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IIpoBeneHo omisa icHyIOYMX €(EKTUBHUX METOIIB OJEpIKAHHS Ta aHajidy oLM(ppOBaHHX 300pa-
JKeHb NUTi(DiB HEMOPYLUICHUX I'PYHTIB. PO3MISHYTO iCTOPIIO PO3BUTKY €KOJOTiI4HOT Mikpomopdomorii
enadoTomiB, CyyacHUH piBeHb 3aCTOCYBAHHS KOMIT IOTEPHUX TEXHOJOI1H I[bOr0 HayKOBOTO HAIPsSIM-
Ky 1 MOXJIMBI IUIIXH HOTO MOAANBIIOTO PO3BHUTKY.
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COMPUTER METHODS IN ECOLOGICAL MICROMORPHOLOGY AT RESEARCH SOILS
OF A STEPPE ZONE OF UKRAINE

The browse of existing effective methods of obtaining and analysis of the digitized images of
undisturbed soil microsections is given. The history of soil ecological micromorphology is considered.
The modern level of computer technologies in this scientific direction is shown. The possible paths
of further development are indicated.
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NCTOPUA PABBUTHA

[TouBoBebI TOCTATOUHO JaBHO pacCMaTpUBAIIU TOYBY Kak dKosiorudyeckoe sisnenue (Pa-
MeHckuit, 1938). DTo 1 HeyTUBUTETIBHO, €CITH OL[CHUBATH ITOYBY C HAYYHBIX KOHIICTIIINH, BBIABU-
HyThIX B.B. [lokyuaeBbim (1883). Pa3zBuBas >tu koHnenmmu, B.H. Cykaues (1964) npenmoxui
y4eHHE 0 OMOTeoIeH03€e, OTMedast, 9TO TOBEPXHOCTh 3EMJIM €CTh MECTO KOHTAKTa 1 B3aUMOJICH-
CTBHS TOPHBIX ITOPOJ (JTUTOC(EpHI) U Bo3ayxa (aTMocdephl), a Takke BoIs! (THapocdepsr), B
pe3ynbrare 4ero oopasyercsi CBoeoOpas3HbIil CIION Kak CIIE/ICTBHE B3aUMOICHCTBHS ITHX «cdepy —
nouBa (riegocdepa), KOTopasi, B CBOIO OYepe/ib, B3AUMOJICHCTBYET C TIPOUUMHU «Chepammy.

Taxkoii poriecc MMes MECTO B TTOSIBJICHUH | JTAJIbHEHIIICH BOJIOIIMH JIECOB, JIYTOB, CTE-
1iei, charHoBBIX 00JI0T U IpyTHX THITOB pactutensHocTh. B.H. CykadeB cunrai, 4ro Hanbosee
panmoHalIbHO UMEHOBATh 3TOT Ipotece (uroneHoreHe3om. CoBepiIieHHO 0co00e MecTo B
HeM 3aHuMaeT nouBa. OHa CyMMHUpYeT B ce0e pe3ysIbTaThl CIOKHOTO OMOTEOIIEHOTHYECKOTO
npolecca U MpeAcTapisieT coO00i HarIsIHOE U HauOoJIee MOJTHOE BHIPAYKEHHE UTOTOB JIESITElb-
HOCTH ATHX IpolieccoB. B xoze puioneHoreHes3a no4ysa COnpspKeHHO Pa3BUBACTCS C KOMILIEK-
COM JIpyrux (hakTOpoB MOYBOOOPa30oBaHusl. B CBsI3M ¢ ITUM B Ka)<J[01 TIOUBE COUETAIOTCS IPH-
3HAKH SKOJIOTHYECKHE, [IEHOTeHEeTHUEeCKHE ((PUTOLIEHOTHYECKHE, 300I0THUECKUE, MUKPOOHO-
JIOTUYECKHE U JIP. ), @ TAKXKE COXPAHSIETCS PsI] PEITMKTOBBIX YEPT, KOTOPbIE MOTYT OKa3aTh CyIlle-
CTBEHHYIO IOMOIIIb B yCTAaHOBJICHUH THIIA [TOYBOOOPA30BAHUSL.

B nayky noj HazBanueM «IlouBeHHast HKOJIOTHs» HEOOXOIMMO BKJIA/[bIBATH JIBA TOHSATHS
(Pamenckwuit, 1938): sko0orus MOUBBI KaK Cpe/Ibl ’KU3HU, HACEISIONINX €€ OpraHu3MOB (pacTe-
HUSI, )KUBOTHBIE, OAKTEPUH); IKOJIOTHS TTOYBOOOPA30BATEIHHBIX MPOIIECCOB, CBSI3b €€ CO cpe-
noit oouranus. ConeprkaHueM SKOJIOTHH MOYB JIOJDKHO OBITh H3yYeHNE 3aKOHOMEPHBIX COOT-
HOUICHUH MEeXly MO4BOH U cpenoii e€ GpopMHUpOBaHMS B MX B3aUMOJICHCTBUH M PA3BUTHH
(Bomnobyes, 1963). J1.O. Kapnauesckuii (1994) paccmarpuBaet CTpyKTypHO-(YHKIIHOHATBEHYIO
POJIb TIOUBBI KAK KOMIIOHEHTA OMOTe0LIeHOTHYECKOI cucTeMbl. J{Jist XapakTeprCTHKY CPei000-
PasyIoIIero BIUSHUS PACTEHUN B OMOT€0IIEHO3€ ATOT aBTOP BBOIUT IMOHSATHE OMOT€OIIEHOTH-
YECKOro nouid 1 nogaepxkusaet uaeu JI.I. PameHnckoro o aByx Tunax cBOKWCTB IIOYBEHHOI'O
TIOKPOBA: [ICHOTEHETHIECKHX (IKOJIOTHIECKHX ) M PEITMKTOBBIX (TTAJTMHICHETHYECKHX ), OTpaXKaro-
XX [IPOUCXO0XKICHNE TOYBBI K HCTOPHIO €€ Pa3BUTHSL.
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Mukpomopdosiorus mo4s — 0cob0e HarpaBJIeHHE B TOYBEHHOI HAYKe C YCTOSBIIMMUCS
METOIMYECKUMHU IIPHHIMIIAMH 1 TeXHU4YecKUMU cpezictBamu (Kubiena, 1953). Dra Hayka 3aHu-
MaeTcst U3y4eHHEM MUKPOKOMITOHEHTOB ITOYB: MUHEPAIBbHBIX, OPraHNIE€CKUX U MUKPOOHOIIO-
rudeckux. OHa 3apeKoMeH 10Baj1a ce0st Kak A(h(DeKTUBHBIN METO/] HCCIICIOBAHIS, THATHOCTHKH
Y CHCTEMATHKH IT0YB. JKOJIOTHYEeCKass MUKpPOMOP]OIIOrys ouB pa3BuBaeTcsi KomriekcHon
skcneaunueit JIHY na nmpotsokennn yetBeptu Beka (benosa, 1997; benosa, Tpasnees, 1999).
Hccenemyst MUKpOMOP(OJIOrHYecKoe CTPOSHHE OT/EIbHBIX TPYIITUPOBOK YaCTEH 10YB, IKOJIOT -
MHUKPOMOP(OJIOT HCIONB3YET IKOJIOTNUYECKHUH MOAXO0 K N3yUYESHHIO ITOYBbI KAK KOMITIOHEHTHO-
o Tea OMoreoreHo3a.

ITouBa — GMOKOCHOE SIBIICHNE MTPUPOIBI. MUKPOMOP(HOIIOT B MPO3pavYHBIX NIUTH(AX HC-
CJIC/TyET CKEJICT ITOYBBI, IPEICTABICHHBIH 3¢pHAMH ITEPBUYHBIX MUHEPAJIOB KPYITHO-TIbLICBA-
ThIX U necuanbix Gppaxuuii ([Tapdenora, Spuiosa, 1977; Handbook for Soil .., 1985). CoortHo-
IIEHHE IEPBUYHBIX ¥ BTOPUYHBIX MUHEPAJIOB CBUICTEIILCTBYET O JIPEBHOCTH U 3PEJIOCTH 110Y-
BOOOPA30BaHUs, KOTOPOE SBISAETCSA PE3yIHTATOM BO3ACHCTBHS 3KOJIOTHUECKHUX (DAaKTOPOB U
CJIO’KHBIX OMOTEOLCHOTHYECKUX B3aMMOJICHCTBHUII B ITPOIIECCHOHHOM OJIOKE (B TIOHMMAaHHUH
WL.II1. Tepacumona).

[Tirazma MouBHI MpeACTaBIeHA TOHKOIMCIICPCHBIM MaTEpPHaIoM, COCTOSIIIUM B OCHOB-
HOM M3 INIMHUCTBIX MHUHEPAJIOB M BKJIFOYAIOIIMM, B 3aBUCHMOCTH OT THIIA TI0YB, PA3HOE KOJINYe-
CTBO OKCHJIOB JKeJie3a, T'yMyca, KapOOHATOB 1 MeJIbUaiinX 3€peH MOYBEHHOT0 ckesera. M3y-
Yasi 11a3My B TIOYBaxX JIECHBIX COOOIIECTB B CTEIH, MbI BBISIBIISIEM 371€Ch YETKO BBIPA)KECHHBIC
ITIOBHAJIbHBIE X WIUTIOBHAJIBbHBIC TOPU30HTHI, KOTOPHIE NMEIOT KOHBEPIEHTHYO IIPUPOY: MOP-
(hosoTNUeCcKH HAITOMHUHAIOT MPOSBICHHUE MTO30JIMCTOTO ITPOIIECCa, XOTS B ICHCTBUTEIEHOCTH
SBIISIIOTCS PE3YJIBTaTOM JieccuBaXka. [loBeieHne m1asMeHHOTo MaTepraa CBUACTEIbCTBYET 00
AKTHBHOCTH TPAH3UTHBIX SIBJIICHUH B TOYBOOOPA3YIOIIHX TOPOJIaX.

B npospaunbix nudax Hamu 3a10KyMEHTHPOBAHbI (DAKThI IEPEABMIKEHUSI TOHKHX (hpaK-
L1 IOYBBI B OalipauHbIX YepHO3EMax 0e3 pa3pylieHus (heppo-aaoMO-CHITNKATHBIX ep MpH
HEWTpaIbHON PEeaKIMK MOYBEHHOTO pacTBOpa. HeManoBaXHyo poiib UTPAIOT MYCTOTHI — TaK
Ha3bIBAEMBIC IPOCTPAHCTBA MEKAY TBEPIBIMH YACTUIIAMH, KOTOPHIE MOTYT OBITH 3aITOJTHEHBI
BO3/YXOM, I'a3oM, Bojioi. Ckeset, mia3ma (S-matrix) U myCcTOTHI COCTABIISIOT TJIaBHBIC YaCTH
MHKPOCTPOCHHSI ITOYBBL. DKOJIOTHYECKOE PACCMOTPEHNE MUKPOOCHOBBI JIECHOH ITOYBBI [103BO-
JISIET BBISIBUTD €€ MPOIILJIOE U HACTOSIIIEE, IPOTHO3UPOBATH NaIbHEHUIINI FEeHE3HC 1 ABOJIIOLIHUIO.
[To cymiecTBy, mouBeHHAs! OCHOBA SIBJISIETCS TeM (DOHOM, Ha KOTOPOM MOSIBIISIIOTCS HOBOOOpa-
30BaHUs, OHA BOBJIEKAETCS B IPOLIECCHI CTPYKTYPOOOPA30BAHMS U APYTHE, TasKe IIPOTHBOIIO-
JIOKHBIE CTPYKTYPOOOPa30BAHHIO, TPOLIECCHI.

[TpsiMBIM CIIEICTBHEM SKOJIOTHUECKUX MPOLECCOB, MMPOTEKAIOIINX B ITOYBAX, SBISCTCS
oOpasoBanue arperatoB. ['ymyc, Kak IpaBWIIO, IPEICTABICH OPraHUYECKIMHU KOJUTOMIaMH,
KOTOpBIE CKJICUBAIOT MOYBEHHbBIE YaCTHIIbI. VI3BECTHO, YTO CTPYKTYPHBIE ITOYBBI — 'YMYCHBIC
MOYBBI, HO 'YMYCHBIE [TOYBBI — HE 00513aTEIbHO CTPYKTYpHbIe. BriosiHe moHsTHO, uTo 6€3 1oc-
TaTOYHOT'O KOJIMYECTBA TAKUX MOIITHBIX KOATYJISITOPOB, KaK KaJIbIMI M MarHuii, 'yMyc He CTaHO-
BUTCS AEATEIBHBIM IIEPETHOEM U HE KOATYJIMPYET HEOOpaTHMO.

HoB000Opa3zoBaHus — 3TO OTIIOKEHUS BEILIECTB M3 COJIEBBIX M KOJUIOMIHBIX PACTBOPOB 1
cycnensuit. [Tpu u3y4eHun noyBbl HCCIEAOBATEIb CTAJIKUBACTCS C SIBICHUSAMH OMOT€OXHMH-
YeCcKHX 0apbepoB: FEOXMMHUECKOTO, MEXaHHYECKOT0, OMOT€0XUMHYECKOT0, OKHUCIUTEILHOTO
(BOCCTAHOBHUTEIIFHOTO ITIEEBOI0), BOCCTAHOBUTEIILHOTO CEPOBOOPOIHOTO, KUCIIOTO, HEUTpaIb-
HOT0, CyJIb(aTHOTO, HCIIAPUTEIEHOT0, COPOIIMOHHOTO. [ PyHTOBBIE BOJIBI, TOUBEHHBIC PACTBO-
PBI PACTBOPSIIOT pa3IMYHbIC XUMHUYECKHIE COSTMHEHHS B [TOYBE, IPH 3TOM I'PYHTOBBIE TOTOKH,
MPOABUTASICH B TOJIIAX OCAT0YHBIX ITOPOJL, COAEPIKAIIHX OTPEAEICHHOE KOJTMIECTBO JIETKOpa-
CTBOPHMMBIX COJIEH, TOCTEIIEHHO 000TalaoTcs STUMHU cosiMU. OTHAKO PACTBOPEHHE KaXK 10
COJIM COOTBETCTBYET ITPOU3BEACHHIO €€ PACTBOPUMOCTH 1 KOHLIEHT ALK HackIieHus. [To mepe
PacTBOPEHMS COJIEH MOCIEeA0BATEIHHO HACTYIIACT HACKIIIIEHHE IIOYBEHHOTO PACTBOPa (MU TPYH-
TOBOH BOJIbI) BHaUaJIe OMKapOOHATAMM KaJIbIHSI 1 MArHUS, 3aTeM CyJIb(aTaMu KaabLus, CyJIb-
(haramu HaTpus, XJIOPUIAMHU HATPUSI U CyJIb(paTaMy MarHusI.

C NOBBIIIEHUEM TEMIIEPATypbl PACTBOPHMOCTDH OOJIBIIMHCTBA MHHEPAJIOB YBEIINYNBACT-
csi. Tak, Hanpumep, pacTBOpuMOocTb Si0, YBEJIMUUBACTCS C OBBIIICHUEM TEMIIEPATYPBI, 110-
aTOMY JUIs O0JIee ITyOOKUX 30H 36MHO# KOPbI XapaKTEPHBI SIBJICHUSI MUTPALIMU U [IEPEKPHCTAI-
mu3aiuu Si0O, (ruapoTepMalIbHbe pacTBOPHI). MUHEpaIOrnuecKrue HCCIeI0BaH s M0Ka3allu,
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4TO 00pa30BaHUE PA3TMYHBIX MOIU(PHUKALNI KpeMHe3EMa B ITouyBax (orasia, XaaleI0Ha, KBap-
11a) 4acTo UMeeT OMOoTeHHBIN xapakTep. [Toce pa3nokeHust pacTUTENBHBIX OCTATKOB OTAJ IM0-
CTyIacT B MTOYBY, TEPSET BOAY, OPraHOMOP(HYIO CTPYKTYpPy U MOCTEIICHHO MPEBPAIIACTCS B
XalIeIOH, a 3aTEeM ¥ BO BTOPHYHEIH KBapII.

W3 u31105)KeHHOTO BUIHO, KaKyI0 OCCIIEHHYI0 HH(OPMAIIHIO [UIS aHAIN3a PACKPBIBAIOT
epe HaMH 3KOJI0r0-MUKPOMOP(]OIOTHYECKHE HCCIICIOBAHMUS. BaskHBIM I11aroM Briepe/ B 1o-
HUMaHUH YKOJIOTUYECKON CYIIHOCTH ITOYBEHHBIX MPOIECCOB U CYIIECTBEHHO 00JIETYaIONIy 0
YX aJITOPUTMHU3AIHIO SBUJIACH KOHIIETIIUS TOYBeHHON MaTpuIlbl (3yOkoBa, Kapnagesckuii, 2001).
OrpoMHBII MaTepuall, HAKOTUICHHBIN 3a ACCATKH JICT, HY)KIaeTCs B CTATUCTHYECKON 00paboTke
1 IOCTPOCHUH Ha €€ OCHOBE MaTEMAaTUUECKUX MO/IeNIel OYBEHHbIX nporieccoB. Eue 10—15 ner
Ha3aJI TaK¥e 3a7a491 ObLUTH TPYIHO OCYIIIECTBUMBI, HO CeHYac MBI HMEEM BO3MOXKHOCTh HCTIOJb-
30BaTh BCIO MOIIb COBPEMEHHBIX KOMITBIOTEPHBIX TEXHOJIOTUH MTPH PEIICHUH HA3PEBIINX MUK-
poMopdomeTprudeckux mpodaem. O He0OXOAUMOCTH UCTIOIH30BAHUS KOJIMYESCTBEHHBIX KOIH-
POBaHHBIX TAaHHBIX B amsTd DBM 1y1st uaeHTH()UKAIIMN TTI0YB, MX TUATHOCTUKH U KiTacCu(huKa-
1M rosopuiiock U panbie (Kosaa, 1973). OqHako ycnex B OCyIIECTBICHUH paHee BHICKa3aH-
HBIX UJCH HANPSIMYIO 3aBUCHT OT IIPOTPECcca B POCTE BEIUUCIUTEIFHON MOIITHOCTH U 00beMa
MAMSTH, COITPOBOXKIAIOMIECTOCS CHIDKCHIEM CTOMMOCTH ITEPCOHATHHBIX KOMITBIOTEPOB.

KomMmrbroTepHast MUKPOMOP(POMETPHS — OTHOCHUTEIILHO MOJIO/Iasi U aKTUBHO Pa3BUBAIO-
masicst 001acTh BO BCeM HaydyHOM Mupe. Bce paboThI 10 TaHHOW TeMaTHKe B CTaThe CIOKHO
MePEYUCIIUTh, OTMETUM JIMIIh HEKOTOPBIE TIOCIEAHNE MyOIUKaIliH, CBA3aHHBIE C AaHAITU30M
MOYBEHHBIX M300pakeHnit (Protz etal., 1992; Estimating .., 2000; bamanaes, 2002).

COBPEMEHHOETIOJIOXEHUE

KoMmbroTepHBIX Iporpamm, MpeaHa3sHaueHHBIX U aHAIM3a U300paskeHHi, CO3IaH0
MHOT0. JIocTaTo4HO BOMTH B MUPOBYIO MIHTEpHET-TTay THHY U Ha TIOMCKOBBIX CEPBEPaXx CAENaTh
TIOWCK IT0 KJTFOYEBBIM CIIOBaM, KaK OOHApy»KaTcsi COTHH CChUIOK. [IpakTHUeCcKH Bce BeyIHe
(UPMBI-IIPOU3BOJUTEININ ONITHYECKUX MUKPOCKOMOB: HeMenkue «Jlenka» (http://www.leica-
microsystems.ru/) u «Kapx Leitc» (http://www.zeiss.de/), ssmonckue «Hukon» (http://
www.nikon.com/) u «Onummycy (http://www.olympus-global.com/), aBctpuiickast «MHKPOC)»
(http://www.micros-at.ru/), poccuiickas «Jlomoy (http://www.lomo.ru/) u MHOTHE ApyTHE TIPE/I-
JlararoT B CTaHIAPTHO MMOCTaBKe MIIM OMIIMOHHO CHEHAIM3UPOBAaHHBIC TTAKETHI IIPOTPaMM.
OTH NpOrpaMMBbI CO31aHBI TPEUMYIIECTBEHHO [UIsl pabOThl ¢ MUKPOCKOTIAMH COOTBETCTBYIO-
muX (UPM 1 IMEIOT, KaK ITPABHJIO, Y3KYIO CIeHann3anuio. To eCTh eciii ONTHYECKUH Tprdop
CO3/1aH, HAIIPUMED, TSl MeTaJUIOrpadpuUecKuX 1eNeil, To K HeMy IOCTaBISIETCs KOMITbIOTEpHAst
nporpaMma ijist pacuera ClelHaln3upOBaHHBIX XapaKTePUCTHK, IIPUMEHSIEMbIX B METAJLITYPIH-
yeckoi obnmactu. K ToMy ke 1iist MCIoNb30BaHusl 3asIBJICHHBIX BO3MOKHOCTEH HEOOXOANMO
IpHOOpECTH JOPOrocTosIINI MUKpocko. Ho yacTo ObIBaeT, kak B HAIlIeM CiTydae, MUKPOCKOIT
C XOPOIINMH ONTHYECKHUMH XapaKTEPUCTUKAMHU YK€ UIMEETCs B HUIMUUH, HO B HEM HE TIpe.IyC-
MOTPEHO CONPSDKEHUE ¢ KOMITBbIOTepoM. Kak mocTynars B TaKuX ciydasnx?

Jaist pettieHust 9Tol po0OIIeMbl CYILIECTBYET MHOTO HE3aBUCUMBIX (MPM, 3aHUMAFOIIIXCSI
Oosiee WM MEHee YCIIEIHO CO3/IaHieM HeoOX0IMMOro IporpaMMHOro obecrieuenust. Mx ko-
JIMYECTBO M3MEPSIETCS IECITKAMU, a TIepeueHb Ha3BaHU, HHTEPHET-a/IPECOB M KPATKUX TEXHHU-
YECKUX XapaKTEPUCTUK MOXKET 3aHSTh HE OJJHY CTpaHUILy TeKcTa. CIieKTp BO3ZMOXKHOCTEH Hali-
JICHHBIX IIPOTPaMM IIHPOK — OT IPUMHUTHUBHBIX /IO CEPbE3HBIX pa3paboToK BeLynx copTBeep-
HBIX (upM. Bee oHM m1aTHBIE ¢ ICHOBBIM Arana3oHoM oT 500 1o 2500 momrapoB, HO BEICOKas
CTOMMOCTB — HE €/ITMHCTBEHHBIH HX HetocTaTok. Kaxias ¢pupma asst mpuBiiedeHust 00JbIIero
YHCa KIMEHTOB CTPEMUTCS CO3/1aTh YHHBEPCAIbHOE IIPOrpaMMHOE o0ecIrieueHre, KOTopoe
MO/IXOMIIO OBl BCEM MOTEHIUAIBHBIM I0JIb30BaTelsiM. HO 4nCiIo KOMIIBIOTEPHBIX METOJI0B
CTOJIb BEJIMKO,  LIEJIN 1 3319 MCCIIEI0BaTeNIeH CTONIb Pa3HOOOPA3HBI, UTO UJIEs Y/IOBICTBOPUTH
MOTPEOHOCTH BCEX MOJIb30BATENeH KaXKeTcss HaM yTonu4deckoi. Takue mporpaMMHBIE aKeThl
XOPOIIO PabOTAIOT HA MPOU3BOJICTBE C €0 OTOYHOCTHIO. Y UCHBIX XK€ [NIABHBIM 00pa3oM HHTE-
peCyroT HeCTaH IapTHBIE TIOJIXO/IbI, [IOCKOJIKY HMEHHO OHU T€HEPUPYIOT BCE HOBOE M «JIBUTa-
I0T» HAYYHO-TEXHUYECKHUI mporpecc. Mex/y TeM Mo4BeHHass MUKPOMOP)OIOrust SBISIETCS
TOW CBOOOJHOM HHIICH, KOTOPYIO pa3pabaTeiBaeMast HAMU IPOTrpaMMa MOXKET JOCTOWHO 3a-
HaTh. K Tomy ke, co3naBast 1 OTIaKUBasi IPOrpaMMy CaMOCTOSTENIBHO, ITyO)Ke MOHUMACIIb
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CYIIHOCTb MCIIOJIb3yEMBIX MATEMATHUYECKHX METOJIOB U IPOrPAMMHBIX aJITOPUTMOB, UTO CIIO-
COOCTBYET BOSHUKHOBEHHIO HOBBIX HJICH.

Pa3BuTHE BEIUMCINTEIHHON TEXHUKH H allIapaTypbl cOOpa JaHHBIX MO3BOJIMIIO IIEPEHTH
OT CTapbIX METO/IOB BU3YaJIbHOMN OLICHKH XapaKTEPUCTUK HAOIIONAEMO B MUKPOCKOT KAPTHHBI
K TOYHBIM YHCIICHHBIM MeToziaM. KommbioTepHast 00paboTka IMo3BOIISET PE3KO IIOBBICHTH TOU-
HOCTb aHaJIM3a, a 3HAYUT, IOHITH KPUTEPHUH OLICHKH ITOYBEHHBIX 00pasioB. Cucrema aHajm3a
n300pakeHN ceifyac JOCTyMHA MPAKTUYECKU JIF000H mouBeHHOH aboparopun. IIpu aTom
OHa MOXET OBITh COCTaBJICHA M3 KOMIIOHEHTOB, YK€ UMEIOLIMXCS B HAJTMYUU (ONITHYECKUN
MHKPOCKOII ¥ IEPCOHANIBHBIN KOMITBIOTEP) U TPEOYIOINX MUHUMAJIBHBIX 3aTPaT Ha X COTIPSI-
JKeHune (MU poBoii poToanmapaT CTOMMOCThIO TPHOII3nTeNHHO 400 T0UTapoB ¥ (WITH) CKaHep
CO CJIAfI-MOJylIeM CTOMMOCTBIO TTprOIM3uTenb-HO 300 10511apoB, a MporpaMMHOE o0ecriede-
HHE MOYKHO CO3/1aTh COOCTBEHHBIMH CHIIAMH C TIOMOIIBIO [ITATHOT'O MPOTPAMMHUCTA).

[TpumeHeHne HOBBIX TEXHOJIOTUI HAYMHAETCS C BBOJIA N300paKEHNUS B KOMITBIOTED C T10-
MOIIIBIO COBPEMEHHOTO CKAHUPYIOIIEr0 YCTPOHCTBA, KOTOPOE 32 CYET BHICOKOTO OIITUYECKOTO
paspererwns 2400 dpi u 6oree Mo3BOISAET JOCTUraTh yBenmmaeHus B 50 u 6oree pas. s MHOTHX
MHUKPOMOP(}OIOTNIECKUX 33124 TAKOTO YBEJINYEHHS BIIOJIHE IOCTATOYHO, M MOYKHO 00OMTHCH
6€3 ONTHYEeCKOro MUKPOCKOIIA, 4TO CYIIECTBEHHO Y/IeIEBIIeT HecaenoBanust. [Ipu neodxonu-
MOCTH O0JIee AeTATLHOTO U3YUeHHs IOYBEHHOTO CIIOYKEHUS HITH aHAJIN3a B IOJISIPU30BAaHHOM
cBere 0e3 NPUMEHEHHUsI MUKPOCKOTIa U U(poBoro (oTtoarmnapara He 000UTHUCE.

Jasee uepes ckaHep Wwin HUPPOBYIO (poTOKaMEpy OLU(PPOBAHHOE H300paKEHHE TIepe-
JlaeTcsi B KOMITBIOTEp, OCHAIICHHBIN MTPOTPaMMHBIM ITakeToM. [IporpaMmsl OCyIIeCTBIISIOT
3axBaT M300paKeHUsI, 3aIIOMUHAHNE, APXUBUPOBAHNE, MATEMAaTHIECKy10 00pabOTKY, BBIIOII-
HEeHHE HeoOX0ANMBIX M3MepeHHid. OHM TTO3BOJISIIOT MPE0OPa30BBIBATE HCXOIHBIE H300paske-
HHSI, KOJIMYECTBEHHO aHAIM3UPOBATh M BHIBOJUTH HX Ha IIe4aTh BMECTE C PE3yJIbTaTaMH pacue-
TOB. Mcrioinb3yst iporpaMmy, HCCIieIoBaTelib He TOJIbKO aBTOMaTU3UPYET MPOLIECC aHaIN3a, HO
U TIOBBIILIAET €r0 TOYHOCTb.

[Tporpamma, HarmMcaHHasi HA COBPEMEHHOM OOBEKTHO-OPUEHTUPOBAHHOM sI3bIKe Visual
C++, paboraet 1oJ| yrpaBJICHHEM OllepalinoHHON cucteMbl Microsofi Windows 95/98. Anro-
PUTMBI M METOJIbI, HAa KOTOPBIX OCHOBaHA padoTa MPOrpaMMBI, H3JIOKEHBI B JINTEPATYPHBIX
ucrounukax (IIparr, 1982; [Tasnumuc, 1986; Pomxepce, 1989; Castleman, 1979; Gonzalez, Wintz,
1987; bormapes u ap., 2001). Harmsanoe BBeieHNE IO JAHHOMY BOIIPOCY MOYKHO IIPOCMOTPETh
B cetu Matepret (http:/www?2.env.uea.ac.uk/gmmc/soilmicro/naples/naples.html). [Tporpam-
Ma UMEeT APy KECTBEHHBIH MHOTOOKOHHBII nHTEp(deiic 1 MOAYIbHYIO OPraHU3aINIO, HHTET -
PHUPOBAaHHYIO CpeJly M BHICOKHH YPOBEHb aBTOMATH3allMK. B OCHOBY ITporpaMMHUpOBaHus MO-
JIO>KEH ITPUHIUI PACIIUPSIEMOCTH, TO €CTh 10 MEPE MOSIBIICHHSI HOBBIX METO/IOB aHAIIN3a N300-
paXKeHUI OHU OyIyT BKJIIOUYEHBI B IPOTPaMMy ¢ MUHHUMAJIbHBIMH 3aTpaTtaMy BPEMEHHBIX pe-
cypcoB. YacTh HCTIONB3YEMbIX MOJIYJICH Ha CEeroIHSIIIHUI 1eHb HAXOSATCS Ha CTaIMK pa3padoT-
KU ¥ OTJIaJIKH 1 Oy/1yT MOAKIIIOYEHBI K OCHOBHO# IPOrpaMMe B JlaibHEHIIIEeM.

[TpuHOMTHATEHO BECH TPOTPAMMHBIN KOJI MO>KHO Pa3ZIeInTh Ha ABa OOJbIINX OJIoKa:

1) GuHapH3auusi HCXOAHOTO MOJYTOHOBOIO M300paXKEHMSI, MOMCK HECBS3aHHBIX 00BEK-
TOB M BBIYHCIICHHE MX TE€OMETPUUESCKHUX IIPU3HAKOB C MOCJIEAYIOIEH CTaTHCTHIECKOi 00paboT-
KOH M NOJY4YEeHHUEM YCPEIHEHHBIX XapaKTepUCTHUK;

2) npeobpa3oBaHue HCXOJHOTO M300paKEHUsI — CErMEHTalusl, OKOHTYpPUBAHUE, CIIEKT-
pasbHBII aHAJIN3 U ApyTHe ABYMEpHbIe peoOdpa3oBanus (6e3 pasiesieH s Ha OTACIbHbIE 00beK-
THI) C LEJbIO BBIYMCICHUS HHTEIPAIBHBIX MPH3HAKOB, XapaKTEPH3YIOIIMX Cpa3y Bce H300pa-
KEHHE.

b0k, B CBOIO Ou€pe/ib, COCTOST U3 HECKOIBKUX MOAyJIEH, KOTOPBIE OTBEUAIOT 32 pacyeT
KaKOro-1160 MpH3HaKa WK TPYIITBI CXOJHBIX MPU3HAKOB. K mpr3HakaM, BEIMHUCISIEMBIM B 0110~
Ke /, OTHOCSTCS: CPEeJHUE 3HAUEHHS, IUCIIEPCUH U KBAaHTUJIM IUIOINAAH, TIEPUMETPa, AIHHEI,
MIMPUHBI, OPUEHTAIMN U PA3IMYHbIC KO3 GHUINEHTH! (POpMBI HAHAEHHBIX 00BEKTOB (I10p, ar-
peraroB, MUHEPAJIOB U T. 1.). B O110Ke 2 paccunThIBaOTCS APKOCTHASI M CTPYKTYPHAS SHTPOIIHS,
(hpakTanpHas pa3MEpHOCTh, TEKCTYPHBIC MIPU3HAKH, a TAKXKE CTPOATCS THCTOIPAMMBI, CTPYKTY-
porpamma 1 po3a OpHEeHTAIMU CTPYKTYPHBIX SJIEMEHTOB.

B nanpHefinem, mo Mepe HaKOIIJICHHS BEIUNCICHHBIX CTPYKTYPHBIX IapaMeTPOB, OHU
BMECTE CO CHKAaTBIMU M300paKeHUSIMH MOYBEHHBIX NUIM(OB (GOpMUPYIOT 0a3y AaHHBIX U
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3aNMCHIBAIOT HA MATHUTHBIN MIJIM ONITHYECKUIA HOCUTEIh MHPOPMAIIUH JUIsi BO3MOYKHOCTH OLICHKH
BPEMEHHOM JIMHAMUKHU TOYBEHHOTO CII0KEHHSI.

JlaHHBII TO/IX0/1 TO3BOJISIET CTATHCTHYECKN JOCTOBEPHO OLICHUTH BIIMSTHHUE HA TIOYBCH-
HYIO MUKPOCTPYKTYPY TakuX (DaKTOPOB, KaK IITyOWHA 3aJIeTaHMs1, THIT PACTHTEIBHOCTH, TOYBCH-
Has (ayHa, pesbed, 00padoTka mouBsI 1 Jp. OnnceIBaeMast TEXHOIOTUS XOPOIIO 3aPEKOMEH-
noBaa ceOs Ha mpakTuke. OcoO0eHHO 3Ta MeToquKa S (GEKTUBHA TP CPABHCHUH JIBYX U O0JIce
n3o0paskeHuit. MbI 0THaeM cebe OTYeT B TOM, UTO IMOTCHIIHANI paCCMaTPUBAEMBIX METO/IOB
JIAJIEKO HE MCYepIIaH, U MOCTOSIHHO COBEPIICHCTBYEM METOAMKU W3TOTOBJICHHS TTOUYBEHHBIX
nrdoB, a TakKe MPOrpaMMHOE 0OecTIeUeHHE TSl aHAIN3a UX M300payKeHUH.

JTAJIBHENIINE UCCIIEIOBAHIS

Bynyiee pazButue 3K0I0ro-MUKPOMOPHOTOTUIECKUX UCCIIEA0BaHNN HEBO3MOXKHO 0e3
MOCJIEIYIOIIETO BHEIPEHUSI HOBBIX MaTeMaTHUYECKUX METOJIOB aHaIN3a TTOYBEHHBIX N300pa-
JKEHHH.

IlepcriekTuBBI pa3BUTHS BUASTCS HAM B JIBYyX HalpaBlICHUSIX:

1) coBepIIeHCTBOBAaHHE METOMK U3TOTOBJICHHUS MTOYBCHHBIX HUTH(OB HAPSIYy C pacuIupe-
HUEM HCIOJIB3YEMBIX METOJ0B ONTHYECKOW MHUKPOCKOIHMH W HIMPOKAM BHEIPEHHUEM pacTpo-
BOH 31ekTpoHHONH MukKpockornuu (POM) u ckanupyromeil TynHenbHo Mukpockonuu (CTM);

2) pa3paboTKa ONTUMH3HPOBAHHBIX BBIYMCIUTEIBHBIX aJITOPUTMOB U TIPUMEHEHHUE MPUH-
[UIHAAITBHO HOBBIX MaTEMAaTUYECKUX METOJIOB aHAIN3a HH(POPMALINH, TTIOJyYCHHOH B X0/1€ MUK-
PoMOpP(}OIOrHUECKOro IKCIEPUMEHTA.

PaccmoTtpuM ykazaHHbIe HanpaBieHus oapoodHee. Kiaccuueckne MeToIMKN IPUTOTOB-
JICHUSI TPO3PAYHBIX HEHAPYIIEHHBIX IIOYBEHHBIX IITH(OB IPOILIH IPOBEPKY BpeMeHeM. Tina-
TEITLHO MPUTOTOBIICHHBIN MITH( — CBOET0 POJia TPOU3BE/ICHUE HCKYCCTBA, TPEOYIOIINHA OT MUK-
pomophosiora GOIIBIIOro TEPIEHHS U TpodecCHOHaTN3Ma. B BBICOKOM KadecTBe U 10IroBed-
HOCTH NITH(OB, U3TOTOBJICHHBIX TAKMM 00pa30M, MOYKHO HE COMHEBAThCs. B 1ensix coxpaue-
HUSI IPUTOTOBJICHHBIX NUIN(OB HEOOXOMMO CO3/[AHUE CIICIHMATM3UPOBAHHON HUTH(OTEKH ¢
MOIXOIAINMHE YCIOBHIMU. [TapasuiensHo cienyeT popMupoBaTh AIEKTPOHHYIO 0a3y JTaHHBIX
n300paKeHNH MOYBEHHBIX NITH(OB Ha ontideckux CD/DVD-nocutensx. OXHaKo B HEKOTOPBIX
CIIy4asX BBICOKMM Ka4eCTBOM MOYKHO ITOJKEPTBOBATH B YrOLy KOJIUYECTBY U CKOPOCTH. Tak,
TIPH ITPOBE/ICHNH OOIIMPHBIX SKOJIOTHUECKHX MOHUTOPUHTOB 1a(OTOIOB, KaACTPOB 3eMEITb 1
HAKOIUICHUH PEIPE3eHTAaTUBHOTO 00beMa BBIOOPKHU KIACCHYECKHE METOANKH N3TOTOBICHUS
MOYBEHHBIX IUIM(OB CYHIECTBEHHO CHUKAIOT ONEPaTUBHOCTh Pab0T. CTPEeMUTEINBHBIN MTPO-
rpecc B 007aCTH KOMITBIOTEPHBIX TEXHOIOTHIA U MX TOBCEMECTHOE pacipocTpaHeHue TpeOyIoT
nepemeH. TouHee ckazarh, HEOOXOAMMO IIPHUCTIOCAOINBATE TP IMIIMOHHbBIE METOIUKH 11O/ BO3-
MO>KHOCTH COBPEMEHHBIX KOMITBIOTEPOB 1 UX TTepU(epuitHbIX yeTpoiicTB. Ceiaac TpyaHo cKa-
3aTh, 10 KAKOMY ITyTH MOWIYT 3TH n3MeHeHus. Ho MOXKHO ¢ yBEpEHHOCTBIO yTBEP)KAATh, YTO
HANTH yrayHble peIICHNUS MOXKHO, TOJIBKO MIPUHSB Ha BOOPYKEHUE U IITYOOKO 0CO3HAB BO3MOXK-
HOCTH COBPEMEHHBIX KOMITbIOTEPHBIX TEXHOJIOTHH.

Kak OblI THIATEIbHO HU OBLT OTIOJIMPOBAH MMOYBSHHBIN UTH(], HA MUKPOYPOBHE OH BCE
PaBHO MMeeT 00BEMHYIO CTPYKTYPY C MHO’KECTBOM BO3BBIIICHHOCTEH 1 Br1ainH. MI3MeHeHUs
penbeda MOBEpXHOCTH IIPH HBIHE ITPUHITOM MOIXO0/1€ BOCIIPHHUMAIOTCS Kak AeexTsl. C apy-
TOH CTOPOHBI, TPEXMEPHasi HOBEPXHOCTh HECET B ceOe MOJIE3HYIO IOTIOIHUTENBHYI0 HH(pOpMa-
ILIUIO (TTOBEPXHOCTHBIC IPU3HAKH ), KOTOPAsk CKPhITA B BEPTUKAIBHON z—KoMmnoHeHTe. Habmrone-
HHE CTEPEOCKOITMYECKOTr0 H300paXkeHHs TOTPedyeT MOACPHU3ALNH KOHCTPYKIIMK OMHOKYJISIP-
HOTO MHUKpOCKoTIa. J[J151 oy4eH sl IByX U300paKeH!, pa3HECEHHBIX Ha HEKOTOPOE pacCTOs-
HHe (cTepeodasuc), BO3MOXKHO pa3MeIleHNE IByX MUHUATIOPHBIX (POBBIX BUICOKAaMeED, KO-
TOpBIE KPETSITCS BMECTO OKYIJISIPOB MUKpockona. [Tpu Takom noaxoe npuMeHeHne CKkaHepa B
MIPUHIINIIE HEBO3MOXHO, a JUIS BBIYUCIICHUS Z—KOMIIOHEHTBI TOHAI00UTCS YCIIOXKHEHHE MTPO-
IpaMMHOTO 00eCTIeYeHHUS 1 KaK MHHUMYM B JIBa pa3a BO3pacTyT TpeOoBaHUsA K 00beMy KOMITb-
I0TEpHOM namsTH. B pe3ynbraTe COBMEIEHHUs 000MX H300paKEHHUH BBIYMCIISIETCS TPEXMEPHBbIi
MTOBEPXHOCTHBIN curHajl. Ero mpuMepHsIil Bua nu3o0pakeH Ha rpaduke. Bo3MokHO, B IemIx
N3y4YeHUs] 00bEMHOM ITOBEPXHOCTH IIOYBEHHOHN HEHAPYIICHHOM CTPYKTYpBI HOHAIOOUTCS U3-
MEHHUTH CIOCOOBI IUTH(OBKH 00pa3iua 00 BOOOIIE 0TKAa3aThCsl OT HEE M TOTOBUTD UCCIIEye-
MBbI€ 00Pa3IIbl, HCIIOJIB3Ys COBEPIICHHO HHBIC TIPUHIIUITEI.
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Jpyroii crioco0 mosy4eHus JOMOJHUTEILHON HH(pOopMaluu 00 00bEeMHON CTPYKTYpe
MOYBEHHOTO 00pasiia, KOTOPbI MOXKET ObITh YCIEIIHO BHEPEH B IIPAKTUKY MUKPOMOPQOII0-
THYECKUX UCCIICJOBAaHNH, 3aKITF0UaeTCs B TocaoiiHOM nutidosanun. CyTh €ro COCTOHT B Clie-
nytorieM. C 1o IroTOBICHHOTO K NIUTH(OBaHUIO TIOYBEHHOT0 00pasiia ociie10BaTeIbHO CHU-
MAIOT CJION MUHUMAJIBHO BO3MOXKHON TOMIUHBI. [Ipy 3TOM TIOCIIE CHATHS 0YEPEHOTO CIIOS
TIa/IKYI0 TIOBEPXHOCTh 00pasiia CKaHUPYIOT (TEM CaMbIM HAaKaIlIMBAETCS Z— KOMIIOHEHTA), a
n3obpaxkenue 3aHociaT B OBM. 3necs BO3MOKHA aJIbTEpPHATHBA — MOIYYCHUE Cpe3a MyTeM
MUKpoTOMHIpOBaHNA. COBpEeMEHHBIE TUCKOBBIE MUKPOTOMBI C aIMAa3HBIMHU MTUJIAMH ITO3BOJIS-
0T pa3pesaThb caMble MPOYHbBIE MAaTePHAITBI (METAIIIBL, TPUPOTHBIC KAMHH U T. /1) C TOJIIMHON
cpesza 0,5-100 mxM. Ha koMIibroTepHYI0 IpOrpaMMy [IPH 3TOM BO3J1araeTcs HeTpUBHAIbHAS
3aj[a4a COBMEIICHUS JIByMEPHBIX N300paKCHUH M0 XapaKTePHBIM TOUYKaM U PEKOHCTPYKIUS
00beMHO#t kKapTrHbI. TpeboBaHus K 00beMy MaMsATH BO3PACTaOT MHOTOKpaTHO. CHIIBHO pac-
TET ¥ BPeMs BEIYHUCICHUHN. 3aTO MOSBIISIETCSA BO3MOKHOCTh BOCCO3/IaHHS pEaIbHOM Tpexmep-
HOH MUKPOCTPYKTYPBI IOUBEHHOT0 00pasiia. BaxHocTh 110100H0# nH(pOpMaIy He BbI3bIBa-
€T COMHEHUSI, TaK KaK OTKPHIBAIOTCSI HOBBIE IIEPCIICKTUBBI Pa3BUTHS IKOJIOTHUECKOH MUKPO-
MOP(OJIOTHH C TOYKH 3PEHUSI CTEPEOIKOIOTUH B TEOMETPUIECKOM CMBICIIE ATOTO TePMHHA
(IlTanma, 2002).

N300paskenue MoYBeHHOro HLIH(A BepXHEro cJ1os YepHO3eMa JIecoyJTy4IeHHOTo (@)
" (pparMeHT ero TpexXMepHOii MOBePXHOCTH (0)

Kaxk 651 ctpanHO B XXI Beke 3TO HU 3By9alo, HO HaM €IIle MPEACTOUT HAYYUTh IIPOTpaM-
My pactmipoBEIBAaTh OHOIBETHBIC H300pakeHus1. OHU coaepxkar B cebe B 3 pa3a Oobpie
noJie3Hoi urdopmarun (RGB-COCTaBISIOIINE ), YeM YSPHO-OeIIbIe, U 0COOCHHO MOJIC3HBI IS
aHaJIM3a MUHEPaJIbHOTO cocTaBa 31adoTora B OJISIPU30BAHHOM cBeTe. OCOOBIX CIIOKHOCTEH B
MIPOTrPaMMHUPOBAHUH 3/1eCh He Bo3HUKaeT (SummuH, 1989; IlnuxT, 1997), kpome TpexkparHOTO
YBEIIMYCHUS HATPY3KU Ha BBIYHCIUTEIBHBIC PECYPCHI.

Ko BTOpoMy niepCcrieKTHBHOMY HAIPaBJICHHUIO HAIICH ACATEIEHOCTH OTHOCUTCS OTITUMHU-
3aIus BEIYUCIUTEIBHBIX aJITOPITMOB IIPH COBEPIICHCTBOBAHUHT IIPOTPAMMHOTO Kofa. Jlemo B
TOM, YTO HCKOTOPBIC MPOUECAYPhI, 3aJI0OKCHHBIC B IIpOorpaMmme, Tpe6yIOT MHOI'O MAallIMHHOT'O
BpPEMEHH (OT ACCSITKOB MHHYT J0 €AWHUI] 9aCOB) B 3aBUCHMOCTH OT pa3Mepa M CIOKHOCTH
oOpabarsiBaemMoro n306paxxeHus. Hapsay ¢ yBenmueHHEeM CKOPOCTHBIX XapaKTePHUCTHK ara-
PATHO¥ YacTH BBIYHCIUTEIEHON TUIATPOPMBI HEOOX0IMMa Cephe3Hast ONTUMH3AIUS TIPOTPaM-
MHOT'0 KOJ/Ia, YeMY JIO CHIX [TOp YACISUIOCh MaJl0 BHUMAHHS.

JpyrumMu 1mose3HpIMH CBOMCTBAMH, OTCYTCTBYIOIIMMH ITI0KA Y IIPOTPAMMHOTO TIAKETa,
SIBIIAKOTCS FI/I6KOCTI) U IIPOCTOTA B UCTTIOJIL30BAHUH. Hy)KHO 1106I/ITI>C$[ TaKOI'o COCTOAHMUS, UTO-
OBl Ka)l(]lblﬁ TI0JI30BAaTEIIb IPOrpaMMbl, HE3ABUCHUMO OT €T0 HpO(i)eCCI/IOHaHI)HI)IX 3HaHHfI, Mor
CBOOOIHO JTOOUTHCS KeJlaeMoro pesynabrara. Jas 9Toro HeoOXOAMMO BBEJEHUE CHCTEMBI
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[IOMOLIHUKOB WIX MaCTEPOB, UHTEPAKTUBHOM CIIPAaBKU, KOHTEKCTHBIX MEHIO U T. I1., YTO 3HAYHU-
TENBHO YIPOILAET dKCIUTyaTalluIo IPOTrPaMMBbl. BO3MOKHOCTB 3aIIMCH TI0IB30BATENIEM B BULIE
METO/IMKH ITOCIIEI0BATEIILHOCTH 00pab0TKH M300paskeHUH U BEIBO/IA PE3YIIETATOB B BH/IE OTYC-
Ta MO3BOJIUT OOJIEIYUTH MPOBEICHNE OOJIBIIOT0 00beMa OJTHOTHITHBIX aHAIN30B. [1one3HbIM
Taxoke Oyznet BcrpoeHHoe 7 WAIN-ckaHnpoBaHKE, OJTHAS COBMECTUMOCTB C COITY TCTBYFOLIIIMH
Windows-npunoxXeHUsIMA, 1 BOSMOXKHO ITPOBE/ICHUE HEKOTOPBIX N3MEPEHHH B COOTBETCTBUH C
MEXIyHapoaHbIMU cTanaapTamu ISO, ASTM, BSI.

JanbHelimas apToMaTU3aLus I0ACUETOB U U3MEPEHUN, BHEAPEHUE CIIELUAIN3UPOBaH-
HBIX METOJIOB yCTpaHEHHsI Ae()EKTOB IIPOOOIIOIrOTOBKY U XPOMATHIECKUX abepparnii 00bek-
THUBAa MUKPOCKOIIA, UCIIOJIb30BAHUE HEHPOCETEBOTO MOIX0/A, HEYETKOM JIOTUKHU, TEHETHYECKUX
AITOPUTMOB U JPYTHX COBPEMEHHBIX HAIIPABIIEHUI COCTABIISIOT JAJIEKO HE IIOJIHBIN IEpeueHb
BEPOSATHBIX ITyTEH pa3BUTH IIPOrpamMMsbl. Mcrionbp30BaHne HOBEUILINX TEXHOIOTUH B IEpeUnc-
JICHHBIX 00TAaCTSIX MO3BOIUT BBIBECTH ITPOTPAMMHBIN MTaKeT Ha Ka4eCTBEHHO HOBBIN YPOBEHb.
MBI OYeHB HaJIeeMCs U IPHIJIaraeM BCe YCHIIHS [T TOTO, YTOOBI HAIIIY TUIAHBI PEaTi30BaINCh B
HeJIaJICKOM Oy/TyIeM.

BHEJIPEHUE B [TPO13BOJICTBO

Komy erre Mo)keT mOHa100MTHCSI KOMITBIOTEpHAs CHCTEMa aHaJIM3a IIOYBEHHBIX N300pa-
keHui? B npuHIuie oHa HaiieT cede MecTo Be3/Ie, TIE CIICHHAIUCTY MPUXOAUTCS paboTaTh C
MHUKPOCKOITHYECKUMH 00BbEKTaMH, KOTOPBIE HA0 U3y4aTh: H3MEPSTh, CIUTATh, CPABHUBATD 1
TIOJTy4aTh ITPU 3TOM JIOCTOBEPHBIC PE3YJIBTaThl, 0COOCHHO ECIIN MX KOINYECTBO BeJnKo. Cucre-
Ma aHaJIM3a MUKPOCKOITMUECKOTO H300paXXKEH!sI — 3TO YHUBEPCAILHBIH HHCTPYMEHT, JIeJIaro-
mui padboty uccinenoparens 6onee 3G HeKTHBHOMN, BHITOAHON U KOM(OPTHOI.

Harir oreIT moKa3bIBaeT, YTO HACTYIHIIO BPeMs [UIS IIUPOKOTO BHEAPEHHUS OTIMCHIBAEMbIX
MTOJIXO/IOB B MIPAKTHUECKYIO paboTy. [lo4BEeHHBIN HKOTOTHUECKUT MOHUTOPHHT, JIECHOE XO035TH-
CTBO, CEIIbCKOXO3HCTBEHHOE 3eMJICICINE, CTPOUTEIILCTBO (DYHIAMEHTOB 3IaHUH U TOPOT — BOT
JIAJICKO HE TIOJTHBIH ITepedeHb BOZMOXKHBIX 00J1acTeH IPUMEHEHNS KOMITBIOTEPHOI MUKPOMOP-
¢ornoruu mous. Paccmorpum nmogpodHee 1Ba npuMepa. Jlomyctum, 4To y arpoHOMa O py-
KOH €CTb MePCOHAIBHBII KOMITBIOTEP (ITO B HAIIIE BPEMS HE PEIKOCTD), CKaHep M HEOOXOIUMOe
nporpammHoe obecrieuenne. Torna, M3roTOBUB IIOUBEHHBIH I}, OH MOXKET MOJTY4UTh J0C-
TOBEPHYIO MH(OPMALIMIO O TIOUBEHHOH CTPYKTYpE, e KadecTBe U KoiandecTse. Hapsiay c nc-
TIOJTE30BAHKIEM JIPYTHX IIOYBCHHBIX aHAIN30B CIELHAINCT MOXKET TOYHEE I10100paTh arpoTex-
HHUKY 00paOOTKH yJacTKa 3eMJIN U ITPOAHATU3UPOBATH ITOCICACTBHS MPEIBIAYIINX CEIbCKOXO0-
3s1ICTBEHHBIX paboT. Takoil KOHTPOJIB 0COOCHHO BayKEH /IS ATTUTEILHOTO COXPAHEHNUS BBICO-
KOI arperHpOBaHHOCTH YEPHO3EMOB, a 3HAYUT, JUIS TOTY4YCHHUS CTAOMIBHO BEICOKHX YPOJKACB.
K Tomy ke, TpoBO/Is aHATHM3 HA POTSHKEHUN MHOTHX JIET, C Pa3HBIX MOJICH MOJKHO BEIUHCIIUTH
pas3BuTHE MO0 AeTrpagalnio arpOHOMHYECKH [IEHHBIX KaUeCTB MTOYBBI B 3aBUCHMOCTH OT IPH-
MEHSEMBIX CENbCKOX03CTBEHHBIX MEPONPUSATHI HAa TOM WIIM HHOM ToJ1e. Takoi KOHTPONIb B
JIOJITOCPOYHOM IUIaHE 1ACT SKOHOMHUIECKHUH 3 (eKT, KOTOPBIIT OKYIIHT MaTepruaibHbIC 3aTPaThI
Ha o0opy/0BaHueE.

3HaHHE U y4eT 0COOEHHOCTEH MUKPOCTPYKTYPbI NIHHUCTHIX MTOPOJ SBIISAETCS HEMPEMEH-
HBIM yCJIOBHEM NP MPOSKTHPOBAHIH HHKEHEPHBIX COOPYKEHUM, 3AaHui, fopor u 1p. Ctpou-
TEJIN 3HAIOT, YTO HEBEPHAs OLIEHKA 3THX 0COOCHHOCTEH MOXKET MPUBECTH K HENPEICKA3yeMOMY
MIOBEJICHUIO CIIeNn(pUIECKNX MOPOJ M BBI3BATh KatacTpoduueckue pazpyuienus (I pyHrosese-
HUC .., 1983). SIpKuM nmprMepoM CTPOUTEITBHON OMTHUOKH SBISIETCS BceM U3BecTHAs [In3aHcKas
GamrHsA. B Hamem pernoHe mMUpPOKO pacTpoOCTPAHEHBI JIECCOBBIE MOPOIBI, KOTOPBIE CUIBHO
YIUTOTHSIOTCS IIPU CMaYMBAaHUM UX BOJOH MOJ IeHCTBHEM COOCTBEHHOTO BeCa MM BHEIIHEH
Harpy3ku. B cTponTenbHOIl Hayke CyIiecTBYeT MHOTO CIIOCOO0B OOPHOBI ¢ MPOCaIKoii 1ECCOB.
Kakoii 061 METO/I HY IIPHMEHSIIICS Ha KOHKPETHON CTPOUTEIILHOH TUIOIIAIKE, HEOOXOIMM KOHTPOIIh
3a yIJIOTHEHUEM IPyHTA U IOYBBI. Toria NPUXOAT Ha IOMOLIb PACCMOTPEHHBIE BBIIIE METOABI.

B 3akiroueHne XoTenoch Obl OTMETHTH, YTO ONMCAHHBIC B CTAThE METObI IPUMEHSIOTCS
HaMH B ONITUYECKON MUKPOCKOMHHU. J[pyTuMH 1 JaJieKo He eIMHCTBEHHBIMH CITOCOOaMH H3yye-
HUS IOBEPXHOCTH MTOYBEHHON MUKPOCTPYKTYPHBI C TOPa3/10 OOJIBIINM YBEITHUCHUEM SIBIISIECTCS
pacTpoBas eKTpoHHast MUKpockomus (Pactposas .., 1984) u ckanupyroras TyHHEIbHAs MUK-
pockorwst (Jludrur, 2001). Mcmons30BaHNE STHX METOJOB, TI0 CYIIECTBY, IEPEBOIUT HAIIIN
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WCCIIeZIOBaHUS Ha HAHOYPOBEHb. [IpH BceX HECOMHEHHBIX JOCTOMHCTBAX MeToAbl POM u CTM
001a1a10T CYIECTBEHHBIMH HEJIOCTATKAMHU — CIIOKHOCTBIO TTOJTOTOBKU 00pasiia U BHICOKOM
CTOMMOCTBIO 000PYIOBaHUS. YKa3aHHBIC HEJIOCTATKU HE TTO3BOJISIOT IMPOKO BHEAPSTH B IIPaK-
TUKY ITOYBEHHBIX UcciaeqoBanuit MeToabl POM u CTM. [pu aToM [t aHaH3a H300paskeHHII,
MOJTYYEHHBIX C JIEKTPOHHOTO MJIM TYHHEJIbHOTO MUKPOCKOIIA, IPUMEHSIIOTCS T€ e MaTeMaTH-
YECKHe U CTATUCTUYECKUE IPUHIIUIIBI aHATN3a ¢ ucnoiib3oBanuemM OBM. CymiecTBeHHas pas-
HUIIA COCTOUT JIMIIIb B BBIBOJIAX, KOTOPHIE IETAI0T NCCIIE0BATEIIH, OCHOBBIBASICh HA BEIUMCIICH-
HBIX TEOMETPUIECKHX U CTPYKTYPHBIX XapaKTEPUCTHKAX MOUBEHHBIX 00pa3IioB. B mouBeHHO
MHUKPOCTPYKTYPE HAXOMAT CBOE OTPaKEHHE MPOIECCHl Pa3IMYHOTO MaciiTada v pa3inIHoi
npupoibl. MbI IIaHUPYEM AETaIbHOE PACCMOTPEHHUE 3aTPOHYTHIX BOIIPOCOB B HAIIMX J1ajlb-
HEHIIHNX KCCIICIOBAHMSIX.
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