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3emHast (04BEHHAS, JIaHAIIAQTHAS, TEOIOrHYECKasT) TOBEPXHOCTD CYILIH MATCPUKOB, JHA MOPEH M OKEAHOB IIPE/ICTaBIIC-
Ha >KHBOIIMCHBIMH JIPEBOBU/IHBIMU CTPYKTypaMH, KOTOpbIE Majlo KOMy M3BeCTHBI. Jist Mx oOHapyxeHus pa3paboTaH
KapTorpapuuecKuil MeToJ IIacTUKK penbeda, onucaHHbId Hibke. CyIecTBYIOMUH «IOCKYTHBID CIIOCO0 KapTHpOBa-
HUs A7 9TOU 1leny He mpurofieH. IIpou3BoAcTBEHHbIE ONBITHL HAa MOMIX BlaguMupckoro omnosbs mokasald, 4To B
CO3JIaHUY [TOYBEHHOTO IUIOIOPOJHS IPHHUMAIOT yyacTre (hH3HdecKre ¥ HH(pOpMalMoHHbIe nonst. [lepexon k HOBoMy
KBaHTOBO-MEXaHUUECKOMY IOHUMAHUIO arpOIKOCHCTEM OTKPBIBAET HOBYIO CTPAHHUILY B 3eMIIEACIIMY, UTO MIPEAIoIaracT
BO3MOXKHOCTb YIIPaBJICHUs! (PU3MIECKUMH TTOJISIMY arpOdKOCHCTEM Ha 0a3e HaHOTeXHOJIOTHi. [1ouBeHHO-OKONIOrHYecKue
CHCTEMBI, BBIICISIEMbIE Ha KapTaX METOJIOM IUIACTHKY pebeda, OTHOCUTEIBHO YIIOPSIOUCHBI, YTO HO3BOJISIET IPHUOIIH-
JKEHHO OIUCATh MX C IOMOIIBIO IOHATUI anapaTa TeOPUU CUMMETPUU.

KimoueBsie ciioBa: miacTuka pem)e(ba, ArpoO3KOCUCTEMbBI, CUMMETPHUS.

BBEJIEHUE

MHOroneTH!H ONBIT KAPTUPOBAHUSI TIOYB U KO-
CHCTEM IIO3BOJISIET HAaM YTBEPXIATh, YTO BBIIEIS-
eMble Ha COBPEMEHHBIX TEMaTHYeCKUX KapTax Gop-
MBI MIPUPOJHBIX OOBEKTOB HE OTPaKaloT peaib-
HOCTb. [IprunHa — UTHOPUPOBaHKE TOPUIOHTAIICH
KapT penbeda, KoTopsle 00pa3yioT B opMe ceMu-
KOHTHHYYMa HCXOAHYIO AMHAMUYECKYIO CTPYKTYpY
3eMHOHU (MTOYBEHHO-IKOJIOTMYECKOH) TTOBEPXHOCTH.
Otcrona — mpou3Boi B POBEACHUH T'PaHUL] SKOCHC-
TeM, TOYB U TOPHBIX nopoa. Hamu npemnoxen me-
TOJI TUTACTUKH peibeda, KOTOPBIA MepeBOAUT CEMU-
KOHTHHYYM TOpU30HTaJell B AUCKOHTHHYYM, CO3/1a-
Bas JMHAMUYECKUE MaTTEPHBI BHITYKIIbIC apeaibl —
MOTOKH Ha (poHE BOrHYTOCTEH — MO10kKKH (MHepa-
[UABHOM CHCTeMe oTcueTa). BriepBbie B MHPOBOIt
KapTorpau4eckoil MpakTHUKe B TEOPHIO KapTorpa-
(U BBOOUTCS MOHATHE «MEXAaHUYECKOE IBUIKEHHE
MTOYBEHHO-TEOIOTNYECKUX TEN-ITOTOKOB 10 MOIOXK-
ke». DOpMBI ABMKYLIMXCS TEI-TIOTOKOB HAIIOMUHA-
10T CTPYKTYPBI (PU3UYECKHX MOJIeH, YTO MO3BONISIET
MEPEXOIUTh OT TEOMETPUUECKUX OMUCAHUHN CTPYK-
TYpBHI MOYBEHHBIX MTOBEPXHOCTENH K HHPOPMAINOH-
HBIM U IIOJIEBBIM CTPYKTYpam, OMUCHIBAEMBI METO-
JaMH TeOpruu cuMMeTpuH. ONbITaMU Ha arpojaH/-
magTax B EPBOM NPUOIMKEHUN YCTaHOBJIEHO BIIU-
sHre QU3NYIECKUX MOJIeH Ha COCTOSTHUE PACTeHHH 1
nouB (Bunokypos, 2007; Jlonaues, 2008).

METO/J ®OPMAJIN3AIINN
INOYBEHHBIX I'PAHUI

Jlrobas TemaTHueckas KapTa CO3[acTcsi Ha OC-
HoBe ropusonTane (puc. 1,A). Hamu Haiiien cro-

€00 UX TEOMETPHUECKOT0 TPEO0Pa30BaHusl, KOTOPBIH
3aKIII0YaeTcs B TOM, YTO HA Ka)IOW TOPU3OHTAIH
BBIJICJISIIOTCS] TOYKH HYJIEBOW MJIAHOBOW KPUBU3HBI,
KOTOPBIE 3aTEM COCAUHSIOTCS U30IMHIENH — MOpdo-
usorpadoii (puc. 1, B). B pesynsrare Ha kapre mia-
CTHKH penbeda co3maercs BBITYKIO-BOTHYTas I10-
BEPXHOCTb C €CTECTBEHHBIMH apeajaMH — «IWHa-
MHUYCCKUMHU TTOTOKAMU» WM «IMATTEPHAMHU JBUXKE-
HUS», UCIONb3yeMble B cuHepreTuke. Kaxxasiii Ta-
KOH MOTOK MMEET HavaJbHYI0 TOUKy (pereriep), a
€ro KOHLIEBBIC YaCTH BCErAa «yCTPEMIICHBI» K ca-
MBIM HU3KUM TOYKaM (WM JIMHUSIM) OacceliHa CTo-
Ka, Ha3BaHHBIM aTTpakTopamu. B mpouecce sBomio-
IIUH TIOTOKH BETBATCS B TOUKaX OM(ypKaluu, co3na-
Basl JTUCKPETHbIE YPOBHU OpraHU3allU1 [T0YB pa3Ho-
r0 BO3pacTa M CBOWCTBA. MeTo MIacTUKU NPOTHU-
BOIOCTABJICH TPaAULIMOHHOMY «(haKTOIOrHYECKOMY»
WX <PEKOTHOCIIIPOBOYHOMY» METOMY C JJIEMEHTap-
HbIMH TI0uYBeHHbIMU apeanamu (DI1A) (puc. 1, C),
Ha OCHOBE KOTOPOTO IIOCTPOEHBI BCE HBIHE CyIIlE-
CTBYIOIIME TOYBEHHBIC U JaHAMA(THBIE KAPTHI.
Ecnu meron mnactuku (B) o0s3biBaeT BBIACTATH
KakJ10€ MIOBBIIICHNE 1 IOHMKEHUE, GUKCUPOBAHHOE
n3rudamu ropu3oHTasel (A) B BUJe MATTEPHOB JIBU-
JKEHHUSI, TO TPAJUIIMOHHBINA «(aKTOIOT HUECKHIT» Me-
Tox, Kak BUIHO U3 puc. (C), He 3aMevaeT ITUX pas-
JIMYHHA, IPOU3BOJIBHO, O€3 MpaBuil, O0bEINHSAS B OUH
BbIJIEN BCE MOHMKEHNUS U NoBbIeHuUs. [loToku-mat-
TEpPHBI OTPAXKAIOT JBIKEHUE ITOYBEHHOIO BEILIECTBA,
a OIIA — ux craTuky.

HeoObIuHbIE IO KpacoTe eCTECTBEHHBIC OPEBO-
BUAHBIE Y30paMU BOSHUKIIU B PE3YyNbTATE JINTEIb-
HOT'O B3aUMOJICHCTBUS IPaBUTALUOHHBIX, 3JIEKTPO-
MAarHUTHBIX U ApYyrux noned (puc. 2). 1o stum cTpyk-
TypaM IpOCTHIE JIIOAW XOAAT, He 3amedas ux. Ho
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Puc. 1. CpaBHeHuWe y30poB (NaTTepHOB ABMXKEHNSA) ABYX NOYBEHHbIX KapT B 1 C, BbISABMEHHbIX N0 OAHUM U
TEM e ropm3oHTansim kapTel penbeda M 1:10 000 (A). B — kapTa nnactukm penbeda; C —kapTta
arneMeHTapHbIX NO4BeHHbIX apeanos (MeTognyeckve pekomeHgaumm, 1989). Ha kapte A faHbl ropu3oHTanm
¢ 6eprwitpyxamun. Ha kapTe B BbINYKNOCTU-NOTOKY (3aKpalleHbl), 6enbin hoH — BorHyTocTv. Ha kapTax B, n
C, ropusoHTanu cHaATbl, Ha B, coxpaHeHbI Mo BHELLHe CTOPOHE NOTOKOB TOYKM — MeCTa NepeceyeHmns
ropusoHTarnem, 4To no3BonseT BOCCTaHOBUTL UX.

uX, K COXKaJICHHUIO, HEe BUIAIT KapTorpadsl, pucys Ha
«(aKTONMOTHMYECKUX» KapTaX BMECTO dTHX YyACCHBIX
Y30pOB KapT MJIaCTUKU penbeda ypoanuBoil ¢op-
MBI «JIOCKYTBI» U «Kycku» (puc. 1,C). «JlockyThI»
CO3/1a10T HCKaXKEHHOE HEpeabHOE MpE/ICTaBIECHUE
0 3€MHOM M MOYBEHHOM MOBEPXHOCTH U MPUBOIAT K
MPUMEHEHUIO B HayKe TaKUX HECYIIECTBYIOIIUX
¢dbopMm penbeda, Kak «PaBHUHBI», «IOJHHBI», «XOJI-
MbD» U Jp. ['eomeTpudecknii aHanInu3 ropu3oHTaNIEH
MOKA3bIBAET, YTO 3€MHAas Kopa IMpeacTaBlIeHa oTo-
KaMH, CIIJIONIb TTOKPBIBAIOIIUMHI MAaTEPUKH, THO MO-
peil 1 okeaHOB. MecTONOI0XKEHNE MTOYBBI HA TOM
WM UHOM Y4YaCTKE ITOTOKOBOM CHUCTEMBI CTAHOBMT-
sl BKHBIM (DaKTOPOM B ONIPEIETICHUH UX CBOMCTB.

Kak BugHO M3 pHC. 2, B IpUPOIE HET BHIMBIII-
JICHHBIX ¥ IPUMUTUBHO NPEJICTABISIEMBIX Ha KapTax
«paBHUH» U «gonuH» (puc. 1,C); UM cyxIeHo ocra-
BaThCS TONIBKO B SMIIMPUH Hayk o 3emiie. B Teopun
’K€ UMEIOT MECTO ECTECTBEHHBIE TeNla — JIPEBOBU/-
HBIE TIOTOKH, KOTOpBIe 00pa3yloT HAaHOCHI, KOPHI BbI-
BETPUBAHUS U MTOYBHI HE TOJIBKO B IU1aHe (puc. 2, B,
C, D), HO ¥ MPOHHU3BIBAIOT €€ B MEJIKO3EMHUCTHIX
TOJILIAX MO BEPTUKAJIN Ha KUJIOMETPOBBIE TITyOUHBI
(puc. 2, A), HaIOMHHAs1 POCT JIEPEBLEB M CTABS 3a-
rajiki B UX resesuce. Buagumo, nogbemsl 1 onmycka-
HUS yYacCTKOB 3€MHOU KOPBI CBSI3aHBI C MOBBIIIEH-
HBIM HJIM 3aMEAJIEHHBIM POCTOM «IPEBOBHUIHBIX»

MOTOKOB, BBI3BIBAEMBIX Ha MiaTdopMax MIMKaTHB-
Ho#t Tekrorukoi (Crenanos, 1986, 2003, 2006). Dxo-
joraMm cienyer (UKCUPOBATh HA TEMATHYECKUX
KapTax eCTeCTBEHHbIE ()OPMBI MMOTOKOB, COIIACHO
npasuiaM (puc. 1,B), a He npuIyMBIBaTh HE CyIIIe-
cTBytommme B npupone apeaisl (cMm. puc. 1, C). Ilo-
TOKU MPHOJINKAIOT HAC K TOUHBIM HayKaM, TaK Kak
UMEIOT CXOACTBO C JUCCHIIATUBHBIMH CTPYKTypa-
MU U (Qpakranamu. [IoTOKOBBIE KapTbl COCTaBIIs-
Juchk npexae nocienosarensimu B.B. Jlokyuaesa.
Hanpuwmep, Takas nouBeHHas kaprta u3gana B 1923
I. BeaymuMu ydyeHsiMu M.M. ®@unaroBeiM, C.A.
3axapoBbiM, P.Y. UnpuHEIM U ApYyrMMH Ha Teppu-
Toputo MockoBckoi ryoepuuu (CrenaHoB u p.,
2009). Ho yxe ¢ cepenmnbl XX B. B Poccun cranmm
M37aBaThCsl Ha TOCYIapCTBEHHOM YpPOBHE IOYBEH-
HBIC KapThl C «JIOCKYTHBIMH» CTpyKTypamu. I[lpu-
YMHA MEPEX0fa C IOTOKOBBIX» KapT Ha «JIOCKYT-
HBIE» B JIUTEpAType HE 00CYKIanach.

BrlsiBieHrEe APEBOBUAHBIX Y30POB M YCTAHOBJIE-
HHUE MEXaHNU3Ma UX IPOUCXOKICHUSI, paclipocTpaHe-
HUS, BIMSHUS Ha 3BOJNIOLHUIO KUBOTO BEIIECTBA —
BakHas 3agada dkoimorur XXI| B. OHa MoxeT mo-
CITy’KUTh (POPMaTM30BaHHOM OTIOPOH TSI CO3aHUS
CENTbCKOX035ICTBEHHON WH(POPMAIIMOHHON CHCTEMBI
(CHUC), BMecTO TeOMH(POPMALMOHHOH CUCTEMBI
(TUC), ucxomHble YpOBHH OpraHU3ALUU KOTOPOM
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Puc. 2. [peBOBMAHbIE CUCTEMBI Ha KapTax NnacTuku penbeda gnvHon okono 100 kv (B - Mpukacnuia, C —
ponuHa p. Tepek, D —gonuvHa p. 3epaBLuaH), a Takke BepTUKanbHbIN reonornyeckunii npodunb TonLwm
PbIXIbIX OTNOXeHun Acdpurkn (Hurepus) ao rmyouHbl 3 km (A)

MPEACTABIEHBl a9POKOCMUUYECKUMU CHUMKaMU U
HeBepHO TpakTyeMbiMu (puc. 1,C) kaptamu pesbe-
¢a ¢ TOPU3OHTAISIMH, CO3JAIOLUIMMHU CEPHUI0 <«JI0C-
KyTHBIX» TEMaTHYECKUX KapT.

CUMMETPU3AIIMSA ITOTOKOB

[Toroku — HOcHTENU HHPOPMALIUU O TPOLUIOM H
HACTOSILEM JIBHKEHUH 3€MHOTO BEILIECTBA B IOJIE
3eMHOro TSAroteHus. Hamu oHu ¢opMaan3oBaHbI C
TIOMOIIIBIO TEOPUU CUMMETPHH (pHC. 3) C TeM, YTO-
Obl KaKk MaTeMaTHYeCKHe CUMBOJIBI HCIOIb30BAThH
B nporpammax OBM. IlouBoBeneHue panee ocHo-
BBIBAJIOCH Ha IMOHSATUAX «CXOACTBO-pazimuue». C
1970 r. BMecTO 3TOM Mapsl MBI CTAJIM U3y4aTh Hapy
«CTPYKTypa — QYHKIHS», YTO PE3KO MOBBICHIIO YPO-
BEHb 3HAaHUs OYBOBeeHHUs. [ 3Toro ¢popmel mo-
TOKOB pHC. 3 YIPOIICHBI U CKEICTU3UPOBaHbI (cxe-
MaTHU3HMPOBAHBI) B LENSX MOTYYCHUST a0CTPaKTHBIX
TeOMETPHYECKHX CTPYKTYD (II0Ka3aHo CripaBa, BBEp-
Xy TOHKHMH JIuHusIMA). [Iporienypa He mpocrasi, Tpe-
OyeT HaBbIKa, IOHUMaHUA Mporecca HopMann3aliy,
KOTOPBIN BCEIa COMPOBOXKAAETCA YIPOLIEHUEM KOH-
¢urypanuii, morepei HecymecTBeHHONH HH()OPMALIUH.
Ckenern3anus Mo3BoJInja cO3AaTh HeaTn3NpOBaH-
HBIH 00pa3 MOYBEHHO-TEOJIOTMYECKOr0 apeana Imy-
TEM OTBJICYCHHUS OT AeTallel W CXBAaThIBAaHWUS Hau-
Ooree CylIecTBEHHBIX YepT FreOMETPUIECKOTO CTPO-
eHUs 3eMHOH moBepxHocTH. [Ipu ckeneTHoM mpen-
CTaBJICHUU CTPYKTYPHI HEIIPEPBIBHO CTAHOBSITCS BCE
Ooree TOHKUMU M CTIIaKHBAIOTCS BIUIOTH JI0 COXpa-
HEHUS TOJIBKO JIEMEHTOB, COCTABIISIOIINX €r0 «Kap-
kac». UHQOPMaTUBHOCTb CKeJleTa ONpeesieTcs
TEM, YTO OH COXPAHSIET PsJ 3HAYMMBIX CBOHCTB HC-
XOIHOTO M300pa’keHUs: CBSIZHOCTH, OPUEHTALIUIO

TJIABHOM OCH M OOKOBBIX OCel, CHMMETpHIO. J[i1s n3y-
YEeHUsl peabHOW CHCTEMBI, MBI 3amemniaeM ee (¢
TOYHOCTBIO 10 H30Mopdu3Ma) aOCTPaKTHOM CUCTe-
MOW C TeMH XK€ OTHOLIEHHSIMH. Takum oOpazom,
3a/a4a CTAaHOBUTCA YHCTO MaTEMaTH4YecKOM, uc-
nose3yomiei cummerpuro (puc. 4).

Meronp! cummerpud, usnoxennsie [1lyonu-
koBbIM 1 Koriukom (2004), mo3Bosniiu Ham ¢opma-
TU30BaTh (OPMBI MMOTOKOBBIX CTPYKTyp. Cyns mo
puc. 4, Temepb UMeeTCs B MOYBOBEACHUU XOTS U
HEeOOJIBILION, HO BCE K€ OMBIT MPEACTABICHUS MPO-
CTPaHCTBEHHBIX TOYBEHHBIX, T€0JIOTHYECKUX, JTaH -
madTHRIX CTPYKTYP B BHJE T€OMETPHUECKHX CHM-
BOJIOB MJIK (OpMYI - OYKBEHHBIX MHJEKCOB-OIepa-
TOpOB. JTa mpobiaeMa TpedyeT caMOCTOSTEILHOrO
W3yYeHHsI.

HCIIOJIB3OBAHUE METOJA TINIACTUKH
PEJBE®A B 3EMJIEJAEJIBYECKUX
OIIBITAX

AHanu3 ONBITHRIX JaHHBIX arpodkocucteM Bia-
JIMMUPCKOTO omonbst (Bunokypos, 2007) mpousBo -
csl IO IBYM CXEMaM, HCIOb3Ysl KPYMHOMACIITao-
HbIE TOYBEHHBIE U arPOXUMHYECKUE KaPThl, COCTAB-
JICHHBIE IBYMsI pa3HBIMH MeTomaMu. 1- Pesynbra-
THI OTIBITOB COMOCTABIISUIMCH C apealaMu TpaJuLu-
OHHBIX KapT, KOTOpbIE UIMENH 110CKUe, ONTHOPOIHEIE,
W30TPOIHBIE U H30JIMPOBAaHHBIC APYT OT APYra pas-
HOBECHBIE MOBEPXHOCTH; 2 — Te 3xKe pe3ynsTaTsl OIbl-
TOB HAHOCHJIMCh Ha KapThl, COCTaBJICHHBIE METOI0OM
TUTACTUKY penbeda, apeabl KOTOPHIX — IOTOKU UMe-
1Y UCKpUGIEeHHble, HEOTHOPOJHbIE, aHU30TPOIHBIE,
JIaJIeKUe OT paBHOBECHS TOBEPXHOCTH, KaXKaast TOU-
Ka KOTOPBIX ()yHKIMOHAJIHHO U TCHETHYECKH CBSI3a-
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Puc. 3. lNo4BEHHO-3KONOrM4ECKNE NATTEPHbI
OBWKeHUs1 (NOTOKOBbIE CTPYKTYphI): A,B, D —
6acceliH pekn Bocbma (nputok Okm); C —vacTb
normbl Oku B paroHe lNpuokcko-TeppacHoro
3anoseaHvka Mockosckon obnactn M 1: 10 000

Puc.4. MATb N0YBEHHO-3KOMNOMMYECKUX NaTTEPHOB
ABWKEHNA (MOTOKOBbIX CTPYKTYP) (F, ) 1
XapakTepusyoLLme X CMMBOSbl CUMMETPUN B BUAE
coyeTaHus uryp rno anemMeHTam CUMMEeTPUn 1
dopMyn cuMmmeTpun (BHU3Y). TOHKUE
rOpPU30HTarbHbIE NIMHUN — OCK NEPEHOCOB (a);
TOMCTbI€ NNHNM — OObIKHOBEHHbIE NMOCKOCTM M,
npoxoasiume nepneHamKynsapHo K YepTexy;
LUTPUXOBbIE JIMHWUW — NNTIOCKOCTU CKOMNb3SILLEro
OTpakeHus r; ABOeTOYME B CMMBONaXx (:) o3HayaeT
nepneHanKynspHOCTb, ogHa Touka (+) -
napannenbHOCTb

Ha ¢ COCEAHUMH ToUKaMH. 110 3TUM pa3HBIM 11O CBO-
ell mpupose apeanaM (TIOCKHM U UCKPUBJICHHBIM)
n3y4anaach KHHETUKA HUTPU(UKALMU CEPBIX JIECHBIX
nouB. KuHeTnky HUTpUPHUKALUK YAAJIOCh OMUCATh
JOTUCTUYECKUM YypaBHeHueM @epxroibcra

dx X
—=rx 1-—|.
dt K
3IICCI> I KOHCTaHTa CKOpOCTHU mporecca HUTPHU-

(1)I/IKaLII/II/I, K - sxonmoruueckas €MKOCTBH, X - TCKyIIas
KOHICHTpAlUs HUTPATOB.

PE3VYJIBTATBI 1 UX OBCYXJIEHUE

Bb110 okaszaHo, 4To NpoyKTUBHOCTH U BOCTIPO-
M3BOJICTBO MJIOAOPOANS TSl pa3IHYHBIX OPTaHOMH -
HepaNbHBIX CHCTEM YIOOpEHUI Ha TIIOCKUX MTOYBEH-
HBIX CUCTEMAX, XOpOILIO KOPPEIUPYIOT C BEIMYHHA-
mu otHoureHust K/, a KoHCTaHTbI HUTPH(DUKAIIMT KOp-
PENUPYIOT C BEMMYMHAMH Ha4aJIbHBIX KOHIIEHTPAIUH
HHUTPATOB JIJISI BCEX IUIOCKUX apeainoB (puc. 5 A ).
Ha «uckpusnennsix» apeanax (B, C, J[) 3aBucu-
moctb I = f (Ig C,, ;) Tepsier nmuneiinbiil Xapakrep,
KOTOPBIH OBLT MPUCYIL «IIOCKOMY» apeaiy (A). Ha
pucyHKax aanel Homepa JAJIl (anemeHTapHbIe ape-
aJTbl JTaHIMIa(TOB) 1O MX PACIIOIOKEHHUIO HA CKIIO-
Hax pasHbix okcnosuiuii (C3-1,2,3; FOB-5,6,7) u
Bozopaszene (4). [Ipoduitr KOHTPOIBHON MOIOCH U
MOJOCHI, Ha KOTOPYIO BHECEHBI MHUHEPaJIbHBIE YI00-
PEHUS 1 UMEIOIUE TPaHUIy pa3ena, o0paszyloT Ha
HCKPHBIICHHBIX» apealiax CHMMETPUYHBIE CTPYK-
Typbl OTHOCUTENILHO BOJOpa3feia, pasfeistoLiero
CKJIOHBI, YTO MOJYEPKUBAET Ba)KHOCTh y4eTa CHM-
METPHUHU TONBKO TOTJA, KOTAa MBI HCIIONIb3yeM Kap-
Ty IJIACTHKH C UCKPUBJICHHBIMU apeanamu (puc. 5
C). IIpoduiab BenW4rH NPOAYKTUBHOCTU U BETHYHH
oTHOIIeHUI K/I 10 2JeMEeHTapHBIM apeajiam KpH-
BOJIMHEIHOM TOBEPXHOCTH IIOUBEHHON CUCTEMBI ME-
10T BOTHOOOPA3HBIM CHHXPOHHBIHN Xapakrep. Takoit
JKe XapakTep 0OHapY>KUBAIOT BEIMYMHBI COAEPIKa-
Hust azorodaktepa (Chroococcum).

Ha puc. 5 mpuBeneHs! TUIIb HEKOTOPHIE U3 MHO-
T'UX TpauKOB, OKA3bIBAIONIHNE PA3INYHsl B IPOTE-
KaHHMM TE€X WM MHBIX MPOLECCOB Ha «IIJIOCKUX» U
«KPUBBIX» IIOBEPXHOCTSX, KOTOPBIE 0003HAUCHBI HA
HOBBIX TIOTOKOBBIX KapTax (IUIaCTHKU penbeda) u
OTCYTCTBYIOT Ha TPAJUIIMOHHBIX IJIOCKHUX KapTax.

[TomyueHHBIE€ pe3ynbTaThl HEBO3MOXHO HMHTEP-
MIPETUPOBATH, ONTUPASACh TOIBKO HA 3aKOHBI MEXaHU-
KU, 00yCJIOBIMBAIOIIHE SBICHUS IEPEHOCA BELIECTBA
B IPOCTPaHCTBE. B KpUBOIMHEWHBIX TOYBEHHBIX TE-
nax, n300pakaeMbIX Ha KapTax IIIACTHKH penbeda,
HEOOXOIUMO YYHUTHIBATh U BIHSHHE (PU3NUECKUX
MoJIeH, KOTOPHIE B MTOYBOBEACHUH YCIIEIIHO U3yda-
IOTCSI MHOTO JieT, HO 0e3 MpUMEHEHHsI K KapTorpa-
(pUUECKUM MMOTOKOBBIM CTPYKTYPaM — CHJIOBBIM JIH-
HUSM 3€EMHOTO TATOTEHHS, M K 3eMJIEIEIBYECKIM
OTBITaM. XOTS U3BECTHO O B3aUMOJEHCTBUU DIEKT-
POMAarHUTHBIX U TPaBUTALMOHHBIX TIOJIEH B IPUPOIE.

BBIBO/IbI

Hame ctpemnenue ¢popmMann3oBatb MpoLeaypy
COCTAaBJICHHsS TEMaTUUYECKUX KapT Ul Lened 3eM-
JIeNIeNns IPUBENO K YCTAaHOBJIEHUIO Ha HOBBIX Kap-
Tax IUIACTUKH pefibeda MOTOKOB — pealibHbIX (PU3H-
YECKUX CTPYKTYp 3eMHON moBepxHocTH. K ux usy-
YEHUIO Terepb MOXKHO MPHUBIIEYb METOABI IpuOIIn-
JKEHHOW CUMMETPHH, a He 0003HauaTh MPOU3BOJIb-
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Ha cocegHew nonoce (pag 2), oceHb 2004 r.; D -

CopepxaHue azotobaktepa (Chroococcum) Ha «KpMBOW» MOBEPXHOCTU

HBIE apeajbl TPaIUIUOHHBIX KapT OyKBEHHBIMHU HH-
JIEKCaMU HJTH 3HAYKaMH, MO KOTOPBIMH OLIHO0YHO
MPUHAMAIOT MOHATHE KIIPOCTPAHCTBEHHAS CTPYKTY-
pa». Ilo cyTH, HCTUHHBIMU CTPYKTYpPaMH 3€MHOM
MOBEPXHOCTH eIl HUKTO He 3aHuMaiics. Mx ycra-
HOBJICHHE BO3MOXXHO TOJIBKO Ha KapTax IJIACTHKH
penbeda, TAE CTPYKTYpHI SBISIOTCS PE3YIbTATOM
JBIDKEHUS TOYBEHHBIX MAcC, a HE CIIy4alHBIX M-
MUPUIECKH OOHAPYKUBAEMBIX (POPM 3TIEMEHTaPHBIX
apeanos (OITA) u ux obmnocreit (AT1C), kak moka-
3aHo B.M. ®pumnannom (1972) u ero nocnenosa-
tensmu. OITA UMEOT POBHYIO MOBEPXHOCTh, OJH-
HAKOBBIM 110 Bcell TIIOMAaaA KOHTYPa COCTaB I0YB,
OHU U30TPOINHBI (OTCYTCTBYET MPOCTPAHCTBEHHAS
OpHEHTAIHsI, TPSH]I, BEKTOPU3AIH), CTATUYHBI, Ha-
XOAATCS B COCTOSHUU paBHOBecHs. Takue Oe3nukue
«CTPYKTYpBI», Ha3bIBaeMble «(PaKTOIOTHUYECKUMU»
WIIN KPEKOTHOCIUPOBAOYHBIMI» O CHIBAIUCH CIIO-
BaMH U TIOKa3bIBAIMCH HAa KapTaX yCIOBHBIMHU 3HA-
kaMi. OHU He BBISBIISIIOT HU T€HE3HC, HU 3BOJTIOLHIO
noyB. [losiBieHNe KapT MIIACTHKHU penbeda mo3Bo-
JIUIIO, WUCIOJB3YSl TEOPHIO CUMMETPUH M TEOPHIO
¢uznyeckoro mogoousi, He TOIBKO KOJIMYECTBEHHO
OIKCATh peajbHbIC TOYBEHHBIE CTPYKTYPHI (puc. 3),
HO M TMOKa3aTh UX POJIb B MPOLIECCE HKOIOTHUECKOH

i depeHauy 3BOTIOLHUOHUPYIOIIEH TOYBEHHOH
MOBEPXHOCTH.

Meron miacTuKH penbeda ¢ BpIACTICHUEM TaT-
TEpH JABWKEHHS HCIIONB30BaH B CEIbCKOXO3SHCTBEH-
HOM npakTuke Ha nonsx Bnagumupckoro HUM c.-x.
(Bunokypos, 2007) u yueOHOro x03s#icTBa OpItoBc-
Koro arpapHoro yausepcutera (Jlomaues, 2008; Cre-
nmaHoBa, 2009). MHorue Beka 3eMJIe/IeITHEe OCHOBBI-
BaJlOCh Ha JAHHBIX O MOYBE KaK TBEPIOTEIHLHOM
00pa3oBaHKH, TIOJOPOAUE KOTOPOTO 3aBUCENO OT
MHUHEPAJIOB, OPraHUYECKOTO BELIECTBA, BOABI U BO3-
nyxa. Bce BHUManue ObLTO 0OpalleHo Ha TMoBele-
HUE 3TUX COCTABIIOMNX. BuaumMo, HacTynuio Bpe-
M1 TOYHOT'O (TIPEIIU3HOHHOr0) © HAHOTEXHOJIOTHUeC-
KOTO 3eMJIeJIeNusl, KOT/ia B POLIECC MOBBIIICHHSI IIJI0-
JOPOAMSI arPOIKOCUCTEM MOTYT OBITH BKIIIOYCHEI
¢uznueckre v nHGOPMAHOHHBIE MOJIA.

[Tpu nmpoBeneHnU OMBITOB HAOIIOAAINCH 3ara-
JIOYHBIC SIBICHUS. BHECEHHE YIOOpEHUI Ha OXHOM
CKJIOHE MPUBOJMIIO K U3MEHEHHUIO MPOCTPAHCTBEH-
HOW CTPYKTYpBI IPOAYKTUBHOCTH KPUBOJIUHEHHON
CHCTEMBI Ha APYrOM CKJIOHE, KyZla yAoOpeHHs He
BHOCHJINCH. [lepeHOC KOMIIOHEHTOB YIOOpEHHI C
MOBEPXHOCTHBIM HJIM BHYTPUIIOYBEHHBIM CTOKOM C
OIIHOTO CKJIOHA Ha JApYroi uckimoyaercs. Ocraercs
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MpeanonaaraTb BO3MOXHOCTb OMOT€OXUMHUYECKOTO 1
(U3UIECKOTO B3aUMOJCHCTBHS MEXAY MOYBAMHU
YKa3aHHBIX arpo3KOCHCTEM B Pe3yabTaTe MOoKa elle
CKPBITOH OT IJ1a3 AeATeNbHOCTH HH()OpMaMOHHBIX
u Qusnveckux nomner. s mpoBepku sToro eHo-
MEHa HaMH MPOBEIEHBI pacueThl JaHHBIX OIMBITOB,
MOKAa3bIBAIOIINE yUacTHe (PU3NYECKUX Toneil B 00-
pa3oBaHUM TOYB.

Hcnonp30BaHne TOYHOr O 3HAHMS B U3JI0KEHHOM
BBIIIE METOJIE TUIACTUKH peibeda MO3BONsSET UC-
MOJIB30BaTh KapThl MOTOKOBBIX CTPYKTYp (marrep-
HOB JBIDKeHUs1) i cosganusi CUC - cenbckoxo-
3sTACTBEHHOW MH()OPMALIMOHHOMN CUCTEMBI C BXOJS-
IIMMH B HeEE MOJCUCTEMaMU. 3eMJIeIeIbUEeCKON
(3UC), arpoxumuueckoii (AUC), mousenHoit (ITUC)
U IpyTuX, KOTOpbIC HBIHE MPEACTABIISIOT OaHK JaH-
HeIx ['MIC — reonndopmannonHoii cucremsl. B oc-
Hoe ['MIC nexar aspodorocHuMKH, a B ocHoBe CUC
— npeoOpa3oBaHHbIE TOPU3OHTAIH KApPT IJIACTHKH
penseda — hu3HKO-MaTeMaTH4YeCKass OCHOBA, BBI-
COKOTOYHAsl, HaIsigHasi W OOBEKTHBHASA CHCTEMa
oTCcYeTa.
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ECOLOGICAL SYSTEMS

© 2009

I.N. Stepanov, I.P. Baranov, V.l. Stepanova, I1.Ju. Vinokurov

YInstitute for Biological Instrumentation of the Russian Academy of Sciences (IBI RAS);
e-mail;: CEK-MO@rambler.ru
2Vladimir Research Institute of Agriculture of Russia Academy of Agricultural Sciences,
Vladimir State University

The behavior patterns of the soil surface as a physical and mathematical systems for plastic relief maps. We give a
characterization based on systems theory, as well as the physical fields.
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