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ABtopedepat pazociaH «__ » 2024 ropa.

VYueHblll CEKpeTaphb
JUCCEPTALMOHHOTO COBETA
K. T. H., JJOLIEHT Toktopanues O.T.



OBLIASA XAPAKTEPUCTHUKA PABOTbI

AKTYaJIbHOCTH TeMbl HCCJIeJOBAHMSA. UccnenoBanue COBPEMEHHBIX
re0JJMHAMUYECKUX  IPOLECCOB B  CEHCMOAKTUBHBIX  30HaX  HEBO3MOXKHO  0e3
CHELMAIN3UPOBAHHON BBICOKOTOYHOW M3MEPUTENBbHON anmaparypbl. OZHUM U3 OCHOBHBIX
MHCTPYMEHTOB IPU U3YYEHHWU TE€OJMHAMUKH SIBIIIOTCS AKTUBHBIE 3JIEKTPOPA3BEIOYHBIE
METOJIbl C KOHTPOJUPYEMBIM HCTOYHHMKOM, OOECIEUMBAIOIINE BBICOKYI0 TOYHOCTH
U3MEpPEHUs] KOHTPOJUPYEMBIX 3JEKTPUUYECKUX MapaMeTpPOB HCCIENYEMOW cpelbl (3eMHOMU
KODBI).

JUIs TOBBIIEHUS] TOYHOCTU U3MEPEHUS 3JIEKTPUUYECKUX [ApaMETPOB 3€MHOU KOpBI
(kaxyuieecsi CONPOTHUBIIEHHE) NOSBUJIACH M€ NPUMEHEHHUS I 3JIEKTPOMArHUTHOIO
30HJAUPOBAHUS 3€MHOM KOpBI IIYMONOAOOHBIX 30HAMPYIOLUIMX CHUTHAJIOB, O0JIaJarouIuX
YHUKaJbHBIMM CTaTUCTMYECKMMM CBOWCTBAMM M B IEPBYI0 OYEpEAb TAaK HA3bIBAEMOM
00bIION  «MHPOPMALMOHHONH HM30BITOYHOCTRIO». Wess mpuMeHeHHs NIyMOMOAO00HBIX
curnano (LLIIC) B reodmsnuecknx HCCIEIOBAHMIX 3€MHON KOPBI BO3HUKIIA JTIOCTATOYHO
naBHO (Duncan P. M., Bailey R. C., Edwards R. N. at all) u aktyansHa mo HacTosiee Bpems
(Benukun A.B., Benukun A.A.; CeroB b.C., AnekceeB JI.A., Arees B.B. u ap.). [lonyuenue
KpuBOM craHoBieHUs mnonst ¢ npumeHeHuem ILIIIC 3axmrouaercs B pacyeTe B3aMMHON
KoppermsinnonHoi pynkunu (BK®) mexay peructpupyeMbpIM U 30HANPYIOIIUM CUTHAIAMHU.

Koppensuuonnast o6pab0oTka CHUTHAJIOB, PETUCTPUPYEMBIX HAa NPUEMHOM CTOpPOHE
AIIEKTPOPA3BEAOYHON M3MEPUTENBHON CUCTEMBI Ha ()OHE 3HAYMTEIHHBIX IIYMOB U TOMEX
pPa3IMYHOIO  MPOMCXOXKJIEHHUS TPU  30HAUPOBAHUU  IIYMOMNOJOOHBIMH  TOKOBBIMU
UMITyJIbcaMH, MoOKeT oOecrieunTh MHorokparoe (100 - 10000 pa3) mnoBblIeHHE
COOTHOILIEHUE CUTHAJI-IIYM. OTO IO3BOJMT PE3KO CHU3UTh LIYMOBOM  IOpOT
YyBCTBUTEJIBHOCTU U3MEPUTEIBLHON CUCTEMBI U B KOHEUHOM UTOIe€ OOECIEUUT PACILIUPEHHE
auana3oHa HCCIEAyeMbIX TIJIyOMH 3€MHOM KOphl IpPU 3HAYUTEIBHOM CHU)KEHHU
SHEPronoTpeOIeHUs 30HIUPYIOIIUX T€HEPATOPHBIX YCTAHOBOK. DKOHOMUYECKHUE 3aTPaThl HA
pa3paboOTKy M JalibHEWIee MPOU3BOJCTBO TAaKOW ammapaTypbl TAKXKE 3HAUMTEIBHO HIKE
3aTpaT Ha CO3/laHuE alaparypbl, 0a3upyroLIEiicss Ha MOILHBIX T€HEPATOPHBIX YCTAHOBKAX.

OTaenbHO ClelyeT OTMETUTD, YTO AIEKTPOPA3BEAOYHAs alaparypa ¢ IpUMEHEHUEM
IIYMOIIOIOOHBIX CUTHAJIOB MOKET HAalTH CaMO€ LIMPOKOE IPUMEHEHUE NIPU PELIEHUU 3aa4
B JIpyTUX 00JIACTSAX HAYKU M TEXHUKH, HAIIPUMEP, IIPU [TOMCKE U PA3BEIKE MECTOPOKICHUI
MOJIE3HBIX HCKOMIAEMBIX, 00ECTIEYHB 3HAUNTEIBHOE MOBBIIICHNE KauecTBa 1 3 (HEKTUBHOCTH
MOUCKOBBIX paloT.

CBsi3b TeMbl JUCCEPTALMM C NPHOPUTETHBIMH HAYYHBIMH HANpPABJCHUSIMH,
KPYNHBIMM  HAay4YHbIMM HNporpaMmMaMu  (IPOEKTaMH), OCHOBHBIMH  HAY4YHO-
HCCJIeJ0BaTeIbCKMMHE padoTaMu, NMPOBOAMMBIMH 00pa30BaTeIbHbIMH M HAYYHBIMH
yupexaeHusasmu. OCHOBHasi 4acThb JUCCEPTALlMOHHOW pabOThl BBIIOJIHEHA B pPaMKax
BbINIOJIHEHUS ['ocyaapcTBeHHOrO 3aaHus 1o Teme: «Pa3paboTka anmnapaTHO-IPOrpaMMHBIX
CPEICTB U OCHOB TEXHOJOIMI 3JIEKTPOMArHUTHOTO MOHUTOPHMHIA T€OAMHAMHYECKHX
MPOLIECCOB B CEMCMOAKTHUBHBIX 30HAaX W OLIGHKM HX omnacHocteit» B 2014 — 2021 rr.
3aK/IIOYNUTENbHAs YacTh JMCCEPTALMOHHOM padOThl BHIIOJHEHA B paMKax BbIIOJHEHUS
['ocynapctBennoro 3aganus mno teme: «M3ydenue reodu3nmueckux mojeil U MpoIeccoB Kak
OCHOBBI IIPOTHO3a 3€MJIETPSICEHUN Ha 0a3e MOHUTOPHUHIAa M MOJEIMPOBAHMS HEYIPYIHX
IIPOLIECCOB B celicMoreHepupyromux cpegax» B 2022 — 2023 rr.

O0bekT wuccaegoBanuss. OOBEKTOM  HCCIENOBAHUS  SABJIIETCS  CHUCTEMA
reo(pu3NIecKOro MOHHTOPUHTA Pa3BUTHUS HANPSHKEHHO-Ie()OPMAIIMOHHBIX MPOIIECCOB B
3€MHOM KOpe CEIICMOAKTUBHBIX 30H. OJTHUM U3 OCHOBHBIX CIIOCOOOB OCYLIECTBJIEHHS TAKOI'O
MOHHUTOPUHIA  SIBJSIETCS AaKTMBHOE 30HIMPOBAHME 3E€MHOHM KOpbl C  IOMOUIBIO
JIEKTPOMArHUTHBIX HMMITYJIbCOB, BO30YXKAA€MbIX B HEH CHELMAIbHBIMU T'€HEPATOPHBIMU
ycraHoBKkaMu. Ha umccrnenyemoil TeppuTOpun CO31AETCs CETh U3MEPUTENIbHBIX ITyYHKTOB, B
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KOTOPBIX € IOMOULIBIO IIPUEMHBIX U3MEPUTEIBHBIX CTAHIMN OCYIIECTBIISIETCS PETUCTPALMS
CUTHAJIOB OTKJIMKA 36MHOM KOPbI Ha AJIEKTPOMarHuTHOE BO3/EICTBUE. 3apErUCTPUPOBAHHBIE
JTaHHbIE 00pabaThIBAETCSl C TMOMOUIBIO CHENHMAIbHOTO IMPOrpaMMHOrO obecredyenus. B
pe3ynbpTaTe Takoid 0OpabOTKH CTPOSITCS BPEMEHHBIE PAIbI M3MEHEHHUS KOHTPOIUPYEMOTO
napameTpa MCClIeqyeMOl cpebl (KaXyIerocs: yAeIbHOI0 3JEKTPUYECKOT0 CONMPOTUBIIEHUS
TOPHBIX TIOPOJ Ha pa3HbIX [IyOMHAaX), OTpaXarollMe pa3BUTHE HaNPSKEHHO-
nae(pOpMaMOHHBIX MTPOLIECCOB, MPOUCXOASIINX B 36MHOM KOpE.

Heas uccnenoBanus. Co3nanue HOBOM, BHIMOIHEHHON HA COBPEMEHHOM 3JIEMEHTHOU
6a3e anmapaTypsl, 00eCIeunBaONIEH MOBBIIIEHHOE Ka4eCTBO U 3((HEKTUBHOCTh U3MEPEHUS
ANEKTPUYECKUX [TaPAMETPOB 3€MHOM KOPbI METO/I0M CTAHOBJIEHUS MOJIS B JUANa30HE MIyOUH
ot 100 Mm 10 10 kM.

3agauu ucciae0BaAHMSA:

1. Pa3paborarh MaTeMaTHYeCKyl0 MOJAENb 3JIEKTPOPA3BEIOYHOM CUCTEMBI C
IIYMOTIOOOHBIMU 30HAUPYIOMIMMH cuUTHajIamu. [lpu momomm pa3paboTaHHOW MOIENH
TEOPETHUYECKH OOOCHOBATH BO3MOXKHOCTh HMPUMEHEHHS M MPEUMYLIECTBO HCIOJIB30BAHUS
IIYMOTIOAOOHBIX 30HAMPYIOIIUX CUTHAJIOB B CPAaBHEHHWU C TPAJUIMOHHOW CHCTEMOIA,
WCTIOJB3YIOIIEH JUIA 30HIUPOBAHMS OWMOJSPHBIE HMMITYJIBCHBIE ITOCIIEAOBATEIBHOCTH C
IIOCTOSIHHOM JUIMTEJILHOCTHIO UMITYJIBCOB.

2. UccnenoBarb  OCOOEHHOCTM  NPUMEHEHUS  IIYMONOJOOHBIX  CUTHAJIOB B
AJIEKTPOPA3BEIOYHON anmaparype. BuIABUTH NpeanosaraeMple MCTOYHUKH CTPYKTYPHBIX
nomex IIIIC B snexTpopa3BeoYHON anmaparype € LIyMONOAOOHBIMHM 30HIUPYIOIIUMHU
CUTHQJIAMM C LIEJIbI0 OLICHKM MX BJIMSHHSA HA Ka4yeCTBO I0OJIy4acMOM KPHBOW CTAaHOBJICHUS
1oJis ¥ pa3zpaboTaTh COCOO UX YCTPAHEHHUS.

3. Pa3pabGorarb, M3rOTOBUTH W  IPOTECTUPOBATH B  IIOJEBBIX  YCJIOBHSIX
JKCIIEPUMEHTAJIbHBINA oOpa3zen anIapaTHO-IIPOrPaMMHOTO LIMPOKOIIOJIOCHOT O
M3MEPUTEIBHOIO KOMIUIEKCA C IIYMOIIOI0OHBIMU CUTHAJIAMU JIJISl U3MEPEHUS SJIEKTPUUECKUX
apamMeTpoOB 3€MHOM KOPbI METOJOM CTAHOBJIEHUS T0JIsl B OJIMKHEHN 30HE.

4. BplmoHUTh ~ OTPA0OTKY  TEXHOJIOTMM  30HIAMPOBAHUS  3€MHOM  KOpBl €
WCIIOJIb30BAHUEM 3KCIEPHUMEHTAJIbHOIO 00pa3la IIMPOKONOJIOCHOIO H3MEPUTEIBHOIO
KOMIUIEKCA C IIyMONOJOOHBIMH CUTHAJIaMH, BKIIOYAIOIIYIO B Ce0s:

- Pa3zpa®oTky METOIMKH IPOBENEHUSI U3MEPEHUI B PEAJIbHBIX MOJIEBBIX YCIOBUSX;
- [IpenBapuTenbHyIO OLICHKY NOTPELIHOCTH U3MEPEHUST KPUBOM CTAHOBJICHUS I10JIS;
- Pa3paboTky METOAMKH MOIy4YEeHUS T€0IIEKTPUIECKIX XaPaKTEPUCTUK CPEIBL.

Hayuynasi HOBM3Ha NOJIy4YeHHBIX pPe3yJabTATOB:

1. Ha maremaTnyeckux MOAEIsAX IEKTPOPA3BEAOYHON CUCTEMBI C IIYMOIIOA00OHBIMU
30HAMPYIOLIIMMH CUTHAJIAMHM JOKa3aHa BO3MOYKHOCTb M IIOATBEPKIACHO TEOPETHUYECKOE
MPEUMYIIECTBO MX NPUMEHEHHUs, 3aKioyaromeecs B Oosnee 3(pPeKTHBHOM MMONaBICHUH
IIyMOB 10 CpPaBHEHHUIO C OOBIYHOM CHCTEMOH, WCIIONB3YIOMIEH JUIS 30HAMPOBAHHS
OUIIONIAPHBIC UMITYJIbCHBIE TIOCIIE0BATEIHLHOCTH C MOCTOSTHHON UTUTEIHbHOCTHIO UMITYJILCOB.

2. UccnenoBanbl  OCOOEHHOCTH NPUMEHEHHSI IIYMOINOAOOHBIX CUTHAJIOB B
JIEKTPOPA3BEIOYHON anmnaparype. Bpiaenens! npeanonsaracMbple HCTOYHUKU CTPYKTYPHBIX
nomex IIIIC B anexTpopa3BeoUHON anmaparype € LIyMONOAOOHBIMHM 30HIUPYIOIIUMHU
CUTHAJIAMM.

3. Pa3pabotan anroputm, o0ecneunBaronIiil ¢ BBICOKOH BEPOSITHOCTHIO PABUIIBHOTO
OOHaApy)XEHUSI U MaJlO BEPOSITHOCTBIO JIOXKHOM TPEBOTH, OOHApYKEHHE W JalbHEUIIee
YCTpPaHEHHE Ha II0Jy4yaeMOll KpPUBOM CTaHOBJEHHUs MNOis CTpyKTypHbix nomex LHIIC.
[IpennoxxeH KpuTepuil aBTOMAaTUYECKOTO BbIOOpa IOpora OOHApyKEHUs CTPYKTYPHBIX
nomex LITIC yTo no3BosseT MakCUMaabHO aBTOMAaTU3UPOBATH MIPOLIECC 0OPaOOTKH TaHHBIX
Y TIOBBICUTD €€ CKOPOCTh, YTO OYEHb BaXKHO IPH BBHIIOJIHEHUH PAa0OT B MOJIEBBIX YCIOBUSIX.



4. PazpaboTan M M3rOTOBJIEH SKCIIEpUMEHTAIbHBIA oOpasel amnmaparypHo-
IPOrPaMMHOIO  U3MEPUTENBHOIO KOMIUIEKCA C IIYMONOJOOHBIMH  30HIUPYIOIIUMHU
CUTHaJIlaMU 00eCneuYMBaIOUINil KOHTPOJIb KPUBOM CTaHOBJIEHUS MO Oiaroaaps MIHPOKOMY
YaCTOTHOMY JUana3oHy U OOJBIIOMY JMHAMUYECKOMY JUANa3oHy pErucTpupyeMbIX
CUTHAJIOB.

5. Ilony4eHbl NepBblE OLIEHKM KAauyecTBa IOJYy4YaeMbIX KPUBBIX 30HAMPOBAHUS Ha
pa3HbIX BpeMEHaX CTaHOBJIeHUs NoJs. Ha ocHOBaHMU pe3yIbTaTOB MOJIEBBIX AKCIIEPUMEHTOB
B IIEPBOM IPHUOJIMKEHUH MOJIYYHIIOCh, YTO B KOHIIE BCEr0 MHTEPBaJIa BPEMEH CTAHOBJICHUS
noJis (2 ¢) MUHUMaJIbHBIM YPOBEHb YBEPEHHO KOHTPOJIMPYEMBIX Bapualuuid coctaBuT 3%, Ha
1,5 cexynne — 1,0 %, a yxxe na 0,5 cexyngax — 0,2 %.

6. Pa3zpaborana MeToaMKa MOJIyYEHHs] T€OUIEKTPUUECKUX XapaKTEPUCTUK CPENbl B
AKCIIEPUMEHTAIBHOM 3JIEKTPOPA3BENOYHOM KOMIUIEKCE € IIYMONOJOOHBIMU CHUTHAJIAMH.
[Ipy mnomolM [aHHOM METOAMKHM JUIsl psAa IYHKTOB HaONIOAEHHS HA TEPPUTOPUHU
BUIIIKEKCKOTro TeoAMHaMUYECKOr0 MOJIUI0HA, MOJIYYEHbl KPUBBIE KaXKYIIErocs YIEIbHOIO
CONPOTHUBIICHUS - pPr(?), KKYUIEHCS MNPOAOIBLHON MNPOBOAUMOCTH - Sy(?) W TIIyOUHBI
MIPOHUKHOBEHMS, POBOJALLEH S TNIOCKOCTH - /i-(1). [locTpoeHbl BpeMEHHBIE Psijibl BapHalUil
Ka)KyILEerocs yAeJIbHOIO CONPOTUBIIEHUS CPEbI.

IIpakTuyeckass 3HAYMMOCTH MOJIYYeHHBIX pe3yJbTaToB. PaszpaboTtannble
MHCTPYMEHTbl MaTeMaTHYE€CKOIO0 MOJEIMPOBAHUS  3JIEKTPOPA3BEIOYHBIX CHCTEM C
IIYMOTIOOOHBIMH ~ CUTHAJaMH  TO3BOJIMJIM  W3YyYUTh  OCOOCHHOCTH  NPUMEHEHHS
IIYMOTIOAO0HBIX 30HANPYIOUINX CHTHAJIOB B CHCTEMaX aKTUBHOW 3JIEKTPOPA3BEAKH 3€MHOM
KOPBI U BBIIIOJHUTH CPABHUTENIBHYIO OLEHKY JIA0OPATOPHBIX U IMOJIEBBIX IKCIEPUMEHTOB C
pe3ysbTaTaMM  MAaTEMAaTHUYECKOT0  MoOJenupoBaHus. Pa3zpaboTaHHOE  MporpammHoOe
o0ecrieueHne CIyXXHUT IJs MPEeIBAPUTEIHHOTO HM3YUYCHHS W MOJCIHPOBAHHS HIIEMEHTOB
anmnaparypbl 1 METOJ0B 0Opa0OTKU JaHHBIX, IPUMEHSIEMbIX IIPH pa3pabOTKe anmnaparypsl U
IPOrPaMMHOTO 00€CIIEYEeHUsI AKTHBHOW 3JIEKTPOPA3BEIKH METOJOM CTAaHOBIICHHUS TOJIS.
JlaHHO€ IporpaMMHOE OO€cleUeHUE BHEAPEHO UM aKTUBHO MCIIONB3YETCs MpHU pa3paboTke
HOBOM amnmapatypbl MW MpOrpaMMHOro oOecnedyeHHs B JIaDOpaTOpUM MEPCHEKTUBHBIX
anmnapaTypHbIX pa3paboToxk HayuHou craHuud PAH B r. bumkeke (AKT BHenpeHuUs
Pe3yIbTaTOB HAyUYHO-UCCIEA0BATENIbCKOM (quccepTalnoHHoi) padotel booposckoro B.B. B
mpoiiecc pa3pabOTKU HOBOM ammapatypbl W NPOrpaMMHOrO oOecreueHus aadbopaTopuut
NEPCHEKTUBHBIX anmnaparypHsix paspaborok HC PAH ot 22.12.2021 r.).

HccnenoBanus no U3y4eHU0 0COOEHHOCTEN MPUMEHEHUS IIyMOIIOI00HBIX CUTHAJIOB
B DJIEKTPOPA3BEAOYHOM amnmaparype HCHOJIb30BaHbl IpPH pPa3pabOTKe M NPAKTUYECKOU
peanu3anuy KCIePUMEHTATFHOTO 00paslia anmapaTrypHO-IPOrpaMMHOTO W3MEPHUTEIHLHOTO
KOMILIEKCAa C IIyMOIMOJOOHBIMH CUTHajmamu. Pa3paboraHHas MeToanka OOHApPYXKEHHS H
nanbHeiero ycrpaneHus crpykrypHsix momex HIITC no3Bossier npeoaoaeTs orpaHu4eHus,
HaKJIaJblBAEMblE HCIIOJb30BAHUEM JJIEMEHTOB C HEJIMHEWHBIMM CBOWCTBAMM IPHU
KOHCTPYMPOBAHHUHU allapaTypsl C IPUMEHEHHEM IIYMOIIOI00HBIX CUTHAJIOB.

[IpenBaputensHble  pe3yNbTaThl HUCHBITAHWNA  Pa3pabOTAaHHOTO  ammapaTypHO-
MPOrPaMMHOI0 HM3MEPHUTENIBHOIO KOMIUIEKCA C LIYyMONOAOOHBIMM CUTHAJIAMU CO3]1al0T
OCHOBY I €r0 UCIIOJIb30BAHMS B COCTaBE JIECUCTBYIOLIEH HAa TEPPUTOPHM DBHIIKEKCKOIo
re0JJMHAMUYECKOr0 TOJUIOHA CUCTEMBl AKTUBHOI'O 3JIEKTPOMAarHWUTHOTO MOHMTOPHHIA
36MHOU KOPBI.

OcHOBHbBIE 10J10:KEHU S JUCCePTALMH, BHIHOCHMbIE Ha 3alUTY:

1. MaremaTudeckass MOJAEINb 3JEKTPOPA3BENOYHOM CHUCTEMBbI C HIYMOIOJOOHBIMU
30HAUPYIOLIMMHU CUTHAJIAMH, OCHOBAHHAsl Ha 3a/1aBa€MbIX [IEPENATOYHBIX XAPAKTEPUCTUKAX
JIEMEHTOB HW3MEPUTENbHOM anmaparypsl M MPEACTaBICHUM OTKIMKA TE€OCpelbl Ha
30HAUPYIOLIEE BO3JEHUCTBHE B BHUJE HHTETPUPYIOLIET0 HMHEPLUUOHHOIO 3BEHA IIEPBOIO
nopsjka. TeopeTnuecku J0Ka3aHO IPEUMYLIECTBO IPUMEHEHUS ITIYMOIIOI00HBIX CUTHAJIOB,
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3akmovaromeecss B Oosee 3¢ (EeKTUBHOM TIOAABICHUHM IIyMa TPU PABEHCTBE HSHEPTHA
30HAMPYIOLUIMX CHUTHAJIOB [0 CPaBHEHUIO C MCHOJb30BAaHUEM JUIL 30HAMPOBAHHUSA
CTaHOBJICHHEM TOJIs1 OUTIONIIPHBIX UMITYJIECOB C TOCTOSTHHON ITUTENHHOCTHIO.

2. YcraHoBi€Hbl MCTOYHUKU CTpyKTypHbIXx nomex IIIIC B anekTpopa3BenouHOit
anmapatype ¢ I[pPUMEHEHUEM IIyMOINOAOOHBIX curHaioB. llpemioxeH crnocod ux
aBTOMAaTHYECKOTO OOHApy>KEHUS M YCTPAaHEHHs, OCHOBAaHHBIH Ha KpPUTEPUU IIOWCKA
ONITUMAJIBHOTO MOpOTa OOHAPYKEHHS M0 MAaKCUMAJIbHOMY NMPUOIMKEHUIO PaCIpeaeTIeHuUs
IJIOTHOCTH BEPOSATHOCTH OCTATOYHBIX IIOMEX U IIYMOB K HOPMaJbHOMY 3aKOHY.

3. DKcnepuMeHTaIbHbII oOpaszen anmnaparypHO-IpOrpaMMHOIO
AJIEKTPOPA3BEJOYHOI0 U3MEPUTEIBHOIO KOMIUIEKCA C IIYMONOJOOHBIMU 30HIUPYIOLIUMU
CUTHAJIaMU, TTOITBEPAUBLINI pe3yJIbTaThl TEOPETUIECKUX UCCIeA0BaHNH 00 3¢ (HheKTUBHOCTH
IPUMEHEHHS] IIYMONOJOOHBIX CHUTHAJIOB B AaKTHUBHOM 3JEKTPOpa3BEIKE METOAOM
CTaHOBJICHHUS TIOJISL.

JIMuHbINH BKJIaJ couckares. Pa3zpabotka MaTeMaTUIECKOU MOJIEITN
AJIEKTPOPA3BEJOYHON CHUCTEMBI € IIYMONOJOOHBIMH CHTHajdamMu Oblla BBIIOJHEHA B
COABTOPCTBE C 3aBENYIOLIUM JJaOopaTOpuel MepCIEKTUBHBIX anmnaparypHsix pazpadoroxk HC
PAH UnwsuuessiM I1.B. rae aBTop oTBevaln 3a pa3pabOTKy U TECTUPOBAHUE ANITOPUTMOB U
HallMCaHUEe MPOrpaMMHOI0 oOOecrneueHus: JUIsl UX pealn3alid, a TakkKe MpUHAMAI
HENOCPEJCTBEHHOE y4yacTHe B 00pabOTKE M OIIMCAHUM PE3YJIBTATOB SKCIIEPUMEHTOB. PabOTHI
0  MCCIEAOBAaHUID OCOOEHHOCTEH MPUMEHEHMsI IIyMONOAOOHBIX CUTHAJIOB B
JIEKTPOPA3BEJOYHON ammapaType M, B YaCTHOCTH, BBIJECICHUE UCTOYHUKOB CTPYKTYpPHBIX
oMeX Obljla BBIIOJHEHA aBTOPOM IPEUMYIIECTBEHHO JIMYHO U YAaCTUYHO B COABTOPCTBE C
3aBelyIOIMM JlabopaTopuell MEepCHEeKTHBHBIX amnmnaparypHbeix paszpadorok HC PAH
NnbuuessiM [1.B. Pa3zpaboTka anropurMa u nporpaMMHOT0 oOecriedeHus 11l 0OHApyKEHUs
Y YCTPAHEHHUS CTPYKTYPHBIX IIOMEX Ha KPUBOW CTAHOBJIEHHUS 110J151 ObL1a BHIIIOJIHEHA aBTOPOM
auyHo.  Pa3zpaboTka  3KcCHepMMEHTalbHOro  00paslia  anmnapaTypHO-IPOrPaMMHOIO
WU3MEpPUTENBHOIO KOMILJIEKCA C IIYMONOJOOHBIMU 30HAMPYIOUIMMHU CHUTHajJaMu ObLia
BBINIOJIHEHA CWJIAMM JIAOOpaTOpUM NEPCIEKTUBHBIX anmnaparypHbix pazpadorok HC PAH.
Bkman aBTopa B gaHHyl paboTy 3aKiroydalcs B pa3pabOTKe BCEro IMpPOrpaMMHOIO
oOecrieueHus KoMIUIeKca. Takyke aBTOp IPUHUMAaJI HETIOCPEICTBEHHOE yUacTHE B pa3paboTKe
1 POBOI YacTH anmapaTHOro 00eCIeueHIs] U3MEPUTETHHOTO KOMIUIEKCa. ABTOP MPHUHUMAIT
JMYHOE y4acTHE€ B MOATOTOBKE U MPOBEIECHUU KOMILJIEKCHOTO IOJIEBOI'O SKCIIEPUMEHTA 110
OLICHKE KayecTBa I0JIy4aeMbIX KPUBBIX 30HAMpOBaHMs. Pa3paboTka METOIUKH MOTy4YEHUS
TE0UIEKTPUYECKUX XapaKTEPUCTUK CpPElIbl B 3KCIEPUMEHTAIBLHOM 3JIEKTPOPa3BEI0YHOM
KOMIUIEKCE C LIYMOINOJOOHBIMU CHUTHAJaMHU OCYIIECTBISAJIACH MOJ PYKOBOJCTBOM M IIPU
JMYHOM y4YacTUH aBTOpA.

AnpoGanum  pe3yabTaToOB  HcCCJeJ0BaHuUsl.  Pe3ynbTaThl  MCClIEOBaHUM,
IIPUBEACHHBIE B JUCCEPTALIMOHHON paboTe IMpencTaBlIeHbl U OOCYKIEHBbl Ha CIENYIOLIUX
KOHpepeHIMsIX © cumroduymax: VI wmexayHapoasslii cummosuyM. "IlpoGrmemsr
I€0JJMHAMUKA M TE€03KOJOTMH BHYTPUKOHTHMHEHTAIbHBIX OporeHoB" (utoHp 2014 1.), T.
bumkex; VII mexayHaponsbiii cumnosuym. "[IpoOnembl reoAMHAMHKHA U TE€03KOJOTUU
BHYTPUKOHTHUHEHTaIbHBIX OporeHoB" (utoHb 2017 r.), r. bumkek; VIII mexmayHapoaHblil
cumnosuyM. "lIpoGiembl TeOAMHAMUKA M TI'€03KOJOTMM BHYTPUKOHTHHEHTAJIBHBIX
oporeHoB" (utoHb 2021 r.), r. bumkek; OgunHaguateie HayuyHble uyTeHus namsta FO.IL
Bbynamesuua. "' myOMHHOE CTpOEHME, €0 IMHAMUKA, TEIIJIOBOE M0JIE€ 3€MJIM, MHTEPIIPETALINS
reopusndeckux nonen" (Mucruryr reopusuku um. FO.I1. bynamesuua YpO PAH 20-24
cearsOps 2021r.), r. ExarepunOypr; Cemunap «CoBpeMeHHBIE MPOOIEMbI Teo()U3UKI»,
IPOBOJUMBIM MOCKOBCKUM T'OCYJIapCTBEHHBIM YHMBEPCUTETOM COBMECTHO ¢ MHCTHTYyTOM
¢msukn 3emmn uMm. O.10. IlImuara; Cemmuap «l'eomoro-reopmu3nyeckuii MOHUTOPHHT
mutocdepsl Taup-Ulans», npoBoaumoro Hayunoii cranmueit PAH B r. bumkeke coBmecTHO
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¢ Hucruryrom ¢muku 3emmn uM. O.10. lvumara;, V' MexayHapogHas HaydHO-
npaktudeckass KoHpepeHmus «mkeHepHas celicMopasBenka u - cericMosorusi-2023»
(oxTsa6ps 2023 1.) T. MOCKBa;

IlostHOTa OTpakeHHs1 pe3y/IbTAaTOB AuccepTauMu B myOaukanusix. OCHOBHBIE
Hay4YHBIE PE3yJbTaThl, TOJyUYECHHBIE B AUCCEPTAIIH, OTPAKEHBI B 9-1 MmevyaTHhIX paboTax, B
TOM 4YHCJI€ BXOJAIIUX B HU3AaTeNbCcTBax, Bxomsamux B cucremy WOS, SCOPUS, RSCI u
PUHLI. Taxxe mnomydeHsl S5 CBHACTENBCTB TOCYAAPCTBEHHOW NATEHTHOW CITyKOBI
Poccuiickoit @enepanuu o peructpanuu nporpammsl st 9BM.

Crpykrypa U o0bem auccepramum. /luccepranus COCTOMT U3 BBEACHMS, IIECTH
IJIaB, 3aKJIOYEHMS, CIUCKA JUTEPATypbl M3 79 HAUMEHOBAaHUN W ABYX MPHIOKEHHM.
OcHOBHOE cozepkaHue mpencTaBieHo Ha 199 crpannnax, coaepkut 86 pucyHkoB, 9 Tabmu
U 2 NIPUIIOKEHUS.

OCHOBHOE COIEPXAHUME PABOTHBI

BBenenue. IlpencraBiena akTyallbHOCTh T€MBI, C(POPMYIHPOBAHBI IENb U 3aa4H
UCCIIEI0BAaHUsA, ONPENEICHbl OCHOBHBIE 3AIMINAEMBIE MOJOKEHUS, MPUBOAITCS METOJBI
UCCIIEI0BaHUM, ONpPEeIeHa HayYHasi HOBU3HA, MPAKTUYECKasi U SKOHOMHMYECKasl LIEHHOCTh
paboThl, a TaKKe OTMEYEHbl JHMYHBIA BKJIAJ COMCKATENs, MyOJIMKaIMy, ampoOarus
PE3YJIbTATOB U KPATKO M3J1araeTcsi CTPyKTypa JUCCepTaLH.

I'nmaBa 1. Kommiekc reopuznyecknx MeTo10B U3y4YeHUsSI CTPOCHUSI U JTMHAMHUKH
3eMHOH KOPBI /ISl TePpPUTOPUM BHIIKEKCKOro reoJMHAMHM4ecKOro moJurona (ood3op
JIUTEPaTyphbl)

OTanuuTenbHOM 0cO0€HHOCThIO buikekckoro reoannamuyeckoro noiaurona (bBI'TI)
ABJISIETCSI HAJIMYME KOMIUIEKCA PEryJISIpHBIX PEKHMMHBIX HCCIEAOBAHMM, BBIIOJHSAEMBIX Ha
€ro TEPPUTOPHUM PA3IMYHBIMU METOJAMH, B3aUMHO JOMOJHSIOWMMU Apyr aApyra. OcoObiit
MHTEPEC IMPEACTABISAIOT AKTHBHBIE 3JIEKTPOPA3BEAOYHBIE METOJbI C KOHTPOJIMPYEMBIM
MCTOYHUKOM, MMEIOLIME MOBBILIEHHOE pa3pemieHre. OIHUM M3 TaKMX METOJOB SBIISIETCA
Meton 3CJl, MCIONIB3YIOIUICA B CUCTEME AKTUBHOI'O JIEKTPOMAarHUTHOIO MOHUTOpPHUHIA
3eMHOM Kopsl Ha Teppuropun BI'TI ¢ Hauana 90 rr. npomoro Beka (Tpanesnukos 10.A.,
bparun B.Jl., Unpuues [1.B. u np.).

OpHUM M3 HANpaBJIEHUN COBEPIIEHCTBOBAHMS aKTUBHBIX METOJOB 3JIEKTPOPA3BEIKU
Ha Tepputopuu HC PAH siBnisiercst paciimpenue ee BO3MOXHOCTEHN 3a CUET UCIOJIb30BaHUS
nomumo 3CJI nIpyrux METOJOB AKTHMBHOM 3JIEKTPOpPA3BEIKH, B YACTHOCTH, METOAA
30HAUPOBAaHUS CTaHOBIIeHWEM 1oJs B OmmkHel 30He (3Ch). [IpenmymectBom meroma 3Ch
no cpasHeHuto ¢ 3C/] sABisercs TO, YTO Pa3HOC MEXAY HCTOYHUKOM (MHIYKUIMOHHOMN
30HJUPYIOUIEH paMKON) M TOYKOW HaOIIOAEHUS (JaTYMKOM CHUTHaAlIa) MOXET OBITh
3HAYUTENbHO MeHblIe uccienyemon riryouns! (CugopoB B.A.). biaronaps nmoBblleHHOU
pazpemaroreii cnocoornoctu meroaa 3Ch 3ToT Metoa mpuMeHsieTcs it 60Jee AeTaTbHOTO
U3YYEHMsI CTPYKTYpbl 3¢MHOI KOpbl. OCHOBHOM 3aJladeil TaHHOI'O MCCIIEI0BAaHUs SABIIAETCA
CO3/1aHHE anmnaparypHO-IpOrpaMMHOrO MU3MEPUTEIBHOIO KOMILIEKCa IS
JIEKTPOMArHUTHBIX ~HCCJIEJIOBAHUM COBPEMEHHBIX I'€OJIMHAMUYECKUX IPOLIECCOB B
mutochepe CeBeproro Tsiab-111ans ¢ BO3SMOXHOCTBIO €T0 HCIIOIH30BAHUS B CYIIECTBYIOMICH
CHUCTEME aKTUBHOI'O AIEKTPOMAarHUTHOTO MOHUTOPUHIA 3¢€MHOM KOPBI 1u1s1 Teppuropuu bITI.

I'naBa 2. MeTogos10rusi 1 MeTO/IbI HCCJIEJ0OBAHUS

O0bekT wucceA0BaHUsI: CHCTEMa Te0(pU3NIECKOTO MOHHUTOPWHTA Pa3BUTHUSA
HaNPsHKEHHO-1e()OPMaIIMOHHBIX TPOIIECCOB B 3eMHOW KOPE CEHCMOAKTUBHBIX 30H.

IIpenmer mcciaenoBanMs: OOOCHOBAHHME TEOPETUYECKOM  BO3MOXKHOCTH U
NPEUMYLIECTB IPUMEHEHHUsS LIYMOIOJOOHBIX CHUTHAJIOB IIPU  CO3JAaHUU  CHCTEM
reo(pu3nYecKOro MOHUTOPHHIA C MPUMEHEHHEM aKTHUBHBIX METOJOB AJIEKTPOPA3BEIKU C
KOHTPOJIMPYEMBIM HCTOYHMKOM. B mponecce pemenus 3agadyd OOJbIIOE BHHMAHHE
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YAENIAJIOCh TEM OCOOEHHOCTSIM NPHUMEHEHHUs IIyMOINOAOOHBIX CUTHAJIOB, KOTOPHIE MOTYT
MOBJIMATH HA TOYHOCTh, CTA0MJIBHOCTh W KAaueCTBO IIOJyYAaeMBIX pe3yJIbTaTOB IMPH
NPAKTUYECKOW  peanu3aldyd  HJEd [PUMEHEHHsS  IIyMONOJOOHBIX CHTHAjJOB B
NIEKTPOpPa3BEOUHON  ammaparype. Jlns  OpakTUYECKOW  IPOBEPKU  pe3yJIbTaTOB
MOJICTTUPOBAaHMSI  ObUT  pa3paboTaH  AKCIEPUMEHTAIBHBI  O0pa3er]  ammapaTypHO-
MPOrPaMMHOI0 3JIEKTPOPA3BEAOYHOIO H3MEPUTEIBLHOTO KOMILIEKCA C LIyMOIOAOOHBIMU
curHanamu (OPK LIIIC) paboraromuii no metoxy 3Ch.

CpenHecTaTHCTHYECKUH Ppa3pe3 JJIEKTPUYECKOH CTPYKTYPbl 3e€MHOl KOPBI
tepputopun BI'TL. [{ns momyuenus Hagexxnoi napopmanuu 06 0COOEHHOCTIX TITyOUHHOTO
T€OdJIEKTPHUECKOTO pa3pe3a HEeoOXonuMa BBICOKAas TOYHOCTh HM3MEPEHHUS IOJIE3HBIX
CUTHAJIOB Ha (JOHE MOMEX €CTECTBEHHOW M MCKYCCTBEHHON MPHUPOJBL. ITO 0OCTOSTENHCTBO
HaKJIaJbIBAET OIpEAEJICHHbIE TpeOOBaHMUA K SHEPreTUKE MCTOYHMKOB DSHEPIUM U
YyBCTBUTEJIBHOCTH M3MEPUTENILHOM ammaparypbl HUCHOJb3YE€MbIX IpU MPOBEICHUU
TIIyOWMHHBIX MCCIIeIOBaHUN. B KaduecTBe Mojienn Jist MPUOJIMKEHHOU OIEHKH HEOO0XO0IUMOM
YyBCTBUTEIBHOCTH HW3MEPHUTEIHHON ammapaTypbl Oblla BBIOpaHa MOJENIb 30HAUPYEMOM
cpelibl (3eMHOM KOPBI) B BUJI€ TOPU30HTAIBHO CIIOUCTONU CTPYKTYPBI, KaKIbIA CJI0M KOTOPOH
MPOCTHPAETCS 10 OECKOHEYHOCTH M UMEET CBOE YACIBHOE IEKTPHUECKOE COMPOTHBIICHUE
MOILHOCTh (TONIIMHY). B KkauecTBe OLIEHOYHOrO MapaMeTpa Ompelessiach BeJIWYMHA
YAEIBHOIO  AJIEKTPUYECKOTO  CONPOTHUBJIEHUS HKBUBAJIEHTHOIO OJHOPOJHOIO  CIIOS,
COOTBETCTBYIOLIETO CPEIHECTATUCTUUECKOMY pa3pe3y 3JEKTPUUYECKON CTPYKTYphl 3€MHOMU
kopel Tepputopun BITI. B Tabn. 2.1 mpuBeneHsl mapamMeTpsl CPEAHECTATUCTHYECKOTO
paspe3a 3JEKTPUYECKOW CTPYKTYpbl 3€MHOM KOpBI, IOJIYYEHHBbIE [0 JAHHBIM paHEe
MIPOBEJEHHBIX 30HAUWpOBaHUN 3eMHOU KOopbl (Metonamu Y3 u 3CB) B 22 —x TOukax Ha
tepputopun bI'TI.

Tabnuma 2.1- CpegHeCTaTUCTUYECKUI pa3pe3 DJICKTPUUYECKOW CTPYKTYpPHI 3€MHOH KOPBI
teppuropun bI'TI

Jlnama3oH Bapuanui
MouHocTs Y IEIBHOTO CpennecTaTUCTHYECKOE
. ['mybuna yIEIHHOE IEKTPUIECKOE
Ne cros, i ciost ANEKTPUIECKOTO
3aJieraHus, M COIPOTHUBIICHUE CII0s (pP;),
(hi), m COIIPOTHUBIICHUS CIIOA,
OM-M Om-Mm
1 0-300 300 10-300 145
2 300-3000 2700 1000-3000 2000
3 3000—12000 9000 40-120 80
12000—
4 25000 13000 1000-3000 2000

CornacHo mpaBWIy 3KBHBAJIEHTHOCTH MOKHO 3allMCATh BBIPAKEHUE, CBSI3bIBAIOIIEE
IapaMeTpbl  MHOTOCJIOMHOW  TOPHU3OHTAJIBHO  CJIOMCTOM  Cpeabl C  IIapaMeTpaMHu
SKBUBAJICHTHOI'O OJJHOPOJHOTO CJIOS:

__h ln=1 hi
P> =

n M7 oen M

i=1p; i=1Pi
[loncraBuB maHHBle, mpuBeAeHHBIe B Tabm. 2.1, B dQopmymny (2.2) BbUuCIUM
CPEIHECTaTUCTUUYECKOE  3HAUYEHHE  YJEJIBHOIO  3JIEKTPUYECKOIO  CONPOTUBIICHUS
SKBUBAJIEHTHOTO OJHOPOJHOIO CJIOS 3¢MHOM KOpbI 1t bI'TI:
25000
P =300 2700 9000 13000

145 72000 T80 T 2000
OueHKa yp0BHeI7'I CUTHAJIOB CTAHOBJICHMUA 110JIH HpI/IMeHI/ITeJ]LHO K MeTOI[y 3CB

A8 00001meHHOro reodjekrpuyeckoro paspesa BI'TL. [[ns oueHku ypoBHEH CUTHANIOB

(2.2)

=2040m-M
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CTaHOBJIEHHU TOJIS1 MpUMEHUTENbHO K MeToay 3Ch B3siTa yCTaHOBKA C COOCHBIMM HETJISAMH.
B kxauecTBe MCTOYHMKA MEPBUYHOIO MOJS B35TAa KBaJpaTHas paMKa Iulomaabio O paBHOMN
2500 2. Bemmumna DJIC B NpPUEMHOM paMKe, pACIOJOKEHHOM Ha IOBEPXHOCTH
OJIHOPOJHOTO TOJYIIPOCTPAHCTBA C YJAEJIbHBIM 3JEKTPUUECKUM CONPOTUBIECHUEM p B
OnmvKHEN 30He MHIYKIIMOHHOTO UCTOYHHKA, OTPEACIISETCS BBIPAKCHHEM:
3
noqQI(“2)*
|AUg,| = —=5—, (2.3)
10m2t2
rae po=4n-107" TH/M — MarHuTHas MOCTOsHHAs (IPOHULIAEMOCTh) BAaKyyMa; ¢ — IUIOIIAIb
NPUEMHONM pAaMKH (SKBUBAJEHTHas IUIOIIAAb WM3MEPUTEIBHOM KaTylIKM Aartduka); Q —
IJIOIIAb 30HAUPYIOIIEN pPaMKH; / — aMIUINTyJa UMITYJIbCOB TOKA B 30HIUPYIOLIEH PaMKeE; P
— YIEJIbHOE AJIEKTPUUYECKOE COINPOTHUBIIEHHUE CPENbl (3EMHOW KODBI); f— TEKyLIEe BpeMs
OTCUUTBHIBAEMOE OT MOMEHTA [10/1a4M CKAaYKa TOKA B 30HIUPYIOLIYIO PAMKY.

Juanazon wu3MepsieMoro (IPUHUMAEMOIO) CHTHajlla CTAHOBJICHHUS TOJS  JUIs
KOHTPOJIMPYEMBIX TITyOHH OTMPEAeAeTCs KaK OTHOIIEHNE MAaKCUMAJIbHOTO 1 MUHUMAIILHOTO
3HaueHuss OJIC B mpuemMHOW KaTyliKe JaTyuka JUIsli BPEMEH CTAaHOBJIEHHS I10JIA
COOTBETCTBYIOIINX MUHIUMAJIFHONW U MAaKCUMAJIbHOW TITyOWHAM 30HINPOBAHUSI.

s onpenenenust DJ[C cornacuo (2.3), HE0OOXOIUMO 3HATH BEIWYHHY YACIHHOTO
EKTPUYECKOTO CONIPOTUBIIEHUS CPEIbI P U BpEMS pErUCTPaLliy CTAHOBJIEHUS 110J1sl £. Bpems
PETUCTpAllMU CTAHOBJICHUS TMOJS, COOTBETCTBYIOIIEE 3adaHHON 3(PQexTHBHON TIyOMHE
30HAUPOBAHUS — Z»p, MOMKHO 3alKCATh CIEAYIOIIUM 00pazoM:

t~ (%5) (2.6)

O1eHOYHBIEC PacUEThI BEIMOTHEHHBIE 10 opMyiam (2.3) u (2.6) mOKa3pIBAIOT, UTO IS
nuana3zoHa riyouH 3oHAupoBaHus or 100 M go 10 kM, ¢ y4yeToM CpeaHEro yIeIbHOIo
ANIEKTPUYECKOTO COIMPOTHUBJIECHUS 3KBUBAJICHTHOTrO oOAHOpoaHoro cios (204 Owm.m),
MOJIYy4YEHHOTO MO JaHHBIM CPEIHECTATUCTHUYECKOIO pa3pe3a 3JIEKTPUUYECKON CTPYKTYpbI
36MHOM KOpBI HA TEPPUTOPUM BUILIKEKCKOro reoAMHaMUYECKOro MOJUIOHA, TUHAMUYECKUN
JMara3oH PerucTPUPYEMbIX CUTHAJIOB JOJKeH ObITh He Menee 200 ab.

I'naBa 3. Teoperuyeckoe 000cHOBaHHe NMPUMEHEHHUS IIYMOINOAOOHBIX CUTHAJIOB
B 3JIEKTPOMATHUTHBIX 30HAUPOBAHUAX CTAHOBJICHHSA MOJIS

IIpennocbliIkKu NpUMEHEHMs IIYMONOAOOHBIX CHUTHAJIOB B  HMILYJIbCHOM
anexTpopasBeake. B ocHoBe npumMenenus HITIC B akTHBHBIX 3JIEKTPOMAarHUTHBIX CUCTEMAaX
30HJAUPOBAHUS MOTYT OBITh I1OJIOKEHBI BBIPAKEHUS, CIIPABEIJIUBBIE JIJIs1 IMHEWHBIX CUCTEM:

Y(6) =X ® g(t) (3.1)

Rxy (t) = Rxx(t) ® g(0), (3.2)

rne, 3HaKk Q) o003Ha4yaeT cBepTKY; Ryx (f) — aBTokoppensuuonHas GyHkius (AK®D) BxogHoro

IyMoOnoao0Horo curHana X(?); g(f) — ummynbcHas nepexonnas xapakrepuctuka (MITX)

CHCTEMBI (3eMHOW KOpBI); Rxy (f) — B3aumHas koppemsunoHHas Qynkuus (BK®D) mexmy
BXOJHBIM (30HAMPYIOLIUM) X(?) U TPUHUMAEMbIM Y(?) curHajIamu.

[Ipennoceuiku MPUMEHEHUS IIYMOMOAOOHBIX CUTHAJIOB B T€OIEKTPUKE OCHOBAHBI Ha
TOM, YTO KaXIblii uMIysnbc reHepupyeMoil nuckperHoil IHIIC-nocnenoBatenbHOCTH
MPOXOJIA Yepe3 JMHeHHyo cucteMmy (3emito) GU3HYECKH CBOPAYMBACTCS C UMITYJIBCHOM
NEPEXOIHOM XapaKTEpUCTUKON 3eMHOM Kopbl. B pesynbTate B NyHKTE€ HaOIIOAECHUS
oOpasyeTrcsi MOCIEA0BaTEIbHOCTh H3MEPEHHBIX HMIyNbcoB. Hamia 3amaya — HailTu
UMITYJIbCHYIO TIEPEXOJHYI0 XapaKTEPUCTUKY CHUCTEMBI, pacCIpeAe/IEHHYI0 B HMMITyJbcax
M3MEpPEHHOM MOCIe10BaTEIbHOCTH.

IIpu npasuibHOM BbIOOpe IHIIC MoxkHO no6uthes TOoro, uro ee AK® Oyner
npubmmkaThes K O-pynkunu Jupaka (puc. 3.3 BHU3y). B 3ToM cmyuae BK® na BpIxome
KOPPEISLMOHHOIO pueMHuKa OyaeT npubauxkarbest k uckomoi UIIX reocpensl. B kauectse
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LIIIC  Optn BeIOpaHbl ~ OuWHapHble  M-TIOCIETOBATENBHOCTH  (IICEBAOCITYYaliHbIC
MOCIICJIOBATEIPHOCTA ~ MakKCUManbHOW jmHbl - MII), mnpencraBustonue  coOoi
MOCTIEIOBATEIBHOCTH OUMOISIPHBIX UMITYJIBCOB PSMOYTOIBHON (DOPMBI.
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Puc. 3.3. U3menenne popmbr AKD nrymMonogo0HBIX CUTHATIOB MPH MEPUOANYECKOM UX
MOBTOPEHUU (BBIITOJIHEHO aBTOPOM)

AK® oaunounoit MII moMuMo OCHOBHOTO (IJIABHOTO) JIETIECTKA MMEET MOOOYHbIE
O6okoBeie BBIOpOCHI (puc. 3.3 cmeBa). OTH BBHIOPOCH OTPAaHUYMBAIOT TNPUMEHEHHE
KOppEISIIMOHHON 00paboTkn oanmHOUHBIX MII B mmmynbcHO# 3nexTpopassenke. OgHaKo
nepuoandecku nopropsitouecs MII He umeror 60koBbIx BeIOpocoB Ha AKD u BK® (puc.
3.3 copaBa). Ux AK® no ¢opme npubmmxaercs k d-¢pynkumuu upaka. [Ipu sToM mocne
KOPPEIIIMOHHON 00pa0OTKM BO3MOXKHO JaNbHEUIEe HAKOIUIEHHE TEePUOAMYECKUX
curHaioB BK® 3a wuckioroueHMeM CUTH&JIOB OT IEpBOM M nocienHen M-
MOCTIEIOBATEIBHOCTEH, YTO OO0ECIIEYMBACT OMOJHUTEIBHOE YBEIMYEHUE OTHOIICHUS
CUTHAJI-IIYM Ha NMPUEMHOM cTopoHe. PAaKTUUYECKH K MPEUMYIIECTBAaM, JOCTUIAEMbIM MpU
OOBIYHOM HAKOIUICHWU JE€TEPMHUHUPOBAHHBIX CHUTHAIOB, JOOABISIFOTCS CYIIIECTBEHHBIC
MPEUMYLIECTBA, IOJyYaeMble 3a CUET IPUMEHEHUS KoppensiunoHHoi oopadotku HITIC.

MartemaTnueckasi MoJe/Ib 3JIEKTPOPAa3BEeJOYHONH CHCTEMbI C HIYMONOJOOHBIMH
30HIMPYKOIIMMM CHUTHaJaMu. B pamkax wuccieqoBaHus HPOBEJEHO MaTeMaTHYECKOE
MOJEIUPOBAHUE AJIEKTpopa3BeqouHor cuctemsl ¢ npumenenuem LITIC u tpaguumnonHon
ANEKTPOPA3BEOYHON CHCTEMBI, B KOTOPOH JJI 30HAMPOBAHUS CTAHOBJIEHUS IOJS
UCTIOJB3YIOTCSI  OWMOJSPHBIE  UMITYJBCHBIE  IIOCIEAOBATEIBHOCTH C  TOCTOSHHOM
JUIUTEIIHOCTBIO UMITYJIbCOB. OCHOBHBIE 3314l MOJEIUPOBAHUS:

1) UccnenoBate 6mm3zocts BK® x UIIX cpenst mpu ucnonszoBanuu LITIC.

2) OueHUTh IIyMOIIOAABJICHUE TPU BO30OYKICHUHM U KOPPEISIIMOHHONW 00paboTke
IIYMOTIOAOOHBIX CHTHAJIOB IO CPAaBHEHUIO C TPAJWIMOHHBIMH METONAaMHU TeHEpalu H
00pabOTKM CHUTHAJIOB B CHUCTEMAax AaKTHBHOTO 3JIEKTPOMArHUTHOTO 30HIMWPOBAHUS 3€MHOU
KODBL.

Mopnens cpeasl, NpeacTaBieHa B BUAE HHTETPUPYIOUIETO WHEPIMOHHOIO 3BEHA
MEepBOro MOpsiika ¢ (PUKCUPOBAHHBIMU (33/1aBa€MbIMHU) TIapaMeTpaMH TaKUMH Kak
KO3 (ULIMEHT Nepeaut U OCTOsIHHAS BpeMeHU. /{7151 CHUKeHUs! CBOMCTBEHHOMN YMCIEHHBIM
METOJaM TIOTPEIIHOCTH BBIYUCIICHUH, OIpeaensieMoil HEeTWHEHHBIM mpeoOpa3zoBaHHEM
CUTHaJa, HEOOXOIUMO MOTYYUTh aHATUTUYECKOE BHIPAKEHHE MOJIETH OTKIIMKA cpeabl. Tak
KaK HMMITYJIbCbl M-TIOCIEA0BATENbHOCTH HMEIOT PA3IMYHYI0 JJIMTENbHOCTh TO CHUTHAI
OTKJIMKA Cpedbl MOXHO TMpEACTaBUTh B BHUJE IOCIEAOBATEILHOCTH  OTKIMKOB
MHTErpUPYIOIIEr0 MHEPLMOHHOIO 3BE€HA Ha M0J[auy Ka)K0ro MOCIeAYIOEro uMiyiabca M—
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IIOCJIEIOBATENILHOCTH TP HAYAJIBHBIX YCJIOBMSAX, ONPENEIACMBIX 3HAYCHUSMH CUTHAIA,
BBIUMCIICHHOTO K KOHITY PEABIAYIIET0 UMITYyJbca. J{JIs cpaBHEHHS XapaKTEePUCTHUK OOBIYHBIX
AJIEKTPOPA3BEOUHBIX CHUCTEM C XapaKTepUCTHKaMu cucteMbl ¢ npumeHenuem LIIIC B
CTPYKTYPY MaTeMaTHUYeCKOW MOJIENH OBLIM BKJIIOUEHBI MOJETH PA3IHMYHOTO POJa MOMEX U
IIYMOB XapaKTEpHbIX ISl MUCCIIEAOBaHUM, NpoBOAUMBIX Ha Tepputopun CeBepHoro TsHb-
[Tans.

PesyabTrarel MopenupoBanus. Onenka Onuzoctu BK® x UIIX cpenbr Oblna
BBIMIOJIHEHA JUII  MOJENeW  Cpeapl, NPUOIMKEHHO HMUTHUPYIOIIMX  OJHOPOIHOE
MOJIYIPOCTPAHCTBO (OJHO HMHTETPUPYIOLEE HMHEPLUUMOHHOE 3BEHO) U TOPHU30HTAIBHO
CJIOMCTYIO cpenly (4eThIpe NapasuleIbHO BKIIFOUEHHBIX HHTETPUPYIOLIUX HHEPLIMOHHBIX 3BE€HA
NEPBOro MOpPsSAAKA, CUTHAIBl OT KOTOPBIX NOCTYyHarT Ha oOuuil cymmarop). Pesynbrar
pexkoHcTpykunn MIIX cpenpt mo BK® g Belleyka3aHHBIX MOJEIEH IIOKa3al, 4YTO
Bbraucisiemas auckpetno BK® 6mmska x UITX nHaunHas co BpeMeH OOIbIINX JUTUTETHHOCTH
MUHUMaiIbHOro umiryiasca MII. Ilpumep pekoHcTpykuuu npuseneH Ha puc. 3.10.

m
1E-02 + e :
1 —_—1
[}
1E-03 1 : =2
{ : -=3H
. . !
1E-04 + : < 5
. 1 f
@ 1E-05 1 : ;
< ' ! :
]
1E-06 1 ' ,
| 1
1
1E-07 : AN
| 1
1
1E-08 —————t—— —_ —=
L}
| 1
1E-09 :
0,01 0.1 I 10 100 1000

1, MC
Puc. 3.10. I'paduku UITX u BK® BrimonHeHHpIe B OnorapupmMudeckoM Macmrade s
NIIX, npencraBieHHON B BUIE CYyMMBI YETBIPEX HHTETPUPYIOIINX HHEPLIMOHHBIX 3BEHBEB
NIEPBOro MOPSAKA C Pa3HbIMU TOCTOSSHHBIMU BPEMEHH (BBIIIOJIHEHO aBTOPOM)
1 — rpadux UIIX; 2 — rpadpuxk BK®D; 3 — nuang OTMETKH IIUTETHHOCTH MUHHMAIHLHOTO
MMITyJIbCa M-1IOCIIE10BATENBHOCTH.

Jlns ouenkn 3¢G(EKTUBHOCTH MOAaBlieHUs Imryma npu wucnonb3oBanuu UIIIC B
CPaBHEHMM CO CTaHAAPTHBIMU METOJAMM HAKOIUIEHHUS] CUTHAJOB B KAUECTBE MOJENIH IIyMa
paccMaTpuBaliCd IIYM C HOpPMalbHbIM 3aKOHOM pacHpeleleHMs, YacCTOTHBIA CHEKTP
KOTOPOTO OrPaHMYMBAJICA IOJIOCOM MPONMYCKaHUs HW3MEpPUTENbHOro KaHama. Jlus
oOecrnieueHns] (PUKCUPOBAHHONW DJHEPTUM 3O0HAUPYIOMIMX CHTHAJIOB B KaHajlaX MOJEIH
He3aBucUMO OT anuHbl MIT obecnieunBanoch NpUMEPHOE MOCTOSHCTBO AnuTenbHocTH MIT n
umnynbcoB I1I1. npu HOopMmanbHOM M OenoM mryMe BbIMTPhI (PG), BBIUUCISAEMbIN Yepes
OTHOIICHWE KOI(PPUIMEHTa TOMABICHUS IIyMa B KOppensnuoHHOM KaHane (Kmx) K
COOTBETCTBYIOIIEMY KOX(h(UIIMEHTY B THUIIOBOM KaHaje o0paboTku (Kjr) TeopeTudecku

OMpeaAcCIsACTCA BBIPAKCHUCM !
PG = Kok _ ’M, (3.12)

rae Ly=(2"—1): Tmin — anurenbHocTs MIL, n — paspsannocts MIIL, Tyin — IIUTENBHOCTH TAKTa
(MUHMMaJIbHAs JJIMTENBHOCTh MMITYJIbcoB) MII B OTHOCHTENBHBIX eauHULAX, N - 4UCIO
HakorieHnit MII. Ha puc. 3.12 mpuBenensl 3aBUCHMOCTH KO3(pPHIMEHTAa NMOJABICHHS
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LIYMOB B KOppeasiuuoHHOM KaHase 00padotku KIIK u Bemrpseima B nogasiaeHuu mymos PG
B 3TOM KaHaj€ IO OTHOLIEHWIO K THUIIOBOMY. BBIMIpHIII B IOJABJIEHWHM ULIYMOB B
KOPPEISIIMOHHOM KaHajie 00pa0OTKH IO CPABHEHHUIO C THIIOBBIM HE3HAYUTEIHHO (MIPUMEPHO
Ha 20 %) MeHBIIE TEOPETHYECKOT0. JTO OOBACHSAETCS TeM, YTO MPU MOJCITHPOBAHUU B
Ka4yecTBe IIyMa ObUIa MCIIOJIb30BaHa MOJIENb IIyMa, MPUOIMKEHHAs! K PeaTbHBIM yCIOBHIM
C OrPaHWYEHHBIM YAaCTOTHBIM CIIEKTPOM, OIPEAEIAEMbIM IIOJIOCOM  IPOIYyCKaHUs
MU3MEPUTEIIBHOTO KaHAJIA.

Knk PG
1200 : : : : 110 4

600 1

300

—— MOOENb
—e-T20p. Npegen

N, yucno noaropos M-nocnep.

—— Mogens
—e-Teop. Npegen

N, '-II‘ICI'\O.HDBTODDB M—nccne,u..
0 T T i T T T 30 t t t v v ;
0 20 40 0] 80 100 120 140 o] 20 40 60 80 100 120 140

Puc. 3.12. 3aBucumoctu ko3¢ HUIMeHTa MOAaBICHHS IIyMOB B KOPPEISIIUOHHOM KaHaJe
Kk v BBIMTpBILIA B TI0JIaBJIEHUU IIIYMOB B KOPPEJSILIMIOHHOM KaHajle B CPABHEHUHU C
TUNOBbIM PG 0T uncna noBTopoB M-nocienoBarenbHocTeil niuHon 1023 npu
anurenbHocTH TakTa 10. KpacHblil MyHKTHP — TEOpEeTUYECKUE 3aBUCUMOCTHU

Ha ocHoBanuu puc. 3.12 MOXKHO KOHCTaTUPOBATh, YTO IIPU POYUX PABHBIX YCIOBUIX
(paBEHCTBO 3HEPIrHil 30HAUPYIOLUIUMX CUTHAJIOB) BO3MOXHO JIOCTHUKEHHE 3HAYUTEIBHOIO
BBIMTPHIIIA (JECATKU U Oosiee pa3) B MOAABICHUN IIyMa, ITOJIy9aeMOT0 Ha BBIXOJE CHCTEMBI
¢ IIIIC no cpaBHEHMIO C TUIOBBIMH CHUCTEMAMM JaX€ IPH HE3HAYUTENbHBIX JUIMHAX M-
MOCJIEOBATEIBHOCTEN.

I'naBa 4. Oco0eHHOCTH NIPUMEHEHUS HIYMONOJO00HBIX CUTHAJIOB B UMILYJIbCHOM
3JIeKTPOpa3Be/iKe

B npouecce npoeaenus s3xcnepuMenTanbHbix padbot ¢ OPK IIIIC npu noxyyeHuun
KPHUBBIX CTAHOBJICHUS MOJISl B 00JIACTH OOJIBIINX BPEMEH MPOSBIISIOTCS CTPYKTYPHBIE TOMEXH
HITIC B BuaE KOPOTKUX UMITYJIbCOB (puc. 4.1).

e(t), B a e(t), vkB b
1.2 60
0.8 - 0+
04 + -60 +
0 ; -120 } :
0 100 1, MKC 200 0 0.45 0.9 t,c 135

Puc. 4.1. KpuBasi cTaHOBJIEHHUS 110JIS1, [TOJIy4EHHAsI HA SKCIIEPUMEHTAIbHON TOUKE
«UyHKypUaK»: a - Ha MaJbIX U O - Ha OOJBIINX BpeMeHaxX (BBITOJIHEHO aBTOPOM)

Hx ¢dopma um BpeMEHHOE TMOJOXKEHHE Ha KPUBOH CTAHOBJICHHUS CBSI3aHBI C MapaMeTpaMH H
CTPYKTYpOH 30HAMPYIOIIMX M NPUHUMAEMBIX IIYMONOJOOHBIX CHUTHAJIOB IIO3TOMY OHH
MOJIyYMSIM Takoe Ha3BaHue. Ha OoybliMX BpeMeHaxX CTAHOBJEHHUS IIOJIA aMIUIUTyAa
uMITyJibcoB cTpYKTypHBIX nomex LHIIIC craHoBuTCS coM3MepUMON C ypOBHEM CHUIHaJa
CTaHOBJICHUS TIOJISI M )K€ MOXKET 3HAUUTEIBHO MpeBbImaTh ero (puc. 4.1b). C momornisio
M3BECTHBIX CTAaHIAPTHBIX Mpouenyp HnHu(poBoii 0O0pabOTKM CHUTHAIOB (Hampumep, C
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MOMOIIBIO YaCTOTHOW (PUIBTpALlMK) HEBO3MOXKHO TOIABUTHh 3TH MOMEXH 0€3 HMCKaKCHHS
(OpMBI IOJIE3HOTO CUTHAJIA CTAHOBJICHUS OIS,

Ha cnemnuanbHO pa3paOOTaHHBIX MaTEMAaTHUECKHX MOJIENAX OBLUIM HCCIEIOBAHBI
CIICYIOIIUE TPEATIONaraeMple (PHU3NIECKne UCTOYHUKH CTPYKTYypHBIX omex LITIC:

IIpoyecc ouckpemuzayuu cuenanos AL, kax ucmounux noseieHusi CMpyKmypHoix
nomex LUIIC: YpoBeHb BO3HUKaOIUX CTPYKTypHbIX nomex LIIIC crabunen u 3aBHCHUT
b oT paspsaaHocTy npuMmensemoro AL Yucnenno yposens cTpykTypHbix nomex LITIC,
BBI3BAHHBIX AMCKpPETHU3AalMed CHUTHajla IPUMEPHO Ha MOPSALOK MEHBLIIE BECa MIIAJLIETO
paspsana (auckpersl) ALl CrnenoBaTenbHO, CHHXKEHHE YPOBHS 3THUX MOMEX JOCTUTAETCS
yBenunueHueM pazpsaHoctu AL, ucnons3yemoro B uameputensHoM kanaine DPK IHTIC.

IIponuxarowue yughposwvle cueHanvl, Kak UCMOYHUK NOAGIEHUS CIPYKMYPHBIX NOMEX
LITIC: Pe3ynbTaThl MOJAEIMPOBAHUS [10KA3aJIM, YTO IPOHUKAIOIINE B U3MEPUTEIbHBIA TPAKT
U POBBIE CUTHAIIBI SIBJSIFOTCSI OJHOW M3 PUYHMH MOSBICHUS CTPYKTYPHBIX ToMeX. [Ipu aTom
YPOBEHb CTPYKTYPHBIX [TIOMEX TEM OOJIbIIE, YeEM OOJIbIIE PAa3HULIA MEXIY JUIMTEIbHOCTSIMU
¢poHTa M cmana HU(POBBIX CUTHAJIOB W YBEIMYUBACTCS C POCTOM IOCTOSHHOW BpPEMEHHU
napazutHoit RC-uenu.

Henuneunocmu  xapakxmepucmux nepeoauyu U npeoopazo6anus CUSHAIO08 6
UBMEpUMEeNbHOU cucmeme 6 Kadecmee UCmoyHuka cmpykmypuoix nomex LHIIC:
[IpoBeneHHbIE HCCIIEOBAaHUS IIOKAa3alM, 4YTO JOObIE CTAaTUYECKHME HEJIMHEHHOCTH B
U3MEpPUTENBHOM TPAKTE SIBIISIIOTCS NPUYMHON NOsIBIAEHUS CTPYyKTypHbIX nomex LHIIC.
BruiBnena gpynkunonansHast (OIM3Kas K IMHEHHOMN ) CBSA3b MEXKAY aMIUTUTYI0H CTPYKTYPHBIX
MIOMEX U aMIUIUTYAO0U U3MepsieMoro curuaia. M3 atoro ciaeayer uyTo, Bapuanuu JitoO0i TOUKH
rpaduka UMIYJIBCHON MEPEXOTHONW XapaKTEPUCTUKU 3€MIIH, MPH CTAOMIBHBIX MapaMeTpax
MU3MEPUTEIIBHOW ammaparypbl, 3aBUCAT TOJIBKO OT U3MEHEHMs IIapaMETPOB HCCIEAYEMOTO
HMCTOYHUKA (3EMJIH).

Meron yMmeHblleHusi YPOBHsI CTPYKTypHbIx mnomex IIIIC Hna xkpuBoii
CTAHOBJICHUS MoJs. J[11s1 yMeHbleHus: ypoBHs cTpyKTypHbIX nomex IIIC 6b11 pa3paboran
croco0d ux OOHApyKEHUs M JaJbHEHIIEro YCTpaHEHUs Ha KPUBOW CTAHOBJICHUS IIOJIA.
Crioco0 3akioyaeTcsi B IIOMCKE IIPEBBIIIEHHUS HHEPIrUM CHUTHAA, BBIUUCISIEMON B
CKONB3AIIEM OKHE (DUKCUPOBAHHOW JIUTENBHOCTH, 3amaHHoro mopora. Ilpm sTOoM
oOecrieunBaeTcss BbICOKas BeposTHOCTh (Oonee 0,9) mnpaBuiapHOrO OOHApy’KEHUs
UMITYJIbCHBIX CUTHAJIOB Ha (POHE MHNPOKOMOIOCHBIX IIIYMOB JIaXKe MPU MaJIOM COOTHOIICHUH
CUTHAJI-IIyM O1m3KoM K eaunuie. OoHapyxeHue crpykTypHbix nomex LIIIC BoimonHsercs
B PA3HOCTHOM KPHUBOM, II0JIy4a€MOU BBIYMTAHUEM U3 KPUBOU CTAHOBJICHHUS T10JI51 €€ MEJJICHHO
MeHsmolencs (Hu3ko4acToTHOM) cocrasisitomieid. CtpykrypHblie nomexu HIIIC ocratorcs Ha
NPEeKHUX MecTaX M OOHapyK€HHME MX MOXKHO BBINOJIHUTh IPU  IOCTOSSHHOM
(puxcupoBaHHOM) TIOpOTE TSI BCEH KPMBOM CTAaHOBJICHUSA MOJs. B KauecTBe YMCIEHHOTO
KPUTEpUSI TIPHU ONPEICIICHUU Topora BeMHUCIUIICS Kod(pduuumeHnt xoppensuun Ilupcona
(Tf, f) MEXKIY BBIYUCICHHBIM PACIPENETICHUEM IUIOTHOCTH BEPOSTHOCTH M (PyHKIHUEH
HOPMAJIBHOIO 3aKOHA PAaCIpPENCNICHMs U1 CUTHAJIA CTAHOBJICHMS IO C YJAAJICHHBIMHU
cTpykTypHbiMu iomexamu HIIIC:

T =) i)

Tf =
Hf — —
(O T S T2
r7ie fi ¥ f — BBIOOPKH INIOTHOCTH BEPOSITHOCTH JIJII HOPMAJIBHOTO 3aKOHA paCIpeelIeHUs U

CHTHAJIa COOTBETCTBEHHO; fy1 f — BEIOOPOUYHBIE CPEAHUE; /1 — YHCIO 3HAYEHUH B BHIOOPKE.
[Touck mopora oOHapyKEHUSI CBOAUTCS K IOUCKY MaKCHUMaJIbHOTO 3HAYEHUS KOd(PPUIIeHTa
KOppEeIsiiiY, BBIYUCIIEMOTO0 TpH Tepedbope 3HadeHWid mopora OOHApYKEHUS OT
3aBBIIIEHHOTO /10 3aHW)KEHHOTO C 33/JIaHHBIM IIAaroM, OINPENEISIONIMM TOYHOCTH ITOMCKA.
[TpumeneHne JaHHOTO KPUTEPHS 1aeT BO3MOKHOCTH MPEIEIbHO aBTOMATH3UPOBATh MPOIECC
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yAaJeHUsT TaKOTO PoJa MOMEX M TeM CaMbIM IOBBICUTH CKOPOCTh OOpaOOTKM JaHHBIX B
yCIOBUSIX TmoyieBBIX pabor. Ilpomemypa ycrpaHeHus OOHapyXEHHBIX HWMITYJIbCOB
CTPYKTYPHBIX IIOMEX C KPUBOM CTAaHOBJIEHUS IOJISI CBOAUTCA K JIMHEMHOM anIpOKCUMAaLUN
y4acTKa CHTHAJIa CO CTPYKTYPHOM MOMEXOHM. Tak Kak IIUTENbHOCTh YIAISEMBIX YYaCTKOB
CUTHQJIA C HMIIYJIbCAMH 3HAQYUTEIBHO MEHBIIE JUIMTEIBbHOCTH BPEMEHHBIX HMHTEPBAJIOB
MEXIy HUMH TO 3aM€Ha WX Ha MPSIMYIO JIMHUIO MPAaKTUYECKNA HE BIHSIET Ha (HOpMy KPUBOM
CTAHOBJICHUS I10JIS.

Ha puc. 4.10 npencrasieHa UCX0IHas U OYUIIEHHAs OT CTPYKTYpHbIX nomex BK®. B
pe3yibpTare yhaleHus CTPYKTypHbIx nomex Ha BK®, ypoBeHp nomex Ha KpuBOU
CTAHOBJICHUS IIOJIA, BBIYMCIAEMBIM KaK pa3dMax OCTaBIIMXCS IIOMEX OT IMKa 10 IIHKa,
cHu3miIcs npuMepHo B 930 pa3 (Ha 59 nb) no cpaBHEHHIO C YPOBHEM CTPYKTYPHBIX ITOMEX

(OT IIMKa a0 HI/IKa) Ha KpHBOﬁ CTAHOBJICHUA N0 UX yOAJICHUA.
a)
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Puc. 4.10. BK®, nonyuyenHas i ynpoIieHHONH MOJIEIN, UMUTUPYIOIIEH TOpU30HTAIbHO
CJIIOUCTYIO Cpefly: a- B TuHeitHOM MaciiTabe o ocsim; b- BK® u UI1X B
OounorapudmMuyeckoM MacmTade mo ocsiM (BBIITOTHEHO aBTOPOM)

1 — rpadux BK®D, ocnoxunennsiii crpykrypabivu nomexamu LUIIC; 2 — rpadpuk BK® nocne
ycrpanenns cTpykTypHbix momex LUTIC; 3 - rpaduk UIIX; 4 — nuHAS OTMETKH I TETHHOCTH

MUHUMAaJIbHOTO UMITyJIbca M-110C/Ie10BAaTENbHOCTH.

I'maBa 5. Pa3palorka JIKCHEPHUMEHTAJIBHOIO0 AaNMapaTypHO HPOrpaMMHOIO
U3MEPHUTEIbHOr0 KOMILIEKCA HA OCHOBE LIYMOIIOAO0HBIX CHTHAJIOB

Onupasicb Ha pe3yJbTaTbl MPOBEACHHBIX TEOPETHUECKUX HCCIEIOBAHUN, OBLI
pa3paboTaH 3KCIIEpUMEHTANIBHBINA 00pa3el] MHPOKOIOIOCHOIO H3MEPUTEIBHOTIO KOMITJIEKCA
¢ mymononoousiMu curHagamu — OPK IHIIC. Ha puc. 5.1 mnokasaH BHEUIHUN BUA
AKCIIEpUMEHTAIbHOTO oOpa3ua usMmeputenbHoro komiuiekca OPK HITIC. Texuuueckue
napaMmeTpbl U3MEPUTEILHOTO KOMILIEKCa NpuBeieHbl B Ta0u. 5.1. Ha puc. 5.2 npencrasiena
CTPYKTYPHO-(YHKIIMOHAJIbHAS CXEMa U3MEPUTEITHHOTO KOMILIEKCA.
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Puc. 5.1. DkcniepumenTanbpHbIi 00pa3zer usmeputenpHoro komruiekca DPK IIC, BHenrHMiA
BU: [ — MHAYKIIMOHHAs 30Haupytomas pamka (U3P); 2 — MHAYKIIMOHHBIN 1aTYUK CUTHAJIOB
(UAC); 3 — renepatop 3ouaupytomux curtanoB (I'3C); 4 — ycrpoiictBo rpanyupoBku (YI);
5 — 6ok ynpanenus u peructpanuu curaanioB (BYPC); 6 — mepeHocHO# KoMIbIOTED
(ITK); 7 — 6nok orpannuenus Toka (bOT) (BbIIOIHEHO aBTOPOM)

Tabnuua 5.1 - Texanueckue mapamerpst DPK IITIC

[Tapamerp

| En. m3m. | 3naucnue

‘ [Ipumeuanue

[IpueMHO-U3MEPUTEIIBLHBIN KaHAI

[Tosioca mponyckaHus I'n 0.42+32000

Koadunuent npeodbpazosanus NJIC MB/HT | 7545

ITocrosinHas Bpemenu MJIC C 0.65

JInHaMU4YeCKU Mana3oH PEruCTPUPYEMBIX 1B 180

CHTHAJIOB, HE MCHEE

Pazpsanocts AL our 18-24

YacToTa IMCKpETU3ALMU CUTHAJIOB k' 10.0-1638.4

JUTMTenbHOCTh OJJMHOYHON IIIyMOTIOA00HOM c 0.01-5.12

M-1iociie 10BaTeIbHOCTH

PazpsnHocte M-nociie1oBaTeIbHOCTH our 11-24

3oHupyolIas yCTaHOBKA

["aGaputs N3P M 50x%50...200x200

WNunyxrusnocts 3P ml'H 04-1.6

AxtuBHOE conpoTusieHue N3P Om 2-8

Hanpsbkenne ~— CHUJIOBOM — aKKyMYJISTOPHOM B 122250

Oarapen, Uap

AxtuBHoe conpotusieHue bOT, Ryor Om 25-200

AMIuMTy1a UMITYJIbCOB TOKa B M13P A 1.0-10.0 3aBHCHT OT Ryt
U Uas

MuHnMaIbHAas JUMTENBHOCTS UMITYIbCOB TOKA | 20

B 30HAMPYIOUICH paMKe

JnmuTensHOCTh (PPOHTA M Cpe3a UMITYJIbCOB TOKA MKC 12 IIpu  Rpor=100

B 30HIUPYIOUIEH pamKe Om
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Puc. 5.2. DnexTpopa3Be104HbII U3MEPUTENBHBIN KOMILIEKC € IITYMOIIOI00HBIMU
CHUTHAJIaMH, CXeéMa CTPYKTYpHO-pyHKunoHanbHas: 3P — nHayKIIMOHHAs 30HIUpYIOIas
pamka; BOT — 6510k orpannuenus Toka; ['3C — renepaTop 30HAUPYIOLIUX CUTHANOB; Ab —
cuiioBas akKymyJsitopHas 6atapest; MJIC — mHAYKIMOHHBIN 1aTyuk curanos; YC —
ycwiIuTens curianos; YI' — ycrpolictBo rpaayupoBku; BYPC — 6110k ynpaBienus u
peructpanuu curnanos; ALl — ananoro-niudpooii nmpeodpazosarens, [ TU — renepaTop
TakTOBBIX HMITYJIbCOB; DHY — punbTp HUzkoit gactorer; BOYC — 610k popmupoBanus
ynpasiistomux curainon; MK — mukpokonTposuiep; SD — kapra namstu; [IK — nepeHocHoi
KOMIBIOTEP; Lusu. — u3MepuTenbHas katymka UJC, L. — rpagyupoBounas karymka UIC;
GR — curnans! ynpasistomue padoroit YI'; MNG — curnansl, ynpasistomue padoroit I'3C;
RS-232 — nocnenoBarensHbIil HHTEpGEHC

OTnuunTenbHOW 0COOEHHOCTBIO MPEAIAraéMoro MeTo/1a 30HAMPOBAHMS OT TUIIOBOTO
ABJISIETCS TO, YTO MPU NPUMEHEHUH LIYMOIIOJ00HBIX 30HAUPYIOIIMX CUTHAJIOB C IIHPOKUM
cnexTpoM u uzmepernnu IJIC - e(¥) B mpueMHON pamKe, Kak B TpaAULIMOHHOM METO/IE, [10CIIE
KOPPEISMOHHON 00pabOTKM 3aperuCTPUPOBAHHBIX CUTHAJIOB MBI Oy/IeM I0JIy4aTh CUTHAJI
MPONOPLUUOHATBHBIN ckopocTh u3MeHeHus: J/]C unu BTOpoi mpoU3BOAHOM OT MAarHUTHOTO
notoka @/(t) = €/(¢), Tak kak KoppensALHOHHAs 00pabOTKAa ITyMONOJOOHBIX CHUTHAIIOB C
IIMPOKUM CIIEKTPOM NPHUBOAUT K nuddepenunpoBanuto curnana. [loatromy xemaTenbHO,
9TOOBI TaTYMK PETUCTPUPYEMBIX CUTHAJIOB OBUT MHTETPHUPYIOIIETO THIIA U 0OecreynBa Ha
CBOEM BBIXOJI€ CUTHAJI IPONOPLIMOHATIBHBI MArHUTHOMY HOTOKY P(1):

3
o(t) = Lo 2. (L) 2, (5.1)
30 pTT

JlanpHeiimas KoppeasinuoHHas 00padoTKa perucTpupyeMoro Ha MPUEMHOM CTOPOHE CUTHAIa
MO3BOJISIET TOJYYUTh KPHUBYIO, KOTOpas, HauWHas CO BPEMEHH, PABHOIO JIMTEIbHOCTH
MUHHMaJIFHOTO MUMITYJIbCa 30HIUpYIoe M mociaenoBaTenbHOCTH, Oy AeT MPUOIIKATHCS K
OAC. Hua storo B cocraB OPK IIIIC Opu1 BBeAeH crnenuanbHO pa3pabOTaHHBIN
MHIYKIIMOHHBIN JaTUMK UHTETPUPYIOIIETO THIIA.

[Iporpammuoe obGecneuenne OPK IHIIC Bkiatowaer B cedst Tpu HpPOrpaMMBI:
BBS Registrator ADD - npenHa3HaueHa sl ynpaBiieHHd pexumamu padotel BYPC,
o0ecrneunBaeT PETUCTpPalMi0 U COXpPAaHEHHUE MJaHHBIX, NocTynaromux ¢ Bbixoga ALIII
m3mepurenbHoro kanana OPK IHIIC. BBS Terminal ADD - npenHa3HaueHa st
aBTOMAaTH3aLMU Ipoliecca YIPaBICHUS PEKUMAMH U NTapaMeTpaMy PEruCcTpalliid CUTHAJIOB.
BBS ViewerM NR - npenHa3HaueHa Jjisi 00paObOTKU TaHHBIX MOJEJIbHBIX, JA0OPATOPHBIX U
noJieBbIX 3KcnepuMeHToB Ha BHemHeM [IK. B kauectBe 0OpabaTbiBaeMbIX JaHHBIX MOTYT
BBICTYINIaTh KAaK JIaHHBIE MOJIYYEHHbIE B MIPOLIECCE PErMCTPALMU C BBIXOJ1a U3MEPUTEIHHOIO
kaHana OPK HIIIC, tak u jaHHBIE, FEHEPUPYEMBIE IPOTPAMMHBIM CIIOCOOOM.
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PesyabTarbl moJieBbIX HCHbITaHWi. JUJIi  TOATBEPXKIEHUS TEOPETHUUYECKOIO
BBIMIPHIILIA B IIOAABJIEHUM IIYMOB M CTPYKTYpPHBIX IOMEX Oblla IpPOBEAECHA CEpHUs
7a00paTOpHBIX W TMOJIEBBIX SKcrepuMeHToB. Ha pucynke 5.9-b,c mpuBeneHbl y4acTKu
CHTHAJIa CTAHOBJICHUS MOJIS B 00JIACTH MAJIBIX U OOJIBIINX BPEMEH, IOJTYUYCHHBIE B Pe3yJIbTaTe
KOPPEIIIMOHHON 00pabOTKM ¥  MOCIEAYIOIIEro CHHXPOHHOro HakorteHus (200
HAKOIUICHHH ) 3apETUCTPUPOBAHHOTO CUrHaNa. Ha KpuBO# CTaHOBJIEHUSA OIS HAOIIOAAIOTCS
HE TOJBKO CTPYKTYpPHBIE NMOMEXH (PUCYHOK 5.9C), HO U OCTATOYHbIE TOHAJIBHBIE IOMEXH OT
MPOMBIIIJIEHHOM CHJIOBOM CETH NEPEMEHHOI0 TOKAa, a TaKXe JApyrue LIyMbl U IMOMEXHU
€CTECTBEHHOI'0 ¥ HCKYCCTBEHHOTI'O IIPOUCXOKIEHUS, CIIEKTPAIbHbIE COCTABJISIONINE KOTOPBIX
MOTAJAI0T B MOJIOCY MPOIMYCKaHNU U3MEPHUTEIHHOTO KaHana (pucyHok 5.9d).

[Tocne xoppensiuuoHHON O0pabOTKM M MOCHEAYIOMIETO0 CUHXPOHHOI'O HAKOILICHUS
YPOBEHb OCTATOYHBIX IIYMOB U MOMEX (32 UCKIIOYEHUEM CTPYKTYPHBIX ITOMEX) CHU3HIICA
npumMepHo B 10524 pa3 (80 nb). B pe3ynbrare ynaneHus CTpyKTYpHBIX TOMEX ITpU 00padoTKe
MIOJIEBBIX JAHHBIX, YPOBEHb IOMEX HA KPUBOW CTAHOBJIEHUS MOJIs1, BBIYMCIIIEMbIN KaK pazmMax
OCTaBUIMXCSl MOMEX OT MHUKa 10 MuKa, CHU3WiCcA npumepHo B 450 pa3 (ma 53 ab) mo
CPaBHEHMIO C YPOBHEM CTPYKTYPHBIX ITOMEX (OT MUKA J10 IMKA) HA KPUBOW CTAHOBJIEHUS 10
uX yjnaneHus. TakuM oOpa3oM pe3yibTaThl, NOJYYCHHbIE HA MAaTEMaTHYECKUX MOJENAX B
LEJI0M, TOATBEPAUIHCD.

e(1), MB
25 eft), M a)

A,=32,625 MB

—_—— e —

0 0,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16 0,18 0
e(t), B b) e(t), mB c)

(5]

-0,05 43| e e e R

0 50 100 150 200 0 0,5 1 L5 2
e(t), MxB d)

A,,=3,1 MmxB

“Yon

0 0,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16 0,18 0,2
Puc. 5.9. Ilpumep curnanos, 3aperucTpupoBaHHbIX Ha Touke «MI'[»: 3anucek myma — a);
CUTHAJI CTAHOBJICHUS TIOJISI B 00JIACTH MaJIBIX - b) U OOJBIIKX - C) BpEMEH; yY4aCTOK CUTHAJIA
CTaHOBJICHHUS I10JIsI B 00J1IaCTH OOJIBIIMX BPEMEH C UCKIFOUEHHON HU3KOYaCTOTHOM
COCTaBIIAOMIECH - d) (BBIIIOJTHEHO aBTOPOM)

I'maBa 6. Pe3yabTarbl nmpakTuyeckoi anpodanum co3xanHoro odopasua IPK
HIIIC past psaga nyHKToB Ha0aw0aeHus Ha TeppuTtopuu CeBepHoro Tsinb-Ilans

JUJ1 OLIEHKH OTHOCHUTENIBHOM MOIPEIIHOCTH BBIYMCIIEHUS KPUBBIX 30HAUPOBAHUS OBLI
IIPOBEJEH CIIELMAIbHBI KOMIUIEKCHBIN ITOJIEBOM JKCIEPUMEHT 110 30HAWPOBAHUIO 3€MHOU
Kopel B Touke «MI'Jl», Haxopasuielica B HenmocpeACTBeHHOU Onu3octu oT tepputopun HC
PAH. Okcnepument pmwica 12 yacoB. i1 YMCIEHHONW OLEHKM TOYHOCTH IOJYyYEHHBIX
KPUBBIX 30HIUPOBAHUS OBUTM MOCTPOCHBI IpadWKU 3aBHUCUMOCTEN Mart. oxxkumanus M(t)
(cpenHeil KpUBOW 30HAUPOBAHUS ), CPEAHEKBAAPATUYHOTO OTKIIOHEHUS 7(1) 1 OTHOCUTEIbHOU
MOTPEUTHOCTH JJIsl KPUBBIX 30HANPOBAHUS J(?) IPUBEACHHBIE Ha puc. 6.3.
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Ha ocHOBaHUM MOJIy4EHHBIX PE3YyJIbTAaTOB B IEPBOM MPUOINKEHUN MOKHO FOBOPUTH
0 TOM, 4TO ¢ mnomoilbio u3MepurenbHoro kommiekca OPK IITIC ¢ goeputenbHOM
BeposATHOCTHIO 0,9 MOkeT ObITh OOecreyeH KOHTPOJIb M W3MEPEHHE BapHalMii CUTHAJIOB
CTAaHOBJICHUS II0JI1 BEJIMYMHOMN, OIPENENsieEMO MOIrpemHoCThi0 u3MepeHus o. Takum
00pa3oM MOy4YHJIOCh, YTO B KOHIIE BCEr0 HMHTEpPBaja BPEMEH CTaHOBIEHUs ToJs (2 C)
MUHUMAaJbHBIA YPOBEHb YBEPEHHO KOHTPOJMPYEMbIX Bapuauuii coctaBut 3%, Ha 1,5
cexkynae — 1,0 %, a yxxe na 0,5 cexyngax — 0,2 %.

C yueTom paHee NOoJIyYEeHHOU BEIMYMHBI YIETbHOIO 3JIEKTPUUECKOIO CONPOTUBIEHUS
onHoponHoro cioss p= 204 OMM DHKBUBAJIEHTHOTO  CPEIHECTATUCTUUYECKOMY
ANIEKTPUYECKOMY pa3pe3y 3€MHON KOpPbl TEPPUTOPUM BHIIKEKCKOro IeoAMHaMHYECKOIo
MIOJINTOHA, MOYKHO TOBOPUTH O XOpOILIEH BO3MOKHOCTH KOHTPOJS BapHalMil 3TOro
conpotuBieHHs Ha riyonHax a0 9000 M. KoHeuHo, 3T0 1OCTaTOYHO Ipy0Oasi OLEHKa U s
Pa3HbIX TOYEK HA MOBEPXHOCTU 3€MJIM B 3aBUCHUMOCTH OT BEPTUKAJIBHOTO 3JIEKTPUYECKOTO
pa3zpe3a 3€MHOM KOpbl B 3THUX TOYKaX MOrYT OBITb IOJIy4E€Hbl JpPYrue BEIMYHUHBI
MOTPEIIHOCTEN U IITyOUH 30HAMPOBAHUS.

" M(t), en. ALTT

g 1

-
-0 ; : : : | : i

-10 v i i i i &
0.1 02 03 04 05 0.6 0,

12
"
/S
n
f;‘
by
%
©
12

08 09 1 11 1
t,c
o(t). ex. AIIIT
0.008 - ( ). A = :
0006
0.004

0.002

0000

0.1 02 03 04 0S5 06 0. 08 09 1 | | 1,2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

\(3(1 )|. %

12
»
5
> 1
1
e
\O
5]

08 09 1 L1 1.
t,c
Puc. 6.3. I'paduku Mat. oxxuganus (cpeaHss KpuBasi 30HAUpOBaHus) M(t),
CpeIHEKBAAPATUIHOTO OTKIOHEHUS G(t), OTHOCHTENHLHOM MOTPEITHOCTH U3MepeHus O(t) s
OOJIBIIMX BPEMEH CTAHOBJICHUS 10JIs1, IOJyYEHHBIE 110 JaHHBIM [10JIEBOIO SKCIIEPUMEHTA
(BbIMOSIHEHO aBTOPOM coBMecTHO ¢ I1.B. UnbuueBbim)

Meroauka 1NOJyYeHHS] Te0dJICKTPHYECKHX  XAPAKTEPHCTHK Ccpeabl B
m3mepureabHoM koMmmuiekce JPK IHIIC. Metoauka mMoJy4eHHsI TIEO3JIEKTPUUECKHX
xapakrepuctuk cpeasl st OPK HITIC pa3pabaTsiBaack ¢ yd4eToM OCOOEHHOCTEH €ro
anmnapaTtypHO-IpOrpaMMHOI peann3aluu.

PeanbHplii JgaTUMK HE SBJISETCS HJEaIbHBIM HHTErPATOPOM YTO MPHUBOIUT K
YBEJIMYEHUIO TOIPEUIHOCTH IpPHU IMOJTYYEHUH KPHUBOW CTAHOBJIEHMS IOJISI OCOOEHHO Ha
Oonpmx BpeMeHax. [loATOMy BaKHBIM YCIIOBUEM IEPBUYHON 0OpabOOTKH sIBIsSETCA
KOMIIEHCAlusl He ujeanbHocTH nepexonHou xapakrtepuctuku NMJC. C nenpto CHUKEHUS
NOTPEIIHOCTH MHTEIPUPOBAHUS OCOOEHHO Ha OOJBLIMX BPEMEHAX CTAHOBJIIEHUS IOJIA IPU
muppoBoil  00pabOTKe 3apEeTUCTPUPOBAHHBIX CHUTHAJIOB MPEANOIaracTcss MNPUMEHHUTD
IpoLEeaypy NPUBEIEHUS UX KO BXOAY U3MEPUTENILHOIO KaHajla ¢ y4eTOM 3KCIIEPUMEHTAIbHO
V3MEPEHHOU M0 IEPEXOJAHON XapaKTEPUCTUKE MOCTOSHHOW BpeMeHU Tyjc cxembl MJIC,
MIOJIyYEHHOH B pE3yJIbTAaTE MPOBEAEHUS CIIELUATIbHON I'PpaJyUpOBKHA U3MEPUTEIBHOIO KaHala
OPK HIIIC u 06paboTKu 3apeTuCTPUPOBAHHBIX JAHHBIX. JIJISI TOTO YTOOBI BEIXOHOW CHUTHAI
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WU3MEPUTENHHOTO KaHalla ObLI POMOPIIMOHAIICH MTOTOKY MAarHUTHOW WHAYKITUH HEOOXOIMMO
BBIYHCIIUTh CYMMY 3apETUCTPHUPOBAHHOTO CUTHAJIA C MHTErPajOM OT HEro ¢ MacIITaOHBIM
koo dunuenTom 1/Ty c.

JlanpHeiimas o0paboTka CHUTHAjJa CTAHOBJICHUS TOJIS OCYIIECTBISIETCS B paMKax
MOJEJIH MPOBOSIIEH TOPU30HTATBHOMN MIIOCKOCTU (TOHKOM IUIEHKW) B HEIPOBOIAILEH Cpejie
no meroauke B.A. CunopoBa. Pemenue obparnoii 3anaun 3Chb B pamkax metonuku B.A.

CunopoBa CBOAMTCS K YHCIEHHOMY PELIEHUIO YPAaBHEHHUS:
au(t)

1 23 o _ar _
(mz 16) (1 + 4m?)2 = Kpor - 5= = 0,

6M .
OTHOCUTENLHO napameTpa m rae K = —, U(t) — KpuBas CTaHOBIICHUS 1OJIsA, M — MarHUTHBIHA
T

MOMEHT, ¥ — painyC IPUEMHOM NETIIA. B pe3ynbTaTe pelmenns JaHHOTO YPaBHEHUS IOy YUM

JUTSL K&KJIOTO MOMEHTA BPEMEHHU f 3HaueHue m(t). 3Has m(t), HaXOUM:

KF(m(t)
ST(t) = —5’(’2) )
t

ht(t) = m(t)r — O

rie S: ¥ A COOTBETCTBEHHO KaXKyIIasicsl MPOJIOJIbHAS TIPOBOJAMMOCTD U KaXKyIIasics TIIyOnHa

. . m(t
NpOHUKHOBEHHMs TieHKH [paiica-Illeitnmana a F(m(t)) = #5

(1+4m(t)2)2

[losieBoe TecTUpOBaHME METOAMKM IPOBOAMIOCH HAa JIaHHBIX IOJIEBBIX HCIBITAHUN
M3rOTOBJIEHHOr0 3KcnepuMeHTaibHoro oodpasua OPK IHIIC. YuuTeiBasg, 4TO OCHOBHBIM
HazHaueHuemM OPK IIIIC sBasercs HCNONb30BaHUE €ro B CUCTEME AKTHBHOIO
AJIEKTPOMAarHUTHOTO MOHUTOPHHTA HAMpPSDKEHHO-Ae(OPMAIIMOHHBIX TPOIIECCOB B 3€MHOMU
KOpe MOMHUMO MapaMeTpoB S; W /A; BBIYMCISETCS NapameTp p, — KaxylLleecs YJIEeIbHOe
CONPOTHUBIIEHHE cpeAbl. McnbITaHUs NPOBOAMIMCH B YETHIPEX TOUYKAX HA TEPPUTOPUU
bumikekckoro reogunamuueckoro mnonurona (BI'TI), pacmonokeHHBIX Apyr OT Japyra Ha
pacctogHusx oT 9 1o 20 km («MI'I», «Kenrop», «Kentop 2» n «Hynkypuax»). Ha puc. 6.9
NPUBE/ICHBI PE3YJIbTATbI PACueTa MapaMeTPOB 1l 4 U3MEpUTENBHBIX ITyHKTOB.
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Puc. 6.9. I'paduku kpuBO CTAHOBIICHUS TIOJIS - (1), KAKYIIETOCs YIASITHHOTO
AIEKTPUUYECKOTO COMTPOTUBIIECHS p+(?), KAKYIICICS IPOI0ABHON TPOBOJUMOCTH - Si(?) U
TITyOWHBI TPOHUKHOBEHUS TUICHKH /(1) I YETHIPEX U3MEPUTENBbHBIX MyHKTOB BI'TI
(BBITIOJIHEHO aBTOPOM)
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OCHOBHBIM  KOHTPOJIUPYEMBIM  IIapaMETPOM  IPH  HM3YYEHUU  COBPEMEHHBIX
r€0IMHAMUYECKHX MPOILIECCOB B JIUTOC(HEPE MOTYyIaEMbIM B PE3YIbTaTe 00PaOOTKH SBISETCS
rpaduK W3MEHEHHsS KaXyIIerocs YAEIbHOTO 3JIEKTPUYECKOTO COMPOTHUBIEHUS pP-(?) BO
Bpemenu. Ha puc. 6.10 npuBeneH pe3ynbrar 00pabOTKH AaHHBIX KOMILJIEKCHOTO MOJIEBOTO
AKCIIEPUMEHTA 10 30HAUPOBAHHUIO 3EMHOM KOpbl ONMCAHHOIO BhIIE. B pesynbrare
00pabotku 11 ceaHCOB 30HIMPOBAHUS, BBHITOTHABIIMXCS C AUCKPETHOCTHIO B 1 Wac, Obun
MOJyYeHBbl KPHUBBIE CTAHOBJICHUS TOJS e() MO KOTOPHIM OBUIM BBIYUCIIEHBI KPHUBBIC
KaXYLIETOCs] YJEIbHOTO JJIEKTPOCONPOTHBIICHUS p.(¢). B pe3ynpTare ObUTM MOCTPOEHBI
BPEMEHHBIE psA/ibl BapHalMil Ka)XKyIErocsl IEKTPOCOIPOTUBIICHUS JUJISl ABYX XapaKTEPHBIX
touek ¢ BpeMeHamu 0.03 u 0.11 cekynnsl. Kaxnoe u3 BbIOpaHHBIX BPEMEH XapaKTEpHU3yeT

TOYKY M3JI0Ma KPUBOW 30HIUPOBAHMSL.
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Puc. 6.10. I'paduku kpuBOW CTAaHOBIEHUS TOJS - €(?) U KAKYIIETOCS YACIbHOTO
AJIEKTPUYECKOTO COMPOTHUBIECHUS - pPo(?) AJd u3MepuTenbHoro myHkra «MIJI» a Ttaxke
BPEMEHHBIE PsIbl  MOCTPOEHHBIE IO OTCYETAM KpPHUBBIX KaXYyIIErocss yAEIbHOIO
AJIEKTPOCONIPOTHBIICHHUS p; B ToUKe 0.03 cexyHabl (oparkeBbiii rpaduk) u 0.11 cek (3eneHbii
rpa¢uk) (BHIIOIHEHO aBTOPOM)

Masbie Bapwanuy 3JEKTPOCONPOTUBIICHHS, BHIWMBIE Ha TpaduKe CBSI3aHBI C
HEOONBIION  MPOJOIHKUTENBHOCTRIO  3KCIepuMeHTa. [  cHmwkeHus — (QuyKTyaruii,
BBI3BAaHHBIX OCTATOYHBIMH IIyMaMH Ha KPUBOH CTAaHOBIICHUS TIOJIA BBIOOPKU p. OBUIH
MOJTy4YeHBI MyTeM AMHAMUYecKOW GuiubTpanuu. B mpocrelimem ciydae momgoOHbIN poriece
CBOJUTCA K YCPEIHEHMIO IOJYYECHHBIX 3HAYCHUM B OKHE, IIMPUHA KOTOPOrO0 BO3PACTAECT C

21
YBEJTHUEHHEM BPEMEHH NEPEX0IHOTO MPOLIECCa C MAroM, OTH3KHM K ~ V2.

3AKVIIOYEHHUE

Pazpaborana Mmaremarudeckas MOAEIb  AJIEKTPOPA3BEAOYHOM  CHCTEMBI €
IIYMOTIOOOHBIMHU 30HIUPYIOMUMU CUTHAIIaMU. Ha JaHHON MOAENH yAanoch NOATBEPIUTD
TEOPETHUYECKOE MPEUMYIIECTBO MPUMEHEHHSI IITyMOIOIOOHBIX CUTHAJIOB 3aKIIIOYAIOIIEeCs B
CHI)KEHMM YPOBHS IIymMa IPHU OJWHAKOBOM SHEPreTUKE 30HAMPYIOIIMX CHUTHAJIOB B
CpPaBHEHHMH C OOBIYHON CHCTEMOH, HCHONB3YIOUICH Ui 30HIUPOBAHUS OUMOJSPHBIC
UMITYJIbCHBIE  IIOCJIEIOBATEIbHOCTH C  IOCTOSHHOM  JUIMTEIBHOCTHIO  MMITYJIbCOB.
Teoperndeckuii BRIMTPHIII 110 OTHOLIEHUIO CUTHAJ/IIYM cocTaBu mpuMepHo 100 pas.

B mpouecce makeTHpOBaHHUS H3MEPUTEIBHOTO KOMILIEKCAa C IIYyMOIIOJOOHBIMH
30HAUPYIOLIMMU  CUTHajJaMud ObulM  OOHapyXeHbl cTpykTypHble mnomexu IIIIC
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MOSIBJISIIOLIMECS HAa KPUBOM CTAHOBJIEHHUS IOJIA IIOCIE KOPPEISLMOHHOW 0OpabOTKH.
NHcTpyMEHTaMH MAaTeMaTHUYECKOTO MOJEJIMPOBAHUS YAAJIOCh OINPEICIUTh OCHOBHBIE
IIPUYMHBl MX BO3HMKHOBEHHMs. lcciaemoBaHus mOKasanau, 4YTO OCHOBHOM IIPUYMHOM,
NpUBOASIIEH K TOsBIEHHIO CTpyKTypHbiXx mniomex UIIIC, sBiasAwoTCS HEnUMHEHHBIE
npeoOpa3oBaHMs CUTHAJIOB, BO3HUKAIOIINE B H3MEPUTEIBHOM TPAKTe KOMIUIEKCA, BKITIOUAS
UCCIIEyeMBbIid 00BEKT — 3eMHYIO KOpy. BrisiBnena ¢pynkunonansHas (61u3Kast K TMHEHHOM )
CBA3b MEXAY aMILTUTY 10 cTpyKTYpHbIX omex LITIC n aMmmnuTynoi n3mMepseMoro curHania.
W3 storo cnemyer 4ro, Bapuanuu JrO00M TOYKM Tpaduka HMIYIBCHOW MEPEeXOTHON
XapaKTEepUCTUKU 3€MJIM, NPU CTAOMJIBHBIX IapaMeTpax HW3MEpPUTENbHOW ammapaTyphl,
3aBUCST TOJBKO OT U3MEHEHUSI IAPAMETPOB UCCIIETYEMOT0 HCTOYHMKA (3EMIIH).

Pa3paboran ¥  M3rOTOBJEH 3KCIEPUMEHTAJBHBIM  oOpasen  ammaparypHo-
IPOrPaMMHOIO  U3MEPUTENBHOIO KOMIUIEKCA C IIYMONOJOOHBIMM  30HIHUPYIOIIUMHU
CHUTHAJIaM{ OOECTIEYMBAIONINI KOHTPOJIb KPUBOM CTAHOBIJICHUS MOJISI Oyiarofaps MUPOKOMY
YaCTOTHOMY M OOJIBIIOMY JMHAMUYECKOMY JAMAla3oHy pErucTPUPYEMBIX CHUTHAJIOB.
[IpoBeneHHbIE TOJIEBBIE UCIIBITAHUS KOMILUIEKCA MMOATBEPAUIN MHOTOKPATHBINA BBIUTPHIII B
COOTHOIICHWH CHTHAJI/TIOMEXa TPH HUCIHOIB30BAHUU AJITOPUTMOB  KOPPEISAIHMOHHON
00pabOTKM IIyMOMOJOOHBIX CHTHAJIOB B CPaBHEHHH C TPAJUIMOHHBIMU QITOPUTMAMU
CUHXPOHHOI'O HAaKOILJIEHUS.

Pa3paboran mMeTon yMeHblIeHUs1 YpoBHs cTpyKTypHbIXx nomex HIIIC, Bo3HuKaromumx
Ha  KpPUBBIX CTaHOBJIEHHMS IOJII B  IIpPOLIECCE  KOPPENSLMOHHONM  00paboTKu
3aperuCTPUPOBAHHBIX IIYMONOJOOHBIX CUTHAIOB. B OCHOBE airopurMa JeKUT U3BECTHBIN
croco0 0OHapy’KEHUSI UMITYJIbCHBIX CUTHAJIOB Ha ()OHE HEMPEPBIBHBIX IITyMOB M TOMEX IO MX
sHepruu. llpennoxkeH KpurTepuili aBTOMAaTHYECKOrOo BbIOOpa IOpora OOHapyKEHHs
ctpykrypHbix nomex LITIC. OtpaboTka anropurma IpoBOAUIACH HA CUTHAIAX CTAHOBIICHUS
0JIsA, MOJIYYEHHBIX HA IKCIIEPUMEHTAIBHON Touke «UyHKypyak», MpU MOJIEBBIX padoTax c
JIEKTPOPA3BEJOYHBIM H3MEPUTEIbHBIM KOMILJIEKCOM C IIYMONOJOOHBIMU CHUTHAJIAMH.
[IpumeHeHne anropuTMa IMO3BOJIMIO 3HAYUTENbHO (mpuMepHOo B 450 paz) yiaydiiuTh
COOTHOIICHNE CUTHAJI/TIOMEXa Ha KPUBOM CTaHOBIICHUS TOJIS B 00JAaCTH OOJBIINX BPEMEH.

Havarsl pa®oTel 1m0 OTpabOTKE TEXHOJOTMU 30HAMPOBAHUS 3EMHOH KOpBI C
MCII0JIb30BAHUEM LIYMOIIOJ00HBIX CUTHAJIOB, BKIIOYAIOUIYIO B c€0S1 METOJUKY IPOBEACHUS
U3MEpPEHUI B peajbHBIX IOJIEBBIX YCIOBUsX. [lepBble pe3ysbTarhl MOKa3aiH, YTO B KOHIIE
BCET0 HHTEpBaja BPEMEH CTAaHOBJIEHUS Moy (2 C) MUHUMAJIbHBIH YpPOBEHb YBEPEHHO
KOHTPOJIMPYEMBbIX Bapuauuii coctraBut 3%, Ha 1,5 cexynae — 1,0 %, a yxe Ha 0,5 cekyHmax
— 0,2 %. C yueTrom yJeabHOr0 3JEKTPUUYECKOTO COIIPOTUBIIEHUS ISl OJTHOPOAHOIO CIIOS p =
204 Owm'M, 5KBHUBAJIEHTHOTO CPEIHECTATUCTUUYECKOMY JIIEKTPUUECKOMY pa3pe3y 3eMHOU
KOpbl TEPPUTOPUM BHIIKEKCKOro TIe€OJMHAMUYECKOrO0 IIOJUIOHA, MOXHO TOBOPUTH O
XOpol1Iel BO3MOKHOCTH KOHTPOJIS Bapyaliil 3TOro CONPOTUBIIEHUs Ha rTyorHax 10 9000 m.

Pa3paborana u orpaboTaHa B YCIOBHUSIX IIOJIEBOTO SKCIEPUMEHTAa METOJIUKA
MOJIyYEHHUSI TEOVIEKTPUUYECKUX  XAPAaKTEPUCTUK Cpeabl ISl SKCIIEPUMEHTAIbHOIO
AJIEKTPOPA3BEJOYHOI0 KOMIUIEKCA C IIIyMONOJOOHBIMU CUTHAJIAMU C YYETOM OCOOEHHOCTEN
€ro anmnapaTypHO-porpaMMHoON peanu3auuu. [IpennoxeHo yiydileHue MeTojla peleHus
obparHoii 3amaun 3Ch B pamkax Moaenu ¢ IPOBOASIICH S TUIOCKOCTBIO TO3BOJISIOIIEE
MOBBICUTH JTOCTOBEPHOCTH IIOJIy4a€MbIX pe3yJibTaToB. [IpuBeneHBI BpPEMEHHBIE PsIbI
BapualUi KaXXyLIErocs: yJAeJIbHOIO 3JIEKTPUUYECKOTO CONPOTUBIIEHUS CPEbl KAK OCHOBHOI'O
napaMeTpa MpH HW3Y4YeHWU T€OJMHAMUYECKHX mporeccoB B autocdepe CeBepHoro TsHb-
[Tans.

INPAKTUYECKHME PEKOMEHJALIUA
Pa3paboTraHHble HMHCTPYMEHTBHI MaTEMAaTHYECKOI'O MOJIEIUPOBAHUS MOIYT OBITh
HCIIOJIb30BAHBI I IIPEABAPUTEIIBHOTO U3YUYEHHS U MOCIIMPOBAHNS JIIEMEHTOB alapaTrypsl
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U METONOB 0OpabOTKM [aHHBIX, NPUMEHSIEMBIX TpU pa3paboTKe amnmapaTypsl H
MPOrPaMMHOTO 00ECIICYECHUsI AKTHBHOW 3JIEKTPOPA3BEIKH METOJOM CTAaHOBJICHHUS TMOJIS.
Co3maHHas 3J€KTpOpa3BelovHas anmaparypa U MporpaMMHOe 0OecliedeHre MOJIe3HbI Ipu
M3Y4YEHUH COBPEMEHHBIX T'€0AMHAMUYECKHUX ITPOLIECCOB B 3¢MHOM KOpe.
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AUCCEePTALUM Booposckoro Baagumupa Baagumuposunua HA TeMy:
«IIIMpOKOIOJIOCHBII M3MEePHUTEJbHbIN KOMIUIEKC ¢ IIYMONOAOOHBIMH CUTHAJIAMHU 1JIs1
3JIEKTPOMATHUTHBIX HMCCJIeI0BAHMII COBPEMEHHBIX IeO0JUHAMUYECKHX IPOLECCOB B
Jurocepe CeBepHoro Tsaup-lllans» Ha couckaHume y4YeHOHl CTeNmeHHM KaHAMAATA
¢pusuko-maremaruyeckux Hayk mno cneuuaabHoct 25.00.10 — reodwusuka,
reopusnyecKkue MeToAbl MOMCKOB INO0JIe3HbIX HCKONAEeMBbIX

KiawueBble cjoBa: 1mrymMononoOHBIE CHUTHANBI, KOPPEIAIHOHHAS 00paboTka
CUTHAJIOB, CHUHXPOHHOE HAKOIUIEHUE CHUTHAJIOB, 3JIEKTPOpa3BEIKa, 3JIEKTPOMarHUTHBIN
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MOHUTOPUHI 3€MHOM KOpbI, CTPYKTypHbIE IIOMEXH, METOJ CTAHOBJIEHUS IIOJI,
M3MEPUTENbHBINA KOMIUIEKC, KaXKYLIEECs JIEKTPUUECKOE COIIPOTHUBIICHHUE.

O0bexkT wHccie0BaHMsI: CUCTEMA TIeO(PU3UUECKOTO MOHHUTOPHHIA Pa3BUTHS
HaIpsHKEHHO-1€(OPMAMOHHBIX NTPOLIECCOB B 36MHOU KOPE CEMCMOAKTUBHBIX 30H.

IIpenmer mcciegoBaHMsA: TEOPETUYECKOE OOOCHOBAaHME M MPAKTHUYECKOE
MOJITBEPKJICHIE BO3MOKHOCTH M IPEUMYIIECTB MPUMEHEHUS [ITyMOTIOJ0OHBIX CUTHAJIOB MTPH
CO3/IaHMM CUCTEM TIe0(pU3NYECKOIO0 MOHHUTOPUHIA C NPUMEHEHUEM AaKTUBHBIX METOJ/IOB
JIEKTPOPA3BEIKH C KOHTPOIUPYEMBIM UCTOUHHKOM.

Heab padorer: Co3nanue HOBOM, BHIMOTHECHHON HA COBPEMEHHOMN 3JIEMEHTHOU Oa3e
anmapaTypbl, 00ECHeuMBaIONICH TOBBIIIEHHOE KadecTBO M 3()(HEKTHBHOCTH H3MEPEHUs
AIIEKTPUYECKUX MApPaMEeTPOB 36MHOM KOPBI METOAOM CTAHOBJICHUS TTOJISA B TUATIA30HE TITyOHH
ot 100 Mm 1o 10 kM.

Mertoabsl HMcCIeI0BaHHSI M anmaparypa: MaTeMaTU4YeCKOE€ MOJEIMpPOBaHUE
NIEKTPOPA3BEJOYHBIX CUCTEM C  IIYMONOAOOHBIMM  30HJIMPYIOIIMMH  CHUTHAJIAMU;
MaTeMaTU4ecKoe U (PU3NYECKOe MOJACTHMPOBAHUE WCTOYHUKOB CTPYKTYypHBIX momex LIIIC;
MOJITBEP)KICHUE PE3YyJIbTAaTOB TEOPETUUYECKUX HCCIEAOBAaHUN M OTpabOTKa TEXHOJIOTHH
AKTUBHOI'O 3JIEKTPOMAarHUTHOT'O MOHUTOPUHI'A 36MHOM KOPBI Ha alapaTypHO-IIPOrpaMMHOM
komruiekce DPK HIIC cobcTBeHHOM pa3paOOTKH.

IlosryyenHnble pe3yJbTaTbl W HMX HOBH3HA. Ha MmaTemaTMueckux MOJAEIAX
AIIEKTPOPa3BEAOYHON CHUCTEMBI C IIyMONOJO0OHBIMU 30HAMPYIONMMHI CHTHAJIIAMHU JOKa3aHa
BO3MOXHOCTh U IOATBEPKIEHO TEOPETUYECKOE IMPEUMYIIECTBO HUX IPUMEHEHMS,
3akiogaromeecss B 6osee 3(p(GEeKTUBHOM IONABICHUH IIYMOB 10 CPAaBHEHHUIO C OOBIYHOM
CHUCTEMOM,  HCIONB3YIOUIEH A7 30HIUPOBAaHUS  OHWMOJSIpHBIE  WMITYJIBCHBIC
MIOCJIEOBATENBHOCTH C IIOCTOSIHHOW JUIMTEILHOCTHIO UMITYJIbCOB. Y CTAHOBJIEHBI HCTOUYHUKH
cTpykrypHbix nomex IHIIC B anexTpopa3Belo4yHOM ammapaType ¢ [PUMEHEHUEM
IIYMOTIOAOOHBIX CUTHANOB. llpemyoskeH crmoco0® WX aBTOMATHYECKOTO OOHApPYXEHUS H
yCTpaHEeHHsI, OCHOBAaHHBI Ha KPUTEPUHU IMOHMCKA ONTHMAIHLHOTO MOpOra OOHAPYKEHHS II0
MaKCUMAJIbHOMY TPHUOJIMKEHUIO PACHpPECIICHUsI IJIOTHOCTH BEPOSTHOCTH OCTAaTOYHBIX
MIOMEX M IIYMOB K HOPMaJbHOMY 3aKOHY. Pa3pa®oTaH M M3roTOBJIEH 3KCIIEPUMEHTAIbHBIN
o0paszer annapaTypHO-IIPOTPAMMHOTO 3JIEKTPOPa3BEAOYHOTO H3MEPUTEILHOTO KOMIUIEKCA C
IIYMOTIOAOOHBIMH ~ 30HAUPYIOIIMMU  CHUTHAJIAMH,  TOATBEPAMBINANA  PE3YJIbTATHI
TEOPETHUYECKUX HccenoBaHuil 00 3(h(heKTUBHOCTH MPUMEHEHHUS ITyMONOJOOHBIX CUTHAJIOB
B AKTUBHOW 3JIEKTPOPA3BEAKE METOJOM CTaHOBJIEHMs Moiid. IlosydeHbl nepBble OLEHKU
KauyecTBa MOJy4YaeMbIX KPUBBIX 30HIMPOBaHMS HA pa3HbIX BpEMEHaX CTaHOBJICHMs 1o, [{is
psimga TyHKTOB HaOmogeHuss Ha Teppuropun bBITI, momydeHBl KpuBBIE Ka)XyIIErocs
YACIBHOTO COMNPOTUBIICHUS - pP(1), KaXKYyLIEHCS MPOAOJILHON MPOBOAUMOCTH - Si(t) U
TITyOWHBI POHUKHOBEHUS, TPOBOISIIICH S MIIOCKOCTH - /i-(2). [locTpOCHBI BpEMEHHBIE PSIIbI
BapualUil KaXyILErocs yAeIbHOIO CONPOTUBIIEHUS CPEJIbI.

PexomMenmanmu 1o  MCNOJAb30BAaHMKO.  VHCTpYMEHTBI ~ MaTeMaTH4YeCKOTo
MOJICTMPOBAHUS MOTYT OBITh HCIIOJNIB30BAaHBI [UISI TMPEABAPUTEIHLHOTO H3YUYCHHS H
MOJIETMPOBAHMSI AJIEMEHTOB annapaTypbl U METOJOB 00pa0OTKHU JaHHBIX, IPUMEHSAEMBIX IIPU
pa3paboTKe ammapatypbl ¥ TOPOTPAMMHOTO O0OeCnedeHusi aKTUBHOHM D3JIEKTPOpPa3BEeIKH
METO/IOM CTAaHOBJIEHHUS IOJIA.

O0aacte npumeHenms. Co3naHHas  DIIEKTPOpa3BENOYHAs  amnmaparypa |
IpOrpaMMHOE OO€CIeUeHUe IMOJIE3HBl MPU H3YYEHHH COBPEMEHHBIX TI'€O0JIMHAMHYECKHUX
IIPOLIECCOB B 3¢MHOM KOpE.

boopoBckuit  Baagumup  BuaagumupoBuutuH  «TyHayk Taue —  Hlanabin
Jurochepacsinaarbl 3aman0an reoIMHAMHKAJIBIK MPOLECCTEPAN JIEKTPOMATHUTTHK
M3WJI166 YYYH bI3bI-4YYy ChIMAJI CHTHAJIApbl 0ap KeH THJIKeJYY 61460 KOMILIEKCH))
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Temana 25.00.10-reodpusuka, naiiianyy KeHaepam U31660HYH reo(pu3MKaIbIK METOLIOPY
aJuCTUIH (PU3MKA-MaTeMaTHKa WIMMICPHMHUH KAHAUAATHI JapakacblH U3ICHUII aJTyy
YYYH Ka3bLIraH AMccepTaAlUsIChIHBIH

PE3IOMECH

Herumsru ce3nep: bI3bl-4yy CBIIKTYY CUTHAQJIIAP, CHTHAIAAPIABI KOPPEIALMIIBIK
UIITETYY, CUHXPOHAYY CHUTHAJAAPAbl TONTOO, 3JIEKTP YaITbIHA0O, K€D KBIPTHILIBIHBIH
JIEKTPOMArHUTTUK MOHUTOPHUHTH, CTPYKTYPAJbIK TOCKOOJIIYKTap, Tajaa OoJyy BIKMAcChl,
6J1460 KOMIUIEKCH, KOPYHI'OH IEKTPAUK KapIIbUIbIK.

N3unnee o0beKTHCH: CECMOAKTUBIYY 30HAJapbIH >KE€p KbIPTHIMIBIHAATBI CTPECC-
AaepOopMaHSIIBIK TPOLECCTEPANH OHYTYLIYH Te0(pU3NKaIbIK MOHUTOPUHT 1606 CUCTEMACHI.

N3unneenyH mpeamMeTH: TEOPUSIIBIK HErM3AeMe jKaHa OyJarbl KOHTPOJIOHYYUY
AIIEKTP YaITHIHIOOHYH aKTUBAYY METOIAOPYH KOJIJJOHYY MEHEH Ire0()U3UKaIBIK MOHUTOPUHT
CHUCTEMACBIH TY3YYA® BI3bl-4yy CBIAKTYy CHTHajAapAbl KOJJOHYYHYH MYMKYHYYJIYKTOPY
’KaHa apTHIKYBLIBIKTAPBI )KOHYH/IO ITPAKTUKAJIBIK BIPAcTOO.

Nurun makcarbl: JKaHbl, 3amanOar 3nmeMeHTapabik 6a3ana arkapeuirad, 100 muex
10 xMre 4eMMHKM TEPEHAMKTEPJMH MAINA30HYH/Ia TaJlaaHbIH KAJBINITAHYy METO1Yy MEHEH
JKEP KBIPTHILBIHBIH JJIEKTPAUK IapaMETpPJIEPUH OJYO0OHYH >KOTOPKY CcamlaTbhlH >KaHa
HATBIKAIYyJIYT'yH KaMChI3 KbUIyy4dy aIraparypaHsl TY3YY.

N3niageenyH MeTroaaopy :KaHa sKaOayyJap: BI3bl-4yy CBIIKTYY HIIMKTOOYY
CUTHAJIZIAPbI 0ap JIEKTP YaNTHIHA00 CHCTeMaapblH MaTreMaTukaibik monenaee; [IITTKHBIH
CTPYKTYPAJIBIK TOCKOOJAYKTApPBHIHBIH OyJaKTapblH MAaTEMaTHKANBIK JKaHa (PU3UKAJIBIK
MOJZENI00; TEOPHSUIBIK HM3WUIIA06I6pAYH >KBIMBIHTBIKTAPBIH BIPACTOO JKaHA ©3 aJIbIHYa
umrenun yslkkad [IIC OPK  anmaparypaiblk-iporpaMMaiblK  KOMIUIEKCHUHE —KEp
KBIPTHIIBIHA AKTUBIYY 3JIEKTP MATHUTTUK MOHUTOPHHI >KYPry3YY TEXHOJIOTMSICHIH MILTEI
YBITYYy.

AJIBIHTaH SKBIMBIHTBIKTAP KAaHA AJapAbIH KAHbLILIKTApPbI bI3bI-uyy ChIAKTYY
30H/TYK CHUTHAJIAAPHI 0ap AJIEKTP YaITBIHA00 TYTYMYHYH MaT€MaTHKAIBIK MOJIEIIEPHH/IE,
UMIYJIBCTYH TYPYKTYY Y3aKTBITBI MEHEH OWMOJSPIBIK HUMITYJIbCTYK BIPAaTTYyTyKTapIbl
30H/100 YYYH KOJIJIOHTOH KaJIUMKHM CHCTEMAara CaJIbIITHIPMAIyy bI3bl-4yyHY HaTbIDKaIyy
06acyy MYMKYHYYJIYTY JKaHa ajapAbl KOJAOHYYHYH TE€OPHSIIBIK aPTHIKYBLIBITHI JAIAIICHT €H.
bI3bI-uyy CBIAKTYy CUTHaIZapAbl KOJJAOHYY MEHEH IEKTP YalrbIHI0O anmaparypachHaa
HITTKHBIH Ty3yMIyK TOCKOOIIYKTapbIHBIH OyJIakTapsl OeITruieHred. Anapasl aBTOMaTTHIK
TYPA® aHBIKTOO YKaHa KOK KbUIYY BIKMAChl CyYHYIITAJITaH ONTUMAJAYy aHBIKTOO O0COTOCyH
Tabyy KpuTepuiuiepun HOpManayy Mpiii3aMra KauAblK KUIIMTHIOYYJIOPIYH aHa BI3bI-
qyyJapblH BIKTBIMAIIBIK THITBI3ABITBIH OONYIITYPYYHYH MaKCUMANIYyy >KaKbIHAAIIYYCY
6otonya. Tamaa 6011yy BIKMacsl MEHEH AKTHUBAYY DJIEKTP YAJITBIHAOOMIO BI3BI-UYYy CBIIKTYY
CUTHAJAAPAbl KOJJOHYYHYH HATBIKaIYyJIyry J>KeHYHI® TEOPHSUIbIK HW3WII0616pAYH
HaATBIKATIAPbIH  TACTBIKTaraH bI3bI-4yy CBIAKTYYy CHTHAIIapbl Oap  ammaparThiK-
MIPOrpaMMAJIBIK JIEKTP YaITBIHAOO ©J460 KOMIUIEKCHHMH JKCIEPUMEHTAJABIK YITYCY
MIITEJIAI YbIKKAH JKaHa JaspAairaH. Ap KaHJIall Tanaa KaJblITaHyy ME3TWIMHJE ajlblHIaH
Ce3Yy MHUpHU CHI3BIKTAPBIHBIH canaTbiHa OupuHuM Oaa Oepunau. YuyH Oup karap 0aikoo
KYPry3YY IyHKTTAapbIiHbIH aimMarbigaa bI'TI, anpiHran kpuBble KaKyLIErocs CajblIThIpMa
KApUIBUIBIK - pr(1), KaXyLIeics MpPOJOJIbHOW OTKOPrHUYTHTHH - Sr(?) ’KaHa TEpeHIUTHHE
KHPYY XKYPIY3YY4y S TETU3IHUKTE - h(?). YOaKbITTbIH KaTapilapbl 4Y6HPOHYH KOPYHI'6H
KapUIbUIBITBIHBIH BapHalUsuIapbl KypyJraH.

Koaponyy cyHymrapbsl. MareMaTukanblk MOZENNO6 Kypajlgapsl Tajzaa Ty3YY
BIKMacbl MEHEH AKTHUBAYY O3JEKTP YalrbIHI0O amllapaTypachlH aHa MpOorpaMMallbIK
KAMCBI3ZIOOHY MINTEN YbI'YyyJa KOJAOHYJIyydy anmnaparypaHblH 3JIEMEHTTEPHH JKaHa
MaaJbIMaTTapAbl MIITEN YbITYy BIKMAJAPBIH AJNJABIH ajla M3WIIA06 XaHa MOJECIAee YYYH
KOJIIOHYJTyIIly MYMKYH.
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Koanonyy 4eiipecy. Ty3yiareH OieKkTp 4YaiarblHIOO — alIaparrapbl  jKaHa
OporpaMMaiblk  KaMChI3ZI0OO  JKEp  KBIPTHINBIHAArBl  3amMaHOam  TeoarHaMHUKAIBIK
IIPOLECCTEPAN U3MII0010 MTalJalyy.

RESUME
of the dissertation of Bobrovsky Vladimir on the theme « Broadband measuring
complex with noise-like signals for electromagnetic studies of modern geodynamic
processes in the lithosphere of the Northern Tien Shan» presented for the candidate of
Physical and mathematical Sciences degree on speciality 25.00.10 — geophysics,
geophysical methods of mineral prospecting

Keywords: pseudonoise signals, correlation signal processing, synchronous signal
accumulation, electrical exploration, electromagnetic monitoring of the Earth's crust,
structural interference, field formation method, measuring complex, apparent electrical
resistance.

The object of the research: a system of geophysical monitoring of the development
of stress-strain processes in the Earth's crust of seismically active zones.

The subject of the research: theoretical justification and practical confirmation of the
possibility and advantages of using pseudonoise signals in the creation of geophysical
monitoring systems using active methods of electrical exploration with a controlled source.

Objectives of the study: Creation of a new, state-of-the-art element-based equipment
that provides improved quality and efficiency of measuring the electrical parameters of the
Earth's crust by the field formation method in the depth range from 100 m to 10 km.

Research methods and equipment: mathematical modeling of electrical exploration
systems with pseudonoise probing signals; mathematical and physical modeling of sources of
structural interference of PNS; confirmation of the results of theoretical research and
development of technology for active electromagnetic monitoring of the Earth's crust on the
hardware and software complex EEC PNS of its own design.

The results and their novelty. Mathematical models of an electrical exploration
system with pseudonoise probing signals have proved the possibility and confirmed the
theoretical advantage of their use, which consists in more effective noise suppression
compared to a conventional system using bipolar pulse sequences with constant pulse
duration for probing. Sources of structural interference of SHPS in electrical exploration
equipment using pseudonoise signals have been established. A method for their automatic
detection and elimination is proposed, based on the criteria for finding the optimal detection
threshold according to the maximum approximation of the probability density distribution of
residual interference and noise to the normal law. An experimental sample of an electrical
exploration instrumentation and software measuring complex with pseudonoise probing
signals was developed and manufactured, which confirmed the results of theoretical studies
on the effectiveness of using pseudonoise signals in active electrical exploration by the field
formation method. The first estimates of the quality of the obtained sensing curves at different
times of the field formation are obtained. For a number of observation points on the territory
of the BGP, curves of apparent resistivity - p-(?), apparent longitudinal conductivity - Sz() and
penetration depth of the conducting S plane - 4(?) were obtained. Time series of variations of
the apparent resistivity of the medium are constructed.

Applications. Mathematical modeling tools can be used for preliminary study and
modeling of hardware elements and data processing methods used in the development of
equipment and software for active electrical exploration by the field formation method.

Application area. The created electrical exploration equipment and software are
useful in studying modern geodynamic processes in the Earth's crust.
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