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BBenenue

Ha ceroassimnmii 1eHb pa3BUTHE PHIOHOIO MPOMBICIIA U aKBAKYJIBTYPHBIX XO35HCTB
CTaBUT Iepe]] CHEIUANIMCTaMHM 3aJady I[IOMCKAa Pa3IMYHBIX CIIOCOOOB TOBBIIICHUS
s dexkTuBHOCTH. B 3TOi CBA3M MOCTOSHHO COBEPILICHCTBYIOTCS METO/BI BBIJIOBA PHIOBI, a
TaKXKe YJIy4IlaeTcsl KaueCTBO MPOrHO3a C YUYETOM THAPOPUZHUUECKHUX, THAPOXUMUUECKUX U
IpYruX abMOTHYECKUX (PAKTOPOB, OKA3bIBAIOIINX BIMSHUE HA IPOMBICIOBBIE CKOTLJICHUS.

Cpenn  abmotmueckux  (aKTOPOB  OYCHH  BaXKHOE  3HAYCHHE  UMEIOT
anekTpoMaruuTHeie monst  (OMII) kpaiine HuskouacrotHoro (KHY) nuamasona,
BO30yX/IaeMble MPU PaA3JIMYHBIX THAPOMETEOPOJOTHYECKUX Mporeccax. PopmMupoBaHue
TaKMX TIOJICH JI0OKa3aHO B psje uccienoBanuii (Hampumep [1,2,3,4]). OnmHako w#x
BO3JICCTBHE HA JBUTATEIbHYIO aKTUBHOCTH ([JA) TuapoOMOHTOB B HAcTOsIIEe BpeMs
MaJIO U3YYEHO.

B nabopaTopHBIX YCIOBHSIX BBISIBICEHO, YTO €CTECTBEHHBIC AJIEKTPOMATHUTHBIC
nosist (EDMII) BocnipuHuUMAalOTCsl pa3iuyHBIMU BUJAAMH TUAPOOMOHTOB U SBJISIOTCS JJIS
HUX, MTO-BUJIUMOMY, €ITMHCTBEHHO BO3MOKHBIM HCTOYHUKOM BaKHeWIel nadopmanuu oo
U3MEHEHHUSAX THJIPOMETEOPOJIOTMUECKUX YCIOBUM B cpeae oOutanus. Bo Bpems
MIPOBEJCHUS DKCIEPUMEHTOB MOJEIHPOBATIACh M3MeHUMBOCTH OMII, coorBeTcTBYIOImAs
€CTECTBEHHBIM BapuanusiM. B pesynbrare ObLTM YCTAaHOBJICHBI CHEIU(PUUECKUE PEAKIIUU
psna ruapoObuoHToB Ha ATH OMII: pe3koe mamenenue [IA, M3MEHEHUS] €CTECTBEHHOU
PUTMUKH, YXOJT U3 30HBI ICCTBUS TTOJIS.

Nzyuanoch Takxe BIMsSHUE Ha NUIIEBYIO U J[A pbl0 reOMarHUTHBIX BO3MYILECHUN
("MarHuTHBIX Oyph'"). DTO BIUSHUE MOAPOOHO PACCMOTPEHO Ha npumMepe dopenu B padboTte
[5]. Ero nenecoobpa3Ho y4uTHIBATh B TEXHOJIOTUSAX aKBAKYJIBTYPhI M PHIOOTIPOMBICIOBBIX
TEXHOJIOTHSIX, YTO, HECOMHEHHO, OyJIeT ClTOCOOCTBOBATH MOBBIIEHUIO AP (HEeKTUBHOCTH. B
MpoIecce MCCIEAOBAaHUN OBLJIO YCTAHOBJICHO, YTO YYBCTBUTEIBHOCTH K OMII Moxer
MPOSIBIISATHCS JIMOO Yepe3 BOCIPUITHE IEKTPUUECKON COCTaBISIONIEH MOs, TU00 uepe3
BocnpusTHe MarHUTHOW coctaBistouieid. B KHU-auanazone OMII 3t cocraistonye

OYCHb CUJIbHO pa3In4aroTCH.
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Bocrpusitue 31eKTpuyecKoi COCTaBIIAIONIEH HAOMIOAAeTCsl TONBKO Y >KUBOTHBIX,
HUMEIOIIMX OpPraHbl 3JICKTPOPEIeNIy (aKyJI0BbIe, COMOBEIC | 1p.) [6,7,8-11].

Y OCTAIbHBIX ~ MCCJICIOBABIIUXCS  THAPOOHMOHTOB OBLIIO BBISIBJICHO
HEMOCPEJICTBEHHOE BOCHPUSTHE BapHUallMii MArHUTHOTO TOJiA (HAampuMep, y KapHoBBIX
pBIO).

B mannOl paboTe B XOJ€ TMPOBEICHHBIX SKCIEPUMEHTOB B KAadeCTBE OOBHEKTOB
U3y4eHHUs ObUIM BBIOpPAHBI camble JOCTYIHBIE BHJIbI MPECHOBOAHBIX PBIO: COMOBBIC
(Corydoras aeneus) u kaprossie (Cyprinus carpio L.). /s 3KCepuMeHTOB ¢ MOPCKHMHU
THIPOOMOHTAMH MCIIOJIb30BAIMCh KamuaTckue kpaOwl (Paralithodes camtschaticus).
OcHOBHOE BHHMaHHE OBUIO YAEICHO KaprmaMm, Kak HaubOoiee MOMyJIsSIpHBIM BHIAM
TUAPOOMOHTOB B aKBaKyJdbType. B KkauecTBe mokazaTensi T€OMarHUTHBIX BO3MYIIEHUN
('MB) WCHOJB30BAIMCh 3HAYCHWUS] MArHUTHOW HHAYKIWHA, a JJIi  OLCHKH
METEOPOJIOTUYECKON OOCTAHOBKH — IPU3EMHBIE KapPThI ITOTOJIbI.

Jlst Toro 4ToOBI 60J1ee MoAPOOHO Pa300PaThCs ¢ MOBEACHUEM THAPOOHOHTOB 1
000CHOBATH C/ICJIaHHBIE 3aKJIFOUECHHSI C TOUKHU 3peHus Pu3uku, Obun pazpaboTaHbl U

C06paHBI CIICOMUaJIbHbIC YCTAHOBKH, KOTOPBIC BITOCIICACTBUA OBLIN 3aIIaTCHTOBAHEIL.

Lenv pabomol:
N3yuuth 3 pexThI BOCITPHUATHS u MIPETIyBCTBHSI OTTACHBIX
THUAPOMETEOPOJIOTHIECKUX MPOIECCOB HEKOTOPHIMU BUJIAMU MPECHOBOJIHBIX M MOPCKHX

TUAPOOHMOHTOB U BBIIBUTH BO3MOKHBIE (PM3MUYECKUE MEXAHU3MBI 3TUX A (PEKTOB.

3aoauu pabomui.
1. [Ipoananu3upoBaTh  BO3MOXXHOCTHM  IPOHUKHOBEHUS B BOJIHYIO cpeny
BJIEKTPOMATrHUTHBIX oJien KHY-anana3ona, BO30YK1Ta€MbIX npu

THAPOMETCOPOJIOrHICCKUX IpoHeccax Haa BOAOCMaMMU.

2. Pa3zpaboTaTh TEXHOJOTHMM SKCIEPUMEHTAIBHBIX JUIMTEIbHBIX (CYTKH u Ooee)
uccienoBannii JIA rpynm pei0 B J1a0OpAaTOPHBIX YCIOBHUSX, CO3/aTh HOBBIC

YCTAHOBKH JJIs1 aBTOMATU3NPOBAHHBIX HSMGPGHHﬁ.
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3. I3yunuts u3menenue J[A KaprnoB HpH T€OMAarHUTHBIX BO3MYIIEHUsX. [lomydutsb
AKCIIEpUMEHTAJIbHbIE 3aBUCHUMOCTH IMOBEJEHUS pbI0O OT Bapualuid HHIYKIHUU

T'COMAardHuTHOI'O I10JIA.

4. I3yunth U3MEHYMBOCTH JIA HEKOTOPBIX BHUIOB IMPECHOBOJHBIX pbIO (KapIroBbIE,
COMOBBIC) TIpH MNPUOMMKEHUH W TPOXOXKICHUU OHOJOTHUECKH  BaXKHBIX

T'nAPOMCTCOPOJIOTNICCKHUX IIPOLCCCOB.

5. I3yunTh peakiuu MPECHOBOJHBIX THUAPOOMOHTOB (COMOBBIE) Ha MPEAbSIBICHHUE
MCKYCCTBEHHBIX TEPEMEHHBIX 3JICKTPUUYECKUX W TEPEMEHHBIX MAarHUTHBIX MOJEH

(ITe3II u [1eMII) pa3nuyHbIX YaCTOT.

6. Usyuntp usmenenus JIA MOpCKHX THUAPOOMOHTOB (KaMyaTCKue KpaObl) MpH

HN3MCHYHUBOCTHU FCO(l)I/I?;I/I‘IeCKI/IX U TUAPOMCTCOPOJOTHICCKHUX ITPOLUCCCOB.

7. IlpoBepuTh TUNOTE3bI O BOCHPUATHA U  MPEIUYBCTBUU TUAPOOHMOHTAMHU
THIPOMETEOPOJIOTMUECKUX TPOIECCOB (IITOPMOB) MocpencTBoM BiusHus OMII

ATUX MPOIIECCOB HA (PUBUKO-XUMUYECKUE CTPYKTYPHI (Ha IPUMEPE IITOPMIacca).

Obnacmo uccnedosanus:

HccnenoBadue BBITIOJHEHO B 00JACTH, COOTBETCTBYIONIEH MUGPY CHEITUATBHOCTH
25.00.28 — oxeanosiorusi: pasnaen 6 — OHMOJIOTMYECKHE MPOIECCHl B OKEaHe, WX CBA3b C
abnotnueckuMu (akTopaMu cpeabl W pasfaena 13 — MeToapl OIEHKH ASKOJIOTHYCCKU
3HAUYUMBIX TUAPOPU3NYECKUX W THAPOXMMHYECKHUX XapaKTePUCTUK BOJ OKEaHa,
ONTUMAJIBHBIX YCIOBUN CYIIECTBOBAHUS MOPCKHX DKOCHCTEM, 3aIIUTHI PECYPCOB OKEaHa
OT MCTOILECHUS W 3arpsi3HEHUs, a Takxke pazaen 9 crneuunanbHocTH 25.00.27 — pa3paboTka
TEOPHUH ¥ METOJOJIOTHH TUIPOIKOJIOTUH, W3YyYEHUS BOJHBIX OSKOCHCTEM, TEOPHH
B3aUMOJICCTBUS AOMOTHYECKMX W OMOTHYECKMX KOMITOHEHTOB 3THX CHCTEM, METOJIOB

OLCHKH 3KOJOIM4YC€CKH 3HAYUMBIX THAPOJOTrHYCCKHUX U THAPOXUMHUUCCKUX XaPaKTCPHUCTHUK.



Memoo uccneoosanus:

bein1  mcmonp3oBaH  (DMBMKO-3KCIEPUMEHTAIBHBIA ~ METOJ  HCCJICIOBAaHMS,
OCHOBAaHHBI HA TPENCTABICHUN OWOJOTHYCCKUX U (PU3UKO-XUMHUYECKUX CHUCTEM, Kak
«YEPHOTO SIINKa» C HOPMHUPOBAHHBIM CHTHAJIOM Ha BXOJC M PETUCTPUPYEMON peakiueit

Ha Beixoje ([12]).

Hayunasa nosusna:
B pabote ObUIM MOTYUYEHBI CAEAYIONIME OCHOBHBIE PE3YIbTATHI:

1. IlokazaHo, 4TO TUIyOMHAa TPOHUKHOBEHHUS B BOJHYIO CPEIy 3JICKTPOMAarHUTHBIX
noneit KHY-nuamazona (TonmuHa CKUH-CIOS) JUISL psia MOPCKHX BOJOEMOB

COCTaBJIAICT COTHU MCTPOB, a IS IPCCHOBOAHBIX — nol xm u ooee.

2. PazpaboTaHbl HOBBIE TEXHOJOTHH SKCIEPUMEHTAIBHBIX IUTEIBHBIX (CYTKH U
OoJiee) MCCIeAOBaHWM JBUTATENbHOW AKTUBHOCTU TPYINI PbIO B J1a0OpaTOpPHBIX
YCIIOBUSAX NPU PA3NHYHBIX THIPOMETEOPOIOTHUECKUX CUTyauusx. lIpennoxxensl u
HCIIOJIb30BaHbl KPUTEpUM TOAO00MS TpH MOJENHpoBaHMU BoznercTBus OMII

TUPOMETEOPOIOTMUECKUX MPOIeccoB Ha JIA THAPOOHOHTOB.

3. lng mpoBeleHHs SKCIEPUMEHTOB ObUIM pa3paboTaHbl W HCIOJB30BAHBI [IBE
CIIELMAJIbHBIE M3MEPUTENIbHBIE YCTAHOBKM. HOBHM3HAa TEXHMYECKUX peELICHUN

MOATBEPXkAcHA TaTeHTamu PO.

4. BeisBnena cyrtouHas Ouoputmuka JIA pei0 mo pesynapratam 34-4acoBOTO
OKCIEPUMEHTa B CHOKOWHBIX TIe0(U3UYECKUX U TUIPOMETEOPOIOTUUECKUX
YCIIOBMSIX; OTH JaHHBbIC OBUTM WCIOJIb30BaHBI MPHU BBISBICHUM pPEAKIUi phIO Ha

TuApOMCTCOPOJIOTHUICCKHUC IIPOICCCHI.

5. YcranoBneHna 3aBucMMOCTh cpemnner JIA pei0 ot wuHTeHCHMBHOCTH [ MB.
MakcumanbHoe 3HaueHue koadduirenTa koppensiuuu cocrapisiet -0.8 g kapnos
u +0.87 s COMHKOB 30JIOTUCTBIX; pa3jIMYHbIE 3HAKH CBUICTEIBLCTBYIOT O

MIPOTUBOMOJIOKHON PEaKIIuu 3TUX PbI0 HA MATHUTHBIE BO3MYILICHUS.
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6. C ucrnosib30BaHUEM METOJOB TEOPUU (PPAKTATIOB YCTAHOBIIECHO, YTO MOBEJCHUE PhIO
HOCUT TIPEUMYIIECTBEHHO J€TEPMUHUPOBAHHBIM XapakTep; CcHaabl B «Xaoc»

CBSI3aHBI C POXOKICHUEM (PPOHTOB BO BPEMsI MPOBEICHUS HIKCIIEPUMEHTOB.

/. DKCIEPUMEHTAJIbHO BBISIBIICHBI: WHTEHCHUBHOCTb U BpEMsl peakuuu pbrid Ha
MPETBSIBICHAEC WCKYCCTBEHHBIX TIEPEMEHHBIX DJIEKTPUUYECKUX U TEPEMEHHBIX
MarHUTHBIX Mojedl B kpaitHe Hu3kodacToTHbIX (KHY) nuamazonax; BBISBICHHBIC
AKCTPEMYMBI YACTOTHBIX 3aBUCUMOCTEH MHTEPIPETHPOBAHBI KaK (HU3UOJIOTUUECKHE
(dacToTa JpIXaHUS M 4acTOTa CEPJIEYHBIX COKpallleHui) U reopusndeckue (001acTh

7-8 I'm).

8. 3KCH€pI/IMCHTEUII>HO YCTAHOBJICHBI PCAKIINHN KaM4YaTCKHX I(pa60B Ha MAaromMTHBIC

Oypu. BersiBnen 3¢ ekt npequyBcTBUS Hayajla MArHUTHBIX OYpb.

9. DKcnepuMEHTaIbHO YCTAHOBIICHBI PEAKIIMU KaMYaTCKUX KpaOOB HA MPUOIMKEHUE
Y MPOXOXKJECHUE IIMKIOHOB. Peakiuu xapakrepusyrorcs Bo30yxaeHueM [JA kpabos,

YTO, BUIMMO, CBSI3aHO CO CTPEMIICHUEM YUTH U3 ONTACHOM 30HBI BO3/IEUCTBUSI.

10. B skcmepumeHTax ¢  (U3UKO-XHMHYECKOW CTPYKTYpOH  (IITOPMIIIACCOM)
MOATBEPAKAEHA THUIOTE3a O PEAKUUH TaKuX CTPpyKTyp Ha OMII mpoxoasumx
TUAPOMETEOPOJIOTHYECKUX MPOIECCOB (IIMKJIOHOB), UTO, B CBOIO OYEPE/ib, MPUBOJIUT
K TOJTBEPXKJICHUIO UJEW MArHUTOYYBCTBUTEIBHOCTH THAPOOMOHTOB Uepe3

MOI00HBIE CTPYKTYPHI.

Ipakxmuueckas 3HayumMocms:

1. Pa3paOoTaHHBIC TEXHOJIOTUM HCCIICIOBAHUI BHEAPCHBI B HACTOSIIEE BpPEMs B
yueOHbIi mporiecc PITMY.

2. Pe3ynbTaThl MPOBEACHHBIX HCCIICIOBAHNI OYIyT NCIIOIH30BAHBI;

— TP MPOCKTUPOBAHUK CUCTEM HKOJIOTUIECKOTO MOHUTOPHHIA MOPCKUX U
MIPECHOBOJTHBIX 0ACCEHHOB;

— TIpU CO3JAHHMHU U IKCIUTyaTaIlMH CUCTEM aKBaKyJIbTYpHI;

— TIpH pa3pabOTKe TEXHOJOTUN YIPABJICHUS MOBEIEHUEM TUAPOOHMOHTOB.



Ha 3awumy evinocamcs:

1. 3aumunienHsie nareHtraMu P HOBbIE YCTAaHOBKHM ISl MPOBEIACHUS JaOOpaTOPHBIX
HKCIIEPUMEHTOB.

2. YcTaHOBJICHHbIE (PU3NYECKHE 3aKOHOMEPHOCTH BOCIHPHUSATUS U MPEAYyBCTBHUS
OMACHBIX  THUAPOMETEOPOJIOTMYECKUX  IPOLIECCOB pAOOM  IPECHOBOJHBIX
TUAPOOMOHTOB (KapIroOBbIE U COMOBBIE PHIOKI).

3. YcraHoBieHHbIE (U3MYECKHE 3aKOHOMEPHOCTH dA(PPexkToB BocmpuaATUS U
NPEAYyBCTBUS  OMACHBIX  THAPOMETEOPOJIOTMYECKUX  MIPOLECCOB  MOPCKUMH
ruaApoOHOHTaMHU (KaMuaTCKue Kpaobl).

4. YcranoBieHHble A(PdeKkThl peakiuil OMOJOTHYEecKOro aHaiora — (usuko-
XUMHUYECKON CHCTEMBI MOPCKOTO IITOpMIJacca Ha NPUOIMKEHHE U MPOXOXKICHHE

IMUKJIOHOB B CPaBHCHHUHN C U3MCHYUBOCTBIO OMII stux OUKJIOHOB.

Jlocmosepnocme  pezynibmamos  00yCIOBJI€HAa  THIATENBHO  OTpabOTaHHOM
TEXHOJIOTUEH OKCIIEPUMEHTOB U OOJBIIUM OOBEMOM CaMOCTOSTENIBHO TMOJYyYEHHBIX

JaHHBIX, O6pa6OTaHHBIX C IPUMCHCHUCM COBPEMCHHBIX CTATUCTUYCCKUX METOJO0B.

Anpobayus pabomui:

Pe3ynbTaThl pabOTHI TOKJIAIBIBAINCH HA €XKET0JHOM KOH(EPEHIIUU MpU MOAACPIKKE
Koponesckoro Meteoponoruueckoro OOmectBa (Aurmmsa, Oxcerep, 2011), IX
MexaynapoaHoii kpbeiMckoil koHpepennn «Kocmoc u 6uochepa» (Ykpauna, Anymira,
2011), na MmexxayHapoaHoi koH(pepeHu « COBpeMEHHbIC HAMIPABICHUS TEOPETUICCKUX H
NpUKIaAHbBIX ucciaenoBanuit» (Omecca, 2011), Ha MEXIyHApOIHOW KOH(EPECHIMH
«Bnusaue kocMuueckoil moroasl Ha uenoBekay (MKWUPAH, Mocksa, 2012), V
Bcepoccuiickoit kordepennun «llopenenue puio» (bopok, Poccus, 2014), a Taxxke Ha
Hroroseix ceccusix PITMY.

Ilyonukayuu pezynomamos pabomai.

Iyonukannu B u3nanusax u3 cnucka BAK:

1. Cremanok W.A., ®posoBa H.C. Bo3MOXHOCTH HCHNONB30BaHHUS pPHIO B

IMPOTHOCTUYCCKUX MLCIAX I MPCACKA3aHHA OIIACHBIX IIPOLHECCOB B IPHUPOIC
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[Tekct]. // O6mectBo. Cpena. Pazsutue.: Hayuno-teopert. xxypHan/ I'n. pea. B.I.
Eropkun — Cn6.: [THUT Actepuon, 2011. — Ne3. — C.218-222.

. Crenantok N.A., ®posoBa H.C. CriocoOHOCTh pbIO MpeIUyBCTBOBATH OMAaCHBIE
rugpomeTeoposiorndueckue sipnenus [Tekcr]. //Mopckoit BectHuk. — 2012, — Ne
1(41).—C.61-63.

. Crenanrok U.A., ®poaosa H.C., 3umun A.B. CBs3p MeXIy XapaKT€pUCTUKAMH
HMITOPMIJIacCa M 3JEKTPOMATrHUTHBIMU Bo3mylleHusmu [Tekcr]. // Mopckoi
BecTHHK. — 2013. — Ne2(46). — C.91-92.

. Mypageiiko A.B., Crenantok M.A., Mypageiiko B.M., ®poaoBa H.C. DddexTs
BIIUSIHUAST DJICKTPOMATHUTHBIX TOJIEH B OOJACTH «ITYMAaHOBCKHX PE30HAHCOB» Ha
akTUBHOCTHh TUAPoOMOHTOB [Tekcr]. /Becthmk MITY. — 2013. — T.16, Ne4. —
C.764-770.

Jpyrue myOJuKanmu:

. ®poaoBa H.C. Nunukamus omnacHbIX reo(U3MUECKUX MPOIIECCOB C MOMOIIBIO
ruapooronToB [Tekctr]. // CoBpeMeHHbIE HAMpaBICHUS TEOPETUUECKUX U
npukiaaubix uccienoBanuii 2011.: COOpHHMK HaydHBIX TPYJIOB MO Marepuaiam
MexayHapoaHor koHpepenmuu. — Opecca: Yepnomopwe, 2011 — cvoxmkT.31. —
C.56-61.

. Crenantok  M.A., ®DpoaoBa H.C. Ilouck Qusnueckux MeXaHHU3MOB
MPOTHOCTUYECKUX peakiuii ppld Ha KocMmoreodusuueckue mporecchl [Tekct]. //
Kocmoc u Owuocepa: Tesucwt goknanoB IX MexayHapoaHOH KpBIMCKOM
koH(pepentuu, 10-15 oktsa6ps, 2011, Anymra, Ykpamna. — Cumdepomnosnb:
JTIMAWIIN,2011. — C.98.

. EMenmuna A.B., Bunagummposa O.M., ®pososa H.C. Biuusnue Bapuanuii
MarHuTHOTO TIOJIsI 3eMJIM Ha JBUTATENIbHYIO aKTHBHOCTH Kpaba bapeHiieBa mops
[Texcr]. // Matepuanber XXX 100ugeiiHOM KOHPEPEHIMH MOJOJIbIX YUEHBIX
MypMaHCKOTO HHCTUTYTa, NOCBAIEHHON 150-netnro co aHs poxaeHus H.M.
Kuunosuya «IIpoGaemsbl okeaHorpaduu, OMOIOTUN U OCBOSHHS MOPE POCCUICKOM

Apktukn», Mait 2012. — Mypwmanck, 2012. — C.61-63.
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Cmpyxkmypa u 06vem ouccepmayui:
Juccepranusi COCTOMT W3 BBEACHMS, 4YeThIpeX IMaB u 3akirodeHus. OObeM
nuccepranmu 146 ctpanui, Briatodas 90 pucyHkoB, 5 Tabmui u 2 npuioxeHus. Crrcok

JUTEPATYpPHI COACPKUT 81 HaMMEHOBaHUE.

Bo BBegeHnnu 000CHOBaHA aKTyaJbHOCTh TEMbI pa0dOThI, CHOPMYIUPOBAHBI LIETH U
3aJla4M UCCIIEI0BaHUs, OTPAKEHbI Hay4yHas HOBU3HA U MPAaKTUYECKask 3HAYUMOCTb PadOTHl,

a TaKIKC U3JI0KCHBI MCTOJIbI UCCIICJOBAHUS U ITOJIOKCHHA, BBIHOCHUMBIC Ha 3aIIUTY.

B mepBoii raaBe gaercss 0030p UMEIOIIUMXCS JIAHHBIX O BOCHPHUSITUU U
MPEAYYBCTBUSIX OMACHBIX THIPOMETEOPOJOTHMUECKUX IPOLIECCOB HEKOTOPHIMH BHUAAMHU
ruipoOMoHTOB. OTIEIBHO PACCMOTPEH BOIIPOC O BO3MOXKHBIX MEXaHU3MaX MPEAUyBCTBUS,
KOTOPBIM B MOCJEIHEE BPEMSI CUIIBHO BOJIHYET YUYEHBIX-OMO(DHU3UKOB M Ha KOTOPBIM 10 CUX
IIOp HET YETKOTO OTBETA.

B pasgese 1.1 paccMOTpeHBl T'HAPOMETEOPOIOTHYECKHE IPOLECCHI, KOTOPHIE
npuBoAAT K Bo30Oyxaennto OMII KHY-nuana3ona, crnocoOHbIX OBITh AJi TUAPOOMOHTOB
MCTOYHUKaMU MHpopManu 00 3Tux mponeccax. M3 3tux npoueccoB BbiaeneHbl: DMII
KpailHe HM3KHX 4YacTOT, BO30yXJaemble MpU IITOPMOBOM BOJHEHUHU, NPHU PA3BUTUHU
KOHBEKTUBHOW 0OJIaYHOCTH, HalpuUMep B 30HAX (QPOHTAIBHBIX pa3aeiaoB. Takxke
paccMaTpuBalOTCA MEPEMEHHbIE 3JIEKTPOMAarHUTHBIE TOJISI B BOAOEMax, OOYCIIOBICHHbBIE
BO3MYULIEHUSIMA T€OMarHUTHOTO TOJIS.

B paspene 1.2 mpencraBieHa oOuiast uHGOpMalus O YYyBCTBUTEIBHOCTU KHBBIX
OpraHU3MOB, B YAaCTHOCTH KapmoOBBIX U COMOBBIX pbi0, k DOMII. VYkazan makcumym
YyBCTBUTEJIBHOCTH JaHHBIX pPbIO B oOmactu 7-8 I'm. PaccMoTpena kiaccudukanus
IUJIPOOMOHTOB B 3aBHCHUMOCTH OT 3JIEKTPOUYBCTBUTENBbHOCTU. OTIENbHOE BHUMAaHHUE B
JAHHOM pazzielie yJIeJICHO 3JEKTPOMAarHuTHOMY (POHY B BOJE M BIMSIHUIO AJIEKTPUUECKUX

MOJICH Pa3IMYHON UHTEHCUBHOCTH Ha PHIO.

Bo BTOpOﬁ riiaBe pacCMaTpuBarOTCA BCPOATHBIC MCEXAHU3MbI BOCIIPHATHA U

MPEAYYBCTBUS TUAPOOMOHTAMH THIPOMETEOPOJOTNYECKHUX IPOLIECCOB HAJl BOJTOEMAMHU.
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B pasgese 2.1 000CHOBBIBAETCS BBHIOOP DSJEKTPOMATHUTHBIX TOJIEHM MPUBOJIHOTO
ciost atMocdepsl HaJ MOPEM M BJEKTPOMAarHUTHBIX IOJIEH ITUKIOHOB M (PPOHTABLHBIX
CHUCTEM KaK Hau0oyiee BEpOSTHBIX HCTOYHUKOB HWH(OpMAIMU IS THAPOOMOHTOB B
(hbU3MYECKUX MEXaHU3MaX BOCTIPHUSTHAI.

B paspene 2.2 npuoastcs pacu€rbl npoHukHoBeHus OMII KHY-nmanasona B
BOJIHYIO cpelly. B Hammx 3amadax OpeuMyIIeCTBEHHO NPeAcTaBisiioT uHTepec OMII
TUJPOMETEOPOJIOTHYECKUX MporieccoB Ha yacToTax 0,1-2 I'i u Ha yacTtoTax 6-8 I'w.

B paspgene 2.3 oOcyxpaercs mnpoOjieMa TMOUCKAa BEPOSTHBIX MEXaHU3MOB

IIpCA4YyYBCTBHUA Y ) KUBBIX CYIICCTB.

B Tperbeil riaBe MNPUBOAUTCS OINMCAHUE W3MEPUTEIBHBIX YCTAHOBOK JJIA
IIPOBEJCHUS IKCIEPUMEHTOB C PbIOAMH U KpabaMu, OOBICHIETCS METOAMKA IPOBEICHMUS
AKCIIEPUMEHTOB U OOpabOTKM MOJYYEHHBIX JaHHbIX. Ha ofHy W3 u3MepUTEIbHBIX
YCTAaHOBOK IOJIyY€H ITATEHT.

B paspese 3.1 maercs onucaHue 3KCIEPUMEHTANIbHBIX YCTAHOBOK, IMPUMEHSEMbBIX
JUTSI OTIpEICNICHUS IBUTATEIbHOM aKTUBHOCTH COMOBBIX M KapIroOBbIX pbIO, a TaKKe KpaOoB.

B paspesne 3.2 paccMOTpeHa METOIMKA ITPOBENECHUS IKCIIEPUMEHTOB, ONPEECICHBI
KpUTEpPUHU MOJ00Us MPU MOJEIUpOBaHUM BoznercTBus DMII rugpoMeTeoposornyeckux
MPOLIECCOB HA TUAPOONOHTOB.

Pa3nen 3.3 nmocBsmeH MeTonuMke OOpaOOTKM M aHamu3a  IMOJYy4YEHHBIX

OKCIICPUMCHTAJIbHBIX TaAHHBIX.

B yerBepTOM rI1aBE NPUBOIATCS PE3YJIBTAThI BBHIIIOJHEHHBIX UCCIEA0BAHUM.

B pa3neine 4.1 onucbIBalOTCS pe3yIbTaThl SKCIEPUMEHTOB C KapIOBBIMU PhIOAMHU.

B paspgene 4.2 onuchIBaloTCs pe3yibTaThl SKCIEPUMEHTOB C COMOBBIMU PHIOAMH.
OTtaenbHOE BHUMAaHHUE YJIEJIEHO PEAKIMU COMOBBIX PBIO HA THAPOMETEOPOIOTHYECKUE
IIPOLIECCHI.

B pasgene 4.3 omnuceBalOTCS PE3yJIbTAThl AKCIEPUMEHTOB € KaMYaTCKUMU

KpabaMu.
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B pa3nene 4.4 oTnenbHO pacCMOTPEHO BpeMsl 3aliepkKeK peakuuid («J1aTeHTHBIE
NEPUOJbI») TPU BO3JACHCTBUM Ha TUAPOOMOHTOB IMEPEMEHHBIMU SJICKTPUUYECKUMHU HWITU
MarHUTHBIMH TIOJISIMU.

B pasnesne 4.5 omnucbiBaeTcs MOUCK MEXaHU3MOB NMPEIUYBCTBUS THMAPOOMOHTAMU
OMACHBIX TUAPOMETEOPOJOTHUECKUX IMPOLECCOB dYepe3 HEepaBHOBECHBbIE (PHU3UKO-
XUMUYECKUE CUCTEMBI. B KauecTBe MOJIEN Takoil CUCTEMBbI ObLT UCTIOJIb30BaH U3BECTHBIN

y MOpeIiaBaTesei mropmriacc.

B 3akiiouenun chopMyIMpoOBaHbl OCHOBHbBIE PE3YJIbTATHI pa0OTHI.
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1 O030p uMerOIUXCHA (PU3HIECKUX JAHHBIX 0 BOCIPUSTHU W MPEIYyBCTBUIX
OMACHBIX THIPOMETEOPOJIOTHYECKHUX MPOLECCOB

1.1 T'unpomMeTeoposIOrHIecKUe MPOIecChl KaK HCTOYHUKH AJICKTPOMArHUTHBIX TOJIeH
KHY-nnana3zoHa
B JTAHHOM pazzene JIMCCepTaLUM pPaccCMOTPEHBI OCHOBHBIE
THAPOMETEOPOJIOTUUECKUE TPOIIECChI, KOTOphIe MPUBOAAT K Bo30yxaenuto DMIT KHY-
uanasoHa, 00eCTeUMBAIONIUX JIOKAIBHYIO «IOJKAYKy» SHEprum B riobambHOoe DOMII
3eMIM M CIOCOOHBIX OBITH JUISI TUJAPOOMOHTOB MCTOYHHKAMU HHQpOpMaruu o0 ATUX
nporieccax. MHpopMaTUBHBIE CBOMCTBA 3TUX MOJIEH OTMEUAIIUCh B PAJI€ U3BECTHBIX padOT

(mampumep [1,2, 13-16] u ap.)

1.1.1 DnexTpoMarHuTHbIE MOJIS BOJIH U TEUYEHUI

OM-¢poH B BOJOEMAx HOCUT CIOXKHBIM xapakTep. Tak Mpu JBMKEHHUH MOPCKON
BOJbI B MarHUTHOM Tojie 3emiu (MII3) B pesynbrare siBJICHUS WHAYKIIUUA BO3HUKAET
JIIEKTPUYECKOE I10JIE, KOTOPOE B CBOX OYEPENb CO3MAET BTOPUYHOE MArHUTHOE IIOJIE,
Ha3bIBAEMOE TaK B OTIMYME OT IVIABHOTO MarHUTHOro mosis [3]. Benmuuwnaa 3THX mOJEH
OMpeneNnseTcss Kak HanpshkEHHOCTh0O MII3, Tak M CKOpPOCTBIO NOTOKA BOJBI U €€
AJIEKTPONPOBOAHOCTHIO. TaKkue moJist Ha3bIBarOTCS. MAarHUTOTUAPOIUHAMUYECKUMU MOJISIMU
(MI'IIT). K ocHoBHbiM uctounukam MI'JIII oTHOCSTCS: BETpOBOE BOJIHEHHUE, 3bIOb,
MPUJIUBHI U TEUEHUS.

Hanpsoxkénnocts MI'III, co3maBaemMbIX BOJIHEHUEM, 3aBUCUT OT XapaKTEPUCTUK
BOJIH, @ UMEHHO, OT MX BBICOTBI, IEPUOJOB, UIMH, a JJISI MEJIKUX BOJOEMOB — €lIE U OT
MIPOBOJIUMOCTHU TpyHTa JHA. [Ipn yBennueHnHn BBICOTBHI M NEPUOJOB BOJH BO3PACTAIOT U
MOJIsl, UHIYIIMPOBAHHBIE BOJIHEHHEM, OJHAKO C TJIyOMHOW OHM ObICTpOo 3aryxatoT. Ha
rJIyOMHE paBHOM MOJOBUHE JIJTMHBI BOJHBI, AMIUIUTYIa MAaTHUTHOTO TIOJISI YMEHBIIIAETCS B
23 pa3a 1o CpaBHEHHIO CO 3HAUYCHUSMH Ha oBepxHocTH [3,17].

ITepuon xonebanuit MI'III, cBS3aHHBIX C TEUEHHUSIMH, COBMAJACT C MEPUOJAMHU

KoJeOaHuN CKOpPOCTH JBIKEHUS BOAbl. OKEaHCKHWE TEUEHUS TEHEPUPYIOT TOoJs C
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HanpspkéHHOCTRIO 110 100 MkB/M, KoTOpble 3aBUCAT Takke H OT DIyOUHBI
pacripoctpaneHust TeueHus [3]. CiaenyeT OTMETHTh, YTO PETUCTPUPYEMBIC HICKTPHUCCKUEC
¥ MarHUTHBIE TOJI UMEIOT YETKYIO aMIUIUTYIHYIO U YaCTOTHYIO CBSI3b C JUHAMUYECKUMU
XapaKTepUCTHKaMH MMOTOKAa M OTpaxkaioT ero ctpykrypy [18]. B pabote [19] oTmeueHo,
YTO 3JEKTPOUYBCTBUTEIbHBIE THUIPOOMOHTH MOTYT HCIOJIb30BaTh HWHIAYLUPOBAHHBIC
AIIEKTPUYECKHUE TOJIA AJISl IOMCKA IMyTell MepeMeleHusl BO BpeMsi MUTpAIlUH, a TakKe NI
OpUEHTAllMd BO BpeMs CYTOYHBIX mepemenieHud. Kpome Ttoro, snekrpuyeckue Mo,
BO3HHUKAIOIINE TPU BOJHEHUH, MOTYT CIYXHTh MCTOYHUKOM HH(OPMAIIMHA O COCTOSHHUH
BOJIHOM TIOBEPXHOCTH.

Opnako creayeT yduThIBaTh, 4TO Bo3HMKawomue MIII OwicTpo 3aryxaror ¢
paccTosiHUEM, TOATOMY OHH HE MOTYT OOBSCHUTH BBICOKYIO 3a0JaroBpeMEHHOCTh
NPEIYyBCTBUSI THJIPOOMOHTaMU OHOJIOTUYECKHM ONACHBIX T'MAPOMETEOPOIOIHYECKUX

SIBJICHUI.

1.1.2 DnexTpoMarHuTHBIE TTOJISI IPUBOAHOTO CJI0sI aTMOCGhephl Hal MOpEM

OMII npuBoaHoro cnost atMocepbl Haj MOpeM (OPMHUPYIOTCS 3a CUET JBYX
OCHOBHBIX IPUYUH:

— UW3-3a2 3apsSOKEHUsT [OBEPXHOCTU MOPS  PACHPEICICHHBIMH  3apsiiaMH,
dbopmupyromumucs MI'IT [20];

— M3-32 TOTO, YTO B MPUBOJHOM CJIO€ aTMOC(epbl COCPEAOTOUECHBI adPOUOHBI, TO
€CTh JJIEKTPUYECKU 3apsSHKEHHBIE a’pO30JIH, MEepEMELIAOIIMECs MO BO3ACHCTBUEM BOJIH
[1,3].

[lepBbIii MexaHU3M, paccCMOTpeHHbIN B padbote [20], BeposiTHO, MEHEe 3HAYUM IS
IUIPOOMOHTOB, Y€M DJIEKTPUUECKHE TMOJS BOJH B BOJE M MOPOXKIAEMble MU TOJIS
MarHUTHOM WHAYKIUMU. Bo3aelcTBue Takux mojied Ha THAPOOMOHTOB YCTAHOBIICHO
OTKpBITHEM [21] M TIOCIEAYIONUME pabOTaMU 3TUX aBTOPOB.

Bropoii MexaHuW3M MOXKET paccMaTpuBaThCs Kak —aspodusmueckuii. 37ech

paccmatpuBatorcst DMII, nopoxnaembie Hag MopeM. OHU MOTYT PETHCTPUPOBATHCS KaK B
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atMocgepe, Tak U B TONIIE BOAbL. M3 Takux mosei, no-BUIUMOMY, HaUOOJBIINNA UHTEPEC
IJISL TAHHOM PaOOTHI MPEICTABIISIOT OIS, 00YCIOBICHHBIE TBH)KEHISIMUA a3pOUOHOB [1].
@akTUYECKH a’3pOMOHBI MPEACTABISIIOT COOON YacTUIbI, B KOTOPBIX MHOIO KakK
[IOJIO)KUTENIBHBIX, TaK U OTPULATEIBHBIX MOHOB. COOTBETCTBEHHO, B IPHUBOJHOM CIJIO€
atMocepsl Hag MopeM (OpMHUpPYETCsl HEKOTOpasi CTPYKTypa M3 a’dpoHOHOB. B ycrmoBusix
BOJIHEHUSI MPOUCXOIUT MOCTOSIHHBIM BBIOPOC a3pOMOHOB B BO3AYyX, C MOCIEIYIOUIUM HX
OCElaHHEM Ha IIOBEPXHOCTH, YTO IIO3BOJSET pAacCMaTpuBaTh IPUBOJIHBINA CIIOM,
HACBIIICHHBIM a’pOMOHAMM, KaK «3aMOpPOXEHHBIM». Monenp MNPUBOJHOTIO  CIIOSA

npejcTaBieHa Ha pucynke 1.1.

Pucynok 1.1 — Mogenb NpuBOJHOTO CIIOSl C «BMOPOKEHHBIMIWY a’3pOMOHaMu. 1 —
HEeNTpasbHas BO3AYIIHAS Cpelia, 2 — MOJIOKHUTEIbHbBIE a9POUOHBI, 3 — OTPULIATENIbHbIC

a’pOUOHBI, 4 — TIOBEPXHOCTH MOpst. 13 paboTsr [1].

Hanuuue TypOyNeHTHBIX MPOILIECCOB B TAaKOM Cpeiie BO BpeMs IITOpMa BO30YKIaeT
aMIUTUTYIHO-MO Iy iupoBaHHbie DMII, KOTOpbIe perucCTPUPYIOTCS KaK MO 3JIEKTPUUYECKUM,
TaKk ¥ 10 MarHUTHBIM COCTaBIIAIOIIMM, HPH 3TOM HECYLIIMMH YacTOTaMH SIBJIIFOTCS
yacToThl 4-12 I'l ¢ sHepreTrdeckoil Moo 6-8 I'1, KoTopas COBIAIaET C MEPBOM MOJION
«IIYyMAaHOBCKHMX» pe3oHaHcoB. [lo aHamorum ¢ uWH(QPa3ByKOBBIM «TOJIOCOM MOpS»,
oTkpbITeiM B.B. Ilyneiikuabiv, OMII npuBOAHOro caosi BO BpeMs LITOPMa MOKHO

Ha3BaTb JJICKTPOMAIHUTHBIM «TOJIOCOM MOPS). B 10 xe BpeM: OMII nHa YKa3aHHBIX
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4acTOTax CIOCOOHBI PACIPOCTPAHATHCS Ha OOJbIINE PACCTOSIHUS U MIPOHUKATH B BOAY Ha
riyouny 6osee 100 M, 4To 00YCNOBIMBAET BO3MOXKHOCTh MOJYYEHHUS MPOTHOCTUYECKOU

uH(pOpMaIMU THAPOOMOHTAMHU O TPUOIIIKAIOIIEMCS IIITOPME.

1.1.3 DnekTpoMarHuTHBIE TIOJIST 00TAYHOCTH

BaxueiimmmMm wucrounnkoM OMII KHY-gmanaszona SBIISIIOTCS KOHBEKTHBHEBIC
nporiecckl B Tpormocdepe. Y KOHBEKTUBHBIX CTPYKTYp MPHUCYTCTBYIOT CHJIbHAs
TypOYJE€HTHOCTh, KOTOpas Oojiee BCEro BhIpakK€Ha B Ky4eBBIX MOIIHBIX oOmakax (Cu
cong) u B Ky4eBo-I0kaeBbIX oOiakax (Ch). B oOnmakax KOHBEKTUBHBIX (DOPM B XOJ€ HX
pa3BUTUSA TPOUCXOAUT TOCTEIEHHOE HAKOIUIEHUE 3apsiaoB. B pe3ynprare Hanuuus
TypOYJIEHTHBIX MPOIECCOB B 00j1ake (HOPMHUPYETCS MEPEMEHHOE JICKTPOMArHUTHOE TIOJIE.
Ecnu npucyTcTBYIOT OYeHb ObICTpble TYypOYJEHTHBIE TMyJIbCAlldh, TO BO3HHUKAET
aMIUIMTYyAHO-MOAyJIMpoBaHHOe OMII, r1/A€ Hecyled YacTOTOM SBJSIETCS 4YacToTa
«OBICTPBIX» TyJbCallui, a 4YacTOTOW Monayusiuu — wucxognoe OMIL. Dueprus
WHYIIMPOBAHHOIO MOJIsi B OCHOBHOM CKOHIICHTPUpPOBaHA B 00JIACTH MEXIYy O0JIaKOM M
ero otoOpaxenuem. Jpyrumu crnoBamu, OMII oOnagyHOCTH TpH  MPOBOISAIIECH
MOJCTUIAONIEH MMOBEPXHOCTH MOXKET PETrMCTPUPOBATHCS TOJBKO HEMOCPEACTBEHHO MO/
o0J1akoMm.

CrnenmoBatelbHO, PACCMOTPEHHBIN MTPOIIECC HATTIOMUHAET COOOM TO, YTO MPOUCXOIUT
B IPUBOAHOM cjioe aTMoc(depbl Hajr MmopeM. CrietoBaTeNbHO, U 371eCh MOKHO TOBOPUTH 00
AJICKTPOMArHUTHOM «T0JIOCE 00JIaKay.

[TIpumep peructpanuu takoro IMII npencrasnen Ha pucynke 1.2, mo KOTOpoMy
BUJIHO, YTO BBICOKOYACTOTHBIC TyJibCAlliu, OTOOpa)kaeMmble B HAJIBOJJHOM KaHaJe,

GuIbTPYIOTCS ClI0eM BObI, M Ha ITyOuHe 10 M 3anuCh CTAHOBUTCS CTJIaKEHHOM.



Pucynok 1.2 — AMmutyaHo-MoaynupoBanHoe OMII mpu mpoxoxaeHnn HeOOIbIIOTOo

Ky4eBOTO 00Jiaka HaJl MyHKTOM HaOtoaeHui. 13 padoTsl [1].

3HAUUTENBHO CUTYallMsl MEHSAETCAd NpPHU HAJIWYUU OCAJKOB, KOTOPBIE COAEPKAT
JEeTAUIME BHU3 3apsDKeHHble dYacTHlbl. Ocalkud IMPEUMYIIECTBEHHO  3apsyKaroTCs
OTpULIATEIBHO, U, OCElas, IEPEHOCIT OTPULIATENbHBIN 3aps]l BHU3, & JETKUE aTMOCHEpHbIE
MOHBI, 00JITaYHbIE KAIUIM U KPUCTAJUIbI 3apsDKAIOTCS MOJIOKUTENIbHO M BMECTE CO CBOMM
3apsAI0M NIEPEHOCATCS BOCXOISIIUMH IIOTOKAMHU BBEPX.

B pesynbTaTe 0cagKoB perucTpupyercs O0NbIIOe YHCIO UMIYJIbCHBIX CUTHAJIOB, a
CpenHuil curHain oT oOnaka cHwkaercs. l[lpuMep 3amucu NPOXOXKIEHUS KydueBO-

J0KJIeBOro o0Jlaka B CONPOBOXACHUM CHeromaaa w3 MoHorpadum [1l] mpuBeneH Ha

pucynke 1.3.
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Pucynok 1.3 — Peructpanus 9MII kydeBo-103k1eBOro obiaka npu CHEromna/e.

U3 pa6orsr [1].

1.1.4 DnekTpoMarHUTHBIE MOJISI IIUKJIOHOB U (PPOHTANBHBIX Pa3/IeiioB

Knaccuueckn UHKIOHBI OOBIYHO cOfEpKaT B CBoed cTpykTrype (ponTh.. K
TUTIUYHBIM (DPOHTAM OTHOCSATCS TEIUIbIA (DPOHT, XOIOAHBIA (HPOHT U (PPOHTHI OKKITIO3HH,
T.€. YaCTUYHO COMKHYBIIIMECS TEIUIBIM W XOJOJAHBIA (POHTHI, a TaK)KE BTOPUUHBIC
(GpOHTHI, KOTOPbIE BO3HUKAIOT B HEYCTOMYMBBHIX XOJOJHBIX BO3AYIIHBIX Maccax 3a CUET
HEOJIHOPOJHOIO MPOTpeBa €€ MOJICTUIAIONICH MOBEPXHOCTH B THUJIOBOW YacTH IMKJIOHA. B
TBUIOBOM 4YacTH IMKJIOHA Tpeo0jamaeT TIepeMeHHas OO0JIauHOCTh, KYYEBBIC, KYy4eBO-
J0/IeBbIe 00J1aKa ¢ KPaTKOBPEMEHHBIMU OCaJKaMH U TIOPBIBUCTHIN BeTep [22].

OpnHako (GpOHTANBHBIC pa3/eiibl COMPOBOXKIAIOT HE TOJBKO ITUKJIOHBI, OHHM €&
MPOXOMAIT U MO OapuvecKkuM JioxkOuHaMm. I B TOM, U B JApyrom ciydae (PpOHTaIbHBIC
paszensl  00s3aTeNbHO  coaepkKaT oOOJavyHble CTPYKTYphI, OO0S3aTENBHO TIPU ITOM
B0o30yxnatoTcss OMII KHY-nunanazona. KoHeuHo ke, 37€Ch €CTh CBOM OCOOEHHOCTU TIO
CPaBHEHUI0O C TUNUYHBIMH TIOJMSIMA  OOJIAaKOB, PACCMOTPEHHBIMH paHee. Tak
BO30Yy’KJ1aeMbl€ B 30HaxX ()pPOHTOB KoJieOaHusl ABJIAIOTCS HE ToJIbko DMII, HO U OOBIYHBIMU

KOJe0aHUsIMU, KOTOpbIE HA3bIBAIOTCS BHYTPEHHUMU I'paBUTAIIMOHHBIMUA BoJiHamu (BI'B).
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ITockonsky BI'B BOJIHBI pacnpOoCTpaHsOTCS IPEUMYIIECTBEHHO BJOJIb I'PAHULL Pa3zeiia B
JTOOBIX CTPaTUQUIMPOBAHHBIX CPEAAX, TO B LUKIOHE OHM KOHUEHTPUPYIOTCA B LIEHTPE
oOpazoBanusi. B 1mentpe nuxiona BI'B mpeBpamairorcss B uHOPa3ByK, KOTOPBIA
IpECTaBISIET cOOON MPO0JIbHBIE KosieOaHusl. IMEHHO 3TH MHPPa3ByKOBBIE NPOJIOJIbHBIE
KOoJIeOaHUsl UAYT BBEPX MO «TPYOKE» OCH IUKIOHA, AMIUIUTYAA UX YBEIMYUBAETCA H3-3a
najeHus TUIOTHOCTA C BBICOTOM. B  pesynbrare HIKHAS TpaHUla HOHOCQEPHI
noJBepraercs KojaeOaHusM, APyTMMHU CJIOBAMH BO3HUKAIOT CHOBA MONEPEYHbIE KOIeOaHus
¢ mnepuomamu BI'B (5-20 wmun). Takum o6pa3zom, GOpMHPYIOTCS aAMIUIMTYIHO-
MoayIupoBaHHbIe DM-KosieOaHusl.

XapakTEepUCTUKU PACTPEACTCHHUSI MOIIIHOCTA TaKMX JM-CUTHAJIOB B 3aBUCHUMOCTH
OT pacCTOSIHUS 10 LEHTpa LUKIOHA TNOKa3aHbl Ha pucyHke 1.4, 3aMMCTBOBaHHOM U3
pabdotsl [1]. 3mech BBISBICH HECHMMETPHYHBIN XapakTep paclpelesieHuss — B
HaIlpaBJICHUMU ABMKEHUS LUKIOHA (BIEpeAr OT IIEHTPa) MOIIHOCTh CYHIECTBEHHO BBHIIIIE,
YeM Ha TaKuX K€ PACCTOSIHUIX B ThLJIOBOM 4acTu. To ecTh popmupyeTcs: HanpaBiIeHHbBIN

xapakTep GopMUpPyeMOro moisl.
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Pucynok 1.4 — I3MeHYMBOCTh MOIIIHOCTH MOAYJIUPYIOLIUX BapHaluil
¢ nepuosamu BI'B npu npoxoxaeHn nUKIOHa
1 — M3MEHYUBOCTb MPHU NPUOINKEHUH; 2 — [TOJIHASL U3BMEHYMBOCTD

(ot 900 Munb 10 — 400 Muiw). U3 paboTsr [1].
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B pabote [2] m3yuanmuce DMII nukinoHoB B obmactu yactoT 6-8 I'm 6e3 ydera
aMIUTATYHON Moy sy kojebanusimu BI'B. B oTiudne oT MOy IMpOBaHHBIX MOJICH U3
pabotel [1] 3mech HaOMIOAAeTCSs HEHAIPABJICHHBIM XapakTep BO30YXIaeMOro IMoJis

(pucynok 1.5).

10 -

STN<ESY Th
N

L 0 L L L L 1 1 1 |
-1250 -1000 -750 -500 -250 0 250 500 750 1000

PaccrosiHue, km

Pucynox 1.5 — 3menenus cpeaneit Benuunnbl uHAYKIuU OMII Ha yacTorax 6-8 I'i1 oT

paccTosHUsA 10 IeHTpa IUKIoHA. 13 paboTsl [2].

Ouenku m3MeHunBoctd OMII Ha yvacToTax 6-8 'L, BBINOJHEHHBIE JISI Pa3HBIX
BapUaHTOB JBW)KCHHS IHMKJIOHa B pabore [2], mpuBemeHbl Ha pucyHke 1.6. 3mech

XapaKTepUCTHKNA HOPMUPOBAHBI HA PACCTOsIHUE JI0 LIeHTpa HukioHa 100 km.
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Pucynoxk 1.6 — HopmupoBaHHbIe XapaKTEpUCTUKU N3MEHUUBOCTH CPETHETO YPOBHS

curHasia ESMII (CYC EDMII) na yactorax 6-8 I'li o perpecCHOHHON MOJIeNU U3 paboThI

[2].

Paccmotpennsie ocobennoctu EDMII, cBsizaHHBIX ¢ HMUKIOHAMU, UMEIOT OOJIBIIOE
3HaYCHUE I THAPOOHMOHTOB M IMOJAPOOHO OMMCaHBI B pasuene aucceprauuu 4.2.1. s
BBISIBJICHUS ~ ONPENEJICHHBIX MEXaHU3MOB BocHpusitus ruapobuonramu EOMII,
BO30YX/1aeMbIX pu TUAPOMETEOPOTIOTHUECKHUX npoueccax, HEO0OXOTUMBI
SKCIEPUMEHTANIbHbIE ucchaenoBaHus. OJIHAKO CIIEyeT CKa3aTh, YTO IMPU MPOBEACHUU
Ja00pATOPHBIX SKCIEPUMEHTOB MO0 MOJEIMPOBAHUI0 UCKycCTBEHHBIX DMII, HeoOxoaumo
YUYUTHIBATh U UCKIIOYaTh W3 pe3ysbraroB BiausiHue EODMII KHUY-nuanazona, KoTtopsie

(hopMUPYIOTCS MPU PA3TUYHBIX THAPOMETEOPOJIOTHYECKUX MPOIECCax.

1.2 Bocnipusatie HEKOTOPBHIMU TUAPOOMOHTAMH OMACHBIX THAPOMETEOPOIOTHUECKUX

IPOIIECCOB

B HACTOAIICC BPCMA YUCHBIC BO BCCM MHPC 3aHATHI HpO6HeMaMI/I HCCICOA0OBaHUA
JaXeE, Ha HepBLIﬁ B3I, CaMbIX HCE3HAYUTCIIbHBIX (I)aKTOB HEOOBITHOTO IHOBCACHUA

JKUBOTHBIX IIEPCI TAKUMHU OIMACHBIMU ABJICHUAMHU, KaK 3CMIICTPSACCHU A, IYHAMU, YparaHbl,
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MOPCKHE IITOPMBI U T.JI. TOYHO U3BECTHO JIMILIb TO, YTO KUBOTHBIE 00JaAal0T HEKOTOPHIM
oueHb A(D(PEKTUBHBIM MEXAaHU3MOM NPEIUYBCTBUSL OMACHBIX MPOIECCOB, HO MEXaHU3MbI
TaKOTO MPEIIYBCTBUS MMOKA 0 KOHIA HESICHBI.

N3BecTHO, UYTO  HEKOTOphIE  JKUBBIE  OpPraHU3Mbl  00damarOT  OOJbIIEH
qyBCTBUTENBHOCTBI0O K OMII mo cpaBHeHwio ¢ dyemoBekoMm [23]. O BBICOKOI
YYBCTBUTEIPHOCTH MHOTHX JKHBOTHBIX K OMII cBUaeTensCTBYIOT JaHHBIE 00
UCIIOJIb30BAaHUU T'€OMAarHUTHOTO TMOJIs 3eMJIM B KayecTBE OpuUeHTHpa. Takasi clocOOHOCTh
oOHapy>keHa y MHOTHUX KHBBIX OPTraHW3MOB: MPOCTEUIINX, HACEKOMBIX, PaKOOOPa3HBIX,
penTwinid, peiO, nTuil u ap. (Hampumep, [24,25,26,27]). Bonee Toro, MHOTHE HBOTHBIC
ucronb3ytoT OMII 1 ocymiecTBiI€HUS AUCTAHIIMOHHOTO  OOIIEHHS, KOTOpOE
o0ecrnednBaeT COrJIaCOBAaHHOE BHITIONHEHHE MEPEMEIICHNS CTall PhI0 M MTHI], YTO TaK¥Ke
HaOJII01aeTCs B CTaZax MICKOMUTAIOIIMX M CKOTUICHHUIX HaceKoMbIx [28, 29].

B nmurepatypHbIx ncrounukax (Hampumep [19]) paccmarpuBaroTCS TpeaUyBCTBHUS
MHOTHMH THAPOOMOHTAMU THAPOMETEOPOJIOTMUECKUX MPOILIECCOB. B 4HacTHOCTH Takoe
MIPEAYYBCTBUE BBISIBJICHO Y ME/Y3, IPU 3TOM ONMUCAH MEXAaHU3M BOCHIPUSTHUSI HEKOTOPBIX
MIPEABECTHUKOB INTOPMAa, B YaCTHOCTH HWH(MPA3BYKOBBIX KOJICOAHWN, MOPOXKIAEMBIX B
MIPUBOJHOM CJIo€ aTMoc(dephl MpU B3aUMOJCUCTBUHM BETpa ¢ BoJHaMU (MHGPa3ByKOBOU
«rojoc Mopsi»). IToT dPdekt onucan B.B.IllynelkuHbIM B paHHUX U3AaHUSIX «DUBMKU
MOPS».

OpnHako MPUMEHHUTENFHO K MEIy3aM BO3HHKAET 3aKOHOMEPHOE COMHEHUE, YTO OHU
BOCIIPUHUMAIOT TaKOW TMpEeABECTHUK Kak HHPpa3Byk. WH(pa3Byk AeHCTBUTENBHO
dbopMupyeTCcss B IITOPMOBBIX YCIOBHSX B Bo3ayxe (Hampumep [30]), HO B TakoM ciydae
MeJy3bl JIOJDKHBI €r0 BOCIPUHUMATH CBOMM 30HTHUKOM, Jla U TO, €CIU HAXOJATCS Ha
noBepxHOoCcTH. OOHAKO B 30HTHKE OTCYTCTBYIOT KakKWe-THOO UyBCTBUTEIBHBIE K
nH(ppa3ByKy 3JeMeHThl. 11 Ha TOBEpPXHOCTH Mey3bl HaxXOAsATCs He Bcerda. JloBOJIBHO
4acTOe PaCIOJIOKEHHUE ClIosl Meay3 Ha riyoune 1-1.5 m. B umeromeiics xxe aureparype
MIPEANOIAraeTcsi, YTo BOCIPUSATHE oOecreunBaeTcs crenuduuaeckumMu o0pa3oBaHUsIMHA Ha
nrynanbiax. Bee 3To ManoBeposTHO K3-3a 0COOEHHOCTEN MPOHUKHOBEHUS 3BYKa B BOAY.

CymiecTByeT TUIOTE3a O pPeaKkIMu Meay3 Ha U3MEHEHHUs aTMOC(EepHOro JaBliCHHUS,

KOTOpbIe (DOPMUPYIOTCS TEpea TOIXOIO0M INTOpMa. OTH W3MEHEHHs JCHCTBUTEIHHO
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CYIIECTBYIOT, HO OHU HeBeJUKU. PeanbHo 10-20 rlla. 9TO 3KBUBaJIEHTHO TOJIIWHE CIOS
Bojabl B 10-20 cm. Ilpy TUOMYHOM HaJWYMM BOJIHEHUS Ha IIOBEPXHOCTH MOPS
MaJIOBEPOSATHO OKUJATh KaKue-I100 peakuuu y Meys3.

Takum oOpa3oM, BO3HHMKaeT 3aJada IMOHMCKAa HWHBIX JEUCTBYIOIIMX (PaKTOPOB,
CBA3aHHBIX C MOPCKUMHU IITOPMaMHU.

Ha cerogusmHuii neHp npoOiemMa IMOMCKAa MEXaHU3Ma NpPEeIyyBCTBUS CpEId
HEKOTOPBIX BUJOB TUAPOOMOHTOB SIBJSIETCS OYEHB MOMYJIsipHON. BooOI1Ie MOKHO cKa3athb,
YTO pa3jMYHbIE HUCCIEAOBaHUS B 3TOM cepe OYeHb Ba)KHbI, TAK KaK MOKa YEJOBEK HE
o0jazaeT JOCTaTOYHO TOYHBIM MEXAaHHU3MOM MpPEACKA3bIBAaHUS OMNACHBIX SIBJICHUI.
Oco0eHHO 3TO Kacaercs I[yHaMH, MPEACTaBISIOMINX HAauOOJbIINN MHTEPEC AJIA YUEHBIX-
OKeaHoJIoroB. lLlyHamMu  SBISIOTCS  CIIEACTBHEM  MOJBOJHBIX 3€MJIETPACEHHM, a
ceiicMrueckue MpeIBECTHUKU 00J1a/1at0T MaJiol 3a01aroBpeMEHHOCTBIO.

MHorue ydeHble BBICKA3bIBAIOT PA3JIMYHbIE THIOTE3bl O BO3MOKHBIX MEXaHU3Max
NPEIYYBCTBUSI 3€MIIETPSICEHUM U IIyHaMH, OJHAKO CKOJIbKO-HUOYIb YOeIUTEeIbHbIE
AKCIIEPUMEHTAJIbHBIE MOATBEPKACHHS ITUX TMIIOTE3 OTCYTCTBYIOT. Ha ceronHsmHmii 1eHb
HauOOJIBIIMN HMHTEPEC NPEACTABIAIOT MPEANOJIOKEHHUS, CBSI3aHHBIE C BOCHPHUSTHEM
KUBOTHBIMM €CTECTBEHHBIX JJIEKTPUUECKUX U MAarHUTHBIX MOJIEH.

Hanpumep, B psijie SKCIEpUMEHTOB OBbLIO MMOKA3aHO, YTO 0apEHIIEBOMOPCKHUE CKaThl
Raja radiata cnocoOHBI BOCHPUHMMATH CBOMMH JJICKTPOPEHENITOPAMH TaKue Clla0bie
AJIEKTPUYECKHUE T0JI B BOJIE, KOTOPbIE TEHEPUPYIOTCS re0pU3NYECKUMU UCTOYHUKAMH Ha
yacroTrax MeHee 2 'l — MarHUTHBIMU OypsiMu U Mopckumu BostHam [11,31,32]. KoneuHo,
MO>KET BO3HUKHYTbH MPEIOJIOKEHUE O TOM, YTO MOAOOHOE BOCIIPUSATUE MAarHUTHBIX Oyph
ABIISIETCS CJIEACTBUEM BBICOKOM AJIEKTPOUYBCTBUTEIBHOCTH JAHHOTO BHJ1a TUAPOOUOHTOB.
Opnako, BOCHOpHUSTHE  MArHUTHBIX  Oypb,  CONPOBOXAAIOIIEECS  M3MEHEHUSIMU
MOBEICHYECKON aKTUBHOCTH, TAaK)Xe€ OOHApYKEHO U Yy KapIOBBIX PbIO, KOTOPbIE MOTYT
OBITh OTHECEHBI K Pa3psiAy HEIIEKTPOUYBCTBUTENbHBIX TMAPOOMOHTOB. [Ipu dakTuuecku
OTCYTCTBYIOLEH  3JIEKTPOUYBCTBUTEJIBHOCTH Kapmbl pPEarupyrOT Ha IEpPEMEHHbIE
MarHuTHBIE TIOJI HANPSYKEHHOCTBIO NPUMEPHO B €IMHMIBI HIJ Mpu JUIMTEIbHOM

BO3JICUCTBUM U JACCATKU HTJI MOYTH cpasy mociie Havana Bo3aencTus [33].
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W3BecTHO, UYTO HEKOTOpbIE BHUJbI COMOBBIX (STIOHCKUN KapJMKOBBI COMUK,
TYpKECTaHCKHI COMHUK) TPEAYyBCTBYIOT TaKue SBJICHUS, KaK INTOPM, IyHAaMH,
3eMJICTPSCEHUsA, O MPHUOIIKEHUH KOTOPBIX MOXXHO y3HaTh, HaONo[as 3a TMOBEICHUEM
JaHHOTO BHJA THIPOOMOHTOB. YCTAaHOBJIEH MAaKCHUMyM UyBCTBUTEIBHOCTH COMHKOB B
obmactu 7-8 I'm (Pucynok 1.7) [34]. DT 4acToThl — OCHOBHAas Moja '"ITyMaHOBCKHX
pe30HaHCOB" BOJIHOBOJIA 3eMisi-MoHOC(epa. B 3Toil CBS3M 04eHb MHTEPECHBI PE3YIbTAThI
M0 YaCTOTHBIM XapaKTEPUCTHKAM "dHUCTON" MarHUTOUYBCTBHTEIHHOCTH KapIIOBBIX PbHIO
(Pucynok 1.8), a IMEHHO HaJM4YUE IBYX OCHOBHBIX MMKOB YYBCTBUTEIHLHOCTH — B 00JIACTH
($U3MONOrMYECKUX YacTOT U B o0nactu yactoT 6-8 ['1, koTopas MoXKeT ObITh 0003HaUeHa

Kak reogusndeckas oonacts [35, 36].
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Pucynox 1.7 — XapakTepucTUKN 9yBCTBUTEIILHOCTH COMHKOB

K ropu3oHTaibHoMy (H) 1 BepTUKaibHOMY (Z) 3JIEKTPUUECKUM MOJISIM.
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Pucynok 1.8 — UyBcTBUTEIBHOCTH KapnoBbIX phIO K [IeMII pasnudnbIX 9acToT.

1.2.1 O630p OMORIEKTPUUECKUX OCOOCHHOCTEHN THIPOONOHTOB

Knacc pe16 Brimrouaer 6osee 20 Toic. BUaoB [6]. COOTBETCTBEHHO, YTO M CITOCOOBI
nepeaadrd UHPOpPMaIMU y Pa3IMdHbIX PbIO BO BpeMs UX OOILIEHUS, TPU MUTAaHUH, O0OpOHE
U pa3MHOKEHHUU OYEHb pa3HooOpa3Hbl. K HacTosAlleMy BpEMEHHM Yy4Y€HbIE OOHAapYKHIIU
IIECTh KaHAJIOB OOIIEHUS PBIO: ONTHYECKUN, aKyCTHYCCKHH, THIAPOMEXAHUYCCKHM,
XUMHUYECKUN, CBETOBOM M 3JeKTpuuecKuid. [loMMMO nepedyncieHHoro, Bce pblObl MOTYT
nepeaBaTh CUTHAJIBl KOHTAKTHO, TO €CTh NMPUKOCHOBEHUSIMU. OcOoOyI0 POJib B KU3HU
pBIOBI UTpaeT 3JeKTpudeckuii kaHai. [IpakThuecku Bce pHIOBI CIIOCOOHBI U3NydaTh U
BOCIIPUHUMATH 3JIEKTPUYECKUE TOJs. B 3aBUCMMOCTH OT 3JIEKTPOUYBCTBUTEIBHOCTH BCEX
pHIO MOKHO YCJIIOBHO pa3[eUTh HA TPU TPYIIIBI: CUIHLHODIEKTPOUYBCTBUTEILHBIC BUIBI,
UMEIOINE  DJIEKTPUYECKUE  PELENTOPHBIC OpraHbl;  CIa00ITICKTPUUECKUE  BHUBI,
oOnagaroume CHEUUATN3UPOBAHHBIMU 3JIEKTPOTr€HEPATOPHBIMU TKaHSIMU,
HERJIEKTPUUECKHE PBIOBI, T.€. BCE OCTAIBHBIE.

B nHacrosimiee BpeMsl YCTaHOBJIEHO, YTO €CTECTBEHHBIE JJIEKTPUYECKHE TOJIA B
MOPSIX U OK€aHaX MOTYT JIOCTUIaTh BEJIMUMH, COMIOCTABUMBIX C YYBCTBUTEIIBHOCTHIO PHIO.
CoOTBETCTBEHHO, YTOOBI UMETh BO3MOYKHOCTb COOTHECTH IMOBEACHHE THAPOOHMOHTOB C
XapaKTEPOM €CTECTBEHHOTO 3JIEKTPOMAarHUTHOro (poHa B BOJie, HEOOXOJIMMO pacIoyiarath
HE TOJBKO JIaHHBIMU W3MEpeHul (PoHa, HO M 00JIaaTh MPEACTABICHUSIMHA 00 MCTOYHUKAX

dona, 0 pakTopax, ONpEaCIAIONINX €ro XapakTep U 0COOEHHOCTH B JAaHHOM pailoHE U B
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JAHHOE BpeEMs, a TaKKe O (PU3MUECKHUX SIBICHUSIX, KOPPEIUPYIOUIUX C HM3MEHEHUSMU
ypoBHS (hoHa.

DJIEKTPOMAarHUTHBIN (OH B BOJE HOCUT JOBOJIBHO CJIOXHBIM XapakTep: OH
omnpenensiercss (PU3NYECKUMU, XUMUYECKMMH U OHOJIOTMYECKUMH sIBIICHUSAMH. B
€CTECTBEHHOM DJJICKTPOMArHUTHOM (DOHE BBIACISAIOTCS CIEIYIONIUE COCTABJISIONINE:
noctossnHoe MII3 u ero Bapuanuu, TEOMarHUTHbIE Mynbcauuu. WHAYyKIUA
CTallMOHAPHOTI'O0 MArHUTHOTO MoJisi 3eMiu coctasigeT B cpeaHeM 50 000 uTn. s MII3
XapaKTepHbl Teorpauyeckue aHOMajJud U BpPEMEHHas M3MEHYMBOCThH (BapHualuu).
Paznuyaror cnokoiiHble ¥ BO3MYUIEHHbIE Bapranuu. K CIIOKOWHBIM BapualusM OTHOCST:
COJIHEUHO-CYTOYHbBIC, JTYHHO-CYTOYHBIE M TOJ0BbIe Bapuanuu. [loMUMO paccMOTpPEHHBIX
IepUOANYECKNX  Bapuammii  cranmoHapHoe — MII3  xapakrepusyercss — Takxke
HETIEPUOJUYECKON W3MEHYMBOCTBIO, I0J] KOTOPOHM B TMEPBYIO O4YEpedb IMOHUMAIOT
MarHuTHbIEC OypH.

Ha nannom ¢one Bapuanmii MII3 ¢dopMupyroTcss reoMarHUTHBIE MTyJIbCAIIUH.
ITynbcanusimMu HazbiBatoT u3MeHYUMBOCTH MII3 ¢ yactotamu menee 3 I'ti. Bapuanum Ha
0oJiee BBICOKMX 4YacTOTaX OTHOCAT K TIEPEMEHHOMY SJIEKTPOMArHUTHOMY TIOJIIO.
['eoMaruuTHBIC MyJIbCAIIMUA BO30YKIAIOTCA 3a CUET B3auMoieicTBUs n3nydenus ColHIa ¢
marautocdepoit 3emnu (pucyHok 1.9). IIpogomKkuTenbHOCT MyIbCAIlUil B TEYCHHE CYTOK
MEHSIETCS OT HECKOJbKUX MUHYT JI0 HECKOJIbKUX YacOB, a aMIUIUTYJa MOXKET COCTaBJISTh

ot 0,1 aTxa mo 10 T
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Clonmemnit m rep

Pucynok 1.9 — Cxema B3aMOJICHCTBYSI COJTHEUHOTO M3ITyUeHUs C MarHuTocdepoit 3emin
(Harmpumep, u3 [1]).
1-maraurTomnaysa, 2-reOMarHUTHBIN 3KBaTOp, 3-yIapHas BOJHa, 4-00JI1acTH 3aXBa4CHHOM

paauanny, S-HeUTpaabHbIN CJI0M, 6-30Ha NOJSAPHBIX CUSHUN, 7-MarHUTO-CUJIOBBIE JIMHUHU.

N3menunBocth MII3 M TeOMarHUTHBIX MyJbCaliid (T€OMarHUTHAsE AKTHUBHOCTD)
OLICHMBAETCS C MOMOUIBI0 00OOIIEHHBIX MHAEKCOB. Hambonee momynsipHbIMH SIBISIFOTCS
CyMMapHBIii taneTapHbiid uHIeke Kp u nokansubril nagekc K [37].

K MarHuTHBIM OypsiM OTHOCATCS BO3MYIIEHHUSI C aMIUTUTYIOH, MpeBbimaromieit 50
HTn. VHTEeHCUBHOCTHL Oypu OOBIYHO OIEHHMBAETCA IO HHTEHCUBHOCTH M XapakTepy
chopmupoBapmuxcs msaTeH Ha Comaie. OgHako OMOJIOTHYECKOE 3HAUEHHWE HMEET He
TOJIbKO MHTEHCUBHOCTh MAarHUTHOM OypH, HO U ee CrieKTpaibHbIi cocTas [38,39].

Kpome Bosmymennit MII3 ciaenyer OTAEIBbHO BBIACIUTH MArHUTHBIE BO3MYIIICHUS,
CBsI3aHHBIC C MEPEMEHOW 3HaKa MeXIulaHeTHoro maruuTHoro mojsi (MMII) [40] Xots
BEJIMYMHA ATUX BO3MYILUECHUN HEBENWKA, camMa cMeHa 3Haka MMII, Bugumo, sBisercs
WHJUKATOPOM JIPYTUX JEUCTBYIOMUX (HaKTOPOB HA OMOIOTHYECKHE 0OBEKTHI, UCTOUHUKOM
BO3MYIIIEHUN KOTOPBIX siBysieTcs: CoJHIIe.

B pesynbrare Bo3mymenuit MII3 B rugpochepe (opMupyroTcss a0CTaTOYHO
3HAYMMBbIC DJICKTPUYECKHE IMOJI1 U TOKH, Ha3bIBacMble Teiutypuueckumu. [3,4]. dpyrumu
cJI0BaMHu, B rujipocdepe HeooXoauMo paccMatpuBaTh He ToJibKO [1eMII, Ho u T1eDI1.

PbiObI  BOCIIpMHUMAIOT ~ 3JIEKTPUYECKOE TMOJie TIOCTOSHHOIO TOKa B  BHIE
OpPUEHTUPOBOYHOM JBUTATEIbHOM peakuuu. [Ipu yBennueHMM HanpsHKEHHOCTH IOJIA

HACTymacT 060pOHI/ITCJIBHa}I peaKnuusi: pbl6a CHJIBHO B036y}KI[aCTCSI, 4YTO BbIpAKacTCA BO
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B3/IparuBaHuM TeJa, MJIABHUKOB, TOJIOBbI, U MBITAETCA MOKUHYTHh 30HY JEUCTBUS MOJS.
Ecnu HanpsikeHHOCTh YBEJIMUUTD €l1le OOJIbIle, TO IPOUCXOIUT AaHOHASL pPeaKIus — pbioa
JIBWDKETCSA K aHOAy. [Ipu manpHEHIIeM MOBBINICHUH HANPSHDKEHHOCTH TOJIs HabJromaeTcs
AJIEKTPOHAPKO3, KOI/la pbi0a TepsieT paBHOBECHE M IMEPECTaeT pearupoBaTh Ha BHEIIHHE
pazapaxurenu. [locnenyroiiee yBeaIudeHUe HANPSKEHHOCTA MPUBOAUT K THOEIU PHIOHL.
Takas cxemaTudeckas peakiids ppI0 B TOJE MOCTOSHHOTO TOKa OMKMCAaHA B psije padoT,
Hanpumep, [41, 42].

HemHoro mHaye phIOBI pearupyroT Ha AJIEKTPUYECKUE TIONS MEPEMEHHOTO TOKa:
MepBbIC JBE CTAIUU MPAKTHUUECKH TaKUE€ K€, a TPU JAJTbHEUIIEM pOCTe HANPSHKEHHOCTH
HACTymaeT CTaaus OCIMJUIOTAKCHca — phlOa pacroyiaraeTcs MOnepeKk JMHUN Toka. Emme
OoJpIlice YBETWYCHHE HAMPSHKEHHOCTH BBI3BIBACT JJICKTPOHAPKO3. llepeMeHHBIA TOK
cuiibHee BO30YyK1aeT ppIOy 10 CPaBHEHUIO C MOCTOSHHBIM. [locie neficTBUs mepeMeHHOTo
TOKa pbpida JIOJIT0O HE MOXKET NMPUUTH B HOpMaibHOE cocTostHue. [lomoOHBIC peakiuu
OTMeuCHBI B paboTax [42, 43, 44].

Eme Oonee pa3sHoOOpa3HO M CIOXKHO TMOBEICHHE PBHIO B MOJSAX HMITYJIBCHOTO
AIEKTPUYECKOTO TOKAa. Peakmuu pel0 3aBHUCAT OT YAaCTOTBI, aMIUIUTYIBI, (GOpMBI H
MPOJIOJDKATETLHOCTH  WMITYJIbCOB. B CBSI3W € 3TUM M3yYeHHE peakuud pbld Ha
UMITYJTbCHBI TOK 3HAYMTENLHO CJOKHEe. PasmuyHble BUIBI PHIO pearnpyroT Ha
HUMITYJIbCHBIC TIOJISI TIO-Pa3HOMY, HO B OOIIIEM ClTydae CTaJuy Peakluid y HUX IMOBTOPSIOT
CTaJNH TPU JCUCTBUU TOJICH MOCTOSHHOTO TOKA, IIABHOE €r0 OTJIMYKE OT MOCTOSHHOTO
TOKa — 3TO 00Jiee BEIpaKEHHBIC BO30YKIeHUE U TopMoXkeHue [43, 45].

[TogBonst WTOr BBINIE HAMMCAHHOMY, CIEAyeT OTMETHTh, YTO PEaKIMH PHIO Ha
cialOble ¥ CHJIbHBIC DJICKTPUYECKUE TIOJIA OTIHYatoTCs. Tak ciabbie AIeKTPUIEeCKUue Mois
ppi0a MOXET UCIOJIb30BaTh B IIEJAX OpPHCHTAIIMM W OOIICHUSA, a B CHJIBHBIX
AIEKTPUUECKUX TOJISX PEAKINH PBIO SBISIFOTCS 0€3yCIOBHO-PEDICKTOPHBIMHU.

Takue HaOmomaBIIMecs pPa3avuMs TPHUBEIM K  TOSBICHUIO MHCHHS O
CYIIIECTBOBAaHMM aMIUIUTYIHBIX «OKOH» YyBCTBHTEIbHOCTH (Hampumep, [46]). Dto
BBI3BIBACT MHTEPEC M KEJIAHWE NMPOBEPHUTHh BBICKA3aHHBIC WACH SKCIICPUMEHTAIBHO (CM.

Jajiee B JaHHOM padore 11. 4.2.2).
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1.2.2 ComoBbI€ pbIOBI KaK MHIUKATOPBI ONACHBIX T€0(MU3NYECKUX MPOLECCOB

B mnHacrosmiee BpeMs HM3BECTHO, YTO OTHEIBHBIE BHJBI COMOBBIX, B YaCTHOCTH
KAPJMKOBBI M TYPKECTAHCKUM COMHKH, MEHSIOT CBOE IMOBEJICHHE B OXUIAHUHM TaKUX
ABJICHUM KakK IITOPM, ILIyHAaMH, 3€MJIETPSICEHUE, a MMEHHO MPUXOIAT B HEOOBIYailHO
B030y>kaeHHOe coctosiHue [19]. Takke U3BECTHO, UTO Mepe 3eMIETPICEHUSIMHU U I[yHaAMH,
a TakKe B pe3ysibTaTe MPOXOXKICHUS IUKIOHOB C (POHTAIBHBIMU OOPa30BaHUSMU,
BO3HMKAIOT pe3Kue u3MeHeHusa xapakrepuctuk EOMIIL, B Tom umciie u B obnactu KHY,
XapaKTEePHBIX JIJIs1 TEOMarHUTHBIX U reo(pu3nueckux Bo3MyiieHu [1].

B Xxome mnpoBeNEeHHBIX SKCIEPUMEHTOB C COMOBBIMH pbIOaMH MaKCUMyM
AJIEKTPOYYBCTBUTEIIBHOCT COMHUKOB HaOmtojancs B obmactu 7-8 T'm. Kak yxke
YIIOMUHAJIOCh B paboTe, UMEHHO ¢ 4yactoTamu 7-8 ['1] cBA3aHO MOHATHE "IIyMaHOBCKHUX
pe30HaHCOB" B 00J1aCTU MEXAY MTOBEPXHOCTHIO 3€MJIM U HU)KHEH rpaHuiell nonochepsl. A
MMEHHO B 3TOW 00JIaCTH pacHpOCTPaHSAIOTCS BO3MYILIEHUS 3JIEKTPOMArHUTHOIO MOJI,
00yCIIOBJICHHBIE AIIEKTPOPU3NIECKUMHU SBJICHUSIMU pu ONAaCHBIX
TUAPOMETEOPOJIOTMYECKUX U reou3nuecKux npoueccax. [pyrumu ciioBamu, B CUTyalluu
NPEeIYyBCTBUS MPUOJIMKEHUSI OMACHBIX THAPOMETEOPOIOTHUECKUX COOBITHIA BEpPOSITHBIN
MEXaHU3M TMPEACTaBIAETCS B OONbIIEH CTENEHU CBS3AHHBIM C AJIEKTPOMAarHUTHBIMH
MOJIsIMU, BO30YKJa€MbIMU B CUCTEME LMKJIOHA WM OTACIbHOTO dpoHTa [1]. MexaHu3mMbl
BO30YXKICHUSI ATHX TMOJIEH IMPEUMYLIECTBEHHO OOYCIOBJIEHbl  TYpOYJIEHTHBIMU
npoieccaMu B o0Jlakax M TpaHCHOpMaLMEN aKyCTHUYECKOro MH(Pa3ByKOBOTO U3ITyUYECHHUS
nukioHa B OMII B HWKHHMX CIIOSIX MOHOCQEPHI, @ MPU PACIPOCTPAHEHUU HAJ MOPEM —
JOTIOJIHUTENBHO 3JEKTPO(PU3NUECKUMHU MPOLIECCaMU B NMPUBOJHOM CJIo€ aTMoc(hepsl npu
B3aMMO/JICHCTBUU BETPA C B3BOJHOBAHHOW MOBEPXHOCTHIO MOPA [3].

B pabore [2] nmpoBomuiochk yriayOJeHHOE  H3Y4YEHHE  CBSI3eH  MEXIY
xapakTepucTukamMu Bo3myiieHuit EOMII u  npubmmkeHueM [HUKIOHOB, a TaKke
OJIMHOYHBIX (POHTATBHBIX pa3fenoB. B xome paboTel ObTM OTOOpaHbl 6 cCiydaeB
MPOXOXKACHUS [IUKJIOHOB U 2 Cllydasi MPOXOKIEHUS OTIEIbHBIX (PPOHTANBHBIX Pa3/IeioB B
paiione r. Cankr - [lerepOypra. Bpemennsie peanu3zaiuu, BEIOpaHHbIE 111 pACCMOTPEHMS,

cocTtaBiastyii  oT 1 a0 3 CYTOK. CuHonTHYecKue cuTyalluu 34 CTAHJAAPTHBIC
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MCTCOPOJOTrH4YCCKHUEC CPOKH JIA OTO6paHHBIX NEepruoJ0B COIOCTABIIAINCE C AAHHBIMHU O

EOMIL. IIpuMep Takoro conocraBieHus NMpeacTaBieH Ha pucyHkax 1.10 m 1.11.

AL LoaH 2L
= et
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HanHuepad 15.00
I—I 17.2.02

Pucynok 1.10 — Cxema qBM>KEHUSI OIMHOYHOIO IIMKJIOHA C tora u3 paiioHa r. Kuesa k C-
[letepOypry u nanee yepe3 OunnsaHauio Ha ceBep (3BE3A0UKaMU 0003HAYEHO

MECTOTIOJIOKEHHE 1IEHTPA IUKIIOHA B CTaHIapTHBIE CHHONITUYECKHUE CPOKH). 3 paboThI
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Pucynok 1.11 — Bapunauuu EOMII npu npoxok1€HUH OAMHOYHOTO [IUKJIOHA B

patione C.- IlerepOypra. 13 pabotsi [2].
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Ha pucynke 1.11 npuBomstca 20 munyTHble 3anucu EOMII, ux cepeauna
COOTBETCTBYET 0 BPEMEHU CHUHONTHYECKUM CPOKaM, 32 KOTOPbIEC MPUBOJATCS AaHHBIE O
MECTOMOJIOKEHUH IIeHTpa LUKiIoHA. [Ipy ucxoaHOW Oapuyeckod CUTyallid B TOYKE
HaOJMIOJICHU TUMA MAaJIOTPAJUEHTHOTO moJig (LEHTp LMKIOHA okHee I. CMOJIeHCKa)
PETHCTPUPYETCS CPABHUTEIHHO 'CIOKOWHBIN" (hoHOBBIM ypoBeHh EOMII (cpok 16.00 u
17.08.98 r., pucynoxk 1.11) ITpu npubmmxkenuu mukiona k CI16, HaunHas ¢ pacCTOSIHUS 110
ero mneHTpa nopsanka 600 kM, HaOIKO1aI0Ch BO3pAaCTaHWE YPOBHS CUTHAJA, HA KOTOPBIN
HaKJIaJbIBAIOTCS  MEPUOAUYECKHE Bapuanuu. MakcumanbHbli  ypoBeHb EOMII
HaOIoAaICs MPU MPOXOKIECHUU IIUKIOHA B palloHe ropoda U ocialisics NpU yIaleHUH
IIUKJIOHA.

[ToBbimennie ypoBHss EODMII ¢ npubnumxkeHueM UKIOHA MPOCIEKUBAIOCH,
HE3aBUCUMO OT T€HEPaJIbHOI'O HAaNpaBJICHHs JBUXKEHUsA Oapuyeckoro oOpa3zoBanus. U3
PacCMOTPEHHBIX B paboTe [2] 6 ciayyaeB 2 COOTBETCTBOBAIM JIBHXKCHHIO ITUKIIOHA C 3amaja
Ha BOCTOK, 3 - C FOro-3amnajia Ha C€Bepo-BOCTOK, 1- ¢ tora Ha ceBep. KpoMe Toro, gaHHas
CBA3b HAOMIOAAQIaCh HE3aBUCHUMO OT Ce30Ha: 3 M3 PACcCMOTPEHHBIX CUTyalui
HaOIIOAaIMCh B JIETHUM Tepuoja, 2 - B OCeHHUW u 1- B 3umHUN. Takke He
MPOCJIEXKUBATIACh CBSI3b MEXJY JaBJICHHEM B IIEHTPE LHUKIOHA M PETUCTPUPYEMBIM
ypoBHeM EOMIL

Opnaxko, B paboTte [2] oTMedaeTcsi, 4TO MOABEM CPEIHETO YPOBHS PETUCTPUPYEMBIX
MOJIeH MPU OJIMHAKOBBIX PACCTOSHUSIX OT I[EHTPa IUKIJIOHA JI0 TOYKHU HAOII0IeHHs ObLT Ha
0,5-1 #Tn w™menbme B ciydae NpHOTMKEHUS I[HMKIOHOB C Iora IO CPaBHEHUIO C
MpUOJIMIKABIIMMUCS € 3amaja U ro-zamana. T. €. IUKIOHBI, MPOXOASIINE Hall MOPEM,
BBI3BIBAIOT IIITOPM, B pe3yjibTaTe dYero, Kak IOKa3aHo B pabote [3], reHepupyroTcs
JIOTIOJTHUTENIbHBIE CBOOOHBIC 3apsabl. B cuimy ruipoinHaMuuecKiuX MPUYUH TPOUCXOIUT
BO30YX/IeHHE IEPEMEHHOT0 MAarHUTHOTO TOJIsI IPEUMYIECTBEHHO Ha yacTtoTax 4 - 12 I'n.
O4eBUHO, 3TOT AOMOJHUTENBHBIA MCTOUHMK EOMII u npuBen K OTMEYEHHOMY BbIIIE
pe3yabTaTy IpU CPABHEHUHU «MOPCKUX» U «CYXOIMYTHBIX» IIUKJIOHOB.

Taxxxe B pabGore [2] aHanmM3 MaccuMBa MAAaHHBIX IMOKa3all, YTO MPOXOKICHUE

€IMHUYHBIX (POHTAIBHBIX pPAa3/elioB 4Yepe3 TOUKY HAOMIOJEHHUS BBI3BIBAECT YCHUIICHUE
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CPEIHETO YPOBHS CHTHAIA, aHAJTOTMYHOE YCHIJICHUIO MPHU MPUOIMKEHUN U MPOXOKICHUH
IIUKJIOHOB, HO MEHBINIEE MO BETUYHMHE, KOA(D(MUIIMEHTHI CBA3U MEXKIY CPEIHHM YPOBHEM
CUTHaJa U paccrosHueM jo (ponTta mocturaror (- 0.68), Mexay AucIepcueii CUrHaza u
paccrosinueM 10 ¢ponta — (- 0.64).

Crnemyet OTMETUTD, 9TO Ha SKOJIOTHYECKYIO 3HAYMMOCTh H3MEHEHUS XapaKTEPUCTHK
EODMII npu onacHBIX THAPOMETEOPOJIOTUUECKHX SBICHHUSIX OJHO3HAYHO MOTYT YKa3bIBaTh
TOJILKO TIOBEJICHYECKHE OKCIIEPUMEHTHI, CBS3aHHBIE C W3MCHCHHEM JBUTATEIHHON
AKTUBHOCTH  THUAPOOHMOHTOB, TIOCKOJBKY TPHW  TOBEICHYSCKUX  OKCIECPUMEHTAX
UCCJIEIOBaHNE OOBEKTA OCYIIECTBIIACTCS MO MPUHIIUITY «YEPHOTO SIITUKa», KOT/Ia, TOYHO
HE 3Hasg MEXaHW3Ma BOCIPHUATHS TIOJISA, PETUCTPUPYETCS TOJBKO peakmus Ha
MIPETBSBIICHHUE TTOJIS.

B xone mpenBapuUTeNbHBIX SKCIIEPUMEHTOB, ITPOBEICHHBIX C COMOBBIMH phIOaMH, B
KadyecTBe OHWOJIOTHUYECKHX CHCTEM HCIIOIB30BATUCh HEOONBIINE CTal COMHKOB
30JI0TUCTBIX, KakK HauOoyiee OJIM3KUX POJCTBEHHUKOB JIOPOTOCTOSIIUX SIOHCKHUX
KapJIMKOBBIX U TypKeCTaHCKUX coMOB [47]. B pesymbTare OBUIO JOKa3aHO, YTO COMHMKH
MOBBIMIAOT CBOIO aKTUBHOCTH TIPH BO3PACTAHUH JICKTPOMArHUTHBIX BO3MYIIICHUHN KpaliHe
HU3KUX 4YacToT. Takasg cuTyanusi B XOJ¢ JKCIEpPHUMEHTa BO3HHUKJIA MPU JIYHHOM U
COJIHEYHOM 3aTMEHHUSAX, KOTJa COMHKH CTAaHOBWJIMCH HEOOBIYaiiHO BO30YKICHHBIMH,
MOYTH BBINIPHITUBAsI W3 akBapuyMa. [Ipw 3ToM peakius peI0 OKazaach OIEPEIKAFOIICH.
JIyHHOE 3aTMEHHE COMHKH CMOTJIM IMOYYBCTBOBAThH MOUTH 3a 7 4AaCOB JI0 €r0 Hayalsia, a BOT
COJIHEYHOE — BCero Juib 3a 30-40 MuH.

B pesynbpTaTe mpoBeIeHHOTO SKCIIEPUMEHTA CIPABEIIIUBO YTBEPKIaTh, YTO COMUKH
CIIOCOOHBI  MPEAYYBCTBOBATh OMACHbIE Te0(U3MUECKUE TMPOIECChl, B YaCTHOCTHU
3eMIICTPSICEHUE U, KaK €T0 CJICICTBHE, IIyHAaMH, TaK KaKk UMEHHO BeIcTpanBaHue COJIHIIA,
Jlyupr 1 3emnm B OJHY JIMHUIO, KOTOpO€ Kak pa3 M HAOIIOJAETCS TPU 3aTMEHMSIX,

CIIOCOOHO ITOBBICHUTH CeﬁCMquCKYIO AKTUBHOCTDb U BLI3BATh 3CMIICTPACCHHUC.
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2. OueHKH BepOSITHBIX MEXaHU3MOB BOCTIPUSITHS M NIPEeIYYBCTBUSA IMAPOOMOHTAMU

THAPOMETEOPOJIOTHIECKHX MPOLECCOB HAJ BO0eMaMu

2.1 SJICKTPOMaFHI/ITHIﬂe IMOJIA THAPOMECTCOPOJIOTHICCKHUX IIPOHCCCOB KaK HCTOYHUKH

uHbOpMAIUH I THAPOOMOHTOB

[TocTaBneHHsie B paboTe 3amauu MOMCKA (QU3HMYECKUX MEXaHU3MOB BOCIPHSITHS U
MPEAYYBCTBUS THAPOOMOHTAMHU TUIPOMETEOPOJIOTUYECKHUX MPOIIECCOB HAJ[ BOJOEMaMU C
y4€TOM BBITIOJIHEHHOTO 0030pa MPUBOJIAT K CIICTYIOIIUM BbIBOIAM.

1. ['uapoOuoOHTE (MOpPCKME W TPECHOBOAHBIC), HAXOISCh BHYTPU BOJHOMU
TOJIIIH, CIOCOOHBI MOTy4YaTh HHMOPMAIIUIO O MPOoIeccax HaJl TOBEPXHOCTHIO BOJOEMA.

2. HUctounukamMu uHpOpMAIUM HE MOXKET CIYKUTh HH(PPa3BYKOBOUN «Troyoc
MOPS», MOCKOJIbKY OH HE TPOHUKAET B BOJHYIO TOJIIILY.

3. Hcrounnkom nHGOpMAIMK HE MOTYT CIY>KUTh BapUallUU TUIPOCTATUYECKOTO
JTABJICHUSI, BO3HUKAIOIIUE TTPU BETPOBOM BOJIHEHUHU. DTU BapUallUM, KaK U3BECTHO, MOTYT
HaOMIOAAaThCS JIMIIL Ha TIyOMHAX, HE TMPEBBIIIAIONIUX TOJOBUHY MJWHBI BOJHBL. A
OOJIBIIIMHCTBO THUAPOOMOHTOB CBOOOJHO TEPEMEIIAETCS MO BEPTUKAIU, T.€. U3MEHEHUS
TUAPOCTATUYECKOTO JABJICHUS JJISI HUX «IIPUBBIYHBI.

4, Hcrounnkom wuHGOpMAIIMM HE MOTYT CIYKUTh BapHaluu aTMochepHOro
JABJICHUS — OHH YPE3BbIYANHO Mallbl JJIs1 YCIOBUMA BOJHOM TOJIIIIH.

d. Hcrounnkom mHpOpMAIUKU HE MOXKET CIY)KUTh OCBEIIEHHOCTh, OCOOCHHO B
CEBEPHBIX MOPSIX.

B cooTBercTBMM ¢ 3TMM MOXHO OOOCHOBAaHHO IIOJIaraTh, 4YTO €JIMHCTBEHHBIM
HAJSKHBIM HMCTOYHUKOM HWH(MOpMaIu o mporeccax Hax Mmopem ciyxar OMIT KHY-
nyaria3oHa, BO30y)KaaeMble IPU TaKUX MPoIeccax.

N3 ommcanHbIX B 0030pe KMCTOYHUKOB JJICKTPOMArHUTHBIX TIOJIEH MpH
THUIPOMETEOPOJIOTMYECKUX Tporieccax B (PU3NYECKUX MEXaHM3Max BOCIPUATHS Haubosee

BEPOATHBIMU IPEACTABIIAIOTCS SJICKTPOMArHUTHBIC ITIOJIA IIPHUBOAHOTO CJIOA aTMOC(I)CpBI
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Hag mopeM (m. 1.1.2) m 3JeKTpOMarHUTHBIE MOJIS LMKJIOHOB M (PPOHTAJIBHBIX CUCTEM
(n.1.1.4). IlpyuynHaMu TaKOTO MPEANOYTEHUS SBIISAIOTCS CIEIYIOUIUE:

1. DnekTpoMarHWTHBIC TIOJS TPHUBOJHOTO CJIOS aTMoc(epbl Haa MOpPeM
(bopMHUpYIOTCS TMPEUMYIIECTBEHHO 3arpeOHEBBIMU BUXPSIMU MPHU IITOPMOBOM BOJIHEHUU
[1]. MarautHas CcOCTaBIIIOIIAs TaKWX IIOJieH HampaBlieHa IO OCH BHUXpeEH, T.e.
TOPU30HTAIIFHO U BJOJb TpebHeil. B To ke Bpemsi MX 3IEeKTPUUECKH BEKTOP SIBISETCS
BUXPEBBIM M OPTOTOHAJIBHBIM MarHUTHON COCTaBISIOIIEH. B pe3ynbrate BO3HUKAIOT
YCJIOBUSI PACHPOCTPAHEHMS TOJS KaK BBEpPX, TaK U IO HOpPMald K TpeOHSIM BOJIH,
MOCKOJIBKY BEKTOp moToka momHoctu OMII (BexkTtop Ymona-IloitHTHHrA) omnpeaensercs
BEKTOPHBIM TMPOU3BEICHUEM 3JIEKTPUUECKOTO U MAarHUTHOTO BEKTOPOB, T.€. PACIOJIOXKEH
10 HOPMAaJIH K IIJIOCKOCTHU PACIIOJIOKEHHS 3TUX BEKTOPOB.

2. DJEeKTpOMAarHUTHBIC TOJS IUKIOHOB M (PPOHTAIBHBIX CHUCTEM BBISIBJICHBI
DKCIEPUMEHTAIIBHO U TEOPETHUYECKM HE MCCIENOBANINCH. OIHAKO JKCIEPUMEHTAJIbHBIC
nanueie  [1,2] Takke  CBHUIETENBCTBYIOT O  pacnpocTpaneHun dtux  OMII
MPEMMYILIECTBEHHO B HAIPaBJIICHUH WX [BI)KEHUS, TEM CaMblM OHM  TakKe€ MOTYT
SIBJISITHCS HAJIC)KHBIM UCTOUHUKOM HMH(pOpMaILINK 1J1si TUIAPOOUOHTOB.

3. I'MB, mnponukawmue B BOAHYIO TOJIIy, TaKXe HE Oe3pa3IuyHbl IS
THJIPOOHOHTOB. DTO YCTAaHOBIICHO JJIS psijia BHIOB, Hampumep B pabore [19]. Ha nam
B3IUIsII, HEoOXoAuMOCTh Bochpusitus I'MB o0ycrioBiieHa mpUCYTCTBMEM B HUX 4YacToT,
COOTBETCTBYIOMMUX 4acToTe cepaeunbix cokpamenuid (UCC) u yactore npixanus (YJI).

COOTBETCTBEHHO, TAKUE BO3MYIIEHUS, BUAUMO, HAPYIIA0OT HOpMAIbHYIO pUTMUKY HCC n

yJI.

2.2. PacueTbl MPOHUKHOBEHUS JIEKTpOMarHuTHbIX nosiell KHY-auama3zona B BOJHYO

cpeay

B wHammx 3agavax [pPEeUMMYLIECTBEHHO  NpPEACTaBIsItOT  uHTepec  OMII
TUAPOMETEOPOJIOrMYEeCcKUX mpoueccoB Ha yacrotax 0,1-2 I'm m Ha wacrtorax 6-8 I'm.
Hctounukamu OMII nepBoro amuamnazoHa CUMTAIOTCS MPOLIECCHl B BEpXHEW aTMocdepe, a

OMII 2-ro aunana3oHa — MpoIecchl B Tporochepe.
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OMII nHa yacroTtax 6-8 [’y B COOTBETCTBUM C BKpaTlie OMMCAHHBIMU MEXaHU3MaMU
UMEIOT TOPU30HTAIBHO pacloiaraloiyecs BEKTOpbl MarHuTtHoro mojs. Ha rpanuie
pazzena cpel BO3AyX—BOJa FOPU30HTAIBHBIE COCTABIIAIOIIME MMEPEMEHHOTO MAarHUTHOIO
THOJIs1 PaBHBI MEXy co00i [48]. M3-3a mpakTHYECKH OJIMHAKOBBIX 3HAYCHUIH a0COIOTHOM
MarHUTHOW  MPOHUIIAEMOCTH  TOJy4aeTcsi TakKKe  PaBEHCTBO  T'OPU3OHTAIBHBIX
COCTABJIAIOIIUX MAarHUTHON UHYKIIUH.

Pacuetsl mponukHoBeHus OMII B pasnuyHbie BOJOEMBbI BBIIIOJHEHBI HaMU TIO

u3BecTHOU popmyiie 2.1:

rane h — okBUBaJieHTHas TayOMHAa TNPOHMKHOBeHHMs Toka (OMII) B MaccuBHYIO
MIPOBOJIALLYIO CPENY;

o= 2af — kpyrosas 4acToTa IoJis;

Y — yaelbHas AJEKTpUYEcKasi IPOBOJIUMOCTD;

4 a_— a0CoII0THAsA MarHUTHAas IMPOHHULIACMOCTD.

Ha rnyoune h ODMII 3aTyxaet B € pa3. COOTBETCTBEHHO, TaKas IJIyOMHa Ha3bIBACTCS
TOJIAHOW CKUH-CJIOSI.

Pacuers! riiyOuHBI N BBIMTOJHEHBI ISl BBIICTICHHBIX BBIIIEC YaCTOT MPU  Pa3TMYHBIX
3HaYeHUsX Y (Tabmnmma 2.1).

[Tonyuaercsi, 4YTO Ha UHTEPECYIOIIUX HAC YACTOTAaX TOJIIIMHA CKUH-CJIO0SI IPEBBIIIAET
COTHH METPOB JJIs OOJIBITUHCTBA BOJJOEMOB.

3/1ech, KpOME 3aBUCHUMOCTH OT YacTOTHI, MOJy4Y€Ha 3aBUCUMOCTH OT YJEJIbHOU
ANEKTPUYECKON MNpoBOAUMOCTH. C YyBEIMYEHUEM MPOBOAUMOCTH TOJIIUHA CKHUH-CIIOS

HEJIMHEWHO YMEHBIIAETCH.
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Ta6numa 2.1 — I'myObuna nponrkHoBeHUs (CkuH-cioi) OMIT KHY-nuama3zona

B XapaKTCPHBIC BOJOCMBI

Bomoém ConéHocTh Va. s Yacrora, I'nx
%O HPOBOL. 01 | 05 1 1.5 2 4 6 7 8 10
Cm/m
[pecHsrii - 0.01-0.1 | 5030 | 2250 | 1590 | 1300 | 1124 | 795 | 649 | 600 | 562 | 503
banruiickoe 11 14 1344 | 601 | 425 | 347 | 300 | 212|173 | 160 | 150 | 134
Mope
A3o0BcKoe 12 1.5 1300 | 580 | 410 | 335 | 290 | 205 | 168 | 155 | 145 | 130
Mope
Kacnuiickoe 13-15 1.8 1185 | 530 | 374 | 306 | 265 | 187|153 | 141 | 132 | 118
Mope
Yépnoe mope 18 2.2 1072 | 480 | 339 | 276 | 240 | 170|138 | 130 | 120 | 107
bemnoe mope 25 2.8 950 | 425 | 300 | 245 | 212 | 150 | 122 | 113 | 106 | 95
bapennueso 25-27 3.0 918 | 410 | 290 | 238 | 205 | 145|118 | 108 | 102 | 92
Mope
(mpubpexHbie
BO/IbI)

O06001IeHHOE pacipeesIeHHe TONIINWH MPEACTaBICHO Ha pucyHKe 2.1,

Ha pucynke 2.2 noka3zaHa U3MEHUYHUBOCTh TOJILIUHBI CKUH-CJIOS JIJIsl PECHOBOAHBIX
BOZ0eMOB. PacueTsl BbINONHEHB! 1751 3HaueHus: npoogumoct 0,1 Cm/m. BeineneHubie
gacToTel OMII THIpPOMETEOPOSIOTHYECKUX IPOLECCOB  34€Ch MOIYT IPOHHUKATh
MPEUMYIIEeCTBEHHO 10 aHA. Hampumep, mms o3epa baiikan (cpemusis riayomna — 730

METPOB, MaKkcuMaibHas — 1640 m).
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Pucynok 2.1 —TonmuHa CKUH-CIIOS 711 HEKOTOPBIX Moper P® mpu pa3nmuyHbIX 4acToTax
OMII. O6o3Hauenus: 1— bantuiickoe Mmope; 2 — A3oBckoe mope; 3 — Kacnimiickoe mope; 4

— Yepuoe mope; 5 — benoe mope; 6 — bapentieBo Mope (IIpuOpeKHBIC BOJIBI).

h M
500071

40007

30007
20001

10007

0105 1 1,52 4 6 7 8 10 f£Iny
Pucynok 2.2 — TonmmuHa CKMH-CII0S B IIPECHOBOAHBIX BOIOEMAX IPH Pa3IMUYHBIX

gactortax DOMII.

B cooTBeTcTBHH C BBINOJHEHHBIMHA pacd€TaMu MOXKHO 00OCHOBAHHO moJjiaraTtb, 4TO

€IMHCTBEHHBIM HAJECKHBIM HCTOYHHUKOM HMH(OpMaIMM O MpoIeccax HaJl MOPEM CIIyXKat
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OMII KHY-guama3ona, BO30yXJgaeMble MpU TaKUX IIporeccax. IOTa HHGOpMaIUs
OCOOEHHO BaXXHA JUIM JKUBOTHBIX, OOHUTAIOIIMX B 30HAX JIUTOpPAIM U OJMKHEH

CcyOJIUTOpaH, MOCKOJIBKY MO3BOJISIET UM U30€KaTh BO3MOXKHOM TMOENH B IEPUO/I IIITOPMA.

2.3 BeposiTHbIE MEXaHU3MBI PEAUYBCTBUS THIPOOUOHTAMU U3MEHEHHIM

TUJPOMETEOPOTIOTUUECKUX YCIOBUM B Cpejie OOUTaHUS

Kak y»xxe roBopumnocs panee B padote, EOMII KHU-ananazona ajist MHOTUX dKUBBIX
CYILIECTB, & B YACTHOCTH THUJIPOOHMOHTOB, SIBJISIOTCA MOYTH €IUHCTBEHHBIM HCTOYHHUKOM
nHpopmaluu 0 OMOJIOTMYECKH 3HAYMMBIX OMACHBIX sBIeHUsX. OIHAKO KakK MOKa3alu
nocieAHre ucciaenoBanus [49], BocmpusATHE BapHamMid  AJICKTPHYSCKOTO  IIOJIA,
BO30YK/1a€MbIX THIPOMETEOPOIIOTMUECKUMU MPOIIECCAMU HANIPSIMYIO MJIM OTIOCPEI0BAHHO
yepe3 [IeMII 3Ttux npoueccos, SIBISIETCA HE €AMHCTBEHHBIM MEXAHU3MOM MPEAYYBCTBUS
rUAPOOMOHTAMU UX TIpUOIMKeHus. OKa3aaoch, YTO JOCTATOYHO 3HAYUMYIO POJIb UTPAET
npsmas pereniust cBepxcnadbix [leMII (emununbl u necarku HTI), BO30YKIaeMbIX
TUAPOMETEOPOJIOTHYECKUMU  Tporieccamu. Kpome Toro, Obla BbISBICHA BBICOKAs
YYBCTBUTEIHHOCTh HEKOTOPBIX THIpoOnoHTOB K [TeMII B o6mactu 'MB.

PaccmatpuBas BOmpoc O BEPOSTHBIX MEXAHU3MAX IMPEIYYBCTBUS, CIEAYET
BCIIOMHMTBH UMS TaKOT'O BblJIatolerocs yueHoro kak A. JI. UnkeBCKuid, KOTOPBIM BIEPBbIC
3aHsUICS TIPOoOIeMaMu CBsI3U OUOJIOTHYECKUX MTPOIIECCOB M COJIHEUHON aKTUBHOCTH M BBEII
MOHATHE JI0 CUX MOp €IlI€ HE pas3rajlaHHoro Z-gaktopa, NbITasiCh OOBSICHUTh MEXaHU3M
npeauyBCTBHs CoiHEYHbIX Bembimek [50,51]. Ha npumepe kopunHeOGakTepuii OBLIO
MOKa3aHO, YTO HEKOTOPbIE OPraHU3MbI "UyBCTBYIOT" COJIHEUHBIE BCIBIIIKY 3a 4-5 THEH 10
HaOMIOJICHUST MX acTpOoU3MYECKUMHU METOJaMH, IIOYTH 3a HEJAeI J0 Havaja
COOTBETCTBYIOIIMX TEOMAarHUTHBIX BO3MyIleHui. Takum oOpasom, YmkeBcKui
MIPEOJIONKHUII, UYTO HEKOTOPOE HEU3BECTHOE Z-U3TyUYEeHHE MUCXOJUT U3 TIyOMHHBIX CJIOEB
ConHlla ¥ npeauecTByeT Ha4Yally PErUCTPUPYEMBIX U3MEHEHUW aKTHUBHOCTHU (IOSBICHUE
nareH). [1lodToMy MOXXHO TPEANONOXKUTh, YTO 3TOT Z-(haKTop BIUSET HAa MHOTHE

IIPOIIECCHI, MPOUCXOSIINE Ha 3eMIIE.
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Peakiusi 6M000BEKTOB HA MarHUTHbIE OYpH, a TAKXKE CYIIECTBOBAHUE HEKOTOPOIO
Z-u31y4eHuss MOTYT OOBSACHSTHCS PE3OHAHCHBIM OTKIMKOM Ba)KHEWIIIMX OPraHoOB U
CHUCTEM JKHMBOTO OpraHM3Ma Ha yCWJICHHE JIMHHONMEPHOIHBIX Kosebanuii MII3 kak BO
BpeMsi Oypb, TaK W B HEKOTOPBIX Ciy4asx — J0 HuX. [IpUuYmHON BO3HMKHOBEHUS
pea0ypeBbIX JUTMHHOMIEPHUOMAHBIX OCIHIIIISAIMNA TEOMArHUTHOTO IO MOXKET SBISTHCS
CMEHA OCLWUIITOPHOIO pPEXMMa COJHEYHOTO BETPa 3a HECKOJIBKO JHEW N0 INpUXoAa

I‘COB(b(i)eKTI/IBHBIX IIOTOKOB COJIHCHHOI'O BCTpa K 3emiie.
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3. Pa3paGoTKa HOBBIX TEXHOJIOTH MPOBeAeHUNA (PU3NUECKUX IKCIIEPUMEHTOB C

rUJIpOoOHMOHTAMHU

3.1 HoBble 3KcriepuMeHTaNIbHbIE YCTAHOBKH JIJISl IPOBEACHUS UCCIIEI0BAaHUIN

3.1.1 YcranoBka it onpeeieHuid ABUTaTeIbHON aKTUBHOCTH COMOBBIX PhIO MpH

BOSI[@fICTBHH MNEPEMCHHOTIO SJICKTPHUICCKOI'O ITOJIAA

JUist u3ydeHus BIMAHMS DSJIEKTPOMArHUTHbIX mojed Ha J[A ruapoOMOHTOB B
KayeCTBE MOJONBITHBIX OMOJIOTMYECKUX CHUCTEM HCIIOIb30BAINCH HEOOJBIINE CKOIICHUS
3010TUCTBIX coMHKOB (Corydoras aeneus), Kak IpeICTaBUTENEH 3JIEKTPOUYBCTBUTEIBHBIX
ppi0. Crenyer OTMETUTb, 4YTO HCCIEAOBAaHUS MPOBOJAMUIUCH C pPbIOAMH pPA3IHYHBIX
BO3PACTHBIX KaTErOpUH, a TAKXKE HE YUHUTHIBAIACH I10JIOBAS NPUHAIJIEKHOCTH, II0ITOMY
MOXHO TOBOPUTh OO0 YHUBEpPCAJIbHOCTH IIOJYYEHHBIX JAHHBIX. OKCIEPUMEHTHI
MPOBOAWINCHL B TMPOAOJILHOM OacceiiHe niuHOM 186CM, pa3lieleHHOM BHEIIHUMU

oTMeTKaMH Ha 4 oguHakoBbie ceknuu A, B, C, D. (Pucynok 3.1).

AT A . reHepaTop
COIIp OTHE JICHHH
1
Ja-al B 4 B e
i T - a2

A B C D

Pucynok 3.1 — Cxema yCTaHOBKH C MPOJA0JIbHBIM aKBAPUYMOM.

MopenupyemMoe dJIEKTPHUYECKOE ToJie B OacceiiHe CO3MaBajioCh C TOMOIIBIO
IJIACTUHYATHIX 3JIEKTPOJOB. DKCIEPUMEHTHI MPOBOAWINCH npu yactotax: 0,5; 1; 2; 4; 7
['u. Hampspbkenue co3maBaemMoe B JIKCHEpUMEHTalIbHOM Oacceline cocrtaBisio 0,5 B,

COOTBETCTEHHO, HANPSHKEHHOCTH AIEKTPUUECKOTO 1M0JIs ObL1a paBHa 2,7 MB/cwM.
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3.1.2 YcraHoBKa /15 OTIpE/ICIICHUI IBUTATEeIbHON aKTUBHOCTH COMOBBIX PBIO MpH

BO3JCHCTBUH INEPEMCHHOI0O MAaroHuiTHOT'O I10JIA

[TeMII B OacceifHe €0O31aBaJIOCh C TOMOIIBIO COJCHOWIA. DKCIEPUMEHTATHHBIN
OacceilH pacmonarajics BHYTpU coieHouja. C(CxemMa ©  oOumMi BHUJ YCTAaHOBKHU
npeacTaBieHbl Ha pucynkax 3.2 u 3.3. UccnenoBanue mpoBoamiochk npu dactorax: 0,5; 1;

2:4; 7,10 I'm.

MMarazinH

CONPOTHBNEHU i Bomnuerp)

Conenong

leneparop

Ocumanorpad

Pucynok 3.2 — CxeMa yCTaHOBKH.

Pucynox 3.3 — OOuuii BUJ yCTaHOBKH.

[Tpu 3amaBaemoii cuse Toka 25 MKA mMarHutHast MHAykuus coctasisuia 100 aTm.
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3.1.3 ABTOMaTI/IBI/IPOBaHHOG OIIpCACIICHHUC ﬂBHFaTCHLHOﬁ AKTHBHOCTHU KApPIIOBLIX U

COMOBBIX pBI6 C IIOMOIIIBIO BUACOKAMCPBI

Hnsa uzydenus: Bnusaus ['MB na JIA ruapoOHOHTOB ObUIM BBIOpaHBI KapIrioBbIE
peIObI Kak Haubojee pacnpoCTpaHEHHbIE B CHCTEMaX AaKBaKyJIbTYpbl, OJHAKO JIJIs
HEKOTOPBIX SKCIIEPUMEHTOB OBLIM B3ATHl COMHUKH 30JIOTHCTHIEC, B KadyecTBe HauOoliee
JOCTYIIHOTO BUJA COMOBBIX DPbIO. McciemoBaHusi MPOBOIMINCH B 3KCHEPUMEHTATBHOM
Oacceline ¢ pasmepamu 260x370x165MM, KOTOpBIN pa3jeieH Ha IIECTh OJWHAKOBBIX
cekmuii A, B, C, D, F, E (Pucynox 3.4). BmepBbie B XOJe¢ JKCIEpHMEHTa Oblia
MCIIOJIb30BaHA aBTOMATHYECKasi CUCTEMA PETUCTPALMU BUACOKAMEPOM, pa3MELICHHOW Haj
0acceliHOM ¢ BO3MOXHOCTBIO €IMHOBPEMEHHOI'O HAOIIOACHUS BCEH aKBaTOPHUH, IIPU 3TOM
BHJIEOKaMepa ObUIa MOJKIIOYEHA K YIOPABISIEMOMY TaillMepy ITOKaJIpOBOW CHEMKHU C
NOCHEAYIOLEH Mepeaauell MOMy4YeHHbIX KaJapoB H300paxeHus /A ruapoOHOHTOB Ha
NIEPCOHATBLHBIN KOMITBIOTED JUIS AalibHewmero ananms3a [52]. TexHndeckuM pe3yabTaToM
JAHHOTO PEIICHHUS SIBISIETCS BO3MOXXHOCTh aBTOMATHYECKON pPErucTpanuu nepeMerieHuii
rUIpOOMOHTOB B 1a0OpaTOpHOM OacceilHe uepe3 3a/laBaeMble BpEMEHHbIE MHTEPBAJIbI U B
TE€YEHUE JJTUTEILHOTO BPEMEHHU.

CxeMa ycTaHOBKH TNpUBEJIEHA Ha PUCYHKE 3.9, a Ha pucyHke 3.7 — ee Gororpadus.

Ha pucynke 3.6 mokazana KapTHUHKa BUICON300paKEHUS PACTIONOKEHHSI PhIO MPU ChEMKE.

Pucynok 3.4 — Cxema pa3jiesieHus SKCIEePUMEHTAILHOTO aKBapryMa Ha CEKIIUH.
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Pucynok 3.5 — CxeMa ycTaHOBKH.

Pucynox 3.6 — I[Ipumep Bumeon3zodpaxxeHusl.
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Pucynok 3.7 — ®otorpadus skcriepuMeHTaIbHOM YCTAHOBKH.

Ha xaxxmom Buaeokaape OINPEAeIsIIOCh KOJWYECTBO PbhI0O B Pa3HBIX CEKIUAX
akBapuymMma. Ecnu peiba ¢ukcupoBanach Ha TpaHMIIE CEKIIMM, TO K KaXKJOW U3 TPAaHUYHBIX
cexkimii no6aBnsiock 3HadeHue 0,5. M3MEHYMBOCTH pPACTONOXKEHHUS] PBHIO OT OJIHOTO
BHJICOKapa IO TIIOCJICAYIOMIETO0 XapaKTEPU30BajI0 HWHTECHCHUBHOCTh TIEPEMCIICHUNA B
eauHUIly BpeMmeHu (1MuH), KoTOopas uHTeprpeTupoBaiack kak A R; M3meHuHMBOCTH
XapaKTEepUCTHKU R; 3a Bce BpeMs DJKCIIEPUMEHTa aHAJIM3UPOBAIOCH B CBSI3H C
JCHCTBYIOIITUMH €CTECTBCHHBIMA WJIM HMCKYCCTBEHHBIMHU (hakTopaMu. (OCBEIICHHOCTh
OacceitHa, TeMrepaTypa U COCTaB BOAbI COXPAHSIIUCH TTIOCTOSTHHBIMU.

B kagecTBe OHMoOIOTMUYECKMX OOBEKTOB HCcCiemoBaiack cras u3 8 poi0. [lepuon
ajantauuu coctaBui 15-20 MUHYT moOcie mepeMerieHus phl0 B 3KCIEPUMEHTAIbHBIH
OacceitH. DKCIepUMEHTHI MPOBOJUIUCH TPU PA3TUYHBIX TEOMATHUTHBIX U TOTOJIHBIX
ycrnoBusix. JlaHHBIE O TEOMarHWTHBIX BO3MYIICHHUSX Ha BpeMs OKCIEPHUMEHTOB
UCTOJb30BaIKCh U3 obcepBatopun Comankions (Ounmsaaus) (Www.sgo.fi). Jlanusie o
XapakTepe TOroJbl OBUTM B3ATHI C calfTa METEOpOJIOTHYECKOro IieHTpa [epMaHuun
(www.wetterzentrale.de), a Takxke wu3 cuHONTHYecKHMX KapT CeBepo-3amagHoro

VYnpasnenus Pocrugpomera.


http://www.sgo.fi/
http://www.wetterzentrale.de/
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3.1.4 ABTOMaTHYECKUI METOJT PETUCTPAIIUU ABUTATEIbHON aKTUBHOCTH KAMUYaTCKUX

KpaboB

HccnegoBanuss NpOBOAWIMCH Ha JA0OPAaTOPHOM YCTaHOBKE B MypMaHCKOM
MOpCKOM OuosorndeckoM uHCTHTYTe Kombckoro Hayunoro nentpa PAH (Pucynox 3.8).
JlaHHast ycTaHOBKA MO3BOJIsIa perucTpupoBath 1A kpaOoB B aBTOMaTHYECKOM pexkuMe. B
KaueCTBE pErucTparopa B NEPBOM CEpUU SKCIEPUMEHTOB MPUMEHSJICA CKOPOCTHOM
camoIucel, BO BTopoil cepun — nepcoHanbHblii kommnbroTep (I1K) ¢ ananoro-uugpossim
npeodpazoBarenem (AIIIT) Ha Bxoge. MckyccTBEHHbIE MAarHUTHBIC TMOJSI CO3/IaBAIUCh C
NOMOUIbIO COJICHOM/A, B KOTOpbIM momemasncss OacceilH ¢ kpaboM. ConeHoup
NOJIKJIIOYAJICsl K TEeHepaTopy KpallHe HU3KMX 4acToT. MarHuTHOEe MoJjie B COJICHOUJE

COOTBETCTBOBAJIO €CTCCTBCHHBIM ITIOJIAM.

Pag0EaTENE MSTHEH Kpab
Peructparop ConeHoHn
N
I'eneparop

Pucynox 3.8 — Korcrpykuust 1a00paTopHO yCTaHOBKH.

Kak cnenyer u3 npuBeeHHOTO OMMCAHUSA JIAOOPATOPHOU YCTAaHOBKH, IIOMEIICHHBIE
B Hee KpaObl HMCHBITHIBAIOT BIIMSHHE BHEIIHMX YCIOBUM CPAaBHMMOE C YCIOBUAMH HX
€CTECTBEHHOT0 Mecta oOuTaHus. [lnsi mpoBeneHUs SKCIEPUMEHTOB HCIOJIb30BAUCH
KaMuaTCKue KpaObl, aJanTHpOBaHHbIE K YCJIOBHSIM MpeObiBaHus B bapeHiioBom mope.
Perucrpanus JIA Benach B aBTOMaTHYECKOM PEKHUME.

JIns mecnenoBaHus BO3AEUCTBUSA UCKYCCTBEHHOTO IEPEMEHHOTO MATHUTHOTO TOJIS
BOKpPYTI' OacceiiHa pa3Melaicsi COJIEHOUI, [0 KOTOPOMY MPOMYCKAJICS TOK KpaiiHe HU3KOM

JaCTOThI HA 3a1aBaCMbIX JUCKPETHO YaCTOTaXx. YacToTsl BBI6I/IpaJ'II/ICB N3 qualria3oHa OT 0,1
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I'm o 15 T'u. CoOTBETCTBEHHO, MAarHUTHOE IOJi€ B COJICHOMJE PACCUUTHIBAIOCH IO

BEJIMYMHE TPOIYCKAaeMOT0 TOKA.
3.2 MeToauku MpoBeIeHUs SKCIIEPUMEHTOB

CyTb METOIMKU MPOBEJEHUS IKCIEPUMEHTOB C KApIOBBIMU U COMOBBIMHU phlOaMu
3aKJII0Yaach B CIEIYIONIEM: B MOMEHTHI BpeMmenH tl, t2,....th onpenensnoch KOJIUYECTBO
ocobeil B kaxaoil cexuuu. Onpenenenne J[A naunHanmuce vepe3 20-30 mMuHyT mociie
MOMEIIeHHS b0 B OacceiH juist ux agantanuu. OnbIThl TPOBOIMINCH C IUCKPETHOCTHIO |
MUH.. Eciu ppl0 B Kakoi-nmubO ceKluu He ObUI0O B MOMEHT PErUCTpaldh, TO 3TO
coctosiHue 0003Havyasioch 0. JNIMTENbHOCTh KaXKI0TO SKCIIEPUMEHTA COCTaBJIsIa HE MEHEe
3 uvacoB. B ciuywae c¢ IleMIl u IleDIl omnpenensuiuch peakiuu COMOBBIX PBIO Ha
OTCYTCTBUE BO3ACHCTBUS TOJIsI (MEPBBIM KOHTPOJIb), HA MPEIBABICHUE MO (pEeakiusi) U
Ha MMOBTOPHOE OTCYTCTBUE BO3JICUCTBUS (BTOPOM KOHTPOJID).

Pacuer JIA npoBoauincs no ¢opmyne (3.1), rae A mpencraBiser codboit cymmy
BCEX pa3HOCTEN mapbl oTcueToB +0.1 i Kaka0ro caaraemoro:

Aa+Ab+Ac+Ad =R (3.1)

r1e Aa=|(a —a,)+01; Ab=|(b, -b,,)+01; Ac=|c,—c.,)+01;

Ad =|d, —d,,)+0.1.

i+1

3neck Rj — XxapakTepucTHKa aKTUBHOCTU MEPEMEIEHUSI PhIO U3 CEKIIMH B CEKIIHIO;
en. 1A, npu xonmdecte puid N = const; a, b, ¢ u d ¢ unaexcamu (i) u (i+1) — komuyecTBO
pBIO B KOXKJIOM M3 CEKIMii B MOMEHTBI BpeMeHH 1 U i+1, COOTBETCTBEHHO.

CrnenoBarenbHO, Mojydaembie psiabl Rj xapaktepusytot A pbid v €€ U3MEHYHUBOCTD
3a BpeMsl IKCIIEPUMEHTA.

Hcxonuple psapl aKTUBHOCTH KpaOoOB OBUIM TIOJNYYEHBI ITyTEM MPOBEICHUS
skcniepuMeHTOB B OacceitHe (m 3.1.4). Ilpu BBINOJHEHWH DKCICPUMEHTOB KpOME
u3Mmepennii camoit JIA kpaGoB ompenemsuiich Takue (HaKTOphl, Kak aTtMocdepHoe
JaBJ€HUE, TeMIlepaTypa BO3/yXa, TUIbl OapUYECKUX OOpa30BaHUIl HaJ HCCIeIyeMOi

obrnacteio. Kak yxe ynomuHanoch panee, aTMoc(hepHble YCIOBHS OKa3bIBAIOT HE MPSMOE
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BJIMSHHUE Ha TOBEJCHUE KMBOTHBIX, a KOCBEHHOE — 3a cueT ¢opmupoBanus IMII KHY-
JMana3oHa, CIOCOOHBIX MPOHUKATh B MOPCKYIO BOJIY Ha CPAaBHUTEIHHO OOJIBIINE TTyOUHBI
(mo 100 ™). Taxkke mnpu NPOBENECHUH HCCICAOBAHUN YUYUTHIBAJIACh OCBEIICHHOCTD,
MIOCKOJIbKY YacTh >KU3HEHHOW aKTUBHOCTH M3y4aeMOTO BUJa KpaOOB MPOUCXOIUT BECHOM
Y JIETOM Ha MaJIbIX TNIyOMHaX, KyJia MPOHUKAET JOCTATOUYHOE KOJWYECTBO IHEBHOTO CBETA.
DTO TOKa3bIBa€T HEOOXOAMMOCTHh ydeTa psna (pakTopoB MpU TNPOBEICHUM aHAU3a, B

IMPOTUBHOM CJIy4daC MOT'YyT OBITH CACIaHbl HCBCPHLIC BBIBOIBI.

3.2.1 Kpurepuu nono6usi mpu MOJECIMPOBAHUN BO3JICUCTBUS 3JIEKTPOMArHUTHBIX TOJIEH

TUAPOMCTCOPOJIOTrHYCCKUX IMTPOUCCCOB HA FI/II[pO6I/IOHTOB

3ajaya TOWCKa KPUTEPHUEB MOJ00US MPU MOJCIMPOBAHUN BO3JIEUCTBHS BHEIIHUX
(akTOopoB Ha  OHMOJIOTMYECKHE  OOBEKTHl  SBJISIETCS  BEChMa  HETPUBHUAJBHOM.
JleficTBUTEIBHO, paHee MOA00HBIE BOMIPOCHI MPOCTO HE PACCMATPUBAJIMCH: CUUTATIOCHh KaK
OBl camMO cOOO¥W pa3yMEIOIIMMCS, YTO BO3JICUCTBHE B JTAOOPATOPHBIX YCIOBUSX SIBISETCS
MOJHOCTBIO aJI€KBATHBIM BO3JICUCTBUIO MPU U3MEHYUBOCTU MPUPOAHBIX (akTopoB. B
YaCTHOCTH, 3TO HANpSIMYyK KacaeTcs BO3AEHCTBUS anekTpomarHuTHeix OMIT KHUY-
nuariazoHa Ha ouosiorndyeckue cucteMsl (bC).

OnHako psii UMEIOIIMXCS AKCIEPUMEHTANbHBIX JaHHBIX, B TOM YHCJIE€ — JaHHBIC
aBTOpa, TMO3BOJIIET YCOMHHUTBHCS B MOJOOHOM aJeKBaTHOCTU. DTO MPUBOAMUT K 3ajade
nmoucka HauOosiee 1LenecooOpa3HbIX YCJIOBUH  MOJEIUPOBAHUS  BO3JEHUCTBHUA €
COOTBETCTBYIOIIUMH KPUTEPUSIMH TTO00MS.

Ee pemienne, mnmo-BUAMMOMY, BO3MOXXHO JIMIIb MYTEM IMOCIEI0BATEIbHBIX
npubmmkeHuid. B cwily MHOTMX  HESCHOCTEM C  MEXaHU3MaMH  BOCHPUSITHS
ouonornueckumu odbekTamu OMII kputepun momobus B HacToAIIee BpeMs HE MOTYT
OBITh OJTHO3HAYHO copmyiaupoBaHbl. Ha oCHOBaHMM HMMEIOIMIMXCS JAHHBIX JIO00H W3
MOJOOHBIX OOBEKTOB IIEJIECOO0OPA3HO paccMaTpPUBATh KaK HEKOTOPYIO OUHAMUUECK)HO
cucmemy, OIHKCHIBAEMYI0 B OOIIEM cilyyae — HEJIMHEWHBIM, a B YAaCTHOM Cilydae —

JUHEHHBIM auddepeHInanbHbpIM YpaBHeHHEM N-To nopsaka [3.2]:
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n n-1
T d RST) +T d f_&r) . +T1M+ R(t) = Kg,, X (1), (3.2)
dt dr dr

rae T — xoadduimeHT (B COOTBETCTBYIOIICH CTENEHHU), UMEIOUINNA Pa3MEPHOCTH
BPEMEHU Y DKBUBAJICHTHBIA TEXHUIECKOMY MOHSATHIO ITOCTOSTHHASI BPEMCHI |

R (1) — peakuus 6M000BEKTa HA BO3ICHCTBHE;

X (t) — BO3ACHCTBYIONINI CUTHA,

Kr/x— K03 (PUIIMEHT COOTHOIICHHSI pEaKIUs/CUTHAIl B CTATHYECKOM PEXUME.

B mpocrTeiinem ciy4ae CUCTEMBI TIEPBOTO MOPSIKA 3TO CTAHOBHUTCS ypaBHeHHEM [3.3]:

dR(x)

T +R(1) = Ky, X (7) (3.3)

Takolf OAXOI K PacCMOTPEHHUIO SIBISIETCsS Hanboliee MPOIYyKTHBHBIM, MOCKOJIBKY
MO3BOJISICT yBSI3aTh CIEKTPAIbHBIE XapaKTEPHUCTUKU BO3ACHCTBYIOIIUX CUTHAIOB |
CIICKTPAJIbHBIC XAPaKTEPUCTUKU peakiuidi. PeleHne ypaBHEHHS HAXOIUTCS IyTEM
BBCJICHUS KOMIUICKCHOW mepeaarounol ¢ynkuun F(io), cocTaBisiommMu KOTOPOH
SIBIISTIOTCS: aMIUIMTYIHO-4acTOTHass Xapaktepuctuka (AYX), T.e. momyns |F(io)| , u
dazoBo-uactotHas xapakrtepuctuka (DPUX) — ¢(im). OTMedyeHHas BbIIIC CBS3b
CTIIEKTPAIBHBIX XapPaKTEPUCTUK BO3JCHCTBYIONIMX CUTHAJIOB M PEAKIMA THUAPOOHMOHTOB

IIPU TAKOM PAcCCMOTPEHUH OyIeT BeIpakaThcst B Buae [3.4]:

SR(co):|F(ico]28X(m), (3.4)

rae S(w) — (yHKIUM COeKTpaJbHOW IUIOTHOCTH pPEaKIMH WM CHTHajla B
COOTBETCTBHU C MHJIEKCOM.

KpoMe CrHekTpaibHBIX HCKOKEHUH B HSKCIEPUMEHTaX «BO3JCUCTBUE-PEAKIIHS»
BO3HHUKAIOT (pa3oBble MCKakeHUs. OHu oneHuBarorcss OUX nuHamudeckoil cuctemsl. B

cllydae mpocTelIinel TMHeHHOM crucTeMbl mepBoro nopsaka ®UX umeer Bux [3.5]:
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o(w)=-arctg(oT,) , (3.5)

rne o= 2nf — kpyrosas yacrora;

T, — mocTosiHHAs BpeMEHH (MPOMEKYTOK BPEMEHH, 32 KOTOPBI HCXOIHAS Pa3HOCTh
MEX/y BO3JCHCTBUEM M PEaKIMEH YMEHBIIUTCS B «&» pa3). [logpoOHee 00 3TOM MOKHO
mocMoTpeTh B padote [10].

Bce at0, mo-npexxnemy, npu Kg,, =1, a ¢a3oBblii CABUT — B YIJIOBBIX Ipaaycax.

OpHako mpeAcTaBiseTCs, YTO OHOJOTMYECKHE CHUCTEMBl BpsSJ JIM  OIMUCBHIBAIOTCS
TuHeHHbIMU  JuddepeHunanbHbiMU - ypaBHeHUsAMU.  Kakoi-nmmbo  nmpuHUMNHATBHON
HOBU3HBI B 3TOM HET — HEJIUHEHHBbIE TUHAMUYECKHUE CBSI3U B OMOJOTMYECKHX CUCTEMAX
U3Yy4aJIUCh, HaNpuUMep, MPUMEHUTENIbHO K OMOJOTMYECKUM MeMOpaHaM U pa3in4HbIM
BUJaM OMOXMMHUYECKHUX peakiuii (cM. Hanmpumep [53]). Tem He MeHee, UCTIONBb30BaTh ATH
pe3ysbTaThl B 33Jauax aHajau3a IOBEJCHUS )KUBOTHBIX, B YaCTHOCTU — I'MIPOOMOHTOB, HE
npencTaBisieTcs Bo3MOKHBIM. HeoOxonum HekoTopwiii Oonee obmmii nmoaxon. U, mo-
BUJIMMOMY, HauOoJjiee pa3yMHO paccMaTpuBaThb TaKHe OOBEKTBI, a TaKKe TIpPYMIbI
00BEKTOB, KaK KHOCPHETUUECKUN «UEPHBIN SIIUK» C U3BECTHBIM CUTHAJIOM X(T) Ha BXOJIE

(Bo3nelicTByIONIHMIA (haKTOP) U PETUCTPUpPYEeMOit peakiuerd R(t) Ha BeIxoze (pucyHok 3.9).

T R(T)
Ol B S

Pucynok 3.9 — buonoruueckas cucrema bC (00bekT, rpymnmna 00beKTOB)

KakK «qepHHﬁ SITHAK .

Panee Takoi moaxox yxe npesyiaraics B padote [12]. [Ipu sToM paccMaTprBauCh
HE TOJIBKO JMHEWHBbIE AWMHaMu4eckue cBoiictBa bC, HO W mpeanojarajioch Haauyue
HEJTMHEWHBIX CBOMCTB. OJHAKO AKCIEPUMEHTANIbHBIC MOATBEPKICHUS ObLIN MPUBEICHBI

JIMIIb  AJIA (1)I/ISI/IKO-XI/IMI/I‘{€CKI/IX cucteM. B HaCTOHHlefI pa60Te PacCMAaTpUBAIOTCA
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pe3ynbTaThl WU3y4YEHUs HEIWHEHWHbIX IuHaMuuyeckux cBoicTB y BC (00bekT, rpymnna
00BEKTOB).

@u3nyecKnii CMBICII  PacCMAaTPUBAEMOr0 TOAXOJa COCTOMT B TOM, 4YTO
Ouonoruyeckuii OOBEKT, Ha HaIl B3IJIAJ, HE MOXET pearupoBatb Ha JOObIe
KpaTKOBPEMEHHBIC M3MCHEHHsI BHEITHUX (hakTOpoB X(T) (Ha «T000H YMX)»), TTOCKOJIBKY
OTCYTCTBYET XOTh KaKON-IMOO CMBICT TAKUX PEAKITUN — CIIMITKOM OOJIBINAS «ITYTJIHBOCTHY
HUKAK HE SIBJISIETCS TOCTOMHCTBOM B OMoJiorMueckoM mupe. Peakius Gpopmupyercs nuiiib
MOCJIe OMpEACICHHON JIUTEILHOCTH BO3EHCTBUS («HAKOIUIEHHE UH(POPMAIIUK»), BOIPOC
KE: a Kakoil HMEHHO JUIMTEIbHOCTH, — TMOJUISKUT U3y4YeHHI0. Peakuus MOXKeT
(hOpMHUPOBATHCS B CAMOM MPOCTEHIIIEM ClTydae MPOCTO € 3aJICPKKOM BO BpEMEHH — TOT/Ia B
MIPUBEJCHHOM YPaBHCHHH CIIEyeT YYHWTHIBATH JIMIIL TEPBYIO NMPOU3BOIHYIO. Peakims
MOKET UMETh 00Jiee CIOXKHBIA XapaKTep, B TOM UYHUCJIE — C PE30HAHCHBIMU 3(deKTamu,
TOT/Ia HEOOXOIMMO YYUTBHIBaTh CTapIIUEe MPOU3BOJAHBIE. I B TOM W B JIpyrom ciydae
HEO0OXOJMMO YUUTHIBATh HETMHEHHBIE 2(P(HEKTHI.

B OGuodusnyecknx ucciaeqoBaHUSX BBEJICH TaK HAa3bIBAEMbIN «JIATEHTHBIN MEPHOIY.
OOBIYHO DTO @peMs MeHcOy HAYAIOM OelUCmEUs HEeKOMOopo2o pazopaxcumens u
B03HUKHOBEeHUeM omeemHuol peakyuu. IIpyu u3ydeHnn peakiuii rTupoONOHTOB JaTCHTHBIC
MIEPUOJIBI OTIPEACISUIACH JIUIThL Ha BO3JCHCTBHE MOCTOSTHHBIM (DAKTOPOM, T.€. CHTHAJIOM
MPAMOYTOJIbHON (POPMBI («CTUMYJIOM»), BEIHMYMHA KOTOPOTO HE MEHSETCS BO BPEMCHHU
(cm. Hanmmpumep [19]). Tam ke [19] paccmaTpuBaeTcs pa3indre peakiuii THIpOOUOHTOB Ha
MOJISIPHOCTh  JISUCTBYIOMIETO CTUMYyJAa. Pa3nuumsi B TOJMSAPHOCTH OMNPEICICHBl Kak
«AHOJUYECKUN CTUMYID» M «KATOJUYECKUNA CTUMYID», MPU ITOM HAOMIOJAINCH PEaKIINH,
MIPOTHUBOIIOJIOKHBIE 110 3HAKY («TOPMOKEHHUEY TUOO0 «BO30OYKICHUE) ).

[Ipy mepeMeHHBIX 3HAKaX «CTUMYJIOB», COOTBETCTBCHHO, (OPMHPYIOTCS
MePEMEHHBIC BHUJIBI PEAKINi, T. €. PEAKIUU «OTCICKUBAIOT» U3MEHEHUS CTUMYJIOB (CM.
Tam ke [19]). DTu «oTciexuBarOIIMe) U3MEHEHUS HAOII0MAIOTCA MPU OYEHb HU3KHUX
4acTOTax.

OnHako B HAmUX HWCCIEAOBAHUSAX HCIOIH30BATUCh TEPEMEHHBIE BO BpPEMEHU
CTUMYJIbI PA3JMYHbIX, B TOM YHUCJE — MOBBIIIEHHBIX, YacToT, Hampumep I[leDIl nubdo

[1eMII, u 3a mepuoj BO3AEUCTBUS MOJSPHOCTh CTUMYJA MHOTOKPAaTHO MU3MEHSIIACh (CM.
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nanabie 1 4.2.2, 423 u 4.4). Eciu Obl peaknuyu Ha H3MEHEHHE IOJAPHOCTH OBLIN
OJIMHAKOBBIMH TIO0 BEJIIMYMHE W MPOTHBOMOJIOKHBIMU IO BHIY («BO3OYXIACHUE)» WIIU
«TOPMOXKEHHE Kakou-mnOo ¢Gyukmmm, Hampumep JIA), To obmero pe3yibrara
BO3JICHCTBUSI 3HAKONEPEMEeHHbIM CTUMYJIOM He ObLIO OBl.

OnHako pe3ynbTaThl BO3JCUCTBUS YBEPEHHO BBIABIISIIOTCS KaK B AJIEKTPUUECKOM,
TaK ¥ B MArHUTHOM TOJISIX Pa3JIUYHBIX YaCTOT.

[loHsiTHEe <«IATEHTHBIA TMEPUON», CTPOrO TOBOPS, NPUMEHSETCS JHIIb TMpU
BozjeiictBun Ha BC ne mensarowuxcs 6o epemenu haktopoB. [I[pUMEHSTH €T0 K peakiusm
Ha 3HaKOMEepeMEHHbIE (aKTOPhI C HYJEBOW MOCTOSHHOW COCTABJISIFOIICH, MO-BUIAUMOMY,

HE COBCEM KOPPEKTHO, U B JJAHHOW pabOoTe UCIIONB3YETCS TEPMHUH «3a/I€PHKKA PEAKLIUN.

Henuneiinvie ounamuueckue ceoticmea. Teopemuqec;coe paccmompenue.

Torga nomyyaercs, 4To JMHAMUYECKHE CBOWCTBAa rupoOnoHTOB Kak bC He MoryT
SABJISTHCS JIMHEHMHBIMU, T.€. COOTBETCTBYIOIIMMHU ypaBHeHusM (3.2) wmm (3.3), U ux
peakuusi Ha 3HAKONEPEMEHHBbIH CHUTHAJl MOXET ObITh OOYyCIIOBJI€HA  MOJIbKO
HeNUHEUHOCMbI0 OUHAMUYECKUX CEOUCME.

HenuneltHoCTh TUHaAMHUECKUX CBOMCTB npuMeHuTenbHO K bC Hambomnee BeposTHA
B CIEOYIOUIEM. peakyuss HA 603pacmanue Oeucmsayiouwe2o @Gakxmopa cyuecmeeHHo
ovicmpee, uem peaxkyus HA e20 naodeHue. ITO TPEICTABISAETCS BIOJHE €CTECTBEHHBIM.
JleticTByronuii ¢akTop HeceT B cebe HEKOTOPYIO HOMEeHYUAIbHY0 OINAaCHOCTh, Ha Hee
HaJIo0 pearupoBaTh ObicTpee (HO He cpasy!). YMeHblleHue e ¢akTopa O3HAUYaeT
CHUKEHHUE OIMACHOCTH, HO €IIe Kak Obl JedcTByeT "mamsarh" 00 3TOW MOTEHIMATIbHON
OMACHOCTH, H3-3a YEro peakius okKa3bpiBaeTcs Oonee wmemiaeHHou. s  daxropa,
JEHCTBYIOUIETO MEPEMEHHBIM 00pa3oM (HampuMep, B BUJE BapHallMii MarHUTHOTO TOJIfA)
NoJTydaeTcst Kymyaamuenviti dPPexT, kak 3To nokazaHo Ha pucyHke 3.10. CoOcTBeHHO,

3TO U ABJSETCS pe3yJbTupyoien peakiuen bC.

Ha pucynke 3.10 Bo3meicTByIOmUi MepeMEHHBIM (aKTOp MPEACTaBICH B BHIIC
3HAKOMIEPEMEHHBIX NPAMOY20/bHbIX UMITYJIbCOB MOCTOSHHOM YacTOTHI CJIEOBaHHS CO

CKBa)>XHOCTBIO, paBHOﬁ 2. Kak npaBuiI0, OTACIbHBLIC HMIIYJIbCbl TaKOI'O THIIA
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(((3HO,Z[PI"I€CKPII>1)) h17(8)0) <<K8.TOI[H‘ICCKPIﬁ» «CTI/IMYJILI») HCIIOJIB3YOTCA B TPpAAULUOHHBIX

O0M0o(U3NIECKUX IKCIIEPUMEHTAX C THAPOOHOHTAMM.

«IIpAMOYTOIBHOCTBY B HAlllEM CITydae MPUHLMIIHAIBHOIO 3HaYyeHus: He umeeT. OHa
UCIIOJIb30BaHa ISl HATJSAHOCTH. TOT ke caMblii KyMyJISTUBHBIN 3pdekT hopmupyercs

IIPU CUHYCOUJAIBHOM CTUMYJIE.

3
ey s

1
Pucynok 3.10 — Cxema ¢popmupoBanusi KyMmyasaTUBHOTO 3 dexra. O603HaueHus: 1 —
3HAKOIMEPEMEHHBIN CTUMYII; 2 — peaKlus Ha BO3pacTaHue AeUcTBytolero ¢pakropa; 3 —
peaxius Ha yMeHbIIeHHe 3Toro (akTtopa; 4 — cpenHee 3HaueHue (paxkrtopa; 5 —

kymyJsatuBHas peakuus bC.

Peakunn B BuAE PKCHOHEHT 2 M 3 SBISAIOTCA PELICHUSIMU IMPOCTHIX JIMHEWHBIX
audepeHInaabHBIX  ypaBHEeHUH 1-ro mopsaka (3.3) mpu  pasjMyHBIX MOCTOSHHBIX

BPEMEHH.

OTH pelieHus BRITISIAT CIeayomuM oopaszom [3.6]:

T=T0p

Rl =)= X+ (o =X (36)
-0

RH(T—TOH): Xo+(Xp - Xo)e T

rjae uHAeKCH "p" u "m" OTHOCATCSA K POCTy Bo3nencTByromero (akropa ("p") u ero

nagenuto ("m");
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Xm — BEpXHee 3HaUYeHUEe BO3JIEUCTBYIOLIETO (PaKkTopa;
Xo — €ro HKHEee 3HAYCHHUE;

To C COOTBCTCTBYIOIIMMH HHIACKCAMH — MOMCHTHI Ha4dadjla pOCTa HIIM ITaJCHUA

BO3JICUCTBYIOMIETO (haKTOpa.
T — BpeMms.
T — mOCTOSIHHBIC BPEMEHHU C COOTBETCTBYIOIIMMHU UHICKCAMH.

Pasnnuua xoncrant T npu pocre (T,) u nagennn (T,;), COOCTBEHHO, U ONPEEIAIOT

2 PeKT HAKOIIJICHHS.

Cpennee 3HaueHue 4 mepeMeHHOro Bo3jeicTByromero ¢gakropa 1 (Pucynok 3.10)
OCTaeTcsl 37€Ch HEU3MEHHBIM, HO PEaKIMs OWOJOTMYCCKOW CHUCTEMBI 5 Ha HavYaJbHOM
dTarne BO3ACHCTBHS PacTeT 0 HEKOTOPOI'O ACHMITOTHYECKOTO 3HAYCHHS W Jajiee MpHU

HEU3MEHHOCTH YaCTOThI BO3JIEUCTBYIONIETO (haKTOpa OCTAETCS MOCTOSTHHOM.

EctecTBeHHO TO, uTO M300pakeHo Ha pucyHke 3.10, sBhseTCs BCEro JIMIIb YaCTHBIM
ciyqaeM. Ha 310 HeoOXoaumo oOpaTuTh BHUMaHHE, MOCKOJBKY 30eCb HacblujeHue
CUCTEMBI 3a CUET KyMYJSTUBHOrO 3((eKTa MPOUCXOAMUT BCErO JIMUIb 3d HECKOJbKO
nepuo0os8 BO3JEHCTBYIOLIEI0 NEPEMEHHOTO (paKTopa.

PaccMoTpuM cuTyanuio, Korga pasnuums MEXAy [, U T, CyIIECTBEHHO MEHBUIE.
Omna He CToJIb HamIAIHA, Kak Ha pucyHke 3.10, Ho pe3ynbTaThl pemieHus ypaBHeHus (3.3)
MOJIy4aroTcsl aHanoruuyHbiMU. OJIHAKO 3a MOJYNEepUuos KpuBas 2 He ycnesaem BBIUTU Ha
aCHMIITOTHYECKOe 3HaueHue X, BosuecTByromiero (akropa (Pucynok 3.10).
CoOTBETCTBEHHO, KaK M paHee, BeJeT ceOs 1 KpuBas 3. B TakoM ciydae BOSHHKAET KaK Obl
3amseusanue KymynatuBHoro 3¢gdekra. IIpu 3ToM acUMOTOTHYECKOE 3HAYEHUE PEAKIUU
5 OuojornYeckoro oOBEKTa TOJY4YaeTCs Yepe3 cCyujecmeeHHo 0OoJbuiee KOIUIECTBO
NEpPUOOB BO3JEHCTBYIOMIETO (haKTopa, MpUYeM, YeM MEHbILE pa3Indyusi, TeM OoJblie
MEPUOJIOB JIOJKHO MPOUTH. ITO YPE3BHIUANHO BAXKHBIN ACHEKT, BEJIb B HACTOSIIEE BpEMs
MBI TPaKTHYECKM HE HMEEM IPEJCTaBIEHHs O 3HA4EHMAX KOHCTaHT [, u T, npu

PACCMOTPEHUH OHMOJOTUYECKOTO OO0BEKTa KaK HEIMHEHHOW JIHMHAMHUYECKOW CHUCTEMBI.
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[ToaTOMYy HEBO3MOXHO CyOums O KOHKPETHBIX CBOWCTBAaX MOJOOHOM CHCTEMbI, MOXKHO
JUIIb NPeonoiaeams 3TU CBOMCTBA.

TeM He MeHee, MOXKHO TOJIarath, YTO PEaKIUs HA 3HAKONEPEMEHHBIN CTUMYJ HE
MOXXET BO3pacTarh J0 OECKOHEYHOCTH, a TOJBKO JI0 ACUMIOTOTUYECKOIO 3HAYCHUS,

KOTOPOC YMCCTHO HA3BATb MAKCUMATbHO oxcuoaemoll peakuued.

Kpumepuu. B nanHoit paboTte KpuTepuu Mojo0us NpPEeajiararoTcsi TOJbKO B
npuOImKkeHnd  3(pQEeKTOB TEpBOro MOpsjaKa, COOTBETCTBYMOIIUX pemreHusM (3.6)
ypaBHeHus (3.3). B ecTecTBEHHBIX YCIOBUSX, HallpUMeEp, MPHU MPUOIMKEHUU ITUKIOHA
CYIIECTBYET JUIUTENIbHBINA nepuoj Bo3aencTBus DMIIL. O0o3HauuM Takoit mepuon Kaxk .
COOTBETCTBEHHO, HAKOIUJICHUE PEAKIIMU CBSI3aHO C ATOM JJIMTEIBLHOCTBIO U JEHCTBYIOLIEH
HarpsikeHHOCThI0 DMIT (asekTprueckoro win MarHuTHOro). B ycioBusix nabopatopHoro
AKCIIEPUMEHTA 3a7aBaTh MOI00OHBIE MEPHUOJIBI MATIOTIPOTYKTUBHO.

Ecnu B maGopaTopHBIX YCIOBHSIX 3alaBaTh mepuoi [ ,«T,, TO KpUTEPUH MOJ00US

OynayT BeipaxkeHbl B Buje [3.7]:

TB, =T,B (3.7)

o mm o mi?

rae Bn ¢ COOTBETCTBYIOMIMM HMHIEKCOM — aMIUIMTYJHOE 3HAYCHHE WHIYKIIHH
MEPEMEHHOT0 MarHUTHOTO MOJIs, @ UHACKCHI 03HAYAIOT: 1abopaTopHOe («I») U IPUPOIHOE
(«m») 3HAYEHUST XapaKTEPUCTHK.

[Ipu MomenupoBaHWM BO3ACUCTBUS TMEPEMEHHBIM  DJCKTPUUYECKHM  TOJIEM

aHaJIOTHYHBIC KPUTEPHH OyAyT craeayromumu [3.8]:

o a
THSOTHEmH :TJ'ISOTHEmJ'I (38)
TI€  Eorm —  OTHOCUTENIbHAas  JIUAJIEKTpUYECKass  MPOHUIAeMOCTh  (C

COOTBCTCTBYIOIIIMMU PIHI[@KC&MI/I) Cp€abl B KOTOPYIO ITOMCHICHEBI I‘I/I,ZIpO6I/IOHTBI;
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Em — AMIUIMTYJHOC 3HAYCHHUC HAIPAKCHHOCTHU BOBHGﬁCTBy}OHICFO INEPEMCHHOIO
QJICKTPHUICCKOTO ITO0JIA.

Kpurepwuii (3.7) MOXHO IPOMILTIOCTPUPOBATH CIETYIOIINM 00pa3oM.

[Ipy cpenHeM  3HAYEHWM  HWHIAYKIUM  [EPEMEHHOIO  MArHUTHOIO  IOJIS
npulmKamomerocss nukiaoHa mnpumepHo 5-10 HTn u BpemMeHu ero mnpuOTHKEHUS
npumepHo 20 yacoB (cpemHsss cKopocTh okosio 30 km/dac) mosrydaercs ciemyromiee. B
HKCIIEPUMEHTAaX 10 MOJEIMPOBAHUIO pEaKkUuid Ha MPUOIMKEHHWE TMOJs I[HMKJIOHA
(nmuTenpHOCTh BO3JEHCTBHS | yac) HEOOXOIMMO MOBBIIATh MHAYKIUIO B MPUMEPHO B 20
pa3, T.e. 3a1aBaTh ee npumepHo paBHoil 100-200 HTn Ha «uelicTByromen» yactore DMII

LUKJIOHA MpUMEPHO 6-8 1'm.

Kpurepun (3.7) un (3.8) mpuBeneHbl MpU YCIOBHHM aJeKBATHOCTH JEHCTBYIOIINX
4acTOT Ha MOJEIM W B NPUPOJC. 3ajJaBaTh pa3IMYHBIE YACTOTHI MPEACTABIACTCS

HEKOPPEKTHBIM.
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3.3 Metoauku 0oOpabOTKH MOTYUYEHHBIX AKCIIEPUMEHTATBHBIX TaHHBIX

3.3.1 CriekTpanbHbIil U KPOCC-CIIEKTPATbHBIN aHATU3bI

OOpaboTka TMOJYUYEHHBIX PSAIOB IMOBEICHUYECKOW AaKTUBHOCTH, a TaKXKe psIOB
MarHuTHOM MHAYKIMU 1o ocu X (By, HTn) mpoBoaunace B CTaTUCTHYECKOM NaKeTe
Mesosaur. /[ist BelIeneHHs TOJIE3HOTO CUTHAJIa UCIIOJIb30BAJICS TOJIOCHO-TIPOIY CKAIOIINN
(GuabTp, KOTOPBIM TO3BOJSUI BBISIBUTH B HCXOJHOM BBIOOPKE  OIPEACIICHHYIO,
HeoOXoaumyo Juist paboTel mojocy uactoT. Ilocnme QuubTpanuu ObUIM MOCTPOEHBI
rpaguku psaoB A pbl0 U MarHuTHOM MHAyKuMH By. W3 criaxuBarommx (uisTpoB
MCIIOJIb30BAJICS LU(PPOBON (UIBTP — CKOJB3ALIEE CpeaHee. AJIITOPUTM €ro BBIYUCIICHHUS
npocT: ckiaapiBatoTcss N nmociaenHux 3HaUeHuH psja, 1 cymma aenutcs Ha N.

IIpu oOpabotke 3HaueHuil JlA CTpowiHCh M AHAIM3UPOBAIUCH TPAPUKKA STUX
3HAYEHUH, a TaKKe PYHKIMH CIIEKTPAJIbHON IJIOTHOCTH, KOTOPAsl ONUCHIBAET Pa3I0KEHUE
IIOJIHOM JMCHEPCHHA psiAa 10 Pa3IMYHBIM  YAaCTOTHBIM  COCTaBIIOIIMM. Takxke
MPOBOJMJINCH OIIEHKH OCHOBHBIX MOMEHTOB pACIpEIENICHHUs] TOJYYEHHBIX JaHHBIX
(cpennee, aucnepcusi). C MOMOUIBIO KPOCC-CHEKTPAIBHOTO aHalIM3a CIIIaKEHHBIX PAI0B
MOBEJECHYECKON aKTMBHOCTM M MAarHUTHOM WHAYKIMU ONPENEsIOCh HAlIW4Yue WU
OTCYTCTBHUE TAPMOHUYECKUX COCTABJISIOIIMX TUHAMUKH B UCCIEAYEMBIX psIax, a TakkKe

OIICHHBAJIACh TECHOTA CBA3U MEXKIY psiaaMu (depe3 QyHKIHI0 KOTePEHTHOCTH).

3.3.2. OneHkH 1 aHAW3 PPaAKTATHHBIX PA3MEPHOCTEH N3y4aeMbIX MPOIIECCOB

Jlist ompeseneHusi CTENIEHU JACTEPMUHUPOBAHHOCTH TIOBEJACHHS PHIO B TEPHOJ
DKCIIEPUMEHTA TIPOU3BOJMINCH BBIYUCICHUS (PpaKTaIbHOW pPa3MEPHOCTH MpoIecca C
UCIIOJIb30BAHUEM METOIO0B Teopuu (paktanoB [54]. PasmepHOCTh cBs3aHa C Tak
Ha3bIBa€MbIM TOKazaTesaeM Xepcta H u ompenensercs kak pasHocth (2-H). Ilokazarens

XepcTa ONMUCHIBACTCS IMITMPUIESCKUM COOTHOIeHHEeM [3.9]:
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H =log (7/2)(R/S) (3.9)

rie H — mokazarens XepcTa; T — BpPEMEHHOE «OKHO»;, R — pa3max, T.e pa3HOCTb
MaKCUMaJIbHOTO ¥ MUHUMAJIFHOTO 3HAUYEHUU 32 pacCMaTPUBAEMBIN UHTEPBAIl BPEMEHH; S
— cTaHgapTHoe oOTkiIoHeHue. Ha mnpaktuke 3HaueHue H ompepensieTcs Mo HaKIOHY

npsMOH, anmpokcumupyioiier 3asucumocts lg (R/S) ot Ig(7) [3.10]:
lg(R/S)=H lg(t)+const (3.10)

Jlist mporecca HezaBucuMbIX ucnbiTanuit H=0,5. [1pu H>0,5 BpemeHHOI psa nuMeeT
MEePCUCTEHTHOE  (MOAAEpKUBAOIIEECs) MOBeAeHHe. 10 ecTh Mpolecc SBIsETCA
JNETEPMUHUPOBAHHBIM. BpIUMCIEHHsT BEIUMCh C  KCIOJIB30BAHUEM  OPUTMHAIBHOTO
MporpaMMHOro nakera «Hersty.

[Tocnenyromass 00paboTKa JaHHBIX HKCIEPUMEHTa COCTOsJIa B IOCTPOCHUU
rpauKoOB 3aBUCUMOCTH MMOKa3aTeNsl XepcTa U TUCIIEPCUU TTOBEEHYECKON aKTHBHOCTH OT

BO3JICICTBYOMIETO (haKTOpa.

3.3.3 Metoauka BbISIBIICHUS PEAKIUi THAPOOMOHTOB MTPH UCKYCCTBEHHOM

BOBHCﬁCTBHH QJICKTPUICCKHUMH U MAarHUTHBIMU I1OJISIMU

[TockonpKy mony4aeMble B ATHX IKCIIEPUMEHTAX BPEMEHHBIE PSIbI SBISIOTCS, B
MPUHIIAIIE, HECTAIMOHAPHBIMUA, TO HMX 00pabOTKa HE MOXET BECTHUCh CTaHIAPTHBIMU
Merogamu. BecbMa moyiHBIH 0030p METO0B O0OpaOOTKM HECTAIIMOHAPHBIX BPEMEHHBIX
psIoB 1aH B MoHOTrpaduu [55].

EctectBeHHO, B maHHO# paboTe HE MOTIHM OBITH MCIIOJIB30BATHCS BCE BO3MOXKHBIC
MeToabl. Hanbosnee mHTEpECHBIMU TSl TIOCTABIICHHBIX B JIAHHOW pa0oTe 3aj7a4 SBIISIFOTCS

cleAyIoIIHe:



61

e pa30ueHHEe HECTALMOHAPHBIX PSAJAOB Ha KBAa3UCTAllMOHAPHBIE OTPE3KU U 00paboTKa

3THX OTPE3KOB IO U3BECTHBIM MeTOAMKaM (Harmpumep [56]);

® UCIOJB30BAaHUE JUCIIEPCHH KBA3UCTAIIOHAPHBIX OTPE3KOB B KaUeCTBE MHIUKATOpA

MOSIBJICHUS TPYMIOBBIX aHOMANUM (31€Ch — peakUuu TUAPOOMOHTOB Ha BHEIIHHUN

dakrop) [57].

B pabore [57] i BBISIBICHUS «TPYIIOBBIX AHOMAJMKA»  MpEIjIaraercs
MCIIOJIb30BaTh OTHOIICHHWE AMCIEPCHI, a B KAaYeCTBE KPUTEPHUS BBIACICHUS aHOMAIIUH
UCIIOJIb3YETCS] M3HAYAJIBHO 3a/laHHbIe 3HAUEHUS TaKoro oTHoueHus. HecoMHeHHO, 4To 3T0
OYEHb UHTEPECHO JIJIsI BPEMEHHBIX PSAAOB C HU3KMM OTHOIICHUEM «CUTHAJ/IIyM», T. €. TS
3a]1a4 BBISBIICHUS CJIAa0BIX «TPYIIOBBIX CUTHAJIOB» Ha (POHE CHUIIbHBIX IIyMOB. OJHAKO B
BBITIOJHSBIINXCA HAMH JKCIHEPUMEHTAX MOMEHT BO3ACHCTBHS TOYHO (UKCHPOBAJICH,
oATOMY OBLIO O0JIee 1e1ecO00pa3HO UCTIOIB30BaTh PA3HOCTh AUCTIEPCHUH.

PesynbraT Bo3aeicTBus onpenensuics kak [3.11]

A=(D, tc, )—(D, £ oy, ) (3.11)

rae D — aucnepcus ABUTATeNbHON peakiuu; D, — nucnepcus GoHa; 6, U 6, — 3HAUCHHUS
p ¢ P [

Cp€aAHNX KBAJAPATHYCCKNX OTKJIOHCHUH paCCUUTAHHBIX PAJI0B I[HCHGpCHfI.

KputepreM (popMHPOBAHMS peaKIMi HA BO3JEHCTBUE SABIANOCH YCIOBUE A>2G, ),

— _ [ 2 2
rne o,= Op, +Op, -

D10 0bOecmneunBalio BHIICIICHNUE JIBUTATEILHOW PEAKIIMU HA BO3JICUCTBUE BHEUTHUM
MOoJIeM C JIOBEPUTENBHOW BEpOATHOCTHIO 0,95 mpu TIJIOTHOCTH  BEPOSITHOCTU
pacripesiesieHui qucrepcuit poHa u peakiuu, OJM3KOH K HOpMaJIbHOMY 3aKOHY.

Kpome Toro, sKCriepuMEHTHI C KUBBIMU MOJABMKHBIMA OOBEKTaMH TPEOYIOT ydeTa
3aIepKKA  peakiuu (B OMOJOTMM 3TO  HA3BIBAIOT  <JIATCHTHBIM  IIEPHOJIOM»).
JleficTBUTEIbHO, KUBOM OOBEKT (PHIOBI) HE MOTYT pearupoBaTh Ha KakKUe-In0o
UMITYJIbCHBIE W3MEHEHUs BHEMHHNX (akTopoB. [losTOMy KBasucTamoHapHBIE YYacTKU
BBIICTSUTUCH C YYE€TOM 3TOTO YCIIOBHA. T.e., €ciM KBa3HUCTAIMOHAPHOCTH 3axXBaThIBaja

JATESHTHBIA MTEPUOJI, TO 3TO YUYUTHIBATIOCH MPHU pacueTax aucrepcuu (HoHa.
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B skcnepuMeHTax ¢ MeHee MOJBUKHBIMU JKMBOTHBIMU (KaMyaTCKUe KpaObl) TaKxKe
ObUla TIPUMEHCHAa pPACCMOTPCHHAs Bhilie MeToauka [58], omHako mpu 3ToM Oblia
UCIONb30BaHa (UIbTpaALUs PAJIOB C MOCJIEAYIONMIUM UX CBEICHUEM K CTAllMOHAPHOCTU «B
Y3KOM CMBICJIE», T.€. C IOCTOSTHCTBOM OLIEHKH MaTO>KUJIaHUS.

B mammx 3amayax ObUTO peIieHO MCIOJIB30BaTh T€ K€ MCXOAHBIC JaHHBIC, HO 0€3
KaKoW-00 (DUIbTpali W BBIABIATH HE JUCIIEPCHUN, & WHTCHCUBHOCTHU PEAKIIUU TIPU
Pa3IUYHBIX YaCTOTaX BO3CHCTBUS.

WHTEeHCHBHOCTD peakiuy ONpeessiiach Kak pa3HocTs [3.12]

Ag :('HTRiGﬂAR)_(HTFiGILAF) (312)

rae JIA, — CpenHss [BUrarelibHas aKTUBHOCTb IIPU BO3AECUCTBUM; [JIA. — CpeaHss

JBUraTeibHas aKTUBHOCTb (OHA; G,, H Gy, — CPEIAHHE KBAJAPATHYECKUE OTKIOHECHHS

PacCYMTaHHBIX PANOB JIA .

Kpurepnii Hamuumss peakiuyM  UCIOJIb30BAJICS  AHAJOTWUYHBIA  KPUTEPHUIO IO

. 2 2
AUCHCPCHUSIM: A, 226, , TAC Gy, =,/Cy +Opa. -

Oyenka 0oeepumenbHbiX UHMEPEANO8.

Psanpr nucnepenii u JIA paccuuThiBasiiCh 00BIMHO MO 20-TH TOYKaM CO CIABUIOM
MEXIy OTpe3KaMH Ha 3ajaBaeMblii mar (oO0biyHO Ha 1 muH). OOpaboTka Benach ¢
PUMEHEHHEM COBPEMEHHBIX METPOJIOTHUYSCKUX MeTO0B [59-61].

To ectp, Hanpumep [3.13]:

Pi+10=Pi-20 "D, (3.13)

rae Di+ 3HAYCHHE, OTHECEHHOE K CepeaMHe I-ro OTpe3ka psma; D. 20~

10 ==

BBIYMCIICHHOE 3HAYEHHUE NHMCIEPCUU OTpe3Ka psaa u3 20-TU TOYEK; 6 — MOTPEIIHOCTh

D.
I

omnpeaeeHus I—0i TUCIIEPCHH.
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[TorpenrHocTh pacueTa KaKa0ro 3HaUCHUS OllCHUBAJIACh, Kak [3.14]

(e

D, - +0,01D, (3.14)

MIOCKOJIbKY B PACCUMTAHHBIX 3HAYCHHSX MCKIIOYAINCh BCE TPEThU M IMOCICTYIOIIHE
3Havamme nudpsl [62].
B pesynbTare mOBepUTENBHBIN MHTEPBAI pacueTa PEakiuu MO0 OMHCAHHOMY BBIIIC

KPUTEPHIO OIICHUBAJIACH CIIeayIOIKUM oopa3om [3.15]:

ZGDi (3.15)
A, =% .
TTUN
re o = |o? 2 N —
J1€ D. "~ GD +0‘D , 4 HHACKCBI «pP» H «(1)» O3HA4Yar0T «PCaKmuro» H «(1)OH>>,
i ip i

KOJIMYECTBO OTPE3KOB, UCIIOJIB3YEMOE ISl pacuera AUCIEPCH.

DTO 0Ka3ajgoch BO3MOYKHBIM IPUMEHHUTH, MOCKOJIBKY ONPEIEICHUS IUCIIEPCUN B
OTpE3Kax SBISUINCH PAGHOMOYHLIMU, A PAABI BBIIEISUINCH KaK K6A3UCMAYUOHAPHbIE. ITU
JIBa YCIIOBHSI COOTBETCTBYIOT METPOJIOTHYECKUM IIPABUJIaM OLIEHKH KadecTBa M3MEPEHUN
[63].

JloBepuTenpHas BEPOSITHOCTH JJIsl UHTEpBaia A, cocrasiisuia 0,95.

IIpuBeneHHass MeTOAMKAa NMPUMEHATIACh TAKXKE M NPH OLEHKAX JOBEPUTEIBHBIX

HHTCPBAJIOB paC4€TOB MHTCHCUBHOCTHU peaKuHﬁ.

3.3.4 BeiliBner-aHaus3

BeiiBner-ananus npexacrasisier coO0M anmapar, MpUCocOOIECHHBIN sl U3yUYeHUs
CTPYKTYpPbl HEOJHOPOAHBIX MpolieccoB. B oTinuue ot npeodpazoBanus dypne BeilBieT-
npeoOpa3oBaHue oOecreyrBaeT ABYMEPHYIO pa3BEpPTKy MCCIEAyEMOI0 OJHOMEPHOIO

Curaajia, IIpd OTOM YaCTOTa M KOOpAMHATA pacCMAaTPHUBAIOTCA KaK HC3aBUCHMBIC
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nepeMeHHbie. B pe3ynbrare mosBisieTcss BO3MOKHOCTh aHAJIM3UPOBATh CBOMCTBA CUTHAJIA
OJIHOBPEMEHHO B (pM3UUYECKOM (BpeMsi, KOOpUHATA) U B YaCTOTHOM IIpOCTpaHcTBax [64].

[lomobHo TOMy, Kak B OCHOBe ammapara mpeoOpazoBanuii @Dypbe IEKHUT
enuHcTBeHHas (yukums  W(t)=exp(it), mnopokgaroiias OpPTOHOPMHPOBAHHBINA Oa3ucC
npoctparcrea L%(0,27) myrem MacmTaGHOro mpeoGpasoBaHMS, Tak M  BEHBICT-
npeoOpa3oBaHNEe CTPOUTCS Ha OCHOBE €IMHCTBEHHOW 0a3ucHOW pynkmmn y(t), mMmeromei
COIMTOHOMONOOHBIA XapakTep M NpHHAMIeKameil mpoctpanctBy L*(R), T.e. Bceii
YuCJIOBOM ocu. B 3amagHoil nuTeparype 3a 3TOM (PYHKIMEH 3aKpenuiaoch Ha3BaHUE
"BelBieT"", UTO O3HAYaeT ''MaJjieHbKass BoJHA', B OTEYECTBEHHON MHOIJA €€ Ha3bIBaIOT
"BemuieckoM", oTpakasi B TOM Ha3BaHWU U JIOKAIU3AIUIO, U OCHWIISIIUOHHBIA XapaKTep
noBefeHus. [Ipu KOHCTpyHUpOBaHMK Oa3MCHOW aHamusupyromied GyHkmuu Y(t) TOKHBI
BBITIOJTHATHCS CIEAYIONINE HEOOXOANMBIE YCIOBHS.

Jlokanu3zanusi — BEMBJIET JOMKEH OBITh JIOKATU30BaH BOJM3H HyJSl apryMEHTa Kak
BO BPEMEHHOM, TaK ¥ B YaCTOTHOM MPOCTPAHCTBE.

Hynesoe cpeanee [3.16]:
T w(t)dt=0 (3.16)

Kak cnenctBue, BeMBIET TOKEH ObITh 3HAKONEPEMEHHOM (PYHKITUEH.

OrpannyeHHOCTH [3.17]:
[yl dt<o (3.17)

BeiiBier gomkeH OBITh JOCTATOYHO OBICTPO YyOBIBarolled (QpyHKIHUEH BpPEMEHHOM
(IpOCTpaHCTBEHHOM) IEPEMEHHOM.
basuc ogHOMeEpHOTO aUCKpeTHOTO BelBieT-ipeodpazoBanus (JIBII) ctpoutcs nHa

ocHoBe BeliBiera y(t) mocpeacTBOM onepanuii CIBUTOB U PACTSHKEHUN BAOJIb OcH .
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HenpepriBHoe BeitBner-nipeodopazoBanue (HBII) ctpoutces aHanorugyusiM 00pa3om ¢
MOMOIIIBI0 HEMPEPHIBHBIX MAaCHITa0HBIX MpeoOpa3oBaHuii M mepeHocoB BeiBiera Y(t) c

ITPOU3BOJIBHBIMU 3HAYCHUAMHA MacIITabHOTO KOB(b(bI/IHI/IeHTa d ¥ napaMmeTrpa caBuUra b

[3.18]:

W (a,b) =|a[ ™ | f(t)(//*(%)dt (3.18),

—00

r7ic CAMBOJ * 0003HaUaeT ornepanuio KOMIUIEKCHOTO CONPSKEHMUS.

Takum oGpasom, miobas ¢yskumst w3 L%(R) Moxer ObITh IpeacTaBiicHa
CYNEpIIO3ULIMEe MacIITa0HBIX NPEeoO0pa30BaHUM M CIBUIOB 0a3WCHOIO BEWBIETA C
kod(uimenTamu, 3aBUCSIIUME OT MaciiTada (4acToThl) U MapameTpa c/BUra (BpeMeHu ).

JIByxmapamerpuueckas ¢ynkius W(a,b) maer wuHdopmaiuioo 00 H3MEHEHHH
OTHOCHUTENIFHOTO BKJIaJla KOMIIOHEHT pa3HOTO MaciuTtaba BO BpPEMEHH U Ha3bIBaeTCS
CIIEKTPOM K03 (DHUITMEHTOB BEHBIET-TIPe0Opa30BaHHUS.

Pacnonarasi BeMBIET-CIIEKTPOM, MOKHO pPacCUMTaTh IMOJHYK 3HEPrui0 CUTrHaia

[3.19]

dadb
a.2

E, =] f ®d=[[W:ab) (3.19)

U T7100aNIbHBIN CIEKTP SHEPIUM — paclpeeieHre MOJTHOM dHEPTUM 1Mo MaciTadam

(ckeitmorpammy BeliBieT-ipeodpasoBanust) [3.20]
E.() =W (ab)db (3.20)

CkelniorpaMma COOTBETCTBYET CHEKTpYy MoIIHOCTH Dypbe-nmpeoOdpa3zoBaHus
CUTHaja, CIVIAXKEHHOMY Ha KaXIoM MacuTtadbe crektpom Dypbe aHaIM3UPYIOUIETo

BeriBiera [3.21]:
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E.@ = [|f(@v(0) do (3.21)

rje 3HaK ** 00o3HavyaeT Dypbe-00pa3 GyHKIINH.

B Hacrosiee Bpemsl BeWBIIeT-aHAJIN3 HAYMHACT IIMPOKO MPUMEHATHCS B 3aJadax
pacrio3HaBaHusi 00pa3oB; MpU 00pabOTKE U CHUHTE3€ PA3IUYHBIX CUTHAJIOB, JJISl CBEPTKU
00X 00HEMOB HHPOPMAITUU ¥ BO MHOTHX JIPYTHX CIIyYasX.

BeiiBrner-ananu3 oOKa3bIBAaeTCS OYCHb YAOOHBIM JJIsi aHalu3a TMPOIECCOB C
nepemexaeMocThio. OH  TMO3BOJIIET BBIIBUTH IPOCTPAHCTBEHHO pPaclpeIeiCHHBIC
CBOMCTBA M3y4aeMOTo OOBEKTa, OMPE/ICTUTh HAIMYNE TIEPEMEKACMOCTH U panpeiesicHue
oOjacTeld JTUCCHMAIMM, TOJYYUTh JIOKAJIBHYIO BBICOKOYACTOTHYI0 M TJI00aJIbHYIO
KpyIMHOMAcIITabHyt0 HHGopMaIuio 00 00BEKTEe W MHOTO€ JPYroe, TOCTaTOYHO TOYHO U

0€e3 U30BITOYHOCTH.
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4 Pe3yabTaThl BHINOJHEHHBIX HCCJIEI0BAHUI

4.1 KaproBble peIObI

4.1.1 CyrouHast ”3BMEHYHBOCTD JBUTATEIHLHON aKTUBHOCTH KapIIOBBIX PbIO

Jns  3amad BBISIBICHUS (U3MYECKUX MEXAHU3MOB BOCIHPHUSTHS U OICHKU
BO3MOKHOCTEl NPEIYyBCTBUS TUAPOMETEOPOJIOTHUYECKUX IMPOLECCOB  HEOOXOAUMO
BHauaje OnpeeuTh (GU3N0IOTHUECKYI0 U3MEHYMBOCTh aKTUBHOCTU — CYTOUYHBINA X0 JIA
U PUTMHUKY MOBEIEHUA. [ 3TOro MCHosb30BaIUCh JaHHBIC NJIUTEIBHBIX (HE MEHee
CYTOK) HENPEPHIBHBIX HAOIIOACHUN TP HEM3MEHHBIX BHEIIHUX (PakTopax (TeMmmeparypa,
PH BoIbI, TEOMarHUTHBIE YCIOBUS, THIPOMETEOPOIOIHUECKUE (aKTOphl U JIp.), T.€. TeX
(akTopax, BIUSHHUE KOTOPBIX BBIBWJIOCH B paHee MPOBOJMBIIMXCSA HCCIEIOBAHUIX
(manpumep, [65-67]). Temnepatypa 3amaBanack 18-20°C, pH — B 30He TOJIEpaHTHBIX
ycioBui 7-9,5, OCBEIIEHHOCTh — MOCTOSIHHAS, TEOMATHUTHBIE YCIOBUSA KOHTPOJIUPOBAIUCH
Mo TEeKyIMM JaaHHbIM obOcepBaropun Copankronia (PUHISHAMSA), OTCYTCTBUE CUIBHOU
U3MEHYMBOCTHU TUIPOMETEOPOJIOTUYECKUX (PAKTOPOB — MO JAHHBIM CHHONTHYECKUX KapT

13 00IIETOCTYITHOTO HEMEIIKOTo caita: WWw.wetterzentrale.de.
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Pucynox 4.1 — IsmenunBocTh JIA KapmoBBIX pbIO B TEUEHHE CYTOK (TI0 OcU X —

noka3zareinb [JA, o ocu Y — BpeMsi SKCIIEPUMEHTA).


http://www.wetterzentrale.de/
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[To pucynky 4.1 BUIHO, YTO JBUTaTeIbHAsh AKTUBHOCTh YMEHBIIAETCS B MEPHUOJ C
20:00 go 6:00, yTO MOATBEP)KJIAECT HAIUYKWE BHYTPUCYTOYHOM OMOPUTMHUKH KapIIOBBIX
pb10. [TogbeM aKTHBHOCTH KaproBbIX pbIO mocie 06 yacoB ObLI oTMedeH B padore [68].
Opnako Tam pa3max CyTOUYHBIX Bapualuid akTUBHOCTH ObUI BbIlie. [Ipu 3TOM, B oTIiMuue
ot pucyska 4.1, B pabote [68] ucmoap30Baauch HECHOPMUPOBAHHKIC TaHHBIE.

B 1npoBeneHHBIX celyac OMNbITaX pasHULIA MEXIY CpPEIHUMH 3HAYEHUSIMU
AKTUBHOCTU B JIHEBHOE M HOYHOE BpeMs cOocTaBiisieT Bcero auuib (.1 en. moBeaeHYecKou
aKTUBHOCTH, COOTBETCTBEHHO, BO BpeMs OO0OpaOOTKM JaHHBIX  HE OBLIO HHUKAKOU
HEO0OXOMMOCTH BBOJUTD MOIMPABOYHBIA KO3PPUIIMEHT Ha BpeMs cyToK. JlaHHBIN rpaduk
CKpBIBAE€T KOPOTKOIEPHUOJIHBIE CIIy4ailHble BBIOPOCHI, COXpaHSAd MPU 3TOM OOIIYIO
TEHJICHIMIO B TIOBEIEHUH PBIO.

C nomomipio BeMBIET-aHAJIM3a Uil CYTOYHOI'O OIbITa C KaprnaMy ObUI MOJyueH
CIIEKTp JIBUTaTEIbHOW aKTUBHOCTH, INMpEACTAaBICHHBIM Ha pucyHke 4.2. Ha pucynke 4.3
JaHHBIA CIEKTp OTpaX€H B TPEXMEPHOM mpocTpaHcTBe. s 00paboTku psina ObLl
ucrnosb3oBaH nakeT AutoSignal. Ha mepBom sTane Ob11 BeIOpaH 0a3ucHBIN BeiBiIeT. bouin
paccMoTpeHsbl BeliBieTsl: Mopie, [Tayns u npousBoanoi pynkuuu I'aycca. MunumanbHast
CpeIHEKBapaTUyecKas OmMOKa Oblja JOCTUTHYTA JJIsl MPOU3BOAHON BOCBMOTO MOpSIIKa
¢bynkunu ["aycca. B aToMm citydae pasznoxeHue sBIsiIoCh ONTUMATbHBIM.

AHanu3  NONYyYEHHBIX  M300paKEHUW  TO3BOJIAET  BBISIBUTH B JIAHHOU
HECTallMOHAPHOW CTPYKTYpE pslia AMANa30Hbl JOKAIBHBIX IIEPUOJANYHOCTEN B MOBEICHUN
pbi0 ¢ macmtabamu okosio 30 muH, 12-10 MuH, 5-4 MUH, YTO MOJHOCTHIO MOJTBEPKIACT
pe3yNIbTaThl KIIACCUYECKOTO CIEKTPAIbHOTO aHan3a. MenkomacitabHasi 4acTh mpoliecca
C MmepuojiaMu MeHee 2-3 MUH JIEMOHCTPUPYET NpeoliaaHue ClydailHbIX MPOIECCOB Ha

NEPUOANICCKUMMU.
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sutfilt. xIs
Wavelet-Domain Reconstruction

Pucynok 4.2 — BeliBner-ciektp A KapmnoBbIX pbl0 BO BpeMs CyTOUYHOTO SKCIIEPUMEHTA

(BepxHuii rpaduk) U GUIBLTPOBAHHBIN Psi/i IBUTATEIHLHOM aKTUBHOCTH (HUKHUN TpaduK).
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Continuous Wavelet Time-Frequency Spectrum
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Pucynok 4.3 — TpexmepHsblii cniektp JJA KapnoBbIX pbl0 BO BpeMs CyTOYHOTO

AKCIIEPUMEHTA.
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4.1.2 OII@HKI/I CBsA3U CPCAHUX 3HAYCHUN aKTUBHOCTU C T€OMarHUTHBIMHA BO3MYIIICHUAMU

B Xxoae mpoBeneHHOW cepuM SKCIEPUMEHTOB HAOJIOaJuCh MAarHUTHBIE Oypu
cpenneil uareHcuBHOCTH (10 250 HTn wim K-ungeke no 6). Ilo nmoayyeHHBIM JaHHBIM
ObUla TPOBEJCHA CTATUCTUYECKas OICHKAa psJA0B MAarHUTHOW MHIAYKIUH (TIpUMeEp
MIPUBE/ICH Ha pUCYHKE 4.4) U IBUTATEIbHON aKTUBHOCTH (IIpUMEP MPUBEJEH HA PUCYHKE
4.5). B mponecce paboTel s HauOosiee yNayHbIX C TOYKM 3pPEHUS T'€OMarHUTHOM
00CTaHOBKHM 3KCIIEPUMEHTOB OIEHUBAJICSA KOA(DPHUIMEHT KOPPEISAUUU MEXKIY CPEIHUMU
3HAYEHUSIMU JIBUTaTEeJIbHOM aKTUBHOCTH U pazMaxoM marHuTHod mHaykuuu K. (Tabmuna
4.1). Ins 3T0oro psAasl JaHHBIX ObUIM pa3fesieHbl Ha KyCcOuku. Onpenenstonmm GakropoM

IUTSL pa3iesieHus PSAOB 10 KyCOouKaM ObLI BRIOpaH psii MArHUTHON MHIYKIIMH.

11450
11400 +
11350 +
11300 +

e

= 11250 -

= 11200

m
11150 +
11100 +
11050

20:07
20:39
0:23
0:55
1:27
1:59
2:31
3:03
3:35
4:07
4:39
5:11
5:43
6:15
6:47
7:19
7:51
8:23
8:55
9:27
9:59

21:1
21:43
22:15
22:47
23:19
23:51

BpemsA

Pucynok 4.4 — I'paduk usmenenust MaroutHo uaaykuuu (onsIT 05.09.08).
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Pucynok 4.5 — JIA xapnioBbix pbi0 (onbIT 05.09.08).

Tabmuua 4.1 — 3naueHus Kor3ppULIHEeHTa KOPPEISILIMU MEXTY pAJlaMUA aKTUBHOCTH pPhIO 1
MarHUTHOM MHIYKIHMH (KPaCHBIM IIBETOM OTMEUYEHbI 3HaYUMbIe KO3(P(PULIHUEHTHI IpU

ypoBHe 3HaunMocTH 0.05)

Bun ruapo6buonToB JlaTa mpoBeneHus Koaddumment xoppensiiun
ombITa R

Kapnst 01.09.08 -0.4
¢ 20:02 o 6:00

Kapnst 05.09.08 -0.8
¢ 20:07 mo 9:59

Combl 09.04.09 0.85
¢ 22:15 o 05:09

Combl 09.04.09 0.87
¢ 14:50 mo 16:52

Combl 10.04.09 0.7
¢ 20:00 o 06:09

Takum o0pa3oM, HauOOMBIINK KOA(DOUIMEHT KOPPEISIUN UIsi KaproBBIX PBIO

coctaBun -0.8 , Ip®U 3TOM XapaKTCpHO, YTO JId IOTHUX pBI6 CBOMCTBEHHO CHHKCHHE
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JBUTATEIbHOM aKTUBHOCTH BO BpEeMsl YBEITMUEHUS Bapyualliii MarHUTHOW MHIYKLIMU (O YeM
U CBUJICTEIBCTBYET 3HAK "MHHYC' KOd(DpUIMEHTa KOppeIsIuuu MEXAY psSaamu).
[lomobuble pe3ynbTaThl OBUIM TOMy4YeHBI B paboTe [68], MakcuManbHOE 3HAUYEHUE
korddunrenTa koppensiuuu Torma cocraBwio -0.65. Ha pucynke 4.6 npuBeneHb
00001IeHHbIe  pe3ynbTaThl ompeneneanii JIA kapmoBeix pei0 u3 paboter [68] ¢
HAJIOKEHHEM Ha HUX 3HaueHud Kod(pduimeHta reoMarHUTHOH Bo3MmylieHHocTH K..
['paduix ObLT MOCTPOEH MO JAHHBIM 28 OMBITOB, MPOBEACHHBIX C KapIOBBIMU PHIOAMHU.
Kaxnapiii skcnepuMeHT jumwics 3 yaca. OOmiee KOJIMYECTBO OOpaOOTaHHBIX JAHHBIX —
6onee 5000 3nauenmii JIA M, COOTBETCTBEHHO, CTOJIBKO K€ 3HAUYCHMM MHIYKIIUH. Bbul
YCTAQHOBJICH HEJIMHEWHBIM XapaKTep CBS3M CpeIHHUX 3Ha4YeHUM J[A ¢ MHTEHCUBHOCTBIO

F€OMarHUTHBIX BO3MYIIEHUN (CM. pUCYHOK 4.7).

I50.04

LIRS
HAACKe)
250.00

— mat0
Fobier

15014

1Ml
S0

Pucynok 4.6 — [Ipumep cBA3M ABATATEIbHONW aKTUBHOCTH KapIloB C Pa3MaxoM
r€OMarHUTHBIX BO3MYILEHUN (HOMEepa ONbITOB 0003HAUEHBI B CIEAYIOLIEM MOPSIIKE: 00

MOouKY — HOMEP dKCIIEPUMEHTA, 1HOC/le MOYKY — HOMEp KycOouKa psifa).
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PucyHok 4.7 — Xapakrtep CBSI3U MEXIY ABUTATEIIbHOW aKTUBHOCTBIO U T€OMAarHUTHBIMU
Bo3MyIeHUsIMU. OCh OpJIMHAT — aKTUBHOCTH B €11. [{A, ochk abcuuce — pa3zmax
reOMarHuTHbIX Bapuanuii B HT1. O603Hauenus: 1 - annmpokcumMupyomas Kpusas, 2 —

TOYKHU BHIOPOCOB, MPOBEPEHHBIE 110 METPOJIOTHYECKOMY KPUTEPUIO "TPyObIX MPOoMaxoB".

3aBUCUMOCTh Ha pUCYHKE 4.7 , KpoM€ BBISIBICHHON HEIMHEWHOCTH CBs3u J[A ¢
F€OMarHUTHON BO3MYIIIEHHOCTBIO MOKa3bIBAET OTCYTCTBUE KAKUX-JIMOO OJHO3HAYHBIX
HHEPTreTUYECKUX (AMIUTUTYIHBIX) «OKOH», KaK 3TO MpeAmnoaraiock B padore [46]. Cnan
sHaueHut JIA B oOmactu 120-130 wTn, BUAMMO, CBsI3aH TOJBKO C OrpaHUYCHHBIM
KOJIMYECTBOM JAaHHBIX.

Tem He MeHee, OJIHO3HAYHOE YCTAHOBJICGHHE HAIW4YUsA JHOO OTCYTCTBUS
AMIUTUTYIHBIX «OKOH» MPEJICTABISETCS OUYEHb BaXKHBIM, MOCKOJIBKY MPU HMX HAJTUYUU
CIENyeT MPEAINoJiaraTb HEKOTOPbIM  KBa3UPE30HAHCHBIN

bu3nyeckuii  MEXaHU3M

BOCIIPHUSTHS 3JICKTPOMAarHUTHBIX BO3MYIIICHHH, KOTOPBIH paccMaTpuBaeTCs, HapuMep, B
pabote [53].

BausitHue reoMarHMTHBIX ~BO3MyleHHE Ha commkoB (Corydoras aeneus)
CYIIIECTBEHHO OTJIMYACTCS OT BJIUSHHS HAa KapTIOB.

Haubonpmuii ko3puUireHT Koppensiuu y coMoBbIX pbi0 paBeH 0.87. B atom
cllydae aKTHBHOCTh COMHKOB, B OTJIMUYME OT KaproB, TOBBIIIAETCS C YBEIUYECHUEM
MAarHUTHOW MHIYKLUHUHU, TO €CTh PbIObI CTAHOBATCA Ooyiee OECIMOKOWHBIMH B TEPHO/I

nepexoaa MII3 oT cIOKOMHOIO COCTOSIHUS K BOZMYIIIEHHOMY.
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IIpu 5TOM npenuyBCTBUSA HU y KapIlOB, HU Y COMUKOB BBISIBUTH HE YAAJ0Ch, OJHAKO
peakiys JaHHBIX pbI0 HA F€OMarHUTHBIE BO3MYILEHUs oJHO3HayHa. Ha pucynkax 4.8 u
4.9 mokazansl rpaduku 3aBHCUMOCTH JIA OT pa3smaxa Bapualud WHAYKLIHH, KOTOPbHIE
IIOJIHOCTBIO MOJATBEPKIAAOT BCE BBIBOABI, CACIAaHHbIE paHee. PaccmaTpuBas MoJlydyeHHbBIE
KO3 (UIIMEHTHl KOPPENALUU, CIAEAyeT TakKe YYUTBhIBaTh, UYTO OTH 3HAYEHUS OBLIU
MOJIYYEHBI JUIsl TOBOJIBHO KOPOTKHUX PSIIOB, COOTBETCTBEHHO CAMM 3HAYEHUS MOTYT OBITh

HCCKOJIBKO 3aBbIIIICHEI.

350
TA(Ke)

300 -_\/\_/—\,

250 +

200 -+ I
180 + —— JAT0
100

a0

1.1 12 13 14 241 22 23 24 23

HOMERA OoNbITCB

Pucynok 4.8 — CBsi3b IBUTATEIbHON aKTUBHOCTH KAapIIOB C pa3MaxoM BapUallHii
MHIYKIUU (HOMepa OMbITOB 0003HAUEHBI B CIEIYIOLIEM MOPSIAKE: 00 MOUKU — HOMEP

DKCIIEPUMEHTA, HOCIe MOYKU — HOMEP KyCOUKa psia).

— KErobcr
— A0

11 1.2 1.3 21 22 23 31 32 33

HOoMEeDRa oNbBITOB

PucyHok 4.9 — CBsi3b IBUTaTEIbHON aKTUBHOCTU COMUKOB C pa3MaxoM BapUaluil
MHAYKIHMH (HOMEpa OMBbITOB 0003HAYEHHI B CIEAYIOLIEM MOPSAKE: 00 MOUKU — HOMEP

IKCIIEPUMEHTA, HOCe MOYKU — HOMEP KycouKa psja).
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Ha pucynkax 4.6, 4.8 u 4.9 ucnonbs3oBaHbl 3Ha4YC€HUS] HHACKCOB Kogers. ITO
MIOJTHBIA aHajIor o0IenpuHAToro uuaekca K (paccuutriBaeTcst M0 M3MEHEHUSAM UHIYKIIUH
3a 3 yaca MO YHUBEpPCAIBHOMY BpeMeHH). Ero orimuue TOJBKO B TOM, YTO pacyer

BBIIIOJHAJICA HC 110 UBMCHCHHAM HHAYKIINH MH3, d 3a KOHKPCTHBIC 3 gyaca OKCIICPUMCHTA.
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4.1.3 OHGHK& CBi3U KOpOTKOHCpHOHHOfI PUTMHKH aKTUBHOCTH C TCOMAIrHUTHBIMU

OypsMHu

[Ipu cnekTpanbHOM aHaidu3e OT(PUIBTPOBAHHBIX PSIOB JBUTATEIHLHOW aKTHBHOCTH
M MAarHUTHOM MHAYKUUMM ObUIM TIOJYYEHBl CIEAYIOIIME pPE3yJbTaThl, KOTOpPbIE

npecTaBieHbl Ha pucynkax 4.10 — 4.13.

AETOCNEETD IO& KAPNOE

1.80E-01
1.60E-01 +
1.40E-01
1.20E-01
1.00E-01
5.00E-02
B.O0E-0Z
4.00E-02 ~
2.00E-0Z ~
0.00E-+10

S(w

nepHenbl
Pucynok 4.10 — CnexkrpanibHas IIIOTHOCTh IBUTaTeIbHON akTUBHOCTH KapmoB (05.09.08).

aeToCnexTp Bx

nepHoabl

Pucynok 4.11 — CnekTpasibHasi IJIOTHOCTh Bapuauuii MarauTHoi uaaykuuu (05.09.08).
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KpOCC-CTE KT

nepuoabl

Pucynok 4.12 — Kpocc-cnektp (05.09.08).
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Pucynox 4.13 — Pesynbsratsl ciekTpaibHoro ananusa (05.09.08). [1paBas mkana

COOTBETCTBYET Kpocc-ceKTpy. Touku Ha rpaduke — 3HaUYeHUS (PYHKIIMH KOT€PEHTHOCTH.

[To maHHBIM PUCYHKAM BHJIHO, YTO BBIACISIOTCS TPYMIBI MEPHOIOB OoKoyio 14-16
MUHYT, 8, 6-5 1 3-4 MUHYT, a 1O JaHHBIM JIPYTUX OMNBITOB elle U nepuon okoyo 20-30
MUHYT. XapakTep CIEKTPOB JEMOHCTPHPYET, YTO HEKOTOpBIE MEPUOABI JBUTATEIBHON
aKTUBHOCTH (OPMUPYIOTCS BHEIIHUMU (aKkTopaMu, B TPUBEICHHBIX JaHHBIX —
Ir€OMAarHUTHBIMU BO3MYUIEHUSIMH, B YaCTHOCTH, nepuoa 14-16 muH, npu 3TOM 3Ha4YEeHHE
(GyHKIIMM KOTepEHTHOCTU O4YeHb BbicOkoe — 110 0,8. [Ipyrue nepuonbl, BUAUMO, SIBISIOTCS

HEKOTOPBIMU COOCTBEHHBIMU U (DOPMUPYIOTCS PUZHOIOTUUECKUMHU MPUIMHAMMU.
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Takum oOpazom, peIObl HE (PYHKIMOHHPYIOT TOJBKO «B CBOEM COOCTBEHHOM
MHUpKE», a CBSI3aHbl C TAKUMU BHEUIHUMHM 10 OTHOLIEHUIO K 3TOMY «MHUPKY» (pakTopamu,
KaK 3JIEKTPOMAarHUTHbIE BO3MYILIEHHUS.

[Ipu sTOM (pakTanbHbI aHAIU3 MOATBEPKAAECT BHICOKYIO JETEPMUHHUPOBAHHOCTH
3TOU puTMHUKHU (KO3 duiireHT XepcTa NpakKTHUECKU 32 BeCh AKCIepuMeHT Bhimie (,5) kak
mwia nepuonoB 14-16 muH, Tak W 17 Oojiee KOPOTKUX TMEPHOOB, OIpPEneIsieMbIX

BHYTPEHHUMH MOTPEOHOCTAMHU >KUBOTHBIX (PUCYHOK 4.14).
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Pucynok 4.14 — Tucnepcust JIA u Bapuanuu ko3 duirieHta Xepcra 3a Iepuo/1
JUTUTEIILHOTO JKcTepuMenTa ¢ kaprnoBeiMH peioamu 05.09.08. o ocu abcmrice — BpeMms B
MUH., TI0O OCH OpAWHAT — TeKymas aucnepcnst JIA (yci.es.) v corjlacOBaHHBIC 3HAUCHUS

ko3 duimenta Xepcra, Aenennsie Ha 10.
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4.1.4 OLeHKY CBSI3M JIBUTATEIbHON aKTUBHOCTH C IPUOIMIKEHUEM ITUKIIOHOB U

(bpOHTaNTBHBIX pa3/eioB

JIis OLIGHOK CBSI3W HCHOJB30BAICA MaTeMaTHMYECKUW ammapaT (QpakTaabHOTO
aHanu3a, B TPENANOJIOKEHUHU, 4YTO pbiObl BocnpuHumaior I[leMII, Bo30yxIaembie
TUAPOMETEOPOIOTMYECKUMHU  MIPOLIECCAMHM, M HA4YMHAIOT Oosiee OBICTPO U XaOTHYHO
asuratbea. CooTBeTCTBEHHO, Ko3(duiment Xepcra, paccuuTsiBaeMblii mo A, mMoxeT
najath 10 3HaueHui Huxe 0,5 («cmaj B Xaocy).

B nponecce paboTel ObUT MPOBEACH (PpaKTaNbHBIA aHAdU3 B LEJIAX BbISBICHUS
CTENEHU JI€TEPMUHUPOBAHHOCTH JBUTATEIbHON aKTUBHOCTHU pbIO. B X0/1€ 3KCIIepUMEHTOB
OBLITM TOJYYEHBI PAJNbI MOKa3aTenas Xepcra ¢ maroM paBHbIM 3. Haubombimmii uaTepec
MpEACTABIISUIN crajbl B "xaoc", korga H-nokasarens craHoBuics meHbuie 0.5.

B pesynbrare Uit Kaxaoro SKCIEPUMEHTAa (PUKCUPOBAJINCh MOMEHTHI BPEMEHU
MOJOOHBIX CHAJ0B B JBUTATENIbHOW AaKTUBHOCTH Yy PbIO, a 3aTeM OLEHUBAJIACH
r€OMarHuTHas U METEOpOJIOTHYeCKass 0OCTAHOBKA B 3TO BPEMS.

Panee ObLIO yKa3aHO, 4YTO B 1LEJOM TIE€OMArHUTHYIO CHUTYalMl0 B TEpPUOJ
AKCIIEPUMEHTOB MOYKHO XapaKTE€pU30BaTh KaK CIIOKOWHYIO, IO3TOMY OCHOBHOE€ BHUMAaHHUE
YAEISJIOCh U3YYEHUIO MTPU3EMHBIX KapT MOroJbl C HAHECEHHBIMU HAa HUX IOJIOKEHUSMU
IIEHTPOB IMKJIOHOB U (pOHTOB. B X0/€ mopoOHOT0 aHaIM3a yuyuThIBaJICS TOT (haKT, YTO
MPOXOXKJIEHWE  LMKJIOHA Wiau  (POHTA  CYUIECTBEHHO  MEHSAET  €CTECTBEHHOE
AJIEKTPOMAarHUTHOE MOJIe, HA U3MEHEHHUs KOTOPOro U pearupyroT THIpOOMOHTHI. Takxke C
MOMOIIIbI0 TAKOTO poJAa aHajiM3a MOXHO paccMaTpuBaTh BONPOC O BO3MOKHOM
MPEeIYyBCTBUH OMACHBIX TUAPOMETEOPOJIOTHUECKHX SBJICHUM Y PBIO.

JUIsL 3TOrO ONpeAessINCh 3HAYEHHS JUCIEPCUM JIBUTAaTEIbHOM aKTUBHOCTH C
MOCEAYIOIIEH CTaTUCTUYECKOW OOpaOOTKON COBMECTHO C psJlaMH JaHHBIX TOKa3aTess
Xepcra, a IMEHHO ObLT ompe/iesieH KOd(DPUITMEHT KOPPENISIA MEXIAY IBYMSI BEHIOOpKaMU
C MOCIEAYIOIIUM MOCTPOEHHEM HEOOXOAMMBIX rpadUyecKux 3aBUCHUMOCTEW. B uenom,
MOKHO CJIeJIaTh BBIBOJI O HAJIMYUU HEKOTOPOW CBA3U MEXKIY ABYMS XapaKTEPUCTHUKAMU,
HO, YYMTBIBAs, YTO JUCHEPCHUS M IOKA3aTeNb XEpCTa NPUHIUINAIBHO Pa3IU4aroTCs MO

CBOUM IT1apaMcETpaM, IOJIyUCHHAs 3aBUCHUMOCTDb HE ABHO ITPOABJIACTCA HaA Fpa(I)I/IKaX.
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AHanu3 MPU3EMHBIX KapT IMOTOAbl MO3BOJMJ ONPEAEIUTh BPEMs HPOXOXKICHUS
LIUKJIOHAa WM (DPOHTA U COOTHECTHU €r0 C MOBEIECHUEM PbIO Ha OCHOBAHUM JIBUTaTENIbHOM
aKTUBHOCTH. B 11€e10M MOXHO cienaTh BBIBOJ O JOCTATOYHO HETIOXOW peakinu pri0 Ha
CUCTEMY MAaJIONOJBUKHBIX (POHTOB, B OTAEIBHBIX CIIydasX BO3MOXKHO Ja)ke CleaTh
MPEIOJIOKEHNE O TPEeIYyBCTBUU pPbIOaMH TpoxoxiaeHus ¢ponta 3a 3-6 uacoB. Ha
pucynkax 4.15 — 4.18 u3oOpakeHbl CHHONTUYECKUE KapThl IS OJHOTO W3 OIMBITOB C
Kapnamu, KOTOPBIM IjWics Mo MOcKoBckomy BpeMeHu ¢ 01:23 go 9:00 31.08.08. Ha

pucyHke 4.19 noka3aHel Bapualyy rokasareist Xepcra BO BpEMs 3TOI0 SKCIIEPUMEHTA.
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Pucynok 4.16 — Cunontuueckas kapta 3a 21(01):00 30.08.08.
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Pucynok 4.18— Cunontuueckas kaprta 3a 03(07):00 31.08.08.
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Pucynok 4.19 — Bapuanuu nokazaresnst Xepcta Bo BpeMs ornbita 31.08.08 (och opauHar —
3Ha4YeHMs MoKa3aress Xepcra, ymHokeHHbIe Ha 100; och abcuuce — Bpemsi OT Havasa

OKCIICPUMCHTA B MI/IHYTaX).

W3 npuBeneHHoro rpaduka BUJHO, YTO MMEIOT MECTO JBa 3HAYMTENBHBIX CIaja
(121-133 mun u 385-409 mumu). Eciau comocraBuTh BpeMs crnaaa "B xaoc" y pwid co
BPEMEHEM MPOXOKJEHHUS XOJOJHOTO (pOHTA, TO MOKHO CHAEJIaTh BBIBOJ O TOM, YTO
IIEPBBIN CHaj ABJISAETCS PE3yJIbTATOM BO3MOXHOIO MPEIYYBCTBHUSI, & BTOPON — BO3MOXKHOU
peakuuei Ha MPoXoXkKaAeHHe PPOHTA.

WuTepecHass MeTeopojiornyeckasi 0OCTaHOBKa Ha0II0AaNach BO BpeMsi CyTOYHOIO
ombiTa. Hike mnpuBenensl kapthl (pucyHku 4.20—4.21), KOTOpbIE COOTBETCTBYIOT
MIPOMEKYTKY BPEMEHHU MEPBOT0 cOpOca B MOBEIEHUU PHIO (PUCYHOK 4.22) IIUTEIBHOCTHIO
ot 88 1o 103 MuHYT OT Hayana 3kcnepuMeHTa. Ciaen0BaTeNbHO, MOKHO CIEJIAaTh BBIBOJ O

TOM, YTO PbIOBI MOTJIM IPEAYYBCTBOBAThH MPUOJIMKEHNE (DPOHTA OKKITIO3HH.
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Pucynok 4.20 — Cunontuueckas kapta 3a 18(22):00 13.10.08.
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Pucynok 4.21 — Cunontuueckas kapta 3a 21(01):00 13.10.08.
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Pucynok 4.22 — Bapuanuuu nokasaresnst XepcTa BO BpeMs CyTOYHOTO onbITa ¢ 23:50

13.10.08 o 10:00 15.10.08.

OnHako HE BO BCEX CiIyyasX 3HAYMTEIBHBIC CIAJbl MOKa3arelss XepcTa yAalnocCh
CBSI3aTh C MOTOJAHBIMU ycioBUsMU. Tak, Hanpumep, 3a 11.09.08 u 12.09.08 nabmtonanuch
JIBa 3HAYUTENIBHBIX COpOca B MOBEIECHWU PbHIO, HO TOTOAHBIC YCIOBUS OBUIM XOpPOIINE
(CTOSST aHTUIIMKIIOH), TaK)K€ HUKAKUX 3HAUYUTEIBHBIX T€OMArHUTHBIX BO3MYIICHUN HE
OBLIO OTMEYEHO 3a 3TH Nepuobl. EMUHCTBEHHBIM BO3MOXKHBIM OOBSICHEHHEM TMOJA00HBIX
CHaZoB MokaszaTensi XepcTa MOXKET ObITh HaJU4He HEKOTOPHIX CIYYaMHBIX HEYYTECHHBIX

(aKkTOpOB, BIMSIHUE KOTOPBIX HE U3Y4AJIOCh B PaMKax MPOBEIECHHON pabOThI.
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4.2 ComMOBBI€ PBIOBI
4.2.1 Peakuusi COMOBBIX PbIO Ha THIPOMETEOPOIOTUIECKUE MPOIIECCHI

MHorue omacHble THAPOMETEOPOIOTUYECKUE MPOLECCH SBISIOTCS OMOIOTHYECKU
BaXXHBIMU JJIs1 pbIO, TaK HalpuMep, 0’KUJaHUE LIMKIIOHA U CBA3aHHOIO C HUM mTopMa. B
IPOBEJCHHBIX JKCIIEPUMEHTAX 0CO00€ BHUMAHHUE YAEISAJIOCH HE TOJBKO MPUCYTCTBHUIO
UKJIOHA, HO W TIPOXOXKACHUIO (HpOHTA. IKCIEPUMEHTAbHBIC uccieaoBanus [69]
BHYTpeHHEH cTpyKTypbl DOMII, reHeprupyeMbIX LUKIOHOM, ITO3BOJISIOT CAENATh BHIBOABI O
TOM, YTO OCHOBHOW SHEPTrOHECYIIHMI CIEKTP COCPEAOTOUEH B 00JacTH 4acToT oT 6,5 1o 11
I'y ¢ npeobnananuem konedbanuit B paiione 7-7,5 ',

Kpome Ttoro, mccnemoBanue orubdaromeld Hecymero curdana [/0] mo3Boauan
YCTaHOBUTb, UTO IIPU NMPUONMKEHUH LIMKJIOHA, HAaUMHas npuMepHo ¢ pacctosgaus 1000 km,
HaOJII0JIaeTCsl BO3pacTaHHE YpPOBHS CHUTHAJIA, KOTOPOE MOXKET pPACCMaTpUBATBhCS Kak
MOHOTOHHO€ M JOCTUIaTh HampsbkeHHocTu mopsaka 15 wTn. Ha stom ¢done Moryt
HAOIII0IATHCSI MOAYJIMPYIOIINE BapHalliK ¢ XapaKTEPHBIMU MEpHOJaMH B auamnazoHe 5-20

MUHYT (Pucynok 4.23).

Pucynok 4.23 — [Ipumep Bapuanuiit ESMII npu npubnmkeHnn HUKIOHA K MECTY

peructpaiuu (13 padots [65]).
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CnexTpalibHbI aHajdu3 JaHHbIX JJIS OJMHOYHBIX IUMKIOHOB [/1] mo3BOIMI
YCTaHOBUTh, YTO MOIIHOCTh MOAYJIUPYIOIIMX Bapuanui, cBs3aHHbiXx ¢ BI'B, oOpaTtHO
MIPOTIOPITMOHAIEHA PACCTOSHUIO OT IMyHKTa HAOMIOMCHHWIA A0 IEHTpa MPHOIMKAIOMIETOCS
[IUKJIOHA, TIPU TOM BBIJICTISIIOTCS JIBA SHEPTOHECYIIMX MEepUoIa 3TUX Bapualuii — 5,7 MUH

u 12 mun (Pucynok 4.24).

G(5), HT%nuk 3 i i \ iy £

- 12, % $105), "
_200 A

%Z

Pucynok 4.24— Criektpsl MoHOCTH curHaiga EOMII npu paznuyHbeIX pacCTOSHUSX OT

UKJIOHA (U3 paboThI [1]).

st MIPOBEPKU MIPEATIOI0KEHUS 0 OMOJIOrMYEeCKOM BaKHOCTH
THAPOMETCOPOJIOTHYSCKUX TPOIIECCOB B XOJI€ MCCIICAOBAHUN peaKIuidi THIPOOMOHTOB Ha
npeabsBieHrne OM-TIONIST JKpaHHpPOBaHWE JAa0OpPAaTOPUM HE OCYIIECTBISIIOCh, TaKUM
00pa3oM, MPUXOJIWIIOCh YUYUTHIBATh BHEIIHUE TMOJSI — KOHTPOJIMPOBATH T€OMArHUTHYIO U
TUAPOMETEOPOTIOTUUECKYIO 00CTaHOBKY, 4TO 00ecreyunsIo JOTIOJIHUTEINIbHYIO
nH(pOpMaIMIO TI0O MHTEpECYIoled TeMe. 3aTeM MPOBOJUIICS OTIEIbHBIA aHAIU3 JIAHHBIX,
MOJTYYEHHBIX TIPU BO3MYIIEHHBIX YCIOBUSIX.

OKCNEPUMEHT Ha MPEIbABICHUE MEPEMEHHOTO MArHUTHOIO MOJIS, MPOBEACHHBIN
17.04.2012 npu nomade yactoThl 7 11, mOKa3an MOJABJICHUE JBUTAaTEIbHON aKTUBHOCTH,
KaK 110 HOPMUPOBAHHBIM JaHHBIM aKTUBHOCTH, TaK U MO JUCIEPCUH MOBEJICHHUSI COMOBBIX

pei6 (Pucynku 4.25 u 4.26). Ilpu paccMOTpeHHH METEOpPOJIOTMYECKOl OOCTAaHOBKH B
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MOMEHT MPOBEJEHUS OMbITa ObLIO YCTAHOBJIEHO, YTO TAKOE CHW)KEHHE aKTUBHOCTH PBIO
COOTBETCTBOBAJIO TMPOXOXKJACHUIO IIUKJIOHA, Tmo3TomMy 24.04.2012 Obu1 TpoOBEeACH
ITIOBTOPHBIM JKCIIEPUMEHT Ha vactore 7 Il mpu ycnoBuM OTCYTCTBUS LUMKIOHA. Ilo
pe3yabTaTaM MOJYYEHHBIX JAHHBIX BUAHO, YTO MPU MTOBTOPHOM KCIIEPUMEHTE B MOMEHT
OMbITA HAa TOW K€ YACTOTE IMOKA3aTeIM AKTUBHOCTH COMOB OKa3aJHMCh BBINIEC JIaHHBIX
ompiTa Tipu 1uKiIoOHe (Pucynokx 4.27). Takum oOpa3om, Ha OCHOBaHMHM HAKOILJICHHBIX
CBEJICHUHN OBLIU CHEJIaHbl BBIBOJABI O TOM, YTO MPOXOXKJICHUE LIUKIOHA, B OOIEM, BIUSET
Ha TIOBBIIICHUE JIBUTATE€JIbHOW aKTMBHOCTU COMOBBIX. HO mpu 3TOM MarHuTHOE moJie Ha
yacTote 7 'l BBI3BIBACT YETKYIO MOJOKUTEIBHYIO PEAKIINIO Y COMOBBIX pbI0. [Ipu3emubie

KapThl IIPEJCTABIICHBI HAa pUCyHKax 4.28; 4.29.
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Pucynok 4.25 — MI3MeHeHue cpefHen ABUraTEIbHON aKTUBHOCTH

¥ TUCTIEPCUH COMHKOB Tipu yactote 7 I'il (mukion) (ombrT: 17:10 — 18:10).
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Pucynox 4.26 — I3meHeHrne HOpMUPOBAHHBIX JAHHBIX JBUTATEIbHON aKTUBHOCTH MPU

IIHUKJIOHE.
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Pucynok 4.27 — I3MeHeHue cpeHel IBUraTelIbHOW aKTUBHOCTH

U Tucriepcun coMukoB nipu yactore 7 [ (ombiT: 13:40 — 14:40).

Pucynox 4.28 — ®parment npuzemHoii kapthl 3a 17.04.2012 (uuxion).

005 /- 7o

Pucynok 4.29 — ®parmeHT npuseMHou KapTsl 3a 24.04.2012.

[TpuBencHHBIC pe3yNbTaThl MOATBEPKAAIOTCA JaHHBIMU U3 paboTel [47]. B aroii
paboTe ObLI MPOBEICH CYTOYHBIN IKCIIEPUMEHT 1o peructparuu 1A comuko Corydoras
aeneus. B kadectBe WHAMKATOpa TPUOJMIKEHUS W  MPOXOXKICHUS  IMKJIOHA
ucrnosb3oBaiace aucnepcus A u u3MeHuuBOCTH nokaszatens Xepcrta (Pucynokx 4.30).

OCc00EHHOCTH ATUX XapaKTEPUCTHUK BBISBISUIUCH HA (OHE CpeHECYTOUHOTo XoAa JJA
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Pucynok 4.30 — XapakTepuCTUKU OBEAECHUS COMUKOB IIPU MPOXOKIECHUN IUKJIOHA C
cucrteMmoi arMocepHbIX PpoHTOB. 1 — nucnepcus noseaeHus D,

2 — moka3zarens Xepcta (X100), 3 — ocpeTHEeHHBIN CYTOYHBIN X0 aKTUBHOCTH.

HaGnroneHuss mpoBOAWIMCHE B TEPUOA TPOXOXKICHUS MHUKIOHA C (DpOHTAITBHBIM
paznenom (Pucynox 4.31). JlaHHbIE O CHHONTHYECKOW OOCTAaHOBKE Opaluch C

0O0IIE0CTYITHOTO HEMEIKOTO CalTa.

Pucynok 4.31 — CunonTrueckas oocraHoBKa mpu HaOmonennu JJA comukos Corydoras
aeneus. CreBa — ICXOTHOE TOJIOYKEHNE ITUKIIOHA B HAYaJIe HAOIIOCHUH, CTpaBa

MOJIOKEHHUE IUKIIOHA yepe3 12 yacoB. TpeyroibHUK C TOUKON — IMYHKT HAOIIOICHUH.
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AHaJIN3 3TUX JaHHBIX OJTHO3HAYHO CBUAETEIBCTBYET O HAIMYMU PEAKIIUNA COMHUKOB
Ha TPOXOXKJACHHE IUKIOHA U (POHTAIBHBIX pa3fenoB. OAHaKo BBHIOOp AHUCTIEPCUU B
KauecTBe HHJMKATOpa MpEICTaBIsETCSd HE Bcerda HaaexHbM. [IpuumHa B TOM, 4YTO
IUCIIepCHsl 31eCh CBsi3aHA HE TOJBKO C «pa3mMaxom» Bapuauumid JA, HO uU ¢
MHTEHCUBHOCTBIO JIA, a yMEHbBIIEHHE WHTEHCUBHOCTH IPU TOM K€ «pa3mMaxe» Jaer
BO3pacTaHue JUCIEPCHH.

Kpome Toro, u3-3a Bo3BeJeHUSI B KBajpar 37ech TepsieTcss MHGOpMalKs O 3HaKe
n3MeH4YuBoCTH JIA.

He meHnee unTepecHol, a BO3MOXKHO U 00Jiee KOPPEKTHOM SABJISIETCS HE AUCTEpCHs, a
M3MEHYMBOCTh UHTEHCUBHOCTH JIA (cM. HUXKe 1. 4.2.2). Bocnonb30BaBIINCH UCXOTHBIMU
naHHbIMUA O J[A B TedeHHE BBINOJIHEHHOro B paboTe [47] CyTOUHOIrO 3KCIEpUMEHTa U
IIPOAHAIM3UPOBAB MOJIYYEHHBIN psJl, pa30uBas €ro Ha CTalMOHApPHbIE KYCOUKH, YJAlOCh
noy4yuTh cieayrwomee. B xoxe mposeaénHoro skcrepumenta 20.04.07 nHabmroganock
NOHM)KEHUE BEJIMYMHBI cpeaHero 3HaueHus (PucyHok 4.32), 4Tro CBHUIETENBCTBYET O
BO3pAacTaHUU JUCIIEPCUU, OTMEUEHHOTr0 Ha pucyHke 4.30.

JIeiCTBUTENBHO, OCPEIHEHHbIE JIaHHbIE TIOKa3bIBAIOT, YTO BO3pacTaHHE
MHTEHCUBHOCTH JIA, Tak ’Xe, Kak M 1O AUCHEPCHM, NPHUBSA3AHO K CHUHONTHYECKOU
oOcraHoBKke. To ecTh B pacnpenesieHu BbIACISIOTCA yyacTku npuMepHo 150-260 mun (1-
i yuactok), 800-950 mun (2-i yuactok) u 1250-1450 (3-ii yuactok). [Ipuuem, criemyer

OTMCTHUTD, YTO RE Y4aCTOK 3HAYUTCIIbHO HIUPC, YCM BBII[eHﬂeMBIf/JI IO AUCIICPCHUH.
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PI/ICYHOK 4.32 — Bennuuna MAaTOXHUAAHUA 110 pAAY CYTOYHOI'O 9KCIICPUMCHTA C COMOBBIMHU

pbiOamMu (KpaCHBIMU YE€pTaMU BbIJIEJICHBI KBa3UCTAI[MOHAPHBIC YUACTKH Psiia).

Bce 310 03Hauaer, 4To cCpeaHUE 3HAUEHUsI UHTEHCUBHOCTH JIA B HE MEHbIIIEH Mepe,
a, MOXKET, Jaxe JydIle OTPakaloT BIMSHHUEC THIPOMETCOPOJOTHUSCKHX YCIOBHH Ha
aKTUBHOCTD PBIO.
OpHako TpU 3TOM HHKAK HENb3s TPOU3BOJBLHO OCPEIHATH JaHHBIE. HeoOxommmo
BBIJICISITh KBa3WUCTAIlMOHAPHBIE YYacTKU ((parMeHThl), U TOJBKO IJii HHUX OIICHWBATH
CpeIHUE 3HAUYCHUS. DTOT MpHUEM ObLI UCIOJIb30BAH MpU 00paObOTKE MAaHHBIX JATbHEHIINX
AKCIIEPUMEHTOB. KBa3WCTalMHAPHOCTH IS BBIACISIEMBIX (ParMeHTOB OICHHWBAJIACh

TOJIBKO I10 CpCAHCMY, T.C. KaAK CTALITMOHAPHOCTDL «B Y3KOM CMBICJIC).

4.2.2 Tlouck MexaHU3MOB BOCIIPUATHSI COMOBBIMH PhIOaMU THAPOMETEOPOTIOTHUECKUX

IMpoUECCOB. qYBCTBI/ITCJIBHOCTB K IIEPEMCHHBIM JJICKTPUUCCKUM I10JISAM

B xone mnpoBeneHuss cepud SKCIEPUMEHTOB B JiabopaTopHOM OacceitHe ObuIH
noy4deHsl psAasl  JIA  TpW  pa3NMUHBIX YacTOTaX BO3ACHCTBYIOIIETO Ha  phIO
aJIeKTpUdecKoro moisi. [laHHbie ObUTM HOPMHUPOBAHBI MYTEM JIEICHHUS BbIUMCICHHON 1A

Ha 061uee KOJIMYECTBO pBI6. HaHpH}KCHHOCTB QJICKTPUYICCKOIo IIOJdI Ha YCTAHOBKC
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(pucynok 3.1) 3amaBanacs 2,7 mB/cMm. Ilone ¢popmupoBanocs kak OJHOPOJHOE BO BCEM
Oacceline. Ananrarus psiO nmpoucxoauia 3a 20-25 MuH.

Hanee mig KaxA0W KBAa3UCTAMOHAPHOM YacTH psla ObUIM pacCUMTAHO CpPEIHUE
3HaueHus JlA, a Taxoke qucnepcuu. Bo3aelicTBre Ha COMOBBIX PbIO 3IEKTPUUYECKUM HOJIEM
gactoT 0,1+10 I'm mo3BoMMIO BBIABUTH Clenyromiee. Peakius COMOBBIX pbeiO0 Ha
pa3JIMYHBIE YaCTOTHl OKA3aJach PAa3IM4YHONW. B 4YaCTOTHOM XAapAaKTEPUCTUKE BBISBICHBI
XapaKTepHbIE «OKHa» IOBBIIIEHHONH 4yBcTBUTENbHOCTH (PucynHok 4.33). JlaHHble MO

MHTEHCUBHOCTHU PEAKIMHU PbIO IpUBEAECHBI B TaOHIE 4.2.

MHTEHCHEHOCTh pPeaKuMH
(=]
=]
= —ry

0.5 ! 2 4 7 i3 —#—epENYHAA peaKLnA
-0.01 =P eaKunA no CpegHemMy

yactoTa, Iy

Pucynox 4.33 — UHTEHCHBHOCTD peakliii COMOBBIX PBIO (JIOBEPUTEIbHBIC HHTEPBAIIBI

BBIJICIICHBI KPACHBIM M PACCUMTAHBI JJIs IOBEPUTEIIbHOM BeposiTHOCTH 0,95).
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Ta6nuna 4.2 — THTEeHCUBHOCTD PEaKIMu

Yacrora | UHTEeHCHBHOCTD | UHTEHCHBHOCTH
I'a peakuuu peakuuu (1Mo
(mepBuYHAas) cpeaHemy)

0,1 -0,006+0,004 -0,007+0,004
0,5 -0,031+0,005 -0,038+0,005
1 -0,003+0,001 -0,004+0,001
2 0,013+0,005 0,012+0,005
4 0,022+0,005 0,016+0,005
7 0,034+0,005 0,03+0,005
10 -0,01+0,005 -0,02+0,005

YacTOoTHBIE «OKHA» MOBBIIIEHHON YyBCTBUTEJIBHOCTH HA PUCYHKE 4.33 BBIAECIAIOTCS
B nuana3zone npumepHo 0,2 —1 I'm u 2-8 I'y ¢ akcTtpemymamu 0,5 I'n u 7 I'u. g nepBoro
«OKHa» XapaKkTepHa peakivs MoJaBICHUs] aKTUBHOCTH, JIJII BTOPOTO, HA000OPOT — peaxius
BO30yxkaeHus. IlepBoe «OKHO», BUAMMO, CJEAYET CBS3bIBaThb C (PU3NOJIOTUYECKUMHU
0COOEHHOCTSIMH, a BTOPOE — C 3aJladyaMu NOJIy4eHHs] THPOPMALIUK O cpelie OOUTAHMS.

CnenyeT OTMETUTb, YTO YacCTOTHAs XapaKTEPUCTHKA BJIEKTPOUYBCTBUTEIBHOCTH
0JIM3Ka K BBISIBJIEHHOM MO OTHOIIEHUIO K SIMTOHCKUM KapJIMKOBBIM COMHUKaM (PUCYHOK 1.7).
OpnHako, MpU COBMAJICHUH «OKOH» C 3KCTpeMyMoM 7 I'll, BUJIHBI TaKKe€ CYIIECTBEHHBIC
paznuuns B «¢puznonoruueckoM oxkHe». Ha pucynke 1.7 OHO cTONb OTYETIMBO HE
BbIIETSAETCS. BO3MOXKHO, 3TO CBSA3aHO C TEM, UTO UCCIEI0BAIMCH PA3HbIE BUIbl COMOBBIX.

[Ipu oOpaboTke MaHHBIX BBIACISIIUCH: nepeuuHas peakyus (PasHOCTh MEXITY
3HaUYeHHEeM HHTEeHCUBHOCTU JIA mociie Havana peakuuu U (OHOBOM MHTEHCUBHOCTHIO), U
UHMEHCUBHOCMb NO cpeOHem) (Pa3HOCTh MEX]y CPEIHUM 3HAaYEHUEM MHTEHCUBHOCTU JIA
3a TMepuoja BO3MCUCTBHS W (POHOBBHIM 3HaueHueM). [lpumep uzoOpakenus psga A,
HOPMHUPOBAHHOI'O HAa YUCJIO PHIO B aKkBapuyMe, MpeacTaBieH Ha pucyHke 4.34. Jlucnepcust

psana 1A st 3Toro e onbiTa — Ha pUcyHke 4.35.
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HaOmromaeTcss HekoTopas ajanTainus peaklud Ha JACHCTBHE BO3JICUCTBYIOIIETO
(akTOpa BO BTOPOM BBIJICICHHOM «OKHE» M HEKOTOPOE YCHJICHHE PEAaKIUH B IEPBOM
«OKHe». BumnMo, 3Ti pa3nuuus UMEIOT 00BSICHEHHE, HO B IAaHHON paboTe 3TO MOAPOOHO

HE U3y4aJiOCh.

AOA HoOpm.
0.7
06 |
os nolt |
o LML
0.3 ” ’ UL Ul!n 1 ﬁ 11 1
0> 1 ey A A
HINYE WA nlM nr‘“]n”mﬂ:
228650220528 R385082dsn22assa
EEERREEEXIXEEERI3I338T33232S
Bpemsa (Yacbi:MMH)

Pucynok 4.34 — MI3MeHeHne HOPMUPOBAHHOM JBUTATEIbHON aKTUBHOCTH

npu yactore 4 't (onbiT: 18:16 — 19:16).

0.04
0.035 A

0.03 I ‘\
0.025

S \
é: 0.015 ¥\ I \
0.01 \v{ \
0.005 \ /.\.-.
|

17:45 18:14 18:43 19:12 19:40 20:09

Bpemsa

Pucynok 4.35 — I3menenue nqucnepcuu psana A na vacrore 4 .
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4.2.3 UyBCTBUTEIBHOCTh COMOBBIX PbIO K IEPEMEHHBIM MarHUTHBIM MOJISIM

DKCTepuMEHTHI TPOBOAUIUCH Ha YCTAHOBKE C COJICHOMIOM BO30YyxaeHus (Pucynku
3.2 u 3.3). JluameTp coJieHOU A CyIIECTBEHHO MPEBBIIIAJ MMONEPEUHbIN pa3Mep Oacceiina,
II0OTOMY CO3[1aBa€MbI€ IIEPEMEHHBIE MATHUTHBIE TIOJISI IIOJYYaJuCh NPAKTHYECKU
onHopoansiMu. Muayknumsa 3agaBanace B 100 HTI, 4TO0 KOHTPOAMPOBANIOCH € MTOMOUIBIO
U3MEpPUTETBHBIX TPUOOPOB.

Pe3ynbpraThl 00padaThIBaIMCh MO aHAJIOTUU C 0OpaOOTKOM TaHHBIX SKCIEPUMEHTOB
[0 BO3JECUCTBUIO IIEPEMEHHOIO JJIEKTPUYECKOro IoisA. IIpy BO3meMCTBMM MarHUTHOTO
IOJISl XapaKTEP OIMOCPENOBAHHOIO BOCIPHATHS HA PA3IMYHBIX YAaCTOTAX OKA3bIBAETCS
pasimubabiM. [loms B gumanasone 2+4 'l OCTaBISIIOT JKMBOTHBIX ITPAKTHYECKU
0e3pa3Tu4yHbBIMU K BO3JeicTBHIO. B TO ke Bpems vactoTsl 1 't m 7 'l mpuBiexkaroT peid
(Pucynox 4.36). nteHCHMBHOCTD peakiuu pol0 mpuBeneHa B Tabmune 4.3. M3meHenune
HopMupoBaHHOH J[A Ha yactore 1 I'l u u3MeHenue aucnepcuu paga A Ha yacrorax 1 u

7 'y npuBenens! Ha pucynkax 4.37-4.309.

0,16

0,14
= 012 + \‘“{ *
3 o / A~ o [memom
2 0,08 .
E 0,06 /g_— = — . —e— [epENYHaA peakuua
2 0,04 /j T:'- == —&— PeaKkuua no cpegHemy
5 0.02 7 T
E 0 t T } T t T } T } T t
T 007 n.l;/ 1 2 4 yi 10
=Y *7
Z-004 . &

-0.06

yacroTa, [y

Pucynok 4.36 — IHTEHCUBHOCTb PEAKIIUH.
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Ta6nuna 4.3 — IHTEeHCUBHOCTD PeaKIuu

1.20

1.00

0.80

0.60

0.20

0.00

0.40 +

Yacrora, 'y | UHTeHcuBHOCT | MHTEHCHMBHOCTD
peakiuu peakuuu (1Mo
(mepBUYHAN) cpeaHeMy)

0,5 -0,033+0,007 -0,029+0,009

1 0,06+0,01 0,053+0,009

2 0,04+0,008 0,03+0,01

4 0,05+0,01 0,03+0,01

7 0,14+0,02 0,11+0,02

7 (IMKJIOH) 0,05 0,08
10 0,12+0,02 0,05+0,019

OA HopM.

—
——
—
——

o

W

=2}

12:45 7

T
I~

TITTTTTTTTTCT T ITTTT
(32}
«

s
—

14:2

Pucynok 4.37 — I3MeHeHne HOpMUPOBAHHOM JBUTATEIbHON aKTUBHOCTH

npu yactore 1 I'it (ombiT: 13:15 — 14:15).
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0.1
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Aucnepcua

T
12:48 13:17 13:46 14:15 14:44 15:12
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Pucynok 4.38 — M3amenenue gucnepcuu psaga A Ha yactore 1 I'm.

Aucnepcua
0.4
0.35
0.3
0.25
0.2 f t
0.15 J
RNV A G YA
0 - : : : r \"°_'°"
12:37 13:06 13:35 14:03 14:32 15:01
Bpems

Pucynok 4.39 — M3menenue nucnepcuu psaa J{A Ha gacrore 7 I'tp (ombit: 13:30 — 14:30).

4.2 BriBoIbI
W3 nosry4eHHBIX TaHHBIX CIEAYET:
e peaklys Ha NPUOIMIKEHUE U MPOXO0KIECHUE ONACHBIX
TUAPOMETEOPOTIOTHYECKUX MPOLECCOB BBISBISAETCS B CTATUCTUYECKA
3HAYUMOM U3MEHUYMBOCTH XapaKTEPUCTHK JABUTaTeIbHON akTUBHOCTH ([{A)

COMHMKOB; B KQYCCTBC HHAUWKATOPOB UBMCHYHNBOCTHU MOI'YT BBICTYIIATh!:



98

HEMOCPEICTBEHHO MHTEHCUBHOCTD JIA, nucniepcust 1A u ¢ppaxranbHas

pasmepHocTh JIA (duepe3 koaddunueHt Xepcra);

® peakiMs COMHUKOB (OPMHUPYETCS IOA BO3JCHCTBHEM DJIEKTPOMArHUTHBIX
noneit KHY-nuama3ona, Bo30yaaeMbix B aTMochepe B 00JIaCTH ITUKJIOHOB U
(GPOHTANBHBIX PA3/ENOB U PACIPOCTPAHSIIONINXCS BIEPE MO0 HAIMPaBICHUIO

HUX ABUKXCHUA,

e peakuus JIA COMHKOB Ha Pa3JIMYHBIC YACTOTHI JIEKTPOMATHUTHBIX MOJIEH,
(hOpMUPYEMBIX THAPOMETEOPOTIOTHUSCKUMH MPOIECCaMH, OKa3bIBACTCS
pa3HOHAMNPAaBJICHHOM, IPU ATOM JIa’Ke€ CMEIleHUEe 4yacToThl Ha 1 I'1p umeer

0O0JBIIOC 3HAYCHHE U MOJKET MEHATH 3HAK U BCIIMYMHY PCaAKIIUH,

® KpOME CaMOM peakUuu OO0JIbIIOE 3HAYEHUE UMEET BPEMS 3aJI€PKKHU ITOU
peaKkLKK, KOTOPOE HEPABHOMEPHO CBSI3aHO C BO3ACHCTBYIOIIMMH YaCTOTAMHU.
Bpemena 3aiepkku peakuiuu (JIaTeHTHBIE IEpHObI) Oosiee moApoOHO

paccMOTpeHbl B 4.4.
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4.3 Kamuartckue KpaObl

4.3.1 Bnusinue MarHuTHBIX Oypb Ha ABUTATEIbHYIO aKTUBHOCTh KAMYATCKUX KPaOOB.

OddexTs! nperuyBCTBUS

Donosvie Xapaknepucmuku aKkmusHocnmu Kpa606.

becro3BOHOYHBIE KMBOTHBIE HE HMMEIOT 3JIEKTPOPELENTOPOB, XOTS B MPOLIECCE
ABOJIIOIIMM OHU MOJIBEPrajiiCh W MPOJOJDKAIOT IMOJBEPraThCs BO3JCHCTBUIO Bapualui
MII3. OTkpbITHE OMOTEHHOTO MarHeTUTa Yy MHOTUX KUBOTHBIX SIBUJIOCH TOJYKOM K TOMY,
4TOOBI 0 HOBOMY B3IJIIHYTh Ha MpoOjieMy MarHuTopeuenuuu [72]. Y MOpCKUxX
MJICKOTIMTAIOIINX, PbIO, Yepernax, NTUIl, HACEKOMBIX, KpabOOB MAarHUTHBIC YaCTHUIIbI
OKpPY’KEHbl HEpPBHOW TKaHbIO, TOJTBEPKIas B3aUMOJCHCTBUE MEXKIYy 4YacTUIAMU H
MO3TOM. Y CTaHOBJICHHE CITOCOOHOCTH OMNPEEIECHHBIX CEHCOPHBIX CTPYKTYP >KMBOTHBIX K
BOCIIPUSITUIO MArHUTHOTO TIOJISI TIPEACTABIACT 3HAUYUTENbHBIA HMHTEPEC ISl YUYEHBIX,
MOCKOJIBKY 9TO MOMOTJIO OBl Jy4Ille MU3yYUTh MUTPAIIMOHHOE MOBEJIEHUE U OTBETUTH Ha
MHOTHE BOIPOCHI, CBA3aHHbIC C OpPUEHTAIMEN B mpocTpaHcTBe. B HacTosmiee Bpems
MPUXOJIUTCS OMUPATHCS TOIBKO HAa SKCIIEPUMEHTAJIbHBIC JTAHHBIE.

[Ipy ce30HHBIX MUTpalMsIX KpaObl CTAIKUBAIOTCS C PE3KUMHU Iepernajamu
TeMIIepaTypbl MOPCKOW BoAbl. MccineqoBaHusi mo BO3AEHCTBUIO TEMIIEPATYPHlI BOABI Ha
KU3ZHENIEATEIbHOCTh KaM4aTCKOTO Kpaba, BHEAPEHHOTO B BOJbI bapeHiieBoro mops,
MPaKTUYECKU OTCYTCTBYIOT, TOTJAa, KakK OTH JIaHHbIE TMOMOIJIM OBl PacHIMPUTh
MPEACTABJICHUS] O MEXaHW3MaX aJanTallid OCCIO3BOHOYHBIX B MOPSX BBICOKUX IIUPOT.
HeobxoammMocTh HSKCIIEPUMEHTOB TOJATBEpPXKAACTCS TeM (HaKTOM, UYTO XHUITHUYECKas
sKcIUTyaTanusl kpadba Ha JlansHeM BocToke mpuBena K COKpaIIeHUIO €ro 3aracoB B 3TOM
PETHOHE, YTO MOATOJKHYJIO YUYEHBIX K Hiee 0acCeHHOBOTO BOCIIPOM3BO/ICTBA.

[IpoBoaunace paboTa 1Mo BBISIBJCHUIO ONTUMAJIBHBIX TEMIEPATYPHBIX PEKUMOB IS
Pa3JIMYHBIX CTAIUN OHTOreHEe3a KaM4aTCKoro kpaba [/3], 4To MOXeT ObITh MOJIE3HO IS
MPAKTUKHA UX KYJIbTUBUPOBAHUS B APKTHUECKOM PETHOHE.

OnbITel OBUIM BBIMOJHEHBI HA 19 sk3eMIuisipax KpaOoB B Bo3pacte oT 4-5 net. B

Ka4CCTBC KPHUTCPHUA KU3HCACATCIBHOCTU JXHWBOTHBIX HCIIOJB30BAJIMCH ABUTATCIIbHAA U
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ceplieyHas akTUBHOCTh. Perucrpanuio ABUraTeIbHOM aKTUBHOCTH Kpada OCYIIECTBIISUIM C
MOMOIIbI0O  TEH30/IaTYMKA, KOTOPBIMH 4Yepe3 MOCTOBYIO CXEMy TMOJKIIOYald K
yepHwIonuiryuemy npudopy H-338 411.

Jannast pabotbl Obula paszzdelieHa Ha JBa dTana. Ha mnepBom »srtame mnpu
€CTECTBEHHOM OCBEIICHUU M MOCTOSHHOM TeMmeparype Boabl 5-6 °C usydanack cyTouHas
pPUTMHUKA aKTUBHOCTH KMBOTHBIX. B TeueHue skcnepumenTta ¢ mast 1mo oktsops 2007 roga
OBLJIO MOJTYYEHO JIOCTOBEPHOE CHUKEHUE ABUTATEIIbHON aKTUBHOCTH KaM4aTCKOTO Kpaba B
HOYHOW TEepHoJ JKU3HeAesTenbHocTH. Haumbosee oTYeTIMBO aKTUBHOCTh Kpaba
IIPOSIBIISUIACH B MIEPUO HACTYIUIEHUS NOJIIPHOM HOYMH.

BbII0 yCTaHOBJIEHO, YTO YacTOTa CEPACYHBIX COKpALIEHWH Yy aJanTHPOBAaHHBIX
KpaOOB B CIOKOMHOM COCTOSSHHMM B JKCIEPUMEHTAIBHOM AaKBAPUYME OCTaBaJIACh
HEW3MEHHOW, M cocraBisia 76+1 ygapoB B MuHYTY. IIpu MemsIeHHOM, B T€UEHHE ABYX
yacoB, HarpeBaHud Boabl 10 15 °C 4yacToTa CEepAEYHBIX COKpALICHHI 3aKOHOMEPHO
noBeImanack A0 123+2.6 ymapoB B munyty (Pucynox 4.40). U3 3T0oro MOXHO caenarh
BBIBOJI, UTO Ha KaXIbI rpaayc HU3MEHEHHs TeMIlepaTypbl OKpyXarouleil cpeasl Kpad

pearnpoBajl UISMCHCHUCM 4aCTOTBI CCPACHHBIX COKpaHlCHHfI.

Yacrora ceppieuHbIX COKpALLE U, HMIL/MHH
140 -

120
100
80
60
40 +
20 +

0

6 7 8 9 10 11 12 13 14 15°C
Temneparypa

Pucynok 4.40 — BiusiHue TemrnepaTypbl Ha 4acTOTY CEpACUHbBIX COKpAIEHUI

KaM4aTCKOro kpaba (u3 padotsl [73]).
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B paGote [7/3] BBIsABICHBI peaklMM KaM4yaTCKOro Kpaba Ha pe3Koe H3MEHEHHE
TEMIIEPATYPhI OKPYIKAIOIIEH BOAHON cpefpl. [[ist 3Toro B 1aGOpaTOPHBIX YCIOBUAX OBLTH
IIOCTABIIEHBI JIBE €MKOCTH, OJHA M3 KOTOPHIX COAEpKada BOmy, Harperyio no 14°C, a B
JPyroii eMKOCTH OXJIaxaaiy Boxy 10 -2°C, mocje 4ero KpaboB M3 OHOM eMKOCTH OBICTPO
nMepecaknuBail B JAPYIYI0 €MKOCTh. Ha TmpoTsbkeHMHm  BCEro  AKCIEPHUMEHTA
PETHCTPUPOBAIM JIBUTATEIbHYI0 AKTHBHOCTh KamuaTckoro kpaba. M3 pesympratoB
pabOTEI MOKHO CIIEIaTh BBIBOJ, YTO T€ KpaObl, KOTOpPhIE HAXOMWIUCh B Boae mpu -2°C B
TEUEHUE OJIHOTO Yaca, OCTaBaJIWMCh HEMOJBIKHBIMU. [locime Toro, kak KpaObl HaYMHAIH
JIBUTATHCS, UX TOMEIIAIN B €MKOCTh C TEIUIOM BOJIOM, Il OHU MPUOOpPETaTH BBICOKYIO

JIBUTATENIbHYI0 aKTUBHOCTH (PucyHok 4.41).

HB]*]]"E‘IT‘E.T[]::HE'IFI AKTHBHOCTL, YCII. €.
12

—2°C +14°C
10 A

el

6

4

2

| | | |
14 28 42 56 T0 54

Bpema (wuar rucropamMmbl 2 MUH)

PucyHok 4.41 — Bausinue pe3koro rnepernajia TeMnepaTypbl Ha ABUTAaTEIbHYIO0 AKTUBHOCTh

Kkpaba (u3 pabdotsl [73]).

Takum 00pa3oM, B J@HHBIX OMbITaX OBUIO YCTAHOBJIEHO, YTO KaM4aTCKUU Kpao,
KOTOpBI ObUT TiepecereH B BoJbl bapeHIleBOro Mops, BBIICPKUBACT Iepenaibl
temreparypsl B 16°C. DTO MOKa3bIBAET, YTO B MPOLECCE UIMTEIBHON aKKIMMATH3alUuK
KamMyarckoro kpaba B bapeHueBoM Mope, JaHHbIE SKMBOTHbIE BbIpaOoTaln
JOTOJHUTENbHBIE AJANTALMOHHBIE MeXaHW3Mbl. OTCIOJa MOYHO CcJelaTh BBIBOJ, YTO

IMOJIYUYCHHBIC PE3YJbTAaTbhl IOATBECPKIAAIOT, UYTO Yy KaM4aTCKOI'O Kpa6a BBICOKasa
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YCTOMYMBOCTh K TEpenaaaM TeMIIepaTyphl, a TakKe, YTO JAHHBIA BUJ YCIEUIHO MOXKET
UCIIOJIb30BAThCSl B MAPUKYJIBTYPE B YCIOBUSIX CEBEpPa.

WNuTtepecHble nanHble nosydeHbl bexteBoii B.B. [74] 0 BBISBIEHUIO CIIEKTPAIBHBIX
O0COOEHHOCTEH JBUTATENbHOW AKTMBHOCTH KaMyaTckoro kpaba. BmecTto okuaaeMbIx
MEPUOJIOB (CYTOUYHBIM, NOJYCYTOUHBIA M JIp.) NOJYYHJIUCh CHJIBHO CIBHUHYTBIE NEPHOBI.
[Ipy >TOM HHMKAakKOW CBSI3W C NPWIMBHBIMH MNPOLECCAMU 3TH OCOOEHHOCTH HE HMEIH.
OxugaemMblii CyTOUHBIM TMepUOj OKas3ajcs paBHbIM MpuMepHo 16 yacam (980 mwuH),
MOIyCyTOUYHBIN — npumepHo 10 gacoB (603 MuH). bonee kopoTkue nepuoabl ObUIH TOXKE
3HauuMbl — 490, 436 u 373 MuUH. YpPOBEHb 3HAUYUMOCTH BBISBIICHHBIX CIEKTPAJIbHBIX
nukoB Ob1  He Oomee O0,1. Ilpu »>ToM pacuer (QpakTaabHONH Ppa3MEpPHOCTH
MPOJIEMOHCTPUPOBAJ  BBICOKYIO  JETEPMHUHUPOBAHHOCTH  3THX  NEPHOJUYHOCTEU

(ko3 dunment Xepcra cocrasisi 0,55-0,9).

Buvisisnenue peakuuﬁ KDCZ608 HA eeocbquec;cue u eudpwvzemeopmoeuqecxue

npoyeccal.

Kpome omnmcaHHbIX 3KCHEPUMEHTOB Ha AKCIEPUMEHTaIbHON 0aze MypmaHCKOro
MOpPCKOTO Ouosiornueckoro HHCTUTyTa Konbckoro HayuHoro reHtpa PAH nmpoBoaunuch
MCCJIEIOBAHMS [0 ONPENEJECHUI0 peakuuu Kpaba Ha TEeOMarHUTHbIE BO3MYILECHHUS
(MarauTHbIe OypH). [TogpoOHO PKCTIEPUMEHTHI OTIHCaHbI B padote [58].

JIaHHBIE OIBITHI TAK)KE BBIIOIHSUIMCH IIPU €CTECTBEHHOM OCBEILIEHUH C KAMYaTCKUM
Kpabom B Bo3pacte 4-5 ner. B xauecTBe KpUTEpUs KU3HEAEITEIbHOCTH >KMBOTHBIX BCE
TAaK)K€ HCIIOJIb30BaJach MX JBUTAaTENIbHAsl AaKTUBHOCTb, IIOCKOJBbKY BCE CEHCOpHBIE
cUCTeMbl Kpaba 3amblKalOTCs Ha Mbllax. JlBurarenbHas akTUBHOCTb Kpada
UCCIEOBAIaCh € TIOMOIIBIO  CIEHMATIbHOM  YCTAaHOBKHM, KOTOpas  cojepkaia
KHHEMaTHYEeCKUN OJIOK, CBSI3aHHBI ¢ KpaboOM M TEH30JaTYUKOM, TPeoOpa3oBaTesib B
MOJAYJIUPOBAHHOE HAIPSKEHUE MOCTOSHHOTO TOKA, aHaJIoro-1uudpoBoil mpeodpa3oBarelib
U PETUCTPATOP B BUJE MEPCOHATILHOTO KOMIIbIOTEpa. bosee moipoOHO ycTaHOBKa onucaHa
B n. 3.1.4. Jlig OUEHKM TI€OMarHUTHBIX BO3MYIIEHUW HCIOJb30BAIACh AMIUIATYAA
BO3MYILIEHUH B €IMHNLIAX MAarHUTHOM MHAYKUMU (HTa u3 gaHHbIX GUHCKON oOcepBaTopun

ComaHKroIA.
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AHanu3 BIIMSHUS €CTECTBEHHBIX BO3MYILIEHUII MarHUTHOIO Moyt 3eMiId Ha Kpaba
BBINOJIHSUICA IIyTEM CPaBHEHHUs 3HAYEHWH JABUTATEIbHOW AKTUBHOCTH C €KEMHUHYTHBIMU
JAHHBIMM WHAEKCAa T€OMarHUTHOM BO3MyIIeHHOCTH (PucyHok 4.42). JIns moctpoeHus
rpadyka MCIOIb30BAJICSI KOMIIOHEHT T'€OMAarHUTHOTO MO IO ocH Y (OCh HamlpaBiieHa C
3amaja Ha BOCTOK). DKCHEpUMEHT ¢ Kpabamu mpoBomwica ¢ 4 mo 7 HosOps 2011 B
(OHOBOM peXUME C TUCKPETHOCTHIO B OJIHY MUHYTY.

PucyHok mokaspiBaeT, 4YTO peakuuss Kpaba Ha U3MEHEHUS B Bapualuu
r€OMarHuTHOTO 1oJs (¢ 4 Ha 5 HOSIOpS) HEMHOTO MPEXAECBPEMEHHA — TPUMEPHO Ha Yac /10
Hayasia Oypu aKTUBHOCTb KpaOa HauMHAET PacTH, HO CBOETO IMKA aKTUBHOCTU JIOCTUTAeT
yKe nociie Makcumyma O0ypu. Ilociie MakcuMyma akTUBHOCTH HAOJIOJAETCS JOCTATOYHO
pe3Kuil cnaj, ¥ Kpad MOCTENEHHO «yCIOKAauBaeTCs», APYTUMH CIIOBAMU aKTUBHOCTh Kpada
CTaHOBUTCS O0OJIee paBHOMEPHOI.

Takum 00pa3oM, Mokazaresb aKTUBHOCTU KPaOOB JOCTATOYHO TOYHO OTOOpakaer
U3MEHEHUS B TE€OMAarHUTHOM IIOJIE 3€MJIM, a MPEXKICBPEMEHHAs pPeakUus I03BOJIAET
TOBOPUTH O HAIMYUU Y KpaOoB 3¢ dekTa mpedyBCTBUS.

Cnenyer OTMETUTh, YTO B 3TOM HET HHMYEro OCOOCHHO HEOXHUJaHHOTO. B
YaCTHOCTH, TI0 UMEIOIIMMCSI JaHHBIM Y HEKOTOPBIX JIFOJIEH TOXKe perucTpupyercs 3pdext

«rpeauyBcTBU [75].
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THBIX BApUaUMKA HA aKTUBHOCTE Kpaba
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Pucynok 4.42 — Peakuus kpaba Ha TeOMarHUTHYI0 Oypro. BepxHsis 3anuch — KOMIIOHEHT

Y (och cripaBa), HUKHSA 3aMCh — aKTUBHOCTH Kpaba (0Ch ciieBa).

Bo3zoeticmeue UCKYCCNMBEHHbIM NEPEMEHHBIM MACHUNHBIM NOJEM.

BO31EHCTBUS

Jns

OKCIICPUMEHTAJIbHBINA  OacceiH

HNCKYCCTBCHHBIM

INEPEMCHHBIM MarouTHBIM IIOJIEM

Kpa6aMI/I nmoMemalicsas B COJICHOWA, II0 KOTOPpOMY

MPOITYCKAJICA TOK KpaiHE HU3KOW 4aCTOThI HA 3a/1aBa€MbIX IUCKPETHO YacToTax. YacToThl

BBI6I/IpaJ'II/ICI) N3 auariazoHa OT 0,

I IT'm no 15 I'm. MarauTHOE IIOJIE B COJICHOWJE U,

COOTBCTCTBCHHO, B Oacceline pacCYUThIBAJIOCH 110 BCIWYHMHC IIPOITYCKACMOI0 TOKa.
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Kaxxaplil 5KCIEpUMEHT, KaK U B ClIydae ¢ THIPOOMOHTAaMH, AJIWICA OKOJIO 3 yacoB: |-bIi
yac — (oHOBass 3amMch, 2-0i 4ac - HEMOCPEICTBEHHO BO3ACHCTBHE HCKYCCTBEHHBIM
IIEPEMEHHBIM MAarHUTHBIM IIOJIEM C ONPEIEICHHOW 4acTOTOW M 3-MM 4Yac — ITOBTOPHAas
¢oHOoBasg 3anuch. Peructpanuss ABUTaTeIbHOW aKTMBHOCTM Kpaba Belgach C
TUCKpeTHOCThIO B 1 cekynay [58]. Ha pucynke 4.43 mpencTaBiieH IpUMep U3MEHEHUS
JUCTIEPCUN aKTUBHOCTH Kpaba BO BpeMs skcrmepumeHTa Ha 8 I, Ad- aucmepcus
aKTUBHOCTH 1ociie npuMeHeHus puibtpa [lorrepa. Mo)XKHO OTMETUTH, UTO BO3JECHCTBUE B
8 I'l co3maer >Pdext mogaBiaeHUs JUCHEPCHH AKTUBHOCTH, 3TO, BHJIUMO, CBS3aHO C

reoPpu3nYecKUMH PaKToOpamH.

®oH-nosne 8 'y -doH
Ad, ycn.en.

0,4

0,3
0,2 R 1 1 | | h |

0,1 - 1 | Ii I 1 || | .l |||.

0
'0,1 LI 1 1 T T
-0,2 " I |
-0,3 T T T
00:00:00 01:00:00 02:00:00 03:00:00

Bpewms, MuH

Pucynox 4.43 — Xapaktep U3BMEHEHHs TUCTIEPCUN aKTUBHOCTH Kpaba Mpu BO3JCHCTBUU

rmojieMm 8 I'ty, omeiT 2011 ropa.

Jlns monydeHus: 3aBUCUMOCTEN JBUTATEIbHOM aKTUBHOCTH Kpada OT 4YacTOTHI
BO3/ICHCTBYIOIIETO MOJIS MO pe3yyibTaTaM dKCIEPUMEHTOB ¢ KpabaMH Ha Ka)JIOW 4acToTe
OBLTM TIOJIYYECHBI TaKHE XapaKTEPUCTUKH, KaK PpEaKIus U U3MEHUYHUBOCTH JHCIEPCUU
aKTUBHOCTHU Kpaba Ha MpeAbsIBICHUE IEPEMEHHOT0 MarHuTHOTO 1oJs. [lo paccunTanHbIM
JTAHHBIM TIOCTPOEHBI TpadUKH, JEMOHCTPUPYIOIINE TOJydeHHbIE 3aBUCUMOCTH (PucyHok

4.44).
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Pucynox 4.44 — 3aBUCUMOCTb Pa3HOCTH Aucriepcuit (onbIT-hOH) OT YaCTOTHI BO3ACHCTBUS

(u3 paboteI [58]).

[Tomy4yeHHbIE 3aBUCHUMOCTH XOpOLIO JEMOHCTPUPYIOT JBa Yy4dacTKa, KOTOpBIE
CBSI3aHbl C YCWJICHHEM peaklMu Kpaba Ha JACHCTBYIOIIME 4acTOThI: ydactok 1-1,5 I'mi u
yuyactok B obOmactu 7-8 I'm. IlepBblii M3 HUX, OYEBUIHO, XapaKTEPEH IS YaCTOTHI
CEpPACYHBIX COKPAILICHUA M YAaCTOThI JABIXaHUS IPU IMOCTOSIHHOW TEMIIEpAType BOJbI B
AKCIIEPUMEHTAIIbHOM OacceitHe. BTopoii yyacTok HUKaK HE CBsI3aH C (PU3HOJIOTMYECKUMU

byHKIMSIME Kpaba, 1 MOXKET pacCMaTPUBATLCA KaK Te0(PU3NIECKUN IKCTPEMYM.

Ocobennocmu peakuuil Kpaboe 6e3 UCnOAb308AHUA DUILMPAUUU OAHHBIX.

Kax 6p110 mokazano panee (1.4.2.1), nucriepcusi He BCEra HAWIYYIINM 0Opa3oM
XapaKTepu3yeT peaKklMio )KUBOTHBIX Ha MIPEeAbsBIsieMble BHEITHUE (pakTophl. YacTo Oosee
MOKA3aTEJIbHOW XapaKTEPUCTUKOW SIBIAETCSA CpelHee 3HaueHue peakuuu. [Ipum sTtom
HEOOXOJIMMO HWCIOJIb30BaTh TOJIBKO TOCIEI0BATE/IbHBIC KBA3UCTAIMOHAPHBIC YYaCTKU
psAI0B MaHHBIX. [IpuMeHUTENbHO K KpabaM, KOTOpbIE CYIIECTBEHHO MEHEE IOJBUXKHBI,
9YeM COMOBBIE PBIOBI, 3TO OCOOCHHO Ba)KHO.

[TosToMy HMcXOAHBIE Psi/IbI TAHHBIX, MMOJydYeHHbIE paHee O.M.BiaguMupoBoi, ObutH

o0pa0oTaHbl 3[eCh UMEHHO TakuM crocoOom. [lomyuyuBiimecss mpu 3TOM pe3yJIbTaThl
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CYILIECTBEHHO OTJIMYAIOTCS OT Pe3ysbTaToB pucyHka 4.44. YacToTHbIE «OKHa» peakuuu

pacroJiararoTcs B Ipyrux auana3zoHax (pucyHok 4.45).

N A [\
/AN
Ll N \\
Oj 0.1 | 0.5 | 1 | 15 | 2 | 4 | 6 | 7 | 8 | }‘5
Yacrorta, Iy

Pucynox 4.45 — [Ipsimas peakuus kpada (6e3 GpunpTpaiuu JaHHbIX) HA

BOBHCﬁCTBHG NNEPEMCHHBIM MAIrHUTHBIM ITOJICM.

[lepBoe «OKHO», Kak W y pPbIO, sBIsSETCS (U3HOJOTUYECKUM W XapaKTepU3yeT
peakIuio BO30YXKJICHHUS HAa 4YacTOTE CEPACYHBIX COKpAIEHUM (CM. HalpuUMep PUCYHOK
4.40). Bropoe «OKHO», KaK U y pbIO, SBIAETCS re0(pU3NUECKUM.

Crnenyer OTMETUTb, YTO TMpsMas peakuus SBIAETCS MNPEUMYILIECTBEHHO
MTOJIOKUTEIIBHOM (Kpad crapaercs «yWTH» OT BO3JICHCTBYIOIIETO TOJISI U HATSATHUBACT HUTD,
CBSI3BIBAIOIIYIO €r0 C PETUCTPUPYIONIEH YCTAHOBKOM ).

[TonyueHnHsle pe3ysbTaThl CBUIACTEIBLCTBYIOT 00 OINpeeeHHON YHUBEPCATbHOCTH
BBIJICTISIEMBIX «OKOH». T.€. OHM CYIIECTBYIOT KaK Y MMPECHOBOJHBIX )KMBOTHBIX (KapIOBEIE,

COMOBBI€ PBIOBI), TAK U Y MOPCKHUX OECIIO3BOHOYHBIX (KpaObl).
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4.3.2 BnusHue MpOoXOoaAIIMUX MUKIOHOB HAa ABHUIaTCIIbHYIO AKTUBHOCTh KaAMYATCKHUX

KpaOoB.

B npenpiaymux riaBax yKe€ YHNOMHMHAJIUCh ONBITBI C THMAPOOMOHTAaMH, KOI/A
HCCJIEIOBAJIOCH BIUSHUE MPOXOSIIMX LUKIOHOB Ha JABUTATEIbHYIO aKTUBHOCTH pbi0. B
MPOJOHKEHHE ATHX IKCIIEPUMEHTOB TAaK)K€ MPOBOAMIMCEH PabOTHI C Kpabamu.

Kpalsbl sBHsIOTCS, BO-TIEPBBIX, MOPCKHMH, a BO BTOPBIX — OECIO3BOHOYHBIMU
KUBOTHbIMH. Tem  Ooyiee  HMHTEpECHO, MOLYT JM OHHM  pearupoBarb  Ha
T'HJIPOMETEOPOJIOTUYECKUE TPOIIECCHI U MPEAYYBCTBOBATh UX MPUOIINKEHHE.

HccnegoBanue peaknuu KamM4yaTcKoro kpadba Ha NpHOIMKEHUE U MPOXO0XKJECHUE

LIUKJIOHOB ObLIO npeanpunaro 28—29.11.2011 r. u 21-22.12.2011 r.
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Pucynok 4.46 — Peakusi kamuaTckoro kpada Ha MpuOJIMKEHNE MOIIHOTO IUKJIOHA.

Ha pucynke 4.46 nmokazana peaxiys kpada Ha TpUOIMKEHUE IIUKIOHA. DTOT
LIMKJIOH, B OCHOBHOM, pacnojaraics Hajg Hopseruei, 4o 0TOOpakeHO Ha MPUBEACHHBIX
CUHOINTUYECKUX KapTax, U BO3/IeCTBOBATI HAa MypMaHCK CBOEH MepeiHEN YacThi0. 3aTeM
29.11.2011 r. on nmoBepHyJ Ha 1or U ymen o Mypmancka (Pucynku 4.47, 4.48).
CoOTBETCTBEHHO, Kpad «yCIIOKOUJICS», 1 AKTUBHOCTh €r0 CHU3UJIACH (KOHEI 3aliCH Ha

pucyHke 4.46).



Pucynox 4.47 — Cunontuueckas kapTa ¢ UUKkiIoHOM Haja HopBeruei

28.11.2011 r. 04.00 MCK.

29.11.2011 r. 04.00 MCK. Bo30yxaenue kpada 3atyxaeT (CM. puCyHOK 4.46).
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[Tonobnast cutyanuss Habmogamack 22 nekabps 2011 r. Hukmon ¢ dpoHTOM
OKKJTFO3UM HETOCPEJACTBEHHO BO3JCHCTBOBAN Ha TEppUTOpHi0 MypMmaHCKa (pPHCYHOK

4.50). Peaxmus kpaba omHo3HauHa (pUCYHOK 4.49).

1.4
1.2

1
0.8

0.6 :

0.4 :

0.2 |
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0 38 00 20:24 22:48 1:12 3:36 6:00 8:24

Pucynok 4.49 — 3meHeHue ABUTaTeIbHOM aKTUBHOCTU KpaOOB B IEPHO/] IIPOBEICHUS

skcnepumenTa ¢ 18:05 21/12/11 mo 9:00 22/12/11.

1\

Ly ) Vi~
Pucynok 4.50 — ®parMeHTBl CHHONITUYECKUX KapT B palilOHE UCCIENOBAHUM

(3a21.12.11 - cneBau 22.12.11 — cnpaBa) B 04 yaca Mo MOCKOBCKOMY BPEMEHH).

Panee y>xe roBOpHIOCh O peakinu Kpada Ha TeOMarHUTHBIC BO3MYIICHUS
(marautHbIE OYpH). UTOOBI HCKIIOYNTH Takue 2((HEKTH OTHOBPEMEHHO C OTIMCAHHBIMH
AKCTIEpUMEHTaMHU OblIa MOJTydeHa 3aliCh Bapyalliii T€OMarHUTHOTO TIOJIS B
ob6cepraTopun Comgankrois (OUHISH/NS), PACTIOI0KEHHOM MaKCUMaIbHO OJIU3KO OT
Mypmancka. Ha pucynke 4.51 noka3zanbl Takue JaHHbBIE 3a EPUO]T BDEMEHU

B036y}KII€HI/I$I ,Z[BI/IFaTeHBHOﬁ AKTHUBHOCTH Kpa6a, M3 KOTOPBIX CICAYECT, UTO B036y}KI[€HI/IC



111

Kpa6a OoIIpCACIIACTCA HC TCOMAariHMTHBIMU BOSMYIIICHUAMHU, 4 UMCHHO ITPOXOXKXICHUEM

IMUKJIOHQA, ITOCKOJIbKY MAarHUTHAasA 00CTaHOBKA Ha 3TOT Imepnuoa Obl1a CIIOKOMHAS.
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Pucynox 4.51 — I'eomarautHas obcranoBka 3a 22.12.2011 r. pu

MPOXOKACHUHU [TUKJIOHA.

Takum oOpa3zoMm, pe3ysnbTaThl MPOBEACHHBIX HCCIEAOBAHUN CBHUJIETEIHCTBYIOT O
TOM, 4TO Kpab pearupyer Ha MpUOIMHKEHUE U IPOXOKIEHNE IMKIOHOB. B cooTBeTCTBUM C
MOJYYEHHBIMH JAHHBIMM O YAaCTOTHBIX XapaKTEPUCTUKAX MArHUTOYYBCTBUTEIBHOCTHU
MOKHO CJHIeJIaTh BBIBOJ, YTO JKMBOTHOE pPEArMpyeT Ha IEPEMEHHbIE MArHUTHBIE TMOJI,

BO30YyXJaeMble STUMHU LIUKJIOHAMH, TPUYEM, TPEUMYIIIECTBEHHO Ha 4acTOThI 7-8 I'11.



112

4.4 Bpems 3a7iepiKeK peakiuil («JIaTeHTHBIC ITEPUOIbI») MIPH BO3ICHUCTBUM HA

FI/II[p06HOHTOB MMCPCMCHHBIMH 3JICKTPUICCKUMHU UJIN MAIHUTHBIMU ITIOJIAAMHA

B n. 3.2.1 Obun pacCMOTPEHBI TEOPETUUECKUE OCHOBBI BO3JEHCTBUS NEPEMEHHBIX
ANIEKTPUYECKUX U MAarHUTHBIX TMOJIEH Ha aKTUBHOCTH TUAPOOHMOHTOB. OCHOBOM sl 3TOTO
PACCMOTPEHHUSI MTOCITYKUJIH U3BECTHBIE AKCIIEPUMEHTAIbHBIE (DAKTHI O MTPOTUBOIIOJI0KHBIX
peakuusax THUIPOOMOHTOB HA TaK HAa3bIBAEMble «AHOJIUYECKUI» M «KATOJUYECKHID)
CTUMYJIbI, TO €CTh Ha MPEIbSABICHUE SJIEKTPUUYECKUX IOJEH pPa3Iu4yHON MOJSIPHOCTH.
CoOTBETCTBEHHO, IpPHU BO3JECHCTBUU 3HAKONEPEMEHHBIMHM IMOJIIMH MOXXHO ObUIO OBl
OKHJIaTh OTCYTCTBHE PEAKIIMIL, YTO HA CAMOM JIEJI€ HE MOIyYaeTCsl.

B n. 3.2.1 paccmoTpeH MexaHu3M (POpMUPOBAHMS PEAKIMIl 332 CUET HEIMHEHHBIX
JUHAMMUYECKHUX CBOMCTB CBSI3U «BO3JEHCTBUE-peakuMs»y. bmaromapst sTomy mosiBiasieTcs
3¢ (PeKT HAKOIIIIEHUS 3JIEMEHTAPHBIX PEaKUUid, Ha3BaHHBIN «KYMYJISITUBHBIM 3P (HEKTOM.

B Hammx skcriepuMeHTaxX BBISBJICHBI TaKHE KYMYJIATHBHBIE 3a/€PXKKU PEaKLUN y
HEKOTOPBIX ruApoOuoHToB. Ha pucynke 4.52 nokaszaH BUJ HA4aJbHOTO y4acTKa PEaKIUU
kamyarckoro kpaba Paralithodes camtchaticus. MeTtoauka sSkcriepuMEHTOB OINMCaHa B II.
3.2 u B Hame# padore [76].

Bxitouenue BozneicTByomero gakropa (mepeMeHHOe MarHUTHOE T0JI€ 4acTOToM 1
I'm) He gelicTByeT cpa3y — peakius 3aTATMBAaeTCs MPUMEPHO Ha 54 ¢ 3aTeM IO 3aKOHY,
OJIM3KOMY K JIOTapU(MUUYECKOMY, JIOCTHTaeT CBOET0 MaKCHUMAaJbHOIO 3HAUEHUS elle

IIpUMEpHO vepe3 16 c.
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Pucynok 4.52 — Peakiust kpaba Paralithodes camtchaticus Ha MarauTHOE TI0JI€ €
gactoToi 1 I't1. O603HaueHus: 1 — ABUraTeabHass akTUBHOCTD, TUCKPETHOCTD 1 C; 2 —
CTJIa)KEHHAs! KpUBasi akTUBHOCTHU;, 3 — Havyaio BozzaeiicTBus (01:18:09); 4 — navano

peakimu (01:19:06); 5 — makcumanbHas peakius (01:19:22).

Cnegyer OTMETUTh OTCYTCTBHE «TiagkocTw». CpemnHuil nepuoj KosjaeOaHHid
puMepHO 3-4 ¢, BUIMMO, 00YCIIOBJICH HEKOTOPBIMH (PHU3HUOJIOTHICCKUMH 0COOCHHOCTSIMH,
KOTOpblE HaM HeWu3BeCTHbI. [IpuueM, Takue koneOaHHsI COXPAaHSIOTCA MOCIE Hayaia
BO3JICHCTBHS 3HAKONIEPEMEHHBIM IIOJIEM, a TaKXe IIOCIE JOCTHKEHHS MaKCUMAaJIbHOU
peakuuu. Ilepuonel 1 ¢ B pe3ynbTaTax HE BBIABISIOTCS. Pe3ynbTatoM BO3IEHCTBUS
ABIISIETCS NOBbIUIEHUE AKTUBHOCTH (OTUYXACHHE, MONBITKA YUTH U3 30HBI BO3ICUCTBUS).

MOXHO 0XHJaTh, YTO C TOBBIIIEHUEM YacTOThI 3aJE€p)KKa PEaKIUH JIOJKHA
YMEHBIIAThCSA, MOCKOJIBKY BO3pPAcTaeT KOJIMYECTBO 3HAKONEPEMEHHBIX «CTUMYJIOBY.
XapakTepHbIil TpuMep MpuBeaeH Ha pucyHke 4.53. 3aech nojHas 3aJepKKa peakuuu (10
JOCTHKEHHSI MAaKCUMAJIbHOW PeaKUny) MPOUCXOIUT BCEro Jiib 3a 3 c. [Ipu aToM BaxxHO
OTMETHUTb, 4TO d(PPEKT BO3pacTaHMs] aKTUBHOCTHU CYLIECTBEHHO OoJibllie (B CpaBHEHHUH C

pucyHkoMm 4.52).
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Pucynok 4.53 — Peaknust kpaba Paralithodes camtchaticus va marauTHOE T0NTE
c yactotoi 8 I'. O603HaueHus: 1 — Hayano BO3ACHCTBUS, 2 — MAKCUMAJIbHASI PEaKIIUS;

JTUCKPETHOCTh HAOMIOIeHuH 1 c.

3nech Takke HaOJIO/Ial0TCs BapHallMu aKTUBHOCTHU C TmepuojamMu 3-4 ¢, Kak U B
NpeapAyux pe3yinbratax. [Ipu 3TOM aMIIUTYyAHBIE 3HAYEHUS] Bapualuidi MPUMEPHO
COOTBETCTBYIOT 3HAUCHUSIM Ha pUCYHKe 4.52 (CM. IIKaJly aKTUBHOCTH).

B panee npoBoaMBIIMXCS AKCIIEPUMEHTAX HAM MPECTaBIsIach 00Jiee HHTEPECHOU
peakius TUCIepCUr aKTUBHOCTH. [[ucnepcusi, Kak M3BECTHO, MPOSBIISIETCS B KOJIEOAHUSIX
OTHOCHUTEJNBHO CpPEHEro 3HaueHus. Pacuer mexyweiu nucnepcun npoBouics mo 20-tu

TOYKaM C 11arom B 1 ¢, 3HaueHHUE COOTHOCUIIOCH K 10-i1 Touke.

Jlucniepcusi paccUUThIBAIaCh Mocie QUIbTPAMK PSIIOB MOJIOCOBBIMU ITU(DPOBBIMU
¢unsTpamu IloTrTepa, mpu 3TOM yCTPaHSIUCh TPEHJ W BBICOKOYACTOTHHIE ITyMbl. Ha
pucyHke 4.54 npuBeneH XapaKTepHbIA MPUMEP U3MEHYMBOCTH JIBUTATEIBHON aKTUBHOCTHU
Kpaba OTHOCHUTEITHHO HYJEBOTO cpeaHero. /[ucmepcust pe3ko U3MEHSETCs MOoCcie TOUYKH 2

(01:05:15) c 3apepxKoit o oTHOILIEHUIO K Havaiy Bo3aeicTBusa 1 (01:05:01).
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PucyHnok 4.54 — 3agepikka U3MEHYMBOCTH JIBUTATEIIBHOM aKTUBHOCTH Kpada
Paralithodes camtchaticus na nepeMeHHOe MarHuTHOE 10JI¢ yacToTo 0,5 I'm.

O6o3nauenwms: 1 — Hayaao BO3H€ﬁCTBHH; 2 — HayJaJio PCaKInu.

[Tone3Ho OTMETUTh HHTEPECHYID OCOOEHHOCTb: KOJICOaHMsSI JIBUTATEIbLHOMN
aKTUBHOCTU 10 Bo3zaehcTBus MII Oblmu cpaBHUTEnbHO MemieHHbIMH (18-20 ¢), mocre
BO3JICUCTBUS BO3POC pa3Max kosiebaHus, a meproJl yMEeHbIIIICS 10 6-7 C.

Ha pucynke 4.55 mnoka3zan npumep 3aJ€p>KKU pPEaKIMU YK€ IO PaCCUUTAHHOMN
JTUCTIEPCUH aKTUBHOCTH. Peakius nucnepcuu nmoiaydaercs Kak Obl «3aTSHYTOM» (PUCYHOK
4.55 B cpaBHeHUU C PUCYHKOM 4.53), YTO BIIOJIHE TOHSTHO, IMOCKOJIbKY CBSI3aHO C

ocobeHHOCTsIMU pacueTa aucnepcur (20 ToUeK, CMEIIaeMbIX C [IaroM Ha OJIHY TOUKY).
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Pucynox 4.55 — 3ageprxka peakimu oucnepcuu TBUTATEIHHOM aKTUBHOCTH Kpaba
Paralithodes camtchaticus na ITeMII yacrtoroit 8 I'. O60o3HaueHus: 1 — HAYao

BOBHeﬁCTBHﬂ; 2 — HayaJio pe€aKkunun JUCIICPCUH, 3 — MaKCHMAaJIbHO oXXnaacmas pCaKmus.
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[IpenBaputenbHbIe OIEHKH 3aBUCUMOCTH BPEMEHHU PEAKITUU OT YaCTOTHI ITOKa3aHbI
Ha pucyHKe 4.56. 31eCh, B 11eJIOM, TTOATBEPXKIACTCS TIPEAIIOIOKEHNE 00 YMEHBIIIEHUH
BPEMEHHU PEaKIUU C yBEIMYCHUEM 4acToThl. HabmromaeTcs: HeOobIiass HOMOHOTOHHOCTh
IIPU YBEIMYEHUN YaCTOThI, HO ATO TpeOyeT AOMOJHUTEIBHOrO U3ydeHus. TeM Oosee 4To
JIOBEPUTEIHHBIE UHTEPBAJIBI HE MOTJIA OBITh OMPEICIICHBI W3-3a CIUIIKOM Majoro

KOJIMYECTBA JaHHBIX.
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Pucynox 4.56 — [IpeaBapuTenbHbIe OLIEHKHU 3aJIEPIKEK PEAKIIUU JuUcnepcuu
JBUTaTeNIbHOW akTUBHOCTH Kpaba Paralithodes camtchaticus na Bo3neiicTBue

INCPCMCHHBIM MAIrHUTHBIM ITIOJICM PAa3JIMYHBIX YaCTOT.

Comosvie puiObl. VIzydeHne 3aiepKeKk peakiuid MpearnpuHuMaioch HaMU TakkKe B
AKCIIEPUMEHTax C COMOBBIMU pblOaMu. Omnpeaensich peakuud HeOonbmux rpynn (8-11
oco0Oeit) comukor Corydoras aeneus Ha BO3JCHCTBUE MEPEMEHHBIMH JICKTPUYCCKHUMH U
MarHuTHeIMH noyisiMu B KHY-nmnamazone. Mertoanka mnOpoBeAEHUS HKCIEPUMEHTOB
olnucaHa B Haiel padote [76].

Pr16b1 Gosiee MOABMXXHBI U HE MOTYT CTOJb «OCTPO» pearupoBaTh HAa M3MEHEHMS
BHEIIIHUX, B YACTHOCTH — 3JIEKTPOMAarHUTHBIX, (DaKTOPOB KaK JOHHBIC )KUBOTHBIC — KPaOHI,
JUIS. KOTOPBIX IITOPMOBOE BOJHEHHUE HA MOBEPXHOCTH MOPS, BUIUMO, MOXKET OKa3aThCs
BEChbMa OMACHBIM H3-32 BO3MOXKHBIX YJIapOB O KaMHH. Beap mITOPMOBOE BOJHEHUE MpHU
TUMUYHBIX JuHAX BOJIH 100-150 MeTpoB MoKeT mpoHUKaTh Ha ri1youHsl 50-70 MeTpoB.

Y comukoB Corydoras aeneus 3ajepXKu peakiuid JUCIICPCHH JIBUTATECIHLHOU

AKTUBHOCTH AHAJIOTMYHO CIHAJAI0T C YBEJIWYEHUEM 4acToThl (pucyHok 4.57), HO
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HEMOHOTOHHO. DKCIEPUMEHTHI MPOBOJAWIIMCH KaK B MAarHUTHOM ToJie (pUCyHOK 4.57), Tak

U B OJIHOPOJTHOM DJIEKTPUUYECKOM ToJie (PUCYHOK 4.58)
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Pucynok 4.57 — Bpems 3a7epKKu ducnepcuuy peakiiii 1 THTEHCUBHOCTh PEaKIIUU
comukoB Corydoras aeneus rmpu Bo37CHCTBUU MIEPEMEHHBIM MACHUMHBIM
MOJIEM pa3IUYIHBIX 9acToT. O003HaueHUS: 1 — Bpems 3aIepKKH; 2 — MTHTEHCUBHOCTh

peaKINH.

NHTEHCUBHOCTh pEaklUMM Ha 3TUX TrpapuKax yKazaHa [JIs TOMBITKA CBS3aTh
HEMOHOTOHHBIN XapakTep 3aJepkKeK U OMMOJAIbHBIA XapaKTep HHTCHCUBHOCTH PEaKIIUA.
buMonanbHbI XapakTep peakinuid paccCMOTPeH HaMu B paboTe [77] MpUMEHUTENHHO K
mpoOjemMe TMOJy4YeHUss TUIPOOMOHTAMU WHPOPMALUA O THAPOMETEOPOIOTHIECKUX
mpoueccax Hajx BogoeMamu. Ha mnpuBoauMbIx rpadukax MOXKHO OTMETHTb, YTO
MHTEHCUBHOCTh Peakuuu («BOCIPUUMYHUBOCTHY» MEPEMEHHOIO TMOJIsI) U BpeMs 3alIepKKU

pPCaKkuru CBA3aHEI. HpI/I‘-II/IHBI TaKOM CBSI3M IOKA HE COBCEM SICHBI.
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Pucynox 4.58 — Bpemst 3a7iep>Kk1 oucnepcuu peakiiii ¥ MHTEHCUBHOCTh PEaKIINU
comukoB Corydoras aeneus rmpu Bo3[eCTBUU TIEPEMEHHBIM 91€eKMPUYECKUM
noJieM pa3nu4HbIX yacToT. O603HaueHus: 1 — Bpems 3a7iepKku; 2 — THTEHCUBHOCTh

pCaKIHH.

Hamu npeanonoxxeHus 0 HeMOHOMOHHOM XapaKTEepe 3aI€PKEK PEAKIHN CBOASTCS
K TOMY, UTO PaCCMOTPEHHBIE 3[I€Ch HeauHelHble TMHAMUUECKHE CBOMCTBA Y TUIPOOMOHTOB
XapaKTepU3yITCsl ypaBHEHUSIMU Oo0jiee BBICOKMX TMOPSIKOB, yeM ypaBHeHue (3.3) ¢
pemerusmMu (3.6). OnHaKO ATH MPEANONIOKEHUS TPEOYIOT JATbHEHIIINX UCCIIeI0BAHUN.

OO000111eHHbBIE pE3yJabTaThl, MOJIYYEHHbIE HA PA3IMYHBIX YacTOTaX BO3JIEHCTBUS
MEPEMEHHBIX TMOJEe Ha pPa3iIMYHbIX THAPOOMOHTOB MpeAcTaBiieHbl B Tabmune 4.4 ¢
YKa3aHUEM JIOBEPUTENIbHBIX WHTEPBAJIOB JUIsI OKCIEPUMEHTOB C pbldaMu TIpu

noBepuTenbHOor BepositHocTH 0,95,
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Ta6nuna 4.4 — BpeMms 3a7iepKKu peakiiuu

Comuku, anekrpuueckoe | CoMuku, MaruuTHoe nosie | KpaObl, MarHuTHOE
oJje rnoJje
Bpems Bpems Bpems
Yacrora, 3alCpxKKH, Yacrora, I'11 3alCpxKH, Yacrora, 3alICpKKH,
' MUH MHH ' CEK
0,16 +0,05 0,5 16.0+0,05 0,1 37,5
0,51]9.5 £0,05 1 7.5+£0,05 0,5 14
1|2+0,06 2 100,05 1 10,5-11
2 | 3.5 +0,05 4 7.0£0,06 2 7,5-8
4 | 5.5 £0,05 7 8.5+0,07 4 7,5-8
7 |1.5+0,06 7 (uuxton) | 12.0+0,07 7 9-9,5
10 | 5 +0,06 10| 13.0+0,06 g 10511

4.5 [lonck MEXaHU3MOB MPEIUYBCTBHS IOCPEACTBOM BIUSHUS HA (PU3UKO-

XUMHUUYCCKHUC IPOLECCCHI. 3KCHCpI/IMCHTBI CO IITOPpMIJIaCCOM

[Tonmy4yeHHBIC pe3yNbTaThl, OCBEIIEHHBIC B MPEIBIAYIIMX pas3jeiax, MPUBOIAT K
BBIBOJY, YTO M3YyYEHHBIE, a TaKKe, MO-BUAMNMOMY, MHOTHE APYTHE, €Ile HEeHU3yueHHBIC,
HEAJICKTPOUYBCTBUTEIbHBIC THUAPOOUOHTHI 00J1aJal0T YyBCTBHTEIBHOCTHIO K CIIAOBIM
NepEeMEHHBIM MArHUTHBIM TMOJIAM. MeXaHHM3M MarHMTOYYBCTBUTECIIBHOCTH B HACTOSIIIECE
BpeMsi Heu3BeCTeH. IIpearmoiaoKeHnss O TOM, YTO THAPOOMOHTHI COAEPIKAT HEKOTOPHIE
YyBCTBUTEJIbHBIC K MArHUTHOMY TIIOJIIO 3JEMEHTBhI, B YaCTHOCTH, TaK Ha3bIBAEMBbIC
MASHUMOCOMbL, HE BBIAEPKHBAET KPUTHKH. [10M00OHbBIE 3JIEMEHTHI B JKUBBIX OpraHH3MaXx
OJHO3HAYHO HE BBIABJIECHBI, TeM Oo0Jiee, OTCYTCTBYIOT THIIOTE€3BI 00 HX BO3MOYKHOM
B3aMMOJICHCTBHH C IICHTPAIBHON HEPBHOW CHCTeMO# oprann3ma [15,16].

[TogobOHast HEOMPEAEICHHOCTh IPHBOAMT K HAEE BOCIPHATHA IEPEMEHHBIX
MarHUTHBIX MTOJICH I[EIOCTHBIM OPTaHU3MOM, BKJIFOYast KJIECTOYHbBIC CTPYKTYphI. [1o Hammm

MMPCANOJIOKCHUAM pPCaKIUA KICTOYHBIX CTPYKTYP Ha IMCPEMCHHBLIC MAIrHUTHBIC I10JIA

o0ycIoBJIeHa peakliield HepaBHOBECHBIX MPOIIECCOB B 3TUX CTPYKTYpaXx.
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HepaBHOBECHBIE OHMOIOTUYECKUE MPOIIECCHI MUPOKO M3ydatoTcs B Onodusmke (CM.
HarpuMep, kiaccuueckuii yueoHuk Bomabkenmreitna M.B. [53]). B uwactHocTH, B 3TOM
pabote [53] ommcaHbl pa3NIUYHBIC BUABI TMOJAOOHBIX TMPOIECCOB. YTBEPKAACTCA, UTO
NoJ0OOHBIE MPOIIECCHI MOTYT MEHATHCS TOJI BO3ACHCTBHEM CIa0bIX BHEIIHUX (PAKTOPOB,
KOTOpBIE CIIOCOOHBI CMEIIaTh B KakKylo-THOO CTOpPOHY CO3JaBIIMECi [Js JaHHOTO
Ipolecca YaCTHbIE YCIOBHS pAaBHOBECHSI.

Taxke TamM TMOKa3aHO, YTO TMOAOOHBIE TMPOIECCH CYIMIECTBYIOT B (DU3HKO-
XUMHUYECKUX CHCTEMax, KOTOPbIE MOTYT HCIOJb30BAaThCS KaK MOJEIN OHMOJIOTHYECKHUX
CHCTEM.

B nHamux 3amayax nmoucka (pU3NUECcKOro MexaHu3mMa npeaqyBCTBUS THAPOOHOHTAMH
OTMACHBIX THIPOMETEOPOJIOTHUECKUX MPOIECCOB OBIJIO PEIICHO MCIOIh30BaTh B KaYECTBE

MOACINM TaKyr0O HCPABHOBCCHYIO d)I/ISI/IKO-XI/IMI/ILIeCKVIO CUCTCMY KaK IITOpMIJIACC.

[IITopMriace, Wi wmopmosoe Cmekio, UCIOIb30BANICA MOPSAKAMHM KAK IPEACKA3aTellb
npuOIMKEHNsT MOPCKUX MTOpMOB. CoCTaB MITOpMIJacca U3BECTEH U MOYKET HECKOJIBKO
BAPBUPOBATh B PA3IMYHBIX KOHCTPYKUUAX. TemM He MEHee, ero OCHOBY CO3JAeT Pl
cnenupUUecKnX BEIIECTB, KOTOpble OOpa3yloT B CBOEM COUYETAHUHM HEPABHOBECHYIO
CUCTEMY.

B nenoM, coBpeMeHHBbIH ITOPMIJIacC MPEACTABIAET COOON 3aMassHHYIO CTEKIISTHHYIO
TpyOKY, B KOTOPYIO OMEIIAETCS BOJHO-CIIMPTOBOM PACTBOP KAIMWHOMN CEIUTPHI, XJIOpUaa

aMMOHUS U KaM@apbl B onpe/IelIeHHBIX Tponopiusx (pucyHok 4.59).
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Pucynok 4.59 — M300paxeHne THIUIHON KOJIOBI IITOpMIJacca.

Cy11ecTBYIOT pa3iMyHbIe BAPUAHTHI KOHKPETHBIX PEIENTOB, KOTOPhIE MOKHO HAUTH
B uTeparype. EcTh cBeqeHus, 4to mropMmriace npuMmensiics Mmopsikamu e B X VII-XIX
BB. [lokazanmsimu cimyxuia HaOmogaeMas KapTHHA KPUCTAJUTM3AIMU TPU Pa3IAYHBIX
MOTOAHBIX YCIOBUSX.

B mnpoBen€HHBIX 3KCIEpUMEHTaX  HUCIOJb30Bajach CTaHAApTHas  amIlysia
ITOPMIJIacCa B BUJE COCY/A, 3alOJHEHHOTO CMEChI0 KaM(aphl, HAIIATHIPS U KaJIMEeBOU
cenuTpsl (4:1:1), pacTBOPEHHBIX B CMECH CIIUPTa C JUCTUIUIMPOBAHHOM BoJOM. B panee
OMyOJIMKOBAaHHBIX ~ COOONICHHWSX  pPAa3MYHbIX  aBTOPOB,  HAMpPUMEP [78,79],
paccMaTpUBaJIUCh NPEUMYLIECTBEHHO  BHU3yajbHble  HAONIOJEHUS 3a  peakiueu

mropmriacca, Mnmpu 3TOM CHHOITHYCCKAs 00CTaHOBKA OLCHMUBAJIACh TAKXKC BH3YAJIbHO.
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TexHuYeCKuM MpeuMyicCTBOM paCCMOTpCHHOﬁ HHKE YCTAHOBKH SBJISICTCA BO3MOXKHOCTD

00BEKTUBHOM aBTOMATUYECKOW HEMIPEPHIBHON PETUCTPALIMU ITUX XapPAKTEPUCTHK.

4.5.1 DkcriepuMeHTaIbHasl yCTaHOBKA

Y CTpONCTBO JIJIst pETUCTPAIIIN H3MEHYMBOCTH XapaKTEPUCTUK (HU3UKO-XHMHIECCKOM
CUCTEMBbI MITOpPMIJIACCAa COAEPKUT KoJIOy ImTopmriacca 1 ¢  (U3HKO-XUMHYECKOU
cuctemoil. Konba mropmriacca pa3meniena B QyTisgpe TEIOU30SIIIUOHHON KaMepbl 2 COo
ceronzosiTopoM 3. DyTisp cHaOKEH Y3KUMH OKOIIKaMHU (CBETOIPOITYCKAIOITUMHU
OKHaMH), a CUCTeMa HaOJIIOACHUS COACPKUT (POKyCUPYeMbI oTpaxkaTreiaeM 4 HCTOYHUK
CBETa 5, pa3MEIECHHbIA BO3J€ OJHOTO M3 OKOMIEK (BBIXOJHOI'O CBETOIPOITYCKAOUIErO
OKHA), U (OTONPUEMHHUK 6, pa3MEIICHHBIA Y MTPOTUBOIIOJIOKHOTO OKOIIKa (QyTisipa, Mpu
ATOM Koyi0a IITOPMIJIACCA OPUEHTUPOBAHA BEPTHKAIBHO C MEPECEUEHUEM Jyda CBETa
MIPUMEPHO MOCEPEANHE CBOEH CTPYKTYPHI, @ GOTONMPUEMHHK 6 Yepe3 IJICKTPOHHYIO CXEMY
YCWINTENS 7 TOJKIIOUEH K aHaJIoTo-Iu(pPOBOMY BXOJY NMEPCOHATBLHOTO KOMITbIOTEpa 8
[80].

YerpoiicTBO QYHKIIMOHUPYET ClieayromuM odpa3om. st mpoBeaeHUsT HaO IO ICHHMA
Y perucTpaiuu Kojda mropmMriacca 1 pa3memiaercs B TepMO- 2 U CBETOU30JUPOBAHHOM
Ookce 3, UMb OJHO OKOIIKO OCTAaBAJIOCh OTKPBITHIM. Yepe3 3TO OKOLIKO MpOIyCcKaeTcs
choKyCUpOBaHHBIA OTpaxkaTesieM 4 MydoK cBeTa oT uctouHuka 5. [locime mpoxoxaeHus
KOJIOBI ATOT MYy4YOK BOCIPUHUMAETCA (POTONPHEMHUKOM 6, 3aTeM uepe3 AJIEKTPOHHYIO
cxemy (YCUIUTENb) 7 CUTHAN MOCTYIAeT Ha aHaoro-mudpoBoit mpeodpazoBarens (ALLIT)
B niepconaibHbIil koMmbioTep (ITK) 8 (pucynok 4.60) [80].

Takass KOHCTPYKIMSI TIO3BOJISIET M30aBUTHCSA OT CYOBEKTHBHBIX  OIIUOOK
HaOMIOACHUH, OT M3MEHEHHI TeMIepaTyphl BO3JyXa B MECTE PAaCIOJIOXKEHHUsS Mpudopa,
YCTpPaHUTh BIUSHHE BHEIIHUX UCTOYHUKOB CBETA Ha ONTHYECKYIO cuctemy npubdopa. [Ipu
ATOM TMOAKIIOUEHHWE K  aHaJIoro-nmu@poBOMy MpeoOpa3oBaTeNto  MEePCOHATBHOTO
kommbioTepe ([1K) obecmeunBaer TpeOyeMyr0 HENMPEPHIBHYIO PETHUCTPAIMIO ONTHYECKOU

IJIOTHOCTH B 00J1aCTH U3MEHUYUBOCTH (I)HBHKO-XHMHHCCKOﬁ CTPYKTYPLI IITOpMIJIACCA.



123

Bce 310 oOecneunBaer TpeOyemblii TEXHUYECKUW pe3yJabTaT — BO3MOXKHOCTD
OOBEKTHUBHOM  aBTOMATUYECKOW  HENPEpPbIBHOM  PETUCTpAllMM  XapaKTEPUCTHK
M3MEHYMBOCTU CTPYKTYPHI IIITOPMIJIacca.

[TapamnnenbHno Ha Bropod kaHan ALl moctyman curHan ¢ U3MEpUTENS
€CTECTBEHHOT'O MEPEMEHHOT0 MarHUTHOTO MOJIA C MOJOCOM mpomyckaHust B obmactu 7-8
I' (pucynok 4.61). B kauecTBe gaTynka 3/€Ch UCIOIb30BAIACH MHAYKIIMOHHAS KaTYIIIKa
(40 000 BuTKOB) ¢ (peppoMarHUTHBIM cepAedHUKOM. CHUrHan ¢ KaTyIIKM TOCTynajia Ha
NpeayCWINTENb, 3aTeM MpONmycKalicss uepe3 (GUIbTP HUBKUX  YacTOT, 3aTeM
NETEKTUPOBAJICSI CXEMOM Ha JABYX OINEpalMOHHBIX ycuiaurtensax. Ilociae 3Toro curhHai
noctynai Ha Bropoit kanan AL ITK. Cunontuueckue kapThl (MIPU3EMHBIN aHAIN3), KaK U

JUTSL SKCIEPUMEHTOB € phI0aMH, OpaIUCh ¢ OOIIEOCTYITHOTO HEMELKOTO CalTa.

Pucynok 4.60 — YcTpoicTBO JUIsl pErUCTPALIMA U3MEHYMBOCTH XapaKTEPUCTUK (PU3UKO-

XUMHYECKOUN CUCTEMBI IITOpMriacca (epBblid KaHaM).
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Pucynok 4.61 — CxemMa yCTaHOBKH U3MEPUTEIIS €CTECTBEHHOIO IEPEMEHHOTO MarHUTHOTO
noJist (BTOpOM KaHal).

OKCIEpUMEHTBI POBOAWINCH B NPEAIOJI0KEHUH, YTO BO3JIEUCTBUE HA CTPYKTYpPY
LITOPMIJIACCA OKA3bIBAIOT AJIEKTPOMATHUTHBIE MOJS B YKa3aHHOW oOmactu yactot. Panee
[1] OBLIO BBIABIEHO, 4YTO IMKJIOHAJbHBIE OOpa3oBaHMsI U aTMOC(EpPHbIE (PPOHTHI
BO30Y’KIalOT B OKPECTHOCTHU TaKUeE IMOJIs, U OHU MOTYT paCIpPOCTPAHATHCSA B HAlPaBJICHUU
nekeHus: nukiona o 1000-1500 kM. MHAYKIMS B HEMOCPEACTBEHHOW OJM30CTH OT

UKJIOHA MOXKeT nocturatsb 10-15 uT.
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4.5.2 Pe3ynbTathl HaOMIOICHUN

B xone nmpoBeAEHHBIX IKCIEPUMEHTOB CO IITOPMIJIACCOM YAAIOCh BBISICHUTH, YTO
JACHUCTBUTENHHO CYHIECTBYIOT CHHXPOHHBIE «COOBITUS B 3aMHUCIX ONTHYECKOU IIOTHOCTH
IITOPMIJIACCA U BO3MYIICHUI MHAYKIMH B 00mactu yactot 7-8 ' [81]. DT «coObIThs»
COOTBETCTBYIOT MPOXOXKICHHUIO IUKIOHA ¢ (PPOHTAIBHBIMU pasnenamu (pucyHku 4.62 -
4.65). Yka3zaHHBIE «COOBITUS» OMPEACIIUCH MyTEM CTATUCTHUECKOTO aHalu3a pSJIOB,

IMOJTYYCHHBIX IIO 3allUCAM JIBYX KaHAJIOB, B IIPOTPAMMHOM ITdKCTC «Mesosaun.

EM-kaHan
AB

— I TOPMITIAce
AU

Pucynox 4.62 — I'paduueckast 3aBUCUMOCTb JJAHHBIX, TOJIYY€HHBIX 10 1BYM KaHana (EM-
kaHaiy u mropmriaccy) € 14:00:11 mo 21:00:51 10.04.09. AB — Bapuauun unaykiuu, AU
— BapHWalluy CUTHAJIA ITopMIiiacca. 3HauuMbli kKodddummerT xoppesiuu = 0.73.

Bpewms 3anepKku peakuuu mropmriacca = 2-3 MUH.
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16 vacoB MCK 22 yaca MCK
Pucynok 4.63 — Cunontuueckue kaptol paiiona uccienobanus (10.04.09 na 16 yvac. u 22

gac. o MOCKOBckomy BpemeHH). [Tynkt Habmoaenus — ropoa Cankr-IlerepOypr (CIIO).
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Pucynox 4.64 — I'padmueckasi 3aBUCUMOCTD JaHHBIX, TIOJYUYCHHBIX 11O ABYM KaHaia (EM-
kaHaiy u mropmriaccy) € 19:08:40 mo 23:58:00 14.04.09. AB — Bapuanuu unaykiuu, AU
— BapuaIllMy CUTHAJIA TopMIiacca. 3HaunMbiid Kodddurment koppemnsiiuu = 0.51. Bpems

3a/IepKKU peakluy TopMIyiacca = 8 MUH.
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Pucynok 4.65 — Cunontudeckue kapThl paiiona uccienoBanus (14.04.09 na 16 yac. u 22

yac. 0 MOCKOBCKOMY BpeMeHH ). [TyHkT Habmtoaenust — ropoa Cankrt-IletepOypr (CII0).

JUIs1 OLIEHKX BO3MOKHOTO «IPEIUYBCTBUS» WIIHU 33JI€PKKU PEAKIIMK Ha IEPEMEHHOE
ANIEKTPOMATHUTHOE IM0JI€ CHayala OCYLIECTBISJIOCH CIUVIAKMBAHHME PSAAOB C MOMOUIBIO
CKOJB3AILEr0 CPEAHEro, a 3aTeéM MPOBOJWJICA B3aUMHOKOPPEISIUOHHBIA aHaIU3
CriIaKeHHBIX psaoB. Ha pucynke 4.66 npeacTaBieHbl pe3ysbTaThl IOJIOOHOTO aHANU3a, a
CUHOINITUYECKUE KapThl 32 BPEMs ITOrO SKCIEPUMEHTA NPUBEICHBI Ha PUCYyHKE 4.67.
HauGonpmmii kodhdUIMeHT Koppensuuu Mexay AByMms psanamu coctaBui 0.83 mpu
casure B 110 maros, 4to cooTBeTCTBYET 37 MUHYyTaM Iipu mare paBHoM 20 cekynaam. [1o
naHHbIM dkcriepuMenTa 09.04.09 peakius mropmriiacca Ha 3JI€KTPOMAarHUTHBIE SBJICHUS

HayaJlach Ha 37 MUHYT MO3XKe.
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Pucynok 4.66— Ipumep cratuctrueckoro ananusa psaos (04:00:51 — 16:28:51 09.04.09).
YepHast TUHUS — CTIQKCHHAS PEAKIUs IITOPMIIIacca, cepasi JIMHAS CTIKCHHAS PeaKITus
AIIEKTPOMArHUTHOTO KaHana. AB — Bapuanuu nnaykiuu, AU — Bapuarum curaana
mropmriacca. Bemneck peakiun mropMriacca clieBa 0T «COOBITHS

HeuHieHTUuuLopoBaH. Bpems 3anepxku peakuuu mropmrinacca = 37 muH (110 maros).

4 yaca MCK 16 vacoB MCK

Pucynok 4.67 — Cunontuyeckue kapthl paiiona uccienoBanus (09.04.09 na 4 gac. u 16
4ac. 0 MOCKOBCKOMY BpeMeHH ). CuTyalus aHTUIUKIOHA. [IyHKT HaOI0AeHUS — TOpo

Cankr-IletepOypr (CII0).

HNHTepecHble pe3ysbTaThl MOIYYAOTCS B IPOTUMBOIIOJIOKHOM Cllydae, KOraa Haj

NYHKTOM HaOJIOACHUN pEerucTpupyercs aHTULMKIOH. Ilepen MmMpuxogoM aHTUIMKIIOHA
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HaOJI0ja1ach CJIOKHAs TMAPOMETOOCTaHOBKA C (PPOHTAIBHBIMM paszzenamMu. B cBs3M c
3TUM ONTHUYECKAs IJIOTHOCTH IITOPMIJIacca HU3Kas, a 3aTeM Bo3pacTaeT (pUCyHOK 4.66) B
OTJINYAE OT PACCMOTPEHHBIX BbIIIE pe3ynbTaTroB. I[Ipm »sTomM curHan EM-kanana
Bo3pacTtaeT (KpuBas IIOKa3aHUM IITOpMIJIacca, KaKk U paHee, IepeBepHyTa JJis
HarsgHocth). Bee 310 yOexnmaer, 4To Mmoka3zaHUs IITOPMIJIACCA OJHO3HAYHO CBS3AHBI C
AIEKTPOMAarHUTHBIMA CUTHAJIAMM.

Opnnako He n000H IUKJIOH U HE J00ble (PPOHTAIBHBIC Pa3/eibl, KaK CBSI3aHHBIE C
LUKJIOHOM, TaK M CYIIECTBYIOIIHE OTIEIbHO, HAmpuUMep, B OapUUeCKuX JOXKOMHAX,
bopMHUpPYIOT Takue «COOBbITHs». BuaumMo, 3TO TOBOPUT O TOM, YTO ILITOPMIJIACC, Kak
«MpEACKa3aTeNby I[ITOPMA, MCHOJIB30BAJICA MOpSKaMU BBHJAY OTCYTCTBHUS OoJiee
HAJIeKHBIX METONOB. OH HE MOXET 3aMEHUTh COBPEMEHHBIE METOABI IIPOTHO3A IO
CUHOIITUYECKUM KapTaM, HO IIPU OTCYTCTBUU TAKOBBIX MOKET OKa3aTb CYLIECTBEHHYIO
ITOMOIIb.

Taxke OBLJIO OTMEUEHO BO3pPACTAHME CUTHAJIOB LITOpPMIJAacca, XapaKTEpHOE s
CUTyalluM, KOrja B paillOHE HCCIEAOBaHUS CTOWT AHTULHKIOH. OTO 3KBHBAJIECHTHO
YMEHBUIEHUIO ONTHUYECKOW TUIOTHOCTH, T.€. TMOBBILIEHUIO MPO3PAYHOCTH (CHTHANl C

dotonpuemuuka AU MeHseTcss 00paTHO ONTUYECKON TIIIOTHOCTH).
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3aKJIroueHue

[IpencraBiieHHble pe3yJbTaThl MOCBSIIEHBI W3YYEHHUIO BOIPOCA O BO3MOKHOM
NpPEAYYBCTBUM OHOJIOTHYECKHMMHU (B YAaCTHOCTH pbl0aMH M KpabamMu) u  (PU3HKO-
XUMUYCCKUMU CUCTEMaMH (Ha npumepe ITOpMIJIacca) OMaCHBIX
TUAPOMETEOPOTIOTUYECKUX SIBIICHUI. 3aTpOHyTasi TeMa OUYE€Hb aKTyallbHA HA CETOAHSIITHUN
JI€Hb, OHA HETIOCPEACTBEHHO CBsI3aHA C OJIHOM M3 BaXKHEUIIMX 3a7a4 THIPOMETEOPOJIOTUN
— MpeJICKa3aHueM OMACHBIX MporeccoB npupoabl. K coxaneHuto, Ha CErOAHSIIHUN JE€Hb
HaIlld 3HAHUS O BO3MOXKHBIX MEXaHU3MaX MPEIYyBCTBUSA y KUBOTHBIX JOBOJHHO MAJIbI.
Ckopee Bcero, ropasao OOJbIIE CBHIETEIBCTB O BO3MOXKHOCTAX >KMBOTHBIX B IUIAHE
MPEIYYBCTBUS PA3TUYHBIX KaTacTpod, yeM (Pu3nueckux oOBSICHEHUM MEXaHU3MOB ATOIO
npeauyBcTBUs. B Hacrosiiiee BpeMsi OCTaeTCsi MHOTO HESICHOTO B JEHCTBUM U paboTe
CIICHMAIBHBIX OPTaHOB >KMBBIX OPraHMW3MOB, CYIIECTBOBAaHUE KOTOPBIX YK€ JI0Ka3aHOo,
OJIHAKO TPEANOJIOKEHUE O TOM, YTO PEAKUUS TPOUCXOAUT HA YPOBHE KIETOUYHBIX
CTPYKTYp, OAHO3HAYHA.

B paborte paccmaTpuBarOTCS pa3iUYHbBIC MPUMEPHI, JTOKA3bIBAIOIIUE HAJIUYKE
€IMHOTO MEXaHW3Ma TMPEAYYBCTBHS Y HEPABHOBECHBIX OHOJIOTMUECKHMX U (PU3UKO-
XxuMuueckux cucreM. OcoOeHHOe BHUMAHHUE YIEJIEHO pblOaMm, Kak OOUTaTeIsIM BOJIHOMN
Cpelbl, U3yUYCHHE KOTOPOM KOCBEHHO M 3aTparMBarOT MPOBEJEHHbIC HcCCleoBaHus. B
BOJIHOM cpejie, He MPUBBIYHOW /I oOWTATENeH CyIIM, BO3MOXKHA BEChbMa CBOeoOpa3Has
CHUCTEeMa CUTHAJIM3ALIUY, UCTIOJIBb3YIOIIAsCS phlOaMU U IPYTUMHU BOJHBIMU )KUBOTHBIMH.

B nmanHO#ll paboTe OTMEYEHO, YTO TEOMArHUTHOE TMOJe 3eMJIM OKa3bIBAET
3HAUUTETHFHOE BO3JIEUCTBHE, KaK Ha pPBIO, TaK W HaA JIPyrux KUBOTHBIX. [lo3HaHme
BO3MOYKHBIX MEXaHU3MOB U CHOCOOOB MPEIUYBCTBHUS, a TakKe padOThI CIEIHATBHBIX
OpraHOB JKHMBBIX CYIIECTB HMEET OYCHb OOJBIIOE TEOPETUYECKOE W TMPAKTUUECKOE
3HAYEHUE W MOXET CIIOCOOCTBOBAThH pa3pabOTKE METOJ0B MPOTHO3UPOBAHHUS OIMACHBIX
SIBJICHH.

[lenpro muccepranuu SBISIOCH M3ydeHUE Y(H(PEKTOB BOCTIPUSATHS M TIPEIUyBCTBUS
OMAaCHBIX THUJIPOMETEOPOJIOTHUECKUX TMPOIIECCOB PSJIOM MPECHOBOJIHBIX M MOPCKHUX

THIPOOMOHTOB U BBISIBJICHHE BO3MOXKHBIX (PU3MUYECKHX MeXaHU3MOB 3TuUX 3¢ ¢dekTtoB. B



131

X04€ OKCICPHUMCHTAJIBHBIX I/ICCJIC,Z[OBaHI/Iﬁ ObLIH IMOJYYCHEI CJIICAYIOINNE OCHOBHBIC

pE3yNbTATHI.

Jis mpoBeAeHHs] SKCIEPUMEHTOB ObUIM pa3paboTaHbl M HCIIOJIB30BAaHBI JBE
CIICHHAJIbHBIE W3MEPUTEIbHBIE YCTaHOBKA. HOBHM3HAa  TEXHUYECKUX PEUICHUUN
MOJATBEPKAEHA nmateHTamu PO.

BeisBieHa cyTtoyHas OWOpUTMHUKA JBUTraTeNnbHOM akTHBHOCTH (/A) ppIO 1O
pesynbTaTaMm 34-4acoBOrO JKCIIEPUMEHTAa B CIIOKOWHBIX T'€OPU3UYECKUX M
TUAPOMETEOPOJIOTMYECKUX YCIOBHSX; 3TH JaHHbIE OBUIM HCIOJb30BaHbl MpU
BBISIBJICHUU PEaKIUi PhIO HA TUIPOMETEOPOIOTUYECKHUE MPOIIECCHI.

VYcraHoBiieHa 3aBUCUMOCTh CpefHEed JBUratesibHOM akTUBHOCTU ([{A) pbeiO OT
WHTEHCUBHOCTU T€OMarHUTHbIX Bo3MymleHud (I'MB). MakcumanbHOe 3HauYeHHUE
koaddunrenTa xkoppensiuu cocrasisieT -0.8 mns kaproB U +0.87 s COMHUKOB;
pa3MYHbIE 3HAKU CBUIETEIBCTBYIOT O MPOTHUBOIIOIOXKHOM pEaKIMH 3TUX pPbIO Ha
MarHUTHBIE BO3MYILICHUSI.

C ucnonb30BaHUEM METOJIOB TEOPUHU (PPAKTAIIOB YCTAHOBIIEHO, YTO MOBEJIEHUE PHIO
HOCUT TNPEUMYIIECTBEHHO JI€TEPMUHUPOBAHHBIM XapakTep; cHaabl B «Xaoc»
CBSI3aHBI C MIPOXOKICHUEM (PPOHTOB BO BPEMS IIPOBEICHUS SKCIIEPUMEHTOB.

[Ipy moucke MEXaHM3MOB BOCHPUSITHUS U MPEIUYBCTBUS HDKCIEPUMEHTAIBHO
BBISIBJICHBI: MHTEHCUBHOCTh W BpEeMsSl peakluu pbl0 Ha MpeabsBICHUE
UCKYCCTBEHHBIX NEPEMEHHBIX 3JEKTPUUECKUX M NMEPEMEHHBIX MAarHUTHBIX IOJEN B
KpailHe HM3KOYACTOTHBIX JHAaNa3OHaX; BBISBICHHBIE JKCTPEMYMBI YaCTOTHBIX
3aBUCUMOCTEH HMHTEPIPETHPOBAHbI KaK (U3HOJOTUYECKHE (YacToTa JbIXaHWUS W
94acTOTa CepJCUHBIX COKpaIleHui) u reopuznueckue (oomacty 7-8 I'm).
DKCIEPUMEHTAIBHO YCTAaHOBJIEHBI pPEaKIMd KaMYaTCKUX KpaOOB HAa MarHUTHBIC
Oypu. BersiBnen a¢ ekt npeqayBcTBUS Hayalla MArHUTHBIX OYPb.
OKCNEepUMEHTAIBHO YCTAHOBJIEHBI PEAKIIMM KaMYaTCKUX KpaboB Ha MPHUOJIMKEHHE
U TPOXOXKACHUE IUKIOHOB. Peakmuum  xapakTepusyloTcs  BO30YyKIeHUEM
JIBUTATEIPHONW aKTUBHOCTH KpaboB, YTO, BUIMMO, CBSI3aHO CO CTPEMJICHUEM YHTH U3

OITaCHOM 30HBI BO31EUCTBUSL.
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® BrnepBbie NIpoBeAEHBI HA CIIEIUATBFHONW YCTAaHOBKE MpPSIMble MPUOOPHBIE H3MEPEHHUS
U3MEHYMBOCTU (PU3UKO-XUMHYECKOW CTPYKTYpHI (IITOPMIJacc) ¢ MapauieIbHbIMU
U3MEPECHUSIMHU XapaKTEPUCTHK 3JIEKTPOMAarHUTHOro mosist B obmactu 6-8 I'm.
[ToaTBepxeHa TUTIOTE3a O PeaKUK TaKUX CTPYKTYpP Ha 3JIEKTPOMArHUTHBIE TOJIS
NPOXOSAIINX THUIAPOMETEOPOJIOTHUYECKHX MPOIECCOB (IIMKIOHOB), YTO, B CBOIO
ouepenb, MPUBOAUT K TMOATBEPKACHUIO HJAEH MAarHUTOUYBCTBUTEIBHOCTH

rUAPOOMOHTOB Yepe3 MOJO0OHbBIE CTPYKTYPHI.
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Cnmcok UCcnoIb30BaHHBIX COKPALIEH Uit

OMII - DJIEKTPOMArHUTHOE MOJIe
JA - JIBurarenpHas aKTUBHOCTD
EOMII - EcTecTBEHHOE JIEKTPOMArHUTHOE MOJIE
I'MB - I'eoMarHuTHBIE BO3MYIIICHUS
KHY - KpaiiHe HU3KHE 4aCTOTHI
[TeMII - IlepeMeHHOE MArHUTHOE TTIOJIE
[1eDI1 - IlepeMeHHOE IIEKTPUUECKOE TOJIE
MII3 - MarauTHoe nosie 3eMiun
MI'IIT| - MareuToruipOIMHAMUYECKHE OIS
BI'B - BHyTpeHHNE rpaBUTAIIMOHHBIEC BOJIHBI
CYC CpenHuil ypoBEHb CHTHAJIA
MMII - MeX11aHeTHOE MarHUTHOE T10JIE
[1IK - IlepcoHaNbHBIN KOMIIBIOTED
ATIIT - Anaioro-uidpoBoil mpeoOpazoBaTeb
bC - buosiornueckas cucrema
AUX - AHaJIOr0-4acTOTHAs XapaKTEPUCTUKA
dUX - @Da30B0-4aCTOTHAS XapaKTEPUCTUKA
JABII - JluckperHoe BelBIET-IPe0Opa30BaHUE
HBII - HenpepsiBHOE BelBIIET-TIpe0Opa30BaHue
4CC - YacToTa cepIeUHbIX COKpAIEHUN
Y1 - YacToTa npIxaHus
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Introduction

Current development of fisheries and aquaculture farms makes the scientists
consider finding different ways to improve their efficiency. In this regard, the methods of
fishing are constantly being improved, as well as the quality of the forecast, taking into
account hydrophysical, hydrochemical and other abiotic factors affecting fishing stocks.

Among abiotic factors, extremely low-frequency band electromagnetic fields,
generated by various hydrometeorological processes, are very important. A formation of
such fields is proved in a number of works (for example [1, 2, 3, 4]). However, their
effects on the aquatic organisms’ motion behavior are still poorly understood.

In the laboratory it has been found that natural electromagnetic fields are perceived
by different types of hydrobionts and are, apparently, the only possible source of the most
important information about changes in hydrometeorological conditions in the habitat.
During the experiments the variability of electromagnetic fields corresponding to the
natural variations was simulated. The result was a set of the specific reactions of a number
of aquatic organisms to these electromagnetic fields — a sharp change in the motion
behavior, changes in the natural rhythm, leaving the field action zone.

The influence of geomagnetic disturbances (“magnetic storms™) on the eating and
motion behavior of fish has also been studied. This effect is discussed in detail on the
example of the trout in the source [5]. It is advisable to take this into account in the
aquaculture and fishery technologies, and this will undoubtedly contribute to their
efficiency. The research has shown that the sensitivity to electromagnetic fields may occur
either through the perception of the electric component of the field or through the
perception of the magnetic component. These components differ greatly from one to
another in the extremely low-frequency band.

Perception of the electric component is observed only in animals with the special
electroreception organs (sharks, catfishes, etc.) [6, 7, 8-11].

Other studied hydrobionts showed their direct perception of magnetic field

variations (for example, carps).
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In this work the most accessible species of the freshwater fish (catfish (Corydoras
aeneus) and carp (Cyprinus carpio L.)) were selected as the objects of study in the
experiments. King crabs (Paralithodes camtschaticus) were used for the experiments with
marine hydrobionts. The main attention was paid to carps as the most popular types of
hydrobionts in aquaculture. The magnetic induction values were used as an indicator of
geomagnetic disturbances, and surface weather maps were also used to estimate the
meteorological situation.

In order to understand in detail the behavior of hydrobionts and make the
conclusions from a physical point of view, special facilities were developed and set. Then

they have been patented.

The main purpose of the research:
The purpose of the research is to study the effects of perception and presentiment of
some dangerous hydrometeorological processes by some freshwater and marine aquatic

organisms and try to identify possible physical mechanisms of these effects.

The tasks of the research:

1. Analyzing the possibility of penetration of extremely low-frequency band
electromagnetic fields, generated by some hydrometeorological processes, into the aquatic
environment.

2. Developing the technologies of the long-term experiments (24 hours and more)
with the groups of the fish in the laboratory conditions and creating new facilities for the
automated measurements of motion behavior.

3. Studying the changes in carps’ motion behavior during geomagnetic disturbances
and obtaining some experimental dependences of fish behavior on the geomagnetic field
induction variations.

4. Studying the variability of motion behavior of some freshwater fish species
(carps, catfishes) during the biologically important hydrometeorological processes.

5. Studying the response of the freshwater hydrobionts (catfishes) to artificial

alternating electric and magnetic fields of different frequencies.
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6. Studying changes in the marine hydrobionts (King crabs) under variability of the
geophysical and hydrometeorological processes.

7. Checking the hypotheses about perception and presentiment of the
hydrometeorological processes (for example, storms) by the hydrobionts through the
influence of the electromagnetic fields of these processes on the physico-chemical

structures (by the example of a stormglass).

The area of the research:

The study was performed in the field corresponding to the specialty 25.00.28 —
Oceanography: Chapter 6 — biological processes in the ocean and their relation with
abiotic environmental factors and chapter 13 — evaluation methods of ecologically
significant hydrophysical and hydrochemical characteristics of ocean water, optimal
conditions for the existence of marine ecosystems, ocean resources protection from
depletion and pollution, as well as chapter 9 of the specialty 25.00.27 — development of the
theory and methodology of hydroecology, study of aquatic ecosystems, the theory of
interaction of abiotic components with biotic ones of these systems, evaluation methods of

environmentally significant hydrological and hydrochemical characteristics.

The method of the research:
A physico-experimental research method based on the representation of biological
and physico-chemical systems as a "black box" with a normalized input signal and a

recorded output reaction was used ([12]).

The scientific novelty of the research:

The following main results were obtained:

1. It is shown that the depth of extremely low-frequency band electromagnetic fields
penetration into water (the thickness of the skin layer) for some sea basins is a few
hundred meters, and for freshwater basins this value is up to 1 km or more.

2. New technologies of the long-term experiments (24 hours or more) for

measurements of the fish groups’ motion behavior in the laboratory conditions under
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various hydrometeorological situations have been developed. The criteria of similarity for
the simulation of hydrometeorological processes’ electromagnetic fields’ influence on the
hydrobionts have been proposed and used.

3. Two special facilities for the experiments have been developed and used. Novelty
of the technical solutions is confirmed by the patents of the Russian Federation.

4. A daily biological rhythm of the fish in quiet geophysical and
hydrometeorological conditions has been determined on the results of the 34-hour
experiment; these data were used for the detection of fish responses to hydro-
meteorological processes.

5. The dependence of fish average motion behavior on the intensity of geomagnetic
disturbances. The maximum value of the correlation coefficient is «-0.8» for carps and «+
0.87» for catfishes; various correlation coefficient’s signs represent the opposite reaction
of these fish to magnetic disturbances.

6. Using the methods of the fractal theory, it has been found that fish behavior is
mainly deterministic; the decline in "chaos" is usually associated with fronts and cyclones
during the experiments.

7. The intensity and time of fish reaction to the presentation of extremely low-
frequency band artificial alternating electric and magnetic fields are experimentally
revealed; the revealed extreme values of frequency dependences have been interpreted as
physiological (breathing rhythm and heart rate) and geophysical (7-8 Hz area) areas.

8. The King crabs’ responses to magnetic storms were experimentally determined.
The effect of premonition of the magnetic storm beginning has been revealed.

9. The reactions of King crabs to cyclones were experimentally defined. The
reactions are characterized by motion behavior intensification, that is, apparently,
connected with crabs’ desire to escape from the action zone.

10. In the experiments with the physico-chemical structure (stormglass) the
hypothesis about the reaction of such structures to electromagnetic fields of some
hydrometeorological processes (for example, cyclones) has been confirmed, that, in turn,
leads to the confirmation of the idea of hydrobionts’ sensitivity to magnetic fields through

similar structures.
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The practical relevance of the research:

1. The developed research technologies are currently implemented in the
educational process at RSHU.

2. The results of the research will be used:

—in the project development of systems for monitoring marine and freshwater
basins;

—in the development and operation of aquaculture systems;

—in the development of technologies to control aquatic organisms’ behavior.

Statements to be defended:

1. New experimental facilities protected by the patents of the Russian Federation.

2. The defined physical laws of perception and presentiment of dangerous
hydrometeorological processes by a number of freshwater aquatic organisms (carps and
catfishes).

3. The defined physical laws of the effects of King crabs’ perception and
presentiment of some dangerous hydrometeorological processes.

4. The effects of the reactions of the biological analogue (the physico-chemical
system of stormglass) to cyclones in comparison with the variability of electromagnetic

fields of these cyclones.

Validity of the results is due to the well-developed technology of the experiments
and a great number of self-obtained data processed with the use of the modern statistical
methods.

Approbation

The results of the work were presented at the annual conference with the support
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The structure of the thesis

The thesis consists of introduction, four sections and conclusion. The volume of the
thesis is 128 pages, including 90 figures, 5 tables and 2 appendices. The list of references
contains 81 items.

The introduction shows the relevance of the topic, outlines the main purpose and
the tasks of the research, reflects the scientific novelty and practical relevance of the work,
as well as the methods of the research and the statements that are to be defended.

Section 1 gives an overview of the available data on perception and presentiment of
dangerous hydrometeorological processes by some types of hydrobionts. The question of
possible mechanisms of presentiment is separately considered. In recent years a great
number of scientific works have appeared on various problems of animals’ presentiment.
However, no detailed information is so far available on the phenomenon.

In Subsection 1.1hydrometeorological processes that generate extremely low-
frequency band fields and can be the sources of information for hydrobionts are
considered. The main electromagnetic fields are divided on electromagnetic fields of
waves and currents, fields of convective clouds in the zones of frontal sections.
Alternating electromagnetic fields caused by geomagnetic field disturbances are also
considered

Section 2describes the most possible mechanisms of hydrobiont’s perception and

presentiment of hydrometeorological processes.
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In Subsection 2.1 the choice of electromagnetic fields of the atmospheric surface
layer over the sea and electromagnetic fields of cyclones and frontal sections as the most
possible sources of information for hydrobionts is proved.

Subsection 2.2deals with the calculations of penetration of extremely low-
frequency band electromagnetic fields in water. The main interest of our tasks is
hydrometeorological processes’ electromagnetic fields at frequencies 0.1-2 Hz and 6-8 Hz.

In Subsection 2.3 we discuss search of the mechanisms of living beings’ perception
of some hydrometeorological processes.

In Section 3 the description of special facilities for conducting the experiments with
fishes and crabs is given, also the method of carrying out the experiments and data
processing is explained. One of the facilities has been patented.

Subsection 3.1 describes the experimental facilities used to determine motion
behavior of catfishes, carps and crabs.

Subsection 3.2reviews the experimental methods and the similarity criteria of
modeling of the influence of hydrometeorological processes’ electromagnetic fields on
some types of hydrobionts.

Subsection 3.3 is devoted to methods of processing and analysis of the obtained
experimental data.

Section 4 presents the results of the research.

Subsection 4.1describes the main results of the experiments with carps.

Subsection 4.2reviews the results of the experiments with catfishes. Special
attention is paid to the reaction of catfishes to hydrometeorological processes.

In Subsection 4.3 we describe the results of the experiments with king crabs.

Subsection 4.4 is devoted to delay time of reaction («latent period») during the
influence of the alternating electric and magnetic fields on the hydrobionts.

Subsection 4.5 describes search of mechanisms of hydrobionts’ presentiment of
some dangerous hydrometeorological processes through the experiments with one of
unbalanced physico-chemical systems. As a model of such systems a stormglass was used.
This system was well known among seafarers in ancient times.

In Conclusion, the main results of the work are formulated.
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1 Review of the available physical data on perception and presentiment of some

dangerous hydrometeorological processes

1.1 Hydrometeorological processes as sources of extremely low-frequency band

electromagnetic fields

This subsection of the thesis deals with the main hydrometeorological processes that
generate extremely low-frequency band electromagnetic fields, providing local "pumping"
energy into the global Earth’s electromagnetic field, and could be the sources of
information about these processes for hydrobionts. The informative properties of these

fields were considered in a number of known works (for example [1, 2, 13-16], etc.).)

1.1.1 Electromagnetic fields of waves and currents

Electromagnetic background in seawater basins is rather complex. When salty ocean
water flows through the Earth’s magnetic field, an electric current is generated and this, in
turn, induces a magnetic response as a secondary magnetic field [3]. The magnitude of
these fields is determined by the Earth’s magnetic field intensity, flow velocity and water
conductivity. Such fields are called magnetohydrodynamic fields. The main sources of
magnetohydrodynamic fields are wind and swell waves, tides and currents.

The intensity of magnetohydrodynamic fields, generated by sea waves, depends on
their height, period, length and conductivity of bottom layer for shallow water. The
intensity of fields, generated by waves, increases with increase in wave heights and
periods, but with increase in depth it decreases. At a depth level equal to half of the
wavelength, the amplitude of the magnetic field decreases 23 times in comparison with its
value on the surface [3, 17].

The period of magnetohydrodynamic fields’ fluctuations, connected with ocean
currents, coincides with the periods of the currents. Ocean currents generate fields of 100
uV/m (microvolt per meter) intensity. These fields also depend on the depth of current

propagation [3]. It should be noted that the recorded electric and magnetic fields have a
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well-defined amplitude and frequency relationship with the dynamic characteristics of
water flow and reflect its structure [18]. In work [19] it is noted that electrosensitive
hydrobionts can use generated electric fields for search of ways of movement during
migration, and also for orientation during daily moving. In addition, electric fields,
generated by waves, can be a source of information on the state of sea.

However, we should take into account that magnetohydrodynamic fields decrease
with distance. So these fields cannot explain the high lead-time of aquatic organisms’

presentiment of dangerous hydrometeorological processes.

1.1.2 Electromagnetic fields of the atmospheric surface layer over the sea

Two main reasons of electromagnetic fields’ generation are:

— charging of the sea surface by distributed charges, formed by
magnetohydrodynamic fields [20];

— the fact that there are a great number of air ions, which are electrically charged
aerosols, moving under the influence of waves [1, 3].

The first mechanism, described in the work [20], is probably less important for
hydrobionts than electric fields of waves and magnetic induction fields, generated by
them. The influence of these fields on hydrobionts has been established in the work [21]
and the following studies of these authors.

The second mechanism can be considered as aerophysical. Generated
electromagnetic fields above sea surface are described in this research. They can be
registered both in the atmosphere and water. Electromagnetic fields, generated by
movement of air ions, are the matter of the most interest to the research [1].

In fact, air ions are the particles that include both positive and negative ions. So a
structure that consists of air ions is formed in the atmospheric surface layer over the sea.
There is a constant release of air ions into the air, followed by their next setting on the sea
surface, under the conditions of waves.

The model of the atmospheric surface layer over the sea is put in the picture 1.1.
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Picture 1.1 — The model of the atmospheric surface layer over the sea. 1 — neutral air area,
2 — positive air ions, 3 — negative air ions, 4 — sea surface. The data are taken from the
work [1].

The presence of turbulent processes in such area during storms generates amplitude-
modulated electromagnetic fields, which are registered both by electric and magnetic
components. It is important to notice that the carrier frequencies are most marked in the 4-
12 Hz range with an energy mode of 6-8 Hz. And this mode coincides with the first mode
of Schumann resonances. By analogy with «infrasonic sound of the sea» discovered by
V.V. Shuleikin, electromagnetic fields of the surface layer during storms can be
considered as «electromagnetic sound of the sea». At the same time electromagnetic fields
at these frequencies can spread over very long distances and penetrate into water to a
depth of more than 100 m, which makes it possible for hydrobionts to obtain some

predictive information on approaching storms.
1.1.3 Electromagnetic fields of clouds
Convective processes in the troposphere are one of the most important sources of

extremely low-frequency electromagnetic fields. Convective structures have a strong

turbulence that is expressed most strongly in cumulus and cumulonimbus clouds. There is
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a gradual accumulation of charges in convective clouds during their development.
Alternating electromagnetic field is formed by turbulent processes in clouds. If very fast
turbulent pulsations exist, an amplitude-modulated electromagnetic field appears, where
the carrier frequency is a frequency of «fast» pulsations, and the modulation frequency is
the initial electromagnetic field. The energy of generated field is mainly concentrated in
the area between cloud and its shadow. In other words, electromagnetic fields of clouds
can be registered only directly under clouds.

So the considered process resembles what happens in the atmospheric surface layer.
Thus, it is possible to define this process as electromagnetic «sound of cloudy.

The example of registration of such electromagnetic field is shown in the picture
1.2, which shows that high-frequency pulsations, displayed in the surface channel, are

filtered with a water layer, and at a depth of 10 m the record becomes smoothed.

Picture 1.2 — Amplitude-modulated electromagnetic field while a small cumulus cloud is

passing through the observation point. The data are taken from the work [1].

The situation changes considerably with precipitation that contains charged particles
flying down. In general, precipitation, negatively charged, transfers their charge
downwards, and light atmospheric ions, cloud drops and crystals, positively charged, are

transported upwards with the rising flow of air.
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A lot of pulse signals are registered as a result of precipitation, and a mean signal
from a cloud decreases. The example of passage of cumulonimbus cloud accompanied by
snowfall is shown in the picture 1.3 from the work [1].

] [ 2
=3
= -
E g
I N N 5N
% '% ! J E" [ :
|4 LR
al | | y | ijr
N asent |1 IR
MHL&H‘S
—— —

| min

Picture 1.3 — Record of electromagnetic field of cumulonimbus cloud during snowfall. The

data are taken from the work [1].
1.1.4 Electromagnetic fields of cyclones and frontal sections

In general, cyclones usually contain fronts in their structure. Typical fronts include
warm fronts, cold fronts, occlusion fronts, in other words, partially closed warm and cold
fronts, and secondary fronts that appear in unstable cold air masses due to inhomogeneous
heating of their underlying surface in a rear part of the cyclone. There are partly cloudy,
cumulus and cumulonimbus clouds with intermittent precipitation and gusty wind in a rear
part of the cyclone [22].

Frontal sections follow cyclones, and they also go along troughs. In both cases,
frontal sections always contain cloud structures, and at the same time low-frequency
electromagnetic fields are necessarily generated. Of course, there are some special aspects
in comparison with typical cloud fields discussed earlier. So, fluctuations, generated in
frontal sections, are not only electromagnetic fields, but usual fluctuations, which are

called internal gravity waves. As internal gravity waves propagate mainly along
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boundaries of the section in any stratified area, they are concentrated in the cyclone center.
In the cyclone center internal gravity waves are transformed into infrasound, which
represents longitudinal fluctuations. And it is these infrasonic longitudinal fluctuations that
go up the "tube™ of the cyclone axis. Their amplitude increases due to decrease in density
with height. As a result, fluctuations influence the lower boundary of the ionosphere, in
other words, there are transverse fluctuations with periods of internal gravity waves (5-20
min). Thus, generated amplitude-modulated electromagnetic fluctuations are formed.

The characteristics of distribution of such electromagnetic signals’ power depending
on the distance to the cyclone center are shown in picture 1.4, borrowed from the work [1].
The asymmetric nature of the distribution has been revealed here — in the direction of the
cyclone movement (ahead of the center) power is significantly higher than at the same
distances in the cyclone rear part. That is, the directional character of generated field is

formed.
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Picture 1.4 — Variation of the modulating variations’ power
with periods of internal gravity waves during the passage of the cyclone
1 — variability when the cyclone approaches; 2 —full variability
(900 miles to 400 miles). The data are taken from the work [1].

In the source [2] electromagnetic fields of cyclones in the frequency area of 6-8 Hz
were studied. Amplitude modulation by internal gravity waves’ fluctuations wasn’t
considered there. In contrast to the modulated fields from the work [1], there is a non-

directional character of the generated field (Picture 1.5).
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Picture 1.5 — The dependence of changes in the average value of electromagnetic field’s

induction at frequencies of 6-8 Hz on the distance to the cyclone center. The data are from

the work [2].

Estimates of electromagnetic fields’ variability at frequencies of 6-8 Hz, made for

different versions of cyclone movement in the work [2], are shown in picture 1.6. Here the

characteristics are normalized to a distance of 100 km from the center of cyclone.

05

Normalized characteristics of the average signal's variability of
the natural electromagnetic field

distance to the cyclone center

Picture 1.6 — Normalized characteristics of the average signal’s variability of the natural

electromagnetic field at frequencies of 6-8 Hz according to the regression model from the

work [2].
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The considered features of natural electromagnetic fields related to cyclones are
very important for hydrobionts and described in detail in the thesis section 4.2.1. Some
experimental studies are needed to identify certain mechanisms of presentiment of natural
electromagnetic fields, generated during hydrometeorological processes, by hydrobionts.
However, it should be said that during the laboratory experiments on modeling of artificial
electromagnetic fields, it is necessary to take into account and exclude from the results the
influence of extremely low-frequency band natural electromagnetic fields, which are

generated during various hydrometeorological processes.

1.2 Perception of dangerous processes by some types of hydrobionts

At the present time, scientists around the world are interested in a study of even, at
first glance, the most trivial facts of unusual animal behavior before such dangerous
phenomena as earthquakes, tsunami, hurricanes, sea storms, etc. It is only known that
some animals possess a very effective mechanism for presentiment of dangerous
processes, but the mechanisms of such feeling are still unclear.

It is known that some living organisms are more sensitive to electromagnetic fields
than humans [23]. The high sensitivity of many animals to electromagnetic fields is
evidenced by the use of the Earth’s geomagnetic field as a marker. This ability is found in
many living organisms: protozoans, insects, crustaceans, reptiles, fish, birds, etc. (for
example, [24, 25, 26, 27]). Moreover, many animals use electromagnetic fields for
distance communication, which provides the coordinated movement of flocks of fish and
birds. And this is also observed in herds of mammals and clusters of insects [28, 29].

In some sources (for example, [19]) presentiment of hydrometeorological processes
by many aquatic organisms is considered. In particular, presentiment has been detected in
jellyfish. The mechanism of perception of some storm harbingers is also described there,
in particular infrasonic vibrations generated in the surface layer by the interaction between
wind and waves («infrasonic sound of the seay) are detailed. This effect is described by V.

V. Shuleikin in early editions of "Physics of the sea".
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However, in relation to jellyfish, there is a natural doubt that they could perceive
such a harbinger as infrasound. Infrasound is really generated under stormy conditions in
the air (for example [30]), but in this case jellyfish should perceive it with their umbrella,
if they are on the surface. However, there are no elements in the umbrella that are sensitive
to infrasound. And jellyfish don’t always live on the surface. Quite often the location of
jellyfish is at depths of 1-1.5 m. It is assumed in the available literature that the perception
Is provided by specific formations on tentacles. But all this is unlikely due to specificity of
sound penetration into water.

There is a hypothesis about reaction of jellyfish to changes in atmospheric pressure,
which are formed before storm coming. These changes do exist, but they are small, in fact
10-20 hPa. This value is equivalent to the thickness of the water layer of 10-20 cm In case
of sea waves it is unlikely to expect any reaction from jellyfish.

Thus, the task of finding other working factors related to sea storms appears.

Nowadays, the problem of finding the mechanism of premonition among some
types of hydrobionts is very popular. In general, we can say that different studies in this
area are very important, as a man does not have a sufficiently accurate mechanism for
predicting dangerous events. This is particularly true for tsunami, which is of the greatest
interest to ocean scientists. Tsunamis are the result of earthquakes, and seismic harbingers
have a low advance time.

Many scientists have expressed different hypotheses about possible mechanisms of
presentiment of earthquakes and tsunamis, but today a convincing experimental evidence
of these hypotheses doesn’t exist. Now assumptions connected with perception of natural
electric and magnetic fields by animals are of most interest to researchers.

For example, many experiments have shown that the Barents sea rays Raja radiata
are capable to perceive such weak electric fields in water, which are generated by
geophysical sources (magnetic storms and sea waves) at frequencies less than 2 Hz [11,
31, 32]. Of course, it may be assumed that such perception of magnetic storms is a
consequence of high electrical sensitivity of this type of hydrobionts. However, perception
of magnetic storms, accompanied by changes in hydrobionts’ behavior, is also found in

carps, which fit into a group of not electrosensitive aquatic organisms. The almost



165

complete lack of electrosensivity doesn’t prevent carps from their reaction to alternating
magnetic fields about units of nT during prolonged exposure and tens of nT immediately
after the beginning of exposure [33].

It is known that some types of catfishes (Japanese dwarf catfish, Turkestan catfish)
predict some processes, such as storms, tsunamis, earthquakes. People can learn about
their coming by watching the hydrobionts’ behavior. The maximum sensitivity of catfishes
in the 7-8 Hz area has been discovered (Picture 1.7) [34]. These frequencies are the main
mode of "Schumann resonances"” of the Earth-ionosphere waveguide. In this regard, the
results for the frequency characteristics of “pure” magnetosensitivity of carps are very
interesting (Picture 1.8), especially the presence of two main peaks of sensitivity — in the
sphere of physiological frequencies and in the frequency area of 6-8 Hz, which can be

determined as a geophysical area [35, 36].
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Picture 1.7 — The sensitivity of catfishes to

horizontal (H) and vertical (Z) electric fields.
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Picture 1.8 — The sensitivity of carps to alternating magnetic fields of different

frequencies.
1.2.1 Review of bioelectric features of some hydrobionts

The class of fish includes more than 20 thousand species [6]. Consequently,
different fishes have different ways of information transfer during their communication;
feeding, weapon and reproduction. At this time, scientists have discovered six channels of
fish communication: optical, acoustic, hydro-mechanical, chemical, light and electric
channels. It is important to add that all fish can transmit signals through contact that means
through touching. An electric channel plays a special role in the life of fish. Almost all fish
are able to emit and perceive electric fields. Depending on electric sensitivity all fish can
be divided into three groups: highly sensitive species with electric receptor organs; weakly
electric species with special electric generating tissues; non-electric fish, in other words,
all the rest.

It has been established now that natural electric fields in the seas and oceans can
reach values comparable to fish sensitivity. Consequently, it is necessary to have not only
measurements of background, but also have ideas about sources of the background, factors
that determine its nature and characteristics in the area at this time, as well as about
physical phenomena that correlate with changes in the background level in order to be able
to correlate the behavior of aquatic organisms with the character of the natural

electromagnetic background in water.
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Electromagnetic background in water is quite complex. It is determined by physical,
chemical and biological processes. In natural electromagnetic background the following
components are distinguished: constant magnetic field of the Earth and its variations,
geomagnetic pulsations. The induction of the stationary magnetic field of the Earth has the
average values of 50 000 nT. Geographical anomalies and temporal variability (variations)
are typical for the Earth’s magnetic field. Quiet and perturbed variations are distinguished.
The quiet variations include: solar-daily, lunar-daily and annual variations. In addition to
the considered periodic variations, for the Earth’s magnetic field is also characterized by
non-periodic variability, which is defined as magnetic storms.

Geomagnetic pulsations are generated against the backdrop of the Earth’s magnetic
field’s variations. Variability of the Earth’s magnetic field with frequencies less than 3 Hz
is called the pulsations. Variations at higher frequencies are referred to alternating
electromagnetic field. Geomagnetic pulsations are generated by the interaction of solar
radiation with the Earth's magnetosphere (Picture 1.9). The duration of pulsations varies
from a few minutes to several hours during the day, and the amplitude can range from 0.1
nT to 10 nT.

Solar wind

Picture 1.9 — The scheme of interaction of solar radiation with the Earth's magnetosphere
(for example, from [1])
1-magnetopause, 2-geomagnetic equator, 3-shock wave, 4-areas of captured radiation, 5-

neutral layer, 6-zone of polar lights, 7-magnetic lines of force.
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Variability of the Earth’s magnetic field and geomagnetic pulsations (geomagnetic
activity) is estimated by generalized indexes. The most popular indexes are the total
planetary index Kp and the local index K [37].

Magnetic storms are disturbances with amplitude greater than 50 nT. The intensity
of the storm is usually estimated by the intensity and nature of the formed Sunspots.
However, not only does the intensity of the magnetic storm have biological significance,
but the magnetic storm’s spectral composition also has it [38, 39].

In addition to disturbances of the Earth’s magnetic field, should be separately
identified magnetic perturbations connected with the change of the Interplanetary
magnetic field’s sign [40] Although the magnitude of these perturbations is small, the
change of the Interplanetary Magnetic Field’s sign, apparently, is an indicator of other
factors affecting biological objects and the source of their perturbations is the Sun.

As a result of the Earth’s magnetic field’s disturbances, rather significant electric
fields and currents, called telluric, are formed in the hydrosphere. [3, 4]. In other words, in
hydrosphere it is necessary to consider not only alternating magnetic field, but also
alternating electric field.

Fish perceive electric field of direct current in the form of orientation motion
behavior. With increasing field strength a defensive reaction begins: fish are very excited,
which is reflected in jerking of their body, fins, head, and try to leave the field action zone.
If the field strength is increased further, the anodic reaction will begin — fish will move to
the anode. With further increase in the field strength, there will be electroanesthesia when
fish lose their balance and stop reacting to external stimuli. The subsequent increase of the
field strength leads to the death of fish. This schematic reaction of fish in field of direct
current is described in a number of papers, for example, [41, 42].

Fish react to electric fields of alternating current in a bit different way: the first two
stages are almost the same, and with further increase in the field strength the stage of
oscillotaxis begins — fish are located across the current lines. Further increase in the field
strength causes electroanesthesia. Alternating current excites fish stronger than direct
current. After alternating current action fish can’t come to a normal state for a long time.

Similar reactions were described in [42, 43, 44].
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Fish behavior is much more difficult in the fields of pulse current. Fish reactions
depend on the frequency, amplitude, shape and duration of pulses. In this regard, the study
of fish reaction to pulse current is much more difficult. Different types of fish react to
pulsed fields in different ways, but in general the stages of their reactions repeat the stages
under the action of fields of direct current. The main difference from direct current is that
innervation and inhibition are more expressed in this case [43, 45].

Summing up the above, it should be noted that the reaction of fish to weak and
strong electric fields are different. So weak electric field could be used by fish for
orientation and communication, and strong electric fields make the reaction of fish be
unconditional-reflex.

The observed differences have given an idea that amplitude "windows" of
sensitivity exist (for example, [46]). This is a matter of interest, and a desire to test the idea

experimentally appears (see later in this research, section 4.2.2).

1.2.2 Catfishes are as the indicators of some dangerous geophysical processes

Nowadays it is known that certain types of catfishes, in particular Japanese dwarf
and Turkestan catfish, change their behavior, waiting for such phenomena as storm,
tsunami, earthquake, namely, they become very excited [19]. It is also known that before
earthquakes and tsunamis and during cyclones with frontal sections, sharp changes in the
characteristics of natural electromagnetic fields begin, including the area of extremely low
frequencies specific to geomagnetic and geophysical disturbances [1].

During the experiments with catfishes a maximum of catfishes’ electrical sensitivity
has been observed in the area of 7-8 Hz. As already mentioned in the paper, it is frequency
range of 7-8 Hz that is connected with the concept of "Schumann resonances™ in the area
between the Earth's surface and the lower boundary of the ionosphere. And this is the area
where electromagnetic field disturbances spread; they are caused by electrophysical
phenomena connected with dangerous hydrometeorological and geophysical processes. In
other words, in the situation of presentiment of oncoming of dangerous

hydrometeorological events, the probable mechanism seems to be more related to
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electromagnetic fields generated in the system of cyclones or separate fronts [1]. The
mechanisms of these fields’ generation are mainly connected with turbulent processes in
clouds and transformation of acoustic infrasonic radiation of a cyclone into
electromagnetic fields in the lower layers of the ionosphere, and in the case of propagation
over the sea — also with electrophysical processes in the atmospheric surface layer where
wind interacts with the excited sea surface [3].

A detailed study of relationships between disturbance characteristics of natural
electromagnetic fields and oncoming of cyclones, as well as single frontal sections, was
conducted in the work [2]. In this work six cases of oncoming of cyclones and two cases
of oncoming of separate frontal sections near St. Petersburg were selected. Series
realization, selected for the review, ranged from 1 to 3 days. Synoptic situations during
standard meteorological periods for the selected cases were compared with the data on

electromagnetic fields. An example of this comparison is shown in pictures 1.10 and 1.11.

1z.00  Petrozavodsk:

v 188 95 -
- Ty

# Smolensk

Picture 1.10 — The scheme of a single cyclone movement from the south from Kiev to St.
Petersburg and then through Finland to the north (asterisks indicate the location of the

cyclone center in the standard synoptic terms). The data are taken from the work [2].
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Picture 1.11 — Variations of the natural electromagnetic field during oncoming of a single

cyclone in St. Petersburg. The data are taken from the work [2].

Picture 1.11 shows the 20-minute recording of the natural electromagnetic field, the
middle of which corresponds to the synoptic terms when the location of cyclone center is
marked. When the flat pressure gradient is in the point of observation (it is the cyclone
center south of Smolensk), a rather "quiet™ background level of the natural electromagnetic
field is registered (time: 16:00 17.08.98, picture 1.11). In the situation of the cyclone
coming to St. Petersburg, starting with the distance from its center of about 600 km, the
increase of the signal level combined with periodic variations was observed. The
maximum level of the natural electromagnetic field was observed during oncoming of
cyclone in the area of the city, and the signal was weakened by the removing of cyclone.

The increase in the level of the natural electromagnetic field with oncoming of
cyclone was observed, regardless of baric system’s general direction of movement. Two of
six cases, considered in the work [2], corresponded to the cyclone movement from the
west to the east, three — from the south-west to the north-east, one — from the south to the
north. In addition, this relationship was observed regardless of the season: three of the
considered cases were observed in the summer, two — in the autumn and one — in the
winter. There wasn’t also any correlation between the pressure in the cyclone center and

the recorded level of the natural electromagnetic field.
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However, it is noted in the work [2] that the rise of the average level of the recorded
fields at the same distances from the cyclone center to the observation point was 0.5-1 nT
less in the case of the cyclones coming from the south in comparison with coming from
the west and the south-west ones. The cyclones passing over the sea cause storms, as a
result of which additional free charges are generated that is shown in the work [3]. Due to
hydrodynamic reasons, alternating magnetic field is generated, mainly at frequencies of 4-
12 Hz. Obviously, this additional source of the natural electromagnetic field has led to the
above-mentioned result in comparison of "marine"” and "land" cyclones.

Also the analysis of the data set in the work [2] has shown that passing of single
frontal sections through the observation point causes strengthening of the signal average
level, similar to strengthening in the situation of oncoming and passing of cyclones, but
smaller in size; the coefficients of relation between the signal average level and distance to
the front reach values of (- 0.68), between the dispersion of the signal and distance to the
front — (- 0.64).

It should be noted that only behavioral experiments related to changes in the
hydrobionts’ motion behavior can clearly indicate the ecological significance of changes
in the characteristics of the natural electromagnetic field during dangerous
hydrometeorological processes. It is evident because in behavioral experiments the object
Is studied as "black box", when only a reaction to field’s action is recorded without any
knowing of the mechanism of perception of field.

During the preliminary experiments, carried out with catfishes, small shoals of
Golden catfishes as the biological systems and closest relatives of expensive Japanese
dwarf and Turkestan catfishes were used [47]. As a result, it was proved that catfishes
increase their activity with increasing of extremely low-frequency electromagnetic
disturbances. This situation was observed in the experiment when the lunar and solar
eclipses were registered. Then the catfishes were extremely excited, almost jumping out of
the aquarium. It is important to notice that the fish reaction was in advance of event. The
catfishes could feel the lunar eclipse almost 7 hours before it started, but they could feel

the sun eclipse only 30-40 min before it started.
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As a result of the experiment, it is fair to say that catfishes are able to predict
dangerous geophysical processes, in particular earthquakes and, as a consequence,
tsunamis. During an eclipse the Sun, Moon and Earth are arranged in a straight line and it

can increase seismic activity and cause an earthquake.
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2 Estimates of the probable mechanisms of perception and presentiment of some

hydrometeorological processes by hydrobionts

2.1 Electromagnetic fields of hydrometeorological processes are as the information

sources for hydrobionts

The problem of finding physical mechanisms of perception and presentiment of
hydrometeorological processes by hydrobionts which is raised in the thesis leads to some
conclusions, taking into account the completed review.

1. Hydrobionts (marine and freshwater), living in deep water, are able to obtain
information about processes above the surface.

2. The «infrasonic sound of the sea» can’t be a source of information because it
does not penetrate in water.

3. The source of information can’t be variations of hydrostatic pressure generated by
wind waves. These variations are known to occur only at depths that are not greater than
half the wavelength. And the majority of hydrobionts moves freely on the vertical axis, so
these changes of hydrostatic pressure are "natural for them.

4. Variations of atmospheric pressure can’t be a source of information — they are
extremely small for the water column.

5. Solar light can’t be a source of information, especially in the northern seas.

Accordingly, it can be reasonably assumed that the only reliable source of
information on processes over the sea is extremely low-frequency band electromagnetic
fields generated by such processes.

The most likely sources of information in the physical mechanisms of perception of
electromagnetic fields by hydrobionts are electromagnetic field of the atmospheric surface
layer over the sea (subsection 1.1.2) and electromagnetic field of cyclones and frontal
systems (subsection 1.1.4). The main reasons for this preference are the following:

1. Electromagnetic fields of the atmospheric surface layer over the sea are formed
mainly by eddies that are generated behind wave crests during storms [1]. The magnetic

component of such fields is directed along the axis of eddies, that is, horizontally and
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along the crests. At the same time the electric vector is orthogonal to the magnetic
component. As a result, the conditions for field’s propagation both upwards and
perpendicular to wave crests appear. This is so, because an energy flux vector of
electromagnetic field (the Umov-Poynting vector) is determined by the vectorial vector of
the electric and magnetic vectors, so it is perpendicular to the subspace of these vectors.

2. Electromagnetic fields of cyclones and frontal systems have been revealed
experimentally, and they haven’t been theoretically investigated. However, the
experimental data [1,2] also show these electromagnetic fields’ propagation mainly in the
direction of their movement, thus they can also be a reliable source of information for
hydrobionts.

3. Geomagnetic disturbances penetrating into the water column are also important
for hydrobionts. This is determined for a number of species, for example in the work [19].
From our point of view, the need for perception of geomagnetic disturbances is due to the
presence of the frequencies corresponding to the heart rate and breathing rhythm.
Accordingly, such disturbances seem to disturb the normal rhythm of heart rate and

breathing rhythm.

2.2 Calculations of penetration of extremely low-frequency band electromagnetic fields in

water

Electromagnetic fields of hydrometeorological processes at frequencies 0.1-2 Hz
and 6-8 Hz are of primary interest for our tasks. Sources of electromagnetic fields of the
first area are processes in the upper atmosphere, and electromagnetic fields of the second
area are processes in the troposphere.

6-8 Hz electromagnetic fields according to the brief description in the thesis have
the horizontal magnetic field vectors. At the air—sea interface, the horizontal components
of alternating magnetic field are equal [48]. Due to the almost identical values of the
absolute magnetic permeability, the horizontal components of the magnetic induction are

also equal.
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Calculations of the penetration of electromagnetic fields in different basins have

been made with a well-known formula 2.1:

where h is the equivalent depth of penetration of current (electromagnetic field) into
a massive conducting medium;
o= 2xf — angular frequency of field;

v — electrical conductivity;

Ha _ apsolute magnetic permeability.

The depth (h) of electromagnetic field decreases in e times. Accordingly, this depth
is called the thickness of skin-layer.

Calculations of the depth h have been made for the frequencies selected earlier for
different values of y (table 2.1).

It turns out that at the frequencies, which interest us, the thickness of skin-layer
exceeds hundreds of meters for most of basins.

Here, besides depending on frequency, depending on electrical conductivity has
been obtained. The thickness of skin-layer decreases nonlinearly with increasing of

electrical conductivity.
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Table 2.1-Penetration depth (skin-layer) of extremely low-frequency band

electromagnetic fields for some water bodies

Water | Salinity | Electrical Frequency, Hz
body %0 conductivity | 0.1 | 0.5 1 1.5 2 4 6 7 8 | 10
S/m

Fresh - 0.01-0.1 | 5030 | 2250 | 1590 | 1300 | 1124 | 795 | 649 | 600 | 562 | 503
water

Baltic 11 1.4 1344 | 601 | 425 | 347 | 300 | 212 | 173|160 | 150 | 134
Sea

Azov Sea 12 15 1300 | 580 | 410 | 335 | 290 | 205 | 168 | 155 | 145 | 130
Caspian | 13-15 1.8 1185 | 530 | 374 | 306 | 265 | 187 | 153 | 141 | 132 | 118
Sea

Black 18 2.2 1072 | 480 | 339 | 276 | 240 | 170 | 138 | 130 | 120 | 107
Sea

White 25 2.8 950 | 425 | 300 | 245 | 212 | 150|122 | 113 | 106 | 95
Sea

Barents | 25-27 3.0 918 | 410 | 290 | 238 | 205 | 145|118 | 108 | 102 | 92
Sea

(coastal

waters)

The generalized distribution of thickness is shown in picture 2.1.

Picture 2.2 shows the variability of the skin-layer thickness for freshwater basins.
The calculations are represented for conductivity values of 0.1 S/m. Here the selected
frequencies of hydrometeorological processes’ electromagnetic fields can mostly penetrate
to bottom. For example, for Lake Baikal the average depth is 730 meters, the maximum
depth — 1640 m.
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Picture 2.1 — Thickness of the skin-layer for some seas of the Russian Federation at
different electromagnetic field” frequencies. Identification numbers: 1 — Baltic sea; 2 —

Azov sea; 3 — Caspian sea; 4 — Black sea; 5 — White sea; 6-Barents sea (coastal waters).
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Picture 2.2 — Thickness of skin-layer at different frequencies of electromagnetic fields in

freshwater basins.

According to the represented calculations, it can be reasonably assumed that the
only reliable source of information on processes over the sea is extremely low-frequency

band electromagnetic fields generated by such processes. This information is particularly
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important for animals living in the littoral and sub-littoral zones, as it allows them to avoid

death during storms.

2.3 Probable mechanisms of hydrobionts’ presentiment of changes in the

hydrometeorological conditions of their environment

As mentioned earlier in the thesis, extremely low-frequency band electromagnetic
fields for many living beings, in particular hydrobionts, are almost the only source of
information about biologically significant processes. However, as recent studies have
shown [49], the perception of the electric field variations excited by hydrometeorological
processes directly or indirectly through alternating magnetic fields of these processes is
not the only mechanism of hydrobionts’ presentiment of oncoming processes. It turned out
that quite a significant role is played by direct reception of extremely weak alternating
magnetic fields (tens nT) generated by hydrometeorological processes. In addition, the
high sensitivity of some aquatic animals to alternating magnetic fields in the area of
geomagnetic disturbances has been revealed.

Considering the question of probable mechanisms of presentiment, it is necessary to
recall the name of such an outstanding scientist as A. L. Chizhevsky, who was the first
man to deal with the problems of the connection between biological processes and solar
activity. It was A. L. Chizhevsky who introduced the concept of still undetected Z-factor,
trying to explain the mechanism of presentiment of solar flares [50,51]. It was shown on
the example of corinebacterium that some organisms "feel” solar flares 4-5 days before
their observation by astrophysical methods and almost a week before the start of the
relevant geomagnetic disturbances. Thus, Chizhevsky suggested that some unknown Z-
radiation comes from the Sun deep layers and precedes the beginning of the recorded
changes in activity (the appearance of Sunspots). Therefore, we can assume that this Z-
factor affects many processes on the Earth.

The reaction of biological objects to magnetic storms, as well as the existence of
some Z-radiation can be explained by the resonance response of the most important organs

and systems of living organisms to increase of long-period oscillations of the Earth's
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magnetic field both during storms and in some cases before them. The reason for the
occurrence of long-period oscillations of the geomagnetic field before magnetic storms
may be a change in the solar wind’s oscillatory regime a few days before oncoming of

geoeffective solar wind flows to the Earth.
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3 Development of new technologies for carrying out of the physical experiments with

some hydrobionts

3.1 New experimental facilities for research

3.1.1 A facility for definition of catfish motion behavior under the influence of alternating

electric fields

To study the influence of electromagnetic fields on hydrobionts’ motion behavior
small aggregations of Golden catfishes (Corydoras aeneus) were used as representatives of
electro-sensitive fish. It should be noted that the studies were conducted with fish of
different age groups, and their sex was not taken into account. So we can talk about the
universality of the obtained data. The experiments were carried out in a basin of 186 cm

length, divided by external marks into 4 identical sections — A, B, C, D (Picture 3.1).

Resistance box Gen erator
1
Electrode 1 Y ] i Electrode2

g g | A ‘ g

A B C D

Picture 3.1 — The scheme of the facility with a long aquarium.

The simulated electric field in the aquarium was created by plate electrodes.
Experiments were carried out at frequencies: 0,5; 1; 2; 4; 7 Hz. The voltage generated in

the experimental basin was 0.5 V, respectively, the electric field intensity was 2.7 mV/cm.
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3.1.2 A facility for definition of catfish motion behavior under influence of alternating

magnetic fields

The alternating magnetic field in the aquarium was created with a solenoid. The
experimental basin was located inside the solenoid. The scheme and general view of the
facility are shown in pictures 3.2 and 3.3. The reseach was conducted at frequencies: 0,5;
1;2;4; 7,10 Hz.

Resistance
box YVolimeter
Solenoid Gen erator
Oscillograph

Picture 3.2 — The facility scheme.

Picture 3.3 — The facility general view.

At a given current strength of 25 pa, the magnetic induction was 100 nT.
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3.1.3 The automated definition of motion behavior of carps and catfishes with the help of a

video camera

Carps as the most common type of fishes in aquaculture systems were chosen to
study the effect of geomagnetic disturbances on hydrobionts’ motion behavior, but for
some experiments Golden catfishes were taken as the most available type of catfishes. The
studies were carried out in an experimental aquarium with sizes of 260x370x165mm,
which was divided into six identical sections A, B, C, D, F, E (Picture 3.4). The automatic
registration system with a video camera placed above the aquarium was used in the
experiments for the first time. That system made it possible to obtain the simultaneous
observation of the whole area. The camera was connected to a managed timer of time-
lapse photography with the subsequent transfer of the received image frames of aquatic
organisms’ motion behavior to a personal computer for further analysis [52]. The technical
result of this solution is the possibility of automatic registration of hydrobionts’ motion
behavior in the laboratory aquarium at certain time intervals and for a long time.

The facility scheme is shown in picture 3.5, and picture 3.7 is its photograph.

Picture 3.6 shows a video image of the fish location.

Picture 3.4 — The scheme of experimental aquarium separation into sections.
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Picture 3.5 — The facility scheme.

Picture 3.6 — A video image example.
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Picture 3.7 — Photograph of the facility.

The number of fishes was determined in different sections of the aquarium in each
video frame. If a fish was fixed on the border of sections, the value of 0.5 was added to
each of the border sections. The variability of fish locations from one video frame to the
next characterized the intensity of movements per unit time (1min), which was interpreted
as motion behavior R;. The variability of R; characteristics during the experiment was
analyzed in connection with natural or artificial factors. Aquarium lighting, temperature
and water composition remained constant.

A group of 8 fishes as biological objects was studied. After fishes had been moved
to the experimental pool the adaptation period was 15-20 minutes. Experiments were
carried out under various geomagnetic and weather conditions. The data on geomagnetic
disturbances at the time of the experiments were used from Sodankyld Geophysical
Observatory (Finland) (www.sgo.fi). The data on the weather were taken from the website
of meteorological center of Germany (www.wetterzentrale.de), and the synoptic maps
were obtained from the North-West Administration of Federal Service of Russia on

Hydrometeorology and Monitoring of the Environment (Roshydromet).
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3.1.4 Automatic method of registration of King crabs’ motion behavior

The research was carried out with the laboratory facility at Murmansk Marine
Biological Institute of the Kola Scientific Center of the Russian Academy of Sciences
(Picture 3.8). This facility allowed registering crabs’ motion behavior in the automatic
regime. As a recorder in the first series of the experiments, a high-speed recorder was
used, in the second series — a personal computer (PC) with an analog-to-digital converter
(ADC) at the input. Artificial magnetic fields were created with a solenoid, which an
aquarium with crabs was put in. The solenoid was connected to the generator of extremely

low frequencies. Magnetic field in the solenoid corresponded to natural fields.

Strain-gage L_ll( inem atic1‘_ Crab

Sensor node
Recorder Solenoid

3

[ieneratnr

Picture 3.8 — The facility construction.

As follows from the description of the facility, crabs placed in it are influenced by
the external conditions comparable to the conditions of their natural habitat. King crabs
adapted to the Barents Sea conditions were used for the experiments. The registration of
motion behavior was carried out in the automatic regime.

To study the impact of artificial alternating magnetic field, a solenoid was placed
around the basin. Extremely low-frequency current flew through the solenoid at certain
discrete frequencies. Frequencies were selected from the range from 0.1 Hz to 15 Hz.

Magnetic field in the solenoid was accordingly calculated with the value of the current.
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3.2 Experimental methods

The methodology of the experiments with carps and catfishes proceeded as follows:
at the time t1, t2,...,tn the number of fishes was determined in each section. Determination
of motion behavior started in 20-30 minutes after fishes had been put into the aquarium for
their adaptation. The experiments were carried out with 1 minute sampling interval. If
there were no fishes in any section at the time of registration, this status was determines as
0. The duration of each experiment was at least 3 hours. In the case of alternating magnetic
and electrical fields, the responses of catfishes to the absence of field exposure (first
control), to the influence of field (fish reaction) and again to the absence of field exposure
(second control) were determined.

Calculation of motion behavior was carried out with the formula (3.1), where

motion behavior is the sum of all the differences of the pairs of counts + 0.1 for each term:

Aa+Ab+Ac+Ad =R, (3.1)

where Aa=|(a —a

i+1

)+0.1; Ab =|(b, —b,

i+l

X +01; Ac = ‘(ci —cm} +01;
Ad =‘(di —di+lX+O,1.

Here R; is the dimensionless characteristic of fishes’ motion behavior from one
section to another; the quantity of fishes N = const; a, b, ¢ and d with indexes (i) and (i+1)
— quantity of fishes in each section at the moments of time i and i+1, respectively.

Therefore, the obtained R; series describe fishes” motion behavior and its variability
during the experiment.

The data series of crabs’ motion behavior were obtained by conducting experiments
in the aquarium (subsection 3.1.4). Besides the measurements of crabs’ motion behavior,
such factors as atmospheric pressure, air temperature, and some types of baric formations
above the research area were determined during the experiments. As it was mentioned
earlier, atmospheric conditions do not have a direct impact on animals’ behavior, but they

influence indirectly due to generating of extremely low-frequency band electromagnetic
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fields, that can deeply penetrate into the sea water (up to 100 m). Illumination was taken
Into account, as crabs spend a part of their life at shallow depths in spring and summer
with a sufficient amount of daylight. This shows the need to take into account a number of

factors in the analysis, as incorrect conclusions could be made, otherwise.

3.2.1 Similarity criteria of modeling of the influence of hydrometeorological processes’

electromagnetic fields on some types of hydrobionts

The task of finding similarity criteria of modeling the impact of some external
factors on biological objects is not trivial. Indeed, such issues were not considered earlier:
it was believed that the impact in laboratory is equal to the effect in nature. In particular,
this is directly related to the impact of extremely low-frequency band electromagnetic
fields on biological systems.

However, a number of the available experimental data, including the data of the
author, give an opportunity to call into question the equality. This leads to the problem of
finding the most advisable conditions for modeling of impacts with appropriate similarity
criteria.

The solution, apparently, is only possible by successive approximations. Due to the
uncertainties with mechanisms of perception of electromagnetic fields by biological
objects similarity criteria can’t be well defined at present. According to the collected data,
it is advisable to consider any of these objects as a dynamic system, described generally as
a nonlinear differential equation, and in a particular case — as a linear differential equation
of the n-th order [3.2]:

n n-1
T d RST) +T d f_&r) . +T1M+ R(t) = Kg,, X (1), (3.2)
dt dr dr

where T is the coefficient (to the appropriate degree) having a dimension of time
and equivalent to a technical term «time constanty;,

R (1) —the biological object’s respond to the influence;
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X (t) — acting factor;

Krix _ the ratio of response/signal in a state regime.

In the simplest case of the first order system, the equation is [3.3]:

T, dR(x)
dt

+R() = Ky X (1) (3.3)

This approach to the consideration is the most efficient, because it allows to link the
spectral characteristics of the influencing signals and reactions. The equation is solved by
the introduction of a complex transfer function F(iw), the components of which are: an
amplitude-frequency characteristic, in other words, the module — |F(iw)|, and a phase-
frequency characteristic — ¢(im). The connection between spectral characteristics of the

influencing signals and hydrobionts’ reactions, noted above, will be expressed in the form
of [3.4]:

SR((D)=|F(i(oMZSX(co), (3.4)

where S(w) — the spectral density functions of the response or signal according to
the index.

Besides spectral distortions, phase distortions occur in the impact-reaction
experiments. They are evaluated by the dynamic system’s phase-frequency characteristic.
In the case of the simplest linear system of the first order phase-frequency characteristic
has the next form [3.5]:

o(w)=-arctg(oT,) , (3.5)

where o= 2xnf — angular frequency;
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T, — time constant (the time interval during which the initial difference between the
impact and the reaction decreases "e" times). More information about this can be found in
the work [10].

All this is still when Kg,,=1 and the phase shift expresses in angular degrees.

However, biological systems appear to be hardly described by linear differential equations.
There is no fundamental novelty in this — nonlinear dynamic connections in biological
systems were studied, for example, in relation to biological membranes and various types
of biochemical reactions (see for example the source [53]). However, it is not possible to
use these results in the analysis of animal behavior and, in particular, aquatic organisms. A
more general approach is needed. And, apparently, the most reasonable way is to consider
such objects, and also groups of objects, as a cybernetic "black box" with a known signal
X(7) at the input (influencing factor) and a recorded reaction R(t) at the output (Picture
3.9).

T R(T)
Ol B -

Picture 3.9 — Biological system (object, group of objects)

as a «black box».

Previously such an approach has already been proposed in the work [12]. At the
same time, not only linear dynamic properties of biological systems were considered, but
also the presence of nonlinear properties was assumed. However, the experimental
evidence was given only for physico-chemical systems. In this work we consider the
results of the study of biological systems’ nonlinear dynamic properties (object, group of
objects).

The meaning of this approach in physical terms is that the biological object, in our

opinion, can’t respond to any short-term changes in external factors X(t), because there is
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not any sense of such reactions — too much fear susceptibility isn’t a good feature in the
biological world. The reaction is formed only after certain duration of exposure
("accumulation of information"), the question of a type of duration should be studied. The
reaction can be formed in the simplest case only with a delay in time. In this case it is
necessary to consider only the first derivative in the given equation. The reaction may be
more complex, including resonance effects, and then it is necessary to take into account
the highest derivatives. In both cases, nonlinear effects must be taken into account.

The so-called "latent period” has been introduced in biophysical studies. Usually
this is a time between the beginning of some influence and response to it. In the study of
hydrobionts’ reactions latent periods were determined only for the influence of a constant
factor, in other words, a rectangular signal (*'stimulus™), the value of which does not
change with time (see, for example, the work [19]). In this work [19] the difference of
hydrobionts’ responses to polarity of influencing stimulus is considered. Differences in
polarity are defined as "anodic stimulus” and "cathode stimulus”, and in this case,
reactions opposite in sign have been observed (“inhibition™ or "innervation").

When there are variable signs of "stimuli", variable types of reactions are formed,
that is, reactions "track" changes of stimuli (see the source [19]). These "tracking" changes
are observed at very low frequencies.

However, in our studies, we used variable stimuli of different frequencies, for
example alternating magnetic and electric fields. And during the period of exposure, the
stimulus polarity changed many times (see the data from subsections 4.2.2, 4.2.3 and 4.4).
If the reactions to the change in polarity had the same value and opposite forms
("innervation™ or "inhibition of motion behavior, for example), the general result of the
influence of variable stimulus would not be.

However, the results of the impact are distinctly detected in both electric and
magnetic fields of different frequencies.

The term "latent period", strictly speaking, is applied only in influence of the
constant factors on biological systems. Using it in case of reactions to variable factors with
a zero constant component seems to be not quite correct, and in this work the term "delay

time of reaction" is used.
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Nonlinear dynamic properties. Theoretical consideration.

Then it turns out that dynamic properties of hydrobionts as biological systems can’t
be linear, corresponding to the equations (3.2) or (3.3), and their reaction to a variable
signal can only be the result of dynamic properties nonlinearity.

The nonlinearity of dynamic properties in relation to biological systems is most
likely in the following situations: the reaction to the increase of influencing factor is
significantly faster than the reaction to its decrease. This seems quite natural. The
influencing factor carries some potential danger, so it must be responded faster (but not
immediately!). Decrease of the same factor means reducing the risk, but the "memory" of
this potential danger still act, that is why the reaction is slower. For the variable factor (for
example, in case of the magnetic field variations), the cumulative effect is obtained, as
shown in picture 3.10. Actually, this is the resulting reaction of a biological system.

Picture 3.10 shows the influencing variable factor as alternating rectangular pulses
of a constant repetition rate with a duty ratio equal to 2. Generally, individual pulses of
this type ("anodic" or "cathode" "stimuli") are used in the traditional biophysical
experiments with aquatic organisms.

"Squareness™ in our case does not matter in principle. It is used to illustrate. The

same cumulative effect is formed by sinusoidal stimulus.

R = ;

3
ey ;

1

Picture 3.10 — The scheme of the cumulative effect formation. Identification numbers: 1 —
variable stimulus; 2 — reaction to the increase of the influencing factor; 3 — reaction to the
decrease of this factor; 4 — the average value of the factor; 5 — the cumulative reaction of a

biological system.
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Reactions in the form of the exponents 2 and 3 are the solutions of the simple linear
differential equations of the first order (3.3) at different time constants.

These solutions are here [3.6]:
Ri(z—174)= X, +(Xo— xm)e_T';

T—Tpg

R, (z'—z'Od)= X, +(Xm —Xo)e Ta -

(3.6)

where the indices "i"" and "d" refer to the increase of the influencing factor ("i*) and
its decrease ('d");

Xm — upper value of the influencing factor;

Xo — its lower value;

To With the appropriate indices — the moments of the beginning of increase or
decrease of the influencing factor;

T —time;

T — time constants with the appropriate indices.

The differences between the constants T during increase (T;) and decrease (T,) of the
influencing factor define the accumulation effect.

The average value (number 4) of the variable influencing factor (number 1) (Picture
3.10) remains constant here, but the reaction of the biological system (number 5) at the
beginning of exposure increases to some asymptotic value and then remains constant if the
influencing factor frequency doesn’t change.

Naturally, what is shown in picture 3.10 is only a special case. It is necessary to pay
attention to this, because the saturation of the system here takes place due to the
cumulative effect in only a few periods of the influencing variable factor.

Let’s consider a situation when the differences between T; and T, are significantly
smaller. It is not as clear as in picture 3.10, but the results of the equation (3.3) are similar.
However, for a half-period the curve with number 2 does not have time to reach the

asymptotic value X, of the influencing factor (Picture 3.10). Accordingly, the curve with
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number 3 behaves in a similar way considered earlier. In this case, there is a cumulative
effect prolongation. At the same time, the asymptotic value of the biological object
reaction (number 5) is obtained through a significantly larger number of periods of the
influencing factor. And the smaller the differences, the more number of periods should
pass. This is an extremely important aspect, because at the present time we have almost no
idea about the values of constants T; and T4 considering a biological object as a nonlinear
dynamic system. Therefore, it is impossible to judge the specific properties of such
system, we can only assume these properties.

However, it can be assumed that the reaction to variable stimulus can’t increase
indefinitely. It has the asymptotic value, which is appropriate to be called as the most
expected response.

Criteria. In this work, similarity criteria are proposed only in the approximation of
the first order effects corresponding to the solutions of the equations (3.6) and (3.3). There
is a long period of electromagnetic field exposure under natural conditions, for example,
when a cyclone comes. Let's define such period as T,. Accordingly, accumulation of the
reaction is associated with the duration and current electromagnetic (electric or magnetic)
field intensity. In the laboratory experiments it isn’t efficient to set the similar periods.

If in the experiments we set the period provided that T, « T,, the similarity criteria

will be expressed in the form of [3.7]:

TB =TB (3.7)

n—mn 1=ml

where By, with the appropriate index is the amplitude value of the induction of
alternating magnetic field, and the indices mean: laboratory ("I") and natural ("n") values
of characteristics.

Modeling the effects of alternating electric field, similar criteria would be [3.8]:

T enE,, =TeLE (3.8)

n“rel rel —ml
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where ¢ — relative dielectric permeability with the appropriate indices of the
medium;

E., is the amplitude value of the intensity of alternating electric field that influences
the system.

The criterion (3.7) can be illustrated in a certain way.

The following results are obtained when the average value of the alternating
magnetic field induction of an oncoming cyclone is about 5-10 nT and the time of
cyclone’s oncoming is about 20 hours (average speed of about 30 km/h). In the
experiments on modeling responses to oncoming of the cyclone field (duration of exposure
1 hour), it is necessary to increase the induction by about 20 times, that means to set it
about 100-200 nT at the "current” frequency of the cyclone electromagnetic field of about
6-8 Hz.

The criteria (3.7) and (3.8) are given under the condition of adequacy of influencing

frequencies in model and in nature. It is incorrect to set different frequencies.
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3.3 Methods of processing of the obtained experimental data

3.3.1 Spectral and cross-spectral analyses

Processing of the obtained series of motion behavior, as well as series of the
magnetic induction on the X-axis (By, nT) was carried out in the statistical program
Mesosaur. In order to separate the useful signal we used a band-pass filter, which allowed
to filter out certain frequencies that are necessary for calculations. After the filtration,
some graphs of the magnetic induction By and fishes’ motion behavior were constructed.
We chose the moving average digital filter from the smoothing filters. The algorithm of its
calculation is simple: the last values of the series are added, and the sum is divided by their
number.

The graphs of motion behavior values and the spectral density function, which
describes the distribution of power into frequency components composing the signal, were
constructed and analyzed in the processing. Also the main moments of the distribution of
the obtained data (mean, variance) were evaluated. The cross-spectral analysis of
smoothed series of the magnetic induction and motion behavior was used to determine the
presence or absence of harmonic components in the studied series. The strength of the

relationship between the series was calculated (through the coherence function).

3.3.2 Estimates and the analysis of fractal dimensions of the studied processes

In order to determine the degree of fish behavior determinacy during the
experiment, the fractal dimension of the process was calculated using the fractal theory

methods [54]. The dimension is related to the so-called Hurst index (H) and defined as the

difference (2-H). The Hurst index is described by an empirical relation [3.9]:

H =log (7/2)(R/S) (3.9)
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where H is the Hurst index; t — the time interval; R is the range, that is, the
difference between the maximum and minimum values for the considered period; S is the
standard deviation. In practice, the H-index is determined by the slope of an

approximation straight line for the dependence of Ig (R/S) on Ig(z) [3.10]:

Ig(R/S)=H Ig(t)+const (3.10)

For a process of independent testing — H=0.5. When H>0.5, the time series has a
persistent behavior. That means that the process is deterministic. The calculations were
carried out with using the original software package "Herst".

Further processing of the experiment data consisted in plotting the dependence of

the Hurst-index and variance of motion behavior on the influencing factor.

3.3.3 Methods of determination of hydrobionts’ response to the influence of alternating

electric and magnetic fields in the laboratory conditions

As the time series obtained in these experiments are generally non-stationary, their
processing can’t be carried out by standard methods. A very complete review of methods
for processing of the non-stationary time series is given in the monograph [55].

Naturally, all possible methods could not be used in this work. The most interesting

for our tasks set in this work are the following:

e splitting of non-stationary series into quasi-stationary segments and processing of
these segments according to known methods (for example [56]);

e using the variance of quasi-stationary segments as an indicator of group anomalies
(here — the reaction of hydrobionts to the external factor) [57].

In the work [57] it is offered to use the relation of variances, and as the criterion of

distinguishing anomalies the initially set values of such relation is used. Undoubtedly, this

IS very interesting for time series with a low "signal/noise" ratio, that is, for problems of
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detecting weak "group signals" in the background of strong noises. However, in the
experiments we accurately recorded the moment of influence. So it was more appropriate
to use the difference of variances.
The impact result was defined as [3.11]:

A=(D, toy,)-(D, 1o (3.11)

0,)

where D, — the variance of motion reaction; D, — the variance of the background;

ando, and o, — the values of the mean squared deviations of the calculated series of

variances.

The criterion for the formation of the reaction to the impact was the

conditionA>2c, , whereo = [o2 + 07 .

This made it possible to pick out motion reaction to the impact of external field with
a confidence level of 0.95 and the probability density of distribution of background and
reaction variances close to the normal law.

In addition, the experiments with living moving objects require accounting reaction
delays (biologists call them "latent period™). Really, living objects (fish) are unable to
respond to any pulse change of the external factors. Therefore, quasi-stationary areas were
distinguished taking into account this condition. If quasi-stationarity captured the latent
period, we took it into account calculating the background variance.

In experiments with less mobile animals (King crabs) the method discussed above
[58] was also applied. However, the filtered series were used with their further reduction
to stationarity "in a narrow sense", that means, with a constant mathematical expectation.

For our purposes, it was decided to use the same source data, but without any
filtering, and detect not the variance, but the intensity of the reaction at different
frequencies.

The intensity of the reaction was determined as the difference [3.12]

Ag = (M_BRiJMBR)_(M_BBio-MBB) (3.12)



199

where MB, is the average motion behavior during the exposure; MB, — the average
motion behavior of background; o, and o,, — mean square deviations of the calculated

motion behavior series.

The criterion for the presence of the reaction similar to the criterion in the case of

variances was used: A, >2¢,,, , Where o, =, /J;BR + 0, -

Estimation of confidence intervals.

The series of variances and motion behavior were usually calculated on 20 points
with a shift between areas by a given step (usually by 1 min). The processing was carried
out with the use of the modern metrological methods [59-61].

That is, for example [3.13]:

D D (3.13)

i+10 = i+20iGDi

where Di 10~ the value assigned to the middle of the i-th segment of the series;

10

D. . ,, — the computed value of a segment variance for the series that consists of 20

points; o — accuracy of determination of the i-th variance.

D.
I

The calculation error of each value was estimated as [3.14]

(o)

b = 001D, (3.14)

as all third and subsequent significant figures were excluded in the calculated values
[62].
As a result, the confidence interval of the reaction calculation according to the

criterion described above was estimated as [3.15]:

ZGD_
-+ I

s TR (3.15)

A
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where, op = |08 +of  and indexes "r" and "b" mean “reaction" and
[ [

ir b
"background”, N is the number of segments used to calculate variances.

This was possible because the definitions of the variances in the segments were of
equal accuracy and the series were distinguished as quasi-stationary. These two conditions
correspond to the metrological rules of evaluating measurement quality [63].

The confidence probability for the interval A, was 0.95.

The described method was also used in the estimates of the confidence intervals of
calculations of the reaction intensity.
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3.3.4 Wavelet-analysis

Wavelet-analysis is a device adapted for studying the structure of inhomogeneous
processes. In contrast to the Fourier transform, the wavelet transform provides a two-
dimensional representation of the explored one-dimensional signal with the frequency and
coordinate considered as independent variables. As a result, it becomes possible to analyze
signal properties both in physical (time, coordinate) and frequency spaces [64].

Like the Fourier transform in which only the function w(t)=exp(it) that generates an
orthonormal basis of the space L?(0,27) by a large-scale transformation is the basis of the
analysis, wavelet-transformation is based on only the basic function y(t) that has a soliton-
like nature and belongs to the L?(R) space, that is, the whole numeric axis. In the Western
literature this function has a fixed name — "wavelet", which means "small wave", in the
native literature sometimes it is called "splash” in order to reflect its localization and
oscillatory feature. Creating the basic analyzing function wy(t) the following necessary
conditions must be fulfilled.

Localization means that the wavelet must be located near the zero of the argument
in both time and frequency spaces.

Zero mean [3.16]:

[wdt=o (3.16)

As a consequence, the wavelet must be an alternating function.
Limitation [3.17]:

T (0| dt < oo (3.17)

The wavelet must be a sufficiently fast decreasing function of the time (spatial)

variable.
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The basis of the one-dimensional discrete wavelet-transform is constructed on the
basis of the wavelet y(t) by shift and stretch operations along the t-axis.

The continuous wavelet-transform is constructed in the same way using some
continuous scale transformations and wavelet y(t) transfers with random values of the

scale coefficient a and shift parameter b [3.18]:

W (a,b) =|a[ ™ j f(t)(//*(%)dt (3.18),

—0

where the symbol * indicates the complex conjugation operation.

Thus, any function of L?(R) can be represented by a superposition of scale
transformations and shifts of the basis wavelet with coefficients depending on the scale
(frequency) and the shift parameter (time).

The two-parameter function W (a, b) provides information about the change in the
relative contribution of components of different scales in time, and it is called the
spectrum of coefficients of the wavelet-transform.

Having a wavelet spectrum, you can calculate the total energy of the signal [3.19]

dadb
aZ

E. =] f ®d=[[w’@b (3.19)

and the global energy spectrum — distribution of the total energy by scales
(scalogram of the wavelet-transform) [3.20]

E.(@) =W “(a,b)db (3.20)

Scalogram corresponds to a power spectrum of the Fourier transform of the signal

smoothed at each scale by the Fourier spectrum of the analyzing wavelet [3.21]:

E.@ = [|f(@v(a0) do (3.21)
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where the symbol » means the Fourier-image of the function.

Now wavelet-analysis is widely used in the tasks of pattern recognition problems,
processing and synthesis of various signals for the convolution of large amounts of
information and in many other cases.

Wavelet-analysis is very convenient for analyzing processes with intermittent
feature. It allows to reveal spatially distributed properties of the explored object, determine
the presence of intermittency and distribution of dissipation areas, obtain local high-
frequency and global large-scale information about the object, and this analysis has other

opportunities with high accuracy and without redundancy.
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4 Results of the experiments

4.1 Carps

4.1.1 Daily variability of carps’ motion behavior

For the purposes of identifying the physical mechanisms of perception and
evaluation of hydrometeorological processes first it is necessary to determine the
physiological variability of fish behavior — diurnal changes in motion behavior and
behavioral rhythm. For this purpose, the data of the long-term (at least 24 hours)
continuous observations with some constant external factors (temperature, pH of water,
geomagnetic conditions, hydrometeorological factors, etc.) were used, in other words,
those factors whose influence was revealed in the previous works (for example, [65-67]).
The temperature was set at 18-20°C, pH — in the zone of tolerant conditions 7-9,5, light
conditions — constant, geomagnetic conditions were controlled according to the current
data of Sodankyld Geophysical Observatory (Finland), the lack of strong variability of
hydrometeorological factors — according to the synoptic maps from the popular German

web-site: www.wetterzentrale.de
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Picture 4.1 — Variability of carps’ motion behavior during the day (on the X-axis — motion

behavior, on the Y-axis — time of the experiment).


http://www.wetterzentrale.de/
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The picture 4.1 shows that the motion behavior decreases from 20:00 to 6:00 that
confirms the presence of diurnal biorhythmics of carps. The rise of carps’ motion behavior
after 06 o'clock was also noted in the work [68]. However, a range of daily variations of
the fish motion behavior was higher there. At the same time, unlike picture 4.1, the
unnormalized data were used in the work [68].

Now in the experiments carried out, the difference between the average values of
motion behavior at day and night is only 0.1 units of motion behavior. Respectively, there
was no need to introduce a correction factor for the time of day during the data processing.
This graph hides the short-term random outliers, while retaining the general trend in the
fish behavior.

With the help of wavelet analysis for the daily experiment with carps, the spectrum
of motion behavior was obtained, presented in picture 4.2. In picture 4.3, this spectrum is
reflected in a three-dimensional space. The AutoSignal package was used to process the
series. At the first stage the basic wavelet was chosen. We considered the next wavelets:
the Morlet and Paul wavelets, and the Gaussian derived function. The minimum mean-root
square error was achieved for the eighth order of the Gaussian derived function. In this
case the decomposition was optimal.

The analysis of the obtained images allows to reveal the ranges of local periods in
fish behavior with scales about 30 min, 12-10 min, 5-4 min in the given non-stationary
structure of the series, that fully confirms the results of the classical spectral analysis. The
small-scale part of the process with periods of less than 2-3 min demonstrates the

predominance of random processes over periodic ones.
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Picture 4.2 — Wavelet spectrum of the carps obtained during the daily experiment (upper

graph) and filtered series of their motion behavior (lower graph).
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Picture 4.3 — Three-dimensional spectrum of the carps’ motion behavior obtained during

the daily experiment.
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4.1.2 Estimates of the relationship between the average means of motion behavior and

geomagnetic disturbances

In the course of the series of the experiments, magnetic storms of the medium
intensity (up to 250 nT or up to 6 K-index) were observed. According to the obtained data,
a statistical evaluation of the series of the magnetic induction (an example is shown in
picture 4.4) and motion behavior (an example is shown in picture 4.5) was carried out. In
the process for the most successful experiments in terms of geomagnetic situation the
correlation coefficient between the average values of motion behavior and magnetic
induction amplitude K. were estimated (Table 4.1). For these purposes, the data series
were divided into pieces. A series of magnetic induction was chosen as the determining

factor of division into pieces.
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Picture 4.4 — Graph of the magnetic induction variations (experiment 05.09.08).
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Picture 4.5 — Carps’ motion behavior (experiment 05.09.08).

Table 4.1 — The values of the correlation coefficient between the series of the fish motion
behavior and magnetic induction (the significant coefficients at a significance level of 0.05

are indicated in a red color)

Hydrobionts Date of the experiments Correlation coefficient
R

Carps 01.09.08 -04
¢ 20:02 mo 6:00

Carps 05.09.08 -0.8
¢ 20:07 mo 9:59

Catfishes 09.04.09 0.85
¢ 22:15 o 05:09

Catfishes 09.04.09 0.87
¢ 14:50 mo 16:52

Catfishes 10.04.09 0.7
¢ 20:00 mo 06:09

Thus, the highest correlation coefficient for carps was -0.8, and it should be noted

that these fish tend to decrease their motion behavior during an increase in magnetic
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induction variations (as it is evidenced by the sign "minus" of the correlation coefficient
between two series). Similar results were obtained in the work [68], and the maximum
value of the correlation coefficient was -0.65 there. Picture 4.6 shows the summarized
results of the relationship between carps’ motion behavior and values of the geomagnetic
disturbance coefficient K. from the work [68]. The schedule was based on the data of 28
experiments carried out with carps. Each experiment lasted 3 hours. The total number of
processed data is more than 5000 values and, accordingly, the same number of the
magnetic induction values. The nonlinear nature of the relationship between the average
values of motion behavior and intensity of geomagnetic disturbances was established (see

picture 4.7).
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Picture 4.6 — An example of the relationship between carps’ motion behavior and
geomagnetic disturbances (the experiment numbers are indicated in the following order: to
a point — the experiment number, after the point — the number of a piece of the series).
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Picture 4.7 — The nature of the relationship between motion behavior and geomagnetic
disturbances. The y — axis — motion behavior, the x - axis — scale of the geomagnetic
variations (nT). Designations: 1-approximating curve, 2-overshoot points, tested by the

metrological criterion of ""gross errors".

The dependence in picture 4.7 shows the absence of any univocal energy
(amplitude) "windows" in addition to the revealed nonlinearity of the connection between
motion behavior and geomagnetic disturbances [46]. The decline in the motion behavior
values in the range of 120-130 nT is probably related only to a limited amount of data.

Nevertheless, the univocal determination of the presence or absence of amplitude
"windows" is very important, as in their presence it is necessary to assume some quasi-
resonant physical mechanism of perception of electromagnetic disturbances, which is
considered, for example, in the work [53].

The effect of geomagnetic disturbances on catfishes (Corydoras aeneus) is
significantly different from that which is connected with carps.

The highest correlation coefficient in the case of catfishes is equal to 0.87. In this
case, the motion behavior of catfishes, in contrast to carps, increases with increasing
magnetic induction, this means that fishes become more excited during the transition of
the Earth’s magnetic field from a calm state to perturbed one.

At the same time, neither carps nor catfishes could show any premonition, but the

reaction of these fishes to geomagnetic disturbances is evident. Pictures 4.8 and 4.9 show
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the graphs of the motion behavior dependence on the range of the induction variations that
fully confirm all the conclusions made earlier. Considering the obtained correlation
coefficients, it should also be taken into account that these values were obtained for the

rather short series. Respectively, the values themselves could be a bit overstated.
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Picture 4.8 — The relationship between carps’ motion behavior and amplitude of the
geomagnetic induction (the experiment numbers are indicated in the following order: to a

point — the experiment number, after the point — the number of a piece of the series).
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Picture 4.9 — The relationship between motion behavior of catfishes and amplitude of the
geomagnetic induction (the experiment numbers are indicated in the following order: to a

point — the experiment number, after the point — the number of a piece of the series).

The indices of K, were used in the pictures 4.6, 4.8 and 4.9. This is a complete
analogue of the generally accepted index K (calculated with the induction changes for 3

hours of the universal time). The only difference is that the calculations were conducted
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not for changes in the Earth’s magnetic field induction, but for specific 3 hours of the

experiment.

4.1.3 Evaluation of the relationship between the short-period rhythms of motion behavior

and geomagnetic storms

The spectral analysis of the filtered series of motion behavior and magnetic

induction gave the following results, which are presented in pictures 4.10 — 4.13.
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Picture 4.10 — The spectral density of carps’ motion behavior (05.09.08).
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Picture 4.11 — The spectral density of the magnetic induction variations (05.09.08).
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Picture 4.12 — The cross-spectrum (05.09.08).
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Picture 4.13 — The results of the spectral analysis (05.09.08). The right scale corresponds

to the cross-spectrum. Points on the graph are the values of the coherence function.

According to the pictures it can be seen that the groups of periods are about 14-16,
8, 6-5 and 3-4 minutes, and in other experiments we determined a period of about 20-30
minutes. The character of the spectra shows that some periods of motion behavior are
generated by external factors, in the mentioned data — by geomagnetic disturbances, in
particular, this is the period of 14-16 minutes. The value of the coherence function is very
high — up to 0.8. Other periods, apparently, could belong to fish own periods, so they are

formed by physiological reasons.
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Thus, fish do not live only "in their own world", but they are closely connected with
such external to this "world" factors as electromagnetic disturbances.

The fractal analysis confirms the high determinacy of this rhythm (the Hurst
coefficient for almost the entire experiment is higher than 0.5) for the periods of 14-16
minutes and some short periods determined by the internal needs of the hydrobionts
(picture 4.14).
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Picture 4.14 — The motion behavior variance and Hurst coefficient variations for the
period of a long experiment with carps (05.09.08). The x-axis shows the time in minutes,
y-axis — the current variance of the motion behavior (cond.unit) and the conformed values

of the Hurst coefficient divided by 10.

4.1.4 Estimates of the relationship between motion behavior and oncoming of cyclones

and frontal sections

The mathematical tool of fractal analysis was used to estimate the relationship
between motion behavior and oncoming of cyclones and frontal sections. This method was
based on the assumption that fish perceive alternating magnetic fields generated by
hydrometeorological processes and begin to move more quickly in a chaotic order. So, the
Hurst coefficient values calculated according to the motion behavior can fall below 0.5
("chaos fall").

In the process of work, the fractal analysis was carried out to identify the degree of

fish motion behavior determinacy. In the course of the experiments, the series of the Hurst
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index with a step equal to 3 were obtained. The situations of the "chaos falls", when the H-
index became less than 0.5, were the greatest interest to us.

As a result, for each experiment, the points of time of these chaos falls in fish
motion behavior were recorded, and then the geomagnetic and meteorological conditions
were estimated at that time.

Earlier it was stated that in general, the geomagnetic situation during the
experiments can be characterized as calm, so the main attention was paid to the study of
surface weather maps with the positions of the cyclone centers and fronts. The detailed
analysis took into account the fact that the passage of cyclones or fronts significantly
changed the natural electromagnetic field that hydrobionts react to. Also, with the help of
this kind of analysis, the question of a possible premonition of dangerous
hydrometeorological phenomena by fish can be considered.

For this purpose, the values of motion behavior variance were determined with the
subsequent statistical processing in conjunction with the data series of the Hurst index,
namely, the correlation coefficient between two series was determined, followed by
making plots of the necessary dependencies. In general, it can be concluded that there is
some connection between two characteristics, but considering that the variance and Hurst
index differ fundamentally in their parameters, the obtained dependence is not clearly
shown in the graphs.

The analysis of the surface weather maps allowed to determine the time of
oncoming of cyclones or fronts and relate it to the fish behavior on the basis of motion
behavior. In general, it can also be concluded that a good reaction of fish to the system of
quasi-steady fronts exists; in some cases it is even possible to make an assumption about
fish presentiment of the front 3-6 hours before. Pictures 4.15-4.18 show the synoptic maps
for one of the experiments with the carps, which lasted from 01:23 to 9:00 31.08.08.

Picture 4.19 shows the variations of the Hurst index during this experiment.
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Picture 4.18 — A synoptic map under the date of 03(07):00 31.08.08.
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Picture 4.19 — Variations of the Hurst index during the experiment 31.08.08 (the y-axis —
values of the Hurst index, multiplied by 100; the x-axis — time from start of the experiment

In minutes).

From the graph 4.19 it is evident that there are two significant dips (121-133 and
385-409 min). If we compare the time of "chaos fall" in the motion behavior with the time
of the cold front passage, we can conclude that the first dip is the result of a possible
premonition, and the second — a possible reaction to the front passage.

An interesting meteorological situation was observed during the daily experiment.
The maps (pictures 4.20-4.21) that correspond to the time interval of the first dip in the
fish behavior (picture 4.22) with a duration from 88 to 103 minutes. Therefore, it can be

concluded that the fish could have a presentiment of the oncoming of the occlusion front.
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Picture 4.20 — A synoptic map under the date of 18(22):00 13.10.08.

Picture 4.21 — A synoptic map under the date of 21(01):00 13.10.08.
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Picture 4.22 — The Hurst index variations during the daily experiment from 23: 50
13.10.08 to 10: 00 15.10.08.

However, the significant dips in the Hurst index curve were associated with the
weather conditions not in all cases. So, for example, there were several considerable drops
in the fish behavior in the experiments 11.09.08 and 12.09.08, but the weather conditions
were good (there was an anticyclone), also no significant geomagnetic disturbances were
noted for those periods. The only possible explanation for such dips in the Hurst index
curve may be the presence of some random unaccounted factors, the effect of which was

not studied in this work.

4.2 Catfishes

4.2.1 Response of catfishes to hydrometeorological processes

Many dangerous hydrometeorological processes are biologically important for fish,
such as waiting for a cyclone and a storm associated with it. In the experiments, special
attention was paid not only to the presence of the cyclone, but also to the front passage.
The experimental studies [69] of the internal structure of electromagnetic fields generated
by cyclones allow us to conclude that the main energy-carrying spectrum is concentrated
in the frequency range from 6.5 to 11 Hz with the predominance of oscillations in the
region of 7-7.5 Hz.
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In addition, the study of the envelope of the carrier signal [70] has shown us that
there is an increase in the signal level, which can be considered as monotonic and reach
the intensity of about 15 nT at the approach of the cyclone since 1000 km. Against this
background, the modulating variations with the periods in the range of 5-20 minutes can
be observed (Picture 4.23).
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Picture 4.23 — An example of the natural electromagnetic field variations when the cyclone

approaches the place of registration (from the work [65]).

Spectral analysis of the data for single cyclones [71] has demonstrated that the
power of modulating variations associated with internal gravity waves is inversely
proportional to the distance from the observation point to the oncoming cyclone center

with two energy - carrying periods of these variations — 5,7 and 12 minutes (Picture 4.24).
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Picture 4.24 — The power spectra of the natural electromagnetic field signal at different

distances from the cyclone (from the work [1]).

The experiments were conducted in order to test the assumption of the biological
importance of hydrometeorological processes and study the hydrobionts’ reactions to the
presentation of electromagnetic field. The laboratory screening was not conducted, thus,
we had to take into account the external field. In particular, we controlled geomagnetic and
hydrometeorological situations, that provided the additional information on the topic of
our interest. Then a separate analysis of the data obtained under perturbed conditions was
carried out.

The experiment on the presentation of alternating magnetic field, conducted on
17.04.2012 at a frequency of 7 Hz, showed the motion behavior inhibition according to
both normalized data of the catfish motion behavior and variance of it (Pictures 4.25 and
4.26). Considering the meteorological conditions at the time of the experiment it was
found that such decrease in the motion behavior corresponded to the cyclone passage.
Therefore, we repeated the experiment at a frequency of 7 Hz in the absence of the
cyclone on 24.04.2012. According to the results of the obtained data, it is evident that
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during the repeated experiment at the same frequency the indices of catfishes’ motion
behavior were higher than ones in the experiment data at the cyclone (Picture 4.27). Thus,
on the basis of the accumulated information, it was concluded that the cyclone passage, in
general, affects the increase in catfishes’ motion behavior. But it should be noted that
magnetic field at the frequency of 7 Hz causes a clear positive reaction in catfish. The
surface maps are presented in pictures 4.28; 4.29.
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Picture 4.25 — The graph of the changes in average motion behavior of the catfishes

and variance at a frequency of 7 Hz (cyclone) (experiment: 17:10 — 18:10).
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Picture 4.26 — The graph of the changes in the normalized data of motion behavior

during the cyclone.
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Picture 4.27 — The graph of the changes in average motion behavior of the catfishes

and variance at a frequency of 7 Hz (experiment: 13:40 — 14:40).

Picture 4.28 — A fragment of the surface map of the experiment 17.04.2012

(cyclone).
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Figure 4.29 — A fragment of the surface map of the experiment 24.04.2012.

These results are confirmed by the data from [47]. The daily experiment on
determination of motion behavior of catfishes (Corydoras aeneus) was carried out in this
work. The variance of motion behavior and variability of the Hurst index were used as an

indicator of the oncoming and passage of the cyclone (Picture 4.30). The specific features
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of these characteristics were revealed on the background of the average daily process of

motion behavior.

D Variance, Hurst ind ex, diurnal motion (25 hours) H
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Picture 4.30 — The characteristics of the catfishes’ behavior during the passage of a
cyclone with a system of atmospheric fronts. 1-behavior variance D, 2-Hurst index (x100),

3 — averaged daily motion behavior.

Observations were made during the period of the passage of the cyclone with a
frontal section (Picture 4.31). The data on the synoptic situation were taken from a popular
German web-site.
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(]

Picture 4.31 — The synoptic situation when monitoring the catfishes (Corydoras
aeneus). On the left — the initial position of the cyclone at the beginning of the
observations, on the right — the cyclone position after 12 hours. Triangles with a point —

observation points.

Analysis of these data clearly shows the presence of the catfishes’ reactions to the
passage of the cyclone and frontal sections. However, the choice of variance as an
indicator is not always reliable. The reason is that the variance here is related not only to
the "range" of motion behavior variability, but also to the motion behavior intensity, and
the decrease in intensity at the same "range" of variability gives an increase in the
variance.

In addition, due to the squaring some information about the sign of motion behavior
variability gets lost.

The variability of the motion behavior intensity is no less interesting, and perhaps
more correct, than variance (see subsection 4.2.2). Using the source data on motion
behavior during the performed in the work [47] daily experiment and analyzing the
obtained series, breaking it into stationary pieces, it was possible to obtain the following.
A decrease in the average value was observed during the experiment 20.04.07 (Picture
4.32). This situation indicates an increase in the variance shown in picture 4.30.

Indeed, the averaged data show that the increase in the motion behavior intensity, as
in the case with the variance, is related to the synoptic situation. So the graph consists of

some areas that are approximately 150-260 min (1st area), 800-950 min (2nd area) and
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1250-1450 (3rd area). Moreover, it should be noted that the 3rd area is much wider than

the one distinguished by the variance.

The average value of the motion behavior series

ZH\ 1- ,,
I

wlo ] n
A O A
g L

100 I : ¥ {'
0,00 : j : : - L

a 200 400 k00 800 1000 1200 1400

Y

———
. I

Time (min)

Picture 4.32 — The average value of the catfishes’ motion behavior during the diurnal

experiment (red lines highlighted the quasi-stationary parts of the series).

All this means that the average values of motion behavior intensity at least, and
maybe even better, reflect the impact of hydrometeorological conditions on fish behavior.

However, we must not average the data at random. It is necessary to find the quasi-
stationary areas (fragments), and estimate the average values only for them. This technique
was used in the processing of the data of our further experiments. Quasi-stationarity for
the determined fragments was estimated only on the average value, as a "narrow sense"

stationarity.
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4.2.2 Search of the mechanisms of catfishes’ perception of some hydrometeorological

processes. Sensitivity to alternating electric fields

During the laboratory experiments, the motion behavior series were obtained at
different frequencies of the electric field acting on fishes. The data were normalized by
dividing the calculated values of motion behavior by the total number of the fishes. The
electric field strength (Picture 3.1) was set to 2.7 mV/cm in the facility. The field was
formed as homogeneous in the whole basin. The time of the fish adaptation was 20-25
minutes.

Then, for each quasi-stationary part of the series, mean values of motion behavior
and variance were calculated. The impact of the electric field with a frequency of 0.1+10
Hz on the catfishes revealed the following. The reaction of the catfishes to various
frequencies was different. The specific "windows" of high sensitivity were revealed in the
frequency response (Picture 4.33). The data on the fish reaction rate are given in the table
4.2.

Intensity of reaction
[
=]
L] —
I\

2 05 l 2 ! 7 \ " | —#—Primary reaction
-0,01 K =t=Mean value reaction
-0,02 /

Frequency, Hz

Picture 4.33 — The intensity of the catfishes’ reaction (the confidence intervals are
highlighted in red and calculated for a confidence probability of 0.95).
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Table 4.2 — The intensity of the reaction

Frequency, Primary Mean value
Hz reaction reaction

0,1 -0,006+0,004 -0,007+0,004

05| -0,031+£0,005| -0,038+0,005
1] -0,003%0,001 -0,004+0,001
2 0,013%0,005 0,012+0,005
4 0,022+0,005 0,016+0,005
7 0,034+0,005 0,030,005

10 -0,01+0,005 -0,02+0,005

The frequency "windows" of the higher sensitivity in picture 4.33 are distinguished
in the range of approximately 0.2-1 Hz and 2-8 Hz with the extreme values of 0.5 Hz and
7 Hz. The first area is characterized by the reaction of motion behavior inhibition, the
second area, on the contrary — by the reaction of innervation. The first "window",
apparently, should be associated with some physiological characteristics, and the second —
with the tasks of obtaining information about the environment.

It should be noted that the frequency characteristic of electrical sensitivity is close to
the determined one relative to the Japanese dwarf catfishes (Picture 1.7). However, in spite
of the fact that the areas with the extreme value of 7 Hz coincide, the significant
differences in the "physiological area™ are also visible. It is not so clearly distinguished in
the picture 1.7. Perhaps, this could be due to the fact that different types of catfishes were
studied.

In processing the data we distinguished: the primary reaction (the difference
between the intensity value of motion behavior after the start of the reaction and the
background intensity), and the mean value intensity (the difference between the mean
value of motion behavior intensity for the period of exposure and the background value).
An example of a motion behavior series, normalized by the number of the fishes in the
aquarium, is shown in picture 4.34. The variance of the motion behavior series for the
same experiment is demonstrated in picture 4.35.

There is some adaptation of the reaction to the action of the influencing factor in the

second selected "window" and some strengthening of the reaction in the first "window".
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Apparently, these differences have an explanation, but in this work it has not been studied

in detail.

Normalized Motion Behavior
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Picture 4.34 — The normalized motion behavior variability at a frequency of 4 Hz
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Picture 4.35 — The variance of the motion behavior series at a frequency of 4 Hz.

4.2.3 Sensitivity of catfishes to alternating magnetic fields

The experiments were carried out at the facility with the excitation solenoid

(Pictures 3.2 and 3.3). The diameter of the solenoid was much larger than the transverse

diameter of the basin, so the created alternating magnetic fields were almost
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homogeneous. The induction was set to 100 nT, that was controlled by measuring
Instruments.

The results were processed by analogy with the processing of the experimental data
on the effects of an alternating electric field. According to the magnetic field influence, the
nature of indirect perception at various frequencies is different. The fields in the area of
2+4 Hz leave the fishes almost indifferent to the effects. At the same time, the frequencies
of 1 Hz and 7 Hz attract the fishes (Picture 4.36). The intensity of fish reaction is shown in
table 4.3. The change in the normalized motion behavior at the frequency of 1 Hz and the
variance of the motion behavior series at the frequencies of 1 and 7 Hz are demonstrated in
pictures 4.37-4.39.
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Picture 4.36 — The intensity of the reaction.

Table 4.3 — The intensity of the reaction

Frequency, Primary Mean value
Hz reaction reaction
05| -0,033+0,007 -0,029+0,009
1 0,06+0,01 0,053+0,009
2 0,04+0,008 0,03+0,01
4 0,05+0,01 0,03+0,01
7 0,14+0,02 0,11+0,02
7 (cyclone) 0,05 0,08
10 0,12+0,02 0,05+0,019
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Normalized Motion Behavior
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Figure 4.37 — The normalized motion behavior variability at 1 Hz (experiment:
13:15 - 14:15).
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Picture 4.38— The variance of the motion behavior at a frequency of 1 Hz.



233

VARIANCE
0.4
0.35
0.3
0.25
0.2 T
0.15
e A
0.05 Mﬂ
0| | | B A =S
12:37 13:06 13:35 14:03 14:32 15:01

Time
Picture 4.39 — The variance of the motion behavior at a frequency of 7 Hz (experiment:
13:30 — 14:30).

4.2 Conclusions
The obtained data show that:

e the reaction to the oncoming and passage of dangerous hydrometeorological
processes is revealed in statistically significant variability of motion behavior
characteristics of catfishes; the motion behavior intensity, variance and fractal
dimension (through the Hurst index) can be used as indicators of variability;

e the reaction of catfishes is formed under the influence of extremely low-
frequency band electromagnetic fields generated in the atmosphere in the area
of cyclones and frontal sections and propagating forward in the direction of
their movement;

e the motion behavior reaction of catfishes to different frequencies of
electromagnetic fields generated by hydrometeorological processes is
differently directed, and even the frequency shift of 1 Hz is very important
and can change the sign and value of the reaction;

e in addition to the reaction itself, the delay time of this reaction is of great
importance, which is irregularly related to the influencing frequencies. A
delay time of reaction (latent periods) is discussed in more detail in
subsection 4.4.
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4.3. King crabs

4.3.1 The influence of magnetic storms on King crabs’ motion behavior. Effects of

premonition

The backeround characteristics of crab’s motion behavior.

Invertebrates do not have special electric receptors, although in the process of
evolution they have been exposed to the Earth’s magnetic field variations. The discovery
of biogenic magnetite in many animals was the impetus that provided new insights on the
problem of magnetic perception [72]. In marine mammals, fish, turtles, birds, insects,
crabs magnetic particles are surrounded by nervous tissue, confirming the interaction
between the particles and brain. The scientists are interested in establishment of the ability
of certain animal sensory structures to perceive the magnetic field, as it would help better
study migration behavior and answer many questions related to orientation in space. At
present, we have to use only the experimental data as basis.

Crabs face rapid changes in seawater temperature during seasonal migrations.
Studies on the impact of water temperature on living activity of King crabs, moved in the
waters of the Barents Sea, are virtually non-existent, whereas these data would help to
broaden the understanding of the mechanisms of marine invertebrate adaptation in high-
latitude seas. The need for experiments is confirmed by the fact that the depletion of crabs
in the Far East has led to a reduction in its reserves in the region. And it has given an idea
of reproductive aquaculture to the scientists.

A work was carried out to identify the optimal temperature conditions for the
various periods of ontogenesis of King crabs [73], which may be useful for their
cultivation in the Arctic region.

The experiments were performed on 19 specimens of crabs aged 4-5 years. Motion
behavior and heart function were used as a criterion of the animals’ living activity. The
registration of crabs’ motion behavior was performed by means of the strain-gage sensor,

which through a bridge circuit connected to the ink-recording device N-338 4P.
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This work was divided into two stages. At the first stage, the daily rhythm of animal
activity was studied under natural lighting and constant water temperature of 5-6 °C.
During the experiment, from May to October 2007, a significant decrease in the King
crabs’ motion behavior was obtained in the night period of their life. The motion behavior
of crabs was the most clearly determined during the polar night.

It was found that heart rate of the adapted crabs in a calm state in the experimental
aquarium remained unchanged, and was 76+1 beats per minute. With a slow, for two
hours, water heating to 15 °C, the heart rate naturally increased to 123+2.6 beats per
minute (Picture 4.40). It may be concluded that the crab reacted to each degree of change

in ambient temperature by changing the heart rate.

Heart rate, beats per minute
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Picture 4.40 — Temperature effect on the heart rate of King crabs (from the work [73]).

In the work [73] the reactions of King crabs to a sharp change in the temperature of
the surrounding water environment were revealed. Two containers were set in the
laboratory in order to do this. One of the containers contained water heated to 14 °C, and
in the other container water was cooled to -2 °C. The crabs were quickly transplanted from
one container into another. The King crabs’ motion behavior was recorded during the
experiment. The results of the experiment have shown that those crabs that were in the

water with temperature of -2°C for one hour, remained immobile. When the crabs began to
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move, they were placed in the container with warm water, where they showed high motion
behavior (Picture 4.41).

Motion behavior

5 (dimensionless characteristic)
l —2°C +14°C

! ! ! !
14 28 42 56 70 84

Time (with a histogram step = 2 minutes)

Picture 4.41 — Effect of a sharp temperature split on crabs’ motion behavior (from the
work [73]).

Thus, it was found in these experiments that the King crabs, moved to the Barents
Sea, survive temperature changes in 16 °C. This shows that in the process of long-term
acclimatization of King crabs in the Barents Sea these animals have developed some extra
adaptation mechanisms. The results confirm that King crabs are highly resistant to
temperature changes, and that this species can be successfully used in sea-farming in the
North.

Interesting data that help to identify the spectral features of King crabs’ motion
behavior were obtained by Bekhteva V. V. [74]. Instead of the expected periods (daily,
semidaily, etc.), the strongly shifted periods were observed. At the same time, these
features had no connection with tidal processes. The expected daily period appeared to be
approximately 16 hours (980 min), and semidaily one was approximately 10 hours (603
min). Shorter periods were also significant — 490, 436 and 373 min. Level of significance

of the identified spectral peaks were not more than 0.1. The calculation of the fractal
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dimension has demonstrated high determinacy of these periods (the Hurst index was 0.55-
0.9).

The detection of crab reactions to geophysical and hydrometeorological processes.

In addition to the described experiments the scientific works on the experimental
basis of the Murmansk Marine Biological Institute of the Kola Scientific Center of the
Russian Academy of Sciences were conducted to determine King crabs’ reaction to
geomagnetic disturbances (magnetic storms). The experiments are described in detail in
the source [58].

These experiments were also carried out under natural lighting with King crabs aged
4-5 years. As a criterion for crabs’ living activity, their motion behavior was also used,
because all crab sensory systems are linked to muscles. The crabs’ motion behavior was
studied with a special facility that contained a kinematic node connected to the crab and
strain-gauge sensor, a converter into a modulated voltage of direct current, analogue-to-
digital converter and recorder in the form of personal computer. The facility is described
in subsection 3.1.4 in more detail. The amplitude of disturbances in the magnetic induction
units (nT) from the data of the Finnish Sodankyld Geophysical Observatory was used to
estimate geomagnetic disturbances.

The analysis of natural disturbances of the Earth's magnetic field influence on crabs
was carried out by comparing the values of motion behavior with the minute data of the
geomagnetic disturbance index (Picture 4.42). The geomagnetic field component on the y-
axis (the axis is directed from the West to the East) was used for plotting. The experiment
with crabs was conducted from 4 to 7 November 2011 in the background with a time
resolution of 1 minute.

The picture shows that the crab reaction to changes in the geomagnetic field
variations (from 4 to 5 November) is a bit premature — about an hour before the storm
starts, the values of crab motion behavior begins to grow, but they have reached the
maximum after a peak value of the magnetic storm. Having reached the maximum the
values of motion behavior fall dramatically, and the crab gradually "calms down", in other

words, the crabs’ motion behavior becomes more uniform.
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Thus, King crabs’ motion behavior accurately reflects changes in the Earth’s
geomagnetic field. The premature reaction suggests the presence of crabs’ presentiment
effects.

It should be noted that there is nothing especially unexpected. In particular,
according to the available data, the effect of "premonition" is also registered among some

people [75].

The influence of geomagnetic disturbances
on motion behavior of erabs
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Picture 4.42 — Crab reaction to a geomagnetic storm. The upper record is the y- component

of geomagnetic disturbances (right axis), the lower record is motion behavior of the crabs

(left axis).
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The impact of artificial alternating magnetic field.

For the impact of artificial alternating magnetic field, the experimental aquarium
with crabs was placed in a solenoid, through which current of extremely low frequency
was passed at discrete frequencies. The frequencies were selected from 0.1 Hz to 15 Hz.
The magnetic field in the solenoid and, accordingly, in the basin was calculated in relation
to the current strength. Each experiment, as in the case of hydrobionts, lasted about 3
hours: the 1st hour is referred to background recording, the 2nd hour — direct influence of
artificial alternating magnetic field with a certain frequency and the 3rd hour — repeated
background recording. The record of the crabs’ motion behavior was conducted with a
resolution of 1 second [58]. Picture 4.43 shows an example of changes in the crabs’
motion behavior variance during the experiment at 8 Hz. The filtered series of motion
behavior were used in this work, where Potter’s filter was applied. It can be noted that the
Impact of 8 Hz creates a reduction of motion behavior variance values. This can probably

be related to geophysical factors.
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Picture 4.43 — The nature of the crabs’ motion behavior variance changes

during 8 Hz field influence, experiment 2011.

In order to obtain the dependence of the crab motion behavior on frequency of the
impacting field based on the results of experiments with crabs, such characteristics as

reaction and variance variability of the crabs’ motion behavior, connected with the
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presentation of alternating magnetic fields, were obtained at each frequency. According to

the calculated data, the graphs showing the obtained dependences are plotted (Picture
4.44).
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Figure 4.44 — Dependence of the variance difference (experience-background) on the

exposure frequency (from the work [58]).

The obtained dependences show two areas that are associated with the increase in
crab sensitivity on the operating frequency: one area of 1-1. 5 Hz and another area of 7-8
Hz. The first area is obviously typical for heart rate and breathing rhythm at a constant
water temperature in the experimental pool. The second area is not related to physiological

functions of crabs, so it can be considered as a geophysical extremum.

Features of crab reactions without filtering the data.

As shown earlier (subsection 4.2.1), variance is not always the best characteristic of
animal reaction to the external factors. Often, a more indicative characteristic is an average
value of the reaction. It is necessary to use only consistent quasi-stationary parts of data
series. It is especially important for crabs that are significantly less mobile than catfishes.

Therefore, the original data series obtained earlier by O. M. Vladimirova were

processed here in this way. The obtained results are significantly different from the results
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in picture 4.44. Frequency "windows" of the reaction are located in other ranges (Picture
4.45).
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Picture 4.45 — Direct response of the crab (without filtering the data) to alternating

magnetic field impact.

The first "window", as in the case with fishes, is physiological and characterizes the
innervation reaction at heart rate (see for example picture 4.40). The second "window" is
also geophysical.

It should be noted that the direct reaction is mainly positive (the crab tries to "get
away" from the field acting zone and pulls the thread connecting it with the recording
device) selected "windows". That means they exist both in freshwater fish (carps,

catfishes) and marine invertebrates (crabs).
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4.3.2 Effect of passing cyclones on king crabs’ motion behavior

In previous sections, the experiments with hydrobionts have already been
mentioned, when the influence of passing cyclones on fish motion behavior was
investigated. The work with crabs was a continuation of these experiments.

First of all, crabs are marine animals and, in the second place, invertebrates.
Moreover, we wonder if crabs can respond to hydrometeorological processes and have
presentiment of their oncoming.

A study of the king crabs reaction to the oncoming and passage of cyclones was
undertaken on 28-29.11.2011 and 21-22.12.2011.
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Picture 4.46 — King crabs’ reaction to the oncoming of a powerful cyclone.

Picture 4.46 shows the crab reaction to the cyclone approach. This cyclone was
mostly located over Norway, as shown on the synoptic maps, and it influenced Murmansk
with its front part. Then on 29.11.2011 he turned south and left Murmansk (Pictures 4.47,
4.48). Accordingly, the crab "calmed down", and its motion behavior values decreased

(the end of the record in picture 4.46).



Picture 4.47 — A synoptic map with the cyclone over Norway
under the date of 28.11.2011 04.00 Moscow time.

Picture 4.48 — The cyclone influencing Norway moves towards the South.
29.11.2011 04.00 Moscow time. Crabs calm down (see picture 4.46).

A similar situation was observed on 22 December 2011. A cyclone with occlusion
front directly influenced the territory of Murmansk (Picture 4.50). The reaction of crabs

was rather clear (Picture 4.49).
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Picture 4.49 — The crab reaction recording from 18:05 21/12/11 to 9:00 22/12/12 (Moscow

time).

Picture 4.50 — Fragments of the synoptic maps in the research area
(21.12.11 — the left picture and 22.12.11 — the right picture) (04 hours of Moscow time).

It has been mentioned earlier about the crab reaction to geomagnetic disturbances
(magnetic storms). In order to exclude such effects, the record of geomagnetic field
variations from the observatory of Sodankyld (Finland), located as close as possible to
Murmansk, was obtained simultaneously with the described experiments. Picture 4.51
shows the data for the period of motion behavior innervation of crabs. According to this
picture it follows that innervation of crabs was not determined by geomagnetic
disturbances. So the cyclone passage only influenced crabs, as the magnetic situation for

this period was calm.
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Picture 4.51 — Geomagnetic situation for the experiment on 22.12.2011 during the cyclone

passage.

Thus, the results of the studies suggest that crabs react to the oncoming and passage
of cyclones. In accordance with the obtained data on the frequency characteristics of
magnetosensitivity, it may be concluded that crabs react to the alternating magnetic fields

generated by these cyclones, and mainly at the frequencies of 7-8 Hz,

4.4 Delay time of reaction («latent period») during the influence of the alternating electric

and magnetic fields on the hydrobionts

In subsection 3.2.1 theoretical bases of influence of alternating electric and
magnetic fields on hydrobionts’ motion behavior have been considered. The basis for this
consideration was well-known experimental facts about the opposite reactions of

hydrobionts to the so-called "anodic™ and "cathodic" stimuli, that is, to the presentation of
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electric fields of different polarity. Accordingly, the absence of reactions could be
expected under the influence of alternating fields, but in fact it is not so.

In subsection 3.2.1 the mechanism of reaction formation due to nonlinear dynamic
properties of the "action-reaction” connection is considered. And so for that, the effect of
accumulation of elementary reactions, called "cumulative effect", appears.

In our experiments such cumulative delays of reactions have been revealed in some
hydrobionts. Picture 4.52 shows the initial reaction of King crabs Paralithodes
camtchaticus. Experimental methods are described in subsection 3.2 and in our work [76].

The inclusion of an influencing factor (alternating magnetic field with a frequency
of 1 Hz) does not act immediately — the reaction is delayed by about 54 seconds and then,

according to the law close to the logarithmic, it reaches its maximum value after about 16
seconds.
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Picture 4.52 — The reaction of the crab Paralithodes camtschaticus to a magnetic field with
a frequency of 1 Hz. Identification numbers: 1-motion behavior, discreteness=1 sec; 2-
smoothed curve of motion behavior; 3 - the beginning of the field action (01:18:09); 4 —

start of the reaction (01:19:06); 5 — maximum response (01:19: 22).

The lack of "smoothness" should be noted. The average oscillation period is about
3-4 seconds. Apparently, the main reason of these oscillations is suggested to be connected

with some physiological characteristics that are unknown to us. Moreover, such
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fluctuations remain unchanged after the beginning of the impact of alternating field, as
well as after reaching the maximum response. Periods of 1 s are not detected in the results.
The effect of the impact is the increase of motion behavior (alienation, attempt to leave the
impact zone).

It can be expected that with increasing frequency the reaction delay should decrease,
as a number of alternating "stimuli" increases. A typical example is shown in picture 4.53.
Here, the total delay of the reaction (until the maximum reaction is achieved) occurs in
only 3 seconds. And it is also important to note that the effect of the increase in motion

behavior is significantly greater (compared to picture 4.52).
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Picture 4.53 — Reaction of the crab Paralithodes camtschaticus to a magnetic field
with a frequency of 8 Hz. Identification numbers: 1-the beginning of the field action, 2-the

maximum reaction; discreteness=1 sec.

There are also motion behavior variations with the periods of 3-4 seconds, as it has
been defined in the previous results. The amplitude values of the variations correspond
approximately to the values in picture 4.52 (see motion behavior scale).

In previous experiments, we have found the reaction of motion behavior variance to
be more interesting. The variance is known to appear in the fluctuations relative to the
mean value. The current variance was calculated on 20 points with a step of 1 sec., the

value was correlated to the 10th point.
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The variance was calculated after the series had been filtered with Potter’s band-
pass digital filter. A trend and high-frequency noises were eliminated during the data
processing. Picture 4.54 shows a typical example of the variability of crabs’ motion
behavior relative to the zero mean value. The variance changes sharply after point number
2 (01:05:15) with a delay relative to the beginning of the action (point number 1)
(01:05:01).

0.1 5

Motion behavior variability

Picture 4.54 — A delay of motion behavior variability of the crab Paralithodes
camtschaticus during the influence of alternating magnetic field with a frequency of 0.5
Hz. Identification numbers: 1 - the beginning of the impact; 2-the beginning of the

reaction.

It is useful to note an interesting feature: the fluctuations of motion behavior were
rather slow (18-20 sec.) before the magnetic field influence, the amplitude of the
oscillations increased and the period decreased to 6-7 sec. after the field influence.

Picture 4.55 shows an example of the reaction delay in relation to the calculated
variance of motion behavior. The variance reaction seems to be dragged out (Picture 4.55
in comparison with Picture 4.53), which is quite understandable, because it is associated

with the specific features of the variance calculation (20 points shifted in one point step).
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Picture 4.55 — A response delay of the motion behavior variance of the crab Paralithodes
camtschaticus on 8 Hz alternating magnetic field. Identification numbers: 1-the beginning
of the impact; 2-the beginning of the variance reaction; 3 - the maximum expected

reaction.

The preliminary estimates of dependence between the reaction time and frequency
are shown in picture 4.56. Here, the suggestion of the decrease in the reaction time with
increasing frequency is confirmed. There is a small nonmonotonicity with increasing
frequency, but this requires the additional study, particularly as the confidence intervals

could not be defined because of a relatively small amount of data.
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Picture 4.56 — The preliminary estimates of the variance reaction delay of motion behavior
of the crab Paralithodes camtschaticus during the impact of alternating magnetic field of

different frequencies.
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Catfishes. The study of the reaction delays was also conducted with the catfishes.
The reactions of small groups (8-11 fishes) of catfishes Corydoras aeneus to the influence
of alternating electric and magnetic fields in the extremely low-frequency band were
determined. The method of experiments is described in our work [76].

Fish are more mobile and can’t respond too strongly to changes in external in
particular, electromagnetic factors like bottom animals, for example crabs, for which storm
waves on the sea surface, apparently, may be very dangerous because of their getting
struck against the rocks. After all, storm waves with typical wavelengths of 100-150
meters can penetrate to depths of 50-70 meters.

In the case with catfishes the reaction delays of the motion behavior variance also
decrease with increasing frequency (Picture 4.57), but this is not a monotonic process. The
experiments were carried out both in a magnetic field (Picture 4.57) and homogeneous

electric field (Picture 4.58).
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Picture 4.57 — The delay time of the reaction variance and the reaction intensity of
catfishes Corydoras aeneus under the influence of alternating magnetic

field of different frequencies. Identification numbers: 1-delay time; 2-reaction intensity.

The intensity of the reaction is put in these graphs in order to link the non-

monotonic nature of the delays with the bimodal feature of the reaction intensity. The
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bimodal character of reactions is considered by us in the following work [77] in relation to
a problem of hydrobionts’ reception of information on hydrometeorological processes over
water. The graphs show that the reaction intensity (perception of an alternating field) and

the reaction delay time are connected. The reasons for this connection are not clear yet.
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Picture 4.58 — The delay time of the reaction variance and the reaction intensity of
catfishes Corydoras aeneus under the influence of alternating electric

field of different frequencies. Identification numbers: 1-delay time; 2-reaction intensity.

Our suggestions of the nonmonotonic character of the reaction delays add up to the
fact that the nonlinear dynamic properties of hydrobionts considered here are characterized
by the equations of higher orders than the equation (3.3) with its solutions (3.6). However,
these assumptions require further research on the problem.

The generalized results obtained at different frequencies of alternating fields’
influence on various types of hydrobionts are presented in table 4.4. The confidence

intervals for the experiments with fish were defined at a confidence probability of 0.95.
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Table 4.4 — The reaction delay time

Catfishes, electric field Catfishes, magnetic field Crabs, magnetic field
Frequency, | Delay time, | Frequency, Delay time, | Frequency, | Delay
Hz minutes Hz minutes Hz time,
seconds
0,16 £0,05 0,5| 16.0+£0,05 0,1 37,5
0,5 9.5 0,05 1 7.5+0,05 0,5 14
1]2 0,06 2| 100,05 1] 1051
2 | 3.5 +0,05 4 7.0+0,06 2 7,5-8
4 | 5.5 £0,05 7 8.5+0,07 4 7,5-8
71 1.5+0,06 7 (cyclone) | 12.0+0,07 7 9-9,5
10 | 5 +0,06 10| 13.0+0,06 g 10511

4.5 Search for mechanisms of premonition by influencing the physico-chemical processes.

Experiments with a stormglass

The results, described in the previous sections, lead to the conclusion that the
studied, and, apparently, many other, still unexplored, hydrobionts that don’t have any
sense of electric fields may be sensitive to weak alternating magnetic fields. The
mechanism of magnetic sensitivity is currently unknown. The assumption that hydrobionts
have some cells sensitive to the magnetic field, in particular, the so-called magnetosomes,
is not tenable. Such elements in living organisms have not been clearly identified,
moreover, there are no hypotheses about their possible interaction with the central nervous
system of the body [15, 16].

Such uncertainty leads to the idea of perception of alternating magnetic fields by the
whole organism, including cell membrane structures. According to our assumptions, the
reaction of cell structures to alternating magnetic fields is due to the reaction of
nonequilibrium processes in these structures.

Nonequilibrium biological processes are widely studied in biophysics (see, for

example, M.V. Volkenstein's textbook [53]). In particular, this work [53] describes
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different types of such processes. It is argued that some weak external factors can change
biological processes shifting the balance of these processes in any direction.

The work also shows that such processes exist in physical and chemical systems,
which can be used as models of biological systems.

In our tasks of search of the physical mechanism of presentiment of dangerous
hydrometeorological processes by hydrobionts it was decided to use stormglass as a model
of biological system and example of non-equilibrium physical and chemical systems.
Stormglass was used by sailors as a predictor of the oncoming sea storms. The
composition of stormglass is known and can vary depending on different constructions.
Nevertheless, its basis is created by a number of specific substances that form a non-
equilibrium system in their combination.

In general, modern stormglass is a sealed glass tube, containing a camphor—ethanol
solution with aqueous NH4CI and KNO3 solution (Picture 4.59).

Picture 4.59 — The image of a typical stormglass.
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There are various versions of specific recipes in the literature. It is evidenced that
stormglass was used by sailors in the XVIII-XIX centuries. The observed process of
crystallization under different weather conditions served as their indicator.

In the conducted experiments the standard ampoule of stormglass was used in the
form of a container filled with a mixture of camphor, ammonia and potassium nitrate
(4:1:1) dissolved in a mixture of alcohol and distilled water. Visual observations of the
stormglass reaction were mainly considered in previously published reports of various
authors, for example [78, 79]. The synoptic situation was also visually assessed. The
technical advantage of the facility discussed below is the possibility of impersonal

automatic continuous recording of these characteristics.

4.5.1 Experimental facility

The facility for recording variations of the characteristics of the physico-chemical
system of stormglass contains a flask 1 with a physico-chemical system. Stormglass flask
is placed in the case of heat-insulating chamber 2 with a light-isolator 3. The case is
provided with the narrow windows (light-transmission windows), and the observation
system contains a light source 5 focused by a reflector 4 and placed near one of the
windows (output light-transmission window), and a photoelectric receiver 6 placed at the
opposite window of the case. The stormglass flask is oriented vertically with the
intersection of the light beam approximately in the middle of its structure. The
photoelectric receiver 6 is connected to the analog-digital input of the personal computer 8
through the electronic circuit of the amplifier 7 [80].

The facility for observation and registration functions in the following way: the
stormglass flask 1 is placed in thermo-2 and light-insulated box 3, and only one window
remains open. Focused by the reflector 4, the light beam from the source 5 is passed
through this window. After passing through the flask, this beam is perceived by the
photoelectric receiver 6, then the signal is received by an analog-to-digital converter to the

personal computer 8 through the electronic circuit (amplifier) 7 (Picture 4.60) [80].
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This design allows to get rid of subjective errors of observations, air temperature
variations in the location of the facility. This construction also helps to eliminate the
influence of external light sources on the optical system of the device. The connection to
the personal computer’s analog-to-digital converter provides the required continuous
recording of optical density in the field of variability of the physico-chemical structure of
stormglass.

All this provides the required technical result — the possibility of an objective
automatic continuous recording of the characteristics of variability of the stormglass
structure.

In parallel, the second channel of the analog-to-digital converter received a signal
from the natural alternating magnetic field measurer with a pass band in the area of 7-8 Hz
(Picture 4.61). An induction coil (40 000 turns) with a ferromagnetic core was used as a
sensor here. The signal from the coil came to a preamplifier and passed through a low-pass
filter, then it was detected by the circuit of two operational amplifiers. After that, the
second channel of the personal computer’s analog-to-digital converter received the signal.
Synoptic maps (surface weather analysis), as in case with the experiments with fishes,

were taken from the public German web-site.
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Picture 4.60 — The experimental facility for recording the variability of characteristics of

the physico-chemical system of stormglass (first channel).
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Picture 4.61 — Scheme of the experimental facility for the measurements of the natural

alternating magnetic fields (second channel).

The experiments were carried out under the assumption that electromagnetic fields
in the mentioned frequency area have an impact on the stormglass structure. Earlier [1] it
was found that cyclones and atmospheric fronts generate such fields, which can spread in
the direction of cyclone movement up to 1000-1500 km. The induction near a cyclone
could reach 10-15 nT.

4.5.2 Results of the observations

During the experiments with stormglass it has been found out that some
synchronous "events" in the records of the stormglass optical density and perturbations of
the induction exist in the frequency area of 7-8 Hz [81]. These "events™ correspond to the
passage of a cyclone with front sections (Pictures 4.62 - 4.65). The "events" were
determined by the statistical analysis of the series obtained from the records of two
channels in the software package "Mesosaur".
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Picture 4.62 — The dependence of data received on two channels (EMF-channel and
stormglass) from 14:00:11 to 21:00:51 (10.04.09). AB is the induction variation, AU is the
variation of the stormglass signal. Significant correlation coefficient = 0.73.

The delay time of the stormglass reaction = 2-3 min.

16:00 (Moscow time)

Picture 4.63 — The synoptic maps of the studied area (10.04.09 16 hours and 22 hours.

Moscow time). The observation point —St. Petersburg.



258

AB™] =AU

cond. unit
nT s0-

45

EMF-channel
AB

—stormglass

AU

40 -

33 A

30 4

25 1

20

=

19:08: 40
19:22:20
19:36:00
19:49:40
20:03:20
20:17.00
20:30:40
20:44:20
20:58:00
21:11:40
21:25:20
21:39:00
21:52:40
2200620
22:20:00
223340
224720
230100
2314:40
232820
23 42:00
235540
—

Picture 4.64 — The dependence of data received on two channels (EMF-channel and
stormglass) from 19:08:40 to 23:58:00 (14.04.09). AB is the induction variation, AU is the

variation of the stormglass signal. Significant correlation coefficient = 0.51. The delay

time of the stormglass reaction = 8 min.
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Picture 4.65 — The synoptic maps of the studied area (14.04.09 16 hours and 22 hours.

Moscow time). The observation point —St. Petersburg.

To assess the possible "premonition™ or delay in the reaction to the variable
electromagnetic field, series smoothing was first performed using a moving average, and
then a cross-correlation analysis of the smoothed series was performed. Figure 4.66 shows
the results of such analysis, and the SYNOPTIC maps for the time of this experiment are
shown in figure 4.67. The highest correlation coefficient between the two rows was 0.83

with a shift of 110 steps, which corresponds to 37 minutes with a step equal to 20 seconds.
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According to the experiment 09.04.09, the reaction of stormglass to electromagnetic

phenomena began 37 minutes later.
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Picture 4.66 — An example of the statistical analysis of two series (04:00:51 — 16:28:51
09.04.09). The black line is the smoothed stormglass reaction, the gray line is the
smoothed reaction of the electromagnetic channel. AB is the induction variation, AU is the
variation of the stormglass signal. The intensification of the stormglass reaction in the left
area from the "event" is not identified. The delay time of the stormglass reaction = 37 mins
(110 steps).

04:00 (Moscow time) ' 16:00 (Moscow time)
Picture 4.67 — The synoptic maps of the studied area (4 hours and 16 hours 09.04.09.
Moscow time). The situation of the anticyclone. The observation point —St. Petersburg.
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Interesting results are obtained in the opposite case when an anticyclone is recorded
in the point of observation. Before the oncoming of the anticyclone a complex
meteorological situation with front sections was observed. In this regard, the optical
density of the stormglass is low, and then it increases (Picture 4.66) in contrast to the
results described earlier. The signal of EMF-channel rises (the curve of the stormglass
values is inverted, as before, for visual expression). All this makes us think that stormglass
signals are clearly connected with electromagnetic signals.

However, not any cyclone and not any front sections, both associated with the
cyclone and existing separately, for example, in pressure troughs, form such “events".
Apparently, this shows that stormglass, as a "predictor" of storms, was used by sailors
because of the lack of more reliable methods. Of course, it can’t replace modern
forecasting methods based on synoptic maps, but in the absence of such methods it can
provide substantial assistance.

It was also observed that the stormglass signals increased when there was an
anticyclone in the studied area. This is equivalent to a decrease in the optical density that
means an increase in transparency (the signal from the photoelectric receiver AU changes

back to the optical density).
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Conclusion

The presented results are devoted to the study of possible presentiment of dangerous
hydrometeorological phenomena by some biological (in particular fishes and crabs) and
physico-chemical systems (on the example of stormglass). The described subject is very
relevant today, it is directly related to one of the most important tasks of
hydrometeorology — the prediction of dangerous processes in nature. Unfortunately, today
our knowledge about possible mechanisms of animals’ presentiment is quite small. It is
most likely that there is much more evidence of animals’ possibilities in terms of
presentiment of various disasters than physical explanations of the mechanisms of this
presentiment. At present, there is a lot of uncertainty in function and work of living
organisms’ special organs the existence of which has already been proven, but the
assumption that the reaction occurs at the level of cell structures is unambiguous.

The thesis considers various examples that prove the presence of a common
mechanism of premonition in non-equilibrium biological and physico-chemical systems.
The special attention is paid to fish as the inhabitants of the aquatic environment, the study
of which indirectly touches upon the conducted research. It is possible that a very special
signal system used by fish and other aquatic animals exists in the aquatic environment, not
familiar to the inhabitants of the land.

In this work it is noted that the Earth’s geomagnetic field has a significant impact on
both fish and other animals. The knowledge of possible mechanisms and methods of
presentiment, as well as function of living beings’ special organs is of great theoretical and
practical importance and can contribute to the development of methods for predicting
dangerous phenomena.

The aim of the thesis was to study the effects of perception and presentiment of
dangerous hydrometeorological processes by a number of freshwater and marine
hydrobionts and define possible physical mechanisms of these effects. In the course of the
experimental studies, the following main results were obtained.

e Two special facilities for the experiments have been developed and used. Novelty of

the technical solutions is confirmed by the patents of the Russian Federation.
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The daily biological rhythm of the fish in quiet geophysical and
hydrometeorological conditions has been determined on the results of the 34-hour
experiment; these data were used for the detection of fish responses to hydro-
meteorological processes.

The dependence of fish average motion behavior on the intensity of geomagnetic
disturbances. The maximum value of the correlation coefficient is «-0.8» for carps
and «+ 0.87» for catfishes; various correlation coefficient’s signs represent the
opposite reaction of these fish to magnetic disturbances.

Using the methods of the fractal theory, it has been found that fish behavior is
mainly deterministic; the decline in "chaos" is usually associated with fronts and
cyclones during the experiments.

The intensity and time of fish reaction to the presentation of extremely low-
frequency band artificial alternating electric and magnetic fields have
experimentally been revealed; the revealed extreme values of frequency
dependences have been interpreted as physiological (breathing rhythm and heart
rate) and geophysical(7-8 Hz area) areas.

The King crabs’ responses to magnetic storms were experimentally determined.
The effect of premonition of the magnetic storm beginning has been revealed.

The reactions of King crabs to cyclones were experimentally defined. The
reactions are characterized by motion behavior intensification, that is, apparently,
connected with the crabs’ desire to escape from the action zone.

First the direct instrument measurements of the variability of the physico-chemical
structure (stormglass) with the parallel measurements of the electromagnetic field in
the area of 6-8 Hz were conducted. During the experiments with the stormglass
physico-chemical structure the hypothesis about the reaction of such structures to
electromagnetic fields of some hydrometeorological processes (for example,
cyclones) has been confirmed, that, in turn, leads to the confirmation of the idea of

hydrobionts’ sensitivity to magnetic fields through similar structures.
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Appendix A The facility for registration of hydrobionts’ motion behavior: Patent RF, no.
148670, 2014.
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Appendix B The facility for registration of variability of the stormglass physico-chemical
system characteristics. Patent RF, no. 141806, 2014.
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