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OO6cyxmeHa B3aMOCBsI3b CTPYKTYpHI T-y31ma H.A. ByaibeHKoBa 1 KOJIBIIEBBIX T€0JIOTMUECKIX CTPYKTYpP Ha
MOBEepXHOCTU 3eMiIu, chOpMUPOBABIIMXCS 3a BCIo McTopHio. [To3uunu atomoB B T-y3ne H.A. BynbeHkoBa
COOTBETCTBYIOT BepiimHaM Ten [lnaToHa — aAByM TeTpasapam, MKOCa3Apy M oKTasapy (Bcero 27 mo3uuuit
BKJIIOYAsl LIeHTpayibHY10). Eciiu moMecTuTh LieHTpaibHbIi atoM T-y31a H.A. ByabeHkoBa B 1IeHTp chepbl
(reoua) ¥ paguaibHO CIIPOELIMPOBATh OCTAIbHBIE MTO3UIIMU HA €€ MTOBEPXHOCTh, TO, UCIIOJb3Ysl MPOSKIIUN
KaK LIEHTPbI, Ha MOBEPXHOCTH C(hepbl MOXKHO BOCCTAHOBUTD KJIACCUYECKHUE KOJIbIIEBbIE CTPYKTYPhI U3BECT-
Hble B reosioruu. McnonszoBanue T-y3na H.A. ByibeHKOBa ITO3BOJIMIIO TTOJTYYUTh HE TOJIBKO OMHO3HAYHYIO
HepapXrUIecKylo B3aMMOCBSI3b MEXIY MKOCAdAPUIECKOM, OKTadApUIYECKO 1 TeTpadipuyeCcKoi MOIeIsIMU
KOJIBLIEBBIX CTPYKTYp 3€MJId, HO U ONPEAeTUTh/TIOATBEPAUTh KPUTUUECKHE 30HBI HA 3eMJie U3BECTHBIC
aHOMAaJIbHBIMU T€OJIOTMYECKUMHU CTPYKTYPaAMHU U TIPOLIECCAMU.

Knroueswie crosa: Tena InatoHa, TeTpasnp, OKTasap, Kyo, MKocasnp, Aoaekasiap, T-y3en
DOI: 10.31857/S0044453723010156, EDN: BCBXQD

BBEIAEHUE

HMccnenoBaHuio 3aKOHOMEPHOCTEM B CTPYKType
3€MHOI1 MOBEPXHOCTHU MOCBSIIEHO O0JIbIIOE KOJTNYe-
CTBO pabOT, BOCXOISIIMUX K aHTUYHON [peuun. Ux
OCHOBOIi OblJla cHcCTeMa IPaBUJIbHBIX BbITYKIbIX
MHOrorpaHHUKOB (Tejia IlmaToHa — teTpasap, KyoO,
OKTa3dp, UKOocasap 1 Joaekasap), puc. 1. B mpouec-
Cce pa3BUTHUS 3HAHUI 00 OKpyXallleM MUpe Habop
3TUX CTPYKTYp (UTYpHpOBall KaK B MHUDOJIOTHUUE-
CKOIf TpakToBKe (ITocTpoeHue MupoB Jemuyp-
roMm/TBopuom) [1], Tak M B eCTeCTBEHHOHAyYHBIX
MoOJIeJisiX, HarpuMep, B npemioxeHHo M. Kerne-
poM Mozenu ctpoeHust CoiHeUHOI cucTeMsl [2].

B nHacrosiiee Bpems Tena Ilinatona, Apxumena,
napasuienaosapsl E.C. @enoposa [3] mupoko npume-
HSTIOTCS 11 MOIETUPOBAHUS CTPOEHMS pa3HOOOpas3-
HBIX OOBEKTOB OT HAHOMETPOBOTO MacIlTadba pa3Me-
pOB, HalpuUMep, KiacTepbl, HAHOYACTULbl, HAHO-
KPUCTAJIJIBI, Ha CJeAYyIOIIeM YypOBHE UepapXuu
KPUCTAJIJIBI U TaK BILUIOTh IO Pa3MEPOB KOCMHYECKO-
ro Macutaba — IUIaHeThl, 3Be34bl, BceleHHas.

OnmH1M 13 BaXKHBIX HAyIHBIX JocTrkeHnit H.A. by-
JIbeHKOBA SIBJISIETCSI KOHCTPYKTUBHOE/CTPYKTYpHOE
pelieHrue Mpob6ieMbl KBa3UKPUCTAINIMYECKOM caMo-
opraHu3aluu MaTepuu (KBa3MKPUCTAILJIBI, CTPYKTY-
pbI CBSI3aHHOI BOJIbI) HA OCHOBE MOAYJIBHOTO ITOIX0-
na. Jlonroe BpeMsi OH MCCAEAOBaN TETPAKOOPIUHMU-
POBaHHBIE CTPYKTYPBI M OOHAPYKWUII, YTO CYIISCTBYET
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“KBa3UKPUCTALUTNYECKU I CIOCO0  3aroJIHEHMUS
MPOCTPAHCTBA. DTO CTaJI0 BO3MOXHO C MCIOJIb30Ba-
HYE€M HOBOTIO JJisi KpyUcTajuiorpaduu MOHSITUSI KPpU-
CTAJUIMYEeCKNI MOIyJIb, BBeaeHHoro H.A. byibeHKko-
BbIM [4]. Mcrionb3ysT MOIYyIbHBIC MPENCTABICHUS O
caMOOpraHu3anuy MaTepuu B KOHIACHCHUPOBAHHOM
COCTOSIHUY, OH IOCTPOMJI KPUCTAJTIMIECKUE MOLYIN
ISt psima BemiecTB. JIisT TeTpaKOOpAMHUPOBAHHBIX

ctpykTyp H.A. ByiabeHKOB, HampuMep, MpeiIoXu
(a) (©)
(r) ()
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Puc. 1. Tena Ilnatona: Terpasap (a), Ky6 (6), okTasap
(B); ukocasnp (r), nogekasap (1).
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Puc. 2. T-y3en H.A.BynbeHkoBa. Lludpamu 0603HaueHBI
MO3ULIMKA aTOMOB B T-y3Jie, COOTBETCTBYIOIIME BEPIIIN-
HaM MHOTOTPaHHUKOB: / — LIEeHTpaJIbHBII aToM, 2 — Ma-
JIBIA TeTpasnp, 3 — uKocasap, 4 — OOJIBIION TeTpasp,
5 — oKTasap.

KPUCTAIUNIMYECKUE MOMYJIN HECKOJBbKUX MoAu(pUKa-
LU JbJa, OQHO3HAYHO BbIIEISIEMBIC B CTPYKTYpE
(kyObuueckast M TeKcaroHajibHast MOTU(UKALIAY JIbaa
COCTOSIT JIMOO TONMBKO M3 “Kpecen”, 1mbO m3 “Kpe-

cen” u “BaHH”! B onpenesieHHOM npornopuun). Ocy-
IIECTBJISISI TOIOJIOTUYECKUE IpeoOpa3oBaHUs KpHU-
CTAJUINYECKUX MOMYJIEI JIbI0B, OH HaIllell €llle OOHY
“BeTBb” IBOJIIOLIMHU CUCTEM C TETPAKOOPIMHUPOBAH-
HBIMU CBSI3SIMW, OCHOBAHHYIO 1IEJTMKOM Ha KOH(pOp-
Malyy B BUIe “TBHUCT-BaHH” M3 IIECTU aTOMOB/MO-
Jnekyn. CTpyKTypbl HA OCHOBE TBUCT-BaHH (hOpMUPY-
IOT OOBEKThl Pa3HOM “MEpHOCTU”, OCTaBJsSs 4YacTb
MpPOCTPAHCTBA He3aIloJIHEHHBIM. CleayeT OTMETUTD,
YTO B HAHOTEXHOJIOTMU OOJBIIYyI0 POJb UIrparoT
“HyJbMepHBbIe” OOBEKTHl KJIaCTepbl/HAHOYACTUIIbI.
CTpyKTypHOE MOIEIMPOBaHNE OOBEKTOB OOIbBIIEH
“MEepHOCTH” IJII CUCTEM C TETPAKOOPIAMHUPOBAH-
HBIMU CBSI3SIMU: CTEePXHU (“OmHOMEpHBbIe”), TO-
BepxHOCTH (“aByxmepHBIe”), (ppakTan (Tpexmep-
HbIe) — ogHa u3 3aciayr H.A. bynbenkosa [5].

OnHOiI U3 TaKuUX CTPYKTYp, O KOTOPOM MOMACT

peub B NAJbHEHIIEM U3JIOXEHUU ABJsAeTcs T-ysenr?
[6, 7] (puc. 2) niau kiactep U3 27 aTOMOB/MOJIEKYIT.
H.A. bynbeHKOB 0OHApYXWJI, YTO MMO3UIIMK AaTOMOB B
5TOM KJIACTEPE COOTBETCTBYIOT BEPIIMHAM HECKOJb-
kux Ten IlnaroHa (TeTpasapa, oKTa’apa M MKOCadI-
pa). IIpu 3ToM Bce aToMbl B T-y371e CBSI3aHbI MEXIY
CBOMMM OMMKANIIMMU COCeNsIMU MPaKTUIECKU He-
WCKAXXCHHBIMHU TETPadApUIYECKUMU CBSI3SIMU C He-

1 BanHa, kpecJio ¥ TBUCT-BaHHA — KOH(OPMAaIIMU U3 IIECTU TET-
PaKOOPAMHUPOBAHHBIX MOJIEKYJT (B CJIydyae JibJa 3TO MOJIEKYJIbI
BO[IbI, CBSI3aHHbIE BOIIOPOIHBIMU CBSI3SIMU).

’B npemioxeHHoM H.A. BynbeHkoBbIM T-y371€e MKocasap, OK-
Ta3[p U JBa TETpadApa BbICTABIEHBI TaK, YTO OHU UMEIOT TPU
obuiye 1j1sl BceX YeTbIpeX MHOTOTPAaHHUKOB IBOWMHBIE OCU U
4yeTbIpe TpoiiHble ocu. [1py 3TOM aTOMBI B BEpIIMHAX UKOCAD -
pa JiexxaT Ha ero MsITEePHbIX OCSIX, & aTOMbI B BEpIIIMHAX TeTpa-
3IPOB M OKTAd/IPa JIeXKAT Ha OOLMX ISl BCEX MHOTOIPAaHHUKOB
TPOWHBIX U ABOMHBIX OCSIX COOTBETCTBEHHO.

KYPHAJI ®U3NYECKOUN XUMUU

GOJIBIIMM OTKJIOHEHHEM OT WUACAJbHOTO 3HAUYCHUS
TeTpasapuueckoro yria 109.47°. B aToM ciydae Ha-
0op yka3zaHHBIX Tea [TimaToHa (hopMuUpyeTcst U3 OmHO-
ro LIeHTpa IIpyu IPaBWIbHOI CHUCTEME TeTpasapuye-
ckux cBssent. IlpemyioxkeHo OOJBIIOE KOJIMYECTBO
KBa3UKPUCTAJUIMYECKUX CTPYKTYP, OCHOBA KOTOPHIX
npencrasneHa T-y3mom [4, 5].

CraThsl MOCBSIIEHA W3JIOXCHUIO CTPYKTYPHBIX
nepapxmueckux B3anMocsa3eii T-y3na H.A. BynbeH-
KOBa C MOJEJSIMU KOJBLEBBIX CTPYKTYp 3eMJIM, 00-
Hapy>XeHHBIMU Ha ¢€ MOBEepPXHOCTU. bynyT paccmor-
pPEHBI BapMaHTBI KOJIBLEBBIX CTPYKTYpP, OIpeesie-
MbBIX TETPadApOM, OKTa3APOM M HKOCA3IPOM Kak
LICHTPaMU KOJIbLEBBIX ITOKPHITHIA.

TEOPUA U MOJEIN

IMpo6iema oOHApPYKeHUST KOJBIEBBIX CTPYKTYP,
IIPOKO TIPEACTABICHHBIX B IPUPOIIE, JABHO 0OCYXK-
JaeTcsl B reojiorMu [8] u mpuBeia K CO3MaHUIO He-
CKOJIBKUX MOJEJIel CTpOeHUs TTOBEPXHOCTU 3EeMIIH:
MKOCA3IPO-I0eKadIPUIECKOM, OKTa’Apo-Kyoude-
cKkoif u Terpasnpudeckoil [9]. Ilpu 3Tom B3ammo-
CBSI3b MEXXIY STUMH MOACISIMU HE OYeBHIHA.

KoJibeBbie CTPYKTYpbl Ha TOBEPXHOCTH 3eMJIH.
INpaBunbHas crucTeMa NOKPBITUS C(hepbl KOJIbIEBbI-
MM CTPYKTypamu IpeacTaBieHa Tejiamu IlmaTtoHa
MPU HWCIOJb30BAHUM MX BEPIIMH KaK 1IEHTPOB
okpyxHocreii. [11aToH Tak onpeneni peryiasipHyio
CTPYKTYpY pa30ueHus moBepxHocTu 3emuu: “Ta
3emJisl, eciu B3MISIHYTb HAa Hee CBEpXy, MOX0oXa Ha
MSTU, CILUTBIN U3 ABEHAALIATU KYCKOB KOXHU U TIECTPO
pacrnycaHHbIf pa3HbBIMU 1LIBETAMMU ... JIMK €€ Tpe-
CTaBJISIETCSl €AUHBIM M BJIMSIHAE HECKOHYAeMO pa3-
HooOpasHeM” [1]. U3 Tex I1maToHa ToIBKO moaeka-
BIp MMeeT NBEHAaalaTh IpaHei, LEHTPbI KOTOPBIX
MpeacTaBIeHbl IBEHAAATHIO BEPITMHAMM UKOCadIpa.

V.JI. bparr, onuH M3 oOcHoBaTejieii PEeHTreHOo-
CTPYKTYPHOIO aHaii3a, pacCMaTpuBall CBsI3b TeIl
[ImaToHa co cTpyKTypoii moBepxHOCTH 3emiun: “I'eo-
MeTpHUsl CHOBa Top:xkecTByeT. CylllecTBOBaHUE 3eM-
HOI1 KOpPHI, M3 KOTOPOI BO3MOXHA XXM3Hb, KaK BUJI-
HO, €CTh pe3yJIbTaT TeOMETPUIECKUX CBOICTB TETpa-
snpoB M okrtasmpoB” [10]. Tema IlnatroHa cranm
OCHOBOI1 OOJIBIIIOrO KOJIMYECTBA IIPEACTAaBICHUI O
COBpEMEHHOM OOJIMKe TTOBepXHOCTH 3eMn [8].

Tak, Momenu TeTpa’apUUeCcKOil CTPYKTYpbl MO-
BepxHOCTU 3eMuin pa3padareiBanuch ¢ XIX Beka ¢
BblIIEJIEHUEM B pesibede BepIInH TeTpasapa, puxo-
nsiuxcst Ha FOxxHbIi nosiroc, CKalucTbhie ropbl B
CesepHoii Amepuke, Anbiibl 1 Tumaman. OgHa us
YEThIPEX OCEU TETPasipa cCoBMNaaana Mpy 3TOM C OChIO
BpaleHus 3emiu [9]. JleTanbHble UCCIeNOBaHUS CO-
OTBETCTBUSI PEaJIbHOM CTPYKTYpPhl 3eMJIM “TeOKpHU-
CTAJUIMYECKUM”’ MoaeassM (MOJIEeIN MHOTOTpaHHM-
KOB) MpHBEIM K BBIBOJY O TOM, YTO KOJIbLIEBbIE
CTPYKTYpbl 3€MJIM HE OMNMUCHIBAIOTCS JIUIb OIHUM
MHoOrorpaHHukoMm (tesoM Ilnatona) [9].
Ne 1
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Ta6mmma 1. CorocraBiieHVe TIepBBIX HyJIe MOJMHOMOB JlexXaHapa B yCTOMYMBOM 06JIACTH C IMOJJOBUHAMU TTOJISIPHBIX

yriioB Tena Ilnatona

. IMTonoBuHHBII
VYIIBI TIepBBIX HyJIEi N OTHOCUTeNbHAasK
IMonuHOMBI " TOJISIPHBIN YO Tema ITnaTona
B IIepBOIi YeTBEPTHU MOTPENTHOCTh
ten [TnaTona
P, /2 =90° /2 =90° 0% OxTasgp
P, 54.736° 54.736° 0% Terpasnp
P 39.23° 35.3° 11% Ky6
Py 30.56° 31.7° 3.6% Hkocasnp

OueBUIHBI BKCTPEeMaTbHbIE CBOMCTBA TaKUX ITO-
KPBITUIi, KOTOPbIE XapaKTEpU3YIOT MOCIea0BaTe b-
HOCTb KOJIBIIEBBIX CTPYKTYpP OTHOTO pamnyca, 3aHU-
MaloIIMX MaKCUMAJIbHYIO TTIOBEPXHOCTh NTPU (DUKCH-
poBaHHOM MX KoyjmdecTBe. PakTuyecku mpodjema
CBOIUTCS K pEIIeHUIO 3a/1a4 O pacCTaHOBKE TOUEK Ha
chepe, 0O6pa3yIOINX MPABWILHYIO CTPYKTYPY, OCHO-
BY KOTOPOI COCTaBJISIET paBHAs YIaJeHHOCTh UX IPYT
OT Apyra. OTa 3amaya peureHa B “Havamax” EBkiimaa
[11] xak mocTpoeHNE CUCTEMbI BIUCAHHBIX B chepy
ten IlnaroHa (TeTpasmpa, Kyba, oKTasapa, MKocas-
pa u gonekasapa). OTMETUM, YTO B CBSI3U C TEM, UTO
cheprdeckre TPeYroIbHUKA B CTPYKTYPE TTOKPBITHIA
WMEIOT MUHUMAJBHOE YMCIIO CTOPOH, MOKHO OXKM-
JaTb ITOBBIIICHHOTO paHra MX 3HAYUMOCTU KakK I'€o-
du3nYecKux aHoOMajauii Mo CPaBHEHUIO C JIPYTUMU
THTIAMU TTOKPBITHA.

HauGonee mepcrieKTUBHBIM MaTeMaTUYECKAM all-
rnapaToM, ONMUCHIBAIOIIUM (DOPMUPOBAHUE KOJblIE-
BBIX CTPYKTYP Ha MOBEPXHOCTU cephl (reoua) siBisi-
eTCsl amIapaTr CIeLUMaJbHBIX (YHKIMA MaTeMaTh4de-
CKOIT (PM3WKH, B YACTHOCTH, chepriueckne GyHKIINN
Jlexxanapa [12]. Ipu pemieHnn KJ1acCUIecKoi 3agadan
JedopMaliii YCTOMUMBBIX c(hepruuecKUX 000JI04YEeK B
[13] ompeneneHa cucrteMa yCTOMYMBBIX HYJICH ITOJIM-
HomoB Jlexxannpa. [ToBepxHOCTh chepbl KOPHSIMMU IO~
JuHOMOB JlexxaHapa pasaessieTcs Mo IMPOoTe Ha 30-
HBI, B KOTOPBIX 3TU MOJMHOMBI COXPaHSIOT 3HaK. [1o-
kazaHo (IIpunoxeHue 1), 4TO cucTeMa YCTOMYMBBIX
HyJeit moauHoMoB JlexxaHapa ¢ Xopolleil TOUHOCTBIO
(IMpunoxenue 1, Tabauua 1) cCOOTBETCTBYET I1OJIO-

BUHHBIM TIOJIIPHBIM yriaM Tei Ilinarona®. Cremyer
OTMETHUTb, YTO B CIIydae reoraa CylleCTBEHHYIO POJib
urpaet rpaBuTaliioHHoe 1noJje CojHia u rmaHet Coi-
HEYHOM CUCTEMBI, KOTOPOE OIPEACISCT, B YaCTHOCTH,
OPHEHTALIMIO OCHU BpallleHUs, TIPWINBHEIC SIBIICHUS
Jutocgepsl U Tuapocdepbl 3eMan. DTO MOXKET 00y-
CJIOBJIUBATh KOHKPETHBIN (PU3UUECKUl MeXaHU3M
dopMUpOBaHUST PETYISIPHBIX KOJBLIEBBIX MOKPBITHIA
Ha MOBEPXHOCTU C(depbl, COOTBETCTBYIOIINX TeaaM
IlnaTona. Ilpu 3TOM OKa3aja0Ch, YTO B3aMMHasi OpU-
EHTaLUsI KOJIBLIEBBIX CTPYKTYP MOBEPXHOCTU 3EMITH,
COOTBETCTBYIOLIMX Ten [1maToHa (MKocasap, oKTasap,

3 MonoBMHHBIIA MOMAPHBIIT YTOT — YO MEXIY HOPMAJIBIO K Tpa-
HU U painyc-BEKTOPOM BeplInHbI Te [1naToHa.
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TETpasp) COrlacoBaHa C MO3ULIUSIMU aTOMOB B T-y3-
e H.A. byabeHkosBa [13].

OBCYXIEHMWE PE3VJIIBTATOB

Hxocasnpuyeckass momeib. IlepBuyHas cucrema
peaIM30BaHHBIX B JIMTOC(EpPEe KOMBLEBBIX CTPYKTYP
npeacTaBicHa KOHTypaMU 3anagHoro mobdepexbs Ce-
BepHOIT AMepuKHM 1 3oHiuckoi nyru B FOro-Boctou-
Hoit A3uu [14]. KonblieBble TOKPHITUS C LIEHTPaMU B
BEpIIMHAX MKOCa3Apa COCTaBIISIIOT IIOJIOBUHY paguyca
onmcaHHo cepsl [11]. OrMeTM, 9To 30HICKAS IyTa
OTHOCUTCSI K CUCTeMeE BBISIBJISHHBIX B T'€OJIOTUM TH-
TAaHTCKUX KOJblLIeBbIX CTpyKTyp [14, 15]. IIpu sTom
LEHTPHI yKa3aHHBIX CTPYKTYP MpUHAIIEXKAT K BEPILIN -
HaM OJHOTO Y TOTO e MKocasapa. DTo J1aeT BO3MOXK-
HOCTb ONPEACINUTD IOJIHYIO CTPYKTYPY MKOCa3Ipuie-
CKOro IOKphITUS, puc. 3. IIpu a3ToM s3KkBaTOpHabHAS
IJIOCKOCTh MpoxoauT yepe3 [laHaMcKuii nepelieek B
3amnagHOM ITOJTyIIapyy 1 NOJIsIpu3yeT mojoxkeHue Ce-
BepHoii 1 FOxxHOIT AMepukH, a B BoctouroM mmosyia-
puU SIBJISIETCSl orubaroIeil FoXKHO OKOHEUHOCTH a3U-
aTCKOTo KOHTHMHEeHTa. TakuM o0pa3oM, TaHHAasI CUCTE-
Ma KOOpOMHAT TIpHUBsS3aHa K HAKJIOHY 3€MHOIO
9KBATOpPa OTHOCUTEIBHO IUJIOCKOCTU SKJIUMMTUKM (00-
paireHue 3eMii oTHOCUTeNIbHO COJHIIA).

B sT0i1 cucreme KoopauHAT OKa3bIBAIOTCS pEry-
JISIPHO pacmnoIOXKeHHBIMU ABEHA1IaTh BEPILIMH UKOCA-
aIpa, SBJISIOLIMECs LEHTPpaMU OKPYXXKHOCTEM, pagnyc
KOTOPBIX paBeH IT0JIOBMHE paanyca 36MHOTO I11apa.

ITpoMexyTKaM MexXIy OKPYKHOCTSIMU COOTBET-
CTBYIOT Oudypkanuu (TypOyJIeHTHOCTH) B CTPYKType
OKeaHN4YeCcKuX TeueHnit. Ocobast porb NpUHAIJICKAT
TaK>Ke€ TOYKaM, KOTOPbIe MapKUPYIOTCS KaK BepIIU-
HBI MKOocasnpa. B vacTHocTH, B ceBepHOIt yactu Tu-
XOTO OKe€aHa TaKOM TOYKE COOTBETCTBYET ILIEHTP 00-
paszoBaHusl ILiyHamMu (paiioH ceBepHee IaBalickux
0oCTpoBOB) [16]. MUpPOBBIE LIEHTPHI IPO30BOIT AKTUB-
HOCTH B DKBatopuanbHOIT Adpuke n LleATpampHOM
AMepuKe pacrojiaraloTcss HeIOCPEICTBEHHO B Tpe-
YIOJbHUKAX MEXIY KPyTaMU.

INpenacraBiaeHHBIE pPe3yabTaThl TOKPBLITUS I10-
BEPXHOCTH 3eMJIM KOJIbLIEBBIMU CTPYKTYPAMU C LIEH-
TpaMH, pacloJIOKEHHBIMU B BepIIMHAX MKOCa’pa,
3HAYMMO TIPOSIBJICHBI B T€OJOTMYECKUX CTPYKTypax.
Brigsnennsie H.W. BaBunossiMm [17] MupoBBIE ouaru
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Puc. 3. Mikocasnpuueckast MOJIEJIb KOJIbLIEBBIX CTPYKTYP Ha MOBepxHOCTU 3eMu. [Toka3aHbl YeThIpe MPOSKIUU “TTIOBEPXHOCTH
3eMJin” ¢ KOJIbLIEBBIMU CTPYKTYpaMHM, LIEHTPBI KOTOPBIX COOTBETCTBYIOT MKOCA3APUIYECKUM MO3UIIMSIM aTOMOB B T-y31e (puc.

2, uudpa 3).

KyJBTYPHBIX PaCTeHUI pacIiojlaraloTcsl B OCHOBHOI
YacTH BIOJIb TPAHUIL MKOCAIPUIECKON MOIEIIH.

TakuMm o00pa3oM, HKOcasApUYecKoe pa3OHeHHe
OoTpaXxaeT CTPYKTYypy Teojioro-reorpadudecKux u
MIPUPOTHO-KJINMATUYECKUX MOKa3aTeeit.

B EBporne nkocasgpuieckast KOableBast CTPYKTY-
pa nipoxoaut o KaBkaszckomMy xpeoTy, Kpeimy, Kap-
naraMm, lLleHntpanbpHoii EBporie, ocTaBiss crpaBa
Pycckyro mmty, a ciieBa OT Hee — AJBIMKICKYIO U
I'epumHckyto ckimaguatoct. O4eBUIHO, MMEHHO 3TO
IIpeaoIIpeae/INIIO COBITaIcHIE YKa3aHHOM TPAHUIIBI C
rpaHuieit Pumckoii mmMmepun 3a Bce BpeMmsl ee Cylle-
CTBOBaHMUSI.

Hxocasap, Hapsmy ¢ TETpadapoM M OKTadIpOM,
dopMUpyeT comacoBaHHYIO CTPYKTYpy, IpencTaB-
nmeHHyio T-y3nom H.A. BynaweHnkona [6, 7]. I1o pu-
BSI3KE HKOCa’dmpa K 3€MHOM CHUCTeMe KOOpIWHAT
MO>KHO OIIPEACIUTD MOJIOKEHNE BEPIIMH OKTA3IPOB
U TETPAs3IPOB KaK LIEHTPOB KOJIbLIEBBIX CTPYKTYD, Pe-
aJIM3YIOIINX MIPaBIIILHOE TIOKPHITHE ChEepHhI.

Okrasapuyeckas moneib. B coorBercTBUM ¢ T-y3-
Jom H.A. BylibeHKOBa, CUHXpOHMU3UPYIOIIUM B3a-
MMHO€ pacloJIOKEHUE TeTpasipa, OKTa’sapa U UKO-
casapa, MpU TIPEACTABICHHOM BBIIIE ITOJOXEHUU
LIEHTPOB OKPYXKHOCTEM, KaK BEPILIMH NKOcadapa, Io-
JIOXXEHUE BEPIIMH OKTaldApa OomnpenessieT TUCKPeT-

KYPHAJI ®U3NYECKOUN XUMUU

HbIIf Ha0Op BITOJHE ONpPEASICHHBIX KOJIbLEBBIX
CTPYKTYp, pUcC. 4.

B sToM ciydae, 1Ba M3 3THX IEHTPOB HAXOISTCS
Ha 5KBaTOPe M COOTBETCTBYIOT HYJIEBOMY MEPUINAHY
1 onmno3uuuu K Hemy (180°), a ele nBa pacrosara-
[0Tcs Ha TponukKax Paka (B = 23.5° c.m1.) u Ko3epora
(B=123.5°10.1m1.) u (L = 90° 3amagHoit 1 BOCTOYHOI)
JIOJITOTHI, @ OCTaBIIIMECS ABa pacliojlaraloTcsl Ha ce-
BepHOM (B = 66.5° c.111.) ¥ 10XXHOM (B = 66.5° 10.111.)
MOJISIpHBIX Kpyrax 1 (L = 90° 3amagHoM 1 BOCTOYHOI
JIOJITOTHI).

311eCch KOJIbLIEBbIE CTPYKTYPbl COOTBETCTBYIOT Ce-
BepHOUl AMepuke, Tuxomy okeaHy, Appuke, OCHOB-
HOM yacTu A3uK, OCHOBHOI Yactu FOXHOI AMepuKu
n AHTapkTuze. I1pm 3ToM 0cobeHHO MpuMedaTelThb-
HO, YTO IpaHMIla KOJbLEBOU CTPYKTYpPbI, BbIACIISIIO-
mast Apuky, TpoXoauT HerocpeacTseHHo o Kpac-
HOMY MODPIO, a TaKXXe BI0JIb BOCTOYHON W 10ro-BO-
CTOUHOI yacTu AGpUKH.

OTMEeTUM TaKXKe, UTO IIepeXOIHbIe 30HBI B BO-
CTOYHOM M aBCTPaJIO-IaIlyaCCKOM 1IapCTBE, TaK XK€,
KaK 1 B ceBepoO-3amaaHoii 4yacTu ApaBUICKOIO MOJIy-
OCTpPOBa, IIPUXOIATCSA Ha TPEYTOJbHUKU MEXIY
KOJIBLIEBBIMU CTPYKTYpPaMHM.

PaccMoTpeHHBIE TaHHBIE TTOKA3BIBAIOT, YTO OKTa-
3APUYECKHUE KOJIBLEBbIE CTPYKTYPbl 3HAYUTEIBHO
Ne 1
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Puc. 4. Oxrasgpuyeckasi MOJIe/Ib KOJIbLIEBBIX CTPYKTYP Ha NoBepxHocTH 3eMiu. [TokazaHbl YeThIpe MPOEKIUU “TIOBEPXHOCTU
3eMJIn” ¢ KOJIbLIEBBIMU CTPYKTYpPaMU, LHIEHTPHI KOTOPBIX COOTBETCTBYIOT OKTAa3IpUISCKMM MO3ULIUSIM aTOMOB B T-y3i1e (puc. 2,

uudpa 5).

TMPOSIBJICHBI B 3¢MHOM KOpe, HallpuMep, B XapaKTe-
PUCTUKAX TE€OMarHUTHOIO TIOJISI U pacrlpencieHun
dropucTdecknx U GayHUCTUIECKUX IaPCTB.

Terpasapuueckas Moaeidb. PaccTaHOBKa BepIIVH
OKTas[pa U UKOocadIpa, SIBJISIOIINXCS LIEHTPaMHU IS
KOJIBLIEBBIX CTPYKTYp (B COOTBETCTBUM C T-y310oM
H.A. bynbeHkoBa, puc. 2), olpeaeasioT NoJIoXKeHue
BEPUIMH TETPA3ApOB, SIBJISIIOIIMXCS LEHTpaMMU IJIs
COOTBETCTBYIOIINX KOJBIEBBIX MOKPBITUII reouaga
(puc. 5). IIpu a3TOM LIEHTPHI BEPIIMH TeTpasapa (Ha
puc. 2, nudpa 4) npuxoasaTcs Ha IoaxyocTpoB Kpbim,
B TuxoMm okeaHe Ha Tponuk Paka u 132° 3amagHoit
JIOJITOTHI, MeXOy ABCTpanueit U1 30HIACKON OYroi c
koopauHatamMu B= 11°1o0.u1. u L = 123°. B aToM ciy-
yae BBIIEISIIOTCS KOJIBLIEBbIE CTPYKTYPhI, BKIIIOYAIO-
mure — CeBepHYI0 AMEPUKY U 00JBIIYIO YacTh Tuxo-
ro okeaa; Bropast — lOro-Bocrounyio Asuio, AB-
ctpammio  u  OkeaHmio;, TpeTbs —  EBporry,
HenTpanbHyto, FOxHyI0 1 3anmagHyo A3MM U OCHOB-
HyI0 YacTb Adpuku (MCKIOUas ee IXHYI0 4acTb) U
yeTBepTasd — FOxHYI0O AQpPUKY M OCHOBHYIO YacTh
FOxHoit AMeprku (0T AMa30HKHM U I0XKHEE), a TaKXKe
AHTapKTULY.

COBOKYMHOCTb MOJIeJIei TUTIa TeTPa3APUIECKUX,
OKTa3IpUYECKON U UKOCARAPUUIECKOI, COracoBaH-
HBIX 10 PACTOJI0XEHUIO LIEHTPOB KOJIBLIEBBIX CTPYK-

JKYPHAJI ®UBNYECKON XUMUU

oM 97  Ne 1

Typ B coorBeTcTBUu ¢ T-y3mom H.A. bynbenkosa,
orpeaeasieT CUCTEMY BBISIBJIEHHBIX K HACTOSIIEMY
BpEMEHU Pa3/IOMOB 3€MHOI KOpbl BEpPXHETO paHra
3HAYMMOCTH.

OueBUIHO, MPUHAIIIEXHOCTh pa3jioMa K onpee-
JICHHOMY THUITY pa30OMeHMs M3 yKa3aHHOro Habopa
MozeJieil oIpeaciseT ero UHANBUAYalbHbIE CIEIN-
¢duyeckmre CBOIMCTBA, CYIIECTBEHHO 0o0Jjiee CUIIBHO
MPOSIBJICHHBIE B T'€OJIOTMYECKUX, TeorpaduyecKux,
NPUPOTHO-KINMaTUIECKUX, (pIopUCTUUECKUX U (pa-
YHUCTUYECKUX XapaKTepUCTUKAX.

INomBomst UTOTH, CAETYET OTMETUTh, YTO PACCMAaT-
puBaemas CTpPYKTypa pa30oMeHU TTOBEPXHOCTH 3€M-
HOTO ILIapa BbIIEISIET P CYIIECTBEHHBIX OCOOEHHO-
CTel TEOIOTUYECKHX CTPYKTYP.

Ha 3eMHOIi TOBepXHOCTHU BBISIBIISIETCSI MepapXusl
CTPYKTYp, 0a30BbI€ XapaKTepPHUCTUKHN KOTOPBIX CBsI3a-
HbI C UKOCa3ApUYECKO MOAEIbIO, OPUEHTUPOBAH-
HOI1 110 TIOJIOXKEHUIO 3eMJIM OTHOCcUTeNIbHO CoTHIIA B
JIEHb 3UMHETO COJTHIICCTOSHMSI.

Bepmwmnsbl Ten [1naToHa, Kak LIEHTPHI KOJIbLIEBBIX
MOKPBITUM chepbl, POPMUPYIOT MePAPXUIO KOJIBIIE -
BBIX CTPYKTYp, 3HAYMMO IIPEACTaBJICHHBIX Ha I10-
BepxHocTu 3emir. KpoMe Toro, pasimuyHble Tesa
ITnaroHa ¢popMHUPYIOT NPU KOJBLEBBIX MMOKPBITUIX
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Puc. 5. Terpasnpudeckast MOJIe/Tb KOJIBIIEBBIX CTPYKTYP Ha ITOBepXHOCTH 3emitn. [TokazaHbI YeThIpe MPOEKIIMK “TIOBEPXHOCTH
3eMJIn” ¢ KOJBLIEBBIMU CTPYKTYpaMU, LIEHTPbI KOTOPBIX COOTBETCTBYIOT TETPAdAPUUECKUM MO3ULIUSIM aTOMOB B T-y3i1e (puc.

2, 6onplioit TeTpasnp, nudpa 4).

chepuyeckre TpeyroJbHUKU, B KOTOPbIX MPOSIBJIE-
HBbI crieliU(pUUYecKre IKCTpeMaibHble (PU3UKO-TE€O-
rpacduyeckue U (GpUMKO-XUMUUYECKUE XapaKTepu-
ctuku [13].

HMkocasapuueckass Moaeiab BbIACASIET chepude-
CKMe TPEYrOJbHUKU, B KOTOPBIX Haubojee CUIBHO
OpOSIBJIEHBl KJIMMATUYECKUE W TUAPOJIOTMYECKUE
SKCTPEMU3MEI (HarpuMmep, aTMocdepHoe TaBJIEHUE,
BO3OYILIHBIE M OKCAHUYECKHE TEeUYEeHUsl, TEIUIOBBIE
MOTOKM B JIuTochepe u ap.) [13].

OkTasnpuyeckasi MOMENb BBIACISCT CIELHU(PUKY
CTPYKTYPbI KOHTUHEHTOB, T€OMATHUTHOTO 1O, (10~
pucTHYecKux 1 payHUCTUIECKUX IIapcTB 1 Ap. [17].

TeTpa(—),[[pI/I‘-ICCKaH MOIECJIb OTpaXacT ITOJIOKCHHNE
I'paHUL OCHOBHBIX IO0AJIBHBIX TEILIOBBIX 30H, a
TAaKK€ KapTy MarHuTHOIro CKJIOHCHUA U AP.

3AKJIIOYEHHME

T-y3en, mogapeHHsrii MmHe H.A. ByJIbeHKOBEIM,
CTOSUI Y MEHSI IoMa, M TIPEACTaBJICHHbIC BBIIIE pe-
3yJAbTaThbl OBUIM JJISI MEHS MOJHON HeOoXMUIAHHO-
cthio. OmHAXIEI S YBUACT IIOOYC IMaMETPOM OKOJIO

KYPHAJI ®U3NYECKOUN XUMUU

1.5 M, KOTOpBIif MOMeLIacs Ha TPeX MOAIMITHUKAX,
B pe3yjbTaTe 4ero Oblia BO3MOXHOCTb HEIOCpEeI-
CTBEHHO 00I1IAThCS C JIH000I ero yactoio. I Hayas ero
BpalllaTb U YBUJIEN, UTO 3aranHoe rnobdepexbe CeBep-
HOIl AMEpUKHU TIPEACTaBICHO WIeaIbHOU Iyrou
OKpYyXHOCTU. TpsATKa 1 MeJ MO3BOJUIM MHE COOPY-
JIUTh MOA00KME LIMPKYJISl U HAPUCOBATH TAKYIO OKPYX-
HocTb. IIponoikast BpalliaTh IJI00yC, S YBUIEA OYTy
Takoit e okpyxkHoctu B lOro-BocrouHoii A3umu.
CdoororpacdnpoBaB 3TH 1Be OKPYKHOCTHU, I YOS TMII-
Csl, YTO OHU UMEIOT OAWHAKOBBIE PAIUYChl, PaBHbIC
MOJIOBUHE panuyca miodyca. MHe ObUTO U3BECTHO,
yto, no EBKkiIuay, Takue paauychl COOTBETCTBYIOT
WKOCAdAPUIYECKOMY MOKPBITHIO cdepbl. OcTtajioch
MPOBEPUTh, NMPUHAJIEXKAT J1 LIEHTPbl paCCMOTPEH-
HBIX OKPYXKHOCTEIl BeplIMHAM OIHOTO0 MKOCa’apa.
Oxazanioch, 4to ipuHamiexart. T-yzen H.A. BynbeH-
KOBa MO3BOJIWII TIO0 U3BECTHOMY UKOCA3APUUIECKOMY
MOKPBITHIO BOCIIPOU3BECTU CTPYKTYPY OKTazApuye-
CKOTO U TETPasApUIECKOTO MTOKPBITUMA.

. Kerutep ncrnojib3oBaj COBOKYITHOCTB Ten I1ma-
TOHA [JisI ONpeAeeHUs] PacCTOSIHUM TJIaHeT oOT
Conaua. OgHAaKo IIpU 3TOM €My He TpeOboBaJlach B3a-
WMHasi MPOCTpaHCTBeHHas mpuBs3ka Tena [lnatoHa
Ne 1
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IPYT K IpYyTy. 3aMedaTenbHO ocooeHHOCThIO T-y31a
SIBJISIETCS HaJlU4yue Takoil TpuBSI3ku. OQUeBUIHO,
ctpykrypa T-y3na H.A. BynbeHKOBa OyneT BBISIB-
JISITBCSI B pa3HBIX 00JIACTSIX €CTECTBO3HAHUSI.

ABTOp BbIpaxaeT 61arogapHocts [.JI. TeITUKY 3a
TBOpYECKOE 0OCYyXIeHUE Pe3yIbTaTOB.

HTPUIIOKEHUE 1

YeroitunBble yriibl NoJMHOMOB JleKaHapa M moJio-
BUHHbIe ToJisApHble yriael Ten Ilmarona. YpaBHeHue
JlexxaHapa, nMeroliee peleHUusIMU TTOJTUHOMEBI Jle-
JKaHApa IIepBOTo poja, #-i CTETIEH!, TIPEICTABICHO B
Buge [13]

d’pP
(1-x*) =2
do?

—ZXCZP” +nn+1)P, =0.

X
[Monunowm Jlexanapa P, (cos ©) umeer n KOpHE,
B pe3yJibTaTe Yero NoBEePXHOCTh cephbl pas3nesieTcs

no murpote Ha (n + 1)-30HY, B KaXKIbI U3 KOTOPHIX
noarHoM JlexxaHapa coxpaHsieT 3HaK.

Hccnenyem ycroitunBoCTh YpaBHeHUS JIexkaHapa
BTOpBIM MeTonnoM A.M. JlsnyHoBsa [18]. O603HauuM
P,=y. Ha ocHOBe MHTeTpUPOBAHUS KpalfHUX YICHOB
ypaBHeHus1 JlexxaHmpa HaimeM BBIpakeHUE IS
dyHkuum JlsirmyHosa [ 18]

y' =z
7' =—n(n+1)y.
IlepeBons cuctemy B pa30BYIO TNIOCKOCTh

dy _ z

az _n(n + l)y’

pasaciiad NEPpEMEHHDBIC

1
dy = — zdz
ey n(n+1)
U UHTETPUPYS,
2 2 2
S r, «
2 2 2nn+l)

MOIYYUM TTOJIOXKUTEIBHO OIIPEASICHHYIO (DYHKIIMIO,
KOTopad siBlisieTcs pyHKIuei JIgmyHoBa I ypaBHE -
Hus Jlexxanapa.

Ee IIpOM3BOAHAA B CUJIY CUCTCMbI

€& = '+ zZ/In(n +1)] =
2 2
=yz—ctgOz /[n(n+1)] — yz = —ctg Oz /[n(n + 1)].
Cucrema ycroiumnBa 110 JISmyHOBY, eclay IIpou3-
BonHasi GyHKuMU JIsSITyHOBA B CUJIy CUCTEMBI OTPU-
HaTeJbHa. DTO YCIOBYE BBITIOHSIETCS TIpH ctg ® > 0,
YTO COOTBETCTBYET ITOJIOKECHUIO MOJISIPHOTO yIjia B
JKYPHAJT OU3NYECKON XUMUU
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nepBoit 1 TpeTbeil 4yeTBepTsIX 0 < O < /2 mmw < O <
< 3m/2.

B pesynbraTe nepBBle HYJIN TTOJTUHOMOB JleskaH-
pa B COIOCTaBJIEHUU C TTOJIOBUHHBIMU TTOJISIPHBIMU
yriiamu Ten [lnaToHa ripencrasieHbl B Tao. 1.

TakuM 006pa3oM, U3 MEPBLIX YETLIPEX YCTONUM-
BbIX HyJIeii MOJMHOMOB JlexXaHapa TpU COOTBET-
CTBYIOT yIjlaM MeXIy HOpMaJiblo K TpaHU U paguy-
COM BEKTOPOM BepILIMHBI 11 Te1 [TnaTona (okTasn-
py, TeTpasapy M HMKOCa’3[Ipy) C TOYHOCTHIO, HE
npesbiaoneii 3.6%.
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