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JIABOPATOPHASA PABOTA Nel.
N3y4yeHue cTpOEHUA U KJIACCUPUKANUU TATAKTHK

Heab pa6orsel. [lozHakoMUTBCA ¢ PU3NUECKUMH XapaKTEPUCTHUKAMU Tajiak-
THUK, ONPEAENIAIOMUX HabmoaaTebHble 0co0eHHOCTH. OnpenenuTs Mopgosioruye-
CKYI0 IPHUHAJUIEKHOCTD TAJIAKTHK.

Teopernyeckas yacTb

I'anakmuxa — rpaBUTAllMOHHO-CBSI3aHHAS CUCTEMA U3 3BE3]1, 3BE3/THBIX CKOII-
JICHUM, MEX3BE3IHOTO Ta3a U MbUIM, TEMHOW MaTepuu, IiaHet. Bce 0OBbeKThI B CO-
CTaBe TATAKTUKU YYaCTBYIOT B IBM)KCHUH OTHOCUTEIHHO OOIIETo IEHTpa Macc.

Cy1ecTByeT HECKOJIBKO CXEM Pa3fC/ICHUS TaIaKTHK Ha MOP(OJIOTHUSCKHEC
tunbl. Hanbonee u3BectHas Obuia mpeaiioskena DaBuHoMm Xaboiaom (puc. 1.1).
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Puc. 1.1 — IlocnenoBarensHOCTL Xa00i1a



Inaunmuueckue 2anakmuku (E) UMEIOT MMaiKyl0 3JUTMITHYECKYIO (HOpMY
(OT CHJIBHO CIUTIOIIEHHBIX JI0 MOYTH KPYTJIBIX) 0€3 OTIIMYUTENbHBIX JeTallel ¢ paB-
HOMEpPHBIM YMEHBIIIEHUEM SIPKOCTH OT LieHTpa kK nepudepun (puc. 1.2). Onu 060-
3HadaroTCcsa OykBod E m nudpoit, kotopast SBIIeTCS WHIACKCOM CILTIONEHHOCTH Ta-
JAKTUKU. DJUTUITUYECKUE TATaKTUKH COCTOAT U3 CTAPBIX 3BE3/ U MPAKTHYECKH OJI-

HOCTBIO JIMIICHEI I'a3a.

Puc. 1.2 — DnnunTryeckas rajlakTUKa

Cnupanvusle 2anakmuku (S) COCTOST U3 YIUIOIMICHHOTO TUCKa W3 3BE3] U
raza, B IIEHTPE KOTOPOTO HaXOAUTCs c(epudyeckoe YIIOTHEHHE, Ha3bIBAEMOE
OanmkeM, a Takke oOmupHOTO cepudeckoro rano (puc. 1.3). B miockoctu aucka
bopMHPYIOTCS SIPKHUE CITUPATbHBIC PyKaBa, COCTOSIINE MPEUMYIIICCTBEHHO U3 MO-
JIOJTBIX 3BE3/I, Ta3a U MBLUIH.

Puc. 1.3 — CnupanbHas rajJjakTuka



Cnupansnsle 2anakmuku ¢ nepemviuxoii (Sb) — crvpanbHbIe TATAKTUKU C
MEPEMBIYKOM («6apom») U3 SIPKUX 3BE3M, BBIXOASIIEH U3 IIEHTPa U MepeceKaromien
raJIakTUKy nocepeauHe. CrnupanbHble BETBM B TaKMX TaJlaKTUKAX HAYMHAIOTCA Ha
KOHI[aX MEePEMBIYEK, TOTJa KaK B OOBIYHBIX CIIUPAIbHBIX TATAKTHKAX OHU BBIXOIST
HENOCPEACTBEHHO U3 siapa. Hama ["anaktuka Mieunslii [yt OTHOCHTCS UMEHHO K
ATOMY THITy rajakTuk (puc. 1.4).

Puc. 1.4 — CnupanpHas ranaktuka ¢ nepeMblakord Miteunbiii [yt

JIunzoeuonvie zanaxmuxu (S0) — TUN TaJaKTHK, TPOMEKYTOUHBIA MEKIY
SIUTUOTHYECCKUMH M CIIMPAIBHBIMHU, TI0 CBOEH CTPYKTYpE HE OTIMYAIOTCS OT CIIH-
paJIbHBIX, 33 HCKIIFOUEHUEM OTCYTCTBHUS YETKOTO CIIUPAILHOro y3opa (puc. 5). O0b-
SICHSETCSI 9TO HU3KUM COJICpP)KaHUEM MEXK3BE3THOTO T'a3a, a 3HAYUT, U HU3KUM TEM-
IIOM 3B€3/1000pa30BaHMUs.

Puc. 5 — JIua3zoBugHAasa TaJIlakTUKA



Henpasunvnsie unu uppezynapnote zanakmuku (Irr) — ranakTuky, JUIICH-
HbIE KaK BpalllaTeJIbHOM CHMMETPHH, TaK U 3HAYUTENbHOTO siapa Puc. (puc.1.6). He-
MpaBIJIbHBIEC TAJTaKTUKU OTINYAIOTCS pasHooOpa3ueM (HopM, 0OBIYHO HEOOIBITUMHU

pa3Mepamu U OOWJIEM ra3a, IbLIH U MOJIOABIX 3BE3.

Puc. 1.6 — HenpaBuiibHbIE TaTaKTUKH




Ilexynapnas zanakmuxa — 3T0 TajJakTHUKa, KOTOPYIO HEBO3MOKHO OTHECTHU

K OIpe/IeJIeHHOMY KJIacCy B IOCJe10BaTeIbHOCTH Xab0:1a, HOCKOIbKY OHa o0ia-
JaeT APKO BBIPAXKCHHBIMHU UHIUBUIYaIbHBIMUA 0COOCHHOCTIMU. K uncmy nekysip-
HBIX OTHOCSITCS, B TOM YHCJIE, KOJIbBLIEOOPA3HbIE U B3aUMOACHCTBYIOIINE FATAKTUKH.
Konvueoopasnaa zanakmuka — pa3HOBUIHOCTb IIEKYJISIPHBIX TaJaKTUK, Xa-
pPaKTEepU3YOIAsACA HATMUUEM IUIOTHOTO pa, OKPY>KEHHOTO MPOTSKEHHBIM KOJIb-
LIOM SIPKHUX MOJIOJBIX 3BE3]1, OTJEIECHHBIM OT siipa HEKOTOPBIM paccTosiHueM. Busy-

albHO KOJIBI[COOpA3HbIC TaJAKTHKH TIOXOKH Ha IUIAHETApHBIC TYyMaHHOCTH
(puc. 1.7Puc.).

Puc. 1.7 — KosnpreBas rajlaktuka — oObeKT Xora
B HpOMC)KYTKC MC)K,Z[y ﬂI[pOM 1 KOJIBIIOM BHUHA CH_Ié OJHa KOJ'ILI_ICO6pa3Ha${ rajJJaKTHUKa,

KOTOpasa HaXOAUTCA ropa3zio AaJIbIIC



B3aumooeiicmeyowue 2anakmuku — TajJaKTUKU, PACIIOJIOKEHHBIC B IMPO-
CTPaHCTBE JIOCTATOYHO OJIM3KO0, YTOOBI B3aMMHAs TPaBUTAIIHS CYIIECTBEHHO BIIUsIIA
Ha (opMy, TBHKCHUE BEIECTBA U 3BE3]I, HA MPOIECCHI 3B€3/1000pa30BaHMUs, a B HE-
KOTOPBIX CIIy4asiX U Ha OOMEH BEIIECTBOM MEXIY rajakThukamu. J[Jis B3auMoeii-
CTBYIOIIMX TaJTAKTHK XapaKTEPHO HAJIMYHE «XBOCTOB», KMOCTOB» M BHIOPOCOB Be-
miectBa (puc. 1.8).

Puc. 1.8 — BzauMoaelcTByIOIIME TaTaKTUKU

Knaccudpukanuss Xab6ma oTpakaeT HE TOJBKO OCOOCHHOCTH BHIMMOM
(OpMBI TATAKTHK, HO W CBOMCTBA BXOJAIIUX B HUX 3BE3: DJUTMNTHYCCKUE TalaK-
THKH COCTOSAT W3 OYCHb CTApbIX 3BE3J, B HEMPaBUJIBHBIX TaJTaKTHKaX OCHOBHOM
BKJIAJ] B U3Iy4YEHHUE AIOT 3BE3/IbI, CYIIECTBEHHO MOoxke COIHIIA, a B CIIUPATBHBIX
raJIakKTUKaxX XapakTep CIEeKTpa BbIIACT MPUCYTCTBUE 3BE3]] BCEX BO3PACTOB.

Bo3spacm zanakmuxk nipuMepHO OAMHAKOBEIN (Ooee 10 MUmIHap0B JeT), u
OCHOBHAs MPUYWHA PA3THUUAS MKy TATAKTUKAMH — HE B BO3PACTE, a B PA3INYHOM
XapakTepe 2BOJIONMU 3THX cucteM. Ecim B E-ramaktukax 3Be3mooOpa3zoBaHUe
MPAKTUYECKH TIOJTHOCTBIO MPEKPATUIIOCh MUJUTHAPIBI JIET HA3aJl, TO B CIIUPATbHBIX
cUCTeMax 00pa30BaHME 3BE3/ MPOJOIKACTCS, XOTS M JAJIEKO HE TaK WHTEHCUBHO,
KaK Ha Ha4aJIbHOM dTalle UX JKM3HH, a B [rr-ralakTukax 3Be31000pa30BaHue MOKET
OBITH CTOJIb K€ AKTUBHO Ccelvac, Kak U MIJUTHAP/IbI JIET Ha3al.

B cTpoeHnu ranakTuk BBIIEISIOTCS JBE OCHOBHBIE nHoOcucmemsl (chepude-
CKasl ¥ TaJaKTUYECKUN JHUCK) U CBSI3aHHBIC C HUMU 3Be3HbIC HaceneHus (Tuna [ u
IT). PaccMoTpuM OCHOBHBIE MOJACUCTEMBI HA MPUMEPE CTPYKTYpPbl CIUPAIBHOM Ta-
naktuku (puc. 1.9).


https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%BB%D0%B0%D0%BA%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%97%D0%B2%D0%B5%D0%B7%D0%B4%D0%BE%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
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Puc. 1.9 — Cxema criupanbHOM ralakTHUKU

Hacenenue I xapakTepusyeTcs 3aMETHBIM COAEPKAHUEM B CIIEKTPE JIEMEH-
TOB TsDKeJIee reus (aCTPOHOMBI Ha3bIBAIOT UX «METaJUIaMK»). TsKENbIE 2JIEMEHTHI
o0Opa3zoBauch B 00jee paHHMX 3BE3/1aX U PACIPOCTPAHUINUCH TIPU B3PHIBAX CBEPX-
HOBBbIX. CONHIIE, KaK U OOJIBIIMHCTBO 3BE3]] TaJaKTUUYECKOTO JMCKA, SIBJISIETCS TH-
NUYHBIM IIpeACTaBUTENIeM HaceneHus .

B 3BE3n1ax nacenenun || cogepxanue TSHKEIBIX 2JIEMEHTOB HAa HECKOJIBKO T10-
PSAIKOB HUXKE. DTO cTapbie 3BE3/bI, CHOPMUPOBABIIHMECS BCKOpe mocie bombioro
B3phIBa, cTtapuie 10 mupa. ner. B crnivpansHbIx ranaktukax Hacenenue Il cocras-
JIAIOT IIAPOBBIE CKOIJICHUS B TAJIAKTUYECKOM TaJio.

Cohepuueckasn noocucmema — COCTaBISIONIAS TAIAKTUK, UMEIOIIAsT TPUOIIH-
3UTENBHO CHEPUUECKYI0O CUMMETPHUIO U CPAaBHUTEIBLHO OBICTPOE YBEIMYCHHUE ILIOT-
HOCTH K IIEHTPY. 3BE3/THAsA YacTh CPEePUUECKOM MOCUCTEMBI COCTOUT U3 0OBEKTOB
HaceneHust Il Gonbmioro Bo3pacta u Mamol MeTamuYHOCTA. OCHOBHYIO YacTh
Macchl c(heprudecKOi MOACUCTEMBI COCTABIISICT HEBUANMOE TaJI0 U3 TEMHOM MaTEPHUH
Y OHA NPAKTHUYECKH JIMIIEHA MEXK3BE3HOTO ra3a U MOJIOABIX 3BE3I.

I'anaxkmuueckuii Ouck — TIOCKOCTb, COCTOSIIAs U3 Ta3a, NbUIM U 3BE31. B
raJIaKTUYECKOM JIMUCKE, KaK MPABUJIIO, COACPKUTCS OOJIbIIIE MOJIOABIX 3BE3/, raza u


https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%BB%D0%B0%D0%BA%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%86%D0%B5%D0%BD%D1%82%D1%80
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%81%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5_II
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BB%D0%BB%D0%B8%D1%87%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%BB%D0%B0%D0%BA%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%B3%D0%B0%D0%BB%D0%BE
https://ru.wikipedia.org/wiki/%D0%A2%D1%91%D0%BC%D0%BD%D0%B0%D1%8F_%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%B6%D0%B7%D0%B2%D0%B5%D0%B7%D0%B4%D0%BD%D1%8B%D0%B9_%D0%B3%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%B6%D0%B7%D0%B2%D0%B5%D0%B7%D0%B4%D0%BD%D0%B0%D1%8F_%D0%BF%D1%8B%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%97%D0%B2%D0%B5%D0%B7%D0%B4%D0%B0

NBLIM, YEM B TaJJaKTHYECKOM rajo, T.e. npeicTaBieHo HaceneHue I. ['a3 u nbuib 06-
Pa3yIOT 2a30nbl1€606bli OUCK. 3BE3bI — 36€30HbLI OUCK.

Tunuunras E-ranaktrka BRITISIIAT Kak cheprudecKas moJICUCTEMA B «IHCTOM
BHJIE, TUCK B HEW WJIM MOJIHOCTBIO OTCYTCTBYET, MJIM UMEET TaKyl0 HU3KYIO CBETH-
MOCTb IO CPABHEHMIO C OCTAJIbHOW TJIAKTUKOW, YTO BBISBIISIETCS JIUILIb CIIEIHAIIb-
HBIMH MeTOJaMU (POTOMETpUUECKO 00pabOTKHU.

Kaxnas S- u SO-rayakTuka COIEpKUT IBE OCHOBHBIX MOJICUCTEMBI, BJIOKECH-
HBIE OJIHA B IPYTYIO ¥ TPAaBUTALlMOHHO-CBSI3aHHBIE IPYT C APYTOM.

B HenpaBunbHbBIX (I1T) TamakTikax ceprueckuii 3Be31HbI KOMITIOHEHT MPaK-
TUYECKU OTCYTCTBYET, IOUTHU BCE 3BE3/IbI 3aKIFOUYEHBI B TOJICTOM JIMCKE, CYIIECTBEH-
Has J10JI1 MacChl KOTOPOTO MPUXOAUTCS HA MEK3BE3/IHbIN ra3.

Poxxnenue 3Be31 NpOUCXOAUT MOYTH HMCKIFOUUTENIBHO B JMCKaX TaJIAKTHUK.
NMeHHO B 3TOM €JI0€ M BOBHUKAIOT MAaCCUBHBIE Ta30BbI€ KOHACHCAIlUW, BHYTPU KO-
TOPBIX ra3 MOCTENEHHO CTYIIAETCSl B CPABHUTEIBHO HEOObIINE U MIIOTHBIE MOJ1e-
KynAapHble 001aKa, a OHU YK€ JTaI0T Ha4aJlo 3B€3/1aM M MOJIOJBIM 3BE3HBIM I'PyII-
nupoBKaM. B S-ranaktukax camble KpymIHbIE 10 pa3Mepy 00J1acTH, /i€ KOHUEHTPH-
pyeTcsl ra3 U CBA3aHHBIE C HUM OYard 3B€37000pa30BaHUs, pacIonaraloTcs JIIuH-
HBIMU HEPOBHBIMH IIEMIOYKAMH, KOTOPBIE MTPUIAIOT KJIOUKOBATHIN BUJI CIUPATHHBIM
BETBSIM.

Aopo — xpaiine Maiiast 00JaCTh B LICHTPE TaJlaKTUKH.

AKmuenbvle a0pa 2anaKmukK — pa, B KOTOPBIX IPOUCXOIAT IPOLECCHI, CO-
MIPOBOKJAIOIIMECS BBIACICHUEM OOJIBIIOTO KOJIMYECTBA SHEPTUHU, HE OOBSICHSIOILIU-
€Csl aKTUBHOCTBIO HAXOJAIIMXCS B HUX OTAENbHBIX 3BE3]l M ra30BO-TBUIEBBIX KOM-
IIJIEKCOB.

banosc — nanbonee spkasi BHyTPEHHsIS 4acThC(HepOraTbHOTO KOMIIOHEHTA.

I'ano — BHemHMi cdeponianbHbIil KOMIIOHEHT. ['panuna Mexay OanmkeM u
rajio pa3MbITa 1 IOCTaTOYHO YCJIOBHA.

Cnupanvnasn éemes (CIUPaIbHBIA PYKaB) — YIDIOTHEHUE M3 MEK3BE3HOTO
ra3a v MpeuMyIEeCTBEHHO MOJOJBIX 3BE3X B BUAe cnupanu. Ckopee Bcero, sBIIs-
FOTCSI BOJIHAMU IJIOTHOCTH, BBI3BAHHBIMU PA3IMYHBIMU PUYUHAMH, OJJHAKO BOIIPOC
00 UX MPOUCXOKIECHUH 10 CUX MOP OKOHYATEIBHO HE PEIIEH.

bap (nepemviuka) — BHITISANT KaK IJIOTHOE BBITSIHYTOE 0Opa3oBaHueE, COCTO-
sIIee M3 3BE3]] U MEK3BE3THOIO Ira3a.

lNanakTUKu OYE€Hb CUJIBHO OTJIMYAIOTCS APYr OT JApPyra MO0 MHTEHCUBHOCTH
MPOUCXOJISIIETO B HUX 3Be3/1000pa3oBanusi. Ho KOJIMYECTBEHHO CPaBHUTH TEMIIbI
oOpa3oBaHMs 3B€3/1 B HUX 3aTPYAHUTEIHHO, TaK KaK, 32 UCKIIOUCHUEM OJMKANIINX
raJlakTUK, MOJIOJIBIE 3BE€3/Ibl HE BUAHBI MO OTJAEIBHOCTH M3-3a OOJIBIIOTO PaccTosi-
HUs. 371eCh OOBIYHO MCIOJIB3YIOT TpU HauboJjee HaJleKHbIX TPU3HAKA, XapaKTepu-
3YIOIIUX aKTUBHOCTD 3BE3/1000pa30BaHUSI.


https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%BB%D0%B0%D0%BA%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%B3%D0%B0%D0%BB%D0%BE

Bo-niepBbIX, 310 #eem zanaxmuku (MOJIOAbIE MACCUBHBIE 3BE3/IbI JIEAIOT €r0
60J1ee roayOBIM), BO-BTOPBIX, APKOCHIL C6EUEHUA 2A3A 8 ONMUYECKUX CREKMPATlb-
HbBIX IUHUAX, KOTOPOE BOHHUKAET MPHU O0TyUCHUH ra3a yIbTpaduoIeTOBHIM CBETOM
MOJIOJIBIX 3B€3/1, U B-TPETHUX, MOUIHOE U3IYUEeHUE KM ENT0I) MEHC38€30HOIL NbLIU.
[Teu1h 371€CH UTPACT POJIL TPEoOpa30BaTENs CBETOBOM SHEPTHH: OHA MOTJIONMIAET CBET
MOJIOZIBIX 3BE€37, PACIOJIOKEHHBIX B 00JACTSIX C BHICOKOU IJIOTHOCTHIO MEX3BE3/1-
HOM cpeibl, ¥ Iepen3ydaeT 3aXBaUYCHHYIO SHEPTHUIO B 0aA1eK0ll UHPPAKpaACHOI 00-
aacmu  cnekmpa (B OCHOBHOM, B CHEKTPaIbHOM JMana3oHe
50 — 500 MuKkpoMETpPOB), a ATO U3TyUYCHHUE MPUHUMAETCS METOJIaMU BHeaTMocdep-
HBIX HaOJIIOJCHUMH.

ObOopynoBanne 1 MaTepuaJbl
PaGoTa BeINOHSAETCS B KOMITBIOTEPHOM KJIaCCE C IOCTYNOM K ceTu IHTepHeT.

HUcxoanbie nannbie. [Ipunoxenue B.

3ananue 1.

COCTABUTH TABJIMILY OCHOBHBIX XAPAKTEPUCTUK TI'AJIAK-
TUK ITOCJIEAOBATEJIBHOCTHU XABBJIA.

Hcnonb3yst maHHBIC TEOPETHUECKOM YacTH U cetu MHTEepHET 3aHecuTe B Ta0-
nuiy 1.1 ocHOBHBIE XapaKTePUCTUKH TaJaKTHK MOCIEA0BATEILHOCTH Xa00a.

Tabmuma OmmOka! TekeT yKa3aHHOTO CTWIA B JIOKYMEHTe
orcyTrcTByeT.1.1 — OCHOBHBIE XapaKTEPUCTUKH TaJlaKTHK

CoeponganbHblii JduckoBas CnupajbHbie HNHTencuBHOCTH
I[IpoueHT oT 06111€ETO
Tun KOMIIOHEHT cOCTaBJIAIOLIASA BeTBH 3Be31000pa3oBaHus
YHCJIA TAJAKTHK
(ecThb, HET) (ecThb, HET) (ecThb, HET) (BBICOKAS, HU3KAS)
E
SO
S
Irr
3ananue 2.

COCTABUTH TABJIMIY BUIMMBIX XAPAKTEPUCTHUK I'AJIAK-
THUK.

Hcnonp3yiiTe HAOOp rajJakTUK M3 CBOETO BapuaHTa (CM. UCXO/IHbBIE JTAHHBIE).
Ucnonp3yitte nadopmanuto cetu MHTEpHET U 3aHecuTe B TaOIMILy 1.2 BUIUMBIC
XapaKTEPUCTUKU JAHHBIX TAJIAKTHUK.

Tabnuna 1.2 — XapakTepuCTUKN HEKOTOPBIX TaJlaKTUK



N3o0paxenne Tun Paccrosinme | Pa3zmep OcobenHo-

I'anakTuka
TAJIAKTHKH TAJIaKTHKH 0 3emiiu TAIAKTHKH cTH

Conepskanue oT4yera
OTtuer odopmisieTcss B COOTBETCTBHH C TPEOOBAHUSMHU, MPHUBEICHHBIMU B
[Tpunoxenuu A.

KoHTposbHBIE BONIPOCHI

1. Yro Takoe rajakTUKa U YTO BXOIUT B €€ COCTaB?

2. OxapakTepHu3yiTe OCHOBHBIC THUITBI TaJaKTUK? YTO M0JI0KEHO B OCHOBY
kiaccupuxanuu Xadboaa?

3. Kak cBs3an Mop(OIOTHIECKUN THTT TAIAKTUKYA ¢ MHTEHCUBHOCTBIO
3BE€3/1000pa30BaHMs?

4, B kakoii mojicucreMe raJakTHKH Han0oJiee MHTEHCUBHO ITPOMCXOJIHT
Iporiecc 3Be3/1000pa3oBaHus?

5. Urto Takoe 3Be3nHbIe HacelneHus? K 3Be31HOMYy HaCEICHUIO KaKoTo
thra otHocutcd Hanre CoiHne?

6. C xakuMu (PU3NICCKUMH XapPAKTEPUCTUKAMHU TATAKTHK, OTIPEIEIISIO-
1ue HaOIr01aeMble 0COOCHHOCTH, BbI TIO3HAKOMUJIUCH B JIAaHHOU paboTte?

7. Kak 1o Buay rajJakTHKHA MOYKHO OTIPEICTUTh HHTCHCUBHOCTD 3BE3110-
obpazoBaHus?

8. Kak 1o mBeTy raJJakTHKH MOYKHO OIPEACIIUTh U3 KaKuX 3Be3]] (MOJIO-

JIBIX WJIM CTAphIX) OHA COCTOUT?

Yka3aHus 1Mo TeXHUKe 0e30MacCHOCTH

K BemonHeHuo 1ab0paTOpHBIX pabOT AOMYCKAIOTCS CTYACHTHI, 03HAKOMUB-
IITMECS C MMpaBUiIaMu PabOThI B TaOOPATOPUH, MPOIIESANINE HHCTPYKTAXK OE30MacHO-
ctu (cM. mpuioxenue b).




JIABOPATOPHASA PABOTA Ne2.
HN3yuyenune nHTEepakTUBHON Moaeau aAuarpammsl ['epumnpynra-Peccena

Hean padoTsl

[To3HAaKOMHTBCSI ¢ OCHOBHBIMU 3BE3/IHBIMH XapaKTepUCTUKaMU. M3yuuTh Mo-
nenp nuarpammel [epimmnpynra-Peccena.

Teopernveckas 4acTb

OCHOBHBIMM CBOMCTBAMM 3BE3[l SIBIISIIOTCA CBETUMOCTH, TEMIIEpATypa IIO-
BEPXHOCTH, Macca U pajanyc.

Mexy BceMU 3TUMU XapaKTePUCTUKAMU CYIIECTBYET CBSI3b.

JMuazpamma I'epuywmnpynza-Peccena (puc. 2.1) sBisieTcss auarpaMMoi, Ha
KOTOPOM COMOCTABIISIOTCS CBETUMOCTH (WJIM aOCOJIFOTHBIE 3BE3JHBIC BEJIUYWHBI)
3Be3]1 ¢ MX (D PEKTUBHON TEMITepaTypOil HIIA CIIEKTPATBLHBIM KJIaCCOM.

Ha AuarpaMmc 3BC3/bI 06p33y10T OTACJIBHBIC I'PYIIIIMPOBKH, UMCHYCMBIC 110~

CJICAOBATCIBbHOCTAMM.

Temneparypa (K)
25000 10,000 8000 3000

o] B8 A F G K M
CNexTpanbHbiit KNacc

10t Blue Giants Red Supergiants
d
i
10t~ .
o °
@
As 10 L ) [ .
:l' -
> ® Red Giants .
& <
s Main Sequence
= LB
§
-l
. )
ot White Dwarfs °
A . .
L ®
Main S n
=] ain Sequence PP
T T T T T
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Pucynok 2.1 — Ilpumeps! nuarpamm I'epummnpynra-Peccena



Oxko0J10 90 % HaOIIOHaEMBIX 3BE3 — OTO 36€30bl 2/1A6HOU NOC/1E006AME/IbHO-
cmu, KOTOpasi TAHETCA y3KOM MOJIOCOW OT TOPSIYMX 3BE€3J BBICOKOW CBETUMOCTH J0O
XOJIOJHBIX 3BE3/-KapJIMKOB HU3KOW CBETUMOCTU. BBIAEHSAIOTCS TaKXe nociedosa-
MenbHOCMU 36€30-2USAHMO8, 36€30-C8ePXUSAHMO8 U O.D.

[Tonoxenue 3Be311bl Ha quarpamme [ epimmnpyHra-Peccena onpezensercs ee
Maccoii, BO3pacTOM U XUMUYECKUM COCTaBOM.

Ceéemumocmp — TIOTHAS SHEPTHUS, U3TydaeMasi aCTPOHOMHYECKIM 00BEKTOM
(TuTaHeTOM, 3BE30M, TAIAKTUKOH U T. I1.) B €AUHUILY BpeMeHH. M3mepsieTcs B abco-
motHbIX emuHunax (CM — Bt) mmbo B eaununax cBetumoctd CoiHia
(Lo= 3,86 10%Br).

CBETUMOCTh CaMBIX SPKUX 3BE3] B MUJUTMOHBI Pa3 MPEBHIIIACT CBETUMOCTD
ComHua. CBETUMOCTB B3pbIBa TUIEPHOBOM NPEBBIIAET CBETUMOCTH CoOJIHIIA IpH-
MepHO B MuJuiMapa pa3. CBETUMOCTh CaMbIX SIPKUX KBa3apOB MOKET MPEBBINIATH
COJIHEYHYIO B COTHH TPUJUIMOHOB Pa3.

Buoumasn 36é30naa eenuyuna — 6e3pa3mMepHas XapakTepUCTUKA, UCTIONb3Y-
eMast 11l CpaBHEHHUs HeOeCHBIX T (Tadu. 2.1 u 2.2). XapakTepu3yeT SHEPTUIo BCeX
(OTOHOB, MaAONINX HA €AUHUILY TUIONIAJHN TOBEPXHOCTH B CEKYHY. 3aBUCUT OT
CBETUMOCTH OOBEKTa U PACCTOSIHUS 0 HETO. YeM MeHbIIe 3BE3/1HAs BEIMUUHA, TEM
spue o0bekT. O603HauaeTcs OykBoi M. Comaile nmeet -26,7m, JIyna -12,7m, Bera
0,03m, ecniu HaOMrOIATH ¢ 3EMIIH.

Ta6nuna 2.1 — 3Be3HbIe BETUYUHBI HEKOTOPBIX 00OBEKTOB

T 36e3081 Ceemumocmp, Buoumas 36é30nan ) Abconomnasn
Lo eenuyuna, m 36€30nan eenuyuna, M

R136al =8 700 000 12,84 -12,6
Ota Kums 5000 000 -0,8 10 7,9 -12,0
Berenbreiize 60 000 0,58 =72
[TomstpHast 3Be31a 2200 1,97 -3.,6
Anpnebapan 140 0,85 —0,63
ApkTyp 110 —0,04 —-0,31
Cupnyc 22 —1,46 1,4

Connue 1,00 —26,8 4,75
Anbda LlenraBpa B 0,5 1,34 571
3Be3na Turapnena 0,000009 15,1 17,2



https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%B8%D0%BC%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D0%B4%D0%B8%D0%BC%D0%B0%D1%8F_%D0%B7%D0%B2%D1%91%D0%B7%D0%B4%D0%BD%D0%B0%D1%8F_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D0%B4%D0%B8%D0%BC%D0%B0%D1%8F_%D0%B7%D0%B2%D1%91%D0%B7%D0%B4%D0%BD%D0%B0%D1%8F_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%B1%D1%81%D0%BE%D0%BB%D1%8E%D1%82%D0%BD%D0%B0%D1%8F_%D0%B7%D0%B2%D1%91%D0%B7%D0%B4%D0%BD%D0%B0%D1%8F_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%B1%D1%81%D0%BE%D0%BB%D1%8E%D1%82%D0%BD%D0%B0%D1%8F_%D0%B7%D0%B2%D1%91%D0%B7%D0%B4%D0%BD%D0%B0%D1%8F_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D1%82%D0%B5%D0%BB%D1%8C%D0%B3%D0%B5%D0%B9%D0%B7%D0%B5
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%8F%D1%80%D0%BD%D0%B0%D1%8F_%D0%B7%D0%B2%D0%B5%D0%B7%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D1%8C%D0%B4%D0%B5%D0%B1%D0%B0%D1%80%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%90%D1%80%D0%BA%D1%82%D1%83%D1%80
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%80%D0%B8%D1%83%D1%81
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%BD%D1%86%D0%B5
https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D1%8C%D1%84%D0%B0_%D0%A6%D0%B5%D0%BD%D1%82%D0%B0%D0%B2%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%97%D0%B2%D0%B5%D0%B7%D0%B4%D0%B0_%D0%A2%D0%B8%D0%B3%D0%B0%D1%80%D0%B4%D0%B5%D0%BD%D0%B0

Ta6nuna 2.2 — BuauMmast 3Be3/1Hast BeIMYMHA HEKOTOPBIX 00BEKTOB

Oovexkm m
Comniie —26,7 (8 400 000 pa3 sipue nonHOM JIyHBI)
Jlyna B nonHonyHue —12,74
CsepxnoBast 1054 rona (Makcumym) —6,0
Benepa (Makcumym) —4,67
3emutst (npu HaOmoaeHuu ¢ CoJlHIA) —3.84
3B&311b1 bonbioro Koaira +2
["aymakTka AHJIpOMEBI +3,44
ITpokcuma IleHTaBpa +11,1
CaMpblii c1a0bIii 00BEKT, 3aCHATHIN 4315
B KOCMHYECKHI TEIECKOI «Xab0I» '

\ Q W
\,\’6 v\o‘ﬂ %e\,\zQ ONA‘! \O A ‘A‘!

e N}
o™ g\ e 30@ \% g@ oh"* Qe

Q.Qt#x

-26,73 -12,74 -4,67 -2,91 -1,44 0,03 okono 6,0 I 12,9

Pucynok 2.2 — Buaumas 3Be3Has BEIUYMHA

Abconromuasn 36€30nasa éeauyuna — 3To 3BE3IHAS BEJINUYNHA 00bEKTa, KOTO-
pyto oH umen Obl, eciii Ob1 ObuT Ha paccTosiHuM 10 mapcek ot Habmoaarens. AGco-
JIOTHAs BETMYMHA, B OTJIMYHE OT BUUMOI, TO3BOJISIET CPABHUBATH CBETUMOCTH pa3-
HBIX 3BE3]1, TOCKOJIBKY HE 3aBUCUT OT pacCTOsiHUS 70 HuX. O603HayaeTcst OyKBOi
M (taba. 2.1).

Temnepamypa noeepxnocmu. V13BecTHble 3aKOHBI TEPMOJIMHAMUKHU T10O3BO-
JISIIOT HaM OTIPEACTIUTh TEMIIEPATypy Tela, U3MEPSs IJIUHY BOJIHBI B MAKCUMYME U3-
JTy4eHUS YepHOTO I[BETA.

Tak, ecnu remneparypa nosepxHoctu 3 000—4 000 K, to e€ nser kpacHoBa-
Thii, 6 000—7 000 K — xénthriii, 10 000—12 000 K — Gemnblit 1 roay0OoH.
Ha pucynke 2.2 u B Tabnuue 2.3 npuBEACHBI CHEKMPAIbHbLE KIACCHI 36€30.

Pucynok 2.2 — CnekTpajibHbIE KJIACChI 3BE3]1



(cambie xosonnble). CoyIHIIE UMEET CIEKTpalibHbI Kiacc G2 M SKBUBAJIEHTHYIO

BuyTpu knacca 3BE€3/b1 nensTcst Ha noodkaaccwt oT O (caMble ropsiaue) 10 9

temriepatypy ¢otochepsr 5780 K

Tab6muma 2.3 — CriekTpaibHbIE KIacChl 3BE3]]

Kuace Lisem Macca, Paouyc, Temnepamypa Ceemumocmp,

Mo Ro nosepxuocmu, K Lo

@) roy0oit 60 15 30 000 - 60 000 1 400 000

B 6erno-romyooi 18 7 10 000 — 30 000 20 000

A Oenbrii 3,1 2,1 7500 — 10 000 80

F YKeJITO-OeIIbIi 1,7 1,3 6 000 — 7 500 6

G JKEJITBIN 1,1 1,1 5000 - 6 000 1,2

K OpaHKEBBIN 0,8 0,9 3500 -5 000 0,4

M KpacHBIN 0,3 0,4 2000 -3500 0,04

)51
K
B

Knaccel céemumocmu. 3BE3bI OJJHOTO U TOTO KE CIEKTPAIBHOIO Kiacca
MEIOT TTOXO0KHUE CIIEKTPHI U TEMIIEPATYPhI, HO MOTYT UMETh Pa3IUYHbIC pa3MephI U,
aK CIeJCTBUE, CBETUMOCTH. 3aBUCUMOCTb BHJIa CIIEKTPA OT CBETUMOCTHU OTpaKeHa
LlepKCKoll Kiaccu@urayuu.

| — cBepXTHTraHTHI;

Il — spxue ruranThI,

Il — rurauTer;

IV — cyGruranrsr,

V — 3BE3/1bI ITIAaBHOM MOCIE0BATEILHOCTH, MHOT/IA «KAPIIUKN;
VI — cyOkapnuku;

VII — Genbie kapiuki.

AOcomoTHOE OOJBIIMHCTBO 3BE311, 90 %, OTHOCATCA K TJIaBHOM ITOCJIENOBa-

tenbHOCTU. CoJiHIIe — KENTas 3Be3/a TJIaBHOM MOCIeI0BAaTEIbHOCTU (UM TIPOCTO

XKENTHIN KapJIUK), COOTBETCTBEHHO, €r0 CIIEKTpalIbHBIN Kiacc — G2V,

O6opynoBaHue U MaTepHAJIbI
PaGoTa BeIMONTHSAETCS B KOMITBIOTEPHOM KJIACCE C TIOCTYTOM K ceT IHTepHeT.

M cxoaHble 1aHHBIE
Macca 3Be31b1

Bapuanm
1 2 3 4 5 6 7 8 9 10
0,2 0,65 1 2 4 6 10 20 30 40



https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%BD%D0%B5%D1%87%D0%BD%D1%8B%D0%B9_%D1%80%D0%B0%D0%B4%D0%B8%D1%83%D1%81
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%80%D1%85%D0%B3%D0%B8%D0%B3%D0%B0%D0%BD%D1%82
https://ru.wikipedia.org/wiki/%D0%AF%D1%80%D0%BA%D0%B8%D0%B9_%D0%B3%D0%B8%D0%B3%D0%B0%D0%BD%D1%82
https://ru.wikipedia.org/wiki/%D0%97%D0%B2%D0%B5%D0%B7%D0%B4%D0%B0-%D0%B3%D0%B8%D0%B3%D0%B0%D0%BD%D1%82
https://ru.wikipedia.org/wiki/%D0%A1%D1%83%D0%B1%D0%B3%D0%B8%D0%B3%D0%B0%D0%BD%D1%82
https://ru.wikipedia.org/wiki/%D0%93%D0%BB%D0%B0%D0%B2%D0%BD%D0%B0%D1%8F_%D0%BF%D0%BE%D1%81%D0%BB%D0%B5%D0%B4%D0%BE%D0%B2%D0%B0%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A1%D1%83%D0%B1%D0%BA%D0%B0%D1%80%D0%BB%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D0%BB%D1%8B%D0%B9_%D0%BA%D0%B0%D1%80%D0%BB%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%96%D1%91%D0%BB%D1%82%D1%8B%D0%B9_%D0%BA%D0%B0%D1%80%D0%BB%D0%B8%D0%BA

3aganme. U3YUUTH MHTEPAKTHUBHYIO MOJIEJIb JUAT'PAMMbI
I'EPLILITPYHI'A-PECCEJIA U ITOCTPOUTH I'PA®UKHA 3ABUCUMOCTEN
TEMIIEPATYPHI, AIPKOCTHU 1 MACCHI 3BE3/Ibl OT EE BO3PACTA.

1.  TIlepetimure mo cceiike https://spacegid.com/media/star/index.html u
HU3Yy4IUTC NBMCHCHHNC OCHOBHBIX 3BC3AHBIX XaAPAKTCPUCTHUK U UX B3aUMOCBS3b.

2. B Excel qist 3831161 ¢ 3a1aHHOM Maccoii (B COOTBETCTBHH C BAPHAHTOM)
3aIlOJTHATE TAOJHITy 3BE3HBIX XapakTepucTuk (10—15 ciaydaitHO BRIOpaHHBIX 3Ha-
YCHHIA, OXBATHIBAIOIINX BECh EPHOJI )KU3HU 3BE3JHI ).

3HayYeHus KOMUPYUTe U3 MoJienu (BO3pacT, Macca) Uik ONpeelisiTe 1o rpa-
¢uxy (puc. 2.2). O06paTuTe BHUMAHKE, YTO B MOJICIIN MTOJT SPKOCTBIO KIMEETCS B BUTY
CBETUMOCTH B euHuIax ceetumoct Connua. [Ipumep 3anonnenus — tabnuma2.4.

1,000,000 Crtagua: 38e34a [NaBHoOM NOCNEA0BATENBHOCTH
100,000
10,000 .-

()
%
1,000 9,

H
ff)

=
% 10 S
= °c>6
g 1
Elo
£
gloo1
'y
0.001
0.00009999999999999999 — :
0.000009999999999999%% 5op ﬁwoo Sl
—— Temnepatypa (KenbsiuH)
PucyHnok 2.2
Tabnuna 2.4
Bospacm, man. nem | Temnepamypa, K | Ceemumocmo, Lo | Macca, Mo Cmaous
0,00 14564,00 254 5 3I'T1
53,77 14035,00 271 5 3I'T1
134,40 12824,00 370 4,991 3I'TI
180,22 4650,00 419 4871 BeTBb I'MraHTOB
205,24 4704,00 610 3,971 BeTBb IMraHToOB
214,01 3247,00 16662 2,867 BeTBb TUTaHTOB
215,26 2639,00 33107 1,023 BeTBb TUTaHTOB
215,28 47230,00 24231 0,872 BeTBb TUTaHTOB
215,31 314331,00 2407 0,867 BeTBb T'UraHTOB
326,49 13895,00 0,003 0,867 Benbrii kapiuk

OOparute BHUMaHUE, YTO B KAYECTBE IECATUYHOTO Pa3IeIUTENS B 3HAUCHUAX
BO3pacTa U Macchl HEOOXOAMMO UCTOIb30BaTh 3aMATYI0, @ HE TOUKY. UTOOBI HCTpa-
BUThH Cpa3y BCE TOUKH Ha 3amsiTble, UCIONb3yTe QyHKIUIO Hatimu u 3amenumo


https://spacegid.com/media/star/index.html

(puc. 2.4). Yoenurech, 4TO BCE KOJIMUECTBEHHbBIEC 3HAYEHUSI UMEIOT YUCIIOBOM (op-

Mart.

i« @ E:g B’

Haiti 1 3ameHuTh

Haitin | 3aMeHWTE

Haiitu:

3JaMEHWTE Ha: |, |Z|

3EMEHHTI:§CE] [ 3aAMEHWTE ] [ Haitn Bce ] [HaﬁTH,ﬂ,aﬂee] ’ 3aKphITE ]

Pucynok 2.4

3. [Toctpoiite rpaduku 3aBUCUMOCTEN TEMIEPATYPHI, IPKOCTH U MacChl
3BE€3/Ibl OT BO3pacTa (mpumep Ha pucyHke 2.5). Huke npuBeeH o1MH BO3MOXKHBIX
13 CIIOCOOOB MOCTPOEHUS AUATPAMM.

Boigenure HykHble cTONOLBIL. Eciu HE0OXOauMO BBIIEIUTh HECMEKHBIE
AYEUKH U TMaIa30Hbl TYeeK, BEIOEpUTE UX, yaepxkuBas HaxaToil kinasuury CTRL.

3axoauM BO BKJIANKy Bcmaexka v BbiOMpaem Tun auarpammbl «TouedyHast ¢
IVIAIKUMH KPUBBIMH M MapKepaMu» Wi « TodedHast ¢ npsIMBIMHA OTPE3KaMH U Map-

Kepammy.

l?’? |'I~:-‘fk‘: | IZ E H [TE-’ :Y

M- - i

PekomeHayemble - CsopHan Ipaduk Muctorpamma Bewrpeiw/  Cpes BpemenHas
Avarpammel D -l Anarpamma v npourpeiL Lkana
Awnarp. Toueunas pKAANHbI DUnbTPLI
. 0 R~ 9 ] } Qe P
o ® [ Y N 54
§9%% ool . s

Toueunasn ¢ NpAMbIMM OTPE3IKaAMM M MapKepamm

F G JaHHbIi TUN AMarpaMmbl MCNONB3YETCH: b]

X * ANA CPaBHEHWA ABYX U Gonee Habopos 3HaYEHMA

A WW Nap AaHHbIX.

MysbipbkoBsas
Mpumenserca B cayyasc

* KOTA3 TOYEK A3HHbBIX HEMHOTO;

* KOrAa AaHHbIE NPEACTABNAIOT coBol pasHble

— M3MEPEHNA,
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)

|_ Jpyrue ToyeyHbie gnarpammol...

Pucynok 2.5

N3menute opopmiieHre nuarpaMmbl, HaXKaB Ha + B €€ BEPXHEM YTITY.



L ‘ 3NeMEHTBI AMArPaMMBbl

TemnepaTypa, K

JloBaenenue, yaaneHne n
350000,00 P

W3MEHEHWE INEMEHTOE

AWErparmbl, TAKNXK KaK

SDDDDD’DD 3aronoeck, AereHaa, AUHUKW
Y ‘ CETKW KM NOANKMCKA 4aHHbIX,

250000,00
200000,00
150000,00
100000,00

30000,00

0,00

0,00 50,00 100,00 150,00 200,00 25000 300,00 350,00
-50000,00

Pucynok 2.6

N3menuTe Ha3BaHWE AWArpaMMBbl, Ha3BaHUE OCEH, YKa3aB ¢AMHHIIBI H3MEpe-
HUS, OTKOPPEKTUPYHTE YHCIIO JECATUIHBIX 3HAKOB B TOJIUCAX OCEH, IpH HEOOXO-
JUMOCTH UCTIOJIB3YHTE JorapupMUYecKuii MaciTad ocer u Aap.

B utore Baim nquarpaMMbl JIOJDKHBI BBITIISIETh MPUOIM3UTENBHO KaK HA pU-
cyHkax 2.7-2.9.

W3MeHeHMe TemnepaTypbl3Be3Abl
35000

30000
5000
0000

5000
b4 . .“‘-——O——AEI
0

50 10 15 20 25 30 35
BoapacT, mnH.

Temnepatypa,

o oN oN o

Pucynok 2.7



N3meHeHne cBeTUMOCTU3BE3AbI
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Pucynox 2.8

N3meHeHMe macchbl3Be3abl

5 ¢ s 4=474~—-‘\\\
e

Macca,

H
ll———‘)

0 50 10 15 20 25 30 35
BospacT, MiH.

Pucynok 2.9

Conep:xanue oruera
OtueT ohopMIISIETCS B COOTBETCTBUH C TPSOOBAHUSIMU, IIPUBEICHHBIMH B
[Tpunoxenuu A.

KonTposbHbIe BONIPOCHI

1. Urto takoe auarpamma I'epumimnpynra-Peccena?

2. OOBscHUTE, TOYEMY SIPKUE 3BE3/Ibl HE paclojaralTcs Ha TJIaBHOM Mo-
CJeA0BaTEIbHOCTHU?

3. Haiite ~ 0OBbACHEHHE  SBOJIOLUMOHHOMY  CMBICIY  JUarpammbl
I'epummpynra-Peccena.

4, [IepeuncivTe OCHOBHBIE 3BE3/IHBIE XapAaKTEPUCTUKU U JATEe UX Ompe-
JEJICHMUS.

5. K xakoMm cniektpanbHOMY Ki1accy oTHocuTcst ComHiie?



6. [Touemy >xu3HeHHbIH UK COHIIE HE 3aKOHYMTCS B3PHIBOM CBEPXHO-
BOI1?

Yka3aHus 0 TeXHUKe 0e30MaACHOCTH

K BbIMOSITHEHUIO 1a00pAaTOPHBIX padOT AOMYCKAIOTCS CTYACHTHI, 03HAKOMHUB-
IIMecs ¢ MpaBuiaMu padoThl B 1a00paTOPHH, IPOIIEAIINEe HHCTPYKTaXK 6e30MmacHo-
cTH (cM. puioxenue b).



JIABOPATOPHAS PABOTA Ne3.
N3y4yenne cnexkrpa CoJsiHna

Hean padoTsl. M3yunth TeOpHUIo CEKTpaIbHOrO aHanuza. Maentudunupo-
BaTh Ha PETUCTPOrPAMME COJIHEUHOTO CHEKTPa CIEKTpalbHbIE JIMHUU BOAOPOAA,
CeJIaTh BBIBOJ O XUMUYECKOM cocTaBe CoHIa.

Teopernueckas yacTb

CrieKTpOMETpUYECKHE TAHHBIE ABIISIOTCS OCHOBHBIM MCTOYHUKOM HMH(pOpMa-
UM 0 KOCMUYECKHUX 00beKkTaX. M3yueHue ciekTpoB U3IyUYEHUs U MTOTJIOIEHUS 1aeT
MHPOPMAIUIO O XUMUYECKOM COCTaBE MCTOYHUKA, MEXaHU3ME U3ITyUCHHUs, TEMIIe-
paType U Jpyryro uHGOpMaluIo.

Cnekmpom Ha3pIBAIOT 3aBUCUMOCTh MHTEHCUBHOCTH M3JIYYEHUS OT JJIMHBI
BOJIHBI, [TPE/ICTABICHHYIO I'paUUECKU.

[lepBoHa4aIbHO CHIEKTPHI MMOTYYaIH HAa (POTOIJIACTUHKAX.

Puc. 3.1 — ®oTorpadudeckuii BU CIEKTPOB

CBepXY BHU3 — n3nyueHus Na, uznyuenus H, uznyuenus He, nornonienuss Connna

C pa3BUTHEM TEXHOJIOTUU MIPUEMA IEKTPOMArHUTHBIX BOJIH MOSIBUIIACH BO3-
MO>KHOCTb TOJIy4aTh PETUCTPOrpPaMMBbI CIIEKTPOB (puc. 3.2).



SOLAR ATLAS (arfter Defboullie et al.,, 1972, 1981)
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Pucynok 3.2 — PerucrporpamMmma CriekTpa norjaomneHus

CylleCTBYIOT CIEAYIONINE BUABI CIEKTPOB.

Cnjiownoil, M HENPEPBIBHBINM, CIIEKTP B BUAE PaLyKHOW IOJOCKH JAOT
TBEPJIbIC PACKAJICHHBIC TeJa (PaCKaJICHHBIN YroJib, HUTh 3JICKTPOJIAMIIBI) U HAXOIs-
IIMecs o 1 OOJIBIIUM JaBJICHUEM TPOMAaJIHbIE MACCHI Tra3a.

Juneituamotii CIEKTp W3JIYYCHUS JAIOT PA3PEKEHHBIE Ta3bl U MHapbl IPU
CUJIBHOM Harpe€BaHWU WIH NOJ ACHUCTBUEM AIICKTPUUECKOTO pa3psia.

CocrayieHbl TaOIUIBI ¢ TIEPEYHEM JIMHUM KaXJA0T0 ra3a U ¢ yKa3aHueM sip-
KOCTH KaxkJ0u JuHuu. Hampumep, B crieKTpe HaATpUsi OCOOCHHO SIPKU JBE JKEJIThIC
JIMHUM. Y CTAHOBJIEHO, YTO CIIEKTP aTOMa WJIM MOJIEKYJIbI CBSI3aH C UX CTPOCHUEM U
OTpa)aeT OINPEICIICHHbIE U3MEHEHUS, IPOUCXOISIINE B HUX B IIPOLIECCE CBEYECHUS.

JInHenyaTeIi CIIEKTP MOTJIOMIEHUS JAt0T a3kl U Maphl, KOrJa 32 HUMU HaXo-
JUTCS SIPKUN 1 O0JIee TOPSYH HICTOYHUK, JAIONTUH HEMPEephIBHBIN criekTp. CrekTp
MOTJIONIEHUS COCTOUT U3 HEMPEPHIBHOTO CIEKTPA, MEPEPE3ZAHHOTO TEMHBIMU JTUHU-

SIMH, KOTOPbIE€ HaXOAATCS B TEX CaMbIX MECTaX, TJI€ JIOJKHBI OBITh PACIOJIOKEHBI
SpKWE JIMHUY, IPUCYIIINE JaHHOMY rasy. Hanpumep, 1B TEMHBIE TUHUM MOTJIOIIE-
HHS HATPUSI PACIIOJIOKEHBI B )KEJITOW YaCTHU CIIEKTpa.

CkazaHHOE BBIIIIE MO3BOJISIET IPOU3BOIUTH AHAIN3 XUMHUUYECKOTO COCTaBa Ia-
POB, M3JIYYAIOIINX CBET WJIU MOTJIOMIAIONINX €T0, HAXOATCS JIU OHU B JabopaTopuu
WM Ha HeOecHOM cBeTmiie. KommuecTBO aTOMOB MIJTH MOJIEKYJT, JISKAIUX HA HAIIEM
JIy4e 3pEHUs, U3ITyHYarOIIUX WU MOMJIOMIAOIINX, ONPEAEISETCS IO UHTEHCUBHOCTH
nuHui. Yem OoJibliie aTOMOB, TEM SpU€ JIMHUSL UJIM TEM OHA TEMHEE B CIEKTPE IO-
rionieHusi. CoJHIE U 3Be3/Ibl OKPY>KEHbI ra30BbIMU aTtMochepamu. HenpepbiBHBIIM
CIIEKTP MX BUJIMMOW MOBEPXHOCTH NEPEPE3aH TEMHBIMHU JIMHUSMU IOTJIOLICHHUS,
BO3HHKAIOIIMMH TIPH TIPOXOXKIECHUU CBEeTa uepe3 atmocdepy 38e3a. Iloamomy cnek-
mpot Connua u 36e30 — 3mo cneKmpuvl HO210ULEHUA.



Haz:o IIOMHHUTD, 4TO CHGKTp&JIBHBIfI aHaJIM3 IMO3BOJIACT OINPCACIIATE XUMUUC-
CKMH COCTaB TOJILKO CaMOCBCTAIIMUXCA WM MOTIOMAOINX U3JITYUCHHUC I'a30B. Xu-
MUYECKUN COCTaB TBCPAOI'0 UJIM JKUAKOI'O TCJa IIPU IMOMOIIU CIICKTPAJIBHOI'O aHa-
Jin3a OpCaACINTb HEJIb34.

ObopynoBaHue U MaTepHAJIbI
PaboTa BeINONHSAETCS B KOMITBIOTEPHOM KJIACCE C IOCTYNOM K ceTu UHTepHeT.
Jlnis paboThl Hcmonib3yeTcs: nHTepHeT-cat [lapuxckoit o6cepBaTopuu, co-
JepKaluii ”HOOKOMMYHUKALIMOHHYIO BEPCHIO aTJIaca COJTHEYHOI'O CIIEKTPa J0-
CTYITHOTO 110 ajpecy http://bass2000.obspm.fr/solar_spect.php

3aganue

OITPEJIEJINTh XUMUYECKUI COCTAB ATMOC®EPBI COJIHIIA 1O
EI'O CIIEKTPY.

Pazymeercs, xumudeckuii coctaB armocdepsl CoHIIa HaM W3BECTEH, MpHU
BBITIOJTHEHUHU 33724l MbI OYJIeM UCXOAUTh W3 MPEANOJIOKEHUS, YTO HAM HaJ0 3a-
HOBO €r0 ONPE/CINTh, CPABHUB JIJIMHBI BOJIH CIIEKTPaIbHBIC JIMHUU C TEOPETUUYECKU
pacCUYMTaHHBIMU JJIMHAMH BOJIH BOJAOPO/A.

PaccuuraiiTe nMHBI BOJIH JUHUM BOAOPOJA B ONITHYECKON 00JaCTH CIIEKTpa
(mpumepno ot 600 um 10 300 HM) 11O q)opMyJIe banbemepa (3.1).

TR -" Y nes45.
7 L? —J (3.1)
rae Ru=10967759,3 m! — mocrosiunas Punbepra muis Bogopoa.

PesynbpTaThl pacueToB 3anecute B Tabsmiry 3.1 cronberr 2.

Ta6nuna 3.1 — Pacuer qyiuH BosiH cepun banbMepa

n A, um (no gpopmyne Banvmepa) A, HM (RO OaHHBIM peucmpozpammot)
1 2 3

oo bW

Onpenenute JIMHBI BOJIH cepur banbMepa 1Mo peructporpaMMe Ha caite
http://bass2000.obspm.fr/solar spect.php
- 3aMJIUTE HA CAWT;

- B nuasioroBoM okHe Wavelength B siueiike CentralWavelength naGepure
6550, 5T0 1IeHTpasIbHAS YaCTh HUKHEHN TPaHUIIBI BUANMOM 001acTH criektpa CoiHia
B aurcrpeMax (1 A=10"° m=0,1 am);


http://bass2000.obspm.fr/solar_spect.php
http://bass2000.obspm.fr/solar_spect.php
http://bass2000.obspm.fr/solar_spect.php
http://bass2000.obspm.fr/solar_spect.php
http://bass2000.obspm.fr/solar_spect.php
http://bass2000.obspm.fr/solar_spect.php

- B sueiike Range A naGepute 100, 3T0 MakcHMManbHas IIMPUHA OOIACTH

CIICKTpPa B aHI'CTpEMaAX,

- gaxxmure OK;
- B OKHE TOSIBUTCS YJYacCTOK PErucTporpaMmbl criektpa CoJHIIa B MpoMe-

XKyTke uH BosiH oT 650 M 10 660 aM. JInauro mornomenus B arMmochepe CoiHia
C BBICOKOH TeMIepaTypoii MOKHO OTJIMYWThH OT JIMHUH MOTJIONICHUS B 36MHOM aT-
Mochepe (TIpu HU3KOW TeMIIepaType) 1Mo 3HaYUTeIIbHOU IIIHPHHE.
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Puc. 3.3
- MIOJIBEIUTE KyPCOP MBIIIH K CaMOM TTyOOKOH TOYKE MTUPOKOTO MpoBajia pe-
TUCTPOTPaMMBbI M HAKMUTE JIEBYIO KHOTIKY. [lociie 3TOro Bo BCILTBIBAIOIIEM OKOIIIKE

IIOABHUTCA AJIMHA BOJIHBI.



Wavelength: 6 562.898
Intensity: 1 635

Puc. 3.4

3aHecuTe MOJyYEHHBIN pe3yapTaT B Tadmuiry 3.1.
[TyTem u3MeHeHus Auana3zoHa perucTporpaMMbl ¢ TOMOIIBIO KHONIKH Previ-

ous Step ° HaiauTe Apyrue LUPOKHUE JTUHUM MOIJIOIIEHHUS, PE3YJIbTAaThl 3aHECUTE
B Ta0uity 3.1.

BHecuTe B OTYET CKPUH OJHOM JIF000H JIMHUU MOTJIOIIECHHS.

CpaBHUTE pe3ynbTaThl, MOJYYEHHbIE PA3HBIMHU CIIOCOOAMU, U CIEJIaliTe BbI-
BOJI O COCTaB€ MOIJIOMIAIOIIEr0 CBET ra3a U, COOTBETCTBEHHO, O COCTaBe aTMOC(epsl
Connua.

Copep:xanue oruera
Otuer odopmisieTcss B COOTBETCTBUM C TPEOOBAaHUSMH, NMPUBEJICHHBIMU B
MIPUJIOKEHUU A.

KounTposbHbIe BONIPOCHI

1. Yo Takoe cuekTp?

2. Ilepeuncnure BUIBI CIEKTPOB.

3. Uro Ha3bIBAIOT a0COIIOTHO YEPHBIM TEJIOM?

4.  OObsiCHUTE paclpeeieHe UHTEHCUBHOCTH U3JIyYeHUS 1O JITTMHAM
BOJIH B criekTpe CoJiHia.

5. Kaxum 06pa3oM MOKHO OIpeeauTh TEMIIEpaTypy HarpeToro teua?

6. OOBsicHUTE pa3IUure MEXaHU3MOB BOSHUKHOBEHHUS UITUPOKUX U Y3KUX
JUHUM norjoieHus B ciektpe ColHua.

7. Iloyemy no mKMpUHE JTUHUN NOTJIOMIEHUS MOXKHO OINPEAEIATh TEMIIEpa-
Typy HOIJIOLIAOIIEN CpeIbl?

8. OxapaxtepusyiTe pU3NYECKYIO IPUPOLY, CTpoeHHe U cocTaB ConHLa.



Yka3aHnus 1o TeXHUKe 0e30MacHOCTH

K BemonHeHno 1a60paTOPHBIX pabOT AOMYCKAIOTCS CTYACHTHI, 03HAKOMUB-
IIMecs ¢ mpaBujamMu paboThI B Ta0OpaTOPUH, MPOIIEANINE HHCTPYKTAXK O€301MacHO-
cTH (cM. ipusioxkeHue b).



JIABOPATOPHAS PABOTA Ned4.
N3y4enne BHyTpeHHEro cTpoeHne 3eMJiM U ee ceiicMUYeCKON MOIeH

Heas padorbl. M3yunTh CEelCMHYECKYIO MOJEIb BHYTPEHHETO CTPOCHHS
3emiu. Boaenute BHyTpeHHME reocepsl U CI0U IUIaHEThI, ONIPEIEIUTh UX MOp(ho-
METPUYECKUE XaPAKTEPUCTUKH.

Teopernyeckas 4acTb

Ceiicmonozusn — 310 HayKa, B KOTOPOU (paKTUUYECKHUE TaHHbBIE MTPEACTABIISIIOT
co0oif 3amrcu MEXaHWYECKUX KoJieOaHui 3eMii, Ha3bIBAEMbIX CEHCMOTPaMMaMHU.
Kosnebanust MOTYT OBITH BBI3BaHBI HCKYCCTBEHHBIMU B3PbIBAMU WJIA €CTECTBEHHBIMU
MIPUYUHAMH — 3EMJIETPSICEHUSIMU U U3BEPKEHUSIMU BYJIKAHOB.

Ynpyzoii 6onnoit HazpiBaeTCcs mpolecc nepeaadn Ha paccTosHue aedopma-
11, BO3HUKAIOIIUX B YIIPYTHUX TEJax.

[To tuny nedopmanuii ynpyrue oObeMHbIE BOJHBI KJIACCU(PHUIMPYIOTCA Ha
MPOIOJIbHBIC U TTONEPEYHBIE.

Ilpooonvnasn celicmuueckasn 601Ha pacripocTpaHseTcs B BUae aepopmariuit
pacUIMpPEHUst U CKaTHsl, a honepeunasn eonna — B Buje nedopmanuii casura. [lpo-
JI0JIbHBIE BOJIHBI 0003HauaroTCs OykBoW P, momepeunsie — OykBor S. DT 0003Ha-
YeHUs! ObUTN JaHBI B CEHICMOJIOTHH, TIOCKOJIBKY Ha celicMorpaMmax 3eMJIETPSICEHHI
IIPOJIOJIbHBIE BOJIHBI PETUCTPUPOBAIMCH MEPBBIMU (JIATUHCKOE CJIOBO «primay), a
MoTnepeyYHbIe BOJIHBI — 32 HUMU (BTOPBIE — «secunday).

CwmelnieHus B MpoI0IbHON BOJHE MPOUCXOIST B HAMPABICHHUH €€ PacipocTpa-
HEHHUS, a B TIONIEPEYHOM BOJIHE — B IUIOCKOCTSIX, MEPIECHIUKYJISIPHBIX K HampasJie-
HUIO PAaCIIPOCTPAHEHUS BOJHBI.

Jlepopmanuu casura, a, CI€lIOBaTEbHO, HOnEpeuHbvle 60JIHbI He 603HU-
Kawom 6 2a3ax u HcUOKOCm:AX; B TAKUX CPENax PacHpOCTPAHSIOTCS TOJBKO MpO-
JOJIbHBIE CEICMUYECKUE BOJTHBI.

AnHa BOSHbI , ANHA BOMHbI

A A

<+ > > .
HanpaeneHne HanpaeneHwne HanpaeneHne HanpaeneHue
konebaHun pacnpocTpaHeHuA koneGaHuiA pacnpocTpaHeHuns

Pucynok 4.1 — IlpogonpHas 1 nonepeyHas BOJIHbI



N3ydenne nmyreld 1 CKOPOCTH PacCIpOCTPAHEHUS B HEIpax 3e€MJId CEHCMHYe-
CKHX BOJIH IMO3BOJIMIIM pa3paboTaTh CEHCMUYECKYIO MOJIENb €€ BHYTPEHHETO CTPO-
EHUSL.

Ha puc. 4.2 npuBenensl rpaduku U3MEHEHUS CKOPOCTEH MPOIOJIBHBIX U T10-
MEPEYHBIX YIIPYTUX BOJIH OT MOBEPXHOCTH 3E€MJIH JI0 €€ LIEHTPA.

P-BONHBI
12 —12
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Pucynox 4.2 — CkopocTu celicMMUeCKHX BOJH Ha Pa3IMYHbIX TIIyOHMHAX

3eMJIst COCTOUT U3 TPEX OCHOBHBIX reocdep: KOpbl, MAHTUU U sJIpa, TOApPa3-
JEJSIIOUINXCSI, B CBOIO OYEPE/lb, HA PSI/ CIIOEB.

B 3aBucuMoCTH OT BEIMYMHBI CKOPOCTEW CEMCMUYECKUX BOJH M Xapakrepa
WX U3MEHEHUs ¢ riayOuHoN "TBEpayr0" 3eMilto JIeNsiT Ha BOCEMb CEMCMHMUYECKHX
cnoeB: A, B, C, D', D", E, F u G. Kpome Toro, B 3emJjie BBIJCIAIOT 0CO00 IIPOYHBIH
CIIOU — iumocghepy v HUKENEKAIUN pa3MAT4EHHBIN CII0M — acmenocgepy.

JIumocghepa (ot rpedeckoro lithos — kaMeHb U sphaira — 1map) — BHEUTHSS,
OTHOCHUTEJILHO MPOYHasi 00071049Ka TBEPAOU 3eMJTH, paCIIOI0KEHHAs HAJl MEHEe BSI3-
KoM 1 0oJiee TIacTUYHOM acTeHoCchepoi.

Acmenocghepa — cnoil NTOHWKEHHON BSI3KOCTH B BEPXHEH MAHTHUU 3E€MIIU.
Kposnst acrenocdeps! nexut moa marepukamu Ha riayoune 80—100 kM, moa okea-
Hamu 50—70 kM (MHOTIa MEHEE ), HIDKHSISI TPaHUIIa acTeHOC(ephl — Ha TiryonHe 250—
300 kM, Hepe3Kasl.
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Pucynok 4.3 — BHyTpeHHee cTpoeHne 3eMiu

3emnaa kopa vnu Cioil A — 3T0 HapyXHbI cioil 3emnn. MiMeet nepemMen-
HYIO TONIIMUHY. B KauecTBe MOJ0MIBHI KOPHl MPUHUMAIOT CEMCMUYECKYIO TPAHUILY
Moxoposuunua (rpanuiia Moxo) B OKpeCTHOCTH KOTOPOH MPOUCXOAUT U3MEHEHNE
CKOpPOCTH TPOJIOJBHBIX YIPYTUX MPOJOIBHBIX CEMCMUYECKHX BOJH ¢ 6,7—7,6 1o
7,9-8,2 kM/c 1 moniepeyHsIX — ¢ 3,6—4,2 no 4,4-4,7 km/c.

Manmus (0T cpelHErpeuecKoro mention — MOKPBIBAJIO, IJIAIl) — reocdepa,
PacCIOJIOKEHHAsE MEKy 36eMHOM KOPOUl U AIpOM. ITOT CJION IPOCTUPAETCS OT OCHO-
BaHUs 3eMHOM Kopbl Ha Tiryouny 2 900 km. B mantuto Bxoasr ciou B, C, D', D".

Croit B mpoctupaercs ot noBepxHoctu Moxoposuunya a0 riryouHsl 400 k.
Mexnay cioem B 1 kopoit mpouCcX0oIUT MHTEHCUBHBIA OOMEH BEIIECTBOM.

Croit C (cno#t ['onuiibina) 3aaumaet o6sacts riryoun 400-900 km u xapak-
TEPUBYETCS PE3KUM POCTOM CKOPOCTEW BOJIH, CBA3aHHBIM C MEPEX0JA0M MUHEPAJIOB
B 0oJiee TII0THBIE MOJIU(UKALIUY.

B cioe D' (900-2700 kM) cKOpOCTh BOJIH B OCHOBHOM PacTET 3a CUET CHKATUS
OJIHOPOJHOT'O BELIECTBA.

Aopo. Crion E, F u G obOpasytor siapo 3emnu (paaumycom 3486 km). Ha rpa-
HUIIE ¢ SApoM (Ha moBepxHOCTH ['yTeHOepra) CKOpOCTh IPOOJIBHBIX BOJH YMEHbB-
maetcsi ckaukoMm Ha 30%, a mornepeyHbie BOJIHBI MCYE3aI0T, YTO YKA3bIBAET HA TO,
4yTO BHEIIHee SApo (cioit E, mpoctuparonuiics no rmyouna 4980 km) sxuakoe. Huxke



3aTBepeBaroIIero nepexoaHoro cios (cinoit F, 4980—-5120 kM) HaxoauTcst TBEP10€
BHyTpeHHee s1po (cior G), B KOTOPOM PacipOCTPaAHSIOTCS MONIEPEUYHBIC BOJIHBI.

O0OopynoBaHnne U1 MaTepuaJIbl
PaGoTa BeIMONTHSAETCS B KOMITBIOTEPHOM KJIACCE C IOCTYNOM K ceTu MIHTepHeT.

HUcxoansbie nanubie. [punoxenne B.

3aganmne

BBIIIOJIHUTH PACYETBI MOP®OMETPUYECKUX XAPAKTEPU-
CTUK BHYTPEHHUX I'EOC®OEP U CJIOEB IIJIAHETBI.

B kadecTBe MCXOIHBIX JaHHBIX UCIOIB3YEM KIACCHUYECKYIO CEHCMHYECKYIO
mozeinb Jxepdpuca-I'yrendepra, HoCTpOEHHYIO Ha OCHOBE U3MEHEHHUS IO PaNYCy
3eMiu CKOPOCTEN pacpoCTpaHeHus MPOJOJIbHBIX Vp 1 nonepeunsix Vs celicMuye-
CKUX BOJIH (puc. 4.4).
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0 2900 6371 h, km
Pucynoxk 4.4

BcrnomMuNM, 4TO MpoAOsbHBIE BOJHBI UMEIOT HAaHOOJBLIYIO CKOpPOCTh Vp U
IPOXOIAT Uuepe3 TBEpble U KUAKUE cpebl. [lomepednpie BOIHBI MPOXOAAT TOJIBKO
yepe3 TBepA0e TEJI0 U 3aTyXaloT B )KUJIKOM U ra3000pa3HoM BemiecTBax. CKOpOCTh
MOTIEPEYHBIX BOJH Vs MEHbIIIE CKOPOCTH MPOJIOJIbHBIX BOJIH.

Ecnu 6b1 HaIa miaHeTa OT MOBEPXHOCTH A0 IEHTpa OblIa ObI OJHOPOIHBIM
TEJIOM, T.€. TUNIOTHOCTh MOBCIOY OblTa ObI TOCTOSTHHOM, TO Ha BCEX TITyOMHAX CKO-
pPOCTh CeCMHUUYECKHX BOJIH Obljia Obl OAMHAKOBON. B neHCTBUTEIBLHOCTH CKOPOCTh
BOJIH, KaK BUJIHO Ha puc. 4.4, ¢ ri1yOMHOI MEHSETCsl CKauKOOOpa3Ho.

CaMblif 3aMeTHBIN CKAa4OK CKOPOCTH CEHMCMHUYECKHUX BOJH HaOIrofaeTcs Ha
riyoune 2900 kM: ckopocTh po1oabHbIX BOMH (Vp) pe3ko magaet ¢ 13,6 km/c 10



8,1 kM/c, ckopocTh momnepedynbix BoiH (Vs) pe3ko CHMKaeTCs W MPHOIIMKaeTCs K
HYyJI0. DTO O3HAYaeT, 4TO IpakThuecku riuyoske 2900 kM momepedHble BOJIHBI HE
MIPOHUKAIOT, 1 MOXKHO IMPEANONIOKHUTh, 4TO Trydske 2900 kM BemiecTBO 3eMiu 06-
JaJaeT CBOMCTBAMU >KHMJIKOTO TeJa.

Pe3koe n3mMeHeHne ckopocTeill CeCMMUYECKUX BOJIH IPOUCXOAUT TAKKE B I10-
BEPXHOCTHOM cJioe 3eMiin 10 TiyOuHbl B cpenneM 41 km: V, Bo3pacrtaet ot 5,0 110
8,0 km/c, Vs ot 1,5 10 4,5 xm/c.

CkaukooOpa3zHoe M3MEHEHUE CKOPOCTEH MPOAOIBbHBIX M MOMEPEUYHBIX BOJH
OTpakaeT CKaukooOpa3HOe U3MEHEHHE IIJIOTHOCTH 3eMHBIX Henp. CkaukooOpa3Hoe
U3MEHEHME IJIOTHOCTH 3€MHBIX HEAP CBUIETENBCTBYET O PACCIOEHHOCTH 3E€MIIM U
CYLIECTBOBaHUM BHYTPHU HEE TPEX 000JI0UYEK WK Teocdep: 3eMHOM KOPBI B CPETHEM
10 TiyouHsl 41 kM, MaHTUU Ha TiyouHax ot 41 10 2900 kM u szipa, HaXOASIIIEerocs
Ha riyonHax cBbiie 2900 KM OT HOBEPXHOCTH 3E€MJIH.

Brinensiem reocdepsl v ciion Ha rpaduke o TOYKaM CKauKoOOpa3HbIX H3Me-
HCHHUU CKOPOCTEH M OIyCTUM TEPIIEHANKYIISAPBI Ha och mryouH h (puc. 4.5).
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Pucynok 4.5

Oébo3nauaem crou: A, B, C,D, E, F, G.

[ToBepXHOCTHBIN CJIOM — 3eMHas Kopa, MojaydaeT 0003HaueHue A.

B ManTuu BeIZIETIIEM BEPXHIOIO — ciiok B, cpeHioro ManTHio — ciioi C ¥ HUXK-
HIOI0 MaHTHIO — cJioii D.

B sinpe Boizensiem BHenHee siapo — ciior E, BHyTpeHHee sapo — G, u nepe-
XOJHBIN CJIOM OT BHELIHETO K BHYTPEHHEMY AApY — ciion F.



[To xapakTepy M3MEHEHUSI CKOPOCTEN PACIPOCTPAHEHUS MPOJOIABHBIX U T0-
MIEPEYHBIX BOJIH 0e1deM 6bl800 0 AzZPe2amnoM COCHOAHUU C/10€8 — BHEIIHEE SIIPO
KUIKOE.

OmnpenensieM epanuubl 2iyoun ceocghep u cioes.

OnpenensaeM monuwuny éHympeHHux zeocghep u cinoeg 3emau. [Ins 3toro
BBIYMCIISIEM PAa3HOCTh IIIyOMH BHEIIHEW W BHYTPEHHEH TI'PAaHULBI KaKJIOTO CIOS.
Hanpumep, 1 cnos A: 41 - 0 =41 (xkm).

Bbruncisiem TONIIMHY Ka)KI0TO CJI0sl B IMPOLEHTax K paauycy 3emud. s
cios A: 100% -41/6371=0,6%.

Beruucisiem 00vem e6nympennux zeocgpep u cioee. B nanom cirydae 3emis,
KOTOPYIO B HEKOTOPOM NPHUOJIMKEHUU MOKHO CUUTATH IIAPOM, IPEJICTABIIAET COOOM
BHyTpeHHee sapo G (map) mokpeITeiid ooonoukamu F, E, D, C, B, A.

O6nem mapa serurcuM 1o Gopmyne V=4/3nR3, a 06bem 06onouek Haiigem
KaK pa3HOCTb 00bEMOB COOTBETCTBYIOLIUX LIAPOB.

Jliis BeIunciaeHus o0beMOB reocep U CI0EB HalieM IPOMEXYTOUHBIE JaH-
HBIE: paouycol 6epxHeil ROBEPXHOCMU /105 V1 00beMbl, 02PAHUYEHHbLE IMUMU PA-
ouycamu.

Jlist BeuMciieHus o0bema ciost A HaijaeM 00beM Iapa paauyca, COOTBET-
CTBYIOIIIETO €r0 BEpXHEH MOBEPXHOCTH (T.€. 00beM Beeld 3emin), 1 00beM 1apa pa-
Jyca, COOTBETCTBYIOIIETO HUKHEW MOBEPXHOCTH ciosi A. PasHOCTb HalJAEHHBIX
00BEMOB coCTaBUT 00beM citost A: 1083,2 - 1062,4 = 20,8-10° (km®).

3areM HaiizieM 00beMBI BHYTPEHHUX reocep U cloeB 3eMin B KM U %.



Ta6nuna 4.1 Pacdernas Tabnuia a1 HAX0XJAEHNUS 00BEMOB BHYTPEHHHUX reocdep 1 cIoeB 3eMiIu

T'eocghepa| Cnou | Aepezam- I'panuya | Tonwuna cnos | Paouyc eepxneit | Obvem, ozpanuuennolii pa- Oobvem cnosa
Hoe cocmo- | 2yOuHbl, Km nosepxnocmu | OUycom éepxmeil RO6epxHo-
AHuUe o %, R3 cnos, km cmu cnos, 10° kw® 10% xad %, V3
Kopa A TBepabrit 0-41 41 0,6 6371 4/3w-6,3713=1083,3 1083,2-1062,4=20,8 1,9
ManTtus B Trepprii 41 — 350 309 4,9 6371-41=6330 4/37-6,33°=1062,4 1062,4-914,3=148,1 13,7
C TBepprii 350 - 850 500 7,8 6371-350=6021 4/31-6,0213=914,3 914,3- 704,9=209,4 19,3
D Teepmerit | 850 —2900 | 2050 | 32,2 6371-850=5521 4/31-5,5213=704,9 704,8- 175,2=529,7 48,9
Best ManTus 41 — 2900 2859 449 1062,4-175,2=887,2 81,9
Snpo E Teepaprit | 2900 — 4980 | 2080 | 32,7 | 6371-2900=3471 4/31-3,4713=175,2 175,2- 11,3=163,9 15,1
F ITepexonnunbiii| 4980 — 5120 | 140 2,2 6371-4980=1391 4/37-1,391%=11,3 11,3-8,2=3,1 0,3
G Kunxuit | 5120 — 6371 | 1251 19,6 | 6371-5120=1251 4/37-1,2513=8,2 8,2 0,8
Bce siapo 2900 -6371| 3471 | 54,5 175,2 16,2
Best 3emuin 0-6371 6371 | 100.0 1083,2 100,0
Tabnuua 4.2 Mopdomerprudeckue XapakTepUCTUKH BHYTPEHHHUX Teocdep 1 cioeB 3eMiu
T'eocghepa Cnou Azpezamnoe cocmosanue I'panuya enyounsi, km Tonwuna cnos Oobvem cnosn
Km % R3 109, km %, V3
Kopa A TBep bt 0-41 41 0,6 20,8 1,9
MaHTHUSA B TBepabiii 41-350 309 49 148,1 13,7
C TBepabiit 350-850 500 7,8 209,4 19,3
D TBepabiit 850-2900 2050 32,2 529,7 48,9
Bces manTHs 41-2900 2859 449 887,2 81,9
SATIPO E TBepabiii 2900-4980 2080 32,7 163,9 15,1
F [TepexoaHbIH 4980-5120 140 2,2 3,1 0,3
G Kuaxuii 5120-6371 1251 19,6 8,2 0,8
Bce sapo 2900-6371 3471 54,5 175,2 16,2
Bes 3emus 0-6371 6371 100.0 1083,2 100,0




JlenaeM evt600ui.

W3 BHyTpeHHNUX reocdep HanOOIBITYIO TOJNIUHY UMEET SIPO: €r0 PAANYC CO-
crapysieT 3471 km, unu 54,5 % ot paauyca 3emin. 3HaYUTENIbHA TOJNIIMHA MAaHTUH
— 2859 xm mmm 44,9 % R3. Camoii ToHKO# siBiisieTcst 3eMHas kopa — 41 km wm 0,6 %
Rs.

N3 cnoeB 3eMutn HanOoJIbIIed ToamuHON 00anarot ciou D u E, T.e. HIKHAS
MaHTUsA 1 BHemHee a1po — 2050 km mimm 32,2% Rz u 2080 kM nimm 32,7% Rz coot-
BeTCTBEHHO. CaMbIM TOHKHUM, €CJIM HE IPUHUMATh BO BHUMaHUE CIIOM A (3€MHYIO
KOpY), SBJISIETCA MEPEXOHbIN cioil F — oT BHemIHero Kk BHyTpeHHeMY snpy. Ton-
muHa ciaosa F cocraBiser 140 xm mnu 2,2 % Ra.

O6beM 3emiu coctasisier 1083,2-10° kv®.

N3 BHyTpeHHHX Treochep HamOOIBIIUKA O00BEM HMEET MaHTUA —
887,2-10° km®, uto cocrasnser 81,9 % or o6beMa Beeii 3emiun. SIapo umeeT cpas-
HUTEIbHO HeOombInoil 0obemM — 175,2-10° km® wmn 16,2 % V3. Camoii mManoii 1o
00beMy sBisieTcs 3emHas kopa — 20,8 -10° kv mimm 1,9 % V3.

N3 cnoeB 3emin HauOONBIINI 00beM HMeeT clioil D (HUXKHSIST MaHTuUs) —
529,7-10° xm® nmm 48,9 % V3. Haumensmuii o6beM uMeeT cioii F (epexoHblii
CJIOM OT BHEIIHETO Aapa K BHyTpeHHeMy) — 3,1-10° kv unm 0,3 % V3.

Copepxanue oruera
Otuetr odopmisieTcsi B COOTBETCTBUU C TPEOOBAHUSIMHU, NMPUBEICHHBIMHU B
[Tpunoxxenuu A.

I'eo- Cnoii | ArperatHoe co- ['panuna riy- Tonmuna cios O6beM crost

cepa CTOSIHHE OMHBI, KM KM % R 10°. | %, V;
KM®

Kopa

MaHTUA

Bcest manTus
SIIPO

Bce sampo

Bces 3emusa

KoHTpoJibHBIE BONIPOCHI

1. Kakum oOpa3zoM morydaroT HHGOPMAIIHIO O TITyOMHHOM CTPOEHUHU 3eMin?

2. Uto uzydaet cericMomorus?

3. Uro Takoe ynpyras BojiHa?

4. Yto Takoe Mpo0JIbHbIE U MONEPEUHbIe BOJHBI? B Kakux cpegax oHu pac-
IPOCTPAHSIOTCS?



Yka3zaHus Mo TeXHUKe 0e30MacHOCTH

K BeImosHeHn0 1a00paTOpHBIX padOT MOMYCKAIOTCS CTYICHTHI, 03HAKOMHUB-
HIrecs ¢ mpaBuUiaMu paboThI B 1a00paTOPUH, MPOMIEAIINE HHCTPYKTAXK O€301MacHO-
cTH (cM. IpuiioxkeHue b).



JIABOPATOPHAS PABOTA NeS.
N3yyenne cocTaBasgiOMUX HOPMAJILHOI0 IPABUTAIMOHHOIO 101 3eMJIH

Ieap padoTbl. O3HAKOMUTBCA C OCHOBAMH TEOPUHU M COCTABIISIIOLIUMU
HOPMAaJIbHOI'O TPABUTAIMOHHOTO noJisA 3emid. [IponsBectn pacdyeT cocraBiis-
IOLX HOPMAJIBHOT'O IPABUTALMOHHOTO TIOJIA.

Teoperuueckasi yacThb

I'pasumayusa (ot nat. gravitas — «TSHKECThY) — YHUBEpcallbHOE (DyH1aMeH-
TaJbHOE B3aUMOJICHCTBIE MEXKIY BCEMH MaTePUATbHBIMU TEIAMH.

B pamkax kiaccu4eckoil MEXaHUKHU IPaBUTAIMOHHOE MPUTSKEHUE ONTUCHIBA-
€TCS1 3aKOHOM BCEMHUPHOTO TATOTeHUs HhI0TOHA, KOTOPBIH TJIACUT, UTO CHJIA TPaBH-
TAIIMOHHOTO MPHUTSHKCHHS MEXKIY ABYMS MaTePHATbHBIMA TOYKAMU MAacChl My 1 My,
pa3faenéHHBIMHA PACCTOSIHUEM I, MPOTOPIIOHATBHA 00EHM MaccaM B 0OpaTHO TPo-
MOPIIMOHANIbHA KBAJPATy PACCTOSIHUS — TO €CTh:

F=gM

2

r
3neck G — rpaBUTALIMOHHAS TOCTOSHHAS, PaBHAs pUMEPHO 6,67-1071! M3/(kr-c?).

Cuna maxycecmu — cuna, IeNCTBYIONIAs HA JIF0O0E MaTepuaIbHOE TEJO, HAX0-
Jsieecst BOJIM3U MOBEPXHOCTH 3eMJIH UJIH APYTOoro aCTPOHOMUYECKOTO Tea.

Cwuna TsH)KeCTH Ha MMOBEPXHOCTH TIaHEThI CKJIAIbIBACTCS U3 TPABUTAIMOHHOTO
MPUTSHKEHUS TIIAHETHl U IIEHTPOOEKHOW CHJIbI MHEPIIUHU, BBI3BAHHOW CYTOYHBIM
BpAIllCHUEM TIaHETHI.

Yckopenue, coobIaeMoe Teqy CHIIONW TSIKECTHU, HA3bIBACTCS YCKOpeHUuem
C80000H020 naoeHus.

OnHOM U3 OCHOBHBIX XapAaKTEPUCTUK TPABUTAIMOHHOIO MOJIS SIBJISIETCS €r0
HANPAHCEHHOCMb UIIA COOTBETCTBYIOIIAS €/ BEJITUYMHA YCKOPEHUS CUJIBI TSKECTH.

Hanpsasicénnocmo 2pagumayuonno20 noas — BEKTOPHAs BEJIMUWHA, Xapak-
TepHU3yIolIasi FPaBUTALIMOHHOE OJI€ B JAHHOM TOYKE M YMCIEHHO PaBHAsl OTHOIIIE-
HUIO CUJIbI TATOTEHHUS, JEUCTBYIOIIEH HA TEJO, ITIOMEMEHHOE B JAHHYIO TOUKY IOJIS,
K TPAaBUTAIIMOHHOM Macce 3TOTO Tejia, TO3TOMY HMEIOIIEe Pa3MEPHOCTh YCKOPEHUS
CBOOO/IHOTO TMaJICHUS

9=Ggi (5.1)
r
rae Mz — macca 3eMIIu.



Pucynok 5.1 — CocTaBJIsioIIye CHIbl TSKECTH Ha TIOBEPXHOCTH 3eMIIH
f, — cua rpaBUTAIIMOHHOTO NPUTSDKEHUs; T, — meHTpoOexkHas cuia;
f,, — cuna TsKecTH

Homenyuan cunvt mayxycecmu — cxansipHasi BEIMYMHA, TPAJUEHT KOTOPOH

PaBEeH HANPSKEHHOCTH WM YCKOPEHHIO CBOOOAHOTO MaJCHUs B JAHHOM CIIydae:
U=G E (5.2)
r

OOpaTuM BHHMaHHE Ha TO, YTO M YCKOPEHHE CHJIbI TSDKECTH, U TOTEHIHAI
I'PaBUTALMOHHOTO TIOJISI 3aBHUCAT OT I, T.€. €M I' OMHICHIBACT MMOBEPXHOCTH 3eMIIH,
TO hueypa 3emau u epasumayuoHHoe noe Ha e€ NOGePXHOCHIU 63AUMOCEA3AHbL.

Y CI0BHO rpaBUTAIIMOHHOE 110JI€ MOXKHO Pa3/IeIUTh HA COCTABIISIOLIME:

g=0o+ 2 9. (5.3)
r7ie go — r1aBHOE (HOPMaJIbHOE) YCKOPEHUE CUIIBI TSKECTH;

OJ — rpaBUTAMOHHBIC aHOMAJIHK (BO3MYIIEHUS), CBSI3aHHBIC C TUIOTHOCT-
HBIMH HEOJTHOPOIHOCTSIMHU B HEAPax 3eMIIH.

B 3aBucumocTy 0T pazmMepoB U TITyOWHBI 3aJieTaHus TUIOTHOCTHBIX HEOTHO-
POMHOCTEH TPAaBUTAIIMOHHBIE aHOMAJIMA MOTYT OBITh IJIAHETAPHBIMH, BEI3BAHHBIMH
JaTepabHOM TIIOTHOCTHOW M3MEHYMBOCTHIO MAHTHH, U PETHOHATILHBIMU U JIOKAJTh-
HBIMH, CBSI3aHHBIMU C TUIOTHOCTHOM HEOJAHOPOIHOCTHIO 36MHOM KOPBI.

Hopmanvnoe cpasumayuonnoe noje BKIIOYAET:

a) BIUsIHUE Macc 3eMJIM C IJIOTHOCTBIO, 3aBUCSIIECH TOJIBKO OT paauyca, I;

0) addexT cxaTusa 3emiu;

B) BKJIaJ] IICHTPOOEKHOTO YCKOPEHHSI.



[Tocnennue nBa r3dexra 00yCIOBICHBI BpalllEHHEM 3€MIIH: [IEHTPOOEKHOE
YCKOpPEHHUE — HEMOCPEACTBEHHO, a CXKAaTHe — KaK pe3yJbTaT Mpucrnocodsenus ¢u-
Typbl 3eMJIM K JUTMTEIbHOMY BpallleHuI0. B 3ToM nponecce BemecTBO 3eMIIH BEAET
ce0s Kak BfA3Kas JKUIKOCTh. PaBHOBecHas (urypa 3emim COOTBETCTBYET (QUTYpeE
BpAIllCHHUs KUIKOU TUTAHETHI.

[lenTpobexHOE 3HAYMTEIHLHO MEHBIIIE TI0 BEIMYMHE, YeM YCKOPEHHUE TPaBH-
TAIMOHHOTO MPUTSKEHHSI, UX COOTHOIICHHE HA YKBATOPE COCTABIISIET

t
g :L: 3, 45 '10_3. (54)
f,
f,=ma, (5.5)
2 2
a=wp=w R cosg (5.6)

rne  f, — cuna rpaBuTanmonHoTO NpUTSHKEHMS, f, — IEHTpOOEKHAs cuia; a, — [IeH-

TPOOEKHOE YCKOPEHHE, p — paINyC BpaIlleHUs; ( — YITIOBask CKOPOCTh BpallleHus,

o = 2n/T, T — Bpems ogHoro obopota 3emiu 86164,1 ¢, ¢ —mupota, R — pamuyc
3

3emin.
B 1971 r. MexnyHapoaHBIM COI030M T€0(M3UKHN U T€0Ie3UN ObLTa PEKOMEH-

JIOBaHa CIIeAyIoUIas ¢popmyna 01 bI4UCIEHUA HOPMATbHO20 3HAYUEHUA YCKope-

HUs CUIbl MAIICECMU.
— J,10OVOLO\ LT UV.VUUIOIULADIII — UV.UUUUUIIDII I, L
Yo— I . e 2<% (5.7)

rie (¢ — reorpadguyeckas mmpoTa.

Kak BumHO 13 hopmMysibl, HOpMaIbHOE YCKOPEHUE CHIIBI TSHKECTH HE 3aBUCUT
OT JOJTOTHI U YBEIIMYMBAETCS OT dKBaTOpa K moitocam. [lociennee cBsizaHO Kak ¢
YMEHBIIIEHUEM PACCTOSHUSA JI0 IIEHTPa 3€MJIM, TaK U C YMEHBIIIEHUEM IIEHTPOOEK-
HOTO yCKOpeHUs. B 11emom, ypaBHEHHE ONMMCHIBAET TPaBUTAIMOHHOE TOJIE Ha T0-
BEPXHOCTH Bpaliaromerocs chepoua co ckaTueM o.

OTktoHeHUsT HA0JIFOTaeMbIX (MJIM BHIYMCIICHHBIX ) 3HAUCHU YCKOPEHUS CHITBI
TSOKECTH OT HOPMAJTbHBIX HA3bIBAIOT aHomanuamu Ag . AHomanuu 00yCIOBIICHbI

MJIOTHOCTHBIMU HEOJTHOPOIHOCTSAMH B 3emiie. OHU CO37at0T HEOOIbIITNE OTKJIOHE-
HUSI YPOBEHHOM MOBEPXHOCTHU TPABUTAIMOHHOTO MOTEHIIMAIA OT 3€MHOTO 3JIJTUIICO-
WJia, peBpalias ero B reouI.

O6opynoBanne U MaTepUAJIbI
PaboTa BBIMOTHAETCS B KOMITBIOTEPHOM KJIacCe C JOCTYIIOM K ceTh MIHTepHeT.

HcxoaHble JaHHBIE
Bapuant 1 2 3 4 5 6 7 8 9 10
HauansHoe 3HaueHue @, ° 90| -89 | -88|-87 (-8 -8 |-84 -9 | -89 | -88
[ar Ag, ° 3 4 5 6 3 4 5 6 3 4




Bapuant 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20

HauanpHoe 3HaueHue @, ° -87 |1 -8 | -8 | -84 | -9 | -8 | -8 | -87]| -8 | -85

[lar Ao, ° 5 6 3 4 5 6 3 4 5 6

Bapuaut 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30

HauanpHoe 3HaueHue @, ° -84 1-90|-89|-8|-87 (-8 |-8|-84 | -9 [ -89

Hlar Ag, ° 3 4 5 6 3 4 5 6 7 8
3agaHue

[TOCTPOUTH 'PA®UKU U3MEHEHI S HOPMAJIBHOI'O 3HAUYEHM A
YCKOPEHUSA CUJIbI TSDKECTU M LHEHTPOBEXXHOI'O YCKOPEHUS OT
HINPOTEBI.

1.  3apaiire B Tabmuiie 5.1 3HaUYEHUS MIUPOTHI B COOTBETCTBHUH C BapHaH-
ToM B uHTEpBase ot -90° mo 90°.

Hamnpumep, nist BapuanTa 1, ucnosb3yiite 3HaueHus mupotsl -90°, -87°, -84°,
-81° u Tak manee mo 90°.

Jlist BapraHT 2, MCTIONMB3YHTE 3HaUCeHUS mUpoThl -89°, -85°, -81° u Tak manee
o 87°.

2.  Hcnonw3ys popMyiy JiIsl BBIYUCIEHUS HOPMAIbHOTIO 3HAaYEHUSI YCKO-
peHust cuiibl TsKecTH (5.7) paccunTaiite 3HaUeHHS (o.
3. Ucnons3ys popmyny (5.6) paccunrtaiite 3HaU€HUS LIEHTPOOEIKHOTO

YCKOPEHHS .

4, [TocTpoiiTe rpaduky 3aBUCUMOCTH o U a, OT IIUPOTHI (0Opaser
odopmiteHHS Ha puC. 5.20.

5. Crnenaiite BBIBOJ O 3aKOHOMEPHOCTHU U3MEPEHUS Jo U @ OT LIUPOTHI IPH
YAAQJIEHUU OT 3KBATOpA.

Tabmura 5.1

[Tupoma @, ° Hopmanvhoe 3nauenue yckopenus Henmpobescnoe yckopenue
cunvt maxcecmu o, M/c? a,, m/c?




@, ° g9 wic? a, we?
5 él,?EDSIE 0,03:33???55 HopmanbHoe 3HauyeHue ycKopeHuA
5| 9,780710189| 0,033748834 CHJIbl TARKECTH
10| 9,781874995| 0,033363076 5,84
15| 9,783777479| 0,032723399 LT 5,83 L
20 9,786360527| 0,031834677 Yo o8 .’
25| 9,789546505| 0,030703674 %, . os1 .*
30| 9,793235512| 0,029338397 E“ . o .°
35| 9,797328187| 0,027751033 ] . : i
40| 5,801688991| 0,025951866 .. .9-?9 o°
45| 5,806189875| 0,023955191 59¥mee®
50| 5,810694239| 0,021776201 577
55| 9,815065064| 0,019431482 -100 -50 0 50 100
60| 9,819165091| 0,016938878 WupoTa @, *

65| 9,822880929

0,014317358

70| 9,826086947

0,011586875

75| 9,828688827

0,008768208

LienTpobexHoe yckopeHue

80| 9,830606663| 0,005882811 oo
85| 9,83178149| 0,002952641 X L1 LT
90| 9,832177158| 2,07526E-18 L oo e
-5| 9,780710189| 0,03374884 w o 0,025 ‘e
-10| 9,781874995| 0,033363076 3 o 0,02 ®
-15| 9,783777479| 0,032723399 s . 0,015 -
-20| 9,786360527| 0,031834677 . 0.01 .
-25| 9,789546505| 0,030703674 . 0,005 .
-30| 9,793239512| 0,029338997 L’ . ‘.
-35| 9,797328187| 0,027751033 100 0 0 50 100
-40| 9,801688991| 0,025951866 Wupora @, ©
-45| 9,806189375| 0,023955191
a o

Pucynok 5.2

Copepxanue oruera
OTtueT oopMIISIETCS B COOTBETCTBUU C TPEOOBAHUSIMU, TPUBEICHHBIMU B
MPUJIOKEHUH A.

KonTpoabHbIe BONpoChI

1. UYTto Takoe rpaBUTalMs U KAKUE TEOPUH €€ ONUCHIBAOT?

2. [Touemy HECMOTps Ha TO, UTO TPABUTALIUS CaMOe C1aboe B3anuMO,1eH -
CTBUE OHO SIBJIICTCS OJJHUM U3 BOXKHEUIIINX ?

3. Cuna TSXKECTH ¥ rpaBUTALMOHHOE MOJIE — YTO OOIIEro U B UeM OTJIHU-
qyue?

4. V3 yero CkJaapIBaeTCsl HOpPMAJIBHOE TPaBUTAIIMOHHOE T0J1e?

5. Uewm o0ycrioBieHbI c:kaTe 3eMIIH U IEHTPOOEKHOE YCKOPEHHUE?

6. Kak BRIYMCIISIOT HOpMAbHOE 3HAYEHUE YCKOPEHUS CUITBI TSXKECTH?

7. Kax cootHOCSTCS MeX Ty COOOW BETMIMHBI CUITBI PUTSKEHUS U TICH-
TPOOEIKHOM CHITBI?



Yka3zaHus Mo TeXHUKe 0e30MacHOCTH

K BeImosHeHn0 1a00paTOpHBIX padOT MOMYCKAIOTCS CTYICHTHI, 03HAKOMHUB-
HIrecs ¢ mpaBuUiaMu paboThI B 1a00paTOPUH, MPOMIEAIINE HHCTPYKTAXK O€301MacHO-
cTH (cM. IpuiioxkeHue b).



JIABOPATOPHAS PABOTA Ne6.
HN3y4yenue pacnpeneneHus Tenja0pu3nYeCKUX MapaMeTpoB JUTOC(Hepbl

Heab padoTbl. O3HAKOMUTCS € paclpeAesICHUEM TEMIIEPATYP BHYTPH 3EMIIH.
PaccuuTath Ternodusnueckue napaMmeTpbl 3eMHON Kophl. [locTpouTs rpaduku u3-
MEHEHUs TeMIIepaTyp BHYTPH KOHTHHEHTAILHOW M OKEAaHUYECKOM JTUTOC(EPHI.

Teoperuyeckasi 4acThb

TemoBoe nosie 3emiid GOPMUPYETCS 3 CYET PA3IUYHBIX UCTOYHUKOB TEIIa,
€ro NepeHoca U nepepacipeesieHus.

HcTtounnkamu Teria ciy>KaT BHYTpEHHUE (HJAOTEHHbIC) TITyOUHHBIEC TEIJIO0-
BbIE MPOIECCHl U COJIHEUHAas HHeprus (dk3oreHHbie). [lepeHoc u nepepacnpezene-
HUE TEIJla B 36€MHOM KOPE OCYIIECTBISECTCS MOJEKYJSPHON TEIUIONPOBOJHOCTHIO
TOPHBIX OPOJ, KOHBEKIIUEN U U3TyUYCHHUEM.

Ha rmy6unax cBbimie 10 kM HanOOIBIIYIO POJIb B TEIJIONEPEHOCE UTPAIOT U3-
Jy4eHUE HArpeToro BElIEeCTBa HEApP U KOHBEKIHUS. V3MepseMbIMU NapaMeTpaMu
TEIJIOBOTO TOJISI 3€MJIU SIBJISIIOTCS TEMIIEpaTypa TOPHBIX MOPOJI, MPUPALIEHUE €€ C
rIIyOMHON Y TEIJIONPOBOIHOCTb.

HaunGonee MOIIHBIMU BHYTPU3EMHBIMHU SHEPTETUUECKUMU MIPOIIECCAMU SIBIIS-
I0TCS: TIPOIIECC TpaBUTAIMOHHON MudPepeHnnanm 3eMHOTO BEIIECTBA MO MII0THO-
CTH, POLIECC pacliajia paAuOaKTUBHBIX AJIEMEHTOB U MPOIIECC MPUIMBHOTO B3aUMO-
nevictus JIyHel ¢ 3emiieil. BiusiHneM oCTalbHBIX HCTOYHUKOB SHEPTUM HA TEIIIO-
BOE COCTOSTHME 3eMJIM MOHO MpeHeOpeub. He oka3piBaeT Ha BHYTPEHHIOIO dHEpre-
TUKY Halllel MIaHEeThl U CKOJIbKO-HUOY 1b CYIIIECTBEHHOTO BJIMSHUS TEMJIOBOM MOTOK
COJIHEYHOT'O M3JIYyYEHUs, TaK KaK OH aKTUBHO BIIUSET JIUIIb HA IPOSIBJIEHUE: TIPOLIEC-
COB — BBIBETPUBAHUE MOPOJ], IOBEPXHOCTHBIN MEPEHOC MPOIYKTOB UX pa3pylICHUs,
OCa/IKOHAKOIICHHUE U T.1.

K temnodusnueckuM CBOMCTBaM TOPHBIX MOPOJI OTHOCSITCS: MENI0RPOBOO-
HOCMb /., XapaKTepU3yIolas CBOMCTBA Cpebl NIEpe/iaBaTh TEIJIO; Men10eMKOCHb
¢, T.€. KOJJMYECTBO TeIlIa, HEOOX0aUMoe JJisi HarpeBaHus 1 kr BemectBa Ha 1 °C, u
memnepamyponpoeoonocms A, XapakTepusyrollas CKOpoCTb U3BMEHEHHUsI TeMITepa-
TYpbI [PY MOTJIOIIEHUH WA OTAA4M TeIia BEIIECTBOM.

Pasznuuaror 06beMHy10 (Cos) M YACTBHYIO (C) TEIIOEMKOCTH.

C06 = O0¢, (61)
e O — INIOTHOCTH TOPHOI TIOPOIBI KI/M°,

B mexnynapoanoit cucreme enunui; CHU oo6bemuas termnoeMkocTsb C,s IMEET
pasmepnocts JIx/(M3-K), a ynensnas ¢ — Jx/(xkr-K). TermnoeMKocTh TOPHBIX MOPO/
OTJINYAETCS] CPABHUTEIIBHBIM MIOCTOSIHCTBOM U BO3PACTaET C YBEIMYEHUEM BOJIOHA-
CBHIIIIECHHOCTH U TEMIIEPATYPhL.



CkopocCTh nepeaun TeMIrepaTypHbIX KoieOaHuil Xxapakrepusyercs KodPpdu-

LIMEHTOM MmemMnepamyponpoeoonocmu — A (M?/c), IpeacTaBasomuM co00i OTHO-

meHue K03 UIUEeHTa TEMIIOMPOBOTHOCTH A K 00BEMHOM TETNTIOEMKOCTH

A= 11 p.

O6GopynoBanne U MATEPHUAIbI
PaboTa BBINOIHSAETCS B KOMIIBIOTEPHOM KJIacce ¢ JJOCTYIOM K ceTu MuTepHer.

I/ICXOIIHBIC JAHHbIC

(6.2)

Oobonouxa Bapuanm
1 ]2 ]3] 4]5 ] 6| 7|8/ 09]10
4, Br/(Mm°K)
OcanouHbIit 1,20 1,21 (1,22 | 1,23 |1,24 (1,24 | 1,25 |1,20 | 1,21 | 1,22
I'panuTHBIH 35 134 |33 |32 |31 |30 |34 |32 |31 |28
BazanbToBeIil 40 |41 (42 |43 |44 |45 (40 |41 |42 4.3
KontunenramsHas kopa | 1,52 | 1,52 | 1,54 | 155 [ 156 | 1,57 | 158 |159 |16 |1,61
OxeaHnndeckasi Kopa 25 2511252253254 |255|256 257|258 259
o, 103 kr/m®
OcanouHbIit 25 |24 (23 |24 |23 |25 |24 |25 |23 |24
I'panuTHBIH 28 |27 |28 |27 |28 |28 |27 |28 |27 |28
bazaabToBbIi 30 (31 (32 |30 |31 (32 |30 |31 |32 |30
¢, 103-JIx/(xr-K)
OcagouHbIH 0,9 0,9 0,9 09 |09 0,9 09 |09 0,9 0,9
I'paruTHBIH o8 (08 (08 |08 |08 |08 |08 |08 |08 |08
bazaabToBbIi 09 |09 |09 |09 |09 |09 |09 |09 |09 |09
Oobonouka Bapuarim
11 [ 12 [ 13]14]15] 16| 17 | 18 | 19 | 20
4, Br/(m*K)
OcaouHbIi 123|124 122 (1,20 (1,21 (1,22 {1,23 | 1,24 | 1,25 | 1,20
I'panuTHBIH 29 3,5 3,0 31 |32 3,3 34 |35 3,0 3,1
BbazanbToBEIN 44 |45 (40 |41 (42 |43 |44 |45 |40 |41
KonTunenransnas xopa | 1,62 | 1,63 | 1,64 | 1,65 | 1,66 | 1,67 | 1,68 | 1,69 | 1,7 1,51
OxeaHndeckas Kopa 26 |261 262 263|264 265|266 267|268 |269
o, 103-kr/m3
OcagouHbIH 2,5 2,4 2,3 24 12,3 2,5 24 |25 2,3 24
I'panuTHBIH 2,7 2.8 2,7 2,8 2,7 2,8 2,7 2,8 2,7 2,8
BbazanbToBEINi 3,1 3,2 3,0 31 |32 3,0 31 |32 3,0 3,1
¢, 103-JIx/(xr-K)
OcagouHbIit 09 |09 |09 |09 |09 |09 |09 |09 |09 |09
I'panuTHBIH o8 (08 |08 |08 |08 |08 |08 |08 |08 |08
ba3zaabToBBIiM 09 |09 |09 |09 |09 |09 |09 |09 |09 |09




Oobonouka Bapuam
21 | 22 | 23 [ 24 | 25 | 26 | 27 | 28 | 29 | 30
A, Bt/(Mm-K)
OcanouHbIit 1251120 | 121|122 (123 |1,24 {125 (1,20 |1,21 | 1,22
I'panuTHBIH 35 134 |33 |32 |31 |30 |34 |32 |31 |28
bazaiabToBbIi 40 |41 |42 (43 |44 |45 (40 (41 |42 |43
JIutocdepa:

KOHTHHEHTAIbHAS 155 156 | 157 | 158 | 159 | 1,6 161 (162 | 1,63 | 1,64
OKeaHu4JecKas 27 266|267 268|269 |27 |2,71 272|273 |2,74
o, 10%-kxr/m®
OcanouHbIit 25 (24 (23 |24 |23 |25 |24 |25 |23 |24
['panuTHBIN 2,8 2,7 2,8 2,7 2,8 2,8 2,7 2,8 2,7 2,8
bazaibToBbIi 30 (31 (32 |30 |31 (32 |30 |31 |32 |30
¢, 103 JIx/(kr-K)

OcagoyHbIi 0,9 0,9 0,9 09 |09 0,9 09 |09 0,9 0,9
I'panuTHBIN 0,8 0,8 0,8 0,8 0,8 0,8 0,8 0,8 0,8 0,8
bazaibToBbIi 09 |09 |09 |09 |09 |09 |09 |09 |09 |09

3ananue 1.

BBIUNCJINUTh OBBEMHYIO TEIUIOEMKOCTH C,; u 3HAUEHUE
TEMITEPATYPOITPOBOJIHOCTU 4 JUIS KAYXKJIOT'O CJIOS (OCAJIOYHBIN,
I'PAHUTHBIN, BA3AJIBTOBBIN).

Ucnons3yitte popmynsl 6.1 1 6.2.

Pe3ynbTaThl npecTaBbTe B BUAEC TAOJIUIIBI.

Croit
[Tapametp - - -
OcanouHsbIit I'panuTHbIN bazanbToBBIN
4, Br/(m-K)
o, 10%-kr/™m®

¢, 103 Iix/(xr-K)

Cos Ix/(M%-K)

A, M?/c

3aganue 2.

[HOCTPOUTH I'PAOUKHN N3MEHEHUA TEMIIEPATYPBI 7" HA PA3-
JIMYHBIX TJIYBUHAX z; JJII KOHTUHEHTAJIBHOM 1 OKEAHUYECKON

JINTOCOEPLI.

Hcronb3ysi qaHHBIC CBOETO BapHAHTA BBIYUCIUTE BETUYUHBI TEMIIEpaTyphl T
Ha mryonHax Zi oT 20 mo 50 ¢ marom 10 kM mo smmupudeckum dopmynam B.A.

Mar»aunkoro Jj1s1 KOHTUHEHTAJILHOM:



T = (182 — 0,092 + o,oooz7z3)1ﬁ

| 1 1 1 2,

Y OKCaHMUYECKOH TUTOChEphI 26
T =(20z — 0,05z% + 0,00017z%) """ .

i i i g

[Toctpoiite rpadk U3MEHEHHS TEMIIEPATyp BHYTPU KOHTHHEHTAIBLHOU 1
okeanndeckoi mrocdepsl. [Ipumep rpaduka Ha pucynke 6.1.

Temnepatypa_
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—8— T,°C B KOHTUHEHTarbHOMN —&— T,°C, okeaHn4eckon

Pucynok 6.1 — I3menenune temneparyp
BHYTPHY KOHTHHEHTAJILHON U OKEAHWYECKOM JTUTOChEp

Copep:xanue oTyera

Otuer oopmiisieTcst B COOTBETCTBUH € TPEOOBAHUSIMU, PUBEICHHBIMU B
MIPUJIOKEHUH A.

KonTpoabHbIe BONPOCHI

1. B kakom ciioe 3eMHOM KOpbl CKOPOCTh U3MEHEHUS TEMIIEPATYPHI BhIILIE
U royemy?

2. Kakne Tepmudeckne 30HbI 36MHOW KOPBI BBl 3HAETE?

3. OT yero 3aBUCUT ITyOMHA TPOHUKHOBEHHSI COJTHEUHOU pajiialuy B
3€MHYIO KOpYy?

4. Kakoii BHyTpH3eMHOMN SHEPreTUYECKUI IPOLIECC CUUTAETCS CaMbIM
MOITHBIM?

S. W3 kakuX UCTOUYHUKOB TeTuia (POPMUPYETCS TETIOBOE TM0JIe 3eMIu?



Yka3zaHus Mo TeXHUKe 0e30MacHOCTH

K BeImosHeHn0 1a00paTOpHBIX padOT MOMYCKAIOTCS CTYICHTHI, 03HAKOMHUB-
HIrecs ¢ mpaBuUiaMu paboThI B 1a00paTOPUH, MPOMIEAIINE HHCTPYKTAXK O€301MacHO-
cTH (cM. IpuiioxkeHue b).



JIABOPATOPHAS PABOTA Ne7.
N3yyenne cocTaBagOMUX MATHUTHOIO 110JIA 3eMJIH

Heab padorsl. M3yunts cTpykTypy MarHutHoro mnojisi 3emun. Iloctpouts
rpauK1 U3MEHEHHS COCTABJIIOIIMX MATHUTHOTO MOJISL 3EMJIH.

Teoperuyeckasi 4acThb
MarunutHoe 1nosie 3eMJid WM T€OMAarHUTHOE T0JI€ — MAarHUTHOE T0JIE, TeHe-
pUpyeMoe BHYTPU3EMHBIMU HCTOYHUKaMU. [IpeaMer u3ydeHUs: reomMarHeTu3ma.
[TosiBunocs 4,2 Miap. J€T HA3a.

Och BpalueHus 3efnv " JTIWHWA MATHHTHOCO NONS

. . 4 * .: . - 2
MAarHuTHan oo 3amnu * . ‘ / -
: Cee.apuuﬁ reorpacpuHecuit NOMOG * .=‘ ' -
CeBepHbIA MarHUTHL#A NOMIOC & ) ' “

-
| B N b'b
CdnHeunuii BeTep L S

-
L T — ——

TOKHBIA reorpamM4eckui Nonie |

. IOXHBIA MArHUTHLIA NOMNOG

Bemuan Kopa

__ Makrus
Brewwee agpo
BHyTPoHHe® AP0,

Puc.7.1

CobOcTBEHHOE MarHUTHOE MoJie 3eMJIM (F€OMarHUTHOE T0JIe) MOKHO pasze-
JUTH Ha CJICTYIONTNE OCHOBHBIC COCTABIISIOIIINE:

2/1a6Hoe (0CHOGHOe Ulu HopmaabHoe) noJie — 6onee yeMm Ha 90 % oHO co-
CTOWT U3 TOJISI, UICTOYHUK KOTOPOTO HAXOUTCS BHYTPH 3EMIIH, B )KHJIKOM BHEIITHEM
AJpe;

noie MUpoBvlX AHOMAIUN — PCATTbHBIC CUJIOBBIC JIMHUA MArHUTHOTO ITOJIS
3emutH, XOTsI B CPETHEM U OJTM3KH K CHJIOBBIM JIMHUSM JIATIOJNS, OTIMYAFOTCS OT HUX
MECTHBIMHU HEPETYJIIPHOCTSIMH, CBI3aHHBIMU C HAIMYMEM HaMarHMYEHHBIX TTOPOJI B
KOpE, PaCoOJIOKEHHBIX OJTM3KO K MOBEPXHOCTHU. M3-32 3TOTO B HEKOTOPBIX MECTaxX
HA 36MHOM TOBEPXHOCTH TapaMeTphbl TOJISI CHJIBHO OTIMYAIOTCS OT 3HAYCHUH B
Onm3IeKanmx paioHax, 00pasys Tak Ha3bIBA€MbIE MATHUTHBIE aHOMAJINH;

6HeUHee MAZHUMHOEe noJle — OTIPENIEeTISETCS NICTOYHUKAMH B BUJIE TOKOBBIX
CUCTEM, HAXOSIIIUMUCS 3a MPeeIaMHi 3eMHOM MOBEPXHOCTH U B €€ aTMoc(epe.


https://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BC%D0%BD%D0%B0%D1%8F_%D0%BA%D0%BE%D1%80%D0%B0

OCHOBHBIMHM UCTOYHUKAMM TAKUX ITOJIEH U UX U3MEHEHUH SABIIIOTCS KOPITYCKYJISp-
HbI€ MMOTOKM 3aMarHUY€HHON IJ1a3Mbl, npuxodmue ot CoaHIa BMECTE C COIHEY-
HBIM BETPOM, U (POPMUPYIOIINE CTPYKTYPY U GOpMY 36MHOM MarHUTOCQEPHI.

Habnrogaemoe MarHuTHOE 10JI€ Ha MOBEPXHOCTU 3eMiid 1 SIBIISIETCA CyMMOM
NOJIEW, UMEIOIINX PA3IMYHbIE TPUYUHBI BO3HUKHOBEHUS:

)= Uo+ Ly+ Lo+ O+ 010,
I'ne To — mosie, co3gaBaeMoe OAHOPOJHOM HAMATHMYEHHOCTBHIO 3EMHOrO I1apa,
Ha3bIBAEMOE JUIIOJIBHBIM;

T, — HEIUIOJIBHOE T10JI€, HA3BIBAEMOE I10JIEM MUPOBBIX MarHUTHBIX aHOMA-
JIMU;

T, — moJie TOKaJIbHBIX M PETMOHAJIBHBIX MArHUTHBIX aHOMaJINi, 00yCIIOBJIEH-
HBIX HEOJHOPOJIHOM HAMarHM4YE€HHOCTBIO BEPXHUX CJIOEB 36MHON KOPBI;

T, — none, 00yCIOBICHHOE BHEIIHUMHU IPUUHMHAMMU;

0T — Bapyaluu MarHUTHOTO T0JIS BO BPEMEHH.

Cymma nonieit 7o+7),, 00pa3yeT riiaBHoe nosie, a cymmy noneut To+7,+7, ya-
CTO Ha3bIBAIOT HOPMAJILHBIM OJIEM 3EMJIH.

MarauTtHoe 1nosie 3eMJIM B KaXJI0H TOUYKE IPOCTPAHCTBA XapaKTEPU3YETCS
BEKTOPOM HAaNpsDKEHHOCTU 7, HaIpaBlI€HUE KOTOPOTO OIPEHEISETCS TpeMs
cocrapisitouimMu - X, Y, Z (CeBepHOM, BOCTOYHOM UM BEPTUKAJIBHON) B
NPSIMOYTOJILHOM cucTeMe KoopauHaT (puc. 7.1) miam Tpems siaemeHTamMu 3eMid -
TOPU30HTAJIBHON COCTABIISIIOLIEH HAINPSKEHHOCTH /1, MarHUTHBIM CKJIOHEHHeM D
(yron mexny H ¥ TIOCKOCThIO reorpaduueckoro MepuauaHa) U MarHUTHBIM
HaksioHeHueM | (yron mexay 7' U TUIOCKOCThIO TOPU30HTA).

' 4

H
X y 4
D
| Y
~< T
T

Puc. 7.1 — CocraBngrone MarauTHOT'O IO 3EMIIN



MarnutHoe noJie 3eMJId HE OCTAaeTCsl MOCTOSTHHBIM, OHO HCIIBITBIBAET ME[-
JICHHBIC N3MCHCHHUS BO BPEMCHH (TaK Ha3bIBacMbIC 8eKkosbie sapuayuit). | eOMaraur-
HOE moje GopMHUPYETCS 3eMHBIM apoM. OHO COCTOUT U3 JBYX YacTeH: BHYTPCH-
HETO S/Ipa ¥ BHEITHETO. DTH YacTH 00J1aAal0T Pa3IMYHOM MIIOTHOCTHIO, TEMIIEpaTy-
pOil, CKOPOCTBIO BpallleHUsI U APYTMMHU cBoiicTBaMH. MIMeHHO Onarojapsi 3ToMy
dbopmupyeTcst cusioBoe moJie mianersl. OaHako B riyOuHe 3eMIIM MOTYT MPOUCXO-
JIUTHh Pa3JIMYHbIE MPOLECCHI, BIUSIONIME HA BCE SBJICHUS M CBOMCTBA IUIAHETBHI.
HIMeHHO u3-3a HUX U MIPOUCXOAUT OcaabiieHne MarHUTHOTO TI0JIsl, @ 3aT€M €T0 CMe-
nienue. Kpome toro, yepe3 40CTaTOYHO OOJIbIINE HHTEPBAJIbl BPEMEHH MOTYT MPO-
HCXOJWUTh U3MEHEHUS PACIIOI0KEHHUSI MATHUTHBIX MMOJIOCOB HA MPOTUBOIOI0XKHBIE
(unsepcuu).

Oo6opynoBanne 1 MaTepuaJbl
PaboTa BBIMOTHAETCS B KOMITBIOTEPHOM KJIacce ¢ JOCTYIIOM K ceTu MHTepHeT.

HcxoaHble JaHHBIE

Bapuant 1 2 3 4 5 6 7 8 9 10
Bocrounas 0 10 20 30 40 50 60 70 80 90
JIoJaroTa, °

[Hupora -70 -65 -60 -55 -50 -45 -40 -35 -30 -25
Bapuant 11 12 13 14 15 16 17 18 19 20

Bocrounas | 100 110 120 130 140 150 160 170 180 190
JloJaroTa, °

[Hupora -20 -15 -10 -5 0 5 10 15 20 25

Bapuant 21 22 23 24 25 26 27 28 29 30

Bocrounas | 200 210 220 230 240 250 260 270 280 290
JloJaroTa, °

Hupora 30 35 40 45 50 55 60 65 70 75

3aganue

I[TOCTPOUTH T'PAOUKN MU3MEHEHUA COCTABJIAIOIINX MAI-
HUTHOI'O ITIOJIA 3EMJIN 1J14 3AJAHHBIX TTAPAJUIEJIA U MEPUJITNAHA.

HcxonHble 1aHHBIE U BBIMIOJTHEHHBIEC PACYETHI 3aHOCUM B Ta6JII/IHy 7.2

1.  C momombto caiira http://serv.izmiran.ru/webff/igrf-13gm.html momy-
YyaeM 3HauY€HUs MOJIS 3a TEKYIIUN ToJ ¥ 3aHOCUM B Tabmuiry 7.1.

2. [TocTpouTs rpaduky M3MEHEHUH COCTABIISIONIMX BJIOJIb MMapajuiesy U
MepHUAraHa.


http://serv.izmiran.ru/webff/igrf-13gm.html

Tabmura 7.1

Bocrounas noi- [uporta, ° X vTn Y,uTn | Z,uTn | T,uTn | D, ° I°
rora, °

Copepxanue oryera
Otuer odopmisieTcs B COOTBETCTBUU C TPEeOOBAHUSIMH, MPUBEICHHBIMU B

IIPUIIOKEHUH A.

KoHTpoJibHBIE BONIPOCHI

1.

2.
3.
4

Yto Takoe MarHuTHOE moJie 3emiu?

Yem 000CHOBAaHHO M3MEHEHHE MarHUTHOTO IOJIS C KaXJbIM FOI[OM?
HazoBute COCTaBJAIOIINEC MAarHUTHOTI'O I10JIA 3emau?

HazoBuTe HCTOUHUKM I'€OMarHUTHOTO MOJIS.

Yka3anus no TexHuke 0e30IMacHOCTH

K BbINoOSHEHUIO 1a00paTOPHBIX padOT TOMYCKAKOTCS CTYIEHTHI, 03HAKOMHB-

IIMECs C MpaBUiiaMu pabOThI B Ta00OPATOPUH, MPOIIEANINE HHCTPYKTAXK O€30MacHo-

cTH (cM. mpuiioxkenue b).



JIABOPATOPHAS PABOTA Ne8.
Pacyer a06COJIIOTHOr0 BO3PAacTa rOPHLIX NOPOJ PAANOIOTHYECKHM METOA0OM

Hean paborbl. HayuuThest onpenenste aOCOMIOTHBIN BO3pacT IPEBHUX Mar-
MaTHYECKUX TOPHBIX MOPOJ MO COOTHOIICHUSIM PAJHOAKTUBHBIX U PaJUOTCHHBIX
M30TOTIOB B TIOPOJIE U CJAaralmlinX €e MUHEpaliax, a TAKKE OLIEHUBATh BEPOATHBIN
THUI UCXOJHBIX MarMm 1Mo UHAUKATOPHBIM U30TOMHBIM TapaMeTpaM.

Teoperuyeckasi 4acTh

Panuonoruueckue (s11€pHO-TEOXPOHOJIOTMUECKUE) METOIbI ONPEAEIICHUS a0-
COJIFOTHOT'O BO3pacTa MUHEPAJIOB M TOPHBIX NOPOJ UCIOJB3YIOT COOTHOILIEHUS pa-
JTMOAKTUBHBIX (MATEPUHCKUX, POJUTENBCKUAX) U PAAUOTEHHBIX (JOYEPHUX) U30TO-
1oB. B 0CHOBE JI€KUT 3aKOH PaIMOAKTUBHOIO Paciiajia €CTECTBEHHBIX PAIUOHYKIH-
JIOB U COOTBETCTBYIOIIETO HAKOIUIEHUS JOYEPHUX CTaOMIIBbHBIX HYKIHJ0B. C yde-
TOM BO3MOKHOI'O HAJIMYMSL HEKOTOPOTO HAYAJIBHOTO KOJINYECTBA aTOMOB JIOYEPHETO
M30TOIa B MArM€ B MOMEHT €€ 3aCThIBaHUS, CBS3b MEK/y JOUYEPHUM U MATEPUHCKUM

M30TOIOM 3aIUIIETCs CIETYIOIUM 00pa3oMm:

D = Do+ N (exp*-1), (8.1)
rne Do — HauanbHOE KOJIMYECTBO aTOMOB JOUYEPHErO U30TONa B MUHEpAJE U I0-
poJie B MOMEHT UX 00pa30BaHUS;

D — konu4ecTBO aTOMOB JI0YEPHETr0 U30TOIA B HACTOSIINI MOMEHT BPEMEHU;

N — KOJTM4eCTBO aTOMOB MaTE€PUHCKOIO (POJUTENHCKOI0) U30TOIA B HACTOSI -
IIIUM MOMEHT;

A — MIOCTOSsTHHAS PaIMOAKTUBHOTO paciiaja MaTEPUHCKOTO U30TOMa,

t — aOcoJIIOTHBIN BO3pacT MUHEpasa WM HOPOJIbl, T.€. BpeMs, MPOLIEALIee ¢
MOMEHTa 00pa30BaHus MOPOJbI 10 HACTOSALIETO MOMEHTA.

[Tpu npakTHUECKOM UCIIOJIb30BAHUU 3TOT0 YPaBHEHHUS BCE €0 YJIEHbI HOPMHU-
pPYIOTCS Ha KOJMYECTBO aTOMOB OIPEJEICHHOIO HEpaguOreHHOro (CTaOMIBHOIO)
U30TOMa Jo4yepHero aneMenta Ds, T.e. UCHOIb3yIOTCS He a0COOTHBIE, @ OTHOCH-
TENbHBIC KOJUYECTBA PATUOAKTUBHOTO M paaroreHHOro u3otonoB D/Ds, Do/Ds,
N/Ds.

HauGosnee HafexXHbIE OLIEHKH BO3pacTa MarMaTuyecKon opoabl MOTYT ObITh
MOJIy4eHbl HA OCHOBE TaK Ha3bIBAEMOW M30XpOHHOM Mojenu. Ee mcnonb3oBaHue
MIPaBOMOYHO, €CJHM UCCIeAyeMble 00pa3ibl MOPOAbl UM MUHEPATIOB MOXHO pac-
CMaTpHUBaTh KaK M30TOMHYIO CUCTEMY, YAOBJIECTBOPSIOIIYIO CIEAYIOMIMM JOMYIIe-
HUSIM:

1)  Bce ucciemyeMbie 00pa3Ibl H3y4aeMOU MOPOIBI HITH W3BIICUEHHBIX U3
HEe MUHEPAJIOB KOT€HETUYHBI, T.€. 00pa30BaINCh B OAHOM MPOIECCEe KPUCTALIN3A-
[IMM MarmMel 1 UMEIOT OJJMHAKOBBIN BO3PacT;



2) B MOMEHT CBOETr0 00pa30BaHUs OHU 3aXBAaTHIIM PA3HOE KOJMYECTBO JI0-
YEpHETO JIEMEHTa, HO OJIMHAKOBOTO M30TOITHOTO COCTAaBa;

3)  cucTema ocTaBajiach 3aKPHITOM IS MATEPUHCKOTO U JIOYEPHETO dJie-
MEHTOB C MOMEHTa 00pa30BaHus NOPOAbl WJIM €€ MHUHEPAJIOB JI0 HACTOSLIETO Bpe-
MeHHU (JInbo, B KpaliHEM cilydae, U30TOIbl MATEPUHCKOTO U JJOUEPHETO 3JIEMEHTOB
YaCTUYHO MUTPUPOBAIIUA, HO B TAKUX aTOMAapHBIX KOJUYECTBAX, KOTOPbIC HE U3Me-
HUJIM U30TOIHBIX COOTHOIICHUH).

[Ipu coOroeHun ATUX YCIOBHM B KOOPJAMHATAX OTHOCUTENIBHBIX aTOMHBIX
KOJIMYECTB MAaTEPUHCKOTO U JOYEPHErO M30TONOB TOYKH, COOTBETCTBYIOLIUE pa3-
HBIM 00pa3iiaM (mpobam), J0KaTCs Ha MPAMYIO JUHUIO — U30XPOHY, a MO mapamerT-
paM 3TOW JIMHUM BBIYUCISIOTCA a0CONIOTHBIM BO3pacT t 1 HaYaJIbHOE OTHOILIECHUE
U30TOMOB Jo4YepHero 3nemeHTa Do/Ds.

VYpaBHeHMs U30XPOH pyOUIUI-CTPOHIIMEBOIO U CaMapUii-HEOJUMOBOIO Me-
TOJIOB, KOTOPBIE B MOCJIEIHEE BPEMsI OUEHb IIMPOKO MCIONb3YIOTCS Ul U3YUYEHHUs
JPEBHUX MarMaTUYECKUX MOPO/I, 3aMMCHIBAIOT Y€PE3 COOTHOIICHUSI aTOMHBIX KOJIU-
YECTB U30TOMNOB CIEAYIOMINM 00pa3oMm:
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(8.2)

(8.3)

OTH ypaBHEHUSI MOXKHO 3amucaTh B 0000IIEHHOM BUJIE TaK:
Y,.=a+ Xb (8.4)
KoaddunuenTs! a u b HaXoa9T METOIOM HAUMEHBIITMX KBaPATOB.
AOCOJIIOTHBIN BO3PACT M3y4aeMOTr0 T'€OJIOTHUYECKOTO OOBEKTa OIIEHUBACTCS
yepes rmapamMeTp HaKJIOHa H30XPOHbI D:
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P

T pyoumuii-ctporuesoro meroga Arp=1,42-10" rox?, nnsa camapwuii-
HeoauMOBOro Asm=6,54-10"2 rog2.
HauanbHble oTHOIEHHS n30TOnoB cTpoHuus ls, = (8'Sr/8%Sr), unu neomuma
¢ = (**Nd/***Nd), onpenensiorcs BeaMUMHOMN napameTpa a.
[Tonmy4eHHas BEIMYMHA HAYAIbHOIO M30TOMHOTO OTHOLIEHHS | T03BOIsIET
IPOSICHUTH TEHE3UC M3y4AEMBIX TIOPOI.
Huzkue 3HaueHnss Ha4aabHOro OTHOIICHHS n30TornoB crpoHims (ls, < 0,706)

O0OBIYHO HHTCPIPCTUPYIOTCA KaK CBA3AHHBIC C TEM O6CTO$ITCJ'IBCTBOM, YTO UCTOYHU-



KOM Marmbl 1 00pa3oBaBIIeiics U3 Hee MOPOAbl ObLI MAHTUWHBIN MaTepual, a Bbl-
cokue 3HaueHus 3toro napamerpa (lsr > 0,706) yka3zpiBatoT Ha KOPOBBI MarMaTtu-
YecKui ouar Ju00 nepernsaBieHne KOpoBOoro MaTepuasia B 0osiee ryOMHHOM odare.

O6opynoBanne U MATEPHUAIBI
PaboTa BBINOIHSAETCS B KOMIIBIOTEPHOM KJIacCe C JOCTYIIOM K ceTu MHTepHeT.

I/ICXOIIHBIC JAHHbIC

Bapuanr 1. C nomoursto Rb-Sr MeTona oueHnTh aOCOMOTHBIN BO3pacT t u
HayasbHOE OTHOLIEHUE |s 1511 OnoTuTOBBIX Opoa CeBepHoro [Ipunanoxps.

Ne /it Howmep mipo0b1 8"Rb/EeSr 87Sr/86Sr
1 4-J1 0,8584 0,7299
2 2-J1 1,2910 0,7403
3 3-J1 1,8367 0,7257
4 1-J1 3,9484 0,8128
5 5-J1 5,6027 0,8534

BapuanT 2. C nomomibio Rb-Sr meTona onieHuTh aOCONIOTHBIN Bo3pacT t u

Ha4YaJIbHOC OTHOIICHUC |Sr AJIS TPAHHUTOB XI/IMCKHpK B TacMaHuu.

Ne n/m Homep npo0sr 8'Rb/%5Sr 87Sr/86Sr
1 1 1,550 0,7268
2 3 20,445 0,8200
3 5 20,610 0,8160
4 7 28,530 0,8642

BapwuanT 3. C nomomipio Rb-Sr meToma onieHuTh a0COMIOTHBIN Bo3pacT t u

HavyabHOE OTHOIIEHUE lgr 1t rpaHTOB XUMCKUPK B TacMaHuUU.

Ne n/m Homep npo0sr 8'Rb/%5Sr 87Sr/86Sr
1 2 12,395 0,7849
2 4 20,435 0,8156
3 6 24,900 0,8322
4 8 51,595 0,9617

BapwuanT 4. C nomompio Rb-Sr meToma onieHuTh a0COIIOTHBIN Bo3pacT t

Ha4YaJIbHOC OTHOIICHUC |s|— JAJIS1 TPAHUTOB XI/IMCKI/IpK B TacMaHum.

Ne i/m Homep npo6b1 8'Rb/8eSr 87Sr/8°Sr
1 9 50,54 0,9584
2 10 86,51 1,1351
3 11 106,40 1,2300
4 12 157,35 1,4900

Bapuant 5. C nomompto Rb-Sr meTona otieHuTh a0CoM0THBIN Bo3pacT t u

HavyajabHOE OoTHOIIEeHUE s, 1yt mamnpoutoB Koctomykiu (Kapenust).




Ne /it Homep mipoOb1 8"Rb/®eSr 87Sr/85Sr
1 J-26-Ban 0,25361 0,708870
2 J1-26-tupokcen 0,11693 0,703967
3 J1-26-daoronut 23,66960 1,122099
4 -26-nerk. ¢p. 0,18967 0,707199
5 J1-26-8-Bain 0,22386 0,709684

Bapuanr 6. C nomouisto Rb-Sr Merona oueHnTh aOCOMIOTHBIN BO3pacT t u

HavyajgbHOE OoTHOIIEeHUE s, 11t mammnpoutoB Koctomykiu (Kapenust).

Ne /it Howmep mipo0b1 8"Rb/eeSr 87Sr/85Sr
1 1-26-dbnoromut 23,66960 1,122099
2 N-26-nerk. ¢p. 0,18967 0,707199
3 J-25-tupokcen 0,00428 0,703877
4 1-25-¢pnoronut 2,20870 0,742751

Bapuant 7. C nomomibto Sm-Nd MeTo/1a O1IleHUTh aOCOJIIOTHBIN BO3pacT t,

HavyajgbHOE OTHOIIECHHE |ng 1t mammponToB Kocromykiu (Kapenmst).

Ne i/ Homep npo6sl 147Sm/*4Nd 143N d/*Nd
1 J1-26-Ban 0,06547 0,511102
2 J-26-tupokceH 0,07420 0,511184
3 J-26-nerk.ppakius 0,05014 0,510982
4 J-25-bnoromnut 0,07376 0,511168
5 J1-26-8-Ban 0,08947 0,511299

Bapuant 8. C nomomnibto Sm-Nd MeTo/1a O11leHUTh aOCOJIIOTHBIN BO3pacT t,

HavyajgbHOE OTHOIIEeHHE |ng 1715 TamnpouToB Koctomykim (Kapemnus).

Ne /it Homep npo6bt 147Sm/14Nd 143N d/44Nd
1 J1-26-Ban 0,06547 0,511102
2 J1-26-niupokcen 0,07420 0,511184
3 J-26-bnoronut 0,05014 0,510982
4 J-25-Ban 0,06931 0,511203
5 J1-25-niupokcen 0,14424 0,511804
6 N-25-bnoromnut 0,07326 0,511230




Bapuant 9. C nomousto Rb-Sr MeTona onieHUTh aOCOMIOTHBIN Bo3pacT t u
HavyasibHOE oTHOWEHUE s, nst puonutoB Kymuaii-Kokcapekckoro nporun6a TsiHb-

[Tan
Ne /it Homep mpo0b1 8'Rb/&eSr 87Sr/86Sr
1 99 42,76 0,87486
2 100 48,63 0,90236
3 103 44,88 0,88584
4 104 38,82 0,85795

BapuanTt 10 C momomsto Rb-Sr meToa orieHUTh a0COMOTHBIN BO3pacT t u
HavanpHOE oTHOUIeHue ls; aiia puonuros Kymnaii-Kokcapekckoro mporu6a TsHb-

[Tans.
Ne /it Homep mpo0bt 8'Rb/88Sr 87Sr/86Sr
1 100-1-cauuana 15,99 0,77432
2 100-2-cauuauu 16,72 0,77637
3 100-3-opTokia3 29,86 0,82696
4 100-4-opToka3 48,05 0,89356
5 100-5-6a3uc 74,50 1,00767
6 100-6-kanpuuT 0,064 0,70813
3aganus

1. Onpenenuth aOCONIOTHBIN BO3pacT t (B MITH. JIET) U3y4aeMOi TOPOIbI.

2. OnpenenuTh UHAUKATOPHBIA M30TOMHBINA apameTp (lsy wm Ing) 1 mo ero
BEJIMYMHE CJIeaTh 3aKII0YEHNE O THUIIE MarMaTUYeCKOro UCTOYHUKA, U3 KOTOPOTO
oOpa3oBajnachk uzydaemas mopoja.

1. Bsenure ucxoausle qanasie Ha et MS EXxcel.
A B C D

o Homep 1476 1444 | 4N a Ny
1 IpobEI
2 1| B-1/1 0,0917 0,511885
3 2| B-1/3 0,1227 0512129
4 3| B-1/5 0,1214 0.512113
5 41 B-2/2 0,1712 0,512517
& 51 B-2/3 0,1689 0,512494
7 6| B-2/5 0,1838 0.51261
8 8 B-34 0,1671 0,51251
g 71 B-3/3 0,1589 0,51253

2. Breiaenure cromnobime: C u D.




3. CtpouM TOYEUHYIO AMArpaMMy IO PACTPEAEICHUIO0 U30TOMHBIX COOT-
HOIIICHUI — HAXKUMAEM B IIIaBHOM MEHIO Bcmaeska — [{uacpammol — Toueunaa— To-
yeunas ¢ mapkepamu. Iloctpoennast auarpaMma OyayT BBITTISIETh MPUMEPHO Kak
Ha PUCYHKE

1

4. B obnactu auarpaMMmbl HIEJIKHUTE J€BOM KHONKOW MBIIIM MO JIFOOOU
TOYKE Ipaduka, 3aTeM HMIETKHUTE MPABOM KHOMKOMN MBIIIIH 1O 3TOM ke Touke. [1osB-
JSIeTCSl KOHTEKCTHOE MEHIO, B KOTOpPBIM BbIOMpaeM KoMmaHay /lobaumb auHuio
mpeHoa.
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AoBaBEnTE NOgNKMCK JaHHBX
AoBaBEnTe AWHWED TPEHAA..
5. B nosBuBmmemcs JAUAJIOIrOBOM OKHE BI>I6I/IpaeM THUII JIMHUU TPpCHIOA (J]u-

HeliHas), aKTUBUPYEM Tajoukoil onuuu llokazvieams ypasHeHue Ha ouazpamme u
THomecmume Ha Ouacpammy eeaununy oocmogeprocmu annpokcumayuu (R2).
Haxxumaewm 3axpvime.



_ — —
®opwmat nuHum Tperaa (-2 [

| Napaerpe: Tpe""ary MapameTpbl AMHWK TpeHAa
LiseT nuHm MocTpoetme nuHIN TpeHaa (aNNPOKCMMALIAS 1 CrNaXWBaHME)

Tun nuum (7) 3KCnoHeHW1ansHas
TeHn :
“1 @ NuHeiHas
CBeueHNe W 0 NaXuBaHne

) Norapudmmyeckas
() OonuHoMManbHas CreneHb: |2
| @ Crenetnas
‘| © numeiinan dunsTpaums Touku: 2

HasBaHne annpokcMupyiowWwelt (criaxeHHoi) Kpusoit

@ asTOMaTH4ECKOE: NureitHas (143Nd/144Nd)
©) apyroe:

Mporros

snepea Ha: (0,0 j nNepuoaos

Hasaa Ha: |0,0 nepuoaos

[T nepeceuerme kpuBoii c ocsio Y B Touke: (0,0

[¥] nokassisaTs ypasHerue Ha auarpamme

[¥] nomecTiTs Ha auarpammy BenVHMHY AOCTOBEPHOCTH annpoxamaLym (R72)

6. B pesynbrate Bama nuarpamma OyJeT BHITISIETh TIPUMEPHO TaK

2O 0P 62 4P P W w

‘ T T T T 1
0 0, 0, 0, 0, 1

7. Taxum o6pazom, kKo3pGUIUEHT a (HayalbHbIE OTHOLLIEHUS U30TOIOB
Heoauma Ing B manHOM ciydae) pasen 0,0082, b —0,5111.
8.  PaccumthiBacM abCOMOTHBIN BO3pacT 10 dopmyie (8.5)
1 1
t=_In(I+b)=__ > |n(1+0,0082) = 1, 24871 mapn. ser
A 6,54-10%2
9. JlenaeM BBIBOJT yCJIOBUSIX 00Opa3oBaHUs MarMbl. Tak Kak
10.  Ing=0,5111<0,706,
TO UCTOYHHUKOM Marmbl ¥ 00pa30BaBIIEHCS U3 Hee MOPOAbl ObLT MAHTUHHBINA MaTe-
pua.



Conepxanue oTyera
Otuer odopmisieTcss B COOTBETCTBUU C TPEOOBAHUSMHU, NMPUBEICHHBIMHU B
MIPUJIOKEHUH A.

KoHTpoJibHBbIE BOIPOCHI

Yka3zaHusi 10 TeXHUKe 0€30IaCHOCTH

K BhInonHEeHU10 1ab0opaTOPHBIX PabOT AOMYCKAIOTCS CTYACHTHI, 03HAKOMHB-
IIKEeCs ¢ IpaBUIaMy paboOThI B JIaOOPATOPUH, MPOIIEIINE HHCTPYKTaK Oe301acHo-
cTH (cM. npuiioxenue b).



