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O TOYHOCTU U3MEPEHUI CKAHUPOBAHbIX ASPO®OTOCHUMKOB KAPBLEPOB

Iudporeie MeToger obpaboTki GOTOCHHMKOB B HacToAIIce Bpems ABIMIOTCH OCHOBOMH
thoTorpaMMeTpHECKHX TEXHOTOTHI KapTorpalMpoBaHHA H OKOHYATE/ILHO BLITSCHHIIH H3 NPHMEHEHHA
yHHBepcaibHEe cTepeodoTorpaMMeTpuyeckie npuGopst [1]. B ropHoM jieiie HaKOTIIEH MHOTOICTHHH
ONBIT TPHMeHeHHS (POTOTPAMMETPHM JII8 PEIleHHA MApPKIICHACPCKHX 3ajad Ha OTKPHITRIX TOPHEIX
pazpaboTKaX, OCHOBAHHBIH HAa HCIOIL3OBAHHH AHAJIONOBBIX ctepeonpubopos  [2]. Tlepexon
Mapkieiijiepekoii (oTorpaMMETPUH Ha HOBEIE IM(POBLIE TEXHOIOTHU JOTDKEH OBITH 060CHOBaHHBIM
TaK, 4TOORI He MOTEPATH HAKOTIICHHKI ONBIT H HE HAPYIIHTS TpeboBaHuA [JeHCTBYIONINE HOPMATHBHBIX
JokyMeHTOB. OCHOBHBIMH NapaMeTpaMH, KOTOPEIE JOIDKHEL OBITH HCo/IeI0BaHbL, AB/IOTCH: NapaMETPhl
HQPOBLX H30OpaXkeHHH CHIMKOB H JOCTHKHMAs TOYHOCTE ONPEeJeeHHA KOOp/IMHAT TOUEK B Kaphepe.
M [Ba NapaMeTpa TECHO B3aHMOCBA3AHBI M ABISIOTCA ONpPEIC/SIONMMH TPH MPOSKTHPOBAHHE HOBOH
TEXHOMOTHH cTepeohoTorpaMMeTpHIECKOll CheMKH KaphepoB, IMOSTOMY BhipaboTka 0GOCHOBAHHBLX
peKOMeHJAlHE HMEET BAUKHOE NPAKTHYECKOE 3HAYCHHE.

VMeHbIIEHHE pasMepa MHKcela MPH NpejcTaBlieHHl aspodoTocHHMEa B WHbposoil dopMe, ¢
0/IHOIi CTOPOHEL, 0OeIaeT MOBLIIICHHE TOYHOCTH PE3YILTATOB H3MEPEHHH, a ¢ JIPYroH CTOPOHEL CTABHT
MOBBIIEHHBIE TpeOOBAHUA K CKAHHPYIOIIHM YCTpOHCTBAM H IPOH3BOJMTENBHOCTH KOMIBIOTEPHOTO
0BOpYIOBAHMA H MOJKET 3HAYMTE/ILHO MOBRICHTE CTOHMOCTB H CHH3HTH PPeKTHEHOCTE TEXHONOTHH.
CreyeT YYMTEIBATB, 4TO HPHMEHAEMble B HacTosliee BpeMs CheMOUHOE oOOpyAOBaHHE W
GoToMaTepHaTEl HMEIOT OTPaHHYEHHYI0 paspemaronryto criocobHocTs [3], mosToMy pasMep NuKcena
NPH CKAHMPOBAHHH JODKEH OBITH copasMepeH ¢ KauyccTBoM (hporocHMMKOB. OTBET Ha MOCTABICHHEIC
BOMPOCHl MOKET OBITE MOIYYCH H3 CPABHEHHA pe3y/IbTaToB 00paboTkH ofHMX H TeX ke (POTOCHHMKOR
pasHEIMH TCXHONOTHAMH. B HacTofImcH CTATHC AHATM3HPYIOTCA PE3YILTATHL SKCHEPHMCHTABHbIX
paGoT MO CrYHICHHIO CHEMOYHOTO OOOCHOBAHHA METOOM aHAJIMTHYECKOH (DOTOTpHAHTYIMIMH.
@DoToTpHaHTyAHE BHIOpaHa B KayeccTBe 00OLEKTa HeC/leOBaHHMA, TaK Kak Ha HeM oDecnmeuHBaeTCA
JIOCTOBEPHOCTh H3MEPEHHS KOOPIHHAT TOMICCTBEHHBIX TOYCK Ha (DOTOCHMMKAX, H B PacTopaKEHHH
aBTOPOB MMEJICA KAYeCTBEHHEIH SKCTIEpHMEHTATLHEN MaTepHa [4].

Tpa:iHI[HnHHaH TEXHOIIOTHA aHATH THYcCKOIl LIJ[}H]‘IpI{aHT‘}'ﬂHIIHH {JI4 CIVIIEHHA ChEMOYHOTO
0boCHOBaHHA 3aK/M0Yanack B H3MEPEHHH Ha cTepeOoKOMIIapaTope Mo aspodoTocHHMKaM (MepHo-
Gernan aspodoTOIUIEHKa) KOOPJAHHAT TOYEK B Kapbepe, NpeJBapHTE/IBHO 3aMapKMPOBAHHEIX Ha
MecTHOCTH (pHc. 1a, 6), ¢ mocaeayromuM ypabHHBaHHeM Ha DBM .

Ha mnepeoM »STane NpHMcHEHHA (DOTOTPHAHTY/IAIMH HCIO/Ib30BalMCh MPOTrPaMMEL
MpUMEHAEMEIC B TomorpadHyeckoM MPOM3BOJICTBE, B YacTHOeTH, iporpamma I'. H. Edumosa [5]. B
NanbHEHIIeM Hellob30Baloch NMporpaMMHoe obecnieueHne, paspaboTaHHOE aBTOpaMH CIEHHANBHO
JUIA YCIIOBMH NMpHMEHEHHA Ha Kapbepax [3—10]. B ocHoBe ero ucnosimb3oBamack MaTeMaTHYecKas
MojielTh cTPOroro ypaBHHBaHHs (GOTOTPHAHTY IAIHH METOIOM CBA30K ¢ caMOKalHOpOBKOi.

Henbitanne H obocHOBaHME NapaMETPOB aHATHTHYECKOH (POTOTPHAHTYIIAIMH MPOBOIHIIOCE
Ha JBYX MOJTHroHax, co3faHHbIX B 1971r. Ha kapeepe FOI'OK (IOxuwni ropnooGoraTHTeTbHBIH
komounar, r. Kpupoit Por) w B 1977r. ma xaprepe Bocrounom JlokyuaeBckoro dumoco-
nonoMHTHOro KoMbuHara (r. Jloky4aceek Jlonenkoit 06m). KonTponkHele ToukH B Kaphepax nepel
CHEMKOH MapKHpOBAHCh TaK, Kak IokasaHo Ha pHc. 1. [InanoBeie koopammaThl TOMEK MOJHroHA
ONpeIe/IAIHCh METOJOM CBETO/AbHOMEPHOH MOMHTOHOMETPHH H DOKOBEIX VITIOBRIX 3acedek, a
OTMETKH — TEOMETPHYECKHM HMBEIHPOBAHMEM, TaK 4TO OMMOKH IJIaHOBRIX KOODIMHAT HE
npesrimaioT +0,05M, a ormerok +0,03M. AspodoTockeMKka BeIMONHATACH Kamepoi ¢ (oKyCHBIM
paccrosnueM 100 MM Ha kapbepe «Bocrounbiit» ¢ Beicothl 730-760 M OTHOCHTENLHO BEPXHETO
ropusonta npu riaybuHe xapeepa g0 100 M, BbicoTa aspodorocheMkn Kapbepa IOTOK
OTHOCHTEITLHO BEPXHET0 FOpH30HTa cocTaBHIa 850 M, nmpu ray6HHe Kapbepa 150 M.
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O TOYHOCT M3MEPEHMIl CKaHWMPOBAHHLIX a3podOTOCHUMKOB KapLepoR

ONBITHO-MPOMBIINTICHHEIE MCIBITAHHA TEXHOIOTHH aHATHTHYECKOI toToTpHaHTY NAIHH
BemomHeHHbic B 1971 © Ha monmurone HOxHOTO rOpHOOGOraTHTCILHOTO KOMGHHATA MOKA3AIN
TOMHOCTE KOOPIHHAT 3aMapKHPOBAHHEIX TOYEK Teo/[E3MYEcKOTo MOJHIOHA B IUIAHE — 0,35 M, mo
pricore — 0,36 m.[5]. Ha noimrone kapeepa «Boctounsiiy Jlokyuaesekoro tpmocogonoMHTHOTO
kombunata B 1977r. OBUIO NONYYEHO, YTO TOMHOCTH ONpEIETEHHS INIAHOBOTO MOMOKCHMS
3aMapKHPOBaHHEIX TOYEK CHLEMOYHOH CETH cOCTABMIA B Iulane — 0,20 M, 110 BEICOTE — 0.12 m. [7].

Pue. 1. @parmenthl aspohoTocuuMior kapbepa FOI'OK: a) yacTh kapbepa c ONOPHEIMH TOMKaMH; 6) BT
3HAKA MAPKHPOBKH ONMOPHOH TOMKH.

Cnyera 30 neT Ha apxXHBHBEIX aspodoToMarepuanax kapeepa IO['OKa onpoboran kommnexc
nporpaMM aHamiTHYcckoit  doToTpHanrynauue BlokMSG [4]. Hecnepopanus mokasamm, 4To
METPHYECKOE KauecTBO ApXHBHBIX CHHMKOB IPAKTHYSCKH HE M3MCHHIIMCh, HEKOTOPOE MOBHIIICHUE
TOMHOCTH KOOpPJHHAT ToYEK B Kapbhepe II0 HOBBIM H3MEPEHHAM MOKHO 00LICHHTE Oollee
COBEPIICHHLIM MIPOTPAMMHBIM 00CCTICHCHHEM.

Takum 0BpazoM, HMEIOIMACA KOMIUIEKT a3p0oTOCHHMKOR H JAHHBIC NOICBLIX IE0/Ie3HYSCKHX
M3MEPEHHH HMCHBITATERHBIX TOJHIOHOE SBISIOTCS HaJSKHBIMM SKCIIEPMMEHTALHBIMH MaTepHATIAMH
Ul Mcelie[lOBaHMA — TOCTABIEHHBIX  3afad.  AspodoTocHuMkH  OBUTH  OTCKAaHMpOBaHBI — Ha
hoTorpanmeTpiricckom BricokoTounoM ckanepe IHI I «l ‘cocuetemay (r. Bunnnua, Yxpauna).

CKaHMPOBAPOBAHHE APXHBHEIX MAaTEPHANIOB aspooTocheMKH, paspeiiaolias clocoOHOCTE
KOTOPEIX COCTARIIAA Mopsiaka 50 THHHI Ha 0/IMH MUUTHMETP B UCHTPE CHUMKA H 235 11/MM Ha Kparo
cHuMKa [3], Gumm BRImonHeHb U Kapbepa IOI'OK ¢ pasmepom mukcena 24 MkM, a s kapeepa
«BocTouHbi» — 1 6MKM.

Io xapnepam Bocrounsni n IOIOK jg1a wimepenuii Ha (ororpaMMeTpudeckoil cTaHIHK
Henera  (Bunuuma) coctaBiacHEl  OJOKH — pacTpoBBIX H300pakeHHH  OTCKaHHPOBaHBIX
aspodorocuumkor. Mz dotocHumkos Kapepa Boctounoro copmuposal 610K . BKTOHAIOMHE TpH
B3aHMHO TAPAILIETBHBIX MApIIPYTa 10 YeThIpe CHUMKa B KaskaoM, Beero 12 cnumkos. lpojonsioe
H IOIEPEYHOE TEpeKpHITHE CHHUMKOB paeHo 60 % (puc. 2). Ilo kapbepy IOI'OK otoGpano jaea
mapalUie/LHEIX MapHIpyTa, BKIOYAIOIIMX YETRIPE H TpH CTEPEONaphl COOTBETCTBEHHO, BCEIO
9 cuuMkoB. 1Ipojonbioe nepekphiTHe pasHo 70 %o, MoNcpeiHOE MEAIY MaplipyTaMH — Iopsjika
80 %

B kauccTBe ONOPHEIX B ccTH (QOTOTPHAHTYIIIHH 1o BocTouHOMY HCNONB30BAaHEL
9 saMapKHpOBaHHBIX MYHKTOR, a IO IOI'OKy — 7 NyHKTOB, KOOpPJHHATBI KOTOPRIX ONpC/IC/ICHBL H3
HAZEMHLIX TeoJe3HYecKHX HaMepeHHH. B KauecTBE KOHTPOILHEIX TOYEK HONONB30BAHEL NYHKTEHI
reo/ie3MYEcKHX 1T0IHIOHOB B Kapkepe BocToYHOM B KOTTHYECTE 88 mTyk, Ha OI'OKe ucnonkiorano
95 myHKTOB.
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O TOMHOCTH M3MepEHUA CKaHWPOBaHHLIX a3podhoTOCHUMKOB Kapbepos R %

Hamepenns  pacTpoBEIX — M300pakeHHii  CHHMKOB  KaphepoB BHIMOTTHEHO  Ha
(oTorpammetprycckoii crannuu Jlennra. MaMepenus cHHMKOB Kaphepa BocToMHbIH BREINOIHEHD
BBl © HHTEPBANIOM BO BPEMEHH B jBa rofa,a umenno B 2002 u 2004r.pasHEIMH ONi€paTOpaMu.
Cuumku FOTOKA wamepenst B 20051 Vpasuupanue pe3ybTaToB HIMEPEHHH BHIMOTHEHO ©
noMolIBI0 TporpaMyuoro kommekea «BlokMSG» (rabi. 1). Hehe

ITo pesynnTaTaM ypaBHUBaHMS H3MepeHHHl B ceTH (POTOTPHAHTYIIAINNH Kaphepa BocTounrrit
CPE/IHCB3BEIICHHBIC 3HAUCHUS OTKIOHEHHH B MOMOKECHHM TOMEK H3 JBYX BAPHAHTOB H3MepeHHUH
(Tabn. 1) pannbi: :

—  Ha OMOPHKIX TOUKAX Kak B IUIaHe Tak M mo Beicore — 0,17Mm;
— Ha KOHTPOJLHBIX TOYKAX KaK B IJIaHE Tak U 1o BhicoTe — 0,22M.
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Pue.2. Cxenma ceTH (OTOTPHAHTYIHALKHH Ha IOIMIOHE Kapbepa «BocTounbii.

Ta6.a. 1. PesynsraThl ypaBHHBAHWA (DOTOTPHAHTYISHHOHHEIX CETCH 110 KapbepaM

HaumeHoBaHHE MapaMeTPOR Kapreph
HOI'OK BocTounniii

Toas 2005 2002 2004
Ko/M4ecTRO OMOPHLIX MYHKTOE Ha MECTHOCTH :

TIAHOBO-BEICOTHRLE i 7 i

BHICOTHELL 2 2
KomuuecTtso cTepeonap B O1oke T 9 [’
Beero KOHTPOIILHEIX MIaHOBO-BLICOTHRIX TOMEK 05 88 77
CpeHHE OTKIOHESHHA Ha ONMOPHBIX TOYKAX, M

B IIJIaHE 0.16 0,22 0.12

o BRICOTE 0,20 0,22 0,12
CpeHHE OTKIOHCHHS HA KOHTPOJIBHBIX TOUKAX, M

B TI/TaHE 0.26 0,22 0,23

Mo BEICOTE 0,28 0.19 0,26
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O TOYHOCTWU M3MepeHuit CKaHWPOBAHHEIX a3pohOTOCHUMKOE Kapbepos

IIps collocTaBIICHHH PesylIbTaTOB M3MEpeHHH CHHMKOB 0GOMX KaphepoB OYEBHIHO, YTO
pesyIbTaThl OIM3KH APYT JPYTY [0 CBOHM B IMMHHAM.

Ha puc. 3 mokasaia rucTorpaMMa pacnipe/Ie/icHHs OmuG0K Ha KOHTPOILHEIX TOYKAX Mocie
YpaBHMBAHHA CETH (OTOTpHAHTYIMUMH TO Kapbepy Bocroumsni. Bumso, uro pacnpeaeneHHE
ommMOOK NPaKTHYCSCKH MOJMMHACTCA HOPMalbHOMY 3aKOHY pachpegerichus. MakcHMaTbHbIC
OTKIOHEHHA 110 BEICOTE, NpeBhimatonue 0,2 M oTMeyaroTes Ha HeGONBIIOM KOMHYECTBE TOYEK,
menee 10.

Pacmipeenienue pacXokAcHui BBICOT KOHTPOILHEX ToYeK AZ, BEMHCICHHBIX KaK PasHOCTE
OTMETOK II0C)Ic YPaBHUBAHUA (DOTOTPHAHTYIANMK, H OTMETOK, IOIYUEHHEX W3 JaHHLX IOIEBOTO
HUBETMPOBAHUA 110 Kapbepy BocToumblii, HamenatoTes B nipegenax ot -0,3010 0,46 M (puc.4).

HaumenbUIHE OTKIOHEHHA BBHICOT Ha KOHTPOJIBHBIX TOMCK IOJYHMEHEI B Cpej[HHE OI0Ka MO
cpeiHEMY MapmipyTy. AHaNOrH4YHAL CHTyalus HabmroracTes W o kapeepy FOI'OK, a nanGonbmme
OTKIOHEHHA MOIVIEHBL B VIITY GIl0KA ceTH, I/le BelnwinHa AZ gocTuria snadenus 0,5M. (pue.3)

m.
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10 14 18 20

Puc. 3. T'Hcmr'pamma pacipedeIcHHE CPpSIHHX KRaj[paTHUESCKEHX OIMHOOK B IOJI0KEHHH EOHTPOIIEHBR TOMEK
[Moc/ic YypaBHHBEAIHA CCTH

Puc. 4. Tpaduxu oTk1oncHRi AZ Ha KORTPOILHEIX TOHKAX Kaphepe BocToMHRIR

KpoMme oOmneHKH  KauecTBa  pacTPOBRIX CHHMKOB, c(OpPMHpOBAaHHEIX B Dok
oTOTPUAHTY TAIHK, BEITOTHEHBI H3AMEPEHHA OTACILHLIX HE 3aBHCHMBIX JIPYT OT APyra pacTpOBhIX
H300paXkeHHil Kak Mo Kapbepy BOCTOMHEIH Tak H 110 Kapeepy IOI'OK, npuieM no kapeepy IOI'OK
3TH K€ CTepecollaphl, HO Ha aspooTOmICHKE, H3IMCPEHBI M Ha CTEpcOKOMMapaTope «CK1818»

(Tadm. 2).
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Puic. 5. Tpadwkn orknonennit AZ Ha KOHTpokHEX Toukax kapbepa FOI'OK

Ta6.. 2. PeaynnTaThl ypasHHBAHHA HIMEPEHHH OTACTEHEX cTepeonap kaphepa IOI'OK

No [Tapan | Kommiec CpeHHe KBaJpaTHUYECKHE OIMHOKH KOOPIHHAT, M
crepeo- | nmake, TBO «JlenuTan «CK1818»
naphl MEM TOYUEK m, my m; my my m;

1 28 11 0,17 0,17 0,21

2 0.8 10 0,09 0,08 0.06 0,19 0.18 0,37

3 0.9 12 0,23 0.26 0.41

4 2,9 21 0.05 0,08 0,07 0,09 0.16 0,17

B 2R 10 0,01 0,02 0.02 0,17 0.16 0,32

0 2,6 2 0.13 0,14 0,01 0,28 0,24 0,28

7 24 20 0.11 0.13 0.02 0,37 0,23 0,04

8 3.5 14 0,13 0,17 012

9 2 12 0.09 0.09 0.14 0,10 0.09 0.14
Cpejiee BECOBOE 0,11 0,12 0.10 0.21 0,19 0,20
BekTop ommokH, M 0,19 035

Ha kaxgoM crepeomnape kapbepa IOI'OK mmeercsa nocraToMHO MHOTO KOHTPOJIBHBIX
TOYEK MEeCTHOCTH, KOOPJAMHATEI KOTOPBLIX H3BECTHHI H3 HaseMHEIX H3MEPeHHiH. YpaBHHBaHHA
H3MEpeHHii OT/CIBHBIX CTEpPCONap CKaAHHPOBAHEIX CHHMKOB Ha (oromneHke kapbepa IOI'OK
BRHINONHEHO ¢ nmoMomblo BlokMSG. Ananus pesynsTaToB H3MEpeHHIl cTepeoliap pacTpOBBIX
W3MEpPEHHH M ero Ke CHHMKOB Ha YepHo-0eloff IUleHKe IOKA3KIBAKOT, YTO TOMHOCTE
u3MepeHHil pacTPOBHIX H300pakeHHH HAa MOHHTOPE KOMIILIOTEPA NOYTH B 2 pa3a BhIMIE, HeM Ha
crepeokommaparope (Tadir. 2).

ITo xapbepy BocTouHBI H3MEPEHEL CTEPEOIAPE! TOIBKO PACTPOBKIX H300paKeHHA CHHMEKOB
Kapbepa (Tadm. 3).

ConocTaBjieHHe JaHHBIX TaOMHIl 2 U 3, MOKa3bIBACT, YTO YMEHBIICHHEM pa3Mepa MHKCe/I ¢
24 Mxm  (kapbep JOT'OK) go 16 MM (kaphep BocTounslid) npu ckaHHpoBaHHH a3pod0TOCHHMKOB
NPAaKTHYECKH TOYHOCTh H3MEPCHHH OTACTBHEIX cTepeonap MOBLIIaeTes HesHayHTensHo ¢ 0,19 M 10
0,25 M.

96



O TOYHOCTH M3MEPEHMIT CaHMPOBAHHBIX a3pochoTOCHUMKOB Kapkepos

Taba. 3. PeaylIbTaThl ypaEHHBaHUSA HIMEPCHHH OT/ICTLHEX CTepconap Kapkepa «BocTounbri

Ne B | Kormeons CpenHuc kBagpaTHieckie ommoKn
CTCpEO= T e KOOPJIHHAT TOYEK, M
Tape!
my my m,
1 0,2 36 0.08 0.12 0.23
v 0.3 22 0.18 0.24 0,08
3 3.0 3 0.06 0.11 0,10
4 0.9 24 0,10 0,15 0.28
¥ 5 0.3 19 0,19 0,24 0,15
(i} 2.4 25 0,09 (.09 0.11
7 T 33 0,07 0,11 0.14
8 12 20 0,12 0.10 0,15
9 1,0 24 0,08 0,13 0.24
10 0.1 30 0,13 0,13 037
Cpeflee BEcoBoe 0,09 : 0,14 0.19
Bexrop onmbxn, M 0,25 :

Takum 0bpasoM aHalM3 pesylIbTATOB H3IMCPEHHI APXHBHLIX MAaTEPHATOR aspodioTOCHEMKH
KPYIHEIX KaphepoB YKpaWHBI Kak [IpM  H3MEPEHHAX (OTOTPHAHTYIANHOHHEIX  GIOKOE,
COCTABIICHHEIX M3 PACTPOBEIX CHHMKOB, TaK H OTACILHBIX CTEpEONap IOKa3kIBaeT, 4TO IpPH
pasMepax mHKceId 24 MKM H 16 MKM IOTPEIHOCTH W3MEPEHHI 110 BETHYHHE GIM3KH MCKITY coboil.

ChefoBaTenbHO, CKAHHPOBAHUC HE 00A3aTENHLHO CTPCMMICH BEINONHATE CKAaHEPOM ¢
GoNBIIMM pa3pellicHHEM M JUIS PENICHHS TOPHOTCOMCTPHHMECKHX 3aJad HA OTKDHITBIX TOPHBIX
pazpaboTKax JOCTATOYHO HMETEH H300paMKEeHHE ¢ pasMepoM MHKCENd B mpeaeitax 20-24 M.
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