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Beryn.

[nkyOaris sienp - HalBaXJIMBIlIAa JIAHKA B TEXHOJOTTYHOMY IMpOIIECi
BUPOOHUIITBA MPOAYKTIB NTaxiBHUUTBA. BoHa no3Bojisie Oe3nepepBHO, B Oylib-
AKUN CE30H POKY, OTPUMYBATH BEJMKI NapTii 10O0BOr0 MOJIOJHSAKY, HEOOX1THOTO
JUIsl TIOTIOBHEHHSI CTaJa HECYYOK, JUIsl BUPOILYBaHHSA OpoiliepiB Ha M'icO 1 JJIs
BIITBOPEHHSI MJIEMIHHOI NITULI PI3HUX BU/IB.

B nanuit yac inkyOariist 3a3Hajia JOKOPIHHUX 3MiH, BUKJIMKAaH1 3MIHOKO SIKOCTI
IHKYOAI[IiHUX f€llb, OJEPKYBAaHUX BiJl NTHUI[l CYYaCHUX BUCOKOMPOIAYKTHUBHUX
nopia. Kpim Toro, 3amicTh cTapux iHKyOaTOpiB Ha BUPOOHHUIITBI BUKOPUCTOBYIOTh
CyyacH1 1HKyOaI[iiiH1 Ta BUBIJHI MAIlIMHU BITYU3HSHUX 1 3apyOLKHUX BUPOOHUKIB.
ChorosHi cydyacHa €MHICTh 1HKYOaTOpIiB B BEJIMKHX TOCIIOJApCTBaX JocsArae Bixg 3
no 8 MuH. gitnemicips. [ns Oaratbox nTaxodabpuK KpaiHU CTajJo0 HOPMOIO
OTPUMAaHHS BUCOKOT'O BIJICOTKA BUBEJICHHS MOJIOAHsKA. Tak, BUBL KypuaT SI€4HUX
nocsirae 86%, m'acHuX Kypeil - 85%, kauok 1 iHaeek- 80-85%, a rycei - 75-80%.

Bimomo, mo mis ycmimmHo1 iHKyOarrii serh HeoOXiIH1 TIEBHI YMOBH: HAasIBHICTh
CydyacHUX 1HKy0aTopiB, OIOJIOTIYHO ITOBHOIIIHHUX S€Ib, CYBOpPE JIOTPUMaHHS
TEXHOJIOT1YHOTO TIporiecy. Ale, KpiM I1bOro, B 1HKyOaTopii MOBHHHI IpaIoBaTH

n00pe HaBYEHI 1 3HAIOTH CBOIO CITpaBy (haxiBIli.

1.1. TukyGaTopiii 1 mapamMeTpu MIKPOKIIMATY B IPUMIIIICHHSIX

1HKYOaTOpII0

[aKyOaTopiil cCKiIamaeTbes 3 HACTYITHUX BUPOOHUYUX MPUMIIIEHD:
* Kamepa Je3iHeKIIil SEIHNX YIaKOBOK (BX1AH1 1e31H(EKITisN)

* MPUMIIIEHHS JUTsl IPUHOMY 1 COPTYBAaHHS SIEIh

* MPUMIIIEHHS JUTsl 30epiranHs 1HKYOaIiiHUX SEb

* KaMepa Jie3iHpeKIi seib

* iHKyOaIiHUH 3a1 (3a1u1)

ApK.
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* BUBIJIHUI 3a1 (3a11)

* 3aJ1 17151 BUOIPKU MOJIOAHSIKY

* IPUMIIIEHHS JJ1s1 TOOOBOTO MOJIOAHSIKY

* IPUMIIIEHHS JIJ7I1 00POOKH MOJIOTHAKY

* MUITHA

* IPUMIIIEHHS JIJIs1 BIIXO/1B 1HKYOaIlii

* KOMOpa Tapu JUIsl MOJIOJTHSIKA

* TEXHIYHI Ta JIOTIOMDKHI MPUMIIICHHS

OcHOBHI NpPUMIILIEHHS 1HKYOaTOpit0 MOBUHHI OyTH CIPOEKTOBAHI y BUIJISAL
OKpEMHUX 3aJliB @00 KIMHAT 3 TOJIaMU, 1[0 MaloTh TBEPJAEC MOKPUTTS, BUKOHAHE HA
OJIHOMY PIBHI MO Bci Twiomnl iHKyOaropito. MiHiMalbHa BUCOTa BUPOOHUYUX
NPUMIIIEHb - HE MEHIIe 3 M, CTIHM Ha BCIO iX BUCOTY MOBHMHHI OYTH TMOKpHUTI
BOJIOTOCTIMKMM MarepiajioM, CTIMKUM 10 [ii Jae3uH@IKyrouux 3aco0iB. Y
1HKyOaTopii CiiJ] MPOEKTYBATH JBI MHIHI KIMHATHU: OKPEMO JIJIsl 1HKyOaIriiHOMYy 1
BUBIHUI 30H.

Y npuMmimieHHSX 1HKyOaTOpil0 TOBMHHI MIATPUMYBATHUCS TapamMeTpu
MIKpOKJIIMaTy, HaBeJIeH1 B Tabuii 1.

[TpumimeHHs TPUAHATO PO3PI3HITH Ha JBA BUJIU:

1) mpuMilieHHs YUCTOI 30HU - SUIIECKJIa/, KIMHATa JJI COPTYBAHHS S€Ib,
1HKyOaIiiHui 3a;

2) mpumimieHHss OpyaHOi 30HM - BHBIAHI 3alid, COPTyBaJbHA IJsl Kypuar,

eKCITeJuIIisl, MUIHA.

ApK.
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Tabmumsa 1

[TapameTpu MIKpOKIIIMATy B IPUMILIEHHAX IHKYOATOP1IO

Tewmre- Bignocna |IlIBuakicTs | OcBITIICHHS,
Tpumitmers patypa, BOJIOTICTh pyxy JIK
0 noBiTpst, % | moBITPA,
M/c

1. [TpumiteHHs AJist 15-22 60-70 0,1-0,5 50
IIpUAMaHHs S€Ub
2. [TpumiteHHs st 18-22 60-70 0,1-0,5 50
COpPTYBaHHS S€Ib
3. [lpumiteHus ays 8-18 75-80 0,1-0,5 10
30epiraHHs SIEIh
4. Jle3indexiriiina kamepa 20-26 60-80 0,2-1,0 10
5. Mukyobarriiinua 3ana 20-22 50-70 0,2-0,5 30
6. BuBigua 3ana 20-22 50-70 0,2-0,5 50
7. ITpumitneHHs 11s
COPTYBAHHA MOJIOAHAKA 24-26 60-65 0,2_0,5 50
8. Muiina 18-22 110 90 0,3-0,6 30

Bceepenuni OyiBii MOBITPsI MOBUHHE PYyXaTHCS y HAMPSAMKY TEXHOJIOT1YHOTO

noToky. Toukum 3a0opy MOBITpS IS MOJadi B 1HKYOATOpidi 1 TOYKH BHKHUIY

BIJIPAIlbOBAHOTO TMOBITPS MaKCHUMaJIbHO BHAAISAIOTH OJWH BIJ OJXHOTO IS

3anobiranHs penupkyssmii. [IoBiTpoBoAM BEHTWISIIIIHHUX CUCTEM MOBUHHI JIETKO

po30upaTucs 1 3HIMATHCS TS X 3HE3apaKCHHS.

VY iHKyOaTOpisiX MpU BUBEIEHHI YTBOPIOETHCS OaraTo Muily, sika MOke OyTu

dakTopoM mepenadi 6aratboxX 1H(QEKIIHHUX 3aXBOPIOBAHb, TOMY IS 3HUKCHHS

3aMIJICGHOCTI TOBITPS PEKOMEHIYEThCS TPOBOAUTH #oro (Qimprpariro. Jms

3armo0iraHHs MOTPAIUITHHS MyXy Ta 1HIIMX TPOAYKTIB JKUTTEAISILHOCTI eMOPIOHIB

B NPUMINIEHHSIX HEOOXIMHO O0O0JIaIHATU BUTSKHY CHUCTEMY BEHTWJISILII Ha BCE

BUBIIHI 1HKyOaTtopu. Hajn BHUKMIHUX OTBOpaMHM BHUBIIHUX Iad) pPO3MILIYIOThH

BUTsDKHI nTapacoiii po3mipoM 200 x 200 cm Ha BucoTi 7-10 cM Bia Bepxy madu.

3MH.
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1.2. Tunu 1HKy6aTOpIB Ta NPUHIMI iX pobOoTH. [JonoMi>kHe 00J1aJHAHHS

KoxeH 1HKyOaTOp Ma€e HaCTYITHI OCHOBHI CUCTEMHU:

* KOpITyC-TEpMOCTAT;

* ABTOMAaTUYHOI'O K€pyBaHHS 00IrpiBoM;

* 3BOJIOKCHHS,

* BEHTHJISLIT,

* MEXaHI3M TePEeBEPTaHHS SE€Ib.

[akyOaropu, 110 BUIYCKAaIOThCS B KpaiHi 1 32 KOPJIOHOM, BIAPI3HSIOTHCS 34
TUIIOM, TIPU3HAYCHHSAM, 00’€MOM, BJIACTUBOCTSAMH 3aKJIAIKH S€b. BOHHM MOXYTb
OyTu cremiagizoBaHuMu (I 1HKyOalii se€up OJHOTO BUAY TMTHUI) abo
yHIBEpCaATTbHUMHU (JIJ1s1 1HKYOAITIT €1b NTUIll PI3HUX BUJIIB).

[Madu iHKYOaTOPIB B 3aJ€KHOCTI BiJ] TEXHOJIOTTYHOTO MPOLIECY MOXKYTh OyTH
IHKYyOaIITHUMHU, MOX1THUMHU, a00 3 ITOBHUM LIUKJIOM 1HKYOAITii.

B inkyOaTopax pi3HMX MapoK JIOTKOBI CHCTEMH HEOJIHAKOBl, BOHH
PO3PI3HAIOTHCS MO KOHCTPYKIIIT JIOTKIB Ta X KOMIIOHYBaHH1 B 0J10KH. AJie B Oy/ib-
SKOMY BHUIIAQJIKy JIOTKOBI CHCTEMH HAJIHHO 3IHCHIOIOTh MEXaHI30BaHE
CHUCTEMAaTHYHE TIepEeBEPTaHHs s€lb i yac 1HKyOaIrii 3a 3agaHor nporpamoro (12-
24 pasu Ha 100Y).

HarpiBanas moBiTpss B 1HKyOaTopax BiOyBa€TbCs, TOJIOBHUM YHHOM,
CIEKTPUYHMMH HarpiBayamMu, a 3BOJIOKEHHS 3IACHIOETbCS (POpPCYHKaAMHU 1
BiJIIIEHTPOBUMH PO3MIIIIOBAYAMH.

OXO0JOKY€EThCS TOBITPSL 3a JOMOMOTOI0 BOASHUX TPyOUacTHX paniaTopis.
3aBasiky TOBITPOOOMIHY (BeHTHIIALIT) madu iHKyOaTOpiB 3a0€3Meuy0ThCsl YNCTUM
noBiTpsiM. [lepeMinryBaHHS MOBITPSI B HUX 3/IIHCHIOETHCS BEHTUIISI TOPAMU.

[IpaktnuHO y BCiX iHKyOaTOpax Bi3HAYAIOTHCS KOJWUBAHHS TEMIIEPATYpH,
BOJIOTOCTI Ta IIBHAKOCTI PYXy TMOBITpS OJW3BKO SI€IH, PO3TAIIOBAHUX B PI3HUX

30Hax.
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Taki konuBaHHsS BiAOYBAaIOTHCS 4Yepe3 BIUIUB TEMIIEpaTypu MPUMIIICHHS,
OXOJIOJPKEHHSI sIEllb M1/l Yac 3aKJaJKd HOBOI MapTii, a TaKOX B Mepioja BHOIPKHU
MOJIO/THSKA.

s 3a0e3nedeHHs HOPMAJIbHOTO TEXHOJOTIYHOTO TMPOIECy HEOOXiTHO
BUKOHYBATH HACTYMHI1 BUMOTH 3 OOCIYTrOBYBaHHS 1HKyOaTOpIB:

1) mpu mnepepuBaHHI B €IEKTPONOCTaYaHHI 1HKYOaToOpitO CiiJ HEraiHo
BIIKPUTU JIBEpl BCIX I1HKYOaTropiB, B TEpIIy 4Yepry BHUBIAHUX; MOBIJOMHTH
TEXHIYHINA CIyk01 PO aBapito; MEPEKITIOUUTH 1HKYOaTOpiii Ha pe3epBHE HKEPEIIO
€JIEKTPOIIOCTaYaHHS; MIOMIBrOJUHU POOUTH MTOBOPOT JIOTKIB BPYYHY;

2) Matud B 1HKyOaTopii Ta TpUMaTd B TOTOBHOCTI MPUIIAAN OCBITJICHHS, SKI
MO>KHA BUKOPHUCTOBYBATH B pa3i epeOoiB B eeTPONoCcTayaHHi,

3) matu B 1HKyOaTopii TEXHIYHO CMpaBHI pe3epBHI 1HKYyOalliifH1 1 BUBIAHI
madu, IKi MOKHa BUKOPUCTOBYBATH NPHU aBaAPIsX;

4) mpu BHUXOAl 3 JlaJy MEXaHI3MY II€pEBEPTaHHS BCTAHOBUTH JIOTKU B
TOPU30HTAJIbHE MOJIOKEHHS; BYKUTHU 3aX0/(1B III0JI0 YCYHEHHS HECIIPABHOCTI;

5) mepioguuHo - 1 pa3 Ha Micsllb KOHTPOJIIOBATH 4YacTOTy OOepTaHHS
BEHTWJIATOPIB 3a qonomororo taxomerpa (TU-10P);

6) 3aBaHTaXyBaTd B Imady MOBHUN KOMIUICKT 1HKYOAIlIHHMX 1 BUBIIHUX
JIOTKIB;

7) Npu HENMOBHOMY 3aBaHTAXXECHHI KaMepu I1HKYOaTOpiB JTOTPUMYBATHUCS
CUMETpii po3TanryBaHHS 3alIOBHEHHMX JOTKIB IIOJI0 Baia OapabaHy Ta OCHOBHHUX
Bicer madwu; mpu 1HKYOAIii JBOX PI3HOBIKOBHX MapTiid B Imadi 3aBaHTaXyBaTH
OapabaH «STHHKOIOY;

8) mepeBipsTH KOHTPOJIBHI TEPMOMETpHU 2 pa3W B PIK; JUIsI HACTPOWKH Ta
KOHTPOJIIO TEMIIEPATypHOTO PEKUMY 3aCTOCOBYBATH TEPMOMETP 3 LIHOIO MO ILIKU
0,2 °C (ue Ginbue);

9) BCTaHOBUTH KOHTPOJIbHUI NICUXPOMETP Ha JIBEPIATAX Madu;

10) mpoBoaWTH TEpPIOAUYHI MEPEBIPKUM T'€OMETPIi JIOMATOK BEHTUIISATOPIB;

3a0€3MeUYnTH HOPMATUBHY YaCTOTY OOE€pPTaHHS BEHTUJISATOPA;

ANT-HT 17NAK kD
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11) migTpuMyBaTH B CIIPaBHOMY CTaHi Ta MEPIOJUYHO MEPEBIPSATH 3BYKOBY Ta
CBITJIOBY CUCTEMHU KOHTPOJIIO 1HKYOATOPiB;

12) matu B 1HKyOaTOpii Ta 30epiraTu B JOCTYIHOMY MICIIi 3allaCHI YaCTHHH,
rOTOBI JI0 3aCTOCYBaHHS (€JIEKTPOMOTOPH, INCUXPOMETPU Ta 1HIL.); 3aMacHUU
reHepaTop MepeBIpsATH HA CIIPABHICTh HE MeHIIe | pa3y Ha THXKIICHb;

13) He [fomyckaTu BIAKIAQJAEHHS COJIEM Ha JUCKaX BIJUEHTPOBOIO
3BOJIOJKYBaya; PEryJsipHO IPOMUBATH IX B pO3UMHAX COJISTHOI, OL[TOBOi KUCJIOTH;

14) BcTaHOBUTH TIEpe] NaTYMKOM TEMIEpaTypu 3aXUCHHUM €KpaH; MPH MHUTTI
madu He A0MYCKaTH MOMAalaHHs BOJY HAa KOHTAaKTH €JeKTPOHArpiBayis;

15) perymspro - 1 pa3 B 10 nHIB - 3aMiHIOBAaTH THOTH HAa KOHTAKTHOMY
TEPMOMETP1 PETYJISITOPa BOJIOTOCTI;

16) nepes 3aBaHTaKCHHSIM SHISI BATPUMATH B IHKYOAI[IHHOMY 3aJ1i POTATOM

6-8 roauH 17151 X MPOTPIBAHHS.

1.3. KaniGpyBaHH4 si€lb IO Maci

Oco0OnmBe 3HA4YCHHS MpH 1HKYOAIlil Mae COPTYBaHHsI S€Ih 32 MACOI0, TaK SK
BiJl MacH sI€Ib 3aJCKUTh TPUBATICTh 1HKYOAIlli Ta Maca BUBEJICHOTO MOJIOJIHSKY.
Tomy jutst cCHHXpOHi3allil BUBE/ICHHS Ta BUPIBHIOBAHHS BUBEJIECHOTO MOJIOAHSKY T10
Maci IPOBOJSTH MpeJl 1HKyOaIiiiHe KajaiOpyBaHHS Ta MOETAIHE 3aKJIaJaHHS SEIb
pi3HOI MacH.

BiTun3nsH1 Ta 3apyOikHI KOMIaHIi BUITyCKAIOTh SIHIE COPTYBAJIbHI MAIIMHA
pi3HOi Moaudikaiii, sKi TO3BOJSIOTH COPTYBAaTH MAapTil0 SENb HA 6-8 Kiacis.
Ha#i6imb1n mmmpoko BUKOPUCTOBYIOTHCS ChOTOJTHI JIHIT COPTYBaHHS Ta MaKyBaHHS
seb «MOBA» 1 «Staalcaty (Hinepnanam).

[Tpu BiACYTHOCTI Cy4acHOi TEXHIKH KalxiOpyBaHHS S€Ilb MOXHa MPOBOJUTH

BPYYHY Ha 3 KJacy: BEJHKi, cepeHi, npiOHi (Tabmuist 2).
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Ta0mung 2

Kareropii senp mo mMaci Ta IHTepBaJIM MK 3aKJIaIKAMU

Bun orumi Maca senp, T InTepBan
BEJIUKI cepelHi IpiOHi 3amh;i[)§aMH

Kypu: nns seup 62-70 56-61 50-55 4
Ai1Ee-M’SCO 67-75 58-66 50-57 3)
M’SICHI 66-73 58-65 50-57 6
IHIAKHA 89-100 77-88 65-76 8
BYTKHU 89-110 78-88 70-77 8
rycu 200-230 165-199 140-164 10

[Ipu omiHIlI Ta COpPTYBaHHS s€llb iX BKJIANAIOTh B IHKYOAQllidHI JIOTKU B
IaXOBOMY TOPSAIKY, «B 3aMOK». [Ipu HEMOBHOMY 3aBaHTa)XEHHI JIOTKA CTaBIATH
MeTajieBUil 0OMeXxyBau, 00 I He TepeKouyBaIucs 10 JIOTKY Ta He Omincs (He
MO’KHA BUKOPUCTOBYBATHU Mamip B SIKOCT1 YIIUIbHIOBaya). 3aJ€KHO BiJ Macu s€llb

MICTKICTb 1HKYOAQI[IHHUX JIOTKIB pi3HA.

1.4 PexxuM iHKyOaIlii semp

3aknagaTd  SAWLS  CIIJ B TOMNEPEIHBO MIATOTOBICHUM, IepeBIpeHU Ta
HANAIITOBAaHUN Ha poboumii pesxxum iHkyGatop. Ilpum Temmnepatypi 18-22 °C
po3irpiB iHKyOaTopa MPOBOASATH MPOTATOM 4 TOAMH, MPU I[bOMY BEHTHIALINHI
3aCYBKH 3aKpHTI, a 3BOJIOKYBau BiAKItoueHUH. Bei cuctemu (00irpiB, BEHTHIIALIS,
OXOJIOJIKEHHSI, CUTHadi3allisl) NOBMHHI mpamoBaTu crTiiiko. [loBuHH1I OyTH B
HAsSIBHOCTI Ta CTIPaBHI KOHTPOIbHI TIPHUIIA]TIH.

Sims pizHoi macu (micis KamiOpyBaHHS) 3aKjIaJar0Th B pi3HiI madu abo B
onHy mady, BAUTPUMYIOYH TPU IbOMY THTEPBAIA MK 3aKJIaIKaMHU.

Pexxum 1HKyOAaIlll 3aJIe)KUTh Bl CXeMH 3aKJIaiaku sienpb. [Ipu BUKOpUCTaHHI
MOETAIHOI 3aKIaJKu sielb (AB1 a00 Tpu mapTii B madi) 3aCTOCOBYIOTh HACTYTHUM

pexuM THKyOari1 (Tadbmuis 3).

ANT_HT 17NAK kKD
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Taonus 3

Pexxum iHKyOaii seupb

Iloxa3uuk

[Tada

1HKyOarliitHa BUBI1/IHA

TTonoxxeHHs
3acyBak, MM

CyXUH TEPMOMETP

BOJIOTU TEPMOMETP

IMokaszuuku ncuxpomerpa, °C:

BEHTIWIALIHHUK

YacroTta nepeBepTaHHS JIOTKIB
3 SIRISIMM, pa3iB HA 100y

37,8 (mpu 30-50 %o-it 37,2 (nocriiiHa)
3aBaHTa)xeHHi), 37,6 (ipu
MIOBHOMY 3aBaHTa)KCHHI)
31,0 (mpu 30-50 %-ii
3aBaHTaxxeHHi), 29,0 (pu

29,0 (mo HakyeBa)
33,0 (B mepion

MIOBHOMY 3aBaHTAXKCHHI) BHBOLLY)
15-20 20-25
24 BIJICYTHE

[Ipu omHOpa3zoBOMYy 3akiajaHHl S€b B 1HKyOaTOp B IHKyOamiHiA 1madi

nixTpumyroTs Temmepatypy 37,6 °C, a Bomoricte — 65 %. Ilpu upomy

BEHTWIALINHI 3acyBKH 3akputi 1o 11-x mi6 iHkyoarii, a 3 12 mo 18-ty mo0y ix

BiIKpuBaTh Ha 10-15 mm.

Y BuBigHOMy madi TemnepaTypy 3HHXKYIOTH 10 37,2 °C, a Bonoricte He

PETYIIOETHCS, BEHTWIALIMHI OTBOPU TYT BigkpuTi Ha 10-15 MM, a 3a 2-3 roauHu

710 BUOIPKH X TTOBHICTIO BIIKPHUBAIOTb.

HeoOXimqHO KOHTpOIIOBAaTH BMICT BYIJIEKHCIOro razy B madax, Horo

KOHIIEHTpaIlisl B iHKyOamiiitHoMy madi He moBWMHHA mepeBumryBatd 1%, a B

BUBiTHOMY - 2%.
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The increase in the number of people on the planet Earth significantly
exacerbates the problem of their nutrition and increases the consumption of food,
meat in particular. Since nature alone is unable to provide humanity with the
necessary amount of meat products, the world's agriculture faces the task of
constantly increasing the production of high-quality meat suitable for processing.
Poultry farming is an important branch of agriculture, which currently provides 30
percent of meat processing enterprises in Ukraine with high-quality dietary meat.
Dietary eggs are also an important product of poultry farming, and their
consumption in Ukraine is increasing every year.

The solution to the urgent problems of poultry farming is impossible without
the use of incubation of poultry eggs artificially with the help of incubators. Along
with industrial incubation, the increase in poultry production in rural areas is due to
the development of farms in Ukraine that also raise poultry to meet market needs.
However, the park of modern incubation equipment for small farms and
homesteads in Ukraine is practically absent. Currently, the urgent problem for the
farm and homestead poultry farm is the development and creation of a suitable
incubator that fully meets the requirements of the incubation process.

It is known that the process of hatching young in an incubator depends on
external (exogenous) and internal (endogenous) factors [1, 2].

The internal factors include the components of the egg - the yolk, protein,
subshell and shell. The quality of these egg components refers to internal factors
that, along with the genetic factor: age and weight of the bird, housing conditions,
health of the laying hens, conditions of collection, transportation, storage and
disinfection significantly affect the incubation result and the biological base of the
egg.

External factors include everything that can affect the egg from the outside:
temperature and humidity incubation regimes, air velocity, its composition,
placement and inversion of eggs in the cabinet, various irradiations, treatments and

more.
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As a heat-energy object we will investigate an incubator - (Latin incubare) is
a device for artificial hatching of eggs of laying animals (young poultry, etc.). The
appearance of the first incubation buildings and their use is associated with
Ancient Egypt. About one and a half thousand years BC eggs were incubated in
special furnaces or insulated barrels under the supervision of priests. The
incubation temperature was maintained by the heat obtained from burning straw.
The heat transfer process was monitored around the clock. The use of a special
liquid in pots, which were installed inside the thermal power object (incubator),
allowed the critical decrease in temperature to go into a viscous state, which was a
signal of the need for additional heating.

In China, thermal power plants (incubators) were set up in the ground, and
the process of heating them took place through the use of sunlight, heat release as a
result of the process of biological decomposition of plant particles and heat release
due to the physiological development of the embryo.

This technology, called "cold", persists today. Currently, there are several
successful poultry farms in Beijing that operate on the principle of early cooling of
eggs. This process is a timely decrease in temperature, the increase of which will
occur independently due to the activity of embryos. The productivity of such
enterprises is quite high (up to 90%). Some economically backward countries also
use the process of hatching eggs by special people who use their body heat to heat
the eggs.

The first thermal power plant (incubator) in Europe (Italy) was built in the
18th century. It is authored by the physicist Port. Due to the persecution of the
Inquisition, this invention was burned. The next scientist who studied the
necessary conditions for successful incubation of eggs (the influence of
temperature, humidity and carbon dioxide content on the development of embryos)
was a famous French inventor Reomur. At the beginning of the twentieth century,
along with the development of special poultry farms, two types of incubators were

developed and used: tube and hydro incubators.
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The principle of operation of the first consists in lamp heating of water
which acted as the heat carrier. Hydro incubators used as a heat source water
heated to boiling point. Twice a day, the cooled liquid was replaced with boiling
water.

The development of the domestic theory of incubation was influenced by the
organization and work of the first hatchery and poultry stations and collective farm
poultry. The first manuals "Technical guide to incubation”(MV Orlov, MD Popov,
NP Tretyakov and others 1932-1934). where the basics of incubation, structure and
operation of incubators of different types, organization of work in the incubation
shop were described.

Further development of this issue was received in the book "Incubation and
operation of machines” (1934) and in its second edition "Incubators and their
operation” (I. Ya. Pritzker and NP Tretyakov 1937), in the book "Incubation of
farm birds" ( 1951), as well as in its repeated editions in 1954, 1957 and in the
book by G.K. OrpeiranseBa, I'"M. Komno6osa, B.A. Khmyrov's "Incubation"
(1964). The great monograph "Agricultural Bird", written by a team of authors
edited by E.E. Penionzhkevich (1962) contains sections "Eggs of a poultry”,
"Biological bases of incubation”, "Incubators and their operation™.

The world's leading companies for the production of thermal energy
facilities (incubators) (Pas Reform (Netherlands), Becoto (France), Petersime
(Belgium), Buckye (England), Victoria (Italy). Naturreform (USA), Chick-Master
(USA) , Jamesway (Canada) and others use the latest electronic equipment, which
has increased functionality and meets many requirements of poultry farmers and
allows to reduce human participation in the incubation process to a minimum.

Ukrainian scientists do not stand aside from the current problem, actively
research the issues of incubation of poultry eggs, improve and implement original
technical developments based on the latest electronic equipment of domestic
production. In particular, in recent years, research in the field of energy efficiency

and automation of incubators with the use of Smart-technologies, which allow to
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control and manage the technological process of incubation both locally and
remotely.

According to research results [3, 4], too high an incubation temperature for
eggs accelerates the development of embryos. However, as a result we will have a
small brood with physiological defects.

At low temperatures, the incubation process is delayed, which significantly
reduces the mobility of the brood. Significant deviations from the optimum
incubation temperature threaten the embryos with death.

The situation is similar with humidity indicators. Low humidity in the
incubation volume leads to loss of embryo mass due to increased parameters of the
air chamber of the egg, which is dangerous for the incubation process, which
results in premature cursing. Increased humidity, on the contrary, leads to an
increase in incubation time. Sometimes in newborn chicks at low temperatures and
humidity, the skin and beak stick to the shell.

The presence of various hazards in the incubation volume (excess carbon
dioxide, for example) can also be fatal.

The absence of the process of turning the eggs leads to the connection of the
embryo with the egg shell, which significantly reduces the efficiency of the
incubation process.

Thus, the successful incubation of eggs depends on a number of factors -
ensuring optimal values of temperature, humidity, air exchange within the
technological volume of the incubator, periodic inversion of eggs, etc. [5, 6].
Performing these operations in an automated mode significantly simplifies the
process of their optimization, increases the efficiency and quality of the incubator
and reduces the cost of production. The latter factor significantly depends on the

level of energy efficiency of the incubator.
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Automation of incubators based on the latest technologies allows to reduce
human participation in the technological process of incubation to a minimum, but
the cost of equipment of the above foreign companies significantly exceeds the
cost of similar domestic equipment, which significantly hinders its use [1, 7].

It should also be noted that the automation of the incubation process cannot
completely replace the natural process. Taking into account these features when
creating designs of incubators allows to increase their efficiency.

If the market of automated industrial heat facilities (incubators) is provided
with samples equipped with the latest electronic equipment of a sufficiently high
level, the market of automated heat facilities (incubators) for farms and
homesteads, which can be divided into farm and household incubators. . Currently,
a number of designs of thermal power facilities (incubators) for small rural
producers of poultry products are known. These are thermal power facilities
(incubators) "Double Micro Battery 90", "Chicken Ripple I1B-130", "Teplusha",
"Nasedka I1B-140", "Tandem-80 + Humidity" and others [1].

Domestic household thermal power facilities (incubators) for use in
homesteads such as IBM-30, MI-30, etc. have imperfect equipment to create in the
volume of the incubator optimal technological conditions of incubation -
temperature and its gradient, humidity, level of harmfulness, control and
management of the parameters of the technological process of incubation. The
mechanism of egg inversion is also imperfect and energy-consuming [2], which is
even absent in some constructions. these.

Analysis of the structures of modern thermal power facilities (incubators)
allows us to draw a conclusion about the main technological parameters that
require improvement of the structures of incubators [3, 4]:

- high level of biological safety. It is necessary to significantly reduce the
infection of young animals in the incubator, which will increase its preservation
during the growing period. Based on this, all parts in the incubator must be made

of corrosion-resistant materials. One of such materials for the manufacture of
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incubators is stainless steel, which significantly improves the quality of washing
and increases the service life of incubators. The constructions of modern thermal
power facilities (incubators) should not have hard-to-reach and hidden places for
washing and, accordingly, disinfection. All equipment inside the incubator must be
inert to the detergents and disinfectants used,;

- the presence of a temperature gradient of the technological volume of the
incubator, ie the unevenness of the temperature field. Ensuring the same conditions
of development for all embryos can significantly improve the homogeneity and
quality of young animals. The trays in the incubators must be installed in such a
way that the air flow passes along the axis and blows all the eggs, regardless of
their location. The incubator should have a minimum path of air over the eggs.
This reduces heat from the embryos and prevents local overheating;

energy costs. The problem of reducing energy consumption is very relevant
at any time. The use of modern electronics, directional airflows and energy-saving
measures in the modes of incubators can reduce energy losses by radiation during
incubation. In modern thermal power plants (incubators), this figure reaches 15-18
watts per egg. In addition, it is advisable to use a recycling ventilation system that
efficiently uses the heat that comes out of the embryos and is used to heat the cold
air.

This ventilation system reduces energy consumption by 40-50%;

- modern incubators, especially large ones, must have consistent control of
the incubation process. In each section it is necessary to install an intermediate fan,
heaters for air heating, a heater for air cooling, a set of control and monitoring
sensors (each section is a separate incubator inside one cabinet). This arrangement
of the incubator allows to obtain high results of incubation when laying eggs of
different quality in one incubator;

- Modern computer control system should provide automatic control and
regulation of all incubation parameters. The system must have a high degree of

integration and a clear graphical interface;
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- the incubation tray in modern incubators should be plastic and have a
design in the form of honeycombs. The tray should support the eggs in the correct

position and minimize damage to the eggs during transport and incubation.

2. TermoBUH peXUM TEIJIOCHEPTETUYHOTO 00’ €EKT
Yy

JUtst migTpUMKK HEOOXIAHUX MapaMeTpiB B TEIUIOEHEPreTUYHOMY OO0’ €KT1
HEoOX1HO 3abe3neuyBaTd Oe3MepepBHUM 1HTEHCUBHUUA TMOBITPOOOMIH, WIO
CYTTEBO BIUIUBAE HA JOTPUMYBaHHS HOPMOBAHOI TEMIIEpaTypH MOBITPS.
OnTtuManbHe CyMmMapHE 3HAYEHHS OKpeMHX (PakTOpiB - TemrepaTypa, BOJOTICTb,
MIBUAKICTh PYXy Ta Ta30BUHM CKJaJ TOBITPs, HAsBHICTh MUY, MIKPOOPTaHI3MIB,
piBeHb pajiallii, 1OHI3alisi, OCBITJIIEHHS, arMoc(epHHUU THUCK Ta IHIIE - 1 €
MIKpOKJIIMAT.

MikpokiaiMaT B NPUMIIMICHHSIX 3aJ€KUTh Bl 0araTb0X YMOB: MICIIEBOTO
(30HANBHOTO)  KJIMAaTy, TEIJIO3aXUCHUX  BJIACTHBOCTEH  OTrOPOKYBATBHUX
KOHCTPYKIII  OymiBii, PIBHSI TMOBITPOOOMIHY, €(PEKTUBHOCTI BEHTHJIALII,
OCBITJICHHSI, TEXHOJIOT1i yTpUMaHHS Ta BHUAY TBapWH 1 MTHIl, OCOOJIMBOCTEH iX
¢iziosiorii Ta 00MiHY pEUOBHH, IIJTBHOCTI PO3MIIICHHS Ta 1HIII.

Benmuke 3HaueHHS HamaeTbCsl TaKOXK oOpieHTAIli OyaiBedab, OCOOJUBOCTIM
KOHCTPYKIIIH, BUAY Ta SIKOCTI OyaiBEIbHUX MaTepiaiB.

CTBOpUTH ONTHUMaTbHI 300JIOTIYHI YMOBH MOKHAa TUIBKM TpHU 3IIHCHEHHI
KOMIUIEKCY 3aXO0/iB:

- parioHasnizalisi 00'eMHO-TUTAaHYBAJIBHUX PIllIEHb Oy/11BEIb;

- TIOJTIMIIICHHS TeTI0130JIS11i1 OTOPOKYBAIBHUX KOHCTPYKITIH;

- 3aCTOCYBaHHS €()eKTUBHUX BEHTHIISIIIIMHUX CHCTEM;

- 3aCTOCYBaHHS CHCTEM OYHMIIICHHS MTOBITPs, 10HI3aIIi1 Ta 1HIII.

[IpoGnemy cTBOpeHHSI MIKPOKIIIMATy B TEMJIOCHEPTETHUYHOMY 00’ €KTI HEMOKIIUBO

BUPIIUTU 0€3 €(heKTUBHUX CUCTEM BEHTHUJIALIII.
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OOMIH mMOBITpS HE TUIBKM IOBUHEH CTBOPUTH B MPUMIIIEHH] ONTHMAaJIbHHUM
TEMIIEPaTYpHO-BOJIOTICHUM PEXUM 1 MIATPUMYBATH Ta30BHM CKiIaa MOBITPs, a U
COPUATH BUAAJICHHIO MWy Ta 3ano0iraHHs MOMaJaHHd MIKpOOPTraHi3MiB
BCEPEANHY MPUMIIICHHS.
BceraHoBneHo, 1m0 AKIIO B MPUMINIEHHI BIACYTHIM HEOOXIAHHWI MOBITPOOOMIH,
3MEHIIY€EThCS MPOJYKTUBHICTh TBAPUH 1 MTHUIIl. Y TOM K€ Yac HaJIMIPHO BEJIUKHUU
MOBITPOOOMIH BeJIe 10 HEpalllOHAJIbHUX BUTPAT €JIEKTPOCHEPrii Ta BUTpaTa Teria
Ha 00IrpiB BEHTUWISLIHHOTO MOBITPS B XOJOIHUM MEPIOJ POKY.
EdexkTuBHICT, cucTeM BEHTWISALII MPUMILIEHb B 3HAYHINA CTENEHI BU3HAYAETHCS
aepoJMHAMIYHUMHU  CXEMaMH  Opradizamii  MOBITPOOOMIHY. Hait6inbm
€KOHOMIYHUMH 1 MPUAHATHUMH JJIs1 OUTBIIOCTI TUIIB MPHUMIIICHb € MEXaHIYHI
MPUTUTMBHO-BUTSKHI CHUCTEMH BEHTWJIALT, CYMIIIEH] 3 TTOBITPSHUM OIAJICHHSM, 3
aepOJMHAMIYHOIO CXEMOIO TOBITPOOOMIHY 3a MPUHIUIIOM «3BEPXy BHH3»: B
XOJIOAHUHN TIepioj] Tojadya CBIKOTO IOBITPS 3IMCHIOETHCS 4Yepe3 BOJSHI, MapoBi
Kasopudepu Ta BiILIEHTPOB1 BEHTWISITOPU 110 TTOBITPOIIPOBOIaM; B TEILIUN TEPio
— yepe3 WIAXTU B CTEJIbOBOMY IEpPEKpPUTTI. Bupansiore 3abpyaHeHe HOBITPs 3
HIDKHBOT 30HH 3a JIOTIOMOT0I0 OCbOBUX BEHTHJISITOPIB, BCTAHOBJIEHUX
B OIYHUX CTIHAX KOHCTPYKIIIi.

JlocmDKyBaHHM TETUIOCHEPTeTUYHUM 00’€KT 1€ TEXHOJOTIYHa Kamepa
(06’eM iHKyOamiiiHoT kKamepu cTaHoBUTh 1 M%) 3 Temneparyporo 37,5 °C.

B TexHomoriuniii kamepi B mepiof i1HKyOaIi MOBMHHA MiITPUMYBATHUCS

Temneparypa Ha pisui t, 3 Binxunennsm ne 6inpme * 0,5 °C, npu momyctumomy
. . . max . . .

BizxmienHi He 6inpme Q. Ta wacy perymaroBanHs. BigHocHa BOJIOTICTB MOBITpS

¢,,(%) noBuHHa OyTM HOMIHAJIBHOIO 3 BIIXWIEHHAM He Ouibme =+ 5%.

[ToBiTpoOOMIiH TTOBHHEH 3a0e3meyyBaTi BuaaneHHs Byriekucioro rasy CO, mis

30epiranHs KUCHEBOTO OanaHcy. TeMrepaTypHi Ta BOJIOTICHI MOl TOBHHHI OYTH

PIBHOMIPHUMHU (B MEXaX JOMYCTUMUX BIIXUJICHB).
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BinHocHe po3TamyBaHHs s€lb B IPOCTOpl Mix Yac 1HKyOalii MOBUHHO

3MIHIOBaTUCS. TEXHOJIOrIYHI BUMOTHM [0 PEXKUMY I1HKyOauii MpeacTaBieHl B

Ta0umi 4.
Tabnuis 4
Pexxum 1HKyOarii
[TapameTp, 110 KOHTPOITIOETHCS 3HayYEHHS
Temnepatypa nositps {, 37,0-385°C
BinHocHa BOJIOTiCTh NOBITPS @), 65 —-80 %
Konuentpauis Byraekucnoro rasy K, 0,1%

Puc. 1 — CxeMa TemioBOro pexxuMy TEINIOEHEPTETUIHOTO 00’ €EKTY

ApK.
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3arajgbHe PIBHSAHHS TEIUIOBOIO PEXUMY TEIUIOEHEPTe€TUYHOr0 00’ €KTY Mae

BUTJIAL
Qu * Qoo = Quiem + Quun + Quum »
ne: Q. — remnora, wo BUAIAETHCS BiA MaTepiaiy, KJDxk;
Q,,, — TeIIOTa, KA HAAXOAUTH BiJl BHYTPIlWHIX juKepen, kJIxk;

Qm lem —  TeIUIOBTpaTH yepes OTOpPOAXYBaJIbHI KOHCTPYKIIi1
TEIJIOCHEPTeTUYHOTO 00’ €KTY, KJIXK;

Q@un — KUIBKICTH TCINIOTH, IO BUTPAYAETHCA HA BUIIAPOBYBAHHA, KI[)K,

Qeum — BTpaTH TCILIOTU 3 BUTAKHUM ITOBITPAM, KJI}K

1. Po3paxoByeMO KUIBKICTh TEIUIOTH, IO BUAUIAETHCS BiJ] O10J0T14HOTO
IPOIIECy B TEIJIOCHEPTETHYHOMY 00’ €KT1 (TIapamMeTpH Ipoliecy iHKyOarii Ta gaHi
pe3yabTaTiB HaBeAeHI B Tabymii 5). B sikocTi cripomeHHss OyJio MpUAHATO, IO
TEIUIOBUIICHHSI TETUIOEHEPreTUYHOTO 00’€KTY HE3MIHHE, a BpPAaxOBAaHO TUIbKU
CepeliHIo Bary | rycsoro sifiist B 3aJ€KHOCTI Bil po3Mipy:

— Benuki - 200 rp.;
— cepenni - 140 rp.;
— napi6ui - 120 rp..

Tabmunsa 5
KitpkicTh BUILIEHOT TETIJIOTH, BOJIOTH Ta BYTJICKHCIIOTO Ta3y
Jlob6a KutekicTs BUALIEHOT KutekicTs Buninennas
TEIIOTH, kJIx/TO BU/IUJICHOT BOJIOTH, BYIJICKHCJIOTO
Ha 1000 senp r/TOJT rasy, I/Ton
Ha 1000 senp Ha 1000 senp
1 2 3 4
1 -62,8 30 1,2
3 -54,5 30 1,2
5 -41,9 30 1,8
7 33,5 30 2,5
21 0 4
ApK.
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11 2,1 30 51
13 54,4 30 8,9
15 138,1 32 15,4
17 293 34 27
18 401,9 36 35,3
19 422,8 38 37,5
20 619,5 42 52,2
21 720 44 59,9
23 879,1 48 72,1
25 929,3 53 76,8
26 1029,8 55 84,4
27 1255,8 57 101,3
28 1544,6 59 122,8
29 1507 265 153,5
30 1548,8 475 190,3

2. PospaxoByemo BTpatn Temnotu Q

mlem

yepe3 CTIHKUA OTrOpOJKYBaJIbHOI

KOHCTPYKIIl TEIUIOEHEePIeTUIHOro 00’ €KTY (1aHi HaBeeH1 B Tabauli 6). B axocTi

CIpOUIEHHST OyJ0 MPUNHATO, 110 TeMIepaTypa 30BHIINIHBOTO MOBITPS CTAHOBHUTH

t, =18°C.

B saxocri YTCIUIIOBa4Ya 3a4CTOCOBYIOTBHCA IUIMTH 3 MiHepaHLHOI BaTH Ha

CHHTETUYHOMY 3B’SI3YIOUOMY TOBIIUHOK O

Temonposigaocti A = 0,032 Br/(m-°C).

= 50 MM Ta KoedimieHTOM
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Tabnuusa 6

TemoBTpaTH Yepe3 OropoKyBaibH1 KOHCTPYKIIT TEMIOEHEPTETUYHOIO 00’ €KTY

XapakTepucTuka o JobaBk
OrOPOJIKEHHS E’ " )
i o, =
= ) ) )
= H E %
T 2 = =X
9 ) 5y ) )
HaiimenyBaHHs % e o e 2.
= — o = o
Ta TEMIepaTypa o = N E S = = 2 S
) 8“ = = E = E 2 i=] So3 o
BHYTPILIHBOTO = E s - B 8 Y sl A Q
o m - = = & o o g — )
. t ° = =~ A < = A < .3 W = =N
nositps, L, , C N 2, x =1 ) = = 2l & -
S S 2 g Z °© 5 %
g o =3 = < o
o e = Q > an & g
5 Ay o 9 m
o = S
ple <) = 8
< o o =
s A~ = O
1 2 3 4 5 6 7] 8 9 10
TEIIOCHEePTeTUYIH
nif 00’ €KT 3C 1,0x1,0 6,0 0,64 19,5 -1 =110 7,4
+37,5°C

3. Po3paxoByemo KinbkicTh Temmoru Q 10 BTPAYa€TbCS 3 BUTSKHUM

eum !
TIOBITPSIM.

B TexHonmorivHOMYy mpoiieci MaTepiaa NOrJIWHAE BEJIUKY KUTbKICTh KHCHIO Ta
BUJIUISIOTH 0araTo BYTJIEKHCIIOro ra3y. BmicT kucHio B moBiTpi MeHme 18-15%
npu3BOAUTH 10 3arubeni. KoHmenTpariis Byriaekuciaoro raszy Buie 1% 3atpumye
picT Ta 30UIBIIYE CMEPTHICTh 3apoakiB. ToMy HeoOXigHO 3a0e3nmedyuTH
pPEryJISIpHUA TOBITPOOOMIH B TEINIOCHEPTCTUYHOMY OO0’€KTi: BiH Mae OyTH
HEBEJIMKMM Ha MOYAaTKy Ta 3HAYHO 30UIbIIyBaTHCA B Ipyrui mepion. B mositpi
TEIUIOEHEPTETHYHOTO 00’ €KTY MOBHUHHO MICTUTUCH 21% KucHIO 1 He Oinbie 0,2 —
0,3 % Byraekucnoro razy. Hopmanbuuii ckian moBitTps 3abe3neuyerses mpu 10-
KpaTHOMY HOro OOMiHI 3a TonuWHy. BUIIIEHHS BYTJIEKHCIOTO Trazy B 00’ eMi
iHKyOaTOpa HaBeJeHI B TaOmuIl 5.

Sk BUAHO 13 TaOIUIll, BUIUICHHSI BYTJIEKHCIIOTO ra3y 30UTBIIYETHCS MO Mipi
3pOCTaHHSI €eMOPIOHIB, ajie OPIEHTYBATHUCS MOTPIOHO HA MAKCUMAJIbHE BUUICHHS,

TOOTO HA OCTAaHHIN JEHb.
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B HopmansHOMY atMochepHOMY MOBITPSI KMCEHb CKJaAae MpUOIU3HO S5-Ty
YacCTHHY, TOMY IOBITPOOOMIH B TEIUIOEHEPIeTUYHOMY O0’€KTI Oyne CKiajaatw,

I/TOx.:
G, =1,2%0=12,0;
G, = 190,330= 1903,0.

['ycTHHa MOBIiTps HpH Temmepatypi B 06’emi inky6aropa 1,13 kr/m®. Busnagaemo

00’ €MHi BUTpaTH MOBITPs, M>/TO.:

-3
L = G _ 1240 - 0,01
p 113

-3
L = G, o _ 190340 - 168.
p 113

HeoOxiqHo TakoX BpaxOBYBAaTH JUXAIbHUM KOe]il[ieHT eMOpPiOHIB, BiH JOPIBHIOE

0,03. TakuM YHHOM:

L = bmn - 001455
mn' 0,03 0,03
L = b 10856
m’ " 0,03 0,03

O6’eM TemI0eHEepPreTHYHOro 00’ €KTy CTaHOBUTH 1 M° i ToMy, Gepydu 10
yBaru Te, 10 BEHTUIATOP 3/4 CBOEI MPOAYKTUBHOCTI BHTpayae Ha MEPEMIIICHHS
MOBITPSI BCEpPEIWHI TEIUIOGHEPTETUYHOTO O0’€KTy, MOTPIOHO, 3 YypaxXyBaHHIM
KoedilieHTa 3amnacy, o0paTi BEHTWISTOP, BUTPATH MOBITPS SAKOTO HE MEHIII HIX
70,0 m%ron. Jns 3abesnedeHHs pO3PaXyHKOBOIO IOBITPOOOMiHY JOLIBHO
BCTAHOBHTH BEHTWIATOpP 3 JjgardyukoMm Bojorocti BEHTC iFan 100

( me Bkazatu B jiTepatypi https://vencon.ua/products/ventilyator-vents-ifan-100)

MaKCHUMajdbHa HPOAYKTHBHICTh SKOro cTaHoBUTh 106,0 M3/roj, HOTYXHICTIO

enextpoaBurysa 3,8 Brt, yactotoro obepranns 2200 00/xB, piBHeM mymy 31 ab.
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Touka | — mapaMeTpu MOBITPS, sTKa BHOCUTUMETHCS B TETIOCHEPTeTUIHUIN 00’ €KT

TakuM YMHOM KUTBKICTh TETUIOTH, KJXK:

Q™" = 1,005>0,33,213(37,5- 18)/3600= 0,002;

eum

Q™ = 1,005%704,213%37,5- 18)/3600= 0,46.

eum

4. Ha I — d miarpami BoJIOTOTr0 MOBITPsSI BU3BHAYAEMO TTapaMeTPH CepeoBHUIIA

B TEIUIOCHEPIeTUYHOMY 00’ €KTi (puc. 2)
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Puc. 2 — IIporiec 3MiHM CTaHy MOBITPS B TEILUIOCHEPTETUYHOMY 00’ €KTI
p Yy p p y

t; = +18,0 °C ; I = 35,6 kJIx/kr; @1 = 50%; d; =5,7 r/kr

g ] 2
Hapuiarerui muck 6003HOT napu, ss pm. cn.

o
o

o

130°C

120°C

110°C

100°C

€0°c

o 80°C

70°C

80°C

50°C

TOYkKa 2 — T[apaMeTpu TOBITps, AK€ HEOOXIJHO MIATPUMYBaTH B
TEMJIOCHEPTETUUHOMY 00’ €KTI
t, = +37.5°C; I, = 112 xJIx/kr; @2 = 60%; dp = 30,0 r/kr

ApPK.

3MH.
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Takox 3rimHo Tabmnuni 3 Bosora B 00’€M TEIJIOCHEPTreTUUHOrO0 00’ €KTy Oyne

Hagxoautu Bix Marepiany W,

Bu3HayaeMo KUTBKICTh BOJH, SIKY MOTPIOHO MOJATH B 00’€M TEIUIOEHEPTeTUYHOT O
00’ €KTy, KI/TOx:

W=L-p-(d,—d,)-10°-W,,

ne 0, — BOJOroBMicT MOBITPsSt Ha BUXO/I i3 TEMIOEHEPTETHIHOTO 06 €KTY, I/KT;

d,— BoOroBMicT MOBITPs HA BXOJIi B TEIIOEHEPTETUYHU 06 €KT I/KT.

W_. =0,33-1,213-(30,0-5,7)-10°-30-10"° =-0,02;

W__ =56-1,213-(30,0-5,7)-10° - 475-10° =1,17

KinpkicTh TCIIJIOTH, sSIKa BUTPAYAE€THCA HAa BUIIAPOBYBAHH, KI[}K:

QU = 2500>0,02 _ 0,01
3600
Q™ = 25004,17 _ 0.89
3600

5. Buxomsuum 3 piBHSHHA TeEIUIOBOro OajlaHCy O0OpPaxoOBYEMO KIUIBKICTh

TEIJIOTH, SIKa HAAXOAUTUME BiI BHYTPIIIHIX JKepen, KJXK;

QOO() = Qm/em + Q@un + Q@um - Qﬂ’

JlaH1 pe3ynbTaTiB po3paxyHKiB HaBEJEHO B TaOIUIll 7 Ta HA PUCYHKY 2.

ApK.
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Po3paxyHKOBI 3Ha4€HHS CKJIaJOBUX TEIJIOBOrO OaaHCy

Tabnuusa 7

Jloba Qe A | QM | Q, Tk | QT | Q, [l
1 2 3 4 5 6
1 7400 -31,4 -37,1087 | 4,207392 | 7398,499
3 7400 -27,25 -37,1087 | 4,207392 | 7394,349
> 7400 -20,95 -36,9131 6,311089 | 7390,348
! 7400 16,75 -36,6848 8,765401 | 7355,331
o 7400 -10,5 -36,3914 11,92095 | 7386,03
11 7400 1,05 -35,8371 17,88142 | 7380,994
13 7400 21,2 -34,5981 31,20483 | 7369,407
15 7400 69,05 -34,9787 53,99487 | 7349,966
17 7400 146,5 -33,6964 | 94,66633 | /314,47
18 7400 200,95 -33,4901 123,7675 | 7289,327
19 7400 211,4 -35,2727 131,481 | 7284,808
20 7400 309,75 -35,4796 183,0216 | 7237,792
21 7400 360 -35,469 210,019 /214,55
23 7400 439,55 -36,491 252,7942 | 7176,753
25 7400 464,65 -41,2085 269,2731 | 7163,415
20 7400 514,9 -41,2305 295,9199 | 7139,789
2! 7400 627,9 -38,22 355,174 | 7089,054
28 7400 772,3 -33,7097 | 430,5565 | 7024,547
29 7400 753,5 -281,2 538,1956 | 6903,496
30 7400 774,4 -531,701 667,2223 | 6761,122

3MH.

ApK.

Ne dokym.
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Pucynok 2 — TerutoBuii 6anaHC TETIOEHEPTETUIHOTO 00’ EKTY




3. OntuMizanis napameTpiB TEIUIOBOI'O PEXKUMY TEIJIOEHEPIE€TUUHOTO 00’ €KTY

Po3zristHeMo OCHOBHI TEXHIUHI MapaMeTpaMu TEIJIOEHEPTETUYHOIO 00’ €KTY':

1. Pignomipne memnepamypHe noie 6 menioeHepeemuyHo20 0o ekmy

3a0e3nedye OJTHAKOBI YMOBH PO3BUTKY JUIsl BCIX €MOPIOHIB, 3HAUHHUI MOKpaIlye
OJIHOPIIHICTh Ta AKICTh MOJOJHsKA. bakaHO BI3KM B TEIUIOEHEPTeTUYHOMY
00’€KTI BCTAaHOBUTHU TakK, 1100 MOTIK MOBITPS HIIOB Y30BX OCI MOBOPOTY Ta
OpOJyBalOTh Marepialy HE3aJeKHO BiJ MOBOpPOTYy. B TemioeHepreTmyHOMY
00’€KkTI MOBHHEH OyTi MIHIMAJbHIA IIAX MPOXOJPKEHHS TOBITPS HaJ
marepianaom. Lle 3MeHye 3HoC eMOPIOHAIBHOTO TEIIa Ta MOXKJIIBICTh JIOKATLHUX

neperpisiB.

2. Enepeemuuni gumpamu
[IpoGnema 3HIKEHS EHEProBUTpPAT JYyK€ aKTyaJlbHa OCTaHHIM YacOM.
BukopucranHs OUIbII JIOCKOHANO1 ENEeKTPOHIKH, MPaBUIBLHOTO MOBITPSHOTO
MOTOKY Ta €Hepro3oepirarouux pekiMiB PoOOTH 03BOJISE 3HAYHO CKOPOTHUTH
BUTpATH €HEprii mia 4Jac iHkyOarii. B cyyacHHUX TerioeHEepreTHYHUX 00’ €KTax
el Moka3HUK cTraHoBUTh 15-18 BT Ha omme sitne. Kpim ToOro, HeoOXimHO
BUKOPHUCTAHHS €HEPro30epiraroyoi CUCTEMU BEHTHWIALT B TEIJIOCHEPTCTHYHOMY
00’exTi. BoHa ayxe e(peKTHBHO BHUKOPHCTOBYE TEILIOTY, IO BHUIUIIETHCS BiJ
MaTepially Ta XOJIOJ] 30BHINIHKOTO MOBITPs. J[aHa cucTtema BEHTWIALII 3HIKYE
BUTPATH HA €NIEKTPOCHEPTiI0 Ta ra3 B TerioeHepreTHaHoMy 00’ ekTi Ha 40-50%.

HaykoBo-TexHiuHUN mporpec HEBIAPUBHO TMOB’SI3aHUM 3 OypXJIUBUM
PO3BUTKOM aBTOMATHYHUX CHUCTEM YIMPABIIHHSA TEIUIOTEXHIYHUMH MPOIEcCaMu
CydyacHUX BHpPOOHHMHTB. Jl0 CKJIaay TakKuX CHCTEM BXOIATh MPHUCTPOT JUIs
BUMIPIOBaHHS BEJIUYHH, [0 XapaKTEPU3YIOTh CTAH TEIJIOTEXHIYHUX MPOIIECIB.

Ha BukopucTaHHI pI3HOMAHITHMX 1 YacTO CKIAAHUX BHUMIPIOBATBHUX
3ac00iB, KOMIUIEKCIB 1 CUCTEM IPYHTYETbCS KOHTPOJIb SIKOCTI MPOAYKIII Ta

CUPOBUHH.
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["ay3p BUMIpIOBAJIBHOT TEXHIKH, IO MOEAHYE BUMIPIOBAJIbHI MPUCTPOI Ta
METOM BHUMIPIOBAaHb, $IKI BHUKOPUCTOBYIOTHCS B TEIUIOTEXHIYHUX IpolecaXx,
BU3HAYAIOTh MOHATTSAM TEXHOJOTIYHI BUMIPIOBAHHS. TEXHOJIOTIYHI BUMIPIOBAHHS
BKJIIOUAIOTh B c€0€ TEeIUIOTEXHIYH1, (13UKO-XIMIYHI Ta €IEKTPUYHI BUMIPIOBAHHSI.

CyyacHi BHpPOOHUIITBA  XapaKTEPU3YIOThCS  CKJIAJHICTIO, 3HAYHOIO
HNOTY)XHICTIO ~TEIUIOTEXHIYHMX amapaTiB, a TaKOX BEJIIMKOI KUIbKICTIO
TEIUIOTEXHIYHUX MapameTpiB, M0 3YMOBIIOE HEOOXIIHICTh iX 4YacTKOBOI abo
NOBHOI aBTOMaTH3aIlli.

JUiss ~ aBTOMaTUYHOIO  KOHTPOJIIO,  PEryJlIOBaHHA Ta  KepyBaHHS
TEIJIOTEXHIYHUMHU TpoIlecaMi HEOOXiTHO MaTH TEeBHY I1HdOpMaIlilo Mpo CTaH
00’€KTy, SIKy OJEpXYIOTh 3a JIOIMOMOTOI0 BHUMIPIOBaHb 3 BHKOPHUCTAHHAM
KOMIUIEKCY TEXHIYHUX 3aC001B.

CydacHi TexHIYHI 3aco0M OXOIUTIOIOTH PIZHOMAHITHI €JIeMEHTH Ta
OPUCTPOi, 110 MpHU3HAYEHl JUIsl OTPUMAaHHs, MepeAaBaHHs, INEPETBOPEHHS Ta
30epeKeHHs] KOHTPOJIBHO1 1H(pOopMaIlii, MOpiBHSIHHS KOHTPOJBHOI Ta MPOrpamMHOi

iH(dopMaIlii, BAKOHAHHS IPUHHATOTO PIlICHHS.

VYropasminasg TemnorexHiyHuM  mporiecom  (TII) rpyHTyeThcs Ha
oJep)KaHHI Ta 00poOIi BUMIpIOBaIbHOI 1H(OpMaIlii, SKa Ja€ MOXKJIUBICTH
OI[IHIOBATH POOOTY BUPOOHMIITBA B IIIJIOMY, Ta OKPEMHX HOTO JIAHOK.

Bumiprosanvha ingpopmayiss yMOBHO TIOAUTAETHCS HA 20JI06HY, OONOMIJNCHY Ma
000amKo8).
1. TonoBHa BuMiptoBaibHa iH(MOpPMAIIE — € OCHOBOIO OIIHKH pPOOOTH
TEIUIOEHEPTeTUYHOTO 00’ €KTy. J[0 HEl BITHOCATHCS:
- KUIBKICTH Ta SKICTh MPOMYKIIil, sIKa BUITYCKAETHCS;
- BapTICTh 3aTpaT Ha BUITYCK MPOIYKIIii;
- 3aTpaTv BUPOOHMUIITBA;
- CTYIiHb BUKOPUCTAHHS 00JIaIHAHHS;

- KUIBKICTH Ta AKICTh BX1JTHO1 CHPOBHHH.
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besnocepenne onepkaHHd TOJOBHOI 1H(poOpMaiii B OUIBIIOCTI BHMAJKIB
MPaKTUYHO HEMOXKIIHBE.

2. JlonoMixkHa 1H(opMmaliss 0OMEXY€ETbCS BHU3HAYEHHSM JIMILE JESKOrO 4ucia
napaMmeTpiB, sIKI XapaKTepU3yIOTh HAIIMHICTh Ta €()eKTUBHICTh. BOHAa HOCUTH
ABTOHOMHMI XapakTep 1 HE BBOJIUTHCA B KaHaIU O0OpoOKM 1H(MOpMAIIHHO-
BUMIPIOBAJILHOT CUCTEMH.

3. HonmarkoBa iHpopMallis — 1€ pi3Hi Pi3uyH1 BETUUHHU:

CWJIa CTPYMY, Hanpyra, MoTy>KHICTb;

- 4acroTa, (aza, omip;

- JIHIAHA Ta KyTOBA IMIBUJIKOCTI, IPUCKOPEHHS;

- BHUTpaTa €HEProHOCIiB, IHIIUX MaTEpialiB;

- TeMmIeparypa, THCK, 00EpTOBHI MOMEHT;

- KYTOBI Ta JIHIIHI IEpEeMIIlICHHS.

OcHOBHMM  3aBIaHHSAM 1H(QOpPMAIIHHO-BUMIPIOBAIBHUX TPHUCTPOIB €
oJieprKaHHsI 10J1aTKoBO1 iH(popMalrii Ta ii 06poOka, B pe3yIbTaTi YOTO 3’ IBISIE€THCS
MOMUIMBICTh BHJIaul TOJIOBHOI BHMIPIOBaNIBHOI 1HGOpMaIli 3 HACTYIHOIO
nepefavero ii B CTPYKTypy ympaBiiHHA. B m00iif ramy3i IpOMHCIOBOCTI
YOPaBIIHHA TEIUIOTEXHIYHUM TPOIECOM IPYHTYETbCS Ha OJCp)KaHHI Ta
nepepoOIli BUMIpIOBaIIbHOT 1HGOpMAaIlii, sika TOBUHHA JIaBaTH MOXJIUBICThH OI[IHKH
po60TH BUPOOHHUIITBA B LIJIOMY, a TAKOX OKPEMHUX HOTO JIAHOK.

EdexTtuBHICT, poOOTH CHUCTEMH aBTOMATH3allli B MEPIIY YEPTy 3aJCKHUThH
BiJl BUOOPY CTPYKTYpH KEPYBAHHSI TEIUIOTEXHIYHUM MPOIIECOM.

[lin cTpyKTyporo KepyBaHHSA TEIUIOTEXHIYHUM TIPOIECOM PO3YMIETHCS
CYKYMHICTh YaCTUH aBTOMATHYHOI CHCTEMH Ha SKi BOHA MOKe OyTH TMOJUICHA 3a
MIEBHOIO 03HAKOI0, a TAKOXK IUIAXHU TIepenadl il MK HUMH.

I'padpiune 300paxeHHs] CTPYKTYpH KEPYBaHHS HA3MBAETHCS CTPYKTYPHOIO
CXEMOIO.

Ha nganwmii yac BimoMi 3 IPUHIUIIN, SK1 MOKJIAJ€H1 B OCHOBY pOOOTH CHUCTEM

aBroMmatuuHoro kepyBaHHs (CAK) TemioTexXHIYHUM MPOLIECOM.
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1. TlpwHIMO KepyBaHHS <3d GIOXUAEHHAM», KEPYBAIbHUA BIUIUB
3MIMCHIOETHCS MICIISI TOTO, SIK 3’ ABUJIACS MOXMOKA BUXIJTHOTO MapaMeTpa
poiiecy, TOOTO BiIOYBAETHCS 13 3aMI3HEHHSIM.

2. llpyHuun KepyBaHHS «3 KOMHeEHcauiclo 30ypeHHA»; BeIuynHa
30ypeHHsI BUMIPIOETbCS paHillle BiJ WOro BIUIMBY Ha BHUXIIHHUI
napaMeTp TMpoIecy, a KOPEKIs IUIKOM KOMIIEHCYE 30ypeHHS,
3ano0iraroyv TUM CaMUM BIJXWJICHHIO BUX1JHOTO TTapamMmeTpa.

3. Komobinosanuii npunyun Kepysanusa Ttependadyae BUKOPUCTAHHS
OJIHOYACHO TIPUHIIUITIB KEPYBAHHS 32 30ypEHHSIM 1 BIIXUJICHHSIM.

Y kombinosanux CAK nipyHIun KepyBaHHs 32 BIAXUJICHHSIM peaji3y€eThCs
3a JIOTIOMOTO0 3BOPOTHOTO 3B’SI3KY, a IPUHITUI KEPYBaHHS 3a 30ypEeHHSIM — 3a
JIOTIOMOT OO0 3B’ SI3KIB, SIKi KOMIICHCYIOThCH.

Ilepesazamu Taxoro cnoco0y KEpyBaHHS €:

- IOBHA KOMIIEHCAIlisl TOMUJIOK KEPYBaHHS, K1 BUKIIMKAIOTHCS OCHOBHUMU
dakTopamu, 110 30yPIOIOTH;

- 3MEHIIIEHHS TOMUJIOK KepyBaHHS, 10 CIPUYMUHIOIOTHCS 0€3 BUMIPHUMU
30yproBaIbHUMU (paKTOpamu;

- MEHIIA YyTJWBICTh J0 3MIHU INapaMeTpiB MOPIBHSHO 3 PO3IMKHYTHUMU

CAK.

Heoonikom KOMOIHOBaHOTO CIOCOOY KEpyBaHHS € KOHCTPYKTHBHA
CKJIAJHICTh Ta CKJIAAHICTh HAJArOIKEHHS, 110 IIOB’I3aHa 3 BEJIUKOIO KUILKICTIO
KaHaJliB KepyBaHHS.

3aragbHUl  BUTJISIA ~ CTPYKTYPHOI CXEMHM CHCTEMH  aBTOMATH3aIlii

TEIUIOTEXHIYHOTO TIPOIECY B OCHOBY SIKOi MOKJIAJEHO KOMOIHOBaHHWMN MPUHITUI

KepyBaHHS, IPEICTABICHUH Ha pHC.3.
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CyuacHi

0e3aBapiitHOCTI 1 T. 11.);

O0'ekT

(TexHONOrYHUM
npouec) : -~

Em

Y Yo ' Yj

X1

i

Cuctema

X2
KepyBaHHSA

napamMeTpu, ski Bu3HadaroTh xig TII, #oro

f1, f2...fi — 30yproBaJbHi Jii;

Ei1, E2...Em — xepyroui mii.

CUCTEMH KEpyBaHHA B SKOCTI

A

g1 do gk

OCHOBY SIKO1 MOKJIaZIeHO KOMOIHOBaHMI MPUHIIUIT KEPYBaHHS

Y1, Y2...Yj — JOIOMIXHI TApMETPU;

01, 02...2« — 3aJaH1 MapaMeTpu;

KOMyTaTop HiKiItodatoThes 1o eauaoro L[BIT (nus. puc.4).

Puc. 3 - 3aranpHuii BUIIISIT CTPYKTYPHOT CXEMHU CUCTEMH aBTOMAaTH3allli, B

X1, X2...Xp — MapaMeTpH, K1 XapakTepu3yroTh KiHneBui mpoaykT TII (okpemi

€KOHOMIYHICTh, 3a0e3leueHHs

BUMIPIOBAYiB MapameTpiB

TEIUIOTEXHIYHUM TPOIIECiB BUKOPUCTOBYIOTh PI3HOMAaHITHI JATYMKH, SKI 4epe3

3mH. | Apk. Ne dokym.
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Puc. 4 — bnok- cxema cucteMu KCPpYBaHHA TEIJIOTEXHIYHUM mpoueccomM

3a mokazamu [IBII dopmyeThcs kepyroua KOMaHJa, sika TOJAETHCS Ha
00’exT kepyBanHs - TII.

B saxocti nmnpuctporo aig  oOpoOKM  pe3yNbTaTiB B OCHOBHOMY
BUKOPHUCTOBYIOTHCSI KOMIT IOTEPH.

[Ipukimanun 1OOYI0OBM YMOBHHUX TO3HAY€Hb TpWIAAIB 1 3aco0iB
aBToMaru3allii BiAmoBigHO 10 MixaepxxaBHoro cranmapry ['OCT 21.408-93 i

JICTY b A.2.4-3-95 naBeneHo B Tabnmili /.
Ta0mums 7.

[Tpukianu moOya0BM YMOBHUX MO3HAYEHb MPHJIAJIIB 1 3aC001B aBTOMATH3AITI]

ITopsinko HazBa Ilo3Hauenus
BUU
HOMEp
1 2 3

[lepBuHHUI BUMIpIOBATBLHUHN TIEPETBOPIOBAY
(4yTIIMBUIA €JIEMEHT) [ BAMIPIOBaHHS
TEMIIEpaTypH MICIeBHiA (IEPETBOPIOBAY

1 TEPMOEJIEKTPUYHUN a00 TEPMOIEPETBOPIOBAY
OTI0pY, TEPMOOATIOH MAHOMETPHUIHOTO
TEpMOMETpA, AATYUK MIPOMETPA, TOIIIO)

[Ipunan ayist BUMIpIOBaHHS TeMIEpaTypu
MOKa3yBaJIbHUN MICIIEBUM (HANpUKIa,
TEPMOMETP PO3IIUPEHHS)

ANT_HT 17NAK kKD

3MH.
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[Ipunan ayist BUMIpIOBaHHS TeMIEpaTypu
MOKa3yBaJIbHUN, BCTAHOBJICHUHN Ha ITUTI
(MUTIBOJIBTMETP, IOTOMETP, MOTEHI[IOMETP, MICT
aBTOMATHUYHMI, TOIIIO)

[Tpunan MicueBHit 1711 BUMIPIOBaHHS
TEMIIepaTypH OC€3IKAIbHUHN 3 TUCTAHI[IHHUM
nepeiaBaHHsIM OKa3aHb
(TepMOMETPMAHOMETPUYHUHN OE3IIKAITHHUH 3
THEBMO- YU €JIEeKTPOIepeauetOCUTHAITY)

[Ipunan st BUMIpIOBaHHS TeMIIEpaTypu
OJIHOTOYKOBUM peeCcTpyBaIbHUM (CAaMOTMCHU),
YCTAHOBJICHUM HA MIUTI1 (JIOTOMETP,
MOTEHI[IOMETP, MICT aBTOMATUYHUH 1 T. 1H.)

T

[Tpunan st BUMIpIOBaHHS TeMIEPaTypH 3
ABTOMaTHUYHUM OOO0IraIbHUM MPUCTPOEM
peecTpyBaIbHUM, YCTAHOBJICHUN HA IIUTI
(MTOTEHIIIOMETP TPUTOYKOBHI CAMOTTUCHUM, MICT
ABTOMAaTHYHUI TPUTOYKOBHI, TOIIIO)

Perynstop temnepatypu Oe3mMIKaIbHUN MiCIIEBHIMA
(HanpuKIag AUHATOMETPUYHUMN PETYISATOP
TEMIIEpPaTypH )

CRCECHEIC

Komrekt y1st BUMIpIOBaHHS TEMIIEPATypH
CaMOITUCHUN PETYJIFOBAJIbHUNA, OCHAILICHUI
CTaHIII€I0 KePyBaHHsI, YCTAHOBJICHUH Ha ITUTI
(HampuKJyaJ], THEeBMAaTHYHUN BTOPUHHUH 1
perymtoBanbHuii 610k cuctemu CTAPT)

hﬂ'
=
s

[Tpwnan nuist BUMIPIOBaHHS TEMIIEPATYPH,
Oe3IIKaNhHUH, 3 KOHTAKTHUM IIPUCTPOEM,
MicLIeBUH (HAITPUKIIAJI, TEPMOPEIIC)

10

[lanens AMCTAHIIITHOTO PYYHOT'O KEPYBAHHS
(eJIeKTpUYHA YM MTHEBMATHYHA), YCTAHOBJICHA HA
IIHTI

11

[lepemukau eneKTpUYHNUX KaHAJIB BUMiPIOBaHHS
(kepyBaHHs) a00 IepeMUKay JJis Ta30BUX YU
MOBITPSIHUX JIH1M, YCTAHOBJICHUI HA IIUTI

GCECRCHS

3MH.
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12

[Tpunan nyist BAMIPIOBaHHS TUCKY ( PO3PIIKEHHS
)IoKa3yBaJbHUN MicIIeBUM ( OyIb-sKUii
NOKa3yBaJbHUU MaHOMETP, TUHAMOMETD,
TATOMIp, HATOPOMIpP, BAKYYMMETP TOILIO)

13

[Ipunsia 171 BUMIPIOBAHHS MEpenay TUCKY
NOKa3yBaJbHUU MICUEBHM (HANpUKIa/,
nu(MaHOMETPIOKa3yBaIbHUN)

14

[Tpunan nyist BUMIPIOBaHHS TUCKY (PO3PIIKEHHS)
OE3MIKITAIbHUN 3 TUCTAHIINHUM MepelaBaHHAM
MOKa3aHb MICIIEBUM (HaMpUKiIad, MaIoMeTp abo
nudmMaHoMeTp Oe3lIKanbH1 3 THEBMO- YU
€JIEKTPOIEPEIau0I0 CUTHAITY)

15

[Tpunan nist BUMIpIOBaHHS TUCKY (PO3PIIKEHHS)
Oe3lIKaTbHUN peecTpyBaIbHUM, YCTAHOBICHUHN Ha
MIUTI(HAMPUKIIA], CAMOTIMCHUIM Ma-HOMETp 4d
OyJIb-SIKUW CaMOTIMCHUYN TIpUiIa IS
pEECTPYBaHHS THUCKY)

16

[Tpunan MicueBHit 1711 BUMIpIOBaHHS TUCKY 3
KOHTaKTHUM MPUCTPOEM (HAIIPUKIIA/I, PEJIE€ TUCKY)

17

[Tpunan MicuieBHit 1711 BUMIPIOBAaHHS TUCKY
(pO3piKEHHS ) MOKa3yBAIBHUHN 3 KOHTAKTHUM
NPUCTPOEM (HAMIPUKIIA]T, €TEKTPOKOHTAKTHI
MaHOMETpH, BAKYYMMETPi T. 1H.)

18

Perynsarop Tucky, 1o npaioe 6€3 BUKOPUCTAHHS
CTOPOHHBOTO JIPKEpeIia eHeprii (PeryasiTop TUCKY
npsiMoi i1, MICIICBHIA)

19

[lepBuHHUI BUMIpIOBATBLHUHN TIEPETBOPIOBAY
(4yTIMBUNA €IEMEHT) [ BUMIPIOBAHHS BUTPATH
micrieBuii (giadparma, corio, Tpyoa Bentypi,
JTATYUK 1HIYKIIIHHOTO BUTPATOMIpa TOIIO)

20

[Tpwman nuist BUMIpIOBaHHS BUTPATH O€3MIKATBHUAN
3 IUCTAHI[INHUM Mepe/laBaHHsM MOKa3aHb
MICIIEBHH (HANIPUKIA, Oe3IIKAITBHUN
nudmaHoMeTp-BUTpaTOMIp ad0 poTamerp 3
ITHEBMO- YU €JIEKTPONEpPEAaueto CUTHAIIIB)

Q0O OO ® OO0

3MH.
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21

Perynarop criBBIIHOILIEHHS BUTPAT,
YCTAaHOBJICHUN HA MIUTI (Hampukiaja, OJI0K
peryJtoBaHHs CIIBBIAHOIICHHS! BUTPAT CUCTEMU
CTAPT)

22

[Tpunan nyist BUMIpIOBaHHS BUTPATU
NOKa3yBaJbHUU MICUEBHM (HANpUKIa/,
TU(MaHOMETP YU POTAMETP MOKa3yBaJIbHUN)

23

[Tpunan nyist BUMIpIOBaHHS BUTPATH
NOKa3yBaJbHUU IHTErPYBATIbLHUNA MiCLIEBUI
(Hampukia, Oyap —SIKUN JTYUITbHUK-BUTPATOMIP
3 IHTErpaTopoM ado AUPMaHOMETP-BUTPATOMIP 13
BMOHTOBAHUM IHTEIPAaTOPOM)

24

[lepBuHHUI BUMIpIOBAaTBLHUN NIEPETBOPIOBAY
(4yTIIMBHI €IEMEHT) AJI1 BUMIPIOBaHHS PIBHS
MICIeBHI ( HATTPHUKJIIAA, IEPBUHHUN
BUMIPIOBAJILHHUM MEPETBOPIOBAY EJIEKTPUUYHOIO YU
AKyCTUYHOT'O PIBHEMIPIB)

25

[Tpunig a1st BUMIpIOBaHHS PiBHS MTOKa3yBaJIbHUMA
MiclieBUH (HanpukIiaa, nupmanoMerp st
BUMIPIOBAHHS PiBHS)

26

[Tpunag nys BUMIpIOBaHHS PiBHS 3 KOHTAKTHAM
NPUCTPOEM MICIIEBHUH (HANIPHUKIIA]], TaTIHK-PEe
PiBHsI, BAKOPHUCTOBYBAHUH ISl CUTHATI3AIl];
mitepa H o3Hauae, 1110 31HCHIOETHCS CUTHAITI3AITIS
TUILKH BEPXHBOTO T'PAHMYHOTO 3HAYCHHSI P1BHS)

27

[Ipunan nyis BUMIpIOBaHHS PiBHS O€3MIKATBHUN 3
JTUCTAHIITHUM TIEpeIaBaHHIM TTOKa3aHb
MiCIieBHi (HApUKIIad, TuMaHOMETp-piBHEMIP
Oe3IIKaTbHUH 3 MTHEBMO- UM €JIEKTPOTIEpe1aucto
CUTHAITY; IaTYUK PIBHOMETpPA TOMIO)

28

[Tpunan nuist BUMIPIOBaHHS PIBHSI MOKAa3yBaJbHUMN
13 CHTHAJTBHUM TIPUCTPOEM, YCTAHOBJIICHHUH HA
mmTi( Jritepr H | L 03Ha9ar0Th CHTHAITI3AIII IO
BEPXHHOTO T4 HUKHBOTO TPAHUYHUX PIBHIB)

29

[Tpunan 11t BUMIpIOBAaHHS T'YCTHHH PO3YHHY
Oe3MIKaJIbHUH 13 JUCTAHIIHHUM TIepelaBaHHIM
MOKa3aHb MICIIEBUH (HAMPUKIIAJ, TaTIUK
TYCTHHOMIpA 3 MHEBMO- UM €JICKTPOIIePE1auecto)

CICINCICHCECRCRCNG

3MH.
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30

[Tpunan nyist BUMIpIOBaHHS PO3MIpPIB
NOKa3yBaJbHUI MICUEBHM (HAaNpUKIa,
NOKa3yBaJbHUU MPUIIAJ ISl BAMIPIOBaHHS
TOBILMHU CTAJILHOT CTPIYKH)

31

[IpucTpiii 1151 HIEPETBOPEHHS MOJIOKEHHS
BUXIJTHOTO IITOKA PETyJIOBAILHOTO OpraHa 3
JTUCTaHIIMHUM TIepeJaBaHHsIM MMOKa3aHb
MICLIEeBUH (HAMIPUKIIAJI, TUCTAHIIIMHUN MOKAKIUK
nosioxxenHs tuny JITY abo natyuk moaokeHHS —
pPEOCTaTHUMN YW IHIYKTUBHUM — 3MOHTOBAaHUM HA
€JIEKTPUYHOMY MPUBO/I1)

32

[Tpunan nyist BUMiptoBaHHS OyAb-sIKO1
€JIEKTPUYHOT BETMYMHU MTOKA3yBAIbHUIMA
MICLIEeBUH(HAMUCH, 110 PO3ITU(POBYIOTH
KOHKPETHO BUMIpSIHY BEIHUUHY,
po3mnPpoByOTHCS a00 TTOpyY 3 npuiagom. AGo
y BUTJISA/I1 TAOJIMIII HA TOJI1 KPECIICHHS )
(Hampukaz, 1m.m.33-35)

o 00

33

BonbrMmeTp miciieBuid

~

34

AmriepmMeTp MicleBUi

@, .

35

Barmetp, ycTaHOBIICHUH Ha MTUTI

&)

36

[Ipunan nis KkepyBaHHSM MPOILIECOM 3a YaCOBOIO
IpOrpaMoro, YCTAaHOBJICHUM Ha KT ( HAIPHUKIA,
KOMaH/IHUW €JIEKTPO-TTHEBMATUYHUN IPUIIAI,
0araToJIaHIFOTOBOTO PeJIe Yacy TOIIIO)

37

[Tpunan a1st BAMIpIOBaHHS BOJIOTOCTI
peeECTpyBaNTBHUMN, YCTAHOBJICHUN HA IINTI
(HanpuKaj], BTOPUHHUHN MpUiIaj] BOJIOroMipa
CaMOITHCHOTO)

® &

3MH.
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38

[lepBuHHUI BUMIpIOBaIBHUI IEPETBOPIOBAY
(4yTJIMBHI €IEMEHT) AJi1 BUMIPIOBaHHS SKOCTI1
OPOAYKTY, MiCIeBUH(HanpuKIaa. gaTuuk pH-
MeTpa)

Q

39

[Tpunan nyist BUMIPIOBaHHS SIKOCT1 MPOAYKTY
NOKa3yBaJbHUU MICLHEBUI(HAPUKIIA],
ra30aHaji3aTop NOKa3yBaJIbHUMN AJI1 KOHTPOJIO
BMICTY KUCHIO B IUMOBHX T'a3ax)

ee

40

[Tpunan st BUMIpIOBaHHS SIKOCTI IPOAYKTY
pPEECTPYBAIIBHUM PETYNIOBAIIBHUM, YCTAHOBIICHUI
Ha IUTI(HAIPUKJIIAJl, BTOPUHHUM CAaMOTTMCHUN
OpUIaJ] PETyIaTopa KOHIIEHTPAllii a30HO1 KUCIOTH
B PO3UHHI)

o~
N\J

(B,

41

[Tpunan nist BUMIpIOBaHHS PaJi0aKTUBHOCTI
MOKa3yBaJbHUU 13 CUTHAJIBHUM MIPUCTPOEM
MICIEBUI (HAIPUKJIIAA, PUiIa] MOKa3yBaJIbHUI 13
CUTHAJTI3AI[IEI0 TPAHUYHOIOITYCTUMOT
IHTEHCUBHOCTI 0~ 1 -BUNIPOMIHIOBaHHS)

esa

42

[Tpunan nyist BUMIPIOBaHHS YaCTOTH OOEpTaHHS
NIPUBOJY MOKa3yBaJbHUM, YCTAHOBIECHUHN Ha HIUTI
(HampuKJiaJ. BTOPUHHUN MIPUIIAJl TaXOreHepaTopa)

43

[Tpunan st BUMIpIOBaHHS B’ I3KOCT1
MOKa3yBaJILHUN MICIICBUI (HATIPHUKIa,
MICKO3UMETP MOKa3yBaJIbHUM )

44

[Tpunan nist BAMIpIOBAHHS JIEKIIBKOX
PI3HOPITHUX BEJIMUUH PEECTPYBATbHUM
MiclieBUH(HAMPUKIIA, CAMOTTUCHUN
Tu(MaHOMETP-BUTPATOMIp 3 JOJATKOBUM
3aMrCOM TUCKY 1 TEMIIEpaTypH MapH; HAIKC, 110
po3mudpoBye BUMIpIOBaH1 BETUYNHH,
HAHOCHTHCS ab0 cripaBa Bij mpuiiagy, abo Ha
BUTLHOMY TTOJTi CXEMH B TIPUMITIII)

U=f(F,P,T)

45

[Tpuman nuist KOHTPOITIO MoTaeHHs dakesna B medi
Oe3MIKaTbHuH, 3 KOHTAKTHAM TPUCTPOEM,
YCTaHOBJICHUW Ha MIUTI (HAPUKIIAJ], BTOPUHHUAN
MIPHUCTPIN 3aMaIbHO-3aMM001’KHOTO TIPUCTPOIO;
3aCTOCYBaHHS pe3epBHOI Jiitepu B mae OyTu
3a3HAY€HO Ha TOJI1 CXEMH)

(B

3MH.
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[lepeTBOproBay curHan€y, yCTaHOBJICHUM HA IIUTI;
BXIJTHUW CUTHAJ — €JICKTPUYHUMN, BXITHUM CUTHAII
TaKOX €JIEKTPUYHUIN (HApUKIaa, HOPMYBaJIbHUAN
NEePETBOPIOBAY TEPMOECTEKTPUUHOT CHUIIN)

46

[lepeTBOpIOBaY CUrHay NMEPEXiAHUMA, MICLIEBUA,
BUXIJIHUM CUT'HAJI THEBMATHYHUN, BUXIJTHUHN —
eJIEKTPUYHUHN (HAIPUKIA/l, THEBMOEIEKTPUYHUIMA
[EPETBOPIOBAY)

47

B, .

[TyckoBa amaparypa sl KEpyBaHHS
€JIEKTPOABUTYHOM(HATIPUKIIA, MAarHITHUN
MycKad, KOHTAKTOp 1 T. iH.; 3aCTOCYBaHHS
pesepBHoOi JiTepu N Mae OyTH 3a3HaYEHO HA TOJTI
CXEMH)

Amnapatypa, Ipu3Ha4YeHa I PYYHOTO

49 JUCTAHIIHHOTO KEPyBaHHS, YCTAHOBJICHA Ha IIIMTI
(KHOTIKa KepyBaHHs, KIII0Y KepyBaHHS PYYHUH
3a/1aBay TOIIIO)

48

Amapatypa, Ipu3HaueHa JjIsi py4HOTo
JTUCTaHIIITHOTO KepYyBaHHS, OCHAIIICHA TTPUCTPOEH
JUISl CUTHAJTI3alli1l, YCTaHOBJICHA Ha IIUTI (KHOIIKA 3
BOY/IOBaHOIO JJAMITOYKOI0, KJTFOY KepYyBaHHS 3
MiJCBITKOIO 1 T. 1H.)

Amnapatypa, npu3HadeHa JjIsi PyYHOTO
JTMCTAHIIINHOTO KepYyBaHHS, yCTAHOBJICHA Ha IIHTI
(MHEBMATHYHA YU €JICKTPUYHA TTaHEh
KEpYyBaHHS)

50

o1

Kirou kepyBaHHsI, mpu3HaYeHUN JIJ1s1 BHOOPY
50 PeKUMY KepyBaHHS, yCTaHOBgeHHﬁ Ha ' '
MUTI(TPUKIIA] HABEICHO JJISl LTI0CTpariil S101-2
BUITAJIKY, KOJIM TTO3HUIIMHE TTO3HAYCHHS 3aBEIIMKE 1
TOMY MOT0 HAHOCSITh 11032 KOJIOM)

B ®® O

BumiproBaHHS mapaMeTpiB TEIUIOTEXHIYHUX MPOIIECIB.

BumiproBanHus temrepatypu

Temmnepatypa - 1e CTaTUCTUYHO c(HOpMOBaHA TEPMOJAMHAMIYHA BEIUYMHA,

110 BU3HAYAETHCS PIBHEM BHYTPIIIHBOT €HEPTil TLIA.
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HocissMu BHYTpIIIHBOT €HEPrii € aTOMHU 1 MOJIEKYJIH Tila, KIHETHYHA eHeprii
pyXy SIKMX BH3Ha4ae Temrmeparypy B mpoleci crmiBynapy MoJeKysd BiIOyBa€eThCs
OOMIH iX EHEepPreTMYHHUX IMIYJbCIB 1 BHUPIBHIOBAHHS PO3MOAULY €HEprid Mixk
HUMH, TOOTO BCTAHOBIIOETHCS PIBHOBAXXKHUM CTaH, NpHU SKOMY Bcl (OpMH
KIHETUYHOT €Heprii MOJIEKYJ 1 aTOMIB TUIa XapaKTepU3YIOThCS OJHUM 3HAUCHHS
Temnepatypu. Taky pIBHOBaXHY TEMIEPATYPY HA3UBAIOTh TEPMOJAMHAMIYHOIO.

TepmoaunamiuHa TeMIiepaTypa BXOJIUTh y dbyHIaMeHTabHI
CHIBBIIHOUIEHHS, 110 BU3HAYaIOTh XapakTep nepediry psay (i3sM4HHX MpPOLECIB
a00 3B'SI30K 3 IHIIUMH Pi3UyHUMU BennunHaMu. CepeJ HUX:

1. PiBHSIHHS cTaHy i1eaibHOro rasy - piBHsHHA Knaneiipona;
pVv =RT
ne p iV - BiAnoBigHO, THCK 1 00'iM ra3y; R - yHiBepcanbHa ra3osa crajna.
2. 3akon Kiopi, 1m0 BCTaHOBIIOE 3aJieKHICTh MATrHITHOT CHPUNHSATIMBOCTI

napamMarHeTvka Bij TeMIepaTypH:

y(T)=$

Je 4 - MarHiTHa CIPUMHATIMBICTH MapamMarHiTHoi pedoBuHu; C - ctana Kropi.
3. PiBsuHsa HaiikBicTa, 1m0 BH3HAYa€ IHTEHCUBHICTD, TETUIOBUX (DIIyKTyarrii
HaINpyru (TETUIOBUX ITyMiB) Ha KIHIIIX IMPOBIJHUKA aKTUBHOIO OmMOpy R, sxuii

nepeOyBae B CTaH1 TEIIOBOI pIBHOBArH Mpu abcooTHIN Temmepatypi T:

U =4KRT Af

ne U _ - cepeaHbOKBaJIpaTHYHE 3HAYEHHS HAMpPYrd Ha KIHIMX MPOBITHHUKA 3

K6

ormopoM R; K — crana Bonbiimana, Af - cMyra 4acTort, B MeXax SKOi BUMIPIOIOTh

baykTyarii Hanpyru
4. 3akon Ilmanka, mO BU3HAY» BIACTHBOCTI TEIJIOBOTO BHIIPOMIHECHHS

abCOJIFOTHO YOPHOTO Tija JUTS JOBKUHU XBUI A
0 5 (1 Cy /AT 1
ne E°%r - criektpasbHa cBiTHiCTB, B/M?, C, 1 C, - crami koedilieHTH.

5. PiBHSIHHSI IBUAKOCTI MOUMIMPEHHS 3BYKY V B ra30M0AI0HOMY CEepeIOBHIIIL:

ApPK.

ANT-HT 17NAK kD

3MH.

ApK. Ne dokym. Midnuc \dama

42




RT
vy

ne y=C,/C, BIIHOIIEHHS TEIUIOEMHOCTEH rasy 3a CTaJoOro THUCKY Ta CTalOro

o0'emy; R -yHiBepcanbHa razosa ctayia; M - MoJisipHa mMaca rasy.

[IpuBeneH1 3aKOHU Ta PIBHSHHSA CTaHOBIATh OCHOBY TaK 3BaHOI NMEPBUHHOI
tepMoMeTpli. [li] MEepBUHHOIO TEPMOMETPIEID PO3YMIIOTH TEPMOMETPIIO, SKY
3MIIACHIOIOTH 32 JJOTIOMOTOI0 TEPMOMETPA, PIBHSHHS CTaHY SIKOTO MOYKHA OIHCATH
y SBHOMY BUIIIsiA1 0€3 3aCTOCYBaHHS HEBIIOMUX KOE(QILIEHTIB, 3aJI€KHUX BIJ
TEeMIIepaTypH. 3aliCcaBIIi PIBHSIHHS CTaHY CUCTEMH, SKY MU BUKOPHCTOBYEMO SIK
TEPMOMETP MOXHa CTBEP/KYBaTH, II0 BU3HAYCHA TAaKUM UYWHOM TeMIlepaTypa
Oyne B TEepMOIWHAMIYHOMY Ta YHCEIBHOMY VY3TO/DKCHHI 3 TEeMIepaTyporo,
OTPUMAHOI0  MPU  BUKOPHCTaHHI  Oyab-aKOi  iHIIOI  CHCTEMH  Ta
HIIIOT'O PIBHSAHHS CTaHy.

OcCHOBHI PI3HOBUAM METOJIB BHUMIPIOBaHb TemmepaTypu. Haluacrime
JIOBOJIUTHLCSI BUMIPIOBATH CEPEH1 1 BUCOKI TeMreparypu B iHTepBaii Bix -80 g0 3
000...3 500°C. B Ham yac y 3B'I3Ky 3 OYpXJIMBUM PO3BUTKOM TEXHIKM HU3BKHX
TEMIIEpATyp — KpIOTCHIKH, IO XapaKTepHU3yEThCSd HE TUIBKH Ba)KJIUBUMHU
HAYKOBUMHU BIAKPUTTSAMH, aje 1 iX IIHUPOKUM NPAKTUYHUM BHUKOPUCTAHHSM,
BaKJIMBOI'O0 3HAYCHHs HAaOyBalOTh BHMIPIOBAaHHS HU3BKHUX TeMrmepaTyp Bimx 1 1o
273 K, a npu CTBOPEHHI JIa3MH - BUMIPIOBaHHS
HaaBUCOKMX Temreparyp (mo 10° K i1 Bume). Takuii mupokuii miama3oH
BUMIPIOBAaHUX TEMIMeEpaTyp 1 pPI3HOMAHITHICTH YMOB BHMIPIOBaHb 3YMOBHUJIU
BEJIMKY KUIBKICTh METOMIB 1 3aco0iB iX BHMIpIOBaHb. Y CY4aCHOMY
IPOMUCIIOBOMY BUPOOHUIITBI NMEPEBAKHO BUKOPUCTOBYIOTHCS €IIEKTPUYHI 3aCO0U
BUMIPIOBaHb TEMIIEPATYPH, TIEPEBATH SKUX 3arajJbHOBIIOMI.

EnekTpuyHi MeTOAM BHUMIPIOBAHb TEMIEPATypH MOKHA PO3JAUIATH Ha
KOHTakTHI Ta Oe3KOHTakTHi. [Ipy KOHTaKTHMX METOJaX BUKOPUCTOBYETHCS
MEPBUHHUN TEpPETBOPIOBAY, SKWW B TPOIECI BUMIPIOBAHHS 3HAXOIUTHCS B

0e3nocepeIHbOMY TEIJIOBOMY KOHTAKTI1 3 CEPEIOBUIIEM, TEMIIEPATYPY SIKOTO

ApK.
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BUMIPIOIOTh. Teruio BiA AOCHIIKYBAaHOrO OO'€KTa 1O YYTJIMBOrO €JEeMEHTa
MepeTBOPIOBaYa MEePEJACTHCS TEIUIOMPOBIAHICTIO 1 KOHBEKIIELO.

beskoHTakTHUI MeTon 0a3yeTbcsi HAa BIACTUBOCTI TUI BUIIPOMIHIOBATH
TEIJIOBY €HEPTilo, 3a SIKOI0 1 BUBHAYAIOTh TEMIIEpaTypy JAOCIIIKYBAHOT'O 00'€KTa.

BuOip TOro uu iHIIOro METOAY BUMIPIOBAHb BU3HAUAIOTHCS HU3KOK YMHHUKIB,
a came: 3HaYEHHSIMHU BUMIPIOBAHMX TEMIIEpaTyp, arpECUBHICTIO AOCTIIKYBaHOTO
cepeloBUlIa Ta JUHAMIYHMMM HOTO XapaKTEpUCTHUKAMU, a TAaKOX HEOOX1THOIO
YYTJIMBICTIO 1 TOYHICTIO BHMIpIOBaHHS. YacTo 11 YMHHUKA TPOTUPIYMBI, IO
yCKJIanHIOE BHUOIp Mertony. BusHauansHUMU €, Hacammepen, Alana3oH
BUMIPIOBaHUX TEMIIEPATyp 1 MOTPiOHA TOUHICTh BUMIPIOBAHHS.

[Ipy KOHTaKTHOMY METOJli BHMIipIOBaHb, KOJW TICPBHHHHI IE€PETBOPIOBAY
NOMIIIAEThCA ~ Oe3Mocepe/lHbO0 B JIOCHI)KYBAaHE  CEPENIOBHUIIE,  3aBXKIH
CIIOCTEPITa€eThCsl JIEAKE CIIOTBOPEHHS TEMIEPATYypPHOro TOJsl CEepeloBHUIIA SIK
HACJIZOK HEOJHOPITHOCTI TEIIO(PI3UYHUX  BJIACTUBOCTEH  cepefoBHUINA 1
[epEeTBOPIOBaYa, a TAKOXK HETOYHICTh IEPETBOPEHHS TEMIIEPATYPH CEPEOBUILA B
TeMIIepaTypy MepeTBOpOBaya.

CrymniHb CHOTBOPEHHS TEMIEPAaTypHOTO IOJsI 3aJ€KUTh, B OCHOBHOMY, BiJ
TEIIOEMHOCTEHN JOCIIA)KYBAaHOTO CEpPEOBUIIA Ta MEPETBOPIOBAYA 1 € MPAKTHYHO
He3HauHuM. Illo 9k crocyeTbcs  HETOYHOCTI  (MOXWUOKH)  BIATBOPEHHS
TEPMONEPETBOPIOBAYEM TEMIIEPATYpU JOCIIIKYBAaHOIO CEpElOBUINA, TO BOHA
3yMOBIIEHA TEIIOBIABEICHHSAM I10 €JIEeMEHTaxX KOHCTPYKIIil TepMOIepEeTBOPIOBaya,
pamiaitHuM TEII000MiHOM, TETNIOBOIO 1HEPIIIEI0, a TAKOK TAKUMHU BHYTPIIIHIMU
JDKepeslaMy €Heprii, SIK HarpiBaHHA YyTJIMBOI'O €JI€MEHTa TepMOIIEpETBOPIOBaUa
BUMIPIOBAIBHUM  CTPYMOM, 1  MoOXxe  HaOyBaTM  JOCHTb  BEJIHKUX
3HAY€Hb. 3MEHIIUTU Il MOXHOKMA MOKHA, MPABWIHBHO BUOPABIIM KOHCTPYKIIIFO
IEPETBOPIOBaYA Ta BIAMOBITHUN METOJ] BCTAHOBIICHHS HOT0O Ha JOCIIKYBaHHI

00'eKT.
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30kpeMa, g 3MEHIICHHS TMOXUOOK BiJl TEIUIOBIIBEACHHS KOHCTPYKLIMHI
€JIEeMEHTH  INEepeTBOpIOBaYa  BUTOTOBIAIOTH 3 MaTepiajiB 3  MaJlolo
TEIJIONPOBIAHICTIO, @ BITHOIIEHHS JOBXXWHH IMEpPEeTBOpIOBaya /10 HOro aiamerpa
BUOUpaTh TopiBHAHO Benukumu (1:7; 1:10). IloBunen OyTu 3abe3nedeHUi
TETUTOBHMA KOHTaKT MIK Yy TIUBUM €JIEMEHTOM
NEPETBOPIOBAaYA 1 JOCIIKYBAaHUM CEPEIOBULIEM.

I[Ipy  OE3KOHTAKTHMX  METOJaXx  BHUMIPIOBaHb  YYTJIUBUH  €JIEMEHT
NepPEeTBOPIOBaYa 3HAXOAUTHCA M03a JOCHIDKYBAaHUM O0O0'€KTOM, M0 BUKIIIOYAE
CIIOTBOPEHHSI TEMIEPATYpHOIO TMOJs 00'€KkTa 1 J1a€ MOXJIUBICTH BUMIPIOBATH
TeMIieparypy o00'ekTiB  Majoi TerioeMHocTi. OCHOBHE K 3aCTOCYBaHHS
OC3KOHTAKTHUX METOJIIB - 1I¢ BUMIPIOBAHHS BHUCOKHX Temrieparyp. OCHOBHUMU
JDKepenaMu  MOXMOOK  OE3KOHTAKTHMX ~ BUMIPIOBAYiB €  3aJEXKHICTh
BUIIPOMIHIOBAJIbHOT 3/IaTHOCT1 BiJl CTaHy MOBEPXHI JOCIIDKYBaHOTO Tila Ta
IHIIMX WOro BJIACTHUBOCTEH, BIUIMB Ha TPAKT NEPETBOPEHHS (MPOCTIp Mixk
JDKEpesIOM  BHUIIPOMIHIOBaHHS 1 TMpuiiMayeM) CTOPOHHIX BHUIIPOMIHIOBaHb,
TEIUIONOTIIMHAIbHA 3/JaTHICTh TPAKTY MEPETBOPEHHS TOIIO.

Ipunyun 0ii mepmonapu

Ili mpuctpoi mpaIoroTh 3rigHO 3 NpaBwioM 3ecOeka. SIKIIO TEeBHUI
NPOBIAHUK Oyne migjaBaTUCS BIUIMBY, TOJ1I HWOro omip 1 Hampyra Oyjae
smiHtoBathcs. 1[o60 BuUMIpATH 10 Hampyry HEOOXIMHO MIAKIIOUUTH THYYKUN
MPOBIJT 10 «rapsA4oro» KiHig TepMorapu. Llel THydyKdil TpoBia MOXKE CTaTh
CIIpaBXHIM TPaJIEHTOM TEeMIEpaTypd 1 pPO3pOOMTH BJIACHY HANpPyry, sSKe B
noJaIbIIOMy OyJe MPOTUCTOSTH MOTOYHINM Hampysi. Ilin 4ac BUKOpHUCTaHHSA
PI3HOPIAHUX CIUIABIB JUIi 3aMUKAHHS JIAHITIOTA, CTBOPIOETHCS HOBA JIAHITIOT, B
SAKIA JBa KIHII 3MOXYThb TeHepyBaTu Hampyry. Hagani iioro moxkHa Oyne

BUMIpSITH. Jl13HaiiTecs, K MPAIlO€ TEH30/IaTYUK.
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T1

2 1
o &
T2
4
pHC. a puc b

1 — WIMEPHTENEHHE npubop
2,3 — TepMOSNEKTPOLE
E — COBNHHHETENEHEE IPOBOaa

T1, T2 — Temmepatypa ¢ropadera) H «XOIOHOTO) CHAEs TEPMONAPE

Hampyra Oyzae reHepyBaTtucs Ha CTHKY JIBOX METaliB 1O JOBXHHI JBOX
pi3HOpimHMX MeTamiB. OOWABI JIOBXKWUHU TepMomapu OyayTh BiA4yBaTH
OJIHAKOBUM TeMmeparypHuil pexuM. KiHIEBHA pe3ysabTaT MOXKHA BBaKaTH
pPEe3yIBTATOM PI3HUII TeMIEpaTyp MK TepMOIaporo i1 craeM. Skiio 3'eTHaHHS
Oy/le BUKOHAHO HESKICHO, TOJl BIAMOBIAHO B I[bOMY BHIAQJKy MOXKE YTBOPHUTHCS
noxubka. OcoOJMBO y BHCOKIM TOYHOCTI TOTpeOyBaTUME MYJIBTUMETP 3

TEPMOTIAPOIO 1 PI3HOMAHITHI BUPOOHUY1 JaTUHKH.

ABTOMaTHYHE KEPyBaHHS BOJIOTICTIO
BianoBigaroun HEOOXiTHOCTI TEIUIOCHEPTETHYHOTO 00’ €KTY B MIATPHUMIII
KopekTHOi Bojorocti  Brinsea® (bpinci) mpencraBuna mpuctpiii Advanced
Humidity Pump (I'eneparop tymana (TymanooOpasoBatensp) XILONG LED-H ¢
12 cBeToaMOIaMM).

[le mpucTpii BHUKOPUCTOBYIOTH JUIsl YTBOPEHHS TyMaHy 3a JIOINOMOIOKO

YIBTPa3BYKY.
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