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JIABOPATOPHAS PABOTA Nel.
N3yyeHue cTpoeHHs U KJIacCH(PUKAIMM TaTaKTHK

Ieab padorsl. [To3HaKOMUTHCS ¢ QU3NYESCKUMH XapaKTEPUCTUKAMHM Tajlak-
THK, OIIPEICIISIONINX HaOMoaaTebHble 0co0eHHOCTH. OnpeneanTs Mopdoioruye-
CKYIO TIPUHAJICKHOCTH TaJIaKTHK.

Teopernyeckasi 4acTb

TI'anakmuka — TPaBUTAMOHHO-CBSI3aHHAS CHUCTEMa W3 3BE3J, 3BE3HBIX
CKOILJICHWM, MEXK3BE3HOT0 Ta3a M MbLIM, TEMHON MaTepuu, miiaHeT. Bce 0ObeKThI
B COCTaBE TaJlaKTHMKHA Y4YacTBYIOT B JBH)KEHUM OTHOCUTEIHHO OONIEro IEHTpa
Macc.

CymiecTByeT HECKOJIbKO CXeM pas3JieieHUs TATaKTUK Ha MOP(OIOTHYECKUe
tunbl. Hanbosee u3BectHas Obla mpesiokeHa IaBUHOM Xao0soMm (puc. 1.1).

CnupansHme

InnunrruyecKkue

EO E SO

Nuuaosuambie -

% SBa SBb

CnupanesHbie C NepemMbiuKon

HenpasunsHbie

Puc. 1.1 — IlocnenoBarenpbHOCTS Xa001a



Annunmuueckue 2anaxmuku (E) UMEIOT TIaAKyIO JUTMITHYECKYIO (hOopMy
(OT CWJIBHO CIUTIONICHHBIX J0 MOYTH KPYIJbIX) 0€3 OTIMYUTENbHBIX JeTalell C
paBHOMEpHBIM YMEHBUIEHHEM SIPKOCTU OT LieHTpa K nepudepuu (puc. 1.2). Onu
obo3Hauatorcs OykBoil E u uudpoit, koropas siBisieTcss HHIEKCOM CIUTIOIIEHHOCTH
TaJTaKTUKH. DIUIUNTHYECKHE TATAKTUKH COCTOST U3 CTapbIX 3BE3] U MPAKTHUECKU

ITOJIHOCTBIO JIMIIICHBI I'a3a.

Puc. 1.2 — Dnymmntryueckad rajlakTukKa

Cnupanvusie 2anakmuxu (S) COCTOST U3 YIUIONICHHOTO JHUCKA W3 3BE3] U
rasa, B IIGHTPE KOTOPOrO HAaxOAWTCsA CepuvecKoe YIUIOTHEHHE, Ha3bIBAEMOE
Oammxem, a Takxke odmupHoro cepudeckoro raio (puc. 1.3). B mmockoctu nucka
(GOpPMHUPYIOTCS SIPKUE CIUPabHBIC PYKaBa, COCTOSIINE PEUMYIIIECTBEHHO U3 MO-
JIOMIBIX 3B€3/1, ra3a M MbLIH.

Puc. 1.3 — CniupanbHasi rajakTuka



Cnupansusle canakmuxu ¢ nepemovtukoi (Sb) — crimpaibHble TAIAKTHKH C
MepeMbIYKON («0apoM») U3 APKUX 3BE3], BBIXOJAIIEH U3 IICHTPa U MepeceKarolien
TalakTUKy nocepenune. CrupaibHbIe BETBU B TAKUX FAJIAKTUKAX HAYMHAIOTCS Ha
KOHIIaX TIEPEMBIYEK, TOT/Ia KaK B OOBIYHBIX CIUPATBHBIX FAJAKTUKAX OHU BBIXOJST
HEMOCPEeICTBEHHO M3 sAnpa. Hama ["anaktuka Mneunsiii [IyTe OTHOCUTCS MMEHHO
K 3TOMY THUITY TaJlakTuK (puc. 1.4).

Puc. 1.4 — CniupanbHas ranakTuka ¢ nepeMbrykord Mieunsiii [1yTh

JIunzoeuonvie 2anaxmuxu (S0) — TUN TaIaKTHUK, MPOMEKYTOUHBIA MEXKITY
AIUTUTITUYECKUMH U CIIUPATLHBIMU, 10 CBOEH CTPYKType HE OTIWYAIOTCS OT CITH-
palbHBIX, 3a UCKIIOYEHUEM OTCYTCTBUSI YETKOTO CIHUpAILHOrO y3opa (puc. 5).
OOBsCHAETCS 3TO HU3KUM COJIEpP)KaHUEM MEK3BE3HOTO rasa, a 3HAYUT, U HU3KUM
TEMIIOM 3B€37000pa30BaHMSI.

Puc. 5 — JIun3zoBuHas rajgakTuka



Henpasunwvuvie unu uppezynapuvie canakmuxu (Irr) — ranakTuky, JTUIICH-
Hbl€ KaK BpalllaTeJIbHOM CUMMETPUH, TaK W 3HAYUTEIbHOro sjapa Puc. (puc.l.6).
HenpaBuibHble TaJakTUKA OTIMYAIOTCS pazHooOpasueM (opm, 0ObIUHO HEOOJb-

IMUMH pa3MCpaMi U obuIemM rasa, 1blJIM 1 MOJIOOBIX 3BE3 .

Puc. 1.6 — HenpaBuibHbIE TaTaKTUKU

Ilexynapnas zanakmuka — 3TO TATAKTUKA, KOTOPYIO HEBO3MOXKHO OTHECTHU
K OIpEeIeIEHHOMY KJacCcy B MOCIEN0BaTeIbHOCTH Xa001a, MOCKOIbKY OHa 00ja-




JaeT SIPKO BBIPAKCHHBIMUA HHIUBUYATbHBIMU 0COOCHHOCTAMU. K guciy mekysp-
HBIX OTHOCSATCS, B TOM YHCIIC, KOJBIICOOPa3HbIC M B3aUMOJICHCTBYIOIINE TaJaKTH-
KU.

Konvyeoopasnasn canaxmuka — pa3HOBUIHOCTH MEKYJSIPHBIX TaJIAKTUK, Xa-
PaKTEPU3YIOMIASACS HATMYHUEM TUIOTHOTO sijipa, OKPY)KCHHOT'O MPOTSHKEHHBIM KOJTb-
IIOM SIPKUX MOJIOABIX 3BE3MI, OTACICHHBIM OT sJIpa HEKOTOPHIM paccTosHuEeM. Bu-
3yaJIbHO KOJIBIICOOpa3Hble TaaKTUKH ITOXOXKH Ha TUIAHETapHBIE TYMaHHOCTH
(puc. 1.7Puc. ).

Puc. 1.7 — Konb1ieBasd rajjaktuka — o0ObeKT Xora

B npoMexyTke MEeXIy SAPOM M KOJIBIIOM BHJIHA €IIE OJTHA KOJIbIIe0Opa3Has rajakThka,

KOTOpast HAXOJIUTCSI TOPa3ao JAajbliie



B3aumooeiicmeyowue 2anakmuxku — TaJaKTUKH, PACIOIIOKCHHBIC B IIPO-
CTPAHCTBE JOCTATOYHO OJIM3KO, YTOOBI B3aUMHAsI TPABUTAIIUS CYIIECTBEHHO BIIMS-
7a Ha GpopMy, IBM)KEHHE BEIIECTBA M 3BE3]I, HA MPOIECCHl 3B€3/1000pa30BaHus, a B
HEKOTOPBIX CIIyJasX ¥ Ha OOMEH BEIIECTBOM MEXIy rajakTukamu. st B3ammo-
JECHCTBYIOIINX TATAKTHK XapaKTEPHO HAIMYHUE «XBOCTOBY», KMOCTOB» U BBIOPOCOB
BemiecTBa (puc. 1.8).

Puc. 1.8 — BzauMo1eiiCTByIOIINE TATAKTUKHU

Knaccuduxarus Xa66ma orpaxkaeT He TOIBKO 0COOCHHOCTH BUIUMOM (Pop-
MBI TQJTaKTHK, HO ¥ CBOMCTBA BXOJAIIUX B HUX 3BE3J: SJUIMNTHYCCKUC TAIAKTHKU
COCTOSIT M3 OYEHBb CTapbIX 3BE3]], B HEMIPABUIILHBIX TAJTAKTUKaX OCHOBHOMW BKJIA] B
M3IIy4EHUE Jar0T 3BE3/Ibl, CYIIECTBEHHO Moyioke CONHIA, @ B COIUPAJIbHBIX rajlak-
THUKaX XapakTep CIEKTPa BbIIAET MPUCYTCTBHE 3BE3]l BCEX BO3PACTOB.

Bospacm canaxkmuxk nipumepHo onuHaKoBbIN (Oosee 10 MumapaoB JieT), u
OCHOBHAsI MIPUYMHA PA3TUYHS MEXIy TaTaKTUKaMH — HE B BO3pacTe, a B Pa3jiny-
HOM XapakTepe 3BoJronuu 3Tux cucteM. Ecnu B E-ranaktukax 3Be31000pa3oBaHue
MPAKTUYECKU MOTHOCTHIO TPEKPATUIIOCh MUJLTMAP/IBI JIET HA3a/l, TO B CIIHPATIbHBIX
cucrteMax oOpa3oBaHUE 3BE3]1 MPOJAOJKACTCSA, XOTS U JAJEKO HE TaK WHTCHCHUBHO,
KaK Ha HA4aJIbHOM 3Tare uX >KU3HU, a B [rr-rajakTukax 3Be37000pa30BaHUE MOKET
OBITH CTOJIb K€ aKTUBHO ceilyac, Kak U MIJLTHAP/IbI JIET Ha3a/l.

B crpoeHun ramakTuk BBIJACISIIOTCS JIBE OCHOBHBIC nodcucmemul (chepuue-
CKas W TaJaKTUYECKUN JUCK) U CBSI3aHHBIE ¢ HUMU 3BE3HbIC HaceneHus (tumna | u
I1). PaccMOTpuM OCHOBHBIE TIOJICUCTEMBI Ha MMPUMEPE CTPYKTYPhI CIUPAILHON 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

O
obnako _
~<— HENTpPasIbHOro .
© pogopoga
O o]
O
o danmx
o 3 00 o B
@]
-
[ [ ] |
@]
@]
O o 5
O O
AApo o=<— LapOBOE CKOM/MeHNe

"L TéMmHas matepus (Besge) .

Puc. 1.9 — Cxema cnimpanbHOU TATAKTUKH

Hacenenue I xapaktepusyercsi 3aMETHBIM COJIEP>)KAHUEM B CIIEKTPE JIEMEH-
TOB TsDKeJiee Tesrs (aCTPOHOMBI Ha3bIBAIOT UX «METaJIaMuy). TsKEnble d1eMeH-
Thl 00pa30BajNCh B Oojee paHHUX 3BE3MaX M PACHPOCTPAHUIIUCH TPU B3PHIBAX
cBepxHOBbIX. CoJHIlE, KaK ¥ OOJBIIMHCTBO 3BE3]] raJaKTUYECKOTO JAMCKA, SIBISET-
Csl TUIIMYHBIM MPEICTABUTENEM HaceneHus L.

B 3BE€3nmax macenenus Il conepxxanue TKENBIX 3JEMEHTOB HA HECKOJIBKO
MOPSAKOB HIDKE. JTO cTapble 3BE3/bI, CHOPMHUPOBABIIKECS BCKOpe nocie bombiio-
ro B3phIBa, crapue 10 mupza. ner. B cnupanbHbix ramaktukax Hacenenue Il co-
CTaBJISIFOT IIAPOBBIE CKOIUIEHUS B TAJTAKTUYECKOM TaJlo.

Cohepuueckasn noocucmema — COCTaBIAONIASA MAJAKTUK, UMEIOLIAS TPUOIIH-
3UTENBHO COHEPUUECKYI0 CHUMMETPUIO M CpPaBHUTEIBHO OBICTPOE YBEIUYEHUE
IUIOTHOCTH K LIEHTPY. 3BE3IHAS YacTh CPepUUECKON MOACUCTEMBI COCTOUT U3 00b-
exktoB Hacenenust Il Oonbmioro Bo3pacta MU Majiol METAIMYHOCTH. OCHOBHYIO
4acTh MAacchl CPepUyYECKOr MOACUCTEMBI COCTABISET HEBUIUMOE Tajo U3 TEMHOU
MaTEpUH U OHA IPAKTUYECKH JIMIIEHA MEX3BE3IHOTO T'a3a U MOJIOJIBIX 3BE3I.

TI'anaxkmuueckuit ouck — IIOCKOCTh, COCTOSINAS M3 rasa, IIbUIM U 3BE31. B
raJJaKTHYE€CKOM JUCKE, KaK MPaBUiIO, COACPKUTCS OONbIlIe MOJIOABIX 3BE3M, 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%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

MbUIA, Y€M B TaJaKTUYECKOM Tajio, T.€. ImpenacraBiieHO HaceneHue l. I'a3 u nbuib
00pa3yIoT 2a30nbl1€808blil OUCK. 3BE3IBI — 36630HbLIL OUCK.

Tunuunas E-ramakTuka BBITVIAIAT Kak cdepuyueckas MOJCUCTEMa B «4H-
CTOM» BHUJE, JUCK B HEW WJIM MOJHOCTBIO OTCYTCTBYET, WJIM UMEET TAKYI0 HU3KYIO
CBETUMOCTb 10 CPABHEHHIO C OCTAIIHOM MaJIAKTUKOM, YTO BBISBIISIETCS JIUILb CIIE-
UAJTLHBIMA METO1aMU (DOTOMETPUUYECKON 00paOOTKH.

Kaxnas S- u SO-ranaktuka comepKUT JABE OCHOBHBIX IMOACHCTEMBI, BJIO-
YKEHHBIE OJHA B IPYTYIO U I'PABUTALIMOHHO-CBA3aHHBIE IPYT C APYTOM.

B nenpaBunbhbix (Irr) ranakthkax cepuueckuil 3BE3AHBIH KOMIIOHEHT
IPAKTUYECKU OTCYTCTBYET, IMOYTH BCE 3BE3/bl 3aKJIIOUEHBI B TOJCTOM IHUCKE, CY-
LIECTBEHHAs JOJIS1 MAaCChl KOTOPOrO MPUXOJNUTCA Ha MEK3BE3HBIH Ia3.

Poxnenue 3Be31 MPOUCXOOUT MOYTH UCKIIOYUTENBHO B JUCKAX TAIAKTHK.
NMeHHO B 3TOM ClIO€ M BO3HHUKAIOT MACCHUBHBIE Ta30BbIE KOHIEHCAIUU, BHYTPHU
KOTOPBIX T'a3 MOCTENEHHO CTYIIAETCS B CPABHUTEIBHO HEOOJBIINE U IUIOTHBIE MO~
JleKyIApHble 0071aKa, a OHU YK€ JTal0T Haydajao 3BE3[aM M MOJIOJBIM 3BE3IHBIM
rpynnupoBkaM. B S-ranaktukax camble KpyIHbIE MO pa3Mepy o01acTu, rie KOH-
LEHTPUPYETCS ra3 U CBI3aHHBIE C HUM OYard 3Be31000pa30BaHUsl, pacloiaratoTcs
JUIMHHBIMA HEPOBHBIMH ILIEMOYKAMH, KOTOpBIE MPUIAIOT KJIOYKOBATHIA BHJ CIIH-
pabHBIM BETBSIM.

Aopo — xpaiine Manast 00JaCTh B IICHTPE TaJaKTHKHU.

AKmuegHnbvle A0pa 2anakmuk — A71pa, B KOTOPBIX MPOUCXOAAT MPOLECCHI, CO-
IPOBOXKAAIOIINECS BBIACIECHUEM OOJbIIOr0 KOJIUYECTBA SHEPIrUU, HE OOBICHSIO-
IIMECS] aKTUBHOCTBIO HAXOMSAIIMXCS B HHUX OTIEIBHBIX 3BE3] M Ta30BO-IIBLIEBBIX
KOMILJIEKCOB.

banosc — naubosnee sipkass BHYTPEHHSS 4acTh C(HepOUTATBHOTO KOMIIOHEH-
Ta.

I'ano — BHenHMIA ceporanbHbII KOMIOHEHT. ['panuiia Mex 1y Oanmkem u
rajio pa3MbITa U IOCTaTOYHO YCJIOBHA.

Cnupanvnaa éemeb (CIUpalIbHBINA PYKaB) — YIUIOTHEHUE W3 MEX3BE3THOTO
ra3a ¥ IpeuMYyLIECTBEHHO MOJIOJBIX 3BE37 B BuAe cnupanu. Ckopee Bcero, sBisi-
I0TCSI BOJIHAMU IUIOTHOCTH, BBI3BAaHHBIMH Pa3IMYHBIMU MPUYMHAMH, OJTHAKO BO-
poc 00 UX MPOUCXOKICHUH 10 CUX MOP OKOHYATEIbHO HE PEIIEH.

bap (nepemwiuka) — BBHITISIIUT KaK IJIOTHOE BBITSHYTOE 00pa3oBaHUE, CO-
CTOsIIIIeE U3 3BE30 U MEK3BE3JHOIO rasa.

['ajlakTUKK OYEHb CHUJIBHO OTJIMYAIOTCS JIPYr OT ApYyra MO0 MHTEHCUBHOCTH
IPOUCXOJIAIIEr0 B HUX 3Be€37000pa3zoBaHusi. Ho KOMMUYECTBEHHO CPaBHUTH TEMIIbI
oOpa3oBaHus 3BE€3]] B HUX 3aTPYIHUTEIBHO, TaK Kak, 32 UCKIIOUECHHEM ONMKaii-
IIMX TaJAKTUK, MOJIOJIbIE 3B€3/Ibl HE BUJIHBI IO OTAEIBHOCTU M3-3a OOJBIIOTO pac-


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

CTOSIHUA. 371eCh OOBIYHO UCIIONB3YIOT TPU HanOOJIee HAJIeKHBIX MPU3HAKA, XapaK-
TEPHU3YIOMINX aKTUBHOCTH 3BE31000pa30BaHMSI.

Bo-niepBbIX, 3T0 y4gem zanaxkmuku (MOJOABIC MAaCCHUBHBIC 3BE3bI JCIAIOT
ero 6osee rojiyObIM), BO-BTOPBIX, APKOCHb C6EUEHUA 2a3d 8 ONMUYECKUX CHeK-
mMPAIbHBIX JUHUAX, KOTOPOE BO3HUKAET MPU O00IYyYEHUHM ra3a yiabTpadroiIeTOBBIM
CBETOM MOJIOJIBIX 3BE3[l, U B-TPETHUX, MOUIHOE U3IYUEHUE (MENION) MeHC36e30-
Houl netau. [IbUTb 37€CH UTpaeT PoJib MpeoOpa3oBaTeNsl CBETOBOM SHEPrUHU: OHA
MIOTJIONIACT CBET MOJIOJBIX 3BE3/l, PACIOJI0KECHHBIX B 00JIACTSIX C BBHICOKOW TUIOT-
HOCTBIO MEX3BE3IHOW CPEJIbl, U TePEU3TydacT 3aXBaUCHHYIO SHEPTHIO B Oa/1eKOH
ungpaxkpacnon obaracmu cnekmpa (B OCHOBHOM, B CIIEKTpPajJbHOM JHaIla3oHE
50 — 500 MukpoMeTpoB), a 3TO U3TyYEHUE MPUHUMAETCS METOIaMu BHeaTMochep-
HBIX HAOIIOIEHUIA.

O0opynoBanue 1 MaTepuajbl.
Pabota BbITIONHSETCS B KOMIIBIOTEPHOM KJlacce ¢ JOCTyHoM K cetu WHTep-
HET.

HUcxoanbie nanuble. [Ipunoxenue B.

3apanus

3aganue 1. CocTaBuTh TaOIMIly OCHOBHBIX XapaKTEPUCTUK TaJaKTHUK IO-
cienoBaTebHOCTH Xa001a.

Hcnonb3ysi TaHHBIE TEOPETUUYECKOM YacTh W ceTh MHTepHeTr 3aHecuTe B
Tabymiry 1.1 OCHOBHBIE XapaKTePUCTUKH TaJaKTUK MOCIIETI0BATEIbHOCTH Xa001a.

Tabmuua Omuodka! TekeT yKa3aHHOro0 CTHISA B JOKYMEHTE OTCYTCTBY-
eT.1.1 — OcHOBHBIE XapaKTEPUCTUKH TATAKTHK

Cdepounanbhblii Juckosas CnupanbsHbIe BEeT- HHTeHCHBHOCTD
IMporenT ot 001IEro
Tun KOMIIOHEHT COCTaBJISIONIAsI BU 3BE371000pa30BaHUs
YHCITa TATAKTHK

(ecTh, HET) (ecTb, HET) (ecTb, HET) (BBICOKAS, HU3KAS)
E
SO
S

Irr

3aganme 2. CocTaBUTh TaONMIy BUJIUMBIX XapaKTEPUCTHK TAJIAKTUK

Hcnonp3yiite HaOOp rajJakTUK U3 CBOETO BapHaHTa (CM. UCXO/IHbBIC JaHHbBIE).
Hcnonwayiite nadopmanuio cetn MaTEepHET M 3aHecuTe B Tabauiy 1.2 BHAUMBIC
XapaKTEPUCTUKU TAHHBIX TATAKTHUK.

Tabnuna 1.2 — XapakTepuCTUKN HEKOTOPHIX TATAKTUK

N300paxenue Tun Paccrosnue Pa3mep
["anakTHka Ocobennoctu

rajJJaKTHUKH TraJJaKTHKHU a0 3emaun TaJJaKTUKH




Conep:xanue oryera
Otuer odopmisieTcss B COOTBETCTBUU C TPeOOBAHUSIMU, MPUBEICHHBIMU B
[Tpunoxenun A.

KoHTpo/sibHbIE BONIPOCHI

1. YT0 TaKkoe rajJakTHKa U YTO BXOJIUT B €€ COCTaB?

2. OxapakTepu3yiTe OCHOBHBIE TUIIbI FAJJAKTUK? YTO MOIOKEHO B OCHO-
By Kiaccupukanuu Xabomaa?

3. Kak cBsi3aH MOp(OIOrM4ecKuil THUIl TaJJaKTUKU C MHTEHCHBHOCTBIO
3Be31000pa30BaHUsA?

4, B kakoif moacucreMe rajakTUKi HanOojiee WHTEHCHUBHO MPOUCXOIUT

MpoIIeCcC 3Be371000pa30BaHus?

5. Uro takoe 3Be3aHble HaceneHHs? K 3Be3THOMY HACEICHHIO KaKOro
THIa oTHocuTcs Haie ComHile?

6. C xakuMu (U3UICCKUMH XapaKTEPUCTUKAMU TaJaKTHK, OMPEIeIITIo-
ue HaOIrojaeMble OCOOCHHOCTH, BbI ITO3HAKOMIUIUCH B JJaHHOU paboTe?

7. Kak 1o Buy rajakTHKu MOKHO ONPEACINTh HHTCHCUBHOCTH 3BE3J10-
oOpazoBaHus?

8. Kak 1o nBery rajakTHKH MOYKHO OINPENeNIUTh W3 Kakux 3Be3] (MOoJo-
JIbIX WM CTapbIX) OHA COCTOUT?

Yka3aHusi 10 TeXHUKe 0e30MACHOCTH.

K BeImonHeHuio mabopaTopHbIX PabOT OMYCKAIOTCS CTYAEHTBI, O3HAKO-
MUBIIHECS C MpaBUIaMH pPabOTHI B J1a0OpPATOPHH, MPOLICAIINE UHCTPYKTaX Oe3-
omacHOCTH (cM. puioxeHue b).




JIABOPATOPHASA PABOTA Ne2.
HN3yyeHue uHTEpAKTUBHON Moaeau nuarpammsl I'epummnpynra-Peccena

eab padoThl
[To3HAKOMUTBCST C OCHOBHBIMHU 3BE3JHBIMU XapaKTEpUCTUKaAMH. M3yduThb
MozeNb auarpaMmmbl [epimmpynra-Peccena.

Teopernyeckasi 4acTb

OCHOBHBIMM CBOWCTBaMH 3BE3] SBISIOTCS CBETUMOCTh, TEMIIeparypa IT0-
BEPXHOCTH, Macca 1 pajuyc.

Mexy BceMH 3TUMH XapaKTEPUCTUKAMU CYIIIECTBYET CBS3b.

Juazpamma I'epywmnpynca-Peccena (puc. 2.1) siBisercss auarpaMmoin, Ha
KOTOPO# COIMOCTAaBISIOTCS CBETUMOCTH (MM aOCOIOTHBIE 3BE3/IHbIC BEIMYMHBDI)
3Be3] ¢ X A((HEKTUBHOIN TeMIIEpaTypoil U CIEKTPAIbHBIM KJIACCOM.

Ha pmarpamme 3Be3nbl 00pa3yloT OTIENbHBIE TPYINITHUPOBKH, UMEHYEMbIS
MOCIIE0BATEIbHOCTSMH.



Temnepatypa (K)
25000 10,000 6000 2000
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Pucynoxk 2.1 — IIpumeps! quarpamm I 'epimmpynra-Peccena

Oxomo 90 % HaOMOgaEMBIX 3BE3J — DTO 36€30bl 2/1A6HOU NOCe006aAMmeb-
HOcmu, KOTOpasi TAHETCA Y3KOW IOJIOCOM OT TOPSIYMX 3BE3/l BBICOKOM CBETUMOCTH
710 XOJIOJTHBIX 3BE3/1-KapJIMKOB HU3KOM CBETUMOCTH. BhIIenstoTcs Takke nociedo-
8AMENbHOCMU 36€30-2U2AHMO8, 36€30-C8EPXUSAHMO8 U O.]D.

[Tonoxenue 3Be3nbl Ha auarpamme ['epmmnpynra-Peccena onpenensercs
€€ Maccou, BO3pACTOM U XUMUYECKUM COCTABOM.

Ceemumocmp — 107HAS SHEPTHUA, U3TydaeMasi aCTPOHOMUYECKUM O0BEKTOM
(TutaHeToM, 3B€3/10H, rajJakTUKOW U T. 1.) B €UHUILY BpeMeHu. M3mepsiercs B ab-
comoTHeIX emuHunax (CH — Br) mumbo B egumnmmax cBetumoctd ConHIA
(Lo = 3,86-:10% Br).

CBETUMOCTbh CaMbIX SPKHUX 3BE37] B MUJIJTMOHBI Pa3 MPEBBIINIAET CBETUMOCTD
Comnnna. CBeTUMOCTh B3pbIBAa THIIEPHOBOM MpeBbINIaeT cBeTUMOCTh COoJHIIA TPpHU-
MEpHO B MuuMap/ pa3. CBETUMOCTh CaMbIX SIPKUX KBa3apOB MOXKET MPEBHIIAThH
COJIHEYHYIO B COTHU TPUJUIMOHOB Pas3.



Buoumas 36é30naa eenuuuna — 6e3pa3zMepHasi XapaKTePUCTHKA, UCTIONb3Y-

emasi i1 cpaBHEHUs HeOecHbIX Tein (Tabn. 2.1 u 2.2). Xapaktepuszyer 3HEpruto
BceX (DOTOHOB, MAJAIOUINX HA €IMHUILY IJIOUIad MOBEPXHOCTU B CEKYHAY. 3aBU-

CHUT OT CBETHMOCTH 00BEKTa U PAacCTOSHUA 10 Hero. Uem MeHbIe 3BE3IHAS BEIIH-
yuHa, TeM spue 00bekT. O0o3HavaeTcs OykBoi M. ComHile umeet -26,7m, Jlyna -

12,7m, Bera 0,03m, eciau HaOIrOAaTh ¢ 3€MIIN.

Tabnuia 2.1 — 3Be3HbIE BETUYUHBI HEKOTOPHIX OOBEKTOB

Tzt 363088 Ceemumocmo, Buoumas 36é30nan ) Abconromnasn
Lo éequuuna, m 36é30nas eenuuuna, M

R136al ~8 700 000 12,84 —12,6
Ota Kunsa 5000 000 -0,8107,9 -12,0
Beremnbreiize 60 000 0,58 -7,2
[TonsipHas 3Be3na 2200 1,97 -3,6
Anpnebapan 140 0,85 —0,63
ApKTYDp 110 —-0,04 -0,31
Cupunyc 22 —1,46 14

CouHLEe 1,00 -26,8 4,75
Anbda IlentaBpa B 0,5 1,34 5,71
3Be3na Turapaena 0,000009 15,1 17,2

Tabmuua 2.2 — Bunumas 3Be31Has BEIMUYUHA HEKOTOPBIX 0OBEKTOB

Oovexm m
Connie —26,7 (B 400 000 pa3 sipue monHoOM JIyHBI)
JlyHa B MOJHOJIyHHE -12,74
CeepxuoBas 1054 roga (MakcuMyMm) -6,0
Benepa (MakcuMym) —4,67
3emutst (ipu HaOmoaennu ¢ CoJHIa) -3,84
3Bé31b6! bonpmoro Kosma +2
lanakTrka AHIPOMEBI +3,44
[Ipokcuma ILlentaBpa +11,1
CaMpblii clTa0bIii 00BEKT, 3aCHSATHIN 4315

B KOCMHUYECKHH TeIeCKOIT « Xa00im»



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
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Pucynok 2.2 — BuauMas 3Be3/1Hasi BEIMYMHA

Abconromnan 36€30naa éeruyuna — dTO 3BE3IHAS BEIMYMHA O00BEKTA, KO-
TOpPYIO OH UMel Obl, eciii Obl ObLT Ha paccTostHUU 10 mapcek oT Habmoaarens. AO-
COJIIOTHAS BEJTMYMHA, B OTJINYME OT BUJMMOM, IMTO3BOJISIET CPABHUBATH CBETUMOCTD
pasHbIX 3BE3/, MOCKOJIbKY HE 3aBUCHUT OT paccTosHMs 0 HUX. O0o3HavyaeTcs Oyk-
Boit M (Tabm. 2.1).

Temnepamypa noeepxnocmu. VI3BecTHbIC 3aKOHBI TEPMOJMHAMUKHU MO3BO-
JSIIOT HaM ONPENIeTTUTh TEMIIEpaTypy Teja, U3MEPSIS IJMHY BOJIHBI B MaKCUMYyME
U3ITy4EHHUS YEPHOIO 1IBETA.

Tak, ecnmu temneparypa nosepxnocta 3 000—4 000 K, To e€ nser kpacHoBa-
To1i, 6 000—7 000 K — sxénterit, 10 000-12 000 K — 6embrit 1 TOIyOO0H.
Ha pucynke 2.2 u B Tabnuiie 2.3 npUBEACHBI CHEKMpPAibHble KIACCH 36€30.

Pucynok 2.2 — CniektpanbHble KJIACChI 3B€3]T

BHyTpu kiacca 3BE3/1bI qensaTcs Ha noodkiaaccel ot 0 (camblie ropsiame) 10 9
(cambie xomomHbIe). CONHIIE MMEET CIEeKTpaabHbIN Kiacc G2 W SKBUBAJICHTHYIO
Temreparypy porochepnr 5780 K

Tabnuia 2.3 — CekTpaiabHbIe KJIACChl 3BE3]T

Macca, Paouyc, Temnepamypa Ceemumocme,
Knacc L{sem

Mo Ro nosepxrnocmu, K Lo
O roiy0oi 60 15 30 000 - 60 000 1 400 000
B 6eno-roryooun 18 7 10 000 — 30 000 20 000
A OenbIit 3,1 2,1 7500 - 10 000 80
F KEATO-0 bl 1,7 1,3 6 000 — 7 500 6
G JKEITBIN 1,1 1,1 5000 -6 000 1,2
K OpaHKEBbIN 0,8 0,9 3500 -5000 0,4
M KpacHBII 0,3 0,4 2 000 -3500 0,04



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

Knaccor ceemumocmu. 3BE3161 OJTHOTO M TOTO K€ CIEKTPAJIBLHOIO Kjacca
HMMEIOT MTOX0XHUE CIEKTPhl U TEMIIEPATYpPhl, HO MOTYT UMETh Pa3JIMUHbIC Pa3MEpPhI
U, KaK CJIEICTBUE, CBETUMOCTH. 3aBUCUMOCTh BHJIa CIIEKTPa OT CBETUMOCTH OTpa-
KEHA B LlepKCKOU Klaccu@urayuu.

. | — cBepXruraHTsI,

. Il — sipkue ruraHTHI,

. Il — ruraurer;

. IV — cyOruranTsi;

. V — 3B&311BI IJIABHOM ITOCIICIOBATEIHFHOCTH, HHOTIA «KAPJIUKN,
. V| — cyOkapnuku;

. VI — Genbie kapauku.

AOGcomoTHOe 00NBIIUHCTBO 3BE31, 90 %, OTHOCATCS K TJIaBHOU IOCIIEIOBA-
tenbHOCTH. CONHIIE — KENTAs 3BE371a TJIaBHOW MOCIIEIOBATEIbHOCTH (MM MPOCTO
KENTHIM KapJIMK), COOTBETCTBEHHO, €T0 CIIEKTpalibHBIN Kitacc — G2V.

Oo0opynoBanue U MaTepUAJIbI
Pabota BbIMIONHSIETCS B KOMIIBIOTEPHOM KJlacce ¢ J0CTynoM K cetu MHTtep-

HET.
HcxonHble JaHHDbIE
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

3ananmne

N3yunTh MHTEpaKTUBHYIO MOAENb quarpammel I'epummpynra-Peccena u no-
CTPOUTH I'paUMKHU 3aBUCUMOCTEM TEMIEPATYPhI, IPKOCTU U MACChI 3BE3/bl OT €€
BO3pacra.

Yka3zaHusi 10 NOPSIAKY BbINOJTHEHUS] PA00OTHI

1.  Ilepeiigute mo ccwuike https://spacegid.com/media/star/index.html u
M3yYUTE U3MEHEHUE OCHOBHBIX 3BE3/IHBIX XAPAKTEPUCTUK U UX B3aUMOCBSI3b.

2. B Excel nns 3Be3nbl ¢ 3amaHHO# Maccoi (B COOTBETCTBHH C BapHaH-

TOM) 3aIOJIHUTE TaONMITy 3BE€3IHBIX XapakTepucTuk (10—15 cayvalino BEIOpaHHBIX
3HAYCHUH, OXBATHIBAIOIIUX BECh MEPUOJ )KU3HU 3BE3IIHI).

3HaueHHs] KOMMUPYWTE M3 MOjENU (BO3pAcT, Macca) WJIM OINpENesiuTe 1Mo
rpaduky (puc. 2.2). OOpaTuTe BHUMaHKUE, YTO B MOJICTH TIOJT SIPKOCTHIO UMEETCS B
BUJy CBETUMOCTh B enuHUIaX cBeTuMocTu ConHua. IIpumep 3anonHenus: — tad-
mmna 2.4.



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
https://spacegid.com/media/star/index.html
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Pucynoxk 2.2
Tabmuma 2.4
Bospacm, man. nem Temnepamypa, K | Ceemumocms, Lo | Macca, Mo Cmaous
0,00 14564,00 254 5 3I'T1
53,77 14035,00 271 5 3T
134,40 12824,00 370 4,991 3T
180,22 4650,00 419 4871 BerBb ruranros
205,24 4704,00 610 3,971 BerBb ruranTos
214,01 3247,00 16662 2,867 BerBb ruranTos
215,26 2639,00 33107 1,023 Bersr ruranTos
215,28 47230,00 24231 0,872 BerBb ruranron
215,31 314331,00 2407 0,867 Bersb ruranTos
326,49 13895,00 0,003 0,867 Benbrit kapnuk

OOparvTe BHUMaHUE, YTO B KAUECTBE JIECATUYHOTO PA3/CIUTENIs B 3HAYCHU-
X BO3pacTa MU MacChl HEOOXOAUMO HCIOJIb30BaTh 3aMATYI0, & HE TOYKY. UTOOBI

UCIIPABUTh Cpa3y BCE TOUKHU Ha 3amsThie, UCMOIb3YHTe QyHKIMIO Haumu u 3ame-

Hums (puc. 2.4). Yoenutech, YTO BCE KOJIMYECTBCHHBIC 3HAYCHUS MMEIOT YUCIIO-

BOI opmar.

HaiiTi 1 3ameHnTE

7 P
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[=]

3EMEHHTb§CE] [ 3AMEHUTE ] [ﬂaﬁm ECE ] [Haﬁm,ﬂ,aﬂee] [ S3aKphITE ]

Pucynok 2.4




3. [Toctpoiite rpaduku 3aBUCUMOCTE TeMmepaTyphl, SPKOCTH U MAaCCHI
3BE3/IbI OT Bo3pacTa (IpuMep Ha pucyHke 2.5). Huke npuBeeH oJluH BO3MOMH bIX
U3 CI0cOO0B OCTPOEHUS JUarpaMM.

Boigenute HyxHble cTONONBL. Ecian HEOOXOAMMO BBIIETUTh HECMEKHBIC
SAYEUKHU U IUANa30Hbl TYeeK, BbIOepUTE UX, yaepxkuBas HaxaTon kiasuiry CTRL.

3axonuM BO BKJIAAKYy Bcmaska W BbIOMpaeM THUIl auarpammbl « TouedHas ¢
[VIAIKUMHU KPUBBIMM U Mapkepamu» uiu «TodeyHas ¢ OpsMBIMU OTpPE3KaMH U

MapKepaMm».
- - =]
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Pexomengyensie : CreogHan lpaduk Mctorpamma Belarpeiw/  Cpes Bpemennan
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Toueunas ¢ NPAMbIMMK OTPESKAMM M MAPKEPaMK
F G JaHHEIiA TUN MarpamMmMel MCNONE3YETCR: ]

* 47A CpaEHEHWA 4BYX W Bonee HabopoB SHAYEHWA
WK N3p JaHHbIX,

MNysbipbkosan
MpUMEHAETCA B CiyYas:

® Q * KOTAZ TOUEK ABHHBIX HEMHOID;
e > * KOTJA A3HHBIE NpeqCTaBnAT cobol pasHble

W3IMEPEHWA.

I_ Jpyrve ToOYEYHBIE ANArpammel...

Pucynok 2.5

N3mennTte oopmiieHre nuarpaMmbl, HaKaB Ha + B €€ BEPXHEM YTIIy.

TeMI‘Iepawpa, H + BHEMEHTI:IAHETPEMMI:I

JoBaeneHne, yaaneHne 1
350000,00 | M3IMEHEHWE 3NEMEHTOR
ANArpammbl, TAKKX Kak
300000,00 33roNoB0K, NEFEHAZ, MMHUN
Y CETKW M NOANWCH AZHHBIX,

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

50000,00

* *

0,00 —d
0,00 50,00 100,00 150,00 200,00 250,00 300,00 350,00
-50000,00

Pucynok 2.6

N3MmennTe Ha3BaHUE IHarpaMMbl, HA3BaHHUE OCEH, yKa3aB €IUHULIBI H3MEpe-
HUS, OTKOPPEKTUPYUTE YUCIIO AECATUYHBIX 3HAKOB B MOJIMUCAX OCEH, IpU HEOOXO-
JUMOCTH MCHOJb3YHTE JIorapudmudeckuii Macmtad oceit u jp.

B urore Bamm quarpamMmsbl TOJKHBI BBITISAETh MPUOIM3UTEIBHO KaK Ha pU-

cyHkax 2.7-2.9.
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Pucynoxk 2.9

350

350



Conep:xanue oruyera
Otuer odopmisieTcsi B COOTBETCTBUU C TPeOOBAHUSIMH, MPUBEICHHBIMU B
[Tpunoxenun A.

KOHTp OJIBHBIE€ BOIIPOCHI

1. Uro takoe nuarpamma ['epummpynra-Peccena?

2. OObsicHUTE, TOYEeMY SIPKHE 3BE3/Ibl HE PaCMoJIararoTCs Ha TJIaBHOM
IMOCJIENOBATEILHOCTH?

3. Haiite ~ OOBsICHEHHWE  JBOJIOIMOHHOMY  CMBICIY  JUArpaMMbl
I'epummnpynra-Peccena.

4, [lepeuucnure OCHOBHBIE 3BE3/IHBIE XaPAKTEPUCTUKU M JalTe UX
OTpeIeJICHHUS.

5. K xakoMm cnektpasibHOMY KJ1accy oTHOocuTca ComnHie?

6. [Touemy xu3HeHHBIM LUK COJIHIIE HE 3aKOHUMUTCS B3PHIBOM CBEpX-
HOBOW?

Yka3zanus no TexHuke 0e30IaCHOCTH.

K BbinonHeHUI0 71a00paTOpHBIX PabOT AOIMYCKAIOTCS CTYJIEHTHI, O3HAKO-
MUBIIIMECS C MpPaBUJIAaMU paOOThI B Ja0OPATOPHH, MPOIICAIINE HHCTPYKTAXK 0e3-
OIMACHOCTH (CcM. npuiioxeHue b).



JABOPATOPHAS PABOTA Ne3.
N3yuyenue cnexkrpa Connna

Hean padorbl. 3yuynuTh TEOPHUIO CIIEKTPATILHOTO aHanu3a. Mnentuduiupo-
BaTb HAa PErHMCTPOrpaMME COJHEYHOTO CIEKTpa CIEKTpalibHbIe JTUHUU BOJOPOA,
CIeNaTh BIBOJ O XUMHUYECKOM cocTaBe ColHIIA.

Teopernueckasi 4acTb

CriekTpoMeTpruecKie JaHHBIC SIBISIOTCS OCHOBHBIM MCTOYHHMKOM HWH(MOP-
MaIllid 0 KOCMHYECKNX 00bekTax. M3yueHne crieKTpoB M3Iy4CHHs U MOTJIOMICHHUS
naeT MHGOPMAIMI0 O XMMUYECKOM COCTaB€ MCTOYHUKA, MEXaHM3ME H3IIy4CHHS,
TeMIiepaType 1 Apyryro uHpopmanuio.

Cnekmpom Ha3bIBAIOT 3aBUCHMOCTh MHTEHCUBHOCTU U3JIYYEHUS OT JJIMHBI
BOJIHBI, MIPEJICTABICHHYIO TpadUIecKH.

[lepBoHaUaNBHO CHIEKTPHI MOTYYaAIM HA (DOTOIIACTUHKAX.

Puc. 3.1 — ®ororpaduueckuit BUj CIeKTPOB
cBepXy BHU3 — m3nydeHust Na, uznydenus H, uznydenusa He, nornomenus Connua

C pa3BUTHEM TEXHOJIOTUM TIpUEMa 3JEKTPOMArHUTHBIX BOJIH MOSBUJIACH
BO3MOXXHOCTD IOJTy4aTh PETUCTPOrPAMMBI CIIEKTPOB (puc. 3.2).



SOLAR ATLAS (arter Defboullie et al.,, 1972, 1981)
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Pucynok 3.2 — Peructporpamma criekTpa morjiomeHus

Cy1iecTBYIOT CJIEIYIOIINE BUIbI CIEKTPOB.

Cniownoii, Vv HENPEPBIBHBIN, CIIEKTP B BHUJE PAIYKHOW IMOJIOCKH JTAOT
TBEpJbIC pacKaJICHHBIC Tella (pacKajJeHHBIA YroJib, HUTh 3JIEKTPOJIaMIIbl) U HaXo-
JSIrecs moJ1 OOJIbIINM JaBJICHUEM I'POMaJHbIE MacChl rasa.

Jlunentuamolii CICKTP W3JIYYCHUS JAIOT PA3pEeKEHHBIE Ta3bl M Mapbl NPHU
CWJIbHOM Harp€BaHWUM WJIA MOJ JCUCTBUEM JIEKTPUUYECKOIrO pa3psa.

CocraBJieHbl TaOJIUIIBI C TIEPEUHEM JIMHUM KaXO0T0 ra3a U ¢ yKa3aHueM sip-
KOCTU KaXKJIoM JIuHuU. Hanmpumep, B CEKTpe HATPUSI OCOOCHHO SIPKU JIBE KEJThIC
JIMHHUH. Y CTAHOBJIEHO, YTO CIIEKTP aTOMa WJIA MOJIEKYJIbI CBSI3aH C UX CTPOCHUEM U
OTpaKaeT ONMPEACICHHBIE U3BMEHECHUS, IIPOUCXOASAIINE B HUX B MIPOILIECCE CBEUCHUS.

JInHenyaThIi CIIEKTP MOTJIOLIEHUS A0T Ta3bl U MAphl, KOrJAa 32 HUMHU HaXo0-
TIUTCS SIPKUIA U O0Jiee TOpSYMil HCTOUHHUK, TAIOLIUI HenmpepbIBHbIN ciekTp. CrieKkTp
MOIJIOLIEHUSI COCTOUT U3 HEMPEPBIBHOTO CIIEKTPA, MEPEPE3aHHOTO TEMHBIMU JIMHHU-
SIMH, KOTOpPbI€ HAXOJSITCS B T€X CaMbIX MECTaX, I'Ji€ JOJDKHBI ObITh PACIOJIOXKCHBI
SIPKUE JIMHUM, TPUCYIIUE JaHHOMY Ta3zy. Hampumep, 1Be€ TeMHBbIE JIMHUU IOTJIO-
LICHUS HATPHS PACIIOJNIOKEHBI B JKEJITOW YACTH CIIEKTPA.

CkazaHHOE BBIIIE€ MO3BOJISIET MPOU3BOAUTHL AHAIM3 XUMHYECKOTO COCTaBa
MapoB, M3IYYAIONIMX CBET WJIM MOTJIOMIAOIIUX €ro, HaXOAATCS JIM OHU B jabopa-
TOpUM WK Ha HeOecHOM cBeTuiie. KonuecTBO aTOMOB HJIM MOJIEKYJI, JISKAIIUX Ha
HAILIEM JIy4€e 3PEHUs, U3ITYYAIOMIUX UM IOTJIOMA0IINX, ONPEAEIAETCA 10 UHTEH-
cUBHOCTU JMHUH. YeM OOJbIlle aTOMOB, TEM sipue JIMHUS WM TeM OHA TEMHEE B
criekTpe norjomenus. CoJIHIIe U 3Be3/bl OKPYKEHBI ra30BbIMU aTMochepamu. He-
MPEPBIBHBIN CIEKTP UX BUJIMMOMN MOBEPXHOCTU MEPEPE3aH TEMHBIMU JIMHUAMU M 0-
TJIONICHUSI, BO3HUKAIOMIUMH TIPU TPOXOXKICHUU CBETa uepe3 atMocdepy 3Be3.
Iosmomy cnekmpor Contnua u 36€30 — 3mMo CHEKmMpPvl NO2/IOULCHUAL.



Hazxo IIOMHUTB, YTO CHCKTp&J’IBHLIfI AHaJIM3 IMO3BOJEICT ONPCACIIATE XUMHUYC-
CKHMH COCTaB TOJIBKO CaMOCBCTAIIMUXCA WK ITOITIOIAIOIINUX U3JTYUCHHUC I'a30B. Xu-
MHUYECKMU COCTaB TBCPAOI'O HUJIN JKUAKOI'O TCJIA IIPHU ITOMOIIU CIICKTPAJIBbHOI'O aHa-
JIn3a OIIPCACIUTDb HCIIb3A.

OO0opynoBanue U MaTepPHUAJIbI.

Pabota BbITIONHSETCS B KOMIIBIOTEPHOM KJ1acce ¢ JOCTyNoM K cetu UHTep-
HET.

Jlns paboThl MCTONIb3yeTCsl MHTEepHET-calT [lapuxkckoi oOcepBaTopuu, Co-
JepKanuii “HPOKOMMYHUKAIIMOHHYIO BEPCHIO arjaca COJIHEYHOTO CIEKTpa J0-
cTymHOro 1o aapecy http://bass2000.o0bspm.fr/solar_spect.php

3ananmne
Onpenenuth XUMU4ECKUi coctaB arMochepsl CourHIIa.

YKa3aHusi 10 NOPAAKY BbINOJIHEHUSI Pa0OThI
Pazymeercs, xumuueckuii coctaB atmoceprsl ConHIIa HaM HU3BECTEH, MPH
BBITIOJTHEHUU 33J1a4U MBI Oy/IeM MCXOJIUTh U3 MPEATNONIOKEHHUS, YTO HaM HaJo 3a-
HOBO €r'0 OIPEC/IUTh, CPABHUB JIJIMHBI BOJIH CIIEKTPAJIbHBIC JTUHUU C TEOpETUYe-
CKH paCCUYMTAHHBIMU JJIMHAMU BOJH BOJAOPOJIA.
PaccuuTaiiTe n1iMHBI BOJH JIMHUN BOJIOPOJIa B ONITUYECKON 00JIACTH CIIEKTpa
(mpumepHo oT 600 HM 10 300 HM) 1o hopmyne banbmepa (3.1).
1 1 1
—=R, (—2 ——zj, n=3, 4,5, 6. (3.1)
A 2 n
rae Ry = 10967759,3 M — nocrosianas Punbepra s Bogopoaa.
Pesynbrarsl pacueToB 3aHecuTe B Ta0auiy 3.1 cromnber 2.

Tabnuma 3.1 — Pacuer nuH BosiH cepuun banbmepa

n A, Hm (no opmyne Banvmepa) A, HM (N0 OaHHBIM pe2ucmpozpammol)

1 2 3

o0 bW

Onpenenvure MIMHBI BOJH cepur banbMepa Mo perucTporpaMme Ha CauTte
http://bass2000.o0bspm.fr/solar_spect.php

- 3aliIUTE Ha CaWT;

- B quajorosom okue Wavelength B sueiike CentralWavelength naGepure
6550, 3TO LEeHTpanbHAas 4YacThb HI)KHEH TpaHUIbl BUAMMONW OOJIACTH CHEKTpa

Comnnna B aurcrpemax (I A=10m=0,1 um);
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- B siueiike Range A maGepute 100, 3TO MakcHMManbHas IIUPUHA OOIACTH
CIIEKTpa B aHTCTPEMAX;

- HaxkmuTe OK;

- B OKHE MOSIBUTCA YYaCTOK perucrporpammel crekrpa CoyHIla B Ipome-
XKyTKe JJIMH BOJIH OoT 650 HM 110 660 HM. JIuauto nornouieHust B armocdepe Comnn-
11a C BBICOKOW TEMIIEPATYpOHd MOKHO OTJIMYUTH OT JIMHUM MOTJIOMICHUS B 36MHOM

atMocdepe (IIpu HU3KOW TeMIiepaType) Mo 3HAYUTEITbHON MIUPUHE.
£ N

8k

if‘{‘l’”L‘LIH'}N

70 6580 6590 6600

6500 6510 6520 6530 6540 6550 6560 657 60

Wavelength (Angstroms)

Central wavelength (A) ssso  |Range A [100 0K with log scale Reset

Puc. 3.3
- TIOJBEAUTE KYPCOpP MBIIIK K CaMOl TIyOOKOM TOYKE IIMPOKOTO MpoBalia
pEruCTpPOrpaMMbl MU HaKMUTE JIEBYKO KHOINKY. Ilocie 3TOoro BO BCILIBIBAKOIIEM
OKOILIKE MOSBUTCS IJINHA BOJIHBI.



Wavelength: 6 562.898
Intensity: 1 635

Puc. 3.4

3aHecuTe MONyYeHHBIH pe3ynbTar B Tadauiy 3.1.
[Tyrem W3MEHEHHS MAITa30Ha PETUCTPOrPAMMBI C TIOMOIIIBI0 KHOIIKU Previ-

ous Step '~ HailnuTe Apyrue MMPOKHUE JIMHUU MOTJIOUICHUS, pe3yIbTaThl 3aHECUTE
B Ta0mity 3.1.

BnecuTte B OTYET CKPUH OJHOM JIF000i JIMHUU TOTJIOLICHUS.

CpaBHUTE pe3ysbTaThl, OJy4YE€HHBIE Pa3HbIMU CIIOCOOAMM, U CHEIalTe BbI-
BOJI O COCTaBe MOTJIOUIAIOIIET0 CBET ra3a U, COOTBETCTBEHHO, O COCTaBe aTMocde-
pb1 ComnHiia.

Conep:xanue oryera
Otyer odopmiisieTcs B COOTBETCTBUU C TpeOOBaHUSIMU, MPUBEJICHHBIMU B
NPUIOKEHNUH A.

KoHTposbHBIE BONPOCHI

1. Yro takoe crexkTp?

2. Ilepeuncnure BUIIBI CIIEKTPOB.

3. Urto Ha3bIBaIOT a0COIIOTHO YEPHBIM TEJIOM?

4. OObsicCHUTE paclpe/ieliecHue WHTEHCUBHOCTH H3JIYYEHUS MO JJIMHAM
BOJIH B criekTpe ComHua.

5. Kakum 00pa3oM MOKHO OIPENENIUTh TEMIIEpaTypy HarpeToro tena’?

6. OObsicHUTE pa3InyMe MEXaHU3MOB BO3HMKHOBEHMS HMIMPOKUX U Y3KHX
AHUHI nornouieHus B crekrpe ConHuna.

7. Ilouemy no mMMPHUHE JIMHUM MOTJIOIIEHUS MOKHO OINPENEIATh TEMIIEpa-
Typy MOTJIOMIAONIEN CpebI?

8. OxapakrepusyiTe pu3udecKyro mpupoay, crpoenue u cocras ComHIla.



YkazaHus Mo TeXHUKe 0e30MaCHOCTH.

K BemomHeHWt0 1a00paTOpHBIX pabOT MOMYCKAIOTCS CTYACHTBI, O3HAKO-
MUBIIIMECS C MpaBUJIaMU pabOTHl B JIAOOPATOPUH, MPOIICANINE UHCTPYKTax Oe3-
OMAacCHOCTH (cMm. MPUIOKEHHE b).



JIABOPATOPHASA PABOTA Ne4.
N3y4yeHune BHYTPpEHHEr0 CTpOeHue 3eMJIM U ee CeMCMUYeCKOo Mo e In

Heab padorbl. M3yunTh CEHCMHYECKYIO MOJIENIb BHYTPEHHETO CTPOCHUS
3emui. BeienuTh BHyTpeHHUE Teocdephbl U CIIOU TUUIAHETHI, OMPEICIUTh UX MOP-
dbomMeTpriecKue XapaKTePUCTUKH.

Teopernyeckasi 4acTb

Ceitcmonozusn — 3To Hayka, B KOTOPOU (haKTUUYECKHUE JaHHBIE MPECTABISIOT
co00i1 3amMCu MEXaHUUYECKUX KoJieOaHui 3emMill, Ha3bIBa€MbIX CECMOIpaMMaMHu.
Kone6anust MoryT ObITh BbI3BaHBI HCKYCCTBEHHBIMH B3pPbIBAMH MU €CTECTBEHHbI-
MU PUYUHAMH — 3EMJIETPSACEHUSMU U U3BEP)KEHHUSIMU BYJIKAHOB.

Ynpyzoui 6onnoir nazpiBaeTcs nporecc nepegayn Ha paccTosHue aedopma-
1A, BO3HUKAIOLIUX B YIIPYTUX TEJAX.

[To Tuny nedopmanmii ynpyrue oObeMHBIE BOJHBI KIACCHPHUIIUPYIOTCS HA
IPOAOJBHBIE U ITONIEPEUHBIE.

Ilpooonvuas celicmuueckas 60Ha pacupocTpaHsieTcs B BUE AedopMaliuii
paclIMpeHus U CKATHsl, a nonepeunasn eoana — B Buje nedopmannii casura. Ilpo-
JOJIbHBIE BOJIHBI 0003HavaroTcs 0ykBoil P, monepeunsie — OykBo# S. DT 0003Ha-
YeHUs1 ObUTH JaHbl B CEHCMOJIOTHH, TIOCKOJIbKY Ha CeCMOrpaMMax 3eMJIeTPSICEHUM
IPOJIOJIbHBIE BOJIHBI PETUCTPUPOBAIIUCH MEPBBIMU (JJATUHCKOE CJIOBO «primay), a
MOTIEPEUHBIC BOJIHBI — 32 HUMU (BTOpBIE — «secunday).

CwMmelieHrst B MPOJOJIBHON BOJHE MPOUCXOASAT B HAIPABICHUH €€ Paclpo-
CTpPaHEHHs, a B IIONEPEYHON BOJHE — B IUIOCKOCTSIX, NEPIEHIMUKYISIPHBIX K
HaIlPaBJICHUIO PACIIPOCTPAHEHUS BOJIHBI.

Hedbopmanuu cipura, a, cieloBaTeIbHO, HOnepeuHbvle 60JIHbl He 803HUKA-
1om 6 2a3ax u HcuOKOCmAX; B TAKUX CPEAAX PaCHPOCTPAHSIIOTCS TOJBKO MPOJOJIb-
HbIE CECMUYECKUE BOJIHBI.
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Pucynok 4.1 — IIpogonbHast 1 nmonepevyHast BOJIHBI

N3ydenue myTeit 1 CKOPOCTH pacpoCTpaHEHUsl B Hellpax 3eMiid cericMuye-
CKUX BOJIH MTO3BOJIMJIM Pa3paboTaTh CEHCMUYECKYIO MOJIENb €€ BHYTPEHHETO CTPO-
CHUSL.

Ha puc. 4.2 npuBenens! rpaguky U3MEHEHUs CKOPOCTEN MPOJIOIBHBIX U MO-
MEPEUHBIX YIOPYIMX BOJH OT MOBEPXHOCTH 3EMIIU JI0 €€ LIEHTpA.
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Pucynok 4.2 — CkopocTu ceiCMUYECKHUX BOJIH Ha Pa3IUYHBIX TITyOMHAX

3eMJIsi COCTOUT U3 TPEX OCHOBHBIX reocdep: KOpbl, MAHTHU U Spa, MOAPa3-
JEJSFOLIMXCS, B CBOIO OYEPEb, HA PAJL CIIOEB.

B 3aBucHMOCTH OT BEIMYMHBI CKOPOCTEN CEUCMUUYECKUX BOJIH M XapakTepa
UX U3MEHEHHUs ¢ TIyouHou "TBEpmyro" 3eMiito AENAT Ha BOCEMb CEMCMUYECKHUX
cioes: A, B, C, D', D", E, F u G. Kpome Toro, B 3emJie BBIJIECTSIOT 0CO00 MTPOYHBIN
CJIOW — iumocghepy v HUKENEKAIUN pa3MATYEHHBIN CII0U — acmenocgepy.



JTumoceepa (ot rpedeckoro lithos — kameHs u sphaira — map) — BHEITHSA,
OTHOCUTEIILHO TIpOYHas 000JIouKa TBEPJON 3eMiiM, pacroyioKEHHAs HaJl MEHee
BSI3KOM M O0JIee MIaCTUYHOM acTeHOCHEPOH.

Acmenocgepa — cnoil TOHWKEHHON BSI3KOCTH B BEPXHEM MAaHTHUU 3€MJIM.
KpoBns acrenocdeps! nexxut noa matepukamu Ha riryoune 80—100 kM, moa okea-
Hamu 50-70 kM (MHOTZA MEHee), HWXKHsSI TpaHulla acTeHocepbl — Ha TIyOuHe
250-300 kM, HEpe3Kasl.

40 kM

AcreHocdepa

Bepxuasa
MaHTHS

Hioxuaas
MaHTHUS

Brewnee sopo

BuyrpenHee saaopo

Pucynok 4.3 — BHyTpeHHee cTpoeHue 3eMiu

3emnan xkopa vin Cnoid A — 310 HapyxHbIi ciioi 3emin. MiMeeT nepemeH-
HYIO TOJIIMHY. B KauecTBe MOAOMIBEI KOPHI IPUHUMAIOT CEHCMUYECKYIO TPaHUILY
MoxopoBuunya (rpanuiia Moxo) B OKpeCTHOCTU KOTOPOM MPOUCXOIUT U3MEHEHHE
CKOPOCTH NPOAOJBHBIX YIPYIHMX HNPOJOJBHBIX CEHCMHUYECKUX BOJH ¢ 6,7—7,6 10
7,9-8,2 xM/c u moniepevyHbIX — ¢ 3,6-4,2 no 4,4-4,7 xm/c.

Manmusa (o1 cpeqHErpeyeckoro mention — MOKpbIBaJio, Iuiail) — reocdepa,
PacHoJIOKEHHAs] MEXKY 36MHOM KOPOU U AIpOM. DTOT CJIOM IPOCTUPAETCS OT OC-
HOBaHUs 3eMHOUM Kopbl Ha miyouny 2 900 kM. B manTtuto Bxonar ciou B, C, D',
D".

Crnoit B mpoctupaercst ot moBepxHocT MoxopoBuunda 10 Tiyounsl 400
kM. Mexnay cinoeM B 1 kopoil mpoucXouT HHTEHCUBHBINA OOMEH BELIECTBOM.



Croit C (cnoit ['onuipina) 3anuMaet obnacts rryoun 400900 kM u xapak-
TEPU3YETCSI PE3KUM POCTOM CKOPOCTEM BOJIH, CBA3aHHBIM C MIEPEX0JJOM MUHEPAJIOB
B O0Jiee IIIOTHBIE MOAU(DUKAIIH.

B cnoe D' (900-2700 kM) CKOpOCTh BOJIH B OCHOBHOM PacTET 3a CUET CxKa-
THUSL OJTHOPOJHOTO BEUIECTBA.

Aodpo. Cnon E, F u G obpa3yrot siapo 3emin (paauycom 3486 km). Ha rpa-
HULlE ¢ sAApoM (Ha moBepxHocTH ['yreHOepra) CKOpPOCTb MPOJOJBHBIX BOJH
yMeHbIaercs ckaykoMm Ha 30%, a monepedHble BOJHBI MCYE3AKOT, YTO YKa3bIBAET
Ha TO, YyTO BHewHee a1po (cinoit E, npoctuparomuiicss 1o rimyonna 4980 kM) sxui-
koe. Huxke 3arBepneBatomiero nepexonnoro cios (ciou F, 4980-5120 km) Haxo-
IUTCA TBEPJIOE BHYTpeHHee sSapo (cioit G), B KOTOPOM paclpOCTPaHSIOTCS MoIe-
pEYHbIE BOJIHBI.

O6GopynoBanue U MaTepUAJIbI
Pabota BbITIONHSETCS B KOMIIBIOTEPHOM KJlacce ¢ JAOCTyHoM K cetu WHTep-
HET.

HUcxonnblie nanuble. [Ipunoxenue B.

3aganue
CornacHo CBO€MY BapUaHTY BBITIOJIHUTH pacueTbl MOP(HOMETPUUECKUX Xa-
PaKTEpUCTUK BHYTPEHHMX Ieocdep U CIOEB ITUTAaHETHI (110 BapHaHTaMm).

Yka3aHusi 10 NOPAAKY BBINOJTHEHHUSI PA0OThI

B kadecTBe MCXOAHBIX TAHHBIX MCMOJIB3yeM KJIACCUYECKYI0 CEHCMUYECKYIO
monens [xeddpuca-I'yrenbepra, mocTpOSHHYIO HA OCHOBE U3MEHEHHUS 110 PaIny-
cy 3eMiIn CKOPOCTEH paclpOCTPaHCHHS MPOAOIBHBIX Vp M TomepedHbix Vs ceii-
CMUYECKHUX BOJIH (puc. 4.4).
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Pucynok 4.4

BcnoMHMM, 9TO TPOJOJBHBIE BOJIHBI UMEIOT HAUOOJBIIYIO CKOPOCTh Vp U
IPOXOJAT Yepe3 TBEPABIE U XKUAKUE cpelbl. [lonepeunbie BOJHBI TPOXOIAT TOJIBKO
4yepe3 TBEPJOE TENO M 3aTyXaloT B KUIAKOM U razoo0pa3zHoM BeniectBax. CKOpOCTh
MONEPEYHBIX BOIH Vs MEHbIIIE CKOPOCTH MPOJOJIbHBIX BOJIH.

Ecnu Ob1 HamIa mtaHeTa OT MOBEPXHOCTH JI0 LIEHTpa Obuta Obl OJTHOPOIHBIM
TEJIOM, T.€. IJIOTHOCTh MOBCIOAY ObLIa ObI MOCTOSTHHOM, TO Ha BCEX TNTyOMHAaX CKO-
pPOCTh CEMCMUYECKUX BOJH ObLIa Obl OIMHAKOBOW. B EeWCTBUTENILHOCTH CKOPOCTh
BOJIH, KaK BUJHO HA puc. 4.4, ¢ TIIyOMHOI MEHSIETCS CKaYKo0Opa3Ho.

Campblil 3aMETHBI CKaYOK CKOPOCTH CEHCMHYECKHMX BOJIH HaOJIIOJacTCsS Ha
riryonne 2900 km: ckopocTh mpoaoabHbIX BoiH (Vp) pe3ko magaet ¢ 13,6 km/c 110
8,1 xMm/c, ckopocTh TmonepedHbIX BoJH (Vs) pe3ko CHMXKAeTCs W MPHOIMKaeTCs K
HYJI0. DTO O3HAYaeT, yTo mpakTuyecku riyoxe 2900 kM morepedHbie BOJHBI HE
MPOHMKAIOT, U MOXKHO MPEANOIOKUTH, 4TO I1yoxke 2900 kM BemecTBo 3emMiu 00-
JajiaeT CBOMCTBAMHU KUJKOTO Tea.

Pe3koe n3MeHeHME CKOpPOCTEM CEMCMHUYECKUX BOJH IPOMCXOIMUT TAKXKE B
MOBEPXHOCTHOM cJioe 3emiin 110 TiyOuHbl B cpenneM 41 km: Vp Bo3pacrtaer ot 5,0
1o 8,0 km/c, Vs ot 1,5 1o 4,5 xm/c.

Ckaukoo0pa3HOe U3MEHEHHE CKOPOCTEW MPOJIOIbHBIX U MONEPEYHBIX BOJIH
OTpaXaeT CKauYKooOpa3HOe U3BMEHEHHE TUIOTHOCTH 3eMHBbIX Hellp. CkaukooOpa3Hoe
U3MEHEHME IIJIOTHOCTH 3€MHBIX HEJIP CBUJETEIBCTBYET O PACCIOEHHOCTH 3EMIIA U
CYIIIECTBOBAHUM BHYTPHU HEE Tpex 000J0ueK WM reocdep: 3eMHON KOpbl B Cpe/i-
HEeM 0 TiiyOuHbl 41 kM, MaHTUM Ha ryouHax oT 41 1o 2900 kM u sipa, HaXoasI-
nierocsi Ha riayouHax cBbiiie 2900 kM OT MOBEPXHOCTH 3EMITH.



Brigensiem reocdeps! U cinou Ha rpaduke 1Mo TOYKaM CKayKooOpa3HBIX U3-
MEHEHHI CKOPOCTEH U OIyCTUM TEPIECHIUKYIISPBI Ha 0Cch TIIyouH h (puc. 4.5).
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Pucynok 4.5

Obo3nauaem cnou’ A, B,C,D, E, F, G.

[ToBepXHOCTHBIN CJIOM — 3eMHas KOpa, Mojdy4daeT 0003HayeHue A.

B ManTHuM BhIIENsIEM BEpXHIOW — cinoil B, cpegnroro manthro — cino C u
HIKHIOK MaHTHIO — cJoi D.

B snpe Beigensiem BHemiHee s11po — cioil E, BHyTpenHee sanpo — G, u nepe-
XOJIHBIM CJIOW OT BHELIHETO K BHYTPEHHEMY s1py — ciiou F.

[To xapakTepy M3MEHEHHS] CKOPOCTEM paclpOoCTPaHEHHUs MPOAOJIbHBIX U IMO-
IIEPEYHBIX BOJIH 0e/ldeM 6bl600 0 aZPecamHoM COCHOAHUU C10€6 — BHEILIHEE 51]IPO
KUIKOE.

Onpenensem epanuywl 2iyoun zeocghep u cioes.

OnpenensieM moawuny eHympennux zeocghep u cioeg 3emau. Jlis 310ro
BBIYHCIIIEM Pa3HOCTh TUIYOMH BHEINTHEH M BHYTPEHHEH TPaHUIBI KaXJIOTO CIIOS.
Hanpumep, nis cnost A: 41 - 0 =41 (xkm).

BpruucnsieM TONMMMHY Ka)XXJIOrO CJIOS B MPOLEHTAX K paguycy 3emuu. Jid
ciost A: 100% -41/6371=0,6%.

Brraucnsiem o6vem enympennux 2eocghep u cnoee. B nannom ciydae 3eM-
JI51, KOTOPYIO B HEKOTOPOM MPUOJMKEHUH MOXKHO CUUTATh IIAPOM, MPEACTABIISIET
coboit BHyTpenHee sapo G (mmap) mokpeIThiil obomoukamu F, E, D, C, B, A.

O6beM 1mapa BeraucauM 1o gpopmyse V=4/3nR3 a 00beM oGonouek HaiigeMm
KaK pa3HOCTh 00bEMOB COOTBETCTBYIOIIUX IIAPOB.



Jlnis BeIYUCIIEHUSI 00BEMOB reocdep U CIIOeB HalieM MPOMEXKYTOUHbIE JaH-
HBIE: pAOuycovl 6epxXHell NOGEePXHOCMU C/10A U 00bembl, 0ZPAHUYEHHbIE IMUMU
paouycamu.

Jlna BorumcieHus: oobema ciost A HaiiieM o0beM 1apa pajuyca, COOTBET-
CTBYIOIIETO €ro BEpXHEW MOBEPXHOCTH (T.e. 00BbEM Bceil 3eMim), U 00beM Iiapa
paanyca, COOTBETCTBYIOIIETO HUYKHEN MMOBEPXHOCTH €051 A. Pa3HOCTh HAalICHHBIX
00BeMOB cOCTaBUT 00beM citos A: 1083,2 - 1062,4 = 20,8-10° (km3).

3aTeM HaiizieM 00beMbI BHYTPEHHUX reocep U cI1oeB 3eMin B KM> U %.



Tabmuma 4.1 PacueTHas Tabauia s HaX0XKIeHUsSI 00bEMOB BHYTPEHHUX reocdep 1 CcI0eB 3eMiu

Teocpepa| Cnou |Acpecammnoe| I'panuua | Tonwuna cnos | Paouyc eepxneit | O0vem, ozpanuuennolii pa- Obvem cnosn
cocmosanue | 21y0uHvl, KM noeepxnocmu | OUycom epxuei "9066’1;36"0-
o % Ra cnos, Km cmu cnos, 10° km 109’ o %, V3
Kopa A TBepnbii 0-41 41 0,6 6371 4/37-6,3713=1083,3 1083,2-1062,4=20,8 19
Mantus B TBepaprii 41 — 350 309 49 6371-41=6330 4/31-6,333=1062,4 1062,4-914,3=148,1 13,7
C TBepablit 350 — 850 500 7,8 6371-350=6021 4/31-6,021%=914,3 914,3-704,9=209,4 19,3
D Teepmprit | 850 — 2900 | 2050 32,2 6371-850=5521 4/31-5,5213=704,9 704,8- 175,2=529,7 48,9
Best ManTHS 41-2900 | 2859 | 44,9 1062,4-175,2=887,2 81,9
SAnpo E Teepabii | 2900 — 4980 | 2080 32,7 | 6371-2900=3471 4/31-3,4713=175,2 175,2-11,3=163,9 15,1
F [Tepexonusiii| 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 4/31-1,251%=8,2 8,2 0,8
Bce siapo 2900 —-6371| 3471 54,5 175,2 16,2
Best 3emunst 0-6371 6371 | 100.0 1083,2 100,0
Tabmuua 4.2 MopdpomeTprudyeckrue XapakTEpUCTUKN BHYTPEHHHUX reocep U CI0eB 3eMIH
Teocghepa Cnou Aepecammuoe cocmosanue I'panuya 2nyounst, km Tonwuna cnosn Oovem cnosn
KM % R3 10°, xkm® %, V3
Kopa A TBepabiit 0-41 41 0,6 20,8 19
MaHTHUS B TBepabiit 41-350 309 49 148,1 13,7
C TBepasiii 350-850 500 7,8 209,4 19,3
D TBepasiii 850-2900 2050 32,2 529,7 48,9
Best manTHsS 41-2900 2859 449 887,2 81,9
STIPO E TBepabit 2900-4980 2080 32,7 163,9 15,1
F ITepexoaubrii 4980-5120 140 2,2 3,1 0,3
G Kunkuii 5120-6371 1251 19,6 8,2 0,8
Bce saapo 2900-6371 3471 54,5 175,2 16,2
Bes 3emmsa 0-6371 6371 100.0 1083,2 100,0




Jlenaem 6vt600wt.

W3 BHyTpeHHHX reocdep HauOOJBITYIO TONIIHUHY UMEET SAPO: €r0 Paanyc
cocrasisieT 3471 km, unmu 54,5 % ot paguyca 3emau. 3HaYMUTENbHA TOJIIIMHA MaH-
Tiu — 2859 kM um 44,9 % R3z. Camoli TOHKOM sBIIeTCS 3eMHas Kopa — 41 kM uiu
0,6 % Ras.

N3 cnoeB 3emnu HanOonbIIeH TOMIIMHON oOjamaroT ciion D u E, T.e. HUXK-
Hsst MaHTUS 1 BHermHee sapo — 2050 km mmm 32,2% Rz u 2080 kM umu 32,7% Ra
cooTBeTCTBeHHO. CaMbIM TOHKHM, €CIM HE TPUHMMATh BO BHUMaHWE CIOH A
(3EMHYIO KOPY), SBIIICTCS NIEPEXOHBIN cIok F — OT BHENTHEro K BHYTPEHHEMY $1]1-
py. Tommwuna cnos F cocraBnsier 140 kM unu 2,2 % Ra.

O6beM 3emun cocrasister 1083,2-10° kv,

N3 BHyTpeHHuUX Treocep HaumOoubmHii 00beM HUMEEeT MaHTHS —
887,2-10° km3, uro cocrasuser 81,9 % or obbema Beell 3emun. SIapo uMeer cpas-
HUTEIbHO HeOonbmol 00beM — 175,2-10° km® umm 16,2 % V3. CaMoit manoii 1o
00bemy sBiseTcs 3eMuas kopa — 20,8 -10° km?® win 1,9 % V.

N3 cnoeB 3emau HauOobIIMI 00bEM HUMEET clioil D (HWXKHSIST MaHTHS) —
529,7-10° km® um 48,9 % V3. Haumenpmmii 00beM umeeT cioii F (mepexoqubii

CIIOM OT BHEMIHETO sAapa K BHyTpeHHemy) — 3,1-10° km® wmm 0,3 % V3.

Conep:xanue oryera
Otuer odopmisieTcss B COOTBETCTBUU C TPeOOBAHUSIMU, MPUBEICHHBIMU B
[Tpunoxenun A.

I'eocdepa | Cnoii | Arperataoe co- | I'panuna rioyou- Tonmuua cios O0bem ciost
CTOSIHUE HBI, KM KM % R 10° | %, V,
kM3
Kopa

MaHTHA

Bcsa maaTusa

SIPO

Bce sapo

Bcesa 3emia

KoHTpoJsibHBIE BONPOCHI

1. Kakum o6pazoM momydaroT HHGOPMAIUIO O TITYOUHHOM CTPOEHUU 3eM-
mm?

2. Yto uzyuaer ceicmonorus?

3. YUro Takoe ynpyras BojHa?



4. Yro Takoe mpoA0JIbHBIE U MONEPEYHbIE BOIHBI? B Kakux cpenax oHH pac-
MIPOCTPAHSIOTCS?

Yka3aHusi 10 TeXHUKe 0e30MACHOCTH.

K BbinonHeHUI0 71a00paTOpPHBIX PadOT AOIMYCKAIOTCS CTYJIEHTHI, O3HAKO-
MUBIIIMECS] C MpaBWIaMU PAOOThI B JTAOOPATOPUH, MPOIISAIINE UHCTPYKTaX Oe€3-
onacHoCTH (cM. mpuiioxeHue b).



JIABOPATOPHAS PABOTA NeS.
M3ydenue cocTaBIAIOMIUX HOPMATBHOI0 TPABUTALIMOHHOI 0 110JIs1 3eMJIH

Ieap pa6orpl. O3HAKOMUTBHCSA C OCHOBAaMH TEOPUU M COCTABJISAIOMIMMUA
HOPMAJIBHOT'O T'PaBUTALIMOHHOrO mnoss 3emuu. lIpomsBectu pacuer cocras-
JAIOIIUX HOPMaJIbHOI'O IPaBUTALIMOHHOIO ITOJIS.

Teopernueckasi 4acTb

I'pasumayusa (Ot nat. gravitas — «TSKECTb») — YHUBEpcalibHOE (hyHIaMEH-
TaJIbHOE B3aUMOJICHCTBUE MEKY BCEMU MaTepUalbHBIMU TEIAMHU.

B pamkax kilaccMuecKoi MEXaHHKH T'PaBHTAIMOHHOE MPHUTSHKEHUE OIUCHI-
BAeTCs 3aKOHOM BCEMHUPHOrO TATOTeHUS HbIOTOHA, KOTOPBIM IJIacUT, YTO CHJIa
IPaBUTAIMOHHOTO TPHUTSHKCHUS MEXKIY TBYMSI MaTE€pHATbHBIMH TOYKAMHU MAacChI
M1 ¥ M2, pa3aenEéHHBIMU PACCTOSIHUEM I, IPOMIOPLHUOHAIbEHA 00E€UM MaccaM U 00-
paTHO MPOMOPIMOHANIEHA KBAIPATy PACCTOSHUS — TO €CTh:

m,m,
r’

3nece G — rpaBUTAIMOHHAs TIOCTOSHHAS, paBHas mOpuMmepHo 6,67-10

M3/(KT-C?).

Cuna msaxcecmu — cuna, JIEWCTBYIOIas Ha Jt000€ MaTepualibHOE Telo,

F=G

—11

Haxo/JIA1Ieecs: BOJIM3U MOBEPXHOCTU 3eMJTU UJIU APYroro aCTPOHOMHUYECKOTO Tea.

Cwuna TSOKECTH Ha MOBEPXHOCTH TIJIAHETHI CKJIAIBIBACTCS M3 TPaBUTAIMOHHO-
r'0 MPUTSDKEHUS TUIAHETHI U IIEHTPOOEKHOUN CHITBI MHEPIIUHU, BHI3BAHHON CYTOYHBIM
BpaIllcHUEM IIAHETHI.

YckopeHnue, coolliaemMoe Telny CUJION TSIKECTH, Ha3bIBACTCS YCKOpeHUeMm
C80000H020 naoenus.

OnHOl M3 OCHOBHBIX XapaKTEPUCTUK TPAaBUTALIMOHHOTO TOJISI SIBJISETCSI €ro
HANPANCEHHOCMb UM COOTBETCTBYIOIIAS € BETMYMHA YCKOPEHUSI CHITBI TSXKECTH.

Hanpsascénnocmo 2pagumayuoHno20 noJia — BEKTOPHAs BEIMYMHA, Xapak-
TEpU3YyIolllasi FPABUTAILIMOHHOE MOJIE B TAHHOW TOYKE M YHUCIICHHO paBHAas OTHOII e-
HUIO CUJIbI TSATOTECHUS, JEUCTBYIONIEH Ha TEJO0, MOMENIEHHOE B IaHHYIO TOYKY I10-
JI51, K TPaBUTALIMOHHOM Macce 3TOro Teja, MO3TOMY MMEIOIEEe pa3MEPHOCTh YCKO-
peHus CBOOOIHOTO MaJICHUS

g=G1s (5.1)

rame Mz — macca 3eMIIH.



Pucynok 5.1 — CocraBiisironiyie CHIbl TSHKECTH Ha MOBEPXHOCTU 3EMITU
f, — cuna rpaBuTanmonHOTO NMpHUTSHKEHUS; f, — eHTpOOEKHAS cHa;
f, — cuna TshkecTH

Homelmuaﬂ cujibl masycecmu — CKaJsipHasaA BCIIMYMHA, I'PAaJUCHT KOTOpOﬁ
PaBCH HAIIPSKCHHOCTHU WJIN YCKOPCHHIO CBO6OI[HOF O IMaJICHUA B JAHHOM CJIy4dac:

U :G% | (5.2)

O6paTI/IM BHHUMAHHC HA TO, YTO U YCKOPCHHC CHUJIbI TAKCCTHU, U ITOTCHIHUAL
I'pPaBUTALlMOHHOTO MOJIA 3aBUCAT OT I, T.C. €CJIM I' ONMCBHIBACT IIOBEPXHOCTDH 3CMJ'II/I,
TO qbueypa Semau u cpasumayuoOHHoe noJjie Ha ee noG6epxHocmu 63aUMOCBA3AHbL.

VYcinoBHO I'PaBUTAIMOHHOC I10JIC MOXKHO pa3aC/IMTh Ha COCTABJIAIOIIHC!

g=0,+>.,69. (5.3)
rae (o — riaaBHOE (HOPMAJIbHOE) YCKOPEHUE CHIIBI TSKECTH;
OoJ — TpaBUTALIMOHHBIE aHOMAJIUU (BO3MYLIEHMsI), CBSI3aHHBIE C IIJIOTHOCT-

HBIMHU HEOJTHOPOJHOCTSIMU B HeJlpax 3eMIIH.

B 3aBucuMOCTH OT pa3MepoB U TIYOWHBI 3aJ€TaHusl TNIOTHOCTHBIX HEOIHO-
POIHOCTEH TpaBUTAIMOHHBIC AHOMAJIMU MOTYT OBITh TUIAHETAPHBIMH, BRI3BAHHBIMHU
JaTepaIbHOM IJIOTHOCTHOM M3MEHYMBOCTHIO MAHTHM, U PETUOHAIBHBIMU U JIO-
KaJIbHBIMU, CBS3aHHBIMH C TUNIOTHOCTHOW HEOTHOPOTHOCTHIO 3€MHOM KOPHI.

Hopmansnoe zpasumayuonnoe noJjie BKIIOYACT:

a) BIIMSIHUE MacC 3eMJIU C TUIOTHOCTBIO, 3aBUCAIIEH TOJILKO OT paauyca, I;

0) a¢dexT cxaTus 3eMiu;

B) BKJIQJl LICHTPOOEKHOTO YCKOPEHUSI.

[Tocnennue nBa 3¢dexra 00ycIOBICHBI BpallleHUEM 3eMJIU: IEHTPOOEIKHOE
YCKOPEHHUE — HEMOCPEJICTBEHHO, a CKATUE — KaK pe3yibTaT MpUCIocoOaeHus (u-



rypbl 3eMJIM K JUIMTEILHOMY BpalieHuto. B 3ToM mporecce BemecTBo 3eMiIH BEAET
ce0sl Kak Bsi3Kas KUJAKOCTb. PaBHOBecHas gurypa 3emii COOTBETCTBYET (uUrype
BPAILCHUS )KUJIKOW IIJIAHETHI.

LlenTpoOexHOE 3HAUUTENHLHO MEHBIIIE TI0 BEIMYMHE, YEM YCKOPEHUE IPaBU-
TAlMOHHOTO MPUTSKEHUS, UX COOTHOLIEHUE HA YKBATOPE COCTABIISET

f
q=-*=34510" (5.4)
f,=ma, (5.5)
a,=w’p=w’R,C08¢ (5.6)

rie  f, — cuna rpaBUTanMOHHOTO MpUTSXKEHUs; f, — HeHTpoOekHas cuna;, a, —
HEHTPOOEKHOE YCKOPEHHE, p — PaJANYC BpallleHUs; @ — YIJIOBasi CKOPOCTh Bpallle-
Hust, w = 27/T, T — Bpems omHoro odbopora 3emiun 86164,1 ¢, ¢ — mmpora, R3 — pa-
TAYC 3EMIJIH.

B 1971 r. MexnyHapoaHbIM COIO30M T'€O(U3UKU M IeoJIe3uu Obula PeKo-
MEHJIOBaHa CJEyIoulas ¢popmyna 0na GvbIYUCTIEHUA HOPMATIbHOZ0 3HAUEHUA
YCKOpPEHUs CUIbl MANCECMU

g, =9,780318(1+ 0.0053024sin’ ¢ —0.0000059sin” 2¢) (5.7)
r7e ¢ — reorpapuueckas mupoTa.

Kaxk BugHOo 13 hopMyibl, HOpMaIbHOE YCKOPEHUE CUJIBI TSXKECTU HE 3aBUCUT
OT JOJITOTHI U YBEIMYMBAETCA OT dKBartopa K nosocaM. [locnenHee cBsi3aHO Kak ¢
YMEHBIIIEHUEM PACCTOSHUS JI0 IIEHTpa 3eMJIM, TaK U C YMEHbBIIICHUEM IIEHTPOOEC K-
HOTO yCKOpeHHus. B 1enom, ypaBHeHHE OMUCHIBAET TPaAaBUTAIIMOHHOE TOJIE Ha TO-
BEPXHOCTH BpalIaromierocs: cheponia co c:kaTueM o.

OtkiioHeHus: HaOIOTaeMbIX (MM BBIYMCIEHHBIX) 3HAYEHUN YCKOPEHUS CH-
Jbl TSDKECTU OT HOPMAaJIbHBIX HA3bIBAIOT anomanuamu AQ. AHOMamuu o0yClIOB-

JIEHbI IIJIOTHOCTHBIMHU HEOJHOPOIHOCTSMH B 3emiie. OHU co3aat0T HEOOIbIINE OT-
KJIOHEHHsI YPOBEHHOM MOBEPXHOCTH TI'PAaBUTALMOHHOIO IOTEHIMAna OT 3€MHOI0
JJUIMIICOU A, NIPEBPAILAst €TO B T€OUL.

O6GopynoBaHue U MaTepUAaJbl.
Pabora BeIMONHSAETCA B KOMIIBIOTEPHOM KJIacCE€ C IOCTYNOM K cetu UuTep-

HET.

HcxonHble JaHHDBIE
Bapuanr 1 2 3 4 5 6 7 8 9 10
HauanbHoe 3HaueHue @, °© 90 | -89 | 88 | -87 | -86 | -85 | -84 | -90 | -89 | -88
Har Ag, ° 3 4 5 6 3 4 5 6 3 4

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




HavaneHoe 3HaueHue @, ° -87 | 86 | -85 | -84 | -90 | -89 | -88 | -87 | -86 | -85

Hlar Ag, ° 5 6 3 4 5 6 3 4 5 6

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

HauanbHoe 3HaueHueE @, © -84 | 90 | -89 | 88 | 87 | -86 | -85 | -84 | -90 | -89

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

[TocTpouts rpaduku M3MEHEHUS! HOPMAJIHLHOTO 3HAYCHHS] YCKOPEHUS CHJIIBI
TSDKECTHU U IIEHTPOOESIKHOTO YCKOPEHHS OT IITUPOTHI.

Yka3aHusi 10 NOPAAKY BbINOJIHEHUS] PA0OThI

1. 3anaiite B Tabnuie 5.1 3HaU€HUS MUPOTHI B COOTBETCTBUU C BapUaH-
ToM B mHTEpBajie ot -90° mo 90°.

Hanpumep, mis Bapuanrta 1, ucnons3yite 3Ha4eHUs mupoTsl -90°, -87°, -
84°, -81° u Tak manee 10 90°.

Jlns BapuaHT 2, UCHOJIb3YWTE 3HaUeHHS UpoThl -89°, -85°, -81° u tak na-
nee 1o 87°.

2. Ucnonb3ys Gopmyiy st BBIYUCICHUS HOPMAIBHOTO 3HAUECHUSI YCKO-
peHus cuiIbl TsKecTH (5.7) paccunTaiite 3Ha4eHUS Jo.

3. Ucnonwiys dopmyny (5.6) paccuntaiiTe 3HaUYCHUSI LEHTPOOEKHOTO
YCKOPEHUS dy.

4, [locTpoiite rpaduku 3aBUCUMOCTH (o M a4, OT MIUPOTHI (0Opazer
odopmiieHust Ha puc. 5.20.

S. CrenaiiTe BBIBOJI O 3aKOHOMEPHOCTH M3MEPECHHS Jo M @y OT IIHPOTHI
IpH yIAJICHUHU OT IKBaTOPA.

TabOmuma 5.1

Llupoma @, ° Hopmanvhoe 3nauenue yckopenus Llenmpobeoicnoe yckopeHue
cunvr masxcecmu o, M/C? ay, M/C?




Q. ° go M ‘ a, we?

. é,?30313 0,03;33???55 HopmanbHOe 3HaYeHne YCKoPeHUA

5| 9,780710189| 0,03374824 CHJTTBI TAZKECTH

10| 9,781874995| 0,033363076 5,84

15| 9,783777479| 0,032723399 oo 5,83 Ll
20| 9,786360527| 0,031834677 N 580 N

25| 9,789546505| 0,030703674 5 el o a1 .®

30| 9,793239512| 0,029338997 2 . 'DE "

35| 9,797328187| 0,027751033 & R ' .*
a0| 9,801688991| 0,025951866 *e 07 Jo°
45| 9,806189875| 0,023955191 5ot
50| 5,810694239| 0,021776201 577
55| 9,815065064| 0,019431482 -100 -30 o 50 100
60| 9,819163091| 0,016938878 Wupota @, ©

65| 9,822880929| 0,014317358

70| 9,826086947| 0,011586875 LlenTpobeskHoe yckopexune

75| 9,828688827| 0,008768208

80| 9,830606663| 0,005882811 004

85| 9,83178149( 0,002952641 Neeee,

90| 9,832177158| 2,07526E-18 s 0o s

-5| 9,780710189| 0,03374584 "t o 0,025 *e
-10| 9,781874995| 0,033363076 3 - 0,02 ®
-15| 9,783777473| 0,032723399 s . 0,015 -
-20| 9,786360527| 0,031834677 e 0ot .
-25| 9,789546505| 0,030703674 . 0,005 .
-30| 9,793239512| 0,029338397 ° ; °.
-35| 9,797328187| 0,027751033 100 0 0 - 100
-40| 9,801688991| 0,025951866 Wupors g, °
-45| 9,806189875| 0,023955191

a o
Pucynok 5.2

Conep:xanue oryera
Otyer odopmiisieTcs B COOTBETCTBUU C TpeOOBaHUSIMU, MPUBEICHHBIMU B
NPUWIOKEHNHN A.

KoHTpoJbHbIE BONPOCHI

1. Yro Takoe rpaBUTallA U KaKU€ TEOPUU €€ OMHUCHIBAIOT?

2. [Touemy HECMOTpPS HA TO, YTO TPaBUTAIUS CaMOe cllaboe B3auMO/Ieii-
CTBHUE OHO SIBJISICTCS OJTHUM U3 BaKHEUTITUX?

3. Cuna TsKECTH ¥ TpaBUTAIMOHHOE T0JIE — YTO OOIIETO U B UeM OTJIU-
yue?

4. W3 yero ckiaagbIBa€TCs HOPMaIbHOE IPABUTAIIMOHHOE 1OJIe?

5. YeM 00ycCIIOBIIEHBI CKaTHE 3eMJIU U LIEHTPOOESKHOE YCKOPEHHE?

6. Kak BBIYMCIAIOT HOpMaIbHOE 3HAUEHUE YCKOPEHUS CHIIBI TSKECTHU?

7. Kak cooTHOCSTCS Mex Ay COO0M BETMUUHBI CUIIBI IPUTSHKCHUS U IICH-
TPOOEKHOU CUIIBI?



Yka3zaHus 1o TeXHUKe 0e30IIaCHOCTH.

K BbInonHeHUIO 71a00paTOPHBIX PadOT AOMYCKAIOTCS CTYJEHTBI, O3HAKO-
MUBIIIMECS C MpPaBUJIAMU paOOThI B JaOOPATOPHH, MPOIICAIINE HHCTPYKTAXK 0e3-
omacHOCTH (cM. mprtoxeHue b).



JIABOPATOPHASA PABOTA Ne6.
Pacuer Temneparyp BHYTPH 3¢€MHOI KOPbI

eab padorbl. O3HAKOMUTCS C paclpeeiCHUEM TeMIepaTyp BHYTpPU 3€M-
mu. Paccuurars TemnepaTypy BHYTPU KOHTUHEHTAIBHOM U OKEAHUYECKOU KOPBI.

Teopernyeckasi 4acTb

Ucxonnbie nannble: 3a1aHbl a) 00IHE UCXOAHBIC TApaMETPhl MOJIEIH:
- THII TETUTOMPOBOAHOCTH - PEIICTOYHBIH;

- Temmeparypa nosepxHoctu 3emiu To = 10°C;

- Ttemneparypa Bozayxa T = 18°C;

- pacuetHble T1younsl, kMm: 20, 30, 40, 50.

0) JUTs1 3eMHOM KOpHI:

- rtemoBoii morok Q. = 0.5 8x 107 xan/cm? cex;
3

- TeHepauus Temia Ha 1 cm P3K 1.4x10 KaJ'I/CM CEK;

- KO3 PUIUEHT TEIIOMPOBOIHOCTU X e, = (B COOTBETCTBUU C BAPHUAHTOM ), (Kat/(
cm-c-K));

B) JIJIsl OKEAHUYECKOU KOPBI:

- TermoBoii motok Q7. = 0. 75X10 6 kan/cm?cek;
13 3

- TeHepauus Temia Ha 1 cm P3K. = 1.15x10 xan/cm cexk;
- KO3 (PHULUEHT TEIIONPOBOJHOCTH X.., = (B COOTBETCTBHH C BApHAHTOM), (Ka/(
cm-c-K));

O6opynoBanue u MaTepuabl.
Pabota BhITIONHSIETCS B KOMIIBIOTEPHOM KJIacce ¢ JOCTYNoOM K cetu UuTep-

HET.

HcxoaHbie 1aHHBIE
Bapuant 1 2 3 4 5 6 7 8 9 10
Mok 0,0252 | 0,0253 | 0,0254 | 0,0255 | 0,0256 | 0,0257 | 0,0258 | 0,0259 | 0,026 | 0,0261
A 0,0152 | 0,0153 | 0,0154 | 0,0155 | 0,0156 | 0,0157 | 0,0158 | 0,0159 | 0,016 | 0,0161

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

Kok 0,0262 | 0,0263 | 0,0264 | 0,0265 | 0,0266 | 0,0251 | 0,025 | 0,0249 | 0,027 | 0,0247

Aicx 0,0162 | 0,0163 | 0,0164 | 0,0165 | 0,0166 | 0,0167 | 0,0168 | 0,0169 | 0,017 | 0,0171

Bapuant 21 22 23 24 25 26 27 28 29 30

Aox 0,0246 | 0,0245 | 0,0244 | 0,0243 | 0,0242 | 0,0241 | 0,0267 | 0,0268 | 0,0269 | 0,024

A 0,0146 | 0,0145 | 0,0144 | 0,0143 | 0,0142 | 0,0141 | 0,0167 | 0,0168 | 0,0169 | 0,014

3ananmne




BoruncnuTh BeIMYMHBI TeMIepaTypbl 1 Ha pa3IHYHbIX TIYOMHAX Zj AJISl KOH-
TUHEHTAIBHOW U OKEAHUYECKOU KOPBI.

YkazaHus Mo NOpsAKY BbIIIOJTHEHUs padoThI:

Brruucnure BenMunHbI TEMIIEpaTypsl 1 Ha pa3IudHbIX TNIyOHHAX Zj ISl KOH-
TUHEHTAJIbHOM U OKEAHWYECKOH KOpbI 10 TeopeTndeckoil hopmyne B. A. Maruuu-
KOro:

L

In—=
Tn %nTO ZX T

n-o

T. z, Pz . .
_Qz BE o isa o4 nels

[TocTpoiiTe coBmenieHHbIe TpapuKy U3MEHEHUST TeMneparypsl 1 Kak QyHK-
WU TJIyOWHBI Zi 11 KOHTUHEHTAJTLHON ¥ OKEAaHMYECKOW KOPBI.

Borluucnure BenuurHbI TeMIiepaTypbl 7 Ha pa3luYHBIX MIYOUHAX Zi JUIsSL 3€M-
HOM M OKEaHWMYECKOM KOpbI 1Mo aMmnupudeckum (opmynam B.A. Marauikoro co-
OTBETCTBEHHO:

T, = (182, —0.09z; +0.00027z )m

n K.

T, =(20z, +0.05z; -0.0017z )M

n o0k

[Toctpoiite smnupudeckue rpaduku 7' Ha npenpiaymux 7' CrenaTh 3aKiIr0-
YeHHUE O MPUMEHUMOCTH T€X WJIU UHBIX (OpPMYJI JJIs pacueTa TeMIeparyp Ha oc-
HOBE PEHIETOYHOW TEIUIONPOBOJHOCTH, €CIIM MCXOJIUTh M3 YCJIOBHUS, UTO Ha TIIy-
oune nopsaka 100 kM Temmieparypa J0/bKHA OBITH OJIM3KA K TEMIIEpaType IiaBiie-
Hus 6azansToB 1200 °C, HO He mpesbImats 2000 °C.

Conep:xxanue oryera
Otyer odopmiisieTcs B COOTBETCTBUU C TpeOOBaHUSIMU, MPUBEJICHHBIMU B
MIPUIOKEHUH A.

KoHTposibHBIE BONIPOCHI

Yka3zanus no TexHuke 0e30IaCHOCTH.

K BbeInonaHeHHIO 7a00paTOPHBIX PadOT JOMYCKAIOTCS CTYJCHTHI, O3HAKO-
MUBIIIMECS C MpPaBUJIAaMU paOOThI B JaOOPATOPHH, MPOIICAIINE WHCTPYKTAXK 0e3-
OIMACHOCTH (CcM. npuiioxeHue b).



JIABOPATOPHASA PABOTA Ne7.
H3ydenue cocTaB/IAIOMIUX MATHUTHOI O 1OJIS1 3eMJIH

Heab padorbl. M3yunTh CTpYyKTYpy MarHutHOro mnojis 3emud. I[loctpouts
rpavKy U3MEHEHHS! COCTABIISIONIMX MAarHUTHOTO MOJIST 3EMITH.

Teopernyeckasi 4acTb
MarsauTtHoe 110j1e¢ 3eMJIM WM T'eOMarHUTHOE MOJIe — MAarHUTHOE TI0JIE, TeHEe-
pupyeMoe BHYTPHU3EMHBIMU HCTOUYHMKAMU. [IpenMeT u3ydeHus reoMarHerusma.
HO}IBI/IJIOCB 4,2 MIpa. JIeT Ha3al.

oo BpALLOHUAR 3ofm . g : " JIHAA MATHUTHOCO NONS

COJTHLIE

Harmmaq OCh 3amnu  *

; Ceeepﬂuu reorpacuMecioi nomoe * z’
CoBepHbIA MErHUTHLEA NOMOC

»
| B B >'>
CdnHeunbii BeTep L oo

I0XHBIiA reorpaduyeckuil nonioc
. IOXHBIA MATHUTHBIA NONOG

3emuan kopa

~_ MaHTus
BrewHee agpo
BHyTpeHHe® AP0,

Puc.7.1

CoOcTBeHHOE MarHuTHOE 1ojie 3eMJii (T€OMarHUTHOE I0JIe) MOXKHO pasjie-
JUTH Ha CIICYIOIINE OCHOBHBIC COCTABIISIOIINE:

2nasnoe (0CHO6HOe U HopmanvHoe) noe — 6onee yem Ha 90 % oHO cO-
CTOHUT U3 MOJIsI, ICTOYHUK KOTOPOT'O0 HAXOAUTCS BHYTPH 3€MJIH, B KUJKOM BHEIII-
HEM sJIpe;

noJie MUpo8vlX AHOMAIUIN — PeajabHbIC CHJIOBBIC JTMHUU MArHUTHOTO ITOJIS
3emin, XOTS B CpeAHEM M OJM3KH K CHJIOBBIM JIMHUSM JUTIONS, OTINYAIOTCS OT
HUX MECTHBIMU HEPETYJSPHOCTSMH, CBS3aHHBIMH C HAJIMYMEM HaMarHUYEHHBIX
MOPOJI B KOPE, PACIIONIOKEHHBIX OJM3KO0 K MOBEPXHOCTH. M3-3a 3TOr0 B HEKOTOPBIX
MeCTaxX Ha 36MHOW MOBEPXHOCTH IMapaMeTPhI MOJII CUIBLHO OTJIMYAIOTCS OT 3HaYe-
HUU B OJM3JIeKaIUX palloHaX, 00pa3ys Tak Ha3bIBAEMbIE MAarHUTHBIC aHOMAJIHH;


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

6HeuwlHee MAZHUNHOE noJle — ONIPECISIETCS. ICTOUHUKAMU B BUJIE TOKOBBIX
CUCTEM, HaxXOJAIIUMUCS 3a MpelieslaMi 3€MHOM MOBEPXHOCTH U B ee arMmocdepe.
OCHOBHBIMH MCTOYHMKAMM TaKHX IOJEH U MX U3MEHEHUN SIBISIIOTCS KOPHYCKY-
JSIPHBIE TMOTOKU 3aMarHUYEHHOM I1J1a3Mbl, npuxoasmme ot ColiHIla BMECTE C COJ-
HEYHBIM BETPOM, U (POPMUPYIOLLIUE CTPYKTYPY U POpPMY 3€MHOIl MarHUTOC(epHI.

Habnrogaemoe MarHuTHOE MoJie Ha MOBEPXHOCTH 3emMuid T SBIISIETCS CYMMOM

MOJIEW, UMEIOIINX Pa3INYHbIe NPUUYNHBI BOSHUKHOBEHUS:

T=Ty+Ty+T.+T,+6T.

I'me 7o — mome, co3paBaemMoe OJHOPOJHOM HAMArHUYEHHOCTBHIO 3€MHOIO IIapa,
Ha3bIBAEMOE JAUTOJIbHBIM;

T,, — HeIUMNOJBLHOE T0JIe, Ha3bIBAEMOE I0JIEM MUPOBBIX MAarHUTHBIX aHOMa-
JINH;

Ta — mone JOKaJIbHBIX M PErMOHAIbHBIX MAarHUTHBIX aHOMAJUW, 00YCIOB-
JIEHHBIX HEOJHOPOIHOM HAMarHM4€HHOCTBIO BEPXHUX CJIO€B 36MHOM KOPBI;

Te — none, 00yCIOBIIEHHOE BHEITHUMU TPUYUHAMMU;

0T — Bapualuu MarHUTHOTO TOJIsI BO BPEMEHHU.

Cymma nonieid To+7,, 006pa3yer riiaBHoe moJie, a cymmy nosie 7o+7,,+7, ya-
CTO Ha3bIBAIOT HOPMAJIBHBIM TIOJIEM 3E€MJIH.

MaruutHoe mnosne 3eMiid B KaXKJIOW TOYKE MPOCTPAHCTBA XapaKTEPU3YETCs
BEKTOPOM HAINPSIKEHHOCTH 7, HaIpaBlIEHUE KOTOPOrO OIPENesieTcsl Tpems
cocrapimsitommumu - X, Y, Z (ceBepHOH, BOCTOYHOW U BEpPTUKAIbHOM) B
NPSAMOYTOJIbHOM cucTemMe KoopAauHat (puc. 7.1) unm Tpems 3jieMeHTaMHu 3eMJIH -
TOPU3OHTAJIBHOM COCTABISIIONICH HAMPSY)KEHHOCTH [, MarHUTHBIM CKJIOHEeHHeM D
(yronm mexnay H U TIJIOCKOCTBIO reorpauyeckoro MepujanaHa) U MarHUTHBIM
HakyioHeHueM | (yros mexy T’ U MIIOCKOCThIO TOPU30HTA).
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Puc. 7.1 — CocraBnsromiye MarHAuTHOT'O MOJIST 3€EMIIA

MarauTtHoe noJjie 3eMJIM HE OCTAa€TCSl MOCTOSIHHBIM, OHO UCIBITHIBAET MEI-
JICHHBbIC M3MEHEHHSI BO BpeMeHH (Tak Ha3bIBaeMbIe exosvle sapuayuu). I'eomar-
HUTHOE Tosie (hopMupyercs 3eMHBIM sSApoM. OHO COCTOUT U3 JIBYX YacTEW: BHYT-
PEHHETO Si/Ipa U BHENIHEr0. THU YacTH 00JIaJJat0T Pa3IuYHOM MJIOTHOCTHIO, TEMIIE-
paTypoii, CKOPOCThIO BpaIllleHUsI U IPYTMMH cBoiicTBamMu. MIMeHHO Onarogaps 3To-
My Gopmupyercs cuiIoBoe moje mianeTbl. OaHako B riyOuHe 3eMIu MOTYT Ipo-
VCXOJUTH Pa3INYHbIC MPOLECCHI, BIUSAIONIME HA BCE SIBJICHUS U CBOMCTBA IJIAHETHI.
NMeHHO u3-3a HUX W MPOMCXOJIUT OCJa0JeHWEe MArHUTHOTO IOJIsA, a 3aTeM €ro
cmernierne. Kpome Toro, depe3 10CTaTO4HO OOJBITNE MHTEPBAIBI BPEMEHH MOTYT
MPOUCXOAUTh MU3MEHEHUS PACIOJIOKEHHS MArHUTHBIX ITOJIOCOB HAa IPOTHUBOIIO-
JIOKHBIE (UHBEpCUU).

O0opynoBanue 1 MaTepuajbl.
Pabota BbITIONHSIETCS B KOMIIBIOTEPHOM KJ1acce ¢ JOCTyNoM K cetu HTep-

HCT.
HcxonHble 1JaHHDBIE

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

[Iupora -70 -65 -60 -55 -50 -45 -40 -35 -30 -25
Bapuant 11 12 13 14 15 16 17 18 19 20
Bocrounast | 100 110 120 130 140 150 160 170 180 190
Joarora, °

[Iupora -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
Joarora, °

Hlupora 30 35 40 45 50 95 60 65 70 75

3aganue

HOCTpOI/ITB I’pa(bI/IKI/I U3MCHCHHS COCTAaB/IAIOIINX MAIrHUTHOI'O IIOJIA 3emian
AJ1 3aJaHHBIX ITapaJijiCJii 1 MCpUIHaHa.

YKa3aHusi 10 NOPAAKY BBINIOJIHEHUsSI Pa0OThI:

HcxonHble naHHbIE U BBITIOJIHEHHBIE pacyeThl 3aHOCUM B TadiuIty 7.2

1. C nomornpto caiira http://serv.izmiran.ru/webff/igrf-13gm.html mosmy-
yaeM 3Hau€HUs MOJIs 3a TeKYUIUH roJl U 3aHOCUM B Tadiuiy 7.2.




2.

JIns KaXAOW COCTABIAIOLIEH T€OMarHUTHOTO IIOJSL CTPOMM KapTy B

Surfer. IIpumep muanoroBoro okHa s mpoueaypsl Grid mpu mocTpoeHue KapThl
CEBEpHOU cocTamisitoliei (X). MpecTaBiieH Ha pUCYHKe 7.2.

3.

O6paTHT€ BHHUMAHHC, YTO B KAQUCCTBC MCXOAHBIX HJAHHBIX BBICTYIIAIOT

Uit 3HadeHud X u Y reorpauyeckue KOOPAUHATHI, a B KAYE€CTBE KapTUPYEMOTO

napaMeTpa CeBepHasl COCTABIISIIOLIAs TEOMArHUTHOTO NoJis X.

Conep:xanue oryera

Otyer odopmisieTcs B COOTBETCTBUU C TpeOOBAHUSIMU, MPUBEICHHBIMU B

NPUIOKEHUU A.

KoHTposbHBIE BONPOCHI

1.

2.
3.
4

Y10 Takoe MarHUTHOE I10JI€ 3eMIn?

Yem 000CHOBAHHO U3MEHEHNE MArHUTHOTO ITI0JISI C KaXKIBIM rO1oM?
Ha3zoBuTe cocTaBigioniye MariuTHOTO Mo 3eMin?

Ha3zoBuTe HCTOYHMKH T'€OMarHUTHOIO II0JIS.

Yka3zaHus no TexHuke 0€30MacHOCTH.

K BpImosnHEeHUI0 1a0OpaTopHbIX PabOT JIOMYCKAIOTCS CTYJAEHTBI, O3HAKO-
MUBILHECS C MpaBWJIaMU PaOOThl B J1a0OPATOPUH, MPOILIEIINE UHCTPYKTAX 0e3-

OIMMACHOCTH (CcM. npuiioxeHue b).



JIABOPATOPHAS PABOTA Ne8.
Pacuer a0COIIOTHOr0 BO3pacTa rOpHLIX MOPOJ PAAHOJIOr HYECKUM Me-
TOAOM

Hean pa6orbl. Hayuutbcs ompenensth aOCONIOTHBIA BO3pAacT JAPEBHUX
MarMaTH4e€CKUX TOPHBIX MOPOJI MO COOTHOLIECHUSIM pPaJlOaKTUBHBIX U PaAUOTEH-
HBIX U30TOIOB B MOPOJIC U CIArarolliuX €e MUHEpallaX, a TaKXKe OLECHUBATh BEPO-
SITHBIM THI UCXOJHBIX MarM Mo UHAUKATOPHBIM U30TOMHBIM MTapaMeTpaM.

Teopernueckasi 4acTb

Panuonornueckue (s1epHO-T€OXPOHOIOTUYECKUE) METOJIbI OIpeesiCHUs
a0COJIOTHOTO BO3pacTa MUHEPAJIOB M TFOPHBIX MOPOJ MCIOIB3YIOT COOTHOIICHUS
pPaMOAaKTUBHBIX (MAaTEPUHCKUX, POJAUTEIBCKUX) U PAJUOT€HHBIX (JOYEPHUX) HU30-
TOMOB. B OCHOBE JIEKUT 3aKOH PaJMOaKTHUBHOTO pacraja €CTECTBEHHBIX PaJIho-
HYKJIMJIOB U COOTBETCTBYIOUIETO HAKOIJICHUS IOYEPHUX CTAOMIIbHBIX HYKIUI0B. C
y4€TOM BO3MOXKHOT'O HAJIMYMSI HEKOTOPOTO HAYaJIbHOTO KOJWYECTBA aTOMOB J10-
YEpHEro M30TONa B MarMe B MOMEHT €€ 3aCThIBAaHUSI, CBSI3b MEXAY JOYEPHUM U
MaTEPUHCKUM U30TOIOM 3aMUIIETCS CIEAYIONTIM 00pa3oMm:

D =Do+ N (exp*-1), (8.1)
raie Do — HayaJibHOE KOJIMYECTBO aTOMOB JOUYEPHEr0 M30TOINA B MUHEpAJe WU
MOpOJie B MOMEHT UX 00pa30BaHUs;

D — xonuuecTBO aTOMOB JOYEPHETO M30TONA B HACTOSAIIUNA MOMEHT BpEeMe-
HU;

N — KOIM4YeCTBO aTOMOB MAaT€PUHCKOTO (POJUTEIHCKOIr0) U30TOMA B HACTO-
SIIIIAN MOMEHT;

A — TIOCTOSTHHASL PaIMOAKTUBHOIO paclajaa MaTepUHCKOT'O U30TOIIa,

t — aGCOMIOTHBIN BO3paCT MUHEpAJIa WU MOPOJIBI, T.€. BPEMS, MPOIIIEIIEe C
MOMEHTa 00pa30BaHUs MOPOABI O HACTOSIIETO MOMEHTA.

[Ipy mpakTU4YECKOM HMCHOJIb30BAHUM 3TOTO YPAaBHEHUS BCE €0 YJIEHBI HOP-
MHUPYIOTCS Ha KOJUYECTBO aTOMOB OMPEAEICHHOTO HEePAANOTEeHHOTO (CTaOMIILHO-
ro) “30TONa JOoYepHero 3nemeHTa Ds, T.e. UCIONb3yIOTCS HE a0CONIOTHBIE, @ OTHO-
CHUTEJIbHBIC KOJIMYECTBA PATMOAKTUBHOIO M pajoreHHoro u3oromnoB D/Ds, Do/Ds,
N/Ds.

Haubonee HagexHble OIIEHKM BO3pacTa MarMaTU4YeCKOM MOPOAbI MOTYT
OBITH TIOJIyYCHBI HA OCHOBE TaK Ha3blBa€MOU M30XpOHHON Mojenu. Ee ucmnosnb3o-
BaHUE NMPABOMOYHO, €CITM UCCIeayeMble 00pa3Ibl MOPOIbl UM MUHEPATIOB MOXKHO
paccMaTpuBaTh KaKk H30TOMHYIO CHUCTEMY, YIOBJIETBOPSIONIYIO CIEAYIOIIUM J10-
MYIICHUSIM:



1)  Bce uccieqyembie 00pa3Ibl H3y4aeMOi MTOPO/IbI HITH U3BJICUYCHHBIX U3
HEE MHUHEpAJIOB KOT€HETUYHBI, T.€. 00pa30BAICh B OJHOM IPOIECCE KPUCTAILIU-
3allM¥ MarMbl 1 UMEIOT OJIMHAKOBBIN BO3pACT;

2) B MOMEHT CBOEro OOpa30BaHUS OHHM 3aXBATHUJIH PAa3HOE KOJIUYECTBO
JIOYEPHETO 3JIEMEHTA, HO OJJMHAKOBOI'O M30TOMHOTO COCTAaBA;

3)  cucrema ocTtaBajach 3aKpPBITOHM JJIsl MATEPUHCKOTO M JIOUYEPHEro dJie-
MEHTOB C MOMEHTa 00pa30BaHUs MOPOJIbl MIIM €€ MUHEPAJIOB 1O HACTOSALIETrO Bpe-
MeHU (J1n00, B KpailHEM Ciy4yae, U30TOIbl MAaTEPUHCKOIO U JJOUEPHETO 3JIEMEHTOB
YaCTUYHO MUTPUPOBAIIM, HO B TAKMX aTOMAPHBIX KOJIMYECTBAX, KOTOPbIE HE U3Me-
HWIM U30TOITHBIX COOTHOIIEHU).

[Ipu coOMOAEHUN 3TUX YCIOBUA B KOOPAMHATAX OTHOCUTEIBHBIX ATOMHBIX
KOJIMYECTB MATEPUHCKOTO M JOYEPHETO M30TOMOB TOYKH, COOTBETCTBYIOIIME Pa3-
HBIM 00Opa3iam (mpobam), JIoXKaTcs Ha MPSIMYIO JIMHUIO — U30XPOHY, a M0 MmapaMeT-
paM 3TOil JIMHUW BBIYMCISIOTCS aOCONIOTHBIA BO3pacT t U HavalbHOE OTHOIICHHE
M30TOIOB JIouepHero dneMeHTa Do/Ds.

VYpaBHEeHUsI U30XPOH PYOUIUI-CTPOHIIMEBOTO U CaMapUii-HEOJUMOBOTO Me-
TOJIOB, KOTOPBIE€ B MOCIEAHEE BPEMS OUEHb IIMPOKO MCHOJb3YIOTCS Il U3YUYEHHUS
JPEBHUX MArMaTU4YeCKHUX IMOPOJ, 3alHCHIBAIOT YE€pPE3 COOTHOIIECHHS] aTOMHBIX KO-
JUYECTB U30TOMOB CIAEAYIOIUM 00pa30M:

143N g 143N g 147G
144Nd: N +144Nd

0

¥Sr (®¥sr) ®¥Rb
_ + s (exp* 1) 8.3)

8gr | ®gr . gy

(expﬂsmt - 1) 8.2)

TH ypaBHEHHS] MOXHO 3aIMCaTh B 0000IIEHHOM BUJIE TaK:

Y. =a+Xb (8.4)
KosdunuenTs! ¢ 1 b HAXOIAT METOJOM HAMMEHBIINX KBaIPATOB.
AGCOIOTHBIH BO3PACT M3Y4aeMOTO I'€0JIOTMUECKOr0 0OBEKTa OI[CHUBAETCS

gepes mapaMeTp HaKJIOHa H30XPOHBI D:

8.5
t=Lin@+b) ¢9)
p)

JIns pybunuii-crponnueBoro Meroga Arp=1,42-10" rox?!, mms camapwii-
HEOAUMOBOTO Asm=6,54-1012 roxL.
HavaypHble OTHOLIEHUS! M30TOIOB CT Isr = (87Sr/%6S
pounus lsy = (3'Sr/°°Sr)o wnm Heomuma
Ing = (***Nd/***Nd)o onpenensirorcs BenMaMHOM napamerpa a.
[TonyueHHas BEIMYMHA HAYAILHOIO M30TOMHOIO OTHOIIEHHUS | mo3Bosser

IMPOsACHUTDL T'CHE3UC U3YyIAaCMBIX ITIOPOI.



Huskue 3HaueHUs HAYaIbHOTO OTHOIIEHUS n30ToIoB cTpoHIus (Isr < 0,706)
OOBIYHO MHTEPHPETUPYIOTCS KaK CBSI3aHHBIC C TEM OOCTOSITEIBCTBOM, YTO MCTOY-
HHUKOM Marmbl M 0Opa3oBaBIelics W3 Hee MOpojabl ObLT MAaHTUHHBIA MaTepuai, a
BBICOKHE 3HaueHHs 3Toro nmapamerpa (lsr > 0,706) yka3piBalOT Ha KOPOBBIA Marma-
TUYECKANA odvar JuO0 TeperuiaBieHne KOpOBOTO MaTepuaia B Oojee riyOMHHOM
odare.

O6opynoBanue u MaTepuajbl.
Pabota BbITIONHSIETCS B KOMIIBIOTEPHOM KJ1acce ¢ JOCTYNoM K cetu UHTep-
HET.

HcxonHble JaHHDBIE

Bapuant 1. C momompsio Rb-Sr meTona oreHuTs a0dCOMIOTHBINA BO3pacT t u
HavyajabHOE oTHOIIEHUE sy 11t 6notuToBBIX Topoa CeBepHoro [Ipunanoxbs.

Ne mi/mm Homep npo6er 87Rb/esSr 87Sr/85Sr
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

Bapuanr 2. C momompio Rb-Sr meTona onenuts a0dCOMIOTHBINA Bo3pacT t u
HavyaJabHOE OTHOLIEHUE |sy st TpaHuTOB XUMCKUPK B TacMaHuu.

Ne n/mt Homep mpo6br 87Rb/85Sr 87Sr/88Sr
1 1 1,550 0,7268
2 3 20,445 0,8200
3 5 20,610 0,8160
4 7 28,530 0,8642

Bapuant 3. C momompsio Rb-Sr meTona orneHuTs a0dCOMIOTHBINA BO3pacT t u
HavyajabHOE OTHOIIEHHUE lsr 1st TpaHuTOB XUMCKUPK B TacMaHuwu.

Ne n/nn Homep npo0sl 87Rb/85Sr 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

Bapuant 4. C momompto RD-Sr meTona orneHuTs adbCOMIOTHBINA BO3pacT t u
HayvaJgbHOE OTHOILIEHUE sy U1 rpaHnTOB XUMCKUPK B TacMaHuM.

No i/

Homep npoOb1

8'Rb/8eSr

87Sr/8eSr

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 momompto RD-Sr meTona orneHuTs adbCOMIOTHBINA Bo3pacT t u

HavallbHOE oTHOIIeHHE |sy 1y nammpoutoB Koctomykim (Kapenus).

Ne ni/mt Homep npoGsr 8’Rb/8éSr 87Sr/88Sr
1 J1-26-Ban 0,25361 0,708870
2 J-26-ntupokcen 0,11693 0,703967
3 1-26-dnoronut 23,66960 1,122099
4 T1-26-nerk. &p. 0,18967 0,707199
5 J1-26-8-Ban 0,22386 0,709684

Bapuant 6. C momompsto RD-Sr meTona ornennTs adCOMIOTHBINA Bo3pacT t u
HavyajabHOE OoTHOIIEHue lsy 1yt mammnpoutoB Kocromykiu (Kapenus).

Ne n/nn Homep npo0sl 87Rb/85Sr 87Sr/86Sr
1 J1-26-daoronut 23,66960 1,122099
2 J-26-nerk. ¢p. 0,18967 0,707199
3 J-25-nupokcen 0,00428 0,703877
4 N-25-¢noronut 2,20870 0,742751

Bapuant 7. C momomipto Sm-Nd meToma orneHuTh aOCONMIOTHBIN BO3pacT t,
HavaJlbHOE OTHOIIEeHHE Ing 1u1st TammipoutoB Kocromykim (Kapenus).

Ne ni/mt Homep mpo0sI 147Sm/*44Nd 143N d/A44Nd
1 J1-26-Ban 0,06547 0,511102
2 J-26-mupokcex 0,07420 0,511184
3 J-26-nerk.pakmms 0,05014 0,510982
4 1-25-¢noromut 0,07376 0,511168
5 J1-26-8-Ban 0,08947 0,511299

Bapuant 8. C momorisio Sm-Nd mMeTroma oreHuTh aOCOMIOTHBINA BO3pacT t,
HavyajabHOE OTHOIIEHUE Ing 171t JammipouToB Kocromykiu (Kapemms).

Ne n/nn Homep npo0sl 147Sm/44Nd 143N d/*44Nd
1 J1-26-Ban 0,06547 0,511102
2 J1-26-iupokceH 0,07420 0,511184
3 N-26-duoronut 0,05014 0,510982
4 J1-25-an 0,06931 0,511203
5 J-25-nupokcen 0,14424 0,511804
6 J-25-¢noronut 0,07326 0,511230




Bapuant 9. C nmomompsio RD-Sr meTona orneHuTs a0dCOMIOTHBINA Bo3pacT t u
HavyajabHOE oTHoIeHue lsy s puonuroB Kymuait-Kokcapekckoro mporu6a TsHb-
Hlan

Ne n/nn HoMmep mpo6sI 87Rb/85Sr 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

Bapuant 10 C nomompto Rb-Sr metona orennts abcomoTHbIN Bo3pact t u

HavyajabHOE OoTHOIIeHue sy 1 puonutoB Kymnaii-Kokcapekckoro nmporu6a TsHb-
[Hlaus.

Ne n/nt Homep mpo0sI 87Rb/%éSr 87Sr/88Sr
1 100-1-cauuauu 15,99 0,77432
2 100-2-cauuauu 16,72 0,77637
3 100-3-oproxia3s 29,86 0,82696
4 100-4-oproxia3s 48,05 0,89356
5 100-5-6a3uc 74,50 1,00767
6 100-6-kanpuuT 0,064 0,70813
3aganusa

1. Onpenenuth aOCOMIOTHBIN BO3pacT t (B MJIH. JIET) U3y4aeMOil TOPOIBI.

2. OnpenenuTb UHAUKATOPHBINA H30TONMHBIN mapameTp (lsr umu Ing) 1 1o ero
BEJIMUMHE CENIaTh 3aKIIOYCHHUE O THUIIE MarMaTH4eCKOro MCTOYHHKA, U3 KOTOPOTO
oOpa3oBajach u3ydyaemas nopoja.

YKka3aHusi 10 NOPAAKY BBIIOJTHEHUS] padoThI

1. Beeaute ucxonusie nanubie Ha auct MS Excel.
A B C D

o Homep 1476 4y [ 14344
1 IpobEr
2 1| B-1/1 0.0917 0.511885
3 2| B-1/3 0,1227 0512129
i | 3| B-1/5 0.1214 0512113
5 4| B-2/2 01712 0,512517
] 5 B-2/3 0.1689 0.512494
7 6 B-2/5 0.1838 051261
8 8| B-3/4 0.1671 0.51251
g9 7 B-3/3 10,1589 051253

2. Brigemnre cronosr C u D.




3. CTpouM TOUYEUHYIO JUarpamMMy IO paclpeiesIieHUI0 U30TOMHBIX COOT-
HOIICHUN — HAXKUMAEM B TIIABHOM MEHIO Bcmaexa — [uacpammesl — Toueunas —
Toueunas ¢ mapxkepamu. IlocTpoeHHass quarpamMMa OyayT BBITJISJIETH MPUMEPHO
KAaK Ha PUCYHKE

1
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4. B obnactu nuarpaMbl MIETKHUTE J€BOM KHOIKOM MBIIIM 10 JTFO0O0H

TOYKE TpaduKa, 3aTeM MIETKHUTE MPaBOM KHOMKOM MBI 1O 3TOM ke Touke. [1o-
ABJSIETCS. KOHTEKCTHOE MEHIO, B KOTOPBIM BbIOMpaeM KoMaHny /lobasume aunuio

mpenod.
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AoBasnTe NOgNHWCH JaHHbIX
AoBaEnTeE AMHWD TPEHAA..
5. B mosBuBmemcs JAUAJIOTOBOM OKHE BBI6I/Ipa€M THUII JIMHUW TPCHIA

(Vlunetinas), akTABUpYEM TaJlOUKOM onuuu [lokaszvieams ypasHeHue Ha ouazpam-
me u Ilomecmums Ha Ouazpammy 6eiuUyuHy OO0CMOBEPHOCMU ANNPOKCUMAYUU
(R"2). Haxxumaem 3akpwimeo.
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Mopmar ausuM TpeHaa l g

MapaMeTpel NMHMK TPEHAS ] [NapameTpsl MMHUKM TpeHAa

LIBET nMHIM MoCTPOEHME ANHIW TPEHAE (AMMPOKCUMALMA M CrNEMWEAHIE)
Tn At .-l ) 3kecnoneHwansHas
TeHe —
e @ [nHeiiHan
CEEUEHUE W T NEKMBSHME —
) Norapudmiueccan
el @ OomaHommansHas CreneHe: |2
4| (D) CrenenHan
7| © Nuneivas dunstpawms  Tousm: 2

HasBarne annpokcuMipyroweit (CrnameHHoi) Kprsoin

@ aBTOMaTMUECKOE! Nuneinan (143Md/144Nd)
) mpyroe:

MporHos

Bnepen Ha: (0,0 nepUoace

Hazad Ha: (0,0 MepHonos

[7] nepeceqerme kpusoi ¢ ocsio Y B Touke: (0,0

NOKA3LIBATE YDABHEHWE Ha AHarpamte

NOMECTWTE Ha AMEMPAMMY BEMMUMHY A0CTOBEPHOCTM anNpokcHMalsm (R"2)

6. B pesynbTarte Baima quarpamma OyaeT BBITJISIIETh MPUMEPHO TaK
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1. Takum o6pazom, k03h UIIMEHT @ (HauyadbHble OTHOIIEHHUS W30TOMOB
HeoauMa Ing B JaHHOM citydae) paseH 0,0082, b —0,5111.
8. PaccunthiBaem abcomroTHBIN Bo3pacT mo popmyie (8.5)
1
t= Iln(1+ b) = 654107
Q. Jlemaem BBIBOJ YCJIIOBHSX 00pa30BaHMs MarMbl. Tak Kak
10.  Ing=0,5111<0,706,

TO UCTOYHUKOM Marmbl 1 00pa3oBaBILIENCS U3 HEE MOPOJIbl ObLJT MAHTUWHBIN MaTe-

In(1+ 0, 0082) = 1, 24871 MJIPJI. JIET

pua.



Coneprxanue or4era
Otyer odopmISIETCSI B COOTBETCTBUU C TPeOOBAHUSMH, MPUBEICHHBIMU B
NPUWIOKEHNHU A.

KOHTp OJIBHBIE€ BOIIPOCHI

YKa3aHus Mo TeXHUuKe 0e30MacCHOCTH.

K BbinmonHeHu0 1a00paTOpHBIX PadOT AOMYCKAIOTCS CTYJIEHTHI, O3HAKO-
MUBIIIMECS] C MpaBWJIaMU paOOThl B Ja0OpAaTOpPHUM, MPOIISAININE UHCTPYKTaXK Oe3-
onacHOCTH (cM. mpuiioxeHue b).
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COJAEPKAHUE
Beenenne
OO0111ast XapakKTepUCTHKA CaMOCTOSTEIbHOM paOOThI
[Tnan-rpadvk BBHIMOIHEHHS CAMOCTOATEIHHON PabOTHI
Bompocs cobecenoBanus

Crcok peKoMeH TyeMOU JIMTepaTypsl



BBEJEHUE

Hucnunmna «Pusnka 3eMian» oTHOCHTCS K 050Ky 1 «lucuummuabl (Momysn)» (00s13a-
TeJbHAS YaCTh).

Leabio ocBOeHMSI TUCHMILIMHBI: SBJISETCS (POPMUPOBAHHE Y CTYACHTAa TEOPETUUECKUX
3HaHUN PU3MKK 3eMii, HeOOXOJUMBIX JJI PEUICHHUs] UHXKEHEPHBIX 3a/1ad B 3€MJICYCTPOUTENb-
HOM 1 KaJaCTPOBOM AEATEIbHOCTH.

3aga4uu 0CBOCHUS IUCHUILIUHBI:
® O3HAKOMJICHHE CTYJEHTOB C COBPEMEHHBIM YPOBHEM 3HAHUN O BHYTPEHHEM CTPOECHUU
TUTAHETHI HA OCHOBE aHAIIM3a TII00aTbHOr0 pacipeaeneHus (Gu3ndeckux moJieH;
® U3y4YEHHUE PACHPEACICHUS E€CTECTBEHHOIO IPaBUTALMOHHOIO, MAarHUTHOIO, AJIEKTPUY e-
CKOro noJied 3emiu;
® U3y4yeHHE OCHOB CEHCMOJIOTMU M METOAMKH aHaiu3a reou3nyeckol mHbopManuu amis
OLIEHKH TJIyOMHHOTO CTPOCHUS.
B pamkax camocrostensHoM paboThl o qucturminHe «BITJIA B reonaBuranum» Gopmu-
PYIOTCSL KOMIIETEHLIUHU:
OIIK-1 — Cniocoben permats 3aga4u MpodheCCHOHAIBHOMN JAEATEILHOCTH TPHUMEHSSI METOIBI MO-
ACITIMPOBAHNA, MATEMATUYCCKOI'O aHaJIn3a, €CCTECTBEHHOHAYYHBIC U 06H_ICI/IH)KCHCpHI)Ie 3HaHU.
CdopmupoBaHHBIE KOMITIETSHIIMH MPOBEPSIOTCS HA HK3aMEHE BO BTOPOM CEMECTpe.
CamocrosTenbHas paboTa TPOBOIUTCS B BUAe cobecemoBaHusi. OCHOBHOM IIENBIO ATUX
BHJIOB CAMOCTOSITEIBHOW Pa0OTHI SIBISETCS YIydIIeHHe TPo(eCCHOHAIBHON MOATOTOBKH CII 1IN -
AJMCTOB BBICIICH KBamu(UKAI[MU, HAMpPaBICHHOE HAa (OPMHUPOBAHUE JECHCTBEHHOW CHCTEMBI
(dbyHIaMEHTaIbHBIX U TPOECCHOHANBHBIX 3HAHUH, YMEHHI M HABBIKOB, KOTOPHIE OHU MOTJIU OBI
CBOOOTHO M CAMOCTOSITEIHHO TPUMEHSATH B MPAKTHUECKOU JEeATETbHOCTH.



OBIIAS XAPAKTEPUCTHKA CAMOCTOSITEJIbHOM PABOTHI

CamocrositenbHas pabota crynentoB (CPC) BblpakaeT OAHY U3 3HAauUMBIX (OpM
00pa3oBaTEIbLHOrO IpoIecca, KOTopas CnocoOCTBYeT (POPMUPOBAHUIO TBOPUECKOW JMYHOCTU
OyIyIIero CIelnuaiucTa, CIIoCOOHOro K CaMOpa3BUTHIO, caMOOOpa30BaHWIO, WHHOBAIIMOHHOM
JESTEIbHOCTH.

CamocrosiTennbHast paboTa CTyZleHTa COACHCTBYET pa3BUTHIO YMEHHUS YUUThCH,
¢dbopmMupoBaTh y CTYJEHTa CHOCOOHOCTH K CaMOpPa3BUTHIO, TBOPYECKOMY IPUMEHEHHUIO
MONyYeHHBIX 3HaHWM, cmocobaMm ajganTauuu K Opo(ecCHOHAIBHOW — JEeSITENbHOCTH B
COBPEMEHHOM MHUpE.

CamocrosiTenbHas paboTa CTyIEHTOB — 3TO JAEATEIbHOCTb, CBA3aHHAs C BOCIHMTAHHUEM
MBIIUUICHUST Oyaymiero mnpodeccroHana, BCSAKHH BUA 3aHSATHA, CO3MAIONIMHA YCIOBUS IS
3apOXKAECHHUS CAaMOCTOATEIbHOW MBICIIH, IO3HABATEIbHON aKTUBHOCTU. JTO COBOKYIMHOCTH BCEH
CaMOCTOSITEJIbHON JIeSTeIbHOCTH CTYACHTOB Kak B Y4eOHOW ayAMTOpuUH, Tak U BHe €€, B
KOHTAaKTE C IIPENOAABATENIEM U B €0 OTCYTCTBUU.

CamocrosiTesnibHast paboTa peanus3yercs:

- HENOCPEACTBEHHO B IPOLECCE ayAUTOPHBIX 3aHATUN — Ha JIEKUUAX, MPAKTUYECKUX
(ceMHMHAPCKUX) 3aHSATHSAX;

- B KOHTaKT€ C IIPENOJaBaTE]IeM BHE pPaMOK pacClUCaHUs — Ha KOHCYJbTalUAX IIO
y4eOHBIM BONpOCaM, B XOJ€ TBOPYECKMX palboT, NpH JMKBUJIALMH 3aJO/DKEHHOCTEH, IpH
BBINOJIHEHUU UHAUBUAYAJIbHBIX 3aJaHUM U T.1.;

- B Oubnuoreke, 10Ma, B OOLIEKUTHH, HA Kadeape NPH BHINOIHEHUH CTYyJEHTOM Y4eOHBIX
Y TBOPYECKHX 3a/1a4.

CamocrosiTenbHOI paboTa CTYJEHTOB MOXET OCYLIECTBJIATHCA KaK B ayJUTOPUHU, TaK U
BHE €€, OOBIYHO ATO B OCHOBHOM BHEAyJUTOpHas AEITENbHOCTb CTyJeHTa. /[ akTUBHOro
BJIAJICHUS 3HAHUSMH B IIpollecce ayAWTOPHOH paboThl HEOOXOIWMO HE TOJBKO HMOHHMaHHE
yueOHOro MaTepuaia, HO U TBOPYECKOE €r0 BOCIPUATHE.

OcHoBHbIE (hopMaMM pealu3aluil CaMOCTOSITENBHOM pPabdOTBl M KOHTPOJIS 3HAHUN
SIBJISIFOTCSL:

KoMmiekT pa3HOYpPOBHEBBIX 3a1a4 M 3aJaHWl — WHIMBUAYaJbHOE pELICHUE
PENPONYKTUBHBIX, PEKOHCTPYKTUBHBIX M TBOPUYECKUX 3aJaHUN, MO3BOJISIONIMX OLIEHUBATH U
JMarHOCTUPOBATh YPOBEHb OOYYEHHOCTH, YPOBEHb YMEHHI M HaBBIKOB CTYAEHTOB IO TEMaM
mucuuminHbl. [pouenypa nposenenus 3Toil GoOpMbl yUeOHON JIEATENBHOCTH CTYIEHTA BKJIIOYAET B
ce0sl MUCbMEHHOE BBINOJHEHNE 3a/IJaHNi TpeX YPOBHEHN U 3allUTY MX HA MPAKTHUECKOM 3aHsTHU. [Ipu
IIPOBEPKE 3aJaHUsl, OLEHUBAIOTCSI IIOJHOTA M  CAMOCTOSITENBHOCTH  BBINOJHEHUS —33JaHUM,
OPUTMHAJIBHOCTD PEILIEHUS.

OnopHbIii KOHCHEKT TeMbl — TIMCBMEHHBI TEKCT, B KOTOPOM KpaTkKo H
[IOCJIEIOBATENbHO  HM3JIOKEHO  COAEpKAHUE  OCHOBHONO  MCTOYHMKAa  MH(pOpMaIuu.
KoHncnektupoBaTh — 3HaUUT MPUBOJAUTH K HEKOEMY HOPSJIKY CBEICHHUS, IOYEPIHYTHIE W3
opuruHaia. B ocHoBe mpouecca JEKUT CHCTEMaTH3alUs INPOYUTAHHOIO WM YCIBIIIAHHOIO.
3anucu MOryT JlenaThCsi Kak B BUJE TOYHBIX BBIJIEP)KEK, LIUTAT, TaKk U B ¢GopMe cBOOOIHON
nojaun cMelicna. JlaHHBI BHJ CaMOCTOATENbHBIM pPabOTHl HampaBieH Ha (QOpPMUPOBAHUE
MPEIICTABICHUH O KOH(DIMKTAX.

ColeceroBanue — CpeJCTBO KOHTPOJIS,, OPraHU30BAHHOE KaK clieluajbHas Oecena mpe-
IIO/IaBaTEJIs CO CTYJEHTOM HA TEMBI, CBA3aHHBIE C U3y4aeMOW JTUCLUUIUIMHON, U paCCUYUTAHHOE Ha
BBISICHEHHE 00beMa 3HaHUH 00ydaromierocs Mo onpeaeieHHOMY pasjiely, Teme, mpodyieme U T.11.

Tekymuil KOHTpOJb OCYIIECTBIIIETCS B MPOLIECCE HHAMBUAYAJIBHBIX W TPYHIOBBIX
KOHCYJIbTallMi, coOece0BaHni, B IPOLIECCE aHAJIN3A U CAMOAHAJIM3a CaMOCTOSITEIbHON PaOOThI.



TLJIAH - TPA®UK BBIIIOJTHEHUSI CAMOCTOSTEJIBHOM PABOTHI
Bunp! u coneprkanne caMoCTOSITENHHOM PabOThI CTyIeHTa; (DOPMBI KOHTPOJIS M CPOKH CIAYH

TexHoJiornyeckasi KapTa caMOCTOSATETIbHOM Pad0ThI CTYI€HTA

Kompt O06beM 4acoB, B TOM YHCIIE
peatn3yeMbIxX CpenctBa u KonrtakTHas
o Bun nesrensHOCTH
KOMIIETeHIIUH, TEXHOJIOTHH paborta ¢
CTYJIEHTOB CPC Bcero
WHIMKATOPA OIICHKHU MperoaBat
(oB) eleM
1 cemecTp
[ToaroroBka k mabopa-
OIIK-1 1-1 A p CobecenoBanue 30 6 36
TOPHBIM 3aHSITUSIM
Hroro 3a 1 cemecTp 30 6 36
2 ceMecTp
CamMotecTupoBaHue, TecToBbIE 3212
OIIK-1 U-1 [IOTOTOBKA K TECTU- s 36 4 40
POBaHUIO
HToro 3a 2 cemecTp 36 4 40
HTtoro 66 10 76

ILJIAH - TPA®UK BBIIIOJTHEHUA CAMOCTOSATEJbHOM PABOTHI

Bupa camocrosi- Cpencrsa M TexHoO-
HanmeHoBaHHe TeM JUCIUILIMHDBI .
TeJIbHOM padoThl JIOTHH OIleHKH
CobecenoBanue,
®uzuka 3eMiiu Kak Hayka. Becenennas, ['anaktuku KoncnekTtsl onpoc
Comnnue u Conneynas cucrema. Cucrema 3emis - CobecenoBanue,
KoncrekTsr
JlyHa oInpoc
CobecenoBanue
Ob6onouednoe cTpoeHue 3emimn KoncrexTs A ’
OIpocC
I'paBuTanIOHHOE MOJIe 3eMJIM U KOHIICTIIINS H30CTa- CobecenoBanue,
KoncmexTsr
3UH OIpocC
CobecenoBanue
TemnoBoe mone 3emim KoncrexTor A ’
onpoc
CobecenoBanue,
MarnauTHOE 11031€ 3eMIIn Koncmextor
onpoc
CobecenoBanue,
PanroakTMBHOCTB M BO3pACT 3eMiIn KoncnekTtst onpoc

3AJAHMS JJISI CAMOCTOSITEJIBHOM PABOTHI

Bomnpocsl 1j151 codecenoBanus

1. 1. Yto Takoe rajakTHUKa U YTO BXOIUT B €€ COCTaB?

2. OxapakTepusyiTe OCHOBHBIC THIIbI TaJaKTUK? YTO MOJIOKEHO B OCHOBY KJIacCH(pHUKALUN

Xabona?

3. Kak cBs13aH MOp(]oIOrn4eckuii TUI TaJakKTUKA ¢ MHTEHCUBHOCTBIO 3BE3/1000pa3oBaHus?

4. B kako#l mojcucreMe rajJakKTuKi HauboJee HHTEHCUBHO MTPOUCXOIUT MPOIIECC 3BE3/1000-

pazoBaHud?




5. Uro Takoe 3Be3HbIe HaceneHus? K 3Be31HOMY HaCeNeHHI0 KaKoro TUTMa OTHOCUTCS Hallle
Connie?

6. C kakumMu (pU3MYECKUMHU XapaKTEPUCTUKAMH TAJIAKTUK, OMPENeIsIonre HaOIr01aeMbie
0COOEHHOCTH, BBl TO3HAKOMIJIMCH B JaHHOU paboTe?

~

. Kak no Buay ranakTuku MOKHO OIPENEIUTh HHTEHCUBHOCTh 3B€3/1000pa3oBaHus?

o

. Kak mo mBery ragakTHKu MOXHO OMPEAETUTh M3 KaKUX 3Be37 (MOJIOABIX WIIM CTapbIX)
OHA COCTOMT?

9. Uro Takoe aunarpamma I'eprmmpynra-Peccena?

10.065bsacHUTE, TOYEMY SIPKHE 3BE3/IbI HE PACIlONaraloTCs Ha IJ1aBHON MOCIe0BaTeIbHOCTH ?

11. latiTe 0OBsICHEHHE YBOTIOIIMOHHOMY CMBICITY AuarpaMMel [ eprmmpynra-Peccena.

12.TlepeuncivuTe OCHOBHBIC 3BE3/IHBIC XapaKTEPUCTHKHU U JANTE UX ONpeIeICHHS.

13.K kakom criekTpaiabHOMY Kiaccy oTHocutcs CoirHiie?

14 .TTouemy >xu3HeHHBIN 1TUKI COJIHIIE HE 3aKOHYUTCS B3PHIBOM CBEPXHOBOM?

15.Yro Takoe crextp?

16.T1lepeurcnuTe BUABI CIIEKTPOB.

17.Yto Ha3pIBalOT aOCOTIOTHO YEPHBIM TEJIOM?

18.00bsicHuTe pacrnpenencHne MHTEHCHBHOCTH HM3JIYYEHHUS IO JUIMHAM BOJH B CIEKTpPE
Connua.

19.Kakum 00pa3oM MOXKHO OIPEACIIUTh TEMIIEPATypy HArpeToro tena?

20.00bsAcHUTE pa3nuvre MEXaHU3MOB BO3HUKHOBEHHS IMIMPOKUX U y3KUX JIMHUU TOTJION]e-
Hus B cnekTpe ConHua.

21.Tloyemy 1Mo MMPHUHE JIMHUKA TOTJIOMIEHUS MOXKHO ONPENENsATh TeMIIepaTypy MOrjomar-
et cpeani?

22.0OxapakTepu3yiTe (U3NUECKyI0 MPUPOAY, CTpoeHue u coctaB CoJHIIA.

23.1. Kakum 06pa3zoM nosmyyaroT HHGOPMAIUIO O ITYOMHHOM CTPOSHUH 3eMJTH ?

24.2. Yro uzyqaert cericMmosiorus?

25.3. Yto Takoe ynpyras BojqHa?

26.4. Uro Takoe mpoAONbHBIC U TOMEepPEUHbIe BOMHBI? B Kakmx cpemax oHM pacrnpocTpaHs-
101cs?

27 .J1nst 9ero HeoOXOANMO U3YUEHHUE CUJIIBI TSKECTH?

28.Ilepeunciute CrioCOObI N3YYEHHUS CHIIBI TSDKECTH.

29.Yrto Ha3bIBAETCS MATEMATUIECKUM MAsITHUKOM?

30.B "em 3akirodaercs MPEUMYINECTBO MPUMEHEHUST MAasSTHUKOBOTO CIIOCO0a HM3MEpEeHUs
CHUJIBI TSDKECTH?

31.Yrto Takoe TeMIlepaTypHBIH TPaIUEHT, TEIJIOr HePaIs, TEILIOMPOBOIHOCTD, UX (pH3nde-
CKHH CMBICJI M pa3MEPHOCTh

32.Mcrounuku pazorpesa Henp 3eMiin

33.Temmnepatypa o6omouek 3emiu

34.MeTo/bl OonpeesieHus TeMIlepaTypbl BHYTPU 3eMITU

35.Yto Takoe MarHuTHoOe moJe 3emian?

36.YeM 000CHOBAHHO U3MEHEHHE MATHUTHOI'O ITOJIS C KaXIbIM rO0M?

37.Ha3oBuTE COCTABISIONIME MATHUTHOIO ITOJISI 3eMIIH?

38.HazoBuTE HCTOYHUKHM T€OMAarHUTHOTO TIOJISI.



Cnucox pexoMeH1yeMoil JIUTepaTyphbl
OcHoBHas uTEparypa:

1. ®usuka 3emmn : YueOnoe nocodue (kypc aekuuii). Cnenpansaocty : 21.05.03 TexHo-
jorus reojorunyeckoit passenku, 21.05.02 IMpuknannas reonorus. Crneunanusanus "I'eodpusu-
YecKue MeTonbl uccienoBanus ckBaxuH" / CeBepo-KaBkasckuii denepanbHBIi YHUBEPCUTET ;
aBT.-cocT. O. E. 3enuBsinckas. - CtaBpomnois : CKOVY, 2019. - 130 c.

JlonoJHUTeIbHAS JTUTEepaTypa:

1. I"aBpunos, B. I1. ®usuka 3emnn : yuedbnuk / B. I1. I'aBpunos. - Mocksa : Henpa,
2008. - 286 c. : un., kaptT. - (IIpuopurteTHBIC HalMOHANBHBIE IPOeKTHl. OOpa3oBanue). - buod-
mmorp.: ¢. 286-287. - ISBN 978-5-8365-0310-9

2. Maruuukuii, B. A. Buytpennee crpoenue u gusuka 3emuu. - M. : Heznpa, 1965. -
379 c.

3. [TaByioB, A. H. I'eodusuka. O6umwmit kypc o npuposae 3emun : YueOuuk / [TaBmos
A. H. - Cankr-IletepOypr : Poccuiickuii rocy1apcTBEHHBIH THIPOMETEOPOJIOTUYECKUN YHUBEP-
curet, 2006. - 454 c. - Kaura naxonutcs B 6a3oBoii Bepcun DbC IPRbooks. - ISBN 5-86813-
175-4

4. @panTos, I'. C. 3anumarenpHas reodusuka : nu yBiekaTeabHbI pacckas o TOM,
KaK MOYXHO MCKaTh TaslIMecs B 3eMJI€ COKPOBHINA, IPEBHUE TOPOJIa, BOLY, HEOOXOAUMBIE Yel0-

BEKY PYIbI, UCCIIEAOBATh JaJICKHE MJIAHEThl U KOCMOC M O MHOTHX JAPYT'MX WHTEPECHEHIINX B e-
max. - M. : Heapa, 1987. - 128 c.

HNHTepHET-pECcypcehI:

http://biblioclub.ru — Yausepcurerckas Oubimnorexa OHIalH
https://www.iprbookshop.ru/ — DnexkTpoHH0-0MOIMOTEYHAsS CHCTEMA
http://uisrussia.msu.ru - YausepcuteTckas uHpopmanuonnas cucrema POCCHUS
www.e-library.ru — Haydnas aiieKkTpoHHas OnbmoTeka
http://www.geokniga.org/inboxes - I'eonoruueckuii mopran GeoKniga

https://t. me/geophysics_zanimatelno
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