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HNETPOJIOTHSA MMAJTEO30MCKOI'O METAMOP®UYECKOI'O
KOMILIIEKCA AXYMCKOI'O KPUCTAJVIMYECKOI'O MACCHUBA

© 2016 r. B.A. ATAMAJISIH

Hnemumym zeonocuueckux nayx HAH PA
0019 Epesan, np. Mapwana bazpamana 24a, Pecnyoauxa Apmenus
Hocmynuna 6 peoaxyuro 09.03.2016 e.

B cratse BmepBbIe MyONMMKYIOTCS IeTporpadudeckas XapaKTepHCTHKA, METPOXHU-
MHYECKHE WU TCOXUMHYECKHE OCOOCHHOCTH METaMOP(pHUYECKOro KOMIUIEKca AXyM-
CKOTO M ACPHKCKOT'O BBIXOJIOB Ie€pILIMHCKOr0 KpHUCTaIH4ecKoro gpynnamenta Comxe-
to-Kapabaxckoil Texronmdeckoi 30 HOxnoro Kaskaza. Ha sTtom ocHoBanmm pac-
CMAaTPHUBAIOTCS YCIOBHS OCAJKOHAKOIICHHS HMCXOJHBIX OTJIOXKEHHH CIIaHIEeB, Kak 00-
Pa30BaHHbIX 3a CYET MeTaMOp(dH3Ma IECYaHO-TIMHUCTBIX OTJIOKEHHH C NPUMECHIO
KPEMHUS, a TAK)KE YCTAaHOBJICHBI YCJIOBUSI MeTaMOp(hU3Ma TepLUHCKOro (yHIaMeHTa,
COOTBETCTBYIOIINE KBapI-aJIbONT-MyCKOBUT-OMOTUTOBON cyOdarmu snuaoT-amMmpu-
OonuToBOM (hanmu. BriepBble paccMOTpPEHBI BBISBICHHBIE MaC030MCKUE OQUOIUTH B
npeznenax AXyMCKOTO MacCHBa.

Beenenne

Hacrosmast cratesi sSBNSeTCS OpraHUYECKAM MPOAODKEHHEM CTaThH
(Aramansn, 2015), rne Obla MpencTaBieHa eTalbHAS TEOJOTHS AXYMCKOTO U
ACPHUKCKOT0 MacCHUBOB C IIPEICTaBICHHEM KPYITHOMACIITAOHO! T€0JIOTO-TIeTPO-
rpaguuecKoi KapThl, pa3pe3oB U cTparturpaduyeckoil koiaoHKU. CBeaeHHs O
METPOJIOTUYECKIX OCOOEHHOCTAX Majneo3oiickoro ¢yHnamenta CB ApmeHun
OBUTH TIOMEIIIEHBl B pyKonHCHOW pabore aBTOpa (AramansH, 1998). Jlannas
paboTta sBISEeTCA TEPBBIM CHCTEMATHYECKHUM HCCIEAOBAHHUEM METPOJIOTHH
AXyMCKOTO MaccuBa, TJe MPHUBOJATCS MeTporpaduieckoe OMUCaHKe Cliararo-
X CBUT MeTaMOpP(HUUYECKUX CJIAHIIEB, WX CTPYKTYPHO-TEKTYPHBIE OCOOCH-
HOCTH, KOJIMYECTBCHHO-MHHEPAJbHBIH COCTAaB M XMMUYECKUH COCTaB C HaHe-
CEeHHMEM Ha MEeTPOXMMHUYECKYIO Juarpammy Uil OCaJ0YHBIX MOPOJ MO Ompene-
JICHUIO TMPOTONHTOB Meramopduueckux mopox mno Cumoneny-IIpenosckomy
(ITpemosckmii, 1980). JloGaBieHa Takke reOXHMHUYECKas XapaKTECPHCTHKA Tia-
neosorickoro Meraoduonura ¢ [CP-XRF anann3om, BBHITOIHEHHBIM B ABCTPUHU
Opannem MaiipuHrepom B 3aIbI0YPICKOM YHHBEPCUTETE PEHTTEHO-(ITFOOPHC-
LEHTHBIM MeToioM Ha mpubope Bruker Instrument S4 Explorer ¢ Rh-tpy0Okoi
MOIIHOCTEIO B 4 kKW.

O0mmue cBeneHnst

I'epunHCckuii kpucTanmumueckuil GyHIaMEHT OOHakKaeTcs Ha TEPPUTOPUH
Apmennu B sape bepackoro antuximHopusi Comxero-Kapabaxckoil TeKTOHU-
4eCKOil 30HBI, charas AXyMCKHH KPHCTALIHYECKHH MacCUB M HEOOJBIION BHI-
XOJI TI0 COCEJICTBY MO peke Acpuk B AzepOaifmkane , a Takxe JIokckuit, Xpam-
ckui 1 J[3upynbCckuil MaccuBbl B I'py3un. Yka3aHHbIE KPUCTAJUIMYECKHE Mac-
CHBBI ABJISIFOTCS BBIXOAAaMH I'epPIHHCKOro (yHIaMEHTa I0KHOW dacTu EBpazum.
B reonormueckom ommcannn Axymckoro MaccuBa (AramansH, 2015), mo pe-
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3yJNbTaTaM JAETaJbHOIO KapTHPOBAaHUS M COCTAaBJICHHs IOCIOHHBIX Pa3pe30B
ClIaHIeBas ToJa Oblyia ToJpa3jieneHa Ha 4 CBUTHI, Ha3BaHHBIE MO JINTOJIOTH-
YeCKOMY COCTaBY: CBHTa MUKPOTHEHCOB, CBHTa MYCKOBUT-KBAPIIUTOBBIX CIJIAH-
LIeB, CBUTA Ipa)UTOHOCHBIX CIaHLEB U MeTaoduonuToBas cButa. Huxe npu-
BOJATCS MeTporpaduuecKkas XapakTepUCTUKA, ETPOXUMHUS, TEOXUMHUS U MeTa-
Mopdu3M mopox repuuHckoro ¢ynnamenta. CrnaHubl ACPHUKCKOTO MaccCHBa
WACHTHYHBI CIaHIAM AXYMCKOTO MacCHBa M CHELHANBHO XapaKTEePHU3YIOTCS
JUIIb Ha TETPOXUMHUYECKON auarpamme (puc.l) Juist cpaBHEHUS CO CIaHIAMHU
AXyMCKOTO MaccuBa

Herporpadusn
CButa MukporuneicoB. B mpeaenax 3Toil CBUTHI BBIIEISIOTCA Clie-
IYIOIUE Pa3HOCTH: a) KBapIl-IIAarMOKIJIa3-MyCKOBHTOBBIC U 0) KBapIl-TUIArHO-
KJIa3-XJIOPUTOBBIE MHUKPOTHEHCHI, KOTOPBIC MPOSBISIOT B3aMHBIC TIEPEXOJIBI.
Tekctypa mopoa mapauieIbHO-KPUCTAITUYECKAs, pa3Mep 3epeH KONEOISITCS OT
0,1 mo 0,3mM. CTpyKTypa Jenmnmo0IacToBasl.

Tabnuna 1

KonngecTBeHHO-MHHEPATIBHBIN COCTaB MUKPOTHEHCOB (005.%)
O6p. Ks ITn My Xn br I'd | Pynn.
2753 64 20 15 1 - + -
2744 61 25 10 2 - - 2
2785 65 20 10 1 2 2 -
2762 40 25 20 - - - 10
2774 54 12 7 - - - -
2782 48 20 15 7 8 2 -
2783 58 7 35 - - - -
2786 45 - - - - - 5
2788 94 - - - 1 - 2
2820 15 14 30 - - - -
2832 60 - 20 - - - -
2833 65 - 25 5 - - -
2761 43 15 20 15 - 2 -
2759 32 40 15 10 - - 3
2792 73 10 5 - - - 2
2793 30 65 - 5 - - -
2798 15 30 20 15 - - -
3290 80 5 15 - - - -
2760 30 18 - 45 5 - 2

NmeroTcst BbIIEACHHUS OKPYTIOH (DOPMBI U MENKOYEITyHUaTOro CTPOCHUS,
orubaeMble OCHOBHOW TKaHBIO CJIAHIIA, MPHUAAIONIUE MMOpojae nmopdupodiacTo-
BBIH 0OJIMK, B KOTOPOM TOP(HUPOOTACTHI CII0KEHBI CMECHI0 TOHKOUETITYHIaTOTO
CEPHIINTA, XJIOPHUTA, YACTO HOBOOOPA30BaHUSIMH IBONTAa MU CMECH aahOWTa M
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MyCKOBHTA. ['TTaBHBIE MUHEpaibl MPEACTABIECHBl KBaplleM, MYCKOBHUTOM, ajb-
OUTOM, XJIOPUTOM U OUOTHUTOM.

[ceBnomMopho3bl BBITIONHEHBI CEPUIIUTOM, XJIOPUTOM W KapOonaTtoMm. B
HEKOTOpBIX HuMdax NPUCYTCTBYeT OMOTHT. B KadecTBe mpuMecH NPHUCYTCT-
ByeT rpaduToBas mbuIb, KOTOpas 00pa3yeT W3BUIKCTBIC III0HYAThIC CKOTUICHHUS.

AK1ieccopHbIe MUHEPAIIBl IPEICTABIEHBI B BUIE MEIKUX OKPYTJIBIX BBIE-
JIEHUH LUpKOHA, armatuTa pazMepoM 0,1MM, pexe pytuina - 1o 0,2MM, a Takxke
3epHaMH THPUTA, JIUMOHUTU3UPOBAHHBIE BBIJENIEHUSI KOTOPOTO JAOCTHTAIOT JO
2mM. KonudecTBeHHO MUHEPaJIbHBIM COCTaB MOPOJ CBUTHI MUKPOTHEMCOB MpH-
BOIMUTCS B TaOI. 1.

CBHTa MYCKOBHUT-KBAapPIOHUTOBBX ciaaHIeB. OT MHK-
POTHEHCOB CIaHIBl ATOM CBUTHI OTIMYAIOTCS OOJIee OJHOPOAHBIM CIOKEHHEM U
OTCYCTBHEM KBapLEBBIX M MOJEBOLINATOBBIX MPOCIOEB, a OT IPpaUTOHOCHBIX
claHIeB Oojiee CBETJIONW OKpackod. B 3amagHON yacTH MaccHBa STH CIAHIIBI
pa3BUTHI Ha ckJoHaxX ropsl KoBacap. CnaHIbl CBUTHI HMEIOT CIIOMCTO-KPUCTA-
JMUYECKYI0 TEKCTYypy; CTIPYKTypa TrpaHoOsacToBas. B MuHepansHOM cocTaBe
JOMHUHHPYET KBapll IOJUTOHAJIBHON (HOPMBI, MPUCYTCTBYET TaKKE MYCKOBHT,
Jarouui otaenbHble yemyiku 0,2-0,3MM U cerperalidoHHbBIE IPOCIOU IIHUPH-
Hoti 0,2 - 0,5MM. B HekoTophIX mumdax BCTpedeHbl MEJIKHE 3epHa aHAaTy3uTa,
MpPOMUTaHHbIE YIJIMCTHIM BemiecTBoM. llocnenHee HaOmromaeTcsi OOBIYHO B
PaccessHHOM COCTOSIHUH B BHJIE€ AUCIIEPCHBIX YaCTHI], U3peaKa COOMPAIOIINXCS B
KOMKH. AKIIECCOPHBIE MUHEpANBI MPEICTABICHBl OKaTaHHBIMU 3€PHAMH LIHD-
koHa pazmepoM 0,01-0,1MM, anmatuta ¢ MHOTUMH OKPYIJIBIMU Ta30BO-KUJIKUMHU
BKJIFOUCHUSIMA U PYyAHBIM MHHepaioM. KomndecTBEeHHO-MUHEPAIBHBIM COCTaB
MYCKOBHUT-KBapLUTOBBIX CIaHIEB MPUBOAUTCS B TaOMI. 2.

Tab6muma 2

Komnun4ecTBeHHO-MUHEPAITBHBIN COCTAB MYCKOBHT-KBapIHUTOBBIX CIaHIIEB (005.%)

Oop. K | My Cu Xn ' Pynu

2766 73 12 10 2 2 1

2779 77 10 7 3 2 1

2794 95 - 5 - - -

2829 71 19 7 3

2831a 87 7 4 — 1 0,5

2843 75 5 14

3278 75 10 15

3268 68 10 5 15

3259 57 38 - - 5

3272 93 5 2

CBuTta TpPadUTOHOCHBIX MYCKOBHUT-KBAapIEBBIX CIIaHIEB.
B mpenmemax Axymckoro maccuBa rpa)UTOHOCHBIE KPHCTAILUTUYECKHUE CITAaHITBI
00pa3yroT CTpaTU(PUIMPOBAHHBI MapKHUPYIOIIWNA TOPU30HT MOIIHOCTBIO [0
120M. TexcTypa y HUX CIIOMCTO- KpUCTANINYECKasl, MHOT/IA JINHEHHO-KpUCTal-



JYecKast, ’HOTJIa ¢ JMHEHHOCTBIO U C BBIAGICHUSIMU pa3mMepoM 1o 3mM. LlBer -
YepHBIA WM CTalbHON-cepblii. OT OOMIUS YIJIUCTOTO BeIecTBa MOpojia Mady-
KaeT pyku. HeBOOpYKECHHBIM TJa30M 3aMETHBI KBapll, MyCKOBHT, OyrOpKU H
METKHe IATHA. AHOATY3uT oTMedaercs B nwtnde 2779. HexoTopsle y9acTKu
CHJIbHO OOOraieHsl yriaucThiM BemecTBoM (10 30%) (Ha MecTe OTBETBIICHHUS
p-Axym Ha cc.KapayT u Cyriot). [lon MUKpPOCKOTIOM ITOpO/Ia UMEET IMapaliielb-
HO-KPHUCTAJUIMYECKYI0, TUIOHYATYI0 WM MATHUCTYI0 MUKPOTEKCTypy. CTpyKTy-
pa y HHX TpaHOOJIaCTOBas, JEMUAO-TpaHOOIacToBas W mHopQupodIacToBas.
[MopdupobnacTsl mpeacTaBIeHbl OKPYTIBIMH WM TaOMUTYATHIMU BBIICICHUS-
MU pa3MepoM 1-3MM, BBINOJIHEHHBIMU CKOIUIEHUSIMM TOHKOYEIIYHYaThIX arpe-
raToB XJIOpUTa JHOO CMECH XJIOPUTA U CEPUIINTA, HEPEIKO YaCTUYHO WM Ha-
Leno 3aMerieHsl kBapueM. OCHOBHAsi TKaHb MOPOZBI CIOXKEHA MapajlielbHO-
KPUCTAUIMYECKHMH arperataMy rpaHo0IacTOBOTO KBapla ¢ KpUCTaJulaMH pas-
mepom ot 0,1 go 0,3MM, depenyromyuMHUCs CO CKOMJICHUSIMH MYCKOBHTA, TYCTO
MPONHUTAHHBIMUA HENpOo3payHOi TpadUTOBOW MBLIBID B TECHOM CPAaCTaHUU C
JemryikaMu XJIOpUTa W OWOTHTA. 37eCh OMOTHT HAXOAUTCS B OYCHH TECHOM
cpacTaHuM ¢ MycKoBUTOM B Buze Ooiee menkux (0,1-0,3Mm) denryek, oOI9HO
XJIOPUTU3UPOBAHHBIX. XJIOPUT UMEET arloOMOTUTOBYIO IPUPOAY, B TO KE BPEMSI
OH SIBJISIETCS TJIaBHBIM 3aIlOJTHUTENIEM MOP(UPOBBIX CKOIUICHHH. YTIHCTOE Be-
IIECTBO SBISIETCA MEJKO-TUCIIEPCHBIM, KOHIIGHTPHPYETCS B H3OTHYTHIX CIIIO-
JUCTBIX CErperalMoHHBIX MMOJI0CaX, HepenKo o0pa3ys CIIOUIHBIE Hempo3pad-
Hble npocion a0 0,5 MM. AKIleCCOpHbIE MUHEPAJIbl MPEJCTABICHbBl MEJIKUMHU
OKpYIJIBIMU 3€pHaMU LIMPKOHA U amatuta pasmepoM oT 0,01 mo 0,1mm, Typm-
auH 00pa3zyeT KOPOTKONPH3MATHUYECKUE 3E€PHA C CHHE-KEITBHIM ILUICOXPOH3-
MoM. M3 Tabn. 3 BHAHO, YTO HEKOTOpPHIC M3 OMHCHIBAEMBIX TOPOJ SIBISIOTCS
(haKTHUECKH KBapLUTaMH CO CMECBIO CIIIOJI, XJIOPUTA U YIJINCTOrO BEIIECTBA.

Tabnuma 3

KonmuecTBeHHO-MUHEPAJIBHBIHN COCTaB IpapUTOHOCHBIX ciaaHIeB (00b.%)

N°6p KB My | Br | Xn | T'p | Pyan. Iopd.

2740 60 | 25 10 5

2750 65 10 20 5

2765 60 25 + 1 14 +

2752 12 40 + | 39 2 6

2803 20 57 10 10 3

2806 77 18 5 -

2824 60 23 + 12 4 1 -

2835 70 10 15 5 -

2836 89 5 + 5 1 -

2842 92 3 +

MeTtaodumounmmuTHs. B coctaBe MeTaohnOIUTOBOTO KOMILIEKCA
AXYMCKOT'0 KPHCTAJUTMYECKOTO MACCHBA PA3IHYAIOTCS METATUPOKCCHUTHI, Me-



Taba3a’dbThl W BYJIKAHOMHKTOBBIC CJaHLBI OCHOBHOTO cocCTaBa. MeTamupo-
KCEHHTHI CJIaraloT HEOOJBIIOTO pa3Mepa CaMOCTOSTEIbHOE JIMH30BHIHOE TEIO,
OKPYXCHHOC MeTa0a3aJbTOBBIMU  3€IE€HBIMUA CJIaHIIaMH. HOZ[ MUKPOCKOIIOM
yabTpaMauTEl UMEIOT HEMATOOIACTOBYIO CTPYKTYpYy. OHH COCTOSIT W3 TIPHU3-
MaTHYECKHAX KPUCTAIOB OECIIBETHOTO TPEMOJIHUTA pa3MepoM 10 5x1Mm, nuMmero-
VX PaJrualbHO-CHOIOBUHOE PACIIONIOKEHHE. YTIIOBAThIe MMPOMEXYTKA MEX-
Iy HUMH BBITIOJIHEHBI YeITYHYaTBIMU CPACTAaHUSAMU Tallbka U aHTUroputa. Tpe-
MOJIMUT YaCTU4YHO 3aMCIICH MCIKO3CPHUCTBIM BTOPHUYHBIM Kap6OHaTOM, J]I/I60
o0pa3yeT ceTh CeKyIUX MPOXKMIKOB. TpeMonuT coctaBnger 75%, Tanbk - 21%,
aHTHTOPUT - 4%, TIpK 3TOM KapOOHAT IO TPEMOJIUTY MECTaMH MOXET COCTaB-
nath 10 30%. Mertaba3anbThl MPENCTaBICHB TEMHO-CEPO-3€IEHBIMUA MEIKO-
KPUCTAJUTMYECKUMH ciaHnaMu. [log MUKPOCKONIOM HUMET HEMAaTOOJIAaCTOBYIO
CTPYKTYpy 0e3 mop(upoBBIX BbACIHEHUI U cocToAT U3 Menkux (0,3MM) mpus-
MaTHYECKUX KPUCTAIUIOB CHHEe-3esieHoro amduobona (42%), MEIKUX 3epeH Kel-
toBaroro »muaoTa (35%) u anpbura (20%), a TakKe 3epHUCTBHIX BBIICICHUN
cheHa ¥ eMUHUIHBIX BBIICIICHUH amaThTa IIecToBaTON (hOPMBI. YTaIbIBAIOTCS
MPU3HAKH TTEPBUYHON apUpPOBOH MUKPOIOIEPUTOBON CTPYKTYPHI.

BynxaHOMUKTOBBIE CIIaHIIBI OCHOBHOT'O COCTaBa OKpaileHbl B Ooiee CBeT-
nple ToHa 3eneHoro nsera. Onu conepxkat kBapu (30%), ansour (35%), xJa0put
(35%), mubo xBapi (25%), cepunut (20%), xmoput (55%); UIMEIOT TPAHOJIETIH-
N00JIACTOBYIO CTPYKTYpY. XJIOPUT CllaraeT OCHOBHYIO TKaHb CIIAHIIA U COAEp-
KHUT Y9aCTKU ¥ BKJIFOUYEHUS TPAHOOJIACTOBOTO KBapIla U H30METPHUYHBIX CKOTIJIe-
HUH CEepUIIUTOBBIX arperaTtoB. BylkaHOMHUKTOBBIE CIIAHIIBI, BO3MOXHO, SIBIISIFOT-
Csl TIEPBUYHO KPEMHEBO-THAIIOKIACTUTOBBIMU 0OOpa3zoBaHusMu. C HUMH Tiepe-
CIIAaMBAIOTCSl EJMHUYHBIC CJIOW METAKPEMHHEBBIX IKEJIE3HCTO-CEPUIIMTOBBIX
KBAapILUTOBBIX CIAHIEB TPAHOOIACTOBON CTPYKTYPHI C MEIKHUMH OKPYIJIBIMH
OXKCJICBHCHHBIMU PCJIUKTAMU. Coueranne MeTaYHI)TpaMa(i)I/ITa C 3CJICHBIMH
CIIaHIIaMH METaBYJIKAaHUTOBOTO XapaKTepa TO3BOJSET BBICKA3aThCAd B IIOJIB3Y
Hamnuus (pparmMeHTa MeramMophU30BaHHONH O(UOIUTOBON IIACTHHBI Maleo-
30HCKOr0 BO3pacTa. MeTamMopdu3M W JUCIONMHPOBAHHOCTH O(PHOIUTOB HAaXO-
JUTCS B OAMHAKOBOHM CTENCHW M B €MHOM IUIaHE CO CIAHLEBBIM KOMIUIEKCOM
AXYMCKOFO MacCCHUBa, YTO ITO3BOJISACT BICPBLIC BBLIACIUTH O(l)I/IOJ'II/ITI)I repuuH-
CKOT'O BO3pacTa B Tpejeiax Kpuctamummdeckoro ¢ynnamenta Comxeto-Kapa-
0axCKO¥ TEKTOHHYECKOW 30HBI.

Herpoxumus

XUMHUYECKHE COCTaBHI ClaHIEB pa3fenbHOo i Axymckoro (NN 1-9) u
Acpukckoro (NN 10-14) maccWBOB TepIHMHCKOTO KPHUCTALTHYECKOTO (PyHa-
MEHTa MPUBOIATCS B Ta0J1. 4 B OPSAKE BO3PACTAHUS CONCPIKAHUI OKHCU KPEM-
Hus. [IpocToe paccMoTpeHHe BECOBBIX IPOIIEHTOB OKHCIOB B METAITCIUTOBBIX
claHIax 0e3 MeTPOXUMHIYECKON 00pabOTKM MOKa3bIBaeT 3HAUYUTEIBHBIE COMEp-
YKAHWUS OKUCH Kajvs B CIIOJITHBIX CIAHIIAX W €r0 HUYTOXKHBIE COJIEp)KaHUS B
MeTtaoduonuToBbix cianiax (NN 1-5). B To ke BpeMs MyCKOBUT-KBapIIUTOBBIC
U rpadUTOHOCHBIC CJIAHIBI XapaKTEPU3YIOTCS OYEHb HU3KHUMH COJCPKAHUSIMHU
OKHCH HaTpHs, TOTJa KaK MHUKPOTHEHCHI M METao(UOJIUTHI (3a UCKIIOYCHUEM



obpasna ynerpamadura 2801) 00Nagar0T 3aMETHBIMH COACPIKAHUSIMU OKHUCHU
HaTpusa. DTO CBUAETEIHCTBYET O 00Jee 3pesioM COCTaBe MCXOAHBIX OCaJKOB
CBHUT MYCKOBHUT-KBApIICBBIX U Tpa)UTOHOCHBIX CIIAHIIEB C TOJHBIM pPa3jIoxkKe-
HUEM IUIaTHOKJIa3a C yNaJeHWeM OKWCH HaTpusi TpU JUTOTeHE3€ OCaKOB.
CpaBHHUTETHHO HH3KHE COJEpXaHHWS OKHCH TJIMHO3eMa INpPU DKCTPEeMajbHO
BBICOKHMX WM BBICOKMX 3HAYEHHSX OKHCH KPEMHHS B MmapaciaHmax (mpoost 2740,
4789) u mukporueiicax (mpoObr 2823, 2753) cBsA3aHBI CKOpEe BCEro CO 3HAYM-
TETHFHON POJIBI0 TIEPBUYHOTO KPEMHHUSI B MCXOTHBIX OCaIKax, 4eM ¢ mpeodiia-
JAHUEM YHCTO KBAPIIEBBIX TEPPUTECHHBIX 3ePECH.

Tab6muua 4
XUMHYECKHiT COCTAB CIIAHIIEB U3 BBICTYIIOB TEPIHCKOTO

KPHCTAJUIMYECKOTO (pyHIaMeHTa
Newn| 1 | 2 | 3 [ 456 ] 7] 8 [9Jw] ]2 in]14]15]I16

NeoGp. | 2760 | 2801 | 2805 | 2752 [ 2826 | 2833 | 2740 | 2753 | 2823 | 4798 [ 3226 | 4792 | 4789 | 4793 | 4795 | 4797

Si0, |45.7746.04|48.90|51.38(59.00 | 64.03 | 79.45 [ 85.80190.10 | 51.63 | 70.00 [ 71.33 [ 79.00 | 89.67 [45.44 [ 89.38

TiO, | 1.43 [n.06m.| 2.22 | 0.07 | 1.06 | 0.54 | 0.37 | 0.75 [ 0.32 | 2.10 [ 0.54 [ 0.52 | 0.37 | 0.15 | 1.87 | 0.15

ALO; | 17.78 | 2.67 |15.90(25.00(18.79|18.36| 9.17 | 7.76 | 4.74 |12.34(13.50(13.05] 10.07 | 2.88 |28.48| 1.31

Fe,O; | 6.41 | 0.89 [ 2.63 |1 5.09 | 449 | 2.80 | 2.43 | 1.63 | 0.27 | 4.61 [ 0.80 | 1.47 | 2.39 [ 1.77 | 7.81 | 0.32

FeO | 8.49 | 3.52 |10.60( 3.20 | 3.52 | 2.50 [ 1.92 | 0.48 | 0.71 [11.38] 5.76 | 3.24 | 1.16 | 0.32 | 1.62 | 1.16

MnO | 0.29 | 0.01 | 0.25 | 0.18 | 0.07 [ 0.09 | 0.06 | 0.03 [ cn. | 0.21 | 0.22 ] 0.07 | 0.03 [ 0.28 | 0.09 |H.00H.

MgO [10.31|15.58] 9.80 | 2.92 | 2.67 | 3.08 | 1.33 | 0.40 [ 0.95 [10.34]| 0.91 | 1.81 | 0.85 [m.06mn.| 1.04 | 0.48

CaO | 0.62 | 9.08 [ 1.90 | 0.70 [ 0.47 | 1.29 | 0.86 | 0.42 | 0.27 | 1.05 | 2.14 | 1.26 | 0.77 [ 2.03 | 0.75 | 1.19

Na,O | 2.75 | 2.78. [ 0.26 |u.00H.[n.00H.| 0.45 |H.00m.| 1.50 | 0.62 | 0.44 | 0.40 | 2.30 | 0.05 [ 0.05 | 0.20 | 0.05

K,O | ii3. [ 1.13.]0.70 | 4.70 | 475 | 3.70 | 2.00 | 1.12 | 1.27 | 0.27 [ 3.40 [ 2.70 | 3.20 | 1.80 | 6.10 | 1.20

P,Os | 0.05 | 0.05 | 0.04 [ 0.04 | 0.10 [ 0.10 [ 0.05 ] 0.07 | 0.11 | 0.11 | 0.09 | 0.23 | 0.11 | 0.11 | 0.23 | 0.17

LOI | 491 [18.54] 6.10 | 5.86 | 4.53 | 3.51 [ 2.91 | 0.96 | 0.32 | 5.96 | 2.65 | 2.61 | 2.56 | 0.10 | 6.55 | 5.19

H,O | 0.08 |u.06H.[n.06H.| 0.17 | 0.47 [n.06H.] 0.02 [H.06H.|H.06H.] 0.17 | 0.16 | 0.17 |H.00H. | 0.05 | 0.60 [ 0.10

S 1.03 | 0.01 | cn. [m.06m.] 0.02 [ cm. | 0.26 | -"- cn. |H.06H.| 0.03 [H.06H.[ -"- 1.43 [n.00H.|H.00H.

Cymma| 99.92 1100.30( 99.30 1 99.31  99.94 |1100.45[{100.83|100.92| 99.68 [100.61]100.60{100.76[ 100.56 {100.64|100.78{100.70

Omnuce anannzoB: (Ne Ne 1-9) Axymckuii Mmaccus: | - 00p.2760, mopdupuronn
TJIaTMOKJIa3-KBapIl-XJIOPUTOBBIH, JIMH3a B CIFOASHBIX ciadiax B 150m ma O3 ot
kou.XaHyMm; 2 - 00p.2801, TaTbK-TPEMOJIUTOBBIH METAOPTOIMUPOKCEHUT, JIMH3A
B ciaHax B 1.5kxm Ha 3 ot kou.XaHy™m; 3 - 00p.2805, cimaHer KBapI-CepUITUT-
XJIOpUTOBBIH, B 1.7kM Ha 3 oT kou.XaHy™m; 4 - 00p.2752, KpUCTaITUUECKHUHA
CIIaHell YEepHBIH. KBapL-XJIOPUT-MyCKOBUT-TpadUTOHOCHEIH, B 150M Ha FO3 ot
Kou.XaHyM; 5 - 00p.2826, KpHCTaJIMYECKHI CllaHel KBapI-XJOPUT-MYCKOBH-
ToBHIH, B 0.4kM Ha CB ot r.MHaK; 6-00p.2833, KpHUCTAIMUECKHHA CITaHEI XJI0-
PHUT-KBapI-MyCKOBUTOBBIN; 7 - 00p.2740, KpUCTAIUIMYECKUI CIIaHEIl YEPHBIH.
rpaUTOHOCHBIN XJIOPUT-MYCKOBUT-KBapIeBbId, Kod.XaHyMm; 8 - 00p.2753,
MHUKpPOTHEHC MyCKOBHT-albOUT-KBapueBblid, B 0.4 kM k FO3 ot xou.Xanym; 9 -
00p.2823, cepUIMT-KBaPIICBBIA KPUCTAIMYCSCKUI ciaHen, Oenbiii, B 0.8kxM Ha B
ot r.Muak, (Ne Ne 10-14) Acpukckuii Maccus: 10 - 006p.4798, moppupuronn
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KBapL-aILOUT-XIOPUTOBHINA, B 6kM Ha O ot c.Alreasop (ym.p.Acpuk); 11 -
00p.3226, cnaHel YepHbIi, TPapUTOHOCHBIH, KBAPII-CEPUITUT-XJIOPUTOBBIHN, TaM
xe. 12 - 00p.4792 MUKpOTHEHC KBapII-II0JICBOINATOBO-XJIOPUT-MYCKOBUTOBBIH,
ym. Acpuk B 6.2kMm Ha O ot c.Afirem3op; 13 - 00p.4789, kpucTamTndecKuit
ClIaHel KBapl-XJIOPUT-CEPULUTOBBIN, rpad)uTOHOCHBIH, YepHbIi, yu1. lllamibik B
6kM Ha O or c.Ajirensop; 14-00p. 4793. kpucTanIM4ecKuii claHer KBapil-
XJopHUT-cepuunToBbIi, yul.IlllamneikB 6 kM Ha IO ot c.Afirenzop; (Ne 15-16)
HeMeTaMOp(HU30BaHHBIE TEPEKPHIBAIOIINE OTJIOKEHHUS maneo3os?: 15 - obp.
4795. narepuroBas riuHa, k C ot c.berok-Kumnak; 16 - kpeMHHCTO-aCITUAHBIH
CJIaHell, TaM Xe.
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Puc.1. CocraBel nopox Ha auarpamme CumoHeHa-IIpe1oBCKOro mo pa3rpaHUYEHUIO IEPBUYHO-
0Ca/IOYHBIX U N3BEP)KEHHBIX COCTaBOB MeTamopduueckux rnopox (IIpenosckuii, 1980).

YcnoBuble o6o3Havenus: (1-3) I'panunel moneil nuarpammsl: 1 - obIacTe COCTaBOB H3BEp-
KEHHBIX MOPOJA; 2 - 00JaCTh COCTABOB OCAJOYHBIX MOPOJ; 3 - 001acTh COCTaBOB XMMHYECKUX
0Ca/IKOB. 4 -TPEHJ COCTaBOB ITOPOJA ACPHKCKOTO BEIXO/; 5 - TPEH COCTaBOB MOPOJ AXYMCKOTO
MmaccuBa. Homepa (urypaTuBHBIX TOYEK COOTBETCTBYIOT HOMEpaM XMMaHaIN30B TaOauIpl 4.

Bricokoe coaepaHue ILILII. B aHamm3e MpoOBl yibTpamadwura (mpoda
2801) Br3BaHO KapOoHaTHm3aruei TpemonauTa. Ha muarpamme Cumonena-Ilpe-
JoBCKOro (puc.l) ¢urypaTuBHbIE TOYKH aHAJIHM30B CIIOISHBIX CIAHLEB AXyM-
CKOT0 U ACPHUKCKOTO MAacCHBOB pacIiojlaraloTcs B IOJIE MEIUTOB U PaCTSTH-
BAlOTCsI BOPABO B IOJIe KPEMHHCTHIX OTiIokeHHH. [Ipoba ymeTpamadura (2)
pacrionaraetcsi BHyTPH TI0JIsl H3BEPKEHHBIX TIOPOJ, a MPOObI 3eJCHBIX CIAaHIECB



(1 m 3). pacnonararoTcsi BHE MOJSI OCaJOYHBIX IOPOJ, OTpaXkas CBOIO Oa3alib-
TOKJIACTUYECKYIO BYJIKAaHOI€HHO-OCAJOUYHYIO IIPUPOLY.

I'eoxummus

l'eoxumMudeckne OCOOEHHOCTH KPHUCTAJUIMYECKUX CIAHIEB AXYMCKOTO
MacCHBa MO PSAY WHAMKATOPHBIX DJIEMEHTOB-TIpUMECEH MPUBEACHBI B TaOJL.S.
Amnanussl BeinosiHeHbl B BUPIT konnuecTBeHHO-CIIEKTpalibHBIM MeTO1I0M. Kpo-
Me TIPUBEICHHBIX B TAOIUIlE IIEMEHTOB, onpeaensumch Takke Sb,P, Tl, Ag, Y,
Ba, mo KoTOpeIM pe3ynbTaThl OKa3alMCh HIDKE, JINOO HA TIOPOTe YyBCTBHUTEIh-
HOCTHU aHanu3a. [IpuBeficHHBIC JaHHBIC MONYYCHBI IO MPo0aM CJIaHIIEB, B IILTH-
(ax KOTOPBIX OTCYTCTBYIOT NPU3HAKH HAJIOKEHHBIX THIPOTEPMAIBHBIX IMPO-
neccoB. U3 Tabi. 5 BUIHO, 9TO MeTaMOppHUUYECKHE CIAHIBI AXYMCKOT'O MacCUBa
00€HEeHbI 10 CPaBHEHHWIO C KJIapKaMH OCAJO0YHBIX TOPOA BCEMH NpPHUBEICH-
HBIMH 35ieMeHTaMHu. [Ipu 3TOM cpeau KBapI-CIFOISTHBIX CIIaHIEB HAMMEHBIITMHA
CoNlepKaHUSAMH 00JIaJal0T MYCKOBUT-KBapIIEBhIE CIIAHIBI, 2 HAUOONBITUMH —
rpaUTOHOCHBIE.

Tabmawuma 5
CopeprkaHusI HEKOTOPBIX 3JIEMEHTOB-IIpUMECe B opojax
Axymckoro mMaccuBa, ( T/T)
[Mopomsr Koz Ni Co| V |Mo| Cu | Pb | Zn As
po0
MuKpOoTHeHChI 17 14 |40 | 60 2 25 [ 12 ] 0 | <100
Myckout- 18 11 (40|53 2 22|74/ 100
KBapIICBbIC CITAHIIBI
Tpaduronocbie 10 26 | 45|80 |54 |35 (25| 4 | <100
CITAHITBI
MerabazaisT 2 55 15 | 60 2 20 | 171 0 | >100
MeTanupoKCeHUT 3 400 | 30 | 40 | — | 410 | 3 0 | <100
Kuapiat ocaroumbix 95 |20 [130| 2 | 57 |20| 0 | -
nopoI

OO61mas 00eTHEHHOCTh METAICIUTOBBIX CJIAHIIEB, OYEBUIHO, 00YCIOBIICHA
MOBBILIEHHBIM COJIEpXKAaHUEM B HUX KBapua. [lo cojepkaHUsAM 3JIEMEHTOB-
IIpUMECEel OHU OOJIBITIE COOTBETCTBYIOT OOCHHEHHBIM IMEPBUYHO TIIMHHUCTHIM
recyaHukaM, OO0 KPeMHHUSM, HO, CyIs IO 3HAYHTEIBLHON pPOJIM YTIHUCTOTO
BEILIECTBA, CKOPEE BCEr0 COOTBETCTBYIOT TIIMHUCTO-KPEMHMCTBIM OCAaAKaM H
¢dTaHUTaM.

Tabnwma 6
ICP-XRF cocraBsl meTporeHHbix (Bec.%) 1 MaJIbIX 3JIEMEHTOB (p.p.M)
yibTpamadura AXyMCKOTO MacCHBa

Si0, | TiO, | AL,O5 | Fe;O53 | MnO | MgO | CaO | Na,O | K,O | P,Os | Ba | Ce | CI |Co

49.4210.73 12099 | 9.75 | 0.18 | 2.49 |10.07 | 2.78 | 1.13| 0.07 | 218 | 1 |503 |22

Cr Ga La Nb Nd | Ni Pb Rb Sc St {Th| V | Y |Zn|Zr

5 20 4 1 2 6 2 17 38 1368 | 1 |296| 9 | 73|34
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IToMuMO yKa3aHHBIX aHAJU30B IO MPOOE METATUPOKCEHHUTA MAIC030MUCKUX
ouonuroB Axymckoro maccuBa BbimonHeH ICP-XRF ananu3 B ABcTpuw,
TIpEICTaBIICHHEIHN B TabJ. 6, a ciaiimeporpaMma IpeacTaBieHa Ha puc. 2.

100

T

10
1

UL

T

Sample/ MORB
T

T T TTITT

04

=
[}
@
-
w
),
@
b
7]

3
<]

Puc.2. Cnaiineporpamma MeTanupoKCceHUTa AXYMCKOT'O MacCHBa.

@uUrypatuBHbIE TOYKH COAEP)KaHUM 3JEMEHTOB BapbUPYIOT BOKPYT HOP-
manu (1) MORB mo [Tupcy (Pearce, 1983). [1o cocTaBy mopoaa COOTBETCTBYET
MIEJIOYHOMY THPOKCEHUTY C OOOTralleHHeM JIETKUMH JJIEMEHTaMH IO CpaB-
HEHUIO ¢ HopMabko (1).

Mertamopdusm

st onpenencans damwii n cyOdanuit MeTamopdr3Ma MBI TIPUMEHUITH
TPEYTOJbHBIE AMArPaMMBI COCTAB-TIAPAreHEe3UC C yYETOM yCTOMYMBEBIX MHUHE-
PANBHBIX MapareHe3rcOB B Pa3IMYHBIX KIIACCAX BaJOBBIX COCTABOB: M3BECTKO-
BUCTHIX (ACF) u nenuroBsix (AKF) (puc.3). [lepecuer xuMu4eckux aHajIM30B
METaMOp(PHUUECKUX MOPOA M MPOSKTHPOBaHUE (UTYPATUBHBIX TOUEK COCTABOB
MOpOJl B TPEyrojbHbIC (Da30oBble IUArpaMMbl MO3BOJISIOT BHIOMpATH TOJNS Ma-
pareHe3ncoB B 3aBHCHMOCTH OT BAJIOBOTO COCTaBa mopoj. MeToauka mepecue-
TOB m3j0XeHa B pabote Bunkiepa (1969). Jnarpammer ACF xoporio mposiB-
JISIOT MUHEPaIbHBIE MapareHe3uChl OCHOBHBIX, U3BECTKOBBIX W MarHe3MaJIbHBIX
acconmanuii, a tuarpammsl AKF oTpakaroT mapareHe3uchsl MEUTOBBIX U Cpel-
HE-KHCIBIX (KBapI-MOJIEBOIINATOBBIX) accounanuid. KBapu u ans0uT cumraror-
csl I30BITOYHBIME (Da3aM¥l M Ha [uarpammax He nzobOpaxarorcsi. uryparuBHbie
TOYKH COCTaBOB MOPOJ AXYMCKOTO MacCHBa IMPU OTCYTCTBHH B HUX ajbMaH]IHU-
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Ha W KOpOMEpHUTa pPacHojiaralorcsi B IOJe MaparcHe3nca MYCKOBUT-OMOTHUT-
XJIOPUTOBOTO TPEYTOJNBHUKA KBapL-allbOUT-OMOTHT-MYCKOBHTOBOH cyOdarn
snuaoT-aMpudonuToBol Qaunu no Bunkiepy (puc.3). DTo 03HaYaeT, 4TO
yCII0BHs MeTaMopdu3Ma CIIaHIeB AXyMCKOTO MacCHBa HIKE YCIOBHH aMpu00-
mutoBoi ¢amuu. IloBcemecTHOe pa3BUTHE OMOTHTA B METaIlENUTax CBUJE-
TEJIBCTBYET, uTo (auus Meramopdusma Bole (Gauy 3eJIeHBIX CIaHLEB, OJHA-
KO anbOMTOBBIM COCTAaB IUIATMOKIIA3a SBCTBYET B MOJIb3Y HE aM(PHUOOIUTOBOMH, a
snuaA0T-aM(puO0IUTOBOM (haruu MeTamopdhu3ma.

ITupodumriaT MyCKOBHT MHKPOKIHH
Ap A -

YCTOBHEE 3HAKH

+ COCTABEL ITOPOI

C
KamemuT TpenomHT T.';E..EK

Puc. 3. CoBmemennsie ACF u AKF auarpamMmser kBap-aap0UT-MyCKOBHT-OHOTHTOBOI cyOdannu
anuA0T-aMpuOOIUTOBOM dariu MeTamopdusma o Bunkiepy (1969).

OtcyterBue snuaoTa U aMpubosa B METANEIUTOBBIX CIaHLaX O0YCIIOB-
JICHO WX HCXOTHBIM COCTaBOM, II€ MMeeTcs Ae(UIUT Keje3a U MarHus, a B
MepeclanBaoINXC ¢ MeTaleJnTaMu M30(anuanbHbIX MeTada3aibTax oQHo-
JUTOB AMHUJOT U aM(puOoI MPUCYTCTBYIOT B M30bITKE. [lonoxkenne ¢purypatus-
HBIX TOYEK COCTAaBOB 00pa3loB AXyMCKOTO MaccHBa 0003HAaYEHbI KPECTHKaMH,
oOBeneHHBIMU B apeansbl. Kak BugHo Ha muarpamme AKF Toukn coctaBoB oka-
3BIBAIOTCS B II0JI€ TPEYTOJIbHUKA MYCKOBUT-OHOTUT-XJIOPUT, KOTOPBI COOTBET-
CTBYET KBapI-aTbOUT-MyCKOBUT-OMOTUTOBOM cyOdaruu smunoT-aMmpudoInTo-
BOM (haruu MmeTamopdusma.

BriBOabI

[IpoBeneHHbIE rE0IOTO-NIETPOIOTHIECKUE UCCIEIOBAHUS TTO3BOJISIOT Clie-
JaTh CIIEAYIOIIUE BHIBODL:

1. AXyMckwii 1 ACPUKCKUI MacCHBBI METaMOP(PHUYECKUX CIIAIEB SBISAIOTCS
SPO3UOHHBIMH OOHAXCHUSMH NalC030MCKOr0 KpHCTAIIHYECKOro (yHIamMeHTa
Comxeto-Kapabaxckoit maneoocTpoBoTyskHoi 30HbI FOxkHOTO KaBkasa.

2. Tonma MmeTaMOp(pUUECKUX CIAHIIEB COCTOUT M3 COTJIACHO CMEHSIOIINX
IpyT-Ipyra METaoCaJOYHbIX CBUT MHKPOTHEHCOB, KBapL-XJIOPUT-MYCKOBHUTO-
BBIX CJIAHLIEB M CBUTHI YEPHBIX I'PaUTOHOCHBIX KBApPL-XJIOPUT-CEPULIUTOBBIX
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craHueB. Ha xpoBie TONIIM claHIEB 3ajeraeT JUH3a METao(QHOIUTOB, Mpel-
CTaBJICHHAS KPYITHO3EPHUCTBIMU TANbK-CEPIICHTUH-TPEMOIUTOBBIMH METAITUPO-
KCEHUTaMH W acCOLMPYIOIIUMH C HAUMH MeTa0a3albTOBBIMU 3€JICHBIMH CJIaH-
LaMH.

3. PermoHanpHBIN AWHAMO-TEPMAaIbHBI METaMOP(HU3M TOJIINA COOTBET-
CTBYET KBapIl-aJbOUT-MyCKOBUT-OMOTUTOBOH cyOdarmu >nuaoT-aMpuooIn-
TOBOU (haruu.

4. VicxomHbIil cOCTaB CIAHIIEB COOTBETCTBYET MECYAHO-TIIMHUCTBIM OTJIO-
KCHHSIM, B OOIIEM, JIOBOJBHO IJTyOOKOBOAHOIO OacceitHa, TiyOMHa KOTOPOTO
HIDKE JIM30KJIMHA CyIs 110 HU3KOH M3BECTKOBOCTH M OTCYTCTBUIO KapOOHATHBIX
OTIIOKEHUIA.
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Peuyenzenm I'. I'anosan

2U0NRUP ASNRCTENUSHPL QULSYUOP TULENN3UL
UtsSuunNrsuspy ZUUULRCE 16SMNLNTPUL

.U Unqudwjjui
Udthnthnid

znyjuénid wnwohtt wuqud hpwwnwpwlynid Eu Zwpwduyhtt Uny-
Juwuh Undpubpw-Twpwpwunh hipghtyut pnipinuyhtt hhdph Zwpunidh
b Uupplyh dbwnwdnpdughtt hwdwihph whwnpngpubhwljui punipw-
ghpp, wwywputph wEknpnphthwjwt b Epjpuphdhwljut wpwtdtw-
hwnlimpmuubpp: Ujp hhdph dpw phunwplynd Eo wyju phppw-
pwpuyhtt hwunwsph uyqpwjut wywpubph tunjuspunweugdu
wuydwbikpp npybu wjuquipu]uihll juqih tun]uspibp juydpu-
pujht ppwntnipnny: Uyw phunwplynud ki wwkngnjh wyy dadwuwlh
Ubknwdnpdhquh wuydwbubpp b bughwubkpp, npnup hpkug htppht hw-
duywnwupwb ki byhgnun-wddhpnihinwght pughwgh pJupg-wphwn-
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Untuljnyhwn-phnnhunnughtt umpbughwyht: Unwohtt wbqud nhunwnply-
Ynud Eu hinhuwlh Ynnuhg wnwdtiwgyus yuitkngnjh hwuwlh odphn-

1hwnukpn:

PETROLOGY OF THE PALEOZOY METAMORPHIC COMPLEX OF
THE HACHUME CRYSTALLINE MASSIF

V. A. Aghamalyan
Abstract

The article deals with the petrographic characterization, petrochemical and
geochemical peculiarities of the metamorphic complex of the Hachum and
Asrikchay outcrops of the Hercinian crystalline basement of the Somkheto-
Karabakh tectonic zone of Southern Caucasus. On this basis the depositional
environment of protoliths as sandy-clay deposits with an admixture of silicites
are considered, as well as the conditions and facies of the Hercinian basement
metamorphism as corresponding to quarz-albite-muscovite-biotite subfacies of
the epidote-amphibolite facies are taken into account. For the first time the
Paleozoic ophiolites in the Hachume massif identified by the author are being
examined.

14



Uszeecmun HAH PA, Hayxu o 3emne, 2016, 69, No 3,15-23

OTPAKEHME UCXOJTHOM 3APSIKEHHOCTH
TEODJIEKTPUUYECKOM CPEJIbI
HA PE3YJIBTATAX 3JIEKTPOIIPO®PUIUPOBAHUSA

© 2016 r. A.K. MareBocsaH

Hucmumym eeonozuueckux nayxk HAH PA
0019 Epesan, np. Mapwana bazpamana, 24a, Pecnybauxa Apmenus,
E-mail: arshak.matevosyan@yandex.com
Tlocmynuna 6 peoaxyuio 12.03.2015 2.

B HacTositieii cratbe mpeicTaBieHbl OCHOBHBIC PE3yJIbTaThl BIEPBbIE NMPOBEICH-
HOT'0 MaTE€MaTHUYECKOTO MOJICIMPOBAHHUS IPOLECCA BBHITIOIHEHHS DIICKTPOIIPOPHIHPO-
BaHHMS METOJIOM BBI3BAHHOH MOJIIPHU3AIlMH. Y CTAHOBIICHA BBICOKAS MOTPEITHOCTD U3-
MEpeHHH, BBI3BAaHHAS! OTCYTCTBHEM yuyeTa MCKAaXaIOLIeTo BIMUSHHS UCXOTHOH (TIepBO-
Ha4yaJbHON, OCTATOYHOMN) DJIEKTPOXUMHUYECKON 3apsIKEHHOCTH T'€03JIEKTPUIECKON cpe-
JIbl TIPU TPOBEJIECHUU OUYEPEIHOI0 M3MEPEHHUs, MIPUBOAAIIAS B KOHEUHOM HTOIe K He-
BEPHBIM 3aKITIOYCHUSAM. Pe3ynbTaTel ncciegoBaHnii 0COOEHHO aKTyaJbHBI MPU 3JICKT-
poTomorpaguu AJs MOJYYSHUS] MHOTOMEPHBIX T'€OdIEKTPHYESCKUX Pa3pe3oB W Tpe-
OYIOT 0COO0T0 BHUMAHHSI ITPU BHIOOPE METOMKH DJICKTPOPA3BEIOYHBIX PaboT.

B crathe (MareBocsiH, 2014%) MpenCTaBNEHBI HOBBIE 3aKOHOMEPHOCTH
3apSAAKH U pa3psiKU [e0dNIEKTPHUECKO cpeabl 0 0COOEHHOCTSAM IMPOSBICHUS
BTOPUYHOTO 3JIEKTPUYECKOTO IIOJISI II0CJIE€ BHEIIHErO BO3JCHCTBUS NEPUOIU-
YECKUMH OJHOIOJSIPHBIMU IIPSIMOYTOJIBHBIMH HMIIyJbcaMH Toka. PaHee Ha
OCHOBAaHMHM aHANIM3a WHTETPAIBHBIX AaMIUIMTYJHO-BPEMEHHBIX IapaMEeTpPOB
BbI3BaHHOU mossipusanuu (MareBocsn, 2001; MarteBocsa, 2011; MateBocsH,
2013) mpenyoskeH KpUTEpUH AIEKTPOXUMHUYECKOH 3apsHKeHHOCTH cpeabl (Ma-
teBocsH, 2014"). B pesynsraTe NpOBENCHHBIX HCCIIEIOBAHMIT BBISBICHA CHC-
TeMaTndeckas (memooduyeckas) OMMOKa, BOSHUKAIONIAS B CBS3H C OTCYTCTBHEM
ydeTa MCXOAHOIO 3JIEKTPOXUMHUUECKOTrO (HOIAPU3AYUOHHO20) COCTOSHUS T€03-
JIEKTPUUECKON Cpelbl Mepell OuepeHbIM Hu3MepeHueM. B dacTHocTH, Kak mo-
kazano B (MatesocsH, 2014%), 06paGoTka BpeMeHHbIX 3aBucumocteii BIT ¢ mc-
MOJIb30BAaHUEM OJHOMOJSPHBIX MEPUOJUYECKHX HMMIIYJIbCOB IO CTaHAAPTHOU
Meroauke (MaCTpyKIus..., 1984; Dnekrpopassenka, 1989) B psjge ciydaeB npu-
BOJIUT K CYLIECTBEHHBIM (Jocmuzaioujum HEeCKOAbKUX 0eCAmKO8 NpOoYeHmos u
Oosee) ommoKaM (0CcoOeHHO HA NO30OHUX BPEMEHAX NePexo0H020 npoyeccd 6Mmo-
PUYHO20 3NIEKMPULECKO020 N0, UCCAEOYeMO20 HA Caoul OemalbHblX NOAEEbIX
pabom), U B UTOTE K HEBEPHBIM 3aKIIIOUCHUSIM.

Ilenpro HacTOAILIEHN CTAaTbU ABISAETCS BBIABICHHUE XapaKTepa MPOSIBICHUS U
OLIEHKAa BEJIMYMHBI HCKAXAIOMIETO BIHUAHUSA WCXOTHOU (nepsonauanbHOU,
ocmamouno) IEKTPOXUMHUIECKON 3apsKEHHOCTH TEORJICKTPHUSCKON CpPEeIIbl
Ha pe3yJIbTaThl NIEKTPONPO(GUINPOBAHUI METOAOM BbI3BAHHOM IOJISIPU3ALUU
(BII) ycTaHOBKO# CpeIWHHOTO TpaJiieHTa U CUMMETpUIHOH ycraHoBkoH (Ko-
MapoB, 1980; Uuctpykuus..., 1984; DnekrpopasBeaka, 1989).
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DJleKTponpopuIMpoBaHue YCTAHOBKOH CPeJUHHOI0 IPalMeHTa

Jna mocTrxkeHus MOCTaBJIEHHOW LETH MPOMOJIEINPOBAH MPOLECC BBIMO-
HEHUs 3JEKTPONPOPHINPOBAHUS YCTAaHOBKOH cpeauHHOro rpaguenta (CI')
AMNB (puc.la) meronom BII mpu B0o30yXA€HHUU 3JEKTPUUIECKOTO OIS OAU-
HOYHBIM IIPSMOYTOJIEHBIM MMITYJILCOM TOKa B OJHOPOAHOW U30TPOIHOM MOJIs-

Puc.1. CxemaTnyeckoe mpeacTaBICHUE YCTAHOBKHM CPEAMHHOTO IpajueHTa (a) ¥ CUMMETPUYHON
ycTaHOBKU (0) C pacCTaHOBKOH NMHUTAIOIIUX W NPUEMHBIX JJIEKTPOAOB C HANPABICHUEM HX IIe-
pemMemneHust (IMOKa3aHbBl CTPEIKaMH) IPH MaTeMaTHYECKOM MOIENMPOBAHHMH IIPOIECCa BBIMNOJ-
HEHHS HJIEKTPONPOPHINPOBAHHS IO TPODIITIO HAOTIOACHUIH.

PHU3YIOLICHCS Te03JIeKTpHUYecKoil cpeae. Bribop Hambomee mpocToi Monenu
T€0dJIEKTPHUUECKON Cpelibl He CIIydacH, MOCKOIBKY TOJBKO B ATOM Cllydyae H3-
MepsieMble U ONpeessieMble TapaMeTpsl MIPH AIEKTPOPa3BEAOUHbIX HCCIeI0Ba-
HUSX PaBHBI COOTBETCTBYIOIIUM HCTUHHBIM 3HAYCHHUSIM, YTO IMO3BOJHT OIHO-
3HAYHO U COBEPLICHHO yOeAWTEIbHO PEIINTh MOCTaBIECHHYIO 3amaudy. Cnemyer
HanoMHUTH (MHCTpYKIHAL..., 1984; DnekrpopazBenka, 1989), aro mepen BBIIOI-
HEHHEM KaXJO0To H3MepeHUs (00 NpOonycKaHus UMnyibca MmoKa) KOMITEHCH-
pyeTcs pa3HOCTh MOTEHLIUAIOB MEXKAY MPUEMHBIMH 3JICKTPOJaMH, BbI3BaHHAS
HE TOJBKO €CTECTBEHHBIM DJIEKTPHYECKHM II0JIEM, HO M OCTaTOYHBIM BTOPHY-
HBIM 3JICKTPHUYECKHM TI0JIEM B pe3yJibTaTe MmpelpayInux uzmepenuid. Cymmap-
Has BEJIMYMHA HMCXOIHOTO 3JIEKTPHUECKOrO IOJs HE MojaeTrcs ydery (pas-
Oenenuio) U He (ukcupyercs (npocmo ucHopupyemcsi), a B Jy4dIlleM ciydae
MPUIICHIBAETCS TOJIBKO €CTECTBEHHOMY IIOJIIO.

[Ipn MomenMpoOBaHUM NPUHUMAIOCHh, YTO MPOMEXYTOK BPEMEHH MEKIY
MMITYJIbCAMHM JIOCTAaTOYEH JUI1 NPOBEACHHS 3aMEpoB M TepeMeuieHus (nepe-
X00a) Ha CIEIYIONINI MyHKT HAOM0IeHUH pueMHO# uanu MN, U paBeH JJH-
TEJIBHOCTH HMILYJIbCOB TOKA, TEM CaMbIM IIPH OJHOM (UKCHPOBAaHHOM pac-
MOJIOKEHUH MUTAIOLIMX 3IEKTPOIOB (numaroweti aunuy) BOONb Npoduias Hao-
moaeHni pakTuuecku obecrieunBaeTCs BpeMEeHHOM pexxnmM m3mepenuit OTIN-2
— OOHONONAPHBIMU NEPUOOUUECKUMU UMRYIALCAMU CO CKEANCHOCMbIO 2
(DrnexrpopasBenka, 1989). Takoe pgomyImneHue BIOJHE COTJIACYeTCS C JCH-
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CTBYIOLIMMH HOPMAaTUBaMH BJIEKTPONPO(UINPOBAHMS, UMEsl BBHIY, YTO MpO-
JOJDKUTENBHOCTh 3apsAfakd (MMImynbca) t, 3a4acTyio BBIOMpaeTcsl paBHOM
HECKOJIbKMM MHHYTaM, W TI03BOJIIET BOCIIOJIb30BaThCS pe3ylbTaTaMH HaMH
paHee MPOBEICHHBIX HccaenoBanmii (MareBocsH, 2014%). IIpu 9HCICHHBIX
pacueTax Takke JIOIYyCKaloCh, YTO M3MEHEHHE MECTOPACIIOJIOKEHUS IHTaro-
IIUX AJIEeKTPoIoB (4, u By Ha A; 1 B,, COOTBETCTBEHHO, puUC.1a) Ui n3MepeHwuit
BTOPOH YacTH NpoQuisl BBINONHSETCS 3a NPOMEXKYTOK BpemeHu 12t, (6
nepuooos), 9To TaKXKe BIIOJHE PA3yMHO (peanu3yemo npu Xopoulo HaiaiCesHoll
noznesoui pabome). CoriacHo OOMIECTIPUHATHIM TEOPETUICCKUM OCHOBAM METOJa
BIT (Komapos, 1980; Dnekrpopa3senka, 1989) (6e3 yuema ucxoomoit 3aps-
scennocmu uccnedyemoii 2eodiekmpuueckoii cpeont (Matesocsn, 2014')) B
pe3ynbTaTe BBIIICONHCAHHOTO MAaTEMaTHYECKOTO MOACITUPOBAHUS CIEAyeT
MOJYYHUTh MJICHTUYHBIE 3aBUCHMOCTH HHTEPIPETHPYEMBIX MapaMeTpOB BIOJb
Bcero mpoduis HaOMIOJEHHH, MPUYEeM C aMIUIUTYTHO-BPEMECHHBIMHU Xapak-
TepuctukamMu BIl omHaKOBBIMU € IEPBBIM ITYHKTOM U3MepeHuit (nukem 155 —
npu nepeom 8030ydcoeHul cpedbl UMNYIbCOM MOKA).

w @D [ np. o %)
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0.25 0.25
e
.20 - 020 .
.15 015 4
010 010
005 EH 005
) \ i ’ : | -
0003 0006 0011 0023 0@ 091 0181 032 0716 T/ 0045 0063 0.090 0427 0182 0380 " os87 0880 1414 T
ts ts

243 ass 404 136 = 55 0eé 075 ogs 164
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{067 ase
0003 0OU6 0611 0oz o0is 0091 0181 032 071 Ty
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-0.71 106 175 -329  -7.01

0045 0.063 GOS0 0127 0482 D261 0380 0567 0.880 1414 T/t3

Puc.2. Jlnarpammel nepBoit nponsBoanoi I1X, onpeneneHHON NpH NPOIyCKaHUK TOKa (a) U 1o
JaHHBIM cnana (6) mpu 21eKTponpo(IIMPOBAHUH HAJl OXHOPOIHOH H30TPOITHOM MOIIPHU3YIO-
LICHCS TEORNIEKTPUUECKON Cpelol YCTAHOBKOH CPEIMHHOTO TPagueHTa MepBoi (4;B;) u BTropoi
(4,B;) wacreii npoduins HaOmoAeHUI.

Ha puc. 2 npencraBneHbl BpeMeHHbIE 3aBUCUMOCTH MIEPBOI MPOU3BOIHOM
(npupawenus) nepexoanoii xapaxkrepuctuku (IIX) mo necsituuyHOMYy JoTa-
pudmy Bpemenu [JF, ompeneneHHON MPH MPOIYCKaHNH TOKA (a) M 10 TaHHBIM
cnana (0) mpu MEKTPONpoUIHPOBAHNN TIEPBOH (8epxHuUe Ouaspammbl — Hu-
xkemol 155-345 npu 6036yscoenuu nona numarowumu siekmpooamu A; u B;) u
BTOpPOH (Huodicnue ouazpammvl — nukemvi 335-525 npu 6030yscoeHuu nons
numarowumu anexkmpooamu A, u B,) dacteir npodwiis HaOmoaeHu (¢ nepe-
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Kpbimuem usmepenuti Ha nuxemax 335 u 345) npu T, paBHOM t, (20e Ty — ab-
cyucca maxkcumyma nepgou npouzeoonou 11X BIl no decsimuunomy noeapupmy
8peMeHU — NOCMOSAHHASL 8PeMEeHU, XApaKmepusyowas NoIApU3AUUOHHble 0CO-
benHocmu 2eosnekmpuieckou cpedst). YncneHHbIE pacdeThl BBHITIOTHEHBI TpU
pa3iIMYHBIX 3HaYeHHsIX oTHomeHus T,/t,, Huke npuBeneHs! moy4eHHbIe 3aBU-
CUMOCTH ToNbKO 1ipH T,=t, (puc. 2-4), anmpokcumaruu [1X morapudmudeckoit
(GyHKUMEH W NOMyIIEHWH JIMHEWHOCTH MPOTEKaHUS IMOJIIPU3aLMOHHBIX MPO-
neccoB (Komapos, 1980).

[Ipencrasnennsie Ha puc. 2 3aBucuMocTH [JF, onpenenenHoit mpu mporryc-
KaHWH TOKa (a) IPH IICKTPONpOoOUINPOBAHUA TIEPBOH YacTH MPOGUiIs HaOIrO-
neHuii (numarowue 21ekmpoost A; u B;) COTIIACYIOTCS C aHAJIOTUYHBIMH 3aBH-
CHUMOCTSIMH, TIPUBE/ICHHBIMU B cTaThe (MareBocCsH, 20142). Kax Buano u3 puc.
2 BenuuuHbl [|F kak mpu mpomyckaHUU TOKa (a), Tak U HA cnajae (0) IIaBHO
M3MEHSIOTCS OT MHKeTa K MHUKETY (nocmeneHnoe OMKIOHeHUe 3HAYeHul onpe-
OeileMbIX napamempos Oom UCMUHHBIX 8eIuUyUH), HECMOTPS Ha TO, YTO H3Me-
pEHUS MPOBOAATCS HAJ OTHOPOIHONW H3OTPOIHON CPesoid. ITO 0OCTOSITEITECTBO
00BSCHSETCS TPOTEKAHWEM JOBOJIBHO MPOJOJDKHUTEIHHOTO CIiajga MOoJspH3a-
LMOHHBIX TporeccoB (MareBocsiH, 2014"), T.e. K MOMEHTY PErHCTPALHH IEKT-
PHUECKHX MOJeld MpH BO3OYKICHUU CIEAYIOMINM (0uepednsbim) NMITYIECOM
HOJISIPU3YIOLIEHCS T€0IEKTPUYECKON Cpele CBOMCTBEHA CYIECTBEHHAs HEMOJI-
Has pa3psiKa.

[Ipu ucciemoBanuy k¢ BTOPOH gacTu npoduits (numarowue 21exmpoovt A;
u B;), T.e. mociie BO30YXISHUS T€OAIEKTPHUECKON Cpeabl CepUeil MMITYIhCOB
MMOCTOSTHHOTO TOKa IPH W3MEPEHWH IEepPBOM YacTH MpOoQWIiIsl, aHAJIOTHYHBIC
qrarpaMMbl KapIMHaJIbHO MEHSIOT CBOW OOJMK — XapaKTepH3YIOTCS HE TOJIBKO
BBICOKMMH 3HaueHUsMH [JF, HO u aOCOMIOTHO HEMOHATHBIMHU C TOYKH 3PEHHS
CYIIECTBYIOUINX MpPEJCTaBICHUI OTpUIATENbHBIMU 3HaueHusMU [|F Ha mo3a-
HUX BPEMEHAX («HeOOBbACHUMbIU (DeHOMEH» 8 PAMKAX COBPEMEHHO20 COCMOsL-
Hus meopuu BII). B naHHOM ciydae 3TO B MEPBYIO OYepellb OTHOCUTCS K IH-
keram 485, 495, 505, 515. OObsAcHEHHE TaKOTO XapaKTepa MpPOSBICHUS OCHOB-
HOT'O0 MHTEPIPETUPYEMOTO aMILTUTYJHO-BpeMeHHoro napameTpa BII coctout B
nepexoqe NpueMHON JUHUU (MN) depe3 Mpeablayliee MECTOPACIOIOXKEHHE
OJTHOTO W3 MUTAIONIUX EKTPoa0B (B — nuxem 500). CoracHO AEHCTBYIOMINUM
AIEKTPOPa3BEOYHBIM HHCTPYKIHSAM, BBUAY PE3KOTO BO3PACTAHMS HAPSKEH-
HOCTHU TIEPBUYHOTO ITOJISI BOJIM3H MHUTAIOIIUX AIIEKTPOJOB HE JOMMyCKaeTcs Mpo-
BeJICHHE U3MEPEHHI KaK IePBUYHOTO, TAK M BTOPHYHOTO AIEKTPUIECKHUX TOJIeH
B JaHHBIX obOnacTsax. OIHAKO B HalleM PacCMOTPEHHOM cllydae 3Ta 00JIacTb
(nuxemuotr 480-520) nocie nepecTaHOBKH MUTAIOIINX DIEKTPOIOB (A,B;) momnana
Ha HCCJIEAYEeMbIil y4acTOK Mpoduisi HaOMIOICHHI, U O0BEKTUBHO MPOSBUIACH
M3-32 YpEe3MEPHO HMHTEHCHBHOTO BTOPHYHOTO JJIEKTPUYECKOTO IO B ITOM
o0iacTu B pe3ynbTaTe MPeabIIyIuX BO30YKIESHUI AIEKTPUIeCcKOro mos (npu
UMepeHUsax nepeou uacmu npo@uis ¢ UCHONb30BAHUEM HUmaowell TuHuel
A;B;). DT0 HarmsAHO OTPaKE€HO W Ha rpaduKax BAOJb MPoQuis HaOIrO0IeHUN
MIPOM3BOAHON TEPEXOAHON XapaKTepUCTUKH (puc. 4) mpHU MPOMYCKaHUU TOKa
(CT', a) u mo mauneM cnana (CI, 6). Ha atux rpadukax takke HaOIOmaeTcs
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pe3KO BBIpaKCHHas] HECTBIKOBKA Ha mmketax 335 u 345 (na yuacmxe nepe-
Kpblmus — npu KOHMPONbHIX U3MepeHUsx), TIOTyUYeHHBIX NPHU BO30YXICHUU
OJTHOPOJTHOM M30TPOMHOM cpefbl nepBoit (4,81) u BTOpoil (4,5;) nuTaromuMn
JIMHUSAMH.

DuieKTponpopuINpoBaHNe CHMMETPHYHOH YCTAHOBKOI

AHaJOTHYHBIM 00pa30oM MPOMOJECITUPOBAH MPOLECC BHIMOTHEHUS IEKTPO-
npodunupoBanus MetonoM BIl ummynbcamu TOCTOSHHOTO TOKa Hall OIHO-
POAHON M30TPONHON MOJISIPU3YIOLIEHCS TEO3JIEKTPUUECKON Cpeaoil cuMMeT-
puunoii ycranokoii (CII1) AMNB (puc.16). Ilpu BEITIOTHEHUN YUCICHHBIX
pacyeToB IOMYCKaJIOCh, YTO IPOMEKYTOK BPEMEHH PaBHBIN 3t, MEKIY UMITYIIb-
caMH JIOCTaTOYEH I MPOBEACHUS 3aMEpOB W TMEPEeMEIIeHUs Ha CIeXyIOIni
MYHKT HaOMIOJEHWH BCEW yCTAaHOBKU M3MEpeHUi (kax npuemuoui aunuu MN,
max u numarowei AB), Tem caMbiM (hopManbHO OOecrednBaeTCs BPEeMEHHOM
pexxuM Bo3OyxaeHus anekrpudeckoro nons OII-4 (oonononspusvimu nepuo-
OUYeCKUMU NPAMOY20JbHbIMU UMNYIbCAMU CO CK8axcHocmbio 4). Takoe morry-
IICHUE TaK)Ke BIIOJIHE CO3BYYHO C JCWCTBYIOIIMMH HOPMAaTHBAMU 3JIEKTPOIPO-
(uIHpoBaHUA CHMMETPUYHON yCTaHOBKOU. Kpome 3Toro mpuHSATO, 9TO 32 TpO-
MEKYTOK BPEMEHH MEXKIy UMITYJIbCAMU HCCIeAyeMas Cpefia MOJHOCThIO pas-
psoKaeTcs (m.e. neped ouepeOHvIM uzMepenuem 8 ciedyioujem nyHKkme Habio-
Oenutl OHA 8038PAUAETNCS 8 NEPBOHAUATLHOE COCMOSIHIE), TEM CAMbIM KOMIICH-
CHUpPYySl DJJEKTPUYECKOe TIOJie Tepel NPOIMYCKaHHEM OYepeaHOTO HMITYJIbca
MIPOUTHOPHUPOBAHO TMPHUCYTCTBHE OCTATOYHOW 3apsHKEHHOCTH CPENbl B Pe3yilb-
TaTe MPEIIISCTBYIOMUX 3aMepoB,. OUEBHIIHO (CO2IACHO U3BECMHbIM Meopemu-
yeckum ochosam memooa BII) B pe3yabTaTe TaKOTO MOICIHPOBAHUS CIEAYeT
OXKHJIIATh WACHTHYHBIC aMIUIMTYIHO-BPEMEHHbBIC 3aBHCUMOCTH MpPH KaXKIOM
MOJIOKEHUH YCTAHOBKH M3MEPEHUH BJOJIb BCEro Mpoduiis HaOIIONeHUH, Tpu-
YeM C aMIUIATYIHO-BpEMEHHBIMH Xapakrepuctukamu BII, momyueHHBIME TTpH
MepBOM IyHKTe m3MepeHuil (nuxem 100 — nepsoe 6030yscoenue cpedvl um-
nYIbCOM MOKQ).

Ha puc.3 npencraBineHbl BpeMEHHBIE 3aBUCUMOCTH HEpPBOW MPOW3BOIHON
[1X BII, onpexneneHHO# NMpU MpOIyCKaHUM TOKa (a) U MO AaHHBIM crhana (0)
P NIEKTPONPOGUINPOBAHUN HAJ[ OTHOPOIHONW M30TPOIHON MOJSIPU3YIOMICH-
Cs TEOdJIEKTPUUECKOMN Cpello CUMMETPUYHON YCTAaHOBKOW € TIPeABApPUTEIHHOM
KOMIICHCAllUeH TepPBOHAYANLHOTO JIIEKTPHUECKOTO O  (ecmecmeenHozo
INEKMPUYECKO20 NOJISL U OCIAMOYHO20 GMOPUUHO20 NOJIS NOCTe NPeoblOyUux
UMNYIbC08) A0 MPOMYCKaHHS OYEPEeTHOTr0 MPSIMOYTONbHOrO mMmyibca. [Ipen-
CTaBJICHHBIC Ha ITUX PHUCYHKax 3aBHUCUMOCTH [F, moiydeHHBIE TPHU MPOMyC-
KaHUM TOKa (a) MO CBOEMY XapakTepy IpOSBICHUS B ONpENEICHHON CTEleHH
CXOXH C aHAJIOTHMYHBIMH 3aBHUCHMOCTSIMH, NpUBEIeHHBIMH B (MareBocsH,
2014%), Tonbko Tpu HaGmMOAEHHAX B Hawane mpoduis (nuxemwr 100-160) —
MOCTENIEHHOE OTKIIOHEHHE (YMeHbulenue) 3HAYCHUH OTpeAeNsieMbIX NapaMeT-
POB OT UCTUHHBIX 3HaueHuu (nuxem 100). ITa 3aKOHOMEPHOCTH (mMeHOenyus)
OOBSACHSIETCS BIUSHIUEM BTOPUYHOTO AJIEKTPUIECKOTO OIS, BO30OYKICHHOTO B
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Puc.3. BpemeHnHble 3aBHCUMOCTH TepBOi npousBoxHoi [1X, ompeneneHHON mpu NpOIyCKaHUU
TOKa () ¥ 10 JaHHBIM criaja (6) mpH EKTPONPOPUINPOBAHUN CUMMETPUYHON YCTAHOBKOW HaJ
OJHOPOJHOW H30TPOIHONM HOISIPU3YIOMICHCS TIEOdIEKTPUUECKOH cpeqod, Mo pe3ynbraTaM
MOZENNPOBAHHS BCETO MPOIECCA BBITOIHEHHS HAOMIOISHHIA.

pe3yiabTaTe npeAblayux usmepenuil. B nansHeiimem, HaunHas ¢ nuketa 160,
MIPOSBIISIIOTCS MApaJOKCAIbHBIE C TOYKM 3PEHUs CYIIECTBYIOLIUX MpeACTaBie-
HUll oTpunarensHble 3HaueHus [F. B unTtepBane muxeroB 180-200 naOmro-
naeTtcs peskoe yMeHblleHue 3HaueHwi [JF, a 3aTtem ckaukooOpazHoe yBe-
mmaenne [F (nuxemor 220-300). B manHOM citydae 0OBSICHEHHE TaKOTO Xapak-
Tepa MPOSIBICHUSI OCHOBHOTO aMIUINTYIHO-BPEMEHHOI'O MapaMeTpa COCTOUT He
TOJIBKO B 3HAYUTENBHO 3aMEJICHHOM NPOTEKAaHWH BTOPUYHBIX MIPOLIECCOB M3-3a
OCTAaTOYHON MOJSIPU30BaHHOCTH CPEIbl, HO U B IEpPEeXoj]e NPHEMHOH JIMHUU
(MN) uepe3 mpenpiyne 06JacTH MECTOPACTIONIOKEHHUS TUTAIOIIETO JIEKTPO-
na B B mpomuecce 3IEKTPONpOUINPOBAHUS (AHANOSUYHO, C UCNONL30BAHUEM
YCMAHOBKU CPEOUHHO20 epAOUeHma npu usMepenuy mopot yacmu npoghuis) B
001aCTH Ype3MEpPHO MHTEHCHBHOTO BTOPHUYHOTO 3JEKTPHUYECKOTo HOJst, chop-
MHPOBABIIETOCS B Pe3yJbTaTe NPEAbIAYIINX BO30YKICHUH BIIEKTPUYECKOTO
noJsi. DTO OTpakeHO W Ha rpadukax nepBoil mpousBognoii [1X BII (puc.4)
BIIOJIb TIpOQuIIs HaOMOACHUN Tipu niponyckanuu Toka (COI1, a) u o maHHBIM
caga (COI1, 6). UncneHHble pacueTsl IpH APYTHX BETUUUHAX OTHOICHUS To/t,
ITOKa3aJld, 4To MpHUBEACHHBIC Ha puc.2-4 rpaduku mpu T./t,=1 mpeTeprieBaroT
pasInvHble KOJNWYECTBCHHbIE WM3MEHEHHMS, OIHAKO XapakTep (kauecmeeHHvle
0cobeHHocmu) TIPOSIBIIIEMBIX HUHTEPIPETUPYEMbIX apaMeTPOB OCTAETCS HEH3-
MEHHBIM.

OnucanHasg kaptuHa moseneHus [JF — ogHOTro M3 OCHOBHBIX HHTEpIpe-
TUpYEeMBIX mapaMeTpoB B Merone BII, menaer ero mpakrtuuecku Manodpdex-
TUBHBIM (/MaKoll noieeou mamepuan Gakmuiecku He no0aemcsi UCHMOAKO8a-
Huto). U He ciydaiiHO, YTO IpY NPOBEICHUH TOJIEBBIX PA0OT ONBITHBIMH HCCIIE-
JOBaTeIsIMHM, M3MEPEHUSl Ha CIaje NpH OTHOCHTENbHO MO3IHUX BpEMEHaX
(copaszmepnvix c t;) He mpoBoaaTcs. OJHAKO OTCYTCTBUE DPE3YJIbTATOB TaKUX
MOJIEBBIX H3MEPEHHH HE MOTYT JaTh OOBEKTHBHOM ITOJIHOLIEHHOM KapTHHBI
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TCORJICKTPUYCCKOMN Cpelibl, U, B MEPBYIO OYepeilb, IPU UCCICIOBAHUU PYIHBIX
(codepoicawux snexmpononposoosyue munepaivl) OOBEKTOB, XapaKTEPU3YIO-
IIUXCS BBICOKUMH 3HAUCHUSIMH BPEMEHHOI'O IapaMeTpa MEepeXOIHON Xapak-
TEPUCTUKH (HOCMOSHHOU 8peMeHU).

o [a] @,«‘ af (6] =T
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Puc.4. I'padukn mepBoit mpousBoguoit [1X Bmons mpoduis HaOMOmEHHH HAL
OJIHOPOJHOM M30TPONHON MNOJSAPU3YIOLIEHCA T€03JEKTPUUECKON CpEoH, ONpeneseH-
HOHM IIpU NpPOITyCKaHWU TOKa (@) M IO JAHHBIM cnaja (6) yCTaHOBKOW CpEIMHHOrO
rpaguenta (CI') u cummerprunoil ycranoBkoi (COII), mo pesynsraTam Moaenuposa-
HUSI BCETO IpoIecca BHIMONHEHUS dnekTpornpodmanpoBanus. ludpp kpussix —T/t,.

Hcxons U3 yHHBEPCAIbHOCTH BBIIIE TPIMEHEHHOH METOIOJIOTHH TEOPETH-
YECKMX HCCIECJOBAaHUI M YHCICHHBIX PAcyueTOB, NPEICTABICHHBIC PE3yJIbTaThI
MOJICTTUPOBAHUSA (COeNaHHbI 6b1600) MOKHO PACIPOCTPAHHUTH U TIPH PACCMOT-
PEHHHU APYTHX OCHOBHBIX MOJH(HKALUI 3JEKTPOPa3BeIOYHBIX YCTaHOBOK H3-
MEpeHHi B METOJlaX IOCTOSHHOI'O TOKa, B YaCTHOCTH, KOMOMHHUPOBAHHOTO
ANIEKTPONPOQUINPOBAHHS W BEPTHKAIBHOTO 3JIEKTPUYECKOTO 30HIUPOBAHUSI.
HertpynHo npencTaBuTh, 9TO B 3THX CIydasx Takxke OyneT HaOIoaThCsl aHalo-
TMYHAs KapTHHA — BBICOKAas MOTPENIHOCTh MccienoBaHuii Merogom BII, BbI3-
BaHHAs OTCYTCTBHEM Y4YeTa MCKa)KaroOUIETO BIMSHHS UCXOIHOU (nepeoHauab-
HOU, 0CMAamoyHol) SIEKTPOXUMUYECKON 3apsKEHHOCTU Te03JIEKTPUUECcKOi
Cpenbl MpH MPOBEJACHUH OYEPEIHOTO M3MEPEHHUS, U B KOHEYHOM HTOTe TpH-
BOJISIIIAsI K HEBEPHBIM 3aKITFOUCHHSM.

Ha npakTrke ONBITHBIM IOJIEBUKAaM-OIIEpaTopaM HpH BBHITOJHEHUH 3JIEKT-
pOpa3BeIOYHBIX pabOT 3HAKOMO HHTCHCHBHOE H3MEHEHHE PAa3HOCTH IIOTEH-
[IUAJIOB MEXAY NPUEMHBIMH JJICKTPOAAMH («HENOHAMHOE CHON3AHUEe NONAPU-
3ayuu HenoaAPUIVIOWUXCS DNEKMPOO08» — 0COOEHHO NPU UZbICKAHUAX HA PYO-
HbIX 00beKmax), 4To 3a4acTylo 3aTPYyAHSET NPEIBAPUTEIIBHYI0 KOMIECHCAILIUIO
€CTECTBEHHOI'O JJIGKTPUYCCKOTO TOJS JlaKe MpPU H3MEPEHHUSIX MEPBUYHOTO
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AIIEKTPUYECKOro Toid. HemocpeacTBeHHO cieAylomye 3a pSAOBBIMH H3Me-
pEHHSIMH KOHTPOJIbHBIE WM MOBTOPHBIE HaOMIOAEHUS elle 0osee YCIOKHSIIOT
OCMBICJICHHE TOJIYYEeHHBIX, IOCTATOUYHO PA3HBIX (@ NOPOU U 63AUMHO NPOMU-
60peul6bIX) TAHHBIX. B MONIEBBIX YCIOBUSAX 3TO MPOCTO MPUMIKCHIBAETCS K pas-
HOMY poOJia NPUYMHAM €CTECTBEHHOTO W TEXHOTEHHOTO IMPOUCXOXKIEHUS, KO-
TOpbIX Oonee yeM noctaTodHo. [lo mpenbsABIseMbIM TPeOOBaHUAM 3IIEKTPO-
Pa3BeOYHBIX WHCTPYKIUI K MOJCBOMY MaTepualy, aHAJOTHYHBIM BBINICIPH-
BEJICHHBIM Pe3yJIbTaTaM MaTeMaTH4ecKoro MOACIHPOBaHMUsI, OH TOJDKEH 0TOpa-
KOBBIBaThbCS, HO HE €IMHUYHBI CITy4ad, KOTJa HeT0OPOCOBECTHBIMHU CIICIIMAIINC-
TaMH C WCIIOJB30BAaHUEM alpUOpPHOW HH(POPMANK BBOJISITCS COOTBETCTBYIO-
e «xko3(PpUIreHTH TOTOHKI.

Pesromupyst BhIllieCKa3aHHOE, MOKHO 3aKJIIOUUTH, YTO TIPH IIEKTPONpodu-
nupoBaHuK MeTonoM BII pealbHBIX HEOIHOPOIHBIX T€OJOTMYECKHX CpeEll aHa-
JIOTUMHOW METOJIMKOM, CUCTEMaTHYeCKasi MOTPEIIHOCTh MCCIEJOBAHUM MOYKET
3HAYUTENFHO NPEBBINIATh PE3yNbTaThl MPEICTABICHHOIO MAaTeMaTH4ecKOTo
MonenupoBaausa. C Ipyroll CTOPOHBI, ake UMes TTOTHYI0 HHPOPMAIIHIO O BCEX
BO30YKACHUSAX AJIEKTPUIECKOTO IO C Havaja MPOBEJCHHS DIIEKTPOpa3Benoy-
HBIX PabOT Ha MCCIEAYEMOM y4YacTKe (8CI0 HpedblCmOopuio 31eKmpuyecku 603-
OVIHCOEHHO20 COCTHOAHUS CPEObl K MOMEHMY 0YEPEOH020 UMEPeHUs, U 8 Yacm-
HOCIU NPOMEXCYMKU BDeMeHU MeHcOy UMNYIbCAMU U PACCMAHOBKY Npu-
MeHSIeMbIX YCIMAHOB0K U3MepeHuUll), yBEPEHHEIN yUeT (onpedenenue u gedeniie
NONPABOUHBIX KOIDDUYUEHMO8 0N HOPMUPOBAHUS UNU YCIPAHEHUs) BISTHASL
paccMaTprBaeMOro MCKaXKaIOIIETocs (akTopa MPaKTHIYECKH HE BBITOIHUM (U
ecnu ewe yyecms HenpeoCcKasyemMoCms 8 HeOOHO3HAYHOM Xapakmepe npome-
KaHus Heaunelnwviti npoyeccos BII ¢ obracmu numarowux 91eKmpooos npu
O0NLUIOU UHMEHCUBHOCTNU BbICOKOZPAOUEHMHO20 GHEUIHE20 INEeKMPULECKO20
nous 8 peanvHol ceono2uieckol cpeoe). Kpome 3TOro, Kaxymuecs OTHOCH-
TEJIHHO HE3HAYUTEIbHBIE OTKIIOHEHHS IPU yCTAaHOBIEHUH MUTAIOIINX U IPHUEM-
HBIX 3JIEKTPOJIOB OT TpeOyeMBIX MECTOPACIIONOKEHUI B TpoIlecce 3IEKTPopas-
BEJIOYHBIX pabOT BO M30€kKaHKE YpEe3MEpPHO IMOJSIPU3AIMOHHBIX obnacteit (da-
JHce 8 npeodenax Hopm, YCHAHOBIEHHBIX COOMBETNCMBYIOWUMU PYKOBOOCTEAMU
U UHCMPYKYusMU) MOXKET TakKe TPUBECTH K HEMOJAIoIIeiics HOPMHPOBKE
JaHHBIX M 3HAYUTEIBHBIM IOTPELIIHOCTAM (8 pside cayuaes MHOSOKPAMHO npe-
BHILUAIOUWUM YCTNAHOBIEHHbLE BENUUUHDL).
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Peyenzenm P. I’ puzopsan

GrUfUELBUSMUYUL UPQUY USSP UUFLUUUL
LP8RUINJUONRE3UL ULSUSNLOARUL
ELEUSUNCNDPLUSUUL UMSNhLLLErP 40U

U.4.Uwplnujub
Udthnthnid

znpjuénid ukpuyugus L wpwehtt wiqud juwnwpdus hw-
pnigdws pbbnugdwt dbpnnny LEjunpuwypndhjugdwn ypngbuh dw-
ptdwnhljuiut dnpbjuynpiwt hhdbwjut wpyniupubpp: Pugu-
huyunus £ pupdp swhdwi upwgh wnjuynipmniip wguydwbuynp]ws
hwonpn swihdwb pupwgpnid pypukkjnpujut dhowduyph twhibw-
Qui Ejunpwphihufub thgpwynpjwdnipjub gnpéntp jowlbquiphy
wqpkgnipjut hwoyh wntbnt puguljuympjudp, npp, h ytpen, pipnid £
uhuw) Eqpuljugnipinibtbph: Nbunidbwuhpnipnibiubph wpyniupubpp
hwnjuwybu wpphwljut b fEjnpunndngpuphuyh tnutwlny pwug-
duwnwpuwdwljut EphpubEjunpuut jupgusputp vnwbtwnt dudw-
twl b wpdwth bt hwnny npwnpmiput LEjunpuhbinwpiniqujut
wliwmnwtpubpnh dkpnnhjugh ptnpdwt dudwbul:

REFLECTIONS OF INITIAL CHARGE GEOELECTRIC MEDIA
FOR RESULTS OF ELECTRICAL PROFILING

A.K. Matevosyan
Abstract

This article presents the main results of the first mathematical modeling
performance electrical profiling (median gradient and symmetrical arrays) of
induced polarization method. The high measurement error caused by the lack of
consideration of the distorting influence of the original electrochemical charge
of the geoelectrical medium during the next measurement, leading eventually to
the wrong conclusions was discovered. The results of studies are particularly
relevant at electrical tomography to obtain multi-dimensional geoelectrical
sections and require special attention when choosing a methodology of
electrical survey.
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Upwlyty £ tpypwpwpdtph juquujnpynng ogwjubikph wwpwdtnptph
qhwhwwndwl wjnkptwwnhy dtpnn, nph hwdwp oquuugnpsyty i mkljnntw-
dwquhuwlwl nuownh thnthnpnipyut opwljub vhohtt wpwgnipniiubpp: Uju
Ubpnnt niih Uh owpp wnwybnipniibp bwhijhunid gnjnipinit niukgnn
tdwtwwnhy dbpnph tjundudp: LVupjpbwlub njuiutph dowlnudp sh ww-
hwbgnud tpipudwquhumfub quownh nupuyhtt puyyih b hunniighntt nup-
wnbkph wqnbgnipiniiubph $hjnpugdwin gnpdnnnipniitp: Ujh htwpwynpni-
pinit E tnwhu quuwhwint] twb juquuynpynn ogwhiibph hhwynykuwnpnuwgh
htnwynpmipiniuitpp b mknunpuw junpnipnibbpp:

‘Ukpwénipnil

SEjunntwdwquhuwlwt (TM) quonh nphtwdhlubt htnbwp k Epl-
pulbnunid mEjunbwut jupnidukph wijnhgugdwi, nph dudwbwy
ubjudwwljnhy gnuinmd juquuynpynid Bt nnwuppkp dwquhwunnigubpny
(M) puquuphy tpypuwpwpdtph ogwpitikp: Uy juquunnpynn ogwihu-
utph hhwynltunpntwjhtt hbkpwynpnipniutpp npnoknt hwdwp og-
wnwgnpdynid E (Oranecan, 2009) wpiwwnwipnid unnugyus putiwdlp,
nph Uk dntunud £ TM nupwnh nljuy pununphsp (TEL): Ywquwynpynn
ogwpuitph TM nwigintph [njjw) pununppsubpp JEpunpbting kplwl-
Ynud Eu ghunwupydwt jhnnd gnidwpuwghtt duny: Lolwy pununphs-
utpp, hwdwduwytu tphpwowpdtinh juquuwynpynn ogwuibph wwpw-
dbkwnptph npnodwtt TM dkpnnh, hpuphg wipwwnbint hwdwp oguw-
gnpdynud ki qpubhiuljut tnubwlutp: TM dkpnyny jubfuwmnbuyby
ku Uh pwipp nidbin Eppuowpdtp (Znghwutthujwt b wyjt 2014, Orarecan
u gp., 2014), umjuyt wjt oqgunuugnpstiint hwdwp wuhpwdtown tu Eply-
pudwgqhuwfub nugnh (GUT)-h dh pwpp jpugnighy pununphyutph
guwhwwinnmd b npnpwlh vwhdwbwhwlnidubp: Fpwughg quwynp-
ubpt &

1. dwquhunninh dbénipjut npnodwt hwdwp juhunn wthpudton

tt GUY-h nupujht puyh wpdbpubkpp, npnup, YEpunpyus hwb-
nku quny nhndws gnidwpujhtt nuownh dky, hminhuwunid G
TM-h hwdwp npytu phwjut pwbiqunhy tplinypubp;
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2. BUY-h ghunwupyyws wpdpubiph suppnid swthnidubph pughw-
nndutpp ny whunwh Gu nupdunid wdpnne swnppp;

3. wmupnyjuwpkih E wdjujubph Epup pwppbph (mwuphubp) puw-
gunpdwl] qpnjh mknuowpdp, npp pwpuinnd £ TM nupnh wdw-
1hunnipubph hpww dkdnipiniuubpp;

4. TEL-h EbLiunhy wpdtpp qpuphlului dkpnnyny npnobip ww-
hwugnid £ dbks Lownnipnit b mEjuntwdwqthuwljut mbunt-
pjul YEpwpbkpyuy pudupup ghnbihpubp:

Uojws uwhdwbwthwlnidubpp yuwhwienid Eu wyuutph dowl-
dwl sSwiuwnwp dudwbwy b nddup puuylh Eo qupdund TM dk-
ponp: Uy wuwndwem] dpwlytg tpjpupwpdtph juquwnpnn oguiu-
ubkph wwpwdbnptph npnpdwt wjnbkptwnhy dkpnn' TM-h wpwugnt-
pntutph dbpnnp (VT), nptt wppbt wiuwh k 1-4 vwhdwbwthwlnud-
ubphg:

Ukpjuwjwugynn wohimwnwiph tyuwwnwli k gnyyg wnwuy TM dbpnnh
tjuundwdp VT Ukpnnh niubgus wnwybnipmniuubpp’

1. njuyutiph dowldwt hwdwp wuwhwbeynn ns Uks dudwbwlyp;

2. tpypwowpdtph Jupdwywppbipujut twpwbywtiiph oquw-
gnpduwtt htwpwynpnipnitp b dkpnnh oquuugnpédwt wuwp-
qnipjniup;

3. jwquwynpynny oowhitph kyhlkunpntwhtt hknpwynpnipjniu-
ukph b junpnipinibtbph guwhwndwt htwpuwynpnipniap:

Eplpwywnpdtph juquuynpynn ogwutph yuwpwdtnpkph npngnudp
Jupdwywppipuju twhwuowutbpny

Eppwowpdtph jupduwwppipujut twpwbywittp hwdwpynd
ki TM nwownh opwljut Uhohtt wmpwgnipinittkph thnthnjunipiniuubpn:
TM nuownh Juphwghwjh hwdwp guwndwn kt hwinhuwiunid dh junudp
Eyqngbu b Eunngku Eptnyputp: Unweht jadph Uk dnunmid Gu Uplh b
Lniutth wqnptgnipiniutpp, tpypnpng judph dbe® Epjpultnlnid plupw-
gnn wihwdwubtn nkjuntwljut pbnplughwutptt ni mbnh niukgng
Epjpwowndtpp, npnup TM nuonh dkp unbnénid b mwppkp dbént-
pjul wdyhnninubpny b wuwppbpnipniubtpny Juphwghwbp, hush
htwnbwupny juquuynpdwt nwppbp thnybpnud qnbudnn Gplpuowp-
dtph ogwittph nuw] wmtjuntwdwquhuwlwut Ehhunutpp tplhwly-
Ynid, jud wihbnwtnd tu BUM-h nhnwupljws wpdbpubph swppnid:
Zuynuwpkpqusd nluy EpEjunutph wdbiwlwpd yuppbpnipniup by
op k husp wuydwbwynpJws k vpwuny, np oguunugnpéymd tu TM
nupnh uphwghuyh opwljwt Uhght wpdtpubpp:

Uwquhwnninh dkdnipjui npnonudp:

LY. I-nud ubpyuyugdusé £ M=4,2; Ro=1794d (Fwypw Jujwihg);
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a4 f il
74 { -
6'; | || E
5 | -
b [ =
::; I.-'JI Iill'-. JJIJ \ |
:I‘_: T "'_H i
i B _Iluh_rhlll =l s _ll_ Fl g o b '_Illf ',""_"'_-'#/?f |
it ( | i I| / N \ || Co |I
IR R [ | RV A A y
B \ I
?‘_; \ H I!I l.l
o] i
—ll:IE |
Bt I -12,7
13-

I8 20 22 24 2& 26 30 é1‘-Eﬂlll:li?l"iﬁ'.iﬂ:l!z?‘i?ﬁ:ﬁ?]:"ﬁ
sy | jum jul.

Ul 1. SEjunntwdwqhuwljwi nuownh thnthnjunipjub opuljut thohtt mpwgnipniiibph
dudwuwljuyhtt gqpudhljp M=4,2; Ro=1794d (Fupw tpipudwgquhuwswthulu
Juywithg); 07.07.1998p. tipypwowndh opwuh Juquuwynpdwl Jtpghtt thnrnid:

bPuswtu Epund E TM nwownh opwlwb dhohtt wpwgnipniuutph
dudwtwluihtt gpudhlhg, 27.05.1998p.-htt ujuyty Eu Yupniy b ks
wuwpinminubpny Juphwghwukp, npntg Jdbky wnwoht (qiuwynp)
wudy hinninh dbdnipjniup juquniud £
TEL + TER = 22,1148 (1)
TELp b TErp tkpuyuginid tu TM nupnh nphunnjws nlju) b nk-
ghntw) pununphsubpp:
Zwdwdwyt (Oranecss, 2009) wpluwwnwiiph Uk unwugqus®
M=12 2)
C
wnbgnipjub (c=5,3 uS)/dwmq Gpljpulknh mEjunntwdwuqhuwlwi gnp-
Swiljhgt k) (1)-h dbkénipjumiup hwdwywwnwupwind £ M=4,17 dwuquh-
wniy nibbgnn juquuynpynn oowju (punn Ukjudhll yuwonmwwunipjut
Zmuhuwyht Swnwynipjut ubjudhl juwnwngh M=4,2):

Zhynykinpntwhtt hknunpnipjw npnonidp
Zudwdwyu tpdws [1] wojuwwnwtph, juquuynpynn opwpuikph hh-
wnljkunpnuuwhtt hibpwynpmipmnittpp phnwpldwt jhnhg hwrdynud
ku’
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Ro=a-M/TEL t$. 3)

wnbsnipjudp, npunbkn a=33,4uS)-yd M=1 duquhwnninny opwhih unbndwd
SU nupnh dwquhuwlwt dndkuwnt E, TEL.p tnyh quownh, nhnwply-
dwt Jhinmd dbwynpws ;njuy pununphsh Eptnhy wpdtph k:

Jhdwjugpuljui njujutph dowljdwt wpyniupnid thnpduwfjut
Swbuwwwphny unwgyty £

TELtp=(1,0021-d-0,0035) Sy (4)

npntn’

d=| TELy |/| TERy | Ubkpjuyuginid k nuy b nkqghnbw) pununphs-
ubkph Unnpniyubph hwpwpbpnipnip:

(3)-hg 1t (4)-hg Yunnwimbp®

Ro=a-M/(1,0021-d-0,0035) uS; (5)
M=4,17 dwquhunninny oowjuh nhwpnid ulj. 1-hg d-h Unpnijught
wndtpp Yihth®
| d |= |TELy|/ |TERy|= |9,40|uS}/,|-12,7|uS] = 0,74

(5)-hg junnwiwip® Ro=174,14d, pun ubjudwnghwljut wyjuutph’
Ro=1794u:

Ldwt dbpnnyny npnpyby Bu twb tly.1-nud hné tpdws jupjuswlyk-
nbkpht hwdwywnwupwtng juqduynpynn ogwhiitph M b Ro ww-
pudbnpbpp (wgnuuwl 1.), npp pipdws b Epjpuwowpdtph Jupdw-
wupphpulwh twpwbywtiiph juwnwnghg:

Unjniuwly 1
Ubkjudhy b mEjunntudwuquhuuub nfjujubpnyg hwoyywsé M b Ro opwijuibph
wupudbnpkpp
BLUrU-
N | werpna | vies) | vausy | TEuS M hup| dts| R | Mpp. | ROW 1 Bups,

hup. bruul) e

196 | (29-30).05 9.4 -12.7 122,11 | 4.17 | 0.8 187 42 179.0 07.07.1998
197 | (30-31).05 -12.7 0.65 | 13.36 | 2.52 | 0.05 183 2.5 180.0 11.07.1999
198 [(30.05-01.06)| -12.7 | 4.09 | 16.8 | 3.17 | 0.32 | 25.95 3.2 26.7 05.12.1998
199 | (01-04).06 4.09 -7.08 | 11.17 | 2.11 | 0.58 | 17.2 2.1 18.0 23.07.1998
200 | (04-05).06 -7.08 735 | 1443 ] 2.72 | 1.04 | 123 2.7 13.9 05.03.1999
201 (05-07).06 7.35 -7.51 11486 | 28 098 | 12.7 2.8 12.0 07.08.1999
202 | (05-07).06 7.35 -7.51 11486 | 2.8 |0.98 95 2.8 105.0 26.06.1999
203 (07-09).06 -7.51 459 | 12.1 | 2.28 | 0.61 16.6 2.3 16.5 07.08.1998
204 | (12-13).06 4.72 -4.14 | 886 | 1.67 | 1.14 | 489 1.7 453 25.05.2000
205 (13-17).06 -4.14 3.04 | 7.18 1.4 | 0.73 | 64.05 1.4 64.0 16.12.1999
206 | (24-25).06 -1.95 829 1024 | 193 | 4.25 7.8 1.9 59 03.12.1999
207 | (25-26).06 8.29 -9.22 11751 33 090 | 133 3.3 13.2 14.01.1999
209 | (25-26).06 8.29 -9.22 11751 33 ]0.90 123 3.3 128.0 23.12.1998
210 | (26-28).06 -9.22 24 [ 11.62] 2.19 [ 0.26 | 305 22 31.6 30.04.2000
211 (06-09).07 -5.03 3.77 8.8 1.66 | 0.75 | 739 1.7 70.5 20.01.1999
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bPuswytu tpunud b wnniuwlhg, 198-207 pdtpny hwdwpuludus
Epjpuwownpdtpp dnnn ki puuwynpjus Fuypw GUY-hl, npp gunbynud £
Qujwuph ubjudwwlnhy gnuinid: Ldwbwwnhy hpwunpnipnit ykpoht
puwl nwpnid nhnydl] b puquuphy wiqudubp, husp hwunwwnnd E
ubjudwpwtiph wyt Yupshpp, np wnwpwdwopowtmd dlwynpyny
gutjugws vhohtt Juipgh (M=4-5) ogwifuh wqptignipiniuutinp twjuopnp
Epwlynmid Bu pnyp Epypuwowpdtph wbkupny Jbpp tpdws gnunid:
SYjw] wuwpuquynid <Fupw> GUY-ht dnwn pny) Epipuowpdbph h
huyn quip yuydwbwynpdws £ M=4,2; Ro=1794d tplypwpwnpdh opwjuh
Juquuynpdudyp:

Bplpwowndh opjw npnonidp

buswtiu kplinud E uy. 1-hg, 29.05.1998p.-hg uljuynmid £ TELy-h wdyg-
(hunnipubph dbdnipniuutnh ophtiwswth wulnid, husp hwdwwyuwwnuu-
huwtinid £ wppbu dbwdnpyuws wyt opkiphty, punn nph hwpywsh wyuhhg

wnwy SU nuownnmd mbnh niuh’
TE—0, (TEL—0; TER—0) (6)

wuydwp, nph Yypw k) htudnud £ Gplpwowpdh opdu’ wdhu-wduwpyh
npnoniup:

Quunupbkiny gduwjhtt wmypnluhdwghw ul).1-mud hné wyusd jupju-
sSwhtnbkph wpdbpubpn] Yunwbwip wilmun] ninhy, nph hwdw-
uwpnidu

TEL=-0,22t + 8,51
Uju hwjwuwpnudp jniskiny hwdwdwyjt (6) wuydwuh junwbwp
t=39 on
nph uljhqpp hwoyynid k£ 29.05.1998p.-hg: Gnidwpbiny wyn wduwpyht
39 on Junnwbwtp uywuynn Epypuowpdh wduwphyp®

29.05.1998p +390p------07.07.1998p.

LY. 1-hg k| Gplund E, np wypnuhdwgdws ninhnp dudwbwlh
wnwigph htnn hwwnynid £ 07.07.1998p.- YEwnnid, npinkn wknh nith (6)
wuydwn:

Bplpwowpdp wknh k niukgl) 07.07.1998p.-hi:

‘Upklip, np (Oranmecasn, 2009) wpumwnwbpnid tkpuyugus juqlw-
Ynpynn opwpuiiph wwpwdbwnpbtph npnpdw TM dkpnnp pny) | wnwhu
tpypwowndh opp npnoky ny ywjwu pwitt +/-3op Eounnipjudp:

Epljpupwndtph juquwnpynn ogwtitph tujhlknpniught
htEnunpmipjut bt junpnipjui npnonudp

Ququuynpynn oowhutibph Ewyhlkuwnpnuughtt hkpwynpnipjut (Re)
Ubkdnipniip npnobnt hwdwp, ks Jhdwljugpnipjudp (wykh pub
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10000 opwiluh hwdwip) ntuntdiwuhpyky E Ro-h b Re-h dhol tyws uyp,

hlsp gnyg £ umlly, np putg dhoh qnimipnit muh gdwjht jupifwént-
pintl, npt wpunwhwynynid £ hknbjw) wbwhnpl] wpnwhwjnnipjudp
Re=J1-Ro +]2 (7)

J1 b J2 gnpdwljhgutph dkdnipinitubpp ophtiwswhnpbt Jupudwsé tu
opwluth H junpmipjut dkdnipjniuhg: Uy yuwndwnny H-h jnipupuiy-
mip wpdbph hwdwp hwodydty b tyqws gnpdwlhgubnh pydwjhtt wp-
dtpubipp wn. 2:

(7)- dkdnipyniup Juphbih £ hwodbk] twlb TE nuonh wupwdbnpk-

nny:

Unniuwly 2

H I I g1 £ 23 KH

5 1.0009 -0.2915 -0.3224 0.0014 0.9999 0.7884
10 1.0034 -1.2402 -1.5264 0.0507 0.9984 1.5829
15 1.0105 -2.3915 -3.0789 0.0285 0.9992 2.3774
20 1.0293 -5.3637 -6.6100 0.237 0.9924 3.1719
25 1.0181 -5.0211 -8.6059 0.1033 0.9980 3.9664
30 1.0118 -5.5803 -12.8100 | 0.0871 0.9989 4.7609
35 1.0148 -6.7723 -17.0180 | 0.0608 0.9994 5.5554
40 1.0426 -17.325 -34.9750 | 0.6177 0.9945 6.3473

Uiy byuwunwlny thunpdl £ muljghntiu) juy juthunbudwb
wuwpwubwnpbph (TELy; TEy) U (Re; H )-h dhol hinlyu &mbwuyuphny:
U. Znghwttthujwuth (Orazecsas, 2009) wpjuwwnwtiphg niibp®

TELn /TEn = H/Ro
Uju hwjwuwpnudp tkpjujugukup htnlyw) nkupny’
TEL /TE = H -Re/Re/Ro (8)

npunbn nju) Epljpuwownpdh oowjuh hwdwp H/Re=const swthnnuljw-
unipjnit sniikgnn dbdnipynit k: Zkwmbwpwp' (8)-hg Yupnn Eup wuky, np
TELy/TEy hmpuwpbpnipjniup $niuljghw k Re/Ro hmpwpkpnipjniuhg

TEL 1yTEx = f(Re/Ro) ©)

wyuhtiptt® TELy/TEn hwpwpbpnipiniip ninhn hwdbdwwnwlut E Re/Ro
hwpwptpnipjup, nptt hpwjuwinid Ro-ny b Re-ny juqudus a muljjut
cos-u k: (9)-p pniy E wmwhu wyn hwpwpbpnipjniutiph dholi thnnpty
dniuljghntiuy) Juy: Uy tywunwlny puquuinudwhtt wypnluhdw-
ghuyh Uvhongny niunmdtwuhpyl) k dnruljghniwy juwyp woyws hwpw-
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pipmipinititiph dhol: Re-h b Ro-h wpdtputipp yipgpdus Eu Uqquyht
ubjuunnghwljwt juwnwnghg:

Guunuwpjwsd wypnjuhdwghuwjh wpyniupnid unnwgyl) £ hknbyug
hwjwuwpnudp®

Re/Ro = -g«(TEL/TE)* +g,' TEL/TE +g; (10)

-g1. g2, g3 qnpoéwljhgutph dbkdnmipnitiubpp judws tu opwjuh H jun-
pnipjut Ukdnipiniuhg: ‘Lpwbg hwoydws wpdtpubpl, pun opwjutknph
hudwywunwupiwmt  fjunpnipnitubph, tbpluyugdus o wr. 2-nud:
Mubktwny Cosa-u, npnoyky Lt Re-h wpdbtpubkpp, nphg htwnn hwjnth
Enwtnitwswhwlwut wntsnipjut hwdwdwjt Ro-h & Re-h wpdtp-
ubkpny hwpyyk) Eu opwpuibph junpnipniuubph dedmipnitubpp (un.3 ):

Unniuwl 3
Eyhytunpntughtt hEpwynpmipiniuibph b junpmipinitiubph dkdnipniuubph
quuwhwwnndt pun mkjuntwduqhuufut b ubjudwinghulut nygjuttph:

Enypwpwpdh

u/u
21121995 [ 278 | 795 [ 150 | 18 [0.350105[0.823174 | 14.93 | 14.43 | 1022 | 10.0
25.08.1995 2.02 | 6.36 | 1.20 | 19.8 |0.318277]0.858889 | 17.05 16.62 10.14 10.0
27.07.1995 | 421 | 848 | 1.60 | 12.7 [0.496212]0.607139| 7.85 | 730 | 10.09 | 10.0
22011996 | 2.01 | 10.6 [ 2.00 | 33.3 [0.189246]0.962098 | 31.73 | 31.71 | 9.08 | 10.0
07.08.1998 | 0.49 [23.32 ] 4.40 [301.31[0.020915 [ 0.99646 |300.27 | 300.90 | 25.33 | 25.0
12.08.1998 | 9.49 [ 17.49 ]330 | 11.61 [0.542798]0.520271| 589 | 5.63 | 991 | 10.0
12.08.1998 | 6.84 | 159 [ 3.00 | 14.65 [0.430163]0.715393 10.7 | 10.08 | 1024 | 10.0
24.06.1998 | 2.35 | 12.72 ] 2.40 | 34.05 [0.185077| 0.96432 | 32.54 | 32.51 | 9.01 | 10.0
19.08.1998 | 6.47 [12.19] 230 | 11.88 [0.530462]0.544121| 642 | 6.05 | 9.97 | 100
20.08.2008 | 0.43 | 636 | 1.20 | 93.22 [0.067602 [ 0.998307 | 93.08 | 92.95 | 542 | 5.0
14032011 | 029 | 21.2 | 4.00 [457.23[0.013783 | 0.995409 | 455.47 | 456.37 | 43.76 | 40.0
25.09.1998 | 0.78 [20.67 | 3.90 | 166.25 [0.037906 | 0.998143 | 165.95 | 166.10 | 10.13 | 10.0
06.12.1999 | 0.59 [ 16.43 | 3.10 | 174.89]0.036033 | 0.998014 | 174.61 | 174.74 | 11.02 | 10.0
10.122005 | 0.55 | 26.5 | 5.00 [302.66 [ 0.020822 ] 0.996448 | 302 | 302.25 | 25.49 | 20.0

TEL| TE | M Ro |TEL/TE| Re/Ro |Rehu.| Reubju. | hhwy. | hubju.

Pusytu mbutnd Gup, opwuibiph hhynlkunpnuwghtt hipwynpnt-
pintuitiph b unpnipjniutitiph hwodupldws wpdtputpt, pun nklunn-
twdwqthuwlwt wupwdbnpbph, niikt papduwpunp £onnipni:

Uluu tyhykinpniughtt hkpudnpmipyub dkdnipniihg juquw-

Ynpynn o9wjuh pjunpnipinitp Jupbih b hwpdl] btwb thnpduwjut Lw-
twwwphny unwugyws hnbiju wntsnipyudp

H=KH-R,-TEL/TE (11)
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npntn Ke-h wpdbpp dJbpgynid b wrn.2-hg pun hudwyuunwujuwb
H-h:

10-p b 11-p pmstyny H-h b Re-ujunndwdp punn wn.2-nud ibipljw-
jmgqws gnpdwljhgubph Juunwbwbp hwjwuwpnidubph hwdwlwng,
npnughg Uty qnuygh wpdbpukpp pufwpupt

(Re)™+ (H) = (Ro)’
wujdwbtht, npb b Jubkpuyugih wndju TEL/TE hwpwpkpnipjutp hw-

duywnwupwing kppuowundh Juquuynpynn opwjuh wuwpudkun-
ptph wipdbpubpp:

Gqpuljugnipynil

Udthnthbnd wju wppowwnwiph wpnyniupubpp, Jupkh £ wuky, np
TM nwowh thnthnpjudwt opwljut vhohtt wpwgmipnitubph dkpnnny,
Juquuynpynn Epypuwowpdbiph opwputnh wwpwdbwnpbph npnonidu
nith Uh owpp wpwybnipnitutp btwphtunid dowldws (Oranecss,
2009) dtpnnh ujuwndwdp, npnup ny vhuyt hkpwnwgunid ki hwpdwny-
ubpp, wyih pupdpuginud b yupwdbknpbph npnpdwt £owninipnip:

Upwgnipjnibiiph dkpnnh jupbnpugnyt wpwybjnipyniut £, np
wju kpypwowndtiph juquwynpynn oowpiubph wwpwdbwnptph dként-
pintutiph twjuopnp quuwhwwndwb dwdwbwl (hnyhtt pugwunnid E
hnnJwsh uljgpnid wyywsd vwhdwbwhwlnidutpp b htwpuwynpnipmnii
niuh quwhwwnbnt wyy opwpittnh kyhlktnpntiwghtt hipwynpnipnit-
ubkph U funpnipynitiubph dkdnipniuubkpp:

Uopyws wnwybnipjnitubpp pnyp kb tnwhu opwjuh wwpwdbwnptph
qguwhwwndw hwdwp oqunugnpsdt) wnwyt) jupd pyuyhtt owpptp, husp
pupdpuginud k gnpépupwugh oykpwwnhynipniup b vnwugus ndjug-
ubph unniquwt Yplubhnipmniup: 4Epohtthu withpwdbynnipniup w-
punpynid E hwnjuuybu opwijuh Jtpohtt thnynud, tpp mkljnntwdwg-
thuwjut quownh dky nphnynud Eu tpw wupwdbnptph wpugpiipug
wtynudukp:

Ogquugnpéywéd gpujuiinipiniu
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tekTroHoMarHuTHoro noss. Epesan, M3B. HAH PA Hayxu o 3emie, 2009,1, c. 40-
47.

Znjhubthywt U. ., TYaduyuwi O. Q., Upgnudwiywid L. U. (wsugh
07.09.2009p.-h 6.1 quhhmmr}nq hpllpmzulﬁdb jutpmnbudwt thopd,
Uhpwnwlwb bpjpupwinipjui wojuwphwgpmipjut wpgh  hhdtw-
hwipgtipp, Gplhwt, bqlg h hpwwnwpwlysnipinil, 2011, kp 250-258:

Oranecsin C.P., Ilerpocsin K. K. Onpo6anysi TEKTOHOMarHuTHOTO METOJIa OIIEHKH
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AJIbTEPHATUBHBI METO/I OIIPEJIEJIEHUS IAPAMETPOB
OBPA3YIOHIUXCS OYAT'OB TEKTOHUYECKHUX
SEMUIETPACEHUU

C. P. Oranecsin
Pesrome

[IpenyoxxeH HOBBIM albTEpPHATUBHBIM METOJI OIEHKH MapaMeTpoB OYaroB
3eMJIETPSICEHUI, JUII KOTOPOTO HWCIIONB30BAaHBl CPEIHECYTOUYHBbIE 3HAYCHHS
CKOpOCTEeH M3MEHEHHS TEKTOHOMArHUTHOTO TOJsI. DTOT METOJ WUMEET HEKO-
TOpBIC MPEUMYIIECTBA MO OTHONICHHUIO K aHAJIOTMYHOMY METoay oOpaboTaH-
HOMYy HamH paHee. [Ipu 00paboTKe MEPBUYHOTO MaTepuaia He TPeOYIOTCS
Z[O6aBO‘-IHLIX ornepanuu i q)HJIBTpaHI/II/I BCEKOBOI'o XoJa I'cOMarHuTHOI'O ITOJIsA
Y MHAYKIHOHHBIX 3¢ (EKTOB. ITUM METOIOM HapsAy C IPYTUMH IMapaMeTpamMmu
ouara OTpeIeIII0TCs TakKe ero SIMUICHTPAIEHOE PACCTOSHHE U TITyOnHA.

AN ALTERNATIVE METHOD FOR DEFINITION OF THE
PARAMETERS OF FORMNING SOURCES OF TECTONIC
EARTHQUAKES

S. R. Hovhannisyan
Annotation

A new alternative method for the estimation of the parameters of the
tectonic earthquakes formation sources is developed. For that reason the
average daily values of velocities of changes of tectonomagnetic field are used.
This method has an advantage over the analogue method developed by us
before. For the working-out of the initial material we don't need additional
operations to filter the secular course of geomagnetic field and induction
effects. By this method and with the other parameters of the source the
epicenter distance and its depth are also determined.
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GEODETIC MEASUREMENTS ON THE YEGHVARD
RESERVOIR

© 2016 1. S. V. Tovmasyan, N. Kh. Gyurjyan, A. A. Margaryan,
A. L. Vasilyan

National University of Architecture and Constriction of Armenia,
Teryan 105, Yerevan, Armenia

E-mail: suren.tovmasyan@gmail.com
Zwbdijws F pndpugpnipmnel 02.11.2016 j.

In this article we present two different methods of geodetic measurement on
Yeghvard reservoir. The comparison of results obtained by both traditional geodetic
measurements and UAV show that surveying performed by drone is more efficient in
terms of accuracy and time consumption. The method is especially efficient during
geodetic measurements in inaccessible places.

Background

Negotiations were conducted with Japan International Cooperation Agency
(JICA) for financing the re-construction of the reservoir. According to the
information of RA Water State Committee the technical investigations will be
finalized in 2016.

In order to understand the present status and the significance of the
reservoir full topographic survey has been conducted in the site, which includes:

1. Plane survey for Yegvhard reservoir topographic drawings by 1/2,000

scale contour at 0.50m 1540 ha,

2. Plane survey for feeding canal 1 topographic drawing by 1/2,000 scale

contour at 0.50m S51ha,

3. Plane survey for feeding canal 2 topographic drawings by 1/2,000 scale

contour at 0.50m 73ha,

4. Plane survey for feeding canal 3 topographic drawings by 1/2,000 scale

contour at 0.50m 92ha,

5. Reporting

The latest geodetic equipment and software packages were used for the
survey.

1.Description of the survey area

The survey area is characterized by complex relief and structures. The
reservoir area constitutes mainly arable lands. Only in the northwest part some
perennial houses are in place.

All along the northern reach of the reservoir the Arzni-Shamiram Irrigation
Canal passes, which is the main water supply source of Yeghvard reservoir. The
reservoir has two dams, which are located in the southeast and west.

Several options were discussed for feeding and diversion systems and

33



topographic survey works were carried out for these options. The feeding canal
is foreseen to start in the Arzni-Shamiram and Arzni branch intersection. Two
options were considered for diversion canal. In the first option the canal is
running through a gulch in Nor Erznka, while in the second it is running along
the northern fringe. Both are illustrated in the Figure 3 below.

In view of the above mentioned peculiarities the procedure and time
schedule of survey works have been developed, as well as the relevant
equipment have been selected.

All the reservoir area, the northern areas for diversion and feeding canals
have been surveyed with the latest technologies, i.e. with unmanned aerial
vehicle and respective set of software. While the other option for the diversion
canal has been surveyed with total stations and GPS system based on the
peculiarities of the area.

2.Comprehensive Aerial Photography With Unmanned Aerial Vehicle

The technology of aerial photography based on drones consists of the
following stages:

Preparatory works

Aerial photography of the area is a set of works with different stages
including digital photography of the ground surface with a flying machine in
order to produce digital photos and afterwards elaborate photo maps and
orthophoto plans of the target area.

Preparatory works including:

= data collection and systematization - maps or photographic materials,
lists of benchmark coordinates from National Benchmark Grid or
boundary network etc.

» calculation of the parameters for transition from WGS-84 coordinate
system into the coordinate system which we need.

» analysis of the physical and geographical characteristics of the target
area — forests, mountains, water, average temperature, etc.

= elaboration of technical design and maps (schemes) showing the
boundary of the target sites and implementation schedule;

» calculation and data loading into the ground control station: the height
of the photo shooting, the longitudinal and lateral overlap, borders of
the photo shooting, position of starting point with respect to the most
high-rise buildings, selection of landing site;

= selection of points for horizontal and vertical provision of images
(benchmarks and control points), as well as selection of method for
determining the coordinates of these points;

» obtaining permission for the flight;

» technical inspection and preparation of instruments and equipment for
work;

* inspection and charging of batteries.
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Field works

Using unmanned aerial vehicle with an installed photographic equipment
allows to produce high-resolution aerial photographs of the area at a given
height in a certain place and time. At first during field works we are choosing
base map, highlighting coverage area as a rectangle or polygon, we are setting
desired Ground Sampling Distance (i.e. 5 cm (2 in) / pixel). Flight altitude
defined automatically as a result of given pixel (e.g. 5 cm/pixel = 162 m
altitude). This altitude determines maximum single-flight coverage possible,
automatic definition of flight lines & image capture points, set image overlap,
necessary for stereo coverage, define safe landing zone inspection and
establishment of points for horizontal and vertical provision of images (at least
5 points in the target area), as well as their measurement.

Field works including:

» clarify the location of the launch pad to start the unmanned aerial
vehicle;

= measurement of wind speed and direction - with wind speeds above 10
m / s the flight must be postponed to more favorable weather;

» fixing catapult so that drone can fly against the wind;

= assembling drones;

» deploying ground control station (GCT);

» checking connections and operation of mobile elements of the plane;

= Joading route program into the drone;

» loading the coordinates of return of the drone;

= start the drone from a starting device or elastic catapult;

* implementation of aerial photography in the automatic mode;

* monitor the implementation of the rout program, speed of the drone,
wind speed, voltage in batteries, as well as control over the remaining
time of the flight;

» landing the drone in automatic mode;

= copy of telemetry data and digital aerial photographs produced by the
drone;

» preliminary analysis of digital images of the area to identify disruption
and non-triple overlap

= analysis and examination of UAV, packing in a carrying case;

= folding of ground control station.

Cameral works

The resulting high quality photos have the required overlap and
photographing centers linked with a GPS surveying equipment can process the
materials with the help of special software as quick and as accurate as possible.
The output of the processing of the images will be presented as photo maps,
photo plans or orthophoto plans. The accuracy of the results depends on the
height of the photo shoot, weather conditions and the resolution of the applied
photo equipment. At the moment, the accuracy of orthophoto plans meets the
requirements of geodesy, topography and cadaster, and the produced 3D models
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of the area allow to quickly assess the quantity and site of construction works,
mining, etc.
Cameral works including:
= Copying the resulting data - photos, telemetry, field data from ground-
based GPS-receivers - in the photogrammetric station;
» Processing of data from the GPS receivers: receiving point coordinates
of horizontal and vertical provision of images, centers photography;
» visual assessment of the quality of photos and sorting of images;
» download images and telemetry into special software;
= formation of routes and division into blocks;
= installation of benchmarks;
» photogrammetric processing;
» digital elevation modelling (height matrix);
» production of digital orthophoto plan;
* marking on the maps;
» interpretation and digitization of the facilities in the area;
» filling the semantic information of facilities;
= production of digital electronic map.

The completely new mapping solution Trimble® UXS5 sets new standard
for fast and secure data collection offering fully complete system based on the
most powerful and advanced technologies, such as reverse and automatic
systems of control and safety. (http://uas.trimble.com/uxS5).

3.Performed research

Before starting any survey work it was necessary to study the nearby points
in the national benchmark grid. After studying the arrangements of the geodetic
points in the reservoir area it was decided to obtain coordinated of 3 geodetic
points which are kept in Center of Geodesy and Cartography SNCO.

It should be noted that in the Republic of Armenia a real time functioning
grid is in place which facilitated our work since the GPS equipment are working
within the same coordinate reference system. The survey team also conducted
field visits to inspect each geodetic point and to measure them with our
equipment in order to make sure that the coordinates measured by our team are
within the same reference system. The monitoring results are given below.

Table 1.
The measured coordinates of geodetic points.
Name X Y H
Hoxatumb 4461685.923 452858.364 1320.379
Arapar 4462282.13 450652.861 1383.07
Eghvard 4467280.733 457180.435 1384.965
Table 2.
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The difference between the given and measured coordinates of geodetic points.

Name AX AY AH
Hoxatumb -0.007 -0.017 -0.007
Arapar -0.015 0.002 0.007
Eghvard -0.103 -0.105 0.511

The analysis of the received results showed that our GPS coordinates differ
from the coordinates of Center of geodesy and cartography for a few
millimeters, which is completely acceptable since we had been working with
RTK method.

Only Yeghvard geodetic point was problematic since the difference
exceeded the acceptable margin. Our studies and surveys revealed that the
coordinates of Yeghvard geodetic point was defective.

After studying the National benchmark grid points our working group
started examining the target area and selecting suitable locations for the new
benchmark grid. The experts of the working team decided to install 6 geodetic
points in compliance with the following requirements:

1. Benchmarks installed below the freezing zone with depth of 1-1.2 m.

2. DN 100 mm steel pipes were used as working material which were

afterwards painted red and numbered with white paint.

3. GPS monitoring was conducted for each point and the coordinates as

well as the absolute elevations were established.

4. Topographic survey at Yeghvard reservoir with unmanned vehicle

The equipment described in the chapter above was used for the survey of
Yeghvard reservoir. Since the reservoir area is about 1540 ha it was impossible
to complete the survey with a single flight. Therefore, the area was split into 12
sections, Figure 2

Figure 1. The arrangement of survey sections
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The selection of sections was made based on the peculiarities of the given
relief. For each section a safe takeoff and landing place was chosen (Figure 3).

%..
©
©

Figure 2. Establishing takeoff and landing points by means of special software

From the very beginning it was intended to carry out all survey works
within RA reference system so that later on no problem arises with regards to
land alienation and that all the results can be connected to the cadastral map.

In order to meet this requirement land benchmarks of 1.3*1.3 m were
installed along the fringe and in the center of each section and the coordinates
of those benchmarks were established via Trimble R7 GPS system before
starting the flights.

Five or six similar benchmarks were selected for each section. Their
coordinates were transferred to Trimble Business Center and with special
instructions the photos were transferred to WGS-84 coordinate system used in
Armenia. It should also be noted, that in Armenia the system of Baltic Sea is
used as basis for elevations. The survey works were also implemented within
this system.

More than 150 GB information was collected through aerial survey
which was processed with special licensed software packages. These packages
were used for the following important actions:

1. Transferring survey photos and flight file of .jxI format to Trimble
Business Center software system,;

2. Adjustment and scaling of adjacent photos;

3. Loading the coordinates of land benchmarks into the system which, as
described earlier, are produced by measuring the centers of black and
white benchmarks by means of GPS.

4. Each benchmark is visible in more than ten photos. By choosing the
benchmark and showing its location adjustment is being done bringing
all photos to the required coordinate and elevation system;
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5. After absolute adjustment the point cloud is created which is used for
getting the surface and contour lining;

6. After creating the required form of contour lines the file is transferred to
CAD system and processed.

After final processing the contour lines of all sections were merged
resulting in one complete unit for surface area of 1,540 ha.

Survey works in the feeding and diversion canals were implemented
following the same principle except 3 canal which was measured with GPS
and total stations.

B « A D . 4 =
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Figure 3. Conventional survey of the conveyance system alignment

This alignment is characterized by complex relief and built-up area. Before
starting the survey works a survey grid was created on the site. Afterwards the
relief was surveyed by means of total station. More than 3,900 points were
surveyed which were later processed by AutoCAD program.

Arzni-Shamiram irrigation canal was also surveyed with the
abovementioned method. The contours of the canal are presented with absolute
accuracy.

Conclusion
Based on the measure results and the spent time we have compared
traditional geodetic measurements and the cartographic works with the UAV
shown in the 3th table.
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Table 3.

The difference of traditional geodetic measurements and the cartographic

works with UAV

UAV GNSS Comments
Area 1.5 km® 1.5 km®
Marking and 1 ¥ hours - Study points are not
measuring necessary for all tasks
earth study
points
Time settings 15 min 15 min (in day)
Time 45 min 30 Y2 hours (4
measuring days)
Time folding 15 min 15 min (in day)
Time treatment | 4 hours --- The data can be
(2.80 GHz Intel processed at night
Core i7,
16 GB RAM)
Overall time 6 hours 30 min 32 hours 30 Stime faster than GNSS
min
Density 4 centimeters (with 15 meters Maximum density 2.4
measuring altitude 120 meters) centimeters
In terms of 2 centimeters 1 centimeters
accuracy
Height 4 centimeters 2 centimeters
accuracy

We have compared the works on the area 1.5 km®. Cartographic works with
GNSS will take 4 days. Cartographic works with the UAV for the same area
take 40 min. Data processing time for both measurements is the same but our
measurements data were processed automatically. After comparing it became
evident that the measurement method used and offered by us in term of time
consumption is 5 times productive than any traditional measurement method.

After this analysis, for big areas and with difficult terrain (if scaling factor
is equal or bigger to 1:1000), we recommend to do cartographic works by the
aero photogrammetric method.

REFERENCE

GNSS Follow-up to the Third United Nations Conference on the Exploration and Peaceful Uses
of Outer Space (UNISPACE III) - Report of the action team on Global Navigation Satellite
Systems (GNSS), UN, ST/SPACE/24, 2004.

Guidelines for the use of GNSS in land surveying and mapping, Royal Institution of Chartered
Surveyors (RICS), Practice Standards, 2010

http://uas.trimble.com/ux5

http://trl.trimble.com/docushare/dsweb/Get/Document-
804832/UXS_AeriallmagingUserGuide v2.2.3 RevA_English.pdf

https://www.e-education.psu.edu/natureofgeoinfo/book/export/html/1620

Qpuifununy 2, Pupuyuwh
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14U QCUU LU @BN1YEPUUUL 2UOUSNTU UL
UCUSULLLE T

U. 4. fnddwujui, L. v. @nipojuly, U. U. Uupqupyui, U. L. dwuhpu
Udthnthnid

ZnnJudnid ukpuyugus ki Gndupnh opudpwupnid hpuwljwtwg-
Jwé ghnpiqhwljwut swhwgpuwt wpyniupubpp, npnip junwpyl) ko
Epynt nmwpplp Enwbwlubpny: Unwgwsé wpnniupubph hwdbdwwnni-
pintup gniyg wnykg, np wbonuwsnt pnsnn uwpph Jhpupnidp wnwybk)
wpynitwybn k htyybu swhwgpdwt £onnipjut mbuwulniuhg, wjb-
whu k| wqwhwbeynn dudwbwlhg: dkpohtthu Yhpunnidp hwnljuybu
wpynitwybn E nddup hwuwibih qupbpnud hwtngpe hpujubwug-
ubkjhu:

I'EOJE3UYECKHUE PABOTHI HA
BOJAOXPAHUJIMIIIE EI'XBAP/{

C. B. Toemacsn, H. X. I'opxxksin, A. A. Maprapsin, A. JI. Bacuasin

Pesrome

B crartbe mpejpcTaBieHBI TI'eOJC3UYECKHE H3MEPCHUS, BBHITIOTHCHHBIC Ha
EFBapI[CKOM BOAOXpaHUIUIIE C HUCIIOJIB30BaAHHUEM [IBYX Pa3JIMYHBIX MECTO/OB.
CpaBHeHHE pe3ylibTaTOB U3MEPEHHH MOKA3aJI0, YTO Te0JIe3UUeCKUue paboThl C
MIpUMEHEHUEM JApoHa Ooree 3(PQPEKTUBHBI, KaK C TOYKH 3PEHUS TOYHOCTH
M3MEpEeHHH, Tak U TpedyeMoro BpeMeHu. [I[puMeHeHre ApoHa 0COOCHHO I dek-
THUBHO JUTSI TEOJIC3UYCCKUX U3MEPEHUI B TPYTHOJOCTYITHBIX MECTaX.
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22 QUU Sknklhwghp, Fhunipmniiibp Gphph dwupl, 2016, 69, Ne 3, 42-44

GbSNkhE3UL UNNRUSLED

UcnS PLOSP GULUMNES3UL
(1935 - 2016)

2016p. utwwntdpkpht, jupd&wwnlb hh-
Jwunnipjniithg hkwnn, UUUL-nud ymuphg
htpwguwy Zwjwuwnwih ogunuljup hwhw-
énutph hwbpwjuypkph  Epypuwpwiine-
pjub, dhubpwinghwyh, Ephpuphihwih b
Uknwnusunipjut phuquyjunubpnid fw-
twyjwsd ghnbwljub, 22 FUU whwunbdh-
inu, (nruwunwih AU winwd, Epljpu-
puttw-hwpwpwimljutt  ghwnnipiniutph
nnunp, ypndtunp Uonwn Pimp Quipw-
w kb

U.Ywpuybinjwbp suyty k 1935p. wwy-
nhih 20-ht, Eodhwsht punupnid, ghibwnuwynnh ptnnwithpnid: Uhetiw-
Junpg Yppnipmniup unwgl] B Fnudphnud: 1953-1958pp. unynphk) b
wjwpunb] E 6N2 Epjpupwiuljui $wlnynbnp uinwbwgny hudkubp-
Epypuwpwh npujuynpnud:

1958-1991pp. U.Gwpuybinjutl wywwnt) | 2UZ QU Gplijpupw-
twljut ghnnipjniiibph htunmhunninnd, qpuntgutinyg ghnnwshiwnn-
nh, wjwg ghnnwohiwwnnnh, juthiwnbuntdwih-dbnunustuut jw-
pnpunnphwjh Juphsh, wjunthtnl, 1986-1991pp., ghwinipjut gény
wmbopkuh nknuiwh wwowmnuukpp: 1960-1963pw. unynpk) £ GAP wu-
whpwiunnipuynid b 1964p., hwonnnipjudp wuwownwwukiny gqbhpdw-
uhnulh Gpypwphdhuwyhtt b hwpwpwtmpjuip thpjws phkijuusdniw-
jut wwnbkbtwpinumpmnitp, wnwglk] b Epjpupwbw-hwutpupwbulut
ghunipniuubph pEjuwsnith ghnuljut wmunhgui:

Lpw ghunwlut htwwppppnipnitubph opowtwljn pungpynmd k
Zujuunnwth hwipuwyhtt $npdughwbpmd hwunhwynn hwqjugmniun b
wqupy nwppbph Epypuphdhwihl b dpubpuinghwiht websyng hwpgt-
. Puquudju hbnwgnunmpnibubpp U.Gwpuybnjuihtt hbtwpuyn-
pmipjnil pudbintightt Zwjwuwnwuh wwppkp® ynhud-unjhppbwght, nu-
Jh-puquudbnwunuiht, ynhtd-hpwpwpuwjht $npdwghwtibiph hwpw-
Juypbpnud wnwghtt miquud hwyntwpkpl) hwqugnin b wquhy wyb-
whuh Udhubpuwjubkp, husyhuhp tu gipdwthwnp, pkiytphup b nbne-
phwtkpp, puguhuwynt] tputg wpwewgdwt Wuydwttpp b dwgnud-
twpwtwlwt wpwidtwhwnlnmpmniuubpp: Uyn wpjowwnwbpubph wp-
myniupubpt wdthnithytght «Zmquqnin b wquhy mwppbpp Zuyuunw-
uh hwupwjhtt dnpUwughwtpnid» Ynjkljnhy dktwgpnipjut Uk, nph
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wpdwiwuguy Zujuunwith Mknwlwt dpguwbwlh ghnnipjut phuqu-
Junnud (1974p.):

1979p. UnulJujh Zuqugnin wwwuppbph dhubpunghuyh b Epy-
puwphuhuwjh huunmhninunnd (MMI'P3) U.Qwpuwybwnjwip hwennni-
pludp wuonwwutkg pnijunpuljut wnkbwjununippiup «@npp Uny-
Juuh Quudpwlj-Quughgqniputt dknwnwstwljut gnunt hwbupuyht
dnpuughwubpp» piduyny:

‘unp yuwnlkpugnidubph (nyup tkppn bw jupnnuguy tkpluywg-
ul] Zuyuwunwth mwpwsph Epjpuytnbh vwhdwitbpnd hwtpwytwug-
dwt hwdwp pupbiyuun dbnwnustwljut gnnhubph b hwupuyht
hwugnygubph wpwowgdwtt htwpwynpmipnitubpp, nuwuwlupgl
puquubnwwuyhl, Eppbdt bwb puquudpnpdughnt hwpwduypbph
wnhybpp, wpwewnpykny «<hwbpwjhtt $npdughw» hwuljugnipjut unp
uwhdwinud: Uw htwpwynpnipinit £ wnwhu tnyt hwipuwghtt $npdw-
ghwunud fudpwynply hwupwyuypbp (ophtwly’ Unpph b Uknpwénph
nuljp-nbknip-puquudbnunujhtt  hwbpwduwypkpp), npnup punipw-
gpyniud ki wpwowmgdwt jnipwhuwwnntyy tphpwphdhwlui b Epyjpupw-
twlut wpngbutbpny: Uju ghnwljwt dnnkgnidubpt wdthnhytght
«@npp Unjuuh QPudpwl-Qutqkqnipjut Uknwunwustwghtt gnunnt ubkp-
Shu hwtipwjhtt $npdwghwttppr dktwgpnipjut dbke (1982p.), npunbn
unpynid £ Qudpulj-Quiighgnipjutt Ubktnwnustuwghtt gnunnt jutount-
untdwjh-dklnunustwjut guuwhwnwlwp:

80-wjwt pYwutubphtt U.Gwpwybwnjwp, hp jadph htn dhwuht,
hujntwpbplg b ntumidbwupptg Gndpwwntnh (Uniuhph dwpg) $ni-
dwpnj-unjpwnnwpuyhtt Swquwt oywhwn-pyupghwnutph unp whuyh
pwpdpnpull uhjhuwhnnh hwipwduyp dhngktuh hpwphiwhtt hwun-
Jwoépnid:

U bdwpuwbuywip hinhttwy b hwdwhbnhtwy t dh pwpp db-
twgpmipniuuttph b onipe 150 ghnwjut wojpwwnnmipnitutph, hpw-
nwpulws hwtpuybnwlwut b Jhowqqujhtt ghnwljwt dudnynid,
htsybu b dknwghp hwyybnymipniuubph b dwubtwghunwgywsé Epy-
pupwbwlwb pupnkqubph:

Ghunujut htnwgnuuljut woiwnwipp tw hwennnipjudp qni-
gnpnt £ wnhy juquuljbpyswjut b hwuwpulwuljuwt gnpéniubne-
pjut htwn. Jupl) t Zujwunwih @U wphuhnipjut Jhugju) Yndhnkh
twpiwquhh, QU Lwhwquhnipjuit weptpbp gnigwhwinbuwght
ghnnwjwut junphpnh twpowquhh, hyybu twbh U Lwpowquhnipjub
gnpotph junwywnphsh wuwownuubpp:

1989p. U.Gupuybwnjuiipn ptnnpyl) k 2ZUZ QU pnpuljhg-winud,
1996p." wljunbuhlnu:

1991-1993pp. U.Uwpuybwywup Jupl) k22 Cuglpph b hwipwyh
nbuniputibph twhiwpuph wwownnnp:

bp wpyntwybn b wbjunty wojpwwnwbpwjht gnpénitbnipyjub
hwdwp U Yupuybuyuit wpdwbwgl) b Zuyuunwth jupwjuwpulut
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wupqlkph, hyywhu twb tnuwunwih AQU hnpwdbnuukph, tpub
ounnphytj E Ftniptugh hwdwjuupwih wunydwynp nnljunuinph Ynsnud, tw
punpyty E Unie-8npph Ghunipyniuubph wwuntdhwh, Zuywunwih b
Uhowqqujhtt Swpunnwpughnwlju vh puth wjunbdhwiubph whnud:

1994p.-hg U.Uwpuybwnjuip puwlnipnit hwununtg UUU-nud,
npukrn, vhtish 2004p., wphuwwnky E "Ebarhart and Stone” puljkpnipiniunid
wjwg bpypupuih wwonntmd  dwubwyghin] puquuphy bww-
gétph unbtnsdwp b hpugnpsdwnp:

Ujn wnwphubpht U.Gwpuwybnjwip, npybu ghnnwljut junphppw-
Jut dwutmlghjny hwj-wdbphjuyt Swpunupughnuljut puytpnipjut
gnpéniutnmipjuiip, wwwyny ukpuyugpt] b Zujwunwih ghnwlut
wjwdnidubinh npnpup: Uhwudwudwiwl bw pwpniwly) E Zujwunwih
Epypupwbwut pughpubphtt wntsynny ghnwljut htnwgnunipmnii-
ubkpp' hpwunwpuwlbng hnpjuwsutp b hwminku quiny hwjwtqnt wwunp-
phpuubttpnid  Zuywuwnwh  Epjpupinipjut wwwpplip hwpgbkpht
udhpywsé wnipbpny: Unyuhul], ykpohtt wwwphubpht, wppkt whgus
1hubiny Juuunuwlws hwiquunh, tw dhonn wlnhynpbt htnbnd tp
Zujuunnwind ghnnipjut b, dwutwynpuybu, tpjpuputuljut gh-
nnipjull wpel Swnwgwd fuunhpubpht, npenitnid Ep dhowqquyht
hwdwgnpsulgnipjuipn vhindws Zujwuwnwuh bphpupwtttph, dwbw-
Juty tphnwuwpn ghnbwlwubph gwuptpp:

U.Quwpuybwnjuih, tpjpupuinipjut ptuqujupnid dwbwsusd
ghnlwfwth, ghnwjuquultpyswub npppunp wlny gnpssh, po-
Ytpwubp wbudtwynpnipjut, hnquunwp wuniutnt b hnp hhpwwnwlp
dhown Jun Yutw gnpépultputiph b pninp tpwt Swtwsnnubph hhonnnt-
pjut Ubkg:

22 9UU. Lwlumquhnipjnii

22 9UU. Lhdhwluit b Bpyph dwuht ghumpnitbbph pudwidniip
22 2UU. tpljpwpwiwljub ghinnipynibubph htunpunnun

22 QUU. «Ghunipniiukp Gpyph dwuphy mbnkljugph pdpugpnipini
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22 QUU SEnklhwghp, Fhunipmniiibp Gpgph dwupl, 2016, 69, Ne 3, 45-46
GpPSNEhE3UL U NRUSLED

UL B3 ZUSYP QULUNESSUL
(1932 - 2016)

Owlp, Jupdwwnl hhjwunnipmnt-
uhg htwin 2016p. ognuwninuh 26-hu
Jyuuphg hknpwgwy 2z QUU Gpljpw-
pwbwlut gqhwunmpmnibttph htuwnp-
nninh Juunwljuowwn thpjuyubphg
Uklp, hwpuwybkwnnipjut b tpu vwh-
dwliitiphg nnipu hpwphiughwnnipjut
wuyupbgnmud fwbtwsdus dwutmghn,
hpwpliwghunmpyut jupnpunnphugh
wjwg ghwnwohuwwnng, bpjpupwbw-
hwpwpwtiwlu ghunnmipniuubph
phliuwény Ukpgly Zuylh Gupuuybn-
Julip:

U.Gwpuybnjuip stk k 1932p.
hnljunbtdptph 11-ht Gphwind Swnw-
mnh punwihpnd: 1952-1957pp. unynpl] b wdwpunb] £ 6N2 Epypw-
pulinipjut dwlnynbnp Epjpupubtujut hwinyp b ogunuljup hw-
twoénubph hwtpwquwyptph npnunud dwubtwghunnipjudp, unnwbwny
hudtutp-tpypuwpwth npuljwynpnid:

1955p.-hg, ntin ntudwt mwphubphg ujuwsé dhsh qupudwp, onipe
60 wnwwphubph ptpwgpnid, U.Gwpuybwnjwip wupundky wojuwwnt) k
GAP-nud:

1961-1964pp. unynph] E wuyhpuwtnnipunid widuith ghnbwljut
I Nwnpndh nEjudupnippudp b 1968p., Unuljpjunud vUZU QU Uk-
nwnulwut hwipwjuwjptph pjpwpwnipjut, ywknpngpnbhwyh, dhuk-
punghwyh, Epypwphdhuyh httunhwnninnd (MTEM AH CCCP), hw-
onnnipjudp Wuownwwuk) k phjuiwsniujut wnktwjununipniip « Zw-
jmunnwth unpwgnyt (hywphwnwhtt hpwpnipuubph jupnigusph b
Juquh wnpwbdbwhwwnlnipmniiubppr phduyny, uwnwbwny bpypw-
putw-hwipwpwwljut ghnnipniutbph pkljtwsdnih ghnwlwt wu-
nhdwi

U.Quwpuybnjuih hbnwqu wwphubph dwdwnit Epjpupwbw-
Juwb htnwgnuumpnibibpp puggpynud o Zujwuwnwith  wwwpwsph
whngku-snppoppujut hwuwlh hpwpwjinipjutt wetsynn hwupgk-
nh (uwyu oppwtwl): Unwohtt htppht tpw niunidbwuhpnipnibubpp
udhpws b Zuwjwunwinid jwjunpbt wpunwhwjndws ppnt Juquh
guplpwadl jadph hpwpnijuubph wpwowgdwt yuydwbttph, ynipulwub
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Juquh, jupnigquspwjhtt wnwidtwhwnlmpnitubph puguhwyndwi
hwpgtnpht, pipkiny tpwb nyju] wmuyupkgnid puywnbnul dwubw-
gtinh hwdpwy: Uju wohmmwnwupubpp ninklgynd Eht jnipupwbisnip
hpwppiwghtt jurnygh dwbpwlplihwn tpipupwtiw-hpupjpwghnulut
b Epypuwpwbw-ybnpngpubhwljut pupnbqutph Juqudwdp  hsp,
pwugh ghnnuljut wpdtphg, nitth jupbnp jhpunwlwut tywbwlnipint,
npnyhbnlb wju mhwyh hpwpnitjutbph gnpénitbmipjut htwn Eb juuyqus
ohttmyniptph wpwnunpnipjut b munbunipjubt nwupptkp nnpunubkpnd
. Yhpwoenipmnit quuus hwupwyhtt hnudph wjtyhuh whkuwlukpl,
huswhuhp &b whnjhunubpp, yhiquikpp, npny whwh nndpbpp, opup-
nhwutbpp b wybe
UGupuybwnyuih Ynndhg donwwybku hwwunll nipwunpnipjut
wnwplu kp hwinhuwgl] Zuyjwunwind jujunpit mupuwsyws opuh-
nhwutbkph nunidbwuhpnipnitp, husp Uh Ynndhg wupqupwimd k
upwig wpwowgdwt b dbwynpdwt ghnnwlwt hwpgkpp, dniu Ynnuhg
ubpjuyugind - puqUuunbuwl] gnitwgln  opuhnhwtttpp, npyhu
uppupdbunn Jhuwpwtupdtp ptwlut wltwugnpsuljutt pupuwnk-
uwl]: Yubuph Ykpohtt optphtt tpw hbEnhtwlnipjudp («Fhunnipjut
wpjuwphnid», h.2, 2016p.) nyu wbuwy unjup wlbwpl Wwlhpduwsd
Epypupwbwfut, ghnwywndwljul, phguputujut b donnyppuljut
wpybkunubpnid opuhnhwth nlph b ywbhwlnipjub Jepupbpug:
U.Yupuybtunyuiup htnhtwl b hwdwhbinhtwl k£ onipe 110 gh-
nuljut wohunnpnibikph wyn pynd 4 dkiwgpnipniulbph, 14 k-
nwghp hwyybwnynipniuutph, husyku twb dhpwqquyhtt b hwbpw-
whunwlwt ghnnwdnnnyubtpht ukpuyugdws puquuphy phqhutph:
Qhunwljut  gopéniubnmipjup  gqnigpuipwg U.Ywpuwwbunjwuth
huuntugwéphtt hmnljuwbowlwb Ep tdhpndt wljnhy juqdulbpusw-
Jut wohmwnwbputphtt htunhnninnd b, hwnjuwybu, nuypngu-
Juuutph b Ephnwuwpnubph opowtnud: Gpijpwpwnipjutp whpnt-
Uny bpw bEpjupudju wriwnwiph quuhwwnwljuih Jjuynipmit k|
hwunhuwtnid mwppbp gipunbugnipiniutiiph Ynnudhg tpub ounphquws
puquuph] yuungpbpp, gnytunwgptpp, ghyndubpp, htsybu twb
2015p. 22 Yppnipjut b ghnnipjub bwjupwpupnipjut hnipwdbnup:
U.Quwpuybnjuih® thnpdwnnt dwubmglnh, g hwdbuwn, wmquhy
b puybkpwubkp, ks hwupquip Juybinn wudtwynpnipjub, withnpw-
phukjh wdniutini, hnp nt wuwuwhlh hhpwnwlp que fjdtw tpw pb-
Ytpuknh, wopnwmwnwhgutinh b pninp dwtwsnnubph upnbpnud:

2Z 2UU. Gpljpwpwiwljut ghnnpinibibph htunhwnnin
22 QUU. «Qhuinmpniutkp Gplyph dwuhis nknklwugph pdpugpnipini
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1. Zwjwunwih Zwbpuwbnmput Ghunpmutbiph Uqquyhtt Ujwnbdhugh “Ghumpmitikp Gplph
dwuht” nntjugpnud hpunwpulynud i Zuywunwimd b wpnwuwhdwiyuwb ipyputpmd ipypupwinipyub,
tpypwbhghuyh, ubjudninghuyh, dhqhjulubt woiwphwgpmpyut b Bpyph dwuht ghinnieymiabtph wy
wuwupkqupnud upynn wkuwlul, hnpdwpupuljut b fhpupwljwh hbnwgnunpniatbph wpynoiplbpp:

ZnnJustbpp  bhphuyugymd Eu hugbplb, pnwubpbit juwd whgbpbb (kqunyd, wwwugpmipjub hwdwp
wuwwnpuwun Jhulnud, hpuwnwpuluwi poypundnipyut b nipklignn twdwyh htin dhwuhb: Sknkjugpnud popnp
hpunwpwlnudubpp wnwg hninpuiph ku:

2. Znnush swfuyp, thpunjuy wunlkpubpp, npnig phyp swkwnp k wiguh 3-hg, tkpunjuy “w”, “p” b wyb,
wnniuwljubpp, wdthnthwghpp, oguugnpéjwsd gpuijutinipyut guulp, whwnp £ juquh dnwn 10 ky: Skpuwnp
whpwdbon E wunpuwunt) Microsoft Word-ni] Times Phonetic Unicode wnnwnwinbuwiljh ogunugnpduundp, 12
swihny b 1.5 hunbpyuyny, wnwig nnnunupdbph: dwonbpp whwp b (hukh. Quuhg' 3ud, ytplihg b tkpplhg
2.5ud b wghg' lud: Znnjwsédn ubpluyugynud k 2 oppiwyny, jnipupwisinipp hinhttwyh (hinhtwlukph) uvinnpu-
qpoipjulp b EiEnpntught inwpplpulng, CD ujudurwlh Jpu:

Nuwwnykpubkpp, nruubuwpubpp b wpnruwljubkpp, hwdwpwludwi b pauguinpugpbph hin vhwuht, whnp
E (hukt ub-uyhwinwly, A4 dnpdunhg ny Uks b wupq puphnubh: Munljkpitph hudwlwupgsughtt inwppbpuljubkpp
wkwnp Ethukb “bmp, *.tif fud *.pex npluwntitipni], 200-600 dpi pinupdwljdwdp (Ykwn/gnud):

3. Znhtwutpp whwnp b hinbkh wduwgppnud hnnpjustbph nywugpdwi pigmiws jupght. hnpjwsh
Jptwghpp, hinhtwlh (hinhtwyukph) widui- huypuijut ujqpwnuetpp b wqquimiip (wqquiuntbikpp),
Juquuljbpynipmiip b hwugkl, ukpwpju) E-mail-p (kpk hwdwhbnhtwlubpp wwppbp juquulbpynd-
piniuutiphg Lo, phipynud Gu ponph hwugkubpp' juywlguws wunnuithpny), hnnqush ubnuwghpp (winwnw-
ghwt): Uwyu htinlinud i hnpjwsh hhultwljut inkpunp, wwpu Tiokyn 'wdh nuywgplwh buyyuwnw!

b ghnwlub tnpnyyep, wdthnthwghpp eowubplb (huybpty) (EqUny b utnuughp (winwnwghw, 6-8 winn) wg kpkh
1Eqny: Ikpgnid, wnwtdh kony, nipynid k oquinugnpdus gpuijuiinipyuits guiilyp:

4. Oguugnpsus gpujuinipnitp phipynud b pughwtnip gmguyny, wowtdht boh Jpu: ZEnhtuwlukph
wqquiniibpp gpdnud i wypphtwuts Jupgny (wewghtip' hnnjwsh (kqyny, wwyw huglipkt jud powebphb,
Jpenud’ wplhdnwbypnuuljuit {kgnitipny): Skpuinnid dkgptipynn hnnudp phipdnud E Yinp thwljugstpnud, htinh-
twlh dhuyt mqquinjut tpdwdp, puophtiwmlh (kqyny, ipt hinhtwljubpp Epyniuhg wdbh B, pynud £ wnwghtu
hudwhbtnhtiwlh wqquiniup b wyb, wyw® hpwywpuldwb wwph:

5. Ubkgpkpynn qpuljwimipjutt guuyp dbwynpynid bt hbwnbjwy Ybkpy. w) qppbiph hwdwp toynud Eu
htinhtulh (htnhtwljutph) wqquinibp b wiju-hwjpuidui ujgpiiununtpp, gpph (phy widuinudp, npuntn &
hpwwnwpulyty, hpunwpulsnipniup, hpunwpuljpdwi wwuptephdp, kokph putwlp:

p) Uduwgpuyhtt hnnjuwsubph hwdwp® hbinhtwyh (htinhtwlubtph) wqquiniup b wijub-huypuqui
ulqpiwnunkpp, hnypjwsh 1phy wijuunudp, wduwgph wiuinudp® hwdwdwyi punniiduws hwwyudnudubph,
hwwnnpp, wluwgph jud poqupuwt hwdwnpp, hpwnwpuldwb wupbphdp, tebpp:

q) @pplipnud (hwjupwdniutipnud) ghntingus hnnjusttph hwdwp® hinhtiwlh (hinhtwljubph) wqquinip,
winwb-hwypuinjut ulqpwnunkpp, gppnid hogJush phy winjwbnwdp (... " qppoud), qpph winjwbmudp,
npntn kE hpunwpuljt), hpunwpulsnipniip, tekpp:

1) Ukndwqpbph hwdwp® hinhtwlh wqquiniup, widub-hujpuiub ujgpiwnuntpp, wnbiwinunpju
wijuinudp' hwdwdwyy pugnijws hwywydw (ophtwly’ Epypwp.-hwip.ghn.pijuwdnth ghnwljut wuwnh-
Swbh huygdwt wnktwpinunipjut ubndwghp), punupp, juquuijpynipniip, npntn juyugh) b yguonyw-
tmpjmip, wwpbphp, kekph pwiwyp:

6. PJunpljus ywhwhgubpht spwdupupnn honjustbtpp skt pipmgnud:

7. Uppuignnidhg htinn jpugnudubip sk wpdnud:

8. vdpwgnpnipjut Ynnuhg hnndush dhpddwb nhwpnid htinhtwlho ykpunupddnd k puwgph 1 ophtiwp b
lulpugpmipniint hpkt b JEpuwyubnud hopjush dhipddwt wyuwndweubph dwuhtt pubwdbd squpkne hpw-
Unilipp:

IMTPABUJIA ODPOPMJIEHIA PYKOITUCHU

1. B xypuane cep. “Hayku o 3emie” U3sectuii HanmonanbHoit Akagemun Hayk PecriyOnnku ApMeHus myOnukyoTcs
Ppe3yIbTaThl TEOPETHYECKHX, SKCIIEPUMEHTANBHBIX M TIPHKIIAIHBIX MCCIIEI0BaHNH, IIPOBOIUMBIX B APMEHHH M 3apyOekKHBIX
rOCyJapcTBax B OOJIACTH TEONOTHH, TeO(pU3UKU, CEHCMOIOTHH, HHKEHEPHOIH CeHCMOIOrNH, TOPHOTO [ela, YKOTCOXUMHUH,
¢msmaeckoii reorpadmm. CTaThy NPEACTABIAIOTCS HA APMAHCKOM, PYCCKOM HWIIM AHIJHMICKOM SI3bIKE B OKOHYATEIBHO
[OATOTOBJICHHOM BHJE BMECTE C CONMPOBOAMTEIBHBIM MHCHMOM M Pa3spelICHHEM Ha ommyOiukoBanue. Bee myGimmkaunm B
XKypHaje Oe3roHOpapHbIe.

2. O06beM cTaThu, BMECTE C WIUTIOCTPALMSIMM, YHCIO KOTOPBIX HE JJOJDKHO IPEBBINIATH 3, BKIO4as “a”, “60” u T.n.,
TabNUIlaMH, pestoMe, OmOIMorpadueil J0IDKeH cocTaBisATh okono 10 crpaHum. TekcT JOMKeH OBITh IOATOTOBICH B
penaxrope Microsoft Word ¢ ucrons3oBanuem mpudroB Times Phonetic Unicode pasmepom 12 u pacnievaran B HHTepBaje
1.5, 6e3 mepeHocoB ¢ moisamu (cieBa — 3.0cM, cBepxy, cHu3y — 2.5¢M, a cipaBa — 1.0cm). CtaThst npezncTaBisieTcst B 2-X
9K3EMILIIPaX PACIeYaTKH, IIOAMICAHHBIX aBTOPAMH, a TAKXKE B dJICKTPOHHOM Bepcuu Ha aucke CD.



Pucynku, Gororpaduu u TaGIMIBI BMECTE ¢ HyMepaImeil 1 MOMHICBIO JI0JDKHBI OBITh YepHO-0ebIMHU, hopmaToM A4 1
YETKO BBINOJNHEHbI. KOMIBIOTEPHbIN BapHaHT PUCYHKOB JOJDKEH ObITh B (opmare *.bmp, *.tif wim *.pcx ¢ paspemennemMm
200-600 dpi (Touek Ha mroiim). IToapHUCYHOUHBIE TOANMCH MPHIATAIOT HA OTJACTBHOI CTpaHHIE W OGOPMISIOTCS COTIACHO
TpeOOBaHUAM.

3. ABTOpaM clemyeT NpUICPXKUBAThCSA OOIICHPUHATON B JKypHAle CXEMBI CTAaThbH: Ha3BaHHWE CTAaTbH, MHHUIHANBI H
¢damuus aBTopa (aBTOPOB), OpraHM3alMst M aipec, BKmodas E-mail (eciam coaBTOpbl U3 pasHBIX OpraHM3alUH, TO
TPUBOMIATCS aJpeca BCeX, MPUBA3aHHEIE CHOCKAMH Yepe3 3Be3/I0UKy); aHHOTAIMs CTaThH (6-8 CTPOK), OCHOBHAS 4aCTh TEKCTa,
¢ 00513aTe/ILHBIM YKA3aHHEM IIeJIM M HAYYHOI HOBU3HbI CTATHH, PE3IOME Ha PYCCKOM (apPMSIHCKOM) A3bIKE M aHHOTALIHS Ha
AHIJINICKOM si3bIKe. B KOHIIe, Ha OTJENBHOI CTPaHHUIIE, TPHBOAUTCS CIIUCOK JIUTEPATYPHI.

4. Jlutepartypa NpuBOAUTCS OOLIMM CHHUCKOM Ha OT/AEIbHOI cTpanuiie. PaMUIMK aBTOPOB PacroaraloTes 1o andasuty
(BHauane Ha A3bIKE CTATHH, 3aTEM apMAHCKHE MM PYCCKHe, B KOHIIE 3aIaJHOEBPOIEHckie). B TeKcTe cChlKa Ha IMTEpaTypy
IPUBOIHUTCS B KPYINIBIX CKOOKaX ¢ ykasaHHeM (amMuInu aBTopa 6e3 MHHUIMANIOB, B OPUTMHAIBHOM TPAHCKPUIILHH, a eCIH
aBTOPOB Ooree BYX, TO yKa3bIBaeTCsa (hJaMUINs EPBOTO COABTOPA U JIP., 3aTE€M I'OJI H3JaHHS.

5. CHHCOK LUTHPYEMOM JUTepaTypbl 0GOPMIISETCs CIIEIYIOUMM 00pa3oM: a) Ul KHHUI' yKa3blBAIOT (haMUIIMIO aBTOpA
(aBTOpPOB) W MHUIMAJBI, MOJHOE HAa3BaHME KHUTH, MECTO H3aHUs, W3AATENbCTBO, TOJ, KOJIMYECTBO CTPAHHUI; O) JUIs
KYPHaIBHBIX CTaTell — (aMUIIMS U MHHIMANBI aBTOpa (aBTOPOB), IOJHOE HA3BAaHHME CTAaThH, HA3BAHHE JKypHAIa COINACHO
MIPHHATOMY COKpAIIEHHIO, TOJ] W3/IaHHs, HOMEP TOMa, HOMEp JKypHalla WM BBIMYCKa, CTPAHMIBI, B) JUIS CTaTel B KHHUTax
(cOopHMKax) — (aMUIMS M MHUILMANBl aBTOpa (AaBTOPOB), MOJHOE Ha3BaHWE CTAaTbU B KHMre (mumercs B ku.: “....”),
Ha3BaHHE KHUTH, MECTO M3JaHMs, M3/1aTeNbCTBO, TOJ] U3aHUs, CTPAHHIIbI; 1) UL aBTOpedepaToB — GaMHUINS M MHALHAIBI
aBTOpa, Ha3BaHHE CO CCHUIKOi COrIACHO MPHHATOMY COKpaIeHuto (ABToped.aicc. Ha COUCK.YY.CT.KaH/. WM JJOKTOpa HayK),
TOpPOJI, OPTaHM3aINs, TJIE COCTOANACK 3aIHUTa, FOJI, KOMYECTBO CTPAHMIL.

6. CTaThy, HE OTBEYAIONHUE NEPEUNCICHHBIM TPEOOBAHUAM, HE IPHHUMAIOTCS.

7. JlonoHeH!s B KOPPEKTYPY HE BHOCSTCSL.

8. B ciydae, ecnu CTaThs OTKIOHEHA PEJaKUHel, aBTOPY BO3BPAIIACTCS OMMH K3EMIUIAP PYKOIHCH, U PEJaKIHsL
OCTaBIISET 3a cO0OM MPaBO HE BECTH JIUCKYCCHIO IO MOTHBAM €€ OTKJIOHEHHS.

MANUSCRIPT PREPARATION GUIDELINES

1.Eart sciences series journal of The Proceedingings of the National Academy of Sciences of the Republic of Armenia
publishes results of theoretical, experimental and applied research conducted in Armenia and abroad in the field of geology,
geophysics, seismology, engineering seismology, mining, eco-geochemistry, physical geography, etc. Articles are submitted
in Armenian, Russian, or English as final manuscripts enclosed with a cover letter and letter of authorization for publishing.
All publications in the journal do not provide for any royalties.

2. Atrticle volume including maximum 3 illustrations with a, b, etc., tables, abstracts, and list of references shall total to
about 10 pages. Texts shall be prepared in Microsoft Word editor with 12-point Times fonts and printed 1.5-spaced without
hyphenation. Text margins shall be 3.0 from the left, by 2.5 cm from the bottom and top, and 1.0 cm from the right. Article
manuscript shall be submitted in two printed copies signed by the authors, and as an electronic version on CD diske.

Figures, photos and tables, numbered and with captions, shall be black-and-white in A4 format and of good quality.
Electronic version of figures shall be in *.bmp, *.tif or *.pcx format with resolution of 200-600 dpi (dots per inch). Figure
captions are attached on a separate sheet and formatted as required.

3. Authors shall adhere to the following scheme accepted for all journal articles: article title, initials and surname of
author (-s), affiliation and address, including e-mail (if authors have different affiliations, asterisked addresses for all must be
placed in the footnote), abstract (about 6-8 lines), body text with mandatory indication of the purpose and the scientific
novelty of the article, summary in Russian (Armenian) and abstract in English. List of references is attached at the end on a
separate page.

4. References should be listed on a separate sheet. The authors’ surnames should be given alphabetically in the origin
language of the article and followed by the Armenian or Russian, and West-European). All citations in the text should be
referred to in round brackets and should include the single author’s surname without initials, in original transcription and the
year of publication. In case of 2 and more authors, the first author’s surname followed by et al and the year of publication
should be provided.

5. List of References is formatted as follows: a) author(s)’ surname(s) and initials, year, complete title, place of
publication, publisher and number of pages are given for books; b) author(s)’ surname(s) and initials, year of publication,
complete article title, journal title in standard abbreviation and issue number, followed with number of pages, are given for
journal articles; ¢) author(s)’ surname(s) and initials, year of publication, complete article title followed by “In: * ... book title

..”, place of publication, publisher and number of pages are given for articles in books (collections); d) author’s surname and
initials, title and standard abbreviation for thesis abstracts (thesis abstract for the degree of Candidate, or Doctor of Geology
and Mineralogy), year, city, thesis defense institution, and number of pages.

6. Articles not meeting the listed requirements are not accepted.

7. Additions are not introduced into proofs.

8. One copy of article manuscript rejected by editors is returned to the author and editors reserve the right not to enter
into discussion on the reasons for such rejection.

Toxnucano k neyatn 2016 r. neu. 11.3. 3akaz N 748
bymara odcernas 1. Tupax 150 ox3. Llena norosopHasi.
MznarensctBo “T'urytion” HAH PA. 0019, EpeBan, np.Mapiuana barpamsna, 24r.
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