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[IpencrasieHsl pe3yJabTaThl SKCIESAUIIMOHHBIX UCCIIEIOBAHUN aBTOPOB C MPUBJICYCHUEM PEIICBAHTHBIX
OMyOJIMKOBaHHBIX HCTOYHHKOB. PacCMOTPEHO reonoro-reoMopoIornieckoe pacionoxenue Kypopra Ba-
pazepo — IUHKHO-KYTTaIbHOW PEKPEAIMOHHON 30HBI MEX/IyHAPOIHOTO 3HAUCHHS, IEPCIICKTUBA PA3BUTHS
KOTOPO#l 10 MPUPOIHOMY CIICHAPHEIO BBI3BIBACT OOJBIIYIO TpeBory. JlaH aHaim3 ero mpuOpeKHO Mop-
(bo- ¥ IUTOAMHAMUKH C HOSICHEHUEM IPHUMEHSEeMOM TepMUHOJIOTUH. [ToydeHHbIe MaTepraibl OJI0KEHBI
B OCHOBY MOJICIIMPOBAHUS IITOPMOBBIX Aehopmaruii mpoduis Oepera ucciemxyemoit 30851 [Ipennararorcs
KOHKPETHBIC MEPOTIPHSITHUS 10 3aLIUTE IUIHKEH KypopTa OT KaTacTpo(pUIeCcKUX pa3MbIBOB.
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The results of expedition research of its authors with the involvement of relevant published sources
are presented. Reviewed geological and geomorphological location of the resort Varadero — famous beach
recreational areas of international importance, the prospect of development on the natural scenario of great
concern. At present the beaches in this region are eroded. The analysis of coastal morpho-and lithodynamic
with an explanation of the terminology used. The resulting materials form the basis for the simulation of
storm deformation of the shore profile of the study area. Proposes specific measures to protect beaches from
catastrophic washouts.
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BBenenune

[TpubpesxHbIe 30HBI MOPCKUX aKBaTOPHH SIBISIOTCS HanOoliee YyTKUMH WHANKA-
TOpPaMU KHHEMaTUKU MOPCKOTO YPOBHS U KIMMaTH4YecKuX u3MeHeHui. K HacTosmemy
BpPEMEHH 3aMETHO OOOCTpPHIIACh HKOJIOTHUYECKasi 00CTaHOBKa B MX mpeaenax. Ilosto-
My Ui IPOTHO3MPOBAHUSA COCTOSIHUS TAKMX TEPPUTOPHH M3yUeHHE UX 0COOEHHOCTEH
B Pa3IM4YHOHN reorpaduueckoil MOsICHOCTH U CEKTOPHOCTH MPEACTABISCT aKTyaJIbHYIO
pobaemy.

PacnonoxxeHHas B ycrnoBusax Tponndeckux mmpoT Pecryonika Kyba BxoauT B unc-
JIO MajbIX OCTPOBHBIX T'OCYJapCTB, KOTOPBIM YIENSETCS Pa3HOCTOPOHHEE BHHUMaHME
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I'EODKOJIOTI A

co ctoponsl OOH, I'enepanbhas Accambiiest KOTOPOH NPUHSIA TPOrpaMMy TI0 YKpeIuie-
Huto ux noreHnuana (bapoanoc, bpumkrayH, 26 anpens — 6 Mas 1994 roga). B pamkax
peanu3anuy 3ToH MPOrpaMMbl IIPEAYCMOTPEHO MEXIYHAPOAHOE COTPYIHUIECTBO B pas-
JTUYHBIX HanpasieHusx. [IpumenutensHo k Kybe oMM M3 TakuxX HampaBlIeHUH SBIIS-
FOTCSI MEPOIPUSTHUS 10 PACIIMPEHHUIO MEXYHApOAHOTO TypHU3Ma HAa OCHOBE IIPUBJICKA-
TENBHOCTH MPUOPEKHO-MOPCKOTO KypPOPTHOTO OTAbIXa. JKeMUuyKMHON Takoro Kypopra,
nonyuuBIero ¢ 30-x ronos XX Beka MEXIyHapOIHOE NMpH3HAHKE KaK MPEBOCXOIHAS
IUISDKHO-KYTIAJIbHAsT PEKPEALMOHHAS TEPPUTOPHSL C IPOMBICIIOBO-IIPOTYJIOUHON COCTaB-
JSIIOILEH, siBIsieTcs: Bapanepo, pacnonoKeHHBIN B peeriax 3ana Horo Npruopekbs Mo-
nyoctpoBa Mkakoc. Ero necuanbie misiku, NpOTAHYBIIAECS MPUMEpPHO Ha 10 KM, BXOJAT
B IITEPKY JYUIIHMX IUBDKEH MHUpPa, IPUPOAHAsT JUHAMHKA KOTOPBIX BBI3BIBAET TPEBOTY
crienaincToB coBpemMeHHoro Oeperoenenns. C 70-x romoB XX Beka MOIyOCTPOB, €0
Oepera u compenenbHbIA meab( MoABEpraroTcsi BCECTOPOHHEMY Teojoro-reomopdo-
JIOTHYECKOMY ¥ MOP(OINTOTUHAMUUECKOMY W3YUYCHHUIO C IETbI0 JaTh OOBbEKTHBHYIO
OLIEHKY COCTOSIHMSI 1 000CHOBATh IIPOIHO3 Pa3BUTHUS €r0 NPUOPEXbs, 110 KpaiHel Mepe,
B XXI Beke.

TepmuHoJIOTHsI

Jlst Toro 94ToOBI JaTh OTYETIAWBOE TMpENCTaBlIeHNE 00 OOBEKTE W MPEAMETE BBI-
MTOJTHEHHOTO UCCIIe/I0BaHMs, HEOOXOAMMO YTOYHUTH HEKOTOphIEC TIOHATHUS. B HacTosee
BpEMsI TEPMUHOJIOTHS IPUMEHHUTEIBHO K TEPPUTOPHH COMPSHKEHUSI CYIIIA U MOPSI TIPO-
JIOJDKAeT HAXOJUTHCSA B CTaUU pa3padoTku. [1oaToMy HEpeaKo OMH U TOT XKe O0BEKT
3TON 00JaCTH UMEHYETCS TI0-Pa3HOMY JIMOO OJIHUM TEPMHHOM 0003HAYArOTCS Pa3HbIe
00BEKTHI [2, 3, 5, 6, 13, 14]. DT0 KacaeTrcs, MpeKIe BCETO, TOHITHA «OeperoBas 30Ha,
«IO0EPEKBEY, KIIPHOPEKBE U «IPUMOpPhey. LlenecooOpa3Ho paccmarpuBath hopMu-
pOBaHKE M pa3BUTHE JAaHHOW MOTPAaHUYHOM IMOJIOCH KaK pe3yJbTar MpoleccoB, Mpo-
HCXOJAIINX B €IMHON MPUOPEKHON 30HE — IIETOCTHOM OTHOCHUTEIEHO aBTOHOMHOM
MIPUPOTHO-TEPPUTOPUATEHOM KOMIUIEKCE, COCTOSIIIEM M3 B3aUMOCBSI3aHHBIX HEMOCPE/I-
CTBEHHBIM DHEPTOMacCOOMEHOM MPUYPE30BBIX Cy0a’dpallbHOTO U CYOaKBaJIBHOTO CET-
MEHTOB.

[To MHEHHIO aBTOPOB HacTosIIeH padoTHI, MpUOpekHas 30Ha (near-shore zone)
JIOJDKHA COOTBETCTBOBATh meppumopuu npu depeze, TOCTATOYHO JIETKO OTpeIeIsieMOn
Ha MECTHOCTH. B 3TOM KOHTEKCTE HET Pa3HOINIACHI IO OTpENIEICHUI0 TOHITHS «Oe-
per» (shore). HazeMHyr0 9acTh MOXHO HICHTH(DUIIUPOBATH C TIOHSATHEM «ITOOEPEKBEN
(near-sea zone). JTo mpuieraromas kK Oepery TeppuTOpHs CyIU B BUe (PPOHTAILHON
JacTH MPUMOPHS (seaside zone), FK30TeHHAsI CIeIuprKa KOTOPOH ONpeaesaeTcs, mpe-
XKJIe BCET0, MUKPOKJIMMATOM, TIOBCEMECTHO Ha3bIBAEMBIM MOPCKHM. 3/1eCh HATJISIHO
MPOSIBISIIOTCS. OCOOEHHOCTH aTMOC(EpPHBIX XapaKTEPUCTHK, MHUKpopenbeda, pacTu-
TENBHOCTH, IOYBOOOPA30BaHUS, HEKOTOPHIX (DOPM KHUBOTHOTO MUpa. Mopckas 4acTh
(near-land zone) onpenensiercs TeppUTOpPHEH, B TIpe/ieiaX KOTOPOH MPOUCXOAUT HETO-
CPEICTBEHHBIH YHEProMaccoOMeH MeEXy aKkBaTOopued m OeperoMm IoJl BIUSHUEM Be-
TPOBBIX MOPCKHX BOJIH KaK Han0O0JIee 3HAYUMOTO IK30I'€HHOTO (PaKTOpa €€ COCTOSIHUSI.
BHenrHsist rpaHnIa onpeaessieTes: JalbHOCTHIO BHIHOCA B aKBATOPHUIO TBEPBIX YaCTHII
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YYEHBIE 3ATIMCKHU PTTMY Ne 50

(bopmupyeMoro Oepera BCIeICTBHE NCHCTBUS MTOPMOBBIX BOJTH JAHHOW 00€CIIeUeHHO-
CTH, TJIC aMILTUTY/Ia BOJIHOBBIX JiehopMariuii peibeda, 3aTyxast ¢ yIaJieHUeM OT Oepera,
CTaHOBHTCS COMIOCTABUMOM € TIOTPENTHOCTHIO poMepa rTyOuH JHa. [IpakTrka nmokaspl-
BAET, UTO MIyOWHA BOJBI HA TPAHHIIE COOTBETCTBYET YBOCHHOMN BBICOTE BOJIH JTAHHOM
obecrieuenHocTH [21].

IIpo6aembl pazBuTHs KypopTa Bapanepo u ux pemenune

Uccnenyemplii pailoH 0XBaThIBAET MOIYOCTPOB MKakocC, pacnosio;KeHHBIM Ha CeBe-
pe KyOwr1 (puc. 1). O npoTsHyncs B ceBepo-BocTouHoM (70°) HampaBieHUH Ha 22 KM;
IMprHA ero Bo3pactaer ot 0,5 kM y ocHOBaHUsA /10 1,2—2,5 KM 1o Mepe IpruOIHKEeHUS
k nucramu. C 1956 1. Mkakoc mpakTUUECKH SIBISIETCSI OCTPOBOM B PE3yabTaTe CTPOU-
TENbCTBA B €r0 OCHOBaHMH KaHaja Paso-Malo, oGecnieunBaromiero mpoxoa Majgomep-
HBIX TUIaBCpeCcTB u3 3anmBa (OyxThl) Kapnenac Bo ®nopunckuii mponus (puc. 1).

OpHOl M3 3a/1a4 TEO0IKOJIIOTUYECKON OIEHKH KaKOH-THOO0 TePPUTOPHH SBISETCS
orpeneneHne KOH(QIMKTHBIX MPUPOTHO-aHTPONIOTCHHBIX cHTyannii. OCHOBHBIE T'e0d-
KOJIOTHYECKH HaIpsDKEHHBIE CUTYallMM Ha TEPPUTOPUH TOITYOCTPOBA CBA3AaHBI C pac-
MTOJIOKEHUEM B HETIOCPEACTBEHHOW ONM30CTH palilOHOB HE(PTETOOBIUH, PACITHPCHUEM
cenuTeOHON MHPPACTPYKTYPHI (CTPOUTEIILCTBO OTEIICH, TOPOT | IIp.), CTPOUTEIBHBIMHU
1 OBITOBBIMH OTXO/IaMH, HEJJOCTaTOYHO OEpeXKHBIM OTHOIIEHHEM K IISDKaM M COMpe-
JICJIbHBIM C HUMH paiioHaM TPHUPOAHOHN IMOIIUTKH MecYaHbiM MarepuaioM. OcTaHo-
BHUMCS Ha OJTHOM M3 HUX.

Bapanepo HaxomuTcs MeXay OCHOBHBIMH paifoHamu HedremoOwsram Ha Kyoe:
nobepexxbe ['aBaHa — Marancac u mpuieraromas Kk Bapagepo TeppuTtopusi MeJKo-
BOAHOH (TIyOWHA HE MPEBHIIACT HECKOIBKUX METPOB) OyXThl Kapmenac m ee 10)KHO-
r0 U I0r0-BOCTOYHOTO TMoOepexbsi. ComyTcTByIomue 100bIYe HEPTH IKOJIOTHUYECCKHE
poOIeMBI TIPU BCEH 3aKOHOAATEIFHOM CTPOTOCTH 3TOTO MPOIIecca CTaBsT MO YIPO3y

n-oB Ukakoc
Daopunckuii
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Puc. 1. MecTononoxenue nonyoctpona Mxkaxoc.

Ha Bpeske: / — naryna Paso Malo, 2 — kanan Paso Malo, 3 — m. Bernardino, 4 — m. Chapelin,
5 — wm. Frances, 6 — m. Hicacos, 7 — M. Molas, 8§ — xanan KaBama.
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koMpopTHOCTh Typu3ma. Tak, TsxKelble BBICOKOCEPHHUCTBIC COpPTa HE(TH HACHIIIAIOT
OKPY’KaIOIIYI0 BO3IYIIHYIO CPEy CEPOBOIOPOJOM, U 3arax TyXJIBIX ULl IIPH OIpesie-
JICHHBIX HAIIPaBIEHUIX BETPa IOCTHTAET KypOpTa, OTITyTUBAs TYPHCTOB, KOTOPHIE BO3-
JICPYKUBAIOTCSI OT TIOBTOPHBIX €r0 MocelieHuii. Mexy Tem, Hanpumep, B 2015 . KyOy
MTOCETHITN 3,5 MITH MHOCTPAHHBIX TYPHCTOB, YTO YBEIMYMIIO TOCYAaPCTBEHHBIIN OIO/HKET
Ha $1,94 mupa. Tlpu atom moxom ot Kypopta Bapagepo cocrasui okono 40 % stoi
cymMmbl. ClienyeT Takke Y4eCTh pojib KypopTa B 00ecriedeHIH pabOuYuMHU MECTaMHU KY-
OMHCKOTO HaCeJIeHUS! M3 COCEAHMX paioHOB. Ilo mporHo3am KyOMHCKHX COITHOJIOTOB,
AQHTPOIIOTCHHBIN MPECCHHT Ha MOJTYOCTPOB OyJeT BO3pacTaTh, U 3[€Ch BaXKHO JaTh CBO-
€BPEMEHHYIO OLIEHKY COPa3MEpPHOCTH TEPPUTOPUH U €€ TIPUPOIHBIX YCIOBUHN, C OHOM
CTOPOHBI, U MPEACIbHO BOZMOKHON YHCICHHOCTH HACEJICHUS U XapaKTepa ero >Ku3He-
JeATENbHOCTH, C APYTOM.

MaTepnanbl U METOAbI UCCJICAOBAHUA

I'maBHBIM 00BEKTOM HCCIIe0BaHU OBILIIO 3amagHoe NpHUOpexbe nosryocTposa Mka-
KOC. DTO OOBSCHSIETCS] TEM, YTO COXPaHHOCTh PACTIONIOKEHHBIX 31eCh IJIsKer Bapase-
PO BBI3bIBAET OOJIBIYIO TPeBOrY. s MX MoIepKaHUs B IOCIIEAHUE AECATHIICTHS IIPO-
M3BOJUTCS NEPUOJMUYECKAsl TTOJICHINTKA TIECKa — B OCHOBHOM K 10Ty OT M. YamnenuH — Ha
npoTsuKkeHuH npuMepHo 12 kM. Tak, ¢ 1987 . 37ech OTCHIMTAHO OKOJIO 3 MIJIH M® mecKa
IPU CTOMMOCTH MPUMEPHO 5 KyOHMHCKUX Ieco 3a 1 M°.

C 1emnbio BBISIBICHUS TEKTOHUYECKOM MO3UITNH T1-0Ba VKkakoc B HOBeilme cTpyK-
Type KyOMHCKOTO apxuIiesiara Obul BBIIIOJIHEH CTPYKTYPHO-T€OMOP(OJIOrMUeCKUM aHa-
T3 MEJIKO- U CPEeAHEMACIITa0HBIX TOMOTpa(uIecKux KapT B COOTBETCTBHH C arpo-
OMpPOBAaHHBEIMHU Ha MPAKTHKE METOTUYeCKUMH TipreMamu [9, 18, 19]. Mcmonp3oBanuch
TaKKe reoJIoruueckas 1 TekToHnueckas kaptel Kyos macmraba 1:500 000 (Mapa Ge-
ologico De La Republica De Cuba, 1985, rekronnueckas kapra Kyosr, 1989), a taxxe
reomopdororuueckas kapra macmrada 1:1 000 000 (1970). bonsmioi 06bem nHbOP-
MallMy TOJIyYeH B pe3ysbTare JIemuppupoBaHns KOCMHYECKUX PaJapHbIX H300paske-
Huid mMacmraba 1:250 000. s coctaBiennst KapTorpaduueckoit MOmeTn HOBEHIIICH
TEKTOHHUKH MOJIYOCTPOBA M COMPEAEIBHOrO 1elb(a MPUBICKATUCh CPEAHE- H KPYITHO-
MacmTaOHbIe Tomorpauaeckue U OaTUMETPUICCKUE KapThl, TAaHHBIC CEHCMOAKyCTH-
YECKOr0 M HXOJIOTHOTO MPOQUIMPOBaHUS, adpOoCHUMKHU 3a 1957 u 1971 rr, a takxe
CHUMKH co cnyTHuKa Landsat, pasmemniennsie B iporpamme Google Earth (https://www.
google.com/earth/). IIpocTpancTBeHHOE paspemieHue nmocieanux myqmre 1 m. s 3a-
BepKH Aetn(pprupoBaHusl NCTIONIB30BaHbl (hoToM300paxenus ¢ caiita Panaramio (http:/
WWW.panoramio.com).

J1J1s OLeHKH HanpaBieHHs BEPTUKAIbHBIX ABHKCHU I BBIICTICHHBIX OJIOKOB IIPUBIIC-
KaJIUCh pErHOHAILHBIC TPU3HAKU: HAPYIICHUE 30HALHOCTH B PACIIONIOKEHHH B PA3HOM
CTEIeHH rano(uiIbHON U ranoGoOHON PacTUTEIBHOCTH MO OTHOLICHHUIO K YPE3y BOJBL,
MPOJIBM)KEHHE MOJIO/ION MOPOCIH MaHTPOB B aKBaTOPHUIO WIIM OOHAPY)KEHHE 3aTOILICH-
HBIX [THEH Ha OABOJHOM CKJIOHE, HAJIMUUE 3aTOIUICHHBIX MJIM HOAHATHIX Ha Oepery oT-
JIOKEHUH OMY-pOKa, MOCIIEA0BATEIILHOCT B TEOJIOTHIECKOM pa3pes3e akKKyMYJISTHBHBIX
OCpEeroBEIX OTIONKCHHH (TPaHCTPECCUBHAS WIIM PETPECCUBHAS), TCHACHITHSI Pa3BUTH
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Image Landsat / Copernicus
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Puc. 2. Tumsr 6eperos n-oBa Mxaxoc.

OcHoBa — kocmuyeckuii chumok (Landsat, 31 nexa6ps 2003 t.; https://www.google.com/earth/).
Tunsl GeperoB: / — akKyMyJIATHBHBIC [UISDKEBBIE TIECYaHbIE;
2 — abpa3sHOHHO-aKKYMYJISITHBHBIE, C IECYAHBIMHU IUISKAME M M3BECTHIKOBBIMHU OCHUAMM;
3 — abpa3uoHHbIE, ¢ 6EPErOBBIMHU YCTYIIAMH, BHIPA0OOTAHHBIMH B M3BECTHIKOBBIX MTECYAHHKAX
(kanpKapeHuTax); 4 — 5pO3MOHHbBIE, C(POPMUPOBAHHBIE IPHUIMBHBIMU TEUCHUSIMU; 5 — Mpeoliaiaronie
HAIPAaBJICHHUs TIOTOKOB HAHOCOB; 6 — HAIPABIECHHS PEBEPCHUBHBIX MPHINBHBIX TEUCHHH.

MPUOPEXKbS IO AKKYMYJISITABHOMY HMJIH a0pa3HOHHOMY CLIEHApHIO U Jip. [[puMeHuTeNh-
HO K Oeperam ObUIN TPHUBJIEYEHBI OPUTUHAIBHBIE KaPThI: MOp(dOreHeTnIecKast, 1eMOH-
CTpUpYIOIIast UX AUCKPETHOCTH (puc. 2), u MopdoauHamuyeckas (puc. 3), MoKa3bIBaro-
I1as1 IEJIOCTHOCTH Pa3BUTHS OeperoB Kak KOMIIOHEHTA MTPUOPEKHON 30HBI.
CoBpeMeHHasi TMHAMUKa OEpEeroB OICHEHA IyTeM COMOCTAaBICHHS KOCMHUYECKUX
cHUMKOB 3a 31 mexabps 2003 . 1 15 mexabps 2013 1., pa3sMemeHHBIX B IPOrpaMMe
Google Earth (https://www.google.com/earth/). B Bepcun Google «Timelapse Goog-
le Earth» kocmuueckue caumku Landsat 3a 1984—2011 rr., npeacTaBiCHHBIC B BUC
aammanuu (https://earthengine.google.com/timelapse/), matoT BO3MOXHOCTH TTOTYYUTh
MPeACTaBICHUE O TEHACHIMAX Pa3BHTHUSI OEPETOB OTHOCHTENBHO KPYIHBIX PallOHOB.
st 3aBepku nemupupOBaHUs HCIIONB30BaHBI (poTom3o0pakeHus ¢ caiita Panaramio
(http://www.panoramio.com). Ha abpa3noHHBIX ydacTKax Oepera cpaBHHBaJIOCH MOJIO-
JKEeHUE OpPOBKHU OEpEeroBOro ycryra, a Ha akKyMYJIITUBHBIX — OCHOBaHHS TUISIKA.

Peabed

ITo popme momyoctpoB MKakoC HATOMHUHACT KOCY — OEPErOBYIO aKKYMYJIATHBHYIO
¢dopmy azoBckoro tuna. Ero penbed mpencrasieH HU3KOM (B cpeiHEM BBICOTOM 10 M)
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Puc. 3. luramuka 3amaaaeix 6eperos n-oBa Mkakoc 3a nepuox 2003—2013 rr.

OcHoBa — xocmudeckuit caumok Landsat (https://www.google.com/earth/).
CwmenieHne OeperoBoii JIMHUM: | — HE3HAYUTEIBHOE WM OTCYTCTBYET; omcmynanue: 2 — MeHee
1 m/ron, 3 — 1—2 m/rox; BeIBHKEHME: 4 — MeHee | m/roxa, 5 — 1—3 m/rox, 6 — 3—10 m/rox;
7 — mpeobnagarolye HapaBIeHUs TIOTOKOB HAHOCOB; 8 — HAIPaBICHHS PEBEPCUBHBIX MPHINBHBIX
TeyeHuit. JIMHUSMU [IOKa3aHbl IPAHHIIBI yYaCTKOB Oepera ¢ pa3inyHON THHAMHKOM.

a0pa3snOHHO-aKKyMYIISITHBHOH PAaBHUHOM C HECKOJBKHMMH OCTaHIAMH KOPEHHBIX Kap-
OOHATHBIX MOPOJ, MaKCUMaJIbHAsT OTMETKA KOTOPBIX cocTaBisieT 27 M. Ha moBepXHOCTH
MOTyOCTPOBA BBIACIAIOTCS aOpa3HoOHHBIE Teppachl BbicoTo 2—3, 5—7 u 10—15 m.
Bocrounsrit 6eper moimyocTpoBa Hanbonee HU3KHHM (1—1,5 M) U oTiIMUaeTcsl pa3BUTH-
eM OOJIOT MU MaHIPOBOH PaCTUTENILHOCTH. 3alaHbIl Oeper XapakTepHu3yeTcs NecYaHbIMU
wispkamu mupuHoit 20—30, mectamu 10 50 M. Ha Tpex ydacTkax K ypesy BOJBI BBIXO-
JSIT KOPEHHBIE U3BECTHSKOBBIE IOPOIbI, 00pa3ysi MBICHI C XOPOLIO BbIPAKEHHBIMU KJIU-
¢amu BeicoTOl 10 8—12 M. B Hux BbIpaboTansl HUIIM DTyOnHON 1—1,5 M 1 BBICOTOH
1o 0,5 m. TTocnemaue, mo-BUIUMOMY, 00pPa30BaIMCh B pE3yIbTaTe XUMHUECKONW adpasuH,
TaK KaK Ha IOJBOIHOM CKJIOHE He OOHApY:KeHO OOJIOMKOB MPOYHBIX MOPOA, 00pasyro-
ITUXCS BCIIGICTBUE MEXaHUIeCKoi abpasuu. Mexny mpicamu Yamnenna u @pances (CM.
puc. 1) chopmupoBanach akKyMyJsTHBHas Teppaca «ce00pyKo», CII0KEHHAS CLIEMEHTH-
POBaHHBIMH OOJOMKaMH pPaKylid, pU(OBBIX MU3BECTHSKOB, (hopamMuHH(ep, OpraHoreH-
HBIM IIECKOM M JIPyTHMMH PAa3HOBUIHOCTSAMH IIOPOA MOPCKOTO IPOUCXOXIeHUs. B npuy-
PE30BOi MOIOCE Ha HU3KUX Teppacax MIMPOKO pacipoCTpaHeHbl MUKPO(GOPMBI MOPCKOTO
KapcTa B BUJIC YAIICBUIHBIX MOHIKEHUH (KacHMOBI) M IUTIOB (AWEeHTE TIeppo). Bo3pact
Takux Teppac KyObl 103HEroI0eHOBbIH U M0 JaHHBIM PAANOYIIEPOAHBIX JaTHPOBOK
('MH-510, T'MH-511) naxomutcs B mpeaenax 2—4 ThIC. painoyIIepoaHbIX JeT [8, 24].
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Bonee BricOkMe Teppackl chopMHUpOBaINCh B Hauaje IO3JHET0 HEOIUICHCTOIle-
Ha (caHraMOHCKHi Tepron). Ha akkyMysIsITUBHBIX ydacTKax Oepera MpociieKUBaeTCs
JipeBHUM necyaHbll Bai mupruHOd 20—30 M U BBICOTOM /10 TIEPBBIX METPOB MPEJIO-
JIOKUTENBHO caHramMonckoro (Q,') Bospacta. OcHOBaHME MOJNYOCTPOBA TIPEICTABIIAET
c000¥i TepechITb TPEATIOI0KUTEITHPHO CAHTAMOHCKOTO Bo3pacTa. Ero ceBepHbIil Oeper
MIPOJIBUTAETCS HAa BOCTOK, Pa3BUBASICh 10 TUITY KOCHI B BOJIHOBOHM TeHU Mbica dpances
B pe3yJbrare pasrpy3kd JOKAIBHOTO BIOJIHOEPETrOBOIO MOTOKAa HAHOCOB CEBEPO-BOC-
TOoYHOTO HanpasieHus. COrIacHO M3JI0KEHHOMY, BO3pacT penbeda momyoctpoBa Mka-
KOC MOJIOZION, HE APEBHEE MO3AHETO HEOILIEHCTOLIEHA. ET0 OCHOBHBIE UEPTHI OTPAKAOT
JIBA YPOBHS — BEPXHHUH a0pa3noHHO-ACHYTAIMOHHBIA U HIDKHUH aKKyMYJIITUBHBIH.

ComnpenenbHblii  MIOTYOCTPOBY 3amaiHblid  1menb( MenxkoBoaHblid. [lepern6d
K OCTPOBHOMY CKJIOHY IIPOMCXOUT B CpeaHeM Ha riryOuHe 25—40 M, nHOTIa HECKOIIb-
KO MeHbIIe uiu Oonbine. OH pacmupsiercs oT 0,5 KM B Havalle MoiryocTpoBa 0 7 KM
B €ro mpuaucTanbHoi 4acTu. COOTBETCTBEHHO YKJIOH MPUOPEIKHONH OTMENH M3MEHS-
ercs ot 0,011—0,014 mo 0,005—0,008. B pennede mennha oTMedeHBI aOpa3HOHHBIC
TEeppacoBble CTyneHu Ha myoune 5—6, 10—14, 20—25, 30—35 M u yxe Ha 0CTPOB-
HOM CKJIOHE Ha TTyOmHe 65 M. BricoTa OpOBOK Teppac Haa UX THUIOBBIM IITBOM YacTO
cocTaBisieT 0Kosio 7 M. OTUETIAMBO BBIACIAIOTCS IBE TeHEPALUH MOABOIHBIX MECYaHbIX
BAJIOB CO CJ1a00 BOJHUCTBIMH OYE€PTaHUSIMHU, IPOCTUPAIOIINECS cyOnapauieabHo oepe-
ry. IlepBeiii Ban ynanen ot ypesa Ha paccrosaue 80—160 M npu niryOuHE THA OKOJIO
2 M. Ero oTHOCHTEINIBHAS BBICOTA COCTaBiseT | M, a nryOuHa Bojbl Haja HUM 0,3—0,7 M.
BTopoii Bai 6oiree KPYITHEIH ¢ OTHOCHUTEIBHOM BEICOTOM 2—2,5 M. OH chopMupoBacs
Ha JHE Ha MIyOuHe 5—6 M W y#ajieH oT ype3a Ha paccrosHue ot 200—250 xo 700 m
u Oosnee. [ToBepXHOCTD mienb(a OCIOKHEHA TPEMsI TeHEPaIUsIMH PHQOBBIX TTOCTPOEK,
00pa3yronX MPephIBUCTHIE TPSIbI, KOTOPBIC YIAJSIOTCS OT Oepera B HalpaBIICHUH K
JIUCTAJIU MOJIyOCTpoBa Ha paccrosiue ot 0,7 1o 5 kM. binwkaue k 6epery pudsbl, pac-
nonoxeHHble Ha riryouHe 10—15 M Ha pacctosaun 0,7—2,5 KM OT Oepera, — penuk-
TOBBIE, OUYEBUIHO, CAHTAMOHCKOTO Bo3pacTa. Ha rmyOune 17—18 M mpocnexuBaeTcs
cpensss rpsaa. Pudpsl yrueTeHHbIe, COBpeMEHHBIE, YHACIESAOBAHHO Pa3BUBAIOIINECS Ha
Oosiee IpeBHEH reHepanny, BEpOsITHO, CAHTAMOHCKOTO Bo3pacTa. TakuM o0pa3oM, OHU
SIBIISIFOTCSL aJISPEHTHBIMU (HAaCa)KeHHBIMHU) (OpMaMU. YIaleHbl oT Oepera Ha paccTosi-
Hue 2—3,5 kM. BHemHas rpsjga pacrnonoxeHa B npenenax nzoodar 50—60 M u ynaie-
Ha oT Oepera Ha 1,2—5 kM. Pudpl akTuBHBIE, UX OTHOCHTENbHAS BBICOTA COCTABISET
10—15 M. B cpenreM miryOmHA BOIIBI 10 TIOBEPXHOCTH pUQOB cocTaBiseT 7—28 m [15].

T'eosiornueckoe CTPOCHHUE MU TEKTOHUKA

leonoruueckoe crpoerue noxyoctpoa Mkakoc B cBOell OCHOBE IMPEICTaBICHO
HECKOJIBKMMHU OCTaHIIaMU MHOIICHOBBIX N3BECCTHAKOBBIX IICCHAHNKOB (KaHLKapeHI/ITOB),
KOTOpBIE B TIEPHO]] CAHTAMOHCKOW TPaHCTPECCHH COSTMHUIINCH TIECUaHBIMU TIEPECHITIS-
MU, 00pa30BaBIIUMHU 30JIMAHUTHL. B pesysbrare monyocTpoB mpuoOpes OJU3Kuid K co-
BPEMEHHOMY BHUJ. [ 0OJIOTICHOBBIE OTIIOKEHUS C 3allaHON CTOPOHBI MPEICTABICHBI MOP-
CKUM OPraHOTCHHBIM MECKOM IUISHKEH i OTPAaHUYCHHO OPTaHOT@HHOM KOHTIIO-OpeKuuneit
Teppachl «CeOOPYKO», a ¢ BOCTOYHON — IMPEUMYIIECCTBEHHO OTIOKCHUSIMH OOJIOT
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Puc. 4. Kapra-cxema HOBeiiIeii TeKTOHUKH 1M-0Ba Mkakoc U conpeesibHOro 1mebda.

1 — pa3pbIBHBIE HApYLIEHUs (¢ — BBIIBICHHBIE 110 T€0JI0T0-reoMop(oI0rnIecKuM
WM CEIICMOAKYCTHYECKHM JaHHBIM, 6 — MPEAIoaraeMble 0 reoMOP(OIOrHYeCKUM IIPU3HAKAM);
2 — 00001IeHHOE pacTpeeNieHHe aMIUTUTY/] MOJHATHH OT HAMMEHBIINX (a) K HAanOOIbIINM (2);
3 — JNOKaJbHBIC MOMHSTHUS; 4 — CyIIa; 5 — 0000IeHHas XapaKTepUCTHKA THHAMUIECKOTO COCTOSHUS
OeperoB (¢ — KBa3UCTaTHYHBIE, O — CJIA00TO BO3ABIMAHUS, 8 — YMEPEHHOTO BO3/IBIMAHYS);
6 — m3o0arsl. Ha Bpeske: / — n-oB Mkakoc, 2 — Oyxrta Kapnenac, 3 — 3anuB Marancac,
4 — roxxHas TpaHuIla nporuda Pemennoc.

HEOOJIBITUX MEJIKOBOIHBIX JIATYH. B coCTaB meckoB 0OBIYHO BXOAST OeHTOCHBIE (hopa-
munHHeps! (dacto 6onee 50 %), netput pakymm (20—35 %), yenryiku XaaTuMeT0BbIX
Bonopocieit (15—30 %) u kommoneHThI pudoB (1—3 %). [lokazarens COpTHPOBKH T1e-
cka S cocrapnsier 1,1—1,43, menuanubiii nuametp M, paBen 0,24—0,55). I'onoreno-
Bas ((raHIpCcKas) TpaHCTPeCcCHs, Kak U CAaHTaMOHCKasl, CTIOCOOCTBOBAIA JAIbHEHUIIIEMY
00bETMHEHHIO BBICTYIIOB KOPEHHBIX ITOPOJ] TIECYAHBIMHU TIEPECHITTSIMHU.

B TekTOHMYECKOM OTHONICHUH TOyOCTpOB MKakoc mpecTaBieH pa3ioMHO-0J10-
KOBOH CTPYKTYpO# (puc. 4), OCIOKHSIONIEH IIeHTPUKIHHAIL HEOTEKTOHUIECKOTO TIPO-
rubda Pemenuoc, orpannyuBaroiero ¢ cesepa o. Kyoa [7]. Ero npoucxoxenue, 1mno-Bu-
TUMOMY, M3HAYAJILHO TIPEIOTPENEICHO CHCTeMOl Aud(GepeHITMPOBAHHBIX OJOKOBBIX
MIOJTHATHH, COMYTCTBYIOIIUX Pa3BUTHUI0 HEOTEKTOHHMYECKOTO PETHOHAILHOTO pasjioMa
CEBEPO-BOCTOYHOTO MTPOCTUPAHNUS JIEBOCIBUIOBOM KHEeMaTuku. Pasiom B Buze cOpo-
co-caBura repecekaet 0. Ky0a, nHuImupyer oopazoBanue rpadbeHa 3anmBa Marancac u
OrpaHMYHUBACT C 3araja ceBepHbIH menbd o. Kyba, BKiIro4as ero pailoH, mpuiIeraronmi
K m-oBy Mkaxkoc.

COpoco-cnBurossle aedopmManuy COMPOBOXKIAINCH APOOICHHEM IPHUIIOBEPX-
HOCTHOTO TOPU30HTA 3€MHOM KOpbI Ha HeboupiIre OMoKu ¢ nudhepeHInpOBaHHBIMI
BEPTHKAILHBIMU JIBUKCHUSMU Ha OTHOCHUTENBHO MOJHATOM KpPbLJIE Pa3lioMa, OCIIOXK-
HUBIINE LEHTPUKINHANG nporuda Pemenuoc. OpueHTalus pa3pbIBHBIX HapyIIEHUH
MTOJTyOCTPOBa TOJYMHEHA CEBEPO-BOCTOYHOMY M CEBEPO-3aIla[HOMY HaIpaBICHUSM,
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YTO CBOHCTBEHHO KYOMHCKOMY apXuIenary B 1eiom. JIokanbHbIe TOAHSITHS Ha MIelb(e
oJIyoCTpoBa (CM. puc. 4), BEPOSITHO, SBISIOTCS (PparMeHTaMHU JJOHEOTCKTOHHYECKOTIO
CTPYKTYPHOTO IJIaHa PEerHOHa, KOT/la IOMUHUPOBAIA CKIaadaras CTPYKTypa U pa3Bu-
BaJIMCh JIOKAJIbHBIE MJIMKaTUBHBIE JUCIOKAllMM. B MiaHe oHM MpoAOIKaloT pachoso-
JKEHHBI BOCTOYHEE OCTpOoBHOM apxunenar Cabana-Kamaryait, oTpaxaronuii aHTHKIIN-
HaJIbHBIE TIOTHATHS, OTPaHUYMBAIOIINE ¢ ceBepa nmporud Pemennoc. Hayano cranosne-
HUSl B COBPEMEHHOM pelibede OJIOKOBOH CTPYKTYpBI MOJTYOCTPOBA OTHOCST K PyOeKy
IUTHOIEH — TUICHCTOICH, KOT/Ia CKJIAYaThlii TeKTOTeHe3 KyOWHCKOTO aHTHKJIMHOPHS
CMEHUJICS TIPEUMYIIIECTBEHHO NU3BIOHKTUBHEIM [1]. Cumraercs, 4To MUHUMAIBHBIN
TIePHOJT TIEPECTPOHKH TITyONHHBIX MPOIIECCOB, MHUITMHPYIOMNX TEKTOHUIECKHE CTPYK-
TypooOpasyomye 1BrmkeHust, cocrasisieT 10 Toic. net [4]. [ToaToMy Havano npogoimka-
IOLICHCS B HACTOSIIEE BPEMsi MOJIO/ION TEKTOHNYECKO! (pa3bl MOYKHO OTHECTH K PyOeKy
MTO3/THAN HEOTUICHCTOIICH — TOJIOIEH, a HAavyaJlo €e COBPEMEHHOU CTaJIuu — TIpUMeEp-
HO K mepuoay 2,5—2,0 ThIC. JIET TOMY Ha3aJ, KOIJa 3aMETHO MPOSBUIOCH YCHUIICHUE
TahpOTEHHOTO peKUMa Pa3BUTHS 3eMHOU KOPHI [ 16].

I'mapomeTteoposiornyeckue ycaoBus

I'mapomeTreoposoruueckue ycaoBHs HCCIEyeMOro paiioHa BO MHOTOM ONpeaes-
IOTCSI CEBEPO-BOCTOUHBIMHU TTACCATaMH, TTOJT BO3ACHCTBHEM KOTOPBIX 00pa3yroTcss MOp-
CKue BOJHBI BbIcOTOHM 0,5—1 M, U ceBepo-3anaJHbIMU aHTUIUKIOHUYECKIMH BETPAaMH,
CKOPOCTH KOTOPBIX B IITOPMOBBIC JIHU (OOBIYHO JBa-TPH JHA) nocturaer 15—20 m/c;
IIPU 3TOM BBICOTA TEHEPUPYEMbIX MOPCKUX BOJIH, OKa3bIBAIOIUX Pa3pyILIUTEIbHOE BO3-
JieficTBHE Ha IJISHKU TOJTyOCTPOBa, IpeBbimaeT 2 M. [Ipun ymMepeHHOM BOJIHEHUH mepe-
CTpOMKa MJISDKEH MPOUCXOAUT 10 MOJIOBUHBI UX IIMPHHBL. Penkue yparansl, Ipoxoms-
e co ckopoctbio 40—55 u 10 73 M/c, OKa3bIBAIOT KaracTpouiyeckoe BO3ACHCTBHE
Ha Oepera: IJISHKA Pa3MBIBAIOTCS MOJIHOCTHIO, a TIEPECTPOIiKa aKKyMYJISITUBHOTO TIPO-
(i Ha TOABOJHOM CKJIOHE MPOCIICKUBACTCA A0 ITyOouHs! aHa 10 M. B cpennem nore-
PH TIeCKa ¢ TishKel mpubmkaoTest K 50 Teic. M /rox. DToMy cmocoO6CcTByeT crienupuka
PETMOHAIBHOTO IJIHKEOOPa3yIoLIero MaTepralia, OTIMYAIOIIerocs: ObICTPOH ucTupae-
MOCTBIO U MTOBBIIICHHOHN (PrIOTaIUeH.

CoBpeMeHHasl KMHEMAaTUKa YpOBHS MOpPSI B PEIMOHE OLCHUBACTCS HEOIHO3HAu-
Ho. CornacHO JaHHBIM MOCTOB HAOJIONEHHI, YCTaHOBIEHHBIX O Oeperam KyOsl, OT-
HOCHUTEJbHBIE ero KojieOaHus U3MEHSIOTCS OT OTPHUIIATENbHBIX J0 MPEUMYIIECTBEHHO
HEOJHO3HAYHBIX MOJOKUTEIbHBIX 3HAUCHUH. JTO CBA3aHO C HEYYTCHHBIM BIMSHUEM
HOBEHIIICH TEKTOHUKH MECT PACIOIIOKEHUs MOCTOB HaOroneHus. [loaTomy, Hanpumep,
3a mepuoa 1966—2005 rT. CKOPOCTh TTOBBIMICHHUST YPOBHS 3aUKCHPOBAaHA B Mpeaeiax
0,06—2,14 mm/rox. ITo manubiM MHCTHTYTA OKeaHosorun KyObl, ypoBeHb MOpSI 3a 110-
CJIC/THUE JICCATUIICTHS MOBBIIIAETCS CO CKOPOCTBIO 2 MM/TOJI, a COTIACHO JaHHbIM Ky-
OMHCKOTO areHTCTBa 110 OXpaHe OKpykaromiei cpenbl, ¢ 1966 no 2015 . ypoBeHb MOpPs
MOBBICHJICS Ha 6,74 CM, T. €. CpeHsIsl CKOPOCTh €ro pocTa cocraBmwia 1,35 mm/ro.

[loneBble HAOMIONEHHS M CONOCTABJICHHE PAa3HOBPEMEHHBIX CHHMKOB ITOKa3aliy,
410 OO0JbILAs YacTh OEperoBoil MMHUK cTabmibHa (CM. puC. 3), YTO SIBISETCS, OYCBU/I-
HO, CJIEICTBUEM UCKYCCTBEHHOM IIOJICHIIKH N1€CKa. AKKYMYJIATUBHbIE IJSDKEBBIE Oepera

160



I'EODKOJIOTI A

MepecTPanBatOTCs B XOJI€ ITOPMOB JOCTATOYHO HHTEHCUBHO. OTHAKO TaKHe U3MEHEHUS
HE IMOBCEMECTHO ObLTH HeoOparuMbIMH. Hanbomnee ycTONUMBBI IUSHKU B CPEIHEH YacTH
ITOJIyOCTPOBa — BEPOSATHO, MTOTOMY YTO CIOIa YCTPEMIIAIOTCS MUTPUPYIOIINE BIOJIBOE-
peroBbIe OTOKK HAHOCOB KaK C F0’KHOM, TaK 1 ¢ CEBEPHOM CTOPOHBI TIOJTyoCcTpoBa. AOpa-
3WOHHBIE Oepera B TEUEHHE JAHHOTO OTpe3Ka BPEMEHH HE M3MEHMJIM CBOEH MO3UITHH.
OnHako OTMEUEHHBIE HETOCPEICTBEHHO Ha ype3e BOAbI OJIOKH KOPEHHBIX MOPOA pas-
MEPOM JI0 IIEPBBIX METPOB CBUAETEILCTBYIOT O TOM, YTO UX YCTOMYMUBOCTS, M0 KpalHeil
Mepe, Ha CpeHeMacIITabHOM OTPe3Ke BPEMEHH SIBIISCTCS MPOOIEMATHIHOM.

Ha nmpumepe Gepera B patione M. @paHce3 npudrHa 00pa3oBaHus OJIOKOB BUJIUT-
cs B cienyromieM. VM3HaganpHOE TOPU3OHTAIBHOE 3aJeTaHNe TIaCTOB KaJlbKapEHHUTOB
ObUIO U3MEHEHO HOBEHIEH TEKTOHWKOM TakuM 00pa3oM, YTO MX MPOCTHPAaHUE CTa-
7o 220°, T.e. cyOmapamiensHO O0IIel OpHEeHTAINH MMOIyOoCTpoBa, a majaeaune 22°. Bo
BpeMs IITOPMOB B HHINIAX Oepera MPOUCXOIUT BbINIEIAYNBAHHE KAJLKAPEHUTOB II0
IJIOCKOCTSIM HAIJIaCTOBaHUsI, KOTOPOE YCHUIIMBAETCS BCICACTBUC OPU3aHTHOIO 3 heK-
Ta MPH yIapax BOJIH W JIABICHWW CXKMMaeMOTo Bo3ayxa. B pesymbrare mo Hamboee
ocnalIeHHOH MIOCKOCTH HAIIAaCTOBAHHUSI 00pa3yloTCsl yCTPEMIICHHBIE TI0 BOCCTaHHIO
IJTACTOB HEOOJBIIME TPEUIMHHOTO BHIA KaHaNbl. B MecTrax BBIXOIa WX Ha TOBEPX-
HOCTbH MPOMCXOJHUT BBIyBaHUE CXKAaTOTO B HUIIAX BO3AYyXa M BBIHOC MEJIKHX YaCTHIL
Pa3pylICHHBIX KaJbKapeHUTOB, 00pa3yIOIINX B YCThe KaHAJIOB cBoero pona blow-hole,
HACBIITHBIE KOHYCOBUIHBIE MUKPOXOJIMUKH AHaMeTpoM B ocHoBaHuH 110 20—30 cm u
BBICOTOH 10 15—20 cm. [1o HUM XOPOIIIO TIPOCTICKUBACTCS OPUSHTAITHS TNIOCKOCTH Ha-
mactoBaana. Co BpeMeHeM TI0 STOH MMOBEPXHOCTH MPOUCXOANT OT/IEICHNE MOPUCTON
YacTH COOTBETCTBYIOLIETO yyacTKa Oepera ¢ 00pa3oBaHHEM INIbI0 KOPEHHBIX MOPOJ Ha
JIUHUH ype3a MOPCKOTO YPOBHS.

Ilasizkun Bapaaepo u BO3MOKHBII CTIOCO0 UX 321U THI

Kak ormeuanoch BbllIe, 3amaHbie Oepera m-oBa Mkakoc HanOonee oABEpKEHbI
JIECTPYKTUBHOMY BO3JIEMCTBHIO CO CTOPOHBI CEBEPO-3alaJHBbIX TPOIMMYECKHUX IUKIIO-
HoB. [Ipu aTOM B paiione Bapajiepo skcTpemMaiibHbIe IITOPMbI IPOTEKAIOT, KaK MTPABUIIO,
Ha (OHE BBICOKHX IITOPMOBBIX HArOHOB, BBI3BIBAIOIINX YACTHYHOE WM IOJIHOE 3aTO-
meHue misixa. HemocpenctBeHHOE BOTHOBOE BO3JIEHCTBHUE HA TUISIK U TPUMBIKAIOIIY IO
ABaH/IIOHY TIPUBOJIUT K Pa3MbIBaM M BBIHOCY 3HAUUTEIIBHBIX 00BEMOB TMIECKa Ha TO/IBO-
JIHBIN CKJIOH. YacTh mecka 3arteM nepeMeriaetcs 3a OpoBKy mielb(ha, pacioioKeHHY O
JIOCTaTOYHO OJIM3KO K Oepery, n 0e3BO3BpaTHO I Oepera Tepsercs. BoiHBI maHHOTO
HanpasieHHs TOAXOIAT K Oepery n-oa Mkakoc nox yriom, omuskum k 45°. [TomyoctpoB
OpPHEHTHPOBAH TAKUM 00pa30M, 4TO MOTEHIIHATIbHAS EMKOCTh BIOIEOEPETOBOTO ITOTOKA
IUISHKe00pa3yoNMX HAHOCOB, CO3/1aBaEMOT0 ATHM BOJTHEHHEM, OJIM3Ka K MAKCUMaJTbHO
BO3MOKHOM BeuuuHe. [Ipu yCcroBHUU HACBIIIEHHOTO MOTOKA U C YYETOM MPSMOJIMHEN-
HOTO KOHTypa Oepera 3T0 03Hauajio Obl OTCYTCTBHE BO3MOKHOCTH CYIIIECTBEHHBIX pa3-
MBIBOB BJIOJIb OEPEroB, Tak Kak JIIOObIC BOMYIIECHUSI OEPErOBON JIMHUK BbI3bIBATIH ObI
pasrpy3Ky BI0JIH0€pEeroBOT0 MOTOKA U aKKyMYJISIHE0. VHade roBops, mpucnocoobIeHmne
JTAHHOHW PEJIMKTOBON (POPMBI K BOTHOBOMY KJIMMATy JIOJDKHO OBLIO ObI 00eCHeuuTh ee
KOHCEpBAIHIO.
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OpHako cieqyeT yYUThIBAaTh, YTO B HACTOSILEE BPeMs U3-3a MCTOILCHMS 3aIacoB
00JIOMOYHOTO MaTepualia MOTOK HAHOCOB BIOJIb TMOJyOCTPOBA €/IBA JIM MOXKET OBITh Ha-
CBIIIEHHBIM. A 3TO 03HAYaEeT, YTO JIOKAJIbHbIE OYary pa3MbIBa, 00yCIOBICHHBIE IPSIMbIM
HITOPMOBBIM BO37IEMCTBHEM, MOTYT pa3pacTaTbes, TaK Kak MOCTYIJIEHHE HAHOCOB M3
BZ0JIEOEPErOBOI0 [IOTOKA OrpaHuyueHo. [Ipn ocTosHHOM OTHOCHUTEILHOM YPOBHE MOPS
1 TeM OoJiee TIPH BO3MOXKHOM €TO MOBBIICHUH TUISHKH OyAyT NOCTENIEHHO TEPSTh Mare-
puan u nerpaaupoBars. [t nx coxpaHeHuss He0OXoIuMa NMepHoANYecKast HCKYCCTBEH-
Hasi UX MOANUTKA. DTHU301N4ECKIE MOACHINKH N1ECKA YITy4LIaloT CUTYaLHI0 Ha KOPOTKOE
BpeMsi, HO HE PEIaloT MpoOIeMbl B JOATOCPOUHOM Tiane [23]. B ronoBHOM yacTH mo-
JIyOCTPOBA, TZ1€ BO3MOKHBI TUBEPIEHIINS U KOHBEPIeHLIUS IOTOKOB HAHOCOB, MMEIOLINX
JIOKaJIbHBIH XapakTep, He UCKIIIOUEHBI 04ary pa3MbiBa H aKKyMYJISILIHH.

OmHUM 3 TIEPCIIEKTUBHBIX CITOCOOOB OEpero3amuTsl B HACTOSIIEE BPEMsI CUNTa-
€TCsl CTPOUTENBCTBO UCKYCCTBEHHBIX IUIsDKeH. VX mapameTpbl MOTyT OBITH paccunTa-
HEBI, HaIIpUMeEDp, Ha 6a3e Moaenu [22], CO3AaHHON CIIEIUATBHO JJI YCIOBUN 3HAYUTEIb-
HBIX IITOPMOBBIX HAaroHoB. [Ipo6iemMa, oqHaKo, 3aKIIOYAETCsl B TOM, YTO BCE M3BECT-
HBbIE METOJBI pacyeTa TPaHCIOPTa HAHOCOB pa3paboTaHbl IS TEPPUTEHHBIX HAHOCOB
(TraBHBIM 00pa3zoM, I KBAapIIEBOTO TECKa), Torma Kak IUIDKU Bapamepo CITosKeHBI
OMOTeHHBIMU OCaJKaMH, MIPEACTABICHHBIME CMECHIO OOJIOMKOB KOPAJlJIOB, PAKOBUH U
CKEJIETOB JIPYTUX MOPCKHUX OpraHu3MoB. PU3NUECKHE CBOMCTBA MMOJJOOHOTO MaTepuasa
3aMETHO OTJIMYAIOTCS OT CBOMCTB TEPPUICHHBIX 0cagkoB. Bmecte ¢ Tem, Mopdomorus
OeperoBbIX MPOQUICH, CIIOKEHHBIX OMOTeHHBIM U TEPPUTCHHBIM TIECKOM, HE OOHapy-
KHUBAET CYLECTBEHHBIX pa3inunii. B uactHocTH, B 000MX Cilydasx OTMEYaeTCsl pa3Bu-
THE CHUCTEM IOJBOAHBIX BaJOB CO CXOAHBIMHU MapaMeTpaMH, a HaOII0faeMble YKIOHbI
IUBDKEH B paiione Bapagepo Toro ke mops/ka, 4To Ha ecdaHbIx Oeperax banruiickoro
MOpSI IPH COOTBETCTBYIOIINX pa3Mepax TBEPAbIX yacTull. [103ToMy MOXXHO JOITYyCTHTD
AQHAJIOTHIO MPOTEKAIOUINX JTUTOIMHAMUYECKHUX MPOIECCOB U MPEANOJIOKUTh, YTO B Ca-
MOM IpyOOM MPUOIMKEHUN TUHAMUKA IUISKA, CJIO)KEHHOT0 OMOTeHHBIM MaTepHaJIoM,
MOXeT OBITh OMUCaHa B paMKax TPaJUIIMOHHBIX MOJIEJIeH TPaHCIOPTa HAHOCOB.

JlaHHBIC O BOJIHOBOM KJIMMATe JUIsl HAITMX PAacdeToB B3ATHI ¢ caiita http://wisuki.
com/statistics/849/varadero. Po3bl BoTHEHHUS AJIs1 Pa3IMYHBIX IPagaluil 3HAYUTEILHON
BBICOTHI BOJTH ITOKa3aHbl Ha pucC. 5. V3 pucyHKa BHIHO, YTO c1abble BOJHBI BHICOTOH /10
1 M IpUXOIAT MCKIIOYUTEIBHO C BOCTOUYHOW CTOPOHBI. YMEPEHHOE BOJIHEHHE MMEET

Swell Direction 0-1 m Swell Direction 1-2 m Swell Direction 2-3 m Swell Direction 3+ m

- “ | (.

||

Puc. 5. Po3a BonHeHMH 11 pa3aMUYHBIX IPaJaluil BICOTHI BOJIH
(http://wisuki.com/statistics/849/varadero).
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Puc. 6. TunuuHbIi poduiis OeperoBoro CKJIOHa B paiione Bapazepo (a)
Y IITOPMOBBIC JiehopMaIiy TUISKA TIO Pe3yJIbTaTaM MOJCITUPOBaHUS ().

1 — HavyanpHBI IpoduiIb Oepera; 2, 3 U 4 — MOCTIITOPMOBBIE TPOGHIITH
rpu Bbicote HaroHa 1,0; 1,5 u 2,0 M COOTBETCTBEHHO.

Kak BOCTOYHOE, TaK W 3amajHoe HarpasieHue. s Hanbosee 3HAYMMBIX IITOPMOBBIX
BOJIH — BBICOTOU Oojiee 2 M — JOMUHHPYOIINM SBISIETCS 3aIa/io-CeBepOo-3aIaHoe
HarpaBJCHHE.

C y4eToM BBICKA3aHHBIX COOOpaXCHHUH OBUTH MPOMOACITHPOBAHBI IITOPMOBEIE
nedopmanuu sbka Bapanepo mpu 3KCTpeMallbHBIX IITOPMAaX UM HaroHaX pa3indHON
BBICOTHI. Jlanee moyx BBICOTON HaroHa OyJeM MOHUMAaTh CyMMAapHBIH MOBEM YPOBHS,
00YCJIOBJICHHBIH Kak COOCTBEHHO IITOPMOBHIM HAaroHOM, TaK W MPHIUBOM. PacdeTsr
ObuTH BhINONHEHBI HA 0a3e moxaeau CROSS-P [10, 12] mis 10CTaTO4HO TUITHYHOTO MIPO-
(st 6epera (puc. 6 a), CI0XKEHHOTO CPETHE3EPHUCTHIM ITECKOM CO CPETHAM pa3MepoM
0,3 MM (KpaTkoe OMUCaHHWE MOJIENH JaHO B mpuioxeHnun). LlltopmoBoe Bo3nelcTBIE
XapaKTeprU30BaIOCh CpeHEl BEICOTON BOJH 3 M, CPETHUM MIEPHOIOM 8 C, YTIIOM MOIXO0-
na 30° (c yuyeToM MOJIOKEHUS] HOPMAJTU K Oepery Mo OTHOIICHUIO K CEBEPO-3aIiaTHbIM,
Kak Hanbojee CUIIbHBIM, ITopMaMm). [IponomkuTeTbHOCTh BO3ACHCTBUS IPHHSATA PaB-
HO¥ 6 4, 9YTO JOCTATOYHO THUITMYHO JIJIS [TUKA IMITOPMa, KOT/Ia €r0 MapaMeTPhl COXPaHSIOT
MaKCUMaJIbHbIC 3HAYCHUA.

[TomydyeHnsle pe3ynbTaThl MpeAcTaBIeHBl Ha puc. 6 6. [lokazana mpuOpexHas
4acTh MpouiIsl, BKIIOYAROINAs TUISDK. M3 puUCyHKa BUIHO, €ro Pa3MbIB MPOUCXOIUT
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BO BCEX CITy4asiX, IPUYEM C YBEIIMUSHHEM BbICOTHI HATOHA 30HA Pa3MbIBa PACITUPSETCS
B cTOpoHy Oepera. [Ipu Harone 1 M ee mPOTSHKEHHOCTh COCTABISIET 0KojIo 50 M, a mpH
HaroHe 2 M yBenu4rBaeTcs Ooiee yeM BaBoe. [loBepXHOCTH IIIska TOHMWKAETCS Ha Be-
mnauny 10 0,7 M. B Teuenne mropma ¢ misika ynocures ot 20 1o 40 kyOoMeTpoB mecka
Ha METp JUTHHBI Oepera (00beM BBIHOCA YBEITMIUBACTCS C BRICOTOM HaroHa). CorracHO
pacderam, ymepennbie BonHenus (1,0—1,5 m) npu Haronax g0 0,5 M HE BBI3BIBAIOT
CYIIECTBEHHBIX M3MEHEHHUH Mpodwiis Tuishka. B meproas! 3aTuiimid, Kak MOKa3bIBafoT
HaOIIO/IEHNS], BO3MOYXHO YaCTUYHOE BOCCTAaHOBJICHHE TUISDKA, OTPAHUYCHHOE, OJTHAKO,
0e3B0O3BpaTHBIMH MOTEPSIMU MaTepHaia, O KOTOPHIX OBbIJIO CKa3aHO BHIIIE.

[Ipobnemy 3amuTel Oepera mpeayaraeTcsi peruTh ¢ TIOMOIIBIO CO3/IaHUS HCKYC-
CTBEHHOTI'O IUISDKA, XapaKTEPUCTUKN KOTOPOTO OLIEHEHBI Ha OCHOBE MoJieH [22] ¢ yue-
TOM YITOMSHYTBIX BBIIIIE ITAPAMETPOB SKCTPEMATIHHOTO MTOpMA (CM. IprItokeHue). Me-
XOJIHBIC JIaHHBIC JIJISl PACYETOB MPHUBENIEHBI B JIEBOW YacTH Tabi. 1, rae d;———CpeHHHﬁ
pasmep necka,  u T — cpejHMe BBHICOTA M IIEPHOJ] BOJH, 1] — BBICOTA HaroHa. IIpo-
(hmiTes TUTSDKA TTOKa3aH Ha puc. 7.

OCHOBHBIMH TTOKa3aTeJIIMU HCKYCCTBEHHOTO TUIsDKa (TOMHMO BBIABHKECHUS Oepe-
ra X) ciayXar ero MakCMMaJIbHOE BO3BBIIICHUE HAJl IITUIEBBIM YPOBHEM Z W IIMPUHA
CTPOMTENBHOM OepMbl / (CM. puc. 7), a Takke 00beM MCIIONb3yEMOro MaTepuana V na
CIMHUILY JUIMHBI Oepera. DTH MOKa3aTelid OTPaKeHbI B MpaBoit yactu Tabdm. 1. [pen-
TroJylaraeTcsi BEIIBUHYTH Oeper Ha pacctosHue X = 20 M, 94To 00ecieduT HeOOXOTUMBIH
3arac Marepuai Jlaxe B ciydae karactpoduueckoro pasmbiBa 0,5—0,7 m. U3 Tabmuiist
BHJIHO, UTO ISl CTPOUTEIBCTBA TIShKa IHHOHN 1 kM moTpedyeTcst okoiio 300 ThIC. Ky-
OOMETPOB IecKa.

4
] ;f———— —/
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Puc. 7. IIpoduiib HCKYCCTBEHHOTO IUISHKA U ero aedopmanun
[P SKCTPEMAIILHOM IITOPME.

1 — ecTecTBeHHBII NPOpIIIb, 2 — UCKYCCTBEHHBIH NpodIiIb (pa3mep mecka 0,5 Mm),
3 — HOCTIITOPMOBOH NMPOQUIIB HCKYCCTBEHHOTO TIISDKA.
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JI7is MpOBEPKU YCTOWYMBOCTH MCKYCCTBEHHOTO IJISKA OBUTO TIPOBEACHO MOJIEIH-
pOBaHKE BO3/ICHCTBHS DKCTPEMATILHOTO IITOPMa C TapaMeTpaMHu, YKa3aHHBIMH B Ta0I. 1
(TIPOMOIDKUTETHFHOCTD MTOPMa, Kak U mpexkae, 6 1). [TocTmTopMoBo# mpodmiib moka-
3aH Ha puc. 7. VI3 pucyHKa BHJIHO, YTO Pa3MbIB B BEpXHEH YacTy POl OKa3bIBACTCS
3HAYUTEIHPHO MEHBIIIE, YeM TIPU CYIIEeCTBYIONEM COCTOSTHUH Oepera (cM. puc. 6). Ode-
BHJTHO, TIPOCKTHBIN MPOQIIL CIIOCOOCH BBIIEPKATh HE OHY IKCTPEMAIIBHYIO HITOP-
MOBYIO araky. HpI/I WHBIX IMMPOJOJDKUTECIBHOCTH U CUJIC HITOPMA, a TAKXKE IMapaMeTpax
MOPCKHX BOJIH MPOIIECC MOACTUPOBAHKS COOTBETCTBEHHO KOPPEKTUPYETCS BBEACHUCM
HOBBIX UCXOAHBIX TaHHBIX.

Tabnuya 1
HcxoaHble JaHHbBIE VIS PACYETOB M MapaMeTpbl MPOQMIIA HCKYCCTBEHHOTO IIISKA
dg, MM H T ¢ n, M X, M Z,M [, V, M3/M
0,5 3,0 8,3 2,0 20 32 73 288

Bcenencreue Bronb0eperoBbx MepeMelieHnii HAaHOCOB 00beM Marepualia IuishKa
OyzeT co BpeMeHeM yMeHbIarhes. B coorBeTcTBHM ¢ pacueramu P.I. Jluna [20] oTHO-
CUTEJIbHBIE TIOTEPU BO3PACTAIOT C YBEITMYEHUEM EMKOCTH ITOTOKA HAHOCOB U YMEHBbIIIa-
IOTCA C YBCJIMUCHUEM JIJIMHEBI IJIA2Ka BAOJIb 6epera. OcCHOBEBIBasICH HA UMCIOIINXCA NaH-
HbeIX 110 BonmHeHuro (http://wisuki.com/statistics/849/varadero) u uCIoNb3yss METOAUKY
pacyeros [10, 11], MmoxHO oLeHHTH MacITal MOTOKa HAHOCOB B palione Bapanepo 3Ha-
yeHneM mopsaka 50 Teic. MP/rox. Toraa okassIBaeTCs, YTO TP 3aJaHHBIX ITapaMeTpax
IshKa faxe depes 20 JeT MOKET COXPAHUTHCS OKOJIO MTOJIOBHHBI €T0 IEPBOHAYAIBLHOIO
oObema. Pasymeercs, mepuoanyueckas MOACHIIKA MaTepraia IIOMOXKET MPOJUIUTh CPOK
CYIIECTBOBaHUS IUISHKA. JOTONHUTENEHOE BO3BEJCHHUE CIICIMAIBHO IMOIOOPaHHBIX U
OPHEHTHPOBAaHHBIX B MPOCTPAHCTBE BOJHOTACSIINX KOHCTPYKIHUH B mojoce aedopma-
MU IITOPMOBBIX BOJIH HEMOCPEICTBEHHO 32 OOBIYHOM JIJIsl paliOHa 30HOW pa3pyIIeHUs
LITOPMOBBIX BOJIH OCJIA0HT MX BO3ACHUCTBHE, YTO YBEIUYHUT YCTOHUMBOCTD IUISIKA.

s mpoBepkn 3PpPEeKTHBHOCTH M3IOKEHHBIX PEKOMEHIAIUI MpeiaraeTcs BbI-
Opath ONBITHBIN YY9aCTOK NPOTSHKEHHOCTHIO | KM B IIOABEP’KEHHOM Pa3MbIBY YacTH I10-
Oepexnst Bapanepo u mpou3BeCTH TaM OTCHITIKY TUISKA, OCHOBBIBASICH HA PE3yIbTraTax
pacueToB. 3aMEeTHM, YTO PACYEThl MOXKHO JIETKO TIOBTOPHTD JIISL IPYTHX UCXOTHBIX JaH-
HBIX, B YaCTHOCTH JIs HHOM KPYIIHOCTHU N€CKa WK JIs1 UHBIX IMapaME€TpOB HITOPMOB,
€CJIH B JallbHEHIIIeM OHU OyAyT YTOYHEHBI.

B 3akimiouenue cnenyerT eme pa3 HOA4epKHYTh, YTO MapaMeTpbl OEPero3aiuTHOro
IUSDKA PACCYUTAHbI JUTSI TEPPUTEHHOTO CPETHE3EPHUCTOTO TECKa, TOTJa KaK B palioHe
Bapanepo nmeercs B HaTM4MU TOIBKO OMOTEHHBIN Marepuai. Bompoc o ToMm, HacKob-
KO IMMPUMEHUMBI ITPUBCACHHBIC PCKOMCHIAINN K HOI[O6HOMy Marcpualiy, IIoKa OCTacTcCsa
OTKPBITBIM M TpeOyeT nanpHeero nccnenoBanus. [[pumMenseMas HHOTIA Ha TIPAKTHKE
Mpoleaypa BBEACHHS MONPAaBOYHBIX KO3(D(PHUIMEHTOB, HAIPUMEP, HA THAPABINYECKYIO
KpPYITHOCTH COpa3MEpPHBIX YaCTHII, TUIOTHOCTh, MOPUCTOCTh U APYTHE XapaKTepUCTH-
KM JIOHHBIX HAaHOCOB HE BCEINa M HE MOBCEMECTHO omnpasaaHa. [103ToMy MOHMTOpPHHT
TJIsKa, CO3JaHHOI'0 Ha OIMBITHOM Y4YacCTKE, MOT' 6131 J1aTb B€CbMa LICHHYIO I/IH(1)OpMa]_II/IIO,
MIPEJICTABIISAIONIYIO HHTEPEC KaK B HAYYHOM, TaK M B MTPAKTHYECKOM OTHOIICHHUH.
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3aKkjoueHue

[IpoBeneHHbIe HMCCIENOBAaHUS PACHIMPSIOT MO3HAHHE TNPHUOPEKHBIX TEOCHCTEM
B pa3HbIX reojoro-reorpadguyeckux ycioBusx. Mx mpakruyeckasi 3HauMMOCTb B 3Ha-
YUTEITbHON MEPEC CBA3aHa C ONITUMAJIBHBIM PCHICHUEM 3aJia4 PEKPCAIIMOHHOT'O HaAIlpaB-
nenus. Ha mpumepe paitona Bapanepo paccMOTpeH BapuaHT TOSBICHHUS W Pa3BUTHUS
MpUOPEKHON 30HBI B TPONMUYECKHUX MIMPOTAX C yYETOB BEAyIINX (PaKTOPOB ATHX MPO-
reccoB. BerencTBue HEOOMBITNX pa3MepOB MOIYOCTPOBA OAWH M3 KOMIIOHEHTOB ATON
30HBI — TI00EPEKbE — IO CYTH, PACIPOCTPAHSICTCS HA BCIO €ro cyIry. Turbl u quHa-
MHKa OEpEeroB 3/1eCh B IIEJIOM COTJIACYIOTCSI C HOBEHUIIICH TEKTOHUYECKOU CTPYKTYpPOH.
Onu chopMUpOBaHBI TPEUMYIIIECTBEHHO BOJHOBBIMHU IIPOIIECCAMH, a HAa OTAEIBHBIX
ydacCcTKax SABJIAIOTCA CTPYKTYPHO-ACHYAAIMOHHBIMU C BIMAHUECM MOPCKHX BOJIH. Hau-
MeHee YCTOHYMBEIe Oepera MpuypodeHbl K TEKTOHUYECKIM OJIOKaM CIIab0To TOAHATHS,
aOpa3noHHBIC U A0Pa3NOHHO-aKKYMYJISITHBHBIC Y4aCTKH — K OJIOKaM YMEPEHHOTO BO3-
IeIMaHus. BiusiHre HOBEUINX JIBKEHUH Ha COBPEMEHHYIO TMHAMHKY Oepera BbIpa-
JKEHO TaKXe B PaCHpeleCHUM MNPENnaTCTBUH, 3aJep>KUBAIOIIUX WM OTKIOHSIOLIUX
B/IOJILOEPEroBbIe TIOTOKK HAHOCOB. Tak, K 3amaJly 1 BOCTOKY OT YMEPEHHO BO3/bIMAIO-
merocst Mbica @pances 3aduKCHpPOBaHO BBIABIKEHUE Oepera. [IpuunHa 3TOTO 3aKITIO-
YaeTcsl B TOM, YTO BOCTOYHAsI OKOHEUHOCTh OJI0Ka CO3/1aeT BOJIHOBYIO TEHb, IPEAOTpE-
JIEJISTIOIIYI0 TIOBOPOT OeperoBoil JTUHUHM M (OPMHUPOBAHHUE AKKYMYJISTHBHON (OPMBI
B BUJIC KOCHI B pe3yJIbTaTe pa3rpy3KHu JIOKAILHOTO BJIOJILOSPETOBOIO IMOTOKA HAHOCOB.
Ha 1ore u B meHTpe mosyocTpoBa, Iie MOTOKM HAHOCOB, XapaKTepU3yIOIIHecs BO3BpaT-
HO-TIOCTYTIATEeIbHON MUTparyell HeOONbIIOr0 MaciiTada B0 OEperoBOW JIMHUM,
HUMCIOT MCHBIIINEC MOITHOCTDh U yCTOﬁ‘IHBOCTb, TaKHu€ 3aBUCUMOCTHU MCHEC OTUCTIIUBEI.
C HoBeMIlIel TEKTOHUYECKOW CTPYKTYPOH XOpPOIIO COINACyeTCsl U3MEHEHHUE IIMPUHBI
y4acTkoB mienbga. Ha Gosee mmpokux y4acTkax MITOPMOBBIC BOJIHBI PACXOIYIOT CBOIO
SHEPTHIO YK€ Ha NaJbHUX MOJICTyIaxX K Oeperam, 9to yoeperaer ux oT CHIIBHOTO paspy-
meHusl. TeM He MeHee HOBeHIas TEKTOHUYECKask CTPYKTYpa MOXKET U IPOBOILIUPOBATh
paspylieHrue 6eperos, Jaxe CIOKEHHBIX OTHOCUTENIBHO KPENKUMH ITOPO/IaMH, KaK 3TO
rmoka3aHo Ha mpumepe M. OpaHces. B kadecTBe mpakTHUECKOW PEKOMEHIIAIUH TIPEJI-
Jaraetcs 3allMTHTh HanOolsee ysI3BUMbIE YUacTKH MoOepexbsi Bapazepo ¢ momoribio
HCKYCCTBEHHOTO TUISDKA, IMapaMeTphl KOTOPOTO MOTYT OBITH ONpENeleHbl Ha OCHOBE
npeagaracMoi OpUruHaIbHOM MaTeMaTUUECKON MOJICIIH.

B Ommxaiimeit mepcnexktuBe Mop(domHTONMHAMHKA MPUOPEIKHON TEOCHCTEMBI
m-oBa Mkakoc Oyaer ompenensThes, TIIaBHBIM 00pa3oM, €ro HOBEHIeH TEKTOHUKOW 1
KMHEMAaTHKOM YPOBHS MOps, a IO 3alaJHON OKpauHe elle W 3aracaMu IecKa B MpHU-
OpexHo# 30He mienbda. Her ocHOBaHWI mpemmonaraTh, 4TO HEOTCKTOHHYECKAs CO-
cTaBysomas u3MeHuTcs. OcTapisis 3a paMKaMH JUCKYCCHUH MPOOJeMy BO3MOXKHOTO
3HAYUTEIHHOTO MOBBIIICHUS YPOBHSI MOPS U TII00ATBHOTO MOTETUICHHS, CAUTAEM, YTO
HET JIOCTaTOYHBIX OCHOBAaHUH MPEAIOaraTh 3aMEeTHBIX U3MEHEHH ATHX (PAKTOPOB, 110
KpaifHell Mepe, Ha UH)KeHepHOM MaciiTabe BpeMeHH. B 9THX yCIOBUSIX, IPH COXpaHe-
HUUW TEHJICHIIUH TIOJIyOCTPOBa K CIIA0OMY M YMEPEHHOMY TOAHSTHIO M TIOBBIIICHHON
(utoTanmu IHKE0oOPa3yIoIero MaTepHralia, KoJIMIecTBO Mareprasia Oy/IeT COKpaIarh-
cs1. [Toaromy juta moaiepkaHus TUspKel OyeT He0OX0MMMO OCYIIECTBIISATh TPAMOTHYIO
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U CBOEBPEMEHHYIO MOACHINKY TE€CKa U MPEAYCMOTPETh MEPONPHSTHS MO TallICHHIO
SHEPruM MITOPMOBBIX BOJIH Ha ynajneHuHM oT Oepera. [locnenanee moackasaHo camoit
MIPUPOJION: 3acTaMyIleHHbIe JIbJIbI UyKoTCcKOro Mopsi Ha TiryOuHe Boasl 10—15 M Ha
paccrosiHiM 3—4 KM OT ype3a IpeIoXpaHsioT IpUOpeKHYIO 30Hy Lienb(a u Oepera ot
CHJIBHOTO pa3MbIBa. [IpOTHO3 pa3BUTHS paccMaTpUBaEMON MPUOPEIKHOM 30HBI C YIETOM
M3BECTHBIX 3aKOHOMEPHOCTEH 3BOJIIOLIMY PETHOHA B MTO3/IHEYETBEPTUIHOE BPEMS COOT-
BETCTBYET IPUPOTHOMY clieHapuio. [IpeenbHbIil CpoK MpeacKka3yeMOoCTH Mpe/osara-
€T BO3MOKHBIE OIINOKH, KOTOPbIE HE JOJKHBI IPEBBIILATH CPEAHUX BapHallil IPOrHO-
3UpyeMbIX BeJnurH [17]. BeIOpaHHBIM MHKEHEPHBIH MacIITad BPEMEHH COOTBETCTBYET
JAHHOMY IOCTYJIATy.

Pesynbrarel nccienoBaHU MOTYT OBITH MOJE3HBI NPU HU3YUYCHHH CXOIHBIX II0
JMaHATAQTHRIM YCIOBHSAM TEPPUTOPUN C TIPeoOIaaHueM PEKPEAITMOHHOTO BHIA TIPHU-
POROTONIB30BAHUS.

Ipunoxkenue. Kparkoe onucanue moneseit

Mooenv wimopmoguix oeghopmayuii CROSS-P

Hedopmariiu npoduiis Oepera onpeesiFoTcs Ha OCHOBE 3aKOHA COXPaHESHUS Mac-
CBI B hopme

oh :8qxa (1)

o ox
e h— riyOuHa, { — BpeMs, X — PaCCTOSHMUE I10 HOPMAJIU K Oepery, ¢ — NONepeYHbIi
00BbeMHBIN pacxos HaHOCOB (MM '-c™'). Benuuuna g_onpenensercss Ha OCHOBE SHep-
TeTHYECKOTO MOIX0/IA C YIETOM XapaKTePUCTUK HAHOCOB, ITAPAMETPOB BOJIH U TEYCHUH
[10, 12]. IIpuauMaroTCst BO BHUMAHUE AUCCUTIAIINS SHEPTUU 33 CUET JOHHOTO TPEHUS U
0OpyIIeHUs BOJH, a TaKKe BO3JEHCTBHE HA TUISHK MOTOKA BOJTHOBOTO 3aIuiecka. Ypas-
Henue (1) mHTErpuUpyeTcs ¢ maroM Mo BpeMEHH TOPsIIKa HECKOJIBLKUX TIEPUO0B BOJIH,
a IIar 1o MpOCTPAHCTBY IS HPOQHICH MOPCKUX OEperoB COCTaBIIIET Hopsiaka 1 M.
Ecnu nokanbHBIN YKIOH JTHA MPEBBIIIACT NPEAeIbHOE 3HAYEHUE, BKIIIOYACTCS MMHTA-
1us oOBasia CKJIoHA. BCTpoeH MOTyIib, ONUCHIBAIONIN AeOopMaliuy Oepera B yCIOBHSIX
TepennBa yepe3 rpe0eHb aBaHAIOHBI TIPY IKCTPEMAITBHBIX HATOHAX.

Mooenv uckyccmeennozo nasica

Ha puc. I1.1 npencraBneHa cxema HCKyCCTBEHHOTO TUISIXKa.

MaxkcumansHO€ BO3BBIIIEHHE MPOGUIII TUISKA HaJ| IITHIEBBIM YPOBHEM OIIpeie-
JISieTCsl CYMMOI BBICOT IITOPMOBOTO HaroHa M BOJTHOBOTO 3ariecka (1 + R).

HwxHasg Touka npoduist COOTBETCTBYET IIyOMHE 3aMbIKaHUS /i, , OTPAHUYUBAIO-

el o0JacTe MTOPMOBBIX JedopManuid. [ToMBOAHBIN y4acTOK MPOTSKEHHOCTBIO [,
. 2/3
npencrasien npoduiem papHoBecus Jluna: s = Ax“” [20]. Yuactok /, oTBeUaer pas-

0.5
HOBECHOMY YKJIOHY misika B, =0, 12(T gd, I H 3) ,rne Tw H,— 1epuos u BbicoTa
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Puc. I1.1. Cxema HCKyCCTBEHHOTO ILISIKA.

BOJIH Ha ITyOMHE 0OpYIICHNS, d — CPeIHUI pasMep 4acTHll necka [25]. Yyactok /,
COOTBETCTBYET HIMPUHE CTPOUTEIHLHON OEpMbI, COJepIKalllei 3arac necka.

B 1uiaHe MCKYCCTBEHHBIN IUISK BBINISAUT TEPBOHAYAIBLHO KaK MPSMOYTOIBHBII
BBICTYTI O€PETOBOM JIMHHUH C TTOTICPEYHBIM pa3MepoM X U JUTHHOU BIOJIb Oepera Y (cwm.
puc. I1.1). Co BpemeHeM ouepraHusi Oepera CrIIaXHBAKOTCS, a2 00bEM IUISDKA YMCHbB-
IIaeTcs 3a cYeT BhIHOCA TecKa 3a ero mpenenbl. OTHOCHTENbHBIE TOTEPU BO3PACTAIOT
C YBEIUUEHHEM BIOJIBOCPErOBOTO TOTOKA HAHOCOB, KOTOPBIA MOXET ObITh YMCHBIIICH
IyTEeM HCIIOJIb30BaHUS JUIsS CTPOUTEILCTBA TUIsKa Oosiee KpyHoro marepuaina [20, 22].

[Tpu MpOEKTUPOBAHUHY TUISKA PEKOMEH TYETCSI UCXOIUTh U3 BETMUUHBI X, Xapakrte-
pusyroinel BeiBrmkeHue Oepera. OCHOBaHUE MPOQUIIS PH ITOM MOXKET PacIioyiararhes
Ha DIyOWHE, MEHbIIEH 9eM 7/, , 9TO, OJIHAKO, HE BIMSET HA €r0 YCTOMYMBOCTD, €CIIH
HCIIOIB3YETCs JIOCTATOYHO KPYITHBIA MaTepHall.

Paboma evinonnena ¢ coomeemcmeuu ¢ memou oczaoarnus Ne 0149-2018-0015 u
npu nodoepoxe PODOU, npoexm Ne 16-05-00364.
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