E
!

e

i B e e e e T

P i i i |

DenepanbHOE FOCYAapCTBEHHOE aBTOHOMHOE
00pa3oBaTeIbHOE yUpeKIeHUe
BBICIIIETO 06pa3OBaHHH )
«CUBUPCKHWI ®EJIEPAJILHBIA YHUBEPCUTET
__ HMmxeHepHo-cTpouTenbHbIi HHCTHUTYT

Kadenpa "CTpOUTENILHBIX MATEPUAIOB U TEXHOJIOIUH CTPOUTEILCTBA"

YTBEPXIAIO

B.I". Urnarnen

U000

MATUCTEPCKASI AMCCEPTALIUSI
CoBepuieHCTBOBaHIE MeXaHM3aLMK YCTPOHCTBA JIOPO’KHOI'O OCHOBAHMS
08.04.01 "CrpourensctBo"”

08.04.01.007 "KomriekcHas MeXaHU3ALMSI ¥ aBTOMATH3AIIHS CTpOUTENLCTBA"

Hayunslit pykoBouTesns /~ _JI-p TexH. HayK, npodeccop P.T. EmenbsiHoB

BrimyckHuK /(/ 0777 OF. 17 E.I'. Cocos

TPz
Peuensenr e A-p TeXH. HayK, npodeccop B.H. UBanuypa
HopMokoHTpoJIB % KaH/. TeXH. HAayK, IOLEHT E.C. Typsliiesa
d

Kpacnosipck 2017




1

denepanabHOE rOCYIaAPCTBEHHOE aBTOHOMHOE
00pa3oBaTeNbHOE YUPEKICHUE
BBICIIIETO 00Opa30BaHuUs
«CUBUPCKUI ®EJEPAJILHBINA YHUBEPCUTET»
___ VHxeHepHO-CTPOUTENIbHBIM UHCTUTYT
kadenpa "CTpoUTeNbHBIX MAaTEPUATIOB U TEXHOJIOTUH CTPOUTEIILCTBA"

YTBEPXIAIO

3aBenyromuii kKaheapon

B.I'. UrnateeB

« » 20 T.

MATUCTEPCKASA IUCCEPTAIUSA
CoBepIlIeHCTBOBAaHUE MEXaHU3AIUU YCTPONUCTBA JOPOKHOTO OCHOBAHUS
08.04.01 "CrtpoutenbctBo"

08.04.01.007 "KomnekcHas MEXaHU3ALMS 1 aBTOMATU3AIUsI CTPOUTENHCTBA"

Hayunsb1it pykoBoauTEHL I-p TeXH. HayK, mpodeccop P.T. EMenbsHoB
BrimyckHuk E.I'. CocoB
Penensenr II-p TeXH. HayK, ipodeccop B.W. UBanuypa

Kpacnosipck 2017



PE®EPAT

Boinycknast kBanmudukanmonHas pabora nmo teme «CoBepIIEeHCTBOBaHHE
MEXaHU3alluh YCTPOMCTBA JIOPOKHOTO OCHOBAHUS» COACPKUT 82 CTpaHMIIBI
TEKCTOBOTO JOKYMEHTa, 2 MPUJI0KeHUs, 60 UCTOIb30BaHHBIX HICTOUHUKOB

TPAMBOBKA, ACOAJIbTOYKIIAJUUK, MATEMATHUYECKAA
MOJIEJIb, IIIEBEHOCHO ITECHAHASA CMECH, ITPOI'PAMMA, OBBEKT,
NHOOPMAILIUA, OTYET, PEKOMEHJIAIA U ITPEJIJIOXKEHNA.

OO0bekT — YIUIOTHSAIOIIEE 000PYI0BaHUE JOPOKHOTO OCHOBAHUS.
eab padoThbl — MOBBIIICHHE KAYECTBA YIUIOTHEHHUS  JOPOXKHOTO OCHOBAHUS U3

111e0EHOUHO-TIECYaHbIX CMecei

3agauu UCCIEeIOBAHUS:

3agaum uccjie10BaHMIi:

* IlpoBecTu aHanu3 ucciae0BaHUM B 00JACTH YIJIOTHEHUS JOPOKHBIX CMECel
arperatoM YyKJIaJ4uKa;

* pa3paboTaTh TEXHUYECKOE NPEIJIOKEHHUE MO YIPAaBICHUIO  YIJIOM aTaKu
VIUIOTHSIIOIIETO arperara ykjaaJa4uKa;

* Pa3pabotaTh HMHUTAMOHHYIO MOJENb paboyero mporecca arperara
VIUIOTHEHUS C CUCTEMOM YIIPABJICHUS;

* YCTAaHOBUTh B XOJE€ TEOPETHUUYECKUX HCCIETOBAHUM, J1a0OpPaTOPHBIX U
MPOU3BOJICTBEHHBIX ~ JKCIIEPUMEHTOB  B3aMMOCBS3b  JUHAMHUUYECKUX
XapaKTepUCTHUK MPOLECCOB YIUIOTHSIOIIErO arperara u napaMeTpoB pekuma
(bopMHpOBaHUS TOPOKHOTO OCHOBAHHUSA C IJIOTHOCTBIO PabOYero rpyHTa;

B pesynbrare npoBeaeHus paboThl OblIa ONpeAesieHa CTPYKTYpHasi cxema
yOpaBJIEHUS JOPOKHBIM MPUHTEPOM, YCTAHOBJIEHBI 3aKOHOMEPHOCTH M3MEHEHUS
OCHOBHBIX IMAPaMETPOB MPU pabOTEe MPUHTEPA B PA3TUYHBIX YCIOBHUSX.

B urore Obut0 pa3paboTaHO HOBOE TEXHUYECKOE PEIICHUS aBTOMATHU3AIlUU
HAHECEHHU JIOPOXKHBIX 3HAKOB. B KauecTBe TEXHMUECKOW peanu3aiuu pa3padboTaH

OM3HEC TUIaH CEPUITHOTO BHIMTYCKA JIOPOKHOTO MPUHTEPA
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BBEJAEHHUE

B Hacrosimee BpemMs IpU  CTPOUTEILCTBE aBTOMOOWJIBHBIX — JOPOT
(denepanbHOrO M TEPPUTOPHAIBHOTO 3HaueHuss B Poccun mpom3BOAUTCS
YCTPOMCTBO CIIOEB OCHOBAHUS M3 IIEOCHOYHO-TIECYAHBIX U APYrUX cmecei. s
3TOTO NPUMEHSIOTCA TEXHOJOIMHM C IIPUMEHEHWEM KOMIUIEKTa MalluH
COCTOSIIIIETO W3 aBTOrpeijepa M KaTka a TakkKe OETOHOYKIAQTUMKOB U
acanbroykiaquukoB.  Pasnuynble  momenu  achanbTOYKIATYMKOB B
3aBUCUMOCTH OT YIUIOTHAIOIIUX YCTPOMCTB U PEXKHUMOB padOThl MOIYT
OCYILLECTBJISITh  NMPEABAPUTENIBHOE  YIUIOTHEHHWE  JIOPOKHOTO  OCHOBAHUSA

TpeOyeMoro KauecTna.

Hust  pocTwkeHuss  TpeOyemMoro  KadectBa  JIOPOKHOTO  OCHOBAaHMS
MPUMEHSTCS Pa3JIUYHBIE PEXKUMBI pabOThl acPanbTOYKIAAUUKA U CHUCTEMBI
VOpaBJICHUS WM, 4YTOOBI B peE3yibTaTe IMOJYYUTh OCHOBAaHUE JOPOTH
PAaBHOMEPHOW MUIOTHOCTU KakK MO MIMPHUHE TaK IO JJIMHE U 00JIETYUTH padoTy
[0 OKOHYATEJIbHOMY YIUIOTHEHUIO OCHOBaHMS U3 IEOCHOYHO-TIECUaHbIX
cMeceil katkamu. OJHUM W3 KPUTEPUEB KayecTBa JIOPOKHOTO OCHOBAHUSA
CIYKUT KOI(DDUIIMEHT YIJIOTHEHHUS YKJIAJbIBAEMON CMeCH. DTOT KpUTEpUi
oOecrieuynBaeTCsd COUETaHWEM TapaMeTpoOB YCUJIUS B TpamOymlieMm Opyce u
aMIUIUTYTHO-4aCTOTHOM XapaKTEPUCTUKON BBITJIAYKABAOIIEH TUIUTHI
acanbTOoyKJIaIuuKa. YTpaBieHUE XapaKTEPUCTUKAMU Mpoliecca B IIUPOKOM
WHTEpBaJe, BIUIOTh O HOPMATHBHOM BEIWYUHBI KOA(DPHUIIMEHTA YIUIOTHEHUS
cMecH O00€eCMeUnBaeTC IYyTeM YCTAaHOBKM B MPOTPaMMHO-3alIOMHUHAIOIIEE

YCTPOMCTBO YIPABJISIOIIETO MOTYJIS.

[Ipu pa3paboTke yYHPaBISAIOMIETO MOIYJISI M TPOCKTUPOBAHUS CHUCTEM
yopaBiaeHust pabouuMm o00opydoBaHHEeM ac(anbTOYKJIaAuuKa HCIOJIb30BaHbI

COBpEMEHHbIE MeTOJbl ¢ nomomiblo cucremMbel «MATLAB ¢ npunoxenusimu

Simulink u LabVIEW»,
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B pesynbrate mMomenupoBaHHs ITWHAMUKUA MPOIECCOB  YIJIOTHEHUS OBLIH
MOJIYYCHBI aMIUTMTYIHO-(a30BbIE XapaKTEPUCTHKXA pabodero 000pyaoBaHUS
achaiabTOyKJIaquiuKa. ITO Jajd0 BO3MOXKHOCTb aHAJU3UPOBATh CTPYKTYpHl H
BIMSHUE TMapaMeTpOB CHUCTEMBI, pellaTh 3aJadyd CHHTE3a IyTeM moadopa
KOPPEKTUPYIOIIUX AJIIEMEHTOB, BBITIOJTHATH UJCHTUDUKAITIIO 1o
OKCIIEPUMEHTAJIBHO CHATHIM YaCTOTHBIM XapakTepucTukam. [lo aMrmmuTymaHO-
$a30BBIM  XapaKTEPUCTUKAM CHEJaHbl BBIBOJABI O TaKUX KadueCTBEHHBIX
MoKa3aTeNsiX, Kak 3amachl YCTOWYMBOCTU IO aMIUIUTYIE U MO (a3e, pe30HaHCHas
4acTOTa, YacTOTa cpe3a.

Bce st0 ompenenuno 1mens paboThl MO pa3pabOTKE CHUCTEMBI YNPABICHUS
MPOILIECCOM  YIUIOTHEHUS YKJIAJOYHBIX MAIlIMH, YTO TIO3BOJHUT IOBBICUTH

7¢h(HEeKTUBHOCTH PabOTHI, YCTPAHUTh CYOBEKTUBHBIN (haKkTOpP.



1. COCTOSHHUE BOITPOCA, LHEJIb U 3ATAYU NUCCJIEJOBAHUA

1.1 AHaJu3 TEXHOJOTHYECKUX MPOLECCOB YCTPOMCTBA JOPOKHOTO

OCHOBAaHMHA

Pa3Butue aBTOMOOMIILHOTO TPpaHCIIOpTa B IIOCICAHUC ACCATHNIICTHUA

HOTpe6OBaJ'IO COBCPIICHCTBOBAHUA KOHCTpYKHI/Iﬁ HOPOIKHBIX OACKI U crroco0oB

HX CTPOUTCIILCTBA, B TOM YHUCJIC CIIOCB OCHOBaHUM AOPOKHBIX OJCK/ N3 KaAMCHHBIX

MAaTcpuajioB, KOTOPBIC OCHOBBIBAJIMCb Had TCOPCTHUCCKHUX IIOJIOKCHHUAX O

Tpe6OBaHI/I}IX K CIIOAM OOPOIKHBIX OACKI (BI:II[BI/IHYTBIX n obocHoBaHHEIX A.K.

bupyans,

H.H. UBanoBeim, B.®. babkosiM, M.I. BonkoBbeim, A.M. Kpusucckum,

H.B. T'opensimeBsiM, B.K. HekpacoBeiM, A.S. TynaeBeiM, KO.M. BacuibeBbim,

A.Il. Ba

cuibeBbiM, B.J[. KazapHOBCKMM M Apyrumu), OCHOBHBIMH W3 KOTOPBIX

SABJIAIOTCA:

CHIOCOOHOCTh  CJIOS  BBLAEPKHMBATh HArpy3Ky OT  IPOE3KaIoLIEro
aBTOTPAHCIIOPTa, M HMETh HEOOXOJMMYIO NPOYHOCTh HPUMEHSIEMBIX
MaTepuajioB M  MOAYJIb  YNPYrOCTH  CJOSl, MNPEAOTBPALIAOIINX
oOpa3oBaHHE HEPOBHOCTEW U KOJIEH Ha MOKPHITUH;

CIIOCOOHOCTD Marepuaia cIos BBIJICPKUBATH BO3JICMICTBHE
KJIMMAaTUYECKUX (PAKTOPOB;

BOCIIPMHUMATh KoJIeOaHUSI TeMIepaTypbl Hapy»KHOTO BO3AyXa H
o0OecrieynBaTh  MNPEJOTBPAILICHHE  BO3HUKHOBEHHS  TEMIIEpaTypHBIX

TPELLUH B CIIOE.

VY4eHbIMH JTOPOXKHOM oOTpaciau ObUIM pa3pabOTaHbl HOBBIE KOHCTPYKIUH,

MaTrcpuajbl H TCXHOJIOTUM CTPOUTCILBCTBA CJIOCB OOPOXKHBIX OOCKI M3

KaMCHHBIX MAaTCpHaIOB 0e3 BsOKYIIHUX, a TaAKXC KaMCHHBIX MATCPHAJIOB H

I'PYHTOB,

00pabOTaHHBIX HEOPraHWYECKUMH BsDKymuMu. [IpoBeneHHbIe
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yueHsiMu B niocnenuue aecsatuiierus (B.C. Ucaes, b.C. Mapsies, A.O. Cab,
B.C. IIgetkoB, B.M. IOwmamen, A.K. CnaByukwuii, H.A. ®uanosckuii, E.N.
®eoktucroB, O.A. 3akypmae, JI.b. Kameneuxwii, FO.H. Pozos, B.M.
OJbXOBUKOB W Jp.) TO3BOJWIM PACIIMPUTh HOMEHKJIATYpy HPUMEHIEMBIX
MaTepUalioB, YCOBEPIICHCTBOBATh TPEOOBAHUS K MaTepuaiaM U CJIO0sIM, a TakkKe
TEXHOJIOTHIO CTPOUTEILCTBA C HCIIOJB30BAHHUEM PA3IUYHBIX MAallUH |
MEXaHU3MOB. B OCHOBY OIIEHKM KayecTBa YIUJIOTHEHHUS JOPOKHOTO OCHOBAHMS
MOJIOKEH MPUHIUIT CPABHEHUS TJIOTHOCTH, MOJYYEHHON B HACKHINIU WJIA BBIEMKE,
C TUIOTHOCTBIO TOrO K€ TpyHTa B JabopaTopHOM mMpuboOpe CTaHAAPTHOTO

yIIoTHeHus. Pesynbrar B Buae koddduimenta yminotHenus (Ky) momkeH ObITh

paBHbIM 0,98-1,0 [11].

IIpu ycTpOWCTBE HOPOKHOTO OCHOBAHUS IIPOU3BOAUTCS PAacCIpelIeiiCHUE Hu
VIUIOTHEHUE YKJIAJbIBAEMOM CMECH JBYMs MeTogaMu. B mepBoM ciydae
pacupeneneHue  CMeCH  IMPOM3BOIAT  aBTOIPEUIECPOM € MOCIHEAYIOLINM
VIUDIOTHEHUEM MTHEBMOKOJIECHBIMU KaTkaMM. Bo BTOpoM pacnpeneieHue u
IUTAHUPOBKY  TPOQPHIUPOBIIMKOM WM YKJIQJIUYUKOM MO 3apaHee yCTaHOBIICHHOM
KOonupHOM cTpyHe. [lo OKOHUaHWMM IUIAHUPOBAHUS NPOBEPSAETCS TOJIIMHA,
MONEPEYHBIM YKJIOH, POBHOCTh M TIPU HEOOXOAMMOCTH OTMEUYEHHBIE e(EKThI
VCTPABIISFOTCS.

[Tocne pacnpeneneHuss CMECH MPOU3BOIIT €€ OKOHYATEIbHOE YIUIOTHEHHE
KaTKaMi Ha MHeBMolnHax maccod 10-15 1. YmnoTHstoT miebeHb OT Kpaes
YKJIaJIBA€MOM TOJIOCHI K CEpeIMHE C MEePEKPHITHEM cliesia Ha 1/3 mupuHbI BaJiblia
co ckopocThio 1,5-2 xm/4 [26].

[Tpu mpoexkTupoBaHuM 1MEOSHOYHBIX U TPABUITHBIX MOKPBITHI U OCHOBAHHUM U3
IJIOTHBIX CMECEH TpHUMEHsEMble MaTepHallbl JOJKHBI OTBEYaTh TPEOOBAHUSIM

['OCT 25607-94 u 'OCT 3344-83. PexoMeHyeMble 3€pHOBBIC COCTaBbl CMECEH

npuBezeHbl B Tabmuie 1.1 [7].


http://www.docnorma.ru/normadoc/3/3759/index.htm
http://www.docnorma.ru/normadoc/3/3749/index.htm

9

Tab6numa 1.1— PexomeHnayemblie 36pHOBBIE COCTAaBbI CMeCEi

Coneprxanne vactuil, %o

MakcumanbHbIN pazMep

Ne cmecun KpyIlHEEe, MM MeJbye, MM
PR Y 5 25 | 0,16 [ 0,05
Cwmecu qs nokpeituit TOCT 25607-94
C; 40 45-70 | 55-80 | 8-25 | 7-20
C, 20 25-50 | 35-65 | 10-35 | 8-25
Cwmecu mia ocHoBanuii ' OCT 25607-94
Cs 120 (70) 65-85 | 75-90 0-5 0-5
Cy 80 (70) 65-85 | 75-90 0-5 0-5
Cs 80 (70) 40-75 | 50-85 | 5-10 0-5
Ce 40 70-85 | 75-85 3-7 0-5
C; 20 60-85 | 70-95 | 3-10 3-8
Cs 20 40-60 | 55-70 | 5-10 0-4
CMech U3 HEaKTUBHBIX M cJ1a00akTUBHBIX mi1akoB [OCT 3344-83
C, 70 65-85 - 5-10 -
C, 70 40-75 - 5-10 -
Cy 40 70-85 - 5-10 -
Cs 20 40-60 - 5-10 -
Moaynu  yOpyrocTd  CloeB W3 MIEOCHOYHO-TIECYAHBIX  MaTepHaJIOB

CTPYHIIUPOBAHBI TIO THIAM IPUMEHIEMBIX CMECEH, peCcTaBICHHBIC B Ta0muIEe 1.2

[7;8].

Tabnuma 1.2 — Moayau ynpyrocTd cCJIoe€B U3 I1I€OCHOUYHO-TIECUAHBIX

MaTepHuaioB

Marepuan cinos

Mlla

PacueTHrIe 3HaUECHUSA

MOJyJIs ynpyrocrty, E,

Ha3HauYCHUE cMecel HOMCP CMCCHU U

npu

pu



http://www.docnorma.ru/normadoc/3/3759/index.htm
http://www.docnorma.ru/normadoc/3/3759/index.htm
http://www.docnorma.ru/normadoc/3/3749/index.htm
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MaKCHUMaJIbHAA KPYITHOCTb HIC6H€ I'paBUn

3epeH IIeOHs, MM

Jlst mokpertuit (COCT C:-40 300 280
25607-94) C,-20 290 265
C3;-60 280 240
C4-80 275 230
Jnst ocHoBanuii (TOCT
Cs-40 260 220
25607-94)
Ce-20 240 200
C;-20 260 180
C,-70 275 -
M3 HeaKTUBHBIX U
C,-70 260 -
CJIa00AaKTHBHBIX U IIAKOB
C4-40 250 -
(COCT 3344-83)
Ce-20 210 -

[Ipn ykaTke KaTKamMH JIOPOKHOTO OCHOBAaHUS B YIUIOTHSIEMOM MaTepHaia
BO3HUKaeT ocTtarouyHas ngedopmamnms []. [lo Mepe yBenwueHUs IUIOTHOCTH
MaTepuana 3Ta Jnedopmanusi YMEHbIIAETCS, OCTENEHHO MPUOIMKAICh K HYIIIO.
OnHako TUIOTHOCTh OCHOBAaHUS IOJYy4YaeTCsl HEPABHOMEPHON KaK IO IIMPUHE
JIOPOTH TaK U 1O €€ JJIMHE.

YInoTHeHHe CJI0E€B OCHOBAHUS JIOPOTH  TOJIydaeTcss 0oJiee KadyeCTBEHHBIM
tpamboBanuem  [1]. Jlns  aTOoro  mpumeHsiercss  TpaMmOyromuil - Opyc

ac(aNbTOyKJIaqUhKa TPH IPEIBAPUTEIBHOM YIUIOTHEHUH cMecH (pucyHok 1.1).



http://www.docnorma.ru/normadoc/3/3759/index.htm
http://www.docnorma.ru/normadoc/3/3759/index.htm
http://www.docnorma.ru/normadoc/3/3759/index.htm
http://www.docnorma.ru/normadoc/3/3759/index.htm
http://www.docnorma.ru/normadoc/3/3749/index.htm
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Pucynok 1.1-TpamOyromuit 6pyc acanbToyKiaaunka

TpamOyromuii 6pyc JOJKEH UMETh OJIMHAKOBBIM XO/1 10 BCEW IIUPUHE YKIIAIKH.
Benmnuunna xona peryaupyercs IMOBOPOTOM 3KCLUEHTPUKOBOM BTYJKH Ha Balle,
KOTOPBIN MPUBOAUT TpamOytonuii Opyc B aeiictBue. Heckonbko 6osee ClIoKHOM
ABJIIETCS  HACTpOMKAa  HIDKHEW MEpTBOM TOYKM Opyca  OTHOCUTEIBHO
BBITJIQXKUBAIOIIEH TIIUTHL. {151 perynupoBku xoja TpamoOyrouiero 6pyca cHavana
JEMOHTUPYIOTCS TI€peHHE CTEHKHU, M OCJIa0JiseTcss 3aTsKKa BHHTOB BCEX
KoHcouiel Bana. [loroM ocnabrnsiercs 3aTsxka KOHTpraek (2), mociie 4ero BUHTaMu
(1) mMoxHO u3MEHsieTcs BbICOTa TpamoOytomero Opyca. BpicoTa perymupoBku

3aBUCHUT OT YCTAaHOBJIEHHOTO X0J1a Opyca.
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Jlis monydeHust 3aJaHHOM MJIOTHOCTH MaTepuana TpeOyeTcs JOMOJHUTEIBHOE
BUOpOYIUIOTHeHHE. BUOpOYIIIOTHEHUE - YIUIOTHEHHWE C TIOMOIIBIO BHOpAInH,
KOI/Ia KoJIeOmromascss Macca cooOIIaeT KMHETHYECKYI0 DHEPTUI0 YacTUllaM WITU
3epHaM Marepuasa; YIJIOTHEHUE MPOMCXOJUT 3a CYET B3aMMHOTO MEepeMeIleHUs
YaCTHUI] MaTepHualia ¢ yYCKOPCHHUSIMH, 3aBHUCSIIUMH OT KPYIMHOCTH JTHUX YaCTHII.
HaubGonee sdpdextuBeH BUOpAIIMOHHBIA METOJA MPU YIUIOTHEHUH MAaJIOCBS3HBIX
MaTepuanoB. O(G(PEKT yIUIOTHEHUS BUOPUPOBAHWEM 3aBUCHUT OT AMIUIATY/IBI
KOJIeOaHMM, X YaCTOTBI, YCKOPECHUSI U MacChl BUOpOBO3OyauTens. CyIecTBYIOT
Tak)k€ KOMOMHUPOBAHHBIE CHOCOOBI  YIUIOTHEHMs, KOIJla BUOpHpOBaHUE
codeTaeTcs C YKaTKOW, TpaMOOBaHHMEM B BHOPAIMOHHBIX JOPOKHBIX KaTKaxX M
BUOpOTpaMOyroIuX MalmHax [5].

OxoHYaTeIbHOE YIULIOTHCHUC JOPOKHOI'O OCHOBAHHA BBIIIOIHACTCA KaTKaMH

(pucynok 1.3).

Puc. 1.3 — JIopoXxHBIi1 KaTOK
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Y1IoTHEHHE MaTepraia OCyIECTBISIETCS IyTEM BO3JICHCTBUS KaTKa Ha CJIOW U
3aBUCHUT OT MPUTPY3a, JABJICHUS B IIIMHE U €€ KECTKOCTU. PerymmpoBaTh BEIMYUHY
KOHTAaKTHBIX JaBJICHUH B 3aBUCHMOCTH OT TEMIIEPATYpPHOTO COCTOSHUS
acarbTOOCTOHHOW CMECH W CTENCHH €€ YIUIOTHEHUS MOXKHO IIyTEM H3MEHSIS
JABJICHUS B IUHE. J{7151 yITIOTHEHUST MaTepuayia IPUMEHSIOTCS KATKH:

® CTaTHYECKOTO BO3ICHCTBUSI
® BHOPAIIMOHHOTO JACHCTBUS (BUOPOKATKH)
® KOMIUIEKCHOTO BO3JCUCTBUS (OQWH Bajel] OKa3blBa€T HA Marepuas

CTaTUYECKOE BO3JEHUCTBUE, a BTOPOU - BUOPALIMOHHOE)

D¢ dexTHBHOCTh BUOPOYIJIOTHEHUSI ONPEAEINIAETC KONEOIIOMEencs OCHOBHBIMU
XapaKTEPUCTHUKAMU: MacCcoil Bayblla, aMIUIUTYIOM M 4YacTOTOM KoOJIeOaHUs.
Bemnuuna ammutyaer 0,2-0,8 MM, a dacrora konebanuit 25-58 I'm. Yactoty
KoJeOaHuil BUOpOBaJIbLIA HA3HAYAIOT C YYETOM PEOJIOTMYECKHX CBOMCTB
YIUIOTHSIEMOM CMECH, €€ TEMIIEPATYPBI U CKOPOCTH JBUKECHHUS KaTKa.

Jlnst pacnpenenceHus, yKIaAKd W NPEABAPUTEIBHOTO YIUIOTHEHUS CIIOEB
JOPOKHOW  OCKIbl IpEJHA3HAYEHbl acQalbTOYKIAAUYUKH,  CXeMa paldoThl

KOTOPBIX MpHUBENIeHa Ha pucyHke 1.4,

JlopokHast cMecb M3 TPaHCHOPTHBIX CPEACTB WM NEperpykarenei-
HAKOMUTENeH mojaercs B NpuéMHBI OyHkep 1, ¢ moOMOIIbIO TUTaTEeNe 2
IepeaeTcsl B IIHEKOBYIO KaMmepy 3, ¢ MOMOIIBIO IIHEKOB 4 pacnpelenistoT CMECh
N0 BCEW IIMpPUHE YKIAIKH U C MOMOLIbI0 OJIoka TpaMmOyroumx OpyceeB S5 u
BBITVIAKUBAIOIIMX IUIMT 6 OCYULIECTBIISIETCS.  NPEABAPUTEIIBHOE YIUIOTHEHUE

cMmecu (pucyHok 1.4).
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Pucynoxk 1.4 — Cxema yKJIaJiku TOpOKHOM cMecH achaibTOYKIATYHKOM

JIByMsi HE3aBUCHUMBIMU JAPYT OT JApyra IIHEKaMH, PaCIOJIOKEHHBIMU MEXITY
MalIMHOW W paboYMM OpraHOM, CMECh PaBHOMEPHO pacHpenessieTcs Mo IIHpPUHE
noporu. [ onTHMaIbHOTO paclpeacsuIeHus CMECH 10 BCEH IIMPUHE YKIIAIKH,
JUIMHY IIIHEKOB MOKHO M3MEHATH TyTeM HaBEIIMBAHUS WA yJaJCHUs
COOTBETCTBYIOIIMX ymmmpuTenaei. Yactora BpamieHUs ITHEKOB HW3MEHSIETCS
MPOTMOPIIMOHANILHO 3allacy MaTepuayia nepej HUMH M0 CUTHAJIaM JaTYUKOB OT
cucteMbl ynpasienus. llepen Havamom ykiIajkd BCe 4acTh pabOdYero oprasa,
KOTOpPbIE KOHTAaKTUPYIOT CO CMEChlO, mporpeBaroT npumepHo g0 90°C. Eciu
pabounii oOpraH HEIOCTATOYHO TPOTPET, TO BO3MOXKHO MPHUKIECHUBAHUC
acanbTo0eTOHA K TpaMOyroleMy OpycCy, BBITJIaKUBAIOIIEH TJIUTE U MPECCYIoIIeh
raHke (TuiaHkam). ITo BeleT K 00pa30BaHUIO MOJIOC HAa TTOBEPXHOCTH CJIOS U, KaK
MpaBuiIo, K HEKOHTPOJUPYEMOMY BBIMAJCHUIO MEJIKUX 4YacTHI[ MaTepHhayia C

oOpa3oBaHHEM HEPaBHOMEPHO CTPYKTYPbI OBEpXHOCTH [12].
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Jns  oOecrniedeHus] KavyecTBa CTpoMTelbcTBa Joporu B coorBercTBUM CHull
3.06.03-85  acdanpTOoyKIagUMKU ~ OCHAIMAIOTCS aBTOMATHYECKOW CHCTEMOU

ynpasiacHus [12].
TpeboBaHUs K KAUECTBY JOPOTH BKJIIOYAFOT:

e oOecreyeHne POBHOCTU TMOBEPXHOCTH YKIIAIBIBAEMOTO CJOS B IMPOJOJIHLHOM
HaIpaBJICHUM MPOCBET MOJ| perkol JuHoi 3 M B 95% u3MepeHuit He 6osee 3
MM;

e o0ecrieueHre MOCTOSIHCTBA TOJIIMHBI yKJIaAbiBaeMoro ciosi B 90% uzmepenuii

OTKJIOHCHUA OT BaIIaHHOﬁ TOJIIIMHBI HC Ooiee IOMM,

e o0OecrieueHHe NMOCTOSHCTBA IIMPHUHBI YKIIaIbIBaeMoro ciioss B 90% wu3mepeHuit

OTKJIOHEHHS OT 3aJaHHOM TOJIIIHMHEI He Oojiee 10cMm;

e o0OecrieueHHe TIOCTOSHCTBA TOMEPEYHOTO YKJIOHa TmoBepXxHOCcTH B 90%

M3MEPEHUN OTKIIOHEHUSI OT 3alaHHOTO yKJoHa He Ooiee 0,005;

e o0ecleueHre MPOEKTHBIX BBICOTHBIX OTMETOK IO OCH MOKpbITUA B 90%

I/I3M€pCHI/If/’I OTKJIOHCHHUS OT IIPOCKTHBIX OTMCTOK HC oosee 10 Mm .

1.2. AHaam3 HCCIeI0BAHUN TNPOIECCOB YIUIOTHEHHS] M KOHTPOJIA

KavyecTBa JOPOKHOI0 OCHOBAHUA

Jliia obecrieueHus: IPOYHOCTH JOPOKHOIO OCHOBAHUS MaTepuai KakI0ro CIIOs
JIOPOKHOU OAEXKIbI HEOOXOAMMO Pa3pOBHSATH U YIUIOTHUTH JI0 TPEOyeMOro ypoBHs
IUIOTHOCTU. YKJIaJbIBA€MbIE B MPOLECCE CTPOUTENHCTBA aBTOMOOMIBHON JOpOrU
JIOPOKHO-CTPOUTEIbHBIE MaTepualibl TpeOyroT 3((PEKTUBHOIO YIIOTHEHHS MpU
MOMOIIY YIUIOTHSIOIIMX MAIIMH Pa3IMYHOrO JIEWCTBHS. YIUIOTHEHHE MaTepuasa
IPOUCXOJUT B PE3YJIbTATE MPUIOKEHUS K €ro IOBEPXHOCTU UUKINYECKON
Harpy3ku, KOTOpas B TEUEHHE OJHOTO ILIMKJIAa HM3MEHSETCS OT MHHMMYMa [0

MaKCMMyMa M 34aTEM CHOBA 1O MHUHHMYMaA. ‘—Iepe3 OHpGI[GHGHHLIﬁ IIPOMCIKYTOK
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BPEMEHU IIUKJI BO3AECHCTBUS YIUIOTHAIOLIEH Harpy3Ky Ha MaTepuaj NOBTOPSIETCS.

B coOoTBETCTBUM C W3MEHEHHEM LMUKIWYECKOW BEIMYMHBI YIUIOTHAIOLICH
Harpy3kl HW3MEHSETCS YPOBEHb HANPSHKEHHOTO COCTOSIHUSA — YIUIOTHSIEMOTO
Marepuaiia. B mpouecce yIUIOTHEHHS CBOWCTBA YIUIOTHAEMOTO Marepualia
(IIOTHOCTh, MPOYHOCTh, BSI3KOCTh, YHNPYTrOCTh U JpP.) U3MEHSIOTCS B TEUYCHUE
OJHOTO M TOrO0 K€ LHKJIA W NOpU MEepexoje OT LUKIa K LHuKIy. CTeneHb
VIUIOTHEHUS MaTepuaia ONpeNesioT Mo BenuuuHe naedopmanuu  oObeMa
YVIUIOTHSIEMOT'O0 MaTepHaia.

B pabore [1] npuBeeHBI HCCIIEIOBAHUS U3MCHEHHUS HAIIPSDKEHHOTO COCTOSIHUS
MpY [UKJINYECKOW Harpy3ke. Ilmactuueckne COBUTH TOJ IEUCTBHEM HArpy3KH
CHayaja MPOUCXOIAT B OTIEIbHBIX 30HAX YIUIOTHAEMOIO MAaTepHhalia, a 3aTeM
MIOCTENIEHHO C YBEJIMYEHUEM BPEMEHU JEHUCTBUSI HArpy3KU PacIpOCTPAHSIOTCS Ha
BeCh €ro o0beM HepaBHOMEpHO. [Ipu yIIOTHEHUM TPaBUUHBIX U MIEOSHOYHBIX
MaTepuajioB IMOJ BO3JAECHCTBHEM BHEIIHEW HArpy3kd MPEOJOJIEBAIOTCS CHUIIbI
TPEHUSI MEXJY HEOJHOPOJHBIMU IO 00BbeMy U (opMe dYacTHUIAMHU MaTepuasa
MOXET MPOUCXOAUTh UX ycuiauBaHue. lIpu mpuiioxkeHun Harpy3ku (Hampumep,
npu BUOpanuu) K MICOCHOYHO-TIECUaHOM CMECH, BO3HUKACT SBJICHHE €€
TUKCOTPOITHOTO Pa3KMKEHUs, KOTOPOE MOBBIMIACT d(PPEKTUBHOCTh YIJIOTHEHUS
CMECH.

Ha mporecc yIIOTHEHHS JTOPOKHO-CTPOUTEIBHBIX MATEPUAJIOB  BIIUSIET
00JBIIOE KOJMYECTBO Pa3zHOOOpa3HbIX (PaKkTOpoB: pa3smep, Gpopma, MPOYHOCTh U
JpyTyU€e CBOKMCTBA MUHEPAIBbHBIX YaCTHUI, KOJIMYECTBEHHOE COOTHOIIEHUE TBEPIOH,
KUAKOM W ra3oo0pa3HoOM (pa3; MakCUMalIbHOE HANpSKEHUE, MPUKIAIBIBAEMOE K
MOBEPXHOCTH YIUIOTHSIEMOIO0 Marepualia, KOTOPOE OIpEeaesieT HaMpsSKEHHOE
COCTOSIHHUE€ BCEro o0beMa YIUIOTHAEMOTO MaTepualia; BpeMs JeHCTBHS
VIUIOTHSIOIIEW Harpy3ku W CKOPOCTh H3MEHEHHS HANpPsHKEHHOTO COCTOSIHUS
VIUIOTHSIEMOI'O MaTepHaia B T€YEHUE OJHOTO IIUKJIa HATPY>KEHUS; 4aCTOTa U YUCIIO

MPHUJIOKEHHUS YILUTOTHSIOIICH TUKINYeCKON Harpy3ku [3].
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JUig OLeHKM KayecTBa YIJIOTHEHUS NPUMEHSIOTCS IUIoTHoMepbl. Hanboinee
pPaCIpOCTPAHEHHBIMUA M INPUMEHSEMBIMA BO MHOTHMX CTPaHAaX OKAa3aJIMCh TAaK
Ha3bIBAEMBIC IIJIOTHOMEPBI-IIEHETPOMETPBl CTaTUYECKOTO W JUHAMUYECKOTO
tuna. OJgHUM U3 [EPBBIX MOJOOHBIX  IJIOTHOMEPOB-NIEHETPOMETPOB,
ucnoip30BaBmuxcs mpod. 3eneHuHsiM A. H. 1151 BBIABICHUST KOPPEISAIIMOHHON
CBSI3M MEXKIY CONPOTUBJIEHUEM TPYHTa PE3aHMIO M €ro IUIOTHOCTBIO, OBLI
wiotHomep JopHMMU, Gonee u3BecTHI moa Ha3BaHueM «ynapHuk JopHUN».
Kpureprem OLEHKM IUIOTHOCTH SIBISETCS KOJWYECTBO YIAapoB rpys3a 2,5 Krc,
nazaaroomero ¢ BbicoThl 40 cM, HEOOXoIMMOE Jid MOTIPYKEHHUS B TPYHT Ha
ryouHy 10 M OUIMHAPUYECKOTO CTEPKHSA C IUIOUIAJbI0 OCHOBAHUS IUIOCKOTO
HaKoHeuHHKa 1 cM® (171 cIaGbIX M PBIXIIBIX TPYHTOB ObLT BTOPOHl HAKOHEYHHK
c momanslo 2 cM?) [22]. TII0THOMEpHI-IEHETPOMETPBI CTATHYECKOrO THIIA
TpeOYIOT COJUAHOTO YCHUJIUS 33JaBIMBAaHUSl 30H]Ia-HAKOHEYHUKA (HA MJIOTHBIX
CBSI3HBIX TpyHTax 10 50—60 Krc), a Takke PaBHOMEPHOIO M IIJIaBHOTO €ro
norpyxenust Ha rryouny 10 10 cm B teuenue 15-20 cek. (OT 3TOro 3aBUCHUT

BEJIMYMHA YCUITUI). DTO SABJISIETCS MPUYUHOM pa3dpoca pe3yabTaTOB U3MEPEHUH.

IIpu onieHKe KauecTBa yCTPOMCTBA 3EMIISTHOTO NIOJIOTHA U3 MECYAHBIX TPYHTOB, B
TOM YHCI€ OJHOPA3MEPHBIX, HA MPOTHKEHUH psAAa JIeT NPUMEHSET s
DKCIIPECC-OLIEHKN KAa4eCTBA UX YIJIOTHEHMSI JUHAMUYECKHUN TUIOTHOMEp Tuma Jl-
51. Jlns AOPOKHBIX TPYHTOBBIX OOBEKTOB ObUIM MPUMEHSIOTCS TMHAMHYECKHE
miotHoMmepbl J[-51 u PB-102A (mecuansie TpyHTHI) U MJIOTHOMEp-Biaaromep H.
I1. KoBaneBa (rpyntbl cBsizHbie). Coro3gopHUUN Obio co3maHo ycTpomcTBO,
HA3BaHHOE «BEPTYLIKOW», /Uil OoJjiee OBICTPOW CYIIKM HABECKHU I'PyHTa B OIOKCE
(1-1,5 gaca Bmecto 6—8 uacoB). OCHOBHBIM Y3JIOM 3TOrO IIPOCTOro Mmpudopa
ObIT OOBIYHBIN TpOWTpBIBATENb IIACTHHOK ¢ 33, 45 unu 78 obopoTamu B
MuHyTy. Ha ero nuck ¢ 60KOBbIMU OypTHKaMH yCTaHABIMBAIOCh 12—15 OroKcoB
C BJIaXHBIM TpyHTOM. CBepXy Ha ONTUMAJIIBHOM pAaCCTOSHUHU, HANJACHHOM
ONBITHBIM ITyTEM M3 yCJIOBHUS Temrieparypsl y rpyHTa 105-110°C, nomemancs

OOBIYHBIH ~ C  BOTHYTOM  OTpa)kaTe€IbHOM  Tapeiakod  pedIieKTOPHBIM
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QJICKTPOHAIrpeBaTECIib, KOTOprﬁ 3a CUCT BpalllCHUA OIOKCOB BBITIOJIHSII BECh IITHKII

CYIIKH Bcero 3a 1-1,5 gaca [26].

JIOCTaTOYHO OIEpaTUBHBIE PE3YJIbTaThl MO BJIAXKHOCTU W IUIOTHOCTH
ITPYHTOB JAalOT pPagUOMETPUUECKHE METoJAbl U mnpubopbl. OJHAKO OHU
HYKJIAalI0OTCSl B TAPUPOBKE IO KAXIOMY BHJly TPYHTa U OYEHb YyBCTBUTEIbHBI Ha

BKJIIFOYCHHA B TPYHTC KaMHEH.

B TI'epmManuu U Apyrux CTpaHax HUCIOJb3YIOT METOJ JABOMHOW OLIEHKH
Ka4ecTBa YIUIOTHEHHUs 3€MIJITHOTO 1osiotHa — 1o Ky u mo moxymro aedopmanmn
wm ynpyroctd. Ecmu nocturnyt tpebyemsiii Ky, HO He oOecriedeH MoAyib,
TPYHT MOJJIEKHUT 3aMEHE WM YKPEIUICHHIO BsDKyInMH. JlopoxxHukamu OPI; ¢
yCIIEXOM MpPHUMEHSIETCA JJIsi OLEHKM KadecTBa YIUIOTHEHUS U Je(dOpMaTUBHO-
IPOYHOCTHOTO COCTOSIHUSL (HECylel CHOCOOHOCTH) TPYHTOB 3€MIISIHOTO
MOJIOTHA, MEOEHOYHOTO OCHOBAHUS, YKPEIUIEHHBIX TPYHTOB, YKPEIUICHHBIX IO

METO/Y XOJIOJHOTO PECAlKIMHIa MaTepPHaIOB JOPOXKHOMN oAk bl [27].

Kpurepuem oleHKM KadecTBa YIUIOTHEHHS IMICOHS CIYXHUT €r0 JHHAMHYCCKHUI
Moayb aAedopManu (WM YOPYrOCTH, €CIM OcCajKa IITaMIia TOJHOCTHIO
ynpyra), (axTuyecku SBISIOMUNACAS OOOOUIEHHBIM WM SKBUBAJICHTHBIM
MOJyJieM IIeOCHOYHOTO OCHOBAHUS, TMOACTHIAIONIETO CIIOS M YaCTUYHO

3CMJIIHOI'O ITIOJIOTHA.

B ocHOBe Bcex Takux YCTpOMCTB M pa3pabOTOK, B TOM YHCIE M 3a
pyOeXoM, JIexKan OJUH MPUHITUI — 3aBUCUMOCTD JINOO COTPOTHUBIICHHUSI KAUEHUIO
Bajblla WJIM IIMHBI (110 W3MEHEHHUIO KPYTSIIEro MOMEHTa), JHUOO OcCaaKu
MOBEPXHOCTH KaueHHs (MO KOMMMPHOMY YCTPOMCTBY), JUOO ee MOayis
nedopmarii UM yopyroctd, JIMOO aMIUTUTY/IbI KOJeOaHW pamMbl WM Bajblla

BI/I6p0KaTI(a OT INIOTHOCTU I'PYHTA WJIN APYTroro yiioOTHACMOIO MaTcpurala .

[Io Mepe pocTa IIIOTHOCTH, MTPOYHOCTH U KECTKOCTH YIUIOTHAEMOTO IPYHTA WU
meOHs1 KojieOaHus Basiblia YBEJIMUMBAIOTCS (pacTeT aMIUIUTYyla, YCKOPEHUE U

cuja BO3JEHUCTBUS). OTH H3MEHEHHUs (UKCHUPYIOT akKcelepoMeTp H TalJjo
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CYETUYHMKA OTHOCHUTEJIbHOIO YIUIOTHEHUsi B kabuue. Ilo cytu nena, cuerdmk
pErHCTpUPYET YOPYIYH0 pPEaKUWI0 M OTJady Marepuana, T. €. €ro MOAYJb
yOpyroctu. B 3Tom ecTh omnpezieieHHOe CXOJCTBO M pas3jinuue 3TOro crnocoda ¢
METO/JaMH OIICHKM KadyecTBa YIUIOTHEHUs ¢ mnomoinbio Y/IH u peraakHoro

nporudomepa [27].

1.3 O0630p cymecTByWIIMX METOA0B ABTOMATHYECKOr0 YIPABJICHUSA

MPOLECCOM YCTPOIiCTBA JOPOKHOTO OCHOBAHMS

Jns  ynpaBiaeHus  NPOLECCOM  YCTPOMCTBA  JTOPOKHOIO  OCHOBAHUSA
OpPUMEHSAETCS  CUcTeMa  CTa0WiIM3alMi  YIUIOTHSAOWEro  000OpyAOBaHUs

acanmpToyKiaaunka «Jlopora» (pucynok 1.5).

Pucynok 1.5 — Cucrema crabwim3anuy YIUIOTHSIOUIETO OOOpYyIOBaHUS

acdanpToyKiIamurka «Joporay.

HpI/I JABHXKXCHHNHN aC(I)aJ'IBTOYKJ'IaI[‘-IHKa 110 MCCTHBIM HCPOBHOCTAM OCHOBAHU:I,

BBI3BIBAIOIIMM IICPCKOC KOpIIyCa MaAIIWMHBI B ITIPOJOJbHOM H IIOIICPECUYHOM
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HaIpaBJICHUSIX U COOTBETCTBEHHOE M3MEHEHHUE YTJIOB HAKJIOHA pabodyero opraa,
CHUCTeMa aBTOMATHKH [0 CHTHAJaM, MOJYyYEHHBIM OT JATYUKOB, C TOMOIIBIO
TUIPABINYECKUX UCTIOTHUTEIbCKUX MEXaHU3MOB U3MEHSET MOJOKEHUE TIEPETHUX
HIAPHUPOB JIOHKEPOHOB TaKUM 00pa30M, YTO MPOU3BOJIUT BOCCTAHOBJICHHE YTJIOB
HaKJIOHA pabouero oprana [22].

[Ipu paboTe ¢ aBTOMAaTHU3UPOBAHHBIM acC(hANBTOYKIAIUYUKOM YyCTaHaB-
JUBAIOT 0a3y JUIsl CIESIICH CUCTEMBI - KOMMUPHYIO CTPYHY (pUCYHOK 1.6), KoTOpas
CIIy’)KUT yKa3aTeJIeM YPOBHS M HAIpaBIICHUS JIBIDKEHUS acaibroykiaagunka. OHa
TaK)Ke SIBIIIETCSA HCXOJHOM 0a3oi NJisi YCTAaHOBKM U PETYJIHUPOBaHUS pabOUYUX
opraHoB ac(aabTOyKJIaayuKa Tepe]] HadajloM padoT. s cobmtoneHust
TpeOyemMoro mnpo¢uis HOKPHITHS KONUPHYIO CTPYHY YCTaHABJIMBAIOT C JBYX
CTOpPOH MOKpbITUS. OAHAKO MPHU YKIAJKE BTOPOM MOJIOCHI ATY CTPYHY MOXKET
3aMEHUTh TOTOBOE IMOKPBITUE, MO KOTOPOMY CKOJB3HUT phIYar MmpeoOpa3oBaTems

CUCTCMBbI aBTOMATHUYCCKOI'O YIIPABJICHU .

a b /_’

fe— /
e 1= 15%0

b

a)

6) ¥
Pucynox 1.6 — Cxema ycTaHOBKHM HUBEIHMPOBOYHBIX PEEK:
a — TIPY OJTHOCKATHOM; O —TIpH IBYCKaTHOM IIOTIEPEYHOM TTpoduie:
1-nokpsITHE; 2 — HUBEIUPOBOYHBIE PEUKH; X - X - TUIOCKOCTb, TPOXOISIIAs Yepe3
MTOBEPXHOCTH TTOKPBITHS U HUBEJIIMPOBOYHBIX PEEK; d — PACCTOSHUE OT

HUBEJIMPOBOYHON PEHKH 10 KPOMKHU MOKPBITHS; b — ImupruHa MOKpHITHS.
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[Ipu nBMxkeHuU acanbTOyKIaauyrMKa BHICOTHOE IMOJIOKEHHUE OJJHOW CTOPOHBI
BBITJIQXKUBAIOMIEH TUIUTHI OTHOCUTEIBHO KOIMHpa Tpoca, OETOHHON OOpTOBOM
MOJIOCHI WJIM TIOBEPXHOCTH PaHee YI0KEHHOTO MOKPBITUSI, IO KOTOPOMY CKOJIB3UT
JbDKA, W3MEpSIeTCsl UIYMOBBIM JaT4MKOM TmpojosibHoro mnpodwuns b, yk-
peIICHHBIM Ha JIOH)KEpOHE pabodyero opraHa, M CpaBHUBAETCS B IIyJIbTE
yIOpaBJICHUS C 3aJaHHBIM TOJIoKeHHeM. Eciu pa3Huiia Mexay CpaBHHUBAEMbIMU
CUTHAJIJAMH  TPEBBIIIAET 3HAYEHUE, YCTAHABIMBAEMOE NP  PETYJIMPOBKE
YyBCTBUTEIBHOCTH  CHUCTEMBI, B  MyJbTe  YyIpaBieHus  (QopMmHupyercs
KOPPEKTUPYIOIIUA KOMaHJI0-curHall. OH TMOCTYMaeT Ha 3JIEKTPOYNPAaBIISEMbIN
rUApoOpaclpeneanTesib. B COOTBETCTBUM € CHUTHAJIOM KOPPEKLUUU BBICOTHOE
IIOJIOXKEHUE COOTBETCTBYIOLIEH CTOPOHBI BBITJIAXKUBAIOIIECH IIJIUTHI U3MEHSETCS 10
TOTO TOJIO)KEHMS, KOTJa PAaCXOKICHHE MEXIy ICHCTBUTEIBHBIM M 3aJaHHBIM
MOJIOKEHUSIMU CTAHOBUTCS MEHbIIIE YCTAHOBJICHHOTO 3HAYEHUS! YYBCTBUTEIBHOCTH
[30].

JloctynHass W TpocTas B HUCHOJb30BaHuu cuctema MOBA-Matic moxer
HaOpsMyl0  TOJKIOYAThCS K CHCTEME  YIpPaBJIECHUS  TUIPABIMKON
acanbToyKJIaquuKa 0€3 MCIOJIb30BaHUs JOMOJIHUTEIBLHOTO0 00OpyaoBaHUs. JTa
CUCTEMa MOAXOAMT JUJIsi LIMPOKOro JMana3oHa padoT: M YKIAAKh acdanbra U
BBIDABHUBAHUS, Il CTPOMTENBCTBA JIOPOT, B3JIETHO-NIOCAJAOYHBIX  I0JIOC,
aBTOCTOSIHOK u APYTrux JIMHENHO-TIIOIIA/THBIX 0OBEKTOB.
Hcnonb3ys YIIBTPA3BYKOBYIO TEXHOJIOTHIO, cucrema MOBA-Matic
aBTOMATUYECKHM KOHTPOJMPYET BBICOTY M YKIOH BBIPABHUBAIOIIEH IUIUTHI
achaabTOyKJIaTUMKa, 4TO o0ecreunBaeT TOYHOCTh pacnpeeneHus
ac(asbTOOETOHHOIO TOKPBITUS © €ro COOTBETCTBHE IPOEKTHOM TOJIIIMHE.

B ocnose cuctempt MOBA-Matic nexat cieayromnme KOMIOHEHTHI:

e 1U(pPOBON NyNbT YHpPABJICHMS, KOTOPBIA OJHOBPEMEHHO SIBIISAETCS
0JI0KOM 00CITy>)KUBAaHHUS CUCTEMBI U

® JaTYUKHU, IPEICTABIISIONINE CO00M OTAETbHBIE KOMITIOHEHTHI.

VYapTpa3ByKOBOM JAaTYMK MOHTHUPYETCS Ha Kparo IUIUTBI U HU3MEpsieT

paccTosiHME JO0 OIOPHOW TOBEPXHOCTH, Hampumep, OOpIIOPHOTO KaMHS,
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HATSHYTOW CTPYHbl WM MPEAbIAYIIEro CcJ0s MNOKpbITUs. Eciu u3MepeHHoe
pPACCTOSIHME OTJIMYAETCA OT MCXOJHOIO, TO MOCBUIAETCS CUTHAJ TUAPABIMYECKON
CUCTEME MalIMHbl HA U3MEHEHHUE TMOJI0KEHHUSI BHIPABHUBAIOIICH TIIUTHI, TO3BOJISS
COXPaHUTh ONPEICTICHHYIO TONIIUHY ci10s acdanbTta. J[aTuuk MOKHO IIOMECTUTD C
7100011 CTOPOHBI MAIIMHBI, YTO MO3BOJISIET padOTaTh HA 10POre J000M MIUPUHBI, C
T00bIM  000PYJIOBAaHUEM, HCIOJB3YEMBIM B  JIOPOKHOM  CTPOMTEIILCTBE.
VYbTpa3ByKOBOM JaTYMK HUMEET WIECTh WHAMBUIAYAJIBHBIX CEHCOPOB: IISATH -
OTCIIEKUBAIOT YPOBEHb MOBEPXHOCTH, & IIECTOM - OTCIIEKUBAET TEMIIEPATypy M
BBIYHCIIIET TEMIIEPaTypHYI0 KOMIIEHCAIIUI0, YTOObI YCTAHABIMBATh OTKJIOHEHUS
BBICOTBI 158105 CJIEI0OBATh 3a CTPYHOM.

N3BeCTHO yCTPONCTBO ISl YILIOTHEHUS TOPOXKHO-CTPOUTENBHBIX MATEPUAJIOB
/3/, conmepikallee yCTaHOBJEHHYIO Ha LIacCH 0a30BOW MalllMHbl OalaHCUPHYIO
paMmy, BUOPOIUIUTY U TpamOyroIui Opyc, C BUHTOBBIM MEXaHHU3MOM H3MEHEHUS
yria ataku. YCTPOWCTBO CHAOXEHO TaKKe€ MEXaHU3MOM IMOJbEeMa-OIyCKaHUs
pabodero opraHa ¢ 3aKpelUICHHOW Ha Imaccd 0a30BOM MallMHBI JI€OEIKOM.
VYnpasienue paboToil achaabTOyKIaAuyuKa OCYLIECTBIIETCS ONEPATOPOM IyTEM
PYYHOrO  YIPAaBJICHUS  PYKOSTKAMH  PETYJISITOPOB  IOTOKOB  YKUJKOCTH
TUAPOMOTOPOB, KUHEMATUYECKH CBSI3AHHBIX C COOTBETCTBYIOIIMMH MEXaHU3MaMHU
BpalleHUs WIM nepeMelieHus. [Ipy  yIJIOTHEHMM JIOPOKHOTO OCHOBAaHMS
MalIMHUCT-ONEePaTOp CAEAUT 3a MHPOpMaLMEl O JOCTUTHYTBIX Pe3yJIbTaTax U Mpu
HEOOXOJMMOCTA C TOMOUIBIO OIPEACICHHBIX PYKOATOK HW3MEHSIET PEKUMBbI
yIUIOTHEHHA. HenoctarkoM HM3BECTHOTO YCTpOMCTBA SIBISETCS TO, 4YTO IPH
VIUIOTHEHUU JIOPOKHOTO OCHOBAaHMSI HEOOXOAMMO TIOCTOSHHOE BHUMAaHUE
MalTMHUCTA-OMepaTopa 3a UHPOpPMaIUel 0 TOCTUTHYTHIX pe3yibTaTax U MPUHSATHE
pemieHnii 00 W3MEHEHUU BPYUYHYIO PEXHMOB YIUIOTHEHHUS TPH OTKIOHEHUU
pe3ynbTaToB pabOThl OT 3aJaHHBIX 3HAYEHUW C TOMOIIbIO OINpPEACIICHHbBIX
PYKOSATOK, YTO CBUJIECTENIHCTBYET 00 OTCYTCTBHMM aBTOMAaTHUECKOIO YIPaBJICHUS
YIUIOTHSIOIIUM pabOuuM OpraHoM ac(aibTOYKIaJUHKa.

M3BecTHa MUKpPONPOLIECCOPHAsT CHUCTEMAa aBTOMATUYECKOIO YIPABIICHUS

MOJIOXKCHHEM pabounX OpraHoB ac(aibTOyKIaTuuKoB [6], comepikalias JaT4uK
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YIJI0OBOIO TMOJIOXKEHMS, JATYUK BBICOTHOIO TMOJIOXKEHUS M IyJbT YIIPaBJICHHUS,
UMEIOLINI YCTPONUCTBO YIPaBICHUS, UHIUKALUN U 3aJJaTYUKU CTaOUIU3UPYEMBIX
napameTrpoB. HepocTtaTkoM  M3BECTHOM  CHCTEMBI  SIBISIETCS  HU3Kas €€
3¢ (HEeKTUBHOCTh, TaK KaK OIpaHUYEHBI MIPEEbl PEryJIMpPOBaHUs pabodero opraHa
10 BBICOTE, U CHCTEMa HE MPHUCHOCO0IeHa U3MEHSTh apaMeTphl YKIIaAbIBAEMOTO
CJIOS1.

B pabore [31] mpuBemeHa cuCTeMa aBTOMATHYECKOTO YIPABICHHUS
MOJIO’KEHUEM BBITJIQXKHUBAIONIEH MINTHL acanpToykiagunka. OHa copepaliut
JATYUK YIJIOBOTO IMOJOXEHHS, TaTYMK BBICOTHOTO MOJIOXEHHs, OJOK YIpaBJICHUs
U TUIPABIMYECKUE TPUBOABL. B  JaTymke BBICOTHOTO TMOJOXEHHUS TPUMEHEH
€MKOCTHOM YYyBCTBUTEJBHBIM 3JIEMEHT, a OpraHbl YIpPaBJICHHS pa3MEIIEHbl Ha
natunkax. HemoctatkoM cucTteMbl sBisieTCs HHU3Kasg 3(PQPEKTHBHOCTh CHUCTEMBI
aBTOMATUYECKOTO YIPABIICHUS, BCBA3M C TEM, YTO NMPU (HOPMUPOBAHUU CMECH
MAaIIMHUCTY-0NEPATOPy HEOOXOAUMO BBINOJIHATH OOJBIIOE KOJUYECTBO ONEpALUN
JUTsE 00ECTICYCeHUS KAY€CTBEHHOTO JTOPOKHOTO MOKPBITUS, KPOME TOTO, CHCTEMa He
IPUCIIOCOOJIEHa K  MCIOJNb30BAaHUID TEH30METPUYECKOro  IMpeoOpa3oBaTelis
(raTumka) Ha TAroBoM Opyce. OH MakCHMalbHO MPUOIMKEH K MEepeIHEeNd KPOMKe
BBITJIQ)KUBAIOIICH TUIMTHI, JJI1 M3MEHEHUS YIJia aTaKd BBITJIAXKHUBAIOMICH TTUTHI,
YTO MPUBOJUT K JUIUTEIBHOMY Ipoueccy (GOpMUPOBAHUS JOPOKHOTO HOKPBITHS U
CHIDKEHUIO TTPOU3BOIUTENBHOCTH TIOPOKHO-CTPOUTEIBHBIX padoT.

B ommcanun wm3o0OpereHus k mareHty [11] mpuBeaeHO YCTpOWCTBO Jis
yIpaBJICHUS MapaMeTpaMu padoyero pexxuma CTPOUTENBbHO-AOPOXKHBIX MAILIUH C
ruapocuctemMoir.  OHO  oOecrneuuMBaeTr  paclIUpeHHe  (PYHKIHMOHAIbHBIX
BO3MOXKHOCTEH OTOOpakKeHHsI TIapaMeTpoB pabouero pexunma, o0OecreueHue
aBTOMATUYECKOTO BbIOOpPA U YCTAHOBJICHMS PALIMOHAIBHBIX PEXUMOB PalOTHI, a
Tak)Ke ympaBlieHUs pabodnMM TpolleccaMH MaIlMHBI U arperata. Hemoctatkom
3TOrO YCTPOWCTBA SIBJSIETCSI OTCYTCTBUE KOHTPOJIS INIOTHOCTH TPYyHTA JOPOKHOTO
OCHOBaHUs. B pe3ynpTaTe Ha MOBEPXHOCTH JOPOTH BO3HHUKAET AC(PEKT B BUIC

BOJIHOOOPA3HOM MOBEPXHOCTH.
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CoBpeMEHHBIE HCCIEAOBAHUSI ABTOMATHYEUYECKHUX CHUCTEM YyIIPaBJICHUS
IIPHUBEJICHBI B pa00Tax M3BECTHBIX yueHBIX [16]. B HacTosIee BpeMs HMErOTCs J1Ba
OCHOBHBIX MOJXOJa K MaTeMaTUYECKOMY OIMCAHUIO JTUHAMUKH CHUCTEM
VIUIOTHEHUsI JA0pokHOM cMmecHu. [lepBwiii mojaxon 6a3upyeTcss Ha IMepelaTOYHBIX
GYHKIHSIX ¥ TECHO CBS3aHHBIX C HUM YaCTOTHBIX METO/aX, BTOPOM — Ha METOAax
MPOCTPaHCTBAa cocTosiHUM.  Peanmmzanmss ux Ha OBM gaer BO3MOXKHOCTH B
KOPOTKUN CPOK IMOJYYHUTh IIEHHYI0 HHpOpMaIuio o0 ynpaBieHUU cuctemoi. [lo
aMIUTUTYTHO-(a30BbIM YaCTOTHBIM XapaKTEPUCTUKAM MOXKHO CYIUTh O TaKUX
Ka4ueCTBEHHBIX MMOKa3aTeNAX, KakK 3amachl yCTOMUUBOCTH T10 aMIUIUTYJE U TI0 (ase,
pE30HAHCHAsi 4YacToTa, 4yacTtoTa cpe3a W T.a. KoMOMHUpOBaHHE YAaCTOTHBIX U
KOPHEBBIX METOJIOB NPU ABTOMATHU3MPOBAHHOM AHAIM3E M CUHTE3E€ JIMHEWMHBIX
CHCTEM BBICOKOTO TOPSAJKAa YacTO IIO3BOJISIET MOJYYUTh JOCTATOYHO MOJHYIO

MH(OPMAIHUIO ISl CHHTE3A.

BrIBoabI M 321a4H MCCJIeI0BAHUIA

AHanu3 O0OIENOCTYIHBIX JUTEPATYPHBIX HCTOYHUKOB IIOKA3bIBAET, YTO
CYILIECTBYET OOJBIIOE KOJUYECTBO PaldOT MO YIIOTHEHUIO CMECH JOPOKHOTO
ocHoBaHwusl. MIMeroTcs paboThl MO CTATUYECKOMY pacyeTy IMpollecca YIJIOTHEHHUS,
OJIHAKO HE0OXO0JIHUMO omnpeneNuTh Haubojee TNEPCHEKTUBHBIE PEIICHHUS,
00ecIeynBaroIINe 33JaHHYIO CTETIEHb YIIJIOTHEHHSI IOPOKHOTO OCHOBAHHS.

Leab padoThbl — MOBBIILICHHE KAYECTBA YIUIOTHEHHS  JOPOKHOTO OCHOBAHUS W3

e0EHOYHO-TIECYAHBIX CMECEH
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2. MATEMATUYECKOE MOJAEJIMPOBAHUE ITPOLHECCA
YINIOTHEHUA JOPOXHOI'O OCHOBAHUA

2.2 MopgeaupoBaHue mnpouecca YIUIOTHEHHSI HIC0CHOYHO-TECYaHOH CMecCH

TpaMOOBaHHEM

Ecnu paccmaTpuBaTh MPOLECC YIUIOTHEHHS II€OCHOYHO-TIECYAHOH CMECH
ac(anbTOYKJIaJUUKOM B CBETE CYILIECTBYIOILIEH TEXHOJIOTHYECKOU
MOCJIEIOBATEIBHOCTH, TO Ha MEPBOM 3Talleé OHA IMOABEPraeTcsi MHOTOKPATHOMY
CHJIOBOMY Je(OpPMUPOBAHUIO TpaMOyromuM OpycoM, a Ha BTOPOM 3Tale —
YIUTOTHSIFOIIEMY BO3JEHCTBUIO BUOPOILIIUTHI.

OTnuune 3TUX METONOB YIUIOTHEHHS 3aKIIOYaeTcs B TOM, YTO B IEPBOM
ciydyae aedopMalus CMECH JOCTUTaeTcs 3a CUET MEPUOJUYECKOrO BHEIPEHMUS
TpamOytoiero opyca (Th) B cMech Ha 3alaHHYIO BEIMYMHY, KOTOpas Ojarojaaps
HAJIMYUIO JKECTKOM KMHEMaTUYECKOW CBSI3U MEXIY OpyCOM M 3KCLEHTPUKOBBIM
BaJIOM OCTaeTcs Bce Bpems mocrosHHOM. Kaxnpiii monHeiii  000poT
HKCLIEHTPUKOBOI'O Bajla TpamOyroluid Opyc BHEAPSAETCS B CMECh Ha BEIMYMHY
aAMILTUTYIBI €0 KoeOanus, A = 2 I (r-3KCICHTPUCHUTET).

Cxema B3aumogeiictBusi Th ¢ ymioTHSeMbIM MaTepuaioM MOXET OBITh
npejcTaBiieHa ciaeayronmM odpazom. [IpuBoa TpamOyroliero Opyca BBIOJIHEH 10
CXEM€ KpPHUBOLIMIHO-IIATYHHOr0 MexaHu3Ma. KHHemarnueckas cxemMa NpHUBOJA

TpaMOytolero Opyca nmpuBeieHa Ha pucyHke 2.1.
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Pucynok 2.1 — CxemMa paboThlI prBoJia TpaMOyroIero opyca

[Ipu BpallleHMH SKCLEHTPUKOBOTO Baja B IEPBYIO IOJOBHUHY MEpHOIa
koneOanus (T/2) tpamOyrommii Opyc BHeIpsieTCs B CMECh HAa BEIMYMHY A H
OpOM3BOAUT €€  jAepopMupoBaHue. BenmuumHa  CONPOTHBIEHHUS  CMECH
ne(OpPMUPOBAHNIO 3aBHUCUT OT €€ COCTOSHUS (IUIOTHOCTb, TEMIEpaTypa),
mapaMeTpoB  Tpollecca  YMJIOTHEHUs  (KOHTAaKTHBIE JaBIEHUS, CKOPOCTh
neopMUPOBaHUS, aMIUIMTYyAa KoJieOaHMs), Takke OT MpPenbICTOpUH €€
nehopMUPOBaHUs, KOTOpas OTPaKaeT HAMpPSDKEHHOE COCTOSHUE MIe0EHOYHO-
HecyaHoi CMecH K Hayally paccCMaTpUBaeMOro LIMKJIAa YIUIOTHEHUs. Bece aTo BMecTe
B3sITOE ompenenseT 3pPEeKTUBHOCTh MPolecca YIJIOTHEHUS U 3aTpaThl MOLTHOCTU
Ha OpuBoA  TpamOyromero Opyca s  OPEOJOJICHHS  BO3HUKAIOIIETO
conpoTuiieHUs: cMecH. [lpu OIaronpusTHBIX YCIOBUSAX, KOTOPbIE OMPEEIISIIOTCS
palMoHalIbHBIMU MapaMeTpaMu pabouux OpPraHOB U peXUMaMH HX padoThl,
COTIPOTUBIIEHUE CMECH JOCTUTAET MUHUMAIBHOTO 3HAYCHHSI.

Bpemst B3aumozeiicTBusi TpamOyromiero Opyca ¢ yrjaoTHSIEMbIM MaTepHalioM,
B TEUEHHUE KOTOPOTO MPOUCXOIUT €ro AeGopMUpOBaHUE HA BEIUYUHY A 3a Bpems
T/2 MOXHO Ha3BaTh MEPUOIOM Je)OPMHUpPOBAHUS B LUKIE YIJIOTHEHUS, T.C.

Toep =112,
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Bropas monoBuHa mepuoja kojiebaHusi TpaMOyroliero Opyca, Korjga cMech

HAXOIUTCS B CBOOOJHOM COCTOSIHUM OT CHJIOBOI'O BO3JICHCTBHS, HAa3BIBACTCS
IEPUOAOM IIOCIEACUCTBHA B LIMKIE YIUIOTHEHHS, T.e. T,, =T/2. B 510 Bpewms
CMeCh, TIOCJI€ BO3JICUCTBUS pabovero opraHa, BO3BpaIlaeTcss B HOBOS PaBHOBECHOE
coctossHue. CremoBaTelbHO, IMKJI  YIUIOTHEHHS COCTOMT W3  Iepuoja
neopMUpOBaHUSI  CMECH (T()) U Tepuoja  MOCIEICUCTBUS (Tna).

[TpogomKUTENPHOCTh 3TUX MEPHOJOB paBHA MEXAYy cO0O0W W ompesensercs

yacTtoTtou konedanus Th, T.e.
r,=71,=112=1/2f, (2.1)
rae T, T — coorBeTcTBeHHO, epro 1 yacToTa Kosebanus Th.

CHeI[OBaTeJIBHO, IPOAOJDKUTCIIBHOCTD II€puoaa 7,, 3aBUCAIIASA OT YaCTOThI

kosnebannii Th, oka3biBaeT BIMAHME HA CKOPOCTh Ae(OPMHPOBAHUS MaTepuaia u
COOTBETCTBYIOIIEE €l PEAKTUBHOE CONPOTHUBIICHUE, a TAKXKE OMpesesseT BpeMs (

T,+7,,), B TCUEHHUE KOTOPOIO IPOMUCXOAMUT pellaKcaluus HamnpspkeHud. Ecim
9acTOTa BO3JCHCTBMM PabOYero opraHa TaKkoBa, 4TO 3a BpeMsa 7, +7,, CMECh

YCIEBAET OTPEIAKCUPOBATH  OOJBIIYIO 4YacTh BHYTPEHHUX HaNpsyKEHUM,
ONPENEIAIIMX YPOBEHb PEAKTHBHOTO COINPOTUBIICHUS, TO K MOCIEAYIOLIEMY
LUKy YIUIOTHEHHsI CMECh ITOJOWIET C MEHBIIUM «3allacoM» JOIOIHUTEIBLHOIO
COIIPOTHUBJIEHUS B MOCJIEAYIOIIEM LIUKIIE IOTPEOYETCSI MEHBILIE 3aTPAT YHEPTUHU.

IIpy KOpOTKMX T, M T,, WIM BBICOKOM 4YacTOTE NPUIOKEHUS CHIIOBBIX

BO3JCUCTBUI B CMECU HE YCIIEBAIOT B IOJHOW MEpPE Pa3BUTHCS PEIIAKCALMOHHBIC
MpOIIECCBl W BMECTE C HHUMHU HeoOpaTuMble JedopManviu, 4YTO CHUXKAET
MHTEHCUBHOCTH MPUPOCTA IUIOTHOCTH 3a KXKABIN LIUKJI yIIoTHEHUS. KpomMe Toro,
B 3TOM CJy4ae OT LMKIA K LHUKIY B YIUIOTHIEMOM MAaTepUajie MPOUCXOIUT
HAKaIUIMBAHUE HEOTPEJIAKCUPOBAHHBIX HAMPSKEHUM, KOTOPbIE B KOHEYHOM HMTOTE
MOTYT TPEBBICUTHh BEJIWYMHY KOHTAKTHBIX NaBJICHHM OT Th M HCKIIIOYUTH €ro

HeoOpatumoe  nmedopMupoBanme.  Peanmmzainus — HECOCTOSBIICHCS ~ 4acTH
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nepopmanuu OyJIeT OCYIIECTBIIATHCS 3a CUET MOJIHATHS PaMbl PabOYMX OPraHOB
achaTbTOYKIIaTINKA.

Taxum 0Opa3om, BeNMYMHA KOHTAKTHBIX AaBICHUN (O ), pa3BuBaeMblx Tb u

PCKHUM Cro pa6OTI>I OKa3bIBACT 3HAYMUTCIIbHOC BJIMAHHNC Ha 3(1)(1)CKTI/IBHOCTI>
mponecca yrIoTHCHHUA U €TO SQHCPIrOCMKOCTD.

JlunaMudeckast MOJIeNb TpaMOYIOIIero Opyca n300pakeHa Ha pUCYHOK 2.2.
P(H)

Pucynok 2.2 — JluHamuyeckast MOZICb YIUIOTHSIOIIETo Opyca

TpamOyrouii Opyc coBeplIaeT BEpTHUKaJIbHbIE KOJIEOAHUs, COCTOSIINE W3
YepeAyIOLUXCsl MHTEPBAJIOB JIBUKEHUSI B KOHTAKTE C OTPAaHUYUTEIEM U B OTPbHIBE
or Hero. B mpomecce konebaHuii Ha TpamOyromui Opyc AeicTByeT
Bo3MyInatomas cwia P (t), paBHoxmelicTByromass Q IMOCTOSHHBIX CHJI (CHIIBI
TSOKECTU YIUIOTHSAMOMIETO Opyca M OE3bIHEPIIMOHHOTO JaBJICHUS) W pPEaKIus
ymioTHsomero opyca R. Iocnennsis coctout u3 ynpyroit cuiiel F u Heynpyroro

COTIPOTHUBJICHUS S.

F=-—cz, (2.2)

rane C — AMHAMH4YECKas >XCCTKOCTb YIUIOTHSIOIICTO 6pyca Ha CXaTuc, Z —

nepeMernieHre TpaMOyroIero opyca.
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[lomaraem, 4TO HEynpyroe CONPOTUBICHUE TpaMOyrollero opyca 3a UH-

TepBaJI KOHTAKTa H3MEHSIETCS 110 3aKOHY
S =—signzS(z) (2.3)

r7e S — BO3MYIIAIOIIAsl Crjla U3MEHSIETCS] CHHYCOUJAIBHO.
Juddepennnanbubie ypaBHEHUS BEPTUKAIBHBIX KOJIEOAHUNA TPaMOYyIOIEro
Opyca 3amnuiieM ciaeayoiluM 00pa3oMm:

2

m ddit = (cz—s) + Pcos((ew(t —t,) —p,)) —mg , (2.4)

rme m — Macca TpamOyromero Opyca; C — aguHamuyeckas 3>KECTKOCTh
YILUTOTHSIFOIIETO Opyca Ha C)KaTue; S — YCHJIME HEYNPYroro COMPOTUBICHUS; ® —
4acToTa KojJeOaHWil yImIoTHsoIEro opyca; t — Tekyuiee Bpems; ty — MmosoBHHA

HMHTCpBaJIa KOHTAKTa, @,— (1)330BI>II‘/JI Yo BosMyma}omeﬁ CHIIBI.

Jlist MozienmupoBaHus MOBEJCHUS TUHAMUYECKOW CUCTEMBbl TPaMOYIOIIETro
Opyca ucnonszoBasii OBM c¢ nporpammoit MATLAB, coaepxamniuii B cBOeM
COCTaBE MHCTPYMEHT BU3yajabHOro mojenupoBanust SIMULINK.

Jist MonenupoBaHusl JTHUHAMUYECKOW CUCTEMBI TpaMOyromero Opyca
MCMOJIb30BaHbI CIEAYIOIINE UCXOAHBIE JaHHbBIC:

Tabmuma 1.1 — McxonHble JaHHBIE

Ne Macca Junnamu | Ycunue Yacrora | Texyme | [TonoBun | @a30Bbid
TpamMOy |ueckas | Heympyror |kone0aH |e a yroi, paj
IOIIET0 | )KECTKOC | O uH, pasi/c | BpeMsi, | HUHTEpBa
Opyca, b, H/M | conpoTusn ,C Ja
KT enus, H KOHTaKTa

, C
1 12 0 12 13 14 34 1
2 21 12 1 21 1 21 21
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3 9 2 6 1 7 8
4 9 2 5 6 7 8
3) 3 2 S) 6 6 8

Mopnens, onucannas B cpeqne «MATLAB SIMULINK» npuBeneHa Ha pUCyHKe

2.3.

B untitledsosov

= EHE

File Edit VYiew Simulation Format Tools Help

» = [00

~l B B2 |

|N0rrna|

Constant
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Constant1
L,
Constant2

i S

Constant3

Constantd

Constants
I
Constant

R

1—|—>_

00— |

e L

C::nstsnt;,—.
100

In2

In2

Ing

Ourt1

Constantd

Subsystem

Scope

L 1

Display

Pucynox 2.3 — Mogens TpamOyroriero opyca, onucannas B cpene «MATLAB
SIMULINK»
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brok cxema TpamOytomero 6pyca nmpuBeeHa Ha pucyHke 2.4.

B untitledsosov/Subsystem
File Edit View Simulation Format Tools Help

O dS i b = 100 [Nomal - 2 ¥

®—|—L:X

Product

(2
In2
3 1 1
=D M e R S S
In3 Out1
- Froduct3 Integrater  Integratort

=D >

S
In4
C: » Product1

4

] Product2 ‘
sin
In7 Trigonometric
( ] }_ Function

Ing u

hath
Function

Pucynox 2.4 — bnok cxema TpamoOytomero opyca

Pe3ynpTaThl ~ MaTEMaTHYECKOTO MOJEIMPOBAHUSA pabdoyero mpouecca

TpamOytoliero Opyca NpuBEIEHbI B BUJI€ BPEMEHHOM IUarpaMMbl Ha pUCYHKe 2.5.
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1} 1 2 3 4 ) B 7 8 t,C-

Time offset. 0

Pucynox 2.5 — 3aBuCHMOCTh aMIUTUTY Bl KOJIeOaHMA TpaMOyroIIero opyca

[Ipu  ymioTHEeHWHM  MEOCHOYHO-TIECYAHOW  cMecH  000pyJ0BaHUEM
JMHAMUYECKOT0 BO3JCUCTBUS (TpaMOyroluii Opyc) HabI0AaeTCsl TApMOHUYECKUN
nukyn  yriotHenua.  Korma mepuwon  gedopMupoBaHUsS — paBeH — MEPUOIY
MOCIIEICUCTBUS, TO MPAKTUUECKUE ero 3HadeHus coctaisitoT 0,015 - 0,05 c. B To
BpeMsi Kak npu nepuone aepopmupoBanus pasHomy 0,1 - 0,9 c., mepuon
MOCJEACHCTBUAS 3aHUMAET MPOMEKYTOK JIO HECKOJbKUX MHHYT U  €ro
MPOIOIKUTEILHOCTh 3aBUCUT OT OpraHu3anuu padoT. Takas pa3HHIla B KHHETUKE
BO3JICUCTBUSI YIJIOTHSIIONIUX CPEJCTB HA OCTOHHBIE CMECH BBI3BIBACT IMPOIIECCHI,
MHTEHCUBHOCTh TEUYEHHUSI KOTOPHIX BO MHOIOM ONPEAENSIIOT B HUX H3MEHEHUE

HAIpsHKCHHOT'O COCTOSAHUA.
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2.3 MoaeaupoBaHue Impouecca BHOPOYIUIOTHEHHMSI IIe0CHOYHO-TIeCYAHOM

CMeECH

TexHosorHIO YCTPOICTBA JOPOKHOTO OCHOBaHMS 00YCIOBIMBAIOT: BUJ,
U THII II€OCHOYHO-TIECUaHOM CMECH, METObI YKIIAJIKA CMECH B IOPOKHOE
IIOJIOTHO, IIPUMEHsEMBIE CpelcTBa MexaHu3auuu. Ilpu asrxenun
ac(anpTOyKJIaJUMKa 0 NOJCTUIIAIOIIEN TOBEPXHOCTH JIOPOTH X0J10Basl YacThb
yKJIa{4iKa OYKCUPYET BhITJIAXKUBAIONIYIO TUITUTY 32 TSATOBBIE OPYChsl, MPUYEM Ha
IYTH XOJ0BOM YaCTU MOTYT BCTPEUAThCA KaK BIAJNUHBI, I YIIyOJIeHUs, TaK U
BBICTYTIbI WM OyTphl. B pe3ynpTaTe MIOTHOCTH OCHOBAHUS U3MEHSETCA KakK IO
JUIMHE TaK U 10 MHpUHE 1oporu. HapyiaeTcs HopMaabHBIN IIPOLIECC
(dbopMHUpOBaHUS YKIAIBIBAEMOTO CJI0S FPaBUHO-TIecuaHoi cMecu. [1moTHOCTh

OCHOBaHMS Ha BHajuHe OyAeT MEHbIIIE a Ha Oyrpe Oobire, T.e. R1I>R2

(pucyHok 2.6).

Pucynok 2.6 — Cxema YIUIOTHEHHUS CJIOS TOKPBITHS MNpPU HaJIUMYMU Ha

OCHOBAHHHU BITaJIUH U BBICTYIIOB
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s obecnieyenust ycinouss R1= R2 HeoOxonuma Takas mojiada mieOeHOYHO-
MeCYaHOW CMECH OT Pa3paBHUBAIOIIETO NMTHEKA K BHITJIAXUBAOIICH TUTUTE , YTOOBI
Ha BHaguHe OBLI OOJIBIIMK CJIOW CMECH 3a CYET PEryJIMpOBaHUS CKOPOCTH
JIBIDKEHUS ac(albTOyKIaAuuKa W YacTOTHI ymapoB TpamOytromero Opyca. Ilpu
Hae3/le XOJIOBOTO YCTPOHCTBAa acallbTOyKIaauuKa Ha OCHOBAHHE JIOPOTH C
MIEPEMEHHOM IIJIOTHOCTBIO TPACKTOPHS IEPEMEICHUS BBITJIAKHBAIOIICH TUTHTHI
MU3MEHSETCS M IPOMCXOIUT U3MEHEHHE YTJIa aTaku achaibTOYKIQTINKA.

YTroJ aTaku MPU3BaH MOACPKUBATH TONIIUHY YKJIaIBIBAEMOTO CIIOS
B 33JIaHHBIX pa3Mepax U Ha CCpUHMHBIX MAIIMHAX YCTAHABIIMBACTCS BPYUYHYIO C
TTOMOIIBIO PETyJUPOBOYHBIX BUHTOB. VI3MEHEHHNE yITa aTaku BUHTAMHU
BBI3BIBAET CBOOOTHOE BEPTHUKAJIBHOE MepEeMEICHUE TTUTHI BBEPX U BHU3,
obecrnieunBasi, TAKUM 00pa3oM, PETyJIUPOBAHNE TOIIIMHBI YKJIAABIBAEMOTO CJIOS.
Ha pucynke 2.7 nmpuBezieHa cxema peryInpoBaHus yIiia aTaku pabouero

obopynoBaHus acharbTOyKIaIuMKa.

Pucynox 2.7 — [Ilpouecc peryiupoBaHus yrjia araku padodero

00opynoBaHus achaibTOyKIaunKa
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Yron arakm OoIpeAcCsICTCA B 3aBUCHMMOCTH OT BCJIMYHHBI BO3BBINICHHA

BBIFJ'Ia)KI/IBIOH_[eﬁ IIJIUTBI U €€ I[HHHOﬁ H OIIpCaACIACTCA 110 3aBUCUMOCTH

h:H+a (2.5)

rje h — BpIcOTa BRIPAaBHUBAIOIIETO CJIOS CMECH TTOCIIe KoMIieHcanuu; H — BeicoTa
BOJIHBI Ha MOBEPXHOCTH; a — NIIMPUHA BBITJIAKUBAIOIICH TUIMTHL; D — myinHa
HECYIIETO phluara

MonenupoBanue mpouecca (GOPMUPOBAHUS  CIOsSI MIEOCHOYHO-TIECUAHOM
CMECH  BBINOJHSJIOCH B COOTBETCTBUU C JUHAMUYECKOW MOJIETBIO B BUJC
JIByXMAacCOBOW KOJ€OaTeIbHONH CHCTEMBI C YIPYTOod CBA3BIO MEXIy MaccaMu
(pucyHok 2.8). Macca m; npecTaBisieT MPUBEACHHYIO MacCy BUOPOBO30YIUTETIS,
Macca My — BBITJIAXKUBAIOIIYIO TUTUTY.

JIst mcciaenoBaHWsT OCHOBHBIX JTUHAMHUYECKHX IMAPaMETPOB MEXaHHU3Ma
dbopMHpoOBaHUSs CIOS TOJIOCHI JOPOTU MPUMEHSETCS MOJIETb C ABYMSI CTEHEHSIMU

CBO6OI[BI, B KOTOpOﬁ ABC MACChI CBA3AaHbI YIIPYTUMU 1 JUCCUIIATUBHBIMU CBA35IMU .

SN

Pucynox 2.8 — JlunamMmuueckast MoJienb TIpoliecca yIIOTHEHHUS CII0s Me0SHOYHO-

IecYaHoUu CMECU
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Huddepenumanpuble ypaBHEHUSI  COCTaBJICHBI JUIsl Cilydasi, KOT/a yJap
BBITJIQXKUBAIOMIEH TUIMTHI 00 YIUIOTHSIEMBIM MaTepuall CIEIyeT 4Yepe3 paBHbIC

IPOMEXYTKH BpeMeHH 1" U JCUCTBYET B TEUEHUU Ty

O<t<r),
m, %, +b(%, —X%,)+C(x, —X,) = Fsin(et + @)+ m,g, (2.6)

m,X, +b(X, = X,) +C(X, —X,) = Fsin ot — P(t) + m,Q.

rze M; — mpuBeAEeHHAs Macca BUOPOBO3OyAUTENs; M, — Macca BbIMJIaKUBaroOIIEH
IUIATBI, ¢ — ECTKOCTh CHCTEMBI; D — K03 PHUIIMEHT BSI3KOTO TPEHHS MaTepUaa;
F — ammuntyaHas Beu4rHa BBIHYKIAIOIIEH CHIIbI BUOPOBO3OYAUTEIIS.

JuddepeHnnaabHOe ypaBHEHHE CUCTEMBI BO BpeMs yaapa OyaeT MMETh BH/I
m, %, +m,%, = (m, +m,)g — P(t). (2.7)

[IpeoOpazoBaB ypaBHeHUs1 cucTeMbl (2.16) yepe3 BTOPYIO MPOU3BOAHYIO,

MOJy4YUM

dx? 1 . .
e _m_(_b(xl_XZ) —C(X,—X,)—m,g) — Psin at,
2 1
dx? 1 .
F = _m_ (b(x—X%,) +c(x,—X,) —m,g) (28)
2 2

I[J'Iﬂ MOACIUPOBAHHA HCIIOJb30BaHbl CICAYIOIIHMC HMCXOAHBIC OAHHBIC,

NpuBeICHHBIC B Tabmiie 2.1.
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Tabnuua 2.1 — ITapametpsl nponecca GopMUPOBaHUS CIOS 1I€0EHOYHO-TIECYaHOM

cMecu
[TapameTpsl Ennaunna n3mepenuit Bennuuna
MIpUBEJICHHAs Macca BUOpaTopa KT 10
’KECTKOCThH BBITJIAXKMBAIONICH
kH/m 5
IJIATBI
BSI3KOCTH CMECH ITa/c 100
Macca BBITVIaKUBAIOIIEN TUIUTHI KT 1000

Mopens mporecca  (popmupoBaHHs  ClIOsS  IIEOCHOYHO-TIECYAHOM  CMecH,

paspaborannas B cpene «MATLAB SIMULINK» npuBenena na pucynke 2.9.

dutdt —
(O———»] =i —l
Clock Drarivative

Yy
¥
1

Seope

v
Display
b1 *
el

4

1 1

* —'[>—' ¥ gl
—- ml Integrator Integratert
e =
|+
*

Scopal

+ 1 1

= e - —

- : : 3=
ma Integrator2 Integratord L

netums 2 Displayt

LA J

A4

Pucynox 2.9 —Cxema monenu B cpene «MATLAB SIMULINK»
CLOCK — Bpemsti; GAIN — ycunutens; Fcn — ¢pynkuus; DERIVATIVE —
muddepennmarop; SCOPE — ocrimmmorpad; NETSUM — cymmarop;
INTEGRATOR — unrerpatop.
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Jns HaOmroeHus 3a MpoIeccaMd B MOJIeNId yCTaHOBUM "ocuuiiiorpad" -
omox Scope, oOo3naueHHbIN "[lepemewenus”, s OTOOpaKEHUS HW3MEHEHUS
NEePEeMEHHBIX BO BpEMEHU. Pe3ynbTaThl MOJETUPOBAHUS MPEACTABICHBI B

rpaduyeckom Buje (pucyHok 2.10).

.
MM

o

t.c

003 0.04 0.05 0.06 0.7 0.08 0.0% 0.1

Pucynox 2.10 — AMIITUTYTHO-9aCTOTHAS XapaKTEPUCTHKA TIpoIiecca
dbopmupoBaHus ciios achaabTOOETOHHOM cMecH: 1 — yacToTa KojieOaHmi

BHOPOBO30YIUTENS; 2 — 9acTOTa KOJICOAHWM BBITJIA)KUBAIOIICH TIITATHI

BapbupoBanuem mapamMeTpoB 4acTOThl KOJ€OaHM W TUIOTHOCTH TPYHTa
NOJTydeHbI rpauKu PYHKIHIA 3aTyXaroIIHUX KoJieOaHui cucTeMbl (pucyHok 2.11).

[Mpu uactore 30 I'm mu nemndupyromum conporusieann b = 1,5 kHe/m
amMIMTyga kosiebanuit  mocturaetr 3,0MM. OTO B JBa pa3a MPEBHIINIACT
HOPMATUBHOE 3HAYCHHE YCKOpPEHUsA. YMEHbIIeHHue dYacToThl a0 18 I'm mpu
NpeXXHeM 3HavYeHWW b aMIuMTyma cHmkaercs 10 1,5 MM M COOTBETCTBYET
HOPMATUBHBIM TpeOoBaHUsAM. Takoil ke pe3ynbTaT JOCTUTAETCS MPU COUYETAHWUU

napametrpoB b = 1,25 kHc/M u dacrore konebanumit 18 I'm. CompoTHBIiieHHE
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CHI)KAET aMILUTUTYAY, YacTOTa KOJeOaHuil 1elCcTByeT 00paTHO MPONOPIIMOHATHHO.

N

(Wl

Panl
4
Pan2
3
1 —— JKCNOHeHUMaNbHas
2 \ (Panl)
2 —— JKCNoHeHuWanbHas
1 (Pan2)
0 f, T
0] 10 20 LIl 40

Pucynox 2.11- 3aBUCHUMOCTH aMIUTUTY/IbI OT YaCTOTHI KOJIEOAHUN MaCCHI

Tkl 1 —npu b= 1,25 xHe/m; 2 —pu b = 1,5 kHe/m

[TonoxutenbHbli 3PDEKT YIIIOTHEHUS CMECHU JIOCTUTAETCA TOJIBKO TMIpHU
KECTKOCTHU YIIPYTOro 3JIEMEHTa, KOTOPO COOTBETCTBYET MPOLIECC KOJIEOaHUl B
3ape30HaHCHOM oOnactu. Ho mpu mamoii ®eCTKOCTH YIpPYyroro 3JIeMeHTa OyayT
BO3HHMKATh PE30HAHCHbIE KoyieOaHuA. B TakoM ciydae sl mpeaoTBpaIleHUs
YPE3MEPHOI0 HApaCTaHUsl AMIUIATYJ B CUCTEMY IOJBECKH HApAAY C YIPYTHMMHU
AIIEMEHTAMHU BBEICHO nemiupyronee CONpoTUBICHHE (HEyNpyroe

COTPOTHUBJICHUE).

[IpaBunbHO ~ BBIOpaHHBIE ~ TApaMmeTpbl  3JEMEHTOB  BUOPHUpPOBAHUS
CIIOCOOCTBYIOT YBEIHMYCHHUIO CTaOMIM3alid padoThl. B 3TOM ciyyae ycKopeHus
BBIUHCISIIOT QHAIUTUYECKM U CPAaBHUBAIOT C JOIYCKA€MbIMH, B 3aBUCHUMOCTHU OT
KOTOPBIX  PAcCCUMUTHIBAIOTCS, KOA(M(GUIMEHTHl JKECTKOCTH U  IOKa3aTelu
neMrnpupoBaHus. YBeJIUYECHHE CONPOTUBICHUS B MPUBOJIE MHTEHCUBHO CHIXKAET
aMIUTUTYy KojeOaHuil. BiusHue yacToThl KoJieOaHMM TIpy3a Ha aMIUIUTYAY

KoJIeOaHMI1 MEHee CYIIECTBEHHO.
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BriBoabI

1. WccnenoBanus YIUIOTHSIONICH crmocoOHOCcTH pabodero opraHa
achaabTOYKIIATIMKA C KAYaroIIMMHUCS OpyChsIMH TIOKa3alid, 4TO OH
CHIOCOOEH Ka4eCTBEHHO YIJIOTHATH MEOCHOYHO-TIECYaHON CMECH 0
kodpdurmenta  ymwiotHeHuss 0,99 1npu  CKOpPOCTH  JIBHKEHUS
achanpToykiamauka 1,6 M/mMun u Tommuae cinos 0,04.-.0,06 M.

2. IlomydeHHbIE 3aBHUCHMOCTH MAaKCHUMAJbHBIX YCHJIMM Ha TOJKATEISX
KaualImuxcs OpycheB OT 4YacTOThI BpalleHWs Baja MPUBOJA
MOKa3aJId, YTO MaKCHUMaJbHBbIC 3HAYCHUS YCHUIUH Ha TOJKATele
BTOporo Opyca F,y (oxoHuarenpHOTO yIuloTHeHus) B 1,5..2 pasa
OoJibllle YeM Ha ToJikaTesie mepBoro Opyca Fiy (peaBapuTeIbLHOTO

YIUIOTHEHUSA).
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3. OKCIIEPUMEHTAJIBHBIE UCCJIIEAJOBAHUSA TTPOLECCA
YINIOTHEHHUA TOPOXKHOI'O OCHOBAHMUA

3.1. Meroauka npoBeAeHUs] M3MEpPEeHUH

[lenpt0  3KCHEPUMEHTANbHBIX  HCCIEAOBAHMI  SIBISIETCA  MPOBEpKA
pe3yJabTaTOB TEOPETHUECKUX HCCIENOBaHM, cOOp MJaHHBIX O IMpolecce
YIUIOTHEHUS JOPOKHOTO OCHOBAHMUS U3 II€0EHOYHO-TIECYAHONW CMECH, OLCHKU
CTaTUCTUYECKUX XapaKTEPUCTHK BO3MYILAKOIIMX BO3JEUCTBUM KOJEOATEIbHBIX
IPOLECCOB MPU TPaMOOBaHUM M BUOPOYIIOTHEHHUH CMECH M TMOATBEPKIACHUS
MaTEMaTUYECKUX MOJENIEH TEXHOJIOTUYECKUX MPOLECCOB. DKCIIEPUMEHTAIbHBIE
UCCJIEIOBAHMSI, BBIMOJHEHHbIE TPU  TOJIEBBIX  HCIBITAHUSAX  Ipoliecca
TpamMOOBaHUS ¥ BUOPOYIUIOTHEHHUS, TAKXKe MPECIeI0BAIN LENb JOKa3aTeIbCTBA
INPUMEHEHUS HOBOW CHCTEMBI YINIOTHEHUS JOPOKHOIO OCHOBAHMUSI.

3ajaun SKCIIEPUMEHTAIbHBIX UCCIIETOBAHNN:
e pa3paboTKa METOJIMKHU aBTOMATHU3UPOBAHHOIO cOOpa 3KCIEPUMEHTAIbHBIX

JAHHBIX O MpoIEccax TpaMOOBaHUS U BUOPOYINIOTHEHUS JJOPOKHOM CMECH;

® CO3JaHME W3MEPUTEIBHOIO KOMIUIEKCA [0 OIpPEACICHUI0 MNapaMeTpoB
npolecca yIIOTHEHUS;
® [poBeneHHE JTa0OPATOPHBIX U MOJIEBBIX UCIBITAHUN MPOLECCOB TPAMOOHUS
Y BUOPOYIUIOTHEHHUS JOPOKHOU CMECH;
® CTaTUCTHUYECKUI aHAIM3 U3MEPEHHBIX CUTHAJIOB.
OTH mapameTpsl ONPENEISUINCh MPU BapbUPOBAHMM BEJIIMYMH BHEUIHEH
HArpy3Ku 1 KOHCTPYKTUBHBIX PEIICHUN YIIOTHSIOIIET0 000y 10BAHHUS.

[Ipu Bu3yanbHOM OOCJIEJOBAaHUM TPOU3BOAMUTCA OLIEHKA COCTOSTHHS
JIOPOKHOTO TOKPBITHS, MPOBEACHUS IOATOTOBUTEIBHBIX JIOPOKHO-PEMOHTHBIX
pabor.

KOHTpOsIb ¢ MpUMEHEHNEM MHCTPYMEHTAIbHBIX CPEJACTB OCYIIECTBIISIETCS

P OLICHKE:
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® CTEMEHW YIJIOTHEHUS JIOPOXKHOTO OCHOBaHUSA TP  YCTPOMCTBE
JIOPOKHBIX OJIEHK]T;
® COOTBETCTBHS UCXOJHBIX MAaTEPHUAJIOB SKOJIOTHUYECKUM TPEOOBaAHUSAM;
® CIEMHBIX KA4YEeCTB YJIOKEHHOTO MOKPBITUSA, €r0 POBHOCTH U COOT-
BETCTBHS T€OMETPUUECKUX MMapaMeTPOB MPOEKTHHIM 3aJIaHUSM.
[Ipu naGopaTOpPHBIX HCCIAENOBAHUSX OMPEACIISINCEH ¢usnyeckue u
TEXHOJIOTUYECKHUE XapaKTePUCTUKU 1IEOCHOUYHO-TIECUaHbIX CMECE:
® 3EpHOBOH COCTaB,
® IUJIOTHOCTS,
® [IOPHUCTOCT,
® COJICp)KaHUE NMPUMECEM,
® 3¢PHOBOM COCTaB,
® IIPOYHOCTH Ha CIKATHE,
e KO3 PUIMEHTHI YIUIOTHEHNUS,
® [IPOEKTHAas TOJILIMHA.
JlabparopHble MCClEeI0BaHUs MPOBOJIMIUCH Ha TpaMOoBKe (upmbl Power
Guber. OG6mwmi Bug  00OpymOBaHHUS s TpamOOBaHHS JIOPOKHOM CMecH

npuBesieH Ha pucynke 3.1.

Pucynok 3.1 — OOuiuii Bux o00pynoBaHus 111 TpaMOOBaHUS TOPOKHON CMECH
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Bo Bpemsi 3KCIIepMMEHTAIbHBIX HCCIICIOBAHUN 3aMEPSIOTCS:
® YACTOTa BpAIICHUS 3KCIIEHTPUKOBOTO Bajia mpuBoza (Ny);
e ycuue B TonkaTelsix (Fim, Fom);
® IUIOTHOCTH IICOCHOYHO-ITECYaHOW CMECH B IISITH TOYKAaX IO IHPHHE pabodero
oprana (p);

® TOJIIMHA CJIOS YIUIOTHEHHOH 1eOeHoYHo-tecuanoit cmecu (H);
e cKopocTh acanproykiaaunka (V);

[TapameTpsl, ompeaeasieMble B TpPOIECCE SKCIICPUMEHTOB IPHUBEICHBI B

tabimue 3.1.

Tabnuna 3.1- [TapameTpsl, onpeaensemMbie B IPOIECCe IKCIEPUMEHTOB

[TapameTpsl Anmapatypa |OOBEKT onpeeneHus
Yacrota BpauieHust| TaxomeTp CuiioBoe  oTAEIECHUE
HKCIIEHTPUKOBOT'O Baja MPUBOJA MaIlIUHbI
VYcunue B TOKaTEIIX TenzogaTunk PaGouee

obopymoBaHue
ac(abTOyKJIaTuMKa
[InoTHOCTH e0CHOYHO- . JlopoxHas moJioca
DIIEKTPOHHBIN
MECYaAHOM CMECH B IIATH TOYKAX .
JTUHAMUYECKUM
10 IHMpHHE pabodero oprana
nigotHoMmep ZFG
TonmmHa 510 YIUIOTHEHHOM | DJIEKTPOHHBIN JloposkHas mosoca
1e6CHOYHO-TIECUYaHON CMECH JTagbHOMEDP

Cxema HN3MEPCHUA IUIOTHOCTH JOPOXKHOI0O OCHOBAaHUA IIPUBCACHA Ha

pucyHke 3.3.
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Mogaynb n3iieped ua
Ha 8
gxopoe SM 1231 TC

BAok nuTaHuA 24 B CPU 1214C
PM 1207

e

TE€H30OaTYHKH

KTP1200Basic PN
CeHCOPHbIN 3KpaH

Pucynok 3.3 — Cxema u3MepeHus MmIOTHOCTH JOPOKHOTO OCHOBAHUS

Ha pucynke 3.4 mnpuBeneHa cxeMa pacHoJIOKEHHs] OCHOBHBIX 3JIEMEHTOB

TCH30PC3UCTOPHBIX JATYNKOB

E@E:

Buono &

*..

R

R,l||||l
=_

2

#

Pucynok 3.4 — CxemMa pacnosnoKeHusi OCHOBHBIX 3JIEMEHTOB TEH30PE3UCTOPHBIX

JaTYHNKOB:

a — cxeMa HakJIeHKH TeH30/IaTYMKOB Ha TApUPOBOUHYIO OajIKy; 6 —cxema

HaKJICHKU TCH30AaTYNKOB Ha PACTAKCHUC,; B — CXCMa HaKJICHKU TCH30JaTYNKOB Ha

CXXaTuec

TGHBOMeTpI/I‘—IeCKI/Ie JaT4YUKM CHJIBI CXKaTHusA / pacCTAXKCHUA IIPCAHA3HAYCHDBI
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JUISl U3MEPEHUS CTATUYECKUX U JUHAMUYECKHUX HAarpy3o0kK. [JoCTOMHCTBAMU JaHHBIX
JTATYMKOB CUJIBI SBJISIOTCA: OOJbIIAs JTHHEWKA HU3MEPUTEIbHBIX AUANa30HOB (B TOM
YHUCJI€ - OYEHb OOJIBIINX); BBICOKAS TOYHOCTb, BBICOKHMM Kiacc 3aliuThl (B
ocHoBHOM, [P60 - IP68); kxopmyc u3 HepaBeromield cranud (Kak IPaBHIIO);
HIMPOKUI  TeMIepaTypHbId  Jauana3oH (C  BO3MOXHOCTBKO  PaCIIMpPEHUs).
HakiienBaemblii  TEH30/1aTYUK TMPEACTaBISET COOOM TOHKYIO ITPOBOJIOUKY,
CIIOKEHHYIO B BUJE PEIICTKH U OOKJIEEHHYIO C 00€HX CTOPOH H30JSLHUOHHBIMU
IUIACTUHKAaMHU W3 ManUpOCHON OyMaru, INIEHKH JIaKa WA KJIesl.

PaGota TEH30/1aTYHKa XapaKkTepu3yeTcs korhhuLreHTOM
TEH309yBCTBUTEIBHOCTH (S), KOTOPBHIA paBEH YAaCTHOMY OT JENEHUS OTHOCH-

TCIbHOI'O M3MCHCHHSA COIIPOTHUBIICHHA TCH30JAdTYMKAa Ha Cro OTHOCHUTCIBbHYIO

nedopmaruio:

g — OR/R
- ALSL (31)
rie Lm R— COOTBETCTBEHHO HJMHA W CONPOTHUBIICHWE JaT4YWKa TIpU
OTCYTCTBUH MEXaHMYECKOTo HampsbkeHus; AL 1 AR — COOTBETCTBEHHO U3MEHEHUE
JUIMHBI ¥ COINPOTHBJICHHUS B pe3yJbTaTe BO3JEHCTBUS BHEIIHETO JehOopMHUpYIO-
IETO YCHITHS.

OneHka  JTOCTOBEPHOCTH  JKCIEPUMEHTAIBHBIX  JAHHBIX  OINPEACNISIeTCS
TOYHOCTHIO HM3MEPEHHH, BBIOOPOM 4YHCIIa HEOOXOJWMBIX OIBITOB, METOJaMHU
00pabOTKH pe3yJbTaTOB MCCIIEIOBAaHUN M OOOCHOBAHMEM CJICJIAHHBIX JOMYIIECHUM.
OneHka TOYHOCTH HM3MEPEHHUs KaXKJIOro IMapaMerpa NpPOU3BOAMUIIACH CIEAYIOIMIUM
o0pazom.

Cpennee apudmernyeckoe psia HaOIIOICHUH, T.€. HanboJIee BEpPOSTHOS

3HA4YCHHUEC MHOI'OKPAaTHO I/ISMepeHHOﬁ BCJIMYMHBI PABHO!

M (3.2)

X=% i
i=1n
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e Xj — pe3ysbTar | — ro HaOJIIOICHHUs; N — YUCIIO HAOJIIOCHHMIA.
OTKJIOHEHUE pe3ysibTaTa OTACIBHOTO HAOMIOJEHUS OT CPETHETO
apu(hMETHIECKOTO PABHO :

Ay =X; = X. (3.3)

Cpenunee kBagpaTuuHoe oTkiaoHeHue norpemHoctu (CKO):

_ SR
o= = iEl(AI) . (3.4)

Cpez[Hee KBaaAPaTHUYHOC OTKIOHCHUC PC3YJIbTATOB HSMGPGHHﬁI

o
O =—. 3.5
=% (35)
JloBepHTEIIbHOS OTKJIIOHEHHE PAaBHO JIOBEPUTCIIBHOMY HHTEPBAIY:
A:itC-GN, (3.6)

rjae tc — koaddunment pacnpenenenus CTbiOJIEHTa NPU 3aJaHHOM 3HAYCHUU
JIOBEPUTEIBHOU BEPOSATHOCTH P

OTHOCHTENIBHOE JOBEPUTETHLHOE OTKIIOHEHUE ONpeesieTcs o (popmyJe:
A
o= (ij -100% . (3.7)

OKOHYATENbHBIN pe3yJbTaT 3aMUCHIBAIOT B BUAE X = X +A.
[IpoBepka THMOTE3BI O NPHHAMICKHOCTH PE3YJIHTATOB HAOIIOACHUIMA

HOPMaJILHOMY pacIpeeCHUI0 BBITIOIHAIACHE CPABHEHUEM SKCIEPUMEHTATbHOU
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GbyHKUMU pacripeesieHus ¢ MpearnoaraeMo TeopeTuueckoit. B urore nusmepenus
dbu3myeckoro napamerpa chopMupoBaCS MACCHB Xj CITydaliHON BETUYHHBI.
CTpyKTypHO-JIIOTHYECKAasi CXEMa JKCHEPUMEHTAJIbHBIX MCCIEAOBAaHUNA Ipolecca

YIUIOTHEHUS IeOCHOYHO-TIECUaHON CMEeCH IIpHUBEeHa Ha pUcyHKke 3.3.

Pa3zpaboTka MeToauKu
IKCIICPUMCHTAIBHBIX UCCIICTOBAHMIA

Llenu uccnemoBaHui:

1. Ouenka npouecca yrnjaioTHEHUS

2. 3amepenne napaMeTpoB Ipoiiecca TpaMmOOBaHUS U
BUOPOYIIIOTHEHUS

3.01eHKa aIeKBaTHOCTH PE3yJIbTaTOB

OKCIICPUMCHTAJIBHBIX HCCJIGIIOB&HI/Iﬁ
1

Il

N3mepeHne 4acToThl U
aMIUTUTY/IbI KOJIeOaHUM
TpamMOOBKHU

MaremaTtuueckoe HJ'IaHI/Ip%{aHI/IG H CTaTUCTHUYCCKAasAd

00paboTKa pe3yabTaTOB UCCIIECI0BAHUIN
1

U

OneHka cXOIMMOCTH PE3yJIbTaTOB UCCIIEA0BAHMIMA

Il

1. BreiBoa 00 azekBaTHOCTH MaTEMATHYECKOM MOIEIHN
2. Ouenka 3¢ (HEeKTUBHOCTH MPOIECCa YINTIOTHEHUS
JIOPOKHOTO OCHOBAHUSA

Pucynok 3.3 — CTpyKTypHO-JIOTHYECKasl cCXeMa IKCIePUMEHTATbHBIX

HACCIeI0BaHNI
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3.2. ABTomaTu3anusi cOopa perucTpupyemMbix NapamMmeTpoB

Jlnst  w3MepeHuss  BUOPOYCKOpEHUI MIPUMEHSITUCh  ITU(POBBIC
akcenepometrpel USB BbinonHeHble Ha 0a3e Mukpocxembl 1uppoBoro MEMS-
akcenepomerpa Analog Devices koTopple MOTYT paOoTaTh KakK MpPU HAJTUIHH
MHUKPOCXEMbI SHEPrOHE3aBUCUMON MaMATH Ha Tuiate, Tak u O0e3 Hee. Ha pucynke

3.4 mpuBenieH 001U BUJT aKCeJIEPOMETpA.

wi“_l)‘_(l;i S—

Pucynox 3.4 — ludpossie akcenepomerpsl USB

a) C DHEProHe3aBUCUMOM MaMsThIo, 0) 0€3 SHEProHe3aBUCUMON MaMsITU

Axkcenepomerp USB 0e3 MHUKpOCXeMbl MaMaTH PabOTaeT TOJbKO Oymydu
noakinoueHHbIM K USB kommnbrotepa, nuranue taxxe noaaerca mo USB. Ilocne
Kaxkzoro uaMepenus akcenepomerp USB niepenaet pe3ynbTaThl B KOMIIBIOTED.
[Ipunaraemoe nporpaMMHOE 0OecrieueHre MO3BOJISET BHIOPATH:

- JHafna3oH U3MeEpsieMbIX yckopeHul akcenepomerpa USB +2g, +4g, +8g umm
+16g;

- gacToTy BbIOOpKH akcenepomerpa USB 3200 T'u, 1600 I'u, 800 I'n, 400 I,
200I', 100I1, 50T, 25 I', 12,51 unm 6,25 T'1;

[IporpamMHOe oOecrieueHHe TO3BOJISIET YNPABIATH aKCEIEPOMETPOM,
CUUTBIBATH PE3YJIbTaThl U3MEPEHHUS, OTOOpaXKaTh UX B BUAE rpad)MKOB YCKOPEHUS

N COXPAHATDH NIOJTYYCHHBIC JJTAHHBIC B BUJC (I)aﬁHOB.
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AKcenepoMeTp € MaMSThIO paboTaeTr aBTOHOMHO MpPU MUTAHUU OT
CTaOMIM3UPOBAHHOTO MCTOUYHMKA HampsbkeHus +3,3B. [loTpebnsemsbrii Tok 10MA.
JIns MCTOYHMKA THTAHMS aKCEeJIepOMETpa MOXKHO HCIIOJIb30BATh MHUKPOCXEMY
LM1117DTX-3,3 (crabuiuzaTop (pUKCHPOBAHHOTO HamnpspkeHus 3,3B) u uerwbipe
OaTtapeiiku WIM aKKyMyJasITopa - Ha BXOAE MHKPOCXEMBI JOJKHO OBITh
HanpsbkeHue ot +4,75B no 10B. Ynpasnenue BbIOOpOM pekrMa akcelepoMeTpa
BeITIONTHsIeTCsE o USB, 3atem akcenepomeTp otkitouaercs ot USB, usmepenus
MOTYT BBINOJHATbCA Ha OOBEKTaX, Ha KOTOpPbIE YCTaHOBKA KOMIIBIOTEpPA
HEBO3MOXHA. DHEPrOHE3aBUCUMOCTh MaMATH akcenepomeTpa USB - xpaHeHue
3aMMCaHHBIX B MaMSITH JaHHBIX HE TPEOyEeT UCTOYHUKA MUTaHUS.

CreneHp yIUIOTHEHHsI JIOPOKHOM CMECHM  HM3MEpSIach  AJIEKTPOHHBIM

nrHaMu4eckuM rmiotHomepom ZFG 3000

Texaunueckue xapakrepuctuku miotHomepa ZFG 3000 npusenensl B Tadiuiie 3.2.

Tabnuua 3.2 — Texunyeckue xapakrepuctuku miotnomepa ZFG 3000

OOwuii Bec 15 xr 20 xr
Bec maparomiero ycrpoiictsa 10 xr 15 xr
MakcuManbHas Cuia BO3IEHCTBUSA 7,07 kN 10,6 kN
Bpems BozneicTBus, McC 170+1,5 170+1,5
J{namna3oH u3MepeHuil ocajku 0,3-10 Mm 0,3-10 MM
To4YHOCTH U3MEPEHNI OCATKU + 0,02 MM + 0,02 Mm
Juamnazon usmepenuit Evd <70 MN/m? <105 MN/m?
Jlnanazon pabo4ux TemriepaTyp 0-50°C 0-50°C

OnexTpoHHBINA AuHamMu4eckuit iotHomep ZFG 3000 paboTtaeT Ha mpuHITUTIE
NaJicHusl Tpy3a OMNPEACTICHHON MaccChl C (UKCHUPOBAHHON BBICOTHI HAa
Harpy30uHylo I1uTy. Harpy3odHas rumTa SJ€KTPOHHOIO JUHAMHYECKOTO
IJIOTHOMEpPA TMOJ JEHCTBUEM CHJIBI YJapa BbI3bIBAET OCAIKY OCHOBAHUSA

nie0eHoYHO-TIecyaHoil cmecu. M3mepsiemblie napameTpbl (YCKOPEHUE, CKOPOCTh U
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BEJIMYMHA OCAJIKH) TIOJIBEPraroTCs JIEKTPOHHON o0paboTke. [To mx pesynbraTam

PacCUUTHIBACTCS TUHAMUYECKAM MOAYJIb YIPYrOCTH. Bce naHHblE XpaHEHATCS B

IHaMsITH YCTPOﬁCTBa H MOI'yT OBITH BBIBCICHBI Ha IICHATATh W IICPCHCCCHBI Ha

BHEILIHUM HepCOHaHBHLIﬁ KOMIIBIOTCDP.

3.3 Pe3yabrarbl Ja00pPATOPHBIX MCHBITAHMH BHOPOTPaAMOOBAHMS

me0eHOYHO-TIeCYaHOH cMecH

Pesynbratel u3mepenus koddpdunmenta yriotHenus Ky 1meGeHodHo-

MECYaHON CMeCH JJIEKTPOHHBIM auHamuueckuMm tiaotHomepom ZFG 3000 B

3aBUCHUMOCTH OT JUHAMHYCCKOI'O

MOZYJIA YHPYTOCTH

( Evp, MN/M* ) u

cratmaeckoro Momyis ynpyrocti (Ev,, MN/m?) npusenens: B Tabmue 3.3 [3].

Tabnuua 3.3 — Pe3ynbTaTsl KOPPEISALUUA U3MEPSIEMBIX TAPAMETPOB

Tum rpyHTa Evp, MIla Ev,, MlIla Ky
CwmeliaHHbIN TpaBUid 60 120 1,03
MenKo3epHUCTRIN TpaBuid 50 100 1,00
40 80 0,98
35 70 0,97
Kpynnozepaucterii rpasuii | 40 80 1,00
KpynHo3zepauctsiit mecok | 35 70 0,98
CMmeniaHHbIN ECOK
Menko3epHUCTBIN NECOK 3 %0 097
['pyHTHI  CMemIaHHbie U | 25 45 1,00
MeJIKOH (hpakiuu 15 30 0,97
Ha pucynke 3.5 mnpuBeacHsl 3aBUCUMOCTH BEIMYHMHBI Kod(huimeHTa

YIUIOTHCHUA OT AMHAMHUYCCKOI'O MOJYJI YIIPYT'OCTH MaTtcpuajia



o1

Ky o4
y= 1E-09%5 - SE-07x* + 7E-05x5 - 0,005x% +
1,03 0,1620x - 1,0006
R?=0,9232
1,02 !
1,01
f + Paal
1 - /\j
099 / / NMonWHoMKHaNeHEA
: \ {Paal)
0,98
0,97
0,96 ; ; .
0 50 100 150 Ev.
MIIa

Pucynox 3.5 — 3aBUCHUMOCTb BETMYUHBI KOA(PPUIIMEHTA YIIIOTHEHUS OT
JTUHAMHYECKOTO MOJYJISI YIIPYTOCTH
Ha pucynke 3.6 npuBeneHbl 3aBUCUMOCTH COOTHOIICHU MEXK]Y BEJIMUYMHOU

OCalKu U CKOPOCTBIO OCAAKH Hany30qHOﬁ IUIATHBI, ITIOJYYCHHBIC ILNIOTHOMCPOM

ZFG 3000.

b, nana
1 2
0.3 7
0,5
0,7 | | i - W.nlc
0 5,0 10,0 15,0 20,0 25,0

Pucynok 3.6 — 3aBucumoct  Mexay BenuunHoi (H) u ckopocThio ocaaku

(V) Tl
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HccnenoBanust mpolecca YIUIOTHEHUS II€0CHOYHO-TPaBHMHOM —cMecH
IPOBOAMIIUCH C ToMolIplo BuOporuutel BY-05-45. Bubpormmrta BY-05-45
npeHa3HaueHa JJs YIJIOTHEHHsI Pa3IUYHBIX BHIOB CBHIIYYMX U CBA3HBIX
JOPOXKHBIX TOKPBITUH, TaKUX Kak IEeCOK, IPaBUH, MECYaHO-TPaBUIHAS CMECH,
ac(anbToOETOH MPH MPOBEICHUHN JOPOKHO-CTPOUTEIBHBIX, PEMOHTHBIX U TPOUYUX
paboT, CBA3aHHBIX C YIUIOTHEHHEM IOBEPXHOCTH HAa OTPAHUYECHHOM MIPOCTPAHCTBE.

JIis  9KCHEepUMEHTAIIbHOTO HCCIEIOBaHUs HUCHOJb30Bajach I1e0€HOYHO-
necuanas cmech. Cocrosmas u3 60% mebdns u 40% mecka, B coorBeTcTBUU ¢ ['oCcT
25607-94.

Tabnuma 3.4 — Hactpoeunsie napameTpsl BuOporuntel BY-05-45

ITonoxxenue | Yacrora Macca Komnuect | Ctatnueck | Beinyxmaaro

nebalaHcoB | BpallleHusl | nebanaHca, | BO WA MOMEHT, | I[as  CHJIA,
nebajanca, | Kr nebajlaHc | KIcMm kH
1/Mun OB, IIIT

| 3000 0,595 4 2,55 2,5

I 3000 0,595 4 3,45 3,4

1 3000 0,595 4 4,2 4,1

v 3000 0,595 4 4,6 4,5

\Y 3000 0,595 4 4,9 4.8

VI 3000 0,595 4 50 50

VYcTaHaBnMBaNOCh OJHO W3 IIECTU IMOJOXKEHUN JedanaHcoB BHOpaTopa,
00€eCIeYnBaOIINX PA3IMYHYIO 10 BEIMYMHE BBIHYXKIAIOIIYIO CHITY. 3ajJaBaiach
CKOPOCTb JBWKEHUS (BPEMANIPOXOKICHHS OMBITHOTO YYacTKa) MIPH YIIJIOTHEHHH.

3areM BUOPOYCTaHOBKa BKJIOYajach W LMKJIMYHO I[epeMeniaiach 10
UCCIIEyEeMOMY YYacTKy MECHYaHO-IIeOEHOYHOW CMECH, MEePUOJUYECKU IMPOBEpsis
IJIOTHOCTh TOKpPbITUA. [locne momydeHuss MaKCMMaldbHOTO YIJIOTHEHHS CMECh
TUIATEJBHO TEepeMelInBaiach, Ha BUOpPOYCTAaHOBKE MEHSJIUCh HACTPOMKHU

I[C6aHaHCOB N IHUKJI BHOBBb ITOBTOPAJICA. Bce omnbiTHBIC JaHHBbIC HCIIbITaHUA
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3aHOCHJIMCh B KOMIIBIOTEpP, IIOCJIE€ YEro aHaJM3UpPOBAJIUCh MPOrPaMMHBIMU
CPEIICTBAMH.

Cpencteamu MS EXCEL B pe3ynbrare o0pabOTKM  METOJaMU
PErpecCUOHHOTO aHAIKM3a MOJIYYeHbI 3aBUCUMOCTH YCKOPEHHUS OT YKClia MPOXOIOB,

PUCYHOK 3.7.

140
120
100 -"/‘/.
80

60

40 . _ y = 34,93In(x) + 53,59
R*=0,972

20

YckopeHue suBponnuTel, m/c?

0 1 2 3 4 5 6 7

Yucno npoxogoe BMOpPONNKMTLI

Pucynox 3.7 — 3aBUCUMOCTDh YCKOPEHHS OT YUCJIA MPOXOJA0B BUOPOIUIUTHI

3aBUCUMOCTh  KOY(PUIIMEHTAa  YIJIOTHEHUS CMECH OT  YCKOpPEHHUS

BUOPOIUTMTHI TPUBEJICHA Ha prCYyHKe 3.8.

1,00
c 095 : - : -
T
2 o090 *
[
s 0,85
=
£

0,80 - -
g - y = 0,5724e0,0042x
s 2= 0,94 _|
E T

50,0 600 70,0 800 90,0 100,0 110,0 1200

YckopeHwe enbponnuTel, m/c?

Pucynok 3.8 — 3aBucumoctb K03 huiueHTa yIioTHEHUS] CMECH OT

YCKOpPEHHUsI BUOPOTUIUTHI
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B pesynbrare 3KCHOEPUMEHTAIBHOTO HWCCIEAOBAaHMUS MOJIYYEHBI JaHHBIE O
JWHAMHUKE BUOPAIIMOHHOTO TEXHOJOTHYECKOTO Ipolecca sl HACHTU(UKAIUN
VIUIOTHUTEJNS, BBINOJIHEH aHAIM3 W3MEHEHUS YCKOPEHHUSI YIUIOTHHUTEIS OT
KECTKOCTH Cpelbl M OOOCHOBAaHHWE MPEANOCHIIOK aBTOMATH3allUM KOHTPOJIS
pabouero mnpoiiecca BUOpornTsl BY-05-45.

AMIUIMTY1a KOJIEOAHUM YITOTHSIONIErO arperara OKa3blBaeT 3HAYUTEIbHOE
BIIMSIHUE HA TIPOIECC YIUIOTHEHHUS JOPOXKHOTO OCHOBaHUsA. [l 1iebeHouHo-
MecuyaHod cMecu JIMHEWHass yactoTa koisiednercs B mpenenax 33-50 I'm mpu
amrutyae konedbanuit ot 0,4 1o 0,8 mm.

[Ipu yniaoTHEHUH CIIOCB OCHOBAaHHUS M3 KaMEHHBIX MaTepHaJIOB TpeOyTcs
pUMeHeHHe OoNbIUX aMIUIUTY. C yBeIHMYCHHEM IJIOTHOCTH MaTepuaja, IjiuTa
TpaMOOBKH 3a4acTyl0 HauYMHAET rajJonupoBaTh. J{Jig MCKIIOUEHHUS TajJonupOBaHUs
IUTUTBI  CIIEyeT TMEepedTH K MajblM aMIUTMTyJaM, M TOrJa IUIOTHOCTh OyaeT
YBEITUYUBATHCHL.

Bonbmroe Biusiaue Ha 3G (PEKT YIIIOTHEHUS CYTIIMHKOB OKa3bIBaeT BEINUMHA
BJIAKHOCTH TpPyHTa B MOMEHT YIUIOTHEHMs. MccinemoBaHusd Tmoka3zaid, 4TO
3HAQYCHUS! ONTUMAJIbHON BJIIAXKHOCTH TPYHTAa NpPH €ro YIUIOTHEHWUU 3aBHUCIT OT
MPUMEHAEMOI0 METOJIa VYIUIOTHEHMS, M, KakK TMpaBUJIO, OHA MEHBIIE, YeM
BJIQXXHOCTb, IOJydaemasi TpU CTaHJApTHOM YIUIOTHEHHH B J1aOOpaTOPHBIX
ycnoBusix. [lonydeHHbIe JaHHBIE MOJIEBBIX UCCIEIOBAHUI MTOKA3aI1, YTO IPUHATOE
B MPAKTUKE JOPOKHOTO CTPOUTEJIHCTBA 3HAUYCHHUE BJIAKHOCTH BBIIIE HA T'PAHULIC
TEKy4eCTH npu YIUIOTHEHU U TJIMHUCTHIX TPYHTOB.

OntumanbHas BIAKHOCTH JUIS YIUIOTHEHUS TPaMOOBKaMHM HECKOJIBKO HHUXKE
BJII&XXKHOCTU Ha mpeaene. Eciau BIaXHOCTh TpPyHTa TakKoBa, 4YTO CTENEHb
3aroJIHeHUS Mop BoAoM Bbilie 0,7, TO YINIOTHEHUE TAaKOTO IPYHTA HE MOXKET OBITh

PCKOMCHAOBAHO.
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BoiBOABI

1. B pesynbpTare sKCHEpUMEHTANBHBIX U TEOPETUUYECKUX HCCIEAOBAHUMA
ac(asbTOyKJIaTuYHKa ONpe/ICTICHHI.

2. Omnpenenena  3aBUCUMOCTb  KOd(PQUIMEHTa  YIUIOTHEHUS  OT
MaKCHUMAJIbHOTO yCWIMS Ha Tojkarene Opyca B auanazone ot 0,92 — 0,99, yto

CO3aacT MMPCAIIOCBUIKH IJIsI aBTOMATU3alUU IIPOICCCa YINIOTHCHHUA CMCCH.
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4. PEAJIN3AIINS PE3YJIBTATOB UCCJIEJOBAHUN
YCTPOMCTBA JOPOKHBIX OCHOBAHUN

4.1 AnmapaTHo peajiM30BaHHOE MNPOTrpPaMMHoOE o0ecredyeHHe YIja aTaku

YIUIOTHAKOIIETO arperara

TBepaOCTh MOPOKHOTO OCHOBAHUSI SIBISETCS. OCHOBHBIM IapaMeTpPOM,
OMPEIECTAIONUM KauyeCTBO aBTOMOOMIBHOM Joporu. s ympaBieHHs MPOIECCOM
YCTAaHOBKM YTIJIa aTakW arperara paspadoTaHa CUCTEMa YIpaBieHHs Ha 0aze
IpOMBIIIIEHHOTO KoHTposiepa Siemens SIMATIC S7-1200.

[IpemyiaraemMass MHKpONpPOLIECCOPHAsT CHUCTeMa ymopaBicHus (pucyHok 4.1)
cHaOxeHa koHtposepoMm Siemens SIMATIC S7-1200, nmatuukamMu ycuiausi B
TpamOyroieM Opyce, JaTYMKaMU [EPEMEIICHUS.

Cucrema ympaBieHus padoTaeT cienyronmm oOpaszom. [lepen Hauyanom
paboT B 3aJaTYMK KOHTpOJUIEpAa YyCTaHABJIMBAeTCid TpeOyemass BelWYHHA
IJIOTHOCTH JOPOKHOM cMecHu. KOoHTposiep omnpenenser IJIIOTHOCTH JOPOKHOU
CMECH U CpaBHUBAET C 3aJlanHOM. Eciu TpeOyemblii mapaMeTp He oOecrieunBaeTcs,
U3 KOHTpoJuiepa depe3 nudpo-ananoroseii npeodpaszoBatens (LIAIl) moctymaer
aHAJIOTOBBIM CHUTHAJ Ha UCHOJHUTENbHBIN MexanusM (MM) mist KoppeKTUpOBKH
BO3JICHCTBHUS Ha yTOJ aTAKH.

Tak kak B JaHHOM BepcMHU 3a OCHOBY OblUla B3siTa MOJEIb
acanproykinamunka MARINI MF, To mist coBMECTUMOCTH € JIpYTUMU THUIIAMH
ac(albTOYKJIAMUUKOB W JUIsl  yJ00CTBa MCIOJB30BaHUS MPOrPaMMbI  BCE
HEO0OXOMMbIE TEXHUYECKHUE XapPAKTEPUCTHKH  BBIHECEHBI B OJIOK KOHTpOJUIepa
S7-1200. Unadopmarus o padore ACY oroOpaxkaeTcs Ha DKpaHE IUCILICS B
uupoBOM U rpaduyecKOM BUJIE.

AmnrmapaTHo peanu3oBaHHOe TporpammHoe obecrnieueHue ACY mpuBeneHO

Ha pUCYHKe 4.2,
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MNMaHenb onepartopa

Puc. 4.1. UnTepdeiic ynpaBiaeHus yriioM aTaku

B wuntepdeiice ympasmsromero koHTpoiiepa S7-1200 oTpaxkeHsl 1Ba
pexumMa paboThl: PyYHOM M aBTOMATHYECKUM (PUCYHOK 4.2) a TakKe JHUara3oH
pEeryNHMpoBaHMsl yria aTakd arperara. YMpaBleHHE MPOIECCOM YCTAaHOBKHU YTJja
aTakd MOXKET OCYLIECTBIIATHCS KaK B PYyYHOM TaK M aBTOMAaTUYECKOM DPEKUME.
Pa3zpaborannas nporpamMMa  00ecrednBaeT yIpaBiIeHUE  IPOLECCOM

pEryIMpOBaHMs yIJla aTaKy YIJIOTHSIOIIErO arperara.
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Al (Topmonapa Tp100)
Al
_.I Rony
Ga
Offy
sPt
Mqg0
KC4.5 2008 B008 Q3 P o——p—)
AlZ (Tepmanapa Tp100} Ti=ge- > - a
N "'él-‘ A* [
.‘;‘{L\nl w0 =180
oM =00 RangeMin=0
Gain =2.5¢ 00‘;;, BOI0 Q4 (OTenoyen NPasL WwHoK)
Offset=-500
SP=1000
Mq=1G0

KC#0.5
TI=00-30m
Cigme

Point =0
Pucynok 4.2 — AnnapaTHO peajan30BaHHOE IPOrpaMMHOE 0OecrieueHne
CHCTEMBI YIIpaBJICHUS YIUIOTHSIIOIIETO arperaTa
1 — craproBas kHomKa; PS — Tpurrep; A+ — Ten3onaTuuk; Q — KHOMKa

yIpaBiieHus; B — reHepaTop umiryibca

4.2 Pa3paboTka ajJropurMa pacuera yrja aTakiu YIUIOTHSIIOLEro arperara

YRIAAYUKA

Ilenbto pa3paboOTKM anropuTMa pacuera yria aTakd YIUIOTHSIOIIETO
arperata ac(anpTOyKJIagyuKa C CHCTEMOH aBTOMAaTHMUYECKOTO YyIpaBICHUS
SBJISIETCSL OTPEJICIICHNE TIapaMeTPOB YIUIOTHSIOIIETO OpraHa, 00ecrneynBaroIuX
ONTUMANbHBIA peXUM padboThl acanbroykiaauuka. Pa3paboTaHO mporpamMMHOE
o0ecrieueHrne CUCTEMbl aBTOMATHYECKOIO YNpPaBICHHs YIJIOM aTakKd Ha OCHOBE

KOHTPOJIA IVNIOTHOCTHU JOPOKHOU CMECH.
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Cxema ajiropuTMa pacdyeTa OCHOBHBIX 1ApaMETPOB YIUIOTHSIOLIETO arperara
npuBe/ieHa Ha pUCyHKe 4.3. AJIrOpUTM COAEP>KUT OJOKH pacdera yIIOTHSIOMIETO

arperara € CUCTEMOU YIIpaBJICHUA IINIOTHOCTBIO IIOpO}KHOf/II CMCCH.

Hcxonarie nanHeie

H+a VYron aTaky yIIOTHSIOIIETO
b arperata

A 4

f — xe YA Yacrtora KojeOanuit
VIUIOTHSIOIIIETO arperara

A 4

Q =qgn Pacxon paboueit xuakocTu

A 4

Vi — Q CxopocTb nepeMelieHus
= g HOPIIHSA
A 4
D — 4F N JlnameTp nopiHs
T

Pucynok 4.3 — Cxema anropuTMa pacdyeTra OCHOBHBIX MapaMETPOB YILUIOTHSIOIIETO

arperata
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OCHOBHBIE PE3YJIBTATHBI U BBIBO/IbI

. pa3paborana cucreMa yIpaBJICHUS ac(abTOYKIIaTYUKOM,
obOecrieunBammias  TpeOyeMyl0 CTENEeHb  YIUIOHCHHS 11eOCHOYHO-
IIeCYaHOM;

. YCTaHOBJICHBI 3aKOHOMEPHOCTH H3MEHEHHUs Kod(h(duUIlMeHTa YIIOTHEHUS B
3aBUCUMOCTH OT CBOMCTB IIEOEHOYHO-NIECYAHOM CMECH THIA CMECU U
BPEMEHHM BO3JICHCTBUS YIIOTHSIOIIETO 000pY/I0BaHUS HA CMECh;

. pa3paboTaH yNOPaBIAIOMIMNA MOJYJb YIUIOTHEHUS I1€0CHOYHO-TIECUaHON
CMEecH M0 Tnapamerpy Ko3(h(duIMeHTa YIUIOTHEHHUs IIyTeM YIpaBlICHUS
YaCTOTHO-aMIUTUTYIHOW XapaKTEPUCTUKON MPHUBO/Ia paboyero 000py10BaHus;

. pa3paboTaHO NPOrpaMMHOE OOECIEYEHHE IO pacueTy MpUBOAA padoOyvero

o0opynoBaHus achaabTOYKIaIUUKA.
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IlepedyeHb yCI0BHBIX 0003HAYEHUH

Em Mm — Moaybs nedopManvii U BI3KOCTh cMecu (MakcBesIoBcKkasi);

Ex nkx— Monynb nedopmarinu u BI3KocTh cMecu (KenpBUHOBCKAs);

O-(g) - IIOBBIIICHHUC IIPCACTIa TCKYUYCCTHU CMCCH,

O 1 (o2 , - HalIPsDKCHU S,

C — CONpOTHUBJIEHHE CIIBUTY CMECH;
¢ — YroJl BHyTPEHHET0 TPEeHUS Marepuaia; € — AedopMaiusi CMECH.
C — JMHaMHYECKasl )KECTKOCTh YIUIOTHSIOIIETO Opyca Ha CXKaTueE;

Z- mepemelieHrue TpaMmoyromiero opyca.

M — macca TpaMOyrolero opyca;

C — muHaMuyecKkas )KeCTKOCTh YIUIOTHSIOIIETO Opyca Ha C)KaTue;
S — ycunue Heynpyroro COnpoTHUBICHUS;

® — YacToTa KoJIeOaHUN YIUIOTHSIOIIETo Opyca;

t — rexyuiee Bpems; {) — MOJIOBUHA MHTEPBAJIA KOHTAKTa,

@,— (ha30BbIi Yroa BO3MYILAIOLIEH CUIIBI.

h - BeICOTA BBIPABHHUBAIOIICTO CJIOA CMCCH ITOCJIC KOMIICHCAIINHU
H - BeIcOoTa BOTHEI Ha IOBCPXHOCTH,
a - IUpHuHa BI)IFJ'Ia)KI/IBaIOHlef/'I IIJINTBI,

b - nnmuHa Hecymero peruara;

M - cymMmapHas macca CUCTEMBI

A" @MIUIUTYJa KoneOaHuil BEOPOBO3OY AUTEIS;

A) - AMILIATYa KOJIeOaHU BUOPOILITUTHI.
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K;, K, — Komm4yecTBO cTeneHeit cBOOOAbI ISl AUCIIEPCUH OIbITa U JUCIICPCUN
aJIEKBaTHOCTU COOTBETCTBEHHO
b; — abcomoTHOE 3HAaueHNe mapamerpa; tga(f)— TabanyHoe 3HaUCHNE apaMeTpa

no kputeputo CThIOJICHTA.

2 .
I\ — MHOYKECTBEHHBIN KO3(PUIIUEHT KOppesun

N — 4KCII0 CTOPOH B MAaTpULE IUIAHUPOBAHHS,
M — YKCIIO0 MapaJuIeNIbHBIX OIBITOB;
Yij — YCIIOBHBIC OINBITHbIE 3HA4YeHUs B i-0ff cTpoke, Y] — om crondue

COOTBETCTBEHHO; Yj— CpEIHEe 3HaUCHHE ITapamMeTpa.
d — grcno 3HaYammx K03(pPHUINEHTOB B MOJIEIH;

Yipac — PACYETHOE 3HAYEHHE [TAPAMETPA;

Yiop — JAE€UCTBUTEIBHOE 3HAYEHHE T1ap
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ITPUJIOKEHHUE 1

VK 624.342. 1
AHAJIN3 KAYECTBA CTPOUTEJBLCTBA JOPOXKHOI'O
OCHOBAHUA
CocoB E.T'.
Hay4Hblil pykoBoauTeab A-p TexH. Hayk Emenbsnos P.T.
Cubupcruii ghedepanvHwlil yHUSepcumem

B Hactosimiee Bpemsi TpU  CTPOUTENHCTBE ABTOMOOMJIBHBIX  JIOPOT
denepanbHOTO M TEPPUTOPHAIBHOTO 3HAaueHUss B Poccum TpPOM3BOAUTCS
YCTPOMCTBO CII0OEB OCHOBAHUS U3 IIEOCHOYHO-TIECUAHbIX U APYrux cmeceil. s
TOTO NPUMEHSIOTCA TEXHOJOIMMHM C IPUMEHEHUWEM KOMIUIEKTa MalluH
COCTOSIIIIETO W3 aBTOTpeijepa M KaTka a TakkKe OETOHOYKIATIMKOB U
acanbToyKiaquukoB.  Pasnuunble  mojenu — achanbTOYKIaTUMKOB B
3aBUCUMOCTH OT YIUIOTHAIOIIMX YCTPOMCTB M PEXKUMOB pabdOThl MOTYT
OCYILECTBJISITh ~ NMPEABAPUTEIIBHOE  YIUIOTHEHHWE  JIOPOKHOTO  OCHOBAHUSA

Tpebyemoro kadectna [1].

YunotHenue rpyHTa, mEeOHS U achanbTo0eTOHA B JIOPOKHOW OTpaciu
ABJIIETCSI HE TOJBKO COCTAaBHOM 4YacThlO TEXHOJIOTMYECKOTO Ipolecca
YCTPOMCTBA 3€MIISIHOTO TMOJOTHA, OCHOBAaHUS W IOKPBITHA, HO M CILYXKHUT
(dakTUYeCcKu TJaBHOW omeparued 1o  00ECrneueHUrd HX MPOUYHOCTH,
YCTOWYMBOCTA M JIOJITOBEYHOCTH. XAapPaKTEPUCTUKH IIpoLiecca YIJIOTHEHHUH
ONPENENSIOTCA PEOJIOTUYECKUMH CBOMCTBAMHU HIEOEHOYHO-TIECUAHON CMECH.
OnHMM M3 KPUTEpUEB KauecTBa JOPOKHOTO OCHOBAHHUSA CIYKUT KOA(P(UIIUEHT
VIUIOTHEHHUS  YKJIAJbIBa€MOHl cMecH. OTOT KpUTepuid obecreynBaeTcs
COUETAaHHMEM MapaMeTpOB yCWIMS B TpaMmOyrouieM Opyce W aMIUIMTYJHO-
YAaCTOTHOW XapaKTEPUCTUKON BBHITJIAXKUBAIOMICH IUIUTH acalbTOYKIAIINKA.
DddekTruBHOE YIIIOTHEHHE IEOEHOYHO-MIECYUaHOM CMECH JOCTUTaeTcsi MpH
yCIIOBUM, 4YTOOBI MOJA pPabOYMMHU OpraHaMH YIUIOTHSIOIIETO OO0O0pYyI0BaHUS

KOHTAKTHBIC HOaBJICHUA ObLIM HE MEHBIIIE npeacia TCKYUYCCTU M HC OoJIbIIIE
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npeaesa MNpPOYHOCTH. B mepBoM cilydae yYIUIOTHEHHE MPOUCXOAUT HE
pe3ynbTaTuBHO. BO BTOPOM cilydae mpouece yIIOTHEHHS EPEXOIUT B MPOLECC
paspyuienus. B 3Tom ciydae npoucxoIuT UHTEHCUBHOE TEUEHUE MaTepuasa u3
30HBI BBICOKOTO JIaBJICHHUSI B 30HY HHU3KOTO YTO MPUBOAMUT K K HAPYIICHUIO

CIUIOLIHOCTH U POBHOCTH MOKPBITHS [2].

Jlns onucaHus Tpoliecca YIUIOTHEHUS 111e0€HOYHO-TIeCYaHOW HMCIOJb30BaHa
TEOpHsl HAMPSHKEHHO-Ie(POPMUPOBAHHOTO cOcTOsTHUSA TpyHTOB [3]. CyTh maHHOTO
METO/a COCTOMT B CIEAYIOIIEM: IpPH JOCTHKEHUU KPUTUYECKOrO 3HAYEHUS
nedopmalii  MPOUCXOAUT PE3KOe YIUIOTHEHHWE Marepuana. Martepuan Ttepsier
CIIOCOOHOCTH J1e(POPMUPOBATHCS MPU YBEIUUECHUH HANPSIKEHUS.

CreneHp yIUIOTHEHUS JOPOKHOM CMECH HU3MEPSIIACh JJIEKTPOHHBIM
nuHamuyeckuMm  1uiotHomepom  ZFG  3000. Ha pucynke 1 mnpuBeaeHb
3aBUCUMOCTH COOTHOILICHHUS MEXAY BEIUYUHOU U CKOPOCTBIO OCAaJKU

Harpy304HOU IJIATBHI.

0.0
H, MM
0,5 '—/
0,7 i
0 5,0 10,0 15,0 20,0 25,0
V, mfc

PucyHnok 1 — 3aBUCHUMOCTH COOTHOIIEHUSI MEX]Y BEIMUYUHOU U
CKOPOCTBIO OCAJIKU HArpy30UYHOW ITATHI
B pesynbraTe MNpOBENECHHBIX HCCIEIOBAHUI OMNpEIesieHa 3aBUCUMOCTD
kodpdunrenta Kk yIIIOTHEHUS CMECH OT OTHOCHUTEIIbHOM aMIUIUTYIbI

KoJIe0aHUM MIIUTHI, (PUCYHOK 2)
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0,96
y=-0,0029%%+ 0,0192x + 0,9105
0,94 —— R?=0,9553
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0,9 /
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MonuHoMManbHas
0,86 - 327 (paal)
0,84 MoarHoMuanbHan
(PAn2)
0,82
0,8 T T T T 1
0 1 2 3 4 5
Pucynox 2 — 3aBucumocth Ko3(dduimenta k ymiaoTHEHHS CMecH OT
OTHOCUTEIBHOW  aMILIUTY bl KojeOaHUN TIJIUTHI, BbI3BAHHBIX PAOOTOM

TUAPOMOTOpA:
1- BuOpaTOopoB BHOpOIUIUTHI C TpamOywomuUM OpycoMm; 2— BUOPaTOpOB
BUOPOILIUTHI

VYBennueHne MaKCUMAJIBHOTO YHCIIA BO3JIEMCTBUM Ha JOPOKHYKO CMEChH IS
BuOporutel ¢ 300 10 900, a ns TpamOytromero 6pyca co 150 mo 425 nmpuBoauT K
yBenuueHuro koddduimenta ymiotHenus ¢ 0,9 mo 0,94. B cmywae paboThl
TpaMOytoiero Opyca C BHOPOIUIUTOM YHMCJIO BO3JAEHCTBUM  IUIMTHI  OT
YCTAaHOBJICHHOTO Ha HEW BUOpaTropa MPaKTUYECKH HE OKa3bIBACT BIUSHUS Ha
YBEJIMYEHUE TUIOTHOCTH CMECU TMOcie BO3JEHUCTBUSL TpaMmOyroimiero Opyca, HO
CIIOCOOCTBYET YJIYUIICHHIO KauecTBa TMOBEPXHOCTH YIJIOTHEHHOTO MOKPBITHSI.
br110 ycTaHOBIIEHO, 4TO TIpH paboTe TpaMOyroIero 6pyca co CTaTUYECKOMN TIUTON
CYILIECTBYET TakKasi CKOPOCTh MEPEABUKECHUS, TP KOTOPOM MOSIBISIOTCS Pa3phIBbI
Ha TIOBEPXHOCTH MOKPHITHS. ITa CKOPOCTh paBHA 5,5...6 M/MUH. NPU YIUIOTHEHUU
necyaHo cmecu. lcmonb3oBaHue BUOPOIUIUTHI, palbOTaromeld COBMECTHO C
TpaMOytoIuM OpycoM, JOIMYCKaJdO YBEJIUYEHHE CKOPOCTH TMEPEABMKEHUS 10 8
M/MUH.

Y CTaHOBIEHO, YTO CMECh OBICTPO YIUIOTHSIETCS MPU MEPBBIX yJapax IO HEH
TpaMOytoiero Opyca, ¥ MOBbIIEHHE KOYPGUIIMEHTA YIUIOTHEHUS ISl MeCYaHOM

CMECH C TOJIIMHOMN cios 6...8 CM MPaKTHUYECKU MPEKpallaeTcs Mocie S5 yIapoB
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6pyca. I/I,ZIGHTI/IIIHOGI BJIMSIHUEC HAa YIINIOTHCHHUE CMECH OKa3bIBACT U MacCCa pa6oqero
opraHa. TaK, I[&HBHCIZHJGFO MOBBIIICHUA CTCIICHHU YIINIOTHCHHUSA CMCECHU TAKIKC HC

MMPOUCXOAUT C YBCINYCHHUCM OTHOCUTCIIbHOT'O JABJICHUA IIJIMTHI CBBIIIC 15 yYaapoB.
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YK 624.952. 1
Cocos E.I'.
MopaeupoBaHue npouecca ynjaoTHEHUs A0POKHON cMecH

Hayunbiii pykoBoauTeab — a-p TexH. HayK Emenbsinos P.T.

Cuoupckuii gheoepanvuutit ynusepcumem, 2. Kpacnoapck

Jng  cTpouTeNnbCcTBa JOPOKHOTO OCHOBAaHMS H  JIOPOKHOM  OJEHKIIbI
OPUMEHSIOTCS] YKJIAQIUUKU C YIJIOTHSAIOIIMM arperatam, KOTOpbI oOecredrBaet
pacnpenesneHue W NpelBapUTEIbHOE YIJIOTHEHHE YKIIaIbIBAEMON JOPOKHON
cmecu. Hannure HEOJHOPOAHOCTH IPYHTA BEAET K HEPABHOMEPHOCTH YIIJIOTHEHMSI
CJIOS JIOPOKHOTO TMOJOTHA, YTO BEAET B MPOLECCE SKCIUlyaTaluu JOPOTH K
oOpa3zoBanuio JedeKkToB Tumna rpedbeHok Baosib aoporu. I[lostomy Tpebyercs
COBEpIICHCTBOBAHMWE CHCTEMbl YIPAaBICHUS YKIQJAuUWKa MyTeM pa3paboTKu
CTAaOMJIM3UPYIOLIET0 KOHTYpA yIJia aTaky YIUIOTHSIIOLIETro arperaTa/

B ymioTHeHuM me6eHOYHO-TIeCYaHOH CMECH OCHOBHAsl POJib MPUHAIJICKUT

BI/I6paI_[I/II/I. HN3meHeHue JUHAMHYCCKHUX CXHMMAKOIKUX W CABHUI'aOIINX YCI/IJ'II/Iﬁ "



80

HANpPsDKEHUN CIYXKUT JIUIIb HOJIOKUTENBHBIM JIONOJIHEHUEM K HEMY. B CBSI3HBIX
IPYHTaXx  CLEIJICHUS MEXAY MEJIKMMH YacTHIAMU CYLIECTBEHHO BBIIIE U
SBIIAIOTCA MPEOONAJAIOMMU  [IO3TOMY TJIaBHBIM JE€HCTBYIOIIUM  (DaKTOpOM
CIIy’)KAT CHJIa JaBJICHMs WM HaIpsDKEHUs C)KaTusl W CIOBUra, a posib BUOpanui
CTAHOBUTCSI BTOPOCTETNIEHHOM.

HanpsokeHHOe  cocTOsiHME — IIEOCHOYHO-TIECUaHOM CMeCH CO3J1aeTcsi B
pe3ynbpTaTe neGopMHUpPOBaHHS YIUIOTHSIOUIMMHU Harpy3kamu. Lukn ymmoTHeHus
COCTOHT M3 JIByX MEPUOJIOB: Mepuoja a1ehopMUPOBAHUS (HATPYKCHHsI) U CHATHUSA
Harpy3ku. Ero nmponoimkuTensHOCTh Kosiebnercs B upokux npenenax ot 0,01 c.
JI0 HECKOJBKUX MUHYT. IIpH NOCTH)KEHMH KPUTHYECKOIO 3HAa4YeHUs AepopManuu
IIPOUCXONNUT PE3KOE YIUIOTHEHHWE Marepuana. [Ipum yBelnuyeHUM HanpsHKEHUS
MaTepuai TepseT CIoCOOHOCTh Je(POPMUPOBATHCS.

IloBeneHne peoIOrMUecKOd MOJENM Mpolecca YIUIOTHEHMS IEOEHOYHO-
IECYaHOM cMecH onMchIBaeTcs AU PpepeHnanbHbIMU ypaBHEHUAMM [ 1]

HenocpencTBeHHblld  aHAM3  CUCTEMBI  NPEJCTABISIET  ONPENEIECHHYIO
CIIO)KHOCTh. B ¢cBsI3u ¢ 3TuUM peuieHue Aud@epeHnnanbHblX YPpaBHEHUH MOXKHO

peann30BaTh IpH U3BECTHBIX Mapamerpax k,,, k., Ey, Ex, ¢, C mporpammoii

MATLAB SIMULINK u mocTpouTh BpeMeHHbIe Tpaduyueckue 3aBUCHUMOCTHU:
b=1,(t); o, = f,(t).
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rae Ex , bx — moayne nedopmariiu u Bsaskocts cMecH (KenbBunoBckast); Ey Ky —

MOyJIb AeopManvi U BSI3KOCTh cMecu (MakcBeinoBckas); Z,,Z,- HalmpsiKEHUs
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cmecu: C — CONPOTHBIICHHWE CABUTY CMECH; ( — YroJl BHYTPEHHETO TpPEHUS
matepuaina; b — negopmanus cmecu.

Cucrema MATLAB sBisieTcst SMyJIITOPOM BEKTOPHBIX BBIYUCICHUN, U 3TO
OTJMYaeT ee OT APYrux cucrtem, Takux, kak Maple. MathCAD, Mathematica.
BekTopHas 06paboTka JaHHBIX 00ECTIEYUBAET BHICOKYIO CKOPOCTH BBIUMCICHU,
u30aBIseT  TMONB30BATENsT  OT  HAMKWCaHWA  IUKIOB W TapaHTUPYET
HENpeB30iIcHHYI0 TOYHOCTh. [[pyroe mocroumnctBo cucteMbl MATLAB - sT0
MOAYJIBHBIM HpUHUMI nOocTpoeHHus. (COBpPEMEHHOE CEMENCTBO MPOJYKTOB
MATLAB Bxitogaet cBbiiie 250 MpUIIOKEHUH, YTO CYIIECTBEHHO PACHIUPSET
(YHKIMOHATIBHBIE BOBMOXKHOCTU CUCTEMBI [2].

MonemipoBanue B cucteme MATLAB peanu3oBaHo Ha OCHOBE CHCTEMBI
moaenupoBanus Stateflow u reneparopa komos Stateflow Coder ¢ yuerom
BIIMSTHUS CPEIbI OKPYKeHHsI. Hammdamne WHCTpyMEHTATBHBIX CPEJICTB TEHEPAITUN
KOJIOB /ISl MHKPOIIPOLIECCOPOB TO3BOJISIET (OopMUpoBaTh Koabl Ha si3bike C,
BRIITOJIHATh WX  alllapaTHYI  pean3alyio Ha  Pa3IMYHBIX  THUIAX
MuKporporieccopoB. Muctpymenrtanbhbie cpeactea MATLAB Link for Code
Composer Studio u Embedded Target for Texas Instrument momnepxuBaroT
pa3pabOTKy KOJOB JUIs MUKpoIpolieccopoB ¢upmbel Texas Instruments, a
xomruiekT Embedded Target for Motorola MPC555 - st Mukponpoiieccopos
¢dupmer Motorola.
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