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OBIIAA XAPAKTEPUCTUKA PABOTDI

AKTYAJIBbHOCTh TEMBI. AKYCTH‘-I€CKI/Iﬁ MCTOJ KOHTPOJIA 3aHUMACT JOMHHUPYIOUICC

M0JIOKEHUE MPU BHINOJHEHUH HEpa3pylIalollero KOHTPOJid MHOKecTBa 00beKTOB. Ero mpe-
MMYILIECTBA — MOOMJIBHOCTb, TMOKOCTb, BbICOKAsl UyBCTBUTEIBHOCTb K Je(heKTaM pa3iMyHbIX
TUIOB, Oe30macHoCTh s onepaTopa. MH(pOpMaTUBHOCTh aKyCTHYECKOro MeToja obecrie-
YMBAETCS 3HAUUTEJIbHBIM KOJMYECTBOM M3MEPSEMbIX BEJIIMYMH — aMIUIUTYAbl, (a3bl U CHEK-
TPaJIbHOI'O COCTaBa PACCESHHBIX BOJIH, CKOPOCTH 3BYKa U €€ JUCIEepCcuH, KO3()PULHEHTOB
MOTJIOLEHUSI U paccesiHus 3Byka. Hanbosee miMpoko npuUMeHsIeTCsl yAbTPa3ByKOBOM METO]
AKyCTUYECKOr0 HEPA3pyILIAOUIEr0 KOHTPOs. B CBOKO ouepenb XapakKTEpUCTUKUA U BO3MOXK-
HOCTH aIllaparypsl yJIbTPa3ByKOBOIO KOHTPOJIS ONPENEIAIOTCS, KaK MPaBUIIO, TapaMeTpaMHu
NEPBUYHBIX MpeoOpa3zoBaTeaeii MEXaHUUYECKOM IHEPIUU B dJIEKTpUUECKYto U oOpaTHO. Hau-
Ooynee IMPOKOE PACIPOCTPAHEHHE MOJYUYHUIM MbE30IJIEKTPUUECKUE MNPE0Opa3oBaTENN
(I1211). TlpoBeneHue KOHTPOJIS MO OMpPEICICHHONH METOAMKE IMpelnojaraeT B3auMo3ame-
HseMocTh TUNoBbIX [IDII, mo3aromy oueBMAHA HEOOXOIMMOCTh HM3MEPEHUS MAapaMETPOB
[12I1 Ha craguu M3rOTOBJEHUS DKCIEPUMEHTANbHBIX, OMNBITHBIX U CEPUHHBIX 00pa3LOB,
BXOJIHOM MPOBEPKU MPU MPUEMKE B IKCILTyaTallMI0 U MNEPUOAUYECKON MOBEPKU B IpoLecce
AKCILTyaTalHH.

Konuuectso 1311, exxeronHo mpuMeHsieMbIX B YJIbTPa3ByKOBOM KOHTpOJIE, BECbMa
BeNuKO. Tak JJid 3KCITyaTalydy IITATHBIX CPEJICTB A€PEKTOCKONUU PenbcoB MOCKOBCKOM
&Kene3Hou goporu B rof 3akymnaetcs nopsiaka 10 000 I19I1; kpynHbIi MeTamTyprudecKui
koMOuHaT TpedyeT 3amensbl cBbimie 2000 [1311. B To ke Bpems 6pak B naptuu [1911 moxer
nocturath 1 30%. B cBoro ouepenb, TpeboBaHUS K KBATH(PHUKALMKU CIIEUUATUCTOB, BBIMOJI-
HSIOLLMX MPUEMOYHBIN U NepuoAnYecKUil KOHTpoJb [IDI1 n1ocTaTOuHO BBICOKHM, CTaHIAPThI
Ha umepenue napametrpos [IDI1 npeanonaratoT IAUTENBHYIO MHOTOCTYNEHYATYHO MpOLie-
Aypy U3MEPEHMI C MPUMEHEHUEM HECKOJIBKUX JOPOroCTOSIMX NpubopoB U 00pa3uos. [lo-
TOMY aKTyallbHa 3aJa4a CO3/1aHHs aBTOMAaTHU3MPOBAHHOW CHCTEMBI, MMO3BOJISIOLIEH onepa-
TUBHO H3MepsATh napamerpbl [19I1 ¢ MuHUManbHBIM CYyOBEKTMBHBIM ydacTheM. B To ke
BpeMsi TpeOOBaHUS K MEpPEeUHIo u3MepsieMblx napamerpoB [IDI1 pasHsaTcs Ha OTHENBHBIX
NPEANpPUATUSX, TO3TOMY pa3pabaTeiBacéMasi CUCTEMa JOJDKHA ObITh HAacTpauBaeMOM MOJ
KOHKpPETHBIE TPeOOBAHMS.

IlocTaBka OTEUECTBEHHOM METAJJIONPOAYKLMH 33 T'PaHULy OOS3bIBa€T MPOU3BOIM-

TeJei coboIaTh MeXIyHapoaHbIe cTanaapThl. Hannuue npubopa, mo3BOSIONIErO BbIMOJ-
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HATh U3MepeHue napametrpoB 1311 B cooTBETCTBUU ¢ MEXIYHAPOJHBIMU CTaHAAPTAMHU J10C-
TATOYHO aKTyaJbHO.

JIns cucteM aBTOMATH3UPOBAHHOrO YIbTpa3BykoBoro koHtpoisi (AY3K) ¢ kore-
peHTHOM 00paboTkoi AaHHbIX cepun ABI'YP kanuOposka [13I1 nepes BbIMOJHEHHEM KOH-
TPOJIsl ABJISETCS O0s3aTEeNIbHBIM 3TANoM, JJIsl MOCIEAYIOUIE BU3yaau3alud U300paKeHHM
nedektoB. Peann30BaHHbIA B CHCTEME AJITOPUTM KOIEPEHTHOM KaJIMOPOBKM C MCIOJIb30Ba-
HueMm OokoBoro otBepctusi B CO-2 obnanaer psjaom HenoctatkoB. [losromy ynpoieHue u
aBTOMaTU3alMsl MPOLEAYPbl KOT€PEHTHOW KaauOpPOBKM SIBJSIETCS aKTyaJbHOM 3ajaadeil, mo-
CKOJIbKY MO3BOJISIET YCKOPUTh MPOLIEYPY, CHU3UTH KOJIMYECTBO OLIMOOK ONEPATOPOB U pac-
HIMPUTH BO3MOXKHOCTH KOT€PEHTHBIX METOJI0B BU3yanu3auuu nedextoB npu AY3K.

Ileas ¥ 3agaum padoThI. HGHLIO HCCIICAOBAaHHUA SBJISACTCA oOecreYeHne BBICOKOU

BOCHPOU3BOJAUMOCTH Y NIPOU3BOAUTEIBHOCTH U3MEPEHUS ITAPAMETPOB MbE302JIEKTPUUECKUX
npeoOpa3oBaTesiei 1 yJIbTPa3ByKOBOIO KOHTPOJIS 332 CUET CO3/AaHMsI YHUBEPCAIbHOIO MO-
OWJIbHOTO MpuOOpa, aArOPUTMOB M MPOrPaMMHOrO oOecrneyeHus sl ONePaTUBHOIO U3Me-
peHus CTaHAapTU30BaHHbIX napamerpoB [IDII, a Takke AONMOJHUTENBHBIX MNapaMETPOB
[1211, ucnonb3yemMpIX B CUCTEMAX YJIbTPa3BYKOBOI'O KOHTPOJI ¢ KOTEPEHTHOM 00pabOTKOM
JIAHHBIX.
JI1s TOCTHKEHUS TOCTaBAECHHOW eI HEOOXOMMO PEUIUTh CIIEAYIOLIME 3a4a4u:

- BbinosHuTh aHanu3 OTEYECTBEHHOW W 3apyOeXHOW HOPMATHUBHON JTIOKYMEHTALUU

Ha npoBeAeHue ucnbitanui [1911 1y yneTpa3ByKOBOro HEPa3pyILLAOLIErO0 KOHTPOJIS.

- Pa3pabotarh u 000cHOBaTh METOMKY M3MepeHus napamerpos [13I1 B cooTBercT-

BUU C TPEOOBAHUAMU JEHUCTBYIOUIMX POCCUICKHUX U MEXAYHAPOJIHBIX CTaHAAPTOB C MpPU-

MEHEHHMEM BHOBb CO3/1aBA€MbIX CPEACTB U3MepeHus napamerpos [1911.

- TeopeTnyecku U 3KCHEPUMEHTAILHO 00OCHOBAThH MOrPELIHOCTh U3MEPEHUs mapa-

MeTpoB 1311 mo pazpaboTaHHO! METOIUKE.

- Pa3paboTarh yHUBEpCaibHYI0 aBTOMATU3UPOBAHHYIO YCTAaHOBKY ISl M3MEPEHUS

MapameTpoB yiabTpa3ByKoBbix [1911.

- Pazpaborarh anroputmsl KorepeHTHOM kanuOpoBku [1DI1 nns cucrem aBTOMaTH-

3UPOBAHHOTO YJIbTPAa3BYKOBOIO KOHTPOJIS ¢ KOrepeHTHOM 00padoTkoi naHHbix ABI'YP.

Metoabl ucciaenoBanmid. /[ns 060CHOBaHMS aJIrOpUTMOB, UCMOJIb3YEMBIX MPU U3-

MepeHuu u pacuére napametpos 1311, npumensnocs moaenuposanue nosei 1311 Ha ocHo-

B€ KOHCYHOOJJICMCHTHBIX MOI[eHeI\/'I CKaJIpHOI0 BOJTHOBOI'O YpaBHCHHM:A, HA OCHOBE OTUCKPCT-



-5-

HOTO MpPEACTABJICHUs MbE30IUIACTUHBI U OTpa)kaTejaed M pacuéra mojed B NpUOIMKEHUU
reomMeTpuueckor akyctuku. [{ns nmepenoca noseit [I1D11 w3 ogHOM mpocTpaHCTBEHHOM 00-
JacTH B Apyrue, pacyé€ra JuarpaMM HalpaBiI€HHOCTU U BOCCTAaHOBIJIEHUS M300paKeHUH OT-
paxareyneil NPUMEHSINCh METOJ YIVIOBBIX CIIEKTPOB U METOJ MPOEKUMU B CHEKTPAIbHOM
NPOCTPAHCTBE, ABJISIOLIMECS MAaTEMAaTUYECKUMU METOJIaMU peLeHusl OOpaTHOM 3aJauu pac-
cesiHus. [Ipu olLieHKe MOrpenHoCcTed U3MEPEHUI MPUMEHEHbI CTaTUCTUYECKUE MaTeMaTHye-
CKHE€ METO/1bl 00pabOTKH Pe3yIbTaTOB IKCIEPUMEHTOB.

HavuyHasg HOBH3HA

1. BnepBsie moka3zaHa BO3MOXHOCTbh M pa3paboTaHbl alrOPUTMbI MPUOIMKEHHOTO pac-
yeTa MPOU3BOJIBHBIX CEYEHUH TPEXMEPHOM JuarpamMMbl HAMpPaBJICHHOCTH MPU U3Me-
PEHUU DXOCHUTHAJIOB OT cPepruyYECKOr TOHHOU MOBEPXHOCTH, MPUOIMKEHHOTO pacye-
Ta AUMarpaMMbl HaNpaBJICHHOCTH U yria BBoja [13I1 B OCHOBHOM IJIOCKOCTH MPU U3-
MEPEHUH 3XOCUTHAJIOB OT HUJIMHAPUYECKON TOHHOM nmoBepxHOocTH obOpasua CO-3.

2. BnepBbie pa3paboTaH ¥ 00OCHOBaH MPUOIMKEHHBIM pacyeT mapameTpoB (okyca
[19I1 MeTo10M YTJIOBBIX CIEKTPOB MO U3MEPEHHOMY PACCEIHHOMY MOJIIO OT 3JIEMEH-
TapHOTO OTpaXkaTessi B OJIMKHEN 30HE.

3. Pa3paborana, TeOpeTHUECKH U IKCIIEPUMEHTAIHLHO OOOCHOBAHA METO/IMKA U3MEPEHUs
napameTpoB KOHTakTHBIX [IDI1 Ha eguHCTBEHHOM 00pasiie ¢ UWIMHIAPUYECKOW WU
chepruecKoil JOHHOW IMOBEPXHOCTHIO, 00BEeAMHSIONMAsS TpeOboBaHUs Poccuiickux u
MEXKyHapOIHbIX CTAaHAAPTOB.

4. Pa3zpabotan ajroput™ korepeHTHOW kanuOpoBku [19I1 Ha cranmaptHOM oOpasle
CO-3, MmoauduIMPOBaHbl AJTOPUTMbl MPOEKLUKUKA B CIEKTPaIbHOM MPOCTPAHCTBE U
METOJi 3TAaJOHHOW TrOJIOTPaMMBbl JJisi MPOBEACHUSI KOT€pEeHTHOM 00pabOTKHU JTaHHBIX
ABTOMAaTU3UPOBAHHOIO yJIbTPA3BYKOBOTO KOHTPOJIS.

IlpakTHyecKasi LIEHHOCTh I[HCCepTaHHOHHOﬁ pa6OTBI 3aKJII04YacTCsa B CO3JaHUU

YHUBEpCAIbHON CHUCTEMbI KaTuOpOBKHU Mbe3onpeodpazosateneit ABI'YP 5.4, no3Bosstonieit
MPY BBIMOJIHEHUH OJJHOKPATHOTO aBTOMATHU3UPOBAHHOTO U3MEPEHHUS Ha OJHOM CTaHJAPTHOM
obOpasne omepatuBHO mosydaTh macnopt 1911 B coorBeTrcTBHM ¢ 'OCT 23702-90, T'OCT
14782-86, EN 12668-2, DNV OS-F101, ASTM-E 1065 6e3 mpuMeHeHHs JOTOJIHUTEIBHOTO
000opymoBaHUS.

Pa3zpabotannas cuctema ABI'YP 5.4 npouuia ucnbiTaHusi TUIA CPEACTB U3MEPEHUH,

BHeceHa B ['ocynapcTBeHHbI peecTp cpeAcTB u3MepeHuil. Cucrema BHeapena B OOO
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«HIIL «3XO+», OAO «BpikcyHckuil meTamnypruueckuii 3apoa», ®I'Y HYL «Csapka u
KOHTpoJb». Cuctema npouuia MOJAEPHHU3ALMI0O U BEIOMCTBEHHbIE MCHbITaHus B [lenmapra-
MeHTe nyTh U coopyxkeHud OAO «PX][», mocraBieHbl aecaTb CUCTEM. AJITOPUTMBI KOTe-
penTHOM kanuOpoBku 1311 BHenpeHbl B cucTEMax aBTOMaTU3UPOBAHHOTO YJIbTPa3ByKOBOIO
koHTpoJit ABI'YP-T. Cucrembl ABI'YP-T skcrutyatupyroresa B OOO «HIIL «3XO+», 3A0
«[Tpomrazunxuaupunr», 3A0 «HIIL[ «Monnus», OO0 «[ a3npom razsanzop».

HayuyHble 110J10:keHHsl, BLIHOCUMbI€ HA 3aLIUTY

1. Meroauka u anropuTMbl usmepenus napamerpo [I3I1 Ha oOpa3uax ¢ uuaIMHAPUYE-
CKOM Win c(heprudecKoil JOHHOM MOBEPXHOCTHIO.
2. Anroput™m pacuera mapametpoB (okyca [19I1 mo momto, U3MEPEHHOMY OT dJEMEH-
TapHOTO OTpa)kaTessl B COBMEIIEHHOM pexxume B OmmxHel 30He [1911.
3. Anroputmbl korepeHTHOW kanuOpoBku [IDI1 Ha cTtanmaptHom ob6pasue CO-3 u mo-
clenytouieil KorepeHTHOW 00pabOTKKU JaHHBIX aBTOMATU3UPOBAHHOIO YJILTPa3BYKO-
BOI'O KOHTPOJISI.
Anpobauus
OcHoOBHbIE pe3yabTaThl pa0OTHI JOKIAIbIBATUCH U 00CYKIAINUCh Ha:
7-0i1 MexayHapo/iHOM KoH(pepeHuun «Hepazpyluaromuii KOHTPOJIb U TEXHUYECKAs]
JMarHoCTHKa B mpoMbinuieHHocTH». Mocksa. 2008; 17th World Conference on Nondestruc-
tive Testing, 25-28 Oct 2008, Shanghai, China; XX IlerepOyprckoit koHpepeHIH «Y JIbT-
pa3BykoBas Aedekrockonusi MetaioB Y3IM-2009»»; 10-oif MexayHapoaHOU KOH(peEpeH-
uun ECNDT, Mocksa, 7-12 utons 2010.

Iyoaukanum

[To Teme nuccepranuu onyonukoBaHo 10 meyaTHbIX paboT, B TOM YHMCJIE JBa aBTOP-
CKHX CBHUJETENLCTBA, D cTarell U 3 Te3uca JOKJIa[g0B.

CTpVYKTYpa U 00LEM JUCCEPTALINA

Huccepranus nznoxena Ha 140 ctpanunax, coaepxut 42 pucyHka, 9 tTabmui u co-
CTOUT W3 BBEJCHUS, YEThIPEX TJIaB, 3aKIIOUYCHHUS, ABYX MPUIOKCHUNA U CIIUCKA JTUTEPATyPhI
n3 129 HaumeHoBaHM.
OCHOBHOE COAEPXAHUE PABOTHI
Bo 66edenuu 060CHOBBIBAETCA aKTyalbHOCTh PabOThI, KPATKO M3Jaraercs cojaepixka-
HUE YeThIpEX IJIaB JUCCEPTAIlMH, TPUBOASTCS CBEJIEHUS O e€ anmpodaiuu U MmyOJuKaIusax

aBTOpa 1o TCME JUCCCPTaALlUN.
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B nepeoii cnase naérca 0030p U XapakTepUCTUKA PUMEHSAEMbIX METOJOB YHCIEHHO-
ro M aHaJUTUYECKOr0 pacyera, METOJOB SKCHEPUMEHTAIbHOTO HM3MEPEHMS MapaMeTPOB
[13I1 no padoram ['mtuca M.b., I'ypuua A.K., Jlanunosa B.H., Epmonosa U.H., Menbka-
HoBMYa A.D. U Jp., aHATU3UPYIOTCS OTEYECTBEHHBIE U 3apyOEKHbIE CTAaHAAPThl HA U3MEpe-
Hue napametpos [IO11, naércs 00630p cyuleCTBYIOLIMX OTEYECTBEHHBIX U 3apyOekKHBIX yCTa-
HOBOK U1l u3MmepeHus napametrpoB [IDI1, mpoananusupoBaHa crneurduka TpeOOBaHUM K
[13I1, ucnosnb3yeMbIM B CUCTEMAX C KOIE€PEHTHOM 00pabOTKOM NaHHBIX, NPUBEJAEHO OINUCA-
HHME alropuTMa Npoekiuu B crekrpanbHoM mpoctpaHctBe ([ICII), peamusyromiero kore-
PEHTHOE BOCCTAHOBJIEHUE H300pa)K€HUs, U ONHUCAHUE METOAA 3TaJOHHOW TI0JOrpaMMbl
(M3I), noBeImaroIIero Ka4ecTBO BOCCTAaHABIMBAEMOT0 H300paxenus (o padoram bamans-
Ha B.I'., basynuna E.I'., Bonunkuna A.X., Tuxonona /[.C., CamokpyToBa A.A. u np.). Onu-
CaHbl UCIOJIb3YyEMBIE B UCCIIEIOBAHUM METO/IBI MOJIEIMPOBaHMsl. B 3akitoueHne nepBoi ria-
Bbl c(DOPMYJIMPOBaHBI 1i€JIb U OCHOBHbIE 337a4l UCCIIEA0BaHUSI.

Bo emopoii enase onucana pazpabotaHHas MeTouka u3MepeHus napamerpon [1311.
B napacpage 2.1 060cHOBBIBAETCS UCIOJIB30BaHUE TOJBKO OOpa3lOB C LHUJIMHIPUYECKON
Uiu c(hepuyecKoil TOHHOW MOBEPXHOCTHIO JJI1 U3MEpPEHUs mapameTpoB KOHTAKTHbIX [IDI1.
Takue o6pa3iupl 0061a4a€T PsIOM MPEUMYLIECTB B CPABHEHUHU C UCIOJBb30BaHUEM OOKOBOTO
OTBEPCTHS B KQUe€CTBE OTpakaTeJs:

- TaK KaK U3MEPEHUS IXOCUTHAJIOB MPOBOASTCS MOC/E 3HAUUTEIBHOrO podera B 00-
paslie, TO BIMSIHUE pPEBEpOEPALIMOHHOTO LIyMa MPAKTUYECKHM OTCYTCTBYET, OTCYTCTBHE
uMIyJbca o0eraHus/CocKaab3bIBaHUS Ha OOKOBOM OTBEPCTHM M CHUI'HAJIOB, OT TpaHChop-
MallMM TUIA BOJIHBI, YIPOLIAIOT MPoLieaypy oTOOpa CMrHajia; 1o 3Toi npuyuHe Ha o0pas-
ue usmepsitores napamerpsl [1311 ¢ ucnosnb3oBaHUEM CIOKHBIX CUTHAIOB MM PaAUOCHUT-
HAJIOB U3 MHOTUX ME€PUO/IOB;

- CYILIECTBEHHO YMEHBIIIAIOTCS pa3Mepbl 00JacTh CKaHUPOBAHHUS, CIEAO0BATEILHO,
MEHBIIIE CKAa3bIBAETCS BIMSHKE BapUallid aKyCTHUYECKOrO0 KOHTAaKTa MpU U3MEPEHUU Ta-
pameTpoB;

- B COOTBETCTBUM CO CTaHAApPTaAMHM HUMITYJbCHAs M CHEKTpasibHAsl XapaKTEepPUCTHKA,
KO3 PULMEHTB TPeoOpa30BaHUsl, JOKHBI PETUCTPUPOBATHCS OT OTpa)kaTeis 0OJbLION

mIomaau B nanbHeu 3oue 11011
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- Ha 00pasiax co chepuiyecKoil JOHHON MOBEPXHOCTHIO MPHU BHIOJHEHUH PACTPOBO-
ro CKaHUPOBAHHUSA IO MOBEPXHOCTH BO3MOXKHO M3MEPEHHUE JIFOOOro CeYeHUs] TPEXMEPHOM
nuarpammbl HarpasieHHOCTH [I311 u TouHoe onpeneneHne TOUYKU BBOIa yJIbTPa3ByKa.
B napacpage 2.2 ucnonb3ys npubiivKeHHBIM pacué€T noJis AaBieHus BOau3u (o-
KaJIBHOTO IIEHTpa LUJIMHIAPUYECKON JOHHOM MOBEPXHOCTHU IO IBPUCTHUECKON (dopmye,

MPUBOJUTCS OOOCHOBAaHWE TOTr0, YTO M3MEPEHHE B COBMEIICHHOM PEXHUME TOJIS U(xp,k),

OTPa)KEHHOr0 OT JOHHOW moBepXHocTH 00pasia CO-3 no3BOJSET MONYUYUTh CBEPTKY (PYHK-

LMK paclpe/ieieHdss HOPMAIbHON COCTABJIAIONIEH TEH30pa HaNpsbKeHHs o,(X,,K) Ha KOH-

TaKTHOM IMJIOLIAJKE C caMOW COOOM; reOMETPUYECKH 3TO COOTBETCTBYET 3ameHe olpasla
CO-3 Ha TOYeUHbIN OTpa)xKaTelb B LICHTPE CUCTEMbI KOOPAMHAT XZ TaK, KaK 3TO MOKA3aHO Ha
Puc. 1. lonyuienust 1 orpaHuyeHus1, IpU KOTOPbIX MOJyUY€Ha IBpUCTHUECKas popMyia:
- JUls pacuéra noJisi, OTPaXKEHHOro0 OT JOHHOM MOBEPXHOCTHU LMIMHIPUYECKOTO 00-
pasla HCMoJb3yeTcsl MNapakCUuajabHOE MpU-

OMKeHue AJId CKaJIIpHOro BOJIHOBOI'O ypaB-

MEHMEBIH TOTeTHBIH He-
HCHUA, TOYHHK C KOOPJHHATa-
MH (0, 0)

— HE YYMTBIBACTCSl BIHMSHHE TpaHCOp-

araie

MallM¥ TUIIOB BOJIH MPU OTPAKEHUH BOJIHBI
OT JOHHOM MOBEPXHOCTH o0Opasla, cuuTas,

4TO MIMPpHHA JUuarpaMMbl HaIIPpaBJICHHOCTH

OCHOBHOTO JienecTka He npebiiaet 30°; ,

- MIPUHUMAETCS JOITyLICHUE O MaJOCTH Puc. 1 - 3amena noiayunanHIpUUECKOTO
(B cpaBHeHHMHM C paauycoM o0Opasia) pac- 00pa3siia MHUMBIM OTpakaTeJeM B LEHTPE
CTOSTHUSA OT IeHTpa oOpasia J0 TOYKH Ha MOo- CHUMMETPHHU.

BEPXHOCTH, B KOTOPOW PACCUMTHIBACTCS M3Iy4aeMoe/IpUHUMaeMOoe ToJIe.
- HE U3MEPSIOTCS W HE YUUTHIBAIOTCS HEOJHOPOIHbIE BOJIHbI, TPAHUYHBIE YCIOBUS
MpEeANnojaraloT paBeHCTBO HYJII0 HOPMaJbHOM COCTaBISIOLIEH TEH30pa HANpsSHKEHUW BHE
KOHTaKTHOM TUIOLIA/IKH.
B napacpaghe 2.2.5 nznoxeHo onvcaHue airopuTma, peaausyooilero paciuer npous-
BOJILHOT'O CEYEHMsI TPEXMEPHOU AUarpaMmbl HAMPaBJIEHHOCTH IPU U3MEPEHUU IXOCUTHAJIOB
OT cepruyecKoii JOHHOW MOBEPXHOCTH MpU 3aMeHe chepbl HA MHUMBI TOYEUHBIH OTpaxa-

TCJIb, HaXOHHMHﬁCH B OCHTPC CUMMCTPUU.
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1. BBINONHAETCS pErUCTpalus SXOCUTHANoB p(X,Y,t), TIe X,y — KOOPAMHATBI TOYKH
BBosa [13I1 oTHOcHUTENbHO LIeHTpa oOpaslia MpU CKAaHUPOBAHWH, t — BpeMsl MPUXO0Ja IXO-
curHaia. Perucrpaiiusi BHINOTHSAETCS C IIAroM MOpsiJiKa MOJIOBUHBI IJTMHBI BOJIHBI Ha 3 dek-
TUBHOM yactoTe 1111,
2. Uepes npeobpazoBanne dypbe BO BpEMEHH PAaCCUMTHIBAIOTCS MHOTOYaCcTOTHBIC
roJIOrPaMMBbl:

h(x,y, f)=3,(p(x y:t), T < (Frins Frmc)

rae f yvacroraB MI'n, f. u f__ rpaHuibl yacTOTHOM XapakTepuctuku [1O11.

min
3. Uepes nByxmMepHOE MPOCTPAHCTBEHHOE MpeoOpazoBaHue Dypbe pacCUMTHIBACTCS
MMPOCTPAHCTBEHHBIN CIIEKTP TOJIOrPaMM:
Hlk, K, f)= 3, (h(xy, £)), f < (Frns o)
4. V3 aByMepHOro crekTpa rojorpaMM Ha yacTtoTe f u3Biekaercs J00oe ceueHue
JMarpamMmbl HampasieHHOCTU. Yactore f COOTBETCTBYET BOJIHOBOE YMCIO K=2-27/4,

rae A=c/f nnuHa BOJIHBI, yMHOXKEHME HAa JBOMKY YUMUTHIBAET COBMEILEHHBINA PEKUM pe-
TUCTpPalMH, TO €CTb COOTBETCTBYET PACUETy AMarpaMMbl HANpPAaBIECHHOCTH H3J1Y4YEHHUs-
npuema. CedeHnre quarpaMMbl HAIpaBIECHHOCTU W3lydeHus-npruema ©°(a,p, f) Ha vac-
ToTe f BBIUMCIAETCA caeayromuM odpasoM. Onpenensercs yroa a3uMyTalbHOTO pa3Bo-

poTa auarpaMMbl HampaBICHHOCTH OTHOCHUTEIBHO OCH X CKaHHPYIOLIErO yCTPOMCTBA
(yrou ckoca):
k

xmax)’

B =arctan(k

ymax 1

rae k K,msx — BOJIHOBBIE YHCJIAa, COOTBETCTBYIOLIME TOYKE CIIEKTpa H (kx,ky, fa) C Mak-

xmax ! "y max

CUMaJlbHbIM 3Hau€HUeM aMmiuTyabl, rae f, sddexkTuBHas yactota 3xoumiyibca. Ha
Puc. 2 cXeMaTH4HO [OKA3aHO W3BJIEYEHHME CEUSHHUS AMArpaMMbl HAIPABIEHHOCTH B OC-
HOBHO# (ClIeBa) W IOMOJHUTENLHOM (ClIpaBa) MIIOCKOCTH. B BHjie 3aIMTOrO TpagneHToM
3JUIMIICA TIOKA3aHA aMILIMTYJa JIByXMEPHOTO CIEKTpa rolorpaMM B IUIOCKOCTH K.k, Ha
yactore f . Jlns quarpaMMbl HanpaBA€HHOCTH B OCHOBHOM IJIOCKOCTH MPH (PUKCHPOBAH-
HOM yTJIe CKoca 3 -

= —ksinacosf’

0% (e, B, f)=H(Kk* k) roe * .
@f 1) ( g ) 8 k¢ =ksinasing
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Jlist IMarpaMMbl HaNPaBJIEHHOCTH B JAOMOJHUTENLHOMN MIOCKOCTH NPH (UKCUPOBaH-
HOM yTJIe BBOJIa B OCHOBHOM INIOCKOCTH o W (PUKCHPOBAHHOM yTJjie cKoca S :
5 e s e
(e’ p, 1) = HlK/ f, 1), pe 0 ~ (SN cospwanfsnf)
ky =k(sina sinfg +cosfg sinpf)
5. CymMMa mapuManbHbIX JMarpaMM HalpaBIEeHHOCTH 110 BCEM YaCTOTAM COCTABJISET

VMMITYJIbCHYIO IMarpamMMy HanpaBJIE€HHOCTH:

f

®°(a, f) =2, ©°*(a. A1)

max

fmln

Puc. 2 — K pacuéry TpéxmepHoii Auarpammsl HanpasieHHocTH [1911

B napacpagpax 2.2.2, 2.2.3, 2.2.6 npuBeneHsl pe3ysibTaTbl NPOBEPKA OMUCAHHOIO
aJIropuT™Ma Ha pacuy€THbIX U MOJIEJbHBIX JaHHbIX. Hanpumep, ObuiM M3MEpEHbl 3XOCUTHAbI
Ha o0Opa3siie co chepuueckoil JOHHOW MOBEPXHOCTHIO JJIA JIBYX MPOU3BOJIbHBIX a3UMYTallb-
HbIX nonoxenud [19I1. Yron ckoca Obu1 u3MepeH kak -5° u 40°, paccuuTaHHbIe 1UarpaMMbl
HaAMpaBJI€HHOCTU MPaKTUYECKW WJAEHTUYHBI, CII€0OBATEIbHO, U3MEpPEHUE JuarpaMMbl Ha-
MPaBJIEHHOCTH HA MOJA0OHOM 00pa3Le MOKHO MPOBOJUTH MPU MPOU3BOJIBHON a3UMYyTalbHOM
opuentauuu [1311.

C uenblo COKpalleHUsi BpEMEHH pacueToB B napacpage 2.2.7 puBeAeHO OOOCHO-
BaHHWE BbIOOpa KOJMYECTBA YACTOT, UCHOJb3YEMbIX JUIsl pacuéra UMIYJIbCHOM JHarpaMmmbl
HanpasyieHHOCTH. [Toka3zaHo, 4TO MpHU YMEHBIICHUH KOJUYECTBA YacTOT B BOceMb pa3 (c 213
10 27 4acToT), pacCCUMThIBAEMOE 3HAYCHHE YIJIa BBOJA W IIMPUHBI OCHOBHOT'O JIETIECTKA TI0

ypoBHto 50% u no ypoBHto 10% He oTiMyaeTcst OT 3HAYEHUI, PACCUUTAHHBIX MPU MAKCH-
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MajbHOM KOJIMYECTBE 4acTOT. CpeHEKBAaAPATUUHOE OTKIOHEHUE PACCUUTAHHBIX MMITYJbC-
HBIX JMarpamMM HampaBieHHOCTH B Auana3oHe oT 0? 1o 907 cocraBumno 0,18 %.

B napaepaghe 2.3 onucan n 060cHOBaH alropuTMa pacueTa yria BBojaa (B TpaKTOBKe
I'OCT 14782-86) npu u3MepeHHH DXOCUTHAJIOB OT LIMJIMHIPHUUECKON MOBEPXHOCTH CTaH-
naptHoro oopasina CO-3 wiu CO-3P. Bo3moxkHocTh 3amMeHbl o6pasina CO-3, Ha TOYEUHBIH
oTpakaTesb Ha HyJEBOU riyOuHe, oKa3aHHas B napaepaghe 2.2, 03Ha4aeT, YTO, UCIOJIb3Ys
CIEKTpaJbHOE MPEACTABICHUE MOJIS B JAJIbHEN 30HE, METOJIOM YIJIOBBIX CIIEKTPOB U3MEPEH-

Hoe mnojie U (X,,K) mepecunThiBacTCs, TaK, YTOOBI 9XOCHUTHAJIBI COOTBETCTBOBAIM PACIIOJIO-
KEHUIO TOYEYHOr0 OTpakaTessi Ha Apyro riayoune z,. Beibop riyOuHBI Z; COOTBETCTBYET

IIEHTPY OOKOBOT'O OTBEPCTHSI, MMPOCBEPICHHOTO Ha Tpebyemoi rimyouHe, HanmpuMep, 15 MM
nmu 44 mm B obpasue CO-2. Ilpu 3TOoM, KaK U paHee, PErucTparusl 3XOCUTHAIOB JOJDKHA
BBITIOJTHATHCS € IIArOM TMOPsAKA MOJOBHUHBI JUIMHBI BOJHBI Ha d(dekTuBHON yacTore [1D11.

Ecnu nposenensl n3amMepenus 3Xocurnanos U (X ,t) oT 10HHOH moBepxHocTH obpasua CO-3,

TO K TAapMOHHUYCCKOMY PCIKUMY JIsI BOJTHOBOI'O 4HUCJIa K MOHO HGPEﬁTH C IIOMOLIBIO OIIC-

pauuu npeodpasosanuu Pypbe BO BpeMeEHH
U (%K) = == [U(x,. D&k
p 272_ p

3nech CIBUI Hayajla BPEMEHHOIO OTcueTa ydTeH KoddduimeHToM 2R/C, OTBEUYarOLIUM
npobery mmmyJibca BIOJIb paauyca oOpasla B ABYX HampaBlieHUsX, R paauyc oOpasua, ¢

CKOpOCTh 3ByKa B 0Opasue. IIpocTpaHcTBeHHbIH cnekTp pacnpenenenus mois U(x,,K) no

OCHU X 3aIllMChIBACTCA KaK

Sx 1 ik, X

U (k) :ZJU (X5, k)e"*dx.
[lone, nepecunTaHHOE HA TTYOUHY Z, , 3alIMChIBAETCS KaK

U (Xp; k, Zd) _ J‘Gx(kx)e—ikxxﬂ,[szkxzzd dkx )

Takum o6pa3om, pacu€THBIM MyTeM MOJydaloTcsi B-ckaHbl OT OTpakatesns Ha Tpe-
OyeMoli rinyOuHe, moA00HbIE HKCIIEPUMEHTATbHBIM. JTOT PE3yJbTAT MOJI0XKEH B OCHOBY aJl-
rOpUTMa, MO3BOJISIOILIEr0 PACCUUTATh YToJl BBOJA 110 U3MEPEHUSIM HXOCUTHAJIOB Ha 00paslie
CO-3. Hanpumep, Ha Puc. 3 moka3zaHo CXOJCTBO MEXAY PAaCYETHBIMU M DKCIEPUMEHTAIIb-
HbIMU B-ckanamu (a) ot oTBepcTHs Ha riyOuHe 44 MM, nojydeHHsiMu i [1911 [1121-2,5-

55. CpenHekBaApaTUYHOE OTKJIOHEHHE MPOCTPAHCTBEHHBIX OTMOAOIIMX ITUX IXOCUTHAJIOB,
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a, Clie/IoBaTe/IbHO, M JMarpaMM HalpaBJIEHHOCTH, NoKa3aHHBIX Ha Puc. 3 (0) criomHoW u

MyHKTUPHOW JTMHUSMU, HE PEBOCXOAUT S%0.

Puc. 3 — a) B-ckanbl oT oTpakaTess Ha riyOuHe 44 MM: clieBa pacCUMTaHHbIN 10 B-ckaHy

OT UIMHApHUecKoi noBepxHoctu CO-3, cripaBa SKCnepuMeHTabHbIN B-ckaH; 0) pac-

CUUTAHHBIC JUarpaMMbl HallpaBJICHHOCTH.

B napacpaghe 2.3.2 npuBenennsl pe3yiabTaTbl SKCIEPUMEHTAIbHON NPOBEPKU Mpe-
JIO)KEHHOTO ajropurMa pacuéra yria BBoja. beuin otoOpansl Tpunaauats 1911 ¢ yrnamu
BBOoJa B quamnaszone oT 40° no 70°. Ha Puc. 4 npuBenex rpaduk, Ha KOTOPOM MPEACTaBICHBI
pe3yibTaThl U3MEPEHUS YIJia BBOJA MPU PyYHOM M3MepeHuu Ha obpasue CO-2, u npu pac-
yére yria BBoja Ha oOpasue CO-3 ¢ nojJyuyeHHeM 3XOCUTHAJIOB COOTBETCTBYIOUIMX pacIo-
JIOXKEHHIO OTBEPCTHsSI OOKOBOro cBepiieHuss Ha rryoune 15 mm (I13I1 ¢ yriom BBoga 70°)
i 44 mum (B ocTajIbHBIX Citydasix). JlaHHble yCpeTHeHbI 1o nsaTu u3Mepenusm. [1o ocu adce-
uucc otnoxeH Homep [1DI1, npu ynopsaouMBanuu o Bo3pacTaHuio yria BBoja. CrenaHsl
CJIEIyIOLIME BbIBOJIBI.

- ConoctaBiieHHe PE3yNbTaTOB MOJYYEHHBIX PYYHBIM CIIOCOOOM HM3MEpEHUus yria
BBoJ1a Ha CO-2 1 aBTOMATUYECKUM aJrOpuTMOM U3MepeHus yria Beoaa Ha CO-3 nokaza-
JI0 OTCYTCTBUE CUCTEMATUYECKOTO OTKJIOHEHHUS CPEHUX Pe3ylbTaToB. B cpennemM oTkio-

HeHue coctaBuiio He Oonee 0,2°. JlaHHbIN pe3yJbTaT MO3BOJISET CUUTATh PE3YJIbTAThl U3-
MEpPEHHUH yTiia BBOJA MPABUJIBHBIMU B CMBICIIE COOTBETCTBUS pe3yJibTaTaM U3MEPEHUH T10
['OCT 14782-86.

- CpenHekBaipaTUyHasi MOrPEUIHOCTh U3MEPEHMs yria BBOJAA IO MPEJI0KEHHOM
meTonuke coctapisieT S= 0,31° B mpeanosoKeHUH 0 HOPMaJIbHOCTH pacnpeaenenus. [o-
BEpUTEbHBIA UHTEpBa 1Mo ypoBHIO 95% npu u3MepeHuH yria BBOJA COCTaBISET BEJU-
guny 2,57-S =0,8°.
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- [Ipu pazgenbHOM aHaIKM3€ NOTrPEUIHOCTH U3MepeHus yria Beoja ais [19I1 ¢ yrna-
MU BBOJia MeHbIie 60° 1 paBHBIMU WK Oonbiie 60°, MOJy4YeHO, YTO CpeAHEKBAApaTUYHAS
NOrPEIIHOCTh U3MEPEHUS yIJia BBOJa cocTaBisieT coorBeTcTBeHHO 0,27° u 0,37° , a mpe-
nen norpemHocTy uaMepenuit 0,7° u 0,95°. JlanHblid pe3yabTaT OTBEYAET MPEANOI0NKe-
HUIO 00 YBEITUYCHUH MOTPEITHOCTH U3MEPEHHUS TapaMeTPOB JrarpaMMbl HAMPaBICHHOCTH
C YBEJIIMYCHHUEM YyTJIA.

- [Tpu u3mepenun yria BBojaa BpyuHyto Ha CO-2, B 1aHHOW CepUH SKCIEPUMEHTOB
CpeIHEKBaApaTUUHAsl MOTrperHOCTh cocTaBuia 0,55°, 4To roBOpUT O OOjee BBHICOKOM

TOYHOCTHU aBTOMATU3HUPOBAHHBIX H3MepeHHﬁ.
HomunajbHbIE 1 U3MEPEHHDbIC 3HAYCHUS YIJIOB BBOAA

76

e 53

oﬂf 64 - y%i ??T%*"*ﬁ *********
oy 60 F-- -l A ________
: L
5 56 % it
E 52 j s - - - - - - - - - - - - - - - - - - - - - - - -T-T-------~
48
44 X  HomuHanbHOE 3HaYeHHe yriia BBOJA, rpaj
40 —®— Yrona Beoza Ha CO-3, rpan
36 -~ O -~ Vrox seoaa Ha CO-2 (py4Hoe U3MepEHHE), rpaj
1 3 5 7 9 11 13
Howmep I13I1

Puc. 4 — CBoaHbIi rpaduk ¢ HOMUHAJIBHBIMU U U3MEPEHHBIMU JIByMS CIIOCOOAMU yriaMu

BBOJa AJist TpuHaauatu [1911.

B napaepaghe 2.3.4 npuseneHs! pe3yabTaThl aHain3a (HakTOPOB, BAUSIOLIMX HA JUa-
rpammy HarnpasienHoctd [1911, u ykazanbsl MeTobl yuéTa 3THX (DaKTOPOB B pa3pabOTaHHBIX
anropuT™Max pacuéra. Cpeau Takux GpakTopoB:

- ocia0yieHue aMIIUTY Il OTPaKEHHOTO CUTHAJA, 00yCIOBICHHOE N3MEHEHUEM pac-
CTOSTHHSI, TIPOXOJIMMOTO BOJTHOH;

- KBa3UMCKPHUBIIEHHE Jy4el, OOyCIOBIEHHOE 3aTyXaHHEM B MaTepuaie 0oObeKTa
KOHTPOJIS;

- 3aBHCUMOCTh KO3 (HUIIMEHTa MPO3PAYHOCTH I'PaHUIBI pu3Ma/MaTepuan o0beKTa

KOHTPOJII OT yIjia HaacHus yIbTpa3BYyKa,
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- MHTEPPEPEHIIMS IXOCUTHAJIOB C peBEepOEePallMOHHO-IITYMOBOW XapaKTePUCTUKON;
- MHTEPPEPEHLIMS IXOCUTHAJIOB ¢ OOKOBOI BOJIHOM, U3J1y4aeMOW MO TPETHUM KpH-
TUYECKUM YTJIOM.
B napaepage 2.4 onucana metonrka u3mMepeHus nojieBbix xapaktepuctuk 1911 npu
BBINIOJIHEHUW U3MEPEHUI B COBMEILIEHHOM PEXUME PACCESHHOIO MOJs JUlIb HA OJJHOM pac-
crossuuu ot [IDI1 no orpaxkarens u pacuéToM METOAOM YIJOBbIX criekTpoB nons 191 B

MPOU3BOJIBHOM 00J1aCcTH nostynpocTpaHcTBa. Eciin n3mepensl sxocurHansl U (X, y,t) oT 3ie-

MCHTAPHOI'0 OTpaXaTejil TO, INpHU HNEPEXOAC K MApPpMOHHYCCKOMY PCKHUMY IJIA1 BOJIHOBOI'O

ypcnia K U CKOpOCTH C 3ByKa Bbluucisiercs: roorpamma U (X, Y,K). lanee u3 rojaorpamMmsi

«HA OTPaKEHUE» M3BJIEKAETCS KBAJAPAaTHbI KOPEHb, TO €CTh BBIMOJIHAETCS MEPEXO] K TOJI0-
rpaMMe€ «Ha M3JIy4eHHUE», Mepel] U3BJICUEHUEM KOPHS BBINOJHSAETCS ONEpalus pa3BepTKU
¢da3bl Ha MIO0CKOCTH. B ciyyae nuaMepeHus 3X0CUTHAIOB OT TOHHOM nmoBepxHocTH CO-3 uin
cepuyeckoro odpasua HyKHO MpeABaApUTENIbHO CKOMIIEHCUPOBATh BpeMsi mpobera BIOJb
panuyca obpasua. [IpocTpaHCTBEHHBIN CHEKTP pacrnpeaeaeHusl Mosi BHIYUCISETCS ¢ MOMO-
uibto npeodpazobanus Oypbe. B 3aBUCHMOCTH OT pa3MEepPHOCTH UCXOJHBIX JAHHBIX BbIMOJ-

HsieTcst mpeobpazoBanue Pypbe Mo KOOpAMHATE X,y WM 0 00euM KoopauHaTtam. Beikian-

KW IIPUBEACHDBI 1JIA IBYMEPHOI'O HpeO6p330BaHHﬂ chpBe.

W 1 i (Kyx+ky X

U (kx,ky):WI (VO 0y ke axcly
T

CnexTp moJist Ha rIyOMHE Z' pacCUMTHIBACTCS KaK

3

ny(kx’ ky; Z!) — ny(kx, ky)el lkz_kf—kiz’ .

Pacuér nonst U(X,y,Z) a1 HOBOM IIyOMHBI BBIMOJIHSIETCS C MOMOIIBbIO OOpaTHOIo Mpo-

~

R

xy
CTPaHCTBEHHOrO npeodpazoBanus Pypbe Boipaxkenus U (K .,k ;Z). Jlanee pacy€r mous Bbl-

HOJHACTCA AJIA T J'Iy6I/IHI>I Z+Az. I[I/IaHaSOH T .Hy'6I/IH, Ha KOTOPBLIX BOCCTAHABJIMBACTCSA I10JIC

cootBeTcTBYeT (0+5)N, rae N OmmknAs 3oHa [IOI1. IlomyuuBruascs TpéxmepHas WM

JIByXMepHas KapThHa pacnpenenenus nojs [1911 no3Boaser BBITOIHUTH CIEAYOIIHE 3a1a-
4u:
— onpeaenuts napametpbl ¢okyca 1311 — pokycHoe paccrosiHue, NIUHY, LIMPUHY U

ryouHny ¢dokyca;
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— BOCCTaHOBUTH pacnpeje/ieHUe 1aBaeHHs B 00bEKTe HEMOCPEACTBEHHO M0 TOBEPXHO-

CTBIO IJIACTUHBI M, TAKUM 00pa30M, TUArHOCTUPOBATh PABHOMEPHOCTH BO30YKIACHUS
MJTACTUHBI.

Ha Puc. 5 noka3ansl ceuenus TpéxmepHoro mnosis ummepcuonnoro [IDI1 ¢ uen-
TpanbHOW yactotoi 4 MI'y u auamerpom muactuHbel 10 mMm. Tlone BoccTaHOBiEHO Ha 3¢-
(eKTUBHOI YacTOTE MO rojorpaMmam OT oTpaxkartels Ha riyouHe 8 Mm. CxemMaTUYHO MOKa-
3aHo pacnosioxkenue [1311. CneBa nokaszano ceuenue noss B miaockoctu XY npu Z = 0, Boc-
CTaHaBJIMBAETCs U300pakeHHe Mbe3oraacTuHbl. CrnpaBa TO ke cedyeHue npu Z COOTBETCT-
ByIoLIEM (POKYCHOMY PacCTOSIHUIO, IO KOTOPOMY AMAMETP (POKYCHOIO MATHA ONpEAeseTCs

Ha ypoBHIO MUHYC 6 1b Kak 2,5 MM.

IInockocts XZ 1 Tnockocts XY

Puc. 5 — K BoccTanoBnenuto tpéxmepnoro noss [1311.

B napaepage 2.5 npuBenensl o011e METOAMYECKUE PeKOMEHAAUN U HOPMYJIIBI IS
BbIOOpA 11ar0B CKaHUPOBAHMSI, BPEMEHHOM pa3BEPTKU U 30H CKAHUPOBAHUS B 3aBUCUMOCTHU
OT HOMUHAJIbHBIX 3HaueHul napametpos [1311.

B napaepagax 2.5.2 — 2.5.4 nepeuncnensl nusmepsiembie mapamerpsl [1311 (cM. Tab-
auny 1, cTpoKH, OTMEYEHHbIE UBETHBIM (POHOM B TabJMLE, COOTBETCTBYIOT NapaMeTpam, Ko-
TOpbIE HE ONMpeAeSsUINCh cucTeMamMu KanuopoBku ABI'YP mpenblayiinx nokoJeHui, onu-
CaHHBIX B [ 1ase 1) ¢ KpaTKUM OMHMCAaHUEM METOJIMKH M3MEPEHHUs MM pacdyéra KaXKaoro mna-
pameTpa B KOHKPETHOW peaju3allid METOJMKH NPOrpaMMHBIM OOECHEYEHHEM CUCTEMBI
ABI'YP 5.4. O6uiee 4yuciao u3MepsieMbIX U pacCUUTHIBAEMbBIX apaAMETPOB U XAPAKTEPUCTHUK

nocturaet 30.






