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TEMA: «Co3naHue 3y0beB 3eMJIePOMHBIX MAIlIHH HA OCHOBE
OMOMeXaHMYeCKOr0 MOACTHPOBAHMSD).

OruasJjieHue:

CocrosiHIEe BOMpoca U 3a/1a4ui UCCIIEI0BaHMU.

OCOOEHHOCTH TE€OMETPUUYECKUX TapaMeTPOB pabOYUX OPraHOB 3eMJICPOMHBIX MAIlIUH.
O0bocHOBaHME MPUMEHEHHS METOja OMOMEXaHNYECKOT0 MOJIEITMPOBAHUS IPU
ONTUMHU3AIMH  KOHCTPYKIHMH pabOYMX OPraHOB 3eMJICPOMHBIX MAIIUH.
JlaGopaTopHbIe UCIIBITAHUS OMOMEXaHUYECKUX MOJIENIEN PEXYIIHUX JIEMEHTOB.
«TexHomornueckuit mpouecc» padoTel BEIOPAaHHOTO 00BEKTA UCCIIEJOBAHUS.
BriBopbl.

JIureparypa.



CocTtosiHue Bonpoca 4 3aa4M UCCJIEeAOBAHMS.

OrpomHble, Bce BO3pacTalollye B Halllel cTpaHe MaciITa0bl 3eMJIIHBIX pa0oT Kak B
CTPOUTENLCTBE, TAK M HA OTKPBITHIX TOPHBIX pa3padoTKaxX TPEOYIOT HAPSAY C KOJIUYECTBEHHBIM
POCTOM 3eMJIEpOMHON TEXHUKH €€ KaYeCTBEHHOH YJy4IlIeHHEe U NoBbIIeHHEe 3 (HEKTUBHOCTH,
TaK Kak Jake HeOOJIbIIOE YBETHMUEHHE TPOU3BOAUTEIILHOCTH OIPOMHOTO MapKa 3eMJICPOMHBIX
MaIlTiH JaeT HApOJAHOMY XO35MCTBY 3HAUYNTEIbHBIN TEXHUKO-d3KOHOMUYECKHH 3P dekT. B cBs3n
C TAJIbHEHIIINM POCTOM 00BEMOB 3eMIISIHBIX Pa0OT, OHUM U3 3(PPEKTUBHBIX HANPaBICHHUH
MOBBIIIECHNS IPOU3BOIUTEIBHOCTH 3€MIIEPOMHON TEXHUKH SBJISIETCSI COBEPILIEHCTBOBAHUE
pabounx opraHoB Ha OCHOBE aHAJIN3a 3aKOHOMEPHOCTEH MX B3aUMOJICHCTBUS pa3pabaThiBaeMbIM
TPYHTOM M MEXAHU3MA UX U3HAIIMBAHUS.

B nporiecce paboTh! 3eMIIEpORHBIX MAIIHH HAaHOOJBIIAs YaCTh SHEPTUH 3aTpauynuBaeTCs
Ha pe3aHHe IPYHTA U 3all0JIHEHHEUM pabouero opraHa WiM nepeMenieHrne rpyHTa mo ero
MOBEPXHOCTH.

CHMXeHHe SHepro€MKOCTH KOMaHUs O3BOJISET NOBBICUTh POU3BOIUTEIBHOCTh
MaIllMHBI B psAJie CI1y4aeB 0e3 CyIeCTBEHHOTO U3MEHEHUS! KOHCTPKIIMK pabodero 000py1oBaHuUs
U TIPY MaJIbIX MaTE€pPHAIbHBIX 3aTpaTax 3T0 00YCIOBIEHO TEM, UTO pabo4Ke OpraHbl
3eMJICPOMHBIX MAIMH 10 MACCE U CTOMMOCTH COCTABJISIFOT HE3HAYUTEIbHYIO(TIPUMEPHO 10 5%)
4yacTh 0011el Macchl 1 CTOUMOCTH MAIIMHbI . B CBOIO ouepeb U3HOC PEKYIIUX OPTaHOB
IPUBOJUT K TOBBIIICHUIO YHEPrOeMKOCTH pa3paboTku Ha 60-100% U K CHIDKEHUIO
npousBoauTenbHoCcTH Ha 10-40%, Takum 00pa3oM perieHue npoodaeMbl MOBBIIICHUS
JOATOBEYHOCTH U 3P (HEKTUBHOCTH (PYHKIIMOHUPOBAHHS PEKYILIMX OPTaHOB 3€MIIEPONHBIX
MaIIiH, SBJISETCS aKTyaTbHON POOIEMON.

Y4uuThIBas, 4TO pacxo] pabourux OpraHoB 3eMJIEPONHBIX MAIIIMH IO PECIyOINKH 33 TOA
MCUHCTISIETCS IeCATKAMHU ThICSY IITYK, CTAHOBUTCS SICHBIM, YTO /1a)K€ OTHOCUTENBEHO HEOOIBIIOE
YBEIMYEHUE CPOKA CITY>KOBI PEXKYIINX JIEMEHTOB JAET 3HAYUTEIBHYIO €KETOIHYIO SKOHOMUIO
CPENCTB U MeTaJljIa.

OOBEeKTOM UCCIETOBaHHUI HACTOSIIEH paOOTHI SBIISETCS MPOLIECC U3HALIMBAHUS 3yObEB U
HOKEN pabounX OPraHoOB 3€MJIEPOMHBIX MALINH, IPUMEHIEMBIX B CTPOUTEILCTBE U JOPOKHOM
xo3stiicTBe Pecry0nmky, BhISIBIICHHE U M3yYCHHE OCHOBHBIX (DAaKTOPOB, BIMSIOMINX HA
MHTEHCUBHOCTbH U3HOCA 3yObEB U M3bICKaHHE HanboJiee palliOHAIBHBIX CIIOCOO0B MOBBIIICHHUS
UX ONTOBEYHOCTHU. [10BBIIICHHE N3HOCOCTOMKOCTH PEXYIINX OPTaHOB(3yObEB, HOXKEH U T. II.)
3eMJIEPOMHBIX MAIIMH MTO3BOJIUT MOBBICUTH MPOU3BOAUTENBHOCTD TPY/1a 3a CUET COKPAIICHUS
IPOCTOEB MAIIMH U CHU3UTh CTOMMOCTH padoT. Jloporocrosimue paboune opranbl 3eMIEpPORHBIX
MaIIMH Bce elI€ He yIOBIETBOPSIOT COBPEMEHHBIM TPEOOBAHUSAM JI0JITOBEYHOCTH, YTO
HECOMHEHHO OTPaKaeTCsl Ha IPOM3BOIUTENILHOCTH U CTOUMOCTH paboT 3THX MamuH. bonbiioe
3HaYEHNE UMEIOT MOMCKU KOHCTPYKTUBHBIX PELIECHHUH, TEXHOJOTHYECKUX CIIOCOO0B MIIM MUHBIX
IIyTEH MO3BOJISIIOLIUX ITIOBBICUTH U3HOCOCTOMKOCTD PEXKYIIUX OPTaHOB 3€MJIEPOMHBIX MallvH. B
JTaHHOU paOOoTHI 3a]ja4a MOBBIIICHHSI TOJITOBEYHOCTH PEKYILIUX OPTaHOB 3€MJIEPOMHBIX MalTMH
pemaercs myTéM OMOMEXaHUYECKOT'0 MOJICTUPOBAHHUSL.

AKTYanbHOCTB paboThl. OTHON W3 BAXKHEWIIMX KOHIICTIIIUHA TITyOOKOM MepecTpoKu
X03SUCTBEHHOTO MeXaHn3Ma PecyOnuku Y30eKucTaH sSBISETCS CO3/IaHuE IIEIOCTHOM,

3 PeKTUBHON U THOKOHM CUCTEMBI SKOHOMUYECKOTO YIIPABJICHUS U peain3aliis Ha TOW OCHOBE
MIPOrpamMMblI MOBBIIIEHUSI TEXHUYECKOTO YPOBHS U Kaue€CTBa MAIlIMH C YBETUYCHUEM
SKOHOMHUYHOCTH U NMPOU3BOJUTEIBHOCTH TEXHUKH, €€ TOJITOBEYHOCTH, YCUIEHUEM
HE00XO0IMMOCTH NPUMEHEHUS HAyYHOU METOI0JIOTUU IIPOCKTUPOBAHUS 3eMIICPOMHOIN TEXHUKH.

Brictynas Ha yetbipHaanaToi ceccun Onuii Maxxnuca PecniyOnuku Y30ekuctan
nepBoro co3siBa pecryonuku M. A. KapuMoB 10 CyTH CTYKTYpHBIX IlepeoOpa3oBaHHii B
SKOHOMMKE BBIJEIINI IIECTh MYHKTOB, K KOTOPBIX YKa3bIBAE€TCSA HA HEOOXOAUMOCTh YCKOPEHHOTO
Pa3BUTHUS BHICOKOTEXHOJIOTUYHBIX U HAYKOEMKHX MTPOU3BOJICTB, TAKUX KAK
aBTOMOOMIIECTPOEHUE, CAMOJIETOCTPOCHHE U JP., CO3JTaHUE HOBBIX MTPOU3BOJICTB MO MBIITYCKY
COBpPEMEHHOM, BRICOKOA(D(DEKTHUBHOI CETbCKOXO03IHCTBEHHOW TEXHHUKH, ITUPOKOE Pa3BUTHE
CUCTEMBI JIOKAJIN3alluU IPOU3BOJICTBA.




Bosbm pesepBoMm it yBennueHUs () (HEeKTHBHOCTH HCTIOIb30BAaHMS 3eMIICPOMHBIX
MAIIIH SBJISIETCS TIOBBIIICHHS UX JIOJITOBEYHOCTH, TaK KaK Jlaxke HeOOJbII0Oe BO3pacTaHne
pecypca OrpoOMHOTO IIPKa 36MJIEPOMHBIX MAIUH JAET HAPOAHOMY XO35IMCTBY 3HAYUTEIbHBIN
TEXHUKO-dKOHOMUYeCKui 3 dext. [Ipu 3TOM HeMaoBa)kHOE 3HAUCHHE UMEET MpodiieMa
COXpaHEHHsI B TEUEHHUE BCETO MEePHOa HKCIUTyaTallui BBICOKOTO pab0vnX XapaKTEPUCTUK
3eMJIEPOHBIX MAlINH, B IEPBYIO OYEPE/b, UX TPOU3BOAUTEIIBHOCTH.

N3BecTHO, 4TO MPOU3BOAUTEIBHOCT 36MJIEPOMHON MAILUHBI ONPEAEIISIETCS
KOHCTPYKTHUBHBIM COBEPILIEHCTBOM CBOEr0 pabouero opraHa U HamsMyro CBSI3aHa C BEIMYUHOM
U3HOCA €0 PEKYIIUX IEMEHTOB. MHOTOYNCICHHBIMH UCCIIE0OBAHUSAMH OBLJIO YCTAHOBJICHO,
YTO MPU 3aTYIUICHUU PEKYIIUX 3JIEMEHTOB SHEPro€MKOCTh Pa3pabOTKHU IpyHTa BO3pacTaeT Ha
60-100%, a mpou3BOUTEIHHOCTh MAIIMHBI CHIDKaeTcs Ha 10-40%. AHanu3 pe3ynbTaToB
HCCJIEIOBATENIBCKUX PabOT MOnpoOIeMe MOBBIMIEHUS HKCIUTYyaTal[MOHHBIX KaYeCTB 3€MJIEPOMHBIX
MaIlliH ITOKa3bIBAeT, YTO JI0 HACTOSIIETO BPEMEHH HE CYILECTBYET OOLICITHMHIHON TEOpHH
pa3paboTKu BHICOKOA((DEKTUBHBIX M IOJTOBEYHBIX PAOOYMX OPTaHOB 3€MJICPOMHBIX MAIITHH.

['maBHBIN HETOCTATOK NPOBEAEHHBIX PAHEE UCCIECIOBAHUH 3AKIIOYAETCS B OTCYTCTBUU
KOMILJIEKCHOTO TOJIX0/1a K pernaemMoit 3aaaun. Kak mpaBuio, pa3paboTunKu 3eMIIepOHHON
TEXHUKU PacMaTpUBaIOT paboune OpraHbl Kak 0ObEKT MPHUIIOKEHHUS BHEIIIHUX CHJI U CTaBAT
nepen co0oii 3a1a4y ONTUMU3AIMHI KOHCTYKIUH, YITyCKasi U3 BHUMaHUS BOIIPOCHI, CBSI3aHHBIE C
€r0 JI0JITOBEYHOCTHIO.

OO1MM HEOCTAaTKOM MPOBENEHHBIX UCCIIEJOBAHUIN ABIISETCS TO, UTO Mpobdaema
U3HAIIMBaHUS pabovnX OpraHoOB 3€MIIEPOMHBIX MAIIMH PacCMAaTPUBAETCS B HUX 0e3 yuéra
JIOKa3aHHOTO BIMSHUS MPUPOJHOTO-KJIMMAaTHYECKUX U TPYHTOBBIX YCIOBUI Ha JOJTOBEYHOCTh
HCCIIelyeMbIX 00BEKTOB. B pe3ynbTaTe 3TOro npeaioKeHHble aBTOpaMH MPEIbITYIIHX
HCCJIEIOBAaHUM PEKOMEHIALlMU IO YIIPOUHEHHUIO pabounX OpraHoB 3eMJICPOITHBIX MAIIUH UMEIOT
YaCTHBINA XapaKTep M OKa3bIBAIOTCA YPPEKTUBHBIMH TOJIBKO B YCIOBUAX, OJIM3KUX K TEM, B
KOTOPBIX MPUBOJIUIUCH JAHHBIE NCCIEAOBAHMS.
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Taxum oOpa3oM, mpoOieMa MOBBIICHHS JOJATOBEYHOCTH PEXYILUX IEMEHTOB PadOUYnX
OpraHOB 3eMJICPOMHBIX MAIlIMH, HECMOTPs Ha 0OJIbIIOE KOJIUYECTBO BBIIIOJIHEHHBIX /10
HACTOSIIETO BPEMEHU UCCIIEN0BAHNM, OCTAETETCS aKTYaIbHOM.

B npoBeneHHBIX HaMU MCCIIEJOBAHUAX TPUMEHAETCS TPUHLIUIIMIBHO HOBBIM MOAXO0 K
PEILICHHIO 3a/1a4H MOBBIIIEHUS TOJTOBEYHOCTH PEXKYIIUX OPraHOB 3eMJIEPONHBIX MAIIHH.
VYka3zaHHas 3a/1a4a pelaercs myTeM 0MOMEXaHN4eCKOr0 MOJIEIMPOBAHNS HATYPHBIX PEXYILIUX
3JIEMEHTOB I10 IPUPOJTHOMY OOBEKTY, B KAUeCTBE KOTOPOTO BHIOpaH MpeCcTaBUTENb (PayHbI
LlenTpanbHOM A3WH, BEIYIUNA UCKITYIUTEIHHO MOA3EMHBINA 00pa3 ku3Hu. ONTUMU3AIHS
KOHCTPYKLIUHU PEXYIIUX IEMEHTOB JONOJIHICTCS IPUMEHEHUEM H3HOCOCTOMKOM HAIUIaBKH C
UCIOJIb30BAaHUEM HAIUIABOYHBIX MAaTE€PUAIOB, HANOOJIEe COOTBETCTBYIOLINX I'PYHTOBBIM
YCIIOBUSIM CPEHEA3UATCKOTO PErMOHA.

[lenb pabOTHI: MPAKTHYECCKOTO UCIIOJIb30BaHUS OMOMEXaHNYECKUX METOJIOB
MOJIENITPOBAHMSI PEXKYIIMX JIEMEHTOB pa3paboTka Ha X 0aze TeXHOJOTHUECKUX PELICHUH,
HOBBIIIAIONIUX I0JITOBEYHOCTh U pab0YHMX OPraHOB 3€MJIEPOMHBIX MAIIHH.

OOBeKTaMH UCCIICAOBAHUH SABISUIUCH PEXKYIINE JIEMEHTHI PHIXJIUTEIBHBIX PA00OUNX
OpraHoOB U 3yObsl KOBILEH OJHOKOBILOBBIX THIPABINYECKUX 3KCKOBATOPOB OOIIEr0 HA3HAUEHHUSL.

Hayunas HoBH3Ha pa0oThI 3aKit0yaeTcsi B pa3paboTke: pa3paboTKu OMOMEXaHHYECKOTO
MOJIEJIMPOBAHMS PEXKYIUX IEMEHTOB pab04YUX OPraHOB 3€MJIEPOMHBIX MAIIHH.

IIpakTruyeckas IeHHOCTb paboThl. [Ipeqnaraemprii MeTo ] OMOMEXaHUYECKOTO
MOJIEJIMPOBAHMS T03BOJIUT pa3padaThIBaTh ONTUMAJIbHBIE KOHCTPYKLIUU PEXKYIIUX 3JIEMEHTOB
pabounx OpraHoB 3eMJIEPOHHBIX MAIIIKH.

Jl1st 1OCTUXKEHUS TOCTABIEHHOMN 11e/IM ObLTN pelleHb! CIEAYIOIINE 3a0aUu:

- IPOBEJIEH aHAJIN3 CIIOKUBILEHUCS PAKTUKU IKCILTyaTalluy 3eMJICPOMHBIX MAIIVH U
BBINOJIHEHA KAYECTBEHHAs! U KOJIMYECTBEHHAs! OLIEHKH (DAaKTUYECKOH TOJrOBEYHOCTH MX
PEXYIIUX JIEMEHTOB MPHU pabOTe B TPYHTaX C MOBBIIIEHHON 00pa3nBHOCTHIO;

- HCCIIeJIOBAaHA U3HAIIMBAIOIIAS CTOCOOHOCTH TPYHTOB LleHTpanbHol A3uu;

- IPOBEICHBI OMOMEXaHNYECKUE HCCIeI0OBaHU 00BEKTOB KUBOM MUPOJIbI, OTHOCSIIUXCS
K KJ1accy(BUY | T. T1.) 3eMJIEPOEB U Ha UX OCHOBBI METO/IaMH OMOMEXaHUYECKOTO
MOJICITUPOBAHHSL.

B pe3ynbrare OMOMEXaHN4YEeCKOro MOAEIMPOBAHUS IPEJIOKEHA pallMOHaAIbHAs
KpHUBOJHMHEHHas Gopma 3yda, obecreunBaroias o CPaBHEHUIO C KIMHOBUIHBIMHU NPO(QUIIMH
CHMIKEHUH CUJIBI CONPOTUBJICHUS PE3AHUIO, TIOBBIILIEHUE U3HOCOCTOMKOCTH U
POM3BOIUTENFHOCTH 3eMJICPOMHBIX MAIIUH.

PaboTe BBIMONHSIIOCH 1O LENIEBBIM TEXHUYECKUM Nporpammam ['ocyiapcTBeHHOTO
KOMUTETA 10 HayKa U TexHuke Pecrybnuku Y30ekucraH, mo npobdieme «IIporpeccuBHbie
TEXHOJIOTUH U PECYpPCOCOEPEKEHUE B TOMIIMBHOIHEPTETUUECKOM U MUHEPAIbHO-CBIPHEBOM
KOMILJIEKCE» M 110 KOHKPETHOMY HallpaBJICHUIO HAYYHBIX HCCIEI0BaHNU TalIKeHTCKOTo
ABTOMOOMIBHO-T0pOKHOTO HHCTUTYTA([Ipobiema Ne6 «IloBbIICHHE TOATOBEYHOCTH U
M3HOCOCTOMKOCTH MAIINH).

Oco0eHHOCTH TeOMeTPUYECKUX NapaMeTPoOB Pad0YnX OPraHoB

3eMJICPOMHBIX MAIIMH.

JloNroBeYHOCTh 3yObEB 3eMIICPOMHBIX MAILIMH ONPEAEIACTCA HE TOJIBKO
HU3HOCOCTOMKOCTBIO M IOBEPXHOCTH HO U T€OMETpUUYECKON (hOPMOH pexylien 4acTH.

HccnenoBanue mporecca N3HaIMBaHUs 3yObeB KOBLIEH B IPOM3BOJICTBEHHBIX YCIOBUAX
MHOTUX HCCIeq0BaTeIel 0Ka3ano, 4To CyHIeCTBYIOIas KOH(GUrypauus 3yObeB HE SBISIFOTCS
paumoHanbHON. Eciau mpu pabore ocTpbIMU 3yObsSMU TOPHOM OPO/IbI 3aXBATHIBAIOTCSA CHU3Y, TO
U3HOILIEHHE 3yObsi ¢ OOJBIIMMU IUIONIAIKAMU U3HOCA BIABIMBAIOT MTOPOY BHYTPbH 32005, IpU
9TOM PE3KO YBEINYMBACTCS HAIIOPHOE YCUIIME U PACXOJ MOIHOCTEH HauepIaHUs IOPOBI.
[Tnomragka ©3HOCA HAMIPEPBHIBHO YBEIMYMBAIONIASICS TOJIIIMHA Pe3yILei YacTH 3yObeB
BCJIEJICTBUY KJIMHOBUAHOM (DOPMBI CYLIIECTBEHHO BIHAIOT HA BEJIMYMHY CONPOTUBIICHUS
KOIIaHUIO U B KOHEYHOM UTOT€ Ha JIOJTOBEYHOCTH 3yObEB.




Taxum 00pa3oM, Hccie0BaHus TTOKA3allH, YTO KOH(UTYpaIus 3yObeB KOBIIA SIBIISCTCS
OJIHUM M3 HanboJiee BaKHBIX (PAKTOPOB, ONPEAEISAIONINX BEITUUYNHY CONPOTUBIIEHUS KONIAHUIO.
®opma 3yObeB 00bIYHO MO0 aMazHasi, 1100 1onoToodpasHas. Dopma UrpaeT BaXHYIO POJIb U
JIOJKHA COOTBETCTBOBATh IMOPOJE, B KOTOPOH KOBII PabOTaeT.

3yObs, IpUTOAHbIE U PaOOTHI B TIIMHE, HE MOAXOAT Ul padOThl B KAMEHHOH ITOPO/IbI.

Jnis KpenKo# TJIMHE JIydllle BCEro OCTphle A0I0TO00pa3Hble 3y0Obs, TO €CTh JUIMHHBIE.

Jliist moObIYM KaMEHHOM MOPOIbI IPEMOYTUTENIBHO allMaszHast popma ocTpusi, 0COOCHHO B
TeX Cllydasix, KOrja nopoJjia He MOJHOCThIO B30pBaHa U MPUXOAUTCS OTpbIBaK 3yObsimu. Bo
BJIQYKHOM, JIETKO pa3pabaThiBaeMOM TJIMHE U CHIITy4YeM IMECKe — JIyUIlle BCEro IIacTUHYAaTas
dbopma ocTpusi, C 32a0CTpeHHBIM KpaeM. Kak HaM M3BeCTHO, OT KOH(PHUTYpaIiu 3yObeB
U3MeHseTcs NpopUIIb U3HOUICHHOM MTOBEPXHOCTH, TOJIIMHA PEXKYIIEH YacTH 3yObeB U BeTMYNHA
IUTOINAJAKY MU3HOCA HA 3a/IHEH TPaHU, HAXOAIIAsACSA B KOHTAKTE ¢ IOPOXKOH.

Otcroza sICHO, YTO peXyIIel YacTH 3yObeB KOBIIIA HEOOXOAUMO MPUITH TAKYIO
KOH(UTIypaluio, 4To B IPOLECCE U3HAIINBAHUSA OHA UMea Obl CTAOMIIBHYIO TOJILIUHY, a TAKXKe
MIMPHUHY IJIOUIAIKA U3HOCA HA 33 JHEH I'paHH, TO €CTh HE00X0AUMO 00ECTIeUUTh
camo3aTauMBaHUE PEKYILEH yacTH 3yObeB.

Cosmecthble uccnenosanus ¢ HUN «Ilapazuronoruu u 30omorun» AH V3 n
IIPUBE/ICHHBIX JJAOOPATOPHBIX UCIBITAHUM IO ONPENEIEHUIO ONITUMAILHOW KOH(PUTypaluu
3yObeB HaMH OBLIO TpeAIoKeHa KOHPUTypalus 3yObeB KOBIIA — caM03aTauylBAIOIIUICS 3Y0.

B otnnuue ot 3y0beB cTaHAAPTHOM KOHQUTypallK B IPEUIaraeMbIX 3yObsX MepeaHsis
IpaHb BBITYKJIas, a 3aHssI-BOTHYTasl.

Takas koHUTYypaIus 10KHA 00€CTICUNTD:

- cTaOMJIBHYIO TONILIMHY peXyIlel JacTH 3y0a B mpoliecca H3HAIIUBAHMS, T. €.
CHOCOOHOCTh K CaM03aTauyMBaHHUIO;

- YBEJIMYEHHUE JIOJITOBEYHOCTH 3yObeB.

N3meHeHust GOpMBI pexKyIIEro MHCTPYMEHTAa MEHSET YCIOBHSI €r0 CUIIOBOTO
B3aMMO/ICHCTBHS C TPYHTOM. 3aMephl OKa3allu, YTO JOMYCKaeMblii Ha MIPAKTHKE NU3HOC 3yObeB
YBEJIMYMBAET CONMPOTUBIIEHUE pe3aHnio KoBIIOM Ha 60-100%. B cBoro odepenp ucciaenoBaHus
MOKa3aJiv, YTO KOBII C OCTPON PEXYIIeH 4acThIO 3alOJIHIETCS ObICTPEE WIIM JIETYe, YeM C
3aTYIUICHHOM WJIM U3HOIIICHHOM, HE BbI3bIBAs EPErPY30K U MEPEHANPSIKEHUN SKCKOBATOPA.

Bosbiioe 3HaueHne reoMeTpuUecKux (PakTopoB Ha MPOIIECC PE3aHUs TPYHTOB MO3BOJISET
IperonaraTb 3HaYUTEIbHOE YBEINYEHUE CONPOTUBICHUN I'PYHTa OT U3HOCA U 3aTYIUICHUS
PEXYILIEro MHCTPYMEHTA.

HaGmronenus nu obmepa 1mo cpeicTBOM CHATHSI CJICTIKOB, MPOGUIUPOBAHUS U
COOTBETCTBYIOLIMX BBIYUCICHUH yKa3aJId Ha 3HAYUTEIbHBIC TCOMETPUUYECKHIE U3MEHEHNUS 3yOheB
OT U3HAIIMBaHUSL.

W3namuBanue 3yObeB B IJIaMe COMTPOBOXKAAETCS X CITY)KCHUEM H 3aKpyTICHUEM
pexyiei KpoMKH. bojiee MTHTEHCHBHOE M3HAIITMBAHUE 3yOhEB 110 KpasM PEXYIeH KPOMKHI
OOBSICHAETCS TEM, YTO B 3TUX MECTaxX 3yObsl IOJKHBI IEPEOA0JIEBATh HE TOJIBKO JOOOBbIE, HO U
6okoBbIe conpoTHuBIeH. KpoMe Toro, kpas pexyIieil KpOMKU MOABEPraroTcs 6osee CUIbHOMY
BO3JICUCTBUIO CO CTOPOHBI TBEPABIX BBIKIIOUECHUN B IPYHT.

B HekoTophIxX paboTax 0TMEYAeTCsl TAaKXKe 3aBUCUMOCTb U3HAIIMBAHUS 3yObeB OT UX
noJjoxeHus Ha kosuie. [Ipu pasmeriennu 3yObeB B psijl Tak, UTO PEXKYIIHE KPOMKH 00pa3yioT B
IU1aMe NMPSIMYIO JIMHUIO WK MaJIO OTKJIOHSIOTCS OT He€, TMHENHBIN U3HOC 3yOheB
IpUOJIM3UTENIBHO OIMHAKOB, JIMIITH HECKOJIBKO OoJiee OBICTpOE M3HANIMBAHUE BHEITHUX CTOPOH
KpallHHUX 3yObEB.

Taxum oOpa3oM, HaGIIOIEHHUST 0OMEPBI MTOKA3aIH, YTO 3yObs OIMHAKOBILIOBBIX
9KCKOBaTOPOB MPETEPIECBAIOT 3HAUUTEIbHBIE TEOMETPUUECKNE U3MEHEHUS OT U3HAILIUBAHMSL.

PaboTaroT KOBIIaMHU, Y KOTOPBIX pa3Mepsl U (popMa 3yObeB 3HAUUTENBHO OTIMYAIOTCS OT
IPOEKTHBIX.



O0ocHOBaHNE NPUMEHEHHS MeT0/1a OMOMEeXaHUYeCKOTr0 MOAeJIMPOBAHMS NIPH
ONTHUMU3ALMU KOHCTPYKIUI pad0ouynX OPraHoB 3eMJIePOHHBIX MAaIlIUH

Bo Bcex KuBBIX cucTeMax (OpraHM3Max) M Ha BCEX YPOBHSIX OMOIOTHYECKOM
OpraHHu3aIy IeHCTBYET MEXaHU3M OOMEeHa BEIIeCTB, KOTOPBIN ONpeAesnsseTcs: IpoleccaMu
pa3pylieHus: 1 BOCCTAHOBJICHHS MOJIEKYJI. DTH MPOLIECCH BO BPEMEHU TOUHO KOMIIEHCUPYIOT
Ipyr-Apyra, B pe3yjbTaTe 4ero o0ecrneunBaeTcs HEM3MEHHOCTh KOHCTPYKTUBHBIX (POPM U
CUCTEM XUBBIX Opranu3MoB. OTHAKO, B MPOIIECCE IBOJIOIUHU B YCIOBHSIX MMOCTOSIHHON OOPHOBI
3a CyIECTBOBAHME U O/l BHEITHUM BIUSHUEM CPeJibl OOMTaHUS CTPOEHUE KUBBIX OPraHU3MOB U
UX OPraHoB, C IOMOIIBIO KOTOPBIX 00ECIIEUNBACTCS MX KU3ZHEACITEIbHOCTD, HEMPEPHIBHO
ycoBepIIeHCTBYIOTCS. [Ipu 3TOM, Kak 1mokasai npoBeAEHHbBIN aHallu3, CTPOTO BBIIEPKUBAETCS
MPUHIIMIT MUHUMU3ALUN YJHEPTETUYECKUX 3aTPaT, CBSI3aHHBIX C 0OMEHOM BEIIIECTB.

Ecnu paccMatpuBaTh 3BOJIIOLUIO C TOUYKU 3PEHUS CO3/1ATEIIsI 3€MJIEPONHON TEXHUKH, TO
MO>KHO CKa3aTh, YTO HAOJIOJaeMbIii HAMHU TIPOLIECC MPEACTABISIET COOO0M HEMPEPHIBHYIO
ONTUMM3AIMIO MACChI )KUBBIX OPraHU3MOB 10 OTHOIIEHUIO K SHEpPro3arparaM, He0OXOJUMbIM
JUTst oOMeHa BenecTB. TakuM 00pa3oM, KOJIMYECTBEHHBIE MTOKA3aTeNId MacChl M SHEPro3arpar
SBIISIOTCS OCHOBHBIMU KPUTEPHUSAMU dPPEKTUBHOCTU, KOTOPBIMU MOJIb3YETCS MPUPOa Npu
CO3IaHUH ONTHUMATLHBIX KOHCTPYKTHUBHBIX CHCTEM UBBIX OPTaHU3MOB IIPU YEM SHEPro3aTpaTsl
HaXOJSTCS B HEMOCPEICTBEHHON B3aUMOCBSI3HM ¢ Maccou. [IpuHIIUIT JOCTUKEHUS
MaKCHUMAaJIbHOTO 3P eKTa(CTaTHIeCcKOro, TMHAMUYECKOT0, KOHCTPYKTHBHOTO H T. [I.) IPU
MUHUMYME 3aTpaT MaTrepHralia ¥ SHEPTUU MPOCIEKUBAETCS BO BCEX KOHCTPYKTUBHBIX PELICHUSIX
OMOJIOTUYECKUX CUCTEM.

B 6uonoruu npuHATO OLeHUBATh 3P(HEKTUBHOCTh KOHCTPYKTUBHBIX CXEM >KHUBBIX
OpPTaHU3MOB 10 HECYIIEH CIIOCOOHOCTHU-OTHOIICHUEM BeCa CKJIETa OpraHu3Ma K BECy ero Telo.
3TO0 MO3BOJISET TAK)KE YCTAHOBUTH BIIMSHHUE CUJI TPaBUTAllMK HAa (POPMUPOBAHUE CTPYKTYPHI U
KOHCTPYKTUBHBIX (DOPM KUBBIX OPraHU3MOB, OOUTAIONINX B Pa3IMUHbIX cpenax. OmgHako, 6omee
00BEKTUBHBIM TTOKa3ateseM 3 (PEeKTUBHOCTH OMOJIOTHYECKUX KOHCTPYKTUBHBIX CHCTEM MOYKHO
CUMTATh CJIEIYIOLIEE COOTHOIICHUE:!

Kc=P/m 1)
rae P-npenenbHast Harpyska, BeIACpKMBaeMasi KOHCTPYKLUEH WU €€  DIIEMEHTOM,;
M-macca OMOIOTHYECKON KOHCTPYKIIMU MK €€ SJIeMEHTA.

Kpurepuii Kc siBisieTcst CHIoBoi XapaKTEpUCTHKON OMOI0ornyecKoi cucteMbl. OH
MIO3BOJISIET OLIEHUTH CTETNIEHb COBEPILIEHCTBA 00BEKTA TOJIBKO 10 HECYIIeH CIOCOOHOCTH U HE
3aTparuBaeT YHEPreTHUECKYI0 00JacTh B3aUMOJICHCTBHSI AKHBOI'O OPraHU3Ma co Cpeloi
obutanus. [Tosromy ams oneHku 3¢ HeKTHBHOCTH OMOIOTUYECKUX KOHCTPYKTUBHBIX CHCTEM
UCIoJb3yeTcst Kputrepuu Ka:

Ko=I1/m (@)

rae [1-«por3BoIUTENBHOCTEY, WIH 00bEM MEXaHUUYECKOI padoThI B eANHUILY
BpPEMEHH, BBITIOJHEHHOW OMOJIOTHYECKUM O0BEKTOM B CBSI3H C €T0  JKU3HEACSATEILHOCTHIO;
M-macca Tesa OMOJIOTUYECKOT0 00bEKTA.
B Beipakenuu ains kputepus Ko He BXOAWT dHEpreTHUECKuid (PakTop, ero MECTO 3/1eCh
3aHUMAaeT MPOU3BOAUTENHLHOCTD, KOTOPAs B KOHEUHOM CUETE U OMpEeiieT yPOBEHb
3P PEKTUBHOCTH UCIOIB30BAHUS OMOJIOTHYECKOI SHEPTHH U CTEIICHH COBEPIICHCTBA «pabovero
opraHa» M3y4aeMoro KuBoro oobekta. Kpome toro, nucrnonaszoBanne kpurepus K2 mo3osser
u30eKaTh TPYAHOCTEH, CBSI3aHHBIX C HEITOCPEICTBEHHBIM U3MEPEHHEM BEJIMYMHBI SHEPro3aTpar
OMOJIOTMYECKOT0 OOBEKTA Ha BBHITTOJTHCHUS MEXaHUYECKON pabOTHI.



2 A — A noseprymo \,
KoHCTpykTUBHas cxema nabopaTopHbIX

obpasuoB 6Guonornyeckoro NnpotoTmna
KPUBOMNHENHbIX Moaernemn

_/

[Ipocreiimmii aHamU3 MOKa3bIBaeT, 4To KpuTepuiit Ko o01anaer oueHb BaKHBIM
CBOWCTBOM, KOTOPOEB JaHHBIX UCCIIEAOBAaHMIX UMEET NIPUHIUITNAIBHOE 3HaYeHUE. DTO
CBOMCTBO 3aKJIIOUAETCS] B MHBAPUAHTHOCTU KpuTepus Ka 1o OTHOLIEHHUIO K IPUPOIE N3YdaeMBbIX
KOHCTPYKTUBHBIX CUCTEM, T. €. B BO3MO>KHOCTHU €r0 MPUMEHEHHS IIPH EHEPreTUYeCKON OLEHKH
KaK HBBIX, KaK U HCYCCTBEHHBIX 00BEKTOB. Tak, y 3eMJIepOMHBIX MAaIlIUH TPOU3BOAUTEIBHOCTD
U Macca, TaKXkKe KaK U y )KHUBBIX 00ObEKTOB, OTHOCATCS K YHCILy OCHOBHBIX I1apaMETPOB, a UX
OTHOILICHHE MOKa3bIBAET HECKOJIBKO 3(P(PEKTUBHO NCIIOIB30BAH MaTepHall U3 KOTOPOTO OHU
U3TOTOBJICHBI.

B npoBouMBIX HCClIeA0BaHUSIX HHBAPUAHTHOCTD KpUTepHst Ko st mpupoaHbix
3eMJIepoeB, OOuTarmMuX B pernone LleHTpanbHoit A3uu 1 0THON W3 Hanbosee
pacnpoTpaHEHHBIX 3€MJIEPOIHBIX MAILIMH-0JHOKOBILIOBOTrO 3KckaBaTopa J0-4121. Pe3ynbpTaTsl
MPOBEAEHHOTO aHAIIM3a CBEACHBI B Ta0muIe-1.

Jlanuble Ta0nu1bI-1 mosryyeHsl myTéM 1a00paTOPHBIX UCCISTOBAHUN (IS IPUPOIHBIX
3eMJIEPOEB) M BBIUMCIIEHUEM 110 MACIOPTHBIM JaHHBIM(UIs 3KcKaBaTopa D0-4121)

CpaBHeHuE yAeIbHON NPOU3BOAUTEILHOCTH IIPUPOIHBIX 3€MIIEPOEB U dKcKaBaTopa J0-
4121

Tabnuma-1



Ne |HammMmenoBaHme Macca, kT [Tpon3BOANTEIHLHOCTH,M3/4 SHaueHHNE

I1.11 [kputepus K2,
M3/Kr*y

1 [Kpor 0,213 16,8 78,8

2 |Beigpa 0,486 10,8 22,2

3 [loxop 0,393 16,7 40,8

4 |Cnemen 0,220 20,1 91,36

5 Crenymionka 0,193 21,7 112,4

6 OxckaBatop 20-4121 21500 102780 4,78

B naGoparopHbIX nccie10BaHUSAX IPHI3YHOB MOMEILAIH B CIIELUaTbHbIE 3aCTEKICHHbBIE
SIIIUKY, HAIIOJTHEHHBIE TPYHTOM, KOTOPBIH Iepe]] OnbITaMH YyTpaMOOBBIBAIH J€PEBIHHBIMU
MOJIOTKamH J10 T1oTHOCTH. CooTBeTcTBYIOMIEH || KaTreropuu(urcio yaapoB miIoTHOMepa
JOPHUU cocransio C=8-10). B koHIIE Ka)I0T0 OIbBITa OMPeIesiiach Macca BHIOPOIIEHHOTO
UCXOJla TPYHTa U BpeMsl €0 pa3phIXJeHus U dKckaBaluu. [lociie mpoBeeHNs cepuu OIbITOB
BBIYUCIISUTMCH CPEAHNE 3HAUEHUS IPOU3BOAUTEIBHOCTH U KpuTepust K2 11t Bcex MOJOMBITHRIX
TPBI3YHOB.

Ha ocHoBanuu naHHbIX Tabnua-1 6bUI0 BHIIOIHEHO COMOCTABICHUE «YACIbHON
MPOU3BOAUTENBLHOCTIY, T. €. KpuTepusa K3 mpupoaHbIX 3eMIIEPOEB U COBPEMEHHOM 3eMIIEpOMHON
MamuHbl. CorocTaBiIeHHe MOKa3ajlo, YTO HCCKYCTBEHHOE KOHCTPYKTUBHOE
cucreMa(dKckaBaTop) 1Mo 3GpHEeKTUBHOCTH MUCIIOJIb30BAHUS MACChl 3HAYUTEIIBHO YCTYMaeT
IPUPOIHBIM KOHCTPYKTHBHBIM CUCTEMaM(>KHBOTHBIM-3eMJIeposiM). Eciu npuHsATh 3a 3TajioH
BenMunHy Kputepus K» 11151 skckaBaTopa, TO MOKHO YCTaHOBUTD, UTO MPUPOIHBIE 3eMIIEPOU
«IIPOM3BOAMTENbHEN) IKCKaBaTopa He MeHee ueM 20...30 pa3 (cm. Tab. 1).

[IpoBenénHbie CpPaBHUTENBHBIN aHATU3 U MTO3BOJIMII CAETIATh CIEAYIOLUI BBIBO: MpU
pa3paboTKe HOBBIX, BBICOKOA((UITMEHTUBHBIX pab0ounX OpraHOB 3€MJICPOIHBIX MAIIUH
HE00X0UMO MaKCUMAaJIbHO HCII0JIb30BATh HAKOIUICHHBIHN B pe3ylibTaTe ATUTEIbHON 3BOIIOIUN
OTIBIT HBOW MPUPOJIBI [0 CO3AAHUIO ONITUMAIIBHBIX 3eMJICPOIOIINX KOHCTPYKTUBHBIX CHCTEM.
[Ipu 3TOM GMOMEXaHMYECKOW MOJIETUPOBAHKE CIICTYET PAaCCMaTPUBATh Kak (P PEKTUBHBIN
METOJ pealn3aliy B UH)KCHEPHOHN IIPAKTUKY ONTUMAJIBHBIX PELICHUH, «BHEIPEHHBIX)
MPUPOJIOH B KMBBIX 3eMJIEPOIOIUX KOHCTPYKTUBHBIX CUCTEMAX.

JlaGopaTopHble HCTILITAHUS OMOMEXaHUYECKUX Mo/IesIel
PEeKYIIHX 3J1eMEHTOB.

[enpro ucibITaHMA OBUIO TIOCTABIICHO: onpeneneHrne 3(h(PEKTUBHOCTA ONTUMHU3AINHI
(dopMbI 3yObEB METOIOM OMOMEXaHUYECKOTO MOJICTTMPOBAHUS B YCIIOBHX PE3aHUS TPYHTOB
[{eHTpanbHO- a3UaTCKOT0 PErHOHA.

JlaGopaTopHble CIBITAaHMSI TPOBOAMIMCE B J1Ba ATarna. Ha mepBom sTarne ucnbITaHuit
MCIIOJIb30BAJICS CTEH], COOpaHHBIN Ha 06a3e MONepeyHO-CTPOTraJIbHOTO CTaHKA. Y CUJICHUS
pe3aHus U3MEPSIINCh METO/I0M TEH30METPUPOBAHUS C oMolpto gatunkos [TKII-15-
200,renzoycmmrens SAH4-7M u ocimutorpada H-700. TanupoBKa TeH301aTYMKOB
OCYIIECTBISIIOCH 00pa3oBeiM quHaMoMeTpoM 3-0,05.

J1Jis CTEHI0BBIX MCHIBITAHUN OBUIM M3TOTOBJIEHBI MOJIEH BEPXHUX PE3L[0B BHLAPHI( IS
CpaBHEHMSI) U CIEMYIIOHKa MpU 50-KpaTHOM YBEJIMYCHUH, a B KAUECTBE 3TATOHHBIX
MCIIOJIb30BAINCH 3y0Obs C KIMHOBUIHBIM Mpoduiniem. Bce Moaenu 3yObeB U3roTaBIMBAINCH U3
HopManu3oBaHHoU Cramu 40.

3yObs 3aKpeIIsSUTNCH B CIISIIUATILHOM OMpaBKe, 00eCednBaroIIe HanOOIbITYIO
XKecTKOCTh. OTHOBPEMEHHO UCTIBITHIBAINCH 4 3y0a(/1Ba 3TAJIOHHBIX U IBa OMOMEXaHUYECKUE
MOJICIIN).

VcnipITanus npoBOIMIIMCH IPH BO3BPATHO-TIOCTYATEIHHOM JIBUKEHHUHU OIMPABKH CO



CKOpOCTBIO 6,5 M/MUH 1 TITyOuHBI OJ10kupoBanHoro pe3anus 0,4-0,7cM. Yron pezanus y Bcex
pe3uoB coctasisia 38...40.

B xadecTBe MOEIBHOTO TPYHTA IPUMEHSUICS IIAMOTHBIH Kuprud Mapku 111b-4/23,
ko3 durmeHT oOpa3suBHOCTH KOTOPOTO IO JaHHBIM JTJA0OPATOPHBIX UCIIBITAHHUM, COCTABIISIT
Kab6p=2,6.

[Tpu 06paboTke oCHMIIIOrpaM MPUMEHSIICS KOPPEISILIMOHHBIN CYET, TPU KOTOPOM
(UKCUPOBATUCH KaK SKCTPEMAIbHBIC 3HAUCHUSI, TAK U BEJIMYMHBI Pa3MaxoB MEX]Y COCETHUMHU
JKCTpeMallbHBIMH 3HAUYE€HUSMHU KPUBOI1 Mpoliecca. B Hauane 3amucu oTMeydann SKCTpeMallbHbIe
TOYKH M 3aHOCUJIA UX BO BCIIOMOTATEIbHYIO KOPPEISAIUOHHYIO TaOIIHUILY.

CymMupoBaHuE Yncel BEPTUKAIBHBIX CTOJIO1I0B M TOPU30HTAIBHBIX CTPOK
KOPEJUTSIIIHOHHOM TaOJIUIIBI TOTYYalld COOTBETCTBEHHO PACIIpe/ieICHIEe MAKCUMYMOB 1
MUHUMYMOB CXEMaTH3UPOBAaHHOTO Ipoliecca. Pacpeenenue aMminTy 1 HanpsbKeHUH,
CXEMaTEe3UPOBAHHBIX 110 pazMaxaM MOoJIydaliyd MyTEM CYMMUPOBAHUS YKCEIl B KJIETKaX,
PacIOIOKEHHBIX 10 AraroHanzaMm Tabauibl(ciieBa BHU3 HarpaBo). [loBTopoii nuaronanm(ciena
BBEpX HAIpaBo) MOJIYyYall paclpeesiCeHHe CPEIHUX HANPSHKEHUM MOTYHUKIIOB.

B pe3ynbraTe TeH30METPUPOBAHUS YCUIIMI MPU pe3aHUU MOJIETILHOTO FPyHTa
YCTaHOBJICHO, YTO CHJIA COMIPOTUBIICHUS PE3aHUIO JJIsi KIMHOBUIHOTO PE311a COCTAaBIISIET
62...65H, nna pe3na tuna «Bbiapa»-25...29H, nnd pesna tuna «ciaenymonka»-16...18H.

CornocTraBieHue NOJIy4eHHBIX JaHHBIX MTOKA3bIBAET, YTO [0 CPABHEHUIO C 3TAJTOHHBIM
PE3LIOM Yy Pa3loB TUIIA «BBIAPA» U «CIIEMYIIOHOK» CONPOTUBIIEHUE PE3aHUIO CHUYKACTCS
COOTBETCTBEHHO B 2...2,6 u 3,4...4 paza.

[To HamemMy MHEHUIO BEJTMUYUHA JOCTUTHYTOTO CHUKEHHS COITPOTUBIICHHUSI PEIICHUIO
SIBJISIETCS] IPSIMBIM PE3yJbTaTOM ONTHUMHU3ALMKI KOHCTPYKLIUH PEXKYIIUX JIEMEHTOB METOJIOM
OMOMEXaHMYECKOTO MOJICTTUPOBAHMS M IOKA3bIBACT €0 3((HEKTUBHOCTD.

[TpoBen€HHbIil aHATM3 MEXaHU3Ma B3aMMOJICHCTBIS OMOMEXaHUYECKUX MOJEIEH C
TPYHTOM MO3BOJIUJI YCTAHOBUTH MPUYUHBI HAOIIOAAEMOT0 CHIDKEHUS COMPOTUBIICHUS PE3aHUIO.
[Ipu pe3anuu rpyHTa OMOMEXaHUYECKON MOIETbIO, €€ pexXyIas KpOMKa, C BEICTYIIOM B
nepeaHel 4acTu, aKTUBHO BHEJPSISICh B TPYHT, KaK Obl BKAJIBIBAETCS B HErO ¢ OONBIINM
yEJIbHBIM JaBJICHUEM, a CJIEIOBATEIbHO U C HAMMEHBIIUM CONPOTUBIECHUEM, U TIO MEpe
JAIbHENIIEro MepeMeNIeHUs], pa3pyIIaeT IPYHT MyTEM HEMIPEPbIBHOTO BKAIBIBAHUS U KOCOTO
pe3aHus pexyinei KpoMKoid. B mportiecce nanpHeiiero BHeApeHUs 3y0a B TPYHT MOCIEIHUN
pacKaJIbIBaeTCs MOJ] €T0 BO3/ICHCTBHEM M IIEPEMEIASTCs BIIOJIb MIEpeIHEN, 3aIHEeH U OOKOBOM
rpaseil. [lepenusisa u 3aaHss TpaHy, 32 CYET CBOEH KPUBOIMHEHHOCTH, CMEIIAIOT YaCTULIBI
IpyHTa HaJ ¥ 10J 3yOOM B CTOPOHY YMEHILIEHUS IOTIEPEUYHOM TONIKHBI U OTHOBPEMEHHO MpHU
KOHTAaKTe ¢ 0oJiee KpYIMHBIMUA 00Pa3UBHBIMH YacTUIIAMH IPYHTA(KaMHHU, IPUMECH U T. 1.) TH00
BBITECHSIOT UX U3 30HBI ICHCTBU(TPACKTOPUHU JBUKEHHUS) 3yObEB, JTMOO BHIABIMBAIOT UX B

[Tpu ucnbITanusIX 3yObEB B TPYHTOBOM KaHaje ObLIN MOMy4eHBI PE3yIbTaThI.

Y cTaHOBIIEHO, YTO TOPU3OHTAIBLHOE COCTABIISIONIAS CHJIa COIPOTUBIICHHUSI KONIAaHUIO TIpU padoTe
OTJICTbHBIMU U CIIAPEHHBIMU 3YObSIMH 3aBUCUT OT TTTyOUHBI KOMIaHUs JTMHEHHO. [Ipu aToM
KOIMaHHUE CTIApEHHBIMU 3YObsIMU MPUBOJUT K JBYKPATHOMY POCTY FTOPU30HTAIIbHOM
COCTAaBJISIOLIEH.

CormocTaBieHbl 3HAYCHUH TOPU3OHTATBHOM COCTABIISAIONICH MPU paboTe Pa3HOTUITHBIMHU
3yObsIMU TIOKA3bIBAET, YTO B CIIy4ae KOMAaHUSI OMOMEXaHUYECKUMHU MOJICISIMU COMTPOTUBIICHHE
KOITaHWIO CHUXaeTcs B 1,6...2,8 paza B 3aBUCUMOCTH OT TJTyOMHBI KOTTaHHsI. Y MEHBIIICHUE CHIIBI
COIIPOTHUBIICHUS KOTIAHUIO NP paboTe OMOMEXaHMUECKUX MoJIeNell 00bsiIcHAeTCs Ooee
COCPEIOTOYEHHBIM YCUJINEM KONaHUs U OOJIBIINM YAETbHBIM JaBICHUEM Ha PEXKYIIEH KPOMKeE,
eé myuieii 00TeKaeMOCThIO M0 CPABHEHUIO C KPOMKOH MPSAMOYTOJIEHOTO CEUEHUS,
OCYILIECTBICHUEM HEMPEPHIBHOTO BKAIIBIBAHUS U KOCOTO P3aHUS PEXyIer KpoMkoil. Kpome
TOT0, BEPTUKAJIHLHO PACIIONIOXKEHHAst 00KOBas TpaHb MPOIecCce KOMaHMs BBIMOIHSIET POJIb
paccekaTesns rpyHTa, a IepeIHss U 3aHss TOBEPXHOCTH, BCIEACTBHE CBOEH KPUBOJIUHEIHOCTH,
CMEIIAIOT YaCTHUIbI TPYHTA B CTOPOHY YMEHBIICHUS TOJIIUHBI MIONEPEYHOTO CEUCHUS.



«TexHonornvyeckuii npouecc» padoTbl BLIOPAHHOTO
00LeKTa uccjae10BaHus

Heo0x01iMo 3aMeTHTh, YTO KOTTEBOM CIIOCOO PBIThSI, H3-3a €0 BTOPOCTEIIEHHOTO
3HAUCHHS B )KU3HUICSITEIBHOCTH TPUPOIHBIX 36MJIEPOCB U TPYAHOCTH PEaIH3alii B HATYPHBIX
3eMJIEPOMHBIX MaIlIMHAX, CYUTACTCS HAMH HETIEPCIICKTUBHBIM M [TO3TOMY BCE BHUMAaHKE B
JIAHHBIX UCCIICIOBAHMSIX YICIACTCS PE3LOBOMY CIIOCO0Y, XapaKTEPHOMY ISt
CTICIHATN3UPOBAHHBIX 3EMJICPOCB .

U3 Bcex 00CiIeI0BaHHBIX aMH KHBOTHBIX, HAaKOOJIee CIICIMAT3UPOBAHHBIMU
3eMJICPOSIMU SIBJISIFOTCS OJIM3KKE B OMOJIOTHYECKOM OTHOIIeHUH ciererr (Spalax leucodon) u
cienymionko oosikaHoBenHoro (Ellobius talpinus). TTo manHBIM pabOTBI 3TH MIIEKOITHUTAIOIIHE
BEIYT UCKIIFOYUTEIBHO TOA3EMHBIN 00pa3 xku3Hu. OHH MOJI7HOCTHIO TIPHCIOCOOTICHBI K

a) O0umii Bua paGoyero opraHa peixjuTesisi Ha 6a3ze 0yabao3epa /13-42
OO01mmii BUJ KJIMHOBUAHBIX 3y0beB KoBIIei d3kckaBaTopoB 30 —4121 (0) u 0 — 3322 (B)

MEHee IUIOTHBIE CIIOU pa3pabaThIBAEMOro rpyHTa. BepTukanbHO pacnosoxkeHHas O0KOBasi rpaHb
B IIPOIIECCE pa3pyIICHUs TPYHTA BBIMOIHAET POJb pacceKaTessi TPYHTa, a TAKKE «HAKOITUTEIS»
YTOJIIIIEHHOCTH 3y0a 1 CIOCOOCTBYET YCTOMYHNBOCTH X0/1a.

YMeHbIIIeHHE BEIUYMHBI CONPOTUBIICHUS PE3aHUI0 y OMOMEXaHUUECKUX MOJIENIEH TaKkxKe
IPEJOIPEAEIIEHO U BBIOOPOM B KaU€CTBE JUIUIICOUIHOTO MTONEPEUHOrO CEUEHUS PExXYILEeH
KPOMKH, T. K. BO-TIEPBBIX, Takoil npoduis 6oee o0Tekaem, 4eM, HarpuMep, MPpsIMOYTOIbHBIH,
KOTOPBIH 1ociie HeOObIIONH BEIPAOOTKU IPYHTA TOXKE MPUMET OJIU3KOE K AITUIICOUTHOMY
ouyepTaHHe, BO-BTOPBIX, IPUHATH IS pEXYIIEH KPOMKH NPO(UIIL B BUJE TOHKOTO JIE3BHS
HEJIb3sl, B BUAY BO3MOXKHOCTHU OBICTPOIO €ro 3aTyIUICHHs], KPOLIEHNs U HU3KOW IPOYHOCTH.

Ha BropoMm 3Tane ucciesnoBaHmii ¢ LEIbI0 ONMPEISICHUS CUIIbl COIPOTUBIICHHSI PE3aHUIO
B TPYHTOBBIX YCJIOBUSX, OJIM3KHUX K 3KCILTyaTallUOHHBIM, STaIOHHBIS(KIIMHOBUIHBIC) 3yObs U
OroMeXaHNYeCKHe MOAETH(THUIIA «CICMYIIEHKa») UCIIBITBIBAINCH B TPYHTOBOM KaHaJe.

3y0Obst HCHIBITHIBAIMCH TPpU KomaHuii TpyHTa |l Kareropuu, Bnaxuoctsio 18% u
m10THOCTRIO C=8 ynapoB motHoMepa JJOPHNU ¢ kaMeHUCThIMU BKITIOUEHUSAMH 10 SOMM.

CkopocTb pe3anus 3agaBanach paBHoit V=0,77wm/c, yron pezanus cocrasisis 38...430,
TyOMHA KOTIaHUs U3MEHSJIACh B Tipezenax 2...24cM. ['opu3oHTambHass COCTABIISIONIAsT CUITBI
COIIPOTHUBIICHUS KOMIAHUIO U3Mepsitack fuHamomeTrpom JAITY-0,5-2.

Heo6xoarMoe KoM4ecTBO MOBTOPHBIX OIBITOB BBIYUCIEHHOE MO METOJMKE, COCTAaBIISAIIO
4-6. B onbITax ObLIO MPUHATO 4-X KpAaTHOE IIOBTOPEHHUE.



['pyHT B KaHane cTeHa Nepe]l KaKIbIM OIMBITOM Pa3pbIXJISUICS, YIUIOTHSJICS U
rianupoBaiics. KoHTposmpoBanach 1 KOpPEKTHPOBAIACh MAaCCOBAasi OTHOCUTEIbHAS BIaKHOCTD
TpyHTa MyTéM 0TOOpa MPOOTrpyHTa B 4-5 TOYKAX TPYHTOBOTO KaHAJA M BHICYITUBAHUEM B
nabopaTopHoit MmydenpHOoM nieun npu Temmneparype 1050C B Teuenun 3-4 gacos. KoHTpoIib
IIPOYHOCTH YIUIOTHSAEMOT0 rpyHTa npoussoawiics ynapaukom JJOPHNU. Bee skcniepuMeHTsI
MIPOBOAMIIMCH HA OJMHAKOBOM ITyTH KOMaHUs(6M), B BBIOPAHHOM HCXO/sI U3 YCIIOBUS
peann3aliuy YCTaHOBUBILETOCS PKXKMMa pe3aHusl.

[TuTaHuIO NOI3eMHBIMU YaCThsIMU PACTEHUH, JIJIsl TOOBIBAaHUS KOTOPBIX POIOT
MHOTOYHCJICHHBIE KOPMOBBIC XO/IbI HAa PA3IMYHBIX TTyOMHAX. 3eMJIIsl U3 OTH XOJI0B
BBIKM/IBIBAETCS HA IOBEPXHOCTH B BUJE Ky4eK-KpOTOBBIM. Ha moBepXHOCTH criener 1
CJICTIYIIIOHKA TTOYTH HUKOT/a HE BBIXOST; MPU OMACTHOCTHU HE MBITAIOTCS YOEXKAaTh 10
MOBEPXHOCTH, a 3apbIBAIOTCS BIITyOb, KaK MOKHO TTy0Xe U Janblie OT Ipecie10BaHusl.

Taxum oOpa3oM, y cieniia u CISMyIHIOHKH pa3loBbIi POIOIIUH anmapaT BHITOIHSIET
YKU3HEHHO Ba)KHbIE (DYHKIIMU U TIO3TOMY B IPOLIECCE SBOIOIMH TOCTUT Harboiee BHICOKOM
CTENEHH COBEPILIEHCTBA 10 CPABHEHUIO C POIOIMMHU anapaTaMyi OCTaJIbHBIX 36MJIEPOEB (CM.
Tab. 2).

[To HameMy MHEHHIO 3TO OOCTOSATENLCTBO MO3BOJISIET OOBSICHUTH YCTAHOBJICHHBIN (haKT
HauOOoJIbIIEH «yAETbHOM» TPOU3NOAUTEIFHOCTH CIIETLA U CICMYIIOHKU CPeu OUOIOrHUeCKUX
aHayoroB(cM. Ta0. 1) u ABIsETCS JOCTATOYHBIM OCHOBAHUEM JJIsI BEIOOPA WX POFOIIMX
anmnaparoB B Ka4ecTBE 0ObEKTOB OMOMEXaHMYECKOT0 MOJIEIUPOBAHUS IIPU CO3AaHUU
MCCKYCTBEHHBIX 3€MJIEPOIOIINX CHCTEM.

J711 OKOHYATENBHOTO BbIOOpa OHOJIOTHYECKOT0 IPOTOTUIIA PACCMOTPUM CIIETYIOIIIEE.
Kaxk yka3piBasioch BblIllI€, Y CleNIa BEPXHUE U HIKHUE PE3LIbl PACTION0KEHBI TOUTH
NEePIEHIUKYISAPHO MPOJOJILHOM JTMHUY Yepera, a B )KeBaTeIbHOM CYCTaBEe BBIACISAIOTCA JBa
dacerku(yriyoaenus).

OnHoda3HbIN TUI PHITHSL.

1. BknuHuBaroiee poIThE (MPEACTaBUTENBIMI KOTOPOT'O MOKHO Ha3BaTh KPOTOB M MOTEP)
XapaKTEepU3YIOTCS Pa3/IBU)KEHUEM CIIOEB MOYBBL, BO BPEMs KOTOPOTO IPhI3YH KakK Obl
BKJIMHUBAETCS B MTOYBY.

2. BeikoBbIpuBaroliee poiThE (IIPEeICTaBUTEIN-0apPCYK, HOCYXa) XapaKTEPUIYETCS PHITHEM
HEOOJBIINUX KOMMAHOK, U3 KOTOPBIX BBRIKOBBIPHBAIOTCS MMHIIA.

3. Boponsmiee peIThE (MMpeacTaBUTENN- Ka0aH, IEKapH) XapaKTepu3yeTcs pIThEM 00pO31.

JByx(da3HbII TUI PHIThS.

1. Korre-rosoBHOM cOCOO PHIThS — pa3phIXJICHUE 3€MJIH KOTTSMH, BBIKHIBIBAHUE TOJIOBOM
(MpencTaBUTENN-IIOKOP, IPOMETEEBA MOJIEBKA).

2. Pe3110BO-TOI0BHOM CITOCOO PHITHS — pa3phIXJICHHUE 3eMIIA PE3IIaMH, BHIKUIBIBAHHE
rOJIOBOM (clernert).

3. Pe31ioBo-rynHOM CrIOcOo0 PHIThSA-Pa3pHIXJICHHE 3€MIIN Pe3IlaMH, BEIKUIbIaBAHUE
IpyIbI0(CIENyIIOHKA).

4. KortepesnoBo-TOJOBHOM CIIOCOO PHIThSA-Pa3phIXJICHUE 3€MJTH PE3IIaMU U KOTTSIMH,
BBIKHJILIBAHHE T'OJIOBOM.

H3MmeHeHus xKeBaTeJIbHOTO anmnaapaTa rpbl3YHOB B CBSI3U C IPUCIIOCOOJIEHHUEM K
Pa3pUXJICHUIO 3€MJIM PE3LAMM .

[IpucnocoOneHne pa3pbrIXJICHUIO 3eMIIM Pe3[aMH HaOII0AAaeTCsl y LEI0ro psijia POIOIINX
rpbI3yHOB. CaM IIpoLEece pa3phIXJIEHUS 36MIIM PE3LAMHU MOXKET, 110 BCEW BEPOSITHOCTH,
MPOUCXOIUT PAa3HBIMH CIIOCOOAMHU.

[Tpu m060oM criocobe pa3pbIXJICHUS 3eMITH pe3lamMH 0OBIYHO TPOUCXOIUT YCUIICHHE

MBIILI] )K€BATEIHHOTO aIlapara.
W3 Tab. 2 BUAHO, YTO MPUCTIOCOOJIEHUE K PBHITHIO Y TPHI3YHOB OOBIYHO COMTPOBOXKAAETCS
YCUJIEHUEM KEBATEJIbHOU MYCKYJIATyphl U TOJIBKO TIyO0KO€ CreIUaIn3aiysl K PhIXJICHUIO 3eMIH
KOTThSIMH (I[OKOp) MPUBOAUT K OCIIA0JICHUIO KEBATEIILHON MYCKYIaTypHI.

CpaBHeHue crneniia 1 CiIemyIoHKH 1T0Ka3allo, YTO y NEPBOro, B OCHOBHOM YCUJIMBAETCS




BBICOYHAs MBIIIIA, a Y BTOPOM ’KeBaTeNbHasl M KPbUIOBHIHAS MBIIIIBL. B MOMEHT paboThI
KOPEHHBIX 3yOOB pe3IIbl HE COMMPUKACAIOTCS, UeM o0JierdaeTcsi paboTa 1Mo MepeTupaHuio MUIIH,
BO BpeMs ke paOdOThI PE31I0B HE COMPUKACAIOTCS KOPEHHBIE 3YObI.

PasBuTHe MBI )KeBaTEIILHOO arapara y TPhI3YHOB.

Tab6muna-2

By [TpolieHTHOE OTHOIIIEHNE Beca MBIIIILI K 001meMy Becy |[I[pumedanue
PKUBOTHOTO  [cKieTa

PKCBATCIIBHOM [BHCOYHON |[KpPBUIOBHAHOM |BPIOIIHOI
Sciurus 6.33 1.92 1.30 0.53 He poer
ptrsicus 8.53 3.00 2.96 0.80 Poet oTyactu 3ybamu
Citellus 5.95 4.54 1.48 1.02 Poet mano
citellius 4.0 3.65 0.99 0.50 Crnenuanu3upoBaH K
Cricetus 0.97 6.63 BITBIO KOT'TSIMU
auratus 3.64 1.40 Criennanu3upoBaH K
Myospalax BITBIO PE3IaMHU
myospalax
Ellobius
talpinus

Takas riyOokast muddepenmanys 3yOHOM CUCTEMbI TPUBOAMUT K OOIBIION
T epeHIrauy 1 KeBaTelbHON MyCKyJIaTypbl, B 0OCOOEHHOCTH TOH, KOTOpask pacrosorasch ¢
JaTepaJbHON CTOPOHBI, UMEET Pa3sHOOOpa3HbIe (PYHKIUHU U TOITOMY MOJIBEpKEHA HAUOOIBIITNM
U3MEHEHUSIM.

Bricounas mbimima paboTaeT TOJIBKO Ha CO3/1aHUE JaBJICHHS B BEPTUKAILHON
IUIOCKOCTH, IBYOPIOIIHAS OTKPBIBAET POT, KPBIJIOBUIHASI OTPAHUYEHHS B U3MEHEHUAX CBOMM
MEANAIBLHBIM MTOJIOKEHUEM, IPU KOTOPOM BCSIKME BapHALlMK B IPUKPEINIEHUU OIPaHUYEHUN
pacrnpenielieHueM OKpYXKaroIlluX OpraHoB.

[TpucnocobaeHne K pa3phIXJICHUIO 3€MIIU pe3laMu UAET ABYyMs MyTsAMH. B mepBom
cllyyae BEpXHHE pe3libl HAIIPaBJIEHUH 110 OTHOLIEHUIO K ITPOAOIBHOM JIMHUN yepena Oosee
TOPU30HTANIBHO, YeM OOBIYHO (CiIernyIonka). Bo Bropom citydae, Ha000poT, pe3Lbl
HaIpaBJsAtOTCs 00jIee BEPTUKAIBLHO, YeM OOBIYHO (CIIeTIeN).

Taxum oOpa3omM, eciu y cierniia BO BpeMs pa3phIXJICHUs 3eMIIN Pe3LaMu HHKHSS
YeJI0CTh pab0TaeT MOYTH UCKIIOUUTEIBHO B BEPTUKAIBHOM HAIPABJIEHUH, TO Y CIEIYILIOHKH
OHO B O/INHAKOBOH CTENEeHH paboTaeT B BEPTHKAILHOW M TOPU3OHTAIBHOM TIIOCKOCTSX.

Ha ocHOBaHMM NpHBEIEHHBIX BhIIIE JaHHBIX, HAMU ObUIO pa3paboTaHa KilacCHU(pUKaLUs
pOIOLIUX IpUCHoco0IeHNe MPUPOAHBIX 3emiiepoeB (puc. 1). [IpennokenHas kinaccupuKarms
II03BOJISIET YCTAHOBUTH, YTO YEM BBILIE CHEIMATN3ALMS 3eMJIEpOl K OJ3eMHOMY 00pa3y *KU3HH,
TeM OoJiee pa3BUTHIM Y HETO CTAHOBUTCS PA3IOBbIN POIOLIMIA anmapaT U MEHbIIee Pa3BUTHE
MOJTy4aeT KOI'TEBOM.

VY TakuXx rpbI3yHOB KakK CJICIYILIOHKHU U CJIENEL PhIThE HOP OCYIIETBIISAETCS
IIPEUMYLIECTBEHHO 3y0aMu, a KOHEUHOCTH CIIy AT JIMIIb JUIsl OTrpedanus 3eMid. Pe3ipl aTux
I'PBI3YHOB YPE3BBIYAHO Pa3BUTHI H JOCTUTAIOT OTHOCUTENHHO OOJBIINX Pa3MEpOB, UTO
BBI3BIBACT YBEJIIMUECHHUE JINLEBBIX YacTel M HUKHEH YETIOCTH.

Crenymonka sBisieTcs HanboJiee BHICOKOCTIEIUATM3UPOBAHHBIM 3eMiiepoeM. bobiryio
YacThb MUILIY 3TOT BUJ JOOBIBAET B KOPMOBBIX X0aX. OTHUM U3 OCHOBHBIX (DAKTOPOB,
OTIPENIENAIONIUX CIOCO0 PHIThS, BISAETCS XapaKkTep OOUTaHUS U TTUTAHUSL.

ITpucnocobeHne K phIThIO B TOBEPXHOCTHBIX TOPU30HTAX [TOYBbI IPUBOJUT K
00BETMHEHUIO Pa3pPBIXJICHUS U BHIOPACHIBAaHUS 3eMJIM B OJIMH MPOLIECC Pa3ABHKEHHS ITOUTHI.
PacTurenbHOsAHBIE 3eMIIEPOU MTUTAIOTCS KIIyO€HbKaMU M KOPHEBUIIIAMHU, OCHOBHAs Macca
KOTOPBIX PACIIOJIOraeTcsi B TOPU30HTE NOUBKI OT 15 10 20cM, 03TOMY MENKHE



PACTUTENBHOSTHBIE 3€MJIEPOU HE MOTYT OOBEACHHUTH MPOLIECCHI PA3PBIXJICHUS U BEIOpAChIBAHUS
3eMJIU B OJIUH.

Paznenenue u 00beTMHEHNE STUX MIPOILIECCOB BO BPEMSI PHIThSI HIMEET MPUHIMITHATHEHOE
3HauU€HUE JJISl TOr0, YTOOBI CYUTh O POIECCE U3MEHEHHSI OPraHOB JIBUKEHUS, ITOATOMY BCEX
3eMJIEPOEB MBI MTOAPA3IEISIEM Ha : POIOLIUX OJAHO(MA3HBIM THIIOM PHIThS, TO €CTh TAKUX Y
KOTOPBIX MPOIECC Pa3pbIXJICHUS U BhIOpachlBaHUE 3€MIIM, KaK MPaBUIIO, ObIBaET
OJIHOBPEMEHHBIM, U Ha )KHUBOTHBIX C I(pyX(a3HbIM TUIIOM PHIThsI, KOTOPBE OOBIYHO B HaYaJIe
Pa3IBIXJISIIOT 3€MITIO, a 33 TEM BBIKHABIBAET. OHO(A3HBIM TUIIOM PBIThS, KPOME MOI3EMHBIX
3eMJIEPOEB, POIOT BCE HA3EMHBIE.

CNOCOB PHITHA
| :

CKOTTEBOW  NOFTE-PESWOBOM | PESUOBOW

WOT| HOKOP  BAPCYIN Qmmu‘ CAENE CATYIONON
| _ || | s

L . i

p

Puc-1.Crnenuaju3anus K pbIThbI0 POIOMIMX MJIEKOMHTAIOLINX.
1.KorreBoii (moxop - my ospalax)

2.Pe3uoBnlii (cnemymonok-Ellobius talpin)
3.Korrepe3noBslii (moseBka - Mierotinal)



BriBoabI:

1. YcnoBus skcITyaTauy 3eMJIEpOMHBIX MalllMH B peruoHe LlenTpanbHoi A3un
XapaKTepU3YIOTCsS KOMIUIEKCOM CIIEIYIOIUX HEeOIaronpusaTHbIX (aKTOPOB:

- TSOKETBIMU IPUPOTHO-KITUMATUYECKUMHU YCIOBUSIMHU, OCHOBHBIC YEPThI KOTOPBIX
(OopMHpPYIOT: BBICOKAs 3aCyIIUBOCTh, 00YCIIOBIEHHAs! MUHUMAJIbHBIM BBINAJCHUEM
aTMOC(EpPHBIX OCAIKOB M OTCYTCTBUEM 3HAUUTEIILHBIX €CTECTBEHHBIX BOJOEMOB, TIOBBIIICHHAS
TeMIepaTrypa Bo3/yXa B JICTHUH EpUOJ CUIIbHBIE BETPBI U NbUIbHBIE OypH;

- TPYAHOCTBIO pa3paboTku LleHTpanbHO-A3HaTCKUX TPYHTOB, OTJIMYAIOLIUXCS BBICOKOH
3aru0CUPOBAHHOCTBIO, IEPECYIIEHHOCTBIO, 3aCOJEHHOCThIO U OOPE3UBHOCTHIO, 3HAUUTEIbHBIM
conepskanueM (ot 35 1o 85%) TBEPABIX MOPOS (KBapIl, AUOPUT U T.I1.), TPUBOISIINAM K
YCKOPEHHOMY M3HOCY pa0OUYuX OPraHoB U Ap. JIeTajael 3eMIEpONHBIX MAIIHH.

2. CoBMecCTHOM BO3/IeHiCTBUE HEOIArONPUATHBIX TPUPOTHO-KIMMATHUECKUX (HaKTOPOB
LlenTpanbHON-A3UN NPUBOAUT K 3HAUUTEIBHOMY YMEHBILEHUIO PECYPCa IKCIUTYaTUPYIOIIUXCS B
3TOM PETHMOHE 3€MJIEPOMHBIX MAIIMH 10 CPABHEHUIO C 30HOM YMEPEHHOI'O KIIMMaTH4YECKOTIO
nosca.

3. Ucnonb3ytoT 3y0bsl Y KOTOPBIX ATHHA paboyei yacTeu coctaBiseT 50-60% ot
MPOEKTHOM, a B OT/AEJIbHBIX Clydasx MeHble e€ B 2,5-3,0 paza.

4. I3MeHeHne MPOEKTHOTO 3aTYIICHHUSI KPOMKH. 3aTyIIJICHUE YMEHBIIACTCS MTPH
pa3paboTKe NecyaHO-TPUHUCTBIX, JIECOBBIX IPYHTOB;

5. Ucnionb3ytoT 3y0bs pa3HbIX KOH(DUTYpALlMU HE IO HA3HAUYEHUIO (B 3aBUCUMOCTH OT
TPYHTOBBIX YCIIOBHI).

HaGmtonenusi, npoBesieHHe MHOTMMHU UCCIIEIOBATEIbsIMH, TIOKAa3bIBAIOT, YTO B
OOJBIIMHCTBE CIIy4yacB U3MEHEHUE 3a/IHET0 yIila HHCTPYMEHTA, pa3pyllaciiero Nopoas! U T. . .
Bonee nHTEHCUBHO BIMSAET HA U3HOC, YEM U3MEHEHHE IPOUYNX T'€OMETPUUECKUX ITaAPAMETPOB.

OTO MOYKHO BBIF'OJJHO UCIIOJIb30BaTh, TP CO3/1aHUU HOBBIX CaM03aTauMBaIOIIUX 3yObEB.
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