MMHHO-TEOJIOKKH YHUBEPCHUTET ,,CB. UBAH PUJICKN”- CO®US
MunHOTEXHOJIOTHYEH (haKynTeT, Kareapa ,,MapKIaiaepcTBo u reoe3us’”

mar. uHx. Becena Banentunosa MuitanoBa

[IPYJIOXKEHUE HA XXMUPOCKOITMYECKOTO OPUEHTUPAHE B MAPKIIANJEPCKOTO
OCHUTI'YPABAHE HA IIOA3BEMHOTO PASPABOTBAHE HA HAXOJUINATA 1 ITIOA3EMHOTO
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-

ABTOPE®EPAT

Ha JUCepTalus
3a MPUCHKIaHe Ha oOpa3oBaTeIHATA U HAyYHA CTeleH ,,JlokTop”

HAYYEH PBKOBOAMTEJIL:
npod. a-p umk. Momuni MuHueB

Codums, 2017



W3ka3BaM ab100Ka MPU3HATEIIHOCT KbM HAydyHHUS CH PbKOBOAWUTEN mpod. Momuun MuHYEB, KOWTO OT
CaMOTO Hayallo C THPICHHE U BCEOTAAMHOCT € 0 MEH B TOBa NIbTELIESCTBHUE. biaromaps oT chbple 3a
BIBXHOBSIBAIIMA TPHUMEp, TJIACYBAaHOTO [OBEpHE, KPUTHKUTE W TIPUATEIICTBOTO Ipe3 TONWHUTE Ha
ChBMECTHATa HU paboTa. be3 HeroBara ChIPUYACTHOCT U MOJKpENa pa3pabOTBAHETO HA TOBA U3CJICABAHE OU
OMIJIO HEMHUCIIUMO.

bnaromaps Ha konerure oT Katenpa ,,MapkmaiinepcTBo U reoaesus’ 3a OT3MBUMBOCTTA, CHIACHCTBUETO U
YBa)KEHHETO.

brnaronapst Ha ceMeWCTBOTO CH 3a OKa3aHaTa MOAKPENa U MPOSBEHOTO pa3OHpaHe B TPYAHUTE MOMEHTH.



MHUHHO-TEOJIOKKHA YHUBEPCHUTET ,,CB. UBAH PUJICKN”- CO®USA
MuHHOTeXHONIOrH4YeH (BakynTeT, KaTeapa ,,MapKiaiaepcTBo u reoae3us’”

<

mar. nHk. Becena BanenTnaoBa MuianoBa

[IPMJIOXKEHUE HA )KUPOCKOITMYECKOTO OPUEHTHUPAHE B MAPKILIAMJIEPCKOTO
OCUI'YPABAHE HA ITOA3EMHOTO PASPABOTBAHE HA HAXOAUIIATA U ITIOA3EMHOTO
CTPOUTEJICTBO

ABTOPE®EPAT

Ha AucepTanus
3a MpHUCHXKIaHe Ha 0Opa3oBaTeTHaTa W Hay4Ha CTeleH ,,JlokTop”

Hayuna criennanuoct 02.08.01: ,,MapkaiiaepcTeo”
[Tpodecnonanno HamnparieHue 5.7: ApXUTEKTypa, CTPOUTEIICTBO U T'€OIC3Hs
O6nact na Bucue oOpasoBanue: 5. TeXHUUECKN HAYKH

HAYYHO XVYPU:
nou. 1-p urxk. Cranucnas Tonanos — mpezncenaren
npod. 1-p uHx. Momuns MuH4eB
npod. ATH uHK. Metoan MaxpakoB
npod. 1.uK.H. uHXK. AHApel AHIIpeeB
npod. a-p umk. FOpwuit /lages

PE3EPBHU YJIEHOBE HA CbCTABA HA HAYUHOTO XVYPU:
npod. a-p k. Kotino boes
Jou. A-p unk. [Inamen Muxaitnos

Codms, 2017



HucepranmoHHuat Tpya e ¢ odem 200 cTpaHUIM, BKIIOYBAIL OCHOBEH TEKCT M MPUJIOKEHUS C PE3yNTaTd OT
EKCIIEpUMEHTATHOTO H3Cie[BaHe W TiaxHata o0padoTka. OCHOBHUST TEKCT CE ChCTOM OT. BBBEACHHUE, JBE
OCHOBHH YacTH- TEOPETHYHA H MPAKTHIECKa ¢ 00OOMICHUS W M3BOJIU; 3aKIIOUCHUE U TIPETCHITUH 32 IPUHOCH;
My OIMKAIHH IO TeMaTa Ha AucepTanuoHHuS Tpyd- 4 Op.; Oubmuorpadcku cruchbk oT 89 Op. U3TOYHUITH, B T.4.
16 ©p. uHTEpHET pecypeu, 23 Op. Ha Kupuwinia u 66 Op. Ha datuHuna. OCHOBHUST TEKCT € OHarjeneH ¢ 35
¢urypn, 25 Tabnunum u 93 HoMepupaHu GOpMyIIH.

Homepauusita Ha BKIOueHHTE B aBTOopedepara (urypu, TabmMUM W (QOpPMYIH CHOTBETCTBA HAa Ta3u OT
JIcepTalMoHHMS Tpy . B aBTOpedepara e akTyanu3upaH CIUCHKBT C U3M0JI3BaHATa JINTEpaTypa.

JIOKTOpaHTBT € 3a4uClieH 3a pefoBHA ¢opMa Ha oOydeHUEe KbM Kareapa ,,MapKIaiIepcTBo u reoje3us’”’ Ha
MuHHOTEXHONIOTHYEH (aKylITeT mpu MUHHO-TEONIOKKH yHUBepcuTeT ,,CB. MBan Puncku” che 3anoBen Ne P-
275/12.03.2014 1. mo Pemenne na ®C Ha MurHOTeXHONOTHYEH (akynteT oT 06.03.2014 r.

JucepTallnOHHHUAT TPy € OOCHJCH M HACOYCH 3a 3allluTa IpeJ] Hay4yHo XypH Mo PenieHue Ha pasmmpeH
KaTeJPeH ChBET Ha Kareapa ,,MapKIiaiiepcTBo 1 reojie3us’” KbM MUHHOTEXHOJIOTHYEH (DaKkynTeT Ha MHUHHO-
Te0JIOKKU YHUBEpPCHTET ,,CB. MIBan Puncku”, npoBeneH Ha 16.11.2017 r.

JIOKTOpaHTBT € OTYMCIIEH C TpaBoO Ha 3ammTa ¢ PemeHne Ha (akynTeTHUS chbBET IpU MUHHOTEXHOJIOTHYCH
¢akynrer Ha MuHHO-Te00KKH yHUBEpcUTeT OoT 16.11.2017 .

3amuTaTa Ha IUCePTAlMOHHUS TPY/I IlIe C€ ChCTOM Ha OTKPUTO 3aceJaHue Mpes HaydHo >kypu Ha 15.03.2018r.

Agtop: mar. unx. Becena Munanosa

3armasue: IlpumoxeHue Ha JKHPOCKOMHYECKOTO OPHEHTHPAaHE B MAapKIIAWIEPCKOTO OCHTYpsiBaHE Ha
MOJI3EMHOTO pa3pabOTBaHE HA HAXOAUIIATA U TIOA3EMHOTO CTPOUTEIICTBO

Texkcr: 25 ctp.
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I.  OBIHA XAPAKTEPUCTUKA HA IMCEPTALIMOHHUA TPY ]

JucepTallMOHHUAT TPYJ pas3riiexkga METOIUTE Ha aBTOHOMHO T€OJE3UYECKO OPUEHTUPAHE U CBBP3AHUTE C
HETO CICIUaIN3UpaHd U3MEPBaHHU ¢ 0cOOEHa 3HAYMMOCT 32 MUHHO-JOOMBHOTO CTPOMTEICTBO, T€OAC3HATA,
MOJI3EMHOTO CTPOWTENICTBO, KaKTO M 3a TOANBPKAHETO W eKCIUIoaTaluATa Ha DPa3InYHA WHKEHEPHU
ChOPKCHUS, W3TPAXKAAHE HA WHPPACTPYKTYPHH TPOSKTH, METPOMOIMTECHH, XHUJIPOTEXHUYSCKU U
TpaHCTIOpTHU TyHenu. [lomydaBaHeTo Ha CTOWHOCTHUTE HA TBPCEHWUTE IIapaMeTpu Cce OCHOBaBa Ha
JKUPOCKOIMYHUS €(PEKT, TCOPETUYHATA OCHOBA 32 KOWTO € TACHO CBBpP3aHA C JUCTAHIIMOHHUTE METOIU H
ChBPEMCHHUTE TEXHHYECKU CpEACTBA 3a CHOMpaHE Ha TEONPOCTPAHCTBCHHM JaHHHM 3a pCIICHUEC Ha
Te0Ie3NIECKH, aePOTE0IE3MIECKH 1 TOTIOrpadho-reoqe3NIeCKH 3aJauH.

AKTYaJIHOCT ¥ 3HAYMMOCT HAa TeMaTa 32 HayKaTa M NPaKTHUKaTa

Enna oT Haif-chlIecCTBEHUTE U OTTOBOPHHM 3aJauyl IpeA reofe3UCTUTE U MapKIIalJepuTe € MOJCUTYpsIBaHe Ha
€JMHHA OpHEHTallUsd Ha Teojie3nuecKkaTa Mpexa Ha MOBBbPXHOCTTA M MOJ 3eMsATa, TOraBa KOrato ce kKacae 3a
MOJ3eMHO pa3paboTBaHe HA MOJE3HU N3KOMAeMH M IMOA3EMHO CTPOUTENICTBO. Pa3BuTHETO HA MUHHUTE PabOTH
B ABJI0OYMHA Ch3/IaBa U3BECTHH 3aTPYIHEHHS IPU MIOCTUTAHE Ha HEOOXO0JMMaTa TOYHOCT IIPH T'e01e3UIEeCKOTO
NpUBBbP3BaHE Ha MOA3EMHUTE XOPH30HTH M MIPH pa3BUTHE HA MUHHUTE paboTH B IUIaH U B Ibi0ounHa. Hapen
C OCHUTYpSBAaHETO Ha €OUHHA TIEO/Ae3MYEeCKa OpPUEHTAlMs, OCHOBHA 3aladya MNped MapKIIaiiepure € Hu
MEPUOANYHUAT KOHTPOJI HAa OpHEHTHpaHeTo. B moBevero ciyyan )KHPOCKOIMUYECKOTO OPHEHTHPAHE € Pa3yMHO
peweare. KOHTponbT, HE3aBUCUMO OT PETVIAMEHTUPAHUS WM [IPETIOPBUUTEIICH XapaKTep, € 0COOEHO BaXKEH B
JeficTBAINTe MUHHN OOEKTH, KBJIETO MbPBOHAYATIHA OPHEHTAIMS € OCBHIIECTBEHA Ype3 KIACHUECKH METO/U.
EBeHTyanHuTe TpemiKd, IOMYyCHATH MpPH OMpPENeIsIHETO Ha IMOA3EMHHUTE IIOJUTOHOBH IOCOYHH BINIH €
BB3MOXHO Jla C€ OTCTPaHAT EAMHCTBEHO IO aBTOHOMEH CIIOCO0, 4Ype3 oOmpenensHe Ha a3suMyTH II0
JKUPOCKOIHMYEH ITBT.

Hapen ¢ ToBa, ye METOABT Ha JKUPOCKOIMMYHO OPHUEHTHPAHE HOACUTYPSIBa BUCOKA TOUHOCT IPH ONpeeIITHE Ha
a3UMYT, XapakTepHU Ca W HAKOM HENOCTAThLH- CHILIECTBYBALIUTE HHCTPYMEHTH, BKIIOUUTEIHO M Hai-
CHBPEMECHHUTE MOJICNH, C€ OTIMYaBAT C rOJeMH rabapuTH M CIOKHO KOHCTPYKTUBHO H3ITBJIHEHHE, MOpaIu
HAJIMYMETO Ha MEXaHWYHU POTOPHH KUPOCKOIH B KOHCTPYKLHUATA UM.

C pa3BUTHETO M Ha TEXHUKATa U TEXHOJOTHATA CE€ CTaBa Bb3MOXHO FeHepUpaHe Ha KUPOCKOIIMYHHU CBOMCTBA
B Pa3IMYHHU YCTPOICTBA NMpH TOBa HE 00€3aTETHO KOHCTPYKUHUS C OBP30BBPTAIIM ce eneMeHTH. Olme mpu
I'bPBOHAYAJIHATA T0SIBA HAa IbPBUTE JEMOHCTPALMH HA JIA3EPHU JKUPOCKOIHM OYAKBaHUTA ca Te Ja ObIaT
BHEJPEHU KaTO alTEpHAaTHUBHO pEUIeHHEe B KOHCTPYKLHUATA HAa HWHCTPYMEHTHUTE 3a >KHPOCKOIHUYECKO
opueHtupaHe. KbM TO3M MOMEHT H3KIIOYUTEIHO OBP30TO Pa3BUTHE HA ONTUYHOTO IPOM3BOJICTBO,
HAaHOTEXHOJIOTMUTE, MUKPOIPOIIECOPHATA M KOMITIOThPHATA TEXHMKA MO3BOJIABA KUPOCKOTUYHUTE CBOMCTBA /1a
ce TMpOABSBAT B Pa3jMYHU EJIEKTPUYECKH M ONTHYHH ycTpoicTBa. ChBPEMEHHHUTE H3CIEABAHMS JIOKa3BaT
CBIIECTBEHH IPEIMMCTBA W TEOPETUYHATa BB3MOKHOCT Ha OCHOBaTa Ha TiIX Ja OBAaT Cb3IaACHH
JKUPOCKOTMYHU MHCTPYMEHTH M CHCTEMH, B TOBA YMCIIO U C TIOYEPTAHO T'eoie3nuecka HacOueHOCT. Brmpeku
Yye Ta3d Wies € MpeaMeT Ha 3acWiIeH H3CJIEeJOBATeJICKM HWHTEpeC B CBETOBEH Mamad, yChbBBPIICHCTBaHU
MOJIEJTH JKMPOCKOIIMYHH TEOJOJIUTH Ha TO3W €Tall He ca peanusupanu. [IpuumHUTE 32 TOBa ca MpeaAMeT Ha
W3CIIe/IBAHE B TEOPETHUYHATA YacT Ha JUCEPTAlMOHHHS TpyA. [IpernenpT Ha myOIuKaluuTe mpe3 MOCIeTHUTE
TOJMHU TI0Ka3Ba, Y€ MPHJIOKEHUETO HA KUPOCKOIMMYECKOTO OPUEHTHPAaHE B CBETOBEH Mallad € akTyajaHo U €
HEU3MEHHa 4YacT OT OTroBopHaTa paboTa Ha WH)KeHepuTe. Temara mpeacTaBisiBa MHTEpEC 3a aBTOPUTE Ha
MHOECTBO ITyOJIMKALIMH U € IIPeaMeT Ha pa3paboTBaHe Ha Peaula eKCIEPUMEHTAIHNA U HayYHH U3CIICBAHMS.
YcnopeaHo ¢ ToBa, HA TEPUTOPUATA HA CTpaHATa Mpe3 MOCIETHUTE TOAMHH KUPOCKOIIMIHO OPHEHTHPAHE Ce
M3II0JI3Ba TBBP/IE OTPaHU4YeHO. B cirydanTe, KoraTo HOpMaTHBHUTE WIH clierudukaTa Ha paboTa ro U3UCKBAaT, €
MIPUETO M3IIBIHEHUETO J1a C€ Bb3Jlara Ha YyXAECTpaHHU M3NbIHUTENH. [IpyumHuUTE 32 TOBa ca HESICHU, HO
apryMeHTUTE B Ta3M MOCOKA Ca CBBP3aHHM C HEOOXOIUMOCT OT MPOIBJDKUTETHA MOArOTOBKA HA ONEPaTOPUTE,
JUIICa Ha ChbBPEMEHHA amaparypa, TPOMaBOCT Ha M3MepBaTelHaTa Mporpama, HECUTYpPHOCT B TOYHOCTTA M
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JOCTOBEPHOCTTA HA JaHHWTEe, HaOaBeHHM C HMHCTPYMEHTH OT IO-CTapo TMOKoJeHHWe. M3uckBaHusiTa 32
eTAJIOHNpaHe HAa WHCTPYMEHTUTE, HAIIOXKEHW OT WHCTPYKIMHTE 32 EKCIDIOATAIHs, 3HAYMTEIIHO HaMalsiBaT
MHTEpeca KbM NPUIOKEHHE Ha METO/a 32 aBTOHOMHO OpueHTHpaHe. OTrOBOPHOCTTa 332 M3MBIHEHUETO Ha
MEPUOANYHO €TATOHUpPAaHE € MPOIBIDKUTENCH IPOIEC, KOWTO IOMBJIHWTENHO 3aTpynHsBa paboTata Ha
Mmapkmaigepute. [locoueHute aprymMeHTH HE BIMSSIT BBPXYy 3HAUMMOCTTa M KadecTBara Ha
KUPOCKOTIMYECKOTO OPHEHTHpaHe 3a MapKilaiaepckara aeidHocT. [locoueHuTe apryMeHTH HE BIUSST BBPXY
3HAYUMOCTTa W KadecTBaTa Ha >KHPOCKOMMYECKOTO OPHEHTHpaHE 3a MapKimainepckaTta AeiHocT. Te obade
00yciaBAT HEOOXOIUMOCTTa OT H3CJIEABAaHE BBPXY TEXHHYECKOTO CBHCTOSHHE HA IKHUPOCKOMUYECKUTE
WHCTPYMEHTH M THpPCEHE Ha MOJXOJ 3a ONTHMH3WpaHE Ha peamu3alusaTa Ha MEeToJa, KOeTO NpeaAMeT Ha
M3cJeIBaHe B PAaKTUYeCcKaTa 9YacT Ha JUCEPTAIlIOHHUS TPY/I.

O0eKT U npeaMeT HAa U3CJIeBAHETO

OO0eKT Ha H3ceaBaHe € METOIBT Ha KUPOCKOIMYECKO OPHEHTHPaHe, a IPeMET Ha pas3riekiaHe ca HaunHUTE
3a ONTHUMM3MpaHE Ha TpakTUYecKaTa peaau3als Ha METOAa, KAaKTO U TEepPCHEKTUBUTE B IIOCOKa
YCBBBPUICHCTBAHE HA HHCTPYMEHTHTE 32 aBTOHOMHO OPUEHTUPAHE.

IHes 1 3a0a41 Ha U3CJIEIBAHETO

OcHoBHaTa Ile Ha HACTOSIIMS JUCEPTALMOHEH TPYA € H3CIe/BaHe M ONTUMH3UpaHE Ha MeToja Ha

KUPOCKOIIMYECKOTO OPHUEHTHPAHE, OCHUTYPSABAIIO CHBPEMEHHOTO €(EKTUBHO MPUIOKEHHE INPH IOJ3EMHO

pa3paboTBaHe Ha HAXOJUIIATA U TOJ3€MHOTO CTPOUTEIICTBO.

3a mocTura”e Ha 1enTa ca Ae(UHUpaHU OCHOBHHM 33Jadll B TEOPETHUYEH U MPAKTUUECKH ACHEKT, KaTO IPeaAMET

Ha U3CJIeIBaHE Ha ChOTBETHUTE YaCTH HA IUCEPTALMOHHUS TPYI, a UMEHHO:

C ornmex crnenudukara Ha HMHCTPYMEHTHUTE 3a >KMPOCKOMMYECKO OpHEHTHpaHe M NpeAUMCTBAaTa Ha

CHBPEMEHHUTE )KUPOCKONINYHU TEXHOJIOTHH:

e Jla ce u3yyar M aHaIM3MPAT CHBPEMEHHOTO CHCTOSIHUE W PAa3BUTHUETO HA OCHOBHHUTE TPyHH OE3pOTOPHH
KHUPOCKONM U JAa ce (opMyiaHpa IMPOTrHO3a, OTHOCHO OBbJeIla Bb3MOXKHOCT 3a YCHBBPIICHCTBAHE Ha
KUPOCKOIIMYECKaTa 4yacT Ha anaparypaTa.

C’L06pa3HO HAKOUN OTPAaHUYCHHS, HAJIOKCHU OT NPAKTUYCCKA p€ain3anusa Ha METO/1a:
L4 I[a CC aHaJIM3UpaT Bb3MOXHOCTUTEC 3a OITHUMU3UPAHC HA METOAA KUPOCKOIMUYCCKO OPUCHTHUPAHE U 1A CC
n3cjacaBa e(i)eKTI/IBHOCTTa OT INPHUIIOKCHUCTO MY B pCaJIHU YCJIOBHS Ha U3MCPBAHC.

O0xBaT Ha H3CJIeBAHETO

U3zcnenBanero oOxBamia TMperyie[i Ha JIMTEpaTYpHUTE HW3TOYHHWIM B INUPOK BpEeMEBH Juana3oH. B
XPOHOJIOTHYEH pEJ HAKPaTKO € IMpOCIeNcHa IMOosBaTa M PAa3sBUTHETO HAa POTOPHUS YKUPOCKON C KAPAAHHO
OKauBaHE OT MMBPBOTO jAeceTmwierue Ha XIX-tu Bek. B mpska Bpb3ka ¢ IeUHUPAHETO HA HSKOM ChIIECTBEHU
MOMEHTH € M3CIEIBAHO PA3BUTUETO HA METOJIUTE HA >KUPOCKOIMYECKO OPUEHTUPAHE HA TEPUTOpUATA HA
CTpaHaTa U 00CTOEH Iperje] Ha HUINYHUTE HAyYHHU MyOJHKalMY 10 TeMaTa. Bb3 ocHOBa Ha myOnuKaluu OT
MIOCJIETHATE TOAUHU € U3BBPIUEH KPUTHUYEH IIPErjie]] Ha Hal-ChbBPEMEHHMTE XUPOCKOINYHU TEXHOJIOTMH B
CBETOBEH Malao.

MeTtoau Ha H3CJIeIBaAHE

3a mocTHraHe Ha IENITa Ha M3CJICIBAHETO M Pa3pellaBaHe Ha IMOCTABEHUTE 3a/add ca W30paHu OOIIOHAYIHH
METOAU Ha HaYLIHOTO ITIO3HAaHHUEC, B 3aBUCUMOCT OT KOHerTI/IKaTa Ha TeOpeTI/I‘IHI/IH u HpaKTI/IT-IeCKI/Iﬂ ACIICKT Ha
H3CJICIBaHE:
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e TeopernueH aHalW3- MPOyYBaHE U OMNO3HABAaHE Ha MPEAMETUTE HA M3CJIECABAHE C IEN pa3KpHUBaHE Ha
CBIIHOCTTA UM;

e (paBHEeHHE- CHIIOCTABSIHE Ha MPU3HAIINTE HA CXOACTBO M Pa3jINdHe Ha Pa3IUIHUTE OOCKTH Ha HU3CIICABAHE
Y YCTaHOBSBAaHE HA OCHOBHU 3aBHCUMOCTHU MTOMEKIY UM;

e CuHTE3- YCTAaHOBSBAHE Ha BpBh3Ka MEX]Y ONPEACIICHU YePTH U CBOICTBA.

M3nom3Banu ca v 00IIKM METOAHM HA EMITMPUIHOTO M3CIICIBAHE - HAOJIOICHNEe, M3MEPBaHEe U EKCIICPUMEHT.

IpujI0:KMMOCT H MOJIE3HOCT

JucepTaniioOHHUAT TpyA MOXe JAa Oble OT Toi3a Ha HACTOSIIUTE W OBJEmH CIeNHAINCTH 10
MapKIIalJepPCTBO U T€OC3Hs, KAKTO U Ha CIICIUAIMCTUTE OT IPYT'H HAyYHU 00JIACTH, IMAIU OTHOIIICHHE KbM
ABTOHOMHHUTE METOIM 3a OpWeHTHpaHe. PesynraTtuTe OT M3CIENBAaHETO ca TMPIJIOKWMHU TPHU pEIICHHE Ha
pa3jINyHU 33J]a4M, CBbP3aHK C MapKIIalJepCKOTO 00CTyKBaHE MPH J00OKMBA Ha MOJ3EMHU OOraTCTBa, KAKTO H
B YCJIOBHSI Ha TIOJJ3EMHO CTPOUTEJICTBO MPH U3TPAXKAAHE U MOAIbPKAHE HA TIOJ[3eMHAa HH(PPACTPYKTYpa.

ExcnpumenTanHara paboTa € peanu3upaHa C KUPOCKONMHYHH HHCTPYMEHTH 332 aBTOHOMHO TI'€0Je3MYECKO
OpUEHTHpaHE, HAJTMYHU B KaTeapa ,,MapKiainepcTBo U reofe3us’” KbM MHUHHO-TE€0JI0KKH YHUBEPCUTET ,,CB.
Wsan Punickn”. [lpu 06paboTkara Ha pe3ynTaTUTE OT EKCIIEPUMEHTA ca U3IOJI3BaHA COPTYEPHU MPOAYKTH.

Il. OCHOBHO CBABbPXAHUE HA JTUCEPTALHIUOHHUSA TPY ]

1. TEOPETHMYHA YACT

OcHoBHaTa 3ajada Ha TEOpETHYHATA 4YacT € M3CJeIBaHE Ha CBhCTOSHUETO U ChbBPEMEHHUTE TEHACHLMH B
pPa3sBUTHETO HA OCHOBHUTE TPyNH OE3POTOPHU >KUPOCKONMUW W (OpMyNHpaHe Ha TPOTHO3a, OTHOCHO
BB3MOXKHOCTTA OT BHEAPSIBAHETO UM B YCTPOWCTBOTO HA >KHPOCKOIMYECKUTE TEOJOJIHUTH, KaTo ajJTepHAaTHUBA
Ha MEXaHUYHHUTE POTOPHU.

Pemenuero Ha 3amadara ohopMs CIIeTHUS METOAUYCH Pel:

e [loapoGen 0030p Ha aKTyallHATa JIUTEpaTypa, CHHTE3 U CpaBHEHUE HA HaJIMYHATa HH)OPMAIIHS

e OCHOBHHM M3HCKBAHMATA KbM >KMPOCKOIUTE, B KAUECTBOTO HAa YYBCTBUTEIIHU €IEMEHTH B KOHCTPYKLIHATA
Ha JKUPOTEOJOTUTHTE;

e li3yuaBaHe HAa OCHOBHUTE TPYIH KUPOCKOIH, KOHCTPYKTUBHATA CX€Ma, IIPUHIIAII Ha JeicTBHe, (GU3MIHU
3aKOHH, Ha KOWTO C€ MOAYMHSIBAT, OCHOBHM W3TOYHHWIM HA TPEIIKH U (HAKTOPUTE, BIHSCIH BHPXY THX,
XapakTepHH MPEAUMCTBA U HEJIOCTATHIIH, KAKTO M 00JIaCTUTE HA IPUIIOKEHHETO UM;

e B®3 0cHOBa Ha MPOBEIEHOTO MTPOYYBaHE J1a C€ 00O0OIIAT MEPCIEKTUBUTE, OTHOCHO OBJICTII HOBOBHBEICHUS
B )KHPOCKOIIMYECKaTa YacT Ha HHCTPYMEHTHTE.

OuvakBaH pe3yiTaT OT TEOPETHYHHUS aHAIN3 € Ja Ce HaMepsAT NPUUYMHUTE, MOpagd KOUTO POTOPHHUTE

JKUPOCKOTIH ca abCONMIOTHO JOMHHHUpAIIA TEXHOJOTHS B YCTPOHCTBOTO HA >KUPOTEOJOJUTUTE OT MOsBaTa Ha

IBPBUTE HMHCTPYMEHTH [0 Hal-yChbBBPUIEHCTBAHUTE ABTOMATHU3HPAHU KMPOCKONWYHM HW3MEpBATEIHU

CTaHIINH.

1.1. OCHOBHMU PE3VYIJITATU OT TEOPETUYHOTO M3CJIE/IBAHE

OCHOBEH NpPHHIMI, Ha KOHTO CE€ OCHOBAaBaT JKMPOCKONHUTE € 3ala3BaHe Ha MOMEHTa Ha HMIyJca. 3a
MEXaHUYHUTE JKUPOCKONM IIPU 3aBbPTAHETO HA POTALMOHHATA OC HAa HIKAKbB BIbJI  BBb3HHUKBA
NPOTHBOIIOJIOKEH MOMEHT, TOJIEMHHAaTa Ha KOWTO 3aBHCH OT Qopmara, pasMepHuTe, MacaTa M BIJoBaTa
ckopocT. BenencTBue Ha HEHTPOOEKHUTE CHITH, JEMCTBAILM BEPXY POTOPA € HAIUIE KUPOCKOIIMYEH EEKT.
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[TomoOHO Ha MHEpIUATA HA BEPTSIIUTE CE Tea, CBOMCTBOTO HA CBETIMHATA B 3aTBOPECH BBPTSAIIL CE KOHTYP Aa
ChXpaHsBa TOJOXEHHETO CH B WHEPIHATHOTO IMPOCTPAHCTBO, M3BECTHO Karto edekT Ha CaHsSK, CTOM B
OCHOBaTa Ha T.HAp. ONITUYHHU XUPOCKOMNH. ToBa CBOMCTBO ce HAOJIOaBa KaKTO MPH €JISKTPOMArHUTHH BBJIHU
BBB BBPTSII C€ KOHTYp, TaKa W MPHU MOTOLHX OT €JIeMEeHTapH! YacTHIM, B3 OCHOBA Ha KOETO ce pa3paboTBar
Hal-CbBPEMECHHUTE >KUPOCKOIMYHU TEXHOJOTHHU. PasriieaHu ca OCHOBHUTE Pa3HOBHIHOCTH HAa ONTUYHUTE
JKUPOCKOIH, MPHUHIMIBT HA JCHCTBHE HA BUCOKOTEXHOJOTUYHUTE SIAPEHHU >KUpOCKOmu. Pasrnenmanu ca u
BUOpAIlMOHHNTE JKHPOCKOMH, KOMUTO CE€ MOAYMHABAT HA MPUHIMIA 34 3ama3BaHe Ha IOCOKAaTa Ha
BHOpaIMuTEe CH IIPH BHPTEHE HA OCHOBAaTa Ha BUOPUPAIIOTO TSUI10. Ta3u TEXHOJIOTHS € MpeCTaBeHa

1.1.1. CBIWECTBEHU N3MCKBAHUMA KbM UYBCTBUTEJIHUTE EJIEMEHTU

Y CcTaHOBEHO €, Ue JKUPOCKOIMYECKUTE H3MEPBAHUSATA, C LIEJ T€OIe3NIECKO OPUEHTHUPAaHE U KOHTPOJ, OCTABAT
3aBUIICHN KPUTEPHUU TI0 OTHOIIEHWE Ha TOYHOCT W CTAaOMIIHOCT Ha AaHHWTE. TOYHOCTTAa HA ABTOHOMHHTE
MU3MEpBaHMs 3aBUCH OT TOYHOCTTa Ha MHCTPYMEHTa, KOATO Ce 3afaBa OT KadecTBaTa Ha YYBCTBHUTEIHUS
eneMeHT. ToBa € B cHja HE3aBUCHMO Jalld NPUHLUIINTE HAa ACWCTBHE CE€ MOMYMHSIBAT HA 3aKOHUTE Ha
KJIacMYeckaTa WJIM KBAaHTOBaTa MeEXaHHWKA. VI3MCKBaHETO 3a MOBTApPSEMH M CTAOWIHM [aHHH Hajara
TEXHUYECKUTE XapaKTEPUCTUKH Ha CEH30PHUTE Jla OTTOBApSAT HAa OIpPEICNICHH CTOHHOCTH, 3alaJeHH KaTo
(GYHKIHSA OT ThpceHaTa TOYHOCT B IEPHO/IA HA H3MEPBaHE.

B chImHOCTTa ¢ OpPUEHTHPAHETO ¢ aBTOHOMHH CEH30pH € CBBP3aHO C IPOCJEsSBaHE U PETUCTpPUpaHE Ha
WHQOpMAaIUs, HOCUTENN Ha KOSATO ca KojeOaHWs BbB BpeMeTO MoJ GopMaTa Ha KoieOaTelnHO IBHKEHUE Ha
curHana. [Ipuponmara Ha curHama, B 3aBUCHMOCT OT THUIIA TEXHOJOTHS HA JKHUPOCKONMYHHS CEH30p, €
MEXaHHUYHA WM eJeKTpOMEXaHHWYHa BbIHA- 32 POTOPHHTE W BHOPAMOHHHUTE JKUPOCKONH, HIIH
€JICKTPOMAarHUTHA BBJIHA- 32 ONITHYHUTE KHUPOCKOIH M KBAHTOBHUTE >kupockonu. HesaBucumo ot ¢pusnueckara
NpUPOJA, Pa3MPOCTPAHCHUETO € C MEPUOAMYEH XapaKTep, CBBP3aHO C peayBaHEe HAa MaKCHMAHH |
MUHHMAJIHU CTOMHOCTH HAa TapaMeTpUTe Ha BBJIHHUTE: YECTOTA, HANPEKCHHUE, aMIUIUTyJa W WHTCH3UTET.
YTouHeHO €, dYe yClIOoBHE 3a KadyecTBO Ha uHpopMmamusara € KojeOaHWsATa HAa BBJIHHTE Ja OBbaaT
NPOMOPLUUOHAIHU Ha OTKJIOHEHHETO OT PaBHOBECHOTO MOJIOKCHHUE, T.€. TPENTECHUATA Ja ObJaT XapMOHUYHH
(MoHOXpoMaTH4HH). B paboreH pexxum obaue NEpUOJMYHMAT XapaKTep Ha KoyebaHHATa ce Hapyllasa.
Bp3zeiicTBueTO Ha pa3IMYHN BHTPEIIHH U BRHIITHK (PaKTOPH € IPHYMHA 3a 3ary0a Ha eHeprus M 3aTHXBaHe Ha
YeCTOTaTa Ha Pa3NpOCTPAHEHUE, N3PA3E€HO KaToO JOIBIHUTEIHO BITIOBO OTKJIIOHEHNE HA YyBCTBUTEIIHATA OC Ha
YKHPOCKOMA B paOOTEH PEXKUM.

B pesynrtar Ha mpoy4yBaHETO € YCTaHOBEHO, Y€ BCEKH THI XKHPOCKON C€ XapaKTepu3upa C WHAWBUAyalleH
MOJIeNl Ha TPEUIKUTE, MPOAUKTYBAH OT KOHCTPYKIMATA, IPUPOJIaTa Ha KUPOCKOMUYHUS edekT, crenudurkara
Ha YE u ap. Hsaxow OT TSX ca 4yBCTBUTENHU KbM HAIMYMETO HA MAarHUTHHU I0JIETa, APYTH HE MOKA3BaT TaKaBa
YYBCTBHUTEHOCT, HO TEHEpUPAT BHCOKH HMBA HA IIyM. Bb3 OCHOBa Ha M3Y4YE€HOTO MOBEJICHHE HAa OTICIHUTE
IPYIH JKUPOCKONU B PEKHM Ca OIpPEACICHH CIelH(HUIHA Ka4eCTBEHU IOKa3aTeNd, KOUTO ca OT KPUTHYHO
3HAYEHUE 3a MPHJIOKECHUETO MM, KaTO YacT OT Mpolleca Ha >KUPOCKONMUYHO opueHThpaHe. Ha ¢ur. 10 ce
MOCOYBAaT OCHOBHHTE OT TSIX, TEPMHUHOJIOTHATA U JeUHUIMATA 32 KOUTO ce 3amaBar [1] or MHcturyta Ha
HHKCHEPUTE 110 eJleKTpoTexHuKa u enekrporuka (Institute of Electrical and Electronics Engineers- IEEE):
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HefcTBHTAIHD

I3MepBane MamadeH xoedHuHeHT
I:MepBaH DapaMeTLp =3 0TI
(

Af) Wiy
HeauseiiHocT

HaeanHo H3MepBaHe

-

Hauanua ckopoct (£2)

¢
Jpeitd A
t

Queypa 1. [lapamempu Ha epewikume, 00YCIABAUWU PATUKATNA MENHCOY UOCATHO U OelICINBUNENHO U3mMepaare

JpeidbT e onpesescH Karo OTKIOHEHHE Ha YYBCTBHTEIHATA OC HA JKUPOCKOMA MPU OTCHCTBHE HA BIIIOBA
ckopocT. llpm MexaHHMYHHTE POTOPH € MOPOJACH OT TEMIIEPAaTYpHOTO pa3OalaHCHpaHE M YCYKBaHE B
OoKauBaHeToO mMoja (opMara Ha TUIABHO W3MEHCHHE HAa PABHOBECHOTO TOJIOKCHHE HA HKHPOCKOMUYESCKOTO
Maxayo, a OTTYK — U Ha OIPEeNICHOTO B pe3yiITaT Ha U3MEpPBaHMATA MOJ0KEHHE Ha MEpHIMaHHATa PaBHUHA.
HeoOxomumo e croifHocTTa Ha npelida na He W3NMHM3a HW3BBH TPaHUIMTE, 33AaJeHd Karo (YHKIUS Ha
TOYHOCTTA Ha OPUCHTHUPAHETO W MPOJBIDKUTEIHOCTTA Ha €THO M3MEpBaHEe. 3a KUPOTEOJOIUTH BHCOK Kiac
touHoct oT 10", mocturana upe3 20 MUHYTHO CJIC/ICHE Ha MPELIECHOHHUTE KoJieOaHus, qped(bT He TpsaOBa na
0b1e no-romsim ot 0.005°h.

[IIymoBHTE KOMIIOHEHTH B pabOTEH PEXHUM ca XapaKTepHH 3a BCHYKH THUIIOBE >KUpockomu. HezaBucuMmo OT
TEXHHS TIPOM3XOJ U XapakTep, MPOCIEASIBAHETO U PETUCTPUPAHETO HA MHPOPMAIUs BUHATU € CHIPOBOJICHO OT
napasutHu curHamd. OOycioBeHHM ca OT (U3MYecKaTa NPHUPOJAa Ha SKUPOCKOIMYHHUS e(EeKT, HOCHTEsS Ha
KMHCTUYCH MOMCHT, TCXHHUYCCKOTO UBIIBJIHCHHUC, HAJIWYMCTO HaA Pa3JIMYHU JONBIHUTCIHU CJICMCHTH B
KOHCTPYKIIMATA, KBAaHTYBaHE Ha CHTHAJa W MPeoOpa3yBaHETO My OT aHAJOroB B MU(POB GopMaT B CUCTEMHTE,
KouTO ro Haymarat. KoMmiiekcHara IposiBa Ha Pas3jiMdYHUTC U3TOYHHUIUN Ha IIYM € IO (bopMaTa Ha OOITBJIHUTCIIHO
BITIOBO OTKJIOHEHHWE Ha YyBCTBHTEIIHATA OC Ha KUpOckoma. M3paszsiBa ce Kato ciydaeH jpeid, KOUTO € ¢
HO/TYEPTaHO HEeJICTePMUHUPaH Xapaktep. JleduHuimsata, onpeaens 1031 napaMeTbp ¢ TEPMUHA HPOU3BONECH b0
x00 Ha owcupockona (Angle Random Walk- ARW), u ommceBa CpeqHOTO OTKIIOHEHHWE HITH TPEIIKaTa OT
CITy4allHUTE IYMOBE B CUTHAJIA. 32 Pa0OTHUSI PEXKUM HA POTOPHHS KHUPOCKOI IIYMBT B CHTHANA € TIPUYUHEH OT
TPUEHETO Ha JIarepuTe B OKauBaHETo, Jeopmalys Ha KOPITyCHUTE JICTAMIIH, BIMSHUETO Ha BHHIIHATE MATHUTHA
noJieTa WM aMopTHU3upaHe Ha xupockorna. [lopaau ¢akrta, ye pabOTHUSI PESKUM Ha POTOpA € CHIPOBOJICH C
pa3BHUBaHE W MOUTbPIKAHE HA TOJIIMa CKOPOCT B TIpolieca Ha paboTa, YyBCTBHUTEIHOCTTA KbM TEMIICPATypPHUTE
BapualMy ce OTpa3sBa 1moj| popmara Ha pazdaiaHCHpaHE.

HuBoTO Ha ClIydalHUAT MIYM 32 MEXaHHYHUTE JKUPOCKOIH € ¢ IPEHEOPEKNMO MATKH CTOWHOCTH OT MOPSTbKa Ha

ARWg<0.0005°v/h [2]. 3a mpuiokeHre B 00NacTTa Ha TEOE3HSTA, MPEISIBEHOTO W3HCKBAHE KBM TA3H
CTOMHOCT Ha € ARWHOH<10'3 °h.

ManaOHusAT KOe(DUIIMEHT € XapaKTepeH 3a BCHUYKH THIIOBE JKHPOCKOIM W OMpPEessi OTHOIICHHETO Ha JBE
BEJINYMHHN, M3MEHSIIN Ce IMPOIOPIHUOHAIHO eaHa Ha apyra. Ompemens ce B yacTh OT MuiIdHoHa (ppm),
IIPOUCHTH (%) WKW €AUHNUIH, B 3aBUCUMOCT OT KOHKPETHHA THUIT BEJIIMUYWHU, YUCTO CHOTHOUICHUE U3pPa3sBa.
Tasu XapakTepHCTHKa OIpEes YYBCTBUTEIHOCTTA HA JKUPOCKONUTE, a OTHOIICHHETO MEXAy HeiHaTa
CTOWHOCT W HHMBOTO Ha IIYM B CHUTHAJla ONpEIeNs pe3osroiusaTa Ha kupockona (°/s wiau °/h). Ha ¢ur. 10
koeunmentsbT K e wmimrocTpupaH dYpe3 ampoKCHMHpAIa JIMHUS, KOATO CBbP3Ba OTIACIHUTE JaHHH OT
u3MepBaHeTo Ha HMHGOPMATUBHHS Napamerhbp. JIMHHMATA Ha ManmaOHUS KOSDUIMEHT NpH MEXaHHYHHTE
JKHUPOCKOIIN CbhBIIala € JIMHHUATA, ONpEAC/IAlla PAaBHOBECHOTO IIOJIOKCHUE Ha YYBCTBUTCIHUA CICMCHT B
paboTeH pexum. ToBa € OCHOBHA NMPUYMHA MMPEASIBEHUTE M3UCKBAHKUSA KbM CTOWHOCTTA HA TO3H TapaMeThp ca
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TOJIKOBA CTPOTH, TOraBa KOraTo ce Kacae 3a MPHIOKEHHE Ha JKHPOCKOIUTE 3a aBTOHOMHO T'€0JIC3HYECKO
opuentupane (K,,; =1).

1.1.2. OITHUYHMU XXNUPOCKOIIAN

[IpenBuna BUCOKUTE CTOWHOCTH Ha KAYECTBEHUTE MOKA3ATENN U IPEAUMCTBATA, KOUTO MPEIOCTaBAT ONTHYHUTE
JKUPOCKOIM ca BB3MOXHA QJITEPHATHBA HAa POTOPHHSA XHUpOcKom. ['pymaTa Ha ONTHYHHUTE >KUPOCKONU
oOenuHsBa JIBE OCHOBHM Pa3HOBHIHOCTU- KPBroBH Ja3epHu skupockomu (Ring Laser Gyro- RLG) u
BiIakHecTo-onTHYHM xupockomnu (Fiber Optic Gyroscope- FOG).

OcHoBHAaTa KOHIlENLUsA Opu ch3faBaHe Ha RLG e reHepupaHeTo Ha [B€ BBJIHH, Pa3pPOCTPAHSBAIIU CE
MPOTHBOIIOJIOKHO B 3aTBOPEH OT TPU WJIM IOBEYE orjiefana KOHTyp. ToBa yCTpOHCTBO € M3TpajeHO Karo
PE30HATOp U IPH CH3IaBaHE HA PE30HAHC HAa CHCTEMaTa, CBETIIMHATA LIMPKYJIMpa MHOTOKPATHO B 3aTBOPEHUS
KoHTYp. IIpn Hanmmuue Ha BriaoBa cKopocT {1 Ha pe3oHaTopa, pa3lMKaTa B ABIDKMHATA HAa ONTUYHUS TBT L,
W3MUHAT OT JIBETC BBJIHH, Iperoiara u pasiuka B uecrorure uM Af. Ha ¢ur. 12 ca uzo0pa3eHrn OCHOBHUTE
omepaTHBHH eneMeHTH B KoH(purypammara RLG- 3aTBopeH KOHTYp © [IB€ MOHOXPOMATHYHH
€JIEKTPOMAarHUTHY BBJIHU:

gel<—eTama mpEIMa

ToTomHOT >
%] JHeneKTpHIHD
OrIemano
IIpoTHEOmOMOEHD
JEHEEIH ce
N33epHHE TEUH
JnenexKpHYIHO JuenekTpHEHEO

OTIEIano OrnIegano

@uzypa 2. Cxema na JA3EPEH IHCUPOCKON C OCHOBHUME KOHKCMPYKMUBHU e/leMEeHmMU

CBeTIMHHMTE JIbYM CE€ T'€HEepUpaT OT Ja3epHOTO JEWCTBHE Ha Ta30BUS XEIHI-HEOHOB MOTOK B ONTHYHATa
KyxuHa. OTpaxaTeTHUTE TOBBPXHOCTH Ca CIEUUATHO MPOEKTUPAHU IUENEKTPUYHH Oriefiana, KOUTO
OTpa3siBaT 4eCcTOTaTa, a IPEJHA3HAYEHUETO Ha ONTUYHATA MpU3Ma € 34 IPEYylBaHE HAa €IUH OT IIbYMTE.
H3mepBaHeTo € BB3MOKHO 4Ype3 KOMOMHHMPAHETO Ha JBYATE M TOIy4aBaHETO Ha WHTepdepeHuHa
kapTHHA.DOTOAETEKTOPHT € YyBCTBUTENEH KbM HM3MEHEHHe Ha dectotata Af, Koero e MH(OPMAaTHBHUS

napameTbp ¥ € IPONOPLHOHAJIEH Ha BIJIOBaTa CKOPOCT () HAa KOHTYpA.
4Sf

f 45
Af=ALZ=?—H.Q, (16)
N3mepBaHeTo Ha (a30BOTO OTMECTBAHE OT ONTHYECKOTO YCTPOUCTBO CE OTpeneisl B3 OCHOBATA Ha BIIIOBAaTa
ckopocT. OTHoIIeHHeTo, u3paseHo B (16) moka3Ba cTporata 3aBUCMMOCT MEXIY CTOHHOCTTa Ha U3MEPBAHHS
napamMeThp M IJIOIITa HAa KOHTYpa. YCTaHOBEHO €, Y€ JIOCTUIaHETO Ha BUCOKM TOYHOCTHH XapaKTEPHCTUKH
00Bbp3BaT RLG 0cHOBHO ¢ pazMepa Ha ONTHYHUS KOHTYp. [10 TO3M HauMH Te3u YCTPOMCTBA ca U3KIIOUUTEIHO
TOYHM CEH30pH 3a CrelM(UIHU TPUIOKEHHS, KBbJIETO TadapuTUTEe Ha ca mpobieM. 3a npuiiokeHne obaue B
o0iacTTa Ha aBTOHOMHOTO T'€0JIe3UYECKO OPHEHTHpaHE TOBa € OCHOBEH HexocTaTbk. HampaBenu ananmsm,
CBBP3aHH C BB3MOXKHOCTHUTE Ha TE3W J>KUPOCKONHU Ompeaenst pasmepu ¢ okono 30% mo-romemu [3] B
CpaBHEHHE CBC CBHINECTBYBAIIUTE >XKUPOTEOJONUTH KbM TO3u MOMeHT. IIpe3 2013 romuwHa HIKOJIKO
npeanpustusi B Pycus npousBekAaT JKMPOKOMIIAC Ha OCHOBaTa Ha JazepeH xupockom. OneHkara Ha
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HPEIEITHO JOCTIKUMATa TOYHOCT MPU ONpEJIC/IsTHE Ha a3UMyT € B PAMKUTE Ha MUHYTHHUS auanasoH (~1.4"),
IIPY JTOCTaTHYHO MAaJIKHU rabapuTH Ha Kupokommacute [4].

Teil karo ¢asoBata pasnmuka (epekrbT Ha CaHSK) € MPOINOPIMOHAIHA HA CKOPOCTTa Ha BBbPTEHE,
YyBCTBUTEHOCTTA IMOJOOpSIBA KAaTo C€ M3MOJ3BaT MHOTOOOOPOTHH HAMOTKH, C M€l Ja C€ YBEIHYH
edexTHBHATA IUIONI HA cHcTeMara. ToBa € ITbpBOHAYaJ HATa 0a30Ba MOTHBAIIMS, 3aJI0’KEHA MPU TOsBaTa Ha
FOG. Xupockonumunaust epekt npu FOG ce mocTura BbB BlIaKHECTa CEPIICHTHHA, OCHOBEH €JIEMEHT B 00Iara
CXeMa Ha YCTPOWCTBOTO, MOKa3aHa Ha (ur. 14: M3TOYHUK HA CBETJIIMHA M3IIbYBA CIEKTPOMArHUTHA BBIIHA C
orpejiesieHa YecToTa, KOsSTO Ce HacO4YBa KbM HAMOTKA OT ONTHYHO BJIakHO. CBETIIMHHHUAT JbY ITbPBOHAYAIHO
ce pasjens OT CIUIMTEp, Taka 4e JBETE IMOJOBHHM Ha BBJIHATA CE€ Pa3NpOCTPaHSIBAT B MPOTHUBOIOIOKHH
nocoku. [Ipy HajaM4ne Ha BIJIOBA CKOPOCT Ha JKMPOCKONA OKOJIO OC, TEPHEHIMKYJISpHAa HA paBHMHATA Ha

HaMOTKara, C(l)CKTI/IBHaTa ABJDKWHA Ha ONTHUYHHA OBT HAa ABCTC BBJIHU CC MPOMCHA MO HAYWH, HOI{O66H Ha
RLG.

PoTogaTaHK

Harounux
Ha JTb9eHHe

Pazgemuren
Ha ThUHTE

Hamotku ot
OIITHYHO
BIIAKHO

Queypa 3. Cxema u ochosHu enemernmu 8 yempovcmeomo na FOG: usmounuk, pomooemexmop, namomxa om
ONMUYHO BNIAKHO, pe30eumen Ha Jvuume (Cniumep).

B cpoTBeTcTBHE € IpOMsHATA B AbDKMHATA AL, MEXIy CBETIMHHUTE BBJIHU ce NOIy4aBa (a3oBa paznuka Ag,
3a/1aJI€Ha OT OTHOLLIEHUETO:

LD

AL
A¢ = 27'[7 = 27'[;

Q, (24)
OcHoBHa mnpeuka 3a ch3gaBaHe Ha FOG 3a BUCOKOTOYHM NPHIIOKEHHS € 3aBUCHUMOCTTa OT HEPAaBHOMEPHOTO
TEMIIEPaTypHOTO KoJieOaHWe O JBJDKMHATA Ha ONTHYHHUS KaOeln. Pa3npocTpaHeHHeTo Ha CBETIIMHHUS JTbY €
CBBbpP3aHO CbC 3a0aBsHE, MOpajJyd HM3MEHEHHETO Ha TeMIleparypara B pa3IHMYHHTE YYacThIM OT KOHTYpa.
YCcTaHOBEHO €, Ye HEPaBHOMEPHOTO TEMIIEPAaTypHO KosiebaHue, MpoMsSHaTa B CKOPOCTTa Ha pa3NpOCTpaHEHHE
Ha CPEUIyIOJIOKHO ABIKEIIUTE Ce BBIHHM IIle ObJic Pa3InYHO B pa3IMYHHUTE ydacThIM. BcrepcTBue Ha ToBa,
(ha30BOTO OTMECTBaHE, OTYETEHO OT (POTOMETEKTOpa € HATOBApPEHO C Ipemiku, noj (opmara Ha mrym. Llym
TeHepupaT W aKTUBHUTE EJIEeMEHTH B JKHPOCKOIA- JNETEKTOpP W HM3TOYHMK Ha CBETIMHA. KOMIIEKCHOTO

NefiCTBHE HAa Te3M KOMIIOHEHTH, M3Pa3eHO ChC cTOiHOCTTa Ha myma ¢ ARWpgg= 0.01°A/h+ 200°A/h.
[oneMusT nuamna3oH OT CTOMHOCTH € B 3aBHCHMOCT OT HauMHA Ha W3ITBJIIHEHHWE, JBDKMHATA HA ONTHYHOTO
BJIAKHO, OposiT Ha HaMoTKHTE | Jip. OT reoje3nuecka rireana Touka, FOG e sxupockon 6e3 0cobeH MoTeHIa
3a TIPUIIOKCHHEC. CroiiHOoCTHTE Ha KPUTUYHUTE OT 3HAYCHUEC KaAUCCTBCHU II0KA3aTCIIM OIPEACIAT Ta3u
TEXHOJIOTHSI KAaTo HENPWIOKHMMa 3a YyBCTBHTEIICH €JIEMEHT B KOHCTPYKIMATA Ha IKHPOCKOIMHYECKH
TEOIOJUTH. 32 TOBA CBUJICTEJICTBAT PE3YJITATH OT MPOBECHN EKCIICPUMEHTH C TIPOTOTHITH HA MHCTPYMEHTH 3a
AaBTOHOMHO opueHTupaHe, O6asupan Ha FOG. Bwmnpeku crnoxkHaTa W3MepBaTelHa amaparypa, BHEIpPEHA B
YCTPOWCTBOTO, TOYHOCTTA HA OIpEACNIsSHE Ha a3uMyT € B rpaaycoBus [5, 6] u mMuHyTHHs auana3oH [7].
[MpuunHa 3a TOBa € OTHOILICHHUETO MEKIy mapamerpure (24) W 0OBBp3aHaTa C TOJSMAaTa IUIOI[ HA KOHTYpa
NOBUIIICHA YYBCTBUTEIHOCT.
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1.1.3. BUBPALHMOHHMU (KOPUOJIMCOBH) KMPOCKOIIN

3a pa3nuKa OT ONTHYHUTE, €IHH OT HAaH-MHHHUATIOPHUTE CCH30pH, T€HEPUpPAIIN KHPOCKOIIMYEH MOMEHT Ca
4acT OT TpynaTta Ha BuOpaumoHHUTE Kopronucosu sxupockonu (Vibratory Coriolis Gyro- CVG). osiBata ¢
cBbp3aHa ¢ uuesra Ha Dyko 3a 3amMsiHA Ha BBPTAMIMSA Ce POTOpP C BHOpHpamia maca, JEWCTBHETO Ha
WHEPLUOHHUTE CHJIM M BB3HUKHaJIMTe epektn Ha Kopuwonuc 3a ompenensHe Ha BriioBa CKOpocT. Kbm
MOMEHTa CBILICCTBYBAT PA3IMYHU KOHCTPYKTUBHU PEILICHUS, KOMTO CE HW3IOJI3BaT B MPOU3BOJCTBOTO Ha
pasmuuan BugoBe CVG: B 3aBHCHMOCT OT Ha4YWHA Ha OKadBaHe, Opos Ha BHOpHpAIIWTEe Macd W BHIA Ha
JBIDKCHUETO Ha YyBCTBHUTENHUS eleMeHT. C pa3BUTHETO Ha MHKPOKOMIIOHCHTHHTE TEXHOJIOTHHM CTaBa
Bb3MOKHA M TIOSiBaTa HA MHKPOEICKTPOMEXaHMYHHUTE CcUCTeMH ¢ (QyHKmus Ha sxupockorn (Micro
ElectroMechanical Systems — MEMS). [Ipu u3mbJIIHEHHETO UM ISUIOCTHATA TMHAMHYHA CHCTEMa € C JIBE
crenieHn Ha cBoboga (¢ur. 17). Cunmmure nHa Kopuomuc ce mosBABaT BCIEACTBHE Ha BUOpanuuTe Ha
YyBCTBUTEJIHUS €JIEMEHT M M BIJIOBAaTa CKOPOCT Ha cucremara .

[Mopaau neiicTBHE Ha BBHIIHA cWila Fy, Macara M3BBpIIBA JBHKEHHE C JIMHEHHA CKOpoCcT ¥ mo oc X. [lpu
BBPTEHE Ha XHPOCKOINA C BIIIOBAa CKOPOCT (2, B pe3ynTar Ha edexta Ha Kopuonuc Bb3HUKBA IBH)KEHHUE IOJ
¢dopmara Ha oTkiIoHeHue no oc Y. Cuata Ha Kopuonuc ce u3mepBa 4dpe3 perucTpupaHe Ha CTOMHOCTTa Ha
OTKJIOHEHHETO Ha Macara, CHpsSMO eJIeKTPOaH, (PUKCHpaHW HEMOABIKHO Ha TOANbp)KallaTa paMmKa Ha
JKUpOCKoMa. PaznukaTa B 4eCTOTHTE Ha TPENTEHE Ca NMPOMOPLIHUOHATHY Ha BIJIOBAaTa CKOPOCT HA AKHUPOCKOTIA.

F; = 2m(# x Q), (26)
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Queypa 4. Cxema na CVG- yyecmeumenen enemenm ¢ maca M u e1aCmudHo oKaugane: - v2106a ckopocm Ha
8bpMEHe HA HCUPOCKONA, OC X U Y- CbOMBENMHO OC HA OBUICEHUE U YYECIMBUMENHA OC, KOehuyuenmu Ha
enacmuunocm (ky, ky) u koepuyuenmovm na samuxeane (dy, d.,).

MEMS TtexHonorusiTa npurexasa peAnLia MPEIUMCTBA: HE3HAUUTETHH Pa3MEPH U TETJIO Ha KUPOCKOIHTE, U
MO-HUCKa KOHCYMAaIlUsl Ha €HEPrHsi B CPaBHEHUE C POTOPHUTE M onTHYHUTE kupockormu. MEMS ca ¢ mHoTrO
Jo0pa yCTOMYMBOCT M MBAPBHKIMBOCT M KaTO LSUI0 MpeylaraT I0-HUCKa I€Ha OT BCHYKH JPYTd
KUPOCKONIMYHNA TEXHOIOTHH. Te HaMupaT TUpWIOKEHHEe B Hal-pa3HOOOpa3HM o0JacTd Ha Haykara |
TexHonoruure. Bempeku ToBa, 3a reogesmdeckn nend MEMS KbM TO3M MOMEHT € HENPUIOKHM.
CToilHOCTHTE Ha KadyeCTBEHUTE II0KA3aTesd, KOWTO MPEAOCTaBAT ca J0CTa Jajed OT IOKpUBaHE Ha
M3MCKBAHMATA 32 aBTOHOMHO JKHPOCKOIIMYHO OpHEHTHpaHe. AHATU3BT MOKa3Ba, Y€ OCHOBHOTO NMPEANMCTBO
Ha MEMS >xupockonuTe € IpU4YMHA U 32 OCHOBHHUAT HEAOCTaThK Ha TexHojorusTa. [lopagu xapakrepa Ha
MUKPOKOMIIOHEHTHATA TEXHOJIOTMSl IPOMU3BOJACTBOTO € CBBP3aHO C pPEIMIa HECHhBBPLIEHCTBA B
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KOHCTpyKIusiTa. OCBEH TOBAa HAIMYMETO Ha CJEKTPOHHU M MEXaHWYHHU EJIEMEHTH € NpUYMHA PaOOTHHAT
PEeXHUM Ha JKUPOCKOIA Ja € CBHITBTCTBAH OT BHCOKM HHMBA KAaKTO Ha TEPMaJICH, Taka M Ha MEXaHWYEH IIyM.
KommnexcHoTo UM BiusiHME € moX ¢opMmara Ha Tpelka, HapacTBalla MPONOPLUOHATHO Ha KBaApaTHUS
KOpEH OT BPEMETO U € NMPUYMHA 332 CHIIHO U3MEHEHNE Ha BUOPAIMOHHNTE YeCTOTH. Pe3ynrarsT e mogueprano
3aTUXBalll XapakTep Ha KoleOaHWEeTo Ha MexaHWuHUTe BBJIHU. [Ipe3 mocnennute roquau MEMS Bucok kiac
TOYHOCT Noka3Bar [8] croitHocT Ha apeiida ot mopsiapka Ha 10°h, npu ynotpedaTa UM KaTo CaMOCTOSITCIHU

CEH30pH, IIyM B CHrHaTa oT mopsiabka Ha ARWypms =0.12°/vh i MaraGen KoeHIMeHT, 3aeMall CTOMHOCTH
ot nopsiapka Ha Kypms =300-+-500.

KbM MOMeHTa MPOTOTUIN Ha KUPOCKONUYEH KoMIac, ocHoBaHH Ha MEMS TeXHONOrusATa ¥ B KOMOHHALIUS C
JPYTH CEH30PH, MPEIOCTaBIT TOYHOCT MPH OMpeessHe Ha a3uMyT oT mopsirbka Ha 0.66° [9] mo 0.2° [10]. 3a
Ho00psiBaHe HAa TOYHOCTTA € M3Mo3BaH Kamvan GuiTsp 3a KOpEKIHs Ha JaHHUTE, O0CANHIBAIL KITFOYOBUTE 32
ToyHocTTa (hakropu. ITo TO3M HAa4YWMH ce ocurypsiBa (opMa Ha CaAMOCTOSITEJTHO KaauOpHpaHe Ha CeH30pa U
no100psiBaHe Ha TOYHOCTTA Ha OnpeessiHe Ha asumyTta [11, 12].

Pasrnenana e v eHa OT Hail-yCHENIHUTE peain3aliy Ha BuOparmonnute skupockornu ¢ HRG (Hemispherical
Resonating Gyroscope) texuosorusra. [Topaan orpoMHHsT OpO# MOTEHIIMATHN TPUITIOKEHHS, U3CICABAHUATA
BBPXY TO3M THUII )KHUPOCKOIIM Ca aKTHBHHU B MPOIBJDKEHUE HA MHOT'O TOJMHHU, HO €aMO B crieu(pUIHM 001acTH
Ha npwiokenue [13]. M3o0paxkeHne U cxeMa Ha €IWH OT HaW-yCIEIIHWTE pean3aliy ¢ nokasad Ha ¢wur. 19.
HpCIIeCI/IOHHI/ITe TPECOTCHUA CC OCUTYpPABAT OT CTOsAIIA BbJIHA, IMOI I[CP'ICTBPIC Ha BBHIICH MOMCHT, ITPUYUHCH OT
eJIeKTpocTaTH4HU cuiid. CHINTE ce TeHepHpaT OT €NEKTPOIH, PA3MONOKeH! N0 mepudepuara Ha Kopilyca Ha
upockona. [log nelicTBUEeTO Ha BIIIOBA CKOPOCT BH3HUKBA KOPHOIHCOBO YCKOPEHHUE, KOETO YIIPaXKHSIBA BIIIOB
MOMEHT U € NpHYMHA 32 npemecTtBaHe. MHdopmanmsTa 3a brioBara CKOPOCT Ce TOJIydaBa OT IperecHusara Ha
BB3JINTE Ha BBJIHATA, [0 OTHOIIEHWE Ha OC, (PMKCHMpaHa KbM KOpITyca Ha XHpockoma. BuOpammure mo nsere
B3aHMHO TIEPIICHANKYJISIPHA OCH C€ MEHAT OKOJIO TIEPUMETHPa Ha IWIMHIBPA 10 CHHYCOUJIAJICH 3aKOH.

Queypa 5. Koncmpyxmushu enemenmu ¢ yempoticmeomo Ha HRG- cxema u uzobpasicenue:
https://airandspace.si.edu

Jluncata Ha MEXaHUYHU YACTHU, HUCKUTE CHEPIUIHU M3UCKBAHMS M MUHUMAIHUTE HHUBA HA IIyM MNPEBpPbBIIAT
HRG B Hali-uyBCTBUTETHHUS CHBPEMECHEH BHOpAIMOHEH CEH30p. B paboTeH pexuM KOHCTPYKIHS Ha
YKUPOCKOIIA € MOJIOKCHA Ha MUHIMAJIHO MEXaHHMYHO W3HOCBAHE W IO TO3W HAYHMH TapaHTHpPA IBITOTPAlHU
ekcrnoataunoHHu kauyectBa. HRG e eamHcTBeHaTa >KMPOCKONMMYHA TEXHOJIOTHS, KOSTO HA MPAaKTHKA HE Ce
HY)K7ae oT nojyipkkka. Hapen ¢ Bcuuku Te3u npeaumctBa, HRG npenocraBst Haii-moOpuTe CTOWHOCTH Ha
OCHOBHHTE KaYeCTBCHH MOKA3aTeNH, pasriieiand KbM MoMeHTa. Jlanuu [14] mocouBar cTOWHOCTH 32 MIyM Ha
HRG B mmamasoma ARWygpe=0.0006°/~/A +0.00006°/h, mpeiip 0.005°h mo 0.0005°h u mamaGen
koedument B rpanuiy ot Kyrg =1-+100, B 3aBUCMMOCT OT KJ1aca TOYHOCT Ha JKUPOCKOTIA.
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[MocovyeHnTe Ka4eCTBEHU MOKA3aTEIH OTIMYHO KOPECIIOHAMPAT ChC CTOMHOCT, HEOOXOAMMA 3a peau3allis B
Hal-BICOKOKOTOYHHTE KJlacoBe moTpebnenue. ETo 3amo To3u THIT )KUPOCKOITH HAMUPAT MSACTO B CATEIIUTHUTE
CUCTEMH 33 HACOYBaHe, B chepara Ha KOCMUYECUTE TEXHOJIOTHH.

B pomsita Ha BHCOKOTEXHOJIOTHYEH M BHCOKOTOYEH KHpockom, ymorpebara Ha HRG e mpuBnekaremHa
BB3MOXKHOCT 32 MHOTO Tipou3BouTenu. KaTto mpeacraBuTen Ha BUCOKUTE TEXHOJIOTHH, CHIIIECTBECH HEIOCTATHK €
CBBbp3aH C M3KIIOYUTEIHO CKBIHMS TIPOIEC HAa IPOCKTUpaHE M MNpPOM3BOACTBO. To3u (akT orpaHuyara
EKCIIEPIMEHTATHUTE W3CIIEBAHMS OT MPWIOKEHHETO My B Pa3iWYHU MOTpeOuTencku cdepH, BBIPEKH Y€ OT
reojie3nvecKa IJie/IHa TAKUBa eKCIIEPUMEHTH OuXa MpeJICTaBISIBAINA OIPOMHO JIFOOOIUTCTBO.

1.2. U3BBOAU KbM TEOPETUYHATA YACT

Or IIPOYYBAaHETO B TCOPETUYHATA 4YaCT Ha AUCCPTALIMOHHHUA TPy, B OTIOBOP Ha IIOCTaBC€HATa 3aJlada U B
CBHOTBCTCTBHUEC C CTAIIUTC HA PCUHICHUEC IPOU3TUYAT CICIHUTEC U3BOJIU:

e Buenpssaneto Ha FOG B KOHCTpYKIMATA HA )KUPOCKOITMIECKUTE KOMITACH € HAJIUIIE, B IPHUIIOKECHUST KOUTO
HE H3HCKBAT BHCOKa TOYHOCT. I[OCCI‘aHIHI/ITC nu3CjaeaABaHuA Ha MNPOTOTUIIM HA HWHCTPYMCHTU 3a
reoJIe3nIecko oprueHTupane, 6asupanu Ha FOG ca Ge3pesynraTHu, a MHTEPECHT OT ThPCEHE Ha OBICIIH
BapUaHTH HE € CPell MPUOPUTETHTE HA IPOM3BOANUTEIIHTE.

e Pesynrature, npegocraBenu oT RLG cBuaerencTBar 3a M3KIIOYUTENHA MPEUU3HOCT U BUCOKHA TOYHOCTHH
XapaKTepUCTUKW Ha YCTPOWCTBOTO 3a CTAalMOHApHM H3MepBaHMA. OrpaHMYCHHETO, HAIO0XKEHO OT
reoMeTpuuHHs (aKTop, KOUTO 0OBBP3Ba MOCTHraHATa TOYHOCT C pa3MEpUTEe Ha YCTPOMCTBOTO, BB3MHUpPA
MPUIOKEHUETO My B KOHCTPYKIMATA HAa IOPTATUBHU YCTPOWCTBA.

e [lapa3uTHus curHai, chIbTCTBaI paboTHUS pexkuM Ha MEMS ycrpoiicTBaTa € KpUTHUEH TOKa3aTell 3a
JOCTUTaHe Ha BUCOKH TouHOCTH. [lopaam peanua cnabocTH, MPOAUKTYBaHHM OCHOBHO OT TEXHOJOTHS Ha
W3ITBJIIHEHNE, TOCTUTHATUTE HUBA B Pa3BUTHETO KBbM TO3M MOMEHT HE IO3BOJISIBA NPUIOKEHHETO UM 3a
MIPELU3HU I'€0Ie3UUECKH H3MEPBAHMSL.

e Jlo MOMEHTa NMPWIOKEHHUETO HA MEXAHUYHHS POTOPEH KUPOCKOI B YCTPOHCTBOTO Ha JKUPOCKOMUYECKHUTE
TEOJJOJMTH OcTaBa 0e3 aHAJIOr MO OTHOIICHWE Ha ONTHMAIHO ChUETaHHUE MEXKAY TOYHOCT, HaJCHKITHOCT,
LICHa U pa3Mep.

2. TIPAKTUYECKA YACT

HanoxeHute OT MHCTPYKIMHUTE MpaBWIIa 3a Pealu3MpaHe Ha METO/la W M3BECTHHUTE OTPaHUYEHUS, KOUTO TE
HajaraT ca CBbp3aHH C MpeAMeTa Ha pas3riekJaHe MpaKTH4YecKaTa 4acT Ha AMCEPTAMOHHOTO H3CJIEBAHE.
OcHoBHaTa 3aj7jada € Ja Ce aHaTM3WUpaT BH3MOXKHOCTHTE 3a ONTHMH3UPAaHE HA METOJa JKUPOCKOIHYECKO
OpHMEHTHpaHE W Jla Ce M3clie[Ba €PEKTUBHOCTTA OT MPUJIOKECHUETO My B PEATHH YCJIOBHS Ha W3MEpPBaHE.
OuyakBaHUTE pE3yJNTaTH OT EMIMPUYHOTO H3CIEABAHE Ca Ch3JaBaHE Ha METOJMKA, OCUTypsiBamia Obp30,
HAJKIHO ¥ e)eKTUBHO M3BBHPIIBAHE HA )KHUPOCKOITMIECKO OPHEHTUPAHE M JOKAa3BaHE HA MPEKUTE TION3U OT
MIPIIOKEHUETO 1 B TIPAKTHUKATA.
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2.1. PABOTHA XUIIOTE3A

Bb3 ocHOBa Ha MEPCIICKTHBHU HAay4YHU pa3pabOTKH, CBbP3aHU BH3MOXKHOCTTA 33 ONTUMHU3UPAHE Ha MpoIleca
Ha eTaJIOHUpaHe ca pasriexaand u npeau [15] e mosaurnara paboTHa xumnoresa. PeayBaHeTo Ha eTAIOHHU U
paboTHH M3MEpBaHUS B OIPEENCH Pel, U ONpeAesiHe Ha KOHKPETHA MOMpaBKka KbM MHCTPYMEHTA 32 BCEKH
00eKT, u3pa3 Ha TEKYIOTO CHCTOSHUE HAa WHCTPYMEHTAa, TO3BOJISIBA 3HAYUTEIIHO ChKpalllaBaHE Ha
omepaTtopckaTta paborta. ToBa € W cnocod 3a HEMOCPEACTBEH KOHTPOIN BBHPXY Pe3yNTaTHTE W OTHOCHUTEIHA
HE3aBHCUMOCT OT HAJIMYUETO Ha BUCOKOTOYHHU CTAJIOHHU a3UMYTH.

®opmynupaHara paboTHa XWIOTe3a €, Y€ MOMpaBKara A, CHa3BallKM TPENUCAaHUs OT MPOU3BOAUTENS
TEXHOJIOTHYEH pefl, ocTaBa 0e3 3HaUMMH U3MEHEHUs 10 BpeMe Ha paboTaTa Ha aaeH 00eKT, 0COOEHO KOraTo
ce Kacae 3a TPaHCIIOPTHPAHE B PAMKUTE Ha CTpaHaTa. Bb3MOXXHO € JKHPOCKOIMYECKOTO OpPUEHTUPAHE Ja Ce
ONTUMH3HpA 4Ype3 peldyBaHe Ha €TAIOHHM M pabOTHU W3MEpBaHMs IO ONpelesieHa cXeMma, KOSATO JaBa
BB3MOXKHOCT 32 OIpeJelisTHe Ha KOHKpPETHa KOPEKIHS KbM CTOWHOCTTa Ha WHCTPYMEHTANHA IOMpaBKa 3a
BceKku 00ekT. I1o To3u HauuH ce mpenocTaBs peajHa Bb3MOXHOCT 32 IIOBHUILABAaHE Ha TOYHOCTTA HA METOJa,
HETIOCPE/ICTBEH KOHTPOJI Ha Pe3YyITaTHUTE M OTHOCHUTENTHA HE3aBUCHMOCT OT HAIMYHMETO Ha BUCOKOTOYHHU
€TaJIOHHU a3uMyTH. JKHUPOCKOIIMYECKOTO OPUEHTHpPAHE C€ aAaNTHpa KbM IMPAKTUYECKUTE MOTPEOHOCTH IO
MeCTa— M3BBpIIBA C€ B KOHKPETHAaTa KOOPAMHATHA CHCTEMa M HE C€ 3aTpylHsBa B CIy4auTe, PU KOHUTO
KOOpPIMHATHUTE CHUCTEMH Ha TOBBPXHOCTTA M ITOJ 3eMATa CE€ pasinyaBar, a Bpb3KaTa UM C Ibp)KaBHHUTE
KOOPIMHATHU CUCTEMH HE € U3BECTHA C JOCTaTh4HA TOYHOCT.

3a mpoBepkaTa paboTHAaTa XHUIOTe3a € I[UJIAHUPAaH eKCIpUMEHT. Eranure OT peanm3uuusaTa Ha
€KCIEPUMEHTATHOTO U3CJICABAHE ca OAPENEHH B CIICAHUS peN:

e Jla ce mOKaKe OTHOCHUTENHAaTa HEM3MEHHOCT B CTOWHOCTTa Ha HMHCTPYMEHTalHATa IONpaBKa Ha
M3M0JI3BaHATa JKUPOCKOITMYHA anapaTypa, KakTo M TeXHHYecKaTa 1 MPUTOIHOCT.

e Jla ce u3cienBa ONTUMAJICH BapHaHT OT PEAyBaHE HAa M3MEPBaHMA, OT IJIefHA TOYKAa TOYHOCTTa Ha
MOCOYHHS BI'bJI M BPEMETO 3a U3BBPILBAHE HA JKUPOCKOIMYHHUS KOHTPOJL

e Jla ce npoBepH eeKTUBHOCTTA OT NMPHUIIOKEHUETO HA M3MEPBATEIHATA [TPOTPaMa B pealiHy yCIOBHSL.

2.2. OCHOBHMU PE3VJITATU OT EKCIIEPUMEHTAJIHOTO U3CJIEJIBAHE
2.2.1. TUIAHUPAHE HA U3MEPBAHUSTA

ExcriepuMeHTaJIHUAT TIOJIMIOH € ChCTaBeH OT 1eT Ha Opoii Touku- A, C, D, E, F e pa3sut Ha TepuTopusTa Ha
napk ,,Crynenrckn”, Codust. Ennara ot toukute (1. C) 3aemMa HEHTPAIIHO MSCTO U CIIY>KU 33 €TAJIOHUPAaHE Ha
WHCTPYMEHTa, a OCTAaHAUTE Ca Pa3MoJIoKeHH TNepudepHo— 3a MMUTHpaHe Ha pPaOOTHU H3MEPBAHUS B
pasInyHu MUHHU U3paboTku (¢ur. 25). Mecrata Ha TOUKHTE ca MOAOpPAHH MO HAYMH, KOHTO OCUTYpsiBa
MaKCHUMaJHa OTHAJICYCHOCT U IBYCTpPaHHAa BHUAUMOCT MEXIY TsAX. Ilo TO3M Ha4MH BU3YpHUTE ca C IbJDKHMHA
Mexay 182 mu 291 m.
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Duzypa 6. Camenumen uzened u Kapma Ha NOTUZOHA 30 EKCNEPUMECHMATHUME USMEPEAHIs]
Hzo6pascenus: ©2017 Google Maps.

l'eone3nveckntTe KOOpAWHATH Ha BCHYKH TOYKH ca OMpejAeieHH mpensaputenHo B cucrema bI'C2005, c
nomomra Ha ['HCC wm3mepBanusi. Te3n KOOpAMHATH ca W3IMOJA3BaHM KAaTO ETAJOHHU 3a LEIUTE Ha
eKCIIePUMEHTA.

W3mepBaHusTa Cca peaqm3WpaHH C KIACHYECKH THUI HMHCTPYMEHT- xwupoteonoaut Gi-B2 (¢pwur. 26),
MPOU3BOACTBO OT Kpast Ha 1970-te ronunu (Magyar Optikai Mivek- MOM). CneeHeTo Ha MPEHECHOHHUTE
KoJe0aHus € aBTOMATH3UPAHO, HO HEJOCTAaThK € PHYHOTO M3BBPIIBAHE HA BCUYKU JPYTH ONEPALUH, KAKTO U
3aHAYUTEITHUTE Pa3MEPU U TETJIO Ha HHCTPYMEHTANHUS KOMIUIEKT (~63 kg). [To oTHOIIeHNe HA KayecTBaTa Ha
OIITHKO-MEXaHWYHATA CHCTEMa, HHCTPYMEHTHT € IpeIHa3HaueH 32 M3BbPIIBAHE HA MPEIH3HU M3MEPBAHHUS C

nacnoptaara To4HocT (16=0.0031gon=10") Ha eTHOKPATHO ONPE/ICIICH a3UMYT.

-
Queypa 1. Kupomeooonum Gi-B2
06wy uzened (meodonum u HupooIoK), MeodoUMHA Yacm (arudaod, 3pumenta mpvoa, aemoKoIUMAamop,
MUKpOMemPUYHU U 3ame2amennu 6Unmose), 610K 3a 3axpaneane
Tounocm na onpedenen asumym 10" (0.0031 gon)

M3mepBanus ca uspbpriean B nepuoma 20.08- 04.09.2014 roamHa, B paMKUTE Ha JBAaHAIECET JHU, KOUTO
BKITFOYBAT 00110 47 KUPOCKOIWYHA W3MEPBAHUS OT IET CTAHIIMK W XOPHU30HTAIHO M3MEpPBaHE HA TIOCOKU B
TpU THpYCa 3a ONPEACIIIHE HA BITIUTE MEXKY CTPAHUTE OT MOJIUTOHA.

2.2.2. ETAJJIOHUPAHE HA UHCTPYMEHTA

3a ;ma ce W3cienBa CTOMHOCTTAa HA MHCTPyMEHTaJHAaTa IOINpPaBKa, B HAYaJIOTO M B Kpas Ha EKCIIEpUMEHTaA €
U3BBPLICH IPOLIEC Ha €TaIOHUPaHE, CIIOpel IPEANUCaHNATa HA MHCTPYKIIMUTE 3a IIPOBEPKA U €TAJIOHUPaHE Ha
morpaBkara Ha skupoTeomonuT GiB2. 3a mbpBoHAYATHOTO eTamoHHMpaHe € W30paHo HampasieHneTo C-A,
MIPOLECHT BKJIIOYBA MTOCIEA0BATENIHA PeaTU3alis Ha IeBeT u3MepBaHus, nposeneHu Ha 20.08.2014r. Bropoto
eTayioHupane e u3pbpiieHo Ha 04.09.2014r. B ocem npuiioma Ha Hanpasjienue C-F.

CpaBHEHHETO Ha KUPOCKOIHMYHHS a3UMYT Afj U €THOMMEHHUS, MOJy4YeH OT M3XOAHUTE KOOpIMHATH Ha

TOYKHUTE A;j, ONpeens BeIMYMHATA HA HHCTPYMEHTAIHATA [ONPABKA OT BCSKO H3MEPBAHE:
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A= Ay — A, (55)

CTOMHOCTTa Ha T€OJIC3UYECKUS a3UMYT € MOJIYUYeH OT MOoCOYHUs brui, uzuucieH or HCC koopaunatute, u
CTOWHOCTTA Ha MEepHUANaHHATa KOHBEPTeHIVI HAa CTAHIIUATA ;'

Ajj = aj; +vi (56)

W3uncrienn ca cpeTHuTe CTOMHOCTH 32 MHCTPYMEHTAIHA TOMpPaBKa, KAKTO U CPEIHHUTE KBAIPATHUYHH TPEIIKH
MIPY ITHPBOTO ¥ BTOPOTO €TAJIOHUPAHE:

Ta@zuua 1. Ananus na pesyimamume 3a nosedeHuemo Ha UHCmMpymermaiHama nonpaska Ha ofcupomeodwmm

GiB2
Cr-cT oT B
Hara IlacnoptHa cT-cT CTAOHHPAHETO Cp.kB. Ip. CpenHa CTOHHOCT
20.08.2014 o 11n 90° 00" 17" 9.6" o s |
04.09.2014 90° 00" 11 90° 00" 23" 100 90° 00" 19.5

VYCcTaHOBEHO €, Ue MOIY4YEeHHUTE Pe3yNITaTh ca MOKa3aTeIHH! 32 OTHOCUTEIHATa HEW3MEHHOCT Ha ITOIIpaBKaTa Ha
MHCTPYMEHTA B IEPHO/Ia Ha M3MEPBAHMATA, KAKTO U 3a ITBIIHOTO TEXHUYECKO H METOJMYECKO CHOTBETCTBUE HA
CKCIICPUMCHTAJIHUTC OaHHU. Tosa JlaBa OCHOBaHUEC JOa C€ TBbpAH, UYC cIla3Baiiku npeanucanysaTa Ha
HPOU3BOHUTEIIS TI0 BpeMe Ha padoTa )KUPOCKONNYECKaTa MOMPaBKa ocTaBa 0e3 ChIIeCTBEHH U3MEHEHHSI.

2.2.3. AHAJIM3 HA TOYHOCTTA HA ITIOCOYEH BbI'BJI, OITPEAEJIEH I10 XKUPOCKOIIMYEH ITbT

3a ma ce yCTaHOBM OINTHMalHATa CXeMa Ha peJyBaHe Ha PaOOTHH U €TaJJOHHH U3MEPBaHMs, OT IJIeHA TOYKa
CHOTHOIIIEHHETO MEXAY TOYHOCT M BpeMe, € HeoOXOoJuMO Ja ce M3cie[Ba OposT NMPUHOMH W HAYMHBT Ha
oTpeziesisiHe Ha MOCOYHMS BI'bJ- B IIPABO WM B MTPABO M OOPATHO HAIIpaBJIEHHUE. 3a IeNTa eKCIIepUMEHTATHUTE
pe3ynTaT ca 00pabOTEeHH 10 HAKOJIKO HAuWHa.

[IppBOHAYATHO € M3CNEBAaH BapUaHT, MIPU KOWTO CTAI[MOHUPAHETO € Ha €lHA OT TOYKUTE U aHAIHU3bT € BH3
OCHOBA Ha Pas3JIMKU B ﬂBOﬁHHTe U3MEpBaHU. I/IscneuBaHa € MoCTUrHaraTa TOYHOCT Ha IMMOCOYHUA BI'bJI IIPU peaIn3alnusiTa

na enno (k=1) u ma ase nmocnemosatenuu (k=2) *UpockonuyHM U3MepBaHMs. AHAJIM3BT HA TOYHOCTTA € Ha 0asa

N3YHMCJIICHHU pa3JIMKU B ,Z[BOI7[HPI HU3MCpPBaHUA 6lk

o1 = aiy — af (70
Ksneto: k- nujekc, Hocen nudopmaus 3a 6post JKUPOCKONMYHH u3MepBanus (k=1, 2); a;; M Q- CpaBHEHH
CTOMHOCTH Ha MOCOYHMS BI'bII, TIOJYYEHH OT PA3IMIHHUTE KUPOCKOIUYHI H3MEPBAHHSL.

B M34MCIEHMATA yU4acTBAT U3MEPBAHMATA HA BCUUKM CTAHIMH OT €KCIIEPUMEHTAIHUS TTOJIUTOH KOMOUHUPAHH
Ha NPHMHIIUIA BCAKO ChC BCAKO. 3a OIIEHKATa Ha TOYHOCTTA € M3YMCIIEHA CP. KB. IPENIKA B MOCOYHHS BIbI 32
ZIBaTa CIIy4vast:

[6ksk]
me = [~ 71
Bropusar BapuaHT H3clie[iBa TOYHOCTTA B CIy4ail HA CTAIMOHUPAHE HA JBE OT TOYKHTE, T.€. IIPHU ONpeAeisTHE

Ha IMOCOYCH BI'bJI B IIPABO U 06paTHO HaIrpaBJICHUEC. AHanu3bT € Bb3 OCHOBA Ha BEPOATHOCTHU TI'PCIIKH, KOUTO
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ca WM3YUCICHU IOCIEAOBATENHO 3a ciydauTe Ha enuHnuHo (k=1) m nBykpatHo (k=2) *XHPOCKOIHYHO

HN3MCpPBAaHEC OT BCsJAKa CTaHIUA. BepOHTHOCTHI/ITe TpCUIKA Ulk Ca HU3YMCICHHU KaTO OTKJIOHCHHEC Ha BCIAKO

M3MEPBAHE Q;j OT IONyYEHATA CPE/IHA CTOMHOCT &;;:
— ayj, (77)

B u3uncnenusra y4acTBaT U3MCPBAHUATA HA BCUYKU CTAHIIUU OT CKCIICPUMCHTAIIHUA ITOJIUTOH KOM6I/IHI/IpaHI/I
Ha IIPHUHIUIIA BCAKO ChC BCAKO. N3uncnena e Cp. KB. I'p€lIKa B ITOCOYCH BI'bJI B /IBaTa Ciiydas:

mye = Ll (78)

B 1abu. 16 ca 00001eHn eKcliepUMEHTATHUTE PE3YITATH OT MPIJIaraHe Ha Pa3InyHUTE W3MEPBATEITHH CXEMH.

Ta@mua 2. 0606W€Hu€ Ha pesyimamume om aHaiusa Ha movnocmma Ha nOCOYHUA bebjl, NOJIYy4eH om
pasiudyHume Ha4uHu Ha usmepeane

IlocoueH BbI'bi, U3UHUCIIEH OT: CTOHHOCT Ha cp. KB. I'pelika
bpoii uamepBanus AzumyT HA IOCOYEH BI'bJI

1 Enna cranmms 10.2"

2 Enna cranmus 6.6" (34%)

1 JIBe crannuu 5.5" (45%)

AHaIM3BT Ha pe3yJTAaTUTE, Bb3 OCHOBA Ha CP. KB. OTKIIOHEHHUS COYH CIIEIHOTO:

e Haii-GnaronpusTHaTa cxeMa Ha H3MEpBaHe OT IJIJHA TOYKA Ha BpEME € TasH, MPH KOSTO HA BCSKA CTHIIKA
OT OPUCHTUPAHETO CE M3BBPINBA MO €HO HU3MEpBaHe, OT €JHA CTaHIMUA. B To3W ciydail »KHPOCKOMUYHO
OpUEHTHPAHE MOXKE JIa CE U3BBPIIU B PAMKHUTE Ha PabOTEH JICH M Ja Ce OYaKBa TOYHOCT MPH ONpEACIIsTHE
Ha a3UMYT B paMKHTE Ha TOYHOCTTA HA UHCTPYMECHTA.

e OmnpenensHeT0 HA TOCOYEH BI'BI Bh3 OCHOBA HA a3UMYT, OIpEJEICH B MPaBO M OOpaTHO HarpaBieHUE
OCHUTypsiBa MIOCTUTaHE HA TOYHOCT OT TOpsAbKa Ha £5.5", HO M yBejIMYaBaHe Ha BPEMETO 3a M3MEPBAHE,
nopaju HeoOXOUMOCT OT JIBE CTAllMOHUPaHUs Ha TexHukara. OT Jpyra CTpaHa MpH peain3aiusira Ha eHO
CTAllMOHWUpPaHE W W3BBPIIBAHE HA JBE [MOCICAOBATCIHM WM3MEPBAHUS Ce€ OdYaKBa TOCTHTaHe Ha
MPHUOIM3UTEIHO ChIlaTa TOYHOCT, ¢ 0yn30 40% Haj crenuduIMpaHaTa 3a UHCTPYMEHTa U JABOWHO I1O-
0bp3a peanuszanys. KOHTpPOJ HA OPUEHTHPAHETO U3BBPIICH MO TO3M HAYWH MPEOCTABAT BH3MOKHOCT 3a
ompeJieisTHe HA MUHUMAITHA OTKJIOHEHHS B €TUHHATA I'e0Ie3nYeCcKa OpUCHTAIHMS Ha 00eKTa.

2.2.4. ITPMJIOXEHUE HA USMEPBATEJIHATA [IPOI'PAMA B PEAJIHU YCJIOBUA

3a na ce uscnenBa e(eKTHT OT NMPHIATAHETO Ha METOJUKATa B PEAHH YCJIOBUS € M3BBPIIEH KOHTPOJ Ha
OpPHEHTUPAHETO Ha M3pa0OTKM Ha pa3ivyHa JbJI0OYMHA B YCJOBHUS Ha MOA3EMHO pa3paboTBaHE Ha IOJIE3HU
u3komnaemu (p-x ,,Yemoneu” u p-x ,,Komasa”) u Moa3eMHO CTPOHUTENCTBO (MeTpocTaHuuA ,,Butoma”). [lpu
BCEKM OOEKT BB3NPHETUTE 3a paboTa KOOPAWHATHU CHUCTEMH C€ pa3indaBaTr, pa3jiiueH € M METOABbT Ha
IBPBOHAYATHO TEO0J/IE3NMYECKO OpPHUEHTHpaHE Ha IbpBaTa CTpaHa OT IOA3EMHHUTE IIOJMTOHOBH XOJIOBE.
IIpunokenata MeToauka Ha paboTa € B CHOTBETCTBHE C BB3NPHETATa NMPH EKCIIEPUMEHTATHHS TOJUTOH.
[Ipensmwxaa ce mocnenoBaTeIHOTO U3BBPIIBAHE HA PAOOTHH N3MEPBaHUS MTOJ1 3eMsITa U €TAIOHHU U3MEPBaHUS
Ha TOBBPXHOCTTA, Tpeau U ciex padoTHuTe. PeanmsupaHu ca cXeMH OT W3MEpBaHU, Pa3IddaBalld Ce IO
Opoii mpuiiOMU U HAUYWH Ha OMpeJeNsTHE Ha a3MMYT- B IIPaBO WJIM B IIPaBo U 00paTHO HamnpasieHue. OCHOBHA
3a/1a4ya € MpoBepKa Ha MOJIYUYEHHUTE OT aHAJIM3a PE3YITATH, Upe3 NMpUIIaraHe Ha NMPEUIoKEeHaTa cXeMa B peaTHu
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ycioBHs Ha u3MepBaHe. DakTopuTe, OKa3Ballly BIUSHUE BHPXY M300pa Ha M3MepBaTelHa nporpama (tadi.16)
ca HaJIO)KEHH Hali-Be4e OT KOHKPETHKATa Ha 00eKTa, KaKTO M OT JMMHUTHPAHOTO BPEME 3a IPECTOH.

3a OChIIECTBSIBAHE HA U3MEPBaHHATA Ca U3IOJI3BAHH JBAaTa MOJIENIa JKUPOCKOTUYHH HHCTPYMEHTH, HAJTMYHH B
Karenpa ,,Mapkmainepctso u reome3us’ Ha MI'Y. Ocsen xuporeomonut GiB2, ehekTbT oT MeToauKara e
U3CIIC/IBaH U MPH amnapaTypa OT MO-HUCHK KJIAaC TOYHOCT- KOMIUICKT jkupockonuyHa mpuctaBka Wild GAKI
(30") u reomomut Wild T16. TexHHYECKOTO CHCTOSHUE HA TO3M HHCTPYMEHT € JI0Ka3aHO B pa3pabOTBaHETO Ha
MarucThpcKaTa Te3a Ha JOKTOPAHTa U € TIOTBBPICHO B HACTOSIIETO M3CIIEBAHE.

AHAJIN3 HA CbOTBETCTBUETO HA JAHHUTE OT IBATA MHCTPYMEHTA
ExcriepumenTanHuTe N3MepBaHus HA TEPUTOPHATA HA PYIHUK ,,Yenmoned” ca aBe, Mpe3 ONpeesieH MEPUo OT
BpeMe- mbpBoHavaiHo Ha 11.12.2014 r. u moBTopHO B nepuoaa 18-24.08.2015 r.

3a 1a ce MOTBBPAU TEXHHMUYECKOTO CHCTOSHHE M JOCTOBEPHOCTTA HA JAHHUTE, MOJyYEHHU C KUPOCKOIHNYHA
npuctaBka GAK1 e KOHTpoiaupaHa CTOMHOCTTAa Ha €TaJOHHATa MONpPaBKa HA MHCTPYMEHTA IpPU MbPBUSI U
BTOPHS €KCIIepuMeHT. Pesynrature B Tabn. 23 ¢ qocTarbuHa KaTETOPUYHOCT MOTBBPKAABAT HEM3MEHHOCTTA B
WHCTPYMEHTAJIHATA MIOIPaBKa Ha )upockonnyHa npucraBka GAK1.

Tabnuya 3. Heusmennocm Ha uHcmpymeHmanHama nonpaska na sxcupockonuyna npucmaska GAK1

Hara Etanonno Cpenta ot AseTte
IJ1/MM/TTTT M3MepBaHe H3MCPBAHH
[gon], [']
El -0.0124
11.12.2014r 0 (402"
El -0.0126
18.08.2015 . 0 (4067

C 1en B3aUMEH KOHTPOJI, TbPBOHAYAIHOTO KUPOCKOIMMYHO OPUEHTUPAHE HA PYAHUK ,,Henmoneu” € U3BbPILICHO
ype3 Moce0BaTeIHN U3MEPBaHUs ¢ JIBaTa MHCTpyMeHTa. CpaBHEHHU ca CTOHHOCTUTE Ha MOCOYHUTE BIIM Ha
€TAIOHHOTO M PaOOTHO HAIpaBIICHUE, ONPE/ICIICHU OT KUPOCKOMYHUTE H3MepBaHHs ¢ )xupoTeoqonut GiB2 u
xupockonruHa npuctaBka GAKL. M3BbpiieHa € ChIOCTaBKa MEXIy CTOWHOCTHTE 32 OTKJIOHEHHETO Ha
reoje3nyeckara OcHoBa. Upe3 pasnukaTa MEXIy KpalHUTE pe3yiTaTH € H3CIEeIBAaHO ChOTBETCTBHETO M
CHCTOSITEIHOCTTA HAa JAaHHUTE.

YCTaHOBEHO €, Y€ BBIPEKU pa3jidkaTa B Kjaca TOYHOCT KpaiHUTe pe3yiaTaTd 3a OTKIOHEHHETO Ha
reojie3nueckata Mpexa Ha pyaHuk ,,Yemnorneu” ¢ GAKL u GiB2 ca mHoro 6sm3ku, chotBeTHO 12" 1 4". ToBa
CBUJIETEJICTBA, Y€ MPU HOPMAJIHA €KCIUIOATaIMs HA UHCTPYMEHTHUTE, TaHHUTE MOIYYEeHH B PEalTHU yCIOBUA Ha
U3MEpBaHe, CJIe/IBa Ja CE IIpUeMar 3a CbCTOATEIHU U KOPEKTHU.

AHAJIN3 HA PE3VJITATUTE OT INIPUJIIOXKEHUETO

JlaHHUTE OT MpOBeJCHUTE Ha OOCKTHTE M3MEPBAHUs CIOpE] MpelioKeHaTa METOAMKa ca o0paboTeHu 1o
HA4YMH, KOMTO TO3BOJSABA aHANU3 Ha €(PEKTUBHOCTTa OT mpmiokeHunero. C men oOOCHOBKa HA aHAIN3a,
I'bPBOHAYATHO € U3BBPIIICHA OIIEHKA Ha BTPENIHATa CXOUMOCT Ha Pe3ylTaTuTe. APUOPHO € BB3IPHUETO, Y
HN3MEpBaHUATA C OTACITHUTE MHCTPYMECHTH Ca U3BBPIICHU C €aHA U ChIlla TOYHOCT.

Pesynratute or W3MepBaHUATA Ca OLEHEHW IO TOYHOCT Bb3 OCHOBA Ha OTKJIOHEHUS, CIIOPENl CXemara OT
W3MepBaHusl, Bh3IIpHeTa Ha BCekH 00ekT. B Tabm. 21 u Tabia. 22 e npepocraBeHa ¢ uHdopmMarus 3a Opost Ha
MIPUIOMUTE TIPH BCEKH BUJ M3MepBaHe- paboTHO P 1 etanonHo E, KakTO M HAYMHBT Ha PeIyBaHETO M.
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Tabnuya 4. Ananuz om npuIONCEHUEMO HA MEMOOUKAMA 8 PEATHU YCI08USL HA USMEPBAHEe- OYEHKA HA
BLMPEUHAMA CXOOUMOCH HA Pe3VIMamume no OMKIOHEHUs. OM CPEOHO apUMMEMUYHAMA CIOUHOCH
CxeMma ot
OO0ekT peayBaHe Ha WNucTpymeHT
H3MEpBaHUATA

Bun OTKJIOHEHUS
U3MEPBaHE vi=a;— @

0.4"
-9.7"
19.2"
13.8"

3.1
-11.7"
-1.5"
-13.6"

2.7"

13.5"
-7.1"
-9.1"

-37.8"
33.1"
-26.0"
30.7""

El

E2

,,demomeu | 4E-4P-4P-4E GAK1

P1

P2

Ta6ﬂuua 5. Ananuz om NpUsIoJCceHUemo Ha Memoouxkama 6 pEAIHU YCN06USL HA U3MepPBAHE- OYEHKA Ha
mo1rocmma CnpiAmo pasjiuku Ha 0601HU UusmepeaHus

Cxema
OO6ekT elyBaHE Ha HHCTpyMeHT Biz Orionenus
peay R4 M3MEepBaHe 8§ =a—aj
I/I3MepBaHI/IﬂTa
,,Kormrasa“ E-P-E GiB2 E 1.0"
” . E -3.9"
,,BHTOIIa E-2P-E GiB2 P 00"

W3mepBanusTa B p-K ,,Yenoneu” ca peaausupaHyd B IO ABa NpHUOMa- B MpaBo U OOpaTHO HAIpaBJICHHUE 3a
BcekHu Buj u3MmepBaHe. OlieHKaTa € Bb3 OCHOBA HA M3UUCICHH BEPOSTHOCTHH TPEIIKH V;j 33 BCIKO M3MEpBaHE
alf, CHpSIMO CpellHaTa apuTMETHYHA BeinynHa @ (Tads. 21). B nociennaTta konoHa Ha Ta0il. 22, pe3ynraTuTe
ot GiB2 3a p-k ,,Komasa” u merpocranius ,,Burorra” ca oneHeHH IO TOYHOCT Bh3 OCHOBA Ha pas3iiuka §; B
nBoiinuTe ] U ;' u3mepsanus V3nonssanu ca cnenaute paboTHH HOPMYIIU:

v, =a; —a, (89)
6 = a; —ay, (90)

3a oleHKa Ha TOYHOCTTA Ca W3YHCICHW CTOMHOCTUTE HAa CPEHUTE KBAJPATHU TPEUIKH Ha U3MEpPBAHHATA,
CBOTBETHO ¢ yupockonmyHa npuctaBka GAKL u sxuporeogonut GiB2:

[ ] n

Meak1 = —n”_”l =18.7", (91)
[66] mn

mGiBZ = _217, :16 y (92)
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[lomydenuTe pe3ynTaTd CBUAETEICTBAT, Y€ OTKJIOHEHHUSATa Ca B pAMKUTE Ha TMacMoOpTHa TOYHOCT Ha
MHCTPYMEHTHUTE, a TMTOBEYETO CIIy4au ca IOPU 3HAYUTEIHO MO-HUCKU OT Ta3u rpaHunia. ToBa € J0Ka3aTeJICTBO
3a ¢opmynmpaHaTa B paOOTHaTa XWIIOTE€3a BH3MOXKHOCT 3a TOBHIIABaHE HA TOYHOCTTA HA METO/AA TIPH
OTIpeICIITHE Ha MOTPaBKa KbM €TaJOHHATa CTOMHOCT HA HHCTPYMEHTHTE 332 BCEKU O0OCKT.

OBOBIIEHWE HA PE3VIJITATUTE

Bb3 0cHOBa Ha MOCTABEHUTE 3a/a41 U ITOJIYYSHHU PE3yJITaTh € YCTAaHOBEHO, Ye:

M3cnenBaHeTo OTHOCHO MPUTOAHOCTTA HAa HAJIMYHA araparypa JoKa3Ba OTJIMYHUTE KauecTBa HA M3MOJI3BAHUTE
uHCTpyMeHTH xupoteoqoinuT GiB2 (o=£10") u xupockonnyna npucraska Wild GAK1 (c=+30"). Jloka3zano
€, 4Ye BBIPEKH I[POM3BOJCTBOTO MO-CTapO IIOKOJICHUE, IMOJYyYCHUTE MaHHH COYaT 32 CBhCTOSTEIHOCT,
KOPEKTHOCT M HaJEXKIHOCT Ha pe3yiraTtuTe. M3moxkeHara MeToauka Ha paboTa MPElOCTaBsl Bh3MOXKHOCT 3a
U300p Ha ONTHMAJHA CXeMa OT U3MEPBaHMs, CIPSIMO ThPCEHATa TOYHOCT U BPEMETO 3a peanusupane. [1o To3u
HA4YMH € OCUTYPCHO M3BBPIIBAHE HA KUPOCKOIMMYHO OPUCHTHUPAHE B PAMKUTE HA MO-MAJIKO OT SIUH JICH U OT
enuH oneparop. HaumnbsT Ha 00paboTka Ha JaHHUTE, Ype3 OIpeNeissHe Ha KOHKPETHa MOMpaBKa KbM
MHCTPYMCHTHTE 32 BCEKH OOCKT, rapaHTHpa IOBHIIABAHE HA TOYHOCT M CBOCBPEMEHEH KOHTPOJI Haj
pesyntarture. [IpoBepkaTa Ha NpeaoKeHAaTa METOAMKa IMOTBbpKAaBa BHCOKAaTa e(QEKTUBHOCT MpPHU
peanu3alysaTa if B peaHy YCIOBHS Ha MUHHH M CTPOUTEIHU OOCKTH.

2.3. U3BOJI1 KbM ITPAKTUYECKATA YACT

O0600uieHnTe pe3yiaTaTH OT HM3BBPIICHOTO EKCIEPHMEHTAIHO H3CJEABaHE Ca OCHOBA, Ha KOSTO CTHIIBAT
CJIEJJHUTE U3BOJU:

e Jloka3aHa € HEM3MEHHOCT HAa MHCTPYMEHTAJHATa IONpPaBKa Ha M3IMOJ3BaHATa amapaTypa. Y CTaHOBEHUTE
OTKJIOHEHHsI B CTOHHOCTTa ¥ 1O BpeMe Ha ekcrepuMeHrta ca £5" 3a sxuporteomoiaut GiB2 u +0.6" 3a
skupockonnuHa npuctaBka GAKI1. Toa moTebpxkaaBa (GOpMyIHpaHOTO B paboTHATa XHUIOTE3d, 4Ye
CHasBaiKM IPENUCaHusl OT HPOM3BOAWTEINSI TEXHOJOTWYEH pel, IoNpaBKaTa ocTaBa 03 3HAYUMH
W3MEHEHUS 110 BpeMe Ha padoTaTa Ha JaJieH 00eKT.

e Ot aHanu3a Ha TOYHOCTTa HAa IMOCOYHHS BI'BJ, OMpEAENeH IO >KUPOCKONMWYEH BT € YCTAaHOBEHO, 4e
ONTUMAJIHATA CXEMa Ha W3MEpBaHE € €JHOKPATHO CTALMOHUPAHE M peaju3alys Ha JIBE MOCIeJOBATEIHH
KUPOCKONMYHM n3MepBaHus. [1o To3u HauMH ce odakBa TOUYHOCT, ¢ 6130 40% Han cneuuduIupaHara 3a
WHCTPYMEHTA U pealu3upaHe Ha U3MEPBaHE B PAMKHTE Ha €IMH-/[Ba Yaca.

L HpeanomeHaTa CXeMa OT p€ayBaHC Ha MU3MCPBAHUA IMO3BOJIsIBA €TAaJIOHHMPAHEC HAa HMHCTPYMCEHTaA CIIPAMO
TEKyHIIOTO MY CBHLCTOAHWE HAa KOHKPCTHUA o60ext. ITo To3M HaumH KHUPOCKOIMMYECKOTO OPUECHTHUPAHE CC
ONTUMH3HPA 3HAYUTCIIHO B CPABHCHUC C 3AJIOKCHUTC B HWHCTPYKIUUTEC H3HWCKBAHUS. I/I3B’LpHI€HOTO
CKCIICPUMECHTAJIHO M3CJICABAHEC JI0Ka3Ba, Y€ TOBa € KJIIOYOB q)aKTOp 3a JOCTUT'AaHC Ha Ho-z[06pa TOYHOCT OT
cneumbnunpaHaTa B TCXHUYECKATa XapaKTCPUCTHKA HA HHCTPYMCHTUTE.

e II3BBpmIeHa € TIpoBEepKa Ha IIPEIJIOKEHATa METOAWKA TIIOCPEICTBOM JKHMPOCKONMUYECH KOHTPOJI Ha
OPHUEHTHPAHETO HA PEaTH MUHHH U CTPOUTEIHH 00eKTH. [lomydeHnTe cpeqHu KBaJpaTUIHH TPEIIKH Ha
WU3MEpPBaHUITA B PEATTHU YCJOBHUS ca ChOTBeTHO 1.6" 3a sxuporeomonut GiB2 u 18.7" 3a sxupockonuyHa
npuctaBka GAKIL. PesynraTd OT aHajmM3a Ha TOYHOCTTa IOTBBP)KIABAT YOCTUTEIHO HAJCKIHOTO
MPUJIOKEHUE METOAMKATa B YCJIOBHS Ha ITOJ3EMEH JOOMB M NpPH HM3rpakJaHe Ha W3pabOTKH, 4acT OT
MoJI3eMHaTa HHPPACTPYKTYpa.
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111. 3AKJIIOYEHHUE

Llenta Ha AMCEPTALIMOHHUS TPYI € OPUEHTHPaHA KbM IMPoOJieM, KOHTO ce OTKpOsBa ¢ 0COOCHa BaXKHOCT H
aKTyaJlHOCT B ChBPEMEHHATa MapKUIaifepcka M TeoJe3nuecka NpakTHKa, a UMEHHO  IPHUJIOKEHUETO Ha
METO/Ia Ha KUPOCKOIIMYECKO opueHTHupaHe. Heo0XxoanmMocTTa OT U3CIeABaHETO € MPOJUKTYBaHa Hail-Bede OT
OTpaHMYEHUATA, CBBP3aHHU C MIPAKTUYECKATa peannu3anys Ha mpoleca.

WHcTpymMeHTHTE 32 aBTOHOMHO OPUEHTHpPAHE NMPHUTEXKaBaT OTIMYUTEIIHM OCOOCHOCTH, Cpell KOUTO CIIO’KHATA
KOHCTPYKIMSI, TOJIEMH pa3MepH U TErJo, XapakTepHU BKJIIOUMTENIHO W 3a amapaTypara OT Hail-HOBO
nokonenue. Cpro0Opa3HO MPEANMCTBATA, KOUTO IPEJOCTABAT CHBPEMEHHUTE >KUPOCKOIMYHH TEXHOJIOTHH €
pasrieqaHa eqHa BB3MOXKHOCT B TOCOKa OBJEIIO YCHBBPUICHCTBAHE HAa >KUPOCKOIMUYECKUTE TEOJOIHUTH H
Kommacu. Bb3 ocHOBa Ha KpUTHYEH Mperjie]l Ha ChbBPEMEHHUTE MyOJHKAIHMW Ca MPOYYCHH M HM3CIeABaHU
OPUHIMIIMTE Ha JEeWCTBHE, OCHOBHUTEC KOHCTPYKTMBHH OCOOCHOCTH M (DaKTOpWUTE, BIMSCIIM BBPXY
KayeCTBEHUTE XapaKTEPUCTUKN Ha OE3pOTOPHUTE KUPOCKONH. B 0TroBOp Ha MmocTaBeHaTa 3a/a4a € H3BbPILICH
aHaJIU3 Ha PAa3IMYHUTE KAaUeCTBEHHU ITapaMeTpH, aieHa € 00Ila OLleHKa Ha IPEeIUMCTBATa U HEAOCTATHIIUTE Ha
CBHBPEMEHHHUTE XHPOCKONHM, KAaKTO W TPOTHO3a 3a IEPCIEKTUBUTE UM 3a NPWIOKEHHE B cdepara Ha
ABTOHOMHOTO I'e0JIe3UYeCKO OPHUEHTHPAHE.

Jocturanero Ha BHCOKM TOYHOCTM B IIpolleca Ha aBTOHOMHO OPHEHTHUPAHE € CBBP3aHO C IEPUOTUYHO
KaJquOpupaHe Ha KMPOCKONUYECKUTE HHCTPYMEHTH. 3allOKCHHTE B HMHCTPYKIMHUTE MpaBuia, O0OBBP3BAT
OIIEpaTOpPHUTE C NEPUOAUYHO Pealr3MpaHe Ha 3HAYUTENEeH Opol M3MEepBaHUs Ha MOCOKH, YUUTO a3UMYTH ca
ompeJiesieHH ¢ BUCOKa TouHOCT. [lox ¢opmara Ha xumoresa e fe(UHUPAHO NPEATIOKEHNE 33 ONTUMHU3UPAHE Ha
mporeca, KOATO € TOTBBbpJeHa B XOJa Ha TPOBEACHOTO EKCIEpUMEHTAHO H3cienBaHe. PegyBaHeTo Ha
€TaJIOHHU ¥ pabOTHM M3MEpBaHMS IO OIpEIeTieHa CXeMa OCUIYpsBa PEOula CHLIIECTBEHH NPEIUMCTBA, U
YCIOPEIHO ¢ TOBa BB3MOXKHOCT 32 ChKpalllaBaHe Ha BPEMETO 3a U3BbpIIBaHE HA U3MepBaHuATa. ETanonupane,
CbOOpa3HO TEKYIIOTO CHCTOSHUE HAa WHCTPYMEHTa € CBINECTBEH (AaKTop 3a JOCTHTaHe Ha TOYHOCT,
NPEBUILIABAINA 3AJI0)KEHATa OT IPOU3BOANTENS B TEXHUYECKHS NAcTIOPT. AHAIN3BT Ha PE3yATaTUTE, IIOIyYECHU
Mo TPWIOKEHAaTa MEeTOJMKa KaTerOpHUYHO J0Ka3Ba BHCOKAaTa TOYHOCT Ha TOCOYHHUTE BIJIM, OINpPENeeHU
KUPOCKOIIMYECKH B KOOPIMHATHATA CUCTEMa Ha pa3IMYHUTE 00eKTH. J[oKa3aHo e, 4e 1o Ta3u METOJMKa MOXKeE
Jia ce TIoJTydaBaT BUCOKOTOYHH PE3yNTATH JOPH C KUPOCKOMMYHN MHCTPYMEHTH OT MO-CTapo MOKoJeHue, 6e3
CHBPEMEHHU €JIEKTPOHHHU CHCTEMH 32 aBTOMAaTH3HPAHO CIIEe/IEHE U OTYUTAHE.

B 3akmioueHue Moxke nga ce OTOENeXH, Y€ MOCTUIHATHTE PEe3yATaTd OT IMPOBEACHOTO EKCHEPUMEHTATHO
M3cJeIBaHe YTBbP)KaBaT M pa3BUBAT KauecTBaTa Ha METO/Ia, B CbOTBETCTBHE C ITOCTaBeHata Iiesl. KoHTposHo
OpHEHTUpPAHE Ha IOA3EMHHM HM3PA0OTKH € MPHIOKHMO KAaKTO 3a LENUTe Ha pa3paboTBaHETO Ha IOJIC3HU
M3KOMAaeMH IO NOA3€MEH HayMH, Taka M IMpPHU MNOA3EMHOTO cTpouTencTBo. llomyuenure pesynrtatu ca
HaJIKIHN ¥ TOYHOCTTA MM HE 3aBHCH OT METOJHUTE Ha IIbPBOHAYAIHO OpPHEHTHpaHE W JIbII0OOYMHATA Ha
n3paborkute. Bcuuko ToOBa ompeaens NPHIOKEHUETO HA HKHUPOCKONMMYECKOTO OPHEHTHPAHE C TOJISIM
MOTEHIMA TIPY U3MBJIHEHUETO Ha HAal-OTrOBOPHUTE MapKilaiiepcku 3anaun. Hamure e HeoOXxoquMocTTa oT
OBbIeIo MOMyIsIpU3MpaHe Ha METOJa M YTBBP)KJABAHETO My KaTo IOJIE3HA NMPAaKTHKa B MUHHOJOOMBHATA M
CTPOWTEJIHATA IIPAKTHKA.
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IV. IPETEHIIMHA 3A TIPUHOCH

HpI/IHOCHI/ITe MOMCHTH B IOUCCPTALMOHHOTO H3CIACABAHC CC€ CHABPXKAT B HUIIBJIHCHHUETO Ha IMNOCTABCHUTC
3aJavuu.:

1. V3BbpieH € TEOopeTHUYEH aHali3 OTHOCHO Pa3BUTHETO HAa CHBPEMCHHUTE OC3POTOPHH J>KUPOCKOIH B
cBeToBeH Mamab. M3cienBaHa € BB3MOXKHOCTTa OT BHEAPSBAaHETO WM B KOHCTPYKIHMSATa Ha
KUPOTEOAOTUTUTE. APryMeHTHpaHa € MporHo3aTa, 4€ JO MOMEHTa NPUJIOKCHHETO Ha MEXaHUYHUTE
POTOPHH KHUPOCKOIH B YCTPOMCTBOTO HA KUPOCKOTIMYECKUTE TEOIOUTH € 0e3 KOHKYPEHT.

2. Ilpeanoxena e cxeMa OT MOJIXOAALIO peAyBaHE Ha €TaJOHHM W pabOTHM HM3MEPBaHMs, rapaHTHpalia
MOBHINIABaHE Ha TOYHOCTTA W ONTHMH3WpaHe Ha MpaKTHYecKaTa peajm3alis Ha MeTojJa Ha
KUPOCKOIIMYECKO OpueHTupaHe. JlokazaHa € BHCOKa CTelmeH Ha e(QEeKTHBHOCT OT NPWIOKEHHETO Ha
METOAUKaTa B pealHd YCIOBHA HAa W3MEPBaHE MPH IOJ3EMHOTO pa3padoTBaHE W IOI3EMHOTO
CTPOUTEICTRBO.
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