[MPAKTUYECKOE 3AHATHUE Ne5
N3mepenune ycunus npeBapuTeIbHOTO HATSHKEHUS apMaTyphbl

Heab padoThl: NPaKTUYECKOE U3YUYEHUE METOAOB OLIEHKU CTEIICHH HATSKEHUS
apMaTypHBIX CTEPKHEU.

5.1. O6mue cBeneHns

Llenp KOHTpOJS TpPU  M3TOTOBICHUU IMPEIBAPUTEIBHO  HANPSKEHHON
KOHCTPYKIIMU — OOECHEYUTh COOTBETCTBUE MOJYUYEHHOI'O HANPSHKEHHOTO COCTOSHHUSA
KOHCTPYKIMHU HANPSLDKEHHOMY COCTOSIHHIO, 33JaHHOMY ITPOEKTOM C YYETOM JJOMYCKOB,
YCTaHOBJICHHBIX JUISI JAHHOW KOHCTPYKIMH TEXHUYECKUMHU YCIOBUSMU U APYTHMMHU
HOPMATHBHBIMH JOKYMEHTaMHU.

OCHOBHOM omnepanuel KOHTPOJS SIBISIETCS U3MEPEHHUE YCUIIUSA, CO3JaHHOIO B
apmarype. OueHuBasi pe3yibTaTbl 3TOI0 U3MEPEHUS TEMU WM UHBIMU CPEJICTBAMH,
pEerylIupylOT yCWIHS B apMarype ¢ TeM, 4YTOObl OOECHEeYHuTh COOTBETCTBHE
HAIIPSHDKEHHOTO  COCTOSIHUA 33JaHHOMY IIPOEKTOM M JOITYCKAEMOMY OTKJIOHEHHIO
(momycky).

N3mepenre cuiabl HATSOKEHUS apMaTypbl OCYIIECTBIISIETCSI B IpoOLIECCE €€
HATSOKEHUSI C HEMOCPEACTBEHHBIM M3MEPEHUEM YCUJIUS, MPUKIAAbIBAEMOTO K KOHILY
HaANpsraeMoro 3j1eMeHTa (IpsMoil METO/) WM MOCJIe HATSKEHUS (KOCBEHHBIN METOJ).

KocBeHHbIE METOABI ONPEEICHUS YCUIINS HATSKCHHUS:

- yactoTHbIN Metof (mpubopst MHA-7, UTTH-7, AII-23, DUH-MI4);

- MeTOJI oniepedHoi otTTsokku (mpudopst [TPIY, TTMH-5);

- METOJ U3MEPEHUS N0 YAJIMHEHHUIO apMaTypPHOTO CTEPKHS.

5.2. Onucanue MeTO0B ONpPeIeIeHUS YCHJINSI HATSIZKEHUSI ApMATYPbI

5.2.1. YacTOTHBII METOJ ONpeIeTeHUs] YCUIUS HATAKeHU s

B 0cHOBY MeTO1a TOJIOKEHO UCITOIB30BAHUE 3aBUCHMOCTH MEXKAY HATKEHUEM
¥ 4aCTOTOM CBOOOJHBIX MOTEPEUHBIX KOJCOAHUI HATSHYTOW CTPYHBI C HEMOJBHKHO
3aKperuIéHHBIMU KOHIIaMu. Haubornee nerko Bo30yauMONW TpH BO3JACHCTBUU HA
apMaTtypy B cepeAauHe Tpoiérta siBiserca mnepBas (oCHOBHas) ¢dopma KoyeOaHUM.
Hcxonss W3 3TOro MpENrnoyoKEeHUs, B METOAE KOHTPOJS HATSKEHHS apmaTypbl
MIPUMEHSIETCS 3aBUCHUMOCTb!
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rae f—uyacTora cBOOOMHBIX (COOCTBESHHBIX ) KOJICOAHMIA;
| — cBOOOAHAS ATTMHA apMaTyphl MEXK/Ty YIIOPaMHU CTEH/IA;
P — ycunue HaTsSHKEHUS apMaTyphl,



M — Macca eTUHUIIBI JJTUHBI CTEPIKHS.
N3 popmyel (5.1) monyyaeM ycuiive HaTSXKEHUS CTEPKHEBOM apMaTyphl:

P=4.f%.1°-m, (5.2)
CranpHasg apmaTypa Npu HEKOTOPOH JJIMHE MOXKET CUMTAThCSl CTPYHOM, TOT/a,
YCTaHOBHMB C TIOMOMIbIO MpUOOpa — YacTOTOMEpa YacTOTy €€ COOCTBEHHBIX

MOTIEPEYHBIX KOJIeOaHU, MOKHO BBIUMCIUTh 3HAUEHUS CHIIbI HATSHKEHUS 10 (hopMyIie
(5.2). OgHako B HEKOTOPBIX Cily4asx apMmMaTypa MO CTENEHU HATSKEHHS, MOJIYJIIO
YIPYTrOCTH U COOTHOLLIEHUIO MEKIY JJIMHOW M AUAMETPOM JOJKHA pacCMaTpUBATHCS
Kak cTepkeHb. CremoBaresibHO, YCHIIME, BbluMcieHHOe 1o (opmyne (5.1), Moxer
3HAYUTENbHO OTIMYaThCsl OT (hakThueckoro. [loATOMy YacTOTHBI METOA HMEeT
OTpaHUYEHUS TPUMEHUMOCTH, 00YCIIOBJIICHHBIEC MTapaMeTpaMu HATSKEHUS CTPYHBI.

JUis peanu3alliy JTaHHOTO METOJA HUCHOJb3YyH0 MHpUOOpHl (HU3KOYACTOTHBIE
YacCTOTOMEpPHBI), U3MEPSIOUINE COOCTBEHHYIO YacTOTy HEpBOM (OpMbI KoJieOaHU
Hatsuytoi ctpynsl (MITH, UHA, AII-2311P, DUUH-MI'4).

W3meputens nmepuona cBOOOTHBIX KojeOaHWM apMaTypHbIX dneMeHToB  All-
23I1IP (Puc. 5.1) npenna3zHavyaeTcs Juisl KOHTPOJISL HAMPSKEHUS BCEX TUIIOB apMaTyphbl
JUaMETPOM OT 5 10 22MM B Juana3zoHe JiiH oT 1.5 10 18 m.

Puc. 5.1. O6muit Bux npudopa AII-2311P

[TpuGop BHINOJHEH HAa OCHOBE MHUKpPOIPOLIECCOPHON TexHHKH. [Iporpammuoe
oOecnieueHne npudopa pacCUUTaHO AJIs BBINOJIHEHUS CIEAYIOIINX Olepanuil:



- U3MEpEeHHe nepruoaa CBOOOAHBIX KOIeOaHU apMaTypHBIX 3JIEMEHTOB;

- pacuéT HaNpsLKEHUH B apMaType 1o yroUHEHHOH hopMmyiie;

- BBOJI JAaHHBIX KOHTPOJIUPYEMOM apMaTyphl (JUIMHA U JUAMETP);

- TMarHOCTUPOBAHKE MPHUOOPA C MOMOIIBIO TECTOB.

CoBpeMeHHbIM  aHamoroM npubopa AII-23[IP sBisgerca u3MepuTenb
HaMpsbKeHU B apMatype 4acToTHeIM MeTojoM 1o ['OCT 22362 SUH-MTI4 (Puc. 5.2)
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Puc. 5.2. O6mwmit Bug npudopa SUH-MI'4

[TpubGop mmeer GYHKIMM aBTOMATHUYECKOTO BBIMTOJHEHUS TEXHOJOTHYECKHUX
pacyeToB:

- 3aJIaHHOTO YJUIMHEHUS apMaTyphl,

- JUIMHBI apMaTypHOU 3ar0TOBKH,

- KOPPEKTHPOBKU PACCTOSHUS MEXIY aHKEPHBIMU TOJOBKaMHU (BpEMEHHBIMU
aHKepaMHu).

Jis  mosnb3oBaTenel, MPOU3BOJSIIMX HECKOJbKO THIIOB IPEABAPUTEIHHO
HANpPsDKEHHBIX  JKEeNIe300€TOHHBIX  KOHCTPYKIIMM, MpeaycMOTpeHa BO3MOXHOCTb
YCTaHOBKH U 3aIIOMUHAHUS MATH KOMOMHAIINI UCXOAHBIX JAHHBIX (PACCTOSHUE MEXTY
yrmopamu GopM, AUaMeTp W KJIacC apMaTypbl, MPOEKTHOE HAIPsHKEHHUE B apMaType).
W3meputenb HampspKeHWH CHA0XKEH SHEPTrOHE3aBUCHUMOW MaMATHIO PEe3yIbTaToOB



u3MepeHud ¥ A(@PEKTUBHBIM  JBYXKACKaJHBIM  IUPPOBBIM  (UIBTPOM,
00eCIeynBaOIINM MOJABJICHUE AIEKTPOMArHUTHBIX MTOMEX U TTOMEX FrapMOHUYECKOTO
cocTtaBa KoJjieOaHuM apMarypbl. B mporecce u3MepeHuil npubop aBTOMATHYECKU
MPOU3BOJIUT HECKOJIBKO 3aMEPOB YaCTOTHI KOJICOAHHI apMaTyphbl CPaBHUBAS KX MEKIY
co0o0if, OoTOMpaeT IOCTOBEPHOE 3HAYCHHE U MpeolOpa3yeT €ro B MeXaHHYeCKoe
HaIpsHKEHUE B COOTBETCTBUU C aJITOPUTMOM BBIUKCIICHUH.

5.2.2. MeToa nonepevyHou OTTAKKHA

B nanHOM MeTO/Ie UCTIONB3YETCs 3aBUCUMOCTh MEXKY MPOJAOIbHBIM ycunuem N
HATSOHKEHUS apMaTyphl U COTPOTUBIICHUEM €€ IMOMEePEYHOMY OTKJIIOHEHUIO BHEIITHEH
cuioit R (Puc. 5.3). Conporusnenue Q apMaTypsl ee OTKIIOHEHHIO COCTOMT U3 JBYX
YacTeu:

Q:R6+Régé:Qé+ eca (5-4)
rie Ry R, ;- KuHeMaTnyecKas M M3rHOHas COCTABJIAIONIME CONPOTHBIICHUS

OTTAKKC,
QéI/I Qégé- COCTAaBJIAIOIINMEC BHCIITHHUC CHJIBI, IIPCOIOJICBAIOINHUC COIIPOTHBIICHUC

OTTAKKC.
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Puc. 5.3. Cxema onpeneneHus NpoaoiabHON CUIIbI METOJOM MONEPEYHON OTTAKKH

OTTsKKa MOXKET OCYIIECTBJISATHCS HA TMOJIHOW JIJIMHE apMaTypHBIX 3JIE€MEHTOB
WJIM HA MX YaCTAX, OTACIISIEMBIX POMEKYTOUHBIMU OTIOPHBIMHU 3aKpETUICHUsIMU. Takast
cXeMa MOXET OBITh CHMMETPUYHOUN WIJIM HECUMMETPUIHOW OTHOCUTEIIBHO CEPEIMHBI
0a3bl OTTSKKH.

N3rubnas cocTaBIsOas CONPOTHBICHHS OTTSKKE apMaTypel R, He 3aBHCHT
or N ¥ To3TOMYy CHIKaeT UYyBCTBHTEIBHOCTh HakjIagHOro auHamoMmerpa. OHa
OKa3bIBaeT BJIMSHUE HA a0COJIIOTHBIC 3HAYCHUS MOKa3aHUKW MPHOOPOB, PeATU3YOIINX
paccMaTpuUBaeMbIid METO/.

Ecnu kecTkocThio apMaTypbl MOXKHO TpeHeOpeub 1 Q=Q,, cyMmma MOMEHTOB
BHEIIHUX CHJI, ICHCTBYIOIIMX CJI€Ba WM CIIPaBa OT CEPEIUHBI JIMHBI | OTHOCHTEIBHO
[IEHTpPA TSDKECTU CPEAHETO CEUCHMsI, OyIeT UMETh BUI:

Q-l _
~--N-f=0 (5.5)



OTKyZa
N = Ql (5.6)
4.1

Bemunny ycumusi nmonepedHod OTTSDKKA Q M COOTBETCTBYIOIIYIO €M BEIMUMHY
nepemenienus crepxus f onpemensior muHamomerpamu, Harpumep, Tana [TPJIY wm
[TNH-5.

YcrpoiicTBo u padora npudopa ITP1Y

HeiictBue mpubopa IIPAY npu u3MepeHUH CHUJIbl HATSDKEHHUS CTEPYKHEBOU
apMaTypbl 1 KAHATOB OCHOBAHO HA YIPYTOM OTTSHKKE apMaTyPHOT'O 3JIEMEHTA B CEPEIMHE
NPOJIETa MEXJTY YIIOPaMHU, a IIPY U3MEPEHUH CHITbI HATSHDKEHUS ITPOBOJIOKHU - HA OTTSKKE €€
Ha Oa3e ymopHOM pamku mnpubopa. Jepopmarmio NpyKuHBI TpHOOpa H3MEPSIOT
MHAUKATOPOM YacOBOTO THIIA.

IToriepeyno ocu apMaTypbl CO34a€TCs TOCTOSHHOE IIEPEMELLIEHUE CUCTEMBI U3 IBYX
MOCJIEA0BATEIbHO COCTUHEHHBIX 3BEHBEB: HATSHYTBIM apMaTypHBIN AJIEMEHT U NpYKUHA
npudopa.

C yBenuueHWEM CWIBI HATAHYTOM apMarypel BO3PACTacT COINPOTUBIICHUE
IIONIEPEYHON OTTSKKE M YMEHBINACTCS €€ IEPEMEILICHHE, a IO03TOMY YBEIMYMBACTCS
nedopmarius npy>KuHbI IPUOOpa, T.€. MOKa3aHUs HHAUKATOpa mprudopa.

I'pamynpoBouHasl XapakTepUCTHKa MpUOOpa 3aBUCHT OT JMaMeTpa W JUIMHBI
apMarypsl Ipu padote Ha 0a3e (popMbl U TOJIBKO OT JUaMeTpa - Ipu pabore Ha Oase
YIIOPHOU PaMKHU.

[Tpubop ITIPJIY cocrour u3 Kopiyca, IHIapHUpaA C HAIMPABISIONIEH TPYyOKOM,
XOJIOBOTO BUHTA C JIMMOOM U PYKOSITKOM, TIPYKUHBI CO CPEPUUECKON TalKOM, HATSYKHOTO
KpIOKa, MHJIUKATOpa, yIopa Wik YIIOpHOU paMkH (puc. 5.4).

[Ipu m3MepeHnH CUIIbI HATSHKEHUS] CTEP’KHEBOM apMarypbl U KaHaToB MHpUOOp
YCTaHABJIMBAIOT YIOPOM Ha CTeHI, MojuioH 1w (opmy. Kprok 3axBara 3aBOIST TOJ
CTEpKEHb WJIM KaHAaT W BpAIlEHHEM XOJOBOIO BHHTA 3a €ro PYKOSITKY OOECIeUHBarOT
KOHTAaKT CO CTEPYKHEM WJIM KaHaToM. J[anbHEHIIM BpallleHUeM XO0BOTO BUHTA CO3JIAI0T
NPEABAPUTENBHYIO OTTSHKKY apMaTyphbl, BETMUMHY KOTOPOU (PUKCUPYIOT HHIAUKATOPOM.

B xoHIIE npeaBapuTENbHON OTTSHKKH IO PUCKE HA KOPITYCE OTMEYAOT MOJI0KEHHE
MMO0a, 5KECTKO COETMHEHHOTO C XOJIOBBIM BUHTOM (OOKOBast TOBEPXHOCTh JIMMOA pa3ouTa
Ha 100 "acTeii), ¥ 3aTeM MPOIOHKAIOT BPAITICHHE XOI0BOT0 BUHTA HA HECKOJIBKO 00OPOTOB.

ITocne 3aBepiiieHus BHIOPAHHOTO 4YKCIa OOOPOTOB 3aIMCBHIBAIOT TOKA3aHUs
nHaukatopa. Cuiny HaTsDKEHUS  apMaTypbl  ONPEACTSIOT 1O TPaalyHMpOBOYHOM
XapaKTePUCTUKE MTPUOOpa.

[Ipu u3mMepeHnu Cribl HATSHKEHUST ApMaTyPHOU IPOBOJIOKH IMAMETPOM 5 MM MEHEE,
YIIOp 3aMEHSFOT YIIOPHO# pamKoi ¢ 6a30it 600 MM, a KpIOK 3axBaTa - MaJibiM KprokoM. Crity



HATSHKEHHUS IPOBOJIOKHU OTPENIENISOT M0 TPaAyUPOBOYHOM XapaKTEPUCTHKE MPpUOOpa npu
YCTaHOBJICHHOW paMKe.
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Puc. 5.4. Cxema nipu6opa ITP/1V:

1 - ynop; 2 - npyxuna; 3 - HUHAUKATOP; 4 - KOpIyc; 5 - mapHup; 6 - 1MM6 ¢ pydkoii; 7 -
coOcTBeHHas 0aza; 8 - Kprok

YcrpoiicTBo u padora npudopa ITUH-5

[TpuGop cocTouT M3 pambl C YIOpaMH, IKCLIEHTPUKA C PHIYAKHBIM YCTPOHCTBOM,
PETYJIMPOBOYHOM T'aliKu, YIPYTOTo 3JIEMEHTa C TEH30PE3UCTOPaMH, KPIOUKa U AJIEMEHTOB
ANIEKTPUYECKOM CXEeMBbI, pa3MEUICHHBIX B OTIEIBHOM OTCEKE, KOTOpBIE COJEpIKaT
YCHITUTEITh U CYETHOE YCTPOMCTBO (pHcC. 5.5).

[Tpubop u3MepsieT cuity, HEOOXOUMYIO JIJIsl TIOTIEPEUHOTO CMEILIEHUS HATSIHYTOM
apMaTypbl Ha 33[aHHYIO BEJIMUHHY.



3aJaHHOE  MOIEPEYHOE  CMELICHWE  apMarypbl  OTHOCHUTENBHO  YIIOPOB,
NPUKPEIUIEHHBIX K pame Ipuoopa (paccrosHue Mexay yrnopamu 600MM), cO31at0T ITyTeM
NIEPEMEILCHNS] PYUYKH 3KCLEHTPHKA B JIEBOE IOJIOKEHHE. IIpy 3TOM phryar nepemeraet
BUHT pPETyJIMPOBOYHOM TaliKM Ha BEIWYUHY, 3aBUCSLIYI0 OT OSKCLIEHTPHUCUTETA
3KcleHTprKa. Heobxonumas Ui OCyILECTBIICHUS NTEPEMEILEHUS CUJla 3aBUCUT OT CHJIBI
HATSDKEHMS apMaTypbl U U3MepsieTcsl 1o JegopMalysM yrpyroro sjiemenra. [Ipubop

rpalyupyroT I KaXKI0ro Kiacca U TuaMeTpa apMaTyphl.
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Puc. 5.5. Cxema npubopa ITMH-5:

1 - ymopsr; 2 - pama; 3 - 9KCHEHTPHK; 4 - peryIupOBOYHAS TaliKa; 5 - yIpyTruid 2JIeMeHT ¢
POBOJIOYHBIMH TEH30PE3UCTOPAMHU (pa3MeIaeTcs Mo KOKyXoM); 6 - Kproyok; 7 - KopoOka ¢
3JIEMEHTaMU JIEKTPUUYECKON CXEMBI.

5.2.3. KoHTpO/Ib HATSKEHUS AapPMATYPHI 110 €€ YIVIHHEHHU IO
OueHka mpeABapUTENIBHOIO HANpsDKEHUsT Osp B apMarype 1o ee
OTHOCHUTEJIbHOMY YAJIMHEHUIO & B YNPYroul craauu nehopMHUpOBaHHUS OCHOBaHA Ha
3aBUCUMOCTH:
Oy =& E; (5.7)

rae  E - Mmomynb ynmpyroctu apMartypsl.



IHopsinok BeINoJIHEeHHsI PadOThI
1. BrIpsAMHUTE apMaTypHBIA 3JIEMEHT, CO3/1aBasi yCUJIME HAYaIbHOTO
HaATSDKEHUsl osp1 B mpenenax 5-10% ot moiaHoro ycuius (ospr ONpEAesieTcsl MyTéM
JTMHAMOMETPHUPOBAHUS KOHIIEBOTO YCUIIUS);
2. CHATH NEPBBIA OTCUET 110 U3MEPUTEIILHOMY TPUOOPY — TEH30METPY
(&s1);
3. HpOI[OJDKI/ITB HaTAXKCHUC OO HOJ'IyIIeHI/IH 3apaHee IOACUUTAHHOT' O
o ¢opmyiie (5.7) yamuHEHUs ¢ yaeToM aedopMariii, COOTBETCTBYIOIICH:

Ogp1 = As a (58)
O
Esp1 = %:1 (5.9)
& =&, + A& (5.10)
4. HOI[CLII/ITaTB KOHTPOJIMPYCMOC HAIIPAKCHUC!
Ocon =O0gp T &5+ Es (5-11)

ITo pe3ylibTataM BBITTOJTHECHHOM pa6OTBI COIIOCTAaBUTDb BCIIMYHHBI ITPCABAPUTCILHOIO
HaIIPAKCHUA apMaTypPHhI, OHpGI[GJIéHHBIG PaCCMOTPCHHBIMU MCTOdAMMU.



