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UCCJIENOBAHUE TOHKOWM CTPYKTYPBI CJIOS F HA
MOHOTPAMMAX BEPTUKAJILHOIO 30HAUPOBAHMS
MOHO30HIA «IIUKJIOH»

B nanHOil paboTe ONMMCHIBAIOTCS Pe3ylbTaThl MCCIEIOBAHHUS OTPAXKEHUH OT MOHOC(EPHBIX
CIIOEB Ha MOHOTpaMMax BEpPTUKAIBHOIO 30HIUPOBaHMUS MOHO30HJA «{MKIOH» C MOBBILIEHHBIM
YaCTOTHBIM pa3peIleHUuEM.

bbutn BBISBJIEHBI 3aBUCMMOCTH M3MEHEHHUsI OTPAKEHHOTO MMITYJIbca BOJIM3M KPUTHUYECKUX
gacToT F-cnost u nccaenoBaHbl X HapaMeTphl.

Onucanue 3KCMEePUMEHTAa U 00CYKIeHHEe MOJYIeHHBIX JAHHBIX
O06o00menHas 6J10K-CXeMa HOHO30H/1a Toka3aHa Ha puc 1.
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Puc. 1. CtpykrypHas cxema nonozonzaa «lukmoun-GPSy»



Nonozonn «luknon-GPS» (momepHmzarmu 2010 1.) uMeeT CleAyrOIHe

XapaKTEPUCTUKU:

e Juarna3zoH pabouux yactot — 1-32 MI'1,

e JUIMTEIBLHOCTHh UMILYJIbCA, Tporpammupyemas — 10—800 mxkc,

e MOIIHOCTbH NEpenaryruka B uMIrysbce — 3—13 kBr,

e YacTOTa cliefoBaHus UMIyabcoB — 1—200 I,

e [Iar MepecTpOMKM 4aCTOThI NporpaMmMupyemsiii — ot 1 kI 1,

e KOJHMYECTBO BHICOTHBIX OTCUETOB — MPOU3BOJILHOE,

e JINCKPETHOCTh OTCUETA BHICOTHI — 0,8 KM, 2,5 KM,

e KOJHMYECTBO YACTOT 30HAMPOBAHUS — MIPOU3BOJILHOE,

e [I0JIOCA MPOIYCKaHUs TpueMHOro yctpoiictea — 40 kI'm,

e pa3psAIHOCTH OU(PpoBKH Mo amrumTyae — 14 paspsgos AL,
e THI MCTOJIb3YEMOW aHTEHHBI — JIBE CKPEIIEHHbIE «JlebThI»,

e CHHXpOHM3AIMs mKail BpemeHn — GPS-npuemMHuK,

e aBTOMaTHyeckas 00paboTka CUTHATIOB HOHOC(HEPHOTO 30HIUPOBAHUSA,
e OIIEPATUBHOE MPEICTABJICHUE IAHHBIX B UHTEPHET,

e apXuWBalUs JAaHHBIX U UX MOCIEAYIOUMI aHAIN3.

HE TOJBKO THUIIOBOM PEXUM pPErucTpallid HMOHOTpamMM, HO U 30HAUPOBAHUE
MOCJIEI0BATENbHOCTHI0O KOTEPEHTHBIX HMIIYJIbCOB Ha (PUKCUPOBAHHBIX YaCTOTAaX,
HEOOXOAUMBIX JJI UCCIIEIOBAHUS JUHAMUKN HOHOC(HEPHBIX CIIOEB.

Ha pagunononurone Kazanckoro ¢genepaibHOro yHUBEpCcUTETa ObLIA MPOU3BE/ECHbI
HKCTIEPUMEHTHI TI0O PETUCTPAIIMM TOHKOW CTPYKTYpbl KPUTHUECKUX YACTOT cJiosi F ¢
MOBBIIIEHHBIM YaCTOTHBIM pazperieHueM. s aToro ammaparypa MOHOC(EPHOTo
koMmiutekca «lluknon-GPSy» [1] Oblia mepeBemeHa B MHHYTHBIM PEXKHM PaOOTHI
peructpaunu uvoHorpamm. Illar mo wactoTe MeXay COCEIHMMHM 4YacCTOTHBIMU
peammzanusamu  coctaBisul =1 k['u. Ycwnenwe PITY P-399A («Karpan») Obu1o
BBICTaBJICHO MaKCUMAJIbHO BO3MOXHBIM, JJI1 BO3MOKHOCTH HA0II01aTh OTPAKECHHE
oT cnosi F Ha MakcuManbHO BO3MOXKHBIX dYacToTax. IlosydyeHHble B Xoje
DKCIIEPUMEHTA JaHHblE Ha Ha4YaIbHOM JTale OYMIIAIACH OT IIyMOB B
aBTOMAaTUYECKOM PEXHUME AOpaOOTaHHBIM LITATHBIM MPOTPAMMHBIM 00ECIIEUEHHEM
KOMILIEKCa JJIs UX JalibHelIIelH o0paboTKu.

Xopol110 3aMeTHO, YTO Ha BhicoTax ~300 KM HAOIIOAAETCS YETKOE OTPAKEHUE OT
X-KOMIIOHEHTHI cJiosi F, 4TO MO3BOJsieT HCMHOJb30BaTh GOpMYy U aMIUTUTYAY
OTPAXXEHHOTO ATOW KOMIIOHEHThl UMIYJbCa, KaK 3TAJIOHHYIO, [IPU UCCIECAOBAHUSIX
OTpaXEHUS UMITYJIbCca BOJIM3U KPUTUUECKON 4aCTOThl O-KOMIIOHEHTHI 3TOT0 K€ CIIOSI.

Hcnonp3oBanne  QOpMBI  H3IIy4YEHHOTO  HUMITyJbCa, KaKk  3TAJIOHHOTIO,
HEMOCPENCTBEHHO HEBO3MOYKHO M3-3a HACBIIIEHUS BXOJHBIX KaCKaJ0OB IIPUEMHHKA,
BBH]Y OJIM30CTH MOCJIEIHETO K MEePEIaTUHKY.



[Ipy BU3yaTbHOM UCCJIEJOBAHUM OYHUIICHHBIX HOHOTPAMM C TOBBIIIEHHBIM
JaCTOTHBIM Pa3pelieHrueM, COAepKamx oTpakeHus kak u O, Tak © X KOMIIOHEHTHI
cnosi F, BBIICHUIIOCH 4TO BOJIM3M KPUTHUUECKOW YAaCTOTHI HAOIIOJACTCS HE TOJILKO
3HAUYUTEJILHOE YIIMPEHHUE CJiefla, HO TOHKas HEOJHOpoJHas CTpykrypa. lIpumep
MOJJOOHO M HOHOTPAMMBbI, COJEPHKAIIYIO TOJIHKO MAKCUMYMbl OTPAXEHHOTO CUTHAA,
NPUBEAECH HA pUC. 2, a U3MEHEHUE (pa3bl CUTHAJIA — HA pUC. 3.
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Puc 2. Pacnpenenenue MakCMMyMOB OTPaKEHHOT'O CUTHAJIA.
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Puc. 3. Ta e nonorpamma, rmoka3aHo pacupeaeneHue ¢as.

Bce 5310 cBHIOETENBCTBYET O TOM, YTO TOHKAas HEOJAHOPOAHAs CTPYKTypa
MPUCYTCTBYET JIMIIb BOJIM3U BBICOT C MAKCUMAIILHOM IJIa3MEHHOM 4acTOTOM .

XOopowo BHUAHO, YTO OTPAKEHHBIM MMIIYJIbC HAa HEKOTOPBIX YacTOTax
IpeTeprieBacT 3HaYUTENbHbIE U3MEHEHUS, KaK [0 aMIUTUTYAE, TaKk U 1o popme, 4To
JIeNaeT €ro HEMpUroAHBIM JJi CPaBHEHHUS C HMMITYJLCOM, OTPaXEHHBIM Ha OT X-
KOMIIOHEHTBI. 3aMETHO TAaKKe€, YTO B HEKOTOPBIX CIIy4asX OTPAKECHHBIA HUMITYJIbC
pacnajiaercsi Ha LyT 00Jiee MENKUX UMITYJIbCOB, CJIEAYIOIIMX APYT 33 JPYTOM.



['maBHOM 1eNbIO HAIIEr0 HCCIENOBaHHWE OBLIO HCCIENOBAHUE Pa3MbITHE
30HAMPYIOUIEr0 HUMITyJbCa B JUCHEPTUPYIOUIEH Ccpene, He CcoJepikaulen
MeJNKoMacIITabHbIX HEOJAHOpoaHOCcTed. MccienoBaHus TakMx HEOJAHOPAHOCTEN
3a/1aya CJIEAYIOLIEr0 UCCIEI0BAHUS, I03TOMY JIJISl UCCIIETOBAHUS U3MEHEHUS (PO PMBbI
UMITyJIbca OTOMPAINCHh TOJBKO T€ pealu3ally, Ha KOTOPBIX OTpaxkeHHbIH oT O-
KOMITOHEHTBI UMITYJIbC UMEI OJUH, ¥ TOJBKO OJHH SIPKO BBIPAKEHHBI MaKCUMYM.

Xopo1io HabIIoaaeTCs TakxKe, 4YTO pu NpuOImKeHun Af Kk KpuTHUeckoi yacToTe
ciost F, aMmnmuTya oTpaXXeHHOT0 UMITYJIbCa MOCTOSIHHO YMEHbINAETCS OT 4acTOTE K
4acToTe, a ero mupuHa (abCOIOTHAS W/WIM OTHOCHUTENbHAS ), HAOOOPOT, BO3PACTAIOT.
HccnenoBanoch KOJUYECTBO TMOSIBICHUS MOJOOHBIX “YIIMPEHHBIX  WMITYJIbCOB.
B6mmM3u KpUTHUECKUX YacTOT, BEPOSITHOCTH TMOSIBICHUS YIIUPEHHOTO HUMITYJIbCa
3HAUUTEJIbHA U MOKeT mocturatb 90% u Oonee. Ha wactoTax ’xe, OTCTOSAIIMX OT
kpuTrdeckor dactoThl BHU3 Ha 300 u Gomee k1 adhpekT mpakTraeckn mepecTaer
HaOJIIOIaTHCS.
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Puc. 4. BeposTHOCTh TOSBICHUS TOTO, YTO JUIMTEIbHOCTH D, oTpakeHHOTO
UMITYJIbCa O-KOMIIOHEHTHI TPEBBIIIACT JIHUTENLHOCTh Dy umimynbca X-KOMIIOHEHTBI
P(D,>D,) B 3aBucumoctu ot ynainenus Af= (foF2—f) ot kputrueckoit uacToTs! cios
F. OtHocuTenbHas CTENEHb TaKOTO yHMpeHusi oTHocuTenbHO Do/Dy Takke B
3aBucumMocTH oT ynaineHus Af= (foF2—f) ot kputnueckoii wactotsl cios F.

[Ipu paccMOTpeHUM BEIMYMHBI YIIMPEHHUS, OKa3aJoCh, YTO OTHOCUTEIHLHOE
VIIMPEHUE HWMITYJIbCA MOXET COCTaBJIATh 2-3 pa3a, JHUHEWHO YMEHbIIASICh C
YMEHBILICHUEM YacTOThl MU3MEPEHHS OT KPUTHUUECKOW U TMepecTaeT HaloIaThCs
IIPUMEPHO HA TEX K€ YaCTOTAX, HA KOTOPBIX BEPOSATHOCThH MOSIBJICHUS YIIUPEHHOTO
UMITYJIbCA CTAHOBUTCS OTHOCHUTEIILHO Majla KOTOPBIX BEPOATHOCTHb MOSBICHMUS

VIIUPEHHOTO HWMITYJIbCa CTAaHOBUTCS OTHOCHUTENBHO Mayia, YTO U JIEMOHCTPUPYET
Puc.4.
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3aKJI04YeHue

B pe3ynbTare npoBeIEeHHOT0 SKCIIEPUMEHTA MOYKHO CJI€1aTh BBIBOJIBI, YTO:

e BOmM3M KpUTHMUECKON YacTOTbl OTPAXKEHHbIM HMIIYJIbC MPETEPIEeBAET
HauOOJIbIINE M3MEHEHUS, MOXKET MEHITh (POpMy, pacnaiarbCs Ha PsJl OTACIbHBIX
UMITyJIbCOB, €ro AaMmIUIMTyJa MOJKET 3HAaYuTeNbHO YMeEHbIIaThesi. Bce 3T0
3HAUUTENBHO 3aTPyIHSET aHAJIU3 OTPAXKEHHOTO HMITYJIbCa BOJU3M KPUTHYECKUX
gacToT cJyos F.

e BOmMBu KpuTHYECKUX 4acTOT cliosi F Takke B momaBisromeM OOJBIIMHCTBE
komyecTBe ciaydaeB (~90%) wHaOmromaeTcs yIIMpPEHHE OTPAXCHHOTO OT CJIOS
umnyinbca. YacTtoTHas oOJacTh YIIMPEHUS UMIYJbca OOBIYHO HEBEIMKAa U HE
npesbimaet 300 kI 11 OTHOCHUTENBHO KPUTUYECKOM YaCTOTHI.

e OTHOCUTENBHOE VIIMPEHHE HMITYyJIbCa HAa TAaKMX YacTOTaX COCTaBISIET
NpUMEPHO 2-3 pasa, yBEeIMYUBAsACH PU NPUOIMKEHUN K KPUTHUECKOW YaCTOTE CJIOs
F.

Pabora HYXKJaeTcst B JabHENIIeM NPOJOJDKEHUH  MPOBEJICHUs
AKCIIEPUMEHTAILHBIX M3MEPEHUI C TMOBBIIMIEHHBIM YACTOTHBIM Pa3pEIICHUEM IS
MOJTYYEHUS JJIMHHBIX PAJTOB JaHHBIX U MPOBEJICHUS CTATUCTUYECKUX UCCIIETOBAHUN.
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