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AHaIM3HPYIOTCS OCHOBHBIE JTHIAPHBIC METO/IbI 30HIMPOBAHHS 3arPA3HEHHH BOJHOM Cpejibl H (PH3HUECKHE 3¢ dexTsI,
Jexanme B UX ocHoBe. [TepCrieKTHBHOCTb 9THX METOJIOB JUIS MOHHTOPHHIA 3arps3HEHUH BEPXHETO CNOS OKeaHa 06y CJIoB-
JICHa BO3MOXHOCTBIO KOHTPOJIS IIHPOKOTO CHIEKTPA PasIH4HbIX [OJeH (QU3NIECKHX, XHMHUECKHX H GHOIOrHUeckuX). -
(eKTHBHOCTD IIpezIaraeMbIX JHIAPHBIX METOOB MOATBEP)KACHA Pe3y IbTATAMH HATYPHBIX JKCIIEPUMEHTOB, Jabopartop-

HBIX H TCOPETUYECCKHUX HCCIICIOBAaHHUH

BBenenne

B nactosimee Bpems ocobyro 3HaYMMOCTL NPHOG-
peraer mpobieMa MOHHTOpHHTA 3arps3HeHud Muposoro
OKeaHa JIMCTAHIIMOHHBIMHM METOJIaMH, CPEIH KOTOPbIX
JIUIapHbIe 3aHMUMAIOT BaxkHoe MecTo [1-10]. Paziauunbie
THIbl AHTPONOIrEHHBIX BO3JCHCTBHH Ha BOAHYIO Cpeay
BbI3bIBAIOT HM3MEHEHHE €€ [1apaMCeTPOB, 3HAUMTENIbHAs
4acTh KOTOPLIX MOXET OBITh BBISBJICHA H ONpeielieHa ¢
NOMOIIbIO JMAapoB. [ 1aBHOE MPEHMYIECTBO JIMAaPHBIX
METO/IOB 110 CPaBHEHHWIO C JPYTMMH JHCTAHI[HOHHBIMH
METONaMH 3aKJII0YaeTcsi B BO3MOXHOCTH H3YUYEHHS BECh-
Ma IHPOKOro CHEKTpa XapaKTePHCTHK BOIHOH Cpeibl B
COYCTAHHHM C TAKHMH CBOHCTBAMH, KaK BO3MOXXHOCTh
OCYHIECTBJIECHHS HEBO3MYIIAIOLIETO KOHTPOJS, Malioe
BpeMsi M3MepeHHH (IpakTHdeckas Oe3bIHEPIIHOHHOCTS),
BBICOKOE paspenienHe Mno riaybune (npu obecrnedeHun
COOTBETCTBYIOIMMX JHEPreTHUCCKHX XapaKTCPHUCTHK JIH-
Jlapa), BbICOKas [IPOM3BOJMTEILHOCTh, BO3MOXHOCThL pa-
GoThl B peanbHOM HITH GIHM3KOM K peaibHOMy MaciiTabam
BPEMCHH.

VYkazaHHBIC MPEHMYIIECTBA JIMAAPHBIX METONOB
HEOLICHUMBI [IPH KOHTPOJIE aHTPOIOICHHBIX BO3J€HCTBUM
Ha DKOCHCTEMbl OKE€aHa M IIPOrHO3¢ HU3MEHEHHH 3KOCH-
CTEM MO0J( BJIHSIHUEM Pa3JIMUHBIX PaKTOPOB, YTO 0COBEHHO
BaXKHO UL CO3/IaHHUs CHCTEM MOHHTOPHHIA OKpPYJKalome
cpensi [8-13].

B nannoi#t pabore paccmarpuBaioTcs JiMaapHble
METOJIbl 30H/IMPOBAaHHs BEPXHETO CJIOS OKeaHa, KOTOpbie
Hanbosee >pPeKTHBHBI IS JMCTAHIIMOHHOIO MOHHTO-
PHHTa 3arps3HeHUH aKBaTOPHIT MOPEii H OKEaHOB.

1. ®n3uvecKkne OCHOBBI JIHAAPHBIX MeTOOB
Hcc/leIOBaHHM OKeaHa

Jlunapuble MeTOIBI KOHTPOJS PasiM4HBIX Mapa-
METPOB BOJHOMH Cpe/ibl OCHOBBIBAIOTCS IJIaBHBIM 06pa3oM
Ha HCOJb30BaHUU 3 PEKTOB YINPYroro W HeyNpyroro
B3aMMOICHCTBUI H3JlydeHHs ¢ BemecTBoMm [1-7,14-18].
HcnonbzoBanue 3TuX 3 PeKTOB B paziHUHBIX KOMOHHa-
LHSIX C APYTHMH Pu3HUecKHMH >PPeKTaMu, NPUCYITHMH
SJIEKTPOMArHHTHOMY H3JIy4eHHIO (MHTepdepeHuus, Mo-
aspusauus, s¢gdexr Jlonaepa u ap.), HapsAy ¢ IpHMeHe-
HHEM Pa3BHTBHIX METOJIOB CTIEKTPOCKONHH 0ByciaBiMBaeT

CyHIeCTBYIOllee MHOrooOpasHe JIHAApHBIX METONOB KOH-
TpoJisi BOAHOM cpeasl [1-5,18,19].

B ciyuae ynpyrux B3auMoJeHCTBHI HMEIOT MeCTO
IIPOLECCHI PEJICEBCKOrO paccessHUs (Ha MOJIEKYJIaX BOJbI) U
paccesiHust Mu (na wactunax Bssecn). IIpu sTom uHpOpMa-
UM O XapaKTepUCTHKaX MOPCKOH Cpellbl COJCPXHTCS B
AMIUIATY/IHO-BPEMEHHOH CTPYKType HMIyJjbca obpaTHOro
paccesHUsl Ha HECMEIEHHOH JIIMHE BOJHbI 30HIHPYIONIETO
H3JIy4eHHS.

[IpumMepoM HeyNpyrux B3aWMOJEHCTBHHA SBJISIOTCS:
CMOHTaHHOe KoMmbunanuonnoe paccesuue (CKP), ¢uyo-
PeCLCHLHS, BbIHYXXACHHOE paccesHHe MaHaeibiutama -
Bpunmosna (BPMB) u np. Beicokas uHdopmMaTHBHOCTE
CHEKTPOB BTOPUYHBIX H3JIyUCHHH IO3BOJISCT B I[PHUHIUIIE
PEeUIHUThL MHOTHE 3a/1a4¥ JMAarHOCTHKH 3arpsA3HCHHH BOIHOM
cpelibl, oxHako 6a3oBas >HepreTHYecKas XapaKTepHCTHKA
9THX NPOIECCOB - CEUEHHE 0OpPaTHOro paccesHus - Ha He-
CKOJIbKO MOPSJKOB HHXE, YeM JUIA YIPYIHX B3aHMOJEHCT-
BMH. DTO OrpaHHuYMBaeT o06JIaCTh NPUMEHEHHS METOLOB,
OCHOBaHHBIX Ha 3¢deKTax Heylnpyrux B3aUMOJeHCTBHIA,
H3-3a OTPaHHUYCHHH 0 pa3peIalomei clnocoOHOCTH U Ha-
1a30Hy ry6UH TPH peajibHO JOCTHXHMBIX YPOBHAX Pa3BH-
THS DHEPreTHKH GOPTOBBIX aBHALIHOHHDIX JIMJAPOB.

HsBecTHBl Taloke KOMOHHHPOBaHHBIE METONBI, OC-
HOBaHHbIC Ha cOYeTaHHUH 3P (PEKTOB YHPYTHX W HEyNpyrux
B3aMMOJCHCTBUH. XapaKTepHbIM IPUMEPOM SBISETCS Me-
TOJI HOPMHPOBKH CHTHajloB (paccesnue Mu, duyopecuen-
1Hs), 1160 NapUHaIbHBIX KOMIOHEHT HX CIIEKTPOB 110 CHI-
nany CKP [5,20].

JlunapHble METOJIbI 30HAMPOBAHMS MOPCKOH Cpejibl
HEMOCPEACTBEHHO CBS3aHbl CO CJIOXKHOMN MpoblieMoii perme-
HUs o6paTHBIX 3aJ1a4 JIa3¢PHON THAPOONTHKH, KOIZa 110
OTKJIHKaM Ha MIOCBLIKY 30HAMPYIONEro UMIYyJbca Tpebyer-
Csl ONPENICJIUTh 3HAYCHHE TeX HIIH HHBIX THAPOPHU3IUYECKUX
XapaKTCPHCTHK B JIaHHOM 2JIeMEHTapHOM 00beMe MOPCKOH
cpenbl. CllOXKHOCTb pelieHHs oOpaTHBIX 3a7au ompeaeis-
€TCsl HaJHYMEeM MHOXecTBa (aKTOPOB, HCKaXKAIOMHX aM-
TUIMTYTHO-BPEMCHHYIO CTPYKTYPY CHTHAJIOB, KOTOPBIE HO-
CAT ciy4dalHbli Xapakrep. OCHOBHbBIC TPYAHOCTH CBA3aHbI
C BJIHSHHEM CIIy4aiiHOH MOPCKOH MOBEPXHOCTH Ha MPOXO-
JKJICHHE KOJJIMMHPOBAHHOIO JIa36PHOTO MYyYKa U HaJlHYHEM
€CTECTBEHHBIX CIYYaHHBIX HEOJHOPOJAHOCTEH T'HAPOPHU3H-
YECKHMX XapaKTePUCTHK MOPCKOM Cpelbl.

B ocHoBe MeTONOB pemenus o6paTHBIX 3aj7ay Jia-
3€PHOTO 30HIHPOBAHHS JICKHUT ypaBHEHHE MEPeHOca U3y~
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YeHHs B HEOJHOPOJIHOH IOrJomapmei u paccenBalome € =G +7 - NokasaTenb ocnableHHs MOPCKOH cpeabi, O -

cpene [14-16.21]. DTo ypaBHEHHE € y4EeTOM LIE€JIOro psja

nokasaTtellb pacCesiHus (HHTel‘pa.ﬂbHOG 3HAYE€HHUEC B IMOJIHOM

JIOTYIMIEHHH OTHOCHTENBLHO XapaKTePHCTHK 30HIHPYIO-

IIEr0 H3JIyYeHHs, Cpell PpaclpOCTPaHEHHs CHTHaja H
IPaHHIBI pasjiesa cpell, cHenUPUKH yHKIIHOHHPOBaHHS
JIMIapOB M HMX pealbHBIX aNlapaTypPHBIX XapaKTCPHCTHK.
a TakXe JONMYI[EHHH, KAacaroUIUXCsi IPOCTPaHCTBEHHO-
BPEMEHHBIX pacHpe/le/IeHUH MEePBUHYHBIX THJPOOHTHYE-
CKHMX XapaKTePHCTHK KOHKPETHOTO THIIa MOPCKOH Cpejibl,
KaK IpaBHJIO, CBOAHMTCS B KOHCUHOM HTOI¢ K ypPaBHEHHIO
JMapa B MaJIOYTJIOBOM NpPHUOJIMKCHHH OJHOKPAaTHOIO
paccesnus [2,14]. IlpuBenennas nuxe ¢opmyna oTHo-
CHUTCS K CIy4alo 30HJIHPOBaHHS Yepes IIafKylo TPaHHIY

pasziena cpell ¢ BhICOTHI /1
CT:,
U(L)=A-P, -2—,;[=.,(1 -p)fx

o(m,L)

L
x—————-exp| —2|e(D)dl
(H +L/n)* £

rae U- ammiuuTyna curHana;L- rinybuna; A- anmapathas
MOCTOsIHHAA JIMJiapa; Py- MOIHOCTb HMITyJbca Jazepa; c-

TEJIECHOM YyrJe), ) -Moka3aTejb IOrjiomeHus; O(T,L) -
MoKa3aTellb PacCesHHs B HaNpaBJICHHH «HAa3ax»; n - MOKa-
3aTesib MPEeJOMJICHHS MOPCKOH CPEJibl.
IIpuBenenHoe ypaBHeHHE ISl clydas paccesHHS
My ¢ y4eTOM NPUHSATHIX AOMYHNICHUH HMeeT MoAUUKATNH,
CBsA3aHHbIE C Pa3M4YHEM JHEPreTHYECKHX CEYCHHH (H3H-
yeckHx 3¢ dekroB (CKP. dunyopecuenuus u ap.), nexamux
B OCHOBE METOJIOB 30HJHpoBaHus [2-5]. B nanuHoi pabore
pPaccMOTpPEHHE METOJIOB M PE3yJIbTATOB JIHAApHBIX HCCIie-
JIOBaHHH, KaK MPaBHJIO, ONHPAETCs Ha YpPaBHEHHE MOHO-
CTaTHYECKOro JIHJapa B MaJlOyTJIOBOM HpHOJIHXEHHH o]-
HOKpaTHOro paccesHus. Ha cerogHsmHui aeHb 3T0 cooT-
BETCTBYeT peajlbHOM CHUTyallWH I NoAaBisiomero 60Jib-
) WIHHCTBA HCTIOL3YEMBIX JIHIAPOB, XOTA C/IEAY €T OTMCTHTH
NPOSBMBIIMKACA B TOCJIE€HHE TOJbl HHTEpeC K JHAapaMm
riyOHHHOTO 30H/IMPOBaHHS ¢ LIHPOKHM Iy dKoM [22].
Krnaccudukanus MeToLOB JIa3epHOr0 30HIAMPOBa-
HHS, KOTOPbI€ MOTYT HMCIOJb30BaThCA IS ONpPEACICHHUS
Pa3JIMYHbIX XapaKTEePUCTHK BEPXHETO CJIOS OKeaHa, pHBe-

CKOpOCTh CBeTa; T,~JJIMTECJIbLHOCTDH 30HAHPYIOUIETO HM- ﬂcHaBTaGHHHC.

Iy Jibca;

H
T, = Iaa(l)dl - ko3¢ dunHeHT mponyckaHus aTMocdepsl,

0

€, - mokasareb ocnabienus atMochepsl; P - ppeHenes-

CKHH KO3 PHIIMEHT OTpakeHHs BOJHOH NOBEPXHOCTH;

.na’if:prlC METO bl HCCIICNOBAHUA 3al‘p513HCHHi;l BOIHOA Cpeibl

Wccnemyemnie XapakTepHCTHKH U KOHTPOIHPYEMBIE [1apaMeTphl
Duszuqeckue YPPeKTs 1
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OkoHuaHue TabImIIbI
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*1. - ryGuna: IKCNEPUMEHTATLHO-ANPODHPOBAHHBIEC JTAHHEIE: - TCOPETHUESCKHE HCCICIOBAHUS H 1a00PATOPHBIE SKCHIEPHMEHTHI

Tabamna He mperenayer Ha McYepnbIBAIONIYIO NOMHO-
Ty: B HEHl B 4aCTHOCTH, HE OTPAKEHBI METOMIBI, HCTIOB3Y IOLHE
sddekr Jlomiepa, a Takke MeTOABI JIa3€pPHOTO 30HJHPOBaHUS

MOPCKOH TMOBEPXHOCTH. B psijie ciiyuaes ynomsnyTsl MeTospl,
HC BBLIIIC/IIHE 32 PaMKH JiabOPaTOPHBIX SKCIIEPUMEHTOB, HO,
10 HaleMy MHEHHIO, SIBJIAIONIHECS BEChMa I1€PCTIEKTHBHBIMA
(HanpuMep, METOIbI KOPPEJSLIHOHHON M HETMHEHHON CIleK-

Tpockonuu [5.23-25]).

Hmxe paccmarpuBatorcs puzmueckue ¢ dexrnl, Je-
JKalllMe B OCHOBC JIHIAPHBIX METOZOB, IPUBECHHBIX B TabJIH-

e.
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2. MeTobl, OCHOBaHHbIE HA YIIPYroM B3aHMoIeCTBHE
JIa3ePHOI0 H3JTyYeHHs ¢ BelIeCTBOM
IlprMenenre TakuX MeTOIOB OCHOBAHO HAa AHAIM3C

oruGaromeii uMIlyIbca o6paTHOrO paccesHus (UOP) Ha He-
CMEIICHHOH JUIMHE BOJHBI H3JIy4YeHHs Jiazepa, COOTBETCTBY 10~
meH MHHMMAIbHOMY OCJabNeHHIO B JHAMA30HE «OKHA npo-

3padHOCTH» MOPCKOH cpenbl [14,26]. Biutan peneesckoro pac-

CesHHS, KaK M3BECTHO, JlaXe B CAMbIX [PO3PAUHBIX BOJAX He
npebmact ~10% [14]. Iostomy onpenensiomum daxropom

B opmupoBanmu orubaromei MOP smisercs s¢dekr pacces-
HUs MH Ha B3BecH, pasMepbl 4acTHI[ KOTOPO# COH3MEPHMBI C
JUIMHO¥ BOJIHBI 30H/IHPY OILLETO U3JTYYEHHUS.



C wucnosm3oBanueM ypaBHenust (1) ocymecrtsisiercs
aHaJM3 T0JI1 MYTHOCTH KaK OOOOIIEHHOW XapakTepHCTHKH
3arpA3HEHHH  MOpPCKOH  cpesibl.  AMILINTYJHO-BpEMeHHas
CTPYKTypa HMITyJibca OOpaTHOTO PacCesHHS CONEPXKHT HH-
dopMaIHio O NPOCTPAHCTBEHHOM PACIIpe/IC/IeHHH W BEIHYH-

HAX KOHLIEHTPAIlMH B3BecH (Yepe3 Bemunubl O, G(TT)), o Ha-
JIMYMH Pa3MYHBIX XHMHYECKMX COCIMHEHHH M DJIEMEHTOB,

PAcTBOPEHHBLIX B MOPCKOHM BOjie (Yepe3 BEJHYHHY ) U O Ha-
JIMYUH TEMIIEepaTyPHBIX HEOJHOPOJHOCTEH, B TOM YHCIIE CBS-
3aHHBIX C TypOyJIeHTHOCTBIO (Yepe3 BEJIHIHHY 77).

PaszjienbHble OlICHKH BEJIHYHH ), HiH O H3 ypaBHEHHS
(1) MoryT ObITb HOJNYYEHBI IPH ONpEICICHHBIX JOMY HCHHSIX,
KacaloHnIMXcs KOHKPETHBIX THIIOB MOPCKHMX BOJI, HHTEPBAJIOB
r1yGHH H IPOCTPaHCTBEHHO-IT€OMETPHYECKHX XapaKTePHUCTHK
[pPHEMHO-TIEpeIalolero TpakTa juaapa. Muaue roBops, Ta
WM WHasi PHU3HYecKast MOJe]Ib 30HIHPOBAHUS MOPCKOM Cpelibl
NIPH COOTBETCTBYIOMMX JIONYINCHHSX, KaCalOMUXCs MEpBHY-
IILIX THIPOONTHYECKHUX XapPAKTEePUCTHK, MPHUBOIMT K MPHOIH-
JKEHHUIO YPaBHEHHs IIEPEHOCA M3JIYYESHHs H ONpeJeiseT B KO-
HEYHOM HMTOTe TpeDOBaHMS K XapakTepHCTHKAM JIHjapa
[2.3.15].

Hanpumep, 1npu HccleIoBaHHH BEPXHETO CIIOS OKeaHa
JUISL ONTHYECKUX JUTHH Tpacchl T<15-20 (L<100 m), koraa eue
HE HACTYIAeT aCUMIITOTHYECKHH PEXHUM, CBSI3aHHBIH ¢ Mpeod-
JIaJiaHHEM TIPOLIECCOB MHOI'OKPAaTHOI'O pPaccesiHWsl, Ha JUIMHE
BOJIHBI, COOTBETCTBYIOIIEH «OKHY MpPO3PayHOCTH», JUIS BOJ,
[JIc U3MEHYUBOCThL ) MO IIyOHHE CYIIECTBEHHO MEHbIlE M3-
MEHYHBOCTH O, aMILIMTYIHO-BpeMeHHas crpykrypa HOP
[PaKTHYECKH OIPEEISIeTCs MHTErpajibHOM BeJMYMHOW O W

3HaYcHHEeM HHAMKATpHChl O(TT) B MaloM TeJlecHOM yTrie pac-
CesIHMSI «Ha3aj», KOTOPbIH 3aBHCHT OT I'E€OMETPHYECKHX Xa-

pakrepucTuk Jaujapa [14]. B obmem Beimunna G(Tt) B CHITY
psina PU3MYECKHMX NPUYMH HEOZHO3HAYHO CBN3aHA © MHTe-

rpajibHbIM 3HaYeHHeM G (B IMOJHOM TeJIeCHOM yriie). B atom
cilydae, Kak clieiyeT M3 ypaBHeHHs (1), MelkocTpykrypHas
BPCMCHHAsi W3MEHYMBOCTL B OCHOBHOM OIIPEJIEIIsieTCs] 3HAYe-
HHEM paccesHHsi B 0OpaTHOM HalpaBJICHHH.

CymecTBylomue JIuapHble METO/bI JJHATHOCTHKH 110~
sl MyTHOCTH 6a3MpyIOTCS MPEHMYLIECTBEHHO HA OLIEHKE MPO-
CTPaHCTBEHHO-BPEMEHHOH  HM3MEHYHMBOCTH  XapaKTEPHUCTHK
CHUI'HaJla, HE TPUBS3aHHBIX K aOCOIIOTHBIM 3HAYCHHAM Iep-
BHYHBIX THIPOONTHYECKHX XapPaKTePHCTHK.

2.1. Memoo uneepcuu ypastenus nudapa
HsBectHa ycroluuBas (opMa WHBEpCHM ypaBHEHHs
Jmzapa [27], T.e. pemeHus oOpaTHOM 3a/1a4M - BOCCTAHOBJIE-

HHsl BEPTHKAJLHOrO TIIyOMHHOrO mpodwuis 8(L) no UL) -
orubaromeii MOP, npuMeHsBIIascs K CHIHAJaM 30HIMPOBA-
Hus kak atMocdepbl [27.28], Tak U BojHO#M cpexbl [7.29]

S-S,

&(r) = @

k
moTSr)-S |

l+3jex SG) =S | 1o

kok? k

rie S(r)=In[P(r)-r] - norapudM B3BEIICHHOH MO AAILHOCTH
MOIIHOCTH P(7) curHaia o6paTHoOro paccesHusl; r - 1ajdbHOCT,

I
I’ - Tekyllee 3HAYCHHE AAIbLHOCTH; 7,, - MakcHMallbHOe
paccTosiHUe Mo Tpacce 3oHaupoBanus; S, =S(r,) .
Pemenne nosyyeHo B NpeoloXeHH: O CYIIECTBOBA-

HHH 3aBHcHMOcTH O = B-g k , rae B u k - nocrosunble,
TpHYeM BeJIMUMHA k niexxut B npezpenax 0,67-1,0 B 3aBHcHMO-
CTH OT THIIa PACCEMBAIOIMX YacTHIl. OJHAKO 3TO pelicHHe,
yCTOHYHBOE K QUIYKTYal|sIM CHTHaja, 0COBEHHO 3aMETHBIM Ha
KOHEYHOM Y4YacTKe TPacc 30HIMPOBAHHS, [IPH MaJIbIX YPOBHAX
IPUHHMAEeMOM  MOIIHOCTH, HE  Yy4WThiBaeT 5¢dekToB
MHOTOKPATHOTO paccesiHusl.

Moaudunuposannas ¢popma pelleHHs C NIONpPaBkoi Ha
H3MCHCHHE CEYeHHs My4yKa B HEOJHOPOJHOM paccerBalomeH
cpenie (B MasioyrjioBoM npubimmkeHuH) corsacHo [30] mosy-
yeHa B [31]

1
F(r) |x _[Sm)-S,
F@) kS-S,
F(r,) k

e(r) 1 > (€)]

L2 EG I JSED =S

e, ki|F(,) k
2r
v

rie F(")=1+[m] {G(ﬁ)'("—ﬁ)zdﬁ; )

v=loZ,

1ga

Yo(€) - MCIEPCHs yIIa OTKIOHEHHUS TIPH € THHIY -
HOM aKTe pacCestHus; o - YIJIOBas pacXoJAUMOCTh
JIa3¢pHOTIO Ny4Ka; €, =¢(r,) .

PCSlebTaTbI YHCJICHHOI'O MOJCIIMPOBaHUA [polecca

BOCCTaHOBJICHHS NMPOQUIS OTHOCHTEJIbHBIX 3HaYeHHMH E(7) ¢
NOMOIbIO pellleHus (3) TMoKa3ald CYHIECTBEHHOE CHIDKEHHE
omM60K 0COOEHHO JUIS CilyYaeB CTpaTHQUKAIMM C SBHO BbI-
P@KCHHBIM MaKCHUMyMOM (10 2-3 pa3 B TOYKE MaKCHMyMa).
Ilpy MOAETMPOBAHHH HCIONBL30BANMCH PA3JIHYHBIC MPOCTHIE

GyHKIMOHAIbHBIE 3aBUCUMOCTH 11 £(7). Ilockonbky B pe-

aNbHOM CHTyalMH ¢yHKIHS NpodHIIs €(7) NpH 30HAUPOBAHUH
arpHOPHO HEW3BECTHA, TO B IPOIECCE BOCCTAHOBJICHHS HC-
NoJb30BaJICA GyHKITHOHA (4) JUIs CilyYas OJJHOPOJHOH Cpesibl

(C (r)=const). Kak oka3ajochk, 3TO He NPHBOJMT K 3aMETHBIM
omMbKaM, 4TO 0OecneYnuBaeT BO3MOXHOCTb MCIHOJNL30BaHHS
JIAHHOTO aJITOPHUTMa JUIs paboThl ¢ pealbHBIMM CHIHAJIAMH.

Jlns kanubpoBkH mKajibl € B aGCONOTHBIX 3HAYEHHAX Tpeby-
€TCsl MPOBEJICHHE CHMHXPOHHBIX KOHTAaKTHBIX H3MEPEHHH, 4TO
CBS3aHO C TEXHHYECKHM HEIPOCTOM 3a/lauel B3aMMHOM KaJmb-
POBKH JIMCTAHLIHOHHBIX W KOHTAKTHBIX CPEJICTB.

2.2. Memoo nokansHbix IKCMpeMymoe zpaduenma cuznana
obpamHnozo pacceaHus

Ilomyuenne uHpOpMaLMH O CTPYKTYpe M XapaKTepu-
CTMKaX MOpPCKOH Cpellbl NMPH aHaJiM3¢ Orubaromel UMITyJbca
obpaTHoro paccesHHsst Mu oclioxHseTcst MpoGieMoil MHTep-
NPETAlMK JaHHBIX. JTO CBA3aHO ¢ TeM, 4to orubaromas UOP
HEaJIeKBaTHA M3MEHEHHUSIM T'H/IPOONITHHYECKHX XapaKTepPHUCTHK
u3-32 5 PeKTOB MHOrOKPaTHOrO paccesHuUs, BIMSHUS CITyyaii-
HOH MOpPCKOH MOBEPXHOCTH Ha MPOXOXKICHHE KOJUIMMHPOBAH-
HOTO JIa36PHOro IMydKa M 0OpaTHO PaccesHHOro M3JydYeHHsl, a
TAaKXKe Pe3KO HEJMHEHHOro XapaKTepa ociabiieHus U3JydeHus!
¢ paccrosHHeM. B oToM cilyyae MMeeT MecTO 3HauMTelbHas
aucniepenst ammumtyr MOP, koropas ycyry6usiercs u psiom
Apyrux ¢aKTopoB, COIYTCTBYIOMMX paboTe aBHAIMOHHOTO
Jujnapa (BMOpalMs M clydaifHble BO3MYIIEHMs [OJIOXEHHS
ABHAHOCHUTEJI TPH TOJIETE B HEOJHOPOJHON TypOyJIeHTHOMH
aTMoc(epe, (OHOBbIC 3aCBETKH, BIHMSHHE NPHUBOJHOTO CIOS
aTMocdepbl U ap.).

Ha ocHoBe 3BpHCTHUECKOrO MOIX0/1a K YaCTHOMY CITy-
4aro pelieHus oOpaTHOH 3a/1auM JIa3epPHON THAPOONTHKH pa3-
paboTtan MeTOJ JIOKaNIbHBIX KCTpeMyMoB rpaauenta (JIDI'P),
KOTOpbIH BechbMa S(QQEeKTHBEH IS PellieHHs 3a/1ad MOHHTO-
PHHIa aHTPONOTCHHBIX BO3JCHCTBHH Ha MOPCKYIO Cpeay
[8,12,32,33]. Metot HCHOJB3YyeT XapakTEPHCTHKH OTHOCH-
TEJILHOW M3MEHYHMBOCTH CHTHaJa - NPHOIMKEHHS K IPajieH-
TaM, HOPMHPOBaHHBIM Ha HaYajIbHYIO aMILUIMTY/y JMCKPETH-
3oBanHoro MOP

VU (k)= Uk+D-Uk) 100% , )
Uk-1)
rie k -NOpSJKOBBIH HOMEpP BPEMEHHOTO KaHAa 110 IIKale
BpeMeHH (riryOuH).
BpemennoMy kaHaly COOTBETCTBYET BeJIMYMHA PA3pelleHHMs
JIMJlapa 1o riybuHe

AL=c~'rU/ 2-n. ©)

Ilponetypa aHaornuHa MHPOKO NPHMEHSEMOMY TIpHe-
My BbIJICJICHHS] CKPBITBIX OCOOCHHOCTEH B 3KCIIEPMMEHTAILHBIX
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3aBHCUMOCTSIX, KOIJIa OT caMOH (yHKIIMH NEpeXOIT K ee 11poMs-
BOJIHBIM (TaKOH MOJIXOJl 4YaCTO HCIIOJb3yeTcs, HanpuMmep, B Jia-
3¢pHOM criexrpockoruk [16]). Pesyibratom ee npumenenus k
JmckpernzoBatnoMy HMOP sBiisieTcss MaccHB 3HaKonepeMeHHbIX
3HAYCHHH I'PaJIMEHTOB (BKIIIOYASH HYJIEBBIC).

Merox JISI'P 3akmoudaercs B nornueckoii nporeype

oTbopa u3 noydennoro maccusa V Uk), k=1,... K TOKaIbHbIX
9KCTPEMAaJILHBIX 3HAYEHHUH, KOTOpas MOBTOPAETCS JUIA KaKIO-
ro u3 Beibopku M (m=1,..,M) aHaM3MpyeMbIX MMITYIILCOB.
DH3HYCCKH 5TO SKBUBATICHTHO OTGOPY B BEPTHKATLHOM pa3pe-
3¢ MOpPCKOH Cpefibl TOUEK ¢ MaKCHMAJbHBIMM CKOPOCTSIMH
M3MEHEeHHs THJIPOONTHYECKHX XapakTepHCTHK. Broame o-
THYHBIM K&KETCS TPEINOJIOKEHHE, YTO TOYKH JIOKAJIBHBIX
SKCTPEMYMOB JIOJDKHBI COOTBETCTBOBATb I'PAHMLIAM MPOCIIOEK
B TOHKOH CTPYKTYpe PacCEHBAIONIMX CJIOEB, B YAaCTHOCTH B
061aCTH CE30HHOTO TEPMOKIIMHA.

JlByMepHblE MacCHBBI 3HAYCHHH JOKATBHBIX SKCTpe-
MyMoB rpajiuenta [ VUK m)] e u [V UK m)]m BbineTeH-
HbIC B aHATM3HPYEMOH BbIGOpKe M HMITYJIbCOB, MOTYT ycpesi-

HATBCS KaK 110 YHCIy L, NOSBJICHHUS SKCTPEMYMOB BO BceX K

BPEMCHHDIX KaHajlaX m-ro ummysibea (7), Tak u mo wuciy
TIOSIBJICHUS] SKCTPEMYMOB B A-M BPEMEHHOM KaHaJle JUIS BoeX
M nmny:ibcos anam3Hpyemoit BEIGOpKH

K
)VU(m)(mmin et > VU, (k) . @)
Hom k=1 max, min
1 M
)VU(k)(mmin o > VU, (m) ) 8)
b Lm=] max,min

MaccuBbl rpajMenTOB, pasiMUalomMXcs 1O 3HaKy,
AHAM3UPYIOTCS 10 OTAETbHOCTH. DU3HYeCKH pasMuKe 3HaKa

CBHICTCILCTBYET O XapaKTepe M3MEHCHHs CBOHCTB MOPCKOM
CPEJibl - YBEIMYCHHH WM YMEHBIICHHH MYTHOCTH, YTO BaXHO
JULs PeLICHH 3a/1a4 MOHHTOPHHI'A 3ar pA3HEHHHA.

B npeasioxxeHHOM MeTOE MOTYT HCIOJNBb30BATHCS
TAKXKe H JIPYTHE MpOLEAypbl: IBYMEPHOE CIIIaKHBaHHE Mac-
CHBA TIO k W m, NIOCTPOCHHE I'MCTOIPAMM PACTIPEICIICHHS MH-
TepBaJioB TryOuH Mexy Toukamu JIDI'P B enunuunOM MM-
1y J1bCE 30HIMPOBAHUA H JIp.

OddexTHBHOCTL NPeaIOKEHHOTO MeTozia TOJTBep-
JKIeHa B HaTYPHBIX dkcniepuMenTaX. Huske npusesnens! skcrie-
PHMEHTaJILHbIC JIaHHBIC, TIOJYYCHHBIC B XOAE HATYPHBIX JKC-
TICPUMEHTOB ¢ aBHAJIMIAapaMH B CEBepO-3anaiHoi yactu Tu-
xoro Oxeana y mobepexbss KamuaTku. OCHOBHblE TeXHHue-
CKHC XapaKTepPHCTHKH JIMJapa: TBEP/OTE/IbHbIN Jasep Ha KpH-

cranie AWM Nd** s PeXHMe yBOCHHSA YacToThl (A=532 Hm);
SHEprus B umiyibee 10 150 mJbk; mmrensHocTs uMmymbea
10 He; wactota nosropenns 10 I'i; yrioas PacxoauMocTh
nasepHoro myuka (0,5-4)-107 pan; Bxoamas aneprypa npuemM-
Horo Teneckona 280 Mm; nose spenus 5-10° pax. B kauectse
MPUCMHHKA HCTIOJIB30BAICS (POTOINICKTPOHHBIH YMHOXHTEIIb
CO CXEMOH ABYXCTYNEHYaTOH BPEMEHHO PeryJIMpOBKH YCH-
JICHHUS ISl COKATHS IMHAMHYECKOTO JIHANIa30Ha CUTHAIA.

IIpr 06paboTie sKcIIepUMEHTANBHBIX JAHHBIX HCTIOJIb-
30BaIUCh cooTHomenus (7) u (8), KOTOpblie TO3BOJIAIOT Olle-
HHTh U3MEHYHUBOCTH MOJII MYTHOCTH BJIOJIb HANIPABJICHHS 30H-
AIMpOBaHHA, Kak B cpefiHeM 1o cioto (7) (puc.1), Tak u B cpen-
HeM 110 riy6une (8) (puc. 2) s AHAJIM3HPYEMOr0 y4acTKa
TPacchl.

< VU(m)

> %
max min

0

Puc. 1. Xapam‘epucmmu H3MCHYHBOCTH 10 MYTHOCTH. Pacnpe

IKCTPCMYMOB FpaavcHTa. & - BAOJIb VHACTKA rajea ; a- B/IOIb 10!

< VUm)_ >|
max

{a).

| < VUm), _>|-E :

&g
w

peanmsannit. 1,4 - yposuu E i max 1 min COOTBETCTBEHNHO; 2,5 - ypoBHu E+a Ui max 1 min COOTBETCTBEHHO!

3.6-yposun E- o A max 4 min coorsercrBeHno
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Puc.2. ConocTapicHne (aHHBIX KOH TAK T HbIX 1 LI PHBIX HIMCPCHIIT H3MCH MBOCTH 1015 MVTHOCTH [0 (VO HHE:

@ - KOHTAKTHRIC H3MCPCHHA HpOd)I/L’ISI TCMIICPATYPhI (B OTHOCUTCILHBIX BETHUYHHAX )]

& - IBY MEPHOE PACIIPEIeICHHE JIOKATbHbBIX IKCTPEMYMOB P IHEHTA
€ - pacrpeetenns o rayonue - —— | <y Uk hin >|:

AN(L) . _

<= I PAJHCHTHAS MO,/ICIIb PACCCHBAIOICT O C.IOH meee

dL

{<Vl,‘"(k.m)
l<v Uk), > :

min /i

& - W ICATHHPOBAHHAA MOI]lb PACHIPEIE ICHUS KOHUCH TPalun paccenBare.jeit: N(L)

Kak cnemyer u3 puc.2 a-B, IOJIOKEHHE MaKCHMyMa
CBETOPACCCUBAIONIETO CJI0s BJIM3KO K IIyOHHE 3ajieranus Tep-
MOKJIMHA MO JaHHbIM KOHTaKTHBIX H3MepeHu# [8]. Ilomyuen-
HbIC JIAHHBIE COTJIaCyIOTCS ¢ I'PaJHEHTHON MOJEIbIO PacCeH-
Bafoulero cios [33]. JIyMepHOe CriiaXMBaHHe pacipejee-
Huii JIDI'P B BepTUKabHOM paspese MOPCKOH Cpeibl MO3BOIS-
€T BBIICJIHTh CTPYKTYPY CBETOPAcCEHBAIOIIETO CIIOSL.

Ha puc.3 npejcraBiena TpeXMepHas MPOEKIMs pac-
NIPE/Ie/ICHHs] OTPHIIATENbHBIX (aHOMaJIbHBIX) KCTPEMYMOB
TpaJIieHTa B BEPTHUKAJIbLHOM paspe3e MOpckoi cpexsl. [Ipu
9TOM HCIOJb30BaHO 1IBETOKOJHPOBAHUE BEJIMYHH CTIIaXKEH-
HbIX 3HaueHHH JIDI'P B coOTBeTCTBHM ¢ 1IBETOBOMH mKaoif,
MEePEeKPhIBAIOIEH THHAMHYECKHH JIHANa30H 3HAUCHHH.

N e e

9 10 20 3 40 5 60 st < Ve _ > = 0%

Puc.3. Tpexuepian HPOSKUNA DACT PSS 0§ PYIATSALIGIX (TaHOMATbHLL)
AOKATBHBIX OKCTPENMYMOB [PALHIHTa B BCPIHKLILHOM PA3DCIC MOPCKOH Cpeiibd

H3BecTHbl Taloke W Apyrue pesyibTaThi MO BbIIele-
HHIO CBETOPACCEHBAIOIINX CJIOEB JIMIAPHBIMH MeTonaMu [34-
37]. Tak. B paborax [35,36] onucaHbl SKCTIEPHMEHTHI 1O CHH-
XPOHHOMY ~aKyCTHYECKOMY H JIHJIapPHOMY 30H/IMPOBAHUIO
BEPXHETO ¢J10s oKkeaHa. [Ipu 5ToM Mcro/b30BaIkCh J1Ba BapH-
aHTa 30H/IWPORAHWUS: Yepe3 MOPCKYIO MOBEPXHOCTh W uYepes

TOrpy>kHOH HiuoMuHaTop. [Ipu BoccraHoBNeHHH npoduis €

-HHJ]aprle MeTOAbI JTHCTAHIIHOHHOI' O 30HAHPOBAHUSA zarpn'sueﬂuﬁ BEpPXHero CJIos oKeaHa

(L) ucnonb3oBaics MPOCTEHINHH aJrOPHTM HHBEPCHH B T1pH-
6.IM>KEHUH OJTHOKPATHOIO PaCCesHUS

e(Ly=c (L, - L))" [lgPLy) ~1g(P(Ly)]. ©)

Pacnipenenenne € B BepTHKaIbHOM paspese MOpckoi
cpelpl 1pecTaBieHo Ha puc.4. Jluanason riyOuH cocTaBiseT
21-33 M M COOTBETCTBYET IOJIOKEHHIO TEPMOKJIMHA. Pasperne-
Hue 1o raybune 1 m. Hapsny co ciosmu B BepTHKaibHOM
paspese N0Jis & 0OHAPYXKHUBAIOTCS «AYEHKH» («IHH3BI») C MO-
BBIIICHHBIMH
[36]. Ananoruunbie pesyibrarhl Hodydensl H merogom JIDI'P
(cM. prc.3), HO yiKe B IPYroM IIPOCTPAHCTBEHHOM MaciTabe.

3HAYCHUAMH MYTHOCTH H  [PO3pavYHOCTH

zZM 21

80t mnn

Pre.d. [IpocTpanCTBeHHO-BPEMEHHOE OIS CBETOPACCEHBAIONIIX CI0CB!

_J - HQHKA ¢ HOBBUICUI bIM $HRUCHHCM KOMPAHILIEH T 0CHaB.1en s
N - 5UTCHT KM C NOHITKCHHBIM SHAVCHIEM KO WU LUMCHT2 0 7a8I1eH i

B pa6ore [37] BblaeieHre CBETOPACCEHBAIOMIHX CIOEB
HPOH3BOJMIIOCH ITyTEM BBIYHTAHHS YCPEAHEHHOIO 3TAJOHHOTO
HOP, cooTBeTCTBYIONEr0 YHCTBLIM, HE3aMyTHEHHBIM BOJAM.
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u3 MOP, nosyyennnx B Gonee MyTHbIX Bojax mieib}oBoi
30HBL.

2.3. Memod uccnedosanun nons Mymmocmu, ucnons3yio-
wuit 3gppexm nonapuzayuu
uzyueHusn

HeonnoponnocTn B BepTHKanbHOM pacipeseleHHH
B3BECH BJIMSIOT Ha MOJIAPH3AIHIO OOPaTHO paccesiHHOro
nsnydenus. B paborax [2,34,38-41] paccmaTpuBaetcs crio-
€06 onpesieieHHsl BEPTHKAILHOTO MPOdHIA MyTHOCTH 110
BPEMCHHOH H3MEHYHBOCTH COOTHOIICHHS OPTOrOHAJIBHBIX

KOMITOHEHT nosisipuszanuu HOP (F// Fl) TpH MCXOJIHOH JIH-
HEHHOM NOJIApU3alMH 30HUPYIONIEro CUTHAIa

noFO-F®

- . 10
F'()+F ()’ (19)

rae p(t) - cTeneHs NONAPH3ALMH.

Jlnst cirydas MajioyrioBoro npubInKeHHs U B Npe-
MOJIOXKEHHH, YTO pacnpejie/ieHHe Mo TiyOuHe nokasares
paccesHust NPONOPIHOHAILHO MPOU3BOJHON O BPEMEHH OT
creneny nojspusanuu HOP

Ld

() =t d,[lnp(t)], (n

riae A - Hopmupyfonuii napameTp, MoJyyeHbl Ppe3yJIbTaThl

onpezenenus npoduns O [L] (L=ct/2n), paccuuraHHble Ha
OCHOBE M3MEPCHHH T0JISPU30BAHHBIX KOMIIOHEHT paccesH-
HOT'O CHrHajla M JIONOJIHEHHBIC JAHHBIMH KOHTAKTHBIX H3-

MepeHuii npoduis € [L]. Cnepyer 3aMeTHTb, 4TO peaibHO
HU3MEPEHHE TOJIIPU30BAHHBIX KOMIOHEHT BO3MOXXHO B OT-
PaHHYCHHOM HHTepBaje TIyOHH H3-3a ObicTporo cmnana,
BbI3BaHHOTO JENOJISpH3alMeH CHIHala MPH MHOTOKPATHOM
paccesiHUH.

3. MeToabl, ocHOBaHHbIE HAa HeyNPYIHX
B3aNMO/IefiCTBHAX JIa3ePHOT'0 H3.TyYeHHUs
C BellleCTBOM

PaccmaTpuBaemast rpynma MeTOZOB OCHOBBIBAaETCS
Ha aHaJM3e CHEeKTPOoB KoMOHHanHoOHHOrO paccesnus (KP)
¢JyopeclieHIIMH, BBIHYXXAEHHOTO paccesHHs MaHjelbmra-
Ma - Bpuinioona BPMB 1 z1p., Bo36ysk1aeMbIX HMITY TbcaMH
JIA3CPHOrO HW3JY4YE€HHS B YJIbTPaQHOJICTOBOW W BHAMMOM
obnactax cnekrpa [1,5,18.20]. Ilepeunciennbie dusnue-
CKHE [TpoLecchl HabJI0NaoTCs NPH HEYNPYrHX B3auMOJIeH-
CTBHAX H3JIy4YeHHs C BEHIECTBOM, KOTJa SHEPTHs Mepensy-
4aeMOTO KBaHTA OTJIHYAETCS OT DHEPIHH HCXOAHOrO H3Jy-
uyenus [1,18,19].

Kombunayuonnoe pacceanue unu Paman-3ppexm
HMEEeT MECTO JUIS BCEX XHMHYECKHX 3JIEMEHTOB H COEJUHE-
HHMH, NPUCYTCTBYIOMHUX B 0bJydaeMoM o6heMe MOpCKOi
Bozbl [1,18,19].

OCHOBHBIMH TIPEHMYIECTBAMH METONA, HCIONb-
3YIOHEr0 3TOT 3P PEKT, ABIAIOTC:

($UKCHPOBAHHOE CMelleHHe TNaplHaJbHBIX CIEK-
TPaJIbHBIX KOMIIOHEHT /ISl IPHMEceH OTHOCHTEIBLHO 30HIH-
PYIOILIETO CHIHAaJI,

TNPOTOPIHOHATILHOCTh  HHTEHCHBHOCTH  TapIllHaib-
HBIX KOMIIOHEHT CNIEKTPa KOHILIEHTPALHH PUMecEi;

OrpaHMYeHHas JUIMTEIBbHOCTH nporecca KP, uTto no-
3BOJIACT YJIYHYIIHTh OTHOMEHHE CHIHal/QoH 3a cueT Bpe-
MEHHOT0 CTPOOHpOBaHUSL,

BO3MOXHOCTh TIOJIly4eHHs NaHOPAMHBIX CHEKTPOB
[IPH MCTIOJIb30BaHHUH OJIHOTO Jla3epa.

BecbMa LEHHBIM CBOMCTBOM SIBJSETCS 3aBHCHMOCTD
curHaja CKP oT KOHIEHTpaLMM MoJeKyJ Boabl (KoTopas
SIBJISICTCS TTOCTOSSHHOH BEJIMYHHOM), YTO MMO3BOJISET HCIIOJb-
3oBath orubaromyio curnasa CKP kak onopmyro, «penep-
HYIO» JUIi HOPMHPOBKM CHTHajoB (paccesHus Mu, ¢uyo-
pecueHlrn), 1u60 (MpH CHEKTPaJbHBIX H3MEPEHHSX) JIH-
tuio CKP BOJibI 115 HOPMHPOBKH PyrUX KOMIOHEHT CIICK-
Tpa [5,20]. Ilpu 5TOM CyHIeCTBEHHO CHMXKAETCS BIHSHHE
AecTabHIM3UPYIOMKUX (aKTOPOB, TJIABHBIM M3 KOTOPBIX
ABIIACTCA Clly4akHasi MOPCKas OBEPXHOCTb, YePe3 KOTOPYIO
[POXOJAT NPAMOH U 0OpaTHBIN CHTHAJbI.

Onnako ceuenne nporecca KP Gonee uem na Tpu
HOpANKA HHXKE CEUYCHHs P3JIEeBCKOr0 PacCesHMs, YTO orpa-
HHYMBAET BO3MOXXHOCTH METOJa NMPH JUCTAHIIHOHHOM 30H-
JIMPOBaHHH BEPXHETO CJIOS OKeaHa.

Dnyopecyenyus HabIIONaeTCs, KOTAA Ja3epHOE H3-
Jy4eHHE Ha YaCTOTE ONPEJEJEHHOTrO 3IeKTPOHHOrO Hepe-
X0/la B aTOM€ MJIH MOJIEKYJIC HCHBITHIBAET MOTJIONIEHHE C
nepeussiyyeHueM Ha Gosiee HH3KkoH wactote [19]. B moe-
KyJlaX W3-332 HaJHWYMs TPYNIbl YPOBHEH Nepexoja H3iyue-
HHE LIHPOKOIMOJOCHOE W OTHOIIEHHE CHTHAI/IIYyM HEBEJH-
KO, MO3TOMY IIPH HCIOJLb30BaHUH d(PeKTOBR ¢uyopecieH-
IIHH HCTIOJIB3YIOTCS TaKXe BPEMEHHBIE XapaKTepPUCTHKH
npouecca [1,19].

HHTeHCHBHOCTL CHrHaOB (uiyopecueHIHH Haubo-
Jiee pacrpoCTPaHEHHLIX B MOpPCKOH Cpelleé OpraHHuYeCKUX
COCJIHHCHHH TIPH THUIIHYHBIX 3HAYCHHSX HX KOHLEHTpallUii
cpaBHHMa ¢ curHaisoMm KP, uro mosBonser ans onucanus
¢J1yOpeclieHTHBIX CBOHCTB MOPCKOH BOJbI BBECTH MONOGHO
NEPBHYHBIM THAPOONTHYECKMM XapaKTePHCTHKAM [1apameTp
duyopecuennun

Do=Ip/ Iy . 12)

rae Iz, u I, - WHTerpajibHble 3HAYECHUS YHCET KBAHTOB B
M0JI0OCE H3MEPEHHUH.

OTOT mapaMeTp MHPOKO MCHOJBL3YETCs TMPH HCCIe-
ZIOBaHUAX TPEX OCHOBHBIX KJIACCOB OPraHHYeCKHX MpHMe-
CeH, PUCYTCTBYIOIHMX B MOPCKOH Bozie: (HTOIIaHKTOHA,
pacTBOpeHHOro opranuyeckoro BemectBa (POB) u Hedre-
npoaykroe (HIT) [20.42.43]. Ilytem ompeneneuus @, B
poliecce Jla3zepHOTO 30HAMPOBAHMS PEIIacTCs 3ajada Kap-
THPOBaHHA (PJIyOPECHEHTHBIX MOJCH W OLEHKH WX [Ipo-
CTPaHCTBEHHO-BPEMEHHOM H3MeH4YHBOCTH. ConocTaBieHHe
JaHHBIX JUIS Pa3sHBIX yYacTKOB OOCHENyeMbIX aKBaTOPHi
T03BOJIET ONPENETUTh 30HbI 3aTPA3HEHHH C YYeTOM anpH-
OpHOH MH(OPMALIMKM O THAPOIOTHIECKHX, THAPOGHOIOrHYe-
CKMX M THJIPOXHMHYECKMX XapaKTCPHCTHKAaX JaHHOIO paii-
OHa.

Amomnas unu pesonancnan nyopecuyenyus ua-
GmonaeTcs Ha YacTOTe ONpeEeNeHHOro Mepexoja B aToMe,
COBMAJAIOMIEH C YacTOTOH 30HAMpYIOLIEro u3nyuenus. Ce-
YEHHE IIpolecca OAHOIO NOPSAKA C PINCCBCKHM, OJHAKO
CTOJIKHOBEHHS KBAHTOB C MOJIEKYJIAMH TPe0bIajalonHX 110
KOHUEHTPAlMK BEIIECTB NPUBOAAT K OLICTPOMY 3aTyXaHHIO
npouecca [19].

Beoinyscoennoe pacceanue Mandenswmama -
bpunniosna nabmonaercs Npu paccesHUH JA3CPHOTO H3Ty-
YCHHS KOHJICHCHPOBaHHBIMM CpellaMH B pe3yJbTaTe ero
B3aMMOZCHCTBHS ¢ COOCTBEHHBIMH YIIPYTUMH KoJebaHUsIMH
9THX CpeA (3BYKOBBIMH HJIH THIIEP3BYKOBBIMHM BOJIHAMH) H
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CONpOBOXAACTCA HU3MCHCHHEM Ha60pa 4acToT,

XapaKTepH3YIOIHUX H3nydenne [18].

4. Jlupapuas AHArHOCTHKA 3ar ps3HeHHI
MOPCKOii cpe/ibl OPraHHYeCKHMH
coeiHHEHHAMH (PacTBOpPeHHBIMHA
OpraEfYecKHMH BelleCTBaAMH,
HedTenpoaykTaMu, GHATONIAHKTOHOM)

Opranvdeckue COENMHEHHS 3arpA3HSIONHE MOp-
CKY10 Cpe/ly, MOXKHO pa3Jie]IiTh Ha TPH OCHOBHBIC TPYMIIbI
pacTBopeHHBle opranuyeckue BemecrBa (POB), Hedrenpo-
aykrel (HII), HexoTopble BUIB! XJIOpodHUIa H PUTOMIAHK-
TOHA, NOBbINIEHHAs] KOHIICHTPAI[US KOTOPbIX SBJISETCS Cle]l-
CTBMEM aHOMAaJIbHO HHTEHCHBHOTO Pa3BHTHS MPH HAIHYHH
nepBUYHBIX 3arpssHstomux POB [49]. J[ns ux auarHocTHKH
O6LIYHO HCTIONB3YIOTCS METObI (JIyOPHMETPHH.

4.1. Ocobennocmu OuazHoCMUKI pACMEOPEHHBIX OPZAHIL-
UeCKUX seujecme

CrnoxuocTs npobiembl auarHoctukd POB 06bsicHs-
ercs psjioM GakTopoB. Bo-nepBbIX, 4pe3BbIYaHBIM MHOTO-
obpaszHeM COeJIMHEHHUH, TIPHCYTCTBYIOIMX B MOPCKOH BoJe,
Gonbmas yacTh KOTOPBIX ellle He HIAeHTH(HUIMpoBaHa. Bo-
BTOPBIX, pa3HOOOpasHeM ¢opM CHEKTPOB (UIyOpeCleHLHH,
OIIPE/IENIEMBIX CJIOKHOH CTPYKTYPOH MOJIEKYJ OpraHu4e-
CKHX COeIMHEHHH. B-TpeTbHX, TeM 0OCTOATEILCTBOM, YTO
cnekrpbl POB uyacTo HajloXeHbI OJHH Ha IPYroi U Ha ClieK-
Tpel HII, 4To 3aTpynHsieT MX BblJesieHHE M HICHTH(HKa-
LHIO.

3aMeTHM Takke, 4To Heabi psx POB Boobme He
HMeeT NOJIOC MOTJIOMEHHs] B BHIUMOM 06JacTH crekTpa u
NO3TOMY HE MOXET ObITh OOHAPYIKEH NMPAMBIMH TAa3€PHLIME
MEeTOJIaMH.

Hsyuennio xapaxrepucTHk ¢uyopecieHuun POB
yaesiercs Oosbmoe BHUManue [17,44-48).

Jlis MaeHTHQUKAHHH COeAHHEHHH MOTYT HCIOJb30-
BaTbCsl CJICAYIONHE XapaKTCPHCTHKH:

JUIMHA BOJIHBI MaKCHMyMa (uyopecleHIHH [pH
¢duKcHpoBaHHOM JUMHE BOJIHBI BO36Yxaenus [19];

dopma mosiockl (UIyOPECHCHIIWH, KOTOpas KoJiude-
CTBEHHO MOXET OBITh OTpaxkeHa B BHIEC COOTHOMIEHHS
WHTEHCHBHOCTEH Ha JIBYX JUIMHAX BOJH [44];

BpeMs JKH3HH (ITyOpPECLeHIIHH, KOTOPOEe HE 3aBUCHUT
OT JUIMHBI BOJIHBI PETHCTPAIIHH H JISKHT B ITUPOKOM JIHAIa-
sone (0,1-100 ne) juis pasHbIX BHIOB coemnenud [45];

a¢dekT HacbleHUs (IIyOpeCeHIMH, CBA3aHHBIHA ¢
H3MEHEHHsMH CIEKTpa MoJl BO3JACHCTBHEM MOMIHOTO Jiasep-
HOTro n3JIydeHus [46,48].

4.2. Bo3zmosicHocmu OuazHOCMUKI 3azpA3HEHIT 600HON
cpedst Hegpmenpodykmamu

Hedrenpoaykrsl B MOPCKO#H BOJIE MOBEPHKEHBI BO3-
JISACTBHIO 1I€JIOro psifia (PH3HKO-XHMHYECKHX IPOIECCOB,
Pe3yJIbTaTOM KOTOPHIX sBJseTCS 0Opa3oBaHHe B MOAMNO-
BEPXHOCTHOM CJIO€ PaCTBOPEHHBIX, SMYJIbIHPOBAHHBIX H
aucneprupoBaHHbIX ¢pakimii [11.49.50]. Curnan ¢ayopec-
LEHIIMH BOJIHOH CPe/Ibl B 5TOM CJIyd4ae OTJIMYAETCs 3HAYM-
TeJabHO Gojiee BBICOKOH HHTEHCHBHOCTBIO 10 CPABHEHHIO C
MOPCKOH BOJIOH, ¢ «pOHOBBIMY COJIEpXKaHHEM XJIOpodHIa
n POB. Ilpu stom Habmopaercs nopasienue nunuu KP
Bozb! [43,46.48.51].

Pa3paboTka KOJHYECTBEHHBIX METOLOB OIpeaee-
uus HII 3arpynnena BBHay MHOrooGpasus MX THIOB M Ha-

JHYHAS MpolleccoB TpaHcopMmalMM B MOpPCKOW cpene. B
pabote [43] mpelioXKeH METOJ, OCHOBAHHBIN Ha pasjielb-
HOM OINPpeJIeJICHHH PACTBOPEHHOH M 3MYJbIMPOBaHHOM
¢pakiuii. CBoMHcTBa, NMpHCylHe KaXaoH (pakiuu, okasa-
Juch OJIM3KHMH U1 BeeX HeciepoBaHHbix coptoB HIIL, urto
TNIO3BOJIMJIO TOJNYYHTh AJTOPHUTM ONPEACICHHS Kod(duun-

€HTa CBsI3M OL MeXJly KOHLEHTPallHeH U IapaMeTpoM ¢iyo-

pecuiennun (c=a@). Ha 5To# ocHOBE Npe/IoKEHa METOIH-
Ka JIMCTAHIIMOHHOTO KOJHYECTBEHHOro ompenenehus (6es
unentudukanuu HIT) pacTBOpeHHBIX M 5MyJIBIHPOBaHHBIX
¢dpakiui Ha pasHbIX cTaausx crapenus HIL

4.3. Ocobennocmu ouaznocmuxu pumonnankmona

DUTONTaHKTOH, KakK Besikas GHOJIOrHYecKas CHCTe-
Ma, BeChbMa YyBCTBHMTEJICH K M3MCHCHHUSIM BHEINHHX YCJO-
BUH, B YaCTHOCTH, K aHTPONOTEHHBIM 3arpsA3HEHHAM, JICHCT-
BHE KOTOPBIX MpOsBSETCS B cienytomemM [52-54]:
M3MEHEHHMH CTPYKTYPbI, BBIPaXalOMEMCs B Hapy-
HIEHHWH 4YHCJICHHOCTH MNONyJAUHH, obOpasylomux ¢uro-
IUIAHKTOH, BIUIOTH IO HOJIHOTO MPOMAJaHWUs OTJAEIbHBIX
BHJIOB;
$YyHKIMOHATbHBIX HAPYUICHHIX y Becex (popm du-
TOIMJIAHKTOHA NPH CHHTE3¢ HOBOTO OPraHHWYeCcKOro BeliecT-
Ba M €0 pacnajie B X0/i¢ BHYTPHKICTOYHOM JA€CTPYKIIUH;
TokcudeckoM 3ddexre, HanboNee CUILHO NPOSB-
JSIOMEMCS B MEPHOJ aKTHBHOTO POCTa BOAOPOCICH TNpH
ONTHUMAJIbHOH TeMIIEpaType, OCBCHICHHOCTH U obecredeH-
HOCTH OGMOTCHHBIMH 3JIEMCHTAMH.
Hudopmanms o coctaBe H CBOHCTBaX (HUTOILIAHKTO-
Ha COJICPXKHUTCS B CMNEKTPaJbHBIX H BPEMEHHBIX XapaKTepH-
cTHKaX cHTHasoB ¢uiyopeciteHuun. OcobeHHocThio duto-
IUIAHKTOHA SBJIAETCS 3aBHCHMOCTh CHIHAJIOB HaBEICHHOMN
¢diyopecneHIMH (Kak BpEMEHHas, TaK M 10 MHTEHCHBOCTH,
a B psijie ClIy4aeB M 110 CIIEKTPY) OT YPOBHS B0o3Oyxaromie-
ro u3gydeHus. XapaKTepPHCTHKH (UIyOpPeCIeHIHH Ollpejie-
JSIFOTCS MUTMEHTAMH (UTOIUIAHKTOHA, KOTOpbie YCIOBHO
JleIATCs Ha CclieJlyloniHe OCHOBHbIe rpymmsl [52,53,55,59]:
XA0pOodUILILI (THIIBL «a», «B», «C»); GUKOOUIMHLI, KapOTH-
HOHJIbI U KCAHTO QMBI
ITo pesymbTaTaM HccieOBaHHH YCTaHOBJIEHO, YTO
JUIsl MOPCKOTO (UTOILIAHKTOHA XJIOPOMHILI «a» MPHCYTCT-
ByeT BO BCeX THNax Bojopocied. Hammuue ¢uxobuiuHoB
XapakTepHO JUI BCEX THNOB CHHE-3€JICHBIX BOJIOPOCIEH,
YTO MOXET CJIyXKHTh KOCBEHHBIM IIPH3HAKOM 3arps3HEHHUH.
OxeaHckuit W, B OOJLIIHHCTBE Cilyd4aeB, MOPCKOH
¢aopoduIl MMeeT HOBOJIBHO y3Kyio mojiocy ¢iyopecieH-
UMK 3a cueT Xxjopoduiia «a». [Ipu BozbyxneHnn B crnek-
TpajibHOH obnactu 480-630 HM «pemnepHas» KOMIIOHEHTa
KP Bozel pacrmonoxeHa ONTHMalbHbIM 0OGPa3oM OTHOCH-
TeNbHO MoJiochl duryopeciieHIMH uToruiankTona. Ilpu us-

MepeHnH napamerpa @) BO3MOXHA NPHUBA3KA €0 3HAYCHHH
K KOHIEHTpalMH Xjopoduiuia «a», 3Ha4eHUs M GHOMAacCh
MM 9ucly KieTok. CyllecTBYIOT CTaHJApTHbIE METOIHKH
onpe/IeNIeHHs 3THX [1apaMeTpoB.

BunoBasi uaeHTHQHKALHS KOMIIOHEHT (HMTOILIAHK-
TOHZ BO3MOXXHAa C MOMOIIBIO MHOrOYacTOTHOW JIa3epHOM
GyopUMETpHH 3a CUET BHAOBBIX PasiMUHi B CIEKTpax

[56]. 3nas 3aBuCcHUMOCTH CDO(XM(,) JUIA pa3sHbIX KOMIIOHEHT,

MOXHO HJIEHTH(QHIHPOBATH UX W OIPEAENHTh MaplHaibHbIE
BKJIa/ibl B 0011y10 nosiocy duryopeciieHinu [59].
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B nociennee BpeMs NPeJIOXKEH LEJIbd psii METOJOB
auarsoctukn POB u HII, ynyumaromux XapakTepHCTHKH
TPaJIMITHOHHBIX METOZIOB ()JIyOPHMETPHH.

4.4. Ocnoersie Memoodst nazeproi ouaznocmuku POB,
HIT u ¢pumonnankmona

HnTencuBrO paszBHBaloleecs HalipaBieHHE AHarHO-
CTHKH OPraHMYECKHX 3arps3HEHHH BOJHOH cpe]bl MeToJla-
MH JIMCTaHIIMOHHOM JIa36pHOHM CIEKTPOMETPHH HaIpaBlIeHO
B OCHOBHOM Ha peIICHHE 3aladd HJICHTHQHUKAUHH BHIIOB
3arpA3HAIONMX KOMIIOHEHT M OLCHKM HMX KOHIIEHTpamui
HE3aBUCHMO OT TOro, kakod rpymme coeaunenuit (POB,
HII nim duronnankron) onu npuHajiexar. [IpuBesennbie
BbIlIE KPaTKHE CBEJICHHS, XapaKTEPH3YIOIHE COCTOSHHE
npobiemsbl auarHoctukd POB, HII u ¢urornnankrona, cBu-
JIETEILCTBYIOT O €€ CJIOKHOCTH BBHIY YPE3BbIYAHHOTO MHO-
roobpa3us KOMIIOHEHT ¢ NEPEeKPbIBAIOMIMMHCS CIIEKTPAMH H
pa3HOOOpa3HOH KHHETHKOMH CIIEKTPOB, HaXOJSIUXCS I0OJ
BJIHSIHUEM MHOXeCTBa (aKTOpOB (TeorpadHyeckux, KiuMa-
TUYECKMX, METECOPOJIOTHICCKHX, THIAPOPHUIHIECKUX, TUIPO-
XUMHYECCKMX, BPEMEHHBIX U Jp.). Bee 3To nosBosiseT peaiu-
30BaTh PsJI METOJOB JIa36PHOH JHMAarHOCTHKH, OCHOBBIBAIO-
WAXCSA HA MCIIOJIb30BAHWH YacTHBIX WHGOPMATHBHBIX PU-
3HAKOB CIIEKTPa 3a CYET JIOCTaTOYHO TOHKHX (PU3HUCCKHX
s¢dexros.

OTH MeToJbl anpobHpoBaHbl B HATYPHBIX H Jlabopa-
TOPHBIX sKcniepuMenTax [20.42.43,46-48,51,54-59].

Memod nenuneiinoii ¢nyopumempuu OCHOBaH Ha
pazivuvn ains POB u HII kosddunuenra HenmHeHHOCTH
[47]

&)

ﬂ=“mr->o7’ (13)

rae T(F)=®,/ O(F);

F- mJI0THOCTb NOTOKA (POTOHOB.
Onnako 3TOT METOJ NMPHMEHHM JUIs CllyYasi IPUCYTCTBUS B
BOJIC TOJILKO OJTHOH NPHUMECH.
Memoo mnozouacmommoii ¢pryopumempun [47]
AUIsl pa3jiMyeHHs napuuanbHeiX BiianoB POB u HII ocho-

BaH Ha pa3iu4uH QiyopecueHtHoro napamerpa @) ot anu-
Hbl BOJIHBI BO30Oy>Kjaomiero usiydeHus. M3mepus pesyiib-

THpylomuii napamerp ®F = O + O pa siunax Boan A

1 M Az, MOKHO ONIPEIETHTh MO OTAENLHOCTH BEJIHUHHBI Clla-
raeMbIX.

Memoo TLS-ouazpamm (Total Luminescence
Spectra) [57] ocHOBaH Ha PerHCTpaLlHH CHEKTPOB duyopec-
UCHIMU NpH BO3OYXJIEHHH Ha PaziMYHBIX JUIMHAX BOJH M
TIOCTPOEHHH JIMarpaMM PaBHOH HHTCHCHBHOCTH H3JIY4YCHHS
IULs CJTydaeB aHaJii3a MHOTOKOMIIOHCHTBIX IPUMECEH.

Memoo mpexmepnvix mampuy [58], T.e. Habopa
«MTHOBCHHBIX» CIEKTPOB, HCTIOJb3YIOMMA KaK CIIEKTpalib-
HYIO, TaK H BPEMEHHYIO HHPOPMAIHIO O IPUMECHBIX KOM-
TIOHEHTaX, OTHOCHTCS K METOJaM KHHETHYECKOH CHEeKTpo-
CKOIMH C BbICOKHM BPEMEHHbLIM pazpelendeM (rnopsaxa 0,1
HC).

Meronbl MHorouyacrotHol ¢uyopumerpun u TLS-
JHarpaMM MOTYT CUHTaThCs YHHBEPCAJIbHBIMH IO OTHOIIE-
HHIO K OCHOBHBIM TPy NNaM OPTaHHYEeCKHX 3arps3HEHHH.

Mnozocnexmpansnsiii memod [59] npeanonaraer
HCIOJIb30BaHHE TEPECTPAHBAEMOr0 JIa36PHOTO H3JIyHdaTells

P MOXET 0Ka3aThes 3P PeKTHBHBIM, Gilarofaps BeIpaKeHHOM
CMEKTpaJbHOH CeJeKTHBHOCTH I10Ka3aTelsi MOrJIomeH s
MUIMEHTOB XJIOPOQHIIIA W €ro OTJIMYHS OT CNEeKTPaibHbIX
3aBHCHMOCTEH TIOKa3aTelieH IIOTJIOMICHHS H PpaccesHus
POB.

Meton ocHoBaH Ha (OPMHPOBAaHHH CHHTE3HPOBAH-
HOTO CHTHajga ¢ TIOMOHIBIO pPa3HOCTHOTO aJrOpHTMa
Ip€kK'=Bil —B,,.rne Bj; u Bj; - peTHCTPHPYEMbIE CHTHAJIbI

B COOTBETCTBYIONIHX CIIEKTPaJbHBIX KaHajiaX.

IIpumeHeHHe pPa3HOCTHOTO aJTOPHUTMa [103BOJSET
YMECHBIIMTh BIUAHWE aJ/IMTHBHBIX CBETOBLIX MTOMEX, BO3HH-
KalOIHX MMPH OTPaKCHHUH HJIM PACCEIHHH M1aJJalOMIET0 H3JIy-
YeHHS CJI0EM aTMOC(Epbl, MOPCKOH IMOBEPXHOCTHIO H CJIOEM
BOJIbl HaJI PErMCTPUPYEMOH IIyOHHHOH aHOMaJMed XJIOpo-
buil cosepxamuX B3BeCeH CTHMYJIHPOBAHHBLIX OHONIOMH-
HECIIEHTOB.

4.5. DxcnepumenmansHele pesyiemamst

HecmoTps Ha pazHOoOpasHe HEepedHCIICHHbIX METO-
JIOB JIAaTHOCTHKH OPTraHWYeCKHX COCJHHEHHH, IpaKkTHKa
JIMCTAHIIHOHHOTO JIa3€PHOI0 30HJIMPOBAHHS, YYHThIBAIOMIANA
pealiii CyUecTBYIOHMX Ha CErOJHSNIHHM JCeHb TeXHHWYe-
CKHMX CPEJICTB, KaK [IPaBUJIO, OTPAHHYHUBACTCS U3MEPEHHUIMH
napamerpa (IyOpPeCHEHIIHH H KOHIEHTPAllMH HEKOTOPbIX
BHJIOB XJIOpPOQHILIA.

Hmxke mpHBOAATCS HEKOTOpbIe JaHHbIE HCCleN0Ba-
HHH, poBeJIeHHBIX Ha YepHoM U BanTuiickom mMopsx.

B pabote [55] npusenensl pesyabTarThl S3KCHEpUMEH-
TOB 1o HccnenoBanuio POB B npubpexHoii gactu uepHo-
Mopckoro nobepexbs Poccun. Biutag B mosocy ¢uyopec-
ueHuuu aaganu kak POB, tax u HII, nostomy npu ananusze
Pe3yJIbTaTOB MOXXHO I'OBOPHUTD JIMIIL 00 OLIEHKE HHTETpalib-
HOTo (hJTyOpeCLIeHTHOTO napaMeTpa Ha JJIHHE BOJHBI 335
HM. PesyibTaThl KapTHpOBaHMS YyKa3aHHOIO [1apameTpa
MpEJCTaBJIEHbl Ha PHC.5. AHaIW3 MOKa3biBaeT, 4YTO Ha
6oabmel 4acTH 0OC/ICAOBaHHON aKBaTOPHH €ro 3HAYECHHS
He npespimann 0.1. DTo CBHAETEIBLCTBYET O HEBBICOKOM
YPOBHE CO/ICpXaHHUsl OPraHHYeCKOro BelecTBa B MPUOpex-
HbIX pakionax. Hciinouenrem sBiseTcs JIOKajlbHOE MATHO B
MOPHCTOH YacTH aKBaTOPHH, IJle 3HAYCHHE MapameTpa co-
craBaser 0,3.

Coznepxanue OPraHHYECKOro BEIIECTBA YBEIHYHBA-
Jocs B npubpexnol mnosoce ropoxos (Tyamce, Jlasapes-
ckoe). B paiione ycres peku Illencu BbISBHIOCE MOBBIMIEH-
HOE COJIEp)KaHHE OPraHHYeCKOro BEIIEeCTBAa, CBI3aHHOE C
BJIHMSHHEM PEYHOTO CTOKA.

Pacnipenenenue napamerpa @), nocTpoeHHOE IUIA
obmupHoro paiiona akBatopuu baituiickoro mops no pe-
3yJbTaTaM MOHHTOpPHHTa [42], npescrarieno Ha puc. 6. Ha
PHUCYHKE TPOCIEXKHUBAETCS BIHAHHE BbIOPOCOB BOJ ¢ MOBbI-
HICHHBIM COJECPXKAHHEM OPraHHYECKOro BellecTBa B paii-
OHaX ¢ MHTEHCHBHOH NPOMBINUICHHOH J€SATENbHOCTBIO.
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5. MeToabl H3MepeHAN TeMIepaTyphbi
H COJIEHOCTH MOPCKOIi BOAbI
€ IOMOIIBLI0
JmJaapoB

Hsmepenus TemiepaTypsl ¢ MOMOIIbIO JHCTAHIHOH-
HOTr'O JIa3epHOTr0 30HAMPOBaHHS OCHOBBIBaloTCsi Ha d¢dek-
tax KP. ®usnueckas ocHOBa METO/IA COCTOMT B ClIEyIOMEM
[60]:

XKHJIKasi BOJa CYIIECTBYET 110 MEHbIICH Mepe B IBYX
OCHOBHBIX ()OpPMaX - MOHOMEPHOH M MOJMMEpHOH (MOJH-
MepHas (opMa XapaKTepH3yeTcs AONOJHHUTEIbHBIMH CBS-
3iMH THIAPOKCHJIbHBIX TPYNI MeXJy MOJCKyJaMHu), obe
(GOpMBI HAXONATCSA B COCTOSHMM PAaBHOBECHS Kak (yHKLHH
TeMIIeparypbl;

YHIHPEHHE PAMaHOBCKOH CIIEKTPaJbHOW JIKHHMH THJI-
pokcuibHOH rpynmnel (O - H) cymecTBeHHO pasiuuaetcs
2711 MOHOMEPHOH M NMOJHMEPHOH dopM;

HHTEHCHBHOCTH TIAapUHAbHbIX KOMIOHEHT CHEKTpa,

COOTBETCTBYIOIIHC MOHOMCPHOﬁ A] H ﬂOJ]HMCpHOﬁ 2'2

(bopMam, MPONOPIHOHAILHBEI MX KOHIEHTPAIHH, YTO [03BO-
JIA€T ONPENC/IHTh PAaBHOBECHYIO TEMIeEpaTypy 110 COOTHO-
HICHHIO HHTEHCHBHOCTEH KOMIIOHEHT.

Tlockosbky ceuenne mponecca KP noutu na Tpu mo-
psZika MEeHbIIe CeYeHMs Mpolecca paccesHHs Mu, To jua-
Na3oH IJlyOHH NpY H3MEPEHHSX TEMIIEpaTyp orpaHHueH [6].
Ha Tounocth usmepennii Baustor Takue akropsl, Kak Io-
BCPXHOCTHOC BOJIHCHHEC, IIOMEXH €CTECTBECHHOI'O CBETOBOTO
doHa, HaBeJleHHOM J1a3epHOH (UlyOPECICHITHH W pasiiHYKus B
YCJIOBHSX paclpoCTpaHEHHs H3JydeHHs Ui JIBYX KOMITO-
HEHT CIIeKTpa.

WUsBecTHbie pesysibTaThl TONYYeHBI TIPH CYA0BBIX
H3MepeHHsX [60] M H3MepeHHsX, POBOAMBIIKXCS ¢ Gepe-

ropoii miargopmel [61]. Makcumaibhas riy6una usmepe-
Huii <30 M. Omubka u3MepeHH#l TeMnepaTypbl He NpEBbI-
mana £1°C.

Ionspuszayuonnsiii memod uzmepenun memnepa-
Mypel XapaKTepU3yeTCs TEM, U4TO MCIIOJIb3YeTCs MONSPU30-
BaHHOC 30HJIUPYIOIlee H3Jy4YeHHE H PErHCTPHPYIOTCS JBa
PaMaHOBCKHX CTEKTpa CUIHAJIOB C OPTOrOHAJILHOMN IOJISpH-
3auuedi. OTHOMEHNE KOMIIOHEHT CIICKTPOB ABJSETCS (yHK-
LHEeH JUIHHBI BOJIHBI H, B CBOIO OYepe]lb, 3aBUCHT OT TeMIIe-
patypbl. OueHounble pacuersl [60] MOKa3LIBAIOT, Y4TO OXKH-
naemas omubKa cocraBiser 0,5°C JJIsl ONITHYECKOM JUIMHBI

Tpacchl T=EL<4 nipu 1 Jk usnyuaemoi 3Heprum.

Memoo xozepenmnozo anmucmoxcosa paccesnus
ceema (KAPC) oTHOCHTCS K MeTOAaM HeJMHEHHOM Jlazep-
Ho# criekTpockonuu [23,24]. Otu MeToxsl obnazaioT mpe-
HMYIIECTBAMH B YacCTH CIEKTPAlbHOIO M IIPOCTPAHCTBEH-
HOT'O pa3spelICHHs, OTHOMIEHUA CHIHAN\IIYM W T.J., HO TIOKa
He BBIIIIH 332 PaMKH J1ab0paTOPHBIX SKCHEPUMEHTOB, IO-
CKOJIbKY HEOOXOJIMMBIM YCIOBHEM MX INPUMEHEHHS SBJISET-
cst TpeGOBaHME CHHXPOHW3MA B3aUMOJEHCTRYIOUMX BOJIH, &
NPH JIMCTAHIIAOHHOM 30H/IHPOBaHHH HWCTOYHMK HAKAYKH H
NPHEMHHMK CHTHajla pa3Jie/icHbl TPaHUIEH HccieayeMon
cpeabl. B paborax [23,24] mpensioxena M peajuzoBaHa B
71ab0paTOPHBIX yCIOBHAX MOAMHKALHMS MeToNa TOJIApH3a-
unonHoro KAPC, npHHIMIMHANLHO IPUTOAHAS JUIS JHCTAaH-
LMOHHBIX M3MepeHu#. CoriacHo 5ToMy MeTojy BOJHA Ha-
KauKH BO30YKJIaeTcsa B CPeJie 3a CUeT IPolecca BEIHYKICH-
HOrO paccesHHs cBeTa «Hasan» (B uacTHoctH, BPMB).
AHanu3 1a60paTOPHBIX 5KCIIEPUMEHTOB IIOKA3BIBAET, YTO
OXHJaeMas omuOKa M3MEPEHHH TeMIIepaTypbl He MpeBbI-

maer +1°C npu aucniepcuu curHana 10%. IlonaBienue
¢ayxryaunii 1o 1% Hapsay ¢ aHAaIM30M TeMIepaTypHbIX
M3MEHEHHH JIPYIHX MapaMeTpoB chekTpa (GopMbl, IHMpPHHbI
JMHHHA M 1Ip.) JOJKHBI GoJiee 4eM Ha MOPSAJIOK TOBBICHTD
TOYHOCTh H3MEPEHHH.

Memod ozubaroweii CneKmpa KoMOUHAWUOHHOZO
pacceanun. Orunbaromas crniekrpa KP mopckoit Bonbl 3aBu-
CHT HE TOJNLKO OT TeMmnepatypbl 7, HO H OT COJepKaHUS
PacTBOpeHHBIX coiieli S. OueHka 5THX NapaMeTpoB IpH
H3MEPEHHUSX HWHTEHCHMBHOCTH KOMIIOHEHT B HECKOJIbKHX
CIEKTPaJbHBIX KaHaJlaX COrjiacHo MeTony [62], ocymiecTs-
JISI€TCs B MPEANOIOXKCHHH, YTO HHTEHCHBHOCTD criekTpa KP
NPEICTABIIICT CyMMY JHHEHHBIX QYyHKIHH

Si=arl +a S+ +v,. (14)
rJie i -HOMEp CIeKTPaIbHOro KaHaja;
Oir 0 Qs - KOO QPUIHEHTDI, ONpeeIonHe BIHAHHE
T n § na unrercuBHocTh KP B i-M kaHaue;
p; - nocrosunas COCTaBJISIONIAs, paBHAS CPeJHEH MH-
TeHcuBHOCTH KP B i-M KaHalle Npu HyJIeBbIX 3HAYCHU-
axT'us,

V; - cilydaiiHas TOrpemHoOCTh U3MEPEHHH B i-M KaHale

(c HyneBbM cpennnm EV,=0 u nssectnoi mucnepeneit
2 2

Ev, =@a;)

Ilpu nmerontecs COBOKYITHOCTH H3MepennH (&) B i
CHEKTPaJibHbIX KaHajlaxX 3aja4a ompenedenuss 7 M S Kkak
CIly4alHBIX BEJIHYMH C 3aJaHHBIMM CTATHCTHYECKUMH [0~
TPEINHOCTSIMH  CTABUTCS C TOYKH 3PEHUS MHHHMM3ALHH
TOrpeMIHOCTEH M3MepeHHs B cpefiHeM. Jlis pemreHMs 5Toi
32724 HeoOXOIMMO 3HaHUE BEIMYMH Qir ¥ Qis, KOTOpbIE
NPE/IBAPHTEILHO ONPENEIOTCS B H3MEPEHHUSX M TECTOBBIX
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cnektpoB KP npu uzBecthbix 7 u S. Habop TecToBbIX criek-
TPOB MOJIy4aeTcs NPH CTPOro JO3HPOBAaHHBIX H3MEHEHHIX
COJICHOCTH TECTOBLIX PaCTBOPOB M KOHTPOJHPYEMOM TeM-
neparype.

Jlns pemenus 3anaum onpeneienus 7 u S npemio-
KEH aJI'OPUTM, OCHOBAHHBIH HAa NIPUMEHEHHH MareMaTHye-
CKOTO amnmnapaTta TeOpuHM oleHHBaHMA [62]. Bosee mpocroi
crnocob nojiyyeHus olueHok 7 M S peainsyercs ¢ NMOMOMbBIO
METO/1a HAUMEHBIIINX KBaJIPATOB.

[To nanneIM Na6OpaTOPHBIX HCCIENOBaHUN OMHOKH
M3MEPEHHs JIeXXaT B Ipejiesiax:

AT=40,7°C;
AS=41,05%,.

6. MeTon onpe/ie/ieHHsl COlepKAHAA THIKEIBIX METALIOB
B MOPCKOIi cpeae
(\1a3epHO-HCKPOBOIT MeTOx)

CyTh J1a3epHO-HCKPOBOI'O METOJa COCTOMT B HMHH-
LHMPOBaHUHK [JIA3MEHHOTO 0OOpa30BaHMA HAa MOpPCKOM Mo-
BCPXHOCTH 110]] JIEHCTBHEM CQOKYCHPOBAHHOIO JIA3€PHOIO
MyYKa C BBICOKOH IUIOTHOCTBIO SHEPTHH HUMITYJILCHOTO H3-
Jy4eHWs W MOCJeAylolleM aHalH3€ CIeKTPa CBeYeHHs
IUJ1a3Mbl C [EJIbIO ONPEJIeICHHS XapaKTePUCTHISCKHX JIMHHUMH
aTOMHOH (JIyOpeCHCHLMH Pa3JIMYHBIX 3JIEMEHTOB [63-66].
Hanvune cBoGOAHBIX BBICOKOTEMIIEPATYPHBIX JIEKTPOHOR B
IUIa3Me NMPHBOAUT K BO30YXKIEHHIO aTOMOB M MOJIEKYJ 32
CYET HeYNPYTHX CTOJIKHOBEHMH B NapaX, BbI3bIBas MX HH-
TCHCHUBHOE CBEYEHHE. DHEPrHs JIMHHH SMHCCUOHHOIO ClIEK-
Tpa NPH ONTHYECKOM NPoHoe Ha HECKOJLKO MOPSIKOB Bbi-
HIe, YeM TeIUIOBOe CBEUYEHHE BBLICOKOTEMIIEPATYPHBIX [1aPOB
IIPH HHTCHCHUBHOCTSX Ja3€PHOTO M3JyYCHHS HHUXKE Iopora
ONTHYECKOTO Mpobos.

Ecnu mpu ananuze crnekTpoB KOMOUHAMOHHOTrO
paccesHus Toibko 10 wacTh cBeToBOro MoTOKa y4acTByeT
B npouiecce GOPMHUPOBAHHs CHIHAJAa OGPaTHOrO PaccesHHs,
TO B HCKPOBOM aHaJIM3aToOpe B ILIa3Me, oOpa3soBaHHOM mpo-
6oem nazepHOTO M3IMy4eHHs B aTMocdepe, peasbHO MOTJIO-
maercs g0 90% sHeprum JasepHoro mmmyiabca. OnHako
OOHapy>KeHHE MaJbIX KOHLEHTpalHi NMPUMECHBIX 3JIEMEH-
TOB B 5MHUCCHOHHOM CIIEKTPE IPOHCXOAUT B IPHCYTCTBHH
U3JydeHus 6a30BBIX KOMIIOHEHT aTMocephl - a30Ta U KH-
CJIOPO/ia, KOHIEHTPAlluH KOTOPBIX, a CJeJ0BaTelbHO, H
HHTCHCHBHOCTh CHEKTPaJbHLIX JIHHHH, HA HECKOJIBKO IO-
PSIKOB BbIllle KOHLIEHTPALHH IPUMECeH.

Onnako 5Ta TPYAHOCTh MpeoaoJeBaeTCs 3a CYeT
BPCMEHHOW CENeKIMM 3MHMCCHOHHBIX CHEeKTpoB. JuHamuka
Jia3epHoro npobos TakoBa, 4To coGCTBEHHO NPo6oii U paso-
TPeB IJ1a3Mbl MPOMCXOJMT 3a BPEMs JIa3epPHOTO MMITYJibca
(10-100 ue B mpeanaraemMom BapuanTe aujapa). Ilpu sTom
MTHOBEHHAs TEMIIEPaTypa 3JCKTPOHOB MOXKET JIOXOIHTh JI0
JeCATKOB Thics4 rpaaycoB. [lo okoHuanuu nazepHoro um-
MyJibca MPOMCXOAUT paciiHpeHHe (pasziieT) M OXJIaXKIAeHHE
mnasmbl. B Xoze mnpoiecca W3 Bo36y>KIEHHOTO COCTOSHHS
TICPBBIMH BBIIAJIalOT 3JEMEHTHI ¢ 60Jiee BHICOKAMH NMOTEH-
IHajaMH HOHU3aluHU. C Ipyro# CTOPOHBI, CKOPOCTh OXJIaXkK-
JICHHs IUIa3Mbl SKCIIOHEHIHAbHO CHHXAETCS BO BPEMEHH.
Takum 06pazom, 3a cyeT BpeMeHHOIo CTPOGHPOBaHHS CHC-
TEMbl PErHCTPAllMH YNAa€TCs Ha MHOTO HOPSAKOB OCIabuThL
JIMHAM crekTpa 6a3oBbIX KOMIOHeHT atmocdepbl. TakoBo
Ka4yeCTBCHHOE M3JIOKEHHE Mpollecca, IOCKOIbKY ero (usu-
KO-MaTeMaTH4YecKass MOJIeb, ONpeJiesiieMas MHOTUMH (ak-
TOpaMH, 4Ype3BbIYaHHO CJIOKHA M [OKAa HE JIOBEJeHa J0

YPOBHS TOYHBIX KOJHYECTBEHHBIX COOTHOIICHHH IUIs OIH-
CaHWH MapaMeTPOB CIIEKTPOB ONpeeIIeMbIX IIPUMECEH.

B HaTypHBIX yCJIOBHSX METOJ JIa36PHOTO HCKPOBOTO
SMHCCHOHHOIO aHaJM3a MOXeT ObITh peaii30BaH [pPH Ha-
JIMYHHM B COCTAaBe JIMJapa MHOI'OKaHAaJIbHOTO CHEKTPOMeTpa
U y31a (OKyCHPOBKH Iydyka. JIa3epHO-IMHUCCHOHHBIH aHa-
JIH3 HE NpeabsBIAET KakHX-THOO 0coObIX TpeGoBaHMi K
JUIMHE BOJIHBI H3JIyYaTeJs.

B npennoxeHHoM BapHaHTe BEpTOJIETHOTO JIHJap-
HOro Komiuiekca [6,65] ucnonb3yercss TBepAOTeIbHbIN Ja-
3ep Ha kpucramie AUI'Nd3+, paboratomuii B pexume ya-
BOCHHUS 4acTOThl. ba3oBble MapaMeTphbl JIHAAPHOIO KOM-
[UIeKCa T€ )K€, 4TO W JUIA ciaydas riyOHHHOro 30HJMpoBa-
HHSL.

AHanuz BOIHOH cpelbl C IeJblo OOHapy>KeHHs Ts-
xenbix MetaiioB (Cu, Pb, Hg, Cd, Co u ap.) u ux coeaune-
HHUH, a TaKkKXe JAPYrMX 5KOJOTHYECKH ONACHBIX IPUMECEH,
MOXET OCYHIECTBJIATLCS ¢ BbicoT 10-15 M.

MunumaibHbie U3MEpseMble 3HAYCHHUs KOHIEHTpa-
IMH aHaTM3HpyeMbIX TipuMeceii coctapismor (1072 - 107)%.
B nabopaTopHbIX yCHOBHSX AOCTHTAIOTCS 3HAueHHS 10 10
7%. CnekTpanbHas pazpeiaiomas cnocobHOCTb CHCTEMbI
1,1 um/kanan. YyBcTBuTebHOCTH B ob6nactu 200-800 HM
coctapisieT okono 1000 dor./orcuer.

Jlns vHTeprperanuM JMHMM cnekTpa cosjaHa 6Gaza
JIaHHBIX aTOMHO-(JIyOPECHEHTHOTO aHau3a, cojepKamas
80 Thic. MHMI 60 HaubOJICe PACIIPOCTPAHEHHBIX B IPUPOJIE
3JIEMEHTOB [65].

3akmoyenne

IlpoBesieHHbI  aHAalW3  JIMJAPHBIX  METOJOB
CBHJIETEJILCTBY €T 06 HX 3¢ dEeKTHBHOCTH JuLst
JIUCTAHIIMOHHOW  JIMaTHOCTHKH  3arps3HEHUM  MOpCKo#t
cpenbl. OTM METOABI TI03BOJISIOT HCCENOBAaTh TaKHE
XapaKTePHCTHKH, KAK MYTHOCTb, COJICHOCTb, TEMIIEpPaTypy.
a Takke obHapyxuBaTh cojepxaHue B Boje POB,
PacTBOPEHHBIX, 3MYJIbTHPOBAHHBIX H JIHCIICPCHBIX Qpakiiuii
HII, pacTBopenHoro kuciopona, azora, gocdopa, TmKENbIX
MeTajuloB M T.1. Hccnenopamms mnoas MyTHocTH M
CTATHCTHYECKUX XapaKTePUCTUK HOBEPXHOCTHOT O
BOJIHEHHS JIalOT BO3MOXHOCTb MOJIYYeHHs HEKOTOpOi
nHpopManuu o THAPOMHAMHYECKUX nporeccax,
TIPOMCXOSIINX B TOJIIE MOPCKOH CPejibl, KOTOPas MOXeET
ObITh  MCTIONb30BaHA JUIs  OOHApyXeHHS 3arpsA3HCHHH,
BbI3bIBACMBIX aHTPONIOTEHHBIMH BO3ICHCTBHAMH, H JUIS Kap-
THPOBaK}IPAHIIHAIGA UREPeHN . METO/[OB JIUCTAaHIIHOHHOI'O
30HIIMPOBAHHSL  BO3MOXHO  OMNPEICJISTh KOHIEHTPAIHIO
OCHOBHBIX ~ KOMIOHEHT  (HTONJIAHKTOHA W  JAPYrMX
GHOreHHBIX KOMIOHEHT, KOTOpas JaeT HHdopMmaiHio o6
SKOJIOTHYECKOM COCTOSHHH aKBaTOPHH. DTO MO3BOJSET NPH
HCIOJIb30BaHHH pazpaboTaHHBIX CTeHaNbHBIX
MaTeMaTHYeCKHX MOJeeH S5KOCHCTEM MOPCKOro melibda
OLICHMBATL PHUCK JUIS JKHBBIX KOMIIOHEHT DJKOCHCTEM W
OTpese/IATE JOMYCTHMYIO aHTPONOTeHHYIO HArpysky IpH
BO3/IeHCTBHH Ha meabdoBylo akBaTopwio [8,12,67].

Hanbonee npopaborannbiMH B Hacrosmiee Bpems
SBJAIOTCS CJEAYIONME JIHJAapHbIC METOIbI: METOJ OLICHKH
H3MEHYHBOCTH MOJII MYTHOCTH, OCHOBAaHHBIA Ha aHaJM3e
orubarolieli UMNyjIbca OOPaTHOTO pacCesHHs, METOX Ja-
3epHOH (IyOMETPHH ¢ HOPMHPOBKOH mo curHany KP, mo-
3BOJLAONIEH onpenensnTh koHuentpamuio POB, HIT u ¢uro-
TUIAHKTOHA, U METOJ H3MEPEHHs TeMIIepaTypbl, OCHOBaH-
Hbi# Ha KP.
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B coBpeMeHHBIX YCIOBHSX, KOrJa KpaWHe OrpaHH-

YeHbl CPEJICTBA Ha NPOBEJICHHE SKCIIGPUMEHTOB C aBHAJM-
napamMH, ocobylo 3HaYMMOCTh HpHOOpeTaeT HalpaBieHHe
COBEPIICHCTBOBAHMS METOA0B 0OpaboTKH W aHaH3a HAaKO-

IJICHHBIX paHe€ JIaHHBIX. Pabotbi mo 3TOMY HalpaBJICHHIO
MOTYT IOCIIYXHTh OCHOBOM JIJII CO3JIaHHUS HOBBIX METOOB

JIH/IaPHOHM JIMarHOCTHKH, 00JacTh NPHIIOKCHHH KOTOPOH B
Hccsie1oBaHUsIX MHpoBOro okeaHa MOXeT GbITh 3HAYUTENb-
HO IIHPE PacCMOTPEHHBIX B JIJaHHOH CTaThe.
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