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O. /Jopo.vcuncbKUU*, B. r.iomoa '
Wydział Inżynierii Środowiska i Geodezji Akademii Rolniczej w Krakowie 

Haniouajibmiu ynieepcumem “JlbeiecbKii nonimexniKa ”

H a  n p c m n i 2 0 0 2 -2 0 0 4  p p . n a  ocTpoB ax rajnH ,ae3 , B iir re p , BapxaHH BiłKOHy B ajiacb un(])poBe 
C Tepe0(|)0T0T0n0rpac|)iliHe 3HiMaHH5i jiboaoBHKiB, HKi po3T am oB ani Ha m ix  ocT poB ax. C n o cT - 
epe'/KCHHH nOB’H3aHi 3 TUM, mO.TJbO.HOBHKH B OCTaHHi 5 0  pOKiB 3MiHHJTH CB0l'p03MipH y  3B’fl3Ky 3 
ni^BHiueHHaM  T eM ncpaT ypn  y  aaHOMy perio H i. Jlbo^OBHKOBHH K ynoji 3M em uye c b o i o 6 ’€m h, 
a n e  3m1hh, m o  n p o x c w iT b  h c  o ^H op iaH i. OTpiiMaHi p e3 y jib T a n i noKa3yKm> H eo6xiaH icT b npcm e- 
acnH n  n o cT ifiH oro  MOHiTopHHry /ibojłO B oro KynoJia Ta jibOAOBwdB a p x in e ; ia ry  ApreHTHHCbKHx
OCTpOBiB [ 1],

BH3HaneHH5i Ki^bKicHHx napaMeTpiB jiboaoBHKiB 3acTOCOByeTbC5i y numiouorii Ta y ccjiepi 
ilHHaMiwHoV mauiojiorii. B nepniOMy BapiaHTi BHpiuiyeTbca 6 ijibiuicTb nporpaM ctocobho 
MoniTopiHry jibcmoBHKiB, a y apyroMy, bhbhchhji MexaHi3My nepeMimeHHH jiboaoBHKiB aae 
3Mory BHflBHTH cj)i3HKO-reorpac])iHHi npouecH rjisujiojiorii i ncpHr\njmiojiori4HHx noaciB. TaKHM 
MHHOM 33CTOCyBaHHH UH([)pOBOrO (J)OTOTCOflÔ iTHOrO 3HiMaiIH51 flaCTb MOWJlHBiCTb BH3HaHHTM 
rjio6 a/ibni 3aflani msmiojioriV.

Rnsi OTpHMaHHH KijibKicHux napaMeTpiB jibOAOBHKiB Heo6xi,nHo 3po6nTn nonepe^Hifi 
p03paxyH0K TOHHOCTi BH3HaneHHH noBepxHeBHX 06’eMiB, a  t 3ko>k npoaHani3yBara MaTepiann 
OTpHMaHi 3 aonoMoroio unc])poBoro 3HiMaHH>iM.

3acTocyB aH H a UHcjjpoBoro (|)0T0Te0flcmiTH0r0 3HiMaHH5i n n x  aocjiia>KeHHa jibOAOBHKiB 

aacTb 3Mory:

—  BH3HalIHTH nOBepXHCBi oG’CMIl JlbOflOBHKiB;
—  no6 yayBa™ no3,aoB>KHi npocJ)ijii jibOflOBHKOBHx KyncxniB;
--- BHKOHaTH nOpiBHHAbHHH aHajli3 pC3yJlbTaTlB oGMipiB.
Jinn BHjHaHCHHH noBepxHCBiix 06’eMiB ^bOflOBHKiB 3anp0n0H0BaH0 mctoa BepTHKajibHoi 

ciTKH, npii »Kifi nojioweHHJi BHxexay Jib0zi0BHKa npoeKTyeTbca na mioiuHHy, KKa e HopMajuno ao 
onTHHHoV Bici 3HiMa^bH0i KaMepn. TexHOJioriwHa cxeMa ncuibOBnx po6iT  no;i5irae y HacTynHOMy 
[2 ],

H a  jiiBiH Ta npaB ifi TOMKax 6 a 3 n c y  BCTaHOBJiioeTbCfl n p n jia f l  i MapKa. H a  jiiBifi to m lh  -  
HH(|)poBHH ())0T0TC0/i0Jin\ Ha n p aB in  -  B i3npna MapKa. H enTpyB anH fl n p o B o a n Jio ca  JBHHafinHM 
ansi TC0/iC3HiiHHX npH Jia^iB  cnocoS oM . n ic j ia  BcraHOBJicHHa uH(j>poBoro (J)OTOTeoaoiiiTa r a  
MapKH BHMipiOIOTb BHCOTy iHCTpyMeHTa i.

(t>0T0rpa(l)yBaHHH BHKOHyBajiocb b HacTynHOMy nopaaKy:
1) na opieHTyioiioMy npHcrpoY(2T2) BCTaHOBJiioioTb BifljiiK, hkhh BianoBuiae HeoSxiflHOMy 

BHriaaKy 3niMannsi;
2) nocjia6jiioioH H  3aKpinHiiH tbhht, noBepTaiOTb Teoao^iT TaK, m o 6  Bi3Hpna MapKa 

noT pam w a b n o n e  3opy 3opoB oi TpyGn opieHTyiOMoro npncT poio; noTiM, 3aKpinnBuiH 
TBHHT, TOMHO CyMilUatOTb 6iCCKTOp 30p0B01 T py6n 3 UCHTpOM Bi3HpH01 MapKH;

3) ncpcB ip a io T b  TOMHicTb BCTaHOBJieHHH BianiK y i nojio>KeHH5i piBHiB; n p n  H eo6xiaH O cri 
noJiowcHHH piBHiB BMnpaBJiMK)Tb i 3HOBy npoBOflHTb Bi3yBaHHfl Ha MapKy;
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4 )  BMHKaiOTb u n c |)p o B y  K a \ie p y , flH c ru ie fi. BcTaHOBJiiOłOTb p o 6 o liy  BHTpiiM Ky, B tio n p a io T i, 

BH/t 3HiMaHHH. 06epe> K H O , m o 6  He n o pyn iH T H  opieH T yB aH H x n p u ju w y ,  n p o B c w m .  

e K c n o 3 H u iio ;

5) UHcjjpoBHH (|)OTO TeoiiojiiT  nep cH o cH T b  Ha npaBy ToŁiKy 6a3M ca , a  Ha Horo M ien c  

BCTaHOBJHOiOTb B i3 n p H y  M apK y; n ic / ia  lio r o  b u i i i  >i<e n o c n if lO B U o cri B iiK o n y io rb  
3HiM aHH».

3mM aHH5l lipOBOflHJIOCb npH  pi3HHX (|)OKyCHHX BiflCTaHJIX KaM Cpil, in o  o6yM OB^IOBajIOCb 

paK ypcaM H  s a x o ru ic n i iH  o 6 ’e ic ry .  ^ a j i i ,  3 rifl.n o  TexH O JiorinH O i cxeM M , BH3HaiiaJiHci> K o o p z im ia ™  

T 040K  3HiMaHHfl 3 a o n o M o r o io  GPS y  CTarawHOM y pe>KHMi ,iuih  n ia B u m c H H a  t o m h o c t I 

3Haxozi/KeHHfl M icuenojio> K eH H a ucH TpiB .

TaKHM  m h h o m  Ha npoT H 3i 2 0 0 2 - 2 0 0 4 p p .  r ip o B e a c n o  i p n  h h k j ih  3HiMaHHH 3 a x iflH 0 i nacTHHH 

AbOflOBHKa o .F aJiiH flC 3  T a asa u h k j ih  b h x o /u b  jibOflOBiiKiB o .o .B i u r c p  T a B ap x a H H . O rp i iM a n i  

M aT ep ianH  xu ia  B in H aw e H u a  K ijib K icm ix  n a p a w c T p iB  n p o  CTaH jibOflOBHKiB i b  n e p m y  BH3HaMemi>i 

noB epxH eB H X  06’eMiB. flK  3a3H aH anoc>i B iu u e , 6yB 3 a n p o n o n o B a n n H  m c to / i  B epT w cajibH O i c I t k h ,  

HKHH 3aCT0C0By£TbCH fljlfl 06HHCJieHHH 06’eMlB npH  p 0 3 B ’jl3yBaH Hi M apKLUefiflepCbKHX p o 6 iT . 

P o 6 o iia  ([jopM yjia  p o 3pax y H K y  06’eM y [5 ] :

F = - 5 JAxAz/ J

( 1)
a e  B  —  aoB>KHHa 6a3ncy (j)0T0rpa(j)yBaHH5i;

A.v, Ai> —  npHHHHTi po3Mipn CTopiH ejieMeHTapHoro KBaapaTy (npMMOKymHKa) na 3HiMKy, m o  
BH3HaiiatoTb co6 oio KpoKH nepeMiuieHHfl jiiBoro 3niMKa cTepeonapn, 3a ocsimh aGcnnc Ta 
anjiiKaT;
f — (])OKycHa Biflaa/ib 3HiMajibHoi KaMcpH;
Pct.p, Pccp —  napanaKCH Hy/ibOBoro Ta HacTynHiix hhkjhb, OTpMMaHi ko>kch ak ccpeflH e  
apncjjM enmHe 3 noTHpbox napa^aKciB BcpuiHH K0 Mip0 K ciTKH.

n ep efifleM o T enep a o  o lu h k h  to m h o cti BH3HaneHH5i 06 ’eMy. npoflii(|)epenuiioBaBUjH  
4>opMyjiy (1 )  Ta 3po6iiBiiiH  n e p e x ia  a o  Bi.aH0CH0T noxw 6KH, OTpHMaeMo:

,2 /  \ 2 2 f

/
______  4

Ap Ł  + p I, Az

.ge m B —  ccpc/iiiH KBaapaTHHHa noxnoKa 6a3ncy 3HiMaHHa;
nij, »;Av, m ^ m ^ p —  cepeflHbOKBazipaTiiMHi noxit6 ia i Bn3nalienn>i c|)0KycH0i' Biaziajii Ta hoxiiGkh 
BCTanoBJieHHH BWiiKiB 3a ochmh a6 cu iic  Ta aru ikaT  napa;iaKcy;
N ----KijlbKiCTb CHMCTpHMHHX K BaflpaTiB  (npHMOKyTHlIKiB) MCpC>Ki;
L —  KijibKicTb y c ix  tohok  BHMipiB.

niflpaxyeM o 3a (jiopMyjioio (2) n o x n 6Ky BH3Ha>iCHHfl 0 6 ’cMy y Bi^coTKax. Y namoM y 
B im aaK y:

^ S - = — !—  A x =  A z = 2mm
B  5000

mt =  0,05mm mp =  /nAf = =  0,005mm
f -  90 m m  L =  264
p „ p = 20mm ^ = 2 3 1

p  'cep =  2 1 MM
rio x n 6Ka ncpm iix  a b o x  ii/icniu 6y ^e  cKJia^aTH -  0 ,1% , rpci b o io  - 0 ,01% , i BUnoBi/ino >ic- 

TBcpToro - 0 ,0 0 6 % , to G to  ja ra jii.n a  B i;uiocna noxn6Ka:—  = 0 ,1 2 %
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AnajmyrowH pe3yjibTa™ orpHMam 3a po3paxyHKaMH HHcejibHoro npnic.na.ay mowjihbo 3p- 
oShth HacTyriHi bhchobkh:

1. 11oxh6kh BHMipy 6a3iicy Ta <j)0 KycHo'i Biaaajii BH3Ha4aioTb BCJiHHHHy b w h o c h o i  
rioxH6 KH o6 ’eMy, axa y Bcix Biina.m<ax 6 yae 0^HaK0 Ba, t o 6t o  Heo6 xiflHO 3 
MaKCHMajlbHOIO TOHHiCTIO BHMipHTH flOBJKHHy 6a3HCy 3HiM3HHfl. He M05KJ1HB0, OCKijTbKH 
BOHa BH3HaHaeTbCH 3 aonoMoroio GPS npnHMa4iB npH HaHBHocri nepManeHTHoi' 
CTaHuii. ToHHicTb (|)OKycHOi BijjCTam 3HiMann;[ KaMep y HaiuoMy BHnaflicy cKJiaaae -
0,05mm, mo 0 6 yM0 BJieH0  cnoco6 oM BH3HalieHHH [3].

2. TpcTiii hjich (J)opMyjin 3ane>KHTb Bifl noxn6oK napanaKciB i 6y,ae 3MeHUjyBaTncfl Bifl 
3MiHH n /iom i ejieMCHTapHHx (])iryp.

3. 3HanHa cTeniHb iMCHiueHHa ocTaHHboro MJiCHa 3a^e>KHTb Bifl 36i^buieHM bchhhhhh 
MacHBy.

4. OcKi/IbKH 3aCrOCOBy(TbCH Ha3eMHe (J)OTOTCO^OJliTHC 3HiMaHHH, TO 3BH43HHO Bci 
noxn6 KM, mo CTOcyfOTbca uboro MeTO^y npneyrai i npn BH3H34eHHi oo’eiwy, t o 6to  
iio x h 6 kh BH3HaHeHHJi nici' BCJiHiiii hh 3ajie>KaTb Bia Bi^CTaHi a o o6 ’eKTy, a npn 36inbmeHi 
6a3Hcy TOMHicTb óy^e 3pocTara.

5. CyTTGBO, mo TOHHicTb 6y/ie me 3ane>KaTH Bi* pi3Hnui napanaKciB (Ap), npunoMy 
o6epHCHo nponopLUHHo.

ripoBiBLUH aHafli3 3HaHCHb noxn6oK He06xi/iH0 Bi^Mmi™, mo Giubiu 3HaHHOK) e noxn6Ka 
iHTcrpyBaHHH pejibe(|)y noBepxHi, sn<y mojkjthbo 3MeHiuiiTH uijiaxom no.ui.ny OKpeMHx KOMipoK 
BepTiiKa^bHoi Mepewi Ha 6i^bm apiÓHi nacTKH.

Hk SaMHMo, y 4)opMyni (2) He npHcyTHi noxn6i<H eJieMCHTiB 30BnimHb0r0 opieHTyBaHHH; 
HaaBHicTb nnx noxn6oK b 3Ha4Hifi Mipi 6yae cnoTBoptoBaTn BejiHHHHy o6 ’€My. P03nnaHeM0 
BnjiHB noxH6oK Haxnjiy 3HiMKa Ha pi3HHUK) noB3aoB5KHix napanaKciB, ocKiubKH bohh 
6e3nocepeAHbo BnjiHBaiOTb Ha BiaHOCHy noxH6icy BH3HaneHHH o6’eMy. 3acTocoByK)4H 
clwpMyjiH [4], OTpuMaeMo:

a P m , =  ~ ( x , A coi
f  (3 )

. . x:Acp, - x ,2A(p,
AP &V = y ( A(P, -A c p 2)  + ----------- y 2--------

BpaxoB yiow ii A(p =  Aco =  30", a n s / =  90 m m , x / =  40m m , x 2 =  30 m m , z  =  30 m m , TOfli A p Ao,=

0,0005^łk, A/?Ai)) = 0 ,01 3mm. 3rmHo oTpiiMaHHx aaHnx TOMHicTb MeToay npH HopMajibHOMy bh- 
na^Ky 3niMaHna Ta opieHTyBaHHH cfioTOTeoaoniTa 3 T04tricTi0 30" He BnxoanTb 3a Me?Ki po- 

3paxyHKOBOi, to 6 to  0,1%. OzmaK npH piBHOBiflXHJicHOMy BHna;n<y (15°) TOHHicTb BH3HancHHH 
0 6 ’eMiB CKjraaae b>kc 1%; b ubOMy Buna/ncy 3HiMKii Heo6xi,UHO Tpancc|)opMyBaTii.

3 MCTOfO KOHipOiiro BHme BHKJia^CHOrO MCTO^y 6yjlll BHKOHani rCO,ae3H4Hi po6o™ , b np- 
oucci hkhx OTpiiMaHi KoopflHHa™ onopHHX T040K 3a KOHTpojibHHMH nanpHMKaMJi. Ha no- 
Bepxni jibOflOBHKa (3axmHa LiacTHHa o.raniHae3, ^hb. p n c .l)  3rum o 3 po3MipaMH cTepeonapn 
BHGHpa^HCb KOHTypni TOMKH, KOOp̂ HHaTH HKHX BH3Ha4ajlHCb npHMOEO reoae3H‘IHOIO 3aciHKOIO. 
BrnwipH BHKOnyBajiHCb 3 ^onoM oroio Teoflo^iTa 2T2. A ^e y 3B’»3Ky 3 thm , mo tohkh  He Ma- 
pKyBajiHCH, 4cpc3 iieMOwjiHBOCTb x o ^h th  no noBepxni jiboaoBHKa, bhhhkjis noxn6Ka Bi3yBanHH 
i CKn BH3HaHCHHfl KoopaHHaT CKnajia 0,09m. Bn3Ha4CHna 06 ’eMy BHKOHyBanocs b np- 
orpaMHOMy naKCTi “D igital” HacTynHHM 4HH0m Ha noBepxHi BHxo^y ^boaoBUKa HaÓHpajiHCb 
niKCTHi T04KH (npii6jiH3H0 1500-2000 niKCTiB) b xapaKTcpHnx 4acTimax noBepxHi ^boaoBiiKa. 
nicjifl 4oro BH3Ha4aBCfl yMOBHHH o6 ’cm panoro  miK-ny Bi^HOCHo noBepxHi, mo yTBopHJiacn 
niKCTaMit Ta BcprnKa;ibHoi njiomnHH, «Ka 3a^aBa^acb Bia Kpaio ^boaoBHKa. /lajri ananom H O  
o6po6jijibch nacTyrniHH hiikji i BH3Ha4aJiacb pi3HimH 06’eMiB mix 06 ’eicriB. B pe^y^bTari
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p o 3 p a x y H K i B  O T p H M y B & n n  p i ' j H H m o  n o B e p x H e B H x  0 6 ’ e M i B  c y M i> K H H x  u h k j h b ,  t o 6 t o  3 M i n y  u i e i  

BeJlHHHHH Mi/K Ce30HaMH.

6) 3 H i M 3 H H H  2003 p.

b )  3HiMaHH5l 2004 p.

Phc 1. 3 h 1m k h  3axiaiiLoi CToponn jibOAOBHKa o. f 3/1111/103

AnpiopHa ouiHKa TOHHOCTi BH3HaHCHHJi 06’eMiB Bian0BiflH0 6yne
mr = k ■ h ■ m/ + l ■ k ■ m/, + I ■ h ■ mk (4)

ae, mi, mt„ mt  —  CKI1 30BHiuiHb0r0 opieHTyBaHHa 3HiMKiB; 
l, k, h -— MaKCMMajibni raSapHTHi po3Mipn jibOflOBHKa.
B HsujOMy BHns^Ky Bi,nnoBi,aHO a  o nepmoro ra apyroro wiKJiy —  mt = 0,20m, ;«/, = 0,1 3m,

m,
m*. = 0,50m, / = 21 Om, k = 40m To/ii. Bi^HOCHa CK n 6y,ne cK^aaaTH = 1,2%. riopiBHioio*iH

MeTO^H H ania/ino  bh /iho , m o m cto /j BepTHKajibHoi ciiKH Ha nopnAOK TOHHiiiiHM, a/ie i m cto/i 
niKCTiB He ncpeB H iuye/jonycT H M y pi3HHUio.

B p e3yjibTaTi oÓMipiB 3axiflH oi w scth h h  jiboaoBHKa oTa/im /icj b c t3 h ob ;ich o , mo 
noBepxHCBHH o 6 ’eM 3MeHUiyeTbCH. B poKax 2002-2003 bIh 3m chiihbch na 23000 m \ a 3a n cp io a  
2003-2004 p.p. 3MCHujcHHfl c t3h obh .h o  28900 m3.

AHajii3yK)im npouec opienryBaH iifl Ha LJcl>C, b nepuiy ‘icpry nco6xi;iiio b h jh 3»ih th , mo
BHHHK3C AOCHTb CyTTCB3 CKJI3flniCTb nepeoni3H3BaHMfl TOHOK p i3H HX  UHKJliB. Lie 3yMOB;iCHO 
AOCHTb 3H34HOK) 3MiHOIO, IUO BHHHKaiOTb Ha nOBepXHi JibOAOBHKiB. ToMy 0pifHTyB3TH 31HMKH 

Kpame BCboro b pc)KHMi na3CMHoro 3HiMaHH« hk ^Ba noo/uinoKHx 3niMKa.
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B i i c h o b k h

1. 3anp0n0H0BaHa TexH0Ji0r i ima cxeivia BH3H3MeHHH noBepxHeBHx 06’eMiB JibOflOBHKiB aae 
3Mory onepaTHBHO i3 Heo6xianoio TonnicTfo po3B’H3a™ nocTaBJieHy 3a.aa>iy, hk 
MCTOflOM niKen'B TaK i mcto^om BepTHKanbHoi ciTKH.

2 . L [n (|)pO B C  cflOTOTeOflOfliTH e 3H iM 3 HHH n p H  3aC T O C yB aH H i C n 0 C0 6 y  B C pT H K ajlbH O l ciTKH 

A0 3 B0 f l a e  BH3HaMHTH K ijib ic icH i n a p a M e T p w  JibOflOBHKiB 6 e 3 a o a a T K O B n x  r e o a e 3 HMHHx 

B H M ipiB , a j r c  npH piB H O B iflX H jieH H X  B H n a a i< a x  3 H iM 3 HHH H e o S x if lH O  3 3 c t o c o b v b 3 t h  

TpaH CC])O pM yBaH H 5I 3HiM KiB.

3 . 3 a pe3y;ibTaTaMn o 6 p a x y H K iB  B C T a H O B Jie H i c y r r e B i  3MinH noBepxoHb jib O A O B H K iB , m o  c 

nijirpyHTTHM ansi MeTepeonoriHHHx Ta rjijmiojioriHHHX flocjii/i>Kenb.
4 . B  nojiajibiLiOMy ruiaHyeTbca b h k o h s t h  o6 p o 6 Ky M a T e p ia n iB  3Hi\iaHHa jiboaoBHKiB 

po3TaiuoBaH Hx Ha o.o. B iH Te p  Ta  EapxaHH.

Abstract

ANALYSES OF TECHNOLOGICAL SCHEME OF DETERMINATION OF 
QUANTATIVE PARAMETERS OF ISLAND 

GLACIERS USING RESULTS OF DIGITAL STEREOPHOTOGRAMMETRIC
SURIEYING.

A.Dorozhynskyy, V.Glotov

Analyses of digital phototheodolite method o f researches of island glaciers in region o f Ukra­
inian antarctic station o f Vernadskyy is pesented in the paper. Apriory calculation o f accuracy of 
determination of surface values of glaciers is shown. The conclusions about accuracy increasing 
of the method o f vertical network are made on its example. Results o f researches arc given.
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