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[Tpotecc Gypenus, xak ¥ moboli APYroif TEXHOMOIWIECKHH NpoLece, HyXKaa-
€rcs B H3MEPEHHH Er0 NAPAMETPOB € TEM, ITO0H HM MOXHO GBUIO YIPABIATH, KOH-
TPOMEPOBATH Ge30NACHEIC YCIOBUA TPY/Aa U T.1. Bawo# 3anageil undopMaMOHHO-
ro obecredueHys ABIAETCH NMPOTHO3 COCTOSHHA OOBEKTA HA KAKOH-TO IPOMEXYTOK
BpEMEHH BOEPE/ H, B OCOGEHHOCTH, MPOTHO3 H BHISBNEHUE OPCAABAPHUHLIX H aBa-
pHiHEX cocTosHmH. [ToCKONBKY He BCe MapaMeTps mponecca Gypenus MOryT OwITh
H3MEPEHH HENOCPECTBEHHO, BAKHO YMEHHE ONPENENATh COCTOSHME 00BEKTa MO
KOCBEHHBIM HPH3HAKAM.

1. HHOOPMAILMSA, HEOBXOAUMASA Ui KOHTPOJIs
NMPONECCA BYPEHUSA

Bclo HeoOxomuMyio mudopMalpio o npouecce GypeHHs MOXHO PaslelHTh Ha
CNCAYIOMHE IPYHIIS!:

1) HUudopMaums o 6e30MaCHEIX yCIOBUAX TPYAQ:

- Harpy3xa Ha BhINIKY H TAleBYIO CHCTEMY;

- JIaBICHME B COCYAax, paboTaoHX MO/ JARICHHEM,

- KOHHERTpAIHA BPEIAKX ¥ SAOBHTHIX BEMIECTB H B3PHBOOTIACHBIX CMECCH;

- HAanpsAXEHHE B HNEKTPOCETAX H NICKTPOMEXARHIMAX.

2) PexmMHBIE IAPAMETPHI:

- HArpy3ka M MOMGHT Ha JOJIOTE;

- ' Pacxofi IPOMLIBOUHOMH KUIKOCTH,

- 9acTOTa BPAalCHHA HONOTA.

3) Undopmanud o cOCTOSHUH:

- OypunbHOif KOJOHHEL,

- BOOPYXEHHUS JIONOTA;

-  ONOp MApPOMEYHEIX JOJIOT.

4) Hudopmauma o cBoficTBax pa3OypHBaeMbIX MOPOIL W HACHIMAIOMMX HX
(mousax, © NpuOIIDKeHEH K KakAM-TTHO0 TPaHlaM | T.1.

5) Tokasaremi 6yperns:

- [POXOMKA C Hauana HoyIONCHU,

- MTHOBEHHAaJ, CPEMHsA MEXAAMTECKan B PEHCOBAA CKOPOCTH HPOXOIKH,

- [POACIKHTENRHOCTD AONONICHHS;

- CTOMMOCTb METpa OypeHHS.

6) [NMapamerpsl MPOMKBOIHON AKHAKOCTH:

- IUIOTHOCTD, BA3KOCTb, AMHAMHYECKOE M CTATHICCKOE HANDDKCHHA C/ABHIa,
ToKa3are/ib QHIbTPAUHE, COACPHKAHHC TBepAOH (a3, pH, crabwmHOCTE, CMasLl-
BaIOMmMan cnoco0HOCTS A Ap.

7) Hudopmanms 0 B3aHMOACHCTBHY CKBAXKHHLI C OKPYXXAIONIHMH MPOHHNAC-
MEIMM TIOPOJIaMA — O DODIOMIEHHAX MPOMBIBOYHOH >XHAKOCTH MIH O HOCTYTUICHWH
IUTACTOBHX (UIIONAOB B CKBAXHHY.



8) IMonoxenue CTBONA CKBAXHUHDI B IPOCTPAHCTBE, Pa3MEPE H KOHRGHUrypauus
CTBONA.

9) [TonoKeHUe OTKIOHMTENA, a3UMYT ¥ 3CHUTHEIH yroll Ha 3a6oe (Wm Ha On-
PeLeNeHHOM PACCTOSHEM OT HEro) NPy GypeHyy OPHEHTHPYCMBIMA OTHIIOHMOMIMH
KOMIIOHOBKAaMM.

Jins monydenns aaesoi mHGopmaume Aa GYpoBOH NOMKEH 6HITh KOMIIICKC
H3MEpPHTENbHEX cpects (Mpubopos). B 3aBHCHMOCTH OT ycnosuit Gypenms nepe-
qeHb BXOJANMX B KOMIUIEKC H3MEDHTENBHHX CPENCTB MOKET OBITh PaiIHIHBIM.
O653aTebHBM KOMIIOHEHTOM U3MEPHTE/IBHOrO KOMILICKCa ABIAOTCH npubophi, On-
pesensuonme  Ge30MacHEIE YCTOBHS TPYAA, KOOPAMHATE! CTBONA CKBAXHHH B NPO-
CTPAHCTBE, TONOKEHHA OTKIIOHUTENS NpH PaboTe ¢ HUM. B pa3Bel0uHBIX CKBAXW-
HaX, [A€ (TACTOBbIE JABICHUA TOTHO HE H3BECTHBI, MPH MPOBOAKE CKBAXHH B TLIa-
crax ¢ ABILJI, o6A3aTEMbHEM SBIACTCS MCIOIB30BAHHE CPEACTB CHTHATM3AUMM O
HAgane MOCTYILICHHA IacToBbiX ¢monsos. [IpE HPOBOJKE FOPHIOHTANBHEIX CTBO-
JIOB B [UIACTAX MOl TOJIMHAL O4EHD BAKHOE 3HAUEHHE HMEeT HHGOPMAIHS O pac-
CcTOSHHSX 32608 OT KPOBIM H TIOJOMBH IUIACTA, C TEM, ITOOH He BCKPHITH, HApH-
Mep, BOZOHOCHbE NporuIacTku. Ecmi npeamonaraetes BCKPHTHE ILIACTOB, COACP-
xammx ceposonopon (H>S), 6pom (Br) u apyrue BpeIHBIC I SIOBHTEIC KOMIIO-
HEHTH, He00X0/MfMa YCTAHOBKA COOTBETCTBYIOIIHX [a302HAT3ATOPOB.

Ipn MoOpckoM GYpeHHH € IUIABYYHX COOpYXKEHWH, Koraa 6ypoBoe CyIHO MO-
HKET, B Clydae HeoGXOMMMOCTH (IITOPM, JICJOBBIC nons), yAanATECA OT TOIKM Gype-
HWSL, HEOOXOIMM KOMIUIEKC CPEeACTB N0 NOKCKY M ONPEACHCHUI0 YCThA CKBKHHEL HA
I(HE MOPA.

Jhio6bie ITapaMeTpsl MOTYT GKTh ONPE/eNeHbl MyTeM NMPAMBX H3MEPCHUH, -
60 KOCBCHHEIMH MeTofamu. [IpsMbie u3mepeHms 3a0O0HHEIX M3pamMeTpoB, KAK Ipa-
BHJIO, AAIOT Gomee TodHyI0 HHGOPMALHMIO, OJHAKO, TPeOYylOT HANM4MsA KaHanta CBfA-
3@ (M3MEPHTCIBHOM, mnepejaiomed H NPHEMHOH anmaparypel), 910, €CTECTBCHHO,
ynopoxaet 6yperue, Tpebyet Goree kBanuUIMPOBAHHOTO NICPCOHANA M HE BCCrAa
OMPABAAHO.

Pazmaanb TpeGoBaHKsA K TOYHOCTH H NIEPHOMMIHOCTH HONY4AEMOM wmHpOpMa-
men. Eciu 3HaUeHNd Harpy3oK Ha BHINKY, TAJIEBYIO CHCTEMY, NAWICHHA B COCYyAax
Heo6X0MMO 3HATH HEMPEPRBHO K C JOCTATOYHO BHICOKOH TOMHOCTHIO, TO AAHHEIC O
KOOD/MHATAX CTBOJNA CKBAXHHB B MPOCTPAHCTBE MOXHO MONYdaTh B NEPEPHBAX
npouecca Gypesust. MndopMamis 0 MEXaHWIECKHX CBOHCTBAX pasOypHBacMEIX NoO-
pon Moxker ObITE KaueCTBEHHOH (MATKHE, TBEPAbIC, CPEAHEH TBEPAOCTA WM Kpetl-
KHE HOPOJIBI.

Hexotoprie crnocofsl momydedms WHGOPMAUHH O NpONEcCe NPHBEICHHL B
Tabm. 1.
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2. HEKOTOPBIE IOJIOXKEHUSI TEOPUH HHOOPMALIUH

2.1. Undopmarus u 3uTponus

JhoGoe nonydenne wadopMay 0 KakoM-u60 06BeKTe, B TOM GHCIE H ITy-
TeM U3MEPESHHUA, O3HATAET YMCHBIUCHAS HEONPENEICHHOCTH 3TOr0 06bekTa. Crenenn
HEOIPEAENEHHOCTH XapaKTepusyeTrcd snTpomueii. Yem Gosmine Mu 3HaeM 00 06bek-
Te, TEM MCHBINE €r0 HEONPEACICHHOCTh, MEHBINE €TI0 IHTPOIIMA. A

Ecim 1o nomyderns undopmainm o6bekT x obnanan saTponHeit H(x), a no-
CIC TONTYYCHHA — YCIIOBHOH SHTponmei [(x/x,), TO pa3HOCTh MEXIY HUMH H OTIpeje-
JIiET KOMH9eCcTBO HHPOPMAIMH.

G=H(x)—H(%n) (1.1)

KouxpetHoe cocrosuune mo6Goro TEXHONOMHYECKOro 06bEKTa 3aBUCHT 0T MHO-
rux GaKTopoB H ABIAETCA CYYAHHOH BETWMHHOH, KOTOPas XapakTCPH3YeTcs 3aKo0-
HOM pacrpencncHua ee BepoarrocTH. CornacHo IlledroMy, SHTPOMHS onpeaensercs
BHIPAXKCHHUEM

H(x)= V]'P(x)logP(x)dx , (1.2)

e P(x) — mnoTHOCTE BEPOATHOCTH HAXOXAEHWA O0BEKTa B TOM WIM HHOM CO-
CTOSHUH.

JUIs MHCKpEeTHRIX BETWIUH ypaBHeHue (1.2) mpuHuMmaeT BUI
H()=-3 PlogF |, (1.2%)
i=1

rae  P;— BEPOATHOCTb i-TOTO 3HAYCHMA CITyJAMHOM BEIMIHHEL.
Jing paBHOMEPBOTO pactpe/leieHHs B HHTEPBANe X;-Xz , Korna Pix)=1/( xrx;)
g P(x)=0 nipu x<x; @ X>X; , JHTPONHAA PABHA
—d = log(r, ~x) (13)

1
H(x)=-[ ! -log
X, X X -x
Jnsa mackpeTHoi# city9aifHOM BEMHYMHEL X , KOTOpas HMEET /1 PABHOBEPOSTHBIX
3HAYCHMHA M BEPOATHOCTD KaXAOTO U3 BUX paBHa P,=P=1/n , 3HTpoIMs paBHA
H(x)=-Y PlogPh = —nllogl =logn (1.4)
n n

i=]
T.€. SHTPOIMA CHCTEMBI C PABHOBCPOATHBIMH COCTOAHAAMHE paBHa norapumy Koim-
9€CTBA ITAX COCTOAHMIA
PaccMOTpHM CHCTEMY, KOTOpasA ¢ OAMHAKOBOH BEPOATHOCTBIO MOKET MPHHHE-
Marte jBa cocrosHus — O wim I, y xoropoit P;=1/2. Toraa a3 upaxenns (1.2%), nc-
TOTB3YA TOTapu(M C OCHOBAHHEM 2, IONYYMM, ¥TO SHTPONMA 3TOH CHCTEMBI PABHA
e AHALE

H(x)= —Zz:llog 1 1
~2 ’

KOTOpast HOCHT Ha3saHue Our (bit OT aHrymiickoro bitari digit — MBOMYHAS eUHKLA).



12

Ecnu u3MepUTENbHOE YCTPOHCTBO MMEET AAANA30H WIMEPEHMA OT X; 10 X2,
T.¢. MOXET H3MEPATh BETUTHHEL, HAXO[UIIMECS B AHTEPBANIE X;-X2 ¢ A0COMOTHOH Ho-~
IPEMIHOCTHIO 4 , TO, NOXYIMB PE3YABTAT UIMEPEHUA B BA/IC MOKA3AHASA X, , 3ANUCH-
BaEM €r0 KaK X,7A. 310 03HA4aeT, 9T0 ACHCTBUTEIHHOC 3HAYCHHE H3IMEPAEMOit Be-
JIAGMAN JICHKAT B (IPENENaX OT Xy-A. JO X, + 4.

CRenoBaTeNIbHO, B PE3YJILTATE H3MEPCHHA 001aCTh HEOMPEACNICHAOCTH CHCTS-
MEL COKPATEUIACH OT XX C TWIOTHOCTLIO BepoATHOCTR P(x)=1/( x7X)) 110 BENHIMHbL
24 ¢ HamHOro GoNbIeH IOTHOCTRIO BepoATHOCTH P(X)=1/24.

3naucaue H(x/x,) XapaktepusyeT Ty HEONPCHENEHHOCTh, KOTOPAs OCTaeTCHA
1OCH¢ TIOydeHHs TTOKA3aHuA Tpudopa X, W HA3WBAacTCA YCNIOBHOM 3pTponmeit (Ipn
YCJIOBHH, 9TO X,, H3BECTHO).

TIpu paBsHOMEPHOM 3aKOHE PacTpe/ieieHHs BEPOATHOCTH A0 M N0CHIe B3Mepe-
HAs 00beM HEGOPMAIMY UPH CTHHITHOM H3MCPCHHH

‘ G:logz(xa_'xl)_logzx — ( 15)

BelMuMHA HATEpBANa HEONMPEEACHHOCTH MOXeT OBITh BHIPAXCHA UEPe3 3Ha-
yerue CpeIHCKBAIPATUIHOM NOrPEMHEOCTH O . J{1s PABHOMEPHOTO PacIpeACICHIAA
AZ

@® +A
2 _ 2 - 2_1__ -2 16
o __‘;xP(x)dr :[Ax 23 (1.6)

[Ipu paBHOMEPHOM pacipeieiCHUN NOrPEINHOCTH MHTEPBAN HEOMPENEICHHO-

cTH 2A=2V30, a DHTpONHA
H{x/x,)=log:2 3 o (1.1

EcnM NOYpeIHOCTH K3MEePHTENEHOTO YCTPOHCTBA PACHPEHEIIAIOTCA BOKPYT

TIOTYIEHHOTO 3HAYEHNSA [0 HOPMATBEHOMY 3aKOHY, T.€. TO YCJIOBHAA SHTPONUSA
Hx/x,) =loga(2ze o) (1.8)

SBHrponus HOPMATHHOTO PacOpele/icHHs, KaK BHIHO H3 NMPHBEUCHHEIX [aH-
HBiX, B 1,69 pa3a Goiblie, 9eM Y PABHOMEPHOIO PaCIIPEAC/ICHHA.

TIpi HpOM3BONBHOM 33KOHE PACTIPE/IENICHYs BEPOATHOCTH NOrpemmHocTH 3¢-
dexTHBHLI MHTEPBAN HEOMPEACTICHHOCTH

24=expH(x/x,) (1.9

TIps nepenade WHGOPMAIME IO KAHAJIAM CBS3M HAMIHE Imyma (TOMEX) Mpu-

BOJMT K NOTEpEe 9acTy HHGOpMaTHH

AG=H(x)- H(4) (1.10)
rae H(x) — 3HTPONHA curHana, NoJasBacMoro Ha Bxoj kauwana, H(4) - sHIpomHA my-
Ma (nomex). JIns ycTpaHeHms NOTPEIHOCTEH M3-3a MOMEX TiepenaBaeMan wH(opma-
A JOIKHA GbITh M3GKTOYHOM, KAK MHHEMYM, Ha BEeXIMaHHY H(4) .

BONbIMHCTBO TEXHONOTAIECKHX 0OHEKTOB OTHOCATCA K WHCHY CIOMKHBIX, CO-
CTOAIMX M3 OTHENBHHX 3JIEMEHTOB. PacCMaTpuBaTh COCTOSHME TaKMX O0BEKTOB
MOXKHO TONBKO B COBOKYMHOCTH. HampumMep, CHCTEMa «CKBXWHA - MPOHHIACMBII
IIACTY XapPaKTEPH3YETCA PAa3HOCTHIO AABNEHHH ILTacTOBOro H OypoBOro pacTsopa B
ckBaxuEe. [InacToBOE NaBieHme (3NEMEHT X) MOXKET HMETh Ha JIAHHOH riy0une co-
CTOSHBASA X1, X2, X3 ... X, C BeposTHOCTAMH Px;, Px; Px; .. Px, . COOTBETCTBEHHO,
JannenAre GypoBOro pacTROpa (MEMEHT Z) MOXET AMETb COCTOAHHUA 21, 22,23 ... Zm €
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BEPOATHOCTAMH Pz, Pz;, Pz; .. Pz, . Pa3nocTs Mexry STHMH JaBIEHAAMHA onpeje-
JIAETCA COYeTAHUEM COCTOAHUE X B Z . OUEBHIHO, 9TO YHCII0 BO3MOXHEIX COCTOSHUET
PaBHO Mm'n . SHTPONUA TAKOH CHCTEMEI

H(x-2)=-Y 3 P(xz,) logP(x, 2, (L11)
i=l J=1
Ecmu aNeMeHTH HE3aBUCHMbL APYT OT JPYTa, K4K ITO MMEET MECTO B TIPHBE-
ACHHOM [PUMepe, BEPOSTHOCTh CHCTEMEL :
P(xiz)=P(x) P(z) 1.12)

2 SHTPOMHA
H(x-2) = =3 P(x,)log P(x,) - 3 P(z)log P(z,) = H(x) + H(z) (1.13)

Eci 5neMeHTE CHCTEMEI HE3aBHCHMBI, TO JHTPONHA €€ PAaBHA CyMME JHTPO-
IMi OTJETBHBIX 37IEMEHTOR. BEpOSTBOCTD COCTOAHMA CHCTEMBI B3aHMHO3ABHCHMEIX
3NEeMEHTOB ONpefeeTcs GopMynoii
P(xiz)= P(x) P(z;/ x)= P(z)  P(x/'z) (1.149)
3HTpOmUA Tako# CHCTEMBI

Hee2) =35 PIPCY, )[losP(x,-) +log (] )} =33 P )PCY, YiogP(x) -

i=l J=1 i=l J=1

- S 3 Pe)C, s PC) (115)

i=t J=1
B ¢Bazm ¢ TEM, 9TO AJI KOKIOro X; i}’(%) =1 BRIP2XKCHUE 1A
j=t '
IHTPONMHY MOITYY4ACT BHJ
H(x-z)= —iP(x,)logP(x,.) + Z":P(x,)[if’(%)log]’(%)] =H(x)+H(z/x) (1.16)

ORTPONHA CHCTEMEI C 3ABHCHMBIMH 31€MEHTAMH PABHA CYMME SHTPOIHM Ofl-
HOTO U3 3MCMEHTOB H YCNOBHOH JHTPONMM JPYTOro. YMEHBIICHRAE SHTPOOHM NPH
TIPOBEACHHY M3MEPERHA HENL3A CUHTATH HapymeHHeM II mpuxigma repmogusamu-
kd. Jleno B TOM, 9TO caMO H3MCPEHHE TpelyeT 3aTpaThi KAKOrO-TO KOMUYECTRA IHEP-
ruu, ECITH paccMaTpuBars CHCTEMY «M3MEPAEMEI OOLEKT —~ HIMEPUTENILHOE YCTPOi-
CTBOY, TO HPOBE/ICHHE HAMEPEHUI MPHBOIMT K 06IIEMY POCTY SHTPONHH.

2.2, IlorpenmocTn m3MepeRwit. QUTHMATLHNIE pabournii Muanaion
H3MCPHTEIbHMX yeTpoiicrB. HopmupoBanue morpemnocreii

Jho6oe w3Mepenne NMPOMIBOIUTCH ¢ ONPENENEHHKMH NOrpemHocTaMu. Tlo-
Clle/lHAE TMOAPA3ACIAKITCA HA CHCTEMATHIECKHE M CIIydaifHEC, MOCTORHHLIE B TPO-
IPECCHPYIONMHE, aAAHTHBHEIE H MYNbTHIUTHKATHBHEIE, HHCTPYMEHTANBHEIE ¥ METO-
JH9ECKHE H T.J.

VY CHCTEMaTHUECKHX [OIPELIHOCTEH, B OTIMYIHE OT CIyYalHHX, MATCMATHYC-
CKOE OXHAAHUE HE paBHO Hymo. CrHcreMaruueckue OmmuOKH BO MHOIMX CIyJasX MO-
ryT OHITb OHEHEHB! dKCICPUMEHTANLHO H YITEHB IyTEM BHECEHHA NOIPABOK B pe-
3yJbTATH HIMCPCHUA.



14

B 3aBMCHMOCTH OT [IPHUHHE BOIHHKHOBEHUS OITHOKH NOAPA3IEAOTES HA 110~
PEIIHOCTH METOAd M3MEPCHHH, MHCTPYMEHTABHEIC HOrPEHOCTH, CyOBeKTHBHEIE
norpelnHocTH W Ap. IlorpemHocTd METOAA U3MEPCHWH — CIICACTBAE NPHMEHEHHA
npubmnKeHHEEX GOPMYIT ¥ 3aBECHMOCTeH, 3aMEHEl HIMEPEHHA TOro, IO HyXHO TCM,
9TO HECKONTBKO Xy¥Xe, HO MpoINe peanm3yercd, HanpumMep, npubopst I'HB m3mepsior
He caM0 HaTDKCHHE TAJIGBOTO KAHATA, B JABICHHE XHIKOCTH B CHCTEME, CO3JABAC-
MO€ HATKCHHEM KAHATA. _

HHCTpYMEHTAIbEAE NOTPEHOCTH O0S32HE CBOMM BOSHAKHOBEHHEM HEJOC
TATOTHO BHICOKOMY Ka4€CTBY JIEMEHTOB M3MEPHTEI/IBHOH CHCTEMEL. Hanpumep, tpd
usmepenar ofbema OypoBOrO PacTBOPA B €MKOCTAX € HOMOIMILIO MONJIABKOBOTO
ypoBHeMEpa Ha MOILIABKE MOXET 00pasoBarsCs INIAHKCTAT KOPKa, M3MEHMIOMAn BEC
NOMUTABKA M RIHAIOMAs Ha TOYHOCTh w3MepeHHA. Eci b mOmaBoK H3rOTARTHBATICA
A3 HECMAYMBAEMOr'0 MATEPHATA, TO JAHHOTO HCTOTHAKA MOrPEMIHOCTH HE 66110 OHL.

TporpeccHpyiompe NOrPpemHOCTH O0BMHO CBA3AHE! C MPOLECCAMH CrapeHHs
WIM H3HOCA JeTaleil H3MepuTeNnsHRIX ycTpoiicts. Hampumep, y uadparMeRHOTO
PACXOMIOMEPA MOXKET M3MEHATHCA (POpMa KPOMKH OTBEPCTHS B muadparMe. YCTpase-
HHe TIPOrPECCHPYIONTAX NMOrPeHOCTel TpebyeT NOCTOAHHOrO HOBTOPCHHS TAPAHPOB-
Ku npubopa.

BO3HHKHOBCHHE CYYalHHIX MOrPEnTHOCTER BEI3BAHO 6ommmiei 9acThIO BO3-
NeACTBHEM H3MERNIONTAXCS BHSIIHUX YCIOBHH — TEMOCPATYpH, BAOKHOCTH, HAnpA-
JEHUA 3. TOKA B CETH H T.IL, XOTS B pi/e CAydacs cuydalinue ommGim MoryT o0y-
C/IaRNABATECA KOHCTpYyKuHest npaGopos. HampuMep, y HHKITHHOMETPOB C MAarsTHOH
6YCCONBIO BPAMAIOMAACA PAMKA JOJKHA YCTRHABIHBATHCA ONPEAENCHHBIM obpasom
OTHOCHTEILHO ANCHAATHHON IUIOCKOCTH 32 CHeT ACHCTBUA SKCOECHTPHYHOrO rpysa.
OnHaxo, MpA MANKX 3¢HHTHBIX YIJaX BPAMAIOMHi MOMEHT SKCOCHTPHIHOIO rpysa
OKA3bIBACTCA CIIMITKOM MAaNBIM, OTM3KHUM K MOMEHTY TPCHHA B HOJNIIHIHAKAX PAMKH,
9TO HE MO3BOAAET MOCHENHEH TOUHO YCTAHARIMBATECA B ANCHAANBHOM MIIOCKOCTH. B
pe3yJsikTaTe NOAYy9aeTcs JOCTATOHO 6obmas cyaiHas omubxa (tabn. 2).

Tabmana 2
IorpemHocTs U3MEPEHHA a3HMYTa UHKITHHOMETPaMH
¢ MarHeTHO#H OycCONBI0

3eHHTHHIH yroa c1eona, | llorpemHoCTh HIMEPCHAA a3IHMYTR,
Tpag. rpa.
0-1 168
1-2 140
2-5 +20
>5 +4

Hamuumre BCex 3TeX norpemmocteil 0bycrapiusaer 00pa3oBaHHE HEKOTOPOH
NONOCH HOTPENTHOCTH IPUGOpa WM H3MEPHTENLHOM cucTeMH (pac.1).

Ecmu a6comoTHas NOTPENTHOCTh 4 B OPeAaX IIKambl MpuOOopa NOCTOSHHA
NO CBOeil BeMMUMHE, TAKAL TOTPEIIHOCTh Ha3hiBAeTCA afIMTHBHOH (HO-NATHHCKH



A S A
a)
) ol
: —_— )
X\ );: X N X
A
1)) A 5
o
i" X, X
Al S
A B)
1)
S/
o) 0 .
X, X vix, X

Puc. 1. Tlonoca omu6ok A u oTHOCHTenbHAS

NOrpemHOCTh 5;‘; npubopos ¢ yucto agauTusHO# (a),
9UCTO MyanHnﬁukaTHBHoﬁ (6) morpemRoCcTHIO W UpH
HAJHYHH aaIuTHBHON H MYJBTUIIHKAaTUBHOH
norpemwHocten (8).
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«HONMy9acMas TyTeM CIIOXCHHESY). Eciu OHA CHUCTEMATHUECKA%, TO MOXeT OHTh
CKOPPCKTHPOBAHA MyTEM CMEMCHUA MMKATHI WIH HYJICBOTO MOJOXCHMA HOoKa3aTeis
(c OMOUTHI0 KOppeKTOpa Hyns). Eciu ajiTuTHBHAA BOTPCHIHOCTE ¢iryqaiisa, ee Helb-
34 CKOPPEKTHPOBaTh M OHa ofpasyeT nonocy HOTPEnIHOCTeH ITOCTOAHHON MIHPHHE!
U1 JmoOBX 3HaYeHuil H3MEpseMOl BenHIMHEL. OJ[HAKO MOCTOSHCTBO abcomoTHOR
[IOTPEMHOCTA O3HAYALT, YTO MPH MAHIX 3HAYCHHUAX H3MepsAemoll BeTMIMHBL PE3KO
BO3PACTaeT OTHOCHTENbHAA MOTPEIIHOCTD & (puc.1a). Ilpn orpanudeHMd MaKcu-
MAbHOH OTHOCHTE/IBHOHA MOrPEHOCTH HOTyIacM pabouuif THANA30H HIMCPHTCIB-
HOTO yCTpoiicTBa — X, — X7 . [lprMepoM Takoro npu6opa ABJIAETCA MOTUTABKOBRIC
yposaemepnl YITHIM, ciyxanme it ASMEpeHUT o6beMa GypoBOTO pacTBOpa B €M-
xocTe. He3aBHCHMO OT BEIMSHHB YPOBHA OLIHOKA COCTAaBMACT +50 MM

Ecni a6COMOTHBE NOTPSIIROCTA  MPONOPUMOHANBHb TCKYHIEMY 3HAUCHMIO
H3MEPAEMOH BETAIHHEL A=& , TO Takue HOTPENTHOCTH Ha3HBAIOT MY/IbTHILIHKATHE-
HEIMH ( HOJTYIaCMEIMH ITyTEM yMHONKEHUS). MyIbTHIUTHKATHBHEIC TOMCXH obpazyior
NOCTOAHHO PAacIIMPAIOIIYIOCS TONIOCY HEONPEAE/IeHHOCTH (puc.16). Ho otHOCHTEE-
Hasl ONIHOKA IPA HATHUMY TONBKO MYJIbTHIUTMKATHBHON HOrPElIHOCTH BO BCCM [Ha-
[1a30H€ MIMEPSHMIl HMEET TIOCTOAHHOE 3HaIeHne. B OCHOBHOM MYNIBTHILTHKATABHYIO
oumbKy WMEOT MPYXHHHHE BECH, GOMBHMHCTBO MAHOMETPOB. B nporecee 3KC-
IULyaTalyy, OT H3MEHESHAS TEMOCPAaTyphl CPEMh YIPYTHE CBOHCTBA TIPYXUHEI MOLYT
M3MEHATHCH, 9TO BRI3HBAET NOABICHWE OMMOKH, NPOTOPUHCHANBHOH H3MEPACMOH
BEJMYHHE.

Bonbimas 9acTh MpUGOPOB HMECT, KaK NPaBHJIO, A ATHTABHEIEC H MYJIbTHIIM-
KATHBHBE TIOTPEIIHOCTH (PHC.1B). AGCOMOTHAA NOTPENIHOCTE BO3pACTACT C YBEJH-
YeHHEM HM3MCPAEMOr0 MOKA3ATENA, 3 OTHOCHTENbHas NOTPeIIHOCTR BO3pacTaeT K
rpammnam mxane npubopa, obpasys OmATH paboumit JWamasoH HIMEPHATEIIBHOrO
yeTpoiicTea - x; — X .

TTOJ TOYHOCTHIO R3MEPEHHH TIOHHMAETCH BETHIMAA, 00paTHas OTHOCHTENBHOR
onmbxe

. (1.17)
d 26
Tae X — TEKyHee 3HAYCHHC M3MEPACMON BEATHHEL d — Texkymee 3HAYCHUE HH-
TepBaNa HEONPEAENEHHOCTH; & - OTHOCHTE/IbHAR NOTPEITHOCTE R3MCPCHHA.

VauTHBad, YTO BIO/E WKATH Nprbopa TOTPEIHOCTh 3MEPEHHA MOXKCT MC-
HATHCH, 3HAYCHME TOYHOCTH mpHOopa aBieTCA BeJHIHEOMN, MeHAOmMEHCs BIOIb
mxansi nprbopa.

Tlox paspemaromedi cnocoGHOCTBIO MPHGOPa NOHUMAETCA THCIOBAA XapaKTe-
PHCTVKA, OUEHHBAOIA CIOCOOHOCTD nmpubopa K O0HAPYMEHHIO MaNkIX [pHpailc-
Al U3MEpACMOH BEITUIMHbI.

Tipu urdOpPMANMOHAOM NOAXOAE Pa3PENIAOMIYIO CNOCOOHOCTH M3MEPUTEIID-
HBIX YCTPOMCTB CIEAYST ONPEAENATh KK TACNO A0CTOBEPHO PasiIiiMbIX rpanaimii
pe3y/IsTaTa H3IMEpPEHHA BO BCCM pabouem muanalone npubopa.
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Jia mpufopa ¢ YMCTO aJUTMTHBHOM MOIPEITHOCTHIO PA3pelaoman Crnocos-
HOCTB

R=52"5_X%"% (1.18)
24, 2:6-x
Jns nonnmaekoBoro yposHeMepa YII-11M, umeomero x; =900Mm , x; =0
A=50 MM

k]

900
= =9

2-50
Jia nprGOpoB ¢ IHCTO MYJIBTHIUTHKATHBHOM NOrPEITHOCTRIO

n*
R= cs/x‘ (1.19)

B obniem ciydae IpH HaTW4HMH aXIATHBHOR U MYIBTHIUIHKATHBHON HOrpeid-
HOCTBIO, KoTAla A=A4y+ dx , paspemaromas cnocoOHOCTE

1 B+1
L ¥ .20
25"B+1/b ? (1.20)

rne B=6y/6 ;| &p=Avx; ; D=xyx;.

Taxum obpasom onTuManehbll palounit AHANA30H HIMCPHTETBHEIX YCT-
POMCTB, B mpenenax KOTOPOro OTHOCHTENbHAA NOTPEITHOCTE HE NPEBHIMALT ONMpene-
JICHHOH KPHTHYECKOH BE/MYIMHEI, HE BCETa COBHAZACT C PENENOM W3MepeHmii 1o
mKajié mpubopa.

Omnaxo juts GONBIMHCTEA H3MEPHTENBHEIX yeTpoiicTs [OCTo! He yanThBalOT
PasHAIYY MCKIY aATUTHBHBIMH H MYJIbTHIUIHKATUBHEIME morpemuocTamu. [[Iupumsa
NOJIA JOMYCKAa NMOrPEIHOCTH BAONS MIKATH MpHOOpa NPHHMMAETCA MOCTOAHHOH, a B
Ka9ecTBE QHCIOBOH XapakTepHCTUKH TOTHOCTH HpHOOpa NpHHMMAeTcs OTHOMEHHE
NONIOBHHB! MVPUHH NOJA AOMYyCKa A K AIMHE MXATH npAGopa, HasHBAaEMOE NMpH-
BEJCHHOM NMOTPEHIHOCTEIO Mpnlopa.

dlp:A/xZ ( 1.21 )

2.3. HudopmaTHBHOCTL NAapaMeTPOB

Tpu onpeageneHuy cocTOAHHA 0OBEKTa NPUXOAMTCA CIATATECA € TEM, ITO Pas-
JIMYHEE MAPaMeTphl HMEIOT PauTMuHYI0 HHGpopMaTHBROCTS. Hanpumep, s qaar€o-
CTAPOBAHAA HADYIIECHAA LENOCTHOCTH OYpHIBHON KOJNOHHH MOXRO HCNONb30BaTh
NOKA3aHAA MHAMKATOPa Beca, MAHOMETPa HAa CTOSAKE, POTOPHOro MoMenTomepa. On-
HAKO, €CJH CJIOM IIPOM30HIeNl B HYKHEH JacTH OypHIbHOH KONOHHE! wm obpasosan-
CSl CBHIN, NOKA3aHHA HHOWKATOPA BECA MOIYT NPAKTHYECKH HE H3MCHMTECA, MEKITY
TEM, KaK JaBIEHHE Ha CTOAKE pe3ko ynazer. Ilpu ciioMe GypribHOH KONOHHE! BO
BpeMs OypeHHA pe3ko YMEHBIIMTCA MOMEHT Ha PpOTOpe, B TO BpeMA Kak npH obpaso-
BaHWH CBAMIA MOMEHT MOXET JaXe HECKOJIBKO BO3PacTH BCIEACTBHC 3alUIAMOBAHMS
ZoNoTa. '
Opnako, He BCerga MHGOPMATHBHOCTH TOFO WM HHOrO IIAPAMEIPA MOMXET
ObITH OMpefielicHa anpuopHO. B Gonee CIOKHEIX chydasx Tpefyercd mocraHoBka
CHEIMAIBHEIX KCIIEPUMEHTOR WM 00pabarsiBacTC AMEIOMAACS CTATACTHKA, KOTAa
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TEM WM MHBIM COCTOSHAEM OB6BEKTa COOTBETCTBOBATH (OhUTH H3BECTHBI) 3HAYEHAA
BIMSIONTAX NapamMeTpoB. [10 pesyIsTaTaM AKTHBHOIO WM NACCUBHOTO IKCTIEPHMENT
CTPOHTCA TEXHONOTHIECKAT MO/END MpoLiecca. HugopMaTaBHOCT NapaMeTpa cooT-
BETCTBYET 3HAYUMOCTH KO3(rimeHTa perpeccas.

3. ONPEJAEJEHUE NAPAMETPOB ITPOHECCA BYPEHUSA

He Bcs mmdopMamus, O KOTOPOA TOBOPHIIOCE B pasfcie 1, sBnserca CIporo
063aTETHHOM TIPH OIEPATHBAOM YOPABICHAR NPOIECCOM 6ypenns. [Tpa orcyrcTean
ur(opMamH 06 YCHTHSX, ASHCTBYIONIHX Ha TANCBYIO CHCTEMY H BHINIKY, B COCYZax,
paGOTAIOIEX MO JABIEHHEM, TPOBOIKA CKBAKHH 3aMPCINEHa, T.K. 370 MOXKET TIPH-
BECTH K ABAPHMAM H HECIACTHHIM CITyqadM.

B TO e BpeMA OTCYTCTBHE YIOJHOH HHQOpMAUAH O cmoficTBax pa3bypusae-
MBIX TIOPOL, O 9aCTOTe BPAIICHHS JOJIOTA B TYPOHHHOM OypeHud HE CITYKHT TIPCIAT-
CTBHEM U138 OCYIIECTBIEHHS Nponecca GyPeHns, XOTA # HE MO3BONACT €TI0 ONTHMU-
3APOBATH.

Uacre HeoOxomuMoii vHGOpManuM MOXeT OnTb NONYHCHR H3MEPCHHAMM,
IIPOBOJAMEIMH Ha TIOBEPXHOCTH, - 10/a¥a HACOCOB, YaCTOTA BPAINCHHA JION0Ta B PO-
TOpHOM OypeHMH, HArpy3KH Ha TAICBYIO CHCTCMY H T.IL B 10 %€ BpeMs TOTHRIC 3Ha-
yeHHs P2 NAPAMETPOB MOTYT GHITH MOMYYEHE! JIHIIh IIPH HCIOIEIOBAHMH mpubo-
POB, CITyCKAEMLIX B CKBRKHHY ¢ OypuabHOH KOOHHOH Wik Ha xabene (Harpy3ka Ha
JIOSIOTO, 9ACTOTA BPAIMIEHUA J0N0Ta B TypOHHAOM GypPeHHH, PacX0O EH/KOCTH, po-
Texalomeii Yepe3 [ONOTO, YIB! HAKIOHA OCH CTBOMNA CKBAXMNGI K BEPTHKAA H K
MATHHTHOMY MEpHMaHy), H TpeOYlOT HANudHA KaHata CBASH 3360% ¢ TMOBEPXHO-
¢T510. TIpH OTCYTCTBHM CKBAKWHHBIX MPHOOPOB HIH KAHAIOB CBA3W HCKOTOPHIC m
3THX MapaMeTpoB (4acTOoTa BPAIECHHA JONOTA B TyPOHAHOM OypeHMHu) MOryT Ompe-
AEAATHCS TIO KOCBEHHBIM JAHHEM, 60 pacdeTHRIM myTeM. JUis HEKOTOPRIX JaHHBIX
poo0OIne He pa3paboTaHb! NPSAMBEIE METOAR UX ONPEJCIICHHA B IPOLECCE Gypenwns
(M3HOC BOOPYXEHMA WK OIOP A0N10Ta, a6PasMBHOCTD MPOXOMMBIX TOPHEX oopoxn).
OneHKa MX BeTAIMHB] BOIMOXKHA JIKMITE [10 KOCBEHHBIM JAHHBIM.

3.1. U3mepenne HArpy3KH Ha BRIMKY B TAJICBYI0 CHCTEMY, BECa
6ypuILHOH KOJTOHHLI H 0CEBOH HATPY3IKH Ha 10JI0TO

Bce 3TH BeIHIHHL ONPEAENsioT ¢ MOMOMBIO NPHOOPOB, HA3BBACMBIX HH/IBKA-
Topamu Beca, ruaparimideckux (THB) WiH 3neKTPHYCCKHX (3UB). HRaexaTopH Be-
€2 YCTAHABJIHBAIOTCA HA HENOJBIDKHOM KOHIE TAICBOTO KaHATA WM HA ApHCTIOco0-
NEHNH KPETUICHHA HENOBYDKHOTO KOHIA TANEBOTO KAHATA.

appasmrgeckutt uaamkarop seca I'HB-6 (puc.2) COCTOHT W3 IMAPABIIAICCKO-
ro TpancopMaTopa JaBicHUA 2, HOKASHBAIOMETO MAHOMETPa 3, BepHBEPHOro MOKA-
LIBAIOIETO MAHOMETPa 4, 3aMMCHBAIOmEro npadopa 5, obbeMACHHBIX B o0myto
THIPARNAYECKYIO CHCTeMy TpyOkodi 7. CucreMa 3aloNHACTCS crieiabaod He3a-
MEP3AIOMICH KHAKOCTHIO U3 IpeccOanka 6.
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TpaucdopMaTop faBlieHHs CIyKHT LI Opeodpa3oBanHus pacraruBatomeii cu-
JTH B HETIOBYOKHOM KOHIE TANEBOrO KAHATA B JaBICHUE XUIKocTH. M30rHyTHH Me-
KLy PONHEKAME Tpancdopmaropa IaBlcHHs HEUOBIDKHEIA KOHEN TANEBOTO KaHaTa
NpH yBEIMYEHUM HArpy3kn CTPEMHTCA BEUIPSAMHATBCS, JABHT HA MOJBHKHYIO TAPEIKY
u q9epe3 Hee Ha MembOpany. Co3apaeMoe IIPH 3TOM JABIICHHE B CHCTEME PaBHO

p-2Lsnf (3.1)
N .
rae T — ycuiIde B HEMONBIDKHOM KOHIE TANECBOrO KaHata, ff - yrol KHaioMa» KAHaTa,
S — iomane MeMOpaHHL.

ITocKONBKY NMPH YBETMYCHHH HATPY3KH Yron [ H3MEHACTCS, XapaKTePUCTHKA
THB-6 nomydaercs HECKOMBKO HemuueRHoi (puc.3).

B kauecTse NOKA3HBAIOMEro NpHGOpa IPUMEHSIOT MAHOMETPH ¢ TPYOYaToH
npyxuHo#. BepHbepHSIi yKajaTelh CIYXHT Jii Gollee TOTHOrO OTCIeTa 3HaUCHHH
0CEBO#l Harpy3kH, ero OCh HMEET JOTOMHUTE/LHYIO IIEPEaady.

Veume B TANCBOM KaHaTe OPONOPIHOHANLHO HATPY3KE Ha Kpioke Gy M BeCy

Tanesoii cucreMul Grc,
G, .. +G
r=Gre ,%n (32)

rZe M — YHCIO OCHAMCHHRIX POJIHKOB TANeBoro 6IokKa.
B BEPTHKANLHOH CKBAXWHE NMPH HENOABAKHON KOJOHHE HAIPY3ka HA KPIOKC
paBHa Becy KONOHHH! TPYO B XMIKOCTH

GIC:GTJJ(A:Zin'II‘ﬂi (33)
ey

B HAKIOHHOMN CKBaxMHE IPHM HEIOABHKHOHA KOJOHHE W OTCYTCTBHMH CHI TpC-

x

GK=Zj' g,-cosa,- f,-dl (34)

-l g
e @ - 3CHUTHBIA YroN, K - YACHO CEKIHH KOJOHHBI py06; I, ¢; - AMMHA K BeC
FIOCOHHOro MeTpa Tpy6 i-Tolf cexiam B BO3nyxe; f; - x03dupienT obnergeHHs
TpyO B XKHAIKOCTH.
Tips nombeMe TPYD Harpy3ka Ha KpIOKE YBEIMIHBACTCA, A IPH COYCKE YO —
YMEHBINAETCA Ha BETHIAHY CHJI CONPOTHBICHHAA.

GK(nou.u) =Gy +Fmp-.'wd ( 35 )
Gromory = Or .~ Fapon

[Ipu Gypenmu gacth Beca GypribHOM KONOHHE NEPEAACTCA HA 3aboil ¥ Ha-
IPY3Kd Ha KpIOKe YMEHBINACTCS.
Grop =Grx.—Gy—Frps > (36)
rae  Gxgp - Harpy3Ka Ha JONOTO;, Fpp s — CHIIB CONPOTHRICHMA NEPEMCICHHIO
KONOHHEK Tpy6 BEM3 nipy GypeHnw.
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Tloxazanus npuGopos ['MB oponopIMOHATBEHE 1aBICHUIO HHUAKOCTH B CHCTE-

Me
2Tsi G, si G,,.s ‘
H:C-P:cl: S;nﬂ+P0:|=c|: ;S.l;ﬁ+(},o+ rns;lﬂ)J N (37)
rae ¢ - koapdHIAERT NPONOPIMORANLHOCTH.
Ipy G,=0 nokasamns 'UB
Gy .8 .
[quc-%s;lﬂ (338)
Ortcrona Harpy3ka Ha KpIOKe
Gy = (- 1,)- -5 (39)
c-sin 8

Bermaura « = ".S
c-sin B

Jlee TOYHO €€ MOXKHMO HalTH no pesynbrataM Tapupoku [TIB s naGoparopmm
(Tabn.3).

HA3KIBAacTCA LIEHOH AeneHus HHauKaropa Beca. Haubo-

Tabymua 3

Yeume Harmélmx Hemox- | 0| 5 (17,5129,6 142,35( 55,4 168,75 | 82,3 196,15|110,1
BEDKHOI'Q kaHaTa, kH

Ioxkaszanus ['UB, aen. 510120 ) 30 | 40 | 50 60 70 | 80 | 90

Ilena nenemus opa ocHacrke 4x5,( 9,7 |110,2110,4(10,7| 10,8 (11,1 11,2
xH/nen.

Cpennsas ncHa pgenemmsa B 8 193195197 98| 10,0 1101 10,3 |104
unrepsate (-T; , kH/pen.

Ilena nenernwa B unrepane yownmit 7; -1;.; paBHa

Ki=2"(T,‘.-T,‘) (3.10)
Hi+| —Hn
Cpennas ueHa AeneHns B uaTEpBane ycwmai 0-T;
k=Ll ,, (3.11)

P 0
rae  II; - noxasanue npu6opa, COOTBETCTBYIONIEE YCHTHIO B Kanate T; ; IT, — moka-
3anme MpEOOpA OPH HATADKCHHH KAHATA TOIbKO BECOM TaneBod cucTeMul T, .
ITpu ocHactke 4x5 7,10 xH.
JUra mprbopa, XapakTepucTaKa KOTOpOro npuseacHa B tabn.3 [1,~13 men.
[IpH OTCYTCTBHH A2HHKIX TAPHPOBKH HEHY AENCHHA MOXKHO ONPENENATH, ECIH
H3BECTEH BEC KOJIOHHE! TPYO B XHAKOCTH
K = e (3.12)
-1, ‘
TaxuM 06pazom Harpyska Ha BRIKY

G, =K, -1)sG, [0+ (313)
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Harpy3ka #a 101010 .

G, =KW, -1,)~Fppsy » (3.14)
rie [Il; ~ IOKa3aAWe MHJIAKATOPA BECA MPH HENOABIKHOH GYpPAIBHOH KONOHHE M
OTCYTCTBHM CHI TpeHusa. JU MX YMEHBIIEHHS MOXHO GYPHILHYIO KONOHHY He-
CKOJIbKO Pa3 IOBEPHYTh POTOPOM.

B BepTHKaTBHON CKBAXMHE, 0COGEHHO MPH POTOPHOM 6ypeHMH, CHIILI CONPO-
THANCHHS HeBENHKY. [IpH MPOBOJAKE HAKIOHHO-HANPABIECHHHX CKBAXKHAH, ocobeHHO
mpH Gypermu 3aGOAHBIMA JBATATCIIAMH, 3TH CHIIBl JOCTATOTHO BEITHKH. Hanexmsrie
METOJEl HX OTPE/IeNeHrs B PacdeTa OTCYTCTBYIOT. B TO ke BpeMA HX HEIO0yHeT IpH-
BOJHT K 3aBHIIEHMIO HAIPY3KW HA JOOTO, ONPEAEICMOH 1O MHIMKATOpy BCCa,
IpOTHB (aKTAICCKOH.

' OcnopHas npHBeacHHas norpemuocts [MB-6 cocrasnieT +2.5 %. C yaerom
METOIMYECKOH MOTPEIHOCTH, OOYCIOBIEHHOH HEMMHEAHOCTBIO XApPaKTCPHCTHKH,
CyMMAapHas NOTPemHOCTh HIMEPEHHS HAFPY3KH HA KPIOKe J, COCTaBJIAET OKOJIO0
+5 % wmu £10 kH.

I'MapaBIMYecKAe WHAWKATOPE BECA HPOCTHL IO KOHCTPYKUMH, HECIIOMHE! B
IKCIUTYaTalH AOCTATOYHO HAJCHMHEI, OJHAKO HE NO3BONAIOT MPOM3BOMHTE JHCTAH-
[UOHHKIE H3MEPEHHS H PETHCTPAIHIO APAMETPOE.

INeKTpAUecKre HEMMKATOPH BECA TAIOKe H3MEPAIOT HArpy3Ky Ha KpIOKe 0o
HATSOKEHHIO HENOABMKHOTO KOHIIA KAHATA, HO AX JATIHK YCHTAH Jame BCEro ycra-
HAB/TABAETCA HA MEXAHWIME KPEILICHHs HENOJBIKHOTO KOHIA KaHara, qro obecne-
qUBAET NOCTATOIHYIO TMHEHHOCTD XaDAKTEPHCTHKH.

Omubka B ONpe/ICIEHHA BArPy3kH Ha 101010 &Gy 3HATHTC/BHO BHIME. Ha-
xe Ge3 ydeTa OIIHOKH H3-3a He3HAHMA CHIT TPEHHA, 0HA PaBH2

5G,) =8, e | (3.15)
;- 1,
rae &, - cyMMapHas (AHCTPyMEHTAIbHAA H METOIEMECKAd) IOTPENIHOCTh I'B;

I - moxazauus [UB, koraa 6ypribHas KOJIOHHA He KacacTCs 32601,

I15— noxasauust T UB nipa 6ypeHny.

Hanpumep, npu /1 = 50 nen. , [Ts=30 nen. 1 &, =0,05 nmeem

5G,) =005 _ 02 wm 20 %.
50-30

Jlns onmpeaencHUs MCTHHHONO 3HAYECHHS OCEBOH HArpy3ku Ha AONOTO H HC-
KTIOYEHHS BBIICNCPEIHCIICHARX NOrPemBocTedl HeoOX0/MMO HIMEPATD HArPY3Ky
HEMOCPe/ICTBEHHO Ha 3a60e oxono Jonora. [lonobubie H3MepeHAA 0cobeHHO BaOXKHEl
pa GypeHHH HAaKIOHHO-HANPABICHHBIX CKBAXHH ¢ COOTHOMICHHEM IOPH3OHTATEHO-
r'o cMemeHns 33601 K BepTHKABHOM ryfune Gonee ¢IAHMIB H IPH GYpeHHH rOpH-
JOHTAMBHBX CKBAXHMH, KOTJa ONpeAclMTh Harpy3Ky Ha AOJIOTO ¢ MOMOIIBIO yCTh-
eBuX pubOpOB HEBO3MOXKHO.

Onpeficienne HATPY3KH Ha JONOTO HENMOCPEACTBEHHO Ha 3aboe 3a py0OexomM
BHITIONIAAETCA C NOMONILIO HETHpeX AATIMKOB JelOpPMAIMH, YCTAHARJIABACMLIX B
xopuyce YBP 1o cxeme, mpeBeaeHRoH Ha puc.12. Ha nosepxaocTs nHEpopManu ne-
penaercs no cucreme MWD, CpasHeRHe ACTHHHOM HArpy3KH Ha JOJOTO H HOKa3a-
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HUI HHEK2TOPA BECa HA yCThe OypAMIEHics CKBLKHHBL QAT BOIMOXKHOCTh CYIHTh O
COCTOSHMM CTBOJIA CKBAXKMHB! (HANMYUE KABEPH, CYXKCHMM, UUIAMOHAKOIUICHHA H
T.IL.), 4 TAIOKE PACCUUTHIBATE KOMPUIHEHTH TPEHHA.

3.2. OnpenenexHse 9acToThl BPALEHHS N00TA

B poroproM OypeHMH 9acTOTa BpallieHMsA JOJIOTd PaBHA 9aCTOTE BPAMICHUA
POTOPa M MOXKET OBITh H3MEPEHA TAXOMETPOM TO00H KORCTPYKLMM WM OnpeneneHa
110 KHHECMATHKE MPHBOJA POTOPA. '

JUis m3Mepenns 4acToThl BpAUIEHUs A0NOTa B TypOHHHOM OypeHmm Obut pas-
paboran TypGoraxomertp. [Ipusipin ero AefiCTBHA OCHOBAH Ha TOM, TTO 9epe3 Kak-
asie 10 o6opoTos Baa Typ606ypa. KpaTKOBPEMEHHO IEpeKphIBACTCA TPYOHOE Mpo-
CTPaRcTBO. TE€M CaMBIM CO3[3ETCH MMITYJILC JABNCHHA, KOTOPHIH BOCIPHHAMACTCH
CHELMATEHOM anaparypoi Ha Beprmore. KananoM CBA3M CIYXHT rHapas/MIeCKui
KaHan BHYTpH OypwisHOH KONOHHH. OCOGEHHOCTRIO MMIPABIMYIECKOr0 KAHANA CBA3H
SBIAETCA CYMECTBERHOE 3aTYXAHAE SHEPTHH CHTHANIA B CBA3M C NOTEPAMH HA TPEHAE
y CTEHOK KOJIOHHBI. ISl yMEHBIICHHS 3aTyXaHus IMPUXOAMTCS CO3AaBATh HU3KOIAC-
torHeIe, nopsaka 1 ['u, kone6anus. OHAKO B 3TOM QHANA30HE HACTOT HAabonaoTes
KoNeOaHns NABIICHMS, CO3aBaeMEIE MOPHOIHEBRIM HACOCOM, YTO CO3[AET MOMEXH.
Tem He MeHee, MpH BCTIOML30BAHUE HAAEXKHOMN anmapaTyphl H HAIEKAINEH perymm-
POBKE KOMIICHCATOPOB NABNEHAA HA HArHCTATENbHOM IIMHHM HACOCOB, KAK IOKAasan
omuT Gypenns cepxrmybokoil ckBaxuunl CI'-1, Typ6oTaxomerpn Moryt paborars
Ha rayorHax go 12 kM.

H3BecTHH KOCBEHHEIE METONB ONPCICICHHSA YACTOTh BPAIIEHHA AOJNOTA HPH
HCIONB30BAHMM HEKOTOPEIX THTIOB I'M/IPABIMYECKHX ABUTATENCH.

Typ606yprr cepun A (A6LL A7IIl w T.0.) OCHAMAKTCS BEICOKOUMPKYNATHB-
HEIMH TYpOHHAaMH, Niepenay AaBjicHHA B KOTOPRX [PH TOCTOSHHOM PacXOJe 3aBHCHT
OT 4acTOTH Bpamenns (puc. 4). UeM BhIE 9acTOTa BpameHus Bana TypGobypa, TeM
BHIIE NEpenaj JaslieHAs B TypOHHE, COOTBCTCTBCHHO U3MEHACTCA W N3BJICHHE Ha
CTOSAKE, YTO MO3BOJIAET OYPHUIBIMKY B KaKOHA-TO CTENEHH KOHTPOIHMPOBATh YaCTOTY
BpaImeHus JI0N0Ta.

VY BMHTOBHIX 00BEeMHEIX ABHMrATeNcH Iepenan AaBAeHMs BO3pacTacT ¢ yMEHb-
MeHHEM 9acTOoTH BpameHus (puc.S).

OueBngHo, TT0 AaHHEH Cnocob He 00najiaeT BRICOKOH TOYHOCTHIO H CIIYXHUT
6oneme U1 Ka9eCTBEHHOR OUEHKH. :

PaspaGoranbl CHCTEMB! ONPEAC/ICHAA YaCTOTH BPAINCHUsA NOJNOTA ITyTEM PErH-
crpau konebaHui, co31aBaEMEIX JIONOTOM B TOPHOM MOPOJE B BOCHPUHHMAEMBIX
CeHCMUIECKIMHA TATIHKAMH, YCTAHABIHBACMBIMH OO0 6ypoBoll. OfiHAKO, TaHHbE
CHCTEMBI HE BHIITyCKAIOTCA MPOMEIILICHHOCTBIO.

3.3. Hamepenne pacxoa IMPOMBIBOYHOM XKHAKOCTH

Pacxon 6ypoBoro pacTsopa SBIAETCA OJHHM H3 BOKHEHIIMX NapaMeTpoB pe-
*#uMa npoMuIBKH. KOHTpOIL 3a HHM HA BXOJIE H Ha BEIXOJC H3 CKBKHHBI TIO3BOMACT
Cy[MTh O CTElleHH OUMCTKH 326051, YCTAHOBHTL BOIHHKHOBEHHE ra3o-, HedTe-, BOJO-
IpOsBJICHAN WA TOTJIOMEHHH.



Puc. 4. Xapaxtepuctika TypboGypa Tuna A

AP

Puc. 5. XapaxTepuctuka 065eMHOr0 BAHTOBOTQ ABAraTeNs
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TTockonbky GypoBbiE PACTBOPHI, KAK [PABEIIO, COAEPIKAT TBEPAYIO dasy u 06-
nanaioT abpa3sHBHBEIMM CBOHCTBAMM, JUNA M3IMEPEHHS HX PACX0AA HEMPHMECHMME! pac-
xomomeph Tvma BedTypu u madparMecHHBIE, a TAOKE MMCIOMME BPAINAIOMIHECH
KPBUTB4ATKH.

TosToMy Ha NMPAKTHKE PUMEHSIOTCS HHTYKHMOHHBIE pacxodoMepnt PI'P-7,
PI'P-100, mpeHupMn ASHCTBHA KOTOPHX OCHOBAH HA 3aKOHE JIEKTPOMATHHTHOH HH-
nyxuug. CHeTeMa MAarHWTHOro Bo30yxieHda (pHC.6) CO3AaeT MEPEMEHHOE MarHyr-
Hoe Tone. B HeM O HeMATHHTHOW M W30JMPOBaHHO# W3HYTpH Tpy6e ! mpoTekaer
3MEKTPONposoIHas xuakocTs 8. Maaymmpyemyto 8 Heil 3/IC, MpomopUMOHanbHYIO
cpemHel#t CKOPOCTH MOTOKA KHAKOCTH, M3MeEpsioT anektponamu 4.Cursan mocne
YCHIEHHS TIOAAETC HA MOKA3BIBAIOIMHN WIH PETHCTPHPY IOTIHMH mpubop 7.

PacxooMep JaHHOTO THIA HE MOMKET IPHMEHATHCH U H3MEPeHHA pacxona
HEAIEKTPONPOBOIANIMX XHaKocTel, Hanpumep PYO. Kpome Toro, OH 9yBCTBATENCH
K HIMEHEHHIO 3/ICKTPONPOBOAHOCTH MHMAKOCTH. OCHOBHAY HOTPEIMHOCTD PI'P-7 co-
crasmsier £2,5 % (2 1/c).

JIina wsMepenus pacxoga OypoOBOTO DacTBOPA, BEIXOASIIEIO H3 CKBAXKWHEL,
¢dupma «Maprtus Jiekkep» BHITYCKAET MHIHKATOP NOTOKA CKOPOCTHOTO THMA.

3.4. HazmepenHe MoMeHTA 3aTDKKH Pe3b0oBLIX coeHHeHH

Pe3p6GoBbIe COeMHEHMS OYPHIbHBIX H 00CATHEIX TPYO NODKHEI CBHHIUBATBCS
¢ ompeencHELM MoMmerToM (1abn. 4 1 5). Hemocratousoe kpemienne He oGecneds-
BACT TEPMETHIHOCT H TPOYHOCTH COeaMHeHHA. [IpaBia, mpu potopHoM OypeHuH
HEJIOCTATOYHOE KPErlleHue 3aMKOBBIX COEIMHEHHE TIPH CITYCKe YCTPaHACTCH ¢ Hada-
noM Bpameans GypuibHOH Konomusl. Toro xe 3¢dexra npu Oypenun 3aboiHbIMU
JABHATATENAMH MOXHO JOCTHYD, AAB HECKOJBKO 0GOPOTOB POTOPOM B Hauaye aonbie-
1. Henocratoanoe KperuieHHe 3aMKOBBIX COCIOHMHEHWH GypHNBGHOH KOJIOHHBI ITPH
CNyCKe OTKIOHSIONINX KOMIOHOBOK MOKET IPHBECTH K oluMOKaM B 3apE3Ke HAKIIOH-
HOTO CTBONA.

TaGnwua 4
MOMEHTEI CBUHYHBAHHA 3AMKOBHIX Pe3b0
Tum pe3sOnt JIuamerp MowmenT Tun pe3sbm Juamerp MomeHT
TpyObl, MM |CBRHUMBAHMS, TpyOBI, MM | CBUHMUBAHHS,
kHwm KHwMm
BypuurbHeie 3aMkH crann 40XH VET u3 cramu 40XH2MA
3-88 89 7,3-94 3-108 133 11,4
3-121 144 14,6-18,1 3-121 146 15
3-133 127,114 23-26 3-147 178 253
3-147 140; 127 26-34 3-161 203 36,5
3-161 140 25-33 3-171 203-229 50




pas)

)

Puc. 6. bnok-cxema pacxogoMepa PI'P-7: 1 — xopIryc pacxolioMepa 13
IHAMATHATHOIO MaTepHana; 2 — 06MOTKa MArHHTHOTO B0o30yxeHus; 3 —
M30/IALHOHHBIA cNOR; 4 — 3NeKTPOAbL; S — 3AMMTHBIA KOPITYC, 6 — ycunutens; 7 —
BRTOPWIHBIA NpUOOP; 8 — 3neKTponpoBoAsLAs] KUAKOCTE

Puc. 7. CxeMa H3MepeHHil MOMEHTa CBUHYHBaHIA Pe3bbOBBIX coeIMHERHH TpYD
IyTeM M3MEpeHHA yCHINS HATSOKEHNs KaHarta. | ~ cBun4uBaeMas Tpyba; 2 —
paboxyit MAUMHHEBIHA KT0Y; 3 — MAIHHHBIN KO Ha 3aCPKKY; 4 - kaHart;, 5 —
JHHAMOMETP

Puc. 8. CxeMa u3MepeHHs KpyTAIEro MOMEHTa POTOPA C LEMHEBIM IPABOLOM. 1 —
Be/yIias BETBb LEMH; 2 — 3BE3L0UKa; 3 ~ JATUHK MOMEHTA; 4 — YCUITHTENb; 5 —
BTOpWYHBIA pHbOp
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MoMeHTBI CBHHIHBaHHA 00CaaHbIX TPYO

TaGmma 5

MomenT caunuusanus, KH'M
Juamerp Pe3n6a 3aKpyriieHHOro npoduns OTIT
TPyOBL, MM TOMUUHA CTEHKH OTT™M TEO
<9 >9

1143 3,043 - 3,347 3952
1270 3,3-5,1 6 4,348 4,0-5.4
1397 5,0-6,0 7,0-8,8 3,7-6,0 5,8-8,0
146,1 5,0-6,0 7,6-9.6 4,3-6,1 6,0-8,2
168,3 6,0-7.9 9,1-12,8 4,3-6,6 6,9-10,7
177,8 7,1-8.4 9,7-13,6 49-84 7,0-11,0
219,1 11,6 13,5-19,2 5,3-8,5 9,9-16,0
2445 13,1 15,2-21.6 5,6-10,2 11,4-21,9

TMpunoxesue gpe3MepHO GONBINIOr0 MOMCHTA NP CBHHYHBAHMH MOXET IIpH-
BECTH TIOBPEX/ICHHIO Ppe3b00BOro coeanuenms (CPHB pe3bl, 3aamp, TPCIHHA B Tele
My # T.1L). H3BECTAR PazIMIHEIE KOHCTPYKHIUH YCTPOHCTB M3MEPEHHI MOMEHTA
Ha MaurmHAaOM KiHode. HanbGonee mpocras cxemMa H3MCPEHHA MOMCHTA CBHHIABAHUA
(pasBaHuMBandg) Moka3aHa Ha pAc.7. [Ipy 3TOM Ha TpOCE KPEIICHWA MAIIAHHOIO
KITI0Ya YCTAHABITMBACTCA JUHAMOMETD.

3uag umHY perdara R, yoWmHe HaTxeHud kaHata 1 | yron y, MOXHO OII-
pENeTAT:E MOMEHT CBUHIHBAHAA WTH Pa3BHHIHBAHMA

M=T-R-siny (3.16)

HenocraTkoM JaHHOR CXEMHBI SIBACTCA TO, 9T0 [P CMEHE KaHara MOXeT u3-

MEHHKTECA YTOJI J, 9T0 3aTPY/IHSET BHINCIEHHe MOMEHTa Ha GypoBoi.

3.5. N3mepende KpyTSImero MOMEHTa poTopa

HW3MepeHue KpyTamero MOMEHTa POTOpA MO3BOAAET KOHTPOMHPOBATh paGory
JOMNOTA B COCTOSHHE (IEOCTHOCTE) GypPMIBLHON KONOHHH H €€ B3anMOzieHCTBHE €O
CTEHKAMH CKBAXKHHEL. ,

H3BecTHH pasiiHbie KOHCTPYKIMH POTOPHEIX MOMEHTOMEDOB B 3aBACHMOCTH
OT BU/Ia NPHBOJIA POTOPA.

Ipu uenHOM TPHBOAE POTOPA KPYTAIIHA MOMEHT M3MEPAIOT N0 HATHKCHHIO
BEAYHICH BETBH IEMH HpuBofia potopa (puc.8). Ycwime Harmxenus uemd [ depes
3BE3N0YKY PEYAXHOIO MpHcrocobnerns 2 nepeaactcd Ha JATIAK MoMeHTa 3. 310
YCHEIIAE, TIPOOPLMOHANBHOE U3MEPAEMOMY MOMEHTY, mpeofpasyercs B 3NCKIpHYE-
CKHUif HUIA MEAPABIMIECKUM CHIHAN, KOTOPHIH 110C/IC YCHJICHHS NO13cTCA Ha MOKa3bl-
BAONIM B (WIH) PErUCTPHEPYIOIIHI IpHOOp 5.

OcHOBHAs TPHBEJCHHAS TOIPEIIHOCTD BHITYCKACMBIX M3MEpHTENIell MOMEHTa
potopa (UMP-1, TKM) B openenax +5 %.

Jins poTopoB € KapfaHHEM NPHBOAOM H3BECTHA KOHCTPYKUMA DPOTOPHOro
MOMEHTOMEpPA, KOTAA JATIMK YCTAaHABIHBACTCA Ha OBLICTPOXOHOM Baly pOTOpA .
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TIpn M3MEHEHWH KPYTAIIETO MOMEHTa POTOpPa H3MEHACTCA MATHWTHAS [IPOHULAC-
MOCTh (hJEpPOMATHETHKOR IATYHKA, IT0 (PUKCAPYETCS H3MEPHTENBHOM amIaparypoH.
Ecte 1 npyrue KOHCTPYKIMH POTOPHHIX MOMEHTOMEDOB.

3.6. Perucrpamus nokasareeii npouecca 6yperus

Haubonee BAKHLIMA NOKA3aTENAMH, C TOYKA 3PEHHA ONEPaTHBHOIO YIPAB/IC-
HHA NPOLECCOM GYPEHHS, SBIAETCA NPOXOMIKA C Hauana AoNGIeHus h u MrEOBEHHAsA
Mexanwgeckas ckopocts V. OcrambEbie nokasarenu (peficoBas CKOpOCTB, CTOH-
MOCTb METPa MPOXOJKA ¥ JP.) MOTYT OLITh PACCYMTAHE HA OCHOBE U3MCPCHHA hn
Vi .

V3BecTHH pa3HIHbie KOHCTPYKIHH PErHCTPATOPOB MPOXOXKH.

B opr6ope HI1-1 (prc.9) k kopmycy Beprmora [ MPACOCIMATIOT TPOCHK 3, xo-
TOpBIiT NEPEGPACHIBAIOT Yepe3 POMMK 2, YCTAHOB/ICHHBIA HA HOTE BRILIKH. Janee Tpoc
HPOXOMMT 4epe3 A3MEPHTENTbHOE YCTPORCTBO 4 PErHcTpaTopa 5 W HAMATHIBACTCA HA
6apaban npyxuHOMOTOPA 6. [IpYKHAOMOTOP 00eCHeTHBACT HATAKEHAE TPOCHKA NPA
TFOORIX IOJIOKEHHAX BEPTIIOTa.

pa MexamuaeckoM GypCHAH BEPTIIOr MOCTYNATENBHO MBHXKETCA BHH3, YRIIC-
Kast 33 c060i TPOCHK, YTO IPHBOAT B JSHCTBHE H3MEPHTENIEHOC YCTPOHCTBO 4, KO-
TOpOS CBA3AHO C MHITYIIAM 3/EMEHTOM PETHCTPATopa 5 M MOKa3ABAIOIIMM mputo-
poM 7. TlockombKy KermkeHAe OyMaXHOMH JIEHTH OCYIICCTBIIAETCA OT JacoB, yron Ha-
KIOHA KPHBOMH 3aIMCH K OCH BDEMCHM JI3€T 3HAYCHHA MTHOBEHHOM MeXaHWIECKOH
CKOPOCTH.

B mpyrax koHctpykumsx HII nogada 6ypoBOro MHCTPYMEHTZ OIPENENACTCA
o yray nosopoTa 6apaGaHa jeGeqxy WM poNHka KpPOHOJIOKA, C KOTOPOre CXOZMT
pabouas sersb Taneporo kamara. CieAyer UMETh B BHAY, YTO NPONOPUMOBANEHOCTS
yriia nogopora 6apabana neGeKn H DOX39H HHCTPYMCHTA HapYMAaeTCs NpH A3MCHC-
HUM KONWYECTBA BATKOB TANEBOro Kanara Ha Oapabame. Bo Bpems CIyCko-
NOTBLEMHEIX ONEpaLMil JATIMKM AaHHLiX KoHcTpykumid HII orkmovalorca. [puse-
nernas norpemdocts UIl-1 +2.5 %.

Crieyer yauTRBaTh, TT0 NOZIAYa HHCTPYMCHTA HA MOBEPXHOCTH PaBHA IpO-
XOJKE ZOJIOTA JIMINb NPH TOCTOAHHLIX Harpyskax B OypuwinHod xonouse. Ilpu mo-
6OM M3MEHEHHM YCHIMi B OYPHITHHOM KONOHHE /UIMHA e¢ H3Mmensercs. Hanpmmep,
NpE co3naHuu Ha Jonore Harpysku 200 xH jnuHa  GypEIBHOH KOJIOHHB!
©127-129 mm B ckBakuHe riry6uroi 2000 M ymensmaercs sa 1-3 M. Koraa npoxox-
K2 Ha JIONOTO H3MEPAETCS METPAMH, H3MEHEHHE UTHHD OYPRIBHOM KONOHHBE MOXET
HPHBECTH K CYMIECTBEHHRLIM OmmMGKam B onpenenenrm h B V, .

3.7. Onpesenenue HeN0CTHOCTH GyPRILHOM KONOHAB

CroM, orsuHaMBanKe 9acTH Oypunsroil kononnsl mpe CIIO xapakrepusyeTcs
PE3KHMM YMEHRMEHHEM HArpy3KH Ha KPIOKE MIPOTHR HOpMaibHOro. B mponecce 6ype-
HHA ¢oM GYPHIBHOM KOJOHHE! OTMEYAeTCS MO PE3KOMY HAICHAIO JARICHAS HA Ha-
€OCaxX ¥ OTCYTCTBHIO peakuu I'MB Ha nogady HHCTPYMEHTAa BHM3 MM HA OpHNOA-
HAMaHHe HECTpyMeHTa. [Ipu poTopHOM OYpeHHH DE3KO YMEHBIIACTCA MOMEHT Ha
poTope.
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Puc. 9. Cxema n3Mepenus ¢ oMorsio npubopa UI1-1!
1 - Bepmmor,
2 — PONHK,
3 - TpocHK;
4 - u3MEepHTENBHOE YCTPOHCTBO;
5 - perucrparop;
6 — NPy XHHOMOTOP,
7 - nokaseiBarOIK i mpubop
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O6pazosanue cMIEiH B GyPHMIBHOR KOMTOHHE CONPOBOKAACTCA YMCHBIUCHHUCM
JARJIEHHS Ha CTOSKE, YXYMIIAETCA MPOMEIBKA 320051 , ITO IPABOSMAT K €r0 3alliamie-
HUIO H, COOTBETCTBEHHO, POCTY MOMeHTa Ha gonore. Ilpu TypGunHoM GypeHnu BO3-
MOKHA 0CTaHOBKA 3a060HHOr0 ABUTAaTENS.

3.8. Onpenenenne cOCTOSHA (HIHOCA) AONOTA

H310C BOOPYXeHHs IapOMECTHRIX B APYTHX THIIOB JOJIOT TaK MIM MHAYe Cka-
3EBAGTCA HA CKOPOCTM paspymenus ropusix nopox. ITostomy npu Gypenwn omxo-
POIHBIX TIOPOJl CTENEHh M3HOCA BOOPYXKEHHs ONPEJEIIAIOT N0 WIMCHCHMIO MCXaHH-
gecko#l ckopoctr. [IpH H3HOCE NONUMITHHKOB MIAPOMIETHBIX AONOT Habmoxaiorcs
KPaTKOBPEMEHHEIC 3AKTMHKM MIAPOMIEK, YTO COMPOBOXAAETCA PE3KAMH yBEM49e-
HHSIMM MOMEHTA Ha JONOTE. :

Tipn poToproM GypeHRH YBEIWHCHHE MOMEHTa Ha JI00TE NPHBOIMT K yBEJH-
qeHuio 00ero MOMEHTa Ha POTope.

Ipu TypburaOM GypeHAd yBeSHUCHHE MOMEHTa HA JONOTE MPHABOJHT, Kak
MIPABAIO, K YMEHBIIEHHIO YaCTOTH Bpamenus. Ecim Gypenve senerca Typbobypamu
cepuE "A" ¢ BHCOKOLMPKYIATUBHBIMH TYPOHEAMH, TO [IPH 3TOM YMEHBIIAETCH He-
penajn JaBieHHA B TypOoOype M JaBieHue HA CTOAKE. Orciona, ckayxkoobpaszHbie
YMEHBIICHHS JABJICHHA Ha CTOAKE NPH HOPMATbHOH padoTe Hacoca CBAJCTENbCTBY-
0T O 3aKITHHKAX ONOP JONIOTA.

I1pn GypeHuE 0ObeMHBIM JBHrarenem cepul «[[», Ha000POT, 3AKTHHKH 10710
T2 IPABOJIAT K POCTY Tepenaa JaBICHHA B JBUTATEIC H JABICHUA Ha CTOAKC.

Ipu 3nexTpoOypeHAH MPA3HAKOM M3HOCA ONOp MIAPOIMIEIHEIX JOJOT CIYXKAT
PE3KHE BCIUIECKH CHJAIRI TOKA IEKTpobypa.

3a pyGexoM BRIMYCKAXOTCA JATUMKM KPYTAEro MOMEHTa Ha IOAOTE, pabo-
raromme B cucreMax MWD H 103BOIMIOMME TOCTOAHHO NONYYaTh HHGOpMANHIO O
MOMEHTE Ha JoNoTe B mpotiecce Oyperms. Uersipe aTauka NedOpPMALHK YCTaHABIH-
patotca B YBT Hax HONOTOM, [0 CXeMe, IpHBeAeHHO# Ha puc.l3, u B 3aBucHMOCTH
OT BEIMYMHB MOMCHTA NPOMCXOMMT YBEHUCHHE HIIH YMCHBICHHE JJICKTPHIECKOTO
COTPOTHBIIEHNA COOTBETCTBYIOMMX AAaTIHKOB.

IoKa3aHMA MOMEHTA Ha AOMOTE O3BONSIOT ONpEIENHThL CTeNeHs H3HOCa 3y0-
KOB JOJIOTA, MOMEHT 3AKTMHKH MIAPOINEK J0JI0Ta, KOCBEHHO ONpEACIATH XapaKTep
pa3GypHBacMBIX IOPOX, BHOHPaTs ONTHMATIEHYIO HArpy3Ky Ha JI070TO, a CPaBHCHHE
NOKA3aHUil MOMEHTA HAa POTOPE H AONOTE MO3BOJAIOT CYyIMTh O COCTOAHHH CTBONA
CKBAXKHHBL.

3.9. O6uapyxenne NOCTYILICHHS TUTACTOBRIX IIOMA0B B CKBAXKUHY
(nposiBeHuH)

CBoeBpeMcHHOE 06HapyXeHHe rasonedTeBoaOnpoARIeH M (I'HBII) no3eoss-
eT NpeIyNpe/|TL PA3BATHE OCTOKHEHUA H NPHAATH 3QQEKTABHEIC MEPHL [0 €10 JIH-
kBHgamyM. M3secTHsl pavtHansie MeToxsl obmapykerus [HBII. Baxwo# wx xapak-
TEPHCTHKOH FBIMIOTCA BPeMs, TPOLIENNEe OT HavYana MOCTYILTCHMHA I1ACTOBOrO
dmouga 10 MOMEHTa OCHADYXEHHA .5 H MUHUMANBHLI 00BEM MOCTYIHBINETO B
cxsaxunay Gmouna W, , KOTOPBIH MOXET OBITH 3aMKCHAPOBAH.
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Kontpons ypoBHs 6ypoBOro pacTeopa B NPHEMHBIX EMKOCTAX

TMoctynnenue mnacroBoro (GMORIA NPUBOMAT K YBENHICHUIO 0OBEMA LHPKY-
JMpYIOmero 6ypoBoro pacTeopa ¥, COOTBETCTBEHHO, €I0 YPOBHA B IPAEMHBIX SMKO-
CTAX, 9T0 MOXer OhTh 00HAPYXeHO C MOMOILBIO YPOBHEMEPOB PAlIMYHLIX KOHCT-
pykugii. [Ippmensemniii B oTeuecTBenHOM npakTuke yposueMep YII-11M mmeer nsa
nomwiaska. IIpn A3MeHEeHUR YPOBHA XUMAKOCTH HOIUIABKH MOBOPAaYHBAIOTCA OTHOCH-
TEILHO OCH KpeIUICHMA, ¥T0 GHKCHpYyeTCs H3MEPUTEIhHOH cHcTeMO#. [lHanason m3-
MepeHus yposHa — 90 ¢M, OCHOBHAJ TIPABEACHAAA MOTpemHocTh +6 % (15 cm). Ilpa
OTK/TOHEHWH YPOBHA XMAKOCTH OT HOMHHANBHOro 6o/ee eM Ha 5 ¢M BEITaeTCA CBe-
TOBOH H 3BYKOBOMN CUTHAIL

Tlpu wromany noBepxHOcTH GypoBOro pacTeopa B eMkocTax S=30 M MEHH-
MATBHEI QUKCHPYEMHX 00EeM COCTABISET Woin = ANS = 1,5 M’ , 9TO B psje Cy4a-
€B MOXeT NPEBEICHTH NpPEAeNBEHO NOMYCTHMEIH 06BEM BOIMOXHOrO MOCTYILICHHSA
dmousa ¢ MOIUIMI MpeXyIPeXAeHNs OcloXHEeHNs. Bpems, Heo6xommMoe s 06-
HApY KEHUA POSABIICHHA

(=S (3.17)
9
rae Al =5 cM — DOrpenHoOCTs MpEBopa;, g, - AcOuT wiacta. Ifpg ¢, =1,5 1/,
Ar=5cm u S=30M 1, = 2-2”1'03_? =1000 ¢ = 16,7 mu.

CucreMa pupmMn «Maptun Jlenkep» BKIIOYAET YETHIPE DOINIABKA, YCTAHOB-
JicHHBIE B KaXA0# pabodeii emkocTH. [Ipn M3sMEeHEHHH YpOBHA PacTBOpA MOIUIABOK
nepeMemacTes BAONG HallpaBmmomei CToliku, BO3AEHCTBY YCTAHOBICHHBIM B HEM
MATHHTOM Ha OElb TIOTEHIAOMETPA, YCTAHOBICHHOTO B CTOfKe. JIeKTpHYECKas
cxema o0eceyHBaeT CyMMAPOBAHNE JAHARIX, TIOMYIAEMBIX 0T KAXKIOTO MOILIABKA H
cpaBHEn¥Me GaKTHIECKOro 06beMa GypOBOro pacTBOpa ¢ HOMMHAIBHEIM.

B npubopax ¢upMbl «ToTko» WA p3Mepenns obneMa OypoBOTo pacrsopa B
EeMKOCTAX TaKKe HCIONB3YIOT MOIUIABKOBHE YpoBHEMEPH. CreIHaNbHNA MEXAHH3M
npeofpasyeT BEpPTHKANBHOE NEPEMEIIEHHE NOMIABKA B MHEBMATAYECKNE CHIHAJE,
nepenaBacMEle N0 MUIAHTY K CAMOTIHCIY.

O6mpM HEJOCTATKOM IOIUIABKOBBIX YPOBHEMCPOR SBIAETCA RVHAHME Ha UX
DOKA3aHHS HANHIIAHAE Ha DOMNABOK Thepaoi ¢asst GypoBoro pacrsopa.

H3BECTHH NaT4MKU YPOBHS PACTBOpPA B 6MKOCTAX MKOCTHOro THIA. IIpH m3-
MCHCHHM YPOBHS DacTBOPA H3IMEHACTCA 3IEKTPHYECKAd EMKOCTh JATIMKA. JTOT
NpHEIMN 00eceTMBaeT He3aBHCHMOCTh NOKA3aHmH npubopa OT CBOHCTB pacTBOpa.
OTCYTCTBHE JBHKYHIMXCH YACTEH M MEXaHUIECKHX CBA3cH 0DYC/IaBIHBAcT BECOKYHO
TOYHOCTh M HANEXHOCTh CHCTEMH. (CHOBHAA NMPHBEACHHAs IOTPEIHOCTh TAKHX
cacrem ~1,5 %, oHH pearupyioT HA H3MeHeHHe 00Bema 0,32-0,42 M.

Korrrpon pacxozna 6yposoro pacTsopa Ha BXO/E W BEIXO/IE W3 CKBAKHHLY

[IpA TOCTYIUIEHHM IUIaCTOBOrO (umOMAa B CKBaXMHY B Iponecce Oypenus
pacxoa 6ypoBOro pacTeopa Ha BHXOJE YBETHUHBACTCA MO CPABHEHHIO C 3aKA4MBAC-
MaM. B criysae npeToka (uoonja ¢ aeOHTOM, OPEBHIIAOIMMM YyBCTBHTEIEHOCTD
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npr6opa, JaHAKH MeTOX No3BOIAeT 00HApY¥HUTH NposABlicHAE Ha Hanbonee panHeit
CTafdu.
Unmuxarop muddepennuamaoro pacxoga WP-1 AMeer nganason HHAMKA-
wm maddepenumansioro pacxona 5 n/c («-» Dornomenwe, «+» IOPOABJICHHE).
MpeTok ¢ AebATOM MeHee 5 /c mudpdepeHINANBHRE PacXOAOMEp MOKET HE obHa-
pyxars. [Tosromy HJIP-1 KoMILTEKTYeTCA €Hie B NOIUIABKOBHM YPOBHEMEPOM.

Korrpoms nioTaOCTH GYPOBOrQ pacTsopa B IPACMHON eMKOCTH _

Mamerenue mwioTHoCTH GypoBOro pacTopa B npomecce OYPeHHA MOXCT CBH-
[ETEbCTBOBATE O MOCTYILIEHHH IUIACTOBBIX (QUIIOAJIOB B CKBKHHY HIIH O MOBHIIE-
muE BeposTrocTa I HBII npy CHYDREHAR ILIOTHOCTH 6ypOoBOro pacTeopa mo ApYruM
NpPAIAHAM.

‘ Jaraukamu mioTHOCTA GypOBOTO PacTBOpa B NPHEMHOH GMKOCTH KOMILTEK-
Tytores crarnmus « EOTECT-5», sumyckaemute HTI® « eodpu3nKay,
" KonTponp pasnenns B Harx HOI JTHHAN 0B

Ecmm B mpouecce Gyperns B CKBaXHHY DOCTYNaeT Gpmosy ¢ MIOTHOCTRIO, Cy-
MECTREHHO MeHbIeH, ucM y GypoBOro pacTsopa, TO NpH HeGOMBMEX MPHTOKAX, KO-
Toprie Hambonee TPyAHO OOHAPYHHBATh, NaB/ICHHE B HATHETATEILHOH JIAHEH HACOC2
GyJeT yMeHBIMATECA. JTO CBA3AHO C TEM, UTO B 3aTPYOHOM MPOCTPAHCTBE Gyaer cxa-~
wmBaThca Gonee nerkmil QuuoM, PasHOCTb CTATHYECKHX NABJICHAN B KOMBICBOM
TMpOCTPaHCTBE M B TPyGax CTaBeT OTPHLATENLHOH, 2 YBeIHYeHHE IEAPABIAIECKHX
CONOTHRJIEHHH B KOMBIEBOM IIPOCTPAHCTBE H3-3a POCTA PAcXola He KOMNEHCHPYET
IaHHOE YMEHbIICHHE.

Py = AR, + APy —-hy(p-p)8 (3:18)
rae  APp , APy - COOTBETCTBEHHO, IIOTEPH JABICHHA B TPy0ax M KONBLOEBOM NpO-
crpascrse, hg, pp - BHCOTA cTon6a HO BEPTHKAIM H IUIOTHOCTE ILIACTOBOIO
(mouzna B CKBOKHHE, P - IWIOTHOCTh MPOMEIBOYHOR JXHAKOCTA B KONLICBOM IPO-
cTpancTBe; £ =9,81 M/C” — YCKOPECHHE CHUTKI TSIKECTH.

MrmuMarsaE GHKCApYeMEH 00BEM NOCTYNMBINETO IIACTOBOrO trmonna

w, = Sm (3.19)
cosa-Ap-g _
rie  APp — 9yBCTBHTENBHOCTE M3HOMETPA Ha CTOAKE; Syy — IIOMANS KONBLEBOTO
OpOCTPAaHCTBA;, & - CPEAHHM 3C¢HATHHH Yrojl CKBaKHHH B HHTEPBAje HAXOKICHHA
IDIACTOBOrO UIOHMAR B CKBAXKHAKE;, Ap=p -0p .

ITpa 9yBCTBUTELHOCTA MaHOMETPA (OTINIOHEHHH JaBIeHHA OT HOMAHANBHO-
ro, NpA KOTOpOM nozaercs cooGmende o npuroke) 0,5 Mlla B BepTHKANIBHOHA CKBa-
skmuHe, pa3dypasaemMolt nonotoM 2159 MM,

' Wein=1,5-3,0 " .

KoHTpoms yonosrit moaseMa GYPHITbEOH KOTOHHE

Bossmas qacTs nposmieHEH (10 HEKOTOPHM AaHHEIM 10 70 %) opoRCXOmuT
BO BPEMA MOTBEMA KOJIOHHH TPYO, T.K. PR 3TOM JABIEHHe B CKBKHHE CTAHOBHTCS
MeHBIIE AaBicHAs cronba GypoBoro pacrsopa. B npouecce nogbeMa CKBKAHY Ie-
PHOIMYMECKH HIH HENpephBHO JAOMHBAIOT. [IpH3HAKOM NOCTYIUICHHA IUIACTOBOTO
dmonaa ciyxdr yMmeHemeHne ofpema pacTBopa, M3PACXONOBAHHOTC HA JIOJTHE



CKBaXXMHB!, IO CPaBHEHMIO ¢ 06beMoM mogHATeIX TPYO. EcrecTBeHno, mia ofHapy-
WEHHA OPOABICHHA NPH NOABEME TPYD Ha CKBaOXXHHE HEOOXOMMMO UMETh YPOBHEMED
B €MKOCTH AQNMBA, CIETINK MOAHATHX TPY6 | npoueccop, NOACYHTHIBAIOMMA 001eM
HOAHATHX TPY6 H CpaBHABAIOMMIY ero ¢ 00BbEMOM pPacTBOpa, W3PACXOJOBAHHOIO HA
3aNONHEHHE CKBAXKHHBI.

Cnemyer oTMETATD, YTO YKa3aHHHIEC MPH3HAKA APOSABICHHI MOIYT B M3BECT-
HOH CTETICHA CMA3KIBATHCA, €CJIH B CKBAXHHY NMOCTYNACT ras, cofepxanuti CO; wim
H3S . 3t0 cBA3an0 ¢ TeM, wr0 yraekucnsii raz CO; u ceposopopoa HaS poctarouso
XOpOIMO pacTBOpAIOTCA B OypoBHIX pacTeopax. Beneacrsue 3roro o6beM MoOCTyNHB-
OIero ras’a Kax OBl yMeHbBIIaeTCs. A NpOsABIEHWE PErMCTPHPYETCHA, KOrAa MOPIAN
IPOMEIBOYHOM KHIIKOCTH, COASPKAIME PACTBOPECHHE ra3, MPHGIIDKAIOTCA K YCTBIO
CKBaHHB!, KOTAA BCNG/ICTBAE YMCHBIICHHA NABIEHUs PACTBOPEHHBIA ra3 BHOBE IT¢-
PEXOIMT B ra3000pa3sHoe COCTOAHHE.

H3BecTHH MeTOABI ONpejeneHys Hayala IPOABICHHMSA C WCMONB30BAHAEM 3a-
Ooilineix AaTmkos. OHM OCHOBAHH HAa M3MEPEHWH BpeMeHH npobera 3ByKOBOH BOJI-
HHl OT JAATYHKA, YCTAHOBIEHHOTO HajJ AOJNOTOM, AC CTEHKH CKBIKHMHE H 00paTHO.
[Tpu mocTyIeHry ra3a BpeMs npobera CymecTBEHHO BO3PACTaeT, 9T0 B PHKCHPYET
3aboitAas armmaparypa 4 nepegaer coobmenne 06 ITOM Ha IOBEPXHOCTE 11O FHIpaB-
JIMYECKOMY KAHAITY CBA3H.

3.10. Onpenenenne mecra NpHxBaTa

TpaxeaToM Ha3eiBaeTCA TIOTEPA NOABMIKHOCTH KOJOHHHI Tpy6 BCneacTsme
PWIHTIAHUA X CTEHKE CKBAXKMHBI, 3aKIMHKH B keno0c WM yNaBOIHM HPEAMETOM
HWIH KYCKOM NOPOJbI, 3aCHINMAAHY OCEBINMM ILIaMoM H T.I. [ JMKRUAAUMHA OpH-
XBaTa (METOOM YCTAHOBKH BAHH, NMPUMEHEHWEM YAApHBIX MEXaHM3MOB H TOPNEH H
T.11.) BXHO 3HATh BEPXHIOIO IPaHHIY PHXBATAa.

PacuersniM MeTOIOM riryOUHY NPHXBAaTa ONPEAEIMOT M0 GopMyJe

L=10sEfa (320)
AG

rae E — Moxyms yrpyroctd Marepuana 1py0; F - mnomanms ccuesmMsa Tena Tpyo;
Al - ywmBeHre KOMOHHB TPYO TIpH YBEIMUCHUN PACTATHBAIONIETO YCHIHA HA BEIH-

quny AG ; xospduument 1,05 yauThBAET BIIHABHE 3aMKOB.
Ecmu npunatse E%Ag =x ,To dopmyna (3.20) npumer BHA
L=x-Al (3.21)
3HagenHs «x» B 3aBACHMOCTH OT pa3Mepa U MatepHana Tpy0 u BemauMHN AG
TpPHBOAATCA B cripaBoyHuKax [ 8, 9.
Ec/m npuxBsadeHHas KOJOHHA TPYO COCTOHT H3 CEKIWHA Pa3sHOro pa3Mepa niy
pastoro marepuana (CBT, ABT), 1o riry0usy mpHxBara HAXOAT M3 CHCTCMBI

L=,
i=1
A=k

i=1 K;

(322)
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roe I - FUMHBI Ceximi KONOHHBI TPYO, HaYHHas € YCThs; 4 [ — cymmapHoe yHHe-
HUe HeMpUXBAYEHHOM FaCTH KOJNOHHH TPY0; # - KONHYECTBO CeKIuli HEMPUXBAYCH-
HO 9aCTH KOJIOHHHI TpYO.

© YKa3aHHBH MeTox HEe 00JafiaeT BRICOKOH TOYHOCTBIO, T.K. B HEM Mpeaojiara-
€TCs1, UTO CHJIAMH TPEHHS KOJIOHHB O CTEHKH CKBAXKHHB! MOXHO npenebpeus. Kpome
TOrO, B Mmporecce paboThl IWIOMANSL CETEHHAS TeNa Tpy6 H3-3a M3HOCA yMEHBIIAETCH.
Tak Tpy6u 11 Kknmacca MOTYT HMETH TIOMAh CCICHHA HA 35 % MeHbME HOMUHAIL-
HOM. D70 MOXET IPUBECTH K TOMY, 9TO riry6una opuxeara GyzeT onpeaeicHa ¢ 3a-
BOIIICHHEM.

Jins Gomee TOTHOTO ONPEIETEHHS TPAHMIL NPHXBATA HCNOML3YIOT HPAXBATO-
onpepermrens (ITO) A HATUKATOPL MECTA PUXBATA (VIMIT).

Pa6ora [TO ocuoBana Ha CBOMCTBE (EPPOMATHMTHHIX MATEPHAIIOB PasMarHH-
qMBATHCH TPH AcGOPMALmH NPEBAPHTENBHO HAMATHIICHHBIX Y9aCTKOB. I1O cmyc-
KaloT Ha Kabene BHYTph NMPAXBAYCHHOH KOJIOHHBI Tpy6. Bhime u Hibke mpemmona-
raemodi TIyOHHEI OPUXBATA CTABATCA MATHWTHBIC METKH, MPEACTARJLAIONHE coboit
HAMArAWYECHHEM Y9acTOK JUIMHOH okono 0,2 M. 3areM KOJNOHHY PaCXakWBaioT H
IIPOBOPAUMBAIOT POTOPOM B NpenieNax 6e30macHEX BarpysoK. B menpuxBadeHHOH
9aCTH MAarHATHEIE METKH CTHPAIOTCH, 3 B IPHXBAYEHAOH FACTH — COXPAHAIOTCA. 3a-
Mep TOCHE DACXKMBAHMA IO3BOJACT OMPENENMTH BEPXHIOI) [PAHMIy NPHXBATA.
To4HOCT ONPEACNEAHs BEPXHEH rpaHHIfsl MPUXBATA OMPEENACTCA paCCTOAHHEM
mexry MeTkamu. K nepocrarkam ITO OTHOCHTCS TO, 9TO € €10 MOMOIIBIO MOXHO Of
penesTh MECTO NPHXBATA JIHIIL CTAIBHBIX TPpY0.

TpuGop VMIT msmepsier aedopMaipo 1py6 B MECTE YCTAHOBKH npubopa BoO
BpeMs pacxaxuBaHus. ECTECTBEHHO, YTO HIDKE BepXHeil TpaHmLL NpHXBata aehop-
Mamus Tpy0 OTCYTCTBYET, O 9eM M CHTHATH3UpYeT IpHOOp.

3.11. Npornos 3om ABILJX

[lpn Gyperu: pa3BEIOTHHIX CKBAXKWH HA MECTOPOMNICHMAX, IEOJIOrHICCKHC
YCIIOBHS KOTOPHIX H3BECTHH HEAOCTaTOYHO XOpOMIO, 6oaBOIyI0 OmAaCHOCTH TPef-
CTaBINisET BHE3ANHOE BCKPHITHE IUIACTA C aHOMANBHO BHICOKMM IUTACTOBBIM AaB/CHH-
em (ABILT). ITosroMy B 3THX YCJIOBMSX OYCHb BAMHOC 3HATEHHE MMCCT IPOrHO3
ABII/1. Bce MeTOTH ITPOrHO3a OCHOBAHK HA TOM, 9TO MOPOJKI, CITYXKAMHE NOKPRIIG-
Kol sanexu ¢ ABITJI, B Toi wim mHON Mepe HACHIAIOTCH YTICBOJOPOAAMH 3ANICKH,
IIpAYEM CTENICHb HAaCHIIIEHHs BO3PACTACT N0 MEpe NpubIIDKEHHA K KPOBIE 3AIEKH.
Tpy 3T0M CBOHCTBA MOPOL MEHSIOTCA — YMEHBIIACTCH MX IUIOTHOCTD, MOBBIMAETCH
MOPHCTOCTh, YMEHBIIAETCA CKOPOCTh PAacHpOCTPAHCHHA YNMPYTHX BOMH M T.K.
(puc.14). ’

o Mepe npuGmmkenns K wiacram ABIIJ] BoapactaeTr mopoBoe NABIEHHE H,
COOTBETCTBEHHO, yMeHbmaeTcs m(depeHTAaNbREOe AABICHAEC, TT0 AQDKRO O0Tpa-
KATHCA HA MEXAHMYECKOH ckopocTH Gypemas. Ho nockoneky Ha CkopocTs Gypenms
CYIIECTBEHHO BIMSIOT HATPY3ka HA JOJIOTO M 9acTOTa €ro BPalleHHA, JUIA OpOriosa
nprbmDKeHns K 30HaM ABI1J{ Acnons3yloT Tak Ha3HBACMYIO d-9KCIOHEHTY.
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Puc. 14. Xapakrep eeunenenus 308 ABITJ] no KpuBbIM H3MEHEHHUA [IapaMeTPOB
TMTEHUCTBIX NOPOJ ¢ TITyOUHOI: a — MOPUCTOCTH Ky, 6 — MIOTHOCTH Py; B —
yAenbHOro ConpoTnsnenys Ry,; r—~ uuTepsan BpeMeHH pacipocTpaHeHus
axyctuueckux Bond T
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Puc.15 . Boinenenne 308 ABIT/] ¢ momowgeto d ¥ dy — 3KCHOHEHTEI:

V77777 - zona ABIIJ{

— HOpMaJIbHaA TEHASHIUA H3MEHECHHS d- 3KCTIOHCHT,
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MeTox d-5KCTIOHEHTH! OCHOBAH Ha HCTION30BAHMK ypaBHeHHs Brerama

VY AN (3.23)
rae Vis - MEXaHWdecKad CKOpPOCTh IPOXOAKH, 1 — 9acTOTa Bpamenus, G — Harpyska
Ha aonoro; D - auamerp nonota; A U d - IMOIMPAIECKHE K03 GHIMEHTH.

Kosdpdmumenr d B 60bmoi CTENEHH 3aBACHT OT ,tm(bd)epemmam,ﬂoro nasie-
HHA, KOTOpoe 0 Mepe nprdmnkenus K 30HaM ABIL], xak npasuio, yMERBIIACTCS.
Ha ocnope ypasnerus (3.23) Jix. JDxopaes r O.Ilupnyu npeajioxams METON Mpo-
rro3a 308 ABII/] myreM asammsa d-IKCTIOHEHTHL, onpefenseMoi no dgopmyne

J- ‘“(V“/an 6 ’
ln(l,S-lO‘ %)

rne [Vul=mMmac ; [n]=o06/Mmr ;[G]=xH ; [D]=cuM.

HaxozmmMas 13 dopMyms (3.24) d-3KCOHeHTa H3MEHAETCS 00paTHO mporop-
[MOHATHHO MeXaHHueckoii ckopoctn. [1ostomy mpH pasOypuBaHHMM OJHOPOIHEIX
IMMHUCTEIX OTIOKEHMHA B 30HaX ¢ HOPMANLHBIM IUIACTOBEIM AABNECHUEM YILIOTHCHHE
LmH ¢ [Iy6HHON NPHBOAMT K YMEHBIEHHKO CKOpOCTH OypeRHMA H POCTY
d-skcnonenTH. Tlpr nprbnuxenyu x sone ABIIH ¢ ymeHpmicHHEM mepdepeHtm-
AMGHOTO JABJIGHMS CKOPOCTH OYPEHMs BO3DACTAacT, a d-JKCHOHEHTa YMCEHBIIACTCA
{puc.13). ,

Ecmm B nponecce GypeHHs INOTHOCTH MPOMEIBOTHOMN KHUAKOCTH H3MEHACTCH,
TO PACCHMTHIBAIOT MOIM(UIAPOBAHHYIO ds-IKCIIOHEHTY.

ds:,,(qmdf%‘q) , (3.25)

rae gradPy - TpajMERT HOPMAIBHOrO NOPOBOrO jaBjieHHs (OGBITHO OKONO
1210° H/M' ), p - npMMEHseMas IJIOTHOCTE MPOMEIBOTHOM XUITKOCTH.

[pumenenue d 1 ds-SKCOOREHT i MPOTHO3a npuOmoKerns k 3oram ABIL]
VI OHOM W3 CKBXMH MEKCHKAHCKOTO 3ATHBA NOKA3aHO Ha PHC.15.

(3.24)

3.12. Texumueckue CpeACTBA H CHOCOGH KOHTPOJS MOJIOKEHHS CTBOJA
CKBAXHHBLI B IIPOCTPAHCTBE '

B npomecce HpoBOMKH CKBAXHER HEOOXOQMMO 3HATh MOJIOXEHME CTBOJNA
CKBAXHHH B IpocTpaHcTe. Oco6eHHO 310 BaxHO NMPR KycTOBoM Gypermm, qrobnt
HCKJIOYMTh BCTpEdy CTBOJOB ABYX CKBaKHH, OPH HPOBOJKE HAKJIOHBEIX CKBAKHMH
IS TIYMIEHHA OTKPHITHX (OHTAHOB ¥ T.1.

B macrosimee BpeMsa OTCYTCTBYIOT CHCTEMBI, HEMOCPEACTBCHHO OMpEHCNso-
mMe IPOCTPAHCTBEAHOE TIOJIOKCHHAE CTBOJIOB CKBAXKHH. KoopauHaral TOYEK CTBONa
CKBOXMHEL OIPEAEILTIOTCA PaCc9eTOM HA OCHOBE TIOCIIEAOBATENBHOIO H3MCPCHHA a3n-
MYT2 H 3¢HATHOTO YIJIOB B PA3/IMMHBIX TOUKAX CTBONA CKBAKWHBL HHKIIMBOMETPAMH.

Paspabarneanace, HO He GbLTa 10BEieHa 4O MPOMBINLICHHOrO H3IOTOBIICHAA,
CHCTEMA HENPEePHBHOrO KOHTPOIA MOMONKEHNAA 3260 CKBAKAHK B IIPOCTPAHCTBE My-
TEM PEruCTpAIAH HA MOBEPXHOCTA CEACMOJATIHKAMM TYMOB, NEHEPHDYEMBIX paGo-
TAIOWAM JOHOTOM.
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CHCTeMEI, NO3BOIMOINMNE NMPOU3BOAMTL HHKIHHOMETPHUIECKHE 3aMEpH, NoJ-
PA3IEIAOTCA HA TEJIEMETPUYECKHE M ABTOHOMHEC. B TelleMeTpHICCKHX CHCTEMax
HEGQOpMAIUA OT CKBAKMAHOTO MpHGopa nepefacTes HA AHEBHYIO TIOBEPXBOCTH MO
KaHANY CBA3H. B aBTOHOMHEIX CHCTEMax CKBAXHHHEIH NpHOOp cHabeH 3amomu-
HAIONIMM YCTPOHCTBOM, B MH(OPMALMS CIMTHBACTCA NOCNE H3B/ICUeHNs nputopa A3
CKBAKHHEL.

CHCTEME C KAHANOM CBA3H MOTYT OhiTh AByx Temos. OmHA [UId NOMy4eHHs
MH(pOpMAIHH TPeOYIOT OCTAHOBKU GypeHHs H CITCKa B CKBXHHY npubopa Ba kabe-
ne. B npyrux, sapmomuxcsi cOBCTBEHHO TeneMeTpAdecKAMH, Npabop BcTpoeH B Gy-
PHIBHYIO KOJOHHY M HHGOpPMAIHa NMOCTYTIAeT HENPEPHBHO WM [0 3apocy B Opo-
fecce OypeHnd 10 Kanay CBA3M.

Mo HpUALMITYY ACHCTBAA MHKIMHOMETPHI NOAPAa3/ICIAOTCS HA MHKITAHOMETPEL
C MArHUTHOHM GYCCOMBIO U THPOCKOIMMICCKHE.

B wHKnHHEOMETpaX ¢ MarHuTHOH OyccoNpio a3MYT CKBAXHHBI B TOYKE H3ME-
perns ONpeeNAeTcs ¢ NOMOMBIO MArHWTHOMH CTPENIKW, OPHEHTHPYIOMEHC B Ha-
NpaRNEHAW MArHUTHOrO MepHIHaHa. [IorpemmHOoCTs M3MEPCHHA 3EHHTHOIO yria y
GompIMHECTBA ITHX DPHOOPOB COCTaBJAET 0,5° , a moTpemHOCTL OmpeneNe s a3n-
MYTa 3aBHCHT OT BENMYHHBI 3€HATHOrO yriia (Tabn.2).

JIOCTOMHCTBOM HHISTMHEOMETPOB C MarHHTHOM 6YCCONBIO ABIISETCA MX OTHOCH-
TellBHAA MPOCTOTA KORCTPYKIMM M OTHOCHTCJBHO HEBHICOKaA cromMocts. K mx He-
JOCTATKAM OTHOCATCS: HEBO3MOXKHOCTh M3MEDECHHA a3MMyTa BHYTPH 00CakeHHOH
CKBAKHHH H B CTAMHHEIX GYpUIIBHEX TPYOax, TPYHOCTH UCTIONEIOBAHAS B BHICOKHX
HHpOTAX (Ha TOMOcaX 3eMITH NOHATHE a3UMYTa OTCYTCTBYET).

IupockonAYecKre AHITHHOMETPH BKIOYAI0T IpyImy nprOOpOB, OCHOBAHHBIX
Ha pa3sHhX NpHHIpax, OOMHM y HIX ABIACTCSA BE3ABHCAMOCTD NIOKA3aHHH OT Mar-
HaTROrO Noja 3eMim. IIpuran gelicTeas COGCTBEHAO MEPOCKOMAYSCKHX HHIIIMHO-
METPOB OCHOBAH Ba CBONCTBE TEPOCKONA (BOMIKA) COXPAHATE NONOKEHHE CBOEH OCH
OTHOCHTEJTHHO 3BE3A.

B MHEPIMOHHKIX HHKITMHOMETPAX UCIIONB3YETCA CBOMCTBO aKCENEMETPOB (HK-
CHPOBaTh YIJIOBBIE YCKOPEHHMS KOpImyca mpufopa npu ero ABIDKCHHM IO CTBOIY
CKBAKHHBI.

BcneacTBHE CYTOMHOrO BpameHnsa 3eMiH 0Ch [APOCKONA B TEUCHHE CYTOK Mée-
HAET CBOE MONIOKEHHE OTHOCHTENHHO 3eMIH, 3T0 00YyCHABIMBACT HEOOXOMAMOCTD
AMETH B KOHCTPYKIMH npuGOpOB CXeMBl KOMIEHCAIMY BITHAHAS BPAIICHAS 3emima Ha
MOKA3aHHMs a3MMyTA, WM YYHTHBATH 3T0 BIHAHME, BHOCH COOTBCTCTBYIOWMHAE I10-
IpaBKH B MOKa3aHHsA. | MPOCKOMAYECKHe HHITMHOMETPH ofnafalor Gonee BRICOKOH
TOYHOCTEHIO, 5oee CNOXKHEI 0 KOHCTPYKOMH, AMEIOT 6onee BHCOKYIO CTOHMOCTD.

B (heppo30oHAOBLIX HHKIAHOMETPAX M3MEDEHME a3UMYTa H 3CHMTHOrO yria
BHIOJHAETCA ¢ TIOMOIIBIO TPEX JKECTKO 3AKPETUIEHHEIX MArHMTOMETPOB U aKCeNepo-
meTpoB. OTCYTCTBHE MOABIDKHBIX HacTell H Mamsle pa3Mepsl GepPO3OHAOB TIO3BOIIA-
0T paGoTaTs HHKIMHOMETPOM B YCNOBHMAX BHOpaIme H BHIIONHATE M3MEPEHHA C
JOCTATOYHO BEICOKOH TOYHOCTEIO. [IOrpemHOCTs M3MeperHts a3mMyTa (eppo3onnIo-
BHIX HHIJIMHOMETPOB COCTABIIAET 0,5...1,00, 3EHUTHOTO YTJIa 0,1...0,250.
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Bonece noapo6HO 0 KOHCTPYKIAAX HHKIIMHOMETPOB B METOAMKAX paciera 110-
JIOXKEHMS CTBONA CKBAXCIHE! B TPOCTPaHCTBE CM. B [4, 5].

BcneacTsue MHCTPYMEHTATBHBIX M METOTHYCCKHX MOrPEMHBOCTEH NONOKEHHE
CTBOJIA CKBAXWMHK ONPEACHACTCA C OMMOKaMM, JOCTHTAIOMMME B PRJIE CITyIacs ¢~
CSTKOB METPOB. B TO Xe Bpems, HanpuMep, Ipi GypeHvy HAKITOHHOH CKBANMHEI [UTA
TIIyImCHKs OTKPHTOro GoHTaHa, HEOOXOMHMO 3HATE B3AMMHOE PACMONOKCHAC 33005
HAKIORHOH CKBAKMHEL K CTBOA (YOHTAHMPYIOMIEH CKBAKMHEL C G0ree BHCOKOH T0d-
HOCTBIO. YKa3auHas 3a1aqa, €CIM B CTBOJIC aBAPHHHON CKBAKAHLI MMCETCA KOJIOHHA
Tpy6, pemaeTcs ¢ OMOMIBIO JTEKTPOMArHUTHOTO MeToxNa. ITpu 310M K KOJOHEE TPY0
MOXBOMMTCA NepemenHoe Hanpsokenwe 220 B, 50 I'u. Tlpotexasompaéi mo TpyOamM
INEKIPYIECKUA TOK CO3JAET BOKPYT KONOHHEI Tpy6 3neKTpoMarHuTHOE None. Uime-
pAd Ha 3a60e HaKIOHHOH CKBRXHMHEI BEKTOP HanpKEHHOCTH MarHMTHOTO ROMA
MOMHO ONPE/ENHTh PACCTOAHHE M HANPARICHHE 110 CTBONA ABAPHAHOH CKBAKHHL.
[IpMMCHEHEE TAHHOrO METO/IA MO3BONMIIO OPH IIYMCHAH CKBAXAHEL Ne55 Xapaseii-
CKOH TUIOMANA MPOBECTH HAKIOHHYIO CKBaXHHY Ha paccrosame 0,4 M oT cTBOMa
aBapHiHOH.

3.13. Cnoco6ni oneHKkn cBoicTB palfypHBaeMLIX MOPOA H BACHINANOMAX

©7 7 humongoB ¢ TOMOMIBLIO cOBpeMeAHEIX cucrem MWD

IpakTigeckasd HEOOXOZHMOCT M 3KOHOMHYECKA nenecoo0pa3HocTh paspa-
GOTKH M CO3ARMS TENEMETPHIECKHX CHCTEM C BOMOKHOCTBIO BHIATH HH(opMAaIy
B nponecce GypeHEds GbUTM OOYCIIOBNEHH B CEPEMHE CEMHJECATHIX TONOB PEIKMM
POCTOM UHCNA HAKIOHHO-HANPABIEHHEIX H MOPCKUX CKBRKHH, HPOBOJKA KOTOPHIX
Tpe6oBana YACTHIX WHKIMHOMETPHHECKHX H3MEPECHHH JULA reOMETPHIECKOro I10-
CTPOCHMA TPAEKTOPHM CTBONA CKBaxMHEI. [IIMpOKOMY pacmpoCTPaHEHUIO TENeMeT-
PHMYECKAX CHCTEM CIOCOGCTBOBATH NOABNEHHE B TMOCHCAHEE JCCATHIETHE CKBAXHH
CO CJOKHON TPaeKTOpHEH, TOPH3OHTAILHBIX, MHOro3200HHEIX A HeoOXOHMOCTE
BOCCTAHOBJIEHAA Ge3meliCTBYIOMX CKBAKMR HyTeM OypeBMs JONMOMHUTEIBHBIX
creonos. [Ipaxtaka 6ypoBsix paboT Hokasana, 9T0 ycnemHoe OyperHne MOEOBHBIX
CKBKHH 6¢3 TENEMETPHIECKHX CHCTEM HEBO3MOXHO. C nepexoaoM K GypeHmio ro-
PH3OHTAILHBIX CKBAXWH, TIO MPOXYKTHBHLIM IUIACTaM MAJOR MONHOCTH HAa MECTO-
POXICHWIX .CO CHONKHBIM CTPATHrpadHIeCKUM CTPOCHHEM HWIH HEJOCTATOTHO M3y-
YeHHBIX BO3HMKNA HeoGXOMMMOCTH MONYdeHHA NONOJHHTENbHOH HHGOpMAIFM O
HPOXOAHMOM TEONOrMYSCKOM Paspese Ui KOPPEKTHPOBKH TPaEKTOPHH CKBAXKHHEI
He TONBKO M0 r€OMETPHYECKHM MapaMeTpaM, HO H ¢ y4eTOM TeOJIOTHH MPOXOJMMOTro
paspesa. Jlna sroro TtenecucreMsl MWD KOMONEKTYIOTCA  PAsIIMMHLIMH
reoHINIECKHMH H TEXHOIOTMYECKAMHE aTINKaMH, yeTanasnupaemema B KHBK:

- raMMa-HuTyYeHHs;

- YACNBHOTO CONPOTHBIIEHN ¢ PATHIHOA IIyGHHOH 30HIHPOBAHNS,

- HelTPOHHOM NOPHCTOCTH;

- 00BeMRO# IWIOTHOCTH;

-  YNBTPa3sBYKOBOH M3MEPHTENb JHAMETpa CTBOMA,

- IBOMHOM aKyCTHICCKH H3IMEPHTEN,
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- fiepenaga fAaBneHHsA BHYTPH OYpHIIBHOTO MHCTPYMEHTa K B 3aTPyOHOM
TIPOCTPAHCTBE;

- pubpamay 6yprarsHO# KOTOHHE,

- HArpy3KH H MOMEHTA HA JXOJIOTE.

OmHoBpeMeHHOE W3MepeHAe (DAKTUUESCKOH TPACKTOPHHA CKBAKUHEI, OLEHKA
BCKPBIBaGMBIX NOPOX B HHPOPMAIHA 0 HACKHMAIOMKX MX (UEOHAAX JAIOT CIETyIO-
[HE PeHMYIIEeCTBa: ;

- BO3MOXKHOCTH YTIPABAATH TPACKTOPHEH B 3aBUCHMOCTH OT haxTHdeckoit reo-
JIOTHH IUTACTa;

- TPOKJIAALIBATH FOPUIOHTAILHBIC CTBONBI B BECPTHKANbHBIX KOPHAOPAX MOII-
HOCTBIO 110 0,6 M;

- OTIPeNeNATL TUN HACKIIMaomero wiacT qunonaa (ra3, He(Th, BOAR);

- NPEABHACT [PAHUIIBL HOPO/ H H3MEHEHUA XAPAKTePa HACHINCHUA TLIACTA;

- IPOCNCANTh W3MEHEHHE XapaKTepa HACHMIEHHS MIACTA B IPONECCe Mocie-
AYIOIIEro OCBOCHHA CKBANUHDI;

- KapOTAXKHEIE JHArPAMMEL, NOMy4eHHLE B fipoltecce OypeHws, MOryT Oka-
3aTbCA GAMHCTBEHHON 3aIMUCHI0 B TOPH3OHTAIBHOM CTBONC HM3-33 OCIOXKHCHHHA B
CKBAXHHE.

B npouecce Oyperus uH(OpMaIiA ¢ JATTHKOB NIEPEIACTCS HA IOBEPXHOCTD B
peaTHOM BPEMEHH IO THAPABIMIECKOMY WM KaGenbHOMY KaHanaM CBA3H. bosb-
HMACTBO NMpUGOpPOB MMEIOT Takke 3a0olHEN HakomwTens HAH(OpMaLEH, KOTOpas
BOCHpOR3BOAMTCA Nocne noxsema KHBK Ha nosepxHOCTS.

CxemMa onpeeNicHUs TPaHHl, cpe B nponecce SypeHHs reodu3HICCKHMH Me-
TORAaMA npuBeaena Ha pHc.16. TIpn nomxoae GypHABHOro HHCTPYMEHTA NOJ Ompene-
JICHHBIM YTTIOM (@) K OKMA3eMOli rpaHAne cpefl, a TAkKe, 3HAsA MECTO PacIONOKEHHS
KOHKPETHOrO JaTauKa 10 OTHOMCHHIO k Aonoty (L) B pamdyc riTyOHHBI HCCIea0Ba-
A Aarauka (K), MOXHO ONpeNeNiMTh PacCTOSTHHE A0 TPAHWIE NEPEecedEcHUA Cpell
JOITOTOM.

JaTiuxy raMMa-uaTyqeHds H3MEPAIOT KONMHYECTBO €CTECTBEHHOrO raMma-
HATYYeHAS NOPOJ H HO3BOJAIOT, B YACTHOCTH, YETKO BHACHATh [IIMHHCThIE TIOPO/IbL,
06NafA0MPAEe BRICOKIM YPOBHEM raMMa-H3TydeHHS.

[Ipu ycTaHoBKe IBYX IAaTURKOB HIH CGOKYCHPOBAHHOTO JATIHKA TaMMa-
HAUTYYeHHA MOXHO CPABHMTH PAaJMOAKTHBHOCTL MOPOA BEPXHCH H HIDKHEH CTEHOK
FOPH30HTATRHOTO CTBOAA WIH ONPENETHTD YTON HAKJIOHa IUIACTA.

JlaTaHKH yensHOre CONPOTHBICHHA HCTIONB3YIOTCH JUiA ONpeNeNicHHA THIA
KUKOCTH, HACKIKAIONEHK 1wiact (ras, Hedrb, BOJa), MO3BOJAIOT ONPEACIHTE 30HY
TOTTIOMEHHA. ,

Jaraika HEHTPOHHOR HOPHCTOCTH, 00BeMHON IIOTHOCTH, ABOMHOK aKycTHde-
CKMil H3MEPUTENs JAKOT JONOMHUTEIBHYI0 MHGOPMANHFIO O ILIacTe, MO3BOJAIONTYIO
AHTEPIPETAPOBATh KAPOTAXKHEIE AMArPAMME APYTHX METONOB.

Kommnexramus Tenecucrembl MWD pa3znuaHeiMu JaTHHKaMH OCYMECTBIACT-
¢4 B 3aBHCHMOCTH OT yCoBHi GypeHHs H mocTaBIcHHBIX 3axau. OOcmyxmBaer cHC-
TeMy IDyINa CNEMMATACTOB DAVIHIHHX CTCHMANEHOCTCH: HH)KEHEPOB-GYPOBHKOB,
reO(H3UKOB, reoJIOroB.
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Pric.16.Cxema onpepeaeHua (paHul] cpejl B poLecce DypeHHst

0. — YOI BCTPEYH CTBOjIa CKBAXMHLL € TPaHUneR Nopo;

R - riyOrua uecseioralua fat4nka,

L - paccTosiHHe 0T J0M10T4a AG JaTauKa,

H ~ 11poxojika 1o ReTPEdd CTBONA CKBAKMHL ¢ HUKHEH IPaHHUei cpejl
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KaduecTso JMArpaMM 3aBHCHT OT MEXaHMUECKOH CKOPOCTH GYpeHMs M Tiia-
TEJIBHOCTH KOHTPONA 3a [IIyOMHOH CkBaxwHE. ECTECTBEHHO B NMOJHOM KOMIDIEKTA-
LMY CHCTEMA HCTIONB3YETCA KpaliHe PeaKo.

3.14. CraHIAH reoJioro-TeXHOJI0rM4ecKHX HecleJ0BaHUH CKBAKHH

Hnadopmaumonnoe obecnedeHue nmpouecca GypeHns ocymecTBIAeTcs ¢ moMo-
MBI CTAHUHH reooro-TexHoMorHdeckux ucenenosanuii (I TH), koTopsie HaYHHAIOT
[IMPOKO MPHMEHATHCA NpH MPOBOIKe ckBaxdH. OCTAHOBHMCS Ha OJHOH M3 HNEPBHIX
COBPEMEHHEIX CTaHIHHA, nosruBnnixch B Janagnod Cubupn B 1994 r. u nocnensei
paspabotke HII® «"coduspkay, cranmu « EOTECT-5».

KOMIOBIOTEPH3NpOBaHHAs CHCTEMa OHEPATHBHOTO KOHTPOIA TexHonornu Oy-
peHus & TpaexTopun creona cksaxuisl (KTTC) npegnasnadena ais HEGOPMAUMOH-
HOro oDecneueHHst CTPOMTENLCTBA CKBAXMH CHEUHATEHOTO NMPOGHNIA B CIOKHBIX
TOPHO-TEONOTHYECKHX ycaoBusX. PaspaGorana mno 3akasy OAO «CrenYbP»
(r. HmxHeBapTOBCK) M CTOAT HA BOOPYKEHHH INPOU3BOJCTREHHEIX IPEANPHUATHIH
TOO PEKOMI'EO.

Boamoncrnocmu cucmemst:

e HonmydeHHe MHPOPMANFH O TEXHONOrMYECKUX mapaMmerpax Oypenus, ee ob-
paboTKa M BEMHCIICHHE PACIETHRIX HAPAMETPOB;

® BBIAYA ONEPATOPY PeUeBhIX COOGIEHUM 00 M3MEHEHHN PEXKHMOB IpoLecca
OypeHns A BEIXOJE NapaMeTpoB 32 JONYCTHMBIE IIPEACITHL,

® JKCTIpecc-aHATH3 CYMMapHOro COACPIKaHHs YTHEeBOIOPOJHBIX ra30B B BHIXO-
JSIEM H3 CKBKHHE OYPOBOM DacTBOpe, XpoMarorpadHIecKuii aHa/H3 €ro KOMIo-
HEHTHOTO COCTaBa ¢ NMIATHMHUHYTHOM 3aep:KKOH, aBTOMATHIECKas MPHBA3KA AAHHBIX
K riiybmse;

& XpoMarorpagUIecKuii aHAM3 KOMIOOHCHTHOTO COCTaBa Mpo6 razoBeix cMe-
Ceil, IOAABAEMBIX MIH30AHIECCKHA BPYIHYIO,

¢ Dy4HO# BBOA C KIABHATYPHl JAHHKX T€OJIOTMMECKHX HCCIIEA0BAHMIA,

e 3anuch B 633y JAHHEIX HA MECTKOM JHUCKE MONHOTo KoMIuIexca MAdOopMa-
UHH, e€ XpaHEHHE, 0TOfpaxeHHe B peaTsHOM Macmrabe BPEMEHH Ha JACTUIEH U Ie-
yaTh B QYHKIHMH BPEMEHU U TITyOUHPIL,

¢ nojryuende B npouecce GypeHus HHGOPMAUMM O HAIPABICHWH ABHXCHHA
33608 CKBOKHHBI ¥ TONOKCHAM OTKIOHHUTENA, HocTpoeHre npoduns creona Ckea-
KUHE H OTIPEE/ICHHE TONOXREHAA 32005 OTHOCHTEILHO KpPyTa JOMYyCKa,

e CTpyKTypa 6y3a JJaHHKIX NO3BOJISET HepeAaBatsb Jobylo BuGopKy HHbOpMa-
MM ¢ UCITONb30BAHMEM MOJEMA, PANHOMOIEMA UK JPYTHX YCTPOHCTB MEKKOMITBIO-
TEpHOH CBA3M.

Cacmas cucmemus:

o 3afoiinas MHKTHHOMeTpHYeckan cucreMa 3UC-4 ¢ 37IeKTPOMArHUTHRIM Ka-
HAJIOB CBA3M;

® [aTIUKM TEXHOJIOFHYECKUX HapaMeTpos OypeHns,

» naTauk 060poToB AebeIKH yCTaHABHBACTCA Ha BaTy 1eOeIKy, H3MepsCT Tie-
peMemenne TaneBoro 6i0Ka, €ro NOKa3aHus HCNOMB3YIOTCA JIA ToNyueHns HHGop-
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MAIHH O TTy6HHE CKBaXHHBL, ITyOuHe NONOXKEHAS JIONOTA, CKOPOCTH OypeHns, CKO-
pocTH nepeMeleBns GypoBOro HHCTPYMEHTA,

e /IATYMK BeCa Ha KPIOKE YCTAHABIMBAETCA HA HENMOABHM)KHON BETBH TAICBOTO
KAHATA, €70 NOKA3aHHs UCTIONB3YIOTCA JUIA NOTyIeH!s HHGOpMALK O BECE HA Kpio-
K€ M HArpy3Ke Ha JONOTO;

® JIaTYHMK JMABJICHNA B HarHETATENBHOH JHHWA 6yPOBHIX HACOCOB MOHTHPYETCH
B H3MEPHTENBLHYIO IAHUIO 6YPOBO#H W M3MEpAET 3HATCHAE NaBNCHHA, _

® aHAN3ATOP CYMMApHOTO CONCPXKAHHS YINIEBOJOPOJHEIX rasos B 6ypoBomM
pacTeope 06ECTIETUBACT HENPEPHBHWA KOHTPONb KOHOEHTPAUHA YIICBON0POLHEIX
ra3oB B GypOBOM pacTBOPE ¢ MTHOBEHHOH peakuieii Ha ¢ H3IMEHERHE,

e xpomarorpad [t ONPE/ENICHAA CONEPHAHMA BOAOPOAA ¥ YITICBONIOPO/HEIX
rasoB B Ta30BBIX CMECHX;

o KOMIIbIOTEPH3NPOBaHHKIH KoMIUTeke 06paboriu HEdopManym.

dynxamonasHas cxeMa cicreMi KTTC nprsenena Ha puc. 18.

Bropas CTaHIMA TeONOro-TEXHONOTHYECKOro MOHHTOPHHTA «EOTECT-5»
paspaborana HII® «eodusaxa» B 2000 r.

Crapmus «(TEQTECT-5» mo3BonsieT pEMmMTh WENBH KOMIUIEKC TIeonoro-
FCOXEMIIECKHX, TEXHONOTHYECKHX, 3KOJIOTHUECKHX, JKOHOMHIECKUX M uHpopMa-
LMOHHBIX 3a/1a1.

Teonozuueckue 3adauu:

© JIATONOrHUecKoe pacuNcHEHHe pa3pesa;

e BLUIC/ICHHE ONOPHEIX IUIACTOB B Pajpe3e, MPOTHO3HPOBAHME U OIPEACICHUE
MOMEHTA BCKPBITHA KOJLICKTOPA,;

o ompezenerre QUILTPALBOHHO-EMKOCTHBIX CBOHCTB KOJUIEKTOPA,

e onpeeieHue XapaKTepa HaCKHIERHA KOLICKTOPa,

e ppiaenenue 308 ABITHL

Texnonozuueckue 300auu;

© OITHMM3AKS Mporecca OypeHus;

* IIPOTHO3MPOBAHKE W TPEIOTBPAMEHHME ABAPKIHAIX CUTYyanuii,

o KOHTPOJH 33 COBIMIOZICHHEM TEXHOJIOTHIECKOTO pexumMa GypeHnd.

Hugpopmayuonnsie 3a0auu:

e c6Op M XpaneHMe B 6a3e NanHBIX NONHOH HHGOpPMALEH IO HCCeAyeMoi
CKBAXKUHE;

e c60p M XpaHeHHE B [EHTPANBHOH 0a3e JaHHBIX o6o6maromeit nudopMaIHK
o paHee MpoOypeHHEM CKBAKUHAM;

e Tiepe/iaya JaHHKIX C Kaxao# OypoBoii B IEHTPATbHbLH MYHKT (VYEP, obBvemm-
HEHHE).

3xonozuueckue 3a0a4u:

¢ IPOrEO3HPOBAHWE W MPEAOTBpALICHHE BHOpOCcOB HeTH H ra3a B armocepy,
ofHapykeHHe H NPEAOTBPAMECHHE MEKHHTEPBATBHEIX NEPETOKOB IIACTOBHX dmon-
JOB.
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Ixonomuveckue 3adavu: o .

CHuxenwe 3aTpaT HA NPOBOAKY CKBRXKHH, CHIDKEHHE CTOMMOCTH METpa IIpo-
XOIKH.

DynkuponamsHas cxema craimn I TH opusesena na puc.17.

4. KAHAJIbI CBA3HU 3AKOSA C IIOBEPXHOCTBIO

Hudopmanms ¢ 32601 CKBaKMHE MOXET GHITh MEpelaHa Ha NOBEPXHOCTE — KO
kafemo (MpPOBOAHOH KaHAN CBA3H), N0 OYPHIBbHOIN KONOHHE, 1O XHAKOCTH BHYTPH
KONOHHBI TPYO (IrUpaBIMYecKHil KaHan) H o ropHO# nopoze.

[MpoBoamoli XaHa CBA3M HCMONMb3YyeTCs HOPH reO(PU3INUECKHX HCCIENOBAHMAX
CKBAXHH, TIOCKONBKY reoduiuveckiue mpuOOpH, KAK IpaBuwilo, CITYCKAIOTCA B CKBa-
SKMHY Ha Kabene.

IIpn Gypernn 3neKTPO6YPOM BHYTPH GYPHITLHON KONOHHEI IPOXOHT CHIOBOH
Kabexrb, KOTOPBIH MOXET UCNONB30BaThCA MIA nepenadd mAdopManuu. [IpH 310M
Henone3yercs cicrema CTJ, ¢ noMomeio KOTOpOif O CHIOBOMY KaGemo nepeaaroT-
Csl Ha OBEPXHOCTH JAHHBIC 06 a3HMyTe M 36AUTHOM YIJIe CKBOXHMHE M O MONIOKEHHH
OTKIOBMTENA. B nprHIMne BO3MOXHA 110 3TOMY Kabemo u mepegada moboi apyroi
mHopManuu. M3BecTHbI cydad HCMOMBL30BaHHA 3nexrpodyponckux Tpyl ¢ kabe-
IeM B B TypOMHHOM GYpeHHH IpH NMPOXOJke HAKNOHHEIX CKBAaXWH. B 3TOM Ciydae
Haj 3a00HHHIM JBHTaTENeM YCTaHABIWBAETCS OJIOK rIyOHHHBIX JATYMKOB CHCTEMEI
CTT, maraembix no kabemo ¢ NOBEPXHOCTH.

H3BecTHH TeneMeTpHYecKHE CHCTEMEI ¢ 6poCcoBRIM KabeneM CBA3d, BBOIUMEIM
BHYTph OypHIbBOW KONOHHE 4epe3 BEpTIIOr HId CHCHMAnsHEIA meperogHuk. He-
JOCTATKAMH TAKAX CHCTEM ABJIAIOTCHA ONPEIEICHHBIE 3aTPYNHEHMS NpH HapamMBa-
HHA H CIYCKO-NOXLEMHBIX ONECPAIMAX, H TIPH JTHKBHIALMH aBapHid.

B cAcTeMax ¢ rMApaBIHMYECKAM KAHANOM CBA3KM OPOBOJHHKOM CIIYHT KU~
KOCTb BHYTPH GYPHIBHOH KOJNOHHEI, 2 IIEPEHOCIUKOM HH(POPMAIMH — HOJIOKHTENL-
HEIE WIN OTPHLATE/ILHHC HMIYJLCH NABJICHHSA, CO3JABACMEIC OYTEM NEPEKPHITHA
KaHalIa, N0 KOTOPOMY JBHDKETCH XHIIKOCTh, WM Ha060POT, OTKPHITHEM NEPETYCKHO-
ro OTBEPCTHA, COEAMHAIOIIErO MOMOCTh BHYTPH KOJIOHHH TPYO ¢ 3aTpyCHBIM mpo-
crpancTBoM (pHc.19).. CooTBeTcTBYIOMAS MOXYIATMA 3THX WUMITYJIBCOB HO3BOJIACT
nepeaBarth nocneaosarenbuo 40 20-30 napaMeTpoB, B JACTHOCTH, 23AMYT H 3¢HHAT-
HEIH YTOI, DONOXKERUE OTKNOHUTENS, XapakTep HacKmMenus (He¢h, ra3, Boja) pas-
OypMBaeMBIX TIOPOA, PaccTOAHME 4O rpaHull (KPOBNM M NOAOIIBH) miacra # 1.1, He-
Jocrarkom teeMerpryeckux cucreM ¢ I'KC aBnaserca JocTaTouHo cHIBHOE 3aryxa-
HHAC CHTHANA, 0COOEHHO HA BRICOKHX 9acTOTaX.

H3pecranl TeneMerpudeckde cuctemn (TC) ¢ aneKTDOMArHWTHHIM KaHAIOM
caazn (OMKC). Eciu Ha 3neXTpOABI, Pas[EICHHbE HEATEKTPONPOBOAAINEH BCTAB-
Koi#f (puc.20), NOAABATH NIEPEMEHHOE HANMPAKEHAE, TO B OKPYKAIOIIHX CKBRKHHY 110-
poziax Bo3OyXIJAeTcd NMEKTPOMArHMTHOE IoJe, BOCIPHHHMACMOE MPHECMHHKOM HA
NOBEPXHOCTH. MOAyIsira 3T0r0 IONA NMO3BONAET HEpefiaBaTh HEOOXOMHMYIO HH-
dopMarmio.
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K nenmocrarkam TC ¢ IMKC otHocaTes:

- CHJIbHOE 3aTYXaHHE CHIHANNA, 0COOEHHO B HU3KOOMHBIX paspesax (Comepxa-
IMX COJA WM TUIACTHL ¢ MHHEPANH30BAHHOH BOIOH) ¥ IIPH HCHO/L3OBAHHH MHHEpa-
JIM30BAaHHBIX PACTBOPOBE;

- HEOOXOMMMOCTh YCTAHOBKH B OYPIILHON KOJOHHE HEIIEKTPONPOBOIAHOM H B
TO %€ BPEMs JOCTATOYHO MPOTHON BCTABKH,

, - HeOOXOQMMOCTL MMETH B COCTaBe 3a00HHOrO yCTpOMCTBA 3MEKTPOTEHEPaTop

IUIsi NHTaHus 3a00iHO0H annaparyphl.

Iompobree o TeneMeTpUUECKHX cHCTEMAXx cM. B [7].

5. NEPEJOBBIE TEXHOJIOI'UH B OBJIACTH ITOJIYUEHUSI H
HNEPEJAYN HHOOPMAIIMU O ITPOIECCE BYPEHHSA CKBAXKHWH
B PEXXUME PEAJIBHOI'O MACIHITABA BPEMEHH

B coorsercrBiu ¢ n.2.7.1.2 «[IpaBun Gesonachocty B HedTAHOK H ra3osod
npombiiiersocTa» (M., 1998) B npouecce GypeHust 10MHLI TOCTOAHHO KOHTPO/IH-
POBATHCA M PETHCTPHPOBATACA CNEAYIOLIHE NMAPAMETPLI; BEC HaA KPIOKe, HArPy3Ka Ha
nonoto, otaocTh BITK, pacxoa BIDK Ha Bx0ome H BbIX0Ae W3 CKBAKHHDI, NABCHUE
Ha Manudonbne, yposeHb BIDK B npHeMHBIX eMKOCTAX [pH OYpPEHHH, KPYTAIHH
MOMEHT Ha pOTOpe.

Onnako, Ha 3HAYMTENLHO YaCTH OYPOBEIX MPEANPHATHH TIPH OPOBOJKE CKBa-
KHH [OCTOAHHO PETHCTPHPYETCA H3 BBIMENEPEUNMCICHHEBIX [12paMETPOB TOJIBKO Ha-
rPY3Ka Ha KPIOKE ¢ NOMOIIBIO MaHOMeTpa-camonucna npubopa F'B-6, wro ne coort-
BETCTBYET TpebopanuiM «[IpaBmwi...» H HE MO3BOMAAET TEXHONOTHYECKMM H IE€QJIOTH-
4eCKUM CHyx0am OYpPOBEIX TPEAUPHATHH ONEPATHBHO nonyyaTh uHdopMaumo o
pexumax Oyperus cksauuH. TakuM 06pazom, Haspena HeoOXOIMMOCTE HCTIONB30BA-
HUs HOBBIX TEXHOJIOTH C IPHMEHEHMEM CITyTHHKOBOW CBS3M M KOMIIBIOTEPHOH Tex-
HHKA A7 onepaTHsHOro cOopa u o6paborku uubopmauum o npouecce GypeHust u
YNPABREHHUS ITUM MPOLECCOM.

B CCCP B konue 80-x rogos XIX croneTus mpoBOIMiICA SKCIEPHMEHT MO MC-
nonb3oBanuilo CKYB (cHcTeMa KOHTpONA yupasieHus OypeHHeM) MPOH3BOACTBA
HUH r Heano-OpankoBcka, HO BBHAY CHOXHOCTH M KOHCTPYKTHBHOM HeI0paGoTKu
OBLT OpeKpalueH.

B 1997 r. ITH® «I"eoduzuxan n AHK «Baumedrs» (Poccus, BamxoprocTan)
HaYamM paboTy MO CO3TAHMIO CTARHIMM KOHTPOnA mpouecca Gypenua (CKIIB) «Jle-
y3a-1» [ 10 ]. B 2000 r. nauanocs noscemectsoe uenonssosarne CKITE «Jleysa-1»
Ha OypoBbIX. 3r1a cTanums NpeAcTaBiser coboi uH(OPMALHOHHO-HIMEPHTEILHYIO
cucreMy cbopa u npeacTasnenus undopmaumn o npouecce Hypenus HeQTAHBIX U ra-
30BbiX ckBaXmH. [IporpamMmuoe obecnieyenne ([I0) CKITE «leysa-1» npeanasnaye-
HO /s ¢00pa, xpaneHus M 06paboTku uHGOPMauKH, TocTynAOWmEH ¢ JaT9MKOB, YC-
TaHORB/JCHHEIX Ha OypoOBOH.

IO obecneunsaer B peansHOM MaciITabe BPEMEHHU CIICAYIOIME BOIMOKHOCTH:
MPHEM 9€PE3 CIYTHHK H OMEPATHBHYIO 00paboTKy MH(OPMAMM OT NATYUKOEB, yCTa-
HOBJICHHBIX Ha OypoBoi; Briyanusauwio uH(OPMALMH HA MOHHTOPE B BHIE NMa-
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rpamm 1 T26mn;, hopMUpoRanue 6asbl AAHHBIX B PCANbHOM BPEMEHH C AATLHEHITHM
COXpaHeHHeM BCEH MHGOPMAIMM Ha KECTKOM AHCKE M BOIMOKHOCTHIO niepeavU
3T0H HAQOPMAUMM HA DATHYHBIE HOCHTE/H HH(OPMAUMY, BHAYY ONEPATHBHON
MH(OPMALMH HA EHATE, 2 HEPE3 HHTEPHET — B moByro 104Ky Mupa (puc.2{).

B xommext 1O Bxoaar 2 nporpammst: mis PErucTpaney 8 napaMeTpos B L
[POCMOTpa M pacnedarTku AaHHblX. Moxmo momyauts npsamyro uadopMmainno na
nyssTe Oyprismxka (puc.22) 0 HaIPy3Ke HA KPIOKE, YACTOTE XOIO0B HACoCa, JaBie-
nuv BIDK na Bxoze B cksaxuuy, nnotHocru BIDK; PaCYCTHYIO — O HArpy3Ke HA X0~
7010, MEXaHWYECKOH CkopocTH, ckopocta CIIO.

B nactosmee ppems ycneumo paboraror B AHK «bamnedTsy Gonee necsra
cranuuii «Jleysa-1», B Tom aucne i B 3anamno#r Cubupu. Cxema nepeaaum uadop-
Mamm:  Byposas-cuytank-IIOW (uentp o6paGorkn uadopmauun) AHK «Bau-
Hedte» — uepes uxrepuer 8 KUBIJ (xycrosoii HHPOPMALMONHO-BHYHMCIHTEbHBIH
UCHTD) H Nanee B KoMabiotepsl YBP (ynpasnenwit Gypossix pabor).

IlocTosnno Benyrcs pabore Mo ycoBEPIIEHCTBOBAHMIO «Jley3nn, nossime-
HHIO e HHQOPMATHBHOCTH N HAZEXHOCTH. [LIaHMpPYeTCH BHTH HE TONBKO HA Moy-
deHHe YHMCTO (QaKTHIeCKOR HudopMaumu ¢ GypoBrX, HO K OJHOBPEMEHHO CPaBHEHHE
€¢ C POCKTHBIMH VIS ONPENCIICHUA OTCTaBaRMA HITH OTICPEKECHUS 3aTUIAHAPOBAHHO-
Io rpaduka poUecca POBOJKH CKBAKHHEL,

3a py6exoM ¢ NPUMEPHO TaKWM ke KM GOMBITHM 06HEMOM TIOMY9aeMOH uH-~
Gopmarmm cepuitHO BuMycKalOTCA cucrems: CKVE ¢upmamu Muaactpuc» (CLUIA),
«bappoua» (CILA), «OKeocepuc» (Ppanums), «Maprun Hexxep» (CHIA), «Mar-
pa» (Opanuas) [ 11].
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