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HCC/IEAOBAHHE YCTOHYHUBOCTH YCTVIIA
C/1I02KEHHOI'O CBIITYYHM MATEPHA/IOM
ITPH ET'O OTPABOTKE 'HIPAB/IHYECKHM
I9KCKABATOPOM THIIA «OBPATHAA /IOI1ATA»

Paspabotka chlyyHx MaTepHasioB COMPOBOXIAETCS BHE3aNHbIMH OOPYIIeHHAMH YCTY-
MOB Aaxe MpH Hx BbicoTe MeHee 10 MeTpoB M pacyeT 6e30MacHOH BbICOTbI A0OIYHOIO
3a6051 3KCKaBaTopa «obpaTHas /orata», YCTaHOB/IGHHOIO Ha BepXHeH I/Iollaske, M1o-
3BO/IUT COKPATHUTH MPOCTOH BBIEMOYHO-TTOIPY30YHOTO O6OPYAOBaHHA M YBE/HYHTb HH-

TeHCHBHOCTb Be/leHHSA I'OPHDBIX paéor.

KrtoueBble c/10Ba: XBOCTOXpaHHM/IHMIIIE, CK/Aal, KCKaBaTop «obpaTHas /orarta», XBOCTHI,
BbIcOTa 3a005, a/rOPHTM, MPOrpamMMa, HHTeHCHBHOCTb.

KMaZAWPOBaHHbIe ChIyYMe Ma-
Tepvazibl Ha NpUMepe OTXOIOB
TOPHOTO M OOOraTUTE/IbHOTO MPOH3BOI-
CTBa SAB/AIOTCH TOTEHLMa/bHbIM HCTOU-
HMKOM TI0/Ie3HBIX MCKOIaeMbiXx. B oTxo-
fax TOPHOrO MPOU3BOACTBA CKOHLICH-
TPUPOBAHbl I'POMA/HBIE 3arackl I10/1e3-
HbIX KOMIIOHEHTOB, ITPe/ICTaB/AIOMMX
OONBIIYIO LIEHHOCTh A1 BOCCTaHOB/Ie-
HUS MHWHEPaIbHO-CHIPEBOTrO  KOMI/ICK-
ca. PaspaboTka MpPOMBIII/ICGHHBIX OTXO-
[IOB COIPOBOXKAAETCS C/IOXKHBIMU TOP-
HOTEXHWUECKMMH U THUApOreo/iornye-
CKMMM VYCIOBUAMM. TaK pa3paboTka
SKCKABAaTOPOM «IIpsAMast /IoTlaTa» Xapak-
Tepu3yeTcs BHICOKHMMU SHeprosarpaTraMu
[p¥ ero YCTaHOBKE Ha I[TOBEPXHOCTH
xBoctoxpanunuiia [1]. Ho, sauactyio B
BO/IOHACBIIIEHHBIX /ICXKa/IbIX  Ke/Ie3HbIX
XBOCTaxX TaKke Hab/moaaloTcs SB/ICHHS
BHE3aIMHBIX OOPYIIEHWI YCTYIOB AaKe
rpy Ux BbicoTe MeHee 10 M U ucrons-
30BaHHe 3KCKABaTOPOB «[IpsMast /IoIaTa»
ans  paspabOoOTKU  Ke/e30CcoAepKallnix
XBOCTOXPAHM/IHII HellerrecooOpasHo.
[IpyiMeHeHre  BBEIEMOUYHO-TIOIPY30U-
HOro o6GopyaoBaHMA TUIA «OBpaTHas
foraTa» B 3HAUMTE/ILHOM CTeleHW pac-
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mupsieT pabourie BO3MOXKHOCTH. DKCKa-
BaTOp VCTaHaB/IMBaeTCs Ha BepxHelr
/I0laKe, YTO CHUMaeT HeoBX0ANMOCTh
[IPUMEHEHUS]  [IOTIO/IHHUTE/IbHBIX ~ Mepo-
MIPUATHHI TI0 YBE/TUUEHUIO YCTOMUYMBOCTH
Ha TOBEPXHOCTH, HO He pellaer Mpo-
6remy oronzHer B 100pMHOM 3aboe. Ha
OCHOBe 3TOro Oblla CO3AaHa KOMIIBIO-
TepHasd MoJelb, OTpaalollas MpoLec-
Chbl, TMPOMCXOAAlIMe MpU BeAeHWH Top-
HBIX PaboT B 10GkUHOM 3aboe (puc.1).

B 3Toit cBA3M, B HacToslled CTaThe
pelliaeTcs 3a7a4a MO UCC/IeZI0BAHUIO YC-
TOMYMBOCTH OTKOCA C/I0KEHHBIMU ChIITY-
YUMM MaTepuaslaMd W BBIGOPY OITH-
Ma/lbHOM BBICOTHI 3ab0si 3KCKaBaTopa
Tura «ofpaTHas 7omMaTa», YCTaHOB/IEH-
HOTO Ha BepxHel [/IomaaKke XBOCTO-
XPaHW/HIIA WM CXOXKHUX YCIOBUI YC-
peqHUTeIbHOTO CKaza.

OcoBeHHOCTb  XKere30coaepXKallnix
XBOCTOB oOIpesiensieT HeoGXOANMMOCTb
HCIO/Bb30BaHUA A7 OLIeHKU Ko3achdu-
LIMeHTa 3araca YCTOHUMBOCTH OTKOCOB
pabouux YCTYMOB 3KCKaBaTopa «obpar-
Hasl 71orata» popmynsl rpod. .71, Pu-
CEHKO, YUMThIBAIOLIeN MX ruapocTaThye-
CKOe B3BelllrBaHue [2].



Puc. 1 KomnerotepHoe moae-
/IHpOBaHHe MNPOLeCcCOoB, Mpo-
HCXoAAIIHX B A0OBIYHOM3a-
60e, npH BeaeHHH TOPHBIX
paboT 3KcKaBaTopoM «oGpar-
Haa aonara»: a) 3D-Monens; 6)
2D-monens.

H —6esonacHas BhicoTa a0-
GbluHOTO YcTyma, M; H,— BbI-
COTa BepxXHero YcTyma, M;
H, —BbBICOTa pasBaza ChIMy4ero

MaTepuana, M; H, —raybuna

Ha ocHOBe KOMIIBIOTepHOTO Mo/ie-
AUPOBaHHWA U yyeTa TMApOCTaTHYeCKOro
B3BelllMBaHUA Oblla pa3paboTaHa Mare-
MaTHuecKas Mofesb, YUMTHIBAIOIIas BCe
0COBEHHOCTH  (PUBMKO-MEXaHUUECKUX
CBOMCTB /IexKa/lblX Kele30CoAePKallIUX
XBOCTOB, a TaKke BeC BbIeMOYHO-
MOTrPY30YHOTO  OBOPYAOBaHUS, PaCIIo-
MOKEeHHOTO Ha BepxHelt n/omaake. Ha-
Ya/IbHBIM 3Tar 3a7a4d Mpy pa3paboTke
MaTeMaTHUeCKOlM Mofenu CBOAUTCH K
ofpesie/leHHIO  MUPHHBI  TPU3MbI  BO3-
MOZKHOTO OOPYIIeHUS.

B pesynbrate mnonyyeHHOM MaTeMa-
THUYECKOM Mo/eny, HalucaHa Mporpam-
Ma Ha s3bike (QBasic, mnosBosnsoNIan
MPOU3BOAUTL pacueT KoadpdHLIMeHTa
3araca YCTOMUMBOCTH OTKOCa pabouero
yeryra (N) v mmprHy Npy3Mbl BO3MOXK-
Horo obpyieHus. [IporpamMma Ha sisbike
QBasic.

C wuenvio MpoBepKH pPaboTOCrocob-
HOCTH [IaHHOM MPOTrPaMMbl ObI/IN B3SThI
pe3ynbTaThl PaHHUX MPOBEAEHHBIX HC-
cnenoBaHnil (4] pUBMKO-MeXxaHHUUeCKHX
CBOICTB /1e3Ka/lbIX Kee30CoAePKallInx

ob6BoAHEHHOCTH, M; A — yron

OTKOCa  BepXHero  YcTyma,

- rpaa.; A, —yron oTKoca pas-

ESl Ba7Za  Chillydyero MaTepuasa,

RS rpaa.; B—mupuna 6epmer 6eso-

nacHoctd, M; G—Bec BrleMou-

— HO-TIOTPY30YHOTOo  060pYyA0Ba-
HUA, T

xBoctoB IOI'OKa (puc. 3). /Tabopa-

TOpPHBIE MCC/IeI0BaHMs, HallpaB/IeH-

Hble Ha ormpeaeneHre (U3HMKO-MeXa-

MUECKUX CBOWCTB /1eXa/lblX XBOCTOB,

3aCKAaAMPOBaHHBIX Ha Ke/ne3oconaep-
KallMX  XBOCTOXPAHW/MIIAX,  ObIIM
BRHIMTO/IHEHHB! B abopaTopuu «Pusrko-
MeXaHUUEeCKHX CBOMCTB U paspylleHust
ropHbix Mnopoa» CaHkt-Ilerepbyprc-
Oro rocyaapCTBEHHOr0 TOPHOIO YHU-
BepcuTeTa.

[lpu stom raybuHy OGBOAHEHHOCTH
JKernesocoaepKalliux XBOCTOB T[IPUHSI/IU
PaBHOM HY/MO, a Pa3paboTKy Mpearona-
raziocb  IMPOM3BOAMTL  3KCKABAaTOPOM
«oBparHas norata» dupmel Hitachi ZX
850-3 ¢ emKrocTbio KoBma 4,5 M°.

Ha ocHoBaHuM aHa/Msa pesy/1bTaToB
pacyeTa KO3(phHLIMEHTa YCTONUYNBOCTH
OTKOCA YCTYIIOB U PelleHUsl YpaBHEHUI
onpesneneHa Ge3olacHas BBICOTa O-
OBbIYHOTO 320051 3KCKaBaTopa «obOpaTHas
noriata». [locTpoeH rpadyk 3aBUCHMO-
cT Ge30IacHOM BHICOTHI 30051 KCKaBa-
TOpa OT BAAXHOCTH PHIX/IBIX T[OPHBIX
nopoa (puc.4).
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Puc. 3 I'papukn 3aBHCHMOCTH oOC-
HOBHBIX (hH3HKO-MeXaHHYeCKHe
CBOHCTBa ie/e30coAepIKallHX /eKa-
ABIX XBOCTOB: a) CLeIVIeHHWe OT YI/ia
BHYTPEHHEro TpeHus; ©) ClLerzieHue OT
B/IQXKHOCTH /IeXKa/lbIX XBOCTOB; B) CLIGIlIe-
HUEe OT CpeIHeB3BellIeHHOro /vMamerpa
XBOCTOB

[To pesynsTaTaM pacyeToB MOXKHO
caenath BLIBO, YTO MpPHUMEHEHUe TW-
PaB/IMUYECKOro 3KCKaBaTtopa «obpart-
Has noraTta» Hitachi ZX 850-3 mnpwu
pa3paboTke Kenesocoaepxallix /1e-
®Kanblx xBocToB Ha IOI'OKe Bo3MoOxk-
HO TMpU 7-MeTPOBOM BBLICOTE AOOBIY-
HOro 3ab0s C BIAXHOCTbIO XBOCTOB
no 22 %.

[To pesynbrataM  MCCAeAOBaHMIA
paspaboTaHHasg KOMMbIOTepHas Mo/enb
1 IpOrpaMMHoe ofecrieyeHre Ha A3bIKe
QBasic mnosBoiAT: YBeNMMUWUTh WMHTEH-
CHBHOCTb BeleHHs TOpPHBIX paboT C
YUETOM C/IOXKHBIX YC/IOBUI Ha Ke/eso-
coaepxallX CK/IaZax W XBOCTOXPaHU-
UIIAax; MPeAOTBPaTHTh HerpeaBHIeH-
Hble OIIO/I3HU B A0OBIYHOM 3aboe, UTo
TIO3BO/IUT COKPATHTh IIPOCTOU BbIEeMOU-
HO-TIOIPY304YHOI0 06OPYAOBAHYS.
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AprumbaeB Kaepbek PaghratoBry.— actipaHT Kadeaps! «Pa3paboTka MeCcTOpOKAeHHI [T0/1e3HBIX
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EYAN—

HOBHHKH
HU3JATE/IBCTBA TOPHAH KHUI'A»

[1n1s1 TOPHOTO MHKeHepa BOMPOCH BHIGOPA M UCIIO/NB30BaHMA TeXHHMKU BCeraa aKTya/lbHbl U UH-
TepecHbl. B 2011 roay B cepun «BrbmoTeka ropHOro UHKEHepa» BBIL/IM B CBET TPH U FOTOBATCS
K BBIXOAY ellle /IBe KHHTH, MOCBSAlIeHHbIe TOPHBIM MalllMHaM: UX KOHCTPYKTUBHBIM OCOBEHHOCTSM,
OBC/IYKUBAHMIO, TeXHUUECKHM XapPaKTePUCTHKAM, PacyeTy MapaMeTPoB, MOCTPOEHHIO cxeM pabo-
Thl M OpPraHu3aLmKy 6e30MacHoOro Tpyaa olepaTopoB.
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