAa HEH HE IIPOMCXOAUT PaspyIlCHHE KPATEPOB, TOTAA KAK KpPATEPHI Ha
ITOBEPXHOCTH 3EMAH HCYE3aFOT IIOA BAMSAHHEM aTMOCepHBIX 9pos3uil. EcAm 10 Tak, TOraa xak oOBACHUTH
HAATIHSA MHOKECTBA CACAOB YAAPOB METEOPHTOB Ha IOBepXHOCTH Bemepsl, mpu ToM, uto armocdepa Tam
OYCHDb ITAOTHaA, C I‘YCTBIMI/I O6AaKaMH n yI‘ACKI/ICAbIMI/I ra3amMu, O60faH.[€HHbIMI/I MCAKHMMH KaII€CAbKaAMI CCpHOfI

KHCAOTHL 1o Aormke, TaM KpaTepel AOAMKHBI OBITH CHABHEE ITOABEP/KEHBI Pa3PYIICHHIO. TaKue HEe AOTHIHBIE
CAEABI METEOPHUTHOH OOMOAPAMPOBKM Ha Pa3HBIX HAAHETAX TPEOYIOT AOTHYHOIO Pa3bACHEHHA.

[Touemy rtak moayduaercsa? Iloromy, uro Te HeOecHbIE TeAa, KOTOPBIE MMEIOT COOCTBEHHOE MATrHHTHOE
IIOA€ M BPAIIEHHE BOKPYI COOCTBEHHOH OCH, 9aCTO H30ErarOT CTOAKHOBCHHSA C KPYIHBIME METCOPHUTAMH. Y
HHX IPOUCXOAHUT OPTraHU30BAHHOE OTKAOHECHHE HAIIPABACHHSA IPAaBUTAIIMOHHOIO IIOTOKA B CTOPOHY BPAITICHHA.
B pesyaprare, rpaBuTanus 9THX IIAAHET CIPUTATUBAET» HEOECHBIE T€Ad TOABKO MHMO ceOsf. Kpymmbre Teaa
HCIBITBIBAIOT 3EMHOE IPHIMKEHHE H3AAACKA U B XOAE IPHOAMKEHHA, HOAYHHAACH CHAE I'PABUTAIIHM,
IIPOAETAIOT MUMO 3eMAn. MEAKHIE METCOPUTHBIE TEAA TOPA3AO OOABIIIE, YE€M KPYIIHBIC METCOPHTHL B KOCMOCE,
A2 U T€ IOAIIAAAIOT ITOA BAUAHUE 3€MHOII IPaBUTALINNA B CPABHUTEABHO OAM3KHX paccrofHuax. Bmecre ¢ tem,
CTOAKHOBEHHE HEOECHBIX TeA C 3EMACH, PEAKO, HO BCE-TAKM CAYYAeTCA. Takoe IIPOMCXOAHT, KOTAQ
IIPOAETAIOINEE PAAOM TEAO OOABIIIE TIOABEPKEHO IPpUTAKEHIIO COAHITA U €r0 TPACKTOPHSA IIEPECEKAET OPOUTY
3eman. [Tpu a10M METEOPUTHI BCErAA BXOAAT B IIAOTHBIE CAOU aTMOC(EPBI 3EMAN 10 HAKAOHHOW IIPAMOM, B
OCHOBHOM B IOrO-BOCTOYHOM HAIIPABACHHH B CEBEPHOM H CEBEPO-BOCTOYHOM B IOMKHOM ITOAVIIAPHUU.
BosmoxxHo, 110 3TOI IpHYMHE, B HCTOPUYIECKOM PasBUTHH 3eMAH HE 3a(HKCHPOBAHO HH OAHOIO CAyYafd
ITAAEHHISA KPYITHOTO aCTEPOMAA Ha HAIIY ITAAHETY.

Bkaaa B pasBuTHE MACH O BCEMHPHOM TATOTEHHH BHeCAO OTKpeITHe V. Kemaepom 3aKOHOB ABMKEHHA
mmaaHer. Bmecrte ¢ TeM, ero pacyers OCTPOEHB TOABKO Ha ABHZKEHHUE ITAAHET 110 SAAHIITHYECKOW OpOuTe U HE
PACKDPBIBAIOT CyThb BAMSHMA IPaBUTAINHM.  J3akoHBl Kermaepa — HaOAIOAATECABHBIC 3aKOHBI, CACACTBHEC
MaTEMATUYIECKOH OOPabOTKH pe3yAbTaToB HAOAFOAcHHE. OHH OTOOPakKAIOT 3aKOHOMEPHOCTH ABHIKEHUSA, HO
HC BBIABAAIOT HPI/I‘II/IH:

v a?p?

3aKOH BCEMHPHOTO TATOTEHHUSA ITOKA3BIBAET, YTO 3aKOHBI Kemaepa — AHIIB CAGACTBHE (PH3UIECKOIO
CBOMCTBA AFOOBIX TEA, OOAAAAFOIIIIX MACCAMH, IPHTATHBATECA APYT APYTOM. Brrao prHATO, UTO BCe ABHAKEHUA
B COAHEYHON cHCTEME ITOAYMHAIOTCA 3aKOHY BCEMHPHOro TtaroreHus. lcxoad m3 MaAoil mMaccel IAaHeT
COAHEYHOIT CHCTEMBI, MOKHO HPHOAMKEHHO CYHTATh, YTO ABHAKECHHA B OKOAOCOAHEYHOM IIPOCTPAHCTBE
moaunHAroTCA 3akoHaM Kemaepa. Tem me  memee, 3akoH Kemaepa TOABKO MaTEMATHYECKH OIIHCHIBAET
TPAEKTOPHUIO ABMKEHHA TeA BOKPYr COAHIIA IO SAAMIITHYECKHM OpPOHTaM, B OAHOM H3 (POKYCOB KOTOPBIX
Haxoanrtcs Coanre. K cokaAeHNIo, TaM y9acTHe IpaBUTAIINN HE VYU THIBACTCH.

OAHAKO HADAFOAEHUSA ITOKA3BIBAIOT, YTO TPACKTOPHUA ABIKEHUA CITyTHUKOB 110 OPOUTE HEITOCPEACTBEHHO
ITIOAYHHACTCA YPOBHIO BAUAHUA ITOTOKA TPABUTAIIMH, OT KOTOPOIO 3aBUCHT PACCTOAHHA MEKAY Teaamu. Uem

e=a



oAmke HeOecHoe TeAo K COAHILy, TeM OBICTpEE €ro CKOPOCTh ABIDKEHHSA IO opOmre (mAaHera YpaH, camas
AAA€Kas U3 U3BECTHBIX, ABIKETCA B 5 pa3 MeAAcHHEe 3eMAN).

ABIDKEHIA KOMET IO 9AAHUITHYECKON OpOHTE CTPOro HOAYMHAIOTCA cuAy nputmxeHusa CoaHIa.
M30rHyTOCTD XBOCTA KOMETHL APKO CBUACTEABCTBYET, YTO OHA ABUTACTCA IO OPONTE HE IPAMOAHMHEHHO, 2 Iepes3
OIIPEAECAEHHOE BpeMsA MEHSET CBOE HAIIpaBACHHE ABIKeHHE. VM 3TO He IIPOCTO ABHIKEHHE IO 3AAHIITHICCKON
opbure, a BO3MOXKHO, BAHSAHHE IIAAHET, y KOTOPBIX OHa HPOXOAUT. OObBACHEHHE HAIUMH YICHBIMHU
00pa3soBaHUE XBOCTA Y KOMET, HCIIAPEHHEM OCTBIBIIIEIO AbAA KOMETHI IIOA BAUAHHEM Teraa oT CoAHIIa, Takke
ITOABEPTAETCA K COMHEHHIO, TAK KAK HEKOTOPBIE ACTEPOMABI TAKIKE COAEPKAT AbAQ, OAHAKO TAKOTO XBOCTA KaK y
KOMETBI HE IMEFOT.

[TpeArToAOKITEABHO, KOMETA MMEET BHYTPEHHEE AAPO C TEPMOAAEPHBIM CHHTE30M, B CBA3H C UEM, €€
XBOCT - 9TO IIACH( rasoB, BHIACAAEMBIX B 9TOM Iporecce. EcTecTBeHHO, IpH IPOXOKACHIN MHMO KPYIIHBIX
IIAQHET, IIOA BAUSHIEM X IPAaBHTAIIHH, KOMETA MECHACT HAIIPABACHIE U HHTCHCHBHOCTD BBIACACHHSA IIPOAYKTOB
pacrmaaa. B pesyaprate xBOCT KOMerel npu npuOAMmKeHHH K COAHIy YBEAWYIHBACTCH, A IIPU YAAACHUUI
cokparmaerca. ACTEPOHMABI HE HMEIOT BHYTPEHHEE fAAPO C TEPMOSACPHBIM CHHTE30M, B CBA3H C dYeM, HE
00AAAAFOT HOAEM TATOTEHHUA. Pedp HMACT O HE COCTOABINMXCSH IIOIBITKAX AMECPHKAHIIEB IIOCAAUTD H YACP/KATH
kocmuaecknii 30HA NEAR Ha acrepomae ®oboc, m smonmes - 30HA XasgOyca («COKOA»), KOTOPBIH OHH
oTIpaBUAH K actepouAy Mrokasa. He 3axoTeAn acTepOHABI YAEPKHUBATH HA CBOCH ITOBEPXHOCTH KOCMHYECKUE
30HAHI ¢ 3emAm.[15]

3 HAOAFOACHHI 32 ABIDKCHHAMN HCKYCCTBCHHBIX CIIYyTHHKOB XOPOIIO BHAHO, YTO IIOA BAHSHUEM
IPaBUTALINK BPEMA UX CYIIECTBOBAHMA PE3KO COKPATUTCA, CCAH IYCTUTH UX IIPOTUB IIPHHATOTO ABIIKCHUSA, TO
€cTh C BOCTOKA Ha 3amaA. Ha Takoi opOure rpaBUTAIIUA HAYMHACT TOPMO3UTH CKOPOCTh ABIKEHHA CIYTHHKA H
AABHTB €ro K 3eMA€, YTO IIPHUBEACT K €r0 HEMHUHYEMOMY CKOPOMY IAACHHIO. Aaie Te CIIYTHUKH, MMEFOIIINE
ITOAAPHBIC X CHABHO HAKAOHCHHBIEC OT 9KBATOPa OPOHUTHL, CO BPEMEHEM IIPHHUMAIOT OPOUTY BAOAD SKBATOPA U
ABITKYTCSI C 3aIlaAd Ha BOCTOK. BOT IO 3TOH HpHYMHE MOXHO OOBACHHUTH HEBO3MOMKHOCTB OOpAIleHNs
HICKyCCTBEHHBIX CIIYTHUKOB BOKPYT /\VHBI, Y KOTOPOH HET HAIIPABACHHOTO AABACHHA IPABUTAIIUM.

2.3. BAuanme rpaBATAIIMN HA 00pa30BaHHE KOAEI] BOKPYT IAAHET

[Iprraumaoi 0Opa3sOoBaHUA TOHKHX KOAEIT BOKPYI IIAQHET-THIAHTOB, TAK/KE ABAACTCA BAUSHIE IPABUTAIIHM.
Boxpyr skBaTOpa mAaHETB BEKTOP BAUAHHSA IPABUTAIIMN HA OPOHUTE CHYTHHUKOB MMEET CTPOIMH HAKAOH BAOAB
5KBATOpA B CTOPOHY BpallleHHA. B APyIrHX IIHPOTaX BAUAHUE TPABUTAIHNH (g) MMEET HEKOTOPBIM HAKAOH B

CTOpPOHY 3KBaTOpa (KpacHble m cuHHE cTpeAkn Ha puc.12). To
Berep !

€CcTh € AFOOOI TOYKH OKOAO3EMHOTO IIPOCTPAHCTBA CIIyTHUKH,
‘\ ABUTAIOINHECA II0 OpOHTE, OYAYT YCTPEMAEHBI K 9KBATOPY.
Hampumep, BO3AYIIIHBIE MACCHI 3€MHONU aTMOCEPHI FOKHOTO H

CeBCpHOFO HOAYT_HapI/IH, B IICAOM, ABIDKYTCH K SKBaTOPI/IaAbHOMY

HOACY.
/AaBHO H3BECTHO, YTO B BEPXHUX CAOAX 3€MHOIT aTMOCepsr
BCE BpeMA AyET 3aIlaAHBIM BeTep (IpaBBId Kpyr Ha puc.12),

OBaabHOE
AAPO

eman obrousAs BparmreHne 3eMAH BOKpPyr cBoedl ocu. Kakme cuabr

Puc.12 g .

Pa3rOHAIOT 3TOT OTPOMHBIN MaxOBHK? CyIIECTBYIOIIHE TCOPUN
HE MOIYT AATb OTBET HA 9TOT BOIIPOC. DHEPIHA, BHIACAAIOIIAACA B 9TOM IIPOIECCE, CIIOCOOHA CPaBHATH BCE
ropel Ha 3emMAe. Bee 310 HaraAkuBaeT Ha MBICAB, YTO BAMSHHCE IPABHTAIINN HMMECT HEKYIO 3aKOHOMEPHOCTb U

HAITPABACHHOCTb.

[ToAunBAACH BAUAHUIO I'PAaBUTAIINH, BO3MOKHO, BCE MCKYCCTBEHHBIE CIYTHHKH 3EMAH, BPAIAFOIIHECT
Ha BBICOKHX OKOAO3EMHBIX OPOUTAX, CIIYCTA HECKOABKO THICAYU ACT BEICTPOATCA B IIEIIb, 0OPa3ys CBOCOOpasHOE
KOABIIO BOKPYT 9KBATOPa M IIPH 9TOM, OHHM HE OYAYT HCIBITBIBATH HHUKAKOTO IIPUTMKEHHA MEKAYy coOOH. B
AAACKOM OYAYIIEM 9TH CHYTHHUKH HAYHYT IPHU3EMAATHCA U CTAHYT KaTaCTPO O AAfl CTPaH, PACIIOAOKEHHBIX
BAOAB 9KBATOPA.

Temusre narHa Ha CoAHIIE, BO3MOKHO, OOPa30BBIBAIOTCA BIIOCAGACTBUU I'PABHTAIIMOHHON AaHOMAAUHU U
ITAQBAIOT HAa OTHEHHO-’KHAKOM MOPE Ha €ro HOBEPXHOCTH. BO3MOKHO, IMEHHO TTOA BAHAHHEM IPaBUTAITHH,
BCE IIATHA B TEYCHHE MECAILEB COOMPAIOTCA HA SKBATOPHAABHON AMHHUH HAIIETO CBETHAA. DTOT IIPHU3HAK
HATAAKUBAE€T Ha MBICAB, 9TO TeAO COAHIIA ABAACTCA IKHAKO-Ta3000pa3HOH CYyOCTaHIHEH, IIOCTOSHHO
MEHSAIOIIEH peAbed CBOEH ITOBEPXHOCTH.



C uem cBfizaHA TaKasg BOCTOYHASA HAIIPABACHHOCTH IPABUTAIIMN 3EMAU C YKAOHOM B CTOPOHY 9KBATOPA?
EAMHCTBEHHO IPAaBUABHBIM OOBACHEHHUEM TAKOMY ABACHHUIO, BO3MOMKHO, ABASCTCA BAUAHIE MATHUTHOIO ITOAS
1 mapooOpasHasd IIOBEPXHOCTh 3eMAHU. B HeHTpaApHOH Wacté 3e€MAH IIOTOK MAarHHTHOIO IIOAf ODpasyer
IIAOTHYIO BEPTHUKAABHYIO OCb, IIPOHM3BIBAIOINYFO HAIIy IIAAHETYy C FOKHOIO AO CEBEPHOIO ITOAOCA.
HanpskeHHOCTD MATHHTHOIO IIOAA IIO BCEH IIPOTHKEHHOCTH OCH IIOCTOAHHAA M CHAbHafA. MoIHOCTh
PACIIPOCTPAHEHUSA MATHUTHOIO IIOAf YOBIBAET B 3aBUCHMOCTH OT PACCTOSHHA AO IIOBEPXHOCTH ITAAHETBI
(nmyskTupHas AmHEA Ha puc.12). Ha skBaTOpmaAbHOI IOAOCE €ro HAIPSKEHHOCTh HMMEET MHHHMAABHOE
3HAYCHNE U IIOBEPXHOCTHOE MATHUTHOE ITOAE MMEET IapaAAeAbHOE HampaBAeHme. Ha Apyrux mmporax, rae
paccTosHre AO BEPTHKAABHOM OCH MEHbIIE (IYHKTUPHBIC AMHHH HA pHUC.12), BAUSAHIE MATHHTHOIO IIOAf OCH
IIPOABASICTCA CHABHEE, M IIOBEPXHOCTHOE MATHHUTHOE ITOAEC MMEET HAKAOHEHHE K 9KBATOPY. 3a CYET PasHOCTU
HAIIPHKEHUA MATHUTHOIO ITOAA IIPOUCXOAUT CHAOBOE CMEIIEHHE HOCHTEAS IPABUTAIINH, KOTOPasd IPUHIMAET
VKAOH B CTOPOHY 9KBATOPA.

AAf AOKAa3aTEABCTBA AAHHOTO YTBEPKACHHSA, IIOCMOTPUM IIOBEACHHE OOBIMHOIO KOMIIACA ITOA BAHAHUEM
MarHUTHOrO IoAA 3emau. Komirac OOBIYHO MBI HCIIOAB3YEM B CTPOrO TOPH3OHTAABHOM IIOAOKEHHU K
ITIOBEPXHOCTH 3EMAH, TOTAA OH HCIIPABHO ITOKA3bIBACT HAIIPABACHUE «CEBEP-IOr». ECANM B 9TOM HAIIpaBACHHH
KoMmItac passepHeM Ha 90 rpaAaycoB, ITOOBI HAIIPABACHHUE «CEBEP-IOI» OCTABAAOCH IIAPAAACABHO K IIOBEPXHOCTH
3eMAH, 2 HAIIPABACHHUE «BOCTOK-3AIIaA» - BEPTHKAABHO, OOHAPYKHM 3AMETHOE OTKAOHEHHE CTPEAKH KOMITACA.
B sroM moAoeHHE CTpeAKa KOMIIACA ITOKAa3bIBAET ACACHHE IIPHOOPA «CEBEPO-BOCTOK, TO €CTh OTKAOHUTCA OT
TOPU3OHTAABHOTO IIOAOKEHHUA BHHU3 Ha 45 IpaaycoB B cTOpOHY «ceBepar. Ckopee BCEro, B 3TOM ITOAOKECHHH
CTPEAKA KOMIIACA ITOKA3BIBACT PA3HHUIIy IIOTCHIIMAAOB 3EMHOIO MATHHUTHOIO IIOAf, OTAHYAIOIIYIOCA OT
00br9HOI0.[16]

MHOroYHnCAEHHBIE OCKOAKA M YACTHIBI  (KOCMHYECKHI MYCOp) BOKPYI HAQHET-THTAHTOB IO Mepe
BPAILCHHUA IT0 OpOUTE, ITOA BAUSHHEM IPABUTALINN IIAAHETH COOPAANCH HA OPOHUTE BAOAB 3KBaTOpa. [1pH aToM
IPaBATALINA YIIAOTHHAA UX B TOHKOE KOABIIO, TAC KAJKAAA YACTUIIA, HE3ABICHMO OT CBOHUX Pa3MEPOB, BPAIIACTCA
OAMHAKOBOW CKOPOCTBIO, XaPAKTEPHOM AAfl Ka’KAOIO YPOBHSA BBICOTEI OpOHTEI OOparrennsa. OcoOeHHOCTIO
3TUX KOAEIl OCTAa€TCA TO, YTO BCE YACTUIIBI B HUX, HECMOTPSA HA OTHOCHTEABHYIO HX ITAOTHOCTB, OCTAFOTCH
OTACABHBIMH, YTO CBHACTEABCTBYET PABHOMEPHOCTH IIPUTHKCHUA MEKAY HUMI. JaCTHIIBI B OCKOAKH Ha CAMOH
HI3KOH OPOHUTE KOABLIA CO BPEMEHEM IIPUOAIIKAIOTCA K IIOBEPXHOCTH IIAAHETHI, U BCTPETHB COIIPOTUBACHIE
aTMOCEpPBI, I YMEHBIIIHUB CKOPOCTh OOpAITICHNsA, ITAAAFOT HA IIAAHETY. B pesyApTaTe BAOAD 9KBATOPA ITAAHETHI
obOpasyerca HpsAMas BBIIYKAAS AMHHUSA OT CAEAOB KPaTEpPOB IAAAFOIIUX OCKOAKOB. Koraa ockoAkm KoAbIla
IIOAHOCTBIO VIAAyT Ha IIOBEPXHOCTb IIAAHETB, OHHM OOpPa3yIOT POBHYIO TOPHYIO IPSAY, MOXOXKYIO Ha
KHTAUCKyIO creHy. Takue amaun nmerorca y FOmmrepa n CatypHa.

Hekotopsie pusuku CyrmecTBOBaHUE KOAEI] Y OTAGABHBIX IIAQHET OOBACHAIOT TEM, UTO AEIKHE TeAd He
B3aMMOAEHCTBYIOT APYI C APYIOM H ABIUKYTCA IT0 KelAepoBBIM TpaeKTOpHAM BOKPYI MACCHBHOIO TEAA.
BzanmoAeficTBIA jKe MEKAY HHMM MOMKHO VYIHTBIBATH B PAMKAX TCOPHH BO3MYILICHHN, M YCPEAHATH IIO
BpeMeHH. [IpH 3TOM MOIyT BO3HHKATH HETPUBHAABHBIC fBACHHSA, TAKAE KAK PE3OHAHCEL, ATTPAKTOPBHI,
XAOTUYIHOCTh U T. A. HarAfAuei mpumep Takux SBACHHN - HETPUBHAABHAA CIPyKrypa koaerr CartypHa.
HecmoTps Ha HOIBITKHE OIHCATh ITOBEACHHUE CHCTEMBI U3 OOABIIIOTO YHCAA IPHTATHBAFOIIUXCA TEA, IPUMEPHO
OAMHAKOBOW MACCHI, CACAATH 9TOTO HE YAAETCA M3-32 ABACHIA AMHAMUYIECKOTO Xa0Ca.

OAHaKO, ecAn y4ecTb, 9TO cama mAaHeta CaTypH KOrAa-tTo 0OpasoBaAach M3 MEAKHUX KYCKOB, TOTAQ OBIAO
OBI CIIPABEAAHBBIM TO, YTO 32 COTHH MHAAHMOHOB AET OCKOAKH €IO KOABIIA AOAKHBI OBI CIPYIIIMPOBATHCA K
00pa3oBaTh OAHO IleAOe TeAOo. Bmecre ¢ Tem, Takoe ABAGHHE HE IPOUCXOAHT M BCE YACTHIIBI, OOpa3yrOIIne
KOABIIO, OCTAIOTCH CAMOCTOATEABHBIMHE, TAK KAK OHI HE OOAAAAIOT COOCTBEHHBIMU IIOASMH TATOTCHHA.

B 2007 roay «Kaccuam» obHapyxkua u cdororpacdupopas creny BeicoToi 20 kM BOKpyT akBaTopa fmera,
cuyrauka Carypra. Ee creHON MOXXHO HA3BaTh YyCAOBHO, TaK KaK OHA IIOXO:Ka HA rOpHYIO rpsAAsy. OHa, ckopee
BCErO, OOPa30BaAACh B PE3YABTATE IAACHHA OCKOAKOB KOAbIA flmera, HEKOrAa CyIIECTBOBABILIETO BOKPYT
uero.[17] ®enomen Sflmera CBHAETEABCTBYET, YTO OHA KOTLAA-TO HMEAA COOCTBEHHOE MATHHTHOE IIOAEC U
BpallleHre BOKPYT cBoel ocu. Ero rpaBurarusa coOpasa BOKPYTr ceOA BCe OCKOAKA M 0Opa3doBasa HEOOABIIIOE
KOABIIO, BPAITIAFOIIEEC BAOAD 9kBaTOpa. CO BpeMEHEM MArHUTHOE ITOA€ SlITeTa yMEHBIIIHMAOCH, ITO IIPUBEAO K
IIOCTEIICHHOMY HPUOAMKEHUIO K IIOBEPXHOCTH BPAIAOIIErOCH KOABIA. KpyITHBIE OCKOAKH KOABIA MSATKO
WIPHUANETHAUCE»  POBHO IIO 9KBATOPY HA IIOBEPXHOCTh M OOPA30OBAAU IIOAC U3 TOPHOH TIpAsu. Meakume
YACTUIIBI U IIBIAMHKH, MEAACHHO PEArHPYIOIINE HA BAUAHUE IPABUTALINM, CIIIE HEKOTOPOE BPEMA OCTABAAUCH
ma opoure. 1o mepe amxenns fmera mo opobure Bokpyr CaTypHa, 5TH IBIAHHKI ITAAAAN HA €O IIOBEPXHOCTD
IMEHHO CO BCTPEYHOH CTOPOHBI, TO €CTh CO CTOPOHBI ABIZKEHHA IO opOmre. B pesyaprare aAeadmas
IIOBEPXHOCTh Slrera okasasach Kak OBl 3arpA3HEHHON C OAHOM CTOPOHEI, a APyraf CTOPOHA OCTaBaAacCh


http://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D0%B2%D0%BE%D0%B7%D0%BC%D1%83%D1%89%D0%B5%D0%BD%D0%B8%D0%B9
http://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B7%D0%BE%D0%BD%D0%B0%D0%BD%D1%81
http://ru.wikipedia.org/wiki/%D0%90%D1%82%D1%82%D1%80%D0%B0%D0%BA%D1%82%D0%BE%D1%80
http://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D1%85%D0%B0%D0%BE%D1%81%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%85%D0%B0%D0%BE%D1%81

uncTon. [ToAHOE HCcUe3HOBEHNE MATHUTHOTO ITOAA SlIleTa CTaAO IPUYMHON OCTAHOBKH €rO BPAILCHHSA BOKPYT
COOCTBEHHON OCH, YTO IIPUBEAO K HCUE3HOBEHUIO IIEHTPOOECIKHON CUABI U YIIAOTHEHHIO IIOPOABI ITAAHETHI.

[To mepe npubsmxenus Smera x CaTypHy TIPaBHTAIIHOHHOE BAHSHHE IIOCACAHEIO IIAryOHO
ITOACHCTBOBAAA Ha HErO, OCTAHOBHUB €ro BpPAaIlIEHHE BOKPYI COOCTBEHHOI och. B pesyabraTe OCTaHOBHAOCH
BpalllcHUE BHYTPEHHErO fApa fliera, 9To IIPHUBEAO K IIOTYXaHUIO T'HMAPOAHMHAMUYECKOIO IIPOIlecca B fAPE,
OCHOBHOI'O HCTOYHHKA COOCTBEHHOIO MATHHTHOIO IIOAfl. 34 3TUM ABACHHEM IIOCACAOBAAO  IIOCTEIIEHHOE
HMCYE3HOBEHHE MATHUTHOIO ITOAA Sflrrera, 9TO CTAAO IPHUYMHOI ITOAHOM OCTAHOBKH €TI0 BPAIEHHUSA BOKPYT
COOCTBEHHON OCH, H IPHBEAO K HCYC3HOBEHHUIO I[CHTPOOCKHOM CHABI U YIAOTHCHHIO ITOPOABI ITAQHETEL
OaHako cobOctBeHHas rpaBurarus Slmera COXpaHHAACh U ACHCTBYET KAK HAIlA AYHHAs IPABUTAIIUA H HE
ITO3BOASIET BPAIIICHHIO BOKPYT C€Os CIIYTHHUKOB.

Ha dororpadmax ygactkoB koapma CarypHa, HOAYYEHHBIX C IIOMOIIBIO KOCMHYECKHX AaIllIapaToB
«Bosaxep-1» n «Kaccumam», OOHAPYKEHBI IIATHA HEUM3BECTHOIO IIPOMCXOKACHHUA, C PasMEpPaMU THICAIH
KHAOMETPOB. DTH CTPAHHBIC IATHA C TEMHBIMU M CBETABIMH ITOAOCAMH Ha KOABILIEC Y€Pe3 HECKOABKO YaCOB
ncyesarn.[18] Bosmokno, a1OT hPEeHOMEH MOKHO OOBACHHTD C IIOMOIIBIO IIEPHOANYECKOIO KOACOAHUA
ypoBHA mAoTHOCTH Trpauraruu CaTypHa Ha ydacTKe KOAbIA. Peskoe mM3MeHeHHE YpOBHA ITAOTHOCTH
rpapuTanun CatypHa Ha OTAGABHBIX Y9YaCTKaX ITOA KOABIIOM, IIPHBOAHT H3MEHEHHIO PaAHyCa OOpaIeHusd
YACTHUII, COCTABAAIOIIUX KOABIA. JACTHUIIBI HAYMHAIOT MEHATH YPOBEHb OPOUTEI OOpAILCHHSA, IIPH ITOM
COXPAHAIOT CKOPOCTh ABH/KEHHS, YTO IIPUBOAHT K PaBHOMEPHOMY II€PEMENINBAHMIO YacTull. B pesyabprare,
IIPUBBIYHAA CTPOMHAA KAPTHHA KOABIIA, OOPa3OBaHHAfA YACTHUIAMH C OAMHAKOBONH CKOPOCTBIO Ha KAKAOM
ypoBHe, paspymraerca. OAHAKO, KOTA2 aHOMAAHA YPOBHA HAOTHOCTH rpaButannu CatypHa HOPMaAH3yeTCH,
PHCYHOK KOABITA BOCCTAHABAMBACTCH.

ToduHO Takasd KapTHHA HAOAFOAAETCA U B COAHEYHON CHCTEME, TA€ BCE IIAAHETHI OOPAIAFOTCH BOKPYT
CoAHIIa HA OAHOI ITAOCKOCTH M CKOPOCTb UX ABIKEHHUS YMEHBIIIAETCA IO MEPE YBEAMYCHHA PAAHYCA OPOHUTHI
OT IIEHTPAaABHOIO cBetuAa. OpPOHTHI IIAAHET HAXOAATCHA IIOYTH B OAHOM ITAOCKOCTH, COBITAAAFOIIEH C
ITAOCKOCTBEO COAHEYHOIO 9KBATOPA (IIAOCKOCTD SKAMIITHKN). TOABKO ITO 3TOH HPUYMHE MOKHO HCKAFOYHTD U3
COCTaBa IAAHET COAHEYHON cucreMbl «[IAyTOHa», ITAOCKOCTH SKAHIITHKHA KOTOPOIO CHABHO HAKAOHEHA OT
Apyrux. Bmecre ¢ tem, atoT (peHOMEH HAAO paccMaTpuBarh Kak mporiecc BxomaAeHus «lIayroma» B cocras
COAHEYHOM CHUCTEMBEI.

CHUMKH AQABHHX TIAAAKTHK, ITOAYYCHHBIE OPOHUTAABHBIM TEACCKOIIOM «XabOA» CBHAETEABCTBYIOT, UTO
TAKOH IPUHIIMII IPABHUTAIIMOHHOIO B3aUMOACHCTBUA MMEETCA M TaM. TYMaHHOCTb B YKa3aHHBIX IaAaKTHKAX,
COCTOSAIIAS U3 T'A30BBIX U TBEPABIX CKOIIACHHMH, BPAIIAIOTCA BOKPYI' CBOETO IIEHTPA B CIIMPAAEBHAHON opme,
IIPX 3TOM OHA ACKHUT B OAHOH IIAOCKOCTH.

«KaccuHm» TakiKe COOOIIMHA O HAAUYHH TAK Ha3BIBAEMBIX THUIPOBBIX IIOAOC Ha FOKHOM ITOAFOCE
Ounesape, cuyrauka Carypma.  VIMeHHO 13 00AaCTH PACIIOAOKEHHA 3THUX AHHHI, OOA€E TEIAOH, dYeM
OCTaABHBIE OOAACTH CIIyTHHUKA, IIPOUCXOAAT BBIOPOCHI B KOCMOC BOASIHOTO IIapa M ACASHBIX KPHCTAAAOB. [1o
obObsacuennto yuensix Kaandopuniickoro yamsepcmrera (Camra-Kpyc) m AaGopatopmm  peakTHBHOroO
asrxennst HACA, pactioaoxennoii B [Tacaaene (Kaaudoprus), mpudmHa Takoro MoBEACHUA DHIIEAAAE B €IO
BBITAHYTOI opOmre. HOrAa OH HOAXOAHUT AOBOABHO OAmM3KO K CaTypHy, a IOTOM YXOAUT OT HErO Ha
3HAYUTEABHOE paccrofHue. B pe3yApTaTe CIYTHHK TO pacTArHBACTCA, TO CAaBAMBaercsa rpasurarmeii CarypHa,
ero AeAfHas ODOAOUYKA AePOPMHPYETCH, UTO 3aCTABAAET THUIPOBBIE IIOAOCHI, HMAH  COpPOCOBBIE AHHHH,
IIEPEMEINATHCA B3aA U BIIEPEA. TeIIA0, BOSHHUKAIOIIEE B PE3YABTATE IIEPEMEINIEHUSA AMHUH OTHOCHTEABHO APYT
APYTa, CO3AQ€T YCAOBHA AAA IPEBPAINCHHUA AbAA B BOAAHON IAp M AEASHBIE KPHUCTAAABIL, KOTOPBIE YXOAAT B
kocmoc. [19]

B pamkax macrodIei Teopuu, BO3MOKHO, BCA IIPUYHHA BHIOPOCA I1apa U ABAOB B KOCMOC B TOM, 4YTO B
THUIPOBBIX ITOAOCAX IIPOMCXOAUT aHOMAAUA COOCTBEHHON IpaBHTAIMN DHIIEAaAe. Pe3koe CHInKeHUE ypoBHA
COOCTBEHHOW TI'PaBUTAIINM B THUIPOBBIX IIOAOCAX IIPUBOAHUT K aTOMAPHOMY PACIIHPEHHIO ITOPOABI, KOTOpPOE
COIIPOBOKAAETCA BBIACACHHEM sHeprun. [IponcxoAnT ByAKaHHYECKNI BEIOPOC, 2 HU3KUH YPOBEHD IPABUTAIIIH
HaA 30HOH BBIOPOCA ITO3BOAAET IIAPy M ACAAHBIM KPHCTAAAAM HE BO3BPAIIATHCHA K CIIYTHHKY, VAAAAACH B
KOCMOC.



II1.PoAb rpaBUTAIINA BO BPAIIIEHUH IIAAHET BOKPYT COOCTBEHHOM OCH
Ecan 2 BHACA AAABIIIE ADYTHX, TO IIOTOMY, 9TO A CTOAA HA IIA€YAX THT AHTOB. HUcaax Hprorom

3.1. Yuacrue rpaBuTanuu BO BpammeHHU 3€MAU BOKPYT COOCTBEHHOI OCH

Ecan rumoresa o tom, uto AyHa Bpariaercs BOKPYT 3EMAH IIOA HAIIPABACHHBIM BO3ACHCTBHEM 3E€MHOI
I'PABUTAIINN IIPABHUABHAA, TOTAA AOTMYECCKH BBITEKAECT 3aKOHOMEPHOCTDH BpaIlleHHA 3EMAHM BOKPYI CBOEH OCH
IIOA BO3ACHCTBHEM COOCTBEHHOH rpaBuranny. AwHeliHas CKOPOCTb oOOparmeHns AyHBI Ha OKOAO3EMHOI
opOMTE HAMHOIO BBIIIE AMHEHHON CKOPOCTH BpAIICHHA I[OBEPXHOCTH J3EMAH. JHAYHT  SHEPrus
IPABUTAIIMOHHON TOCTOSHHOMN, paBHas 398,610 wm’/cex’, Ipu NPOHHKHOBEHHM B 3EMAIO yYaCTBYeT B
BBIPAOOTKE KIMHETHYECKOH 3HEPIUH, KOTOpasd M CO3AAET BpalllaTeAbHOE AckcTBHe Harreil maanersl. Ho mpu
3TOM, OYEBHAHO, YTO 3EMASl BpAIaeTCcAi C APYroH ckopoctbio. IlompoOyem OOBACHUTH 3TO ABACHHE C
ITOMOIIBIO HOBOI TEOPHH.

C y4eToM CKOPOCTH BPAIICHUS [TOBEPXHOCTH 3EMAM BOKPYT OCH, paBHOH v = 463,6 M/ cek., 1o popmyae
(2) MOKHO BBIIUCAUTD Gom - OCTATOYHYFO IPABHTALTHOHHYFO ITOCTOAHHYFO (OITI), 1ipy KOTOPOH co3AaeTCA
3eMHOE NpHUTMHKEHHE Ha HoBepxHOCTH HAaHeThl. Onpeaesennme 3Hadenua OITI mam HEOOXOAMMO AAfA
AAABHEHIITNX PACYETOB.

G, = R v’= 6378000 am - 463,6> m/cex = 1,37:10" M’/ cex” ,

rae R — paanyc 3emamn.

I paBuranimoOHHAA IOCTOAHHAA — CPEAHHH 00BeM sHepruu npurxeHnd 3eman. 11pu cosepriieHmnmn
paOOTHl yKAa3aHHBIT OOBEM JHEPIUM MOXKET CHIKATbcA. CHIDKCHUE KOCMHYECKOH IPaBHTAITHOHHOH
nocrogaHaod (KITI) Ao ypoBHA OCTATOYHOH IPABHTAIIHOHHOH ITOCTOAHHOH TPEOYET AOTHYECKOIO
oobacuennsa. OI'Tl sBasgerca ocratounon rpaurarmonHoil mocrosaHor ot KITI m aAaer ocmoBamus
IIPEATIOAAraTh, 9YTO C HPOHUKHOBEHHEM B 3EMAIO OCHOBHAfl YACTh KOCMHYECKOH IPABUTAIIMOHHON
IIOCTOSIHHON KyAa-TO mncdYe3aeT. EAHMHCTBEHHO INPaBHABHBIM OOBACHEHHEM TaKOIO ITOHIDKEHHA OOBeMa
I'PaBUTAIIMOHHON IOCTOAHHOW fABAAETCHA YMEHBIIIEHUE CKOPOCTH ABHKECHHSA TEA, HA KOTOPBIX OHA OKa3BIBACT
G. BAHAHHE. DTO O3HAYACT, YTO IOTOK I'PABUTAIIMH, KAK SHEPTHA, IIPOHHUKAA B 3EMAIO,
AV/ 4 COBEpIIIAET OIPEACACHHYIO paboty. Ilo 3aKOHY cOXpaHeHHS 3HEPIHH, YaCTh 3EMHOM
IPaBUTALINN, IPOHUKAA B 3EMAIO, IPEBPAIACT CBOIO 3HEPIUIO B KUHETHYECKYIO H

BPAIIAET HAIIY IIAQHETY C IIOCTOAHHON YTAOBOI CKOPOCTBIO.

-—1] C ymeHbIIIEHHEM paAMyca BpPAIIEHHA CKOPOCTb BPAILCHHA TEA AOAKHA PaCTH
ByTperee IPONOPIHOHAABHO. OAHAKO, IPH BPAIEHUM IIAAHETBI CKOPOCTb ABIUKEHHA €€
"APJI IIOBEPXHOCTH I10YeMy-TO I1apaeT. OYeBHAHO, 3TO CBA3AaHO C TEM, YTO C OOABIION
CKOPOCTBIO BpAIIA€TCA TOABKO OIIPEACAEHHAA YACTb IIAAHETBI, CKOPOCTb KOTOPOH
IIOCTEIIEHHO IIEPEAAETCS Ha ITOBEPXHOCTh. B TakoM cAydae, Kak ITOKa3aHO Ha PHCYHKE
13, msBecTHOE HaM BHyTpeHHEe AAPO IIAaHeTH, umeroree paamyc 1250 000 M, AoAKHO Bpamarbcsa C
OTIPOMHOM CKOPOCTBIO, PaBHOI

G 398,6:1012m3/ cex?
V= = = m/ = 17 857M/ceK,
r 1250000m

Puc.13 © 3emas

pu 3ToM AAPO 3a T2 = 439,6 cex mam 3a 7 mumyT 20 CEKyHA COBEpIIAET OAHH 000pOT, uTo Ha 196,54 pas
ObicTpee meproAa Bparenua noepxHoctH 3Jemaum 17=24 wdaca. CoorHoIeHHE CKOPOCTH BpaIlleHUA
nosepxHOCTH (V1) K CKOpOCTH BparteHus Aapa (Vz) paBHACTCA:

L= 463,6 w/cex / 17857 m/cex = 0,02596.
2

CreneHp mepeAadr CKOPOCTH BPAICHHA AAPA K ITOBEPXHOCTH 3eMAU (O) OIPEACAHM, AAA HETO
YMHOKHM ITOAYYEHHbIE COOTHOITICHHA:
9="L.01= 00259619654 = 51. (7)
V2 T2
Kaxk orpeaeaeHO BrIIIE B rAaBe 1.3, TpaBHTAITMOHHAA IIOCTOSHHAS 3aBUCUT OT OOBEMa BHYTPEHHETO AAPA,
TAE TIPOXOAHT TEPMOSACPHBIH CHHTE3, KOTOPBIN ITOTAOIIACT IPOHUKAFOIUX HedTpuHO. Aas onpeaeserus (Y)
—koaddurment naornoctu rpapurannu Ha 1 M2, KITI pasaeaum Ha IIAOIIAAB CedeHHUA BHYTPEHHETO AAPA,

YMHOKEHHAs Ha ITOBEPXHOCTHOE (g) U ITOAYIHM:



Gk 398,6:1012m3 /cex?
Y=—7= > = 8,29 (8)
nrég 3,14-1250000%Mm-9,81 M/cex?
G
TO €CTh, €CAU 3AMCHUM & = R_;’ rae - R — paanyc 3eman, moAygmm:

Gk Gx- Rz Rz
Y = =——=—=2829 ©)

2 g Gk trZ  mr2

DTO yCAOBHBIH KO3GhGhbHIIHEHT IIAOTHOCTH IPABHTAIIHH B OAHOM KBAaApAaTE METPE.
Tenepp MOKHO OIIPEACANUTH OTKAOHEHHE IPABUTAIINN B IIAOTHOM CPEAE, AAA YEr0 HAMAEM COOTHOITICHIE
CTOPOH IPAMOTO TPEYrOAbHHKA: R — paauyc 3emAn, r— paanyc Aapa, @ — yrOA HaKAOHA rpasuTanun (puc.13):

¢ =r/ R =1250000 m / 6378000 m = 0,1960 (10)
C IOMOIIBIO ITOAYYEHHOIO KO3(PUIMEHTA yrAa OTKAOHEHHA IPABUTAIINN BEIMHCAUM  PAAHYC

BHYTPCHHEIO APA APYTHX IIAQHET:
Aasa FOmmmrrepa, rae R - 71880000

r= ¢+ R =0,1960 - 71880000 m = 14087488 .
OmnpeaeAnM CKOPOCTH BpaIlleHuA BHYTpeHHEro Aapa fOmmrepa:

G 127,809-1015m3 /cex?
V= [ E= =95 250 m/cex,
r 14087488 m

pu atoM 3a 15,48 MuHyT SAPO coBeprmaeT OAMH 000poT, uTo Ha 38,49 pas ObicTpee IIEPHOAA BpAICHUA
nosepxuoctu FOmmrepa. Coornomtenue ckopocru Bparmenus - 12627,5 m/cex /95250 m/cex. = 0,1325,

OTCIOAQ CTEIICHB Iepeaadn ckopoctu O = 5,1.
Omnpeaeanm  mAaotHOCTh rpaButanmu FOmmrepa ma 1 M2 pasaeams KITI mHa maormmaap cedenus
BHYTPEHHETO AAPA:
Gk 127,809-10%5 M3 /cex?

Y = > = 2 2 = 8, 29
nreg 3,14-14087488“Mm -24,737M/cek

Aas Mapca:
r=¢ R =0,1960 - 3335000 m = 653660 m.

OmnpeaeAnM CKOPOCTD BPaIIEHHUA AAPA

12 3.2
Gxr 42,831-10"“m™m /CeK
V= |/—/= = 8095 M/ cex,
r 653660 M

npu 3ToM 32 8,45 MHHYT OHO COBEpIIAET OAUH 00OpOT, uro Ha 174,67 pas ObICTpee IEpPHOAA BpAICHUA
nosepxuoctu Mapca. Coornomenne ckopocru Bpamenus- 236,27 m/cex /8095 m/cex = 0,0292, orcroaa
CTeIeHb repeaadn ckopocra © = 5,1

ITaotHOCTD rpaBmrTarum Mapca mHa 1 e ompeaeanm mytem paspeseHna KITl ma maommaap cedenums
BHYTPEHHETO fAAPA:

Y =

Gk 42,831-1012m3 cex?
nrlg  3,14-653660%M - 3,851 M/cek?

= 8,29.

AKIM 0Opa3om, Y = CBHUAETEABCTBYET, YTO HITHEHT ITAOTH IT IPABHTALIHH,
T 8] ,Y=28,29 yer, KO3 €HT IIAOTHOCTH ITOTOKA IPABHTA ,
IIPOXOAAIHH YEPE3 OAHH KBAAPATHBIH METP H YIACTBYIOIIHH B TEPMOIAECPHOM CHHTE3E BO

BHYTPEHHEM JAPE, BCETAA H BE3AE OAHHAKOBO.

Gy
C yaerom KITI, BBIYHCAEM yCKOpEHHE CBOOOAHOTO ITAACHUA & =gz T2 TOBEPXHOCTH IAAHETH I

HCIIOAB3YA YKA3aHHBIH KOI(D(OUIIMEHT MOKHO OIIPEACAHTH PAAUYC BHYTPEHHETO fAPO ITAAHETHI dYepe3

Popmyay (9):
— [ G _ Gic _ Gy
= \/n-Y-g_ \/3,14-8,29- g \/26,03 g )

3nasn paAHyc BHyTpCHHCFO HApa IIAQHET, C IIOMOIIBIO KOSC})CI)I/H_[I/ICHT.Q. IIAOTHOCTH IIOTOKA rpaBI/ITaI_[I/II/I
ACTKO BBIYHUCAHUTD I'PABUTALIIOHHYIO IIOCTOSHHYTO ITAAHCTHI:

G.=YgS= Yg(nt?) (12)




rae S =7’ MAOIIAAb CEYEHNUS MTAAHETHI IO KBATOPY.

HabAroAeHHSA ITOKa3BIBAIOT, YTO HHOTAA IIPOMUCXOAAT BHE3AITHBIE U3MEHEHHUA CKOPOCTH BPAILICHUA 3EMAH.
25 despans 1956 rosa IPOM3OIIAO BHE3AIMHOE H3MECHEHUE CKOPOCTH BPAIIEHHA J3EMAH, IIOCAE
HCKAFOUNTEABHO MOITHOM Bembimku Ha Coanre. Takke, ¢ HMIOHA IO CEHTAOPHh 3eMAfl Bparmaercs ObIcTpee,
YeM B CPEAHEM 32 TOA, 4 B OCTAABHOE BpPEMs - MEAACHHEE. Takue COOBITHA CBHACTEABCTBYIOT, YTO CKOPOCTB
BPAILCHUSA ITAAHETHI 3aBHCUT OT BO3MYILCHHSA €€ MATHUTHOTO ITOAS.

Taxum 0OpasoM, IPABHTALHA ABAAECTCA I'AABHOH ABIDKYINEH CHAOH BO BPAIE€HHH IAAHET BOKPYT
CBO€H OCH IOA BAHAHHEM COOCTBEHHOIO MATHHTHOIO IIOAA H HOPAMO 3aBHCHT OT MOIQHOCTH
TEPMOAAEPHOIO CHHTE3a BO BHYTPEHHEM AAPE, CIIOCOOCTBYFOIIEIO O00OpPa30BaHHIO IPABHTALIHOHHOIO
IIOTOKA MAAHETHL.

3.2. Cmemrenne 1 yKAOH 3€MHOM I'PABUTAIIUH

[Ipu ompeaeAeHUN IPABUTALINH KaK TAABHOM ABIDKYIIEH CHAOI HAIIPAIINBACTCHA BOIIPOC: C YEM CBA3aHA
TaKasg 3aKOHOMEPHOCTb B OOPAIIIEHUH CIYTHUKOB HA OPOUTE M BPAIICHUH CAMOIl ITAQHETHI BOKPYT CBOEGH OCH?
AHaAM3  IAapaMETPOB BPAIIEHHA M OOPAIICHHA IIAAHET B COAHEYHOHM CHCTEME BBIACAACT OCOOYIO POAB
MAarHUTHOTO IIOAf B 3TOM IIpoliecce. B pe3yabrare BOSHHKAECT TOABKO OAHO IIPEAIIOAOKEHHE — IPABHTALIHA
CTPOTO IIOAYHMHAETCA MATHHUTHOMY IIOAFO, TO €CTh, €€ HOCHTEAb HEUTPHHO CTPOrO OPHEHTHUPYETCH B
MArHHTHOM IIOA€ TIAAHETBL. ECcAM yckOpeHne 1 ABHKEHHE ITAAHET II0 CBOEH OpOUTE HEITOCPEACTBEHHO CBA3AHBI
C BAHAHHEM TI'PAaBUTALINH, OPUEHTHPOBAHHOI B MATHHUTHOM IIOAE€, TOTAA KAK IIPOUCXOAHT BPAIIICHHE ITAAHET
BOKPYT CBOEH OCH?

Kax MBI IIpeAITIOAaraAn BBIIIIE, IPABUTAINA IIPH IPOHUKHOBEHUH B OOAEE IIAOTHBIE BEIECTBA MEHACT
cBoe HampaBAenue (puc.8). Tak Kak, IIAOTHOCTb IIOPOABI B HEAPAX 3EMAM YBEAUYHBACTCA C TAYOHMHOIA,
M3MCHCHHE HAIPABACHHUA TIPABUTALNN IIPOUCXOAUT II0 IIAPODOAHMYECKOH KpHBOH. B TakoMm caydae,
OPHEHTHPOBAHHBIM M HAIIPABACHHBIM IIOA BO3ACHCTBHEM MATHHTHOTO IIOAA IIOTOK — IPaBHTAINM, IIPH
IIPOHUKHOBEHUHU B TEAO IIAAHETHI HE IIOIMAAAET TOYHO B €rO IIEHTP, a CMEIIAETCs HEMHOIO B CTOPOHY U
CKOHIIEHTPUPYETCA Ha HEOOABIION cepHIecKON ITOBEPXHOCTH IEHTPAABHOTO fApa. B pesyabrare, Bech
IIOTOK I'PABUTALIMH HA IIOBEPXHOCTh IIEHTPAABHOTO AAPA OKA3BIBAET AABACHHE ITO HAIIPABACHHUIO KACATEABHOTO
BEKTOPA. YKa3aHHBIH 9(PEKT OKa3BIBAET BPAIIATEABHOE BO3SACHCTBHE IIEHTPAABHOMY YIACTKY M BIIOCACACTBHH
ITIEPEAAETCH ITAAHETE B IIEAOM, CTEIIEHD IIEPEAAYN KOTOPOH 3aBHCHT OT KHAKOCTHBIX XaPAKTEPHCTUK MAHTHUH.

Takum 0Opa3oMm, IIOTOK I'PaBUTAIIAN, IIPOHHUKAA B 3EMAIO, KaK IIOKA3aHO Ha PHC.

[Nosepxnoctn
3eman

14, ABmKeTCA ¢ HAKAOHOM M AOCTHTHET ITOBEPXHOCTHh BHYTPEHHETO AAPO HAAHETEI CO
CMEIIIEHNEM B CTOPOHY BparteHus. IIlpn 3TOM, ITOA BAMSHHE MATHUTHOTO HOASl 3eMAH
ITOAITAAQIOT TOABKO T€ HEHTPHHO, KOTOPHIE HAIIPABAECHBI B CTOPOHY IIEHTPAABHOTO
AApa. OCTaABHEIE — IIPOAETAIOIIHE MHMO IIEHTPAABHOTO fAPAa HEUTPHHO, MMEFOT
IPOTUBOACHCTIBUA BCIPEYHBIX HEUTPHHO, B CBA3M C YEM HE HMMEIOT HAIIPABAEHHOE
BosaercTBue. Ha moBepxHOCTH IEHTPAABHOTO fAAPA, TAE€ IIPOMCXOAUT TEPMOAAEPHBII
CHHTE3 TAKEABIX JAEMEHTOB, HEUTPUHO YYACTBYIOT B TEPMOAACPHOM IIPOIECCE K
3eman . IPEBPAITIAIOICA B APYTHUE 3AEMEHTAPHBIE YACTUIIB, TO €CTb OHM HE IIPOHHU3LIBAIOT

3eMAIO HACKBO3b. PesyapTupyroriee BAHAHHE  OPHEHTHPOBAHHOIO IIOTOKA
I'PAaBUTAIINN OKA3BIBAET BPAIIATEABHOE BO3ACHCTBHE BHYTPEHHEMY AAPY 3EMAM, YTO B CBOIO OYEPEAb
repeAaeTcs Bcemy oobemy 3eMan. Bparmars BCFO HAAHETY CIIOCOOHA TOABKO IPABHTANHA, KOTOPAA HMEET
OIPOMHYFO H AOCTATOYHYFO AAS 3TOI'O 3HEPIHIO.

Vyacrue rpaBuTalium BO BpAIlleHHH 3E€MAH BOKPYI OCH IHPOABAAETCA BO MHOTHX ABACHHAX Ha €€
moBepxHoCcTH. [loA HAKAOHHBIM B CTOpPOHY BpamieHufA 3EMAHM BAMSHHEM IpaBUTAIUAN aTMocdepa H
ruapocdepa HCHBITHIBAIOT OIPEACACHHOE AaBAeHHE (cM. pucyHOk 12). Hampmmep: maccatsl (ITOCTOSHHBIE
BETPHl B TPOIIMYECKUX OOAACTAX OOOHX ITOAYIIAPHH, AVIOIIHE K 3KBATOPY) IIOA BAHSAHHEM TIPABUTAIIHMHI
IIEPEMEIIIAIOTCA C 3aI1aAd HAa BOCTOK; B CEBEPHOM ITOAYIIAPHHU IIOAMBIBAIOTCA IIPaBbIe OEpera peK, B IOKHOM -
AEBBIE; IIPH ABIZKEHHH ITUKAOHA C FOIa Ha CEBEP €TI0 IYTh OTKAOHAETCHA K BOCTOKY H T.A.

Ho, manboAee HArAsAHBIM CAGACTBHEM BAUAHHA IPABUTAIIMH C HAKAOHOM Ha BOCTOK ABAICTCA OIBIT C
dusnuecknm magtHUKOM Pyko. Ombrr Pyko OCHOBAaH Ha CBOMCTBE CBOOOAHOIO MAafATHHKA COXPAHATH
HEU3MEHHBIM B IIPOCTPAHCTBE HAIIPABACHHE IIAOCKOCTH CBOHX KOACOAHHN, €CAM Ha HEro He AEHCTBYET
HHKaKasg CHA3, KPOME CHABI TaxecTH. Ho, Tak Kak, ITAOCKOCTb Ka4aHHA MaATHHKA HE MOKET IIPOHU3BOABHO
MEHATh CBOETO HAIIPABACHUA, TO IPUXOANTCA IPU3HATH, YTO Ha IIAOCKOCTb KOACOAHHA MASATHUKA BAHACT
IPaBUTAIINA, HMEIOIAA HAKAOH B CTOPOHY BOCTOKA. HCAM MafATHHK IIOABECHTH Ha 3EMHOM 3KBATOPE H



OPHMEHTHPOBATh ITAOCKOCTh €TI0 KadaHHA B ITAOCKOCTH 39KBATOPA, IIAOCKOCTb €rO KOACOAHHA OCTAETCH
HEM3MEHHBIM. B cAydae, KOraa MasTHHK Ha 3KBaTOpe OYAET KOAEOAThCA B KAKOH-AMOO APYrOH ITAOCKOCTH, B
KOHEYHOM CYETE, OH IIPUMET IIAOCKOCTh KOACOAHHSA II0 AUHUU 9KBATOPA.

BropeiM cAeAcTBHEM HAKAOHHOIO BAHAHHA IPABHTAIINN ABAACTCA OTKAOHEHHE ITAAAFOIIUX OT OAIITHU TEA
K FOT'O-BOCTOKY. DTOT OIIBIT OCHOBaH Ha TOM, YTO Ha CBOOOAHO ITIAAAFOITIEE TEAO ACHCTBYET TOABKO IPaBHTAIIHA,
HIMEFOITasd YKAOH B CTOpOHY Bparenna 3eMAu. CAEAOBATEABHO, IIPEKAE YEM YIIACTH Ha 3EMAFO, TEAO OYAET
ABHTATBCA ITO KPUBOM M YIIAACT OHO Ha IIOBEPXHOCTH 3EMAN HE Y OCHOBaHUSA OAIITHU, 4 HECKOABKO OTKAOHHTCS
K FOTO-BOCTOKY OT OCHOBAHHA (BCIIOMHHTE SKCIIEPHMEHT B rAase 1 puc.2).

Erme oAHHM CAEACTBHEM BAHAHHA IPABUTALINN C YKAOHOM Ha BOCTOK ABAACTCA TO, YTO CAMOAETHI,
ACTHIIIIE C BOCTOKA HA 3aI1aA, TPATAT OOABIIIE BpeMeHH, YeM Ha oOpaTHOM pefice|[20], Tak Kak B IIEPBOM CAydae
IPaBHTAIINA €TI0 TOPMO3UT, 2 BO BTOPOM CAYYa€ ITOATAAKHIBAET.

3.3. PoAb MarHUTHOTO IOAS BO BPAIIIEHUH ITAAHET BOKPYT COOCTBEHHOI OCH

VaureBas CHHXPOHHOE BpareHue cuytHukoB Mapca ®oboca n Aefimoca BOKPYr COOCTBEHHOH OCH,
IIPUBOAAIIICE K TOMY, YTO OHH OOpAIIEHBI OAHOHM M TOH K€ CTOPOHOH K Mapcy, IPEAIIOAOKHM, UTO
VKa3aHHBIC CITyTHUKH HE HUMEIOT CBOMCTBA BPAINATHCA BOKPYI CBOEH cOOCTBeHHOM ocr. OHH OOpaIleHBI K
Mapcy OAHOM AAMHHOM CTOPOHOM, IHOTOMY 4TO rpaBuTanud Mapca Kak ObI IPHKPEIIMAA X HEITOABUKHO H
BAHSAET Ha HUX TOABKO ITOCTYIIATEABHO, ABHTadA 110 opoOuTe. Takas KapTHHA HAOAFOAAETCA CO CIYTHUKOM 3eMAHU
AyHofv'I U IIAQHETOU MepKypI/If/'I B otHOImreHn CoAHMA. AHAAW3 UMEIOIITIXCH HAYYIHBIX AAHHBIX B OTHOIIICHUN
VKa3aHHBIX OO'bEKTOB COAHEIHOM CHUCTEMBI BHIACAACT (DAKT OTCYTCTBHA Y HUX COOCTBEHHOIO MATHUTHOIO IIOAf,
AMDO HAAWYHA €TO B CAAOOM COCTOSIHUM.

EcAan maamera me mmeer COOCTBEHHOIO MATHUTHOIO IIOAfl, TOIAA OHA, HE3ABHCUMO OT MOIIHOCTH
I'PaBHTAIIMOHHOIO ITOTOKA, HE MOKET BPAIAThCA BOKPYI COOCTBEHHOM ocu. B aTOM cAydae, TpaBHTAIIHOHHBIN
ITOTOK XaOTWYIHO IpoHHKaeT (cM. puc.15) B HanpaBAGHHUU IIEHTPA IAAHETBI U CO3AAET TOABKO IIPUTAKEHHE,
—— TO €CTh AABACHHE, HO HH B KOEM CAydae HE MOKET OKa3aTh BPAIIATEABHOE BO3ACHCTBHE.
Ayest 2 AAf TIOATBEPIKACHHSA IIPABHABHOCTH IIOAYYECHHOTO YTBEPIKACHHSA —CPaBHHM
rpaBI/ITaHI/IOHHbIC HapaMCprI yKaSaHHbIX H€6CCHI)IX TCA.

VcraHOBAEHO, UTO YCKOPEHHE CBOOOAHOTO IMAACHIA HA IIOBEPXHOCTH /\VHBI ITIECTh
Pa3 MEHbIIIE YCKOPEHHA CBOOOAHOIO ITAACHHSA Ha ITOBEPXHOCTH 3E€MAM U PaBHO: g =
1,6348m/cex’. Otciopa ¢ moMorbio  hOpMyABr (3) OMPEACANM TPABHTAITHOHHYTO
ITIOCTOSIHHYIO /\VHBL:

e G..= g R*= 1,6348m/cex’ 1738000°m = 4,93810" v’/ cex’,

e Pucd5 |1 Aas Ayasr pasmyc gapar = ¢ + R = 0,1960 - 1738000m = 340648 m.
OrmpeAeArM BOSMOKHYIO CKOPOCTh BPAIICHUSA AAPA

Grent 4,938-1012 M3 cex?
V= |[—/—= = 3807 m/cexk, (13)
R 340648m

IIpH 3TOM OHO 32 562 cek. mau 9,36 MHH. AOAKHO OBI COBEPIIHT OAHH OOOPOT, ¥TO OBIAO OBI Ha 4200 pas
ObIcTpee mepuoAa BpareHns moBepxHoctn AyHer otHOCHTEABHO COAHIIA, €CAM CYHTATH, 9TO AyHA AcAaeT
OAHH ODOPOT BOKPYT CBOEH ocu 32 28 AHEH.

Pasauma B ckopocTax BpallleHHA BHYTPEHHEro fapa n nosepxHoctH y 3emam - 196,54 pas, y Mapca -
174,67 pas, y FOnurepa - 38,49 pas. C yderom pasHHIIBI yCKOPEHHE CBOOOAHOIO IAACHUSA, PAAHyCOB
VKa3aHHBIX IIAQHET M  COOTHOIIEHHUH CKOPOCTEH IIOBEPXHOCTH W BHYTPEHHEIO fAPA, a TaKKe IIEPHOAA
BPAILICHHUA BHYTPEHHETO SAPA MOKHO IIPEAITOAOKHUT, YTO COOTHOIIICHHE 9THX CKOPOCTEH AyHBI AOAKHO OBITH
He boaee 300.

Boasprmmas pasamma B pacdere ckopocreir BpareHusa Ayasl — 4200 pa3 moOkaswBaeT, ITO B IIEpeAade
CKOPOCTH BPAIIICHHUSA €€ BHYTPEHHETO AAPA K IIOBEPXHOCTH IIPOUCXOAUT HEIIOHATHOE TOPMOKEHHUE, KOTOPOE B
IIEAOM U HE pearbHO. HAMHCTBEHHO IIPaBHABHBIM OODBACHEHHEM  MOKET OBITh OTCYTCTBHE BPAILCHUA
BHYTPEHHErO fiApa. Taxad kapruHa HaOAroaaercd u y Mepkypus, oaHako OAm3octs COAHIIA C CHABHBIM
IIPUTAKEHHIEM IPUBOAUT K OOABIIIIM CKAaYKOOOPA3HBIM HU3MEHEHUAM MATHUTHOIO HOAS MepKypHs.

AyHa 1IOYTH HE HMMEEeT COOCTBEHHOTO MArHHTHOTO IIOAfl, B PE3YABTATE YEro AyHHASl IDABUTAIIHA
IIPOHHUKAET B €€ TEAO XAOTUYHO, TO €CTh He HampaBAeHHO (cM. puc.15). [Tosromy oHa He crrocoOHa Bparmath
IIAAHETY BOKPYI CBOCH OCH, 4 TAK/KE HCKYCCTBEHHBIX CIIYTHHKOB Ha OPOHTE, KOTOPBIE CO BPEMEHEM TEPAIOT

CKOPOCTI) " ITaAAXOT Ha HEC. AyHHOfI FpaBI/ITaLII/II/I HC HpOTI/IBOCTOI/IT HGHTpO6C)KHaH CHAQ BpaIJ_[CHI/IH AYHI)I,



(marrpumep, y 3eMAN eCTh HEHTPOOEKHAA CHAA BPAIIICHHA), B PE3YABTATE AYHHAsA ITOPOAA C/KATA MAKCHMAABHO
U HAXOAUTCA B I'PABUTAIIMOHHO-HAIPHKEHHOM H PE3OHAHCHOM COCTOSHHH, IIPH 3TOM HMEET OOABIIYFO
IIAOTHOCTD BEIIIECTBA.

HabGAroaaembIll Ipu  HCKYCCTBEHHOM AYHOTPACEHHH HE 3aTyXarOIMUil ceiicMo3BOH|21], sBAsercs
s exToM pe3oHaHCa TPABHTAITMOHHO CHKATOH ITOPOABI, PE3YABTATOM OTCYTCTBHA BpaIleHHA AyHBI BOKPYT
csoei ocu. CpaBHeHHE OOpPA3IIOB AYHHOH IIOPOABI C 3E€MHOH ITOKA3aAHM, YTO OHH COOTBETCTBYIOT Ha
PA3AMYHBIX YPOBHAX I'PaBUTAINOHHOIO AaBAeHuA. Hamprmep, B 1970-x roaax coBeTCKHe CTAHITUM AOCTABUAT
Ha 3EMAIO HECKOABKO COT IPAMMOB AYHHOIO IPyHTA. BeIectBo pasaeAmAn MexKAY COOOH BEAYIIHE HAyIHBIC
LIEHTPHEl CTPAHBI, YTOOBI IIPOBECTH HE3aBHCHMBIE aHAAHM3BL Kpormeunsni obpaserr aocrasca um Koabckomy
HAYYHOMY IIEHTPY CBEPXIAYOOKOH CKBaKHHBL Koraa ydueHsble-CIIEIMAaANCTBI MCCAGAOBAAM AYHHBIH I'PYHT, OH
OKA3aACS OAMH K OAHOMY AHAa0a30M U3 UX CKBAKHHBI, C TAYOrHbI 3 kM. TyT e BO3HHKAA rumoTesa, 4to AyHa
oTOpBaAach He mMHadYe, Kak OT Koabckoro moayocrposa mpumepHo 1,5 MApPA. A€T Ha3aA — TaKOB BO3pacT
Ana06a30B.[22]

CocrofHne M CBOWCTBA AYHHOIO IPYHTa B YCAOBHAX /AVHBI M 3EMAHM OTAHYAFOTCA APYI OT ApPyra.
Amepukanckue acTpoHaBTel Yapanm Afox u3 «AmoasoHa-16» n Awex HIMuaT n3 «Amoarona-17», 3aaBAsAm,
YTO MPOHHUKIIAA BO BHYTPb KOCMHYECKOIO MOAYAf BMECTE€ C CKapaHAPOM AYHHAS IIBIAB, IIaXAd KaK
mopoxoBoii AbiM. OpaHaxo, yxe B Aaboparopuun HACA Ha 3emae 0Opasisl AYHHOIO IPYHTA HE HMEAHU
HUKaKOIO 3alraxa. BO3MOMKHO, IpHYHHA TaKOIO CBOMCTBA AYHHOIO IPYHTa KPOETCH TOABKO B OTAMIHH
IPaBUTAIIMOHHOI CPEABl HX HaXOKAeHUA. HeoOXOAMMO OTMETHTD, 9TO KOCMOHABTHI IIUTAACH HA OPOUTAABHOI
CTAHIINH, 3aMEYAIOT PA3HUITy BO BKYCE TOI'O M APYIOrO IIPOAYKTa OT BKyca Ha 3emAe. PasHuiia npursxeHus B
IIIECTh Pa3 HA COCEAE-IIAAHETE SABAACTCHA IPUIHMHON IIPOABACHHA PA3HBIX CBOMCTB OAHOM M TOM K€ IIOPOABI, 2
TAaK/K€ OPraHOB YyBCTB YEAOBEKA.

HaAmgme mAm OTCyTCTBHE Y IHAQHET MATHHTHOIO IIOAfl CBA3BIBAIOT C UX BHYTPEHHHM cTpoeHumem. Ha
BCEX ITAAHETAX 3€MHOM IPYIIIEL €CTh COOCTBEHHOE MarHUTHOE ITOAE. CAMBIMU CHABHBIMI MATHUTHBIMU ITOASME
00AAAAFOT IIAAHETHI-TUTAHTH 1 3eMAf. Y Beneper m 3eMAnm OAM3KH pa3MepBl, CPEAHAA IIAOTHOCTB U AQKe
BHYTPEHHEE CTPOEHHUE, TEM HE MeHee, 3eMAS NMEET AOCTATOYHO CHABHOE MarHHTHOE ITOAE, a Bemepa — mer
(MarauTHBIT MOMeHT Beneprr me npespimaer 5-10 % marantaoro moas 3eman). [To oAHON M3 cOBpeMeHHBIX
TEOPHH HAIPHKECHHOCTh AUIIOABHOTO MATHHTHOTO IIOAfl 3aBHCHT OT IIPEIIECCHH HOASAPHOH OCH U YTAOBOH
ckopoctH Bparmenus. ViMenHo s1tu mapamerpsr Ha BeHepe HIUTOKHO MAABI, HO H3MEPEHHA YKA3BIBAIOT Ha EIé
OoAee HU3KYIO HAUPAKEHHOCTb, YeM IIpeAcKasbBaeT Teopus. COBpeMEHHBIE IIPEATIOAOMKEHUA II0 IIOBOAY
CA2DOTO MArHUTHOIO HOAfl BeHepbl cOCTOAT B TOM, 9YTO B IIPEAIIOAOKHUTEABHO JKEAE3HOM sApe Bemepsr
OTCYTCTBYIOT KOHBEKTHBHBIE TOTOKN.[23]

3.4. BAuAHME MATHUTHOTO IIOASL HA TPABUTAIIUIO

[TocrosHHOrO MarHWTa B pPasHBIX HAIIPABACHHAX IIPOHU3BIBAIOT ACTAIIUE HABCTPEUY APYL APYLY
HEWTPHUHO, KOTOpBIE, IIOIIaAas B 30HY ACHCTBUA MATHHTHOIO IIOAf, CTPOro opueHTHpyroTcsa. I[lpm
IIPOXOKACHUN YEPE3 MAarHUT, HAIIPABACHUE ABIDKEHHA HEHTPHUHO CTAHOBHTICA CTPOIO HAapaAAEAbHBIMH. B
ITAPAAAEABHOM HAIIPABAEHHUU K OCH MAarHHUTHOTO ITOASl IAOTHOCTB ITOTOKOB HEUTPHHO YBEAMYIHBACTCA ITyTEM
UX CYKEHHA BOKPYI OCEBOM AMHHH. B TeAe HEMAarHHTOB HEHTPHHO IIPOXOAAT IIOYTH O€3 H3MEHEHHUA
HAIIPABACHUSA ABIKCHHA.

Vismenenue HAIpaBACHHA ABIKEHUA HEHTPUHO B TEAE IIOCTOAHHOIO MATHHTA OOpasyer IIOAHOE
CMEIIICHNE HAa TOAIIUHY MATHHUTA B COOTBETCTBYIOIIHX ITAOCKOCTAX MAarHUTHOro moas. OAHAKO, oOrree
PE3YABTHPYIOIIIEE ACHCTBHE IIPOTHBOUAYIIHUX HEHTPHHO HA IOCTOAHHBIN MATHHUT ypaBHOBeIIeHO (-v + v = (),
TaK KaK KOAMYECTBO U HAIIPABACHUE HEHTPHHO, ITOCTYIAIOIINX HA IIOBEPXHOCTh MarHUTa (+V), COOTBETCTBYIOT
KOAMYECTBY ¥ HAIIPABACHUIO BBIXOAAIIUX Y€PEe3 MATHUT HEUTPHUHO (-V), TO €CThb (V = V).

D dexTs NPUTHKEHUA U OTTAAKUBAHIA MATHHTOB CTPOTO CBA3AHBI BO3ACHCTBHEM IIOTOKOB HEHTPHHO.
B xoae skcreprMeHTa € MATHHTAMH YCTAHOBAEHO, YTO B BEPTHKAABHBIX M I'OPHU3OHTAABHBIX IIAOCKOCTAX CHAR
UX HPUTHKEHUA AAIOT OIIYTUMYIO PasHHUIy. be3 BAMAHHA IIOTOKOB HEWTPHUHO PE3YABTATHI 9TOTO IKCIIEPUMEHTA
OOBACHUTH HE BO3MOKHO.[10]

AaHHBI 9KCIEPUMEHT TAKKE CBHACTEABCTBYET, YTO IIOTOK HEHTPUHO CO CTOPOHBI AAPA 3EMAH HEMHOIO
OIPAHHMYEH, B PpE3yAbTATE€ YEro Ha IIOBEPXHOCTH 3eMAM oOpasyerca upurmxeHne. OAHAKO, TAABHBIM
AOKA32TEABCTBOM YKA3aHHOI'O 9KCIIEPUMEHTA ABASCTCA TO, YTO Ha HAIIPABACHHE ABHKECHHA IIOTOKA HEHTPHHO
OKa3BbIBAET CUABHOE BAHSHUE MATHUTHOE IOAE.[16]


http://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%BD%D0%B5%D1%82%D0%B0
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%BE%D0%B5_%D0%BF%D0%BE%D0%BB%D0%B5
http://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%BD%D0%B5%D1%82%D1%8B_%D0%B7%D0%B5%D0%BC%D0%BD%D0%BE%D0%B9_%D0%B3%D1%80%D1%83%D0%BF%D0%BF%D1%8B
http://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%BD%D0%B5%D1%82%D1%8B-%D0%B3%D0%B8%D0%B3%D0%B0%D0%BD%D1%82%D1%8B
http://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BC%D0%BB%D1%8F
http://ru.wikipedia.org/wiki/%D0%92%D0%B5%D0%BD%D0%B5%D1%80%D0%B0
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%BE%D0%B5_%D0%BF%D0%BE%D0%BB%D0%B5_%D0%97%D0%B5%D0%BC%D0%BB%D0%B8
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B5%D1%86%D0%B5%D1%81%D1%81%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%BE%D0%B2%D0%B0%D1%8F_%D1%81%D0%BA%D0%BE%D1%80%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%BE%D0%B2%D0%B0%D1%8F_%D1%81%D0%BA%D0%BE%D1%80%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F_%D0%92%D0%B5%D0%BD%D0%B5%D1%80%D1%8B#.D0.92.D0.BD.D1.83.D1.82.D1.80.D0.B5.D0.BD.D0.BD.D1.8F.D1.8F_.D1.81.D1.82.D1.80.D1.83.D0.BA.D1.82.D1.83.D1.80.D0.B0_.D0.B8_.D0.BC.D0.B0.D0.B3.D0.BD.D0.B8.D1.82.D0.BD.D0.BE.D0.B5_.D0.BF.D0.BE.D0.BB.D0.B5

Bce meittprno nipeTeprieBaroT H3MEHEHHE ITYTEM APAAAEABHOTO CMEIIEHHA ITO ITAOCKOCTAM MarauTa. B
pesyAbTaTe, AFOOOE M3MEHEHHA IIOTOKOB HEHTPHUHO IPOMCXOAHT TOABKO B TEAE IIOCTOAHHOIO MarHuTa. 32
IIPEACAAMH  MATHHTA IIOTOKA HEHTPHHO COXPAHAIOT PABHOMEPHOE PACIPEACACHHE  OKPY/KAIOIIEM
mpocrpancTse. [1oaToMy MarHUTHOE ITOAE OAHOrO MATHHTA HE CIIOCOOHO CO3AAaBaTh BOKPYr cebA addpexr
IPUTKEHUA U OTTaAKHBaHUA. AAfd 0OpasoBaHuA Takux 3(PEEKTOB HEOOXOAUMO HAAHMYHE APYTOTO MArHHTA
HAM OOBEKTa OOAAAAFOIIIEIO MATHHTHBIM ITOACM.

[TOCTOSHHBIN MATHUT HUIPACT TAKYIO K€ POAb KAK OITHYECKAd IPHU3Ma, IPEAOMAAIONIAA IIOTOK CBETA, U
CIOCOOCTBYET M3MEHEHHIO HAIIPABACHHUSA IIOTOKA HEHTPUHO. DTOT 3(PAEKT UrPACT BAIKHYIO POAD B IIOBEACHIH
HEWTPHUHO U ABAACTCA OAHUM H3 TAABHBIX CBOMCTB 0OIeil rpasurarun.|[10]

IV. OcHoBHBbIE XapaKTEePUCTUKHU I'PABUTALINIH
4.1. MexaHU3M B3aHMMOACHCTBUA HEUTPHUHO C BEIIECTBOM

B 1meAom rpaBmTanfi MMEET YHHKAABHBIC CBOMCTBA, KOTOPBIX TPYAHO OOBACHUTH CYIIECTBYIOIIIME
zakoHaMu (pusuku. OAHHUM U3 TAKUX €€ CBOWCTB ABASETCA IIPOILECC B3AUMOACHCTBHUA IPABUTAIIMU C ATOMOM
BEIIIECTBA, KOTOPHIN, IIO CYTH, ABASETCA OCHOBHBIM OTAWYHEM IIPUPOABI BAHAHHUA Tpasuraruu. Hedrpmrmo
IIPOHHUSBIBAIOT AFOOOE BEIIECTBO KAK FaMMa 1 OETA AYYH, HO C d0COAIOTHOH IIPOHHU3BIBAIOIIECH CIIOCOOHOCTBIO.

Banaxme rpaBurannn Ha T€Aa C Pa3HOH MACCOH HMEET OAHHAKOBBIH XapaKTep, 00bACHAECMBIH,
0COOBIM CBOHCTBOM MEXAHH3MAa B3AHMOACHCTBHA IPABHTAIHH C aToMamH BerqecrBa. OAHaKO, OOIIee
BO3AEHCTBHE IPABUTAIINN HA TEAA C PA3HOI MACCOM XapaKTEPU3YETCA IPOIOPIIUMOHAABHO X MACCAM.

Kak cxemMaTHYHO ITOKa3aHO HA PUCYHKE 10, HEUTPHUHO B3aUMOACHCTBYIOT C BEIIIECTBOM Ha YPOBHE aTOMA.
[Tepeaava KHHETHYIECKOM JHEPTUM HEUTPUHO ITPOM3BOAHNTCH HEIOCPEACTBEHHO Ha AAPO aTOMa, KOTOPOE
SAapo arowa IIOCPEACTBOM BHYTPHUATOMHBIX CBfI3EH IIEPEAACTCA IACKTPOHHOH OOOAOYKE, AaAee
BceMy TeAy. Koraa rpaBuranus CHABHO IPIAKHMAET AAPO K SIAEKTPOHHON 0DOAOUKE,
OHO HEITOCPEACTBEHHO dYepe3 BHYTPHATOMHBIC CBA3M — OKA3BIBACT AABACHHE HA
SAEKTPOHHYIO O0O0AOYKy. (OCHOBOI BHYTPHATOMHBIX CBSI3CH TaK/KE ABAAFOTCA
HEHTPUHO, CO3AAIOININE BO BHYTPHATOMHOM IIPOCTPAHCTBE KOACOAHHA MEKAY
3AEKTPOHOM U AAPOM.

DaekrponHasn
060AOUKA

Bayrpuaromusie )
Puc.16 casan PCFyAI/Ipy}OH_[I/IM MCXAaHM3MOM IIPOIIECCA IICPEAAYN BO3ACHCTBUA I'PaABUTAITII
BCIIECTBY, B IICAOM HABAAFOTCS BHYTPHATOMHBIC CBA3H. B pe3yApTaTE, IpaBUTAIIISA
HCpCAaCT CBOIO BHCPFI/II-O BOSACﬁCTBHH HCHOCpCACTBCHHO Ka’XKAOMY HApy aTOMOB BEITIECTBA, HE3ABHUCHUMO OT HUX

BEAMYMHBI, KOAUYECTBA U ATOMHOM MacCBHl. DAEKTPOHBI, CTAAKHBAACH C HOCUTEAEM I'PaBUTAIINN, MEHAIOT CBOE
HAIIPABACHHE ABIDKCHHSA, OAHAKO OCTAIOTCA Ha cBoel opdOure. IIpm 3TOM BCe aTOMEI B OAHOM BEINECTBE,
HE32BHCHMO OT HMX KOAHMYECTBA M OOBEMa BEIECTBA ITOAYYAIOT OAHMHAKOBOE BO3ACHCTBHE TPABUTAIIMH M
OAMHAKOBOE yCKOpeHue nascHudA. Mx cymmaprOe o0Iree BO3ACHCTBIE 3aBUCHT OT MACChl TEAA C OAMHAKOBBIM
YCKOpEHHEM MaAcHHA. B 3aBrcnMocTn OT Xapakrepa BAMAHUA, TO €CThb CHABI M BPEMEHH I'PABHTAIIMOHHOTO
BAHUAHHA, SIACKTPOHHAA OOOAOYKA MOKET IIPHHUMATD CIIAFOIICHHBIN OBAABHBII BHA.

VckopeHne ITaAeHuA KaKAOTO TeAd B CTOPOHY 3EMAH IIPAMO 3aBHCHT OT KOAHYECTBA HEHTPHHO,
«IPOHHU3BIBAIOIIIX» AAPO aTOMOB T€AQ, TO €CTh OT IIAOTHOCTH ITOTOKa HEHTpHHO. TOABKO IAOTHOCTH IOTOKA
HEITPUHO OIIPEACAAET OOBEM BO3ACHCTBHA HA TEAO. DTO O3HAYAET, YTO KAKABIH YPOBEHD ITAOTHOCTH ITIOTOKA
HEHUTPHUHO OAMHAKOBO AEHCTBYET HA BCE aTOMBI, HE3AaBUCHMO OT MX MacCH fApa. EcAm ypoBeHb mAOTHOCTH
IIOTOKA HEHUTPHUHO VIAOTHAETCH, TOTAA BCE ATOMBI PA3HBIX JAEMEHTOB CAOKHOTO BEIIECTBA ITOAYYAT
OAMHAKOBOE BO3PACTAOIEE BO3ACHCTBHE.

CocrofHue BHYTPHATOMHEIX CHA, OOPA3yIOIEECHd B PE3YABTATE B3AUMOACHCTBHA C ITOTOKAMU HEWTPHHO,
OIIpPEAEAAET BHEITHNE CBOMCTBA aTOMa M BemecTsa B 11eAOM. OHO CIIOCOOCTBYET CAMAHHIO HAHM Pa3ACACHHUIO
CAOKHBIX 2TOMOB, IIPOABACHHIO CBOMCTBA H30TOIOB M PAAHMOAKTHBHOCTH aTOMOB, 4 TaKKE H3MEHEHHUIO
Ka4eCTBA MX SACKTPOMATHUTHBIX M3AYYEHNH. PAaAMOAKTUBHEIN PACITaA — PE3YABTAT ITOCACACTBUA YMEHBIIICHUA
IPAaBUTAIIMOHHOIO BAUAHNA, KOTOPHIM HPHBOAUT K Pa3ACGACHHIO M PACHAAY HYKAOHOB SAEP TAKEABIX
3AeMeHTOB. Bce sAeMeHTHI, M3BACUEHHBIC M3 3HAYHTEABHOH TIAYOMHBI 3EMAH, CITOCOOHBI PACIaAaThCA Ha
IIPOCTHIE SAEMEHTHL.



4.2. ypOBeHb BAWUAHUA ITAOTHOCTH I'PaBUTAIIUU HA TE€AQ, €0 KoAeOaHue

Vposens Bamanumsa naorHocTH rpasutanmu  (YBIIL) — 3T0 CBOMCTBO IpaBUTAITMM KHHETHYECKHH
BO3ACICTBOBATh HA MaTepHaAbHOE TeAO. OHa 3aBUCHT OT PACCTOSHHA TE€Ad AO TIPABUTHUPYIOIIEIO TEAO U
BBIPAKACTCA KOAHMYECTBOM HAKAOHHBIX IIOTOKOB TIpaBHTAIIMH. BAnfHHE IIAOTHOCTH IpaBUTAIIMM B TEAAX
CO3AAET YCKOPEHHUE CBOOOAHOIO MaAeHHA — (g). Y CKOpEHHE CBOOOAHOTO IAACHUSA - 3TO ITOCACACTBHE BAMAHUSA
IPaBUTALINN HAa CBOOOAHOE TEAO, KOTOPOE IIPUHUMAET PABHOYCKOPEHHOE ABIDKEHHE B CTOPOHY HAIIPABACHIIA
IPaBUTALIHL.

[Ipwm sToM, ypOBEHD BAUAHHA TAOTHOCTH I'PABUTAIINN 3EMAH IIPOIIOPIIMOHAABHO PACTET OAMKE K IEHTPY
3eMAH, YCKOPAs CKOPOCTH CBODOAHOIO IAAECHHUSA TEA. Y CKOPEHHE CBOOOAHOIO IAACHUA IPUMEHHMO K TEAAM,
CBOOOAHO IIAAAFOINKM HA IIOBEPXHOCTH 3EMAH. Y POBEHb BAUAHHA IHAOTHOCTH TPABHTAIIMH IIPHUMEHACTCA KO
BCEM KOCMUYECKHM TE€AAM M OOBEKTAM, HE3aBHCHMO OT HX MACCHI M OOBEMA, B TOM YHCAC HAXOAAIIMMCA B
COCTOAHUH paBHOBecHH Ha opbure. IlosToMy, IOHATHE YPOBEHb BAMAHMA IIAOTHOCTH IPABHTAIINN INHPE U
oObeMHEE YEeM YCKOPEHHE CBOOOAHOTO IapeHHA. AAf mpoctorel BeipakeHuii, YBIII' obosHaumm Takxe
CHMBOAOM (g).

Ha mosepxnaoctu 3eman uan B kocmoce VBIII™ omrpeaeasiercs mo dpopmyae:

_ G
8= w
rae G- rpaBuranmonnas rnocrosuHas 3eman, R — paccrosame oT 1eHTpa IPaBUTAITHOHHOTO IIPUTAKECHHUA AO
00beKTa, g — YPOBEHD BAUAHUA IIAOTHOCTH I'PABUTAIIIMH HA OOBEKT.

CoAnednas rpaBUTanyA BAUAECT HA IIOBEPXHOCTh 3EMAU IIO-Pa3sHOMY, B pe3yAbTaTe 3EMAA BpAIaeTcs

BOKPYT COOCTBEHHON OCH C OIIPEACACHHOI CKOPOCTBIO (cM. puc.17). AHeM ITOBEpXHOCTh 3EMAH BPAIIACTCA U

ABITKETCS CO CKOPOCTBIO V, IPOTHB HAIIPABACHHA ABIUKCHHA 3E€MAU IO OpPOHTE, a HOYBIO, HA0OOPOT, B
CTOPOHY HAIIPAaBACHHUA ABIDKCHHA II0 opOure. Takoe OTHOCHTEABHOE M3MEHECHHE CKOPOCTH ABIDKCHIA
OCBEIIICHHOI IOBEPXHOCTH 3EMAH AHEM YMEHBIIAET CYMMAPHOE YCKOPEHHE CBOOOAHOIO IAACHUA HA 3EMHOM
rosepxuoctu Ha g = 0,005898 M/ cek’, HOUBIO YBEAHHYHBACT HA TAKYIO K€ BEAUUMHY.

B pesyaprarte, mOBepXHOCTH 3eMAH HOYBIO HCIIBITBIBACT CYMMAPHOE BAUSHHE IIOTOKA IPABATALINN 3EMAH
n Coanma. Ilpu stom merTpoOekKHas cuAa (a,) Tam OTHOCHTEABHO COAHIIA CyMMAapHO yBeAHmYHBacTCA. AHEM
Ha IIOBEPXHOCTh 3EMAU BAHAHNE 3€MHON I'PABUTAIIMH YMEHBIIUTCA, TaK KaK BCTYIIA€T B IIPOTUBOACHCTBHE C
COAHEYHOH TrpaBuTarueri. Bmecre ¢ HUM yMEHBIIHTCA LEHTPOOEKHAA CHAA OTHOCHTEABHO COAHIIA, YTO
IIPUBEACT K IIOAHATHIO IIOBEPXHOCTH 3EMAH.

VkazaHHOE  IIOCTOAHHOE IIEPHOAMYECKOE  KOAECOaHMe
v, IIOBEPXHOCTH 3EMAH AHEM M HOYBIO, CHUMAET HAKOIIACHHBIC
Conpme VIPyTUE  HAUPMHKEHUS B HEApPAX 3eman. B pesyabTare
J IVH & IIPEAOTBPAIIIACTCA CEHCMUYCCKUE ABACHUA HA ITOBEPXHOCTH, IIPH
T T 5TOM 3eMAf, KaK KUBOI OpPraHH3M IIEPUOAHYECKH ABIIIUT U
IYABCHPYET.  YKa3aHHOE KOAE€DAHHE IIOBEPXHOCTH  3eMAH
- OTPAKACTCA Ha; BCEX OHMOXMMHYECKHX H (DU3HOAOTHIECKUX

IIPOIIECCAX B HEH, B TOM YHCAC IIOTOAHBIX.

Tod4HO TaKKe, YPOBEHDb IIAOTHOCTU COOCTBEHHOM I'PABUTAIIMN HA BHAUMON M HEBUAUMOM ITOBEPXHOCTHU
AyHbl  KOAEOAETCA HW3-3a BAUAHHUA rpaBuTanun 3eMAn B mpeserax 1,63214 ao 1,63746 M/ ceKZ, TO eCTb Ha
0,00532 m/cex® man 0,16%. Oanaxo, OTCYTCTBHE LIEHTPOOEKHOHN CHABL HA IIOBEPXHOCTH /\VHBI IIPOABAACTCH B
n3meHeHnn opmel camoit Ayasl. B pesyasrare VBIIL Aymer koaeOaeTcs:

g = 1,6348m/cex’E 0,00266 M/ cex”
AyHHAA TPABUTAITHA TAK/KE OKA3bIBACT BAUSHIE Ha 3EMHYIO IPABUTAIIMIO HA IIOBEPXHOCTH 3EMAH.

g, g = 981 Mm/cex” £ 0,00003349 w/cex” = 9,80996651 u 9,81003349,
to ectb 0,00006698 mam  0,0000068% oT ypOBHA IAOTHOCTH 3EMHOM TIPAaBUTAIIMM HA COOCTBEHHOMN
ITOBEpXHOCTU. EcAM cpaBHUTE BAUAHIE YPOBHA HIAOTHOCTHU IpaBUTAIIUU AYHBI I 3EMAN OOHAPYKIM, UTO

g, / g, =0,0027 m/cex’ / 0,00003349 m/cex’=80,6 pas membITIe.

HesnaunreapHoe koAcOaHHME AYHHON TPAaBHTAIIMH HE OKA3BIBACT KATACTPO(DHUECKUX BAUAHHH Ha
roBepxHOCTH 3eMAn. Bmecre ¢ Tem, Bcem H3BECTHO, YTO BAHAHKIE AYHHOM I'PAaBUTALIMH HA IIOBEPXHOCTH 3EMAHT

IIPOABAACTCA B BHAC IPHAHMBOB U OTAHBOB B MOPAX M OKEAHAX, ITOAHHMAas ITOBEPXHOCTb BOABI AO ACCATH
METPOB B 3aBHCHMOCTH OT TAYOMHBI BOABI U YTAQ ITAACHHA ITOTOKOB rpaButaruu. [Ipyu sToM AYHHBIA IpHAUB
IIPOABAACTCA HE Ha BCEH IIOBEPXHOCTH 3EMAH, 4 TOABKO HA TOM YYaCTKE, TA€ ITAAA€T, KaK ObL, TE€Hb OT
LIEHTPAABHOIO y4acTka /\yHEI (TOAyOas II0AOCa Ha PHC.5 B IEPBOHM rAaBe M IPUAUBHOH ropo Ha puc. 9).



VMenHO Ha 3TOM ydYacTKe, B CBA3M C YMEHBIICHHEM YPOBHA BAHAHHUA ITAOTHOCTH TIPABUTAIINM, 3EMHAfA
LIEHTPOOEKHAA CHAA BBIAABAHBAET TIOPOAY, BOAY M BO3AYX. Y CTAHOBUB YPOBEHb IIOABEMA IIPHAUBA U I'AYOHUHY
HA MECTE€ IIPUAHMBA, HA 9KBATOPE MOKHO BBIYHUCAHUTH XAPAKTE€P BAUAHHUA AYHHOH TI'PaBUTAINH C TOYHBIMH
pasmMepaMu yBeAHUYEHUsA OObeMa.

Paszpnma B 80,6 pas MeKAy BAMAHHAMH 3EMHOM M AYHHON I'DABUTAIINN OKA3bIBAET CHABHOE BAHAHHE
HAITIEMy CITyTHHKY U IposBaserca B (popme AyHbEl. B MOMEHT ITOAHOTrO OCBEIIEHHSA, KOTAA TPABHTAITHH 3EMAH
n CoAHIla cyMMapHO BAHAIOT Ha AyHY, pOpMa IIOCACAHEH CTAaHOBUTCA ITIOXOKEH Ha rpymry. B aToT MOMeHT ¢
3eMAN MHOTAQ MOKHO BHAETH AOIIOAHHTEABHBIC YIACTKU AYHHOM ITOBEPXHOCTH, ITOYTH TPHU HATBIX AYHHOIO
raobyca. Ha obparHoit cropoHe AyHBI HAXOAUTCS BBIEMKA TMIAHTCKAX pasmepoB — anamerpom 2500 km (2/3
aumamerpa camMoii AyHbl) um rayomson 12 xkm|[25], oOpasoBaHHAf OTCYTCTBHEM AYHHOIO TI'DaBHTALIMOHHOIO
AAQBACHHS CO CTOPOHBI 3E€MAH Ha BHAUMYIO HOBepxXxHOCTH AyHbI (cM. puc.5 u 9). Amamerp okpyxHOCTH
VKa3aHHOM BBIEMKH CTPOTO COOTBETCTBYET AHMAMETPY BHYTPEHHEIO fAPa 3eMAH. DTO CBA3AHO C TEM, YTO
OOABIIIOE PACCTOSHHE MEKAY 3eMAEH 1 AyHOI CIIOCOOCTBYET IIPOXOKACHUIO ITOTOKOB 3€MHOM IPABUTAIIIN K
LIEHTPAABHOMY AAPY HOYTH HapaAAeAbHO. Hcam Obr Ha AyHe OBIA OKeaH mAH aTMOCdEpa, BO3MOKHO, BCA BOAQ
1 BO3AYX COOPAAUCH OBI Ha €€ BUAUMON CTOPOHE, IIOTOM HX BBICOCAAQ OB 3eMAS.

BAmAnme coAaHedHON rpaBuTanuy Ha 3EMAIO OTAHYACTCA OT BAHAHUA 3E€MHOI TpaBHTAIIMH Ha /\yHY.
Pasanma B TOM, 4ro 3emAfA Bparmmaercs BOKpYr cBoeil cobctBennoii ocm u BOKpyr Coamnma. ITosromy
LIEHTPOOEKHAA CHAA HAITIEH ITAAHETHl YPAaBHOBEIIINBAET IpaBUTANNOHHOE BAHAHNE COAHIIA, B CBA3H, C YEM MBI
He HaOAFOAQEM IIPUAHUBBI H OTAHUBBI, CBA3aHHBIE C BOSACHCTBHEM COAHEYHOH rpaBuTanuu (cM. puc.17).

OryruMoe OTKAOHEHHE YPOBHA BAUSAHHUA IIAOTHOCTH TIPABUTAIIMH IIPOMCXOAUT BO BpPEMS AYHHOIO
saTMenud. Kak m3BecTHO, AaHHOE ABACHHE IIPOUCXOAHUT, KOTAa 3EMAA OKAKETCA B OAHONM AMHHIH MEKAY
Coannem n Aynoi. B aroit curyanum Ayma Oyaer 3acaoHeHa 3eMAEH HE TOABKO TEHBIO, HO M OT IIOTOKA
COAHEYHOH TIpaBUTAINHA. B 3TOT MOMEHT Ha COAHEYHOI, TO €CTb, HA AHEBHOII CTOpPOHE 3EMAH YPOBEHD
IPaBUTALIMN YMEHBIINTCA HE3HAYUTEABHO, 4 HAa HOYHOH CTOpOHE 3EMAH, Ha y4YacTKEe, TA€ HAOAIOAAETCA
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3aTMEHHE, IIOAHOCTBIO OTIAAACT TPABUTAIIMOHHOE IpuTKeHHe AyHbI, KoTOpoe pasHO Ha 33,49-10° m/cex”.
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Ha BuAnMoOIli 3aTeHEHHON CTOpOHE /\VHBI, BAUAHHUSA IIAOTHOCTH IPABUTAIINN YMeHbIHTCA HAa 206,610 M/ cex”.
Orpomnas pasunna B 80,6 pa3, Takux KOACOAHHE 3aMETHO BAHAET Ha peAbed AYHHOTrO AaHAIIA(TA.

4.3. CkopocTh pacpoCTpaHEeHHUA IPABUTALIAN

3HAYUTEABHBIE TPYAHOCTH B (DU3HKE BO3HHKAM U C OOBACHEHHEM CKOPOCTH PAaCIPOCTPAHEHHSA
IPABUTALIMOHHOTO B3aHMMOACHCTBHA TeA. B coorBercTBHE ¢ 3akoHOM HprOTOHA CKOpOCTD pacmpocTpaHeHns
IpaBUTAINA OECKOHEYHO BEAHKA, BO3MYIIEHHE IIEPEAAETCA MTHOBEHHO. DTO HEIIOCPEACTBEHHO BBITEKACT M3
CaMOTO BBIPAKEHUA 3aKOHA: (POPMyAA CTATUYHA, B HEH OTCYTCTBYET 3aIIa3ABIBAHUC.

B cBoe Bpems Ha 910 0Opartma BHmMmanwme [1. C. Aamaac, KOTOPBI HA OCHOBAHHH AHAAN3A BEKOBBIX
ycKOpeHM AYHBI CAGAAA BBIBOA O TOM, YTO CKOPOCTH PACIIPOCTPAHCHUS IPABUTAIINY KOHEYHA, HO BEAUKA, HE
MeHee, 9eM B 50 MHAAHMOHOB pa3 BeIIIE CKOpocTH cBeTa. CKOPOCTh CBETa K TOMY BPEMEHH OBIAA YK€ XOPOIIIO
n3BectHa OAaropapsa padboram O. K. Pemepa (1676 r). m Ax. Bpaaaes (1728 r). ITocaeanee oOCTOATEABCTBO,
BOOOIIIE TOBOPSA, HEIAOXO IIOATBEPIKAAETCA BCEM OIIBITOM HEOCCHON MEXaHHKH, OIICPUPYIOIICH
HCKAIOYNTEABHO CTATHYECKUMHU (DOPMyAaMH, BBITeKarormumu u3 3akoHoB Hproroma m Kemaepa, 1O ectp
MOAYAAHBO HUCXOAAIIEH U3 IPEAITOAOKEHHA O TOM, YTO CKOPOCTh PACIIPOCTPAHEHHUA IPABUTALINN 3HAYHTEABHO
ITPEBBIITAET CKOPOCTH CBeTA. [20]

CaeAyer OTMETHTD, 9TO yiKe AAIIAaCcOM IOKa3aHO, 9TO Aake Ha paccrosHuu 3emas - Ayxa (380 000 km
nau 1,3 CEKYHABI IO BPEMEHH PACIPOCTPAHCHUA CBETA) 3AMIA3ABIBAHHEM PACIPOCTPAHCHUS TPABHTALIIH
BOOOIIE-TO IIPEHEOPEraTh OBIAO OBl HEAB3S: CAHIIIKOM OOABIIHE OIIHOKHA B BBIYUCACHUAX HOAOKEHUA /\VHBI
HAKOIIATCA €O BpeMeHeM. YTo e TOrAa TOBOPUTH O PACCTOAHUAX MEKAY APYTHUMHU ITAaHETAMI?!

Ob6rmmasn Teopusa oraHocureabHOCTH (OTO) mo-mHOMY HOCTaBHAQ IIPOOAEMY M IIPUMEHHTEABHO K
IIEPBOMY, M IIPUMEHHUTEABHO KO BTOpomy Bompocam. Tarorenne mo OTO oObfcHAeTcs «KPUBH3HOI
IIPOCTPAHCTBAY, BO3HUKIIICH, BCACACTBHEC HAAUYHA B HEM IPABHTAIIMOHHBIX MacC. «4ero paAu mpoCTPaHCTBO
«ICKPUBAACTCA», €CAU B HEM 9TH MACCHI HAAMYECTBYIOT H B YEM 3aKAIOYACTCA MEXaHU3M HCKpuBAcHUID, OTO
me paspacaser. [lo OTO, ckopocTh pacIpOCTpaHEHHsA TPABUTAIINN PaBHA CKOPOCTH CBET4, YTO HAXOAHTCH B
IIOAHOM IIpOTHBOpedny ¢ BeraucAcHuamMu Aaraaca. OAHAKO HUKAKHX IIEPECUCTOB ITUX AAHHBIX CTOPOHHHKH
OTO nuxoraa e Aerasn. M apyrum ne coserosasm.|[27]

[ToBeacHHE B HEKOTOPBIE CBOMCTBA HOCHTEASl IPABUTALINN - HEHTPUHO CHABHO  OTAMYAIOTCA OT
«dportona». Vimes BcelpoHHKArOIIEe CBOHCTBO, HEHTPUHO ITOKAa3BIBACT, YTO €O CKOPOCTH PACIPOCTPAHECHUSA



BBIIIIE CKOPOCTH PACIPOCTPAHEHHSA CBETA. TOABKO OAHO «KPaCHOE CMEIIEHHE» B PACIIPOCTPAHEHHHU CBETA B
IAYOHHY BCEAECHHOI CBHACTEABCTBYET, YTO CKOPOCTH CBETA 3HAYUTEABHO YCTYIAET CKOPOCTH TI'DABHTALINM.
Kocmuaeckoe IpoCTpaHCTBO — BAKyyM, COCTOAIIEE H3 HEHTPUHO, ABAACTCA IIPOBOAHUKOM 9ACKTPOMATHUTHBIX
BOAH. OAHO 9TO CBONCTBO BAaKyyMa CBHACTEABCTBYET, YTO IPABUTAIIMOHHBIC BOAHBI AOAMKHBI OBITH OBICTpEE
CBETOBBIX BOAH.

B despanre 1987 roaa mpoBeaeHa perucTpariys IrpaBUTAIIHOHHBIX BOAH OT B3PBIBA CBEPXHOBOH, KOTOPBIN
mpousorreA Ha paccrosauu 168 Tercad cBeToBbIX AeT OT 3eMan B Boarrom Marearamosom O0Oaake. B xoae
CpaBHEHUA ITOAYICHHBIX AAHHBIX YCTAHOBACHO, YTO HEHTPHUHHBIEC COOBITHA OIEPEKAIOT (DAKT OITUYCCKOH
peructparun Ha 6 9acoB. Pe3yAbTaTel AAHHOTO COOBITHSA CBHACTEABCTBOBAAM, YTO IPABUTAIIMOHHEIC BOAHBI
OYEHb MAAO, HO, BCE-TAKH, OIIEPEKAFOT IACKTPOMATHUTHBIE BOAHBL. [4]

AaHHbIﬁ (1)aKT HATAAKHUBACT Ha MI)ICAI), 9T10 HpI/IpOAa FpaBI/ITaI_[I/IOHHbIX nu SACKTPOMQFHI/ITHI)IX BOAH
BO3MOKHO COCTOUT U3 OAHOTO HOCHTEASA — HEHTPUHO M UMEIOT Pa3HBIE CKOPOCTH PACIPOCTPAHEHU.

4.4. BeprukaspHBIE€ 1 HAKAOHHBIE IIOTOKH I'PABUTAIINU

Kak m3BecTHO, ypOBEHb BAHAHNA IIAOTHOCTH TPABHTAIIMH C IPHOAMKCHHEM K IIOBEPXHOCTH 3EMAM
Bospacraer. Taxas kapruHa HaOAroAaercss u y Apyrux maamer. C deMm cBfi3aHa Takas XapPaKTEPHUCTHUKA
I'PaBUTAIINN, U KaK MOKHO OOBACHUTH MEXAHU3M TaKOI'O BO3ACHCTBUA?

CoraacHO IIpeAAaraeMON B 3TOH TEOPHH MOACAH OOpPa3OBAHMA IPABUTALINN,  ABIDKCHHE IIOTOKA
HEHTPUHO HAIIPABACHO HA IIOBEPXHOCTH IIEHTPAABHOIO fAAPA 3EMAH, TAC OHH IIPEKPAIIAIOT CBOE ABH/KCHUE.
OAHAKO IIEHTPAABHOE SAPO HAITIEH ITAAHETHI HE ABAACTCA TOYEIHBIM 1 mMeeT Amamerp 2500 km. Aammoe
0OCTOATEABCTBO IPAMO OTPAKACTCH B XaPAKTEPUCTUKE HEHTPUHHBIX ITOTOKOB.

Kak mokasano ma pucynke 18, mHa moBepxHOCTH 3eMAM IIOTOKH HeHTpmuHO (V,), (V)u (V,),
HAIIPABACHHBIE IIOA OIPEACACHHBIMH YTAAMH, CO3AAOT OOIIEE IPAaBUTAIIMOHHOE AABACHHE Ha IIOBEPXHOCTH
Hamen maaHetsl. Kpome BepTHKAABHOrO HEHMTPHHHOIO MOTOKAa (Vem), OCcTanbHBIE (V;) W (Vn)  ABAAFOTCA
COCTAaBASIFOIIIMMA HAKAOHHBIMU ITOTOKAaMH IpaBuTaruu. [locAeAHne IOTOKH B CHMMETPHUYHOM BHAE B3aHMHO
VPABHOBEIIICHDI, TaK KAK HAIPABAECHBI ITOA OAHMHAKOBBIMU YIAAMH OT BEPTHKAABHOIO IIOTOKA H B IIEAOM
CO3AQIOT ODIIIEEe AABACHIE B OAHOM HAIIPABACHHH.

[Ipu yaareHHE OT HEHTPAABHOTO AAPA YIOA OTKAOHEHHSA YMEHBIIACTCA, TO
ectb  (=>0), mpm 5>TOM IPOHOPIIMOHAABHO YMEHBIIAETCA KOAHYECTBO
HAKAOHHBIX COCTABAfIFOIIUX IIOTOKOB oOImmeii rpasuranuu. C yAaA€HHEM OT
3eMAn Ha AIOOOE PACCTOSHHE, TAC HAKAOHHBIE ITOTOKH HEHTPHHO OTCYTCTBYIOT,

YPOBEHb BEPTHKAABHOrO IIO0TOKa (Y, )He wm3Mmenurca. Cmaa u  0ObeMm

BEPTHUKAABHOIO ITOTOKA (V, )BE3AEC M BCETAA OAMHAKOBEI U ABAAIOTCA PaBHBIMU
KaKAOMY HAKAOHHOMY ITOTOKY HEHTPUHO. TOABKO BEPTHKAABHBIE IIOTOKH
HeHTpUHO (Ven), ITAPAAACABHO HAIIPABACHHBIE HA ITIOBEPXHOCTb BHYTPEHHETO
AApa 3eMAH, COCTaBAAIOT OCHOBHOW IIOTOK 3€MHOW IPaBHTALINA U COXPAHAIOT
CBOIO ITAOTHOCTB M YPOBEHb BAHAHUA HA AFOOOM paccrofnuu ot 3eman (puc.18).

VIoA HaKAOHHBIX HOTOKOB HEHTpUHO (puC.13) MOXKHO IPHOAHU3UTEABHO
BBIYHCANTD 11O cAeAyroreit popmyae (10):

=1 /R

TA€ [ — PaAHMyC BHYTPEHHEro AApa, R — paanyc 3emAn, ¢ — CHHYC yrAa HAKAOHHBIX ITOTOKOB.

v, = 1250000 m / 6378000 m = 0,196 = 11,3°,

OAHAKO Ha BCIO ITOBEPXHOCTb BHYTPEHHETO AAPA IOAYIUM 22,6°. Ha ITOBEPXHOCTH 3EMAH YPOBEHDb BAUAHUSA
AOTHOCTH rpaBuTarmn cocraBager 9,81 m/cex’, kotopoe coorBercTByer 22,6° HAKAOHHBIX TOTOKOB.

Ecan Bo3bMeM, 9TO HA PACCTOAHNUM, OOABIIETO Ha 1 MAH. pa3 paanyca 3eMAH, yTOA HAKAOHHBIX IIOTOKOB
HeiiTpuHo npudAusurcsa k (), TOrAa MOKHO IIPHUHATB, YTO IIOTOKH HEHTPHHO CTAHOBATCA IIAPAAACABHBIMHU U
COXPAHUTCH TOABKO BEPTHKAABHBIC IIOTOKH. B Takom caydae:

©, = 1250-10° m / 1250-10° m = 0,000001 = 0,0000573°,

O
Ha Bechb Amamerp BHyTpeHHero fapa pasHa 0,0001146° mam 0,041 cexymae. Ilpm Takom yrae KoAmdecTBO
HAKAOHHBIX ITOTOKOB HeHTpuHO noutu pasHO (. Kakoi OyAeT ypoBeHb BAHAHHA ITAOTHOCTU IPABUTAIIUN IIPH

TAKOM yrAe. BTO MOXKHO OHPCACAI/ITB CACAYI’OL[IHM O6p2130M2
83 _ Van
—_ - OTCrOAQ
P1 @2



g,92 _ 9,81 M/cex?0,0001146 °
@1 22,60
HOAy‘IaCTCH, 9T1TO y‘pOBCHb BAUAHUA BCpTI/IKaAbeIX ITIOTOKOB HCﬁTpHHO VB = an MCHBIIIC ypOBHH BAUAHUA

= 0,0000497 m/cex’= 497107 m/cex’

Ve =

IpaBUTAIIIN HA ITOBepXHOCTH 3eMAH g, B 197207 pasa, mourn B 200 THICAY pas.

OTCIOAd YPOBEHB BAMAHUA TIAOTHOCTH IPABHTAIMN 3eMAM gon = 497-107 m/cex’® sBAserca camoit
MHHHIMAABHOI ITOCTOSSHHOM M COXPAHACTCA Ha AFOOOM PACCTOSHUU OT 3EMAM.

TakoH ypoBeHb BAHAHHA IIAOTHOCTH HEHTPHHO BEPTHKAABHOH IPABHTAIIHH ABAACTCA
IIOCTOAHHOH BO BCEX yroAKkax BceAeHHOH H XapaKTepeH AAA TPABHTAIIHH BCEX IIAAHET H 3B€34. Buecre
C T€M, B IIPOCTPAHCTBE, BAAAH OT IIAAHET H 3B€3A, BCE BEPTHKAABHBIC IIOTOKH IPABHTALIHH COCTABAAFOT
¢pOHOBYFO Cp€Ay, IA€ BAHAHHE Ka>KAOIO pPaBHOIO BEPTHKAABHOIO IIOTOKA YPaBHOBEIICHO
IIPOTHBOHAYIIIHM BEPTHKAALHBIM IIOTOKOM.

Beprukaspabie  rpaBuranmonHble  1motokn  COAHIA,  MOTYT — COCTAaBHTH

oTAmgaromuecs oT (GOHOBOM CPEABI IpaBHTALMOHHOE HpurmkeHne. OAHAKO, IIpu
BBIXOAC U3 COAHEYHOM CHCTEMBI I YAAACHUU OT HEE AAHHOE IIPUTHKEHHE OCAaOEBaeT
U YBEAHYMBACTCA IPHTHLKCHHUA OAM3ZACKAIIUX TAAAKTHK. AHOMAAHIO KOCMHYECKHX
armapatoB «[ lnoHepoB» MOMKHO OOBACHHUTH TAKUM ITOAOKEHHEM — BBIXOAOM HX H3
IIPOCTPAHCTBA OOIIErO IPHUTHKEHUA COAHEYHON CHCTEMBI M IIOIIAAAHHEM B IIOAE
IIPUTAKEHUA APYTUX FAAAKTHK.

Ha noBepxHOCTH 3€MAM TEAO B COCTOSHUU IIOKOS HAXOAHUTCS B paBHOBeCHH (a)
U IPHHUMAET BepTHKaAbHOE IoAoxeHne (puc.19). B atom cocrosnnm HakAOHHBIE

Buyrpennee

ITOTOKH HEUTPHUHO (V1) 1 (Vn) B3aUMHO ypaBHOBEIIEHbL. Kak TOABKO T€AO HAKAOHHM

B OAHY U3 CTOPOH (B), HAPYIIAeTCA PABHOBECHE BO3ACHCTBUA HAKAOHHEIX IIOTOKOB
HeiTpuHO (V) u (Vn). TeAo BBIAET M3 COCTOAHHA IIOKOS M HAYMHACT I1aAaTh B CTOPOHY OTKAOHeHwA. Ha

AAABHHUX PACCTOAHUAX OT 3EMAH, TAC OTCYTCTBYIOT HAKAOHHBIE IIOTOKH IPABUTAIIIH, TEAO B AFOOOM COCTOSTHUHI
IIPUHUMAET KaK ObI BEPTUKAABHOE IIOAOKEHUE H OH HUKOIA2 HE MOJKET YIIACTh HA OAHH OOK.

Ha npocrterx npumepax a@ekT HAKAOHHBIX IIOTOKOB HEHTPHUHO MOMKHO OOBACHUTH Tak. OTpaKaTeAb
PYYHOTO OCBETUTEABHOTO (POHAPA CIIOCOOCTBYET COOMPAHUIO IPAMBIX (BEPTUKAABHBIX) AYIEH CBETA AAMIIOYKH
1 OOpPa30BAHHIO MHOKECTBA HAKAOHHBIX AYYEH, KOTOPbIE HAa OIPEACACHHOM PACCTOSHUU (DOKYCHPYIOTCA B
OAHOIT TOUKe. B pesyabrare oOpasyercs YyCHACHHBIN IIOTOK AydYa CBETA, COCTOAIIMMA U3 MHOMKECTBA HAKAOHHBIX
Ay9€H, MOIITHOCTh KOTOPOTO 3aBHCHUT OT IIAOIIAAU U KAYECTBA OTPAKATEAS.

Ha ocHOBaHHMN ITOAYYEHHBIX AQHHBIX MOKHO CYHTATh, YTO YPOBEHb BAHAHHA IIAOTHOCTH I'DABHTAIIAN
(VBIII) ma mosepxuocTr 3eman g = 9,81M/cek’ MOKHO HPHHATH 32 CAHHHITY, 4 HA APYTUX DACCTOAHHAX
IIPOM3BOAHBIM OT CAMHHIBL 1O ecTb, HIUKe ITOBEPXHOCTH 3eMAH AO IIeHTpaAbHOro sapa YBII
YBEAHYHBACTCA, A BHIIIIE IIOBEPXHOCTH 3EMAHU — YMEHBIIACTCA.

Bce a10 yOeAHTEABHO AOKA3BIBACT, YTO YPOBEHB BAHAHHA HAOTHOCTH rpapuranud (YBIII) auxoraa
HE 3aBHCHT OT MACCHI T€Ad, 4 CBA3AHO TOABKO OT O0BE€Ma BHYTPEHHEIO AAPA IIAAHET H 3BE3A, HA
IIOBEPXHOCTH KOTOPOIO HPOHCXOAHT TEPMOAAEPHBIH cHHTE3. Tleaa, He wHMeromHe AAPO C
TEPMOAAECPHBIM CHHTE30M, HE 00AaAAFOT COOCTBEHHOH IPABHTAIIHEH.

Takoe IIOAOKEHHE MOKHO HATASIAHO HAOAIOAATH IIO IIOBEACHHAM HEKOTOPBIX KOCMHYECKHX TEA.
Harmpumep, acreponABl B KOCMOCE HE OCTaBAfIOT 33 COOOM BHAUMOIO CA€AQ, 2 KOMETEI, C IPHOAMKEHIEM K
CoAHILly B KPYIIHBIM IIAQHETAM, YBEAUIHBAIOT PasMEPhI XBOCTOBON wacTH. Bo3mokHO, KOMeTa, B OTAMYHE OT
aCTEPOHAA, HMEET fAPO C TEPMOAAEPHBIM CHHTE30M. B pesyabrare fAAPO, IPH H3MEHEHUU BHEIITHEIO
I'PaBUTALIMOHHOIO BO3ACHCTBUA, YBEAUUNBACT PACIIAA CAOKHBIX IAEMEHTOB AO ACTKHX T'a30B.

4.5. OTKAOHEHHME HAIIPABACHUA ABYDKEHHA TPABUTAIIMN B MAHTHUU 3eMAU

Kak OBIAO OIPEAEAECHO BHIINIE, I'PABUTAIINA C IPOHHKHOBEHHEM B MAaHTHIO 3EMAM H3MEHAET CBOE
HAIIPABACHUE B CTOPOHY BpamieHnA mAaHeTe. [IpoHMKas B IIAOTHBIE CAOM MAaHTHH IIOTOK HEHTPHHO

oTKAOHAETCA Bce cuAbHee. Kak mokazano mHa pucynke 20, B TAKOM CAydYae IIOTOK HEUTPHHO (V,) BBIXOAHT 32
IIPEACABI BHYTPEHHETO AAPA, M, MUHYS €TO, YPAaBHOBEIIIMBACTCA HAYIIIIM HABCTPEUY IIOTOKOM HEWTpHHO. Toraa
CIPAaBEAAUBO BO3HHKAET HEOOXOAMMOCTb — BAMSHHA IIOTOKA HEUTPHHO (Vo). OAHAKO, YKa3aHHBIH IIOTOK
HEHTPUHO B MAHTHH TAKKE YPABHOBEIICH HAYIIIUM HaBCTPEYy IIOTOKOM HEHTpHHO. OCTaroTcAd ITOTOKH

HelTpuHO (VB) U (V;), KOTOPBEIE OKA3BIBAIOT BHYTPEHHEMY AAPY Bparmarorriee Bosaeiictsue. [Ipm atom (Vs)

TAaKXKE BpamaeT MacCy MAaHTHH, A (Vl) TOpMOSI/IT BpaIJ_ICHI/IC BCpXHI/IX cAoeB MamTuu. B pCSYAI)TaTC BHyTpCHHCC



AAPO 3EMAH BpAINACTCA OOABIIOH CKOPOCTBIO, 4 KHAKAA MAHTHA — MCAACHHEE, U CHHXPOHH3AINA HX
CKOPOCTEH HE YAACTCA HUKOTAQ. YKa3aHHBIC BPAIICHHUA HA PAa3HBIX YPOBHAX, C
PasHBIMI CKOPOCTAMH, IIOPOMKAAIOT MHOKECTBO AMHAMUYECKUX TEYCHUI,
KOTOpBIE IIPEBPAINAIOT KMHETUYECKYIO SHEPIMIO IIEHTPAABHOIO fAApA Ha
9AEKTPOMATHHUTHYIO. Ob6pasyercs acpdexr MarguTO-ANHAMO,
BBIPAOATEIBAIOIINI U 9ACKTPHYCCKUH TOK, I MATHHTHOE TIOAC.

VKa3aHHBII ~ HPOIECC  CBHAETEABCTBYET, YTO  I'PAaBUTAITMOHHBIN
BEPTHKAADb HA 9KBATOPE IIAAHETHl HEMHOI'O OTKAOHEH B CTOPOHY BPAILEHUA OT

I'pasuranmon-
HBIIH BEPT!

BEPTHUKAABHOM AMHHH K IIEHTPY IIAAHETBHL. YTOA OTKAOHEHHUA MEKAY (Vs) U

N BiyIpofisce (vy) Ham msecten 1o dopmyae (10) m pasen 11,3° I'paBuranmoHHbI
‘\ AP — ——— BEPTUKAAD IIPOXOAUT IIO CEPEAMHE YKA3aHHBIX HAIIPABACHHUII ITOTOKOB H

' pasuserca 5,065°. Iloaygaercs Tak, 9TO Bce MBI XOAHM HA 3eMA€ HEMHOIO
HAKAOHHBIIHCH B CTOPOHY BOCTOKA OT HCTHHHOIO BEPTHKAABHOIO
IIOAO>KE€HHA, B pPE3YABTATE MBI COXPAHAECM pPABHOBECHE MEXKAY
TATOTEHHEM H ITEHTPOOE>KHOH CHAOH.

4.6. HPOLICCC MAarHuTO-AMHAMO M BO3HHMKHOBCHHC MAIrHHUTHOI'O ITOAA

Cy1mecTByroT pasHble THIIOTE3BI O IIPUPOAE MArHHUTHOTrO IOAA 3emAmu. B 1mmocaeamee Bpemsa moAydmaa
PasBUTHE THUIIOTE34, CBA3BIBAIOIIAA BOSHUKHOBCHIE MATHUTHOTO ITOAA 3EMAH C IIPOTEKAHUEM TOKOB B HKHAKOM
MeTarAmdeckoM fAApe. lloacunmraHo, 9TO 30HA, B KOTOPOH AEHCTBYET MEXaHH3M «MATHHTHOE AHHAMOY,
HaxoAuTcs Ha paccrosaun 0,25 - 0,3 paauyca 3emMAn. AHAAOTMYIHBIN MEXAHH3M TCHEPALINN ITOASA MOKET HMEThb
MECTO M Ha APYIHX IIAaHETaX, B dYacTHOCTH, B sfApax [Ommrepa m Cartypma. I'mapomarHntHOE HAM
MAarHHTOTHMAPOAHMHAMIYECKOe,  uAH  mpocro MDA, ATHAMO-9(P(PEKT ~ ABAAIOTCA  HCTOYHHUKOM
CaMOTEHEPAIIIH MATHUTHOIO ITOAS IIPH OIIPEACAEHHOM ABIKECHIN IIPOBOAAIIIEH JKHAKOCTH.

[lepBoii koHUIypAIHEHd, IIOKA3BIBAIOIICH BO3MOKHOCTD TCHEPALNM MATHHTHOIO IIOASl IIpH
CHEITMAABPHOM ABUKEHHH IIPOBOAAIIEH CpeAbl, ObiA0 AumHamO I[lomomapenko (1978). Ilocae artoro Owiao
HCCACAOBAHO HECKOABKO IIPHUMEPOB KOH(PUIYPAIU, AOIYCKAIOIINX TAKYIO BO3MOKHOCTH (B gacTHOCTH, ABC-
AMHAMO, AMHAMO Praapacona u Ap.)

OAHAKO B PEAABPHBIX YCAOBHAX IIO 9THM KOH(DUIYPAIMAM MATHHTHOE AHMHAMO HE OBIAO IIOAYHYEHO.
IlepBrie AabDOpaTOpHBIE 9KCIEPUMEHTHI, ITOATBepAuBIIHE 3pdexrt, Obian 11poBeacHs B Mucturyre dpusuku B
HemenkoM ropoae Kapacpys u Aarsuiickom Vrusepcurere B ropoae Casacmmace B 1999 roay. Emé asa
5KCIEPHUMEHTA, IPaBAA C HEOAHO3HAYHON TPAaKTOBKOM, ObAM mpoBeacHBl BO Ppanmmm (auHamo o
Kapmana) u B CHIA (Buyrpu cdeprr). DKCIEpUMEHT, HE TPEOYIOIIHUH CAOMKHON CHCTEMBI HACOCOB H
Ype3MEpPHO OOABIIIIX ~ PasMepOB YCTAHOBKH, TOTOBUTCH B AabopaTopun dpusmueckoit
ITHAPOAMHAMUKE VIHCTHTYTAa MEeXaHHUKH CHAOIIHBIX cpea VpO PAH.[28]

MoAeAb T€OAMHAMOB HACTOSAINEH pPadoTe IIPEACTaBAAET CODOIR
IIAAHETYy C IIEHTPAABHBIM TBEPABIM  SAPOM, TEIIAOBBIACAAIOIIIIMI
TPAHCYPAHOBBIMH 9ACMEHTAMH, KOTOPOE OBICTPO BPAINAETCA B BOCTOYHOM
HanpasAeHun (cM. puc.21). CBoum BpaIlieHuEM AAPO, BBIIOAHAIOIIEE POAD
pOTOpa, 3aBAEKAET OKPY/KAIOIIYIO PACIHAABACHHYIO JKHAKYIO MAaHTHIO.
Kuakad MaHTHA, BBICTYHAIOIIAA B POAM TPAHCMUCCHOHHOI  CPEABI,
IIOCTEIIEHHO IIEPEAAET BPAILEHHE KO BCEMYy TeAy IAaHeTl. [lpm arom,
BEPXHHUE ITOAAUTOC(EPHBIE M CPEAHHE CAOM MAHTHH TOPMO3ATCH CAMOM
rpaBuTanueil (CM. IYHKTHpHbIe cuAoBble AmHuM Ha puc.2l). TTosromy
CKOPOCTH  BpAaIllEHHA  Pa3HBIX  CAOEB  IIAAHETHI ~ HHKOIAa  HE
ypaBHOBeruBarotTca. Amrocdepa IIAAHETBI BBIIOAHAET POAB  CTATOPA
AuHamo. [Tporiecc Bpamenus sapa u AnTocdepbl pa3HBIMA CKOPOCTAMU U
B3AHMMOACHCTBHA MEKAY HHUMH IIEPEHOCUT JKHAKAaA MaHTHA. sKUAKafd MAaHTHA HCIBITBIBAECT I'PABHTAIIHOHHBIC

Awurocdepa -

CHKATHA U PACIIUPEHUA HA PA3HON IAYOHHE, KOTOPBIE OCYIIECTBAAIOTCA BEIAGACHHEM BHYTPHATOMHON 9HEPIUL.
Taxolf mporecc IOPOKAAET OTPOMHBEIE IAECKTPUIECCKHE TOKH B KHAKOM MAHTHH, YTO COIPOBOKAAETCHA
00pa30BAaHMEM MATHHTHOTO ITOAS.

Takad MOAEAb MArHHTO-AHHAMO YVAOBAETBOPAET BCEM TPEOOBAHHAM, HEOOXOAUMBIM AAf €€
CyIIECTBOBAHHA U (DYHKITHOHUPOBAHUAL.
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LlerTpaspHOE AAPO HAIIEH ITAAHETHI, HMerornee AmameTp 2500 kM, Bparmaercsa ¢ OrPOMHOM CKOPOCTBIO,
pasuoit V. = 17857 m/cex. Ilpu arom siapo 3a T = 439,6 cex uam 3a 7 munyr 20 CEKYHA COBEPIIIAET OAMH
obopor, uto Ha 196,54 pas ObicTpee ITePHOAA BPAIIEHUA IIOBEPXHOCTH 3EMAH, PABHOTO 24 gacam.

MOAEAD YAOBACTBOPUTEABHO OIIMCHIBAET MHOIME OCOOEHHOCTH MATHHUTHOIO IIOASl IIAAHET 3€MHOM
IPYIIIBL, B 9acTHOCTH, 3eMAHM 1 Mapca, a Takke OOBACHAET OTCYTCTBHE MArHUTHOTO 1oAd Beneprr. Aad 3eman
MOACAD ITPEACKA3BIBAET APEH( M MHBEPCHIO MATHUTHBIX ITOAFOCOB.

4.7. Macca n mHepIuA TeAa, UX POAb B TPABUTAIIIH

Maccy Teaa 0O6pasyeT KOAMYIECTBO HAXOAAIIUXCA B HEM AAPA ATOMOB, B 3aBUCHMOCTH OT aTOMHOM MAaCCBHL.
Bec Teaa onpeaeasieT ypoBeHb BAHAHHE IPABUTAIINH, TO €CTh, AABACHHE BEPTHKAABHBIX ITOTOKOB HEMTPHUHO HA
AAPO aTOMOB Te€Aa B COCTOSHHH IOKOA. VHeprnmoHHas Macca TeAa IPOSBASCTCA B PE3yAbTATE AMCOAAaHCA
BAMAHUS IPOTHBOMAYIIIMX IIOTOKOB HEWTPHHO B COCTOAHMHM HapylleHus NOkof. Maccy Teaa oOpasyer
KOAMYECTBO TIOTOKOB HEUTPUHO, YAEPKUBAFOIIINX TEAO B PABHOBECHUN U ITOKOA.

Ha pucynke 22 moxasaHo, YTO IIPH TOPMOKEHHH HAM YCKOPEHHH TEAd, BEPHEE €ro aToMa,
VPABHOBEIIIEHHOE COCTOSIHHE ITPOTHBOHMAYIIHMX IIOTOKOB HEHTPHHO  HAPYIIAETCA ITOCPEACTBOM BAHMAHUA
BHYTPHATOMHBIX cBfisel. [Ipn aTOM paBHOE BO3AEHCTBHE ITOTOKOB HEHTPHHO CTAPAETCA AEPKATH AAPO aTOMA
HA IIPEKHEM MECTe B aToOMe 1 B rmpocTpaHcTse. OAHAKO, BHYTPHATOMHBIE CHABI, B PE3KO 3aTOPMO3HBIIIEH AT
CABHHYBIIIEH 9AEKTPOHHOH OOOAOYKE aTOMa, CTPEMATCA K YPABHOBEIIIEHHOMY COCTOAHHIO B aTOME U
IIPOTAAKHBAIOT fAAPO K CEPEAHMHY aToMa. 1akoi BHYTPHATOMHBIN IIPOLIECC IIPHUBEACT K HAPYIIECHUIO
YPABHOBEIIIEHHOTO COCTOAHMA BAUAHNA IIOTOKOB HEUTPUHO Ha AAPO. B pesyAbrare, AAPO ITOA BO3ACHCTBHEM
BHYTPHATOMHBIX CHA, C TPYAOM IIPEOAOAEBAs COIPOTHBAEHHUE BCTPEYHOIO ITIOTOKA HEMTPHUHO, 3aHUMAET MECTO
B cepeanHe aroma. Yem OOABIIIE MAM MACCHBHEE aTOMOB B TEAE, TEM CHABHEE IPOABAACTCH COIPOTHBACHUE
HOTOKA HEMTPHUHO.

Muepruro AF0OOro TeAa OIpeAeAsieT BAUAHUE IIOTOKOB HeHTpuHO. ECAN yAacTCA H30AMPOBATH ATOM OT
BO3ACHCTBHUA IIOTOKOB HEHMTPHMHO CO BCEX CTOPOH, COCTOSHHE HHEPIIMH B aTOME HE IIPOABAAETCH, TO €CTb
AO0OE BEIIIECTBO MOKET MOMEHTAABHO MEHATH HAIIPABACHUE ABIIKEHHSA, IIPU 9TOM €r0 HE 3aHOCAT B CTOPOHY.

Axoboe BOSACfICTBHC Ha SACKTPOHHYIO O6OAO‘IK§7 aToMa, B TOT XKC MHUT
HOCPCACTBOM BHyTpI/IaTOMHbIX CHA HCpCAaﬁTCH HApy, M IIOCACAHEEC BCETAQ 6yA€T
COXpaHHTb ITIOAOKEHHE B HCHTpC aTomMa.

KOFAZ. CO BCEX CTOPOH Ha AAPO aTOMa YPABHOBCIICHHO BOBACﬁCTBymT
IIOTOKM HCfITpI/IHO, AAPO  KaK OBI KPCIIKO 3aKPCIIACHO B IICHTPE aToMa M
SanI/IKCI/IpOBaHO HCIIOABHZKHO. Ecam arom IIOA BOSACﬁCTBHCM BHCIITHHUX CHA
HAYMHACT ABIKCHIIC B CTOpOHy, CHa4YaAa HCpCMCLLIaCTCH SACKTpOHHaH 0DOAOUKA.
HAPO, CACPKHBACMOC HAPYKHBIMH ITOTOKAMH H€I>'ITPI/IHO, B 9TO BpEMA OCTACTCA

DAeKTpOHHAsA
oboroUKa

Ha Mecre. Koraa BHyTpHaTOMHBIE CHABI MEKAY AAPOM U AEKTPOHAMHU IIPEBBICAT
CHABI BO3ACHCTBHA YPAaBHOBEIIEHHBIX IIOTOKOB HEHTPHHO HA AAPO, AAPO HAYMHAET ABHKEHHE B CTOPOHY
IIEPEMEINEHIA SIAEKTPOHHOI 000A0UKH. BOT Tak mposBAfeTCA HHEPITHA TEAA.

Bec reaa m mHEpIIHA T€Aa OTAHYAFOTCA APYT' OT APYTa TOABKO CIIOCOOOM BO3ACHCTBHA ITOTOKOB
HedTpuHO. Koraa BepTHKAaABHBIH IIOTOK HEHTPHHO ACHCIBYET BHH3 HA TEAO, IIPH 3TOM HMEET
IPEHAMYIIECTBO HAA HPOTHBOACHCTBYFOIUM CHH3Y ITOTOKOM HEHTPHHO, obpasyerca Bec Teaa. Koraa
HA TEAO ACHCTBYFOT ypPaBHOBEIICHHBIC, TO €CTb, PABHO IIPOTHBOACHCTBYFOINHE ITOTOKH HEHTPHHO,
obpasyerca macca resao. Hueprnma BO3SHHKAE€T, KOIAa IIPH IIEPEMEINEHHH TE€Aa, PABHOBECHE
IIPOTHBOACHCTBYIOINHX ITOTOKOB HEHTPHHO HAYHHAFOT TEPATH CBOE PABHOAEHCTBHE.

Pacuersl 1mokazaAm, 9YTO YpPOBEHb BO3HHUKAIOIIEH IPABUTAIINM HE 3aBUCHT OT OODBEMa H MacChl
rpaButupyrorero teaa. Macca Aymer 80 pas membIilie Macchl 3€MAH, T€M HE MEHEE, YPOBEHB BAMAHUA
ITAOTHOCTH I'PABUTAIIMH HA ITOBEPXHOCTH AyHBI MEHBIIIE OT 3¢MHOI'O BCETro B 6 pas.

['aAnAaeeM Ha OIBITAX  AOKA32aHO, YTO TE€AA C PA3HOM MACCOH ITAAAIOT C OAMHAKOBON CKOPOCTBIO. Takixe
YCTAHOBAEHO, YTO HCKYCCTBEHHBIE CIIYTHHKH C Pa3sHOH MacCOH MOIYT BpPAIIaThCs Ha OAHOH OKOAO3EMHOM
opbuTe ¢ OAHHAKOBOII ckopocTsio. Ha opOure AyHBI HCKYCCTBEHHBIN CIIyTHUK MOYKET OOPAINATHCA C TAKOM Ke
cKOpoCThIO, Kak u Ayna. B Takom cayuae SBHO OOHApyKHBaeTC HEPABEHCTBO MEKAY Maccamu AyHBI
CIYTHHKA, KOTOPBIE, HTHOPHPYA 9TO HEPABEHCTBO, OYAYT OOpaImaThcs CHHXPOHHO. Bce 910 cBHAETEABCTBYET
O HE3aBHCHMOCTH BAHAHNA I'PABUTAIIMH OT MACChl TEA M YKa3bIBACT HA OCOOEHHOCTh M CHENH(DUIHOCTD
BAUAHHA I'PABUTAIIUN HA TEAA.


http://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%BD%D0%B5%D1%82%D0%B0
http://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BC%D0%BB%D1%8F
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%80%D1%81_(%D0%BF%D0%BB%D0%B0%D0%BD%D0%B5%D1%82%D0%B0)
http://ru.wikipedia.org/wiki/%D0%92%D0%B5%D0%BD%D0%B5%D1%80%D0%B0_(%D0%BF%D0%BB%D0%B0%D0%BD%D0%B5%D1%82%D0%B0)
http://ru.wikipedia.org/wiki/%D0%98%D0%BD%D0%B2%D0%B5%D1%80%D1%81%D0%B8%D0%B8_%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%BE%D0%B3%D0%BE_%D0%BF%D0%BE%D0%BB%D1%8F_%D0%97%D0%B5%D0%BC%D0%BB%D0%B8

TeAo ITOA BAUSHHEM I'PABUTAIINN B COCTOSHHAX ITOKOSA M CBOOOAHOTO ITAACHHA MMEET Pa3HBIE CBOMCTBA.
[Ipm cBOOOAHOM ITAAGHHH TEAd, BHYTPHATOMHBIE CHABI VPaBHOBEIIHBAIOT TI'PABHTAIIMOHHOE BAHAHILE,
YCTAHOBHUB AAPO B LIEHTPAABHOM ITIOAOKEHHH aTOMa. Pe3KOe TOPMOKEHIE TAKOIO TEAd IIPUBOAUT K OBICTPOMY
M3MEHEHHIO IIOAOKEHHUSA AAPO B aTOME, UTO COIPOBOKAAETCA BBIACACHHEM SHepruu. B cocrosmmm moxos
IPaBUTAIIMOHHOE CBOMCTBO MACCHI IPOABAAETCA B BUAC Beca.

Pasmoctp MeKAy KOCMHYECKOM M OCTATOYHOI TIPAaBHUTAIIMOHHOW ITOCTOAHHOM A2€T  TOT YPOBEHB
I'PaBUTAIIMOHHOI ITOCTOSHHOH, IIPU KOTOPOM BEC MATEPUAABHOIO TEAQ HA ITIOBEPXHOCTH 3EMAH YBEAUUHUBACTCSA
ot 0 A0 MakcumyMa.

G=G,__ -G, = 398,610 M /cex’- 1,37-10" M’/ cex’ = 397,23-10" m*/ cex’
G/m = 397,23-10"x’ /cex’/ 1000 xkr = 0,39723 -10"*m’/ cex’ kr,

TO €CTb, KAZKAOMY TAKOMY YMEHBIIIEHUIO TPABUTAITHOHHOM ITOCTOSHHOM COOTBETCTBYET YMEHBIIECHHE Beca Ha 1
KpAorpamMMm TeAa ¢ maccor 1000 kr.
B 10 e Bpemd, B rAyOb, AO IIEHTPAABHOTO AAPA 3EMAU BEC YKA3AHHOIO TE€AA OYAET PACTH:

1,37-10"m/cex’/ 0, 39723-10"m’/cex’= 3,449 pasa, T0 ecth GAMKE K HEHTPY 3eMAH BEC YKAZAHHOM
Mmaccer Oyaer paBeH 3449 kr.

4.8. ITpoBepka NPaBUABHOCTU I'PABUTAITMOHHOM IIOCTOAHHON ITAQHET

CoraacHo TpﬁTbCMy 3aKOHY KCHACpa o paBHOCTI/I oObema paCCTOHHI/IH 3eman AO COAHHa K KBa,A,paTy

3 2
EPUOAA o6pa1_ueHH;{ 110 Op6I/IT€ H =T n#axoAuM cOOTHOIIEHHUE PaAMYCOB o6pa1_ueHH;{ IIAQHET B KyOe Ha
IPABUTAIIAIO YMHOKEHHBIM Ha IIEPHOA 06pau_{eHm1 B KBAaAPATE.

== (14)
[Moayuennsii koadpurmenT 6 AAA BCEX IAAHET IIOCTOAHHBIA M AA€T COOTBETCTBHE I'PABUTAIIMOHHON
IIOCTOSIHHOH U €€ PACIOAOKEHHOCTD K BPAIICHUIO U OOPAILECHHIO CIIYyTHUKOB Ha OpOHTE.
ITo ycranoBAennsiM AaunaeiM FOmmrrepa:
R3

0= = 71880000’ w0/ (11,46:10"w/ cer’9,93" wac’) = 0,02533

rae R — paamyc FOmmrepa, G, — ocrarounas rpasuranusa FOnnrepa, T — nmeproa Bparenus FOmmurepa Bokpyr
CBOEH OCH.

Veranosum koapdurment 0 aag cmyranka FOmmrepa Mo ipu oOparmenun o opoure:

3
0= % = 420000000°w / (127,809-10"w°/ cex* 427 wac®) = 0,02535

rae H — paccrosune ot nemrtpa FOnmmrepa ao opOutsr cryramka Mo, G — rpaBuranimoHHas IOCTOAHHAA
FOrmmurepa, T — neproa Bparenus Mo o cBoei opoure.
Pacuersr ang 3eman:
R3
0= P 6378000° m / (1,37'10]2 M/ cex’ 247 qacz) = 0,02537
rae R — paanyc 3eman, G — ocratounas rpasuranus, 1 — IEPUOA BpaIlleHHUA BOKPYT CBOEH OCH.
A criyreEKa 3eMAn AyHBI IIpH OOPAIIICHIH 110 OPOHTE:

3
0= % =384000000° M/ (398,6:10'% M’/ cex’5563560038400 cex’) =0,02553

rae H — paccrosume ot merrpa 3emanm Ao opourer Ayuer, G — rpaBurannoHHas moctosHHas 3eman, T —
IIepHOA Bparerus AyHBI 110 CBOEi opOuTe.

Tod4HO TaKke IIPOBEPHM IIPABUABHOCTb COOTBETCTBUSA IPABUTAIIMOHHON ITOCTOSHHOM AAfl IIEHTPAABHOIO
AApa 3eMAm:

3
6= % =1250000° m/(398,6:10" a/ cex’ 439,67 cex?) =1,953-10" »’ / 77,028:10' m’= 0,02535

[Moayuennsiit cpeannii koacpdunment 0 = 0,02535 asaer BO3MOKHOCTD IIPOBEPHUTH IIPABHABHOCTD
IPaBUTAIIMOHHON ITIOCTOSHHOI AFOOOTO HEOECHOTO TEAQ.

Kosgpgpurmenr (0) - coorHomieHHme ob6beMa pacCToAHHA K IPABHTALIHOHHOH IOCTOAHHOH H
KBaApaTy IEPHOAA OOPAILLICHHA ABAACTCA ITOCTOAHHBIM AAA BCEX KOCMHYECKHX Te€A, HMEFOIHX
COOCTBEHHYFO IPABHTAIIHIO, H XAPAKTEPH3IYET CIPABEAAHBOCTH IIPHMCHEHHA B OTHOIICHHH HX
TpebOBaHHA HACTOAIICH TEOPHH IPABHTAIIHH.

R3
0= — = 0,02535 (15)



OTCroAa MOKHO BBIYUCAUTD IPABUTAIMOHHYIO IIOCTOAHHYIO KOCMHYCCKHX TEA, IIPH HAAMYHH AAHHBIX O
PACCTOAHHH H IICPHOAC OOpAINEHHA HX CIYTHHKOB, KOTOpPas paBHA COOTHOIIECHHUIO OOBEMa K KBAAPATY
IIEPHOAA OOpaIteHus, yMHOKEeHHAA K koo dunuenty 0,02535.

R3 R3

G=0=" 0,02535 TZ (16)

4.9. Oco6eHHOCTH COAHEYHOI I'PABUTALIH

Pacuersl BAMAHNA rpaBUTAIIMM Ha OOPAIIEHUE IIAAHET IIO CBOCH OpOHTE M HX BPAICHHE BOKPYI CBOCH
OCH ITOKA32AH, 9TO OCHOBOM OOPAa30BAHUSA IPABUTAILINN ABAACTCHA IICHTPAABHOE SAPO IPABUTHUPYIOIIEIO TEAO,
Ha ITOBEPXHOCTH KOTOPOTO IIPOXOAUT TEPMOSACPHBIA cuHTe3. B 3aBucuMocty o1 06bemMa IEHTPAABHOIO AAPA
IIAAHETHI HAIEH coAHedHOI cucteMsl 1 COAHIIE HMMEIOT CBOECOOpAasHBIE KA4eCTBA, OTPAKAFOIIHECH HA HX
OCHOBHBIX XaPaKTEPUCTHUKAX.

bBaaroaaps cHABHOI TIPAaBHUTAIIMM HAIIETO IIEHTPAABHOIO CBETHAA, BCE IIAAHETEI OOpPAIMAIOTCA IIO
VCTAHOBAEGHHOI opOnTe BOKPYr Hero. AAfl TOro, 9TOOBI YACpPATh IIAAHETBI Ha pasHbeIx opOurtax CoAHIe
AOAKHO HMMETh CHABHYIO M CTAOHABHYFO COOCTBEHHYFO IDABHUTAIINIO, KOTOPYIO AECIKO MOKHO BBIYHCAHTH IIO
n3BecTHOI Ham dopmyae. [leprmoa oOparenns maaHer u nx paccrosaua A0 COAHIIA  M3BECTHBI, ITOITOMY
rpaBuTannonHas mocroannas Coanna ompeaeasercsa o popmyae (16):

R3 R3
"ot 002535 TV

OTCIOAA BBIUHCAAEM IPABHTAIIMOHHYIO IIOCTOAHHYIO:

o Mepxyputo G = (),()%ZSTZ:(SSO'NES M)’/ 0,02535 ° 7600167° cex =133,25 * 10"’/ cex’;
ro Benepe G= 0,02151%: (1080-10° m)’ / 0,02535 * 19394640° cex = 132,11 10"*™’/cex’;
o 3emae G= O,OZI;ZSTZ = (1500-10° m)’ / 0,02535 - 31536000” cex = 133,87 10'*m’/cex’;
mo Mapcy G= 0,02};%: (2280-10° M)’ / 0,02535 * 59319216° cex = 132,87 * 10'"*m’/ cex’;
o FOmurepy G = ﬁ = (7780-10° M)’ / 0,02535 - 374016960” cex = 132,79 - 10"°Mm’/cex’;
o Carypuy G = 0,0;;%: (14260-10° m)* /0,02535 * 9290505607 cex = 132,52 10"*M’/cex’;
o Vpany G = 0'02‘5‘%: (28690-10° M)’ / 0,02535  2649339360° cex =132,72 " 10"y’ /cers
R3

00253512 (44960-10° M)>/0,02535 * 51939792007 cex = 132,89 * 10"*x*/cex’

Ortcropa cpeansisi rpapuTannonHas noctosamas  Coarma G = 132,87-10"° m*/cex® u ssaserca camoit
MOIIIHOM B COAHEYHOIT cucreme. D1oT dakT cam 1o cebe AokaspBaeT O HaAmdnn y COAHIIA CHABHOIO
MArHUTHOTO IIOAfl I OTPOMHOTIO IIEHTPAABHOIO AAPA.

[Ipy Taxkoil rpaBUTAIIMOHHON ITOCTOSHHONW M HAAWYHH MarHUTHOrO moAf, COAHIIE B OOA3aTEABHOM
ITOPAAKE OYAET HMETH LIEHTPAABHOTO fAPA W BPAIIATBCA C OIPEACACHHOM CKOPOCTBIO. AAf obecredeHns
OIPOMHOI IPABUTAITMOHHOMN HOCTOAHHON, COAHIIE AOAKHO UMETh OOABIIIOE IIEHTPAABHOE AAPO.

Amnaans AaHHBIX, IpoBeAéuHb Muccrueii SOHO, mokasaa, uro B siape ckopocts Bparenna CoAaHra
BOKPYT CBOEH OCH 3HAYHTEABHO BBHIIIIE, YeM Ha ITOBepxXHOCTH. [49,50]

o Herrryny G =

Cpok CyIIecTBOBAHNA OTACABHBIX IITEH AOCTHIAET HECKOABKHX MECAICB, TO €CTh OTACABHBIC TPYIIIIEL
IIATEH MOTYT HaOAIOAATBCA B TEYEHHE HECKOABKHX 000poToB Coanma. Vmenno sror dakr (ABmKeHHE
HAOAFOAAEMBIX IIATEH IO COAHEYHOMY AHMCKY) ITOCAYKHA OCHOBOHI AAfl AOKa3aTeAbCTBa BpareHusa CoAHIla u
IIO3BOAMA IIPOBECTH IEPBBIE H3MepeHuA Ieprosa oOpareHus CoaHIa BOKpyr cBoer ocu. Cuaepraeckuii
(oTHOCHTEABHO 3BE3A) HeproA Bparenusa Coanra - 25,38 cyrok (2 192 400 cex) 1o skBatopy u 0koA0 33 cyToK
y moArocoB. 1o aTumM 3HadeHnAM CKOpPOCTh BparmeHud mosepxHoctu COAHIIA ITO 3KBATOPY paBHA:

V.= 2nt/T.= 4370880000m/ 2192400cex = 1993,65 m/ cex.

AaHHbBIE, IIOAYYIECHHBIC IIPU IIOMOIIH KOCMUYECKOTO aImmapara «YAHCC», ITOKAa3bIBAIOT, YTO BOAHBI,
3aporkAarormuecss rayooko B HeApax CoOAHIIA, 3acTaBAAIOT 3EMAIO BHOPHPOBATH B YHHCOH, COOOIIAaeT
EBpomerickoe kocmmueckoe areHTcTBO (ESA). «VAnCco», KocMudeckuii ammapar, IPOU3BEACHHBIH COBMECTHO
NASA um ESA wu szanymenssii B 1990 roay aas wmccaeaoBammsa Coanma u FOmnwmrepa, oOmapyxma
coorserctByrorue koacOanma Ha Coanre. Ero AaHHBIE IIOATBEPMKAAIOTCA HAOAIOACHHAMH — 3EMHBIX


http://ru.wikipedia.org/wiki/SOHO_(%D0%BA%D0%BE%D1%81%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B0%D0%BF%D0%BF%D0%B0%D1%80%D0%B0%D1%82)
http://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%BD%D1%86%D0%B5#cite_note-Garcia2007-32
http://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%BD%D1%86%D0%B5#cite_note-Bonnano-20

obcepsaropmii. [To MmEeHnIO HccaeaoBatescH n3 ESA, BO MHOTHX 3€MHBIX CHCTEMAX BCTPEYAFOTCA OTYCTANUBBIC
KOACOAHUA, KOTOPBIE YACTO CUHTAFOT CAYYAHHBIM IIYMOM, TOTAA KAaK Ha CAMOM AGAE OHH BBI3BIBAFOTCH
koAreOauuAMu CoAanma. [IpoBead cTaTHCTHYECKHI aHAAN3 OOABIIIOTO MAaCCHBA AAHHBIX, YICHBIE OOHAPYKUAH
TaKHe KOACOAHHA B TEOAOIMYECKUX CTPYKTYPAX, 4 TAKKE B MATHHTHOM ITOAE, aTMOC(EPE H AAKE B HAIIPHKCHIH
TpaHCOKeaHCKUX KabeAel. HecmoTps Ha TO, 910 B aTMOCepe KoAeOaHUA IIPUHUMAIOT (DOPMY 3BYKOBBIX BOAH,
YEAOBEK HX YCABIIATH He MOkeT. Yacrora Takmx BOAH He moaHmMaercs Beire 5000 mmxporeprr, To ects
npumepHo 18 xoAebaHMI B 9ac, TOrAa Kak HIDKHHE IIOPOT CABIIIAMOCTH COCTABAAET OKOAO IIIECTHAAIIATH
repu. Kak xoaebanmsa mepeparorca or Coanma 3emae, ITOKa AO KOHIIA He BbiACHEHO. VlccaepoBatean
IIPEATIOAArAFOT, YTO BO3MYIIIEHHA I'PABUTAIIMOHHOIO IOAf, 3apoxaaroruecs B Heapax CoAHIIA, TlepeAaroTcs
COAHEYHOMY MArHHTHOMY IIOAFO, 2 A3AGE COAHEYHOMY BETPY, KOTOPBIH YHOCHTCA B MEKIIAAHETHOE
IIPOCTPAHCTBO (TA€ KOAeOaHmA Hu OOHapyxmA «YAHCC»). Aaree MArHHTHOE ITOAE€ COAHEYHOIO BETPa
B3aHMOAECHCTBYET C MATHUTHBIM IIOAEM 3EMAHM, KOACOAHHA KOTOPOTO YiKE IIEPEAAFOTCH CaMOM rAaaneTe.[29]

B pamkax mHacrosimedl Teopmm, 3TO ABACHHE MOKHO OOBACHUTH Tak. Boamer B meapax Coannma
3aPOKAAIOTCA HEHTPAABHBIM AAPOM. OHO BpaIlaeTcss ¢ OrPOMHOI CKOPOCTBIO M coBeprmaer 18 obopoTos B
gac. [lpu xasxaom obopotre aapa 3a T = 200 cexyHA IPOHCXOAHT OAHO KOAcOaHHE. YKasaHHOE KOAeOaHme
IIOPOKAAET M CIIOCOOCTBYET KOACOAHHIO YPOBHA BAMAHHA IAOTHOCTH COAHEYHOH IpaBATAIMM. 1aKo#
IIPOIIECC, BO3MOKHO, ITOPOKAAET AHAAOTHYHBIE KOACOAHHA BO BCEX IIAAHETAX M HUX CHYTHHKAX B COAHEYHON
CHCTEME.

VaureBas, 9T0 HaM H3BECTECH KO3 (PUIIMEHT OOIIEH CPeAHEH IIAOTHOCTH KOCMHYECKOH TIPaBHTAIIHMI

R2
Y = = 8,29 o dopmyae (9), MoxkeM ycTAaHOBUTH AMAMETP ILeHTpaAbHOTO AApa Coanma, rae R — paanyc
Coanma 696 000 k.

O1croaa paAnyc IEHTPAABHOIO AAPA

6960000002 M
8,29-3,14
B Takom cayuae, Buyrpennee Aapo Coamnrma, umeroree paanyc 136 416 km, AOAKHO BpaIaTbcs C
OTPOMHOM CKOPOCTBIO:

=136416 577 M, 71O ecrb 136 416 kM.

C 2nR 2- 3,14 696000000 m
V,=—=—= =21 854 400 m/cek.
T T 200 cekx

Mwmes raxue xapakrepuctuku, COAHIIE AOAKHO 0ODA32TEABHO BPAINATBCA BOKPYI CBOEH OCH B CTOPOHY
obOparrenus maaHer. OAHAKO, HAIllE CBETHAO HE HMEET TBEPAOH IIOBEPXHOCTH, B CBA3H, C YEM, KHAKaf,
KUIIAIIAA U BBICOKOTEMIIEPATYPHAsA ITIOBEPXHOCTh UMEET MHOM KO3(P(PUIIMEHT IEPEAaYN CKOPOCTH BPAIICHHSA

AApa.

o= Vi T, — 1993,65 m/cex 2192400 cex _ 4370880000 1
Vy T_ﬂ 21854 400 M/cex 200 cex 4370880000 )

Aanbbiil K09 OUIIUEHT ITOKAa3bIBAET, YTO CTEIEHb IIEPEAAYN CKOPOCTH BPAIEHHA IIEHTPAABHOTO AAPA K
roepxHocT COAHITA B KOPHE OTAMYAETCA OT CTEIIEHH IIEPEAAYH ITAQHET.
EcAu MBI BBIYHCAUM YPOBEHb BAUAHHSA ITAOTHOCTH I'paBHTAIHNH IO (OpMyAe (4) UyThb BBIIIE ITOBEPXHOCTH
CoAHIIa, MOKEM IIPEACTABUTH KAPTUHY Ha €rO IIOBEPXHOCTH.

G 132,87.1018n 3 /cex 2 )
== = . = 274,29 m /cek
g~ R 6960000002 m 29 /c

VpoBeHb BAUSHUSA COAHEUHOM rpaBuTanun g = 274,29 m / cex’, KOTOpPOE OOABIIIE 3eMHOIO IIPUTMHKEHNA B
28 pas. [lo cpaBHEHHIO C 3€MHBIM IPUTMKEHHEM COAHEYHOE IIPUTAKEHNE OKAMKETCHA YPATAHHBIM, B CBA3H, C
YeM IIPEAIIOAOKEHHE O HAAUYUU BOAOPOAA U I€AHsA B CBOOOAHOM COCTOSHUM BHYTPH TEAA HAIIIEIO CBETHAA
He BHYyIIaeT AoBepus. Bmecte ¢ TeM, ecAn ydecTb CHABHYIO IIEHTPOOEKHYIO CHAY Ha rosepxHocTH CoAHIIA,
0CO0O CUABHOE COMHEHUE B 9TOM HE AOAYKHO BO3HUKATb.

Ckopee Bcero, ykasaHHBIE TIa3bl OOpA3yIOTCA B PE3YABTATE MHOTOCTYIIEHYATHIX PACIAAOB TAKEABIX
SAEMEHTOB UMEHHO HaA ITOBepXHOCTBIO COAHIIA, IIPH BEIOPOCE COAHEYHOTrO BerrecTBa. [1oBepXHOCTHEIN CAOH
HMMeET BBICOKYIO TEMIIepartypy, pacraaBaeHHyIO maccy. Ha mosepxnoctn CoAHIIA ypOBEHDb BAUAHUA ITOTOKOB
IPaBUTAIINNA HMEET YaCTBIE IIIEPOXOBATOCTH, YTO IPHBOAHT K B3phIBAM BEpPXHEro ImAacta. B pesyabrare
IIOCTOSIHHBIX  B3PBIBOB Ha ITOBepxHOCTH COAHIIA IIPOMCXOAAT MEAKHE U 9YaCThle BBIOPOCHI MAaCCHL



Bribpormennas HaA ITOBEPXHOCTBIO MacCa IIPH B3PBIBE HCITBITHIBACT COCTOAHMA YCKOPEHHA, HEBECOMOCTH U
CBOOOAHOrO TaAcHuA. B aTOM cocToflHHM B aTOMax COAHEYHOIO BEIECTBA IIPOMCXOAAT TEPMOAAEPHAA
PEaKIUA, ACACHHE U CHHTE3 SACP, KOTOPBIE BBIACASIOT SHEPIUIO. BrIOpoIeHHas Macca, AQKe ITIOCAE PaCIIaAa,
BO3BparaeTcs ooparHo Ha 11oBepxHOCTh CoaHma. OT IOBEPXHOCTH HAIIIETO CBETHAA MOIYT H3AYIATHCA TOABKO
HEHTPHUHHBIE IIOTOKH, KOTOPBIE YHOCAT € CODOI Pa3AMIHbBIE BUABI 9ACKTPOMATHUTHBIX KOACOAHUIA.

V. OcHOBHBIE CBOWCTBA I'PaBUTALINH

5.1.B3aumMoCBA3h MATHUTHOI'O U IPABUTALIMOHHOIO ITOACHT

Kososerr komaer OAHH Y€AOBEK, a OT HETO BOAY IBIOT THICAYH. Kaszaxckaa mocaoBuna

AHaAU3 ITaPaMETPOB BPAILEHUA M OOPAIICHHSA IIAAHET B COAHEYHOI CHCTEME BBIACAACT OCOOYIO POAb
MArHUTHOTO IIOASl B 9TOM IIpoIecce. 3eMAS MMEET MATHHTHOE IIOAE€ — BpAIlaeTcsA BOKPYT cBoel ocm, AyHa
HMEET OYECHb CAADOE MATHUTHOE IIOAE — HE BparmaeTcs. B pesyAprare BOSHUKAET TOABKO OAHO IIPEAITOAOKECHIE
— TIpaBHTALAA CTPOTO IIOAYHHACTCA MATHHTHOMY IIOAIO, TO €CTb, €€ HOCHTEAb HEHTPHUHO CTPOrO
OPHEHTHPYETCHA B MATHUTHOM IIOAE TIAQHETBHL.

Kak mokasano Ha pucynke 23, rpaBHTAIIMOHHBIE IIOTOKU IIPU IIPOXOKACHUH YEPE3 SACKTPOMATHUTHEIC
BO3MyIIeHHA B HOHOC(epe u auTocdepe MOryT (DOKYCHPOBATHCA Ha OIPEACACHHON IAyOHHE.

B measx ompeAeAseHHs HEKOTOPBIE CBOMCTBA MATHHTHOIO IIOAfl, aBTOPOM IIPOBEACH YHUKAABHBIH
SKCIIEPUMEHT € IOCTOSHHBIMH MATHHUTaMHU. B OCHOBY skcrieprMeHTa A€rAa IPOCTAAs AOTHKA O TOM, YTO €CAH,
VTBEP/KACHHE OO 9KPAHUPOBAHHH LIEHTPAABHBIM AAPOM 3EMAH IIOTOKOB HEHTPHHO BEPHO, TOIAZ C IIOMOIIBIO
MarHHUTOB MOZKHO ITPOBEPUTDH OTPAHUYEHHUE IIOTOKOB HEUTPHHO CO CTOPOHHI AApa 3emAn.[16]

Aero B TOM, Uro 3eKT UPUTATMBAHUA U OTTAAKHBAHUA
IOCTOAHHBIX ~MATHUTOB, B TPETbEM YACTH HACTOAINEH TEOPHHU

DIeKTpOMarHuT-
HbIE BO3MYIIEHHS
B HOHOC(hEpe

paccMaTpUBAETCA KaK CHAQ, OOPA3OBAHHASA TIOA BO3ACHCTBHEM HEUTPHHO
u3 Bakyyma. Ha camoMm Aeae, MarHMTHOE IIOAE CaMO IIO cebe He MMeeT
HUKAaKOH CHABI nputarnBaHud. OHO CIIOCOOCTBYET TOABKO CHKATHIO HAH
PACIIMPEHNIO HEHTPUHHBIX IIOTOKOB. B XoAe akcrepumenTta OBIAO

VCTAHOBAEHO, YTO CHAQ, CO3AaBacMas IIOTOKAMH HEHTPHHO B
TOPU30OHTAABHOM IIAOCKOCTH W OOpasyroIliafd UPHTATUBAHUA U
OTTAAKHBAHMS MATHHUTOB,  OKasaaach mHa 12,56%  OoAbIIe CHAB
HIPUTATHBAHAA U OTTAAKMBAHHUA TEX K€ MATHHTOB B BEPTHKAABHOM

HbIE BO3MYIIE-
HUS B IUTOChEpe

®dokycupoBka
TPaBUTALTHOHHOT'O
MOTOKa

TOAOKCHH.

Tem cambiM OBIAO OHpeAEAEHO, UTO 3PAMEKT HPUTMKEHHUA U
OTTAAKHBAHHUA MATHHTOB CTPOrO CBA3AHBI B3aMMOAEHCTBHEM ITOTOKOB
HEHTPHHO, TAK KK B BEDTHKAABHBIX I TOPU30HTAABHBIX IIAOCKOCTAX AACT

Puc.23

OIIyTUMYIO pasHHIly. be3 BAUAHHA IOTOKOB HEUTPHUHO 3TOT SKCIIEPHUMEHT OOBACHUTH HE BO3MO:KHO. [ToTOK
HEHTPUHO CO CTOPOHBI AAPAa 3E€MAM OIPaHHYEH, B PE3YABTATE YEro Ha IIOBEPXHOCTH 3EMAH OOpasyercs
npurmKeHne. TaKke, YKa3aHHBIH 3KCIEPUMEHT CBHAETEABCTBYET, YTO MATHUTHOE IIOAEC OOpa3yercsi BOAHAMH
IIOTOKA HEHTprHO. MarHuTHOE IMOAE BAUAET HA IIOTOKU HEHTPHHO, YTO IIPUBOAUT K U3MEHEHHIO HAITPABACHUA
rmocAaeAHuX.[16]

CyrmmecTtByer AOCTOBEpHAA CTATUCTHUKA, IIOKA3BIBAOIIAA, YTO 3EMACTPACCHUS
IIPOMCXOAAT 9YaIlle BO BpeMfA MArHUTHBIX Oypb. BepodrHOocTs 1OBBIIIACTCA
npumepro Ha 50%, B 3TO IO OLIEHKAM CAMBIX OCTOPOKHBIX HMCCACAOBATEACH. A
I€OMATHUTHBIE OYPH BBI3BIBAIOTCA BCIBIIIKAMU Ha COAHIIE, 9TO OBIAO AOKA3aHO €IIIe
B XIX Beke. MexKAy MATHHTHBIMH OypsAMH, HAOAIOAAIOIIUMUCH B PE3yABTATE
Bcrbirek Ha COAHIIE, U IIPOUCXOAAIIIMU Ha 3eMAE CEHCMUYECKUMHE IIPOIIECCAMH,
ecTb npAmMas cBA3b.[30]

Koraa B MarHuTHOM HOAE 3EMAN IIPOUCXOAAT MATHUTHBIE OYpH, B HMOHOC(EpE 0OPa3yIOTCA MATHUTHBIC
3aBHXPEHUA, KOTOPBIE MOIYT OIIYCKAThCA AO BBICOTHI 7() KM OT IOBEPXHOCTH 3E€MAH U OOPATHO ITOAHUMATBCA.
MaruuTHbIE OYypH IPHUBOAAT K A€DOPMAIINN M ABIKEHHIO B MarHHTHOM I0Ae 3emAn. Bce atu moABmKKEH
OKA3BIBAIOT CHABHOC BAMSHIE HA YPOBCHD IIAOTHOCTH I'PABHTALIIMH 3EMA.




5.2. ®okycupoBKa HEHTPHUHHEBIX IIOTOKOB

Kax yzke OBIAO CKa3aHO BBIIIIE, IPABUTALIMOHHBIA ITOTOK 3EMAH B IIEAOM PAaBHOMEPHO PACIIPEACACH H HA
ITOBEPXHOCTHU HAITIEH ITAAHETHI COCTABAACT IIOCTOSHHYIO BEAHYHHY TAroTeHnsa. OAHAKO, IOTOK HEHTPHHO (Vg),
IIPU IIPOHUKHOBEHHH B aTMO-, THAPO- U AUTOC(EPY, ITOA BAUAHIEM MATHUTHOIO ITOAf 3EMAM COTAACOBAHHO
MEHAET CBOE HAIIpaBACHHME. Takne IPOIECCH IPHBOAAT K TOMY, YTO I'PABUTAIIMOHHBIE ITOTOKH IIPHOOPETAFOT
CBOHCTBO (QOKycHpPOBaThCA. B pesyabrare 1mose TATOTEHHA HAIICH ITAAHETHI MMECT AHOMAABHBIC 30HBI, TAC
IIAOTHOCTD I'PABHUTAIIHH IIOBBIIIIACTCA HAU YMEHBIIIAETCA OT CBOCH HOPMBL VI3MeHEeHIE TAOTHOCTH TPABHTAIIIH
B AaHOMAABHBIX 30HAX IIPOMCXOAHUT B PE3YABTATE KOACOAHHA BBICOTBH (DOKYCHPOBKH IIOTOKA TI'PABUTAITHM.
AMHAMHIKA CEBEPHBIX CHAHUN fABHO CBHAETEABCTBYET O BO3MOKHOCTH Pa3BUTHA TaKHX 3aBUXPEHHH B
nonocdepe.

Pacuer OKycHPOBKM U pacCEMBAHMA TPABUTAIMOHHOIO IIOTOKA IIPEACTaBASET COOOH {HCTO
I€OMETPUIECKYIO 3aAavy. Hampapaenue rpaBUTAIImOHHOrO IOTOKA, CAMO 11O ceOe, IIPH IIPUOAMKEHUHN K AAPY
3eMAH cyKaercs, B PE3YABTATE YEro IIOTOK YIIAOTHAETCA. DTOMY CIIOCOOCTBYET IEHTPAABHOE AAPO 3EMAH, C
anameTpom okoAo 2500 km. Hocmreap rpaBuTamum — HEHTPHUHO CO BCEH ITOAYCEPHUUECKONH ITOBEPXHOCTHU
HAITIEH TIAQHETBI, C AMAMETPOM 12 756 KM, COCPEAOTAYNBAETCA HA IIOAOBUHE ITOBEPXHOCTH IIEHTPAABHOTO AAPA.
Bmecre ¢ tem, mOBepxXHOCTH AApa HE TOYEUYHAd, B

A
B e CBA3HM C dYeM, IPU pacyere BAWAHHA TIPABUTALINM HA
Cmemenne dﬁ v KaKAYIO OIIPEACACHHYIO TOYKY Ha IIOBEPXHOCTH 3EMAH,
OKYFUPOBKM
toxypup norocgepa \ I; HEOOXOAUMO YYUTHIBATD, YTO HPOCTPAHCTBO BAHAHHA
|
X IpaBHTAOHH 00pa3yerca AByMA IHEPEBEPHYTHIMH

KoHycamu. Kax 1okazaHo Ha pHCYHKEe 24,  MEXAy

NTOBEPXHOCTH <
HOHOCEPON W BHYIPEHHHUM SAPOM CO3AAETCH  X-
B bep yIp ApOM A
OOpa3HOE  IPOCTPAHCTBO  B3aUMOACHCTBHUA,  HIKHEE
€HTpAJIBHOE

NG OCHOBAHHE KOTOPOIO VIIMPACTCA Ha IOAYCEPHUIECKYIO
| rnosepxHocTs  fAApa (1) m  orHOCHTEABHO — HMeeT
|
!

| IIOCTOSHHYIO ~ITAOIIaAb. A  BOT BEpXHEE OCHOBAHHE
- IepeBepHyTOro  KoHyca  (2),  coCTaBAfeT — OOAACTb
3aBUXPEHUA B HOHOCEPE U IPAMO 3aBUCHUT OT €ro IAOIINAAW. BepXHHI KOHYC IIOA AABAGHHEM MATHUTHOMN
Oypu Ha HOHOCEPY, MOKET OIYCKATHCA H CMECTUTh (DOKYCHPOBKY (puc.24 A u B).

AHHAMIKA U3MEHEHUA COOTHOIILICHNN ABYX IIEPEBEPHYTHIX KOHUMYECKUX IIPOCTPAHCTB 3aBUCHT:

- OT IIAOIIAAM OCHOBaHHA BEPXHEIO IIEPEBEPHYTOTO KOHyCa, TO €CTh OT pasMepa MATHHTHOTO
3aBUXpeHUA B HOHOChEpPE;

- OT BBICOTHI OCHOBAHHUSA IIEPEBEPHYTOIO BEPXHEIO KOHYCa OT IIOBEPXHOCTU 3EMAHL

Ha ocHoBanum 9THX AAHHBIX MOYKHO BBIYHCAHUTB, YTO I'PABUTAIIMOHHBIH ITOTOK, HA IIOBEPXHOCTH 3E€MAU
HMEET BUA IIEPEBEPHYTOIO KOHYCA.
p=r /R
TA€ — PaAMyC BHYTPEHHETO AApa, R — paanyc 3emMAm,@ — CHHYC yraa HAKAOHHBIX ITOTOKOB.
Q* ¢,= 1250000 m / 6378000 m = 0,196 = 11°18",
\w ;7 OAHAKO HAa BCIO ITOBEPXHOCTb BHYTPEHHEIO fAAPA  ITOAVIHM 2236, Ha
\\AL ;4)/ orocepa IIOBEPXHOCTH 3EMAH YPOBEHb BAHAHUA IIAOTHOCTH IpaBHTAIIUU cocraBasger 9,81

2 0
mosepxHocTs | M/CEK”, KOTOPOE COOTBETCTBYET 22°36' HAKAOHHBIX IIOTOKOB.
Semmn CoOTBETCTBEHHO, IOTOK TPAaBUTAIIMH, B IIPOCTPAHCTBE C ITOBEPXHOCTH
3emAn A0 BeICOTEI HOHOChEPHI, ¢ TOAIITHHOHN 300 KM, MEHACTCA AO

¢, = 1250000 m / 6678 000 m = 0,187 = 11°12".

1po EcAn yroa OTKAOHEHHSA TPABUTAIIMOHHOIO IIOTOKA HAa 3TOM IIPOCTPAHCTBE
mveer  Ap=0"06', Ha Toammuy 300 KM HM3MEHEHWE yrAa MOKHO TIpeHEGPEdD.
Toraa MOMKHO CYNTATB, YTO YCKOPEHHE CBOOOAHOIO ITAACHHUS HA TaKOI BBICOTE
OCTAETCA TTOUTH OAMHAKOBBIM (2 = 9,6 M/ cex’).




B Takom cAy4ae, IOTOK TIPABHUTAIME HA IIOBEPXHOCTH J3EMAHM Ha AFOOOE TEAO BAHACT IIYTEM
doxycupoBku u nmeer GHoOpMy BOPOHKOOOPAZHOIO KOHYCA C YIAOM HAaKAOHA @=22°30' (cuHuUil BepxHUI
TpeyroAbHHK Ha puc.25). Takoe cOCTOSAHUE IIAOTHOCTH TPABATAIIIHI

momocpepa  f2 5910m — €CThb HOPMaABHOE, CAOKUBITIEECH ITOAOKEHHE.
=
j - EcAu ¢, 1 ¢, OAMHAKOBBHI, TOIAA COOTHOILUEHHE I,/f, U
R KM
| 00 | ¢ | R/R, OPAMO  IPOIOPLUOHAABHO M BCEIAA  MEHSFOTCH
Y tiopepyfiocts Sewm B3aHMO3aBHCHMO (CM.pHC.20).
| 0 R,/ R, =6378 000m / 300 000 m = 21,26
Ry ¢ t,/ 1, =1250000m /X m
6378km
| OTCIOA
I \ r, = 1250 000m / 21,26 = 58,795km.
r
v Taxue pacdersl HOKa3BIBAIOT, YTO MATHHTHBEIC 3aBUXPEHHA B
Lentpansrge 1250k
P26 a1pg Seydu nonocdepe, XoT TPYAHO (DUKCHPYEMBIE ABACHHSA, HO ITOAAEKAT
: PACYETHOMY BBIABACHHIO.

AeAo B TOM, 9TO paAnyC HeHTPaAbHOIO Aapa - 1 250 kv 1 paauyc 3eman R- 6 378 km usBectHO. VAR
OTKAOHEHHSA TPABUTAIMN AO IIOBEPXHOCTH 3EMAM M IIOCAC IPOHHUKHOBEHHS OAMHAKOBEIE. MarmmrHbIe
3aBUXpEHHUA B HOHOC(hepe HAYMHACTCA HAa BEPXHHUX CAOAX Ha BbicOTe 300 KM OT ITOBEPXHOCTH 3EMAH.

e I Koraa B Beicokux caosax marauTocdepsr (200-3000xm)
% woRochepa HJH ) oOpasyercsi MArHHTHOE 3aBHXPEHHUS, IIOTOK HEHTPHHO,
q’% . [ip , Iiepecekas €ro, MEHAET CBOe HampaBAcHHE Ha (@)U (@,).

VkasaHHblE IIOTOKM  HEUTPHUHO IIOCAE€  IIPOXOKACHHA
saBuxpenus Qokycupyrorca. Owmm (v, #m v, IIOCAe
OKyCHPOBKH HE IIOIIAAAFOT HA ITOBEPXHOCTH BHYTPEHHETO

_\‘\__ - AAPA, B CBA3H C YEM, YPABHOBEIIUBAOTCH ITPOTHBONAYIIIIMI
N\ rorokamu HeifitpuHo. [Ipu srom Ha moBepxHOCTH 3eMAN
YPOBEHb IAOTHOCTH IOTOKA YMEHBIIIACTCA HE3HAYNTEABHO
| e 21 (prc.27).

[ToA  aaBAeHHEM  MATHUTHOH  OypH  MarHHUTHOE
3aBuXpeHue B moHocdepe omyckaerca BHH3 AO BeicOTel 70 kM (puc.27). ITpu sTom yposens pokycupoBKu
IPABUTAIIOHHOIO IIOTOKA CMEIAETCA HIUKE IOBEpXHOCTH 3eMAH. AAHHBI IIPOIECC COIPOBOKAACTCH
3HAYHTEABHBIMA HM3MEHEHHAMH B aTMmocdepe, amTocdepe n MaHTHH. B MaHTHH, IA€ PACIOAATaeTCs TOYKA
OKyCHPOBKH, ITPOUCXOAUT YIIAOTHEHHE YPOBHA IPABUTAIIMH U MAKCUMAABHOE CKaTHe. BEeIrme 910i TOuKH — B
anTocdepe u arMocdepe ITAOTHOCTh IPABUTAIIMIOHHOTO ITOTOKA YMEHBIIIAETCA — IIPOUCXOAUT PACIITHPEHNE, U
00pa3yroTCAd AHOMAABHBIE IPABUTAIIHOHHBIC 30HBL.

5.3. DKcrepuMeHTAABHOE IIOATBEPIKACHHE HOCHUTEAA IPABUTAIIUH

Kak m3aararace B raase 1.2, permcrparnus IpaBUTAIIMOHHEIX BOAH OT B3pPbhIBA CBEPXHOBOU B bBoabrmom
MareasanoBom OO0Aake ITOKAa32aAa, YTO IPABUTAIIMOHHBIE BOAHBI M BBICOKOSHEPIUYHBIE HEHTPHUHO OTTYAA
AOCTUTAH 3EMAIO OAHOBPEMEHHO. | paBUTAIIMOHHbBIE BOAHBI YAOBUAH OOABIIIHE IMUAMHAPHIECKHE ACTEKTOPHI
ITOA 3EMACH, 4 HEHTPUHHYIO BCIIBIIIIKY — HEHTPHUHHBIE ACTEKTOPHI C 3aIIOAHEHHOI BOAOH B I'AYOOKOI1 IIeIepe.

MHOrouncAeHHEIE  9KCIIEPUMEHTBI € HEHMTPHUHHBIMHA ~ ACTEKTOPAMH  CBHAECTEABCTBYIOT,  9YTO
BBICOKOSHEPIHYHBEIE HEHTPHHO, BEIACAAEMBIC IIPU TEPMOSAACPHON peaKInd, O€Ta-pacIIaAe, IEIMHON PEeaKIluu
HAU CTOAKHOBEHHAX YACTHUII, COIPOBOKAAIOTCA C rAMMa-H3AYICHHEM.

OO1mmit aHAAU3 U COITOCTABACHHE AAHHBIX BHIACASICT CTPAHHYIO 3aKOHOMEPHOCTD B 9THX ABACHHAX:

I paBuraninoHHBIE BOAHBI, HEHTPHHHBIE BCIACCKH H I'AMMAa-BCIIBIIIKH COIIPOBOXKAAFOT APYT
Apyra H He MOIYT CYIQECTBOBATH Pa3A€AbHO. Takoe BO3MO>KHO, €CAH OCHOBOH BCEX TPEX ABACHHH
ABAAETCA OAHO — HEHTPpHHO. BpIrcokosHeprmdnpie HEHTPHHO CO3AAFOT I'aMMa BOAHBI, TAMMA BOAHBI
CO3AAFOT IPABHTAIIHIO.

Takoe yTBEpP/KACHIE MOKHO IIPOBEPUTH SKCIIEPUMEHTAABHO.

IlepBrri sxcmepumeHT. I'avima BOAHBI AOAKHBEL (DUKCHPOBATHCA B HEHTPUHHOM AeTeKTOpe. AAf 3TOTO
AOCTATOYHO ITOCTABHTb CHABHOIO MCTOYHHKA IaMMa BOAH Y €MKOCTH HEHTPHHHOTO AETEKTOpa U
CHHHTHAASTOPB ACTEKTOPA AOAKHEI YAOBUTH BEICOKOSHEPTUYIHBIE HEMTPHUHO.

Bropori skcrepumeHT. 1'avma BOAHBI AOAKHBEI OKa3bIBATH OOABIIIEE AABACHHE Ha BEIIECTBO, YEM
APYTHE 3AEKTPOMATHHTHBIE BOAHBL AAfl 3TOro mOBTOpUM 9KcrepumeHT pycckoro dusuka [1.H.AebGeaeBa



(1900roa), rae m3mepsAACa AABACHHE CBETOBOIO Ay4a Ha MHUIIEHb B BaKyyMHOM cpeae. Ecam wHa mummens
HAIIPABUTh IAMMa BOAHBI, TOTA2 OTKAOHEHHE MHIIIEHH OKAKETCA 3HAYUTEABHO OOABIIIC.

DTO ecTh AOKa3aTEABCTBO TOIO, YTO HOCHTEAEM I'PAaBHTAINU ABASAIOTCHA BBICOKOSHEPIUYHBIEC HEHTPHHO,
KOTOPBIE CO3AAFOT TaMMa BOAHY, KOTOPEIE, B CBOIO OUEPEAD, IIPOHHU3EIBAA BEIIECTBO, OKA3BIBAIOT AABACHIE.

Bce s10 AoKazate odens npocro. OAHAKO 3Ta paboTa TpedyeT HAAMYNA AAOOPATOPHH, CIICITHAAUCTOB H,
KOHEYHO, (PHHAHCUPOBAHHA. A, y aBTOPa HET BCETO BHIIIIE IIEPEYHCACHHOIO, YaCTO HE OBIBACT IIPOCTO OyMAarwy,
YTOOBI HAPHCOBATH CXEMY H UYEPTEIKI.

5.4. 3aKOHBI I'PABUTALIH

PaccmoTpenHbie B 9TOH paboTe MEXaHU3M BO3HUKHOBEHHSA ITOASl IIPUTA/KEHHUSA U CBOMCTBA I'PABHTAIIIN
VKa3BIBAIOT Ha OIPEACACHHYIO 3aKOHOMEPHOCTb B 3THX IIporieccaXx. Bo-IepBbIX, Ar0OOe TEAO, HMEroIree
LIEHTPAABHOE SAAPO, TAE IPOXOAHUT TEPMOAACPHBIN CHHTE3, MOXKET CTATh ODAAAATEAEM IIOAf TATOTEHHA. Bo-
BTOPBIX, TPABUTAIINA BpaIllaeT IIEHTPaAbHOE AAPO. B-Tperhux, Bparenune sapa HOPOKAAET MATHUTHOE ITOAE.

Beemn strvu mporieccamu yrpasaser HelTpuHHOE 1OAE. [ToTOKH HEHTPHUHO ITOPOKAAFOT TPABUTAIIHIO
1 MArHUTHOE TOA€. VX pasHHIIA TOABKO B CBONCTBAX KOACOAHHA HEHTPHHHOTO ITOAS.

[To pesyAbraTaM BBITOAHEHHBIX HCCAGAOBAHHE IIO  BBIABHHYTBIM ~HAEAM  MOMKHO  CAEAATH
COOTBETCTBYFOIIIUE BEIBOABI I OIIPEACAUTD CAEAYIOIIINE 3AKOHBI:

1. Ecam noTokwm HEHTPHHO PaBHOMEPHO AEHCTBYFOT BOKPYI TE€Ad, ITOCAEAHEEC HAXOAHTCA B
COCTOAHHH ITOKOA
(F,=F, =F,=F,)
2. Koraa oamH m3 IIOTOKOB HEHTPHHO, ACHCTBYFOIONHX HA T€AO, IPE0DAIAAET HAA APYTHMH,
BO3HHKAET CHAA, KOTOPad OKA3bIBAET AABACHHE HA TEAO
(+F, =F, - F;+F))
3. Ecam npeobiajsaromiui IIOTOK HEHTPHHO IOAINAAA€T II0A BAHAHHE MATHHTHOIO ITOAA,
BO3HHKAET HAIPABACHHAA CHAA H yCTAHABAHBAETCA IIOTOK IPABHTAITHH
(G,=+F,- M)
4. Koraa reao mmeeT EHTPAABHOE FAPO, TAE NPOHCXOAHT IIOCTOAHHBIH TEPMOAACPHBIH CHHTES,
HAIIpaBA€HHBIH IOTOK HEHTPHHO 00pAa3yeT OA€ TATOTEHHA BOKPYT YKA3aAHHOIO TEAA

(G= g R).

HPI/IBCACHHBIC 3aKOHDBI FpaBI/ITaLH/II/I ABAAKOTCA OCHOBOIIOAATAFOIMMM 11 HpI/I CO6AIOA€HI/II/I ux, uebecHbIE
TE€AQa MOTYT O6A2.A21Tb COOCTBEHHOI FpaBI/ITaHHCfl M HAXOAHTCA B ypaBHOBCH_ICHHOM ITIOAOXKCHU.

5.5. ITonAaTHE B CBOMCTBA I'PABUTAIINN

I paBuranuro He MOIyT OOBACHUTE H3BECTHBIE TEOPHH. P. Deriaman

B macrosmert Teopunm OOOOINEHBI M IIPOAHAAMZUPOBAHBI IIPU3HAKH H OOINEH3BECTHBIE CBOMCTBA
rpaBUTAINN. TaK KaKk HOCHTEAb I'PAaBHUTALINHU AO CHX IIOP HAYKOH HE YCTAHOBACH M HE ITOAAACTCHA H3YYCHHIO,
HEKOTOPBIE CBOMCTBA «TPABUTOHA» OIPEACACHBI SMIIMPHICCKUM ITyTEM, B PE3YABTATE COIMOCTABAECHHA CO
CBOHCTBAMU TAKHX AEMEHTAPHBIX YaCTHIl, KAK HEHTPHHO M (DOTOH. DTH KAYeCTBA M CBOMCTBA I'DABUTAIINH
ITOAPOOHO H3AOKEHBI BBIIIIE.

Ha ocHOBaHMHM ITOAYYEHHBIX B XOAE HAOAIOACHHI M HCCAGAOBAHHH AAHHBIX, ¥ HX AHAAH32 MOKHO
cpOpMyAIPOBATE CACAYFOITIEE:

1). I'paBuTanusa — ITOTOK HAIIPABAEHHBIX 3AEMEHTAPHBIX YACTUII-HEHTPHHO — HOCHTEACH I'PaBHTAIIUH,
BO3HHKAIOIIIUX M HCYE3AIOIINX B IIPOIECCE TEPMOAAEPHOTO cuHTe3a. HeiftpumHo mpoaBAfroT CcBOE
IPAaBUTHPYIOIEE CBOMCTBO TOABKO B CTOPOHY OTCYTCTBHA IPOTHUBOACHCTBYIOIIErO ITOTOKA. HampasaeHHBIN
ITOTOK I'PABUTAITMH, HE NMEFOIUI 3HEPrOOOMEHa, ABAACTCHA SHEPTHEH M IIPOHM3BIBAET AFODOE MATEPHAABHOE
1 HEMATEPHAABHOE BEITIECTBO, IIPH 9TOM IIEPEAAET UM YaCTh CBOEH KuHeTmdeckor sHeprud. [I raasa, 1.3.]

2). Hocureap rpaBuTamum - HEHTPHHO B3aMMOAEHCTBYET C MATEPHAABHBIMH BEINIECTBAMU TOABKO Ha
VPOBHE aTOMA M TIEPEAAET CBOIO KMHETHYECKYIO SHEPIUIO HEIIOCPEACTBEHHO JAEKTPOHY M AAPY aToma. [Ipm
3TOM, OH CMEIIAET fSAPO aTOMa C IIEHTPAABHOIO MECTO PACIHOAOKEHHA B aTOME, KOTOPOE OTPakKAETCA BO



BHYTPHATOMHBIX, CTPYKTYPHBIX 1 BHEIITHHUX IIPOCTPAHCTBEHHBIX CBOMCTBAaxX atoma. VIamMeHHB rmoaoxkenne sapa
B ATOME, I'PaBHTAIINAA M3MEHACT BHYTPHATOMHBIC CBA3H. DTO OTPAKAETCA BO BHEIIIHUX CBOMCTBAX 4TOMA Kak,
MHEPIINsA, TEIAO, IACKTPOMArHuTHBIE m3AydeHus u Ap. [IV raasa, 4.1. m 4.0.]

3). HocureAp rpaBHTamum — HEHTPHHO CTPOTO OPHUEHTHPYIOTCA B MATHHTHOM IIOAE€ U OTKAOHSAIOT
HAIIPABACHHUE CBOETO ABIDKCHHSA B AHOMAABHBIX 30HAX MATHHUTHOTO ITOAA. AHOMAaABHAA 30HA OOPA3YETC TOABKO
B MECTaX B3aMMOACHCTBUA CAMOCTOATEABHBIX MATHUTHBIX ITOACH. Ilpm 9TOM IIOTOK TIpaBUTAIIUH MOMKET
coOpaTbcsl B IIYYOK HMAM PAacCEUBAThCA. MarHmTHOE ITOA€ OOpasyercad B PE3yAbTATE BOAHOBBIX ABHIKCHHI
HEHTPUHO M UIPAET  TAABHYIO POAb B OPHEHTALIMM HOCHTEAA TIPABHTAIMM M CYOATOMHBIX YACTHIIL.
AHOMAABHBIC BACHHUA B MATHHTHOM IIOAC CO3AQIOT TAKHE K€ AHOMAABHBIC ABACHUA B IIOTOKE SAEMECHTAPHBIX
9aCTUIL. AHOMAABHBIC 30HBI MEKAY ABYMS IIOCTOSSHHBIMH MArHHTAMH CIIOCOOCTBYIOT 0Opa3oBaHUIO 3(PdEKTOB
IPUTATHBAHMA U OTTAAKHBaHUA C rTomornpio HefitpuHo. [III raasa, 3.4.]

4). Ilponukas B MaTepHAABHOE TEAO, IPABUTALIMA CO3AAE€T B HeM (DU3MYECKYIO CHAY AAf ABH/KEHUA,
BPAIICHUA U YIAOTHEHHSA, 4 TAKKE IIPOIIOPIIHOHAABHO BAHMACT HAa IIPOTEKAHUE XUMUYCCKHUX, (PU3UYIECKAX U
OHMOAOTMYECKUX IIPOIIECCOB B HeM. [IpoHmKas B HeMaTepHaABHOE TE€AO, IPABUTAIINA U3MEHACT €r0 COCTOAHNE
u cBorictBa. [IV raaBa, 4.2., 4.3. u 4.4.]

5). Ilpn mpoxoKA€HHN 4Yepe3 MaTepHAABHOE M HEMATEPHAABHOE BEIECTBA, HOCHTEADb I'PABUTAIIHH -
HEHUTPHHO, KAaK CBET, HUCIBITHIBACT HEKOTOPOE TOPMOKEHHE, BCACACTBHE YErO M3MEHACT HAIIPABACHHE CBOETO
ABrkeHus. IIpm  BBIXOAE M3 IIAOTHOIO MATEPHAABHOIO TEAd BOCCTAHABAMBAET CKOPOCTh CBOEIO
PACIIpOCTpaHEHHUA U IIEPBOHAYAABHOE HAIIpaBAeHHE ABIkeHHA. Hocureap rpasuranmm opueHTHpyercs B
MATHHTHOM IIOA€, B CBA3M C YEM, MOJKET IIPOABAATH HAIIPABACHHOE BO3ACHCTBHE Ha MATEPHAABHOE H
HemarepuasbHOe Berectsa. [II ra, 2.1 m 2.2.]

6). Vicrounnkom oOpa3soBaHUA M BOZHUKHOBEHUA HOCHTEAA IPABHTAIIHH—HEHTPUHO MOIYT OBITh AFOOBIE
3BE3ABI U IIAQHETBI, B I[EHTPE KOTOPBHIX IIPOHCXOAUT TepMOSAepHBIH cuHTe3. VIX mOTOK, mcIyckaembrii or
CBOETO MCTOYHUKA, B PACCTOSHUH ACCATKH IIAPCEK HEe 0OAAAAET CBOMCTBOM B3anMOAercTBHA. [V] raasa, 5.2]

7). Ilotok HOCHTEAA I'PAaBUTAIIMH - HEWTPHHO, HAIPABACHHBI Ha IIOBEPXHOCTH IEHTPAABHOIO AAPO
3eMAH, HAa3BIBACTCA 3EMHON I'PaBUTAIIHEH M COCPEAOTOUYHBACTCA Ha ITOBEPXHOCTH IIEHTPAABHOIO AAPA 3EMAM.
IIp; aTOM ypOBEHD ITAOTHOCTH €€ IIOTOKA BO3PACTACT OAIZKE K LIEHTPY COCPEAOTOYCHUA. 3EMAS HE ABAACTCH
HCTOYHHKOM HOCHTEAEH 3EMHOI IPABUTAIINH, TOABKO CIIOCOOCTBYET COCPEAOTOYECHHIO UYKUX HOCHUTEAEH
IpaBUTAIINN — HEUTPHUHO B cBoeM reHTpe. [I raasa, 1.3.]

8). I'paBuTallIOHHOE B3aMMOACHCTBHE MEKAY TEAAMH BO3HHUKACT B BUAE NPUTAKEHUSA, OPOHTAABHOTO
OOpaIleHus, BpaIlleHus BOKPYT COOCTBEHHON OCH, C/KATHUA U PACCAAOAEHHUA UX Ia30BOM, KUAKOHW M TBEPAOU
nosepxsaocteit. [II, III raass]

9). I'paBuranus CO3AA€T IOAE HPUTHKEHUA BOKPYI T'PABHTUPYIOIIEIO TEAd, KOTOPOE AEHCTBYET IIO
KACATEABHOH, HAIIPABACHHON B CTOPOHY BpAIllCHHA M  IIEHTpa TI'PaBHTUPYIOIIErO TeAa. BosaeiictBue
IPaBHTALINN BOKPYT 3BE3A W ITAQHET BBIPAMKACTCA B BUAE CIINPAAEBHAHOIO OOPAILICHHA TEA Ha OIIPEACACHHOIT
IIAOCKOCTH U ITAACHHEM HX B CTOPOHY BparneHus rpasurupyrornero rteaa. [II raasa,2.3.u IV raasei]

[IpurarnBaroriee 1 BparmaTeAbHOE CBOMCTBA IPABUTAIINHI IIPOABAAIOTCA B HAIIPABACHHH 3BE3A, IIAAHET U
KOCMHYECKHX TEA, HMEIOINUX B IIEHTPE  30HY TEPMOAAEPHOIO CHHTE3d, KOTOPad BBICTYIAET B POAH
SKPAHHUPYIOMIErO IMUTA B IIYTH IPOTHBOACHCTBYIOIIEIO IIOTOKA HOCHTEACH TIPABUTAIIMM U TOABKO IIpU
HAAHYHH COOCTBEHHOIO MAaTHUTHOTO ITOAfl IPABHTHPYIOIIETO KOCMIYECKOIO OOBEKTA.

10). I'paBuranmsa xapakrepuayercs YPOBHEM BAUAHHUA ITAOTHOCTH rpasurarmonHoro (YBIID) moroka m
00BEMOM 3KPAHHUPYIOMIETO IIEHTPAABHOIO AAPO IIAAHETHL. Y POBEHb BAHAHUA IPABUTAIIMHA OT MacChl U OObeMa
I'PaBUTHPYIOIIEIO TEAd HE 3aBUCHT, a4 MEHACTCA B 3aBHCHMOCTH OT PACCTOAHHA AO IIEHTPa CBOETO
cocpeaoToueHus. Teaa ¢ pasHON MACCOU M IAOTHOCTBIO HA OAHOM YPOBHE BAHUAHUA ITAOTHOCTH I'DaBHTALINN
ABUTAIOTCA PABHBIM YCKOPEHUEM CBOOOAHOTO ITAACHUA.

Vposens Bamaaua naotHoctu rpasuranun (YBIID) — 910 cIIoCOOHOCTD IpaBUTAIMM KHHETHYIECKHUIT
BO3ACHCTBOBATh HAa MATEPHAABHOE U HEMATEPHAABHOE T€AO. BAHMAHHE IAOTHOCTH IPAaBUTALINU IIPHAACT TEAY
YCKOPEHHE CBOOOAHOIO HAACHHA - @. Y CKOPEHHE CBOOOAHOIO ITAACHUE XaPAKTEPU3YET CBOOOAHOE ABHKEHIE
TeAa IOA BAMAHUEM rpaputanud. [IV raasa, 4.2.]

11). Bce cBoiicTBa rpaBUTAIIMH OTKPHITO IPOABASIOTCA IIPH CBOOOAHOM IIAACHHH TEAQ, TO €CTb IIPU
HAPACTAIOIIEM BAUAHHHU YPOBHA IIAOTHOCTU I'PaBHTAIINN HA TEAO. [Ipu CBOOOAHOM IMAACHHH TEAO ABHUIACTCA
TOABKO C yCKOpeHHEeM. B cBOOOAHOM ITapeHHM TPaBUTAITUA OKA3BIBACT BAUAHNE HA TEAO C OTKAOHEHHEM OT
CBOErO HAIIPABACHHUA M BEAMYHHA OTKAOHEHHA I'PAaBUTAIIMOHHOIO BAHMAHHA 3aBUCHT TOABKO OT ITAOTHOCTH
marepun Teaa. [IV raasal



12). OOmmii ypoBeHb BAHAHHA IAOTHOCTH  IPABUTAIIMM HA IIOBEPXHOCTH 3EMAU COCTOHT U3
BEPTUKAABHOIO M HAKAOHHBIX IIOTOKOB HEHTpHHO. HakAOHHBIE IIOTOKM HEHTPHHO, HAIIPABACHHBIE ITOA
OIIPEACAECHHBIM YIAOM B CTOPOHY BHYTPEHHEIO fAAPa 3EMAH, B3aHMHO YPaBHOBEIIECHBI U CO3AAIOT OOIIee
BEPTHKAABHOE HAIIPABACHIE BO3ACHCTBHA. Y POBEHD BAUAHHA IAOTHOCTH I'PABUTALINN 3aBHCHT OT KOAHYECTBA
HAKAOHHBIX IIOTOKOB H YBEAHYHBACTCHA C IIPHOAMKEHHEM K BHYTPEHHEMY AAPY 3eMAH. YPOBEHb BAHUAHUSA
IIAOTHOCTH TPABUTAIIUN BEPTUKAABHOIO ITOTOKA OCTAETCA BCEIAA U BE3AC HEM3MCHHOM H ABAACTCHA PABHOIT
KaKAOMY HAaKAOHHOMY ITOTOKy HeliTpuHO[IV raasa 4.4]

[Mpurmxenne 3eMAM, CO3AAHHOE 3EMHON TIPABHTAILIMCH, B PAaBHOBECHH C LEHTPOOEKHON CHAOH
VAEP/KHBACT HAa OKOAO3EMHON opOuTe \YHY M HCKYCCTBEHHBIX CIIYTHHKOB, OTAMYAIOIINXCA TOABKO CKOPOCTBIO
U PAAIYCOM OOPAIIICHHUA BOKPYT 3EMAM.

13). I'paBurammoHHas IOCTOAHHAA — Mepa OOBEMa  IPABUTALIMOHHOIO IIOTOKA BO BPEMCHH,
00OpPa30OBAaHHOIO BOKPYT 3BE3A H IIAAHET, XaPAKTEPHAS 1 MHAUBHAYAABHAS TOABKO AAA KaKAOro u3 Hux. OnHa
BBIPAKAETCA TPEXMEPHBIM IIPOCTPAHCTBOM M H3MEHEHHEM BPEMEHH, PA3AOKECHHBIM B IIPOIIIAOE, HACTOAIIEE U
OyAyIllee U fABAAETCA IIECTUMEPHBIM. Bpems B KBaapare BBIpaKAET OOBEM IIOCTOSHHOIO ABIDKCHHUSA TEAQ.
Kocmmaeckas rpaBUTALIMOHHAA IIOCTOAHHAA XapPaKTEPHA AAfl KQJKAOTO TIPABHTHPYIOIIETO TEAA M 3aBUCHT OT
0o0ObEMa €ro IMEHTPAABHOIO fAPA, IAEC IIPOHUCXOAHUT TEPMOSACPHEIN crHTe3. Pusmdaeckne H XUMHYECKHE
CBOMCTBA MATEPHAABHOH CPEABI HEIIOCPEACTBEHHO 3aBHUCHUT OT BEAHMYHHBI IPABUTAIIMOHHON IOCTOAHHOM. [I
raasa, 1.5.]

14). Kaxabplii KocMHIYecKHil OOBEKT, OOAAAAIOIINN LIEHTPAABHBIM AAPOM C TEPMOSACPHBIM CHHTE30M,
IMEET COOCTBEHHYIO TIPaBHTALIMOHHYIO IOCTOSHHYIO. |DaBHTAIIMOHHAS IIOCTOSHHASA 3aBHCHT TOABKO OT
oObeMa IEHTPAABHOIO  fAAPA, CIIOCOOCTBYIOINEIO  IIOTAOINEHHUIO, COOMPAHHIO M SKPAHUPOBAHUIO
I'PABUTAIIMOHHOIO IIOTOKA HM3BHE M HMEET TEHACHIIMIO K IIOCTOSHHOMY YMEHBIIECHUIO. l'paBHTarimoHHas
ITOCTOAHHASA HE 3aBUCUT OT MacCHl M 0Obema rpaBuTupyroriero teaa. [I raasa, 1.3.]

15). V3ameHeHme  COCTABAAOIIUX  TIPABUTAIIMOHHOW  IIOCTOSHHOM  IIPOMCXOAUT B IIPAMOIT
IIPOIOPIIMOHAABHOCTH. ECAM yBEAMYHBAETCA IPOCTPAHCTBO, TOTAA YOBICTPACTCA BPEMSA, €CAU IPOCTPAHCTBO
YVMEHBIIIACTCA — BpeMfA  PACTArMBA€ICA. 1aKoe IPONOPIHOHAABHOE  H3MEHEHHE  COCTABAAFOIIIHX
IPaBUTAIMOHHON HOCTOSHHON IPUBOAUT K H3MEHCHHIO IIPOCTPAHCTBCHHBIX M BPEMEHHBIX KAYCCTB MATCPHH H
oTpaxaercs B ux cBoricTsax. [Ipn sTOM, Bpems BAMACT Ha CBOMCTBA SACKTPOMATHUTHEIX BOAH, 2 IIPOCTPAHCTBO
— Ha CBONCTBA M CIPYKIYPY BEIECTBA, a B COBOKYIIHOCTH Ha OHMOXHMHYECKHE PEaKIINU MaTepuu. Taxme
M3MEHEHHA B MATEPHAABHOM MUPE IIPOUCXOAUT M IIPU M3MEHEHHH CAMOH IPABHTAIMOHHON ITOCTOSHHOM. [I
raasa, 1.0.]

3akAroueHue

Hayxa naTepHAHOHAABHAA, H HH KOMY HE AOAXKHO OBITH 3aIIPEINCHO, pa00TATH
TaM, IA€ OH 3aX04Y€T, H HA TE€MHbI, KOTOpre OH cYHTaEeT PIHTEPECHBIMPI.
Baasumup Beprasckmii

[IpounTaB M BHUKHYB B CyThb HACTOSIIEH TEOPHUU O IPAaBUTAIMH Bbl HaBepHAKA OOHAPYKHAH, UTO,
BOOPY/KUBIIIICh HOBBIM 3HAHHEM OO OCHOBAX TI'PABHTALINM, OTAMYAIOIIMMCHA OT KAACCHYECKOIO, HAYAAU IIO
APYTOMY OCMBICAUBATE IIPHPOAY MHOTHX fIBACHUI. AeHCTBUTEABHO, MHOTHE ABACHUSA H IIPOIIECCH B IIPUPOAE,
OOBACHEHUA KOTOPBIX 3aTPYAHEHO, B PAMKaX 3TOH pabOTHI CTAHOBATCA IOHATHBIM. SICHO OAHO — rpaBuTAIINA
ABAAETCA  TAABHOM OSHEPreTHYecKoW 0a30ii BceaeHHOM, a Bce OCTaABHBIE CHABI IIPUPOABI ABAAIOTCA
IIPOU3BOAHBIMH OT HEE.

IToroxkn HEHTPHHO, CTAAKHBAACH C ATOMOM, ITOPO>KAAFOT HEHTpHHHBIC BOAHBI. HerrpuHmrsre
BOAHBI BO B3AHMOACHCTBHH C CYOATOMHBIMH 9ACTHI[AMH IIPOH3BOAAT JACKTPOMATHHTHBIEC, CBETOBBIC
BOAHBI, 00pa30BBIBAFOT BEC, HHEPIIHFO, IIEHTPOOEIKHYFO CHAY T€AA.

Bepro 0AHO — HEHTPHMHO HOA BAMAHHEM MAarHHTHOIO IIOAfl, IPH IIPOHHUKHOBEHHU B ITAOTHBIE TEAQ,
COTAACOBAHHO OTKAOHSAET CBOE HAIPABACHHE BO3AEHCTBHA. VIMEHHO 3TO CBOMCTBO IpaBUTAIUH B KOPHE
M3MEHACT HaIlle OTHOIIEHHE K ITO3HAHHIO OCHOB IpaBHTAIINM. B 3TOM OTHOINEHHMH HEHTPHHO IIOXOKE HA
doromn.

B macroseli Teopun BCTpedaroTC BEIPAKEHHSA, OIIPEACACHUA H (DOPMYABI, HE IIOMEYEHHBIE CCBIAKON Ha
Apyrue AnTeparypHble HCTOYHHKA. OHM HHUTAC M HE BCTPEYAIOTCA, TaK KAK, ABAAFOTCA OCHOBOM M3AOKEHHOI
HOBOW paboTel. BooOite, cyrs HOBOH pabOTH — COrAacOBaHHOE H3MEHECHHE HAIPABACHHA HEHTPHHO —



HOCHTEAA IPABHTAIIHH IIPH IIPOHHKHOBEHHH B IIAOTHBIE€ BEINECTBA,  HCIIOAB3YETCA TOABKO B
YKAa3aHHOH paboTe H ABAACTCA €€ IIPHOPHTETOM.

OHHIITEH TOBOPUA B CBOE BPEMSA, UTO AFODAfA TEOPHUA AOAKHA YAOBACTBOPATH ABYM KPHUTEPHAM:
«BHEIITHEMY OIPABAAHUIO» (TO €CTh COIAACHIO C KCIIEPUMEHTOM) M «BHYTPEHHEMY COBEpIIEHCTBY». CoraacHo
BTOPOMY KPHTEPHIO HACTOAIAA pabOTa MMEET ABHOE IIPEHMYIIECTBO - OHA BIIMCHIBACTCH B COBPEMEHHYIO
dusnUecKyr0 KapTUHY MHpPA, TAK KaK IIOCTPOEHA Ha TeX K€ (PU3HYECKUX MHOHATHUAX M METOAAX, KOTOpPBIE
VCIIEIITHO 3aPEKOMEHAOBAAH CEOS IIPH OIMCAHNN APYTHX (DYHAAMEHTAABHBIX B3AMOACHCTBIH.

C passutueM acTpOPHU3UKH U KOCMHYECKOM TEXHHKH CTAHOBHUTCH OYEBHAHBIM, 9TO BO Bceaenmnoit mer
HH OAHOIO JTOAK4, TA€ OTCYTCTBYET ACHCTBYIOIIAA HA TEAO cHAd. /A\I0OOE TEAO B KOCMHUYECKOM IIPOCTPAHCTBE
HCIIBITBIBACT IIPUTAKEHIE CO CTOPOHBI KPYITHBIX KOCMUYECKUX OOBEKTOB, 0OOAaAaromux rpauranuil. [Tlostomy
TOBOPUTh O COCTOSHHN IIOKOA TeAa B KOCMOCE HEAB3f. Bce Teaa, 0O€3 HCKAIOYEHUSA, HCIBITBIBAIOT
IPaBUTAIIMOHHOE IPHUTHKEHUE CO CTOPOHBI APYTHX KOCMHYECKUX TEA M HAXOAATCH B IIOCTOSTHHOM ABHKCHHH.

Obmnapyxerune u HabAIOACHHE (DAKTOPOB B3ANMOACHCTBHUSA IIAAHET COAHEYHOM CHCTEMBI, IIPABHABHOE UX
PACTOAKOBAHHE ITOATBEPIKAAIOT CIIPABEAAHBOCTh AAHHOM paboTel. /\yHa, HaOpaB OAHMH pa3 CKOPOCTb Ha
opOmuTe, HE MOKET BEYHO ABHIATBCA C TAKOH CKOPOCTBIO. OHA IOCTOAHHO AOAKHA IIOAYYATH OT 3EMHOM
IPaBHTAIINN TOAKAFOIIYIO SHEPIUIO AAfl ITOAACPIKAHNA CKOPOCTH ABIKEGHHA Ha OpOHTE. YCTAaHOBACHHBIC
dakTBl IPaBUTALIMOHHOIO B3aMMOACHCTBHA 3eMAH Ha /AyHy M OOparHO, WX IPHU3HAKA U IIOCACACTBHUA
OKA32AHCh YOCAMTEABHEE BCAKHX apIYMEHTOB, AOKA3BIBAIOIIUX IIPAaBOTY BBIABUHYTEIX B 3TOH pabote
npearoaoxennit. K takum dakram, AOKa3bIBAFOIIIIM OTKAOHEHHUE HAIIPABACHUA IPABUTAIIUN, MOMKHO OTHECTH:

° HpHAHBHoﬁ rop6 B OKeaHaX 3eMAM, o6pasoBaHHbIﬁ BAUAHHEM AYHHOM I'PABUTAIIUA BIEPEAU CBOCH
ITPOEKITUH;

e Haawmgwme Beremku Ha 0OpatHOH cropoHe AyHbr ¢ amamerpom 2500 km 1 rayouuo 12 kv

e I'pymesuaHas popma TOAHON AyHBL

Anansormaneie (OaKThl ¥ IIPU3HAKH TI'PABHTAIIHOHHOIO B3aUMOACHCTBUA B ITOAB3y HACTOSAIIEH pabOTHI
OOHAPY/KUBAIOTCA U HA TIOBEPXHOCTH 3EMAH:

e OrTKAOHEHHE TeAQ B CTOPOHY BPAIIIEHHUA U 5KBATOPA 3EMAHU IIPH CBOOOAHOM IAACHHUH OT OAIIIHI;

e CoxpaHeHHE IIAOCKOCTH KoAeOaHua MagTHuKa PyKko HEM3MEHHOI Ha 9KBaTOpe 3EMAH;

e VMeHbIIIEHHE CKOPOCTH CAMOAETA B PEIice C BOCTOKA Ha 3aIIaA;

¢ OTKAOHEHHE K FOTO-BOCTOKY KAIIAH BOABI IIPH CBOOOAHOM ITAACHUHU OT BEPTHKAABHOIO OTBECA;

¢ OTKAOHEHHE IIOTOKOB HEHTPUHO B AHOMAABHOI 30HE MATHHTHOI'O IIOASl TIOCTOSIHHBIX MATHUTOB;

o OFpaHH‘ICHI/IC IIOTOKOB HCfITpI/IHO CO CTOpOHbI HApa 3eMAm.
ApyTI/IC (paKTbI BAMAHUA rpaBI/ITaL[I/II/I Ha IIOAOXKCHUA ITAQHET M UX Op6I/IT O6Hapy}K€HI)IZ
° B O6pa3OBaHI/II/I KOACT BOKPYT ITAAHCT-TUTAHTOB, 4 TAKKC B HAAMIHI SKBaTOpI/IaAbHOfI AMHHWUM Ha
HOBCPXHOCTI/I HCKOTOPBIX ITIAQHET,

e B pacnoomkeHnN SKAUIITHKA OPOUTHI IIAAHET HA OAHOH ITAOCKOCTH BOKpyr CoAHIIa;
e B oOparmeHun CIyTHHKOB, B TOM YHCA€ HCKYCCTBEHHBIX, BOKPYI' IIAAHETBI CTPOIO B CTOPOHY €ro
BPAITICHIIS,

e B orcyrcrBun BpareHna OTAGABHBIX IIAQHET BOKPYT COOCTBEHHOM OCH;

¢ B HaAWYHHU CIIUPAAEBUAHOHN TYMAHHOCTH, ACHKAIIEIH B OAHOM IIAOCKOCTH BOKPYT AAABHUX I'AAAKTHK;

e CpaBHHTEABHOE OTCYTICTBHE KPATEPOB HA IIOBEPXHOCTH ITAAHET U CIYTHHUKOB, HMEIOINUX BPAITICHIC

BOKPYT' COOCTBEHHOM OCH.

Aanbbre OaKkThl YBEPEHHO AOKA3BIBAIOT IPABHUABHOCTD YKA3aHHOH TEOPHHU — HM3MEHEHHE HAIIPABACHUA
IIOTOKA TPABHTAITUH, OT KOTOPOIO BBITEKAFOT BCE IIOCACACTBHA — IIEPEUMCACHHBIE B HACTOAINEH padoTte
CBOMCTBA IPAaBUTAIIHH.

BrIBOABI 11 THIIOTE3BI, IPHBEACHHBIE B HACTOAIIEH paboTe, TPEOYIOT AOITOAHHTEABHBIX MCCACAOBAHII 1
H3YyYCHHH B IIAAHE OSKCIEPUMECHTAABHOIO ITOATBEP/KACHHA M YTOYHEHHUA OTACABHBIX (akTopoB. Toraa,
IIEPEYUCACHHBIC B YKA3aHHON TEOPHH HAIIPABACHHUSA, B XOAE ACTAABHOHI Pa3pabOTKH AAAYT CEPHIO HAyIHBIX
OTKPBITHI B OOAACTH TPABUTAITIH.

B macrosmieit pabore pacKphITEI CACAYFOIIHE MEXAHU3MBI H OCHOBBI IIPHPOAHBIX ABACHHUI, KOTOPHIE ITO
CYIIIECTBY COIIOCTABHMEL C HAYYHBIMH OTKPBITHAMH MUPOBOIO 3HAYCHIA:

1. MexaHusm 0Opa30OBaHUA IPABUTALIHH C Y9ACTHEM HEHTPHHO;
2. Mexannsm POKYCHPOBKU ITOTOKA IPABUTALIUH;
3. Mexanunsm ABmKeHusA AyHBI Ha OpOUTE;



Mexanusm BpameHus 3eMAR BOKPYT OCH;

MexaHu3M 0Opa3oOBaHUA SAAUIITHYECKON OPOUTHI IIAQHET;
CmerrieHre ITOTOKA HEHTPUHO IIPU IIPOHUKHOBEHIN B TEA;
MexaHu3M 00pa3OBaHUA KOAELL BOKPYT IIAAHET;
BszammoszaBrcumMocTh IPOCTPaHCTBA U BPEMEH;

9. Mexannsm 0Opa3OBAHHUA MATHHTHOIO ITOA 3EMAH;

10. MexaHu3M 00pa30OBaHMA MACCHI TEAA C IIOMOIIBIO HEHTPHHO;

N A

11. BeprukaspHbIEC B HAKAOHHBIE IIOTOKH TI'PaBHTAIINL;
12. MexaHusm oOpasoBaHus CEHCMOABACHIH.

B pamkax teopmnm «HoBble AOKa3aTEABCTBA B COBPEMEHHOM TECOPHH IPABHUTALINN» MOKHO AETKO
OOBACHUTD AQKE IIPUHIIAII PaOOTH M MEXAHH3M ACHCTBHUA TaK HA3BIBACMBIX «ACTAIOIIHUX TAPEAOK» U IIPUPOAA
IIOSIBACHMA TAWHCTBEHHBIX  PHCYHKOB HA IIICHUYHBIX ITOAAX. [IpmHOMI paboTBI «ACTAIOIIUX TapEAOK)»
OCHOBaH Ha MeTOAe (POKYCHPOBKM TIPAaBHTAIIUM, IIYT€M HMCKYCCTBEHHOIO IIPEAOMACHHS HAIIPABACHUA
rpasuTanun. B pesyAbraTe IOA TapEAKON CO3AAFOTCA 30HBL, TAE€ B IICHTPE ITOBHIIIACTCA YPOBEHD IPABUTAIINH, 2
II0 €ro KpafM OTCYICTBYeT TIpaBUTAIHA. Pa3HOCTh ITOTEHIIMAAOB B IIPOTHBOHMAYIIHUX IIOTOKAX HEUTPHHO
00pasyeT IMOABEMHYIO CHAY, BEITAAKHBAIOINYIO €€ BBEPX. PHCYHKH Ha IIIIICHUYHBIX IIOAfIX OOpPa3yroTCs B
pe3yAbTaTe M30HMPATEABHOIO BAHMAHHA ITOBBIIICHHOTO YPOBHSA I'PABHTAIIUN ACTAIOIIEH TAPEAKH» HAa CTCOAH
OAHOPOAHOH PAaCTHTEABHOCTH, H3THOAf HMX K ITOBEPXHOCTH 3eMAH. IIpm 9TOM IPOMCXOAMT HHTEHCHBHOE
CTPYKTYPHOE U KAETOYHOE N3MEHEHHE B CTBOAOBBIX Y3EAKAX CTEOACH IIITICHHITBL.

Teopusa «HoBble AOKazaTEABCTBA B COBPEMEHHOM TEOPHUU I'PABHTALINN» ABAAETCA HOBBIM B3TAAAOM Ha
IIPOOAEMY TIO3HAHHUA TAWHBI IPABUTAIIUHM, TAK KAK HHU B OAHOI CYIIECTBYIOIIEH HAYIHOH TEOpHUH HE
paccMaTpuBaeTCA M3MECHEHHE HAIIPABACHUA IpaBUTAIMU. Bce ykazammble B HacTosMmed Teopuu (Pakrel U
BEIBOABI CBUAETEABCTBYFOT O HEU3BECTHBIX PAHEE HAYKE CBOMCTBAX IPABUTAIIHH.

AABTEpHATHBHBIC TCOPHH CTAPAIOTCH IIPEAOCTABAATH B AOKA3ATCABCTBA CBOCH  IIPaBOTHI (PAKTEI H
OOCTOATEABCTBA, KOTOPBIE TPYAHOAOCTYIIHBI K OOIIEMYy pacCMOTpeHHIO. B mmpeaAaraemMoii HacToAIe Teopuu
IIPUBOAATCA OOIIEAOCTYITHBIE (PAKTEI, TOABKO OHH PACCMATPHBAIOTCA C APYroil Touku 3penus. Tereps, koraa
HAM CTAAH M3BECTHBEI CBOMCTBA TPABUTAIIIH, MBI C YBEPEHHOCTBIO MOKEM CKA32Th, YTO HEAAAECK TOT ACHbB, KOTAQ
IPaBHTALINA OYACT CAYKUTH YEAOBEYECTBY.

Pabota «HoBble AOKazaTeAbCTBA B COBPEMEHHOI TEOPHUH IPABUTAIIUN», COCTOAINIAS M3 IIATH YACTEH II0
BCEM ITapaMeTpaM AOCTOMHa Teopun. AamHad paboTa B CBOEM OOBEME IIOAHOCTBIO PACKPHIBACT CYTh
IPaBUTAIINN, BAKYYMa, KBAHTOBOM MEXaHUKH U IIPUPOAHBIX ABACHUIL.

Kaxxpoe okoHUAHME — 5TO HAYAAO YETO-TO HOBOIO. 3aKAIOYECHHE IIEPBOM YACTH YKA3aHHOH TEOPHUH O
IPaBUTALINN ABAAETCA HAYAAOM CACAYIOIIEH, BaKHOH YACTH TEOPUHM — TEOPHH IIO3HAHUA OCHOB TaKHX
IIPUPOAHBIX ABACHHI, KAK 3EMAETPACEHHE, ITyHAMU, H3BEP/KEHHIE ByAKaHA, OOPa30BAHUE IIOTOAHBIX SBACHUIA.

Hosoe 3HaHMEe O IPUPOAE TPABUTAIIMH COBEPIITHT PEBOAIOITUIO B HAYKE U TEXHHUKE, AACT HOBBII HNMITYABC
B OYpHOM pPasBUTHH KOCMHUYECKON TEXHHKH, aCTPOMU3NKH, reOU3NKNA, XUMHH, OHOAOTHH, MEAHULIUHBI U
APYTHX HAIIPABACHUM B HaYKe.

[ToAunHAACH YEAOBEUECKOMY Pa3yMy, IPaBUTAITUA OKAKETCA I'AABHBIM HMCTOYHHUKOM SHEPIUH, BHITECHHB
13 cpepsl HCIIOAB30BAHUA APYIUX BUAOB HCTOYHUKOB SHEPIUHU. 3EMAS HAKOHEI-TO U30aBUTCA OT I'YOHTEABHBIX
ITOCACACTBHII ~HCIIOAB30BAHUA PEAKTUBHBIX ABHUIATEACH, ABHIaTE€ACH BHYTPEHHEIO CrOPAaHHA, aTOMHBIX H
TEIIAOBBIX CTAHIINH,

PeryaupoBanne IAOTHOCTH IPaBUTAITHOHHOTO IOTOKA ITO3BOAHUT IIOAVYHTH IIPEUMYIIECTBO BO MHOIUX
OTPACAAIX TIPOMBIITAGHHOCTH, TPAHCIIOPTA M CEABCKOrO Xo3fAiicTBa. llosBATCA HOBBIE BHABI TEXHUKH,
ITO3BOASIFOINIE TPAHCIIOPTUPOBATE OOABIIIHE TIPY3BI dYEpe3 KOCMOC.  DyAyr cospaHel TexHOAOTHA U
0OOPYAOBAHHSA ITO OBICTPOMY OOE3BPEKUBAHHUIO PAAMOAKTUBHBIX OTXOAOB. HakoHeI-TO craHeT BO3MOMKHBIM C
IIOMOIIBIO IIPUOOPOB IIPOTHO3UPOBATH YIPO3Y 3EMACTPACEHUA M CHATh HAKOIIAGHHOE CEHCMHYECKOe
HaIpMKEHHE. B CEABCKOM XO3AHCTBE U MEAHIIMHE ITOABATCA HOBBIE OOOPYAOBAHHA, CIIOCOOCTBYIOINILE
OBICTPOMY Pa3MHOKEHHIO H BOCCTAHOBACHHIO JKUBBIX KAETOK. Bce 3TO cTaHeT BO3MOKHBIM B PE3yAbTATE
PETYAUPOBAHHUA TAOTHOCTH TPABHTAIIHOHHOTO ITOTOKA.

B XXI Beke wm3-3a pAsa OOBEKTUBHO Pa3BHBAFOIIUXCH IIPOIIECCOB CTAAO CAOMKHEE IIPOABHIATH HOBBIE
HACH B KHU3Hb. BO-IIEPBBIX, 5TOMY MEIIIAET YTAYOACHHE CIEIIHAAU3AIINN HAYIHBIX HCCACAOBAHUN U YCHACHIE
CHEITMAAN3AIIAH SKCIIEPTHU3HI, B TO BPEMA KaK AAfl OIIEHKH PEBOAIOIIMOHHOM MAEH Ba’KHA ITHPOTA B3rafisa. Bo-
BTOPBIX, HACH, HE IIOAKPEIIACHHBIE PEKAAMHBIMU AKIHAMH, TEPAIOTCA B PACTyIIUX HHAOPMAITHOHHBIX
IIOTOKAX, COAEPIKAIIUX OIPOMHOE KOAMYECTBO HEOOBEKTHBHOH wnH(MOpManun. B-tperpux, mpeobaasaer



ITPOTAAKHBAHIE IPYIIIOBEIX HHTEPECOB, 3aAMEIAIOIINX OOIIIEIEAOBEUECKIE, B PE3YABTATE YACTO AOOOUPYFOTCA
HE CAMBIE AYYIITHE HACH.

Brioane BO3MOHO, 9TO HH HOBafd TCOpI/I}I I‘paBI/ITaLII/II/I, HH ApyrI/IC TCOpI/II/I Ha CaMOM ACAE€ HE ABAAIOTCA

aO0COAFOTHOI mapaAurMo#. McrmHa MOMKET HaXOAMTCA, TAE-TO, IocepeauHe. BeposTHO, 9TO MBI yIycKaem
HEYTO BAKHOE, U3yJas TPABUTAIHIO, X HOBBIE PAAUKAABHBIE TEOPUH OYAYT IIPOCTO HEOOXOAUMBI AAA U3YICHHSA
Bceaennoit. Oanako, HOBasg (POPMYANPOBKA B 9TOI TEOPUH, KAKETCH, HACTOABKO IIPOCTAsA M IPHUBACKATEABHAA,
YTO OHA MOKET ABAATBCA YACTHIO HOBOM KPYITHOM HEM3BECTHOM (DYHAAMEHTAABHOM TEOPHH, TOPA3AO IIPOIIIE

obpsacHAIOmEH pusuxy BeeaeHHOI.
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