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PE®EPAT

BynraH anmruiH Morog CymblH HyTarT oplmx XyJbXWAH XanyyH pallaaHbl OpyYMbIH
(100x100km?) Tanbanpg uarutai GaurpnyyncaH 750 opyYMM LJIT F€OCOPOH30H OpHbI
YHOMIIAXYW YTIbIIr XOMXKMB. OHO XAMXKC3H yTraac uynyynar gasxaprag yycryyprom
aHoMarb re0COPOH30H OPHbI YTTbIr ASiraH, 3H3 Tanbang xapransax aHomMarb reOCOPOH30H
OPHbI TYFANTUNH XOEP XAMXKIICT 3yparnanelir rapras. MeH 3H3 aHOManb OpHbl YTryyaaz
LWMHXUITTId XMW, Yynyynar gaBxaprblH COPOH30H LWWHX YaHap angargax Kwopu ryHunr
TOITOOCOH. JH3 Kiopu ryHUn yTryyaan temnepaTypblH rpauveHTbir TOOLOX apraap yr
Tanbang xapransax raspbir ragapraap angargax gynaasbl ypcranbiH TYFANTUNRH XOEép
XAMXA3CT 3yparnanelir rapras. [Jaapx Tanbang xapransax gyHaax gynaaHbl ypcran Hb
60.3MBT/M? yTraTai rapy 6aiB. OH3 Hb YnaaH6aaTap xoTblH COHMMHO XanpxaH Yynbir
6artaacaH (40x40km?) TanGaia xapransax gyHaax ytra 46.7mMBT/m?-aac ux rapy GaiiHa.
Ar XynbXuiH XxanyyH pallaaHbl OpuYMbIH Tanbana ra3pbliH ragapraap angargax gynaaxbl
ypcran Hb 70MBT/M? opuMm rapy GamB. Bua uaawmg XynbXWAH XanyyH pallaaHbl
OpYMbIH Tanbaur uaxurnraaH-COpOH30H apraap HapumBuYnaH cygnax TereBrereeTan

OanHa.
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AHOManb re0COPOH30H OPOH
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Ktopu uar
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H3P TOMBEO, TOBUYMIICOH YTUUH TANIIBAP XXATCAANT

AHOMarnb reoCOpPOH30H OPOH- YyNyYyNrMnH yycrax 6anraa 6aripnanaac xamaapcaH
raX COPOH30H OPOH

TemnepaTypbIH rpagueHT- TemnepaTtypblH YMINanasc xamaapcaH eepynent

Kropu uar- bogucbiH M3KK LWNHX YaHap OrLoM eepuniergex uar

Nntocdep- JanxunH Yynyynar ye gasxapra

JNlokanb reocopoH30H- banpnanaac xamaapcaH LUMHX YaHapTan COPOH30H OPOH

MMPOS-1 marHeTomMmeTp- [1anXminH COPOH30H OpHbl BYP3H XY4YnarMmr Xamkaar 6arax

IGRF-OnOH yncblH re0OCOPOH30H OPHbI XULLUT 3areap

MapacopoH30H- boaUCHIH XyBUMH COPOH30H LLMHX YaHap angaracaH Tenes

PeppOCOPOH30H- EOANC XyBUIH COPOH30H LUNHX YaHapTan 6anx yeumH Tenes
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|. Opwwun

[onxunH TemnepaTyp ryHpyyraa LOOLUMOX TycaM HaMaraaar. JintocepuinH Temnepatyp
580°C rpagyc opuum 6Goroxon Temep, KoGanbT, HUKMUMH aryynra eHOepTau
eppOCOPOH30H TeneBT GancaH 4ynyynar NapacopoH30H TenieBT LWIMKAAr. ©epeep
xan6an, onponuooroop 580°C TemnepaTypTaii 3H3 L3 Hb NMMTOCHEPUINH (PEPPOCOPOH3OH
YynyynrMnH NapacopoH30H TONeBT LWMIMKAAM (basblH XYBUPIbIH U3Ar oM. 3H3 ¢hasblH
wnmknnT 6onox 580°C TtemnepaTypbir Mbep Kiopuitd Hapasp Kiopu Temnepatyp rax
HAapMaaar.

JNntochepuiiH yycrax 6arraa aHomanb COPOH30H OPOH 33l Hb 3H3 Klopu Laraac Aaaw
opwwmnx Temep, kobanbT, HUKENb MATUNH (PeppOCOPOH30H BOAUCHLIH eHaep aryynratamn
AaBxaprbiH yycrax 6anraa opoH 60nHo.

[anxunH ragapryy A93p XaMXwx Oainraa reoCOpOH30H OPOH Hb OFIOH 3X YYCB3PTaM
HUNSIM3N OPOH IOM. Tap HUWAM3M OPHOOC NUTOCKEPUNH aHOMaslb COPOH30H OpPHBbIT
AnraH, 9H3 Ye [AaBxaprblH 3y3aaHbir Oyly Kiopu U3rMMH TYHUAT TOOOPXOMMOX Hb
NPaKTUKMAH 4Yyxan ad xonborgonton. Kiopu uarminH Gamprnan Hb YPrasmk TOrTMOof
Ganparryin. eonorMnH MAO3BXMTAIN Y33ranIMAH Hemneereep eepunergex 605Ho. JH3
eepynenTuunr Kiopu UarMnH Bapuauy, raxxk Hapnagar. Koopu LarMnH Bapuaubir raspblH ryH4
epHeX banraa nOSBXUTIN Y33ranyyaran XonboH y339X, TyXarH WO3IBXUTIN y33rasvunr
cyanax HAraH apradvnang TOOuOX XaHgnara cyynuirH yen 6uin 60ncoH. QH3 TepnuinH
cyganraa 2000-aag oHooc xonw Asn, EBpon, AMEpUK TUBUWH YNCYYAbIH HyTarT SH3
OypunH Tanbang xunrgax 6amkas. (Hsien-Hsiang , Chieh-Hung , Pei-Ying , & Horng-
Yuan, 2014), (Nazif, 2010), (Ya, Tianyao , Hermann , & Fangzhou, 2016)

Tyxann6an Ctamnonuguc Hap (Stampolidis & Tsokas, 2002) AnbaHu yncblH HUAT HyTar
O9BCropT sAByyncaH cyganraaraap Aa3px Kwopn  uarmnH - ryHudr  17-25.5 km
raXTOOOPXOWNIICOH BarHa.

MeH "peknnH xong HyTartT XMAracaH cypanraaraap Kopu uarniH ryHmmr 11.2 — 17.3 km
raX Togopxonmkaa (Stampolidis & Tsokas, 2002). BHXAY-biH emHea MaHXuiiH HyTarT

180x180 km? Tarw AepBermknH Tanbang XuiracoH cyaanraaraap KopyidH U3rMIRH FYHUIAT

ayHadaap 18—32 KM, ryHumr gynaaH gamxkyynax Yagsapbir 1.8—3.2 [MB—:C] ra)k aBcaH banHa.

]

XapvH HaPk Tanbawraap angargax gynaadbl ypcranbiH XaMxkaar (25-50) roXx

Toouoonxaa (Ya, Tianyao , Hermann , & Fangzhou, 2016).



bua 3H3 rpaHT TecnunH xypasHa bynraH aMmrumH Morog CyMblH XYNbXUAH XanyyH
pawaaH opummag 100x100 km? TanGai COHroH aB4, F€OCOPOH30H OPHbI M3OIIMIUIAT
alwmrnaH raspblH ragapraap angargax gynaaHbl ypcrasiblH X3MXK33r YHIM3X  30pusiro
TaBunaa. MeH 93H3 TanbanH aHOMarb rEOCOPOH30H OPHbl TYFANTUWH 3yparnanbir
rapraB. AHOMarb FeOCOPOH30H OPHbLIF Yycrard Hb nutocdept 6anx ¢eppoCcopOH30H
6oaoucbiH aryynam eHaepTan ye pasxapra 6a 6ua 9HS gaBxapra XypTnax 3aur
TOAOPXOWNOB. 3OHA [fOaBxaprbiH gooa 3aar 6ywy Kiopu ragapryyruiH TYyranTuimH 2
X3MXA3CT 3yparnanbir rapraB. Yr TaunaH Hb OpLUUS, Fr€OCOPOH30H OpHbl aHrunarn,
aHoMasnb re0COPOH30H OPHbIr Anrax , Kiopu LU3rmMnH ryHUUr Onox, OYrHanT, awurriacaH

MaTtepuanyyn, xaBcpan racaH yHACcaH 7 6ynar, 11 aypartan, 25 xyyacaac 6ypacaH 6onHo.

[Il. Fe0COPOH30H OpHbLI aHrunan
2.1 Napaaa 3x YYCB3pTaun OpPOH

[onxninH ragaprbiH OMPONLOO XaMXUIrAaX 6anraa reoCOpOH30H OPOH Hb OFIOH 3X
YYCB3PTaN COPOH30H OPHYYAbIH BEKTOP HUNIB3P OPOH oM. YYHUIUT JOOPX X3an6apT

ouymx 6ornHo.

B=M+m+ B + B, + B, 1)
M-panxuitH gotoond Lemp YYCIYYPTOM XYYTOW TYWNT OPOH. m-3pPUHWUIA XyBbCanT. B,-
ragaag 3x YYCBIPTIN OPOH. §T,, -rafaag 3x YYCBApPTAaM OpHbl Bapuad. §a-J'I|/|Toc¢)epT
YYCIyYpTa/ aHOMarnb COPOH30H OPOH.
[agaan 9x yyCBIpTaN OPOH Hb COPOH30H LUyYypra, COPOH3O0H NyruniT, O3SIXUNH SPranTaac
GOk YyCax XOHOMMIMH Bapuay, CapHbl Heneereep YYCax Bapwval 33prunr opyynad

TOOLOOT.

COpOH30H LWyypra Hb HapaH O33pX TICPaNTaac AH3 OypuiH MOHyyn 6a npoToHyyn
uauarggar. OHS MOHyya ©0a NpOTOHYYA A3NXMWH MoHocdep Oa marHuTocdepTan
XapunuaH yMnunanucHaac 60K yycax y3arafiMnr COPOH30H Lyypra ragar. QH3 y3argan
Hb epeHxnngee rnobanb y33argan 60noBY, TyWNbiH Oycag unyy To4 3pYUMTIN UNIPHI.
BapmnaubiH ye Hb 5 MwuHyTaac x343H 100  mMuHYT ypramxkungar. [[eoCopoH30H

obcepBaTopbIH Guunar 033p Tog OypTrarggar.



COpOH30H OpHbI NYrWUAT Hb MarHuTocdepT 6ok Garraa y3aranuinH Heneereep yycaar.
YT y33rgan Hb kBasurnobanb y3araan oM. TYRIbiH MyXXug, Uiyy 3puYnMmTan axurnarggar.
Axurnargax xamruiH nx apumm Hb 10-aagHTn-100HT . JlyrwmnTbiH BapualbiH ye Hb 1c-
93¢ 600 cekyHA XypTan yeTan axurnargax 6onHo. ©Haep xyparam UHAYKUUMRH GUYnraminH

mMarHeTorpacd A433p Toaoop GMunraaar.

[3nNXMnH 3pranasax xeaenreeHeec xamaapy HapHbl Heneereep yycax Bapuaubir HapHbl
XOHOMMNH Bapuau S ragar. HapHbl XOHOrMH S-BapuaubiH TaneaH 6anx yennr Sq Bapumal

MNHJ.

HapHbl xeepex xefenreeHnmn Heneereep yycax Bapmaubir S1, MeH atMocdepbiH AynaaHbl
X66pex XeaenreeH MoHOCHepT HeNeeneH NoHocdhepPUnr xeaenreeH opyynax 6a TyyHur

S2 raX TOMAJrNaHa. S Bapuay Hb S1, S2 —00C 33par xamaapaar Bapual, oM.
2.2 YHAC3H reoCOpPOH30H OPOH

M-A3NXUIH 40TOOA UeMp, YYCTYYPTAN Xy4TaN TYANT OPOH, TYYHUN M-3PUHNIA XyBbCanTbIr
A3NXUAH YHOC3H TEOCOPOH30H OPOH 3K HIpNagar. YHAC3H reOCOPOH30H OpPOH Hb
O3NXWUVH rajapra 433p XaMXUrgax 6anraa HUAT COPOH30H OpHbl 90% rapyir Hb 933n49r.

OH3 OpHbIr Aoopx Bananaap sarsapuunaar.

COpOH30H OpHbI UAYKLUMINH BEKTOPbIH AMBEpPreHL Tar 6arHa ragar Hb COPOH30H OpPHbIT

YYCraaar UaHar 6anxryn ragrunr xapyyngar TarlmTran oM.

V-B=0 )

MeH simap Har BEKTOP X3MXKUIAXYYH Hb ckansp YHKU33C rpagueHT aBy, Yycrax banraa
bangnaap 6uumk 6ongor. TUMMI33C reOCOPOH30H OPOHT TYYHWUIT YYCrard ckansip opHoOoC

rpagueHT aBax 6avanaap 6udbe. YyHunr goop 6uyms.

B =-V¥ (3)
(3)-TarwmTranuur (2)-TarwmTrang opnyynaH 6uy4Ban OOPXW TArWNTIaN rapHa.

A-W=0 (4)

(4)-torwmTronuur JlannacbiH TarwnTran reH3. W -reoCopoOH30H OPHbIr YYCrard ckansap

noTeHunan oM.



(4)-NannacblH TArWKWTIANUIAT 600X FE0COPOH30H OPHbLIM YYCrary ckansp noTeHumuanbir
onpgor. [anxuiiH YHOC3H COPOH30H OPHbIr cyafiaxad Tarw XaMT YaHapT Hb TOXUpYyynaH
GembGepuer KoopAMHaTblH CUCTEMMUIAT COHFOH aBY [A33pX NannacblH TIrUTraNuiAH

ooppor.

V(r,0,0) = Zw >
n=0

[onxunH ragapra 023px OypblH LAr Hb ypTpar, epreper, eHgep wunapxunnargaar 6a

D [gmcos(me) + hi® sin(me)] P (cos(6)) (5)

Tyxal7IH LUartT Agax reOCOpOH30H OprI yTrbIr ,EI,OOpXI/I TOM'béOFOOp 60/J,O)K ongor.
(M +m) =-V-9(r,0,0) (6)

6-epreper, @-ypTpar, r=6371.3km+h, h-gananH TyBLUH33C A33LU TOOSICOH TyXaWH LI3rMinH

eHAep.
2.3 AHOMarnb reoCOpPOH30H OPOH

BoanChbiH COPOH30H WMHX YaHapbiH aHxdard Tannbdap Hb aTOMbIH TYBLUMHA XWWATAAST.
Oepeep xanban aTOMbIH 3NEKTPOHYYAbIH YYCraX COPOH30H MOMEHTYYA HAMIrgcasp
aTOMblH €PeHXMIA COPOH30H MOMEHTbII YyCragar. [9BY UX3HX GOAUCBLIH XyBbA 34ra3p
aTOMbIH COPOH30H MOMEHTYY[ CaHamMmcapryn Tapxanttan 6anx Tyn 6ue 6ueHas ycrraH

Tar 6ongor. Minm 6ogmceir napacopoH30oH 6oaumc ragar.

MeHgeneeBunH yenax cuctema buuunrgcaH 6ogucyyn gotpooc temep Fe, kobaneT Co,
Hukenb Ni rax ueexeH GoauCyyablH XyBbA A33PX HUMANG3P COPOH30H MOMEHT Tar
6ongorryin. MMM COPOH30H LUMHX YaHapTan 6oaucyyabir deppoCcopoH30H boancyyabir
raX Hapnagar. PeppoCopoH30H BOAMCHIH XyBbA, HUNNO3P COPOH30H MOMEHT Hb TAraac
AnraaTan OMEH 3K HIPMArA3X OFIOH XMXKUI XACIYYA33C TorToanor 6ereen Tap KUKuUr
X3CTyYYOUMH COPOH30H MOMEHTbLIH HUNO3P33p Tyxah OOAUCBIH EPeHXMIA COPOH3OH

MOMEHT TOIToOOrgoHo.
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3ypar 1(napacopoH3oH 6a deppOoCOPOH30H BOANCKIH ANMNOSTbIH MOMEHTbLIH YUIaSI.)

®eppoCcopoH30H BoanuckIr xanaaxa ToOOPXoN TemnepaTypT XYP334 COPOH30H TONBUIH
dasblH XyBupasn sBargax napacopOH30H TONeBT LWWIMKAAM. OHS y33arauMnH asbliH
xyBupanTt 6onox Temnepatypbir [Nbep KiopuiiH Hapaap Kiopu TemnepaTyp rax HIpnagar.
HanxuinH nutochepunH aasxaprag 6angar geppocopoH30H 6OANCHIH XOnbL, XXurg 6uL,
A3NXUAH rajaprblH COPOH30H HIBTPYYNIaX YaaBap XapunuaH agunryn 6anpar 33prasc
niokan aHomarnb COPOH30H OPOH YYCAAT.

XamxkaaHun xyBba 100HTn-aac 10000 HTN xoopoHA 6amx 60NHO. DH3 OPOHA XyrauaaHsbl
Bapwuau, 6anxryi. LlaBap 6anpnanaac xamaapcaH eepynentTan 6anaar.

CYYNUAH XWnyyasg 9H3 aHomamnb FeOCOPOH30H OpHbl cydanraaHd — OfloH  YICbIH
cygonaaun WxX33X3H aHxaapan xaHgyyngar 6onoop 6anHa. Tyxannban A3nxXunH
ragapraac AOOLUNoX Tycam A3NXWilH Temnepatyp uxacaar. [yHuii TemnepaTtyp 580°C
opuyuMm Bonoxod Tyc dynyynar gaBxaprag aryynargax 6arvicaH ¢peppocopoH3oH 6oauc
NnapacopOH30H TeneBT LWWIMKAAr rax y3gar. (Bansal, Anand, Rajaram, Rao, & Dimir,
2013), (Nazif, 2010), (Stampolidis & Tsokas, 2002).

TUAM33C OdNXMNH ragapra A33pXx YynyynrmnH yycrax aHomarsb reOCOPOH30H OPOH raaar
Hb 9H® 580°C rpagyctail uUareac [A23W 6arpnax (eppPoOCOPOH30OHbI  XOMbLTOM
YyryyrnarmmH yyCcrax OpoH ax. XO0€p XamxaacT TacpantTtan dypee (2-D, DFT) aHanun3biH
TycnamxTairaap aHa 580°C TemnapatypTaii LarminH 6anpnansir TOOOPXOMNox cyaanraa
2000-aag OHOOC O3NXUNH ONOH opoHA xmnrgxkaa. (Nazif, 2010), (Stampolidis & Tsokas,
2002), (Ya , Tianyao , Hermann , & Fangzhou, 2016), (Bansal, Anand, Rajaram, Rao, &

Dimir, 2013). bua aH3 apraunnnbiH Tyxan 3-p 6ynart Oynryyaasg Toaopxon GUYCaH.



[Il. AHOManb reoCOpPOH30H OPHbIr AnNrax
3.1 YHAC3H OpHbIr Anrax

Bug Bynran anmruiH Morog cymbiH XynbxuiiH xanyyH pawaadsl opynm 100x100km.kB

Tanbang 3.6 KM 3anTav Uaryya 433p re0COPOH30H OPHbI YTIYyAbIr XAMXC3H H6OIHO.

XOMXKUAT XUACIH LaryyamnH 6anpnanbir 4OOpX 3yparT y3yynas. [onxuiiH ragapra Aaap

X3MXKUrA3X Gaiiraa OpoH Hb ONOH YYCIYYPTai OpHbI HUNNG3p Ganaar rax 433p AypbACaH.

Bua aH3 HUMNIMaN OpHOOC aHoMarb re0COPOH30H OPHbI YTIbIr AfiraH aBax ECTON.

(ﬁ + m)-A43NXUAH  [OTOOA4 UemMA YYCrYYPTaM XydTaW TYWNT OpHbIr A33p OuycaH
TOMBEOroop Lar Har 6yp A433p TOOLIOOMOH 051004 TyXalH Lar 433 X3MXUIAC3H yTraac

XacCHa.
(M + ) = =V -9(r,6, ) 7)

r=(6371.3+h) h-TyxaH U3rMNH gananH TYBLUHI3C A3 X3MXC3H eHgep, 6371.3km
Aanan TyBLUMH XYPTNaX O3NIXUWH pagnyc, 6-TyxanH LUSrMnH epreper, @-TyxanH L3rMmH

ypTpar.
3.2 lapaap ax yycryypTan OpHbIr Xxacax

[33px 3yparTt y3yyncaH TanbanH TeB X3CAIT Yi X6AS1eX L3r COHIOH aB4y Tap Lar 433p
XOMXKUAT XUMK Banx HUAT XyrauaaHgaa mmpos-1 rax MarHeTOMETPUWNr TacpanTrym
axunnyynas. buag O23px 3ypart y3yyncaH Uaryyn 493p XIMXKUNT XU Oanx TyxanH
SrWMH O3X YN Xegnex uarMmH GuunarninH yTreir xacax 6angnaap ragaag opHbl Heneer
xaccaH 60nHo. YyHUUr goop A9nraH OmumB. YN xegnex uar As3p ouuurgax baviraa

HUMNG3P OPHbIr AOOPX X3nN63apT GUYMXK BOMNHO.

-

§0 = M0+7710+ §1" + §1"1} + BaO (8)

Yn xegnex uarMniH ypTpar, epreper, eHgepwmnT mMagargax 6anraa tyn IGRF 3arsapaap
XOMXKUNT XUWTAC3H eapYYaAUWH XyBb[ YHOC3H OpPOH 1\70 + my-uir  (7)-Tomb€oroop

TOAOPXOWIMK BONHO. Y1 yn xeanex L3rvnH §a0 aHomarb OpHbIr wdmam 3arsapbir

awmrnaH ToouoomK ok 60nHo.
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Tarean (8)-TarwMTranaac ragaag 39X YYCBIPTAM OPHbIF sinraH A00opX Xanbapt
OonHo.
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3ypar 2 (Moroa opumbiH (100x100kM2) Tanban XaMKWT ryAL3TraCaH LaryyanitH 6anpnan)
(B + Byy) = By _(M0+7?10)_ Bao 9

B, — Hb YN Xeanex CyypuH Lar 43sp mmpos-1—1 6uunraax Gaiiraa reocopoH30H OpHbI

yTra, Bgo-Hb YN X64nex UarMiH opunMg wdmam 3arsapbir allurmiax oficoH aHomarb

Fe0COPOH30H OPOH, M, + M,-Hb YN X6AneX Uar A33p ANXUAH YHAC3H re0COPOH30H OpPHbI
IGRF 3arBapaap 6040 ONCOH yTra oM.

XynNbXUH XanyyH paiwlaaH opunma 1-p 3yparT y3yyncaH TyxXavH LUaryya A33p XaMXKUradK
Gariraa opHbIr 4OOPX X3aN63pT GMUMXK 60HO.

§1 = Ml +77i1 + §T‘ + ET"U + §a1 (10)
11



bug (10)-Tarwmtranaac  (9)-TOrWwmMTraniMAr xacax [A93pX LJryya 493p  X3IMXKUIACaH
reOCOPOH30H OpHbI yTraac ragaaj 3X YYCBIPTOM OpHbl Heneer yctraHa. YYHUUr goop

onyumB.

(M1 +m, + §a1 )= §1 - (§0 - (Mo + my) — §ao) (11)

(Ml +m; + Eal) -34r33p MLWYYA Hb TyXamH Laryyg A33pX 3pUHUKA XyBbCanT aryyncax
fnioKanb reoCOpPOH30H OpHbl yTra 6onHo. (11)-TarwmTranaac IGRF 3arBapaap OfiCOH
yTryyabir XacBan uUaBap nNuTocdepT YYCryypTan aHoMmarb OPOH YIA3H3. YYHUUr Joop

onyumB.

Bay =B, — By =V o(r,0,0) + By + V- (.6, 9) (12)

[oopx 3ypart yn xeanex uartT GampnyyncaH mmpos-1 MarHeTOpPMETPUNH 3yprunr

Y3YYnaB.

3ypar 3 (CyypuH LBIT Xa3pUIH X3MXWUNT XMIK Banraa Hb)

3.3  Moropa op4mbiH JlnTochepmmnH aHoMarnb reOCOPOH30H OPHbI TYranNT

Bua 09oNXunH ragapra 43sp XaMXuraax darraa HUNNIM35 OPHOOC NMTOCKEPT YYCryYypPTan
aHoMarnb reOCOPOH30H OpHbIr (12)-TarwmnTranaap, 1-p 3yparT y3yyrcaH 6yx uar gasp
AnraH aBaB. OHO sANraH aBCaH NUTOCEPUNH aHOMaslb reOCOPOH30H OPHbI YTTYYAbIH

TYraNTUIAT JOOPX 3yparT y3yyraB.

12
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3ypar 4 (MutochepuitH aHoMasb re0COPOH30H OPHbI TYraMTWIAH 2D 3yparnars)
3.4 JlutocchepuinH aHomarnb reoCOPOH30H OPHbI WUHX YaHapyyAa

Jlntocdpept deppocopoH3oH GoamcbiH (Fe,Ni, Co) aryynra eHOepTan ye aaBxapra
BGangar. OH3 ye aaBxaprbiH yycrax 6anraa opHbIr TMTOCHEPUNH aHOMarlb COPOH30H OPOH

FHI3.

MeH OanxunH TemnepaTyp AooLwox Tycam mxacgar 6a 580°C 6onox yeq (Fe,Ni, Co)-
GeppoCopoH30H 6oancyyn NapacoOpOH30H TONeBT LWMMKAAr. OH3 TYHUAr ¢asbliH

xyBupanTblH Kiopy uar raHa. (Nazif, 2010), (Stampolidis & Tsokas, 2002)

JIntocdepuinH aHomarnb reocopoH30H OpHbIr Kiopu ryH3ac Aaaw opwmx (Fe,Ni, Co)-unH

aryynra eHOepTai ye AaBxapra yycragar rax Xark 605Ho.

13



V. Kopu U3rumH ryHunr onox
4.1 Tacpantran (pyHKUMNH DPypberMmH xyBupranTt

KoopanHaTaac xamaapcaH Ttacpanttan yHKUMir dypbermiH XyBuprantbir awimrnaH
AaBTaMmkaac XxamaapcaH AONMMOHbI (CNEKTPUMH) HMKMNG3p GonroH Guuwmk Gongor.
(Blakely, 1995)

IB(k, )] = ¥V TM73 £(n, m)e G R0 (13)

p(keky) = [B(k, DI = [B(kyky)| (14)

BuagHun Toxmongona nNUTocepuiH YYCrax aHomarlb FeOCOPOH30H OpPHbl 3HEPrUNH

HArTbIH CNeKTPUNr (14)-TOMbEOrOOP WUIIIPXUINHAI.

JInTochepuinH aHomanb reoCOpPOH30H OpPHbl YYCTYYpP Hb X3BT99 XaBTrawnH Jaryyn

caHamcaprym 3ym TOrtrioop TapxcaH 6anaar.

XapvH 3H3 OpHbl 3HEPrUH HAIT Hb pajuycaac xamaap4 3KCMOoHeHUmanb Xyynuap

cynapcax 6angar.

1B(Ky Ky )| = 4T2CZ160, 12|60 e 72MIRe (1 — e~ IHIRb=RD)2 (Blakely, 1995) (15)

IB(ky, ky)|- nuTocepuiiH aHoMarsnb re0COPOH30H OpPHbI yTra, k = /k§ + k3

k., k. -0ONrMOHBI TOOHBLI X3BT33 Banryynarumg, C2 - AYHAQXK TYTIIT, 6,0, -XKWKAT
x» Yy m y Y miYf

TanbarH KoopAanHaTaac xamaapcaH Xacryyad. OArasaunr TOOLOH LarunaH 6mnusan (15)-

TOrLLUMTIAN Hb JOOPX X3N63pT BUUMIA3HS.
|B(k)| = De2lkIRe (1 — g~ IKI(Rp=R))2 (16)

D=const, R;,R; -nuToCdepuiH aHomarb re0COPOH30 OPHbI YYCIYYPUIH N'YHUI 0334 6a

[oo4 3aar.

(16)—TarwmnTranuinH Xo0€p Tanaac A3ryyp rapraH, Hatypan norapudgpm a4y 6uysan 4oopx

Xan06apT GnUnrgaHa.

In(|B(k)[z)~In(C)-kR, C=const (17)

14



AHOManb reoCOPOH30H OPHbII YYCIarYMmnH TeB XYPTNaxX 3anr goop bangnaap Guumx

OornHo.
Ro = (Rp + Ry)/2 (18)
R,-nuToctepuitH aHoMarb OpHbIT YYCraX Oalraa ye AaBxaprbiH TOB XYPTIax 3ai.

(18)-tarwmTronuir - (15)-TarwmTrang opnyynaH uarunaH 6wusBan  6muuBan [oopx

TIrWwnTrasn rapHa.
§(|k|) =D- e—2|k|Ro(e—|k|(Rr—Ro) — e_|k|(Rb_R0))2 (19)

(19)-TarwmTrannnH Xoép Tanaac a3ryyp raprax, d = |R; — Ry| = |R, — Ry|-60onoxbir

TOOLOH B1YBan yr TOrlnmTran agoopx X3]'I63pT LUNITKNHD.

_1
B /2(|k|) = D2 . g~lkIRo(glkld _ o=lkldy &~ p1/2. o=lKIRo . 2|k |d (20)

(20)-TarwmMTranunH X0€p TanbIr k-4 XyBaaH, HaTyparn norapudm asy 61MuBan JOOpX

TIrwnTrasn rapHa.

1
2

In(1B%I2) n(D)-kR, (21)

(22)-TombEoroop Kiopu ryH 6ytoy nutocdepuitH 580°C TemnepatypTan LArMmH ryHUnr
ongor. (Nazif, 2010), (Stampolidis & Tsokas, 2002).

4.2 AHOManb OpHbIl YYCIYYPUMH rYH 6a Kopu LI3rMnMH ryHMUr onox

bug >kmwaa 6onrox, 2-p 3ypart yY3yySfiCoH Wap UOHXOHA Xxapransax UuaryyauimH
nnTocepuinH aHomarnb COPOH30H OpHbI yTryyaaa dypbe aHanua xumx, (17)-tombeoroop
NNIPXUANArAdX Xamaapsibil TOFTOOTOOB. JH3 XamaapnblH  xanbapuir  5-p 3ypart
Y3YYJICOH. OHO33C WyramaH NNapxXunnnasp Aypcrargax Xacrasc nntocepuind aHomarb
OpHbl YYCTYYPUNH 0934 3aarnnir (17)-Tombéoroop xsanbap omk 6onHo.  YyHuir 5-p
3ypruMH O0op Xuwa3d 60nroH 6uumB. MeH [33px UOHXOHA Xxapransax uaryyaunH
nuTocepuinH aHoMmarnb reoCOPOH30H OpoHA dPypbe aHanm3 xunx, (21)-ToMbEOroop
UNIPXMANArA3X Xamaaprnbir TOrTooB. YYHUAr 6-p 3yparT y3yynaB. JH3 XamaapriblH
lwyramaH Xxacraac (21)-ToMbEOroop nMTOCHEPUNH aHoOManb rEeOCOPOH30H OpHbI

YYCIYYPUNH TOB L3I XYPTNaxX 3aunr xanbap osmK oniHo. YYHUIT 6-p 3yprnH A00Op XULLS3
15



B6onroH 6mnume. OHO33C (22)-TOMBEOrOOP NUTOCHEPUNH aHOManb rEOCOPOH30H OpPHbI
yycryypunH époon 6ytoy 580°C temnepatypTtan Kiopu LarmiH ryHUAr omk 60nHo.  YyHuUir

XnLWwaa 6onrox, 5 6a 6-p 3yprmnH goop 61MycaH 60nHo.

Bogf

Ln(IF(k["'2)

Soeacaac0P0806000%caccana®
96000609 8060 % 8pgo0c0"

0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.2 0.4 0.6 08 1 1.2
Wavenumber [1/km] Wavenumber [1/km]

sypar 5 (17-p Torwmntrang 6u4caH xamaaparn) 3ypar 6 (21-p tarwwuTrang 6uycaH xamaapan)

1
In(|B(k)[2)~In(C)-kR, In( B9 )krg

R, = — = 17.6 km Ry = — = 25.7km
0.35 0.35

R, = 2R, — R, = 2% 25.7 — 17.6 = 33.8 km

Bug 2-p 3yparT y3yyncaH Wwap UOHXMUT cyganraaH xamaapargcaH 6yx TanbanH garyyn
TYWAraH 433pX 3apymaap nutocepuinH aHomarib re0OCOPOH30H OPHbIM YYCIYYPUNH 4337,
Lar xyptnax 3am 6onoH, 580°C temnepatypTtan Kiopn U3rMnH ryHUAr oncoH 6onHo. Yr

Laryyaunr awmrnaH ragapryy 3ypx 6onox 6a yyHuir goopx 7 6a 8-p 3yparT y3yyriaB.

MeH unHrax oncoH 580°C TemnepaTtypTtan Kiopu U3rMnH ryH, nutocepuinH aHomarnb
re0COPOH30H OpHbI YYCIYYPUAH 0334 ragapryy, XaMXWNT XUMWIACSH raspbiH ragapryy
33prunr xamTag Hb ye aasxapra 6ananaap oypcraH y3yysmk 6onHo. O4raap ragapryyr 9a-
9c-p 3yparT y3yynaB. 9a 6a 9c-p 3yparT yr 3 XaMXK33CT ragapryyr siH3 6ypuiH eHureep

apryynax bavgnaap y3yynas.
4.3 Ta3pblH ragapraap angargax gynaaHbl ypcranbir YHanax

Kropu ryHaac 93w TemnepaTtypbiH rpagMeHTUnH Xxamaapan Hb 400p TarwunTranasp
nnapxmmnaraaHa. (Nazif, 2010), (Stampolidis & Tsokas, 2002), (Ya, Tianyao , Hermann
, & Fangzhou, 2016).
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dT _ 580°C
dR Ry

(23)

580°C
Rp

dr
q=1—_=12 (24)
g-raspblH ragapraap angargax gynaanbl ypacran. A-4ynyynriiH gynaaH gamkyynax

yageap. [[anT yynblH rapantanm XypmaH vynyynar 1=(1.3-2.9) [% ], BopxuH uwynyynar

].

w
m°C

AaBaMranmk 6ansan gapaax yTroir aBHa. 4 = (2.4 — 3.8)|.

[33px 2-p 3yparTt y3yyrcaH LOHXHblI OpYMM Hb BynraH anMmrnH Hytar faxs AB3ara yyrblH
apa xamaapax Tantan 6ereepf aH3 6yC HyTrMIAH Yynyynar Hb ePeHXNingee 6OPXKUH Yynyy

AaBamMravcaH ©OancaH Tyn 6ug  nuTocdepunH AyraaH - gamxyyrnax  Yagsapbir

ovponuooroop A = 3.3[%] ra aBcaH 6OoHo.

Bua sHS LOHXOHbLI TEB LAIT Xapransax raspblH ragapraap angargax gynaaHbl ypcranbiH

XOMXKIIr (24)-TarlwnTrida3p OfK OfHO. YYHUIT XNLWI3 605nrox goop uums.
Rp, = 2Ry — R, = 2% 25.7 — 17.6 = 33.8 km (25)
w o
A= S'S[W] AB3ara yynblH OpYMbIH YynyynrMnH gynaaH gamxyynax yaasap.

580°C 580°C mWw.
=33 2-=56.63 >3] (26)

dar
q_la_l Rp

2-p 3yparT Y3YYNC3H LOHXbIF TYWNI3H X3MXKWUAT XUArAC3IH Oyx TanbGalH uaryya O33p
raspblH ragapraap angaraax gynaaHbl ypcranblH XaMK3r ok 60nHo. bug nHrax oncoH
raspblH ragapraap angargax AynaaHbl ypcranblH - yTryygaap Aynaadbl  ypcranbiH

TYFONTUNH Xapyyrk 6onHo. YyHuir 10-p 3ypart y3yynas.

Morog opuMblH (100x100km?) TanGaiiH ra3pblH ragapraap angargax AyHOax aynaaHb

ypcranbiH XaMXa3 Hb 60.48 [7;—‘2/] opynm rapy 6avHa. '9BY XynbXuUH XanyyH pallaaHsl

< mw o <
opuvmAa yr gyrnaadsl ypcran xamrumH ux 70 [M—] opunm rapy 6amB. MeH XonLwoo

2

XaHmapranaHT, EyFaTbIH YYJCbIH xeHoung opuMmMpa ragaprbiH XaJllyyH YCHbl Unapu

< < o mw
Ganxryn 4 gynaaHbl ypcranbiH XaMX33 Hb XapbLaHrynm nx (66-69) [F] opyYMM rapu
o o mw. o
GarHa. XynbXWiH ronblH caB garyyp ypcran Hb gyHaaxkaap 62 [F]’ XYIbXUAH HYPYY,
MorogblH yync, Xvwur-eHOepUinH yyrcaap raspbliH ragapraap angargax gynaassl ypcran

17



mw. o o
Hb Gara (49-53) [W]' CypanraaHg xamaaparfgcaH aH9 TanbanH xyBba CarixaH yyrblH
opyuAa AynaaHbl ypcranbiH XaMXa3 Hb XaMrminH 6ara 47-51 [7;—'2/] rapy 6anHa.
MeH 2017 oHa YnaaH6aaTap xoTblH GapyyH Tang(40x40 km?) Tan6aing A3apx apraap
AynaaHbl ypcranblH TYranTuiH oncoH 6onHo. YnaaH6aaTtapbliH opyuMbiH Tanbang

XVATAC3H AynaaHbl ypcranbiH Tyrantuir 11-p 3yparT y3yynaB. QH3 TanbanH ayHaax

AynaaHbl ypcranbiH XaMXa3 Hb 47.85 [r;—wz/] rapy 6amB.

V. AyrHant

1. CypanraaHg xamaapargcaH 100x100km.kB Tan6amH XyBbA XyNbXWAH Hypyy,
MorogbiH Hypyy, CanxaH yyn, Xuwur-OHaepunH yyncaap nutocgepuinH aHomarnb
re0COPOH30H OpPOH Hb  (250-320) HT, AB3ara yynblH apblH XeHOWUN, XYIbXUIAH
rofiblH XeHAMN Xonwoo OPXOH rofiblH XeHAUW 33par Ham gop rasapt (40-85) HT
opyum yTratam 6amHa. MeH aH3 TanbanH 6apyyH XONHO XWXKUT HYYPbIH OpYUMA
(-160+-40) HT racaH ceper yTtratan 6anHa.

2. AHOManb reoCOpOH30H OPOH Ceper yTra aBHa raaar nurtocdepT aryynargax
deppPOCOPOH30H  YHynyynryyablH OOMEHYYAbIH YUrfan Hb  O3NXUAH  YHAOCSH
re0COPOH30H OPHbI ACPAr YMrManTan GanpnacHaac 605mkaa.

3. OH3 Tanbang nutocdepuiiH aHoManb reOCOPOH30H OPHbl  YYCTYYPUMH TYH Hb
XyNbXUAH XanyyH pallaaH opyYnM, XYpPaMTUIAH YYNCbiH XeHaun, CanxaH yyrnbiH
3yyH xeHaumng (-12+-10) KM opyuMM ryH rax rapdy 6anHa. Xuwwur-eHgep,
JaWwnHYMNSHIMAH YYIC opYMMA IMTOCEPUINH aHoMarnb OPHbl YYCrarYmMimH ryH Hb
(-14.5+-12.1) Km ryHTan GarHa. MeH nutocepuiiH aHomarnb OpHbl YYCryypuiiH
XaMIrMH ryH yTra Hb CanxaH yynbiH opyum (-18.5 +-16.5) kM rax rapy 6anHa.
XamrnnH Gara ytra Hb XuWur-eHaep yynblH ypa xeHaung, Assara yyrblH apbiH
XeHOun, byraHTblH eBep xeHANNH 60510H XaHxapranaHTblH 3yyH xeHanng (-8.5+-
6.5) KM ryHTan rax rapy 6anHa.

4. JlnToccepuinH heppOCOPOH30H WNHX YaHap angargax Kiopu ryH Hb XynbXunH
pawaaH opyuMm, AB3ara yynblH apblH XOHAUN, XaHXapranaHTblH 3yyH xeHanng (-
27+-30) KM opuum BanHa. OH3 ryH Hb Xuwur-eHgep, Morog, ByparxaHran 33par
yynapxar 6yct (-36+-31) kM opumm yTratanm 6anHa. CanxaH yynbiH opunmg Kiopu

NYH Hb XaMIMnH ryH3rmn (-37+-41) Km opumm yTratam 6anHa.

18



. [a3pblH ragapraap angargax gynaaHbl ypacrasnblH XaMXKa3 Hb XyNbXUAH XanyyH

mBT

pawaaH opuumpg (65-70) [ ] 6a HarTpan wuxTtan rapd GawmHa. MeH ©run,

M2
XaHapranaHTblH 3yYH X6HOUA OpYMbIH ragaprblH XanyyH YCHbl UNapuryn rasapT

mBT

TapxBap 6angnaap gynaaHbl ypcrasnbiH XaMkaa Hb (60-68) [ | op4mm rax rapy

MZ
Oauns.
. OH3® cyganraaHg xamaapargcaH HWAT TanbalH XyBbh — raspblH ragapraap

mw o
anpargax oyHoax gynaaHbl ypacrasbliH XaMXa3 Hb 60.48 [F] raXx rapy 6anHa.

. 2017 oHp YnaaHbaaTap xoTblH COHIMMHO XxaipxaH yynbir 6artaacaH (40x40km?)

Tan6ang ra3pbiH ragapraap angargax gyriaaHbl ypcranbir yr Tan6anH ayHoaxaap

47.85 [:"W—‘g/] TOrTOOCOH OOMHO. YYHTAM Xxapbuyyrmk y3Ban Morog oOpyMbIH

(100x100km?) TanbaiiH raspblH ragapraap angargax ayHaax aynaadbl ypcranbi

X3MX33 Hb 60.48 [TZ—?] Oyloy xapbuaHryn ux 6amnHa.

. XyNbXWNH XanyyH paluaaHbl 6arpnan Hb XynbXUnH HypYyyHbl 6BOPT OHOOPLUITNIAH
TYBLUMH Hb oruom Oyypuy Banraa xeHaun Ham gop rasap 6a gynaadbl ypcranbiH
XAMXK33 Hb cyaanraaHg xampargcaH tTandanH xyBb[ 4 XxapbLuaHryn nx rapd 6anHa.
MeH XynbXurH XxanyyH pallaad opuvMmp cygarnraaHsl 434 OyTaL XenkceH CyypuH
rasap Tyn uaawwug reodmsnknniH 6ycag apryygaap cyanax 6ypaH 60nomxTon.
MaHan canbGapbiH cygnaauug  XynbXuUWH ~ XanyyH pawaaH  opuYumA

MarHeToTeNTypPUKNAH HAPUNBYUIICAH cydarnraar YPrarkyynaH Xmimk 6anHa.

19
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VIl. XaBcpanTt

XascpanTt

®Khanui Spring Ca

P

6 1038 104

3ypar 7 ( Morog op4mbiH (100x100kM2) Tan6aiH NUTocdepuitH aHoMarlb re0COPOH30H OPHBbI

YYCIYYPUAH F'YHWUIA TYranTuinH 2D 3yparnan)
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prXanyni Paliaad’Cysunan

(6 Vsl
@ Hanjargalant /\/_—/[/*/

488 & - BS T~ G _ 3L i qd

3ypar 8 (Moroa opumbiH (100x100km2) TanbariH nutochepuith GeppoCopP3oH WNHX YaHap angaraax

580°C TemnepatypTan Kiopu ragaprbiH TyrantunH 2D 3yparnan )

Altitude [m]

3ypar 9a
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tude [m]

Al

Y — == . =
102.6 102.8 103 A0 AR A

Longitude \degses\

TN S

3ypar 9b

Altitude [m]

3ypar 9¢ (Morog opymbiH (100x100kM?) Tan6amnH nMTocdepuiii aHoMaslb Fe0COPOH30H OPHbI

YYCIYYpUiH ryH 6onoH Kroopu ryHuiAr raspbiH ragapratav xapbLyynaH y3yyncaH 3D 3yparnan)
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anui.SpringlCamp

en damn-«

-‘D%€ Wmv%

3ypar 10 ( Morog opumbiH (100x100kM?) Tan6aiH raspbiH ragapraap angaraax aynaaHbl yperanbiH

TYyranTumnH 2D 3yparnan )

24



106,28 1063 106,35 1064 106.45 106 $ 1oaeaca§n;9db/ 6106.65 [, ik

3ypar 11 (YnaaH6aatap opumbiH COHIMHO xanpxaH yysnbir 6artaacaH (40x40km2) Tan6aiH raspbiH

ragapraap angargax gynaabl ypcranbiH TYranTuidH 2D 3yparnan )
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IUHXI9X YXAAHBI AKAITEMUAH I'PAHT
MMWHU CMMIIO3NYM

2021-2022 oz x3parxyyiacoH LIYA-nitH rpanT TOCIYYAUNH YP AYHTHIH XII3IOYYI3T

X3393:
Xaana:

09:00
09:05

09:25

09:45

10:05

10:25

10:45

11:05

1li:25

11:45

12:05

12:20

12:40

13:00

13:20

13:40

14:00

14:20

14:40

15:00

15:20

15:40

16:00

2022 onbl 9 myrasp capsiH 21-Huit egep
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Abstract

In this paper, we extracted the values of geomagnetic anomaly sourced in lithosphere from the
total intensity of geomagnetic that is measured on the 750 points on an area (100x100km?)
around the Khulj’s hot springs. The Curie Point Depth (CPD), which is lost magnetic properties
of the lithosphere with 580 °C, was determined by the method of spectral analysis in the values
of the geomagnetic anomaly as well. The heat flows lost on Earth’s surface was also detected
by the method of the gradient of temperature from the CPD. And the distribution (2D) map of
heat flow around of the Khulj’s hot spring were illustrated by the values of heat flows.

Moreover, the average values of heat flow for whole the area (100x100km?) was about 60 [Tﬁ—‘f],

and it was estimated at about 70 [TA—ZV] at the Khulj’s hot springs.

Keywords: Curie point depth, Spectral analysis, Geomagnetic anomaly.

Introduction

The measured geomagnetic field on the Earth’s surface is a summation of magnetics with many
different sources. Only the geomagnetic anomaly, which is sourced in the lithosphere, is
studied in this paper. There are crystal rocks with iron, nickel, and cobalt in the lithosphere.
Iron, cobalt, and nickel are substances with ferromagnetic properties. Briefly, the geomagnetic
anomaly is arisen from the layer of the lithosphere contained with iron, cobalt, and nickel.
Generally, the temperature of the lithosphere is increased to the depth. The ferromagnetic
properties of crustal rocks and minerals vanish in the crust’s depth where the temperature is
approximately 580°C, or they become a paramagnetic state. In other words, the geomagnetic
anomaly arises from the rocks and minerals upper the boundary with a temperature of 580°C.
The points with the temperature of 580°C are the critical points where the phase of crustal rocks
and minerals is changed. The points of phase changed are called Curie points as well.
Moreover, the distances from the earth’s surface to the points, at which the phase of rocks is
changed, are called Curie point depth (CPD).

The CPD could be estimated by the method of the spectral analysis of geomagnetic anomalies.
The method of spectral analysis to define CPD was written briefly in this paper.

Studies for CPD have been done indifferent countries’ areas since 2000.

For example, the CPD for Macedonia and Thrace (N. Greece) is estimated range from 11.2 to
17.3 km. (Stampolidis, A, and Tsokas, G. N, 2002). The CPD in central India is defined from
14 to 29 km (Bansal et al. 2013). The CPD in central Turkey is estimated about 13.7 km. (Nafiz
Maden, 2010). The CPD on the area (180x180km?) of North China is determined as the
different values from 18 to 32 km. (Ya Xu et al. 2016). The CPD on the island of Taiwan also
ranges from 6 to 17 km. (Hsien-Hsiang Hsieh et al. 2014).

In addition, the heat flows lost on Earth’s surface could be estimated by the method of the
gradient of temperature from the CPD. We mentioned briefly the method of the gradient of
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temperature to define heat flows in this paper. Previously, in 2018, our groups conducted a
study to detect heat flow in two areas near Ulaanbaatar.

The variation in the CPD could be existed by the effects of geological activity phenomena such
as activations of tectonics and volcanoes.

There are many hot springs in the territory of Mongolia such as Khulj’s hot spring,
Shargaljuut’s hot spring, and Tsetserleg’s hot spring.

This paper aims to estimate the heat flow losing Earth’s surface around Khulj’s hot spring
with latitude= 48.249259°, longitude=102.953041° and altitude=1472.2m.

Methodology

Theoretically, the power density spectrum of geomagnetic anomaly in the lithosphere is given
by Blakely (1995) as

D (ky, ky) = Ppy(ky k) * F (R k) 1)
F(ky ky) = 412C2|0,,|2|65 |2 21K17e (1 — =2IkI(Zp=20))2 (2)

where @, (k,, k,) is the power density spectrum of magnetisation, F (k,, k) is a function that
depends on the vector directions of magnetisation and ambient field (Blakely, 1995). z-is the
depth from the surface of Earth to the top of the magnetised layer. z,-is the depth to the bottom
of magnetised layer. Cm is a constant. 8,, and - are factors related to the direction of
magnetization and geomagnetic anomaly. kx and ky are wavenumbers in the x and y directions

respectively and

k=kZ+ k3 (3)
is the horizontal wavenumber. If the magnetization function M(x,y) is completely random and
uncorrelated, then @, (k,, k,,)- can be considered as a constant. The radial averages of 6, and
0, are constants and the factor of dependency on depth e~2l¥l7c(1 — e=2IkIZs=20)2 js radial
symmetry. Thus, the radial average of db(kx, ky) can be written as the form

6(|k|) =A- e_2|k|Zt(1 — e 2lklGZp=20)2 (4)
where A is a constant.
If taken quadrate root and natural logarithm of both sides of Eq. (4), it become as the following
formula

In®(|k|)"/2 = 2In(4) — |klz, + In(1 — e~2kIG>=20),
()

If wavelengths are less than approximately twice the thickness of the layer, Eq.(5) could be
approached in the form

In®(|k[)"/2 = B — |k|z, 6)

where B is a constant and equals with %ln(A).

Eq. (6) is used to estimate z,-the depth to the top of a magnetic layer in many articles such as
Bansal et al. (2013), Nazif Maden (2010), Ya Xu el al. ( 2016), Hsien-Hsiang Hsieh et
al.(2014), Stampolidis et al.(2002).
We have also estimated the depth to the top of magnetic z: from Eq(6).
If the centroid of magnetic layer is expressed as

ze = (2p +2)/2, (7)
Eq. (4) can be rewritten in the form



$(|k|) =A- e—ZIklzc(e—|k|(zt—zC) _ e_|k|(zb—2c))2' (8)
Moreover, the quadrate root of Eg. (8) could be obtained as
1

55(|k|) =C- e—lklzc(e—lkl(zt—zc) _ e_|k|(zb_zc))’ (9)
Where C is a constant and equals with A2,

The values of distinctions |z, — z.| and |z, — z.| on the exponent in Eq. (9) are similar to the
half the thickness of the magnetic layer as

d =z = z| = |zp — zc|. (10)
Thus, we can approach in Eg. (9) at long wavelengths as
_1
) /2(|k|) = C e klzc(elkld — g=Ikldy &~ ¢ . g~lklzc . 2| k|d (11)

: 5/ 2(kh/ : —
If we take the natural logarithm of /lkl in Eqg. (11), it can be rewritten in the
following form

_1/2
In (¢ (lkl)/|k|> =G —|k|z,, (12)

where G is a constant and equals with In(2Cd).
The centroid of magnetic layer zc was estimated from Eq(12) such as
Many papers, such Bansal et al. (2013), Nazif Maden (2010), Ya Xu et al. (2016), Hsien-Hsiang
Hsieh et al. (2014), and Stampolidis et al, (2002) estimated the centroid of the magnetic layer
zc from Eq. (12).
Thus, we have also estimated the centroid of magnetic layer zc from Eq. (12).
In addition, the depth to the bottom of magnetised layer z, is estimated as

Zy = 2Z, — Z; (13)
The geothermal gradient (dT/dz) between the Earth’s surface and the CPD (Zb) can be defined
by Eq.(14) (Nazif Maden (2010), Ya Xu el al.( 2016)) and 580°C is the Curie temperature for
magnetic

ar _ 580°C (14)

dz Zp

Further, the geothermal gradient can be related to the heat flow q by using the formula (Nazif
Maden (2010), Ya Xu el al.(2016), Hsien-Hsiang Hsieh et al.(2014))

580°C

Zp

g=1 (15)
where A is the coefficient of thermal conductivity. The Eq. (15) demonstrates that the CPD is
inversely proportional to the heat flow. (Nazif Maden (2010), Ya Xu el al.(2016), Hsien-
Hsiang Hsieh et al.(2014))

Curie Point Depth and heat flow estimating around the Khulj’s hot spring

In 2022, we measured the absolute values of geomagnetic on the 700 points shown on the fig
(1). And the points, which are located by the matrix shape, are in the area (100x100km?)
surrounding the Khulj’s hot spring.
The measured geomagnetic on the Earth’s surface is summation of the magnetic fields with
many different sources. The summation geomagnetic could be written as

By = M; + (Br + Brv) + Ba,, (16)
Where B, -is the absolute values of geomagnetic that are measured on the Erath’s surface or on
the points shown in fig. 1. M;-is main geomagnetic that is sourced inner core of the Earth. Br-



is magnetic field that is sourced outer of the Earth and Brv-is its variation. Ba,- is geomagnetic
anomaly that is sourced in the lithosphere.Ba, has local properties and it has to measure with
different values on the points shown in fig.1. The anomaly geomagnetic, which is sourced in
the lithosphere, has to extract from the summation of the geomagnetic in Eq (16). In order to
extract the anomaly geomagnetic, we measured continuously the geomagnetic on stationary
points among the area shown on fig (1).
The geomagnetic, which is measured on the stationary point, could be written as follows
By = My + (Br + Brv) + Ba,. @a7)
From Eqg. (17) the magnetic field, which is sourced outer of the Earth, and its variation could
be rewritten as
(Br + Brv) = B, — M, — Ba,. (18)
The magnetic field in Eq. (18), which is sourced outer of the Earth, has global properties.
Therefore we have done an approaching that the term (Br + Brv) in Eq. (18) is measured
with similar to values on the all points shown in the fig(1) in the synchrony moment.
From Eq. (16) and (18) the geomagnetic anomaly on the points in fig (1) can be written as
Ba, = By — M; — (By — My — Bay) (19)
where the terms M; and M, could be solved by the model IGRF on the points which latitudes,
longitudes and altitudes are known. B;- is the values of geomagnetic that is measured on the
points in the fig. (1). B,-is the values of geomagnetic that are measured on the stationary point
synchronously with the points in the fig. (1). Ba,-is geomagnetic anomaly on the stationary
point and it is sourced in the lithosphere. In this studying, it is calculated about 89.5nT on the
stationary point.
The Distribution of the geomagnetic anomaly could be illustrated by the expressed values in
Eqg. (19) and it is shown on fig. (2). For the area shown in fig (1), the power density depending
on wave number on the Eqg. (6) could be solved by Fourier transform in the values of
geomagnetic anomaly written on the Eq. (19).

Fig. 1

(Locations of points measured absolute values of the geomagnetic)



Longitude >

Fig. 2
(The distribution of the geomagnetic anomaly could be illustrated by the expressed values in Eq. (19))

In this case, the power density of dependency on the wave number on the Eg. (6) could be

solved by Fourier transform in the values of geomagnetic anomaly via the Eq. (19) around the
Khulj’s hot spring.

Ln(IF(k)["'2)

0 0.1 0.2 03 0.4 0.5 0.6 0.7 08 0.9
Wavenumber [1/km)]

Fig 3
(The depth to the top of sourcing layer of strong magnetic, z, by Eq.(6).)

1
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Fig 4
(The depth to the center of sourcing layer of strong magnetic, z. by Eq. (12).)

The angular coefficient of the linear part illustrated in fig.(3) represents the depth to the top of
the sourcing layer of the strong magnetic that it is z; in Eq.(6).



In the case shown in fig. (3), it is estimated as z; = O;ZS =17.6 km.

Similarly, the power density of the dependency on the wave number on the Eq(12) could be
solved and it is illustrated on the fig(4).

The angular coefficient of the linear part depicted in fig (4) represents the depth to the center
of the sourcing layer of the strong magnetic that it is z. in Eq. (12).

In this case displayed in fig. (4), it is estimated as z. = 0;’35 = 25.7km.

Now, CPD, in which magnetic properties of the lithosphere are lost depth, could be solved
from Eqg. (13).

On the occasion shown in fig (4-5), the CPD is solved as z;, = 2z.-z; = 2*25.7-17.6=33.8km.
Moreover, the heat flow, which is lost by the Earth’s surface, could be solved by Eq. (15).

Generally, the coefficients of thermal conductivity are A = 1.3 + 2.9] v ] in the layers of

Me°C
basalts and A = 2.4 + 3.8[MV':C] in the layers of granites (Nazif Maden (2010), Ya Xu el al.(

2016), Hsien-Hsiang Hsieh et al.(2014)).

We had chosen the values of coefficients by types of layers of stones. In this case, the
calculation was performed behind the mountain named Avzaga inner the yellow window on
fig. (1). Nearby the Avzaga, the structure of granites dominated in the layer of stones. Therefore

A, the coefficient of thermal conductivity, has been chosenas 1 = 3.3[MMZC].
The heat flow, on the center of yellow window in fig. (1), equal to

580°C_, . 580 _ mw

The CPDs and the heat flows for the whole area have been studied by the method that
transferred the yellow window according to the area (100x100km?) shown in Fig. (1).

The distribution map of CPD for the studied whole area could be plotted by all the values of
CPD. Similarly, the distribution map of heat flows for whole this area could be presented via
its all values.

They are depicted in Figs. 5-6. In Fig. (5), the Earth’s surface is shown on the upper layer.
The surface of top sourcing of anomaly magnetic is displayed by the middle layer and Curie
surface is depicted by the bottom layer in Fig. (5). The distribution of heat flow losing by the
Earth’s surface is also depicted in Fig. (6).

Altitude [m]

Fig. 5.

(The layers of CPD and top sourcing of magnetic anomaly are presented here. The Earth’s surface is shown on

the upper layer. The surface of top sourcing of geomagnetic anomaly is displayed on the middle layer and Curie

surface is depicted on the bottom layer.)



(The distribution of heat flow lost though the Earth’s surface)

Results and discussion

The values of geomagnetic anomaly are about 200+300nT at the center of the area. The south
part of the studied area, is (10+80)nT. In the west north of the area, which is around small
lakes, the values of geomagnetic anomaly is about (-80 + -120) nT by displayed on Fig. (2).
The average CPD for the whole area were estimated at about (-31.8 km). The CPD nearby at
the Khulj’s hot spring were about (-27+-29) km. In the part of the east north of this area, the
CPD were also defined at (-27+-29) km. The CPD was about (-33+-40) km in the other part
of this area.

The heat flow was estimated at (65+70) [";—'2/] nearby at the Khulj’s hot spring. Generally, the

heat flows were about (63+65) [";—'2/] in the part of the west- south on the area shown in Fig.
(6). In the part of the east- south and the east on the area, the heat flows were about (51+61)
[’?A—?]. The average heat flows of this area were estimated about 60 [";—'f].

Conclusions

The negative values of the geomagnetic anomaly in the west-north of the area shown in Fig.
(1) could be due to the effect of small lakes, and the direction of the ferromagnetic in rocks of
the lithosphere which is the opposite direction to the geomagnetic of Earth.

According to this study, the average heat flow lost from Earth’s surface is about 60 [7::—‘2/],
which is more than 46 [':;—ZV] the heat flow on areas in the vicinity of Ulaanbaatar. Moreover,

the heat flow is about 65-70 [";[_ZV] nearby at the Khulj’s hot springs, which shows that the

heat flow is relatively higher than the average for whole areas. There was also high heat flow
in the small areas where there were no hot springs on the surface of the Earth.
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CYYPb, XABCAPI'A CYJANTAAHBI FPAHTAAP MYALIITIaX Tecen
X3P3MKYYN3X, CAHXYY)KYYSIOX M3P33

2040 onbi 06

ayraap ﬂyraap.‘.‘,‘{y My oo /1T YnaanGaaTap XoT
capbiH 03 Hil eaep

nanars: Liurknax YxaaHb AkadeMulln 5pdaMmsH Hapuiin buveuldH dapea b.Aeud

CaHxyyXyynary: Wurxnsx YxaaH, Texnonozuin CaneuliH 3axupan M. TyHzanaz

MyiAuaTrary: LWIYA-uiin H, 26 KuliH xvpaanaHeuliH saxupan C.

Juaawma® Tanyya” rax/, LUMHXNSX yxaaH, TEXHONOMIAH Tyxai Xyynb, MOHION yncbiH LNHXNAX
yXaaHbl akafleMuitH epeHxuiineruuitn 2020 oHbl 4 Ayrasp capbiH 9-HUA eapuitH Al44 Tywaansir
TyC TYC YHASC Gonrod “MeocOPOH3OH OPHBI M3A33JUI23p ra3pbiH N'YHWA AynaaHbl OpHbI
ypcransir Togopxoinox” HapTai IMBaswxapran yaupaaritaii cyypb, xascapra cyaanraatbl
rpaHTaap ryiLsTrax Tecen /uaalmg “Tecen” rax/ Xspankyysnax Tanaap xapuiuaH TOXMPOMnLIOX
3Haxyy rapasr Gaiiryynas.

Har. Epenxuii 3y#in

1.1. Tecnwiir 2020 oHwi 05 gyraap capuid 01-Huit eapeec sxnaH 2021 oHbl 04 Ayraap capeiH
30-Hbl 6P XYPT2A HAr XUNUiH XyraLiaaHz xvibk ryiiuatraHa.(12 cap)

1.2. TecnuiiH HUAT 3pA3M LUMHKMNraaHWii sapaan 7,000.0 msAHraH Terper.

1.3. CypganraaHbl AYHA A9BLIYYNSX Taamarnarn, GyTaan, TYypBuibiH YArNan, WHHXNIX yxaaHbl
LWHANAr Tan, a4y xonGorgon, yp AYHr TOAOPXOWMK rapasH TycraHa.

1.4. LlUuHo Gyreanuith natexT, GyTaarA3XYYHUIA 3areap, aluurTai 3arsapbiH rapuyunrsa ascax,
3oXMOruMitH 9pxaa xamaapax Gycap Gytssn Guit GONrOCOH TOXWONAONA TyXaitH GyTaanuir
aluMrnax oHUroi apx 6ONOH 30XMOMYMiAH 3pXT3i XONGOTACH YYCCRH Xapunuaar MaTeHTbiH TyXai
Xyynb, 30xviorumitH apx GONMOH TYYHA Xamaapax apxuiH Tyxail Xyynb, Mpratmit xyynb ba aHs
rapasH AypAcaHbi Aaryy 3oxuLyynax sapuim GapumTanHa. ©epeep soxvuyynax waapanara
rapBan TanyyabiH XOOPOHZ HIMANT rapas, xanuan Gairyymk 6onHo.

Xoép. Tanyyabit yypar

2.1.Yypar
2.1.1 Saxuanary aapaax yypar XynasHa,

a/ TeCnWiAH ryiuatrang GaiHrbliH XAHanT TaBux;

6/ ryRUSTrarymiiH yiln axsannaraaxz 30Xux A3MXNSr Tycnanuaa ysyynax;

B/ TOCNUIAH YP AYHIWIAH YHANTS3, TailnaHr xaHax Garanraaxyynax,

r/ TECAMIAH Y AYHT XYNasH aB4 TYYHWIAr YANAB3pNan, XaparnasHi aluvrnax apra Xamxaar
30xvoH Gaiiryynax;

Al YP AYHMMIAH alMmManTbiH Gaiansir xapransaH ryililiaTrary Hapbir 30XvX XypMblH Aaryy
XOXYYN3H A3MKMX, YpaMLLyynax;
2.1.2.CaHxyyxyynard gapaax yypar XynssHa.

al TeCnWitH TECOBT 3apAnbir TeCHWAH YAMPAArYUiAH rapracaH rpadmkviti aaryy BypaH
CaHXYYXYYIaX,

6/ rapasHg 3aacaH XyBaapuiiH faryy TOCIMAr Xyrauaani Hb CaHXYYXKYYNIaX,

B/ TECNWAH XepeHre 3apanbiH 3apLyynanT, awurnanteid Oainana CaHXyYXyynarduiii
3yrasc XSHaNT TaBbX, rapcaH AyTaraan, 3epunuiir Tyxaih Gyp apunrax apra xamxa3 asax;
2.1.3. TYAUATrary, Tecnuiti yanpaard gapaax Yypsr XynaaHs.
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