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MopenupoBaHne AMHAMUKUN PaACKPbITUA
KpynHorabaputHoro TpaHcopmMmupyemoro pednekropa
KOCMMWYECKOW aHTEHHbl 3 KOMMNO3ULMOHHOIO MmaTtepuana

C.B. Pe3nuk, /I.E. Yy6anos

MOCKOBCKUIT TOCYTapCTBEHHBIN TeXHUMUeCKHil yHuBepcuTeT nmMeHn H.D. baymana
(HaIMOHABHBIN UCCIe0BaTeIbCKIUI YHUBEPCUTET)
Poccuiickas Pedepauyus, 105005, Mockea, 2-s1 Baymanckas ya., 0. 5, cmp. 1

KpynHorabaputhbie Kocmuueckure KoHeTpykimu (KKK) 3aHnmaoT ocodboe MecTo cpeau Ipyrux
00BEKTOB KOCMUUYECKOI TeXHUKU. M3-3a OOIBIINX pa3MepoB OHM KOMITAKTHO YKJIaJIbIBAIOTCS MO/
00TeKaTe I paKeT-HOCUTEJIE MJTU B TPY30BbIe OTCEKN KocMuveckux amnmaparoB (KA) mo tumy Space
Shuttle. [Tocne BeiBoga Ha padouyio opouty KKK aBromMaTnyecku pa3BepThIBaIOTCS U IPUHUMAIOT
3alaHHYI0 KOHMUTYpAILMIO C UCTTOJIb30BaHUEM TPaHCHOPMUPYEMbBIX 2JIEMEHTOB, OMTHOBPEMEHHO
BBITIOJTHSIOIINX (DYHKIIUM CUJIOBOTO KapKaca 1 MpuBoaoB. Orepalinio pa3BepThIBaHUS CJIEAYeT IPOo-
BOIUTH B 3aJJaHHBIC CPOKU, U OHA HE MOJIKHA MIPUBOIUTH K CHIDKEHUIO MIPOYHOCTH, HapyIIEHUIO
(bopMBI 1 TTOTEepe MPOCTPAHCTBEHHOM OPUEHTAIIMH KOHCTPYKIIMU. JIJIsT BBITIOJTHEHUSI OTUX TpeOoBa-
HUII HEOOXOIMMO TEOPETUYECKU MCCIEN0BAaTh TMHAMUKY pa3BepThiBaHUs poeKkTupyemoin KKK.
Hacrosiast pabora HalieJeHa Ha TIOMCK ONTUMaJIbHBIX KOHCTPYKTOPCKO-TEXHOJIOTMUECKUX PEeIICHU I
CBEPXJIETKOTO TpaHC(HOPMHUPYEeMOTO pedieKTopa 3epKaJlbHOM KOCMUYECKON aHTEeHHBI U3 METAJUTH -
YeCKOTO CETETOJIOTHA C CUJIOBBIMU JIEMEHTAMM B BUIIE TEJIECKOMTMYECKUX IOJIBIX CTEPXKHEHN 13 yrie-
maactuka. IIposeneHo yncieHHOe MOAEIUPOBAHNE JUHAMUKU PACKPBITUSI CUJIOBBIX 3JIEMEHTOB
aHTEHHOTO pedJieKTopa ¢ y4eTOM MPUCOETUHEHHOTO K HUM CETETIOJOTHA C TOMOIIIbIO OTEYeCTBEH-
Horo rmporpamMmmHoro komiuiekca EULER 10.25. B pesynbraTe MomeapoBaHUs OIIPEAeICHO BIMSHIE
HAaTSIKEHUSI CETETNOIOTHA Ha TIPOLIECC PACKPBITUSI KOHCTPYKIIMHU pedekTopa. YUeT yrpyroi Harpy3-
KU OT CETEINOoJIOTHA Ha CUJIOBBIE JIEMEHTHI MO3BOJIUT 00ECTIEUUTh UX CTAOMJIBHOCTD U KECTKOCTb U
YBEJIMYUTH TOYHOCTh HATSIKEHUSI CETEIOJIOTHA.

KiroueBble cJioBa: 3epKaJbHasi KOCMUYECKast aHTEHHA, pedIeKTOp, IMHAMUKA PACKPBITHS, YUC-
JIEHHOE MOJIEIMPOBaHNE, KOHCTPYKTUBHO-KOMITOHOBOYHASI CXeMa, KOMITO3ULIMOHHBII MaTepral

BBepeHune

B HacTostiiee Bpemst KpynmHOTa0apUTHBIE KOCMUYECKUE aHTEHHBI OCHAIIAIOTCS
TpaHchopMupyeMbIMU pediiekTopaMu. [T0BepXHOCTB 3THX peIEKTOPOB, OTpaKarolast
PaIOBOJIHbBI, U3TOTABIUBAETCS U3 METAINTUYECKOTO CETEMOJIOTHA HA OCHOBE BOJTb(pa-
MOBOI1, MOJTMOIEHOBOU MPOBOJIOKU, TOKPBITON 30JI0TOM, WU CTATbHON MPOBOJIOKU C
MokpeiTUeM U3 HUKess1. CeTyarbie pedeKTopbl Harbosee 4acTo UCMOJb3YIOT B 1Ma-
na3oHe pagroBoiH MeHee 30 I'Tir, oObiuHO B nuana3oHe L. Meraminyeckoe ceTerno-
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JIOTHO UMEET MaJIYIO MJIOTHOCTh, JIETKO CKJIaIbIBAETCSI U XOPOIILIO OTPaKaeT pairuoBOJI-
HBI Ha YKa3aHHBIX YaCTOTaX.

TpaHcdopmupyeMbie ceTdaThie pedIeKTOPhl MMEIOT MalIylO IIOTOHHYIO INIOTHOCTD
(Maccy Ha eIMHMILY TUIOLIAIM TOBEPXHOCTH ), He TpeBbliaolryo 0,5 kr/m2. x Macca
koJiebercs ot 50 mo 100 kr mpu quametpe 12 m [1. C. 6—9].

CusoBble cXeMbI TpaHC(HOPMUPYEMBIX peJIEKTOPOB IIPUHSITO JSIUTh Ha BAHTOBO-
000IHBIC, 30HTUYHBIE U (hepMEHHBIE.

BanToB0-0001HasI cxeMa pedIeKTOpOB HanboJIee TIIAaTeIbHO pa3padoTaHa pupMoit
Astro Aerospace. CTep:XHEBbIE 3JIEMEHTHl HeCcylleil KOHCTPYKIIMU pedieKTopa
AstroMesh a1oi1 pupmeI (puc. 1) U3roTOBIEHBI U3 TEPMOCTAOMIBHOTO YTJIeIIaCTUKA,
YTO JIeJIaeT ee JOCTAaTOUHO MPOYHOI U Jierkoi (Macca pediektopa — 78 Kr) [3].

Puc. 1. Pednektop KOCMUYECKON aHTEeHHbl BAHTOBO-00604HOM cxembl drpMbl Astro Aerospace
[Figure 1. Cable-rim scheme space antenna reflector of the Astro Aerospace Company]

Henocratkom Takoro tuiia pedaeKTOpoB SIBISIETCS HEOOXOIMMOCTD YPE3BhIYAITHO
CJIOXKHOM M TOHKOM HACTPOMKM TPOCOB, OTBEYAIONINX 32 (POpMHUpPOBaHME TPOPUIIS OT-
paxatoliieit moBepxHocTu. Kpome Toro, Ha TOUHOCTb ITOBEPXHOCTU OKa3bIBaeT BIUSIHUE
JKEeCTKOCTbh 000/1a — KOJIbLIEBOrO ITaHTorpada, BhIITOIHEHHOTO U3 MOJIbIX CTEPXKHEN.
C yBenmmueHMEeM TraMeTpa 0001a KOJIMIECTBO CTeP:KHEBBIX 3JIEMEHTOB 1 X Macca pa-
CTYT OBICTpEE, YTO BEIET K YBEIIMUCHUIO IIOTOHHOU INIOTHOCTHU pediekTopa. Takke B
[4; 5] oTMedanach BepOSITHOCTh CHIZKEHUSI TOYHOCTH ITPOMUIIS OTpakKarolieil IToBepX-
HOCTH C TIpUOIIMKeHNEM K niepudepun pedieKTopa. YKa3aHHbBIN HEIOCTATOK CTaAHO-
BUTCS ellle Oosiee KpUTUUHBIM T10 Mepe Bo3pacTaHUsl rabapuToB pedIeKTOPOB B pas-
BEPHYTOM COCTOSIHUU.

[pyras pacrpocTpaHeHHasI cXxeMa KOHCTPYKINH pedIeKTOPOB UMEHYETCS 30HTHY -
Holi (puc. 2). B 3Toii cxeme popMa oTpaxKarolieil IOBepPXHOCTU TOXKE PEeTyINPYETCs
TpocaMM, HO OHM 3aKpeIUIeHbI Ha pagualbHBIX CUJIOBBIX 2JIEMEHTAaX B BUIE MOJIbIX
CTepKHEeH, MAYIINX OT lIeHTpa. JI0CTOMHCTBOM 3TOM CXEMBI SIBJISIETCS. MEHbIIIEe KO-
YECTBO CUJIOBBIX 3JIEMEHTOB 1, COOTBETCTBEHHO, MEHbII1asi IOTOHHAasI IJIOTHOCTD ped-
JIEKTOpA.
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Puc. 2. PedbnekTop KOCMNUYECKON aHTEHHbI 30HTUYHOM cxeMbl prpMbl Harris
[Figure 2. Umbrella type reflector of the space antenna, Harris Company]

30HTUYHAS cXeMa TT03BOJISIET peain30BaTh 3PPEKTUBHOE PEryInpoBaHue (POPMBbI
OTpakalolleli TOBepXHOCTU Yepe3 YITpaBIeHUE CUJIOBBIMU 3jieMeHTaMu. Ee OCHOBHBIM
HEJIOCTaTKOM SIBJISIIOTCSl BHICOKHME TPeOOBaHUs K HAIe>KHOCTH MPUBOIHBIX 9JIEMEHTOB,
KOTOpbIe 00ecTneunBaloT packpbiThe pedeKTopa U OTBEYAIOT 32 PETYJIUPOBKY (DOPMBbI
OTpaXarolle MOBEPXHOCTH.

Ocoboe MecTo cpean KPYITHOTrabapuTHBIX TPAaHC(HOPMUPYEMBIX KOCMUYECKUX CH-
CTEM 3aHUMAIOT hepMeHHbIe KOHCTPYKLIMU (puc. 3). OHU NpeAcTaBiIsiioT co00it MPo-
CTPaHCTBEHHBII CKJIaIHOM KapKac, COCTOSIINIM U3 IIIAPHUPHO COSTMHEHHBIX CTEPIKHEH.

Puc. 3. PednekTtop KocMU4eckon aHTeHHbI depMeHHon cxembl AO «OKE M3W»
Ons Manoro kocMmuyeckoro annapara «Cesep»
[Figure 3. Truss type reflector of the space antenna designed for small spacecraft “North”, JSC “OKB MEI"]
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Oco0eHHOCTh 3TUX KOHCTPYKIINI 3aKJIF0YAETCSI B KOMITAKTHOCTY IIPY TPAHCTIOPTH -
POBKe, 0OJIBIIOM OTHOIIEHUH 00hEMOB B PACKPBITOM U CJIOXKEHHOM COCTOSTHUSIX, OBbI-
CTPOTE PACKPHITHUSI, MaJIOil Macce P 3HAYUTEIbHBIX pa3Mepax 1 B TO 3Ke BpeMst 00J1b-
LIOM TUIOLIAAN paboyveil TOBEPXHOCTU B PACKPBITOM COCTOSTHUM.

OnpeneneHue IMHAMMYECKUX XapaKTePUCTUK YIIPYTUX KPYITHOrabapUTHBIX TPaHC-
opMUpyeMbIX KOCMUUECKUX KOHCTPYKIIUI OTHOCUTCS K YMCTYy HanboJiee BaxKHbIX U
TPYAHBIX IIPOOJIEM IMHAMUKH, YTO O0YCJIOBJICHO CJIOXHOCThIO KOHCTPYKIIMIA, a TaKKe
JKECTKMMU TPeOOBaHUSIMU K TOYHOCTHU MX OpUEHTALUM U cTabuiau3anuu [6]. 3agaun
IUHAMUKN KPYITHOTa0apUTHBIX KOCMUYECKMX KOHCTPYKIIUI PpAaCCMOTPEHEI B PSIAC ITy-
omukatmii [7—12].

B [13] mpencTaBieHa cTpyKTypHasl CXeMa METOa PeIlIeHWs] OCHOBHBIX 3a1ad
IIPOCKTUPOBAHMS PaCKPHIBAIOIINXCS KOHCTPYKIUI KocMudecKoro armapata (KA)
C OIMMCaHMEM YIIpaBJIsIeMbIX IIepeMEHHBIX, BUIOB HArPy3KM HA PACKPHIBAIOIIECS KOH-
CTPYKIIUM, TEXHUIECKUX TPeOOBAaHMI K KOHCTPYKIIUU. MonelInpoBaHUe pacKPhITUS
TpaHchopMupyemMoii hepMbl MPOBEACHO B MporpamMmme «3eHUT-95». Co3maHHast yHU-
BepcaJibHast MOZIEJIb ITO3BOJISIET ONPEE/ISITh KWHEMaTUIeCKe, IMHAMUYECKIE U ITPOY-
HOCTHBIE XapaKTEPUCTUKU B IIPOLIECCE OJHOTO pacyera.

71 MoenpoBaHuUs paCKPbITHUsI MHOTO3BEHHBIX KOCMUUYECKMX KOHCTPYKIIUMA pa3-
pabotanbl mporpamMmmMHbie KoMIIekebl EULER 1 Adams. C nx ToMoI1bio MOXKHO OTTpe-
JIEJUTh 3aBUCMMOCTH YIJIOB PACKPBITUSI 3BEHbEB KOHCTPYKLIMI OT BpEMEHU, TJIUTETb-
HOCTb IIpOlLIecca PaCKPBITUSI, OTHOCUTEIbHBIC YIJIOBbIE CKOPOCTHU 3BEHBEB, a TAKXKE
IMOCJIEI0BATEIBHOCTD X (DUKCAINMN.

MoaenpoBaHue IIPOLIECCOB PACKPHITUS MHOT03JIEMEHTHBIX IOABIKHBIX KOHCTPYK-
nuii KA paccmotpeHo B [14], rae yaensieTcs: 00/bl10€ BHUMaHUEe KUHEMaTUUYeCKUM
rmapamMeTpaM CTBOPOK Ha MOMEHT (PMKCAIIM ¥ METOJAM MX OLICHKM.

Bormpocam pa3BepThIBaHUSI aHTEHHOTO pedIIeKTopa B KOCMOCE C TIOMOIIBIO IITAHT U,
UMelollelt B CJIO)KEHHOM COCTOSTHUU rabapuThl, MO3BOJISIONIME pa3MecTUTh ee Ha KA
o obTekaresieM, mocpsileHa padora [15]. [llTaHra mpeacrapisiia coO0i CTEPXKHEBYIO
KOHCTPYKIIMIO, B KOTOPOU MPOAOIbHbIE CTPEKHU KaXKI0M CEKIIMKU ObUTU CKJIaTHBIMU.

M3 nipoBeneHHOro aHajIM3a CJIeIyeT, YTO HauMeHee U3YYeHHBIM SIBJISIETCSI BOIIPOC O
POJIY METAJLTMYECKOIO CETENOJIOTHA B IMHAMUKE PACKPHITUS KPYITHOTa0apUTHBIX KOC-
MHMYECKUX KOHCTPYKIIMI. Takke HeJOCTaTOUHO M3YyYEeHHBIM SIBJISIETCS BOIIPOC HArpy3-
KU OT HATSTMBAaHUS CETEIIOJIOTHA Ha CUJIOBBIC 3JIEMEHTHI peIeKTopa. YUeT 3TOil Ha-
IPY3KH OOECIICUNT IMOBBIIIEHNE CTA0MIbHOCTH KOHCTPYKIIUM KPYITHOTa0apUTHOTO
TpaHCchOPMHUPYEMOT0 aHTEHHOTO pedJIeKTOpa 1 ITO3BOJIUT YBEINYUTh TOYHOCTh OT-
paXxarolien MOBEPXHOCTH.

Llenb pa®oTHL: olpeaeacHre BIUSHUS YIIPYTUX HaTpy30K, BO3ZHMKAIOIINX IIPY Ha-
TSITUBAaHWUM CETENOJIOTHA, HA CWJIOBBIC 3JIEMEHTHI KOHCTPYKIIMH, a TAKXKE POJIM KPUTH -
YeCKOU Harpy3KM OT CETEeITOJI0THA Ha MPOIIECC PACKPHITUS aHTEHHOTO pedieKTopa.

MocTaHoBKa 3apa4v U NoAXoAbl K ee peLleHmnio

OO0OBEeKTOM UCCAEA0BAHUN HACTOSIIIEH paOOTHI SIBJSICS TPAaHCHOPMUPYEMbII CEeT-
YaThIi pedIEKTOP KOCMUYECKOI aHTEHHBI 30HTUYHOM cXeMbl [16].
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Teomempuueckasn modeav. PediieKTop IpeacTasisl COO0M CUCTeMY CHIIOBBIX BJie-
MEHTOB — TeJIeCKOIMMYSCKUX IITaHT, K KOTOPBIM KPEMMJIOCh CETEII0JI0THO (puc. 4).
[Mpennonaranock, 4To KaxKaast TeJIECKOMMYECKast IITaHTa COCTOMT U3 4 MOJIbIX TpyOYa-
TBIX 2JIEMEHTOB (pucC. 5).

®usnueckue ponyuieHus. [Tpu MoaeMmpoBaHUM IMHAMUKY pedieKTopa ObLia BbI-
JIeJIeHa CEKILIMSI, COCTOSIIIIAsI M3 IBYX MISHTUYHBIX IITAHT, BEIXOASIINX U3 LIEHTPAJTbHO-
ro y3J1a KperieHus (puc. 6).

] o
\i
AT

Puc. 4. TeomeTpuyeckas mogenb TpaHchopMmmpyemMoro pednekropa
[Figure 4. Geometric model of transformable reflector]

Puc. 5. Teneckonuyeckas wraHra
[Figure 5. Telescopic bar]

Puc. 6. Cxema cekumn pednektopa ¢ aieMeHTaMm KpeniieHnst CETENoN0THa 1 TPOCOB:
1 — ceTyaTasa meTannmyeckas o60no4ka; 2 — TPOoC; 3 — Teneckonuyeckas LWraHra; 4 — ueHTpasbHbli y3en KpenneHms
[Figure 6. Schematic of the reflector section with the fixing components and cables:
1 — metal mesh shell; 2 — cable; 3 — telescopic bar; 4 — interface (the central fixation point)]
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ITonpa3ymeBasioch, YTO IITAHTY COSAUHSIIOTCS C LEHTPAIbHBIM Y3JIOM KPETUICHMUSI
nIeaTbHBIMU IITApHUPaAMU. AHAJIOTUYHBIM 00pa30M CKpeTUIeHBI MEXKIy cO00i TpyOUa-
ThI€ JIEMEHTBI KaXKI0M IITaHTH.

Macchl ¥ MOMEHTBI MHEPLIMU TBEPIBIX TeJI IIPUHUMAINCh TPUOINKEHHO-PaBHBIMU
MaccaM 1 MOMEHTaM MHEPLIMU peaibHBIX 3B€HbeB KOHCTPYKIIUK. [1pu onpenereHHOM
OTHOCUTEILHOM TOJIOKEHUU CMEXHBIX 3BEHbEB BO BpeMsI paCKpPbITHUS Ha HUX HaKJIa-
IBIBAJINCH CBSI3M, OTPaHUYMBAIOIINE MX B3aMHOE iepeMelleHre. TeXHUIeCKU CBSI3U
BBITIOJIHSUIMCH B BUE PAa3IMYHOIO poja YIIOPOB, KOTOPHIC MOIEINPOBAIMCH YIIPYTUMU
U AeMITUPYIOIIUMU 3JIEMEHTaMU C COOTBETCTBYIOIIIMMU XapaKTeprucTUkamu. JlericTBue
Harpy3KHd OT CETEITOJI0THA K CUJIOBBIM 3JIEMEHTaM KOHCTPYKIIUM YUUTHIBAJIOCH TaKXKe
IIPY IOMOIIY YIIPYTOAeMII(PUPYIOIIEro 3JIeMEHTA.

Mamemamuueckasa modeaw. I1py:X1HbBI, pacoONOXEHHbIE B IIApHUPAX, MOACIUPO-
BaJIMCh YIIPYTUMU U AeMIPUpyoImuMu 31eMeHTaMu. CHIIOBast XapaKTePUCTUKA KaxK-
JIOTO YIIPYToAeMII(MPYIOIIETO 2JIEMEHTA OIIPEACIISIIaCh CICIYIOIINM COOTHOIIICHUEM:

M(o;, ) = ci((Pr,i — Q) — K,

rae M; — MOMEHT, BO3HUKAIOIIUI B KaXIOM IIPY>KUHHOM dJIEMEHTE; ¢; — KOO(POULINEHT
JKECTKOCTH i-TO YIPYTOro 3JIeMeHTa; (¢; — TEKYIINUI YroJl pa3BepThIBAHUS; @, ; — MpeaBa-
PUTENBHBIN YTOJI 3aKPYTKHM i-TO YIIPYTOro 3JIEMEHTA; L; — KO3(MdOUIMEHT BA3KOTO TPEHUS
i-ro 1eMIupPYIOLIETO ATEMEHTA; (; — OTHOCUTEJIbHAS YIJIOBasi CKOPOCTb CMEXHBIX 3BEHbBEB.

Korma yron packpbITUst CMEKHBIX 3BEHbEB JOCTUTACT OMPEACICHHOIO 3HAYCHUS
©f3x.» COOTBETCTBYIOILETO UX PAOOYEMY MOJIOKEHHUIO, TPOMCXOMUT MOCTAHOBKA 3BEHBEB
Ha yropsl. [TocTaHOBKa Ha yrop MOJAEIMPOBAIACH OMHUM YIIPYTUM ¥ OTHUM AeMII(U-
PYIOLLIUM 3JIEMEHTAMU C HETMHEMHO 3aBUCUMOCTBIO MOMEHTA OT YIVIa pa3BePThIBAHUSI:

0, ecm @; < P fiv >

M (9;,0;) =
Six i \Y i

—C e i (@ =P g 1)~ 0, €CTA Q; 2 P

TIE Cpy ; — KOIDOULMEHT KECTKOCTH i-T0 YIIPYTOTO JIEMEHTA; @y, ; — 3HAYECHHUE YIIIA pas-

BEPTBHIBAHWUSI, TP KOTOPOM IMMPOUCXOIUT MOCTaHOBKA Ha yrop [17].

Moodeauposanue ounamuxu packpoimus ceemenma peghaexmopa. J11s1 iccienoBaHust
JTUHAMUYECKON MOJIEIN 1 BU3yallM3allysl Ipoliecca paCKPbITHUS CErMEHTa TeJIeCKOIIH -
YeCKOM KOHCTPYKIIMM KaK 3JIEMEHTa MHOTOKOMITOHEHTHOM MEXaHUYECKO CUCTEMBbI
ObLT KCITOJIB30BaH OTEYECTBEHHBIN TporpaMMHbIil Komruieke EULER 10.25.

ITpu MopenupoBaHUM 3aAaHbI CAEAYIOIINE TEOMETPUIECKUE TAPAMETPHI:

— IUIMHA KaxXaoro cTepxxHs — 1500 Mwm;

— HapyXHble guaMeTpsl: 72, 62, 52, 42, 32 MM COOTBETCTBEHHO 1151 1—5 (OTKMI-
HOTO) CTEePXKHS;

— TOJIIIMHA CTEHKM CTEPXKHSI — 6 MM;

— TUIOTHOCTB MaTepuana — 1600 kr/m>.

ITapameTpbl (pyHKIIMIA yrIOpa NpUBEASHBI B TAOIMLIE.

KoaddummeHT 3KeCTKOCTH B IPYKMHHBIX 3JIEMEHTaX, 00eCIIEUMBAIOIINX PACKPBITHE
KOHCTPYKINH, IIpMHUMAJICS paBHBIM 1 H/M.
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Tabnvua

YucneHHble 3Ha4YeHns pyHKLUUA ynopa
[The numerical values of the functions of the end stop]

KoaddPurumeHT xecTkocTn KoaddpurumneHT BA3KOro TpeHus
Tvn anemMeHTa/Tnn CBA3N YNpyroro anemeHTa AeMn@UPYIOLLLErO 3NIEMEHTa
[Element type/link type] [Stiffness coefficient of elastic [Coefficient of viscous friction of
element] the damping element]
Ynop 1/BpawatensHas 10 (H-m)/pan 500(H-m-c)/pan
[The end stop 1/rotational] [10 (N-m)/rad] [500 (N-m-s)/rad]
Ynop 2/noctynarenbHas 1H/m 200(H-c)/m
[The end stop 2/translational] [1 N/m] [200 (N-s)/m]
Ynop 3/noctynarensHas 1H/™m 200(H-c)/m
[The end stop 3/translational] [1 N/m] [200 (N-s)/m]
Ynop 4/noctynarensHas 1H/m 200(H-c)/m
[The end stop 4/translational] [1N/m] [200 (N-s)/m]
Ynop 5/BpauwjatenbHas 10 (H-m)/pan 30(H-m-c)/pan
[The end stop 5/rotational] [10 (N-m)/ rad] [30 (N-m-s)/rad]

Ha puc. 7 JEMOHCTPUPYETCA CEIMEHT B Ha4YaJIbHOM I10JIO2KCEHUMU, IIPYKMHHBIC MC-
XaHU3MbI KaXX10I'0 M3 IIapHUPOB HAXOJATCA B CKATOM COCTOAHUMU, YACPXKMUBAA KOH-

CTPYKLIMIO B COOpaHHOM BUJIE.

[Ipenmonaranock, YTO paCKpPBITHE CTEPXK-
HEBBIX 2JIEMEHTOB 1 IIOCTAHOBKA MX Ha YIIOPBI
C MOCJEIYIOIIMM HaTSKeHUEM CETENOoJI0THA
MPOMCXOAUINU OJHOBpeMeHHO. PackpbiTre
BCEX 3BeHbEB KOHCTPYKIIMM B OIMH 3TaM JOJIK-
HO CITOCOOCTBOBATh COKpAIlleHUIO BpEMEHU
PpacKpHITHS Bcero pediekropa. B peann3oBaH-
HO1 MOZIEJIM CETEIIOJIOTHO KPETMI0Ch K OCHO-
BaHMIO KaxJI0ro 3JeMEHTa, TEM CaMbIM UMes
YeThbIpe TOYKU MPUJIOKEeHUS (puc. 8).

Ha puc. 9 npeacraBieHO KOHEYHOE MOJIO-
JKEHUE COCTaBJISIONIMX DJIEMEHTOB TIPU Tiepe-
BOJIe KOHCTPYKIIMM B KOHEUHOE (PaCKpPHITOE)
pabouee nonoxeHue. KOHCTpyKLMsI pacKphI-
BaeTCs MpuU cpabaThiBaHUM MeXaHM3Ma pac-
YEKOBKHU 3a CYET NepBOHAaYaJIbHO HaKOTIEH-
HOW ynpyroii aHepruu neopmMaiuu mpyxuH,
PaCTOJIOXKEHHBIX B IIAPHUPHBIX COSTUHEHUSIX.
PackpsITiie IpOMCXOINT OTHOCUTEIFHO HEKO-
TOPOI TOYKHU (OCH) TIPOCTPAHCTBA, BLIOOP KO-
TOPOI1 oNIpeaeIsieTCsI KOHKPETHBIM KpeIIeHU -
€M KOHCTPYKIIUU K KOCMUYECKOMY arirapary.

Ha puc. 10 npeacrapiieHa Harpy3Ka o Ko-
OpIMHATHBIM OCSIM, ACHCTBYIOIIAs BO Bpallla-
TEeJIbHOM 3JIeMeHTe 1 B HayaJbHBIIA MOMEHT
HATSDKEHUSI CETEIT0I0THA.

Puc. 7. Mogenb cermeHTa Teneckonmyeckomn
KOHCTPYKLMN B COOPaHHOM BUAE:
1 — Teneckonuyeckas wraHra; 2 — LeHTpasbHbI
y3en KpernneHuns
[Figure 7. Model of a telescopic structure
segment assembly:
1 — telescopic bar; 2 — central fixture]
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Puc. 8. Toukun NpunoxeHns Harpy3kn OT HATSXXEHUS CETEMNONIOTHA
[Figure 8. Tensile load application point for mesh]
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Puc. 9. KoHe4YHOe NoN0XeHE KOHCTPYKLIMK
B NpoLecce PackpbITUS CTEPXKHEBON TENECKONMMYECKON KOHCTPYKLMN:
1 — Teneckonuyeckas wTaHra; 2— Ll,eHTpaﬂbell‘/‘I y3en KpenneHna
[Figure 9. Terminal position of telescopic bar structure in deployment:
1 — telescopic bar; 2 — central fixture]
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Puc. 10. Harpyaka Bo BpalaTesibHOM anemMeHTe 1
[Figure 10. Load on rotating element 1]

Ha puc. 11 neMOHCTpUPYIOTCS 3HAYEHUS HATPY3KM OT HATSKEHUS CeTEeI0JI0THA Ha
COEIMHUTEIbHBIC 3JIEMEHTHI KOHCTPYKIIMM B MOMEHT OKOHYATEJIbHOTO PACKPBITHSI.
Kaxk BumgHO, Harpy3Ka Ha 3JIeMEHTHI pa3jIMyHa 110 3HaYeHMIO 1 BO3pacTaeT 1o Mepe
yIaJeHNS IIAPHUPOB OT TOUKU IIPUIOKEHUS CHIIbI HATSKEHUS CETEII0JIOTHA, YTO BITOJI-
He 000CHOBBIBACTCSI MEXaHUKOM IIpoliecca paCKPhITUS KOHCTPYKIIUU.

MECHANICAL ENGINEERING AND MATERIAL SCIENCE 419



Pesnuk C.B., Yyoanos I.E. Becmuux PYIIH. Cepus: HuicenepHbie uccaedoganus.
2018. T. 19. Ne 4. C. 411—425

30

N
(&)
-

N
(o]

1 — BpawaTenbHbIi anemMeHT 1
2 — NOCT. aIeMeHT 2
3 — nocT. aneMeHT 3

Harpyska, H
o

10 2 4 — NOCT. aNneMeHT 4
5 3
W
0 5 10 15 20 25 30

Bpewms, ¢

Puc. 11.Cunosas Harpyska Ha LUapHUPHbIE 3JIEMEHTbLI CO CTOPOHbI HATArMBatOLErocs CETENOIOTHA
[Figure 11. Tensile load on hinge elements from mesh]

Ecnu nipu pa3BepThIBaHUM CETEMOJIOTHA HArPY3Ky OT €€ HAaTSITMBaHUS YBEJIUUUTh B
100 pa3, To MOJEIb C JAaHHBIMU 3HAYEHUSIMU KECTKOCTU MPYKUHHBIX MEXaHU3MOB
3JIEMEHTOB TEJIECKOITMYECKON IITAaHT HE CMOXET Pa3BEPHYThCS.

30
1
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T
g 20 y
2 1 — BpawaTenbHbIi anemeHT 1
315 2 2 — NOCT. 3IEMEHT 2
s I A1 1 3—noct anement 3
T o 3 ‘r'. \ 4— nocr. anement 4
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Puc. 12. Kputnueckas cunoBas Harpy3ka Ha 351IeMEHTbl CO CTOPOHbI HAaTArMBaoLErocst CETENOI0THA
[Figure 12. Ultimate tensile load on structure elements]

Puc. 12 nemoHcTpupyeT KojieOaHMsT HAarpy3Ku. DTO 03HAYAET, YTO MPYKUHHBIC Me-
XaHU3Mbl KOHCTPYKILIMY HE CMOIJIM IIPEO0I0JIeTh Harpy3Ky, KoTopas aeiicTBoBajia Ha
3JIEMEHTBI TeJIECKOMMNUECKOI IITAaHTA BO BPEMS HATSXKEHUSI CETENOJIOTHA.

3aknyeHue

ITo pesynbraTaM TMHAMUYECKOTO MOJEIMPOBAHUS MOJYYEHbl 3HAYEHNUS PeaKLnii
OIOp M0 KOOPAMHATHBIM OCSIM BO BpalLllaTEIbHOM 3JIEMEHTe | OT HaTATMBaIOLIErocst
MeTaJInYeCcKoro cerenonorHa: Sensor R, = 50 H, Sensor R, = 310 H. [1pu stom cu-
JIOBasl HAarpy3Ka Ha Kax/blil 3JIEMEHT KOHCTPYKIIMU 110 Mepe yAaJeHMsI OT LeHTpaslb-
HOTO y3J1a KPETUIEHHS CO CTOPOHbI HATATMBAIOLIEr0Cs CETENOJOTHA MOXKET COCTABUTD:
23,8, 5, 1 H cooTBeTCTBEHHO.
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ITpu yBeanueHUM HArpy3KM OT HaTsKeHUsI ceTenoaoTHa B 100 pa3 packpbiTve Bpa-
LIATEJILHOTO 3JIEMEHTA 5 B KOHEYHOE TMOJIOKEHUE He TTPOUCXOIUT, YTO TOBOPUT O KPU-
TUYECKOM 3HAUEHU U HArpy3KHU JIJis BHIOpaHHBIX KOA(MOULIMEHTOB KeCTKOCTU. BiausiHue
CeTeroJIOTHA MPU PACKPBITUM KPYTTHOrabapuTHOrO TpaHC(hOPMUPYEMOTo aHTEHHOTO
pedekTopa uMeeT 00JIbIIoe 3HAYCHHUE. YUET YIIPYroil Harpy3ku OT CeTenoJI0THa Ha
CMJIOBBIE 3JIEMEHTHI ITO3BOJUT 00ECIIEYUTh UX CTAOMIIBHOCTD U 3KECTKOCTD, UTO YBEJIM -
YUT TOYHOCTb HATSKEHMSI CETEIO0JI0THA.

PaspaboraHHas Mojelb MOXET paccMaTpUBaThCs KaK 0a30Basl U UCIIOJIb30BaThCs
IJIST JATbHEMIINX UCCEAOBAaHUI U aHAIM3a IMHAMUKY PacKPBITUS CTEPXKHEBBIX KOC-
MUUYECKUX KOHCTPYKLIMA.
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Large-sized transformable space antenna reflector
made of composite materials dynamic modeling process

Sergey V. Reznik, Dmitriy E. Chubanov

Bauman Moscow State Technical University (National Research University)
5 2-nd Baumanskaya St., bldg. 1, Moscow, 105005, Russian Federation

Abstract. Large space structures (LSS) occupy a special place among other objects of space
technology. Due to their large size, these structures are compactly stowed under the fairings of the
launch vehicles or in the cargo compartments of the Space Shuttle type spacecraft. After launch into
the working orbit, they are deployed automatically into the predetermined configuration with the help
of transformable elements, which act both as the load-bearing frame and actuators. The deployment
should be carried out within the specified time and should not negatively affect the strength, shape or
spatial orientation of the structure. To meet these requirements, it is necessary to theoretically investigate
the deployment dynamics of the LSS under consideration. This paper aims to find the optimal design
and engineering solutions of an ultralight transformable reflector for a space antenna made of metal
mesh with load-bearing elements in the form of telescopic hollow rods made from carbon fiber reinforced
plastic. The deployment dynamics of the load-bearing elements with the mesh attached was modeled
using the Russian-made software package EULER 10.25. The modeling allowed us to estimate the
effect of the tensile load from the mesh on the deployment process. With the elastic load from mesh
accounted for, the stability and rigidity of the load-bearing elements will be ensured and the accuracy
of the mesh tension will be increased.

Keywords: mirror space antenna reflector, the dynamics of deployment operation, numerical
modeling, design-layout scheme, composite material
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Pe3epBbl COBEpPLUEHCTBOBAHUS KOHCTPYKLUIA BasNiOB

B.B. KupuioBckuii

MOCKOBCKMIi TOCYIapCTBeHHBIN TeXHUYeCKUit yHuBepcuteT nmeHn H.D. baymana
(HaMOHAJILHBIN MCCAeN0BaTEbCKUI YHUBEPCUTET)
Poccuiickan Pedepayus, 105005, Mockea, ya. 2-a baymanckas, 0. 5, cmp. 1

Bajibl npuMeHSII0TCS TTpaKTUYECKU BO BCEX MalllMHAX M MexaHu3Max. B oTiinuue ot apyrux me-
TaJieil, pa3pylleHNe BaJoB IIPOMCXOIUT OYeHb penko. Kak mpenmonarajiock paHee, 3TO CBSI3aHO C
BBICOKHM YPOBHEM COBEPIIIEHCTBA METOAMKH UX pacuyeTa 1 MpoeKTUpoBaHusl. B cTaThe mpoaHain-
3UPOBAaHBI 0COOEHHOCTH TPeX TPAIULIMOHHBIX METOIUK ITPOSKTUPOBAHMS BaJIOB U ITOKa3aHO, YTO
MpU X MIPUMEHEHUH BaJibl HE pa3pyllaTCs M0 MPUYMHE CYILIeCTBEeHHOro (10 27 u 6oJjiee pa3) 3a-
BBIIIEHUST JMAMETPOB BCEX XapaKTEPHBIX YUaCTKOB B CpaBHEHUM C pa3MepaMu, JOCTATOUHBIMU C
TOYKU 3pEHUSI TPOYHOCTHU Basia. [1py 9TOM IUIOLIAb €T0 MTONEePEeYHOro CEYSHMS U, COOTBETCTBEHHO,
Macca MOTYT OBITh 3aBBIIIEHEI Oojiee yeM B 750 pa3. Takoe HUYeM He OoIlpaBOIaHHOE 3aBLIIICHUE
JIMaMETPOB U MACChl BaJIOB HE MOXET CYMTAThCS ITOKa3aTeJIeM COBEPIICHCTBA METOAUK pacuyeTa 1
MIPOEKTUPOBAHUS BaJIOB, HO, C IPYTOM CTOPOHEI, SIBJISIETCS BaXKHBIM PE3epPBOM COBEPIIICHCTBOBAHUS
MUX KOHCTPYKLMI. B HanGoIbllIeil CTeIeHN 3TO OTHOCUTCS K MEXaHMU3MaM, K KOTOPBIM MPEIbsIBIIsI-
FOTCSI TIOBBIIIICHHBIE TPeOOBAaHMSI C TOYKM 3peHNSI MUHUMAJIBHBIX TabapuTOB M Macchl. /111 obecre-
YEHMS 3TUX TPeOOBaHMIT HEOOXOAMMO TIPEIBAPUTEIBHO CIIPOEKTUPOBAHHYIO KOHCTPYKIIUIO B 00sI-
3aTeJIbHOM MOPSIIKE IIPOBEPUTH Ha XKECTKOCTD, 1 IO pe3yJIbTaTaM pacdeTa YMEHBIINTDb B COOTBET-
CTBYIOIICH CTEIEHU NMaMEeTPhl BCEX CTYMEHei. DTOro nmpaBuiia ciaeayeT MpUaepKUBaThCs 10
pa3pabOTKN HOBOIT, KOPPEKTHOI, HAyYHO 0OOCHOBAHHOI METOAMKHU IIPOEKTHOIO pacyeTa BajioB.

KuroueBble cioBa: Baji, MPOSKTHBIN pacyeT Baja, MPOYHOCTh BaJia, JKeCTKOCTh BaJjla, pa3pylieHne
Baja

BeBepneHue

Basbl aBsTI0TCSI OMHUMU M3 HanOOJIee YaCTO BCTPEUAOIINXCS M HanboJiee OTBET-
CTBEHHBIX AeTaseit MamH. OHU IPUMEHSIOTCS IPAaKTUISCKU BO BCeX MaIlIMHAX U Me-
xaHn3Max. OT nx paboTOCIIOCOOHOCTA BO MHOT'OM 3aBUCHUT PabOTOCITOCOOHOCTH BCeil
MalurHbl. ClaeayeT OTMETUTD, YTO Basibl PEIKO BBIXOAST U3 CTPOS, TIOITOMY MOXET
CJIOKUThCS BIIeYATJIEHUE, UTO METOAMKA UX pacyeTa JoBeAcHa 10 coBeplieHcTBa. Of-
HaKO 3TO He COBCceM Tak. B HacTosieit paboTe Mbl pacCCMOTPUM IaHHBII BOPOc OoJiee
MoaApoOHO.

TpaguimoHHast METOAMKA pacueTa BaJIOB BKJIIOYAET JABa MIPUHIMINAIBHBIX 3Tamna:
MMPOEKTHBIN (MJIN ITpeABapUTEIbHBIN) U TPOBepPOUHBIN. [T0CKOMBKY Bal 0OBIYHO Me-
€T CTyIeHYaTyto (hopMy, Ha TIpeABapUTEIbHOM ITaIle ONPEAEIISIIOT MUHUMAJIbHBIN q1-
aMETp ero CTyIeHYaTol KOHCTPpYKIMU. TakKMM y4acTKOM BaJjia 4yallle BCETO SIBJISETCS
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KOHIIEBOM Y9aCTOK, TO €CTh Y4aCTOK, BRICTYIAIOIINIA 32 radapuThl KOpITyca MeXaHU3Ma
U CTYKaIIMH IJ1 YCTAaHOBKU Ha HETO MY(THI MJIK 3BeHa OTKPHITON nepenaun. duame-
TPbI OCTAJIbHBIX YYACTKOB Bajia UMEIOT YBeJIMUEHHBIC 3HAYCHUSI, IIOCKOJIbKY IIpeIHAa-
3HAYEeHBI U1 YCTAHOBKY YIAJICHHBIX OT KOHIIA BaJjia JeTajieil — MOAIIMITHUKOB, 3y0-
YaThIX KOJIEC, YIUIOTHEHU, JMCTAHIIMOHHBIX BTYJIOK U APYruX AcTaneii. JluameTpsl
STUX YYaCTKOB Ha3HAYAIOT KOHCTPYKTUBHO TaK, YTOObI 00JIETYUTh MX COOPKY U 00e-
CIIEYUTH OCEBYIO (DMKCALIMIO BCEX YCTAHOBJICHHBIX Ha BaJl JeTaJIeid.

[Mocneayromuii MpOBEPOYHbIM STAIT BKJIIOUAET B ceOs ABA BUIA pACYETOB — Ha CTa-
TUYECKYIO IIPOYHOCTh M HA BEIHOCAUBOCTbD. JIaHHBII 3TaIl HAa3bIBAIOT IIPOBEPOYHBIM,
MOTOMY YTO pacuyeTaMu MPOBEPSIIOT KOHCTPYKIINIO, CTPOCKTUPOBAHHYIO HA MPEAbIAY-
1IeM TTpeIBapUTEIBHOM 3Tarle.

Llenb nccnepoBaHua

Llenbto HACTOSILIETO UCCIIE0OBAHMS SIBISIETCSI CPAaBHEHME PE3Y/IbTaTOB OMpeAeIeHUS
JTMAMETPOB BBIXOIHOTO KOHIIA Bajia, ITOJIyYeHHBIX ITPY IIPOSKTHOM pacyeTe IT0 YeThIpeM
Pa3IMIHBIM METOIMKAM:

— MeToauka 1 npeacrasisieT codoit ycnoBue npouyHocTu 1o 111 reopuun npouyHocTu
MpU CI0XHOM HarpyxeHuu [1];

— MeTOoJIMKa 2 OCHOBaHa Ha peKOMEHIAlUMU UCTOYHUKA [2] 1151 OBICTPOXOAHOTO
BaJla IpUBO/A;

— MeTOAMKa 3 OCHOBaHa Ha peKOMEHIALIMY UCTOYHMKA |2 ] IJIsI TUXOXOIHOTO BaJjia;

— MeToauKa 4 peKOMeHIO0BaHa UCTOYHUKOM |3].

BBeneHo ympoiaoliiee TOIMyIIeHUE : BHIXOTHOM KOHEIl Bajia MMeeT KPYTJIOe CILIOII -
HOe TIorepeyHoe ceueHre (0e3 IMIMOHOYHOTO 1a3a).

MeToabl nccnepgoBaHus

HarpyxeHue Baja B 0011IeM caydae HOCUT CJIOXHBIN XapaKTep, COYeTaIOIIMIi U3T10
U KpydyeHue ToJ 1efiCTBUEM BHEILTHUX CHII.

Oco0eHHOCTh HArPy>XeHUS KOHIIEBOTO YYacTKa BaJIOB 3aKJIIOYAETCS B TOM, YTO 3TOT
Y4aCTOK MCIBITBIBACT U3rMb Mo AeCTBUEM KOHCOJbHOM CUIIbI, TO €CTh CUJIbI, C KO-
TOpoi1 MydTa, COeINHSIONIAS BaJIbl COCETHNX arperaToB, BO3AEHCTBYET Ha KOHIIEBOM
y4acToK.

ITpu cioxxHOM HarpyeHWH pacyeT Bajla Ha CTaTUYECKYIO IPOYHOCTh BEAYT I10 K-
BUBAJICHTHBIM HAIPSIKEHUSIM B MOMEHT IyCKa 3JIEKTPOJABUTraTesIsl ¢ yueToM Kodhdu-
LIMEHTA Neperpy3ku K, KOTopblil 00bIYHO paBeH K = 2,2. JIj1g ynpoLeHUs BblYuC-
JICHUIA, MPOBOAUMBIX MO MeTonuke 1, mpuHuMaeM III reoputo npounoctu. Torma yc-
JIOBHE TIPOYHOCTH TSI KOHIIEBOI'O YYaCcTKa BhIpaxkaeTcsl (hOpMyJIoit

M
_ C]
05 =Ky 22 <[o], (1)
Wy
rae Gy — OKBUBAJICHTHLIC HAIIPAXKEHUA B CPEAHEM CCUCHMM BBIXOAHOTO KOHIIA BaJia, Mg —

5KBUMBAJIEHTHbIII MOMEHT B 3ToM ceyeHnu; no 111 Teopuu npounoctu M, =M % +T2;
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My, — cyMMapHBIil n3rubdaroLIii MOMEHT; Ha BBIXOZHOM KoHue My = 0. CienoBaTesbHO,
B CpPETHEM CEYEHNH BBIXOAHOTO KOHIA Basta My = T. Jlanee, W}; — MOMEHT CONTPOTHUBIIE-
HHUS U3ruby paccMaTpuBaeMoro ceuenust, Wy = O,Iafl3 ; d| — IMaMeTp BBIXOIHOIO KOHLA
BaJia I10 YCJIOBUIO MPOYHOCTHU (TO €CTh o MeToAuke 1); [c] — mormyckaemble HalpsiKeHUs
Or.
Sy
S — koadduumeHr 3anaca. [IpuHsaTo cuutath 6= 21,1 [6] = 2[1], (171 [t] — npenen
TEeKy4eCcTH U AOTMyCKaeMble HampsiKeHus pu KpydyeHun). [Toacrasnsem 3HaueHust B (1):

Ha pacTsDKeHKe U MaTeprajia Baja, [0 ] =—"—; 6, — MpeJes TeKy4eCcTH MaTepraa Bajia;

T
Gy =2,2 WS2[T] (2)

22T
d1—30’2—[T]. (3)

Bripaxenne (3) ripenctaBisieT co00il popMymy I OoIIpeesieHIs JuaMeTpa Kpy-
[JIOTO CTEPXKHS U3 YCJIOBUS MIPOYHOCTU MPU KPYYEHUHU (C yueToM Ieperpy3ku). OTcro-
Ila BBITEKAeT cienyoniee. HecMOTpst Ha TO, 4YTO Bajl MCHBITBIBACT CJIOXKHOE Harpyxe-
HUE — U3ru0 C KPyYeHUEM, BEIXOTHOM KOHEIl MOXHO PaCCUUTBIBATh TOJIbKO Ha Kpy-
yeHwue, eciv ucnoab3onath I11 Teopuio mpoyYHOCTH.

Tenepb MOSICHUM CYyTh METOIUK 2, 3, 4.

B cooTBeTCcTBUM ¢ METOAMKON 2 TMaMETpP BBIXOJIHOI'O KOHIIA OBICTPOXOIHOIO Bajia
OIIPEICIISIIOT, MCIIOJIB3YS BRIPAKCHUE

N3 (2) onpenensiem d;:

d,=(7..8)3T, )

rae d, — IMameTp BBIXOOHOTO KOHLA, ONPEAEsIeMbIi 10 METOMKE 2.

JlnameTp d; BBIXOIHOTO KOHLIA [10 METOAMKE 3 ONPEEISAI0T Ha OCHOBE PEKOMEHIALIMU:
_ 3

dy —(5...6)\/T. %)

[1pu onpenenennu nnamerpa d, BBIXOIHOTO KOHLIA Bajla IO METOAMKE 4 UCTIOJIb3Y-

10T YCJIOBUE MPOYHOCTU MPY KPYUYEHUU, HO TOMYyCKaeMble HAIIPsSXKEHUsT IPUHUMAIOT
MMOHMKEHHBIMU;

(6)

rae [t]* — nmoHMmXKeHHbIe nomycKaeMble HampskeHus [t]* = 15...30 MIla.

OOGBIYHO BasIbl U3TOTABIMBAIOT U3 MaTepuasioB [2], y Kotopbix 1= 150...660 MITa.
To ecTb peanbHble (HE MOHMXKEHHbIE) JOMYCKaeMble HANpsKeHUS [T] TOJKHbBI OBITh

[r] = ;—T = (75...440) MIla (§7= 1,5...2 — KoaddunreHT 3anaca IPOYHOCTH).
T
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[ onpenesieHUsI CTEIIEHU 3aHMKEHUSI [T]* 110 CpaBHEHMUIO C [T] MOICTaBUM B OT-

HOIIECHUC

npeneabHbie 3HaYeHUs [t] = (75...440) u [t]* = 15...30:

£

T

[1] (75..440)
o (5.30) =2,5..29,3, (7)

TO €CTb [t]* 3aHuXeHkI B 2,5...29,3 pas.

BeiBeieM pekoMeHIalumuu, o KOTOPbIM MOXKHO OIPENEIUTh TUaMeTp d| BBIXOAHO-
ro KOHI1Ia Bajia MPY UCMOJIb30BaHUM METOAMKMU 1 (ITO aHAJIOTUU ¢ peKOMeHAAUUsIMU (4)
u (5)). s saToro noacraBuM B (3) 3HaueHwus [t] = 75...440:

22T
d =3—="" _=(0,292...0,528)3T.
1 ={0,2-(75...440) (0,292..0, 528137

J171s1 BBIBO/Ia PEKOMEH/IA1INIA, IO KOTOPBIM MOXKHO OTIPENIEIUTh AUAMETP d, BBIXO/I-
HOT0 KOHIIA BaJia IIPY UCII0JIb30BAHUY METOAMKY 4 [I10 aHAJIOTMY C PEKOMEHIALIUSIMU
(4) 1 (5)], noncraBuM B (6) 3HaueHwms [t]* = 15...30:

T

R N —
+740,2-(15...30)

=(0,55...0,69)-3T.

Takum o6pa30M, NMECM UYCTBIPC BapuaHTa pCKOMCHI[aHI/Iﬁ IJId ONpCaCJICHUA Jra-
MCTpPa BBIXOJHOTO KOHIIA BaJia HAa 9TaII€ €ro IIpOCKTHOTO pacycTa.

o meTonuke 1: d, =(0,292...0,528)T. 8)

ITo meTomuke 2: dy=(7..8)3T. 9)

ITo MeTonuke 3: dy = (56)3/7 (10)

Mo meTonuke 4: d, = (0,55...0,69)-%/?. (11)
Pe3ynbraTbl

OnpenennM, KaKo pe3yibrar OyAeT IMoJIydeH IPY BBITIOJIHEHMHU IPOESKTHOTO pac-
yeTa 110 MeToauKe 2. byner jiu 3aBbllieH 1uaMeTp d, BBIXOJHOTO KOHLIA Bajia IO CpaB-
HEHMUIO C TUaMETPOM d, ONIpeNesIIEMBIM U3 YCJIOBUSI TPOYHOCTH (MeToauka 1)? s

d, .
9TOTO BbIPa3UM OTHOILLIEHUE d—], noactaBuB B Hero (9) u (8). ITocne npeobpazoBaHuit
MOJTYYUM:

d, (18131
dy  (0,292...0,528)IT

=13,26...27,4. (12)
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3HAYUT, TPU BBIMOJIHEHUU IPOEKTHOTO pacyeTa Mo METOAMUKE 2 AUAMETP d, BBIXOJ-
HOTO0 KOHLIa OyneT 3aBbiileH B 13,26...27,4 pa3 1o cpaBHEHUIO C TUaMETPOM d, 10CTa-
TOYHBIM I10 YCJIOBHIO TIPOYHOCTH.

YT10oOBI ONPEAETUTh, BO CKOJIBKO pa3 OyaeT 3aBbILLIEH JTUaMeTp d; BBIXOAHOIO KOHILIA
MPY BBITIOJIHEHUU TTPOEKTHOIO pacyeTa Mo METOAMKE 3 1O CPaBHEHUIO C JUAMETPOM

d
d|, onpenensieMbIM 10 METOAUKE |, BBIPA3MM OTHOLIEHUE d—3, noncTtaBuB B Hero (10)

1
u (8). ITocye mpeodbpazoBaHMt MOJIYYUM:

ds (5..6)3T
4 = 9,47...20,55. 13
L (0,292...0,528)T (1)

CrenoBatesibHO, €CJIU BBIIOJIHSTH IPOEKTHBII pacyeT 1o MeToauKe 3, AMaMeTp ds
BBIXOJJHOT'O KOHLIA OyneT 3aBbilleH B 9,47...20,55 pa3 no cpaBHEHMIO C AMaMETPOM d|,
OIpeesIeMbIM 13 YCIIOBUS IIPOYHOCTH.

[MpoBenem aHalOrMYHOE CpaBHEHUE TUAMETpa dy, ONIPEEIIEMOTro M0 METOIUKE 4,

d
Y AMameTpa d|, OrpenessieMoro no ycjaoBUIo MPpoyHOoCcTH. [ToacTaBuB B OTHOLLIEHUE —4

1
BoIpaxkeHus (11) u (8), mmocite mpeobpa3oBaHMIA ITOJTYUKM:

dy_ (055.0.69) _\ 00 536, (14)
4, (0,292..0,528)

Kax BuziHO, 1 B 3TOM cilyyae rosrydaeTcs 3aBblLIEHHOE 3HaueHue nuamerpa d,. [1pe-
BbIIIEHUE 3HAYEHMUSI d, IO CPABHEHUIO C IMAMETPOM d, TOCTATOUHBIM T10 YCIOBUIO
MPOYHOCTH, cocTaBuT 1,042...2,36 pas.

Terepb OLIEHUM, BO CKOJIBKO pa3 YBEJIMUUTCS Macca Balia, CIIPOEKTUPOBAHHOTO I10
MeToaukam 2, 3 u 4, 1o cpaBHEHMIO C Maccoii Bajia, CIIPOEKTUPOBAHHOTO MO METOIM -
ke 1. ITomoxuM, 94TO BaJ TJIAAKHWIA C KPYIJIBIM CIDIOIIHBIM ITOTIEPEUYHBIM CEUYCHUEM,
JIHaMeTp KOTOPOTO paBeH JMaMeTpy BBIXOIHOTO KOHIIa. B aToM ciydyae Mmacca M Bana
TMPOTOPLIMOHAIbHA TUIOLIAAM S €T0 MONEPEYHOTO ceueHus. A yBeanueHure AM,' macchl
Baja M;, CHpOeKTUPOBAHHOTO M0 i-TOI METOAMKE (BEPXHUII UHIEKC [ = 2, 3, 4), 1o
CPaBHEHMUIO C Maccoii Baa M, CIPOEKTUPOBAHHOTI'O 10 MeToAMKe | (HVXKHUI MHAEKC),
M; _S;
M, S’
rae S; — IUIoIIaab MONEPEYHOro CEYeHNUs Bajla, CIPOEKTUPOBAHHOTIO 10 i-TOW METO-
aMKe; S, — IUIo1lanb MONnepeyHoro ceyeHust Bajia, CPOeKTUPOBAHHOTO MO MeToAMKe 1:

OyIeT MPONOPLIMOHATBHO OTHOILIEHUIO TUIOIIAIEH IONePeYHbIX cedeHuin AM | =

2
amMi == (15)
Sl dl

IToncrasnsem B (15) 3Hauenus (12). Torna ysennueHnue maccol Baja M,, CIIpPOEKTHU-
POBAHHOIO 10 METOAMKE 2, TIO CPABHEHUIO € BAJIOM, Macca M| KOTOPOro 10CTaToYHa,
HCXO/ISI 3 YCIIOBUSI IIPOYHOCTH (METOIMKa 1), COCTaBUT:
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& 2

1

AM? = = (13,26...27,4)" =175,83...750,76. (16)

IMoncrasnsiem B (15) 3Hauenud (13). Torma yBenndyeHne Macchl Bajia, CIIPOEKTUPO-
BaHHOTIO IT0 METOIMKE 3, IO CPABHEHUIO C BaJIOM, CIIPOSKTUPOBAHHBIM 110 METOIVKE
1, cocTaBur:

2

AM} =| S| =(9,47..20,55)" =89,68...422,3. (17)
1

[Toncrasnsiem B (15) 3Hauenus (14). Torna ysenuuenue maccol M, Bajia, CIpOEKTH-
POBAHHOTO IO METOMKE 4, TI0 CPABHEHUIO C BAJIOM, CITPOCKTUPOBAHHBIM 10 METOIM -
Ke 1, cocTaBuUT:

2
AM} = ‘2—4 = (1,042...2,36)" = 1,086...5,57. (18)
1

Takum o6pa3oM, €CJIM UCITOJb30BaTh TPAAULIMOHHBIE METOIUKHU 2, 3, 4 TPOEKTHOTO
pacyeTa BajJoB, Macca CIIpOeKTUPOBAHHOIO Bajia OymeT 3aBbiieHa B 1,086...750,76 pa3
0 CPaBHEHUIO C MAcCO, JOCTATOYHOU MO YCIOBUIO TpouHOCcTU. Hanbosnbliiee 3aBbi-
IIIEHME MACCHI U, CJIEIOBAaTe/IbHO, ITIOBBIIIICHNE XXEeCTKOCTH BaJjla JaeT METOAMKa 2.

O6cyxaeHune

3ameuanue 1. YAUTbIBask MPUHSTHIN AMAINIa30H 3HAYEHU I Mpeiesia TeKy4eCcTH MaTe-
puaina Bana t, = 150...660 MIla, MOXHO cKa3aTb, UTO B COOTHOILIEHUSIX (12—14) u
(16— 18) MeHbIIIME 3HAYECHUST COOTBETCTBYIOT HAMOOJIbIICH IPUHITOMN BEJIMYMHE TIpe-
Jiesia TeKy4ecTH, To ecTb T = 660 MIla, a Gosblme 3HaYeHUs] — HauMEHbILIEeH pu-
HATOM BEJIMYMHE NIPEesa TEKyYeCTH, TO eCThb T,-= 150 MITa. Eciv u3MeHUTb MCXOOHBII
nuana3oH 1, = 150...660 MIla, 3HaueHus B BoipaxeHusix (12—14) u (16—18) Takxe
U3MEHSITCS.

3ameuanue 2. 3 cootHotenuit (16—18) BUAHO, UTO peaAKO MPOUCXOASIIMIE MTO-
BPEXICHMS 1 pa3pyLICHUSI BaJIOB CBSI3aHBI He ¢ (DAKTOM JOBEACHMSI METOIMKY MX pac-
YETOB JI0 COBEPIICHCTBA, a C a0COJIIOTHO HE 000CHOBAaHHBIM OTPOMHBIM 3aBBIIICHUEM
JKECTKOCTH BajioB. Eciiu 1Mo aHajioruu ¢ BajlaMu CO3[aTh TaKylO XK€ COBEPIIEHHO a0-
CYPIHYIO CUTYALIMIO U UTI APYTUX AeTajledl MallUHbI, IPA KOTOPOW UX Macca TOXeE
Oynet 3aBbilieHa B 750 pa3, BO3MOXHO, HU OJHA AeTajlb HU OJHOI MallMHbI HUKOTAA
He BBIJET U3 cTposl. Takoii moaxo, 6€3ycIOBHO, He SIBSETCS pa3yMHbBIM 1 TTPOTpeC-
CHBHBIM.

3ameuanue 3. B ciiydasix, Koraa Ha BajlaX YCTaHaBIMBAIOTCS, HAIIpUMep, 3y0JaThie
KoJieca, pacIojoKeHHbIe HECUMMETPUUYHO OTHOCUTEILHO OIIOpP, YIIPYIUe IMPOTruob
BaJIOB, TPOMCXOISIIIE IO IEMCTBUEM BHEIIIHE HArPY3KH, BHI3bIBAIOT KOHLIEHTPALIIO
HaIpsDKeHWI Ha KpOMKax 3yObeB U IMPUBOIST B TaJIbHEHUIIIEM K YCKOPEHHOMY MX pa3-
pyuieHuto. [ToBbIIeHNWE KECTKOCTU TAKUX BAJIOB 0J1aronpusITHO CKa3biBaeTCs Ha pa-
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00Te YCTAaHOBJIEHHBIX Ha HUX 3yOUaThIX Iepenad. DTUM OO0BSICHSIETCS IIMPOKOE pac-
MMPOCTpaHEeHNE METOAMK 2, 3, 1 4, Ha OCHOBE KOTOPBIX KECTKOCTh BaJIOB Oy/IET ITOBbI-
IIIeHa 110 CPaBHEHUIO C XKECTKOCThIO, JOCTATOUYHOM C TOYKU 3PEHUS UX ITPOYHOCTH.
OnHaKo MOBBIIEHUE KECTKOCTH HE JOJKHO ObITh OECKOHTPOJIBHBIM 1 YPE3MEPHBIM.
ZKecTtkocTb Bajia 10/KHA OBITh perlaMeHTMPOBaHa B TAKOM CTEIEHU, YTOOBI €ro Mpo-
ru0 Noj IeiicTBMEM BHEIIHE! Harpy3Ku He BBIXOAMII 3a JOITYCTUMbIE paMKHU U HE CO3-
JlaBajl BBICOKYIO KOHIIEHTPAIIMIO HANIPSDKeHUI Ha KpoMKax 3yObeB Imepeaauu. Perna-
MEHTallMs JOKHA OBITh TOATBEPKIAEHA pacyeTOM Bajla Ha XKeCTKOCTh. Upe3amepHas
JKECTKOCTh IIPUBEIET K HEOOOCHOBAHHOMY 3aBBIIIIEHIIO MAaCChl M TA0apUTOB HE TOJIHKO
BaJIa, HO U APYTUX COMPSKEHHBIX C HUM AeTaieil — 3y0uaThIX KOJIeC 1 IeTajeid, Impe-
Ha3HAYEHHBIX IUISI MX (DUKCALIMK Ha BaJlaX, a TAK3Ke ITOMIITUITHIKOB, KPBIIIEK MOIIIMII-
HUKOB, OOOBIIICK IO MMOAUINITHUKN, KOPITYCOB MAIlIMH.

OrpaHuueHre Ype3MePHOI KECTKOCTU aKTyaJbHO IUISI BCeX TUIIOB MAIlIMH, HO B
HanOOJIbIIIEH CTEIIEHN — MIJIS MAIIMH OTBETCTBEHHOT'O Ha3HAYCHMST, K KOTOPBIM ITPEIb-
SIBJISTFOTCSI TIOBBIIIICHHBIE TPEOOBAHUS C TOUKM 3PEHUSI MUHUMAaJIbHBIX Ta0apuTOB 1
Macchl.

Metonuku 2, 3 1 4 IIMPOKO MPUMEHSIIOTCS ITPU ITPOSKTUPOBAHUM BaJIOB ITPUBOIHBIX
MeXaHU3MOB. Pe3ybTaToM TaKoro nmpoeKTUpOBaHUS MOXET ObITh BO3pacTaHUE Jaua-
MeTpa Bana 10 27(!) pa3, a maccel — 10 750(!) pa3. DTo saBisieTcsS OOHON U3 TPUIUH
CYILIECTBEHHOTO 3aBBIIIEHMSI METAJZIOEMKOCTH 1 ra0apUTOB MalllH, HAIIpPUMEP CepUii-
HO BBIITYCKAeMbIX peAyKTOpoB. IIpuyeM B peasbHOI MPOU3BOACTBEHHON IMPAKTUKE
yKa3aHHBIE TapaMeTPhl 3aBBIIIIEHUS] MaCChl 1 Ta0apUTOB OCTAIOTCS HEM3MEHHBIMU B
TeYeHHME HECKOIbKUX AecaTuaeTuii. [loaToMy ycTapeBIiie rpoMO3aK1e M OUeHD TKe -
JIBIE CepUITHBIE PeIYKTOPHI, BRIITYCKaeMBbIe JaXKe B HACTOSIIIIee BpeMsl, 4aCTO BBI3BIBAIOT
HEIOyMEHHME CBOUM BHEITHUM BUIOM IT0 CPABHEHMIO C COBPEMEHHBIMU U3SIIITHBIMU 1
JIETKUMU PEIyKTOPaMMU.

Ha ceromHsIHmMiA IeHb OTCYTCTBYET OOIIEIIPUHSTAsI METOAUKA TTPEABAPUTEIHHOTO
pacuera BaJioB, KOTOpasl 03BoJIsiia OBl IIPOSKTUPOBATh KOHCTPYKILIMY BaJIOB C MUHU-
MaJIbHBIMU FabaputaMu 1 Maccoit. [ToaToMy 10 pa3paboTKu TaKO METOIUKM 11eJIeCO-
00pa3Ho ObLTO OBI ITOCTYIATH ClIeAyIOIINM 00pa3oM. Ha mepBom atane Ha3HAYaTh Mpe/-
BapuTeJbHbIE pa3Mephbl BCeX CTYMEHEel Bajia, MCIOJIb3Ysl CYIIECTBYIOIIE METOIUKH.
Ha BTopoM — 1poBOaUTh pacueT MpeaBapUTeIbHO CIIPOSKTUPOBAHHOIO Bajla Ha XKeCT-
KocTb. B pesynbrare pacuera OyayT MoaydeHbl 3HaUYeHUsI IIPOTUOOB U YIJI0B IOBOPOTa
XapaKTepHBIX ceUeHU#. Ha 3akmounTe IbHOM 3Tamne ciieayeT YCTAaHOBUTh 3HAUSHUS
IHaMETPOB BCEX CTyIEHEeH, IIPX KOTOPBIX IIPOTUObI 1 YTJIbI IIOBOPOTOB HAXOAUINCH ObI
B 3aIaHHBIX IIpeIesiax.

[Tpu ipoBeeHNM pacueTa Ha KeCTKOCTh HEOOXOAMMO YIUThIBATh 1Ba OY€Hb BasKHBIX
MoMeHTa. Bo-TIepBEIX, cllelyeT UCITOJIb30BaTh KOPPEKTHYIO PACUETHYIO CXeMYy. A BO-
BTOPBIX — YUYMUTBIBATh CTYIIEHUYATHIN XapaKTep KOHCTPYKILIMY BaJjia.

st oripeesieHus IIporuOoB M YIJI0B ITOBOPOTA MOIIEPEYHbBIX CEUCHUI Bajla pealb-
HYIO KOHCTPYKIIMIO 3aMEHSIIOT pacuyeTHOI CXeMOii B BUIe OaJIKi, yCTaHOBJIEHHON Ha
JIBe orlopbl. Bce pacueTsl BHIMOIHSIIOT, ITperioaras, YTo 1o Harpy3Koi Baj, yCTaHOB-
JICHHBII Ha TIOAIIMITHUKY KaueHusl, BeleT ce0sl Tak XKe, KaK BeAeT ce0s1 o1 Harpy3Koi
pacdeTHas cxeMa, a MOAIIUITHUKY IO Harpy3KOoi BBITIOJHSIOT (PYHKIIUHU TEX OIOop,
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KOTOpbIe BbIOpaHbI B pacyeTHOI cxeMe. B pe3ynbraTe aHanm3a pacueTHOM CXeMbl OTpe-
JIeJISIIOT BaxKHENIIMe ee mapaMeTpbl — peaklMU B OMOpax, OT KOTOPIX 3aBUCST MpaK-
TUYECKM BCe BakKHeIIIMe mapaMeTphl IPOeKTUPYEMOTO BaJia:

— 3Ha4YeHUS U3rMbarolIMX MOMEHTOB BO BCEX MOIEepPEeUYHbIX CEUEHUSIX BaJla;

— 3HayeHUs U3rnoOAIOIINX U 9KBUBAJEHTHBIX HATIPSDKEHUI B 3TUX CEUEHUSIX;

— cTratuyeckasi IPOYHOCTh U BBIHOCIMBOCTD BaJja;

— IIOJIOXKEHME OTTACHOT'O CEYEHMSI U €r0 pa3Mephl;

— IMaMeTphl pa3IMYHbIX YIACTKOB BaJja;

— pa3Mephl ¥ TUII IIPUMEHSIEMbIX TTOAIIUITHUKOB;

— pecypc paboThI MTOAIIUITHIKOB;

— IIPOTUOHKI U YIJIbI IOBOPOTOB XapaKTePHBIX CEUCHUIA BaJla.

Camu peaklMy 3aBUCST B IIEPBYIO ouepeab OT BUIA MPUHSTON pacUYeTHOM CXeMbl
Basia. Eciu nmpuHsTa HeBepHasl pacueTHas cxeMa, Bce IepeurceHHbIE MapaMeTphl Oy-
YT UMETh OIIMOOYHOE 3HaueHue. M, ciegosarenbHO, OyIET caeaHO HEBEPHOE 3a-
KJII0OUEHHUE O MPOYHOCTH U XKECTKOCTH BaJja.

Bce uzBecTHbIe HAM TUTEpaTypHbIE ICTOUHUKU PEKOMEH/IYIOT B KaUYeCTBE pacueTHOM
CXEMBbI MCITOJIb30BaTh ABYXOMOPHYIO 0ajKy (puc. 1), To eCTh INIagKyIo 0ajaKy, ycTaHOB-
JICHHYIO Ha JBe LIapHUPHbIE OITOPHI [2—9].

OnpHako paboThI, BRITTOJHEHHBIE B TTocnenHee BpeMs B MI'TY um. H.D. baymana
[10; 11], moka3anm, 4TO MPU UCTIOIB30BAHMN IIAPUKOBBIX pPaglaTbHBIX OTHOPSIHBIX
MMOIIIMITHUKOB IBYXOIIOpHAs 0ajiKa MOXET peaan30BaThCs B CiIydyae IMPUIOXKEHUS K
BaJIy TOJIBKO pagraIbHOM HAarpy3Ky IIPY OTCYTCTBUU OCEBOM. A IPU AeHICTBUY KOMOU-
HUPOBAHHOI Harpy3Ku (TO €CTh U pagualibHOM, 1 OCEBOIi) MOMIIMITHUKY HE BBIIOJI-
HSII0T QYHKLIMK OOBIYHBIX IIIAPHUPHBIX onop. Toraa peaynsyeTcs 0JHa U3 CTaTUYECKU
HEOMpeAeAMMBbIX PACYETHBIX CXEM: 3aJeJIKa C JOMOJHUTEIbHOM IapHUPHOU Oropoit
(puc. 2), AIByXCTOpOHHSIS 3a1esKa (puc. 3), ABE CABOSHHbBIE IIapHUPHbIE OMOPHI (pUC. 4).
CxeMbl IEpeYUCICHBI B MOPSIIKE BO3pacTaHUs BeJIMUYMHBI IPUJIOKEHHOM K BaJly paau-
aJIbHOI CWJIBI, KOTOpasi HEOOXoauMa JJIsl peaiu3allMii COOTBETCTBYIOIIEH pacueTHOMI
CXEMBI.

Puc. 1. TpagnumnoHHasa pacyeTHas cxema ABYyXONOpPHON Ganku
[Figure 1. Traditional design scheme of a double-support beam]

% -

F, o

Puc. 2. 3agenka ¢ 4ONOSHUTENbHOM LAPHUPHOM OMNOPOIi (pacyeTHasi cxema)
[Figure 2. Cantilever beam with an additional pivot bearing (the design scheme)]
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Puc. 3. [IByXCTOPOHHSAA 3aaenka (pacyeTHasi cxema)
[Figure 3. Double-sided jamming (the design scheme)]

; —

Puc. 4. [1Be cOBOEHHbIE LUAPHUPHbIE ONOPbI (pacyeTHas cxema)
[Figure 4. Two dual hinged support (the design scheme)]

N

Kpome Toro, mpu mpuMeHeHUM POJIMKOBBIX OMHOPSIIHBIX KOHUYECKHX ITOIIITATTHH -
KOB MOTYT peaJM30BaThCs IPYyTHE pacuyeTHbIE CXeMbl. Eciii Mcmob3yioTcsl JaHHbIS
MOAIIMIHUKY, BUJ KOHKPETHON pacueTHOM CXeMbl 3aBUCUT OT HaIMpaBICHUST MPUJIO-
JKEHHBIX BHEIITHUX CUJI U OT HaMpaBJIeHUs] paalalibHO HECOOCHOCTU BaJIOB COSAMHSI -
eMbIX arperaToB. B aToM ciydyae HeOOXOAMMO YUUTHIBATh, YTO MTPU KaKOW-T100 (hUK-
CHPOBAaHHOW BeJIMYMHE HECOOCHOCTH U OIPEIEICHHOM €€ HallpaBJIeHUN MOXET pea-
JIN30BaThCSl OJHA pacyeTHas cxemMa, a IMpU NPOTUBOIOJIO0XHOM HalpaBiIeHUU
HECOOCHOCTU — npyras [12].

PacyeTnl Ha XeCTKOCTb JaayT KOPPEKTHbIE 3HAYEHUSI ITPOTMOOB U YIJIOB IIOBOPOTA,
€CJIM B pacUeTHOM cxeMe OyIeT YYTeH TakKe 1 CTYIIeHYaThIi XapakTep Baja. B padoTe
[13] moapo6HO paccMoTpeHa MeTOIMKA OINpeaeSIeHNS TPOTUOOB 1 YIJIOB TTOBOPOTA
CEUYEHUIA CTyIICHYATHIX BAJIOB IIPU U3THUOE.

BbiBOAbI

CylecTByIoIIMe METOAMKHU ITPOESKTHOTO pacueTa BajloB IIPUBOIST K 3HAYUTEJIbHO-
My, HEOOOCHOBaHHOMY 3aBBILLIEHUIO NX JMaMeTPoB 10 27,4 pa3, a Macchl — 110 750,76 pas.

7151 mostydeHust KOHCTPYKIIMU, PallMOHAIbHOM ¢ TOYKU 3peHUSI MUHUMAaIbHbBIX pa3-
MEPOB U METAJNIOEMKOCTH, MPeABapUTEIbHO Ha3HAYEHHbIE JUaMeTPhl MOCAT0YHBIX
y4acCTKOB BaJjia, OIIpeIe/ICHHBIE 110 OMHOM 13 CYILIECTBYIOIIMX METOIMK, CICIYET B 00SI-
3aTeJIbHOM MOPSIKE CKOPPEKTUPOBATh 110 pe3yIbTaTaM pacueTa Bajla Ha KeCTKOCTb.
DTOro nmpaBwIa CIIEAYeT IPUACPKUBATHCS 10 pa3padOTKM HOBOM, KOPPEKTHOM, HAYYHO
000CHOBaHHOI METOIVKHM IIPOEKTHOIO pacyeTa BajIoB.

ITpu pacueTte Baa Ha KeCTKOCTb CJIEAYeT UCITOIb30BaTh HOBBIE CTATUYECKU HEOIIPE-
JIeJIMMBbIE pacueTHBIE CXeMBI, a TAKXKe YUUTBIBATh CTYIIEHUYATYI0 (hopMy Baia.
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Scientific article

Reserves for improving the design of shafts

Valeriy V. Kirilovskiy

Bauman Moscow State Technical University (National Research University)
5 2-nd Baumanskaya St., bldg. 1, Moscow, 105005, Russian Federation

Abstract. Shafts are used in almost all machines and mechanisms. Unlike other parts, the destruction
of the shafts is very rare. As it was supposed earlier, it is connected with high level of perfection of
a technique of their calculation and design. The article analyzes the features of the three traditional
methods of shaft design and shows that the shafts are not destroyed for the reason that traditional
methods lead to a significant, up to 27 and more times, overestimation of the diameters of all the
characteristic areas in comparison with the size sufficient in terms of the strength of the shaft. The area
of its cross-section and, accordingly, the mass can be overestimated by more than 750 times. Such
unjustified overestimation of the shaft diameter and weight cannot be considered as an indicator of the
perfection of the shaft design and calculation methods, and, on the other hand, is an important reserve
for the improvement of their designs. This is particularly true for those mechanisms that are subject to
increased requirements in terms of minimum size and weight.

Keywords: shaft, design calculations of shaft, strength of the shaft, stiffness of the shaft, the destruction
of the shaft
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Knaccuodukauma aHanutTn4eckux noBepxHocrten
NMPUMEHNTESIbHO K NapamMeTpU4YeCcKom apxuTeKType
M MALLMHOCTPOEHUIo

E.A. Ipunbko

Poccuiickunii yHuBepcUTeT ApykObl HAPOIOB
Poccuiickan Qedepayus, 117198, Mockea, ya. Muxayxo-Makaas, 6

B cBsi3u ¢ OsIBIIeHMEM HOBBIX MaTepHAIOB M TEXHOJIOTUIA JJIsI U3TOTOBJICHUS CTPOUTETbHBIX
KOHCTPYKIIWI U COOPYKEHMI K apXUTEKTOPaM BO3BPAIlaeTCsI MHTEPEC K CO3IaHUIO IPOCTPAHCTBEH-
HBIX OOJIbIIeTIPOIeTHRIX (popM. HeMalryio posib 3mech Takoke UTpaloT BO3POCIINe TpeOOBaHMS K IP-
TOHOMUYHOCTH KOHCTPYKIIUIA U COOPYXXEHUI. DTU BeSTHUSI TTOATBEPKIAAOTCS TTOSIBIICHUEM JI0BOJTb-
HO OOJIBIIIOTO YKCJIa KaK BOTUIOLIEHHBIX B MaTeprase, TaK M HaXOMSIIIMXCS Ha CTaIuu YepTekel u
9CKHM30B MTPOEKTOB. B 9KOHOMUYECKH 61aronoayyHbIX CTpaHax yxe Mpou30IiIes BCIJIECK CO3IaHMs
HOBBIX YHUKATbHBIX KOHCTPYKIIMI, B TOM YUCJIe U MPOCTPAHCTBEHHBIX, CO CIIOKHBIMU TTOBEPXHO-
crsasmu. K Takoii mepcrnekTuBe HeOOXOAMMO TOTOBUTHCS M B Hallleil cTpaHe. B HacTosiiee BpeMst
TIPEeIJIOKEHO OOJIBIIIOE KOTMYEeCTBO KiIaccUdUKAIMii ITOBEPXHOCTEN, HO HU OJTHA HE OXBAaTHIBAIOT
Bcero ux pazHooOpasusi. CTaTbsi BBOIUT B 0OpallieHe CUCTEMATU3aLIM IO HOBBIX U IITMPOKO M3BECTHBIX
(opM MoBepXHOCTE MPUMEHUTETBbHO K KOHCTPYKIIMSIM CTPOUTEILHOTO M MAITUHOCTPOUTEIEHOTO
HazHavyeHus1. CocTaBiieHa MOAPOOHas Kiaccudukaliys aHAIUTUIECKUX TOBEpXHOCTEl 38 K1accoB.
JI1st obieryeHus ITOUCKa HEOOXOIMMBIX MCCeAOBAaHMUM B 001aCTU T€OMETPUHU U pacyeTa Ha IPoY-
HOCTb TOHKUX 000JIOYEK ¢ HEKAHOHUYECKUMU CPEIMHHBIMU MTOBEPXHOCTSIMU B CTAThe MPUBOIUTCS
obmupHas oundamorpadus u3 40 HaMMeHOBaHUIA.

Kirouesbie ciioBa: aHaIuTHIeCKasl ITIOBEPXHOCTh, KIIaCCU(UKALIMS ITOBEPXHOCTEH, apXUTEKTypa
OOJIBILIIEIPOJIETHBIX TOHKOCTEHHBIX CTPYKTYP, (DOpMUPOBaHe TOHKOCTEHHBIX MAIITMHOCTPOUTETBHBIX
u3aeaui

BBepeHune

B cBoe Bpems B CCCP Obl1a MolIIHast reoMeTpuyecKasl 1KoJja, padboTaBliiiasi B Ha-
MIpaBJICHUY UCCIICA0BAHUS HOBBIX (OPM ITOBEPXHOCTEM ITPUMEHUTEIBLHO K KOHCTPYK-
LISIM CTPOUTEILHOTO 1 MAaIlIMHOCTPOUTEIbHOTO Ha3HAaUYeHMs. MHOIMM M3BECTHHI
paboTHl TAaKMX YyUyeHBIX-TeoMeTpoB, Kak H.H. Pwxos, B.A. Jlebenes, I.B. bpanr,
B.C. O6yxoBa u ap.

OnHako B CBSI3U C yTpaToii nHTepeca K ooosioukaM B 1980—2000 rr. uccienoBaHMs
HOBBIX MOBEPXHOCTEH U X CO3MaHUE TTPAKTUYECKM MpeKpaTuanch. TolabKo Ha YKpa-
MHe, O1arogapsi cTapaHusIM psiia yueHbIX-9HTy3uacToB (B.E. Muxaitnenko, AJI. TToxa-
ropubIit, M.A. Ckunan, C.H. KoBajneB u np.), uccieqoBaHusl He ObLIM OCTAHOBJICHBI
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1 MIPOAOJIKAIOT aKTUBHO pa3BuBarthes [ 1]. [eoMeTpaMu HEOMHOKPATHO MTpeANnpUHUMa-
JIMCH ITOIIBITKH CO3AaTh MOIHYIO KiIaccu(pUKaIiIo IToBepxHocTeid. JI. Ditnep BrepBbIe
pa3mesnI MOBEPXHOCTH Ha aliredpandeckKue U TpaHCLIEHASCHTHBIE U Jajl Kilaccuduka-
11O aJireOpanvyecKrX MOBEPXHOCTE BTOPOro nopsiaka. B 3aBucuMocTu ot 3Haka ra-
yccoBOM KpUBU3HBI K = kk, pa3fesoT MOBEPXHOCTH MOJIOXKUTEIbHOM, HYJIEBOI 1
OTpULIATEILHON raycCOBOM KpUBU3HBI. B OTAEIbHYIO IPYIIITY MOXXHO BBIIEIUTD ITOBEPX-
HOCTHU 3HAKOMEPEMEHHOM rayccoBOii KpUBU3HBI [2].

B nenapramenTe ctpoutenbcTBa MHxXeHepHoU akagemuun PYIIH HeogHOKpaTHO
IIPUCTYIAJIM K COCTaBICHUIO ITIOAPOOHOI Ki1accu(pUKalMKU aHATIUTUIECKUX ITOBEPX-
HOCTEI, KOTOpPbIE MOTYT OBITh MCII0JIb30BaHbI B CTPOUTEILCTBE, apXUTEKTYPE 1 Mallly-
HocTpoeHuM. Harpumep, ObL1a cocTaBieHa 1 OITy0IMKOBaHA HanboJ1ee MoJIHasI SHII -
kioreaus [ 3], onuceiBaronias 6oee 600 aHATMTHYECKUX TTOBEPXHOCTEl 38 KIacCOB.
OtaenbHO NpeAcTaBiieHa KiaaccuduKauus JMHenyaThIX [4] M IMKIMYECKUX [ 5] moBepx-
HOCTEWN.

Pesynbrarsl ncciaenoBaHU TOKIAAbIBAIMCh HA HAYYHO-TEXHUYECKUX KOH(EpeH-
uusx [6].

OueBUIHO, BOMPOCHI KIacCU(MUKAIIMU MTOBEPXHOCTEH MHTEPECYIOT HE TOJIBKO yUe-
Heix MA PY/IH, HO 1 ipeacTaBUTeNei pyrux opranu3anuii. Tak, B nucceptauuu [7]
MPETOKEHO Pa3ESATh MIOBEPXHOCTH B 3aBUCUMOCTH OT METO/Ia UX MOCTPOeHUs (puc. 1)
i popmupoBaHus (puc. 2). B mureparype 1o HauepTaTeIbHOM reOMETPUH BCTpeya-
eTcs IeJIeHNe TTIOBePXHOCTe! Ha IJaaKue U cKiamdatele. K pemeHnio Bompoca Kiac-
cuuKalMM aHATUTUYECKNX moBepxHocTel yueHsiMU MA PY/IH npusnekanucey u
yueHble Apyrux ctpaH, HanpuMmep CILIA [8].

B niportecce paboThl Haj Kiaaccu@uKaleid MoBepXHOCTEN ObUTM MPEII0KEHbI HOBbIE
TPYIIBI Y MOATrPYMITbl HoBepXxHOCTeN [9; 10].

HoBasi knaccngukayms aHainTU4eCKNUX NOBEPXHOCTEN

CocTaBuTb TAOIULY WX KJIacCUDUKALIUIO, Kyaa BXoauau 6l 6os1ee 600 M3BECTHBIX
B HACTOSIIIIee BpeMsI IIOBEPXHOCTEH, ITI0-BUIMMOMY, HEBO3MOXKHO. MIHXeHep 1 reo-
METP COCTaBJISIeT KJ1acCU(UKAIIMIO WM ITOA0MpaeT TPYIILYy ITIOBEPXHOCTEM, KOTOpast
ObI TTOATBEPKIala €T0 HayYHble BBIBOJbI, MJIM HAXOAUT MOBEPXHOCTH, 00J1afarolne
OJMHAKOBBIMM MaTeMaTu4eCKUMU cBoiicTBaMu. OTcrofa MOSBISIIOTCS MTOBEPXHOCTU
Xowumotsl [11], DonuHrepa [12], bonne [13], KyHca unu KaranaHa [4].

NMOBEPXHOCTN
SURFACES
| \ 4
Mpadunyeckue CnnaliHoBble Kyco4Hble ®dpakTanbHble
Grafical Spline Piecewise Fractal
KapkacHble KnHemaTunyeckme ToyeuHble
Frame Kinematical Point

Puc. 1. Knaccubukaums nOoBEPXHOCTEN MO METOAY UX NOCTPOEHMUS
[Figure 1. Classification of surfaces with taking into account a method of their construction]
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MOBEPXHOCTU
SURFACES
MepeHoca BpaiueHus JlnHenyatble HennHenyatble
of translation of rotation Ruled Non-ruled
KomOuHnpoBaHHble KBagpaTtuyHble
Combined Quadric Ll,MKﬂVIHe-CKI/Ie
Cyclic
PasBepTbiBaeMble (K = 0) Kocbie (K=0)
Developable Oblique BbICLLNX NOPSAKOB
N TPAHCLIEHAEHTHbIE
KOHMYeckme Topcogbie of the highest c;rders and
Conical Torse transcendent
Unnnagpuryeckme C AByMs HANpPaeAAoLWUMA C TPEeMaA HaNpasAoLLMMU
Cylindrical With two directors With three directors
Kocbie
KoHounabl
Conoids KoHycounabl Ll.I/IﬂVIH,lfI.pOI/I,EI,bI
Conesoids Oblique
Kocble nnockocTu Cylindroids
U'MHV!H'D'pO.M‘D'b' Oblique planes
Cylindroids OAHONONOCTHLIEr MNEp6ononas

One-sheet hyperboloids

Puc. 2. Knaccnbukaums noBepxHOCTEN N0 METOAY X GOPMUPOBaHUS
[Figure 2. Classification of surfaces with taking into account a method of their forming]

Ha puc. 3 npeacraBneHa Hanbosiee moJiHAs KJaaccuUKaLKsa aHATUTUIECKUX TTO-
BEPXHOCTE, coCTaBleHHAsl HA OCHOBE SHLMKJIoNeanH [3] ¢ 1o0aBieHUEM HEKOTOPHIX
HOBBIX ITIOBEPXHOCTEH, OIMMMCAHUSI KOTOPHIX MOSIBUJIMCH IOCJIE IMyOJIMKALIMU SHINKIIO-
nennu. HekoTophle Ki1acChl ITOBEPXHOCTEHM He PACKPHITHI IIOJTHOCTBIO, HO TaHbI CChLI-
KU Ha JIUTepaTypy, e 3TO cAejaaHo (HalpuMep, IS JMHeYaThIX TIOBEPXHOCTEN HY-
JIEBOW M OTPUILIATEJIbHOM TayCCOBOM KPUBU3HBI, HUKIMYECKUX U BUHTOBBIX MTOBEPX-
HOCTel U HEKOTOPHIX npyrux). [ToBepxHOCTH, hopMupyromre 38 KiaccoB, Ha puc. 3
MokKaszaHbl Ha 3aTeMHeHHOM (oHe. M3 HUX Ha pUCYHKe YKa3aHbl TOJbKO 25 KIaccoB,
ocrapmrecs 13 KIacCoB OTCYTCTBYIOT. DTO pe3HbIe, HeIIPe PhIBHO-TOIIOTrpapuecKue
U Tonorpaduueckue IIOBepXHOCTH, MoBepxHOCTH BepoHese, Lluneiiku, be3be, kBa3u-
SIIJTUTICOUTHBIE TIOBEPXHOCTH, TOBEPXHOCTH CO cheprueCcKOit HaITpaBIISIONIeii KpUBOI,
crneluranbHble MPOMUIN UMIMHAPUYECKUX U3IeNInii, moBepxHocTy boHHe, KyHca, mmo-
BEPXHOCTH, 3a1aBaeMble TApMOHNYECKMMU (PYHKINSIMU, KBA3UMHOTOTPAHHUKH U 9K~
BUIMCTAHTHI IBOMHBIX ccTeM. Bce OHM BXOJST B COOTBETCTBYIOIIME KJIACCHI, YKa3aH-
HBIC HA PUC. 3, WK He TIPEACTaBIISIIOT 0CO00T0 MHTEpECa ISl apXUTEKTOPOB U MHKE-
HEPOB.
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OnpepgeneHnst Masio UCIMOJIb3yeMbIX, HO UMEIOLLUUX NMepPCreKTUBbI
B apXUTEKTYPHOI NN UH)XXEHEePHOU rnpaKTuke rpyrnr,
noarpynn v oTAesIbHbIX MTOBEPXHOCTEH

ITporutrocTpupyeM HEKOTOPBIE KJ1ACChl, TPYIIIbI, MOATPYIIIbI IOBEPXHOCTE KOH-
KPETHBIMU IIpUMepaMHu (Ha puc. 3 paMKU BBIITOJIHEHBI IYHKTUPHOM JIMHUEH ) U JaaM
OIpeaeICHUS IIOBEPXHOCTSIM, KOTOPBIE XOPOIIIO U3BECTHBI TeOMETpaM, HO PEAKO WU
COBCEM HE UCIIOJIb3YIOTCS apXUTEeKTOpaMM M MHXXEHepaMu B IIPOEKTHOM IpakKTUKe,
XOTSI UMEIOT PsIJI TPEUMYIIECTB TMepe] KAHOHUYECKUMU MOBEPXHOCTIMU (Ha puc. 3
BbIJI€JIEHbI MOIYEePKUBAHUEM CILIOLIHOMN JIMHUE).

IToBepxHocTh btoTenst 06pa3oBbIBaETCS OJHOIIAPAMETPUIECKUM CEMENCTBOM KO-
HUK ¥ OMHOBPEMEHHO OTMOAeT ABYXITapaMeTPUIECKOE CEMEIICTBO KOHYCOB BTOPOTO
nopsaka. [ToaHas knaccudukays moBepxHocTeit biroTesns nmpuBeneHa B ctathbe [ 14].

IToBepxHocTh Befinraprena [ 15] — 3To moBepXHOCTb, CpeHsIsl KpuBU3HA H KOTOpOii
CBsI3aHa C ee rayccoBoil KpuBM3HOI K (hyHKIIMOHAIbHOM 3aBucuMocThbio f{H, K) = 0.
YacTo noBepxHOCTh BeitHrapreHa Ha3bIBarOT MoBepXHOCThIO W. IToBepxHOCTU BeitH-
rapTeHa pasaessioT Ha 3 rpymmnbl (puc. 3): TOBEPXHOCTU BpalEHMUs, TOBEPXHOCTH ITO-
CTOSIHHOM rayCCOBOM U CpeIHEN KPUBU3H.

BenapounanbHoil Ha3bIBaeTCs MOBEPXHOCTD ITEpEHOCA Ha IJIOCKOM IIPSIMOYTOJIbHOM
IUIaHe ¢ 00pa3ylolleli KpMBOI MepeMeHHOM KpUBU3HBIL. B HacTosI1Iee BpeMst U3BECTHHI
TPpU BUA BeJapouJalIbHbIX TIOBEPXHOCTEN: MapadoJIMYeCcKuii, SJIMNTUUECKUN U CU-
HYCOUIAJIbHbBII BeJTapOUIbI.

IToBepxHOCTHU BeJapouaaIbHOTO TUIIA — 3TO BeJapouaaibHble TOBEPXHOCTH, HO
Ha TITOCKOM KoJTblieBoM Ti1aHe (puc. 4) [10].

BuHTOBas1 TOBEpXHOCTH 00Pa30BBIBACTCS KECTKOM KPUBOU IIPU €€ BUHTOBOM JIBU -
KeHuu. [1py BUHTOBOM IBMXKEHUM 00pa3yrollasi KprBasi paBHOMEPHO BpalllaeTcsl BO-
KPYT OCH BpallleH!sI U OAHOBPEMEHHO COBEpPIIAET MOCTyNaTeJIbHOE MepeMelleHre B
HarpasJIeHUH 9T0i ke ocu [16]. Ecau oTHOILIIEHME BETMYUHBI CKOPOCTH IO TIPSIMOI K
BEJIMYMHE YIJI0BOM CKOPOCTHU MOCTOSIHHO, TO BUHTOBOE ABMXKEHME HAa3bIBAETCSI OObIK-
HOBeHHBIM. [loBepxHOCTh, 00Opa3oBaHHAsI OOBIKHOBEHHBIM BUHTOBBIM IBIKCHUEM,
Ha3bIBaeTCsl OObIKHOBEHHOI BUHTOBOI MOBEPXHOCTHIO. TpaeKTOpuu TOYEK B OObIKHO-
BEHHOM BUHTOBOM JABIKEHUM OYIYT MPEACTABISATH COOOM LIMIMHIPUYECKIE BUHTOBbIE
JIMHUM MOCTOSIHHOTO 1l1ara, Jexalye Ha pa3HbIX, HO COOCHBIX KPYTJIbIX HMJIMHApPAX.
Ha Hacrogiiee Bpemst HauboJiee MU3BECTHBIMU apXUTEKTOpaM OObIKHOBEHHBIMU BUH-
TOBBIMM TTOBEPXHOCTSIMMU SIBJISIIOTCS — MPSIMOM M KOCOM TeJIMKOMIbI, a TAKXKe Tpyoua-
Tasi BUHTOBAsI TIOBEPXHOCTh. YeCTh OTKPBITHS
MUHUMAaJIbHBIX TTIOBEPXHOCTEN B (hOopMe TIpsI-
MOro reaukouaa npuHaaiexuT K. MeHbe
(1776). D. Karanan (1842) nokasai, 4To nps-

o . L iiililll....,
MOMU IreJIMKona ABJIA€TCA € AMHCTBEHHOU JIU- X o 1}|H!I|IIHHHJ.;;’ %

HEWYaTOU MMHHUMAJIbHOW MOBEPXHOCTHIO.
Eciu B BUHTOBOM ABMXKEHUM OTHOILIEHUE MO~
CTYHaTeJIbHOU K YIJIOBOM CKOPOCTH €CThb BE-
JIMYUHA TIEPEMEHHAsA, TO TPAEKTOPUU TOUYEK TVNA Ha KOMBLIEBOM MNaHe

06pa3y}0]_]_[e1‘/’1 KpPUBOM 6YI[YT NpeacTaBIdTh [Figure 4. A surface of velaroidal type on

Puc. 4. [oBepxHOCTb BENApoOnaanbHoOro

LMJIMHAPUYECKUE BUHTOBbIE JIMHUU C TIepe- the annular plan]
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MEHHBIM 1IIaroM, a caMa BUHTOBAsI ITOBEPXHOCTH OyIET Ha3bIBaThCSI BUHTOBOM ITOBEPX-
HOCTBIO IIEPEMEHHOTO II1ara.

BunTOOOpa3HbIe MOBEePXHOCTH [ 17] — IMOBEpPXHOCTH, ITOCTPOSHHBIE 00PA3YIOIINMU
KPUBBIMU, KOTOPbIE ITOMUMO ITPOCTOIO BUHTOBOI'O ABMKEHMSI OTHOCUTEJIbHO BUHTOBOM
OCH COBEpPIIAIOT KaKoe-J1100 TOMOJTHUTEIbHOE ABUXKEHUE WX 1e(hOPMUPYIOTCS O
oIpeaeaeHHOMY 3aKOHY. I1pr 3ToM TpacKTopuy ToYeK 00pa3yrolleii KpUBOI IIPY BUH-
TOOOpPa3HOM ABVKEHUM He OyIyT UMIMHIAPUIESCKUMH BUHTOBBIMY JIMHUSIMMU.

30HTUYHBIM KYITOJI0M Ha3bIBAETCsI IUKINISCKI CHMMETPUYHAS IIPOCTPAaHCTBEHHAS
KOHCTPYKIIMSI, 00pa3oBaHHAsI U3 HECKOJIbKUX TOXIECTBEHHBIX 2JIEMEHTOB, B pe3yJib-
TaTe NepeceyeHus CpeaMHHBIX TOBEPXHOCTE KOTOPHIX MOJIYy4atOTCsl KPUBBIE, SIBIISIIO-
1urecs o0pa3ylIuMU HEKOTOPO# Kyrojoo0pa3Holi MMOBepXHOCTHU BpalieHus [18].
®opmoobpa3oBaHNe 30HTUYHOM TOBEPXHOCTH ITOKA3BIBAET, UTO OHA HE SIBJISIETCST aHa-
JINTUYECKOM ITOBEPXHOCTHIO B OTJIMYME OT IIOBEPXHOCTEM 30HTUIHOI'O TUITA. 30HTUYHbBIC
000109KH1 00J1aTal0T MOBBIIIICHHON KeCTKOCThIO, YCTOMIMBOCTBIO, apXUTEKTYyPHOI
BBIPA3UTEIBHOCTHIO.

IToBepxHOCTSIMM 30HTUUHOTO THMA [ 19] Ha-
3bIBAIOTCS IIUKINYECKU CUMMETPUYHBIE TO-
BEPXHOCTH, COCTOSIIIIME 13 HECKOJIBKIX TOXK]IIEe-
CTBEHHBIX 3JIEMEHTOB, IIPUYEM ITOJTHAS [IOBEPX-
HOCTh 30HTUYHOTO THUIIa U BCE MOBEPXHOCTHU
COCTaBJISIIONINX €€ TOXIEeCTBEHHBIX 3JIEMEHTOB
OITMCHIBAIOTCS OAHUM 1 TEM XKe SIBHBIM, HEsIB-
HBIM WJIM MTapaMeTpUYeCKUM ypaBHEHUSIMU
(puc. 5).

OnpeneneHust 11 CISAYIOMMX YeThIPEX IT0-
BEPXHOCTEI BO3bMEM 13 SHIIMKIIoneanu [ 3] 6e3

Puc. 5. MoBepXHOCTb 30HTUYHOMO TUNa n3MeHeHul. «BoJHOOOpa3HbIe TTOBEPXHOCTHU
¢ napaGonmieck1mm 06pasyioLmm dopMUpyIOTCS TTOCTYTIaTeIbHO-KOJIeOaTe b-

M KpyrnbiM OTBEPCTUEM B BEPLLUNHE 6
[Figure 5. A surface of umbrella type with HbIM IBAKCHUEM KECTKUX OOPa3yloninX Kpu-
parabolic generators and a round opening BbIX, KOJ‘I€6JIIOIHI/IXCH OTHOCHUTEJIBbHO 3apaHEe
at the top] BLIOPaHHBIX 6A30BBIX TOBEPXHOCTEH, IJIOCKO-

CTU WJIW JIMHUIA (pUC. 6). DTU TOBEPXHOCTH MO-
TYT ObITh BKJIIOUEHBI TAKKE B KJIACC IOBEPXHO-
CTel KOHTPY HTHBIX ceueHuii. B nuteparype
BCTpeUaloTCs U Ipyrue Ha3BaHUsI BOJTHOOOpa3-
HBIX MOBEPXHOCTEI, HAITPUMEP BOJIHOBBIE.
BosiHucTbIE TOBEPXHOCTU (DOPMUPYIOTCS T10-
CTynaTteJbHO-KoJie0aTebHbIM IBUKEHUEM 00-
pa3yIOLIMX KPUBBIX, KOTOPbIE HE TOJBKO KOJIe-
OJIIOTCSI OTHOCUTEJIbHO BIOpAHHbBIX 0a30BbIX
MOBEPXHOCTEM, MIOCKOCTU WJIY JUHUMN, HO U
caMu AeOpMUPYIOTCS, OCTaBasiCh B OMHOM U
TOM Xe KJacce KpUBbIX. PudieHblie moBepXHO-
Puc. 6. MpsiMOi BONHOBOI remmkona CTU CBOE Ha3BaHUeE MOJYYMIN OT aHIJIMIACKOTO

[Figure 6. A right wave helicoid] cioBa “riffle — xkenmo0ok, KaHaBKa” . Takum 00-
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paszom, pudJieHbIe TOBEPXHOCTH — ITO MOBEPXHOCTH C 3aKOHOMEPHO PACITOI0XKEHHbI-
MM Ha HUX YITTyOJICHUSIMHA WIK BOoagnHaMu. PudineHsle moBepXHOCTH HanboIee -
POKO IPUMEHSIIOTCSI B MAIIIMHOCTPOSHUH.

TodpupoBaHHbBIE U3AEIMS TTOIYUYAIOT U3TUOAHMEM JTMCTOBBIX METAUTUYECKUX 1 HE -
MEeTaJUTMYECKUX MaTepUaIOB UIS TIPUIAHUS MX ITOBEPXHOCTSIM BOJIHOOOPa3HOM (hOpMBbI
pa3HbIX podueii C LeJbI0 YBEJIUUEHUS TIPOYHOCTU».

a 6

Puc. 7. KateHoup (a) u ncesookateHous, (6)
[Figure 7. Catenoid (a) and pseudo-catenoid (b)]

Karenoun o6pa3oBbiBaeTCs BpallleHUEM LIETTHOM JUHUM X = ach(z/a) BOKpyr ocu
Oz (puc. 7, a). KateHou ABsSIeTCS €AMHCTBEHHON MUHUMAJIbHOM MOBEPXHOCTHIO Bpa-
IIEHMS, TO €CTh CPEeIHSISI KpUBU3HA €ro IMTOBEPXHOCTH BO BCEX TOUKAX paBHA HYJIIO.
YecThb OTKPHITHS MUHUMAJIBLHOM ITOBEPXHOCTHU B (pOpMe KaTeHOMIA ITPUHAIJICKUT
JI. Ditnepy (1774) u K. Menbe (1776). O. bonne (50-¢ rr. XIX B.) mokasaut, 4To KaTte-
HOWJ — eIMHCTBEHHAs] MUHUMAaJIbHAs IIOBEPXHOCTh BpaIllCHMUSI.

[IceBnokaTeHOUA 00pa30BBIBAETCS BpallleHUEM KpUBOMl X = bch(z/a) BOKpyr ocu
Oz. TlceBnokaTeHOUA — MOBEPXHOCTh BPAILlEHUST CTPOTO OTPUIIATEIbHOI raycCOBOM
KPUBU3HBI, HO OHA HE SIBJISIETCSI MUHUMAJIbHOM ITOBEPXHOCTHIO (pHUC. 7, 0).

MuHUMabHasl TOBEPXHOCTh — 3TO ITOBEPXHOCTh, Y KOTOPOI CpeaHsIst KpuBU3HA H
paBHA HYJIIO BO BCEX TOUYKaX, CJIEIOBAaTEIbHO, MUHMMAJIbHASI IOBEPXHOCTD SIBIISICTCS
MMOBEPXHOCTBIO TOCTOSTHHOM OTPUILIATEIbHON rayccoBoit KpuBU3HEI [20].

I. Tomcen (G. Thomsen) onpeaeany MUHUMAaJIbHBIE TIOBEPXHOCTH €BKJIMI0BA ITPO-
CTpPaHCTBa, KOTOPbIE OTHOBPEMEHHO SIBJISTIOTCS METpUYECKU U apDUHHO-MUHUMAJIb-
HBIMU ITOBEPXHOCTIMU. MUHMMaIbHAsI TOBEPXHOCTh ToMCceHa, TOITyCcKaroIast IIepexo
K ITOBEPXHOCTH DHHeINepa, OMHOBPEeMEHHO SIB/IsIeTCSI apOUHHO-MUHUMAJIBHOM IT0-
BEPXHOCTBIO. APXUTEKTOP, 001agatouii onpeae-
JIEHHOU (paHTa3MUEi, MOXKET HATU IPUMEHEHIE
STUM MOBEPXHOCTSIM, UMEIOIIMM PSI TOCTOMHCTB
(puc. 8).

AdbUHHO-MUHUMAaIbHas TOBEPXHOCTh — 3TO
IMOBEPXHOCTh, cpeaHsist ab¢UHHAsI KpUBU3HA KOTO-
poii paBHa HyJI10. B oTimumne oT 0OBIYHBIX MUHU-
MaJIbHBIX IIOBEPXHOCTE, COCTOSIIMX JIUIITh U3 CEMI-
JIOBBIX TOYEK, ap(pMHHO-MUHUMAaIbHAS ITOBEPX-
HOCTbh MOXET COJepPXaTh JUIMITUYECKUE TOUKH.

Puc. 8. ®parMeHT MUHUManbHOM
nosepxHocTn TomceHa
TaK, SJUIATITUYECKU I Hapa6OHOI/II[ COCTOMT LIEJIN- [Figure 8. A fragment of Thomsen’s

KOM M3 DJUTUIITUYECKX TOYEK U sABiseTcst apbuH- minimal surface]
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Puc. 9. CuenneHHas nepuoguyeckas

MUHMMAasIbHasA NOBEPXHOCTb LLBapua

[Figure 9. Schwarz embedded triply
periodic minimal surface]

HO-MUHUMAaJIbHOU MmoBepXxHOCThl0. M3 Hanboee
M3BECTHBIX OOBIYHBIX MUTHUMAJIBHBIX TTOBEPXHOCTEH
OTHOBpPEMEHHO U K apPUHHO-MUHUMAJIBbHBIM OT-
HOCHUTCS TTOBEPXHOCTh DHHeNepa, CKYJbITypHOE
M300paXkeHUe KOTOPOIi BLICTABIEHO B HOBOM 3IaHUM
MaTteMaTU4ecKOTro MHCTUTYTa YHUBEpPCUTETA T.
Bropuoypra.

CremnJieHHBIe TepUOANIECKIEe MUTHUMAaIbHbIS
TMOBEPXHOCTH TIPEICTABIISIOT CO00¥ MUHUMAaIbHEIC
MOBEPXHOCTH, CHMMETPUUHBIE OTHOCUTEIBLHO TPEX
He3aBUCHUMBIX HampaBieHuir. OOIINM CBOMCTBOM
9TUX MTOBEPXHOCTEH SIBJISIETCSI HAaIMYKue 6a30BOro
Kycka nmoBepxHocTu. CaMbIM MEPBLIM NPUMEPOM
CLICIUICHHOM MIEpUOANICCKON MUHUMAJIBHON I10-
BEPXHOCTHA MOKHO CYUTATh MUHUMAJIBHYIO TTOBEPX-

HocTb IBapiia (puc. 9). Dta e clierieHHas epuoarudecKas MUHMMalIbHas ITOBEpX-
HOCTb SIBJISICTCSI M OHOM U3 CaMbIX M3BECTHBIX IIOBEPXHOCTEH 3TOM rpynmbl. OHa 1o-
JIOKE€Ha B OCHOBY HEKOTOPBIX apPXUTEKTYPHBIX KOMITO3ULIWIA.

TopcoBble MOBEPXHOCTH SIBJISTIOTCS IMHEYATHIMU Pa3BEPTHIBAIOLINMUCS IIOBEPX-
HOCTSIMU, TO €CTh OHM MOTYT OBITh Pa3BEPHYTHI HA INIOCKOCTh BCEMU CBOMMU TOYKAMM
6e3 pa3pbuiBoB 1 cKJIagoK (puc. 10). 11 Toro 94To0BI MOBEPXHOCTH ObIIA pa3BepThHIBA-
IOLLECs, HEOOXOAMMBIM U IOCTATOUHBIM YCIIOBHEM SIBJISIETCSI FAyCCOBa KPMBU3HA, BCIO-
ny paBHas Hymto (K= 0). HeBbipoxkaeHHbIE TOPCOBBIE TOBEPXHOCTH 00Pa30BLIBAIOTCS
KacaTeJIbHBIMH K CBOeMy peOpy Bo3Bparta. I1oBepXHOCTh KacaTe/IbHBIX Ha3bIBAIOT Ka-
carelIbHBIM TOpcoM. JI100yI0 ITPOCTPaHCTBEHHYIO KPUBYIO MOXHO IIPUHSTH 3a peOpo

BO3Bpara.

Puc. 10. CkynbntypHas KOMMNo3uuus N3 TOPCOBbIX 0O00YEK,
Nnosly4eHHbIX Napabonmyeckum narnbaHemM TOHKUX MeTannmyeckmx nuctos, Upnanous, Jy6nuH
[Figure 10. Sculptural composition from developable shells made by parabolic
bending of thin metal sheets, Ireland, Dublin]

IMoBepxHocTh KaTanana — JmHelgaTast TOBEpXHOCTD, TPSIMOJIMHEITHBIE 00pa3ylo-
e KOTOPOI MmapajiieTbHBI OMHOM W TOM Xe TIJIOCKOCTH TTapayiein3Ma.
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Konoua — noBepxHocTh KaTanaHa, Bce mpsIMOJIMHEHBIE 00pa3ylolle KOTOpoi
rnepecekaT GUKCUPOBAHHYIO MPSIMYIO — OCb KoHouAa [7]. TakuM o6pa3omM, KOHOUI —
9TO JTMHeYaTas MOBEepXHOCTH (puc. 11), oO6pazoBaHHas IBMXKEHUEM TIPSIMOi1, OCTalo-
1Iefics mapauiebHON (PUKCUPOBAHHOM MIOCKOCTH U TIepeceKaloleil HEMOABMXKHYIO
MpsIMy10 (OCh KOHOMIA) Y HETIOABVKHYIO HAIIPaBJISIONIYIO KpUBYIO. B HEKOTOPBIX 1Ty-
OMKaLMSIX KOHOUABI Ha3bIBAIOT KIIMHOBUAHBIMU MOBEPXHOCTSMU. Borpockl mprme-
HEHMSI KOHOUJOB B CTPOUTEIbHOI OTPACIM U apXUTEKType Haubosee MoapoOHo pac-
CMOTpPEHHI B cTaThe [21].

Puc. 11. KoHonganbHoe nokpbiTue XenesHonopoxHom ctaHumm “Oxford Road Station”,
MaHuecTep, AHrnus, 1960
[Figure 11. Conoidal roofing of the railway station “Oxford Road Station”, England, Manchester, 1960]

ITpocTeiimM KOHOUIOM SIBJISIETCS TUIIepOOINYeCKIiA mapaboion, oopa3yeMblii
MIPSIMOIA, IBIKYILEIICST 10 ABYM CKPEIITUBAIOLIIMCSI IIPSIMBIM, OCTaBasICh ITapaJuIeIbHOM
HETIOABIDKHOM TTOCKOCTH.

ODHOCTOPOHHNE U IBYCTOPOHHME MOBEPXHOCTUA — JBa TUIIA IIOBEPXHOCTE, pa3-
JINYAIOLIMXCS 110 CITOCO0Y UX pacrojiokeHus B mpocTtpaHcTse. J. [MapdepT cunTaer,
YTO BCSIKasl OMMHOCTOPOHHSISI 3aMKHYTasl IIOBEPXHOCTD JI0JKHA MepeceKaTh caMy ceOs.
ITpocTeiiiieit oMTHOCTOPOHHEU MOBEPXHOCTHIO SABJISIETCS TUCT MéEbuyca.

JleHTa, 3aKpydyeHHas ONUH pa3, Ha3bIBaeTCs JeHToi MEbuyca, i auctoM MeEou-
yca [22]. B otimuue oT cBoeit Momenu TUucT MEOMyca He UMeeT TOIIIUHBL. MHOTO pa3
Iu3aiiHepbl NbITAIUCh BOILUIOTUTH MOJEJIb JrucTa MEburyca B HaTypalbHbIX 00bEKTAX
(puc. 12).

Puc. 12. Mogenb neHtol Mebuyca
[Figure 12. A model of a M6bius band]
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CrnivpasbHasi MOBEpXHOCTh C MPOM3BOJIbHOM KECTKOI 00pasylollieii KpuBO# B IJ10-
CKOCTSAX My4YKa 00pa30BBIBAECTCS MPU BUHTOBOM JIBUXEHUU 3TOW JIMHUU C TOYKOMH,
IepeMelIaIIeics 110 KOoHnYecKoi crnupann. CrmpaabHasi IIOBEPXHOCTD C IIPSIMBIMU
00pa3yIoIIMMU B INIOCKOCTSIX My4YKa (popMUpyeTCsl ITPY BUHTOBOM ABVKEHUU ITPSIMOIA
JIMHUM, MepeceKarolleil och BpallleHUs O/ MOCTOSSHHBIM YIJIOM U IPYTUM KOHIIOM
JIBUXKYILENCS MO0 KOHUYecKoi cniupaiu (puc. 13). Bce Touku nmpsiMbIx 00pa3yroLmx
OyAyT OMUCHIBATh KOHUYECKUE CITUPAIIN, KOTOPBIE SIBJISIOTCS TUHUSIMU OTKOCA.

™

Puc. 13. CnupanbHas kpblla
[Figure 13. A spiral roofing]

CrmpaieBUIHBIEC ITOBEPXHOCTH BHEIITHE TTIOXO0XHY Ha CIIMPaIbHbIC IIOBEPXHOCTU, HO
HX HeJIb3sl OTHECTU K OMTHOMY KJIACCY, TaK KaK CIMpaIbHbIe IIOBEPXHOCTU UMEIOT B Ka-
YeCTBE HaIlpaBJIsIollei KpUBOIi TOJbKO CIMpalib Ha KPYyrOBOM KOHYcCe, a 00pa3ylolast
KpHBasi B Mpoliecce IBUKEHUS BIOJIb KOHMYECKON BUHTOBOI HAMPaBISIOIIEH KpUBOM
He U3MEHSIET CBOIO (hopMY. 3a HAIIPaBJISTIONIYI0 KPUBYIO CITMPaJIEBUTHON ITOBEPXHOCTH
MOXHO B34Th J1100YI0 CIUPab Ha 10001 TOBEPXHOCTH.

Cepuueckasi TOBEpXHOCTH (IIapoBasi ITOBEPXHOCTh, chepa) 00pa30BBIBACTCS Bpa-
IIEHEeM OKPYKHOCTU ITOCTOSTHHOTO pajuyca BOKpyT cBoeit ocu. Chepa cuutaercs ofi-
HOH M3 caMbIX IPOCTEHIINX U Hau0O0JIee UCIIOJIb3YEMbIX IIOBEPXHOCTEM, IIIMPOKO MPH-
MEeHSIeMBIX U ceityac (puc. 14). DTo yHuKaIbHAasI TOBEPXHOCTh, KOTOPYIO OTHOBPEMEH -
HO MOXHO IPHUYMUCIUTh K KJIACCY MOBEPXHOCTEU BpallleHUS, HUKINIESCKUM
IMOBEPXHOCTSIM, ITIOBEPXHOCTSIM IIOCTOSTHHOM rayCCOBOM MJIA CpeaHEel KpUBU3HEI [23].

OmnpeneneHre INKINTYECKON TOBEPXHOCTH, TaHHOE B [24]: « L Ilmkmndeckas mmoBepx-
HOCTb — KpMBasi IOBEPXHOCTh, 00pa3oBaHHasI ABIKEHUEM OKPYKHOCTU ITIOCTOSITHHOTO
WJIM IIEpEMEHHOTI0 AuaMeTpa, LIEHTP KOTOPOIi mepeMelliaeTcs o KaKok-11u00 HarpaB-
JISTIONIEN JIMHUM, a TIJIOCKOCTh OKPY>KHOCTH OCTaeTCs MepIeHAUKYISIPHONR 3TOM -
HUW» — HEKOPPEKTHO. DTO oNpeaeeHue HOPMaTbHON IMKJINYECKOU TTOBEPXHOCTHU
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[25]. TIpaBunbHOE onpeAeaeHUe LHIUKINUeCcKo moBepxHocTU: «Lluknnyeckas mosepx-
HOCTb 00pa3yeTcsl ABIKCHNEM OKPYKHOCTU IIEPEMEHHOTO WM IIOCTOSIHHOTO pammyca
10 TIPOM3BOJIBHOMY 3aKOHY B IIpocTpaHcTBe» [3; 5]. MHOrma mukimyeckue moBepx-
HOCTH OepyTcs 3a OCHOBY IPU MOAEIMPOBAHUM ITOBEPXHOCTEM APYrMX Kiaaccos [26].
Luknryeckue MoBepXHOCTH U3 OTNIPEAEIEHHBIX TPYITI INUPOKO UCITOIb3YIOTCS B apXU-
TeKTYype, CTPOUTEIbCTBE U MAlIMHOCTpOeHUHU [27].

Puc.14. PazopsaHHas coepa, Npnanouns, LybnuH
[Figure 14. The broken sphere, Ireland, Dublin]

MHorue reoMeTpbl CYUTAIOT KAHAIOBBIMU OBEPXHOCTSIMU HOPMaJIbHbIE IIUKINYE -
CKMe MOBEPXHOCTH, Y KOTOPBIX 00pa3yolle OKPYy>KHOCTH OPTOrOHAJIbHbI TMHUU LIEH-
TpoB. B xinaccuueckoit knure B. . [llynukoBckoro [28] mMpuBOAUTCS HECKOJIbKO MHOE
onpenaeneHue: «KaHaioBoii Ha3bIBae€TCsl MOBEPXHOCTh, OJHO CEMENCTBO JUHUIA KPU-
BHU3HBI KOTOPOIT COCTOMT M3 OKpYKHOCTei. KaHamoBast HOBEpXHOCTb SIBJISIETCST OTr0a-
IOIIE ogHOTIapaMeTPUIECKOTO ceMeiicTBa cep». [To-Buanmomy, orpeneieHue
B.N. lllynukoBcKOro HE0OXOAMMO MPU3HATHL OCHOBOIIOJIATaIOIINM, CIEI0BaTeIbHO, K
KaHaJIOBBIM ITOBEPXHOCTSIM MOTYT OBITh ITPUYMCIICHBI TOJIBKO KaHAJIOBbIE TOBEPXHOCTHU
HMoaxmumcrans B TMHUSX KPUBU3H, HUKIUAHI [forieHa 1 TpyO4YaThie TIOBEPXHOCTH.

uknunoii J{foreHa, Mid IpoCTo LUKINUI0M, Ha3bIBAIOT [IOBEPXHOCTh, 00a ceMeii-
CTBa JIUHUI KPUBU3HBI KOTOPOI COCTOSIT U3 OKPYKHOCTEH, IIpUIeM pagnyC OTHOTO
ceMelcTBa OKPYKHOCTEH 3aBUCUT TOJIBKO OT OJHOTO MapaMeTpa, a paauyc BTOPOro
ceMelicTBa OKPYKHOCTEN — TOJIbKO OT IPYTroro IepeMeHHOro IlapaMeTpa.

B 3aBuCHMOCTH OT BUJa MepeMeleHN TPOr3BOIsIIe KpUBO KUHEMATUYECKIE
MOBEPXHOCTHU O0LIEro Buaa moapasaesisitoTcs Ha: 1) MoOBepXHOCTU MepeHoca; 2) poTa-
TUBHBIE MOBEPXHOCTH; 3) CIIMPOUIATbHBIC TOBEPXHOCTHU (pucC. 3).

[ToBepxHOCTH ITIEpeHOCA MOXKET OBITh 3aJaHa 00pa3yollleil IMHIEe B Ha4aJbHOM
MOJIOXKEHNU U HEKOTOPOM HANpPAaBJISIOICH KPUBOM, OIIPEACIISIONICH HAITPABICHUE
nepeHoca. Hamnpagistionias u o0pa3ytolire KpuBble MOBEPXHOCTU MIPSIMOTo IlepeHoca
(TmockomnapayieJIbHOro) JexXaT BO B3aMMHO MePIeHAUKYISIPHBIX TIocKocTax. [1o-
BEPXHOCTU IMAaroHaJbHOTO IepeHoca 00pa3yroTcs MapalieabHbIM ITePeHOCOM IIOCKOMH
KPMBOM Tak, 4TO IBE €€ CUMMETPUYHbBIE TOUKU HEMPEPHIBHO KACAIOTCS IJIOCKOTO KOH-

Typa (puc. 15).
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Puc. 15. [loBepXxHOCTb AMaroHanbLHOro nepeHoca Puc. 16. [10BEpPXHOCTb KOHIPY3HTHbIX CE4EeHNM
napabonuyeckoi obpasytoLien ¢ obpaaytouleri napadonon [9]
Ha 3NNUMNTUHECKOM KOHTYpe [Figure 16. A surface of congruent sections with
[Figure 15. A surface of diagonal translation of the parabolic generators]

parabolic generator along the elliptical contour]

[ToBepXHOCThIO KOHTPYIHTHBIX CEYEHUI Ha3bIBaeTCs IIOBEPXHOCTh, HECYIIIAsl Ha
cebe HeTrpepbIBHOE OHOITapaMETPMUYECKOe CEMEMCTBO TUIOCKUX TMHUI (puc. 16). [To-
JlydaeTcsl Takasi TOBEPXHOCTD B pe3yJIbTaTe MepeMelleHUs KaKO-IM00 MI0CKONH TMHUN
(o6pazymoleit). BoiaeneHre aTUX MOBEPXHOCTEH B OTAEIbHBIN KJIacC YIIPOCTUIIO U3-
JIOXXEHHWE METOJIOB UX ITOCTPOCHUSI CpeACTBAMU HauepTaTeJbHOU reomeTpun. I1po-
CTEHMIIINMHU BUIAMU ITOBEPXHOCTEM KOHTPYIHTHBIX CEUCHUI SIBIISIIOTCSI ITIOBEPXHOCTH
ILUIOCKOITIapaJljIeIbHOIO IIEpeHOCa OTHOCUTEIBbHO IUIOCKOCTH IpoeKiiuii. [loBepxHOCTH
BpallleH!s TaK>Ke MOTYT ObITh MPUUMCIIEHBI K KJIACCy MOBEPXHOCTEN KOHIPYIHTHBIX
cedyeHuil. Pe3Hble moBepXxHOCTM MOHXKa MOAXOAAT IO/ oNpeae/ieHUe MOBepXHOCTe i
KOHTPYHTHBIX CEUeHU. Bce IMKIIMUecKre MOBePXHOCTH C 00pa3yIoleli OKPY>KHOCTBIO
MOCTOSIHHOTO paanryca MOXXHO BKJIIOYATh B KJ1ACC IMTOBEPXHOCTE KOHTPYIHTHBIX ceve-
Huli. PoTaTuBHBIC TOBEPXHOCTH BXOAST B OMHY U3 TPYIII IIOBEPXHOCTE KOHTPYIHTHBIX
ceyeHuii. BUHTOBBIE MOBEPXHOCTH 0OPa30BHIBAIOTCS
BUHTOBBIM JIBMXKEHUEM KaKOW-T100 JMHUU, CAEI0-
BaTeJbHO, OHU MOTYT OBITh BKJIIOUEHBI B KJIaCC TO-
BEPXHOCTE KOHIPYIHTHBIX CEUECHUI Ha KPYTOBOM
LWIWHIPE.

PoraTtuBHast moBepXHOCTh 0OPa30BbIBAETCS TIPO-
WU3BOJILHOI MTPOCTPAHCTBEHHOI KpUBOIi L mpu Kaye-
HUM 6€3 CKOJIbKEHUS TTOJBUXKHOIO TOPCa, C KOTOPBIM
JKECTKO CBsI3aHa MPOU3BOJsIIas KpuBas L, TTo HETMo/I-
BIKHOMY TOpCy. B aTOM ciiyyae roBopsT, 4TO MpOu3-
BoJsIIas1 KpyBas L coBepIlIaeT pOTaTUBHOE ABUXKEHUE.
TopcoBbie MOBEPXHOCTHU, CITOCOOCTBYIOIIME IBUXE-
HUIO MPOM3BOISAIIECH KPUBOU JMHUM, HA3bIBAIOTCS
MOJBMKHBIM 1 HEMOJABMXKHBIM akcounamu. Konyc u
Puc. 17. Onuumknonameii unnkap  LWAJIMHIP, LWAJMHIP U TOPC HE MOTYT COCTaBUTh Nap

[Figure 17. Epicycloidal cylinder] aKCOMJOB JUIs1 pPOTaTUBHOTO ABMXKEeHMSI. PaccMoTpuM
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JUISL TIpUMEpa MU LU KIIOUTHBINA TUTUHAP, (POPMUPYEMBbIIA TPSIMOI 00pa3yronieii moi-
BUXKHOTO aKCOWJa — LIWJINHIPA C PATUYCOM F, KaTSIIErocst 0€3 CKOIbXEHUS 1O BHEIII -
Hell TOBEPXHOCTU HEITOABMXKHOTO aKCOMIa — LIWJIMHIApA ¢ paaruycoM R=4r (puc. 17).

CrnupouaaibHble MOBEPXHOCTHU CO3aI0TCsI 00pa3yolleil KpruBoii L, KoTopas co-
BEpIIaeT BUHTOBOE MEePEeMEIIEHNE C HEMMPEPHIBHO U3MEHSIOIIIMMUCS MMOJIOXKEHUEM U
HampaBJeHUEeM BUHTOBOI OCH, a TaKKe NTapaMeTPOM BUHTOBOTO IBUXKEHUS, T.€. CITU-
pouiasibHasi MOBEPXHOCTh (hOPMUPYETCs MPU KAYeHUU TOPCA 10 TOPCY CO CKOJIbKEHU -
€M BIOJIb COTTPUKACAIOIINXCS 00pa3yIOLIMX IMPSIMBIX aKCOMIO0B [29].

3aknyeHue

Kpatkas nngopmaliyist 0 COCTOSTHUH JIeJ1 B 00J1aCTU CO3AaHMs HOBBIX (hOPM IIJISI CO-
OPYXKEHUI M KOHCTPYKLIMI CTPOUTEIBHOIO M MAIIMHOCTPOUTEIbHOIO Ha3HAUYEHUSI
ITOKAa3bIBAET, UTO 3TO HAyYHOE HaMpaBjieHNe B Poccuy coXpaHMIO CBOY MO3UIIAM, XOTSI
U IEPKUTCSI Ha HEOOJIbIIOM KoJinuecTBe aHTYy3uactoB [30]. bynetr oduaHo, ecjii OHO
rocje 15-J1eTHero noabeMa CHOBa HAUHET TePSATh CBOUX ITpUBepKeH1IeB. Ocoboe BHU-
MaHMe CJIeAyeT OOPaTUTh Ha Pa3BUTHE MHTEPECA K MCITOIh30BAHUIO IIPOCTPAHCTBEHHBIX
TOHKOCTEHHBIX KOHCTPYKIIUI Y MOJOICKH.

Bce 6osee oy isspHBIMU CpPeIN apXUTEKTOPOB CTAHOBITCSI OMOHUUECKHE apXUTEK -
TypHbI€ (POPMbBI, KOTOPbIE HE OTTMCHIBAIOTCS aHATUTUYeCKUMU (popmynamu [31]. 3Ha-
HUE IPUHIMIIOB (GOPMUPOBAHUS U 3aJaHUS IIOBEPXHOCTEI ITIOMOXET apXUTEKTOPY
€03I1aTh HOBOE B apXUTEKTYpHOI1 6roHuKe [32]. CylIecTBYIOT COOPYXKEHUSI, COCTAB-
JICHHBIC U3 (parMeHTOB 000JI0YEK, OUePUYCHHBIX ITO MOBEPXHOCTSIM Pa3IMYHBIX KJIacC-
coB (puc. 18). B pykax n3BeCTHBIX apXUTEKTOPOB OHU CTAaHOBATCS 1ieaeBpamMu. OnHa-
KO, UCITOJIb3YS IIPUHLIMITBI IapaMeTPUUECKOM apXUTEKTYPHI, T.€. 3aJaBasi IOBEPXHOCTH
aHAJIMTUIECKUMU (POpMYyJIaMH, MOXKHO PaCIIMPUTh IPUMEHEHNE KOMIIBIOTEPHOTO
mopaeaupoBaHus [33].

Puc. 18. OkeaHorpaduyeckuii napk, MicnaHus, BaneHcus (apxutektop — ®. KaHgena)
[Figure 18. The Oceanographic Park, Spain, Valencia (architect — F. Candela)]

B MammHocTpouTeIbHOM MHIYCTPUM TTOTYYeHUE M 00padoTKa AeTalieil, ouepueHHbBIX
I10 CJIOXKHBIM ITOBEPXHOCTSIM, IIPEICTABISIET COOO0I TPYIHYIO CAMOCTOSITEILHYIO 3a/1a-
qy. OnpeaeaeHHYO MOMOILb MHXXEHEPaM B pellleHU! psiga mpobsemM B popMoodpazo-
BaHUU U3aeanuit MoxeT okazaTbh KHura Credana Pagzesuua [34].
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B 3akiioueHue npuBeaeM eliie HeCKOJbKo padoT [37—40], rae paccMaTpUBarOTCs
BOIIPOCHI KJIacCU(UKALIUK OIIpeae/IeHHBIX IIOBEPXHOCTEM, HAIISAIINX IPUMEHEHHIE
Ha IpaKTHUKe.
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Classification of analytical surfaces as applied to
parametrical architecture and machine building
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6 Miklukho-Maklaya St., Moscow, 117198, Russian Federation

Abstract. At present time, the architects began to show interest in the creation of space large-span
shapes due to advent of new materials and building construction technologies. Increased ergonomic
requirements for structures and erections are now a great significance. This approach can be seen in
many projects, both implemented in material and still being at the stage of drafts and blueprints. Now
in economically safe countries, there has already been a splash in the creation of new unique structures,
including spatial ones with complex surfaces. It is necessary to prepare for such prospect also in our
country. Currently, a large number of surface classifications is offered, but they do not cover the all
variety of known surfaces. This article introduces a classification of both new and widely known surface
shapes as applied to the structures of building and industrial purposes. A detailed classification of
analytic surfaces of 38 classes is constituted. An extensive bibliography containing 40 references is
presented for convenient search of studies in the field of geometry and strength analysis of thin shells
with the non-canonical middle surfaces.

Keywords: analytic surface, classification of analytic surfaces, parametrical architecture, space
large-span thin-walled structure, forming of thin-walled machine-building details
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MpoekTupoBaHne YHUBEPCaNIbHOro aTTPakTUBHOIoO
TpaHcnopTHoro nepexopa CyHpap6aH
Hag BeHranbCckum 3anMBom

Ka3u I1Iu6:m Cyman', B.M. Illysaios'?

' Poccuiickuii yHUBEPCUTET APYKObI HAPOOB
Poccuiickas edepayus, 117198, Mockea, ya. Muxayxo-Makaas, 6
2 MOCKOBCKUIT apXUTEKTYPHbII MHCTUTYT (TOCYIAPCTBEHHAST aKaAeMUsl)
Poccuiickas ©edepayus, 107031, Mockea, ya. Poxcdecmeenka, 11

Ileabto cTaThy SIBJISIETCS TOMCK HOBBIX ITyTE# pPa3BUTHSI peKpealluOHHO-TYPUCTUUECKOTO IMTOTEH-
nmana banrnagenr. OQuH U3 METOIOB PEIeHUsT TaHHOM MTPOOJIeMbl — CTPOUTEILCTBO YHUBEPCATb-
HOTO aTTPaKTUBHOIO TpaHCIOpTHOro nepexona CyHaapoaH Haa beHraabCKuUM 3aMBOM, Ilie ci1abo
Pa3BUT CYXOITyTHBII TPAHCIIOPT U3-3a YaCThIX pa3IMBOB PeK. B CBSI3U ¢ 3TUM TpeasioKeH MPOeKT
BO3BENIEHUST COBPEMEHHOIO MOCTA C Pa3BUTOM MHMPACTPYKTYpOit U IPUMEHEHUEM COBPEMEHHBIX
TEeXHOJIOTUIA ¥ MaTepUaIOB, KOTOPBI 00beIMHUT pernoHbl Yurraronr, bapucan, KxymHa. A cozma-
HME BXOAHBIX UHPPACTPYKTYPHBIX OOBEKTOB U MHOTO(YHKIIMOHATBbHBIX MepecaiouyHbIX IEHTPOB B
roponax Kxynna, bxona, bapucan, Yurraronr, Hoakxanu, Kox-ba3zap npusieuyer 10oTHUTEIbHbIE
IMOTOKM TypucTOB. MeTtonpl. B crathe paccmaTpuBaloTcest (pakKTophl, BIMSIIONIME HA pa3BUTHE pEKpe-
allMOHHO-TYPUCTUYECKOro moreHunana banrmanen. JlaH 0630p 0CHOBHBIX IPO0JIEM, BOSHUKAIOIIX
Mpu cTpouTebcTBe. HameueH moucK pacKpbITHs Pe3ePBOB 11 PA3BUTHSI PEKPEaliMOHHO-TYPUCTU-
YeCcKOoro noTeHImana pecrnyoauku. OTCyTCTBUE TTOCTOSIHHO IEHCTBYIOIIEH TPAHCIOPTHOM KOMMY-
HUKallMU Ha I0Te CTPaHBI SBJISIETCS HE TOJbKO 9KOHOMUYECKOU, HO 1 CYLIECTBEHHOU peaibHOM
MOJIUTUIECKON OMAaCHOCTHIO. BbiBoabl. PalimoHasbHOE 1 9KOHOMMYHOE pellieHre TTO3BOJUT KOM-
MJIEKCHO OPraHU30BaTh IKCILIyaTallui0 COOPYXEHUsI, TPEBPATUT €T0 B TJIaBHbIN peKpeallmoOHHO-
KYJIBTYPHBII LIEHTP perrMoHa, OTBevas 3ajadyaM MepCcreKTUBHOTO Pa3BUTHE PEKPEallMOHHBIX YCIIYT
banrnazgem go 2030 r. 17151 5TOr0 HEOOXOAMMO JajTbHElIIee Pa3BUTHE TPAHCTIOPTHBIX KOMMYHUKALIM I
I0XKHOM YacTH CTpaHbl Mexkay peruoHamu Yurraronr, bapucan, Kxynna.

KuroueBble clioBa: pa3BuTre MHGPACTPYKTYPhl, U3MEHEHHSI B MUPOBOI 9KOHOMMKE, CTPOUTEITb-
CTBO MOCTa, PeKPEalMIOHHO-TYPUCTUYECKIE 30HbI, CJIa00PA3BUTHIN CYXOITyTHBIM TPAHCIIOPT, IIPH-
opexHast yactb CyHnapbaHa

BeBepeHue

Axmyaavnocms uccaedosanus. CyxOnyTHBIN TpaHcHOpT baHrmaneir pa3But ciado,
JIOPOTY 13-3a MPOJIMBHBIX TOX/EH BIXOAAT U3 CTPOSI, 0COOEHHO B I0XKHOM M I0r0-BOC-
TOYHOM YacTsX cTpaHbl. OTCYTCTBME MTOCTOSTHHO NEeHCTBYIOIIEH TPaHCIIOPTHON KOM-
MYHUKALMU SIBISIETCS HE TOJIbKO SKOHOMMYECKOM, HO 1 CYILIECTBEHHOM pealbHOM MO-
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JINTUYECKOI OMacHOCThI0. BOCTOUHYI0 YacTh cTpaHbl COeAMHSIOT 1oporu ot [lxaban-
myp A0 asporiopTa Jlakka 1 10 MOpcKoro nopta YuTraroHr. 3amnaaHyo 4acTh CTpaHbl
coenuHs0T noporu ot Cauanyp u Panrnyp no Pamx-1iaxu v ITa6Ha. baus ITabHa moct
yepes peky IaHr, ganee or HaBabranmx u Hapasnranmxke 1o bapucan u Kxynna. On-
HaKO MEXITy BOCTOUHO U 3aITalHOI YaCTSIMM ora CTpaHbl HET HAaZEXKHbBIX BCECE30HHBIX
KOMMYHUKAILIMI CITOCOOHBIX 00beAMHUTH pernoHamu Yurraronr, bapucan, KxynHa.
TexHUYEeCKUii TpOTrpecc U MOCTOSIHHOE TMHAMUYHOE Pa3BUTHE 9KOHOMUYECKMX CBsI3ei
I0XKHBIX PETMOHOB HE MOTYT CTaOMJILHO pa3BUBAThCS B TAKUX YCJIOBUSIX. KpymnHeiine
pPeKpealMoOHHO-TYPUCTUYECKIE 30HbI 3TOTO pernoHa — Yurraronr u KxyiHa — us-3a
OTCYTCTBHS TPaHCIOPTHBIX KOMMYHHUKAIIMI HE CMOTYT ITOJYYUTh JaJbHEHIIIee 9KOHO-
MHUYECKOE pa3BUTHE.

Llens ncciienoBaHmsT — HAWTU HOBBIE IIYTHU Pa3BUTUS PEKPEALIMOHHO-TYPUCTUYC -
CKOTO MOTeHIIMaJa pecyOJuKH.

Ilocmanoska npobaemst. B banrnanein Ha3pesia ocTpast HEOOXOIUMOCTb Pa3BUTUS
TPaHCIOPTHOM MHMPACTPYKTYphl, OCOOEHHO B FOXKHBIX peTMOHAX CTPaHbI, T¢ YaCTO
OBIBAaIOT HABOJHEHMS 13-3a pa3nBa pek [anra, bpaxmamyTpsl 1 MerxHsl.

3aoaqu u memoowt pewenus. Heooxoaymo pa3BUTUE TPAHCIIOPTHBIX KOMMYHUKALIMIA
MEXIy perMOHaMu CTpaHbl. B CBSI3U ¢ 3TUM MpeIIoXKeH IMPOEKT MOCTa CO CTPOUTEIb-
CTBOM BXOJHbBIX UH(PACTPYKTYPHBIX 00BEKTOB, 00bEIUHSIIONINI peTMOHBI YU TTaroHT,
bapucan, KxynHa. ITo beHranbckoii paBHUHE ¢ 10ro-3amnaja Ha I0ro-BoCTOK OT IIpu-
opesxHoit yactu CyHmapOaH Haf JeJIBTaMU BeJIMKMX BOOHBIX apTepuit [anra, bpaxma-
IMyTpbl 1 MeTxHBI 10 ApaKaHCKUX TOp (BBICOTa A0 957 M) MpoiineT YHUKaIbHbII MHO-
royHKIIMOHAJIbHBII aTTPAKTUBHBII MOCT, KOTOPBIi OYyIET BHIIOIHSITH (YHKIIMU KOM-
MYHMKAIIMOHHO-X03SIMCTBEHHOTO 1 PeKPeallMOHHO-TYPUCTUISCKOIO Ha3HAUCHMS.

banrnagen Hy>keH COBpeMEeHHBII MOCT ¢ pa3BUTOI MHGPACTPYKTYPOIi, IIOCTPOCH-
HBII ¢ MPUMEHEHNEM COBPEMEHHBIX TEXHOJIOTUIA I MaTepuasioB. [1pu aToM XKene3Hast
Jlopora 1 aBTOMOOMJIbHAsSI Tpacca JTOJIKHA OBITh 3aKPHBITHl OT HEOJIArONPUSTHBIX IT0-
TOJIHBIX YCJIOBUI (IOXKIEN U CUJIbHBIX MYCCOHCKUX BeTpoB). Heo6xoaumo, 4ToObI MOCT
caM BbIpabaThIBaJl JIEKTPOIHEPIUIO U ObUT oKymnaeM. Ha ceromHsmHuit MOMEHT CBSI3b
Mexnay permoHamMu Yurtraronr, bapucan, KxyiHa ocyliecTBIsIIOT HEKPYITHbIE peuHbIe
cyna.

Ilpeoaoxncenus no npoekmuposanuro MHOOPYHKUUOHAALHO20 AMMPAKIMUGHO20 MOCIA
(MAM). TpaguiinoHHO HanboJiee TMIPOCTHIM U TOCTYITHBIM CITOCOOOM TIepeIBIKEHUS
10 CTpaHe CUMTAINCh pedHble cyna. [Iprcranu mist MajibIX Cyo0B UMEIOTCS B KaXKIOM
KpPYITHOM pedHOM ropoae. O0opymoBaHHBIE BOTJHBIC TPACCHI CTPAHbI COCTABIISIIOT
8 370 kM, raBHbIA MapIpyT — Jlakka — YuTraroHr. Mexxay peruoHaMu 4yepe3 BOAHbIC
Tpacchl B TeYEHUE roja nepeMeiiaoT okoJjio 0,5 MJIH T rpy30B U 0ojiee 1 MJIH JI0Aei.
OpHako MepeBO3KU PEUHBIMU CyJaMU — JEJIO CE30HHOE U CYIIECTBEHHO 3aBUCUT OT
KJIMMaTUYECKUX YCIIOBUIA, BETPOBBIX U TeMIIepaTypHbIX Kojiebanuii. CoobIieHe Mo
BO3IYXy MaJIOii aBMallMeil TOXKe MMEET CBOM MUHYCHI, HAIIPMMED BO3IyIIHAsI TaBaHb
MOXET 3aKPbIThCSI M3-3a HEJIETHOM IOr0/Ibl MU IPYTUMX KaTaKJIM3MOB, K TOMY e Iepe-
JIET Ha CaMOJIETe CTOUT JOPOKeE.

MHoroo0pasue KyJIbTypHBIX TPaIULIUi, YHUKAJIbHbIE IPUPOIHbIE Y KTUMAaTUUECKIe
0co0eHHOCTU baHrmagen npuBiaeKaT MOTOKU TYPUCTOB U3 COCEIHUX CTPaH U Iajlb-
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Hero 3apy0exbsi. baHrnagein apjasieTcsl MONyJsIipHbIM, HO HEAOCTATOYHO Pa3BUTHIM
pPeKpeallmOHHO-TYPUCTUIECKIM HaIlpaBICHHUEM.

Kiaumat pernona cy0aKBaTOpHaIbHBIN, MyCCOHHBIN. CpeaHne TeMIIepaTyphl SSHBa -
ps 12—25°C, anpens 23—34 °C. PekpeallnuOHHO-TYpUCTUUYECKOI OM3HEC pa3BUBaeTCs,
HO HEJOCTaTOYHO aKTUBHO, CTPOUTEILCTBO MAM nact MMMyJIbC pa3BUTUIO peKpea-
LIMOHHOM IesaTeabHOCTHU [1; 2]. I3 mocTaHOBIeHUSs mpaBuTeabcTBa «CTpaTerus pas-
BUTHS Typu3Ma B baHrianein» ciaeayeT, 4To Npy co3AaHUU 0ObEKTOB PEKpeallMOHHO-
TYPUCTUICCKOM Cchephbl HEOOXOMMMO pa3BUTHEC MHAPACTPYKTYPHBIX COOPYXKCHUIA.
TpaHCTIOPT CBSI3BIBAET 1 COSNMHSIEM PETMOHEI CTPaHbI, 00pa3ysl eAMHYIO KPYITHYIO KOM-
MYHMKALIMOHHYIO CETh PeKpeallMOHHOro KoMIuiekca pecnyonuku. Ha 2016 r. jmHa
KeJae3Hbix gopor — 27 000 kM, IjiMHA BeeX aBTomopor — 239 226 KM, B TOM YMCJIE C
MOKPBLITHEM — 22 726 KM, 6e3 MOKpuIThs — 216 500 kM. Jloporu coeauHsT ceBep U 10T
CTpaHbI BIOJb OeperoB bpaxmanyTpsl 1 [aHra, a Ha 1ore cTpaHbl OTCYTCTBYIOT.

IIpoBenennas B 2012 I. olleHKa 5KOHOMHMYECKOI 1IeJIeCO00pa3HOCTH yKa3aia Ha
HEeoO0XOAMMOCTb CO3JaHNS MOCTOBOTO TTepexo/ia uepe3 mpruopexxkHyio yactb CyHaapoaH
Haj genbTamu pek laHra, bpaxmanyTpbl 1 MerxHbl. [eonornuyeckoii 0COOEHHOCTbBIO
paiioHa CTpOUTEIbCTBA SIBJISIETCS CPaBHUTEIbHO BBICOKOE 3ajleraH1e KPOBIU KOPEHHBIX
mopoz BOJIM3U BOCTOYHOTO Oepera beHraibckoro 3anuBa. bepera 3aiuBa HU3MEHHBIE
1 3a00JI09€HHBIE, C IIeCYaHBIMU KOCAMU B BOCTOYHO YaCTH Y KPYITHBIMM ITeCUaHBIMU
OTMEJIIMH, B HEKOTOPBIX MeCTaX BOCTOYHOT0 Oepera OOpBIBUCTHI 1 CKaJIMCTHI. Bomo-
o0OMeH B mpuopeskHoit yactn CyHmapObaH MexXIy AeJbTON U 3aJIMBOM OOYCIIOBJICH B
OCHOBHOM BeTpaMu M CTOKOM Boj pek [aHra, bpaxmanyrpsl 1 MerxHsl. BeicoTta 1o-
BEPXHOCTH BOJBI 3aBUCUT OT MHOTUX (PaKTOPOB, INTAaBHBIMU U3 KOTOPBIX SIBJISIIOTCS KO-
JiebaHMs YpOBHEMN BOJ 3a71MBa U UHTEHCUBHOCTb PEYHOr0 MPUTOKA, HO MPEUMYILIE-
CTBEHHOE BJIMSIHME OKa3bIBaeT BETPOBOM HaroH. lomoBasi aMIIMTyAa KojiebaHUii ypoB-
Heil Bombl — OT 56 10 197 ¢cM. MakcuMajbHask CKOPOCTb TE€UCHMS BOABI IIPUOPEKHOM
yactu CyHngap6an cocrapisieT 1,08 m/c. CeiicMuyHOCTD B paiioHe banrmangent — 9 6an-
J0B. PeKoMeHIOBaHHBIN CyTOXOMHBIN radaput — 25 M 110 BhicoTe 1 120 M 110 mmpu-
HE — C BO3MOXHOCTBIO IPOITYCKa CYA0B YBEJIMYEHHBIX Ta0apUTOB I10 COINIACOBAaHHOMY
rpacduky Mapuipyta Jlakka — YuTTaroHr.

3ajieraHue KpPOBJIM KOPEHHBIX MOPOJ, KpacHO# TIMHbI Ha rinyouHe 45—50 m. Boie
KOPEHHBIX ITOPOI JIEXKAT OYeHb CJIa0bIe MIINCThIe OMOTeHHBIC TPYHTHL. MOIITHOCTH MIIO-
BBIX OTJIOXKEHUI pa3IMIHON IUIOTHOCTH (B OCHOBHOM Y BOCTOYHOI'O Oepera) J10XOauT
10 40—50 m.

Y ocHOBaHUS KJII0YEBBIX BXOAHBIX TPYIII U HAa BHEIITHE CTOPOHE MOJIOB-IIPUYAJIOB
B O€peroBoii 30He HEOOXOAUMO 000PYI0BaTh I'PY30BbIE, PHIOOIOBHBIE U TYPUCTUYECKHE
IIPUYAJIbI ¥ IOPTOBBIE KOHCTPYKLIMM, CTOSTHKY TUAPOCAMOJIETOB, ITYHKTHI CITACaTeIbHBIX
CJIyK0 ¢ MEIULIMHCKUMMU TTocTaMu (cM. puc. 1—35).

1 R .
_

L

r——

Puc. 1. Cxema ¢pparmeHTa npoaonbHoro npoduns ydactka mocta CyngapoaH
1 MHOTOM®YHKLUMOHANbHBIX BXOAHbIX FPyMmn
[Figure 1. Scheme of the fragment of the longitudinal profile of the bridge section Sundarban
and multifunctional input groups]
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NEbERO-HE? NEREXOn

6

Puc. 2. OcHoBHble napameTpbl MocTa CyHaapbaH:
a — Cxema nonepeyHoro paspesa; 6— nepecanovyHo-Bbe3gHaga rpynna c NnopTomMm MasopasmMepHbIX Cya0B
[Figure 2. The main parameters of the bridge Sundarban:
a — scheme of the cross-section; 6 — transfer and entry group with the port of small vessels]

a 6

Puc. 3. O6uas koHLenumn co3ganns mocta CyHpapbaH:
a — Cxema rnJjiaHa MocTa,; 6 — MHOI'O(DVHKLI.VIOHaﬂbeIVI nepeca.u.qubM UeHTp
[Figure 3. General concepts for the creation of the bridge Sundarban:
a — bridge plan diagram; 6 — multifunctional transfer center]
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a 6

Puc. 4. ®parmeHTbl NPOCTPAHCTBEHHOMO peLLeHns MocTa:
a — newexogHbole nepexonbl; 6 — aBTOMOOUbHbI TYHHENb
[Figure 4. Fragments of the spatial solution of the bridge:
a — pedestrian crossing; 6 — road tunnel]

a 6 B

Puc. 5. ®parmMmeHTbl MHXEHEPHOr 0 peLleHns MocTa:
a, 6— BEpPTOJsieTHaA 3BakyauMOHHO-CMOTpOBad rnjowiazaka Ha 6bIKaX;
B — YCTaHOBKA BETPOrEHEPATOPOB U COJTHEYHbIX 6aTapeli Ha MOCTOBbIX KOHCTPYKLIMSIX
[Figure 5. Fragments of the bridge engineering solution:
a, 6 — helicopter evacuation and observation deck on the bulls supports;
B — installation of wind turbines and solar panels on bridge structures]

ITpoexTupyeMbiit MHOTOGYHKIIMOHAIbHbBIN aTTPaKTUBHBIIA MOCT MPEACTaBIISIET CO-
0oli ABYXYpPOBHEBbI TPAaHCHOPTHBIN 3aKPBITHIA MTEPEX0 ¢ ABYXITYTHOM XKeJIe3HOM 10-
poroii koneeit 1520 MM 1 IByMsI IBYXITOJTOCHBIMU aBTOMOOMIBHBIMY JOPOTAMHU, CO-
CTOSIIIIMMU 13 TpeX TpyO, OTIUTHIX U3 (pruOPOOETOHA 1 apMUPOBAHHBIX KOMITO3UTHOM
apmatypoii. JilnaMeTp HUKHEH XKeJIe3HOIOPOXKHOM TpyObl — 12,8 M, AuamMeTp BepXHUX
ABTOMOOWIBHBIX TPYO — 9 M. Tpu TpyObI BMECTE MOBBIIIAIOT XECTKOCTh U 3aMac Mpoy-
HOCTHU KOHCTPYKIMU. Halx aBTOMOOUIBHBIMU TPYyOaMU pacriojiaraeTcs MenexoaHast
30Ha C BeJIOCUMNEAHON JOPOXKKOI, 3aKpbhITask OT HEOJIArONPUSITHBIX OTOIHbIX YCJIOBUM
apo4Hoi1 KphIieil. Ha memexogHoMm sipyce Takke pa3MeIleHbl 30HbI 03€JICHEHUSI CO
ckamerikamu 1s1 otabsixa. CotHeYHbIe KOJIJIEKTOPBI M COTHEUHbIe OaTapeu pacrioJjia-
raloTcs IO CTOPOHAM MEIIEXOAHBIX TOPOXKEK, ITPETYCMOTPEHO YCTPOMCTBO BETPOreHe-
patopoB. TpyObl 1 apoyHast Kpbillia a3pOAUNHAMUYHBI U TTO CBOEH (hopMe JIETKO BbIAEP-
JKUBAIOT BETPOBBIE HATPY3KMU.
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MHoropyHKIMOHAIbHbIE TIEPECaT0YHbIC LIEHTPHI BXOAHBIX TPYIIIT OPraHU30BaHbI
B ropoaax KxynaHa, bxona, bapucan, Yurraronr, Hoakxanu, Kox-bazap. TpybuaTbie
KOHCTPYKIIUH IIepecagoYHbIX LIEHTPOB pa3aesIsaioT IIOTOKM TpaHCIIOpTa ¢ MOCTa U aB-
TOMOOMJIBHBIX JOPOT PErMOHa, MPEeIyCMOTPEH MPOXod Ha apouHyio Kpeiiry MAM CyH-
napbaH.

Sawguma mocma. I1py MHOroyHKIIMOHAIBLHOM TepecajoyHOM LEHTPE BXOAHOM
rpynIibl HEOOXOAMMO CO3AaTh LISHTP IO oxpaHe U 3a1uTe Mocta CyHaapOaH. 3aliuTta
1 OXpaHa OCYIIECTBISIETCS CIIeIMAaIbHO 00YIeHHBIM BOOPYKEHHBIM OTPSIIOM BHYTPEH-
HUX BOICK CTpaHbl, KOTOPBIi IUCIOLIMUPYETCS B MOMEIIEHUH TIepecamodyHoro IeHTpa
BXOJ/IHOM rpyrinbl. KoHCTpyKIIMst MOCTa, CO3IaHHAas U3 TPeX 0aJIOK KOJIbLIEBOIO CEUEHMS,
00BEIMHEHHBIX B €AMHYI0O KOHCTPYKIIMIO, TOCTAaTOYHO XeCTKasl U OyIeT ycToiunBa K
BO3MOXHBIM 0O€BBIM BO3IEICTBUSM WK TeppOPUCTHISCKAM akTaM. CIUIoIIHOe ap-
MUpPOBaH1Ee BEICOKO3(G(GEKTUBHOI KOMITO3UTHOI apMaTypOil M JOCTATOYHO BSI3KUI 1
IIPOYHEI (HOPOOETOH BBIACPKAT B3PHIBHYIO BOJIHY KaK CHapYKH, TaK ¥ u3HyTpu. [1po-
HUKHOBEHME OpOHEOOMHBIX CHAPSIIOB-00/IBAaHOK, ITOPAXKAIOLLIMX 3JIEMEHTOB pakeT WUiIn
OCKOJIKOB 13-3a CBOMCTB MaTepUaoB KOHCTPYKLIMU K CYIIECTBEHHBIM pPa3pyIlIeHUSIM
He nipuBeeT. [lemexoaHass 1opoXKa MOXKET UCITOIb30BaThCs IS 9BaKyallMu JIoaei
13 TPAHCIIOPTHBIX TPYO Yepe3 OMOpHbIE KOHCTPYKLIMH B CTydae Ype3BbIYaiiHOTO IPO-
uciectsust. OMHOBpEeMEHHOE pa3pyIIeHNEe TPeX TPYO-IyTEIIPOBOI0B BO3MOXKHO TOJIb-
KO IIpH T7100a/IbHOM O0MOapaIUPOBKE, BEPOSITHOCTH KOTOPOIA, TaxKe P CETOIHSIITHEM
IMOJINTUIECKOM OOOCTPEHUHM B PETMOHe, KpaliHe Majia. ATaKa HU3KOJICTSIINMU KPbI-
JIaTBIMU paKeTaMy MOXET ObITh IpeceyeHa cuctemoii [1BO, pasMenieHHON B 30Hax
MHOTO(GYHKIIMOHAIBHBIX MIEPECaTOYHbIX LIEHTPOB BXOAHBIX IpyIi. Pa3paboranHas
KOHIIETILIMST MOCTa ITpeIyCMaTp1BaeT 3BaKyallMOHHbIE BBIXOIbI M3 TPYO Ha MEIIeXOIHbII
YPOBEHB Yepe3 OMOPHBIE ObIKM (pHUC. 5), 000pyAOBAHHBIE BEPTOJIETHBIMHU ILUIOLIAIKAMU.
[aHHbIe TpeOOBAHMS ONPEACININ TEXHOJIOTUIO CTPOUTEIBLCTBA I MaTepHaIbl MOCTa
CyHpapbaH.

Coget no Typusmy banrnagenr, co3mannbiii B 2010 1., OTMETHIT, YTO OONBITMHCTBO
IMyTEIeCTBEHHUKOB OyaeT nmpue3xaTh U3 MHAUM 1 B IepBYIO ouepeb U3 COCETHEro
mrata — 3anagHoi benranmuu. [lepcneKTUBHBIMY peKPEALIMOHHBIMU ITOTOKAMMU JIJIsI
pecnybauku npusHaHbl Mcnanus, Iepmanus, Bennkoopuranus, Kuraii, AnoHus,
IOxnag Kopesg n CuHramyp.

Mopckue KpacoThl IIPUBJIEKAIOT TYPUCTOB M COCTABIISIIOT BaXHYIO YacCTh 10X0Ia
MpuOpeXHBIX pernoHoB [3; 5; 7]. [Ipn 3HaunUTENbHONM BeIMUYMHE TTOKa3aTenei (3a
2015 . — 1,30 MHJI YeJ1.) Bbe3KalolIMX TYPUCTOB peKpeallMoOHHAasl MHIYCTPUS B JaHHOM
CEKTOpe MoJIydyaeT He3HAUMTEIbHYIO TPUOBLTEL (0K0J10 20 % OT aHAJIOTUYHBIX CTPaH —
Muaun, Kuras, CuHramypa u ip.), e TeMIIbl POCTa Bbe3AHOI0 Typru3Ma 3HaUUTEIbHO
Hyke. OOLIMIA MOTOK TYpUCTOB Bhipoc B 2016 rony Ha 11 % u coctaBui 1,46 MITH Yell.
[l1aBHBIE peKpeallnOHHO-TYPUCTUYECKIE HallpaBIeHNUsI: KpYU3 110 BEJIMKOM peke [aHT,
Ioe3/1Ka K FOpHBIM IJIeMeHaM Ha MHI0-0MpMaHCKOM rpaHulle, 3HAKOMCTBO C YHUKAJIb-
HBIMU IMOCEJIEHUSIMU «MOPCKUX LbITaH». BomHbIE yTH UTpaloT OOIBIIYIO POJb B pa3-
BUTUM PEKPEallMOHHO-TYPUCTUIECKOTO KOMIIEKCa, IIPOHM3bIBAST BCIO TEPPUTOPUIO
CTpaHbI OOIBIINMU 1 MaJIBIMU IIPOTOKAMU ¥ KaHajlaMu. JleJibTa CBSIIIeHHOM peku [aHT,
KOpaJijioBble pudbl U IpeBHUE IUIEMEeHAa, COXPAHUBIIINE CBOU ayTeHTUYHBIC KYJIBTY-
pblI, — BCE 3TO MPUBJIEKAET HOBbIE TOTOKU TypUCTOB [8; 9; 11].
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[TpuHLMIIMATEHO HOBOI aTTpakTop B BuIe Mocta CyHmapOaH ITOMOXKET B OpraHM-
3allM SKOJIOTUUYECKUX HAOIMIOAeHNI 32 YHUKAIbHBIM IIPUPOIHBIM 3aII0BEIHUKOM,
CTaHET CBOeOOpa3HBIM MOCTOM-300ITapKOM, TJIe, IIPOTYJIMBAsICh ITO TTEIIEXOAHBIM ITepe-
X0JaM, TYPUCTBI CMOTYT HaOJIIOJATh 32 XKU3HBIO PEIKNX SKUBOTHBIX (OEHIaIbCKUIMA TUTP,
KPYITHBIN O€HTaIbCKUI CJIOH, TUIIIIONOTaMBbl U J1p.). [IpuBiekaTeJbHOCTh BOCTOYHOTO
yJacTKa CTpaHbl KaK OCHOBHOI'O MCTOYHMKA PeKpeallMOHHBIX PECYPCOB pecyOIuKu
(IpUPOAHBIX, COLIMATBHBIX, KYJIBTYPHBIX, UCTOPUIECKUX OOBEKTOB) CTAHET CBUIECTEIb-
CTBOM €TI0 PeKpeallMOHHOM LIEHHOCTH [6—8]. ATTpaKTUBHOCTb PEKpEALIMOHHOM 1esi-
TEJbHOCTHU OYyAET pa3BUBAThCs OJ1arogapss MHANBUIYaJIbHBIM U TPYIIIIOBBIM MHBECTU-
LISIM B peaJIn3alldio JaHHOTO IIPOeKTa, YCUIMBAasI IIPECTILK B HE#l B pacCMaTpUBaeMOM
IIPOEKTE.

PekpeanmmoHHO-TypHUCTHYECKAS ASATEIbHOCTh IIPOSKTA OTIMYACTCS PSIIOM CITell-
ndpuIecKrx 0COOEHHOCTE!, 00eCIeunBaIOIINX CYILIECTBEHHbIE MPEUMYILIECTBA B (DOP-
MupoBaHUM cheprl Typuzma Mmocta CyHaap6ad. OHa XapaKTepHu3yeTcsl ITMPOKUMHU
CBSI3SIMM MEKAY OTIEJbHBIMU OTPAC/ISIMUA, 0CO00i1 CTPYKTYpOii parMeHTapHOTO Xa-
paKkTepa, HeMaTepUaIbHBIM XapaKTepOM KOHEYHOTO MPOAYKTa, y4aCTHEM B JIEJIC MEJI-
KUX (DUPM CPETHEr0 M MaJIoro OM3Heca, BHEAPEHNEM HOBBIX METOJIOB CUCTEMHOTO pa3-
BUTHS apXUTeKTypbl MocTa CyHaap0OaH ¢ y4eTOM COBPEMEHHBIX COLIMATbHO-3KOHOMU -
YECKUX U MCUXOJOIrMYECKUX TPeOOBaHUI K UX paboTe.

st popMupoBaHUSI JOCTYITHOM U KOM(POPTHO! TypUCTUUECKO cpeabl MocTta CyH-
JapOaH IpearoaraeTcs BHeIpeHNE MeXaH3MOB rOCyIapCTBEHHO-YaCTHOIO apTHEP-
CTBa IIPU CO3IaHNM OOBEKTOB TYPUCTUUECKON MHPPACTPYKTYPHI M KOOPAMHALIUS pe-
TMOHAJIBHBIX IIPOrpaMM Pa3BUTHSI TypU3Ma B 3TOM 30He. [1pu mpoeKTrupoBaHIM COOPY-
KEHUHN U 3JaHU He0OXOIMMO OpPraHM30BaTh MJIAHUPOBOUYHOE M apXUTEKTYPHOE
pelIeH’s TaKUM 00pa3oM, YTOOBI COXPaHUTh SKOJIOTMYeCKOe O1Oopa3HOOOpa3ue CpeIbl
pa3IMYHBIX OOUTaTENEi XXUBOro Mupa (puc. 6).

Puc. 6. MpupoaHo-knmaTmyeckme 0CObeHHOCTM MecT cTpouTenbcTBa MocTa CyHaapbaH
[Figure 6. Natural and climatic features of the construction sites of the Sundarban bridge]

Cdepa opraHuzanu peKpeauoHHO-TYPUCTUYECKOTO OM3Heca OTHOCUTCS K BBICO-
KOJOXOAHBIM IPEANTPUSATUSM B CDABHEHUY C IPYTUMU OTPACIISIMU XO35IMCTBA MUPOBOI
3KOHOMUKH (puc. 7). PekpeanimoHHbIN moTeHIIMAI baHriane ncmonb3yeTcs He B ITOJT-
Hoil Mepe. YToOkI co3naBaTh TYpUCTUYECKIE OOBEKTHI 110 BCeil cTpaHe, (hopMUpPOBaHUE
peKpealMoOHHOH MHIYCTPUU TOJKHO 0a3MpoBaThCsl HA IYOOKMX (pyHAaMEHTaTbHBIX
pa3paboTKax BO BCeX OTpaciisax 3HaHW. CTUMYIJIOM TaTbHEHIIINX UCCIETOBAHMI MOKET
OBITh KOHIIEMIIMS CTpaTeTUM Pa3BUTUS Typu3Ma, YTBEPXIEeHHas IIPaBUTEIbCTBOM
CTpaHBI.
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Puc. 7. JyHamuka pocTa 0X0[0B MPUHUMAIOLWLMX CTPaH (MAp4, 40s1.)
[Figure 7. Dynamics of income growth of host countries (billion USD)]

CeromHst HEKOTOPbIE perMOHbBI 3aHUMAIOTCS pa3pabOTKO COOCTBEHHO ITPOTrpaMMbI
Pa3BUTHUS PEKPEALIMOHHO-TYPUCTUICCKIX OOBEKTOB. AHAIN3 PEe3YITaTUBHOCTH T10-
Ka3bIBaeT, YTO YeM OOJIbIIIe BHUMAHMS YAEJISICTCS IIPaBUTEIbCTBOM 3TOM OTPAC/IH, TEM
OOJIBIINX YCIIEXOB yIaeTcsl TIOCTUTHYTh. [1po1iecc pa3BUTHS peKpeallMOHHOM OTpaciin
HEeoOXOIMMO OPraHU30BaTh, a IS 9TOr0 HYXKHO 3a7eliCTBOBATh BECh UMEIOIIUIACS Ha-
yUHBII moTeHUMal. Ormopa Ha ceMelHbIl OM3Hec J00AaBUT CTAOMJILHOCTD peKpeali-
OHHOI MHAYCTPUU PETHOHA.

Ha ro:xHbIX 6eperoBbix yuyacTkax bapucan u YuTraroHr HEOOXOAUMO CO3AaTh UTPO-
BOI1 pa3BJIeKaTeIbHbIN LIEHTP ¢ YHUKATbHBIMU IUISKAMM, UTO IIO3BOJIMT 3a CYET BBICO-
KOI TYpHUCTHIECKOI IIPUBIEKATEIIFbHOCTA 1 MacCCOBOM ITOCEIIaeMOCTH, peHTA0eIbHO-
CTU U JOXOIHOCTH CYIIECTBEHHO COKPAaTUTh CPOKM BO3BpaTa BJIOKEHHBIX MHBECTOpA-
MM UHBECTULIMI. BIM30CTh K TaHHOMY MeCTY MEJIKOBOJIHOI'O 3aJ11Ba 1a€T BO3MOXHOCTh
co37aTh COBPEMEHHBIE 30HbI OTAbIXa MUPOBOTO Kjacca (puc. 8).

YcrenrHoe coopy:KeHHe CTOJIb HEOPAMHAPHOTO apXUTEKTYPHOTO Y TEXHOJIOTMYECKI
IIPOPBLIBHOTO IIPOEKTa Ha Iore pecyonKy baHrmamel, ceroaHs SIBISIIOIIeiicsT IEHTPOM
MEXIYHAPOIHOIO MOJUTUISCKOIO IIPOTUBOCTOSHIS, 00€CIIEYUT BHICOKOCKOPOCTHOE
JIBYXCTOPOHHEE IBIKCHHUE XKeJIE3HOIOPOXKHOIO M aBTOMOOMIBHOIO TPAHCIIOpTa Yepes
eIMHbII TPaHCIIOPTHBIN Mepexon. Hanuyre Tpex aBTOHOMHBIX MOHOJUTHBIX TPYO-
TYHHEJIeH, MOABVKHO PACITONIOKEHHBIX Ha ITOABUXKHBIX OTTOPax B BEpXHEI YaCTU OBIKOB,
MO3BOJIUT CYILLIECTBEHHO CHU3UTh OMACHOCTb Pa3pylleHUs] KOHCTPYKUMIA MpU 3emJie-
TPSICEHUSIX U BO3MOXHBIX TepaKTaX. DHeprod3hHeKTUBHOE MHXEHEPHOE pellieHre 00e-
CIIEUNT SJICKTPU(PUKALIMIO IIPOE3a KeJIe3HOTOPOXKHOI0 TpaHCIIOpTa. MarucTpaabHbIi
BOJ0OBOJ OOJIBIIOrO AUaMeTpa ¢ 3a00pOM BOIBI ITO3BOJIMUT 00ECIICYUTh BOAOM paiiOHbI
C BBICOKMM COJIep>KaHUeM Mblllbsika. B Teae MocTa 3aj1oxkeHbl He(pTe- U ra30IpoBojl,
KabeJIpHOe HeproodecnevyeHue, KabeabHas CBSI3b U 1.

B npoekTe MCIoNb3yI0TCsT MaTepuralibl 1 000pYyIO0BaHUE OTEYSCTBEHHOTO IIPOMU3-
BOJICTBA, YaCTh KOHCTPYKIIMI 1 CTPOUTEILHBIX SJIEMEHTOB COOMpAaeTCsl Ha CTPOMILIO-
IIaaKe, UMeeT MUHMMAaJIbHbIe CTOMMOCTD U CPOK M3TOTOBICHNUS 1 MOHTaxXa. KoHCTpyK-
LIS MOCTa FepMeTUYHA U 00eCIeYrBaeT CTa0OMIbHOE KPYTJIOTOAMYHOE TPAHCTIOPTHOE
COO0O0IIIeHNE TTPY IIKBAJILHOM BETPE, TPO30BBIX JOXKISIX U TYMaHe.
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Puc. 8. lMoTeHumanbHOe pelleHne 30H OTabIXa:
OCHOBHbIE 00EKTbI 30Hbl — FOCTUHULLI PA3HOT0 YPOBHSI 06CNYXUBaHUS; GYHrano 1 nanatoyHble rOPOAKN
C CUCTEMOW COBPEMEHHOW NHXEHEPUN; CMIOPTUBHO- U KYNIbTYPHO-A0CYrOBbI€ LIeHTPbI; CMOPTUBHbIE NJIOLLAAKN;

aHeproaddekTrBHOe 060pyL0BaHNE 1 aBTOCTOSHKN
[Figure 8. A potential solution of the relaxation areas:
the main objects of the zone — hotels of different levels of service; bungalows and tent camps with a system of modern
engineering; sports and cultural and leisure centers; sports grounds; energy-efficient equipment and Parking]

OnopHble OBIKM MOCTa MOHTUPYIOTCS U3 3JIEMEHTOB, M3TOTOBJIEHHBIX Ha Oepery B
CTaOMJIbHBIX TPOU3BOACTBEHHBIX YCIOBHUSIX U3 aDMUPOBAaHHOTIO KOMIIO3UTHOM apMa-
Typoit prdpoOdeToHa, U TOCTABISIOTCS K TOYKE MOHTAXKa B TNIAByYeM COCTOSTHUM, T10-
cJIe Yero Ux 3aTaluInBaloT Ha MECTe OKOHYATEIbHOM YcTaHOBKU. PHOPOOETOH ¢ KOM-
MO3UTHOM apMaTypOi — COBPEMEHHBIN JOJTOBEYHBIN MaTEpUAJI, MTO3BOJISIONINN pe-
ILIMTh BOIIPOC MPEAOTBpAICHUS HEU30EXKHOM MPpU NPUMEHEHUM CTAJIbHOU apMaTyphl
MPOrPECCUPYIOLIEH KOPPO3UU B 30HE ACUCTBUS MOPCKOM BOJIbI I AKTUBHBIX UCITAPEHU,
a Takxke nu30exaTb MpodJieMbl TEPMOAMHAMUKY MPU CE30HHBIX U CYTOUHBIX KOJIeOaHU -
SIX TeMIEPaTypPhbl, BbI3bIBAIOLLIMX MTPEXKAEBPEMEHHOE pa3pylLIeHe apMHUPOBAHHOTO Oe-
TOHA 13-3a pa3HOTro KO3 (UIIMEHTA TETUIOBOTO PaCIIUPEeHUS U P>KaBICHUS apMaTyphl.

TpaHCIIOpTHO-TIepecaioUHbIi KOMILJIEKC P MOPT-BoK3aje B I. YUTTaroHr BKIIIO-
yaeT B CBOM COCTaB akBaIapk, AeJibuHapuii, OKEeaHaApUyM, FTOCTUHUIIbI, KA3UHO, TOP-
roBble, O(bUCHbBIE, TEXHUYECKUE U aIMUHUCTPAaTUBHBIE TTIOMeleH s 1 T.1O. B pekpea-
LIMOHHO-TYPUCTUYECKOM CEKTOPE MUPOBOI SKOHOMHUKM MPOUCXOASAT CYLIECTBEHHbIE
n3meHenus. Kurait, Unnus, Tonkonr, Mekcuka, KOxnas Kopest, @ununnunsl, Ma-
nansusi, UupoHe3us, baHrnangein u psia Apyrux CTpaH BhIXOAST B JIMAEPHI peKpealu-
OHHOI0 00CTY>XMBaHU. XapaKTePHOM YepTOM 3TUX CTPaH SIBJISIETCS] HATMYUE ACLIEBOM
paboueil CUJibl, ChIPbs U 000PYIOBAHUS, MPUBIEKAIOIIUX MUHOCTPAHHBIX MHBECTOPOB,
JIJISI KOTOPBIX TJIAaBHBIM KPUTEPHEM BbIOOpa SIBJISIIOTCS HU3KME 3aTPaThl MPU BLICOKOM
KauyecTBe peKpealioHHOro oocyxuBanus [2; 4; 6; 11; 15].

3aknouyeHue

PanmoHanbHOE 1 35KOHOMUYHOE pellieHIe TTO3BOJUT KOMIUIEKCHO OPTaHM30BaTh
aKcrutyaraiuio mocta CyHnapOaH, cienaB ero KyJsTYpHbIM LIEHTPOM peruoHa. [lep-
CNEKTUBHOE pa3BUTHE peKpealMoHHbIX yeayr banrmangein 1o 2020 r., ¢ oropoit Ha ap-
XUTEKTypHoe peleHue Mocta CyHaapOaH 10J3KHO ObITh 00513aTe€/IbHO BHITTOJIHEHO (CM.
puc. 9). DTo yCWIIUT NIPUBJIEKATETbHOCTD I0XKHOM YaCTH peCIyOIMKM, YBETUYUT MOTOK
PEKPEaHTOB U JOTIOJIHUTEIbHBIC BAIIOTHBIC ITOCTYILICHUSI B Ka3HY CTPaHBI.
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IMomutrueckast oocraHoBKa B baHTIageI mocTerleHHO YayqIlaeTcs, aKTUBHO pa3-
BUBAIOTCS YCIIYTH U YIIPOIIAIOTCS BU30BBIe TpeboBaHMsI. OMHAKO HYXXKHBI JaJIbHEHIINe
YCUJIYSI TT0 3aILIMTE ITPaB COOCTBEHHOCTH M CHIDKEHUIO 3aTPaT U BpeMEeHU, HEOOXOIMMBIX
IS Havyasia pa3BuTuUs OusHeca. OCHOBHBIE IPOOJIEMbI, BHI3bIBAIOIINE 03a004€HHOCTh, —
HU3KUI ypOBEHb 0€3011aCHOCTH (0OCOOEHHO B MOPCKOM M PEYHOM OT/IbIXE) MOXUILEHUS
JIOZIEH C LIEeJIBIO ITOCIICAYIONIETO BEIKYIIA.

BaxxHbI coBepIIcHCTBOBAaHME U JabHEIIIee pa3BUTHE NMH(PPACTPYKTYPHI, TEIEKOM-
MYHUKAIIMOHHBIX CBSI3€il MEXKIY perMOHAMU, CTPOUTEILCTBA aBTOIOPOL, 3aKOHOIa-
TEJIbHOI Cpenbl, peryIupyolleii 1esiTeIbHOCTh TyPUCTUIECKOIo OM3Heca.
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Abstract. The purpose of this article is to find new ways to develop the recreational and tourist
potential of Bangladesh. One of the methods of solving this problem is the construction of a universal
attractive transport passage Sundarbans over the Bay of Bengal, where land transport is poorly developed
due to frequent river spills. In this regard, the proposed option of building a modern bridge with
developed infrastructure and with the use of modern technologies and materials, which will unite the
regions of Chittagong, Barisal, Khulna. The construction of entrance infrastructure facilities and
multifunctional transfer centers in the cities of Khulna, Bhola, Barisal, Chittagong, Noakhali, Koh
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Bazaar will attract additional flows of tourists, which will unite the regions of Chittagong, Barisal,
Khulna. Methods. The article deals with the factors influencing the development of recreational and
tourist potential of Bangladesh. A review of the main problems encountered in the construction. The
search for the disclosure of reserves for development is planned. Conclusion. A rational and economical
solution will allow the complex to organize the further operation of the structure, turning it into the
main recreational and cultural center of the region, responding to the objectives of the future development
of recreational services Bangladesh up to 2030. This requires further development of transport
communications in the southern part of the country between the regions of Chittagong, Barisal, Khulna.

Keywords: development of infrastructure, changes in the world economy, construction of a bridge,
recreational and tourist areas, underdeveloped land transport, the coastal part of the Sundarbans
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Consideration of climatic conditions in the design
of dwellings in the Sahara desert
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Abstract. Climate is one of the important factors in architecture. The historical architecture
experience of the inhabitants of the desert zones has created invaluable knowledge on the design of
residential environments in these aggressive conditions. Climate also is an important ecological
component in the formation of vernacular architecture in the Saharan desert, it had a strong influence
on the formation of desert settlements, the Saharan traditional dwellings are an indispensable source
for studying organizations and architectural typologies and the adaption to the harsh climate. The article
discusses the climatic conditions in which the dwellings in the Sahara desert were built and the important
strategies and passive climatization techniques of the design of the dwellings and presents a review of
the various techniques developed. These various passive methods and strategies give the Saharan
dwellings, adaptation, efficiency, and durability in these hot-arid conditions of the desert and can be
a great source of architectural inspiration for new projects.

Keywords: Sahara, climate, residential buildings, environment, vernacular architecture

Introduction

Since old times every population has created its own habitation in accordance with
its needs and its environment. The Great Sahara is a land of old humanity, of great
historical thickness, of human creations as beautiful as the creations of nature. Every era,
every nation, has left its imprint on the vast backdrop of the Desert light trace or powerful
mark, each one is a human signature, rich of all meaning [1]. The study of climatology
isimportant to understand the relations between the buildings and the climate to determine
the urban and architectural characteristics in the Saharan area [2]. The Saharan climate
is characterized by the weakness and the irregularity of the precipitations, an intense
luminosity, a strong evaporation and big differences of temperature [3].

Today, hot deserts are the most challenging regions in terms of energy consumption
in buildings due to the intensive demand for cooling, as they experiences an extreme
maximum air temperature of over 50 °C, there is increasing consumption of energy also
buildings are responsible for more than 40% of global energy consumption [4], climate
had a strong influence on the formation of desert habitations, for these reasons the
problems of the dwellings design and her climate adaptation are strongly imposed.
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The purpose of this study is explore and understand the relation between climate and
architecture and draw lessons from vernacular architecture for applying sustainable energy
concepts which help in the reduce of energy using.

The present work discuss the consideration of climatic conditions in the architecture
design, for that we chose cities located in different geographical situations in different
countries (Algeria, Libya, Morocco, Mali).

Now the most cities in Sahara have high power consumption and with high energy
prices, these problems led to a rethinking of the way homes are designed. Now there are
too many research study the possibilities for developing new techniques, for saving more
energy as sustainable options for buildings through their improved energy, environmental
and thermal performance.

Methodology

In order to achieve the stipulated aim, the study in this paper traces the following
steps:

1. Analyses of the climate in the Saharan area (Ghardaia, Timbuktu) cities.

2. General overview of the vernacular architecture.

3. Defining the relation between the architecture and climate.

3. Analyses of the morphologies and structure of two Saharan cities (Ghardaia,
Ghadames).

4. Analyses of passive climatization techniques and strategies used in patio house.

5. Defining the benefits of the use of these passive climatization techniques.

Climatic conditions in the Saharan area

In the Great Sahara desert, an average effective duration of insolation of more than
3, 978 hours in each year is regularly recorded, more than 10 hours per day, but in the
central Sahara more than 4,000 hours of annual daylight (more than 11 hours a day) [5].

The word “Sahara” certainly refers to geographical reality [6], and in the arid zones,
there is usually less than 250 mm of precipitation a year, there are several deserts of the
hot deserts (figure 1) in the world like such as the Great Sahara (figure 2), Arabian Desert,
Kalahari Desert, Syrian Desert, the only thing that is typical for all deserts is their aridity,
translated by the weakness and rarity of precipitation. The important aridity called hyper-
aridity, elevation, and soil, with variations in with mean annual temperatures exceeding
30 °C (86 °F). Other general features are dust, dry vegetation, and most importantly,
temperature decreases quickly just after sunset and increases after sunrise [7]. With an
area of 9,065,000 km? and extends over more than ten countries: Algeria, Chad, Mali,
Egypt, Senegal, Mauritania, Morocco, Niger, Libya, Sudan, Tunisia, and Western Sahara,
the Great Sahara is the largest desert hot in the world’s lowest supply area and considered
as the best illustration of hot deserts in the world, the extensive hot desert located in the
northern part of the African continent [8].

In the hottest months (figure 3) temperatures can rise over 50 °C (122 °F). A single
daily variation of 0.5 °C (31.1 °F) to 37.5 °C (99.5 °F) has been recorded [9]. The two
graphs down show the climate in Timbuktu and Ghardaia cities within a year (figure 4),
the climate graphs depict monthly average temperatures, precipitation, wet days, sunlight
hours, relative humidity and wind speed.
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Figure 1. The map of Képpen — Geiger, climate classification “Képpen” BWh

Source: https://upload.wikimedia.org/wikipedia/commons/e/e4/Koppen_World_Map_BWh.png
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Figure 2. The Great Sahara desert

Source: https://www.britannica.com/place/Sahara-desert-Africa
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Surface Air Temperature (C) Aug 1-15 2007 Sfc Relative Humidity (%) Aug 1-15 2007

Figure 3. National Centers for Environmental Prediction (NCEP) and National Center for Atmospheric
Research (NCAR) reanalysis of Northern Africa during August 1—15, 2007 showing the temperature (left) and
moisture (right) gradients

Source: http://maps.wunderground.com/blog/Weather456/archive.html?year=2010&month=06
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Figure 4. Timbuktu city (Mali), Ghardaia city (Algeria), Climate Graphs

Source: http://www.smara.climatemps.com/map.php

In addition, the climate has a strong sunshine with a large portion of the direct radiation.
The clear night sky can cause great differences between day and night temperatures, and
the potential for radiative cooling is high. Winter nights are cold in certain regions [10].
The Saharan population, within the limits of the Sahara countries (Algeria, Morocco,
Mauritania, Mali, Niger, Tunisia, and Chad), is estimated at 1.7 million inhabitants in
1948, 2 million in 1966 and 10 million in the mid-1994 [10]. Moreover, there is a large
growth in population in the last 10 years.

The vernacular architecture and Saharan urbanization

The vernacular or traditional architecture has achieved through trial and error through
the years inherently provides the aesthetic qualities, the climatic adaptability, and the
economic feasibility, with a respect of surrounding nature that today’s sensitive architects
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search for. Indigenous urban and rural fabric and individual building structures demonstrate
endlessly such ingenuities of past architecture. Climatic control commences with
community planning on the urban scale. It initiates through the way buildings agglomerate
and shelters each other from the heat, the way serpentine-like streets denounce the harsh
sun and pull the cool breeze through while keeping dust and sand out [12]. The term
“vernacular architecture” is used to refer to traditional buildings that have been designed
and built to match the local climate and culture and what built in the desert areas differed
in the composition and construction material than built in other areas. Urbanization in
the Sahara has a historical dimension, in this territory, characteristic type of residential
buildings has developed with these conditions and inhabited spaces are integrated with
the Saharan environment, with a unique harmony and homogeneity between buildings
and nature because of the use of local natural resources as building materials [13].
The architecture and construction of clay has ancient historical roots and is of great
importance in the modern world [14].

The keys of the adaptation of desert habitations

Desert habitation has always been effective in terms of adaptation to the harsh
conditions of the terrain and climate. Cities are made in the forms of traditional
architecture, largely due to the influence of the environment. However, there many
vernacular techniques that have been developed for hot desert climates to seek cooling
and comfort and day-lighting. To ensure the comfort of the habitat in such hot and arid
environment there’s many strategies used we can observe on three levels: territory level,
urban level, architectural level.

1. Geographical location. The most of Saharan cities are located near to a valley or
Oases, a good geographical location is important for the architecture buildings, and to
the adaptation of the climate conditions, the location near to Oases will allow for constant
moderate climates in the city. In the Sahara we can find several distinct ecoregions. With
their variations in climate, elevation, and soil quality, these regions harbor distinct
communities of plants and animals, and the most of cities are situated in those ecoregions.

2. Compact form of cities. The second adaptation to climate conditions is start by the
density of buildings (figure 5). Houses are compact with a closed outer face. The road
layout of cities is narrow and is similar in most of the cities [15]. The streets, long and
winding are shadowy most of the day [16]. The buildings are so tightly pressed against
each other that they leave a minimum of the area of the external surfaces that are not
protected from the marching rays of the sun and the hot winds-dry winds.

The planning structure of the complex is characterized by integrity and unity, almost
complete absence of separately standing material volumes, high density and heat resistance
of all residential buildings. In Saharan areas the climatic performance of urban forms
begins at the scale of the city. This type of urban fabric has been relied upon to avoid heat
and to obtain shade in addition to that, the narrowing of streets and alleys to reduce their
exposure to the sun. Climatic performance of buildings in hot arid regions starts at the
scale of the city, in a dense urban context, there is little space for dust swirls, for sand and
for direct or diffuse solar radiation.
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Figure 5. Urban view of Ghardaia, M’Zab Valley, Algeria (left);
City of Ghadames, Libya (George Steinmetz) (right)

3. Interior courtyard “Patio”. The model of the
patio house is one of the oldest and great models
of urban housing known in the history of architecture
(figure 6). The general organization of patio houses
corresponds to a centered lifestyle. In each dwelling
there isa shady courtyard “Patio”, reliably protected
from unfavorable factors of the external
environment. Such a compositional principle of
construction is dictated both by an urgent biological
need and by the theories of social and cultural-
historical development [17]. The patio house in this
area is the most effective and adaptive house with

Figure 6. Marrakech, part of the medina the intrinsic qualities of adaptation to the climate
shown the houses with courtyards desert and the convergence of buildings in the desert
(Friedrich Ragette) . o .
areas is the result of the prevailing hot climate.

Plans of houses are about 8—15 m width (figure 7), the patio can be a kind of microcosm
(figure 8) that connects the house with nature, sky, sun, fresh air, earth, and sometimes
water and vegetation. The spatial configuration of the cup-shaped patio creates a kind of
microclimate [18].

il

Figure 7. Traditional house plan, with central patio, Figure 8. Section of Mozabite house in Ghardaia,
Ghardaia, Algeria (J. Eshalie) patio and the natural ventilation (Christian Bouquet)
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4. Vegetation and fountain. For the ensure the comfort of the habitat, many of the
inhabitants create a green courtyard with a fountain and plants as a traditional methods
of natural refreshment, with natural ventilation, when the wind passes and contacts the
wet surfaces of the fountain or basins diffuse their freshness inside the house, vegetation
also has effectively used as shelters from unpleasant winds, filters sand, and dust, water
and plants it is an important bioclimatic adaptation factors.

5. Natural walls (adobe). Sundried brick “adobe” used in the traditional building and
made by clay material. During the hot day, the heat flow from exterior to interior, the
consequence is a minimization of temperature change inside the building. The average
thickness of adobe walls is from 30 cm to 80 cm and in some situation can be reaching
to 120 cm. The traditional adobe have low heat conductivity and high energy storage
capacity allows as much as 80% of the outside heat to be absorbed and only 20% transmitted
inside [19]. The adobe construction has many advantages because of the inherent qualities
of the material: recyclability, performance, energy, fire resistance, durability.

6. Domes. Domes are an architectural element and an old technical solution in hot-
arid area. Oud Souf city in Algeria, called “city of a thousand cupolas” and the new
Gourna project in Egypt are two cities where domes used as technical solution, the
buildings in this two cities are built from the adobe and used domes, many cities use this
element because the curve roof has a larger convection heat transfer surface, whereby it
is more easily cooled. When air flows over a cylindrical or spherical object, the velocity
of the air at the apex is increased, therefore, the pressure at the apex is lowered, the
pressure difference induces the internal hot air to be discharged out through the air vent
[20], and this formes are characterized by strength, stability, and dynamics [21].

7. Mashrabiya. The Mashrabiya is a traditional window screen used in many Saharan
cities in deferent countries like Morocco and Egypt. Mashrabiya were mostly used in
houses with numerous different functions among including producing an architectural
envelope that can respond to sun exposure and changing incidence angles during the
different days of the year, regulating air flow, reducing the temperature of the air current,
increasing the humidity of the air current and guaranteeing a great amount of privacy
[22]. There are different types of traditionally Mashrabiya built from wood (figure 9) or
adobe, and the latticework designs different from region to region, and has offered effective
protection against intense sunlight in the Sahara cities for several centuries.

=

DO )¢

Figure 9. Details of Mashrabiya in elevation and section view (F. Ragette)

ARCHITECTURE AND CIVIL ENGINEERING 477



Bentoced S1.M., Pasun A Jl. Becmuux PYIIH. Cepusi: Huoicenepruie uccaedosanus.
2018. T. 19. Ne 4. C. 471—481

Conclusion and results

The passive design building is an alternative environmental technique, in comparison
with mechanical systems used in the design and construction.

In the Sahara area, the compact urban form and the orientation of buildings in the
sun and wind, the location of summer and winter spaces, the use of natural materials and
clean energy as environmental potentials, narrow and enclosed passages, underground
spaces, deep patios, thick walls, use of water and plants, as well as the morphological
composition that respects the site, all this are the main characters of the traditional
architecture which gives the Saharan habitation the adaptation, efficiency and durability
in this extremely harsh conditions of the desert.

The proposed actions and recommendation for the passive design strategies:

— passive solar design;

— external shading for minimized infiltration of outside heat;

— using domes as solution for reducing internal temperature;

— maximizes the use of day-lighting for reducing the energy use;

— the use of patio house model;

— consideration of vegetation and fountain in the design of the house;

— the use of nature material (adobe) in construction;

— the use of Mashrabiya in the external windows.

Recently the energy demand is very high in the Saharan cities and using these techniques
in the new construction can allow us to save more energy, and help in the sustainable
development. Traditional construction methods achieved comfort, the using of passive
design building is ultimate vision to reduce requirements for active mechanical systems.

Dwelling in the desert is like a paradox and an indispensable source for studying
organizations and architectural typologies and the adaption to climatic conditions.
The designer of the new projects of habitations in the desert context can and ought to
attain climatic comfort by skilfully manipulating architectural design parameters and
make wise use of what nature provides us and learn from the lessons and strategies which
have been used in the desert context.
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AHanNu3 KIMMaTU4YECKUX YCJIOBUM NPU NPOEKTUPOBAHUMN
>KNJ1I0 3aCTPOMKM B nycTbiHe Caxapa

A.M. benioced, A.JI. Pa3un

Poccuiicknit yHUBEPCUTET APYKOBI HAPOIOB
Poccuiickas Qedepayus, 117198, Mockea, ya. Mukayxo-Makaas, 6

Kimmat — 3To oMH M3 OCHOBHBIX (DAKTOPOB BIUSHUS B apXUTeKType. McTopniecknii apxuTek-
TYPHBI OITBIT XKUTEJICH 30H ITYCThIHD SBJISIETCSI 6a30BOM MH(MOPMAaLIKEit 7151 UCCIIe0BaHMS TTPOOJIeM
TTPOEKTUPOBAHUS XXKUJIOM CPeIbl B IKCTPEMATbHBIX YCIOBUSIX. KitMMaT TakKe sIBIsIeTCsS BasKHEH e
5KOJIOTMYECKOM COCTaBIISTIONICH 110 (DOPMUPOBAHUIO NCKYCCTBEHHOM IMPOCTPAHCTBEHHOM CPEIbI TSI
TToceJIeHUH B ITycThIHe. TpaauiimoHHbIe kuiuina Caxapbl — HemcuepriaeMblii UICTOYHUK TS U3yde-
HUSI OpraHU3alluy apXUTEKTYPHOU TUTIOJIOTUHY B 9KCTPEMAaJIbHBIX YCIOBUSIX XKapKO-CyXOro KJIMMara.
B cTtarbe paccMaTpuBaroOTCs KIIMMaTHIECKHE YCIOBHSI, B KOTOPBIX CTPOMIUCH TPATUITMOHHBIE XK1~
Jviia B myctbiHe Caxapa, 1 MEeTO/Ibl TACCUBHOM KJIMMAaTU3aluU TTPU MPOEKTUPOBAHUU XKWJIBIX T10-
MelneHuit. Kpome Toro, rpencraBieH 0630p pa3paboTaHHBIX METOIOB aganTaiu, 3OeKTUBHOCTH
M 3alIUTHI B XKapKO-CYXUX YCIOBUSIX MYCTBIHU, IPUTOIHBIX B KaUeCTBE 0a30BOr0 MCTOYHMKA apXM-
TEKTYPHBIX PEIICHUI TSI HOBBIX TIPOEKTOB XXUJIBIX 3MaHUI MacCOBOM 3aCTPOIKH.

KumoueBbie ciioBa: Caxapa, KIIMMAT, KWIble 3aHUsT, OKpyKalolas cpeaa, HapoaHast apXuTeKTypa
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MporHo3 nnaowaaen pacnpocTpaHeHus
OTJIOXKEeHUM rasorngpartoB nNno reoPpm3anyeckum gaHHbIM
B 'BUHeNCKOM 3anuBee

B.IO. Aopamos, /I. Mamany, M. Pomepo, X. Akadacunu

Poccniicknit yHUBEPCUTET APYKOBI HAPOIOB
Poccuiickas Dedepayus, 117198, Mockea, ya. Mukayxo-Makaas, 6

B ctaTtbe oTo6paxkeHa nH@opmaius o IBUHeliCKOM 3a1MBe U IIPUBEACHBI Pe3yJITaThl COOCTBEH-
HbBIX PACU€TOB TPaBUTALIMOHHBIX aHOMAJIUH JIJ151 TIPOTHO3a BEPOSITHOTO OOHAPYKEHMSI Ta30TUAPATHBIX
MecTopoxkaeHui Ha menbde Kor-n’UByapa no aHanoruu c meibgom bpasunuu. [TokazaHbl cxoxue
YepThl T€0JIOTUYECKOTO CTPOSHUS U reor3nIecKruX aHOMAJIMI Ha yyacTKax Iebda mo pazHbie
CTOPOHBI ATIAaHTUYECKOTo okeaHa. OCHOBHOM ITpo0IeMOli OpraHM3aly MOMCKOB Ia30ruaApaToB Ha
menbhe [BUHECKOro 3aIMBa CYNTASTCS MOTUTUIECKast HeCTaOMIIBHOCTD, @ TAKXKE OTCYTCTBUE CPEICTB
IIJISI IPOBENIEHUsT UCCTIEIOBaHUI B MByapcKoM 1eibde. M3-3a cioxxHoCTH 100bIYM HEDTSIHBIX pe-
CYpPCOB BC€ KpYMHbIE MECTOPOXACHHUS B CTpaHe pa3padaThiBAIOTCSI MEXIyHAPOAHBIMU (DUpMamMu.
Hecmotps Ha HU3KMIT ypoBeHb IPOU3BOACTBA He(pTH U1 ra3a, KoT-1’IByap coxpaHsieT mepCcreKTUBbI
B Oy/IyIlleM CTaTh KCIOPTEPOM ITUX PECYPCOB (B TOM YMCJIE U3 Ta30TUIPATOB), TAK KaK 0CaTOYHBII
OacceliH cTpaHbl 10 cux nop MajousydyeH. OcBelieHre 1TaHHOTO BOMPoca aKTyallbHO M0 TpUUUHE
OTCYTCTBMSI MOJOOHON MH(pOPMALIMK Ha PYCCKOM SI3bIKE, a UMEIOIIMeCcs Ha aHTJIMACKOM U (hpaH-
11y3CKOM sI3bIKax CBEJCHUsI He TI03BOJISIIOT C(hOPMUPOBATH OOIILYIO KapTUHY He(DTETPOMBIIILIEHHOTO
komiuiekca Pecryonmmku Kot-n’MByap. B pabote maeTcst mporHo3 oTHOCUTEIHLHO HOBBIX YIaCTKOB,
MepCIeKTUBHBIX B IJIaHEe 00OHAPYXXEeHNSI Ta30TUAPATHBIX MeCTOpoxXaeHWIT Ha 1esbdhe KoT-1’MByapa
U1 MOXKET OBITh MCMOJIb30BaH TP BbIICJEHUHN UX O]l HOBBIE T€0JIOTMYECKUE UCCIeIOBAHUSI.

Kmouessie ciioBa: Pecniyosinka Kor-n’ MUByap, razoruiparsl, TpaBUTallMOHHAS aHOMAJTUST

BeBepeHue

Kor-n’MByap — 3T0 pa3BuBalomascs cTpaHa ¢ HEAOCTaTOYHO IIPOTrPeCCUBHOM CH-
CTEMOI1 TTIOMCKOB U Pa3BeIKM MECTOPOXKISHMIA IMOJIE€3HBIX UCKOIaeMbIX (OCOOEHHO pa3-
BeIKU He(TU 1 ra3a), 4To 3aTpyAHSICT U3ydeHue 1ejbda, KoTopblid cocTanisieT 80 %
ocamouHoro 6acceiiHa ctpaHbl. Hacrosiee nccienoBaHue OCHOBAHO Ha aHaIu3e U
COITOCTaBJICHUHY TpaBUMETPUIECKOM MHPOpMaLIMU, IPEeICTaBICHHON B BUIE KapT 3a-
nagHoit Adppukn 1 BoctouHoro nmoodepexbs KOxHOIT AMeprKn.

PaszpeneHue NHAOBaHbI

[TpenmnochuIKO ATt CO3MaHKsI IPOTHO3a SIBUJIOCH pasneiieHre [oHIBaHbI BO BpeMsI
BepxHeii 1opbl, 160 MUJUIMOHOB JIET Ha3al, KOTAA CPEANHHO-aTJIAHTUYECKUI Pa3ioM
otaeann Appuky ot KOxHoit Amepuku (puc. 1).

482 TEOJIOrus, TOPHOE U HEDTETA30OBOE JEJIO. HAYKH O 3EMJIE



Abramov V.Yu., Mamadou D., Romero M., Aljabasini H. RUDN Journal of Engineering Researches,
2018, 19 (4), 482—492

W -

Puc. 1. TekToHn4eckas kapta loHaBaHbl (no Aprany) [3]:
1 — NpenMyLLeCTBEHHO cMMa; 2 — 061acTy NPEeNMYLLECTBEHHOMO PACNPOCTPAHEHNS aHTUKITMHASIBHBIX FYOUHHbBIX CKIaa0K;
1, I, Il — Tpy BETBUN BHYTPEHHEW BMpraunmn foHABaHCKOW MbiObl; 3 — KyJbMUHALMMK (MOABEM) OCEN MYOMHHBLIX CKNaaok;
4 — norpyxeHns ocer rMyObuHHbIX CKNaA0K; 5 — IMHUN, COEAVHSIIOLINE HblHE Pa306LLEHHbIE OOBLEKTbI;

a, b, c — adpukaHckmii, apabCKnin N MHONNCKUIA BbICTYNbI FOHABaHbI
[Figure 1. Tectonic map of Gondwana (according to Argan) [3]]

IIpekpaiieHue cBI3M rpaHUL] Opa3vIbCKOI 1 aDPUKaHCKON OKeaHO-KOHTUHEH -
TaJIbHBIX IJIAT 3¢MHOI KOPHI IIPOMCXOIMIIO B TEUEHHUE JUIMTEILHOTO MHTEPBajla BpeMe-
Hu (105—110 MuH J1eT) aTbOCKOTO BeKa Ha pa3HBIX CerMeHTaX DKBaTOpHAIbHOI AT-
nmantukn. [eomornmueckne Kapthl B3IThI 13 Commission for the Geological Map of the
World (CGMW) (1990, 2000). XoTs1 majeoHTOJIOTUYECKHE TaHHbIe, TAaK1e KaK CMe-
lraHHas ¢payHa, yKa3blBalOT Ha MOJHYIO MOPCKYIO CBSI3b Uepe3 PETMOH C CepeIuHbI
nosaHero anvoa (Koutsoukos, 1992), coBpeMeHHbIe peKOHCTPYKLIMU HE YKa3bIBAIOT Ha
LIIPOKOE U IITYOOKOBOIHOE COSAMHEHNE BO BpeMsI KOHTMHEHTAILHOTO pa3jioMa (puc. 2).

Ha xapte (cM. puc. 2) 4epHbI€ U CMHME TIPEPHIBUCTHIE TMHUM ITOKA3bIBAIOT I10JI0-
JKeHMe TpaHuI] OKeaHNUeCKOM KOHTUHEHTAJIbHOM KOPHI IJIs1 0pa3uIbCKOM 1 apprKaH-
CKOM YacTeil COOTBETCTBEHHO.

Cepble 1 XKeJITble 00J1aCTH BIOJIb ITOATOHKHM YKAa3bIBalOT 00JIaCTH MMOJKIAIKU U TIepe-
KpbIBalOTCs Mpu peKoHcTpyKuuu. CokpaieHus: GP — menbd IBunes; M — MoHpo-
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Bus; IC — 6acceitn Kor-n’MByap; ND — Hurepust; BT — Bnaguna benys; RM —
bacceitH Puo-Mynu; G — 6acceiin I[abon; 11 — menpd demepapa; FA — Gacceitn
®doc-gy-AmazoHac; P-M — 6Gacceitn [Tapa-Mapanao; B — 6acceiin bappeiipunbsic;
C — oacceiin Ceapsr; P — 6acceitn [Toturyap; PP — 6acceitn [Tepnamoyky [Tapan0a;
S-A — bacceitn Cepxxumu-Anaroac.

Puc. 2. 3akpbiTne cBS3u rpaHuvL, 6pasunbekon 1 appukaHCKOM OKeaHO-KOHTUHEHTaNbHbIX KOPOK,
BOCCTaHOBJIEHHbIX B pa3Hoe Bpemsl B nHTepaasie 105—110 mnH neT (anbba) 4/1s pa3HbiXx CErMEHTOB
OkBaTopuasnbHOM ATIaHTUKN

UcToyHuk: Teonornyeckme kapTbl B3ATb n3 CGMW.

[Figure 2. Closure of the connection between the borders of the Brazilian and African oceanic-continental
crusts, reconstructed at different times in the interval 105—110 million years (alba)
for different segments of the Equatorial Atlantic]

Source: Geological maps are taken from CGMW.

On1HAaKOBBIM LIBETOM OTMEUEHBI OCaJ0uHbIe OaCCEeHbI ¢ OMHUMM U TEMU XKe JIU -
TOJIOTMYECKMMU XapaKTepucTukaMu. Mcxomst 3 3Toro MoXHO cKa3aTh, YTO OCaIOYHbIE
bacceiinbl Kot-1’ MByapa 1 Para-Maranha coBnaaaroT 1o JUTOJOIrMYeCKUM XapaKTe-
PUCTUKAM U JOJDKHBI COBITANATh MO Te0(PU3NIeCKUM JaHHBIM, YTO OyIeT ITPOIEMOH-
CTPUPOBAHO IaJiee.

TazoruapaThsl IpeacTaBIIsSIOT COO0M KpUCTALINYECKME COeAMHEHMS B BUIE KJIaTpa-
TOB — TPYIIIBI TBEPIBIX BELIECTB, HATOMUHatOIuX Jien (puc. 3, 4). B k1aTpare Moe-
KyJia BOAbI 00pa3yeT KJIETKY, KOTopas 3aXBaTbIBaeT MOJIEKYJTy ra3a. s oopa3zoBaHuUs
IMOIOOHBIX BOIOEMOB TPEOYIOTCS YCI0BYSI HU3KOM TEMITepaTyphl M BEICOKOTO IaBJICHUS,
HaIIpUMEP CYIIECTBYIOIINE B BEUHOM MEP3JI0TE U ITTyOOKMX OTIOKEHUSIX MOPCKOTO THA
okeaHa. KonmmuecTBo 3aXBauyeHHOIO MeTaHa SIB/ISIETCS] 3HAUMTEIbHBIM, TaK KaK 00beM
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ruapaTa MoxeT coaepxarth 10 160 pa3 06beMoB MeTaHa (00beM rasza rpu 0 °C u gaBie-
Huu 160 MM pT. ¢T.) [4]. MeTaH U ABYOKUCH YIJIepOaa MPEACTABISIOT OO0 ABA 00X
ra3a ra3oBbIX THAPATOB, HO TAKXKE CYILIECTBYIOT CEPOBOIOPOI M HEOOIbIINE MOJICKYIbI
YIJIEBOJOPOAOB, TAKME KaK MPOIaH.

HTANbLHaA )
QI mﬂ IHTEIHEQHTFHEHMTIEE w owtcEman - :ﬂrl!mn [:D"On Iﬁm {aTm)
Tempécature {'C) Plateau  Talos Plaine —
Ll urg conbtinental conlinenial abyssals Tempdrature (*C) TEMNBpATYDa
M 18 w0 5 1_% .......................... I T
1 Done da stabieg
| Hydrates ] de Mhydie de
de méthane aithera

Puc. 3. B3auMocCBs3b Mexay TemrnepaTypoi 1 aBneHnem npu o6pasoBaHumv ra3oBoro rugpata [8]
[Figure 3. The relationship between temperature and pressure in the formation of gas hydrate [8]]

AN
wl’ cﬁ\

Puc. 4. Monekyna rugpatHoro rasa [1]
[Figure 4. The molecule of hydrated gas [1]]

YcnoBus yCTOMYMBOCTY TUAPATOB METaHa MO OKeaHaMU IMMOKa3aHbl Ha puc. 5. [laB-
JIEHUE OTpenesisieTCss BOASIHBIM CTOJI00M; TeMIIepaTypa 3aBUCUT OT TeMIIepaTyphl BO-
JTHOTO THa OKeaHa U reoTepMaibHOM cTeneHu. [TocKoabKy TemMIiepatypa Ha JHE oKea-
HOB HHU3Ka (Ha puc. 5 mopsiaka 2 °C), 30Ha CTaOMJIBHOCTU TUAPATOB MeTaHa IIPOCTH-
paeTcs oT gHa okeaHa 10 TiyorHEI 2 500—3,300 M 1101 TOBEPXHOCTHIO OKeaHa, TO €CTh
ee TonmmHa okojio 800 M. Ha prcyHke BUIHO, 4TO B HMKHEI YacTW 9TO# obJlacTu
TUAPAThl TOpasno 0os1ee MHOTOUMCIeHHBI. OHU HACHIILAOT OCaIKU, TUAPOU30IUPYIOT
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HX W HE MO3BOJISIIOT METAHY MUTPUPOBATH JAjibllle Ha TIOBEPXHOCTh. B pe3ynbraTe ra-
3000pa3HbBIil METaH YaCTO HAKATUIMBAETCS HIXKE 30HBI CTA0OMJIPHOCTU TUAPATOB [2].

IIpenen mexmy 30HOI, B KOTOPOM OOUTAIOT IT'MAPAThl, U 30HOI, B KOTOPOU HAKaTJIK-
BaeTcs Ta3 MeTaHa, OOHapy:KeH CEMCMMUUECKOI pa3BeaKOi U Ha3BaH «OTpaKalomni
cHM3y oTpaxateab» (BSR). OToT curHan, napaiienbHbIli MOBEPXHOCTU JHA OKeaHa,
COOTBETCTBYET IMPEAEIaM 30Hbl YCTOMUYUBOCTU T'MAPATOB, KOTAA OHU CYLIECTBYIOT B
OoustblnX KomnuecTBax. CelicMUYECKUE BOITHBI OBICTPO pacCIpOCTPAHSIOTCS, €CITU OCAl-
KM LEMEHTUPYIOTCS TUApaTaMu, U TOpa3ao MeIJIeHHEeEe B HUXKHMX 30HaX, IIe UMEETCS
cJioit cBobogHoro raza. CelficMuueckast pa3Beika — OUYeHb IMTOJIE3HBIN METO/, OTIpeie-
JIEHUSI MeCTOIoJIoKeHUs ruapaToB. Ho mocKoibKy 30HBI paOOThI Majo U3YUYEHbI, He-
BO3MOXHO J0Ka3aTh MPUCYTCTBYE ra30ruapaToB nocpeactsoM BSR.

Atlantic
Deaan

Indian
Ocean

Antarciic Ocaan

R cal
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Puc. 5. PacnpeneneHne n3BeCTHbIX ra3orngpaTHbIX MECTOPOXOEHN B Mupe [6]
[Figure 5. Distribution of known gas hydrate deposits in the world [6]]

Ha xapre pacrnpeneiaeHUsI NU3BECTHBIX Ta30TUAPATHBIX MECTOPOXICHUI B MUPE
(puc. 5) 3aMmeTHO, 4To Goiee 90 % MecTOpPOXACHMIT HAalACHBI JINOO Ha 1ieabde, 1160
pSIIOM ¢ 11eJIb(POM KOHTUHEHTOB BO BCEX OKeaHaX. DTO O3HayaeT, YTO JajbHeHIue
IMOMCKHU Tra30TUAPATOB Jy4llle BCEro MPOM3BOAUTh Ha IIeab(e MU PSIIOM ¢ HUM (I1J1st
Kor-a’MByapa 310 OyaeT uByapCKuii 1ieabd).

Ha puc. 6 n306paskeHbl pailoHbI, e ObLIM NPOBeACHbI TPABUTALIMOHHAS CheMKa 1
celicMopasBeaka. I1o JaHHBIM 3TUX PailOHOB CIEJaHO COMOCTABIEHNE CEUCMUUECKUX
paspe3oB menabda Kor-n’MByapa BOCTOUHOI YacTh ATIAHTUKHU U Pa3pe30B CeBEPO-
BocTOYHO# bpa3unuu B 3anagHoit yacTu ATIaHTUYECKOro oKeaHa. B pe3ynbrare BbI-
SIBJIEHO, YTO MOIIHOCTH OTJIOXKEHUI pa3IMYHBIX I€0JOIrMYEeCKIX BO3paCcTOB KaK Ha
wenbde Kor-n’MByapa, Tak u Ha wieabde bpazuiun npubanu3uTeIbHO COBNAIAIOT,
IIpUYeM He TOJIFKO IT0 MOIITHOCTSIM, HO 1 IO COOTHOIIIEHUSIM OCaIOUYHBIX ITOPOI, pa3HbIX
BO3pacToOB. 3HAYUT, UX OOBEIUHSIOT O0IIIee Te0JOrMIeCKOe BpeMsl, B KOTOPOE IIPOKC-
XOJMJIO OCAAKOHAKOIUIEHUE, Y TPUOIUM3UTEIbHO CXOIHAs JIMTOJIOTMYECKasi 0O0OCTaHOB-
Ka 0cajKooOpa3oBaHUs.
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Puc. 6. KapTa conocTaBneHus ceiicMmMyeckrx pa3pe3os wenbda KoTt-4’ViByapa BOCTO4HOM YacTu
ATNaHTUKN 1 pa3pe3oB CeBepOo-BOCTOYHOM Bpasunnmn B 3anagHom 4acTtn ATNaHTUHeCKOro okeaHa:

1 — nuHKs pa3pesa B 6acceline Mapa-MapaHao [5]; 2 — ceficMuyeckuii paspes ceBepo-BOCTO4HOM Bpasunuu [5];
3 — nuHus paspesa B 6acceiiH KoT-a’ViByapa [7]; 4 — celicMunyeckuin pa3pes 3anagHoro 0cafoqHoro
6acceinHa KoTt-a’VByapa [7]

[Figure 6. Map compares the seismic sections of the shelf of Cote d’lvoire in the eastern Atlantic
and the sections of northeastern Brazil in the western Atlantic:

1 — line of the section in the Para-Maranhao basin [5]; 2 — seismic section of the northeastern Brazil [5]; 3 — section line in
the basin of the Cote d’Ivoire [7]; 4 — seismic section of the western sedimentary basin of the Cote d’Ivoire [7]]

MenoBoe BpeMs1 — 3TO 00I1ee BpeMsI HaKOTJIEHUSI 0CaaKoB Ha meabdax Kor-
n’Byapa u bpasuiuu, mocje KOToporo IMpou3ounio pa3aenaeHue [oHaBaHbl Ha ABe
YacTH ¥ Hayaioch (popMUpoBaHKe ATJIAHTUISCKOTO OKeaHa B €T0 COBPEMEHHOM BUIE.

Ha xapre (puc. 7) mokasaHo pacnpeaejeHue Hanbosiee 6J1aronpusiTHbIX 30H IS
IMOMCKa ra30ruapaToB B MUPOBBIX OKeaHaX, U 3TU 30HHI IT0 CBOEH IJIMHE BIOJIb Oepe-
rosoii tmaun y Kot-n’MUByapa n bpa3uinnm o4eHb XOpOIIIo COBIAIAOT.

IpaBUTalIMOHHBIE KAPTHI MOJIEH N1BYX KOHTUHEHTOB ITO3BOJISIIOT BBIACIUTH 001
YepThl aHOMAJIbHBIX IPAaBUTALIMOHHBIX MOJIEH Ha pa3TMYHbIX KOHTUHEHTAaX, COBMNaaa-
IOIIX ITPU CIOXKEHNU B €AUHBINA CYIIEPKOHTUHEHT. MBI MOXXeM HaOJII0IaTh pacIIipe-
HUs 30H pa3jaoMoB cB. I1aBina u PomaH4a, KOTOpBIE YXOIAT OT 3amagHoadpUKaHCKOM
IrPaHUIIBI K I03)KHOAMEPUKAHCKOMY KOHTUHEHTY. DTO 3aCTaBJIsIeT mojaraThb, 4To, He-
CMOTpsI Ha yIAJIEHHOCTD 3TUX IBYX KOHTUHEHTOB, OHM MMEIOT O0III1E YePThl, OCOOCH-
HO Te 00J1aCTH, KOTOPbIe HAC MHTEPECYIOT KaK BO3MOXKHBIE TTEPCIIEKTUBHBIE TUIOIIAIN
JIJISI OOHAPYKEHUS 3aJIeXKeil ra30TUIPaToB.
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Puc. 7. O6was pacyeTHas ToLLMHA 30Hbl YCTONYMBOCTM M’MAPATOB METaHa B MOPCKUX oTnoxeHmax (MHSZ).
30Ha CTabuIbHOCTM FMMAPATOB MEeTaHa yka3biBaeT, [ae MOXHO HalTX NoOAXoAsALME YCI0BUS TEMMepaTypbl
1 OaBneHus ass nx obpasoBaHus [6]

[Figure 7. Total calculated thickness of the methane hydrate stability zone in marine sediments.

The methane hydrate stability zone indicates where suitable temperature and pressure conditions can
be found for the formation of hydrates [6]]

R AR EERENERE SN RRRITER

WEN G EERNNEFRERE

Puc. 8. KapTa rpaButaumoHHon aHoManunm Puc. 9. KapTa rpaBuTauMoHHon aHoManum
3anagHon Adppuku CeBepOo-BOCTOYHOM YacTu KOXHO AMepukun
[Figure 8. Map of the gravity anomaly of West Africa] [Figure 9. Map of the gravity anomaly of

the northeastern part of South America]
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Puc. 10. KapTa ¢ gokasaHHbIM 1 npeanonaraeMbiM MeCTOPOXAEHNAMN
[Figure 10. Map with proven and proposed deposits]

Ha xaptax conocraBineHus 6eperoBnix auHnu Kor-n’WByapa n bpasunuu BugHO,
YTO MOJIOKEHNE N3BECTHOIO MECTOPOXKACHMS Ta30rMAPaToB B bpa3uiny oueHb XOpo-
IIIO0 KOPpEeJIMPYETCs ¢ TOJIOKEeHUEM pasjioMma ¢B. [1aBia, uayiiero mo-BUaAUMOMY OT
Kot-n’WUBypa no bpaszuauu. MoxHO NpeanoaoKuTh, YTO 3TOT Pa3ioM ObLI ITOJAX0/sI-
IIMM KaHaJIOM [IJISI Ta30B, KOTOPhIE HAKAIUIMBAJIKICH B MECTOPOXKICHUM Ta30TUAPATOB
Ha menbde bpasumuu. CregoBaTebHO, 3TOT K€ Pa3IOM MOXET OBITh NCTOUHUKOM
ra3oruapaTHBIX MecTopoxaeHul Ha menabde Kor-a’UByapa.

3aknyeHue

HccnenoBanue npencTapisieT MHTEPEC /I TPOTHO3MPOBAHUS HOBBIX YYaCTKOB,
MEPCIIEKTUBHBIX B IJIaHe OOHAPYKEHMSI Ta30TUAPATHBIX MECTOPOXKICHUIA Ha IIeabde
Kor-n’MiByapa 1 MOXeT OBbITh MCTIOJIb30BaHO IIPU MX BBIIEJICHUHN ITOA HOBBIE T€0JIOIH -
YeCKMe M3bICKaHUS (B TOM YMCIIE C TTOCAeAYIONMM OypeHUeM U BEPOSITHBIM OOHAapy-
JKEHHEM MECTOPOXIEHUI ra30ruapaToB).

bonblast yacTh UByapCKUX MECTOPOXKIESHU M TTpeACTaBIsIeT COOO0M 3a1eu ra3a, 4To
YBEJIWYUBAET BEPOSITHOCTh HAIMYMS MECTOPOXKICHUI r'uapaTa MeTaHa B I1eJIb(hOBOM
YacTH.
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Forecast of areas of distribution of gas hydrogat deposits
on geophysical data in the Gulf of Guinea

Vladimir Yu. Abramov, Diomande Mamadou, Moises Romero, Hiba Aljabasini

Peoples’ Friendship University of Russia (RUDN University)
6 Miklukho-Maklaya St., Moscow, 117198, Russian Federation

Abstract. The article displays information about the Gulf of Guinea and presents the results of
gravity anomalies calculations for the forecast of the probable discovery of gas hydrate deposits on the
shelf of Cote d’Ivoire by analogy with the shelf of Brazil. Similar features of the geological structure
and geophysical anomalies on the shelf sections on different sides of the Atlantic Ocean are shown.
The main problem in organizing the search for gas hydrates on the shelf of the Gulf of Guinea is political
instability, as well as the lack of funds for research in the Ivorian shelf. And because of the complexity
ofthe extraction of oil resources, all major deposits in the country are conducted by international firms.
Despite the low level of oil and gas production, Céte d’Ivoire retains prospects in the future to be an
exporter of oil and gas (including gas hydrates), since the country’s sedimentary basin is still very little
studied. The coverage of this issue is relevant due to the lack of such information in Russian, and the
information available in English and French does not allow to form a general picture of the oil industry
complex of the Republic of Cote d’Ivoire. In this article, the forecast of new sites, promising to detect
gas hydrate deposits on the shelf of Cote d’Ivoire, and can be used in the allocation of promising areas
for new geological studies.

Keywords: Republic of Cote d’Ivoire, gas hydrates, gravitational anomaly
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XapakTepucTuka ropHbix nopon
pyAaHoOro mecrtopoxaeHusa byxaapsoi B Asbkupe

A. Jlamampa', E.M. Koteasunkosa', A.O. Ceprees?

! Poceuniickuii yHUBEpPCUTET APYKObI HAPOIOB
Poccuiickas edepayus, 117198, Mockea, ya. Muxayxo-Makaas, 6
2 Poccuiickuil rocyIapcTBEHHBIN YHUBEpCHTEeT HedTH 1 Taza umeru M. M. [y6xuHa
Poccuiickas Qedepayus, 119991, Mockea, Jlenurckuii np-m, 0. 65, kopn. 1

B Hacrosiee BpeMst pacueT YCTORUMBOCTA TOPHOTO MacCuBa SIBJISIETCS] OHOM M3 OCHOBHBIX 3a-
Jla4 B TIEPUOJI TPOSKTUPOBAHUS TIOA3EMHBIX COOPYKEHMIT HAa PYTHOM MeCTOPOXIeHUM byxamphi.
Kaxnast MmeTonuka mpeamnosaraeT COOCTBEHHBII pacyeT U Kjaccu@uKaluio KaTeropuii yCTOMYMBO-
ctu. B maHHOI cTaThe MpencTaBieHbl Pe3yJIbTaThl TJA00PATOPHBIX UCCIENOBAaHUM (hU3NUECKHX CBOMCTB
00pa31I0B rOPHBIX TOPO/I. J1J1sd Kaxk1oro odpasiia ObLIY OINpeae/IeHbl INIOTHOCTh, TOPUCTOCTh, CTENIEHb
HACBIIIEHUsI TPYHTa BOJION, CTeTIeHb pacTpecKuBaHusl. [10 pe3ybrataM npoBeaeHHbIX pab0OT MOXKHO
c/iesaTh BBIBOJ O TOM, UTO TOPHbBIE TTOPO/IbI XKeJe3HOro pyaHuKa byxapibl oueHb YCTOMYUBBI K BO3-
JIEWCTBUIO pa3IMUHbBIX (hakTOpoB. It aHaIM3a TOPHBIX TTOPOJI 3KeJIe3HOTO pyTHUKA Byxaapbl ¢ 11e/1b10
Kj1accubUKaly TOPHBIX MACCHBOB U MPOTHO3UPOBAHUS JaJbHENUIIIUX PaOOT ObLIa UCITOIb30BaHA
kiaccudukaius, paspadbotaHHas HopBexCKrMM reoTeXHuueckKuM UHCTUTYTOM. CrielyeT OTMETUTb,
YTO JIJ151 MTOHUMaHUSI U3BMEHUYMBOCTHY MPOYHOCTHBIX XapaKTePUCTUK PYIbl UCTIOJIb3YeTCsl TOKa3aTelb
MPOYHOCTU MOPOA. DTO BEAYIININ MHAUKATOP 30H CKAJIbHBIX MTOPOJ HU3KOTo KauecTtBa. CoriacHo
(bu3MKo-MexaHNYeCKUM HUCTBITAHUSM B TJAOOPATOPUSIX, OTMEUEHO, YTO MaCCUB pyaHUKa byxaapb
MMEET XOPOIIYIO0 YCTOMUMBOCTD K CXKATUIO, PACTSIKEHUIO U CIBUTY. DTO TOBOPUT O TOM, YTO TIpo0Jie-
MbI YCTOMYMBOCTH Ha JAHHOM MECTOPOXKAEHUU CBA3aHbI C TEXHUYECKUMU (DaKTOpaMu, TAKUMU KaK
IMOBEPXHOCTHAsI U MOA3EMHasI 100bIUa MOJIE3HBIX UCKOITaeMBbIX.

Kunrouesblie ciioBa: ornpeneieHe CBOMCTB TOPHOM TTOPOILI, (DM3NKO-MeXaHMYeCKHe CBOMCTBRA,
CKaJIbHBIII MacCUB, MEXaHUYECKME UCTIbITaHUsI, Byxaapa, ropHast BeIpaboTKa

BeBepeHue

ITnanupoBaHue padboT (BKJIOYasT UHPPACTPYKTYpy: METPO, 3AaHUS, JOPOTU U T.1.)
YUIUTHIBAaET MHOTHE (PAKTOPHI, CBSI3aHHBIC C OpraHU3alMeil yIaCTKOB, BEHTIIISIIACH 1
naBiaeHueM rpyHToB. C yriybaeHreM IIaxT JaBlIeH1e Ha 3eMJII0 CTAHOBUTCS OJHUM U3
OCHOBHBIX KPUTEPUEB, KOTOPbIe HEOOXOIUMO KOHTPOJUPOBATh, 0COOCHHO B palioHax,
IJIe pacIiojOKEeHbI CTapble LIAXTHI.

YemM Oostbliie IIyOMHA BRIpaOOTKU, TeM BaxKHee onpeaeieHue (PU3uKo-MeXaHuye-
CKHUX CBOIMCTB nopoj. Ha uaMeHeHue XxapaKTepruCTUK B 1IaXTaX OKa3bIBalOT BIUSIHUE:

— yBeJIMYeHWE VTN YMEHBIIICHNE KOJTMYECTBA JOOBITON PYIBI;
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— CTaOWJILHOCTDL TOPHBIX PadOT;

— BO3MOXHOCTb HECUACTHBIX CJIyJaeB B paOOYMX IIaXTax.

DKOHOMMYECKYIO POJIb IIPOOIeMbl YCTOMYMBOCTH CKJIIOHA HEJIb3sI HEAOOIIEHUBATD.
MameneHue yria HakJIoHa Ha 3° Wi 4° MpUBOAUT K U3MEHEHUIO 00BEMOB OOHAPYKEH -
HBIX 3amacoB. PazHuI1a MOXKET COCTaBJISITh MMJLIMOHBI KyOUUeCKUX MeTPOB. [{0BOJIbHO
YacTo YIJIbl HachInel Ha 5—8° MeHbIlle KpUTUIEeCKUX [1].

OnpeneneHue GU3NKO-MeXaHUYECKMX CBOMCTB MaccuBa BO BPeMsl OTKPBITON WU
IMOA3EMHOM JOOBIYM TPEOYET IeTaJbHOM MPOPAOOTKI BCEX T€OJIOTMUSCKIX U TEOTEX-
HUYECKUX (DaKTOPOB pacCMaTPUBAEMOTr0 MAaCCHBa, TEKTOHNYECKMX YCIOBUM, (PHU3UKO-
MEXaHUYECKHX CBOMCTB TOPHBIX mopo. M3yueHre MexaHuueCKUX UCTIbITAHUI MTpe-
CTaBJIsIeT CO00I COBOKYITHOCTB ITOKAa3aTeJieil, KOTOphIe XapaKTepU3YIOT COITPOTUBICHUE
TOPHOI MOPO/IbI BO3ACHCTBYIONIEH Ha Hee Harpy3Ke, ee CIOCOOHOCTD ehOpMUPOBATh-
csl MPU BTOM, a TakKe OCOOCHHOCTHU MOBEECHMS B TIPOLIECCE pa3pyllieHus .

Cnemyer OTMETUTD, YTO KOHTPOJIb TOPHOTO JAaBJICHUS IIOMOTaeT IIOCTPOUTH MOJIEIIh
IIAXTHI C 1IEJIbIO IMOBBIIIEHNSI YPOBHS 0€30I1aCHOCTH pabOThI B HEIA.

st pereHus 3aga4y JaHHOTO MCCAeA0BaHMS HEOOXOIMMO BBIMOJIHEHNE MOJIEeBbIX
U 1abopaTopHBIX paboT. B nmpoiiecce mojeBbIXx padoT ObLI0 0TOOpaHo oKoJio 50 oOpas-
1IOB KepHa pasMepoM 60 cM (rmo 3 obpasia ajis KaxIoro udydaeMoro ciios). B xone
J1abopaTOPHBIX UCCIIeOBAHUI U3yUeHbl (hU3NUYECKre CBOICTBA 00pasiioB. Omnpeee-
HBI IUIOTHOCTD, IIOPUCTOCTD, CTEIIEHb HACKIIIICHNUS TPYHTA BOAOI, CTeTICHb PACTPECKU -
BaHMSI TOPHBIX IOPOJI, KaXKIoro oopasia.

OnpeneneHne pusn4yeckux CBONCTB

CornacHo knaccudukaunu Jleo Xyk n bpaiix [2], n3ydyeHHbIe HAMU TTOPOJBI OT-
HOCSITCS K TBEPJbIM OCaI0UYHBIM ITOPOIaM.

B nmoponax MuHepaibHOE BEIIECTBO 0Opa3yeT CILUIONIHOM CKeJIeT, KOTOPBI He 3a-
MOJIHSIET BCE MPOCTPAHCTBO, B PE3YyJIbTaTe Yero 00pa3yoTcs MyCcTOThI. o mycToT
Ha3bIBaCTCs IIOPUCTOCTHIO. DopMa IIyCTOT, MX pa3Mep, pacipeaesieHre B ITIOPOIe BII-
10T HAa MEXaHWYEeCKUE CBOMCTBA TOPHBIX TTOpoJ [ 3].

B 3aBUCHMMOCTH OT TTOPUCTOCTH TTOPOABI TOAPA3AEIAIOTCs Ha [4]:

— nopoabl HU3Kou rmopuctocT: 0 < n <5 %,;

— TMOpPOIbI cpeaHeii mopucrocT: 5 <n < 10 %;

— nopoabl Beicokoit mopuctocth: 10 < n < 20 %;

— TMOPOJbI 0YEHb BEICOKOI mopuctocTu: # > 20 %.

anXIOO %,
Vv,

t

roe V,= M,

sat

— M,;=612,7—579,8 = 32,9 c™m®; V,=231,5 cM’; n = 14,212 %.

ITo pesysnbpraram J1abOpaTOPHBIX UCCIEAOBAHUN MOXKHO CKa3aTh, YTO TOPUCTOCTh
ropHbIx mopoxa byxanper Beicokast (14 %).

Taxoxe ObuIa OMpezeieHa CTENEHb BIAXHOCTH, WX CTEINEHb HackIleHus (S,), KO-

TOpasi XapaKTepU3yeT CTEIICHb 3aII0THEeHUSI 0P BOAOi1. JlaHHBI ITapaMeTp UCIIOIb3Y-
€TCsI JUTSI BRIYMCIICHUSI PaCUETHBIX COITPOTUBJICHUI TPYHTOB IIPU MIPOSKTUPOBAHMY IIAXT
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u Bapbupyetcst ot 0 % (cyxoii moussl) 10 100 % (HacklnieHHbINI rpyHT) [5]. s onpe-
JIeJICHUsI CTeTICHU HaCBIIICHNS UCIIOIb30Baaach (popmyia
|4
S, =—%x100 %,
V

v

e V,=6,5cm’; V, = M, — M;=612,7 — 579,8 = 32,9 cm®; S.= 19,75 %.

S

ITo cTreneHu HACHIIIEHUSI TPYHT Ha M3y4aeMOM TEPPUTOPUN OTHOCUTCS K BIaXKHBIM
TPYHTaM.

CTerneHb TPeIIMHOBATOCTH SBJISETCS OJHMM M3 CAMbIX BaXKHBIX MOKa3aTeICH IS
XapaKTepUCTUKU TOPHBIX Mopo. JaHHBIN mapaMeTp MO3BOJISIET BLIOPATh METOM IKC-
IUTyaTalluy U peLINTh IIpo0IeMy YCTOMUYMBOCTU KpaeB Kapbepa [6]. B Tabu. 1 mpen-
CTaBJIeHa XapaKTepUCTUKA TOPHBIX IMMOPOJ MO CTeNIEHU TPEIIIMHOBATOCTH.

Tabnvua 1
XapaKkTepucTuka ropHbiX NOpPoA Mo CTeNeHu TPELMHOBATOCTH
[Table1. Characteristics of rocks according to the degree of fracture]
Knacc [Class] ID (cm) CTteneHb TpewmHoBatocTn [Cracking degree]
ID1 >200 OueHb cnabas [Very weak]
ID2 60—200 Cnabas [Weak]
ID3 20—60 CpepnHsia [Average]
ID4 6—20 CunbHas [Strong]
ID5 <6 OuyeHb cunbHas [Very strong]

1D — CpE€AHEC PaCCTOAHUIO MEXKAY TPCIIMHAMMU. PaccuutbsiBaeTcs 110 (I)OpMy.TIC

ID=£,
n

rae L — njavHa M3y4eHHOM yacTu MaccuBa (M); # — KOJMYECTBO TPEIIMH Ha U3MepsieMOoi
YacTu.

TpeuiuHbl 3aMepsuiich Ha obpasuax. CpegHee KOJIUYECTBO TPEIIWMH Ha IIMHE 1 M
COCTaBJISIET OKOJIO 5, cooTBeTcTBeHHO 3HadyeHue ID = 0,2 m (20 cm), 20 < ID < 60.

CoryiacHO TMOJIy4YeHHBIM pe3yJibTaTaM IJIOTHOCTb Pa3pbIBOB SBJSIETCS CpeaHel
(Tabn. 1).

OnpepeneHue MexaHU4eCKnx CBOMCTB

B npouecce uccaenoBaHuii ObLIM OIpeae/ieHbl MEXaHUUYECKHUE CBOMCTBA TOPHBIX
nopoz [7]. C moMolLbIO TUAPABIMYECKOIO ITpecca MPOBOIUINCH UCTTBITAHUS Ha CxKaTue
1 pacTsKeHre 00pa3lioB HMIMHAPUYECKO (opMbI fuaMeTpoM 50 MM 1 jutmHO# 100 MMm.

B Tabi1. 2 mpeacraBieHa XapaKTepUCTHKA TOPHBIX TOPOI, TT0 CXKUMAOIIEMy HaIIps -
JKEHHUI0, IIpY KOTOPOM o0pa3ell pa3pyiiaercs [8].

Jig onpenenieHus npeiesa NpoOYHOCTH Py cxatuu (R) Obl1a ucnonb3oBaHa Gop-
MyJa

R = F/S (MITa),

rae F — cxumaromasi, paspymaromas cuia (KH); S — riomaas monepeyHoro ceueHus
obpasua (M?).
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Tabnua 2
XapakTepucTuka ropHbiX MOPOA, Mo CXXUMAIOLLEeMY HanpsXXeHUo
[Table 2. Characteristics of rocks by compressive strength]
O6paseL, Cnabo pe3ncTeHTHblli | CpeaHe Pe3ncTeHTHbIN | Pe3ncTeHTHbl | CUTbHO Pe3UCTEHTHbIN
[Sample] [Weakly resistant] [Medium resistant] [Resistant] [Very resistant]
R (MMa) <5 20 60 > 60
[Rc (MPa)]
B Tabn. 3 nmpencraBieHbl pe3yabTaThl BHIYUCICHUINA.
Tabnmua 3
3HauyeHune cXxumMarouwiero HamnpsikeHus
[Table 3. The value of the compressive strength]
S (M?) F (kH) Rc (MMa)
O6pase [Sample] [S (m?)] [F (KN)] [Ro (MPa)]
1 0,0019 100 50,04
2 0,0019 100 51,4
3 0,0019 100 51,1
4 0,0019 100 51,5
CpepHee [Average] 51,01
Kpusas conpotmneneHns
[Resistance curve]
50 —1  —  —— o i e ot il ol i s
s —1 | } 1  —— —1 S ——
= — : : = == — ===
L — — = —— == == == ===
o —1 ' | — } I  — i s
hy E + | | | 3 & 3 ' 3 * ' |
5=- 30 11 } } 1 ! i —_———
Z 8 L 3 ! — 31—
o I | —  S—
E 3 20 1 ] l = e
=387 — } —1  ———
= — 1 1 — ===
JRYEEE=EES S
0 1 I  — ]  ——
0 0,5 1 1,5 2 2,5

Hedopmaums, %
[Deformation, %]

PucyHok. KpurBas paspyLueHus obpasLa nyTem cxatums
[Figure. The curve of the destruction of the sample by compression]

[IpoananusupoBas Tabj. 2, 3 ¥ pUCYHOK, B COOTBETCTBUU C MOJYYCHHBIM PE3YJib-
TATOM MOXHO C/IeJIaTh BBIBO/I, YTO TOPHAs ITOPOIA PE3UCTEHTHASI.

OrnpeneieHre MpOYHOCTH TOPHBIX ITOPO/I IIPY OAHOOCHOM PACTSKEHUM BJIeYeT 00JIb-
LI1e TPYAHOCTH, INIaBHASI M3 HUX — TeXHUYeCKasl CJI0XKHOCTb B CO3IaHMU MPUEMIIEMOI
reoMeTpuM odpasia 1 ero JMHEIHOTo pacTsLKeHusI. [103ToMy IIpOYHOCTD OIpeaeisi-
eTCsI KOCBEHHBIMM METOIaMU, OMHUM U3 KOTOPBIX SIBJIIETCS «Opa3mIbCKUii», OCHOBAH-
HbII HA pellleHUM 3a1a4 TCOPUHU YIIPYTOCTU. B IJIOCKOCTH IpU IEICTBUM CUIIBI B 00-
paslie BOSHUKAIOT PacTATrMBaIOLINE HAMIPSIKEHUYSI, TIEPIICHAUKYISIPHBIC STOM IJIOCKOCTH.
CkopocTtb npuioxeHust Harpy3ku 0,1—0,5 MIla/c. U3aMeHeHre CKOPOCTHU IPUJIOXKE-
HUSI HAarpy3KM BHI3BIBACT MOSIBJICHUE 3aBUCHMOCTH IIPOYHOCTH 00pasiia OT CKOPOCTHU
MIPWIOXEHUS Harpy3KHu.
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[IpoyHoCTh OGpasLa onpeaesiach o GopmyJie

2fmax

2
Kr/cM7],
hdn[ /em”]

Rt =

L€ finax — MAKCHUMaJIbHas pacTsruBaoLlasi Harpy3ka (Kr); d — JuaMeTp ce4eHUsI pa3pblBa
obpa3sua (cMm); 4 — aIrMHA UCIIBITBIBAEMOTO 00pasua (Cm).

B Ta6n. 4 npencraBieHbl pe3yabTaThl BHIYUCICHUIA.

Tabnvua 4
3HauyeHus NPo4YHOCTU 06pa3L0B (OpPa3nNbCKuii TecT)
[Table 4. The value of the tensile strength (Brazilian test)]

ObpaseL S (M?) Froax (KH) R, (MMa)

[Sample] [S (m?)] [Frax (KN)] [R; (Mpa)]
1 19,62 45,51 5,85
2 19,62 45,51 5,84
3 19,62 45,51 5,66
4 19,62 45,51 5,81
CpepHee [Average] 5,79

[1o uToram nmpoBeaeHHBIX UCCIEIOBAaHNI MOXKHO CII€JIaTh BBIBOJ O TOM, UTO TOPHbBIC
IMOPOBI XKEJIE3HOro pyaAHMKa byxapabl oueHb YCTOMUMBBI K BO3AEHCTBUIO Pa3IMUHBIX
¢axkTopoB. /11 olleHKU MepCHeKTUBHBIX IUIOIIaAe B AJKUpe HEOOXOAMMO UCITO/Ib-
30BaTh KOMILJIEKC METOAOB, YTO ITO3BOJIUT OLIEHUTD ITEPCIIEKTUBHOCTD TAHHBIX y4acT-
KoB [9].

CremyeT OTMETUTD, UTO JIJISI U3YYEeHUSI K3AMEHUMBOCTH IIPOYHOCTHBIX XapaKTEPUCTUK
PYIBI UCTTONTB3YeTCS TToKa3aTennb ImpouyHocTH TTopo (RQD). Metox RQD 6wt pa3pa-
6otan B 1964 1. /1.Y. Jupowm [10]. OH omnpenessieTcsas U3BMEPECHUEM MPOLIEHTHOTO BbI-
X0Jla KyCKOB KepHa, JUIMHA KOTopbix nmpeBbimaeT 100 mM. Kyckn KepHa, He oTn4aio-
LIKMECsT KPEIOCThIO UM IIPOYHOCTBIO, HE YUYMTHIBAIOTCS, 1aKe eCJIU UX JJIMHA COCTaB-
qastet 100 MM. DTO BeAylMi MHAXKATOP 30H CKaJIbHBIX MOPOA HU3KOro KadyecTBa. Ha
ceromasrHMi 1eHb RQD mcnonb3yeTcs B KauecTBe CTaHAAPTHOIO ITapaMeTpa B peru-
CTpallMy KepHa ¥ MMeeT IPUHIUIINAIBHOE 3HAYeHNE IJIsI OCHOBHBIX CHCTEM KJIaCCH-
(buKaIMy MacChl: XapaKTEPUCTUKU TOJIIIY FTOPHBIX IIOPOI M CUCTEMBI HOMEHKIATYPHBIX
rnokasareseii. B ta0. 5 npencrapiieHa cBsa3b Mexxay MHAeKcoM RQD u kauecTBoM Mac-
CBhI TOpHBIX Mopox [11].

B ta61. 6 mpencraBieHbI Pe3yIBTaThl BEIYUCICHUIA.

Tabnvua 5

CBsa3b mexpay uigekcom RQD n kayecTBOM MacChbl FOPHbIX NOPOA,
[Table 5. The relationship between the RQD index and the quality of rock mass]

RQD (%) e qualiy of the rook mase)
<25 OueHb cnaboe [Very weak]

25—50 Cnaboe [Weak]

50—75 Mpoxoammoe [Passable]

75—90 Xopouee [Good]

90—100 OtnunyHoe [Excellent]
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Tabnua 6

Pesynbratbl RQD Ha nsyyaemoi tepputopumn
[Table 6. RQD results in the study area]

[opHble nopoael KauectBo 06pasua
° [Rocksﬁ 8 RQD (%) [Sample quglityL]L
Cepblii meprenb [Gray marl] 57 CpepHee [Average]
XKentbin meprens [Yellow marl] 56 CpepHee [Average]
MwuHepanunaosaHHbIi Mmepresib [Mineralized marl] 59 CpepHee [Average]
JKenesHas pyaa [lron ore] 76 Xopouee [Good]
MN3BecTHsK [Limestone] 79 Xopotuee [Good]

CornacHo aHanu3y napameTpa RQD, ycTaHOBIEHO, YTO MACCUB COCTOUT B OCHOB-
HOM U3 IISITH CI0€B (3KEITHII Meprejib, Cephlil Mepreiib, MUHEPaIM30BaHHBIM MEpreib,
M3BECTHSK U XeJe3Has pyla), KaueCTBO KOTOPBIX BapbUPYETCsI OT CPEAHETO 10 XOPO-
mero (tab. 5, 6).

Jns1 aHaIM3a rOpHBIX MOPOJI XKEJIE3HOro pyaHUKa byxanphl ¢ 11e/1b10 KilaccuduKalum
TOPHBIX MACCHUBOB Y MPOTHO3MPOBaHUS AaibHel X padoT (baptoH u np., 1974) 6b11a
HCITOJIb30BaHa Kiaccudukaums, padpadotanHass HopBexKCKMM reoTeXHUIeCKUM MH-
crutyTtom [12; 13].

0 = RQD/Jn*Jr /Ja*Jw/SREF,

rae Jn — KOJIMYeCTBO CUCTEM TPeIlrH; Jr — HEpOBHOCTD TpelluH; Ja — nedopmarnus Tpe-
WKH; Jw — Haiuuue Boabl B TpelinHax; SRF — KoahGuiueHT yMeHbIIEHUS TOITYCTUMO-
T'O HaIPSKEHUS.

B cooTBeTcTBUM € TabI1. 7 KaxkaOMy ITapaMeTpy IPUCBAUBACTCS 3HAUCHUE, a 3aTEM,
MOCPEICTBOM pPElLlIeHMS] MaTEMaTUUEeCKOT0 ypaBHEHUSI, TTOYYaeTCsl YMCIOBOM NHAEKC
Q. Pe3ynbrarhl BBIYMCIEHMS IPEACTaBICHbBI B Ta0JI. 8.

Tabnumua 7
Knaccudpukauua ropHoro maccuea cornacHo Q [12]
[Table 7. Classification of rock mass according to Q]
Mupekc Q KayecTBO ropHor maccol
[Q index] [Rock mass quality]
4—10 CpepHee [Average]
10—40 Xopouee [Good]
Tabnvua 8
Knaccudukaumua Q-cucrtemsl ropHoro maccusa byxagpa
[Table 8. Classification of the Q system of the Boukhadra rock massif]
Kentbin Cepblin MuHepannaoBaHHbIi | XKenesHas
Mapamerp mMepresnb mMepresb mMepresnb pyna M.SBeCTHHK
[Parameter] [Yellow marl] | [Gray marl] [Mineralized marl] [Iron ore] [Limestone]

RQD 56 57 59 76 79
Jn 2 2 2 2 2
Jr 1,5 1,5 1,5 1,5 1,5
Ja 2 2 2 1 1
Jw 1 1 1 1 1
SRF 5 5 5 5 5
Q 4,2 4,275 4,425 11,4 11,85
KayecTBO ropHoii maccel | CpegHee CpepHee CpenHee Xopollee Xopollee
[Quality rock mass] [Average] [Average] [Average] [Good] [Good]
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CornacHo pe3yiabrataM (-CUCTeMbl, MOXKHO CKa3aTh, UTO CJIOU, B KOTOPBIX HaX0-
ISITCS JKeJIe3Hasl pyla U M3BECTHSIK, MMEIOT XOpolllee KaueCTBO, a CJIOU, B KOTOPHIX
MIPUCYTCTBYET Mepresib, UMEIOT CpeaHee KadecTBo (Tad. 7, 8).

BbiBOAbI

B 3akmoueHre HY>KHO OTMETUTh, YTO COIJIACHO (PM3UKO-MEeXaHUICCKIM HCIIbITa -
HUSIM B J1a00OpaTOpHsIX MacCUB pynTHUKa byxaapbl MeeT XOpOIIylo YCTOMUYMBOCTD K
CXKaTUIO, PACTSDKEHUIO U CABUTY, a 3HAUUT, IIPOOJIEMbI YCTOMUMBOCTU Ha TAaHHOM Me-
CTOPOXIEHUM CBSI3aHbI C TEXHUYECKMMHU (haKTOopaMu, TAKUMM KaK ITIOBEPXHOCTHAsI U
MoA3eMHas J00bIYa MOJIE3HBIX NCKOIaeMbIX.
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Abstract. Currently, the calculation of the sustainability of the mountain range is one of the main
tasks during the design of underground structures at the Bukhadra ore deposit. Each technique involves
its own calculation and classification of categories of sustainability. This article presents the results of
our research. As a result of laboratory studies, the physical properties of the samples were studied.
For each sample, the density, porosity, the degree of saturation of the soil with water, and the degree
of cracking of rocks were determined. As a result of the research, it can be concluded that the rocks of
the Bukhardra iron mine are very resistant to various factors. A classification developed by the Norwegian
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Geotechnical Institute to classify mountain ranges and predict further work was used to analyze the
rocks of the Bukhadra iron mine. It should be noted that in order to understand the variability of the
strength characteristics of the ore, the rock strength index is used. It is a leading indicator of poor
quality rock zones. According to the physico-mechanical tests in the laboratories, it was noted that the
Bukhadra mine massif has good resistance to compression, tension and shear, this suggests that stability
problems in this field are associated with technical factors, such as surface and underground mining.

Keywords: determination of rock properties, physical and mechanical properties, rock massif,
mechanical tests, Buhadra, mine workings
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Oco006eHHOCTU KaTareHeTU4eCcKoro cyJsibdpaTtoHaKonJeHus
B NepPMCKNX 0Ccafo4HbiX KomMmnsiekcax LleHtpansHoit Poccun

A.®. I'eopruesckuii, B.M. Byruna

Poccniicknii yHUBEPCUTET APYKOBI HAPOIOB
Poccuiickas Pedepayus, 117198, Mockea, ya. Mukayxo-Makaas, 6

Bompockl MacIITaGHOCTH M POJIM BTOPUYHBIX (KaTareHeTUIeCKMX) TIPOLIECCOB B OCATIOYHOM T10-
po1000pa3oBaHUM OTHOCSITCS K KATETOPUM 10 KOHIIA HE PEIIEHHBIX M TTO3TOMY aKTyaJIbHBIX IIPO0OJIeM
JINTOJIOTUYECKON HayKu. Llenbio HacTos1ei paboThl ObLIO MPY MOMOILM CTaAUaIbHOTO aHAIU3a (Ha
npuMepe CyIbMaTHBIX KOMIUIEKCOB) ITOKa3aTh OTPOMHBII «CKPBITHII» TOTEHILIMAT KaTareHeTUYeCKUX
MPOIIECCOB B MPpeoOpa3oBaHUM MUHEPAJTBLHOTO COCTaBa OCAIOYHBIX TOII. B KadecTBe 00beKTa 13-
YUeHUsI BBIOpaHbI TOrPaHUYHbBIC TIIMHUCTHIE M KApOOHATHBIC OTJIOKEHUSI YPKYMCKOTO U cakMmap-
CKOTO SIpyCOB 3arajaHoro orpaHuueHus [penypanbckoro nporuda. YCTaHOBJIEHO, UYTO UX JIMTOJIOTHU-
YeCcKUi 00JMK B 3HAUUTEJbHOI CTeNeHU C(POPMUPOBAIM BTOPUYHBIC (IMa- U KaTareHETUYECKKeE)
TIpoIIeCCHI CyTbhaTHOM MUHepanmu3auu. [Tpudaem, eciiv mepBbie HAallUTA CBOE OTPaXkKeHHe B Pa3BUTUHI
paccestHHbIX KOHKPEIIMOHHBIX XKeJIBAKOB TMIICa, TO BTOPbIE MPOSIBUIMCH B MOIITHOM METacoOMaTo3e
¢ 00pa3oBaHMEM KPYITHBIX aHTUPUT-TUTICOBBIX Y TUTIC-aHTMIPUTOBBIX JIMH30- U MJIACTOOOPa3HbIX
TeJ, TPOTSKEHHOCTHIO B COTHU MeTpoB. Ocob0oe BHUMaHKE yAeJIeHO BO3MOXKXHOMY 3JIM3MOHHOMY
MeXaHN3MY MOCTYTUIEHHSI METaCOMaTUIEeCKUX PACTBOPOB M UX XUMUIECKOI akTUBHOCTH. [TocenHue
10 CBOEI arpeCCUBHOCTU HE YCTYMaJIu JIATEPUTHOMY BBIBETPMBAHUIO U 3aMeIIaIM HE TOJIBKO Kap-
OOHAThI, HO Y TJIMHUCTHIC U XKEJE3UCThIe MUHEPAJIbl, a TAKKE TMOJICBOILNATOBBII U KBapLEBbIii 00-
JIOMOYHBI MaTepuail. Bce mepeunciieHHOe yKa3bIBaeT Ha BBICOKYIO 11I€I0YHOCTb M BOCCTAHOBUTEb-
HBIN XapakTep cyabMaTHBIX METACOMaTUUECKUX PACTBOPOB.

KuroueBbie ciioBa: MUHepaabHas MOCIEI0BaTEIbHOCTD CYIb()ATOHAKOTUIEHUS, METAKPUCTAIUIBI,
KOHKPEIIMOHHBIE TeJIa U TICEBIOMOPGO3bI, SJIM3NOHHBIN paCcCOJIbHBIN KaTareHe3

BBepeHune

ITpu npoBeaeHUN UHXEHEPHO-Te0J0rMYeCKMX U3bICKaHU I Ha rpaHuLie Baagumup-
ckoii 1 Huxkeropoackoit obnacreii yepes noauHy p. KisiabMbl TpoOypeH poduib
IIUHOM B 9,5 KM 13 21 0ypoBoil ckBaxkMHbI. [ToMMMO YeTBEpTUYHBIX OCAAKOB, CKBa-
>KrHaMu 10 TyorHb! 100 M BCKpBIBaIOTCS TIEPMCKHUE OTIOKEHUSI, KOTOPhIe 00pa3yloT
«OpOCKUi» U HATOJTrO 3alIOMUHAIOIIMUIACS pa3pe3 U3 ABYX KOMILIEKCOB: BEpXHETo —
SIPKO-KPAaCHOI'O TEPPUTC€HHO-IIMHUCTOIO U HUKHETO — CBETJIO-CEPOro KapOOHAaTHO-
cynbdaTtHoro. [1o JaHHBIM reoJI0rn4eckoro KapTupoBaHusl [ 1], mepBblil MpUHALIEXUT
K YP>KyMCKOMY, @ BTOPO — K CaKMapCKOMY U, BO3MOXHO, aCCEJIbCKOMY SIpycaM.

BepxHuii (yp>KyMCKUi1?) KOMITJIEKC OTHOCST K KOHTUHEHTAJIbHBIM 00pa30BaHUSIM
KpacHOLIBETHOI (hopMallii, KOTOPbIe HAKAIJIMBAJIMCh B 3ACOJIOHSIIONIMXCS JT10O0 TIpe-
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CHBIX BogoeMax. [J1s1 Hero xapakTepHBbI SIPKO OKpallleHHbIE IVIOX0 OTMYYeHHBIE TJIMHBI
C TOHKMMH HEBBIIEPKAHHBIMU ITPOCIOSIMHI OJTUTOMUKTOBBIX IIECYAHNKOB 1 aJIEBPOJIN-
TOB ¢ 0a3aJbHBIM TJIMHUCTBIM LIEMEHTOM. 1711 MOpOa TUITMYHBI TEKCTYPhl BOJTHOBOTO
B3MYYMBaHUSI C IPUUYIIMBO-HEPABHOMEPHBIM pacrpenejieHrneM 00JIOMOUYHBIX U T -
HUCTBIX KOMITOHEHTOB.

CocTaB ITTMHUCTOM YaCTH — XJIOPUT-TUAPOCTIOANCTHIN ¢ OOMILHOM TPUMECHIO THC-
MepcHOro nojioMuTa. 3aKJII0UeHHbIE B Hell 3epHa KBapiia OCTPOYTOJbHOM U YTIJIOBaTOM
(GopMBI, ¢ peIKIMU 00JIOMKAMU IIATMOKIIA30B, KaJIMEBBIX IIMNAaTOB, KPEMHUCTBIX I10-
poI 1 MUKPOKBapLIMTOB. B KauecTBe akiieccopreB IIPUCYTCTBYIOT IMPKOH, TYpMaJvH,
rpaHar, ceH, araTuT, TJIayKOHUT, MarHETUT 1 UJIbMEHMUT.

Bonee 90 % 3epeH oTHOCATCS K rpaHyJioMeTprudecKuM Kinaccam < 0,1 mm. B ocHOB-
HOM OHU KOHIICHTPUPYIOTCS IISITHAMU, THE3IaM U, a Yallle 00pa3yioT BOKPYT ITIMHUCTHIX
YYaCTKOB M30THYThIE IIPEPHIBUCTHIEC TTOJIOCKHU U LIETTIOYKU, (DOPMUPYSI TEM CaMBIM pH-
CYHOK «B3MYYCHHBIX» BOJTHEHIEM 0CaaKoB. Bo MHOroM 3T0 BrieyaT/IeHHE YCUIMBACT-
CsI OT BBITSIHYTBIX YeIlIyeK CJIIOJI, KOTOpPhIe OpMEHTHPOBAHLI B pa3HBIX HAaIlPaBICHUSX.
Taxoke 1151 TOpOJ, TUTTMYHBI poM0O03apsl BropuyHoTo mojomuta (0,05 mm). Yarie Bce-
IO OHU BCTPEUAIOTCS CPpea CKOIUICHU MeCUaHbIX 3epeH, T IIMHUCTas TKaHb IEeMEH-
Ta HanboJjee MpoHulIaeMa JJIsl TOPOBBIX pacTBOPoB. He MeHee moka3aTebHbI TPOo-
SKWJIKHY, THE3/1a M TopUpPOo0IacThl KATareHETUYECKOTO I0JIOMUTA — CaMble TTOC/IeTHNE
HOBOOOpPa30BaHUs B PACCMOTPEHHBIX OTJIOKEeHUIX. HakoHel, 0oTMedaloTCsT JOJIOMU-
TU3MPOBAaHHBIE IIEPEKPUCTAUIM30BaHHbBIE OMOTEHHBIE OCTAaTKHM, IIPEICTaBJICHHBIC IIaH-
KTOHHBIMU (hopamMuHUepaMU, KOITPOJUTOBBIMU CIYCTKAMM, CITUKYJIaMU T'YOOK U MeJI-
KUMHU 00JIOMKaMM KOcTeil pbl0. MOIIIHOCTh KPaCHOIIBETOB MO CKBaXKMHAM BapbUpYyeT
ot 12,5 no 43 M, cocTaBiisist B cpeiHeM 0KoJio 20 M.

HuxHuii (cakmapckuii?) KapOoOHATHO-CYIb(aTHbIN KOMIUIEKC O0bEANHSIET JaryH-
HO-MOPCKUE JOJIOMUTHI, TUIICHI ¥ aHTUAPUTHI C TMH30BUIHBIMY BKJIIOUCHUSIMU 1 THE3-
JlaMU SIpPKO-KpacHOM IIHBL. [1oponbl HepaBHOMEPHO IepeCcIanBalOTCsl, HEBbIIEePKaH-
HBI 110 TIPOCTUPAHUIO U B OOJIBIIMHCTBE CydyaeB XapaKTepUu3yIOTCs MATHUCTO-0peK-
YUEBUIHBIMU U TTOJIOCUATO-Y30pUYaThIMU TEKCTYpaMU U3 MePEKPUCTATIN30BaHHBIX
JIOJIOMUTOBBIX M CYJIb(PaTHBIX MUHEPAJbHBIX (a3,

C reHeTMYECKMX MO3UILNI 0COOBI MHTEPEC BHI3BIBAIOT JOJIOMUTHI, IIOCKOIBKY Y
HUX BBISIBJISTIOTCSI IPU3HAKY BTOPMIHOTO IIPOUCXOKACHMS 110 OMOTeHHO-AETPUTOBBIM
n3BecTHsKaM. B 1mmgax oHu C10XeHbl TOHKO-MEJIKO3epHUCTHIM JOJIOMUTOBBIM arpe-
raToM C TEHEBBIMU PEJIMKTOBBIMU CTPYKTYpPaMU OMOT€HHBIX OCTaTKOB, KOTOPBIE MO~
BEpPIIMCh MHTEHCUBHOM TpaHysiiiuu. HecMOTpst Ha 3T0, JIerKo y3HAIOTCs OuepTaHus
MHOTOYNCJIEHHBIX paKOBUH popamMuHubeEp, pexke — IeTPUT racTPOIOo, IBYCTBOPOK,
YJICHUKOB KPMHOUAEH, OHKOJIMTOB, a TakKe (pocdaTHbIe YaCTUIIBI KOCTE PHIO.

dakTuyeckuint Matepuasn, MeToabl U pe3ysibTaTbl UCCEeA0BaHUN

M3naraemble HUKe MaTepUasibl 0a3UPYIOTCS Ha TaHHBIX IETATbHOIO MUKPOCKOITH -
4eCKOro U3y4eHus 0oJjiee moxycoTHu po0o. [TocnenHre oToMpaninch MOCIOMHO U3 Kep-
Ha CKBaXXUH, TaK, YTOOBI IPOCIICAUTD 10 pa3pe3y U MPOCTUPAHUIO XapaKTep U3MEHEHMS
JIUTOJIOTMYECKHMX OCOOEHHOCTEN OTIIOXKEHUI. Pe3ybraThl BEIITIOJTHEHHBIX UCCIIEI0BA-
HMI1 CTaJIi OCHOBO [IJIs1 POBEIECHMS CTaANAIbHOTO aHAIM3a MUHEPAI000pa30BaHusI,
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METO/JIMKa KOTOPOTro OMMcaHa BO MHOTUX MyOJMKaIMIX, M B YACTHOCTU B paboTe
0.B. Anackypra [2]. [Ipu onucannu muindoB MCIOIb30BaJICS MOISIPU3aAIUOHHBII
MuKpockor Mapku I[TOJIAM JI-213M.

[TpuHLIMITMATBHO BaXKHBIM IUISI OTJIOKEHM I 000MX KOMILJIEKCOB SIBJISIETCSI pa3BUTHE
aHTUAPUTOBO-TUIICOBOM MMHepau3aluu. O0palaeT BHUMaHUE aCCUMETPUYHOE €€
pacrpezeieHue OTHOCUTEIbHO MX KOoHTakTa. Hanbosiee maciTabHoO oHa MposIBIeHA B
MPUKPOBETBLHOI YaCTH CAaKMapCcKOTro KOMILIeKca, Tie TpeicTaBieHa HeBblAep>KaHHbI-
MM JINH30- U IIACTOOOPa3HBIMU TeJIaMU MOITHOCTHIO 15—20 M. HampoTtus, BBepx o
pa3pesy ypKyMCKOro KOMIUIEKCa MHTEHCUBHOCTb MUHEPaJIN3allii CTPEMUTENIHHO I1a-
JlaeT, U €€ MPUCYTCTBUE OIIYIIAETCs TOJIbKO B BUIE PEIKMX TOHKMX I'MIICOBBIX ITPO-
JKUJKOB. BaxkHO MOMUepKHYTh, YTO XapaKTep BbIAEACHUS CYJIbMaTHbBIX MUHEPAIOB
KOHTPOJUPYETCS JIUTOJOTUYECKIM COCTaBOM TTOPO/I.

B rnuHax cenMeHTallMOHHO-IMareHeTUUeCKue TPOLIeCChl CyabdaTu3ay MposiBU-
JIMCh B DOPMUPOBAHNM KOHKPEIIMOHHEIX CTsKeHUi rurica. [1o ¢popme oHM 0OBIYHO
OKpYTJIbIE ¥ IMH30BUIHO-YyIUIOMIeHHBIE. PasMep nx oT goseit 1o HecKoJabkux MMm. Co-
MpUKacasich M cpacTasiChb APYT ¢ APYroM oOpa3yloT TMIICOBbIE TMH30BUIHbBIE KOHKPE-
LIMOHHBIE TeJIa, MAaKPOCKOIMMYECKN BUAMMbBIE B KepHE CKBaXKUH. B 1umndax rpaHuib
MMKPOCTSDKEHUI pe3KO BBIPAXKEHBI U «00TEKAIOTCS» TAMHUCTBIMUA MUKPOCIOMKAMMU.
B nopope oHu pacrnionaralorcs, Corjiacysch ¢ TEKCTYPHBIMM OCOOEHHOCTSIMU U CTPOE-
HUEM [NIMHUCTOM MaTprIbl. CI0XKEHBI ¢J1a00 pacKpUCTaUTM30BaHHBIM IMIICOBBIM arpe-
raToM, KOTOpPKIii OOJIBIIIEeH YaCThIO ITePEeKPUCTAIN30BaH B TOBOJILHO KPYITHEIE TAOINT-
yaTble KpucTaibl. [locaenHue BMUChIBAIOTCS B KOHTYPHI KOHKPEIIMOHHBIX CTSKEHUI
U He HapylIaloT ux XxapakTepHble (hopmbl. Hepenko B BblneJeHUSIX TUIICa OTMEYatoTCsI
KOPPOAMPOBAHHbBIC YACTUIIBI IJIMHUCTOM MaTPULIBI, YTO JOKA3bIBAET yUacTHE METACO-
Maro3a B KOHKPEIIMOHHOM Tpoliecce. 3aBeplieHue ero GuKCupyeTcs 1Mo pa3BUTHIO
TUTICOBBIX IIPOXKMUJIKOB, TIePEeCEKAIOIINX KOHKPEIIUN 1 OKPYKAIOIIYIO X TTIMHUCTYIO
Matpuily. I1osiBieHre TPOXMIKOB YKa3bIBAET, YTO OTI0XEHMSI U3 BOJIOHACHIIIIEHHBIX
1 ¢J1a00 KOHCOJIMIMPOBAHHBIX OCAIKOB MPEBPATUINCh B IUTU(DUIIMPOBaHHBIE TOPOIHI
U CTaJid pa3BUBATHCS B YCJIOBUSX KaTareHesa.

I[ToMuMO KOHKpeLMu, elie 0JHOM (hOPMOIT BbICJEHUS TUIICA B TIMHAX SIBJISIOTCS
MeTakpucTtauibl. Kak v mpoxuiku, oHu ¢hopMHUPOBAIUCh MO/ BO3AEHCTBUEM KaTare-
HETUYECKMX IIPOIECCOB 1 Yallle BCETO OTMEYAIOTCS B y4acTKaX, 00eTHEHHBIX TEPPU-
Te€HHOI IIPUMECHI0. 31eCh TUTICOBBIE KPUCTAJLUIBI CTOJI0YATO-I1IECTOBATOIO M YCEUeHHO-
MPU3MaTUYECKOro 00JIMKa IpopacTaloT KapOOHATHO-TIIMHUCTYIO MaTPUILY, 3aXBaThIBast
pacTYLIMMU IPaHsIMU €€ MUHEpPaJbHbIE YaCTULIbI U OTAEAbHbIE MEJKKUE (PparMeHThl
(puc. 1).

Hab6monatoTtest Bce cTagnu pocta METaKpPUCTA/LIOB — OT MX 3aPOKACHUS 10 KPYTTHBIX
(2—5 MM) MHIMBHUIOB C XOPOIIIO BhIPAXXKEHHBIMU KPUCTAILIOrpadUIeCKUMHU OTPaHM -
yeHussMU. [1o-BuamnMomy, MakcUMabHOM (pa30ii X pa3BUTHUS CIEIyeT CIUTATh (pop-
MMPOBaHME U3 UX CPOCTKOB JIPy3-po3eToK. [IoMrMO 3TOro BCTpeuaroTcst TakxKe CKe-
JIeTHbIE (DOPMBI KPUCTAJUIOB U ABOMHUKU TUIIA «JIACTOYKMHOIO XBOCTa». BHyTpeHHee
CTPOEHHUE KPUCTAUIOB CJIOKHOE, YACTO CO cliefamMu AeopMalivii u npoodsieHus (puc. 2).
Hx mpucyTcTBUE TOATBEPKAACT MpeacTaBieHre 00 00pasoBaHUM paccCMaTpHUBAEMBbIX
BBIICJICHUI TUTICA IO/ BO3IE€ICTBIEM BHEIITHUX HAIPy30K, T.€. B HOCTINAareHeTUUECKYI0
cranuio GOpMUPOBAHUS TTOPO]I.
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Puc. 1. ®opmupyomincs meTakpucTani rurnca Puc. 2. «3aneyeHHble» 30HbI ApobeHns
C 3axBayeHHbIMU pparMeHTamMu okpyxatoLen B MeTakpucTanne runca. Ye.110x, Huk +
aneBpuUTO-MNHUCTOM Macchl. YPXXYMCKUIN ApYyC. [Figure 2. “Healed” zones of crushing
YB. 25X, HuK. Il in gypsum metacrystal]

[Figure 1. Emerging gypsum metacrystal with the
captured fragments of surrounding aleurite-clay mass.
Urjumski stage]

B necuaHukax 1 ajieBpoJIMTax TUIICOBasi MMHEpaJIU3alvs oTMedyaeTcs B (popme BTO-
PUYHOTO NOMKUIUTOBOrO LieMeHTa. [TocnenHuit pa3BuUT HepaBHOMepHO. OH MSATHAMU
MPOSIBJIEH CPear aJIeBPO-MeCYaHOro MaTepralia v IMoJHOCTBIO 3aTyXaeT B yyacTKaxX CKO-
IUICHUSI TIMHUCTOTO BEIIeCTBa, KOTOPHIE IUIOXO IIPOHUIIAEMbI IJISI pacTBOPOB. Jlerko
yCTaHABJIMBAETCsI BTOPUYHBIN XapaKTep lieMeHTa. Ha mepBhIx aTanax 3aMeIaeTcs IJIn-
HHUCTOE BEIIECTBO U MPUCYTCTBYIOIIME B HEM AMCIIEPCHBIE T1OJIOMUTOBBIE YaCTHUIIbI.
3aTeM CTaHOBSTCSI HEYCTOMUMBBIMU BTOPUYHBIE JOJIOMUTOBBIE poM003phl. U, Hako-
Hell, TUTICOBOI KOPPO3UM MOABEPrarTcs MojeBbie NnaThl U KBapl. B pe3ynabrarte,
B LIUTM(ax BOZHUKAET MO3anKa U3 BOJOKHUCTO-KPYITHO3EPHUCTOTO TUIICA, TOMKWIIN -
TOBO BKJIIOUAIOIIIETO pa3po3HEHHBIE 00JIOMOYHEIE 3¢pHa. B KepHe CKBaXKiTH TaKMe y4acT-
KU TIPOSIBIISIIOTCS B BUZIE 30H OCBETICHMSI, XOPOIIIO BUIMMBIX Ha (poHe OypoBaTO-Kpac-
HbIX TTopos. Kak 1 B ciiyyae ¢ KOHKPELIMOHHBIMU CTSKEHUSIMU B TJIMHAX, BpeMsl pa3-
BUTHUS AUAr€HETUUECKOM MOMKUIMTOBOM LIEeMEHTAllMU B MeCYaHMKAaX U aJleBPOJUTaX
3aKaH4YMBaeTCsl MOSIBJIEHWEM I'MIICOBBIX MTPOKMIKOB — TTOKa3aTesisl Hayajla KaTareHe-
TUYEeCKOU azbl hoOpMUPOBAHUS TOPO/I.

3aBepIIaoIIMM 3TAaIIOM OTHIICOBAHMS BCKPBITHIX CKBAXXMHAMM YPKYMCKHUX OTJIO-
JKEHUI SIBJISIETCSI pa3BUTHE arperaToB FMIICa B BUIE y4aCTKOB METaCOMAaTUUYECKOIO 3a-
MeleHus. OLIeHUTh Ha MUKPOCKOIIMYECKOM YPOBHE I10 OTIEIbHBIM ITpo0aM MacIlTad-
HOCTB 3TOT'0 MpoIlecca J0CTaATOYHO CJI0XKHO, HO INTyOMHA U3MEHEHMSI MUHEPaJIoTro-Xu-
MHYECKOTro COCTaBa Mopo/ JaeT OCHOBAHME MPeIoaraTb BeCbMa MOILIHOE BhIPaXKEHUE
MeTacoMaro3a B Mpejesax TOMIIN.

B mmmdax ygacTkm MmetacomaTo3a HaOJII0IaloTCs B BUAC KPYITHBIX ITOJICH C 3aIM-
BOOOPa3HBIMU N3BUJIMCTBIMU rpaHuiaMu (puc. 3). [1o nepudepun 3epeH KprCTaIIIbI
MeEJIKME, a M3-3a MbLIEBUIHBIX YaCTUIl — MyTHBIe. K 1IeHTpY y4acTKOB OHM pa3pacra-
IOTCSI M CTAHOBSITCS CBETJIBIMU U YMCTHIMU. JIpyroit 0coGeHHOCTHIO, yKa3blBalolleil Ha
BTOPUYHYIO MTPUPOAY FMIICOBBIX BBIIEICHUI, CTyXKAT PEAMKTOBBIC BKIIOUEHUS OKPY-
Xarollel MUHEPAJTbHOM MacCHhI.
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Bosbliieit yacThio OHU TPYNIMUPYIOTCS B IPUKOHTAKTOBOM 30HE, T/ TIPEICTaBIEHbI
KOPPOAUPOBAaHHBIMU Pa3pO3HEHHBIMU 00JJOMOYHBIMY 3epPHAMM, 3aXBAYCHHBIMU MEJI-
KVMMMU MMOPOJHBIMU (pparMeHTaMu, a TAKKE OCTABIIMMUCS OT UX 3aMEIEHUS «TEeHEBbI-
MM» CTpYKTypamu (puc. 3). OcoOeHHO arpecCUBHO CYIb(MaTHBII METaCOMAaTO3 IMTPOSIBUII-
Csl B CaKMapCcKOM KOMILIEKCe, TJie BTOpUYHAas MPUPOoa TMIICOBOM M aHTUAPUTOBOMN
MUMHEepaIu3alluyd yCTaHaBIMBAETCS 10 BKIIIOUEHUSIM PeIUMKTOBOM npuMmecu. Cyns 1o
Helt, 3aMellalCh MUKPO3EPHUCTBIEC TOJOMUTHI I TOHKO OTMYyUYeHHbIe TJIMHBI. Coxpa-
HUBIIHAECS OT HUX MUHEpaJIbHbIE YaCTUIIBI KOJUUYECTBEHHO HE MPEBBIIIAIOT IEPBBIX
IIPOILICHTOB. B OCHOBHOM 3TO IIJIEHKM ¥ TOHKME JMH30YKN Ha CThIKAX KPYITHBIX 3epeH
U BIOJIb TPAHUYHBIX IOBEPXHOCTE! CTPYKTYPHBIX HEOTHOPOIHOCTel rmopoa. Hameua-
I0TCSI IBa MeXaHu3Ma 3aMmelneHus1. I1epBhlii CBsI3aH C 30HAMU TPEIIMHOBATOCTH, THE
TUIIC pa3pacTajics MoIepeK TPEIIWH 10 TUIY «IPpeOeHOK» CyOIapaieIbHbIX KPUCTa-
JuToB (puc. 4). Bropoit MexaHU3M MPOSIBISUIICS B Pa3BUTUM MOUKUIUTOBBIX CTPYKTYD
1 (OPMUPOBAHUU KPYITHBIX KCEHOMOPMHBIX 3epeH, KOTOPbIC 3aXBaThIBAIU 1eJIble
¢dparMeHThbl OKpyXatolleit MuHepanabHOI Macchl (puc. 5). C runcoMm TeCHO CBSI3aHbI
BBIACJIEHUS aHTUApUTA. X B3aMMOOTHOIIIEHUE CIOKHOE U TPOoTUBOpeuYrBoe. Habmo-
JlaloTCsl KaK 000CO0JIEHMS TUIICA C aHTUAPUTOBBIMU BKIIOUEHUSIMU, TaK U OOpaTHasI
KapTUHa, KOTJa CTPYKTYpPHbIE MPU3HAKU TIEPBOr0 MUHEPaJIa HACIEAYIOTCSI aHTUIPUTOM.
B nocienHeM ciyyae i pKuMM MOATBEPKISHMEM CKa3aHHOTO CIyXaT KpyHHbie (10
2—4 MM) MOHOKPUCTAJUIMYECKHE MCeBIOMOPGO3HI 10 «JIalldyaTbiM» 000CO0IeHUSIM
rUIca ¢ HOMKWJIMTOBO 3aXBaUYeHHBIMM KOPPOAMPOBAaHHBIMU 3epHaMu nojomuta. Co-
XPaHSIOTCS HEe TOJIbKO OTIEIbHBIE 3¢pHa, HO U LieJible (pparMeHThl MeTaCOMaTUIECKI
3aMeIIeHHBIX JOJIOMUTOBBIX IOPOJ C OMOTEHHBIMM CTPYKTypamu (puc. 5).

Puc. 3. YyacTku runcoBoro metracomaTtosa B Puc. 4. KatareHeTn4yeckoe ormncoBaHme rnopos,
YPXKYMCKMX aneBpO-necyaHbiX OTNOXEHUsX. YB. 25X, yepes pa3BUTUE NPOXMIIKOB U3 «rPebeHOoK»
HuK. |l. HabnogatoTcs octaTouHble pparmMeHThbl cybnapannenbHbiX Kpuctannmtos. CakMapckuii Spyc.
(NATHA) 3aMELLLEHHOr0 TEPPUrEHHOIO N IMUHUCTOrO Puc. 8a. ¥YB. 50x%, Huk. Il
BellecTBa Cpeam rmncoBOro arperara c rpaHo- u [Figure 4. Catagenetic replacement of rocks by
reTepo61acToOBOW CTPYKTypamm gypsum by development of veinlets of “combs”
[Figure 3. Areas of gypsum metasomatosis in of subparallel crystallites. Sakmarskii stage]

Udjumskii aleurite-sand rocks. There are residual
fragments (spots) of the replaced terrigenic and clay
substance among the gypsum aggregate with
grano- and heteroblastic structures]
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Puc. 5. lNceBpomopd03bl NO rvncy aHrngpurta Puc. 6. [1ge GopMbl kKaTareHeTU4eckoro aHrngpura:
(cBeTnble Nosis) C COXPaHUBLLMMUNCS GUOMOPGDHBIMU paHHas — uronbyartas (cepble nons),
CTPYKTYpamMu MUKPO3EPHUCTOro 4onomMuTa 6onee NO3HsAS — MesiKoYeLlyinyaTas (NPoXnIKosas).
(cepble Bblaenerus). Y. 100x, HuK Il Cakmapckunii apyc. YB. 50x, HUK. +
[Figure 5. Anhydrite pseudomorphs in gypsum [Figure 6. Two forms of catagenetic anhydrite:
(bright fields) with preserved biomorphic structures early form — needlelike (grey parts), recent form —
of grained dolomite (grey fields). Sakmarskii stage] scalylike (in veins). Sakmarskii stage]

Hpyras popma nceBIoMOpGHOTO pa3BUTUS aHTUAPUTA MPEACTaBIeHa CHOTTOBU/I -
HBIMU KOPOTKOUTOJIbYATBIMU KPUCTAJUIUTAMM, 3aMOJTHSIOIIMMI BHYTPEHHEE ITPOCTpaH-
CTBO BBIIEJEHUI NeTuApaTUPOBAHHOIO TUIica. XapaKTepHbI Oypble HaJeThl M OCTaTOU-
HbI€ MUKPOBKIIOUEHMS TOJOMUTOBBIX yacTull. HakoHell, oTMeueHa aHTMAPUTOBAsI
¢aza, HemOCPEACTBEHHO HE CBSI3aHHAs C nerunparanueii rumnca. OHa IpeacTaBieHa
«IMCTHIMM» MEJIKOUYEIIyTYaTBIMU arperaTaMu, KOTOpbIe 00pa3yloT Cpear aHTUIPUTO-
BBIX IICEBIOMOP( O3 IIPOKUIKOBO-TIATHUCTBIE 000c001eHMS (prc. 6). TeM caMbIM (pUK-
CHpYIOTCSI HarOoJiee MO3MHNE KaTareHeTUIeCKIEe IPOLIeCChl pACTBOPEHUS U IIePeOT-
JIOXKEHUS aHTUAPUTOBOTO BEIIECTBA B MYCTOTaX U TPEIIMHAX COKPAIIAIOIIETOCS B 00b-
eMe TUIICca TP ero 00e3BOKMBAHUM U TpaHC(hOpMalUM B aHTUIPUT.

3akoyeHue

ITo BceMy BCKPBITOMY YP>KYMCKO-CaKMapCKOMY pa3pe3y yCTaHaBIUBAETCs BTOPUY-
Hasl Ipupoaa Cyiab(aTHBIX 00pa30BaHUI1, CBI3aHHBIX C CEIMMEHTALIMOHHO-IMareHe-
TUYECKUM M KaTareHeTMYECKMM 3TallaMM pa3BUTUSI aHTUAPUT-TUTICOBO MUHEpaIu-
3auuu. [1epBblii aTam He Urpaa BeAyllei pojau Mpy CTaHOBJIEHUU MOPOJ, ITOCKOJIbKY
3aCOJIOHEHHOCTbD ITaJIe0BOJI 0acceiiHa U XeMOCeIMMEHTALIMsI TUIICa HAaXOAWINCh, CKOpee
BCEro, B 3a4aTo4YHOI (hopme. O6 3TOM CBUIETETLCTBYET JOBOJBHO pa3HOOOPa3HOE CO-
00IIIECTBO BBISIBJICHHBIX OMOT€HHBIX OCTATKOB CPEIM OTIOXKEHUI 000MX KOMILIEKCOB.
ITo 3TuM MpuyrHAM MUHEpaIr3alus TUIca mposiBuja ceds ¢1ado 1 oTMevaeTcsl JIUIIb
B BHUJIC IUAar€HETUYCCKUX ITOCIOMHBIX KOHKPEIIMOHHBIX CTSKCHMIA.

[Moponoobpasytoiiiee 3HaUeHUE Cyib(haTHAs MUHEpaIu3alys Mpruoodpesa B Katare-
He3e ITPY MacCOBOM MeTacoMaTo3¢ KapOOHATHBIX, ITTMHUCTHIX U IIECYaHBIX OTJIOXKECHUIA.
Henb3s cka3ath, 4TO JTaHHOE 3aKJIIOYCHUE SIBJISIETCSI YeM-TO HOBBIM M HEOOBIUHEIM.
[To kpaiiHeit Mepe, 0 BO3MOXKHOCTH 3TOTO Mpoliecca B cBoe BpeMsi nucai eiie A.E. @epc-
MaH [ 3], cBSI3bIBasi €ro ¢ BO3IEHCTBHEM Ha ITOPOIbl BHICOKOMUHEPATN30BaHHBIX TSIKE -
JIBIX PacCOJIOB, TPaBUTALIMOHHO MPOCAYUBAIOIIMXCS M3 JIeXKalllMX BbIIIE IO pa3pe3y
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3aXOPOHEHHBIX COJIEHOCHBIX TOJIIL. DKCIEPUMEHTAIbHO PealbHOCTb TAKUX MPEACTaB-
JleHu# Obl1a moaTBepxaeHa padoramu M.I. Bansiuko u ero corpynHukos [4]. B co-
BpPEMEHHOI TUTepaType 3a MOJOOHBIM MEXaHU3MOM MUHEpPaT000pa3oBaHUS 3aKpe-
MUJICS TEPMUH I'PpaBUTALIMOHHO-PAcCcoOJbHOTO KaTtareHesa [5]. HaBepHoe, Hanbosiee
SIPKO I100aJIbHOCTh TOTO SIBJIEHUSI /1S PETUOHOB Pa3BUTHSI 3BalIOPUTOBBIX (popMalinit
Obuta nokaszaHa B.M. Maxnauowm [6].

B oTanuune ot TaKMX MHOTOKPaTHO OMMCAaHHBIX CJIyYaeB IJIsl pacCMaTpPUBaeMOIo
peruoHa 6acceiiHa p. KisizabMa cuTyalus BEINISIAUT HecTaHAApTHO. HeoObIUHOCTE ee
CBOIUTCS K CJICAYIOIIMM IBYM MOMEHTaM. Bo-TIepBhIX, B pa3pe3e OTCYTCTBYIOT 3aJIEXKH
COJIeHi, CITIOCOOHBIX TeHEPUPOBATh CYIb(aTcomepKalllie PacCoIbl U CO31aBaTh I'PaBU-
TallMOHHBIN (OWIBTPALIMOHHBIN 3(DMEKT M1 MpOocaunBaHUS UX B IOACTUIAIONINE OT-
JIoXXeHus1. Bo-BTOpbIX, MaciiTad BTOPUYHON Cyab(aTU3alMu MHOTOKPATHO MPEBbI-
1IaeT U3BECTHbBIE ciiyyau. Beab peub 31ech UIET yKe He O POXUIKOBOI U THE310-
00pa3HOIl MUHEpaInu3alu, a JUH30- U TIACTOOOPA3HBIX TeJaX, TATOTEIOMNX K
KOHTAKTYy CYLIECTBEHHO IJIMHUCTOTO YPXKYMCKOIO M KapOOHATHOIO CAKMapCKOIo KOM-
riekcoB. [IpaBoMepeH BoIpoc: yeM 00YCIOBJIEHbI BbIILIEOTMEYEHHbBIE OCOOEHHOCTH?
OueBUIHO, KJIIIOYOM JJISI pellieHUsI TPOOIeMbl MOTYT CTaTh MPEACTaBICHUS 00 YPKyM-
CKMX OTJIOXKEHUSIX KaK CBOe0Opa3HOM BOIOYIIOpE ¥ T€OXMMUUECKOM Oapbepe IJIsl IBU -
KyIIUXcsl (bJII0MA0B-pacTBOPOB. Eciiu 3T0 Tak, TO MMEHHO «IJIMHUCTYIO TTOKPHIIIKY»
CJIEayeT pacCMaTpUBaTh B KAUYECTBE IJIABHOW MPUYMHBI MACCOBOI KaTar€HETUYECKOM
cyabpaTr3amy 3aIeTallINX MO Hei JOJIOMUTU3NPOBAHHBIX OMOT€HHBIX U3BECTHSIKOB
1 NIMHUCTBIX ITeJIMTOMOP(HBIX TOJIOMUTOB. B cBeTe ckazaHHOTO HEOOXOAMMO OTMETUTD
ellle OMMH MOMEHT — MCTOYHUK METaCOMATHICCKUX PACTBOPOB. YUUTHIBAsI KaTareHe-
TUYECKYIO TIpUPOAY CyabdaTu3alnu, BeCbMa NpUBIeKaTeAbHONM CTAHOBUTCS MOAEb
9JIM3MOHHOTO KarareHesa. [I[pyuHuMas ee 3a OCHOBY, JIOTUYHO CBSI3aTh 00pa3oBaHUe
U3YYEHHBIX CyJIb(aTHBIX MOPOJ C paccosaMu 3BanopuToBbIx Toall [Tpeaypanbckoro
nporuoda, yrioTHeEHUE KOTOPBIX COITPOBOXIATIOCH MUTPALIMEN TPOAYKTUBHBIX pACTBO-
POB K ero KpaeBbIM yacTsiM. [TopaxaeTr peakliIMoHHasi CIOCOOHOCTb CYIb()aTHOTO Me-
TacomMaTo3a, KOTopasi He YCTyIaeT I10 CBOel arpeCCUBHOCTH JJaTEPUTHOMY BbIBETPUBa-
Huto. [Ipoliecc OYKBaJIbHO «CTHpaeT» BCE IPEAbIIYIIE MUHEPpabHbIE (Da3bl, BKIIOUast
TepPUTeHHBIN KBapll 1 aKIIeCCOPHbIE MUHEpalibl. M3 CKa3aHHOTO MpUBJIeKaeT BHUMA-
HHe BBICOKas TTOJBMKHOCTh MAJIOPACTBOPUMBIX OKcnmoB Siu Al. CriemoBaTeIbHO, Me-
TacoMaTo3 IIpoTeKasl Ha (DOHE CUIILHO Ie10uHOoi cpeanl ¢ pH > 10. TonbpKo mpu Takux
YCIIOBHSIX BO3MOXKHA aKTUBHAsI COBMECTHAsI MUTpaLIMsI KPEMHUS M aIIOMUHMA [7].

C mpyroii CTOpOHBI, IIPY OTUIICOBAHUU TaKXKe IIPOMCXOIUT OCBETICHUE ITIOPOI U
YIATSI0TCS TUAPOOKUCITBI XeJle3a. JTO, B CBOIO OYEPEb, YKA3BIBAET HA BOCCTAHOBU -
TeJIbHbII XapakTep METaCOMaTUYECKUX PACTBOPOB.

Cnucok nutepaTypbl

[1] TocymapcrBeHHasi reosiormyeckasi Kapra Poccuiickoit @enepannu. Maciura6 1:1 000 000 (HoBast
cepusi). Jluct O-37,(38) (Huxuuit Hosropon) / pen. B.I1. Kupukos. CI16.: BCET'EU, 1999.

[2] Anackypm O.B. CtanuaibHblil aHAJIU3 O0CaJA0YHOrO Tpoiiecca // JINTONOrust U NoJie3Hble UCKO-
maeMbie. 2008. Ne 4. C. 364—376.

[3] @epcman A.E. Teoxumust Poccuu. Tletporpan.: Hayd. XumMuKo-TexH. u3n-Bo, 1922. 214 c.

GEOLOGY, MINING AND OIL & GAS ENGINEERING. EARTH SCIENCE 509



Teopruesckuii A.®., byruna B.M. Becmnukx PYJIH. Cepus: HnocenepHbie uccaedo8anus.
2018. T. 19. Ne 4. C. 503—512

[4] Baaswko M.I., [loausanosa A.U., XKepebyosa U.K. DKcriepuMeHTaIbHbIE UCCIICAOBAHUS TIepe-
MEIIEHMST PACTBOPOB Pa3HOTO YIEILHOIO Beca B IOPUCTHIX TTOPOAAX B CBSI3U C BEPTUKATbHOM
THIPOXUMIYECKOI 30HaTbHOCTRIO // Teoxumust. 1963. Ne 3. C. 312—329.

[5] Xono0doeé B.H. HoBoe B mo3HaHUM KaTareHe3a // JINTOJNIOTUS 1 MoJie3Hble ncKomaeMblie. 1982,
Ne 3. C. 3-22.

[6] Maxnau A.A. O rnoGanrbHOM pa3BUTHUU TAJIOTEHHOM KaTareHETUYECKO MUHEpaTU3alui oca-
JIOYHBIX MTOPOJI, TTOJI BATTIOPUTOBBIMU (hopMatusiMu // JINTOIOTHS M TIOJIe3HbIE MCKOTIaeMEbIE.
1982. Ne 3. C. 59—66.

[7]1 beszbopodos P.C. KpaTkuii Kypc utonoruu. M.: YHUBepcuTeT ApyK0bl HapoaoB umeHu [laTpu-
ca Jlymymo6m1, 1989. 314 c.

© Teopruesckmit A.®., byrmna B.M., 2018
()
@ o] | This work is licensed under a Creative Commons Attribution 4.0 International License

WUcTtopus craTbu:

Jara rmocTtyruieHus B penakuuio: 16 centsiopst 2018

Jlara rmocTyruieHus: fopaboTaHHOTO TekcTa: 16 okTsaopst 2018
Jata nmpuHATHA K iedaT: 25 Hosg6pst 2018

Jas uuTUpoBaHus:

Teopeuesckuit A.D., byeuna B.M. OcoOeHHOCTH KaTareHETUIECKOTO CYIh(PaTOHAKOIUICHHS B
MIepPMCKUX OCaIOYHBIX KoMIUIekcax LleHTpansHoii Poccum // BectHuk Poccuiickoro yHuBep-
cuteTa apyk0bl HaponoB. Cepust: MnkeHepHble uccnenoBanus. 2018. T. 19. Ne 4. C. 503—512.
DOI 10.22363/2312-8143-2018-19-4-503-512

CBenenusi 00 aBTOpax:

Teopeuesciuii Anexceii Dedoposuu — TOKTOP re0JI0r0-MUHEPATOTUYECKMX HAYK, TOLEHT Aerap-
TaMeHTa HeIpOII0Jb30BaHUs U HedTera3oBoro neia MHxeHepHoi akagemuu, Poccuiickuii
YHUBEPCUTET APYKObI HApomoB. O61acmb HAYHHbIX UHMEPeCos: 3AKOHOMEPHOCTH (POPMUPOBAHUS
OCaJ0YHbIX TOJILI 1 UX I10JIe3HbIe UCKOIaeMble. Konmakmuas ungopmayus: e-mail: geo.gaf@
yandex.ru, georgievskiy af@rudn.university. ORCID iD: 0000-0003-4835-760X. e-LIBRARY
SPIN-kox: 1308-9195.

byeuna Buxmopus Muxaiinoena — KaHIUIAT Fe0J10ro-MUHEPaJTOrMYeCKUX HayK, IOLEHT JAerap-
TaMeHTa HeJPOIl0Jib30BaHUs U HedTerazoporo aena MHxeHepHoil akaneMuu, Poccuiickuii
YHUBEPCUTET APYKOBI HAponoB. O0nacme HayuHbiX uHmMepecos: hochopuTooOpa3oBaHUE, CeAU -
MeHToreHe3. Konmaxmuas ungopmayus: e-mail: vikal3718@yandex.ru, bugina_vm@rudn.
university. ORCID iD: 0000-0001-6492-6628. e-LIBRARY SPIN-koxa: 8410-3861.

510 TEOJIOrus, TOPHOE U HEDTETA30OBOE JEJIO. HAYKH O 3EMJIE



Georgievskiy A.F., Bugina V.M. RUDN Journal of Engineering Researches,
2018, 19 (4), 503—512

Scientific article

Special aspects of catagenetic sulfate accumulation
in Permian sedimentary sequences of Central Russia

Alexey F. Georgievskiy, Viktoriya M. Bugina

Peoples Friendship University of Russia (RUDN University)
6 Miklukho-Maklaya St., Moscow, 117198, Russian Federation

Abstract. The scope and the role of the secondary (catagenetic) processes in sedimentary-rock
formation belong to the category of incompletely resolved and, therefore, the urgent problems of
lithological science. The purpose of this work was to show, by means of stadium analysis, the huge
“hidden” potential of catagenetic processes in the transformation of the mineral composition of
sedimentary strata on the example of sulphate complexes. Boundary clay and carbonate sediments of
Urzhumskiy and Sakmarskiy stage of Western limit of the pre-Ural trough were selected as the objects
of study. It was found that their lithological appearance has been largely shaped by secondary (dia- and
catagenetic) processes of sulfate mineralization. And, if the first is reflected in the development of
scattered concretionary nodules of gypsum, the latter manifested in large-scale metasomatism with
the formation of large anhydrite-gypsum and gypsum-anhydrite lens and tabular bodies, stretching
for hundreds of meters. It’s possible that metasomatic solutions were very reactive and moved with
underground waters. Those solutions were as aggressive as lateritic weathering, and replaced not only
the carbonates, but clay and ferrous minerals as well as quartz and feldspar detritus. All of this points
to the high alkalinity and to the reducing atmosphere of sulphate of metasomatic solutions.

Keywords: mineral sequence of dia- and catagenetic sulfate accumulation, sulfate metacrystal,
concretionary bodies and pseudomorphs, brine catagenesis
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Abstract. The climate on the Ecuadorian coast depends mainly on the marine currents of Humboldt
and El Nino, which appear in the dry and rainy seasons, respectively. The Humboldt current is
distinguished by being cold, while that of El Nifo is hot. The presence of the El Nifio current causes
an increase in the evaporation of ocean waters with the consequent appearance of the rainy season.
There are anomalous seasons of the El Nifio stream, when the water temperature rises above the norm,
higher than 25.5 °C, which has been called El Nifio phenomena. The appearance of this natural
phenomena has proven to be decisive in the climate change of the coast of Ecuador. In order to have
technical information, important for the planning, control and development of the water resources of
the DHM, in this research a temporal analysis of the monthly rainfall during 55 years, 1963—2017
period, is carried out. The National Institute of Hydrology and Meteorology of Ecuador (Instituto
National de Meteorologia e Hidrologia — INAMHI) at station M005, located in the Botanical Garden
of the Technical University of Manabi in Portoviejo, obtained these records. An analysis of the monthly
and annual patterns is made, establishing that the El Nifio events occurred in 1983, 1997 and 1998,
have established guidelines for the change in the production of rainwater in the levels of intensity and
temporal distribution, increasing the months of drought, while precipitation levels increase, concentrating
in fewer months, basically in February and March. This is a situation that increases the water deficit,
especially when there is not enough infrastructure of hydraulic works for the storage and regulation of
runoff.

Keywords: hydrology, rainfall, monthly distribution, annually distribution, climate change, El Nifio
phenomena
Introduction

Since 1963, in accordance with the rainfall data recorded by the National Institute of
Hydrology and Meteorology of Ecuador (INAMHI) Portoviejo-UTM meteorological
station, the Province of Manabi has been experiencing an irregular behavior of the climate,
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reflected in the rainy periods, a primordial basis for the development of the agricultural
sector.

In Manabi, about 30 years ago, according to testimonies of old farmers, the rains
began in the middle or end of December, extending the month of May or mid-June.

Currently, the rainy periods begin in the middle or end of January and last only two
and in some periods up to three months.

The climatic indicators that directly affect the behavior of the climate of the coastal
region of Ecuador and especially the climate in Manabi, are the cold current of the South,
also known as Humboldt, and the warm current of El Nifio. The Humboldt current marks
the cold and dry period for Manabi, whose influence exerts from mid-June to late
November or mid-December, is characterized by the lack of rain and the presence in
certain regions of the so-called winter “light rain” (garua), at this time, the surface
temperature of the sea water varies between 23 and 25 °C [4; 6; 10].

From the middle to the end of December, the so-called El Nifio warm current from
the northwest or west gradually begins to manifest itself, so named because it appears in
December, at the time of the celebration of Christmas. This current displaces the cold
Humboldt current to the south, and at this time the water from the sea surface is heated
with temperatures ranging between 25.5 and 27 °C, causing enough evaporation, which
when transported by the wind, from the sea towards the continent, allows the formation
of the clouds that cause the rains [2].

There is the so-called El Nifio phenomenon, which is a difficult event to predict,
characterized by a sudden change in the temperature of the surface sea water in the
equatorial part of the Pacific Ocean and which has a decisive effect on the climate. In this
phenomenon the hot zones near the surface move towards the east, the temperature of
the ocean water exceeds 25 °C, evaporation accelerates, causing the production of rain
in 5—6 times more than normal. The events of this phenomenon in the period under
analysis have been 2, in the years 1983 and 1997—1998 [8; 9].

According to historical data from 1790 to the present date 7 El Nifio phenomena have
arisen, with intervals of occurrence of 38, 48, 15, 34, 57 and 15 years [ 1; 7]. These natural
events, like those related to telluric movements, are considered stochastic and predicting
the year of their next occurrence is impossible, but the truth is that their presence has
been shown to mark the general climate, as it is demonstrated with the present investigation.

Materials and Methods

The basis for this work is the monthly rainfall records provided by the Ecuadorian
Institute of Hydrology and Meteorology, meteorological station M005 located in the
Botanical Garden of the Technical University of Manabi, latitude 01° 02°26°” S, length
80°27°54”°W, period 1963—2017. Figure 1 shows the geographic location of station M005
within the territory of the Manabi Hydrographic Demarcation (DHM).

The total monthly precipitation records used in the investigation amount to 660.

A temporal analysis of rainfall is made in 2 scenarios: 1) monthly; and, 2) annual.

The analysis period consists of 55 years. For the monthly analysis scenario, in accordance
with rainfall patterns, three ranges of analysis were obtained: 1963—1982, 1984—1996,
1999—2017, extraordinary events of the El Nifio phenomena of the years are excluded
in the analysis 1983, 1997 and 1998, since these are non-normal events whose periodicity
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is difficult to predict, but which mark trends of climate change. The records used here
total 660. For each of the periods, the monthly variation coefficients were estimated with
the help of the statistical formula [1; 3]:

c, =2, (1)
X

where ¢ — standard deviation; x — arithmetic average.

PUT u.u.uo ﬁ{
~ N

Tuvs

Weather Stsition A
MO005 2008

G ﬁortoviejo—UTM /

/ |

79'00°W 78'00'W 7700w 76°00°W

s1'o'o'w 80*0'0"W

Figure 1. Location of the weather station MO05 — Portoviejo-UTM
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For the scenario of the annual temporal analysis the total values are used, that is to
say the sum of all the monthly precipitations, total 55 values of annual rainfall.

The annual precipitation was calculated as the sum of the monthly rainfall with the
formula

12
P,=> Pm;, (2)
i=l1

where P, — annual rainfall; Pm — monthly rainfall.

Based on El Nifio phenomena arising in the period 1963—2017, 3 analysis intervals
have been considered: 1963—1982, 1984—1996 and 1999—2017, this is to determine the
trends of variability of climate patterns in the region coast of Ecuador, before and after
said phenomena.

For each of the periods considered, the average monthly rainfall values were determined
with the formula

1}1
P, ==Y Pm,, 3
mm njz:;mj ()

where P, — average monthly rainfall; » — number of years of the period; Pm; — monthly
rainfall.

For the periods 1963—1982, 1984—1996 and 1999—2017, 20, 13 and 19 years have
been considered, respectively.

The calculations were carried out in Excel spreadsheets, to be then plotted in bars and
statistical lines.

Results and Discussion

Of all the monthly rainfall records, the minimum value is 0.00 mm, and the maximum
value is 460.20 mm. The average values of monthly rainfall for the period 1963—2017 are
contained in table, where it can be noted that the minimum value corresponds to the
month of August, and the maximum value to February.

Table

Average values of monthly rainfall in mm, Portoviejo-UMT station (M005) Period 1963—2017

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
93.0 133.0 | 132.0 | 73.4 31.9 17.2 7.3 2.7 3.7 3.0 6.6 23.8

In the monthly analysis of rainfall, in accordance with the 3 groups considered for the
periods 1963—1982, 1984—1996 and 1999—2017, average monthly precipitation equal
t0 393.28, 456.66 and 546.80 mm was obtained, which indicates that there is a tendency
to increase rainfall over time. However, by making a temporary monthly analysis of the
distribution of rainfall for these periods, it has been detected that over time, the dry period
has increased, becoming drier, which has a decisive impact on the agricultural sector due
to the lack of enough water for the development of usual practices.
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Figures 2, 3 and 4 show this fact. Specifically, in figure 2, it is noted that there is greater
uniformity in the distribution of precipitation, where August is the driest month with
1.16 mm and that the rainy period practically comprises 7 months: December, January,
February, March, April, May and June, with a greater rainfall in the month of March,
107.69 mm.
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Figure 2. Average monthly rainfall, 1963—1982
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Figure 3. Average monthly rainfall, 1984—1996
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Figure 4. Average monthly rainfall, 1999—2017
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Figure 3 shows a distribution scheme a little different with respect to figure 2, here
the rainy season includes 6 months, from December to June with maximum precipitation
in the month of February, 131.65 mm. The dry period is drier than in the previous case,
where the precipitation is maintained almost equally for all months, with values that
fluctuate between 1 to 2 mm per month, that is, almost nothing.

Figure 4, period 1999—2017, presents a scheme almost similar to that of figure 3, with
a notable difference from the increase in rainfall in the month of February, 157.98 mm.
The dry period in this case, is drier than in the previous analysis with rainfall ranging
between 0 and 1.5 mm per month, extreme drought.

The calculated coefficients of variation C, show that there is no uniformity of rainfall,
since the values obtained fluctuate between 0.59—3.54, which reinforces the fact of the
disproportion of rainfall for rainy and dry periods.

Variability of annual rainfall

000
Phisnomenon
El Nifia ] Phienomenon
1983 El Nifio
1997-1998
1500 F
£
y = 4.3165x - 8062.3
00 -
184 mm 214 mm
o A i i i A H
1960 1965 L] 1575 i ] 1RES 1550 1995 2000 05 fiel]] mis o
Years

Figure 5. Variability of annual rainfall, 1963—2017

Figure 5 shows the variation of annual precipitation, noting, in general, a tendency
to increase average rainfall over time. From a linear dispersion analysis [5] the following
trend increase formula was obtained:

y=4.3165x — 8062.3, 4)

where x — year of analysis; y — average annual precipitation in mm.

The appearance of El Nifio phenomena, for the analysis period, shows changes in the
production of rainfall patterns. Before the phenomenon happened in 1983, the minimum
value of annual precipitations was of the order of 184 mm, after the phenomenon, this
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value had an increase of 20 mm, that is, it reached 214 mm (figure 5). After the phenomenon
of 1997—1998, with respect to the previous minimum value, there was a rise of 70 mm,
reaching it to be located at 284 mm per year.

Conclusions

The climatic conditions, as far as the production of rainfall in the city of Portoviejo
is concerned, and that directly affect the basin of the river of the same name (Pfafstetter
1514), from 1963 to 2017 have changed. This situation is directly associated with the
appearance of the so-called El Nifio phenomena of 1983 and 1997—1998. Figure 6
summarizes the distribution of average monthly precipitation for the periods of analysis,
noting the gradual increase in precipitation in the rainy season, whose maximum values
for the periods 1963—1982, 1984—1996 and 1999—2017, they are 107.7, 131.6 and
158.0 mm, respectively. The opposite occurs with the minimum values of the average
monthly precipitation in the dry period, which decrease, reaching for the periods indicated,
values of 1.16, 0.44 and 0.43 mm, respectively.

B
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Figure 6. Average monthly rainfall
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Figure 7. Annual extreme rainfall

The minimum values of annual rainfall (figure 7), after the events of the El Nifno
phenomena for the periods considered, have had an increasing character, with values
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equal to 184, 214 and 284 mm. Regarding the maximum values, from the period 1963—
1982 to 1984—1996 there was an increase of 187 mm, while between the periods 1984—
1996 and 1999—2017, there was a slight decrease of 66 mm.

It is evident that the general panorama tends to an increase in rainfall levels but with
a shortening of the rainy season time with the consequent lengthening of the dry season,
which would aggravate the existing deficit problem in the province. It is imperative to
design and put into operation hydrotechnical works for the storage and regulation of
surface runoff.
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Kiimmat Ha moGepeskbe DKBagopa 3aBUCUT TJIaBHBIM 00pa30oM OT MOPCKUX TeueHuit [ymOoibaTa
1 D1b-HUHBO, KOTOpBIE TTOSIBJISIIOTCS B CyXM€ U JOX/UITUBbIE CE30HbI COOTBETCTBEHHO. TeueHue [ym-
0oJIb/ITa OTJIMYACTCSI XOJIOAHBIMU BOIHBIMU MaccaMu, a Db- HUHbo — TeribiMu. [1pucyrctBue
TeueHus1 Dib- HUHBO BBI3bIBACT YBEIMUEHME NCITAPEHUSI OKEAaHCKUX BOJ C TIOCIEMYIONIM TTOSIBIIE-
HUeM ce30Ha noxeii. CyllecTBYIOT aHOMaJIbHbIE Ce30HBI TeUeHUS Diib- HUHBO, Korma TeMrneparypa
BOJBI TIOTHUMAETCS BhIIIe HOpMBI (BhIiIe 25,5 °C) — 370 Ha3biBaeTcs siBieHreM Dab- Hunwo. [1o-
SIBJIEHUE 3TOTO MIPUPOJIHOTIO SIBJIEHUs 0Ka3aJIOCh pellaloliM B U3MEHEHUM KJIMMaTa Mo0epexbst
DkBamopa. YToObI MoayuYnTh NH(POPMALINIO, HEOOXOAUMYIO IS INIAHUPOBAHUS, KOHTPOJIS U pa3-
BUTUSI BOIHBIX pecypcoB DKBajnopa, B paboTe MPOBOAUTCS BPEMEHHOM aHaIM3 TaHHBIX HATYPHBIX
HaOJIIOIEHUI 3a eXXEeMECSTIYHBIMU OcaaKaMu B TeueHue 55 jtet (¢ 1963 mo 2017 rox). Mcnosb3yeMbie
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CBelleHUsT ObUTH TToJTydeHbl HalimoHaIbHBIM MHCTUTYTOM THUIAPOJOTMHU U METEOPOJIOru DKBajopa
(INAMHI) na cranuuu M005, pacnonoxeHHol B botaHnyeckom caay TexHUUeCKOro yHUBEPCH-
teta MaHaou B [TopToBbexo. MccnenoBaHue exxeMeCsSUHBIX U €KErOIHbIX 00beMOB 0CaIKOB TTOKa-
3aJ10, 4TO siBIeHUs D1b- Hunbo, mpousoieniiue B 1983, 1997 u 1998 ronax, siBasIMCh pellialolIMMKU
B YBEJIMYEHUU O0BEMOB, YPOBHSIX MHTEHCUBHOCTH Y BpDEMEHHOTO pacnpeaeieHUsI JOXKIEBbIX OCal-
KoB. OMHaKO B OCHOBHOM B (heBpajie M MapTe KOHILIEHTPALIUS OCAIKOB B TeUeHHUE MeCsI1ia yMEeHbIIa-
€TCs1, UTO TIPUBOAUT K YBEJIIMUEHUIO e(UIINTA BObI, CBI3aHHOTO C HEJIOCTATOUHBIM KOJTMYECTBOM
peryaupylomnxX eMKOCTel (BOIOXpaHUIINIIL) 10 BCeil TeppuTOpur DKBamopa.

KiioueBble ¢j10Ba: THIPOJIOTHSI, OCAIKH, €XKEMECSIHOE PacIIpeae/iCHUE, eXXKeT0IHOE pacIipeaesic-
HMe, U3MEHEHUE KJIIMMaTa, siBlicHue DJib- HUHBO
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Modern topographic devices and electromagnetic waves:
impact on accuracy of measurements

Léopold Degbegnon, Médard C.J. De Souza
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01 BP 526 Cotonou, Bénin

Abstract. Precision topographic work is done by the means of classical instruments such as high-
precision levels, theodolites and distance-meters. This method gives accuracy results of 2 mm in
altimetry and better than =5 mm in planimetry, but it requires a lot of expenditures and a long time of
execution and more staff. Nowadays, the constellation of the GNSS satellite positioning system and
the improvements to electronic tachymeters can provide solutions to gaps in auscultation using
conventional measurements. However, these methods also present their weaknesses, resulting by this
way from their uses under the high voltage lines. The study of the influence of electromagnetic waves
on high-voltage lines on topographic devices allows observations made with a GNSS receiver to be
made from an electronic station or total station or with the aid of optical-mechanical theodolite to
analyse and interpret the quality of the data obtained on the ground in the Maria Gléta zones in the
municipality of Abomey-Calavi and Araromi in the municipality of Sakété. This makes it possible to
present the effects of high voltage cables on these measurements and the determinations made in
topometry. Very important on measurements at the GNSS receiver and at the total station, the actions
of the electromagnetic waves evolve with the variation of the temperature.

Keywords: GNSS receiver, electromagnetic waves, satellite positioning

Introduction

Since the 1950s, the evolution of technology has led to the creation of Electronic
Distance Measurement Devices, also known as Instrument of Electronic Measurement
of Lengths (IMEL) and electronic tachymeters called total stations. The latter make
possible to measure both the distances and the angles, whereas previously the measurement
of distances was done by the means of graduated ribbons. The advent of these instruments
revolutionized geomatics in general and in a particular way, topometry. It set the way for
the introduction of information technology in this field, which is now invested by
information and communication technologies [1].

Thus, digital systems such as motorized electronic tachometers and sometimes remote
controlled and satellite tracking and positioning are nowadays increasingly used by
surveyors-topographers. High voltage lines are suspected of generating electromagnetic
waves with adverse effects on the proper functioning of these devices. These adverse effects
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are caused by the magnetic field they produced. Indeed, the connection of different cable
sections or a cable to electronic devices is tricky. For this reason, the general objective of
this study is to check and show that the electromagnetic waves affect the topometric
electronic devices and their action taints error measurements.

Specifically, we:

— identify the type of error;

— determine the value of the error;

— interpret the results by identifying the precautions to be taken.

After a general overview of the high-voltage power lines of Maria Gléta and Araromi,
where the measurements have taken place, this study will exhibit the characteristics of
the instruments and methods used to get to the results and their interpretation.

Framework

In the framework of the supply of electric power, the Electricity Community of Benin
(CEB), an inter-state institution between Benin and Togo, has set up electrical installations.
Some of these installations produce energy while others relay the energy produced by
another power plant or purchased from energy producing countries such as Ghana, Nigeria
and Cote d’Ivoire. The energy produced in this way is transported by high-voltage (HV)
lines to the CEB facilities from which it is supplied to the Benin Electric Power Company
(Societe Beninoise d’ Energie Electrique — SBEE), whose main function is the distribution
ofelectrical energy in Benin household. These high-voltage power lines generate a corridor
named the public domain of HV lines, whose 52 meters right-of-way is set up so as to
protect populations from radiation that may come directly from the waves created by
electromagnetic fields.

Figure 1. HV line transporting the energy of the Maria Gléta power plant

Source: Agbessi Allen K. Marc.
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Indeed, high-voltage electrical installations emit electromagnetic waves from which
they generate electric and magnetic fields in a given perimeter. For that reason, living
under or near a high-voltage power line can constitute a serious health hazard for residents
(figure 1): this is confirmed by the epidemiological study carried out on 60,000 children
by Gérald Draper, research director at Oxford University, from 1997 to 2001, and made
available to the public in 2005, finding that the risk of leukaemia is 69% higher than the
average if one lives within 200 meters from a high voltage line and 23% higher if the
distance is between 200 and 600 meters. However, urbanization, one of the consequences
of population growth, has now included high-tension lines in urban centers or in the
areas undergoing an urbanization process. This is the case of the Benin localities of Maria
Gléta where there is a power station and Araromi in the municipality of Sakété where
facilities relay the electric power supplied by Nigeria. The power line “Védoko — Maria
Gléta” in Abomey-Calavi on a distance of about 3 km 100 m from the crossroads
Gbégnigan to Maria Gléta and the “Araromi — Ilaje — West” power line to Araromi on
a linear line about 1 km 200 m were the subject of this study on the effects of lines on
topographic devices. Maria Gléta is a power station located in the municipality of Abomey-
Calavi, located in the north-western part of Cotonou, the economic capital of Benin.
Araromi is a locality of Sakété municipality, located more in the eastern and northern
part of Porto-Novo town, the political capital of Benin. The choice of these two different
lines located in various departments was carried out in order to compare the results.

Materials

The present study of the influence of electromagnetic waves of high voltage cables on
topographic devices has evaluated the accuracy of the measurements made from various
topometric instruments by determining the difference between the different results
obtained from the following equipments that was used.

GNSS CHC X 91 receiver. The GNSS receiver is a device that uses satellite signals from
American Global positioning systems GPS and Russia GLONASS to calculate its position
in X, Y and Z coordinates in the World Geodesic System WGS 84. As for topographic
measurements, it operates in couple made of a base and a mobile receiver attached to a
radio communicating rod. Figure 2 shows the CHC X91 GNSS receiver that was used
to perform the scaling points.

The cost of GPS positioning is closely related to the technique used, which in turn
depends primarily on the level of accuracy required. The two main variables that influence
costs for the same technique are the time required for each location and the cost of the
necessary receivers. As a general rule, the shorter the period of observation required at
each point, the less costly the survey will be [2].

Electronic Tachometer (Total Station) LEICA TS06. The electronic tachometer, also
called total station as shown in figure 3, consists of an electronic theodolite and a coaxial
distance meter. It measures angles and distances using a precision laser beam. A total
station is also equipped with computers and memories useful for executing programs, for
recording the measurements and for determining the coordinates of the points detected.
It works with a reflector to measure distances and can take a reading in less than 5 seconds
while measuring a distance of several kilometers.
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WILD T2optico-mechanical theodolite. The theodolite is an instrument for measuring
angles and indirect distance measurement consisting essentially of three concurrent axes
and two goniometers simply called circles, one of which is horizontal and the other vertical
and serves to measure the vertical angles.

Thermometer. The thermometer is the instrument used to measure ambient temperature
during operations.

Figure 2. Base and radio as well as the mobile of the receiver GNSS CHC X 91

Source: Adomahou Serge.

.--q-ﬂ'&-h

Figure 3. Surveying with the total station LEICA TS06

Source: Adomahou Serge.
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Processes and methods

1. Setting up of a polygonal canvas constituted of 55 vertices (sealed points) at Abomey-
Calavi and 44 points at Sakété.

2. Repeated measurements in planimetry and altimetry with the different devices while
raising the ambient temperature and operating time.

3. Numerical processing of data and calculation of deviations.

4. Account of facts or significant actions occurred in the course of operations.

5. Drafting of the daily reports of the work carried out.

The methods used for these measurements are:

— with the GNSS receiver, the real-time kinematic mode;

— with the total station, the radiation with reference collected each time on the
previous point;

— with the optico-mechanical theodolite, the procedure with the double-turning
method.

The Real Time Kinematic (RTK) mode is the most interesting mode for the automation
of construction sites. Indeed, it permits to obtain precisions of the order of a few centimeters
on the position at a quite sufficient rate [3].

A total station is an electronic theodolite coupled to an IMEL and having a system
for recording and/or transferring information. Whereas the “optico-mechanical”
theodolite brings together all “mechanical” reading devices by vernier graduated in
comparison with “optico-electronic” devices, also called stations, which are read on
a digital display and which often incorporate an electronic distance measuring device.
The angle measurement by double turning is a manipulation consisting of a simultaneous
half-turn of the bezel and the alidade. This technique of measurement makes it possible
to eliminate certain systematic errors and to limit the errors of reading [4].

Results and discussion

Curves of the deviations from 0 between the planimetric coordinates obtained with
the different devices.

Histograms of the means of the deviations in X and Y obtained with the data of the
devices taken two by two.

The variations in the deviations obtained in figures 1, 2, 3 and 4 show that the closer
we get to the power plant, the more the deviations observed on the data from the GNSS
receiver and the total station increase. As a result, the influence of HV electrical lines on
electronic devices intensify as the power plant approaches.

However, figures 5 and 6 showing the histogram of the average on X and Y deviations
of the devices taken in pairs demonstrate that the deviation observed on the x-axes is
higher than the ones of the y-axes. We then deduce that the electromagnetic loads of HV
electric cables influence the x-axe more than the y-axe.

Tables 1 and 2 show that on both sites the amplitudes of the x-axe and y-axe deviations
between the GNSS receiver and the total station are higher than those between the total
station and the theodolite, which are in fact higher than those GNSS and theodolite. We
therefore deduce that the coordinates obtained in X and Y with the total station are less
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precise than those provided by the GNSS receiver, which are also less precise than those
obtained from the surveys of the theodolite.

The amplitudes of the x-axes or y-axes are more important in Abomey-Calavi than
in Sakété. This could be explained by the value of the intensity of the electromagnetic
field created at this HV line.
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Figure 7. Variation of the deviations on the ordinate between the coordinates obtained by reading
with the apparatus taken two by two on the second site located at Araromi (Sakété municipality)

Table 1
Extrema and amplitudes of the deviations in terms of coordinates obtained from
the two by two compared devices on the first site of Maria Gléta at Abomey-Calavi
Site Abomey-Calavi
Devices GNSS-Theo’ ST-Theo GNSS-ST
Coordinates X Y X Y X Y
Variation of the deviation (m) | -0.348 -0.460 -1.928 -0.799 0.019 -0.025
10 0.381 10 0.125 10 0.084 t0 0.005 t0 2.008 10 0.586

Amplitude(m) 0.729 0.585 2.012 0.804 1.989 0.611

* Theo: theodolite.

530

TEOJIOInA, TOPHOE M HE®TETA3SOBOE JIEJIO. HAYKHM O 3EMIJIE



Degbegnon L., De Souza M.C.J. RUDN Journal of Engineering Researches,

2018, 19 (4), 524—536

uonels [ejo1 pue
J18A18091 SSND

(Anrediolunw 9)eMes) 1WoJely Ul Pa}ed0| aYS 1Sl 8y} BO Sired ul uay
S82IASP 8} YIIM SUOIIBIASP 8} JO UBBW 8y} 4O UOIIN|OAT "6 4nb

Sll|OpodyYl 21 pIIm
pue uoiels [e10 ]

SH|OPO3YL 21 pPIIMm
pUE J9AI9081 SSND

(Anrediountl nejen-Aawoay)
B19|9 BLIB 1B Pa}ed0| 8IS 18118y UO siied ul usye) Saoinep syl yum Buipea
AQ paure1qo sejeulpio0d ULSUOIIBIABP BY} JO UBSW 8y} JO UONN|OAT *g a4nbi4

A uo welubolsiy uesw suoleinaq m

X Uo weibolsiy uesw suoneined m

sueaw aAje|nydessy

€ 4 3

.\ 00L° =
T
m
v . 009'0- O
. see0- ¥ \ umv
6200~ god'0- 5
; 0010 3
&
9610 n @
4850 000 El
3

006°0

oloves [eHs

uo welboisly uesw suonenaq |

X Uo weiboisiy uesw suoneinaq m

sueaw aAlje|ndedsay
€ 4 I

856°0 004"
\ | 2
009'0- S
=
SLLE'O- R (@]
— | 00L'0- Z
6100 >
00r'0 3
006°0

116°0

Ine|eD-Aswoqy :81s

531

GEOLOGY, MINING AND OIL & GAS ENGINEERING. EARTH SCIENCE



Her6ernon JI., le Coy3a M.C.2K. Becmuux PYJIH. Cepus: Huocenepruie uccaedosanus.

2018. T. 19. Ne 4. C. 524—536

Table 2
Extrema and amplitudes of the deviations in terms of coordinates obtained from
the two by two compared devices on the second site Araromi site at Sakété
Site Sakété
Devices GNSS-Theo ST-Theo GNSS-ST
Coordinates X Y X Y X Y
Variation of deviations (m) -0.765 -0.253 -0.765 -0.001 -0.002 -0.612
to 0.006 10 0.141 to 0.006 to0 0.497 10 0.753 t0 0.026
Amplitude(m) 0.771 0.394 0.771 0.498 0.755 0.638
Site: Abormey-Colowi
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Figure 10. Variations of the mean of the deviations of the tests on X according to the temperature
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Figure 11. Variations of the mean of the deviation of the tests onY according to the temperature

The figure 10 on one hand and 11 on the other hand present on X and Y of the deviations
ofthe various tests on the GNSS receiver and the total station according to the temperature
compared to the results obtained with the theodolite. Thus, under the same temperature
conditions, the difference obtained with the coordinates resulting from the total station
is much greater than the one observed with the coordinates generated by the GNSS
receiver. This means that the measurements made with the total station under the HV
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lines are less accurate than those obtained with the GNSS receiver because the
electromagnetic waves considerably influence the total station. Then for large-scale works
requiring a limited time of execution, the GNSS receiver could be used at a temperature
below 27 °C. In addition, the more we set stations with the electronic tachometer, the
greater the gap is.

It is therefore clear that the electromagnetic waves of high-voltage power lines affect
the accuracy of measurements made with topographical devices such asthe GNSS receiver
and the total station. Then the most suitable device for work under the high voltage lines
is the optical-mechanical theodolite because it does not produce an electromagnetic field
that could interfere with the one of the cables in such a way that the deviation on the
measurements carried out with it is minimal. Of course, GNSS can be used by choosing
the suitable moment.

Conclusion

The advent of modern devices brings more precision and speed in the execution of
topographical works [5]. However, the use of these electronic devices is conditioned by
the environment. This is the result of given study on the influence of electromagnetic
waves of high-voltage cables on topographical devices. Thus, the use of devices such as
GNSS receivers and the electronic tachometer in an environment where electromagnetic
waves are important should be discouraged for precision work. In case of exceptional
circumstances, the GNSS receiver can be used at times when the ambient temperature
is less than 27 ° C to lessen this influence and to reduce the resulting errors.
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HayuyHasq cTaTbs

BnunsHue anekKTpoMarHUTHbIX BOJIH HA TOYHOCTb U3MEpPEHUn
COBpEeMEHHbIX Tonorpaduyeckux yCTpomucTB

JI. Neroernon, M.C.2K. /Ie Coy3a

Yuuepcutet Abomeli- Kanasu, benun
01 BP 526 Cotonou, Bénin

TouHble TonorpacduyecKre padoThl BBITIOJHSIOTCS TTOCPENCTBOM TaKMX KJIACCUIECKUX MHCTPY-
MEHTOB, KaK BBICOKOTOUYHBII YPOBEHbB, yriioMep U najibHoMep. C MX MOMOIIBI0O MOXHO MOJTYYUTh
pe3yabTaThl C TOYHOCTHIO 10 2 MM IIPpU U3MEPEHUH BBICOT (aJIbTUMETPUN) U 10 5 IIpu U3MEepeHUN
romaneit (mmaHumetpun). Ho aToT crioco0 siByisieTcst 3aTpaTHBIM ¢ TOYKY 3peHUsl PUHAHCOB, Bpe-
MEHU 1 KojindecTBa nepcoHana. CeronHsa cuctema cinyTHuKoBoi HaBurauuu THCC coBmecTHO ¢
YCOBEPILIEHCTBOBAHHBIMU MOJIEJISIMU 3JIECKTPOHHBIX TAXMMETPOB MOXKET PELIUTh MPoOJIeMy ycTpa-
HEHUS TPOOEJIOB IMPU U3MEPEHUM TePPUTOPUIA CTAHAAPTHBIMU METOIaMM. TeM He MeHee 1 TaHHbIe
METO/Ibl HE SIBJISIIOTCSI COBEPILIEHHBIMU, UMest COOU B paboTe MpU UCTIOJIb30BAaHU U TT0J1 BBICOKOBOJIBT-
HBIMU CeTSIMU. MI3yueHne BIUSHUS 2JIeKTPOMAarHUTHBIX BOJTH BBICOKOBOJIBTHBIX TMHU Ha TOTTOTpa-
(ryeckure ycTpoiicTBa Mo3BoJIsIeT MPOBOAUTH HAOIIOIEHUS TIPU MTOMOILM CITyTHUKOBOTO MPUEMHM-
ka (GNSS-npueMHMK) 1 3JIeKTPOCTaHIIUM, 001Ielt cTaHLuu (total station) Wy IPY TOMOIIM OIITH -
KO-MEXaHMUYECKOT'0 TEOI0JIUTA C LIEJIbI0 MHTEPIIPETAllMK 1 aHAJIMN3a Ka4eCTBa JaHHbBIX, TTOJTyYeHHbIX
Ha 3emuie B 3oHax Mapus [neta (Maria Gléta) mynununanuteta Adomeii- Kanasu (Abomey-Calavi)
u Apapomu (Araromi) mynununanutera Cakere (Sakété). B pesyisrate MOXXHO OMpPeaeIUTh CTeIeHb
BJIMSTHYSI BBICOKOBOJIBTHBIX Ka0Oesieil Ha KayeCTBO BBITTOJIHSIEMBIX B TOITOMETPUM U3MepeHuit. [1pu
npoBeaeHnU udmepeHuit GNSS-npueMHUKOM 1 00111e# cTaHLMel (total station) BaskHO yYUTHIBATh,
YTO aKTUBHOCTD 2JIEKTPOMArHUTHBIX BOJTH 3aBUCHUT OT U3MEHEHUST TeMIIepaTyp.

Kimouensie ciioBa: GNSS-nprueMHMK, 3J1eKTPOMarHUTHBIE BOJHBI, CITyTHUKOBAsi HaBUTALIUST
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Abstract. Mineralization in the Hamama area exists mainly as quartz-carbonate veins, extending
along the contact between the footwall volcanics (basalt, dacite, and rhyolite) and the hanging wall
volcaniclastics (laminated, massive and lapilli tuffs with minor breccia). Also, mineralization was
recorded as low mineralized cavity filling dolomitic veins occupying NW-SE faults in the basalt.
The principal mineralization is represented by a mineral association — quartz + dolomite + calcite +
pyrite + chalcopyrite + sphalerite with varying amounts of barite, cinnabar, and galena. It is suggested
that these carbonates are post-tectonic low-temperature hydrothermal solution (exhalations) filling
fault zones. The injected mineralized carbonate solution dissolved the silicate minerals along contacts.
This fault system was caused by the group of porphyritic rhyolite dykes extending NE-SW. The carbonates
then were subjected to digenetic processes after their formation resulted in the formation of some
secondary sedimentary textures (for example spherulitic, colloform and cockade textures) and
dolomitization. The mineralized carbonates are rich in Zn, Cu, and occasionally Pb and Sb. The cavity
filling dolomitic veins within basalt show low concentration of ore minerals. The pyrite was crystallized
in four phases; the first phase is well-developed pyrite that was formed from the primary hydrothermal
solution. The role of bacterial action is obvious in the formation of a second phase framboidal pyrite.
The third phase represented by atoll structures formed by diagenetic reworking of the framboidal pyrite.
The last phase of pyrite crystallization appears as fine skeletal grains mostly attached to sericite alteration
of altered volcanics. The gold and silver are concentrated mainly in the upper iron cap. Secondary
supergene enrichment of gold in the oxidation zone, especially in Hamama western zone, is indicated
by the reprecipitation of gold as thin filaments or rounded nano-grains along cracks of the oxidized
pyrite or at the periphery of the pyrite relicts.

Keywords: Hamama, quartz-carbonate veins, hydrothermal, framboids, supergene enrichment

Introduction

The basement complex of the Central Eastern Desert of Egypt shows strong NW-SE
structural trend expressed in steeply dipping ductile-brittle shear zones and dissected by
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ENE deep-seated faults [1—3]. These shear zones are host to numerous types
mineralizations. Hamama is an obvious example for these fault-related mineralizations.
A particular exploration challenge of the Hamama district is that it is largely affected by
folding, thrusting and a later post-tectonic brittle evolution.

Although the Hamama area is considered one of the prospective areas of gold
mineralizations in Egypt, however, it is little studied. The first systematic geological
studies were carried out in 1977 by a team of the Egyptian Geological Survey with experts
from the USSR [4]. They classified the gold-bearing ore bodies into quartz and carbonate
veins and zones of hydrothermally altered rocks. Stern and Gwinn [5] through isotopic
analyses explained the origin of the intrusive carbonates of the Central Eastern Desert
and Sudan as a mix of recombined sedimentary carbonates and mantle fluids. Abd El-
Rahman [6] argue that Hamama Zn—Cu—Ag—Au volcanic massive sulphides (VMS)
that was formed through a limited rifting of an intra-oceanic island arc, the low-
temperature nature of the hydrothermal system and these deposits were affected by
supergene processes, which led to the widespread occurrence of secondary copper minerals
and gold enrichment relative to the leached base metals, especially Zn.

The exploration team from the Geological Survey Authority [4] recommended in his
report to perform additional study for the deep ore interval. Consequently, in the late
1980s, Minex Minerals Egypt drilled about 40 holes but drilling cores were not reserved.
Thenin 2011, Alexander Nubia commenced primary exploration drilling on the prospect,
showed the existence of strong magnetic anomalies below the gossan zones. In 2015,
the company name was changed to Aton Resources Inc. and still working in the site. We
summarized the results of mining works in the area from the published releases in the
following points:

— Hamama mineralized horizon is divided into three main zones — Hamama West,
Hamama Central and Hamama East;

— the Western VMS zone is main VMS horizon traced on surface over 3,000 m but
extensions along the same stratigraphic horizon extend this to about 4.5 km;

— the Western VMS zone is steeply dipping and overturned,;

— Hamama West encountered as excellent gold-silver mineralization of both the near
surface Gold-Oxide Cap (the highest grade gold results found on the concession) and
the deeper sulphide mineralization to host a significant resource;

— drilling at Hamama intersected high-grade semi-massive and massive volcanogenic
sulphide mineralization (deep trench 68 meters in the Western VMS zone gave grading
3.07 g/t gold and 38.1 g/t silver), this contains a broad zone of VMS gossan with high-
grade gold and silver (an oxidized “gold cap”) above a primary zinc-gold-silver-rich
exhalite horizon, and an extensive mineralized footwall stringer and breccia zone;

— the Gold Cap extends 650 meters along strike and averages 43.8 meters wide grading
2.05 g/t gold and 44.7 g/t silver;

— VMS presents as a carbonate gossan, up to 20 m thick over the northeastern portion
and to the southwest it is seen at surface as an iron-rich gossan, up to a few meters thick;

— size and width of exhalite zone indicative of a large VMS system.
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Geological setting

Hamama area is located in the central part of the Eastern Desert of Egypt, its area is
determined by the coordinates 26° 19°—26° 23’ N and 33° 17°—33° 23’ E (figure 1).
The stratigraphic section of the ore interval and its bounding units comprises from youngest
to oldest (figure 1): (1) quartz-carbonate veins (youngest), (2) post-tectonic dykes,
(3) post-tectonic monzogranite, (4) post-tectonic gabbro, (5) syntectonic granitoids,
(6) felsic volcanics, (7) volcaniclastic rocks, (8) porphyritic ferruginous basalt, (9) basalt
with pillow lava (oldest). Mineralization in the Hamama area belongs to the quartz-
carbonate-vein type deposit in greenstone rocks (figure 2, a, b). This type is commonly
found in deformed greenstone belts of all ages, especially with tholeiitic basalts [7]. Each
rock type will be discussed briefly in the following.

Volcanogenic facies. Volcanics and their related tuffs represent the main rock units
which occupy the largest area, not only in this region but also in the Central Eastern
Desert. This facies is called the greenstone belt and extends NW-SE. It consists of five
types of rocks: 1 — basalt with pillow lava; 2 — porphyritic ferruginous basalt; 3 — acidic
and intermediate volcanics, predominantly rhyolite, with few dacite and andesite; 4 —
acidic and medium lamellar, lapilli and massive tuffs, intercalated with banded iron
formation (BIF); 5 — volcanic breccia.

nie nr niw n 1w n W iram war a2y

A 3 - 3 s "q‘_ _.-i'dﬁ;mh__ , =0 H.:.‘i.:rn ‘;&f .I rhl |
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Figure 1. A — location map, B — geological map of the Hamama area, CED, Egypt:
1 — wadi deposits; 2 — sandstone; 3 — rhyolite dykes; 4 — quartz-carbonate ore; 5 — monzogranite;
6 — tonalite — trondhjmite; 7 — gabbro; 8 — granodirite; 9 — quartz diorite;
10 — acidic and intermediate volcanic; 771 — porphyritic ferruginous basalt; 712 — tuffs with banded iron formation;
13 — basalt with pillow lava; 714 — fault; 15 — alteration Zone
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Granitoids. It is divided into two types: 1 — syntectonic granitoids (older granites), it
consist of three different types of granitic rocks: granodiorite pluton, tonalite-trondjemite
pluton and small dyke-like quartz diorite pluton; 2 — post-tectonic monzogranite pluton
with an ellipsoidal shape, its axis shows a NW-SE direction.

Gabbro. Large post-tectonic (younger gabbro) gabbro pluton occupies the southeastern
part of the region and extends further.

Post-tectonic dykes. Two groups of dykes were recognized in the Hamama area;
the majority belongs to the first group (felsic dykes), which corresponds to the composition
of rhyolite and dacite, and the second group (mafic dykes) includes basalt, basaltic andesite
and andesite. The first type forms a swarm of rhyolite dykes with an orthophilic structure.
It originates from the monzogranite pluton and extends up to 15 km in the south-west
direction in a radiation pattern, cutting all the above-mentioned rocks, including granitoids
and a green stone belt. It is suggested that, this swarm of dykes was introduced in the
post-collision, destructive boundary of slabs during stretching periods.

Figure 2. Different types of mineraliation in Hamama area:
a — quartz carbonate body at the conact with tuffs; b — cavity filling dolomitic veins in basalt; ¢ — upper oxidation zone
(gossan); d — foot wall alteration zones in felsic volcanics

Fault-related mineralizations. Occur basically as mineralized quartz-carbonate body
fills fault zone between the basalt and tuffs (figure 2, @), within basalts (figure 2, b), and
appear as thick iron cap (gossan) on the upper section (figure 2, c).

Nubian sandstone. Completely cover the western part of the area with small bodies,
cover the green stone belt. It has a major unconformity with underlying volcanics.
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Ore mineralogy and fabrics

Ore petrographic and EDX analyses observations recorded in this paper were made
on representative surface samples and diamond drill cores samples collected in the
Hamama area. The ore interval was classified vertically into three parts as following.

Fresh ore under the oxidation zone

Sphalerite and pyrite represent the main metallic ore minerals in drill cores (figure 3).
Mineralogically, the Hamama sulphide ores can be classified under two distinct sulphide
assemblages: (1) pyrite-rich ores (pyrite + chalcopyrite + pyrohotite + covellite +
arsenopyrite + galena) (figure 3, a—f) and (2) sphalerite-rich ores (sphalerite + galena
+ chalcopyrite + pyrite) (figure 3, g—i). The finally mentioned is recorded mainly in the
samples from deep drill holes (> 50 m). The sulphides in the two assemblages show
intimate intergrowth with quartz (figure 4, b, f, h). Galena and chalcopyrite is often found
in the form of inclusions or replacement of sphalerite and pyrite or deposited on their
outer rims (figure 3, ).

Figure 3. Photomicrographs of microfabrics in reflected light:

a — primary banding shown by alternating compositional layers of pyrite and carbonates; b — dendriform pyrite clusters
within carbonates; ¢ — fine skeletal grains of pyrite; d — atoll structure of recrystallized pyrite forming around a grain of
spongy-textured pyrite; e — fine skeletal grains of pyrite corroding well-crystallized pyrite; f — atoll structure in fine skeletal
chalcopyrite; g — ineral association of sphalerite, pyrite and galena; h — Rim of covellite around chalcopyrite (atoll-like) with
pyrite-sphalerite (right) and sphalerite-pyrite (/eft) intergrowths; i — sphalerite replaced by chalcopyrite to form a
metasomatic reaction edge texture

The sphalerite-rich ores comprise medium to coarse, irregular patches, often hosts
varying concentrations of pyrite, galena and chalcopyrite (figure 3, g, #). Pyrohotite and
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rutile (figure 4, a, d) are also found sporadically. Cinnabar intimately intergrown with
native silver and tellurium, occur as fine inclusions in the pyrite, sphalerite and quartz
(figure 4, c¢). Chalcopyrite occasionally form replacement rims around sphalerite
(figure 3, i). Also, may act as filler between pyrite cubes and framboids (figure 4, /).

Figure 4. Backscattered electron micrographs of mineral associations and textures:

a — sphalerite porphyroblast in dolomite hosting inclusion of rutile, pyrite, chalcopyrite, and galena, and outer coating of
acanthite (Ag2S), stibnite (Sb2S3) and enargite (Cu3AsS4); b — silver coatings on well-crystallized pyrite and flake of barite;
¢ — fine inclusion of Te-rich cinnabar in pyrite; d — precipitation of galena, pyrite and Ag at the boundary between sphalerite

grains, note the inclusion of rutile in sphalerite; e — galena and enargaite crystallized at the boundaries between pyrite
grains; f — fine and coarse generations of pyrite, note the fine skeletal grains are restricted to feldspar; g — pyrite framboids
welded with chalcopyrite; h — pyrite framboids with different degrees of compactness; i — framboidal Py-I, overgrown by
atoll-like Py-Il; j — spherulite with successive layers of clay minerals and hematite; k — spherulite with core of dolomite
followed by zincite (ZnO) then litharge (PbO) and outer rim of hematite and dolomite; / — spherulite with a large core
of zincite and successive layers of dolomite and zincite
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Accessory amounts of rutile and covellite are disseminated within pyrite. Covellite
forms as replacement rim and fillings in chalcopyrite (figure 3, /). Pyrite-dominated ores
exhibit well developed bands with carbonate in places (figure 3, a), comprising medium
to coarse idiomorphic pyrite aggregates interlayered with minor sphalerite, magnetite
and galena.

Non-metallic minerals consist mainly of quartz, dolomite (the main carbonate
mineral) and calcite with little amounts of K-feldspar, clay minerals and barite (figure 5).
In most of the core samples carbonates exist in the form of veins of calcite and dolomite
that cut the silicate groundmass (figure 5, 4, i) and the older carbonate matrix. In many
thin polished sections, were observed dissolution of silicates (quartz and tuffs) by later
carbonates solution (figure 5, f). Also, hydrothermal solution forms a reaction rim with
carbonates and silicates in cavities (figure 3, e).

Four pyrite generations are texturally associated with the quartz-carbonate mixture,
arranged from oldest to youngest as following.

Figure 5. Photomicrographs in transmitted light:

a — dolomitic spherulites with oxidized sulphide lamella and quartz in cores; b — colloform texture formed by bands of
carbonates, clay minerals and iron oxides; ¢ — dolomite rhombs with colloform bands; d — veins of hydrothermal solution
going between quartz and carbonates; e — reaction rim of hydrothermal solution with calcite in basalt; f — dissolution of
quartz by carbonate solution; g — carbonate filling interspaces between amorphous silica; h — secondary calcite vein cutting
a pyrite vein and the dolomitic ground mass; i — a set of calcite veins cutting a mat of fine quartz grains
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Coarse well-developed pyrite (Py-I)

This phase was formed early from a low temperature hydrothermal solution so they
are mostly cracked along cleavage planes. They are found as pyrite porphyroblasts, up to
500 mm, commonly retain their idiomorphic shape (figure 3, e; 5, f). Occasionally, they
host fine to medium blebs of the matrix sulphides, mostly galena and sphalerite.

Framboidal pyrite (Py-Il)

It is a distinctive phase (figure 4, g, 4), with individual framboids range in diameter
5—50 Micron (mostly >20 Micron) while composite framboid exceeds 200 Micron. The
individual framboid is composed of micro-sized pyrite cubes. The framboidal pyrites
show different nucleation density where the weak dense framboid is filled by later
diagenetic pyrite and chalcopyrite cementation between crystallites (figure 4, /).
Framboidal pyrite is abundant in many polished sections especially in pyrite-rich
assemblage. It contains fine impurities of galena, acanthite, stibnite, chalcopyrite, Te
and native silver. Commonly, framboidal pyrite indicates bacterial origin in reducing
environments passing through various iron—sulfur compounds [§—16]. Donald and
Southam [17] report FeS precipitating upon bacterial cell walls, and Posfai et al. [18]
show it forming within cells of normal sized bacteria. It is proposed that pyrite framboids
precipitate rapidly in aqueous solutions, when the precursors to pyrite formation, iron
monosulphides, become supersaturated, i.e. sulphide production less than iron supply
[15; 19]. Generally, framboidal pyrites have low gold contents but the bacterial action
mechanism may play a role in deposition of gold nanoparticles [20].

Atoll structures of pyrite (Py-Iil)

Pyrite atoll structures are thin rings of pyrite or chalcopyrite around a coarse nucleus
of gangue minerals mainly carbonates and quartz (figure 3, d, f; 4, i). Atoll pyrite is largely
associated with carbonates than quartz which indicate that their formation was associated
with the injection of the carbonate solution. England and Ostwald [21] proposed that the
atoll structures are derived from framboidal pyrite, through diagenetic transformation of
framboidal. Atolls host fine impurities of galena and acanthite (figure 4, 7).

Fine skeletal pyrite (Py-1V)

This latest generation of pyrite (figure 3, ¢, e; 4, f) is restricted mainly to sericite
alteration product of feldspars which indicate that they were formed during the alteration
stage. The solution forming the fine skeletal pyrites corroded the euhedral primary pyrites
forming corrosion vacancies in its rim (figure 3, /). Some of these fine idiomorphic pyrite
grains exhibit zoned growth.

Weakly oxidized ore

The ore body on the surface was exposed to weathering with different degrees resulting
in the destruction of the original textures and minerals of the primary ore. Because pyrite
is more resistant to weathering, it left some relicts with oxidized rim of hematite (figure 6, a).
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Figure 6. Photomicrographs in reflected light:

a — oxidized sulphides with relict of pyrite with a rim of hematite reserving pyrite cubic shape; b — colloform texture formed
by bands of goethite and hematite and euhedral cubes of oxidized pyrite; ¢ — zoned iron oxides and hydroxides due to long
term infiltration of fluid along the fracture of pyrites; d — intensively oxidized ore forming with outer rims of oxidized pyrite in a
mixture of iron oxides, clay minerals and carbonates; e — oxidized framboidal pyrite and some of them surrounded by
colloform hematite; f — specular hematite; g — intergrowth of hematite and goethite in quartz carbonate matrix; h — fine
pyrite relicts in oxidized sulphides; i — pyrite mixed with hematite, limonite and goethite

The carbonates with their ore minerals were subjected to digenetic processes after
their formation resulted in the formation of some secondary sedimentary textures. The
most prominent digenetic textures include spherulitic (figure 4, /; 5, a), colloform
(figure 5, b; 6, b) and cockade textures (figure 4, g, k). Also, almost calcite was converted
into dolomite by dolomitization. Coarse (up to 20 mm) zoned dolomite rhombs were
observed (figure 5, ¢) in the core of dolomitic veins in basalt (figure 2, b).

Pyrite was oxidized into iron oxides and hydroxides as hematite, goethite and limonite
with preserving its original cubic shape (figure 6, a, b, ¢, d). Sphalerite converted into
zinc oxides, hydroxides and metal salts that are hard to identify microscopically.
A prominent feature of this type is the presence of excellent colloidal masses of rhythmically
layered to concentric structure. Some are composed of carbonates (dolomite) and oxidized
pyrite (hematite) and outer rim of litharge (figure 4, k) while other spheroids consist of
alternative shells of oxidized sphalerite (zincite) with dolomite and a center consisting
of gangue material (figure 4, /). It is proposed that these structures were formed by relatively
rapid crystallization of a low temperature sulfide gel (colloidal dispersion). Another
distinctive feature was observed where the oxidized euhedral pyrite cubes were opened
after oxidation and filled with single and composite spheroidal bacterial units. Barite is
a common accessory phase especially in the partially oxidized ore. Often it contains
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inclusions of acanthite. The abundance of barite fragments within these samples makes
the identification of precious metal grains extremely difficult due to their similar electronic
reflectivity. There are strong relation between the abundance of silver and barite.

Intensively oxidized ore (gossans) and gold habit

Although gold was detected by ICP-MS analysis with considerable amounts in massive
sulphide ore, no obvious gold grains were observed in the studied sections from drill holes.
The main reason is that gold is distributed and combined in the lattice of the pyrite and
other sulphide minerals as micron size inclusions. As shown in the geochemical map
(figure 7, f), there are nano-particles of gold distributed all over the scanned area of the
oxidized pyrite grain. These nano-particles were trapped along fractures (figure 7, ¢),
between oxidation zones (figure 7, b), and cavities (figure 7, f) or precipitated along the
boundary between relict cores of pyrite and the oxidation rim (figure 7, d, e).
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Figure 7. Backscattered electron micrographs and EDX analyses for gold in the oxidation zone:
a — gold flake between quartz grains; b, ¢ — thin filaments of gold in cracks and oxidation layers’;
d, e — fine grains of gold along the boundary between pyrite relict core and oxidation layers; f — geochemical
distribution of elements Au, Hg and S in oxidized pyrite
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The significant feature of the iron cap is that it contains abundant gold grains and
flakes. Gold is related to the oxidized pyrite or fine goethite layers forming rich clusters
seem to be rich in Au and Ag. Native gold appear as thin filaments (0.5 um width and up
to 25 um length) or very fine rounded grains; their grain size ranges from 2 to 10 um.
They always appear in voids between layers or intergrowth between two successive layers
(figure 7, b). Gold grains found in samples composed of a fine goethite matrix appear
related to shrinkage cracks, mixed with barite grains (figure 2). EDX analyses don’t show
the real composition of gold grains due to its small sizes; hence the given spectrum is
disturbed by adjacent mineral composition. Common impurities in gold such as Ag, Cu,
and Zn appear only in trace amounts.

All primary ore minerals are altered except few fine relicts of pyrite and chalcopyrite.
All metals are mobilized in primary sulphide minerals and redistributed in another forms
at different depths. For example, copper minerals precipitate at the reactive redox
boundary between massive sulphides ore and downward penetrate fluids producing
significant supergene enrichment “blanket” zone. The enrichment zone is overlain by
an intensely altered and leached Fe oxide-rich gossans (the remains of the original massive
sulfide). The overall mineral assemblage of the oxidization zone can be described as
a hematite-limonite-goethite-quartz assemblage bearing Au—Ag with abundant barite
as gangue mineral. Abundance of hematite compared with goethite and limonite is variable
but generally hematite is much more than goethite and limonite. Clay minerals occur in
between layers of botryoidal aggregates.

Botryoidal aggregates of successive layers of hematite and often clay minerals developed
over cores of gangue minerals and infilling voids (figure 4, g). The outer rim of these
aggregates is always hematite probably due to dehydratation (aging) from goethitic phases
[22].

Alteration zones and quartz veins

Footwall volcanics were affected by different types of alteration. They include
sericitization, silicification, and ferrugination. The original silicate minerals completely
altered to a mixture of clay mineral, talc and chlorite and stained with iron oxide solution
(figure 5, d). Acidic and intermediate volcanics were more acceptable to hydrothermal
alteration that appears as replacement of primary igneous glass and minerals with alteration
minerals stable at the conditions of alteration, generally in low temperate range
characteristic of this type (150—400 °C). It is worth to mention that the altered felsic
volcanics contain considerable amounts of monazite, zircon and rutile. The percolation
of hydrothermal solutions between grains left a set of veins and channels filled with iron
oxides, sericite and carbonates. The alteration minerals recorded include fine mica, clay
minerals, quartz, chlorite, serpentine, carbonates, talc, kaolinite, pyrite and iron oxides.
Weak alteration of some of the minerals or ground mass in the volcanic host rocks, produce
an earthy aspect to the overall rock. Alteration of the glassy ground mass or fine grains is
particularly susceptible producing massively silicified matrix with chlorite and sericite.
At high alteration intensity, rocks may be pervasively altered, in which virtually all primary
phases in the rock are altered to new hydrothermal minerals.
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Infrequently volcanics contain porous quartz barite veins with specular hematite
(specularite) formed by hot solutions. The specularite is primary in origin and the veins
containing it represent genetically the last phase of volcanic activity.

Conclusions

Hamama mineralization found as quartz-carbonate veins hosted in the contact of
bimodal volcanic sequence and its tuffs.

The carbonates were injected as a late hydrothermal solution into the NW-SE fault
zones in basalts and in their contact with volcaniclastic succession.

Carbonates with their ore lode were subjected to diagenetic processes expressed by
colloform, cockade, and spherulitic textures.

Multiple generations of pyrite have been documented in both the deep sulphide ore
from drill-holes and surface exposed ore. They are primary well crystallized pyrite,
framboidal pyrite formed by bacterial action in reducing environment, atoll structures
by reworking of framboids, and fine skeletal pyrite related to later sericite alteration of
volcanic rocks.

Intensive alteration of the ore body by the supergene fluids redistributed gold and base
metals in the iron cap zone significant supergene enrichment zone with Zn, Cu, Ag, Au,
and Hg. In the primary ore gold is incorporated to the crystal lattice of sulphide minerals
which represent a big challenge for its extraction.
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Hay4yHagq cTaTbs

MuHepasnbHbIi COCTaB, TEKCTypa u GopMbl
30J10TOM MUHepanusauumn Xamama
(ueHTpanbHas YacTb BocTto4yHOM nycTbiHM ErnnTa)

A.III. Maxmyn'?, B.B. JIpsakonos!, M.H. Hasyx’, A.E. Koreabunkos®

! Poccuitckuii rocyIapcTBEHHBII Te0I0ropa3BeIouHbIN YHIBepcHTeT M. C. OpIKOHMKII3e
Poccuiickas Pedepauus, 117997, Mockea, ya. Muxayxo-Makaas, 23
2 Vuusepcurer ®aroma
Feunem, 63514, Aro-Darom
3 Vausepcurer Menybun
Feunem, 32511, Anv-Munygpoe
4 Poccuiickuii YHUBEpPCHUTET IPYXObI HAPOIOB

Poccuiickas Pedepayus, 117198, Mockea, ya. Mukayxo-Makaas, 6

Munepanu3zaius B paitoHe Xamama (Hamama) npencraBieHa mpeuMyIiiecTBeHHO B BUIIE KBapIl-
KapOOHATHBIX XKUJI, TPOCTUPAIOIIMXCS BIOJIb KOHTAKTa MEXIY JexKauuM OOKOM BYJTKAHOTEHHBIX
nopo (6a3aabThl, JALUTHI ¥ PUOJIMTEI) X BUCSTYUM 0JI0KOM BYJIKAHOTEHHO-0CaJI0UYHBIX MOPOJ (CJ10-
UCTbIE, MACCUBHBIE U JIAMTUJUIMEBbIE TY(bI C HEOOJIBIIUM KOJTNYECTBOM Opekunii). Takke MuHepa-
JIN3a1Mst OTMEYEeHa B BUJIE CJ1Ta00 MUHEPATU30BaHHBIX JOJOMUTOBBIX XKWJT, 3aMOJTHSIOIIMX TPEITUHBI
CeBepO-3aMnaHOro — l0XKHO-BOCTOYHOTO MPpoCcTUpaHusl B 6azaibTax. OCHOBHYIO MUHEpaIU3alUIo
MOXHO OIUCATh YEPE3 MUHEPAIBHYIO aCCOLMAIMI0 — KBapll + JOJOMUT + KaJbLUT + NUPUT +
XaJIbKOTIUPUT + chasiepuT ¢ pa3IMyHbIM KOJIMUYECTBOM OapuTa, KWHOBapu U rajeHuTa. [1penmnosno-
>KUTEJIbHO, 9TU KapOOHATHbIE TOPO/Ibl 00PA30BATUCH U3 TOCTTEKTOHUYECKUX HU3KOTEMIIEPATYPHBIX
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TUAPOTEPMAJIbHBIX pACTBOPOB (3MaHAIlMM Ta3a M3 MarMbl), 3aMOJTHSIOIINX 30HbI pa3ioMoB. [1pu-
BHOCHMbIE€ MUHEPATM30BaHHbIE KAPOOHATHBIE PACTBOPHI MPE0OPA30BaATN KPEMHMCThIE TOPO/IbI BOJb
KoHTakTa. Cuctema pa3ioMoB c(hOpMUPOBAIACh 32 CUET BHEIPEHUsI PUOJUT-TIOPPOUPOBLIX JaeK
CeBEPO-BOCTOYHOTO MpOCTUpaHusl. KapooHaTHbIE TOPOIbI TOABEPIINCH TUTEHETHUECKIM ITPOIIeC-
caM, 4TO TPUBEJIO K TOSBICHUIO HEKOTOPBIX BTOPUYHBIX OCAaTOYHBIX TEKCTYp (Hampumep, chepo-
JINTOBOM, KOJUIOMOP(HOMN U KOKapIOBOii) U AOJOMUTU3ALUU. MUHEpaTM30BaHHbIE KApOOHATHbIE
MOPOIBI 000TAIIEHBI IMHKOM, ME/IbIO U PEXKe CBUHIIOM U CYPbMOIA. J10TOMUTOBBIE XKWJIbI, 3aMOTHSI-
IOIIIe TPEIIWHBI, 00JIaTaI0T HU3KKUM COIEepXKaHUEM PYyIHBIX MUHepaioB. Kpucrammmsamus mipu-
Ta — yeThbipexdasHas. [TepBasi haza — XOpOIIO paCKPUCTAUTM30BAHHbBIN MUPUT, TTOSIBUBILIMICS U3
MEePBUYHOTO TMAPOTEPMATILHOTO pacTBopa. 2KusHeaesTebHOCTh OakTepuii 06ycioBuiIa popMupo-
BaHMe BTOpoii ha3el — ppambouaHoro nuputa. Tpeths (asa (¢ KoablieoOpa3HOii CTPYKTYpOIi) 00-
pasoBajach 3a CUeT JMareHeTUIeCKOM repecTpoiiku ppambounnHoro nmuputa. [TocienHsis daza Kpu-
CTaJuIM3alluy TTMPUTA TIPOSIBIISIETCS] B BUJIE TOHKOTO CKEJIETHOTO 3epHa, IJIaBHBIM 00pa3oM IpUKpe-
MJIEHHOTO K CePUILIMTU3ALUU MU3MEHEHHBIX BYJKaHUYECKUX MOopona. 30J0TO U cepedpo
CKOHIICHTPUPOBAaHbI B OCHOBHOM B BEPXHEI UECTU «KeJIE3HOM 1LUIAIb». BTOpUYHOE runepreHHoe
oboraieHue 30JI0Ta B 30He OKKUCJICHMST, 0COOCHHO B 3anagHoi 30He Xamama (Hamama), mpencras-
JICHO TIePEOTIOXKEHHBIM 30JI0TOM B BUJIE TOHKUX HUTEOOPa3HBIX WJIM OKPYIJIBIX HAHO3EPEH, PacIio-
JIOXKEHHBIX BAOJb TPELIMH OKMCJIEHHOTO MUPUTA WU MO Niepudepun peIMKTOB MUPUTA.

KioueBble ciioBa: Xamama, KBapii-KapOOHATHbBIE KUJIbI, TUAPOTEPMAIbHbBIN, (ppamMOoOuIbl, TH-
repreHHoe odoraiieHue
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