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IPUBEJIEHHS JIIHIN, BUMIPSIHUX PYJIETKOIO TA EJJEKTPOHHUM
TAXEOMETPOM, 10 OJHOI'O MACUITABY

Axmyanvhicms memu 0ocnioxcenua. Bascnugoio cknadosor ceodezuunux pobim ¢ sumipioganms ainii. Jlinitni eumi-
PIOBAHHS GUKOHYIOMBCSL NIO 4aC NOOYO08U 2€00€3UtHUX MEPedC, MONOSPAPIuHUX 3HIMANb, [HIICEHEPHO-2e00e3UYHUX PObO-
max. Toow 3abe3neuenss 00CMOBIPHUX PE3VIbINAMIG TIHITIHUX UMIPIOBAHL € AKIMYATbHUM 3A80AHHIM.

ITocmanoexa npoénemu. Bumipiosanis modicyms GUKOHYBAmMUCy pisHUMU npunadamu ma pisnumu memooamu. LLJo6 3a-
Oesneuumu NPUHYUN €OHOCI BUMIPIOBAHb, KOJICEH 3 NPUNAOie NosureHr npolmu memponoziuny amecmayiio. Ilpu yvomy 3acmo-
COBYIOMbCSL NPOYEOYPa KOMNAPYEAHHS, MOOMO NOPIGHAHHS BI0CMAHI, BUMIPAHOI 2€00€3UUHUM NPULAOOM 3 EMANOHHOIO.

Ananiz ocmannix docniocens i nyonikauii. Ananiz rimepamyprux 0dcepen noKasas, Wwo emaioHy8anHs npunaoie ons
JUHIUHUX UMIPIOBANb BUKOHYEMbCS HA emanonnux dasucax. Taxi 6azucu marome Kinbka 6I0pI3Kie, sAKi GUMIDAHI 3 8UCOKOIO
mMouHicmio ma HAdIiHO 3aKPINeHi Ha MiCYe8oCMi.

Buoinenns ne supimenux paniuie uacmun 3azanvnoi npoonemu. OOHaK, AKWO 3a 8i0CYMHOCMI NOOU3ZY eMATOHHO20
6a3ucy KomMnapyeamHs nPo8ecmu HeMONCIUBO, MO OOYLILHO NPUBECMU BUMIPIOGAHHS X04a 6 00 Macumaby 00HO20 3 NpuIa-
0i6. B nooanbuiomy mModicra npoeecmu emanony8anHs iuule ybo2o npuiady ma yepes ymoyHeHuti Macumaonuli koegiyicum
sunpagumu ainii, suMipsiHi inwium npuaaoom. Lfum exonomnamecs Kowmu Ha Hedeuiegy npoyeoypy KOMNapy8amns, sKy 6u-
KOHYIOMb ) YeHmpax cmanoapmu3ayii ma Memponoeii.

ITocmanoska 3a60anns. I'onognoro memoio yici pobomu € npuseoeH s THIUHUX BUMIPIOBAHb, GUKOHAHUX eleKMPOHHUM M-
xeomempom Trimble 3305 DR i pynemkoio Inter Tool, 0o oonoco macuima6y. Yepes 3naunuii obcse mamepianie oana cmammsi 8u-
CImIoe 1a60pamopHi 6UMIPIOBAHHS MA ONPAYIOBAHHS pe3yabmamis, ki cmocyromucs pynemiu Inter Tool. Ilooanvuii pesynomamu
00CniodNCceHb 3 BUKOPUCAHHAM enekmponno2o maxeomempa Trimble 3305 DR 6y0ymb nasedeni y HACHYRHUX HOMEPAX HCYPHATY.

Buxnaoenns ocnosnozo mamepiany. Bumiprosanns suxonysanuce y aabopamopii. Kinyi ninii, sxa eumipioganace, 6yiu
3aghixcosani cneyianonumu 8i0niKoguMu npucmposmu. Bionikoei npucmpoi 6yn0o ecmanosneno 6 mpezepu, Kompi 3aKpiniio-
8aNUCL HA cMAayiOHapHux Memanegux cmosnax. Ha eepxuill niowuni 8ionikosux npucmpois namecemi 08a 63acMHO NepneH-
OUKYIApHUX GIONiKoBUXx wmpuxu. Biocmane sumiprosanacs misic 6i0nikosumu wmuxamu 1ieoco i npago2o cmognyuxie. Ilo-
mim  6ionikogi npucmpoi nogepmanu na 180° ma  3m08y eumipiogarace eiocmane. Lle 3abesneuysano epaxyeanus
excyenmpucumemy GiOniKoSUX wimuxie. Brazani eumiprosanns ckradanu ooun npuiiom eumipiogans. Misic npuiiomamu no-
JIOMHO PYIEmKU 3CY8anu Ha Many senuuuny. Busnauanocs cepedne 3navenns 6i0cmani 3 Kitbkox nputiomie. Y cepeowne 3na-
uenHsl 66OOUNUCHL NONPABKU 3d: NPUBEOEHH s 008ICUHU PYTemKu 6i0 memnepamypu sumipioganns +15 °C 0o +20 °C; nposu-
CAHHA NONOMHA PYIEMKU; NPUBEOEHHS 00 OPUZOHIMY.

YV nepwomy yuxni euxonano 10 nputiomie sumipiosanns giocmani misxc nooinkamu pyremku 0,10 m ma 4,49 m 3 suzna-
uenHAM Kinyesoeo 3nayens, sike oopignioc 4,37683 m. V¥ opyeomy yukni suxonano 12 npuiiomie sumipiosants iocmami mMisic
nooinkamu pynemxu 4,40 m ma 8,78 m 3 eusnauennam Kinyeeozo 3nauens, sike cknaio 4,37680 m.

Byno suxonano nepegipxy pezynomamis sumipiogamns: Ha 8i0NOBIOHICHb HOPMALLHOMY 3aKOHO8I — 3a Kpumepiem Kon-
Mozoposa, na pisnomounicmo —3a F' - kpumepiem, 6iocymnocmi cucmemamuunux noxubox — 3a Kpumepiem Abbe.

Bukonana oyinka mounocmi 6UMIpIOGAHHA NIHII 3 BUKOPUCAHHAM PYIEMKU.

Bucnoeku 6ionogiono 0o cmammi. Bukonani 0éa yukiu eumiprosanis siocmani 3a oonomoeoto pyaemxu Inter Tool.
Cmamucmuuna nepegipka psoie 8UMIpIO8aHb NOKA3ALA BIOCYMHICMb CUCTNEMATNUYHUX NOXUOOK, 8IONOBIOHICMb HOPMATLHO-
My PO3ROOINLY pe3yibmamie ma pieHOMOYHICMb peanizayill UMipiogans y 060X yukiax. Y cepeoni 3Hauents GUMIDAHUX 8I0-
cmanell KOJCHo20 YUKy OYIo 66e0eH0 NONPABKU 3a: GIOMIHHICMb meMnepamypu 6UMIPIOBAHHs MAa HOMIHALHOI memnepa-

mypu +20°C, nepesuwennsn xinyie eumipanoi ninii, npoeun noromma cmpiuku y noeimpi. Kinyese zopuzonmanvhe
NPOKNAOeHHsl GUMIPSHOT 8IOCAHT BUZHAYEHO 3 cepeOHbOI0 Keadpamuunoto noxubkoio 0,054 mm i dopisuioe 4,37682 m.
Knrouosi cnosa: sumiprosanns eiocmaneil; pyiema, enekmpontuti maxeomemp,; KOMAAPYBAHHS BUMIPIOBATbHUX NPULAOIE.

IMocranoBka npodJemu. I1i1 yac npoBeeHHs Te0/1e3UUHUX POOIT Ta HAYKOBUX JIOCTIKEHD
1HKOJIM TOBOJWTHCS BUKOPUCTOBYBATH BIJICTaHi, BUMIPSHI PI3HUMH NpHiiagaMu abo pI3HUMU Me-
tonamu [1]. B ineampHOMY BHUITQ[Ky KOKEH 3 TIPWJIAIIB MOBUHEH MTPONUTH METPOJIOTIUHY aTeCcTa-
uito. [Ipu 1bOMy 3aCTOCOBYETBCS TPOIIEIypa KOMIIApyBaHHs, TOOTO TIOPIBHSHHS BiJICTaHi, BUMI-
PSIHOT T'€0/Ie3UYHUM IIPUJIAJIOM, 3 €TaJIOHHO0. Lo npolieaypy Ha3UBatOTh 111€ €TaIOHYBAHHSIM.

AHaJi3 ocTaHHIX J0C/iaKeHb i myOJaikaniii. Y po06oTi [2] HaBeIEHO MOPSAIOK €TATIOHY-
BaHHS CBITJIOBIJJIAJIEMIPHOT YaCTUHM €JIEKTPOHHHUX TaXxeOMETpiB Ha 0araTo I[EHTPOBUX €Ta-
JIOHHUX 0a3ucax J0BXKUHOMO BiA 1 10 3 KM.
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CratTs [3] npucBsiueHa KaniOpyBaHHIO HA3€MHOT'O JIa3€pHOTO CKaHEpa, SIKU BUKOPHUCTO-
BYETbCS JUIsl BUPILIECHHS 3ajja4u 1H)XKEHEPHOI reoie3ii.

VY po6oTi [4] HaBelleHO NOCTIPKEHHS 3 METOI0 KaliOpyBaHHS JIa3epHOIO CKaHepa Ha KOpOT-
KOMY €TaJIOHOBAaHOMY T'€0JIE3MYHOMY Oa3Hcl, 1110 Ma€ KibKa IHTepBaJliB JOBXUHOO 110 24 M. Ce-
pennst kBagpatuyHa noxudka (CKII) BusHayeHHs iHtepBaniB 6azucy craHosuia 0,3 MM, a npu-
MYCOBE LIEHTPYBaHHS CKaHepa Ta B110nMBava OyJ0 BUKOHAHO 3 MOXUOKo0 He Oumbiie 0,3 MM.

BuisieHHs He BUpilIEHUX paHillle YACTHH 3arajibHoI npodiaemu.  OnHak, SIKIIO 32 Bid-
CYTHOCTI TTOO/IM3Y €TAIOHOBAHOTO 0a3uCy KOMIApyBaHHS HEMOXJIMBO MIPOBECTH, TO II00 MOPIB-
HSTH T1 K caMi BEJIMUMHH, BUMIPSIHI PI3HUMU NpUIIaZiaMu, a00 K BU3HAUUTU HEBIIOMY JOBXKHUHY
SIK PI3BHULIIO JIOBKUH, BUMIPSHUX PI3HUMU NPUIIAIaMu, OTPIOHO xo4a O MPUBECTH TaKi BUMIPIO-
BaHHS 710 ojxHOTO MacmTady. Hampukiaz, misi BU3HaYeHHS MOCTIMHOT MOTPaBKU (CTao1) eIeKT-
POHHOTI'O BijiaieMipa BUKOHYETHCS TOPIBHSIHHS BIICTaHEH, BUMIPSIHUX PYJIETKOIO Ta €JIEKTPOH-
HUM BIJIQIEMIPOM YM €JIEKTpOHHUM TaxeoMmerpoM [5]. IlpuBenenHs no ogHoro macirady
nepeidayae BU3HAYEHHsSI MAcIITaOHOTo Koe(ilieHTa, KOPUCTYIOUHCH SKUM BIJCTaHb, BUMIPSHA
OJTHUM TIPUJIAJIOM, MIPUBOJUTHCS Y BIANIOBIIHICTH JIO JIOBKWHH, sIKa BUMIpsiHA ab0 Moke OyTH
BUMIpSIHA 1HIIMM MPWIAJOM. Y MOAAIbLIINA MEepCHeKTHB1 MOXKHA IIPOBECTH KOMITApyBaHHSI OJHO-
ro 3 JBOX NPWJIAAIB 1 HE MPOBOJUTH KOMITApyBaHHA HIIOTO. [{luM eKOHOMIISAThCS KOUITH Ha He-
JIEIIEeBY MPOLETypPY KOMIIApyBaHHsI, IKY BUKOHYIOTh Y LIEHTpaxX CTaHAapTU3allll Ta METPOJIOTTi.

Mera crari. ['0710BHOIO MeTOIO 11i€1 poOOTH € IPUBEIEHHS JIIHIHHUX BUMIPIOBAaHb, BUKO-
HaHUX eJIeKTpoHHUM TaxeomeTpoM Trimble 3305 DR i pynerkoto Inter Tool, 1o oxHoro ma-
citaby. Yepes 3HauHM 00CAT MaTepialiB ISl CTATTS BUCBITIIIOE Ja0OpPaTOpPHI BUMIPIOBaHHS
Ta ONpALIOBAaHHA Pe3yilbTarTiB, Kl cTocytoTbesa pyierku Inter Tool. Ilonanbuii pesynbratu
JOCTIKEHb OYyTh HaBEJECH1 Y HACTYITHUX HOMEpPax JKypHaly.

Bukiaa ocHoBHOro marepiajy. /[Jis BHpIICHAS MOCTaBIICHOTO 3aBJIaHHS OyJIM IIpOBe-
JleHi eKCriepMMEHTANIbHI JOCIIKEHH . [X cyTHICTh HoMsrana y BUMIpIOBaHHI Tiei caMoi Bijc-
taHi pynerkoro Inter Tool Ta enekrponanm Taxeomerpom Trimble 3305 DR. Jlns npoBeneHHs
€KCIIEPUMEHTAJIbHUX PpOoOIT Oys0 BHOpaHO JabopaTopito Teoje3il y HaBYaJIbHOMY KOPITYCl
Ne 22 YepHIriBCbKOro HalllOHAJILHOTO TEXHOJOTTYHOTO YHIBEPCUTETY.

Pynerky / (puc. 1) Oyno po3TanioBaHo 3HU3Y FOJIOBKH IITAaTHBA Ta MPUCTPOIO 2, IKUI 3a-
KpIIUIIOBABCA Yy MIJCTaBI1 Ta MPUTBUHYYBaBCS A0 wrtaTuBa. [lpuctpiii 2 MmaB 010K Manoro ji-
ameTpa, 4yepe3 SIKUi MOJOTHO 3 PYJETKU Mix KyToM, Onu3bkuM 110 90°, cipsMOBYBaoOCh 10
BIJUTIKOBUX MPUCTPOIB 4 Ta 5, BCTAHOBJIEHUX Yy M1ICTaBKH, 5IK1 OyJI0 3aKpIIUIEHO IBUHTAMU 0
cTtoBmUMKIB s4 Ta s2. Kinenp pynerku Oyino 3aKpiljieHo 3a JOTIOMOTOI0 CTPYOLIMHH JI0 BEpX-
HbO1 IOBEPXH1 CTOBIYMKA s1 yepe3 ryMoBi IpokIaaku. Jlo pyaeTku 0yino NpUKPILIIEHO TArap,
Baroto 5 kinorpamiB. Taky Bary Oyno BHOpaHO TOMY, 1110, HAIPHUKIAJ, JJs HPUB’SA3KU J10
CTIHHMX 3HAaKIB 3 BUKOPHUCTAHHSM DPYJIETKU, HATST MOJIOTHA PYJIETKH Yy 5 KUJIOTpamiB € ONTH-
MaJbHUM SIK JUIsl HATATY MOJIOTHA PYJIETKH, TaK 1 s yTPUMaHHS PYJIETKH BPYYHY HEpYXO-
MOIO BIAHOCHO IIEHTPIB 3HAKIB. 3aKpilHi TBUHTH MIACTABOK HA CTOBMYHMKAX S2 Ta s4 po3ra-
IIOBYBAJIMCh NMEPHEHAUKYIISIPHO A0 IMOJIOTHA pyneTku. BimmikoBi mpuctpoi 4 ta 5 (puc. 1)
MarTh BUTJIA MWIIHApPA 7, Y BEPXHIM YaCTHHI SIKOTO PO3TAIlIOBaHA Kpyrija IjiaTiBka (puc. 2)
3 HaHECEHUMHU PI3LIeM yepe3 Il LeHTP JABOX TOHKMX BUIIIKOBHX JIiHINA & mix kytoMm 90° ogHa
BITHOCHO OJIHOI Ta 3aJINTUX TOHKUM IlIapoM 4opHOi ¢ap6u. [lincrasku (puc. 1) Ha cToBIYHU-
Kax s2 ta s4 Oyyu monepeHbO BIATOPU30HTOBAHI 33 JOTIOMOT'OI0 €JIEKTPOHHOI'O TaX€OMETpa.

TexHouoris BUMIpIOBaHHSI KOHTPOJILHOT BIICTaH1 pyJIETKOIO BKJIOYaa:

1) opieHTyBaHHS BIIIIKOBUX JIHIM BIIIIKOBUX MPHUCTPOIB MapajiebHO TOPLIO MOJOTHA
PYJETKH Ta 3aKpIMJIEHHS BIUTIKOBUX MIPUCTPOIB 3aKPITHUMHU TBUHTAMU M1ICTABOK;

2) B34TTA BIUIIKIB 32 PYJIETKOIO 110 MPAaBOMY Ta JIIBOMY BIUIIKOBUM IPUCTPOSIM (CTOBII-
4uK s2 Ta s4) BIIHOCHO BIJUTIKOBUX JIiHIM, SIK1 IEpHIEHAUKYIISPHI TOPLIO MOJOTHA PYJIETKH;

3) BIOKPIUIEHHS 3aKpIMHUX T'BUHTIB MiJCTaBOK, MOBOPOTY BIIUIIKOBUX HPHUCTPOIB Ha
180°, 3akpimieHHs 3aKPIMTHUX TBUHTIB MIACTABOK Ta B3SITTS BIIIIKIB 32 PYJIETKOIO MO MPABO-
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My Ta JIIBOMY BIUTIKOBUM MPUCTPOSIM BIAHOCHO BIJUTIKOBUX JIIHIN (1100 BpaxyBaTH €KCLIEHT-
PUYHICTD BIUTIKOBUX JIIHIM BIIHOCHO OC1 00€pTaHHS BIUTIKOBUX MPUCTPOIB);

4) BiAKpIIJIEHHS CTPYOLMHU Ha CTOBIYUKY S1, 3CYB IIOJIOTHA PYJIETKH Ha MaJly BETUYUHY
Ta 3aKpiIUIeHHS 1i CTPYOIMHOO 10 CTOBMYUKA S1.

Puc. 1. Bumipiosanns 6iocmani 3a 00noMO02010 pyiemKu y NePpuiomy Yukii

Puc. 2. Bionixosuii npucmpiti

[Tynktu 1-3 cxiagany oAvH NPUIOM BUMIPIOBAHHS, @ MK MPUioMaMH BUKOHYBAJIKCH JIii 32
yHKTOM 4. [y 30UThIIICHHS] TOYHOCTI BITIIYBaHHS 32 PYJIETKOK0 BUKOPHUCTOBYBAJIACH JIyTIa 31
30utbIeHHsM 3,5%. Byna BU3HadyeHa TeMIieparypa Ha [MoYaTKy Ta y KiHili BUMIproBaHb. BUKOHa-
HO TPUTOHOMETPUYHE HIBEJIIOBAaHHS €JIeKTpOHHUM TaxeomerpoM Trimble 3305 Bepxy Bimiiko-
BUX IIPUCTPOIB Ta CEPEMHU MOJIOTHA PYJIETKH — JIJIsl IPUBEJICHHS BUMIPIOBAHb IO TOPU30HTY Ta
BH3HAUEHHS CTPUIKH MIPOTUHY nojoTHa. TeMmnepaTypa nia yac BUMiproBaHb ctaHoBuia +15 °C.

Pe3ynbratu BuMiptoBaHb HaBelieH1 y Tabma. 1, 2. ¥V npyroMmy Ta TpeTbOMy CTOBIUMKAX Ha-
BEJICH1 BIUTIKM 32 PYJIETKOIO 1O JIIBOMY BIIJIIKOBOMY HPHUCTPOIO, a Y II'SITOMY Ta IIOCTOMY
CTOBIUMKAX — IO MPaBOMY BIIJIIKOBOMY IPHUCTPOIO JUISl JBOX J1aMETPaIbHO MPOTUIICKHUX
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MOJIOKEHb BLUTIKOBUX JiHINA. Bukonano 10 mpuiioMiB BUMIpIOBaHb Ta BU3HAYEHO CEpEIHE
3HaueHHs. OOUYuCIeHI Ta BBEJCHI OMPaBKU:
- 32 TEMIIepaTypy — NPUBEACHHS TOBXKHUHU CTPIUKH pyieTku a0 +20 °C

A, =125-10°(15-20)4,37712=2,7-10* u, (1)

Ne 2 (8), 2017

ne 12,5-107° ~1/ 1°C — TemnepaTypHHil KO€]ILI€HT JIIHIHHOTO PO3IIMPEHHS CTali;
- 32 MIEPEBUILIEHHS BIUTIKOBHUX ITPUCTPOIB HAa CTOBITYMKAX S2 Ta s4 (IIpHUBEIEHHS 0 TOPU3OHTY)
_(0,0072)°
" 2.437712

ne 0,0072 M — nepeBUILIEHHS BIIJIIKOBOTO MPUCTPOIO HA CTOBMYMKAX S4 HaJ BIUIIKOBUM IIpHU-
CTPO€EM Ha CTOBIYMKY S2.

=-6-10"° ~—0,00001 M, (2)

Tabmums 1
Pe3yfzbmamu GMMIP}OGGHH}Z giocmani s2 — s4 3a 00nNoMo2010 pyiaemKku y nepuiomy L{uKJll
J, + 1 n+n
Ne a5, M T, M Ja,— 1, n;, M Ny M n —n, ! 5 2 ! 5 2
1 0,1055 0,1059 -0,0004 4,4827 4,4831 -0,0004 0,10570 | 4,48290
2 0,1074 0,1069 0,0005 4,4845 4,4841 0,0004 0,10715 4,48430
3 0,1070 0,1074 -0,0004 4,4843 4,4846 -0,0003 0,10720 | 4,48445
4 0,1071 0,1067 0,0004 4,4843 4,4839 0,0004 0,10690 | 4,48410
5 0,1070 0,1074 -0,0004 4,4842 4,4846 -0,0004 0,10720 | 4,48440
6 0,1080 0,1084 -0,0004 4,4851 4,4848 0,0003 0,10820 | 4,48495
7 0,1076 0,1080 -0,0004 4,4849 4,4852 -0,0003 0,10780 | 4,48505
8 0,1082 0,1086 -0,0004 4,4854 4,4850 0,0004 0,10840 | 4,48520
9 0,1078 0,1081 -0,0003 4,4850 4,4853 -0,0003 0,10795 4,48515
10 0,1042 0,1038 0,0004 4,4814 4,4810 0,0004 0,10400 | 4,48120
)y 1,0698 1,0712 -0,0014 44,8418 | 44,8416 0,0002 1,07050 | 44,84170
>/10 0,10698 0,10712 -0,00014 | 4,48418 | 4,48416 0,00002 0,10705 4,48417
cep. 0,10705 448417
Sz’z 4,37712 m 4,37712
CepeaHe 3HaUCHHS 4,37712
[Tompaska 3a TeMmepaTypy A ; -0,00027
[TorpaBka 3a MEPEBUIICHHS KIHIIIB CTPIUKU A 5 -0,00001
[onpaBka 3a MPOruH CTPIUKU AU -0,00001
Tl'opuzoHTanbHe NpOKIaACHHS D; 4,37683

3rigHo 3 [6] nonBiiiHui pajniyc 2R NpOruHy MOJOTHA CTPIUKU BU3HAYAETHCS Yepe3 CTPLI-
Ky nporuHy f Ta poBxuny ayru [ (puc. 3) 3a popmyoro

12
2R=f+77. 3)
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Puc. 3. Jlo susnauenns padiyca npoeury cmpiuku

Ne 2 (8), 2017

Tabmums 2
Pezynomamu eumiprosanns eiocmani s2 — s4 3a 00NoM02010 pyiemKu y Opy2oMmy YuKii
+ +
Ne a5, M T, M Ay — T, n;, M ny M n,—n, N 2]12 i 2n2
1 4,39940 | 4,39980 -0,0004 8,7766 8,7770 -0,0004 4,39960 8,77680
2 4,40430 | 4,40380 0,0005 8,7812 8,7809 0,0003 4,40405 8,78105
3 4,40670 | 4,40720 -0,0005 8,7837 8,7841 -0,0004 4,40695 8,78390
4 4,4103 4,40980 0,0005 8,7872 8,7868 0,0004 4,41005 8,78700
5 4,4105 4,4110 -0,0005 8,7877 8,7881 -0,0004 4,41075 8,78790
6 4,4141 4,4145 -0,0004 8,7910 8,7906 0,0004 4,41430 8,79080
7 4,4150 4,4156 -0,0006 8,7922 8,7926 -0,0004 4,41530 8,79240
8 4,4183 4,4179 0,0004 8,7953 8,7949 0,0004 4,41810 8,79510
9 4,4219 4,4223 -0,0004 8,7992 8,7996 -0,0004 4,42210 8,79940
10 4,4257 4,4251 0,0006 8,8029 8,8025 0,0004 4,42540 8,80270
11 4,4302 4,4307 -0,0005 8,8077 8,8079 -0,0002 4,43045 8,80780
12 4,4321 4,4316 0,0005 4 8,8089 0,0003 4,43185 8,80905
)y 52,9885 | 52,9893 -0,0008 105,5139 105,5139 0,0000 52,9889 105,5139
¥/12 | 4,41571 | 4,41578 | -0,00007 8,79283 8,79283 0,00000 4,41574 8,79283
cep. 4,41574 8,79283
sk 4,37709 4,37709
CepeaHe 3HaUCHHS 4,37709
[TompaBka 3a TeMmepaTypy A ; -0,00027
[TorpaBka 3a MEPEBUIIICHHS KIHIIIB CTPIUKA A 5 -0,00001
[NonpaBka 3a MPOrvH CTPIUKU AU -0,00001
I'opuzoHTanbHE NPOKIAaICHHS DQZ 4,37680 m

Jy3i [ Oyne BianoBinaT NEHTPATBLHUHN KyT [, SIKHi 3 ypaxyBaHHIM (opmyiH (3) T0opiBHIOE

ﬂ_360°l: 360°
27R . £+L
[ 4f

JlosxkuHa xopau 2a (puc. 3) 3 ypaxyBanHsM (3) 1(4) cTaHOBUTH
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2 °
2a:2Rsin§:(f+i—]sin _ 180 %)
S (s
[ 4f
[TonpaBka 3a IPOTHH y JOBXKHHY, BUMIPSHY PYJIETKOI, BU3HAYAETHCS 32 (hOPMYIIOI0
2 1 °
AU:2a—l:(f+i—]sin _ 180 -1. (6)
P (s
[ 4f

Crpiika IpOrMHY BHU3HA4YaeTbCid 3a pe3ylbTaTaMH TPUTOHOMETPUYHOTO HIBEIIOBAHHS
BEpXY BIJIIKOBHUX NMPHUCTPOIB HA CTOBIMYMKAX S2 Ta s4 1 CEpEAUHU MOJIOTHA CTPIUKH Ta CKJIa-
nae f=0,00380 M, a ayra, 3 ypaxyBaHHSIM IIOIIPaBKU 3a TEMIEPATYpPy, CTaHOBUTH (Tadm. 1)
[=437685m. Toxi mompaBka 3a MPOTUH CTPIYKH, 3riAHO 3 ¢opMmynoto (6), TOpPIBHIOE
A =-0,0000088 ~ —0,00001 M (Tabur. 1).

VY Takuit cnoci6 Oysi0 BUBHAYEHO BIJACTaHb MK OCSIMHU BTYJIOK IT1JICTABOK, 3aKPIIUIEHUX Ha
cToBIMYMKax s2 Ta s4 Ha iHTepBaii pyaeTku Bia 0,1 M 10 4,4 M, 110 CKIIAI0 NEPIIAMA UK BU-
MIpIOBaHb.

VY apyromy 1mukiii Oyno BU3HAYEHO BiICTaHb MK TUMHM K OCSIMU BTYJIOK, 3aKpIIIJICHUX HA
CTOBIUMKAX s2 Ta s4, aje Ha IHTepBali pyneTku Big 4,4 m 10 8,7 m (Tad. 2).

PizHu1s BimcTaneit MK 0CSIMU BTYJIOK TIJICTABOK, 3aKPIJICHWX HA CTOBITUMKAX S2 Ta s4 Ta BH-
3HaueHUX y nepuiomy 4,37683 M ta npyromy 4,37680 M mukiax, cranosuia — 0,00003 m, To6TO
0,03 MM, 110 JUTSt CEPEHBOTO 3HaYeHHs D, = 4,37682 M y BitHOCHIH Mipi cTanoBuTS 1:146000.

JUisi BU3HAYEHHsI BIIIOBIIHOCTI PS/IiB BUMIPIOBaHb BifCTaHi S., HOPMaJILHOMY PO3MOILTY

Oyno BukopucraHo kputepiii Konmoroposa. it KibKOCTI BUMIpIOBaHb 7 <30 CTaTUCTHYHUI
pAA OIIPAIBOBYETHCA 3a TAKUM IMOPAIKOM. Busnauvaetbesa BiI[XI/IJ'ICHHfl z; KOXXHOTIO 3 BI/IMipIOBaHI)

x; BIJI cCepeIHbOro 3HaueHHsA X y HopMoBaHoMy Burisaai At CKII ogHoro BuMiproBaHHs m

z; = . (7)

OO4MCIIOI0THCSI 3HAUEHHS eMIIPUYHOiI (PYHKIII po3nojauly F(z;) A HOPSAAKOBOTO HO-

Mepa i HOPMOBAHOTO BIIXWJIEHHS z;
= i-0,5
F(z;)= P (8)

TeopernyHe 3HaYECHHS HOPMOBAHOI (YHKIIIT pO3IOUTY BU3HAYAETHCSA 32 (DOPMYIIOIO IS
TaOJMYHUX 3Ha4eHb &(z;) [7]

F(z;,)=05+®(z;). )
Busnavarotbes pisHuLI D,
D, =F(z)-F(z,). (10)

I'imore3a mpo HOpMaJIBHUN PO3MOALT EMIIPUYHOTO CTATUCTUYHOTO Py MIATBEPKYETh-
cs1, KOJIn |D € MEHIIUM 33 D, , K€ € TAOJUYHUM 3HAYCHHAM [7].

msx

O6uucnenns 3a kpurepiem Konmoroposa HaBeneHo B Tabi. 3 14.
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Ta6mmms 3
Kpumepii Konmozopoea ons pezynomamie sumiprosanis 6iocmani Si, y nepuiomy yurii
Ne z; F(Zi) F(z,) D; Ne Z; F(Zi) F(z;) D;
1 -1,9 0,05 0,0287 0,0213 6 0,5 0,55 0,692 -0,142
2 -1,6 0,15 0,0548 0,0952 7 0,5 0,65 0,692 -0,042
3 -0,5 0,25 0,308 -0,058 8 0,5 0,75 0,692 0,058
4 0,3 0,35 0,618 -0,268 9 0,8 0,85 0,788 0,062
5 0,5 0,45 0,692 -0,242 10 0,8 0,95 0,788 0,162
m=0,1856 mM; ID,..|=0,268; D, =0,41; |D,.|<D,.
Tabmums 4
Kpumepiiu Konmozopoea ons pesynomamie sumiprosanns iocmani S, y Opy2omy yukni
Ne Z; F(Zi) F(z;) D; Ne Z; F(Zi) F(z;) D,
1 -2,5 0,3 0,067 0,233 7 0,3 0,542 0,618 -0,076
2 -0,6 0,5 0,274 0,226 8 0,5 0,625 0,691 -0,066
3 -0,6 0,5 0,274 0,226 9 0,5 0,708 0,691 0,017
4 -0,3 1 0,382 0,618 10 1 0,792 0,841 -0,049
5 -0,3 1 0,382 0,618 11 1 0,875 0,841 0,034
6 0,10 1,2 0,5 0,700 12 1,2 0,958 0,885 0,073
m=0,2309 mum; ID,.|=0,149; D, =038; |D,,.|<D,.

HeoOXiaHo BH3HAUMTH PIBHOTOYHICTH PsijliB BUMIPIOBAHHS BiICTaHi S), y mepiiomy ta apy-
roMy LUKJIaX, OCKUIbKU 111 psiu OyayTh BUKOPUCTaH1 CyMICHO JUIS BU3HAYEHHS CEPEIHbOIO 3Ha-
ueHHs D7, . JIist bOT0 3aCTOCOBAHO F -KpUTEPIid, 3TiHO 3 SIKUM [7] IS KOXKHOTO 3 PsJIiB 00uHc-

JIOKOTHCST BUOIPKOBI uctiepcii m Ta m> i3a yMOBU ~ m > mj OOUMCIIFOETHCS CIIBBIIHONICHHS

le
"
F=—L

m2

(1D

3 Tabmuup [7] 3a 4yMcnoM cTyneHs Bodl k, =n, —1 Ta k, =n, —1 1 pIBHEM 3HAYHOCTI
g=1-P, mo BianoBizae oOpaHiil KOBIpYil WMOBIPHOCTI P, BUOMPAETHCA CTATHCTHKA F, .
Psnu OynyTh pIBHOTOYHI, KOJIH

F<F,.

(12)

V TakoMy BHIAAKy Ui ml = 0,0533 — JIpyroro IMKIy BUMIpIOBaHb Ta m; = 0,0344 -
nepmoro MUKy (tabmuii 5 ta 6) 3a dopmynoto (11) po3paxoByerbest 3HaueHHs F =1,55 Ta
it ny =11, n, =9, ¢=1-0,95 3a Tabmuusmu [7] 3Haiineno F, =3,0. Ockinbku F <.F,, TO
00u/1Ba psAIM BBAXKAIOTHCS PIBHOTOYHUMHU.

JIist BU3HAaYeHHsT HAsSBHOCTI Y BIJICYTHOCTI CHCTEMATHYHHUX IMOXUOOK Y psAAax BUMIPIO-
BaHH4 BiJICTaH1 OyJl0 BUKOpHUCTaHO KpuTepiit A0Oe. [[ist 1boro BUZHAYaIOTHCS PI3HUIL

d=S;,-5;. (13)
OO6uucnioeTbes qucnepceis
my=———3d’. (14)
2(n—1) i3
BusHauaeThest BAGIPKOBA CTATHCTHKA JJIsi BUOIPKOBOT aucmepcii m?
2
5::{%%. (15)
CucremaTnuHa oxuoOKa y psijii BAMIPIOBaHb BIACYTHS, SIKIIO BUKOHYETbCS HEPIBHICTD
6>4,. (16)
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PesynpraTtn po3paxynkiB 3a ¢opmynamu (13)—(15), maBeneni B tadn. 5 1 6. Toxi y mep-
IOMY IMKJI1 BUMIPIOBaHb BiAcTaHl st n=10 Ta ¢ =0,05 TaOnuuHe 3HAYEHHS KPUTEPIIO J10-
piBHIOE 5, = 0,53 [7]. 3 Tabu. 5 BUAHO, 1O & > §_, TOOTO CUCTEMATHYHA MOXHOKA BIJICYTHI.

VY npyromy nukiIi BUMIprOBaHb Iig n=12 1 ¢ =0,05 tabnuune 3Ha4eHHs O =0,56. 3 Tadn. 6
BUJIHO, IO § > §, - CUCTEMATHYHA NOXUOKA BIICYTHSA 1y APYroMy psijii BAMIPIOBAHb.

Tabmums 5
Pesynomamu o6uucnenns siocmani SY, y nepuiomy yukai ma po3paxynKu
0o kpumepio Aboe
Ne S, ™ d , mm d?, M Ne S.,m d , Mm d%. e
1 4,37720 -0,05 0,0025 6 4,37675 0,5 0,25
2 4,37715 0,1 0,01 7 4,37725 -0,45 0,2025
3 4,37725 -0,25 0,0625 8 4,37680 0,4 0,16
4 4,37700 0,2 0,04 9 4,37720 0 0
5 4,37720 -0,45 0,2025 10 4,37720 -0.1 0,93
d=S,,~S,; my, =0,1856 MM; m2 =0,05167 Mm”; & =150
Tabmuis 6
Pesynomamu o6uucnenns siocmani S1, y Opy2omy yukii ma po3paxyHku
0o kpumepio Aboe
Ne S, ™ d, MM d?, mvd Ne A" d, MM d?, M
1 4,37720 0,2 0,04 7 4,37710 0,1 0,01
2 4,37700 0,05 0,0025 8 4,37700 -0,3 0,09
3 4,37695 0 0 9 4,37730 0 0
4 4,37695 -0,2 0,04 10 4,37730 -0,05 0,0025
5 4,37715 0,65 0,4225 11 4,37735 0,15 0,0225
6 4,37650 -0,6 0,36 12 4,37720 0 0,9900
d=8,, ~S,; my, =02309 MM; m2 =0,04500 MM”; § = 0,844

JUis OIIIHKM TOYHOCTI BUMIPIOBAaHHS JiHII S,, 3 BUKOPUCTAHHSAM PYJETKH 3aCTOCOBaHA
(dbopMyIia BU3HAUEHHSI OKPEMOT'0 3HaYeHHS S,, y Tabn. 112

_ntn,

I,

P
Sy =

2

2

(17)

ITicns  nudepenuiroBanus  ¢opmymu  (20) Ta mnepexomy no CKII 3 ypaxyBaHHAM

. e op
m, =m, =m, 1@ m, =m, =m, CKII BAMIPIOBaHH: JiHii S,, 3 BAKOPUCTAHHSIM PYJICTKH MA€

BUTJISA]
ey =% m:+m’ . (18)
3HayeHHd m, Ta m, BU3HAYAIOTbCA 3a PIBHULM d, =(n,—n,) Ta d, =(1, —n,). dua
L[bOT'O BU3HAYAETHCS HASBHICTh UM BIJICYTHICTh CUCTEMATUYHOI MOXUOKU Yy PI3HULAX d, Ta
d, 3a kpurepiem [7]
>d|<2,55d|/n . (19)
3 rabu. 1 BusHAuaOTECA [Yd,|=14 MM, ¥ |d,|=4 MM, n=10, T0 x 3a popmymnoro (19)
>d R| =0,2 MM,
> |dg|=3.7 MM, n=10, 3a popmynoro (19) 0,2 MM < 2,9 MM — CHCTEMAaTH4HA OXUOKA Y d

L4 MM < 3,2 MM — cUcTeMaTH4Ha MOXUOKA Y ¢, BIICYTHS. AHAJIOIIYHO,

BifCyTHs. 3 Tabn. 2 BU3HAUYCHO: [Y.d,|=08 MM, ¥ |d,|=58 MM, n=12, T0 % 3a GopMyI0K0
>.dy|=0,0 MM, TOGTO
cUCTeMaTUyHa MOXHOKa BiCYTHS. 3 OISy HA BIACYTHICTh CUCTEMATUUHUX MOXUOOK Yy psiax

(19) 0,8 MM < 4,2 MM — cucTemMaTuyHa noxubka y d, BincyrtHs. [daii,
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BU3HAYEHb PI3HULL d, =(n,—n,) Ta d, = (1, —1,) MOYKHA TOBOPUTH IIPO T€, IO BIUIKOBI
JIHII, BIZHOCHO SKUX BUKOITYBAJWUCh BU3HAYEHHS 3raJaHUX PI3HUIb, HAaHECEHI 0e3 eKCIEHT-
PUCHUTETY Ha BEPXHIX IUIOUIMHAX BITIKOBUX npucTpoiB (puc. 2). CKII Biiiky BiIHOCHO Bij-
JIKOBUX JIHIA 00UUCITIOETHCS 32 HOPMYIIOI0

2
P X (20)
JI(1T) \/5 n
Hosuaunmo y dopmyni (18) m, =mg — mid mepmoro Typy BHMIPIOBAHHS Sk Ta
24

m_, =mg —y JAPYroMy Typi BuMmiptoBanns S, . Toni hopmyna (18) Habyne Burmsaay

P
$24

1
M (s5,) =$ m:+m? . (21)
P

CKII cepeanboro 3HaueHHs BiCTaHl S,,, BA3HAYEHOT'0 y MepuioMy ado JApyromy LUKIAX,
JIOPIBHIOE

_Msiisp)
msl,cep(sz,cep) - \/; : (22)

3a ganumu Tadn. 1: Yd, =1,62 MM° Ta >Yd, =132 MM>, n=10. Toxi 3a popmymoro (20)
m, =0,2846 MM, m, =0,2569 MM, a 3a popmynor (21) ms =0,2711 mm, 3a Gopmyroro (22)
) =0,0857 mm. 3a nanumu 1adn. 2: > d, =2,51 MM Ta >d, =093 MM2', n=12. Toni 3a

mSl,ce

dopmynoro (20) m, =0,3234 mm, m, =0,1969 MM, a 3a popmynorw (21) mg =0,2677 Mm, 32
bopmyoro (22) ms, ., = 0,0607 M.

OcCKUIbKHM Yy NEpIIOMY LUK BicTaHb S,, BUMiproBasiack pyieTkoro 10 pasis, a y npyro-
My IUKIL 12 pa3iB, TO OTpHMaHi cepeiHl 3HAYeHHS Y IHMKIAaX MOXYTh OyTH HEPIBHOTOYHHMH.
OpmnHak 3a F -KpUTEpIEM CepeaHl 3HAYCHHS y MHUKJIAaX MPUHMAOTHCS PIBHOTOYHUMH. Tomy 3a
KIHIICBE 3HAUYCHHS IPUIUMAETHCS CEPEAHE 3 TOPU3OHTAIILHUX MTPOKIAICHD Y IUKIAX, SIKE A0PI-

BHIOE D), =4,37682. Moro CKII Bu3HauaeThCst 3a HOPMYIO0

1 2 2
Dzﬁ :E mSl,cep +mSZ,cep : (23)

g nasenenux CKII cepeanix 3HaueHp y NepLIOMY Ta APYroMy LHUKJIAX MOKHA TPUMATH

3 (23) CKII kiH1I€BOTO 3HAYEHHS TOPU30HTATBHOTO MPOKIAICHHS M ,r =0,054 MM.
24

BucnoBku. BukoHaHi /1Ba MUKIM BUMIPIOBAHHS BIJICTaHI 3a JOIIOMOTOIO pyJeTKd Inter
Tool. TIpoBeneHa craTucTU4HA NEpeBIpKa PsAIB BUMIPIOBaHb, KA MOKa3aia BICYTHICTb CUC-
TEMaTUYHHUX MOXHUOOK y psA/laX BUMIPIOBaHb, BIAMOBIIHICTE HOPMAIBHOMY PO3IOIUTY PE3yilb-
TaTIB Ta PIBHOTOYHICTH peaji3aliii BUMIpIOBaHb y 000X LUKIJIAX. Y CepeHl 3HAUECHHS BUMIpSI-
HUX BIICTAHEH KOKHOTO LMKy OyJIO BBEIEHO MOMPABKU 3a: TEMIIEPATYpy, 3@ MEPEBUIICHHS
KIHIIB BUMIPSHOI JIiH11, 3@ IPOTMH NOJOTHA CTPIUKU Y HOBITP1. Y MiCYMKY BU3HA4YE€H1 FOPU30-
HTaJIbH1 IPOKJIa/IEHHS BIICTaH1 Yy KOKHOMY LIMKJI1 Ta KIHIIEBE 3HAYEHHSI TOPU30HTAIBHOTO IPO-
knaaeHHs 4,37682 m, cepenns kBaaparnyna noxuoka (CKII) sixoro ctanoButs 0,054 M.
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Serhiy Kryachok, Lyudmila Mamontova, Yuliya Shcherbak

BRINGING LINES, WHICH WERE MEASURED BY ROULETTE
AND ELECTRONIC TOTAL STATION, TO ONE SCALE

Urgency of the research. Lines measurement is an important part of geodetic works. Linear measurements performed
during the construction of geodetic networks, topographic survey, engineering and geodetic works. Therefore, ensuring
reliable results linear measurement is an urgent task.

Target setting. Measurements can be performed by different devices and different methods. To ensure the principle of
unity of measurements each device must undergo metrological certification. In this case a comparison procedure is used.
That is a comparison of the distance measured by the geodetic device with the reference one.

Actual scientific researches and issues analysis. Analysis of literary sources showed that standardizing devices for lin-
ear measurements is performed on the calibration base-line. Such bases-lines have several line segments that are measured
accurately and securely mounted on the locality.

Uninvestigatigated parts of general matters defining. However, if no calibration base-line of comparison is possible, it
is expedient to bring the measure to scale at least one of the devices. Further, it is possible to standardize only this device
and updated using a scale factor to correct the line, measured by another device. This saved money on an expensive proce-
dure of comparison which is performed in the centres of standardization and metrology.

The research objective. The main purpose of this work is to bring linear measurements made by Trimble 3305 DR
electronic total station and Inter Tool tape measure to one scale. Due to the considerable volume of materials this article
highlights the laboratory measurements and processing of results concerning the Inter Tool tape measure. Further studies
using Trimble 3305 DR electronic total station will be given in the following issues of the journal.

The statement of basic materials. Measurements were performed in the laboratory. The ends of the line that was
measured were recorded by special readout devices. Readout devices were installed in the levelling head which were fixed on
the stationary metal poles. On the upper plane readout devices applied two mutually perpendicular readout strokes. The
distance measured between the readout touches of left and right columns. Then readout devices were returned through 180°
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and measured distance again. This provided the inclusion of the eccentricity of readout strokes. These measurements made
one receiving measurement. Between the receivings the canvas of the tape measure was changed to a small size.. The aver-
age value of the distances of several receiving was determined. The average value of amendments was introduced by bring-
ing the length of tape measure from the measurement temperature +15°C to +20°C; sagging cloth tape measure; bringing to
the horizon.

In the first cycle 10 receiving measuring the distance between divisions tape measures 0.10 m and 4.49 m with determina-
tion the final value, that is equal 4.37683 m were made. In the second cycle 12 receiving measuring the distance between divi-
sions tape measures 4,40 m and 8,78 m with determination the final value, which amounted to 4.37680 m were made.

The results of measurements were checked for compliance with normal law by the Kolmogorov criterion, on equal
accuracy by F-criterion, absence of systematic errors by Abbe criterion.

Evaluation of accuracy the measurement line using tape measures was made.

Conclusions. Two cycles of distance measurement with Inter Tool tape measure were performed. Statistical verification
of ranks of measurements showed the absence systematic errors, matching the normal distribution of results and equal
measurements accuracy implementations in both cycles. In the mean values measured distances each cycle was introduced

amendment by the difference in temperature measurement and the nominal temperature + 20° C , exceeding measured ends
of lines, cloth tape sag in the air. The final horizontal laying measured distance was determined with an average quadratic
error of 0.054 mm and equal 4.37682 m.

Key words: measuring distances, roulette, electronic total station, the calibration of measuring instruments.

Cepeeii Kpsauoxk, Jlroomuna Mamonmosa, FOnus ll]epbax

NPUBEJAEHUA JUHU, U3BMEPEHHBIX PYJETKOMN U DJIEKTPOHHBIM
TAXEOMETPOM, K OJHOMY MACUHITABY

Onucana memoouxa npueeoenust TUHUL, UMEPEHHbIX PYIEeMKOU U Maxeomempom, Kk 0OHomy macuimady. B sxcnepu-
MEHMANbHOM Ucciedosanuu oviaa ucnoavzosarna pyremxa Inter Tool u snexmponnviti maxeomemp Trimble 3305 DR. Cywy-
HOCMb IKCHEPUMEHMA 3AKIOYANACL 8 MHOCOKPAMHOM UBMEPEHUU OOHOU U MOU Jice TUHUL PYIemKOU U MaAXeoMempom u
NOCACOVIOUUM PACHEMOM MACUMAOH020 KOd(hduyuenma. B cmambe npusooumcs nepeast 4acms usMepeHull ¢ UCnoab308d-
Huem pyremku. Pezynomamot uzmepenutl noonexicanu 6bisi8IeHUuI0 NOCMOSHHOU no2peutnocmu no kpumepuio Abbe u coom-
6€MCmBUsi HOPMATLHOMY pacnpeoenenuio no kpumepuio Konmoeoposa. B umoee nonyueno cpeonee 3nauenue nunuu. Boruuc-
JIeHa CPeoOHAs K8AOPAmu4eckas nocpewnocms onpeoeneruss Onunbl TUHUU.

Knrouesvie cnosa: usmepenus paccmosnuil;, pyremxa, 1eKmpoHHbLL Maxeomemp; KOMRAPUPoBanue usmepumenbbix
npubopos.
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