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PABPABOTKA CTPYKTYPHI ABTOMATHU3UPOBAHHOM CUCTEMBI
YIIPABJIEHUS TEXHOJIOI'MYECKHUM ITPOLUECCOM NOJYYEHUSA
JJIMHHOT'O BOJIOKHA HA MSIJIbHO-TPEIIAJIBHOM ATPETATE’
CoxkomoB A.C., BuxapeB C.M. ®enocosa H.M.
(KocTpomckoit rocy1apCcTBEHHBIN TEXHOJIOTUUECKU YHUBEPCUTET)

C yenvio nosviwenus 3¢pexmusnocmu nepepabomru 1bHAHOU Mpecmvl KOHMPOTb U
oughghepenyuayuro mexnonocuuecko2o npoyecca npeosioHCeHo OCYWecmeisims nocCpeoCcmeom
CMEUIaHHOU CUCMeMbl A8MOMAMUZUPOBAHHO20 YNPABTIEHUSL NPOYECCOM NOTYYEeHUs. OTUHHO20
80N0KHA. [J[ns  yayuwieHus — (QYHKYUOHUPOBAHUSL — CUCMEMbl  YNPAGIEeHUs NpeoloHCeHO
UCNOIb308aMb YCMPOUCMBO KOHMPOJSA MACCbl U NAoOmHocmu mamepuana. Mooenupoganue
pabomvl pasiuyHbIX MUN08 pe2yiiamopos NOKA3AI0 YenecooopazHocmy npumMeHeHus as3u-
pe2yaamopa 071s YnpaeieHusi Npoyeccom NOoLyYyeHUs OTUHHO20 IbHAHO20 80JI0KHA.

B psape pabor orMeueHa HEBO3MOXKHOCTH JHOO CIOKHOCTH CO3JaHMsSI CMELIAHHOM
CUCTEMbI YIPaBJICHHs MPOLECCOM IMOJIY4YEHHUs JUIMHHOTO BOJIOKHA, B KOTOPOW YympaBiieHUE
OCYILIECTBJISIETCS 10 KOOPJIMHATaM U BXOJAIIETO ChIPhsi, U KOHEUHOro MpojaykTa. B paborax
[1-5] paccMOTpeHBl Takue XapaKTEpUCTHKU CJIOSI KaK €ro I0JIOKEHHE OTHOCHTEIbHO
3aKMMHBIX TPaHCIIOPTEPOB TpenaabHOU MamuHbl (TM), oTAenseMoCTh U BIaKHOCTb TPECTHI,
CTPYKTypa ciosi (Je30pueHTanusi cTe0neil) W TPEeaoXKeHO BHOCHUTH COOTBETCTBYIOIIHE
YIpaBJsOLMEe BO3JICHCTBUS Ha CIOM Marepuaja Wi Ha paboyue opraHbl MAIUH MSUIbHO-
TpenanbHoro arperara (MTA) ¢ yueToM U3MeHEHUs YKa3aHHbIX XapaKTePUCTHK.

HenocraTku Takoro moaxomaa oOmien3BecTHRL. Bo-TIepBhIX, 3TO HEOOXOIUMOCTh Y4eTa
JOBOJILHO OO0JIBIIOTO MaccuBa JaHHBbIX. B cimydae 00pabOTKM JIBHSIHOM TpecTbl — 3TO
napaMmeTpsl BXOJIIEr0o Ha oOOpaOOTKy cJosl M, KelaTelbHO, UX HM3MEHEHHE B XOJe
nepepaboTku. Bo-BTOpBIX, OTCYTCTBHE y camMOil CHUCTEMBI cBeleHUU 00 3(h(PEeKTUBHOCTH,
pPE3yJIbTaTUBHOCTH YIIpPaBJICHUS. OTH MpoOJeMbl OOBIYHO pElIAlOTCsl IIyTeM BBEACHUS
oOpaTHON CBSI3U IO XapaKTEpUCTHMKAM KOHEYHOro NpoAykTa. B HamieM ciydae, Takumu
XapaKTepUCTUKAaMU MOTYT SIBJISITbCSL BBIXOJA JJIMHHOTO BOJIOKHA U MaccoBas JOJs
HeZopaboTku. TpeTbio, 0OBIUHO HMCHOJIB3YEMYIO XapaKTEPUCTUKY — MAaCCOBYIO JIOJIF0 KOCTPBI,
a MHOI'/Ia 3aKOCTPEHHOCTh — MOKHO MCKIIIOUUTh, CUNTasl B paMKax [MOCTaBJICHHOMN 3aJauu, YTO
BOJIOKHA C MOBBIIIEHHBIM COJIEP>KaHUEM KOCTPBI OyAyT OTHECEHBI K HETOpaOOTKe.

3HaueHusl BbIXOJA JJIMHHOTO BOJIOKHA U MAacCOBOW J0OJM HEIOPAaOOTKU MOTYT OBITh
MOJIyY€HBbl TyTEM KOHTPOJII MacChl BOJIOKHHCTOTO MaTepuajga Ha pa3IMYHBIX ATamax
00paboTKH TpeCThI. JJ1s1 3TOTO MPEMT0KEHO MPUMEHSTh YCTPOUCTBO [6], KOTOPOE TO3BOJISET
KOHTPOJIMPOBATh MacCy U IJIOTHOCTh JIBMXKYLIETOCS MaTepuaja BO BpEMEHH.

C uCHoJIb30BaHMEM JTOTO YCTPOWCTBA BO3MOXKHO CO3/IaHUE HECKOJBKHX THIIOB
cucteM ympanienus. Haubonee npocToil BapuaHT — pa3oMKHyTas cucreMa. B aTom ciydae B
MMEIOIINICS MAaCCUB U3MEPSEMbIX KOOpIUHAT [1-5] MOKHO BKIIIOUUTH JIMHEWHYIO TUIOTHOCTD
CJI0S, YTO, KaK M3BECTHO U3 [7], sABiseTCS BaXKHBIM (PaKTOPOM, OKA3bIBAIOUIMM BIUSHUE Ha
3¢ (dEeKTUBHOCTh MpOLEcCCOB MsAThsI M TpenaHuss. CrnocoObl peryinMpoBaHusi Ipoliecca
TpenaHusi u3BecTHHI [7]. [IpocThiMM M AOCTYIHBIMU NapaMeTpaMHu PETYIUPOBAHUS C TOUKU
3peHusi aBTOMATU3allMM SBISIOTCA: U3MEHEHUE BpEeMEHHU OoOpadOTKM Marepuana 3a CYeT
U3MEHEHUSI CKOPOCTU 3aXXUMHOro TpaHcmoprepa TM U M3MEHEHHE 4YacTOThl BpallleHUs
TpenajbHbIX 0apabaHoB. UTo kacaercs mpoliecca MAThs, TO BOBMOKHO M3MEHEHUE IITyOHHBI
3axoJeHus pudriel, JaBieHns Ha MsUIbHBIE BajbIlbl, UI3MEHEHNE Habopa MSJIbHBIX BaJIbLIOB

[7].

" PaGoTa BBITIONHEHA [IPH MOAepKKe rpanta PODGU Ne09-08-97500 p_rieHtp a



AHalIU3 BO3MYUIAIOIIMX BO3ACHCTBHUM, BIUAIONIMX HA XOJ TEXHOJOTHYECKOro
npouecca, MmokKasajl, YTO OCHOBHBIMU U3 HHX SBIISIFOTCS BJIAXHOCTb TPECTHI, PACTAHYTOCTh
CII0s1, CTEIIEHb BBUICKKHU U CpelHss MaccoanuHa cios [8]. 3MeHsst ckopocTHbIE TapaMeTphl
pabounx opranoB TM, MOXHO KOMIIGHCUPOBATh JHUIIb BapHAlMI0 BIAKHOCTH U
OTZAEIAEMOCTH TpecThl. IMEHHO 3TH XapaKTEpUCTUKN COCTOSHHS TpecTsl Ha Bxoae B MTA u
MPEVIOKEHO M3MEpATh aBToMaTHuecku. CTpyKTypa pa3pabOTaHHOW CHCTEMBI YIpPaBICHUS
MPOIIECCOM MEXaHUUECKOW 00pabOTKM JTLHSIHON TPECThl M300pakeHa Ha puc. 1.
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MM — msutbHas MmamuHa;, TM — tpenanbhas mamuHa; YI11-YII3 — yerpoiicTBa KOHTpOIIS
mnotHoct,; bBJl — Omox matumkoB; BBl — Omok Berumcienuss ymuna;, bB2 — Gmox
BBIYMCIICHUSI BBIXOJA [UIMHHOTO BOJIOKHA M MAacCcOBOM Aonau Hemopabotku; P1, P2 —
perynsaTopsl; B3, M3, V3 — 3agaHHble 3Ha4€HMs BBIXOJAA JJIMHHOTO BOJIOKHA, MacCOBOMU
70711 He1opaOOTKU M YMUHA COOTBETCTBEHHO; B, M, ¥Yp — u3MepeHHble 3HaUeHUS BbIX01a
JUIMHHOTO BOJIOKHA, MAacCOBOW J0JM HENOpaOOTKM M yMHHa COOTBETCTBEHHO; O —
OTAENAEMOCTb TpecThl; Bir — BrnaxHocTh Tpectsl; Ul u U2 — ynpasisromiee Bo3aecTBUE
Ha 3JIEKTpO- U cepBonpuBog MM u TM cOOTBETCTBEHHO

HaMz

Pucynok 1 — CtpykTypHas cxema aBTOMaTU3UPOBAHHOW CHCTEMbI YIIPaBICHUS
TEXHOJIOTMYECKUM ITPOLIECCOM IOJIYyYEHUS JUIMHHOTO BOJIOKHA
Ha MsUIBHO-TPENAIIBHOM arperare

brnox natumkoB BJl ocyiiecTBiseT H3MEpeHHE MapaMeTpoB CJosl (BJIAXHOCTb U
OTIEeNsIeMOCTh TpecThl). Ota uHpopmauus mnocrynmaer Ha Pl um P2 — perynsaropsl,
YIPABJISIONINE 3JIEKTPO- U CEPBONPUBOAOM MsiTbHOUM MamuHbl (MM) 1 TM COOTBETCTBEHHO.
Takum oOpa3om, MOydaeTcsi MEpPBbIM YpPOBEHb CHCTEMbI YIPABIEHUS — PA30MKHYTOE
yIpaBiieHUE 10 MapamMeTpaM NOCTyMNarllero B o0paboTKy cios TpecTsl. BBenenue B cucremy
VII1-VYII3 (ycTpoiicTB M3MEpeHHs] MacChl W IUIOTHOCTH MpOAyKTa 1o [6]) mo3BoJjisier
KOHTPOJMPOBaTh IUIOTHOCTh MaTepHalla Ha pa3IMuHBIX JTamax oO0paboTKu (MexIy
coctaBHbIMU yacTsiMU MTA) u oueHuBath B OJ0Kax BbluMcieHus BennuuHy ymuHa (bB1),
MaccoBYIO JIOJII0 HEeIOpaOOTKM M BbIXoAa JUIMHHOTO BosiokHa (BB2). Orto obecneunBaer
KOPPEKTUPOBKY apaMETPOB PETYyJIMPOBAHUS B 3aBUCUMOCTH OT BBIXOJHBIX NaPAMETPOB, T.€.
3aMbIKA€T MECTHbIE OOpaTHbIE CBSI3U I KOHTYypoB ympasieHus MM u TM, u takum



00pa3oM YCTpaHsSeT HEJOCTAaTKU Pa3OMKHYTOrO perynupoBaHusi. B wurore mosyumnu asa
KOHTypa CMEILIAHHOTO PEryJMpOBaHUsl — PEryJUPOBAHHME YMUHA U PErylMpOBaHUE BBIXOJa
JUIMHHOTO BOJIOKHA M MaCCOBOM J10JIM HETOPAOOTKH.

Opnnako ¢ TOYKH 3peHUsT d(PPEKTUBHOCTH TEXHOJOTHYECKOTO IMporecca 00padoTKu
JIBHSHOTO ChIPbSl BAXKHEWUIIUMU SIBIISIFOTCSI ITApaMETphbl JUIMHHOIO BOJIOKHA Ha BbIxoje TM.
COOTBETCTBEHHO YIPABJIEHUE IMPOIECCOM MSThSl JIOJDKHO OCYIIECTBIATHCA B (DYHKIUU
BBIXOJHBIX IapamerpoB TM, To ecTh 3ajaHue Ha peryjiMpoBaHuE Ipolecca MsATbA Oyner
(dbopMUpOBaThCSI B 3aBUCUMOCTH OT BBIXOJHBIX M YIPABISIOLIUX [apaMeTpoB KOHTYypa
perynupoBanus TM. {5 3TOro B cxeMy BBOAMTCS YIIPABJIAIOLIEE YCTPOMCTBO Y'Y, 3a1ayamu
KOTOpOTO SIBJISIOTCA cOOp MH(pOpMAaLMK 10 NepexojiaM, ONTUMM3AIUI U BblJadya 3aJarolinx
BO3/ICUCTBUIM HA KOHTYPBI CUCTEMBI.

OpHolt u3 npoOieM, CBA3aHHBIX C BHEJIPEHUEM TAaKUX CUCTEM Ha IPAKTHKE, SBIIAETCS
OTCYTCTBHE YHUBEPCAJIbHBIX MOJIEIEH, TOCTATOYHO TOYHO OMHMCHIBAIOIIUX XapakTep U CHILY
BIIUSIHUSL OTJIEJIbHBIX KAue€CTBEHHBIX XapaKTEPUCTHK CJIOS JbHSHOW TPECThl HAa BEIUYUHY
BBIXOJ[a U KaueCTBa JUIMHHOTO JIbHSHOTO BOJIOKHA. /[ ee perieHus: BO3MOKHO IPUMEHEHNE
HEWPOHHBIX CETEW IPU CO3aHUM CUCTEM yIpaBieHus. Vcnosib3oBaHME TEOPUM HEYETKHX
MHO>KECTB IpPHU OpraHM3allMi MOJOOHBIX CHCTEM OOECIEeYMBAET HEOOXOAMMYIO TOYHOCTb
yIpaBiIeHUS.

C »oTOoll TOYKM 3peHHsI TPEACTABISET MHTEpEC CHUCTeMa yhpaBieHus [5],
IpelycMaTpuBarolas NpUMEHEHHE allapara HeHpOoCeTeBOro aHajlu3a Ha JdTale 3aroTOBKU
JILHOTPECTHI, MO3BOJISIONIETO PeliaTh 3a4a4i B3aUMHOTO BIUSHUS (DAKTOPOB CBSA3aHHBIX, KaK
CO CBOMCTBaMU JILHOTPECTHI, TaK U C TEXHOJOIMUYECKUMHU pekuMaMu oOpadoTku. Ha ocHoBe
MIPOrHO30B MOIOMPAIOTCS ONITUMAIIbHBIE PEXKUMBI 00paOOTKU TPECTHI B TPENAILHON MaIlINHE.

Takoke U3BeCTHA NMATUCIIONHAs THOpUIHAS HEHPOHHASI CETh, IO3BOJIMBIIAS 00ECIIEUNTh
yIpaBieHUE TEXHOJOTUYECKUM MPOLIECCOM MEXaHMUECKON 00pabOTKH MPaKTUUYECKH BO BCEM
TEXHOJIOTHYECKOM JHana3oHe 3HAUYCHUW BIIAXKHOCTH W OTACIISIEMOCTH JILHOTpECTHl [4].
Cucrema ympaBi€HHMs HPOLECCOM TMOJYYEHHUsS JUIMHHOIO BOJIOKHA IpeArosaraer
aBTOMAaTUYECKUN KOHTPOJIb OTAEISEMOCTH, BIAXKHOCTH U MPUTOJHOCTH JIBHSHOM TPECThl K
Tpenanuto. [IlpumMenenne npuHIUNOB (a33uduKanuy mapaMeTpoB TPECThI, IPEAYCMOTPEHHOE
B JTOM cUCTeMe, MO3BOJIAET MPOBOIUTH IUIABHOE U JIOCTATOYHO TOYHOE PETyJIUPOBAHUE
PEXHMMOB Ipoliecca TperaHusl.

Panee mnpemnoxeHsl anroputMmbl ¢az3u-ymnpaBieHus [9], koropele HauOoisee
COOTBETCTBYIOT CYILECTBYIOUIEH TEXHOJOTMYECKOW CHUTyallud Ha JIbHO3aBOJaX, TaK KaK HX
JOCTOMHCTBOM SIBJIIETCSI OTCYTCTBHE KECTKUX TPEOOBaHUN K TOYHOCTU MOJIENH 00bEKTa. DTO
0COOEHHO Ba)XKHO B OTHOILLUEHUU JIbHAHOM TPECTbI, OTJIMYAIOLIEHCS 3HAUUTENILHON Bapuanueit
OT/ENbHBIX KAUYEeCTBEHHBIX IIOKa3aresiedl, OoJyiplIas 4YacTh KOTOPHIX Ha IPAKTHKE
OTpeJIeNIIeTCs OpraHoJeNnTUYecKu. BHeapeHue B MPOU3BOJCTBEHHYIO MPAKTHUKY HEYETKUX
PEryIATOPOB HE NOTPeOYeT CO3/aHusl CIOXKHBIX CpEeACTB H3MepeHuid. B wyactHOCTH,
MPEIOKEHBl CBOJBl HEYETKUX TMpaBUi I PA30OMKHYTON CHCTEMBbI YIIPaBJICHUS IO
KOOpJMHATaM CTENEHb BBUJICKKH TPECTbl — IUIOTHOCTb CJOSI M CMEIIAHHOW CHUCTEMBbI IO
KOOpJMHATaM CTEIEHb BBUIEKKH — MAaccoBas J10J1s1 HEJOTpena.

Ha ocHoBaHuM cO3/1aHHON MUMHUTALIMOHHON MOJIENIN UCCIIETOBAHO BIMSIHUE Pa3IMYHbIX
BUJIOB PETryJIMpPOBAaHUSl HAa pe3ysbTaT pabOThl MPEUIOKEHHOW CUCTeMbl ympasiieHus. s
peayin3allii TOJYYEHHBIX aJlTOPUTMOB ObLIO paspaboTaHa mporpamma Ha s3bike FBD B
nporpaMmHoit o6osouke KOHI'PA® xonTposnepos komiiekca KOHTAP.

Jlis cpaBHEHHsI BbIOpaHbl CHCTEMbI CMEHIAHHOTO THMA C (Da33u-peryisiTopoM Mo
KOOpJMHATaM BbIXOJa JUIMHHOTO BOJIOKHA M OTJEISIEMOCTU TPECThl U 3aMKHYTbIE CUCTEMBI C
[T /I-perynstopamu. Pacuer mnapamerpoB I[IW/[-perynstopa mnpoBOauMianM MO METOJaM
3urnepa—Hukonbca (Zigler—Nicols, ZN) u Unitena, Xponca u Pesuka (Chien, Hrones,
Reswick, CHR) [10, 11].



Ha ocHoBanuu mepexoaHoO XapaKTEepUCTHKHA OOBEKTa YIpaBJeHUs, TOJIYICHHOU MPU
oJja4ue eIMHUYHOTO CKayvKa 1o yrpasieHuto [12], olleHeHsl He0OX0oAMMBIE TTapaMeTphl a U L,
MTO3BOJIAIONINE ONMPEACIUTh Mmapamerpsl perymsatopa. [Ipu a = 0,385 u  L=0,8 macTpoiiku
PErynsaTopoB OyIyT CIEIYIOIINMHU:

a) no memooy ZN

d 0,5
K=22_317 1i=2% 03 p="2_22 _56
a ’ K T 09 :
6) no memody CHR
d 0
K:O’6:1,56. T:I’OL:O,S. = = ’5:(),5
a K ’ T, 0,1 :

rae K — koa¢guuueHT ycunenus perynsaropa; 7d — nocrosiHHas auddepenuupoBanust; 7; —
MIOCTOSIHHASI UHTETPUPOBAHUSI.

PaccmoTpuM nepexoiHble XapaKTEPUCTHKH OOBEKTa C peryisropamu npu Habpoce
BO3MyILeHUs (puc. 2) u ynpasieHus (puc. 3). 3 rpapukoB BUIHO, UYTO (a33u-peryisTop
MMeEeT JIydllee ObICTPOJCHCTBIE, HO MEHbLIYI0 TOYHOCTh B cratuke. U3 11 ]/I-perynstopos
HaubOoJsee OBICTPHIM, MCXOJS U3 aHaju3a BPEMEHM PEryldpOBaHUS, SIBISIETCS PEryJsTop,
paccuuTaHHbIN 110 MeTOy ZN.



|||||||

|||||||||||||||

80

e e e e e ]

il

i

65

0

EL
wi

il

45

40

i

ill

&

il

.......................................

.........

.......................................

e e T e e S o e R T e T ]

0

.........................................

.......................

......................................

40

3|5

Pucynok 2 — Peakuust 00beKTa ¢ peryiasTopoM Ha HaOpOC BO3MYILEHUS

0 mapameTpy otnensieMoctu 4: 1 —

(o ocu abcuuce ykazaHo BpeMsl peakLuu
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dazzu-perymsatop; 2 — CHR; 3— ZN
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Pucynok 3 — Peaknusi 00beKTa ¢ PeryasTOpOM Ha U3MEHEHHE 3a/IaHUS 110 ITapaMeTpy BBIXOa
mmHHOTO BoJIoKHA 3: 1 — CHR; 2 — ZN (110 ocu abciuce yka3aHo BpeMsl peakiliu, C; 0 OCH
OpPJIMHAT — BBIXOJI JJTAHHOTO BOJIOKHA, %0)

Jis  mpoBepkd  pabOTOCHOCOOHOCTH  JAHHBIX  PETYJIATOPOB HAa  pealbHOU
MIOCJIEJOBATEIbHOCTY ~ BO3MYILEHUH, UCIOJb30BaIM  PE3YJIbTAThI U CCJIEIOBAHUS
ornensiemoctd, mnoinydeHHole C.C. IlerpoBbiM [2]. Pe3ynbTaThl peakuuu o0OBEKTa Ha
W3MEHEHHE 3TOro IapaMerpa U peakuus OO0BbEKTa C Pa3IMUYHBIMM BUJAMHU PETYIATOPOB
MIpe/ICTaBJIeHbI Ha puc. 4.

Jlia oueHkM KayecTBa (ha33-peryinvpoBaHusi B KauecTBe cpaBHeHUs BblOpan [TMJI-
peryastop mo merony ZN, TOCKOJIbKY, KaK 3TO BHUIHO M3 puc. 2-3, obiagaeT TydlniuMu
MoKasaresiMu B cpaBHeHuu ¢ perynaropom CHR.
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Pucynok 4 — 3aBucuMOCTb BbIXOJA JUIMHHOTO BOJIOKHA OT U3MEHEHUS OTIENISIEMOCTH
MOCTYHAOIIETO ChIPbsl 5 BO BpeMeHU: | — 00beKT
6e3 perymsTopoB: 2 — ¢ dazzu-perymstopom; 3 — ZN TN I-perynstop

=0 40

Kak Obuto oTMeueHO BbILIE, OJHUM M3 CaMbIX JOCTYIHBIX Uil PEryJIMpOBaHUS
MapaMeTpoB TpenajibHONM MAaIIMHBI SBJSETCS YacTOTa BpalleHMs] TpeHalibHbIX OapabaHOB.
[ToaToMy mpencTaBisieT MHTEpPEC aHAIU3 PEaKUUU ITOW XapaKTEPUCTUKU Ha YIPaBIIAIOIIEE
BO3JICHICTBUE pPAacCMaTPUBAEMbIX PETYIATOPOB. Pe3ynpTaThl MOJENUPOBAHMS JUHAMHUKU
M3MEHEHHUS YacTOThI BPAIlEHUs TpenajabHbIX O0apabaHOB mpencTaBieHbl Ha puc. 5. ['paduxu
MIOKAa3bIBAIOT, YTO HEYETKOE PEryIUPOBAHUE MTO3BOJISIET CHU3UTh KOJIMUYECTBO PETYIHPYIOIINX
BO3/ICUCTBUM U UX BEIIMUNHY.

Kak BuguMm, mnpuUMeHEHHE peryisaTopoB 3HauuTenbHO (B 2—4 pas3a) CHIDKaeT
U3MEHEHMsI BBIXOJla JUIMHHOTO BOJIOKHA Ha Bbixoge MTA. Hawnyumum BapuaHTOM
okassiBaetcs npuMmeHenue [ /-perynstopa ¢ Hactpoiikamu o meroay ZN. OmHako ciieayet
YUUTBHIBaTh, YTO HMCCIIEIOBAHMs MPOBOJMIMCH Ha MOJEINSAX CO CTaOMJIBHBIMH IIapaMeTpamu
IpU MEJIECHHOM H3MEHEHUHU BO3MYyIleHHus. llpu kosiebaHuM mapaMeTrpoB MOJENH JIydIlIne
pe3ynbTaThl OyeT NoKa3bIBaTh (a33u-peryssTop.
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PucyHok 5 — MI3MeHeHne 4acTOThI BpalleHus TpenahLHHx 6apa6aHOB MIPY UCTIOJIb30BAHUH
perymsitopoB: 1 — CHR ITU/I-perynsitop ; 2 — ZN [TU/-perymnsrop; 3 — a33u-peryastop
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