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BBEJIEHHUE

[Tpu ynbTpa3zBykoBoM (¥Y3) KOHTPOIJIE OMACHBIX MPOU3BOJICTBEHHBIX OOBEKTOB Ba’KHO HE TOJIBKO
0OHapYXUTh BEPOSATHBIN AEPEKT M ONPEIEIUTh €ro pa3Mephl. BecbMma IICHHOH SBIsICTCS
uH(popMmanus o popme nedekTa u ero OpUEHTALMHU, €CITU OH IUIOCKOCTHBINA. DTa HHPOpMAaIs
HeoOXxoAuMa I pacu€Ta MPOYHOCTH KOHCTPYKIIMU U TTOBBIIICHUSI BEPOSATHOCTH TPABUIHHOM
OILICHKH €€ OCTaTOYHOro pecypcea [1].

Onpenenuts BUJ U popMy AedekTa npolie 1o IByMEPHOMY H300pakeHUI0, KOTOPOE Aat0T
nprOOpPHI, BU3YAIN3HPYIOIINE BHYTPEHHIOI CTPYKTYpY 00bekTa KoHTpos (OK).

13 Bcex mpruOOPOB ITOTO KiTacca HauboJIbIlee paclipoCTPAHCHUS TOTYIHIH Y 3 1e(PeKTOCKOIIBI
PYYHOTO U aBTOMATU3HUPOBAHHOTO KOHTPOJIS ¢ (Pa3supOBaHHBIMHU aHTEHHBIMU peméTkamu (AP).
B stux npudopax AP ¢hopmupyer 35eKTpOHHOYIIpaBIIsieMblid Y3 Iy40K, 03BYYHBAIOIIHI
BU3yanusupyemyro obmnacte OK moj pazHbIMU yriiamMu BBOJA M U3 PA3HBIX TOUEK TOBEPXHOCTHU
OK [2, 3].

B anmaparype sKCcrepTHOro KOHTPOJISL, UCIIOIB3YEMOM TTIaBHBIM 00pa30M Ha aTOMHBIX
CTaHIMX, BU3yaJIU3allisi OCHOBaHA Ha MHOropakypcHoM 30HaupoBanuu OK ckanupyoomummu
IIMPOKOHANpPaBIEHHBIMU Y 3 MpeoOpazoBaTeIsiMU U KOT€PEHTHON 00paboTKe MPUHUMAEMBIX
CUTHAJIOB, C PEKOHCTPYKIMEH N300pakeHUI ceueHni KOHTpoaupyemoit o0nactu. brnarogaps
ckannpoBanuio OK ¢ ManbsIM IPOCTPAaHCTBEHHBIM IIArOM M MCIIOIb30BaHUIO IPU
PEKOHCTPYKIIMU N300paKEHUN HE TOJIBKO XOCUTHAJIOB, OTPAKEHHBIX HETIOCPEICTBEHHO OT
HECIUIOIIHOCTEN MaTepuaia, HO ¥ peTepreBux oTpaxenus ot rpanun OK, sta anmaparypa
obsamaeT OOIBIIMMHU BO3MOKHOCTSIMH TI0 paclo3HaBaHHIO XxapakTepa nedexrtos [1, 4].

[Tpumenenue AP 1 co3gaHust cucTeM BU3yallM3allud BHYTPEHHEH CTPYKTYPhI TBEPAOTO
MaTepuaia He OTPaHMYEHO OJHHUM JIUIIb METOIO0M JIEKTPOHHOTO YIIPABIIECHUS ITyYKOM
yinbTpa3Byka. Hapsay ¢ HUM BO3MOKEH U YCHEIIHO MPUMEHSETCS METO IU(PPOBOii
doxycuposku aneptypsl AP (LHDA) [5, 6]. B otinune ot mpubopos ¢ dhazupoBanHsiMu AP, B
anmnaparype, OCHOBaHHOW Ha 3TOM METOJE, Uil PEKOHCTPYKIIMH U300pa’keHUsI UCTIOIb3yeTCs
MOJIHBIN HaOOp pean3alfii CUTHAJIOB, OJIYYEHHBIX HE3aBUCHMO OT Ka)kKJJ0W Haphl SJIEMEHTOB
AP. B 3Tux peanuzanusx coaeputcs HHPopMaIus 00 0TpakaTeIbHON ClIOCOOHOCTH KayKI0M
TOYKHU BU3yanu3upyemoit oomactu OK, 03BydeHHOMN ¢ pa3HBIX paKypcoB, BKJIOYast Y3 CUTHAJIBI,
MHOTOKPaTHO OTpa)kE€HHBIE OT IPaHULl MaTepuaia. Vicrnonb3ys A peKOHCTPYKIIMM CUTHAIBI,
npoiueamue B OK pasHbIMH TPaeKTOPUSMH, YTO OCYIIECTBIISETCS BEBIOOPOM aJITOPUTMA
PEKOHCTPYKIINH, YAAaETCS CEIEKTUPOBaTh MU (PYy3HO OTpakarolye HECTIIIOMIHOCTH
(con3mepuMBbIe C JUIMHOW BOJIHBI yABTPA3BYKa) OT 3epKAIBbHO OTPAXKAIOILIHX, T.€. ONPEACIATh TUI
OTpakaTens.

V3 nedexrockon A1550 IntroVisor [5], OCHOBaHHBII Ha METO/I€ BEIYUCIUTEIHHOU (IIPPOBOIT)
doxycupoBku AP, obecrieunBaeT peaan3auio HECKOIBKUX arOPUTMOB PEKOHCTPYKIIUU
n300pakeHuii, 61aroaps KOTOPBHIM ONEPATOP MOKET B MPOLIECCe KOHTPOJIS OLEHUBATh
XapakTep HalJIeHHOW HECIIJIOIIHOCTH.



HUDPPOBASA POKYCHUPOBKA

Cymaocts Metoga LIPA nonpoOHO n3noxkena B [7, 8]. MeToa cOCTOUT B TOCIEIOBATEIIEHOM
sonaupoBaHun OK kaxabiM 35ieMeHTOM AP, npuéme peaninzanuii Y3 CUTHAIOB KaKIbIM
aneMeHToM AP He3aBUCUMO OT APYTrHUX JIEMEHTOB U UCIOJIb30BaHUHU BCEX MPUHSTHIX
peanu3anuii B peKOHCTPYKIIMK N300paKeHUS MyTEM MPOCTPAHCTBEHHO-BPEMEHHOM MX
00paboTKH B BEIUUCIUTEIHLHOM OJIOKE IprOopa. PaccMOTprM 3/1€Ch OCHOBHEBIE MTOJIOXKEHHS 3TOTO
MeTo/a.
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Puc. 1. Cxema nyteii pactipocTpaHeHus Y3 CUTHAJIOB B IIJIOCKOM CJIO€ TBEPAOTO MaTepuara.

Ha puc. 1, 2 npuBenens! cxeMsl, nosicHstoMe pusndeckyro ocHoBy mMetona LIDA. Ha
nosepxHocTu OK pacnionoxeHa auHeHas skBuancTaHTHas AP, coneprkaias N 0AMHAKOBBIX
NPUEMHO-U3ITYYAIOIINX JIEMEHTOB, B KAUYECTBE KOTOPBIX OOBIYHO UCIIOIB3YIOTCS
IIbE30JIEMEHTBI. DJIEMEHTHI UMEIOT MATyI0 BOJHOBYIO allepTypy, IOITOMY IIMPUHA JIETIECTKA UX
JuarpaMMbl HalipaBJIeHHOCTH 00bIYHO cocTaBisier 50 — 60 rpanycos.
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Puc. 2. [Ipumepsl TpaeKTOpUI pacipOCTpaHEHUs Y3 CUTHAIIOB M BUJI PeaIn3alluii IPUHATHIX Y3
KOJIEOaHUH.

Jlnst He3aBHCUMOTO 30HANPOBaHMS U TpruéMa Y3 KoeOaHuil UCTIOIB3YIOT Bce N aiemMeHTOB AP.
B pesynbrare monyuarot N peanmzaruii Y3 kose0aHu OT KaXI0H Mapel 3JieMeHTOB AP

(I/I3J'Iy‘-IaTCJ'IB - HpI/IéMHI/IK), BKJIFO4as U pajin3aliu OT COBMEIIEHHOM pa6OTBI 9JICMCHTOB B
KauCCTBC MU3JIYyUaTCIid U HpI/IéMHI/IKaZ

_n (n+1)

BN

A



[Tpu nanmuuu B matepuane OK B HEKOTOpoit Touke 4(X,z) C KOOpAUHATAMH X, Z KAKOTO-TH00
oTpakaress (HEeCIUIOUIHOCTH MaTepuana), 4acTh SHEPTHH 30HIUPYIOIIETO UMITYJIbCA OTPaXaeTcs
oOpatHo B ctopony AP. Havano cucreMsl koopauHat cBsizaHo ¢ AP, HanpuMep, coBIaaer ¢
($a30BBIM LIEHTPOM TIEPBOTO 3JIeMeHTa (KpaliHui cieBa 1o puc. 1, 2). OTpaxEHHbIC B CTOPOHY
AP curnainel pacnpocTpaHstOTCA 10 pa3HbIM HarpaBieHUAM. K IpUEMHBIM 2JIeMEHTaM pelETKU
OTpaXEHHbBIE CUTHAIBI PUXOJIAT HE OAHOBPEMEHHO, T.K. TPAEKTOPUHU UX PACIIPOCTPAHEHUS
UMEIOT Pa3HYIO JUIMHY.

Eciu OK — miockwuii cinoit Metaa (JIMCT W IUIMTA) TONIIHMHOW d, TO 30HANPYIOLINIA UMITYJIbC,
nocnanHbiii B OK, Hanprmep, aeMeHToM K, IPUXOAUT K JII000MY OTpaXkaTeso,
pacroI0kEeHHOMY, B YACTHOCTH, B TOUKE A (X,z) HE TOJIBKO KpaT4allliuM MyTéM (Ha cxeme, puc.l,
9TO IyTh 8g), HO U 00Jiee [UIMHHBIMU IYTSIMHU, IIpeTepIeBasi OTPAXKEHUS OT JJOHHOHN U BHEIIHEH
noBepxHocTel cnos. [Ipuuém Takux oTpaKeHUH MOXKET OBITh HECKOJIBKO.

[Tpu y€THOM KONIHMUYECTBE OTpaKEHUH (Ha pHC. 1 3TO yTH @z U 84), Y3 CUTHAJ IIAIa€T B TOUKY
A(x,z) co CTOPOHBI TOM ke MOBEPXHOCTH CII0sL, T1Ie pacrnonoxeHa AP (co cTOpoHBI BHEIIHEH
noBepxHocTH). [Tpu Heu€THOM KoJMUecTBE (Ha CXEMe 3TO IMYTH a1 U @3) — CO CTOPOHBI JOHHOM
noBepxHocTH. OYEeBHUIHO, UTO CYLIECTBYIOT IYTH U C OOJIBIIUM KOJIMUYECTBOM OTpaxKeHul Y3
curnaina ot rpanui OK (Ha cxeme He noka3aHbl).

Ecin mepoxoBatocTs noBepxHocteil OK noctaTogHo Mana u 3aKOH OTpakeHHs Y3 CUrHaJla OT
rpanul; OK MO>KHO cunTaTh 3€pKajbHBIM, TO IPOCTPAHCTBEHHOE PACIIOJIOKEHUE TOUEK
OTpaKEHHH Ha KaXkJJOM IIyTH 30HAMPYIOLIETr0 CUTHAA K TOUKe A (X,z) CTPOro OIpeeseHo
KOOpJMHATaMU U3JTy4yarouiero anemenTra AP, koopauHaramu Touku A4(X,z) ¥ TOJIUHOMN CIIOS
marepuana d. OnpeenéH STHMHU BEIMYUHAMH U CaM IyTh, T.€. €ro JUTHHA.

CornacHo NpUHLKIY B3aUMHOCTH, 3TH € ITyTU SBJISIIOTCSA MYTAMH pacnpocTpaHeHus Y3
CHTHAJIOB, OTPAXEHHBIX OT JJFOOOT0 OTpaxkaTelns (HarnpuMep, B Touke 4(X,z)) K IpUEMHOMY
anemeHTy AP. CienoBarenbHO, TPAaEKTOPUH paclpocTpaHeHust Y3 CUTHAIOB OT 3J1eMeHTOB AP k
mo0oi Touke miockonapamuieasHoro OK u o6patHo - k AP cyiecTByroT AByX BUJOB: C 00LIUM
YETHBIM KOJIMYECTBOM oTpaskeHHi oT rpanun OK u ¢ o01mmM HeYETHBIM KOJTMYECTBOM
OTpaXKEHUU.

Ecnu HeognopoHOCTh MaTepuana B Touke A(x,z) paccenBaet Y3 BoHBI JudPy3HO, TO
BO3MOJXKHBI TpaeKTopuu 000ux BUa0B. [1lycTh, HampumMep, maJaronuil CUTHAN MPOLIEN MO MYTH C
OJIHUM OTpakeHHeM (MyTh a; Ha puc.l), a oTpaxEHHBIN — 10 MYTAM C IBYMS U TpeMs
oTpakeHUsIMH (ITyTH, aHAJIOTUYHBIE 8y U a3 Ha puc.1). OOmiee KOTUYECTBO OTpakeHu Y3
curHana ot rpanuin OK B TpaekTopusx «IyTh @1 IUIIOC MYTh 2» U «I1yTh 81 IUIIOC MYTh az»,
COOTBETCTBEHHO, TPU U YeThIpe (HEUETHOE U YETHOER).

[Ipu 3epkambHOM OTpakeHUU Y3 CUTHAJIA OT HECIUIOIIHOCTH B TOUKE A(X,Z) BO3MOKHBI TOJIBKO
TPAaeKTOPUH C OOIIMM HEUETHBIM KOJIMUYECTBOM OTPAXKEHUH, T.K. CUTHAJI, TAJAIOIUI B 3Ty TOUKY
CO CTOPOHBI OJTHOM I'PaHHUIIBI CII0SI, OTPaXKaeTcs B CTOPOHY APYTOM rpaHuIIbl, U JH00ast
TPAEKTOPHS CKJIAJbIBAETCS U3 IyTEW ¢ YETHBIM M HEYETHBIM KOJIMYECTBOM OTpakeHUi. B
pe3yJbTaTe 0011ee KOJIMYECTBO OTPaXKEHHU — Heu€THOE. 3/1eCh ClIeIyeT 3aMETUTh, UTO
OpHEHTAIUS 3epKaJIbHO OTPAXKAIOLIEH HECTIONTHOCTH JOJDKHA ObITh BEPTUKAIBHON
(nepnenaukyispHoi rpanuam OK) nnu 61u3koit k Heil. OTkioHeHue e€ oT BepTukaiu Ha 20 u
6oJiee TpalycoB YBOJUT OTPaXXEHHbBIE CUTHANIBI B CTOPOHY OT AP.

Taxum 00pa3oM, O U3BECTHBIM KOOpAWHATaM 3y1eMeHTOB AP, koopaunatam Touek B OK u
3HAYEHHIO TOMIIMHBI 0 MOXHO BBIYUCIHUTD JJTMHBI JIFOOBIX TPACKTOPHUIl pacpocTpaHeHus Y3
curHanoB B OK npu 11060M KoJruecTBe OTpaskeHUi OT TOHHOW U BHeUIHel noBepxHocteit OK.



Hcnonb3ys 3HaueHne CKOPOCTH paclpoCTpaHEeHUs Y3 CUTHAJIOB C, MOKHO BBIYUCIIUTH U BCE
BpEMEHa 3a/IeP’KEK IXOUMITYJILCOB OT OTpaxkaressi B TOUKe A(X,z) B COOTBETCTBYIOIINUX
peanu3anusx IpUHATHIX Y3 KoneOaHuH.

[TycTh KOMMUYECTBO OTpaykeHUM Y3 curHaia ot 1oHHOH nosepxHoctu OK Ha npsMoOM IyTH €ro
pacnpocTpaHeHUs OT U3JIydarolero neMenta AP ¢ HomepoM i k oTpaxareiio B Touke 4(x,z)
PaBHO Pij, @ KOJUYECTBO OTpakeHUil Y3 curHana ot BHemHed noBepxnoctu OK Ha 3ToM ke myTu
paBHO (j. AHaJIOTUYHO 0003HAYUM KOJIMYECTBA OTpakeHUU Y3 curHaia Ha OOpaTHOM IyTH OT
TOUKH A(X,z) k npuéMHOMY >1eMeHTy AP ¢ HomepoM j: pj u Q. Toraa obmee komu4ecTso |
oTpakenui Y3 currana ot ooeux rpanun; OK Ha npssmom nytu Oyzaer paBHo: | = p;j + Q,
KOJIMYECTBO OTPAKEHUI OT IPaHMIl Ha 0OpaTHOM IyTH: R = pj + (j. A BpeMs 3aIepKKH X0~
UMITyJIbCa OT OTpaXkaTeys B TOUKE A (X,z) B peanu3anuu Y3 KoneOaHul, MoIy4eHHON Ipu
U3JTy4SHHUHU 30HAMPYIOIIETO UMITYIIbCA I-ThIM d5ieMeHTOM AP u npuéme kosebanuii J-ThIiM
anemenToM AP tipu o6mem kommuectse (I + R) Bcex otpakenuit Y3 curnana ot rpanun OK Ha
BCEH TPAEKTOPUU €T0 PacIPOCTPAHEHHUSI, BEIPA3UTCS CIEAYIOUIMM 00pa3oM:
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rae: Xj, Xj - KOOpAUHATHI M3/ Ty4aroIIero U IPUEMHOIO 3JIEMEHTOB AP, coorBercTBenHO. ] [1[]

B yactHOCTH, A1 TpaeKTOpUU paclpocTpaHeHus Y3 curHanac Pi=5,0i=4,pj=2,0;=2,1=9,
R =4 ¢opmyna (2) npumeTt BUL:
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Ha puc. 2 BHM3Yy npHBeIE€HbBI OCHMILIOTPAMMBbI peaTu3alui Sy, Sk Y3 KojaeOaHu, MPUHATHIX
OT/ICNIbHBIMU 3J1eMeHTaMu AP (B 4acTHOCTH, JUIsl IpUMepa, N-bIM, | |-bIM IpH U3ITydeHHH
30HIUPYIOLIMX UMITYJIECOB M-bIM, U K-BIM 3JIEMEHTaMHU PEIIETKH, COOTBETCTBEHHO). DTH
KoJIeOaHHUs1, TOMUMO Pa3IMYHBIX IIIYMOB, COJEPKAT SXOMMITYJILChI OT OTPAXKaTeNs B TOUKE
A(x,z). Oxoumnynbcsl J1, Iz, I3 (OHM Ha pUC. 2 TPEBBIIIAIOT 110 AMIUIUTY/IE IIYMBI)
PAcIIOIOKEHBI HA OCH BPEMEHU C PA3HBIMU 3aJ€PKKaMHU taj,j OTHOCUTEILHO MOMEHTOB IIOCBITIKU
B OK 30H1upyIOIIMX UMITYJIBCOB BCIEACTBUE PAa3HbIX JUIMH TPAEKTOPHM pacripocTpaHeHus Y3
curHanos B OK. B yacTtHOCTH, 3X0MMIY/IbC 31 BBI3BaH Y3 CUTHAJIOM, MPOLIEAIINAM 10
KpaT4aiiiieil Tpaektopun ot AP k oTpaxarento u oopatHo 0e3 otpaxenuit ot rpanun OK, a
IXOUMIYJILC Iy SIBISETCS PE3YIbTATOM MPOXOXKACHUS Y3 CUTHAJIA IO TPAGKTOPUU C OJHUM
oTpaykeHHeM oT JoHHOH noBepxHocTH OK (1o TpaekTopuu TuMa a; + ag). DXoUMNyibe J3 B
peanu3anuu S|, Kak U J1 ABISETCS OTPakEHUEM 30HAUPYIOIIEro CUTHaja ¢ TPaeKTOpHUEH Tuia
Ao + ag (cM. puc. 2). DXOUMITYIbCHI C 0oJiee JUIMHHBIMU TPACKTOPHUSIMHU U TOTOMY C OOJIBIIUMHU
BPEMEHAMH 3aJEPKKH tpj,j B OTHX peaau3alusax IPUCYTCTBYIOT, HO HAXOJATCS 3a BEPXHUM
npeenoM oTOOpaKEHHOTO Ha pHC. 2 BPEMEHHOT0 HHTepBajia. JJIMTeNbHOCTH 9XOUMITYJIbCOB
NpUOIU3UTENBHO PaBHbI JUTUTEIBHOCTH 30HAUPYIOIIET0 UMITYJIbCA T,.

Peanmmzaumu Sy, Sk |, pUC. 2, MOJYYEHBI C MOMOIIBIO AP ¢ HAKIIOHHBIM BBOJIOM YJIbTPa3ByKa B
OK. JlnarpamMma HanpaBJIEHHOCTH Ka)KJOT'0 3JIEMEHTA TaKOM PEIIETKY 3aK/II0UYEHA B AMANa30HE
yrI10B, TpubIu3uTenbHo, ot 30 10 85 rpagycos. [ToaTOMy JOHHBIE HXOUMITYJIBCHI B 3TUX
peanu3anusax oTcyTcTBYIOT. B peanuzanusax AP 1pyrux TUIOB, B YaCTHOCTH, PEIIETOK C
npsiMbIM (110 HopManu) BBoioM Y3 curHainoB B OK, ecrecTBEHHO, €CTh U JOHHbIE 3XOUMITYJIbCHI.



Ecnu cun(pa3zHo cI0KUTH BCE 9X0-UMITYIbCHI, puineamue k AP u3 Touku A(x,z) no Bcem
TPAEKTOPHUAM OT Ka)KJOU Mapsl 2IeMEHTOB AP, TO MBI OTy4nM cymMmmapHbIid sxocurHai Ua(t),
aMILTUTY/a KOTOPOTo Oy/IeT XapaKTepH30BaTh OTPakKaTENbHYIO criocoOHOCTh MaTepuana OK B
TouKe A(X,z). Iyt 3TOro He0OX0MMO BHIOpATh U3 KaXKIOH pean3aiuy IPUHATHIX Y3
KoJe0aHui parMeHTsI Ujj AAUTEIbHOCTBIO Ty, C BDEMEHAMHU 3a/1€PKKH, PACCUUTaHHBIMU 11O
dbopmyre (2), COBMECTUTH (hparMeHThI Ha OCH BPEMEHHU C TOYHOCTHIO 710 (pa3bl U areOpandecku
CJIO’KUTBH COOTBETCTBYIOIIHME IO BPEMEHU MTHOBEHHBIE 3HAUEHUS KoJieOaHMii BceX (hparMeHToB:
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rae M — MakcumanbHOE KOJIMUECTBO oTpaxeHui Y3 curnana ot rpanui] OK Ha kaxxaom u3
yTel paclpoCTPaHECHHsI CUTHAJIA K OTpa)kaTelto B Touke A(X,z) u 00paTHO, BRLIOpAaHHOE 3apaHee
JUTSL OTPAHUYEHHUS YHCIIa UCTIOIb3YEMbIX TPACKTOPHUH.

Ammuintyny Ua HOJTy4eHHOTO CyMMapHOI'O 3XOCUTHAA JIETKO ONPEAETUTh TyTEM BbLIACICHUS
€ro orudaromei u B3sTH MaKCUMyMa MOJIy4eHHOH (pyHKIUHU. B yacTHOCTH, 3TO MOKHO
BBITIOJIHUTH C TOMOLIBIO aMIUIUTYIHOTO I€TEKTUPOBAHUS CYMMAapHOI'0 9XOCHUrHAJIA
(BBIIIPSIMJIEHHUS ¢ HU3KOYACTOTHON (PUIIbTpaLIeil) WM C TOMOLIbI0 CUHXPOHHOTO
JETEKTUPOBAHUS.

[Tpu BBINOJIHEHUH U3JI0KEHHBIX OIIEpalluil JJIs BCEX TOYEK BU3yanu3upyeMoro ceuenuss OK
MOJIy4aeTCsl MaTpULa aMIUIUTY]l CyMMapHBIX 3XOCUTHAJIOB, KOTOpasi Py OTOOpakKeHUU €€ Ha
9KpaHe B IIBETOSIPKOCTHOI (popmMe npeacTaBisieT co00i TOMOrpaMMy BU3YalIU3UPyeMOro
ceuenus OK. [TockosibKy B KaKIyt0 TOUKY TOMOI'PaMMbl COOpaHbl 3XOCUTHAJIBI OT Bcex N
BO3MOXHBIX I1ap 3JIeMeHTOB AP, TO Kax/1as TOUKa TOMOTpaMMBbI SIBJISI€TCS Pe3yIbTaTOM
dboxycupoBKH Bceit anepTypbl AP B cooTBeTcTBYIOIIYIO TOuKy ceuenus OK.

AJITOPUTMBbI BU3YAJIN3AIINHN

B anmaparype meton LIOA peanuzyetcst B BUie ABYX MPOIIecCcOB: mporecca 3ouaupoanust OK ¢
nprEMOM U 3aMMChI0 peanu3anuil Y3 konebaHuil 1 mpolecca peKOHCTPYKLIMU MacCUBa JTAHHBIX
00 oTpakaTeabHON CIOCOOHOCTH ToUeK Bu3yanusupyemoit oonactu OK. B 3aBucumocTu ot
KOHKPETHOI'O IOCTPOEHHUS alMaparypsl 3TH MPOLECCH MOTYT IPOUCXOIUTh OHOBPEMEHHO,
YaCTUYHO MEPEKPHIBATHCS BO BPEMEHH HITH JIa)Ke BHITTOJIHATHCS B Pa3HbIE TIEPHOIBI BPEMEHH.
['maBHOIM 0COOEHHOCTBIO METO/Ia SABISAETCS BO3MOKHOCTh HE3aBUCUMOTO JJOCTYIA K JIIOOOMY
dbparMeHTy Kax10i IpuHATON peanu3anun Y3 Konebanuii, 4yTo 00bI9HO oOecrieunBaeTcs €
3alIOMMHAaHUEM U XPaHEHUEM B T€UE€HHE HEKOTOPOTO NEePHOAa BPEMEHH JUIsl CAMTHIBAHUS BCEX
(parMeHTOB, UCTIOIB3yEMBIX ITPH PEKOHCTPYKIIMHA MAaCCHBA JaHHBIX. BO3MOXKeH Takke BapUaHT
CUMTBIBaHUS (PPAarMEHTOB MPSIMO B Mpoliecce Mpuéma peanu3aliy U Pa3ioKeHHUs UX 110 TOUKaM
PEKOHCTPYHUPYEMOTO N300paKEeHHUS.

bnaroxaps He3aBUCHMOMY JOCTYIY K JTH000MY (parMeHTy KaxJa0i peaaru3aluy MOKHO MPH
PEKOHCTPYKIIMM N300paskeHHsI BIOUPATh pa3Hble IPYMIIbl (pparMeHTOB, COOTBETCTBYIOIINE
omnpenenEHHbIM TpaeKTopusiM pactipoctpanenus Y3 curaanoB B OK [8]. Tak, ecnu
UCIIOJIb30BaTh CUTHAJIBI C YETHBIM KOJIMYECTBOM oTpaxeHui oT rpanul; OK, To B uzo0pakeHnn
OyIyT MPUCYTCTBOBATh 00pa3bl HECILIOMHOCTEH, TG y3HO oTpaxkaromux Y3 konebanus. Eciu
UCIIOJIb30BaTh CUTHAJIBI C HEYETHBIM KOJIMYECTBOM OTPAKEHUH, TO Ha dKpaHe Oy IyT



MIPOPUCOBAHBI 3€PKATLHO OTPAXKAIOUIUE HECIUIOMIHOCTH C MPEUMYIIIECTBEHHO BEPTHUKAIBHOMN
opueHTtanuein (mo Hopmanu k nmosepxHocTsiM OK). T. e. MOXKHO pEeKOHCTPYHPOBATH
n300pakeHre 0 JHOTo U Toro ke cedeHus: OK, Boiensist oTpa)kaTenu pa3HOro BUa.
Hcnonb3oBaHKuEe BCEX CUTHAIOB, KaK ¢ YETHBIM, TAK U C HEYETHBIM YMCIIOM OTPaKCHUI
obecrevunBaeT HAMTYYIIYIO TIPOPUCOBKY TTOBEPXHOCTEH 00BEMHBIX HECIUIONTHOCTEH, MMEIOIIINX
cnoxHyto popmy. Takum 06pa3oM, MEHsIS AITOPUTMBI PEKOHCTPYKLIUU N300paXKeHHsI, MOXKHO
MOBBICUTH BEPOSITHOCTD MPABUIILHOTO OMPEICICHUS BUJIa OTpaXKaTess (TOUYCUHBIN, IIIOCKOCTHBIN
WM 00bEMHBII ), IO CPABHEHUIO C aJITOPUTMOM BU3yaJU3allMU OTYIIPOCTPAHCTBA, KOT/1a
nonHas rpanuia OK Haxoautcst Ha 60sbion rayouHe (d B HECKOIBKO pa3 00JIbIle anepTyphbl
AP) unu e€ noBepXHOCTh J1ajieKa OT 3epKajJIbHOOTPAXKAIOIICH.

B V3 nedekrockone A1550 IntroVisor [5] onepatopy AOCTYITHBI HECKOJIBKO PEKUMOB
BU3yaJIM3allu, KOTOPbIE MOXXHO HAMPSIMYIO MEPEKII0YaTh C KIaBUATYpPHI:

1. Busyanu3anus nonynpoctpanctsa (tonmba OK d He ucnone3yercs);

2. Busyanusarus OK B Buze wimthl (10 < d < 100 Mmm) i1 oOHapyskerus auddy3Ho
OTPaKAIOIMINX HECIUIOIIHOCTEH;

3. Buzyanusauus OK B Buze miactunsl (yeinoBHo d < 10 mm) uis oOHapyxenust quddy3Ho
OTPaXKAIOIIUX HECIIJIOMIHOCTEH;

4. Buzyanuzaiust OK B Buje mmthl win tiactudbl (0 < 100 MM) Ui 00HApYKEHHsI 3epKaJIbHO
OTpaKarOIIKUX HECIUIOIIHOCTEN TPEUMYIIIECTBEHHO BEPTUKAJIbHON OpUEHTALlUN;

5. Buzyanusanus OK B Buze mmuthl wiu mwiactusbl (d < 100 MM) 1711 IPOPHCOBKH KOHTYPOB
00BEMHBIX HECILIOLIHOCTEH.

Jlis mpocToil uIEHTU(PUKALIMY 3TUX PEKUMOB UCIOJIB3YIOTCS CUMBOJIbI, TPUBEAEHHBIC B
tabmuie. TaM ke JaHbl OCHOBHBIE XapaKTEPUCTUKU PEKUMOB.

Home
P CumBoa O0BbeKT KOHTPOJIS Orpakareipb O3ByuuBaHue
pexumMa
1 MOJTYTTPOCTPAHCTBO «TOYEYHBII» npsiMoe
TUTHTA,
2 «TOYEYHBI» | TPSAMOE M OTPAKEHHOE
10 < d < 100 mm
IUIaCTHHA,
3 «TOYECUHBIN» OTpaxEéHHOE
d <10 mm
TUIATA WJIH TUIaCTUHA,
4 TUTOCKOCTHBIA | TIPSIMOE W OTPKEHHOE
d <100 mm
TUTATA WJIH TDTACTUHA,
5 OOBEMHBIN | IPSIMOE U OTPAKEHHOE
d <100 mm

ANTOPUTMBI PEKOHCTPYKIIUHU, UCTIONB3yEeMbIE B 3TUX PEXKUMAaX, 1 UX OCOOCHHOCTH COCTOSAT B
cienyromeM. Buzyanusaius monymnpoctpancTBa (pexxum 1) sSBIS€TCS OCHOBHBIM PEKUMOM




XOUMMYIBCHOU TOMOTpaduu. AITOPUTM PEKOHCTPYKIIUU B HEM MOCTPOEH B MPEINOI0KEHUN
BCECTOPOHHETO paccenBaHus Y3 Kojie0aHWN KaXI0M TOUKOW TpocTpaHcTBa. EAMHCTBEHHO
BO3MO>KHBIMU TPACKTOPUSIMH PACIIPOCTPAHEHUS Y3 CUTHAJIOB 3/I€CH SIBISIIOTCS TPACKTOPUH 0€3
oTpaxkenuii ot rpanunl OK, cocrosimue u3 myrei Tuma ag (cM. puc. 1). ITOT pexxum Haubosee
YYBCTBUTEJICH K OTPAXKATEJISIM MaJIbIX BOJIHOBBIX Pa3MEPOB, PACCEMBAIOIINX YIIBTPA3BYK

1 dy3HO, TAKUX, KaK TOPBL, TPELIUHBI C BEICOTONW MeHee 1 MM U, eCTECTBEHHO, 3épHa
CTPYKTYphI MeTaiuia. TpermuHbl O0NBIINX Pa3MEPOB U PACCIOCHUS OTOOPAXKAIOTCS, KaK IMPaBUIIO,
TOJIBKO CBOMMHU KpOMKaMu, nuddy3HO paccenBaromumMu yibTpa3Byk. [lockonbky TonmmHa d B
ATOM PEXKUME CUUTACTCSI HEU3BECTHOM, TO MPU HATUYHUH JIOHHON MOBEPXHOCTH BCE 3XOCUTHAIBI,
nepeoTpaxxEHHbIe 0T He€ U BCIIECACTBHUE 3TOr0 OT BHelHel rpanuisl OK, naroT Ha skpane
JIOTIOTHATEIIFHBIC JIOXKHBIE 00pa3bl HA TIyOnHaX, peBbimaromux Toamuny OK.

Pexxumel 2 - 5 npeaHasHaueHsl Uil BU3yalnu3aluu iockonapamieababix OK u3BectHoi
TOJILIIMHBI, 3HaU€HUE KOTOPOH MPeABAPUTEIbHO YCTAaHABIMBAETCS B MEHIO HACTPOUKH ITpubopa.
B atux pexxumax UCHoIb3yIOTCS alTOPUTMbI PEKOHCTPYKLIUH, CYMMHUPYIOIKE Y3 CUTHAIIBL,
nepeorpaxénnplie oT rpanul OK.

B pexume 2 npou3BoAUTCS CYMMUPOBAHUE CUTHAJIOB ¢ YETHBIM KOJIMYECTBOM OTPAXKEHUN OT
rpanun OK, BKIItOUas ¥ CUTHaNbI C TpaeKTopusiMu 0e3 oTpaxkeHuil [§8]. B aTom pexxnme o0pa3bl
mudy3HBIX OTpaXkaTesell TOpHUCOBBIBAIOTCS HA SKpaHe Mpudopa 01aroaaps UCIOIb30BAHUIO
otpaxxenuii ot rpanuil OK. B pe3ynpTaTe Ha 35KpaHe 0TOOpakaeTcs TOJNIbKO ACUCTBUTEIbHAS
obusacte ceuenunst OK (o rmy6uH, paBHbix TosmmHe d). O6pasbl, BBI3BaHHbIC
nepeoTpaxEHHbIMU 0T rpanul] OK curnanamu, oToOpakaroTcs Ha CBOUX peajbHbIX MecTax. Tak,
Hanpumep, OOKOBOE OTBEPCTUE IUAMETPOM, OOJIBIIUM AJTUHBI BOJIHBI YIbTPa3ByKa Ja€T Ha
9KpaHe J1Ba o0pa3a OJUH MO IPYIM: BEpXHUI OT BEpXHEI MOBEPXHOCTH OTBEPCTHUS, HUKHUN —
ot HuxkHei. [1o paccTosHuI0 MeX Ay 3TUMH 00pa3aMu MOKHO CYIUTh O IMAMETPE OTBEPCTHUS.
HuxHsist noBepXHOCTh 00BEMHOMN HECIUIOMIHOCTH TAKXKE 0TOOpaXKaeTCs Ha SKpaHe Ha CBOEH
JeMCTBUTENbHON TITyOMHE, IPU YCIIOBUH, KOHEYHO, €€ 3HAaUUTEJIbHOM IEpOXOBATOCTH JUIS

T dy3HOro OTpaKeHUs yIbTpa3ByKa.

PexxuM 3 oTnmuaercs oT pexuma 2 TeM, 4TO B HEM JJIs1 pEeKOHCTPYKLIMU U300pakeHus He
UCTIONB3YIOTCS Y3 CUTHAJIBI HETIOCPEICTBEHHO OTPAKEHHBIE OT HECTUIONTHOCTEH, a TOJIBKO
nepeotpaxkéHubie oT rpaHul] OK. DToT pexuM Mo3BoJsSET BECTH KOHTPOJIb OTHOCUTENBHO
TOHKHUX IIJIACTUH U CBAPHBIX COGI[I/IHCHI/Ifl ¢ MaKCHUMaJILHO BO3MOKHOM YYBCTBUTCIIBHOCTBIO K
OTpakaTelsIM MaJIbIX pa3MepoB, JAIOIIUX ciladble curHaibl. [I0CKONIBKY ISl pEKOHCTPYKIIMH
N300paKeHMsI 3/1€Ch HCIIOIB3YIOTCS CUTHAIIBI C BPEMEHAMH 33JIePKKH, TPEBHIIAIOIIIMMA BPEMsI
NpUXO0Ja JOHHOTO CUTHAaJla, TO COOCTBEHHBIN peBepOepalMoHHbIHN 11yM 371eMeHTOB AP He
YXyALIAeT KaueCTBO U300pakeHU.

Pexxum 4 mpenHazHayeH Ajisi IPOPUCOBKH 3€PKATBLHO OTPAKAIOIIUX HECTUIONIHOCTEH, B
YaCTHOCTH, BEPTUKAIbHBIX TPEIIUH C TJIAJJKUMH MIOBEPXHOCTIIMU. B 3TOM pexuMe ucnonb3yercs
ITOPUTM, CYMMHPYIOITUN CUTHAJIBI C TPACKTOPUSIMH C HEYETHBIM OOIITUM KOJTUYECTBOM
otpaxkenuii oT rpanuil OK [8]. DTOT anroput™ no3BoiseT 0TOOpa3uTh B BUAE TUHUH BCE
CeUeHHUeE 3epKaTbHOOTpaXKAIOIIeH MOBEPXHOCTHU, T.K. OT KaXk/I0H TOUKHU €€ CEeYeHHsI 3XOCUTHAII
onarogaps otpaxenusm ot rpanul] OK Bo3pamaetcst k AP mpubopa. [{nuna 3Toi TuHNHA Ha
AKpaHe MPUOIUZUTEIBHO COOTBETCTBYET pEeaJIbHOM JUIMHE CEUEHUS HECIUIOIHOCTH.

B pexume 5 3a1€1iCTBOBaH aJITOPUTM PEKOHCTPYKLUH, CYMMHPYIOIIUN BCE 3XOCUTHAIIBI,
npomeamue B OK 1mo BceM BO3MOKHBIM TPACKTOPHUSAM, KaK C YETHBIM, TaK U C HEUETHBIM
KOJTMUYECTBOM OoTpaxkeHHi oT rpanui] OK. 1ot pexum Hanboiee MoIHO 0TOOpakaeT
BHYTpeHHIOIO cTPYKTYpy OK, T.K. Kax1ast TOUKa 3TOM CTPYKTYPHI IPH HATMYUHU B HEH



HEOJHOPOAHOCTH OTpaXkaeT yabTpa3ByK Jnbo auddysHo, 1mbo 3epkanbHo, 100 ¢ 06enmMu
COCTAaBJISIFOLIIMHU OTPAKEHHBIX BOJIH.

HecmoTps Ha TO, 4TO peXUM 5 HAMITY4IIUM 00pa30M NPOPHCOBBIBAET IPAHUIIBI PA3ITUYHBIX
HEOJHOPOAHOCTEH, €Tr0 UCIIONIB30BaTh B JIIOOOM cilydae He cieayeT. [Ipu HecKombKux
HECIJIOUIHOCTSIX MaTepHasa n300pakeHUe Ha SKpaHEe MOKET MOJIYUYUThCSI CI0KHBIM, TPYIHO
MHTEPIIPETUPYEMBbIM. B 3TOM citydae, moouepEénHo UCIOIb3Ysl peXUMBI 2 U 4 MOKHO BO MHOTHX
cllydasix pacro3Harh, IJIe HAXOAUTCS MIIOCKOCTHAsA HECIJIOUIHOCTb, a e 00bEMHas WIn
HECKOJIBKO Majopa3MepHbIX.

Bce nepeunciennbie pexxuMbl BU3yaln3aluu, KpoMe pekuMa 1, paccunTaHnbl Ha MPUMEHEHHE Ha
wiockonapauienbHeix OK, BcTpeyaromumxcst Ha MpakTUKe Yaille ocTalbHbIX. EcTecTBeHHO, B
Clly4ae HEIUIOCKOM, HallpuMep, UWIMHIPUUECKON TOHHON IOBEPXHOCTH, NPH KIMHOBUIHOM OK
WIH B cy4asx 0oJiee cloKHOTo npoduiist 00beKTa, Kak, HapuMmep, B [4], 3TH peKUMBbI
npuMeHsTh Henb3s. [ Takux OK, kak mokaszano B [4], HEOOX0IUMO TOYHO 33]1aBATh
reoMeTpuIo MpoduIIsi 30HbI OTOOPaKEHUs, a IPU KOHTPOJIE 00s3aTeIbHO pacnonarath AP B
TOYHO 33J]aHHOM ToJIoKeHnH. MHaye n3obpaxkenue OyaeT nCKaKEHHBIM. DTH 3a]1a91
CHEIHAM3UPOBAHHOTO MTPUMEHEHHUS anapaTypbl MOTYT PEIIaThCsl C UCMOIb30BAHHEM
JIOTIOTHATEIIFHOTO MPOrPaMMHOTO oOecrieueHus. Hrmke MbI paccMOTpHUM 00JIee THITHYHBIC
cinydau npumenenus nedexrockona A1550 IntroVisor Ha miockonapamiensHbix OK.

TOMOI'PAMMBI ITPU PA3HBIX PEXKUMAX BU3YAJIM3ALIMN

[Tockonpky OK B BuJ€ IJINT WIK IUIACTUH BCTPEUYAIOTCS HA IPAKTUKE Yallle 0ObEKTOB C
HEOIpeesIEHHON U O4eHb O0JIBLION TOJILIMHOM, TO BCEra *KelaTebHO U3MEPUTh TONLIUHY
00BEKTa, BBECTH €€ 3HaUCHHE B IPUOOP U BECTH KOHTPOJIb B OJTHOM U3 PEKUMOB 2 — 5.
JlononHUTENBHBIE IPEUMYILECTBA 3TUX PEKUMOB, IIEPE] PEKUMOM BU3yaIU3aLuN
HOJYIPOCTPAHCTBA, KPOME aJ€KBAaTHOCTH MOJIy4aeMoro n3oopaxenus peanpHoMy suay OK,
IPOMJLUTIOCTPUPYEM Ha CIETYIOLINX MpUMEpax TOMOTpaMM, MOIYYEHHBIX Ha 00pa3lax ¢ TOYHO
M3BECTHBIMU ITapaMeTpaMu MoJieNel 1e(eKTOB.

Bce n3o00pakenus noxy4deHsl ¢ moMolbio 16-3nementHoi AP nonepeunbix Y3 BOJH.
Hanpasnenue MmakcumMyMa quarpamMmbl HalIpaBJI€HHOCTH KaXKIOTO JIeMEHTa 3Toi AP
OTKIJIOHEHO OT HOPMAIIA K paboueii mosepxHocTH Ha yron 60°. Ameprypa AP B miockoctn
BU3yalu3aluy (10 3apyOexHON TEPMUHOJIOTUH aKTUBHAs anepTypa [2]) npubinu3nuTebHO paBHA
40 mM. AniepTypa pemETKU B NEPIIEHIUKYIIPHON IIIOCKOCTH (raccuBHas [2]) paBHa 10 M.
Pabouas yacrora Y3 curnanoB paBusiiacs 4 MI 1.

ITo ocsiM KOOpAMHAT HA MPUBEAEHHBIX N300pAKEHUSIX OTIO0KEHBI MUIITUMETPBHI.
['opuzoHTanpHas ock X HAINpaBleHa BJOJIb aKTUBHOM anepTypsl B CTOPOHY HAKIIOHHOTO
u3nydeHus: Y3 curHanoB. BeprukansHas ock (B mpudope oHa o0o3HaueHa Y) — oCh TITyOHH.
Hauano koopaunart npuBenieHo K cepenune aneptypbl AP. Benencteue ocobennocTy mpubdopa
A1550, mo3BoisitolIel yBEIMUNBATh U300paKeHNE BU3YAIU3UPYEMON 30HBI M pa3MelaTh €ro B
MIPOM3BOJIFHOM TIOJIOKEHNW Ha SKpaHe, He Ha BCEX PUCYHKaX JICBBIM BEPXHUH yToJl
nU300pakeHMsI COBMAAeT C HAYaJIOM KOOPIMHAT.



Puc. 3. ToMorpaMMel CTaJIbHOTO IIOCKONApaUIEIbHOT0 00pasia TouuuHoi 40 MM B 30He
OOKOBBIX OTBEPCTHl, OTydeHHBIC B pexkume | (a) u B pexxume 2 (6).

Ha puc. 3 mpuBeaensl ToMmorpaMMbl oopasia u3 ctanu 20 tommuaon 40 MM, B KOTOPOM
HaXoATCsl 2 OOKOBBIX OTBEPCTHUS AMaMETpoM 1,5 MM 0J1HO oA ApyruM Ha riyouHax 25 u 30
MM. ToMorpamma Ha puc. 3a peKOHCTPYHPOBaHA B PeXHME BU3YaTU3aIMH MTOTYIIPOCTPAHCTBA (B
pexxume 1), Tomorpamma, puc. 36, - B pexume 2. Ha puc. 3a Hapsiny ¢ o6pazamMu peaibHbIX
OOKOBBIX OTBEpCTHI Ha riyOuHax 24,5 u 29,5 MM (mipu X = 60 MM) IPUCYTCTBYIOT €I€ JBa
oOpa3a Ha riryouHax 49 u 54 mMm. OHU BBI3BaHBI 3€pKaJbHBIM OTPaKEHHEM Y3 CUTHAJIOB OT
JIOHHOW TIOBEPXHOCTH, ITO3TOMY PACIIOJIOKEHBI OYTH CUMMETPUYHO OTHOCUTENIBHO ITyOuHBI 40
MM (T1yOMHBI JOHHOM moBepxHOCTH). [IpuunHa HECKOIbKO MEHbIIEH IITyOrMHBI BceX 00pa3oB Ha
U300paKeHUH B TOM, YTO Y3 CUTHAJIBI OTPAXKAIOTCS OT MOBEPXHOCTH OTBEPCTUH, a HE OT UX
LEHTPOB.

Ha Tomorpamme, puc. 36, kak 1 JOJKHO OBITH BCETo /1Ba 00pa3a orBepcTuil. HkHAs rpaHuna
n300pakeHHst pacroiokeHa Ha riryoune 40 MM, 4TO COOTBETCTBYET peasibHOCTUH. OOpa3bl
OTBEpPCTHUH B BUJIE MTEPECEKAIOIIMXCS OBAJIbHBIX MATEH XapaKTePHBI ISl OTBEPCTUN AUAMETPOM,
HEMHOTO NPEBBIIIAIONINM JUIMHY BOJIHBI yIbTpa3ByKa (Ha yactote 4 MI' A = 0,8 mm). [1pu



O0BIINX AUaMETpax MATHA PACXOIATCA BBEPX M BHU3, KaKk Obl 0OpHCOBBIBasi OOKOBYIO
MMOBEPXHOCTh OTBEPCTHS, 00paménnyto k AP. YV oTBepcTHii MEHBIIIETO TUaMETpa, Kak U Yy
TOUYCUHBIX OTpa)kaTesel, HalpuMep, op B METaJlIe, ISITHA 00Pa30B IepeCceKaroTCs B EHTPE.






Puc. 4. ToMorpammsl CTabHOM ITUIMTHI TOJUIMHON 17 MM ¢ MOJIEIBIO BEPTUKAIBHON IPUIOHHON
TPEIIMHBI BBICOTOM 4 MM, TIOJIyY€HHBIC B pe&kuMax: a — 1; 6 — 2; 6 — 4.

Ha puc. 4 npencraBieHbl TOMOTpaMMbl MOJIETTH BEPTUKAIBHOM MPUAOHHON TPELIUHBI B IUIUTE U3
ctanu 20 Tommmuoi 17 MM. MoJienb BBITIOHEHA 3JIEKTPOIPO3UEH U TIPEICTABISIET COOO0M MIeNb
mupuHo 0,1 u riryouHoi 4 mM. [mockocTh BU3yaliM3aniui OpUEHTUPOBAHA NEPIICHANKYIISIPHO
IockocTH menu. Tomorpamma Ha puc. 4a mony4eHa B pexxume 1, Tomorpamma Ha puc. 40 — B
pexume 2, a Ha puc. 46 — B pexxume 4. [Ipu nepexinrouenun pexxumoB AP octaBanack B 0JIHOM
I10JIO’KEHUU.

B pexumax 1 u 2 Mozenb oToOpakeHa IByMsi 00pa3aMu: HUKHUAM, OT OTPaKCHUH YIIbTpa3ByKa
YTOJIKOBBIM OTpaXkaTeJIeM LIeNb — JOHHAs TIOBEPXHOCTh, 1 BEPXHUM — OT BEPIIMHBI LIEITH
(TpemruHbl). BepmmHa ey, Kak TOUYedHbI 0TpaXKaTelb, ECTECTBEHHO JaéT MEHee SIpKuii 00pas.
[To ero moyoxeHUIO HAa SKPAHE JIETKO U3MEPUTH NITyOWHY BEPIIUHBI: KypcoOp B BUJE «+» (CM.
puc. 4) ycraHoBiieH Ha riryouHe 13 mm. [110CKOCTB 11eH BCISICTBUE 36PKATBHOTO OTPAKECHUS
ylIbTpa3ByKa He oToOpakeHa. 1300paxenue, puc. 46, oTinyaeTcs oT puc. 4a raaBHbIM 00pa3om
OTCYTCTBUEM MHUMOM YaCTH N300pakeHUsS] HUXKE YPOBHS JJOHHOU OBepXHOCTH (Y = 17 MM) 1
(opmoii 0Opa3a OCHOBaHHMS LIEJU B BHIIE CUMBOJIA «Y », 60JIce ONPEAEIEHHO TTOKa3bIBAIOIIETO
MIOJIOXKCHHE OCHOBAHUS IIIEJIM HA TOPU3OHTAIBHOM ocH. Takoe mpeIcTaBieHue BEPTHKATBHBIX
TPEUINH Ha SKpaHe B BUJE Mapbl 00pa30B CHIIBHO Pa3HON SPKOCTH XapaKTepHO ISl PEKHMOB
BU3yanu3anuu 1ud@y3Ho paccenBaromux oTpaxareneit (pexxumst 1, 2 u 3).

CoBceM apyroii Bua o0pa3a MoJIenH TPEIIMHBI IPEICTaBICH Ha pHC. 48. DTOT 00pa3 MOYTH
TOYHO mepeaaét (GopMy M pealIbHyIO BBICOTY Iiesin. KOHTYp MI0ocKol e€ mMOBEepXHOCTH
MOJIHOCTHIO MPOPUCOBAH O1aro1aps UCIOIb30BAHUIO MPU PEKOHCTPYKIIMU N300paxeHus Y3
CUTHAJIOB, 3epKaJIbHO OTPA3UBIIUXCS OT Kaxa0u e€ Touku. PaccTosaue 1o menu ot AP sierko
OTIPEACNUTH MO0 MOJIOKEHUIO CepPeIMHBI 00pa3a Ha OCH X.






Puc. 5. ToMorpammsl cTanbHOM IUIACTUHBI TOJIMHON 10 MM € MOZIENBIO BEPTUKAIBHON
MMOBEPXHOCTHOM TPEIIMHBI BEICOTOM 2 MM, MOJTyYEHHbIE B pekuMax: a —1; 6 — 3; 6 — 2; 2 — 4.

Ha puc. 5 npuBeneHsl ToMOrpaMMbl MOJIEIH TOBEPXHOCTHOM TPEIIMHBI BHICOTOM 2 MM B
cTaJIbHOH m1acTuHe TosuHon 10 mM. OOpasen, MOAETUPYIOLIUI TPEIIMHY, BBIIIOJIHEH B BUJIE
CTYNEHYATOro nepexoja ¢ Toinuuel 10 Ha TommuAay 8 MMm. AP Obuta ycTaHOBJICHA Ha TY Ke
MOBEPXHOCTh 00paslia, e PaclookKeHa CTyIeHbKa B 30He TONIMHGI 10 MM 1 HampaBieHa B
CTOpPOHY cTyneHbkU. ToMorpamma, puc. Sa, nmoiydeHa B pexxume 1, Tomorpamma, puc. 56, — B
pexume 3, ToMorpamma, puc. 56, — B pexxuMe 2, a puc. 5e — B pexume 4.

O6pa3 (TouHee napa 06pa3oB) MOJICTU TOBEPXHOCTHOM TpeUHbBI CPOPMHUPOBAHBI HA
TOMOTpaMMax, puc. 5a - 98, MOUYTH UCKIIOYUTEIBHO Y3 CUTHAJIAMU, TTPOLLEIIINMHU C
OTPAKEHUSIMH OT IOHHOM MOBEpXHOCTU. OT MPSIMBIX 9XOCUTHAJIOB (C TPACKTOPHUSAMH THIIA 8g +
ap, cM. puc. 1) Ha TOMOrpamMme, puc. Sa, He BUAHO HUKAKOT0 00pa3a (OH AOJKEH ObITh Ha
ryouHe 2 MM), @ Ha TOMOTpaMMe, puc. 56, 00pa3 OT BEPLIMHBI TPEIIHUHBI (CTYMEHbKH ) JHILb
HE3HAYUTEIILHO SPU€ COOTBETCTBYIOIIMX 00pa30B Ha pUC. Sa U 56. IT0 0COOEHHO BUIHO B
CPaBHEHMH C U300pakKeHHUEM, pUC. 56, KOTOPOE PEKOHCTPYUPOBAHO 0€3 UCIIOJIb30BAHUS MIPSMBIX
sxocurHaios. [lapa 06pa3oB B HEM MPEACTABISAIOT OCHOBAHHE (BEpXHUN 00pa3) M BEPIIUHY
(HI>KHUIN) MOZAENH TpeUIuHbL. FIX KOOpAHMHATHI COOTBETCTBYIOT PEeaJIbHOMY MOJIOKEHUIO
OCHOBaHHMSA U BepmnHbL. Ha nzobpaxxenun pexxuma 1 (puc. Sa) oHM HaXOAATCS B 30HE TITYyOUH
BOJIM3M YABOCHHO! TONIIMHBI IIJIACTUHBI B IEPEBEPHYTOM BHJIE (KOOPIMHATA Y Kypcopa «+»
paBHa 18 mm). OOpa3 OT BepIIMHBL, KaK ¥ B CIIy4ae MOJENU MPUAOHHON TPEIUHBI (Cp. pHC. Sa ¢
puc. 4a), HaMHOTrO ciiabee 00pasza OT OCHOBaHMsI, KOTOpOe sl Y3 CUTHAIOB, OTPa3UBILIUXCSA OT
JIOHHOH MOBEPXHOCTH, ABJISIETCS YTOJIKOBBIM OTpaxkaTeseM. CToJIb MaJIblil BKJIaJ MPSMBIX
CUTHAJIOB B JOpMHUpPOBaHUE 00pa3a BEPIIMHBI MOJIEIH MOBEPXHOCTHOM TPEIIMHBI CBSI3aH C
Majsioi e€ riryouHoi (2 MM). BeprmHa HaXouTCsl, TPAKTUYECKU, BHE JIETIECTKA TUAarPaMMBbI
HANPaBIEHHOCTH AJIEeMEHTOB AP.

ITo TomorpaMmmMe Ha puc. 52, OJIY4EHHOHN B peXUMe 4, MOXKHO OJIHO3HAYHO CKa3aTh O
BBISIBIICHUH ITOBEPXHOCTHOM TPEIIMHBI. 110UTH 1TOJIHAsSI MPOPUCOBKA BCETO CEUEHUS
BEPTUKAJIBHOHN MJIOCKOCTH ATOH MOJEIH MO3BOJISET U3MEPUTH U €€ BBICOTY, PABHYIO IITyOHHE
Kypcopa: 2 MMm. CrielyeT 3aMeTUTh, YTO JUIsl TOBBIILIEHUS JOCTOBEPHOCTH TAKOTO 3aKJIIOUCHUS
BCErJla €CTh BO3MOXKHOCTb BKITIOUMThH PEXHUM BU3YaJIM3allUH 2, KOTOPBIN YETKO 0TOOpakaeT
TPAHUILIBI TPEIIVHBI.



Puc. 6. Tomorpammel ctasibHoro COII TonmuHo# 10 MM ¢ 3apyOkoii riryOuHON 2 MM Ha
MMOBEPXHOCTH BBOJIA Y3 KOJIcOaHUit, OaydeHHBIC B pexumMe 3 (a) u B pesxume 4 (6).

Emé ogun npumep 6oee aieKBaTHOrO MPEACTABICHUS 36PKAIIBHO OTPAXKAIOLIEH HECIIOIHOCTH
MoKa3aH Ha puc. 6. 371ech Ul CPaBHEHUS pe3yIbTaTOB pabOTH! AITOPUTMOB BU3YyaJIN3aLlUU

T dy3HO U 3epKaTbHO OTPaXKaroIIMX HECIUIOIHOCTEN NCIOJIb30BaH CTaHIapTHBIN o0paser]
npeanpustust (COIT) ¢ 3apyOkoit, pacroyiokeHHON Ha BHEIIHEH MOBEPXHOCTH IIJIACTUHBI U3
ctanu 20 Tommuuoi 10 mm. [lupuna 3apyOku 2,5 MM, rimyouna — 2 mMm. TomorpaMMel oOpasia B
30HE 3apyOKHU MOITY4EHBI IIPU PACIIONIOKEHUH 3apyOKH B IJIOCKOCTH BU3YalIU3allMK Ha
paccTosiHUU €€ MIIOCKON BepTHKaIbHOM OoBEpXHOCTH B 31 MM oT entpa AP. Tomorpamma, puc.
6a, momyyeHa B pexumMe 3, ToMorpamma, puc. 66, — B pexxume 4.

Bepinna 3apyoxu Ha puc. 6a npeactaBieHa 00pa3oM, COM3MEPUMBIM C YpoBHEM (poHa
u3zo0paxxenus. [Toatomy 3apyOka 0OHapyKHBaeTCs TOIBKO OJIaroapsi 3XOCUrHajIaM OT
YTOJIKOBOTO OTpaykaTelisi, 00pa30BaHHOTO €10 C MOBEPXHOCTHIO MJIACTUHBIL. JalbHOCTD 3apyOKH
oT AP B/10JIb TOBEPXHOCTH IJIACTUHBI, U3MEPEHHAs IO N300pa’keHHIO, 3aBbIIIEHA
npubau3uTenbHo Ha 0,3 mM. [IpudnHa 3TOro BO3MOXHO B TOM, YTO 00pa3 yrojaKoBOTO
oTpaxkaTens copMUpOBaH HHTEPPEPUPYIOIIUMH CUTHATAMU TONIEPEYHBIX U PEIEEBCKUX BOJIH.
PeneeBckre BOJTHBI 00pa3yrOTCs OT TpaHCHOPMAIIUU TIOTIEPEYHBIX BOJH, MAIAIONINX HA
MOBEPXHOCTh MeTajlia rnepes 3apyOoKoii.

O06pa3 3apyOku Ha TOMOTpaMMe, puc. 66, BIOJTHE OTBEYAET pealibHOM opme U pazmepam eé
BEPTUKAIIBHON OTpaKaroIiel MoBepXHOCTU. JlaIbHOCTh 1 BBICOTA 3aPYOKHU MOTYT OBITh TOYHO
U3MEPEHBI TT0 U300PAKEHUIO.

B cTBIKOBEIX CBApHBIX IBAX BCTPEYANOTCA TPCUIWHBI, HC BBIXOAAIMIUEC HA ITOBECPXHOCTHU METAJIIa
U OPUCHTUPOBAHHBIC BEPTUKAJIBHO WJIK ITOYTHU BEPTUKAJIBHO OTHOCUTCIIBHO IUIOCKOCTEM



OCHOBHOT'O MeTajia. BHyTpeHHHEe HenpoBaphl TAKKe UMEIOT OJJO0HYI0 opreHTaluio. [Tpuuém
KOHTYPBI IUIOCKOCTEW TPEIIVH U HECIUIABIICHUH JIMCTOB METAJJIa UMEIOT OYEHB CIOKHYIO
dopmy. [ToaToMy SXOCUTHAIBI OT KPaéB TPEIIMH U HECIIABICHMIA, KaK MPaBUIiIO, Mallbl. B TO ke
BpEMsI CaMHU IIJIOCKOCTH TaKUX Je(PEKTOB XOPOIIO OTPAKAIOT YIIbTPa3BYK, TOJIbKO HE B 0OpaTHOM
HaIlpaBJICHUH, €CJIA IIOBEPXHOCTH IVIaJIKas, a K APYTrod ITOBEPXHOCTH IIJIACTUHBI, OTHOCUTEIIBHO
TOH, OTKY/la IPUIILIA NaJaronasl BOJIHA.

Jlis ipoBepKy BO3MOXKHOCTH OOHApPYKEHUs TAKUX BEPTUKAIBHBIX J€(EKTOB B MeTaIe ObLI
M3TOTOBJICH CTAIHON TUIOCKOIIApaJIeNIbHbIN 00pasel B Buae Opycka TommuHoi 30 1 mupruHOR
40 mmM. Bcee ero moBepxHocTH 00paboTaHbl ¢ MIepoXoBaTocThio He Oosee Ra0,63. OauH U3 ero
TOPIIOB UMeeET (Pe3epOBAHHYIO BIIAAMHY, KOTOPAst MOJICIUPYET IVIAJKYI0 BEPTHKAIBHYIO
TPELIVHY UM HECIUIABJICHUE BHYTpU MeTaia. [Ipyroii Topel BbIIOIHEH HAKIOHEHHBIM O]
YIIIOM 75° TOPU30HTAIBHBIM [TOBEPXHOCTAM 00pa3la. Bce nByrpaHHbIe yriibl, IPUMbIKAOIIUE
K IIOBEPXHOCTSM, MOJEIUPYIOLUM HECIUIOIIHOCTH, BBITIOJIHEHBI C INIAaBHBIMU 3aKPYTJIEHUSMU C
pazanycoM 5 MM JUIsl MAKCUMaJIbHOTO YMEHBIIEHUS YPOBHS OTPAXEHHBIX Y3 CUTHAJIOB OT
KOHTYPOB 3TUX IIOBEPXHOCTEHA.
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Puc. 7. CransHolt o6pa3er ToiuHoi 30 MM ¢ MOJIeNIbI0 BHYTPEHHEH BEPTHUKAIBHON TPEIIMHBI
BbicOTOM 10 MM (@) 1 ero TOMOTrpaMmMa B 30He MoJieTH (0), TIOJIydeHHas B PeKuMe 4.

Ha puc. 7 mpusenena dotorpadus npoduis odpasiia co CTOPOHBI TOPIIA ¢ BIAJWHON U
TOMOTpaMMa, TIOJTydeHHas1 B peKUMe BU3yanu3anun 4, mpu yctaHoBke AP mpubopa Ha BepxHIOIO
(10 puc. 7a) rOpU30HTANIBHYIO IUIOCKOCTh 00paslia C LEeNbl0 BU3YAIN3alui BEPTUKAIbHON
MOBEPXHOCTHU BraAuHbl. O0pa3 ceueHus II0CKO BepTUKATBHON YacTH MTOBEPXHOCTHU BIAIHHbBI
JIOCTATOYHO MOJHO MPOPUCOBaH (CM. puc. 76). [ myOuHBI KpaéB MIOCKOM YacTH BIIAUHBI,
U3MEpEHHbIE TI0 N300paxeHuto, cocTaBisitoT 13 u 23,5 mm. Ha camom sene 3Tu riryOuHbI paBHBI
12,5 u 22,5 mM. 3aBblleHne rTyOUHBI HUDKHETO Kpast Ha 1 MM 00BsICHAETCS IIIaBHOCTHIO



nepexo/1a IIOCKOW BEPTUKAIBHOM YacTH OBEPXHOCTH B LIMJIMHAPUYECKYIO, YeTo He ObIBaeT B
peanbubix OK. ['paHuIlpl TpELIMH BCET/ia OCTPHIE.






Puc. 8. Tomorpammel ctasibHOro oOpasima ToamuHoi 30 MM, 0ToOpaXkaroIye HaKJIIOHHYIO
MJIOCKOCTH €T0 TopIia (0), MoJIy4eHHbIe B pexkumax: a —1; 6 — 3; 6 — 2; 2 — 4.

[Tpoduie 06pa3ua co CTOPOHBI HAKIIOHHOTO TOPLA U TOMOTPAMMBI, MIUTFOCTPUPYIOIIUE Pa3HULLY
B OTOOpaXEHUU Ha SKpaHe MJIOCKOU IJIaJKOM MOBEPXHOCTH, OTKIIOHEHHON Ha 15% ot BEPTHUKAIIU,
pa3sHBIMU AJITOPUTMAMU PEKOHCTPYKLIMHU, U300pakeHbl Ha puc. 8. ToMmorpamma, puc. 84,
NOJIydeHa B peXXKUMe BU3yalau3aluu 1, TomorpaMma, puc. 86 — B pexume 3, puc. 86 — B pexume 2
U puc. 82 — B pexume 4. AHaiIu3 3TUX TOMOI'PaMM IIOKa3bIBAET, YTO IPUMEHEHNE AJITOPUTMOB
utst T y3HBIX oTpaxkareneit (pexkuMsal 1, 2 1 3) IpH MOMCKE 3€PKATBHO OTPAKAIOITUX
HECIIJIOUTHOCTEH MOYKET IPUBECTH K OIIMOOYHBIM BBIBOJAM.

TomorpamMmmbl HaKJIOHHOTO TOPIIA, TOJIyY€HHbIE B pexkuMax 1 1 2, OYTH OJJMHAKOBHI (Cp. pHUC.
8a u 86). Tonbko cnabbii aHTOMHBIN 00pa3 TOMOrpaMmbl, puc. 8a, ¢ KoopauHaTamu (X = 21,y
=39 MM) 1 TaKOM K€ 0 APKOCTH IIIyM B 00JIaCTH TIIyOMH 32 MM 0OpaIeHbl B ICHCTBUTEIBHYIO
4acTh M300paXeHUs1 Ha TOMOTpaMMe, puc. 88. B Tomorpamme, puc. 86, BooOIIe MpUCyTCTBYET
TOJIBKO ATOT (haHTOMHBII 00pa3 u mryM. T.K. TOUKM HAKIOHHOMW TJIJKOM MOBEPXHOCTH TOPIA HE
OTPaKAIOT YJIbTPa3BYK B 00PaTHOM HANpPaBJICHUH, TPAEKTOPUHU PACIIPOCTPAHEHUS Y3 CUTHAJIOB C
YETHBIM KOJIMYECTBOM OTPaKEHUU OT BepXHel (1o puc. 80) U TIOHHON MOBEPXHOCTEH 00pasiia, B
YaCTHOCTH, C IBYMSI OTPAXCHHUSAMH OT JIOHHOH IMOBEPXHOCTH (TPACKTOPHH THIA a; + &1, CM. PHUC.
1) orcyrcrBytot. [loaTomy 00pa3sl Ha TOMOrpamMMax c(hOpMHUPOBAHBI TOJBKO OT CUTHAJIOB,
MPOIIEAIINX MO TPACKTOPHUAM C HEUETHBIM YUCIOM OTPaKEHUI OT rpaHuIl 00pasia, B OCHOBHOM,
C OJTHUM OTPa)KEHUEM OT JOHHOM MOBEPXHOCTHU O TPACKTOPHUSM THMA 81 + 8y U 8o + a; (puc. 1),
MOCKOJIBKY MpH TONIIHMHE 00pa3na B 30 MM BKJIa/l CUTHAJIOB C TPEMS U OOJIBIIIUM YUCIOM
OTpakKeHMI ocTaTOuHO Maj. B pe3ynbrare 00pas3sl OT HAKIIOHHOW TOBEPXHOCTH 00pasiia
pacmojararoTcs Ha TOMOTpaMMax, puc. 8a u 86, Ha NIyOMHAX, MCHBIIIUX TOJIIUHBI 00pasia u
UMEIOT KOOPAMHATHI, HE COOTBETCTBYIOIIUE peanbHbIM. ToIbKO 00pa3 Ha riTyOuHe 0KOoJIo 28 MM
MPUOJIU3UTENIHHO COOTBETCTBYET HIDKHEMY (TI0 pUC. 80) NUIMHAPUUECKOMY 3aKPYTJICHUIO
nByrpanHoro yria. [Iporsok€nnasiii 00pa3 Ha rimyouHax 11 — 18 MM BooOI1Ie HaXOUTCS BHE
00JacT, n300pakeHHsI, COOTBETCTBYIOIIEH CEUSHHIO 00pasIia.

Tomorpamma, puc. 82, XOpoIo 0Tpa)xaeT pealbHOE MOJI0KEHUE U BHICOTY HAaKJIOHHON
IUIOCKOCTH Topua odpasua. /limHa oOpa3a Ha TOMOrpaMMe IOYTH COOTBETCTBYET 3TOH BBICOTE.
Tonpko BEepXHssA 4acTh IUIOCKOCTH TOPIIA HE 0 KOHIIA IPOPUCOBAaHA BCIEACTBHE MAjOro
KOJIMYecTBa Y3 CUTHAJIOB, BepHYyBIIUXCS OT He€ K AP. Jlyig nonydenus 6osee MoiaHoro
IIPEJICTaBJICHUS O TPAaHMIIAX TUIOCKUX OTpaKaTeslel B METAJlIe JOCTaTOYHO NepeaBUHYTh AP B
IUIOCKOCTH BU3YaJIM3aLlUU K OTPAXKATEII0 UK OT HETO.
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3. Pa3nenbHbIN CHHTE3 M300paKEHUH 110 CUTHATIAM «UETHBIX» U «HEYETHBIX)» TPACKTOPHIA
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