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IBaHqylr O.

Hdr(ioHaqbH ;iyHiBepcnrer"JILBiBCBKanojlirexlrixa"(M. JlbBiB, yxpairra)

IOCII,II)I(EHHS BIIJII4BY 3MIH UAPAMETPIB PEM-3HIMAHHq
HA BEJII{TIIIHII TA XAPAKTEP TEOMETPTIqHIIX CIIOTBOPEHI,

PEM-3O6PA}ITEHb, OTPI{MAHI4X HA PEM "IIITACHI' S-8OO

Alaal\yx O., 20A3

B cntarnbe npencnas.ten pel:nbfltahbltt ozoqttiteaqbtx uc.nenoga un ceJMcuH u xapaKmept
2zo. etnpuqecxw cr\a:trcequi, PJM-utodpnrcnuii, no qe r,trx Ha PJM "Hitachi"S-800 nlu Bmeqequ'x
nap.Lvempoa PiM-."be xu: Joettuqet n ftracunada) om 5t)0 no 50000", t2Jto6 naklofio zoHuotvempu4ec4o2o

cno.ruKa ont 0 a do lqa u B.xetrc ui e2o lcmatngxu elortb ocu Z om Z=14.0 ,v to Z=16.0 .$m c aqmepaMo,\t 0.5
n$t. ycnuto&neHo, \no Ha KpMx P3M-ctltLt,xa onu o2J)rn docmuatmb 1.5-2.0 ,t$ a B ear qeLmprlr,Hoil
\aank 3 ptdayce I(l ttr4 cpaa4uhreqbEo HarHtqurnerrbHbr - 0-l-0.2 ,rLI. I.Ickottequt Hoczm cucme amu4ccxui
xapokntep (npu epHo 90% ee cocnaavtou\en), otu cutIempuqq omqocume.Th$o oceit ctlu)tKu u ocmuomctl
nPaxt uqecru HeaaueHHbLMu npu snsrumeq,nrLt uureBevutu napaziempos P3M-a'e /|iu, ghro nBsoitem Lr
nezxo annpoxctLvupuamb nonutotto,u o6u!e2o auda 3-fi cmenerru.

h the a icle the rcsults oJ numerous reseuches of wl es afil nat rc of geontettiml distortiotls oJ the SEM-
inages Dbtai el o SEM ttHitachi" 5-800 trlten chuttges of parunetets of SEM-$atveling arc prcsented:
increutes (scale) fron 500" up to s0000', anglet oJ tilt of the Eoniomettic tuhktom 0' up to 10" and chdnges of it!,

positioning lengthteise axis Ztom Z = 14.0 ntm up to Z : 16.0 nm *,ith m in,etval of 0.5 hn It is established,
thal on edges oJSEM-imoges the), con reich 1.5-2.0 nm, and o its centrut pot inrudias of I0 mn- 0.1-0.2 nn
that drc ruther minu,e. The clistorlions haee slstemdic character (appnxintatelf 90 0'6 of its conponenr, they ate
slhmeiic cohcerning image l,-xes and rcmain practica l inyatiablc when consideruhk chunges of paruneters oJ
SEM-sutrefi,tg that alorrs to apprcxirrrate thent easilr br t poqnomi of tr genetul tlew ofthe 3-ftl,kgree.

I'o3po6Kop rcopii ra rparr Ku sacrocyBaHHr crepeo4ororpaMMer?rrrHrx Mero'qiB B pacrpoBiii ereKrpoHHiii
Mi(pocKorrii (PEM). a 1axo,( rocni&KeHB,Mx B€nh{uH ra xapaKr€py reoMerpr!Hnx cnorBopeH! PEM-3o6paxcHB.

roxrxRicrL 1; BpaxyBatstsr 3 Merorc nirlBrrreHHq ro,rHocri or?rMaHHr KinbKicH \ naprMerpiB MieonoBepxoHb
locrinxyBaHxx 3a nonoMororc PEM 06-er\TiB 3ailvanrcb B MxHynoMy uinxfi pr4 Bqellux, :ro{peva 3a xopaoHoM

A.tjoii^, Bpa)'H, P.BypKmpA, C.fou. X.Harapat ra iHui. koiuoHi palrHcb(i. a HxHi pocincbxi Bqexi LC.fapcniK,
fl.II]-oH,rapoB. €.l.Ka,raHrapou, M.X.CarI{HnnKoBa, B.M.CoKonoB ra iH., a B yKpaiEi B.M.MenhHn{
B.t.OiHKoBcbKxn. A.t.KpacoBclKxt, B.A.CrenaHeHko. A-B.lllocraK m iHUi. Ilporc cepea Hnx Hai6inbu DaroN,xii

Bxran s p$po6xy reopii ra npaffi{xfi PDM-crepeooororpaMiterpii BHic RiroMHi:i yKpaihchKs} BqcHlril npooecop
Meihfrlri{ B.M. [71. A(ryr,rbHicrL iBaxnxBicfl, /rocni.ux€Ir, B |anFi PEM-CT epeooo, orpaM Merpii B Hau qac

o6yMoBjreHa uinBrueHHrM BlrMor ao rxocri c)'racH r Marepia,liB. HacaMnepen, B KoMn6repH;n ra rene- i

pa^io(orvyrriKarriiiHiii iHnycrpii, norpe6olo i\ noDa"lLU.i MiHiarlotrlauhi ra ni/lFxuer{Hr Oy}rkrrioHansBxx
yoxryBocrefi. A orpuMyBar{ KirrlxicHi xapaKrepHcr KH MiKponoBep.or", UHY MarcpiaiiB Ba pi3Hux emflax
rerHonoriqnoro npoLrecy ix BnroroBneHH 3a aofloMororc paclpoBux eneK]Iorlr{rlx Mir(pocKonru.

HeraMir Mi PEM i npn cyqacHrx HayKoBr4x nocriaxerrHrx B MenrluxHi, 6ionoril, r€oxorii, (?qcralorpaoii ra
i'ru!x ral]ritx HayK.

Aiilcrri 3 a'reHHs 36inhueHb (Macuu6) PEM-3o6p .nxue 3a 
^onoMofoo 

cneuiaiLHux
recr-ciroK []1. Ilporc,3Haro'rr nuue aificHi BenuqrHr 36iJr],xren6 PEM 83,ioBx KoopauHartsxx ocen x.y PEM-
rHivffi M: i lMy. M{ r.M car{nM MoxeMo BpaxyBarfl,lrue iioro Macura6Hi cnorBopeHHr. Ane RpaxyBaBLUn nuue
Macura6Hy cKqaaoBy reoMerpxtrHqx cnorBopeHb PEM-dJoro3Hivl(a, Heo6xiaHo Br€narruru i Bpaxysaru 3anuxrxoBy

]lsclopcinny ioro cxnanoRy. npx!!{Horo !Ko1 € Heo{HopiAHicrb niHinHoro Biao5paxeH8n reoMerpii no8ep\Hi
cKaHyBaHHr B pi3Hux il !inrHrG-\, noxx6Ku Koryuox po3ropr(n nptj OopN'yBaHHi 3o6paxer{Hr Ha eqaHi
eieffipoHHo-npoMeHeBoi fpy6xu PlM, KprBu3'{a noBepxHi caMoro e(paH). Dr(rofci' onrxx{ ooroanapary, rxrM 3

eKpaHy rcpeoororpa4oqrcrb PEM"3o6paxeHH' ra ae4ropMaqi' caMoi drorcnniBKx. A ocKi,lhr(x MH u vrpaiHi nol(r
lro seaeMo Kijrbr(icHy o6po6K) 3o6Paxotb viKporoBepxni l]6€KriB 3a li PEM-OororHiMXavx (uuopoBnx PEM 3a
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Hauoo iHoopMaqi€ro B yKpaisi ure HeMa€), ro lrac qiKaBk'rb caMe KiHqeBe cyMapHe lx reoMsr?,lvHe cno-rBopeHl|rr
:ra$i(coBaHe Ha OoronniBqi. AocriaxeHHr Berrnqr.jH axcropcii:iHoi c(n4'roBoi reoMerpn'{Hrx cnorBopeHh PEM-
3o6paxeHb MoxHa BnxoHarn rHnre 3a Bxr{ipaMx PIM-3HiM(iB era'roHHxx recr-cirox. BernerHn cnorBopeHh Ax. Ay
BmHaqaeMo prBHoMipno no Bc6oMy norrc PEM-3HiMKa rxnrxoM nopisHrEHr BHMiprHxx cno.rBoperux (oopanHar
ro ro( nepe\pecrL niHin recFcirKH \s,v. )r.y3 i\ ic HHH vH'HalreHHevh \,,. ].. :

ay= yBuM - yicr.
xim=kx a'Mx'

Yicr-kyi a-My,

u=1.

Tyr a - porMip eneMeHrapHoi x"r iruBK! rccFcirKn, MM;

r po3ainhHa 3narHicrh r€cr-cirrtx, niHTMM;

Mx, My 36inL!reHHr (Macurra6u) PEM-3HiMKiB B3loBx noopaHHarHux ocefi x, y, Kpar;
k., ky - xijrhxicrr, eneMeHraprnx KrirnHor ao i-roBoi ro'{K BrrMiproBannr (repexpecrr nilliti recr-cirxr)

BilHocno no'{arxouoi (qerrrpalEsoi) rceK( PtiM-3HiMKa, BiAnoBiAHo, B3AoBX fioro KoopanHanr}x oc€n x,y.
flpore BaxnHBo.qocniAnrx He nrrnie a6conlorHi 3HaqeHHr ra \apaK-rep Ben erH reoverpnqHrx cnorBopeHB

PEM-3Hii!'KiB, orpuMaHux Ha roMy 'II1 iIIIroMy MiiToc(orii, ane ii nxHaMirry uux rMiH B 3ajexnoc I I Brr:
d).vitsH vbcu,a6) (16irbllleHq,) Pl M-,Hivxa:
6) sMirru x].ra ltaxnry roHioMerp 'rHoIo croru(a npq o)rsifi i rin x€ BenH'ruBi 36ilrureHHr (M=Consl)l
B) 3NiRh tsucoru (po6oqoi BiacraHi) rosioMerpn'rHoro cronnxa B3aosx ociZ npnraA/ npu M=Const.

l. AouriAxeH[e Er|,nBy 3niHr napaMerpiB PEM-3 ixaHH'l
Ha BennqnHn ra xapaKTep r€oM€rpntrHrrx cnorBopeHb PEM-3o6paxes6.
l.l. Aoeri/rxennq BnrorBy rMis Mscnrra6y (36in,,uen're) PEM-l}HiMKa

Ba toro reoMeTpnqHr cnoTBopeHHs.

Aiir olprvaHHr sillnouilli Ha ue ntl,anHi 6y,r, orpflMaHi PEM-rr{iM(H recr-ciroK B Aiana3oHi 36irbrleHb BiA

500'xo 50000'Ha PEIvl "Hitachi" 5-800.

BsMiproBaHHq PEM-3HiMKiB Brr(oH_vBarocb Ha crepeoxoMnaparopi Steko 1818. lo'rHicrh BrMipkrRaHHt

KoopAuHar roqoli nepexpec,b ,liHin recr-ciroK cxraraia m1y:0.02+0.05 r,rv s rarreNHocri Bir Macurra6y

G6iibrxeHHn) PEM-3o6paxeHHHr M KpynHiunn Macurm6 3si^rxa, r,rM H{xqa ro,rHicrb ioro B,{MipoBarrnt
BHacniAox norjplueHHr MerpneHrx xapar{repHcr }i ro6paxeHHr. 3a BrrHa'rcHrMf uenx!fiHaMr reoMcrprr'{llxx
cnorBopeHb Ax. Ay y 70-100 rorrKax Ha KoxHoMy 3 PEM-3lriMKiB lccr"ciron 6y^yBarnficL sen.opqi AiarpavH
cnorBopeHb. rrd 3a 6pa(oM Micur B uin cmrri H€ npyBoA'rbcr.

qxcnoRnfi i Bi3ya-rbHui aHa-ri3 MairoHKiB neNropH r liaryrM rcoMe'pxqHkr cnorsopeaL PEM,3HiMKiB

ro3Bonre HaM 3po6xrn HacrynHi Br.rcHoBtru:

l). Be,'IIrqnH feoMerprrlHnx cnoT8opetsh PFjM-3o6paxeHb, orpr{Manux Ha PEM "Hitachi"S-800, HeriHinHo

3pocrarorl nponopuiiHo BiAcraHi BiA leHrpy 3HiMXa,3oftpeMa B paaiyci l0 l5 MM BiA uenrpy BoHri He3HarrHi! B

Mexax 0.1+0.? MM, a 6j {x're Ao xpajB 3HiMXa Aocrmrorb 3HaqeB6 BiA 1.0 Ao 2.0 MM, rreBpaxyBaHH, rKfix
nphBorur6 Do ,Ha,rForo noripoeHH, ro,rHocri BuMipiB i lovy t Ie ror') c r{MHV:

2). rcoMerpx'rlri cnorBopeHHr Marorb, rr( npaBrno, floryrxKononioHy OopMy i Micrrrb cxnarosi rilriiHol,
paaian6qolT a cnipa-ruroi ,iacr$Hs anc, opcii;

3). Be,1u.rr.rHx reoMerpuqHux cnorsopenb PEM-3o6paxcH6 aaHoro rrny PEM Maror6 cicreMarr,rHHii
xapamep, cyrreBo He 3anexar6 BiA Macura6y (36iJIrUeHHr), € cra6inbHuMn BnpoAoBx rpaBarroro qacy (Micru6) i
roMy Moxyrr 6yrn nerKo BpaxoBaHi.

I.2. Aooriar{eHHfl BnnnBy 3MiHn h}ra Ha\rnt ronioMerpxqHoro cro"lrKa PEM
Ha B€nfiqxxn ra xapaKrep reoMerp {nnx cnorBopefib PEM-3HiMrdB.

g,rr aaHoro aocniaxeHHr HaMx 6l,no orpHMaHo Ha PEM "Hilachi"S-800 5 3HiMKiB recr-cirj<ts 3 po3Ainb orc

3aarHicrro 200 nir/MM npn K).rax rro3lroBxHboro Haxrur) foH'oMerpxLrHoro cTorxna d-0',4',6'.8". I0'ra
nocrift {xx 36;,lbueHHrx Mr=1000' ra Mr=3000^.

(t)
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BnMiproRaHHt lioopAuHar rolroK (ncpexpecrb) Tecr_cirxu (no 99 ro'lox Ha {or{HoMy PEM-sBiMKy) Bet'cL Ha

crepeoxoMnaparopi Steko 1818 3'to'rHicrb rnqv:o 02+0 03 ilrM 3a BmHa'reDuMtr BennqtsHaMa reoMerpfiqHl4x

cnorBopetsb Ax, Ay 6yryBanxcb seffopHi niarpaMs, td BHacniaoK o6MexeH! o6)€My crarrj ryr Be npr''Boaerbct'

BracJriaox oproroHa,rbHoro cxaHyBaHHt nosepxHi recr-ciTxu flpn nocnilloBll'rx Haxxnax cronHxa Ha K)'Tr'l o

Bi,rcraHi Mixr ritsitMt 1lc,-ci,K|l s3aoBx ocj x (a6ctlscu) 3HiMra 3MeH yorhct nponopuinHo Be'uqtrHi hlTa

iixu r), a opr4ilar npfl u6ov) ra,lxLrarolbcq HervisHnMrr. .06ro

*r=*9 c*o, I

Yi =Yi l

!e j\i. ) . tjoopn Hr- toqo'{ Ha Ha\ nedo\ty '}Hi!lKy.

xjo, yin noopAfiHaru urx t{e roqoK Ha rop}l3oHTa,tLHoMy 3HiMry npu c,=0

G-|)|rra,{ ry roH'oMerpnuHoro crcrr ka.

Bi3yaiLHenopiBHtHHtpncyHKisBel\-ropHtxAia.paMreoMcrpsqHtxcno,BopeHbPEM-3HiMkiuEl'xqtscroBxx
3HarreH', Harnr[Ho BrjrBuno ]i noai6Hicrb vir{ co60lo, tK ra oopNtoro rar i ra B€n 'rrnaMx, r{o !a10 Hart{

Mox$rBicrb 3po6nUi BxcHosok npo Te' uo BoHrl cyrr€Bo He 3anexarb Bi! 3N'iHr4 r'1r'a Hax 'y rorrioverpxqHo'o

cronriKa B Mexax Bi,4 0'ao 10". lax!'M ,l'{xoM, rrpu KinbKicHii o6po6ui BrlMipiB PEM-crcpconap reoserPH'rNi

cnorBopeHHt 3uiMKiB AocrarHbo BpaxoByBalt,uue 3a ssMipaMH PEM-3HiMra rcc, -cirKx npn d=0o-

l.3. .Jlociiff reHHe Bn,ttrBy 3MiHn nonol|teHBq (Bucor ) rotrioMerpHtrrloro cro'rxKa B3AoBt( oci ZPEM
Ira Berln!'rHn ra xapaKrep .eoMerpllqH x cnoTBope'tb PEM-3Hi:ttxiB

[aHi nocn;AXeHH' BI,lKoIraHi He BfinaAKoBo' ocxiJbl(x TecT-ciTXn 3a 4JopMolo-n,ocxj, To Bt4]Iu{a€ nxmH}r' - rtr

t\loxHa xapa$ep i Rena,{rHn reoverpu,lHxx cflorBopeHb PEM-3o6paxeHL BI{3HalreHIX 3a sHiMKa:"lx nnocklrx',rec,-

ci,oK, BBaxaru npx6imrlo rakltMn x, tr i crorBopeHH, PEM'3HiMX]B o6'eMHox noBepxoHb aocjriAHrx o6'emi3

thuro ue 1aK. ro ir BianoBirHo it Bpa\oB)Barr i orprr:'tysd H npoc,oposi (inoricHi rap:rveryu viNponoBep\oHh t

B'tcoKolo.ro\tsiclo MiHiMarr6Ho cnorBopeHuM ra Ha6nxxeHrMlr ao aiiicHux Benr.rrrH. Bo,lxnle niiicHa li;nbKicHa

iHdopMa(ir !a€ Mo)(nfiBicrb npaBunbHo iHr€pnperysarn rexHonoriqri npouecu o6po6Kn rroBepxorrb, lj4tBnrr}j

npucHr4AedJopMauin,epo3ifiir'n.aorxeBlocxorftLllosarurexHonorili,niABHrrysaraeQer{ruEHrcrbnayrura

linrroro,uro6crsepluoBiAdoBic'rriHanoc-raBreHe3anlrmHHt,sacaMnepe.c,seo6xiaHo,llro6nPEM-3HiM'fl'
'.ecr-cirxtl i o6'ema aocnit)i{eH8t 6}'na orpnMaHi nptr oa,iHa(oB!{x yMoBax PEM-3HiMatsHt, i uro6n lxHi noBcpxrti

5ynq flpx6nl,l3lro Ha oAsoMy rop!{3ol{rarbHoMy piBHi B Mexax 11,l\lM'
a,r, nilrBep)rxesnr Bqurecr{a3aHoro Har{r 6yj!{ orpuMaHi 5 PEM-3HiNI(iD recr cifKr 3 porainhHoto raarrricrro

200riB/MMrpHnocrifiHoMy36irhucRHiM:]000',anenpupi3H'rxnorloxeHHtx(po6o'rxxBiAclastx)
foHioMeTpnqtsoro cTonukzL *noB.X aci z' BiA Z-|4.0 vM Ao 2=16'0 Nlv 3 iHTepBa,Iol, AZ;0.5 MM. TaKI]ii nepe[aA

sucor Blr6DaHrii Be BnnaAI{oBo, ocKinbx nosepxoHL o6'€lrriB 3 6irl'ulrM Hix y 2 vltr nepcnaAoM Br{co'f

r{ixpopenb€'}y B Mexax aintHlr cI{aHyBaHHt npocro He Moxe 6yrn AIt npuKnary' AocriaxeHa HaM rroBepxHt

rlecoBoro lpyH,ry np,l M=]000'Mzura MaKcllManbH'ii1 n€penan B'tcoT 
^h'25MKM 

(0,025MM) E Me}Gx A]llJlHl(u

cxaHyBaHHq 0,1x0,lMN{.
PEM.3IJiMrHBfiMjploBa,IucbHacl(stekol8]S,nofiruo6qgc,IoBarlnclBeJlltqxHufeoMeTpal{HlcnoTBopeHb

Ax,dy 3a OopMynaMq (l) i 3aix 3HaqeHHtMU 6ynoBanxcb BexropHiniarpaMH (norBop€Hb tr'i ryT He np[Bonqr$t

AHa,rj3.rflcnosrx 3Ha,reHb BeruquH reo]\,{erp qHhx cnorBopeHL. a rahox Bi3yanbHe nopiBlltHH,l xapaKrepy I

Beinqr{ BemopHrx iarpaM aa,ro HaM npaBo 3po6{rx slicHoBoK, r4o BeiraqxHr I xapaffep feoNterp'Iq}t)rx

cflo,rBopeH6PEM-3giMl{iBT€cT'ciTK',olp'^!aHxnpHpisH'rxnonoxeH||':\.8|coTa\)rcHioMerpx'lHorocTolul{a
B3IOsx oc; z npr{Jraay B Mexax az=2 ruM npu M=const cyrr€Bo He 3Milrlolorbct, I{arcT b cHcreMarxqHlllr xapaoep I

roMy ii MoxHa BqKop[croByBar[ rJr spaxyBaHHr cnorsopeHb npr Ki,lbxicHifi o6poSqi PEM_3HiMKiB noclinHrx

fIincyvoBylo'rxAo;4(eHH'reoMeTpu!,glrxcnoTBope}ILPEM-3iMKiBMo}(Ha3po6l'TfffiacTynHlFa|anbdel|l

l) Benu'*rHr1 ra xapar-r€p reoN,erplrqHtrx cnorBopeHh PEM_3HiMXj8 3&lexarh, Hacavnepe!) Bla lexHlqtlex

napaMerpiB po6or| ycix crcrem SopMyBaHHt 3o6paxeHHt B pacToBoMy eileffpoHHoNry MiKpochoni, i BoHr €

R!{xnroqHo iHnxBiayatbHrM}i a:rt koxsoro 3 Hux ra MoxyrL 3MiHoBarI{ct B npoqeci excnnyarauii PEM;

{2)



148 feod$is, Kapmo?paqifl i aepoqomwHiMaHH4, l,!o 63, 2003

3HaxorxeHHr oyHKllii pmroAj,ry nonpaBo( F(x,y) y BrMiprHi
xooparjHan roeoK x, y npoBorrirhcr y rBa emna. Ha nepuorvy emnj, 3a
Bl,co IlMx 3Ha.reHHrrru axicm, Ayiq y N roq(a\ ("ro\I{a po3B,r3Ky,,,
ruB. phc.2.l2), po3MiureHux piBHovipHo (B uaxoBo y nop,r{y) y
B)314x nepexpec-rL recr-crrne. 3HaiolnMo Koc{biqi€HrH aH oyHKrrii
nonpaBox F(x,y).

Ha rpyrcMy erani, 3a Bi.aoMu:ve 3HaqesHrMr.{ (oeoiqieBriB
noniHova qr ,Hdloll{Mo nonpaB(} A\. A} } srrMiprHi }ioop4fiHaln \. JKoHrponbHllx Toqoli! lcrxHHl KooplxHarq ,rotx saM s;aoMi,
EOer.TxBHicrh anpo(crMa{ii reo:\rerp}1qHUx cnmBopeH6 noniHovoN{
BxsHaqaerrcr BerrqflHa\tn 3anxrxKoBxx noxfi6ox 6 x, 6 y fia
,(oHrponaHkx roqkar recr-ci.rl(ri:

6x -(x,",, nxt_ x,"..1 t4l
b) - (yBr., + Ay )_ y,o.l

2) reoMerpn'{H, cnorBopeHH, pEM-3Hin{riiB, qrpriMaHrx Ha nepelaxHifi 6ijlhujocri pEM 3a yi,oBr Ao6pe
BiArOCroBaHxx c[creM orpaMaHHr 306paxe'Hr, po3no4irror'cq HacwnHxv q4,o\r: B ue,rpaihHrt qacroHi 3HiMKa
B pan'ycj 10-15 nru aia qerrpy cnoreoperrrrr xe:nauui, B ne+iax 0.1+0.2 nrv, a lani BoHr{ ne.rrHriHo 3DocrarcrL.
Aocrrarc!H Benfiqfis 0,5-.2.5 Mttt Ba rearx 3si\rKa;

3) ue.nMqrHx i xapaffiep cnorsopeHh nonr pEM-3Hivi<a 40, Koxqoro ftny pEM iH,l,Bi4,aubHi, npore Malorb.
rK flpaBxio. crc,c$,al.sqHnD xapamep i cyrr€Bo He :arexa* aia:'irn neaxqunn 36inbneHH, (Macurra6y), Kym
rlax,xy cronu€ roHioM'ea m no,ro,neHHr (po6oeo-f BiIcmHi) cronn* B3AoBx oci Z npu pEM_3niN,aHHi, a roMv
ne. ro vo,n) r6 o-) t BparoBaHi;

4) PEM voxsa po3rnraaff rK cm6inbHo npaqroro,ji crcreMu, npore B npoueci eKcnnyamuji tx Heo6xirHo
neprornrHo, se prrrxe I pa€y B Micrub nepe8iprrfi 3alonoMorolo pi3Ho\raHi.rHrx eraroHHnx recr,o6,eK.dB:

5) Merpu'rri ra oororpaoi'rtsi LracrnBoc pEM 3HiMriiB flocrynalorbcr :rivrau, orpuvanau omau'rr,rr
oo,o*arepaMn, npore aorBoirrorb BxxoHyBarl BuviproBaHHr Koop.rtlHar roqori tr ro,r'icrro 0.02+0.1MM B

3anexHocri Bia rrny PEM ra napa\rerpiB pEM-3HiMaHrr B rnxporoYy aiana3oHi 36inLUeHb BiA 50' no I50000..

2. Anpoltcnyariq reoMeTpusHnx cnoTBopeHb pEM_3Hiyr.iB nofl i:roMaNrx.
llnr Bpai(yBaHnr reoMerplrqHax cnorBopeHh pEM-3HiI\rxiE naMr rocji{xfBarrcl prr OyHKrriitnoniHoMia,rLHoro BHAy:

A^ ,. = F( x, y) _.1 .I^ arr ."k yr. ,r)
k=0 I=0

ae Ax, Ay - nonpaBK[y lxvipeEi KooprBHarri ro,1oK x, y,
n - noprloK anpoxcfitliyoqoro floriHo\ry,
aH' KoeoiuieHu, uro B'3'aqarorrcr ! npoqeci kaii6pyBaHsr 3a BrrMipavli rolox - nepexpecrb iriHifi recr-cirKrr_

i-

I

1-i
I

a - noeltu p83'8t9";
x - KoHtryon\Fi noequ"

Puc. / Cxaua p&Itirye'lHn moqok Cncre:lra piBHrHb !.jrr Bx3HaqeHH, Hesjao:"{ x (oediuieHriB
obtipp6aHH'1 necn cinK?. noniHoiva aa,, ba y Br..',aii BehropjB 4r B Marpr,{ fi qropMi na€

h-l=[+,]lu"l.
hrl=[o,] [r, ]

xr yr xryr '.? yi *?

ae ,qJlt nor r HoMa 3afanBHofo

r^rt l^)I

j{ NYN rNYir Y"N y rir

Bl,{,ly:

lr
=t,

t;

*iv' *,vi yi ...vi
*iv. *ry3 y1---yi

xN yN xNyN -t^ yi ,.i

f"ll= r",
lul.l= tu., b3 bq bs b6

uq utl,
bs " br]

(6)
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Y q)opMy"la\ (6)
/V- fiinbKicrh rogoK po3B,r3ry,
, - crefliHL anpo(cuMytoqoro noriHoMy,
,r - xtrhKtcrb ,rleHjB anpoKCHMyioqoro nontHoMy.
I po3B 13r{y cficreMI prBHnH, (5) Ma€ o

tu,l-[o, oll, io"t ol , ]

t,,l [^, ^l] t^,1^i J
. BiloMo l3l, rqo lrrc)o onopHxx roqoK, 3a 

'lKnMx 
BlfHaqarcrbc,

nonrHo]ry fleneHl r, noBltHHo 6yrfi lre rveHrlle, Hix

t^t l*'! *" rru (r) +2rrr 2x) )l|rIr
. -Lyr' )r' yt" (t' +2y') 2xt xr

lutj= k, kz kr pr p2 sl

(7)

HeBiAo^ri Koe+iuieHrx anpoKcr.jMyrctroro

r r-1,.2-r{n+ti.fn 2) (8)
y BnraA|(y, xonr{ N > / 3arta,ra ",r*o0".""" HesiaoMjrx koeoiui€HriB po3B.q3y€.r.ac,3a cnocoooMHaiMesr[hx xBarpariB. EKcrepnM€HrfihHo aoBeaeHo [2, 3, 5], uro a:r:r eoerrueHoi anpol{clrvauii reoMe.rpnqHtx

illl"lliT_Pll ,l'-'" Heo6xi!Ho B vprcsalr40.o0roroxnepc,.oe.rsrecr.cho.pierrovipro-oa.oo,ino,lo
rErvr'3HLMkz JOrrLUeHHc x KlrlLKocri sHMipqrxx ro,{oK rc flpuBolrrb no 36inruexrr rouxocri anporcnuarlii.

onpiM no,liBoMa 3ara,rbHofo Bx,qy (6) HaMH aocrilxy'anucb i iHUi. Tar B prni po6ia [3. 4], oponoHyBanoc'
Bpa\oByBar! cnol.BopeH'Jr pEM-3HiMKiB roniHoMaMn (9), y,x,* 3a ocHoBy B3r1i DoxiHoMu, 3anponoHoBaHi Brown
3 AobaBneHHrM ro Hr.jx.{neHiB 3 roeoiqi€HraMr{ ri, ,xi :a ayuxox) [7] varr 6 rpu*ouyuur, un,.u,ponny i"n,p-ony.yIucropcirc. B Marp!,{Hifi qJopMinoriHoMx Brolvn,a 

"ulo* 
*.r"a,
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(e)

( l0a)

::l
,u I,

* a6r6)

* 
"6r6)

* lr'o *r.r'6)* 
[p, (.'? * z*t),. zpr*yl* y(.,, n.r,,

* tr.a * r,.3,6 )+ lp1(.'] * u *'?)+:pr*yl+ x{s,. +.r'-,

yr- )r' yf- )r'

sl
aBrBHin Oopvilt^

t1
Av= vlk,r'

- B rBHifi OopMi:

a* -u,*3 *u,:*2y-u:*y2 *uly3, I
Ay=brx3 +bzx2y+ bjxy2 +b4y3. J

T slr- -s4r'I s5r'

+ slr +54r +s5r-

,, ,^-ll,1r 
DocrinxeHr 5ys rarox strrrra noxirroM 3 4-x qreHiB, a caMe qacrxHa nojriHoMy 3arnrsHofo Br!y, fioro

o :ru qneHfi. q(r njtq anpol($.{vaut Lflipd,l6Hoir,,ctopcil ranpono,l)Bas uho.h s. lgl
- B MarDr.r.rfiifi doDvi:

( r0)
r^r '; : :",1;'",1 i: I

[, ']'1,' , a2 b, nJ o, ", o,ll

Ilpr Eerukux 36irLueHI|rx, si{acriAox 06MexeHoro <!ixcorauoro:narearr po34irLHoi 3AarHucri rec]-cirKx,
Moxe Br{eBurficb Ha 3HiM(y Jrrue He3Ha,rHa xinbfiic,rE eraro}rrrux rriHifi i BjnnoBiAHo
xanj6py€Mo reoMerp qHj cnorBopeHrrr pEM-3HiMKa (!i, flprKnaay nuue 10-20 ro,roK, 3aMicrE 40-60). B ra(oMy
BfinalKy Heo6xinHo Br{xopxc-roByBar' norinoMx 3 MiHiManbHo MoxnrBo}o Kji',.icrro,J,reHiB, npore uo6 i BoHr
6ynx e4errrxBHnMl Err anpo(cnMauii cnorBopeHb 3riMxa. Han{ 6yB npoBeaeHnii eKcncpnMeH.r no BcraHoBneHHro
T x exeHiB noriHoMa 3aran6Horo Bn!y, rxi Hai6inBru cy-rr€Bo 3MeHuyror6 3ar'rrdJl.oBi noxu6xr pEM-3HiMKa nici,
anpoKcrMalrii. BHrBUrocB, ruo ral(lIx,ueHis 6:

ax = a0 + arx + a2y +a3xy * ua* 2 . u5*Iy, 
f

Ay=b0 + btx r b2y + blxy + bax u *b5xry]

x'+y'

(ll)
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Ileii noJriHoM orpuMaB Ha3By c(opoqeHoro a6o B yMoBHnx cr.rMBotax - DS.

AaH; aocriaxeHHr nposoafitrcE HaPEM-3HiMxax, orpHMaHnx Ha PEM "Hitachi"S 800. Mo)Kn,1Bo, atr iHlu,lx

Mapo( PEM noriHoM (l l) Moxe Maru aerqo iHrjrxfi BHrnra.

BianoBiAso ao Br{r{raaeHoi reopil anpo(cxMauii reoMerprrrHtx cnorBopeHL PEM-jHiMKiB noiiHoMaNrx,

npoo.B.M.MenbHxnoM po3po6neHllil arlropnrM po3B'$aHHq qiei 3aAa.ti, peani3$aHu; y nporpaMi "DISTOR" aorr.,

l{-r.H. TyMcbKor O. B. ,ABropoM B anropnrM j nporpany 6yro BHeceso pt,4 3MiH i aofloBHeHb, a raKox sHltoHaHo li

2.1. Auanb pe3ynrraris anpoRcuMauiinoniHoMaMu r€oMerpI{qHnxcnorBoperB
PEM-3o6par{eHD, oT pIrMaHIrx Ha PEM "Hitachi"S-800 (9noHie).

Aa8ril PEM 3Haxoanrbcr y MAy iM.M.Jlon oHocoBa (MocxBa, Pocit). 3a cnplrt HHt npoQ.Co(oroBa B.M. HaM

Brarrocb orpaMarn i aocriAxrx PEM- 3o6paxcHHt recr-ciror{ 3 pirHHMH po3linhrrxMr 34arHoc-rtNir B ulapoKoMy

Iiana3oHi napaMerpiB PEM'3niMarIsq. Tax, 3oKpeMa,6ynu orpxMasi PEM-3triMI npx 3MiHax 36inbureHb Ha ulraii
PEM BiI 500' ao 50000', 3MiHax (yra Aaxr y ronioMerpu,rHoro cronlrka s'r 0" ao 10" 3 iHTepBanoM 2' Ta 3MiHax

po6oexn Bi.acraH€fi roHioverpa BiAHocHo aneprypHol nitl3ti (B3AoBx oci Z) BiA 14.0 MM ao 16.0 MM 3 iHrepBanoM

0,5 MM. Mera uxx aocniaxeHr, i napaNrerps BuMipIoBaHL PEM-3HiMXiB Ha crepeoKorvnaparopj 6irbLu asrarbHo
HaMB onxcaHi y n.l.l-1.3, ae nprBeAeHi BucqoBK!, rloAo ix xapaxrepy, Berx'rrF j 3turexsocri BiA lx\ T iHtxHr

napaMerpiB PEM 3HiMaHHr. qroreHHi pe3yn!?arfi B[MiproBaHL PEM-3o6paxeHb Ha CK o6po6nrnHcL HaMr 3a

npo.paMo'o "Distor" Ha pi3HdTrnax EOM Ta IIK BnpoAoBX 6irLlr tK l0 poxiB. OcHoBHi Han6inbu xapaxrepHi

pe3ynbrars anpoKcrrMarrii noniHoMaMlt 4-x rxniB feoMerPUlrHtx cnorBopeHh PEM-3o6paxeL, orpaN,aHlrx ira PEM

"Hitacht'S-800 npx pi3Hvx napaMerpax PEM-3HiMasHt npltBeaelri HaMr.{ B m6n.l. AHa,ri3 uux peynbrariB

ao3Bonre HaM 3po6urx Hacr-lnHi B,{cHoBl('ll

1) cepeatsi nBMparxqHi BennrrrHu reoMerpuqHlx cno,BopeHb PEM-3o6paKeHb 38aqHj - Bi/t -300 ao -800
MKM; a6conrcrHi ri 3HarresH, Ha Kpatx PEM-3HiMXa Mo,Iq'rb nocrmrl{ !o 2 MM;

2) niarBepaxeHa eqexrllBHic-rL aipoKdrMauii cIlorBopeHL floniHo {aMx 3araibHoro Brllly 3-I creneHi (10

qneHiB) ra noro cKopoqeHuM pi3HoB'1AoN, tKti cKnaAa€rbct 3 6-m qresiB. 3a,rrurKoBi cepeAHi KBa,qparlr'rHi

noxn6Kn Ha (oBrponLHux roqxax nioJ, arlpoxcrMauii unMn noniHoMaMti Ha rroptaoR MeHLUi - B Mcxax 30=70 MIIM,

npxtroMy eoexT,rsHic"rh anpo{crMaqii 6inbu nopqrxuM noniHoM (n:6) npt6n}BHo ra(a 7-! tk i noBHnM 3-I crefleHi

(n:10), Ilro poourb ftoro Brr(opufiaHHt He3ar{iHt MUM npu o6MexeHif xirExocri ltoHrpon}Bxx roqox Ha PEM-

ro6pa^eI rx rccr-circk npr.{ BenvxHx lbinbueHHtx (M,25000"):

3) noriHoM, 3anponoHoBaHai Brown a'It anpo(cltMauii reoveguqHnx cnorBopeHb aocriaxeHxx n niB PEM

veHrx eoemBH"i. Hix noniHoM umnb oro 3 !y. npore i BiH anpokcuMye cnorsopesHt Ao ja,rt{uxoBtr} cepcAHiY

Ksaapalr'rHux BenucHts noprAKa 100:250 MdN

4) Ky6i,rHi ,IreHu noniHoMa 3ararlEHoro Erry, 3aflponoHoBaHi Ghosh [9] ant anpoKcvMauii cnipanhHoi

cuaAoBoi n cropcinHax cnorsopeHb, niArBep,qhra eoemHBHicrb i.x RnKopncmHHr. tx 6a'rrMo ir perynBrariB.

np BeaeH,ix y ft6r.1, Aadun rxn cnorBopeHb [rpllraMaHHuit PEM "Hitachj" i BoHr aocaralorb cepe,qHix

xBaAparuqHUx BenrqxH 350-600 vru (B a6cojlorHHx 3HaeeHHtx Ao 1500 MXM), uro craHoBurb 50-70% cyMapHnx

5) po3noain cnorBopeHb 3a BenuquHaMn ao lx anpokcaMauii n€peBaxHo p;BHoMipHri ; ctMerpn'IHui 3a

3HaKoM (R a6corro,Hnx 3Ha\eHHtx Bia -1.5 MM nO +1.5 MM) 3 nepeDarorc Kinbl{osri cflorBopeHL 3 B;aHocHo

H$HaqHrM BerHqrnaMn (0.1-0.2 MM) B ueHrpalrEHiti 'racruHi PEM-3HiMKa B pariyci r=15 MM Bia toro (eHrpy.

Be,r,rqltiru cnorBopeHB nicJlt anpoKcxMaqii B Mexax Bia -0.3 i{M ao +0 3 MM i Boua niAnoptaKoBaHi HopMatbHoMy

3axoHy po3noainy;

6) cnorsop€HHfl Malor6 cxcreMarl{eHlri xapaffep, i ii OopMa ra BenIr'{xHU cyrr€8o He 3arexarb 8in

rrapaMerpiB PEM-3HiMaHH', a nlltl]c Bia po6or Bcix cucrcM PEM, tlti oopNlylorE 3o6paxeHHt. Cnocrepiraerbct

BiAHocHo He3HaeHe 36i.,r6rneHHt cepeAHix xBalpmulrHlrx BenxqlrH cnorBopeHb (y 1.2-1.5 Pa3a) npx 36irlueHHi

Macura6y 3o6paxe {r Bia 5000" ao 50000'. BrnaaKoBa cKnaloBa cno,Bopelrt, 3yMoBneHa 3MiHaMx pexHMiB PEM-

3HiivaHHqTa rl,'rr.rHoNr tracy He nepeBaxa€ 110% sia i'x a6conlorHl'rx 3HaqeqL;

7). PEM "Hitachi"S-800 MoxHa po3rntaarx tk cm6irLHo npa$orct{y cncreMy BnpoAoBx 3HaqForo Biapi3l{y
qacy (!o oaHoro Mictq) 3ayMoBr{ 36epexer{Ht T exHonori'{Htx pexuMiB lioro e(cflnyararlii
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Ha4oHanbHltil yHiBepctrcr "JlbBiBcbKa norircxHiKa' (M IBsiB, yxpaiHa)

JIO 118-PIqIUI OOTOTPAMMETPUqHOTO APXIBY A. MEfrIEHEAYEPA

O KFUK 3., 2003
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Cmitrrbt 3\akoiturn 4amarnett c uumepectthLnu cmpatu4tuttu ucntopuu @omozPb elnpuu' c fialutton

a)etme.,rb\ocmblooclo,ononoacltuRa$ono,PttfienpuuA'MendeAayepa4cucttlopueuJlut{Lqbkozo
0 om o 4) L,u,i e mp u a e c fi o z o apxu 3 a.

This paper hcquai ts the fea.ler pilh intercsling pages ofa historJt photoSrurnmet c' tritlt scirnlilic aclirity of
tlte SounAir pnotogrammetic A MeJrdenbauer anil $ilh a hbtorJ uniqrc photogttfinetric olarchitle

y 6irrhuocri ,loaei ro apxiBiB o€o6nsBe cmB,eHH' AaBHi aoKyMeHTn' Ooro3H'MIo'' crapoapy(l'

aonoMararor! r{aM noBepfD.rscL y uHyne, nponnBaror6 cBirno Ha o6'€KrxBHi icropE.iHj oa{ru. ocHoBue 3aBnaHHrr

apxiBiB'HaAil'lto36epimTn3aAoKyMeHToBaHiMaTepianxnpoBaxjritBiIloAii3x-r,n}oAcn'MlcT'cn'oruo,,4o
onn",*'o',"u''o*"'"pe3coTHipog3BepHyTbc'A'q'3''cyBaHfi'icTopnHoi;c'xuHayj(oBuiic,rop|fin,a6o)fi

noourn Bi HarqaaKt 3aalt scraHoBneHM cBoro reHeanoriqHoro lepeBa ToMy

ponb nepxaBHrx apxiBiB, saxKo nepeoqiHxrlr, T oMy raKlir!, BianoBlaa-'lbhdM nepea

,vai6yrriM e npoqe.c OopMyRa!{Ht ra o6epimHEt apxiBiB, tK i Kroniffa npaut

dp\iBapiy.iB.
y naHji crarri MoBa firxMc He flpo rpaanuiiiHi apxiBli' a npo €AtHni; y cBirl

OomrpaMMerpsvHrdi apxiB, t(oMy Bxe ltatxe 120 poKiB i tkMfi Mae uixaBy ra He

MeHru cMaaHy icropiro. ioro 3aclryiaB Hir{er(bKti sqer {li, ,ro,t y 1867 poui

Brepre 3anponoHyBaB cBiroBii Havqi repMiH',OororpaMrerpit', Ar66pexr

VelLneHSd)ep. Ha nocmd BinoMoro Bqerroro Baplo,le'aiLHirxe rvr hHh'Hch 

6yB BiH BxcoxoocBiqeqolo i aa"reKomtairorc iIIoa[Ho6' aPxlremopoM' lHxeHepoM'

reororov, dcrpoHcMov, l!i.'ocoooM Birr 6)B Bip)ro'roro toDHHoro i BBaxaB. Ixo

Eor - nan6iqhuun Apxi,emop i TBopeub cBirv, BiH 6vB nocni,qoB(HxoM fa'i'neo

larher : oCloBH v Kpel]oM iolo 6yro ,sepaxeH}" cxcnepnMeEr 3av:cr'

cneKynrqii, tsirr He cnp!.ritvaB reopii EfiHoreiisa ,'npocrip 'IaC', nocxinbKn 6yB

npxxrr,llHunoM r-paatqiiHttx BayKosax (oHuenuifi rp6ox 'tipHoro npocropy, nro

ninfa.rbcq ro,rH,.M srivipaN inobynosav BrB'ralo'rH MiKpo'ra val'?oo;1rk).3iH

,4,1b6pex m Mend eH6q eP -
oauH b lacqoeHuRi'

Qono,prLu"ienpit.


