Kpuocgpepa 3emnu, 2018, 1. XXII, Ne 3, c. 18-26

VK 551.324

HEJJIA-®UOPIA (PAIOH CTAHITUU ITIPOTPECC, BOCTOUHASI AHTAPKTHU/IA)

PE3YJIbTATBI TEOPAJIAPHBIX NCCJEIOBAHUI MOPCKOTO JIbJIA

B CE30H 2016/17 TOA
C.B. ITonos!, B.JI. Kysuenos?, C.C. IlIpsaxun?, M.II. Kamkesuy®

Ulonspnas mopcras zeonozo-paseedounas sxcneduus. (IIMIPS),

198412, Canxm-Ilemepbype, Jlomonocos, ya. [lobedvt, 24, Poccusi; spopov67@yandex.ru
2Apkmuveckuil u Anmapkmueckutl HayuHo -UCCAe008aAMeNbCKULE UHCUmYm,
199397, Canxm-Ilemepbype, ya. bepunea, 38, Poccus:

3 Canxm-Ilemepbypeckuii zocydapcmeennviil yrueepcumemn,

199034, Canxm-Ilemepoype, Ynusepcumemcxas nab., 7-9, Poccust

IIpencTaBieHbl pe3yabTaThl TeopagapHOTo MpoduanpoBanns Ha yactorax 150, 270, 400 u 900 MTIT1i, a
TaK’Ke reopajlapHbIX 30HANPOBAHUI METOIOM 0011e TIIyOMHHON TOUKH HA TIPUTTAITHOM MOPCKOM JIb/Ly aKBATOPUH
Henna-guopna (Bocrounass AHTapKTHIa) B XO7I€ JIETHETO 10JIeBOTro ce3oHa 62-if Poccuiickoil aHTapKTHYeCKOn
akcreautun (2016/17 r.). PaGoTbl CONPOBOKAAINCH U3MEPEHUEM COJIEHOCTH MOPCKOM BOBI. BbisicHeHo, 4To
naubosiee ahHeKTUBHOE JIOMUPOBAHUE MOPCKOTO JIbjia MOIHOCTBIO OKOJIO 1 M OCYIIECTBIISIETCS HA YacTOTAX
METPOBOTO /INaTa30Ha JINH BOTH. Ha BpeMeHHOM reopajapHOM paspese, TOMIMO OTPakKeHUI OT HUKHEH KPOM-
KU JIbJIQ, BBISIBJISIETCSI TPAHMIIA MEK/LY ITPECHO 1 MOPCKOI BO/10#1. Ee rosioskenne moaTBepskaaeTcs: OkeaHorpa-
(buuecknmu ganHbIMU. TeopajapHble 30HMPOBAHUST 110 METOMKe 001Ieil TIYOUHHON TOYKK TO3BOJIMIIN 10~
CTPOUTD CKOPOCTHYIO MOZETb CPEIbL, COIJIACHO KOTOPOIT ahheKTUBHAS [UaIeKTPUYeCcKas IPOHULIAEMOCTD JIbJIA
pasna 10. CroJib 3HaUYNTETHHAS BEJINYNHA BbI3BAHA UHTEHCUBHBIM [TPUTIOBEPXHOCTHBIM TAsTHUEM U TT€PEr30bIT-
KOM IIPECHOH BOJBI BHYTPH JbJa. DPGHEKTUBHAS MH3JEKTPUUECKas TPOHUIIAEMOCTD CJI0ST TIPECHON BOJIBI CO-
cTaBJIsieT 75, 4To CBSI3aHO, BEPOSITHO, C IIEPOXOBATOCTHIO HUKHEH KPOMKHY JIbJIa.
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RESULTS OF GROUND-PENETRATING RADAR INVESTIGATIONS ON THE NELLA FIORD
SEA ICE (PROGRESS STATION AREA, EAST ANTARCTICA)
IN THE 2016/17 AUSTRAL SUMMER FIELD SEASON
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The paper presents the main results of the field investigations using multi-frequency (150 MHz, 270 MHz,
400 MHz and 900 MHz) ground-penetrating radar profiling and georadar sensing by the common depth point
method.The investigations have been carried out on the fast sea ice of Nella Fiord (Eastern Antarctica) during
the 2016,/17 austral summer field season. The studies have included the seawater salinity measurements. The
sounding of about 1 m thick sea ice have proved to be most effective at the radar frequencies which correspond
to the wavelengths in a meter range. Besides the intensive reflections from the lower edge of sea ice, the ground-
penetrating radar data have revealed a boundary between fresh and salt water whose position has been
corroborated by salinity measurements. The ground-penetrating radar common depth point technique has served
as a basis for the subsurface velocity model showing that effective dielectric constant for sea ice equals 10, which
is accounted for intense near-surface internal melting and for the ice being exceedingly saturated with fresh
water. The effective dielectric permittivity of the fresh water layer is found to be 75 that may have been prompted
by roughness of the lower ice boundary.

East Antarctica, Progress Station, ground-penetrating radar sounding, sea ice, common depth point, seawater
salinity
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[IpucranpHOE BHMMaHNE K M3YYEHUI0 MOPCKOTO
Jaba ApKTUKN 1 AHTAPKTUKU TECHO CBSI3aHO KaK C
(dbyHIaMeHTaIbHBIMU HAyYHBIMU IIpOOIeMaMu, TaK U
¢ cyry60 MpUKJIAJHBIMU 3a/la4aMU MCIOJTb30BAHMS
€ro /I OPTAaHN3AINN Pa3TPY3KH CYO0B, TIOCAJIOUHBIX
IJIOMIA/IOK JIJId [IPUeMa CaMOJIETOB U ITPOYUX BUJIOB
JIOTUCTHYECKOro obectiiedenns. OTnaBas JaHb KEPHO-

BOMY OYPEHUIO Kak Hanbojiee TOUHOMY METO/Y U3Y-
YeHUsI IPUPOJHBIX CPejl, HEOOXOAMMO OTMETHTD €T
TPY/l0eMKOCTh. Kpome TOT0, 3TOT METO/I TIPeI0CTaB-
JigetT WHGOPMAIUIO JIUITH B OTAETbHBIX ITYHKTAX, B TO
BpeMs Kak reou3nyecKne UCCae0BaHus MO3BO-
JISTIOT TTOJTYYUTh TTOJTHYI0 MHGOPMAITHIO TT0 TPOGUITIO.
B aTOM cMmbIciie asileKTpOMAarHuTHbIE 30HIUPOBAHUS
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BecbMa TIPUBJIEKATENbHBI BBUY cBoell ahdekTuBHO-
CTU ¥ 9KOHOMUYHOCTH.

lFeopaziapibiM ucCI€0BAHUSM MOPCKOTO Jib/la
IOCBSIIEHO 3HAYNTENbHOE KOJMYECTBO Iy OINKaIHii,
OTPAXKAIOIINX HE TOJTHKO Pe3yabTaThl HATYPHBIX U3-
MEPEHUI, HO ¥ TEOPEeTUYECKUE aCTIEKThI 9TOTO METO-
na. VI3 coBpeMeHHBIX 1 Hanboiee 3HaYMMbIX MOKHO
ormetuTh nybaukamuy [ Quukervwmerins u op., 1977;
Jlebedes, Cyxopyxos, 2001; Bobpos u dp., 2008; Haas
etal., 1997, 2009; Haas, 2004; Galley et al., 2009; Holt
et al., 2009; Panzer et al., 2010, 2013; Lee et al., 2011].
O/1HAKO Te0paInoIOKAINS TIPH BCEX CBOUX JIOCTOMH-
CTBaX IMPOTPECCUBHOTO TeO(PU3MUECKOTO METO A UMe-
€T U PsiJl HeIoCTaTKOB. B yacTHOCTH, MOpPCKast BOJIa,
XapaKTepU3yIoNasicss 3HaYUTEIbHON TPOBOIUMO-
CTbHIO, SIBJISIETCST SKPAHOM [IJISI 9JIEKTPOMAaTHUTHDIX
BoJiH. JlaHHOE OOCTOSITENHCTBO CUJBHO CyKaeT
CIIEKTP MCIOJIb30BaHUsI TeOPaJapOB B pAMKax 00CY K-
naemoit rematrku. Kpome toro, npukiasHoit uuTepec
K MOPCKOMY JIbAlY IIOSIBJISIETCS TJIAaBHBIM 00Pa3oM B
XOJIe JIETHETO TI0JIEBOTO Ce30Ha, HAa KOTOPBIN ITPUXO-
JIATCS MUK JIOTUCTHYECKo akTuBHOCTH. OlHAKO B
9TO BpeMs B CHJIY 0COOEHHOCTEN IOJIAPHBIX HIMPOT
HAUYMHAETCS] €T0 MHTEHCUBHOE MPUTTOBEPXHOCTHOE
TasgHWe, YTO TPUBOIUT K 3HAYUTETHbHOU HACBIIIIEHHO-
CTU MOPCKOTO JIb/Ia IPECHON BOJION U, KaK CJEe/ICTBUE,
K OIIPECHEHUIO IPUTIOBEPXHOCTHOTO CJIOSI MOPCKOI
Bozibl. [IpecHast Boja, TOHMIKAST COTIEHOCTD, 4 TEM Ca-
MBIM U ITPOBOJMMOCTD, YMEHBIIAET 9KPAHUPYIOTIHE
CBOICTBA MOPCKOM BO/IBI, JIeJ1asi BO3MOKHbBIM 3 dek-
THUBHOE MCIIOJIb30BaHUE JIEKTPOMArHUTHBIX METOIOB.

[IpoBepke 3KCIIEPUMEHTATBHBIM TyTEM TIPEJ-
CTaBJIEHHBIX BBIIIIE PACCYKACHUIT U ObLIN TOCBSIIIE-
HbI OmbITHO-MeToAnueckue paborer (OMP), BbI-
MMOJIHEHHbBIE B XO/I€ JIETHETO I0JIEBOTO ce30Ha 62-ii
Poccuiickoii antapkruyeckoin akcreaunun (PA3,
2016/17 r.) na mopckom Jibty Henna-duopaa B paii-
oHe oteuecTBeHHOU cTtannmu [Iporpecc (Bocrounas
AnTapkruza). OHU 3aBepITNIIN aHAJIOTUYHBIE UCCTIe-
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nosanus, Hadateie B ce3ou 60-it PAD (2014/151.) B
paitone mosieBoit 6assl Mosoaeskuas [Ilonos, [lons-
kos, 2015] u nponoskenHbie B ce3oH 61-it PAD
(2015/161.).

MHOTOYACTOTHOE TEOPAZTAPHOE
MMPOOUNJINPOBAHUNE

Paborb BoinoaHsnch 5 susapst 2017 r. Ha MHO-
rosieTHeM okeaHorpadudyeckom mpodpuire AAHUN
B NMyHKTe ¢ koopaumuatamu 69°22.869' 1o.m.,
76°21.777" B.1. (puc. 1, a). {nsa nposenernus OMP
ObLT pazMedeH MapiipyT obmiei aiuHoit 20 M. IleHTp
€TO PaCToaTaics B HEMOCPEACTBEHHON OIU30CTH OT
MailHbl, OCTaBIIeliCs 1Mocje OKeaHorpaduuecKux us-
MepEeHUH, TIPOBE/IEHHBIX JiHeM paHee (puc. 1, 6). Teo-
pazapHoe TpoUINPOBAHNE BBITOJHSIIOCH HA He-
ckosbkux yactorax: 150, 270, 400 m 900 MT1i. B ep-
BOM U TPETbEM CJIYYasX MCIOJb30BAJICI TeOPaap
“OKO-2" (OO0 “Jlornueckue cuctembr”, Poccust) ¢
anTenHamMu AB-150 1 AB-400M cooTBeTCTBEHHO
[ Paduomexnuueckuii npubop..., 2009]. PasasusxHas
antenHa AB-150 MoskeT ObITh UCITOJIB30BAHA JIS BbI-
NOJTHEHUST 30HMPOBAHUH ¢ TIepeMeHHoit 6asoii. Jlo-
nmrpoBanne Ha yactoTax 270 m 900 MI't ocymecTss-
sock reopagapom GSSI (Geophysical Survey Systems
Inc., CIITA) ¢ cucremubim moysiem SIR-3000 u an-
terramn 50270S u 3101 coorBercTBenHO [ GSSI...,
2014]. TIpubOPbI TepPEeMEIIATUCH IO TPOMIITI0 PAaBHO-
MEPHO TIEITNM TTOPSIIKOM.

Ha puc. 2, a npezicraBien BpeMeHHOI reopaiap-
HBII pa3pes, MOJyUYeHHbII TP JOINNPOBAHUM HA Yac-
tore 150 MI'tt. BBuay Hammuus KoppennpoBaHHOM
MTOMeXH, BO3HUKINEH MO0 HEBBISICHEHHON MPUYMHE,
MpPOU3Be/IeHa TOPU3OHTATbHAS (DUIBTPAIUS B OKHE
pasmepom 100 Tpacc. Habmogaemble oTpaskeHns Xa-
PaKTEPU3YIOTCS MO3AaUUHOM CTPYKTYPOil, B KOTO-
poii cs1abo BBIIEIAIOTCS [IBE YACTIYHO MO/IaBICHHBIE
¢uabrparueii rpanuiel 7 ¥ 2, pacroioKeHHbIe B He-

Puc. 1. PacnoJioskeHue paifoHa ONbITHO-METO[HYECKUX PAGOT Ha MopcKoM Jbay Hena-puopaa.

Paiion paboT MoKa3aH KeIThIM KPYKKOM, KpacHOit JimHueil — dhparment mapuipyra Boausu maiiibl. Doro C.B. [Tonosa, ssHBaph

2017 1.
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MOCPEACTBEHHOI GJU30CTH OT MaifHbI Ha 3a/IEPAKKAX
26.6 1 42.3 HC COOTBETCTBEHHO (CM. PUC. 2, a).

B HizKHElN yacTi uMeeTcst 60IbINTOE KOJHYECTBO
AudparupoBaHHbIX BOJIH 3, 06y CIOBIEHHBIX, 10-BU-
JUMOMY, Judpakiueil oT JeAdHblX TAbl0 y HUKHEeN
KPOMKHU MOPCKOTO Jba. [lo MHEeHUIO 0OKeaHOJIOTA
craniuu Mupnsiit A.JI. HoBukosa (vacmuoe coobuse-
Hue), OHU MOTYT OBITh CBSI3aHbI C JIOHHBIM JILIOM, 110
TeM WJITU WHBIM ITPUYMHAM BCITBIBIIIAM MO/ TIOBEPX-
HOCTh. Touky mudpakiny Ha pa3pese sSIBHO He BUIHBI.
OHAKO eCJIU TIPOJITTH BBEPX BETBU rUIepOOIT u-
(bparupoBaHHbIX BOJIH, TO OHU OKAKYTCs B UHTEPBaJIE
Mexay rpanuiiamMu 1 u 2. VI3 3TOTO MOKHO 3aKJIIO-
YUTH, YTO MIEPBAsI U3 HUX CBSI3aHA C IPAHUIIEH pasziena
“nen—sopua”.

Ha Bpemennom paspese umeercst gudparupo-
BanHas BoJiHa 4 (cM. puc. 2, a). Ona pacriosiaraercs B
1eHTpe npoduiis, 9yTh HUXKE TPAHUIILI 2, U, BEPOSIT-
HO, chopmMupoBaHa HUKHEN yacThio Malinbl. CMme-
IeHue BePIIMHbI 4 HUKE TIPEIO0JIAraeMOi TPAHUIIbI
paszena “ea—Boaa” MoXKeT ObITh 00YCJIOBIEHO TEM,
YTO reopajJlapHbIil MapIIpyT pacrojiaraeTcs 9yTh B
CTOPOHE OT MalHBI, & He TPOXOUT HETIOCPEICTBEHHO
Hag Heil (cM. puc. 2, 6). DTO HIPUBOINT K YBEINICHHIO
1yt npobera BosiHbl 10 peduiekropa [Ionos, Kawxke-
suy, 2015]. Kpome TOTO, BIIOJTHE BO3MOKHO, YTO OT-
paskeHue CBSI3aHO He ¢ MailHOI Kak TaKOBOM, a ¢ Kyc-
KaMu Jib/la, 06pa30BaHHBIME B XOJI€ ee npopybanusi,
KOTOPbIE PACTIOJIOKEHBI B HI3KOCKOPOCTHOM BOIHOM
toJiiie. VIHbIX MPU3HAKOB MallHbI HA BPEMEHHOM pa3-
pese He HABIIOaeTCS.

Ha puc. 2, 6 ipe/ictaBieH BpeMEHHOI Teopajiap-
HBII pa3pes, MOAyUYeHHBIH TPU JOIIMPOBAHNHN Ha Yac-
tote 270 MT'11, mocne mpuMeHeHNsI TOPUBOHTAIBHOM
duprpanun pasmepom 100 tpace. Ha Hem HabJrro/a-
I0TCSI MHOTOUHCJIEHHbBIE CyOTOPU30HTAIbHbIE OTPasKe-
HUs (B TOM 4HUCJIE, BEPOSITHO, W TePEOTPASKEHMST),
cchopMUpOBaHHBIE KaK TOJIIIENH MOPCKOTO JIb/Ia, TaK U,
MPEIoJIOKUTETbHO, BOAHOM cpenoit. Cpeau HUX
umMerorcs rpanuilel 1 u 2, BeisiBiennble panee. Cieny-
€T OTMETHTb, YTO OHHU MPEACTABISIOT COOOU ceputo
CyOropu30HTaNIBLHBIX OTPAKEHUH U PACcIIoNaraioTcs B
WHTepBaJse MUPUHON 0KOJI0 4 He. VIX cpeanue yactu
OTMEYaloTCs TPUMEPHO TP TeX K€ BPEMEHHBIX 3a-
nepskkax. OcoOeHHO XOPOIIIO HTO 3AMETHO MOCJIE TIPH-
MeHeHUs ropu3oHTaabHON hunbrparmu. [lomumo 7 n
2 B BepXHeil 4acTu pa3pe3a UMeeTcs NHTEHCUBHAS
rpanuina 5. [To-Bunumomy, ona cBg3aHa ¢ BEepXHUM
I0JIOJKEHIEM TOPH30HTA, 3 KOTOPOTO COYMTCS MPec-
Hasl BOJIa, 00pa3oBaHHast B X0/[¢ HHTEHCUBHOTO MPU-
MMOBEPXHOCTHOTO TAsTHUA MOPCKOTO Jib/la. JTA TPaHU-
a TaksKe MpejcTaBisierT coboii cepuio cy6ropuaoH-
TaJbHBIX OTPAKEHU, PACTIOJIATAIOINXCS B UHTEPBa-
Jie MUPUHON OKOJIO 4 HC U TOJIOKECHUEM cpelHel
YacTU B pailioHe MaliHbl HA 3ajiep:KkKe okoyo 12.3 He.
Ha nipenpimytiiem BpeMeHHOM paspese (CM. puc. 2, a)
OHA, OUEBU/IHO, TAKIKE IPUCYTCTBYET, HO SIBHBIM 00-
Pa3oM He BBIJIEJIIETCS B MO3AUYHON CTPYKTYPE BOJI-

HOBOTO 110J1s1. KpoMme Toro, /yinHa BOJIHBL 00Cy K Iae-
MOTO JIOIIMPOBAHMS TTOYTH B 2 Pa3a MEHbIIIE TIPEIbILY-
1ero. JTo, B CBOIO OYEPe/lb, O3HAUAET, YTO paspelie-
HUe 110 pa3pe3y B IMEPBOM CJydae TOYTH B 2 pasa
XyJKe, 4eM BO BTOPOM. JlaHHOE 00CTOSATENBCTBO TAKKe
MOZKeT OBITh IPUYNHON BUAMMOTO OTCYTCTBUSI KOHT-
pacTHOU TpaHUIBl 5 HA MpeJbIayIieM paspese (cMm.
puc. 2, a).

[udparnpoBannbie BosHbI 3, chOPMUPOBaHHbIE,
BEPOSITHO, OT JIEJSHBIX TJIbI0, Ha BPEMEHHOM paspese
OTCYTCTBYIOT, 32 UCKJIIOUeHUEM O/HOI. BepTukaib-
Has 1moJioca 6 BeI3BaHa IOMeXO0il 0T paboThI EpeHoC-
HOH PaInOCTaHIUN.

Ha puc. 2, 6 npeicTaBiien BpeMeHHOI Teopaiap-
HBII paspes, MOJyYeHHbII IPU JIOIUPOBAHUK Ha Yac-
tore 400 MT1. Ha HeMm Tak:ke HAOIIOIAI0TCS MHO-
rouncjaeHHble CyOTOPU3OHTATIbHBIE OTPAKEHUS,
Brutouasd 1 u 5. Jlng Busyanusanuu rpaHuiibl 2 pu-
eMJIEMOI'0 KauecTBa oTpeboBaloch HeJIMHEHOe YCu-
JIEHWe OTPaKeHHOTo curHajia. /s aToro mpoduib
yCUIIeHUS 3a]aBaJICs TaKKM 00pa3oM, YTOObI yCHIIN-
BaJIach JIMIIb BTOPast MOJIOBUHA pa3pesa (0T 3a/iepiK-
ku 50 He 1 HKe) Ha Benmunny 16 nB. Y nerpHoe 1m0-
IJIONIEHIE 2JIEKTPOMArHUTHBIX BOJIH B IUCCUTIATHB-
HBIX CPelax PacTeT ¢ yactoToii | Quukenvwmetin u dp.,
1977; Jleb6edes, Cyxopyxos, 2001; Mauepem, 2006],
[I09TOMY C €€ POCTOM HUKe TpaHuIibl 1 Habmogaercs
BCe MeHbllle U MeHbllle oTpaxkenui (cM. puc. 2). B to
JKe BpeMsI [IpecHast BoJIa Jlaske ¢ HeOOJIbIION MUHepa-
JIM3anueil XapakTepu3yeTcst 3HAaUUTENbHBIM Y/IeTh-
HBIM TIOTJIONEHUEM 3JIEKTPOMarHUTHBIX BOJIH [Bo-
2opodckuil u Op., 1970a,6]. B yactHOCTH, ISt BOJIbBI
Jlagosxckoro osepa (JlenuHrpazackas 06J1acTh) aTOT
mapameTp coctasisgeT 21 1b/m Ha wactore 400 M1,
38 1 40 n1b/m na wactore 900 MT'1t 11 pasHbIX cepuii
skcrepumeHTOB U 48 1b/M Ha wactote 1500 MT'1
[ITonoes u dp., 2017]. V13 BblillecKa3aHHOTO MOKHO 3a-
KJTIOUUTD, YTO CPE/Ia, PACIIONOKEHHAS MEK/Y TPAHU-
amu 71 2, ¢ GOJIbIION 10I€ll BEPOATHOCTU SIBJISIETCS
TAJION BOJION ¢ Masioll MuHepasiudaiueit. ['panuiier 7,
21 5 3aJIeraior B TeX JKe MHTePBaIax 3a/eP:KeK, YTO 1
npenpiaymnue. /ludparnpoBanibie BOJTHBI HA BpeMeH-
HOM pa3pese OTCYTCTBYIOT.

Ha puc. 2, 2 npencraBiien BpeMeHHOI reopajiap-
HBIN pa3pes, MOJyUYeHHbBII TP JOINPOBAHUM HA Yac-
totre 900 MTI't. Ha HeMm, Kak 1 Ha BCeX OCTAJbHBIX,
HabJogaeTcs cepust CyOropusoHTaNbHBIX OTPAKEHNUI
1 u 5. Orpaxenus Huske 7 He HabGJIOJAIOTCS B CBSI3U
€O 3HAYUTETHHBIM TIOTJIONEHUEM BOJH, a TAaK)Ke MX
paccessHuEM Ha HEOJIHOPOJIHOCTSIX.

CKOPOCTHAA MOJEJIb CPE/IbI

ITpu BBIIOIHEHNN FeOpafapHbIX PabOT BasKHbIM,
a TIOPOii, U TPUHITUITNAIBHBIM BOTIPOCOM SIBJISIETCSI
BBIOOP CKOPOCTHON MOJEJIH CPEIbI IJIsi KOPPEKTHOI'O
nepecueTa BpeMEHHOTO pa3pesa B riyOuHHBIN. [Ipn
3TOM UMEeHHO MH(MOPMAIUSI 0 CKOPOCTHU (JIN3JIEKTPH-
YECKOHU MPOHUIIAEMOCTH ) TTIO3BOJISIET OTOK/IECTBIISATH
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C.B.IIOIIOB U JIP.

BBISIBJISIEMBIE TI0 T€OPAJIAPHBIM JaHHBIM 00BEKTBHI €
TEeM WJIM WHBIM BENIECTBEHHBIM KOMILITEKCOM. Jl7is
olpeieIeHNsT 9TUX MTAPAMETPOB, €CJIN He TPUHUMATh
B pacyeT TabJIMYHbIe 3HAYECHUST, UMEETCS JIBa CIIocoda:
ncnosb3oBanue rogorpadoB nudparnpoBaHHBIX
BOJIH OT HeoJlHOpoiHOCTel [[asosckuii, Mauepem,
2014] v BBITIONTHEHWE 30H/IUPOBAHUI C TIePeEMEHHON
6asoii [Ilepememves, 1989; ITonoe u dp., 2001; Baa-
dos, Cmaposoiimos, 2004; Mauepem, 2006; Ina3oe-
cxutl, Mauepem, 2014; Popov et al., 2003]. Tlepsbiit
c11oco6 oMY MIMPOKOE PACTIPOCTPAHEHHE B CUITY
cBoell TpocTOTHl U AP PEKTUBHOCTHU, OJJHAKO OH He
Bcer/ia MpUMEeHNM Ha mpakTuke. /715 ncrnomb3oBaHuA
JAHHOTO MeTOo/a HeOOXOIMMO HaJTMune, KaK MUHM-
MyM, AuGParupOBAHHON BOJIHBI C TPOTIKEHHBIMU
BETBSIMU, KOTOPbIE MOTJIM OBl 0OECIIEUNTDh PACYETHI C
JIOCTATOYHON TOYHOCTHIO. OJIHAKO OIBIT IIOKA3bIBAET,
4TO MoA0OHbBIE 0COOEHHOCTH T PArHPOBAHHBIX BOJIH
CKOpee HCKJIIYeHne, 4yeM mpaBuio. [lpu atom pe-
(hJIEKTOPBI JTOJIKHDI PACIIOJIATATHCST IO BCEH riryOuHe
M3y4aeMoro pa3pesa, YTo BCTPEYAeTCS A0CTATOYHO
penko. [ToMrMo 3TOTO JI7151 Oy YeHIs] KaueCTBEHHOM
CKOPOCTHON MOJIEJTN CPEibl TPEOYETCst BHICOKOTOUHAST
[IJIAHOBAST IPUBSI3KA KAXK/IOTO IIYHKTA 30HIUPOBAHIL,
YTO JIAJIEKO He BCET/IA OCYIIECTBIISAETCS HA TIPAKTUKE
U 3aBHCHUT OT 33/1a4 IIPOBOIUMBIX PaboT.

30oHAUPOBAHUS ¢ IIepeMeHHOI 6a30ii, ocylect-
BJIIEMBIE 110 MeToAy o0eii rrybunnoii touku (OI'T)
uan obueit rouku Bo3oyxaenus (OTB), BbirogHo
OTJINYATOTCS OT BBIMIEU3JI0KEHHOTO TTO/IX0/a, T0-
CKOJIbKY MOTYT GBITh BBITTOJHEHBI TPAKTUYECKU B JTIO-
60M Mecte. BbIcOKast TOUHOCTD TOCTUTAETCsT PA3MeT-
Kol ipoduiisg. Takum 06pasoM, JIUIIb 30HAUPOBAHKS,
MIPOBOJIUMBIE TI0 ITUM METOJIMKAM, MOTYT ITPETEH/0-
BaTh Ha (hopMuUpoBaHUe HanboIee TOUYHONH CKOPOCT-
HOUl Mozesu cpelbl. B KauecTBe nmpuMepa MOKHO
MIPUBECTU PE3YJIbTATHI U3YyUEHUS MOAJIEIHUKOBOTO
o3epa Boctok (Boctounas AHTapkTuia), rie sTuM
crroco6oM GblTa n3MepeHa MOIHOCTD JIeHUKA B Paii-
one nyHkra 6ypenus cksaxuubl 5T [[Tonoe u dp.,
2001; Popov et al., 2003]. Tlocsie IPOHUKHOBEHUS B
03ePO BBISICHUJIOCH, YTO OTHOCHUTEJIbHAS MOTPell-
HOCTb BBITIOJTHEHHBIX U3MEPEHNI COCTaBUJIA MEHee
0.5 % [ ITonos u dp., 2012].

Meton OI'T nmpenmonaraet npoBejieHue mocyie-
JIOBATEJbHBIX U3MEPEHUI TIPU TIepeMeTeHU N TIPUeM-
HOII U TIepeIaoNieil aHTeHH Ha OINHAKOBOE PACcCTOs-
HUe OT LeHTpa paccTaHoBku. IIpu ucnoibzoBanum
Metosia OTB ¢dukcupyercst nosoxenue oaHON U3
AHTEHH, a BTOPast CMETAeTCs 110 MPOGUIIIO ¢ OHON 1
¢ IpyToii cTOpoHbI OT Hee [ bozanux, [ypsuu, 2006].
CJI05KHO OIHO3HAYHO OI[EHUTb, KAKAS U3 HUX JIYUIIIe,
MIPUMEHUTENBHO K Teopagunoiokanuu. C oxHol cTo-
POHBI, BTOpasi MPOIIe B Pean3aliy, Mo3BOJISET M0-
JYYUTH BABOE OoJbinuii rogorpad u Gosee Kade-
CTBEHHO YYeCTb HAKJIOHBI 11eJieBbIX rpanutl. C 1pyroii
CTOPOHBI, TIPU BHIMOJHEHUH PAOOT 110 HTOI METOIUKE
TOUYKH OTPaKEHWS U MPEJTOMJICHUS BOJIH TIepeMela-
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I0TCSI TI0 TPAHUIIAM pa3fieia cpejl B 3HAUUTEJNbHO
6oJIbIIIeM WHTEPBAJIE, YeM B TIEPBOM CJIyuae. ITO, B
CBOIO 04epe/ib, IPUBOJUT K TOMY, YTO CTeIleHb OTKJIO-
HEHUS UX KOH(PUTYPAIUK OT TPSMOJINHEHOW BITHSI-
eT Ha KauecTBO pe3dyJibrata i cucrembl OTB B
6oupmielt crenenn, yeM aust OI'T.

Antennbl AB-150 oTedyecTBeHHOTO Teopagapa
“OKO-2" aBagiorcst pa3aBuKHbIMU. VX KOHCTPYK-
TUBHAsT 0COOEHHOCTD TPE/ITOJIATAET HAJMUIE ONTOBO-
JIOKOHHOTO KabeJist, COeIUHSIONEro 00e aHTEHHBI.
Jlnist BuIOTHEHUS pabOT UCTIOTIB30BATICS Kabeb JITH-
noit 10 M, 4TO 1TO3BOJISIET BBIMOJIHATH 30H/IMPOBAHMS
JIIOOBIM U3 YKa3aHHBIX METOJOB U OIIPEIEIUTH MAKCH-
MaJIbHYIO JIVIUHY PACCTAHOBKU.

B paborax Ha MOPCKOM JIb/Ty TIPUMEHSLIICSI METO]
OI'T npu MUHMMAJIBHOM PACCTOSIHUM MEK/LY AaHTEH-
namu 80 cm 1 MakcumasibHoM 980 cM, UTO OTIpeessi-
JIOCh KOHCTPYKTUBHBIMU OCOOEHHOCTSIMU aHTEHH.
Cwmeltienre Kayk/10i 13 HUX 110 IPOMUIIO COCTABJISLIO
10 cm. PacueTsl BBITIOTHSIMCH B PAMKAX MOJIEJIN CJIO-
MCTO-HAKJIOHHON CPeIbl, MaTEMAaTUIECKOE OTTMCAHME
KoTopoii gano B [[lonos, 2017].

Ha puc. 3, a npencrasiena pajaporpamMmma, moJry-
yeHHas B Xojie 3oHaAnpoBanuii o cucreme OI'T npu
sJorupoBanuu Ha yactore 150 MTI'. Kak BugHo Ha
puc. 2, a, BpeMeHHOI pa3pes, oJydYeHHbBII Ha TOM Ke
armaparype, u3001IyeT BOJHAMK-TIOMEXaMHt, MaCKH-
PYIOIIMMU TiesieBbie TpaHuilbl. OHW HACTOJbKO WH-
TEHCUBHBIE, UTO JIJis1 0Jiee HA/IEKHOTO Pa3pPeIieH st
paspesa MPHUIIJIOCh BBIMOJHUTD TOPU3OHTATIBHYIO
duabTpammo. ITH TOMEXH, ITpaBa B MEHbBITEN cTe-
neHu, HabII0A0TCS U HA palapoTpaMMe, TOJIyIeH-
HOU B xoz1e 3oHAMpoBanuit mo cucreme OI'T (cm.
puc. 3, a), OTHAKO B 3TOM CJiy4ae UX JOCTATOUHO
CJIOKHO TI01aBUTh. Tpebyembie rogorpadbl BeIOUpa-
JIUCh KaK HamboJiee KOHTPACTHBIE OTPAKEHWS, TIPH
9TOM 3aJIEPKKU OTPAKEHHOTO CUTHAJA TIPU MUHU-
MaJIbHOM Pa3HOCEe aHTEHH JIOJDKHBI OB COBIA/IATD C
rpaHuIlaMU, BBIABJISEMBIMU B X071€ TPO(PUINPOBAHUS
(cwm. puc. 2).

Teopetnueckuii rogorpad 7 Ha pagaporpamme
puc. 3, a COOTBETCTBYET MPSMON BOJIHE, T. €. AJIEKTPO-
MarHUTHON BOJTHE, PACIIPOCTPAHSIONIEHCS 10 BO3/LY-
Xy MexIy anteHHamu, OHa 0ueHb c1abast, OCKOJIbKY
U3JIyYaeTCs U PETUCTPUPYETCst GOKOBBIMHU JICTIECTKA-
MU, ¥ CTAHOBUTCS 3aMETHOI Ha pajiaporpamMmme JIUIIIb
[PU OYEHDb OOJIBIIOM YCHICHUN,

Teopernueckuit rogorpad 2 Ha puc. 3, a cooT-
BETCTBYET TPaHMUIIe, 3ajeraornieil na rayoune 1.1 M, u
agppexmuenoii TNANEKTPUUECKON TPOHUIIAEMOCTH
Bhresexameil cpeast € =10. B pabore X. Jlysnra
[Looyenga, 1965] npuBoanTCS COOTHOIIIEHWE, CBSI3bI-
BaloIlee 3TOT HapaMeTp ¢ 0ObEMHBIM COJIEPKAHIEM
BJIATU @ U1 ABYXKOMIIOHEHTHOW cMecH “siefi—Boja”
C INATIEKTPUUECKIMHI MPOHUI[AEMOCTSIMHU €; U €,, CO-
OTBETCTBEHHO:

éz[s}/g +w(81/3 —gl/3 )T

w 1
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Puc. 3. Pe3yabTar reopaiapHpix 30HUPOBaHMil MO
metogauke OI'T, BoIMOTHEHHBIX HA MOPCKOM JIbLY
Hemna-¢puopaa.
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a — pajaporpamMma; 6 — CKOPOCTHAsI MOJIENIb; 6 — XOJL JIydel B
paMKax MOJIEJIH.

@: MITPUXOBBIE IMHUK HA Pa3pese — TeopeTHyecKue rogorpadsr:
1 — TIPSIMOT BOJTHBI, PACIIPOCTPAHSIONIENCST MEK/LY aHTEHHAMU;
2 — ¢c(hOpMUPOBAHHBII OT HIKHEN TPAHUIIBI JIETHUKA; 3 — cHop-
MUPOBAHHBIHN IrpaHuIleil MesK/Ly IIPecHOl 1 coJIeHOl BO/IOI.

€ — addexTrBHAS AUDIEKTPUIECKAsT IPOHUIIAEMOCTb; U — CKO-
150 pocTb BoJHBL. [losiokeHne MyHKTa 30HAMPOBAHMIA CM. Ha pHc. 1.

Jleg

my6uHa, cm
-
o
o
1

[Tpu aTOM TIpennoaaraeTcs, YTO BOASHbIE BKIIIO-
yeHust UMeIoT cpepuueckyio popmy. I'papuuecku aTo
COOTHOIIIeHNE TIpejicTaBieHo Ha puc. 4. CormacHo
YKa3aHHON MOJesd, TOJYYeHHOMY 3HAYeHUIO TH-
AJIEKTPUYECKON ITPOHUIIAEMOCTU COOTBETCTBYET Jie]] C
00BbeMHBIM cofiepkaHneM Bozibt 23.5 %. Takoe Bbico-
KOe 3HaueHue 00bSICHSAETCS TEM, UTO, COTJIACHO Ha-
TYPHBIM HAOMIOICHUAM, B TPUTIOBEPXHOCTHOI YaCTH
JielHKa OBIII0 MHOTO TaJON BOJBI, OHA COUNIIACH U
BBLIMBATACh B MalHY.

Teopernueckuii rogorpad 3 na puc. 3, a coor-
BETCTBYET IpaHulle, 3ajeraromieil Ha riyouse 1.72 m,
1 93 PEKTUBHON TUITEKTPUYECKOI TPOHUIIAEMOCTH
BhIIITeIesKatel cpefsl €=75. TlomydeHHOEe BBICOKOE
3HaUEHIE MOKET OBITh CBSI3aHO JIIITh C TAJIOH BOIOIL.
C pyroit CTOPOHBI, OHO CJIUIIKOM HU3KOE [T Hee.
B pab6ore I1. Past [ Ray, 1972] npuBoauTcs sMnupude-

124

10

[unanekTpryeckas NpoHMLAEMOCTb, e[,
©®
1

CKO€ COOTHOIIEHUE 3aBUCUMOCTH TUAJIEKTPUUECKON 0 10 20 30
IIPOHUIIAEMOCTHU BOJBL &, OT TeMieparypst I Copepxatve Bnarv, %
& =785 4(1 — 457910737 + Puc. 4. 3aBucHMOCTD /IM3IEKTPUUECKOIi IpOHUILae-
¢ MOCTH JIByXKOMIIOHEHTHOI CM€CH JIeI—BO/Ia OT 00'b-
+1.19-10°T?-2.8.10°8T3 ), eMHOro conep:kanus Biaru [Looyenga, 1965].
rne T=T-25.
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C.B.IIOIIOB U JIP.

Biuskue 3HaU€HUsT MOTYT OBITD MOJYYEHBI 110
amnupuueckoit popmyite I'.A. Uepnsika [ 1987]:

g, =80 /[1+0.0048(T - 20)].

3aBucnMocTH g,,( 1) 171 KaXK/I0TO U3 3TUX COOT-
HOIIIEHUI B METPOBOM U JIEIIMETPOBOM JHAIIA30HE
BOJIH TIpUBE/IEHBI HA puC. 5. V13 Hero caenyer, uTo pu
TeMIlepaType TasHUS ANIJIeKTpUIecKast IIpOHUTIae-
MOCTb BOJIbI COCTaBJIsAET €, = 88.

NnMeroteecst pa3indne MOKHO OOBSICHUTD TEM,
YTO HIDKHSS TOBEPXHOCTD JIb/Ia He SBJISIETCS POBHOM.
B wacTHOCTH, HAa 9TO YKA3bIBAIOT AUbpArupoBaHHbie
BOJTHBI, IPUBEICHHBIE HAa PUC. 3, @, U KOHPUTYPAIUs
I[eJIEBBIX TPAHMUII, TIPEJCTABICHHBIX Ha puc. 2. Hamm-
qie JIeJSTHBIX TJIBI0, XapaKTePU3YIOMIUXCsI BBICOKOU
CKOPOCTBIO PACIPOCTPAHEHUS dTEKTPOMATHUTHBIX
BOJIH, BIIOJTHE CIIOCOOHO YMEHBITUTH 3(DPEKTUBHY IO
[IN3IEKTPUYECKYIO TIPOHUIIAEMOCTDh BCETO BbIIIeIe-
JKAIIero CJIOS.

OnHaKo IS MePOX0BATOCTU TIETEBBIX TPAHUTI
(cM. puc. 2) ectb 1 uHOE 00bsAcHenHue. Jaxe ecau du-
3MYeCKHe TPAHUIIBI M TIaK1e (XOTh 3TO U MaJIOBEPO-
STHO), BJIOJIb Pa3dpe3a MOXKeT MEHAThCS ahpeKTuBHAS
[IUDJIEKTPUYECKast ITPOHUIIAEMOCTb, & 3HAYUT, 1 9(-
(bexTMBHAS CKOPOCTH PACTIPOCTPAHEHUS HIEKTPOMAT-
HUTHBIX BOJTH. Kak M3BeCTHO, 3T BEJIMYUHBI BECbMa
YyBCTBUTEJIbHBI K COJepKaHuIo Biaaru | Mauepem,
2006]. Takum 06pasoM, peJibeHOCTb TPAHIIL BIIOJHE
MOJKeT ObITh 00YCIOBJIEHA HEPABHOMEPHOCTBIO pac-
[pejieJIeH s BIOJIb 110 pa3pe3y CBOOOIHOU BOJBI IO
ray6ure. OHa MoKeT GBITH CBsI3aHa He TOJIBKO C 0CO-
GEHHOCTSIMU CTPOEHUS JIEAHUKA, HO U ¢ 00K0BOU
Gdurvmpavueri Tano Boabl B Maliny. B yactHocTy,
mpobypeHHast CKBakKWHA B BOJOHOCHOM Wi HedTe-
HOCHOM ILJTACTe TMPUBOJAUT K TOMY, UTO KUIKOCTD

(o] [0}
B oo
I L

[or]
o
1

D,I/ISJ'leKTpI/I‘-IeCKaﬂ NPOHNLLAEMOCTb, en.

~
(o))

T
10 20 30
TemnepaTtypa, °C

o

Puc. 5. 3aBuCHMOCTD BeNeCTBEHHON YacTH -
DJEKTPHUYECKOH MPOHUIIAEMOCTH MPECHOH BOJBI OT
TEMIIEPATYPhI [IJIsI PA3HbIX IMIHUPHYECKUX MOJIEEi:

1 —1o0 [Ray, 1972]; 2 — no [Yepnax, 1987].

24

yerpemasercs B Hee [[Tlamubpam, 2012], s1o u Ha-
6JI01a7T0Ch Ha IIpaKkTHKe. B ¢BOIO ouepenb 9T0 03Ha-
4yaeT, YTO IMOCJe BOSHUKHOBEHUS CKBAKUHBI (MU
MaiiHbl) B HalleM ciaydae 00g3aTeNlbHO IPOU3OMIET
M3MEeHEeHUE PACpe/IeIeHUs TaJl0i BOJBI BO JIb/LY, UTO
BBI3BIBAET /Ie(DOPMATIHIO TIeJIEBBIX IPAHUI] HA BpEMEH-
HOM Te0paJIapHOM paspe3e. AHATIOTUYHbIE U3MEHEH WS
HabJII0Ja/IMCh ABTOPAMU B OTKPBITBIX TpenuHax [[1o-
nos, lloxsixos, 2016].

Tem He MeHee HET HUKaKUX COMHEHUIA B TOM, UTO
YKa3aHHbIN CJI0U MaJIOlf MOITHOCTH SIBJISIETCS pac-
NpecHeHHO# MOpcKoii Bojoil. CKopocTHAast MO/JIEJb
cpelbl IpuBejeHa Ha puc. 3, 6. Ha puc. 3, 6 nokasan
X0/ JIy4del B cpejie.

PE3VJIbTATBI OKEAHOTPA®UYECKUX
HUCCJIEIOBAHUMI

Maprupyt ast BinosHernst OMP 6b11 pasme-
YeH B OTHOM U3 MYHKTOB OKeaHOTpahudeckux paboT
AAHWMU, na xoTopoM 3a JieHb JI0 3TOTO BBITTOJIHSI-
JINCH U3MEPEHUS TeMTIEPATyPBhI U COJIEHOCTH MOPCKO
BOJIBI aBTOHOMHBIM TIpodusiorpadom SeaCAT 19
plus V2 (Sea-Bird Scientific, CIITA). IIpodub mo-
ciefHei puBesied Ha puc. 6. V3 nero ciemyer, 4to B
uHTepBase ryout ot 1.6 10 2.0 M uMeeTcst 10cTaTOU-
HO KOHTpACTHAas IPAHUIA MEXIY PACPECHEHHON 1
Mopcko# Bojiol. CorjlacHO TeopeTUuYeCcKUM BO33pe-
HUSIM Ha TIPOIECChl PACIIPOCTPAHEHUS dJIEKTPOMAr-
HUTHBIX BOJIH, OHA JIOJKHA HAOJIIOIAThCST HA BPEMEH-
HOM T€OPaIapHOM paspese, UTO U MOATBEPANIH pe-
3yIBTaTHI PaboT.

Anrapkruyeckoe jsero 2016/17 r. 6b110 g10CTa-
TOYHO TEIJIBIM. JTO TTPUBEJIO K UHTEHCUBHOMY TIPH-
MOBEPXHOCTHOMY TasiHUI0O MOPCKOTO Jibla 1, KaK
CJIe[ICTBUE, K 3HAUYMTENBHON HACBINEHHOCTH €T0

ConeHocTb, %o
0 10 20 30

1 1 1

N
1

mybuna, m

4 -

Puc. 6. IIlpoduib coleHoCTH TPUTOBEPXHOCTHOM
yactu Henna-duopaa.
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IIPeCHON BOJ/IOH, a TaKKe K OIPECHEHNIO ITPUTIOBEPX-
HOCTHOTO CJIOSI MOPCKO# BOZIBL. DTOT IIPOTIECC HATIIET
OoTpajkeHue KaK B reopaJiapHbIX, TaK U B OKeaHorpa-
(brueckux TaHHBIX.

3AKJIIOYEHUNE

Broinosinennbie B X0/1€ JIETHETO [IOJIEBOIO CE30HA
62-i1t PA9 (2016/17 1.) komIsIeKcHbIE TeO(PU3UKO-
okearnorpaduueckue paboThl OATBEPAUIIN EPCIIEK-
TUBHOCTD MCIIOJHb30BAHUST METO/IA 3JIEKTPOMATHUT-
HbBIX 30HIUPOBAHUI TTPOMBIIILIEHHBIMU Ie0pajiapaMu
JUISI U3BYUEHUST MOPCKOTO JIbJIa U OTIPeJieJIEH ST MOIIL-
HOCTHU OIPECHEHHOTO CJI0sI MOPCKOU Boibl. OHM 110-
Kasaji, 4TO JOIUPOBAHUE OTHOCUTEIHBHO TOHKOTO
(ok0J10 1 M) MOPCKOTO JTh/1a OCYTIECTBIISIETCS HA HU3-
kux yacrorax 1o 400 MTI'. Oxkumaercs, uto 6oiee
MOIIHBIE JIbJBI OYAET 1e1eco00pasHo U3yyaTh Ha yac-
TOTax METPOBOTO Auarna3ona. Kpome toro, B xojie uc-
CJIeIOBAHUI TOITBEPIK/IEHA BOBMOKHOCTD OTIpejieie-
HUST TIOJIOKEHUST TPAHUIIBI MEKIY TTPECHON U MOP-
CKOM BOJIOW AMCTAHIIMOHHBIMU 3JIEKTPOMATHUTHBIMH
METOaMU.

Kaxk yka3biBasioch Bblllie, reopajiapHble UCCJIE0-
BaHUSI IPOBOJIUJIMCEH PaHee B pailoHe 1moJieBoi 6asbl
Mounonexnas [Ilonos, [loasxos, 2015]. Cnenyet ot-
METHUTb, UTO €CJIM 0OCYKIaeMble B HACTOSIIEH cTaThe
PabOThI OCYIIECTBIISINCH MPAKTUYECKH B HACATbHBIX
ycaoBuaX (Bce TpaHKIbl ObLIN CyOropu30HTAIBHBIMU
U OTHOCHUTEJLHO POBHBIMM ), TO UCCJIEIOBAHUS B paii-
oHe Gasbl MoJ1oJIesKHas BBIITIOJIHSIINCH HA TOPOIIEH-
HOM JIbJIy. DTO BeChMa HeOIArOIPUSTHO CKa3bIBAETCS
Ha JI0OBIX UCTAHIIMOHHBIX UCcaeoBaHusIX. TeM He
MeHee Jlajke B 3TOM cJiydae OTPasKeHUsT OT HUKHE
MTOBEPXHOCTH JIb/IA, TTYCTh HE CINITKOM KOHTPACTHBIE
U yBepeHHbIe, Bee Ke Obutn nosyuensl [[lonos, Ilo-
ko8, 2015]. To cBUIAETETBCTBYET O OOJBIINX BO3-
MOJKHOCTSIX METO/la TeoPaiuOoJOKAIUNU TPUMEHHU-
TEJBHO K U3YYEHUIO MOPCKOTO Jibjia. OMHAKO MMes
B BHUJLY, UTO COJICHAast MOPCKasi Bojia sABJsieTcs 0es-
YCJIOBHBIM 9KPAHOM [IJIsSI 3JIEKTPOMArHuTHBIX BOJH,
cJIelyeT 3aKJII0UYHUTh, UTO MOJOKUTETbHBIE PE3YJIbTa-
Thl B 000MX CJIydasix ObLIU ZOCTUTHYTHI JIUIIb OJ1aro-
Japst THTEHCUBHOMY TTPUITOBEPXHOCTHOMY TasiHUIO.
ITO, B CBOIO OUEPE/ib, TPUBEJIO K OTIPECHEHUIO BEPX-
Hell 9aCTU BOJHOTO CJIOST U CIIETAJIO €70 TIPO3PAuHbIM
JUIST 9IEKTPOMArHUTHBIX BOJTH. MaloBEpPOSITHO, UTO B
3UMHUUI TIEPUOJL IPU OTCYTCTBUU OMPECHEHUS CTOJIb
Ka4eCTBEHHbBIE PE3Y/IbTAThl MOTYT ObITh IIOJIyYEHbI.

Aemoput 6azodapsam pyrosodcmeo Poccutickoil
AHMAPKMUYECKOU IKCNeOUUUU U HAYATIOHUKA CIMAHUUU
IIpozpecc A.B. Mupaxuna, a maxice c80Ux KoJjlez —
yuacmnukog 62-u PAI I'I. Apwaxsana, /I.1l. basxap-
cxo20, A.B. [lpobssko, A.U. Kyuypyby u H.B. Canda-
JIOKA 3G NOMOULb NPU BHINOTHEHUU HACMOSULUX UCCE-
dosanuii. A6mopol 6bLpaNcaOm NPUHAMELbHOCb
compyonuKam pedaxKuyuonnol pynnovl JiyYpHala

H.B. Apymwonsn u E.FO. Coxonosotl 3a npasxu, Komo-

pole 6e3ycrosHo coeranu Hauy Cmamuio ayuue.
Paboma svinonnena npu punancosoii noddepiicke

PODU (npoexm Ne 17-55-12003 HHHUO-a).
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