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JUIMHHOBOJIHOBOW 00JIaCTH CIEKTpa, PacCUUTBIBACTCS
COOCTBEHHOE W3JIyd€HHWE ONTHUYECKUX DJIEMEHTOB.
Hcnonb3yst momydeHHy0 HH()OPMAIHIO, BBIYHCIIIOTCS
nepenatouHas (QYHKIHS BCEro MpuOOpa, CIIEKTpPHI
TIOJIE3HOTO CHHANIA, COOCTBEHHOTO M3ITydEHMUSI U IIIyMOB
Ha BbIX0ZIe. 1, B 3aBICHMOCTH OT Ha3HAYCHHS NPHOOPA,
ONPEZETAIOTCS MapaMETPhl, XapaKTEPU3YIOIIHE €ro
paboty (pyHKIMS KadecTBa WITH OLCHOYHAS (DYHKIHS),
T.C. BEPOSITHOCTh OOHAPY)KCHHs, MOTPEIIHOCTh H3Me-
PEHUs, CIKEHUs], Ka4eCTBO N300paskeHHs.

B Hacrosimiee BpeMsi B cepe cucteM aBTOMAaTH-
9YEeCKOr0 MNPOEKTUPOBAHUSA MPOM3OLLIN OIyTUMBIE
W3MEHEHHUs, BHEJIPEHUE CHCTEM aHalM3a SBISEeTCS
JIOTHYECKUM Pa3BUTHEM IIpPOLECCa aBTOMATU3AIUU
MPOEKTUPOBAHMS.

Kommbroreproe MOJIEITMPOBaHIE SIBIISICTCS
HEOOXOAMMBIM HHCTPYMEHTOM CO3JaHHUSI COBPEMEHHBIX
TEXHHYECKHX OOBEKTOB. Bcé Oomee MmMpPOKWA Kpyr
NPEAMETOB W SIBICHUM  CTAHOBHUTCS  OOBEKTOM
KOoMIIpIOTepHOH ~ cuMmymsimmd.  OHa — BHEIPUIIACh
MPAKTUYECKH BO BCe CHepbl NHIKEHEPHOH JesITEIIbHOCTH.

IToTpeGHOCTH COBpPEMEHHOTO MPOW3BOACTBA Tpe-
OyIoT OT MH)XEHepa-IpaKTHKa HOBOTO YPOBHS Teope-
TUYECKOHM U NPAKTUYECKOM MOATOTOBKY — BBIIIOJIHEHUS
KOMIIBIOTEPHOTO ~ aHaJM3a M IPOEKTHPOBAHMS.
Hanbonee noruysslil myTh 171 KBAITM(QUIMPOBAHHOTO
HHXEHepa — OCBOGHHE JIOCTYITHBIX WHTETPHPOBAHHBIX
TIPUJIOJKEHHH, COTIPOBOYKZIAEMOE OBJIa/ICHUEM
COOTBETCTBYIOIICH TEOPETUIECKOM 0a30ii.

VIK 623.4.052.52

Takue mporpaMMHble HpPOayKThl Kkak Flow
Simulation, EFD.Lab, EFD.V5 u EFD.Pro caenanu
MPUKIIAJHBIE PacdeThl B 00JAaCcTH TEIUIOIEepEeIaun
JIOCTOSTHUEM ILIHPOKOI0 Kpyra HHXXeHEpoB [2].

OnTuManbHbBIM, @ BO MHOIMX CIydasx MU
€/IMHCTBCHHBIH, IyTh CO3IaHUS
KOHKYPEHTOCIIOCOOHOH MPOAYKIMHA — 3TO COYCTAHUC
pacyeTHBIX HCCIIEOBAaHUM, KOTOpbIE JIOCTATOYHO
aJIeKBaTHO MOJIENHUPYIOT  (U3UYECKUE  SIBIIEHUS,
OIIPENEIIAIOIINE HMHTEPECYIOIINE TOKYIIaTEeIIs
XapaKTEpUCTUKU W3LENUS, C IKCIICPUMEHTAIbHBIMU
HCCIICJIOBAHUSAMHY, HEOOXOAUMBIMH - JUIS TPOBEPKHU
3TOH aJIEKBATHOCTH.

EcrtectBenHO, pacueTsl MOJBKHBI BBITOIHATHCA C
MMOMOIIBI0 ONTHMANBLHOW JUTS pa3pabOTKU JaHHOM
MPOAYKIUH TPOTPaMMBI, T. €. Oasupyromeiics Ha
JIOCTaTOYHO aJIeKBaTHBIX YUUTBIBAIOLIUX
(u3nvecKkue sSBICHUS MATEMAaTUYCCKUX MOMACISIX U
JIOCTATOYHO OBICTPOICHCTBYFOILICH /ISl BBIMOIHCHHUS
pacdeToB 3a BpeMs, MpHeMIIeMoe Ul pa3paboTKu
JTAHHOW MIPOJYKIIMH.
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CIIOCOBBI NOBBINIEHUA TOYHOCTH HABOJKH OITHYECKOTI' O ITPUIIEJIA
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OnTudeckuit mpuIen odecreurnBaeT 0ojee BbICO-
Kyl0 TOYHOCTh HABOAKH CTPEJIKOBOTO OPYKHsS Ha
LeNb M0 CPaBHEHMIO € KJIACCHUUYECKOH Opy>KeHHOU
MyIIKOH: TOUHOCTh HABOJKU OPYXHS Ha LENb OIpe-
JeIsIeTCsl TOYHOCThIO pacuéra OauIMCTHYECKOH
TPAGKTOPUU ABMXKCHMS IyJIM U CTEHEHBIO BO3JEii-
CTBUSL BHEIIHHX (akTopoB cpensl. s pemeHus
9TOM 3a7]a4¥l OCYIIECTBIISIOT MpeIBapUTEIBHBIA Ma-
TeMaTUUECKUI pacu€T 3HAaUEHUI 110 IPUCTPEIIKE OPY-
KU C y4E€TOM pAa3IUYHBIX AUCTAHLUNA U YIJIOB
cTpenbObl, a Takke CKopocTH BeTpa. IloxyueHHbIe
YHCIICHHbIC 3HAYCHMS B BUJE TIONPABOK B MOCIE-
JYIOIEeM BBICTABIISIFOTCS Ha MEXaHHU3ME
TOPHU30HTAIbHOM W BEPTHKAIBHON BBIBEPKH OITH-
yeckoro npunena. Llems paboTsl 3aKkiovanach
pa3paboTKe HOPTAaTUBHOM KOHCTPYKIIMH MOTYJIs Oan-
JMCTHYECKOTO KAIBKYJIATOPa HA OCHOBE PAaCUETHBIX
JaHHBIX TMOJYYCHHBIX B XOJC YHCJICHHBIX METOIOB

WCCIeI0BaHus B mporpamMm-mMHoM Tmakere Ballistic
Explorer (Dexadine, Inc.).

B uncxonuble naHHble OBUIM 3aJI0KEHBI ITapa-
METPBI, YYUTHIBAIOIINE CKOPOCTh M HAalpaBJICHUS
BETpa, a TAKXKe HAKJIIOHEHHE OCH BU3MPOBAHUS OTHO-
CUTEJIFHO JIMHUM TOPHU30HTA.

IIpuniun paGoTel GATUIMCTHYECKOTO KaJIbKYJIS-
TOpa pacCMOTPUM Ha IpUMepe pacuéra TPaeKTOPUH
JBIDKEHUS Iynu oT natpona 7H6 xamubpom 5,45 mm
Jutst TypMoBoit BuUHTOBKH AK-74H ¢ G0koBO¥ miaH-
KO JUIsI YCTAaHOBKM HOYHOTO ONTHYECKOTO MPHIETA.
VcxonubMu TaHHBIMH JUIS pacyéra BBICTYHAIH
clelylolMe MapameTpbl: Macca narpona — 3,43 1
HauvaybHas ckopocth myin 880 m/c. IlepemeHHBIME
JaHHBIMH SIBJISIACh JAWCTaHIMs npuctpenkn AK-
74H, xoropas Beioupanacs 100, 200 u 300 m.

[pucTpesnka ONTHYECKOTO TNpHIETa Ha JUCTaHLINN
100 MeTpoB Aa€T nneaabHyI0 (OKyCHPOBKY MPHUIICITEHON
ceTku W MuileHd. Ha mnpunenax, ¢ oTcTpoikon
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napajiakca, Ha OapabaHJYMKax MEXaHM3Ma BBIBEPKU
CTOAT JICJICHUS TIOMPaBKH B YIVIOBBIX ~MHHYTax
COOTBETCTBYIOIIIE BENIMYMHE CMemeHus (B CM) Ha
nmaneHOCTS auctadmuu 50, 100, 200, 300...1000 wm.

Hcxons 3 GamuCTHYECKHX OCOOCHHOCTEH Tpa-
extopun nBwkeHus. [lyms Ha mucranmm 100-200
METpPOB UMEET CTaOWMIbHBIC ITOKA3aHUs OaJUTHCTHKHY,
n Ha muctaHimu 300 merpoB coxpanser 3¢ddek-
TUBHYIO 3Hepruto BeicTpena 657 [x. C yBenudeHueMm
quctaniuu 10 1000 M 3Heprust ymeHblIaeTcs MOUTH
B 6 pa3 u coctapisieT okoio 118 JIx [2].

Ha puc.l mnpencraBnensl pe3yibTaTbl pacyéra
OAJUTUCTHKH ITYJIH JICTSAIICH JI0 SN, YCTAHOBJICHHON
Ha auctannuu 300 M Oe3 BBexeHuUs nompaBok. Mc-
XOZsI M3 BEIMIHMHBI TIPEBBIIICHUS 53,2 cM 0ayuIiCTH-
geckuid yroi (OpocaHus) MPaKTHYECKH HE MEHSEeTCS
u Haxoauteda B npenenax 0,2 rpaxycos. M3 ananuza
MONMYYCHHBIX  3HAYCHWH  BHOHO,  9TO  JUIA
CBEpXJIATbHUX IUCTAaHIUN o 1000 m
0aJUTMCTHYECKUIA YTOJI BO3PACTacT COOTBETCTBEHHO
110 3 rpaaycos (puc. 2).
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Pucynok1 — baiunctuka Ha auctanuuu 300 M Ipy HAKIIOHEHUH
OCH BH3MPOBaHUsI «0e3 MOIPaBKU»
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Pucynok 2 — bannucTrka Ha nucranimu 1000 m

[pu HAXOXICHUM TEJIH BBIIIC YPOBHS TOPH30HTA,
HANPUMEp I[eNTb B BEPXHUX ATAXKAX 3JAHUS, JICTSIINI
BEPTOJIET, CHANTIEp Ha TOPHOM XpeOTe U T.JI. WIH HIDKE
YPOBHS TOpU30HTA, HANpUMEp Leb B KaHBOHE,
HEOOXOIMMO YUHUTHIBATH YIOJI HAKIIOHA MEXKTY JTMHHUCH
BU3UPOBAHUS U YPOBHEM TOPH30HTA. MaKCHMAalBHO
JIONTyCTUMBIM AMANa30H 3HAUYE€HUHM IPENCTaBIECH B
Tabmume | u ompenemnsercss MpeneIbHONW BEIMIHMHON
TIOTIPABOK BBICTABISIEMBIX Ha OapabaHe BepTHKATBEHOM
BBIBEpKM (BpalleHHe I0 YacoBOW crpenke). Ilpm
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OOJIBIIMX YIJIaX HAKJIOHA HA TPACKTOPHUIO JBMXKEHHS
ITyJU 3HAYUTETbHOE BIIMSHIE OKA3bIBAET CHUNIA TXKECTH,
cMemaromas  OaNIMCTHYECKyl0  KPUBYIO  BHU3
OTHOCHTENFHO  menu.  Ilostomy — HeoOXoammo
YIEPKUBATh CTBOJI OPYKHSI HIDKE MPULETIBHON MapKH.

Tabnumal. 3HaueHHe TOMpPaBKH COOTBETCTBYIOIIEE
HaKJIOHCHWSMH TIpW HAleIMBaHWM Ha Ielh Ha
nuctaamym (100, 200, 300 m)

Haknonenus Bennunna 3HavCHME
ocHu CMCIICHUS
BU3HUPOBAHUSA nyiu, cM, IIpu [OTPaBK
OT JIMHUH HaBOJKC Ha COOTBETCTBYIOMICE
TOPHU30HTA, 1enb (IUCTaH- TICpEMBRCHHIO,
rpagyc st 300 m) YL MUEYT
0 0 0
+10 2,175 0,25
+15 5,22 0,6
+20 8,7 1
+25 13,05 1,5
+ 30 19,575 2,25
+35 26,1 3
+40 33,93 3,9
+45 42,63 4,9
+50 52,2 6
+55 60,9 7
+ 60 72,21 8,3
B xome pacy€ToB ycTaHOBJIEHO, YTO CKOPOCTh
BeTpa B IEPIECHAMKYJSIDHOM  HAlpaBJICHUHU

[3amamnoe (09:00) — Boctounoe (03:00)] u HAoGoOpoOT,
OKa3bIBACT CYILECTBEHHOE BIHMSHHE HA TPACKTOPHIO
monéra myiu (cM. Tabmmiry 2).

OTKIIOHEHHUE, CBSI3AHHOE C IPYTUM KOMITIOHEHTOM
BEKTOPa CKOPOCTH BETpa 110 HAIIPABJICHHIO [CEeBEPHOE
(12:00) - roxuoe (06:00)], MOMYyTHO TpPaeKTOPHU
JIBIDKEHUS ITYJIH, MOXXHO UTHOPUPOBATh. [locKONbKY
npu ckopoctu Berpa 10 u 20 mM/c 3TO OTKIOHEHHE
coctasisieT 0,5 u 1,0 yrinoBast Munyta. BeicTaBuTh
TaKue 3HAUYCHMS HA MpULENe HE MpPEeACTaBIsIeTCs
BO3MOXKHBIM, TaK KaK OJIMH IIEIYOK MEXaHU3Ma
BBIBEPKH OOBIYHOTO paBeH | yYIJIOBOW MHHYTE, a
MakcHMallbHOe 3HaueHue 1,4 yrIOBBIX MHHYT
COOTBETCTBYET CKOPOCTH BeTpa 28 M/c, MpU KOTOPOM
00BEKTHl BHEIIHEH Cpelbl YK€ CTAHOBSTCS He
YCTOWYUBBIMH.

nynal opu ckopoctn etpa = (0 M/c (3—B)BIpacKTOpI My
1y/s2 npu ckopoetd Berpa = 10 M/e 3-B)w
myns3 npu ckopoctr Betpa = 20 M/c (3-B) <.
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Pucynoxk 3 — Tpaekropust mysu 10 nenu Ha guctaniud (300 m)
npu apeiide Betpa «6e3 MompaBKm»
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KoMneHcanmss ~ 3TMX ~ OTKIOHCHMH  BCerja
BBINIOJIHSAIOTCS.  C  IOMOMIBI0  TOPH30HTAIBHOTO
MeXaHH3Ma BBIBEPKH, TaK KaK 4YTOObI IEPEMECTHUThH
BEpIIMHY TIPULIEILHOTO YrOJbHUKA CETKH MpHIeNa
Harparo, Korja HarpasjieHue Betpa (3—B), u Haneso,
Korja HarnpagJeHne Betpa (B—3) (pucyHok 3).

OOBIYHO AMama3oH BBIBEPKM MpuIena + lrpan
(£60 yrioBBIX MHHYT), IO3TOMY HET BO3MOXKHOCTHU
WCTIPABISITE OTKJIOHEHWSA OalIMCTHYECKOH MyTH
MyJH TIpH Apeiide BeTpa npu 3HAYCHUU OTKIOHEHUS
6onpmie (60 yriaoBEIX MUHYT) (Tabmuma 2).

Ta6m/ma 2. 3HaueHue MOMpPaBKNU COOTBCTCTBYIOMICC OTKIOHCHUAMU NPU HALICIIMBAHWU Ha LCJIb Ha AUCTAaHIWU

(100, 200 , 300 )

CkopocTb Benuuuna 3 Bennunna 3 Benuuuna 3
BeTpa, M/C, CMEILEHUS HAtCHHE CMEILEHUS HAtCHHC CMEILEHUS Hatucge
U1 OZTHOTO IyJIM, CM, TIPU [TOTIPaBKH MyJId, CM, TOTPABKH, IyJId, CM, TIpU TOTpaBKHt
. COOTBETCTBYIOI] COOTBETCT- ,COOTBETCT-
KOMITOHEHTA: HaBOJIKE Ha ce [IPU HABOJIKE Bytoliee HaBOJIKE Ha By
BCKTOp B teh MepeMeIICHHIO, Ha feib MepeMeIICHHIO, teh HepEeMELICHHIO,
HanpaBJIeHUU (aucraHums L MUV (mucraHums L MUV (nucraHius L MHE
(3—B) 100 ) YL MUHY 200 M) YL MUy 300 ) UL MURYT
1 2,175 0,75 11,6 2 30,45 3,5
2 5,075 1,75 23,2 4 60,9 7
4 9,425 3,25 46,4 8 119,625 13,75
6 145 5 69,6 12 178,35 20,5
8 18,85 6,5 92,8 16 239,25 275
10 23,2 8 116 20 295,8 34
12 29 10 139,2 24 356,7 41
14 34,075 11,75 156,6 27 417,6 48
16 39,15 13,5 185,6 32 478,5 55
18 43,5 15 208,8 36 539,4 62
19 44,95 15,5 220,4 38 - -
20 47,85 16,5 234,9 40,5 - -
22 52,2 18 250,85 43,25 - -
24 56,55 19,5 278,4 48 - -
26 63,8 22 295,8 51 - -
28 66,7 23 319 55 - -
VIIK 678.746
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OOmieil TeHACHINEH pPa3BUTHA COBPEMEHHOTO
NPOU3BOJICTBA SBJISETCS  KCIOJIB30BAHUE HOBBIX
COBPEMEHHBIX TEXHOJOTHH 00pabOTKH MaTepHajoB.

Bemymee - HampaBmeHme B 3TOM  oOmacTh
NpUHAATIEKUT Ja3epHOMY BozaelcTButo. IIponece
B3aUMOJICHCTBUSA XapaKTepu3yercs psaaoM

OCOOCHHOCTEI: Ja3epHOE BO3ACHCTBHE SBISETCS
OCCKOHTaKTHBIM, MOYKHO yaJISATh MaJlble KOJINYECTBA
Marepuana, 30Ha BIWSHHS COCPENOTOYCHa B
MHKPOHHOM  CJI0€, I03TOMY  XapaKTePUCTHKH
MaTtepHalia OCTalOTCs MPAKTHYSCKH HEU3MEHHBIMH.
JlazepHble TEXHOJOTHH OBICTPO PA3BHBAIOTCS H
SBISIIOTCS Oosiee THOKUMH. Takue Jla3epHbIe TEXHO-
JOruM O0OpabOTKM MaTepHajoB, Kak MapKHPOBKa,
pe3Ka, CBepJIcHHE OCHOBAaHBI Ha MpoLecce JIa3epHON
abmsauu. BompocaM B3aMMOACHCTBHS JIa3epHOTO
N3JIy4YCHUA C TBECPABIMU TCJIaMH TIOCBAILLICHO
0oJIbIII0€ KONMUYEcTBO paboT [1, 2], MeoTCs TaHHbIC
M0 W3MCHCHHIO MOpPQoIoruu IIOBEPXHOCTH U
(azoBoro cocraBa. [Mpu pa3paborke
TCXHOJIOTHYCCKHUX JIa3€pHBIX PEKNMOB BA>XXHO

YUUTBHIBATh IIPOLECC B3aUMOJACHCTBUS M3ITyYCHHUS C
MaTepHaJIaMH C HEOJHOPOIHOM CTPYKTYPOH.

Lenp pa®oThl yCTaHOBHUTH BIHMSHUE JIa3€PHOTO
BO3JICHCTBHSI HAa MOP(OJIOTHIO 3KCTPYIHMPOBAHHOTO
neHononuctupona «baramiekc 35-14».

st 06paboTKH MaTepHaia UCIOIb30BaH Jla3ep C
MOIyJIsIIen JI0OpOTHOCTH LS-2134D Ha
AIIOMOUTTPUEBOM I'paHaTe ¢ JUIMHOH BOJHBI 1064HM,
TCHEPUPYIOIMH B JBYXUMIIYJIbCHOM  PEXHME
(MMIynbCH pa3fesieHbl BPEMEHHBIM HHTEPBAJIOM 3
MKC, UIUTENBHOCTh uMIynbcoB 10 HC, 3Heprus
OJIMHOYHOTO MMITyJIbca cocTasiset 0,05 Jx).

OO0pa3oBaHHas B pe3ysbTaTe HCIApeHHs Belle-
CTBa IO/ IeHICTBHEM TIEPBOTO UMITYJIbCA TOpsIast ad-
JSIOMOHHAS TIIa3Ma CO3/acT B MPUIIOBEPXHOCTHOM
cJioe 00JIacTh C OBHIMICHHOH TeMITepaTypon 1 IIOHH-
JKEHHOH 00JIaCTBIO JIaBJICHUSI BO3/LyXa, YTO IIPHUBOIUT
K OoJiee MOJTHOMY HCHOJIb30BaHUIO SHEPTHH BTOPOTO
UMITyJbca sl Ja3epHoil abmsiumu [1]. Marepuan
o0iiyqanu Jla3epHbIM M3JIYyY€HHEM B  WHTEpBaie
IWIOTHOCTBIO MotqHoctH  1:108-1-107 Br/cm? mpm
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