)

I

-
=
|

7l

|
]

A

:fl’{’

{

»
b

)
-

|

—

"

H‘

4

/;

\“i
|

" _»

UAP

Lmbt

At

+




FTEODU3UNKA

YK 550.35

Nazapes ®.[., Mapxapa A.B., CtrapoctuH B.K.
(Hopunbckuii dununan Prey «-BCEreEn»)

K BOMNPOCY BbIEOPA ONTUMAJIbHOM BbICOThI
MOJIETA BO3AYLUHOIo CYaHA nPu nPOU3BOACT-
BE ASPOFAMMA-CMNEKTPOMETPUYECKOM CbEMKMU

Ilymem ananuza aumepamypHuix UCMOYHUKOG C UCNOAb308A -
HUeM paKkmuuecko2o Mamepuala NOCMpoeHa Mooeasb 3amy-
XaHus eamma-u3ayveHusi Hao 3eMHol nogepxHocmoio. 060-
cHosaHa yenecoobpaznocms npogedenus AI'CM-csemok Ha
evicomax 70—90 m, A6AHOUUXC ONMUMANLHBIMU 0451 NAO-
waodeii co cnokKounsiM peave@om. Yeeauuenue evicomol 00
120 m 603M0JUCHO 6 YCA08USX 20pHO20 peaveda, a makKice 8
cayuae komnaexcuposanus ATCM c opyeumu eeopusuuecku-
mu memodamu. Ommeuaemcs, umo TexHuueckas UHCMPYK-
Yusl no aspoeamma-cneKmpomempuieckoll ceemke, ymeep-
acoennas ¢ 1977 e., ycmapena, nosmomy Haspeaa nHeodxoodu-
Mocmb 6 paspabomke CcO8peMeHHOU UHCMPYKMUBHOU
doKymenmayuy U npUHsmue aKkmyaibHoll CReyuanbHoll mep-
munonoeuu. Karouesnie caosa: onmumanvhas evicoma none-
ma, ATCM, mexcmapupymuoe paccmosuue, macuimad csem-
KU, UHMEHCUBHOCMb 2AMMA-U3AYYEeHUsl, AHOMANUS, 2€0102U-
yeckuil 0bsexm.

Lazarev F.D., Madzhara A.V., Starostin V.K. (Norilsk branch of
VSEGEI)

TO THE ISSUE OF CHOOSING THE OPTIMAL
ALTITUDE OF AN AIRCRAFT FLIGHT DURING OF
AIRBORNE GAMMA-SPECTROMETRIC SURVEY

A model of attenuation of gamma-radiation above the earth’s
surface has been constructed by analyzing the literature sourc-
es and by using the actual material. The altitude of the AGSM
survey at a low relief is substantiated at 70—90 meters. In-
crease of the survey altitude up to 120 meters is possible in
conditions of mountain relief, and also in case of integration
of AGSM with other geophysical methods. The technical in-
struction of airborne gamma-spectrometric survey, was ap-
proved in 1977, is obsolete, so there is an urgent need for the
development of modern instructional documentation and the
adoption of relevant special terminology. Keywords: optimal
flight altitude, AGSM, line spacing, scale of survey, gamma-
ray intensity, anomaly, geological feature.

CoBpeMeHHbI re0a0Topa3BeI0YHbIN MPOLIECC BKIIIO-
YaeT B ce0s1, KaK MpaBUI0, KOMILIEKC a3poreo@u3nyecKux
METO/IOB, OJHUM U3 KOTOPBIX SIBJISETCS adporamma-crek-
Tpometpust (AI'CM). Eciau Ha nmepBoM 3Tarie pa3BUTHUS
3TOT METO ObLT OPUEHTUPOBAH TOJBKO Ha MMOUCKU paanuo-
aKTUBHOI'O CBIPbSl, TO B HACTOsILIEEe BPEMsI OH IIUPOKO
MPUMEHSIETCS IS MOUCKOB NPYyrux (HepaauoaKTUBHBIX)

BUIOB MOJIE3HBIX MCKOIaeMbIX (peaKue, IIBEeTHbIC U Oja-
TOPOJHBIC METAJUTBI, aJIMa3bl), a TAKXKE C LIEeJbI0 CO3MaHUS
reou3nIECKUX OCHOB IPU F€OJOTUYECKMX CheMKaXx, BbI-
MOJIHSIEMBIX T10 TOCYIapCTBEHHBIM ITporpaMmam. Beicokast
addexktuBHOCTE A CM-CcheMKH, 0COOEHHO B KOMILJIEKCE
C IPYTMMM a3poreodu3nyecKuMu METOdaMU, MOATBEpP-
XKIeHAa MHOT'OJIETHEN MPAKTUKOM.

[ToBbllIeHNE TOYHOCTH U3MEPEHUIT TapaMeTPOB IeoJIo-
TUYECKOM Cpelbl M CO3AaHUE MOJEIN, aJleKBaTHO OTpaxa-
foI1Ieif 0COOEHHOCTU €€ CTPOEHUsI, — TaKOBbI OCHOBHBIE
3a/Ja4M, pelraeMblie reo(n3nIeCKUMU METOIaMM B paMKax
o0111ero reojoropasBenoyHoro mpoiecca. He kacasch
aHaIM3a Bcero pazHooOpasus (pakTopoB, MEIIAIOIIUX TOU-
HOMY IUCTAaHIIMOHHOMY U3MEPEHUIO COAEPXKaHUS Paaro-
aKTUBHBIX 3JIEMEHTOB M3y4yaeMOil TEPPUTOPUU 1 TTIOHMXKA-
omux 3¢ pekTuBHOCTE A CM-cbheMKHU, B JaHHOH cTaThe
MBI paccMaTpuBaeM TOJbKO OJAMH M3 HUX, HO HauboJjee
CYIIECTBEHHBII, a MMEHHO — BBICOTY M0JIeTa BO3IYIIIHOTO
CyllHa, Ha KOTOPOIi OCYILECTBISIOTCS U3BMEPEHMUSI.

Llens paHHOM PabOTHI COCTOUT B TOM, YTOOBI MPEIJIO-
KUTh BapUaHThl PEIICHUM aKTyaJbHbIX MPaKTUYECKUX
npobsiem AI'CM-mMeTona u, rmaBHOeE, MPUBJIEYb K ITPOLIEC-
Cy pellieHus Tpo0JIeM 3aMHTEePECOBAHHBIX B JIeJIe CIielra-
JINCTOB (T€0JIOTOB 1 Te0(PM3MKOB), 3a0CTPUB NX BHUMaHHUE
Ha HEOOXOIMMOCTHU 3aKPEITUTh PE3YIbTaThl BEITIOJTHEHHO-
To aHaJIN3a B MHCTPYKTUBHO-METOINYECKIX MaTeprajax.
MNMeHHO OT METOOMYECKI-HOPMATUBHOTO 3aKpeTJICHUS
peIIeH’IA aKTyaTbHBIX 3a1a4 BO MHOTOM 3aBHUCST Ka4eCTBO
MOJIEBOTO MaTepuaja, TeoJornyeckasl pe3yJbTaTUBHOCTh
W TOCTOBEPHOCTh IMPOTHO3HBIX BHIBOAOB M 3 (HEeKTUB-
HOCTb MCCJIEIOBAHUIA.

ITpoGiema BIOOpA ONTUMAJIBHOM BBICOTHI ITOJIETA BO3-
JIYIITHOTO CYyIHA BO3HUKJA (PaKTHMUYECKU OJHOBPEMEHHO C
MPaKTUKOM TIpUMEHEHUs MeToaa. BbUTo yCTaHOBJICHO, UTO
BBICOTA TT0JIETA CYIIECTBEHHO BJIUSET Ha JOCTOBEPHOCTh
M3MEPEHNI e€CTEeCTBEHHOM paIMOaKTUBHOCTH T€OJIOTH-
YeCKOW Cpelbl B CBSI3U C ITOMIOMICHWEM U paccesHUeM
raMMa-KBaHTOB B Bo3ayxe. [103ToMy, MUCXOsI M3 TEOPETH -
YeCKMX IIPEICTABICHUIN U pe3yIbTaTOB aHAIN3a OIBITHO-
METOAMYECKUX MCCIeNOBaHWil, BOIPOC O BHICOTE MPO-
M3BOJICTBA adPOPATUOMETPUIECKUX, a B JabHEHIIEM,
asporaMma-creKTpoMeTPUIECKUX CheMOK aKTUBHO 00CY-
XIaJCcs B INTEPAType CO BTOPOI ooBUHBI 1940-X rogos,
4YTO OOYCJIOBJIEHO HAJIW4YMEM IMpOoOJeMbl HapalinBaHUs
3aIacoB YPaHOBOTO CHIPbS M, KaK CIEACTBUE, OYPHBIM
pa3BUTHEM PaTUOAKTHBHBIX METOIOB ITOMCKOB.

B sroTr mepuom, mo Mepe HaKOIUICHHUSI SKCIICpUMEH-
TaJIbHBIX JAHHBIX, TTOSBUIIOCh MHOTO ITyOJIMKAIIMi, pac-
CMaTPUBAIOIINX KaK BOIIPOCHI PACIIPOCTPAHCHMUS raMMa-
KBAHTOB B MPUPOIHBIX Cpelax, TaK W MPaKTUIECKHUE BO-
npochkl, Kacaromuecs: 3(p@PeKTUBHOCTU MOMCKOBOM ceTH,
METOIUKM TTOJIEBBIX HAOIIONCHUIT W, B YACTHOCTH, OITTH-
MaJTbHOM BBICOTBI TTOJIETA TIPH TIPOBEICHUN a3POPaTOME-
TpUYECKUX CheMOK [5, 7, §, 9].
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Bropas nonoBunHa 1960-x 1 1970-e roabl XxapakTepusy-
10Tcs UpokuM BHeapeHneM AI'CM-cbeMKI B TPaKTUKY
ITOMCKOBBIX Pa0oT. BivsiHIEe BBICOTHI ITOJIETa Ha KAUYECTBO
paboT B 3TO BpeMs IIPOAOJIKAIOT 00CYXXOaTh, HO BOIIPOC
MIPEICTABIISIETCS YK€ HE CTOJIb aKTyaJIbHBIM, KaK Ha Tep-
BOM 3Tarne. Yucao paboT Ha 3Ty TeMy ITOCTeTICHHO YOBIBa-
eT ¥ CXOIUT K MUHUMYMY, K PEIKUM ITyOJINKAIINSIM, 00Cy-
KIAIOIINM YK€ He COOCTBEHHO BBICOTY ITOJIeTa, a IIpodJIe-
My TIpUBEIEHUS, T.e. IIPOLIEAYypPY IIpeoOpa3oBaHUSI
(TmepecueTa) pagno-TeOXMMHUICCKNX M3MepeHMit (Ha Ka-
KOl OBI BBICOTE OHU HE TIPOBOAMINCH) K HYJIEBOMY YPOB-
HIO, T.¢. K 3¢MHOI ITOBepXHOCTU. B manmbHeiIeM mporie-
Iypa TIPUBEICHUSI CTAHOBUTCS aBTOMATUICCKOM 1 BKITIO-
YaeTcs B KOMIUICKC 3aad, pellacMbIX M3MEpPUTEIbHOMU
ammapaTypoi B IIpollecce ChbeMOUYHBIX PadoT.

TaxkoB myTh, KAKUM a3poTre0(PU3UKN MPUILLINA K TIpeI-
CTaBJICHUIO 00 ONITUMAJIbHOM BBICOTE T0J1IeTOB AI'CM-che-
MOK, a UMEHHO: UCCJICIOBAHUS OJIKHBI IIPOU3BOINTCS Ha
MHHHUMAJIBHO JOITYCTUMBIX BBICOTaX OT 25—50 M; MaKkcH-
MaJIbHasI BBICOTA HE JOJDKHA IIPEBHIINATH 75 M; B ropax
JIMana3oH padodmnx BBICOT MOXeT cocTaBidaTh 100—130 M.
DTOT pe3ynbTat ObLI 3aDUKCUPOBaH B « TeXHUUECKOM MH-
CTPYKIIMHU TI0 a3poraMMa-CcIeKTPOMETPUICCKON CheMKe»
n3ganusg 1977 r. [10].

B mocnenyromme roasl, BIIOTh 10 HACTOSIIETO BpeMe-
HH, CpeIX OTEYeCTBEHHBIX Fe0(PM3NKOB OTMEUYACTCS] YMEHbB-
IIeHNe MHTepeca K OILIEHKE BIMSHUS BBHICOTHI CheMKH Ha
KadyecTBO ee MaTtepuanoB. B 1980—1990-x romax my6imKa-
UM HA 3Ty TeMYy CTaHOBSITCS PEIKOCTHIO U MOCTEIICHHO
CXOIIT Ha HeT. B To e Bpemst mHTepec 3apy0eKHBIX UCCIIe-
JoBaTeIeil K 3TOI ImpobiieMe He 3aTyxXaeT: allraparypa ak-
TUBHO COBEPIICHCTBYETCS, TEOPETUICCKIE TTPEICTABIICHUS
YIIyOJISTIOTCS. M, 9YTO OCOOCHHO BaKHO OTMETHUTH, HE IIpe-
KpaIaoTCsT ONBITHO-METOONIECKIE paOOTHI, IIPU3BaHHEIC
afganTUPOBaTh HOBYIO aImapaTypy K YCJIOBHSIM CheMKH U
COBEPIIICHCTBOBATh METONMKY caMoii cbeMKU. OMHAKO OTe-
YeCTBEHHBIC TeO(DU3NKI COCPEIOTAUNBAIOT OCHOBHOE BHH -
MaHIe Ha He MeHee BaXKHOI IpobJIeMe COBEpIICHCTBOBA-
HHS MaTeMaTUIECKOTO aIlllapara IMpoLeayphl TPUBEICHUS
1 TEXHIIECKHIX CII0CO0aX €€ pealn3aliii B IIPOIIECCE CheM-
KM C BBEICHUEM IIOIPAaBOK 3a BapHalldM OCTATOYHOTO
¢oHa, U3MEHEHNE TeMITePaTyPhI, JaBJICHMS 1 TIP.

Kpome Toro, mpakTuka Impon3BOACTBA pabOT BeAyIIIUMH
KOMITAaHUSIMA MHOTHUX CTpaH MUpPa TAKKe YOSeTUTETBHO T10-
Kazana, yto AI'CM-uccienoBaHus HeTb3sI pacCMaTpUBAaTh
KaK TIpSMOIT METOM MOMCKOB, IIPUBOMSIINI HEITOCPEACT-
BEHHO K OTKPBITUIO MECTOPOXICHMI ypaHa W APYTUX T10-
JIe3HBIX McKomaeMblx. OCHOBHAS 3a/maya MeTOda — BBISIB-
JIECHUE TIEPCIIEKTUBHBIX IUIOLIAJENH — PEeIIAeTCs CUCTEMA-
TUIECKOM CHhEMKOM, KOTOpasi, B 3aBUCUMOCTH OT IIeJIU
paboT, MOXKET OBITh PETMOHAJIBHON WJIM IeTaTbHON U MO-
KeT TIPOM3BOIMTCS Ha pa3IMIHBIX BBICOTAaX. Tak, HaIpu-
Mep, B pabote [9] mpuBoauTca MHGOPMALIUS O TIPOBEIC-
HUU a3pOpagrioMeTpUIeCKOil CheMKH B KoHIle 1950-x ro-
IoB. B 3aBucHMOCTH OT (hM3MKO-TeorpapuIecKuX yCIOBUA
Ha BBICOTEe 10 150 M IIpM MEXMAapIIPYTHBIX PACCTOSHUSIX
1o 500 m (macmrad 1:500 000) ocymiecTBasIach peruo-
HaJIbHas adporeousnyecKkast CbeMKa C LIEJIbIO BBISBIEHUS
PYIOHOCHBIX YPaHOCOACPXKAIIUX OCATOYHBIX (POopMaIImii.

Pe3ynbTaThl 3TOM CheMKHU ITOCTYKUIN UCXOTHBIM MaTepH-
aJIOM JUTSI IETATbHBIX a3POre0(3NIeCKIX UCCICIOBAHMUIA,
TPOBOAMMBIX yKe Ha BbicoTe 10 60—80 M, a B psize ciiyyaes
u 1o 15—30 M, co crymeHneM MapIipyTHOU cetr 1o 80 M,
yTO cOoOTBeTCTBYeT MaciuTady 1:8 000. Kak Buaum, yxke
TOIJa, Ha 3ape CTAHOBJIICHMS a3pOoreo(Pru3nIecKux padoT
OBUIO OTMEYEHO, YTO ITOMCKM TIOJIE3HBIX MCKOMAeMBbIX
1eJIecoo0pa3HO BBHIIIOIHSATH Ha MaJIbIX BHICOTAX.

B manpHeiieMm, mo Mepe COBEPIICHCTBOBAHMS alllla-
paTypHOI1 6a3bl, Uaes O IIPOU3BOICTBE U ITOJYYeHUN KOH-
IUIIMOHHBIX JaHHBIX a3poraMMa-CIIeKTPOMETPUUIECKUX
CHEMOK Ha BBICOTAX, OTIMYAIOIINXCS OT PEKOMEHIYEeMBbIX
WHCTpyKIneir 1977 . B OOJIBIIYVIO CTOPOHY, IIPOA0IKAIa
pa3BuBaThCs. 1T TOHMMAaHMS TIPOOJIEMBI OTMETUM, UTO
0e30IMacHOCTh ChEMOUYHBIX ITOJICTOB Ha BBICOTax OoJjee
100 M ropasmo BbIlIe, 4yeM Ha 25—75 M ¢ o0TeKaHUeM pe-
npeda. UMeHHO 3TOT (haKTop SIBJISIIICS OIIPEIeISIIOIINM
Ha pas3BuTre TexHojoruit ACM — cbeMOK Ha OONBIINX
BBICOTaX. B CBSI3M ¢ 3TMM 3aKOHOMEPHO ITOSIBICHHE KaK
3apyOeXXHBIX, TaK U OTEYEeCTBEHHBIX MyOIMKaALIMA, JOKA-
3BIBAIOIINX BO3MOXKHOCTh ITPOM3BOACTBA KOHINIIMOHHOM
cbeMKH Ha BbicoTax oT 100 M 1 6osee. OgHAKO OKOHYA-
TEJIBHO 3TOT BOIIPOC B OOIIECTBE POCCUIMCKMX TeOhU3M-
KOB 10 cX mop He pemreH. OnTuManbHas BBICOTa CheMKU
B HAcCTOsIIee BpeMs — MpeaMeT OUCKYCCHil, MHCHUIA,
HEepeaKO KaTeTrOPUYHBIX, HO HE BCETIa TOCTaTOYHO 000-
cHoBaHHBIX. OIHA TPYIITa UCCIeTOBaTeIeii TOKa3bIBacCT,
YTO BBICOTA CHEMOYHBIX ITOJICTOB JOJKHA HaXOIUTHCS B
nuana3oHe 50—75 M, Ipyrue HacTauBalOT Ha BO3MOXKHO-
¢ty 1nmoseToB Ha BeicoTax 120—150 M 1 maxe 250—350 m
[1, 11]. Tako#t mmMpoxkuii pa3dpoc MHEHHUI O BBICOTE
CBEMKU, CYIIECTBEHHO BIUSIONINIT Ha TOYHOCTD U3Mepe-
HUH, 00yCIIOBIMBAeT HEOOXOIMMOCTh pa3o0paThcsl B
3TOM BOIIpPOCE, 000CHOBATH (OIIPEAEINTD) 1 MHCTPYKTUB-
HO 3aKpeNUTh ONTUMAIbHBIN THAITa30H BEICOTHI CheMOY-
HBIX ITOJICTOB, ITOCKOJBKY OT 3TOTO 3aBHCHUT KaueCTBO
MOJIEBOTO MaTepuaia, pe3yJbTaTUBHOCTh U ITOCTOBEP-
HOCTH IIPOTHO3HBIX BHIBOIOB, a TakKxke 3(D(HEeKTUBHOCTD
HCCICIOBAHUI B IICJIOM.

HWHCTpyKIIUSI MO a3poraMMa-CIeKTPOMETPUISCKOMN
cbeMke 1977 r. ykaspiBaeT: «Haumbonbiraa saddexkTun-
HOCTb AI'CM mocTturaeTcs Ipy BRIIIOJTHEHUHN TI0JIETOB Ha
BO3MOXXHO HM3KHUX BBICOTAX U IO BO3MOXKHO TYCTOM CETH
MapIIpyTOB. BEITIOTHEHME 3THX YCIOBUI OrpaHUINBACTCS
CTEIIeHBIO pacuYIcHEHUs penbeda, TeOJOTHICCKUMHU U
SKOHOMMYeCKUMHU (hakTopamMu. OTCYTCTBHE allpUOPHBIX
CBEIECHUIA 0 pa3Mepax NCKOMBIX OOBbEKTOB B OOJIBIITMHCTBE
cllydaeB HeE ITO3BOJISIET CTPOTO OOOCHOBEIBATH TYCTOTY
MapuipytoB. OHa oIpeneseTcs 1IeJeBbIM Ha3HAUCHUEM
paboT 1 SKOHOMMYECKMMH (haKkTopamu. BricoTa moneTa,
0 TaHHBIM TEOPETUYECKUX M SKCIIEpUMEHTAIbHBIX HC-
CJIeIOBaHMUM, TIPAKTUYECKM HE CBsI3aHa C MACIITabOM II0-
HMCKOBOH (CheMOUHOI) ceTu. CHIUKEHIME BBICOTHI 4O TIpe-
IeJIbHO JOIYCTUMO# (25 M) paciiupsieT BO3MOXHOCTh
OOHapyXeHUs aHOMaJIMiA, JieXallluX B CTOPOHE OT Map-
IIpyTa, a TAKKe aHOMAJIMI CJIa0BIX 1T0 MHTEHCUBHOCTH U
MaJbIX IO TIomann...» [10].

CoBepIlIeHCTBOBaHME aIlIapaTyphl, ITPaKTHKA €€ TIPIMe-
HEHMS ¥ Pa3BUTHE TCOPETUUSCKUX IIPEICTABICHIIT O METO-
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JIe B 1IEJIOM CITOCOOCTBOBAIM BHIPAOOTKE MHCTPYKTUBHBIX
TexHnueckux HopM AI'CM-cbeMku Ha ypoBHe MATATD,
TIIe TakKe 3aTPOHYTa Ipo0JieMa BBICOTHI €€ IIPOM3BOICTBA.
Taxk, HanpuMep, B pekoMeHmauusax 1991 r. [12] Ha onHOM
13 00BEKTOB IIPEAICHIBAIOCH BHITIOIHATh KOMIUIEKCHYIO
(adpOMarHUTHYIO W a’poraMma-cCIIeKTPOMETPHUIECKYIO)
CBeMKY Ha BbIcoTe 120 M Ham 3¢MHOI TTOBEpXHOCTHIO, TIPH-
YeM IHarna3oH M3MEHEHUSI BBICOTHI He TOJDKEH IPEBBIIIATh
+ 20 M. HecobGmoaeHue 3Toro ycJIoBust TpeOOBaIo ITOBTOP-
HOTO 00JIeTa TEPPUTOPUH II0 TEM K& MAPIIIPyTaM CO CTPO-
TUM COOJTIOICHNEM YKa3aHHBIX OTPaHUICHMIA.

OTcrona BUIHO, YTO IIPUA BEIOOPE ONITUMAIEHOM BEICOTHI
nosnera npu AI'CM-cbeMKe BO3HUKAET PsIJI CYIIECTBEH-
HBIX IUISI e KaYeCTBEHHOTO IIPOM3BOICTBA BOIIPOCOB.
C omHOIT CTOPOHBI, BBICOTA, HAa KOTOPOM OCYIIIECTBIISIIOTCS
M3MEPEHMSI, He CBsI3aHa ¢ MEXKMapIIPYTHBIM PACCTOSIHM -
€M, a C IPYTOiil, CHIDKeHUE BBICOTHI IT0JIeTa TTO3BOJISICT YBE-
JIMYUTD TEeTATBHOCTh CheMKHU U 3apeTrUCTPUPOBATh Cl1a00-
WHTCHCHUBHBIC M HEOOJBIINE I10 IUIOMIAAW aHOMAJHU.
OmHAaKO ¢ POCTOM BBICOTHI ITOJIETa, BO3PACTAaeT U CEKTOP
«0030pa» UCCIemyeMOoil TEPPUTOPUHU, YTO MTO3BOJISICT YBE-
JIMIUTD PACCTOSHIE MEXIY TMHUSIMU MapIIpyTOB; HO B TO
JKe BpeMsI BO3pacTaeT TakKe 1 PACCTOSTHUE OO TeOJIOTHIC-
CKHX 00BEKTOB, OCOOCHHO PaCIIOJIaraloIINXCcs B CTOPOHE
OT MapIIpyTa, a KOJINIECTBO MH(OPMALINH, ITOJTydaeMoit
B pe3yJibTaTe CheMKH, YObIBaeT. Bo3HMKaeT BaxKHBIN BO-
TIPOC: 10 KaKOTO YPOBHS BO3MOXKHO YBEINUCHNE BHICOTHI
ToJIeTa, TTO3BOJISIIONICH YBepeHHO peTUCTPUPOBATh TaMMa-
M3Ty4eHNe TOPHBIX TTOPOI 10 IMHUY MapuipyTta? Mim ke,
bopmynupys MHaYe: KAKMM 00pa30M MOXKHO JOCTUYD pe-
TUCTPAlIMA MaKCUMAaJIbHOTO KOJTWYECTBA PaTUOreOXUMM--
YeCKNX aHOMAJIMI 110 JIMHUHM MapIipyTa, He3aBUCHUMO OT
X TUIOMIATHBIX pa3MepoOB, MPUHUMASI BO BHUMAaHHUE TOT
(dakT, 9TO ¢ yBEeIUUYEHHEM BBICOTHI CheMKU MHTECHCHUB-
HOCTb TaMMa-U3IyIeHNS 3aTyXaeT?

W, HakoHeII, elle OOMH BOIIPOC, 3aTPOHYTHIN B «MH-
CTPYKIUMU...» 1977 r. ¥ Kacamwluiicd TaK Ha3bIBAeMOTO
yTIj1a «0030pa»: KaKOBa CBSI3b BEICOTHI ITOJIETA C YIJIOM «00-
30pa» ramMmMa-crekrpomerpa? OT 3TOi CBSI3M (C TEOPETH-
YeCKHUX ITO3UINI) 3aBUCUT ITUPUHA UCCIICTYSMOI TTOJIOCHI
BIOJb MapiipyTa. JIaHHBII BOIIPOC Yalle APYTUX BBIHO-
cuTcsd Ha obcyxneHue npu odbocHoBaH AI'CM-cbheMoK
Ha OOJIBIINX BBICOTAaX — Ha ypoBHe 150 M Han penbedom
u BeIIe. OmHAKO, KaK OyaeT ITOKa3aHO HIDKE, BOIIPOC 3TOT
HE CTOJIb OTHO3HAUYHO PEIaeTcsl, KaK MOXKET IM0Ka3aThCs
Ha TIePBBIi B3TJIALI.

HammoMaMM, MeTOI raMMa-CIIeKTPOMETPUHM OCHOBAH Ha
WCITOIB30BaHUM TOTO (haKTa, YTO MHTCHCUBHOCTH M3ITyUe-
HUS JIF000TO pagnoaKTUBHOTO 3JIEMEHTa IIPSIMO IIPOITOP-
IMOHAJIbHA €TO COMePKaHUIO B BellecTBe. [10CKOIBKY HC-
MycKaeMble aTOMHBIMU SIIpaMU FraMMa-KBaHTbI 001a1al0T
MHUCKPETHBIM JIMHEMIATBIM CIIEKTPOM, IIPUIEM Y KaxKIOTO
M30TOIIAa CBOI XapaKTEePHBIN CIIEKTP, TO M3YICHUE CITEKT-
POB II03BOJISIET TOYHO ONPEACIUTh TUM PaTMOHYKIHIA,
a MHTEHCUBHOCTh M3TYICHNSI — €T0 KOHIICHTPAIIUIO.

OCHOBHBIMU PaIMOAKTUBHBIMH 3JIEMEHTAMM 3¢MHOK
kopsl spistiorest YK, 22Th, 23U, U u nx moyepHue sJe-
MeHTBI. TOJBKO pamroaKTUBHBIC PSABI Kajausl, ypaHa U
TOPUS UMEIOT PaIOU30TOIEI, M3TyJalOIIe BEBICOKOIHEP-

TreTUYCCKUE TaMMa-JIydd JOCTaTOYHOM SHEPTUU U MHTEH-
CHBHOCTH, U3MEPsIeMbIe TaMMa-CIIeKTpoMeTpureii. B mmpo-
LIeCCe pEerucTpaluMd raMMa-u3JydeHUsl WCIOJb3YIOTCS
MOHOXpOMAaTHYECKUe JTUMHUU HyKInuaoB 2“Bi (1,76 u uHor-
nma 1,12 MsB), °T1 (2,62 M»B) u “K (1,46 MaB).

WcTouHmKaMu TraMMa-M3JIydeHUST SIBIISIOTCS TaKXKe
MPOIIeCCH B KOCMUYIECKOM TIpocTpaHcTBe. KocMmueckue
ramMMa-jay4ud MNpUXOAsIT OT MyJibCapoB, paJuOrajakTHK,
KBa3apoB, CBEPXHOBBIX 3Be3M. ['aMMa-m3irydeHre BICOKOI
SHEPTUM U SJIEMEHTapHBIC YaCTUIIHI KOCMUIECKOTO ITPOVIC-
XOXICHMS B3aUMOIEHCTBYIOT C aTOMaMM 1 MOJICKYJIaMU B
BepxHeU aTMochepe 1 00pas3yioT CIOXKHOE BTOPUIHOE 13-
JIydeHHe. DTO BTOPUYHOE U3TyICHUE B3aMMOICHCTBYET C
OKpPY>XalolIMM BELLIECTBOM, CO3/1aBasi «<KOCMUUYECKoe» (Po-
HoBoe TamMMa-u3irydeHune. B npaktuke AI'CM -usmepeHnit
U3JIy9eHNe, He 00pa30BaHHOE TOPHBIMU ITIOPOIAMU, OOBIU-
HO pacCMaTpUBaETCS KaK «OCTaTOYHBIN (POH» U yIaIsIeTcs
BO BpeMs1 00paboTku maHHbIX. K (hoHOBOMY M3ITy4eHUIO
TakKe OTHOCATCS 3(P(PEKTH OT aTMOC(hEepHOTo pamoHa U
00opynoBaHMUS.

Ilpu mpoxoxXaeHWu yepe3 BELIEeCTBO CIIEKTpP ramma-
U3JydyeHus 1eOpMUPYETCsl BCIEICTBUE B3aUMOIEHCTBUS
raMMa-KBaHTOB C aToMaMH cpenbl. [1peobmagaronim mpo-
IIECCOM TaKOTO B3aMMOICHCTBHSI TaMMa-KBaHTOB C TOPHOM
IOPOIOIl M BO3AYXOM SBJISIETCSI KOMITTOHOBCKOE paccesi-
HHE, IIPU KOTOPOM raMMa-KBaHT M3MEHSIET HaIlpaBJICHUE
CBOETO ABIKEHMS U TePSICT YaCTh SHEPTUH, TEM OOJIBIIIYIO,
yeM OOJIBIIIE YTOJI OTKIIOHEHMSI. BeposITHOCTh paccessHUsI Ha
OoJIBIIIME YIVIBI BO3pacTaeT IJig raMMa-KBAaHTOB Majloi
SHeprur. MHOTOKpaTHOE KOMITTOHOBCKOE pacCesTHUE IPo-
JIOJKAeTcs B BElIeCTBe A0 dHepruii KBaHToB 150—50 koB u
3aTeM 3aBepiaetcs ¢potoaddekrom. Takum odbpa3om, MH-
TEHCUBHOCTh KaXXIOM CITEKTPaJTbHOM JTMHUU TaMMa-HN3JTy-
YeHMST YMEHbBIIIACTCS TIIaBHBIM 00pa30M 3a CUET PacCesTHUS
raMMa-KBaHTOB, 00pPa3yIOIINX CIUIONIHOI HEeIpephIBHBIN
CIIEKTP OT JIMHUH B CTOPOHY MaJIbIX SHEPIHIA.

B paborte [2] mpeacTaBieHbl pe3yJIbTaThl pacYeTOB pac-
npenenenust ramMma-kBaHTtoB U, Th u K B npuszeMHoit at-
Mocdepe o SHEPTUSIM ST YCIOBUM OMHOPOIHOTO IOy~
MIPOCTPAHCTBA U ITOKA3aHO, YTO MHTCHCUBHOCTH PACCEsTH-
HBIX TaMMa-KBaHTOB BO3pacTaeT B HU3KOIHEPIeTHICCKOM
obnactu. JIuanu criektpa ¢ sHeprueili meHee 1,0 M»B
HEYBEPEHHO BBIIEJISIIOTCS HAa (POHE pacCessHHbIX KBAHTOB
yXe Ha BbIcoTe 50 M, uMeHHO TToaToMy B Al CM-MeTome
9Ta 00JIaCTh SHEPTUIT He UCTIONIB3yeTcs. B 3T0i1 ke padore
OTMeYeHOo, YTo ucrnonb3dyeMble B A’ CM-MeTone CcrekT-
paJibHBIC JTUHUN YBEPECHHO BBIIEIISIIOTCS Ha (poHE pacce-
SIHHBIX TaMMa-KBaHTOB 10 BBICOTHI 150 M M, BepoOsATHO,
HEMHOTO BBIIIIE.

Taxkxxe 1o mpeacTaBleHHBIM JaHHBIM MOXKHO IIpPO-
CJIEIUTD, UTO C YBEJIMUEHUEM BBICOThI IPOUCXOANUT YMEHb-
1I€eHUe WHTeHCUBHOCTU raMMa-usiaydeHus. JIas ocHOB-
HbIX aHepretudeckux jJunuii U (1.12 u 1.76 M»aB),
Th (2.62 M3B) u K (1.46 M3B) Ha BbIcOTE 52 M TIPOUCXO-
JIUT OcJIabJieHre MHTEHCUBHOCTU B CPETHEM B JiBa pa3a, Ha
BeicoTe 105 M — mpuMepHO B TpU pa3a, a Ha BBICOTE
157 M — B mATh pas.

B paborte [4] yka3bIBaeTCsl, UTO YBEIUYEHUE BBICOTHI MO~
JIeTa BbILIE 75 M MPU UCCIETOBAHUSIX €CTECTBEHHOU panino-
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Ta6nuua 1
MNoTHOCTbL NOTOKa raMMa-KBaHTOB B 3aBUCUMOCTMU OT BbICOTbI
nosiera, KBaHT/(CM? B MUH)

BbicoTa noneta, m

PapnoanemenrT,
€ro KOHUEHTpaums, 1 | 25 | 50 | 100
SHepr”ﬂhﬂ”E“” E(0), [MNOTHOCTbL NOTOKA raMMa-KBaHTOB,
® KBaHT/(CM? B MVH)
Th, 0.0001 %, 2.62 1.14| 0.78 0.59 0.38
U, 0.0001 %, 1.76 1.71 1.08 0.79 0.46
K, 1%, 1.46 20.20| 12.4 8.80 5.00

aKTUBHOCTU HEXeIaTeJbHO, T.K. C BBICOTOI raMma-Iioje
3aMETHO OCJIa0JIsIeTCsl, YTO BJe4yeT ObICTpOe BO3pacTaHue
MOTpeIIHOCTe! ero u3MepeHuit, 0cCoO0eHHO 13-3a PocTa I0-
MeX CO CTOPOHBI TaMMa-HU3TydeHMS TIPOAYKTOB pacIiaja pa-
nIoHa. B moaTBepxkaeHMe IPUBOASITCS pe3yJIbTaThl pacueTa
IUTOTHOCTU ITOTOKA TaMMa-M3JTyIeHUST Hal OTHOPOMTHBIM
ITOJTYTIPOCTPAHCTBOM [IJIST PSiia €CTECTBEHHBIX PaaIuOaKTHB-
HBIX 3JIECMEHTOB B 3aBUCUMOCTH OT BBICOTHI TToJIeTa (Taor. 1).

Ha ocHoBaHMU TpeacTaBICHHBIX PacuyeTOB BUIHO,
YTO TPU JTaHHOM KOHIICHTPALIMU TOPUS IUIOTHOCTH ITOTO-
Ka raMMa-KBaHTOB Ha BbIcOTe 1 M cocTtaBuT 1.14 xBaHT/
(cm? B MuH). Ha BeicoTe 50 M 3TOT mapaMeTp YMEHbIIUTCS
1o 0.59 xBaHT/(cM? B MUH), T.e. MHTEHCUBHOCTb TTOTOKA
ocJlabHeT moyTH B 2 pa3a, a Ha Beicote 100 M — B 3 pa3za.
B 1ie1om 111 Beex Tpex paguoaKTUBHBIX 3JIEMEHTOB TUIOT-
HOCTB ITOoTOKa Ha BbicoTe 50 M cocrasiser 45—50 %, a Ha

PETUCTPUPYETCS y TOBEPXHOCTH 3eMJIM, CHIXKASCH 10
Mepe YBEIMYCHUS BBICOTHI, CTPEMSICh K HYJIEBBIM 3HAUC-
HUSM Ha BeicoTe 800 M (pumc. 1).

Ha MuHMMAaNIBHO TOIMyCTUMOI 10 6€30TTaCHOCTH TT0JIe-
TOB BBICOTE (25 M) UHTEHCUBHOCTb TaMMa-U3IyIeHUS CO-
XpaHsIeTCsl Ha YpOBHE 4yTh 6oiiee 80 % OT MaKCUMaJIbHO-
ro, IMEHHO II03TOMY TaKasl BEICOTa CheMKU ObLIa 3aKOHO-
IaTeJIbHO ompeieiieHa TeXHUICCKON MHCTPYKIHMEH ITo
AI'CM-cpemke 1977 1. CoriacHo ee TpeOOBaHUSIM,
AT'CM-cbneMKa Ha BBICOTe Oojiee 75 M IIpu3HaBajach He-
KOHAWIMOHHOI [10], HeCMOTpsI Ha TO YTO Ha 3TOi BHICOTE
MHTEHCUBHOCTh TaMMa-M3JIyYeHUs] CHUKACTCS JIUIIb 10
60—56 % ot MakCUMaJIbHOIO YpOBHs. Takoe orpaHu4YeHUe
00YCJIOBJICHO HECOBEPIIICHCTBOM a3pOoTraMMa-CIIeKTpOMe-
TPOB B TO BpeMsI.

Ha BbicoTe 120 M MHTEHCUBHOCTb TaMMa-U3JIyYeHUs
CTAHOBUTCS ellle MeHbIlle — Bcero 41 % oT HavYaJlbHOTO
ero ypoBHs y moBepxHocTu 3eMmsin. B padore [13] oTmeua-
€TCsI, UTO IPU PETUCTPALINU PATMOAKTUBHBIX JIEMEHTOB B
vHTepBaje BbicoT 10 120 M ¢ MpUMeHEHUEM COBPEMEHHOI
annapaTrypbl, TaMMa-CIEKTPOMETPUIYECKUE U3MEPEHUS
HaunboJiee TOYHbI 1 1ocTOBepHBI. OHAKO B Heil (B padboTe)
He YKa3blBaeTcsl Kakasl 4yBCTBUTEJIbHOCTb JETEKTOpa
JIOJIKHA OBITh, YTOOBI TTOJTydaeMble JaHHbBIE COOTBETCTBO-
Banu KoHauuusM. Ha Beicote 150 M Ham MOBEPXHOCTHIO
3eMJIM TIOTOK TaMMa-U3yJdeHusl CHUXKaeTcst 1o 33 %, a Ha
Boicote 200 M — 110 23 % OT HA4YaJIbHOTO YPOBHSI.

Beicore 100 M — 25—30 % ot
IUIOTHOCTH IIOTOKA y IIOBEPX-
HOCTH 3EMJIH.

TaGnuua 2
Pe3ynbraTtbl pa3HoBbICOTHbIX ATCM-uamepeHunii Hag, oAHOPOAHbIMU NJIOLWAAKAMU

Onnako B ripakTrike AICM-
. CpenHsa CKOpOoCTb cHeTa B 00LLEM r . Y
U3MEpPEeHUI UMeeTCsl MHOXECT- BbicoTa KaHane, UMn/cek amMmmMa-unany4yeHme ot 3eMHON NOBEPXHOCTU, 7o
h, m
BO (haKTOPOB, BIMAIOUINX HA 2008 | 2010 | 2013 | 2013 | 2015 | 2008 | 2010 | 2013 | 2013 | 2015 |Cpeanee
MHTCHCHBHOCTD ral‘é)l‘g'nom’ B 0 | 2514 | 3444 | 1631 | 1539 | 4333 | 100 | 100 | 100 | 100 | 100 | 100
TICPB oyepeab o9 CKT pac-
PBYIO Otepen p 10 | 2322 | 3204 | 1532 | 1431 | 4023 | 92 93 94 | o3 93 93
CEAHHUA TaMMa-M3JIYy4CHUsI, a
TAKKE TCOMETpUS HCTOMHIKA 20 | 2136 | 2982 | 1438 | 1350 | 3733 | 85 87 88 88 86 87
WATYYCHUS, MHTEHCHBHOCTH 30 | 1980 | 2772 | 1375 | 1250 | 3468 | 79 80 84 81 80 81
KOCMMYECKOT'O M3TyYEeHNS, MH- 40 1836 | 2559 | 1263 | 1144 | 3226 73 74 77 74 74 75
Bepcusl paJoHa, AaBJICHMUE, 50 | 1680 | 2400 | 1185 | 1048 | 2085 | 67 | 70 73 68 69 69
TeMIIeparypa, BIaKHOCTb 1 TIP. 60 | 1566 | 2289 | 1103 | 975 | 2845 | 62 66 68 63 66 65
ITosToMy xapakrep 3aTyxXaHWsI 70 | 1440 | 2076 | 1040 | 888 | 2568 | 57 | 60 64 | 58 59 60
raMMma-I10JIA € BbICOTOU OT/IM- 80 1308 | 1955 | 986 | 821 | 2384 | 52 57 60 53 55 56
1aeTcs oT pacyetHoro. TTpumep 90 | 1230 | 1794 | 927 | 754 | 2215 | 49 | 52 | 57 | 49 | 51 52
TAKOTIO 3a’ AHUA IIPEACTABIICH
Tyx pen 100 | 1128 | 1668 | 853 | 703 | 1996 | 45 | 48 | 52 | 46 | 46 a7
B Tabj. 2 MO pe3yibTaTaM Ha-
6 ; 110 | 1050 | 1560 | 816 | 660 | 1907 | 42 45 50 | 43 | 44 45
JIIOACHW, BBITIOJIHEHHBIX aB-
TODAMI B DA3HEIS TOIEL ¢ II0- 120 | 962 | 1415 | 754 | 616 | 1716 | 38 41 46 | 40 | 40 a
MOIIIBIO 23POraMMa-CHEeKTPO- 130 | 882 | 1350 | 718 | 566 | 1643 | 35 39 44 | 37 38 39
metpa TCA-2000 ¢ 06beMOM 140 | 830 | 1250 | 679 | 520 | 1544 | 33 36 42 34 | 36 36
nerexTopa 36,5 nuTpa, B pas- 150 | 756 | 1164 | 639 | 482 [ 1413 | 30 34 | 39 31 33 33
JIWYHBIX permoHax Poccun, B 160 | 713 | 1098 | 603 | 465 | 1317 | 28 32 37 30 30 32
T.4. Ha EHuCeiickoM Kpsxe 170 648 | 1014 | 572 | 433 | 1218 | 26 29 35 28 28 29
(gg?g r.), B l\éar&“aHCKzoglgm 180 | 590 | 942 | 533 | 398 [ 1148 | 23 | 27 | 33 | 26 | 26 27
(2010r.), B BypsTim (2013 1) 190 | 546 | 876 | 505 | 360 | 1048 | 22 | 25 | 31 | 23 | 24 25
u Kapemum (2015 1.).
200 | 495 | 794 | 459 | 342 | 972 | 20 23 28 22 22 23
Kak Teopernuecku, Tak u
Ha TPaKT¥Ke MaKCHMaTbHEL 210 | 468 | 762 | 432 | 302 | 903 | 19 22 27 20 21 22
YPOBEHb TaMMa-M3TydeHHS 220 | 438 | 728 | 396 | 284 | 840 | 17 21 24 18 19 20
22 S OXPArA T ERRr



Beicoma,m  [Tnomuocme nomoka 2amma-keaHmos I(h)
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Puc. 1. ®PakTuyeckas Mmoaenb raMmMma-usny4yeHus OT 3eMHO No-
BEPXHOCTU

YpoBeHb QIIFOKTYaIINii ¢ YBETMICHUEM BBICOTHI PACTET
B TEOMETPHUUIECKOM ITPOTPeCcCri, IIPU 3TOM COOTHOIICHIE
CHUTHAJI/IIyM CHIKAETCSI M CTAHOBUTCS TIPENeIbHO HM3-
KM Ha BbIcOTax 6osiee 120 M, 9TO BEI3BIBACT 3aTPYIHCHIE
TP BBIICICHUH TT0JIC3HOTO cuTHama. M3 aToro ciemyer,
4yT0 BBIcOTa 120 M sgBisteTcs mpeaenoM usmepeHnst AICM-
METOJa B YaCTH KayecTBa U JOCTOBEPHOCTHU ITOJTYIACMBIX
pe3yabTaToB. Bee m3mepeHmsI, Tpon3BOAMMbBIC Ha BBICOTE
6omee 120 M, IBISIOTCS HU3KO MH(MOPMATUBHBIMH JIaXKe
TIPY COBPEMEHHOM alllapaTypHOM U TEXHUICCKOM pa3BH-
i AI'CM-mertona.

Crenyomuii HeMaJOBaXXHBI BOIIPOC BBIOOpPA OIITH-
MaJIbHO# BBICOTHI TTosieTa TTpu AI'CM- cheMKe TeCHBIM
00pa3oM CBSI3aH ¢ BO3MOXHOCTBIO YBEPCHHOM PEeTUCTpa-
OV MTHTEHCUBHOCTHU TaMMa-TI0JISI OT Pa3IMIHBIX IT0 TII0-
Iagy WCTOYHUKOB M3IYYCHUS, a TaKKe CO CTCIICHBIO
oCIa0JIeHUSI THTCHCUBHOCTHA TaMMa-II0JIsT B BEpXHEM TI0-
JIyTIPOCTPAHCTBE.

B 1956 r. I'.C. CMupHOB [8] oT™Me4as, 4To 00YCIIOBIEH-
Hasl paTOaKTUBHBIMU TTOpOodaMi MHTCHCUBHOCTh TaMMa-
TIOJIST M3MEHSIETCSI B 3aBUCHUMOCTH OT BBICOTHI TTOJIETAa U
TUTOIIAIN WX BBIXOIA Ha THEBHYIO ITOBEPXHOCTh. B KauecT-
BE WITIOCTPALIMK 3TOTO TOJIOKCHUS TIPUBEICHBI Tpadude-
CKHe M300pakeHUs pacUeTHBIX TaHHBIX, KOTOPHIC TIOKA3bI-
BaIOT OYEeHb OBICTPOE 3aTyXaHWE raMMa-TIOJIsI C BBICOTOM
IJI PagVOaKTUBHEIX PYIOIPOSIBICHUN C HEOOIBIINMH
TUIOIMAmHBIMKM pa3MepaMu. Hampumep, MHTEHCUBHOCTD
raMMa-u3JIydeHust OT TOYeYHbIX UICTOYHUKOB (S <0.0001 km?
win paaryc aHomanuu R <6 m) yxe Ha Boicote 10 M oc1a0-
HeT B 10 pas, a ¢ BBICOTHI 50 M ero MpaKTUIeCKI HEBO3MOXK-
HO OyzeT 3a(hMKCHUpPOBAaTh.

Hapn nokanbabeiMu pynomnposisiaeHusmu (S <0.0012 km?,
R <20 M) Takke IPOMCXOOUT OBICTPOE 3aTyXaHUE IO C
BBICOTOI, Ha BBICOTE 50 M MHTEHCHUBHOCTH COCTABIISICT
Bcero 5 %.

JJ1s1 TITOMIAaTHBIX aHOMAJII ¢ HECKOJIBKO OOJIBITNMU
pa3mepamu (S >0.02 km?, R >80 M) UHTEHCUBHOCTb raM-
Ma-ToJIst Ha BeIcOoTax 10 50 M cocTaBiseT ropsaka 35 %,

B uHTepBaje BbicoT 75—100 M cHmxkaercsa no 20 u 15 %
COOTBETCTBEHHO, a BhIe 100 M — cHmkaercs no 10 %.
J171s1 1IMPOKUX aHOMaJIbHBIX 30H (S >1 kM?, R >500 M) uH-
TEHCUBHOCTb M3JIydeHUsT Ha BbIcoTax oT 50 M mo 150 M
BapbUpyeT B auamnaszoHe 25—50 %.

B xauecTBe TOATBEpKACHMS pacUeTHBIX JaHHBIX 9KCITe-
PUMEHTATbHBIMU U3MEPEHUSIMH IIPUBOIUTCS Pa3pe3 raM-
Ma-TIoJIsl Hall y4acTKoM ¢ pasMmepamu 20x60 M M MHTEH-
cuBHOCTBIO 200 MKP/4ac, KOTOPEIi IEMOHCTPUPYET OYeHD
OBICTpOE 3aTyXaHHeE TIOJISI B BEpXHEM ITOJYIIPOCTPAHCTBE U
IIpY YIAJICHUH OT IEHTPaA PYTHOIO BBIXOIA.

W3 ananm3a 3TUX JaHHBIX CIEIyeT BBIBOI, YTO HaxkKe C
MIPUMEHEHNEM COBPEMEHHOTO a3poTraMMa-CIIeKTpOMeTpa
Ha BbIcoTe mojeta 100—120 M 00OBEKT ¢ pa3MepaMu
20x60 M, 00JIagaoIIMii MHTEHCMBHOCTBIO TaMMa-U3JIyde-
Hus 200 MxP/4gac (!) 3apeructpupoBath OyaeT IIpodieMa-
TUYHO, TTOCKOJIbKY MHTEHCUBHOCTD Ha TOI BBICOTE COCTa-
BUT Bcero aumb 2,0—2,2 MkP/4ac. [TomoOHBIE 0OBEKTHI
IIpU TIOMCKaX, a TaKXKe IIPU Te0JOTHIECKOM KapTHUpOBa-
HUM BpSI I HAWIYyT CBOE OTpaXkeHWE B HAOIIOICHHBIX
asporaMma-CIeKTPOMETPUIECKNX IIOJISIX; OHM, CKOpee
BCETo, OYIYT IPOITYIICHBI.

B npyroii pabote [ 7] Takke yKa3bIBaeTCsl Ha TO, UTO UH-
TeHCUBHOCTh TaMMa-M3JIydeHUs OT PaTMOaKTUBHOTO Tella
pPE3KO YOBIBACT C BBHICOTOI BCIICICTBUE YMCHBIICHUS TE-
JIECHOTO yIyIa 00JyYeHUs (IIPpONOPINOHAIBHO KBaapaTy
pacCTOSIHUSI) M 3a CYET IMOTJIOMICHUSI TaMMa-U3TydeHUS
BO3IOYIIHOM cpemoii. [Ipm 3TOM, YeM MeHBIIe ILJIONIAIb
M3JTYYalolIero 00beKTa Ha JHEBHOW MTOBEPXHOCTH, TEM
OBICTpee YOBIBaeT MHTCHCUBHOCTD 3TOTO M3TYICHUS C BbI-
coToii. B monTBepxkaeHNEe 3TOMY IIPUBOISITCS PE3YJIBTATHI
pacyeToB, KOTOpEIE ITOKA3bIBAIOT, YTO Hal aHOMAJbHBIM
yuacTKoM ruromanpio 400 m? Ha BeicoTe OKOJIO 50 M U3ITy-
yeHne ocinabHeT B 50 pa3, a Ha BeicoTe 100 M — B 200 pas.

AHOMaJTbHBIC YUACTKH TLTOIIABIO TIEPBHIC THICSIM KBa-
IPATHBIX METPOB OYIYT XapaKTepU30BaThCSI MHTEHCUBHO-
CThIO TaMMa-pagualuy, coCTaBisaolleil 5 % Ha BBICOTE
50 M u 1 % — Boime 100 M, 4TO TaKXe CTABUT MX B PaHT
JIOKAJIbHBIX ICTOYHUKOB, PETUCTPALIAS KOTOPHIX BO3MOXK-
Ha JIMIIIb Ha MaJIBIX BBICOTaX M IPU WX OYeHBb BBICOKOM
MHTEHCUBHOCTH.

O1eHKY CBSI3M MHTEHCHUBHOCTU TaMMa-HU3JIyICHUS C
BBICOTOM PETUCTPALIMU M pa3MepaMu TeOJTOTUIECKIX 00b-
eKTOB, ITIOIJICKAIINX OOHAPYXEHMIO, IMPUBOAUT TaKKe
JI.H. BaBuiuH ¢ coaBropamu B pabote [2]. Ha puc. 2 no-
Ka3aHO U3MEHEHNEe OTHOCUTEIbHOI MHTCHCUBHOCTHY TaM-
Ma-HM3TyIeHUS TIPU U3MEHEHUY BHICOTHI HAOTIONCHMS Hal
LIEHTPOM M30METPUUECKOIO yJacTKa C Pa3IMIHBIM 3(D-
(GeKTUBHBIM pagnycoM R o0beKTa M rayccoBBIM paciipe-
IeJIeHNeM paaIloaKTHBHOTO BEIlleCTBa.

PaccMoTpeHHBII MaTepual ITOKa3bIBaeT, YTO Ha BEICOTE
120—150 M oOHapyXeHMe JIOKAITbHBIX 00BEKTOB, TUIOIIAIb
KOTOPBIX COCTABJISICT IIEPBHIC THICSIM KBaIPATHBIX METPOB
(R<50 M), 3arpymauTeabHO. Ha 3THX BBICOTaX MHTCHCHUB-
HOCTh TaMMa-U3JIyIeHUs Hal TAKUMH OObEKTaMM MTPAKTH -
YeCKH MOJHOCTBIO 3aTyXaeT U cocrasisieT Bcero 0,5 % ot
YPOBHS MX M3JTy4eHHs Ha 3¢MHOI mmoBepxHOCTU. Hanbo-
JIee 4eTKO OyAayT (PUKCUPOBATHCSI MIMPOKUE TUIONIATHEIC
raMMa-aHOMAJIUH IJISI OOBEKTOB C pa3MepaMM B JCCSITKU
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Puc. 2. N3aMmeHeHUe OTHOCUTENIbHOW MHTEHCUBHOCTU ramma-
WU3ny4eHus Npyu U3MeHeHUM BbiCOTbl HabnaeHus (J1.H. BaBunuH n
ap., 1982)

TBICSIY KBaapaTHbIX MeTpoB (R>300 M) Ha paboOUYNX BHICO-
Tax 50—120 M, T.K. Ha TAKMX BBICOTaX aHOMaJIUU COXpaHsI-
10T 3HAYUTEIbHYIO0 10110 (20—50 %) MHTEHCUBHOCTU JaXe
IPpY CPABHUTEJIbHO HU3KUX 3HAYCHUSIX €CTECTBEHHOIO
raMma-usjay4eHust 3Tux o0bekToB. M3 3TOrO0 ClienyeT Bbl-
BOJI, YTO MHTEHCUBHOCTh TaMMa-U3JIy4eHMS C YBEIMUYCHM -
€M BBICOTBI HaJl UCTOYHMKAMU OOJIBIIMX pa3MEPOB 3aTyXa-
€T OTHOCUTEJIbHO MeUIeHHO. JIJIsl JIOKaJbHbIX 00BhEKTOB
YMEHBIIIEHHUE ITOTOKA raMMa-KBaHTOB C BBICOTOM IPOUC-
XOJIUT ropasno cuiabHee. [103ToMy BEpOSITHOCTH OOHApY-
JKEHUSI JIOKAJIbHBIX 00ObEKTOB C YBEJIMUEHUEM BBICOTHI Pe-
TUCTPALIMU CHIKAETCS.

Wrak, aHanu3 pe3yabTaToB U3YyYeHUsI Halllei MpoOIeMbl
MpeAIeCTBEHHMKAMU ITOABOIUT HAaC K OTBETY Ha BOIIPOC:
KaK CBSI3aHbI MEXIY CO0O0I0 BBICOTA IOJIETa U pa3Mephbl
MOJUTIEXKAIINX CheMKE Te0JIOTMIECKUX 00BeKTOB? BhIsIcHM-
JIOCh, UTO OO0BEKThl MOTYT OBITH JIMOO OOHAPYKEHBI, JIMOO
MPOITYIIEHBI B 3aBUCMMOCTU OT BBIOOpPA BBHICOTHI ChHEMOY-
HBIX PabOT U pa3MepoB UX IUIomanu. Tak, OoabIIue 00b-
€KTbI, ILIOIIAIb KOTOPBIX UCYMCIISIETCS KBAJAPATHBIMU KU -
JIOMETpaMM, He OYIyT MPOITYIIEHbI IIPU CheMKE Ha BBICOTE
50—150 M; 00BbeKTHl ¢ MeHbIIMMHU pazMmepamMu (R = 100—
200 M) OymyT 3apMKCUpOBaAHBI MPU CheMKe Ha BBICOTE
50 M, HO OyAyT MpomnylleHbl Ha BbicoTe 150 M; 17151 TOUCKOB
JIOKAJIbHBIX OOBEKTOB ILIOIIAAbI0 COTHU KBaApaTHBIX Me-
TpoB (R = 10—35 M) BbIcOTa MoJIeTa JOJKHA OBITh MEeHEe
50 M. B ¢BsI3U ¢ 9TUM reo(U3UK-TPaKTUK HEPEIKO OKa3bl-
BaeTCsl B IIPOTUBOPEYMBOM I1OJIOXKEHUU, KOrIa HAJI0 pe-
LIXTh, YTO JIYYIILIE: «OXBATUTb» ChEMKOI BCIO ILIOLIA/Ib, HO
MPOITYCTUTh Malible OOBEKThI, WM Xe (PUKCUPOBATH BCe
00BEKTHI B TIoJIoce mupuHoit L = 2h, He oxBaThkIBasi BCIO
Iolanb. Jaxe TeXHUYECKOe 3aJaHue He BCeraa CIoco0-
CTBYET OJHO3HAYHOMY PEILIEHUIO 3TOTO MPOTUBOPEYMS.

ITpu BEIOOPE ONTUMAJIBHOM BBICOTHI MTOJIETa BO3HUKAET
elle OJIMH BOIIPOC, TECHO CBSI3aHHBIN C TaK Ha3bIBAEMbIM
yIJIOM «0030pa» a3poramMma-cIeKTpoMeTpa, U TpeOylo-

JIeJIIeT Ha 3¢MHOI ITOBepXHOCTH ITUIOMIAAb KpyTa, U3JIyJa-
JOIIIET0 TaMMa-KBaHTHI, PETUCTPUPYEMBIC TEeTEKTOPOM.
IIpu mojere Mo ChbeMOYHOMY MapIIpyTy Ha 3agaHHON
BBICOTE YTOJ «0030pa» OIpenesseT IHWPUHY ITOJOCHI,
KOTOpasI SIBISICTCS ONTUMAIbHBIM MEKMAapIIPYTHBIM pac-
CTOSTHHEM JIJISI M3MEPEHUI Ha TaHHOM BBICOTE.

Bompockl mpocTpaHCTBEHHO-YIJIOBOM aHU30TPOITNH
TakKXe HaJall Hu3yJaTh CO BPEMCHU CTAaHOBJICHUS
AI'CM-MmeTona. B muTepaTypHBIX ICTOUHMKAX MBI HAXOIUM
YIOMUHAHMS 00 yIlIe «0030pa» CIIEKTpOMETpa M IIMPUHE
HCCIIEAYEMOI1 ITOJI0CHI, KOTOPHIE B 3aBUCUMOCTH OT BBICOTHI
ToJieTa M YCIOBUM CheMKH BapbUPYIOTCSI B IIMMPOKOM JTHa-
na3oHe. B HekoTOpBIX padoTax [1, 3, 9] BcTpeuaeTcs yIo-
MHWHaHME O TeJIECHOM yIiie «0030pa» 90°—120° , 4To B CBOIO
odepenb OIpeAesisieT IUPUHY ITOJIOCH NCCICIOBaHUS paB-
Hylo 2—3 BeicoTaM h 1tosieta, T.e. 2h-3h. B npyrux paborax
[2, 4, 6, 11] ymomuHaeTcs o Topasno 0OJbIIel 30He «0030-
pa» criekTpomeTpa, aocturaoiieii 7h-8h, B 3aBucuMocTu
OT BBICOTHI U3MepeHusi. Tak, HanpuMmep, B pabore b. Kyka
u 1p. [6] 3 deKTUBHbBII KPYT KCCIeI0BAHMS COCTABIsIeT 8h
Ha BeicoTe 20 M, 6.5h — Ha BbIcOoTEe 60 M 1 5h — Ha BeICcOTE
120 m. B padote B.B. ®unnmononsa u I1.H. ®orra [11] oT-
MeueHo, uto ipu AI'CM cheMKe Ha BEICOTE 75 M «IIpocMa-
TPUBACTCSI» IMOJIOCA MUPUHON +250 M OT JIMHUU TIOJIeTa,
T.€. 30Ha «0030pa» cocTaBiseT 6.6h.

JI.H. BaBunmH ¢ coaBTOpamMu [2] oIpenesni MOHSITHE
30HBI «0030pa» CIIEKTPOMETpPA, PAAUOAKTUBHOCTb KOTO-
poli OTpaxkarT M3MEpPEeHMsI, KaK ITUPUHY IOJOCH Lad
BIOJIb MapLIpyTa, co3aaronieit 90 % sddekra oT mosynpo-
crpaHcTBa. [1pu 3ToM Ha BeicoTe h a3 peKTUBHAS OTHOCH-
TeJbHAsI MHTeHCUBHOCTh manydeHus I(h) 6ymeTr cocras-
nsate 0,91(h)/1(0), tne 1(0) — MHTEHCUBHOCTH U3TYyUEHUST
OCCKOHEYHOI0 MCTOYHHMKA Yy MOBEPXHOCTU 3eMJIM. DTO
oIpeesICHNe JOIMYCTUMO, KOTIa a3poraMMacheMKa IIpo-
BOIMTCS C MEJIbIO0 PATUOT€OXUMNICCKOTO KapTUPOBAHMSI
(Lad>>h). s 3agaq T0KaIbHOTO IIPOTHO3a 3TO OIIpe/e-
JICHUE MaJIO TIOJXOMUT, YKa3bIBaeT aBToOP.

B Tab6n. 3 mpuBeneHbl pacueTHble TaHHbIE 3Gh(HEKTUB-
HOU IIMPUHBI TTOJIOCHI BAOJb MapIIpyTa, 30HbI «0030pa»
crnekTpomeTpa U 3(PHEeKTUBHON OTHOCUTEIBHON UHTEH-
CHBHOCTH U3JIyYCHUS Ha PA3IMYHBIX BBICOTAX.

Hcxons u3 3TUX TaHHBIX, MOXHO CKa3aTh, YTO 30HA
«0030pa» criekrpometpa (Lap/h) cocraBnser 6oee 7h Ha
BeicoTe 20 M 1 ymeHb11aeTcs 10 4h Ha BeicoTe 100 M. TTpu
5TOM, COTJIACHO CXEME PACYETOB, B 3aBUCUMOCTH OT BBICO-
THI MOJIETA YTOJ «0030pa» AeTeKTopa usMeHsiercd ot 150°
1o 120° (puc. 3).

Ta6nuua 3
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M3MEpPEHUSIX, 00JIagaloT OYeHb
BBICOKOM ITpeICTaBUTEIbHO-
CTBIO M JETEKTOpP, He3aBUCHU-
MO OT BBICOTHI I10JIETA, PETH-
CTPUpPYET TraMMa-KBaHTBI C
YIJIOM «0030pa» 3HAYUTEIHLHO
npesocxoaguemM 120°. Dto
YTBEPXKIEHNE CIIPABEIINBO U
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METPOB.

h, m
180 f----cm e
120

120! Yron “o63opa’”

I fAeTekTopa
000 T “rop
ol T
ol
o 7 7
200 .~

L | ]
250 200 150 100 50 0 50 100 150 200

LLinpmHa nonockl Baons mappyTa L ad.

Puc. 3. Cxema pacuyeta yrna «063opa» cnekTpoMeTpa B 3aBUCMMOCTHU OT BbICOTbI NosieTa (Mo JaH-

HbiM J1.H. BaBununa, 1982)

ABTOp OTMEYaeT, YTO BCE 3TU PacUeThl OTHOCITCS K
M30TPOITHOMY AETEKTOPY, B I€HCTBUTEIbHOCTHU XKe YYBCT-
BUTEJIBHOCTh 0JIOKA JETEeKTUPOBAHUSI B TOPU3OHTAIIBHOM
HaIlpaBJIeHUU MPUOIU3UTEIIBHO BABOE MEHbIIE, YeM B
BEPTUKAJIbHOM, [O3TOMY IIMPMHA 30HBI «0030pa» He-
CKOJIbKO MEHbIIIe 3HaUeHU !, TpUBEAeHHBIX B Ta0JI. 3. Tem
HE MeHee, 3TU JaHHbIe ITO3BOJISIOT CeIaTh BBIBOI O TOM,
YTO 30Ha «0030pa» AETEKTOpa COCTaBisIeT oKojo 3h-5h,
YTO TEOPETUYECKU IO3BOJISIET C BBICOTHI 50 M OXBaThl-
BaTh MeXMapuIpyTHoe paccTosiHue 250 M, a ¢ BBICOTHI
120—150 M 30Ha «0030pa» crieKTpoMeTpa OyaeT MpakTh-
YeCKU TMOJHOCTBIO TTepeKPbIBATh MOJ0CY IUPUHOI 500 M.

P.M. Koran [4] oTMeuas, 4TO T0Jie TaMMa-U3aydyeHust
Ha BBICOTE h orpenessieTcss Ha HEKOTOPOM TUIOLIAAM IO
JIeTaTeJIbHbIM armnapaToM U OCHOBHAsI 4YaCTh U3JTYYEHUSI OT
OECKOHEUYHO TPOTSIKEHHBIX UCTOUHUKOB (IJIOCKOTO, IO~
JIYIIPOCTPAHCTBA U AP.) IPUXOAUT OT Kpyra paauycoMm R,
PaBHBIM HECKOJIbKUM JUIMHAM CBOOOIHOIO Ipobera ram-
Ma-KBaHTOB. Paauyc aToro kpyra, uisi KOTOPOIO BBIIOJI-
Hsaetcsa ycaosue 1(h)/1(0)=0,9, on Ha3biBa1 3DDEKTUB-
HbIM paauycoM Rad. Mcnonb3ys 3aBUCMMOCTH BKJIaaa
raMMa-u3Jjy4eHus: OJHOPOIHOTO MOJYIPOCTPAHCTBA OT
TeOMETPUM U3MEPEHUIA, UM OBLIM pacCUMTaHbl 3HAYCHUs
Rad ming ramma-usinydyeHuss OCHOBHBIX PalMOaKTUBHBIX
anemenToB Th (E=2,62 M»sB), U (E=1,76 M»3B) u
K (E=1,46 M»B) nj1s1 pasanyHbIX BbICOT. B Tabi1. 4 nipe-
CTaBJICHBI PACYCTHbIC 3HAYCHUSI IIIMPUHBI TIOJIOCHI BIOJIb
MapupyTa Lagd 1 30HBI «0030pa» raMMa-CreKTpoOMeTpa.

B maHHOM cilyyae IIMpMHA MOJOCHI UCCIEIOBaHUS Ha
BbicoTe 50 M coctaBUT okoJjio 320 M, a 3TO ompeaessieT
30HY «0030pa» CIEKTpoMeTpa Topsiaka 6,5h, mpu aToM
yToJ1 «0030pa» AeTeKTopa OyneT paBHAThCA 145° . ABTOp
YTIBEPKAAET, YTO COIEPXKAHMS PaIMOAKTUBHBIX JIEMEH-
TOB, TIOJIyYEHHbIE IIPU CAMOJIETHBIX FaMMa-CIIEKTPaIbHbIX

Ta6nuua 4
SddekTuBHbIE BENMUYUHDbI Anga ramma-usnydyeHusa Th, Un K

Paauo- Buicotah=25m Beicotah=50m

9JIEMEHT Rac., M| Lad., m | Lad./h | Rad., m | Lad., m | Lad./h
Th 100 200 8.0 170 340 6.8
u 95 190 7.6 160 320 6.4
K 90 180 7.2 155 310 6.2

cpenHee 95 190 7.6 161,5 323 6.5

B 571001 cBsI3M OBLT pOBe-
IeH 3KCICPUMEHT C MCIIOJb-
30BaHMEM a3poraMMa-CIIeKT-
pomerpa RSX-500. Llennio
SKCIIEpUMEHTa SBJISIOCH
oIpenesieHe KPYroBOM UyB-
CTBUTEILHOCTH TipmbOopa. Ilepem HavamoM M3MepeHUI
0JIOK JeTEeKTOpa pa3MeCTHIN BEpTUKAIBHO B IIECHTPE KPYy-
ra pagmycom 2,7 M, KOTOPHBIit OB pa3MedeH ¢ 1marom 10
rpamycoB. B KkauecTBe MCTOYHMKOB MOHM3AIIMOHHOTO 13-
JIy4eHUSI UCTI0JIb30BaHbBI YpaH-TOpPUEBasl U KajaueBasl py/-
HBIC 3TaJOHBI. Bpems HaKoIUIeHWsT Ha KaxKIoil TOYKe CO-
CTaBJISLIO 5 MUHYT.

ITocne BerunTanus (POHOBBHIX 3HAUCHUI B KaXIOW U3
36 Touyek M3MepeHUs Oblla pacCuyMTaHa CKOPOCTh CueTa
UMITYJIbCOB B KaHaje obmero cuera. s HaIISIAHOCTH
pacueTHble JaHHbIE TIPEACTAaBAEHbI B BUJE KPYroBOM nua-
TPaMMBI, TI¢ KOJIMIECTBO 3aPeTUCTPUPOBAHHBIX MUMITYJIb-
COB BBIPaXXEHO B MPOIIEHTAX OT OOIIEro KOJIMYECTBA 110
BCeil OKpyKHOCTH (puc. 4).

OKa3ajoch, YTO KOJIMYECTBO 3apeTUCTPUPOBAHHBIX M-
ITyJI6COB B TOPM30HTAIEHOM HaIlpaBIeHUN IIPUOIN3UTEIIEHO
BIBOE MEHBIIIE, YeM B BepTUKaIbHOM. [1o-HarieMy MHEHHIIO
TaKoe pa3Imdre 00YCIOBICHO TEM, UTO ILIOIMIANh OOKOBBIX
TpaHeii TeTeKTopa, IIPUHUMAIOIINX TaMMa-N3IydeHne, 3Ha-
YUTEJIbHO MEHBIIIE TIOIIAAN €T0 HUXKHEU U BEPXHEH TpaHeu.
DTOT 3KCIIEPUMEHT IT0Ka3aJl, YTO TaMMa-CIIEKTPOMETP TIPH-
HHMAaeT raMMa-13JIydeHre BCeMU IIeCThIo rpaHsaMu. M3 3to-
IO CJIEOyeT, UTO «30Ha» 0030pa raMMa-cCIIeKTpoOMeTpa WIn
IIAPUHA UCCIISAYeMOM TTOIOCH BAOIb MapIIIpyTa IIpaKTHUe-
CKM HE 3aBUCUT OT yIJIa «0030pa» Impuodopa.

CnenoBatenbpHo, npu AICM-cbeMKe, KOJMUYECTBO
MIPUHSITHIX UMITYJIbCOB TaMMa-M3JIydeHHUsI 3aBUCUT OT pac-
CTOSIHUSI IO MCTOYHHMKA M3IIyYCHUSI, OT MHTCHCUBHOCTHU
raMMa-mu3JTydeHUs 1 OT TEOMETPUICCKUX Pa3MEePOB 3TOTO
WCTOYHMKA. DTU TpHU (haKTOpa HEOOXOIMMO YIUTHIBATH
P BEIOOpPE ONTUMAJIBHOI BBICOTHI TTOJICTA.

Bces nipencraBneHHast Beile mHGOpMAaILs (aHATINA3 JTU-
TepaTyphl U Pe3yJIbTaThl SKCIICPUMEHTOB) TTO3BOJISIET CAC-
JIaTh CJICAYIOIINE BHIBOIHI:

30Ha «0030pa» CrieKTpoMeTpa, Aaxe 0e3 yueTa BbICOTHI,
BapbUpyeT B JOBOJIbHO IIMPOKUX Mpenesax — oT 2h no 7h,
MMelollMecs JaHHbIE O €€ IUPUHE BeCbMa MPOTUBOPEUN -
BBl U OJHO3HAYHOTO OMpEEIECHUS €€ MapaMeTPOB HE Cy-
LIECTBYET.

VYrois «00630pa» TakxkKe U3MEHSIETCS B TOBOJIBLHO IIMPO-
KoM auamnasoHe, oT 90° 1o 150° u 6osiee rpagycoB. Cieno-
BaTeJbHO, HEJIb351 YeTKO OTpeaeanuTb 3((HEeKTUBHYIO 1IN~
PUHY M3y4aeMOM MOJOCHl BAOJb MapuipyTa W JIMIIbL Ha

|
250m
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Puc. 4. luarpamma KpyroBoii 4yBCTBUTENIbHOCTU cnekTpomeTpa RSX-500

5TOM OCHOBAaHUMU pPacCyXnaTb 00 «0030pe» TeppUTOpPUU
KCCJIeIOBAHUS.

Bbonee Toro, camo noHsITUE 30HA «0030pa» U YroJl «0030-
pa», Mo-HalleMy MHEHMUIO, Ul adporaMmma-cIrieKTpomMerpa
He TIpPUeMJIEMO, TTOCKOJIbKY 3TO He hoToarapar, OoH H1uue-
ro He 0003peBaeT, a MaCCMBHO MTPUHUMAET TaMMa-M13JTyde-
HUeE, TTOCTYyTaloIIee Ha IETEKTOP CO BCEX CTOPOH 110 JIMHUU
Mapluipyta (CHU3y, CBEpXy, ClpaBa, CclieBa, CIIepen 1 c3a-
). beccrmopHbIM TakXe SIBJISIETCS TO, YTO C YBEJIMICHUEM
BBICOTHI PETUCTPAIMM, YBEIWYMBAETCS TUIOMIAAL cOopa
raMMa-um3JIy9eHUsT OT 3eMHOM TTIOBEPXHOCTH, a KaXKaast TOU-
Ka perucTpaluy OTpakaeT HeKOe yCpeMHEHHOe 3HaueHUe
ramMma-u3JiydeHusi, OTJIMJalolieecs: oT AeCTBUTEILHOCTH,
U YeM BBIIIE BBICOTA PETUCTPALIMU, TEM OOJIbIIE PaIUyC OC-
pennenust. CienyeT MOMHUTD, YTO C YBEJTMYEHUEM BBICOTHI
WHTEHCUBHOCTb TaMMa-U3JTy9eHUsT CHYDKAETCS, YBETNIM-
BaeTCs ypOBEHDb (DIIIOKTYaIlNii, CHUKAETCSI COOTHOIIEHUE
«CUTHAJI/IITyM» U, KaK CJIeICTBUE, UCKAXEHUE PETUCTPUPY-
€MOTO TTOJIsSI CTAHOBUTCS e1lie 00Jiee 3HAUYMMBIM, UTO BJIEUET
3a coboit cHxeHue nHbopmatuBHocTu A CM-MeTtona.

B noaTeepxaeHne K BhIlIeCKa3aHHOMY TIPUBEIEM Ma-
Tepuaibl ATCM-cbeMKHM OHOTO y4acTKa, MOJyYEeHHbIe
Ha IBYX pa3JIMYHbIX BBICOTAaX, C IPUMEHEHUEM POCCHUII-
ckoro asporamma-crnekrpomerpa I'CA-2000 ¢ o6beMom
npetexTopa 36,5 1. O6JeT yyacTKa OCYLIECTBISICS Ha ca-
MoJieTe AH-3 B OWH TOJIEBO ce30H (C MHTepBaIoM 5—7
JIHe}) TocaeaoBaTeibHO Ha 3aJaHHBIX BbicoTax 50 M U
120 M IO OMHUM U TE€M XK€ MaplipyTaM, OPUEHTUPOBAH-
HBIM B MEpUJAMOHAJILHOM HarmpaBieHuu. PaccTosiHue
Mexay Mapupytamu 250 M, YTO COOTBETCTBYET MacIlITa0y
cbeMku 1:25 000. CpenHsist pakTrueckasi BbICOTa MoJeTa
B MIEPBOM cJlyyae cocTaBuiia 47 M, a BO BTopoM — 114 M.,
T.€. pa3JiMuue Mo BbICOTE UyTh OoJiee, YeM B JiBa pa3a.

O0paboTKa MOJYYeHHOTO MaTepHaja BBITION-
HeHa ¢ TIpuMeHeHueM mporpamMbl Oasis Montaj
no Metognke MATATD. MaTpuubl JaHHBIX ITO-
cTpoeHEHI ¢ pasMepamu staeek 100x100 m. B pesyib-
TaTe CO3MaHbl KapThl COMEPKAHUI €CTeCTBEHHBIX
PagMOaKTUBHBIX 3JIEMEHTOB M MOIIHOCTU O3Bl
raMMa-u3Jy4yeHus, MOCIEeAHUE U3 HUX MPEACTaB-
JIEHBI Ha puc. 5, 6.

CpaBHUBas pacIpeneieHe MOITHOCTH 3KCIIO-
00 3UnMoHHON no3bl (MBO]]) Ha 3TUX pUCYHKAX, MBI
BUINM BBICOKYIO CTEIIeHb OJM30CTH 3HAYCHMUIA,
VKJIaObIBAIOIINXCSI B OAWH W TOT Xe JUAIla3oH
(ot 5,3 mo 10,9 mxP/gac). DT0 BUIHO HEBOOPY-
KEeHHBIM ITa3oM. OgHaKo nmpu 6ojiee BHUMATEIb-
HOM PacCMOTPEHUH B ACTAJSIX OOHAPYKMBAIOTCS
CYIIECTBEHHBIC Pa3INIUsI B MOP(OJOTUU ITHUX
moneit. Ilome, momydyeHHOe Ha BBICOTEe 47 M
(puc. 5) mmeeT KOHTPACTHBIN nuddepeHImpoBaH-
HBII XapaKTep C IJIaBHBIM IIEPEXOJ0M OT MUHU-
MaJIbHBIX 3HAUCHUN pagIrOoaKTUBHOCTH K MaKCH-
MaJIbHBIM.

[Tose, Toay9eHHOE TI0 MaTepHaiaM ITOBTOPHOTO
obuieta Ha BoicoTe 114 M (puc. 6), meHee audde-
PEHIIMPOBAHO, TUIOIIAAb PACIIPOCTPAHEHMSI aHO-
MaJIbHBIX 30H C TOHIDKEHHBIMU 3HAYCHUSIMU 3HA-
YUTEIBbHO paciuupuiaachk (romxyooi 1pet). Ilmo-
agHbIe pa3Mepbl HEKOTOPHIX aHOMAaJbHBIX 30H,
MMEIOLIMXCS Ha puc. 6, 1160 YMEHBIIMINCH B pa3Mepax,
OO0 pa3IeTMINCh Ha HECKOJIBKO YacTell (Ha pUCYHKE OT-
MedeHBl nudpamu 1, 2), a Apyrue UcIe3au BoBce (BBIIC-
JICHBI KPY>KOUKaAMM ).

OO6mIMpHBIC aHOMAJIBHBIE 30HBI, TIPUMBIKAIOIINE K Ce-
BEPO-BOCTOYHOM IrpaHMIIe yJacTKa, KaK Ha puc. 5, TaK 1
Ha puc. 6 mosBTopsIOTCH ¢ «POoTOrpadPUyecKoil» TOYHO-
CTBIO, YTO OOYCJIOBJICHO MX 3HAYMTCILHBIMU TUIOIIATHBI-
MU pa3MepaMy U MOBBIIIEHHON PaIOaKTUBHOCTHIO (aHO-
MaJIbHBIC 30HBI 3, 4, 5). ECTh 1 npyrue oTIMIMSI, MBI CO-
3HATEJIbHO HE CTaJIM aKIIEHTUPOBAaTh Ha HUX BHUMaHNE U
MIPeIOCTaBIIsIEeM YATATEII0 CAMOMY B 9TOM YOCIUTBCS.

[TocKONBKY pamrmoMeTpUIECKUE TOJSI, PeTUCTPUPYE-
MBbI€ Ha pa3HbBIX BbICOTaX (47 M u 114 M), IMEIOT CyIIIEeCT-
BEHHBIC pa3IN4rsl, MBI yTBepKIaeM, YTO YBEINICHHUE BhI-
COTHI CheMKH 110 150 M, TIpUBEIeT K eIle Ooiee 3HATNTEIb-
HOMY UCKaXXECHUIO Pe3yIbTaTOB M3MEPEHMIT 1 TEM CaMBbIM,
CYIIECTBEHHO CHU3UT Ka4eCTBO ITOJICBOrO MaTepuaJa.

[IpakTrKa moKa3bIBaeT, YTO IUISI COBPEMEHHOTO TaMMa-
CIIEKTpOMETpa ¢ 00beMoM mataukoB 32 i1 (tuma RSX-500)
BeIcOTa cheMKH 70—90 M omTHMabHA IS TIOMIANEH CO
CITOKOIHBIM pesibeOoM, OTHAKO MBI JOIYCKaeM IIOJICTHI 1
Ha 00JBIINX BbIcOTaX — 10 120 M, 4TO OOYCIOBIECHO BO3-
MOXHOCTBIO BKJIFOUCHHS IOIOJHUTEIHHOTO KaHama —
3JICKTPOpPa3BeIKN, KOTOPask B CHJTy KOHCTPYKTUBHBIX OCO-
OCHHOCTEH M 0e30ITaCHOCTU ITOJIETOB HE MOKET BBITIOJN-
HSTBCS Ha BhIcOTax MeHee 120 M. B maHHOM ciryyae Hamo
BBIOpATh, YTO JIyUIlle: YACTUIHO ITOTEePSTh TaMMa-CIIEKTPO-
METPUIECKYIO MH(MDOPMAIINIO, HO TTOIYUUTD SJIEKTPHUUECKIIEC
XapaKTePUCTUKU TEOJIOTMUECKOM Cpebl, MO0 OTKA3aThCs
OT HUX paIy BBICOKOTO KauecTBa raMMa-CIIeKTpOMETprIe-
CKUX MAaTepUAJIOB, MPUTOMHBIX ISl TOKAJIBHOTO MPOrHO3a.
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OTciona cieayer, 4To KaxkIblil 00BEKT a9poreou3ndeckunx
HccIeq0BaHU HEOOX0IMMO pacCMaTpPUBATh MHIUBUTYaITb-
HO, CTPOTO OILIEHNBAsI BCE «3a M IIPOTUB» IIPUMEHEHMSI TOTO
WJIA WHOTO KOMIUIEKCa METOMOB ISl €r0 UCCIIEAOBAHNSI.
Hanpuwmep, npu mouckax 30J10TOPYIHBIX O0ObEKTOB, TIPUY-
POUYEHHBIX K YePHOCTAHIIEBBIM TOJIIAM, BEPOSITHO, OTIPaB-
JIAHO BKJTIOUEHUE B KOMILJIEKC METO/IOB 2JIEKTPOPA3BEIKU U
BBITIOJTHEHIE CheMKH Ha BBIcOTe 120 M.

3akioueHue

Takum 06pa3om, MPOBEAEHHBINA aHATU3 JINTEPATYPHBIX
WCTOYHUKOB, OCBEIIAIOIINX MTPOOJIEeMBbl a9poraMMa-CIieK-
TPOMETPUUYECKUX CHhEMOK U PE3YJIbTaThl COOCTBEHHBIX UC-
CJIE[IOBAHUI MO 3TOU TeMe IMO3BOJSIOT CIENaTh CIEIyIO-
11I€ BBIBOIBL:

1. OTHOCUTENbHASI UHTEHCUBHOCTh TaMMa-U3JTy4YeHUST
HaJl TTOJYTIPOCTPAHCTBOM C OHOPOIHON raMMa-aKTUBHO-
CTBIO 3aBUCUT TOJHKO OT BBICOTHI PETUCTPALIVY WU WUHA-
Yye — TOCTOSTHHA Ha OJTHOM BBICOTE.

2. Haunbomb1rast ”THTEHCUBHOCTh TAMMa-U3Ty4YeHUST Ha-
OJII0IaeTCST HA BBICOTAX TMEPBbIE NECSATKN METPOB HAJ 3eM-
JIel, aBidoleiics Haubosiee UHGOPMATUBHON 30HOM MTpu
perucTpaIum.

3. C yBenuyeHUEeM BBICOThI CheMKH MH(POPMATUBHOCTh
AT'CM-MeTo1a CHUKAETCH.

4. Beicora AI'CM-cheMKM HUKAK He CBsI3aHa C pacCcTo-
STHEM MEXKJIy MaplIpyTaMu, T.€. He 3aBUCUT OT MaciiTada
MCCIeIOBAaHUI.

5. HTEHCUBHOCTh TaMMa-U3Jy9eHUs C YBEIMUYECHUEM
BBICOTHI 3aTyXaeT Hall UICTOUHUKAMU OOJIBIIUX Pa3MEPOB
OTHOCUTENIbHO MEJIEHHO, HO TOpa3ao ObICTpee Haa He-
OONBIIMMHU, JIOKATbHBIMU OObekTaMu. CrenoBaTeabHO,
BEPOSITHOCTb OOHAPYXKEHUS JTOKAIbHBIX OOBEKTOB C yBeE-
JINYEHUEM BBICOTHI perucrpanuu cHuxaercs. [Toatomy
BBITIOJIHEHNWE TTOMCKOB TTOJIE3HBIX MCKOIAeMBbIX IEJIECO-
00pa3HO OCYIIECTBISITh HA TPEAETbHO MaJbIX BBICOTAX
CBEMOYHBIX TTOJIETOB.

6. BricoTa asporaMma-creKTpoMeTpuIecKoil CheMKH B
npenenax 70—90 M SIBIISICTCST ONTUMATBHOM TS TUTOIIAACH
CO CTIOKOWHBIM pesibehoM. YBeTnueHne BbICOThI 10 120 M
BO3MOXHO B yCIIOBUSIX TOPHOTO pefbeda, a TakkKe B CITy-
yae koMruiekcupoBauusi ATCM-cbeMKU ¢ ApyTUMHU T€0-
GU3NIECKIMH METOIAMMU.

7. Boicota 120 M TIpakTUYeCKU SIBJISIETCS TIPEIETIOM W3-
Meperuss AT CM-MeTona B 4acTH KauecTBa M TOCTOBEPHO-
CTU TIOJTY9aeMbIX PE3yJIbTaTOB.

W, nakoHel, nociaegHee. TexHuueckast MHCTPYKUMS 10
asporaMMa-CreKTPOMETPUUECKON CheMKe, YTBEPKIeHHast
B 1977 1., GeccriopHO ycrapesia, He COOTBETCTBYET COBpE-
MEHHOMY YPOBHIO IPUMEHSIE-
MO anmapaTypbl, CpeCTBaM

I1Ikana MHTEHCHBHOCTH, MKP/4
53 62 66 68 70 72 73 75 76 78 79 81 82 84 86 88 92 56 109
T T T T e se——

HaBUTAllUM, aBUALIMOHHBIM
HocuTelsIM (caMojeTaM H
Beprosnetam). OHa Takxke He
COOTBETCTBYET COBPEMEHHBIM
MeToAMKaM 00pabOTKW U MH-
TepIpeTauuy MOJeBOro raM-
Ma-CIEeKTPOMETPUUIECKOTO
marepuana u np. Bce 3To 00-
YCJIOBJIMBAET HEOOXOAUMOCTD
pa3pabOTKM MHCTPYKTUBHOM
MTOKYMEHTAIlMK, OTpaxkaio-
1€ COBPEMEHHOE COCTOSTHUE
asporaMma-CcIeKTpOMETPHH,
KaK MeTo/Ia 10 U3yYeHUIO I'e0-

=y ————

JIOTUYECKOTO CTPOCHUST OOJTb-
IIUX TEPPUTOPUI U TIOMCKOB
pPa3IMYHBIX BUIIOB TOJIE3HBIX

[lIxkana uHTEHCHBHOCTH, MEP/
53 62 66 68 7.0 72 73 75 76 78 79 81 82 84 86 88 92 96 109
7T =

UCcKoIlaeMbIX. Bo3MoxkHO,
CTOUT B3$ITh 32 OCHOBY IOJIO-
KeHust «PyKoBoacTBa no kKap-
TUPOBAHUIO PAAUOAKTUBHBIX
3JIEMEHTOB C UCITOJIb30BAHUEM
raMma-CrneKTpOMEeTPUYECKUX
JNaHHbIX» MeXayHapoaAHOTO
areHTCTBa MO aTOMHOU 3HEep-
ruu (MATATD), wions 2003
[13], mporrycTuB WX depes
«IIPU3MY» POCCUMCKOTO 3aKO-
HOZIATeJIbCTBA, alalTUPOBATh
K COBPEMEHHBIM pPOCCHUM-
CKUM YCIIOBUSIM U YTBEPIUTb,

000w 0 1 3

T T —r— T

Puc. 6. MOWHOCTb 3KCMO3ULMOHHOM A,03bl, BbiICOTa CbeMkn 114 m

B TOM YUCJIE U CIELMAbHYIO
TepMuHojgoruto. g srtoro,

06 ¢ uioHb ¢ 2019
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BO3MOXHO, IIOTpeOyeTCsl MpOBeAeHNe TEOPETUYSCKUX U
9KCIEPUMEHTATbHBIX UCCeToBaHU. Takyto paboTy ciemy-
€T ITOPYYUTh KOJJIEKTUBY, CIIOCOOHOMY Ha KOHKYPCHOM OC-
HOBE TIPEICTaBUTh KOMITETCHTHOMY KIOPU JTOCTOMHYIO Ha-
YYHO-HCCIIEI0BATEIbCKYIO ITPOrpaMMy.
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