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B npaKTHKe pa60Tbi ljlH3H'IecKHX na6opaTopHll, 38HHM8101UHXCR o6pa60TxoA CHHM­

KOB C TpeKOBblX KSMep, BCe 6onbmee pacnpOCTpaHeHHe TIOny'ISIOT 11pOCMOTpOBQ-H3-

MepHTenbHhle npoeKTOphl. TaKHe npH60phl noasonRIOT onaoapeMeaao npocMaTpHBSTb 

nony'!eHHble ljlOTOrpaljlHH, OT6Hp8Tb HHTepecyiOTIIHe 3KCilepHMaHT8TOpa C06b!THR H 

6 6 
/1,2,3/ 

llpOBOAHTb H3MepeHHR OTO paHHhlX CO biTHll • 

MeTponora'!ecxae xa'!eCTBa xopomero npocMOTpoao-HaMepHTenbaoro npoexTo­

pa II03BOnRIOT HCIIOnb30B8Tb ero K8K OCHOB.HOi! H3MepHTenbHbli! 11pH60p TipH o6pa-

60TKe CHHMKOB C HCKpOBhlX KSMep H CHHMKOB, IIOny'!eHHbiX H8 ny3blpbKOBhlX KaMe-

pax C TIDKenbiMH lKHAKOCTRMH. 

TipH o6pa60TXe CHHMKOB, nony'!eHitbtX H8 lKHAKOBOAOpOAH:biX ny3blpbKOBblX KBMepaX, 

TO'IHOCTb H3MepeBHR C IIOMOTIIbiO npOeKTOp8 06bi'IHO OK83biB8a TCR HeAOCT8TO'IHOi! AnR IIQ­

ny'leHHR OKOH'IaTenbHhlX peaynbTBTOB. B STOM cny'lae npocMOTpoao-HaMepHTenbHhlA 

llpOeKTOp llpHMaHReTCR .QnR OTHOCHTenbHO rpy6b!X llpeAB8pHTenbHbiX H3MepeHHil (H3-

MepeHHe M8CK.H), llpH ycnOBHH, 'ITQ A8nbHei!maR o6pa60TK8 ocymeCTBnReTCSI 8BTQ­

M8TH'IeCKHMH npH6opaMH 6ea y'laCTHR '!enoaexa. 

0AH8KO llpH co6niO.QaHHH HeKOTOphlX ycnOBHll MepHTenbHb!e K8'!aCTB8 11pOCMOTpo­

BQ-H3MepHTenb.HOrO npOeKTOpa MOryT 6hlTb yny'lme.Hbl .H8CTOnbKO, 'ITO ero MOlKHO 

6yAeT HCII0nb30B8Tb H KaK OCHOBHOll H3MepHTenbHhlil 11pH60p 11pH o6pa60TKe CllHM­

KOB, nony'!ei{HbiX H8 JKHAKOBOAOpO,IUlhlX K8Mepax. Taxol! npoeKTOp CMOlKeT ycnemHO 

KOHKypHpOB8Tb C pacnpocTpaHeHHhlMH B H8CTORIUee BpeMR llpH60p8MH nonyaBTOM8-

TH'IeCKOi! o6pa60TKH nneHKH - H3MepHTenbllhlMH MHKpOCKOII8MH C 8BTOM8TH'!eCKHM 

/4 5/ 
OTC'IeTOM H llpH60p8MH THII8 '$paHKSHIUTei!H' ' • 
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llellbJO H8CTO!lllleA pa60Tbl HBnS!eTCSI p8CCMOTpeHHe BnKHHHSI OCHOBHbiX. OIIIH60It 

H3POTOBneHHSI H IOCTHpOBKH OTaenbHbiX qacTeA H yanoB qpOeKTOpa H8 npeaellhayJO 

( HaH60ilbiiiYJO OlKHaaeMyJO) OIIIH6Ky npa6opa. 

PaCCMOTpeHHe K8CaeTCSI B OCHOBHOM CXeM 11pDeKTOpOB, 110ao6Hb!X 11pH6opy, 11Q­

K838HHOMy H8 pHC. 3, TO eCTb 11pOeKTOpOB C H3MepHTellbHOA CHeTeMOA, CBSI38HHOA 

e 3 Kp8HOM, H8 KOTOpbiii Cl1pOeKTHpOB8H 110anelK8IIIHA H3MepeHHIO eHHMOK. Cpaay ene­

ayeT 38MeTHTb, qTQ C TOqKH 3peHHSI B03MOlKHbiX OIIIH60K H3MepeHHSI T8KHe CXeMbl 

HaaMeaee 6narol1pHHTHhi, oaHaKo 110 pRay 11paqaa HMeHHO 11oao6Hbie 

11onyqana aaa6ollbiiiee pac11pocTpaaeaae a aacToSilllee apeMH. 

ITpeaenbHaH OIIIH6Ka H3MepeHHH 

ITpeaellbHaH OIIIH6Ka H3MepaTenbaoro npa6opa onpeaengeTCH 

tJ. 11p • tJ. eT + tJ. en 
rae tJ. - eyMM8pH8!1 CHCTeMBTHqeeKaSl OWH6Ka, 

CT 

tJ. en - npeaellhHaSI enyqaAHaSI ow116Ka • 

11poeKTOpbi 

<!JopMyno/61 

ll) 

IToa COCTBBnSIIOIIIHMH CyMM8pHOA CHCTeMaTHqeCKOA OIIIII6KH 6yaeM 110HIIM8Tb 

T8KHe OWH6KH, ang KOTOpb!X MOJKeT 6b!Tb 011peaeneHa HX <!JaKTHqeCK8SI Benaqaaa II 

Bni!S!HHe 3 TKX OWH60K H8 OKQHqaTenbHbiii pe3yllbT8T 113Me peHHSI MOlKeT 6b1Tb yeTpa-

HeHo e 110MOlllbJO JOCTHPOBKH na6o rryTeM Bhiqaeneaaa. B 11ocneaaeM enyqae aen11qHHa 

3THX OWH60K aonlKHB 6b!Tb aaaaHa B BRae HeKOTOpOA tPYHKUIIOHanbHOA 38BHeHMOCTII. 

Bee OCTanbHble OIIIH6KII 6yaeM OTHOei!Tb K pa3 p!Uly enyqaAHbiX. 

KpaTKHe aaMeqaHHSl o caeTeMaTaqeeKHX ow116Kax 11poeKTopa 

ITpOCMOTpOB0-113MepHTenbHbiA 11pOeKTOp MOlKeT o6naaaTb eneayJOilli!MH eHCTeMa-

THqeCKHMH OIIIK6K8MH: 

a) paaHoMacrnTa6HOCTb aao6paJKeHHH 110 11nomaaa aKpaaa aeneaeTBHe H e ToqHoA 

yCT8HOBKH nnOCKOCTH H3MepHeMoro CHHMK8, 11pOeKUHOHHOPO o6~eKTHBS H 3epKan 

OTHOCHTenbHO 3Kpaaa; 

6) paaHoMaCIIITa6HoCTb acneacTBHe He11apannenbHOeTH Ha11paanHJOIIIHX, no Ko-

TOPbiM 11epeMemaeTCSI o6~eKTHB OTHOCHTenbHO 11neHKH HnH 11neHK8 OTHOC.HTenbHO 

o6~eKTKB8, eCnH T8KHe nepeMellleHHSI 11peayCMOTpeHbi KOHCTpyKUHeA npoeKTOpa; 

a) HCKalKeHHSI 11pOeKUHH BCneaeTBHe HanaqHS! aHeTopeHH y 11pOeKUHOHHOPO 06beK-

THBa. 
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BnRHHRe BCeX OWR60K HB. OKOH'IB.TenbHbllt peaynbTB.T MO)I{eT 6biTb 3HB.'IHTenb­

HO yMeHbWeHO ITyTeM BBe.neHRSI B paC'IeTHble <iJOpMYnbi COOTBeTCTBYIOIIlHX rronpaBO'I­

HbiX <!JyHKURlt. 

0wH6KH, OTHOCHIIlHeCH K ITyHKTB.M a) R 6), rrpH npB.BR11bHO CKOHCTpyHpOBB.HHOM 

H TlllB.TenbHO H3rOTOBneHHOM npoeKTOpe, MOryT 6b!Tb yCTpB.BeHbl ITyT$M IOCTRpOBKH. 

LlRCTOpCHSI 06'beKTHBOB IOCTRpOBKOlt YCTpaaeaa 6biTb- He MO)I{eT • TipHBe,neBHSSI 

K CHRMKY senR'IRH8 OWB6KR BCnenCTBRe ARCTOpCRR ripR npRMeHeHRR 06'beKTHBOB TRITS 

'Ha,nyCTap' (HaR6onee pacnpOCTpaaeBHbllt TRIT npOeKUBOHHbiX 06'beKTRBOB) npR 

yrne nonH apeHHH 06'b9KTRBB. 2{3 riOpSI.IlKB. 40° MO)I{9T AOCTRrB.Tb 0,1 MM B nno-
/7/ 

CKOCTH CHHMKB. ( CM. pat}oTy , CTp. 271). B 9TOM Cny'lae BBe.neHRe norrpB.BO'IHOlt 

<!JyHKUHR B pB.C'IeTBble <!JopMYnbi 06SI3B.Te11bHO. TionpB.BO'IHB.SI <!JyHKURSI M0)1{9T 6b!Tb 

npencTasneaa s BRAe cTeneaaoro PSI.IlB. '19THbiX cTeneaelt panRyc-seKTopa R3MepBe­

MOii TO'IKH( pB.AHyC-BeKTOp OTC'IRTbiBB.eTC H 0T OllTR'IeCKOlt OCR). LlnB 06'beKTRBB. TR­

na 'HHAYCTap' MO)I{HO OrpB.BIPil!TbCSI qneHB.MH B 'leTsepTOlt CTeneHa, KOa<P<iJRUReHTbl 

npa qneaax pSI.Ila onpe.nenBIOTCSI aKcnepaMeHTB.11bHO. 

Ha 06'be KTRBOB C HCrrpasneHHOlt AHCTOpCRelt AnH llpRMeBeHHH B npoeKTOpaX MOm­

HO peKOMeHAOBB.Tb 06'beKTRBbl THUB. 'Pyccap-nnB.3M8T', y KOTOpbiX DpBBeAeHHB.H K 

CHHMKY senH'IHHS OlllH6KR BCneACTBBe ARCTOpCRR MO)I{eT He npeBbiWB.Tb 0,01 MM ripH 

0 /8/ 
yrnax rronH apellRSI 2{3 rropSIUKa 60 (eM. pa60Ty , CTp. 174). 

BepOllTHO, a e 6yneT OWR60'1Hb!M C'IHTflTb , 'ITO B peaynhTaTe Tlll8Te11bHOlt IOCTH­

pOBKH H llpHMeReHHH COOTBeTCTBYIOIIlHX 06'beKTHBOB RnH nyTeM BBeneRRH B p SC'IeTHbi e 

<!JopMynbi rrorrpaBO'IHbiX <!JyRKUHii MOJKHO ITony'IHTb senH'IHHY rrpHBe.neRBOii K CHHMKY a e ­

yCTp8HeHROlt CyMMB.pROlt CHCTeMB.TH'I9CKOlt OWR6KH UOpSI.IlKB. ±.0,01 MM DpH pa3 Mepe 

CHRMKB. OKOnO 50 tx 100 MM R ysenH'IeR.IIH CHHMKB. HB. 9KpB.He ITOPSI.IlKS 10-15 KpaT. 

PeaynbTB.Tbl R3MepeRJIH scer,na Bblp8)1{810TCH B HeKOTOpbiX uenb!X enHRRUaX, OT­

nH'IB.IOIIlRXCH Apyr OT Apyra HS sen.II'IRay, KpaTayiO neae neneHRSl OTC'IeTHOlt C.IICTe­

Mbi. Bcne.ncTsae a'I'oro npeAe11bHB.B cnyqaiiaast omi!I6Ka aaMepaTenbaoro npa6opa 

fl ..,_., onpenenHeTCSI He T011bKO CYMMOlt cnyqai!HbiX OWH60K, B03RHK810IIlHX H3-38 

HeTO'IHOCTR .113rOTOBneHRSI .11 IOCTRpOBK.II OTAenbHbiX 'IB.CTelt rrpa6opa, HO H 3B.BHCHT 

TSK)I{e OT OTHOWeHRSl 
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rAe 

lc = b 

.aeyM 

b - UeHa AeneHHS! OTe'leTHOli eaeTeMbi, 
a - eyMMapaa!l epeAHeKBaApa-eyM 

TH'leeKaSI OWH5Ka , nonyqeHHaS! B peaynbTaTe eyMMHPOBaHHS! enyqalfHbiX OWH50K 
/9/ 

npa5opa ( 5yAeM e'IHTaTb, 'ITO eoeTaBnSIIOIIlHe eyMMapHOli epeAHeKSaApaTH'leeKofl 

owa5Ka npa5opa paenpeAeneHbi no HOpManbHOMy aaKoHy). 

Eena k >> 1 , To s aToM enyqae npeAenbHall owa5Ka orrpeAen!leTeg TOnbKO 

UeHofi AeneHHS! OTe'leTHOli eaeTeMbl H pasHa 

"" en 

eena k << 1 , To s STOM enyqae 

b 
2 

1'. = m 
en • a eyM, 

rae m - K03<jJQJHUHeHT, aasHeS!IIlHli OT npHHSITOI'O 3Ha'leHH,S! AOsepHTenbHOli sepOS!T-

HOeTH (Ha llpHMep, m = ~0 
npH AOSepHTenbHOA sepOS!THOeTH P ~ 0,95), 

05a paeeMoTpeHHbiX eny'la!l He !!Sn!lroTe!! onTHManbHbiMH. B nepsoM enyqae 

He HerronbayroTeSI nonaoeTbiO MepHTenbHbie esoAeTsa npa5opa; OWH5Ka ""en pae­

npeAelleHa no 3aKOHy pasaoA sepOS!THOeTH, Bo STOpOM enyqae AHeKpeTHOeTb OTe'le-

Ta He yseiTH'IHSaeT SellH'IHHbl OWH5KH 
1'. en , OAHaKo aanawHe ManaS! ueaa AeneHas 

y eno*HS!eT oTe'leTHyro eaeTeMY; l'.en paenpeAeneHa no HOpManbHOMy aaKoHy, 

05bi'IHO b H a eyM 5biSaiOT OAHOI'O nop!lllKa, S 3TOM enyqae 3aKOH pae-

npeaeneHHS! 1'. en rrpeAeTasnSieT eo5oli KOMrroaauaro HOpManbaoro aaKoHa paenpe-

/10/ /11/ AeneHHSI e 3aKOHOM paSHOli sepOS!THOeTH (eM. pa5oTy , eTp, 85; pa5oTy , 

eTp. 74). 

Ha pae. 1 npaseAeHbi rpa<jJHKH HHTerpanbaoli <jJyHKUHH paenpeAeneHHS! senH'IHHbi 
"" e n 

- 0- - , Sbi'IHenenHbie AilS! paanH'IHbiX aaaqeaali 1:: 

05bi'IHO IlpHH51TO e'IHTaTb, 'ITO npa aSTOMaTH'leeKOM OTe'leTe (He SH3Y8Ilb­

HOM) npeAenbHaSI enyqafiHaS! owa5Ka rrpa5opa pasHa uene AeneHHS! OTe'leTHoli ea-

eTeMbl e HeKOTOpOfi aaaaHHOH AOSepHTellbHOA BepOS!THOeTbiO, 

Henonbayg npaseAeHHbie Ha pae. 1 rpa<jJHKH, e npa5na*eHaeM, AOeTaTO'IHbiM 

AilS! npaKTH'leeKHX paeqeTOS, MO*HO onpeAenHTb k eena l'.en = h > 
a) rrpa p = 0,95 

) 1:: .. 2,5 

5) npa p = 0,99 ) k " 3,5 

TO eeTb S eny'laSIX 
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!'>. 

b 

b 

2,50"CYM, 

2,5<1 cyM. 

npencTaenneTCH HHTepeCHbiM onpenenHTb, H8CKO~KO yaenH"'HB8eTCH npH 3TOM 

Cll no cpaaaeaaro co cnyqaeM, Korna k«l , TO eCTb H8CKOnbKO yaenH"'H-

BaeTen npenenbaan cnyqaAaan owa6Ka acnencTBHe nacKpeTHOCTH OTcqeTa B cnyqanx 

a) !'>.en = 2,0 a cyM., 6) !'>.en =2,6a cyM., OTKyna cneJlyeT, "'TO npa P•0,95 

OWH6K8 {';. en B03p8CT8eT H8 25%, 8 TipH 

MepHO H8 40%. 

P = 0,99 owa6Ka !'>. en soapacTaeT npa-

npHBeneHHble Jl8HHbie TI03BOnHIDT TBK)f{e npH 38U8HHOll senH"'HHe {';. en Onpene-

11HTb 3H8"1eHHe H nonyeTHMYID senH"'HHy a cyM. 

0CHOBHble COCT8BnHIDWHe cyMM8pHOH cpenaeKB8Up8TH"'eCKOH 

OWH6KH npoeKTOpa 

CyMMapaan cpenaeKsanpaTaqecKan owa6Ka npoeKTopa MO)f{eT 6biTb npencTaB­

neaa cpopMynoll 

2 
+O" 

HeK (4) 

rne a HaM epenaeKB8Up8TH"'eCK8H OWH6K8 H3MepHTe11bHOll CHCTeMbi, a BHa 

CpenHeKB8Up8TH"'eCK8H OWH6K8 BCneACTBHe HeTO"'HOrO COBMeweHHH H3MepHTenbHOll 

M8pKH e npoeKUHeH TpeK8 (owa6K8 BH3Hp0B8HHH), a aep - cpenaeKBanpaTaqecKaH 

OWH6K8 BCnenCTBHe OTCTynneHHH OT TinOCKOCTHOCTH 0Tp8)f{8IDWHX TIOBepXHOCTell 3ep-

KB11, pacnonO)f{eHHbiX Me)f{AY npoeKUHOHHblM 06"beKTHBOM H 3Kp8HOM1 a HCK - CyM-

M8pH8H epenHeKB8Ap8TH"'eCK8H OWH6Ka BCneACTBHe cnyqal!HbiX HCK8)f{eHHH, Bbi3B8H­

Hb!X npoeKUHOHHbiMH 06"beKTHB8MH, norpeWHOCTHMH IDCTHpOBKH H ApyrHMH TipH"'HH8MH. 

PaccMOTpHM KopoTKo KB)f{AYID as 3THX owa6oK. Benaqaaa owa6Ka H3Mepa-

TenbHOll eacTeMbi npoeKTopa onpenenneTcn aenpnMonaaeAaocTbiD a aenepneanaKy­

nnpaocTbro H8Up8B11HIDWHX, norpeWHOCTHMH H8HeCeHHH AeneHHH OTC"'eTHOH CHCTeMbi, 

aaaopaMH B eoenaaeaanx H npyrHMH npH"'HHBMH. Benaqaaa sToA owa6KH B cHnbaoA 

CTeneHH 38BHCHT OT KOHCTpyKUHH H KaqeCTB8 c6opKH H3MepHTe11bHOH CHCTeMbl, 

BenH"'HHa owa6Ka BH3Hpoaaaan B Meabwell cTeneaa aaBHCHT oT KOHCTPYKUHH 

H onpenenneTCH B OCHOBHOM CBOHCTB8MH rna38 onepaTopa. Ha OCHOB8HHH naTepa­

/12 13/ 
TypHbiX Jl8HHbiX ' MO)f{HO C"'HT8Tb, "'TO B cnyqae OUTHMBnbHbiX ycnOBHH Ha6nro-

neHH Sl ( npH HpKOCTH 3Kp8H8 nOpHAK8 24- 32 HT H AOeTBTO"'HOH KOHTp8CTHOCTH H3Q-

6pa)f{eHHH) npenenbHBH Be11H'IHH8 OWH6KH BH3Hp0B8HHH HeBOOpyMeHHbiM rna30M 
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He npeebiWaeT O.llHOl! yrnoeol! MHHYTbl. nonb3yRCb 3THMH .QaHHbiMH, HeTpy.llHO Bbi'IHC­

nHTb eenH'!HHy Cpe.QHeKBa.QpaTH'!eCKOl! OWH6KH BH3HpOBaHHR. npa paCCTOHHHRX Me~ 

rnaaoM onepaTopa H H3MepuTenbaoll MapKoll nopH.IlKa 250-500 MM eenH'!HHa cpe.QHe­

KBa.QpaTH'!eCKOll OWH6KH a BHa KOne6neTCR B npe.Qenax 0,025-0,050 MM. LlnH H3-

/14/ 
MepHTenbHbiX npoeKTOpOB, npHMeHHeMblX B MaWHHOCTpOeHHH (eM. pa6oTy ~CTp. 95)

1 

eenH'IHHa npe.QenbHOil OWH6KH BH3HpOBaHHR 06bi'IHO npHHHMaeTCR paeaol! 0,140 MM, 

'ITO coena.QaeT c nony'!eHHbiMH BbiWe uu<jlpaMH. 

reoMeTpH~eCKHe HCKa*eHHR npoeKUHH ecne.QCTBHe OTCTynneHHR OT nnOCKOCTH 

OTPa*aiOmHX noeepxaocTell 3epKan MOI'YT .QOCTHI'aTb 3Ha~HTenbHOii eenH'IHHbl. 3a-

.Qaeag .QOnyCKH Ha H3I'OTOeneaue 3epKan, a TaK*e BO BpeMR KOHCTpyHpOBaHHR CH­

CTeM KpenneHHH H IOCTHpOBKH cne.QyeT CTpeMHT'bCR K TOMy, 'IT06bl OWH6KH BCne.QCTBHe 

norpewaocTeii 3epKan no Kpallaei! Mepe He npeebrwanu owu6KH BH3HpoeaHHH. Bonee 

no.llpo6ao eonpoc 3a.QaHHH .llonycKoe aa 3epKana 6y.lleT pacCMOTpea e cne.QyiOmeM 

pa3.Qene. 

Benu~uaa cyMMapHoii muu6KH ecne.llCTBHe cny'laiiHbiX HCKa*eHI!ll, Bbi3BaHHbiX 

npOeKUHOHHbiMH o6beKTHBaMH 1 norpeWHOCTHMH IOCTHpOBKH H llPYI'HMH npH~HHBMH, 

npu TmaTenbHOM uaroToeneauu npoeKTopa, MO*eT 6b!Tb ae6onbwoll u, no Kpallaell 

~- /14/ 
Mepe, MO*eT He npeBbiWaTb no eenH~HHe OIUH6KH BH3HpOBaHHH 

Tpe6oeaHHR, npe.ll'bRBnHeMbie K aepKanaM npoeKTopoe 

Peanbaoe nnocKoe 3epKano H3MepuTenbaoro npoeKTopa o6na.QaeT llBYMR OCHOB­

Hb!MH OWH6KaMH H3I'OTOBlleHHR; HeKOTOpol! Manoii KpHBH3HOft H MeCTHblMH HnH 30Hanb-

HblMH OWH6KaMH. 

BnHHHHe c<jlepH'IHOCTH H uunuH.IlpH~BOCTH nnocKoro 3epKana aa ow116KH H3Mepu­

/15/ 
Tenbaoro npoeKTopa paccMOTpeao e cTaTbe • B aToll ~e CTaTbe paccMoTpeao 

enHHHHe OWH60K IOCTBpOBKH 3epKan. 

LlnH TOI'O 'IT06b! OWH6KH npOeKUHH onpe.QenRnHCb B OCHOBHOM KpHBII3HOll, 

Tonmuaa 3epKana .QOn}I{Hil 6b!Tb nopR.IlKa 1/10 oT ero Hau6onbmero paaMepa. O.llHaKo 

e 6onbmux npocMoTpoeo-u3MepuTenbHbiX npoeKTopax, npu paaMepax 3epKan nopR.IlKa 

1 ,0- 1 ,5 MeTpa, 3TO Tpe6oeaaue He MO*eT 6biTb BbiUOnHeHO H3-3a BbiCOKOll CTOHMQ­

CTH TaKHX 3epKan. 06bi'!HO B 60nbWHX npoeKTOpaX 3epKana H3I'OTOBneHbl H3 nHCTQ­

BOI'O nonupoBaHHOI'O CTeKna TOnii(HHOll 15-30 MM. Y TaKOI'O 3epKana OCHOBHOll BKna.Q 

B OWH6Ky npOeKUHH BBOCHT He o6ma'R KpHBH3Ha noaepXHOCTH 3epKana, a ero 30Hanb­

Hble omu6Ku. 
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PaccMOTpHM aaeacaMOCTb MelKny norpewHOCTSIMH npoeKUHH a aoaanhHhiMH 

owa6KaMH aepKana. nonb3YSICh pac. 2, MOlKHO nony"'HTb ljlOpMYllbl: 

2 [ L f, cos i ] 
fly~ = ---. --- - ao 

cos{3 0 cos{30 cos(i- {30 ) 

2. cos i 
fly~ =---•(L-fl·a 

cos 2 f3n n 

a 
n 

fly' • cos{30 

2[-L-­
cos{30 

f • cosi 

cos ( i - {3 0 l 

fly' • cos
2 

f3 n 

2 cos i • ( L - f) 

Ha pac. 2 H B ljlopMynax npHHSIThi cnenyiOII!He o6oaaaqeaaSI: 

(5) 

{6) 

{7) 

(8) 

f3n - yron non11 

3peHHSI B nnOCKOCTH OTpalKeHHSI OCeBOf'O nyqa, {3n - yron llOllSI apeHHSI B llllOCKOCTH, 

n epn ennaKyngpaoll: nnocKOCTH OTpalKeHHSI oceeoro nyqa, a 0 H an- yrnosbie eenH­

"'HHhi OTCTynneHHSI aepKana OT nnOCKOCTHOCTH (30H8llbHhle OWH6KH) B llllOCKOCTH OT­

palKeHHSI OCeBOf'O nyqa H B llllOCKOCTH>ell: nepneHnHKynSipHOll: COOTBeTCTBeHHO, fly~ H 

fly~ - senH"'HHhl OWH60K H306palKeHHSI B llllOCKOCTH OTpalKeHHSI OCeBOf'O nyqa H B 

lliTOCKOCTH
1

ell: nepneHnHKYITSipHOll: COOTBeTCTBeHHO, 

0CT8ITbHble 0603H8"1eHHSI SICHbl H3 pHCYHK8: ClliTOWHhiMH ITHHHSIMH llOK838H xon 

nyqell: llpH OTpalKeHHH OT CTpOf'O lliTOCKOf'O aepKana, nyHKTHpHbiMH - ny"'H llpH OTpa­

)KeHHH OT 3epKana C 30H8ITbHbiMH OWH6KaMH, 

nony"'eHHbie ljlopMyiThl nell:CTBHTeiTbHhl npH T8KHX llOITOlKeHHSIX 3epKana H 30H8ITb­

HhlX owa6Kax, Korna B npenenax pa6oqero ny"!Ka nyqell: aepKano MO)KeT C"'HTaTbCSI 

lliTOCKHM (HCKa)KeHHH BOITHOBOf'O <jlpOHT8 MeHbWe "!eTBepTH nnHHhl CBeTOBOll: BOITHb!), 

3TO ycnOBHe llO"'TH BCerna BhlllOITHSieTCSI, 38 HCKITIO"!eHHeM cnyqaes, KOrna 3epK8-

no paCnOITO)KeHO B HenocpenCTBeHHOll: 6nH30CTH K llpOeKUHOHHOMy o6~eKTHBy, non pa-

60"'HM ny"'KOM llOHHM8eTCSI ny"!OK nyqell:, naiOII!Hll: H8 3KpaHe H306p8lKeHHe OTnenb-

aoll: TO"'KH npenMeTa. 

B aasHCHMOCTH OT cxeMbi 6onhworo npocMOTpoeo-aaMepaTenbaoro npoeKTopa 

BeiTH"'HH8 norryCTHMOll: 30H8ITbHOll OWH6KH MO)KeT rrpHHHM8Tb 3Ha"!eHHSI OT 2 no 10 yr-

ITOBbiX CeKyHn npH ycnOBHH, "'TO npenenbH8SI BeiTH"'HH8 OWH6KH fly' He npeBhiwaeT 

0,1 MM. 
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3epKana, aaroToBneaBble aa o6bi"'Horo nonapoBaaaora aepKam,aoro CTeKna, o6-

naJlaiOT OIIIH6K8MH 
1
B H9CK01IbKO paa 60nbiiiHMH. 

fiOCKOllhKY, KaK npaBano, H3MepeBHll B91lYTCll He no BCel! IlnOIIIBilH npoeKIUlll, 

npellCTaBnHeTCll paayMHbiM aepKano 6om,moro npoeKTopa JlenaTb cocTaBHbiM, pac­

nonaraH aa nyTa nyqe l! CBeTa, KOTOpbie llBIOT Hao6paJKeaaa, no}lneJKamee aaMepeHJUO, 

aepKano 6onee Bb!Coxoro Ka"!eCTBa. 

Cne}lyeT aaMeTRTb, 'ITO K8'19CTB0 aepxana aeo6xoaaMo npoxoa-

TponapOB8Tb IlOCne YCTSHOBKH ero B npoeKTOpe, TSK K8K CHCT 9M8 KpenneBHll aep­

Kana MOJKeT Bbi3BSTb JlOnonaHTe1IbHbie aaa'IHTenbBbie HCKalKeHHH. KoaTpom, MOJKHO 

OCyiii9CTBHTb C IlOMOIIIb!O 8BTOKOnnHM8llHOHHOl! Tpy6bi H Il9BT8llpH3Mbi. 

ITpaMep pac'IeTa npellenbaol! oma6xa npoeKTopa 

Pacc'IaTaeM npeJleJibayiO oma6xy H3Mepeaall Jlnll npocMOTpOBo-aaMepaTeJibaoro 

npoexTopa, noKaaaaaoro aa puc. 3. Ha pacyi!Ke npaBHTbl cneJlyiOIIIRe o6oaaa'IeHaH: 

- C06CTB9BBO npoeKTOp, COCTOlliiiHl! H3 OCB9THT9nll, ycTpOl!CTB8 nepeMOTKH Iln9HKH 

a npoeKnaoaaoro o6'beKTRBa, 2 - aepxano, 3 - axpaa, 4 - aaMepaTenbHa.ll cacTeMa, 

lliTpHXOBKOl! 0603B8"19H8 TS 'I8CTb 3Kpaaa, B npeaenax KOTOpOl! MOlKHO npOBOJlHTb 

H3MepeHH.II. 

Pac'IeT H8'IB9M C onpe~eneBHSI COCTSBnll!OIIIHX CyMMapaol! cpeJlBeKBaJlpaTR'Ie­

CKOl! OIIIH6KH. Ha OCHOB8HHH OllbiTHbiX Jl8HHblX MOlKHO C"'HT8Tb 0 "'TO npeJleJibH8SI OIIIH6-

K8 H3MepHTenbBOH CHCT9Mbl (OTHOCHTenbHO IlpOCTOl!, HO TIII8TenbHO H3rOTOBneaHOl!) 

MOlKeT 6biTb IlOpSiaKS 0,1 MM, OTCIOaa 6yaeM C'IHT8Tb, 'ITO U Jil :'l M • 0,035 MM. 

fipHMeM, "'TO U aep '" 0,035 MM. J.1CXOilSI H3 STOll BenH'IHHbi, onpeJlenHM JlOny­

CKH aa aepKano. 

BocnonbaoBaBWHCb llSHHb!MH, npaBelleHHbiMH aa pHc. 3, MOlKHo aanacaTb: 

La5000 MM; £ '"2500 MM; {30 "' -11°; f3";:;•5°; i a15°. 0TC!Oil8 npa~y '-Q,l MM, 

Hcnom,ayH :jlopMynbi (7) H (8), nonyqaeM: .a 0 •2,0x10-5 paa,a;-2,1xl0-5 pall 

Hnaa 0 •an• 4•. 

.llanee, npHMeM U Baa = 0,050 MM, U HCK •0,035 MM • 

ITo ~opMYne (4) nony"'aM: 

/,....o-.o-3-5-::2-+_0_,_o_5~o2=--+-o-,o-s-5--=2--+-o-.-0-35-2::--r1 
0,08 MM. u 

cyM 

Hcnom,aySJ paBeBCTBO (2), nony"'HM: 
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/1, en ~,5 X 0,08 = 0,20 MM, 

npH 3TOM BenH"lHH8 UeHbl aeneHHSI OTe"leTHOli: eaeTeMbl b a 0,20 MM, 

C"'HTBSI, "'TO HeyeTpOeHH8Sl qaeTb eyMMapHOli: eaeTeMBTH"leCKOli: OIIIH6KH 

/1, ':T = :t_ 0,10 MM, IIO ¢JopMyne ( 1) IIOIIY'lHM BeiiH"lHHY rrpe.QeiibHOi!: OWH6KH: 

/1, = (+0,10) + 0,20 "' + 0,30 MM \B IIIIOeKOCTH 9Kpaaa), 
rrp - - -

!1peaeT8BIISieTeSI HHTepeeHblM paeeMOTpeTb enyqall, Koraa eoeTaBnSI!O!IlHe OWH6KH (3a 

HeKn!O"leHHeM OWH6KH BH3Hp0B8HHSI) H8eTOllbKO M8llb1, "'TO Hlt BnHSIHHe MO}[{HO He Y"lHTb!B8Tb, 

B TaKoM enyqae, npHHSIB U BHa = 0,040 MM, nony"'HM 

no (4) u a t_; u = 0,040 MM, 
eyM BH3 

no (2) /1, - 2 5 u en ' - 0 10 
eyM ' 

MM, 

l1pH 3TOM UeHa .QeneHHSI OTe"leTHOil eHeTeMbl • b • 0,10 MM, no ( 1) /1, •+0,10 MM 
np -

\B nnoeKOeTH 3Kp8H8}, 

.D.nSI TOrO "'T06bl OIIpeaeiiHTb npeaenbHY!O OWH6Ky H3MepeHHSI B IIIIOeKOeTH 

eHHMK8, He06XO!lHMO BenH"lHHy OWH6KH B IIIIOeKOeTH 3Kp8H8 paa.QeiiHTb H8 IIHHeli:­

HOe yaenaqeaae rrpoeKTopa, HanpHMep, rrpH yaenH'ieHHH 10 KpaT rrpeaenbaaSI owa6-

Ka B nnOCKOeTH eHHMK8 nonyqaeTeSI ~8BHO!l :!;;,0,010 MM. 

!1onyqeaaaSI aenH"lHHa onJH6KH aeero B aaa paaa npeBbiwaeT npeaenbayro owa6-

KY H3MepHTe nbHOro MHKpOeKona THna YJ.1M-21 (c BH3VBnbHblM OTe"leTOM ) fc.M . p.JJ,­
/16/ 

60Ty , eTp, 247), 

BoaMO}[{Hbie nyTH ynyqweHHSI MepaTenbHbiX KaqeeTB 

npoeMOTpOBD-H3MepHTenbHblX npoeKTOpOB 

0eHOBHblM aeaoeTBTKOM npoeMOTpOBO-H3MepHTenbHbiX IIpOeKTOpOB, noao6Hb!X 

npaaeaeHHOMY H8 pae; 3, HBIISieTeSI TO, "'TO norpeWHOeTH H3rOTOBIIeHHSI H e6opKH 

OT!le1IbltDIX qae:reit npoeKUHOHHOil eHeTeMbl npa6-opa eyweeTBeHHbiM o6p830M BIIH SI!OT 

aa aenH"lHHY owa6KH H3MepeHH!L B peaynbTaTe sToro npaxoaaTeSI aaaaaaTb aeebMa 

}[{eeTKHe aonyeKH aa aaroToaneaae H yeTaHOBKY aeTaneli: npoeKUHOHHOll qaeTH npoeK-

TOpa, KpoMe 3TOrO, T8KOil npOeKTOp O"leHb HeyeTOH"lHB K TeMnepaTypHblM H3MeHe­

HHSIM H BH6p8UHSIM, 

8 TO }[{e BpeMSI B H3MepHTellbHOil TeXHHKe H3BeeTHbl enoeo6b! 60pb6bl e YK8-

38HHblMH Bb!We HeAOeT8TK8MH - 3TO e03A8HHe npH60pOB, B KOTOpblX H3MepeHHSI 

npOBOASITeSI HyiieBblM MeTOAOM IIH60 MeTOAOM p8BHb!X HeKa}[{eHHil ( MeTOA 38Meme­

/17 I 
HHB) (eM, pa60Ty , eTp, 83), 
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CyTb Hynesoro MeTona aaKmoqaeTCH s TOM , 'ITO ny'IH cseTa, HnymHe oT TO'IeK, 

nonneJKamHX H3MepeHHIO, Hc'llb!TbiBaiOT BCer):la OAHHaKOBb!e HCKaJKeHHli, a UOCKOilblty 

H3MepeHHli BC9I'Jla OTHOCHTenbHbl (H3MepgeTCli nonOlK9HHe OAHOH TO'IKH OTHOCHT911b-. 

HO Apyrolf), TO :3TH HCKalKeHHli He BnH5110T Ha OKOH'IaTenbHblH peaynbTaT H3MepeHHL 

To ecTb npH HynesoM MeTOAe ycTpaHeHo nonHOCTbiO snHHHHe norpemHOcTeA npoeJt-

UHOHHOll CHCTeMbl Ha OmH6Ky H3MepeHHli. 

npaKTH'I9CKH peanH3yeTCH :3TOT M9TOA B TOM cnyqae, KOI'Aa, CKaJKeM, H3Me-

pHT9nbRali M 8 pKa HeUOABHlKHa, a npeAMeT, no.QneJKamHll H3MepeHHIO, nepeMemaeTCB 

JlO TeX nop, UOKa H3MepgeMali TO'IKa He COBMeCTHTCli C H306PalKeHHeM HeUOJlBHlKROI! 

H3MepHTenbHOll MapKH. HaMepeHHH aynesbiM MeTOAOM ocymecTsnmo!l'CH, HanpHMep, 

/41 
B H3MepHTenbHOM MHKpOCKOne YHM-21, H a 6aae KOToporo C03.Q8H npa6op nyoc • 

He.r:~ocTaTKOM MeTo.r:~a HBnHeTCH TO, 'ITO npa H3MepeHHBX Reo6xo.QHM O nepeMemaTb 

npenMeT OTHOCHTenbHO npoeKUHOHHOll CHCTeMhl HnH uenHKOM npoeKUHOHHyiO CHCTeMy 

OTHOCHTenbHO npeuMeTa; o6a cny'lali He BCei'AS peanH3YIOTC li .QOCTSTO'IHO npOCTO Ha 

npaKTHKe. 

HAeli MeTOAS paBHhlX HCKalKeHHll COC'I'OHT B TOM, 'ITO ny'!H CBeTa OT H3Mepge ­

MOll TO'IKH H H3MepHTenbHOll M8pKH, llpOXOAli qepe3 npoeKUHOHHYIO CHCTeMy, HCllblTbl-

BSIOT O.QHHSKOBble HCKaJKeHHli. 

npaKTH'leCKH TSKOll MeTOA MOlKeT 6b!Tb peanH30B8H B TOM cnyqae, ecnH H3Me ­

pHT9 nbH8li MapKa He CBH38H8 C :3Kp8HOM, a npOeKTHpyeTCH TOll JKe npoeKUHOHHOll C H­

CTeMOll, 'ITO H H3MepHeMbil! CHHMOK, H COilplilKeHa C nnoCKOCTbiO CHHMKa (cKalKeM, 

C JlOMOmbiO CBeTOAenHTenbHOll npH3Mbl, pacnonoJKeHHOll MeJK.Qy CHHMKOM I!' npoeKUH­

OHHblM 06'beKTHBOM) • npH KOHCTpyKTHBHOM OCymeCTBneHHH TSKOI'O npOeKTOpa B03HH­

~aeT pliA Tpy.QHOCTell, OCHOBHOl! H3 KOTOphlX HBnHeTCli npo6neM8 C03Jl8HHli U03HUHOH­

Hnll OTC'!eTHOH CHCTeMbl C He06XOJlHMOH TO'lHOCTbiO OTC'!eTa. CneAyeT 38MeTHTb, 'ITO 

UpHMeHeHHe ll03HUHOHHOH OTC'l9THOll CHCTeMbl B npOCMOTpOBQ-H3MepHTenbHOM npoe K.,.-

TOpe B006me He HBnHeTCH 06H38TenbHblM npHMell9HHe U03HUHOHIIOll CHCTeMbl. TOnb-

KO HeCKOnbKO yCKOpHeT npouecc H3MepeiiHH, a C03.Q8HHe npoeKTOpa, pa6oTa KOTOpOI'O 

o c Hosaaa Ha MeTo.Qe pasllhlX acKaJKeaall, noasonHT nony'IHTb npH6op
1 

MeTponoraqe­

CKHe K8'!9CTB8 KOTOpOI'O 6y.QyT 6nH3KH K K8'19CTB8M H3M9pHTenhHOI'O MHKpOCKOU8 

THUS YH M-21. 
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none OKpymeHHSI a ycnoBHSI pa60Thi onepaTopa 

0ma6KH H3M8p8HHSI B ycnOBHSIX aKcnnyaTaiiHH 3aBHCSIT He TDnbKO OT MeTpo-

noraqeCKHX Ka'IeCTB H3MepaTenbHOI'O npa6opa, HO H OT TeX ycnoaal!;, B KOTOpb!X 

HaxouaTCSI onepaTop, pa6oTaromaA Ha uaHHOM npa6ope. 

HeMBnoe BnHSIHHe Ha YTOMnSieMOCTb onepaTopa OKa3hiBaeT !!pKOCTb nonS! OK­

pymeHHSI. nou noneM OKpymeHHSI nOHHMaeTCSI 'IaCTb npOCTp8HCTB8 BOKpyr aKp8H8 

IIpOeKTOpa, KOTOpaSI HaXOUHTCSI B none 3peHHSI onepaTopa BO apeMR pa60Thi. 

LJ.ng C03UaHHSI OnTHM8nbHhiX ycnOBHA !!pKOCTb nOnS! OKpymeHHSI uonmaa 6b!Tb 

/18/ 
He CKOnbKO MeHbllie KnH paBH8 !!pKOCTH aKpaHa (eM. pa6oTy , CTp. 96), npH a TOM 

uonmHbl OTCYTCTBOB8Tb pe3KHe H rny60KHe TeHH B np e uenax nOIISI 3peHHH, B none 

3 peHHSI He U0II)I{H0 6b!Tb TaKme MeCT C !!pKOCTbiD, npeBhllli8IDllieA HpKOCTb a KpaHa 

(6IIHKH). 

EcnH C03UBTb T8KHe YCIIOBHSI B KOMH8Te C 6enhiMH CTeHaMH H nOTOnKOM, TO 

pacCeruiHhiA HMH caeT 38CBe'IHB8eT H3MepaTe iibHhiA aKpaH. B pe3ynbTaTe aToro KOH­

TpaCTHOCTb H306pameHHSI 3H8'IHTeiibHO CHHmaeTCSI H pa60Ta B TaKHX yCIIOBHSIX CTaHo-

BHTCSI 3aTpyuHHTenbHOII. 

LJ.nH ycTaHOBKH npOeKTOpOB, IIOJl06Hb!X npaaeueHHOMy H8 pHC. 3, MOmHO peKO-

MeHuoaaTb cneuyromee o<jlopMneaae noMeweHHH. 9T06hi yMeHbWHTb BnHSIHHe napa-

3HTHOII 38CB8TKH, npeuMeThi, HaXOUS!WHeCSI BH8 nOnS! 3peHHSI onepaTOpa, B TOM 'IHCIIe 

CTeHbl H IIOTOnOK, HY)I{HO 0Kp8CHTb B TeMHh!il: UBeT KpaCKOl! C Maiih!M KOaQJQJKUHeH­

TOM OTpameHHSI( BepOS!THO, JliiSI 3TOI'O nouoAuyT TeMHO-CHHHe TOHa), a npeuMeThi, 

HaXOUS!WHeCSI HHme ypOBHSI 3Kpaaa, B TOM 'IHCIIe non H HH)I{HIDID 'IaCTb CTeHhl, cne­

uyeT OKpaCHTb B CB8TIIhl8 , MSirKH8 TOHa MaTOBOil: KpaCKOII, IlpH aTOM CBSTHIIbHHKH 

UOII)I{Hhl 6biTb CKpb!ThiMH H pacnonaraTbCSI HH)I{S ypOBHSI aKpaHa. 

MomHo HaJleHTbCSI, 'ITO TaKoe o<jlopMneaae noMeweHHSI cymecTaeHHo CHH3HT 

yTOMIIS!eMOCTb OIIepaTOpa, pa60TaiDwero H8 IIpOCMOTpOBD-H3M8pHT8IlbHOM npOSKTOpe, 

H cnenaeT ero pa6oTy 6onee npHSITHoil:. 

B 3aKniD'I8Hile aaTop 6narouapHT B . .D.. HHKHHa H B.M. KoToaa 3a none3Hhie 3a-

Me'IaHHSl. 
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