. ’ .
EHeprerMKa, KOHTPOJ/Ib Ta J4larHOCTHKa 06 eKTiB Haqbrorasosoro KomMmIlyiekcy

VIIK 681.5: 681.324

KNACTEPU3ALIA HABOPY O3HAK ANA PO3MNISHABAHHA
YCKNAOHEHDb Y MNMPOLECI BYPIHHA CBEPOANOBUH

B.M. Illaspancokuii

I®OHTYHT, 76019 m. Isano-Dpanxiecovk, eyi. Kapnamcora, 15,men. (03422) 46067,

e-mail:

kafatp@ukr.net

Tokaszano, wo npoyec OYPIHHA KOHMPOIOEMBCA | AHANIZYEMbCA 34 3HAYEHHAMU OEKLIbKOX Napamempia, siKi
aABMOMAMUYHO BUMIPIOIOMBCA 3d OONOMO20I0 0A8AYi8 i cucmeM KOHMPOIIO MAa KepYyBaHHs 3d Y8ecb 4ac NPpOo8OOKU
ceeponosunu. Hasedeno amaniz ycknaoHueHns i ix 03HAK, Wo SUHUKAIOMb 8 Npoyeci OYPIHHA C8EPONOBUH 3 MEemOt0
Kaacmepuzayii Habopy 03HaK 01 PO3NIZHABANHSA MUX YCKAAOHEHb, WO Haudacmiule 3yCmpiualomsbCs Ha Npakmuyi, 3
Memor 3a84acHoeo ix 3anobicanns. Busnaueno naubinvus iHopmayitini 03HaKu, K OOYLIbHO GUKOPUCMO8Y8aAmU

07151 pO3NI3HABANHA OITLULOCTMIT YCKIAOHEHD.
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THokaszano, umo npoyecc Oypenus KOHMPOAUPYEMCA U AHATUSUPYEMCA N0 3HAYEHUAM HECKOAbKUX napamem-
P08, Komopbie asmoMamuyecKu UsMepaiomcs ¢ NOMOWbI0 OAMYUKO8 U CUCIeM KOHMPOIA U YNpAagieHus npn npo-
800Ke ckeadcunvl. [lpuseden anaiusz oCi0MCHEHULL U UX NPUSHAKOS, BOHUKAIOWUX 8 npoyecce OYPeHUs CK8ANCUH C
yenvio Knacmepuzayuu Habopa NPU3HAKos O0isl PACHO3HABAHUS MeX OCIO0NXCHEeHUll, Komopvle uauje 6ce20 cmpeua-
IOMCA HA npakmuke, ¢ yeavio ux npeoomapaujenus. Onpedenenvl Haubosee UHGOPMAyUOHHbIE NPUSHAKU, KOMOpble
YenecooOpa3HO UCNONL30BAMb NPU PACNO3HABAHUY OONLUUHCMEA OCIONCHEHU.

KittoueBbie ci1oBa: OCIIOKHEHHE, paclio3HABaHNUE, ITpoIiece OypeHus, IPU3HAKH, JATIUK, KOHTPOJIb

It is shown that the drilling process is monitoraad analyzed based on the values of several pasamgta
are automatically measured by the sensors and obayistems for the wellaking time. The drilling problems tt
occur in the process of wells drilling are analyzedeature set clustering for the practical coroptions identifica-
tion and their early prevention. The most informatfeatures that should be used in recognizirgcomplicatior

are determined.

Keywords: complication, recognition, process of laging drilling, sign, parameters, davach, control

Beryn. Ha croromni cuctemu 3a0e3medeHHs
Gesneku npouecy OypiHHS CBEP/UIOBHH CIIUPAIOTH-
Cs, SIK IPABMJIO, HA KOHTPOJIb MAPAMETPIB MPOLIECY
B JIONYCTHMOMY Jniana3oHi. Takuil miaxig He J0-
3BOJISIE BpaxyBaTH YyCKIaTHEHHs (mepeaaBapiiiHi
CHTYyaIlil), 110 BH3HAYAIOTHCS CIIOJYYCHHSIMH JI0-
MYCTUMUX 3HAYeHb MEKiTbKOX MapameTpiB. BHa-
CIOK IBOTO eKCIUTyaTamiss OypoBOi YCTaHOBKH
XapaKTePU3y€eEThCs HEAOCTATHROIO Oe3aBapiifHICTIO
1 OB’ si3aHa 3 MOPYIICHHSIM EKOJIOTiYHOI Oe3MeKu.
Tomy nmast Takux ckiaagHuX 00 €KTiB, sK OypoBa
yCTaHOBKA, HEOOXigHE pO3Mi3HABaHHSA YCKIIaI-
HEHb, SKi [I03BOJISIIOTH MPOTHO3YBaTH IEpEnaBa-
piiiHi cuTyanii, a mOTiM 3amo6iraTv 3ynuHII 1po-
uecy OypiHHs a00 3HU3UTU BIPATU BiJl BAHUKHCH-
Hs aBapil.

BypoBa ycTaHOBka — 1€ KOMIUIEKC OypoBHX
MAIIWH, MCXaHi3MiB i 00/IaHAHHS, 10 SMOHTOBaHI
Ha TOYLI OypiHHS, Takwii, IO 3abe3neuye 3a 10-
IIOMOTOK OYpPOBOrO IHCTPYMEHTY CaMOCTIHHE BH-
KOHAHHS TEXHOJOTIYHUX omepariii. Jlo ckmamy
OypOBHX YCTaHOBOK BXOMATH Taki yacTusm [1]:

— OypoBe obOnamHaHHs (TaneBUi MeEXaHi3M,
MOMTITH, JIeOiIKka, BEPTIIIOT, POTOpP, MPUBO/I, MAHB-
HO-MACTHIIbHA  YCTaHOBKA, JHM3elb-CIeKTPHYHI
CTaHIIii, THEBMOCHCTEMA);

— OypoBi criopyukeHHs (Beka, 0CHOBa, 30ip-
HO-PO30ipHi KAPKACHO-NAHENbHI IOKPUTTS);

— O0JIaIHaHHs JUIs MEXaHi3alii TPy I0MiCTKHX
poOit (perysiTop moxadi 10710Ta, MEXaHi3MH ISt
aBTOMATH3aIlii CIMyCKO-MiTHIMATBHUX —OTEpaIlii,

MMHEBMATHYHUN KIIMHOBUU 3aXBaT s TPyO, aBTO-
MaTHUYHUN OypoBWIA KIIFOY, JONOMDXKHA JeOinKa,
KpaHW JJII PEMOHTHUX POOIT, MyJNBT KOHTPOIIO
IPOIIeCiB OYPiHHS, TOCTH KEPYBAHHS);

— O0ONa/IHaHHA IS IPUTOTYBAHHSI, OYUICHHS
i peremepauii NpoMuBanbHOro posduy  (Omok
NPUIOTYBAHH, BIOPOCHTA, MICKO- 1 TITMHOBIIILITIO-
Badi, MIMIPHI TIOMITH, €EMHOCTI JUIs XIMIYHUX pea-
TEHTIB, BOAM i IPOMUBAIILHOTO PO3UHHY);

— MaHigonp (HarHiTanbHa JIiHIS B OJOKOBO-
My BHMKOHaHHi, APOCENIbHO-3amipHi NpUCTpoi, Oy-
POBHIi pyKaB);

— OpUCTPOi Ul MiirpiBy OioKiB OypoBOi
YCTaHOBKH (TEIUIOreHEPATOPH, ONAIIOBANbHI Pajti-
aToOpH 1 KOMYyTallii JJIs1 PO3BOAKH TEIUIOHOCIS).

I3 dakTopiB, 1110 BU3HAYAIOTH YMOBU OypiHHS,
B Iepuly 4epry Tpeba BpaxoBYBAaTH: MPUPOJIHO-
KIiMaTH4Hi 1 r€0JIOTi4Hi, BiIaNeHICTh BiJl pEMOH-
THHUX 0a3 i JyKepeJs eHeprii, 4acTOTy MepeMileHHs
Ha HOBI TOYKH OypiHHS, 3ara30BaHiCTh HABKOJIMIL-
HBOTO CEPEIOBHUINA, 3a0pYAHCHICTh pOOOYNX MiCIlh
OypOBUM NMPOMHUBATIHLHUM PO3YMHOM, HEOOXiTHICTH
3a0e3neueHHs Oe3mepeOiiiHOTO mpolecy OypiHHS
IUIsS YCYHEHHSI MOXKIIMBHX YCKJIaJHEHb y CTOBOYpi
CBEPIUIOBHHH, BHUCOKY aOpa3WBHICTH 1 KOPO3iHHY
aKTHBHICT, OypOBOTO IPOMHBAIBHOTO PO3YHUHY
Ta iH. [2].

Ha pucynky 1 mokazaHo 3araabHUI BUTJIS
OypoBOi YCTaHOBKHM I TJIHOOKOTO 00EpPTOBOIO
OypiHHSA 3 TPOMHBAHHSIM CBEPIJIOBHHH OYpPOBHM
MPOMHUBAIILHUM PO3YHHOM [1].
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1 —kpononox; 2 —eegica; 3 —nonamu geaici; 4 —manesuii kanam; 5 —manesuti 610k, 6 —eax;

7 —eepmaioe; 8 —Oyposuii pykas; 9 —sacnoxorweau manesozo kawamy; 10 —asmomamuunuii Oyposuii
xnrou; 11 —nioceiunux; 12 —pomop; 13 —nebioxa; 14 —kopobka nepeday; 15 —noxuna nepedaua;
16 —cunogi acpecamu; 17 —komnpecopua cmanyis;, 18 —yupxyrayitina cucmema; 19 —6yposa nomna,
20 —manighonwvo; 21 —cymyrouuii pedykmop cunogux azpeeamia, 22 —pezyasimop nooayi 0o1oma,
23 —ziopodunamiune eanvmo; 24 —ziopoyuxionu; 25 —eiopocumo; 26 —ocnoga 1e6iok06020 610Ky
27 —npuiiomui micmku i cmenasici; 28 —KOHCONbHO-NOBOPOMHUL KDAH

Pucynok 1 —3aranpHuii BuUr/sja 0ypoBoi yCTAaHOBKH

AHaJIi3 ocTaHHIX AocaigxkeHb 1 myOJaikamiii.
AHamiTHYHUA OrJsA 3 TpoOJIEeMATUKH TPOEKTY-
BaHHS 1 PO3POOKH CUCTEM KOHTPOIIIO Ta KEPYBaHHS
nporecy OypiHHS CBEpAJIOBHH B yMOBaxX yCKJal-
HECHb TI0Ka3aB, IO TaKHX CHUCTEM IMPAKTHYHO He-
Mae, a po3po0JIeHI CHCTEMH, B OCHOBHOMY, Opi€H-
TOBaHI Ha TIONIYK PO3B’ A3KY JIOTiKO-TIHTBICTHYHHX
Ta TOYHHX KJIACHYHHUX MoJelneil 6e3 kiactepuzarnii
Ha0Opy O3HaK /s pO3Mi3HABaHHS YCKIIAJTHCHB.
IcHyI04i MeTOaH, IO BUKOPHUCTOBYIOTHCS y Cydac-
Hill TPOMUCIIOBOCTI, HE 320€3MeUy0Th MOXKITUBOC-
Ti AocTaTHBOI iH(pOpMaIiiHOI MIATPUMKH PO3IIi-
3HaBaHHS YCKIagHeHb (lepeaBapliiHiX CHUTya-
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1iif), TOMy BHSBJICHHS OCTaHHIX 3IiHCHIOETHCS 3
000B’ SI3KOBOI0 yUYACTIO MEepCcOHaTy OypOBHX ycTa-
HOBOK. [Ipore eQeKTHBHICTH pO3Mi3HABAHHS
YCKIJIQAHEHb OIEPaTOPOM TaKOX 3aJEXKHTh Bix io-
ro Kjacudikarii, CKIaJHOCTI YCTAaHOBKH, XapaKTe-
pUCTUK 00JaJHAaHHS 1 MOXEe OYTH HEJOCTAaTHBOIO,
10 MPU3BOJWUTH JIO BUHUKHEHHS aBapiiiHOl cHuTya-
1ii mporecy OypiHHSI CBEPJIOBUHH.

HeBupimeni yactuHu 3arajbHoi mpooJie-
mu. [lonpu iHTCHCUBHHUN PO3BUTOK CHCTEM KOHT-
pOJTt0 Ta KepyBaHHS MPoIiecy OYpiHHS CBEPJIOBHH
B YMOBax YCKJaJHEHb, METOJIB, IO B HUX BHKO-
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PHCTOBYIOTECS, @ TAaKOX IIOPIYHE MiJBUILICHHS
MOXKTHBOCTEH amapaTHUX 1 MPOrpaMHAX 3acoOiB,
SIK 1 paHille 3aJUIIaeTbes B i 00JacTi 6araTo He
BI/Ile_ICHI/IX npobiem: Bix creuuikawii 3anad, wo
PO3B’SI3YIOTBCS, /10 aJCKBAaTHUX IM METOMIB MOJE-
JIIOBaHHS 3HAHb 1 MPOIIECIB.

HeoOximHicTh IPOBEJCHHS KJIacTepH3allii Ha-
Oopy O3HaK A pO3Mi3HABAaHHS YCKJIAIHECHb PO3-
POOKHM CHCTEM KOHTPOJIO Ta KepyBaHHS MOSCHIO-
€THCSI 3POCTAIOYOI0 CKJIQJIHICTIO iH(OpMAIlii, 110
MOJIEIIIOETBCSL Y Tpolieci OypiHHS CBEpIJIOBHH Ha
HadTy 1 ras, a TAaKOXX THM, IO PIIICHHS 0aratbox
mpo0JIeM B KEpyBaHHI IpoIiecoM OypiHHS 3 00po0-
KOIO HEIOBHOI, HETOYHOI a00 HEY3TrO/KEHOI 1H]O-
pMartii.

®opmyBaHus winei crarri. CyyacHi Benuki
CHCTEMH DO3Ii3HaBaHHs — L€ TEXHIYHI 3acolw,
MIpU3HAYEH] )i BUSBIICHHS O3HAK 00 €KTIB 1 BUMi-
PIOBaHHS, L0 ONHCYIOTH iX MapaMeTpH; CYKYII-
HICTh aJTOPHUTMIB pO3Mi3HABaHHA, SKI IEPETBO-
PIOIOTH BXiMHY iH(MOpMAaIIiio mpo 00’ €KTH B MEBHI
BHUCHOBKH, OOUYHUCITIOBAIbHA TEXHiKa, 10 BUKOPHC-
TOBYETBCS [UIs peallizallii IuX aJropuTMiB; KOJIEK-
TUBH CTICUIaNiCTiB, 5K 3AIHCHIOIOTH EPBUHHY (o-
pmanisaiiro BXigHOI ampioproi inopmaii, a Ta-
KOX SIK 1 OTPUMAHHX arnoCTepiOPHUX JAHMX, TaK i
(GopmanbHEX PO3B’A3KIB 33/1a4i PO3MI3HABAHHSA Ha
BCIX PIBHSX CHCTEMHU.

3a cyTTIO po3mi3HaBaHHS I 3ajada € Iepe-
TBOPEHHSM BXiJHOI iHpOpMaLii, sIK AesKi mapame-
TPH, O3HaKH 00pa3iB, IO PO3MI3HAIOTHCS, Y BUXIAHY,
IO € BHCHOBKOM IIPO T€, JIO SKOTO KIiacy BiJHO-
cUThCs 00pa3 (yCKIagHeHHs) posiisHaBaHHs [3].

BxigHoto iHpoOpMalLi€er0 € O3HAaKH YCKIal-
HEHb, L0 PO3Ii3HAIOTHCA, TPUIOMY MOTPiOHO HAa-
MaraTHcs, o0 KiJTbKiCTh 03HAK OyJI0 MiHIMAaJIEHO,
a 3aKjaZeHa B HHUX iH(OpMAIlis JOCTaTHBOIO IS
OTPHUMAaHHS PE3YNITATY 3 BUCOKOIO JOCTOBIPHICTIO.

Ilepwioro  3a0auero  po3mi3HaBaHHS, IO
O3B’ I3y€EThCS MPHU CTBOPEHHI OY/b-SIKOT CUCTEMH
pO3IMi3HaBaHHS, € BU3HAYCHHS ITOBHOTO IEPEIIKY
o3HaK (ImapameTpiB), sIKi XapaKTepU3yIOTh 00’ €KTH
abo ABWIIA, A SIKMX JaHa cHUcTeMa PO3poOIseTh-
cs1. ['onoBHe B po3B’A3aHHI NaHOI 3a7a4i — 3HAUTH
BCl 03HAKH, 110 XapaKTepU3yIOTh CyTh PO3Ii3HAHO-
ro ycKIaJHeHHs (sBuIIa). Byjb-ski oOMexeHHs
a0o HEMOBHOTA y BH3HAYCHHI BHXiIHOTO Habopy
O3HaK MPHU3BOAATH A0 BUHUKHEHHS MOMUJIOK a0
MOBHOI HEMOJKJIMBOCTI MPaBHIIbHOT Kiacudikarii
YCKITaAHEHHS (SBUILA).

BcranoBneHo, mo 3agaya BU3HAUEHHS O3HAK
HE Mae JJ0Oporo 00’ EKTUBHOTO PO3B’ 53Ky, a 3a J0-
MOMOTOI0 MaTeMaTHYHUX METOIB MOXKHA TIJTBKU
BH3HAYHTH, SKi 13 3aIPOIIOHOBAHUX OCOOOI0, IO
npuiiMae pimenns (OIIP), o3Hak € Halkpammmu.
TakuMm yWHOM, 3aj71a4a BH3HAYCHHS O3HAK 3aMiHIO-
€TbCS 3a/a4ei0 BUOOPY eeKTUBHHX O3HAaK i3 3a-
naHoi MHOXWHHU. Bubip Habopy o3HaK B HAIIOMY
BHITAJIKy BU3HAYAETHCS IHTYIIIEIO 1 TOCBIIOM €KC-
neprtiB. [IpoTe mpu aBTOMAaTH30BaHOMY PO3B’SI3KY
0araTboX 3a7ay BaKKO BUKOPHCTOBYBATH Ti O3HA-
KM, SKi Bi3yaJgbHO € HAHOULThII 1HPOPMATHBHUMHU
JUIL po3pizHeHHs. YacTo MOCUTh CKIIAJIHO BH3HA-
YUTH, SKI caMe O3HAaKu BUKOpUCTOBYIOThCs OIIP
mpu Knacudikamii THX 4u iHIKX 00pasiB, a TaKOXK

rapaHTyBaTH, 0 X BUKOPUCTAaHHS Oyne eQeKTHB-
HIIMUM 3a HaOip O03HAaK, OTPUMAHUX MaTEMaTHYHO

[4]

Jlpyea 3a0aua TIipu CTBOPEHHI CHCTEMH PO3IIi-
3HaBaHHSA — I TMIepIIoYeproBa KiacuQikarmisa
YCKIIAAHEHD (SBHII), IO MiJJISAraroTh CKIAJaHHIO
anpiopHoro angasiTy KJIaciB.

Po3B’ s130K 11 31HCHIOETHCS HAYACTIINE €BpHU-
CTHYHUMH, sIK 1 BUOIp O3HAK PO3Mi3HABAHHS, a JIO-
rika ii po3B’ 3Ky Taka:

1) BU3HAYAETHCH, SKI PO3B’ A3KH MOKYTh NPH-
WMaTucs 3a pe3yJbTaTaMd pPO3Mi3HABaHHS a0o
OIIP, a0 aBTOMATHYHOK CHCTEMOIO KEPYyBaHHS
00’ ekTOM (MeTa po3mi3HaBaHH!A);

2) Ha OCHOBI BU3HAYCHOI BHIIC MeTH (GopMmy-
IOTBCSI BUMOTH JIO CHCTEMH pO3Ii3HABaHHS, IO
JAl0Th 3MOT'y BHOPATH IPHHIAIL Knacmpmauu

3) ckmamaeThCs anpiopHUi andaBiT Kiacis
YCKJIAAHEHB.

Tpems 3a0aua, MO PO3B’ SIBYETHCS TIPU CTBO-
PCHHI CHCTEM PO3Mi3HaBaHHs, — 1€ PO3POOKa arpi-
OpHOTO CIIOBHMKAa O3HAaK po3Mi3HaBaHHS. [Ipu
O3B’ sI3yBaHHI TEPINOi 3aJa4yi BU3HAYAIOTHCSA BCI
MO>KJIMBI O3HAKH PO3Mi3HABAHHS YCKJIaHCHb.

BucgitjieHHs 0CHOBHOT0 MaTepiajy H0cJi-
moxennst. [Jlns knacrepusanii o3Hak (mapameTpis)
YCKIIaIHEHb y TIpoLeci OypiHHsA OyJI0 ONpalboBaHo
JlaHl, OTpMMaHi B Iporieci OypiHHS HadTOra3oBUX
ceepaioBuH Ilpukapnarcekoro YBP 3 2001 mo
2011pp. Jani orpumani 3 KOMIUIEKCY 3aco0iB Ha-
36MHOT0 KOHTPOJIO 1 KepyBaHHsS MpoLecoM Oy-
pinHg HadTOBMX 1 razoBux cBepmioBuH CKYb-
M2. KoMIuteke MpU3HAYCHUH TSI KOHTPOJIO OC-
HOBHHMX MapaMeTpiB mpouecy obepToBoro OypiH-
HSl HAQTOBHX 1 ra30BUX CBEP/UIOBHH.

Komrnekc 3acTocoByeThes Ha OypoBUX ycTa-
HOBKaX EKCINTyaTaliifHOTO 1 TIMOOKOTO pO3Bimy-
BaJbHOTO OypiHHS HAQTOBHMX 1 ra30BUX CBEPHJIO-
BUH Ha cyml (puc. 1). Cxema po3ranryBaHHS J1aBa-
4iB Ha OypOBil yCTaHOBIII 300paKeHa Ha puc. 2.

JlaBaui TeXHOJNOTIYHMX mapameTpiB OypiHHS,
NIPHU3HAYEH] /Ul BAMIPIOBAHHS TEXHOJIOTIYHHX I1a-
pameTpiB OypiHHS i MapameTpiB NPOMHUBATBLHO
pimunu  (IIP), BcTaHOBMOWTHCS HAa OypoBOMY
YCTaTKyBaHHI i (QyHKUIIOHYIOTb y HETIEPEPBHOMY
pexxumi. Jlapadi, YKOMIUIEKTOBaHI KpPIMHIBHUMH
MPUCTOCYBaHHSAMH, JIETKO MOHTYIOTBCS Ha YCTaT-
KyBaHHI BITYM3HSIHOTO 1 3aKOPIOHHOTO BUPOOHHMII-
TBa 1 MPALOIOTh B Aiama3oHi Temmepatyp -45°C 1o
+50°C.

Jasau mucky IIP na ¢xo00i npu3HadeHU i
BUMIPIOBaHHS THCY MIPOMUBAIBHOI PiTHHU HA BXO-
Il € TEH30METPUYHUM TIePETBOPIOBAYEM THCKY.
JlaBau miaKITIOYaETHCS 10 HATHITAIBHOI JTiHIT Yepe3
CepeIHLO-PO3/IUTIOBAY  MITATHOTO MaHOMETpa Ha
OypOBiii 3 JJOTTOMOT'O0 TPiffHHKA.

asau obepmie eéana Oypoeoi n1e6ioku tipu-
3HAYCHUWI JUIs1 BU3HAYCHHS TJIMOWHH CBEPJIOBUHH
B nporieci Oypinus. [IpuHIuMn aii moysrae B nepe-
TBOPEHHI KyTa MOBOPOTY OypOBOi JIeOIAKHM HA M-
MyJIbCH, TPSMO MPONOPLiKHHI MEPEeMILIEHHIO T'aKo-
Oyioky. JlaBau BCTAaHOBIIOETHCSI HA CTAHUHI Oypo-
BO1 J1e0IJIKH, KyT MMOBOPOTY OYpoBOi J1e0IaKH mepe-
JIAETBCS JIO JaBadya 3a JOTOMOTOI KIHHOMACOBOT
nepemadi.
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1 —nasay rmbuny (naBa4 00eptiB Bay OypoBoi nebinku); 2 —1aBa4 KPyTHOr0O MOMEHTY POTOpa,

3 —naBa4 MOMEHTY Ha Kito4i; 4 —naBay 00epTiB poTopa; 5 —naBa4 Xo/iB Hacoca; 6 —nasay tucky I1P
Ha BXofi; 7 —maBad motoky (Burpartu) I1P Ha Buxoxni; 8 —mgasau pisus 1P y npuitMaapHii €MHOCTI;
9 —nasau ryctunu I1P y nputimansHiit emaocTi; 10 —gaBau temneparypu I1P Ha Bxozi (y eMHOCTI);

11 —naBau temmneparypu 1P Ha Buxomi; 12 —1aBad HaBaHTa)KECHHS Ha raKy;
13 —pnaBau enexrpomposiguocti [1P Ha Bxomi

Pucynok 2 —Cxema po3TraumiyBaHHsI 1aBaviB Ha Oyposiii

Hasau Kpymnozo momenmy TIpU3HAYCHUN
JUIS. BUMIPIOBaHHS KPYTHOTO MOMEHTY Ha pOTOpi.
JlaBau BUMIpIOE PEaKTHUBHHI MOMEHT PEAyKTOpa
NpPUBOJIa POTOPHOTO CTOJIa 3 JOMOMOTOI0 TEH30Me-
TPUYHOTO TEPETBOPIOBaYa 3ycuib. BiH BCTaHOB-
JIIOETHCSA SIK 3B I3KOBA JIAaHKA MI>K OCHOBOIO 1 pOTO-
PHHIM CTOJIOM.

Maeau piensa IIP ¢ npuiimanvuiii emnocmi
(momyaBKOBHI) BUKOPUCTOBYETHCS JJISI BUMIpIO-
BaHHs piBHA npomuBanbHOI piguau ([IP) B mpuii-
MaJbHIA €MHOCTI. PiBeHb €MHOCTI BUMIPIOETHCS 32
KyTOM BIIXHJICHHS IITOKY 3 MTOTJIABKOM. MOXKITMBE
TCPCHANAIITYBAHHS  [Ialla30HIB  BUMIPIOBaHb Y
WMPOKUX MeXkax. JlaBad KpIlUThCS 10 BEPXHEBOI
YaCTHHU NPUHOMHOT €EMHOCTI 3 JIOTIOMOTOKO CIIELIi-
ATBHHUX KPIMWIFHUX MPUCTPOIB, MOITUIABOK OIMyCKa-
€THCS B IPOMHUBATBHY PiIIMHY BCEPEIMHI EMHOCTI.

/Jlasau naeanmadicenna Ha 2aKy TpU3Haye-
HUN Ui BUMIPIOBaHHS HAaBaHTa)XXCHHS Ha TaKy.
[Mpunnm nii maBaya 0a3yeThCs HA 3MiHI CHITU HATSI-
Ty TaJeBOTO KaHaTa Ha «MEPTBOMY>» KiHIIl 3a JO-
MTOMOTOI0 BUKOPHCTAaHHS TEH30METPUYHOTO JaBada
3ycwib. JlaBad BCTAHOBIIOETHCS HA HEPYXOMOMY
KiHIIi TaJIeBOTO KaHaTYy.
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aeau cycmunu IIP ¢ npuitmanvHiil emHoc-
mi TIpU3HAYEHUHN 1)1 BUMIPIOBAaHHS TYCTHHU TIPO-
MUBAJIBHOI PiAMHYU B MpUAManbHIi eMHOCTI. Pobo-
Ta naBaya 0a3yeThCs HAa BUMIPIOBAHHI CHJIM BH-
HITOBXYBaHHS, sIKa JIi€ Ha TUPIO, 3aHypeHy B Oypo-
BUIl pPO3YMH 3 BUKOPUCTAHHSIM TEH30METPUYHOIO
JaBada 3yCuib (JTiHIMHOTO mepeMmimeHHs). Bemu-
YMHA TEPEMILCHHS BUMIPIOETHCSA MPOMOPLIIHO
ryctudi [IP. [laBau KpinuThCs 3 HOMOMOTOIO Kpi-
NUJIBHOTO MPHUCTPOI0 Y BEPXHiH YaCTHHI €MHOCTI,
MiBIIIEHA THPS OIYCKAEThCS B MPOMHUBAIBHY pi-
JVHY.

/Jlasau x00i¢ nacoca npu3HauYCHUN JUISI BUMI-
proBaHHA X0AiB OypoBoro Hacoca. OCHOBHUM BH-
KOHaBYMM BY3IIOM J[aBaya XOJB HAcOCa € iHIyK-
TUBHHH J1aBay, SKUH CHPALbOBYE B/l HAOIVKCHHS
MeTally, BUIAI04H IMITYJIbCH, KPaTHI KUIBKOCTI XO-
IiB Hacoca. /[aBau KpimUThCS O KOpIlyca Hacoca
3a JONOMOTOI0 KPIMMIBHUX MEXaHi3MiB, sIKi BXO-
JSTh B KOMIUICKT 3 JaBayeM.

aeau eumpamu npomuenoi piounu na eéu-
X00i TIpU3HAYEHWH ISl BHUMIPIOBAHHS IIOTOKY
npomuBaibHoi pinuau ([1P) Ha Buxomi i3 cBepaiIo-
BuHH. [loTiK BUMIpIOETBCS 32 KyTOM BiAXUICHHS
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Ta6auns 1 - IMepenik KOHTPOJIHLOBAHUX MapaMeTpPiB

I'panuIls 1OMyCTUMOrO 3HAYCHHS
KoHTponboBauuii mapamerp OCHOBHOI MOXMOKH BUMipIOBAaHHS 3aci6
¢bizuurOi BemmanHu, %0 IO IaHHS
Hazsa onuauIi Bepxusa mexa KaHaTy KaHaJIy | BHUX1IHOTO iH(popmari
BHUMIPIOBAHHS BHMIPIOBAaHHS | BHMIDIOBAHHs | peecTpamii | CHIHAI
ip ip ip peectpatii y
HaBaHTa)keHHs Ha raxy, 1250
xH 1600
2000
2500 +15 +2.0 +1.0 PVA, PR
3500
4000
OcboBe HaBaHTAKCHHS Ha
GypoBuii iHcTpyMenHT, KH 400 HE HOPMYETHCS PVA
ITogawa 6ypoBoro
IHCTPYMORTY, M 20 +15 +25 +1.0 PVC
[TonoxxeHHs TaneBoro 6JI0Ky
BUIHOCHO CTONA POTOpa, M 40 +15 + 2.0 +1.0 PVC, PR
THCK HAarHiTaHHS
6ypoBoro posaury, MITa 25.40 +15 +2.0 +1.0 PVC, PR
Butpata 6ypoBOro po3unHy
B Har”iTajapHii miHii, M~/c 01 20 +25 15 PVC
Hacrora 06327)?;“ potopa, 300 +15 +2.0 +1.0 PVC
KpyTHitit MOMEHT 2 poTopl, 60 £2.0 +25 £20 | PVA PR
KpyTHuit MoMeHT
Ha MANTUHHOMY Taxy, KHM 60 +2.0 +25 +2.0 PVC, PR
Piscr posausy b npuiiovsnx| 3 g £20 | 25 | 15 | PVC,PR
Temneparypa 100 £2.0 £25 +15 | PVC,PR
OypoBoro po3unny, ° C - - - '
I'yctuna
GypoBOro pogumHy, kr/v® 800-2600 +0.5 +0.5 - PVC, PR
Burrpara Gyposora possiny | 300 — PVC

BUMIPIOBaJIbHOI JIOMATKK. J[aBau BCTAHOBIIIOETHCS
Ha CTIHIII YK0JI00a 3 JOTIOMOTOI0 KPIMMIIBHOTO TIPH-
CTPOIO, SIKU BXOANUTH A0 KOMIUIEKTY JaBayva.

Jlasau momenmy na Kroui IpU3HAYCHUHN IS
BUMIPIOBaHHS MOMEHTY Ha MAIlIMHHOMY KITIOYi
OypoBoro ycratkyBaHHS. | € TEH30METPUYHUM Iie-
peTBOpIOBadeM 3ycuib. JlaBad po3TamoByIOTh MiXK
IIITOKOM ITHEBMOPO3KPIIIIIOBaYa 1 TPOCOM KITFOUa.

Jlaseau memnepamypu IIP na 6xo0i i euxooi
MpU3HAYCHUN JUIS BUMIPIOBAHHS TEMIIEPAaTypH
npomuBaibHoi pinuau ([1P) Ha Bxoni (B mpuiiom-
Hiil emHOCTI) i/abo Ha Buxomi (B sk051061). JlaBau
KPIMMHATHCS 3 AOMOMOTOI0 KPIMMJIBHOTO TIPHUCTPOIO.
HaBau temmeparypu IIP Ha BXOmi KpimUTBCS IO
KOpITyca NpUHMabHOI EMHOCTI, TEPMOMETP OTIOPY
3anyproetbest B [IP y mpuiimManbHiid emHOCTI. [a-
Bau Temriepatypu [P Ha BUXOII KPIIUTHCS B KO-
71001, TepMOMETp ormopy 3aHyproeThes B IIP y xo-
71001 .

Masau enexmponpogionocmi IIP na 6xo0i
MPU3HAYEHUH ISl BUMIPIOBAHHS EJIEKTPOIPOBIJI-
HocTi I1P. [TpuaIun aii naBada 6a3yeTbes Ha 3MiHi
€JICKTPOIIPOBIAHOCTI PIAMHHOTO BHTKA 3B’ 513Ky
iHAYKOiitHIM TpaHcdopMaTopHuM MeTonoM. Kpi-

IUTHCSA B 5K0JI001 3a TOTIOMOTOI0 KPiNMIBHHUX MpU-
CTPOIB, IKi BXOJATh B KOMIIJICKT 3 IaBaYeM.

JInst  BU3HAYEHHS JIOCTOBIPHOCTI B3a€EMO-
3B’ s13KIB MiXk JBoMa o3Hakamu (X, Y) Oymemo Bu-
KOPUCTOBYBaTH NapaMEeTPHYHHUN KOe(illieHT Kope-
asuii Ilipcona [6]. BemuumHa 1poro moka3HHKa
KOPEJAILIHHOIO 3B SI3Ky BHU3HAYAETHCA 33 POpPMYy-

J1010:
r;,y - Z(Xi _i)()’i ) , 1)
T Ry, -Y)?
Je X, —CTaTHCTH4YHI J1aHi O3HaKu X,

Y — CTaTUCTH4YHI J1aHi O3HaKU Y .

Iepenik OCHOBHHMX mmapamerpiB (03HaK), sKi
BUMIPIOIOTECSL B TIPOIIeCi poOoTH OypoBOi yCTaHO-
Bku CKYB-M2, naseneni B tadmn. 1

JIst OIiHKM B3a€EMHOTO BIUTUBY O3HAaK OyII0
BUKOHAHO PO3PaXyHOK KOe(DIli€HTIB KOpesii
JUTSI BCIX O3HAK, K1 € Ha IaHuil Jyac B 0asi.

B Tabn. 2 maBeneHo 3HaUYeHHS KOe(illi€HTIB
KOPEJAIii 03HAK, SIKi BHKOPUCTOBYIOTBCS IS PO3-
Mi3HABAHHS YCKJIa{HCHb.
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Ta6aunus 2 - 3nauenns: koediuieHTiB Kopesilii 03HAK yCKJIAIHEHb

No|, Osmaka | g | o | 4 51 g| 7| 8| 9| 10 11 14 13
(mapameTp)

1 1 = 1 0,03 0,01 006 -0,020,07] -0,06 0,11| 0,02| -0,04 0,45 -0,04
2 2 0,03] - | 0,04 00% 041 0d1 -008,01| 0,00§-0,01] 0,21 0,15
3 4 0,01] 002 -| 005 008 0dl -008,01|0,00§-0,01] 0,21] 0,15
4 5 0,06] 005 0035 -| 004 0d1 002 0/03 -4,0/09] -0,05 0,03
5 6 20,02/ 017] 008 004 - |001| 003 021 002 011 043 0,
6 7 0,07] 002 004 00p 0dL { 002 0,0080030,029 0,01] 0,013
7 8 20,060,025/ 0,04 0,02] 002 0021 - |001] -024 003]| 0,02 0,02}
8 9 0,11] 001 003 008 041 00mo012| - |003| 0.11] 0,08 0,02
9 10 0,02| 0,068-0,03|-0,07| 0,03 | 0,024 0,01] 0,02] - | 0,0160,021(0,024
10| 11 | -0,04/-0,01| 0,06 | -0,01] 0,11 | -0,04 -0,01] 0,11 | 0,03] - | -0,02 0,02
11| 12 0.45| -0,03 -0,03| -0,05| 0,03 | 0,02 -0,0% 0,06 | 0,015 -0,02| - |-0,05
12| 13 | -0,04/ 0,15]| 0,86 0,03 004 0,016,03| 0,02 -0,0010,02| -0,05 -

Otxe, OCHOBHHMH YCKJIQJIHCHHSMH 1 BiIIO-
BIJHO O3HAaKaMu B IMporeci OypiHHA TIHOOKUX
CBEPIUTOBMH Ha HadTy 1Tas € [2, 3, 7-11]:

- [loenunanmna OYpoBux i MAMNOHANCHUX PO3-

YUHIB.

* PI3HHUIIA KIJTBKOCTI 3aKa4yBaHOTO 1 BUXIJIHO-
ro i3 CBEpAJIOBHHH PO3UUHY;

* MPUXOIUICHHS 6ypHanoro IHCTPYMEHTY;

* IOBHA BTpaTa IUPKYJIALIIi;

* YTBOPEHHS B CBEPJIOBHMHI CYHUIBHUX IIPO-
po0oK;

Ocunanus.

* HE3HAUYHE MiJBUIICHHA 00 €My IIIamy, IO
BUHOCHTHCS 13 CBEP/IJIOBHHU,

- l'azonaghpmonpossu.

* 36inbiienus 06’ emy (piBHS) OypOBOTO PO3-
YHHY €MKOCTSIX HUPKYJSIHHOI CHCTEMU;

* MiJBUIICHHS BUTpPaTH (IIBUIAKOCTI) BUXI1JIHO-
r0 TIOTOKY OypOBOTO PO3YHHY i3 CBEPJIOBUHU TIPH
HE3MIiHHIN poOOTI HACOCIB;

* 3MCHIIICHHS B TIOPiBHSHHI 3 PO3PaxXyHKOBHUM,
OypOBOI'O PO3UYHMHY SIKUH TOJMBAETHCS B CBEPAJIO-
BUHY TIPH I1i1HOMi OYPUIIBHOT KOJIOHH;

* 30UTBIICHHS, MOPIBHAHO 3 PO3PaxyHKOBUM
OypoBOTO pO3UMHY B MpUHMAaNbHIA €MHOCTI TpHU
OITyCKaHHi1 OypHUIBbHOI KOJIOHH,

* [TiIBUIIICHHS KiTBKOCT] razy B OypoBOMYy
pO34HHi;

* 3pOCTAaHHS MEXaHIYHOI IMBUIKOCTI OypiHHS,

* 3MiHa TIOKa3HHKIB BJIACTUBOCTEH OypOBOTO
pO3UHnHY;

* 3MiHa THCKY Ha OypOBHX Hacocax;

- Iopywennsa yinichocmi cmiHOK c8epoi06u-
HU.

Habyxanus.

* 3aTATYBaHHA 1 TOCAIKH iIHCTPYMEHTY;

* HEOX1JIHICTh IPOPOOOK;

* IOPiBHSHO HEBHCOKA MIBHIKICTH MPOPOOOK;

3eyorcenns.

* 3aTATYBAHH 1 TOCATKH IHCTPYMEHTY,

* HEOOXiTHICTh YaCTHX MPOPOOOK;

* IO3UTHBHI PE3yJIbTaTH NPOPOOKU Ha TMEBHUM
yac;

* y TpOIIeCi MPUXOIUICHHS 1HCTPYMEHT MOXE
MaTH TIEBHUU IHTEPBaJI PyXy Y CBEPAJIOBHHI;

* MOJIMBE 3BUIBHEHHS 1HCTPYMEHTY y pasi
MiJBUIICHUX HABaHTAXEHb 1 MPOKPYYIyBAaHHS PO-
TOpPOM;

Inunnicme:

* 3aTATYBaHHs 1 IOCAJKH IHCTPYMCHTY;

* BiICYTHICTh MO3UTHUBHUX PE3YJIBTATiB IMPO-
poOKwH;
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* TIABUINCHHS B S3KOCTI OypOBOTO pPO3UHHY
Ta BMICTY TICKY B HHOMY;

* TIOCTIiiHI 3aTATYBaHHS 1 MOCAJAKH iHCTpyMe-
HTY MiJ YaC BUKOHAHHS TEXHOJIOTIYHUX OIlepamil;

* HETOXODKEHHS IHCTPYMEHTY 10 BUOOTO;

* CXWJIBHICTB JIO CalbHUKOYTBOPCHB;

* IPHUXOIUICHHS OYPHIBHOIO IHCTPYMEHTY;

Obsaniosanns i 0Opyutysanns:

* 3HAYHUH BHHOC IIJIaMy 1 KyCKiB TIOPO/IH;

* pi3Ke Mi/IBULLCHHS THCKY Ha OypOBHX Haco-
cax i3 MOXITUBOIO BTPATOIO quKynﬂun

* IHTEHCHBHE 3POCTaHHS B'SI3KOCTi OypOBOTO
po34HHY;

* MUTTEBE 1 HEOUiKYBaHE BUHUKHCHHS MPUXO-
TUICHB;

Konoboymeopenns.

* 3aTATYBaHHS 1 MOCAIKH IHCTPYMEHTY;

* MiJIBUIICHHS 00€PTAILHOTO MOMEHTY Ha Po-
TOPi, HOTO 3aKIMHIOBAHHS, 30UIBIICHHS IIIyMYy PO-
TOpAa,;

* IPHUXOIUICHHS OyPHIBHOTO IHCTPYMEHTY;

- Ipuxonnenns Gypogoeo incmpymenmy.

* 3aKJIMHIOBAaHHS IOPOJOPYHHIBHOTO IHCTpY-
MEHTY

* epenaj THCKy y CBEPJIOBUHI i IUIACTI; Bi-
JMBHA WHPKYIIALIS TPOMUBAIBHOT PiIHH;

* «MEPTBUI» CTaH aBapitHOTO CHAPSIY;

* IiABUIIICHHS THCKY Ha BUXOJII HacOCa,

* 30UIBIIEHHS 3aTpaT MOTYXKHOCTI ABUTYHA Ha
nporiec OypiHHS;

* Ha PO3KPY4YyBaHHS OYPHIILHOTO 1HCTPYMCH-
Ty BUTPAYAIOThCS BEJIHKI 3yCHUILIA.

Jlaui cutyartii € 1OCHTH PO3HOBCIO/UKCHUMH B
npakTuii OypiHHS HAQTOBUX i ra3oBUX CBEPLIO-
BHH, i 3 TaHMMH, HaBeJleHMMH B [4, 5], cknanaroTs
50- 60 %Bix BCiX YCKIaJHEHb, SKi BUHHKAIOTh B
Tepio 1 MPOXOKEHHS B CBEPIOBHHI.
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Taoauus 3 — KoediuieHT kopeasinii o3Hak,
SIKi BAKOPHCTOBYIOTBCSI ISl PO3Mi3HAHHS 3i 3HAHHAM HIJILOBUX 03HAK

OsHaka [Tornuuanua l"azonadro- [Nopymenns [Ipuxonnenns
OypoBHX 1 TaMII0- TIPOSIBH IUJTICHOCTI CTIHOK ~ Byposoro

Ha)KHUX PO34UHIB CBEPIJIOBUHU IHCTpYMEHTY
1 0,03 -0,03 -0,07 0,03
2 0,13 0,11 0,11 0,53
4 -0,02 0,04 -0,03 0,04
5 0,06 -0,06 0,07 -0,03
6 0,64 0,81 0,61 0,44
7 0,04 0,04 -0,05 -0,08
8 0,02 -0,06 -0,06 0,06
9 -0,01 -0,02 0,44 0,03
10 0,03 0,05 0,11 -0,07
11 0,43 0,32 -0,12 -0,02
12 0,03 -0,12 0,07 0,66
13 0,04 0,72 0,46 0,55

Tabauus 4 —Pe3yabTaTn BUOOPY 03HAK PO3MiZHABAHHA AJI51 OCHOBHMX BH/IiB YCKJIAJHEHD

YcknagaeHHS

JlaBaui 19 BU3HAYCHHS YCKIIQTHEHHS

[MornuuanHs OYpOBHX 1 TAMITOHAXKHUX
pO34MHIB

6 - naBau tucky [IP Ha BXOmI

8 - naBau piBHs [IP B npuiimanbHiii eMHOCTI

10 - naBau remneparypu IIP Ha Bxomi (y €MHOCT)
7 - 1aBay MOTOKY NPOMHBAJIBHOI PiAMHU HA BXOJI

l'azonadronpossu

13 -MexaHiYHA MBH/IKICTh IPOXOAKHY;

6 - maBau tucky [IP Ha BXxOmi

9 - naBau mrineHOCTI 1P y npuitManbsHii eMHOCTI
10 - naBau remnepatypu [1P Ha Bxoxi (y eMHOCTI)

[Topy1eHHs 1TICHOCTI CTIHOK
CBEP/UIOBHHHU

13 -MmexaHiYHA MBUAKICTH TPOXOJIKY;

6 - maBau tucky [IP Ha BXxOmi

9 - naBay urineHocTi [P y npuiimanbHii eMHOCTI
8 - naBau piBHs [IP y npuiimanbHiii eMHOCTI

IIpuxoreHHs OypoBOTo iHCTPYMEHTY

13 -MexaHivHa IBHIKICTh IPOXOIKH,;
12 - naBay HaBaHTAXXCHHS Ha TaKy

6 - naBau tucky [IP Ha BXOmI

2 - 1aBa4y KPyTHOTO MOMEHTY pOTOpa

3HadyeHHs1 KoedilieHTa KOpewsmii O3HaK i3
3HAYEHHSM I[UTBOBOT O3HAKH IS YCKIIaJIHEHb, SKi
HaBeJeHl B Tadiui 3.

HaGip o3HaK 111 KOKHOT CHTYyaIlii BH3HAYABCS
METOJOM TUIOK 1 MeK. JIyist mimBuIeHHs e(heKTHB-
HOCTI TIOIIYKY B aJTrOpUTM OyJI0 JOJAHO MOKIIH-
BiCTh OOMEXKEHHS IIUPHHU TIOMIYKY, XapaKTEepHY
JUISL QIITOPUTMY TIOIIYKY B ITUPUHY [5].

Jlnist IbOTO HA KOXXHOMY KpOIIl JIOJaBaHHS
O3HaK B IOTOYHUH HaOip He OUIbIuil B panime He
o0paHMX O3HAK, SKi MalTh KOe(illiEHT KOPEemAIil
[ITHOBUM O3HAKOM.

Kpurepiem BuOOpy 03HaK, € BHpa3:

Qu ZZTNKin _ZTNZTN |Kij )

ne Qp — 3HaueHHs KpUTEpil0 BUOOPY O3HAK Ha
Kkporti N;

T, — MHOXXHHA y>kKe BUOpPAaHHX O3HAaK Ha Kpo-
ui N;

K — koedimient kopensuii 03HaKy i 3 HiNbO-
BOIO 03HAKOIO;

Kij — 3HaYeHHs KoedilieHTa Kopemsuii o3Ha-

KH [ 3 IJTBOBOIO O3HAKOIO |.

Jlist pobotr anroputMy oOpayii 3HaYSHHS KO-
e¢inienta B = 4. B npomy BUnasiKy B KOXHIN TOY-
Il JOJAa€Thes Mo 4 HalKpanmx O3HaKU 3 TOYKHU
30py 30imbIIeHHs KpuTepito (2). I3 orpumanux 16
BaplaHTiB 00MparoThcs 4 HalikpanuXx i T.1. KiHiesi
pe3ynbTaTH POOOTH aNTOPUTMY IIPH ITHOMY CIIiB-
MaJar0Th 3 MOKa3aHUMH Ha TONEpeIHLoMY Tpadi-
Ky, 13 40ro poOMMO BHUCHOBOK, IO B MOJAIBIIOMY
He noTpiOHO 30inbuTyBaTH Napametp B.

Hocmign Oynum TpoBeleHI IS BCiX BHIIB
YCKJIQIHEHB, PE3yNIbTaTH MOCHIHDKEHb 3BENEHI 110
Tabaumi 4.

BkazaHni BUIlE O3HAKM YaCTKOBO JYOJIOIOTH-
cd, 10 HE € HECIOIIBAHKOIO, TaK AK OJHA 1 Ta XK
Oo3HaKa MOke OyTH 1HOOPMATHBHOIO IS ACKIIh-
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Tadauus 5— O3HaKy, IKi BAKOPHCTOBYIOTHCSI /IJIsl BUSIBJIEHHS YCKJIAAHEHD

Ne O3Haku [Tornuuanua I'azonadronposiBu [Hopymenns [IpuxonneHus
(mapamerpu) | OypoBuX i Tammo- ULTICHOCTI ~ Gyposoro
Ha)KHUX PO3YUHIB CTIHOK IHCTPYMEHTY
CBEPIJIOBUHU
1 13 - + + +
2 6 + + + +
3 8 + - + -
4 9 - + + -
5 10 + + - -
6 12 - - - +
7 7 + - - -
8 2 - - - +

KOX YCKJIQJIHEHb OJTHOYACHO. 3 BpaxyBaHHAM I[bO-
ro IOIUIHPHO TOJATH BHOpaHi O3HAKW y BHTJIISAAL
Tabaum 5.

3 maHoi Tabmuil 6aunMo, 1o HaiOLIbII iH(OP-
MaTHUBHUMH O3HaKaMH, K1 JOIUIBHO BUKOPHCTO-
BYBAaTH IIPH PO3Ii3HAHHI OUIBIITOCTI YCKIIATHEHb, €:

6 - naBau Tucky [1P Ha BXO/];

13 -mexaHiYHA TIBUAKICTH MPOXOJIKH;

Takox iCHYIOTH O3HaKW, cneuuQidni At
KOHKPETHUX CUTYAaITIN:

2 - maBay KpPYyTHOTO MOMEHTY poTopa (TiLIbKH
Jutst yckmamHeHHS <« IpuxoruieHHs OypoBOTO iH-
CTPYMEHTY);

7 - maBad MOTOKY MPOMHBAJILHOI PIAMHH HA
Bxomi (Tinbku it yckiaagHeHHs —<«dlorTHHAHHS
OYPOBHX 1 TAMIIOHAKHUX PO3UNHIBY);

9 - naBau ryctunu [IP B mpuiimaneHiil eMHO-
cTi (TimekM s yckimamHeHHs <« a3oHadrorpo-
SIBUY);

12 - maBau HaBaHT@KEHHA Ha TaKky (TiIBKH
Uit yckmamHeHHs <« IpuxorieHHs OypoBOTO iH-
CTPYMEHTY).

BucnoBku

Hapeneno ommc CKIaqoBHX YacTHH OypoOBO1
YCTaHOBKH, a TaKOXK ITOKa3aHo, IO Iporec OypiH-
HSl KOHTPOJIIOETHCS 1 aHANI3Y€EThCS 38 3HAYCHHSIMHU
JEKINbKOX MapaMeTpiB, sKI aBTOMAaTHYHO BHMi-
PIOIOTBCST 3a JOIOMOTOIO JaBadviB i CHCTEM KOHT-
POJIO Ta KepyBaHHS 32 YBECh Yac MPOBOJKH CBEp-
JUIoBMHU. HaBeneHo anani3 yckiaaHeHb 1 iX O3HaK,
10 BUHUKAIOThH B Mpoleci OypiHHS CBEpAJIOBUH, 3
METOI0 KJIacTepu3allii Habopy O3HaK JJjIs PO3ITi3Ha-
BaHHS THUX YCKJIAJIHCHb, IO HaWJacTime 3ycTpi-
YaroTbCs Ha MPaKTHLI 1 3aBYACHOTO iX 3amolira-
Hs. BusHaueHo HaiiOinbm iHoOpMariiiHi O3HaKH,
TOOTO TIPOBEIIEHO KJIACTEPU3AIli0 O3HAK, SKI JOIIi-
JEHO BHKOPWCTOBYBATH MPH PO3Ii3HABAHHI Oilb-
HIOCTi YCKJIQJHEHb.
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