YOK 622.276: 62.7

OMNPEAENEHUE NE®EKTOB OBOPYAOBAHUA
HE®TAHOU CKBAXWHbI NO AUHAMOIPAMME

B.b. Cados

DEFINITION OF DEFECTS OF EQUIPMENT
OF OIL WELL ON DYNOMOMETER CARD

PaccmaTpuBaeTcsi 3aJaya aHaaM3a JHHAMOIPAMMBI € LIeJbI0 O0OHApYys:KeHHs Je()eKTOB
CKBaKMHHOT0 o0opynoBaHusi. [IpuBeseH 0030p pa3HbIX METO/I0B JUATHOCTHKH CKBAKHHHOIO
o0opyaoBanus Mo AUHAMorpamme. JlaH mMpoCTOii aJIropuT™M, MO3BOJIAIOLINN ONpeAeasiTh pa3-
JIM4YHbIe e()eKThI ¢ BO3MOXKHOCTBIO peaIn3alUU ero B KOHTpOJLJIepe CHCTeMbl yNpaBJIeHHs

In the article the task of dynamometer card analysis is considered with the purpose of
detection of defects of the oil well equipment. The review of different methods of diagnostics of
oil well equipment on dynamometer card is presented. The simple algorithm, which allows to
detect various defects with an opportunity of its realization in the controller of the control sys-

V.B. Sadov
MPHBO/Ia HACOCHO! YCTAHOBKH.
Knmiouesvie cnosa: ounamozpamma, OuazHOCMuKA.
tem of pump unit drive, is given.
Keywords: dynamometer card, diagnostics.
BBenenue

3HaynTeNbHAsA 9acTh (OHAA HEPTIHBIX CKBAXKHH
OCHalll€Ha CKBAXXHMHHBIMH HIITAHI'OBBIMU HACOCHBIMH
YCTaHOBKaMH. YCJIOBHSl OSKCIUTyaTalldd TJIyOMHHO-
HAaCOCHOW YCTaHOBKM TpeOYIOT OpraHU3alud Ipa-
BWJIBHOH €€ HKCIUTyaTallid ¥ MOCTOSIHHOTO KOHTPOJIA.
B HacTosmiee Bpems NPaKTUYECKH €IXUHCTBEHHBIM
METOJIOM KOHTPOJISI COCTOSTHHS TTIyOMHHOTO Hacoca U
CKBR)KMHHOTO 00OpYIOBaHUS SIBIAETCS ITUHAMOMET-
pupoBasue. I'opa3no pexe nsd 3TUX LeJed UCHOJb-
3YIOTCA BATTMETIpaMMbI UJIM TOKOI'PaMMBIL. HO3TOMy
BOIPOC ONpeAeacHUs AePEKTOB MIyOMHHOrO 000py-
JOBAaHUA II0 AWMHAMOTpPaMME ABJIACTCA aKTYyaJIbHBIM.
B Hacrosmiel cratbe CTaBUTCS 3aada CHMHTE3a ajro-
pUTMa ompenereHUus NeQEeKTOB CKBAKUHBI MO TUHA-
MoOTrpamMMe ISl peallu3allii B KOHTPOJUIEPE CHUCTEMBI
YIpaBJIeHUS] HACOCHOM yCTaHOBKH.

MeToabl 00padboTKU AMHAMOTPaAMM

CymiecTByeT aBa KiIacca METOJIUK JUArHOCTHUKHU
paboThl CKBaYKHHHOW IITAHTOBOW HACOCHOW YCTaHOB-
ku (CIIIHY) mo auHamorpamme: pacro3HaBaHHE 00-
pPa30B MPaKTHYECKUX TUHAMOTPAMM, OCHOBAHHOE Ha
CpPaBHEHHUH C STAJIOHOM, U OTpEAETICHNE HEUCTIPABHO-
CTH UCXOJS U3 (U3NYECKUX 3aKOHOB IOJIyYCHHS IH-
HaMOTpaMMBbl HEHOPMaJIbHOW paboTHI Hacoca.

CanoB Buxrop BopucoBHY — KaHJ. TeXH. HayK, JOLEHT
kadezpel cucteM ynpasneHusi, FOxHo-Ypaibckuil rocynap-
CTBEHHBIN yHHBepcuTeT; sV_2005@inbox.ru

Jlyist mepBoro Kiacca METOAWK MOXKHO BBIJICIHTH
HECKOJIbKO MOAX00B K PEUICHHUIO ITO# 3a1a4n:

— MaTpUYHOE NPE/ICTABICHUE MPAKTUYCCKOW -
HaMOTPaMMBI;

—aHanu3 Tpu3HakoB @Dypbe, MOIYYCHHBIX W3
MPaKTUIECKON TUHAMOTPaMMEI,

— BBIYHCJICHUE TIPU3HAKOB Ha 0a3e psIoB, OTIHY-
HBIX OT psAnoB Dypse;

— aHaJIM3 OTKJIOHCHHUS TPAKTHYECKOW JUHAMO-
rpaMMBbl OT STAJIOHHOH;

— BBIJICJICHHE PEJIEBaHTHBIX TOYEK HAa MpaKTHYe-
CKOM TMHaMOTrpamMMe.

Ilpumep obyuaemoti HelponHOU cemu ¢ Mampuy-
HLIM NpedCcmasieHuemM NpaKmuyeckolu OUHAMOSPAM-
Mol ipuBenieH B [1]. 3mech mpakThdeckas IWHAMO-
rpaMMa MepeBOTUTCA B MATPUYHYIO (hopMy HUPPOBO-
TO TPEICTaBICHUS B OMHAPHOM KOJE C pa3pericHHEeM
14x8, xak moxazaHo Ha puc. 1.

Jlammee Ha OCHOBE IAaHHBIX, MONyYCHHBIX B pe-
3yJIbTaTe YKa3aHHOTO MpeoOpa3oBaHus rpaduaeckoro
W300paKeHHS, IIyTeM IIOCICIOBATEIBHON 3amucu
CTPOK «CJIeBa HANPaBO — CBEPXY BHU3Y», (hOPMHUPYETCS
OMHapHBIM KOA IUHAMOTPAMMBI, MPEICTABIISIOIINI
coboit BekTop-cTpoky m3 112 snementoB. st auna-
MOTpaMMBbl, IOKa3aHHOM Ha puUC. 1, 3TOT BEKTOp OyxeT
UMETh 3HAUCHHE!
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Puc. 1. NMpumep oundpoBkn agMHamorpammbi
000O0OO0OO0OO0OOO0OO0OO0OO0OOQO0ODO OOy4eHue ceTH NPOBOAMUTCA MTEPATHBHBIM Ipa-
0001 1111111110 JUCHTHBIM METOJIOM C ITOMOIIBI0 KOMOMHHPOBAHHOTO
aNropuT™Ma OOpPaTHOTO PACHPOCTPAHEHUS OIIHOKU C
00010000000O0T10 BO3MYIICHHEM H aJalTaluedl mmapaMerpa CKOpPOCTH
i 00100O0OO0OO0OO0OO0OO0OTIO0O0O0 HAaCTPOMKH.

dinl = 0010000000O0T1TGO0TO0I Heiipocemesoii nooxo0 ucnoavzyem makoice u
memoouka Ozanesosa [2]. OHa ObITa MPOTECTUPOBAHA
0c1r000000001000 B TOMJIMCCKOM TOCYIapCTBEHHOM YHHBEPCHUTETE U B
011111111 110@00P0 OTJIMYHME OT AHAJIOTUYHBIX METOJUK BBIACIISETCS BBI-
000000O0O0O0O0OGO0O0O0 COKOI CKOPOCTBhIO M TOYHOCTBIO KIIACCU(HUKALUH 00-

Jlis peanmzarium 3a1a4y pacrio3HaBaHUS TUHAMO-
rpaMM BbIOpaHa JBYXCIIOHHAs CETh MPSIMOTO PacIpo-
CTpPaHEHHUs, KOTOpas OTJIWYAeTCs IPOCTOTON CBs3eH
Mex1y HelipoHamu. IlapamMeTpsl ceTu MoydaroT UCXo-
ISl W3 3a7adyd Paclo3HaBaHWS HEOOXOIMMOIO YHCIa
JUHAMOTPaMM (B CTaThe NMPHUBEACHO 9 THIIOB) U CIOCO-
06a ux HUQPOBOro MpeACTaBlICHUs] (BEKTOP-CTPOKa U3
112 snementoB). ChopMyITHpOBaHHBIC YCIOBHUS IPH-
BOJAT K CTPYKTYype, M300pakeHHOI Ha pHc. 2, comep-
skamed 112 BXOIHBIX HEHPOHOB, 9 HEMPOHOB BBIXOJ-
HOTO CJI0s, BO BHYTPCHHEM CJIO€ Ha OCHOBE pe3yJIbTa-
TOB BBIYHMCIIUTENIBHBIX AKCIEPUMEHTOB MpeJuIaracTcs
UCIIONB30BaTh 26 HelipoHOB. B kauecTBe QyHKLMI ak-
THBAIlMM ITIPUMEHEHa CMEUICHHAs! B IOJIOKUTCILHYIO
o0JacTh cCHTMOHJaIbHAS (JIOTUCTUICCKAST) PYHKITHS.

Bomoi crod

CHEITEIR o

A .

pas3oB. JluHamorpaMma IpeACTaBIsieTCs B BUIE OH-
HapHOM Matrpuuel. IIpakThyeckas IuHaMorpamma
paszouBaercst Ha MXN saeek. Sdelika, KoTopas comep-
KHT B ceOe 4acThb AMHAMOTPAaMMBI, 0003HaYaeTCs KaKk
eNHMLIA, a mycTas Aa4yeiika — kak 0. [lJi1 1MarHoCTUKU
HEHCIIPABHOCTH MCIOJB3YeTCs HEHpOHHAs CeTh, 00y-
YeHHas Ha HECKOJBKHUX JTAJOHHBIX TUHAMOTPaMMax,
KOTOpbIE TaKXe IPEACTaBICHB B MAaTPUYHOM BHIE.
OO0y4eHre MPOU3BOJIUTCS MO HECKOJBKUM JTUHAMO-
rpaMMaM, COOTBETCTBYIOIIUM OJHOM M TOH K€ HEeuc-
mpaBHOCTH. Ha KaXIyro HEHCHIpPaBHOCTH CTPOUTCS
CyMMapHasi MaTpHLa, MOJy4YeHHas CYMMHPOBAHUEM
3HaYEHUI B COOTBETCTBYIOIIMX siueiikax. B pesynbpra-
T€ MyTeM J[EJEHUS KaKIOro 3HaueHHsl B CyMMapHOU
MaTpHILe Ha KOJIMYECTBO 3TAJIOHHBIX 00pa3oB Moiryda-
€TCs BEpOSTHOCTHAass MaTpuua. Jias pacno3HaBaHUsS

Brroomo ook

. .

Puc. 2. CtpykTypa ABYXCNOWHON NPsIMOHanpaBrieHHOMN
HEWPOHHOW CeTU ANA aHanu3a AuHamorpamm
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(akTHYeCKOl AMHAMOTPAaMMBbI Ha Ka)KIyK HEHCIIPaB-
HOCTH CTPOSITCSI TaK Ha3bIBaEMbIC KOHI'PYIHTHBIC Mat-
punbl. OHU MOJYYalOTCs B pe3yJbTaTe Olepaluu yM-
HOXEHUsI 3HAUCHUH TOYEK (paKTHUYECKOW MAaTpHUIIbI Ha
COOTBETCTBYIOIIME IO IMO3UIMM 3HAYEHHUS TOUEK U3
BEpOATHOCTHBIX MaTpuil. I[locie storo crposites mau-
BepCHUBHBIE MaTpHUIbl. OHU MOIYYaIOTCS CICAYIOIINM
00pa3zoM: eciii pasHHLAa MEXIy 3HAUCHHEM TOYKU U3
MaTpUIls! (paKTHIECKON TUHAMOTPAaMMBI M COOTBETCT-
BYIOIIMM 3HAYCHHWEM TOYKH W3 BEPOSTHOCTHOW Mart-
pHIBI paBHO 1, TO B TUBEPCHBHON MaTpHUIE COOTBET-
CTBYIOIIasl IO MO3HMLMH TOYKA MPUHUMAET 3HAYEHHE,
paBHOE |, B IIPOTHBHOM ciIydae — 3alMChIBaeTCs 3Ha-
yenue, pasHoe (. Jlaimee B pe3yipTare BBIYMTAHUS
3HAQUEHHMH TOYEK BEPOSTHOCTHBIX MaTpHIl C COOTBET-
CTBYIOLIMMH IO MO3UIMU 3HAYEHUSIMHU TOUEK M3 KOH-
TPY3HTHBIX MaTPHI] CO3JAI0TCS MAaCCUBHBIE MaTPHUIIBL.
HakoHer, Ha nociieiHeM 3Tamne CTPOSITCs CHMOUO3HBIE
MaTpuisl. OHM TONIYYaloTCs B pe3yibTaTe MepeHece-
HUS 3HAUYCHHUH TOYEK, He PaBHBIX 0, 3 KOHIPYIHTHBIX,
JUBEPCUBHBIX U MACCHBHBIX MAaTpPHUI[ B OIHY OOIIYIO
Marpuiy. briok-cxema anropuTMa IpesicTaBieHa Ha
puc. 3 [2].

OmnpeneneHne HEUCIIPAaBHOCTH OCHOBAaHO HA TH-
roTese: 4eM O0JIbIlIe KOHIPYIHTHBIX M HYJIEBBIX TOUCK
U MEHbIIC TUBEPCHBHBIX W MACCHUBHBIX TOYEK B CHM-
OMO3HOU MaTpHuIle, TeM ONMKe M300paKCHUE MaTpH-
LBl PElenTopoB K HCKOMOH CyMMaTOpHOW MaTrpule
o0pasa, TO ecTh K pealbHOMY H300paxkeHuto. pyru-
MH CJOBaMH, U3 BCEX CHMOMO3HBIX MAaTpHUI] HEHC-
MPaBHOCTU BBIOMpAETCs MaTpHLa ¢ HAUOOJBIIUM KO-
JINYECTBOM KOHT'PYIHTHBIX U HYJEBBIX TOUEK.

JanHas MeToauWKa TpennoiaraeT MoJydeHHe
MaTpHLbl peuentopoB MXN W3 NMpakTUYECKOW OuHa-
MorpaMMbl. MOKHO MCIOJIB30BaTh pazOoneHue obiac-
TH JAWHaAMOrpammbl, Hampumep, Ha 30 crtpok u 30
CTOJIOIIOB.

BBuay Toro, 4to 3HaYeHUS NEepeMEIIEeHHs U Ha-
IPy3KH Ha Pa3IMYHBIX JUHAMOTPaMMaX MOTYT BapbH-
poOBaTh B OYCHH LIMPOKHUX AMANA30HAX, I KOPPEKT-
HOTO HCHOJIB30BAHUSA METOAA KaXKAas TUHAMOTpaMMa
HopMmHpyeTcsi. Bce TecTHpyemble AMHAMOTPaMMBI
MIPECTABILIIOT OO0 TUCKPETHBIN HaOOp TOYEK «IIe-

Bl 3TANOHOE BepOATH. MaTpWLUA STANOHOR

DaKT. [HAMOrPamMMa BHHAD. MATRHLA AMHAMOTDAMMEI

pemelnenue — Harpyska». Ilpu nepeBoge 3Tux nuHa-
MOrpaMM B MAaTPUYHOE IPEACTABICHHE BO3HHMKAET
«pa3opBaHHBI» 00pa3, To ecTb 00pa3, copepKauit
IIyCTOTHI, YTO OKAa3bIBA€T BIMSAHHUE Ha PE3yIbTaT pac-
mmo3HaBaHus. VIcXos U3 3TOro, OAHUM U3 3TAIOB IOA-
TOTOBKH J@HHBIX MOJDKHA OBITH paboTa Mo almpOKCH-
MaIM TOYeK Ha MaTpuue penentopoB. Hosoe mat-
pUYHOE TpeACTaBICHUE JHHAMOTPAMMBI JIUIICHO pas3-
PBIBOB ¥ MPEACTABISCT COOON 3aMKHYThIA KOHTYP.
Memoouka Anuesa — Tep-Xauamypoea ocHOBaHA
Ha aNmpoKCHMalM CHUTHAJIOB AMHAMOIpaMMBbl yce-
YeHHBIM psnoM Dypbe, BHIUNCICHUN W KIacCU(HKa-
nuu npusHakoB @Dypbe. ANTOPUTMBI CpaBHEHUS C
9TaJIOHOM OCHOBAHBI HA JOTMUYECKUX INPU3HAKAX OIH-
caHus GOpPMBI JTMHAMOTpaMMBl. B mporiecce mpuasTHs
peIieHust 0 MPUHAMJIC)KHOCTH AMHAMOTPAMMBI K OII-
peneIeHHOMY KJIacCy IMOMyYeHHBIH HaOOp NMPH3HAKOB
JTUHAMOTPaMMBbI CPAaBHHBAETCS C ITAJOHHBIMH KOJIO-
BBIMH HabOpaMu KJIACCOB, B TOM YHCJIE O MOJHOTO MX
coprnazeHusd. IIpoOGneMsl MpHU HCTIONB30BAaHHM ITOH
METOJIMKH CBSI3aHBI C TEM, YTO ONpEETICHHBIEC KJIACCHI
HencnpaBHocteld CIIHY, Takue xak yTeuku B Kiama-
HaX, OTKauKa C Ta30M U JPYTUE HENb3sl Ha3BaTh «4eT-
KnMmu» Kiaccamu. Kpome Toro, popMsl AuHaMorpamm,
OTHOCSIIHECS K OTHOMY KJIacCy COCTOSIHUSI 000py0-
BaHMA, 3aBHCAT OT OOJIBIIOTO YHCIIA IapaMeTpoB
CTaHKa-Ka4aJKH, OCHOBHBIE M3 KOTOPHIX — INIyOMHA
CIIyCKa Hacoca, YHCII0 KayaHWH, KOMIOHOBKH INTaH-
TOBOM KOJIOHHBI, CBOWCTBA J100BIBAEMO MPOIYKIIUU U
Ip. B 3TuX ycroBusAxX KauecTBO JHOOOTO anropuTMa
pacro3HaBaHHA ONPEAEIeTCS BO3MOKHOCTBIO pasfe-
JUTH KJAacChl HEUCIIPAaBHOCTEH HE3aBHCHMO OT yKa-
3aHHBIX (pakTOpoB. CeromHs CyIEeCTBYEeT MHOTO ajro-
PHUTMOB Pacrio3HaBaHUs 00pa30B, OJJHAKO OTCYTCTBYET
€MHBIH MMOIX0] K BBIOOPY KIIacCU(PHUKAIIMOHHBIX TIPH-
3HakoB. s peanusalyy M TECTUPOBAHMS 4acTO HC-
MOJIb3YETCS METOJUKa, mpemyiokeHHas T.M. Aunwue-
BbIM U A.A. Tep-XauarypoBbiMm [3]. JlaHHas metoau-
Ka TIOJIHOCTBIO PACKPBIBAET AJTOPUTMBI THATHOCTUKU
TUHAMOTpPaMM C TIOMOINbI0 Tpu3HakoB Pypre. OnHa
COJICPKUT PEKOMEHJAIMH 10 NPeoOpa3oBaHUIO MPH-
3HAKOBOTO TIPOCTPAHCTBA C IIENbI0 MHUHHUMM3ALUU
BHYTPHKJIACCOBOTO M MAaKCHMH3AIIMH MEXKIACCOBBIX

“KoHFpyanTHas MaTpuual

||| [IMBEPCHBHAR MATR LA,

o’

MEHAA MATDHLA

i

Puc. 3. Bnok-cxema anroputma OraHe3oBa
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paccrostHui. JlaHHBIH METOA IpennonaraeT o0y4eHue
M0 HECKOJBbKHM JMHAMOTpaMMaM ISl KaXJOH Hewc-
npaBHOCTH. [l KaXkKAOro Kiacca HEHCHpPaBHOCTEH
CTPOUTCS STAJOHHBIA BEKTOpP, KOOPIAMHATAMU KOTOPO-
ro SBISETCS MaTeMaTHYECKOE OXKHUAAaHUE TaHHOTO
MpH3HAKa 10 BceM oOpasam kiacca. biok-cxema ain-
ropuTMa MpejcTaBiieHa Ha puc. 4 [2].

OpmHOM M3 OCHOBHBIX MPOOJIEM, TpeOYIOIUX pe-
IIEHUS B XOJE pealu3alii METOAA, SIBJIAETCS Ipo-
6neMa BbIOOpa KonmyecTBa NMpu3HakoB Pypbe. ABTO-
PBl METOJVMKH HE TpEeJIararoT Kakoro-TO ONTHMallb-
HOTO YHCIa TIPU3HAKOB, TIO3TOMY MX YHCIIO IOI0Hpa-
eTcsi 3KcIepTHO. B Xozme TecTHpoBaHMS MeTOZa Ha
OJIHOM M3 MpeNnpHusITHil paccmaTpuBaiochk oT 80 a0
500 mpumsHakoB [2]. [pyroil mpoOiemoi sBiseTCS
OTCYTCTBHE B METOAMKE CII0coOa IpeACTaBICHUSI
KOMIUICKCHOTO YHCJa, KaKUM SBJsieTCs NMpHu3HaK Dy-
pbe, a IMEHHO: 3KCIIOHEHIaNbHast popMa, anredpan-
yeckasi (opMa, OTACIbHO aMIUTUTyJA WJIM YacTOTa.
Anantaiysi MeTofa 3aKJII0YaeTcss B TOM YHCIE U B
BEIOOpE mpeacTaBieHus. B [2] Obul BbIOpaH BEKTOp,
COCTABJICHHBI W3 KOMIIOHEHTOB aJreOpandecKoro
npescTaBiIeHus npu3HakoB dypre. BakHbIM 311eMeH-
TOM aJanTaliy TOCIY)XWIO HCIOJIB30BAaHUE ILTYH-
JKEPHBIX TUHAMOTPAMM JUISl THarHOCTUKH, B PE3YIlb-
TaTe 4Yero IpOIECC NHArHOCTHUKH COCTOSUI MX JBYX
9TAIOB: BBIICJICHUS IUIYH)KEPHOH IHHAMOTPAMMBI U
HETIOCPEACTBEHHO AUAarHOCTUKH.

B xauecmee npumepa ucnonv3o06anus psaoos, om-
auunvix om @ypve, MOKHO TIPUBECTH METOUKY [4, 5],
re Ui ONpeleNieHHs MapaMeTpOB CKBaKUH JaHHBIC

JIMHAMOTPaMMBI TIPEICTABISITUCE B (hOpME BIUBJICTHO-
ro pasmoxkeHus. [lanee mMoxydeHHBIE KOA((PUIHUCHTHI
AHAJIM3UPOBAINCH, UCTIOJB3Ys HEHPOCETEBOM MOIXO.
Memoouxa GRID PATTERN oTHOCHTCS K KJlaccy
METOJIMK, Oa3HPYyIOIIUXCS Ha CPABHEHUU IPaKTHYe-
CKOW TWHAMOTPaMMBbl U 3TajJoHHON. OHa OCHOBaHa Ha
9JIEMEHTapHOM allTOPUTME HAJOKEHUS (PaKTHUEeCKOH
JIUHAMOTPaMMBbI Ha 3TaJOH U MOCJIEIYIOIIEero BhIYUC-
JIEHUs1 3HaYeHHM OTKIOHeHUs. COOTBETCTBEHHO YEM
MEHBIIIE OTKIOHCHHE (HaKTHUSCKOW IMHAMOTPAMMBI
OT 3TaJIOHA HEUCIIPABHOCTH, TEM OOJIbIIIC BEPOSITHOCTh
Hanuuus JaHHou HeucrnpasHocty B CIHIHY. B meto-
JTUKAX HMCIIONB3YeTCs Kak OOBIKHOBEHHOE BEIYUCIICHHE
o0mIel AeIbTHl OTKIIOHEHHUS, TaK M OoJiee pa3BepHY-
TeIl moaxon. IlpakThyeckas QuUHaAmMorpaMma paBHO-
MEpHO JeiuTcs Ha suedku. TeM sdelikaM, KOTOpbIE
collep)KaT 4acTh JUHAMOTPAMMBI WM PaCTOI0KEHBI
BHYTPH TPaHMIIBI JUHAMOTPAMMBI, IPUCBAUBAETCSI 3HA-
4yeHue 1, B nHOM citydae — (. DTasloHHast AUHAMOTpaM-
Ma CTPOWTCSl TO CIENyIIIeMy NPHUHIMITY: suehKam,
coJiepKaluM KyCOK TUHAMOTPAaMMBI, MPUCBAUBAETCS
3HayeHue 1; sueiikaM, HaXOASIMMCS BHYTPH KPHUBOH,
MIPUCBAaMBAIOTCS 3HadyeHus 2, 3, ..., N B 3aBUCUMOCTH
OT YAAJEHHOCTU SYEHKH OT TpaHUUpbl; syeiikaMm, Haxo-
JIMMCSL BHE TpaHuupl, — 3Hadenus 0, —1, ..., —-M
B 3aBUCUMOCTH OT YJAJI€HHOCTH SYEHKU OT IPAHULBL.
3Hauenuss N u M onpenenstorcs: 3KCIepTHO, UCXOIs
U3 pa3MEepHOCTH MaTpHIlbl. MeToa TUArHOCTHKH OC-
HOBaH Ha BbIyHcieHud BenuuuHbl C (4, B). OHa BBI-
YUCIIAETCS I BCEX TAJOHOB, H TOT TAJIOH, I'JI€ 3Ha-
yenue C (4, B) Oyaer MHHUMANbHBIM, U TIOKaXET HC-

DAKT. AMHAMOrPaAMMA
s i ANnpokcuMALKA pAooM Oy pee r o — Npuaxakw Gyphe
e - [
um I N, I b=l
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Puc. 5. Bnok-cxema metoga GRID PATTERN
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KOMYIO0 HEHCIPaBHOCTh. HecMOTpst Ha MPOCTOTY, STOT
METOJI TIOKa3bIBaCT XOPOIIHE pe3yiabTaThl. JHmHAMO-
rpaMMBl OOBIYHO HOPMHUpYIOTCA. B KauecTBe mapa-
MeTpa JUIsi MaTPHUIIEI 3TAIIOHOB, ONPEACISIONICTO Yaa-
JICHHOCTb SAYEHKH MaTpUIBI OT KOHTYpa, MOXKHO pac-
CMaTpUBaTh 3HAUYECHHE KpaTyaiIllero paccTOSHUSA IO
KOHTypa. MaTpuyHOe IpeAcTaBICHNEe JUHAMOTPaMMBI
MIpeaIojaraeT, 4To rpajanys LBeTa ONpeaessieT yaa-
JICHHOCTh SYEeWKH OT KOHTypa. biok-cxema merona
npexacTaBieHa Ha puc. 5 [2].

Aqanrarysi MeToa 3aKJI0YaeTcss B HOPMUPOBA-
HUM 00pa3a TUHAMOTPAMMEI, YBEJIHUCHHH Pa3MEpHO-
CTH MaTpPHUIBI U 00JIee TOYHOM pacueTe PacCTOSHUS OT
SYCHKU MAaTpPHUIBl JTAJTOHOB IO KOHTypa TUHAMO-
rpaMMbl. THTEpECHO OTMETHTD, YTO B UCKOMOM aJIro-
pUTME MpEeaIoaraeTcsi CpaBHEHHE IPEeNbIBIIEMON
JTUHAMOTPaMMBbI ¢ (PUKCUPOBAHHBIM HAOOPOM 3TaJjlOH-
HBIX TUHaMorpamM. B [2], Hanpumep, KOJIMUecTBO 3Ta-
JIOHHBIX TUHAMOTPaMM OBIJI0 BBIOpaHO paBHBIM 153.

IIpu ucnonb30BaHUM HEHPOCETEBOrO MOAXOJA B
IIpoIiecce CPaBHEHMS C TAJIOHOM OJHUM M3 OCHOBHBIX
BO3HUKACT BONPOC O HEOOXOIUMOM KOJUYECTBE MH-
HAMOTpaMM C pa3IMYHBIMHA BapHAHTAMU HEHCIPABHO-
cTell U 3HaueHui stanoHoB. Hanpumep, mist metoau-
KU, MPUBEAECHHON B [4, 5], AJi1 NOCTHXKEHUS IOCTO-
BEPHOCTH KJIACCU(PUKAIUU TUHAMOTPAMMEI C TOYHO-
cteio 70 % u Gonee Komu4ecTBO 00pabOTaHHBIX TH-
HamorpamMm mpesbimano 1200 (B sxcmepuMeHnTe ObI-
70 3aneiicTBOBaHO 483 HAacOCHBIC YCTaHOBKH); JJIS
METOJIMK, NMPHUBEACHHBIX B [2], OBUIO HMCIIOJIIB30BaHO
oT 150 no 200 TecTOBBIX TUHAMOTPAaMM M aHAJIH3U-
poBanock 1o 500 mpusHakos. [ToHsATHO, YTO XpaHe-
HUE TaKod nH(pOpManuu TpedyeT OOTBIIOTO KOJIUYe-
CTBa MaMATH U BpeMs 00pabOTKU CTaHOBUTCS JOCTa-
TOYHO BEIUKO JaKe ISl TMEPCOHAIBHBIX KOMITBIOTE-
poB. Mcmons30BaHue Xe MOAOOHBIX aITOPUTMOB BO
BCTpaMBacMBIX CHCTeMaxX Ha 0aze KOHTPOJIICPOB
BoOOIIE MPOOIEMATHIHO.

Memoouxa benosa — I'unaeéa 0OTHOCUTCA K Kiac-
Cy METOMWK, aHAIM3UPYIOMIUX OTKIOHEHUS OT Teope-
TH4ecKkoil nuHamorpamMmbl. OH HCIONB3YyeT BBIICICH-
HbIE Ha MPAKTUYECKOW JUHAMOTpaMMeE pPEJIeBaHTHBIC
TOYKA. MeToA mpeArnonaraeT ONpeAeicHUe Heuc-
MPaBHOCTHU, UCXOS U3 (DPU3UUECKHX 3aKOHOB IOJTyde-
HUSl TWHAMOTPaMMBl HEHOPMaJbHON paboTHI Hacoca.
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OH OCHOBaH Ha BH3YaJIbHOM CPaBHEHHH (PAKTHUECKOH
U UACaNbHOM (TeopeTHyeckoit) auHamMorpamm. Jroboe
CYIIECTBEHHOE OTKJIOHEHHE (HaKTHUECKOH ITUHAMO-
TpaMMBI OT TEOPETHYECKOW CBHIETENLCTBYET O He-
HOpMaJbHON pabote Hacoca. CrocoObl THArHOCTUKU
paboter CIIIHY myTem BH3yanbHOTO CpaBHEHHS (HOPMBI
KPHBOH JAMHAMOTpaMMBI JETaJFHO ONHCAHBI B pabo-
tax W.I'. benoa [6] u I'.I". 'mnaeBa. B ocHOBY anro-
puTMa nonoxeHo pykosoxactso M.I'. benosa no pac-
mmdpoBke auHamorpamm. IlocpencTBoM 3Toi MeTo-
JIVKH OIPENEISIIOTCS ceMb Hanbojee XapaKTepHBIX
TOYEK IMHAMOTPaMM, MO 3HA4YCHUSIM KOTOPBIX CO-
TJIACHO TPEAJIOKEHHBIM KPUTEPUSAM 3aJaloTCsl 1ocie-
JIOBaTEIBHOCTH apU(METHUSCKUX OMNepanuii U cpas-
HEHUH, MO3BOJIIONINE AETaTh KOHKPETHOE 3aKIII0Yue-
HHe 0 pabore Hacoca. KoopauHATEl XapakTEpHBIX TO-
YeK OIPEeIIAIOTCS TPU COBMEIIEHUH TEOPETHYECKON
JUHAMOTpaMMbl € IPAKTHUYECKON JAMHAMOIPaMMOM.
BMmecte ¢ TeM B 3TOM ONUCAHUM HE MPHUBOIATCS (Gop-
MaJIN30BaHHbIC MPH3HAKH, KOTOPBIE MOXKHO OBLIO ObI
COOTHECTH C TOM MM MHOM HEUCIPABHOCTHIO. B kaue-
CTBE TIIpHMepa MOXHO pacCMOTPETh AWArHOCTHUKY
YTEUKH XHUIKOCTH B HarHeTaTeJIbHOW YacTH Hacoca.
Cpenu mNpH3HAaKOB JUHAMOTPAMMBI, II0 KOTOPBIM
MOXHO OOHapyXWTh YTEUKy, CIEAyeT Ha3BaTh: OTO-
OpakeHne mpolecca BOCIPUATHA HArpy3KH HAKJIOH-
HOM KpHUBOW, MMEIOUIEHl MEHBIIMHA Yroja HakJIOHa K
TOPH30HTAIN 10 CPABHEHHUIO C JIMHUEH BOCIPHATHA
HAarpy3Ku IpH HOPMaJIBHOH paboTe Hacoca; ocTpoe
OuepTaHHe JICBOTO HIDKHETO yIVla JAMHAMOIPaMMBI,
3aKpYIJIEHHE €€ MPaBOro BEPXHETO yria puc. 6 (mis
JUHAMUYECKUX TUHAMOTPAMM STOT MPU3HAK MOXKET
OTCYTCTBOBATh).

Kpome TOro, Ha yTeuky OOBIYHO YKa3bIBAIOT
OouipIasi KPUBM3HA JIMHUM CHSTHS Harpy3KH IO CpaB-
HEHUIO C JIMHHEHW BOCIPHATHS HArpy3oK, MEHbIIas
MHTCHCUBHOCTb KOJICOAHMH HArpy3kd TIpH  XoJne
IUTyH)KE€pa BBEPX MO CPaBHEHHMIO C MHTEHCHBHOCTHIO
KoneOaHuN Harpy3Ku Mpu Xoje BHU3. JlaHHas MeTo-
JMKa M3HAYaJIbHO HE cojiepkaia (popMaM30BaHHBIX
MPHU3HAKOB. MOXKHO peIIuTh 3aJady ux (opmannza-
uH (TOJTy4eHHEe YHUCICHHBIX BEJIWYMH, XapaKTepu-
3YIOMMX KaXIBIH TPU3HAK Ha KaXIYI0 HEHCIIPaB-
HOCTh), a TaKKe UX MOCIETYIOUEeH KiacCu(puKanuy.
[ocne sToro aHanu3 AMHAMOTPAMMBI CBOJHTCS K IO-
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Puc. 6. QnarHocTtuka YTe4Ku XXUOKoCTu B HarHeTaTenbLHOMW YacTu Hacoca

2013, Tom 13, Ne 1

65



B.b. Cadoe

CTPOCHUIO SKCIICPTHON CHCTEMBI, TIIe BCe POpPMATH30-
BaHHbIE MPHU3HAKHU YKa3bIBAIOT Ha HAJHU4YME OIpeje-
JIEHHOW HeUCHpaBHOCTH. [laHHas mMeToauka, Kak Ipa-
BIJIO, TpeOyeT MAaHHBIX IO TapaMeTpaM CKBaXKHHEL.

K muny memooux, amanusupyrowux noseoenue
OUHAMOZDAMMbL  8/MENCOY PENeBAHMHBIMU  THOUKAMU,
OTHOCHTCS U OIIMCaHHasA B [7], IpH KOTOPOM BCS AWHA-
MoOTrpaMMa JIeTUTCs Ha 24 ydacTKa U pacCMaTpUBAIOTCS
CHMITTOMBI Ha KaXJIOM y4acTKe (BCero ObUIO BBIICICHO
16 xapakTepHBIX AuHaMorpamm). [lomoOHbIE METOAUKH
WCIOJIb30BaHbl IIPU CO3JAHUU TAKUX MPOrpamMM aHaH-
3a quHamorpamM, kak DINAMOGRAPH [8, 9] paspa-
6otku HIIIT «I'paHTy.

Bropoii kiacc METOAMK ONMMCHIBAET TEOpPETHYE-
CKHE OCHOBBI TMOJIYUYEHHUSI MPAKTHYECKON TUHAMO-
TpaMMBbl KaKOW-TM00 HEHCIPABHOCTH, HO TIPHU STOM HE
naeT GopMaJIM30BaHHBIX MPU3HAKOB TOW WM WHOM
HeucnpaBHOCTU. HBIMU cJOBaMH, B 3TOM METOJIMKE
OIHCAaHO, KaKUM 00pa30M IoJTydaeTcss JUHaMOTpaMMa
HEUCTPABHOCTH, HO HET MaTeMaTHUYECKHUX IOJXOJ0B
onucanus ee npusHakos [10, 11].

O0ocHOBaHNeE MOAX0A K AHAJIU3Y

ANHAMOTPAMM B KOHTPOJLJIepe CHCTeMBbI

ynpasjaenus npusogom IHITHY

[MpakTrdyeckn Bce METOABI aHaNM3a JMHAMO-
rpaMM paccMaTpHUBAIOT ClIydaid, KOTAa AWarHOCTHKA
MPOU3BOIUTCS MO0 HA MEepcOHANBHBIX DBM, pacro-
JIOXKCHHBIX B LIEXOBBIX IMOMELICHUAX, JTHUOO0 MpU JHar-
HOCTHKE TpeOyeTcss BBOAUTH OOJBIIOE KOJIMIECTBO
JaHHBIX TI0 CKBa)XMHE M JOOBIBaroImeMy obopyroBa-
HUIO (TIyOWHA MOTPY)KEHHUsI Hacoca, ypoBeHb HedTH,
ee BI3KOCTh M IUIOTHOCTh, THII U XapaKTEPUCTUKU
HOTPY’KHOTO HAcoCa, TEKyIlee KOJIMYECTBO IBOIHBIX
XO/IOB M BEJIMYHMHY XOJa IOJMPOBAHHOTO IITOKA, Xa-
PaKTEpPUCTHKY KOJIOHHBI ITAHT | T. I1.). [Ipu 3TOM 3TH
XapaKTEPUCTUKH MOTYT HENPEPHIBHO MEHATHCS B J10C-
TaTOYHO IIMPOKMX mIpexaenax. Hampumep, B mpouecce
HeTenoObIYM PEe3K0 MEHSETCs BEJIMYMHA TEKYIIEro
YPOBHSI JKMIKOCTH B CKB@)XHHE, €€ XapaKTePUCTUKU
M0 TUIOTHOCTH M BS3KOCTH, JABIEHHUS B Tpydax, co
BPEMEHEM CEPbE3HO HU3MEHSIOTCA XapaKTEePUCTHKU
MOTpyKHOTO Hacoca. [loaToMy NpUMeHEeHHe alropuT-
MOB, HCIOJB3YIOIINX AWHAMHYECKYI0O MOJENb CKBa-
JKMHA — HACOCHAs YCTAaHOBKA, B KOHTPOJUIEPE CUCTEMBI
YIpaBJICHUs] IPHBOJA HACOCHOW YCTAaHOBKH SIBIISICTCS
CIOpHBIM. PaccMmoTpuM ciydail amarHOCTHpOBaHUS

9 I

HETIOCPECTBEHHO HA CKBaXXMHE. AJTOPUTMBI AUArHO-
CTHKH 3JIECh JIOJDKHBI yJOBJIETBOPATH CIEIYIOIIAM
TpeOOBAHUAM:

—HE JIOJDKHBI TpeOOBaTh XpaHEHMs OOJBIINX
MacCHMBOB HMH(OpMAIMU MO MapamerpaM paszin4HbIX
TUIIOB XapaKTEPHBIX JUHAMOTPAMM;

— OBITH TIPOCTHI B peanu3aliiy, He MPEIbsIBIATh
OonpImMX TpeOOBaHMHM K OBICTPOIACHCTBUIO IIpHUMe-
HSEMBIX B CHCTEMaXxX YIIPaBJICHHUs HACOCHBIX YCTaHO-
BOK KOHTPOJIJIEPOB;

— HE JIOJDKHBI MCIOJB30BaTh (MJIM MCIHOJNb30BaTh
C MaJbIM BIMSHHEM) IMHAMHYECKH HM3MEHSIOLINECS
napaMeTphl HACOCHOH YCTaHOBKH U CKBaXKHHBI;

— JIOJDKHBI TIO3BOJISITH MEHSTH HAcCTPOMKY Iapa-
METPOB JMAarHOCTHKH, YTOOBI Ha CKBa)KHMHE IIPU HEOO-
XOIMMOCTH MOYKHO OBLIO M3MEHHUTH ATH IapaMeTphl ¢
LEJIBIO TIOJTYYEHHUs] HAMITYYIINX pe3yIbTaToOB aHAIU3a
JTUHAMOT PaMM.

Hcxons u3 atux TpeOOBaHMI, B KayecTBE aliro-
pUTMa >KEJIaTeNIbHO HCIIONB30BaTh OJHY W3 METOMUK,
AQHATIBHUPYIOIINX HOBEICHUE AMHAMOTPAMMBI B/MEXITY
peneBaHTHBIMU TOYKaMH. [1omo0HBINH anroputM™, pea-
nu3oBaHHBIA B makere mporpamm DINAMOGRAPH,
npuBeieH B [9]. MOXHO HCHOIb30BaTh MOBEACHHE
JMHAMOTPaMMBl B/MEXAY TOYKAMH Iepernda ee xa-
PaKkTepucTUKU. B 3TOM citydae anroputmsl onpenesne-
HUSL /1e()EKTOB CKBa)XKMHBI CTAHOBATCS JIOCTaTOYHO
mpocTbiMU. OnpenenUTh TOYKH Mepernda JUHAMOTpaM-
MBI MOXHO, HCTIOJIB3YSI CIIOCO0, ONMCaHHbIN B [12].

AJropuTMmsbl BbleeHus 1e(exTon

1o AUHAMOrpaMme

PaccmoTtpuMm npocreiiiume ciaydau, KOrja Ha yda-
CTKax IBIMDKCHUS BBEPX M BHHU3 ONPENEIIIOCH 110 JIBE
WIH MaKCHMyM TpPU TOYKH Teperunda (puc. 7). Anro-
PUTMBI C HCIIOJIb30BAaHUEM OOJIBIIETO KOJIMYECTBA
TOYEK Ieperuda Takxke JIeTKo (popmManu3yroTes.

Ha pucynke mudpamn moMedeHsl y4acTKH IBH-
JKEHHs IOJMPOBAHHOTO INTOKAa BBEPX M BHHU3. B0006-
e, Ha JAWHAMOTPaMME MOYKHO BBIAETHTH HECKOJIBKO
YYacTKOB, HAaIpUMeEp, Y4acTOK | nemuTcs Ha ydacTok
BO3pacTaHMs Harpy3KH Ha MojupoBaHHOM mToke (Ia)
U y4acTOK OTHOCHUTENIFHOW CTaOMIBHOCTH 3TOH Ha-
rpy3ku (I). To ke camoe MPOUCXOIUT M Ha BTOPOM
ydacTke (IIpu IBH)KEHHH IITOKA BHU3).

Bynem paccmarpuBaTh TOJIBKO Ne(EKTHI, BBIAE-
JICHHBIC B cTaTbe aBTOpa «MopaenupoBaHUE AWHAMO-

Il

Puc. 7. TunoBasi AMHamorpamma pasBepHyTas
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rpaMM C pa3iuYHBIMH JAedekTaMu 000pyIOBaHUSA
HE(PTSHOIN CKBaKUHBD) B HacTOsIIeM BecTHuKe.

O6pbi6 KONOHHBL WiMane

DTO caMblil IPOCTON OmpeneasieMblid 10 TUHAMO-
rpamMmMe aedexT. B 3ToM ciydae Hy»KHO MPOCTO Ofpe-
JIeTIUTh CPEIHUE 3HAYCHUs YCUIIUH TMPHU JBIKECHUH
MIOJINPOBAHHOTO MITOKA BBEPX M BHU3 U BHIYHCIUTH UX
pasuuny. Ecin 370 3HaYeHHE MeEHbIIe, YeM 3aJaHHOe
(ero 3apaHee 3agaTh, UCXOMS W3 AAHHBIX CKBAYKHHBI,
Hacoca ¥ MPUBOJA), TO STO TOBOPUT O HAIWYIHH JaH-
Horo nmedekra. Ho, ecmu mocMoTpeTs Ha BUJ AMHAMO-
rpaMMBI C e(EKTOM THIIA «HEIOCTATOYHBIN MPHUTOK
JKUJKOCTH B CKBOXKHHY», TO MOXKHO YOSIHTHCS, UTO B
JIaHHOM CIly4yae pa3HULla CPEAHMX YCHUJIMU NpU JBU-
JKEHUU BBEPX U BHU3 TOXe HeBenuka. OJHAKO MpH
JIAHHOM Jie(heKTe pa3HHUIa MEXIYy MaKCHUMAJIbHBIM U
MUHUMAaJBHBIM YCHIMSIMH 33 JBOWHOM XOJ MpaKkTHude-
CKH HE MEHSETCS OTHOCHUTEIBFHO HOpPMAJbHOW IHHA-
MorpaMMbl. I103TOMy MOXHO HpEemsIOKHUTh CIEIYIo-
LM aJITOPUTM OIIPEEICHUs JAHHOTO edeKTa:

— BBIYUCIISIIOTCS MaKCUMallbHbIe 1 MUHUMAJTbHBIC
ycwimus mTuHaMorpamMbl. Ecmu wx pasHmma OoibIie
KaKOH-TO YCTaBKH «@, TO THIIOTe3a O Aedekre THia
«OOpBIB KOJIOHHBI IITaHT)» OTBEpraeTcs. B mpoTuBHOM
ciy4ae UJeM Ha CIAeAYIOUIUI MyHKT alropuTMa;

— BBIUUCISIOTCS 1O JAMHAMOTpaMM€ CpeaHHue
YCWIMSI Ha TMOJHMPOBAHHOM IUTOKE MPU JIBUKECHUH
BBepX M BHM3. Ecim pasHuIla MeHbIEe KaKOW-TO yc-
TaBKH b, TO rumnore3a o nedexre Tuma «0OpbIB KOJIOH-
HBI IITaHT» IPUHAMAETCSL.

BennuuHbl yCTaBOK a M b MOTYT OTIHYATHCS
npyra. [Ipu atom a > b.

JlaHHBII anroOpuTM BBIACICHUS Aedekra Tuma
«OOpBIB KOJIOHHBI IIITAHT» AAa€T MPAKTHICCKH CTOIPO-
LIEHTHYIO BEPOSITHOCTh €0 NPaBUIBHOTO ONPEAEICHHUSL.

«3anapaghunusanuey ckeadxicumvl

B stom cnywyae HabOmromaeTcs JIMOO OTCYTCTBHE
YYacTKOB NpU JBUKEHUH IITOKA BBEPX WM BHU3, UIU
yuactku la u Ila cunpHO 3aTSHYTBI ¢ Hayaua JBUXKeE-
HUS BBepX ¥ BHuU3. Ilpu 3ToM He HabIrOmaeTCs CUIIb-
HOM acuMMeTpuM pa3MepoB ydacTkoB la u Ila. Takxe,
JUIsl YeTKOW MIeHTHU(]UKaMKU NaHHOTO nedekra, cie-
JyeT y4decTb, 4TO B TOYKaxX IlepejoMma 37ech He Ha-
60 1aeTCsl IepeperyInpoBaHus MPOLECca N3MEHEHHS
Harpy3kd Ha MOJIMPOBAHHOM LITOKe. [1o3TOMYy MOXHO
NPEAJIOKUTh CIEAYIOUINI alropuT™M ONpeaesIeHUs
JAHHOTO Ne(eKTa:

— eciu Ha ygactkax | u Il He HaOmogaeTcs Touek
neperuda, To TUIOTE3a O JeeKTe THIA «3anmapaduHu-
BaHUE CKBAXXUHBD) NpuUHUMaeTcs. OcTajbHble MYHKThI
aNrOpUTMa HE MPOBEPSIOTCS;

— eclii BeIW4MHa y4acTka la meHble 3agaHHOU
YCTaBKH (B MpPOIIGHTaX OT BEIMYMHBI y4dacTka [), To
runore3a o nedekre TMna «3amnapadUHUBAHHUE CKBa-
JKHHBD) OTBEpraercs;

— ecnu BenuunHa ydyactka lla MeHplie 3ampanHoM
yCcTaBKH (B MPOICHTaX OT BEIWMYWHHEI ydacTka II), To
rurnore3a o aeekTe THIA «3amnapauHUBaHUE CKBa-
JKUHBD) OTBEpraercs;

— ecim BennunHa |la—Ila| 6ombIe ycraBku (B Tpo-

meHTax ot BenmunH ydactkoB I u II), To rumoresa o
nedeKTe THMa «3amapa@uHIBaHIE CKBAXKUHBD» OTBEP-
raercs;

— €CJIM BEIMYHHA HAarPy3KH HA INTOKE B TOUKE IIe-

pexona ydactkoB la u 15 Gombmre BemuuuHbl 0G,,,

rne G.,x — MaKkCUMaJlbHas Harpy3ka Ha INTOKeE Jisi
JaHHOM nmHamorpammsbl, a 0 €[0;1], To rumoresa o

nedeKTe THMa «3amapa@uHIBaHIE CKBAXKUHBD» OTBEP-
raercs;

—eclM BeNMYMHA HArpy3KH Ha INTOKE B TOYKE
nepexona ydactkoB lla u IIh MeHbIIe BeTUIUHBI
8G i, » Tae G, — MUHUMAaNbHAs Harpy3Ka Ha IITOKE
JUIsL JaHHOM nuHamorpammsbl, a O €[0;1], To runoresa
0 nedexre THIA «3anmapadUHUBAHUAC CKBaKUHBD) OT-
BEpraercs;

— €CJIM TUTNoTe3a 0 JAedekre THma «3anapaduHu-
BaHUE CKBaXHUHBI» HE OblJIa OTBEPTrHYTA MPEIbIIYIIH-
MU IIyHKTaMH aJTOPUTMa, TO OHA IPUHUMAETCSI.

Heoocmamounwiil npumox sicuokocmu (npooyk-
yuu) 6 ckeadicuny (6ruanue 2aza)

3/1ech MOKHO pacCMOTPETH JBa BapHaHTA.

1. Buxg pa3BepHyTOil AHHAMOTpaMMBbl SBISETCS
OOBIYHBIM, TO €CTh COJCPKHUT YCTHIPE TOUKH Ieperunda
XapakTepuCTHKH. HalOmogaeTcs Takxke CMEIICHHE
TOYKH Tieperunda XapakTePUCTUKA TUHAMOTPAMMEL,
XapaKTepHOE U TOYKU CTHIKOBKH ydacTkoB I u 11, Ha
yuactok II. Taxxe BUTHO, YTO B 3TOW TOUYKE Harpys3ka
He Oosble, 4eM B KOHIle y4yacTtka . MoHO mpenso-
JKUTh CIICAYIOIIMHA alTOpPUTM ONpEAETCHHS JaHHOTO
nedekTa:

—ecnM B TpeThel TOYKe mepernda xapakrepu-
CTUKHY JMHAMOTPaMMBbI Harpy3ka 0oJibliie, 4eM B TOUKE
KOHIa y4acTka I, To rumore3a o medexre trma «He-
JIOCTAaTOYHBIH MIPUTOK JKUAKOCTH B CKBXXUHY» OTBEp-
raercsi. OcTampHBIC IMYHKTH allTOPUTMa HE MPOBEps-
FOTCS;

— €CIIM pa3HHIa MEKAY abCIUccoil TpeTbell Tou-
KH TIepernda XapakTepUCTHKU JUHAMOTpaMMBI H abc-
IIUCCON TOYKH CTHIKOBKH y4yacTKoB I u II Gombire Be-

auauHbl 88, , Toe S, — BEIMYMHA XOJa IITOKa, a

8 €[0;1], To rumote3a o medekre Tuna «HemocraTou-

HBII IPUTOK KUJKOCTU B CKBAXKUHY» NPUHUMAETCS, B
IPOTUBHOM CIy4ae OTBEPraercs.

2. Bua pa3zBepHyTOll AMHAMOTIPaMMBbI HE SIBIISIET-
csl OOBIUHBIM, U COJACPKUT IBE TOYKH Iepernda Ha
yuacTke | u Tpu Touku neperuba Ha yuyactke II. IIpu-
4eM B YETBEPTOH TOUKe meperuba ycuiaue OobIe,
4YeM B IISITOH, a Y9acTOK MEXIy TOYKamu 3 U 4 sSBis-
€TCsl 3aMETHbIM. MOXKHO IPEIUIOKUTh CIEAYIOLUN
QITOPUTM OMpe/IeNIeHHs JaHHOTO NedeKTa:

— €CJIU B ISITOM TOYKE Tepernda XapakTepUCTHKA
JUHAMOTPaMMBl Harpy3ka OoJibllie, YeM B YETBEPTOH,
TO rumote3a o jedekre Tuna «HemocTatounslii nmpu-
TOK JKUAKOCTH B CKBa)XMHY » oTBepraercs. Ocranb-
HBIE IIYHKTHI AITOPUTMA HE IIPOBEPSIOTCS;

—eCcM pasHHIAa MEXAy aOCIHcCol 4eTBepTon
TOYKH Tepernda XapaKTepUCTHKH AWHAMOTPAaMMBI U
abcruccoit TOuku cTHIKOBKU ydacTkoB I u II (Tperneit

2013, Tom 13, Ne 1

67



B.b. Cadoe

TOYKOH mepernda) OoJbIe BETUYUHBI OS

max ° rac

Siax — BEIMYMHA Xoja mToka, a § €[0;1], To runo-

Te3a o Aedekte Thna «HemocTaTOuHBIA MPUTOK KU-
KOCTH B CKBAaXXHMHY» NPUHUMAETCS, B TIPOTUBHOM CITy-
yae OTBEpraercsl.

Ymeuka 6 naenemamenvnoti vacmu nacoca

B stom ciyyae Bua pa3BepHYTOH 1HHAMOTpaMMbl
SIBIISICTCS OOBIYHBIM, TO €CTh CONCPIKUT YETHIPE TOUKH
neperuba xapaktepucTuku. llepBas Touka meperuba
Omm3ka K Touke Hadama | ydacTka, a TpeThs TOYKa
nepernba 6mu3Kka K Toyke KoHIa I ygacTka auHamo-
rpamMMmbl. BennunHa ydactka la 3HaYMTEIHHO HpPEBBI-
mraeT Benuuuny lla. Anroput™ omnpeseseHus TaHHOTO
JnedekTa OYIeT BBINIAACTD CICAYIOIIMM 00pa3oM:

—eclM BeIMYMHA ydacTKa la MeHbIe y4yacTka
Ila, To runoTeza «YTeuka B HarHeTaTeJIbHONW YaCTH
HAcoca» OTBEPraercs;

— eCIIM BeJIMYIMHA yJacTka la mo BenmymHe 060Ib-
mre ygactka Ila 1 B OTHOCHTENBHBIX €IUHHIAX OOJb-
1Ie YCTaHOBIEHHOU BenuuuHbl J € [0;1], To rumoresa o

nedekre Trna «YTeYka B HArHETATEILHON YaCTH HACO-
cay NMPUHUMAETCS, B IPOTUBHOM CITy4ae OTBEpraercs.

Ymeuka 6 npuemnoti wacmu nacoca

B sTOM ciydae Bu pa3sBepHYTOI TMHAMOTPaMMBI
SBIISICTCSA OOBIUHBIM, TO €CTh COJEPKHUT YETHIPE TOUKU
nepernba xapaktepucTuku. [lepBast Touka nepermba
6mi3Ka K Touke Havana | ygacTka, a TpeTbs TOUKa — K
TOuke KOHLA | yuacTka QuHaMorpammsl. Bennunna
yuacTka Ila 3HauMTeNnbHO mpeBbINIaeT BenW4uHy la.
ANTOpUTM OnpeneNneHns TaHHOTO JedeKTa OyaeT BbI-
TJISIETH CIEAYIOIUM 00pa3oMm:

—ecnu BennuuHa yvacTtka Ila menblie ydactka
Ia, To runore3a «YTeuka B IPUEMHOM 4acTH Hacoca
oTBepraercs;

— ecnu BenuurHa ydacTka lla mo Benmuuune 60iib-
IIe y4acTka la 1 B OTHOCHTENBHBIX €IUHHUIAX OOJIbIIEe
ycTaHOBJIEHHOM BennuuHbl O €[0;1], To rumoresa o

nedekre Thuma «YTeuka B NPHEMHON YacTH Hacoca
TMPUHUMACTCS, B IIPOTHBHOM CITy9ae OTBEPracTcCsl.

Buixoo naynawcepa u3z kopnyca nacoca

B aTom cnyyae auHaMorpamMma UMeeT MeTII0 Mpr
JBIKEHUH BBepX. Ho, eciii MoCMOTpeTh Ha pa3BepHY-
TYIO JUHAMOTPaMMy, MOKHO 3aMETUTh, YTO IIPU JIBHU-
JKCHUU BBEPX, HC AOXOOA 0 BerHefI TOYKH OBUXKEC-
HUS IITOKA, UMEETCS elle OJHa Touka meperuda. Ilo-
3TOMY MOKHO C(OPMYITHPOBATH allTOPUTM OIIpeeie-
HUS TAaHHOTO JIe(eKTa:

— €CIIM TIPU JBIDKCHUH BBEPX MBI HMEEM MEHBIIIE
Tpex TOYEK mepernda (cuuTas W TOUYKY Hadana JBH-
JKCHHS BBEpX), TO THITOTe3a TUNa «BbIXon muryHkepa
U3 KOpITyca Hacocay OTBEPracTcs;

— eClId BEeNMYMHA MHTEpBaja OT TPEThed TOUYKH
nepem6a A0 TOYKH KOHIIA | y4yacTKa B OTHOCHUTEJIb-
HBIX €ANMHUIAX OT BCJIIMYUHBI 1 ydacTKa 0oJIbIIIE YCra-
HOBJICHHOTO TIopora & € [0;1], To runore3a o aedexre

THIIa «BBIXOI[ IUTYHIXKEPaA U3 KOPITyCa HAcoCa» MpPHUHU-
MacTCs, B IPOTUBHOM CJIy4a€ OTBEPracTcs.

3aeoanue nayncepa 66epxy

3neck TMHaMOrpaMMa MMEET TIETII0 TPH JIBHKe-
HUM BBepxX. VIMeeT cMbIch 3TOT nedekT ompenensTh
IIyTEM MPOCTOTO aHalW3a IOBEICHUS TOYEK JUHAMO-
rpaMMBl. AJITOPUTM ONpeneieHuss JaHHOTO aedekrta
OyZeT UMeTh BU/I;

— IIpOCMAaTpHUBacM BCE TOYKH JHHAMOTIPAMMBI
IIpU IBM)KEHUHU BBEPX, HAYMHAA C KaKOW-TO TOYKH, B
KOTOPOH IepeMelneHue mroka 6omiplie, yeM o4 , rae
A — BennuuHa I ygactka, a o €[0;1]. Cunuraem xo-

JIMYECTBO TOYEK, I/Ie HAarpy3Ka MEHBIIIE, YeM B TOUYKE C
9THM K€ 3HAYCHHEM IMEpPEeMEIleHUsI LITOKA, HO MpHU
JIBIDKCHUU BHU3;

— €CIIH TIOJIyYCHHOE KOJHYECTBO TOYCK IIPEBBI-
[IaeT 3aJlaHHBIN mpenen (ero MOKHO 3a7aBaTh B IPO-
[EHTaX OT OOMIEro KOJIMIECTBA TOYCK JHHAMOTPAMMBI
IIpU TBMKCHUH BBEPX), TO TUIOTE3a O IeeKTe THIIA
«3aemaHue IUTyHXKepa BBEPXY» MPHUHAMACTCS, B TIPO-
TUBHOM CJIy4ae OTBEpraercs.

3aedanue nuynacepa enuzy

3nech TMHaMOrpaMMa MMEET IETII0 TPH JIBHKe-
HUM BHH3. IMeeT cMbIci 3TOT Ie(eKT ONpenensiTh
MyTeM MPOCTOTO aHalu3a IOBEICHUSI TOYEK JTUHAMO-
rpamMMbl. AJITOPUTM OIpeZesIeHUs] TaHHOTO Jedekra
OyZIeT UMeTh BHI:

— IIpOCMAaTPUBacM BCE TOYKH JTHHAMOTPAMMEI
IpHU JBIDKCHUW BHU3, HAYWHAs C KAKOH-TO TOYKH, B
KOTOPOH TepeMeIleHNe MToKa MEHbIIIe, 4eM a4 , T
A — BenmnuuHa Il ygactka, a o €[0;1] . Cuntaem Kxo-

JIMYECTBO TOYEK, 1€ Harpy3Ka OoJblIe, 4eM B TOUKE C
9TUM >K€ 3HAQUYE€HHEM NEepeMEIEHHs IITOKa, HO MpHU
JIBUKEHUU BBEPX;

— €CIIM TIOJIyYEHHOE KOIMYECTBO TOYEK IMPEBBI-
I1aeT 3alaHHbBIN npenen (ero MOKHO 3a7aBaTh B MPO-
LIEHTaX OT OOIIEro KOJIWYecTBA TOYEK AUHAMOTPaMMBI
IIpU ABIDKEHHH BHHU3), TO THUIOTe3a O AedekTe THIa
«3aenaHue IMIyHXepa BHU3Y» MPUHUMAETCS, B INPO-
THUBHOM CITy4ae OTBEpPraeTcs.

IIpoBepka CHHTE3NPOBAHHBIX AITOPUTMOB

Ha MOJIeJIbHBIX TPUMeEpax

ABTOpOM ObIITa pazpaboTaHa MporpaMma, peanu-
3yromas ONHMCaHHBIE AJTOPUTMBI BBIIEJICHHS nedek-
TOB. B KauecTBe BXOIHBIX JUHAMOTPAMM OBUTH HC-
MIOJIb30BAHBI IOJIyYCHHBIE C MOMOIIBIO IPOTPAMMEIL,
OIIMCAHHOM B cTaThe aBTOpa «MoaenupoBaHue AMHA-
MOTPaMM C Pa3IMYHBIMH JAedekraMu 00opyIOBaHUSL
He(TSIHOI CKBaXUHBI» B HacTosAmeM BectHuke. Om-
penereHne HEKOTOPhIX BHUIOB AE()EKTOB C MOMOILBIO
pa3paboTaHHOW MporpaMMbl MoOKa3zaHO Ha puc. 8—10,
IZie B OKHE CIIpaBa BBEPXY NPHUBEACHBI HCIIOIb30BaH-
HBIE MTapaMeTphl MOJENN MPU IMOCTPOSHHH ITUHAMO-
TpaMMBI, a CIIpaBa CHU3Y — PE3YJIbTAaT aHaJi3a B IPO-
rpamme. IIpu 3TOM HCXOIHBIE JAaHHBIE T€HEPUPOBaA-
JIMCh, MCXOJS M3 BO3MOKHOTO IIOJNYYEHHs pealbHOU
TUHAMOTPAMMBI, TO €CTh HCIOJB30BaJIOCh OrPaHU-
YEeHHOE KOJIMYECTBO TOUYCK AWHAMOTPAaMMBI, a yCHUIINE
Opasioch KBAHTOBAHHBIM 110 YPOBHIO.
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SaEAAHHE MNYHHEPS BHHEY

= d: [wi = PaCCToAHKE OT HE4aneHoH TOUKH ABH#EHHA NNyHKEpa 1.1 1
OSLIJ.ME NapaMeETPEl CKEA¥HHEI K YCTAHOBKH |
B Dty KonH4ecTBD X0A0E B MHHYTY 4.0

*04, NOMMPOBaHHOMD WToKa 2.5 1
@ sy ANMHA KONOHHE! WTaHr 1500 M
. Macca KonoHHE! WTaHr 3000 k-
[ Pabiounii cTon AWHaMHYECKHA ypoBseHe S00 M
¥CTeeEoe aaeneqne 1.0 MNa
AaeneHre & zaTpyOHoA nonoctk 1.0 MMNa
KoHCTaHTa BAsKOCTHOrD TpeHkA 0,200 ea./c
CKOPOCTE 3BYKa B WTaHre 4900 mfc
Mnowaak ceHeHHA WTaHrv SddekTHEHaA 5,00 KB, t
Mnowaak nnyHxepa Hacoca 15,55 KB, oM
Moayne ¥NpYrocTH MaTEpHana WTadrk 200000 MMa
MAOTHOCTE ¥MAKOCTH 0,500 rfvn
MAOTHOCTE MATEPMANS WTaHrK 5,300 rivn
TpEHHE CKONE¥EHHA NPH ABHM¥EHHH BEepx 200.0 kT
TpeHHE CKONE¥EHHA NPH ABMHEHMH BHWE 200.0 kI
TOMKH AMHAMOrPaMHE! (MEPEMELLEHHE, M - Harpyska, k) B dafine c pacwmpenmen din
{nepemewenme ea.0..10000, - Harpyska,ea.50k) B dadine © pacwmperken dat

B2 Documents and Settings

d

101 3t
111.dat
2z2.dat
333.dat
e dat
555, dat
666, dat
777 dat
555, dat
999, dat
ddd.dat
gggg.dat
k. dat

[ PazeepHyTan |3aex1aHne MYHHEPS BHHZY

Puc. 8. 3aegaHue nnyHxepa BHU3Y

faf Onpegenenne gedertoB am

"JanapafHHMESHHME" CKESMHHE
IEI d: [win_xp] I KoadHUHEHT YEENHHEHHA TREHHA KynoHa 0.1
Ko3tdHUHEHT YEENHYEHHA BASKOCTHOND TPEHKMA 2.0
B D OBLWHE NEPAMETPE! CKEAMHHE! M YCTAHOBKH!
KonH4ecTED XOADE B MHHYTY 4.0
*04, NOMMPOBaHHOMD WToKa 2.5 1
& v . ANKHa KonoHHe! wTaHr 1500 m
(&8 Pafiomii cTan Macca KONOHHB! WTAHE 3000 kr
f AMHaMHUECKHi ypoBeHE S00 M
YoTeeBoe gasneHye 1,0 MMa
AaeneHke B zaTpyBHOA nonocTk 1.0 MMa
KOHCTaHTa BASKOCTHOrD TpEHKA 0,200 ea./c
CKOPOCTE 3BYKa B WTaHre 4900 mfc
Mnowaak ce4eHMA WTaHrM sddekTHEHaA 5.00 KB, tM
Mnowaak nnyHxepa Hacoca 15,55 KB, oM
MoAyne yNpyrocTH MaTEpKana WTaHrk 200000 MMa
MAOTHOCTE ¥MAKOCTH 0,500 rfvn
MAOTHOCTE MaTepHana WraHrk 5,300 rimn
TpEHHE CKONE¥EHHA NPH ABHM¥EHHH BEepx 200.0 kT
TpeHHE CEONBHXEHHA NPH ABH¥EHHH BHWS 200.0 kI
TOHKH AMHAMOrPaMHE! (MEPEMELLEHHE, M - Harpyska, k) B dafine c pacwmpenmen din
(nepemewwenme ea.0,,10000, - Harpyska,ea, 5067 & hafine © paciumpermen dat

B2 Documents and Settings

1000, dat
111.dat

222.dat
333.dat
555, dat
666.dat
777.dat
888.dat
999, dat
ddd.dat
gggg.dat
kb dat

[~ PazeepHyTan

|3anapa¢anBaHne CKES¥HHEI

Puc. 9. «3anapacdmHnBaHue» CKBaXuHbl
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1 Onpegenenve gedeRTOR AHHAMOT paMMDI

IIEI d:i [win_xp] - I

B2 Documents and Settings

1000, dat
111.dat

HeADCTATONHEIA NPHTOK $HAKOCTH B CKESMHHY
KoHEHHaA Touka neTnn 0.6 M
OBWHE NAPAMETPE CKESHHHE M YITSHOBKH!
Ba D, KonHHecTED X0A0E B MuHYTY 4.0
*04, NONHPOEAHHOrD WToKa 2.5 M
@ 5v ANKHa KonoHHE! wTadr 1500 M
Macca KonoHHE! WTaHr 3000 kr
AHMHAMHYECKHA ypoBeHE 500 M
¥eTeeBoe aasneHme 1.0 MMa
AaeneHue B zaTpyOHOMA nonoctk 1.0 MNa
KOHCTaHTa BASKOCTHOMD TpeHka 0,200 e, fo
CKOpPOCTE 3BYKa B WTaHre 4900 mic
MAOWaAE CEHEHHA WTEHMH 3tiderTHEHAA 5,00 KB, oM
Mnowaak NyH#epa Hacoca 15,55 KB, M
Moayne ¥NpyrocTH MaTepHana WTaHrk 200000 MMa
MAOTHOCTE #MAKOCTH 0,800 rfma
MNOTHOCTE MAaTEpKana WTaHrk 5,300 rivn
TpeHHE CKONBXEHHA NPH ABHXEHMH BBepx 200.0 kI
TpEHHE CKONB#EHHA NPH ABHHEHHH BHHS 200.0 kI
ToHKH AHHAMOrPaMME! (NEPEMELLEHHE, M - HArpY3Ka, kT B thafine C paciwmperken din
{nepemeweHme ea.0,,10000, - Harpyska,es.506T) B dafine c pacwmpetmen dat

zz2z.dat
333.dat

777.dat
538.dat
999.dat
ddd.dat
ggg9g.dat
.dat

[~ PazeepHyTas

IHEﬂDCTaTDHHbIﬁ NPHTOE ¥HAKOCTH

Puc. 10. HegoctaTou4HbIM NPUTOK XKUAKOCTU B CKBAXUHY

BriBOabI

[IpuBencHHBIA aXTrOPUTM BEISBICHUS NE(PEKTOB
CKB2XWHBI U TOTPYXHOTO OOOpPYIOBAHHS SBISICTCS
MPUHIUIIHATIGHO HOBBIM, OTIMYHBIM, HAmpUMep, OT
OnMCcaHHOTo B [9], rme AuHamorpamMma JI€IUTCS Ha
4eTKO (UKCUPOBAHHOE YHCIIO YYACTKOB U 3a/al0TCA
KpUTEpUU OIEHKH MapaMeTpoB Ha Ka)JIOM YydacTKe.
B cuHTE3MpOBaHHON K€ METOJUKE KOJIMYECTBO yda-
CTKOB OTPEAEISAETCS YHUCIOM TOUYEeK Meperuda, KOTo-
pBIX JaXe i1 BOJHOOOpPa3HOW IHHAMOTpPaMMBI He
ObIBaeT OoJjiee JECATH, M HAa OCHOBAHMH 3HAYEHUMH
YCHIIMHA B TOYKAaxX Meperuda U MeKAy HUMH ACTIacTCs
BEIBOZ O BHIE nedekta. [Ipr 3TOM MOKHO HCHOJIB30-
BaTh M MOJXO/, ONMIUCAHHBIN B [9], IIe BEICUMTHIBACTCS
o0mmii KpUTepuil ¢ BECOBEIMH KO3(dHIMEeHTaMHU 110
KaXXIOMY U3 TIPU3HAKOB.

CHUHTE3UpPOBAaHHBIA AJITOPUTM aHajM3a JaHHBIX
JIMHAMOTPAMMBI TIO3BOJISIET TIOJyYaTh BHIBOJBI 1O TH-
My AMHAMOTIPaMMBI, He TpeOyeT OOJBIIOr0 KOIUIeCT-
Ba MapaMeTPOB ISl CBOEH pabOTHI U JIETKO peain3y-
eTcst Ha 6a3e COBPEMEHHBIX MUKPOKOHTPOJIIEpOB. Bee
9TO TO3BOJIIET YTBEPXKAaTh, YTO 3a7ada, MOCTABJICH-
Hasl BO BBCICHUH TAHHOW CTAThU, MOXET OBITH pelie-
HA TIPY WCIOJB30BaHUH OMHCAHHOTO IMOIXOAA. DTOT
METOJ] MOKET OBITh TaK)KE MCIOJBH30BAH B CIIydYae IMo-
JMyYCeHUS BATTMETTPAMMBI WIIH TOKOTPaMMEI.
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