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AHau3upyeTcsi MOrPelmIHOCTh, O00YyCJI0BJIeHHAas pe(paKUMOHHBIM Pa3dpocoM
TPACKTOPHIl, a TaK:Ke OLCHHUBAeTCs BKJIaJ pe()paKuMOHHOIO yUIMHEHUS] TPACKTOPHH
CUTHAJIa B H3MeHeHHe nceBaofganbHocTeii B GPSmu3mepenusx. IlpencrasiieHbl
pacyeTbl 3THX MOTPEIIHOCTEeH IS PA3JIMYHBIX YacTOT M 3€HUTHBIX YIVIOB ISl KO/O-
BOI'0 BapHAaHTAa [BYXYacTOTHOro Merona. B pacderax mcmosab3yercsi cepuuecKH-
CJIOMCTAsA MOJeJIb HOHOC(hepbI.

The refractive error caused by straggling of trajectories is analyzed, as well as
the contribution of the refractive lengthening of radio path to the changing of
pseudorange in GPS measurements is estimated. Calculations for various frequencies
and zenith angles for code variant of the two-frequency method are presented. The
spherically-stratified model of ionosphere was used.

['moGanpHi CyIMyTHUKOBI pajlioHABIraliifHI CUCTEMH, SIKIi BAUKOPHCTOBYIOTHCS B PEXKHMI T'€0-
JE3UYHUX BUMIPIOBaHb, MAIOTh YHIKAJIbHI MOXJIMBOCTI JUIsl T€OTMHAMIYHUX JOCTIHKCHbB, 3aBISKH
THYYKif TIPOCTOPOBI CTPYKTYpi MEpeX Ta BUCOKOI YacOBOI PO3IMOMIIBHOI 3/1aTHOCTI. 3HAYEHHS
NOXMOKM BHUMIpIOBaHb Ha piBHI CAHTUMETPIB y J000BUX IUKJIAxX Ta Ha PIBHI MITIMETPIB Y
TH)KHEBUX IMKJIaX, IIPU BUMIPIOBAHHSX BIJICTAHEW IO JEKLIBKOX THCSY KUIOMETPIB, JaIOTh 3MOTY
YCHIITHO PO3B'sI3yBaTH KJIACUYHI 33/1a4l KOHTUHEHTAJILHOI T'€0IMHAMIKH.

PesynbraT cucTeMaTHYHUX JOCIHIHKEHb CTA0UTBHOCTI MOJNIOKEHHS T€0JIe3UYHUX MYHKTIB Y
30HI MOMIpHOi T€OAMHAMIYHOI aKTUBHOCTI, SIKi OyJIHM MpPOBEAEHI OCTAaHHIMU POKaMH B 0aratbox
KpaiHax CBiTY, MOKa3yloTh, IO ICHYIOTh Bapiallii KOOpAWHAT MYHKTIB 1 BIJICTAHEH MK HHMH 3
1000BHM 1 MiBAOOOBUM TepiojgaMu ¥ aMruiiTymoro Big 0,5 10 2 cM I pi3HUX KOMITOHEHTIB
BEKTOPIB, sIKI HaJiliHO peecTpyroThes [1]. Taki Bapiarii 3aHaATO BENUKI K JUIsl BIACHUX PYXIB
NYHKTIB, TaKk 1 JUIsI TOXMOOK BHUMIPIOBaHb, SKI OIIHIOIOTBCS y paMKax MOAENeH, sKi
BUKOPUCTOBYIOTBCS B TEIMEPINIHINA Yac, ajie MOXJIMBO HE BPAaXOBYIOTh SIKUX-HEOYIb ICTOTHHX
¢dakTopiB. Cepen ¢dakTopiB, MO BH3HAYAIOTH NapIiaibHI TOXHOKH BHUMIPIOBaHb BiJICTaHEH
metogamu  GPS, Tinmbku 1Ba MaioTh SBHY J000BY TmepiogudHicth. lle — cCymyTHHKOBa
KOH(]Iryparlis, sika COCTEPIraeThCs, 1 KOHIICHTpALlis eIeKTpoHiB B ioHOChepi. [Tpu 06pobiri naHmx
JIBOYACTOTHHUX TPUHMAYIB 3a JOMOMOTOK CYYacHUX KOMIT'IOTEPHUX IMpOrpaM, HaMpHUKIAI,
Bernese 4.2, 3 BUKOPHUCTAHHSM TMpPENU3IHHUX OpOIT 1 MONMPABOK CYIMYTHUKOBUX T'OJWHHHKIB,
BIACHUHM BIUIMB  KOH(QIrypamii MiHiMi3yeTbcs. TakuM 4YMHOM, iIMOBIpHHM JDKEPETIOM Tepio-
JMYHOCTI, IO CIOCTEPIraeThCcs, MOXKYTh OyTH Bapiamii KOHIIEHTpAIlii €JIeKTPOHIB, IO HE Bpa-
XOBYIOTBCS CYJaCHUMH MOJEISIMU 10HOC(epH. 30KpeMa, piBHSIHHS BUMIPIOBaHb, peasli3oBaHi B
Cy4acHUX JBOYACTOTHUX TpUiiMayaxX, HE BPaXOBYIOTh pePpakiliiHUN TPOCTOPOBUI PO3KHI
TPAEKTOPiH MOMHUPEHHS PAAIOCUTHATIB 3 PI3HUMH HECYYHMHU 4aCTOTAMH.

BinzHaunMo, 110 11e MOXX€ TPU3BOIMTH JIO NMOMHJIOK BUMIPIOBAHHS TICEBIOBIACTAHEH, SKi
BUKJIMKAIOTh HE JIMIIE Bapiallil eKClIepUMEHTAIbHUX JaHUX MO0 KOOPJIWHATAX Ta BUCOTaX ITYHKTIB,
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aje ¥ JI0 MOMUJIOK BUMIpIOBaHb MpH 1HIMKMX Bapiantax BukopuctanHs GPS. Hampukman, npu
BIITBOPEHHI apameTpiB ionHochepu i Tpornocdepu 3a nanumu GPS-BumiproBass.

VY 3B'SI3Ky 3 UM, B POOOTI aHaNI3yeThes pedpakiliiiHa moxubka o 3YMOBJICHa PO3-

straggl °
KHJIOM TPA€KTOPIH, & TAKOXK OUIHIOETHCS BHECOK PEYPAKUINHOTO MOJOBKEHHS O gy, TPAEKTOPIi
CHTHAIIy B 3MiHY IIC€BIOBiicTaHed. Js1 po3paxyHKy MOXHOOK BUKOPHUCTOBYETHCS TaKa 3arajibHa
MaTeMaTHYHa MOJIeNb, C(hOpMYIIbOBaHA Ha 0a3i MmiIX0.y, BUKJIAJEHOTO B [2]:
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ne N — koe(ilieHT 3aJ0MICHHS 10HOCchepH; @, — Iula3MeHHa JactoTta; f — wacrora pamiocwur-
Hally; €, m — 3apsja 1 Maca enekTpoHa; Ne — enexTpoHHa koHueHTpauis; AD,— pedpakiiiine
HIOIOBKEHHS TpaeKTopii curHanmy 3 wacroroo f,; AS — 3arpumka curramy 3 gacrororo f,; § —
TPAEeKTOPist cUrHay 3 yacrororo f,; S— mpomeHeBa koopanHara; L — Bincranp Bix mpuitmada 10

CYITyTHHKA B3JIOBX MPSAMOT JIiHIi.
IaTerpyBaHHs BeIeThCA B3/OBXK IPOMEHEBOI TpaekTopii, Gopma sKoi (Ui BHUIIAIKY
cepuvHO-CII0ICTOI I0HOC(EPH) BUZHAYAETHCS PIBHAHHSIM:

ds n(r)-r
dr/n?r?—nZrZsin?z

ne N, — 3Ha4eHHS MOKa3HMKA 3aJJOMJICHHS B TOYIl CIIOCTEPEXEHHS; I, — BiJICTaHb BiJX IEHTpa
3emii 1o npuitMava; Z, — BUAUMMI 3€HITHUH KyT.

B pospaxyHkax BHKOPHUCTOBYBajacsi Oi€KCIIOHEHIIalbHa MOJAETb BEPTHKATLHOTO MPOQisito
eJIEKTPOHHOI KOHIIeHTparlii [3]:

0, z<z,,
N, |7-|exp(-——)—exp(- )
h, h,

e

h, hy hy

TyT N, —MakcuMalbHEe 3HaYCHHs €JIEKTPOHHOI KOHIIEHTpallli, I'm — HHXKHS MeXa 10Hoc(hepH.

h, hy
— — h-h, h—hy
')/_1 = max exp(_ %) _ exp(_ ﬂ) & _ h2
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[Mapamerpu h; Ta hy 3amar0Th GopMy npodinro. UM MeHIIe 3HAYCHHS IIUX [apaMeTpiB, TUM
MEHIIIa IMUPUHA JII0Y0T0 mapy ioHochepH.

TOXUOKH O g ppy TA Oy, Oy pO3paxoBaHi [uist PisHuX yactoT f Ta 3emiTHHX KyTiB Zo
JUIE KOJIOBOT'O BapiaHTa JBOYACTOTHOTO METOMy. Xoya IIi MOXMOKH BXOJAATH B PIBHSHHS
BUMIPIOBaHHS 3 MPOTHJICKHUMH 3HAKaMH, CyMapHa MOXHOKa (3anuikoBa pedpakiiiHa moxuoka
JIBOYACTOTHOTO METOJy) TpH BEIMKUX 3HAUYECHHSIX EJEKTPOHHOI KOHIIEHTpAIlii Ha BEIMKHX
3EHITHUX KyTaX MOe BUSBIATHCS CYTTEBOIO (puc. 1, 2, Tadum. 1).
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Puc. 1. Peghpaxyitini noxubxu 08604acmommno2o memooy
onst Nm=5-10° ex®, 11=1227,46 MHz, £2=1575,60 MHz
Tabnuys 1
f1=1227,46 {2=1575,60
IMapameTtpu: Nm=10° cm?, h,=325, h,=32.5 [MapameTtpu: Nm=5-10° cm®, h;=400, h,=40
Zy, | Ionosxenns, | Pedpaxuiiinuii | Cymaphuii | [Tomossxenns, | Pedpakumiiiamii CymapHuit
rpan. cM PO3KHA , CM | edeKT, cM cM PO3KHUA , CM e(eKT, cM
0 0,00 0,02 0,02 0,00 0,49 0,49
10 0,00 0,02 0,02 -0,01 0,52 0,51
20 0,00 0,02 0,02 -0,03 0,60 0,57
30 0,00 0,03 0,03 -0,07 0,76 0,69
40 -0,01 0,04 0,03 -0,16 1,06 0,90
50 -0,01 0,05 0,04 -0,32 1,61 1,29
60 -0,02 0,09 0,07 -0,66 2,70 2,04
70 -0,05 0,18 0,13 -1,41 5,02 3,61
80 -0,12 0,38 0,26 -3,26 10,50 7,24
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HeoOxigHO Big3HAYMTH, IO TTOXUOKH, HaBeleHI Ha puc. 1, 2, Ta B Tabn. 1, 2, 3yMOBIeHI He
muie pedpakmiiaumu edexkramu. L[i moXuOKku BpaxoBYIOTH TaKOX BIUTMB 3BHYANHOI JJISI Teoje-
3WYHOI MPAKTUKU 3aMiHH KBaJIPaTHOTO KOpEHs B (opMyIi i KoedilieHTa 3aIoMIeHHs i0HOchepn
Ha JIIHIHHY (QYHKIII0 eeKTPOHHOI KoHIeHTpamii. CamMe ToMy /sl HalpsIMKY B 3€HIT OTpUMaHi Bill-
MiHHI BiJl HyJIsl 3Ha4€HHS OXUOKHU (OYEBHIHO, 1110 IpH Z, = 0 3ayMIaeThes JIMIIE CKJIA0Ba MOXUOKU

2 2
. W, 1 w; .
JBOYACTOTHOT'O METOJIa, sIKa 3yMOBJICHA 3aMIHOIO 1——2 Ha 1—5-—2; npu z, > 0 po3paxoBaHi
0] [0

3HAYEHHS MOXMOOK BU3HAYAIOTHCS CIIJIBHUM BIUTMBOM BKa3aHOI 3aMiHU Ta pedpaxiiii).
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Puc. 2. Peghpaxyiiini noxubxu 0804acmomunoz2o memooy
ons Nm=10° ex®, f1=1227,46 MHz, 2=1575,60 MHz
Tabnuys 2
f1=1561,098 f2=1589,742
IMapametpu: Nm=10° cm?, h,=325, h,=32.5 IMapametpu: Nm=5-10° cm'3, h;=400, h,=40
Zy, |Ilomomxkenns, | Pedpaxuitiamii | Cymaprauii |[lomomxenns,| Pedpakiiitamii CymapHuit
rpan. oM PO3KHU , CM e(eKT, cM oM PO3KHUA , CM eeKT, cM
1 2 3 4 5 6 7
0 0,00 0,01 0,01 0,00 0,30 0,30
10 0,00 0,01 0,01 0,00 0,31 0,31
20 0,00 0,01 0,01 -0,01 0,36 0,35
30 0,00 0,01 0,01 -0,03 0,45 0,42

40 0,00 0,02 0,02 -0,06 0,61 0,55
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IIpooosacenns mabn. 2

1 2 3 4 5 6 7
50 0,00 0,03 0,03 -0,12 0,91 0,78
60 -0,01 0,05 0,04 -0,25 1,49 1,24
70 -0,02 0,10 0,08 -0,54 2,73 2,19
80 -0,05 0,21 0,16 -1,25 5,64 4,39

f1=1256,244  f2=1561,098

IMMapamerpu: Nm=10° cm?, h,=325, h,=32.5 MMapamerpu: Nm=5-10° cm3, h;=400, h,=40
Zy, | llonoexenns, | Pedpakuitinuii | Cymapuuii ([lonoexenus,| Pedpakuiiinuii CymapHuii

rpan. oM PO3KUA , CM eeKT, cM oM PO3KUA , M eeKT, cM

0 0,00 0,02 0,02 0,00 0,48 0,48
10 0,00 0,02 0,02 -0,01 0,50 0,50
20 0,00 0,02 0,02 -0,03 0,58 0,56
30 0,00 0,02 0,02 -0,06 0,73 0,67
40 0,00 0,03 0,03 -0,14 1,02 0,88
50 -0,01 0,05 0,04 -0,29 1,55 1,26
60 -0,02 0,09 0,07 -0,60 2,59 1,99
70 -0,05 0,17 0,12 -1,28 4,80 351
80 -0,11 0,36 0,25 -2,97 10,01 7,04

f1=1256,244  f2=1589,742

IMMapamerpu: Nm=10° cm?, h,=325, h,=32.5 MMapamerpu: Nm=5-10° cm3, h;=400, h,=40
Zy, | llonoesxkenns, | Pedpakuitinuii | Cymapuuii ([lonoexkenus,| Pedpakuiiinuii CymapHuii

rpan. CM pO3KH] , CM edexr, cM CcM pO3KH] , CM edekT, cM

0 0,00 0,02 0,02 0,00 0,46 0,46
10 0,00 0,02 0,02 -0,01 0,49 0,48
20 0,00 0,02 0,02 -0,03 0,56 0,54
30 0,00 0,02 0,02 -0,06 0,71 0,65
40 0,00 0,03 0,03 -0,14 0,99 0,85
50 -0,01 0,05 0,04 -0,29 1,50 1,21
60 -0,02 0,09 0,07 -0,60 2,52 1,92
70 -0,05 0,17 0,12 -1,28 4,67 3,39
80 -0,11 0,36 0,25 -2,97 9,76 6,79
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Puc. 3. 3anexcnicmo cymapnoi noxubku 6i0 Konyenmpayii enekmponis
HA PIZHUX 3eHIMHUX KYymax

Sk 1 ouikyBasocs, pedpaxiiiiHi epekTH Ipyroro NopsaKy B MOJENAX 10HOC(hEpH BUSBUINCS
MPOTNOPIIIMHUME KBaJIpaTy eJIeKTPOHHOI KoHIeHTpallii. Ha puc. 3 moka3aHi KpuBi, sIKi iTFOCTPYIOTh
el BUCHOBOK. BinTinkamu ciporo Ha rpadiky yMOBHO MO3Hau€Hi 30HH, SIKI MOKYTh BiATIOBIIaTH
JIeHHIH Ta HiuHii 1oHOcdepi. OTxe, mpuiimMaroun 10 yBaru MHepioJu4Hy 3MiHY (10OOBMH Xif)
MaKCUMYMY €JeKTPOHHOI KOHLIEHTpALlil, MOXKHA LIJIKOM OOTPYHTOBAHO NMPUIYCTUTH, 1110 BUSABIIEHI
B 0araTbOX €KCIIEpHMMEHTaX MepioAWYHI Bapiaimii KOOpJAMHAT T'€0Je3MYHHX IMYHKTIB IMOB'sI3aHi 3
3aJIMIIKOBUMH pedpakIifHIMu MOXUOKaMH JIBOYACTOTHOTO MeTOAy. J[Jst mepeBipKu JaHOTO IMpH-
NYLIEHHS CJi1 MPOBECTH PO3PaxXyHKH 3IMIIKOBUX MOXHOOK (ha30BOro BapiaHTa JBOYACTOTHOIO
METOAY 3 BUKOPHCTAHHAM PO3IJITHYTOI B 11 poOOTI MOJeNI Ta KUIbKICHUX JIaHUX MPO MapaMeTpu
ioHOC(hEepH Imi/T Yac BUKOHAHHS T'€0JIC3NIHIX BUMIPIOBAHb.
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