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ITIOJIE CKOPOCTV COBPEMEHHOM OE®OPMA LIV
3EMHOJ KOPBI CEBEPHOTO U IIEHTPAJIBHOTO TSHbB-IIAHS
I10 TAHHBIM HABJTIOOEHU LIEHTPAJIbHOA3MATCKOW GPS-CETU

A.H. Mancypos

MpennoxeHa MeToArKa pacyeTta Nnoss TeH30pa CKOPOCTU COBPEMEHHbIX AedopmaLnii 3eMHOI KOpbI MO KaTtanory
CKOPOCTeN NYHKTOB Ha MOBEPXHOCTU 3eMnin. [peAcTaBieHbl pe3ynbTaTbl TAKOrO pacyeTa B Npefenax pernoHa
CeBepHoro 1 LieHTpanbHoro TaHb-LLaHAa Ha OCHOBe KaTanora CKopocTel NyHKTOB HabnogeHwi LieHTpanbHoasu-
atckomn GPS-cetu, nonyyeHHoro cneymanuctamu HC PAH B 1. briikeke.

Kntouesbie c/108a: 3eMHas Kopa; CKOPOCTb Aedopmauunn; TeH30p; rpagneHT ckopoctu; GPS; reonesuns; Henpepbis-
Haa mopenb; metop LLeHa.

MODERN STRAIN RATE FIELD OF EARTH CRUST IN NORTH AND MIDDLE TIEN-SHAN
ON VELOCITIES OF POINTS OF CENTRAL-ASIAN-GPS-NETWORK

A.N. Mansurov

It is offered the method of calculating modern Earth crust’s strain rate tensor field on geodetic velocity catalogue. It is
presented the results of such calculating within the region of Nothern and Central Tien-Shan based on the catalog of
speeds of supervision points of the Central-Asian GPS network, received by experts of NS RAS in Bishkek.

Keywords: Earth crust; strain rate; tensor; velocity gradient; GPS; geodesy, continuous model; Shen’s method.

Beeoenue. JIBuxenus TOUEK MOBEPXHOCTU 3€M-
JIM, HaOIromaeMble C IOMOIIBI0 TexHoxoruii GPS,
SBIISIIOTCSL TIPOSIBJICHWEM CIIOKHBIX Je(OpMaIoH-
HBIX MPOLECCOB B TOJILE 3¢MHOHM Kopbl. Hakomnien-
HBI K HacTosieMy BpeMeHu o0beM jnaHHbIX GPS-
HaOJIOIEHNIT Ha TE0/e3MYECKHX CETAX [0 BCEMY
MHUpPY MO3BOJSET CTPOUTh YCTOHYMBBIE BYMEPHBIE
JneGopMaMoHHbBIE MOJIENIN Jake B Macmrabe oT-
JeNbHBIX peruoHoB. OLEHKN pacmpeneieHus Je-
(dbopmanuii, npenocraBiseMble TaKUMU MOJCISIMH,
MO3BOJIAIOT JIy4Ille MOHITh NPUPOTY U JTOKATU3ALUIO
pPa3IUYHBIX F€0JMHAMUYECKUX MPOILECCOB, AaTh J0-
MTOJIHUTENBHBIE CBEJIEHUSI O COBPEMEHHOM COCTOSTHUH
3EMHOI KOPBI.

B nmanHO#l paboTe KpaTKo H3I0XKEHa aKTHUB-
HO HWCTONb3yeMas B HacTosimee Bpems [1-4] ne-
(dopmanMoHHAsT MOJeNb, BIEPBbIE MPEJIOKEHHAS
B [1], mpeacraBieHsl pe3ynbTaThl €€ NPUMEHEHHs
k maHHbM GPS-nabmonerwmii LleHTpanbHOa3naTCKOM
GPS-cetn.

Pezuon pacuema u ucxoonwie dannvie. Paccma-
TPUBAIOTCS COBPEMEHHBIC AehopMaIiy 3¢MHOI KOPBI
B peruone, orpannueHHoMm 40,5 u 44 rpax. c.ur. u 72

n 78 rpan. B.1. Penbed nccnemyemoro pernona noka-
3aH Ha pUCYHKE 1.

B kauecTBe HCXOHBIX JAHHBIX OBLT HCIOIb30BaH
KaTaJor OICHEHHBIX CKOPOCTEH Te0/1e3NIEeCKUX perie-
POB, paCCUUTAHHBIN 10 Pe3yJibTaTaM U3MEPEHUH, I1PO-
BOJIUMBIX JIabopaTtopueld kocMuueckoil reogesnn HC
PAH npu nomowmu texnosnorun GPS. Drtor karanor
npeAcTaBieH Ha pucyHke 2. OH He COJEp)KUT ITyH-
KTOB, Ul KOTOPBIX OLIMOKH OMpEAEIEHHs CKOPOCTH
MIPEBOCXOAT 4 MM/TOJ] 10 TOPU3OHTAIBHOU U 8 MM/
roJ] — 10 BEPTUKAIbHON KOMIIOHEHTE.

Mamemamuueckana mooenb u memoouka pacue-
ma cxopocTu aedopMay 3eMHOH KOpBI OblIa Tpe-
nmoxeHa B [1]. OHa OCHOBaHA Ha Pa3JIOKCHUU B PSIT
Teitnopa ¢pynkunu ckopoctu Touku GPS-HabmroneHms
0T ee pajnyc-BeKTopa:

dUu
U=T+—AX+E=T+LAX+E
gX Win
u,.=t[+%ij+e[=t,.+L[ijj+e,., (1
J
rae U — BEKTOp CKOPOCTH B Touke HaOmromeHus; 1 —
BEKTOP CKOPOCTH B Hauaie oTcyera; L — TEH30p Ipa-
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Pucynok 1 — Penbed nccienyemoro peruona

(mKama — METphl HaJ yp. M.) C HAHECEHHOM Ha HEero

KapTO# re0JOTHIECKHUX Pa3IOMOB COTIIACHO [5]

JIUCHTA CKOPOCTH B HavaJie OTcueTa (TOYKE pacyera);
AX — paanyc-BEKTOp TOYKH HaOIOJeHUS;, F — ocTa-
TOYHBIN WICH:

Ou, Ou,
; e
U = * ’T: * ; L — Lx’f LXY — X y ;
uy L L, L,| |ou, ou,
X Y
Ax e,
AX = (E=
Ay e,

TeH3op rpagueHTa cKOpocTH L pa3OuBaeTcs Ha
CHMMETPHUYHY0, 1 KOCHMMETPHUUYHYIO YaCTH, Xapak-
TEPU3YIOIINE COOTBETCTBEHHO CKOPOCTH Jie)opMarnu
U CKOPOCTH BpAILCHUs] 36MHOH KOpBI BOKPYr TOY-
KU pacuera:

L=E+QumL, -z +a | ] [ L=t
7 b g 2 2

Juaronanuzanus TeH30pa CKOPOCTH Jedopma-
uuu E naet coOCTBEHHBIE BEKTOPHI (HAMpaBICHHUS)
1 coOCTBEHHBIE 3HAYEHUS, yIOBJICTBOPSIOIINE CO-
otHomeHnuto EV, =4V, . CoOCTBEHHbIE 3HAYECHUS
A4 SBISIOTCS TABHBIMH 3HAYCHHSIMH TEH30Pa CKO-
poctu aedopmanuu (00bIYHO 0003HAYAIOTCS Kak
€,.r €, ). COOTBETCTBYIOIINE COOCTBEHHBIE BEKTO-
PBI 33aI0T TJaBHBIE HANpPaBJICHHUS TEH30pa CKOPO-
ctu nedopmaluu.

Ha ocHOBe mosTyueHHBIX TTIaBHBIX 3HAYEHHUN TEH-
30pa CKOpocTH AeOpMAaIUK BBIYUCISETCS CKOPOCTh
IBYMEpHON mwiataHcun A; (CKOPOCTb W3MEHEHUs
TUTOIIA/IM) U CKOPOCTh TOPU30HTAJIBLHO-C/IBUTOBOI Jie-
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Pucynok 2 — OnieHeHHbIE CKOPOCTH ITyHKTOB LleHTpasib-
Hoazuarcko cetn GPS-Habmoxenwii. [[BeTom moka3aHbt
3HAYCHHS BEPTHUKAIBLHON KOMIIOHEHTBI CKOPOCTH

(I)OpMaI_[I/II/I — MakKcHUMaJbHas BO3MOXHAs X
)KymaﬂCﬂ Z‘apparent :
A =e,  +e

min>

n Ka-

max >

Y =e —e .,

max max min

min(|e,..|.|e

min

)1 € ‘emin <0

‘max
0’ Cnax " Cmin 20

PaccMotpum memoduxy pacuema memnsopa epa-
OJuenma ckopocmu L. B ypaBuennu (1) U u AX ompe-
JIEJISIFOTCS] UICXO/IHBIM KaTaJloroM ckopocteit, a T u L —
HeusBecTHble. OOBbEJUHUB HEU3BECTHBIE YPaBHEHUS
(1) B Bextope / , m paccMaTpuBasi HECKOJIBKO TOYEK
HAOIIOIeHUIT OTHOBPEMEHHO, MOYKHO TIEPEHTH K Clie-
nytorieit popme 3anucu ypaBaeHus (1):

apparent —

u=Al +e, @)
Ur) o
t
Uy ¥
t
Uyr) Y
u=|\|u I = ba
U=ty =l
Xy
Lyx
Uin) I
L v
| Yy

BEKTOp TOPH30HTAIBHBIX BEKTOpP IapaMeTpoB, CO-
KOMIIOHEHT ~ CKOPOCTeH JepKalinuil KOMIOHEHTBI
CMEIIeHUII B TO4YKax TEH30pa rpajueHra CKo-
GPS-nabmonennii poctu L
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I 0 Ax,, Ay, 0 0

0 1 0 0 Ax,, Ay,

I 0 Ax, Ay, 0 0
A=|0 1 0 0 Ax;,, Ay,

I 0 Ax,, Ayy, 0 0

0 1 0 0 Axy, Ay, |

Marpuiia MOJETH COACPKHUT UH(OPMAIHIO O MOJO-
sxeann touek GPS-mabGmromeHuii OTHOCUTENIBHO TOY-
KU pacyera.

W3-3a TOTO, YTO TOYHOCTH OIEHKHA CKOPOCTH ITyH-
kra GPS-HabmozieHnss He OYEHb BBICOKA, B BEKTOP
HEBS30K € B ypaBHEHHH (2) BXOMAT HE TOJBKO KOM-
MOHEHTHl OCTATOYHOrO ujeHa £ u3 ypaBHenus (1), HO
U OLIMOKM OLEHKH UCXOJHBIX JaHHBIX — BEKTOpa U .
OTHOCHUTEBHBIC OITUOKU OIICHKH PAyC-BEKTOPOB TO-
yek HaOmoaeHunit (Ax i Ay) mpeHeOpeknuMO MaJIbl.

VYpaBHeHne (2) sBIAETCS KIACCHYECKHM ypaB-
HEHUEM JIMHEHHON perpeccuu, AJIs pelIeHusl KOTOpo-
ro OOBIYHO NPUMEHSETCS METOJ HauMEHBIINX KBa-
apatoB — MHK, MuHMMU3upyrOIMA KBaJpaTUYHYIO
(1)opMy J =e¢"We . KoMnoHeHTHI MaTpHIbl BECOB w
OTIPEIIETISIOT, B KAKOM COOTHOIICHUH OyIyT MUHUMHU-
3UPOBATHLCS OT/ENbHbIE KOMIIOHEHThI BEKTOpA € .

Tak kak Juisi KaXJIOro ITyHKTa HaOJIIOACHUS H3-
BECTHBI HE TOJIBKO OLICHKM KOMIOHEHT BEKTOPa CKO-
pocTU U , HO M OUEHKH UX CPEIHEKBAIPATUYECKUX
ommbOK & , TO B KaYeCTBE COMHOMHUTEIS MAaTpPHUIIBI
W crnemyet B3STh MaTPHUILY
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Pucynok 3 — ITosie Ten3zopa ckopoctu edopmanuu.
UepHBIif IBET — CKATHE, CEPBIA — pacTsDKeHNE

-2 -2 -2 -2

— i -2 2 -
W, = diag (O'wu Oy w2 w2y 0 Oaovy) Omew) )

Octarounslii uieH E B ypaBHeHuu (1) momkeH
ObITh MHUHMMHU3UPOBAaH B COOTBETCTBHH C JIOIOJ-
HUTEIbHBIMU IMPEANOJOKEHUAMU MOJEIU. MOXHO
MIPEATNONOKNUTh, YTO TOJEe CKOpOocTH aedopmannu
B OKPECTHOCTH TOYKHU pacueTa TEM MEHEE OJJHOPOIHO,
gyeM OoJibllle paccMaTpuBaeMasi OKpECTHOCTh. B aTom
ciy4ae OXKHIaeMOe CpeIHEKBaJPaTHUECKOe OTKIIOHE-
HHUE OCTaTOYHOTO WIEeHa OT HyJIs B ypaBHeHuH (1) yBe-
JIMUMBAETCS C POCTOM JUIMHBI PAaJUyC-BEKTOPa COOT-
BETCTBYIOIIEH TOYKM HAOIIoNeHMs. TakuM oOpas3om,
OJIHMM M3 COMHOXKUTENEH MaTpuIibl BecoB W oimkna
OBITH MaTpHUIIA:

Wy, =diag(f(d,) f(d,) f(d,) fld,) .. f(dy,) f(dy)),

— 2 2 P
d, =\4x, +A4y,> , i=I|N,
rae f(x) — Hekoropas yObiBaromas Qynkius. B [1]
HPEIOKEHO UCIIOJIB30BATh!

f=exp ,
d0
rae d, — IpoU3BOIIbHAS ITOCTOSHHAS BEJIMYNHA — pa-

JIYC CTITaXHBAHUS.

UT0oOBI OIEHUTH paCIpeNeieHHe CKOPOCTH Jie-
dbopmanmMu 1O HCCIeayeMoil 00sacTu, 3Ty 00JacTh
MOJKHO MOKPBITh PAaBHOMEPHOI CETKOIM TOYEK M pac-
CUHTaTh TCH30P CKOPOCTH AedopManuu B KaxIOM
y3ie 3Toi ceTku. IMEeHHO Takod MOJAXO0[ MPEeASIOKEH
B [1] m Oyzmer ucmonb30BaH B JaHHOH padoTe.

[Ipu nonyieHuM JIOKaIbHONH OIXHOPOAHOCTH IO-
JISL CKOPOCTH JiehopMaliui ClieayeT n3beraTh dKCTpa-
MOJISIIUA U C OCTOPOYXKHOCTHEO OTHOCHUTBCS K PE3yJib-

Pucynok 4 — Ioxe cinena TeHzopa
ckopoct Jeopmanuu (B macmrade 107).
OtpunaTensHbIe 3HAUCHUS TOBOPAT O CKATHI
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Pucynox 5 — ITone onieHeHHBIX OIMOOK clIeAa TEH30pa
ckopoctu nehopmaruu (10°)

TaTaM pacyera B y3jax, CHJIBHO YAAJCHHBIX OT BCEX
nyHkToB GPS-nabnronennit. st popmanmzanuum Tux
TpeOOBaHMI BBOIUTCS Kpumeputi 3HAYUMOCMU pe-
syremama paciema. VI3 TOUKN pacyera MPOBOISTCS
Jy4d B HaNlpaBJIEHUH BCEX TOUEK HAOIOJCHUH, Iexa-
IWUX B pajuyce 24, OT Hee. Haxoamutes MakcuMmab-
HBIH yrojl MEXIy JBYMsl JlydaMu, BHYTPH KOTOPOTO
HeT JApyrux Jiydeidl. Pesymbrar pacdera npusHaeTcs
BBICOKO 3HAYMMBIM, €CJIM 3TOT YTOJI HE MIPEBOCXOIUT
90°, cpenHe 3HAYUMBIM, €CIM OH HE NPEBOCXOIUT
180°, 1 HU3KO 3HAYMMBIM B APYTHX CITydasX.

Ilocmpoenue 06ymepHoll Mooenu cO8PEMEHHBIX
oepopmanuit 3emnoii kopvt Cesepnozo u Llenmpano-
Ho20 Tanv-Lllana. Tlpu pacuyere uccieayeMsblil peru-
OH OBUI IOKPHIT PABHOMEPHOHN CETKOW TOYEK C IIarom
16,7 KM O HaNpaBJIEHUSIM CEBEP-IOT U BOCTOK-3aI1al.
Hcnonp3opaics paauyc criakupanus d, = 25 kwm,
MPUOIN3UTEIFHO PAaBHBIA PACCTOSHHUIO MEXIY ITyH-
KTaMH HaOJIOJIeHHH B OOJbIIEH YacTH TEPPUTOPUH
HCCIIElyeMOI0 PEeruoHa.

st pacuera mosst TeH30pa CKOpOCTH jedopma-
K OBUT UCTIONB30BaH Pa3padOTaHHbIA aBTOPOM IPO-
rpammusiit kommieke SUR.GPS_STRAINS [6].

[Tone AMaroHaMM3MPOBAHHOTO TEH30Pa CKOPOCTU
COBPEMEHHOM Jile()opMaIvi 3eMHOI KOpBI, paCCUUTaH-
HOE TI0 JIBYMEPHOH MOJIeNI Ha BBIOpAaHHOMW CETKe, 10-
kazaHo Ha pucynke 3. Ilose ciena TeHzopa (M3MeHe-
HHE TUIOIIAAN) MToKa3aHo Ha pucyHke 4. [lorne oneHen-
HOW OImMOKHK Cliefa TeH30pa TOKa3aHO Ha PHCYHKE 5.
Ha Bcex prcyHKax Mmoka3aHbl pe3yIbTaThl C BBICOKHM
U CPEIHUM YPOBHEM 3HAUMMOCTH.

Ha pucyHkax BUIHO, 9TO JUISl UCCIETYEMOTO peru-
OHa B IIEJIOM XapaKTepHO CyOMEpHIMOHAIBHOE CXKaTHE,
ofHaKo JiehopMali  pacHpenesieHbl HEOJHOPOIHO.

Hawnbonbiee cxxarne npoucxoaut B Uyiickoil Briagnnae
Mo a3uMYTy OKoJio 15° (momepek mpoCTHUpaHUs BIIAIHU-
HBI), U B VcchIk-KymbeKkoll BOaguHe MO a3suMyTy OKO-
110 —20° (TIoTiepeK MpoCTUpaHus BIaIUHbI). MeHbIIME 10
MOJIYJIFO YPOBHU CKaTHsi HaOMoaaroTcst B HapbiHckoid
(asumyT oxoso —30°, rmonepex MpOCTUPAHMS BIIAIUHBI)
n Kermens-TroOnHCKOH BriaanHel (a3uMyT okoso —20°,
IO YTIIOM 0KOJI0 60° K TIPOCTHPAHUIO B IHHBI).

B BocTOUHOI YyacTH pernoHa cxaTrue HampaBIeHO
MOTIEPEK MPOCTUPAHUS TCOJOTHUECKHUX Pa3IoMoB. B 3a-
aTHOM YacTH PErHOHA C)KaTHe HANpPAaBIICHO MO/ YTJIOM
30—45° no uacoBoit crpenke k Tanaco-depranckomy
pasnoMy (CBHIETEIBCTBYET O BO3MOKHOCTH IIPABOTO
C/IBHTA), a 3alla/IHEE €ro — MOIePEeK IMPOCTUPAHUS Pa3-
JIOMOB, oOpamitstronx depraHckyio BIaAUHY.

Takum oGpazom, mis Ceepnoro u lleHTpans-
Horo Tsup-1llanst XapakTepHO CyOMepHIMOHAIBHOE
ckathe. MakcnMmaibHasi CKOpOCTh CKaTHsl HaOIIio-
JIaeTcs B BOCTOYHOH 4YacTH MCCIIEAYEMOrO PETrHOHa,
B Uyiickoii, Mcchik-Kynbckoit u Hapbiackoil Bnagu-
Hax, IPHYEM OChb CXKATHs HAIpaBJIeHa IONEPEK Ipo-
CTHPAHUS STHX BITAIUH.
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