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TpuBegeHbl NpeBAPUTENBHBIE PE3YABTATHI IKCUEPUMEHTOB O UCCAELOBAHUIO BAUAHUA Ha ATMOC(EpHOE
anektpuueckoe noie (AD[1) uckyccrsenHoro napoeogsaHoro odonaka (I1BO). DxcenepumedTsl nposojn-
auck 12.10.2004 r. va KaMyaTckoOM MECTOPOKAEHUY TENNOIHEPTETHYECKAX BOJ B PAfOHE JCUCTBYOLLIEN
MyTHOBCKO# 3neKkTpocTanuuu. HanpsxxeHHocTs ADIT n3Mepsiack B HENOCPEACTBEHHOM 61M30CTH OT OT-
KPHIBAEMBIX BO BpeMst HAOIOACHU 3aKOHCEPBHPOBAHHBIX ITYOHHHBIX F€OTEPMATbHbIX CKBaKUH. OOHA-
pyxeH 3PPeKT NOHIKEHUSE HANPSOKEHHOCTH JIEKTPUUIECKOrO NojA B TeueHue cywecrsosanms [MBO.
[Tpepnoxenbl Mogenn, 00CYKAalOTCs PE3YAbTaThl 3KCIEPUMEHTA.

1. B okta6pe 2004 r. apropam 3Toil cTaTbi NPea-
CTAaBUJIACh BO3MOXKHOCTH BBINOIIHUTE U3MEPEHNS Ha-
APSKEHHOCTH aTMOCDEPHOFO 3NEKTPHYECKOrO NONs
(ADIT) B HENOCpencTBEHHON GIU30CTH OT OTKPhIBaE-
MBIX B MOMEHT T€XHOJIOTHUYECKOro cOpoca neperpero-
rO BO[SHOIO Mapa 3aKOHCEPBHPOBAHHBIX NYOHHHBIX
reoTepManbHpIx ckBaxkuH. Ilpesnonaranock, 4ro npu
OTKPBITHI CKBaXXUH OYyAET BO3HUKATH aPO30JbHOE
oOpa3oBaHue TUNa 00NaKa, KOTOPOE MOXKET OKa3aTh
3ameTHOE BjsiHne Ha ADIL Takoe npepnonoxkeHue
HE JIMUICHO CMbICHIA, T.K. U3BECTHG 10 odflaka pac-
CMATPUBAIOTCS B KQYECTBE ONOJY  JBHBIX FEHEPA-
TOPOB, BHOCSILIUX BKJIA/J B CO3MaHK:. i00ANbHOU pa3-
HOCTH NIIOTEHIHAJIOB MexXy 3emuief! I+ nonoctepoi [1,
2]. Kpome 3toro, nofoOHbI 3IKCOEPUMEHT MO Obl
CJY>KUTh NPOBEPKOY Mey, cOrJacHO KOTOpOH 3a He-
KOTOpOe BpeMsi mepef| 3eMIIETPICCHAEM MPOUCXOAUT
MHIKCKUUS 3aPsoKCHHbIX a3PO30N€el ¢ 36MHOU NOBEPX-
HoctH B atMocepy. 1o yTBepkaeHUsIM aBTOPOB pa-
60Tb! [3], HANPSIKEHHOCTD INEKTPUYECKOTO N0 NPH
TOM YMEHBIIAETCS H MOXKET JHaxKe CMEHHTH 3Hak. B
HALIKMX KCNEPUMEHTAX “HHXEKLUs ™ aspo3oned fiena-
€TC UCKYCCTBEHHO. Lienbio 2THX 3KCHEepHMEHTOB NO
aKTUBHOMY BO3jielicTBAIO Ha ADII Gblna oleHka BIR-
sIHMSI UCKYCCTBEHHOPO napoBojsiHoro obisaka (I1BO)
Ha atMochepHoe anekTpuuectBo. Crasumach 3ajaya
3KCNEPUMEHTATBHO BBISICHUTL, UYTO IPOHCXOIWT C
ADIT Bo BpeMs TOro, Kak CKBaXKnUHY OTKPhIBAIOT H 3a-
TEM 3aKPhIBAIOT, T.€. B T€ MOMEHTB! BPEMEHU, KOTMA
obnako 1o nogBagercs, To ucuesaet. Habmogenns 3a
w3meHeHueMm ADIT BONN3M HeACTBYOLIAX NPUPOIHBIX
HCTOYHUKOB — reH3epoB, BYJKaHHYECKUX (pyMapon H
Op., JULIEHb! 3TOM BO3MOXHOCTU. B nocrasiennyo
331y BXOOUWIO: BBISICHHTb HOJISIPHOCTD 3apsja, BHO-
CHMOTO NAPOBOASHLIM OOJAKOM; MOPSIOK U 3HAK U3-
MEHEHHs] HANPSKEHHOCTH nonst E; ponp MeJKux, He
BUAMMBIX IT1a3y 3apsKEHHbIX BOJHbIX a3pO30IIei, yBe-
JIAYeHUe KOHLEHTPALMH KOTOPbIX B aTMocdepe, co-
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FJIACHO HEKOTOPBIM MOJIENISIM, HPEBEILAET 3eMIeTPs-
cenre u T.1. [lony4yeHue OTBETOB Ha MOCTaBlEHHbIE
BOIPOCH! B NPOLECCE IKCHEPHMEHTa MOMOXKET IOHH-
manuto ¢usuku ADIT.

B naHHOM COOOIIEHNM NPUBOASTCS NpEABApH-
TEJbHbIE 3KCIePUMEHTANbHbIE PE3YyJbTaThl MO U3Y-
4yeHHI0 BausiHusa Ha ADIT MckyccTBeHHO cO30aHHOrO
naposofstHoro odnaka. Mecnegosasust mpoBORUITHCH
B pallOHe nedcTBYyIOWERH MyTHOBCKOI 371K TpOCTaH-
LK HA TPEX CKBAXUHAX TEINIOIHEPre THIECKHUX BO —
NaporuipoTepM.

2. MyTHOBCKOE MECTOpPOXJICHHE NapOruipoTepM
HAXO[MTCS HA 10rO-BOCTOKE nojyoctpoBa Kamuarka
Ha Bbicote 800-900 MeTpoB Mexy TpeMsi ByJIKaHaMU
(MyTHOBCKUM, ['openbim 1 BuntounHckum) u sBasier-
¢Sl HOA3EMHBLIM HCTOUYHMKOM NEPErpeToro BONSHOrO
napa. [Tap ¢ Temneparypoi go 175°C obpasyercs npu
KOHTAKTE TOA3EMHbBIX BOJ C IE€OJOIHYECKHM TEJIOM,
PacnoIOKEHHBIM B BepxHel MaHTuu 3emau. ['eonoru-
9YecKoe TeNo, HarpeToe 10 TeMIepaTyphbl, JOCTUra-
nier MakcumyMa B 315°C, oTHOCHTCA K paspsiy A0aro-
KUBYHIAX MarMaTH4eCKUX LUEHTPOB H TPECTABISET
coboli rnyOuHHbIA Tennopoi o4ar. [nybuna Bepxxei
KPOMKM MarMaTH4ecKOro ovara ~5 KM, CKBaXKUHbI
pa30ypeHsl Ha rnybuny 1-2 xm. JaBnexne napa Ha
cpe3e CKBAKMHBI COCTABIAET HECKOJABKO aTMocdep,
cpenHui 1eOUT reoTepMaNbHON CKBAXKHUHBI COCTABIIS-
eT ~30 kr/c, cpepHsia KOHUCHTpauus! napa, cofgepxa-
IErOCs B TAPOBOJSTHON cMecH ~25%.

3. U3MepeHust BEPTHKAILHOW KOMIIOHEHTB! Halps-
skeHHocTH ADI1 E. npoBOaMNch ¢ OMOMBIO 3JeK-
Tpudeckoro duirokemerpa “Tpaguert M3”, cucremsl
oundpoOBKH N 3allMCH CUTHANA Ha LU(POBOH HOCH-
Tenb. Ha puc. 1 nokasan obwmit BU Tpex sKcnepu-
MeHTOB no cosganuto [1BO. [pu otkpeiTin [-it ckBa-
>KHHBI (puC. la) oBpazosancs crond napa BbICOTON MO-
psinka 15-20 M. ITap cHocuncs BeTpoMm, oOpasys
001ak0 00bemom Jio 10° M*, darokemeTp ycranabin-
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Puc. 1. OGumit BHJI 9KCIEPUMEHTOB 110 CO3annIo naposojsnoro otnaka (ITBO) wa 1-i (a), 2-it (6) u 3-i (B) CKBaXXuHAX.

BaJica Ha 3emuie Ha paccrostinn ot 10 10 60 M OT cKBa-
JKHHBI B HATIPaBJICHUH OT HEE KakK 110 BETPY, Tak M Npo-
TiB Hero. Ilokaszanns npuGopa (puKCHpoBaIHCh B Te-
yenue 10 MuH, 3aTeM CKBaKHHA OTKPbIBAJIACH, H BHOBb
NPON3BOJIMIINCH W3MepeHus B Tevuenne eme 10 mun, 3a-
TEM NpHOOP NEPEHOCHICS Ha IPYroe MeCTO, rie npo-
BOJIMITHCH caefiytonme nsmepennst. [Tonnoe Bpems Ha-
OnmojieHHs Ha KaX[OH W3 TpeX HCCielyeMbIX HaMu
CKBAXKMH COCTaBHIO OKOnoO 4aca. (Kak BbIsSICHHIOCH
npu 00paboTKe JJaHHbIX H KaK OyJieT NMOKa3aHO HHXKE,
3TOro Bpemenn Obl0 Heocratouno.) Ha puc. 2 u 3
NPHUBEJICHBI 3aMUCH BeJIMYUHbI HanpskeHHocTn ADI:
BeJIMYHHA E, 10 BKJIIOYEHHS NMEePBOH CKBAXKHHbBI M Ha-
JaJia BbIXOfia napa (pacxoji P, = 15 kr/c) usmensiiace B
unrepsane or 200 o 400 B/m npu cpejinem 3Ha4eHHH
300 B/m. TMocne oTKpbITHS CKBAXXKMHBLI 3HauYeHue L,
cHu3unock (puc. 2a) no 100-200 B/m, T.e. B 1Ba_pasa.
Cpenusisi BeJMUMHA NAJCHUS HANPSKECHHOCTH T1OJIsA
AE = 150 B/m, Bpemsi ee ymenbinenus T, = 250 ¢. 3atem
3HavYeHue F, HECKONBLKO BO3POCIIO, NpUieM ObIcTpee,
4yeM yMeHbIIAN0ch (T, = 100 ¢), 10 BeInInHbI, HECKOJb-
KO MEHbIlIeH, 4YeM MepBoHavYanbHOe 3HaueHue E,
(puc. 26). B panbHelimeM MPOUCXOIHIO MEJTIEHHOE
BO3pACTaHUE HANPSLKEHHOCTH nosist E. ¢ MOCTOSHHOM
Bpemenn T; = 10°-10* ¢. K coxanenuio, B CBSI3H ¢ orpa-
HUYEHHON JUTHTENILHOCTBIO KCIEPHMEHTA YTOYHHTH
oty uugpy He Obu1o Bo3mMokHOCTH. [Ipn OTKpbITHH
BTOPOIl CKBaXKuHbI oOpa3oBasieecs 00Jako (pacxoj
P, =5 kr/c, puc. 16 u puc. 3) ObUIO MEHBIIIE, YEM B 1Iep-
BOM CJIyuae, a W3MeHeHne BeJHunHbl £, ecnu u ObLio,
TO OKa3aJ0Ch HE3HAYUTENBHBIM. MOXHO NPHBECTH
TONBKO BepXHue npefienbl Beanunn: AE < 50 B/m, 1, <
< 50 c. PesynbraT, ananornuHbiii nepsomy, ObLI NOJY-
YeH MpPU OTKPLITHH TPEThEel CKBaKMHbI (pacxof P; =
= 35 kr/c, puc. 1B u puc. 3). B arom onbiTe, HECMOTPS
HA TO YTO PACXOJ] H CKOPOCTh HCTEUEHHs Iapa U3 CKBa-

U3BECTUA PAH. PUBUKA ATMOCPEPBI U OKEAHA

KHHBI HE YMEHBIIAJINCH CO BPEMEHEM, a BO3PacTalu, 1
0071aKO yBEIHYHBANOCHL B pa3sMepax, B TeueHHe T, =
= 100 ¢ naGmopanoCch yMEHBIIEHHE HAINPSLKEHHOCTH
ADIT: AE = 250 B/m. Bpemsi 4acTHYHOTO BOCCTaHOBJIE-
Husl 3Ha4YeHust £ ObLIO NPUMEPHO TaKUM XKe, Kak U B
NnepBOM aKcnepumenTe: T, = 150 ¢. OfHako, Kak u Ha
NepBOil CKBAXKUHE, HAYAJIBHON BEJIMYUHbBI HANPSKEH-
HOCTH 1107151 IOCTHTHYTO He ObLIO, XOTS TCHJACHIMS K
MEJVIEHHOMY BO3PACTaHUIO HANPSKEHHOCTH JI0 €€ Ha-
YaJIbHON BEJIMYHHbI COXPAHMIIACh.

[Tony4dennbie pe3yabTaThl MO3BONSIOT OPHEHTHPO-
BOYHO OIICHUTH CKOPOCTH YOBIBAHNS HANPSLKEHHOCTH
nonst dE/dt B MOMEHT OTKPBITHSI CKBAaXKUHBI JIIS1 IBYX
U3 TPeX 9KCNEePUMEHTOB (PHC. 2, NEPBbIH 9KCIIEPUMEHT
U puc. 3, TpeTHil 3KCIepuMeHT): B nepBom dE/dt ~
~0.6 B™M ¢, B TpeTbem dE/dt ~ 2.5 B/M ¢. Bo Bropom
IKCNEPUMEHTE ITOT MapaMeTp JAOCTOBEPHO ONEHHTh
He TIpeCTaBAsieTCsl BO3MOXKHBIM. [laHHbIe HaOmIO/1E-
HUI pUBEJIeHbI B Tabaune.

B pe3yabTare aHajliu3a IOJYYCHHBIX B J3KCIEpH-
MCHTC JIAaHHBIX MMOKa3aHo, YTO:

— BO BCEX 3KCIEpHMEHTaX HaOMolaeTes NOHNKe-
HHE HAMPSEKEHHOCTH MMOJIS, CBSI3aHHOE € BEJHYHUHOMN
BojHocTu ITBO u edburom ckBaxkunbl. Bennunna AE
U3MEHSTACH OT KCIEPUMEHTA K 9KCTIEPUMEHTY B NPH-
MEPHOM COOTBETCTBUH C PACXOJIOM Mapa CKBAXKHUHbI;

Tadamua
Ne Pacxoj AE,
CKBAXKMHBI Kr/c B/™M o 0 B L B L
1 15 150 250 100 | >1000
2 S5 50 50
3 35 250 100 150 | >1000
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KY3HELIOB u np.

[Topsis BeTpa, 3anyck cKBaxXHHbBI,
E, B/M HOTMAfaHue necka  BulIAfeHHe N3 00MaKa 1 skcnepument
. Ha 1aTYHK BOMBI Ha JIATUMK
500 X & H a) YMeHblICHRE
\ ( pacxoua Ycuneuue
pacxofa
400

200 -

100+

CKBAKHUHBI

22:18
500

400

22:27

22:47

300

Bansuue m
0 1 1 L 1

22:57 23:07

(0)

200
100 f‘/‘M‘f
1 e
0 1 1 L 1
22:50 22:55 23:00 23:05 23:09

Bpewms, o I'punsuyay

T
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Puc. 2. Bpemennoit xon E, (B/m) na nepeoit cksaxune (a). Pukcupyrorces MoMenThl o6pasosanns [1BO, Hauano nOHHXCHUS
E; okoH4anKe GbICTPO# pellakcalluy MoJs; NepUo MeIeHHO# peakcaluu (6).

2 5KCepUMEHT

E, B/m OTKpLITHE
500 |- 2 CKBAXKWHbBI OTKpBITHE
3 cKBaKHHBI
400
300
200
100 -
—

3 SKCNEPUMEHT  Yepnenne

peixoga [1IBO
3 CKBaXKHHbI

/

Buansuue
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o

0 1 | | 1 1 L L 1 1
0:02 0:04 0:06 0:08 0:10 0:12 0:14 0:16 0:18 0:20

i
0:22
Bpewms, no I'punBuuy

Puc. 3. Bpemeunoii xon E, (B/M) na BTopoii 4 TpeTheil CKBaKHHAX.

— XapakTepHast CKOPOCTh ObICTPOrO YMEHBIIEHMs
HANPSKEHHOCTH MOJIs IPONOPLHOHANBHA pacxody I1a-
pa, B TO BpeMsl KaK BpeMsl pellaKCalliu, T.€. BPEeMsi 4a-
CTHYHOT'O yBEIUYeHNs HAIIPSKEHHOCTH OIS, CAERYIO-
IErO 3a NePHOJOM ee YMEHbIIEeHHs, T, = 100-200 ¢, Ha
nepBOl U TpeTbel CKBAXKUHAX HE pa3/indaeTcst TaK 34a-
METHO, KaK BpeMsl YMEHbLICHAST;

— BpeMsl peJlakCaluu Monst T BEMMKO U COCTABIISIET
~10*~10* ¢. Bosee TOYHO ITO BpeMsi ONPENECIHTH He

MU3BECTHUS PAH. PU3NKA ATMOCOEPbI U OKEAHA

ynanock. [1o HainuM omeHKaM, BpeMs pelakcallii He
3aBACHT OT BEJMYMHBbI BETpa, TaK KaK BO BCEX Tpex
3KCMEePUMEHTAX, MPOBECHHbLIX Ha TPEX pasauuHbIX
CKBAXXKMHAX, CWIa NOPBIBOB BeTpa HE Oblia OJUHAKO-
Boil. [Tonarast, 4r0 3TO XapakTEepHOE BpeMst €CThb Bpe-
Msl OCE[TaHUS 3aPSIKEHHBIX A9P030J1€ei ¢ BbICOTbI ~10 M,
MOHO OIIEHUTDb CKOPOCTb OCEaHusl V =~ 103=1072 m/c,
4TO, B CBOKO OYepefib, MO3BOMSET, NONL3yAch (hopMy-
son Ctokca, oteHUTD pazMep aspo3oiisi: 0.3—1 MkM;

Ne 2
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— napameTtp dE/dt, BO3MOXKHO, XapaKTepH3yeT CKO-
pocTb 00pPA30BaHus 3apsOB (B OCHOBHOM, HOHOB); B
3TOM CJIy4ae OH AOJIKeH ObITb CBA3aH C NPUHSATHIM B
(u3UKe MOHU3UPOBAHHBLIX ra30B Ko3(puuueHTOM
HOHOOOpaszosauus g (M~ ¢ ™).

4. J11s1 mony4eHust OpMEHTHPOBOYHBIX OLEHOK IPH-
MEM, YTO Pacxop napa u3 ckeaxunbl ~20 xr/c. Bmecre
¢ IAPOM M3 CKBaXKHMHBI BbIOPAChIBAIOCH 3HAYUTEBHOE
KOJIMYECTBO BOMObBI, M KaXKAOH U3 00CHEOBAHHBIX
CKBAXKMH TOYHO HE H3BECTHOE. BOOHOCTEL HCKYCCTBEH-
HOTrO O6J1aka M, OllCHEHHAA BU3YaJIbHO, I0-BHIUMOMY,
CpPaBHHMMa C BOJIHOCTBIO Ky4U€BOro o0jaka, A KOTo-
poro npuHsTo cyutath M =~ 0.1-1 /M. 3a Bpems skc-
EPUMEHTA, MPONOKABLLErOCs HAa KAXKMOH U3 CKBa-
KUH OKOJIO IOJIy4yaca, BbINalio MeHee 1 MM 0CajkoB,
YTO COOTBETCTBYET CKOPOCTH HAKOIUIEHHsI OCANIKOB
(AHTEHCUBHOCTH “‘HOXAs ") =0.5 Mm/4. Takast CKOpocTb
MOX[A COOTBETCTBYET MOpOcH. Ecii OLEHUTb CKO-
pOCTh BBINAJEHUS] JOXAS OT 00Naka ¢ BOAHOCTBIO
M=0.1 r/m?, TO NpHU NONHOI KOHJCHCAUWM TAPA ITO
MOXET JIJATh CKOPOCTh MPUMEPHO Ha HOPSIOK MEHBLIIE.
Ortcrofa cnegyert, 4YTo HOsIBIEHHE “JIOXAS , CKopee
BCErO, CBSI3aHO C HAMUYHEM B 00JIake JOBONBHO OOJIb-
moro KonnyectTsa Bonel. Pacxo mapa 20 kr/c npu BbI-
xofie U3 TpyOsl paguycoM 10 cMm obecrieunt HanpasJieH-
HYIO CKOPOCTh ABMKEHHSI MOEeKyJT napa ~10 m/c u 6o-
nee. IIpm sKkcnmepMMeHTax Ha TMEpBOH CKBaXKHHE
MopbLIBbI BeTpa co ckopoctbio 10-20 m/c okasbiBanu
3aMeTHOe BiIHsiHMe Ha ¢opmy obnaka (puc. la). Bo
BpeMsi [IPOBEICHUsE IKCIIEPUMEHTOB Ha TPEThEU CKBa-
JKMHE CKOpPOCTBH BbIXOfA napa Oblla 3HAUYHTENBHO
Oonblle, YeM Ha HEPBOIl, TaK Kak MOPbIBbL BETpa CO
CKOpPOCTHI0, focturasiieit 20 M/c u 6oJee, He BAULIM
Ha ¢dopMy crosnba, NOTHUMAFOIIETOCS HA BHICOTY 00-
nee 20 MeTpos (puc. 18). Beixoa napa u3 TpeThei cKba-
JKHHBI COMPOBOXKIANCS CUNBHBIM 3BYKOM, UTO TaKXKe
CNY>KHT MONTBEPKIACHUEM BbICOKOH CKOPOCTH UCTEYe-
HHS1, BO3MOKHO, OJIU3KOH K CKOPOCTH 3BYKa B BO3yXE.
Bo Bcex Tpex aKCNepHMEHTax BOASIBOM Nap CHOCHICS
BeTpoM, ¢popmupyst [1BO B Bane o0beMHOM CTPYKTY-
pbi, BbICOTa KOTOpO# ObL1a nopsiaka 10-20 M, a mno-
1afgb OCHOBaHHs cocTaBisiia ~5 x 10 M2 Ha BTOpOH
CKBaXKUHE 3amachl Napa OKa3aluCh 3HAYUTENBHO
MeHbIIIe, YeM Ha MepBoil u TpeTheil. O0nako, chopMu-
POBABILNCH, OBICTPO paclaloch MOCe NpeKpalleHns
BBIXOJIa NAapa U3 CKBAXKHHBI.

[Tap, HarpeTsiil 1o Temuepatypsl 150°C, npu BbIXO-
e U3 CKBaxKUHbI afHabaTHYeCKU PACIHMPSTIC, OXJa-
Xpaancst ¥ KOHJeHcupoBancs. KoHpeHcauusi B Takux
YCIOBUSIX MUMEET, OUEBIIHO, TETEPOreHHBII XapaKTep,
T.€. IPOUCXOJHUT Ha JIpax KOHJEHCAINH, B KAUECTBE KO-
TOPBIX MOT'YT ObITb NbUINHKY K 3aPSKEHHbIE YACTHIIbI.

Uccnenyemble Hamu uckyccreernble [IBO Obiin
6eJ0ro 1BeTa, XapakTePHOro sl Ky4eBO-JOXKICBbIX
obsakoB (Cb), BHelllHE OHM TakykKe ObLIH MOXOXKH HA
Ky4YeBO-IOK/EBbie oOnaka. PazMephb! Kaneiab HAILETO
o0J1aKa CrelMaabHO HE W3MEPSUTHCD, HO U3 OOLIMX CO-
00pakeHUIl MOXKHO MPEANONOXHTD, YTO UX pa3Mep Co-
crabisieT 0KoJo 0.08-0.10 MM py 3HaUUTENNTHLHOM KO-
autiecTBe 6ojiee MEJIKHX Kalelb pasMepoM MOpaaKa
MHKpOHAa. TaKkoil BBIBOJI MOXKHO CENaTh HA OCHOBAaHUH
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BO3HUKHOBeHUs B okpectHoctH [1BO panyru [4]. Pas-
Mep pajyrd 3aMeTHO NPEeBBIIAT pa3Mep obaka. DTo
TOBOPHUT O TOM, YTO O0'bEM, 3AHUMABLUMHCS MEJIKHM,
HEBUJMMBIM BOJIHBIM a3pO30JIeM, 3HAUATENLHO Mpe-
BbIIHAJ Pa3Mepb! BUTUMOro o0JaKa.

B ecrectBeHHOM 00JIaKe B BOCXOJISILLIEM IOTOKE Ma-
pa KalTH KOHAEHCUPYIOTCS, KOAryJUpYIOT, KpUCTas-
JIM3YIOTCS U PA3pyLUAOTCs. DTH B NOAOOHBIE UM MPO-
necchbl MPUBOAIT K 00pa30BaHMIO 3NMEKTPUYECKHX 3a-
panos [5]. Bo3MOXHO, Kakne-TO U3 NepeducieHHbIX
SIBIIEHUH MIMEIIU MECTO 1 B MPOBEJCHHBIX 3KCNEPUMEH-
Tax. DNeKTpUIecKue 3apa/bl, B IPHHIMIE, MOT'YT 00-
PasoBBIBATLC H NpH TYPOYJASHTHOM TEUEHHH 11apa 1o
CKBaxKMHE. OTH 3apsfbl MOIYT ObITH LEHTPAMH KOH-
aencauun. Tak Kak Ha a3po307159X, MMEIOIINX OTpHIa-
TENbHBIE 3apsifibl, MOJIEKYJbI BOAbI KOHACHCUPYIOTCS
3HAYMTENBHO 3(p(PeKTHBHEE, YEM Ha a3pO30isX, 3apsi-
JKEHHBIX TTOJIOXKNTENBHO, OTPHLATEBHO 3apsiXKeHHbIE
KAIUI pacTyT ObICTpee M ObICTpee ONyCKaloTcst Ha
3eMJTIO, UM MONOXKHUTENBHbIE, 00eCneYnBast MPH 3TOM
HE TOJILKO OO'bEMHBIN IMEKTPHUECKU 3apsik B 00na-
Ke, HO U ero nondpu3annio. B pesynprare 3toro npo-
Iecca Ha HIDKHER “KpoMke™ o0Jlaka MOXKET CKaruiu-
BaThCs OTPULIATENBHBLA 3apsi, Ha BepXHEH “KpoMke™
— NMOJIOXKATENBHbIA. DTa upest penkens [6] npuMensi-
€TCSl UHOTAA B OTHOLICHUH rpo30Boro obnaka [7]. B
NpUHLUUIE, OHa MOXKeT ObITh IPUMEHMMA H B HallleM
CIy4yae, eclu BO3MOXKHO 3aMETHOE pasfiesieHue 3apsi-
[OB HA TAKOM MaJlOM mpoMexkyTke, kak 10 MeTpos.
Tem He MeHee MBI AIMEEM OCHOBaHHE MONAraTh, UTO
oOpa3oBaBllleecsi UCKYCCTBEHHOE 0O/ako oOnajaer
INEKTPUIECKUM 3aPsIfIOM, HECMOTPS Ha TO, YTO MPUPO-
Ja 3apsga He cosceM sicHa. OCHOBaHMEM K TaKOMY
MPEATNIONOKEHNIO SABISIETCS HEKOTOPBIN OILIT, MOJY-
YEeHHBI NPY HAONIONECHHAX U PETUCTPALIMA 3NEKTPHU-
4ECKOro 3apsAfa KaK B MICKYCCTBEHHBIX [8], Tak u B ipu-
POIHBIX a3PO30JbHbIX 00pa3zoBaHusx {9—-12].

dpeHkeNb BbIpaKaeT BeTHUuHy E. BHYyTpH oOilaka
4epe3 ero BogHOCTH M [6]:

Ez = &)Mgg6m16e’

rae M — BomHOCTE o0Onaka (A rpo30BOro odaka 1mo-
naraercsi, 4to M = 1 r/M?), g — yckopenue cBOGOIHOTroO
nafeHust, { — IeKTPOKHHE THIECKU MOTEHIUAN BOJIbI
({=0.25 B), | — BazkocTs Bozayxa (N = 10~ [a ¢), 6, —
AMEKTPONpoBOHOCTL (G, = 1074 OM™! M), E, =
= 10* B/m. BygeMm ucnonb30BaTh 3Ty (hOpMyay s
OLICHKY BeNU4MHbLI E, BO3HUKAIOWIEH NPH pa3iesieHIH
3apsiloB B HAaCbIIIEHHOM Bi1aroii atMocdepe *“xoporiein
norogsr’. 13ecTHO, 9T0 B TakoW atMocepe KOHLICH-
Tpaius MOJIeKyJl “‘cyxoro” mapa Boabl =12 r/m*. Bop-
HOCTb aTMOC(PepsI (B Bue BOTHOrO a3po3ois) M aas
E. =100 B/m gomkna ObITb B CTO pa3 MEHBLIE, YCM B
KyuyeBoM obnake, T.e. M = 0.01 r/m’.

BpeMsi 4acTHYHOrO BOCCTAHOBJIEHUST HATIPSIKEHHO-
cru nons T~ 100 ¢ siBasiercst, No-BuAMMOMYy, XapakTep-
HbIM BPEMEHEM PEeJIaKCallli 3JEKTPHUECKOro 3apsjia
TBO: T = ¢/, re g, — AudJaeXTpUIECKasi IOCTOAHHAS,
G — nposojumocTb [IBO, 3HaueHne KOTOpou oka3sbl-
Ne 2
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BaeTcsi MeHblle 10713 Om ! M~! (3T0 3HAUEHHE HECKOJIB-
KO BBILIE, YEM [POBOJHMOCTE aTMOcdepbl XOpomeh
norofe!). Takas OLEHKA NPaBOMEPHA, TaK KakK, Halpu-
Mep, B rpo30BoM obake f~ 10 ¢ (6= 1012 Omim ), a
BPEMs1 peJIaKCalluy 3JIEKTPUUECKOro 3apsyia armocde-
pbi £~ 1000 ¢ (6 = 107%) [7].

5. OcHoBHAas LEJb HALIUX HCCIENOBAHMUI COCTOAN1A
B TOM, 4TOObI BBISICHUTDH, OOpa3yeTcst JIM 37MEKTpHYE-
ckuii 3apsiq npu popmuposanun [1BO, kakosa ero
nIpupoja, BEJHYHHA W HOMSIPHOCTH. Kak orMeua-
J1OCh, MOKHO TIpeIoJiaraTh, 4TO JEKTPUISCKHH 3a-
psin oOpa3syeTcsl pd TYpOYJEHTHOM TeueHUH Napo-
BOJISIHON cMecH B TpyOe, OjlHaKO IpaBoOMeEpHa H Ipy-
rasi TOUKa 3pPEHUs, NpeAnoJararomas, 9ro 3apsibl
BO3HHKaIOT B aTMocepe npu (popmuposanun [1BO.
[To MHeHUIO aBTOpOB, NPOBOJAMBIIUX HAONIONEHUS
NOOOHBIX IPUPORHBIX NAPOBOJSIHBIX BBIOPOCOB, 3TH
BbIOPOCHI, KaK MPaBIIO, HECYT MOJOXKHTEIBHbIN 3a-
psin [9]. Hanpumep, kak cienyeT us padotsi [10}], dy-
MaposibHOE 00J1aKo ByJikaHa A3yma (Azuma) oOnajia-
€T MOJNIOKUTEIbHBIM O0BEMHBIM 3apsioM C [IOTHO-
crero p~ 109 Ka/m®. B paborax [11, 12] rtakxe
OOHAPY:KEeHO MNPUCYTCTBUE NOJOXKUTEIBHOTO 3JIEKT-
puueckoro 3apsya Ha KapbiMckoM Byskane KamuaTku
cp~ 107" Kn/m?. B otix pabGorax IIOKa3aHO, 4TO B MO-
MEHTBI BLIOpOCA U3 BYJNIKaHa BOJSIHOTO [1apa U BYJIKa-
HUYECKUX ra30B PerucTpupoOBAIUCEH ObICTPbIE OTPHLA-
TENbHbIE H3MEHEHMs (CKaukn) HanpsikeHHoctn ADII ¢
ammutynoidl AE = 20 B/m. Perucrpupyromuit npu6éop
ObL1 YCTAHOBJIEH Ha PacCTOSHUU 3.6 KM OT ByJKaHa.
Aptop [11, 12} nonaraer, 4To OTpULATEALHBIC H3ME-
HeHusi HanpstkeHHoct ADI cBsizaHbl ¢ 3aexTpude-
CKUMH pa3psiiaMyu MeXAy NOJOXUTENBHO 3apsKeH-
HbiM [TBO 1 KparepoM BynKaHa, XOT YIOMUHAHUS O
TOM, YTO TaKKe Pa3psibl KAKMM-THOO 00pa3oM peru-
CTPUPOBATIUCH {BU3YAJIBHO, MO IEKTPOMATHATHOMY
W3JIYYEHHIO H T.I1.), B 3TO! pabOTE HET.

B mamwmx akcrepuMeHTax TaKxKe HaOIIOanoch
yMeHbllleHHe BenuduHbl nons E: AE ~ 100-200 B/m.
M3BecTHO, 4TO Npu ABUXKEHHN Tela B TYPOYIEHTHOM
MIOTOKE, COfEpIKAIEM alpo030ib, TENO 3apAXKAECTCA,
T.e. MPOHCXOAMUT pasfenende 3apsgos [13]. dusmuka
3TOrO SBJICHUsI HENOCTATOYHO $SICHA, YTO CTaBHT MOJ
COMHEHHE CTOJb OTHO3HAYHOE TOJIKOBAHHE ITOrO -
(pekra. [Tpobnema dusuku ADI1 B 3HAUNTENLHOI CTE-
HEHU COCTOWT UMEHHO B TOM, YTOOBI BBISICHUTh MeXa-
HU3M pa3feieHus] 3JeKTPHUECKUX 3apsfoB. [ymaem,
9TO ecniu Obl pa3fesieHne 3apsaoB B CTpye napa ObLI10O
TaKUM NPOCTbIM U 3(P(PEKTUBHBIM, 3TO JABHO HALILIO
Obl MpuUMeHeHNe B HayKe U Texuuke. CregyeT TakkKe
3aMETUTD, YTO €CNTU 3apsifbl JEHCTBUTENBHO O0Opa3y-
FOTCSL B pa3fesIsiFOTCs PH ABMKEHUH NIapa Mo CKBAXKY-
He, TO B 3TOM MOXKHO yOe[uThCs, [IOCTaBUB Ha Cpe3e
TpyObt HHAYKUMOHHbIHA JATYHK U U3MEPHUB ‘‘3NEKTPH-
decku#d TOK ' B TpyOe. Eciau aTa ujes nogTBepaurcs,
TAKOH criocod Mor Okl ObITh UCTIONIL30BaH JJISI JUCTAH-
LUMOHHOIO KOHTPOJIS BEJIUYHHBI Pacxofa U BOGHOCTH
napa B CKBaKUHE.

6. ITo-BUIMMOMY, MOXKHO MOMBITATHECSE HANTH 00b-

scHeHne 3dekra YMEHBIIEHUS HaNPAKEHHOCTH
ADII ¢ oKy 3peHnst MeXaHn3Ma pasje/ieHus 3apsajfoB

M3BECTHUA PAH. PUSHKA ATMOC®PEPLI U OKEAHA

KY3HELIOB wu np.

B o0nake. OUEHUM CTENeHb BJIUSAHUS 3JMCKTPUIECKOTO
nons, BO3HUKAMOLiEro B obnake (E;), Ha HANpsKeH-
HOCTb U3MEPSEMOT0 aTMOC(EPHOTO JIEKTPHUYECKOTO
nossi £, nonb3yace Metogom otodpakenus TomcoHa
[14], oco3naBast mpu 3TOM, YTO TAKOH MOAXOJ HE CO-
BCEM NMPHMEHNM B HAllIeM CJIy4ae, KOrjaa W3MepeHms
BoinonHsitorca Bonm3u [IBO. TeMm He MeHee, ecmu
YUY€CTh, YTO, COTJIACHO HALIICH OlICHKE, BSJIMIMHA 3apsi-
na obnaka Q ~ 1077 Kn, paccrostage ot neHTpa 00JaKka
[0 TOYKHM u3MepeHusi r ~ 10 M, TO BKJIaJ] nond, corac-
1o Tomcony, AE ~ Q/4me,? ~ 100 B/M, uro n 6bino
ofpefelieHO B Hamux 3kcrnepuMmeHTtax. [lonspHocTs
nojs E, npoTHUBONONOXKHA MOASAPHOCTH E, mo3TOMY
noJe 001aKa NPUBOJIUT K YMEHBIICHUIO HANPSIKEHHO-
crv noss E.

7. Kak oTMeuasioch, NpH NpOBEJeHAN H3MEPEeHUN
JATYHK [ONS HAXOAWICS Ha 3emUie, T.e. B 00J1acTH 1po-
CTPAHCTBA, B KOTOPOM 3JIEKTPUYECKHE SBJICHHS B
arMochepe oOnpefensiioTcs T.H. ““INEeKTPOJHbIM 3-
¢pexrom” [15], KOTOpBIM Ha3bLIBAETCA COBOKYIHOCTh
TPOLECCOB, MPOUCXOMSIIHX B HENOCPEACTBEHHOM OJIH-
30CTH OT 3JIEKTPOJia, B KAUECTBE KOTOPOro noapasy-
MEBAETCA XOPOIIO IPOBOJISIAsE MOBEPXHOCTD 3EMIIU.

OO6bIYHO paccMaTpHBaIOTCst B OOCYXK[AIOTCA TPH
TIPHYMHBI BHEIHUX Bo3MyinieHuil ADI1 B cBsA3M ¢ anek-
TponHbIM 3PeKTOM: HaMUHHe TypOYACHTHOCTH, 10
HOJHUTENBHBIX a3P030JIefl U IMAHALUS PAIMOAKTHB-
HBIX 3JIEMEHTOB B MecTe m3Mepenud. Mckniouum u3
PAcCMOTPEHHUS TPETHIO NPUYKHY, T.K. OHA HE JOJKHA
BJIUSATH Ha perucTpupyemele Hamu Bapuaimu ADII, B
TO BpPEMsl KaK TepBble [iBe MPHUHHBLI NPUCYTCTBYIOT B
HAIllMX 3KCHOEPUMEHTax U garor cBoil BKiajg B ADIL
TypOynenTHOCTB, KaK M H3MEHEeHHs KOHLCHTPALMH
a’3p0o30JIeii, HENOCPEACTBEHHO CBsI3aHa ¢ 0OPa30BaHHu-
eMm [1BO. M3BecTHO, 4TO BBEIeHHEe B aTMOCEPY HEKO-
TOPOro JACHOJHUTEIBHOTO KOJIMYECTBA a3po30Jei
HPHBOAWT K YBEIHUCHHIO HANpPSLKEHHOCTH nons E.
Kpome 3Toro, TypOyJeHTHOCTh NPUBORMT K YBEJIUe-
HHIO TONIUHBI 3JIEKTPOTHOIO CIIOSI.

3aduKCHPOBAHHOE B HANIMX SKCNIEPUMEHTAX MOHU-
>KEHHE BEJIMYHHbBI £, Ka3anock Obl, IPOTHBOPEYHT CKa-
3aHHOMY. B AeficTBUTEeNBHOCTH 3TO HE TakK NP yCno-
BHH, 4TO 3HAK Ej,; NpoTUBONONOXKEH 3HaKky E. [To-Bu-
AUMOMY, BJIHSIHME aspo30iisi M TYPOYJIEHTHOCTH
IPUBOJMIIO K YBEJIHYEHHIO a0COMIOTHON BETHUUHBI E),
a 3HaK £y Obul mpoTuBononoxkeH 3Haky E. 31o nog-
TBEPXKAACT HAIM NPefnosiokenus o ToM, yro I1BO
NPUMBOIUT K o0Opa3oBaHMIo 3apsja ¢ oTpuuaTeNbHONA
(oTHOCHTEBHO 3eMnu) noasgpHocTH. Ecnu Ob1 Oblna
BO3MOXKHOCTb pErducTpanud nojas £ Ha BepxHed
“kpomke” [IBO, Torna Moxuo 6bL10 Obl CACNATL 3a-
KJIIOYEHHE OTHOCHUTEIBHO MOJSIPHOCTH 3apsiia M BO3-
MOKHOCTH €T0 pasjenenus B oonake. [Iposejienue ta-
KWX 9KCTIEPHMEHTOB IUIAHUPYETCS B Oy AywieM.

8. Takum 00pa3oM, HONYUYEHHBIC B 3KCIEPUMEHTE
PpeE3yABTAThI HAXOAAT OoJiee MITH MEeHee NPaBJonogo0-
HOe oOBbsicHeHune. Hammn nabnrogeunust noka3anam, uTo
KPOME OUeB’” HOTO BIUSHUSI BHTUMOTO 00J1aKa, COCTO-
AEero U3 ¢ MHBIX Kameab, Ha atMocgepHoe 3JeK-
TPHUECKOE - i€, HA HErO OKA3bIBAIOT BIHSHUEC U METI-
Ne 2
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KUE, HEBUMMBIE T1a30M a3P0O30MH, KOTOPbIE BbIsIBIE-
Hpl Onaronaps GosnblM pasmepaM pagyri. Yacro B
pabotax 1mo armMochepHOMY 3EKTPHYECTBY MEIIKO-
IMCIICPCHBIA A3P030J1b HE YYATBIBACTCS, YTO, MO-BUJIH-
MOMY, HE BCETTIA BEPHO.

9. IlonyueHHbIi pe3yJbTaT ClIEAyeT OLEHUTD ¢ TOU-
K¥ 3peHust BECbMA aKTYAIBHON 3a1a4i NCIOIb30BAHMS
BapranUil  aTMOCEPHOrO INEKTPUUECTBA B TIEJISIX
NPOrHo3a semierpsicerniit. B HexoTopbix padorax {3}
TRERNORATACTCA, HTG TEPEH, 3EMNETPRCCHUEM TIPOUC-
XOIMT VHXKEKIUS 3apSDKEHHBIX aspo30Jiedl C 3eMHO#l
noBepxHocT B atmocdepy. [lo yreep:xkpuenusiM psina
ABTOPOB, HAIMPSKEHHOCTD NMEKTPUYECKOr0 TOJs 1pH
TOM YMEHBIIIAETCA MO0 aOCONIOTHON BEeJIHYHUHE H MO-
KeT laKe CMEHUTH 3HaK. B Halmx skcnepuMeHTax Ta-
Kasg “HHXKEKUMST a’po30Jiel Aenanach UCKYCCTBEHHO
npu opmuposannd [IBO. [lns ymenbleHust Hanpsi-
KEHHOCTH TTOJISL JIO HYJIS M CMEHBI ee 3HaKa, I0 HaIlliM
OUEHKaM, BbIXOJl Hapa i3 CKBaXKHHb! AOJLKEH ObITh, 11O
KpaiiHeil Mepe, Ha nopsapok Ooneiue. Takoe MaciuTad-
HOE SIBJICHUE, eClid Obl OHO JIEHCTBUTENBHO MMPOUCXO-
IO Nepes 3eMIIETPSICEHHEM Ha HOBEPXHOCTH 3eMJlH,
6b110 Ob1 00s13aTENBHO 3A(PUKCHPOBAHO. ITH cO0Opa-
KEHHSI CTaBST MOJi COMHEHHUE UCIO CBSI3U 3eMIIETpsiCe-
HUH ¢ MHXKEKLUe 3apsoKeBHBIX a3pOo30Jei.

10. Koaun4decrso H KauecTBo Habaogeuuid, Onucas-
HbIX B HacTosIell paboTe, HEJOCTATOUYHBI ISl pellie-
YA NOCTARNSHHON 2aiatn B IONHOA Mepe. Ongaxo as-
TOpbI HE HMEJIH BO3MOXXKHOCTH HOANOTOBUTHCS K 9KC-
nepuMeHTy OoJee TiaTeNbHO. [leno B TOM, 4TO
TUIAHOBOE BBIKIIOYEHUE CKBAXKWH U3 TEXHOJOrHYe-
CKO#l CXeMbI F€0TEPMAIILHON CTAHIMH, KOFAA BO3MOX-
HO UCMOJIB30BAaHUE HX IS TIPOBEACHUS IKCTIEPHMEH-
TOB, MPOU3BONAKTCSE IOBOIBLHO PEKO U HE BCerga o0
aTOoM m3BectHO 3apanee. Ilocemenne MyTHOBCKOR
TEPMANBHON 3JEKTPOCTAHIUKN BecbMa NMpodiaemMaTuy-
HO, T.K. Iy Th K HEH POXOAMT Yepe3 ABa Nepesana, Ko-
TOpbIE 3aKPBITHI JUIA Npoe3fia OoNbIIyI0 YacTh roga.
Yepes Hefeno nocje NpoBefeHus HAmmMx Habmrone-
HUH MOCELEHUE TMIPOTEPMANIBLHOTO MOJIA 0KAa3aloch
HEBO3MOXKHbIM JIO CEpe/IUHbI IO CIEAYIOLIEro roja,
xorma coien cder. TeMm He MeHee Mbl TOJIaraeMm, 4To
MPOBEJEHHbIE IKCIIEPUMEHTBI U NMOJyYeHHbIE NpeaBa-
puTeAbHbIe Pe3YNbTAThI TOKA3AIH LeJeco00pa3HOCThb
NPOJOIIKEHUA HAYATOM PabOTHL.
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Abstract—Preliminary experimentai data on the effect of an artificial steam—water cloud (SWC) on the atmo-
spheric electric field are presented. The experiments were conducted on October 12, 2004, on the Kamchatka
occurrence of thermal-power waters in the region of the active Mutnov power plant. The electric tield strength
was measured in the immediate vicinity of deep suspended geothermal wells opened during observations. The
phenomenon of decreasing electric field strength during SWC existence is detected. Models are proposed and

experimental results are discussed.
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