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BBEJIEHUE

ABTOMaTH3alMs POU3BOJCTBEHHBIX IIPOLECCOB SIBIISIETCA XapaKTEpHOM 4depToi
COBPEMEHHOTO Iporpecca B TEXHWKE W TEXHOJIOTHU. ABTOMATH3alUs 00ecredynBaeT
CHIDKEHME JI0JIM PYYHOTO TpYJa, BBIMYCK BBICOKOKAYECTBEHHON IPOJYKIIMH, BBICOKYIO
TEXHUKO-3KOHOMHUYECKYIO 3P (PEKTUBHOCTh IPOU3BOCTBA.

KypcoBoii mpoekT uMeeT BaKHOE 3HAUE€HUE B MMOATOTOBKE MHKEHEPA, IIPU BBINIOIHEHUU
KOTOPOTO CTYAEHT TOJBOAUT UTOr pabOThl IO HW3YYEHUIO TEOPETUYECKON wYacTu
JUCUMIUIMHBL. 3HaHUSA, NOJyYEHHbIE UM, MPUMEHSIOTCA Uil PEIIEHUsS KOHKPETHOU
VMHKEHEPHOU 3aJa4H.

Hacrosiiee ykasaHue cOAEpPKUT HEKOTOPbIE TEOPETHUECKUE CBEACHUS, METOIUKY
pacueToB U TpeOOBaHUS, MPENbABISEMbIE K COAEPKAHUIO U OPOPMIICHUIO MOSCHUTEIBHON
3aMMCKH U rpapuueckoro MaTepuana KypcoBOro npoeKTa.

VYxazanus cocrasiensl 1 ctyaeHToB 19.03.02 IpoaykTel mUTaHUS U3 PACTHTEIHHOTO
CBIPBS.

1. IEJb U 3AJJAYHU KYPCOBOI'O ITPOEKTA.

enbro KypcoBOro MpoeKTa SBJISETCS: 3aKpEIUIEHUE 3HAHHM, MOJYYeHHBIX CTYAEHTOM
Ha ayJUTOPHBIX M CaMOCTOATEIbHBIX 3aHATHIX; NPUOOPETEHHUE HABBIKOB pEIECHUs
MPOCTBIX HMHXKEHEPHBIX 3aJad [0 AaBTOMAaTU3allid THUIOBBIX OOBEKTOB MHILEBOI
MPOMBIIIJIEHHOCTH M BbIIaYM 33/laHds Ha WX aBTOMATH3alMIO; TOJY4YEHHE OTBITA IO
ucnoap3oBanuio [19BM s peanuzanmu mogoOHBIX 3a7ad, a TaK)Ke IO BBITOJTHEHHUIO
COOTBETCTBYIOILIETO pa3jiesia AUILIOMHOTO MPOEKTa.

[Ipu BBIMOJIHEHNU KypCOBOTO MPOEKTa HEOOXOIMMO BBITIOJIHUTE CIIEAYIOLIUE 3aaUHn:

OCYILIECTBUTDH aHAIN3 33JAHHOT0 TEXHOJIOTHYECKOTO Mpoliecca U 000CHOBAThH BHIOOP
MapaMeTpoB U3MEPEHHUS, CUTHAIN3AUN U PETYIUPOBAHUS;

onucarh (PyHKIIMOHAJIBHYIO CXEMY;

000CHOBATH BHIOOP CPEICTB AaBTOMATH3AIINH;

OTIPEJIeNIUTh ACUMIITOTHYECKHE MTapaMeTpbl 00bEKTa PEeryITMpPOBAHUS;

MIPOU3BECTH BHIOODP BUIA U THUIIA PETYIATOPA;

BBIYHMCIUTH 3HAYCHUS MTaPAMETPOB BHIOPAHHOTO PETYIATOPA.

2. O®OPMJUIEHHUE KYPCOBOI'O ITPOEKTA.

KypcoBo#i mpoekT COCTOUT M3 MOSCHUTEIBLHON 3amucku oObeMoM 15-20 crtpanui u
oJHOTO uepTexa «DyHKIIMOHAIbHASA cXeMa aBTOMATU3allUK TEXHOJIOTHUECKOTO MpoLieccay,
BBITIOJTHEHHBIN Ha JucTe opmara Alwumm A2.

B cocTaB nosicHUTEIbHOM 3aITUCKU BXOIAT:

1. TuTynbHBIN JUCT.

2. 3ajaHue Ha TPOEKTUPOBAHHUE.

3. ConepxaHue.

4. Beneuue.

5. OcHOBHBIE pa3/embl KypCOBOTO MPOEKTA:

AHanmu3 TEXHOJOTMYECKOTo Mpolecca, 000CHOBaHUE BHIOOPA MapaMETPOB U3MEPEHMS,
CUTHAJIM3ALUU U PETYIUPOBAHUSL.

Onucanne QPyHKIMOHAIBHON CXEeMbI aBTOMATH3AIIHH.

O6ocHoBaHMEe BHIOOPA CPEACTB aBTOMATH3allNU.

Omnpenenenre aCUMOTOTUYECKUX TAPaMETPOB 00bEKTa PETYIUPOBAHUS U BEIOOD BUIA
perynaropa.

OmnpeneneHne 3aKkoHa yrpaBlieHUs (TUIA PETYIIATOPA).

Pacuér mapameTrpoB perymnsaropa.



6. Jluteparypa.

[osicHuTenpHas 3amMcKa BBINOJMHSACTCS Ha CTAaHJAPTHBIX JIMCTaX MHCcYel Oymaru
dopmara A4, cormacao TpeboBanusim ECKJ[. @opma THTYIBRHOTO JHCTa TpHBEICHA B
MIPWIOKEHUH 2.

OyHKIIMOHANBHAS ~CXeMa aBTOMAaTH3alk  OopOpMIIIETCS B  COOTBETCTBUH  C
tpeboBarusamu 'OCTa 21.404-85.

3ajaHre Ha KypCcOBYIO paOOTy CTYJIEHT MOJIydaeT y mpernojaaBatelns (MpuIokeHue 7).
OHO COCTOUT M3 Ha3BaHUSI ABTOMATH3UPYEMOTO TEXHOJOTHYECKOTO MpOIIecca, MCXOHBIX
JaHHBIX JUIS  pacyera AaBTOMAaTHYECKOW CHUCTEMBl  PETYJIHpPOBAaHHUS OJHOW W3
TEXHOJIOTUYECKUX TIEPEMEHHBIX B BHJE YMCICHHBIX 3HAUCHWH MapaMeTpoB OOBEKTa
perynupoBanus (Kos, T1, T2), MakcuManbHO BO3MOXHOTI'O MTPOLIEHTA XOAa PETYJINPYIOLIEro
oprana(M%) u moka3areneit kauectBa nepexoaHoro mnpoiecca (LAY vax, Tp™™, Yoer"™ —IIst
PEryasTOPOB HENpPepbIBHOIO BUJAA M Ay, T v -UI1 JBYXIO3MLMOHHBIX PETYISTOPOB).
Kpome Toro, mist mociemHero peryistopa 3amaércs TpedyeMoe 3HaYeHHE pPeryarnpyeMoi
BEJIMYUHBI X3.

3. OBHIME YKA3AHMUS 1O BBIITOJIHEHHUIO KYPCOBOTI'O ITPOEKTA.

1.B BBeneHuu KypcOBOIO IIPOEKTa, JOJDKHA ObITh OOOCHOBaHAa HEOOXOIUMOCTh
aBTOMATHU3alM KOHKPETHOTO TEXHOJIOTMYECKOTO IMpolecca, IEepPeUnucIeHbl TEXHUKO-
SKOHOMMUECKHE ToKa3aTeNu (HaaA&KHOCTh U PUTMUYHOCTH MPOU3BOJCTBA, C€OECTOUMOCTD
U KauecTBO NPOAYKLHMH, JOJS PYYHOrO Tpyda U T. J.), KOTOpbIE YIYy4LIAlOTCS MOCIe
BHEJIPEHUS aBTOMaTHYECKUX CHCTEM.

2. B nepBom paznene HEOOXOIUMO OCYHIECTBUTH aHAIN3 TEXHOJOTMYECKOW CXeMbl B
COOTBETCTBUU C TEMOW KypCOBOTO MPOEKTa U 000CHOBAThH BHIOOP MapamMeTpOB U3MEPEHHUS,
perynupoBaHusi U curHaiauzanui. C 3ToN Lenblo CTYACHT M3y4yaeT yKa3aHHBIA B 3aJJaHUU
TEXHOJIOTHYECKHI TMpolecc, OMpeneNseT NapaMeTpbl, 3Haue€HUE KOTOPBIX Tpeldyercs
U3MEpSATh, PETYIHPOBaTh, a TAK)KE CUTHATIM3UPOBATH 00 MX 3HAUCHUAX. B pe3ynbrare aTOrO0
Ha cXeMe JOJDKHBI OBITh YKa3aHbl HyMepalusi U MecTa paclOJOKEHHUS [TaT4YHUKOB,
PEryIATOPOB, 3JIEMEHTOB WHIMKAIMU, CUTHAM3allid, KOMMYTAllUM, a TaKKe KaHaJloB
MPOXOXKAeHUs]  curHasoB.  CXeMaTHMYHO  MOKa3biBaeTcs  UX  (PyHKIMOHAIBHOE
npenHa3HayeHue (B Buje 0003HAueHUil) W JIMHUK CBSA3M Mexay HuMH. Bcé 310
MIPOU3BOJIUTCS HA 0a3e 3HAHUM, MTOJTYUYCHHBIX NPU U3YUYEHUU TEXHOJOTUYECKUX TUCIHUILINH
u o0OpynOBaHUs COOTBETCTBYMOIIEH obOmacTu. TeopeTHdeckre OCHOBBI 3TOTO  pasiena
M3JI0OXKEHBI B MyHKTaX 4.1 u 4.2 HacTosAIMX MEeTOqMYecKuX ykazanuii (MY)

3. IIpu onucannu ¢GyHKIMOHAIBHOW CXEMbl aBTOMAaTH3allUM, €€ cocTaBa M MPUHIIHMIA
JIeUCTBHUS HEOOXOAMMO TMOKa3aTh POJIb 3JEMEHTOB CXEMbI B MPOIECCe aBTOMATU3AINH, UX
(GYHKIIMOHATBbHBIE CBSI3M, PACIOJIOKEHUE, TaKKe MPOXOXKICHHEe HWH(GOPMAIMOHHBIX U
YIPaBISAIOUIMX CUTHAJIOB. [Ipy 3TOM Hcmonb3yeTcs MpHUHATas B MPEAbIIYyLIEM paszese
HyMepaIus 3TUX 2JIEMEHTOB U KaHAJIOB CBSI3U.

4. Tlpu obocHOBaHMHU BBIOOpA CPENICTB aBTOMATU3ALUKU HEOOXOAMMO yYUTHIBATH TAKHUE
nmapaMeTphl, KakK JAWana3oH W3MEHEHHUs HU3MEepseMbIX BEIHYMH, Tpedyemas TOYHOCTH
U3MEPEHHUs, YCIOBUS JKCIUIyaTalliM NpUOOpoB (MOXKApO M 3JIEKTPOOE30MaCHOCTb,
arpecCUBHOCTb, TOKCHMYHOCTb M (PU3UKO-XMMHMYECKHE CBOMCTBA Cpenibl), JalbHOCTh
nepenayd MHGOPMAIMOHHBIX U YIPABISAIONIMX CUTHAJOB. B pesynbraTe Takoro BeiOopa B
paszjerne yKasbIBaeTCs MapKHUpOBKa MpuOOpa, €ro MecTo YCTaHOBKM, HAMMEHOBAaHHE
U3MEepsIeMOT0 MapaMerpa u T.1. (IpuioxeHue 6).

5. Beluncrnenne  acUMNTOTHYECKMX ~ MapaMeTpoB  O0BEKTa  peryaupOBaHUS
OCYIIECTBIISICTCS C HCIOJB30BAaHMEM YMCJICHHBIX 3HAueHWH KpuBoil pasrona. Ilo
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MOJIydCHHBIM 3HAYEHHUSM O3TUX IIapaMeTpPOB TMPOMU3BOIMTCA BBHIOOP BUAA DETYIATOpA.
[Topsiiok BBINOIHEHMSI 3TOTO 3Tana onucal B noapasaenax 4.3.2 u 5.1 MV.

6. [Ipu BbIOOpe Tuma perynasTopa (3akoHa YIpaBJICHHs) W pacuéTa ero mapameTpoB
YUUTBIBAIOTCS TpeOOBaHMUs, IPEABSIBIsIEMble K KaUeCTBY PETYJIIMPOBaHUsA. DTH TpeOOBaHUS
OTIPENIENIAIOTCS TAKMMH TOKa3aTelsIMH, Kak MaKCHMallbHO BO3MOXKHBIH TIPOLEHT XOJa
perynupyromero oprana M%, MaKCHMalbHO JOIyCTUMOE IMHAMHUYECKOE OTKIOHEHHE
perynupyeMoi BeIUUUuHbl AY yax, MAKCUMAJIBHO JIONYCTUMOE BpeMs perynupoBanus Tp "
U yCTaHOBUBIIEECA OTKIOHEHUE Y ocr. I pacu€ra napaMeTpoB peryisTopa UCIOIb3YIOTCS
dopmyiel, cootBercTByrOmEe 20%-HOMYy TmepeperymupoBanuto (Tadm. 2). Pacuérsr,
MPOU3BOJIMMBIE HAa STOM I3Tare, MPOWLIIOCTPUPOBaHbl B mojapasaenax 5.2.1 MY - musa
HEMPEPBIBHOTO perynsaTopa, 5.3.1 u 5.3.2- 1715 ABYXIIO3UIIHOHHOTO.

4. OCHOBHBIE CBEJAEHUA U3 TEOPUN.
4.1. OBIIIAH MMOPAJIOK N30BPAKEHUS ®YHKIIMOHAJIBHBIX CXEM
ABTOMATU3ALIUU (PCA).

CrpykTrypy ¥ 00bEM aBTOMATHU3alMM TEXHOJOTMYECKOTO OOOPYIAOBAHMS ONpPEAEISET
(yHKIIMOHABHAS CXEeMa aBTOMAaTH3allih, KOTOpas TMPEACTaBISET COOOW dYepTex C
YCIIOBHBIM M300pa)KEHHUEM TEXHOJOTHYECKOro 000PYyAOBaHUS, KOMMYHUKALUNA, OpraHoOB
ympaBlieHUsT W cpeAcTB aBToMaruzanuu. Ha @OCA yka3pIBalOT BCE CBSI3U MEKIY
TEXHOJIOTHYECKMM OOOpYyJOBaHHUEM U JJIEMEHTOM aBTOMAaTUKU. Opranel yHpaBlieHUs U
cpenctBa aBromaTtusamuu uzobpaxatror Ha @CA B cootBerctBuM ¢ ['OCTom 21.404-85.
OcHoBHBIE yclOBHO-Tpaduueckre u OykBeHHbIe oOo3HadueHus: mo ['OCTy mpuBencHsl B
npunoxenusx 3,4,5. B ocHoBe 0003Ha4YeHHI MPUOOPOB W CPEICTB aBTOMATH3AIUH TIO
I'OCT 21.404-85 nmexuT (HyHKIIMOHATBHBIN MPU3HAK - TOCTPOCHUE OYKBEHHBIX YCIOBHBIX
0003HaYCHHUI BBITIOTHAETCS OykBamMu JaTHHCKOro andaButa. OTOOpPHOE YCTPOWCTBO IS
BCEX IMOCTOSIHHO MOJKIIIOYEHHBIX MPUOOPOB HE HMEET CIEUUANbHOTO O0O03HAueHus, a
MpescTaBiIsieT coOOM TOHKYIO CIUIOLIHYIO JIMHUIO, COEIWHSIONIYI0 TEXHOJIOTMYECKUH
TpyOONIPOBOA WM ammapar ¢ I[EePBUYHBIM HM3MEpPUTEIbHBIM IpeoOpa3oBaTeneM WM
pudopoM.

[Ipn HEoOX0IMMOCTH yKa3aHUS TOUHOTO MECTa PacMOJIOKEHUsI OTOOPHOIO yCTpPOICTBa
WM TOYKH M3MEpEeHUs (BHYTPH KOHTypa TEXHOJIOTMYECKOIO ammapara) B KOHIIE TOHKOH
JTUHUEH U300paXkaeTcsi OKPYKHOCTh IUAMETPOM 2 MM.

[ToaBon mUHMI CBA3M K CUMBOJY NMpuOOpa JOIMycKaeTcs U300paxaTh B JII00OM TOuke
OKPYKHOCTH (CBEpXy, CHU3Y, cO0Ky). Ecin HeoOXoaumo ykaszaTh HallpaBlIeHHE Teperadyu
CUTHaJa Ha JIMHUAX CBSI3U JIONYCKAaeTCs HaHECeHHe CTpesiok. B ciydae, koraa ob6o3HavaTh
npubop u cpeacrBo aBrtomaruzammu 1o ['OCTy He mnpeacraBisieTcsi BO3MOXKHBIM,
paspelraercsi BBEJCHHE MPOU3BOJIBHBIX YCIOBHBIX 0003HAuUEHUM ¢ pacmmppoBKONH HX HA
cxemax. bykBeHHbIe ycI0BHBIE 0003HAUECHUS MTPUBEICHBI B TAOTUIIE MPUITIOKEHHS 4.

JlJis KOHKpeTU3aluu OMNpeeisieMoil BEIMYMHBI OKOJIO M300paskeHus npuodopa (cropasa
OT HEro) He0OXOAUMO YKa3bIBaTh HAMMEHOBAHHE UM CUMBOJ U3MEPSIEMO BETUYHHBI: TOK,
pH, O u 1.1

BykBa «U» MoxeT ObITh HCIOJNB30BaHa I 00O3HAUEHUS TpHOOpa, M3MEPSIOIIETO
HECKOJIbKO Pa3HOPOJHBIX BeMWYMH. PacumdpoBka u3MepsieMblX BEIUYHH JOJDKHA OBITH
MpHUBEACHA OKOJIO Tpubopa WM Ha MOJie uepTeka. PesepBHbIC OYKBBI HCIOIB3YIOTCS IS
obo3navuenuss HenpenycMoTpeHHbIXx ['OCTom BenuuuH. [IpumeHsiemMble BETUYHHBI
o003HauaroTCcsl OJHOM M TOM ke OykBOH, ¢ pacmugpoBkoil Ha cxeme. He momyckaercs



MPUMEHSITh OJAHY M Ty JK€ PE3epBHYIO OYKBY Ui O0O3HAYEHUH pa3HBIX BEIUYHUH B
Ipesienax JaHHOTO BUJa JOKyMEHTAaLUU.

JlononHuTeNbHbIE  OyKBEHHBIE  0003HAYEHUS, OTpaXawlue (QyHKIHOHAIBHBIC
MPU3HAKK TPUOOpa MPHUBEICHBI B TAOIUIIE IPUIIOKEHHUS 3.

byksa "E" npumensiercs s 0003HaUEHMsI UyBCTBUTEIbHBIX IJIEMEHTOB, HalpUMeEp:
TEPMOJIEKTPUUECKUX TEPMOMETPOB, TEPMOMETPOB CONPOTUBIIEHUS, CYKAIOIIUX YCTPONUCTB
pacxo0MepoB U T.II.

BykBa "T" o0o03Ha"aeT MPOMEKYTOYHOE MPEOOpa3OBaHUE-TUCTAHIIMOHHYIO Tepeaady
CUTHAJa, HampuMmep: OecHIKalbHBIE MaHOMETPHI (IU(MaHOMETPBI), MAHOMETPHYCCKHE
TEPMOMETPBHL.

byksa "K" mnpumensercs s o0003HaUeHMH NPUOOPOB, HMEIOLIUX CTaHIUIO
yIpaBiIeHUS.

Bbyksa "Y" pekoMeHnayeTcs A5 MOCTPOEHUsI 0003HaYeHH npeoOpa3oBaTeniell CUTHAJIOB
Y BBIYMCIIMTEIIBHBIX YCTPOUCTB.

[Topsimok MOCTpOeHUs YCIOBHBIX 0003HAYEHHUH ¢ TPUMEHEHUEM JOTIOTHUTEIHHBIX OYKB
CIIEYIOIIMN: Ha MEPBOM MECTE CTaBUTCA OykBa, 0003HAYaroIlas U3MEPIEMYI0 BEIUUYUHY;
Ha BTOPOM MeECTe - ojHa U3 nomnoyHuTenbHbIX OykB: E,T,K wmm Y- Hanpumep TepmomeTp
conpotuBiieHus-TE, cyxaromiee ycTpoiicTBoO pacxoaomepa-PE.

I[Ipyu mocTtpoeHWM yCIOBHBIX 00O3HAYEHWUW mMpeoOpa3oBaTeieii CUTHAJIOB U
BBIYHMCIUTENbHBIX YCTPONCTB HAAMKMCHU, paciiu(poBBIBAIOIINE BHJ MPEOOpa30OBaHUsS WU
omepanuy, BbINOJHSAEMbIE BBIYUCIUTEIbHBIM YCTPONCTBOM, HAHOCATCS CIpaBa oOT
rpaguIecKoro U300paKeHUS npuoopa, HaIrpuMep AIEKTPOMTHEBMATUYECKHUMA
npeoOpaszoBaTelb, YCTAaHOBJICHHBIN 110 MecTy E/P .

[Ipu nmoctpoennn 0603HaYEHHUI KOMILJIEKTOB CPEICTB aBTOMAaTHU3allMM MepBas OykBa B
0003HAaYeHUH KaXJOro MpUOOpa, BXOMSIIETO B KOMIUIEKT, SBJISETCS HAMMEHOBAaHUEM
U3MepseMOil KOMIUJIEKTOM BelIWuYMHBL. Hampumep, B KOMIUIEKTE Ui HU3MEpPEHHS H
pPEryIUpOBaHUS TEMIEpaTyphl MEPBUYHBIA H3MEpPUTENbHBINA IpeoOpa3oBareib CleayeT
o6o3naunth "TE", BTOpMYHBINA peructpupyromuii npudop-"TR.";perymupyromuii 010K-
"TC".

Bce ycrpoiicTBa, BBINONHSIEMbIE B BUIE OTHAEIbHBIX OJIOKOB M MpeJHa3HAUCHHBIC IS
PYUYHBIX OIEpaluidi, ODKHBI HMETh Ha IIepBOM MecTe oOo3HadeHuit OykBy "H",
HE3aBHCHMO OT TOTO, B KaKOW KOMIUIEKT TEXHHYECKHX CPEACTB OHM BXOJsAT. Hampumep:
KHOMKHU (KJIFOYM JUIsl AUCTAHIIMOHHOTO yIpaBieHus, 3amaTunku -"H", OailimacHple maHen
JucTaHImoHHoro ympasieHus-"HC", nepekimtodaTtenu 3JeKTPUYECKUX IENel H3MEpeHUs
(ynmpasnenus)-"HS".

4.2. CIIOCOBbI U METOAUKA NOCTPOEHUSA TPAOUNYECKHUX
YCJOBHBIX OBO3HAYEHUM ITO I'OCT 21.404-85.

OynkunoHanbHbie cxembl aBToMatuszanud (PCA) MoryT OBbITh BBHITIOJHEHBI JBYMS
criocobamu:

1 cnoco® - ynpoueHHsIH,

2 cnoco0 - pa3BepHYTHIN.

1 cnocob. Tlpu noctpoennu ®CA mpubOpsl U cpeAcTBa aBTOMATU3AIMK M300paaroT
BOIHM3U OTOOPHBIX YCTPOMCTB M M3MEPUTENBHBIX IpeoOpaszoBateneid. [lpu 3ToM mUTH U
MyJIBTHI B CXeMaX HE MOKa3bIBatoOT (pHcC. 1).
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Puc. 1. ®CA Ttemnoo0MeHHNKa, BBIMOJIHEHHOTO YIPOIIEHHBIM CITIOCOOOM.

[Ipu n3zo6paxenunt @CA TakuM criocoOOM BO3HUKAIOT TPYIHOCTH B YTEHUHU CXEM T. K.
Ha 4YepTeke He HaXOAUT OTpaKeHHE OpraHu3alisl MyHKTOB KOHTPOJIS U yrpaBieHus. Takue
CXeMBbl [JAlOT JIMIIb OOLIME TMPEICTABICHUS O MPHUHATBIX pEIIEHUs X U o0beme
aBTOMAaTHU3aI1H.

2 cnoco6. llutel W mynpThl U300paXKalOT NPAMOYTOJbHUKAMHU, B 30HE KOTOPBIX
YCIIOBHO M300pa)kalOT YCTAHOBJIEHHBIE B IUTAaX M IyJbTaX CpejcTBa aBromaru3auuu. OT
HUX JIMHUU CBS3U WAYT K DJIEMEHTaM CXEMbl, C KOTOPBIMH OHH B3aMMOJEHUCTBYIOT.
HenocpeacTBeHHO Ha TEXHOJIOTMYECKOM OOOpPYIOBAHMU U KOMMYHHUKAIMAX M300pakaroT
U3MEpUTENbHBIE IPE0Opa3oBaTeNM, WCIHOJIHUTEIbHBIE MEXaHU3Mbl U PETYIUPYIOIINE
opransbl. I1lUTel ¥ MynbTHl yIpaBieHHs OTOOPaKAKOT OPraHU3ALUIO IYHKTOB KOHTPOJIA U
YIpaBJIEHUS] TEXHOJOTMYECKUM IPOLIECCOM M pacloyiaraloTcs B HIDKHEH 4acTH MOJs
gyeptexka. [IpuOopsl 1 cpeacTBa aBTOMATH3alMK, YCTAHOBJIEHHBIE BHE IIUTOB U MyJIbTOB U
HE  CBSI3aHHbIE  HENOCPEJICTBEHHO C  TEXHOJOTMYECKMM  OOOpyIOBaHMEM U
KOMMYHHUKAITUSIMH, YCIIOBHO TTOKa3bIBAIOT B IpsiMoyroJibHuKE "[Ipubopbl MmecTHBIE".

[IpuGops! U cperncTBa aBTOMAaTU3allMH, IPEACTaBIECHHbIE B PACHOPSDKEHUE OIepaTopa,
MOKa3bIBaIOT B MpsiMoyroiasHuke "Iut ynpaBnenus" (puc.2).

B cniyqae cnoxabix @CA B n3b6exanue 00JIBIIOTO KOJUYSCTBA U3JIOMOB M TIEPECCUCHUIMA
JMHUU CBSI3M OOPBIBAIOT U MYHKTUPYIOT. [lJI1 HUXKHETO pslja HOMepa JOJDKHBI CIIE€0BATh B
BO3pACTAIOIIEM MOPSJIKE, Ul BEPXHEro psAha OHU MOTYT pacrojaraThCsi Ipou3BosibHO. Ha
y4JacTKax JUHUN CBSA3M HaJ BEPXHUM IPSIMOYTOJIBHUKOM YKa3bIBAIOT Mpe/eibHbIe paboune
3HA4YEeHUs1 U3MEPSIEMbIX U PETyIUPYEMbIX BEIHMUUH IPU YCTAHOBHUBILEMCS PEXKUME PAOOTHI.
CucremMa HymepalMM CpeACTB aBTOMAaTHU3aLUU IPEJyCMATPUBACT MPHUCBOCHHE KaXKJIOMY
KOMIUIEKTY anmnapaTypbl B KaHaje M3MEpPeHHs WM KOHTYpE PErylupoOBaHMs MOPSIKOBBIN
HOMEp, a KaXJOH COCTaBHOM YacTu KOMIUIEKTa (M3MEPHUTEIbHOMY IpeoOpazoBaTelio,
U3MEPUTEIBHOMY WIN PEryaupyromemMy npuoopy, nepexiitoyareib 1 T.11.)-OyKBEeHHbIH win
1upoBOH MOPAAKOBBIN HHAEKC (a, O, B U T.4.; 1,2,3...).IToyHBI HOMEp Ka)KI0ro 3IeMeHTa
KOMIUIEKTA amnmaparypbl COCTOMT JBYX dacrteii-1a,26 u 1.0 mm 1-1,2-1 u 1.4
OnekTpoanmnaparype, HalpuMep, CUTHAJIbHBIM JIaMIaM IPHCBauBalOT LU(PO-OyKBEeHHbIE
0003HaueHMsl, MPUMEHSAEMble B NPUHIMIUANBHBIX 3JIeKTpUyeckux cxemax-HL1, HL2.
OT1OopHBIE YCTPOMCTBA, B KOTOpPBHIX  INpeoOpa3oBaHHE M3MEPSEMOro IapameTrpa He
MIPOUCXOUT (Hampumep, OTOOp AaBICHUS), B CXeMaxX HE HYMEpYIOT.



Metoauka TOCTpOCHHUsI I'paUUeCKUX YCIOBHBIX OOO3HAYCHHH SIBISETCS OOIIEH st
oboux cnoco6oB nocrpoenuss PCA.B BepxHell yacT OKPY)KHOCTH HaXOJsATCSl OyKBEHHBIE
0003HauCHHSI U3MEPSIEMOM BETMUUHBI M (DYHKIIMOHATILHOTO IPU3HAKa Ipuodopa.

[Topsinok pacrnosioxeHust OyKBEHHbIX 0003HauUEHUH (CIeBa HapaBo) CIeAYOUIil:

-0003Ha4Y€HNs OCHOBHOM N3MepAEMON BEIUYNHBL;

-0003Ha4Y€HKE, YTOUHSIOLIEE (€CIU 3TO HEOOXO0IMMO) OCHOBHYIO U3MEPSEMYIO
BEJIMYMHY; 0003HaueHne (QYHKIIMOHAIBHOTO MTpU3HaKa mpudopa.

[opsimok OyKBEeHHBIX 0003HAYCHHUN (PYHKIIMOHAIBHBIX MPU3HAKOB (€CIH WX HECKOJIBKO
B 0JTHOM Tipubope) posnkeH ObITh cnemyronmm: "IRCSA".

1 2 3 4 5 fi 7
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E 3 \éT,/ \éT/
Sl 2 E4 é
®HL3 @'HLE HL1
Puc. 2. ®CA tepmokamepsl
I-xamepa; I, 11l — Bo3myxoBomsl, |V - kanopudep; V, VI - seatunsatopsl, VII - kamepa

CMEILICHUS:
1- myckoBas anmaparypa.
2 — U3MEpUTEIb-CUTHAIN3ATOp TEMIIEPaTyphl B TYIIE.
3 - PErynarop BIaXKHOCTH.
4 - perynsTop TeMIepaTypsl B Kamepe.
5- mporpaMMHOe YCTPOHCTBO.
6 - myckoBas anmaparypa.
7 - mporpaMMHOE yCTPOHCTBO.
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B HmkHEH 4acTH OKPYKHOCTH HAaHOCHTCS MO3UIIMOHHOE 0003HaueHe (IudpoBoe Wi
OYKBEHHO-IIU(POBOE), CIHyKallee A HyMepalud KOMIUIEKTa HW3MEPEHHS WU
perynupoBanus (mpu ynpomeéHHOM crocobe mnoctpoenus DCA), wid OTAETbHBIX
AJIEMEHTOB KOMILIEKTa (TIpH pa3BEépHyTOM criocobde noctpoenust DCA). Eciau nosurmonHoe
o0o3HaueHne NpuOOpa HE TOMEMACTCS B OKPY)KHOCTH, JOITyCKAaeTCsl HAHECTH €ro 3a
MIPEeNIOM OKPYKHOCTH, JINOO IIPUMEHNUTH BMECTO OKPYKHOCTH DILIHIIC.

[Ipu oGo3HaueHnu mpubOpa ClieqyeT yKa3blBaTh HE BCE (PYHKIMOHAIBHBIC TPH3HAKU
npubopa, a TOJIBKO T€, KOTOPhIE UCTIONB3YIOTCS B TAHHOH CXeMe.

[Ipu mocTpoeHnH yCIO0BHOTO 0003HAUYEHUS CHTHATIM3ATOPa YPOBHSI, OJIOK CHTHAJIM3aLUU
KOTOpPOTO SIBJSIETCS OECHIKaIbHBIM MPHOOPOM, CHA0KCHHBIM KOHTAaKTHBIM YCTPOHCTBOM,
ClIeIyeT MUcaTh:

a) "LS"-ecmu mpubop HCIONB3yeTCs TOJBKO IS BKIIOUYCHWS, BBIKIFOUCHHUS HAcoca,
OJIOKHPOBOK U T.JI.

06) "LA"-ecntu mnpubop HCHOJB3YeTCS TOJBKO I CHUTHAIW3AUU (MECTHOW WU
JTUCTAHITMOHHOMW);

B) "LSA"-ecrmu ucronb3yroTcs 006e GyHKIUH 1o moarmyHkram "a" u "0".

r) "LC'-eciu mpubop UCTIONMB3YETCS IS PETYITUPOBAHUS YPOBHS.

Pa3mepsr rpaduuecknx ycIoBHBIX 0003HAYCHHI MPUOOPOB M CPEACTB aBTOMATH3allUN
MIPUBE/ICHBI B IPUIOKEHUH 5 .

[IpssMOYTrOIbHUKY, KOTOPBIMU H300PaXKAIOTCS IIUTHI U MYJIBTHl UMEIOT MPOU3BOJIHHbBIE
pa3Mepsl, J0CTaTOYHbIE AJIsl HAHECEHHs rpauecKrX YCIOBHBIX 0003HaYeHHM MPHUOOPOB.

TonmuHa JTUHUNA YCIOBHBIX rpadUyecKux 0003HA4YeHHH MoJpKHA coctaBiath 0,5-0,6
MM. [opu3oHTanbHas pasaenuTenbHas 4YepTa BHYTpU O0O3HaueHus npubopa M JMHUU
CBSI3H BBIIIOJHSIOTCS TUHUAMHE ToauHOM 0,2-0,3 MM.

Pexomenaruu no BeIOOpyY anmaparypbl CHCTEM aBTOMAaTH3AIUH.

[Ipexxe yeM NPUCTYNHUTHh K aBTOMATHU3AIMH TEXHOJIOTUYECKOTO Mpolecca Heo0X0AuMO
THIATENIbHO U3YYUTh TEXHOJOTUYECKUH MPOLIECC, BBIIBUTH TEXHOJOTHYECKHUE TIEpEeMEHHbIE,
onpezenstonue nporekanue TII u B3auMoCBsA3M MEXAYy HUMH.

[Ipn BBIOOpE TEXHMYECKUX CPEACTB ABTOMATH3Al[MU CIEAYET YUUTHIBATh: YCIOBHS
MI0’KapO-B3PHIBOONIACHOCTH MPOIECCa; arpecCMBHOCT U TOKCHYHOCTb OKpYKarolen
Cpelbl; -mapaMeTpbl U (PU3MKO-XUMHUYECKHE CBOWCTBA M3MEPSEMOW Cpenbl; -IajlbHOCTh
neperayd  CUTHAJOB  WMH(opManud  OT  MecTa  YCTAaHOBKM  HM3MEPUTEIbHBIX
npeoOpas3oBareneil,  UCHOJHUTENBHBIX  YCTPOMCTB;,  -TpeOyeMas  TOYHOCTh U
ObICTpoJeiicTBHEe TPUOOPOB U  PETYASTOPOB; -TpeOOBaHHUA K CTEPUIBHOCTH H
FePMETUYHOCTU TEXHOJOTUYECKUX alapaToB.

[Ipu BBHIOOpE TEXHMUYECKUX CPEJICTB aBTOMATH3AIMH CJEIyeT OPHEHTUPOBATHCA Ha
cepuiiHO BbIllyckaemble. [Ipuuem mpeamouteHue otmaeTcss ['ocymapcTBEHHOU cucTeMe
MpOMBIIIIEHHBIX TpubopoB u cpeactB asroMatuzauuu (I'CIT). Ilpumenenue ['CII
MO3BOJISIET TOOMBATHCS YHU(DUKALIUY CUCTEMBI.

[IpakThka TOKa3bIBaeT, 4YTO TMPEANPUATHS TMHUIIEBOW NPOMBINIUIEHHOCTH Ha 70
MPOLIEHTOB ~ OCHAIIEHBI  JJIEKTPUYECKUMHU cpeAcTBaMH  aBTomaTm3anuu. Llupoxoe
MpUMEHEHHEe HaXOIAT TEeXHHUYECKHe cpeacTBa aBToMaThku 3aBoga M3TA wu
perynupyromue ycrpoiictsa cucremsl "Kackazn', "Konryp", AKOCP.

[Ipu aBTOMaTHM3aIMK B3pHIBO- U MOkapoomnacHeIX TII HaxoIAT MpUMEHEHHE CPeCTBa
MTHEBMOABTOMATHKH.



JIOCTOMHCTBOM ~ TTHEBMATHUYECKUX yCTPOWCTB aBTOMATHUKH  SIBISIETCS  BBICOKAS
HQJIGKHOCTh M JOCTaToyHass mpocrora. JlambHOCTH Tepepaun uHpOpManmum B
nueBmoaBTomaTtuke jgocrturaer 300 M. Hawubonee pacnpocTpaHeHHbIE TEXHUYECKHE
cpencTBa dToi cepuu - mpubopel cucteMbl "Crapt". VICTOYHMKOM DSHEPruu s
MTHEBMATUYECKUX MTPUOOPOB SABISAETCS CHKATBIM BO3ayx nasieHueM 0,14 Mlla.

[Ipu BBIOOpPEe MPUOOPOB, BXOAAIIUX B ABTOMATHYCCKYIO CHCTEMY pPETYIMPOBAHMUS,
HEOOXOJIMMO YYHTHIBATH WX COBMECTUMOCTH IO BXOJHBIM - BBIXOJHBIM CHTHAJIaM |
KOHCTPYKTHUBHBIM pa3Mepam.

BreiOpaHHbIE ~ TEXHHWYECKHE  CpEICTBA  aBTOMATH3allMM,  peIlalohe  3a/adu
aBTomMaruueckoro ympasieaust TII qomkabl ObITh 0(hOpMIIEHBI B BHJIE CHICTUPUKALIAN (CM.
MIPUJIOKEHUE 6).

4.3. OCHOBHBIE ITOHSITUS TEOPUU ABTOMATHYECKOI'O
PEI'YJIUPOBAHMUSI.
4.3.1. DYHKIIMOHAJIbHBIE CXEMbBI ACP ! UX IIPUHIIATI JIEMCTBUS.

PerymupoBanuem HaspIBaeTCs TpoIecC TOJUIEpX)aHUA TpeOyeMoro 3HAYCHHS
perynmupyemoii Benuuunbl Y (I) win u3MeHeHue e€ MO 3aJaHHOM MporpaMme, KOTOpas
3amaéTesl 3apaHee WM TOCTYNMaeT W3BHE B XOJE AKCIUTyaTallil CHUCTEMBI. BbIxomHas
BEJIMYMHA, 3HAUEHUE KOTOPOM KOHTPOJUPYETCS U MOAJICPKUBAETCS B XOJAE TaKOro
mpolecca, Has3bIBaeTCS pErylupyeMoN WM peryaupyeMbiM mapameTpoM. OOBEKT, B
KOTOPOM OCYIIECTBIISICTCS peryJupoBaHue, Ha3pIBaeTCss 00beKkToM peryaupoBanus (OP).

CymHoCTh TMpoliecca peryjlupoBaHUsl 3aKI04YaeTcs B BO3JACHCTBMM Ha OOBEKT
pErylnupoBaHUs TAKUM 00pa3oM, YTOOBI perynupyemas BeIMYuHA CTPEMIIIACh Obl K CBOEMY
3aJJaHHOMY 3HAUEHUIO Y 33, C COOTBETCTBYIOIIEH TOUHOCTHIO. Pa3HOCTHh MEXy 3a/laHHBIM U
TEKYIIUM 3HAYEHUSMH PEryJupyeMoil BETUYMHBI HA3bIBACTCS OIIMOKOW peryinpoBaHUs
wm  paccormacoBaHueM  &(1)=Yi-Y(t). Cam mporiecc TEXHHYECKH peaan3yeTcs
MOCPECTBOM aBTOMaTHYeCcKou cuctemont perynupoBanus (ACP). B oOmem cioydae Takas
cuctemMa coctout u3 peryisatopa (P-P) u oobexra perymuposanus (OP) (Puc. 3).

P-P | £(t)
vt Y()
—> OP -

=
Y
2
Y
3

Puc. 3. bnok cxema ACP.

B cocras P-P (puc. 3) Bxoasar Takue ycTpoiicTBa, Kak cpaBHHUBaroliee yctpoictBo (CVY)
B BHJIE CyMMaTopa, aBToMatuyeckuii perymstop (AP), ucnomuurensueiii Mexanusm (M)
u peryaupytomuii opran (PO).

B cymmaTtope ocymiecTBIsSeTCS CpaBHEHHE TEKYIIETO 3HA4YCHHs] PETYIHPYyeMOro
napamerpa Y(f) c¢ 3amaHHBIM Yasu;. W BbIpadaThiBaeTcs paccornacoBanue g(t). Ito
paccoriacoBaHue IOCTYNAaeT B aBTOMAaTUYECKUH peryiasTop. 34ech, B COOTBETCTBUU C
3aJJaHHBIM 3aKOHOM peryjiaupoBaHus, (GopMmupyercs ympapistomuid curtai. Ilocie uero
Yyepe3 UCMOJHUTENbHBI MEXaHU3M U PErYJIUPYIOLIN OpraH OH OKa3bIBaeT yIpaBJIsiollee
Bosneiicteue U(t) Ha OP. Ilpu atoMm, BeixojaHas (perynupyemas) BenuuuHa Y (t) momkHa
CTPEMHUTBCS K CBOEMY 33aJJaHHOMY 3HAYCHHIO, Yz, T.. Y(I) — Y CliiemoBaTenbHO,
TPUHIIMIT PETYJTHUPOBAHUSI MOXKHO 0TOOpa3uTh BeIpakeHueM g(t) — 0, mpu t — co.
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4.3.2. OBPBEKTbBI PEI'YJINPOBAHUSA, UX IIEPEJATOYHBIE @ YHKIIUU U
ITAPAMETPBI.

Crnenmyer OTMETUTh, 4YTO JIUHAMUYECKHE CBOICTBa perymsitopa u oO0ObekTa
perynupoBaHus BiusOT Ha cocrosinue ACP, ompenenss xapaktep W OCOOCHHOCTH
MEpPEXO/IHOTO Ipolecca peryaupoBanus nocie BosmymieHuss ACP. CrnenosatenbHo, Ams
TOTO, YTOOBI TPABWIIBHO BBIOPATh PETYISATOP, HEOOXOAMMO 3HATHh IUHAMHKY OOBEKTa
peryinupoBaHus, T.€. HMEThb MaTeMaTHYeCcKyl0 MoJelib oObekTa (auddepeHunaibHbe
YpaBHEHHs, NepeAaTouHble (YHKIMH M T. [A.). Takyl0 MOJEIh MOXHO TMOJIYYHUTh
AQHAJIUTUYECKUM U 3KCIIEPUMEHTANIbHBIM ITyTeM. [IepBblil myTh 3aKiIt04aeTcss B COCTaBICHUN
maddepeHInanbHOTO  ypaBHEHUS, OIMCHIBAIONIETO JIHHAMUKY o0ObekTa. [Ipum sTOoM
BBITIOJIHAIOTCS CIEAYIOIINE dTanbl. BpIgBiaseTcd (QU3MYECKU 3aKOH, OMNpEeesIIOIIMii
CTaTUKY U IMHAMUKY Ka)KJIOTO DJIEMEHTA CXeMbl. TakuM 3aKOHOM MOXKET ObITh, HaIpUMep,
3aKOH COXpaHEHHusl BemlecTBa (OOBEKTHI PEryJIMpOBAaHUS YpPOBHS, JaBJEHHS), 3aKOH
COXpaHEHHUs SHEpruu (OOBEKTHl PETYIMpPOBAaHUS TEMIEpPaTypbl) U JAPYrH€ OCHOBHbBIE
3akoHbl (Qu3uku. IIpeoOpazoBaHHOE MaTeMaTHYECKOE BBIPAKEHHE COOTBETCTBYIOIIETO
3aKOHA M SBJISETCS UCXOAHBIM U (EepeHIMATbHBIM ypaBHEHUEM JaHHOTO 3JEMEHTa
cucteMmbl. Jlainee TmoJlydeHHBIE YpaBHEHUS JIMHEAPU3YIOTCS M 3alKCHIBAIOTCA B
oneparopHoii popme. [TomydeHHass COBOKYITHOCTh YPAaBHEHHUI ONMUCHIBACT MOBEJICHUE BCEH
CHCTEMBI, I03BOJIAA NPH ATOM OINPEAEIATh ONEpaTOpbl CUCTEMBI U €€ IepelaTO4HbIe
¢ynkuuu. OpHako He BCeraa Julsd ONpPENENCHHUs YIOMSHYTBHIX BBIIIE 3aKOHOB U HUX
apaMeTpoB UMeeTCs UCXOAHas HHpopMalus. B 3ToM ciydae MCIONb3YIOT APYro METo
MOJIy4EeHUs] MaTeMAaTUYeCKOM MoJenu 00beKTa, IKCrepuMeHTanbHbli. CyTh 3TOr0 MeTona
CBOJAUTCS K TIOJIy9EHHIO, ONBITHBIM IMyTéM nepexomHoi Gyrkmuu h(t). s storo o0bexT
IIPUBOJAT B PAaBHOBECHOE COCTOSIHUE, OJIN3KOE€ K HOMHMHAJIBHOMY. 3aT€M Ha BXOJ MOJAIOT
CKauKooOpa3HOe BO3MYIIEHUE U PETUCTPUPYIOT M3MEHSIOIIMECS 3HAUYE€HUS BBIXOJHOU
BEJIMYUHBl [0 IPHUXOJa €€ K HOBOMY YCTaHOBHBIIEMYCS 3HaueHHI0. Ha ocHoBaHHM
HKCIEPUMEHTAIBHO TOJTYYEHHBIX JaHHBIX CTPOST rpadukK nepexoaHol pyHKIMN 00bEKTa B
koopauHatax "X - Y". I'me X - BXoaHOE BO3ACHCTBHE, Y- BBIXOJHAs BeiuunHa. B
JambHEHIEM Takyro (QYHKIHMIO OyaeM Has3blBaTh KpHUBO# pasroHa u o6o3Hayarh Y (1) mam
h(t) .

Ilo 3TOH XapakTepUCTUKE MOXHO TakKXe OIpelesiTh TaKue CBOMCTBa OOBEKTa, Kak
CaMOBBIPaBHHBAHHUE U €MKOCTb.

CaMOBBIpaBHUBAaHUEM HAa3bIBAIOT CBOMCTBO OOBEKTAa CaMOCTOSTENbHO (0€3 ydacTus
peryasTopa) BOCCTaHABJIMBATh HAPYIIEHHOE PaBHOBECHE MPUTOKA BELIECTBA WIIM SHEPrUU
CO CTOKOM, B pe3yjibTaTe€ 4Yero Mocje HEKOTOPOro BPEMEHH (BPEMEHHU IEepeXOHOTO
mporecca) BbIXOAHAs IepeMeHHas Y O00beKkTa BHOBb IIPUHUMAET YCTaHOBUBILIEECS
3Ha4YeHue, He 00s3aTeNbHO MpexkHee (puc. 4a). OOBEKTHI C CaMOBBIPAaBHUBAHHEM Ha3bIBAIOT
elme craTMuecKuMH oObekTamMu. (CaMOBBIpaBHUBAHHE SIBISETCS  MOJOXHUTEIbHBIM
CBOMCTBOM T. K. obneryaer paboty perynaropa. Takue 0ObeKThl B CTATUYECKOM PEKUME
MMEIOT YCTAaHOBUBIIEECS 3HAYEHNUE BBIXOIHOM BEIMUMHBL Y yer.
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a) 0)
Puc. 4. [lepexoanbie GyHKINU 0OBHEKTOB:
a- repexojiHast (PYHKIUS CTaTHYECKOr0 00beKTa; 0- repexoaHbie pyHKIun
ACTaTHYECKNX OOBEKTOB, JINHEWHBIN 00beKT (TpsiMast 1) u HemuHeH Hpli (KpuBas 2).

K acrarmuecknM oTHOCATCS O6T)CKTI)I, B KOTOPBIX IIpHU IMOCTOAHHOM BO3H€I\/IICTBI/II/I
perynupyemass BEIMYMHA Y HENPEPHIBHO H3MEHSETCS W HE HUMEET IpU ITOM
ycTaHoBUBIIETOCs 3HaueHus (puc. 40). B OTAENBbHBIX CITydasiX BBIXOAHAS BETUYHHA MOXKET
U3MEHSTHCS 10 JIMHEHHOMY 3aKOHY (IMHUS 1) a B HEKOTOPHIX - 10 HEIMHEHHOMY (KpuBas
2). [Jpyrumm cnoBamu, actaTuyeckue OOBEKThI HE  O0JIaJjaloT  CBOMCTBOM
CaMOBBIPAaBHUBAHUSL.

Bun nepexotHON XapaKTepUCTUKU 3aBUCHT U OT JAPYTOTO CBOWCTBA OOBEKTA - EMKOCTH.
EMKOCTB - 3TO CcOCOOGHOCTH 0OBEKTA B Mpollecce paboThl HAKAILIMBATH MIIM HCYEPIIBLIBATE
BEIIECTBO MIIM SHEPIHI0. EMKOCTH SIBNSETCS aKKyMYIHMPYIONIEH CHOCOOHOCTBIO 0OBEKTA.
Ee ¢wusmueckas CymHOCTh pas3inyHa B 3aBHCHUMOCTH OT XapakTepa OOBEKTa W
INPOMCXO/AIIero B HeM mporecca. K mpumepy, Ui TEIOBBIX OOBEKTOB EMKOCTHIO
SBISIETCS. WX  TEIUIOEMKOCTh.  Pa3nnuyaloT  OJHOEMKOCTHBIE, JBYXEMKOCTHBIE U
MHOTOEMKOCTHBIE OOBEKTHI.

JlunamuKa moBeleHNs OOBEKTOB ONMUCHIBAETCS AUGQPEPEHINATBHBIMA YPaBHEHUIMHU.
HawnbGonee mpocToe 0HO [T OJHOEMKOCTHOTO OOBEKTa:

Tdy(t)/dt + y(t) =Kx(t). (1)
Permenuiem 3Toro I[I/I(b(bepCHI_[I/IaJ'IBHOFO YpaBHCHHA ABJIACTCA YPABHCHUC SKCIIOHCHTHI:
y(H)=K x(t) (1-e7T) = y(e0)(1-e"T), (2)

rae T - nocTosiHHast BpeMeHU 00bEKTa;

K - koapdummenT nepenaun 00bEKTa;

X(t)- BXOIHOE CTyleHYaToe BO3jcicTBHE (BO3MYILCHUE-IPEBBIIICHAE IPUTOKOM MU
PacxoJI0M OTPE/IETICHHOTO 3HaYeHHUS) ;

y(t) - Tekyiiee 3HaYCHHE BHIXOJHOM BETHUYHHBI;

t - Texyiee Bpems;

y(0)=Y« —¥Y(0) - npupamienne KpuBoil pa3roHa 3a Bpemsl IepexX0JHOTO MPoLecca;

VY — KOHEUHOE 3HaU€HUE KPUBOU Pa3roHa, T.€. €€ 3HAUCHUE B YyCTAHOBUBILIEMCS
pexxuMe (MepexoaHbIH MpoIece 3aKOHUUIICS);

VY(0)- HauanbHOE 3HAYEHHUE KPUBOM pa3roHa, T.e.e€ 3HaueHue npu t=0.

B nanpHeiimem npu npoBeAeHUU pacuéToB OyeM MpUHUMATh, 4TO Xex =1. Toraa B
¢dopmyne (2) Oynem cunrath, uto K= y(0).
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Pemenue (2) MaTeMaTH4eCKH OMMCHIBACT KPUBYIO Pa3roHa OJJHOEMKOCTHOTO OOBEKTa,
rpaduK KOTOPOil MoKa3aH Ha puc. Sa.

[lepenarounas GyHKIUS TAKOTO 00BEKTAa COOTBETCTBYET MEPEIATOYHON QYHKIHH
areproaUUecKoro 3BeHa 1oro nopsijaka u paBHa

W(p)= K/(Tp+1),

rae K, T- mapamerpsl GyHKIUH.

Hamnume BTOpOl €MKOCTH B JBYXEMKOCTHOM OOBEKTE MPHUBOJUT K MEIJICHHOMY
W3MEHEHHWIO TapaMeTpa B Ha4YaJlbHBIA TEPHOA W TOSBICHHUIO TOYKM meperuda "S'"
JlunaMuka JABYXEMKOCTHOTO OOBEKTa aJeKBaTHa anepuoInyeckoMy 3BeHY (A3) BTOporo
nopsiaka ¢ auddepeHnnanbHEIM ypaBHEHHEM

T2d2y(t)/dt? + Tdy(t)/dt+ y(t) =Kx(t).

Pemenue Takoro ypaBHeHUS! aHAIMTUYECKH 0TOOpaskaeT KPUBYIO pa3roHa
JBYXEMKOCTHOTO 00bekTa. ['paduk 310 KpUBOIl MokaszaH Ha puc. 50.

[lepenaTounas ¢pyHKIMSI OOBEKTA B 3TOM Cllyyae paBHa

W(p)= K/(T2p>+2(Tp+1),

rae K, T —napamerps! QyHKINY;

C- koaddunueHT neMndupoBaHus.

[Tocnennroro mepenarounyr GyHKIUIO NMpU 3Ha4YeHMH Mmapamerpa { >1 (4ro, Kak
IIPaBUJIO, COOTBETCTBYET 2yX €MKOCTHbIM OOBEKTaM) MOJKHO 3alucatb B BUAE
II0CJIEI0BATEIbHOCTH ABYX allepUOIMYECKUX 3BEHbEB 10ro nmopsaka:

K
W(p)= , ©)
(Mp+1)(T,p+1)
rae K= y(0), T1*T2=T, (T1+T2)=2T- napamerpsl nepeaaTounoii GyHkuuu (3)
# *
X X
t 1
Y Y !
o o= 0.7 Yoo

Puc. 5. Ilepexonubie hyHKIIH 00BEKTOB:
a- epexogHast QyHKUIUS OAHOEMKOCTHOT'O OOBEKTa;
0- mepexoaHas GYHKLUS IByXEeMKOCTHOI'O OOBEKTA.

C nenbro ynpoIeHus pacueToB IEPEXOJHYIO XapaKTEPUCTUKY
JIBYXEMKOCTHOT'O 00BEKTa alMpOKCUMHUPYIOT KPUBOI 0JTHOEMKOCTHOTO OOBEKTa C
3anaszapiBaHueM. Jlig 3Toro anepuoauueckoe 3BEHO 2-0ro MOpsiiKa 3aMEHSIOT
IIOCJIEOBATEIbHBIM COEIMHEHUEM JIBYX 3B€HBEB: allEpUOJUUECKUM 3BEHOM 1-0ro nmopsaka
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Y 3BEHOM C «YHCTBIMY 3ama3slBaHueM. B pesynbrarte nepenatounas GyHKIus o0bEeKTa
npuooOpeTér Bua ,

K-e ™7
W;(p)= (Tp +1) (4)

OmnpenencHue nmapamerpoB Ts, T dKBUBaJCHTHOH nepenarouHoi ¢pyHkimu W,(P) MokeT
OBITH OCYIIIECTBIICHO JIByMS crioco0aMu: TpaduvIecKiM U YHCICHHBIM. B nanbHeimeM stu
napaMmeTpel OyJeM Ha3bIBaTh aCHMITOTHYCCKUMH. VcxomHoi wHOpMamuer s ux
HAXO0XJICHUS B 000WX CIydasx SIBISIETCS TpaduK MEepexoTHOW XapaKTePUCTHKH (KPUBOM
pasroHa) wiu e€ 4YucieHHble 3HaueHus (TaOnuuHble naHHbE). [Ipu mepBom cmocobe k
MEPEXOHON XapaKTePHCTUKE B TOYKE ee reperuda «S» TMPOBOAAT KacaTeNbHYI, Kak
Mmoka3zaHo Ha puc. 50, 0 mepeceueHus C JIMHUEW Ha4YaJbHOTO 3HAYEHHS BBIXOJIHOM
BEJIMYMHBI W JIMHUEH €€ HOBOTO YCTAHOBHUBINETOCS 3HadeHHs. OTpPE30K BpPEMEHH,
OTCUUTBHIBAEMBI OT MOMEHTA IMEPECEUCHMs] KacaTelbHOM ¢ Ochlo t 10 MOMEHTa
MEPECCUCHHS €€ C JIMHUEH HOBOTO YCTAHOBHMBIIETOCS 3HAYCHHUS BBIXOJHOW BEIUYHHBI,
MPUHUMAETCS 3a TIOCTOSIHHYIO BpeMeHHu oO0bekta T. 3a BpeMs 3ama3fpIBaHUS Ts
MPUHUMAETCS OTPE30K, OTCYUTHIBAEMBIN OT Hayajia MoJa4d BO3MYILEHHUS J0 MepeceyeHus
KacaTeJbHOU ¢ 0ChIO alcCIHCC.

Kpowme rpaduueckoro MeToa MOKHO BOCTIOJIB30BaThCS YHCICHHBIM. J[J1s1 3TOTO
OTIPEJICIISIOT a0CIIMCCHI TOYCK, OPANHATHI KOTOPBIX PABHEI:

Y (t'") =0,33 y (0)+Y(0);
Y (thY = 0,7 y(0)+Y(0),

I'ne y(0)=Y« —¥Y(0)-nipupainerne KpuBoi pasroHa 3a BpeMs MepexoIHOTO IpoIiecca;

Vi, ¥(0) — KOHEUHOE ¥ HavaJIbHOE COOTBETCTBEHHO 3HAUYCHUS KPUBOM pa3roHa.

[To BRIYMCIIEHHBIM 3HAUYEHUSM OpPJMHAT, TPOU3BOSI 0OpaTHOE MpeoOpa3oBaHue,
HaxoauM 3Hauenus abuucc t'', t' | mo xoTopeM u onpenensoTcs McKOMBIE
aCUMITOTUYECKHUE MTapaMeTphI:

,=05@t"-t); T=125@"-t". (5)

Takum obpazom, npu mpoektupoBannud ACP nuHaMuky o0beKTa MOKHO OMHUCHIBATH
JIBOSIKO JTMOO TOYHOU mepenarouHoit ¢yHkiuen (3) , mudbo npubnmxénnoit (4). B mepom
cllydae MCHOJIB3YIOT JAOCTAaTOYHO TOYHBIE MeTONbl aHanmu3a u cuHte3a ACP (wacroTHble,
KOpHEBbIE U T.1.). Bo BTOpoM — mpubmmkénHble (rpadoananuTudeckue). B Hacrosiem
KypCOBOM IpOEKTe ImpeaycMaTpuBaeTcst ocymecTBUTh cuaTe3 ACP (pacuér perynaropa u
€ro mapaMeTpoB) MPUOMMKEHHBIM CIOCOOOM, a aHAIM3 C MOCIEOYIOLEH KOoppeKiuei
MapaMeTpoB peryjisTopa 0ojiee TOYHBIM, C HCIOJIb30BAHHEM KOMIIBIOTEPHON TEXHUKH.
PaccMoTpuM mOpsAAOK HAXOKICHHUS aCUMITOTUYECKHX MMapaMeTpoB Ts, | aHATUTHYECKUM
CIOCOOOM.

[pumep 1.
Jlana nepenatouHast QyHKIHS OOBEKTa PEryIHPOBAHHMS
K
W(p)= )
(Mp+H)(T,p+1)

roe K=1, T1=20, T»=40.

Tpebyercs onpenenuTs aCUMITOTUYECKUE TApaMeTpbl T U T.

Pemennue:

Ucnonezys mporpammy «CHAM» Haiiném 3HaueHus: nepexomnoin ¢ynkmmm h(t)
(xpuBoii pasrona). C 3Toii 1enbio B pexume «F2-Baok» cTpouM CTpyKTypHYIO CXeMy
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K
o (Mp+D)(T,p+1)

Puc. 6. Ctpykrypnas cxema OP.
BenuunHy BXOJHOTO BO3/IEHCTBUS IPUHUMaeM paBHOM eanHule Xex=1. OcTanbHbie
napaMeTpsl B COOTBETCTBUE C UCXOTHBIMU JTaHHBIMHU.
Ilocne cocraBneHus CTPYKTYPHOM CXEMBbI IPOU3BOIUM PAacUEThl HA KOMIIBIOTEPE U
(buKcupyeM pe3ynbTaT B BUE TaOIUIIBI 1.

Taoauna 1.

t h(t) t h(t) t h(t)

0 0 12 | 0,067175 | 28 0,253426
1 0,00061 | 13| 0,076991 | 30 0,278397
2 0,002379 | 14 | 0,087209 | 35 0,34005
3 0,005221 | 15| 0,097788 | 40 0,399576
4 0,005056 | 16 | 0,108689 | 45 0,456094
5 0,013807 | 17 | 0,119875 | 50 0,509075
6 0,019402 | 18 | 0,131313 | 60 0,603527
7 0,025774 | 19 | 0,142971 | 70 0,682649
8 0,032859 | 20 | 0,154818 | 80 0,747645
9 0,040596 | 22 | 0,178971 | 90 0,800311
10 0,048929 | 24 | 0,203571 | 200 0,9867
11 0,057806 | 26 | 0,22844 | 600 1

PexoMeHIyeTCs 10 TaHHBIM Tab1. 1 MoCcTpouTh rpadMK XapaKTEPUCTHKU PasroHa U
HaWTH 3HAYEHUS] HCKOMBIX BEJIMYMH Ts M T rpaguueckuM croco0oM, Kak MOKa3aHo Ha pHC.
56. TTocse 3TOro 3TH BETMYHMHBI ONIPEIENISIOTCSA aHATUTHIECKHM CIIOCOOOM.

Y (00)=y(e0)=Y ~V(0)=1-0=1,

Orcioma  Y(1'=0,33y(0)=0,33; Y(t)=0,7y(0)=0,7. Haiiném u3 Tabn.l 3HaueHus

abcuce, MpOM3BOIA ITPU STOM HHTEPIIOJISIHIO.
t''=34,19; t'=72,6.

IMoacraBuB 5T 3HAYCHHS apryMeHTOB B (hopmyiny (5), BBIYMCIMM aCHMIITOTHYECKHC

napameTphbl:
7,=0,5 (3t"-t") = 0,5(3*34,19-72,6) = 14,99;
T =1,25 (t'- t') = 1,25(72,6-34,19) =48,01.
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B pesynbrare mpou3BeAEHHBIX BBIYHCICHUN IMHAMHUKA OOBEKTa OYHET OMHCHIBATHCS

K-e “?

yXKe He peajbHOM, a SKBUBAJICHTHOW mepenaToynoit Gpynkuueit W,(p)= (Tp n 1) c

BBIUMCIICHHBIMU ACUMIITOTHYECKHMMH TapaMeTpamMu T; 4 1. Takas 3amMeHa MO3BOJISIET
yrnpoctuTh cuHTe3 U aHann3 ACP, XOTS M CHWKaeT TOYHOCTh IMOJNYYEHHBIX MPH STOM
pe3yabTaToB.

4.3.3. PEI'YJIATOPBI, UX BU/1bI U 3AKOHBI PEI'YJIMPOBAHMUSI.

B Hacrosimee Bpemsi, HanboJiee 4acTo B TEXHOJOTHUECKUX MPOIEcCaX HCIOIb3YIOTCS
HETpephIBHBIE W peJieiHbIe (ABYXMO3UIIMOHHBIE) PETYIATOpbl. PaccMOTpUM OCHOBHEIE
TUTIBI 3TUX PETYIATOPOB, METOBI UX CHHTE3a M aHaln3a. B mpou3BoacTBe, T1Ie TpeOyeTcs
BBICOKasi TOYHOCTH, a TPOIIECCHl HOCAT JOCTATOYHO CKOPOTEUHBIH XapakTep, Kak MPaBHIIO,
WCTIOJNIB3YIOTCSl HETPEPBIBHBIE PETYSATOPHl. BBIOOp Takoro peryasTopa, €ro 3akoHa
yrpaBiieHus: (peryiupoBaHusl) U MapaMeTpoB 3TOr0 3aKOHa HasbiBaeTcs cuHTe3om ACP.
3aKOH pPEryIMpPOBAaHUS SBJISIETCS OCHOBHOM  XapaKTEPUCTUKON  aBTOMATHYECKOTO
perynsTopa ® TPEACTaBIsAeT CcOO0OW  ypaBHEHHE, TIOKa3bIBAIOIIEe 3aBHCHMOCTH
ynpasisoniero Boszaeicteus U(t) (mepemernenre peryiMpyomero opra€a M ap.) OT
onrOku perynupoBanus €(t) , €€ MPOU3BOHBIX U HHTETpajia OT Heé.

Haunbosiee 4acTo HCHONB3YIOTCS PETYISATOPHI, PEATU3YIONINE CIEAYIONIHE 3aKOHBI
perynupoBanus: 1) nponopunonanbubiii (I1). 2) unrerpansusiit (M). 3) nponopruoHaibHO-
HWHTETPAIbHBIN (ITH). 4 IponopuroHansHO-Au G hepeHITnATBHBII (ITIT) 5)
MPOTIOPITMOHATBHO-UHTET paIbHO-Au dhepertmansablil (ITH]]).

[TponopumonansHeii (I1) 3akoH perynupoBaHus peaau3yeT ypaBHEHHE BUA!

U(t) = x «&(t) , (6)

IZI€ K ¢ - ko3 duuuent ycunenus [1-perymnstopa;

U(t)-ympaBisitortiee BO3€HCTBHE PETYIIATOPA,
g(t)- ommoOKa peryTupoBaHusi, paBHas Pa3HOCTH MEKIY TEKYIIUM H 33aHHBIM
3HAYEHHSIMU PETYJIUPYEMOM BETHUUHBI Yaan- Y(1).

B Takom perymsrope ympasisioiee BoszelictBue U(t) 3aBHCHUT TOJBKO OT 3HAYCHUS
omuoOku perynupoBanus &(t).

Henocratkom  [l-perynsitopa  siBOsieTCSs  HaJIM4YUE  OCTAaTOYHOTO  OTKJIIOHEHHS
perynupyeMon BENWYHHBI OT 33JaHHOTO 3HAYEHUs, T.€. YCTAaHOBHBILIEWCS OIMIMOKUA B
cTatuyeckoM pexume. Kpome Toro, s HEro XapakTepHO HH3KOE KadecTBO
PEryIUPOBaHUS B MIEPEXOTHOM PEKHUME, T.K. 37IeCh HE YUUTHIBACTCS CKOPOCTh M3MEHEHUS
om6ku £(t). Kak mpaBuiio, Takue peryisTopbl UCIOIb3YIOTCS PEIKO.

Nurerpanbusiit (M) 3aKk0H peryaupoBaHus OMKUCHIBACTCS YPABHEHUEM:

Ut)= 1/Tu [e(t) dt , (7
rae Ty - mapaMeTp HACTPOMKH perynaropa.

B U-perynsatope ympasistomiee Bo3aeciicteue U(t) mpomopuuoHaqbHO HHTErpaity OT
ombku perynmupoBanus &(t). [losTomy peryiaupyromuii opran OymeT nepeMeraTbes 0
TEX IOp, TOKa peryaupyemMas BeIWYHHA HE NPUMET 3aJlaHHOE 3HaueHHe, T.e. omuoka &(t)
He cTaHeT paBHOM Hymo. ACP ¢ TakuMmu perynsaTopaMu He HUCHOJb3YIOTCS, T.K. B 3TOM
cllyya€ OHM  SIBJSIOTCA CTPYKTYpPHO HEYCTOMYMBBIMM, a 3HAUUT IPAKTHYECKH
HeNpUMEHUMbIMH. VHTerpan MoxeT ObITh MPOCTO COCTaBHOM 4acThi0 B BbIOpaHHOM 3V,
Hanpumep, B [IM — perynstope. 3akoH ymnpaBlIeHUS TAaKOTO PEryjsTopa MpeacTaBiseT
co0oi CyMMy MPOTOPLHUOHAIBHOTO U HHTETPAJIBHOTO 3aKOHOB:
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U(t)= K «e(t)+1/ Tu [ &(t) dt (8)

TJIC K ¢- KOOPDUIUEHT YCHIICHUS TI0 CUTHAITY OIIHOKH;
Ku=1/Tu - k03(hGUIHEHT YCHIICHHS 110 HHTETPATbHON COCTABIISIONICH.

JoctounctBoMm IIM-perymaropa sBISIETCS OTCYTCTBHE OCTaTOYHOIO OTKJIOHEHUS.
JlpyruMu cloBaMU CHUCTEMBI C TAaKUMH PETYISTOpaMu 00JaJaloT BBICOKOW TOYHOCTHIO B
YCTaHOBHUBILIEMCs peXuMe. Bmecte ¢ TeM, NMHAMMYECKUN DPEXHUM OTIMYACTCS HU3KUM
Ka4yeCTBOM PEryJIMpPOBaHUS.

[IN]/]-3aK0H peryJMpoBaHUs - 3TO CyMMa IPONOPLMOHAIBHOIO, MHTEIPAIBHOIO U
T pepeHInanbHOro 3aKOHOB:

U(t)= K c&(t)+1/ Tw [ e(t) dt + 1/T, de(t)/ dt, (9)
rae K; =1/ Ty- xo3bduimeHT ycuneHus mo ckopocTHo (nuddepeHunpyroriein)
COCTaBJISAIOLIEH OIHOKH.

Takum oOpazom, ymnpapisitolee BO3JEHCTBHE C BbIXOJA PETryNsITOpa, MoJaBaeMoe Ha
00bekT, B [IN]/[-3aK0HE TPOMOPIHOHATIEHO OIIUOKE PETyIUPOBaHUS, UHTErpally OT HEE, a
TaK)Ke CKOpocTH e€ M3MeHeHus. Bc€ 3To mo3BosysieT AOOMBAThCS  BBICOKOTO KadecTBa
perynupoBanus. [IW]I-perynsrop sBisercs HauOoJiee CIOXKHBIM W IpUMEHSeTCA Ul
00BEKTOB C BBICOKMMHU TPEOOBAaHUSIMU K Ka4eCTBY IIPOLIECCA PETYIUPOBAHMSL.

JUJ1s1 OLIeHKHM KadecTBa IePEeEX0THOTO poliecca peryaupoBanus (pyuc. 7) IpUMEHS0TCSA
CJIEIYIOIINE TTOKA3aTENIN:

4 y(1)
fmax
IEI'IlS ___________ . T . :’ll:ll'_“'l'
el T T NS ; B

lp

Puc.7. I'paduk nepexomuoro mporecca peryiaupoanus ACP,

3JIeCh ¥Y;— 3aJIJaHHOE 3HAYCHHUE peFYHpreMOﬁ BCIIMYMHBI, Veor YCTAaHOBUBIICCCSA 3HAYCHHUC
peryJII/IpyeMoﬁ BCINYHNHBI, Y vax- MAKCHMAJIBHOE 3HAUEHHE peFYHpreMOﬁ BCINYHNHEI.

1) AY vax=Ymax—Y3 - MaKCUMaIbHOE JUHAMUYECKOE OTKJIOHEHUE PEryIHpyeMOi
BEJIMYUHBI OT €€ 33J]aHHOTO 3HAYEHUs (XapaKTepu3yeT KoJebaTelbHOCTh Mpoliecca
peryaupoBaHusi);

2) 6= (Yuax—Yw ) Yo ¢ 100%- nepeperynupoBanue, KOTOPOE TAKKE XapaKTePU3yeT
K0J1e0aTeIbHOCTh MPOLecca PErylIupoBaHUsl.

3) Tp - Bpemst perynupoBaHusi, XapaKTepu3yloliee ObICTPOJICHCTBUE CUCTEMBI.

4) Yor=Ys- Yoo - OCTATOYHOE OTKIIOHCHHE PETYIUPYEMON BEIUYUHBI OT 3aJaHHOTO
3Ha4yeHus1 ( yCTaHOBMBLIAsCs OLIMOKA), XapakTepusytoiee ToyHocTh ACP.

17



B 3aBucuMoctr OT TpeOOBaHUM, BUA TEPEXOJHOTO TMPOIECCa MOXKET WMETh
anepuoaNIeCKU WK KoJieOaTeNbHbBIN Xapakrep (puc. 8).

y(t) y(t) y(t)

6=20% 6=40% t

6=0%

—

a) 0) B)
Puc. 8. I'paduku nporieccoB perympoBaHus:
a- arepuoIMYECKUI MPOIIECC C MEePEryITMPOBAHIEM PaBHBIM HYIIIO; 0-KOJIe0aTeIbHbII
IpoLecc ¢ neperyaupoBanreM paBHbIM 20%; B- KojeOaTeIbHbIN MPOLECC C
neperyaupoBanueM paBHbIM 40%.

Cpenn  pacCMOTPEHHBIX  MPOLECCOB, € TOYKH 3PEHUS K0J1€0aTeIbHOCTH
MpeanoYTUTeIbHEee MepBbIN (@), T.K. MeperylupoBaHUE pPaBHO Hym0. boiee HHU3KUM
KadecTBOM oOjamaer BTopoi (¢ meperynupoBanueMm 20%). Camoe HU3KOE KadeCTBO B
tpetbeM (40%). Bmecte ¢ TeM, noBbieHue kauectBa ACP Bieuér 3a coOoil yBenuueHue eé
croumocTH. ClieoBaTeNbHO, MPU MPOCKTUPOBAHUU HEOOXOAMMO YYUTHIBATH 3TO
npotuBopeune. OOBIYHO CUMTAETCs BIIOJIHE IpUEMIIEMbIM neperynupoBanue B 20%, 4to B
JalbHeNeM 1 OyJieM YYUThIBAaTh P MPOEKTUPOBAHUH.

B npou3BoACcTBEHHBIX MpoLieccax, KOrjaa He TpeOyeTcsl BbICOKasi TOYHOCTh, UCTIOIB3YIOT
JBYXIO3UIMOHHBIE PErysITOphl. Perynupyromuii opran B 3TOM ciydyae HMeEeT JBa
MOJIOKEHUS (OTKPBIT, 3aKpbIT). CreayeT OTMETHTh MPOCTOTY, HU3KYI0 CTOUMOCTh U
BBICOKYIO HaJIE&KHOCTh MOJOOHBIX PEryISITOPOB.

Xp
Xmax [~—=

o e

Puc. 9. XapakTeprCTHKH IBYXIO3ULIMOHHOTO PETrYJIsATOpa:
a- CTaTH4YecKas XapaKTepUCTHKa, rae Y- peryinupyemas BeTUYHMHA, Xp- perylupyroiiee
BO3JICHCTBUE; O- IEPEXOTHBIN MPOLIECC M U3MEHEHHE PETYIUPYIOIET0 BO3ACHCTBUSI.

Ha puc. 9 moka3anbl craTuyeckas XapakTE€pUCTHKa (a), Mpolecc pPeryIupoBaHUS U
U3MEHEHHE YIpaBJstolero Bo3zieWcTBus (6). M3 Hero BUAHO, YTO MPOLECC HOCUT
aBTOKoJeOaTenbHbI  Xapakrep. KadecTBO Takoro mporecca OLEHUBAETCS TaKUMHU
nokazaTensiMH, Kak amrumtyaa (A) u mnepuon kosnebGanuit (Tk). Ha 3Hauenuwe sTHX
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MoKaszaTejel OKa3bplBAIOT BIMSHHE Takhe (QAKTOPhl KaKk MapaMmeTpel 00BEeKTa (ero
WHEPUUOHHOCTh, 3ama3iblBaHle HW T.JA.), TaKk M CBoOMcTBa perynsatopa. OmHUM U3
BOXHEHUILIMX €ro CBOMCTB SABJISIETCA HAJW4YWE€ 30Hbl HEUYBCTBUTEIBHOCTH Xsy U €€
BEJIMYMHA, KOTOpasi paBHA

Xs35=Y max-Y min.

C e¢ yBennueHHeM 3HaueHHUE Mokazaterneil A, T HapacTaeT, KaueCTBO PEryIHpOBaHUE
cHmxkaercs. [lpu yMeHbIIeHHHM K€ 30HBI HaOMogaeTcss oOpaTHas KapTHHA, KadeCTBO
MoBBIMAeTCs. TakuM 00pa3oM, MEHsS BEIMYMHY 30HBI, MOXHO JOOWMBAThCS TpeOyeMoro
KauecTBa PeryaupoBaHUsL.

5. TOPSIIOK BBIIIOJTHEHUSI PACUETOB ITPH BBIBOPE PEI'YJISITOPA

5.1. ONPEAEJEHUE ACUMIITOTUYECKUX ITAPAMETPOB OFBEKTA U

BbIGOP BUJIA PET'YJISITOPA.

[IpeasaputenbHO, epe; BHIOOPOM BHUAA PETYIATOPA BHIOMPAIOT KaHAN PEryIupOBaHuUs,
WCXOJI U3 CIICYIONIUX COOOPaKCHUIA:

-13 BCEX BO3MOXKHBIX KaHAJIOB PETYINPOBAHUS BHIOMPAIOT CAMbIi YyBCTBUTEIBHBIN, T.€.
TaKoW MO KOTOPOMY, MUHUMAJIbHOE 3HAUYECHHUE PETyIUPYIOIIETO BO3JIECUCTBHUS BBI3BIBACT
MaKCUMaJbHOE N3MEHECHHE PETyTUPYEMON BEIMYNHBI,

-TOIYCTUMBIA  JMAna3OH H3MEHEHUs PpEryJIupyoLIEro BO3JICHCTBUS  JIOJDKEH
obOecrieunBaTh KOMIIEHCAIIMI0O MAaKCHMaJbHO BO3MOKHBIX BO3MYILEHHUM, BBI3bIBAIOIINX
M3MEHEHHUE PETYINPYEMOTO IapameTpa;

-BpeMsi 3ala3/IbIBaHusl T; U OTHOLIEHUE T»/T 10 BhIOpaHHOMY KaHaly AOJDKHBI ObITh
HaVMEHBIINMU;

-€CIIM U3MEHEHUE HEKOTOPBIX PETrYIHMPYIOIINX BO3ACHCTBUM MPUBOIUT K HM3MEHEHUIO
HECKOJIbKUX BXOJIHBIX M BBIXOJHBIX MapaMeTpoB OOBEKTa, TO M3 3TUX PETrYIUPYIOLUIUX
BO3JICHCTBUI clelyeT BBIOMpATh TakKoe, MPU KOTOPOM OJHOBPEMEHHO C JOCTaTOYHO
O0ospmuM  KOA(P(GUIIMEHTOM TIepeadyd W KOMIICHCAIMe MaKCUMaJIbHO BO3MOXKHBIX
BO3MYILIEHUH 00ecreynBaeTcsl MUHHUMAJIbHOE BIMSHHE Ha JIpyrue MapameTpbl - HUX
M3MEHEHHUS OCTAIOTCA B Mpejiesiax, J0MyCTUMBIX TEXHOJIOTHUECKUMHU TPeOOBaHUSIMU.

Wrak, mocime TOoro kak KaHall peryldpoBaHHs BbIOpaH, K HeMy MOJOUpaeTcs BU
perynstopa. Kak M3BECTHO, MCHOJB3YIOTCA TAaKHE BHJbI, KaK HEIPEPBIBHBIN, PEICHHBIN
(IBYXIO3UIIMOHHBIN) U UMITYJIBCHBIN. BBIOOP OCyIIecTBIIsIETCS B 3aBUCMOCTHU OT 3HAa4Y€HUS
BeNUYUHBI OTHOIIEHUST T/T. Tak mipu 0,2 < 15 /T < 1 BEIOMPAIOT PEryaATOP HEMPEPHIBHOTO
neictBus, npu T; /T < 0,2 -peryasarop peneidHoro nencTBus, a npu /T >1 — perymsTop
UMITyJIBCHOTO' fieiicTBUs. TakuM 00pazoM, JUisl BBIMOJHEHHS 3TOTO 3Tara MPOeKTUPOBAHUS
HE0OXO0IMMO BBITIOJIHUTE CIEAYIOUIUE OTIepaIliH:

- 10 3Ha4YeHusIM napameTpoB o0bekTa T1, T2 u Ko (3aganue Ha npoekTupoBaHue) ¢
ucrnosb3oBanueM nporpammel «CUAM» ctpoutes rpaduk kpuBoi pasrona. [lpu sTom
CUMUTACTCS , UTO JUHAMHKA 3TOTO OOBEKTa COOTBETCTBYET allepHOINIECKOMY 3BEHY
BTOPOTO MOPSJIKA C MepeAaTOYHON hyHKIHen

K

W(p)= ;
(M p+D(T,p+I)
- 0 MOJy4eHHOMY TIpaduKy HaxodiTcs mapaMmeTpsl T; U T (popmynsl 5), a 3arem
OTHOIIICHUE T+/T;
-[I0 BEJIMYMHE D3TOTO OTHOLIEHUS ONPEIENAIOT BHJ PETYNIATOpa: HENPEPHIBHBIMN,
PENECHBIA UM UMITYJIbCHBIN.
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[locTpoenne KpuBOM pasroHa W BBIYMCIEHHE ACHMIITOTUYECKUX MapamMeTpoB OBLIO
paccMOTpeHo B nojapazzene 4.3.2 Ha uuciioBom npumepe 1.

Crnenyer OTMETHUTh, YTO B JJAHHOM KYPCOBOM IPOEKTE PACCMATPUBAIOTCA TOJBKO IBa
BH/IA: HETIPEPBIBHBIN U PEIICHHBIN.

Ecniu  Obim BBIOpaH HENpepbIBHBIN  perynsarop, TO  JalbHEHIINE  pacuyéTsbl
OCYIIECTBIISIIOTCSI B COOTBETCTBHE C TOJIpa3einamMu 52.1 u 5.22. Ecmm xe —
JIBYXTIO3UITMOHHBIHN, TO B cooTBeTcTBHE ¢ 5.3.1 1 5.3.2.

5.2. METOJIUKA PACUYETA HEIIPEPBIBHOI'O PET'YJISITOPA.
5.2.1 OBOCHOBAHHUE 3AKOHA PEI'YJINPOBAHUS U BBIYUCJIEHHUE ET'O
IHAPAMETPOB.

[Tocne Toro kak ObLT BEIOpAH BHJ PETYISTOPA, HYKHO ONPENEINUTh €ro THII WJIH,
JIPYTrUMH CJIOBaMH, 3aKOH PETYIHpPOBaHMA. B HacTosiee Bpems Ui TOTO CYIIECTBYIOT
paznuusbie MeToaukH. K HUM oTHOCATCS pubnmkeHHbie (Tpaduieckue u
rpad0aHaTUTHIECKHE) U TOYHBIE (YHCICHHBIC, OCHOBAHHBIC Ha MPUMEHEHHUH AJIEKTPOHHO-
BBIUMCIIATEIIEHONW TEXHHUKH).

Kak yxe ObulO cKa3aHO BbIIE, Ui BhIOOpa HEMPEPHIBHOTO pETYISITOpa OyaeT
UCII0JIb30BaThCS rpadoaHaTUTHICCKUH criocob /22/.

OTOT cnoco® OCHOBBIBaeTCS Ha TOM, UTO JAUHAMUKH OOBEKTa OIMCHIBAETCS
SKBUBAJICHTHOUN TmepenarouHoil ¢yHkuuen (4). IIpoBeneHue pacdy€ToB TPOU3ZBOAMTCS C
WCIIOJIb30BAHUEM 3apaHee COCTaBJICHHBIX TpadukoB (puc.10-12), yuuThIBAOMHUX Kak
XapaKTepUCTUKN OOBEKTOB, TaK M TpeOOBaHMs, NMpEAbSABIsAEMblE K KayecTBY Ipoliecca
perynupoBaHus, B BUJIE 3aJJaHHBIX 3HAUEHUH TMOKa3aTeliel KayecTBa.

s BeIOOpa perynsaropa HENpephIBHOIO JeMcTBUS TpadoaHATUTHYECKHUM METOI0M
HEOOXO0IUMBI CIIeTYIOIINE UCXOAHbIE JaHHBIE:

XapaKkTEepPUCTUKHU 00BEKTa: BpeMs 3ara3/IbIBaHUsl T;; TOCTOSIHHAS BpeMeHH T;
OTHOIIICHHUE 3ama3/IbIBaHusI K IOCTOSHHOM BpeMeHH T; / T; koaddunmeHt nepenaun
o0nekTa Kos, BbIpayKeHHBIM OTHOIICHUEM €IUHUIIBI U3MEPEHUSI pEeryJIupyeMoro napaMerpa
K IIPOLICHTY X0/1a PETYIHPYIOIIET0 OPraHa U MaKCUMaJIbHO BO3MOKHBIE BO3MYILIEHUS 1O
Harpy3ke AQ, BeIpa)kKeHHBIE B MPOILIEHTAX X0/JIa PEryIHPYIONIETro OpraHa;

TEXHOJIOTMYECKHe TpeOOBaHUS K KadyecTBY IMpollecca peryaupoBaHHs, B BHUJIE:
MaKCUMAaJIbHOTO JUHAMUYECKOTO OTKIOHEHUS AYyax= Yyax — Y3, BBIDQKEHHOTO B €IMHUIAX
U3MEpPEHUsl PErylupyeMoro mnapamerpa; JOIyCTHMOTO MEPEePETYIUPOBAHUS  Gyax,
MaKCHUMAaJIbHO JIOIMYCTUMOTO BpeMeHH perynupoBaHus Tp,"™ M 0CcTaTOYHOrO OTKIOHEHHMS
Y oer™™*, BBIPQXKEHHOTO B €IMHUIIAX U3MEPEHUS PETYIUPYEMOM BETUUHHBI.

[Tocnenyromuit BEIOOP 3aKOHA YIPABICHUS U €r0 apaMeTPOB JOJKEH OCHOBBIBATHCS
Ha BBIMOJIHEHUH CJIEIYIOIIUX HEPABEHCTB:

AY<AY yax (10)
T . <TpMax : (11)
Yocr <Y0CTMaX ) (12)

rae AY, T p u Yoer — MOKa3aTenu KadecTBa CIPOCKTUPOBAHHON CHCTEMBI.

Ecmu ycnosus (10)-(12) mo okoHUaHHO TPOSKTUPOBAHUS OKA3AJIUCh HE
BBITIOJIHEHHBIMHU, TO CHCTEMa HE OTBEYAET MTOCTABICHHOMY 33JaHUIO U TpeOyeTcs eé
KOppeKIus (BEIOpATh APYroi peryasTop WK CMEHUTH €ro MapaMeTphl UM MPOIeiaTh TO U
Apyroe).

[Tposepka BoimonHeHus ycnosuii (10)-(12) HaunHaeTCs ¢ MEPBOTO MO ClIEAYOIEH
METOJIUKE.
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IIo YKa3aHHBIM BBIIIIC JaHHBIM PACCUYUTBIBAIOT BCIIMYHHY JUHAMHUYECKOT'O
Kod(pduiMeHTa peryaupoBaHus R;, KOTOpBIA IMOKa3bIBa€T CTEMEHb BO3JICHCTBUS
peryidaropa Ha O6’beKT U YHUCICHHO paBCH OTHOMICHHUIO BCIMYUHBI MAKCHUMAJIBHO
AOIMMYCTUMOT0 JUHAMHUYCCKOI'0 OTKJIOHCHHUA K BCIIMYHMHE OTKJIIOHCHUA BI)IXOI[HOI\/JI BCIINYMHBI
B 00BEKTE O€3 peryisiTopa moj Bo3JACHCTBUEM TOTO K€ BO3MYILICHHUS:

JI1s cTaTHYeCKUX 0OBEKTOB

Ri= AYyax /Y (), (13)
JUTSL aCTaTHYECKUX OOBEKTOB
Ry =tga/V (), (14)
31€Ch!
a - yroJl HakJIOHA MEePEX0IHOM XapaKTepUCTUKU OObEKTa.

R
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Hanee, no rpadukam 3aBucumMoctd Ry ot /T (puc.10) Haxomst tun perynsropa (11, ITH,
[TNJT). st atoro Ha rpaduke cTposT Touky ¢ koopauHatamu (R, , 1/T). Tun perynsropa
(3aKOH yITpaBJIeHUsI) BRIOUPAIOT 0 ONFDKANIIECH KPUBOH, PACTIONIOKEHHON HIKE 3TOH TOUKH.

Hampumep: 1o kxpuBoii pa3roHa onpeneniii, oTHomeHue T/ T=0,5. M3 uCX0 HBIX JTaHHBIX
M3BeCTHO, UTO AY yax=4, Y =57, ¥Y(0)=67.

Torma Y (0)=Y¥Y(0)=10. Orcrona Ry =AY vax/ Y (20)=4/10=0,4.

Bxons B rpadguk Ha puc.10, no xoopaunatam 15/T=0,5 u R, =0,4 nmoctpoum touxy. He
TPYJHO BUJETh, YTO OHA OKAKETCS MEXIy KPUBBIMH 4 U 2, BBIIIE NEPBOM U HUKE BTOPOM.
CrnenoBartelibHO, BEIOMpACM 3aKOH YIIPABJICHUSI, COOTBETCTBYIOIINIA HIDKHEH KPUBOH, T.. 40i
(I ).

Ilocne  BeIOOpa  Tuma peryasitopa Mo 3TUM TpadukaM HEoOXOJUMO IPOBEPUTD,
obecrnieunBaercst i ycnoue (11). Dto menmaror mo xapakrepuctrkam (puc.11), oTpakarornmm
3aBCUMOCTh OTHOCHMTEIIBHOTO BpEMEHU peryaupoBaHust Tp/t; oT BemmuuHbl T, /T s
Pa3IUUHBIX PETYIATOPOB HENPEPHIBHOTO JAeHCTBUS. VIcTonb3ys UX, MOXKHO HaWTH IS
BBIODAHHOTO 3aKOHa yrpaBieHus 3HaueHue T . Ilocie yero mpousBoAMTCS MpOBEpPKa
BbInosiHEeHUs ycaoBus (11). Eciu oHO He BbIMONHSIETCS, TO HEOOXOJWMO HCIOJIb30BaTh
JpYroi 3aKOH yIpaBJieHHs M CHOBa IPOM3BECTU MpoBepKy. M Tak 10 Tex mop moka He
OyZeT BBINOJHATHCS. B cilydae ero BBINOJHEHUS CUYUTAETCS, YTO  3aKOH BBIOpaH
MPaBUIIBHO.

Hamnpuwmep: 1; /T=0,5; Tun perynsitopa «[11/». Torna u3 rpaduka 11 MOXKHO onpenenurs,
yro otHouienue Tp/t:=9,1. Otcioga T,=9,11,. 3Has 3HayeHue napaMmeTpa Ts, HETPYIHO
BBIUUCIIUTE BeTUIUHY T M MpoBepuTh BhIOTHEHHE yeinoBus (11).

IIpu BeIOOpe Il-perymsaropa He0O0XOAMMO, KpOME TOrO, IPOBEPUTH BBHINOJHEHHE
ycinosus (12). C atoii nienbro o rpadguky Ha puc. 12 Haxomaum 3Hauenue Yoer. [locne uero
Y OCYILIECTBJISIEM 3TY IPOBEPKY.

Yoo

7

0,1

He

o o0l 02 03 04 05 06 07 08 09 10

Puc. 12
Ecnu ocraToyHOe OTKJIOHEHHE IMPEBBIMAET AOMYCTHUMOE Yoer"™, TO pEKOMEHIYyeTCs
160 yBennuuTh ko3¢ ¢uiment nepenaun ACP, mu6o Bmecto [I-perynstopa Beiopats I1H-
w [TU/1- perynsrop. Takas 3ameHa npuBeAET K TOMY, YTO OCTATOYHOE OTKJIOHEHUE Y ocr
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CTaHET paBHBIM HYIIO. BMecTe ¢ TeM BBeJeHHE B 3aKOH YIPaBICHHE HHTETPATbHOM
COCTaBJIAIONICH  YXyIIIMT  KAayecTBO  MEPEXOJHOTO  Tpolecca  PeryJupoBaHUSL.
CrnenoBarenbHO, YKa3aHHBIM BBIIIE TOPSJOK TPOEKTUPOBAHUS HEOOXOAUMO OyneT
MOBTOPUTH CHadaia. Bce 3Tu omepanuu HY)KHO TPOJAEIBIBAThH A0 TEX MOp, MOKa He OyIyT
BBIMOJHATHCS Bee yenoBus (10)- (12).

Takum 00pazoM, TMOCIEIOBAaTEIBHOCTh JEHCTBHI TpH BBHIOOpE BHIA W THIIA
HENPEPBIBHOIO PETYIATOPA CIETYIOMIas:

1. ITo ucxoguemm nanaeiM (T1, T2 m Ko) crpoum rpaduk kpuBoii pasroHa oObekTa ¢
ucnoJib30BanueM nporpammel «CUAM».

2. Tlo sromy rpaduky ompenenseM acCUMITOTHYECKHE MapaMeTphl OOBEKTa: BpeMs
3ara3pIBaHus T;, MOCTOSIHHYIO BpeMeHu T .

3. Boruucnsiem otHomenue T /T u BeIOMpaem BU peryssTopa.

4. Haxonum auHamuyeckuil ko3dduiment perynupobanus R, 3arem no rpaduxy
3aBUCUMOCTH R, oT oTHOMICHUS T3 /T (pric.10) BeIOMpaem tum perymsitopa. st sToro
HeoOxoauMo, 4ToOBI TOuka "a'", ompenensieMas Ha repecedeHnu 3HaueHuit R, u 1, /T,
Jexana Obl BbIlLIE COOTBETCTBYIOIIEH KpuBOoi Ry (1; /T ) mnu Ha Heill.

5. o rpaduxam nzoOpakeHHbIM Ha puc.ll mposepsiem BbinoaHeHHe yciaoBus (11).
Ecmu tpeGyemoe Bpemsi peryaupoBaHUs HE OOECHEYMBAETCs, CIEIYeT BBIOpAaTh IpYyroi
peryasTop, KOTOpBIA oOecrmeunsi Obl BBIMIOJIHEHHE J3TOTO TpeOOBaHHWSA. 3areM ¢
HCII0JIb30BaHMEM TrpaduKa, MMOKa3aHHOro Ha puc.l2 mpoBepseTcs BBINOIHEHUE YCIIOBHS
(13). Ecnm ocraTtouHoe OTKIOHEHHE OOJIBbIIIE JOMYCTUMOTO, CIEAYeT OO YBEIUYHUTH
ko3 duimenT mnepenayn pa3soMKHyTOW cucteMbl K, nmubo BbIOpaTh 0oJiee CIIOXKHBIN
PETYIATOpP, 3aKOH PETYIHPOBAaHUS KOTOPOTO BKIIOYAN Obl B CBOI COCTaB MHTETPAIHHYIO
COCTaBJIsIONIYI0 OT ook perynupoBanus (ITH, TTN]T)

6. Ilocne BrIOOpa 3aKOHA PEryIMPOBaHUS, 00ECIICUNBAIONIETO TPEOyeMbIe TTOKa3aTean
KauyecTBa, CJIEIyeT ONpeAeTUTh MapamMeTpbl HACTPOUKHU PEryasiTopa, KOTOPbIE 3aBUCIT OT
CBOWCTB 00BEKTa PEryIMPOBAHHS M BHJA MEPEXOJHOTO  Tpoliecca. B Tabmume 2
npuBeeHbl  GpopMyibl  BeiOOpa HacTpoek Kp, Tu, Tx OCHOBHBIX pEryISATOPOB ISt
CTaTHUYECKUX OOBEKTOB.

Tab6auna 2
ITpumensiembIit TIpenmnonaraemslil mepexoaHBIN Tpoliecc
perysITop anepuoguueckuii | 20%-Hoe meper-e MUH.MHTET.
KBaJIp.
"IT"-per- 0,6 0,7 0,9
K-t /T k-t,/T k-t /T
"TTN"-per- 0,3 0,3 1
pep Ky=—" | k= | k=
k-t /T k-t /T k-t /T
Ta=0,6T Ta=0,7T Ta=T
"TIN"-per-p K - 0,95 K - 12 K - 14
ket /T ket /T k-t /T
Tu=2,41 Tu=21 Ta=131
T,=0,41 T,=041 T,=0,51

k= ¥Y(0)/M%- k03ddHUIHEHT neperadun o0bEKTa PeryIupoBaHus;
M%- MakcuMaIbHO BO3MOYKHBIH MPOLIEHT X0/1a PEryIUPYIOIIEro OpraHa;
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Kp — KO3 pULIMeHT nepenauu peryasTopa;
Ty — NOCTOSIHHASI BPEMEHU MHTETPUPYIOLIEH COCTABIIAIOLIECH;
Tx— MOCTOsIHHAS BpEMEHU [TPOU3BOJHOM COCTABIISAIOLIECH.
PazMepHOCTH yKa3aHHBIX BEIMYHH CIEIYIOIINE:
[K]= eOUHUYA UIMEPEHUSL BLIXOOHOU NepeMeHHOU 00beKkma

% xo0a pezynupyroupeeo opeana (XPO)

k= % xo0a peeyaupyouezo opeana (XPO)
AE

eOUHUYA USMEPEHUSL BLIXOOHOU NepeMeHHOU 00beKma
[T]=[1s]= [Tu]= [T al=c.

[pumep 2a.
Jana nepenarounas QyHKIUS 00BbEKTa PEryIMPOBAHUS
K
W(p)= !
(Mp+1)(T,p+1)

T1=79¢, T2=91c, K=10. HauanbHoe 3HaUeHNE BHIXOIHON BEMMYMHLI 00BbekTa Yo=53.

TpeboBanus k kauecTBy npoektupyemoit ACP:

MakcumanbHO BO3MOXKHBIN IIPOLIEHT X0a perynupyromero oprana: M%=14%

MakcumanbHO TOIyCTUMOE TMHAMUYECKOE OTKJIOHEHHUE PEryIupyeMON BEINYUHBI:
AVyax = 3,1°C.

MaxkcumanbHO JomycTuMoe Bpemst perynupoBanus: Tp ¥ =450c.

VcraHoBHBIIIEECS OTKIIOHEHHE Y oer=0,5°C.

[IpousBecTu BEIOOP BUAA PETYIAATOPA, 3aKOHA YIIPABIEHUS U PACCUUTATh MapaMeTPhbI
peryasTopa.

Pewrenue.

[To 3nauenusam napamerpoB T1, T2 u K paccunraem (c ucnonb3oBaHHEM KOMITBIOTEPA)
3HAYEHUS! KPUBOW pa3roHa u CBeIEM UX B TaOJIHUILY.

Tabauia 3HaUeHN KPUBOW pa3rona.

Vit Vit Vit Vit Vit
t| ) t| ) t| ) t| ) t| )
6 54, 1 57, 2 61, 6 62,
0 53| O | 583 | 40 | 907 | 60 | 094 | 00 | 929
53, 7 55, 1 58, 2 61, 7 62,
5| 017 | 0 | 002 | 60 | 617 | 80 | 406 | 00 | 975
1 53, 8 55, 1 59, 3 61, 8 62,
0O | 064 | 0 | 432 | 80 | 253 | 00 | 67 | 00 | 991
2 53, 9 55, 2 59, 3 61, 9 62,
0 | 238 | 0 | 85 | 00 | 815 | 20 | 894 | 00 | 997
4 53, 1 56, 2 60, 5 62, 1 62,
0 | 817 | 00 | 295 | 20 | 305 | 00 | 806 | 000 | 999
5 54, 1 57, 2 60, 5 62, 1
0 | 184 | 20 | 129 | 40 | 73 | 50 | 882 | 100 63

Bei0op Buaa u Tuna peryasropa. Pacuér ero mapamerpos.
Omnpenenenne aCHMITOTHYECKUX IAPAMETPOB 00beKTa PeryJHMpPOBAHHUA U BbIOOP
BH/IA peryJsiTopa.
[To MCXOAHBIM JaHHBIM U3 TaOJ. 1 CTPOMM KPUBYIO pa3roHa B IUIOCKOCTH BenuuuH Y (t)
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y(t) 65
63
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Puc.13. I'paduk kpuBoii pazrona Y (t)

Z[Jm pean3aluy CUHTE3a PEryisTopa, T.€. BhIOOpa ero BUAa, ONpeIeiIeHHs TUIa U
BBIYMCIICHUS TTAPAMETPOB, BOCIIOJIb3yeMCsl Tpad0aHaTUTHICCKUM METOJIOM.

B cooTtBercTBHUM ¢ popmyioit (5) paccunTaeM aCHMITOTUYECKHE MAapaMeTphl T: U T

V()= Yk — Vo= 63-53=10°C.

Otcrona

V(t")=0,33Y+VY(0)=0,33 *10=3,3°C+53°C= 56,3°C;

VY(th=0,7 V»=0,7*10+Y(0)=7 °C +53°C=60°C,

[IpousBons obpaTHOE IpeoOpazoBaHue, T.€. IOUCK aApTyMEHTa, C OAHOBPEMEHHBIM
OCYILIECTBJICHUEM UHTEPHOJISAIIH, TOJTy4UM

t''=100,12; t! = 207,562.

[ToncraBnsis mosry4eHHbIC 3HAYCHUS B hopMyity (5), TOIyduM

7,= 0,5( 3*100,12-207,562)=46,399c,

T=1,25(207,562-100,12)=134,3c.

Haitiném otHomenue t./T= 0,345.

N3BecTHO, uTO TipH 3HaUeHMsIX oTHomeHus 0,2< T,/T< 1 BwIOMpaeTcs perynsarop
HernpepsIBHOTO JeiicTBus. ClenoBarensHo, B JAHHOM IpUMeEpe T0JDKEH ObITh BEIOpaH
TaKoU PerymsTop.

OnpenenuM acCUMIITOTUYECKUE TTapaMeTphl rpaduueckuM crioco6om. C 3Toi 1enbio Ha
rpaduke KpUBOH pa3roHa B TOUKe e€ rmepernda mocTpouM KacaTelbHyI0, Kak MOKa3aHo Ha
(puc. 5). Ilo Toukam nepecedeHusi COOTBETCTBYIOLIUX ypoBHEH Y (1) onpenensiemM 3HaueHUS
napameTpoB T; 1 T. Ha mnockoctu rpaduka KpuBOil pa3roHa CTpOUM aCUMITOTHYECKYIO
GYHKIHIO Yae. ACUMOTOTHYECKAS! KPUBAsl pa3roHa HAYMHAETCS U3 TOUYKH Ha OCH BPEMEHH C
abcuuccoil paBHOII T;. Ecni mapameTpbl BBIOpaHbI MPaBUILHO, TO 00€ KPUBBIC B
YCTaHOBHUBIIEMCS TIOJIOKEHUU JIOJDKHBI COBMECTUTHCA. 3HAUCHUS GYHKIHUU Y ge.
BBIYHCIISIOTCA 110 (popMyIie mepexoAHON (QYHKIIMH areproIuYecKoro 3BeHa 1-oro nmopsaka
co C,Z[BI/IFOM 1o BpeMenu t- t;. Orcroga

o= V() (I-e )+,

rzae YH 53 — HauanbHOE 3HaYeHUE (PYHKIUH.

[Ipu mpoBeaeHun pacy€ToB OyaeM cunuTaTh, 4To aprymenT (t- 1;)=0, ecnu 3Ta pa3HOCThH
OKa)KeTCsl MEHBIIIE WU paBHA HYIIO.

Bbruncnum 3HaueHUs Yac ¥ CBEAEM HX B TaONUILY.

25



Tabanna 3HaAYeHUH aCHMITOTHYeCKOH GYHKIUN.

t -1, | Y(t)ac. t -1, | Y(tac. t t-1, Y(t)ac.
0 0 53 100 | 53,601 | 56,291 | 320 273,6 | 61,696
5 0 53 120 | 73,601 | 57,219 | 500 453,6 | 62,659
10 0 53 140 | 93,601 | 58,019 | 550 503,6 | 62,765
20 0 53 160 113,6 | 58,708 | 600 553,6 | 62,838
40 0 53 180 133,6 | 59,302 | 700 653,6 | 62,923

46,399 0 53 200 153,6 | 59,814 | 800 753,6 | 62,963
50 3,6008 | 53,265 | 220 173,6 | 60,254 | 900 853,6 | 62,983
60 13,601 | 53,963 | 240 193,6 | 60,634 | 1000 | 953,6 | 62,992
70 23,601 | 54,612 | 260 213,6 | 60,962 | 1100 | 1053,6 | 62,996
80 33,601 | 55,213 | 280 233,6 | 61,244 | 1200 | 1153,6 | 62,998
90 43,601 | 55,772 | 300 253,6 | 61,487 | 1400 | 1353,6 63

[To TaGMUYHBIM 3HAYCHUSAM MTOCTPOUM TpaduK Yac () B mtockocTu rpaduka GyHKIUN
VY(t).
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Puc. 14. T'paduk acHMITOTHIECKON KPUBOI pasroHa Y. (t)

W3 pucynka BuaHo, uto 4to rpadpuku Y(t) u Yac(t) coBMecTHIHCh. ITO TOBOPHT O
MPaBUIILHOCTH IPOU3BEAEHHBIX PACUETOB MO ONPENEICHUI0 ACUMITOTHYECKUX TAPaMETPOB
1 BbIOOpE BUJIA PETYISITOpA.

Takum o00pazom, HpHU NPOBEACHUU JAIbHEWIIMX pacu€ToB OyaeM CYHTaTh, YTO
JTMHAMHKA 00bEKTa COOTBETCTBYET aCUMITOTHYECKON KpHuBOW pasroHa. U3 puc. 14 BumgHO,
YTO Takas 3aMeHa He BIeYET 3a Cco00i OONBIION MOTPENIHOCTH. DTa MOTPEIIHOCTh
COOTBETCTBYET IUIOMIAAU, JIEKAIIeH MKy KpuBbiMH Y (t) u V(t). CremoaTenbHo,
nepexos1 oT KpuBo# Y(t) k' V(1) sBiIsETCS, BIIOJIHE, TIPAaBOMEPHBIM.

Omnpenenenue 3akoHa YOpaBleHUs, OOECHEUMBAKOIIEr0 TpedyeMoe KadecTBO
peryaupoBaHusl.

Haiiném 3HaueHue auHamMuyeckoro koddduimenrta
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Ri=AVyax/ Y(0),

rie  AYuax- MAaKCUMaJbHO JOMYCTHMOE OTKJIOHEHUE PErYIMPYEeMOW BEIUYMHBI OT €€
3aJJaHHOTO 3HAYEHHUs, KOTOPOE OHAa MOXKET NOCTHraTh B Ipolecce cradbuimzammu. U3
HCXOIHBIX TAaHHBIX UMeeM AYyax= 3,1°C. Orcrona

R,= 3,1/10=0,31.

[To 3nauenwsim 15/T = 0,345 u R,= 0,31 Ha rpaduke puc.10 Hax0aUM 3aKOH yrpaBICHUS
(3Y). B nannom ciyuae Beioupaem 3VY- «IIWJI». Takum o6pa3om, B coctaB 3Y BXOIAT
MPONOPIMOHANIEHAS, MHTETPAJIbHAS U MPOU3BOJHAS COCTABIISIIOIINE, T.€. OH UMEET BUJ

U(t)= & £(t)+xu | £(t) dt + k, de(t)/ dt,

riae U(t)-ynpasisiromee BO3ACHCTBHE PEryIIATOPA;

g(t)- ommbOKa peryTupoBaHus;

K ¢, Ku , Ky — TAPaMETPBI 3aKOHA YIIPABJICHUSI.

Br160p Takoro 3akoHa odecneuut BoinojHeHHe ycsioBus (10).

Tenepp HE0OXOAUMO TIPOBEPHUTH, OYIET JTH BBHITIOIHATHCS TPEOOBAHKE IO [UTUTEIIBHOCTH
npoiiecca peryiaupoBanus (ycimosue 11), T.e.

Tp < TpMaX ,

rne T, — BpeMms perynupoBaHusi, KOTOpPbIM OyneT o0janaTh CIPOEKTHpPOBaHHAs
CUCTEMA;

Tp¥®™  —makcuManbHO  JOMYCTUMOE  BpeMsl  peryaupoBaHus  (3aaHue  Ha

npoexktupoBanue) Tp"™* =450c.

[To rpadukam Ha puc.11 Haxomgum Tp/ 15 =9,1. Orcrona Tp=9,1 1, =422,2¢c. He TpynHo
BHJIETh, uTO ycioBue (11) BeImosHseTcs.

[IpoBoUTH MPOBEPKY HA TOUHOCTh B YCTAHOBUBILEMCSI PEKUME B JIAaHHOM CIlydae HET
HEO0OXOIUMOCTH, T.K. 0OBEKT PeryIupoBaHUs SIBISIETCS CTATUUECKUM, a B 3Y MPHUCYTCTBYET
MHTErpaibHas coctanistomas. CienoBareabHO, YCTaHOBUBIIEECS 3HaYeHHE OIIMOKHN OyeT
PaBHO HYIIIO.

Brruncnenue mapamMeTpoB peryisTopa.

Borunicnenue mapamerpoB peryisitopa OyaeM OCyLIECTBIATH Mo (opmynam Tabdim.2
IIpU NIepeperyaupoBanuu, paBHOM 20%.

[IpenBaputenbHO HailnEM KOAPOUIUEHT nepeaadn 00bEKTa peryInpoBaHusl.

Kos= Y(0)/M% =10/14=0,71°C/%

Borurcnum napaMeTpsl peryistopa.

Kosddunuent nepenaun perynsropa K,=1,2 T/ Kost 5 =4,9%/°C.

[ToctosiHHas BpeMeHr UHTETrpalibHOM cocTaBJsitomeit Ty= 21 .=92,8c.

[TocrosiHHas BpeMeHu npou3BoHOM coctaBisitomen T,=0,41 ,=19,56¢.

[Ipumep26.

PaccMmoTpuM BTOpO# cirydait 3TOTO IIpUMepa.

[Ipu 3TOM U3MEHUM TOJIBKO TPeOOBaHUS K KAUECTBY PETryIHUPOBAHUSA:

MakcumanbHO BO3MOXKHBIW MPOLIEHT X04a perynupyromiero oprasa: M%=21%

MakcumanbHO JAOMYCTUMOE JAMHAMUYECKOE OTKIOHEHHUE PErylupyeMON BEJIUYMHBIL:
AVyax = 4,2°C.

MaxkcuManbHO JOIycTUMOE BpeMsl perynupoBanus: Tp*=650c.

YcraHoBuBIIeecs OTKIOHEHHE :Y oer=0,5°C.

Pewrenue.

BBuay Toro, 4To 00BEKT OepETCS TOT Ke, ACUMIITOTUYECKUE MTapaMeTphl OyIyT UMETh
T€ JK€ 3HAaYeHHS, T.€. 7:=46,399¢c, T=134,3c, 1./T=0,345.

Pemrenue 3agaun cBOUTCS ONPEIEICHUIO 3aKOHA YIIPABJIEHUS U €ro MapaMeTpoB.
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OmnpeneneHue 3akoHa yOpaBJieHHs, OOeCHeUMBAIOMIEro TpedyeMoe KauecTBO
peryaupoBaHusl.

Haiiném 3HaueHne qMHAMHYECKOTO KoY UIreHTa

Ri= AV yax/ Y(0).

U3 vcxoaHbix qanHbx uMmeeM AY = 4,2°C. Otciona

R,=4,2/10=0,42.

[To 3nauenusim to/T = 0,345 u R,= 0,42 Ha rpaduke puc.10 Haxo1uM 3aKOH yIpaBICHHS
(3Y). B nmanHom cnydae Beioupaem 3V- «[1M». Takum obGpasom, B coctaB 3Y BXOAAT
MIPONOPIMOHATBHAS M MHTETpAJIbHASI COCTABIIAIONINE, T.€. OH UMEET BU/]I

U(t)= & £(t)+xx | £(t) dt,

riae U(t)-ynpasisiromiee BO3ICHCTBHE PEryIIATOPA;

g(t)- ommbKa peryTupoBaHus;

K ¢, Ky — [TapaMeTphl 3aKOHA YIIPaBICHUSI.

Takum 00pa3om, BEIOOP TaKOTO 3aKOHA OOecTieurBaeT BhIMOTHEHUE yciaoBus (10).

Teneps HEOOXOIMMO MTPOBEPUTD, OY/IET JIM BHITIOIHATHCS TPEOOBAHUE TIO ITTUTEIBHOCTH
rporiecca peryjaupoBanus, T.€. yciosue (11)

[To rpaduxam puc.11 naxomum Tp/ t 5 =13,7. Otcrona Tp=9,1 1 5 =635,6¢c. Takum
o06pazom, ycioBue (11) BeITtoTHSIETCSL.

[IpoBoauTH MPOBEPKY HA TOUHOCTh B YCTAHOBUBILEMCS PEKUME B JJaHHOM CITydae HET
HEO0OXOIMMOCTH U B 3TOM IPUMEpPE, T.K. 0ObEKT PEryIUpOBAaHUS SBISIETCS CTATUYECKHUM, a
B 3Y mnOpuCyTCTBYEeT HHTErpajibHasi cocrapistomas. CienoBaTeabHO, YCTaHOBHBILEECS
3HaYECHHE OMTUOKU OYJET paBHO HYIIIO.

Brruncnenue mapamMeTpoB peryisTopa.

Brruucnenue mapaMeTpoB peryisitopa OyneM OCYHIECTBIATh 1o (opmynam Tabm.2
IIpU NIepeperyaupoBanuu, paBHOM 20%.

[IpeasaputenbHO HaMIEM KOADPUITUEHT Iepenaun 0ObeKTa peryIupoBaHusl.

Ko= Yo/M% =10/21=0,476°C/%

Boruricnum napaMmerpsl peryisropa.

Kosddunuent nepenaun perynsropa K,=0,7 T/ Kos T 5 =4,26%/°C.

[Toctosinnas BpemeHu UHTErpaiibHOU coctaBistomeit Ty= 2T=94c.

[Ipumep 28.

B »TOoM nmpumepe Takke U3MEHMM TpeOOBaHUS, HajaraeMble Ha KauecTBO
pErylnupoBaHusl.

MakcumanbHO BO3MOXKHBIN MPOLIEHT X04a perynupyrouero oprana: M%=17%

MaxkcuManbHO JOMYCTUMOE IUHAMHYECKOE OTKIOHEHHE PETyIUPYEeMOU BEIUYUHBL:
AV ax =5, 4°C.

MaxkcumanbHO JoIycTUMOoe BpeMs perynupoBanus: Tp ¥ =300c.

YcraHoBuBIIeecs OTKIOHEHHE :Y oer=3,5°C.

Pemenue.

Kak u B mpenpinyiemM npumepe He0OXOAUMO TOIBKO ONPEAETUTh 3aKOH YIPaBICHUS U
BBIYHCIUTH €TO MMapaMeTphl.

Omnpenenenue 3aKoHa yIpaBieHHs, OOECHEYMBAIOIIETO TpedyemMoe KadecTBO
pETYIUpPOBAHUSL.

[TocnenoBarenbHOCTD pelieHus OyIeT aHAIOTHYHA MPEBIIYIIIIM IPUMEPaM.

Haiiném 3HaueHne qUHAMHYECKOTO KO PHUITeHTa

Ri= AV yax/ Y(0),

U3 vcxoaabix qanHbix umeeM AYyva= 3,1°C. Otcrona
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R.= 5,4/10=0,54.

[To 3nauenusim 15/T = 0,345 u R,= 0,54 na rpaduke puc.10 HaxoAUM 3aKOH YIpaBICHUS
(3Y). B nannom cnyqae BeiOupaem 3Y- «I1». Takum o6pazom, B coctaB 3Y BXOAHUT TOJIBKO
MPONOPIIMOHANIEHAS, COCTABJISIFONIAS, T.€. OH UMEET BUJ

U(t)= k «&(t),

riae U(t)-ynpasisiroiiee BO3ACHCTBHE PEryIIATOPA;

g(t)- ommbKa peryTupoBaHus;

K ¢ — IapamMeTp 3aKOHa YIPaBJICHUS.

Br10OpanHbIif 3aK0H 0OecrieunBacT BoinoJiHeHue ycinosus (10).

Tenepp HEOOXOIMMO MTPOBEPUTH OYAET JH BBIMIOJIHATHCS TPEOOBaHME 1O JUTUTEITHHOCTH
rpoIiiecca peryjaupoBaHus, T.€. BoIOTHeHHE ycinoBus (11).

N3 ucxoansix mannbix TpY™ =300c.

ITo rpadukam puc.11 maxomum, uro T,/ 1 3 =6,2. Orcroga Ty=9,1 t ; =287,6¢. He
TPYIHO BHUJETH, uTO ycioBue (11) BoimonHseTcs.

BBuy TOTO, 9TO OOBEKT SBISETCS CTATUYECKHAM, & B 3aKOHE YIPABJICHUS OTCYTCTBYET
WHTETpajbHass COCTaBISIONIasE HEOOXOJWMO TIPOM3BECTH TMPOBEPKY HA TOYHOCTh B
ycranoBusmeMcs pexume. [To otnomenuto T / 1 5=0,345 u puc.12 onpenennm, Yoer/Y(©)
=0,32. Orcroma Yoor= 3,2°C. Ommbka, KoTopyro Oy/ieT NIMEeTh CHCTEMa B YCTAHOBHBIIEMCS
peXHMe MEHbIIE MaKCUMaIbHO JOMYCTUMOTO 3HaueHHs. TpedoBaHUs MO TOYHOCTH, T.€.
yciosue (12), BBITOTHSIETCS.

5.2.2. MOAEJINPOBAHHUE NPOLECCOB PET'YJINPOBAHUA,
MPOUCXOJISAINX B CIPOEKTUPOBAHHOM ACP, HA II9BM C
MOCJIEIYIOIEN KOPPEKIIMEN TAPAMETPOB PET'YJISITOPA.

Hns mogenupoBanus Ha [I9BM cnpoextupoBanHoit ACP nipeiaraeTcsi uCIoab30BaTh
KomIbloTepHyt0 nporpaMmmy «CMAM». Crenyer OTMETUTb, YTO OCYIIECTBICHUE CHUHTE3a
perynaropa ¢ HMOMOIIbIO TOW MPOTrpaMMbl HECKOJIBKO 3aTPYAHHUTEIHHO. DTO CBS3aHO C
HEO0OXOIMMOCThIO  Tepedopa MHOKECTBAa 3HAUEHUUN MMapaMeTpoOB PETryisiTopa C IEJbIo
HAXO0XJCHHUS TaKuX , KOTOPhIE COOTBETCTBOBAJIM OBl 3aJaHHBIM IOKa3aTeNsiM KauecTBa.
[ToaToMy B AaHHOM MpOEKTE Mpeylaraercs 3Ty MpoTrpamMMy MNPUMEHUTbh TOJBKO s
MIPOBEPKU PE3YNIbTATOB, MOJYYCHHBIX I'padOaHATUTHUYECKUM METOJOM, a TAKXKe C LIEJbI0
YTOYHEHUS UX 3HAYCHHH.

[IpoBepka U KOppEKIUsS 3HAUECHUN MapaMeTpoB pETyAsATOpa MPOU3BOIUTCS IO
CJIETYIOIIUM dTaram:

1. Mopaemupyercs Ha OBM CKOHCTpyMpOBaHHas CHCTeMa, T.e. HaOupaercs e€
CTpyKkTypHasi cxema. OOBEKT peryJupoBaHHsl MPU ITOM OMUCHIBAETCS AMepUOIMYECKUM
3BeHOM BTOporo mopsiaka Ti, T2 u Ko, 3HaueHuss KoTopbix Oepércs W3 3aJaHusl HA
npoekTupoBaHue. Eciu B 3aK0oHE ylpaBlieHUs! IPUCYTCTBYET MHTETpalibHAs COCTABIISAIOLIAS
(«I[1N» nnu «I11[»), To B CTPYKTYPHOM CXeMe peryisiTopa OHa MOKET ObITh IIPECTaBICHA
B BHUjJE mnocienoBaTensHocTu uHTerpupytomiero (U3) u dopcupyromero (P3) 3BeHbEB
(puc.15a). Ilpu stom xo3p¢unuent M3 G6epércs paBHBIM Ku= 1/T u, a mocrosiHHas
Bpemenn @3 — paBHoit Ty (Tabn.2). Ecnum Obun1 BeiOpan 3axkon IIM/I, T.e. kpome
MHTETPATIBLHON COCTABIISAIONICH UMEETCs U MPOU3BOIHAS, TO MOCIEAHSAS peau3yeTcs B BUIE
@3 (Puc 156) ¢ nocrosaao#i Bpemenu T, (Tabmn.2). B cinydae Bei6opa «I1»- perynaropa, ero
CTPYKTypHasi cXema IpeJCcTaBisieT coO0i MPOCTO YCHIINTENIbHOE 3BEHO ¢ K03 duumeHTrom
K;. Monens o0bexTa OyaeT Takoi ke, Kak U IpH IPYyTruxX 3aKOHax.
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Puc. 15. CTpyKTypHBIE CXEMBI
a- crpykrypHas cxema ACP ¢ «IIN» perymsaropowm;
0- ctpykrypHas cxema ACP ¢ «[IUI» perymsaropom.

2. BrbiOupaercs meton ucciefoBaHus ( peKOMEHIYeTCsl UCIOIb30BaTh METO
Kyrra-Mepcona) u mpousBoasTcs pacu€tsl nepexoanoi ¢hynkiuu moaemu ACP. [Tpu
3TOM B KauecTBE BXOJHOIO BO3JICHCTBUS BBIOUPAETCS €AMHUYHOE CTyIIeH4YaToe, T.e. ¢ K=1.

3. Tlo oxoHuaHuio pacy€ToB pe3yabTaT PUKCUPYETCs B TAOIMUHOI opMe UK B BUIE
rpaduka npoiecca peryIupoBaHuUs.

4. Tlo momy4eHHBIM TaOMUYHBIM (TpaUuecKuM) JAaHHBIM BBIYHUCISIOTCS MOKAa3aTenu
kauecTBa (AY, t p Yocr), 3HAUCHHS KOTOPBIX CPaBHUBAIOTCS C 3aJaHHBIMU B COOTBETCTBHE C
dopmynamu (10-12).  Ecnm 3>Tu HepaBEHCTBAa HE BBINOJHSIOTCSA, TO TOCPEACTBOM
nporpammbel «CUAM» npou3BoAUTCS KOPPEKLUs NapaMeTpoB peryaaropa. B stom cioyuae
JUIg U3MeHeHus nokasareneit AY u t , BapbupytoT BenuuuHou T,, a mms usMeHeHus Y ocr-
BenuunHON K, (Puc.15). Tlogbop cumTaeTcst 3aKOHYEHHBIM, MPU BHITIOJHEHUH YCIIOBHIMA
(10-12). [Tocme »TOrOo [nemarOTCs BBIBOABI O II€ECOO0Pa3HOCTH MPUMEHEHUS
cnpoektupoBaHHOi ACP u BbeIMoJHsIETCS 000CHOBaHHME U BBIOOP CPEICTB aBTOMATHU3AIIHH,
a TaKke pazpaboTka crenu(uKauy Ha HUX.
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5.3. METOJIUKA PACUETA PEJIEHHOI'O (IBYXITIO3UIIMOHHOTI O)
PEI'YJISAATOPA.
5.3.1. TPAOOAHAJIMTUYECKAN CIIOCOB PACUETA PET'YJISATOPA
[Tpu BBIOOpPE peneifHOTO (ABYXIO3UIIMOHHOTO) perynaropa (koraa 1 /T < 0,2) menbio
MIPOEKTUPOBAHMSI SIBJISIETCS ONPEIENIEHUsI 30Hbl HEUYBCTBUTEIBHOCTU 3TOTO PEryNsTOpa,
oOecreynBaroOIIyl0  33/IlaHHOE  KadecTBO  peryinupoBaHus. Tpedyemoe  KadecTBO
OTpPEENAeTCS MaKCUMAJIbHO JOMYCTUMBIMU 3HAUEHUSMU aMIUIUTYAbI Ay U nepuoja Tiu
kosebannid. K MCXOAHBIM JaHHBIM OTHOCATCA Takxke mapamerpsl  00bekTa (Kos, T3, T) 1
BeIMYMHA MakcuManbHOro BosmymieHus AQ. Ilapamerpbl oObekTa peryimpoBaHus Ts, T
SIBJIIIOTCSI aCUMIITOTUYECKUMU. [1opsAI0K UX BRIUMCIIEHUS [TOKA3aH B mojpaszaene 5.1.
Wnes mpoeKkTUpOBaHHS CBOIUTCS K OMPEACICHUIO TIOCPEACTBOM IpadukoB (puc. 16 u
17) 3HaueHuit ammuTyasl A U nepruosaa konedaHui Tx.
[Tocne yero oHM CpPaBHUBAIOTCS C MX 3alaHHBIMU TOIYCTUMBIMU 3HAUEHUAMU Ay, T xu
. [Ipu 3TOM [1OJIKHBI BBIMOIHATHCS CIEAYIOUIUE YCIOBHUSL.
Te<T v ; A<Ax (15)
B cnyuae BBINOTHEHHWS S3TUX YCJIOBMM TPOEKTUPOBAHUE PETYISITOpPA CUUTAETCS
BBINIOJIHEHHBIM. B  mOpoTHUBHOM ciydae, HEOOXOOUMO U3MEHATh (YMEHbIIAaTh) 30HY
HEYYBCTBUTEIBLHOCTH JI0 TEX MOP, MOKa ycyioBue (15) He OyaeT BBITOJIHSITHCS.

A
EqaQ

z =01K_~Q

0,25

0,20 /

z =005 K o AQ

NN

e
B Zm
Lz
0,05 //?
o0z s

31



L:m lx
Txm:u:n: '[_fg

20— / [ 110

\ —°

\ A |

101
4
!/ Z2

0 20 40 &0 a0 AQ. %

Puc. 17

3nech Xsy- BEIMYMHA 30HBI HEUYBCTBUTEIHHOCTH.

Benuuuny amminTynel KojieOaHMH TPH  Pa3IUYHBIX 30HAaX HEYYBCTBUTEIHHOCTU
MOXHO OTIPENIeUTh 1o Tpaduky (puc. 16) 3aBucUMOCTH A /(Kos AQ) ot 15 /T . 30Ha
HEYYBCTBUTEIBHOCTHU PETYIsATOpa X34 JaHA B BUJE MapaMmeTpa (PyHKIMH, U3MEHSIOIErocs
or 0mo 0,1 Kos AQ. U3 momydennoit mo rpaduky Benmmuunbl oTHomeHHS A /(Kos AQ)
MOXXHO OMNpEeAeNuTh BEIUYMHY aMIuuTyasl A. 3HadeHwe mnepuona kojebanui T
HaxoauTcsa W3 (DYHKIMOHAIBHON 3aBUCUMOCTH Tk / Ts or AQ (puc. 17). Ha atom xe
rpaduke mokazaHa (YHKIMOHAJIbHAs 3aBUCHMOCTb OTHOILIEHUS BpPEMEHH MpeObIBaHUS
pPEryIUpPYIOIIET0 OpraHa B JBYX KpaWHHH TOJOXKEHUAX g/ Tsox OT  BEIMYUHBI
Bo3myieHuss AQ (u3meHeHue Harpys3ku). IlogydeHHble 3Ha4YeHHs MOKa3aTeNell KauyecTBa
CpaBHHMBAIOT ¢ 3ajaHHbIMU. Ecnu ycnoBue (15) BbimosnHSeTCA, TO BBIOOP 30HBI
HEYYBCTBUTEIBHOCTU CJEJaH MPABUIIBHO, €CIIU K€ HET, TO € HEOOXOJWMO YMEHBIIHTD.
Cnenyer uMeTb B BHUIY, YTO yMEHBUICHHE TAaKOW 30HBI OTPAHUYEHO TEXHUYECKHMH,
HaAEKHOCTHBIMU U CTOMMOCTHBIMU (pakTopamu. I[lostomy xenmarenbHO BbIOpaTh €&
BETMYMHY MAaKCHMalbHO BO3MOXKHOHM, HO TakK, 4YTOOBl MpPHU STOM BBINOJIHSIOCH
ycnosue (15).

5.3.2. AHAJJUTUYECKU METOJ] PACUETA PEI'YJISITOPA.

3amauy BIOOpA 30HBI HEUYBCTBUTEIHHOCTH MOYKHO OCYIIECTBUTH TAKKE U
aHATUTUYECKUM criocoOoM. C 3ToM 11eIbI0 MOTYT OBITH UCIIOJB30BaHBI CICAYIOIINE
3aBUCHUMOCTH aMILIUTY/IbI U TIEpHOJa KoJebaHu OT mapaMeTpoB 0OBEKTa U MICKOMOM 30HBI.

A= XyCT-(XyCT-XSH) e’ /T; (16)

TK:2T In {(Xmax+XyCT)/ (XyCT' Xmax)}, (17)
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rae Xyer- YCTAHOBUBIIIEECS 3HAUEHUE BBIXOIHOM BETMYMHBI, KOTOPOE OHa IIproOpena
ObI B CITy4ae OTCYTCTBHUS aBTOMATHYECKOTO PEryJINPOBAaHUY;
Xmax” MAKCHMaJIbHOE 3HAUEHUE BBIXOIHOM BETMUHMHBI, KOTOPOE OHA IIPUOOpETAET B
MIPOLIECCE PErYINPOBAHUS;
Xsu~ BEJIMYMHA 30HbI HEUYBCTBUTEIBHOCTH.
XyCT: Kos Xex, (18)
re Xex-BXOJIHOE YIIPABJISIOIIEE B3/CHCTBUE;
Kos-K0appummenT nepenaun o0ObEKTa.
Xmax=XsTA, (19)
rae Xs- 33JJaHHOE 3HAYE€HUE PETYIUPYEMON BETUUHHBI;
A — aMmuTy/a KojeOaHui B yCTAHOBUBIIEMCS PEXHUME.
®opmyinsl (16) u (17) cnpaBeaauBbl IPY CUMMETPUYHOM OTKJIIOHEHUH PEryIUpYyeEMOro
napamerpa X OT CBOCTO 33JIaHHOTO 3HAYCHUS Xs, T.€. IPH Xmax= Xmin (Puc.18). 3mech, X-
perynupyeMas BeIMYMHA, Xmin=X3;-A =~ MHUHHUMaIbHOE 3HAUEHHE BBIXOJHOW BEJIMYMHBI,
KOTOpO€ OHa MPUOOPETAET B MPOLIECCE PETYINPOBAHUS

H

Puc.18. Ilponecc MByXIMO3UIIMOHHOTO PEryINPOBAHUS.

[Ipumep3.

Jlis  perymupoBKM TeMIepaTypbl OOBEKTa HCHOJB3YeTcsl  2-yX MO3UIMOHHBIN
perynarop. BxoaHoe perynupyoiiee BO3ASHCTBHE OCYIIECTBISETCS MOCPEICTBOM MOIaUH
HanpspbkeHus Usx =220B Ha ToHBIL [lapamerpsl oObekta: t:=2MuH, T=42mwuH, Ko6=0,72
rpan/B. TpeGoBanus K pexxuMy U kauecTy peryiupopanus: t,=70°C, Ay=8°C , Txy.=90c.

Pemenue:

1. Haxomum otHOmenue 1,/1=0,048<0,2. CnenoBartensHo, HJs  Mpoliecca
cTaOWIM3aluu TeMIepaTyphl BEIOUpaeM 2-yX MO3UIHOHHBIN PETYASTOP.

2. OmpenenuM  YCTaHOBHBILEECS 3HAUYCHHE TEMIIEpAaTyphl HarpeBa OObEeKTa Mpu
YCIIOBUU OTCYTCTBUS PETYISATOPA B COOTBETCTBUU ¢ hopmyioii (18)

tyer. = Kos Usx=0,72 * 220=158,%
3. Tlo dopmyne ( 16) BeryriciuM 3HaYCHHE aMILTUTYbI A KOJeOaHUl TeMIepaTypsl B
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yCTaHOBHUBLIEMCS pexxuMe. [Ipu 3ToM mpuMeM, 4TO 30Ha HEUYBCTBUTEIbHOCTHU COCTABIISET
5 rpanycos. Toraa nojsyanm
A= tyCT'(tyCT't3H) e’ T = 120,134C
W3 momydeHHOTO pe3ynbTaTa BUIAHO, aMIUTUTY/a KOJeOaHHH MpPEBBIMIAET JOIYCTUMOE
sHauenne (A,=8°), T.e. He BBmMomHAeTcs ycioue (15). Bapbupys 3HAuEHHEM 30HBI
HEYYBCTBUTEIBHOCTH {3 HainéM Takoe, NMpH KOTOPOM YKa3aHHOE YCJIOBHE OyIeT
BBIMOJIHATECS. C 3TOM 1eNbl0 ocTpouM rpaduk 3aBucuMoctsh A= F(t:x) B Bume rpaduka

(Puc.19) u TaGmuer 3.

A 13 -
12 4-----

11 4-nee

sTTTTrTTTTTTTTTA

(T

Puc. 19. I'paduk 3aBUCUMOCTH aMILTUTY/(BI A OT 30HBI HEUYBCTBUTEINBHOCTH 1y .

Tab6auna 3.
Amvmuutyna | Benunuuna AmMmutyna
Benuunna 30HBI | KoneOaHui 30HBI KoJieOaHMMi
HEIYBCTB. HETYBCTB.
[ A [ A

0 7,366082354 | 1 8,319579309
0,05 7,413757202 | 2 9,273076264
0,1 7,46143205 | 3 10,22657322
0,2 7,556781745 | 4 11,18007017
0,5 7,842830832 | 5 12,13356713

He TpyaHo BueTh, uTo Hpu 3HadeHuH t,,=0,5°C HacTymaer TpeGyeMoe HepaBeHCTBO
(A=7,8 < Ay=8). [lanbHeiiliee yMeHbIIEHNE 30HBI NMPHUBEIET K CHIKEHHIO HAAEKHOCTU
peryastopa. IloaToMy, ¢ TOUKH 3peHHs BBINOJHEHHs YCIOBUs oOecriedeHus: TpedyemMoro
3HAUEHUS aMIUIMTYJbl, BEJIMYMHY 30HBI MOYKHO NpUHATH paBHOW 0,5. Bwmecre ¢ Tem
HE00X0/AMMO MPOBEPUTH TAKXKE 3HAUEHHUE MEepHoja KoJIeOaHUN Ha BBINOJHEHHE YCIOBHUS
(15). Ucnonb3ysts dopmyny (17), HaliaéM 3HaYEHHE ATOTO MEPHOAA B YCTAaHOBMBIIEMCS
pexxume. [Ipu aTom Oynem cuutath, uto t:4=0,5.

Te=2T In {(tuaxttycr)/ (tyer- twax)}=89,23c.

Taxkum obpazom, u 31ech ycnoBue (15) takxke BbimonHseTca. CrnenoBaTeabHO, MOKHO
CleNaTh BBIBOJ, YTO  PEryisiTop, oONagaroliuidi 30HOW HEUYBCTBUTEIBHOCTH 1:=0,5,
OTBEYAET MOCTABJICHHBIM BBIIIE TPEOOBAHUSAM K KaUeCTBY pEryJIMpOBaHUS.
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NPUJIOKEHMUSL.

[Tpunoxenue 1.

BAPUAHTDBI 3AIAHUSA
BAPUAHT 1
Tabauna KpuBoii pasrona
t Y(t) t Y(©) t Y(©)
0 46 80 54,256 220 55,967
5 46,204 90 54,681 240 55,982
10 46,7 100 55,004 260 55,99
20 48,094 120 55,435 280 55,994
40 50,94 140 55,68 300 55,997
50 52,074 160 55,819 320 55,998
60 52,986 180 55,898 500 56
70 53,702 200 55,942

MakcumanbHO BO3MOXKHBIN MPOIIEHT X04a perynupytomiero oprana: M%=4%

MaxkcuManbHO JOMYCTHUMOE AUHAMUYECKOE OTKIOHEHUE PEryIupyeMOn BETHUNHBI:

AVYax = 2,5°C.

MaxkcumanbHO JomycTuMoe Bpemst perynupoBanus: Tp ¥ =150c.
MakcHMaIbHO JOMYCTUMOE YCTaHOBHBIIEECS OTKIOHeHHe: Y ™. =0,5°C.

BAPUAHT 2
Tabauua KpuBoii pa3rona

t V(t) t Y(t) t Y(t)
0 46 80 54,256 220 55,967
5 46,204 90 54,681 240 55,982
10 46,7 100 55,004 260 55,99
20 48,094 120 55,435 280 55,994
40 50,94 140 55,68 300 55,997
50 52,074 160 55,819 320 55,998
60 52,986 180 55,898 500 56
70 53,702 200 55,942

MakcumanbHO BO3MOXHBIN MPOLIEHT X04a perynupyrouero oprana: M%=8%

MakcumanbHO T0IyCTUMOE JUHAMHUYECKOE OTKIOHEHHUE PErylIupyeMOi BETUYNHBI:

AV yax = 4°C.

MaxkcumanbHO JommycTuMoe Bpems perynupoBanus: Tp ¥ =200c.

MakcuMallbHO JOMYCTUMOE YCTAHOBUBILEECS OTKIIOHEHUE: yvax =0,5°C.

BAPUAHT 3

Tabauua KpUBOM pa3rona

t V(t) t VY(t) t VY(t)
0 46 80 54,256 220 55,967
5 46,204 90 54,681 240 55,982
10 46,7 100 55,004 260 55,99
20 48,094 120 55,435 280 55,994
40 50,94 140 55,68 300 55,997
50 52,074 160 55,819 320 55,998
60 52,986 180 55,898 500 56
70 53,702 200 55,942

MakcumanbHO BO3MOXHBIN MPOLIEHT X0a perynupytouiero oprana: M%=5%




MakcuManabHO JOMYCTUMOE TUHAMHYECKOE OTKIOHEHHE PETYIHPYEeMOil BETHUNHBIL:
AYyax = 5°C.
MaxkcumanbHO JomycTuMoe Bpemst perynupoBanus: Tp ¥ =100c.
MakcuMaIbHO JOIYCTHMOE YCTaHOBUBILEECS OTKIOHEHHEe: Y ™o, =3,5°C.
BAPUAHT 4
Tabauna KpuBoii pasrona

t V(1) t VY(t) t VY(t)
0 65 80 70,884 220 74,712
5 65,071 90 71,517 240 74,81
10 65,262 100 72,069 260 74,874
20 65,891 120 72,953 280 74,918
40 67,612 140 73,591 300 74,946
50 68,514 160 74,041 320 74,965
60 69,375 180 74,354 500 74,999
70 70,169 200 74,567 550 75
MakcumanbHO BO3MOXKHBIN MPOIICHT X0a perynupytomero oprasa: M%=12%
MakcumanbHO TOIyCTUMOE JUHAMHUYECKOE OTKIOHEHHUE PEryIMpyeMO BETNYNHBI:
AV yax = 3°C.
MaxkcumanbHO J0mycTUMOe Bpemst perynupoBanus: Tp ¥ =220c.
MakcuMaIbHO JOMyCTHMOE YCTaHOBUBINEECS OTKIOHeHne: Y™,,=0,5°C.
BAPUAHT 5
Tabauua KpuBoii pa3rona
t V(t) t Y(t) t Y(t)
0 65 80 70,884 220 74,712
5 65,071 90 71,517 240 74,81
10 65,262 100 72,069 260 74,874
20 65,891 120 72,953 280 74,918
40 67,612 140 73,591 300 74,946
50 68,514 160 74,041 320 74,965
60 69,375 180 74,354 500 74,999
70 70,169 200 74,567 550 75
MakcumanbHO BO3MOXKHBIN MPOLIEHT X04a perynupytomero oprana: M%=10%
MakcumanbHO T0IyCTUMOE JUHAMHUYECKOE OTKIOHEHHUE PErylIupyeMOi BETUYNHBI:
AV yax = 4,1°C.
MaxkcumanbHO JommycTuMoe Bpemst perynupoBanus: Tp ¥ =320c.
MakcuMalbHO JOMYCTUMOE YCTAHOBHUBILIEECS OTKIOHEHUE: ymax =0,50C.
BAPUAHT 6
Tabauua KpUBOM pa3rona
t V(t) t VY(t) t VY(t)
0 65 80 70,884 220 74,712
5 65,071 90 71,517 240 74,81
10 65,262 100 72,069 260 74,874
20 65,891 120 72,953 280 74,918
40 67,612 140 73,591 300 74,946
50 68,514 160 74,041 320 74,965
60 69,375 180 74,354 500 74,999
70 70,169 200 74,567 550 75

MakcumanbHO BO3MOXKHBIN MPOLIEHT X0a perynupytouiero oprana: M%=15%




MakcuManabHO JOMYCTUMOE TMHAMHYECKOE OTKIOHEHHE PETYIUPYEMOU BETHYUHBIL:
AY yax =5°C.
MaxkcuMmanbHO J0IycTUMOE BpeMsl perynupoBanus: Tp Y =180c.
MaxkcuMasbHO JOMYCTUMOE YCTAHOBUBINEECS OTKIOHeHHe: Y ™,=4°C.
BAPUAHT 7
Tabauna KpuBoii pasrona

t V(1) t VY(t) t VY(t)
0 75 80 79,83 220 84,348
5 75,049 90 80,45 240 84,528
10 75,182 100 81,014 260 84,66
20 75,637 120 81,979 280 84,756
40 76,966 140 82,74 300 84,825
50 77,708 160 83,326 320 84,875
60 78,448 180 83,77 500 84,994
70 79,16 200 84,102 550 84,998
600 84,999
700 85
MakcumanbHO BO3MOXKHBIN MIPOLIEHT X04a perynupyromero oprana: M%=20%
MakcumanbHO TOIyCTUMOE TMHAMHYECKOE OTKJIOHEHHUE PEryIUPyEeMOU BEINYNHBI:
AV yax = 2,8°C.
MaxkcumanbHO JomycTuMoe Bpemst perynupoBanus: Tp Y =230c.
MakcuMaIbHO JOMyCTHMOE YCTaHOBUBINEECS OTKIOHeHne: Y ™,,=0,5°C.
BAPUAHT 8
Tabnauia KpuBoii pa3rona
t V(t) t VY(t) t VY(t)
0 75 80 79,83 220 84,348
5 75,049 90 80,45 240 84,528
10 75,182 100 81,014 260 84,66
20 75,637 120 81,979 280 84,756
40 76,966 140 82,74 300 84,825
50 77,708 160 83,326 320 84,875
60 78,448 180 83,77 500 84,994
70 79,16 200 84,102 550 84,998
600 84,999
700 85
MakcumanbHO BO3MOXKHBIN MPOLIEHT X04a perynupyrouero oprana: M%=18%
MakcumanbHO T0yCTUMOE JUHAMUYECKOE OTKIOHEHHUE PErylIupyeMOil BETUYNHBI:
AVyax = 4,1°C.
MakcumanbHO 10IycTUMOE BpeMs peryiaupoBanus: T, M*=400c.
MaxkcuMalibHO JOMYCTUMOE YCTAHOBUBILIEECS OTKIOHEHUE: ymax  =0,50C.
BAPUAHT 9
Tabauua KpuBOM pa3rona
t V(t) t VY(t) t VY(t)
0 75 80 79,83 220 84,348
5 75,049 90 80,45 240 84,528
10 75,182 100 81,014 260 84,66
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20 75,637 120 81,979 280 84,756
40 76,966 140 82,74 300 84,825
50 77,708 160 83,326 320 84,875
60 78,448 180 83,77 500 84,994
70 79,16 200 84,102 550 84,998
600 84,999
700 85
MakcumanbHO BO3MOXKHBIN MPOLICHT X04a perynupytomiero oprana: M%=28%
MakcumanbHO TOTTyCTUMOE TUHAMUYECKOE OTKJIOHEHHUE PEryTHUpyeMOi BETUINHBI:
AVyax = 5,2°C.
MaxkcumanbHO JomycTuMoe Bpemst perynupoBanus: Tp ¥ =200c.
MakcuMaIbHO JOMYCTHMOE YCTAHOBUBINEECS OTKIOHeHHe: Y™,.,=4°C.
BAPUAHT 10
Tabauua KpuBoii pasrona
t V(t) t V(1) t V(1)
0 87 80 90,266 220 95,302
5 87,026 90 90,789 240 95,643
10 87,097 100 91,295 260 95,92
20 87,354 120 92,234 280 96,143
40 88,171 140 93,063 300 96,322
50 88,669 160 93,777 320 96,466
60 89,194 180 94,381 500 96,942
70 89,731 200 94,886 550 96,969
600 96,984
700 96,996
800 96,999
900 97
MakcumanbHO BO3MOXHBIN MPOLIEHT X0Ja perynupyromero oprana: M%=13%
MaxkcuManbHO JOMYCTUMOE AMHAMUYECKOE OTKIOHEHUE PEryIUupyeMOn BETHUNHBI:
AV ax = 3°C.
MaxkcumanbHO JommycTuMoe Bpems perynupoBanus: Tp ¥ =360c.
MakcuMallbHO JOMYCTUMOE YCTAHOBHUBIIIEECS OTKIIOHCHHE:! yvax  =0,5°C.
BAPUAHT 11
Tabauia KpuBoii pa3rona
t V(t) t V(1) t V(1)
0 87 80 90,266 220 95,302
5 87,026 90 90,789 240 95,643
10 87,097 100 91,295 260 95,92
20 87,354 120 92,234 280 96,143
40 88,171 140 93,063 300 96,322
50 88,669 160 93,777 320 96,466
60 89,194 180 94,381 500 96,942
70 89,731 200 94,886 550 96,969
600 96,984
700 96,996
800 96,999
900 97

MakcumanbHO BO3MOXKHBIN MPOLIEHT X0a perynupytouiero oprana: M%=25%
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MakcumanbHO TOIIyCTUMOE JUHAMHUYECKOE OTKIOHEHHE PErylIupyeMOi BEJINYUHBI:

AVYax = 4,2°C.

MakcumanbHO T0TyCTUMOE BpeMs peryiaupoBanus: T, =540c.
MakcuMaIbHO JOMYCTUMOE YCTaHOBUBINEECs OTKIoOHeHue: Y ¥™,.,=0,5°C.

BAPUAHT 12
Tabauna KpuBoii pasrona
t V(1) t VY(t) t VY(t)
0 87 80 90,266 220 95,302
5 87,026 90 90,789 240 95,643
10 87,097 100 91,295 260 95,92
20 87,354 120 92,234 280 96,143
40 88,171 140 93,063 300 96,322
50 88,669 160 93,777 320 96,466
60 89,194 180 94,381 500 96,942
70 89,731 200 94,886 550 96,969
600 96,984
700 96,996
800 96,999
900 97
MakcumanbHO BO3MOXKHBIW MPOLIEHT X04a perynupyromero oprana: M%=12%
MakcumanbHO TOIyCTUMOE TUHAMHUYECKOE OTKIOHEHHUE PEryIMpyeMO BEITNYNHBI:
AV yax = 5,4°C.
MaxkcumanbHO JomycTUMoe Bpemsi perynupoBanus: Tp ¥ =250c.
MakcHManbHO JOMYCTHMOE YCTAHOBHBIIEECS OTKIOHEHHE: YV, =4°C.
BAPUAHT 13
Tabauma KpuBoii pa3rona
t VY(t) t Y(t) t Y(t)
0 53 120 57,129 500 62,806
5 53,017 140 57,907 550 62,882
10 53,064 160 58,617 600 62,929
20 53,238 180 59,253 900 62,997
40 53,817 200 59,815 1000 62,999
50 54,184 220 60,305 1100 63
60 54,583 240 60,73 1200 63
70 55,002 260 61,094 1300 63
80 55,432 280 61,406 1400 63
90 55,865 300 61,67 1500 63
100 56,295 320 61,894

MaxkcuManbHO BO3MOXKHBIN IIPOLIEHT X01a peryiupymomero oprasa: M%=14%

MakcuMalnbHO AOIMYCTUMOC NTUHAMUYICCKOC OTKIIOHCHHUC peran/IpyeMoﬁ BCJIIMYHHBI:

AVax = 3,1°C.

MaxkcuManbHO JOIycTUMOE BpeMsl perynupoBanus: Tp Y =450c.

VcraHoBUBIIEECS OTKIOHEHHE ;Y oer=0,5°C.




BAPUAHT 14
Tadnuua KpuBoii pa3rona
t Y(t) t Y(t) t Y(t) t Y(t)
0 53 90 |55,865| 260 |61,094| 900 | 62,997
5 53,017 | 100 | 56,295| 280 | 61,406 | 1000 | 62,999
10 |[53,064| 120 |57,129| 300 | 61,67 | 1100 63
20 | 53,238 | 140 |57,907| 320 | 61,894 | 1200 63
40 |53,817| 160 | 58,617 | 500 | 62,806 | 1300 63
50 | 54,184 | 180 | 59,253 | 550 | 62,882 | 1400 63
60 |54,583| 200 |59,815| 600 |62,929 | 1500 63
70 | 55,002| 220 |60,305| 700 | 62,975
80 |55432| 240 | 60,73 | 800 | 62,991
MakcumanbHO BO3MOXKHBIN MPOIIEHT X04a perynupytomiero oprana: M%=21%
MakcumanbHO TOTTYCTUMOE TUHAMUYECKOE OTKJIOHCHHUE PEryITHUpyeMOi BETUINHBI:
AV ax = 4,2°C.

MakcumanbHO TOTTyCTUMOE BpeMs peryiaupoBanus: T, =650c.
YcTaHOBUBIIEECS OTKIOHEHHE :Y oer=0,5°C.

BAPHUAHT 15

Tabauna KpuBoii pa3rona
t Y(t) t Y(t) t V(1) t V(1)
0 53 90 55,865 | 260 61,094 900 62,997
5 53,017 | 100 | 56,295 | 280 61,406 1000 62,999
10 53,064 | 120 | 57,129 | 300 61,67 1100 63
20 53,238 | 140 | 57,907 | 320 61,894 1200 63
40 53,817 | 160 | 58,617 | 500 62,806 1300 63
50 54,184 | 180 | 59,253 | 550 62,882 1400 63
60 54,583 | 200 | 59,815 | 600 62,929 1500 63
70 55,002 | 220 | 60,305| 700 62,975
80 55,432 | 240 60,73 800 62,991

MakcrmanbHO BO3MOXHBIN MIPOLIEHT X04a perynupytomero oprana: M%=17%

MaxkcuManbHO JOMYCTUMOE AMHAMUYECKOE OTKIOHEHUE PEryIupyeMOn BeTHUNHBI:
AV yax =5, 4°C.

MaxkcumanbHO JomycTuMoe Bpemst perynupoBanus: Tp ¥ =300c.

VcTaHoBHBIIIEECS OTKIOHEHHE Y oer=3,5°C.

BAPUAHT 16
Tabauua KpUBOM pa3rona

t Y(t) t Y(t) t Y(©)
0 53 120 56,647 500 62,674
5 53,014 140 57,382 550 62,789
10 53,053 160 58,066 600 62,865
20 53,198 180 58,693 700 62,945
40 53,688 200 59,26 800 62,978
50 54,004 220 59,766 900 62,991
60 54,35 240 60,214 1000 62,996
70 54,718 260 60,608 1100 62,999
80 55,1 280 60,953 1200 62,999
90 55,488 300 61,252 1300 63
100 55,879 320 61,511
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MakcumanbHO BO3MOXKHBIN MPOLIEHT X0a perynupytomero oprana: M%=4%

MakcuManabHO JOMYCTUMOE TMHAMHYECKOE OTKJIOHEHHE PETYIUPYEMOU BETMYUHBI:
AVyax = 2,5°C.

MaxkcuManbHO J0IycTUMOE BpeMsl perynupoBanus: Tp ¥ =150c.

YcTanoBuBIIEecs OTKIOHEHHUE Y e =0,5°C.

BAPUAHT 17
Tabauna KpuBoii pasrona
t Y() t Y() t Y
0 54 80 59,623 | 220 | 63,645

5 54,065| 90 |60,258 | 240 | 63,76
10 | 54,239 | 100 |60,818| 260 | 63,838
20 |54821| 120 | 61,73 | 280 | 63,892
40 |56,439| 140 |62,405| 300 | 63,927
50 |57,303| 160 |62,891| 320 | 63,952
60 |58,137| 180 |63,236| 500 | 63,999
70 |58915| 200 | 63,478 | 550 64
MakcumanbHO BO3MOXHBIN MIPOLIEHT X04a perynupyromero oprana: M%=4%
MakcumanbHO TOTTYCTUMOE TUHAMUYECKOE OTKJIOHCHHUE PEryTHUpyeMOi BETHINHBI:
AV yax = 2,5°C.
MaxkcumanbHO JomycTuMoe Bpemst perynupoBanus: Tp ' =150c.
VcraHoBHBIIEECs OTKIIOHEHHE Y oer=0,5°C.

BAPUAHT 18
Tabauna KpuBoii pa3rona
t Y(t) t Y(t) t Y(t)
0 61 80 66,36616 220 70,57572
5 61,05865 90 67,00143 240 70,70869
10 61,21788 100 67,56862 260 70,80096
20 61,7534 120 68,50755 280 70,86458
40 63,27237 140 69,2162 300 70,90821
50 64,09746 160 69,73828 320 70,93799
60 64,90343 180 70,11603 500 70,99836
70 65,66453 200 70,38555 550 70,99942
600 70,99979
700 70,99997
800 71

MakcumanbHO BO3MOXHBIN MPOLIEHT X04a perynupyromero oprana: M%=4%

MakcumanbHO T0NyCTUMOE JUHAMUYECKOE OTKIOHEHHUE PEryIupyeMOi BETUYNHbI:
AVyax = 2,5°C.

MaxkcumanbHO JomycTuMoe Bpems perynupoBanus: Tp ¥ =150c.

YcranoBuBIIeecs oTKIOHeHHE :Y oer=0,5°C.

BAPUAHT 19
Tabauua KpuBoii pa3rosa
t Y(t) t Y(t) t VY(t)
0 76 80 82,97523 220 85,89738
5 76,10522 90 83,5656 240 85,93875

10 76,38065 100 84,0529 260 85,96358
20 77,25086 120 84,77293 280 85,97841
40 79,43669 140 85,23865 300 85,98724
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50 80,49067 160 85,53315 320 85,99247

60 81,44098 180 85,71634 500 85,99994

70 82,26961 200 85,82889 550 85,99998
600 86

MakcumanbHO BO3MOXKHBIN MPOLIEHT X0a perynupytomiero oprana: M%=4%
MakcuManabHO JOMYCTUMOE TMHAMHYECKOE OTKIIOHEHHE PETYIUPYEMOI BETHYUHBI:
AVyax = 2,5°C.
MaxkcuManbHO JIomycTUMOe Bpems perynupoBanus: Tp ¥ =150c.
YcTanoBuBIIeecs OTKIOHEHHUE Y oer=0,5°C.

BAPUAHT 20
Tabauua KpuBoii parona

t Y(t) t Y() t Y(©) t MO

0 71 90 74,63934 260 79,69708 900 80,99848
5) 71,0248 100 75,1246 280 79,93718 1000 80,99948
10 71,09437 120 76,02905 300 80,13437 1100 80,99982
20 71,3421 140 76,83204 320 80,29588 1200 80,99994
40 72,12939 160 77,52971 500 80,89361 1300 80,99998
50 72,60706 180 78,12647 550 80,93736 1400 80,99999
60 73,11086 200 78,63103 600 80,96315 1500 81

70 73,62493 220 79,05386 700 80,98726

80 74,13735 240 79,40578 800 80,9956

MakcumanbHO BO3MOXKHBIN MTPOLIEHT X04a perynupyromero oprana: M%=4%
MaxkcuManbHO JOMYCTUMOE AMHAMUYECKOE OTKIOHEHUE PEryIupyeMOn BeTHUNHBI:
AVyax = 2,5°C.
MaxkcumanbHO JommycTUMOe Bpemsl perynupoBanusi: Tp ¥ =150c.
VcraHoBHBIIEECs OTKIIOHEHHE Y oer=0,5°C.

BAPUAHT 21
Tabnaua KpuBoii pa3rona

t Y(t) t V(1) t V(1) t V(1)

0 48 90 50,49369 260 55,51999 900 57,98414
5 48,01407 100 50,87974 280 55,85965 1000 57,99292
10 48,05423 120 51,63798 300 56,1562 1100 57,99684
20 48,20147 140 52,35935 320 56,41418 1200 57,99859
40 48,69705 160 53,03021 500 57,60912 1300 57,99937
50 49,01428 180 53,64376 550 57,73718 1400 57,99972
60 49,36137 200 54,1978 600 57,8236 1500 57,99987
70 49,72867 220 54,69318 700 57,9208

80 50,10826 240 55,13263 800 57,96454

MaxkcuManbHO BO3MOXKHBIN MPOIIEHT X0/Ia peryiupymomiero oprasa: M%=4%
MaxkcuManbHO JOMYCTUMOE AMHAMUYECKOE OTKIOHEHUE PEryIupyeMOn BeTHUNHBI:

AY vax

2,5°C.

MaxkcuManbHO JOIycTUMOE BpeMsl perynupoBanus: Tp ¥ =150c.
VcTanoBuBIIeecs OTKIOHEHHUE Y oer=0,5°C.

BAPUAHT 22
Tabauua KpuBOM pa3rona
t V(1) t Y(t) t Y(t) t Y(t)
63 90 65,60436 260 70,73738 900 72,99182
5 63,01473 100 66,00573 280 71,07092 1000 72,99671
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10 63,05676 120 66,79193 300 71,35926 1100 72,99868
20 63,21089 140 67,53676 320 71,60747 1200 72,99947
40 63,72945 160 68,22598 500 72,70166 1300 72,99979
50 64,06116 180 68,8527 550 72,80809 1400 72,99992
60 64,42382 200 69,415 600 72,87698 1500 72,99997
70 64,80723 220 69,91415 700 72,94984

80 65,20302 240 70,35346 800 72,97969

MakcumanbHO BO3MOXKHBIN MPOLIEHT X0a perynupytomiero oprana: M%=4%
MaxkcuManabHO JOMYCTUMOE TMHAMHYECKOE OTKIIOHEHHE PETYIINPYEMOU BETHYUHBI:
AVyax = 2,5°C.
MaxkcumanbHO JomycTuMoe Bpemst perynupoBanus: Tp ¥ =150c.
YcTanoBuBIIEecs OTKIOHEHHUE Y oer=0,5°C.

BAPHUAHT 23
Tabauua KpuBoii pasrona

t Y(t) t Y() t Y(©)

0 72 100 75,48805 300 80,78658
5 72,01844 120 76,34108 320 80,99445
10 72,07076 140 77,12815 500 81,82618
20 72,2606 160 77,83756 550 81,89461
40 72,88623 180 78,46596 600 81,93631
50 73,27873 200 79,01526 700 81,9769
60 73,70214 220 79,49038 800 81,99168
70 74,14383 240 79,89788 900 81,99701
80 74,5937 260 80,24497 1000 81,99893
90 75,04383 280 80,53888

MakcumanbHO BO3MOXKHBIN MTPOLIEHT X04a perynupyromero oprana: M%=4%
MaxkcuManbHO JOMYCTUMOE JUHAMHYECKOE OTKJIOHEHUE PEryIupyeMOi BETUUYHUHBI:
AV yax = 2,5°C.
MaxkcumanbHO JommycTuMoe Bpemst perynupoBanus: Tp ¥ =150c.
VcraHoBUBIIEeCs OTKIOHEHHE ;Y oer=0,5°C.

BAPUAHT 24
Tabauia KpuBoii pa3rona

t Y(t) t Y(t) t Y(t)

0 66 120 70,96181 500 75,91097

5 66,02338 140 71,7784 550 75,94986
10 66,08923 160 72,49173 600 75,97186
20 66,32525 180 73,1042 700 75,99119
40 67,08443 200 73,62315 800 75,99726
50 67,54994 220 74,05829 900 75,99915
60 68,04423 240 74,42011 1000 75,99974
70 68,55176 260 74,71891 1100 75,99992
80 69,0606 280 74,96426 1200 75,99997
90 69,56176 300 75,16476 1300 75,99999
100 70,0486 320 75,32794 1400 76

MaxkcuManbHO BO3MOXKHBIN IIPOLIEHT X0J1a perynupymomero oprasa: M%=4%
MaxkcuManbHO JOIYCTUMOE AUHAMHUYECKOE OTKIOHEHUE PETYINPYEMON BETUYHNHBIL:

AS’MS.X

2,5°C.

MaxkcuManbHO JOIycTUMOE BpeMsl perynupoBanus: Tp*=150c.
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VcranoBuBIIeecs OTKIOHEHHE ;Y oer=0,5°C.

BAPUAHT 25
Tabauna KpuBoii pasrona
t V(1) t Y(©) t Y(©) t Y(©)
0 60 80 64,77938 220 69,00712 600 69,9898

5 60,05743 90 65,33898 240 69,21957 700 69,99694
10 60,21065 100 65,8463 260 69,38662 800 69,99908
20 60,7124 120 66,71358 280 69,51794 900 69,99973
40 62,08015 140 67,40767 300 69,62115 | 1000 | 69,99992
50 62,80451 160 67,95858 320 69,70227 | 1100 | 69,99998
60 63,50614 180 68,39389 500 69,96596 | 1200 | 69,99999
70 64,16736 200 68,73702 550 69,98136 | 1300 70
MakcumanbHO BO3MOXKHBIN MPOIIEHT X04a perynupytomiero oprana: M%=4%
MakcuManabHO JOMYCTUMOE THHAMHYECKOE OTKIIOHEHHE PETYIINPYEMOH BETHYUHBI:

AVyax = 2,5°C.
MaxkcuMmanbHO J0IycTUMOE BpeMsl perynupoBanusi: Tp ¥ =150c.
VcTaHoBHBIIIEECS OTKIIOHEHHE Y oer=0,5°C.

BAPUAHT 26
Tabauua KpuBoii parona

t Y(t) t Y(t) t Y(t)

0 80 100 86,61044 300 89,88683
5 80,06245 120 87,52157 320 89,92057
10 80,23088 140 88,20763 500 89,99678
20 80,79117 160 88,71413 550 89,99868
40 82,35014 180 89,08297 600 89,99946
50 83,18324 200 89,34892 700 89,99991
60 83,98936 220 89,5393 800 89,99998
70 84,74434 240 89,67484 900 90

80 85,43545 260 89,77096

90 86,05756 280 89,83891

MakcumanbHO BO3MOXKHBIN MPOLIEHT X04a perynupyromero oprasa: M%=4%

MaxkcuManbHO JOMYCTUMOE AMHAMUYECKOE OTKIOHEHUE PEryIupyeMOn BeTHUNHBI:
AV yax = 2,5°C.

MaxkcumanbHO JomycTuMoe Bpemst perynupoBanus: Tp Y =150c.

VcraHoBuBIIEeCs OTKIOHEHHE ;Y oer=0,5°C.

BAPUAHT 27
Tabauua KpuBOM pa3rona

t Y(t) t Y(t) t Y(©)

0 74 100 80,04912 300 83,80811
5 74,05073 120 80,99776 320 83,86038
10 74,18905 140 81,74359 500 83,99222
20 74,65793 160 82,31801 550 83,99652
40 76,01105 180 82,75397 600 83,99845
50 76,75988 200 83,08134 700 83,99969
60 77,50164 220 83,3252 800 83,99994
70 78,21266 240 83,50577 900 83,99999
80 78,87861 260 83,63884 1000 84

90 79,49181 280 83,73656
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MakcumanbHO BO3MOXKHBIN MPOLIEHT X0a perynupytomero oprana: M%=4%
MaxkcuManbHO JOMYCTUMOE JUHAMHYECKOE OTKIOHEHUE PEryIUPyeMON BETHUNHBI:
— 90
AVyvax = 2,5°C.

MaxkcuManbHO J0IycTUMOE BpeMst perynupoBanus: Tp ¥ =150c.

VcranoBuBIIEeCs OTKIOHEHHE ;Y oer=0,5°C.

BAPUAHT 28
Tabauna KpuBoii pasrona

t Y(©) t Y() t Y

0 70 100 74,85556 300 79,47376
5 70,03309 120 75,80166 320 79,58699
10 70,12495 140 76,60631 500 79,95449
20 70,44609 160 77,27652 550 79,97542
40 71,43081 180 77,8265 600 79,98673
50 72,00846 200 78,27291 700 79,99614
60 72,60391 220 78,6323 800 79,99888
70 73,19784 240 78,9198 900 79,99967
80 73,77668 260 79,14869 1000 79,9999
90 74,33122 280 79,33022 1100 79,99997

MakcumanbHO BO3MOXKHBIN MIPOLIEHT X04a perynupyromero oprana: M%=4%
MaxkcumainsHO JOIMYCTUMOC TUHAMHUYECKOC OTKIIOHCHHE permepyeMoﬁ BCJINYNHBI:
— 90
AVyax = 2,5°C.

MaxkcumanbHO JomycTuMoe Bpemst perynupoBanus: Tp ¥ =150c.

VcTaHoBHBIIEECs OTKIOHEHHE Y oer=0,5°C.

BAPHUAHT 29
Tabauma KpuBoii pa3rona

t Y(t) t Y(t) t Y(t)

0 68 120 74,20848 500 77,96936

5 68,03904 140 74,99419 550 77,98399
10 68,14659 160 75,63291 600 77,99163
20 68,51762 180 76,14512 700 77,99772
40 69,6269 200 76,5519 800 77,99938
50 70,26253 220 76,87266 900 77,99983
60 70,90762 240 77,12426 | 1000 77,99995
70 71,54138 260 77,32082 | 1100 77,99999
80 72,14998 280 77,47393 | 1200 78

90 72,72472 300 77,59292 | 1300 78
100 73,26061 320 77,68523 | 1400 78

MaxkcuManbHO BO3MOXKHBIN IIPOLIEHT X0/1a perynupytomiero oprasa: M%=4%
MaKCI/IMaJ'ILHO I[OHyCTI/IMOG JAUHAMHNYCCKOC OTKIIOHCHUEC perHI/IpyeMOﬁ BCIIMUUHBI.
AVyax = 2,5°C.

MakcumanbHO 10IyCTUMOE BpeMs peryiaupoBanus: T, =150c.

VcraHoBuBIIEeCs OTKIOHEHHE ;Y oer=0,5°C.

BAPUAHT 30
Tabauua KpUBOM pa3rona
t Y(t) t Y(t) t V(t)
0 100 90 105,5878 260 109,6319
5 100,054 100 106,1368 280 109,7286
10 100,2006 120 107,0655 300 109,8001
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20 100,6929 140 107,7912 320 109,8528
40 102,0911 160 108,3481 500 109,9907
50 102,8542 180 108,7703 550 109,9957
60 103,6039 200 109,0876 600 109,998
70 104,317 220 109,3247 700 109,9996
80 104,9805 240 109,5011 800 109,9999
900 110

MakcumanbHO BO3MOXKHBIN MPOLIEHT X0a perynupytomiero oprana: M%=4%

MakcuManbHO JOIMYCTUMOC JTUHAMHWYCCKOC OTKIIOHCHHE peFYHpreMOﬁ BCJIIMYHHBI:

AVYax = 2,5°C.

MaxkcumanbHO JomycTuMoe Bpemst perynupoBanus: Tp ¥ =150c.
YcTanoBuBIIEecs OTKIOHEHHUE Y oer=0,5°C.

BAPHUAHT 31
Tabauua KpuBoii pasrona

t Y(t) t Y(t) t Y(t)
0 87 100 91,295 300 96,322
5 87,026 120 92,234 320 96,466
10 87,097 140 93,063 500 96,942
20 87,354 160 93,777 550 96,969
40 88,171 180 94,381 600 96,984
50 88,669 200 94,886 700 96,996
60 89,194 220 95,302 800 96,999
70 89,731 240 95,643 900 97
80 90,266 260 95,92
90 90,789 280 96,143

MaxkcuManbHO BO3MOXKHBIN IPOIIEHT X0J1a peryiupymomiero oprasa: M%=13%
MaxkcuManbHO JOMYCTUMOE AMHAMUYECKOE OTKIOHEHUE PEryIUupyeMON BETHUNHBI:

AVYwMmax = 30C.

MakcuMalibHO JOMYCTUMOE BpeMs peryaupoBanus: Tp.max.=360c.
Vcranosusnieecs oTkinoHeHue :Yoct=0,50C.

BAPUAHT 32
Tabauma KpuBoii pa3rona

t Y(t) t Y(t) t Y(t)

0 0 240 7,729656 480 9,763
20 0,237768 260 8,094425 500 9,805773
40 0,817138 280 8,405825 520 9,840998
60 1,583381 300 8,670226 540 9,869966
80 2,43227 320 8,893672 560 9,893755
100 3,295204 340 9,081736 580 9,913268
120 4,128816 360 9,239451 600 9,929255
140 4,907372 380 9,371296 620 9,942341
160 5,617263 400 9,4812 640 9,953039
180 6,253041 420 9,572583 660 9,961778
200 6,814579 440 9,64839 680 9,96891
220 7,305075 460 9,711146 700 9,974727

MakcHuMallbHO BO3MOKHBIM IMPOLCHT XOJa PEryJIMPYROIICTO OpraHa:
M% = 13%.
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MakcuManabHO JOMYCTHUMOE TUHAMHYECKOE OTKIOHEHHE PETYINPYEMO BETMYNHBIL:
AYmax =3 °C.

MaxkcumanbHO J0IycTUMOoe BpeMst perynupoBanus: Tp ™ = 460c.

YcranoBusilieecs oTKIOHEHUE: Y oer =0,5°C

BAPUAHT 33
Tabauna KpuBoii pasrona

t Y(t) t Y(t) t Y(t)

0 53 110 61,8 220 62,94
10 53,46 120 62,07 230 62,95
20 54,47 130 62,28 240 62,96
30 55,68 140 62,45 250 62,97
40 56,89 150 62,58 260 62,98
50 58 160 62,68 270 62,98
60 58,97 170 62,76 280 62,99
70 59,78 180 62,81 290 62,99
80 60,46 190 62,86 300 62,99
90 61,01 200 62,89
100 61,45 210 62,92

MaxkcuMalIbHO BO3MOKHBIM MPOLEHT X0/ PETYIUPYIOIIEr0 OpraHa:

M% = 14%.

MakcumanbHO TOIyCTUMOE TUHAMUYECKOE OTKJIOHEHHE PEryIupyeMON BEINYHUHBI:
AYmax = 3,1 °C.

MaxkcumanbHO fomyctuMoe Bpemst perynuposanus: Tp " = 300c.

VYcranoBusieecs oTKIoHeHUE: Y oor =0,5°C

BAPUAHT 34
Tabauia KpuBoii pa3rona

t Y(t) t Y(t) t Y(t)
0 46 100 54,12 200 55,83
10 46,4 110 54,5 210 55,86
20 47,32 120 54,81 220 55,89
30 48,42 130 55,06 230 55,92
40 49,56 140 55,26 240 55,93
50 50,62 150 55,41 250 55,95
60 51,56 160 55,54 300 55,99
70 52,38 170 55,64 350 56
80 53,07 180 55,72 400 56
90 53,64 190 55,78

MaxkcuManabHO BO3MOXKHBIHM MPOLEHT X0Ja perynupytomiero oprana: M%=4%

MaxkcuManabHO JONYCTUMOE TMHAMHUYECKOE OTKJIOHEHHE PErYIUPYEeMOi BeTUYUHBIL:
AV yax = 2,5°C.

MaxkcumanbHO JommycTuMoe Bpemsi perynupoBanus: Tp ¥ =270c.

YcTaHoBuBILIEECS OTKIOHEHHUE Y oer=0,5°C.

BAPUAHT 35
TabJmnna KpuBoii pasrona
t Y(t) t Y(t) t Y(t)
46 100 53,66 200 55,73
10 46,33 110 54,09 210 55,79
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20 47,1 120 54,45 220 55,83
30 48,06 130 54,74 230 55,87
40 49,09 140 54,99 240 55,89
50 50,08 150 55,18 250 55,91
60 51 160 55,34 300 55,97
70 51,81 170 55,48 350 55,99
80 52,53 180 55,58 400 56
90 53,14 190 55,66

MakcumanbHO BO3MOXKHBIN MPOIIEHT X04a perynupytomiero oprana: M%=4%

MakcuManabHO JOMYCTUMOE TMHAMHYECKOE OTKIIOHEHHE PETYIUPYEMOH BETHYUHBI:
AVyax = 2,5°C.

MaxkcumanbHO JomycTuMoe Bpemst perynupoBanus: Tp ¥ =270c.

YcTanoBuBIIEecs OTKIOHEHHUE Y oer=0,5°C.

BAPUAHT 36
Tabauua KpuBoii pasrona

t Y(t) t Y(t) t Y(t)
0 43 100 49,83 200 52,47
10 43,24 110 50,31 210 52,56
20 43,83 120 50,73 220 52,63
30 44,61 130 51,09 230 52,7
40 45,46 140 51,4 240 52,75
50 46,33 150 51,66 250 52,79
60 47,16 160 51,88 300 52,92
70 47,94 170 52,07 350 52,97
80 48,64 180 52,23 400 53
90 49,27 190 52,36

MakcumanbHO BO3MOXHBIN MTPOLIEHT X0Aa perynupyromero oprana: M%=4%

MaxkcuManbHO JOMYCTUMOE AMHAMUYECKOE OTKIOHEHUE PEryIUpyeMON BETHUNHBI:
AV yax = 5°C.

MaxkcumanbHO JomycTUMoe Bpemsi perynupoBanus: Tp ¥ =250c.

VcraHoBuBIIEeCs OTKIOHEHHE : Y oer=0,5°C.

BAPUAHT 37
Tabauua KpuBoii parona

t Y(t) t Y(t) t Y(t)
0 43 100 49,35 200 52,27
10 43,2 110 49,85 210 52,39
20 43,71 120 50,3 220 52,48
30 44,39 130 50,68 230 52,57
40 45,15 140 51,02 240 52,64
50 45,94 150 51,32 250 52,69
60 46,72 160 51,57 300 52,88
70 47,46 170 51,79 350 52,95
80 48,15 180 51,98 400 52,98
90 48,78 190 52,14

MaxkcuManabHO BO3MOXKHBIHM MPOLEHT X0/a perynupytomiero oprana: M%=4%

MaxkcuManabHO JONMYCTUMOE TMHAMMYECKOE OTKJIOHEHHE PETYIUPYEMOM BETUYUHBI:
AV yax =5°C.

MaxkcuManbHO JOIyCTUMOE BpeMsl perynupoBanus: Tp ¥ =270c.
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VcranoBuBIIeecs OTKIOHEHHE ;Y oer=0,5°C.

BAPUAHT 38
Tabauna KpuBoii pasrona

t Y(t) t Y(t) t Y(t)

0 50 110 56,3 220 59,26
10 50,17 120 56,76 230 59,37
20 50,58 130 57,18 240 59,46
30 51,16 140 57,55 250 59,54
40 51,83 150 57,87 290 59,76
50 52,54 160 58,16 300 59,8
60 53,25 170 58,41 350 59,91
70 53,94 180 58,64 400 59,96
80 54,6 190 58,83 450 59,98
90 55,22 200 58,99 500 59,99
100 55,78 210 59,14

MaxkcuMallbHO BO3MOKHBIM MPOLEHT X01a PETYIUPYIOIIEr0 OpraHa:
M% = 4%.

MaxkcuManbHO JOMYCTUMOE AMHAMHYECKOE OTKJIOHEHUE PEryIupyeMOi BeTUYMHBbI:

AYmax = 3,1 °C.
MaxkcumanbHO JonyctuMoe Bpemst perynupoBanus: Tp " = 450c.
VYcranoBusiieecs oTKIoHeHUE: Y oor =0,5°C

BAPHUAHT 39
Tabaua KpuBoii pa3rona

t Y(t) t Y(t) t Y(t)

0 50 110 56,84 230 59,57
10 50,2 120 57,29 240 59,64
20 50,7 130 57,68 260 59,75
30 51,38 140 58,02 280 59,83
40 52,14 150 58,32 290 59,86
50 52,93 160 58,58 300 59,88
60 53,71 170 58,79 350 59,95
70 54,45 180 58,98 400 59,98
80 55,14 190 59,14 450 59,99
90 55,77 200 59,28 500 60
100 56,34 220 59,49

MaxkcumanbHO BO3MOKHBIN MMPOLCHT X044 PEryJIupyrolero opraHa:
M% =14%.

MaxkcumanbLHO JAOIMYCTUMOC NTUHAMUYCCKOC OTKJIIOHCHHC peryJII/IpyeMoﬁ BCINYHMHBI:

AYmax =4,1 °C.
MaxkcumanbHO JonmycTuMoe Bpemst perynupoBanus: Tp " = 450c.
VYcraHoBuBIIeecss OTKIIOHEHHE: Y ocr =0,5°C

BAPUAHT 40
Tabauna KpuBoii pasrona
t Y(t) t Y(t) t Y(t)
0 40 165 48,61 330 49,92
15 40,41 180 48,91 345 49,94
30 41,35 195 49,15 360 49,95
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45 42,48 210 49,33 375 49,96
60 43,63 225 49,48 390 49,97
75 44,71 240 49,6 405 49,98
90 45,67 255 49,69 435 49,99
105 46,5 270 49,76 450 49,99
120 47,19 285 49,82 465 49,99
135 47,76 300 49,86 495 50
150 48,23 315 49,89

MakcumanbHO BO3MOXKHBIN MPOIIEHT X04a perynupytomiero oprana: M%=4%

MakcuManabHO JOMYCTUMOE THHAMHYECKOE OTKJIOHEHUE PETYIHPYEMOi BETHUNHBIL:
AV yax =5°C.

MaxkcumanbHO JomycTUMoe Bpemst perynupoBanus: Tp ¥ =250c.

YcTanoBuBIIEecs OTKIOHEHHUE Y oer=0,5°C.

BAPUAHT 41
Tabauua KpuBoii pasrona

t Y(t) t Y(t) t Y(t)

0 40 165 48,61 330 49,92
15 40,41 180 48,91 345 49,94
30 41,35 195 49,15 360 49,95
45 42,48 210 49,33 375 49,96
60 43,63 225 49,48 390 49,97
75 44,71 240 49,6 405 49,98
90 45,67 255 49,69 435 49,99
105 46,5 270 49,76 450 49,99
120 47,19 285 49,82 465 49,99
135 47,76 300 49,86 495 50
150 48,23 315 49,89

MakcumanbHO BO3MOXKHBIN MIPOLIEHT X04a perynupyromero oprana: M%=10%

MaxkcuManbHO JOMYCTUMOE AMHAMUYECKOE OTKIOHEHUE PEryIupyeMOn BeTHUNHBI:
AV yax =3°C.

MaxkcumanbHO JommyctuMoe Bpems perynupoBanus: Tp ¥ =400c.

VcraHoBUBIIEeCs OTKIOHEHHE ;Y oer=0,5°C.

BAPUAHT 42
Tabauna KpuBoii pa3rona

t Y(t) t Y(t) t Y(t)

0 40 165 48,61 330 49,92
15 40,41 180 48,91 345 49,94
30 41,35 195 49,15 360 49,95
45 42,48 210 49,33 375 49,96
60 43,63 225 49,48 390 49,97
75 44,71 240 49,6 405 49,98
90 45,67 255 49,69 435 49,99
105 46,5 270 49,76 450 49,99
120 47,19 285 49,82 465 49,99
135 47,76 300 49,86 495 50
150 48,23 315 49,89

MakcumanbHO BO3MOXHBIN MPOLIEHT X0a perynupyouero oprana: M%=5%




MakcumanbHO TOIIyCTUMOE JUHAMHUYECKOE OTKIOHEHHE PErylIupyeMOi BEJINYUHBI:

AyMax :50C.

MaxkcuMmanbHO J0IycTUMOE BpeMsl perynupoBanus: Tp ¥ =250c.

VcranoBuBIIeecs OTKIOHEHHE ;Y oer=0,5°C.

BAPUAHT 43
Tabauna KpuBoii pasrona

t Y(t) t Y(t) t Y(t)

0 60 165 68,41 330 69,88
15 60,38 180 68,73 345 69,91
30 61,25 195 68,99 360 69,93
45 62,32 210 69,2 375 69,94
60 63,43 225 69,37 390 69,96
75 64,47 240 69,5 405 69,97
90 65,41 255 69,61 435 69,98
105 66,24 270 69,69 450 69,98
120 66,94 285 69,76 465 69,99
135 67,52 300 69,81 495 69,99
150 68,01 315 69,85 330 69,88

MakcumanbHO BO3MOXKHBIN MPOIICHT X0a perynupytomero oprada: M%=12%

MakcuMansHO JOIMYCTUMOC TUHAMHUYECKOC OTKIIOHCHHE permepyeMof/'I BCJIIMYHHBI:

AYyax = 4°C.
MaxkcumanbHO JormycTuMoe Bpemst perynupoBanus: Tp ¥ =400c.

VcTaHoBHBIIEECS OTKIOHEHHE Y oer=2°C.

BAPUAHT 44
Tabauia KpuBoii pa3rona
Y(t) t Y(t) t Y(t)

0 60 165 68,41 330 69,88
15 60,38 180 68,73 345 69,91
30 61,25 195 68,99 360 69,93
45 62,32 210 69,2 375 69,94
60 63,43 225 69,37 390 69,96
75 64,47 240 69,5 405 69,97
90 65,41 255 69,61 435 69,98
105 66,24 270 69,69 450 69,98
120 66,94 285 69,76 465 69,99
135 67,52 300 69,81 495 69,99
150 68,01 315 69,85

MakcumanbHO BO3MOXKHBIN MPOLIEHT X04a perynupyrouero oprana: M%=12%

MakcumanbrHO JAO0IIYCTUMOC NTUHAMUYICCKOC OTKIIOHCHHUC peryJII/IpyeMoﬁ BCIINYHNHBI:

AV yax = 4°C.
MaxkcumanbHO JomycTUMOe BpeMs perynupoBanus: Tp ¥ =250c.

VcranoBuBIeecs oTkaoHeHue ;Y oer=2°C.

BAPUAHT 45
Tabauua KpuBoM pa3rona
t Y(t) t Y(t) t Y(t)
0 75 165 82,6 330 84,73
15 75,27 180 83,01 345 84,78
30 75,91 195 83,35 360 84,82
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45 76,74 210 83,64 375 84,86
60 77,65 225 83,88 390 84,88
75 78,56 240 84,08 405 84,91
90 79,43 255 84,25 435 84,94
105 80,23 270 84,39 450 84,95
120 80,95 285 84,5 465 84,96
135 81,58 300 84,59 495 84,97
150 82,13 315 84,67

MakcumanbHO BO3MOXKHBIN MPOIIEHT X04a perynupytomiero oprana: M%=12%

MakcuManabHO JOMYCTUMOE TMHAMHYECKOE OTKIIOHEHHE PETYINPYEMOU BETHYUHBI:
AV yax = 4°C.

MaxkcumanbHO JomycTUMoe Bpemst perynupoBanus: Tp ¥ =250c.

VcTanoBuBIIEECs OTKIOHEHHUE :Y oer=5°C.

BAPUAHT 46
Tabauua KpuBoii pasrona

t Y(t) t Y(t) t Y(t)

0 40 165 48,01 330 49,83
15 40,31 180 48,38 345 49,86
30 41,04 195 48,69 360 49,89
45 41,98 210 48,94 375 49,91
60 42,98 225 49,15 390 49,93
75 43,96 240 49,32 405 49,95
90 44,87 255 49,45 435 49,97
105 45,69 270 49,56 450 49,97
120 46,41 285 49,65 465 49,98
135 47,03 300 49,72 495 49,99
150 47,56 315 49,78

MakcumanbHO BO3MOXKHBIN MTPOLIEHT X0Aa perynupyromero oprana: M%=8%

MaxkcuManbHO JOMYCTUMOE AMHAMUYECKOE OTKIOHEHUE PEryIupyeMOn BeTHUNHBI:
AV ax = 4°C.

MaxkcumanbHO JormycTuMoe Bpemst perynupoBanus: Tp ¥ =500c.

YcraHoBHBIIEECS OTKIOHEHHE : Y ocr=3°C.

BAPUAHT 47
Tabaumna KpuBoii pa3rona

t Y(t) t Y(t) t Y(t)

0 40 165 48,01 330 49,83
15 40,31 180 48,38 345 49,86
30 41,04 195 48,69 360 49,89
45 41,98 210 48,94 375 49,91
60 42,98 225 49,15 390 49,93
75 43,96 240 49,32 405 49,95
90 44,87 255 49,45 435 49,97
105 45,69 270 49,56 450 49,97
120 46,41 285 49,65 465 49,98
135 47,03 300 49,72 495 49,99
150 47,56 315 49,78

MakcumanbHO BO3MOXKHBIN MPOLIEHT X0a perynupytomiero oprana: M%=5%




MakcumanbHO JIOIYCTHMOE TUHAMHYECKOE OTKIIOHEHHE PEryIHpyeMOi BETUUNHBIL:
AV yax = 5°C.

MaxkcuMmanbHO J0IycTUMOE BpeMsl perynupoBanus: Tp ¥ =250c.

YcTanoBuBIIeecs OTKIOHEHHUE ;Y or=3,5°C.

BAPUAHT 48
Tabauna KpuBoii pasrona

t Y(t) t Y(t) t Y(t)

0 20 165 28,01 330 29,83
15 20,31 180 28,38 345 29,86
30 21,04 195 28,69 360 29,89
45 21,98 210 28,94 375 29,91
60 22,98 225 29,15 390 29,93
75 23,96 240 29,32 405 29,95
90 24,87 255 29,45 435 29,97
105 25,69 270 29,56 450 29,97
120 26,41 285 29,65 465 29,98
135 27,03 300 29,72 495 29,99
150 27,56 315 29,78

MakcumanbHO BO3MOXKHBIN MPOIICHT X04a perynupytomiero oprana: M%=10%

MakcuMansHO JOIMYCTUMOC TUHAMHUYECKOC OTKIIOHCHHE permepyeMof/'I BCJIIMYHHBI:

AVYax = 3°C.

MaxkcumanbHO JormycTuMoe Bpemst perynupoBanus: Tp ¥ =300c.

VcTaHoBHBIIIEECS OTKIIOHEHHE Y oer=3,5°C.

BAPUAHT 49
Tabauia KpuBoii pa3rona

t Y(t) t Y(t) t Y(t)
0 46 100 53,66 200 55,73
10 46,33 110 54,09 210 55,79
20 47,1 120 54,45 220 55,83
30 48,06 130 54,74 230 55,87
40 49,09 140 54,99 240 55,89
50 50,08 150 55,18 250 55,91
60 51 160 55,34 300 55,97
70 51,81 170 55,48 350 55,99
80 52,53 180 55,58 400 56
90 53,14 190 55,66

MaxkcuManabHO BO3MOXKHBIHM MPOLEHT X0/a perynupyouiero oprana: M%=4%

MaxkcuManabHO JOMYCTUMOE TMHAMHUYECKOE OTKJIOHEHHE PETYIUPYEMOM BETUYUHBI:
AVyax = 2,5°C.

MakcuManbHO JonmycTUMOeE BpeMs perynupoBanus: TpM*=270c.

VcraHoBuBIIIEeCs OTKIOHEHHUE Y oer=0,5°C.

BAPUAHT 50
Tabauua KpUBOM pa3rona
t Y(t) t Y(t) t Y(t)
0 43 100 49,35 200 52,27
10 43,2 110 49,85 210 52,39
20 43,71 120 50,3 220 52,48
30 44,39 130 50,68 230 52,57
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40 45,15 140 51,02 240 52,64
50 45,94 150 51,32 250 52,69
60 46,72 160 51,57 300 52,88
70 47,46 170 51,79 350 52,95
80 48,15 180 51,98 400 52,98
90 48,78 190 52,14

MakcumanbHO BO3MOXKHBIN MPOLIEHT X0a perynupytomiero oprana: M%=4%

MakcuManbHO AOITYCTUMOC TUHAMHUUYCCKOC OTKJIIOHCHHUE pGFYHpreMOﬁ BCJIIMYHHBI:

AyMax = 50C

MaxkcumanbHO J0IycTUMOE BpeMst perynupoBanus: Tp ¥ =270c.
YcTanoBuBIIEecs OTKIOHEHHUE Y oer=0,5°C.
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[Tpunoxxenue 2
(Obpazern)

dopMa TUTYJIBHOIO JIMCTA PACYETHO-TIOSICHUTEIbHOM 3aNUCKH.
CAPATOBCKHWM 'OCYJAPCTBEHHBIN ATPAPHBIA YHUBEPCUTET WM.

H.A. BABUJIOBA

DakyJabTeT
Kadenpa:
Jducuuniauna: "

KYPCOBOM ITPOEKT

Tema: "

Paboty Beimonnumi: cryaeHt (rpymnma,dHO)
PykoBoauTens: (yu.crenens,3Banue, DHO).

Caparos 20 r
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[Tpunoxxenue 3

JlonoJHHTEbHBbIE YKa3aHHbIe 0003HAYEHHS], OTPaKaonIe (GyHKIHOHAI bHbIE TPU3HAKHA
npu6opa no F'OCT 21.404-85.

Haumenosanue Oo6o3HayeHne

UyBCTBUTENBHBIH 3JEMEHT (MIEpBUYHOE TPE0oOpa30BaHNUE)
Huctanimonnas nepenada (poMexXyToqHOe peoOpa3oBaHUe)
CraHnus ynpaBieHHs

[IpeoOpazoBanue, BHIMUCIUTENBHBIEC (PYHKIIUH

<X-m
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[Tpunoxxenue 4

BykBennble yciaoBuble 0003Havenns o F'OCT 21.404-85

H3mepsiemas BennunHa

OYHKITNH, UCTIOTHIEMBIE TPHOOPOM

O06o03Ha
OCH. 3Hau. JIOTI. 3HAY., 0TOOpax. (dhopmupoBaHue JIOTL.
He-Hme nepBoii OYKBBI YTOUHSIOIIEE 3HAY. UHPOPM-UH BBIXOJHOI'O CUTHAaJja 3HayYEHUeE
nepBOi OYKBBI

A - - Curnanmsanus - -

B |- - - - -

c |- - - Per-e, ynip-¢ -

D IImoTHOCTB PasHocTs, nepenan - - -

E | JIroGas 3. - - - -
BCIIMYNHA

F | Pacxon CooTHoMmIeHUE A0Ms, | - - -

Ipo0b

G | Pasmep, - - - -
MOJIOKEHHE,
repeMerieHue

H - - - Bepxn.mpe-
Pyunoe JIeTT U3M.
BO3JICiCTBHE BEJIMYHUHBI

| - Ilokazanue - -

J - ABT. TIepeKIIIOYCHAC | - - -

K - - - -
Bpewmsi, Bp. nipor-

L | pamma - - - Hwxa.pene
YpoBeHb JI U3M.

BEITUYHHBI

M - - - -

N | BraxxHOCTb - - - -

O | PesepBHas OykBa - - - -

P | PesepBHas OykBa - - - -
[aBnenue, Bakyym

Q WnTerpupoBanwe, - - -
BennunHa, XapakT. | CyMMHpPOBaHHE BO
Ka4-BO, COCTaB U BpEMEHH

R T.IL - Perucrparmms - -
PanuoakTHBHOCTD

S - - Bkii-e, oTki-e, -
CKopocTh, yacTora TIEPEKII-¢, CUTH-TIHS

T - - - -

U | Tem-pa - - - -
Heck.

V | pa3HOPOIHBIX U3M. | - - - -

W | Benm-H - - - -

X | Bs3kocTb - - - -
Macca

Hepexomena. pe3-s
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JonomnuTtenbHble 0003HAYEHUS], TPUMeEHsieMble /1715l MOCTPOEeHUs mpeodpa3oBareei

curnaioB u yerpoiicts no 'OCT 21.404-85.

HaumenoBanue Obo3Hauenne
Pox curnana:
3IIEKTPUYECKU I E
MMHEBMAaTHYECKU I P
THJIPaBIMYECKU I G
Bunp! curnanos:
AHAJIOrOBBIN A
JCKPETHBIN D
Omnepannu, BBITOIHAEMbIE BEIYUCIUTEIEHBIM YCTPOHCTBOM:
CyMMUPOBaHUE z
YMHOXEHHE CUT'HAaJa Ha MOCTOSIHHBIN Koadumment K K
TepEeMHOXKEHHE JIBYX M OOJiee CUTHAJIOB JIPYT Ha Jipyra *
JIeTICHUE CUTHAJa JAPYT Ha Jpyra :
BO3BEJICHHE BeJMUYKHBI T B CTEmeHsb N f
M3BJICYCHUE BEJMYMHBI CUTHANA U3 KOPHS CTEIEHH N N
Jorapu(pMUpOBaHHE Ig
naddepeHunpoBanme dx/dt
HMHTErpUPOBaHKE |
W3MEHCHUE 3HAKa CHT'Haja X(-1)
OrpaHHYCHUE BEPXHETO 3HAYCHHS CUTHAIIA max
OI'paHMYCHUE HUKHETO 3HaUEHUS CUTHANa min
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Pasmeps! rpadgmyecknx yca0BHBIX 0003HAYeHHIT TPHOOPOB U CPeCTB
apromaru3anuu no F'OCT 21.404-85

IIpunoxenue 5

Oo6o3HauyeHne

HanmenoBanue

[epBUuHBIN N3MEPHUTENBLHBIN TPEOOPa30BATEIb (JATYHK),
prOop (KOHTPOIUPYIOIIHH, PETyIUPYIOLIUHL):

0a30Boe 0003HAYEHHE

JOITyCKaeMo¢C 0003HaYCHHE

HCITOJIHUTEIIFHBIM MEXaHU3M

perynupyromui oprad
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[Tpunoxxenue 6

Crnenndukanusi Ha NpuOOPHI M CPEACTBA ABTOMATH3AIMHA

Homepa | HanmeHoBaHue IIpenensHoe | Mecto HaumeHnoBanue u Tun | Kon-
o napamerpa, cpena | 3HaueHHe YCTaHOBKH XapaKTepUCTHKA BO
MO3HMLHK | ¥ MECTO 0TOOpa napamerpa
" HMITYJbCa
1-1 Temnepatypa 150°C Tpyoonporon Ha | Tepmonapa TXK |1
NUTATEILHON BEBIXOZIE I'p XK ¢ BogozamuméHHbIM 400V
Cpenbl Ha BBIXOJIE BBIJICPIKMBATENS | TOJOBKOM, 3alIMIIEHHAS
BBIJIEP>KUBATENS apmatypa — ctaiab XIHIOT
1-2 ut [Torenmmomerp KCIT | 1
yIIpaBIICHAS MIOKAa3bIBAIOIIUIA U -2-
camormmymmmii. I'p XK. 006
[penen u3mepenus 0-200°C ¢
BBIXOJIHBIM ITHEBMaTHYECKHM
npeoOpazoBarenem
1-3 10174 YcroiicTBO perynupyromiee 1P 1
yIpaBeHUS [THEBMATHYECKOE 2.8
MIPOTIOPITUOHAILHOE
1-4 TPyOOIIPOBOI Perynupyromuii kiamnas ¢ 259 |1
[oJIa4M rapa B MeMOpaHHBIM 32
BBIZIEP)KMBATEND | MCIIOMHUTEFHBIM HX
MEXaHU3MOM, JTHAMETP (H3)

OCHOBHOTO Tpoxojaa 50 Mmm
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IIpunoxxenue 7
(oGpazerr)

biank 3aganans
HA BBITNIOJIHEHUE KYPCOBOTO MPOEKTA MO JUCUUILINHE
« »
Tema « »

Wcxonnble JaHHbIE 17151 TPOEKTUPOBAHUS:
1. Ilapamerpsl 00beKTa peryaIUpOBaHUS
K=10, T1=79c¢, T>=91c. HauanpHOe 3HAaUCHHE BBIXOIHO BeIMUHHbI 00bekTa ¥Yo=53°C.
[Ipumeuanue:
[To ycmoTpeHnuto mpernoaaBaress napaMeTpbl 00beKTa MOTYT Cpa3y 3a7aBaThCsl B BUC
TaOJINYHBIX 3HAYEHUI KpUBOIl pa3roHa
3HavyeHHs KPUBOii pa3rona

t V(0 t V(0 t y(t) t V(t) t V(t)
0 53 60 | 54,583 | 140 57,907 | 260 | 61,094 | 600 | 62,929
5 |53017| 70 |55002| 160 58,617 | 280 | 61,406 | 700 | 62,975
10 |53,064| 80 |55432| 180 59,253 | 300 | 61,67 | 800 | 62,991
20 |53238| 90 |55865| 200 59,815 | 320 | 61,894 | 900 | 62,997
40 | 53,817 | 100 | 56,295 | 220 60,305 | 500 | 62,806 | 1000 | 62,999
50 | 54,184 | 120 | 57,129 | 240 60,73 | 550 | 62,882 | 1100 | 63

2. TpeboBanus k kauecTBy mpoektupyemoni ACP:

MakcumanbHO BO3MOXKHBIN MIPOLIEHT X04a perynupyromero oprana: M%=14%

MaxkcuManbHO JOMYCTUMOE AMHAMUYECKOE OTKIOHEHUE PEryIUupyeMOn BETHUNHBI:
AVyax = 3,1°C.

MaxkcuMmanbHO JomycTUMOe BpeMs perynupoBanus: Tp Y =450c.

VcraHoBuBIIeecs OTKIOHEHHE ;Y oer=0,5°C.

[IpousBecTu BBIOOP BHAA PETYIASATOPA, 3aKOHA YIPABIICHUS U PACCUUTAThH MapaMeTphl
perynaropa.
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