VIK 528.711.1
B. M. CEPZIIOKOB, I'. b. JIHICOB

OCOBEHHOCTH ®OTOrPAMMETPUYECKOM CbHEMKMU
C BJIU3KHUX PACCTOSAHUM

IIpumenenne $oTOTEONOMUTOB ¢ MOCTOSAHHBIM (OKYCHEIM pac-
CTOSIHHEM JJI1 CBEMKH OOBLEKTOB ¢ GJHM3KHX PACCTOSIHHE OrpaHHuH-
BAETCs TPAHUIIAMH H TJIyOHHOH Pa3HOCTH H300parKeHHs.

MunuMaibHO® pacCTOSHHE, NPH KOTOPOM H300pakeHHe elle
NoJy4daeTcst Pe3KUM, [JIsi H3MEPHTEJNbHbBIX LeJiell OnpeneasioT 00bY-
HO 10 H3BeCTHOHU (hopmy.Jie

D=F/§-d|JF, (1)

rage § — AuaMeTp JONYyCTHMOrO Kpy:KKa HepeskocTH; d/F — OTHO:
CHTEJIbHOE OTBepcTHe 00beKTHBA (POTOKaMepHI.

Paccrosinne D HasbiBaoT ruliep(oKaJbHBIM, OHO COOTBETCTBYET
PaccTOSIHHIO 0 TOYKH Ha ONTHMAJbHON OCH (DOTOKaMepbl, HAUuHHAS
OT KOTOpOro u3o0OpaykeHHe CYHTAETCS PEe3KHM IIPH 3aJaHHOM JHA-
MeTpe KpyzKKa Hepe3KOCTH.

YMEHDLIIHTh MHHHUMAJIbHOE pPAaCCTOSHHE MOXKHO MyTeM aHadpar-
MHDPOBAHHUSI ¢ H3MeHeHHeM (yBeqHUeHHeM) (DOKYCHOrO pacCTOSHHS
(oToKkamMeprl, BBIABHTas OOBCKTHB HJHM IepeMeliasi HPHKJAIHYIO
paMKy ¢ororeosoauta. Kak mpaBumo, B 3THX ciayuasx Tpebyercs
crenuanbHoe nepeobopynoBanne HOTOTEOAOIHTA.

Paccrosiune 10 00beKTa MOXKHO TaKkKe yMEHBIIHTb, COKpallas
tdboxycHoe paccTosiHHe 00BEKTHBA, UTO JOCTHTACTCS HJH €ro 3aMe-
HOH Ha JIpPyroi, HJIH NpHMeHeHHeM HacaZoYyHBIX JHH3 *.

* Ilpn KHHOCHEMKE TPHMEHSIIOT OOBEKTHBHI C IepeMeHHBIM (DOKYCHBIM pac-
CTOSIHHEM, OCHOBAHHLIE Ha NPHILNIE H3MEHeHHs ONTHUECKOro HHTepBaJa i3
JIHH3aMH OOBEKTHBA, OAHAKO OHII BCE Y3KOYrOJIbHEIE M HE MOTYT OLITh HCIHOJb-
30BaHBl 4711 (HOTOTEOA0JHTOB.
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l0KeH TaKXKe NMyTb KaJHOPOBKH ()OTOKaMephl [AJIsi HCIIOJb30BAHHS
¢ ¢ IeJIbI0 ONpejle/IeHHs] KOOpJAHHAT 06heKTa.

Hamu paccmorpen cmoco6 pacyera HacagouHbIX JIHH3 NPH CheM-
fe poToTeOONMHTAMH ¢ GJIH3KAX PACCTOSHHIL.

®opmysa (1) nosyueHa HCXOAS M3 3aKOHOB NpSIMOJIHHETHOH
[EOMETPDHYECKOH ONTHKH M HCIOJNb3yeTCs B TEXHHYECKOH M yueGHOMH
mrepatype. OIHAKO OHAa HE yYHTBHIBaeT R
BIHAHHST a00epalHOHHBIX HCKAMEHHH H
(HHKEHHSI pa3pellaolledl CnocoGHOCTH !
| i300paxKeHHsl H3-3a AUPPAKIHH CBeTa.

Bausune a66Gepauuii ymeHbliaercs c
JMEHbIIEHHEM OTHOCHTEJIbHOTO OTBep-
trist 00bEKTHBA, a pa3Mep AH(PaKIHOH-
Horo KpyXKa pacceHBaHHsl, Hao6opor, 5
JBEIHYHBACTCSI C yMeHbIIEHHEM OTHOCH-
TeIbHOrO otBepcTHsA. [lostomy cyiect-

2

3aBHCHMOCTD pa3peluaiouieii CocoGHOCTIL OT Jii- -
(DpPaKUHOHHBIX HCKaKeHHI. 12 0 125 1:50

| BYET €llle TaK HA3bIBaEMOE KPHTHYECKOE OTHOCHTEJNbHOE OTBEPCTHE,
pH  KOTOPOM paspeuramiiasg CHoCOGHOCTb CTAHOBHTCSI MAaKCH-
| MaJIbHOI. :

~ T'paduueckn 310 moOJIOKEHHEe MpeaCTaBIEHO Ha pHCYHKe.
 KpuTHueckoe 3HaueHHe OTHOCHTENBLHOTO OTBEpPCTHS OGLIYHO Ha-
- XoJHuTCA B npenenax 1/6—1/12.

~ IlIpm HcnoabzoBaHuuM  (HOTOTEONOMHTOB, OT(OKYCHPOBAHHBIX HA

- GeckOoHEUHOCTb, AHA(ppParMy OGBIYHO YCTAHABJHBAIOT MeHbIIe KpH-
THYECKOH, YTO OOBSICHAETCS HEeOOXOAMMOCTBIO CHHMATh OOBEKTHI
0MUKHEro MaHa ¢ JOCTATOYHOH Pe3KOCTBIO.

OxHako mpu pacyere MHHHMAJbHOTO DACCTOSIHHS, MPH KOTOPOM
yner oGecreuena mocTaTOUHasi Pe3KOCTh, (opmyay (1) Hcmosibay-
0T He coBceM MpaBuibHO. OGBIYHO 3a1aIOTCS KAKHM-THOO KPYHKKOM

. HEPE3KOCTH § H , BapbHPYsl OTHOCHUTE/BLHBIM OTBEPCTHEM, PaCCUHTHI-
BalOT runep¢okasbHoe paccrostaue D (T. €. MHHHMAaJbHOe OTCTOSI-

- HHe Ymin), IpH KOTOPOM GyJeT ellle 0GECHeYeHo NoJyueHne KpyxKKa
HEPE3KOCTH O, He IPEeBHIIIAIONIero 3a{aHHbIM.

Ilpu wucnonbzoBannu ¢opmynasr (1) caeayer yYuTHBaTH 3aBH-
CHMOCTb MeXJy KPYXKOM HEPe3KOCTH 8 H OTHOCHTeNbHBIM OTBEp-=

CTHEMA—];. B cootBercTBHH ¢ AH(PAKIHOHHON TeOpHEeH MOCTPOEHHS

H300paXkeHus 3Ta 3aBHCHMOCTb MOXKeT OBITh HpejcTaBjieHa (hop-
MYJIOH F
8 =245 )\E . (2)

09—3971 121



IloncraBnsisg 3sHauenne A=0,55 MMK, mosryuaem

/i
A=13-. 3
. @)

OTclona Ha#jeM MHHHMaJbHOe 3HaueHHe OTHOCHTEJHHOTO OTBep-
CTHS, IPH KOTOPOM ONpeJieJisieM QHAMETD KPYXKKa HEPE3KOCTH, He

HpeBbII.Ua}OH.lHH Baﬂ\aHHHPI
d 1.3
(—) =18 4)
F min o

rne 3HaueHue Kospopuuuenta 1,3 H KpyKKa Hepe3KOCTH § BBIpaxKe-

HO B HaHoMmerpaX. IloxcraBisis 3HaueHHe F u3 Qopmyas (4) B

(1), umeem ' F?

Dmin:1’3_a;' (5)

dro 3HaueHue runep¢oraabHOro pacctosiHusi (Dmin=Ymm) Oyzer
MHHHMAJIbHBIM, IIPH KOTOPOM obecleuHBaeTcsi MOJydYeHHEe 3aJaHHO-
ro 3HaueHHs] KpyxKKa Hepe3kocTdH §. Ecam ymeHbIIHTH AHagparmy,
TO KPYKOK HEepe3KOCTH YBEJTHUUTCS H3-3a AU(PAKIHH CBeTa, eClH
yBeMYUTh AuadparMy, TO KPY?KOK HEPEe3KOCTH YBEJHUHTCS H3-3a
pacoKyCHPOBKH H rHIep¢OKaJbHOE PAaCCTOSHHE COOTBETCTBEHHO
YBEJIHYHUTCS, T. €. TPAaHHIIA PE3KOCTH OTOABHHETCS OT (POTOKaMEepHL.

3HaueHHe MHHHMAJbHOIO OTHOCHTEJIBHOTO OTBEPCTHS, COOTBET-
cTByIOLLEro HaigeHHoMy 1o (opmyie (5) 3HaueHHIO D, HAXOAUM
3areM no ¢opmyae (4). Takum o6pasoM, IpH 3aJaHHOM KpYXKKe
HEPe3KOCTH CYIeCTBYeT MHHHMaJbHOE THnep(oKaIbHOE PaCCTOSHUE
Dpin, yMEHBIIATD KOTOPOE AHA(ParMHPOBAaHHEM HEJb3S.

Yino6ctBo BHuHCIeHHH 10 ¢opmyae (5) Tpebyer IOJTyYeHHs
Dmin B MeTpax, Ais uero ciaeayer F 6paTb B caHTHMeTpax, a 6 —
B COTHIX J0JSIX MUJJHMeTpa, Toraa Kosdduuuent 1,3 Heo6X0IHMO
BeIpasuTh B Merpax. Tak, mpu F=20 cM, 6=2-102 MM HMeeM

Dnin=1,3 (220) =150 m.

OTHOCHTEJIbHOE OTBEPCTHE B COOTBETCTBHH ¢ (OPMYJoH (4) MOJIKHO

OHITh g =—.
F 15
OGo6mas popmyay (1) u (5), samumeMm HX caeayioltum obpa-
30M: 2 ; .
Dyin=1,3 (g) [pu (g) = 1,3; 0 = Omins (6)
o min o
F? d d
D: o«— HAPH —= == ;8>ain’ 7)
8 F 1 F > (i)min . (
e Omn — 3aJAHHBEIA MHHHMAJbHbIE KPYKOK HEPE3KOCTH.
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Ha ocuoBanun ¢dopmya (6)—(7) u tabda. 1 npuBejleHH 3Haue:
git Do ¥ D a5t pasauunblx GOKyCHBIX paccrosHuii mpu §=0,02

1M,
Takum 06paszom, NpH 3aJaHHOM KPYKKe Hepe3KOCTH MHHHMaJb-

jo esiecoo6pasnasi fuadparma pasHa 1/15.
Ilast pororeononura «doreo 18/1318» nmapparma pasHa 1/25,

09TOMy JHAMeTp KpyXKa Hepe3KocTH cocrasaser 6=1,3 Ez

~0,032 MM H c/je10BaTeJbHO, MHHHMAaJIbHOE COCTOsIHHE Ymin=Dmin,

Ta6auma 1

T'unepdokajbHbie PAacCTOSSHHST TPH  Pa3IHUHBIX
(OKYCHBIX PACCTOAHHAX OOGBEKTHBOB M OTHOCHTEJbHBIX

OTBEPCTHH
Dmim D npu (pOKYCHBIX PacCTOSHHAX
OTHOCHTEJBHOE 00beKTHBA
OTBCPCTHE
50 | 1oo| 150] 200' 2so| 300
1:5 95 | 100 | 225 | 400 [ 625 | 900
1:10 | 12 ‘ 50 | 112 | 200 | 310 | 450
115 | 8 | 83 | 7 | 130 | 200 | 300

20\2
IpH KOTOpPOM OyJeT moJjiyyeHa 3ajlaHHasl pe3KocCTh, Dnin= 1,3 —| =

3,2
=50 m.

VBennunpasi KpyKoK Hepe3kocTH 10 0,1 MM, 4TO BO3MOXKHO NpH
H3MepeHHsiX 10 MapKHPOBAaHHBIM TOUKaM, NOJYYHM MHHHMAJbHOE
BO3MOJKHOE OTCTOSIHHE

e F2 d 2000 1
Wi — o s

= - — =16 M.
A F 01 - 25

JlanbHelillee yMeHbIIEHHE pAacCTOSHHS BO3MOXKHO, KakK yxe
YKa3hBAJIOCh BHILIE, HIIH yBeIHUEHHEM (bokycHOro paccTosHus (o-
TOKaMephl (4TO JOCTHTaercsi BBEIIABHKEHHEM 00beKTHBa HJIU IpH-
KJIaJHOH paMKH (OTOTEOJONHTA), HIH YMeHbIIeHHEM (hOKyCHOrO
paccrosiuisi 0GBeKTHBA, HJH HCIOJIb30BAHHEM HACAOTHBIX JIHH3.

BTopoii myTh — HCHNOJb30BAHHE HACAJOYHBIX JIMH3, — XOTA H
1aeT HeCKOJbKO Xyjllee H3o0parKeHHe W BHOCHT HCKaxeHHHd, HO
GoJsiee TIPOCT H ONEPATHBEH. OH jacT JOCTATOYHO XOpOIIHe pe3yJb-
TaThl IPH ONpeJe/]eHlH nedopmanuii, Korja BHOCHMBIE 00 BEKTHBOM
HCKajKeHHsl NPAKTHYECKH He CKa3BIBAIOTCS Ha pe3yJ/bTaTax H3Me-
peHu.

OnpejfennM TapaMeTpbl HACAJOYHBIX JHHS, KOTOpble HeoOXO0/H-
MO IPHMEHSTb IIPH CheMKe C 6JU3KHX PAcCTOSIHHH B cjydae HC-
MOJB30BaHHS (HOTOTEOLOJUTOB, OTBICCTHPOBAHHBIX Ha HecKoHed-

HOCTb.
9*



@okycHOe paccTosiiie 06BbeKTHBA NPH CheMKe ¢ KOHEYHOro pac-
CTOSIHHSI IIPH TOCTOSHHOM (DOKYCHOM pPacCTOSIHHH (POTOKAMEPH Ha-
XO/UM HAa OCHOBAHHH YPaBHEHHSI ONTHKH

1 1 1
) + T R =) 8
d, ' d, F ®)
rae F — (bOKyCHoe pacCcTosiHHE 00 beKTHBA.
HpHMeHHTeJIbHO K paCCManHBaEMOMy CJy4yailo BBeIeM 0603'

Havenusi: di=[; do=Y, Torna
1,1 1
o= 9)
f Yy F
rie [ — dokycHoe paccTosiHHe 06bekTHBA (poTOTEOMA0UTA. Pemas
dopmyay (9), Hailgem
Y
FeeXl (10)
Y1
DQoKyCcHOe pacCTosiHHe CHCTEMBl H3 OOBEKTHBA H HACAJ0YHOM JIMH-
3bl MOXKHO OIIpeZleNIHTh 10 H3BECTHOH (hopmyJe

Pt s i 11
f + fn—A : ( )
rae fx — (OKyCHOe pacCTOsSIHHe HaCaJOYHOH JIMH3bI; A — OnTHYe-
CKHH HHTepBaJ, T. €. PAaCCTOSAHHE MexKJy MepefHeH y3/0BOH TOUYKOH
00BeKTHBA W 3a/iHEH Y3J0BOH TOUKOH JIHH3HIL.
Ta6aunyga 2

MapameTpni HacajpO4HbIX JIHH3
H (OKYCHBIX PAacCTOSIHHH 00BbEKTHBA
C HacaJoYHOH JHH30M

Ortcrosnua F, M 1 2 5 10
POKyCHOE pacCTosiHuE f 4,
M HAacaJOYHOH JIHH3LI 1 2 5 10

OnTHueckast CHJIa Haca-
JOYHOii JHH3BL B JIH-
ONTPHSX

DoKyCcHOE -paccTosiHHe

00BEKTHBA C Hacamou-
HOM JmuH30l F, MM 166 | 182 | 192 | 196

OueBnano, 3T 3HaueHus F u3 dopmyn (10) u (11) mosKHBEL
ObLITb OAHHAKOBBIMH, MO3TOMY, IIDHDAaBHHBAS, MOJydaem

124



' Pemnast mosyueHHOe BHIpaXKeHHeE, 3aNHCHIBAEM

J, = Y—);,A. (12)

Bropo#i unen u3 ¢opmyast (12) meublie mepsoro B ? pas. Tak,
A

mpu A=10 mm, =200 Mm 7 =Q16,

npocTyio Gopmyay Aas pacyera (POKYCHOrO pPacCTOSSHHS HAacamod-

HOH JIHH3BI

I03TOMY, ONyCKasi ero, Hajem

fa=Y. (13)
Wnn, BEIpazkas OnTHYECKYIO CHJY JMH3bl B JAHONTPHSX,

D =i, (14)

rae [p caeayer Gpatb B Merpax. TakuM o6pas3oM, 3HaueHHst ¢o-
KYCHBIX PacCTOSIHHil HACaJOYHBIX JHH3 PaBHbL OTCTOSIHHSIM Y J10 cO-

Tabanuma 3
I'panuubl Pe3KOCTH NMPH CbeMKe C GJH3KHX PaCCTOSHHN

el
F~ 2
T'unepdokaabuble paccTosHHA Dmmo D, ¢okychbie
no:{[‘:_"'"’ paccTosHus F M OTCTOSHHS ¥ 10 CONPsXKEHHOI NI0CKOCTH
KPYXOK He- -
Pe3KOCTH |\ p |F — 166 mm | D, | F=182 mm | D, |F =192 MM | D, |F =196 MM
8, MM M| V=1m | M Y =2u M Y =5m M| V=10M
0,98 1,9 4,6 8,5
0,03 4010, 50) 02— (5309 —— |55]| 3.8 ——
- 1,03 2,1 5,5 12,3
0,95 1,9 4,3 7,7
0,05 0,1 — 0256—— (32| 1,6 373
T ) 1,05 B 2,15 5,9 14,7
0,9 1,8 3,8 6,0
0,0 121020 —— 15| 05— [16| 3,1 —— [16| 20 —
d 020 1,1 B 2,3 79 26,0

NpsI2KEHHOH INJIOCKOCTH; 3HAYEHHSI UX ONTHYECKOH CHJIBI AHONTPHSX
npHuBelleHB B Tabu. 2. B 370t Tabaune Takxke NpHBENEHH 3HaUe-
HHSI (POKYCHOrO paccTosiHHS 0ObeKTHBA (hOTOTEONOJNHTA ¢ HACaH0U-
HO# nnu30# npn [=200 mM.
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Jlist 3THX 3HAuYeHHH HOBEIX (DOKYCHEHIX pPACCTOSIHHE BBHIIHLIEM
TPaHALBl PESKOCTH NIPH CheMKe ¢ OJH3KHX paccTosiHhil (Tabua. 3).
IMoncunraem ux mo dpopmynam *

DY _ DY

T o 11 ¥ b i ) (15)
D+Y D—Y

len =

Coenyer OoTMeTHTb, YTO NpHBeJeHHBIe B TabGa. 3 rayOHHBI pes-
koctH nmpH 6=0,06 MM u 6=0,1 MM He SABJAIOTCS Ipe/e/bHBIMH,
NIOCKOJIbKY OHH pacCyHTaHH c ydueroM ¢opmyn (7), KOrga OTHO-
CHTeJIbHOE OTBEPCTHE HE SIBJISIETCS] KPHTHYECKUM.

Tadbauuma 4

OntumanbHbie TPaHHUB PE3KOCTH MNPH ChEMKE C OMU3KHX
paccTosHui npu HCMNOJb30BAHHMM HACANOYHBIX JIHH3

Kpurnuec- Funepdokanbhoe paccrosHHe Dmin- ¢oxyc-
HonycTu- | KOe OTHO- Hble paccrosgaHs F u OTcTosHus ¥ 1o
MbIH CHTeNbHOe COMPAXKEHHON MI0CKOCTH
KPYXOK He-| OTBepcTHe
Pe3KOCTH d
8, MM = D,| F=166 | D,| F—18 | D, F=192
F M| ¥V=1m|M| Y=2M|M| ¥V=5n
0,98 1,9 4,6
0,03 1 40(0,06 — (50| 0,2—— (53| 0,9 ——
/25 1,03 251 5,5
0,95 1,8 4,0
0,05 1/40 13({0,156 — [17]| 0,5 —— | 19| 2,7 ——
; ! 1,1 2,3 6,7
0,7 1,3 2;5
0,1 1/80 3/108—— | 4(/27—— | 5
1,5 4,0 00

Hast ysenuuenusi rayOHHBEI pe3kocTH mo (opmyse (4) Haiizem
KDHTHYECKOE OTHOCHTEJbHOE OTBEpPCTHE:

ana=0,05MM QZM:L;
F 0,0omMm 40
HDH8=0.1MMg=L,
F 80

Bocnosb3oBaBIuch 3HaYeHHSIMH AHadparMH, TIOJIYYHM THITEp-
(oKabHbEIE PACCTOSHHS, IMIyOHHBI H TPAHUIB PE3KOCTH, IpHBEIEH-
HBle B TabJ. 4.

* Cepdiokos B. M. ®otorpaMmeTpHsi B TpPOMBIIVIEHHOM H TPaKIaHCKOM
crponresnbctBe. — M.: Henxpa, 1977.
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F’ Cpasnenne Tabu. 3 H 4 CBHIETENbCTBYET, UYTO NPH KPHTHUECKHX
0THOCHTEJIbHBIX OTBepCTHUAX (Tabus. 4) rpaHuubl U rayOHHBI pes-
* {0CTH 3HAUHTEJbHO PaCIIHPSIIOTCSI.

- Ormernm, yro KamMepa YMK 10/1318 umeoT MHHHMaJbHYIO IH-
apparmy 1/32. DTo HECKONBKO CHHIKAET ee BO3MOXKHOCTb IIPH ChEM-
ie MApDKHPOBAHHHIX OOBEKTOB ¢ OJHM3KHX PaCCTOSHHHA.

Ha ocHoBaHuH NpHBeJeHHBIX PacueTOB MOXKHO YCTAHOBHTDH CJie-
tyiomee. ITpu nozxcuere runephoKaabHOTO PACCTOSIHHS CJAEAYET yuH-
THBaTb 3aBHUCHMOCTb pa3pellalolleii CHOCOOHOCTH OT €ro OTHOCH-
TeIbHOTO OTBEPCTHSI. B ciyuae CheMKH € MaJblX OTCTOSHHH (DOTO-
7€0/10TUTAMH, OT(OKYCHPDOBAHHBIMH Ha OGECKOHEUHOCTb, MOMKHO IpPH
onpeleneHHH JAedopMalHH HCIOJb30BATh HACAaJOYHBIE JIMH3BI, YTO
yIpolaeT NpoLecc MOATOTOBKH (1)0TOTe0110nma H He Tpebyer ero
nepeenKH.

y oToTeON0THTOB, Hpenﬂasﬂaqeﬂﬂblx It ¢beMOK ¢ OJIHM3KHX
paccTOSIHUIL, 1eJeco00pa3Ho HMETh HepeMeHHyI0 Auadparmy B Ipe-
nenax 1/8—1/62.

PaGora noctynujia B pefikoaserinio 6 noatGps 1979 roxa.



