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Benymast opranu3anmsi:
IOxHo0e otnenenue denepanbHOrO rOCYIapCTBEHHOTO OIOMKETHOTO YUPEXKICHUS HAYKH
NuctutyT okeanonmoruu um. ILI1. [llupmosa Poccuiickoit akageMun Hayk

3amurta coctoutca 30 mapra 2023 . B 14 u 00 muH Ha 3acenanuu JluccepTaliOHHOTO
coBeta 24.1.229.01 npu denepanbHOM rocyJapCTBEHHOM OIOKETHOM YUPEKJICHUU HAYKH
denepaabHOM HCCIENOBATENBLCKOM 1eHTpe «Mopckoit ruapodusndeckuii uHCTUTYT PAHY
o agpecy: 299011, r. CeBactomnoJib, yja. Kanuranckas, 2

C nuccepranueid MOKHO O3HAKOMHUTBCS B OMOnnoTeke denepanbHOro rocyaapCTBEHHOTO
Oro/KeTHOTO yupexkaeHus Hayku denepanbHOro uUcCaeqoBaTEILCKOrO IeHTpa «MopcKkoii

rugpopusndeckuii  wHCTUTYT PAH» w  Ha caiite  Uncruryra  http://mhi-
ras.ru/news/thesis_defense 202212080810.html

ABTtopedepart pazocnan «19» suBaps 2023 1.

VYueHbIll cekpeTaph IuccepTanroHHoro copera 24.1.229.01
KaHIUJaT reorpaduyecKux HayK
Xapuronosa Jlronmuina BukroposHa
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OBILIAA XAPAKTEPUCTHUKA PABOTHBI

AKTYaJIbHOCTh TeMbI HCCJIE0BAHUSA U CTeNeHb ee paspadoraHHocTH. C HavyauoM
XXI B. Ha Oeperax Kpsima pa3BepHyIOCh OypHOE CTPOHUTEIHCTBO, KOTOPOE MOPOIUIIO
eI KOMIUIEKC COIMAIbHBIX U 3Kojorudyeckux npodiem (lopsukun u Jonotos, 2019).
Bo3znelictBue aHTpomoreHHOro (axkTopa HapyllaeT €eCTeCTBEHHBIM XOI MPHUPOIHBIX
IIPOLIECCOB, OCJIOXKHSET DSKOJOTMYECKYI0 OOCTaHOBKY. XapakTEpHbBIMU MPUMEPAMHU
HETaTUBHOTO AHTPONOTEHHOTO BO3ACHCTBUS SBISIOTCS MCYE3HOBEHUE U JErpajanus
IUISDKEH, n3MeHeHrne Mop(oaoruu 6eperoBoil 30HbI U CTPYKTYpPbl MPUOPEKHBIX HAHOCOB, a
TAKXKE UX 3arpsi3HCHUE.

['paHyIOMETPUYECKHII COCTaB — OJIHA M3 OCHOBHBIX XapaKTEPUCTHK JOHHBIX
HAaHOCOB,  OMNpEAEIAIOIAsl  pa3Iu4Hbld  OTKJIMK  KOMIIOHEHTOB  HAHOCOB  Ha
TUAPOJIMHAMUYECKOE BO3JICHCTBHE, UX B3MYUMBaHUE, [IEPEMENIECHUE U NTEPEOTIOKEHUE, UTO
JaeT  BO3MOXKHOCTh  IPOTHO3UMPOBATH  BIMSHUE  HA  DKOCHCTEMY  Pa3IM4HbBIX
METEOPOJIOTrMYECKUX W OKEAHOJOTMYECKUX XapakTepucTtuk. HecMoTpss Ha Oonbuioit
MHTEpPEC K U3YYECHHIO MPUOPEKHBIX pailoHOB KpbiMa, JeTanbHBIX HCCIEAOBAHUMA
0COOEHHOCTEH T'PAHYJIOMETPUYECKOTO COCTAaBa JOHHBIX HAHOCOB M €r0 JUHAMUKH I
akBaropuii Kamamurckoro m JIMMeHCKoro 3anuBoB, a Takke bamakiaBckoil OyXThl He
IIPOBOJMIIOCH.

Jns  axBatopun KalamMUTCKOrO 3aiMBa HMEIOIIUECS CBEACHUS MPEICTABICHBI
(dbparMeHTapHO, KaK M0 BPEMEHH, TaK W MO MPOCTpaHCTBY. Ha maHHBIIT MOMEHT OCHOBHBIC
CBEJICHUSI O TPAHYIOMETPUUECKOM COCTaBe€ JOHHBIX HaHOcOB KamamuTckoro 3anmBa
narupoBanbl KoHIoM XIX B. (Pymmens, 1889), neppoii nonoBunort XX B. (Imymikos, 1926;
boxwnu, 1927; Buze, 1927; Kapbacaukos, 1927; Anronos, 1929; /[3enc-JIuroBckuii, 1937,
Apxanrenbckuii 1 CtpaxoB, 1938), cepenunoii XX B. (3enkoBuu, 1946, 1948, 1958, 1958a,
1960, 1962; bynanos, 1949; Hemecckuii, 1957, 1967; bparych, 1965, 1965a), a Takxe
ornenbHbiMH pabotamu B kKoHie XX B. (Llyiickuit 1974, 1982; I'eonmorusa menbda
YCCP..., 1985) u navane XXI B. (Illnrokos, 2003; yiickuit, 2005, 2007; UBanoB u ap.,
2006).

Haubonee paHHue cBeoeHUS O TPAHYIOMETPUYECKOM COCTaBE€ JOHHBIX HAHOCOB
JlumeHnckoro 3anmBa mpenacraBieHsl B pabotax (bemo, 1938; 3enkoBuu, 1958, 1962;
I'eomormss menspa VYCCP..., 1982), a ocHOBHbIE (AaKTOPBI, KOHTPOIUPYIOIIHE
MOCTYIJICHWE TEPPUTCHHOTO Marepuaja B aKBaTOPHUIO 3ajHMBa, OTPaXKEHbI B paboTax
(Hacenkun, 2005, 2009). CoBpeMEHHbIE JaHHBIE O TPAHYJIOMETPUUYECKOM COCTABE JOHHBIX
HaHOCOB JIMMEHCKOTO 3aJIMBa OTCYTCTBYIOT.

N3yuenue nOHHBIX HAHOCOB basaknaBckoi OyXTbl HOCUT 3IU30JUUYECKUI XapaKTep.
Tem He MeHee, mepBbIE CBEACHUSA O CTPYKTYpE€ HAHOCOB IOJy4YeHBI yke B KOoHLE XIX
cronetusi (Bepuro, 1888), B mpanbHeillieM H3ydeHUIO OEperoBoid U MPUOPEKHON 30H
nocesmieHsl  pabotel (3enkoBuy, 1958, 1960). CoBpeMeHHbIe CBeleHUS O (HUBUKO-
XUMUYECKHUX CBOMCTBAaX JOHHBIX HAHOCOB OTpaxeHbl B padorax (MwupoHoB u np., 1999;
Kucenesa u IIpocBupos, 2006; Oscsaubiii u ap., 2009; Anémon, 2010). NccneqoBanuto
IPaHyJIOMETPUUECKOTO COCTaBa B ATUX padOTax y/ieJeHO Majio BHUMAHMS.



4

Takum 00pa3oMm, OCHOBBIBASICh Ha JAHHBIX O CKOPOCTSX OCAJIKOHAKOIJICHUS B
npulpexubix panioHax Kpsima ([enucos, 2018; MupszoeBa u ap., 2018), moxHO
MPEANOJIOKUTh, YTO CBEACHUA O CTPYKTYpe HAHOCOB, IOJIYYEHHBIE paHEE, CHUIIBHO
yCcTapelu, He 0TOOPaKalOT pealbHON KapTUHBI M TPeOyroT oOHOBIeHUS. [lomydenre HOBBIX
JAHHBIX TIO3BOJUT Oojiee JeTadbHO HW3YYHTh OCOOCHHOCTH (DOPMHPOBAHUS JOHHBIX
HAHOCOB B YCJIOBHSIX AaHTPOIIOTEHHON HArPy3KHU.

[IpyuMeHeHnt0  METOIOB  MaTeMaTHYeCKOTO  MOJEIUPOBAHMS I U3YYCHUS
0COOEHHOCTEH NMHAMUKU HAaHOCOB MpUOpeXHOU u OeperoBoii 30H Kanamurckoro 3anuBa
nocesiieHsl padotel (Pomud U MBanos, 2005; Iopsukun u ap. 2009, 2013; YnoBuk u
Topstukun, 2013, 2015; XaputonoBa u ®domwun, 2017; Korzinin, 2017). [dns yuacTka
KOxnoro OGepera Kpeima, BkIoyaromiero paiioH JIMMEHCKOro 3ajiuBa, HCCIEIOBaHUE
MPOIIECCOB APO3UM M CEAMMEHTAIMU JOHHBIX HAHOCOB C HCIOJIb30BAHHEM YHCIICHHOMN
Mozaenu XBeach panee yxe npoBoauioch (Anekcees, 2013). OnHako B mpeACTaBICHHBIX
paboTax uccleJOoBaHUE JAMHAMUKUA HAHOCOB OBLIM CHENaHbl 0€3 yueTa peruoHaibHBIX
0COOCHHOCTEH MX IPaHYJIOMETPUUYECKOTO COCTaBa M TpeOyrOT KOppekTupoBku. HecMoTps
Ha TO, YTO JJIsi akBaTopuM banakiaBckoil OyXThbl BBINOJTHSIUCH PaOOThl MO H3YUYECHUIO
ocobeHHocTel upKyasiuuu Boj (AnuxoBckas u Cyo6otun, 2000), B TOM ynciie METOIaMU
MareMmaruueckoro mojaenupoBanus (Kyopskos u Ilomos, 2005; ®omun u Penetun, 2005),
MOJICJIMPOBAaHNE TUHAMUKHU JOHHBIX HAHOCOB B JIJAHHOM pailOHE HE MPOBOANIOCH.

HccnenoBanue permoHaNbHBIX OCOOEGHHOCTEH (OPMUPOBAHMS U IBOJIOIUHU
Pa3MepHOTO COCTaBa MPUOPEKHO-MOPCKUX HAHOCOB Ha y4acTKax MoOepexbs 3amagHoro u
KOxxnoro GeperoB Kpeima siBisieTcsi 0COOCHHO aKTyallbHBIM B CBSI3U C CYIIIECTBEHHBIM
YBEJIMYCHHUEM TEMIIOB OCBOCHHS PEKPEAIMOHHOTO TIOTEHIIMAJla JaHHBIX PETHOHOB.
Henocrarounast n3yd4eHHOCTh IITOPMOBBIX M CE30HHBIX M3MEHEHUW pa3MEpHOro COCTaBa
JIOHHBIX HAHOCOB M HAHOCOB OEpEeroBOM 30HBI CO37ACT 3HAYUTEIbHBIE TPYIHOCTH MPHU
MJIAHUPOBAHUH PA3JTMYHOTO POJIa MEPOIIPUATHI JIJIT COXPAHCHHUS U YCTOWYUBOTO PAa3BUTHS
MPUOPEXKHBIX TeppUTOpUil. HETOUHOCTH B OIIEHKAaX HCCIEAyEeMbIX MapaMeTpPOB 3a4acTylo
MPUBOJAT K Pa3pyLICHUIO OOBEKTOB MPUOPEKHON HHPPACTPYKTYpHI, KUJIBIX MOCTPOEK,
Oepero3aluTHEIX U IPYTUX THAPOTEXHUUECKUX COOPYKCHHM, YTO B 3HAUNTEIILHOW CTCTICHH
CHIKAeT WHBECTULHMOHHYIO TMPHUBICKATEIIBHOCTh  KaXJOTO KOHKPETHOTO  ydacTKa
nooepexbs [6].

N3yyeHnue mpoieccoB, MPOUCXOSMIIMX HA TPaHUIE Cylla — MOpPE, B TOM YHCIE
PETHOHANILHBIX 0COOEHHOCTEH NUHAMHKHU peibeda OeperoBoil 30HBI U MepepacpeIeICHHs
dbpakuuii HAHOCOB Ha MPUOPEKHBIX YYACTKAX, BKIIOYAET TPOBEJICHHUE KOMILIEKCA
HaTYpHBIX HAONIOJEHUHN, a TakKe NPUMEHEHHE IIHUPOKOTO CIIEKTpa MaTeMaTHUYeCKUX
MONeTied W pacyYeTHBIX METOAMK JJIS TPOTHO3a PAa3BUTUA OEpEeroB Ha Pa3TUYHBIX
MPOCTPAHCTBEHHBIX M BpeMeHHBIX MaciTabax (AnmbihepoB u KocwsH, 1986; Van Rijn et
al., 1993, 2011; Ferre et al., 2005; JleoutreB, 2008, 2012, 2018, 2019; Roelvink et al.,
2009; Reniers et al., 2013; Bugajny et al., 2013; Williams et al., 2015; JleonTseB u np.,
2015; Bakhtyar et al., 2016; Ky3nenosa u Canpsikuna, 2017, 2019), [6]. B GoabiuHcTBe
MCCJIEIOBaHUN TPU MOJEIUPOBAHUU IITOPMOBBIX Aedopmalnii pernbeda OeperoBoil 30HbI
WCIIOIB3YIOTCS 3HAUCHHST KPYITHOCTH HAHOCOB, OCPEHEHHBIE JJIsl BCEH pacyeTHOM 00sacTu
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(JIeonTres, 2015; Kop3unus, 2015), a Takke HE yUUTBHIBAETCS MX MPOCTPAHCTBEHHAS WM
BpeMeHHas n3MeHInBoCTh (Korzinin, 2017). OmHako MMEHHO TpaHyIOMETPUICCKHUA COCTaB
JIOHHBIX HAHOCOB BO MHOTOM OIIPEACIACT XapaKTEPUCTUKH WX TEePEMEIICHUsT 0
BO3JelicTBEM BOJH W TeueHud [6]. Ocoboe 3HaYeHWE TOYHBIC JAHHBICE O PA3MEPHOM
COCTaB€ JOHHBIX HAHOCOB MMEIOT MPHU aJaNTALMKU U BaJIUIALUA MOJAEIIECH, OMUCHIBAIOIINX
JUTOIMHAMUYECKHUE TIPOLIECCHI HA ydacTKax OeperoBoii 30HHI [5, 6].

UccnenoBanus, BeinmoiaHeHHbIe B padoTtax (Ruessink et al., 2007; Gallagher et al.,
1998, 2011; Reniers et al., 2013; Prodger et al., 2017) moka3bIBaroT, 4TO J1a)ke HEOOJIBIIINE
BapualMu B pasMepe ¢pakuuid MOTYT HMMETh CYIIECTBEHHOE BIIMSHHE Ha PE3yIbTaThl
MOJICJIUPOBAaHUS HU3MEHEHUH Mopdosoruu I1Uishka. BxiloyeHuMe MNpoCTPaHCTBEHHBIX
HEOJTHOPOJHOCTEN TPaHYJIOMETPUYECKOTO COCTaBa HAHOCOB B MOJIEIM MEPEHOCAa HAHOCOB
JA€T BO3MOXHOCTH CBSI3aTh OCOOCHHOCTH MPUOPEKHON MOPPOIMHAMUKH U JIOJTOCPOUHBIX
M3MEHEHUI OeperoBoil JINHUM ¢ 0COOCHHOCTSMH I€OJIOTUYECKOTO CTPOEHHUS UCCIETYEMBIX
paiionoB (McNinch, 2004; I'ypoB u ®omun, 2021a). B pabdore (Ferre et al., 2005) c
MPUMEHEHUEM JaHHBIX HATYpPHBIX HW3MEPCHWA W MOJACIBHBIX PAacdyeTOB BEIUINH
KOHIIEHTPALIMK B3BEIICHHBIX HAHOCOB OTMEYEHBI 0COOEHHOCTU JUHAMUKH MEJIKO3EPHUCTOM
¢dpakiuu (<0,06 mMm) B pesynbrare mropma. CortacHo pesynbraram padotsl (Prodger et al.,
2017), npodunu rpaHyJIOMETPUUYECKOTO COCTaBa HAHOCOB OEPEroBOM 30HBI CBSI3aHBI C
JUCCUTNIAMEN SHEpPruM OOpYIIAIOIIMUXCS BOJH, INPUYEM HaAOMI0AaeMble MaKCUMaJbHbIE
pa3Mepbl 3€peH U UX COPTHPOBKA COOTBETCTBOBAJIM MECTOIOJIOKEHUIO TMHUKOBOM
nmuccunaiuu 3Hepruu (I'ypoB u @omun, 2021a). B padore (Reniers et al., 2013) cBenenus o
pPa3MEepHOM COCTaBe, B COUETAHUU C IAHHBIMU 0aTUMETPUUYECKUX ChEMOK, UCTOIb30BaIUCH
Ul BepuUKaluu MOJAENIbHBIX pacueToB. B pabore (Yu et al., 2013) ycraHOBI€HO, 4TO
pPa3NUYHBIA YPOBEHb JHEPreTHUYECKUX YCIOBHM, OMpenesieMblii MOp(poMeTpudeCcKUMHU
XapaKTepUCTUKAMHU TUISIKEH, a TaK¥Ke TPAHYJIOMETPUUYECKUM COCTAaBOM HAHOCOB OEperoBoii
30HbI, OTBEYAET 3a CHOCOOHOCTH IUISKEH BOCCTaHaBIMBaThCs mnocie mropmoB (I'ypoB u
®omuH, 2021a).

Takum oOpa3oMm, TMpOBEACHHE HCCIENOBAHUN, OCHOBAHHBIX Ha MOJIYYEHUHU
AKCIIEPUMEHTATBLHBIX HATYPHBIX JAHHBIX M PE3YJAbTaTOB YHCICHHOTO MOJACIUPOBAHMS
IPaHYJIOMETPUUECKOTO COCTaBa JOHHBIX HAHOCOB C LEJIbIO OLIEHKH IMPOCTPAHCTBEHHO-
BPEMEHHBIX OCOOEHHOCTEW NepepacipeneneHus NecYaHblx (Ppakuui Mo BO3AEHCTBUEM
IITOPMOBBIX YCJIOBUM Pa3IMYHOW WHTEHCHUBHOCTH, SBISIETCA aKTyaJIbHOM 3ajaded. Y4er
0COOEHHOCTEH TPOTEKAHUSI ITUX TPOIECCOB MOXKET OBITh HCIOIB30BAH TP MPUHATUU
pEIICHMI, HAalTPaBICHHBIX Ha PallMOHATIBLHOE MCIOIh30BAHUE PECYPCOB MPUOPEKHOU 30HBI
(I'ypoB u 1p., 2016).

Hear W 3aga4d MCCAeAOBAHMS — IIEJBIO JIUCCEPTAIMOHHOW pabOTHI SBISETCS
BbIsiBJIeHWE  (akTopoB  (GOpPMUPOBaHUS W  JAWHAMUKHA  pacmpeneieHus  (pakiuii
TPaHYJIOMETPUUECKOTO COCTaBa JOHHBIX HAHOCOB MPHOpEXKHBIX paiioHOB KpbiMa, olieHKa
BIUSHUS PA3IUYHBIX THUIPOAMHAMUYCCKHX YCIOBUH Ha TPOCTPAHCTBEHHO-BPEMCHHBIC
OCOOEHHOCTH pACHpEeeNeHUs] pa3MEPHbIX (PpaKUUi JOHHBIX HAHOCOB B MPUOPEKHBIX
paiionax Kpbeimckoro nomyocTposa.

JI1st nocTrKEeHUs! OCTABICHHOM L€ PeIaliuch CIeAYIOUUE 3a1a4m:



6

1. [TonyuyuTh HOBBIE DJKCIEPUMEHTAIBHBIE JIAaHHBIE O KOJUYECTBEHHBIX
XapaKTepUCTHKaX TIPaHyJIOMETPUUECKOTO cocTaBa (JIOJIeBOE COAepKaHHE (PpaKIIHid,
CpPEeIHUIA JUaMETpP YacTHUIl U KOI(DPHUITMEHT COPTUPOBKH) TOHHBIX HAHOCOB MPUOPEKHOUN U
OeperoBoii 30H ucciaeayeMbix parionoB Kpeima (Kamamutckuii 3anuB, JlumeHckwil 3amuB,
banaknaBckas 0yxTa);

2. Beiienuth OCHOBHBIE OCOOCHHOCTHM MPOCTPAHCTBEHHOW H3MEHUYHUBOCTH
(dbpakuuii rpaHyJIOMETPUYECKOTO COCTaBa JOHHBIX HAHOCOB U OIICHUTH BIUSHUE PA3THUYHbIX
THUAPOMETEOPOJIOTHYECKUX (AKTOPOB M TPOLIECCOB HA HUX Iepepacnpe/ieicHue B
MOBEPXHOCTHOM CJIO€ JIOHHBIX HAHOCOB MPHOpPEKHOM M OeperoBoil 30H ISl pa3IMYHBIX
paiionoB KpbimMa;

3. CdopmupoBaTh MacCUBBI JIaHHBIX O THPOCTPAHCTBEHHOM paCIpeAeIICHUN
(dbpakiuii HAHOCOB U pesibede JHA JUIs UX UCIIOJIb30BAHUS B KaU€CTBE HAYAJIbHBIX YCIOBUN
Ui MaTeMmaTmdeckoii Moxaenu XBeach wu  Bepudukanmuum pe3ysiabTaToB  YHCICHHOTO
MOJICJINPOBAHUS;

4. BbINoNHUTE  HCCNEAOBAaHUE MEXaHHW3MOB IepepacipeaeiieHus  (pakiuii
pPa3IMYHON KPYMHOCTU MO MPO(UII0 MOABOJAHOTO OEPEroBOro CKJIOHA MPHU Pa3IUUYHBIX
napamMeTpax BOJIHEHHS C HCIIOJIb30BAaHUEM OJHOMEPHOIO M JABYMEPHOIO BapUaHTOB
yucienHo moxenu XBeach;

S. Ucnonb3yst JnaHHbIE HATYpHBIX M3MEPEHUM W Ppe3ysbTaThl YHUCICHHBIX
pacyeToB, OLIEHUTh PETHOHAIBHBIE  IMPOCTPAHCTBEHHO-BPEMEHHBIE  OCOOEHHOCTH
pacupenesieHuss TpaHyJOMETPUUECKUX (Ppakiuid T1Oj BO3JIECUCTBHEM IITOPMOBOTO
BOJIHEHUS B PA3IMYHBIX MPUOPEKHBIX palioHax KpbiMa.

OO0beKT uccjieT0BaHusi — MOBEPXHOCTHBIN CJIOM JIOHHBIX HAHOCOB MPUOPEKHON U
OeperoBoii 300 Kanamurckoro 3aimBa, JIuMeHckoro 3anuBa u banakiaBckoi OyXThI.

IIpexmer ucciienoBaHUs — TPAaHYJIOMETPUUYECKUN COCTAB JOHHBIX HAHOCOB, €T0
MPOCTPAHCTBEHHAs U3MEHUYUBOCTh U (hakTOpbl (HOPMUPOBAHUSI.

Metonosiorusi 1 MeToabl HucciaenoBaHus. OTO0p MpoO MOBEPXHOCTHOTO CIIOS
JOHHBIX HAHOCOB, HUCIOJIb3YEMbIX JUIsl aHali3a B JIaHHOM paboTe, OCYIIECTBISJICSA C
momombio gHouepraress [lerepcona mmm J4-0,025 (wromags oxsara 0,025 v?).

B pamkax mocTaBieHHBIX 3a7ad 10 (POPMHUPOBAHHMIO MAaCCHUBA JIAHHBIX IS
HacTosleld padoThl ObUIM OTOOpaHbl HOBBIE MPOOBI MOBEPXHOCTHOIO CJOS JOHHBIX
HaHocoB B niepuoj ¢ 2005 o 2019 rr. B akBatopun Kanamutckoro 3anuBa Obu10 0TOOpaHo
10 mpo6 B Mmopuctoit wactu (aBryct 2011 r. nra HUC «IIpodeccop Bonsauikuii») u 5 npoo
B nipuOpexkHoit (ceHtsiops 2012 r. nva HUC «Puonny). JlonomuutensHo B 6€peroBoit 30He
Kanmamutckoro 3amuBa B nepuog ¢ 2015 mo 2018 1. 6su10 oTobpano 50 mpoO HAaHOCOB Ha
npodumiie «ype3-wispk». B JlumeHnckoM 3anuBe cOOp MarepualioB MPOBOIUICS B HOAOpE
2012 r. mpy BBIMOJIHEHUU KOMILUIEKCHBIX THIPOJIOTO-TUIPOXUMHUUYECKUX MCCIEAOBAHUN Ha
YepHOMOPCKOM MOACTYTHUKOBOM THipoduzndeckom noaurone ®I'BYH OUIL MI'U, Bcero
Ob110 0TOOpaHo 12 mpod goHHBIX HaHOCOB. B akBaTtopuu banakinaBckoi OyXThl B EPUOJ C
2005 1o 2019 r 6su1a oTOOpana 51 npooba.

B nuccepranmonHoid pabore asig OnpeneieHus: TPaHyJIOMETPUYECKOTO CcocTaBa
HAaHOCOB HCIIOJIb30BAJICS KOMOMHUPOBAHHBIA METOJ| JEKaHTAalMu W pacceuBaHus. s



7

MOJICTMPOBAHMS JUHAMHUKH TMPUOPEKHONM 30HBI MpHUMEHsUIach Moaenbs XBeach —
KOMIUIEKCHAs] TUAPOJMHAMHYECKAsT MOJENb, OMHMCHIBAIOIIAS JUHAMUKY BOJH M TEUECHH,
TPaHCIIOPT HAHOCOB W HW3MEHEHUs penbeda JHA, a TaKXKEe MPOIECChl OCYIICHHS U
3aroruieHus ~ OeperoBod  30HBI.  [lomydyeHHBIE ~ 3KCIEPUMEHTAJIBHBIE  JAHHBIE
AHAJIM3UPOBAIHNCH C IPUMEHEHUEM METOJIOB CTATUCTUYECKOTO aHAJIU3A.

Hay4ynasi HOBU3HA NOJIYYEeHHBIX Pe3yJIbTATOB:

1. lnsa npubpexHoi u 6eperoBoii 300 Kanamurckoro 3aivBa, JInMeHCKOro 3a1uBa U
banaknaBckoi OyXThl c(pOPpMHPOBAH YHUKAJIBHBIM MacCUB JaHHBIX O TPaHYJIOMETPUUYECKOM
COCTaBE JIOHHBIX ONIOKEHHMM, YTO  IIO3BOJIWIO  ONPENEIUTh  CTPYKTYpy  HX
IIPOCTPAHCTBEHHOIO PACIIPEACIICHHUS.

2. Bnepsbie ms Kanamurckoro, JInMeHckoro 3aiuBoB U banaknaBckodl OyXThl Ha
OCHOBE KOMILIEKCHOW MopdoauHamuueckoil mogenn XBeach onpenenensl ocobeHHOCTH
MPOLIECCOB 3pPO3MM W CEAUMEHTAlMU JOHHBIX HAHOCOB Ha IOJIBOJHOM CKJIOHE IO
BO3JICHCTBUEM LLITOPMOBOTO BOJHEHUS C YUYETOM UX (PPAKLIHMOHHOTO COCTABA.

3. YcraHoBieHO, uTOo B KanmamMuTCKOM 3anyvBe Ha IEPEMEIICHHS HAHOCOB BOJIHAMU
3HAYUTENIBHOE BIUSHUE OKa3blBa€T MX (PAKUMOHHBIM COCTaB M PACIOJIOKEHUE TPAHMIL
paznena mexay ppakuusmu. Hanbosiee HHTEHCHBHOE NIEpeMEIIEHUE PPAKIUN TPOUCXOAUT
P PaCIIONIOKEHUH TPaHUIIbI UX pa3jiena Ha NIyOuHax 10 4 M.

4. VYcraHoeneHo, u4To B JIMMEHCKOM 3alMBE OCHOBHBIMH  (PAKTOpaMH,
OTIpEETSAIOUMMH NIEPEMEILICHIE HAaHOCOB MO/ BO3/AECWCTBUEM BOJIH, SIBJSIFOTCS IIyOMHA U
YKJIOH JHa, oporpadus Oepera v HarpaBlieHHE BOJIHEHUS. KpynmHO3epHUCTBIM Marepuan
KOHILIGHTPUPYETCS B NPHUOPEKHON 30HE Y MBICOB, CO3/AIOLIUX 30HBI BOJIHOBOW TEHH.
Cpenne3epHUCTbIC (PpaKIIUKU BEIHOCATCS U3 OEPEroBOM 30HBI U OTJIATAIOTCS B IICHTPaIbHOMN
4acTH 3aJMBa, a MEJIKO3EPHHMCTBI MaTeprajl HaKalUIMBA€TCS HAa y4acTKax € MajbIMH
YKJIOHaMU JHa.

5. JluHamMMKa JOHHBIX HAHOCOB B akBaTtopuu bamaknaBckoil OyXThl TOJ
BO3JICHCTBUEM BETPOBOIO BOJIHEHHS MccienoBaHa Boepsbie. [lokazaHo, 4To, HECMOTPS Ha
3aMKHYTOCTb W H30JUPOBAHHOCTh CEBEPHOro OacceilHa OyXTbhl, 3/1€Cb BO3HHMKAET
nepepacrnpezesnenie ppakuuii HAHOCOB OT 3aaAHOTO Oepera K BOCTOYHOMY. YCTaHOBJIEHO,
YTO U3MEHEHMs YKIIOHOB JHA MEXJy h3o00araMu 6—8 M B aKBaTOpHM HOKHOTrO OacceitHa
OyXTbl NPHUBOIAT K OCAXIECHUIO KPYMHBIX M CpeaHUX (pakuuil, a Ha y4acTKE MEXAY
n3obaramMu 9—12 M — MEJIKO3EpHUCTOTO MeCKa.

Teopernueckasi M nNpaKkTHYecKasi 3HAYMMOCTH padorbl. Pabora mnocesieHa
KOMIUIEKCHBIM ~MCCJIEIOBAaHUSAM TPAHYJIOMETPHUUECKOIO COCTaBa JIOHHBIX HAHOCOB B
npuOpeKHON 30HE OECHPUIMBHOTO MOPS U OLIEHKE PErHOHAJIbHBIX MPOCTPAHCTBEHHO-
BPEMEHHBIX OCOOCHHOCTEH  paclpeneneHus TpaHyIOMETpUYECKUX  (pakuui  moj
BO3JECHCTBUEM IITOPMOBOTO BOJHEHUS HA MPUMEPE OTKPBITOIO MEJIKOBOAHOIO 3ajMBa
3anmannoro Kpeima (KamamuTckuii 3anuB), OTKpeITOro mpunityooro 3anusa FOxuoro Kpsima
C aKTHMBHOW AuHAMUKOW Box (JIMMeHCKuU 3alMB) W 3aKpBITOM OyXThl C OTpaHUYEHHBIM
BOJIOOOMEHOM M u3pe3aHHOil OeperoBoil nuHeil (bamakmaBckas Oyxra). [lomyueHHbie
PE3yABTaThl PACIIUPSAIOT COBPEMEHHBIE MPEJCTABICHUS O CTPYKTYpPE M MPOCTPAHCTBEHHON
M3MEHUYMUBOCTH PACIPEACIICHUs JOHHBIX HAaHOCOB B MPUOPEXKHBIX pailoHax W OeperoBoii
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3oHe KpbiMa, xapakrepe mnepepacupe/ieieHus] KpPyImHO-, CpedHe- U MEJIKO3E€PHUCTBIX
dbpakumii TOA BO3ACHCTBHEM INTOPMOBBIX YCIOBHH JUIsI aKBATOPHM, OTIMYAIOIIAXCS
oporpadueii 6epera, perbeoM JHA B 0COOCHHOCTSIMHU TUIPOANHAMUKH.

[TonyuyeHHbIE JAaHHBIE HATYPHBIX U3MEPEHUN U pPe3yabTaThl YMCICHHBIX PAcueTOB
BOCIIOJTHSIIOT HEIOCTAaTOK MH(OpPMALUU O CTPYKType U (dakTopax (pOpMHUPOBAHHS JOHHBIX
HaHOCOB B IpuOpexHbIX paiioHax Kpeima. [lomydeHHble pe3ynpTaThl B JalbHEUIIEM MOTYT
OBbITh KCIOJB30BAaHbl MPHU IUIAHUPOBAHUM OEpEro3alIUuTHBIX MeEp, HaIlpaBlICHHBIX Ha
palMoOHANIbHOE HUCIIOIb30BAaHUE PECYPCOB OEPErOBOIl 30HBI.

IToJ10:keHNs, BBIHOCHUMbIE HA 3AIUTY:

1. MaccuB COBpPEMEHHBIX HATYPHBIX JIaHHBIX O T'PAaHYJIOMETPUYECKOM COCTaBe
JIOHHBIX HAHOCOB JJIs1 IpUOpexHOUN u 6eperosoit 300 Kanamurckoro 3anuBa, JlumeHnckoro
3anuBa u banaknaBckoi OyXThl, CO3JJaHHBIN Ha OCHOBE DKCIEAUITMOHHBIX H3MEPEHUM.

2. 3aKOHOMEPHOCTH TPOCTPAHCTBEHHOIO pacIpejieieHus JOHHBIX HAHOCOB,
kotopeie qis1 Kamamurckoro u JIMMEHCKOTO 3aJIMBOB XapaKTEPU3YIOTCS HalUYUEM
JBYXBEPIIMHHON JuarpaMMbl COAEp:kaHusl (Ppakuuii, 0O0pa30BaHHBIX KPYMHO- U
MEJIKO3EPHUCTBIMU YacTUIlaMHU, a i1 banakiaBckoil OyXThl — MPEUMYIIECTBEHHBIM
HaKOTUICHUEM MEJIKO3EPHHUCTOr0 MaTepuayia. ['paHuIla HAKOTUIEHUS WIUCTBHIX HAHOCOB B
Kanamutckom 3anuBe pacmnosiokeHa Ha rryounax 3-3,5 M, a B JIuMeHCKOM 3aliiBe — Ha
riyouHax 15-25 m.

3. XapaKTepUCTUKHU JTUHAMUKH IPaHyJIOMETPUYECKHUX bpakuuii U
MopdoMHaMuueckre u3MeHeHus B KamamMuTckoMm 3anuBe, KOTOPBIE MPOUCXOASIT Ha
yuactke 100-MeTpoBOW 30HBI, OrpaHMYEHHON wu300aTON 2,5-3 M, U OIpEeAeNIOTCS
rnapaMeTpaMy U MHTEHCUBHOCTBHIO BETPOBOT'O BOJIHEHUS, a TaK)K€ IMOJOKEHUEM T'PAHUIIBI
pazneneHust Gpakiuii Mo KPymHOCTH.

4, Cxema nepepacnpenenenus ¢pakiiuii TOHHBIX HAHOCOB B JINMEHCKOM 3alivBe,
KOTOpoe orpezensiercs oporpadueit Oepera, BbICOTaMU BOJH M NpoduiieM JIHA, a TakxKe
orpaHu4uBaeTcs uzooatoi 20 m.

S. Oco0eHHOCTH JWHAMUKU TPaHYJIOMETPUUECKUX (pakuuil s paiioHa
bamaknaBckoét  OyxThl  MOJ  BO3JECHCTBUEM  HWHTEHCHUBHBIX  FOKHBIX  IIITOPMOB,
3aKII0YAIOIIMECs B MepepacnpeelIeHU MaTeprana HaHOCOB CEBEPHOro OacceiiHa OyXThbl
OT 3amajgHoro Oepera K IEHTPAJIbHOM YacTHM M K BOCTOUHOMY Oepery, HeCMOTps Ha €ro
3aMKHYTOCTb U HW30JUPOBAHHOCTh.  PacmosioxkeHue  obOjiactel  MaKCHUMalbHBIX
KOHIICHTPAIMA HAHOCOB OIPEAEISETCS KOJICHOBUIHON Y30CTBHIO, PA3JICISIONIEH CEBEPHBIN
Y I0KHBIN OacceiiHbl, a MmuUprHa 00JacTeil HaKoIIeHUs (QPaKIMii MEHSETCS] ¢ U3BMEHEHHEM
HaIpaBJICHUS] BOJTHEHUA.

CreneHb [10CTOBEPHOCTH Pe3yJbTAaTOB MNPOBeIeHHBIX HcciaeaoBanuii. OTdop
JOHHBIX HAHOCOB MPOBOJWJICA ¢ IMoMolplo gHouepmnarens I[lerepcona mm J[U-0,025
(mutorazs oxeara 0,025 M%) B COOTBETCTBHHE ¢ TPEOOBAHUSIMY HOPMATHBHBIX JOKYMEHTOB U
MexrocynapcrBenHoro cranaaprta (I'OCT, 1984; 1ISO, 2004).

['panynomerpuyeckuit COCTaB HaHOCOB Onpeaesics C MOMOIIBIO
KOMOMHUPOBAHHOTO CUTOBOTO METOoJa (METOJA JACKAHTAaIluu W paccermBaHus). OtneneHue
aneBputo-nenuToBor ¢pakuuu (<0,05 MM) BBINOJHAJIOCH MOKPBIM TPOCEMBAHUEM C
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MOCJIEIYIOUIMM  ONPEJEICHUEM CYXOM Macchl TIpaBUMETpHUEcKH. KpyrHo3epHUCTBIE
bpakmmu  (>0,05 MM) pa3gensIIMCh CUTOBBIM  METOJIOM CYXOTO TIPOCEHUBAaHHS C
UCIIOJIb30BAaHUEM CTaHJAPTHBIX CHUT. lloilyueHHble B paboTe HATypHbBIE [aHHBIE HE
NPOTUBOpEYAT pe3ysibTaTaM HCCIEIOBaHUM, OMyOJIMKOBAaHHBIM JPYTMMH aBTOpPaMU B
COBPEMEHHBIX MYyONHMKAIUAX, IJIs PaOHOB C TMOXOXUMH (U3UKO-TEOTpaPUISCKUMU U
OKEaHOJIOTMYECKUMU YCIOBUSAMH.

Pe3ynpTaThl pacueToB MOJIYYEHBI C IMOMOIIBI0 YHUCICHHOW TUIPOJUHAMUYECKON
mozenu XBeach — cB0OOOHO pacpoCTpaHsIeMOro MPOrpaMMHOTO MPOIYKTa C OTKPBITHIM
kogoM (http://oss.deltares.nl/web/xbeach/home), koTopas moanepKkuBaeTCs U pa3BUBACTCS
mexayHapoaubiM koHcopuuymoM (UNESCO, Deltares, Delft University of Technology,
University of Miami). PaGoTsl mo BepuuKamuu pe3yJbTaTOB YHCICHHBIX PacueToB C
UCIoyib30BaHueM Mojenu XBeach mupoko mpeacTaBieHbl B MyOJHMKAIUAX 3apyOesKHBIX
aBTOPOB ISl PA3JIMYHBIX TPUOPEKHBIX PAHOHOB MO BCEMY MUPY.

CBsi3b ¢ HAYYHBIMHM NpPOrpaMMaMu, IJIAaHAMHM, TemMaMmMu. PaGora BbIlOJIHEHA B
COOTBETCTBUM C HAay4YHbIMH IUIAHAMM W MpPOrpaMMaMH HccienoBaHuid  Mopckoro
ruapopusnueckoro uHcturyra HAH  Vkpamnsr  (2013-2014) u  ®epepanbHOro
rOCyJapCTBEHHOTO OIOPKETHOTO yUpexAeHUs Hayku DenepasbHOr0 HCCIEN0BATEIbCKOTO
uentpa «Mopckoi rugpodusndyeckuii uHCTUTYT PAH» (2014-2020), a Takke B pamkax
Hay4YHO-HccleaoBarenbckux NpoekToB POOU (Ne 18-35-00230, Ne 18-45-920007).

I[Myonukanuum mno teme auccepramum. [lo Teme nuccepramuu OnMyOJIMKOBAaHO B
coaBTopcTBe 20 Hay4yHBIX pa0boT, u3 HUX 10 crarell B pereH3UpPyEeMbIX HAyUHbBIX H3TAHUIX
[1-4, 6-11], 1 cTarbst B pelieH3UpPYEeMOM COOpPHUKE HAy4YHBIX TPYIOB [5] U 9 Te3ucoB u
MaTepuaioB J0KIa10B Ha Beepoccuiicknx 1 MexayHapoJHBIX HAYYHBIX KOH(PEPEHIIHSIX.

TpeboBanusim BAK npu MwunoOpuayku Poccum ymosnerBopsitor 11 pabor B
peleH3upyeMbIX HayuyHbIX u3fgaHusx [1-11]. B ux umcne 6 pabor B peleH3UpyeMbIX
Hay4YHBIX M3aHMIX, BXOAAIIMX B HaykoMeTpuueckyro 06azy Web of Science [2—4, 6, 7, 11],
2 paboThl B U3IaHUSX, BXOAAIIMX B HaykomeTpuueckyro 06azy SCOPUS [6, 7], 4 paboTsl B
PELICH3UPYEMBIX HAy4YHBIX W3JAHUAX, BXOASIMX B mnepedeHb wu3gannii BAK npu
MunoOpHayku Poccuu, B KOTOPBIX JOJDKHBI OBITH OIYOJIMKOBaHBI OCHOBHBIE HAy4YHbIC
pe3yabTaThl JUCCEPTALM HA COMCKAaHUE YYEHOM CTENEHM KaHIWJaTa HayK, Ha COMCKAHHE
y4eHOU cTeneHu AokTopa Hayk [5, 8—10] u 1 pabora [1] B u3naHuu, COOTBETCTBYIOIIEM TI.
10 ITocranosnenus I[IpaButensctBa Poccuniickonn @eneparuu ot 30 mrona 2014 . Ne 723
«O0 0COOEHHOCTSIX TPUCYKIEHUS YYCHBIX CTEMEeHEW M TPUCBOCHUS YUYEHBIX 3BaHUU
JvLaM, OpU3HaHHBIMH TrpaxaaHamu Poccuiickon ®denepauuu B CBSI3U C NPUHATHEM B
Poccuiickyto ®@enepanuto Pecybnuku Kpsim u oOpasoBanmem B coctaBe Poccuiickoit
denepanuu HOBBIX CyObekTOB — PecmyOnmuku KpeiMm u ropona demepanbHOTO 3HAUYCHUS
CeBacTomnoss».

Jlnunbiii  Bryaag aBropa. I[locTtaHoBKa 3amad  aUCCEPTAIMOHHOW  PabOTHI
MPOBOAMIACH COUCKATENIEeM COBMECTHO C HAayyHbIM pPYKOBOJUTENEM J. Teorp. H.
C.K. KoHoBajioBbIM. AHaIuUTHYECKUN 0030p pabOT MO TeMe HUCCIAEAOBaHUS MPOBOIUIICS
couckareieM Ju4HO. MM JHMYHO oOcylecTBisuics OoTOOp Npo0 JIOHHBIX HAHOCOB B
skcnienunusax B Jlumenckom n Kamamurckom 3anuBax, a Takke B bamakimaBckoil Oyxre.
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Br160p MeTonuKH rpaHyJOMETPUYECKOTO aHAIN3a, BBHIOJHEHHE aHAN3a, a TAKXkKe pacder
KOJIMYECTBEHHBIX XapaKTEPUCTHK TIPAHYIOMETPHUYECKOIO COCTaBa (JOJEBOE COIAEPKAHME
bpakuuii, cpenHud OUaMeTp 4YacTHIl W KOA(Q(UIHUEHT COPTUPOBKH) MPOBOAMIUCH
COMCKaTeJieM JUYHO. MHTepnperanns JaHHBIX HAaTYpHBIX U3MEPEHUN, a TAKXKE BBISIBICHUE
OCHOBHBIX OCOOEHHOCTEH MPOCTPAHCTBEHHON M3MEHUMBOCTH T'PaHYJIOMETPUUYECKOTO
COCTaBa [JIOHHBIX HAHOCOB B TMPHUOPEXKHBIX akBaTopusix KppiMa, OTIMYAIONIUXCS
OYEpPTaHUSIMU OEperoBod JHHUM, peabeoM U YKIOHAMH JHA W CYIIUM, a Takke
0COOEHHOCTSIMU TUAPOAUHAMUKU, IIPOBOJIAIINCH aBTOPOM CaMOCTOSITEIBHO.
dopMupOBaHHE MACCUBOB JIaHHBIX O TMPOCTPAHCTBEHHOM pachpeieieHuu Gpakiuui
HAHOCOB M penbede JHA Uil UX HMCHOJB30BaHMS B KAyeCTBE HAuallbHBIX YCIOBUW B
MaTEMaTUYECKUX PACYETaX BBITOJHIIUCH COUCKATEIIEM CAMOCTOSITENBHO.

Couckarenp NPUHUMAI Y4acTHE B IPOBEICHUM YHCICHHBIX 3KCIIEPUMEHTOB IIO
MOJIETMPOBAHUIO BIIMSHMUS IITOPMOBBIX YCJIOBHM Ha HM3MEHEHUE MPOCTPAHCTBEHHOTO
pacnpeiesieHus: TpaHyJIOMETPUYECKUX (ppakUuuid JOHHBIX HaHOCOB B KanamutckoMm 3anuse,
JIumenckoM 3anuBe 1 banaknaBckoi OyxTe.

ABTOpPOM OCYILIECTBIIEH aHAJIN3 U UHTEPIIPETALUS PE3YJIbTATOB YNCIECHHBIX PACUETOB
JUHAMUKH JOHHBIX HAaHOCOB MO BO3JEHCTBHEM MHTEHCHMBHOIO IITOPMOBOTO BOJHEHHS B
npuOpexHoil 30He Kanamurckoro n JIumeHckoro 3anuBoB, a Takke B banakinaBckoil Oyxre.

OOcyx/eHre pe3ylbTaTOB OTAEJBHBIX 3TallOB HCCIENOBAHUS OCYUIECTBISIOCH
COUCKATEJIEM COBMECTHO C HayYHBIM PYKOBOJIUTEIIEM U COABTOPAMM HAYYHBIX IyOIMKaLIUM.
Couckarenp JUYHO NPEACTABISIT PE3YNbTaThl pabOThl HA POCCUMCKUX U MEXTYHAPOIHBIX
KOH(EepeHIUAX, CEMUHAPAX U LIKOJIaX.

ABTOp BbIpa)kaeT UCKPEHHIOK0 0JIarolapHOCTh CBOEMY HayYHOMY PYKOBOJUTEIIO UJI.-
kopp. PAH, n-py reorp. Hayk C.K. KoHoBasIOBYy 3a HEOLIECHUMYIO ITOMOIIb U IIEHHBIE COBETHI
OpU TOATOTOBKE paboThl. ABTOp MCKpPEHHE TMpHU3HATeNleH A-py (u3.-Mar. Hayk
B.B. ®omuny, n-py reorp. Hayk E.W. Urnarosy, B.®. VYnosuky, E.M. Oscanomy, no-py
reorp. Hayk FO.H. Iopsiukuny, xana. reorp. Hayk Kpeuienko B.B., kaHa. ¢us.-mat. Hayk
JI.B. AnekceeBy 3a IUIOAOTBOPHBIE JUCKYCCMM M TMONJNEPKKY HA pa3HbIX JdTanax
BBITIOJTHEHUS PA0OTHI.

Crpykrypa U o0bem paborbl. Jluccepranys COCTOUT W3 BBEACHHUS, IMATH IJIAB,
3aKJIIOYEHUS M CIIMCKa MCIOJb30BaHHBIX HCTOYHHUKOB. OO0beM paboThl cocraBiseT 166
cTpaHuIl U conepxuT 13 tadmuir u 47 pucyHkoB. bubnuorpagudeckuii CIMCOK BKIIIOYAET B
ceOs 175 nanmeHoOBaHMWM, B TOM 4YHcIie 47 Ha aHTJIMMCKOM SI3BIKE.
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OCHOBHOE COAEP/KAHUE PABOTbI

Bo Bsenenum 000CHOBaHa AaKTyaJbHOCTh TEMBbl AHMCCEPTAlMM U PACCMOTpPEHA
CTENEHb €€ pa3padOTaHHOCTH, CHOPMYIMPOBAHBI MEIM W 3aJa4d  PabOThI, METOIBI
HCCIICIOBAaHUS, Hay4yHas HOBHU3HA, OCHOBHBIC TIOJIOKEHUS, BBIHOCUMBIC Ha 3aluUTYy.
[TpuBoauTcst HHPOpPMALIHSI O TEOPETUUECKON U MPAKTHUECKON 3HAUMMOCTH pabOThI, CBSI3b C
Hay4YHBIMU ITPOTrpaMMaMu, CBEJICHUS O CTENEHU JOCTOBEPHOCTH U anpoOalvK pe3yabTaToB
UCCJIeIOBAaHUs, JTMYHBIN BKJIAJ] aBTOpPA M CIUCOK MYOJIMKAIMI M0 TeMe JUCCEPTALIIH.

B TImaBe 1 paccmarpuBaroTcsi oOlIME XapaKTEPUCTHKUA JOHHBIX HaHOCOB. B
napaepaghe 1.1 naercs uHbopmalysa 00 0COOCHHOCTIX KiIacCU(UKAIIMUA JOHHBIX HAHOCOB,
ucrionb3zyemasi B pabdore. B napacpage 1.2 paccMoTpeHbl (HakTOpbl (POPMHPOBAHUS U
JTUHAMUKHA JOHHBIX HAaHOCOB B MpuUOpexHbIX pailonax Kpseima. IlokazaHo, 4TO K Takum
(akTopaMm OTHOCSITCS TIyOUHA U pelibed) aKBATOPUU M MPUJICTAIONIEH TEPPUTOPUU CYIIIH,
ocobeHHOCTH oporpaduu OeperoB, XapakTep TEUEHUM, OuoNoruyeckass aKTUBHOCTb,
MOCTYIJIEHUE TEPPUTeHHOro U OuoreHHoro marepuana (TBenxoden, 1936; Ilycroanos,
1940; CrpaxoB, 1954; Hesecckuit, 1967; Pyxun 1969; Jlucuupin, 1971; PomaHoBCKkuiA,
1988).

B napacpaghe 1.3 mpoBeneH aHalv3 JUTEPATYPHBIX HCTOYHUKOB, IMOCBSIIEHHBIX
O0COOCHHOCTSIM TPaHYJOMETPUYECKOTO COCTaBa JOHHBIX HAHOCOB B MPUOPEKHBIX pailoHax
Kpeima. [lokazaHo, 4TO JOHHBIE HaHOCHI MPUOPEKHBIX pailoHOB KpbiMa mpeacTaBieHbl B
OCHOBHOM T€CYaHBIMU (PAKIUSIMH, YEPEIYIONIUMUCS C PAKyIICYHBIM, JIUOO WIUCTHIM
Matepuasiom (Apxanrenbckuit 1 Crpaxos, 1938). Kak npaBuiio, mecku BCTpeyaroTcs B 30HE
BOJIHOBOTO BO3JeHCTBUS, Ha TiyomHax no 20-25 M B akBaropuu JIMMEHCKOTO 3ajnBa
(3enkoBuy, 1958; I'eomorus mennha YCCP..., 1985) u no 30-50 m B Kamamurckom 3anuBe
(ITarokoB, 2003). CormacHo apyrum nanHbiM, B Kamamutckom 3ammuBe rinyOxke 10-
METPOBOM M300aThl MPeOo0IajatoT AJIEBPUTOBBIE HIIbI, KOTOPHIE 3aJIETAIOT OJHOPOIHBIM
cnoeM (Tpumonuc, 1976). Hanocel banakinaBckoi OyXThl IpeICTaBICHBI MEIKOAUCIIEPCHON
(dbpakiuell B BepXoBbe OYXThI, B IICHTPaJIbHON YacCTH — WIUCTHIMU MECKaMU, a B Haubosiee
Y3KOM YacTH U Ha BBIXOJIE U3 OYXThl — PAKYIICYHBIM JIETPUTOM C BKpAIJICHUSMHU CHadaja
Mecka W MEJIKOTO TpaBUMHOro Marepuana, a 3arem uia (Jlomusd..., 1937). Cornacho
JUTEpPaTypHbIM JTaHHBIM OTMEUEHO, YTO HAHOCKHI OeperoBoil 30HBI KamaMHUTCKOTO 3aiuBa
XapaKTEePU3YIOTCSl HE3HAUUTENIbHBIM  COJEPKAHUEM MEJIKOAUCIIEPCHBIX TMEIUTOBOM U
anesputoBoi (pakmmii (bparyce, 1965; Ilyiickuii, 2007). [lokazaHo, 4T0 0COOEHHOCTH
muddepeHuaniy Marepuasa HAaHOCOB B 30HE IUBDKA W B TMPUYPE30BON IOJIOCE
MOJIBOTHOTO OEPETOBOTO CKJIOHA OMPEICIISIOTCS MECTaMU PACIOIOKEHUS UCTOYHUKOB €T0
nocrymienus  (IuroxoB, 2003; Ilyiickmii, 2007), xapakTepoM  pa3MeICHHs
THAPOTEXHUYECKUX COOPY)KCHHM U HalpaBJICHUEM BIOJILOEPETOBOTO TEPEMEIICHUS
HaHocoB (3enkoBud, 1960; UBanos, 2006; Llyiickuii, 2007; YnoBuk u lopsukun, 2013,
2015).

OTMedeHo, 4YTo, HECMOTps Ha oco0oe 3HaueHHe, KOTOPOE€ TOYHBIE [aHHbIE O
pa3MEpHOM COCTaB€ JOHHBIX HAHOCOB MMEIOT IJisl ajanTaluyd W BaJMJallMUd MOJEJEH,
OTHMCHIBAIOIINX JIMTOAMHAMHYECKHE MPOIECChl HA y4acTKaxX OeperoBOil 30HbBI, JE€TalbHBIX
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UCCIICIOBAHUM IITOPMOBBIX M CE30HHBIX H3MEHEHHIl TIpaHyJIOMETPUYECKOIO COCTaBa
JOHHBIX HAHOCOB B HACTOsSIIEE BpEMsl HE MPOBOAMIOCH. Kpome Toro, cBeneHHs O
CTPYKTyp€ HAaHOCOB, MOJYYEHHbIE paHEe Ha OTIAEIbHBIX TOYKAX B MOPHCTOM U OEperoBoit
3oHax Kamamurckoro 3ammBa, Jlumenckoro 3amumBa u bamakmaBckoit OyXThl, ycTapend,
MPOTUBOPEUMBBI U OTPBIBOYHBI, HE OTOOpa)XKalOT peaJTbHOM KapTUHBI W TPeOyIOT
OOHOBJICHHUS.

B I'maBe 2 npuBeneH aHAIU3 JIUTEPATYPHBIX JAHHBIX, OMUCHIBAIOIIUX OCOOEHHOCTH
reoJ0ro-reoMopoorTuYecKoro  CTpOEHUs  NpuOpekHod  u  OeperoBoil  30H,
TUAPOMETEOPOJIOTUUECKUE U THIPOJUHAMUYECKHE YCIOBHUSI KaK OCHOBHBIE (PaKTOPHI
(dbopMHpoOBaHUs JOHHBIX HAHOCOB B akBaropusix Kamamurckoro 3anuBa JIMMEHCKOTO 3a11Ba
u baakinaBckoi OyXThl.

B napaepaghe 2.1 noxazano, 4To 4epeayronmecs MeXIy co00il akKyMyJIsiTUBHBIEC U
aOpa3uoOHHbIE THUIBI OeperoB — OCHOBHbIe M1 KamamuTckoro 3anuBa. B HaceneHHbIX
MyHKTaX OTMEUaroTcsi Oepera aHTtponoreHHoro tuna (3enkoBud, 1958, 1960; MBanoB np.,
2006; CoBpemeHnHoe cocTosiHue OeperoBoil 30HbI Kpbima, 2015). 3aperynupoBaHHOCTh pek
3anagHoro KpbiMa M HeAgoCTarouHOE MOCTYIUIEHWE Marepuana U3 MECTHBIX HMCTOYHUKOB
MPUBEJIM K TOMY, YTO OCHOBHOE NMUTAHHE AKKyMYJSTUBHBIX (OopM penbeda Ha JTaHHOM
y4acTKe OeperoBoil 30HBI MPOUCXOAUT B pE3yJbTaTe BAOJbOEPErOBOTO MEPEMEIICHUS
HaHocoB (3enkoBuy, 1960; lyiickuii, 2006; YnoBuk u I'opsiukun, 2013, 2015). OT™meueHo,
YTO JUHAMHKA BOJ B MpuOpexHOU 30He KamamMuTckoro 3anmBa B 3HAYUTEIBHOW CTEIICHU
ompejensercss  MoBepXHOCTHbIM  BonHeHweMm  ([opsukun, 2009), a  ocHOBHOE
repepacrpeesieHue IOHHBIX HAHOCOB B JJAHHOM PalOHE MPOUCXOIUT MPEUMYIIECTBEHHO
MOJT BO3JIEWCTBHEM IIITOPMOBBIX BOJIH, UMEIOIIMX HAMpaBiIeHUE, OJMU3KOEe K HOpMaJH IO
otHomeHuto Kk OeperoBoit nuHUKM ([opsukun u Penmerun, 2009; XaputonoBa u domuH,
2012), [6]. Ha ocHOBe IHUTEepaTypHBIX HAHHBIX MOKa3aHo, 4yTo s KamamuTckoro 3anvBa
pa3 B 10 et HabmogaroTcst BOJHBI ¢ BbicoToi 4,25—4,5 M 1 nepuogom 9 ¢, pa3 B 50 ner ¢
BbICOTOM 5—5,25 M u nepuonom 10 ¢ u pa3 B 100 set ¢ BeicoTont 5,5-5,75 M u nepuonom 10
¢ (Atnac BoJHEHUA U BETpA...,1969; Tunoseie noss BeTpa U BOJHEHUS. .., 1987; EpumoB u
Komapogckas, 2009).

B napacpage 2.2 mokazano, 4to JIMMEHCKWI 3adMB BBITSHYT B HIUPOTHOM
HalpaBJICHUH, U OTJIMYACTCS BBICOKMUMH OeperaMu. 3amafHblii Oeper CJIOXEH TOoJIIei
OTJIO)KEHUM TJMH M CYIJIMHKOB C BKJIIOYEHHMEM OOJOMOYHOIO MaTepHhalia HOpPCKUX
M3BECTHSIKOB, YacTO pa3MepaMH B HECKOJbKO MeTpoB. lleHTpanpHasi yacTh Oepera
XapaKTepU3yeTcsl aKTUBHOW alpa3Weil W DJNHU30JAMYECKUMHU OOpyIieHusiMu Oepera,
CII0KEHHOT'0 TIeCYaHO-TAMHUCTEIMU HaHocamu (3enkoBud, 1958; I'eoorust CCCP.. ., 1969;
[urokoB u  ap., 1984). CkanpHble Oepera BOCTOYHON YacTH COCTOST U3  TJIBIO
BepxHeropckoro u3BectHsaka (Lllectomanos, 2005). AHaiau3 JUTEpaTyPHBIX HCTOYHHUKOB
MOKa3aJl, YTO HAWOOJBIITYI0 TMOBTOPSIEMOCTh ISl aKBaTOpPUHM JIMMEHCKOTO 3ajiiBa WMEIOT
KpPaTKOBPEMEHHBIC IITOPMa MPOJOJDKATEIBHOCTRIO 10 12 u (3am, 1966). IlpuBeneHHbIC
OLICHKM BBICOT BOJIH oOecreyeHHOCThI0 13% mokazanu, 4To pa3 B TOJ ISl aKBaTOPHUU
JIumeHckoro 3anuBa XapakTepHbl BOiHBI ¢ H= 3,6 M, pa3 B 5 net — 4,5 M, pa3 B 10 ner —
5,0 M. IlokazaHo, 4TO I IITOPMOBBIX YCJIOBUM THUKOBBIM TMEPUOJ BOJH MOXKET
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coctaBiATh 12 ¢ (ATiac BOMHEHHS M BeTpa...,1969; MOHUTOPUHT MPUOPEKHON 30HHI. ..,
2014).

B napacpage 2.3 otmeueno, uto bamakmaBckas OyxTa TpeacTaBiseT Cco0oi
XapaKTEepPHBbI HWHIPECCUOHHBIM 3aiuB puacoBoro tuna (3enkoBuy, 1958; I[eomorus
CCCP..., 1969). Axparopusi OyxTbl, UcCX0ns U3 MOpPGOMETPUH JHA M KOHPHUTypaluu
OeperoB, paszensieTcss Ha MEJIKOBOAHYIO YacTh B BEpIIMHE OyXThI, IICHTPAJbHYIO 4YacTh,
I0KHOE€ TIIYOOKOBOJIHOE pACIIUPEHUE W KOJIEHOOOPa3HYI0 Y30CTh, COCIUHSIONIYIO [IBE
nocieanue yactu (Jlomakun u oo, 2011). ITo nanusiM (Penetun, 2003) MakcumasbHas
MOBTOPSIEMOCTh BOJHEHUS B banakiaBckoil OyxTe, B TOM YHUCIE IITOPMOBOIO, OTMEUYEHA OT
HaMpaBJIEHU CO CTOPOHBI MOps: r0kHOTO (0oKoio 30%), roro-3amaanoro (17,2%) u roro-
BocTouHoro (10,7%).

I'maBa 3 nocpsllleHa MaTepualy U METOJaM HCCIENOBaHUS TPaHyJIOMETPHUUECKOTO
COCTaBa HAHOCOB, a TaKXK€ MapamMeTpaM U OCOOCHHOCTSIM MPUMEHEHUS MOJAEIIN JTUHAMUKH
OeperoBoii 30HbI (XBeach).

B napaepaghe 3.1 npuBomarcsi cxeMbl CTaHIMKA oTOOpa MpoO JOHHBIX HAHOCOB B
npuOpexHoil 30He Kamamurtckoro 3anuBa, JlumeHnckoro 3anuBa u banakinaBckoil OyXTel, a
TaK)Ke CXema pacIoyIoKeHHs ToueK 0TOopa mpod B OeperoBoii 30He B Kalamutckom 3anuse.

B napacpaghe 3.2 TlokazaHo, 4to B HacTosIileld paboTe AJig UCCIEAOBaHUS COCTaBa
KPYIHO3EPHHUCTBIX MCAMUTO-AJIEBPUTOBBIX M CMEIIAHHBIX JOHHBIX HAHOCOB IPUMEHSIICS
KOMOMHHUPOBaHHBI CUTOBOM aHayIn3 (MeToA ekaHTauuu u paccenBanus) (Ilerenun, 1967).
[IpencraBineHn mnoapoOHBIM XOA BBINOJHEHUS aHaidu3a U OCOOEHHOCTH 00paboTKU
pe3ylnbTaTOB M3MEPEHUM, B TOM 4HCIE MPUMEHSEMbId B paboTe MOpsJIOK pacuera
MPOLEHTHOTO COJEp)KaHUs (PpaKIUi, BEIUYUH CpeaHEero menuaHHoro nuamerpa (My) u
ko3 duiinenTa copTUpoBku (Si). OTMEUEHO, YTO OCHOBHBIM CIIOCOOOM TrpaduyecKoro
M300paXeHUsI TPaHYJIOMETPUUYECKOTO COCTaBa SIBISETCA IOCTPOCHHE THCTOIpaMM U
KyMylIsSTUBHBIX KpuBblx (IlTapmysuna, 2011). Jlnga momenupoBaHus AUHAMUKH JOHHBIX
HAaHOCOB Ha Yy4yacTKaxX MpUOpekHOM M OeperoBoil 30H NpHUMEHsUIach Moaenb XBeach
(Roelvink et al., 2009; Xbeach..., 2010; Roelvink et al., 2015). [Tokazanbsl 0coO€HHOCTH
UCIIOJIb3yEMON B MOJEIM CHCTEMbl KOOPAMHAT, YPABHEHHI TMAPOIMHAMMKH, TPAHCIOPTA
HaHOCOB U Aedopmanuii 1Ha. [lapameTpsl BETPOBOTO BOJHEHHUS 33JaBaICh HA MOPUCTOM
rpaHulle pacyeTHoW obmactu ¢ mnomombio crnekrpa JONSWAP.  OcobGennoctu
anmnpoOKCUMALIMM XapaKTepUCTUK JOHHBIX HAHOCOB, HUCIOJIb3YyeMbIX B Moaenun XBeach,
COCTOSIT B TOM, YTO BO3MOXKHO HCITOJIb30BAaHUE HECKOJIBKUX (PpaKIHil HaHOCA, AJIs KaX10i
M3 KOTOPBIX 33Jal0TCSI CBOM 3HAUYEHUSI BEJIMUMH CpeHEero MeauaHHoro nuametpa (D50) u
JOMOMHUTENBHBIX BeMMUMH D15 m D90, momydeHHBIX NpH MOCTPOEHUH KyMYJIATHBHOM
KpUBOM ISl KaXJIoM (ppakuuu mo pesynbraTaM TIpaHyJIOMETPUYECKOro aHajlu3a IMpod
rpyHTa. HavaibHbli COCTaB JOHHBIX HAHOCOB 33JaBajCsi B BHJAE CMECH U3 TpeX
KOMITOHEHTOB. KosnuecTBo BemecTBa Kaxa0i (pakiuyd B CMECH BBIPAXEHO B OOBbEMHBIX
KOHIICHTPALMSIX, COOTBETCTBYIOIIMX JOJEBOMY COACpPKAaHUIO JaHHOTO Marepuaia B
€IMHUYHOM 00bEME.

B I'maBe 4 npuBeieH aHaIu3 COBPEMEHHBIX JTAHHBIX IPAHYJIIOMETPUUYECKOTO COCTaBa
JOHHBIX HAaHOCOB B MpuOpexxHoN 30He Kamamurckoro 3anuBa, JIMMEHCKOro 3alivBa M
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banaknaBckoii OyxThl. BbigeneHbl 0COOEHHOCTH MPOCTPAHCTBEHHOTO paclpeaeiieHus
pa3INuYHbIX (Ppakuuii B MOPUCTON U MPUOPEKHON YacTax akBaTtopuil. s GeperoBoii 30HbI
KamamuTckoro 3ayimBa moOydeHBl HOBEHIHME MaHHBIC (PPAKIIMOHHOTO COCTaBa HAHOCOB
IIPUYPE30BOM TTOJIOCHI ¥ MATEPUAIIA TIISKEN.

B napaepaghe 4.1 npencrasnensl pe3yabTaThl HCCICTOBAHMS BEIIECTBEHHOTO COCTABA
JOHHBIX HAHOCOB, OTOOpDAaHHBIX B MOPHUCTOH, NPUOpPEKHOW U OEperoBor YacTIX
Kamamutckoro 3anvBa. YCTaHOBIIEHO, YTO JOHHBIE HAHOCHI MOPUCTOM YaCTH MPEACTABIICHBI
PaKyIIEYHbIM I'PABUEM C JETPUTOBBIM IIECKOM, & TAKXKE AJIEBPUTO-IIECIUTOBBIM U IEIUTO-
aneBpuToBbIM oM (Pucynox 1, a, B). JloHHble HaHOCBHI MNPUOPEXKHBIX pallOHOB
OTIMYAIOTCS OONBIIMM pa3HOOOpa3ueM, 4TO, CKOPEE BCETO, CBSI3aHO C MCTOUYHUKAMHU HX
MUTAHUS U C TUAPOAMHAMUYECKOM akTUBHOCTRIO (Pucynok 1, 6, 1) [1].

0 %100 0 _ 100 ~
a 0]

&\\§ Al CRPHTO-TIEIHTOBAA

7
% Z’ [lenuro-anerpuropas

Pucynok 1 — TpexxomnonenTHas (a, 6) u kpyrosas (B, T) AuarpaMMbl (PpaKIIMOHHOTO
cocTaBa JoHHbIX HaHOCOB Kamamutckoro 3amuBa B 2011 (a, B) u 2012 (6, 1) T

[Toxazano, uto B OeperoBoit 3oHe KamamuTckoro 3anuBa BOJIM3H JUHUM ype3a BOJbI
HAKaIlJIMBACTCS CPEAHUUA M MEJIKUM TIpPaBUM C NPUMECBIO MEJIKO3EPHUCTOrO mecka. B
HaHocax TIUIsKed mnpeooOnanaer ¢pakuus 0,5-0,25 MM ¢ BKIIOUEHHSIMU KPYIMHO- U
MEJIKO3EPHUCTOrO mnecka 10 24—28%, a aleBpuTOBOro M neaurtoBoro mMarepuana 1o 0,6%
[5], uTo cormacyercsi ¢ JuTeparypHbIMA JOaHHbIMU (3eHkoBu4Y, 1960; Bbpartych, 1965a;
Myiickuii, 2007).
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B napacpage 4.2 paccMoTpeHbl 0OCOOEHHOCTH TPaHYJIOMETPUYECKOrO COCTaBa
JOHHBIX HaHOCOB JIlnMeHckoro 3amuBa. [loka3aHo, YTO B MNPUOPEKHON 30HE HAHOCHI
COCTOSAAT M3 CPEIHE3EPHUCTBIX MeckoB (PucyHok 2, 0) ¢ BKIIOYEHHUEM pPaAKyIIEYHOTO
Marepuaja U U3BeCTHAKOBOro rpaBust (PucyHok 2, a), a MopucTas 4acTh MOJUIOHA 3aHATA
aJIeBpUTO-NEIUTOBBIMU WiiaMu (PucyHok 2, B). YcTaHOBIEHO, YTO JjIsl BCEX MPOO HAHOCOB
XapakTepHa [ByXBEpIIMHHAs JuarpamMma cojepKaHus (pakuui, MpencTaBlICHHAs Kak
KpyHO- TaK M MEJKO3EPHUCTHIMU YacTullaMu. HaumOomnblnasi [10si TPUXOJUTCS Ha
IpaBUKHYIO U Miecyanyto ppaxuuu [3].

50 30 20 10 O 85756555453525 15

M T [ % NIRRT | T ]

C. 1.
44,4°

44,398

44,396°

44,394°1

44,392°

44,39°

C. II.
44,4°

44,398°

44,396°

44,394°

44,392°

e
33,98 33,984° 33,988° 33.992°5. 1. £3,68° 133,984° 33,988° 33,992° B 1.

Pucynok 2 — IIpocTtpancTBeHHOE pacipeiesieHue rpaBuitHoH (a), necuanoit (0), aneBpuro-
MeauTOBOM (B) pakiuii U CPeTHETO JUaMETpa YacTUIl, MM (T) B IOBEPXHOCTHOM CJIOE
JIOHHBIX HAaHOCOB JIMMEHCKOTO 3ainBa; upaMu B Kpy>KeUKax MOKa3aHbl HOMepa CTaHIUH
otoopa npoO [3]

44,39°-

B napacpagpe 4.3 mokazaHo, UYTO JOHHbIE HAHOCHI bamakinaBckod OyXThI
MPEACTaBICHbl MPEUMYIIECCTBEHHO TEIUTO-aJICBPUTOBBIMU M aJICBPUTO-TICJIUTOBBIMHU
WJaMU, MaKCUMaJIbHbIC KOHIICHTPAIIMU KOTOPBIX OTMEYaJIMCh B KYTOBOUM CeBEpO-3amaaHou
gacTu ceBepHOTO Oacceitna (Pucynok 3, B). PactipocTpanenne rpaBuitHON (ppakiiuu B BUC
JIOKaJTbHBIX MaKCUMYMOB BONH3U Oepera OmpenemsieTCs IMOBBIIIEHHBIM COJCp)KaHUEM B
ATUX palioHaX pakylieyHoro rpaBus u Aetpurta (Pucynok 3, a) [2].
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Pucynok 3 — IIpoctpancTBeHHOE pacnpeeneHre rpaBuiiHon (a), necyanoit (0), MiImcTou
(B) ¢ppakuuii u cpeqHero AuaMeTpa 4acTull, MM (T) B TOBEPXHOCTHOM CJIO€ JOHHBIX
HaHOcOB banaknasckoit 0yxtel B 20052019 rr.

B I'maBe 5 C moOMOIIBIO METOJOB MAaT€MaTUYECKOIO MOJICIUPOBAHUS MPOBEICH
aHAJIM3 OCHOBHBIX OCOOCHHOCTEW IWHAMUKH TPAHYJIOMETPUUECKUX (paKkiuii JTOHHBIX
HAaHOCOB B MpUOpexxkHON u OeperoBod 30Hax Kamamurckoro u JlumeHckoro 3anvBoB, a
Taxoke bamaknaBckoit OyXThI 1OJT BO3EHCTBHEM BETPOBOTO BOJTHEHUS.

B napacpage 5.1 npenctaBieHbl pe3ylbTaThl, TOJYyYEHHbIE HAa YydYacTKax
npuOpexHoil u OeperoBoii 30H Kamamurckoro 3anuBa. [lokazaHo, 4TO Ha HHTEHCHBHOCTh
MepeMeNIeHus] MecuyaHbiX (pakiuii 10 MOHOTOHHOMY MPOGWIII0 3HAYUTEIHHOE BIUSHUE
OKa3bIBACT KPYMHOCTh Marepuaja M PACIOJOKEHUE TPAHUI[ €ro pasaenia, a TaKkKe
MHTEHCUBHOCTh BOJIHEHMS. YCTaHOBJEHO, 4TOo B KajmaMHTCKOM 3aivMBe OCHOBHBIC
MOpP(POIUHAMUYECKHIE MPOLECCH TPOUCXOAIT B npeaenax ydactka 100-120 m ot ypesa u
orpaHUYMBarOTCA u3obarou 2,5-3,5 m.

AHanu3 pe3yJbTaroB MaTe€MaTUYE€CKOTO MOJAECIMPOBAHMS ISl pailoHa Tepechinen
03. CacbIk 1 03. boraitibsl mokasasn, 4To JJi1 BCEX YMCICHHBIX SKCIIEPUMEHTOB OTMEUYAETCS
aKTUBHOE Tiepepacripenesienne 0osnee KpymHbIX (Ppakiuii B BEpXHEH YacTH TOJBOIHOTO
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OeperoBoro CKJIOHA M OJHOHAMPABIEHHOE TIEPEMEIICHIE MEJIKUX YaCTUIl B CTOPOHY MOPS
(Pucynok 4, a).
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Pucynok 4 — Pacnipenenenue 00beMHBIX KOHIIEGHTpALM HAHOCOB (a); pacrpeaesicHue
cpennero auamerpa dactuil (D50) (6) ms mpoduis BC2 (cocrosiero u3 pa3HbIX 1Mo

KPYIIHOCTH HAHOCOB, Pa3/IeJIeHHBIX Ha IBE 00nacTh) (hy, =2 M, 7, = 8)
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B pesynbrare nepemernieHust oTaenbHbIX (Gpakiuii HAHOCOB MPOUCXOAUT U3MEHEHUE
pacripeieicHuss MEIMaHHOTO JuaMeTpa dJacTull Bcelt cMmecu (mapamerpa D50). B 3oHe
OeperoBoil abpa3uu W OTCTyINaHUs OEpPEeroBON JMHUU BEIUYMHBI CPEAHEr0 JIUaMEeTpa
pacTyT, a B IPUYPE30BOU MOJIOCE B PE3YJIBTATE 3aMEIICHUS KPYITHO3EPHUCTOTO Marepualia
CPEIHE3EPHUCTHIM TECKOM — YMEHBIIAITCA. B 30HE NOJOXHUTENBHBIX Aehopmaiuii
npoduss aHa pocT BeauduHbl D50 MpoOUCXOAWT TakKe B pe3ysbTare YBEJIUYCHUS JIOJIH
CPEIHE3EPHUCTOTO TIeCKa M BBIHOCA MEIKOM (pakiuu B MOPHUCTYHO YacTh MNpodus
(Pucynok 4, 0) [6].

B napacpagpe 5.2 mokazano, yto B akBaTopuu JIMMEHCKOrO 3ajiiBa OCHOBHOE
nepepacnpeiesieHie mNecyaHblXx (¢pakuuidi B TIpolLiecce ITOPMOBOTO  BO3JEHCTBHS
MIPOUCXONT B TEUCHUE TIEPBBIX 6 4acOB, U orpaHnunBaetcs nzobaroit 20 m (Pucynok 5).

OcHOBHBIMH (paKTOpaMu, PETYIHPYIOINIUMU TIEPEMEICHUE Marepuana, SBISETCS
nIyOMHa W yKJIOH naHa. J{ns paiiona BOmM3u M. KukumHen3 moka3aHO Kak COOTHOCATCS
M3MEHEHHE OOBEMHBIX KOHIEHTpAIMi KaXaoW ¢Gpakiud W BEIWMYMHBI YKJIOHA JIHA.
VYCTaHOBIIEHO, YTO HAKOIUIEHWE KPYIMHO3EPHUCTOTO Marepuana BOmu3u  Oepera
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OmpeiesieTCsl MAKCUMaIbHBIMU BEJIMUMHAMU YKJIIOHA JHA Ha yyacTke 0—115 M oT ypesa (ot
0,22 no 0,049). He3nauutenbHblii pocT BelnuuH ykioHa aHa (ot 0,049 nmo 0,056) nHa
yuactke 115-175M or ype3a CONpOBOKIAACTCA  YBEIUYECHUEM  KOHIICHTpALUI
MEJKO3EPHUCTON (pakIMy M COKpaIleHHeM Joiu KpymHo3epHuctoir (PucyHokx 6). B
Mopuctoi yactu akaropuu (180-500 m oT ypesa) ¢ TIaBHbIM U3MEHEHUEM BEJIMYUH yIvia
HakioHa oT 0,056 mo 0,053 HEe3HAYMTENBHO YBEIMYHUBAETCS JAOJIS KPYIMHO3EPHUCTOTO
Marepuaa, a MEJIKO3EPHUCTOTO — YMEHBIIIAETCS.
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Pucynok 5 — IIpoctpancTBeHHOE pacnpeieseHue 00beMHBIX KOHIICHTPAIIHA
KPYMHO3EPHHUCTOH (a, T, K); CpeHe3epHUCTOH (O, 1, 3); MEJIKO3EpHUCTOM (B, €, 1)
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Pucynok 6 — OcoGeHHOCTH nepepacnpeieieHus rpaHyIoMeTpudeckux hpakiuii u
JUHAMHUKA yIJ1a HAKJIOHA JTHA JJIS FO’)KHOTO BOJIHEHUS, /i, =5 M
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B napacpaghe 5.3 mokazaHo, 4To OCHOBHBIMU (DaKTOpaMH, PETYIHPYIOIIUMU
nepeMeleHne MaTeprana B akBaropun banmakimaBckol OyXThl, SBISIOTCS TTyOMHA M YKJIOH
nHa. OTMEYEHO, 4YTO OCHOBHOE MEpepaclpesiesieHue NecYaHOro Marepuala, BbI3BAHHOE
IITOPMOBBIM BOJHEHHEM, OTMEUAETCA B Mpeesax I0KHOTO OacceiiHa, a TakKe Ha BBIXOJIE
u3 OyXThl B OeperoBoii 30He 3ammBa Merano-Smo. B mepByro odepenn 3To ompeaensercs
0COOEHHOCTSIMU oOporpaduu Oepera, a UMEHHO KOJIEHOBUIHOM Y30CThIO, pa3ieiisioNiei
CEBEpPHBI W IKHBIA OaccelHbl. YCTAHOBJIEHO, YTO, HECMOTpPs Ha H30JUPOBAHHOCTD
ceBepHO KyToBOM wyacTu banakmaBckoid OyXThl OT BOJHEHHS OTKPBITOTO MOps, O]
BO3JICHCTBUEM IITOPMOB B CEBEpHOM OacceifHe HaOMIOMaeTcs He3HAYMTENbHAs TUHAMUKA
necyaHoro Marepuana. OTmedaercs nepepacnpesesnieHre (Qppakiuii JOHHBIX HAHOCOB OT
3amajgHoro Oepera K ULEHTPaJbHOM uacTu OacceilHa MU K BOCTOUHOMY Oepery OyXTbl
(Pucynox 7). YcTaHOBIEHO, YTO pE3KOE M3MEHEHME YyIiia HaKJIOHA JTHA MEXIy U300aramMu
6—7 u 7-8 M cHaudasa IpUBOJUT K OCAXKJICHUIO KPYITHBIX U CPEIHUX (PpaKLUid, a HA yYaCTKe
Mexy nzobaramu 9—10 u 10—-12 — k ocakIeHUIO y>Ke MEJIKO3epHHUCTOro necka [11].
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Pucynok 7 — IIpocTpancTBeHHOE pacnpeiesieHre 00bEMHBIX KOHIICHTpaIui
KPYITHO3EPHUCTOM (a, T, K); CpeaHe3epHucTon (0, 1, 3); MEJIKO3EPHUCTOM (B, €, 1) PpaKiiuii
npu t = 12 4 17151 BOJTHEHUS FOr0-10ro-BOCTOYHOTO (a, 0, B), FOXKHOTO (T, 1, €) U I0r0-10ro-
3araaHoro (3K, 3, M) HanpapieHui [11]

B 3aksioueHun npuBOISTCS OCHOBHBIE PE3YJIBTAThl JUCCEPTAIIMOHHON PaOOTHI.
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OCHOBHBIE PE3YJIBTATHBI

JuccepranmonHas paboTa MOCBSIIEHAa KOMIUIEKCHOMY HCCIIEIOBaHUIO (HaKTOPOB
dbopMupoBaHusT W JUHAMHUKK TPaHYJIOMETPUYECKOTO COCTaBa JIOHHBIX HaHOCOB
npuOpeXHbIX paiioHOB KpbiMa, CyIIECTBEHHO OTIMYAIONIMXCS MO  CIEAYIOLUUM
XapaKkTepUCTUKaM: OdepTaHHe OeperoBod JIUHHUH, peibed U YKIOHBI JHA U CYIIH,
OCOOEHHOCTH TUAponMHAMUKUA. Ha OCHOBE JMTEepaTypHBIX JAHHBIX BbIIEJICHBI OCHOBHBIE
¢dakTopsl (HOpMUPOBAaHUS T'PAHYIOMETPUYECKOTO COCTABA JOHHBIX HAHOCOB MPUOPEKHBIX
paiioHoB KpplMa M mpoBeneHa OLCHKA BIUSHMS PA3IMYHBIX THIPOMETEOPOTIOrHYECKUX
(GakTopoB W MpPOLECCOB HA pacHpelesieHue TIpaHyJIOMETpUUECKUX (pakuuii B
[IOBEPXHOCTHOM CJIO€ JIOHHBIX HAaHOCOB M HAHOCOB OEpEroBOM 30HBI I PA3IUYHBIX
parioHoB Kpeima. IloiayuyeHbl HOBBIE 3KCHEIWLHMOHHBIE JAaHHBIE, C  IIOMOILIBIO
KOMOMHHUPOBAaHHOW METOIMKHU TPOBEACH aHaju3 OCOOEHHOCTEH TI'paHyJIOMETPUYECKOTO
COCTaBa JIOHHBIX HAHOCOB B pPa3IMYHBIX NpUOpekHbIX pailoHax Kpemva. I[lomyueHHbie
NAHHBIE O TPaHyJIOMETPUYECKOM COCTaBE€ JOHHBIX HAHOCOB HCCIENYEMBIX PalOHOB
ABJIAIOTCS YHUKQJIbHBIMHM, TaK KaK NOJOOHBIE MCCIEIOBAaHUS MPOBOAWINCH JaBHO. I3
MOJIYYCHHBIX ~ XAPAKTEPUCTUK ObUIM  C(HOPMHPOBAHbI MAacCUBBl JaHHBIX Uil MX
HCIIOIb30BaHUSI B KQU€CTBE HAYaJbHBIX YCIIOBHM JJisi MaTeMaTudyeckor Mmoxaenu XBeach, a
TaKKe ISl BepU(UKALMKM PE3yJIbTaTOB YUCIEHHOro MojaeanpoBaHus. C UCIOIb30BAHUEM
JAHHBIX HATYpHBIX MW3MEPEHHH M PE3YIbTATOB UHCIEHHBIX pPAacyeTOB BBIIOJHEHO
HCCIIEJOBAHUE MEXaHU3MOB IE€pPEpacHpeesICHuss TPaHyJIOMETPUUYECKUX (pakuui 1o
npo(UI0 TMOJBOJHOTO OEpPEroBoro CKIOHA NpPU pa3IUYHbIX IapaMeTpax BOJIHEHUS,
NPOBEJCHA OIIEHKAa PETHOHAJIBHBIX OCOOCHHOCTEH JOUHAMHUKU TI'PaHyJIOMETPUUYECKOTO
COCTaBa JIOHHBIX HAHOCOB B TpuOpekHOM U OeperoBoit 30Hax Kamamurckoro wu
JIumenckoro 3anuBoB U banakiaBckoit OyXThI.

OCHOBHBIE PE3yJIBTATHI JAHHOTO UCCIENOBAHUSA COCTOST B CIAEAYIOIIEM:

1)  OcHOBHBIMU (paKTOpaMH, KOHTPOJUPYIOIIMMH (OPMHPOBAHUE U JAHUHAMHUKY
HAaHOCOB B NpUOpexHBIX pailoHax Kpeima, sBistoTcs DyOMHa W npoduib JHa
UCCIIENyEMOI aKBaTOPUH, penbe(d Mpuierarleid TEppUTOpUn CyId, THIAPOJUHAMUYECKUI
pEXKUM aKBAaTOPUM M TOCTYIUIEHME B HEE TEPPUTEHHOT0 M OWOTreHHOro Marepuaa.
OTMeueHOo, YTO [AMHAMHMKA BOJA B MNPUOPEKHOW 30HE HCCIENYEMbIX AaKBAaTOpUM B
3HAQUUTEJIBHOW CTEIEHH ONPENEINISIETCS MOBEPXHOCTHBIM BOJHEHHEM, IOTOMY B XOJE
M3Y4YeHHUS OCOOCHHOCTEH TmepepachpeneieHus TpaHyJoMeTpuueckux Qpakiuit ocoboe
BHHUMaHUe ObUIO Y/I€JICHO UMEHHO IITOPMOBBIM YCIIOBUSIM.

2)  VYcraHoBieHo, yTo I TpoO HaHOCOB Kamamutckoro n JIuMeHCKOTO 3aTMBOB
XapakTepHa JABYXBEpUIMHHAs Juarpamma coJep>kKaHusi (pakuuii, 0Opa30BaHHBIX Kak
KPYITHO — TaK W MEJKO3EpHUCTHIMU vacTuliamMu. HauOomnpiias m0is NpPUXOIUTCS Ha
rpaBuiiHyl0 W mecdaHyio ¢pakuuu. Hamuuwe Ha aguarpamMmmax JBYX — BEpILUH
CBHUJIETEIIbCTBYET O 3HAYUTEIIBHOW HEOAHOPOAHOCTH TIPAHYIOMETPUYECKOTO COCTaBa
JOHHBIX  HaHOCcOB.  JloHHble  HaHOChl  banaknmaBckoil ~ OyXThl  IIpeICTaBICHBI
MIPEUMYLIECTBEHHO MEJIKO3EPHUCTHIM MATEPUAIIOM.
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3)  IlomyyeHHble pe3ynbTaThl pPACIIUPSIOT COBPEMEHHBIE IPEACTABICHUS O
CTPYKTyp€ U MPOCTPAHCTBEHHONM HM3MEHUYMBOCTH paCHpeleleHUusl KPYIHO-, CpEelHe- H
MEJKO3EPHUCTHIX (PPaKIHMii TOHHBIX HAHOCOB IOJT BO3JICHCTBHEM IITOPMOBBIX YCIOBHM NS
aKBaTOpHil, oTiIMyaronuxcsi oporpadueir Oepera, penbedoM THA U OCOOCHHOCTIMU
TUAPOJIMHAMHUKY, @ HWMEHHO: KPYIHO3EPHHUCTBIA Marepuan CKOHLEHTPHUPOBAH BOJIM3U
Oepera u B pailOHaX MBICOB; CPEIHE3EPHUCTHIC (PPAKIIMKU HAKAILIMBAIOTCS B LIEHTPAIBHOM
MEJIKOBOJIHOM YaCTH aKBaTOPW; MEJIKO3EPHHUCTBIM MaTepuail B IPOLECCE IITOPMOBOIO
BO3/ICHCTBUS BBIHOCUTCS B MOPHUCTYIO YaCTh M HAKAIUIMBAETCS 3/I€Ch 3a CUET OCJIalJIeHUs
TUAPOANHAMHUYECKON AKTUBHOCTH.

4)  Ananu3 pe3yibTaToB MareMaTUyecKkoro mozenupoBaHusi g Kamamurckoro
3aJlMBa MOKa3aj, YTO OCHOBHbIE MOPGOIMHAMUYECKUE U3MEHEHUS U JUHAMUKA MECYaHOTO
MaTepuala nmpoucxoAsaT Ha ydacTke 100-MeTpoBOi 30HbI, OrpaHUYEHHON N300aToil 2,53 M.
[lony4yeHHble pe3ynbTaThl BaduAallMd YUCIEHHBIX PACUYETOB C HCIIOJIb30BAHUEM JIaHHBIX
MOJIEBBIX ~ HAONIONEHUN TIOKa3ajyd XOpOIIyIH0 KaueCTBEHHYID M  KOJIWYECTBEHHYIO
COMIaCOBAaHHOCTh. [loydeHHbIE Pe3yabTaThl MATEMATUYECKOTO MOJEIMPOBAHUS MTOKA3aIIH,
YTO Ha UHTEHCUBHOCTh NI€peMeNIeHUs (Ppakiiii 10 MOHOTOHHOMY MPO(UITIO 3HAYUTETEHOE
BJIMSIHUE OKA3bIBAET MHTEHCUBHOCTH BOJHEHUS, KPYMHOCTh MaTepHalla M PACIOIOKEHHUE
IPaHUILIBI €T0 pa3zena.

5)  Pesynbrarhl YHCIEHHOTO MOJEIUPOBAHUS IepepacnpeneseHus (Qpakuuil
JOHHBIX HaHOCOB JIMMEHCKOro 3anMBa IIOKa3ajld, 4YTO OCHOBHBIMHU (pakTopamu,
PETYAUPYIOIIMMH NIEpEMELICHHE MaTepHralla, ABJs0TCA NIyOUHa U YKIOH JHA. Taxke cBOU
BKJIaJ, BHOcUT oporpadpus Oepera. Iloka3aHo, YTO OCHOBHOE  HAKOIUICHUE
KPYIHO3EPHHUCTOIO Marepuaia OTMEYaeTCs BOKPYT MbBICOB, 332 KOTOPBIMM BO3HHUKAIOT
oOnactu BOJHOBOM TeHU. M3 BBIOpaHHBIX THAPOJUHAMHYECKHX MapaMeTpoB, TOJIBKO
M3MEHEHHE BBICOTHI BOJIHBI OKA3bIBAET BIMSIHUE HA XapaKTep MEPEPACIIPEACIICHHS] HAHOCOB.
OcHoOBHOE TepepacnpeielieHue TpaHyIOMETPUUYECKUX (paKIUil TPOUCXOAUT B TEUCHHUE
MEepBbIX 6-TH YaCOB, U OrpaHUUYMBaETCs U300aToi 20 M.

6) Jlns paitona banakiaBckoi OyXThl MOKa3aHO, YTO, HECMOTPSI HA 3aMKHYTOCTb U
M30JIMPOBAaHHOCTh €€ CEeBEpHOro OacceilHa OT BOJHEHHS OTKPBITOIO MOps, TIOA
BO3JICHCTBUEM WHTEHCHUBHBIX IOKHBIX IITOPMOB 3/€Ch HAOIIOMAETCS HE3HAYMTENIbHAs
JUHAMUKA NIeCYaHOro Marepuania. JJMHaMuka rpaHyloMeTpudecKuX (ppakiuii B aKBaTOPUU
OyXTbl B NIEPBYIO OYEpEb OMPENESIeTC 0COOEHHOCTIMU Oporpaguu Oepera, a UMEHHO
PaCIONIOKEHNEM KOJICHOBUIHOUW Y30CTH, PA3CNSIONICH CEBEPHBIN U IOKHBIM OAaCCEHBI.
Kpome Toro, ycTaHOBIEHO, YTO PACIIOIOKEHHE 00JacTel MakCMMAaJbHBIX KOHIIEHTpalUn
bpakuuii, a Takke MIKMPUHA OOJACTE MX HAKOIUIEHUS MEHSUINCh C MU3MEHEHHEM YyIjia
BOJIHCHMSI.

7)  Jus Bcex wHccleAyeMblX OOBEKTOB YCTaHOBJIEHO, YTO B pe3yibraTe
nepeMeIleHns] OTACNbHBIX (pakiuii HAHOCOB MPOUCXOAUT HM3MEHEHHUE paclpeaeieHUs
MEJIMaHHOTO IUaMeTpa YacTHIl Bcei cmecu (mapametrpa D50). B 30He GeperoBoit abpazuu u
OTCTynaHusi OeperoBoi JTUHUU BEJIUYMHBI CPEIHETO JMaMeTpa PacTyT, a B MPUYpPE30BOU
M0JIOCE B pe3yJbTare 3aMelIeHUsI KPYITHO3EPHUCTOTO Marepuasa CpeJHE3epHUCTHIM ECKOM
— yMeHbIIatoTcs. B 30He nonoxuTenbHbIX Aedopmannii mpodusis JHa pocT BenruurnHbl D50
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IIPOMCXOIUT TAKXKE B PE3yJbTaTe YBEIUYEHUS JOJM CPENHE3EPHUCTOIO IMECKA M BBIHOCA
MENKON (ppakiuyu B MOPUCTYIO YacTh aKBaTOpPUH. Pe3ynbraThl MOAENMPOBaHUs MOKa3ally,
YTO IIMPUHA 3TOM 30HBI HE 3aBUCUT OT HAYAJIBHOIO PACIPEACICHUS IPAHYIOMETPUYECKUX
bpakuuii ¥ ompenensieTcss TOJBKO HM3MEHEHHEM BOJHOBBIX MapamMeTpoB. Peskoe
ymeHblieHue BeauunHbsl D50 npu ynaneHun ot Oepera COOTBETCTBYET 30HE MEpPEXoaa K
00JIaCTH HaKOIUIEHHs] NCKIIIOUUTEILHO MEJIKO3EPHUCTOIO MaTEpHaIa.

8)  IlomydyeHHble pe3ynbTaTbl YHUCIEHHBIX pacueToB Uil BCEX HCCIENYEMBbIX
pailoHOB TO3BOJIMIM MOATBEPIUTH IOJyYEHHbIE pPAaHEE MPEACTABICHUS 00 OCHOBHBIX
(dakTopax, ONpeessIOINUX AMHAMUKY I'PaHYJIOMETPHUUECKOTO COCTaBa JTOHHBIX HAHOCOB.
OTmeueHo, 4To JUIsl pailoHOB C OCJIOKHEHHOU oporpadueil Oepera 3HAYUTENBbHOE BIUSHUE
Ha JUHAMUKY JOHHBIX HAHOCOB OKAa3bIBAET CTPYKTypa HA U OCOOEHHOCTHU peibeda Cyllu,
C YBEIMYEHUEM YyIUIa HAKJIOHA JIHA HAKAIJIMBACTCA KPYITHO- U CPEAHE3EPHUCTBIM MaTepuall,
a C YMEHBUICHHE yIVla HAKJIIOHA — MEJKO3E€pPHUCTHIA. JlJIsi palilOHOB C MNPSAMOJWHEUHBIM
XapakTepoM  OEperoBoil  JMHMM W [apajulelbHBIM  pPACHOJOXKEHHEM  M300ar
nepepacnpenesieHue ppakiuuii onpenenseTcs napaMeTpaMu 1 HHTEHCUBHOCTBIO BETPOBOIO
BosiHEHMs. Takke ObUIO yCTaHOBIIEHO, YTO OJHMM H3 OCHOBHBIX I[apaMETpPOB,
OIIpENEIAIONIUM 0COOEHHOCTH NiepepacnpeneaeHus Gppakuuil, sBiIsIeTcs NPOCTPAHCTBEHHAs
HEOJAHOPOJHOCTh T'PaHYJIOMETPUYECKOTO COCTaBa M I'PAHULBI PACIIOJNIOKEHUS PA3IUYHBIX
¢pakumii mo kpynHoctd. [loka3aHO, YTO MONyYEHHBIE PE3YAbTaThbl NEpepacrpencsieHUus
IpaHyJIOMETPUUYECKUX (PpakiMii MO BO3AEUCTBUEM BETPOBOTO BOJIHEHMS HE MPOTUBOPEUAT
JaHHBIM HaTypHBIX HAOIIONEHUH.
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