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dyHaMeHTaIbHOW OCHOBOW IMpH IOCTaHOBKE M paspaborke auciuiuimHbl «leodusmka nanmmadray
BBICTYIAJIM CUCTEMHBIA MOAXO, (GU3UUCCKUN MOHH3M, METOJ OalaHCOB, MOJACIh TPODUICCKOIN MUPAMUIBI.
[upokoe ucnonp3oBaHue u3MeputenbHbix npouenyp u I'IC-texnonoruit B Hauane XXI B. npuBeno kK Ha-
KOTUICHHIO OTPOMHOTO MAacCHBa JIAHHBIX O COCTOSIHUM JIaHAMA(TOB. Y TBEPAMIOCH MPEACTABICHAE O HE0O-
XOJMMOCTH CO31aHMs (pU3NKO-MaTeMaTHIecKoro 0asnca Juls CHHTE3a CTPYKTYPhI M (PyHKIIMOHMPOBAHUS Te0-
cucreM. Ha xadenpe ¢pusudeckoii reorpadun u JTaHAMAPTOBEICHHUS C Hadaja BeKa 3HAUNTEIHHO YCHITHIACh
(hu3MKo-MaTeMaTHuecKast OJAr0TOBKA B PE3yJIbTaTe IOCTAHOBKY AUCIUILINH: « HCTpyMeHTanpHas 6a3a TaH -
HIa(bTHI)IX HCCHG}IOBaHHﬁ)), ((MeTOZlbI aHaJin3a NpOCTPAHCTBCHHBIX TaHHBIX), ((MO[leﬂl/IpOBaHl/Ie T'COCHUCTEMD,
«['eonH(OopMaIIMOHHBIE TEXHOJIOTHH JIaHAA(THBIX UCCIeA0BaHui», «bnoreodusnka u Onoreoxumust Jiau-
madToBy, «Maremarndeckas Mopgororus sanmmapTa», «PU3NKo-MaTeMaTHYecKue OCHOBBI JaHAmadToBe-
JeHUs» U JIp. PaccMOTpeHb! 0COOEHHOCTH M3NI0KEHHSI MaTepralla B pacyeTe Ha 3HaHWE MaTeMaTHKU B 00beMe,
mperogaBaeMoM Ha (prusuko-reorpaduyaeckom motoke. OOGOCHOBAH MyTh BBEACHHS OCHOBHBIX YPaBHEHHU U
Moieicii Ha (pU3UUECKOM ypOBHE cTporocTH. [IpeacTaBicHo Kparkoe 0OCYKIACHHE HOBBIX MUCHMIUIMH. Ha
npuMepe JaHAmadTHO-THIPOIOrHYecKuX reocucteM 1o XoptoHy — Crpaiepy IoKa3aHa CBS3b CUCTEMHOM
METOAOJIOTHU C (PU3MKO-MaTeMaTHYECKOH CYIIHOCTBIO 3TOM Mojeny opraHuzanuu jJanamadros. OTmedeHo
MIPAaKTHYECKOE 3HAYCHHUE PAa3BUTHS HANPABICHUS [UIS 33J]a4 ONTHMH3ALUH IIPHPOIONIONH30BaHUS U yIIpaBie-
HHUSI JIECOTIOIb30BAHUEM.

Knrwouesvie cnosa: reopuzuka u d6uoreodusnka nanmmadTa, METOAbI MPENOAaBaHus, PU3UKO-MaTeMaTHye-

CKOE MOJICJIMPOBAHUE, TEOPHSI TE€OCHUCTEM, CTPYKTYpa 1 (DYHKIIMOHNPOBAHUE JaHAIIA(TOB

BBEJIEHUE

[upokoe HCHONIB30BAHNE H3MEPUTENBHBIX TIPO-
nenyp u I'MC-TexHONOTHII TPUBENIO K HAKOIUICHHUIO
OrPOMHOI0 MacCHBa JJAHHBIX O COCTOSHUM 3€MHOM I10-
BEPXHOCTH, YTO HEN30€KHO MPHUBENO K MPUMEHEHHIO
MaTeMaTHKH Ui UX 00pabOTKU. ITO MOBIEKIO 3a CO-
001i pe3koe yBeITHMUeHUE padoT MO0 MOACTUPOBAHHIO TIPO-
CTPAaHCTBEHHO DPACIpE/IEIEHHBIX CUCTEM U MOSBICHHUE
HOBBIX TMAKEeTOB MPHKIJIAJHBIX TPOTPaMM B CaMbIX pas-
HOOOpa3HBIX OTpacysIX HayKH 00 OKPY’KaroIlel cpene.

B naugane XXI B. yrBepAHIIOCH TOHATHE O HEOOXOIH-
MOCTH CO3JaHHs (PU3UKO-MaTEeMaTHUECKOTo Oazuca s
CUHTE3a CTPYKTYPHI U ()YHKIIMOHHUPOBAHUS T€OCHUCTEM.
Hanpumep, B moHorpadgum [MortoBuios, [enbdan,
2018], cucremarm3upyromeii Moaenu (HopMUPOBAHUS
peunoro crtoka, reorpadgsr MotoBunos HO.I. u I'enn-
dan A.H. momuepkuBarOT OOBEKTUBHOCTH PA3BUTHS
THIIPOJIOTHH B HANPaBJICHUU TOCTPOCHUS COOCTBEHHON
METOZONOTHHA Ha 0a30BBIX (PHU3NKO-MaTeMaTHYECKUX
MPUHOUINAX U TOHSATHSX, SIUHBIX JJIsI TeO(PHU3NIECKIX
HayK — METEOPOJIOTUH, OKCaHOJOTHH, KINMaTOJIOTHUH,
¢usuku 3emnu. Crana odyeBuAHa (U3MUECKas CyIl-
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HOCTh OOJIBIIMHCTBA IMPOIECCOB (YHKIMOHHUPOBAHMUSI
U CTPYKTypoOoOpa3oBaHMs F€OCUCTEM U BO3MOKHOCTh
TOBOPHTH HE MPOCTO O «MaTeMaTH3aluiy» reorpaduu, a
0 BO3HMKHOBEHUH Ka4€CTBEHHO HOBOH re0(pH3HYeCKOM
napajiurMel JlaHAmadToBeAeHUs, KOTopask U JIOJDKHA
cTath QyHAaMEHTOM (QHU3HUYECKOl reorpaduu B LIEIOM
[Cricyes, 2020].

s amekBaTHOrO OMHUCAHUSI MPOLECCOB B I'€OCH-
cTeMax HEOOXOIUMBI JIeTallbHbIE MOJICNH, pa3padoTKa
KOTOPBIX HEBO3MOXHA 0€3 CHEeHUAINCTOB (PU3UKO-TEO-
rpadgoB u saHmmadToBenOoB. [lo3TOMY OCTpPO CTOUT
3aJa4a NPUBJICUCHUS] BHUMAHHUS HOBOTO MOKOJCHUS
uccliefioBaTeneil kK mpobsemMaMm pa3paboTKH TEOPHH
nangmadTa. Bmecre ¢ TeM ombIT paboOTHl Ha reorpa-
(hnyeckom akynpTeTe MOKa3al, 9To (PU3UKO-MaTrema-
THYECKas MOJr0TOBKA reorpa)oB TPaJUIIMOHHO OCTaB-
JISET XKeaTh Tydrero. [Ipobiaemsr kaguecTBa 00ydIeHUS
B YHHMBEPCHTETCKHX KypcaxX MaTeMaTWKd M HX MpHU-
KJIaJTHOTO MCIIONB30BaHMsI, B TOM YHCIIC Ha €CTECTBCH-
HO-Hay4HbIX (DaKyIbTeTax, CTOST U B BEAYIINX YHUBEP-
cuTeTax Apyrux crpaH. OOCYXICHHUIO dTHX BOIPOCOB
nocBsiieHsl MexxayHapoaHble KOH(EpeHIUU 0 Mare-
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MaTrdeckoMy oOpasoBanuio, Harpumep ICME-13, mo
pe3yibrataM KOTOpOH Springer BBITYCTHIJI CIEIHab-
HYIO CEpHIO OTAETbHBIX myOnukarnwmii [Cai et al., 2016;
Biza et al., 2016], a Taxxe CTaThu B CICIIMATN3UPOBAH-
HOM MeXTyHapoaHoM xypHaie [Geisler, Rolka, 2021].

B cBsi3u ¢ HEOOXOAMMOCTBIO MTPUBEICHUSI CONlEpKa-
HUS IUCLMIUIMH B COOTBETCTBHE C COBPEMEHHBIM CO-
CTOSTHUEM HayK 00 OKpy»Karollel cpeje, Ha Kadeape
¢usnyeckoit reorpaduu U aHmIA(QTOBENECHUS OBLI
BBEJICH IICJIBI PsIJi HOBBIX TUCIHUIUIMH B PAaCHIMPEHUE
TPaIULMOHHBIX KypcoB «leodusuka manamadra» u
«buoreodpusuka nanamadToy. B cTarbe H3I0KEHBI
OMBIT U HEKOTOPbIE ACHEKThI MPEMNOIaBaHusl ITUX HO-
BBIX HampapieHnd. OpurHHaIbBHBIE KypCHI, paccMa-
TPHUBAIOLIME OCHOBHBIC NPUHLMIBI MOJEIUPOBAHMUS
mporeccoB  (PyHKIIMOHUPOBAHUS M (HOPMUPOBAHUS
MPOCTPAHCTBEHHON CTPYKTYpBl T'€OCHUCTEM pa3pado-
TaHbl U MPETOJIAI0TCS B YHUBEPCUTETCKOM reorpaduun
Poccun Briepsble.

HOBBIE HAITPABJIEHU A
N OCOBEHHOCTU UX MPEITIOJABAHUA
I'EOI'PAGAM-JIAHAIITA®TOBEIAM

B cBsi3u ¢ BBIIICU3IIOKEHHBIM, Ha Kadeape (usu-
4yeckoil reorpaduu M JaHIMAPTOBENCHUS OBLUIO CY-
IICCTBCHHO YCWJICHO HalpaBleHHE reo(U3NKH JaH]I-
madra — paspadorana u npenopaercs ¢ 2000-x rr.
1eJas rpymma JUCIHILINH: « DH3uKo-MareMarndecKkue
ocHoBel Janamadroenenus» (B.B. CricyeB); «Mo-
nexupoBanue reocuctem» (B.B. Cricyes, A.C. Buk-
TopoB); «leomHpopManMOHHBIE TEXHOJOTHM JIAH/-
madTHeIx uccnenosanuiiy (A.H. Kozmnos); «Metomabt
aHanu3a npocTtpaHcTBeHHbIX HaHHBIX» (FO.I. Ily3a-
yeHko); «lIpuxmannas matemaruka (MaTemarnaeckas
craructuka)» (A.B. Xopomes); «MIHCTpyMeHTaIbHAS
0aza nmanmmadTHBIX uccaenoBanuin»y (B.B. Ceicy-
eB); «buoreopusuka U OMOTreOXUMHUS JTaHAIMAPTOB
(K.H. dpsxonos, N.A. ABeccaiomona, B.B. Cricyes),
B TOM uucie paszzaensl «llomynsunoHHas AMHAMUKA.
Moyienu TIPOIyKTUBHOCTH SKOCHCTEM W Ouoreore-
HO30B. CTpyKTypa U (yHKUHOHHPOBAHUE OOJOTHBIX
nanamadToB» (B.B. Cricyes). IlocnenoBarensHOCTH
KypCOB CKJIa/IbIBaJIach HE Cpa3y W HE BCerjaa JOruy-
HO. OCHOBHBIC JUCHHMIUIMHBI — «®Du3nko-marema-
TUYECKUE OCHOBBI JaHAmadToBeAeHUs», «buoreo-
¢n3uKka u OWoreoxumus JaHAMAPTOBY) — YHTAINCH
B IIPEIIOCIEAHEM CEMECTPE CHEIHUATNCTaM, a 3aTeM
n OakamaBpam. Pacmupenusrii xypc «MomenupoBa-
HHUE TeOCUCTEeM» ObUT 100ABJICH MarucTpam B IEPBOM
cemecTpe. JIMCIHMITIMHBI OCHAIEHBI JJCKTPOHHBIMH
Mpe3eHTalMusAMU, YYEOHBIMH MOCOOUSIMH M MOHO-
rpadusmu [pskonos, 1988; I[lyzauenko, 2004; CoI-
cyeB, 2003; HukomnaeB u ap., 2008; Creicyes, 2014a;
2020]. Y4ueOHbIe TUTAaHBI U TIPOTPAMMBI KYPCOB OITyO-
JMKOBaHbl Ha caiiTax reorpaduueckoro (axynprera

MI'Y umenu M.B. JlomoHocoBsa [[Iporpammel nuciu-
IIdH. .., 2020; Yueonsie maansl, 2020].

Hapsiny ¢ nexiusimu 60sbI10e BHUMaHUE YIEIsIeTCs
CaMOCTOSITEbHOM paboTe cTyneHToB. O0s3aTeIbHBIM
SIBIISIETCSl yYacTHE CTYIACHTOB B paboTe CEeMHUHApOB,
MOJIrOTOBKA pe)epaToB U JIOKIAI0B C MPE3CHTAIUIMU
o TeMaM 3aHATHH. B KauecTBe TeMm MOOIIpSeTCs HC-
TIOJTE30BAHKE HATIPABJICHUS COOCTBEHHBIX KYPCOBBIX pa-
00T cryneHToB. [Ipu 00CyKIeHNU HOKIa 0B BBISCHSCT-
Csl CTETICHb IIOHUMAHUS UCTIOIh30BaHHBIX MAaTEPUATIOB.

Kypcol nexmuii co3naBanuch B pacyeTe Ha 3HAHHE
MaTeMaTUKH B 00beMe, MpernojJaBaeMoM Ha (HHU3UKO-
reorpa)i4ecKkoM TIOTOKe. DJTO HaKIaJbIBaeT CyIile-
CTBEHHBIC OTPAHWYCHUS HA MPUMEHEHUE MPUKIATHOU
MaTeMaTHKu B 0OydeHWH. Tak HaszpiBaemas MareMa-
THYECKasl CTPOTOCTh YaCcTO OTTAJIKUBACT — CTYACHTHI-
reorpadbl OTYACTH «HAIyTaHbD) MaTEMaTUKOW eIle
Ha TEpBBIX KypcaxX. B kimaccumueckoMm ompeseneHnn
MaTeMaTHKa (3HAUHUT «I0Ka3aTelIbCTBO») OKa3aylach
MIPAKTUYCCKH HE TIPUMEHUMA K TIPETIOAABAHUIO TUCITHU-
inH. QakTrueckn 00yueHHe CBOIUTCS K TOMY, YTOOBI
TIOKAa3aTh WM 00KA3amb, 4mo OAHHAS 3a0a4d 2eocpa-
uu modxcem OvImMb peuleHa UMEHHO SMUM MemOoOOM,
HCIIONIB3YSl UMEHHO ATOT Pa3iesl MaTeMaTUKH, UMEHHO
9TO ypaBHeHue... HemHoro mnepedpaszupys momyis-
pusaropa maremartuku [Ilanraes, 2020, c. 7], MOXKHO
ckazaTh: «BooOIe moka HEM3BECTHO, CYNIECTBYET JIH
,»OIITAMAJIGHBIN METOA'* OOyYEeHHsI MaTeMaTHKE HeMa-
TeMaTukoB. [Ipexie Bcero moTomy, 4To CIUIIKOM He-
OJTHOPOJICH W MHIMBHUAyaJIeH caM oOyuaroruiics. [a,
Oynymiue reorpadsl He THOOAT JoKa3arenbcTB. Ho oHH
T10 TIPUPOIC CBOCH JTF0003HATEIHHBI, TTOIO3PUTEIBHEI U
HEJIOBEPYHBHI, KaK JIFOO0M PYCCKUI YeTIOBEK, IPUBBIK-
IIUH K TOMY, 9YTO €r0 OOMaHBIBAIOT HA KaXKJIOM IIary.
[ToaTomy xoporio, ecinu BCe yTBEpXKACHUS OyayT cO-
MIPOBOXKAATHECA XOTh KAaKUMHU-TO JOKa3aTeIbCTBAMU:
HMHOTJA — COBEPIICHHO CTPOTMMH, MHOINA — yCTyma-
FOIIAMHA MECTO PBPUCTHUYECCKOMY PACCYKICHUIO; B OT-
JIENTBHBIX TITyOOKUX MECTaxX IIeJIbI0 JOJDKHO CTaTh — J0-
HECTH JI0 YUTATENS XOTh YTO-TOY.

bbbt BbIOpaH MyTh 68e0eHus OCHOBHLIX YPaGHeHUll
u mooenei HA uzuuecKoM YpogHe Cmpo2ocmu, TIPH-
BJICKas WU3BECTHBIC (PyHIaMEHTAJIbHBIC 3aKOHBI H CO-
OTHOIIICHUSI B COUYCTAHUU C OOPA3HBIMH OTPEICICHH-
siMH. {7151 yCHEIIHOTO OCBOCHMSI TUCIUILIUH CTYICHTHI
JOJDKHBI  3HaTh COOCTBEHHBIC OOBEKTHI (PH3MUCCKON
reorpaduu, TOHUMAaTh (GU3UUSCKUI CMBICI TPUPOITHBIX
TIPOIIECCOB, TIOCKOIBKY (DOPMYTHPOBAHHIE MOIETICH TIPO-
BOJUTCS OT 00BEKTa (TEOCUCTEM U T€OCHCTEMHBIX IPO-
[IECCOB), @ HE OT anrapara BbIBEJCHNS (MaTEMaTHKH).

Jroboli Kypc HauWmHAETCsI C BBEICHUS aKCHOM U
BOXKHEHIIMX MOHSATUM, KOTOpbIE 3aTeéM MHOTOKPAaTHO
KCIIOJIb3YIOTCS B ICKIMSIX. XOTS U MPEANOIaraloTcs He-
KOTOpPBIC HadaJ bHBIC 3HAHUS Y CTYICHTOB, HO psia QyH-
JAMEHTAIbHBIX IMOHITHH HEOOXOAUMO BBOAMTH CHOBA.
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JbsxoHoB, CbhICYEB

OmnbiT mpenogaBanust «®U3NKO-MaTEMaTHYECKUX OC-
HOB JIaHAIa(hTOBEACHUS» MMOKA3all, YTO 3TU MOHSTHS
HEOOXOIMMO BBOAUTH Yepe3 UX (GU3MUECKUI CMBICI.

[Ipocreiimme npumepsl: npouze00Has — 3TO CKO-
POCTh TEUCHHMS KUAKOCTH, HO 3TO €IIE U YKJIOH, CHJIa,
UMITYJIbC, 1I€HA, MEPa YyBCTBUTEIBHOCTH | T. 1. A MHO-
IJa — OPOCTO CKOPOCTb M3MEHEHHUS! OJHOM BETMUMHbI
MIPU U3MEHEHUHU IPYToi M MPHUMEHSETCS KaK «UHCTPY-
MEHT», HallpUMep, IIPH PELICHNH 3a/1a41 ONTHUMHU3ALHH.
Bmopas npouzeoonas 10 BpeMeHU — yCKOPEHUE U T. .
Bornee ciioxHble TOHATHS HE IPOCTO MOCTYJIUPYIOTCS, a
HEOJTHOKpaTHO 00bsicHs0TCs. HanpumMep, abcomoTHoE
3HAUCHHUE epaouenma Gvlcomvl — 3TO YKIOH B JIOJSIX
eIMHUIBI (WK, KaK Ha JOPOXKHBIX 3HaKaX, B %), TaH-
TeHC yIJla HaKJIOHA Ha MECTHOCTH WJIU IO Tomorpadu-
Yyeckoi Kapre. 3aTeM paccMaTpHuBaeTcs dJeMeHTapHas
pabora d4 1o mepeMenIeHNI0 MaTepuaJbHOW TOYKU B
MOTCHIIMALHOM mone cul U(x, y, z), KOTopasl paBHa
CyMMe NPOU3BEICHUM Cuil F, Fy, F_na paccrosinus dx,
dy, dz, mpoliileHHbIE B X HampaBieHnu. V3 BeIpaskeHus
CYMMBI TIPUPAIIEHHUH 3TIEMEHTAPHBIX Pa0OT dA, paBHOM
MPUPAIIEHUIO TOTEHIINAIBHON dHepruu dU, moay4yaem
ypaBHEHHUE JUI BEKTOPa CHJI:

dA=Fdx+Fdy+Fdz=dU =

a—U{+a—U]+a—U1€ =—gradU=-VU,
Ox oy 0z

rae V — Habna, oneparop npocTpancTBeHHOro audde-
peHnupoBanusi. M3 3Toro BhIpakeHHs clieayer Oojee
KOPPEKTHOE OIpENIeJIeHHE: TPATUEHT 3TO 8EKMOp, C60-
UM HANPAGIEeHUeM YKa3bl8aiowuli HanpasieHue Hau-
OonbUe20 BO3PACMANUS HEKOMOPOU 6ENUYUHDL, WIIH
mddepeHIaNbHBIN ONepaTop CKAISIPHON BETMYUHBI
10 IPOCTPAHCTBEHHBIM KOOpAMHaTaM. Takoe ompene-
JICHWE TI03BOJISIET B JAJIbHEHIIIEM MPAaBHJIBHO HCIIONb-
3oBark grad U u VU. Ilocne 3Toro BEeKTOp rpagueHra
IOJIl TPaBUTAIMKM BOCIPUHUMAETCS CTyIEHTaMH Ha-
MHOTO MpOIIE.

AHAOTUYHBIA TTOAXOA [UISI W3BECTHBIX B (PU3U-
YeCcKOW reorpaduu MOHSATHH IUBEPreHIHs M KOHBEp-
rennus. Mcnonb3yeM noHsTue noroka J Bexkrtopa A B
TPEXMEPHOM MPOCTPAHCTBE: CYMMUPYsI TIOTOKH 4Yepe3
MTOBEPXHOCTH TPEXMEPHOTO Mapajiesienunena, B CooT-
BETCTBUU C HAlpaBJICHUEM IOJIy4aeM CHadaja MpHpa-
[IEHUE TTOTOKA BIOIb OCH X:

(1

—A (x)dydz + A (x + dx)dydz = dJ , win

o4, dxdydz.

Ox

aJ =

CxutazipiBasi TIONTydeHHBIE TaKUM ke 00pa3oM IpH-
palleHusl MOTOKa 4Yepe3 OCTaJbHbIE MOBEPXHOCTH IO
HaNpaBJIeHUSIM ) | z, TIOJyYUM CyMMapHOE 3HadueHHe
MpUpALICHUs] TOTOKa ¢/ U TOYHOE BBIPAKCHHE IS

OIIPENENICHUST OUBEPCHYUU — CKATIAPHOU MePbl PACXO-
ouMOCmU 8eKMopa:

dl= oA, +—2+ o4, dxdydz =
x dy oz
o4
diva =2k %% 04 (VA), ()

ox  dy oz

rae divA — 3T1o nuddepeHnraIbHBIN OnepaTop BEeKTop-
HOW BEJIMYMHBI IO MPOCTPAHCTBEHHBIM KOOPAHMHATAM,
WIN CKaJsSIpHOE T0JIe, XapaKTepu3ylollee MIOTHOCTD
HCTOYHHKOB BEKTOPHOTO TIOJISI.

[locne BBeneHMS 3TUX MOHATHH OCTAETCSI COBCEM
HEMHOTO JI0 TOHUMaHUs (PU3MUECKOT0 CMbICIIa pacCYH-
ThiBaeMbIX 1o [IMP Mopdomerpudeckux BennyuuH, Te-
OpeM 0 MEXaHWU3MaxX aKKyMYJISIIIH BEIeCTBa M BBIBOJA
MaTeMaTHYECKUX MOJEIIeH reopU3NIECKUX MPOLECCOB
B naHamadrax.

Crenyromuii npueM — nocmpoenue mooenel ecee-
0a HauuHaemcs ¢ aKCuom U yHOAMEeHMANbHLIX 3a-
xonos. Hampumep, ycnoxxHenune 3akoHa Hprorona
(yckopeHue BbIpakaeTcsl depe3 MPOU3BOAHYIO CKOPO-
CTH 110 BPEMEHHM, Macca BBIPAXKAETCsl uepe3 NpOou3Be-
JICHHE TUIOTHOCTH Cpejbl Ha TpupalieHue odbema, a
CHJIa PaclUCBIBACTCS KaK CyMMa OOBEMHBIX BHELIHHX
CHJI ¥ BHYTPCHHUX HAIPSDKCHUH TPEHHS) MPUBOIUT K
cucreMe ypasHeHuil HaBbe — Ctokca. [locnenyromas
JeTanu3anusi TypOyJeHTHOH Cpelibl — K YpaBHEHHUSIM
Peiinonpaca, pemeHre KOTOPHIX BeCbMa HE MPOCTOE.
ITosToMy B pasbHEHIIEM HPOU3BOIUTCS IOCIEN0BA-
TEJILHOE YIPOIEHHE — WHTEIPUPOBAHUE YpPaBHEHUH
PeliHonbrica 10 ypaBHEHHUH «MEJIKOM BOJAB), a 3aTeM
ynpoiueHnue 1o ypaBHeHuii CeH-Benana, u, HakoHel,
JI0 YpaBHEHUsI KHHEMATHUECKOH BOITHBI.

s BBoma Mopeneil MPUPOAHBIX MPOLECCOB MPH-
MEHSIFOTCSl aHAJIOTH M JIPYTUX 3aKOHOB: HEpa3pbIBHO-
CTH — OaJIAaHCOBBIE COOTHOILEHHS TOTOKOB PAa3IUYHBIX
cyOCTaHIIMK 3a OIpENeNIeHHBI WHTEpPBAJ BPEMEHH;
Oma — MOTOK BEIECTBa/SHEPIUU PaBeH YaCTHOMY OT
JIeTICHHs] 3HAYCHHUs TIOTEHIMaa/KOHIIEHTPAIlUK Ha CO-
nporusienue cpensl; Ouka — auddys3us B HEMOIBUXK-
HOW Cpefie BCIEACTBHUE IPaJNeHTa KOHIICHTPAINHA U JIp.
YacTo MMUTALMOHHBIE MOJEIU OMNMCHIBAIOT IPOCTO
CKOPOCTh M3MEHEHHsI KOIMYeCTBa KOMIIOHEHTa B 3a-
BUCHMOCTH OT €ro 00IIEero cofepkaHus 1 6ajaHca mo-
CTYIUICHHS-OTTOKA B KOMITapTMeHTe. B mobom ciydae
yAemsieTcsi BHUMaHue (PU3NUECKOMY CMBICITY IPUMEHS-
€MOTO 3aKOHA, Pa3sMEPHOCTH HE3aBHCHMBIX BEIHYHH,
napameTpoB U K03()PUIIHECHTOB.

Hebonvuwoe uucno npakmuueckux szaoau pazoupa-
romes Hanbonee noopooHO:

1. HuddepeHnuanus MOBEpXHOCTH penbeda Ha
OCHOBE JAaHHBIX JIUCTAHLIHOHHOTO 30HIMPOBAHUS H
cucteMbl MopomeTprdeckux BeaumanH (MB), onuch-
BAIOIMX paclpeesieHne ITPajiueHTOB re0QU3nIeCKUX
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MoJjiel rpaBUTalUU M MHCOISUMHU; auddepeHnmannn
reOCHCTEM Ha OCHOBE THITOJOTHYECKOTO M (DYHKIHO-
HaJBHOT'O MOJXO0/a.

2. Mogenu 105%1€BOr0 CKJIOHOBOTO CTOKA M IMHAMHU-
KW (UIABTPALK BJIATU B TIOYBAX C Y4E€TOM HBAIllOTPaH-
CIHMpalUU U U3MEHEHHsI BIIAro3arnacoB; BepH(UKaIus
YHCIEHHOTO MOJEIUPOBAaHMUS MO JaHHBIM HaTypHBIX
IKCIIEPUMEHTOB.

3. IlepeHOC pacTBOPEHHBIX BELIECTB B JIEPHOBO-
MOJ30JIUCTHIX TI0YBAX C OIUCAHUEM COPOITMOHHBIX
MIPOLIECCOB; MOCTAHOBKA MaTeMaTHYECKOW MOJENN U
MIPOBEICHNE IIeJIEHANPABICHHBIX IKCIIEPUMEHTOB IS
MOJTy4eHUs (PU3MKO-XUMHUECKUX apaMeTpOB.

4. DwMmupuyeckre MeXaHM3Mbl 3a/iepKaHus M
TpaHchopMaLus JOXKICBBIX OCAIKOB IOJIOTOM Jieca
1 BBIOOpP HE3aBHCHMBIX MEPEMEHHBIX, BBIBOJ CHCTEMBbI
YPaBHEHHI ¥ CPaBHEHHE YHCIIEHHOTO MOAEINPOBAHMS C
HaOITIOICHUSIMH 110 TIEPEXBATy 0CAJIKOB TIOJIOTOM Jieca.

5. Ha ocHoBe ypaBHeHus [lapcu BBIBOI (opmyl
KpPHUBOM JAETIPECCUH YPOBHS IPYHTOBBIX BOJI, M UX a/1all-
Talysl K JaHAma@THEIM UCCIIETOBAHMSIM.

[Tone3HOCTh 3THX MPUMEPOB B TOM, UTO MOJAETHPO-
BaHUE CTPYKTYPBI TEOCUCTEM U IIPUPOJHBIX ITPOLIECCOB
BBITIOJTHEHO aBTOPOM OT MOCTAHOBKH 33Ja4H, YUCIICH-
HOTO pEIICHUs YpaBHEHHH W OIpeNeNIeHus Iapame-
TPOB, O TOCIETHEH KEIe3KH HKCIEPUMEHTAIBHBIX
YCT@HOBOK M M3MEPHUTEIILHBIX NMPHOOPOB. H3n001cenue
SAKOObL HE3HAUUMETbHBIX NOOPOOHOCHEN 8NEPEMEIICK)
€ 60OCNOMUHAHUAMU UHO20A ChOCOOCmEyem d¢h¢hexmus-
HOCMU 3aHAMULL

P50 3a0au paccmampusaemcs na npaxmuyeckux
pabomax ¢ UCHONL30GAHUEM DACHUEMO8 NO HPOCHEl-
wum mooenam (HAIpUMEP, YPOBHS TPYHTOBBIX BO[,
OJIHOMEPHON KMHEMAaTU4YeCKOW BOJIHBI, CTAllMOHAPHOU
(hopMBI BEepXOBOTO 00JIOTA U 1IP.), & MaKice 8 OOCHYN-
HbIX npoepammublx naxemax tuna FractDim, THC
SAGA, GRASS u np.

OBCYXIEHUWE COIEPXXAHUWA HOBBIX
JUCHATUINH

Oowepuzuueckue nocmynamel meopuu 2eocu-
cmem. JI100ast Teopus mpeAronaraeT HaTMIue akCHOM,
MOCTYJIaTOB, HEKOTOPOU IIMHBI JIOTUYECKUX IMOCTpOe-
HUW U amnmapara BbIBeJIeHUs. B OfHMX ciyyasx mocTy-
JIaThl B 3aJla4aX MOJICIMPOBAHHS T€OCUCTEM (OPMYIITH-
PYIOTCSI aHAJIOTUYHO MTPUHATHIM B (PU3HKE, B APYTHX — B
BH/JIC COOTHOCSIIUXCS ompeneneHuil. B kypce «Dusuko-
MaTeMaTHYECKHE OCHOBBI JIAHMIIA(DTOBEIEHUS» CKATO
MIPUBOASITCS HEKOTOPHIC OCHOBHBIC MOJOKEHUSI.

IIpocmpancmeo onpedensemcsa Kak COBOKYITHOCTb
TOYEK, 331aBaEMbIX YHCIAMH — KOOPOUHAMAMU MOYEK.
['eoMeTpust MPOCTpaHCTBA TEOCUCTEM HU3KUX PAHTOB C
BBICOKOM CTEMEHBIO TOYHOCTH SIBISCTCS €BKJIMIOBOI.
COOTBETCTBEHHO, NI€KapTOBa CHCTEMa KOOPAWHAT H
EBKIIMJIOBA METPUKA, HA KOTOPBIX OTOOpa)kaeTcs JUC-

KpeTH3aIys MPOCTPAHCTBA U, B YACTHOCTH, CETKH ITU-
poBbix Mojenei penbeda (LIMP), ecrecTBeHHBIM 00-
pa3oM 0TOOpakaroT MPOCTPAHCTBO TE€OCUCTEM.

T'eocucmemvl cocmosam u3z MaKpoCKONU4ecKux mer,
KOTOpBIE CJIOKEHBI OYEHb OOJBIIUM YHCIOM OTHEIb-
HBIX YaCTHI[ B JIFOOOM CYIIECTBEHHOM JUIsSi TEOCUCTEM
oobeme. [loaTomy kaxkaoe Teno OyaemM paccMaTpuBarh
KaK CHJIOWHYIO cpedy, 3aIONHSIONIYI0 TPel0oCTaBIeH-
HYIO YacCTh MPOCTPAHCTBA [EITUKOM.

OnemenmapHoli coCmagHoll 4acmslo 2eoCUcmemsl,
WCXOJISl M3 KOHIICTIIIUI MaTepuaNbHON TOYKH M abco-
JIIOTHO TBEPJIOTO TeJa, Npedideaemcs CYumams nuk-
cenv yughposoti modenu penvegpa. I3 mukcenenr ocy-
IIECTBIISIETCS CHHTE3 TI'€OCHUCTEM COOTBETCTBYIOIIETO
HMepapXU4YecKoro ypoBHs. Takas JHUCKpETH3aIHs CO-
OTBETCTBYET 3MITUPUUYCCKUM MPEJACTABICHUSIM O (-
(depennmanuy TaHIMaPTOB (T€OCUCTEM), U SBISIETCS
OCHOBOU YHCIIEHHOTO PEIICHUS YPaBHCHHIA.

CocmosiHue s1emMeHmapHblx nuKcenell u 2eocucmem
MOKET XapaKTepU30BaTh HA0OP HE3aBUCUMBIX JPYT OT
npyra BenuunH. CMEeHa cOCTOSHUE (Ipoliecc) mo3Bo-
JIIET pacCcMaTpUBaTh 3aKOHBI, KOTOPHIM IMOAYHHSACTCS
MOBEJIEHUE T€OCHCTEMBI B MPOCTPAHCTBE COCTOSHUH.
Onmucanne mporeccoB TpebyeT BBeAeHUS (DyHIaMEH-
TaIpbHOTO TapaMmerpa — gpemenu. Vcmombzyem abco-
JIIOTHOE BPEMSI.

WNuBapuaHTHOCTE (DU3HYECKUX 3aKOHOB OTHOCH-
TEJBHOIO IMEPEeX0/ia U3 OJHONW IEOCHCTEMBI B JIPYTYIO
oOecrieuynBaeT MPUHIUI UHepIwy [ amues.

Cocmosanue TPOCTHIX (MEXaHUYECKUX) cucmem
onucvieaemcs KOOpAMHATAMHU CHCTEM U MX 4acTeH, co-
OTHOIIICHUEM BEJIMYMH MACChI, JJIMHBI 1 BPEMEHU U UX
KOMOUWHAaNui (TUI0IIab, 00beM, TNIOTHOCTh, CKOPOCTH,
MOTOK, YCKOPEHHE, CHJIA, IaBJICHHUE, SHEPTUs ), YUCIICH-
HOE 3HAa4E€HUE KOTOPHIX MOXKHO MOJYYHUTh C ITOMOIIBIO
OIIPE/ICTICHHBIX OTePaInii, HA3bIBAEMBIX U3MEPEHUIMU.
Baxueiimmm He3aBUCUMBIM TTApaMETPOM JTUCCUITATUB-
HBIX CHCTEM SIBJISICTCS TeMIleparypa. PaccunTbiBaemblie
B LIMP eeomoppomempuueckue enuyunvl, HaIpsIMyro
onucvleaiouue epaduenmyl nojeti CUIbl THKeCTH (BbI-
COTa, YKIOH, KPUBW3HA, YIelbHAas IUIONIAJb cOOpa
W Jp.) ¥ WHCOJAIMH (71032 MPSAMOM COTHEYHOH paju-
aIi¥, SKCIO3UIIMS U OCBEIICHHOCTh CKJIIOHOB), OyneM
TaKXKe CUHTATh NAPAMEMPAMU COCOSAHUS IIEeMeH-
MapHuIX nuxcereud u eeocucmem. BriOop mapaMeTpos
COCTOSIHHSI OOYCJIOBJCH IPOCTHIM BHJIOM, IMPSMBIM
onmucaHueM (PU3UYECKUX TOJel (Hampumep, YKIOH —
a0CoONIOTHAsT BEJIMYMHA TPAJUCHTa T'€ONMOTCHINANA,;
TOPHU30HTAIbHAS/TIJIAHOBAs KPUBHU3HA — JIMBEPTEHITUS
JIMHUM TOKA; 1032 MPSAMOW COJTHEYHOW paguanuu — oT-
HOCHTEIbHAs BEJIMYMHA TIOCTYTIAOIIEH SHEPTUN) U He-
3aBUCUMBIM BXOXKJICHHEM B OIMUCAHUE PA3HBIX CTPYK-
TypooOpa3yroIuX IPOLECCOB.

Lughposvle Odanmnvie ducmaHyuoHH020 30HOUPOBA-
nus (A/13) takxe sgngiomes napamempamu cocmosi-
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JbsxoHoB, CbhICYEB

HUsL 2NeMeHMAapPHbIX NUKcenel U 2eocucmem — TOUHEE
JaHIAPTHOTO MOKPOBA, €CIM TOBOPHTH O JaHHBIX
CIIyTHUKOBOTO 30HIMPOBAHUSI.

Ipocmpancmeennyro oughgepenyuayuio ceocucmem
(cTpyKTypy) Ha OCHOBE MTapPaMETPOB COCTOSTHUS ITUKCE-
neir [IMP MOXHO OCYIIECTBUTH C MOMOILBIO Pa3HbIX
METOZIOB YHCJICHHOM KiacCH(UKAIMK (KIACTEPHBIH U
JTUCKPUMUHAHTHBIN aHAN3, HEHPOHHEBIE TIETIH | JIP. ).

Tlomoxu (mporiecchl TIEPEHOCA) BO3HUKAOM NOO
oelicmauem epaoueHmo8 NnOMeHYUaIos @OU3ULecKux
CUNIOBbIX NOJel, NApamMempos U (QYHKYU COCMOAHULL
cucmemvl. BaxxHeHIIUMU ABJISIFOTCS] TIOTEHIIMABI Tpa-
BUTAIIMOHHOTO H 3JICKTPOMAarHUTHOTO (B TOM YHCIIE UH-
COJISIIIMOHHOTO) ToJieil 3eMiTi, B3anMO/ICHCTBYOIINE C
MOJISIMU  JIABJICHUH, TEMIIEPaTyp, XUMHYECKUX IMOTEH-
[IAJIOB U JIP. B Pa3JIMYHBIX KOMIIOHEHTaX JIaHAma(ToB
1 B 1IEJIOM B JIaHIIa()THOM TTOKPOBE.

Iloo ¢ynxyuonuposanuem eceocucmem, ux mexy-
wetl JlcusHedesmenrbHoCcmu TIOAPA3yMEBaeTCsl COBO-
KyITHOCTh IPOIIECCOB TIEpeHOca, OOMeHa W TpaHc-
(opmarim SHepruu W BemecTBa B HUX. llpu 3tom
YpaBHEHUSIMH MaTeMaTn4eckol (PU3UKU OMHICHIBAIOTCS
«CKBO3HBIE» IOTOKM CyOCTaHIIUH, KOTOpble 00BEIu-
HSIOT BCE KOMIIOHEHTHI B OJTHO Ienoe. BepTukanbHbIe
IIPOLIECCHI IHEPTO-, BIIATO- ¥ MACCOIIEPEHOCA SBIISIOTCS
CHUCTEMOOOPA3YIOLINMH ISl DJIEMEHTAPHBIX T€0CUCTEM
CO CTPYKTYpPOH T€OrOPU30HTOB; [0 TOPU30HTAIH I'EO-
CHCTEMa 3aXBaThIBAE€T TEPPUTOPHUIO, HA KOTOPOU pa3-
MEIIAITCS BCE €€ KOMIIOHEHTHI, 00€CIIeYMBAOIINE
LEJIOCTHOCTh (PyHKIIMOHUpPOBaHus. JlarepanbHble mpo-
LECChl BOIHBIX W BO3AYIIHBIX NEPEHOCOB OCYLIECT-
BJISIIOT CHHTE3 T€0CHCTEMBI 00jiee BBHICOKOTO YPOBHSL.
BX0OIHBIMH U BBIXOAHBIMU SIBIISIIOTCS TIOTOKHM BELIECTBA
W DHEPIuu 4epe3 BHEIIHUE TPaHullbl. BaxkeH ydyer me-
XaHU3MOB OOpaTHOM CBSI3U M CONPSDKEHUE MPOCTPaH-
CTBEHHO-BPEMEHHBIX XapaKTePHBIX Pa3MEPOB.

Beeoenue mooeneii npoyeccos u ouggepenyuayuu
(cunmesa) eeocucmem omeeyaem NPUHYUNAM MeEPMO-
OUHaMUKU Heobpamumsix npoyeccos. Tak, Ha OCHOBE
ounuHeitHoTO YypaBHeHuss OH3arepa

J=-Lgrad U=LX —» J,=> L X, (3
k
OHH MOTYT OIPEICIIATECS: a) TI0 CUCTEMOOOPA3YIOIINM
norokam J,; 0) 1o rpajuenTaM noreHuuanos U cuio-
BBIX TIOJIEH X, (MHCOJISILMK, TPABUTALMK U JIp.); B) TI0
(penomenonornyeckuM kodpdunuentam L, xapakre-
pu3yronuM 0000TIIEHHYIO TTPOBOAUMOCTD CPEJIBI.

Ecnu BBIAETATH reocHCcTEMBI TI0 TPajueHTaM MoJis
CWJIBI TsDKeCTH (HamOosee oOIero /i JTF00bIX Te0CH-
CTEeM), MPHUJEM K BBIBEIICHHIO T€OCHCTEM IO TOTOKaM
B TI0JIe TeonoTeHnuana. PaccMarpuBas moBeeHus aie-
MEHTapHBIX O0OBEMOB BOJBI B IIOJIE TEONOTCHIIMAIA,
TTOJTYIMM HEPAPXHIO TEOCHCTEM BOAOCOOPOB (PEUHBIX
OacceifHOB), KoTopasi OyIeT COOTBETCTBOBaThH (hopma-

JU30BaHHBIM cxemaMm XoprtoHa, Crpanepa, TokyHarmy,
Ounocodona. [Ipn ananmze ChITy4YHUX, TPEIITHOBATHIX
WIN Pa3MbIBA€MbIX OTOKAMH BOJbl MacCHUBOB I'PYHTa
B TIOJIE TEOIOTEHIIMANA TIOJyYUM pa3IndHble (OPMEI
ckJIOHOB (penbeda). Ecim paccmarpuBaTh AHHAMUKY
pacTeHHi U JKMBOTHBIX OJJHOBPEMEHHO B I10JI€ T€OTIO-
TEHUMaNa U B IpYyrux (U3MUECKUX MONX (paauanu-
OHHOM, XMMHUYECKOM, T€PMOJMHAMHYECKOM H T. I.),
TO MOJYYUM paclpelesieHHe B MPOCTPAHCTBE OMOreo-
[IEHOTHYECKUX CHCTEM (PKOCHUCTEM). Takue TMOIXOMbI
K BBLAEJICHUIO U MCCIICAOBAHUIO TEOCUCTEM Ha OCHOBE
CTPYKTYPOOOpa3yIoIUX MPOLECCOB Ha3bIBAOT (DYHK-
UOHAJIBHBIMH. BblaeneHne reocucteM Mo MPUHLMITY
pEe3Koro U3MEHEHHsI (PEHOMEHOJIOTHYECKHX KOA(pPH-
UEHTOB L MpUBOAUT K AuddepeHInanuu mpupoIHo-
tepputopuanbabix komiiekcoB (I1TK) mo mpunnumy
OJHOPOJHOCTH — 3TO KJIACCUYECKUN THIIOJOTHYECKUH
TIOJTXO/.

Augpgpepenyuayun noseepxnocmu penvea me-
mooamu yuciennoi kKaaccugukayuu. Iloctpoenme
HIMP — Baxknelmuii 3Tamn ais MOJAECIUPOBAHUS T€OCH-
creM. [IMP Ha ocHoBe Tomokapt macmtada 1:10 000 ¢
MIPUBSI3KON MUKCeNs K cheMke Landsat mo3BossitoT BbI-
nenats [ITK panra ypounm [Ceicyes, 2003]. Ilo pe-
rymspHoii cetke LIMP paccuntbeiBarorcst MoppomeTpu-
yeckue mapametpsl (MII), cuctemarn3ars KOTOPBIX B
TI0JIEe CHJIBI TSDKECTH puBeieHa B padore [Shary, 1995].
3aKOHOMEPHO BBICTICHHE TPEX OCHOBHBIX TPYIII Ta-
pPaMeTpoB: a) OMMCHIBAIOIINX PACHPEACICHUE HWHCOJIS-
nu (003a npamotl conHedHou paouayuu, SKCIIO3UIINAS
U 0C8ECUJEHHOCMb CKIOHO08, YKIOH); 0) OIHCHIBAIOIINX
pacripesiesieHre BOJBI MO ACHCTBUEM CHIIBI TSKECTH
(yoenvHasi niowade coopa u oucnepcuHas nioujaos,
enyouna B-denpeccuii u vicoma B-x01mo8, YKIIOH);
B) ONMCHIBAIOIIMX MEXaHHM3Mbl MepepacipereIeHHs
BEIIIECTBA IMOJ] ACHCTBUEM T'PaBUTALNHN (TOPHU3OHTAIIb-
Has ¥ BEPTUKAJbHAS KPUBH3HA, YKJIOH, BBICOTA). BhI-
JIeJIEHHBIE KypPCUBOM BEIMYMHBI PACCMATPUBAIOTCS KaK
napamMeTpbl COCTOSHUSI MaTepUalbHBIX OOBEKTOB OT
MUKCEJIEH 10 TEOCHUCTEM.

Janee cTpouTcst MaTpuIla JaHHBIX, B KOTOPOI CTPO-
KA COOTBETCTBYIOT JIEMEHTaM MOBEPXHOCTH penbeda
(mukcensim LIMP), a cTonbupl — napameTpam, ONKUCHI-
BaroIM coctostane snementa (MII, 3HadeHus spxo-
creil kananoB J1J13, uanexcst NDVI). Bee mapamertpsr
HOPMHUPYIOTCS. BeKTOpPBI-CTPOKH MaTpHIlbl JTaHHBIX
XapaKTepU3yI0T MHOKECTBO SJIEMEHTOB MOBEPXHOCTH
penbeda. I'eomerprueckn aBa TakuX BEKTOpa B IMPO-
CTpaHCTBE MMapaMeTPOB TeM OJIFKE, YeM MEHbILE pa3-
JTUYAIOTCA MEXIYy COOOW 3HA4YeHHWsI MmapaMeTpoB s
00oux 00beKkTOB. Mepoii 0:1M30CTH MEKAY BEKTOpaMu-
00BEKTaMH TIPUHSATO EBKJIMIOBO PACCTOSTHHE. AJIeKBaT-
HBIMHU TOHATHIO T depeHIranny SBIsSIOTCS Memoobl
pazoenumensbHoll yuciennou Kiaccuguxayuu. Mome-
nmupoBanue cTpyktypsl IITK npoBoauTcst MeTonom au-
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XOTOMHYECKOH TPYNIIMPOBKU JIEMEHTOB ITOBEPXHOCTH
penbeda mo mapamMerpaM B IPOTPaMMHOM obecrieue-
Huu FractDim [[ly3auenxko, 2004].

Tunonozuueckaa mooens cmpykmypol danouiagy-
ma. Bp16op napamMeTpoB NPOBOIUTCS B COOTBETCTBUHU
¢ KJaccuueckuMu onpenenenusmu [Ipsxonos, 2008].
Pesynbrarel kiaccuUKaMid CyLIECTBEHHO 3aBHCAT
OT YHCJIa MAapaMeTPOB COCTOSIHUSI U MX BECOBBIX 3Ha-
YeHUH — U1 X 0O0OCHOBAHUS MPEABAPUTEIILHO IPO-
BOJIUTCSL PSAJl YUCIIEHHBIX 3KcriepruMeHToB [ChIcyes,
2003]. Ilooduepruem pewarougyio poisb 1aHOUADMHO20
aHanusa, TO3BOJSIONIETO BBIACTUTH POJIb (DaKTOPOB
muddepenimanym [ITK B KOHKpeTHBIX (DHU3HUKO-TEO-
rpaduyeckux ycinoBusix. C JIpyroil CTOpoHbI, Bapbu-
poBaHME 3HaYCHUI U HAOOPOB MapaMETPOB MO3BOJISIET
MOJICTIMPOBATh HM3MEHEHHE CTPYKTYPHI JaHAMA(PTOB
MO BAMSIHAEM KIMMaTH4eCKUX, HEOTCKTOHMYECKUX U
JPYTHX TPOIECCOB.

Aepezayuonnvle mMemoosi Kiaccughuxayuy No3Bos-
toT cunTe3uposath [ITK mo reopusnueckum mapame-
TpaMm (Hanpumep, metogom K-cpennux), ass 4yero Hago
W3Ha4aJbHO 3a7aTh YHCIO KJIACTEpOB, T. €. €IWHUIL
CTPYKTYpBI JaHAmadra.

DYHKYUOHATILHBIU NOX00 K MOOETUPOBAHUIO CIPYK-
mypul 2eocucmem HA3KOTO paHra OnpeAessieTcs: IaB-
HBIM 00Opa3oM TMpoleccaMyd BOAHOTO CTOKA. 3aiada
KJIaccu(puKauuy — OTOOpakeHUE HepapXuu BoxocOop-
HBIX T€OCHCTEM Ha MOP(POMETPHUECKUX BEIUYMHAX,
ONHMCHIBAIOIINX pPAcCHpeAeseHue BOABI peabeoM B
TI0JIC TPABHUTAIHMH. DTa KIaCCU(DUKAITNS TTO3BOJISICT BHI-
JEISITh BOZOCOOPHBIE FE€OCHCTEMBI Pa3JIMUHBIX MOPSII-
KOB B COOTBETCTBHHU CO cxemoil XopToHa — Ctpanepa.

dopmanpHBIA  anmapar Kiaccu(UKaluu MOBEPX-
HOCTH penbeda Ha OCHOBE IapaMeTPOB COCTOSHUS
npuoOperaet reoduszndeckuid cMmpici. [lomuerpykryp-
HOCTB JIaHmadTa CTaHOBUTCS (PU3NUECKU 000CHOBAH-
HOM: BBIOMpAsl T€ WM MHBIE TapaMeTPhl U CTPYKTYpPO-
00pasyolye MpoIecchl MOKHO Peain30BaTh Pa3HbIC
knaccupukanuy Janamadros. Tak peanu3anuu THIO-
JIOTHYECKOTO TTOJIX0/Ia TIO3BOJISIIOT TIOJIyYaTh HEPapXUI0
knaccnueckux [1TK (panus — ypouniue — MeCTHOCTb —
nmaHamadT); peayn3anui Moaxoaa THAPOIOTHIECKOTO
(GYHKIMOHMpOBaHUs JaHAmadTa — HUEpapXHi0 BOJO-
COOpHBIX TEOCUCTEM; peaTu3alus moaxoaa Kiaccudu-
Kalll¥ apaMeTpoB 1 HOPMaJIM30BaHHBIX KO3 dhuieH-
ToB JIJI3 — CTpYKTYypy pacTUTENBEHOTO MOKpOBa. Takum
00pa3oM, 000CHOBaHbBI AMITUPUIECKHUE MTPEICTABICHUS
0 Tpex MeXaHHM3Max JaHIIa()THON CTPYKTYpHU3AIUU —
reoCTallMOHAPHOM, TEOUUPKYIISIIUOHHOM U OMOLIMPKY-
nsmuroraHoM [Comnanes, 1981].

Cosnanue mepmoouHamuieckux mooeell siBIIeTCs
HEOTHEMJIEMOH YaCThIO MTO3HAHUS JTFOO0TO IPUPOTHOTO
npoliecca, BeHYalouel mpeiCTaBIeHUE O €ro reHe3nce
[Kleidon, 2010]. OcHOBOM BEIBEACHIHS MOACIIEH T€0CH-
CTEMHBIX TIPOLIECCOB B MHOTOMEPHOM MOJIE€ CHJI JIOJIK-

HO CIyXHThb OwnuHeiHoe ypaBHenue (3). [lpumepom
MOXeET sIBJIAThCs padota [[lanmarun, 1981], B kKoTOpOi
Ha OCHOBE TEPMOJWHAMHUKHA HEOOpPaTHMBIX IPOIEeC-
COB aKKypaTHO BBIBEJIeHa MOJIENb B3aMMOCBS3aHHOTO
MepeHoca TerJia U BJard Npy 3aMep3aHUuH-0TTanBaHUU
nouB. Pa3pabarbiBaTh ¥ pealm30BBIBATH TAKHE MOJEIU
HernpocTo. OCHOBBI TEPMOAWHAMUKN H PSAJ TEPMOJIHU-
HaMHUYECKHX MOJeJiell B re0CHCTeMax pPacCMOTPEHHI B
Kypce «Moodenupogarue eeocucmemy.

BoapmMHCTBO MOJIENEH CIIOKHBIX CUCTEM CTPOUTCS
[0 PYTOMY TIPUHIIHITY — PACCAOEHUS N0 (DUULECKUM
npoyeccam. B cuny cBoell 0OIIHOCTH ypaBHEHUS Ma-
TEMaTHYECKOW (PU3UKU CTAIU [TUPOKO MPUMEHSTHCS B
TaKUX CHCTEMaX, KaK THAPOJMHAMUKA — 3KOCUCTEMA,
THJIPOIIOTHSI — PyCII0, THAPOIOTUIECKUAN CTOK — MOPQO-
JIOTHSI CKJIOHA, MO0YBa — pacTeHue — armocdepa U T. I
[Cricyes, 2020]. [TocTpoeHune KoMIUIEKca 00X MOJIe-
JIel TIpo1ieccoB aTMOC(HEPHBIX MIEPESHOCOB B JIAHIIAd-
Te JEMOHCTpUpyeTcs Ha mpumepe paboter [Jleca...,
2017]. ABTOpBI COCTAaBISIOT U PEIIAIOT CHCTEMY T'H-
JIPOIMHAMHUYECKHX YPaBHEHUH TypOYyJISHTHOTO Tepe-
HOCa B MPHU3EMHOM CJI0€ aTMOC(ephl, OMHMCHIBAIOIINX
TPEXMEpHOE TI0JIe BeTpa W TYpOYIEHTHOTO IMepeHoca
CO,, ¢ rpaHNYHBIMH YCIOBUAMH Ha XOJIMUCTON MECT-
HOCTH C HEOJHOPOJHOH PacTUTENBHOCTHIO (MaciiTada
«pamus — ypouumie — nanamadT»). OTHOBPEMEHHO
CTPOSITCSI TPEXMEPHBIE MOJETH TePEHOCa CONHEYHOM
paaraniy 1 IpoIeCCOB MPOTYKTUBHOCTH B PACTUTEINb-
HOM nokpoBe. [Ipu Takom moaxone MoOJENH YacTHBIX
MIPOIIECCOB CBSA3BIBAIOTCS MO TMapaMeTpaM, MCTOYHH-
KaM-CTOKaM M TPaHUYHBIM yCIIOBHUSIM.

JleTepMHUHUPOBAHHBIE MOJETH, PACCMOTPEHHBIE
BBIIIIE, pEajN30BaHbl HA OCHOBE JWIepoBa IMOIXO[a.
OnHako TMEPCIEKTUBEH U JidepaHdices nooxoo. Hampu-
Mep, MOJEIMPOBAHHUE MPOLIECCOB CHETOHAKOIIEHUS U
CXOZla JIABMH Ha CKJIOHE HCTIOJIb3YEeT METOJ «CITIaXKEeH-
HBIX YaCTHL» — pacyeT MPOLECCOB BEICOKOCKOPOCTHOTO
coyIapeHus YacTHI] ¢ pa3eToM BemiectBa [ColOBBEB,
Kanau, 2013]. Bsazkoynpyroe B3auMoeicTBHE 3JI€MEH-
TOB CHEXHOH MacChl TIO3BOJISIET YYUTHIBATh paccioe-
HUE CHEKHOW MacChl U MPOCIIEKUBATH €€ HBOIIOLHIO.
TpaekTopust IBUKEHNS KaXIOTO W3 THICAY DJIEMEHTOB
CHEra pacCUMTBIBAETCS B COOTBETCTBHE CO BTOPBIM
3akoHoM Hptorona. Ilo-BuanmMoMy, 3TOT METOI Tep-
CHEKTUBEH TAKXXe W AJI ONMUCAHUS dPO3HH CKIOHOB H
peuHBIX pycen. B HacTosmee BpeMsi HET eMHOM 001IIe-
MPUHATON TEOPUM SPO3UOHHBIX M PYCIOBBIX IMpOLEC-
COB JIJIsl PaBHUHHBIX PEK C HECBSI3aHHBIM OCHOBAaHHUEM,
C HaJIWYMEM [BYX HOABMKHBIX CBOOOJHBIX TI'PaHUIL
[[Terpos, IloTamos, 2019].

Henunetinocms  npupoonvix  npoyeccog, cKad-
KOOOpa3HbIM XapakTep WX AWHAMUKH TPHBOMAT K
(dpaxmanvroll eeomempuu cmpykmyp, HanOoiee Hc-
CIIEIOBAHHBIX B pe4HbIX cucremax. OObequHEHHE
SMIMPUYECKUX 3aKOHOB CTPOEHMsI pe4yHOil cetn Xop-
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toHa — Ctpanepa — TokyHaru, 3akoHa pyHKITMOHUPOBA-
HUst BojocOoopoB Xaka (Hack’s law) u croxactiueckuit
BBIBOJI 3aKOHOB CKeMJIMHTa 0acCEeHHOBO-PYCIOBBIX CH-
crem [Dodds, Rothman, 2000] BBIsIBHIN BO3MOKHOCTD
MIPUMEHEHHUS] 3aKOHOB CKEHIIMHTA TOJBKO ISl OTperie-
JICHHBIX YacTeil bacceiHOB KpyNHbIX pek. TakuMm obpa-
30M, MOKHO TOBOPUTH CKOpEE 0 MYJIbTH(PPAKTATHHOCTH
IEOCUCTEM, YeM 00 YHUBEPCAIbHOM 3aKOHE CKEeUJIMHTa.

DyuKyUOHUPOBAHUE 2eocucmeM OTpEeeNsieTcs,
IJIAaBHBIM 00pa3oM, mpolieccaMu Biaaroodopota. Pe-
aJbHOE JIBM)KEHUE BOJBI OMTUCHIBACTCS B TEPMUHAX Me-
XaHUKH CIUIOIIHOM Cpenbl. YpaBHEHUS THIPOJIHHAMMU-
ku u teronepenoca (HaBre — Crokca, PeliHonbca,
®Dypbe U Ap.) IPUBOAATCS K MOJICIISIM IPUPOTHBIX MTPO-
neccoB (ypaBHEGHHSM «MeJKoH BoawD»y, CeH-BeHaHa,
KHHEMATUIECKON BOJHEI, TIEPEHOCA BJIArd U pacTBO-
PEHHBIX BEIIECTB B MOYBax W T. 1.). Moxenu ¢ pac-
MPEACICHHBIMYI TMapaMeTpaMy MHUTPAIMH BEIIECTBA
o0ecreynBaroT COOMIOIEHNEe YCIOBHIA HIIEHTUIHOCTH
napaMeTpoB U U3MEPSICMBIX B IPUPOJE BEIUINH, HC-
IT0JIb30BAHKE aPUOPHON U IMITUPUUIECKON HHpOpMa-
mun. [eodusuueckas nuddepeHnuanyst CTpyKTyphI
reocucteM u LIMP sBiseTcs rpaHUYHBIM YCIIOBHEM,
00eCcreunBaOIUM OTHO3HAYHOCTh U €IMHCTBEHHOCTD
peuieHus ypaBHeHu# nepeHoca. [loaTomy cramu pasz-
BHUBATHCS TMPOTPAMMHBIC KOMIUICKCHI THIIPOJIOTHYC-
CKHX TIPOIIECCOB Ha BOAOCOOpax C HCIOJIb30BAHHEM
HUMP wu momysmnupuyueckux IuO0 SMIHUPUYECKUAX
mozeneit croka, nanpumep TOPMODEL, SIMWE,
KWOF u nmp. [Beven, 2012; Mitas, Mitasova, 1998;
Tarboton, 2003; Johnson, Miller, 1997], xortopsie
JAI0T BO3MOYKHOCTH KOJMYECTBEHHOW OIICHKU BIIHS-
HUS BOJIHO-MUTPAIMOHHBIX MIPOIIECCOB HA CTPYKTYPY
TTOYBEHHOTO MTOKPOBA.

st onucanua reonoyuu nanouwiaghpmos nepcnex-
THBHO HWCITOJIb30BAHUE MOJCIICH ITWHAMUKH T€OMOp-
(hOJIOTHYECKUX CHUCTEM, PacCCMATPUBAIOIIUX B3aUMO-
JIEHCTBHE MEXIY CKIOHOBBIMH WU THIPOJIOTHICCKUMHU
MpoLIECCaMu, PEUHOH 3PO3UCH, TEKTOHUYECKUM TOHS-
THEM, KITMMATOM H JIUTOJIOTHEH Ha ONMKHUX Te0JIOTHYe-
ckux BpeMenax. B padote [Coulthard, 2001] npusenen
aHaJN3 HECKOJIBKHUX TAKUX MPOTPAMMHBIX KOMIUIEKCOB.
Hexkoropsie u3 vux (Hanpumep, CASCADE u GOLEM)
JydITe TOAXOIAT TSI OOTBITNX BPEMEHHX MAcIITa0oB,
torna kak apyrue (SIBERIA, CAESAR u CHILD) —
st 6omee koportkux mepuomo. CHILD, CAESAR
BKJIIOYAIOT MOJCIIMPOBAHUE PEUHBIX MTPOLIECCOB, BKIIIO-
gasi TPAHYJIOMETPHUIO TIEPCHOCHMBIX OTJIOXKCHUH W
cTparurpaduio gonuH, torga kak SIBERIA, GOLEM
JydITie MPEACTABIIOT TPOIIECCHl Ha CKIIOHAX, BKITIOUAS
BBIBETPUBAHUE TOPHBIX TOPOJ U TEKTOHUYECKUE D(-
(hexTpl. UHTEHCUBHO pa3BUBAIOTCSI METOIBI TEOPETHIC-
CKOTO OIMCaHUs PyCIIOBBIX MPOIECCOB (hOPMUPOBAHHS
PEYHBIX CHCTEM M UX MOP()OMETPUUECKHX XapaKTepH-
ctuk [Yamnos, 2018; Ilerpos, [lotanos, 2019].

B Gomnbmiom xypce «buoceogusuka u buoceoxumus
JAHOWAGmMOE» PACCMATPUBAIOTCS TIPOLIECCHl TpaHC-
(opMaLuM «BEILECTBO — JHEPIUs», BKIIOYasl IMPoO-
IYKIIMOHHBIE TPOLIECCHl B PACTUTENIHHOM IOKpPOBE U
npoueccsl IeTpUpHUKALUU OPTaHMYECKOTO BEILIECTBA,
KOTOPBIC OMUCHIBAIOTCS HA OCHOBE (PU3UUECKHUX MOJIe-
Jell mepeHoca M3JyueHHs, Terla, BIaru U 3JICMEHTOB
MUTaHMS B cpefie OOMTaHUS U BHYTPU PAacTEHU U MO-
neneil poTocuHTE3a, IBIXaHUS U MepepaclpeacIeHus
aCCUMWJISITOB, @ TaKyK€ MOJIENe MONyJsalMOHHON Ju-
HaMHKH. Bce Mozenu cBsizaHbl MEXIy co00H 1o mapa-
MeTpaM. /[nHaMuKa IpOCTPaHCTBEHHON M BO3PACTHOU
CTPYKTYpPBI JIeCa OIHUCHIBACTCS MOJEISIMH Ha OCHOBE
ypaBHEHUsI Hepa3pbIBHOCTH, Muddy3nn, a Takxke MMHU-
TAIMOHHBIMH MOJIEIISIMH, YUUTBIBAIOIIIUMH IIPUPOIHYIO
JUHAMHMKY MHOTOIIOPOJIHBIX JPEBOCTOEB M BO3/EH-
CTBHE Npupoononb3oBanus [Ceicyes, 2020].

J71s1 OMTHO3HAYHOCTH PEIICHUs MOJIETICH HeoOX0Mu-
MO 3aaTh I'PaHUYHbIC U HAYaJbHbIC yCIOBUS, KOTOPbIC
COOTBETCTBYIOT ITOCTAHOBKE 3a/1a4l M OTPaKaIOT MPH-
POZHBIC TPOLECCHl. ['PaHUYHBIMU YCIIOBHSMHU Ha MO-
BEPXHOCTH penbeda sIBISIOTCS TTapaMeTpbl COCTOSHHUSI
nukcenerd [IMP u nmoToku yepe3 HUX, BEpXHSS TPaHU-
1a MPU3EMHOTO0 CJIos arMocdepbl U MOTOKH Yepe3 Hee
onpenensoTcss B Teopudn kiaumara [Jleca..., 2017].
CrnoxHee y4YecTb HWXKHHE (THAPOTEOTIOTHMYECKHE H
BHYTPHIIOUBCHHBIC), a TeM Oojee OmoreopusnyecKue
TPaHUIBI U TIOTOKH Yepe3 HUX.

Memoowvl nonesvix u 1adOpamopHvIX UCc1E008a-
HUIl BOXHBI HE TOJBKO JUIS BepH(UKAIMU pe3ysIbTaToB
MOJEIUPOBAHUS, HO U U ONpENENIEHUs] MapaMeTpoB
(usrueckux mporeccos. JleTanbHOMY aHaIUM3y COBpe-
MEHHBIX METOJIOB M almaparype JUlsl U3MEpEeHHUs Ieo-
(u3MUYeCKUX MapaMeTpOB MOCBSIIEH OTACIBHBIA KypcC
«HCcTpyMeHTanbHas 0Oa3a naHAma@THRIX HCCIEN0Ba-
Hui». [IpocTpaHCTBEHHO-BPEMEHHASL JUCKPETHOCTD M3~
MEpEHHU 10IKHA OBITh COIVIaCOBaHA C IIaroM MOJEIEH
M XapaKTepHBIMU MaciTadamMy T€0CHCTEMHBIX TPOILec-
coB. B aTOoM miaHe Bo3pacraer posb reoU3MUECcKHX
METOJIOB M3MEPEHHS MapaMeTPOB MPU3EMHBIX CIIOEB aT-
Mocdepbl, CTPYKTYpPbI M IPOLYKTUBHOCTH PACTUTEIBHO-
CTH, CTPYKTYPbI U CBOWCTB ITOYB U TPYHTOB, TIO/IOBEPX-
HOCTHBIX IpaHul] JaHamagdTos u 1ap. [Ceicyes, 20140].

OTOXIECTBIATh M3MEpsieMble BEIMYMHBI C (prsnde-
CKUMHU TapaMeTpaMy MpOLECCOB HE BCErjaa TPUBHUAIIb-
HO — YacTO HEOOXOAMMBI COOTHOCSIIMECS OMpE/IeNICHHS.
Hampumep, abcomoTHass BBICOTA JIMIIL NPHUONMKEHHO
XapaKTepHu3yeT TPAaBUTAIIMOHHBIN TTOTEHIIHAT; TEePEeHOC
BJIATY IIPOMCXOIUT MO/ JEUCTBUEM TPANEHTA KalUILIp-
HO-COPOITMOHHOTO TIOTEHIIMANIa BJIary B ITOYBaX, a HE U3-
MepsieMO pa3HOCTH BIIQXKHOCTH TIOYB; ABHKYILEH CHIION
MepeHoca XMMHUYECKUX BEIIECTB SBIISIOTCS TPAIUEHTHI
XMMHUYECKUX MOTEHIMANIOB, a HE KOHLEHTPAIMH U T. J1.

[lepeunciieHsl Aaneko HE BCE YCJIOBMS YCIIEIIHO-
IO ONHCAaHUS HPUPOAHBIX MPOLECCOB MPH TOM, YTO
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BBIYHCIIUTEIbHBIE TMPOOJIIEMBI alPUOPH CUYHTAEM pe-
maeMbIMH. [lo3TOMYy WTOroM MONEIMPOBAHHS YacTO
OCTArOTCs TEOPETHUECKHUEe, MATEMATUIECKUE U METOTHU-
YeCKHe acleKThl — aHaJI3 MPOIECCOB (POPMUPOBAHUS
CTPYKTYpP OTCYTCTBYET.

Ilpakmuueckoe 3nauenue nanouwiagpmuo-zeodu-
3UYeCcKUX uccie008anuil BCeraa OblIo MpeACTaBIeHO
B pazNMYHBIX pasjenax IucuuiuinH. Hampumep, eme
B 1960-¢ rr. B Tae:xkHO 30He BocTouno-EBponeiickoii
PaBHUHBI ObIT BBISBJICH IMpoliecc 3a001a4BaHMs BbI-
pyOox neca, B yactHoctu B Pecmybmuke Komu, Bo-
JIOTOJICKOM ¥ ApPXaHIeJIbCKOH 00acTsaX. DTOT Ke
nporiecc ObUT 3apUKCHpOBaH Mocie Moxapos. Tem-
HOXBOMHBIE CIIEJIBIE JIeca C COMKHYTOCThIO KpOH 00-
nee 0,7 mpu BeicoTe conHIa Oonee 30° mu3-3a HUZKUX
3HaueHnit anpbeno B 8—10% xapakTepusyroTcs To-
BBIIIICHHBIM 3HAYCHHEM PaJHallMOHHOTO OajaHca Ha
25-30% mo cpaBHEHHUIO C JIyroM. BTopoe BakHEH-
Iee CBOWCTBO Jieca — BBICOKHE TPAHCIUPAIMOHHEIE
kod(humments pacrenuit. B Bospacte 40-80 ser B
MOA30HAX CPEIHEH U I0KHOM TalTru pacxo] Biaru Ha
Tpancrnupanuio paseH 250-300 mm/ron. Takxke Bax-
HO, YTO HaJi OOIIMPHBIMHU I10 ILIOIIAU JIECAMH TOJI0-
BOE€ KOJIMYECTBO OcaakoB Oombire Ha 5—10% 3a cuet
BHYTpEeHHero BiIaroodopota. I'eodpuznueckuii s et
CIUTOITHBIX BBIPYOOK 3aKIIIO9AETCs B CHUKEHHUH TOJ0-
BOTO paJMalliOHHOTO Oananca B nepBbie 5—10 et He
Meree ueM Ha 30%, TpaHcmpanu — B 1Ba pasa. Pyc-
JIOBBIA CTOK, KaK MPABHUIIO, YBEIMYUBACTCS MPHUMEP-
HO Ha 10%. [Ipu 3HaYeHNH pajualMOHHOrO OasiaHca
28-32 kxan/cm?-Toj HaOIoAaeTCsl AePUIUT IHEPTUU
Ha UCMapeHue, 4YTO MPUBOAUT B YCIOBHIX IJIOCKUX
MOPEHHBIX PaBHUH K BO3HUKHOBEHHIO 04aros 3abona-
YUBAHUS, a 3aTE€M €r0 pocTy. Exxerognast KoHCepBaIus
Biaru pasuserca 20—40 mm/ron. pyroit mpumep Ha
3Ty TeMY — U3MEHEHHE CTPYKTYpPBI TEIJIOBOrO OajaH-
ca IIpH OPOLIEHUH WA OCYIIEHUHU 3€MEJIb.

[IpakTrueckoe 3HadeHNE TPOPUUECKONW MUPAMHUIBI
W YCTAHOBJICHHBIX BEJIMYMH MOTOKA YHEPTUU OT IPO-
TYIIEHTOB K reTepoTpodam 3akimodaeTcss B 000CHOBA-
HUM BBIJICJICHUS JTMLEH3UM Ha MPOMBICIOBYIO U CIIOP-
THBHYIO 0X0Ty. He HopMHpOBaHHas Bblaya JIMLIEH3UI
HEn30€)KHO MPUBOAUT K MOTEPE YCTOHYMBOCTH PETHO-
HaJIbHOM 9KOCHUCTEMBI.

Onmumusayusa npoyeccoé nPupoOonoaIb306aHUA
monpoOHO paccMOTpeHa B Kypce «IIpupoono-anmpo-
nozennvle aanowagmery. Onucanue tanamadra Kax
JTUHAMWYECKOW CHUCTEMBI JaeT BO3MOXKHOCTH ITOCTa-
HOBKM W PEIICHUS 3aJ]add ONTHMAJBHOTO YIIpaBlie-
HUS, KOTOpasi BKIIIOYaeT cucreMy anddepeHnmansHbpx
YpPaBHEGHUH, MOJENHUPYIONUX  (YHKIMOHUPOBAHUE
00BEKTa, M KPUTEPUH ONTUMAITBLHOCTH ((PyHKIIMOHAN),

KOTOPBIH clieqyeT MUHUMHM3UPOBaTh, BBIOMpas yIpas-
JAOUIMe TepeMeHHble. PerieHnemM 3anauu sBIsSETCS
ONTUMAJIbHBIA MpoILecc, T. €. COOTBETCTBYIOIIAS €My
ONTUMAaNbHAas TPAEKTOPHsI CHCTEMBI BO BpeMeHH. He-
KOTOpbIE TUITUYHBIC 3aJa91 ONTUMHU3ALUH U ONTHMAaJIb-
HOTO YIPaBJICHUs JIECOIOJIb30BAHUEM PACCMOTPEHBI B
pabotax [Huxomaes u mp., 2008; Cricyes, 2020].
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BriepBele B mpakTHKe MpenojaBaHusi reorpaduu B
yHUBepcuTeTax Poccnn pa3paboTaH u YMTaeTCs UK
mictuIiiH - «OCHOBBI  TeO(PH3MYECKOW  MapaurmMbl
NMaHAMaPTOBEICHUS: BBEJICHHE B TEOPUIO TEOCUCTEMY,
B KOTOPOM OOBSACHSIOTCS BOBMOKHOCTH OIHMCAHUS M-
MUPHYECKAX KOHIENIHHA TaHamapToBeaeHus pusmde-
CKHMMH 3aKOHaMHU.

MHOXeCTBEHHOCTb ITOJIXO/IOB K OITUCAHUIO CTPYKTY-
pBl ¥ GYHKIMOHUPOBAHUS OOYCIIOBJIEHA CIOKHOCTBIO
reocucteM. HeoOxomumMo MOMYEpKHYTh — IMITApHYE-
CKHME KOHIenuy (pu3ndeckoil reorpaduu, aKTUBHOE
WCIIOJIb30BaHNE U3MEPEHUN Te0(pU3NICCKUX BEIHYUH,
HaKOILICHHBIN onbIT padorel B ['MC-cpene u Bo3pac-
TaoIIee KOJIMYECTBO MPOIPAMMHBIX KOMIUIEKCOB IIO-
3BOJISIFOT MCTIONIB30BaTh (pr3mueckne 3aKOHBI IS OIH-
CaHUs CTPYKTYPHI ¥ ()YHKIIMOHUPOBAHHUS JIAHIADTOB.

dopmynupoBaHue 001IeGU3NUESCKUX TOCTYIATOB U
aHaJIN3 OCHOBHBIX METOJIOB BBIBEIECHUS MOAENEH Io-
Ka3aJii, 4TO €IWHBIN TIOAXOJ OIHMCAHMS IPOIECCOB U
CTPYKTYpBl T€OCHCTEM pealn3yeM Ha OCHOBE (u3nie-
CKOTO MOHW3Ma M YPaBHEHU I MaTeMaTuueCKOl (H3UKH.

JlangmadTHEIE CTPYKTYPBI BBIACISIIOTCS KIJIACCH-
(PMKAIMOHHBIMA METOAaMHU Ha MOP(POMETPUIECKUX
napameTrpax Teo(pHU3MYeCKUX MOJeH CHIIBI TSKECTH
n uHCcOomAnnu. CTaHOBUTCS ONpEIENEHHBIM TOHSATHE
MOJIMCTPYKTYPHOCTH JaHmmadTa: BbIOUpas CTPYyK-
TypooOpa3yromue MpoIecchl U UX COAepKaTelIbHbBIE
napamMeTpsl MOXKHO Peajn30BaTh pasHble Kiaccuduka-
un JtanamadToB. MojenupoBaHue NporeccoB QyHK-
LUOHUPOBAHUS JAHIIIAPTOB B TEPMUHAX MEXaHUKHU
CIUTOIITHOM CPEIbI CBA3aHO CO CTPYKTypoH maHmmad-
TOB Yepe3 FPAaHUYHbIE YCIOBUS U PACIIPEICIIEHHBIE I€0-
(pm3nyecKkre mapamMeTphl MPOIECCOB MEePeHOCa.

BcenenctBue  HemoCTaTOUYHOCTH — MaTEMaTHYECKO-
ro obpaszoBaHus reorpadoB BCE yPaBHCHHS U MOJICIH
BBOJATCS Ha PU3MUYECKOM YPOBHE CTPOTOCTH HCXOAS M3
(hyHIaMEeHTaIbHBIX 3aKOHOB; MOJIPOOHO paccMaTpuBa-
I0TCSl HEKOTOPBIE MPAKTUYECKHUE 33]Ja4M OT IOCTAHOBKHU
Y YUCIIEHHBIX METOOB PEIICHHS 0 SKCIIEPUMEHTOB C
nu3MepeHreM M Bepudukanueil napamerpon. opmy-
JTUPOBaHUE MaTeMaTHYECKUX MOJEJIeH MPOBOIUTCS OT
00BEKTOB — TEOCHUCTEM U T€OCUCTEMHBIX MPOLIECCOB, a
He OT armapara BeIBeJIeHHUS (MaTeMaTHKH).
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The formulation and development of the discipline “Geophysics of the landscape” were based on the sys-
tem approach, physical monism, method of balances and the trophic pyramid model. The wide application of
measuring procedures and GIS-technologies at the beginning of the 21 century led to the accumulation of a
huge array of data on the state of landscapes. The idea of the necessity of creating a physical and mathemati-
cal basis for the synthesis of the structure and functioning of geosystems was established. Since the beginning
of the century physical and mathematical training made a considerable progress at the department of physical
geography and landscape studies as a result of the establishment of such disciplines as “Instrumental base of
landscape studies”, “Methods of analysis of spatial data”, “Modeling of geosystems”, “Geoinformation tech-
nology of landscape studies”, “Biogeophysics and biogeochemistry of landscapes®, “Mathematical morpho-
logy of landscape”, “Physical and mathematical principles of landscape studies” and others. Specific features
of material presentation with the account of the knowledge of mathematics in the volume taught to the physical
geography stream are considered. The way of introducing basic equations and models at the physical level of
rigor is justified. New disciplines are discussed in brief. The link of systems methodology with the physical and
mathematical essence of the landscape organization model is shown by the example of landscape-hydrological
geosystems according to Horton and Straler. Practical value of the development of the direction for optimiza-
tion of nature management and forest management is shown.

Keywords: geophysics and biogeophysics of landscape, teaching methods, physical and mathematical mo-

deling, geosystem theory, structure and functioning of landscapes
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