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¥V 1940-50-x poxax meopis HaditiHOCMI, SIK CAMOCMIUHA 2ay3b 3HAHb, OMPUMYE NOULUPEHHS 8 OCHOGHOM) 8
asiayii, gilicorositl ma A0epuii indycmpii. 3 pozeumrom erekmponiku y CIIA cmano ouesuonum, wo ciio 6yno
po3pobasmU ereMeHmu cucmemu Hacamnepeo Haoivnumu. Cucmemu Oyau HACMinbKu CKIAOHUMU, 4 eleMEeHMU ClU-
cmemu 6NIUGANU HA GeAUKY KLIbKICMb PI3HUX YHKYIU, W0 MilbKu YimKi Oii 00C1y208yI04020 IHHCEHEPHO20 NepCo-
Hany Moenu 3ab6e3nevyeamu MiHIMAIbHO HeoOXiOHutl pisens nadiunocmi. Y 1962 poyi enepuie 6ys euxopucmanuii
Mmemoo «amnanizy oepesa siomoe» (fault tree analysis, FTA) xomnanicio Bell Labs ona Biticorkoso-nosimpsnux cun
CIIIA, axuti Ha CbO2OOHIWHIL OeHb HAOYE8 WUPOKO2O NOWUPEHHSL Ol AHATIZY NPUYUN 6I0MO8 CIAMUYHUX cucmeM. B
cmammi posenanymo numanns Haoiunocmi LLICHY 3 mouku 30py it cmpyxmyprozo ananizy. Ha ocnosi oyinku de-
pesa 6i0M06 MOJICHA GUIHAYUMU NOAGY NOOJIL, AKA MOJice npusecmu 00 Hebadxcano2o nopyuwenus pobomu. Takum
YUHOM, BIOHOCHO NPOCMO [0enmugikysamu nodii, AKux mpeoda YHUKHYMU i GNAU8AmMU Ha me, wob 3MeHwumu He-
basicany noodito. Ha ocHosi oyiHKu MOdCHA 3p0OUmMuU 8UCHOBOK, WO HACOC MAE HAUBUWLY IHMEHCUBHICMb GIOMOS | Ye
o3nauae, wjo koau nacmac synunxka LLICHY, mo nepwum po3ensinemo 8UCHOBOK, AKUM MA€ Oymu 6iomMoea Hacoca i
npu pobomi wu 006C1Y208Y8AHHI HAM ROMPIOHO 3POOUMU HA2ONIOC caMe HA C8epON0BUHNHUL Hacoc. Pisui kxomnanii 6
PIBHUX pe2ioHax MOoJcymb mamu pizHy yacmomy 6iomoe nacocie wimane i HKT. Ilompiono nobyoysamu Oepeso
8I0M08 1 OYiHUMU 11020, a NOMIM mpeda 8xcumu 6i0N0GIOHI 3axX00U, WO YCYHYMU YU 3MEHWUMU NPUYUHY 6i0MO8 I,
MAKum YUHOM, YHUKHYmu 3ynunku ycmanogok. LLICHY mooice mamu pisni 0epesa 8i0mMos, moomo 0jis pisHux munise
LICHY uu ceeponosunnoeo obaaonanusn. Bnaug na wacmomy 6iomos modice 6ymu 6UKOHAHO HA OCHOBI IHXHCEHEPHUX,
HABYANHUX A AOMIHICIPAMUBHUX 3AX00AX.

Kitro4oBi crioBa: MITaHrOBa HACOCHA YCTAHOBKA, HAMIMHICTh, BiIMOBa, HIMOBIPHICTh, KOJIOHA IIITAHT

B 1940-50-x 200ax meopust nades’cHocmu, Kax CAMOCMOSIMENbHASL OMPACTb 3HAHULL, NOLYHAem pacnpocmpa-
HeHUe 8 OCHOBHOM 8 asuayuu, 60eHHol u soeprou unoycmpuu. C pazeumuem snekmponuxu ¢ CLIIA cmano ouesuo-
HbLM, YMO C1e008al0 pa3pabamvléams 1eMeHmyl cucmemsl npexcoe gcezo Hadexcnvimu. Cucmemvl ObLIU HACMO-
JIbKO CNONCHbIMU, A INEMEHMbl CUCMEMbL UL HA O0NbUIOe KOTUYECEO PA3IUYHBIX (YHKYULL, YMO MOLbKO Yem-
Kue Oellcmeust 0OCIYHCUBAIOUIe20 UHICEHEPHO20 NEPCOHANA MO2TU 0OECNeYU8ams MUHUMATLHO HEOOXOOUMbLLL YPO-
6enb HaoedicHocmu. B 1962 200y eénepsvle Obin ucnonvzosan memod ananusa depesa omkazog (fault tree analysis,
FTA) xomnanueir Bell Labs ons Boenno-eéo30ywmnvix cun CIIA, komopulil Ha ce2o0nawnull 0etb ROJYYUTL WUPOKOE
pacnpocmparenue 0iisk AHAIU3A NPUHUH OMKA308 CMAMUYEeCKUX cucmem. B cmamve paccmompensl onpocul Hade-
orcnocmu LLICHY ¢ mouxu 3penus ee cmpykmyproeo ananuza. Ha ocnoee oyenxu oepesa omrkazoe mosicno onpeoe-
UMb NOsGAEHUE COOBIMUSL, KOMOPOE MOICEN NPUBECTNU K HENCEIAMENbHOMY HapyuieHuio pabomsl. Taxum obpazom
OMHOCUMENLHO NPOCMO UOCHMUDUYUPOSAMb CODBIMUL, KOMOPbIE HYICHO U30eHcams U OKA3bIGAMb GIUSHUE, YMO-
Obl ymenvuums Hedceramenvhoe coovimue. Ha ocnose oyenku MOAHCHO CKA3aMb, YMO HACOC UMEEM BbICOKYIO UH-
MEHCUBHOCMb OMKA308 U 9MO O03Ha4aem, 4mo Koeda nacmynaem ocmanoexka LLICHY, mo nepsvim paccmompum
661600, KAKUM OO0JIJICEH OblMb OMKA3 HACOCA U NPU pabome uiu 0OCIYHCUBAHUU HAM HYICHO COeNamb YHOp UMEHHO
HA CKBANICUHHBIL Hacoc. Paznuunble KOMNAHUU 8 PA3IUYHBIX PESUOHAX MO2YM UMEMb PA3IUYHYIO YACHOMY OMKA308
nacocos wmane u HKT. Hyoicno nocmpoums 0epego 0mKazoe u oyeHums €20, a 3amem ciedyem NpuHams Mepol,
YmoObl YCMPaHums ULU YMEHbUWUMb NPUYUNY OMKA308 U, MAKUM 00pA30M, U36ercams OCMAHOBKU YCMAHOBOK.
LICHY mooicem umems pasivie 0epesbs OMKA308, m.e. 015 pasnuunvix munos LLICHY unu cxeaxcunnozo obopyoo-
6aHusL. Buusinue Ha yacmomy omKaz08 Modicem Oblmb GbINOIHEH HA OCHOBE UHIICEHEPHBIX, VUeOHbIX U A0MUHUCMPA-
MUBHBIX Mep.

KirroueBble Ci10Ba: ITAHIOBAsi HACOCHASI YCTAaHOBKA, HAJIGKHOCTb, OTKA3, BEPOSATHOCTh, KOJIOHHA IITaHT.

In 1940-50 years of reliability theory as an independent branch of knowledge is spread mainly in aviation,
military and nuclear industry. With the development of electronics in the U.S, it became apparent that it should
develop the elements of the system especially reliable. Systems are so complex, and the elements of the system affect
the large number of different functions, just clear of maintenance engineering staff can provide a minimum level of
reliability. In 1962, the first method has been used fault tree analysis (fault tree analysis, FTA) by Bell Labs for the
Air Force United States, which today is widespread for the analysis of causes of failures of static systems. The reli-
ability of pumping unit is studied in this article from the point of view of its structural analysis. Based on the evalua-
tion of fault tree can be defined appearance of an event that may cause undesired malfunction. Therefore relatively
easy to identify events that should avoid and influence to reduce adverse events. Based on the evaluation we can say
that the pump has the highest failure rate and this means that when it stop the SRPU, the first look at the conclusion
must be that the pump failure when working or do maintenance we need to do the focus on the downhole pump.
Different companies in different regions can have different failure rates rod pumps and tubing. We construct a fault
tree and evaluate it, and must take measures to eliminate or reduce the cause of failures and thus avoid stop
settings. SRPU may have different fault tree, i.e. for different types of SRPU or downhole equipment. Effect of the
frequency of failures can be made on the basis of engineering, educational, and administrative activities.
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AHaJi3 cy4acHHX 3aKOPIOHHMX i BiTUM3-
HSIHHUX I[OCJIilI)KeHL i myOaikani

JlepeBo BIIMOB JIEKUTH B OCHOBi JIOTIiKO-
I/IMOBlpHICHOI MOZeNl  TIPMYMHHO-HACIIIKOBHX
3B'3KIB BIZIMOB CHCTCMH 3 BIIMOBAMH ii CIICMEHTIB
Ta iHIMMU moxisMu. [lpum aHami3i BUHHKHEHHS
BIZIMOBH HACOCHHX IUTAHI B CTPYKTYPI LUITAHIOBOL
HACOCHOI YCTAHOBKH JICPEBO BIIMOB CKIIA/IA€THCS 3
HOCTIIOBHOCTEH 1 KOMOIHAlLii HeCcHpaBHOCTEH 1 €
OaraTopiBHEBOK  TIpad)OJIOTIYHOI  CTPYKTYpPOIO
NPUYMHHUX B3a€EMO3B'SI3KiB, OTPUMaHUX B PE3YJib-
TaTl MPOCTEXYyBaHHA HeOe3NMeuHUX CHUTyaliid. Y
3BOPOTHBOMY MOPSIKY MOKHA BiJIIYKaTH MOKIIHU-
Bl IPUYMHU BUHMKHEHHS IIOIIKOIKEHb KOJIOHH
HAaCOCHHUX INTaHT. B jiTeparypi Ha maHuii dac 3a-
CTOCOBYIOTh METOJ JIepeBa BiAMOB AJISI CTPYKTYp-
HOTO aHaji3y 00’ exriB [1-3].

BuceitiienHsi HeBHMpilIeHUX paHime wvac-
THH 3arajbHoi npodjemMu

[pakTuuno wHaziitaicte HICHY 3 TOukHM 30py
il cTpyKTypHOro aHamily Ha AJaHWU 4ac He Oyna
nociiokena. OCKIUIBKM, Ii CKJIAJOBOI0 € KOJIOHA
HACOCHUX INTAaHT, AKa € HaAWMEHII HaIiHOI0 Yac-
THHOIO YCTAaHOBKH, NMHTAHHS HATIHHOCTI KOJIOHHU
HacocHuX mmtaHr B cknaai HICHY we Oynu mocra-
THHO BHBYEHI.

IlocTanoBka 3aga4i JocTixKeHb

Oco06mBO HEOOXIMHO BHU3HAYUTH BHKOPHC-
TaHHS JIepeBa BiJIMOB JUIS aHATi3y BiJIMOB CUCTEMHU
IITAHTOBUX YCTAHOBOK, LIO MOXKE MPHU3BECTH /0
TMOMMIICHHS NIPOLECY NPUAHATTSA PIMICHb 100
ycyHeHHs HecripaBHocTeil. Ko 1ieid ananisz Oyne
3po0JIeH0, MOXHa Oyne 3'sCyBaTH, OCHOBHI TIpH-
yuHH BigMoB Juig pizaux HI'BY, tak i ans pizamx
BUPOOHUYMX MiAPO3LNiB, 1 3pOOUTH LITAHTOBI Ha-
COCHI CUCTEMH OUIBII e(EKTUBHUMHU 1 IIEBUMHU.

OcHoBHMI MaTepiaj 10CTiIzKeHHS

Awnani3z nepeBa BigMoB (aHrmidicekoro Fault
Tree Analysis - FTApnepuie 0yB po3poOieHuii B
1961-62 pokax A. VYorcomom 3 ¢ipmu Bell
Telephone Laboratorie€IIIA) 3 MeToro 3acTocy-
BaHH B moBiTpsHUX cmiax CIIIA. 3 tux mip BiH
MIMPOKO BHUKOPHCTOBYETHCS ISl MiJBUILEHHS Oe3-
MK Pi3HUX CUCTEM Y BIMCBKOBIH, a€pOKOCMIUHIH,
TipHUYIO00YBHIN Ta aTOMHI MPOMHUCIOBOCTI. BiH
4aCTO BUKOPHCTOBYETHCSA SK IHCTPYMEHT €KCIEPT-
HOTO aHANi3y BIAMOB HAJIHHOCTI PI3HOMaHITHOTO
oOmagHanHs. MeToz nmepeBa BiIMOB € YaCTHHOIO
HAIIOHAJIBHUX CTAHIAPTIB TAKWX, HAMPUKIA, 5K
craumapt CIIOA «MIL-HDBK-217 Reliability
prediction of electronic equipment®o pocitics-
KUX «MEeTOIUYeCKUX yKa3aHWH MO MpPOBEIEHHIO
aHaJii3a PUCKa OMACHBIX MPOU3BOJCTBEHHBIX 00B-
extoB NePJ] 03-418-01».

Y mpoBeneHHI aHANI3y IepeBa BiAMOB pealli-
30BaHO JCIYKTHBHUI MeTON (NMPUYMHH - HACII[-
KH), IO Ja€ HAHOUIbII CepliO3HI MOXKIIMBOCTI IIO-
JI0 TIOIIYKY KOPEHEBHX NMPUYMH MOJIiH AJs cTaThd-
HUX CUCTEM, TaK SIK J[a€ HAOUHY 1 JIOKIIa/IHY CXEMY
B33€MO3BSI3KIB €ICMCHTIB iH(PACTPYKTYpH Ta IO~
AiH, 1O BIUIMBAIOTH HA iX HAIIHHICTb.

BHKOpHCTaHHS epeBa BiIMOB € BAKIMBUM Ta
MoJIsiTa€ B HACTYMHOMY. aHaji3 OpI€HTYEThCS Ha
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3HaXO,Z[>KeHH1 BiTMOB; Jla€ 3MOTY BHSIBUTH HCHa-
JiiHI Micis; 3a6esnedyeTbes rpadikoro i € Haoy-
HUM MartepiajioM Juis Ti€el 4acTWHU 1HXKEHEPHO-
TEeXHIYHUX (haxiBIiB, SIKI OEPyTh y4acTh B 00CIY-
TOBYBaHHI CHUCTEMH; JTA€ MOXIINBICTh BUKOHYBAaTH
SIKICHHH a00 KUIBKICHUM aHal3 HaAIMHOCTI CHCTeE-
MU; Ja€ MOXKJIUBICTh (paxiBIsIM MO 4ep3i 30cepe-
JOUKYBaTUCS Ha OKPEMHUX KOHKPETHHUX BiIMOBax
CUCTEMH; 3abe3reuye TIUOOKe YSBICHHS PO II0-
BEJIIHKY CHUCTEMH 1 MPOHUKHEHHS B Iporiec ii po-
00TH; € 3ac000M CIiNKyBaHHS (axiBLiB, OCKITBKH
BOHHU TNpEJACTaBJICHI B YiTKid HaouHii ¢opmi; 1o-
rmomara€e JACTyKTHUBHO BHSBISATH BIIMOBH; Ja€
KOHCTPYKTOpaM, KOPHCTyBayaM Ta KepiBHHKaM
MOJXKIIUBICTb HAOYHOTO OOIPYHTYBAaHHS KOHCTPYK-
TUBHMX 3MiH a00 BCTaHOBJICHHS CTYICHs BIIIOBI-
JTHOCTI KOHCTPYKIIi CUCTEMH 3aJ]aHUM BUMOTaM i
aHaJli3y KOMIPOMICHUX PILICHb; MOJIETIIYE aHai3
HATIIHOCTI CKJIQHUX CHCTEM.

I'omoBHa mepeBara Jepesa BiaMoB (ITOPIBHIHO
3 IHIIMMH METOJIaMH) TIONArae B TOMY, IO aHAi3
00MEXYETHCS BUSBJIICHHSM JIMIIE THX CIICMCHTIB
CUCTEMH Ta IIOJIii, SIKi IPU3BOIATH 10 JaHOI KOHK-
peTHOi BigMOBH cuctemu abo aBapii. 11106 Bimgmry-
KaTh 1 HAOYHO TPEACTABUTH NMPUYUHHUN B3a€EMO-
3B'I30K 3a JONOMOTOIO JepeBa BiIMOB, HEOOXigHi
eJIeMCHTapHI OJIOKH, SKi MiIPO3IUISIOThCS 1 3B's-
3YIOTb BEJIHMKY KiIbKICTh MOIH.

€ 1Ba THNM GIIOKIB: JOTiYHI CHUMBOJIH (3HAKH)
1 CHMBOJIH TIOMIH.

Joziuni cumeonu. Jloriuni cumBoiu (3HAKN)
MOB'SI3YIOTh MOJIIi BIiJTIOBITHO O TMPEICTABICHHS
iX MpUYMHHUX B3a€MO3B's13KiB. [lo3HaueHHA JIOTi4-
HUX 3HaKiB HaBe/leHO B Tabmumi 1.

3HaYCHHS JIOTIYHUX CUMBOJIIB JIEPEBa BiJMOB.
Jloriuamii cumBoN (3HaK) MOKE Marn OfuH abo
KiJIbKa BXOJIIB, ajie TlJ'H:KI/I OJIVH BUIXiJ UM BUXIJIHY
noxiro. Jloriunmii 3Hak "I" (cxema 30iry). Buxinna
MOJTisl JIOTIYHOTO 3Haka | HacTae B TOMy BHIAIKY,
AKIIIO BC1 BX1JHI MOAIT 3'SIBIAIOTHCS OJTHOYACHO.

IIpasuno popmynrosanns nooii. Ionii, Bxi-
JIHI y BiJIHONICHHI 0 omneparttii I, moBuHHI popmy-
JIOBAaTHCA Tak, mI00 Apyre Oyll0o yMOBHHUM Yy Bil-
HOILICHHI 10 MEpIIOro, TPeTe YMOBHUM Y BIJHO-
LICHH] J0 MEPIIOro i APYroro, a OCTaHHE — yMOB-
HUM JI0 BCIX nonepez[mx Kpim Toro, 3Ha4HOMO
MIpOO, OJHa 3 MOJIi MOBUHHA OyTH MOB's3aHa 3
NOABOK0 BHXiAHOI moxii. [oBHa XapakTepucTHKa
nonii He moTpiOHa. [HOAI BOHa HAaBITH 3aBaXkae
rpadiuniii scHocti  miarpamu. IlorpibHo smiue
BIIOPAZIKYBATH MO/ TaK, 00 Ta MOAIS, W10 CTOITh
paBopyd, 3ajexala BiA MOSBU MOAIi, WO CTOITh
niBopyd. TakuM 4MHOM, 10siBa BUXIAHOI mozii Oy-
Jie BU3HAYATHCS TIOABOIO OCTaHHBOI moAii B psaxy N
nomii. [IpaBuio 3acTocyBaHHS JIOT1YHOTO 3HaKa I.
Skmio € KijdbKa TMPUYHH, SKi MOBWHHI 3'SBHTUCS
OJTHOYACHO, TO 3a3BUYaii BUKOPUCTOBYIOTh OIepa-
niro . Bxomu omepanii moBHHHI BiIMOBigaTH Ha
sanuTadds. "1llo HeOOXigHO MUIS MOSBA BHMXIiTHOT
omii?".

Joziunuii 3nax " ABO" (cxema 06' eonanns).
Buxigna momis jgoriyHoro 3Haka ABO Hacrae B
TOMy BHIIAJKY, SIKIIO Ma€ Micle Oyjb-siKa 3 BXi-
HUX TOJIIH.

Ipasuno ¢opmyniosanns nodii. Iloxii, Bxi-
nHi BimHOCHO omepalii ABO, moBuHHI (opMyiTto-
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Taoauus 1— 3HavyeHHs JIOTIYHUX CHUMBOJIIB epeBa BiAMOB

HasBa

No CuMBoI
- JIOTTYHOI'O 3HaKa

JIOTTYHOIO 3HaKa

IIpuurHHUI B3a€EMO3BSI30K

Buxinna monist BinOyBaeThCs,

1 I R
SIKIIO YCI BX1JTHI TIOJIiT TPAIUIAIOTHCS OJTHOYACHO
2 ABO Buxinna momist BinOyBaeThCs,
SIKIIIO TPAIUIIETHCS Oy Ib-5IKa 3 BXIAHUX MMOIiH
HasBHICTE BXO1Yy BUKIHNKAE HASIBHICTE BUXOIY TOI,
3abopoHna Ay Ay TOR

KOJIn BIZ[6YBEI€TI>C$I YMOBHa HOI[ISI

IIpuopuretne 1

Buxinna momis TparsIsSeThCs, SIKIO BCi BXiIHI MOMIT Bi-
OyBalOThCs B IOTPIOHOMY TOPSIIKY 371iBa HAMIPABO

BI/IXII[Ha HOI[ISI TPAILUIAETHCA, HKH.[O TpaHJ'I}IGTBCH

DD plO DD

5 Buximroune ABO
onHa (i TITBKH OJIHA) 3 BUXITHUX MO
llm 3 nll . .
BuxingHa momist TpamseTbes,
6 (roocysattns SIKIIIO TPAIUIAETHCS M 3 N BXITHUX HOIIH
a6o BuOip) R

BaTHCA TaK, MO0 BOHU pPa3oM BHUYEPITYBaH BCi
MO>KJIMBI IIJISTXH TIOSIBH BUX1AHOI moAii. Kpim Toro,
Oymb-sfKka 3 BXIIHHUX IOMI MOBHHHA IPH3BOAUTH
IO MOSBY BUX1IHOI HOIl.

[IpaBuno HEe mae crmocoOy omwcy MOMiH, ane
BOHO ITOBUHHO BHKOHYBATHCS TIPH MTOOYIOBI mepe-
Ba BIIMOBH.

[IpaBumo 3acTocyBaHHS JIOTIYHOTO 3HAKa
ABO. Skmo 6y;u>-;11<a 3 NPUYUH HPU3BOAUTEH IO
NOSBM BHXIJHOI MOAI, CIIJ BHKOPHCTOBYBATH
onepauito ABO. Bxoau onepauii BiaNoBigaoTs Ha
3armTaHHs. "SKi moxii JOCTaTHI AJS MOSBU BHUXIif-
HOT oii?".

Ilopsaook 3acmocyeanna noziunux 3naxie 1
ma ABO. [ns Oyap-sKOi MOil, MO MiUIsIrae mo-
JAJBIIOMY aHalli3y, CIOYaTKy pO3TISIIA0ThCS BCi
MO>KJIUB1 TIofTii, € BXomamu orepartii AbBO, motim
Bxoam orepartiit 1. [le crpaBeanmnBo K A T0JIO-
BHOI MMOJi1, Tak i A OyAb-SKOi MOIi1, aHAJI3 TKOTO
JOLITBHO MPOAOBXKUTH. [IpMuuHHI 3B'A3KH, BUpa-
JKeHi yoriyanmu 3Hakamu | i ABO, € getepmiHo-
BaHVMMH, TaK AK HOABA BUXITHOI mOXii ITOBHICTIO
BU3HAYAETHCS BXIITHUMHU ITOIISIMH.
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Jloziunuit 3nak 3a60oponu. lllecTUKYTHHK, 11O
€ JIOTIYHUM 3HAKOM 3a00pOHH, PO3TAIIOBAHUN B
paaky 3, Ta0muis 1. 3HaYCHHS JIOTIYHUX CUMBOJIIB
JIepeBa BiIMOB BHUKOPUCTOBYETHCS IJIs MPEICTAB-
JIeHHS WMOBIPHUX NPUYMHHMX 3B'3KiB. [lomis,
poO3MillieHa I JOTiYHAM 3HAKOM 3a00pPOHHU Ha3H-
Ba€THCS BXIJHOIO TOJIEI0, B TOW dYac, SIK TOMif,
po3TaroBaHa 300Ky BiJl JIOTIYHOTO 3HaKa, Ha3UBa-
€ThCSI YMOBHOIO TO/i€I0. YMOBHA OIS MpHUiiMae
(opmy nopii 32 ymoBu mosiBu BXiqHOT moxii. Buxi-
JIHa [OJist BIAOYBA€ETHCSL, SKIIO 1 BXIZHA Ta yMOBHA
oAl MaroTh Micue. [HIIMME ClIOBamMH, BXIiJHA 110~
Jlisl BUKJIMKAE BHUXITHY TIOMII0 3 BIipOTiAHICTIO (3a-
3BHUYall MOCTIHOI) MOsSBU YMOBHOI monii. Jloriu-
HUH 3HaK 3a00pOHM YacTO 3'ABISETHCS B THX BHUIIA-
JIKaX, KOJH TIOJisSI BUKJIUKAETHCSA HAa BHUMOTY. BiH
BUKOPHCTOBYETHCS, TOJIOBHUM YWHOM, IS 3pyd-
HOCTEH Ta MOXe OyTH 3aMiHEHHW JIOTIYHMM 3Ha-
koM L.

ITonis HA BUXOM1 3'IBIIETHCS, SIKIIO MOl Ha
BXOJIi BiZi0yBalOTHCS B MEBHIi mocimoBHOCTI (311i-
Ba Harmpaso). ITosBa moiii Ha BXOJi B iHIIOMY IIO-
PAIKY HE BHKJIMKAE MO HAa BUXOi. Po3risaemo,
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Hemae ¥HBAESHHA
CHCTEMHA

iAMOBa pESEPBHOTD,

LOMOBE DCHOBHOM pwepena

Axepena

Bigmosa B i

A — LAMOEBE DCHOBEHDR
py MMEpena

NepeMUEaYem

Pucynok 1 —Ilpukaaa BUKOPUCTAHHS JIOTIYHOTO 3HaKa «mpioputerHe »

Hemae MHBAEHHA

CHUCTEMA

BinmoBa B HEpyBaHHI
NEPEMHUKAYEM NpKM BiaMoBi
DCHOBHOMND gsepena :

iiMoBa pesEpBHOTD

BiaMmoBa DCHOBHOMD
Asiepena

aAsepena

Biamosa B i

. EigmoBa DCHOBHOMG
HEpYBaHHI muepena
nepemMuKayem

Pucynok 2 —ExBiBaJjieHTHe NpeAcTaBJIeHHsI JOTiYHOr0 3HaKa «BUKJII0YHe ABO»

HANpPHUKIIAJ, CUCTEMY, IO MAa€ OCHOBHE JDKEPEIIO
JKUBIICHHS 1 pe3epBHe. PesepBHE JKepeno KWB-
JICHHS BKJIIOYA€ETHCS B poOOTYy aBTOMAaTU4HO Tepe-
MHUKa4eM, KOIM BiAMOBJSIE OCHOBHE KEpPEIo.
JKuBneHHS B CUCTEMI BiJICYyTHE, SKIIIO:

* BIJIMOBIISIIOTH K OCHOBHE, TaK 1 pe3epBHE
JoKepena;

* CIIOYATKy BUXOIWUTH 3 JIaJdy MEepEeMHUKad, a
MOTIM BiJIMOBIISIE OCHOBHE JDKEPEIIO Xap4uyBaHHS.

[lepenbauaerbes, 110, AKIIO 32 BIIMOBOIO Iie-
peMuKaJa CIliIye BiIMOBa OCHOBHOTO JDKepena, I1e
HE TIPU3BEJIe JI0 BTPATH XapuyBaHHS 32 YMOBH HO-
pManibHOI poOoTH pe3epBHOrO Jxepena. Jloriyauit
cuMBon "mpiopuretHe [" mMoxke OyTu mpexacrasie-
HO MO€AHAHHAM "noriuHoro [" 1 3Haky "3a0opoHn”,
a OTXKe, Il JIOTIYHI 3HAaKW € €KBIBAJIEHTOM 'JIOTid-
Horo I". YMoOBHOIO moiero A "JIoridHoi 3ab0po-
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HU' € Te, 10 BXIAHI MoAii JoriyHoro 3Haka I Bix-
OyBaroThCs B IMEBHIHM mociimoBHOCTI. [Ipukian 30-
OpaxxeHO Ha puUCyHKY 1.

Joziunuii cumeon " euxmoune ABO" (psmok 5
B Tabnuii 1.) 3HaueHHs JOT1YHUX CUMBOJIB Jepe-
Ba BIJMOB OIMCYE CHUTYAIlll0, B SKill TIOMisS HA BU-
X0 3'IBIIAETHCSA, AKIIO OfHA 3 ABOX (ajne He oOmI-
Bi) mojii BinOyBalOThcs Ha BXomi. SIk mpukiam,
PO3TIITHEMO CHUCTEMY, SIKa KHUBHUTHCS BiJI IBOX Te-
HeparopiB. YacTkoBa BTpaTa MOTYKHOCTI MOXKE
OyTH TIPEICTaBIICHO €IIEMEHTOM ' BHKJIIOYHE
ABO". "lllo Buxmoyae ABO" moxe OyTH 3amiHe-
HO KoMOiHariero jJoriuaux eixeMenTis [ 1 ABO, mo
HPOLUTIOCTPOBAHO HAa PUCYHKY 2.

Ekeieanenmne npeocmaenenus Jo2iuHo20
3Haka «eukxaoune ABO». 3a3Bu4aii B nepesi Bill-
MOB YHHKAIOTh BUKOPUCTAHHS TIparie3laTHUX CTa-

—
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Hemae #us-
_NEHHA CHCTEMH
I
Bigmoea aeieped B eomer e pe- Bigmosa greepe
13 #WBNEHHA 1 na mAEnEREn 2 113 BMBABHHA 3

AEapia Ha T-
nogiGHomy

Pucynok 3 —IIpukiaja 3acTocyBaHHsI JOTiYHOT0 3HAKA «IBa 3 TPbOX»

MEPEXPECTRY

&

P=0.01 P=0.131
MawmHa pyxacTeca Mausrsz 1= gananin-
ocnosnon aoporod ol 2 g

Y
abo
P=0.011 T P=0.12

Bogid He cTae
IYNHHATHCA

Pucynox 4 —IIpukiaa cxeMu mo0yJ10BH JAepeBa BiIMOB i3 3a3HaYeHHAM iiMOBipHOCTI moaii

HIB, TAKWX K "TEHEpaTOp MpaIftoe”, Tak SK BOHU B
3HAYHIM Mipl YCKJIATHIOIOTh KUTBKICHUHN aHami3.
Po3yMHMM migxomoM € 3amiHa JIOTIYHOTO 3HaKa
"pukimoune ABO" komOinamiero 3uakiB I Ta ABO.
Joziunuii 3nak 2onocysannsa M 3 N (pagok 6
B Tabnui 1.) 3HaueHHs JOTiYHMX CHMBOJIB JIepe-
Ba BIZIMOB Ma€ N TOJiil Ha BXOZI, a OIS HA BUXO-
Il 3'ABIISIETHCS, SKIINO BiMOYBAIOTHCS IIOHAWMEHIIIE
M 3 N noxaiii Ha BXoal. PO3rITHEMO BiZIMOBH CHUC-
TeMH, sika 30epirae mpane3’aTHICTh A0 BiAKIIO-
YeHHs JIBOX 3 TPhOX JKepel KuBieHHs. [Ipumyc-
THMO, 1110 BUMHKAHHS CHCTEMH BiIOYBA€ETHCS TOI1
1 TUTBKY TOIi, KOJIH JIBA 3 TPHOX JKEPET YKUBJICHHS

66 )

BHUIILTH 3 JIaxy. TakuM 9uHOM, HEMOTPiOHE BUMH-
KaHHSI CHUCTEMHU BiIOYBA€ThCS, SKIIO 1aBa abo Oi-
JbIIIe KOHTPOJIBHUX TPUIIAIIB TOAAyTh MOMHUIIKO-
BUI CUTHAJ Ha BUKIIOYCHHS, B TOW Yac K CHCTEMa
nepe0yBae B HOPMAIILHOMY CTaHi.

[ro cutyaiiro MOXXHa MPEICTaBUTH 32 JOIO-
MOTOIO JIOTIYHOTO €JIEMEHTa "NBa 3 TPHOX", SIK 30-
OpaxxeHo Ha puc. 3, a. EnemeHT ronocyBaHHs (BH-
00py) eKBiBaJCHTHHI KOMOIHAIIIT 3 JIOTIYHUX eJie-
meHTiB [ i ABO.

Tak camM0 3pyYHO BHKOPHCTOBYBATH JIEPEBO
BIIMOB y TO€THAHHI 3 HIMOBIPHOCTSIMHA BHHHKHECH-
HS THX 9M iHMUX moxid. [Ipukinax Takoro gepeBa
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Bigmoea cucTemm

-- BigpmoBM cKNanoBMxY YacTMH
-- Bigmoew enemeHTiE

Mogii, Akl BMKAKMKaKOTE BigMoBY

Bugm ennumey

Pncynox 5 —¥YmoBHa cxema no0y10BH 1epeBa BiTMOB

Biamoea CIIHY

!

Y

Biamosa o0JIagHAHHEA

Bianmoea
CEepANOBMHMH

©

=

1 1

y .

1Biamoea
KOMOHW WTAHT

Binamoea
HKT

Biamoea
BepcTarTa-
Kauanku

Biamoea Biamoea BiamoBa
ninzemHoro ofcanHo¥ ofnaaHaHHA
oGnaaHaHHA KOMOHHW rupna

Pucynoxk 6 —Jlepeso Binmor CIIIHY

HaBENICHO I aHalli3y NIPHYAH aBTOMOOILTEHUX
aBapiii Ha T-momiOHOMY TIepexpecTi, AKuit 300pa-
JKCHO Ha PUCYHKY 4.

Merton anamizy aepesa CrpHsi€ peTeIbHOMY
aHaizy NpUYMH BIIMOB TEXHIYHHMX CHCTEM I BIKH-
BaHHS 3aX0JliB, HAWOUIBIIT e(heKTUBHHX JIJIS 1X yCy-
HeHHs. Takuil aHaiiz MpoBOIATE IS KOKHOTO Tie-
pioxy QyHKITIOHYBaHHS, KOKHOI 9acTUHU ab0 CHC-
TEMH B LJIOMY.

IItanroBi HAcOCHI YCTaHOBKH € HaiOinbII
IITUPOKO BUKOPHUCTOBYBAHMUMH B CBITI JIJIsI MEXaHi-
30BaHOr0 BHI00YTKY Ha(TH. BiIMOBH MITAHTOBUX
KOJIOH TATHYTH 3a COOOI0 3HAYHI BTPATH.

JonuHChKU Ha(TONMPOMHCIOBUI paloH €
OIHUM 3 HaWHOUBIIMX 0a3 BUAOOYTKY HadTu B
Ykpaini. BaxnuBo rapanTyBaTH HamiiHYy poOOTY
IITAHMOBHX CHUCTEM IIpH BUA0OyBaHHI HadTH. Ha-
(hToBI KOMIIaHIl B JaHUM Yac MParHyTh pO3POOHUTH
3aXO0JIM IOJI0 3HIKEHHS BiIMOB IITAHTOBHX HACO-
CHUX CHUCTeM. € 0arato METOJiB, SIKi BUKOPUCTO-
BYIOTBCS JUII BU3HAYCHHS HECIIPABHOCTEH B IITAaH-
TOBHX HACOCHMX CHCTEMax, aje OLIBIIICTh 3 HHUX
MPALOOTh TUTBKH B JESKMX BUMaIKax. Bukopwuc-
tanHs FTA ans aHanmizy BiJIMOB CHCTEMH IITaHTO-
BUX YCTaHOBOK MPHU3BEJIC IO MOJINIIEHHS MPOIECY
OpUUHATTA pimeHsb. Komu et Metoxn Oyae peaini-
30BaHO, SIK OYIKYEThCs, TO MOXHa Oyxe 3'iCyBaTH
OCHOBHI NPUYUHHU BiMOB Juist pisHnx HI'BY, Tax 1
JUTSL Pi3HUX BUPOOHMYUX MiAPO3ALUIIB, 1 3poduTH
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MITAHTOBI HACOCHI CHCTEMH OLTBIT €(hEeKTHBHUMH 1
IIEBAMU.

BinMoBHM MITaHTOBUX HACOCHUX CBEPIJIOBUH €
HeOaxxaHnMH noAisaMu. Taxi moil 3a3BU4aii BUHU-
KalTh y IITAaHTOBUX HACOCHUX CHCTEMaX, B SKHX
HEOJTHOPA30BO MPOBOIMBCSA PEMOHT.

[IpoananizyBaBImm MMONEpeHI BIIMOBH HACO-
CHUX INTaHT B MHHYJIOMY, 3allCH BIMOB CBif-
4aTh, 0 CUCTEMH Ta MOJIl MOXYTh MPETCHIyBaTH
Ha 3aCTOCYBaHHs MeTOAy (aHami3 JaepeBa BigMOB) -
FTA. Ilpu Bu3HaueHHI HeOakaHOI TOIii, B TIEPIIy
yepry, HeoOXiTHO BU3HAYUTH BCi HeOaKaHi MOIil B
onepaniiniii cucremi. [pyHTOBHUI aHali3 BiIMOB
CUCTEMH TIPEJICTABIICHO HA pUC. 5-6.

[Ticns Bu3HAYEeHHs HeOaKaHOI MO, HACTYII-
HUM 3aBJaHHSIM € OTPHMAaHHS YSBJIEHHS PO CHC-
TeMy oOpany mus FTA. BakiuBow YacTHHOIO
[BOTO €Tally € OTPHUMAaHHS 3HaHb TPO CUCTEMY
omepauii i B3aemoniid. Besa moctynHa indopmanis
PO CHCTEMY Ta II HABKOJIMILIHE CEPENOBULIE I10-
BUHHa OyTH BHBUYeHA. Taka iHpopmariisi TOBHHHA
BKJTFOYATH KPECIECHHS, MaKETH, CXeMH, cremnudi-
kamii, ¢ororpadii, IHCTPYKIII 3 eKcIulyatamii 1
iHpopMaLilo, OTPUMaHy BiJl TOCBIJUYEHUX MpaLliB-
HUKiB. Bynp-AKi 1aHi cucteMu MOXKyTh OyTH KOpU-
CHI.

[ToOymoBa nepeBa BiIMOB € JIOTTYHUM IPOILIE-
COM, KW BKa3y€e Ha BCi MOXKJIUBI NMIPUYMHH HeOa-
xaHux nofii. [Iponec mounHaeTbes 3 HeOaxaHOI

—
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noxii, Tyt BiamoBu LICHY, y BepxHiii yactuni
JiepeBa. MlpKyIO‘lI/I B_3BOPOTHOMY HAIPSMKY BiJ
BEPLIMHY MOALH, MOALY, SIKi MOXYTb IpPSIMO IpPH-
3BECTH JI0 BEPXHBHOI HeOakaHOI MOl 300paxeHi
OesrocepenHbo mia HUM. BoHU € BBiIZHUMH MOJIi-
SIMH JIO BEPXHBOT MOIii.

[Iporiec NPOAOBKYETHCS Ul KOXKHOI MO,
BU3HAYAETHCA 1 3aKIHUYETHCS 3 HE3AIEKHOI abo
HEpO3BHHEHOIO moAie0. [IpoTsarom yceoro mpore-
Cy JIOTIYHO BHSIBUTH, SIK BBIAHI IMOJIi B3a€MOIisITH
JUTsL. OTpUMAaHHs KOXHOI BuximHoi momii. JlepeBo
BIIMOB JUIsl ITAHTOBHX HACOCHHUX CHCTEM 300pa-
KEHO Ha puc. 5-6.

Ouinka oOepeea 6iomoe. lIlicis 1OOYIOBU
JlepeBa BiIMOB HACTYITHUM KPOKOM € HOTO OITiHKA.

[ling wac oIiHKHM JIepeBa BiJIMOB BHU3HAYAIOTh
o0cTaBWHH, 32 SKUX MOXE CTaTHCh KOXXHA 3 Ha-
cTynHux nofii. Ha ocHOBI po3poGiieHHs UMX BH-
3HAaY€Hb TAKOXX OIIHIOETHCS BITHOCHA MOXIIUBICTh
YU IMOBIPHICTE MOSBU LUX HE3AICKHHUX UM MOXK-
TUBHX NOAiH. IMOBIpHICTh 3HAXOIATh 3 pe3ysbTa-
TiB BUIPOOYBaHb, TOCBiAY, OMyOJiKOBAHUX JaHUX,
3aMKCiB BiIMOB, TIOJIOMOK YM E€KCIIEPTHOIO OIliH-
Ko10. Lls1 MOXIHMBICTS BUXITHHUX ITOAIN Oe3mocepe-
IHBO HaJ HACTYIHONIO (HIKHBOIO) ITOMIEI0 TOTIM
BU3HAYAEThCA 3 WMOBIpHOCTI BiamoBu. [Iporec
(orriHKa) MPOOBKYETHCSA BBEPX MO JEPEBY A0 THX
mip, MOKU He OyZe BHU3HAYEHO MOKIMBICTH HeOa-
’KaHOT MO/Iii, KA IMoKa3aHa Ha BEPIINHI AepeBa.

Ilprn 1mo0OynoBi i crpoiueHHi HMOBipHOCTEH
JiepeBa BIAMOB MOXYTh OyTH BMKOPHMCTaHI Mate-
MaTU4HI METOIH, SKI JIaK0Th 3MOTY BHKOHATH iX
KUIbKICHY OLIHKY. HeoOxinHo Bu3HauuTH Oarato
YMHHAKIB. 3araibHy HMOBIPHICTh HeOaxaHOi To-
nii; KOMOIHAIliI0 TOAiH, SKI HAHOUTBIT WMOBIPHO
MPHU3BEAYTH 0 HeOakaHOI MOJIil; momii, mo Hakobi-
JBIIC CIPUSIOTH Iid KOMOiHAmii, a TakoX Haii-
OLIBII MMOBIPHI HACTIAKY MOMAIl YW NUISXH JIO BE-
PILIMHM JepeBa BiIMOB.

HMoBipHICTh BiIMOBH Ha OyIb-IKOMY piBHI
P(t) Moxxe OyTH pO3paxoBaHO 3a JOMOMOIOI Ha-
CTYIHUX PiBHSHB:

st Bxonie ABO nepeBa BigMoB

PO=YRO=Y1-RO. )
Ut BXomiB 1 ﬂéi)eBa Bi,Z[M(l);B
P(t)= ” R(t)= Ul- Rt, @

R(M)=e™,
ne P(t) - iimMoBipHicTs BiIMOBH i-r0 KOMIOHEH-
Ta Ha HACTYITHOMY HIDKHBOMY DiBHI,
R (t) - iimoBipuicTs Ge3BiaqMoBHOI poboTH i-
r'O KOMITOHEHTA,
t - yac poOOTH KOMIIOHCHTA,;

A, - IHTEHCHBHICTb BIZMOB i-TO KOMIIOHEHTa

(koHCTaHTa OI[IHKH, OTPUMaHa Ha OCHOBI TOCBITY
eKCILTyarallii 00’ exTa);

N- KUTBKICTh KOMIIOHEHTIB Ha HACTYITHOMY
HIDKHBOMY PiBHI.
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HmoBipHicTh 6€3BiAMOBHOI BiZIMOBU CHCTEMU
R(t) Bu3HA4YaeTbCs BUKOPHUCTAHHSIM WMOBIPHOCTI
BiziMoBHU cuctemu P(t):

Re(t) = 1 —Pc(t). 3

BHKOpHCTOBYIOUN ~ BHINECKA3aHY ~METOIMKY
OLLHKH, Ha,[[lI/IHICTI: Oyap-s1K01 cucteMu Moxe OyTH
OLiHEHA Y HMOBIPHICHOMY acIeKTi, i 1e MoKe 0y-
TH BHUKOPHCTAHO JJISi KEPyBaHHS OMeEpaIisiMu 1
MPUHHATTAM pimeHHs. JleTalbHi aHi 1o BiAMOBaM
IpecTaBIeHl HaQTOBUAOOYBHUMH OpraHi3aliisaMu
1 TOMy HaMH BHKOPHCTAHO HAsSBHI CTaTUCTHYHI
JlaHl I BUKOHAHHS aHaji3y nepesa BiaMoB. J[ms
KpaIioro aHami3y X [JaHUX MH CKOPHUCTAIINCh
HOBUM TIIXOIOM I OIIHKKA JepeBa BiIMOB
(puc. 7-8).

Hani no sinmosax HICHY, 3i0pani 8 HI'BY
JHT" ta BHI" micTaTh yacToTy BiIMOB pi3HHX Yac-
TUH B PI3HI Yach 1 € OCHOBOIO ISl PI3HUX THIIB
BIIMOB. 3arajbHOIO JJISi BCiX THIIB BIAMOB, IIO
MOXE CIy)KHTH CEPE/IHBOIO0 BETHYNHOIO UL PO3-
paxyHKy WMoBipHOCTI BizMOB Beix Tumis [IICHY B
Pi3HI POKH, MOXHA CKOPHCTATHCh i MOOY/I0BH
fiepeBa BiIMOB. BiAmOBIZHO LI JaHi € OCHOBOKO
JUISL pO3paxyHKy HMOBIpHOCTI BiaMoBH. [lepeBo
BIZAMOB OyJI0 1MOOYZI0BaHO Ha OCHOBI BHILEBKa3a-
HUX JJaHWX 1 PEICTaBICHO Ha puUC. 7-8.

Kepyeannsa siomosamu

Ha ocHoBi ommiHKHM AepeBa BiIMOB MOXXHA BU-
3HAYUTH MOABY MOMi{, sIKa MOXKE TPU3BECTH 0 He-
OaxxaHOTO TIOpPYIICHHS POOOTH. TakuM YMHOM BijI-
HOCHO MPOCTO ineHTU(iKyBaTH MoAii, sKi Tpeba
YHUKHYTH 1 POOHTH BIUIMB, W00 3MEHIINTH Heba-
)KaHy nofiro. Ha OCHOBI OLIHKM MOXHA 3pOOHTH
BHCHOBOK, III0 HACOC Ma€ HAaWBHWIIY IHTEHCHUBHICTh
BIIMOB 1 IIe O3Ha4ae, MO KOJIM HACTA€ 3YyNHHKa
IICHY, TO mepmiuM po3riIIHEMO BUCHOBOK, SIKUM
Mae OyTH BiIMOBa Hacoca i mpu poOOTi YK mpoca-
MMyBaHHI HaM MOTPiOHO 3pOOWTH HATOJIOC caMe Ha
CBEpUIOBHHHAN Hacoc. Pi3HI kommaHii B pi3HUX
perioHax MOXYTh MATH pi3HY 4acTOTY BiAMOB Ha-
cociB mwradr i HKT. IToTpibHo moOymyBatu nepeBo
BiJIMOB 1 OIIIHWTH HWOTO, a MOTIM Tpeba BXXHUTH 3a-
X0, MO0 YCYHYTH YHM 3MEHIINTH NPUYUHY Bif-
MOB 1, TAKUM YWHOM, YHUKHYTH 3YIHHKH YCTaHO-
Bok. HICHY wmoxe matu pi3Hi JepeBa BiMOB,
10070 st pisHux TuniB IICHY un cBepaiosun-
HOro OOnajHaHHs. BIUMB Ha 4acTOTy BiIMOB MO-
ke OyTH BUKOHAHO Ha OCHOBI IH)XKEHEpHHUX, HaBYa-
JTEHUAX Ta aaMiHICTpaTUBHUX 3axXOxdiB. ImkeHepHi
3aX0Jid, SIK MPaBUJIO, CIPSIMOBAHI HA ONTUMI3aIlit0
cHCTeM Ta pobouMx cepenoBuil. HaBuanbHi 3axo-
I 9aCTO KEPYIOTh BiJIMOBaMH, 3aJTy9arOqd BiTHO-
IICHHS J0 poOOTH 1 MalCTEpPHICTH OMEpaTopiB Ha
mpoMHucii. BinnmoBigHe HaB4YaHHS 1 TPEHYBaHHS
MOKYTh 3MIHUTH TOBEIIHKY OolepaTopa Ta MiIBuU-
IUTH eQEeKTHBHICTh cucTeMu. I[loTpiOHO MaTh
BIJIITOBITHY MPOTpaMy-TPEHIHT, KOJH BIIPOBAKY-
IOTh HOBY CHCTEMY HACOCHOTO oGnagHanHs. Axmi-
HICTPAaTHBHI 3aXOIH 9YacTO 3aCTOCOBYIOTH 3MiHY
MeToAiB i pouenyp npu podoti IICHY. B Toit ke
4yac CTalOThCS BiMOBH, Ha SIKi HE MO’KHA BIUTHBATH
BHIIIEHABEICHUMH 3axofamMu. ToMy TIEBHI 3aXHCHI
3aco0M TMOBHUHHI OYyTH BMOHTOBAaHUMH B HAaCOCHY
YCTaHOBKY.

ISSN 1993—9973. Po3Bigka Ta po3pobka HadToBuMX i rasoBux pogosuwy. 2013. Ne 2(47)



HocnigxeHHs ta merogu aHanizy

[}

NepeTEopeHHA pyxy

AMOBE By3na

sigmosa
LICHY
abo
1 [1 1
BigmoBa getani OBHUIYH He BioMoBa BY3N1a Bi,
npoTuBearu npauoe nepepnayi
A6 abo

HENpasMbHO
nigibpani
npoTuMsaru

—

i t

Hemae BigMoBa BigMOBa pe,g,;rﬁroopﬁjoro nowkoa- Ev:}:':'“’"_lgﬂiuﬂ BigMoBa
enektpoeHeprii| | mauryHa || Gnoky wisis Gnony HEHHA R SOTRE BanaHcupa
BigmMoBa
MHEBMO3pie- 260 b
HOBaMEHHA

BWTIK rasy
3 EMHOCTI

Bigmoea
KoMApecopa

ISSN 1993—9973. Po3gigka Ta po3pobka HadpToBMX i rasoBux pogoBuwl. 2013. Ne 2(47)

3HOC
unniHoposoi
napw

Bigmoea
ENEKTPHUUHOI
mMepei

NoWKog-
#EHHA

kafbena

ABHIYHA

Bigmoea
poTopa

Bigmoea
cTaTopa

nepesaH-
TaHEHHA

BIOMOBa

Gnory
LiKiBiB

Bigmoea
ay6ie

NigWwKnHKWEE

HU3bHKa

BTOMHA
OOBroBeiuy-
HiCTB

HECNpaBHicTL
CTIAKM
Kamepw

-

5 BigmoBa
BlOMOBE nigwMn-
nepenfaq HUKE

. Bigmoea
eigmoea CTibiRM
CQCHOBM

NOWKOLKEH-
HA 3yBuacTol
nepeaadi
ROpO3icn

ARICTD
Mactuna

HHH

HENPEEHAL

HENPAMOK
ofepTasHa

2abpynHeHe

MacTuao

33HagTo
HHIBKHA
piBeHb

OAHBH

EigMOES
Aopiskl
nigwunHues

BigmoBa BiomoBa

NiGWHNHHKS NigWHNHKAKS
; nanbuA TpaeepH
BounmE: KPHBOWWAE

BigmMoBa
AOopiskd
niguwmn-

H

Pucynox 7 —/lepeBo BiTMOB BepcTaTa-roiiiajiku
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Pucynok 8 —lepeBo BiTMOB KOJIOHM HACOCHHMX IITAHT
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Heooniku oepesa 6iomoe nonszaiomev y Ha-
CIYRHOMY.

* peaizallist METO/ly BUMArae 3HaYHUX BUTPAT
KOIIITIB 1 yacy.

* IEPEBO Bi,I[MOB SIBJISIE CO00I0 cXeMy OyJIeBOi
JIOTIKM, Ha SIKI BiZOOPaXEHO TUIBKM [Ba CTaHH!
poOouuii Ta cTaH BiJIMOBH;

* BaXXKO BPaxyBaTH CTaH YaCTKOBOI BiJIMOBH
€JIEMEHTIB, OCKUIBKH TPH BHKOPHUCTAaHHI METOIY,
SK TIPAaBWJIO, BBAXKAIOTH, 0 CUCTEMa 3HAXOMTHCS
a0o B CipaBHOMY CTaHi, a00 B CTaHi BiJIMOBH,

* TPYAHOIIIl B 3arajJbHOMY BUMNAJKy aHATITHY-
HOTO pIIICHHS Ui JepeB, L0 MICTATh PE3EpBHI
BY3JIM T4 BiJHOBIIIOBAHI BY3JIH 3 MPIOPUTETAMH, HE
KOKy9H BXKE PO Ti 3HAYHI 3yCHIUI, SIKI MOTPiOHI
IS OXOIUIEHHS BCIX BUAIB MHOXXHHHUX B1IMOB;

* BUMarae Bij (axiBI[iB 3 HaAIMHOCTI TIUOO-
KOTO PO3YMIHHSI CUCTEMH i KOHKPETHOTO PO3TIISAY
KOXKHOTO pa3y TiJIbKH OJHI€] TIEBHOI BiIMOBH;

* JIepeBO BIIMOB OIHCY€E CHCTEMY B IEBHUI
MOMEHT 4acy (3a3BHuail B cTalioMy pekuMi), i mo-
CIIIJOBHOCTI MOJii MOXYTh OyTH HOKa3aHi 3 BeJU-
KHMHU TPYJTHOIIAMH, 1HOAI 1€ BUSBISIETHCS HEMOX-
muuM. e cripaBeIMBO sl CHCTEM, IO MalOTh
CKJIaJHI KOHTYpH PEryJIIOBaHHs, B TaKMX BUTIAJ-
Kax, K MPaBWIO, OEPYTh IO YBard METOIH, 3aCHO-
BaHi Ha CTOXaCTUYHUX (BUMAKOBUX) MPOIIECAX.
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BucnoBku

Ha ocHOBI omiHKH JiepeBa BiTIMOB MOXHA BH-
3HAYUTH HOSBY IMOJI1, sIKa MOKE IPU3BECTH 0 HE-
0axaHoro MopyIIeHHs poOOTH. HOTp16Ho nodyy-
BaTH JICPSBO BiJIMOB 1 OIIIHUTH HOTO, a MOTIM Tpeba
BXHUTH 33X0[H, 00 YCYHYTH YM 3MEHIIHUTH IIPH-
YUHY BiJ]MOB i, TAKAM YMHOM, YHUKHYTH 3YITUHKA
YCTaHOBOK.
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