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B paGore H3/0KeHbl pe3y/bTaThl aHajM3a CYIIECTBYIOUMX METONOB H3MepeHHs IUIOTHOCTH IOTOKAa PajoHa C IMOBEPXHOCTH
IPYHTa, C YKa3aHHeM BbifBJICHHBIX HeL0CTaTKOB. [IpiBeieHo onncaHKe pa3paboTaHHOIO HOBOrO MeTOAA MOHHUTOPHHTA MIOTHOCTH
HEBO3MYLIEHHOr0 MOTOKA PajloHa C MOBEPXHOCTH IPYHTa, NPUTOAHOrO /s PaboThl B LIMPOKOM JHana3oHe MeTeOpOJIOTHYeCcKHX
ycoBUi. Paspa6oTaHHbIi MeTOA 3aKJ/04aeTcs B perucTpally O-M3JydeHHs IPOAYKTOB pachaja pajoHa, HaKOIJIEHHbIX BHYTPH
YCTaHOBJIEHHOH Ha MOBEPXHOCTb I'PyHTA HAKONHTeJNbHOH KaMmephl. B Kopryce HaKONMUTeJNbHOH KaMepbl BBIMOJHEHbl OTBEPCTHS
JJIsl YACTHYHOTO BBIXOAA MOYBEHHOro rasa. OnucaHa mpolenypa KaJquOPOBKH M ONpeleseHHs! NONPaBOUHBIX KO3(PULHEHTOB.
O6cyzknaroTes pe3y/bTaThl anpoOald MeToa W CpaBHEeHHS AAHHBIX MOHHTOPHHTA, TOJyYeHHBIX pa3HbIMH MeTozaMH. HoBwiit
METOJL OTJIMYaeTCs OT CBOMX aHaJOroB TeM, UTO M03BOJISeT HCC/e0BaTh BHYTPUCYTOUHbIe BapHALMK MJIOTHOCTH NOTOKA PajioHa.
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The results of analysis of existing measurement methods of radon flux density from the soil surface were presented in this
work, and the revealed disadvantages of the methods were indicated. A new method of monitoring of undisturbed radon flux
density from the soil surface, which is applied for its using in the large range of meteorological conditions, was developed.
Outline of the method was given. The method is based on registration of a-radiation of radon decay products collected inside
the accumulative chamber, which is installed on the soil surface. The accumulative chamber has some small vent holes for
partial soil gas emission. The calibration procedure for determination of correction coefficient is described. The results of the
method approbation and monitoring data, which was obtained by different methods, are discussed. The new method differs
from its analogues in that it allows investigating daily variations of radon flux density.
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Beenenue

BenunuuHa niotHocTH motoka pamoHa (ITI1P) ¢ moBepxHocTH rpyHTa MIMPOKO HCMOJB-
3yeTcsl JJIsl pellleHHs MPUKJAAHBIX 3a4au B pa3juuHbix objactsix Hayku. [I[IP saBasercs
KJIIOUEBBIM MapaMeTpoM, ONpefe/soLUM HHTerpasbHy0 BeJUUHUHY KOHLEHTpalUHu pano-
Ha, TOPOHA M [OYEPHUX MPOLYKTOB MX pachaza B MPU3eMHOH aTMocdepe, uTO, B CBOIO
odepellb, BJHsIeT Ha paaualHdoHHbIE GoH [1]-[3]. Bennuuna IIIIP moxkeT ycremiHo wc-
M0J1b30BaThCsl B KaueCTBEe OJHOTO M3 MPOTHOCTHUECKHUX MapaMeTpoB, HA OCHOBE KOTOPOro
MOXKHO CTPOUTb MPOTHO3bl U3MEHEHHUS HampsKeHHO-Ae(OPMHUPOBAHHOI'O COCTOSIHUS 3€M-
Ho# Kopbl [4]-[7]. Tak:ke, MIOTHOCTb TOTOKA paJloHA MOXKET ObITh M0JIe3HA TIPU H3yUEHHUH
BJIMSIHUSI Pa/IOHA, BBIXOASIEr0 W3 TPYHTA HA 3JEKTPHUYeCKHe CBOHCTBA TMPU3EMHOTO CJIOS
aTMoc(eprl, TOCKOJBKY PajoH U NPOAYKTHI €ro pacrnaja siBJSTCS MOHU3aTOPOM BO3AyXa
H, coryiacHo pabote [8], onpenesisitoT BpeMeHHYI0 COCTABJISIIOULYI0 AHHAMUKH 3JeKTpUUe-
CTBa aTMocC(epsl.

[lepBrie paboTel Mo paspaboTke mMetonoB uaMepenus [IITP ¢ moBepxHocTH 3eMaud mo-
SBUJIMCH elle B 1-i mosioBUHe mpolusoro croseTusi. B 3T roael paspaboranud OCHOBHOH
npuHLHKN ornpeneseHus Benrunnbl [1ITP ¢ momolbio cTaTHueckoll HAKONMUTENbHOH KaMepbl
(HK) u nepBble npu6opbl, KOTOpPble BIOCJENCTBHUHM COBEPIIEHCTBOBAJUCh U MOAH(DHUIIUPO-
BaJIMCh.

B xonue 80-x ronos, ¢ MosiBJeHHEM 3JEKTPETHBIX NeTEKTOPOB, METOM HAKOMUTEJNbHOH
KaMmepbl OblJ BHIOH3MEHEeH M3 cTaThyeckoro B nuHamudeckuil [9],[10], takum oGpasom,
MOSIBUJIaCh BO3MOXKHOCTb M3MePSATb U KOHTPOJUPOBATh HEBO3MYIIEHHBIH NMOTOK pajoHa.

Bosbiiell pacnpocTpaHeHHOCTBIO OTJMYaeTCs CTaTHUYeCKMH MeTon, B KotopoM HK 3a-
KpBITA OT BHeEIIHEH aTMocdepbl B TeUeHHe ONpefieleHHOr0 BpeMeHHM HaKOIMJEHHUs pajoHa,
3aTeM OHa IPOBETPUBAETCs TMepei HauajoM HOBOro usMmepeHus. OCHOBHBIM MpeuMYylile-
CTBOM cTaTthyeckoro metona [3],[11] aBasieTcs 6osee npoctoii nepecyet B Bennyuny [1I1P,
M0 CpPaBHEHHUIO C NMHAMHYECKHM MeTonoM. K Tomy ke, coyeTaHue CTaTHUECKOrO0 MeTOMa
HaKOIIJIeHHsI MOUBEHHBIX Ta30B C MTHOBEHHBIMM METONAMH M3MepeHHs HaKOMJIEeHHOH ak-
TUBHOCTH MO3BOJIsIeT KOHTPOJHUPOBATh BpeMeHHble Bapuauuu BequuuHbl [IIIP B Teyenue
cytok. HenoctaTok cTaTHueckoro MeTona 3akJ/i04aeTcst B TOM, YTO MPH YBeJUUEHHUH KOH-
neHTpauuu papoHa BHyTpu HK, cHMrKaeTcs rpagueHT KOHLEHTPALKH U, COOTBETCTBEHHO,
MOTOK pajioHa M3 IPyHTa. DTO 3HAYUT, UTO MPU YBEJHUUEHUH KOHLEHTPALUs paloHa BHYTPH
HK 1o 25% u 6osiee 0T KOHIIEHTPALMH PafioHa B TIOUBEHHOM BO3/lyXe, pPacueTHOe 3HaYeHHe
MJIOTHOCTH MOTOKa MOXKeT ObITb HemoolieHeHo [11]. CiiemoBaTtesibHO, BpeMsl 3KCIIOHHPOBaA-
Husi HK cnenyer nmop6upartbh B 3aBUCHMOCTH OT XapaKTepUCTHK 00CJeAyeMOro ydyacTka,
YTO MOXKET CYLIECTBEHHO YCJOXKHHTb BCIO MPOLENYPY.

B nuHamuueckoM MeTole HaKOMHWTeJbHAas KaMepa 'TPUOTKPbITA K aTMOC(HepHOMY BO3-
AyXY T.e. UMeeT HeOoJblINe OTBEPCTHS AJISl BbIXOAA BO3AYLIHO-Ta30BOM CMeCH B aTMoc(e-
py (1 Hao6opoT), MO3TOMY, STOT METO[ INpefHA3HAUeH /s W3MepeHHs "'HeBO3MYIIeHHO-
ro"noroka. [IperMyIiecTBO TMHAMUUYECKOrO METOMA 3aKJIOUAETCsl B OTCYTCTBUU (DOHOBOH
KOHIIEHTPALUU pajioHa (TOpOHA) BHYTPH HAKOMHUTEJIbHOU KaMepbl. Ellle 0IHO CylecTBeH-
HOe MPEUMYLIECTBO COCTOUT B TOM, UTO /ISl NMPOBENEHUS AJIHUTENbHbIX MOHUTOPHHIOBBIX
UccleloBaHUH He TpebyeTcss aBTOMaTHM3allMM Mpollecca OTKPbIBAHUS-3aKPBIBAHUS HAKO-
MUTeJNbHOH KaMepbl, KOTOPBIH CYII€CTBEHHO YCJOXKHSIET KOHCTPYKLHIO H3MEPHUTEJbHOrOo
KOMIIJIeKCa U YBeJUYUBAeT CYMMapHYI0 METOAWYECKYIo norpeHocTb. OCHOBHOH HenocTa-
TOK AUHAMHUYECKOrO MeTO[a — CJIOXKHBIM MepecueT Pe3y/bTaTOB U3MEPEHHUH HAKOIJIEHHOH
oobemuol aktuBHOCTH (OA) pamona B Bequuuny [II1P, koropwiii TpebyeT AsnuTeNbHOH
KaJIMOPOBKH.

86



MeTon MOHUTOPHHIA MJOTHOCTH HEBO3MYIEHHOTO MoToka pamoHa ... ISSN 2079-6641

IlpyruMu HemoctaTkamMu nuHaMmudeckoro Metoaa [9],[10] sBasitoTes:

- 6oJibllIasi IJIHUTEJNBbHOCTb OJHOTO M3MEpPeHHs, KOTOpast 3aBUCHUT OT TOJILHUHBI TedJo-
HOBOT'O JINCKA W COCTaBJIIET OT 2 CYTOK N0 12 MecsilieB, YTO He TMO3BOJISIET MPOBOIUTH
UCC/IeloBaHWe BHYTPUCYTOUYHBIX BapHalluil BeJIMUHHBI MJOTHOCTH MOTOKA PajloHa;

- HEBO3MOXKHOCTb HCIIO/b30BaHUS MJisi aBTOMAaTU3UPOBAHHOI'O MOHUTOPHHTA, T.€. TPO-
BeJIeHUS] HeMpepbIBHBIX MOCJEI0BATENbHBIX U3MePeHUH 6e3 yuacTHusi onepaTopa;

- HeOOXOOMMOCTb MepPUOIUUYeCKH MeHATb NU(P(Y3UOHHBIH (DUJIBTP B OCHOBAHWU HAKO-
MUTEJbHOH KaMepbl, UTO MPUBOAUT K U3MEHEHHUIO YCJOBHH HU3MepeHHs.

B pesynbrate ananusa nutepatypel no metonam usmepenusi IIIIP, a taxkxke mateHT-
HBIX HCCJEOBAHNH, OBIJIO BBHISIBJIEHO, UTO CYLIECTBYIOIINE METOAbI HE MPUTOMHBI IJIS UX
MCIO0JIb30BaHUSI B KOMIIJIEKCHOM pajuallMOHHOM MoHuTtopunre [2],[12], He obsnanatoT B
MOJHOM 0O6beMe HeOOXOAUMbIMUA (DYHKIIUSIMH, & JIMIIb YaCTHYHO UX peasu3ylioT.

BrilneckazanHubM Oblj1a 00yCJ/I0BJI€HA OCHOBHAS Lle/1b HACTOsILEeH paboThl — pazpaboTka
MeTOo[a MOHUTOPUHTIA MJOTHOCTH HEBO3MYIIIEHHOT0 MOTOKA PajioHa ¢ MOBEPXHOCTH I'PYyHTA.

MeTon M3MepeHUst NNIOTHOCTU HEBO3MYLLLEHHOIO NOTOKAa PajoHa C
NMOBEPXHOCTU rPyHTa

B xome co3maHusi HOBOM TEXHOJIOTMH PAJHMAllMOHHOTO MOHHTOPUHra [2], BHempsieMoil
B Tomckoli oGcepBaTopur pafiMOaKTHBHOCTH M HOHH3upyowux udnydenuin (TOPUUN),
Obl/IM C(HOPMYJNHUPOBaHbl TPeOOBAHHS K METOAY MOHHTOPHUHTA MJOTHOCTH HEBO3MYILEHHOTO
MOTOKA pajioHa C TMOBEPXHOCTH I'PYHTA, KOTOPBIH JOJIKEH:

a) OBbITb MPOCTOH B OOCJYXKHUBAaHUU W IKCIJyaTalluy,;

0) TO3BOJISITh TOJyUaTh JAaHHBIE C BBICOKOH NOCTOBEPHOCTHIO;

B) UMeTb CMOCOOHOCTb K HeNpepbiBHOH IJIUTENbHOH (He MeHee roma) HaleXHOU pa-
60Te B IMOJIEBBIX YCJOBHUAX B LIMPOKOM JHana3oHe HM3MeHEHHs aTMOC(epHOro AaBJieHUS,
oTHOCUTeNbHOU BaaxHOCTH (0T O no ~ 100%), Temnepatypsl (Munyc 45 °C no 50 °C);

) UMeTh HaJHuHe aBTOMATU3UPOBAHHON CUCTEMbl yNpaBJeHUs U 3alUCH NaHHBIX;

1) TIO3BOJISITH TOJyUaTh BPEMeHHbIe PSIIbl JAHHBIX C OOJBIION 4acTOTOH AMCKPeTH3a-
1M, He 6osee 30 MHH., I/ U3y4eHUS] BHYTPUCYTOUYHBIX BapUaLUH BeJHUYUHB;

€) UMeTb HU3KYI0 CTOMMOCTb JJis BO3MOXXHOCTH MacCOBOTO THPaXKHUPOBaHUsS U 060py-
JIOBaHUSI ceTell MOHUTOPHHra B pa3HbIX peruoHax PP. Kpome srtoro, B meTome MOHHTO-
punra [IIIP ¢ noBepXHOCTH rpyHTa NOJ/IKHO OBITH MPENyCMOTPEHO:

a) OTCYTCTBHE BJIMSIHUSI TOPOHA Ha pe3y/bTaT U3MepeHHs;

0) OTCYTCTBHE CHUCTEMBI OTKPbIBaHHUsI-3aKPbIBAHHSI HAKOMUTEJbHOH KaMepbl, KOTOpasi
yBeJIMUYMBaeT [JUTEJbHOCTb OJHOrO HM3MepeHHus A0 2 4yacoB U 0OoJjee, YTO HENOCTATOU-
HO MJ1 U3y4yeHUs BHYTPUCYTOYHbIX Bapuauuil BenauuuHbl [IIIP, a Takxke cyulecTBeHHO
CHM2KaeT IJHUTeJNbHOCTb PaboThl 10 OTKa3a.

AHanus pe3ysbTaTOB MOIENHUPOBAHHUS BJIHSHHUSI COCTOSTHUS aTMOc(epbl ¥ JUTOCHEpH
Ha TUHAMHUKY TJIOTHOCTH MOTOKOB pajJoHa U TOPOHA C TOBEPXHOCTH 3eMJiH [13] mokasad,
4TO MJOTHOCTb MOTOKA TOPOHA C TMOBEPXHOCTH TpyHTa (puc. l) mouTH He H3MeHsieTCS
MpU M3MEHEeHHH CKOPOCTH anBekuuu (He Gosee 2,6% B LIMPOKOM AMANa3oHe 3HaueHHH
0 <v < 1073 M/c) NOYBEHHBLIX ra30B. DTOT 3HAYHUT, UTO TOPOH, GYIET BLIXOAUTH U3 FPyHTa
BHyTpb HK ¢ mocTossHHOH cKOpOCTbIO M, CJeqoBaTesibHO, OyneT BHOCHUTb IOCTOSIHHBIH
BKJ1aJl B CYMMapHO€e KOJIMUeCTBO 3apPeruCTPUPOBAHHBIX AETEKTOPOM MMITYJbCOB.
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CKopocTk agBeKUuKn, cMm/c

Puc. 1. 3aBHCHMOCTb MJIOTHOCTH MOTOKA pafgoHa (IYHKTHpPHAs JIMHHS) U TOPOHA (CIJIOLI-
Hasi JIMHUSI) OT CKOPOCTH aJiBEKIIMU

ITOT pe3ysbTaT M03BOJHUJ pa3padoTaTh MPOCTOW U SKOHOMHUUHBIH MeTOJ MOHUTOPHHIA
MJIOTHOCTH HEBO3MYLIEHHOr0 MOTOKA pajloHa ¢ MOBEpXHOCTH rpyHTa. MeTon 3akiiouaercs
B MCIOJIb30BAHUH CLUUHTHUJISUOHHOTO (MJIH MOJYIPOBOAHUKOBOTO) NEeTEKTOpPa O(-UACTHIL
¥ HakomuTeabHOH Kamepwl (puc.2). BHytpu HK ycraHoB/JeH neTEKTOp Q-4acTHIl TaKHUM
o6pasom, 4ToObl ero YyBCTBHTEJbHAS MOBEPXHOCTb Obla pacrosoxkeHa He Gauxke 10 cm
K MOBEPXHOCTH TPyHTA. Takoe orpaHHYeHHe N03BOJSET U30aBUTbCS OT «(OHA», KOTOPBIH
MOXKeT ObITh 00YCJIOBJIEH perucTpauued ¢¢-uacTul, o0pasylollMXcs MPHU pacnafe paauo-
HYKJ/IMJOB, COIEPKALLUXCS B IPYHTe.

B xopnyce HK BbimosiHeHBI OTBepCTHS 1151 YaCTHUHOI'O BBIXOAA TOUBEHHOTO rasa, a
TakxKe [/ COXpaHeHHUs] BHYTPU HAKONUTENbHOHN KaMephbl M0JypPaBHOBECHOH KOHLIEHTPALUH
panoHa. KonnyecTBo 1 pasmep OTBEpPCTHH BBIOHpaeTCsl UCXOASl U3 YCJOBHS, YTO CKOPOCTh
cueTa MMITYJbCOB BHYTPU HAKOMUTENbHOH KaMepbl J0JKHA OblTh He MeHee ueM B 10 pas
BbILlIE, YeM CKOPOCTb CyeTa MMITYJbCOB B OTKPBITOH aTMocdepe MpHU TOM Ke PacCTOSHUU
YyBCTBUTEJIbHOH NMOBEPXHOCTH CLUUHTUIISILIUOHHOTO ((-I1e€TEKTOPa OT TOBEPXHOCTH TPYHTA.
DTO MO3BOJISIET CHU3UTh CTATUCTHUECKYIO MOTPELIHOCTb (CpefiHee KBaJpaTHUYeCKOe OTKJIO-
HeHHe) pe3ysbTaTa U3MepeHHH. [I0THOCTD MOTOKA pafioHa OMpeneNsieTCss U3 BblpaXKEeHUS:

N, t)—N
qrn (t) = Kgn Rn+T"EC> Tn’ (1)

TIe grn, — IJIOTHOCTb IOTOKA pajoHa C MOBEPXHOCTH I'PyHTa B MOMEHT BpeMeHH ¢, bk
M2 ¢'; K, — nompaBouHbIil KO3((HUIHEHT s MepeBoia CKOPOCTH CYeTa MMITYJIbCOB
OT pajOHa MU O-U3JY4YaOLIMX AOYEPHUX NPOLYKTOB €ro pacnaga B €IUHHULBI U3MepeHHs
nioTHOCTH moToka pagoHa, (Bk M~2 ¢~ 1) /(umn. ¢=1); Npyi7n — CyMMapHOe KOJHYECTBO
3aperuCcTPUPOBAHHBIX 32 NJIUTEJbHOCTb ONHOTO W3MEPEeHUsl T WMIIYy/lbCOB OT pajoHa, TO-
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pOHa M ({-W3/1y4aIIIHUX JOYEPHUX MPOAYKTOB UX paclajia B MOMEHT BPeMeHH f, UMIL.; N7,
— KOJIM4eCTBO UMIYJ/IbCOB OT TOPOHA U (-HU3JYYaAIOLIMX JOYEPHUX NMPOAYKTOB €ro pacnana
3a IJIMTEJIbHOCTb OJHOT0 U3MepeHHUs T, UMIL., KOTOPOoe, coracHo [13] siBasieTcst mocTosiH-
HOU BeJMUHMHOH A/l KOHKPETHOrO MeCTa MOHHUTOPHHIA, W He 33aBUCUT OT BPEMEHH. T —
NJIUTEJNBHOCTb OJHOTO U3MepeHHus, C.

armocdepa

Kabenak K MK

OTBEPCTHA
A EBIX0AA

810 cm -— 10 o

L

5 Cm

TPYHT

Puc. 2. Cxema ycTaHOBKH NpubOpa 1J/151 MOHUTOPHUHIA MJIOTHOCTH HEBO3MYILEHHOTO MOTO-
Ka pajoHa C OBEPXHOCTH IPyHTa

PexkomeHnpyemasi IJUTENbHOCTb ONHOIO M3MepeHHss T cocTaBisieT oT 60 mo 900 ¢ u
onpenessieTcss TpeGoBaHHEM K HeOTpeleleHHOCTH pe3yJbTaTa u3MepeHus. BennuuHa 7
3aBHUCHT OT TeXHHYECKHX XapaKTEePUCTUK BBHIOPAHHOTO NEeTeKTOpa (¢-4acTHIl, a UMEHHO —
3 (heKTUBHOCTH €ro PerucTpaiiu, a Takxke oT BeJuurnHbl OA pamoHa BHYTPH HaKOIH-
TeJIbHOU KaMmepbl. Ec/id 1eTeKTop Q-u3JjyueHus pabOTaeT B CUETHOM pexuMe ¢ 60JbILIOH
YacTOTOM NUCKPETHU3AUWH NAHHBIX, 3TO T03BOJISIET KOHTPOJIUPOBATh BHYTPUCYTOUYHBIE Ba-
puauuu [II1P.

Bribop nrHaMHuecKOH HAKOMUTEJbHOHW KaMmepbl B pa3dpaboTaHHOM MeTone Obla1 00y-
CJIOBJIEH €e CYLIECTBEHHbIM NPEUMYILIEeCTBOM — He TpebOyeTcsi aBTOMAaTHU3allMK Mpolecca
OTKPBIBAHHSI-3aKPbIBAHUST HAKOMUTEJbHONH KaMephl MIPH MPOBEIEHUH AJUTENBHOTO KOHTPO-
Jsi B peXvMe MOHMUTOpHUHra. Takum o00pasoM, CYLIeCTBEHHO YMPOLLAeTCsi KOHCTPYKIIUS
HAKOTUTENbHOH KaMephbl, MOCKOJbKY He HYXKHbI CJ0XKHble MEXaHHU3Mbl IJs1 OTPbIBAHUS-
sakpeiBanuss HK, a Taxkke mporpamMmbl yrpaBJeHHsI 3THM TPOLECCOM, CHHXPOHU3ALUS
pa6orsl HK u uameputesnbHoro ycrpoiictsa. CiienoBaTesibHO, CHUXKAeTCsl CyMMapHasi Me-
TOAMYECKAsl MOTrPELIHOCTb, yBeJHUUYMBAETCs CPOK paboThl mpubopa A0 OTKA3a, a TaKkKe
CYLLECTBEHHO CHMKaeTcsl 0011asi CTOUMOCTb npubopa.
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Takum o6pasom, pa3paboTaHHBIH MeTOA MOHUTOPHUHIA MJOTHOCTH IOTOKa pajoHa C
TIOBEPXHOCTH TPYHTA SIBJSETCS:

a) JOCTOBEPHDBIM, [MOCKOJIBKY H3MepAeTCHd MJIOTHOCTb KMEHHO HEBOSMYIIEHHOTO IMMOTOKA
pagoHa C MOBEPXHOCTHU TPYHTA BCJAEACTBHE HCIOJb30BAHUSA HaKOMNHUTEJbHON KaMepbl C
HeOOIbIIUMHU OTBEPCTHAMHU,

6) MPOCTBIM U JOCTOBEPHBIM, T.K. OCHOBaHHE HAKOIHUTEJNbHOH KaMepbl He HYXKHO 3a-
KpbIBaTh AU(PY3UOHHBIM (PUABTPOM, NPENOTBPALLAKIIUM IONaflaHue TOPOHA M3 T'PYHTa,
UCIO0JIb30BaHWE KOTOPOro MOIJIO Obl MPUBOAUTH K yBEJMYEHHI0 MeTOAWYECKOH MOrpelIHo-
CTH, CBS3aHHOH C HapylIeHHeM YCJIOBUH U3MepeHUs NPU MepUOAHYeCcKOr 3aMeHe (PUIbTPa;

B) 9KOHOMHUYHBIM, TIOCKOJIbKY He TpeOyeT HCIOJb30BaHUS CJI0KHOH CleKTpOMeTpHYe-
CKOY annapaTtypbl, TEXHHYECKHUX NPUEMOB U CPEACTB /ISl Pa3fesleHHs] CUTHAJIOB OT TOPOHA
U pajoHa;

T) IOCTOBEPHBIM, TIOCKOJIBKY B 3asiBJIEHHOM METOJle CTATHCTHKA yBEeJIUYMBAETCS 32 CUeT
TOTO, UTO PErUCTPUPYETCS CYMMapHbIH CHUrHAJ OT pafloHa, TOPOHA U JOYEPHUX MPOAYKTOB
UX pacrajia BHYTPU HAKOIMUTEJbHOH KaMephl.

Mpoueaypa KanMbposku

Ins ocyuectBaenns monutopunra [IIIP B TOPUMU 6vi10 paspabdorano 2 mpubopa
RadEx-01 u RadEx-005, B KOTOpBIX YyBCTBUTE/NbHAS MOBEPXHOCTb CUUHTUJISLHOHHOTO
((-[IeTEKTOPa PACIoJIoKeHa, COOTBETCTBeHHO Ha 10 ¢M 1 5 cM BBbIlIe MOBEPXHOCTH I'PyHTA.
HakonuresnpHast kamepa Oblla U3rOTOBJIEHA U3 HENMPOHHULAEMOro JJIs1 pajoHa MaTepuaJa -
MOJUBUHUAXI0pUAA. JMamMeTp KaxKa0ro U3 6-TH OTBEPCTHH cocTaBasa 4 MmMm. B kadecTBe
JIeTeKTOpa BbIOpASH CLUUHTHIISIUOHHBIN 6soK netektupoBanus BIITA-01 (ATOMTEX,
Pecnybauka Besnapych), paboTtarouiyil noa ynpasjeH|HeM 3aBOJACKOr0 MPOrpaMMHOro obec-
neuveHusi. O6a npubopa OblIM yCTaHOBJIEHbl Ha 3KcHepuMeHTa bHOH muowanke TOPUH.

[IpenBapuTe/ibHO, MEpe YCTAaHOBKOM HAaKOMUTEbHOH KaMephbl Ha MOBEPXHOCTb TPYHTa
TMPOU3BOASITCS U3MePeHHsl MJIOTHOCTH MOTOKOB PAfoHA gRry(l).

SaTeM, ornpeneadeTrcsd KoJn4YeCTBO HUMITYJIbCOB N7, OT TOpOHa ¥ O-U3JyHaOIIUX OO-
YepHUX MPOAYKTOB €ro pacnajga 3a AJUTEJbHOCTb OOHOIO U3MEpPEeHUd T.

Jlanee Mpou3BOAMUTCS U3MepeHHe CKOPOCTH cyueTa MMITYJbCOB BHYTPHU HAKOMHUTEJNbHON
KaMepbl NIPY AJUTEJbHOCTH OJHOTO U3MepeHHsl T, MpelBapUTebHO YAOCTOBEPUBLIUCH, UTO
CKOPOCTb CUeTa WMIyJIbCOB BHYTPH HAKOMUTEJNbHOW KaMepbl yIOBJIETBOPSIET YCAOBHIO, UTO
OHa JIoJ>KHa ObITh He MeHee, 4yeM B 10 pa3 Bhillle, YeM CKOPOCTb CuUeTa HMMIYJbCOB B
OTKPBITOH aTMoc(epe Ha TOH Ke BBICOTE OT MOBEPXHOCTHU TPYHTA.

3areMm ompenenseTcss MONPaBOYHBIN Koa(duumreHT Kg, N/ mepeBofa CKOPOCTH cueTa
UMIIYJIbCOB OT PaJOHAa U O-U3JYy4YaloLIMX AOYEPHHUX NPOAYKTOB €ro pacrnaga B e€QUHHULbI
U3MepeHHs MJOTHOCTH MOTOKA PafioHa U3 BblpaKeHUS:

Krn = (2)

Jlnisi HadaJsia mpoleaypbl MOHUTOPHHTA OMpeie/ieHHOe U3 BbipaxKeHus (2) sHaueHHe Kgy,
BHOCSIT B IIPOTPAaMMy KOMIIbIOTEpa IJsi pacueTa MJIOTHOCTH MOTOKA pajfioHa. YCTaHaBJHMBA-
IOT HauaJibHOe BpeMsl OTCYeTa U AJIUTEJbHOCTh OJHOTO M3MepeHHUs.
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Pesynbtatbl uamepenus MNP

Ananus pe3ysbTaTOB MOHHTOPHHTA IMJIOTHOCTH MOTOKA PajioHA C MOBEPXHOCTH TPyHTA
B NPU3eMHYI0 aTMoc(epy M03BOJIMI BBISIBUTb Psil 0COOEHHOCTeH U 3akoHOMepHocTeH. []o-
JydeHo, uto BeanuyuHa [1IIP noxBep:keHa cU/IbHOH BpeMeHHOH H3MEeHUHMBOCTH. B TeyeHue
roja BbisiBJIeHbl ce30HHble u3MeHeHUs1 BennduHbl [IIIP. [lorogHble yc/0BuSs cylliecTBEHHO
U3MeHSI0T POPMY U IJIUTebHOCTh aHoMa ui B psanax [II1P, cBsizaHHBIX ¢ ycTaHOBJEHHEM
U CXOLOM CHEXHOrO IOKPOBa.

T
— MNP 5 eaa
— MNP 10 cr
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e |

B acagxs, ras BRCOTE CHEMHIND NOKRpoaE, M

150

60,

W

NIl |II| ‘.I wl T _|| |‘| L ..

10 map A0 map Ganp 10 anpg 1% anp 9 mai 19 mad

- -1

-]

1 msmp 20 map 30 smap 9 anp 19 anp 29 anp B maid 19 mai

Puc. 3. lunamuka [IIIP u mereoposiornueckux BesuurH BecHo# 2012 r.

Ha puc. 3 npuBenensl axkcneprmenTtansHble psabl [111P, namepennoil pasubiMu MeTona-
MM, BbICOTA CHEXKHOTO ITOKPOBa, TeMIlepaTypa BO3ayXa, KONHYeCTBO CHEXKHbBIX U 0K IEBbIX
ocankoB 3a mepuon ¢ 10 mapra mo 28 ampess 2012 r. Merton, ocHOBaHHBIH Ha HCIOJIb-
soBaHuu cratuueckod HK u cuuHTHMAsiiHOHHOTO Q-neTektopa (IIIIP anbda) meranbHo
onucaH B pabote [14]. HauHble, monyueHusle npubopamu RadEx-005 u RadEx-01, o6o-
sHaueHbl «[1ITP 5 cm» u «[1I1P 10 cM», cOOTBETCTBEHHO.

Bce Tpu npubopa, ocHOBaHHble Ha pa3HbIX METOAAX, MOKa3alH CXO0XKYI0 NHHAMUKY,
¢ HeGOJBLIMMH Pa3JUUUSIMH, U aHOMAJbHOE IOBeleHHe B TepPUOA TasiHHs cHera. AHo-
MaJsbHBIH pocT [1[1P Hauascs npubausnTesbHO 3a 2 Heleslu 0 TMOJHOTO CXOMA CHEXKHOTO
nokposa (24-25 mapta) ¥ 3akoHuuJcs pe3kuM mnageHuem [1[1P no MuHMManbHO peru-
CTPUPYEMBIX 3HAUEHWH B MOMEHT UHTEHCHBHOTO TasiHHS CHera.

Takoe Heo6biuHOe moBenenue [IIIP B mepuon TasHus cHera o6HApy»KeHO BIIEPBble
U He OTMeyaJochb paHee B HAayuyHOH JMTepaType, He CMOTpSl Ha OO0JblIOE KOJHYECTBO
9KCIepHMeHTa/bHBIX PA0OT MO BJAHWSHUIO BJAXKHOCTH IpyHTa Ha Beanuuny [IITP.

[Tonydyeno, 4To MakcHMaJ/bHble 3HAaUeHHUs1 HAOJIOAAIOTCS B OCEHHHUH MEPUOM, B KOHLE
Jieta, U Tepel HauyajJoM TasiHUsi cHera (puc. 3), a MUHUMaJbHble 3HAU€HWUsS — B 3UM-
HUH ce30H. JTa 3aKOHOMEPHOCTb XOPOIIO COrJIacyeTcsl ¢ pe3y/abTaTaMHM, MOJyUeHHbIMU Ha
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tepputopun PP [15], rie 6bl10 0OTMEUEHO, YTO B CE30HHOH H3MEHYMBOCTH MUHHMAJbHBIE
3Hauenusd [II1P Habatonanucs B 3uMHUI Nepuof. BoisiBieHa cuibHas BpeMeHHasl U3MeHYU-
BoCcTb BesinuuHbl [1[IP B onHO Touke KOHTpOJSI — GoJiee, 4eM Ha OAKH MOPSAOK BEJUUYHHBI
B TeueHHe rofia.

B ycnoBHsAX «Xopollei morojasl» sIBHO NPOCJ/IEXKUBAIOTCH CyTOUHble BapHalUU C MaKCH-
MYMOM — B MOJIHOYb U MUHUMYMOM — B MOJAeHb. Pasznuune Mexa1y HOYHBIMU U THEBHBIMU
3HaYeHHsIMH JOXOAHMT, B CpellHeM, 10 2 pa3. DTH JaHHble HAXOMSATCS B XOPOLIEM COIJIaCHU
¢ pesysabratamu pabot [16]-[18]. Popma cyrounsix Bapuauuil [1[IP MoxeT u3MeHSITbCs
OT «IIMJ000pa3HOM» 0 «IIOYTH CTyNeHYaToi» B pasHble neproabl. Haile HabJjronaercs
MelJeHHoe HapacTaHue BeauurHbl [IIIP 1o mMakcumasibHOrO 3HaueHUs, U 3aTeM CJenyeT
MOYTH PE3KHUU craf.

Yuer ocobeHHocTell cyTouHoro xopa IIIIP BakeH mnpu npoBeneHHMH pagualMOHHO-
THTMEeHHUYeCKOro 00CJ/ef0BaHUsI TePPUTOPUH, MJIaHUPYEMbIX I0J CTPOMTENbCTBO, U OIpe-
JleJleHUs] CTeNeHW WX MOTeHIUaNbHOH pafloHOONAacHOCTH. Ecau ydyecTb, UTO KOHTPOJUPY-
[OlLIYe OpraHW3alWy MPOU3BOASAT M3MepeHUs MJIOTHOCTH MOTOKA pajoHa, Kak MPaBUJIO, B
paboyee (IHEBHOE) BpeMsl M HCIIOJb3YIOT MPHU 3TOM MTHOBEHHbIE METOMbl, TO YUYHUTHIBaS,
4yTo MHHUMaJ/bHble 3HayeHus [II1P nabaionaloTcs B nHeBHOe BpeMsi, pe3y/bTaThl U3Mepe-
HUH MOTYT MOJYUYUTbCS CYLIeCTBEHHO 3aHUXKEHHbIMH. B uTore, 3akjioueHHe O CTeNeHU
pPagoHOONACHOCTH NAHHOH TEPPUTOPHUH MOMKET OBITh OLIMOOYHBIM.

PaspaboTaHHBIll MeTO[ NMPUTrOfeH AJs UCIOJNb30BAHUS NIPU PELIeHHUH LIHPOKOrO CIeK-
Tpa NPUKJAAHBIX 3a/la4y: OLEHKH PaJOHOONACHOCTH TEePPHUTOPHUH, MJIOTHOCTH HOHM3ALMH
TNIPU3EMHOr0 CJ10s1 aTMoc(epbl; U3yueHHUs MpelBeCTHUKOB 3eMJETPSCeHHH; MpPOLEeCcCoB U
MeXaHHU3MOB ra3o00MeHa MexXXy TPYHTOM U aTMoc(epol, TUToc(epHo-aTMOC(PEePHBIX CBS-
3el.

3aknoyeHue

Paspa6oran MeTon MOHMTOPHHIA MJOTHOCTH HEBO3MYIIEHHOTO MOTOKAa PajoHa C II0-
BEPXHOCTH rpyHTa. [lo cpaBHEHMIO CO CBOMMH aHaJjoraMu, 3TOT METOA UMeeT psii TMpe-
MMYIIEeCTB: a) MO3BOJISIET U3MEPSITh MJIOTHOCTh HMEHHO HEBO3MYILEHHOTO TMOTOKA pajaoHa
BCJIEICTBHE UCIOJIb30BAHUSI THHAMUUECKOH HAKOMHUTEJNbHOH KaMephl; 6) SBJSETCS H0BOJIb-
HO MPOCTBIM B UCIOJIb30BAHUH, T.K. He TpeOyeT UCI0b30BaHUs AU(P(PY3UOHHBIX (PUIBTPOB
IJIs1 OTCeUeHHs] TOPOHA, a TaKxKe aBTOMATHU3alMH Mpollecca OTKPbIBAHHUS-3aKPbIBAHHS Ha-
KOTTUTEIbHOU KaMephl; B) SIBJSETCS SKOHOMUUYHBIM, TIOCKOJIBKY He TpeOyeT HUCIOJb30BaAHUS
CJI0OKHOU CIIEKTPOMETPUUECKOH amnnapaTtypbl, TEXHUUECKUX MPHUEMOB U CPEACTB A/ pas-
JIeJIeHHs] CUTHAJIOB OT TOPOHA U pajloHa.

[Io pesysnbratam anpo6auuu MeTona nosaydeHo, uto BennurHa [1I1P noxBepxeHa cuib-
HOH BpeMeHHOU M3MeHUHBOCTH. MaKcHMabHble 3HaUeHHsl HabJI0JAI0TCsl B OCEHHUH Mepu-
Ofl, B KOHLIe JIeTa, U Mepell HauajoM TasiHUs CHera, a MUHHUMaJbHble 3HaYeHUs] — B 3UMHHUH
ce3oH. AHomasbHbil pocT [IITP Habmatomaercsi B mepron cxoia CHEXHOTO MOKPOBA.

BrisiBsieHa cusibHasi BpeMeHHasi U3MeHYMBOCTb BesanuuHbl [I[IP B omHO# Touke KoH-
TpoJisi — OoJiee, UeM Ha OMH MOPSIIOK BeJUUMHBI B TeueHHe rofa. B ycjoBUaX «Xopoliel
TIOTO/IbI» YCTaHaBJMBAETCS «CTAHIAPTHBIH» CYTOYHBIH XOI ¢ MAaKCHMYMOM — B TOJIHOYb H
MUHUMYMOM — B TOJIIeHb. Pa3juurie Mexx1y HOUHBIMU U THEBHBIMH 3HAUEHHUSIMU JOXOMMT,
B CpelnHeM, 10 2 pas.

Pa6ota BeimosiHeHa npu nopaepxxke PLIIT Ne 14.575.21.0105.
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