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Âèç íà ÷åí íÿ øâèä êîñ òåé óêð à¿íñüêèõ ÃÍÑÑ-ñòàíö³é 
ó ñèñ òåì³ â³äë³êó IGb08

Ó Öåíòð³ àíàë³çó ÃÍÑÑ-äà íèõ ÃÀÎ ÍÀÍ Óêðà¿ íè áóëî îò ðè ìà íî ñó -
êóï íèé ðîç â’ÿ çîê äëÿ GPS-òèæí³â 935...1933 (7 ãðóä íÿ 1997 ð. —
28 ñ³÷íÿ 2017 ð.) øëÿ õîì óð³âíþ âàí íÿ çà äî ïî ìî ãîþ ïðî ãðà ìè
ADDNEQ2 ïðî ãðàì íî ãî êîì ïëåê ñó «Bernese GNSS Software ver. 5.2»
6993 äî áî âèõ ôàéë³â íîð ìàëü íèõ ð³âíÿíü, îò ðè ìà íèõ ï³ä ÷àñ ðå ãó ëÿð -
íî¿ îá ðîá êè òà äðó ãî¿ êàì ïàí³¿ ðåï ðî öå ñèí ãó àðõ³âíèõ ñïîñ òå ðå æåíü.
Ïå ðåä ïðî öå äó ðîþ óð³âíþ âàí íÿ áóëî ïðî à íàë³çî âà íî ÷à ñîâ³ ðÿäè êî îð -
äè íàò ñòàíö³é, îò ðè ìàí³ â ðå çóëü òàò³ âêà çà íèõ îá ðî áîê, äëÿ âè ÿâ ëåí -
íÿ âè êèä³â òà âèç íà ÷åí íÿ íà áîð³â êî îð äè íàò òà øâèä êîñ òåé ñòàíö³é.
Äëÿ çà êîð äîí íèõ EPN-ñòàíö³é áóëî âè êî ðèñ òà íî ôàé ëè, ï³äãî òîâ ëåí³
ªâðî ïå éñüêîþ ïåð ìà íåí òíîþ ÃÍÑÑ-ìå ðå æåþ (EPN_outliers.lst òà
EPN_ discontinuities.snx â³äïîâ³äíî). Äëÿ 233 ïåð ìà íåí òíèõ ÃÍÑÑ-
ñòàí ö³é áóëî âèç íà ÷å íî 356 íà áîð³â êî îð äè íàò, ÿêèì â³äïîâ³äà þòü
242 íà áî ðè øâèä êîñ òåé. Çà òðè âàë³ñòþ ñïîñ òå ðå æåíü íà áî ðè êî îð -
äè íàò áóëî ðîç ïîä³ëåíî íà òðè ãðó ïè: 1) ìåíø í³æ îäèí ð³ê (94 íà áî -
ðè), 2) îäèí — òðè ðîêè (92 íà áî ðè), 3) á³ëüø í³æ òðè ðîêè (166 íà -
áîð³â). ×î òè ðè íà áî ðè êî îð äè íàò áóëî âèê ëþ ÷å íî ³ç ïîä àëü øî ãî
àíàë³çó. Ñèñ òå ìà â³äë³êó IGb08 çà äà âà ëà ñÿ øëÿ õîì îá ìå æåí íÿ
No-Net-Translation íà êî îð äè íà òè ñòàíö³é ç³ ñïèñ êó IGS Reference
Frame ç â³äïîâ³äíî ãî êà òà ëî ãó. Íà øâèä êîñò³ öèõ ñòàíö³é áóëî íà êëà -
äå íî æîðñòê³ îá ìå æåí íÿ (10–9 ì/ð³ê íà êîæ íó ñêëà äî âó), ùî â òåð -
ì³íàõ óð³âíþ âàí íÿ îçíà ÷àº ô³êñàö³þ çíà ÷åíü øâèä êîñ òåé. Â ðå çóëü -
òàò³ áóëî îò ðè ìà íî âè ñî êî òî÷í³ îö³íêè êî îð äè íàò óêð à¿íñüêèõ òà
ñõ³äíîºâðî ïå éñüêèõ ïåð ìà íåí òíèõ ÃÍÑÑ-ñòàíö³é òà ¿õí³õ øâèä êîñ -
òåé â ñèñ òåì³ â³äë³êó IGb08 íà åïî õó 2005,0. Ñå ðåäí³ ïî âòî ðþ âà íîñò³
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êî îð äè íàò ñòàíö³é äîð³â íþ þòü 1.69 ìì, 1.40 ìì òà 3.63 ìì äëÿ
ï³âí³÷íî¿, ñõ³äíî¿ òà âè ñîò íî¿ ñêëà äî âèõ â³äïîâ³äíî.
Êëþ ÷îâ³ ñëî âà: ÃÍÑÑ, ñèñ òå ìà â³äë³êó IGb08, ïåð ìà íåíòí³ ñòàíö³¿,
êî îð äè íà òè ñòàíö³é, øâèä êîñò³ ñòàíö³é.

Ñèñ òå ìó â³äë³êó IGb08 — äðó ãó ðåàë³çàö³þ Ì³æíà ðîä íî¿ ðå ôå ðåí ñíî¿
çåì íî¿ ñèñ òå ìè â³äë³êó ITRF2008 [4], ñòâî ðå íó Ì³æíà ðîä íîþ ÃÍÑÑ-
ñëóæ áîþ (IGS) [10], — áóëî îô³ö³éíî ââå äå íî 7 æîâ òíÿ 2012 ð. [12].
Âîíà áóëà ÷èí íîþ äî 28 ñ³÷íÿ 2017 ð. (GPS-òèæí³ 1709...1933) ðàç îì ç
îíîâ ëå íîþ ìî äåë ëþ àá ñî ëþò íèõ êàë³áðó âàíü êîìá³íàö³é àí òå íà —
êó ïîë igs08.atx [13]. Ïðî òÿ ãîì öüî ãî ïåð³îäó ÷àñó âñ³ ïðî äóê òè IGS
(òî÷í³ åôå ìå ðè äè GPS- òà ÃËÎÍÀÑÑ-ñó ïóò íèê³â, êî îð äè íà òè òà
øâèä êîñò³ ïåð ìà íåí òíèõ ÃÍÑÑ-ñòàíö³é òîùî) áà çó âà ëè ñÿ íà ñèñ òåì³
â³äë³êó IGb08.

Ó 2013—2015 ðð. Ì³æíà ðîä íà ÃÍÑÑ-ñëóæ áà ïðî âå ëà äðó ãó êàì -
ïàí³þ ðåï ðî öå ñèí ãó àðõ³âíèõ ñïîñ òå ðå æåíü ãëî áàëü íî¿ ìå ðåæ³
(repro2) ç ìå òîþ ãî ìî ãåí³çó âà òè øëÿ õîì âíóòð³øíüî¿ óçãîä æå íîñò³
âåñü ³ñòî ðè÷ íèé ðÿä (GPS-òèæí³ 730...1831) êîìá³íî âà íèõ ïðî äóêò³â
IGS — åôå ìå ðèä ÃÍÑÑ-ñó ïóò íèê³â, ïî ïðà âîê äî ãî äèí íèê³â ñó ïóò íè -
ê³â, ïà ðàìeòð³â îá åð òàí íÿ Çåìë³, êî îð äè íàò ÃÍÑÑ-ñòàíö³é [8]. ªâðî -
ïå éñüêà ïåð ìà íåí òíà ÃÍÑÑ-ìå ðå æà (EPN) [6] çä³éñíè ëà ñâîþ äðó ãó
êàì ïàí³þ ðåï ðî öå ñèí ãó (EPN-Repro2) â 2014—2016 ðð. [14], â ðå çóëü -
òàò³ ÷î ãî áó ëè îò ðè ìàí³ ïðî äóê òè äëÿ GPS-òèæí³â 834...1773.

Ó Öåíòð³ àíàë³çó ÃÍÑÑ-äà íèõ Ãî ëîâ íî¿ àñ òðî íîì³÷íî¿ îá ñåð âà -
òîð³¿ Íàö³îíàëü íî¿ àêà äåì³¿ íà óê Óêðà¿ íè (ÃÀÎ ÍÀÍ Óêðà¿ íè) áó ëî
îá ðîá ëå íî ñïîñ òå ðå æåí íÿ GPS- òà ÃËÎÍÀÑÑ-ñó ïóò íèê³â äëÿ GPS-
òèæí³â 1709...1933 [2] ç ìå òîþ îö³íêè êî îð äè íàò óêð à¿íñüêèõ ïåð ìà -
íåí òíèõ ÃÍÑÑ-ñòàíö³é ó ñèñ òåì³ â³äë³êó IGb08. Ó 2015—2016 ðð. â
ÃÀÎ ÍÀÍ Óêðà¿ íè çä³éñíå íî ïå ðåîá ðîá êó àðõ³âíèõ äà íèõ ñïîñ òå ðå -
æåíü GPS- òà ÃËÎÍÀÑÑ-ñó ïóò íèê³â íà óêð à¿íñüêèõ ïåð ìà íåí òíèõ
ÃÍÑÑ-ñòàíö³ÿõ äëÿ ïåð³îäó ñïîñ òå ðå æåíü ç 7 ãðóä íÿ 1997 ð. äî 6 æîâ -
òíÿ 2012 ð. (GPS-òèæí³ 935...1708) [3] çà âäÿ êè äîñ òóï íîñò³ åôå ìå ðèä
ÃÍÑÑ-ñó ïóò íèê³â ó ñèñ òåì³ â³äë³êó IGb08.

Àíàë³ç ÃÍÑÑ-ñïîñ òå ðå æåíü áó ëî âè êî íà íî çà äî ïî ìî ãîþ ïðî -
ãðàì íî ãî êîì ïëåê ñó «Bernese GNSS Software ver. 5.2» [5] â³äïîâ³äíî
äî âè ìîã ªâðî ïå éñüêî¿ ïåð ìà íåí òíî¿ ÃÍÑÑ-ìå ðåæ³, ùî ä³ÿëè íà òîé
÷àñ [9]. Îáðîá êà ÃÍÑÑ-ñïîñ òå ðå æåíü çä³éñíþ âà ëàñü ó ïî âí³ñòþ àâ òî -
ìà òè÷ íî ìó ðå æèì³ ç âè êî ðèñ òàí íÿì ìî äó ëÿ êîì ïëåê ñó «Bernese
Processing Engine» (BPE).

Ó ðå çóëü òàò³ áó ëî îò ðè ìà íî óçãîä æåí³ ðÿ äè êî îð äè íàò òà çíà ÷åíü
òðî ïîñ ôåð íî¿ ðåô ðàêö³¿ äëÿ 202 óêð à¿íñüêèõ ïåð ìà íåí òíèõ ÃÍÑÑ-
ñòàíö³é, 24 çà êîð äîí íèõ ñòàíö³é ªâðî ïå éñüêî¿ ïåð ìà íåí òíî¿ ÃÍÑÑ-
ìå ðåæ³ òà ñå ìè ñòàíö³é ìå ðåæ³ MOLDPOS Àãåíòñòâà çå ìåëü íèõ â³äíî -
ñèí òà êà äàñ òðó Ðåñ ïóáë³êè Ìîë äî âà. Íà æàëü, ï³ñëÿ çàê³í÷åí íÿ îá -
ðîá êè ç’ÿ ñó âà ëî ñÿ, ùî ôàé ëè ñïîñ òå ðå æåíü íà ñòàíö³ÿõ ìå ðåæ³
MOLDPOS, îò ðè ìàí³ ³ç ïî òîê³â ó ôîð ìàò³ RTCM, áó ëî ñôîð ìî âà íî ç
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àê òèâ íîþ îïö³ºþ NULLANTENNA, òîá òî êàë³áðó âàí íÿ àí òåí âæå áó -
ëè øòó÷ íî âíå ñåí³ ó ñïîñ òå ðå æó âàí³ âå ëè ÷è íè. Òî ìó ÷å ðåç ïîäâ³éíå
âðà õó âàí íÿ êàë³áðó âàíü ÃÍÑÑ-àí òåí îò ðè ìàí³ îö³íêè âè ñîò íà âêà çà -
íèõ ñå ìè ñòàíö³ÿõ âè ÿ âè ëèñü çà íè æå íè ìè íà ê³ëüêà ñàí òè ìåòð³â.

Ðîç òà øó âàí íÿ âñ³õ 233 ñòàíö³é ïî êà çà íî íà ðèñ. 1, à ê³ëüê³ñòü N
ñòàíö³é äëÿ êîæ íî ãî äíÿ ñïîñ òå ðå æåíü — íà ðèñ. 2.

Íà ðèñ. 3 ïðèâåäåíî âå ëè ÷è íè ñå ðåä íüî¿ ïî âòî ðþ âà íîñò³ D çíà -
÷åíü ñêëà äî âèõ êî îð äè íàò ÃÍÑÑ-ñòàíö³é äëÿ êîæ íî ãî òèæ íÿ, ùî õà -
ðàê òå ðè çó þòü òî÷í³ñòü îò ðè ìà íèõ äî áî âèõ òà òèæ íå âèõ ðîç â’ÿçê³â.
Âèä íî, ùî çíà ÷åí íÿ ï³âí³÷íî¿ òà ñõ³äíî¿ ñêëà äî âèõ ëå æàòü â ä³àïà çîí³
â³ä 0.5 ìì äî 1.6 ìì (ñå ðåäí³ çíà ÷åí íÿ — 1.01 ìì òà 0.95 ìì
â³äïîâ³äíî), çíà ÷åí íÿ âè ñîò íî¿ ñêëà äî âî¿ çì³íþ þòü ñÿ â³ä 2.2 ìì äî 5.4 
ìì (ñå ðåäíº çíà ÷åí íÿ 3.45 ìì) ç âè êè äà ìè â 5.79 ìì òà 6.91 ìì äëÿ
GPS-òèæí³â 943 òà 1759 â³äïîâ³äíî.
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Ðèñ. 1. Ðîç òà øó âàí íÿ ïåð ìà íåí òíèõ ÃÍÑÑ-ñòàíö³é
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Ðèñ. 2. Ê³ëüê³ñòü N ñòàíö³é äëÿ êîæ íî ãî äíÿ îá ðîá êè

Ðèñ. 3. Çì³íè ñå ðåä íüî¿ ïî âòî ðþ âà íîñò³ D çíà ÷åíü ñêëà äî âèõ êî îð äè íàò ÃÍÑÑ-ñòàíö³é (êâàä -
ðà òè êè ³ ñ³ð³ êðóæ êè — ï³âí³÷íà ³ ñõ³äíà ñêëà äîâ³, ðîì áè êè — âè ñîò íà ñêëà äî âà)
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Ðèñ. 4. ×à ñîâ³ ðÿ äè êî îð äè íàò ñòàíö³¿ CHNT (à — øè ðî òà, á — äîâ ãî òà, â — âè ñî òà)



Ïå ðåä îö³íþ âàí íÿì øâèä êîñ òåé ïåð ìà íåí òíèõ ÃÍÑÑ-ñòàíö³é íå -
îáõ³äíî áó ëî âè ÿ âè òè âè êè äè òà âèç íà ÷è òè íà áî ðè êî îð äè íàò òà øâèä -
êîñ òåé ñòàíö³é. Äëÿ çà êîð äîí íèõ EPN-ñòàíö³é áó ëî âè êî ðèñ òà íî ôàé -
ëè äàíèõ, ï³äãî òîâ ëåí³ ªâðî ïå éñüêîþ ïåð ìà íåí òíîþ ÃÍÑÑ-ìå ðå æåþ
 (EPN_outliers.lst òà EPN_discontinuities.snx â³äïîâ³äíî), äëÿ ³íøèõ
ñòàíö³é áó ëî ïðî à íàë³çî âà íî ÷à ñîâ³ ðÿ äè êî îð äè íàò ñòàíö³é, îò ðè ìàí³
â ðå çóëü òàò³ ïðåä ñòàâ ëå íèõ îá ðî áîê.

Äëÿ ïî çíà ÷åí íÿ íà áîð³â êî îð äè íàò ñòàíö³é âè êî ðèñ òî âó âàâ ñÿ ï’ÿ -
òèé ñèì âîë êîìá³íàö³¿ «³äåí òèô³êà òîð DOMES-íî ìåð». Ó âè ïàä êó, ÿê -
ùî ñòàíö³ÿ íå ìà ëà DOMES-íî ìå ðà, òî äëÿ íå¿ âè êî ðèñ òî âó âàâ ñÿ ïñåâ -
äî íî ìåð, íà ïðèê ëàä 00000M000.

Íà ðèñ. 4 íà âå äå íî ïðè êëàä ÷à ñîâèõ ðÿä³â êî îð äè íàò ÃÍÑÑ-
ñòàíö³é CHNT (ì. ×åðí³âö³, DOMES-íî ìåð: 15534M001). Âèä íî äâà
ñòðèá êè ñêëà äî âèõ êî î äè íàò, äðó ãèé ç ÿêèõ áó ëî ñïðè ÷è íå íî çàì³íîþ
ÃÍÑÑ-îá ëàä íàí íÿ íà ñòàíö³¿, òà çì³íó âåê òî ðà øâèä êîñò³ ñòàíö³¿ ï³ñëÿ 
ö³º¿ çàì³íè îá ëàä íàí íÿ. Îòæå, äëÿ ñòàíö³¿ CHNT áó ëî âèç íà ÷å íî òðè
íà áî ðè êî îð äè íàò (CHNT115534M001, CHNT215534M001 òà
CHNT315534M001) òà äâà íà áî ðè øâèä êîñ òåé. Ïåð øèé íàá³ð øâèä -
êîñ òåé â³äïîâ³äàº íà áî ðàì êî îð äè íàò CHNT115534M001 òà
CHNT215534M001, äðó ãèé íàá³ð øâèä êîñ òåé — íà áî ðó êî îð äè íàò
CHNT315534M001. Íà ðèñ. 5 ïî êà çà íî çà ïèñ äëÿ ñòàíö³¿ CHNT ó ôàéë³ 
íà áîð³â êî îð äè íàò òà øâèä êîñ òåé. Íî ìå ðè íà áîð³â ïðåä ñòàâ ëåí³ ó
òðåòü î ìó ñòîâ ï÷è êó, òèï íà áî ðó — ó ñüî ìî ìó (P — êî îð äè íà òè, V —
øâèäê³ñòü). Ï’ÿ òèé òà øîñ òèé ñòîâ ï÷è êè çà äà þòü ïåð³îä ÷à ñó äëÿ êîæ -
íî ãî íà áî ðó. Ìî ìåí òè ÷à ñó ïðåä ñòàâ ëåí³ ó ôîð ìàò³ YY:DDD:sssss, äå
YY — äâ³ îñòàíí³ öèô ðè ðî êó, DDD — äåíü ðî êó, sssss — ñå êóí äà äî -
áè. Çà ïèñ 00:000:00000 îçíà ÷àº, ùî ìî ìåíò ÷à ñó íå âèç íà ÷å íî.

Äëÿ 233 ïåð ìà íåí òíèõ ÃÍÑÑ-ñòàíö³é áó ëî âèç íà ÷å íî 356 íà áîð³â
êî îð äè íàò, ÿêèì â³äïîâ³äà þòü 242 íà áî ðè øâèä êîñ òåé [11]. Çà òðè -
âàë³ñòþ ñïîñ òå ðå æåíü íà áî ðè êî îð äè íàò áó ëî ðîç ïîä³ëå íî íà òðè ãðó -
ïè:

1) ìåí øå îä íî ãî ðî êó (94 íà áî ðè),
2) îäèí — òðè ðî êè (92 íà áî ðè),
3) á³ëüøå òðüîõ ðîê³â (166 íà áîð³â).
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Ðèñ. 5. Íà áî ðè êî îð äè íàò òà øâèä êîñ òåé äëÿ ñòàíö³¿ CHNT



×î òè ðè íà áî ðè êî îð äè íàò áó ëî âèê ëþ ÷å íî ³ç ïîä àëü øî ãî àíàë³çó:
• KUCH100000M000 (äèâí³ çì³íè êî îð äè íàò, äèâ. ðèñ. 6),
• LAMA212209M001 (çã³äíî ³ç ôàé ëîì EPN_discontinuities.snx),
• ORH2100000M000 (ò³ëüêè äâà äí³ ñïîñ òå ðå æåíü),
• SVR0118119M001 (ìåí øå òðüîõ òèæí³â ñïîñ òå ðå æåíü).

Òðè âàë³ñòü ñïîñ òå ðå æåíü íà ïåð ìà íåí òíèõ ÃÍÑÑ-ñòàíö³ÿõ ïî êà -
çà íî íà ðèñ. 7.

Äëÿ îò ðè ìàí íÿ ñó êóï íî ãî ðîç â’ÿç êó çà äî ïî ìî ãîþ ïðî ãðà ìè
ADDNEQ2 ïðî ãðàì íî ãî êîì ïëåê ñó «Bernese GNSS Software ver. 5.2»
áó ëî âè êî íà íî óð³âíþ âàí íÿ 6993 äî áî âèõ ôàéë³â íîð ìàëü íèõ ð³âíÿíü
äëÿ GPS-òèæí³â 935...1933 (7 ãðóä íÿ 1997 ð. — 28 ñ³÷íÿ 2017 ð.), îò ðè -
ìà íèõ ï³ä ÷àñ ðå ãó ëÿð íî¿ îá ðîá êè òà äðó ãî¿ êàì ïàí³¿ ðåï ðî öå ñèí ãó
àðõ³âíèõ ñïîñ òå ðå æåíü ó Öåíòð³ àíàë³çó ÃÍÑÑ-äà íèõ ÃÀÎ ÍÀÍ
Óêðà¿ íè.

ßê àïð³îðí³ êî îð äè íà òè áó ëî âçÿ òî êî îð äè íà òè ñòàíö³é ³ç êà òà ëî ãó 
IGb08 àáî ³ç îò ðè ìà íèõ ðîç â’ÿçê³â íà â³äïîâ³äíèé ïåð³îä ÷à ñó.
Àïð³îðí³ øâèä êîñò³ áó ëî âçÿ òî ³ç êà òà ëî ãó IGb08 àáî îá ÷èñ ëå íî ïî ìî -
äåë³ NUVEL-1A [7] ç âè êî ðèñ òàí íÿì àïð³îðíèõ êî îð äè íàò.

Ñèñ òå ìà â³äë³êó IGb08 (äðó ãà IGS-ðå àë³çàö³ÿ ñèñ òå ìè â³äë³êó
ITRF2008) çà äà âà ëà ñÿ øëÿ õîì îá ìå æåí íÿ No-Net-Translation íà êî îð -
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Ðèñ. 6. ×à ñî âèé ðÿä øè ðî òè ñòàíö³¿ KUCH



äè íà òè ñòàíö³é ç³ ñïèñ êó IGS Reference Frame (ANKR, BOR1, BUCU,
CRAO, GLSV, GRAZ, ISTA, JOZE, MATE, MDVJ, NICO, POLV, RIGA, 
SOFI, UZHL, WTZR òà ZECK) ç â³äïîâ³äíî ãî êà òà ëî ãó. Íà øâèä êîñò³
öèõ ñòàíö³é áó ëî íà êëà äå íî æîðñòê³ îá ìå æåí íÿ (10–9 ì/ð³ê íà êîæ íó
ñêëà äî âó), ùî â òåðì³íàõ óð³âíþ âàí íÿ îçíà ÷àº ô³êñàö³þ çíà ÷åíü
øâèä êîñ òåé.

Áåç îá ìå æåíü îö³íþ âà ëèñü øâèä êîñò³ äëÿ òèõ íà áîð³â êî îð äè íàò
ñòàíö³é, äå òðè âàë³ñòü ñïîñ òå ðå æåíü ïå ðå âè ùó âà ëà òðè ðî êè (òðå òÿ
ãðó ïà). Íà øâèä êîñò³, ùî â³äïîâ³äà þòü ïåðø³é òà äðóã³é ãðó ïàì íà -
áîð³â êî îð äè íàò, áó ëî íà êëà äå íî îá ìå æåí íÿ (â³äïîâ³äíî 10–6 ì/ð³ê òà
10–3 ì/ð³ê íà êîæ íó ñêëà äî âó).

Íà êî îð äè íà òè ð³çíèõ íà áîð³â äëÿ îäí³º¿ ñòàíö³¿ áó ëî íà êëà äå íî
â³äíîñí³ îá ìå æåí íÿ (1 ìì íà êîæ íó ñêëà äî âó).
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Î. Î. ÕÎÄÀ

Ðèñ. 7. Òðè âàë³ñòü ñïîñ òå ðå æåíü íà ÃÍÑÑ-ñòàíö³ÿõ
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Ðèñ. 8. Ïà ðà ìåò ðè ïå ðå òâî ðåí íÿ Ãåëü ìåð òà ì³æ äî áî âè ìè ³ ñó êóï íèì ðîç â’ÿç êà ìè: à, á — çñóâ 
T òà îá åð òàí íÿ R (êâàä ðà òè êè, ñ³ð³ êðóæ êè òà ðîì áè êè — X-, Y- òà Z-ñêëà äîâ³ â³äïîâ³äíî), â —
ìàñ øòàá íèé ìíîæ íèê k, ã — çíà ÷åí íÿ ÑÊÂ ïå ðå òâî ðåíü



Ó ðå çóëü òàò³ áó ëî îò ðè ìà íî îö³íêè êî îð äè íàò ÃÍÑÑ-ñòàíö³é òà
¿õí³õ øâèä êîñ òåé â ñèñ òåì³ â³äë³êó IGb08 íà åïî õó 2005.0. Ñå ðåäí³ ïî -
âòî ðþ âà íîñò³ D êî îð äè íàò ñòàíö³é äîð³âíþ þòü 1.69 ìì, 1.40 ìì òà
3.63 ìì äëÿ ï³âí³÷íî¿, ñõ³äíî¿ òà âè ñîò íî¿ ñêëà äî âèõ â³äïîâ³äíî. Ïà ðà -
ìåò ðè ïå ðå òâî ðåí íÿ Ãåëü ìåð òà ì³æ äî áî âè ìè ðîç â’ÿç êà ìè ³ ñó êóï íèì
ðîç â’ÿç êîì òà çíà ÷åí íÿ ñå ðåäí³õ êâàä ðà òè÷ íèõ â³äõè ëåíü ïå ðå òâî ðåíü
ïî êà çà íî íà ðèñ. 8. Íà âå äåí³ âå ëè ÷è íè ïî êà çó þòü âè ñî êó òî÷í³ñòü îá -
÷èñ ëå íèõ îö³íîê êî îð äè íàò òà øâèä êîñ òåé.

Îòðè ìàí³ îö³íêè êî îð äè íàò óêð à¿íñüêèõ ÃÍÑÑ-ñòàíö³é äëÿ íà -
áîð³â ç òðè âàë³ñòþ ñïîñ òå ðå æåíü á³ëüø í³æ òðè ðî êè òà øâèä êîñ òåé
äëÿ íèõ íà âå äå íî ó òàáë. 1. Íà ðèñ. 9 òà 10 ïî êà çà íî âåð òè êàëüí³ òà ãî -
ðè çîí òàëüí³ âåê òî ðè øâèä êîñ òåé ñòàíö³é äëÿ íà áîð³â êî îð äè íàò ç
òðåòü î¿ ãðó ïè. Âèä íî, ùî ãî ðè çîí òàëüí³ âåê òî ðè øâèä êîñ òåé ñòàíö³é
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Ñòàíö³ÿ
Íîìåð

DOMES

Íàá³ð

êîîðäèíàò

Ïåð³îä

÷àñó

X,

ì

Y,

ì

Z,

ì

VX,

ì/ð³ê

VY,

ì/ð³ê

VZ,

ì/ð³ê

ALCI 12371S001 1 3297847.93224 2661607.40741 4750829.82236 –0.02149 0.01430 0.00792

ALX0 15893M001 1 3534712.88125 2305362.01473 4766573.14202 –0.01970 0.01542 0.00769

BALT 15550M001 1 3722655.08835 2115263.72983 4711762.72291 –0.01775 0.01538 0.00792

BAR9 15567M001 1 3707980.31461 1944389.02985 4795838.18226 –0.01813 0.01563 0.00878

BERY 15524M001 1 3649519.80272 2406003.84717 4629187.62317 –0.02057 0.01533 0.00789

BERZ 15511M001 1 äî 07.11.2015 3725027.52030 2229185.51720 4657283.66999 –0.01981 0.01462 0.00784

BGS2 1 3559518.42583 2127811.89554 4829905.33079 –0.01901 0.01416 0.00851

BLGR 15540M001 1 3678829.97502 1828336.77223 4862950.61269 –0.01953 0.01434 0.00771

BOBR 15530M001 1 3614411.76868 2272894.45859 4722581.15414 –0.01952 0.01541 0.00861

CHTK 15826M003 2 ç 22.03.2013 3773817.78591 1823743.91352 4791846.38181 –0.01722 0.01654 0.00728

CHUG 15913M001 1 3304637.32031 2462566.59142 4851694.29746 –0.01983 0.01291 0.00665

CNIV 15501M001 1 äî 12.05.2011 

10:00

3397785.22180 2066990.54309 4969811.58631 –0.01928 0.01472 0.00864

CNIV 15501M001 3 ç 14.02.2013

11:00

3397785.17794 2066990.51652 4969811.52192 –0.01928 0.01472 0.00864

CRAO 12337M002 1 äî 04.03.2009 3783897.10288 2551404.41351 4441264.28383 –0.02013 0.01530 0.00887

CRAO 12337M002 2 ç 04.03.2009 3783897.10828 2551404.41982 4441264.28492 –0.02013 0.01530 0.00887

DIZU 1 3463259.37740 2431916.20194 4756188.09750 –0.02086 0.01485 0.00807

DNCK 18114M001 3 21.12.2012 — 

04.05.2015

11:00

3378275.82289 2621541.48041 4716841.88094 –0.01955 0.01527 0.00551

DNMU 12369M001 1 äî 11.06.2012 3468976.90906 2434669.32954 4750720.12475 –0.02033 0.01473 0.00764

DNMU 12369M001 2 ç 11.06.2012 3468976.91027 2434669.32505 4750720.12921 –0.02033 0.01473 0.00764

EVPA 12344M001 1 äî 01.02.2011 3767253.49069 2461876.34421 4504591.80364 –0.02050 0.01544 0.00907

EVPA 12344M001 2 ç 01.02.2011 3767253.48476 2461876.33639 4504591.77891 –0.02050 0.01544 0.00907

FRAN 15538M004 1 3815148.45686 1755911.60515 4784539.52837 –0.01880 0.01583 0.00841

GLBN 15532M001 1 3478502.62741 2282517.85901 4818298.07469 –0.01981 0.01495 0.00775

GLSV 12356M001 1 äî 20.11.2007 3512888.95735 2068979.87499 4888903.21084 –0.01992 0.01421 0.00821

GLSV 12356M001 2 20.11.2007 — 

25.08.2013

3512888.95743 2068979.88423 4888903.20021 –0.01992 0.01421 0.00821

GLSV 12356M001 3 25.08.2013 3512888.96366 2068979.88820 4888903.19779 –0.01992 0.01421 0.00821

GNCH 15569M001 1 3632369.86379 2524316.60183 4579680.24910 –0.01955 0.01532 0.00971

Òàá ëè öÿ 1. Êî îð äè íà òè òà øâèä êîñò³ óêð à¿íñüêèõ ïåð ìà íåí òíèõ ÃÍÑÑ-ñòàíö³é ó ñè ñ -
òåì³ â³äë³êó IGb08 íà åïî õó 2005.0
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Ñòàíö³ÿ
Íîìåð
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Íàá³ð

êîîðäèíàò

Ïåð³îä

÷àñó

X,

ì

Y,

ì

Z,

ì

VX,

ì/ð³ê

VY,

ì/ð³ê

VZ,

ì/ð³ê

GPLE 15521M001 1 3469852.25229 2545072.51067 4692202.18708 –0.02111 0.01453 0.00792

GRBN 15592M001 1 3458565.15559 2198412.81531 4871141.38105 –0.01990 0.01482 0.00737

GUSI 15539M001 1 3756644.77913 1847410.43010 4796283.36731 –0.01823 0.01606 0.00877

HMEL 18107M004 1 3706269.15025 1885665.63749 4820450.13484 –0.01804 0.01573 0.00788

IVNK 15925M001 1 3491658.15839 2008111.14479 4928979.36632 –0.01882 0.01483 0.00839

IZUM 15915M001 1 3323171.51846 2529509.77832 4804637.18631 –0.02022 0.01405 0.00746

JTMR 00000M000 1 3583695.35969 1961163.05597 4882052.32338 –0.01815 0.01531 0.00904

KALN 15570M001 1 3650371.66895 1983646.61390 4823693.53340 –0.01797 0.01569 0.00779

KHAR 12314M001 1 äî 11.06.2006 3312984.32795 2428203.43059 4863307.82959 –0.01939 0.01517 0.00565

KHAR 12314M001 3 12.11.2008  

09:56 —

29.11.2011

3312984.31922 2428203.43019 4863307.83678 –0.01939 0.01517 0.00565

KHRN 15581M001 1 3693781.69324 2361311.26216 4617163.92638 –0.02018 0.01543 0.00836

KIRV 15553M003 2 ç 25.12.2011

11:22

3580644.86237 2257443.41299 4755337.21140 –0.01856 0.01591 0.00643

KKSH 15545M001 1 3597284.37945 1674579.15989 4977101.26521 –0.01892 0.01524 0.00839

KMST 12315M001 1 3505801.03429 2066726.64444 4894884.78560 –0.01878 0.01444 0.00879

KOVL 15544M001 1 3638774.27641 1670941.72171 4948311.32745 –0.01853 0.01446 0.00850

KPSK 15806M002 1 3273527.07447 2522518.60993 4841996.94593 –0.02055 0.01424 0.00663

KREM 18105M001 1 3490222.95424 2305260.07030 4799085.18009 –0.02016 0.01492 0.00757

KRGD 18112M002 1 3390041.22970 2412713.39597 4817991.17146 –0.02024 0.01428 0.00714

KRRG 15939M001 1 3574077.00852 2356633.64121 4712152.91579 –0.01992 0.01461 0.00780

KTVL 12337M003 2 ç 04.08.2011 3785991.78079 2550749.02086 4439438.26059 –0.01831 0.01826 0.00313

KVDA 15506M001 1 3501746.06501 2076988.03712 4893395.56974 –0.01879 0.01544 0.00882

KZLE 1 3449803.51741 2082376.12341 4927625.92916 –0.01862 0.01459 0.00752

KZLS 1 3465825.34327 2325579.84266 4806876.61922 –0.02017 0.01468 0.00720

LOZV 15916M001 1 3386131.40101 2488414.16804 4782390.75947 –0.01984 0.01394 0.00778

LUBR 15555M001 1 3640093.64334 1914082.58638 4859143.47471 –0.01928 0.01439 0.00868

LUTS 15543M001 1 3654330.34165 1730729.32101 4916423.24109 –0.01851 0.01590 0.00816

MAGD 15512M001 1 3443393.68953 2403366.47208 4784867.39291 –0.02095 0.01478 0.00703

MALN 15507M001 1 3527322.17407 1974526.32725 4917238.74885 –0.01804 0.01537 0.00685

MARP 15556M001 1 3451047.28828 2647880.62074 4649213.48523 –0.01698 0.01299 0.00409

MEZH 15844M001 1 3410018.36689 2544789.91146 4735823.75985 –0.02067 0.01402 0.00837

MIKL 12335M001 1 äî 01.11.2007 3698553.98489 2308676.00202 4639769.49518 –0.01855 0.01618 0.00676

MIKL 12335M001 3 ç 01.11.2007 3698553.97640 2308675.99758 4639769.50552 –0.01855 0.01618 0.00676

MKVC 1 3653683.92912 1866953.64385 4867288.84279 –0.01837 0.01556 0.00842

MLTP 15528M001 1 3563171.14776 2529754.52584 4630456.40098 –0.02111 0.01456 0.00745

NIZH 15508M001 1 äî 13.11.2015 3413641.51899 2123437.23567 4935250.50670 –0.01957 0.01493 0.00781

NKPL 15513M001 3 ç 14.02.2013

10:44

3557708.16343 2435365.61048 4684639.15647 –0.02232 0.01069 0.00430

NMSH 15927M001 1 3512102.11057 2035407.00830 4903425.23074 –0.01944 0.01428 0.00618

NSRG 15525M001 1 3606882.38542 2468790.30698 4629543.40125 –0.01986 0.01523 0.00788

NVSL 1 3548737.65082 2553533.68885 4628515.71104 –0.02038 0.01611 0.00898

ORIH 1 3498158.54560 2520902.66752 4684212.11553 –0.01964 0.01537 0.00827

PAVL 15522M001 1 3427391.06088 2485845.12246 4754282.81435 –0.02005 0.01471 0.00792

PERV 15529M001 1 3670457.08025 2191542.87924 4717800.77592 –0.01859 0.01577 0.00831

PLTV 1 3413079.03279 2348808.76458 4833176.10877 –0.02086 0.01387 0.00644

PMSK 1 3355077.92712 2457684.84023 4819782.76356 –0.02118 0.01373 0.00669

Ïðîäîâæåííÿ òàáë. 1
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POLV 12336M001 1 äî 13.02.2013 

11:00

3411557.35052 2348463.98746 4834396.89047 –0.02064 0.01302 0.00807

POLV 12336M001 2 ç 13.02.2013

11:00

3411557.34190 2348463.97984 4834396.87761 –0.02064 0.01302 0.00807

PRMR 15527M001 1 3526436.65771 2595733.59031 4622075.14125 –0.02039 0.01494 0.00858

PRVM 15917M001 1 3356010.70785 2457410.53611 4819257.09928 –0.02072 0.01452 0.00749

PRYL 15502M001 1 äî 08.11.2012 3425673.19965 2174035.38851 4904999.87670 –0.01974 0.01468 0.00809

PRYL 15502M001 2 ç 08.11.2012 3425673.19228 2174035.38590 4904999.87594 –0.01974 0.01468 0.00809

RIVN 15542M001 1 3635935.80429 1794403.27991 4907317.96934 –0.01836 0.01545 0.00896

RJNT 1 3830157.46914 1717771.39621 4786509.27410 –0.01798 0.01609 0.00850

RMNK 1 3764810.62594 1939075.33072 4753782.38080 –0.01802 0.01697 0.00902

SAR3 18108M002 1 3569794.66126 1788894.58249 4957203.55012 –0.01889 0.01415 0.00799

SGOR 15559M001 1 3514431.24782 2494186.40164 4686342.71454 –0.02028 0.01282 0.00867

SHAZ 12370M001 1 3631977.99399 1609614.48731 4973373.06905 –0.01938 0.01474 0.00745

SIMF 15566M002 1 3740929.53434 2536824.27033 4485457.88027 –0.02047 0.01572 0.00889

SKVR 15509M001 1 äî 20.12.2016 3586943.22151 2045068.74250 4845326.77297 –0.01817 0.01611 0.00666

SMLA 15503M001 1 äî 05.05.2015 

08:30

3546267.76289 2204463.90737 4805379.16241 –0.02066 0.01402 0.00938

SNOV 15531M001 1 3351771.73954 2091788.32641 4990471.16950 –0.01894 0.01517 0.00642

SULP 12366M001 1 äî 30.03.2013 

11:16

3765296.98966 1677559.20377 4851297.40989 –0.01856 0.01551 0.00890

SULP 12366M001 2 ç 30.03.2013

11:16

3765296.99270 1677559.20191 4851297.40900 –0.01856 0.01551 0.00890

SUMY 15576M001 1 3307051.46708 2299137.75576 4929176.40607 –0.01891 0.01446 0.00790

TERP 15541M001 1 3739851.31753 1790710.26166 4830609.06804 –0.01787 0.01561 0.00872

TETV 1 3615562.60527 2060489.83083 4817601.75575 –0.01869 0.01574 0.00811

TULC 15520M001 1 3696469.24905 2035712.07648 4766868.34881 –0.01828 0.01590 0.00823

UMAN 15519M001 1 äî 09.01.2016 3643068.38715 2120162.20193 4771109.48543 –0.01810 0.01617 0.00664

UZHL 12301M001 1 äî 20.12.2010 

11:40

3907587.45818 1602428.69205 4763783.76418 –0.01777 0.01636 0.00936

UZHL 12301M001 4 ç 20.12.2010

11:40

3907587.46037 1602428.69784 4763783.75285 –0.01777 0.01636 0.00936

VALK 15921M001 1 3350302.09565 2400596.51175 4851514.76589 –0.02004 0.01464 0.00846

VASL 1 3444688.96130 2503180.21079 4732794.59741 –0.02047 0.01446 0.00741

VATU 15518M001 1 3590797.71194 2160778.29538 4792231.42519 –0.01888 0.01538 0.00873

VELM 15514M001 1 3773429.50861 2165026.65404 4648637.38881 –0.02020 0.01579 0.00817

VLCH 15918M001 1 3263627.08758 2453563.96999 4883685.76579 –0.01923 0.01250 0.00715

VRDP 15578M001 2 16.02.2012 — 

03.03.2015

3486253.17864 2380263.21944 4765413.79902 –0.01891 0.01565 0.00601

VRHV 15928M001 1 3871109.16166 1787573.26581 4728428.42539 –0.02063 0.01616 0.00779

VRSH 15546M001 1 3592171.17320 1740805.17509 4958188.28153 –0.01857 0.01457 0.00849

VSLE 15818M001 1 3570898.81251 2494321.62924 4643670.21471 –0.02165 0.01405 0.00540

VSOR 15591M001 1 3406077.53113 2292595.25948 4864719.02762 –0.02387 0.01234 0.01079

ZGUR 1 3457870.39656 2158501.67717 4889329.76221 –0.02118 0.01541 0.00743

ZHAS 15899M001 1 3609075.38790 2092316.91702 4808858.77066 –0.01626 0.01399 0.00719

ZHTM 15579M001 1 3585030.88926 1955814.40827 4883186.02898 –0.01810 0.01563 0.00809

ZLST 15517M001 1 3563174.63846 2379140.59768 4709143.52763 –0.02004 0.01540 0.00807

ZPRG 1 3509633.66008 2459644.56621 4707985.22835 –0.02056 0.01461 0.00742

Çàê³í÷åí íÿ òàáë. 1



â³äïîâ³äà þòü ãî ðè çîí òàëü íî ìó âåê òî ðó ðó õó ªâðàç³éñüêî¿ òåê òîí³÷íî¿ 
ïëè òè. Âàð òî çà çíà ÷è òè, ùî ãî ðè çîí òàëü íèé âåê òîð øâèä êîñò³ ñòàíö³¿
KTVL (ï³âäåí íå óçáå ðåæ æÿ Êðè ìñüêî ãî ï³âîñ òðî âà) çíà÷ íî ïî âåð íó -
òèé çà ãî äèí íè êî âîþ ñòð³ëêîþ â³äíîñ íî âåê òî ðà øâèä êîñò³ ðîç òà øî -
âà íî¿ íå ïî äàë³ê ñòàíö³¿ CRAO, ³ öå ïî ÿñ íþºòüñÿ òèì, ùî ìàé äàí ÷èê,
äå ðîçì³ùå íî ÃÍÑÑ-ñòàíö³þ KTVL, ìàº ëî êàëü íèé ðóõ ó ï³âäåí íî ìó
íà ïðÿì êó ç³ çíà÷ íîþ øâèäê³ñòþ [1, ðèñ. 2].

Òà êèì ÷è íîì, ó Öåíòð³ àíàë³çó ÃÍÑÑ-äà íèõ ÃÀÎ ÍÀÍ Óêðà¿ íè
ï³ñëÿ óð³âíþ âàí íÿ äî áî âèõ ôàéë³â íîð ìàëü íèõ ð³âíÿíü, îò ðè ìà íèõ
ï³ä ÷àñ ðå ãó ëÿð íî¿ îá ðîá êè òà äðó ãî¿ êàì ïàí³¿ ðåï ðî öå ñèí ãó àðõ³âíèõ
ñïîñ òå ðå æåíü, áó ëî îò ðè ìà íî âè ñî êî òî÷í³ îö³íêè êî îð äè íàò òà øâèä -
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êîñ òåé óêð à¿íñüêèõ òà ñõ³äíîºâðî ïå éñüêèõ ïåð ìà íåí òíèõ ÃÍÑÑ-ñòàí -
ö³é ó ñèñ òåì³ â³äë³êó IGb08 íà åïî õó 2005.0.

Àâòîð âäÿ÷ íèé ä-ðó Õî àê³íó Ñó ðó òóñ³ (Dr. Joaquin Zurutuza) ³ç Ïà -
äó à íñüêî ãî óí³âåð ñè òå òó (²òàë³ÿ) çà êî ðèñí³ ïî ðà äè ïðè ï³äãî òîâö³ îá -
ðîá êè äëÿ îò ðè ìàí íÿ ñó êóï íî ãî ðîç â’ÿç êó.

Ô²ÍÀÍÑÓÂÀÍÍß ÐÎÁÎÒÈ

Ðî áî òà ô³íà íñó âà ëàñü ó ðàì êàõ ïëà íî âî ãî ô³íà íñó âàí íÿ óñòà íîâ Íà -
ö³î íàëü íî¿ àêà äåì³¿ íàóê Óêðà¿ íè.
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ESTIMATION OF VELOCITIES OF UKRAINIAN GNSS STATIONS 
IN THE IGb08 REFERENCE FRAME

The cumulative solution for GPS weeks 935...1933 (December 7, 1997 — January 28,
2017) was received in the GNSS Data Analysis Centre of the Main Astronomical
Observatory NAS of Ukraine after adjustment of 6993 daily normal equation files received 
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as results of the regular processing and the second reprocessing campaign of historical
observations. The ADDNEQ2 program of the Bernese GNSS Software ver. 5.2 was used.
Before the adjustment the times series of station coordinates received from the mentioned
processing were analyzed to find outliers and determine sets of coordinates and velocities.
For foreign EPN stations the files prepared by the EUREF Permanent GNSS Network were 
used (EPN_outliers.lst and EPN_discontinuities.snx respectively). For 233 permanent
GNSS stations the 356 sets of coordinates and 256 sets of velocities that correspond them
were established. According to the duration of observations the coordinate sets were
devided into three groups: 1) less than one year (94 sets), 2) one to three years (92 sets), 3)
more than three years (166 sets). Four coordinate sets were excluded from the further
analysis. The IGb08 reference frame was realized by applying No-Net-Translation
conditions on the coordinates of the IGS Reference Frame stations. The velocities of these
stations were heavily constrained (10–9 m/year for each components) that in term of
adjustment means a fixing of velocities values. As result, the coordinates and velocities of
the Ukrainian and the Eastern European stations in the IGb08 reference frame at epoch
2005.0 were estimated with high precision. The mean repeatabilities for components of
station coordinates are 1.69 mm, 1.40 mm, and 3.63 mm for the north, east, and height
components respectively.
Keywords: GNSS, IGb08 reference frame, permanent stations, station coordinates, station
velocities.
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