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AHAJIM3 PACYETA 3JIEMEHTA TEOMETPUYECKOTI' O PASPEHIIEHUA
IIPU CKAHUPOBAHWU CHUMKOB JIJ151 OBECIIEYEHU S PASPEIIAIOIIEN CHOCOBHOCTH
I'PAOUYECKHUX ®OTOINIJIAHOB 1 CHUMKOB

KaHo. mexH. HayK, ooy. A.A. MUXEEBA
(Ilonoyxuii 2ocyoapcmeennslii yHugepcument)

AHnanusupyromes opmynvl paciema paspewenus npu CKaHUposanuy 0 obecneyeHus paspewiaroujeli cno-
cobnocmu epaguyeckux omonnanos u paspeuiaroujeli CHOCOOHOCMU CHUMKA, npusedeHHbvle 6 Uncmpykyuu no
@omozpammempudeckum pabomam npu co30aHuU Monozpapuueckux kapm u nianos. 4Ymo xacaemes epaghuyeckux
@omonnanos, mo He NOHAMEH cam MEPMUH «2paguueckuli GOmoniany u O KaKou yenu 3Mmom «epaguyeckuli
@omonnany MoxcHo npumenamv. B Hncmpykyuu He 0ondcHo Obimb HU OBOUHBIX MOIKOSAHUL, HU CNOpHBIX. Kpome
mMoeo, paspeumarowas cnoCOOHOCHb «2papuueckux Gomonianosy, paccuumantas no Popmyne Céasu paspeuenus
npu CKaHuposanuy u paspeuiaroweti cnocobnocmu, Huskas. Paspewaiowas cnocobnocms cHuUMKa OeticmeumensHo
uzpaem 3HAYUMENLHYIO PONb NPU OCUUPPUPOSAHUL, BAHCHO NPABUILHO PACCHUMAMb paA3pelieHie npU CKaHUposa-
HUU CHUMKO8, obecneuusaiowux xkawecmeennoe oewugpuposanue. OOHaxo 6 opmyne He yumeHvl MACumaodyl
AIPOCHUMKOB U CO30ABAEMbIX Kapm (M1aH08). B pesyrvmame no CHUMKAM DA3HbIX MACUIMAOO08, NOTVUEHHBIX O
CO30aHUsA KAPMbl KOHKPEMHO20 MACWMA0d, NOIYUUIU OOUHAKOBbLE 3HAYEHUS DNEMEHMA 2e0MemPUiecKo20 pas-
peulerus, Ho pasHvie pasmepsbl 006bEKMo8 Oeudpupyemvix ¢ 3a0aHHOU 8ePOAMHOCIbIO, 4e2o ObiMb He 00XHC-
HO.

B Hncrpykuuu mo ¢dortorpamMmerpudeckuM padortam [1] aist obecrieueHus: pa3pelaroleil crocoOHoCTH
rpadudeckux (HOTOIIAaHOB PEKOMEHIOBaHA ClIeAYIOIIast hopMyIia:

P,=70-—x, 1)

rae M, — 3HaMeHaTenb MaciTaba HM3TOTOBIsIEMOW KapTel (TmaHa); M. — 3HaMeHaTenh MacmTaba CHHMKOB;
70 MKM — pa3pemaromas criocoOHOCTb Tpaduaeckoro (GoTomIana.

Paspemaromias crmocobHOCTE R — 3T0 CIIOCOOHOCTH 1aBaTh pa3eNbHO H300pakeHHe ABYX ONHM3KO pacio-
JIOKCHHBIX HI/IHI/Iﬁ, KOTOpas BeIpaAXKaCTCA HaI/I6OJ'H)H_II/IM YHUCJIOM MapauICJIbHBIX HHHHﬁ, BOCIIPOM3BOJAAIIUXCA Ha
oTpeske auHOI 1 MM [2 — 4]. PasmepHOCTh pa3pemiaromeii ciocoOHOCTH — JIMH./MM, Wid 1/mM, umu MM L. Tax
yto 70 MKM — 3TO He pa3peliaronias CriocoOHOCTb, a CKOpee BCero paspelieHue. Paspenienue — 3To pazmep Mu-
HUMAaJILHOTO 00BEKTA, CIIe pa3JelbHO N300pakaronierocss Ha cHuMKe [2]. Takoit MUHUMABHBIN pasMep 00beK-
Ta B MPUHATHIX HAMH 0003HAYCHHUSIX MOXKHO BBIYHCIUTH 110 hopmyrte [2]:

1

PP :E' (2)

Ha ocHoBanuu ¢opmyiisl (2) o Beu4MHE pa3penieHus Py MOXKHO PacCuUTaTh Pa3periarollyio CiocCOOHOCTh

1

“o5 ®3)

IMpumem maciitab co3naBaemoit kapthl 1:Mk — 1:10000. [{nst co3manust KapThl OTMEYSHHOTO MacIiTaba
a’podOTOCHEMKa MOXKET OBITh BBITIOJHEHA B pa3HbIX Maciitadax 1:Mc, mammpumep, 1:10000; 1:15000; 1:20000.

Jlns mepednciieHHBIX MaciITabOB pacCYMTacM paspelieHre MpHu CKaHupoBaHuu mo ¢opmyse (1), a mo
(dhopmyie (3) BRIYMCIMM Pa3peIIarollyi0 ClIOCOOHOCTh. Pe3ynbTaThl pacueToB npuBeaeM B Taduie 1.

Ta6muma 1

Pacuert pasperieHus Ipu CKAHUPOBAHUK U pa3peIIaoNIei criocoOHOCTH TpaduUIecKuX GOTOIUIAHOB

1:Mc 1:10000 1:15000 1:20000
M

P,=70—— mxm (1) 70 47 35
Mc
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C ymenbIieHreM Macitada GoTorpadupoBaHus pa3pemaronas cnocoOHOCTE T0JDKHA OBITh OOIBIIE, YTO
W MOKa3bIBAIOT BEYHCICHU. OJHAKO MOJTyYeHHas paspeniaroas CliocOOHOCTh oueHb HusKkas. C Takol paspe-
LIAIOIIEH CIOCOOHOCTHIO O KAYECTBEHHOM JeM(ppUPOBaHUK (OTOIUIAHOB pedr OBITh He MOXeT. boinee Toro, He
HOHSATHO, YTO O3HAYaeT TEPMUH rpaduueckuil Gporomrad. Bo3mMoxHO, 31ech peub HIeT O rpadUuecKkux MIaHax,
T.. 00 yke co3maHHoi kapte 6e3 poTonzobdpaxernsa? Torma 3a4eM pacCUUTHIBATH pa3pelieHIe PH CKaHUPOBa-
HUH 7151 00eCTIeYeHUs pa3pelIanei crmocobnoctr «rpaduyecknx (orormmanoB»? B MHCTpyknmu, Kak U3BECT-
HO, HE JOJI)KHO 6BITI) HU CIIOPHBIX, HU HBOﬁHLIX TOJKOBAHUM.

Juist nemmdpupoBaHus OONBIIOE 3HAUYEHHE MMEET pa3pellaolias ClloCOOHOCTh Kak a’spo(OTOHEraTHBa,
Tak U Iu(poBoro u3obpaxenus. Pasperiaromnias criocOOHOCTh ITUPPOBOro W300paKEHHS 3aBHCUT OT paspelie-
HUS, C KAKUM OBUT OTCKAaHUPOBAaH CHUMOK.

[Tpu pacyere ONTHMANBEHOTO JJIEMEHTa T€OMETPHUECKOTO Pa3pelieHust Al o0ecTieueH s pa3peraromei
criocobHocTH cCHUMKA Pr B mHCTpYKIMH [ 1] peioskena cienyromas popMyIa:

o4
R 1

P 4)

rae R — paspemaromias crocOOHOCTh MCXOAHOTO CHUMKA (B VHCTPYKIIMH TIpH pacueTe MPHHATA BETHYMHA
R =40 mm1).

MB&I Takke B pacdeTax MpUMEM 3TO 3HaYEHHE.

Kpome Toro, paspeniaroriyro criocoOHOCTh CHUMKa R MOkHO paccuuraTh 1o Gopmyse (3).

Paccuutaem Tpebyemoe paspeleHne AjIs CKaHHPOBaHHA, o0ecIieYnBarollee KaueCTBEHHOE ACU(PPHPO-
BaHME TIPH Pa3pEIIAOIIel CocoGHOCTH cHUMEKa R = 40 MM L, ucronb3yst Gpopmyity (4), ¥ [0 TOTYYEHHOMY pas-
PEIIeHNI0 BEIYUCIINM pa3penIaonyio cnocodHocTs mo (popmyne (3). g pacyera BOCHOIb3yeMCs yKe TIpHHS-
TBIMH MacmITabamMu a3poOTOCHEEMKH U cO3aBaeMOil KapThl. Pe3ynbraTel IpuBeneM B Tadnuie 2.

Tab6muua 2
PacueT pa3penieHus npy CKaHUPOBAHHUH M Pa3peIlaroIIeil CIOCOOHOCTH CHUMKA
JUIsT 06ecnequI/m KAQ4EeCTBCHHOTI' O I[eH_II/I(i)pI/IpOBaHI/IS{

1 Mc 10000 15000 20000

0,4
2 P, = = MKM (4) 10 10 10
3 R=—t 3 50 50 50

2P, °
4 Py, MMt 12,5 12,5 12,5

Amnanusupyst Tabnmumy 2, BUANM, YTO paspelaronie crnocobnoctu R, BbraucienHsie no ¢gopmyne (3) u
npuHATHE B hopmye (4), pa3Hble, yero OBITH He HOIDKHO. [loxoxke, uro koadpdumment 0,4 B popmye (4) omnru-
6odeH. [Ipumem sreMeHT reoMeTpudeckoro paspemenust Pr = 10 MM, pa3pemaronryro CliocOOHOCTh CHUMKA
R = 50 mM! (Tabm. 2, ctpoka 3) u mepecantaeM B Gpopmyie (4) Ko3(pOHUIMEHT, KOTOPHIH OKa3aics paBHBM 0,5,
Torza Gopmyia (4) npuMeT BHUI:

0,5

, 0,5
P = - =E=12,5MKM, ®)

TO €CTh, 4TOOBI TIOJNYYMTh Pa3PEINAIOILYI0 COCOOHOCTh R = 40 MM ™, CHUMKH HEOOXOMMO CKAHUPOBATh C Pa3-
pemenneM 12,5 MxMm.

[ToxcraBue 310 3Hauenue B Gopmyiy (3), noiydaeM R = 40 Mm%, uto u mpuusaTo mpu pacuere B Mn-
crpykimu [1].

[TpoBepum BbIunciieHust IO Gopmysie (5) mpu pasHbIX 3HaYEHHUSX paspematomieil criocodnoctu R. IIpo-
BEpKy mpou3seneM 1o Gopmyie (3). Pe3ynpTaThl pacyeToB MpUBeACHBI B TA0IHUIE 3.

Tabmuma 3

Pacuer pa3spenieHus Ipu CKaHUPOBAHUH M pa3peluaroniell cnocoOHOCTH CHUMKa npH kodddurente 0,5

Pa3permaromast cnocc316HOCTL 40 50 70 100
CHHMKa R, MM
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Pr=0,5/R, Mmxm (5) 12,5 10,0 7,1 5,0
R = 1/2Pg, MMt 3) 40 50 70 100

Kak BUIUM, MOTYYHIIM OIMHAKOBBIC 3HAUCHUS: 3aJaHHBIX Pa3pelIatonIuX CIIOCOOHOCTEH CHIMKA U BBIYHC-
JeHHBIX 110 Gopmyrte (3) mpu pacCYMTAHHBIX 3HAYCHHUSX Pa3peIICHHs IPU CKaHupoBanuu Py mo gopmyre (5).

[Mony4ennsiii koapuuueHt B popmyie (5), paBusiii 0,5, noareepxaaet u popmyna (2):

L=0 ©
2R R
Bepuemcs x Tabiamie 2, U3 KOTOpOU CIEOyeT, UYTO MPH pa3HbIX MaciiTabax a’spodoTOChEMKH IOy YHITH
OJTHO 3HAUYCHHE Pa3peIICHUs TPU CKAaHHUPOBAHWU — CTPOKU 2 u 4. Macmrabel dororpadupoBanust 1:M. Obun
Pa3HBIMH, CIICIOBATEIBHO, U NCMIH(POBOYHBIC BO3MOXHOCTH CHUMKOB OyIyT pa3HbIC.
PaccunTaeM MUHHMATBHEIA pa3Mep 0OBEKTa Smin, KOTOPEIHA OyIeT H300pakeH HA CHUMKE, o opmyie [2]:

M
S =2 7
min 2R ()

rae M. — 3HaMeHaTenb MacmTaba CHUMKA; R — pasperraromias cnocoOHOCTh HCXOJHOTO CHUMKA, IPUMEM
R =40 mm L.

HemrpoBoYHbIE BO3MOKHOCTH IIPOBEPHM II0 BEPOSATHOCTH ACIIH(PUPOBAHUS P, KOTOPYIO MOXKHO pac-
cuutath 1o Gopmye [2]:

P=exp —(BSLDi”jZ , (8)

rne D — reomerpuueckuii pa3mep pacro3HaBaeMoro o0beKTa (JuaMeTp, JuaroHaib, JIHMHA U T.01.); B — xoaddu-
IIEHT paclo3HaBaHusl (OPMBI IPOCTOTO OOBEKTA, TAK KaK 00BEKTHI, HMEIOIUE OJTMHAKOBBIE pa3Mepbl, HO OTJIH-
Yarouecs 1o popMe, paclo3HAIOTCS ¢ PA3IMIHON CTENEHBIO IOCTOBEPHOCTH[2].

B pabote [2] npuBenensl ko3hGUIMEHTHI 151 00BEKTOB € NMPOCTEHIINMU T€OMETPHIECKUMH (HOPMaMHU:
KpYT, KBajpar, IpsIMOYTOJIEHUK, YT0JI, CTeHKAa. MBI B pacueTax IpuMeM cpeHee 3HaueHHne Kod(h¢unnenra pac-
mo3HaBaHUA B = 1,62, Takxke MpHUBEICHHOTO B padote [2].

Taxoxe B pabote [2] oTtmedaeTcs: TpeOoBaTh, YTOOBI BEPOATHOCTH ObLIAa paBHA WK ONIM3Ka K €IUHUILS, HE
BCEra BO3MOXKHO M IiesiecooOpa3zHo. Cunraercs BIIONHE YAOBICTBOPUTEIBHBIM PE3yibTaT ACIIU(PPHPOBAHHUS,
XapaKTEePU3YIOIUICS BEPOATHOCTEIO pacrio3HaBanus 0,75. IIpu 3ToM GOJIBIIMHCTBO 3a7ad, CTOSIIMX Mepex Je-
mmpupoBaHueM, Oy/IeT BBHITIOJIHEHO ¢ MUHUMYMOM 3aTpar Ha MPOU3BOJCTBO JAeUIH()PUPOBAHUSI.

Ecnu HeT BO3MOXKHOCTH BBINIOJIHUTH BBIYUCICHUS 1O (opmyliie (§), MOIyuyuM HYXHBIII HaM pe3yIbTar,

min

ecinu =0,53, oTKyza JIerko ompeAenuTh pa3Mep AeiudpupyeMoro kamepaibHoro oosekra D ¢ BeposiT-

HOCTBIO 75 % 1o (opmye:

D= B5mn _1 gg78s, ©)
0,53

Pe3ynbraThl pacueTa MUHIMAIIBHOTO pa3Mepa, H300paXkaeMoro Ha CHUMKE O0BEKTa Syin, U pa3Mepa pac-
nmo3HaBaeMoro o0bpekTa D mpu BepositHOCTH pacrio3HaBanus 0,75 mpuBeneHs! B Ta0nuIe 4.

Tabnuma 4

Pe3ynbTaThl pacueTa MUHIMaJIBHOTO pa3Mepa 00beKTa, 0TOOPa3HBIIErocsi Ha CHUMKE Smin,
H pa3Mepa pacroszHaBaeMoro oosekta D ¢ BepositHOCTEIO 0,75

Mc 10000 15000 20000
Smin, cM 12,5 18,8 25,0
D, cm 38,2 57,5 76,4

B tabuuiie 4 BeIYKMCICHUS Pa3MEPOB paclio3HaBaeMbIX 00BEKTOB BhIMOIHEHBI 10 hopmyde (9). [Iporepka
ocymecTBiieHa 1o Gopmyie (8). BepostHOCTh pacmosHaBanus cocraBwia 0,75. Kak BuauM, npu yMEHBIICHHA
MacimTaba ChbeMKH YBEIUYMBACTCS pa3Mep OOBEKTOB, KOTOPBIE CMOXKEM OTICIIU(ppUpOBaTh KamepanbHo. Cie-
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JIOBaTeJIbHO, B OpMYyJIe pacueTa pa3pelieHus MpyU CKaHUPOBAHUM JOJDKHBI IPUCYTCTBOBATh Kak Maciirad co-
31aBaeMoi KapThl (IJ1aHa), TaK U MacluTad MCHONB3yeMbIX aspodoroHeratiBoB. Uem menbue maciitab aspodo-
TOCHHMKOB, TeM 00Jiee KpyITHbIE 0OBEKTHI CMOXKEM OTIEeIIM(PUPOBATH KaMEPAIbHO.

B 3aBucumocTH oT MacmTaba co3naBaeMoil Wi 0OHOBISIEMOW KapThI (TIaHa) pa3Mep 00BEKTOB, OT00-
pakaeMbIX Ha KapTe (Tu1aHe), pa3Helid. Yem Menpde MacmTad KapThl WU IJIaHa, TEM MEHBIIee 9HCI0 00bEK-
TOB oToOpaxkaercs. Hanpumep, Teppacsl, TMHUU CBA3U, HHAUBUAYAIbHBIE FApaXKu, KIYMOBI, JIIOKH KOMM yHH-
Kaluil U Jp. MOKa3bIBalOT TOJBKO Ha IuiaHax macmraba 1:2000 u kpynsee [6], a Ha kaprax macmrada 1:25000
0000111eHHO JaeTcs BHYTPUKBApPTANbHAs 3aCTPOHKa, TOPOU MCKIIOYAIOT HEXuible cTpoeHwus [7]. TlmomanHsie
00BbeKTHI (03epa, Ta30HbI, Ca/bl, JECHBIC MOJSIHBI U JIP.) OTOOPAXKAIOT B 3aBUCHMOCTH OT pa3Mepa 3aHHMaeMOi
umu 1wtomaam [6; 7].

Bompoc o ¢opmyiie pacueTa paspelieHus Npy CKaHUPOBAHUH JIIsl 00eCIeueHns pa3peraonieid crnocoo-
HOCTH CHUMKA CJIOKHBII U TpeOyeT AOTOIIHUTEILHBIX UCCIIEAO0BAHUIA.
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ANALYSIS OF THE FORMULAS FOR CALCULATION OF GEOMETRICAL RESOLUTION
AT SCANNING FOR ENSURING OF GRAPHIC PHOTOPLANS RESOLUTION
AND THE RESOLVING POWER OF A PHOTOGRAPH

A. MIKHEEVA

In the instruction on photogravimetrical works at creation of topographic maps and plans formulas for
calculating resolution at scanning for ensuring of graphic photoplans resolution and the resolving power of a
photograph are given. As for graphic photoplans the term “graphic photoplan” itself is not clear and it is not
clear what it can be applied for. The instruction mustn’t contain any dual or questionable interpretations. More-
over the “graphic photoplans” resolving power calculated by formula of the connection between scanning and
resolving power is low. The resolving power of a photograph plays a really important role in the decoding and it
is necessary to calculate correctly the resolution at scanning of the photographs which ensure a qualitative de-
coding. But the scales of aerial photographs and maps made are not taken into account in the formula. As a re-
sult when using photographs of different scales the equal values of the geometrical element resolution were ob-
tained but different object dimensions being decoded with specified probability, which must not happen. The
issue of the formula for calculating of the resolution at scanning for ensuring the qualitative decoding is not easy
and requires further studies.
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