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Ha ocnosi npoeedenux docaioxicenv po3pooae-
HO cmamucmuyni MoOeJli MpUBaLoCmi MAWUHHO-
20 00inHA HA 00INLHUX YCMAHOBKAX 3 NPOXIOHUMU
cmankamu. Ifi modeni ecmanosatoromo Qynrxuio-
HANbHUYL 36’°A30K MINC CMAMUCMUMHUMU XaApakK-
mepucmuxamu mpueanocmi 00iHHSA YCMAHOBOK
ma napamempamu 00iIbHUX YCMAHOB0K, MUNOM
doinvHoz0 anapamy, cmamucmuiHumMu xapakme-
pucmuxamu npoyecy 00iHHSA, KiAbKICMI0 meaput
y cmaoi. Teopemuuni pesyrvmamu niomeepodiceno
Ppe3yvmamamu eKcnepuMeHmaivHux 00Cai0HceHs

Knouosi caosa: mpusanicmv 00inHs, mpu-
eanicms nidzomoexu, CMamucmuyHa Mooeb,
doinvHa ycmanoexa, npoxioHuil cmanox

=, u|

Ha ocnose nposedennvix uccuedosanuii pas-
pabomanvt cmamucmuueckue Mooenu OuUmeNb-
HOCMU MAWUHHO020 00eHUsl HA O0OUNbHLIX Ycma-
HOBKAX C MPOXOOHbLIMU CMAHKAMU. Imu modeau
ycmanaeausarom QYHKUUOHANILHYIO C8A3b MeHCOY
cmamucmuvecKumMu Xapakmepucmukamu O0au-
menvHOCMU 00eHUs. YCMAaHo60K U napamempamu
00UNbHBIX YCMAHOB0K, MUNOM O00UNLHOZ0 ANNa-
pama, cmamucCmuueckumu Xxapaxmepucmuxamu
npoyecca 00eHUsl, KOAUMECMEOM HCUBOMHBLIX 6
cmade. Teopemuueckue pe3yrvmamol nOOmMeeP c-
denvt pe3yrvmamamu  IKCREPUMEHMATbHBIX
uccaedosanuii

Knouesvie caosa: oaumenvnocmv oOoenus,
0UmMenvHOCM® NO0020MOBKU, CMAMUCMULECKASL
Mo0enb, dounvras ycrgunoeéca, nPoxooHoU cmanox

1. Beryn

[Ipu Ge3anpuBsI3HOMY yTPUMaHHI TBapuUH Ha MOJIOY-
HUX ¢depMax peasizyeTbCs NPUHIMIT <«TBapUHA KepPye
XapuyBaHHAM, JIOJIMHA Kepye A0iHHAM». [loiHHS TBapuH
NpU TaKoMy crocobi yTpUMaHHS 3AIHCHIOETbCS Y clie-
1niagizoBaHUX JOIJNBHUX 3ajaX 3a JOINOMOIOI0 JIOIJbHUX
YCTAHOBOK, sKi OGsajHaHI CTalliOHAPHUMU AOIJTbHUMU
CTaHKaMU.

CyuacHi TBapUHHUIbKI (hepMU HEe MOKYTb e(heKTUBHO
dbyuxiionyBarn 6e3 cUCTEM aBTOMATHYHOIO YIPaBJIiH-
HSI TEXHOJIOTIYHUM IPOIECOM, /10 CKJAHy SAKUX BXOIATD
iHdopMaIiiHO-BIMIPIOBATIbHI CHCTEMHU MapaMeTpiB Tex-
HOJIOTIYHOTO Tpollecy Ta indopMaiiiiHo-BUMipIOBaIbHI
CHCTEeMHU 300TeXHIYHUX TTapaMeTpiB TBapuH. B cyyacHux
YMOBAX, aKTyaJbHUM 3aBJlaHHAM JIJIs TOCIOJAPCTB 3 3a-
crapisium obGJagHaHHAM € HOro MoJAepHisallis MIaXoM
BIIPOBA/KECHHS BUINEeBKa3aHUX cucrteM. lIpoekTyBanns
HOBUX Ta MOJIepHi3alligd iCHYIOYUX JOIJIbHUX YCTAaHOBOK,
0cO0JIMBO T1€ CTOCYETHCS JOIIBHUX 3aJiB, TOTpebyE BU-
COKOTOYHOTO BH3HAYEHHH iX NPOJYKTHUBHOCTI, 1O Ha
[NPaKTUI[i peajisyBaTu BakKKO. BUPOOHUKM I0IJIBHOTO
obJaJlHaHHs 4acTO He HABOJSATH YMCEJNbHOTO 3HAYCHHS
HaMBaKJMBIIIOrO MapaMeTpy YCTAHOBKU — MPONYKTHUB-
HOCTi, 200 HABOAATH HOTO 3 HEBUCOKOIO TOUYHicTIO [1, 2].
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OCHOBHUM TTapaMeTPOM, HeOOXiAHUM JJisi BU3HAUCHHS
MPOAYKTUBHOCTI YCTAHOBKHU, € TPUBAJICTh MAaNIMHHOIO
noinns. Hesucoka TouHicTb BUSHAUEHHS IPOJLYKTUBHOCTI
YCTAHOBKM B IIEPIIy Yepry 3yMOBJIeHA HEJIO0CKOHAJICTIO
ICHYIOUMX CTATUCTUYHUX MOJeJiell TPUBAJOCTI MallWH-
Horo noinHg. IIpoAyKTHWBHICTH M0I/NBHOI YCTAHOBKHU Ta
TPUBAJICTb MAIIMHHOTO [MOIHHSA TaKOK B 3HAYHIM Mipi
BIIJIUBAIOTH HA CTPYKTYPY Ta XapakTepuctuku ingopma-
i THO-BUMIPIOBAJIBHUX CHCTEM ITapaMeTPiB TEXHOJIOTiu-
HOTO TIPOlleCy OTPUMAaHHS MOJOKa Ta iH(opMalliiitHo-BU-
MipIOBAJILHUX CUCTEM 300TEXHIYHUX [TapaMeTpiB TBapUH.

Buxonsuu 3 11b0ro, mojiasbliie BAOCKOHAJECHHS CTaTUC-
TUIHUX MOJiesiell TPHUBAJIOCTI MAIIMHHOTO OIHHS Pi3HUX
JOIJIBHUX YCTAHOBOK € aKTYaJIbHUM Ta Ba’KJIMBUM 3aB/laH-
uam. IIpoBeneni focaikeHHS BIIHOCATHCS 70 Teopii Ta
MPaKTUKU MPOEKTYBAaHHS, MOJIepHi3allii i aBTomaTusaii
JOIJIBHUX YCTAHOBOK Ta TBAPUHHUIIbKUX (hepM.

2. AHaui3 JiTepaTypHUX JaHUX Ta IOCTAHOBKA NPOOIeMU

Y Tenepimuiil yac, B CBiTOBOMY TBapMHHUIITBI, IIpu
6e31pUB’SI3HOMY YyTPUMAHHI TBAPUH Y AOTJIBHUX 3a71aX Ta
MaiiJlaHYMKaxX BUKOPUCTOBYIOTh IPOXi/IHI MOiJbHI ycTa-
HOBK, /10 IKUX BiAHOCUTHCS «TaHmeM» Ta ycTaHOBKA 3 TTa-




pajesbHO-TIPOXiIHUMHU CTaHKaMU, TPYIIOBI J01JbHI ycTa-
noBkn «llapasenn» Ta «Aannka», KOoHBeeEpHa yCTaHOBKA
«Kapycenb» [1-4]. [loinbHa ycTaHOBKA 3 TapaJieIbHO-TIPO-
XiZIHUMY cTaHKaM# Ta ycTaHoBKa <«Tamgem» oOJamHaHi
JOTJIBHUMHU CTaHKaMU, siKi 3a0e3edyioTh 1HAUBILyalib-
HUT BXiJl Ta BUXiJ KOKHOI TBapuHU. Y BUIIEBKA3aHUX
YCTAHOBKAX TBApMHH PO3TAlIOBaHi B3/[0BX TpaHiiei, B
SAKUH 3HAXOAUThCA A0sap. Take posralryBaHHSI TBapUH
3abe3meuye MPAKTUYHO BIJIBHUN ZOCTYII MEPCOHANY O
6yab-aKoi 1i 3onu. Ile Ja€ MOKINUBICTH, OKPIM BUIOIOBaH-
H&, TPOBOAMTHU MEAMYHI, caHiTapHi, Ta innri neo6ximxmi 30-
oTexHiuHi oneparii. TpuBanicTsb 10IHHS Y 101TBHOMY 3aTi
3aJI€KUTDh Bifl TUIY JOIJbHOI YCTAaHOBKM, 300TE€XHIYHUX
rmapaMeTpiB TBapuH y CTaji, iX KiJTbKOCTi, ceJeKIlifiHOi
NigibpaHoCTi, TPUBAIOCTI MIATOTOBKM TBAPUHU 0 HOIHHS
Ta TPUBAJIOCTI AOIHHS, TUITY AOIMBHUX amaparib, KiJTbKO-
CTi IOIMBHUX CTaHKIB, KOHCTPYKIii nmpoxomiB. ¥ poborax
[1, 3, 4] po3rastHyTO TIpOIIEC TiATOTOBKY TBAPUH JI0 IOTHH S
Ha PI3HUX MOIMBHMUX YCTAHOBKAX i IPOTOHYETHCS HOTO
TPUBAJIICTh BBA)KaTH 1oCTiliHOW0. TpuBasicTs NiJAIroTOBKN
TBApUHM € BHUIIAJKOBOIO BEJNYMHOIO, KA 3aJCKUTh Bijl
psny dakTopiB 00’€KTUBHOIO i CyO'€KTUBHOTO XapaKTepy,
TOMY Taku# MiAXiZ He € JocKoHaAuM. [HTepBas vacy, 3a
AKNH 31HCHIOETbCS BUJ/IOIOBAHHSA TBAPUHU, € BUIIAJKO-
BOIO BEJIUUNHOIO, KU 3aJICKUTH BiJl 300TEXHIUHUX Mapa-
METPIB TBapKMH Ta TUILY A0inbHOro anapary [1]. ¥ po6orax
[5-7] B AKOCTi CTATUCTUYIHOI MOJIETTi YACOBOTO iHTEPBATY
TPUBAJIOCTI OTHHS BUKOPUCTOBYETHCS HOPMAJbHUI 3a-
KoH posnoniny. Hopmasbpnuit 3akon posmnopiny He Bifo-
Opaska€ XapaKTepHY OCOOJUBICTH YacOBOrO iHTEpBAJy
TPUBAJIOCTi /IOIHHS, a caMe Te, IO HOTO TPUBAJICTh He
MosKe OyTH MEHIIOK 3a 1I€BHY BeJUYUHY abo J0PiBHIO-
Batu Hya0. Y poboTi [1] mpomoHyeThest BBakaTu TpUBa-
JICTb BUOIOBAHHS TBAapUHM BUIIAJKOBOIO BEJIUYUHOIO
POBIIOIiJIEHOT0 32 JIOTHOPMAJIbHUM 3aKOHOM. AJie y IIbOMY
BUTIA/[Ky HE BPaXOBYETHCS Yac MiHIMaJbHOI poboTu J10-
i7IbHOTO anapary, aKuil Mae feTepMiHOBaHe 3HaUeHHS, 1 He
BPaXOBYETHCS MOKJIUBICTH OIHHS CYXOCTiMHUX TBapuH.
Okpim ToT0, 3riHO poboTH [8], 3aKOH PO3IOiNY Yacy BU-
JIOIOBAHHST TBAPUHU HAaOJIMKAETHCS 10 JIOTHOPMAJIBHOTO,
AKIIO TBAPUHU PO3IOAiJEHI HA BEJNUKY KiJIbKICTb I'PYIl Y
BiZIMOBiZIHOCTI 710 cTaAil IX JIaKTAIiiTHOTO TIepiofy, 1o Ha
NpaKTHIll He BUKOHYEThcs. Y pobori [8] Takok HaBegeHo
pe3yJIbTaTH eKCIIEPUMEHTAIBHUX JOCIII)KEHD Yacy Mi/ro-
TOBKU TBAPUHMU /10 JOIHHA Ta Yacy BU/IOI0OBAHHS TBapUHU
NpHU Pi3HUX THUIIAX AOIABHUX amapatis. Y 1iii poboTi Bu-
3HAUYEHO, 1110 YaCOBU iHTEPBaJ TEXHOJIOTIYHOTO MPOIECY
MiITOTOBKY TBAPUH /IO IOTHHS MA€ Xi-KBaJpaT PO3IOJiI, a
YaCcOBUI IHTePBaJ TPUBAJIOCTI IOTHHS TPU BUKOPUCTAHHI
JOLAbHUX anaparis 6e3 GyHKIIT yIpaBIiHHsa JOIHHAM Ta
YaCOBUI iIHTEPBaJl KEPOBAHOTO JOTHHS TPU BUKOPUCTAHHI
JOIMPHNX amapariB 3 GyHKITiE0 KepyBaHHS JOIHHAM Ma€
ramMmma-posmnozia. Y poboti [9] npoBenero anamiis po6otu
KOHBEEPHOI /101/1bHOI ycTaHOBKU <«Kapycenb» Ha OCHOBI
pesyabraris, HaBemeHux y [1, 3, 4]. Ha ocHoBi pe3ymnbraris,
HaBegenux y [8], y pobori [10] cTBOpeHO craTUCTHUHY
MOJIEIb TPUBAJIOCTI MAIMMHHOTO J0IHHS CTiHIOBOI /101b-
HOI ycTaHoBKH, a y poborti [11, 12] — cratucTUuHy MOze b
TPUBAJIOCTI MANTMHHOTO JIOTHHS TPYTOBUX JIOTJIBHUX yCTa-
HOBOK «SAnmukas» ta «Ilapaesnnb».

BizoMmi B TenepimHiil yac cTaTUCTUYHI MoJieJi TpUBa-
JIOCTI MAITMHHOTO JIOTHHS J0IIbHUX YCTAHOBOK /IS 3aJ1iB
Ta MaiilaHuYMKIB, AKi BAKOPUCTOBYIOTHCS IPU OE3NPUB’sI3-
HOMY YTPUMaHHI TBapwH, He 3a6e3MeuyioTh AOCTATHIO

TOYHICTh BU3HAUEHHS iX HPOAYKTUBHOCTI i MOTPeOyIOTH
mofabmoro BAockoHanenus [1,2,4]. Buacaimok 1mpo-
ro, iCHy€ HeOOXiHICTh CTBOPEHHS HOBUX CTaTHCTHYHUX
MOJIeJIell TPUBAJIOCTI MAIIMHHOTO JOIHHS, AKi 3 O1IbII0I0
A/IEKBATHICTIO BCTAHOBJIOIOTH (QDYHKIIOHAJIbHUI 3B’5130K
MiK CTATUCTUYHUMU XapPaKTEPUCTUKAMU TPUBAJOCTI J10-
THHSI Ta TUTIOM /[01TbHOI YCTAaHOBKH, KiJTbKIiCTIO OTIBHUX
CTAHKIiB, THIIOM Ta aJTOPUTMOM POOOTH AOITLHOIO ara-
pary, KiabkicTio TBapuH. PesysbraToM BIPOBAKCHHS
TAaKUX Mojesiell Oy/ie MiBUIIEHHS TOYHOCTI BU3HAYEHHSI
MPOAYKTUBHOCTI IOIIBHUX YCTAHOBOK TIPHU iX HPOEKTY-
BaHHi abo mMozepuizailii. OKpiM TOro, CTBOPEHHS TaKHX
MojieJieli J03BOJNUTh PO3POOUTH METOIUKY IPOEKTYBaHHS
indopmMaIiliiHo-BUMipIOBAJIBHUX CUCTEM MapaMeTPiB Tex-
HOJIOTIYHOTO TPOoIlecy OTPUMaHHS MOJIOKA, iH(pOopMaIriii-
HO-BUMIDIOBAJbHUX CHUCTEM 300TEXHIUHUX IMapamMeTpiB
TBapUH Ta CUCTEM aBTOMATUYHOIO yNpaBJiHHA (Gepmoio
npu 6e3PUB’I3HOMY YTPUMaHHI TBapUH.

3. i Ta 3amadi JOCHiAKEHHST

inmio mocaikeHHS € CTBOPEHHS YTOYHEHUX CTaTHC-
TUYHUX MOJeJieil, sIKi BCTAaHOBIIOIOTh (DYHKIIOHAJIBHUN
3B’430K MiXK CTAaTUCTUYHUMH XapaKTEPUCTUKAMU TPHU-
BaJ0CTi po6OTH M0INBHOT YCTAHOBKH 3 TTapajieibHO-TPO-
XiIJHUMU CTaHKaMMU Ta JI01JbHOI ycTaHOBKU <«TaHmem»
3 CTATUCTUYHUMH XapaKTePUCTUKAMM 4Yacy IiJATOTOBKU
TBApUHMU, CTATUCTUYHUMHU XapaKTEPUCTUKAMU Yacy BUI0-
0OBaHHS TBAPUHU, KiJIBKICTIO TBAPUH, KiJIbKICTIO TOITBHUX
anaparis, TUIIOM J0iJbHOro amapaty. Mogesi Heo6XiaHO
CTBOPUTU Ha OCHOBI eKCIepUMEHTAJIbHUX Pe3yJbTaTiB
JOCJIJIPKEHHS CTAaTUCTUYHNX XapaKTePUCTUK TPUBAJIOCTI
NIOIHHA Ta MiATOTOBKU TBAapUHU HA OCHOBI pe3yJbTaTiB,
oTpuMaHuxy [8].

3aBraHHAM TOCJIPKEHHsI € aHaJi3 IUKJIorpamM pobo-
TH JI01JIbHOI YCTAHOBKHM 3 MapasieibHO-IIPOXiTHUMHU CTaH-
KaM# Ta /10ibHOI ycTanoBku «Tamjem», BCTaHOBJICHHS
(GYHKIIOHATBHOTO 3B’I3Ky MiK CTATUCTUYHUMU Xapak-
TEPUCTUKAMU TPUBAIOCTI poOOTH AOITBHOI YCTAHOBKH
3 [1apaJjeJbHO-NTPOXiHUMHU CTaHKAMM Ta J0iJbHOI ycTa-
HOBKU «TaHIeM» 3 CTATUCTUYHUMU XapaKTEPUCTUKAMU
4yacy MiZAITOTOBKM TBapUHU, CTATUCTUYHUMHU XapaKTepuc-
TUKAMU 4Yacy BUJIOIOBAHHS TBApUHU, KiJIbKICTIO TBapuH,
KiJTBKICTIO I0ITPHUX allapaTiB, TUTIOM JI0IJIBHOTO amapary.
PesyiibTaTu 1POBEEHUX TEOPETHUYHUX JAOCTIKEHD HEOO-
XiJJHO TiATBEPAUTU €KCIIEPUMEHTAJbHUMK JJAHUMU JIJIST
BCTAHOBJICHHS CTYIIEHIO 1X a/[eKBaTHOCTI.

4. Po3po0Ka CTaTUCTHYHUX MO/ TPUBAIOCTI
MaIIMHHOTO /IOHHS Ha JIOLIbHUX YCTAHOBKAX 3
NPOXiTHUMH CTaHKaMHU

4.1.Po3po0Ka CTaTUCTUYHUX MOJIeJIel TPMBAJIOCTi Ma-
HNIMHHOTO JOTHHS HA TOIMbHUX YCTAHOBKAX 3 MapajesbHO-
MPOXiTHUMH CTAHKAMHU

PosrisiHeMo uKIorpamMmy po6oTHu H01JIbHOI yCTAHOBKHU
3 MapaJeJbHO-NIPOXIIHUMH CTaHKaMU, SIKYy HaBeJIeHO Ha
puc. 1.

Ha noinpui#l ycraHoBIiI 3 mHapajejabHO-NIPOXiTHAMU
CTaHKaM¥ KOXKHUIA 10sIp 00CTYTOBYE J[Ba JOTJIBHUX CTaH-
Ka, gKi 3HaXOAATLCS 110 OOMABI CTOPOHU oro pobovoi

30HU. B ctankn TBAPUHU BXO/[ATH IIPOTATOM Hacy tINi , mic-



JIS1 4OTO JOSIP FOTYE IepIly TBAPUHY 0 JOIHHS NPOTSATOM
yacy tp; , BAArae iif qoisbHuil anapar i nepexoauTh 10 po-
60TH 3 IHIIOI TBapuHOW0. [[0THHS TBapUHU BigOyBAETHCS
TIPOTSITOM Yacy top , MiCJIS YOro BOHA BUXOAUTH 3 CTAHKA
HpOTAroM dacy tqyy ,aHail Miclie BXOAUTD HACTYIIHA TBA-
puHa. Ilognaunmo vepes K 3arampHy KiJgbKiCTh TBapwH

B cTaji, a uepe3 N, — KiJIBKICTb POOOUNX MiCIlb J0sIpa.
Toni Mmakcumasbia KinbkicTb TBapun K, , goinna axmx
3MIMCHIOETHCS OJHUM [OSPOM, TIPHW YMOBI, IO MOTOKHU
TBapUH PIBHOMIPHO PO3MOIiIEH] MisK pOOOUNME MiCIISIMHU,
BU3HAYAETHCS BUPA30OM

K/N,, {K/N,}=0,
1+[ K/N, [ {K/N, } 0.
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)

Buacuizok Toro, 1o yci 10s1pu npalioioThb HapaJiesbHo,
TPUBAJICTh PoOOTU JOINBHOI yCcTaHOBKH Oyjie AOPiBHIO-
BaTU TPUBAJIOCTI poOOTU OJHOTO A0sIpa TIPU BHUIOIOBAHHI
K, tBapum.
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MaremaTtuuse ouikyBauus M., dacy t,, TpHUBajo-
CTi I0IHHSA Ta AucHepcisa 1nporo yacy D., Bu3HauaoThCS
Bupasamu [8]
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Puc. 1. Unknorpama po6oTH fOINbHOT YCTAHOBKM 3 NapasiesibHO-MPOXigHUMH CTaHKaMM

Ax BunnnBae 3 anai3y HaBeneHoi Ha puc. 1 u-
KJIOTpaMU, IIPU NapHiil kiabkocTi TBapun K, , 1o
06CIyTOBYIOTHCST OJTHIM Z0SIPOM, TPHBAJICTH pO6O-
TH JI0iJTbHOI YCTAHOBKU 3 TTapaebHO-TIPOXiTHUMU
CTAaHKAMU, BU3HAYAETLCS BUPA30M

T,

PPU tIN1 + tP1 + tP2 + tD2 + tOUT2 +

Ky
+2(tm+t +lp +loun )i =4,6,8.K, 2)

ITpu nenapniit xinbkocti TBapun K, TpusamicTb
pobOTH AOINBHOI yCTAHOBKY 3 HapaJieIbHO-IIPOXiAHN-
MU CTAaHKaMU, BU3HAYAETHCS BUPA3OM

Ky

=3 (o + o+t +tour )i=1,3,5.K,,

i=4

T,

PPU

3

BusnaunMo MaTeMaTHYHE OUiKyBaHHS Ta AMCIIEPCIiIO
TPUBAJOCTI POOOTH [OIJNBHOI YCTAHOBKU 3 Mapajiesib-
HO-TIPOXIIHUMHU CTaHKaMu. MaTeMaTudyHe OYiKyBaHHS
M, Ta mucnepciga Dy, dacy BXOAKeHHS TBapuHU B J10-
inpHUIl cTaHOK Ta MaTeMartuyHe ouikyBaHuda Mg, Ta
aucnepciss Dgyp yacy BUXoAy TBapUHU 3 [OIIbHOIO CTaH-
Ka posrysnyTi y [3]. Jlani xapakTepucTUKY 3aJieKaTh BiJl
THUITY JI0IJBHOT YyCTaHOBKH, CIIOCOOY BXOJLY TBAPHH, CIIOCO-
6y BUXO/y TBapUH, KOHCTPYKIII1 ITPOXO/iB Ta KOHCTPYKIIi1
BXi/THUX i BUXIZTHUX BOPIT.

Maremarnune ouikyBannsa My, yacy t, TpUBasoCTi
MiATOTOBKU TBApUHM Ta AMcIlepcid 1boro yacy D, Bu-
3HAUAIOThCS BUpa3aMi |8

PPU —

PPU —

ouikyBaHHs M,,,; TpuBasocTi po-
60TH M0IJNBHOI YCTAHOBKU 3 mapa-
JIeILHO-TIPOXi/JTHUMHU CTaHKaM1

K, (M +Moyr + My )/2+ (K, /2+1)M,,,, K, /2} =0, ®
K (M + My, + Moy + Moy, ) /2,{K,, /2} 0.

3minuBmu B BUpa3ax (2) ta (3) 3HaueHHS YaCOBUX
iHTepBaJiiB Ha IX AucHepcii Ta MPOBIBIIU IePEeTBOPEH-
HA OTPUMYEMO BMPa3, KMl BU3Hauyae aucnepciio Dpyy
TPUBAJOCTI POOOTU HOIJNBHOI YCTAHOBKU 3 IapaJjiesib-
HO-TIPOXiTHUMU CTaHKaMH

Ky (D + Doy + Dy )2+ (K, /24+1) Dy, {K, /2} =0,
Ky (D +Dpp +Doyr + Doy ) /2,{K,, 2} 0.

®)

Ha noinpHUX ycTaHOBKAX 3 MapajeJbHO-TIPOXiTHUMU
CTaHKaMM MOXKJWBE BUKOPUCTAHHS JIBOX TUIIIB JI0IJTbHUX
anaparis: 3 (yHKIi€I0 KepyBaHHS [POLECOM JIOIHHS Ta
6e3 GyHKIIII KepyBaHHs polecoM AoiHHA. Y poboTi [8]
BCTAHOBJICHO, 1[0 MaTeMaTHYHe OYiKyBaHHS TPUBAJIOCTI
JIOTHHS O/IHI€] TBAPUHYU 3 BUKOPHUCTAHHAM JIOIIBHUX ara-
patiB 6e3 (GyHKIIi KepyBaHHs MPOIECOM MOIHHS BU3HA-
yaeTbhcd BUpa3oM (6), a 3 GyHKIIEIO KepyBaHHS POIECOM
JOTHHS BU3HAYAETHCS BUPA30M

M = ts +typ +ty +m(1+1), (10)
Je tg — JerepMiHOBaHUIT yac CTUMYJIALIl BUMEHI,
neTepMiHOBAHUN dYac ((a3um HEKepoBAHOTO JOIHHS,
ty — AeTepMiHOBaHMI Yac, IPOTATOM SKOIO 3A1CHIOETDL-
Cs MacaX BUMEHi.

tND -



Taxosx y po6oti [8] BCcTaHOBIIEHO, 1O AKCIEPCis TPU-
BaJIOCTI IOIHHS OFHIET TBAPUHU 3 BUKOPUCTAHHSM JI0iJTb-
HUX amapatis 6e3 QPyHKIIT KepyBaHHs MPOIECOM AOIHHA
Ta 3 QYyHKIIIE€I0 KepyBaHHS ITPOTECOM JOTHHS BU3HAUAEThH-
csa Bupasom (7). [ligcraBusimm (6) ta (4) B (8) orpuMyemo
BHUpas, IKNI BU3HAYAa€ MaTeMaTH4YHe OUiKyBaHHS TpHUBa-
JocTi po6OTH OIMBHOT YCTAHOBKY 3 TTapaJieIbHO-TPOXi-
HUMHU CTaHKaMH NPU BUKOPUCTAHHI JOIJBHUX anapaTiB
6e3 QyHKIIT KepyBaHHS POIECOM JOTHHS

Ky (M + Mg +m(141))/2+ (K, /2+ 1)k, {K, /2} =0

M
Ky (Myy +k+ Moy +m(1+1))/2,{K, /2} #0.

PPU —

[TigctaBusmm (10) Ta (4) B (8) oTpuMyemo Bupas, AKUi
BU3HAYAE€ MaTeMaTU4YHe OYiKyBaHHsI TPUBAJIOCTI poboTu
JI01JIBHOI YCTAHOBKY 3 MapaJjiesbHO-TIPOXiTHUMHU CTaHKa-
MU TIpY BUKOPUCTAHHI MOIMBHUX amapartiB 3 (QyHKIIEO
KepyBaHHH IIPOIECOM JI0THHS

K, (MIN+MOUT+tS+tND+tM+m(1+1))/2+(KV/2+1
M

PPU —

Migcrasusmu (7) ta (5) B (9) oTpuMyemMo BUpas, sKuit
BU3HAYAE IUCIEPCiI0 TPUBAIOCTI pobOTH AOIALHOI ycTa-
HOBKHU 3 TIapaJieJibHO-NPOXiIHUMK CTAHKAMU TIPU BUKO-
pHUCTaHHI IOTJIbHUX anaparis 3 GyHKIi€w Ta 6e3 GyHKIIT
KepyBaHHS IIPOI[ECOM JIOTHHS

K (Dyy + Doy +m* (1+1)) /24 2k (K /2+1),{K, /2}
K, (Dm +2k+Dgp +m* (1+ 1))/2,{KV/2} #0.

Dypy =

Taxum unnom, Bupasu (1), (11), (13) ommcyrors craTu-
CTUYHY MOJIEJIb TPUBAJIOCTI TOIHHSA cTaja 3 K TBapuH, ske
06¢yroByioTh N, Z1051piB, 3a IOTIOMOTOIO [I0iJIBHOT yCTAHOB-
KU 3 [TapaJieJIbHO-TIPOXiJHUMU CTAHKAMU ITPU BUKOPUCTAHHI
noinbHUX anaparis 6e3 GyHKIIIi KepyBaHHS POLECOM [I0TH-
ud, a supasu (1), (12), (13) — npu BUKOpUCTaHHI MOITHHUX
arapariB 3 (DYHKILIE€I0 KePyBaHHS IIPOIIECOM JIOTHHS.

4. 2. Po3po0OKa CTaTHCTUYHMX MOJEJeH TPUBAJIOCTi
MAaIIMHHOTO JOTHHS HA JOIJBHUX yCTaHOBKaX «TaHaeM»

Jloinbpua ycranoska <«Tanmem» [1], ysaBiasie coboio
YCTAHOBKY 3 CTalliOHapHUMHU JIOIJTbHUMHU CTaHKaMHU, TBa-
pUHHU B AKHUX PO3TAIlOBaHi B3/I0OBXK JBOX CTOPiH TpaH-
mel, B SAKill 3HAXOASATHCSA [Ba J0dpa, IO OJHOMY Ha
KOXHY cTopony. KoxkHuUI 10iib-

K, (MIN+k+MOUT+tS+tND+tM+m(l+1))/2,{Kv/2}¢0.

TpeThoi i T. 1. Ilicasa 3akiHYeHHS NOTHHS KOJKHA TBapuHa
OKpeMO 3ilICHIOE BUXi/Jl 3 YCTAHOBKHM i Ha ii Micile BXO-
NUTb HACTYIIHA TBapuHa. AHAJOrIYHI il TPpOBOAATHCS 3
KOKHOTO TBAPUHOIO /10 3aKiHUEHHS IOTHHS BCHOTO CTAJIA.
PosrisineMo mukjorpaMmy pobOTU JOTJIbHOI yCTAaHOBKU
«Tangem», IKy HaBeJ[eHO Ha puc. 2.

Jls1 i€l m0iTbHOI yCTAaHOBKYM MaKCUMaJbHA KiTbKiCTh
tBapun K, 10iHHA AKUX 3/iIICHIOETbCA OJHUM J0SAPOM,
TIPY yMOBI, 1[0 TTOTOKW TBapUH PiBHOMIpPHO PO3TMOiTeHi
MiK JIBOMA /]0SipaMU, BU3HAYAETHCA BUPA30M

[ [[k/2]+{K/2} 20,

Y|K/2,K/2) = 0. an

ITosnaunmo yepes Zg KiJbKiCTb OIBHUX CTAHKIB, AKi
06CIYTOBYIOThCS OJIHUM J0SPOM. 3 aHaJIi3y HaBeIeHOl Ha
puc. 2 UKJIOTpaMu BUIIINBAE, mo npu K, kpatHOMy Zg
TpuBaJicTh po6oTH ycraHoBku «TaHaeM» BU3HAYAETHCS
BUPA30OM

JkiKy/2}=0,

ZS
(12) U = tint +2tPi +tp Zs ""t()UTzS +
i=1

Ky /Zs
+ z (tIN iZg +tPi-Zs +tDi-Zs +tOUTi-ZS ) (15)
i=2

Axuo K, ne xparne Zg, To TpUBaIicTh po6OTH L0TTH-
HOI yctaHoBKY «TaHgeM», y IbOMY BUTIA/[KY, BA3HAUAETb-
csI BUPa30M

Zs
0, -
13) TTU =t +ztpi ""tnzS +tOUTZS +
i=t
[Ky/zs J+zs
+ o izg T tPi-zS + tDi-zS +tour iZg )_
i=2

{Kv/2s}zs

(16)

Busnaummo matemaTnyHe O4iKyBaHHS Ta AUCIEp-
cito TpuBasocTi poboTrn moiabHOI ycraHoBKM <«Tam-
nem». ToMmy dK gogpu Npamiol0Thb OJHOYACHO, TPHU-
BaJicTh po6OTH OJHIET CTOPOHU YCTAHOBKHM AOPiBHIOE
TPUBAJOCTI po6OTH BCi€l ycTaHOBKM. 3MIHUBIIN B BU-
pasax (15) ta (16) 3HavYeHHsT YaCOBUX iHTEPBAJTiB Ha iX
MaTeMaTH4yHi O4iKyBaHHS Ta NMPOBIBIIN IEPETBOPEH-
HS OTPUMYEMO BHUpa3, SKUil BU3HAYA€ MaTeMaTHUYHE
OUiKyBaHHS TPUBAJIOCTI poOOTH AOIJNBHOI YCTAHOBKH
«Tannem»

Hun CTaHOI? O6HaﬂHaHHH BX1AHN- i e FTD] tOUTI U zent B zon b zent fourzs t[NK\'—\ZsHtPK\'-ZsH Urpkozsh tOUTK\qurI
MU Ta BUXIJHUMU BopoTamu, mo FH+— -t P oo P———t +—
. . A |
sabesneuye MOKJIMBICTD imamBi- 1t l’tpz toe  toura vz e zen2 b 74sa tour 7ee N kvzen2 tokvzen tokvzen  PouTkvzsea
AyaJIbHOTO BXOAY Ta BUXOLY TBa- I, o LR I o T . =
: | . .

uH. Ilepmie BXO/I’KEHHA TBapuUH It | t -
p . p cu P | INZs-l } | Gzt Yrozer fourzset Yozt tazer b azertour 2zer i ket bk Upger  TOUTKwI
Yy A01JbH1 CTaHKH 3AIMCHIOETHCA - | : t t +—— + = oee + |
IPyIoIo, KiJbKIiCTb TBAPUH y TPy- I ! | e
i I[OpiBHIO€ KiJZIbKOCTI CTaHKIiB miﬂ | | | |tPZs tTDZs tourxstmzz.s tPZZs tTDZZs tOUng,-thKv ‘tPK\ tTDK\' tOUTK\'

. ’ b [ I e !
[Ticsist BXOMKEHHS 10SIP TOTYE TIep- : ! : } [ [ | o I I

g To Mot tos b |

Iy TBapuHy /10 AOIHH, BASTAE 11U :\INI Pll ‘1’3: ‘“5-1‘ BZs, inz tOlJ'l;Zs}INI’.ZZstP;Zs bipazg tOUTvZZs_ tI‘N K.\'tPK}' Lp ks tOUTIK\':
JNOINbHMII amapaT Ta mepexogiutsb o R "
10 HACTYITHOI TBApMHHU, MOTIM /0 Puc. 2. Liuknorpama po6otn foinbHOI ycTaHoBKK «TaHAeM»




— =0 paTiB 3 (YHKIIIEI0 KEepyBaHHI
S

K K, BUKOPDUCTAaHHI Z0IJbHUX ala-
MPD’

K ,
[ZV](MIN +M,, +MOUT)+(Z‘+ Z—1

S S

o= MIPOIECOM JIOTHHS.
|:KV:|+ZS (MIN+MTD+MOUT)+MPD |:KV:|_1+ZS 2—{KV} ,{KV};tO. an HocfiaKOH6 posnoiLy :fDI/IBa_
7, 7 7 7, poborn JolibHOT yeTa
HOBKHU 3 TIapaJjieJIbHO-TIPOXi/-
HUMU CTaHKaMHU Ta JI0iJIbHOI
3aminusiu B Bupasax (15) ta (16) snavenns vacopux  ycranoBku <«Tampem» B yciX BUINIEBKA3AHUX BHUIALKAX
iHTepBaJIiB Ha IX ucTepcii Ta TPOBIBITN BiAMOBIIHI Iepe-  MOJKHA BBa’kaTW HOPMAJbHUM Ha MiJCTaBi mepiroi Tpa-
TBOPEHHS OTPUMYEMO BUPA3, KU BU3HAYAE AUCIEPCil0O  HUYHOI Teopemu [13].
TpUBaAJIOCTI pobOTH A0iNbHOT yeTaHOBKY «TaHem»

K K, K, 5. AnipoOaitisi pe3ybratis
(ZVJ(DIN +Dyp +Doyp )+ (ZVJF Zo— 1] DPD,{Z‘} =0, [ ———

S S S

v K K K K ExcnepumenTtanabui jpocii-
|:Z::|+ZS (DIN+DTD+DOUT)+DPD |:Z::|_1+ZS 2_{ ZV} ’{v}io- (18)  jkennst Tpusasocti poboru
011bHOT ycTaHOBKU <«Tanmem»

MIPOBOAMJNCS Y IIPUBATHOMY

[MigcraBusmm (6) Ta (4) B (17) orpumyemo Bupas, akuii  depmepcbkomy rocrnozpapcersi B cMt Kpacni Oxkun Kpac-
BHU3HAYa€ MaTeMaTUYHE OYiKYBaHHs TPUBAJOCTI POOOTH  HOOKHSHChKOTO paitony Omechkoi obmacti (Ykpaina).
noinbHOI yecTaHoBKYU «TangeM» npu BUKOpucTanui noinb-  JlocaijpkyBana joibHa yCTaHOBKA Ma€ CTPYKTYDPY 2x4,

S S

Hux anaparis 6e3 GHyHKIIT KepyBaHHS IIPOIIECOM [OIHHS T00TO Ha Hill MPALIOTh ABa 10sPa, KOKHUN 10D 00-
CJIYTOBYE YOTHPHU [OIJNbHUX
K. K K. cTaHKa, Bifmosigno Zg=4.
[ZVJ(MIN +m(l+1)+MOUT)+(ZV+ZS—1)1<,{Z”}:O, Jloinpui cTamkm obramHami

S S S

6J0KaM¥U  yHpaBJIiHHS [TOiH-

U T .o
K. K K, K M «Bigmilk» BupoGHUIITBA
|: \]+Zs (M1N+m(1+1)+MOUT)+k |:ZV:|—1+ZS 2—{\} ,{ZV}:&O. (19)  BAT «Bpaunas», siki MaoTh

Zs S S S dyHKIiI0 KepyBaHHs TIpolie-

coM JloinHs iy skux tg =15 c,

typ =30 ¢, t,, =30. Hocaimxy-

[MigctaBuBmmu (10) ta (4) B (17) orpuMyeMo Bupas, BaHe CTAJI0 cKaajaxocs 3 128 TBapuH, cTAaTUCTUYHI Xapak-
KWl BU3HAYa€ MaTeMaTU4YHE OYiKyBAaHHSI TPUBAJOCTI  TEPUCTHKU TPUBAJIOCTI POGOTH YCTAHOBKM BU3HAUYAJIUCS

pobotu 0iabHOI yetaHoBKU «TaHaeM» 1Ipu BUKOpHUCTaH-  3a BUOIpKOIO 3 420 criocTepeskeHs.
Hi 0I/PHUX amapatiB 3 GYHKIIIEI0 KePYBAHHS TPOIECOM Teoperuunuii pospaxynox My, Ta Dy, nposoxuscs
JOTHHS Ha OCHOBI HACTYIIHUX €KCIIepUMeHTaJbHIX TapaMeTpiB. B
pob6oTi [8] BcTa-
K K K HOBJICHO, 1[0
v v vili_ )
[Z (MIN Tty +iy +m(1+1)+MOUT)+ 7 +Zs-11k, 7 (" 0, npu Ge3npus’sas-
S S S

M,, = HOMY YTpUMaH-
TU K, K, K, K, i M,,=28 ¢,
S (M + tg + g + tyy +m (14 1)+ Mo )+ k ST 2 22025 155120 20 Dy =56 ¢2 a wa-

S S S S

jus]

TeMaTU4He OYi-
KyBaHHS TPHUBa-

MigcraBusmu (7) ta (5) B (18) oTpumyemo Bupas, JOCTi JOTHHS TIPU BUKOPUCTAHHI BUIEBKA3aHOTO J01Jb-
AKWH BU3HAYAE UCIEPCiI0 TPUBAJIOCTI TPUBAJOCTI PO-  HOTO amapary 3 (YHKIIEI KepyBaHHS IPOIECOM IOiH-
6otu poinbuoi ycranosku «Tampem» npu Bukopuctanni — us My, =326 c, qucnepcis ., = 3801 c?. Craructuuni
NOTJIbHUX anaparis 3 GyHKIi€w Ta 6e3 GyHKIIT KepyBaH-  XapaKTEPUCTUKU TPUBAJOCTI BXOHY Ta BUXOMY TBapUH

HSI TIPOIECOM JIOTHH ST My =24c, My, =22¢, D= 76 ¢%, D, = 70 c2[3].
Binnocna ominka pos-
K, ) K, K| _ 61KHOCTI MiX eKCcIepuMeH-
(ZSJ(DIN +tm (1+1)+D0UT)+21{Z§+ZS -1, Z =0, TAJbHUM Ta TEOPETUYHUM
D, = ) ) 3HAYEHHSM MaTeMaTUYHO-

s S Z s JIOIHHS YCTAaHOBKM BH3Haua-
JIach 3a BUPA30M

TU . .
[I;V]ms (D +m? (14 1)+ Dy ) + 2k [I;V]—HZS 2—{KV} ,{I;V};ﬁo. (21) 'O OUMIKYBAMIA TPHBATOCT]

Taxkum yunom, Bupasu (14), (19), (21) onucyiors cra- | _ |
TUCTUYHY MOJIeJIb TPUBAJOCTI moinusa craza 3 K TBa- MszJOO %. (22)

PUH 3a JI0IIOMOroI0 [0ilbHOI ycTanoBku <«Tangem» npu TU
06CIyroByBalHi OAHNM TOSIPOM Zg TOIMBHUX CTAHKIB i Biamocna orinka po36isKHOCTI MiK eKCTIEPUMEHTAb-
NpU BUKOPUCTAHHI AOINbHKUX anapariB 6e3 GyHKIIl Kepy-  HUM Ta TEOPETHYHUM 3HAueHHSM AMCIepcii TpuBasocTi

BaHHA TIpoIlecoM MoiHHs, a Bupasu (14), (20), (21) — npn  [0iHHS yCTAaHOBKY BH3HAUaJIach 32 BUPA30M




(23)

Dy —D
sz%“'.mo%.

TU

PesyabraTtu OpiBHAHHS €KCHEPUMEHTAJIbHUX JAHUX
Ta TEOPETHUYHUX PO3PAXYHKIB CTATUCTUYHUX XapPaKTEPH-
CTHK TPUBAJOCTI POOOTH JOCTiKYBaHOI 10ITBHOI ycTa-
nosku «Tangem» naseaeni y tabu. 1.

Tabauus 1

MNopiBHSAHHSA ekcnepuMMeHTaNbHUX JaHUX Ta TEOPETUYHHUX PO3-
paxyHKiB TpHMBanocTi poboTH AoiNnbHOI ycTaHOBKK «TaHaeM»

MaremaTtuate .

. Jlucnepcis Tpusa-
[Tapametp OUiKyBaHHS TpPHUBa- L

- JIOCTI TOTHHST
JIOCTI IOTHHS
Excrnepumenranbhe

MryE=8252 ¢ DryE=71408 c?

3HAUYEHHS TUE TUE
Teopernune 3naueHHS My=7684 ¢ Mry=64216 c?

B pesysbraTi po3paxynky 3a Bupasamu (22) ta (23)
BCTAHOBJIECHO 1110, BiJHOCHA OIliHKa PO30iKHOCTI eKcrepu-
MEHTAJBHOTO TA TEOPETHYHOTO 3HAYEHHSI MATEMATUYHOTO
OYiKyBaHHS TpUBAJOCTI HoiHHA ckiagae M, =7.39 %, a
BifiHOCHA OTiHKa PO36iKHOCTI €KCIMepUMEHTATbHOTO Ta
TEOPETUYHOTO 3HAYCHHS [AUCIEPCil TPUBAJOCTI MOIHHA
cknagae Dy =11.19 %. OTpuMaHi 3HaYeHHS BiJHOCHOI
OIIHKHW PO306iI’KHOCTI CBifUaTh NMPO ajeKBaTHICTH PO3PO-
6JIeHOT CTATHCTUYHOI MO,

6. BucHoBku

B maniii po60oTi CTBOPEHO YTOYHEHI CTATUCTUYHI MO-
neJti, sIKi BCTAHOBJIOIOTH (DYHKITIOHATBHUN 3BSI30K MiXK
CTATHCTUYHUMU XapPaKTEPUCTUKAMU TPUBAJIOCTI poboTH
JI01JIBHOI YCTAHOBKY 3 MapajesbHO-TIPOXiTHUMHU CTaHKa-
MU Ta J0iJbHOI ycTaHOBKHU «TaHpeM» 3 CTaTUCTUYHUMU
XapaKTepPUCTUKAMHU 4acy MiJITOTOBKU TBAapUHU, CTATUC-
TUYHUMM XapaKTEPUCTUKAMU 4acy BUIOIOBAHHS TBapU-
HU, KiJIbKICTIO TBApUH, KIJIbKICTIO 0IJIbHUX allapaTiB, TH-
TIOM JIOIJTBHOTO amapary.

3amporoHoBaHi MojieJli CTBOPEHO Ha OCHOBI HOBOTO
X0y /10 OLIHKM CTAaTUCTUUYHUX XapaKTepUCTUK dacy
MiZITOTOBKU TBapMHU Ta 4yacy BujoloBannsg teapunu. lle
JO3BOJUTDH 36IABIIUTH TOYHICTH PO3PAXYHKY MPOAYK-
TUBHOCTI J0IIBHUX YCTAHOBOK NPH iX IPOEKTyBaHHI abo
MOJIepHi3allii, 103BOJUTH PO3POOUTH METOAUKY [IPOEKTY-
BaHHS iH(GOPMAIiTHO-BUMIPIOBAJIBHUX CHUCTEM TapaMe-
TPIiB TEXHOJIOTTYHOTO IIPOIleCy OTPUMAHHS MOJIOKA Ta CHUC-
TEM aBTOMATUYHOTO yIpaBJiHHS (epmolo, 3abe3nednTu
MOIAJIBINU I PO3BUTOK TEOPii TAKMX CHCTEM.

ANleKBaTHICTbL CTBOPEHUX MOJesiell MiJATBepIKeHa
NIJISIXOM BU3HAYCHHA BiTHOCHOT OIIHKM PO30iKHOCTI MikK
pesyabTaTaMi TEOPETUYHUX PO3PaxXyHKIB Ta €KCIepH-
MeHTaJbHUMU AaHuMu. OKPiM TOTO, TOUYHICTh TEOpETHY-
HUX PO3PAXyHKiB CTATUCTUYHUX XapaKTEPUCTUK TPHU-
BaJOCTI AOTHHA Gisblia, Hi’K IPW BUKOPUCTAHHI iHIIMX
metoxi. Tak y poGorax [1, 2] aHajoriuHi MOKa3HUKM
JIOIJIBHOT YCTAHOBKM HABOAATHCA 3 BiJJHOCHOIO PO306iKHi-
ctio 20-30 %
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