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BCTYII

Y 3B'SI3Ky 3 IIBUAKAM BHYEPIyBaHHSM Ta PI3KUM MOAOPOKIAHHIM
IPUPOJIHOTO Ta3y Ta IHIINUX MEPBUHHUX OPraHIYHUX MaJUB Ha MEPIIUN MJIaH BUXOIUTh
MUTAHHSI €HEPro30epeKeHHs] Ta BUKOPUCTAHHS HETPATUIINHUX Ta ajJbTEPHATHUBHUX
JoKepen eHeprii. Pazom 3 TuM, nepexiy eHeproreHepyrurnx YCTAaHOBOK Ha 1HII BUAM
NaJINB MOBUHEH BiJOYBATHCh 32 YMOBH JOTPUMAaHHS BHCOKOTO PIBHSA €KOJIOTTYHOI
oe3nexku. OgHUM 3 HAMOUTBII MEPCIEKTUBHUX 3 €HEPreTUYHOI Ta €KOJOTTYHOT TOYKU
30py HaIpsIMKIB € BUKOpUCTaHHS eHeprii COHIIS B TOMY YH 1HILIOMY BUTJISII.

Merta nmabopaTopHux poOIT 3 aucuuruiiHu «[IoHOBIIOBaHI Ta ajabTepHATHUBHI
JUKepesia €Heprii» - O3HAMOMHUTH CTYAEHTIB 13 MPUHLUIOM [ii, IPHUCTPOEM,
napamMeTpaMu W XapaKTepUCTUKAMHU OKPEMHUX amapariB 1 CUCTEM Y IIJIOMY IS
CHEPreTHYHNX YCTAaHOBOK, III0 BUKOPUCTOBYIOTH HETPaAMIIIIHI JpKepesia eHeprii, a
came, COHAYHI KOJIEKTOPH, aKyMYJISITOPH TEIJIOTH, BITPOYCTAHOBKH TOII0. JlomoMortu
CTyJIGHTaM 3aCBOITH 1HJKEHEpPHI TEPMIHM TPUTAMaHHI JUCIMIUIIHI, BMITH
BUKOPHCTOBYBATH METOIMKH PO3PaXyHKY TEIUIOBHUX XapaKTEPUCTUK JTaOOPATOPHOTO
YCTaTKyBaHHS, METOJMKH CTBOPEHHS KOMILJIEKCHUX CHCTEM TEIUIONOCTAa4YaHHs Ta
€JICKTPOIIOCTAYaHHsI 13 3aCTOCYBaHHSAM HETPAIUIIINHUX JKepen eHeprii. BuBuutu
YMOBHI rpadiyHi MO3Ha4€HHS Yy (QYHKIIOHAJBHUX CXEMax CHCTEM; 3aCBOITH
MOCTAHOBKY 3aBJIaHb IIPU BIPOBAIKEHH1 HETPATUIITHIX €HEPreTUYHUX YCTAaHOBOK B
ICHYIOUYMX OY/IIBENTbHO - ApXITEKTYPHUX PIIICHHAX 1 IPU MPOEKTYBaHHI HOBUX CIOPY.

JlaGopatopHuii mpakTHKyM 3 Kypcy «l[loHOBmIOBaHI Ta anbTepHATHBHI
JDKepesa eHeprii» CTBOPEHUH JUIsl TONOMOTM CTYAEHTY y BUBYEHHI TEOPETUYHOTO
MaTepialy BUKOPUCTAHHS IIMX BUIIB €HEPrii 3 MPaKTUYHOI TOYKU 30py. BUKOHAHHS
7abopaToOpHUX pOOIT MO3BOJISIE TEPEBIPUTH Ta 3aKPIMUTH BUBUCHHUM Martepiad,

HABUMUTHCS JOCIIKYBATH XapaKTEPUCTUKH BIJMTOBITHOTO OOJIa{HAHHS.



JJABOPATOPHA POBOTA Ne 1

BUBYEHHA TA JOCJIIA’KEHHA POBOTHU CUCTEMHA
COHAYHOTI'O EJIEKTPOIIOCTAYAHHA

Meta poboTu:

1. O3HalloMUTHCh 3 MPUHUUIIOM POOOTH (POTOEHEKTPUYHOI COHSYHOL
Oarapei.

2. 3a pe3ylbTaTaMH €KCIEPUMEHTY IMPOBECTH OOYMCIIIOBAHHS KOE(DIlIEHTY

KOPHUCHOI 111 (POTOENEKTPUUHOT COHSIYHOI OaTapei, TepMiH OKYITHOCTI.

TeopeTuuHi BitomocTi.

[lepeTBOpEeHHSI COHSAYHOI €Heprii B €JEKTPUYHY B HAIl 4ac 31HCHIOETHCS
TEPMOJIMHAMIYHUM a00 (POTOENEKTPUIHUM criocoOoM. [lepimii moBTOPIOE MPUHITUTL
po6otu 3BuyaitHoi TEC: poGoue Ti10 (HanmpuKiiaa, BO/a) HATPIBAETHCS B COHAYHOMY
KOTJI1, BCTAHOBJIEHOMY Ha BHUCOKIN Oamti. [Ipu ¢oToenekTpuaHoMy cnoco0i COHSIUHA
SHEeprisl MepeTBOPIOETHCS OE3MOCEPEAHBO B EIEKTPUYHY B COHSUHUX (POTOETIEMEHTAX.
VY kxocMoci 11e €IMHUM CrIoci0 reHeparii eJIeKTpoeHeprii.

OgHuM 3 TEepCHeKTUBHHMX CMOcoOIB mepeTBopeHHs eHeprii CoHus B
CJIEKTPOCHEPTiI0 € TpsiMe (OTOENEKTPUYHE TEPETBOPEHHSI 3 BUKOPUCTAHHIM
HaIBMPOBITHUKOBHUX (DOTOCIEKTPUYHUX TEPETBOPIOBAYIB.

@doToeneKTpUUHI TeHEepaTOpH IMIMPOKO 3aCTOCOBYIOThCS SIK  JDKeperna
JKUBJICHHSI KOCMIYHOI amaparypu. BukopuctanHs iX y Ha3eMHUX YMOBax JJis
BEJIMKOMACIITAOHOTO BUPOOHMIITBA €JIIEKTPOCHEPTii 0OMEKEHO B HAIl YaC BUCOKOIO
MUTOMOIO BapTICTI0O Ta BIJHOCHO BEIMKUMH po3MipamMu TeHeparopiB. OgHak
pallioHaTbHE 3aCTOCYBaHHS (POTOCNEKTPUYHHMX TEHEPaTOpiB IS JKUBJICHHS
pO30CepeKEHNX Ha BEJIMKIA TEpUTOpIi MaJONOTYKHHUX CIIOXKUBAa4dliB MOXE AaTH
1ICTOTHY €KOHOMIIO €HEepropecypciB.

JUis  MHMPOKOro pO3BUTKY (HOTOENIEKTPUYHUX EHEProCUCTEM HEOOX1IHO

niasumyBatiu KK/ ¢poroenektpuynnx nepeTBoproBayiB Ta 3SHHKYBATH iX BapTiCTh.



[Mpuauun nii (GOTOENEKTPUYHOTO TepeTBOpIoBadya 0Oa3yeThCs Ha SIBUIII
BHYTpIIHbOTO  (oToeeKTy B  HAINIBOPOBIAHUKAX Ta e(eKTy po3IiJIeHHs
dboToreHepoBaHUX HOCIIB 3apsay (EJIEeKTPOHIB, MJIPOK) €IEKTPOHHO-IIPKOBUM
nepexoa0oM abo MOTEHIIaTLHUM 0ap’€poM TUITY METal - T1eJIEKTPUK - HATIBIIPOBITHUK
(M/H).

Ha paHomy erami BIOCKOHAJ€HHS (DOTOENEKTPUUHUX MEPETBOPIOBAYIB,
HAWOUIBII TEPCIEKTUBHUM HAIIBIPOBITHUKOBUM MaTepiaioM € KpEeMHIH, sKul
BIJIPI3HSETHCSI BUCOKOK TEXHOJOTIYHICTIO, BEJIMKUM CTPOKOM CITYKOHM, BHCOKOIO
PYXOMICTIO HOCIiB 3aps/ly Ta MOLIUPEHICTIO B TPUPO/II.

OcTaHHIM YacoM 3pic IHTEepeC 10 COHTYHUX €JIEMEHTIB 31 cTpykrypamu MJIH
1 HaIBIPOBIIHUK - JienekTpuk - HaniBnpoBiaHuk (HH). CtBopeno consuni MJIH-
enementn 3 KKJI, sxuii mopiBaioe 17,6%, 10 € peKOpAHUM il TAKUX KPEMHIEBHX
CJIEMEHTIB.

Haitoinemmit KKJI nepetBopenns (22-23%) 3abe3neuyoTh apceHiI-raniiioBl
dboToenemeHTH. AHaII3 KaCKaaHOT COHSYHOT OaTapei, 10 CKJIaIaeThCs 3 IBOX 1 OLIbIIIe
(b oTOENEMEHTIB, SIKI TOCI1JOBHO EJIEKTPUYHO 1 ONITUYHO 3B’ s3aH1 MK CO0010, TOKa3aB
MoxknuBicTh focsirHeHHs KK/ meperBopennst monan 31% nmns cxkinamy AlCaAs—
CalnAs. Y KOHCTpYKTUBHOMY BIIHOIIEHH1 CJI1J] BUIITUTH JBA TUITH (POTOCTCKTPUIHHIX
TeHEePATOPIB: IJIOLIMHHI Ta 3 KOHLIEHTPATOPAMH COHSIYHOTO BUITPOMIHIOBAHHS.

HaiinpocTtimmm npucTpoeM, Ikl 30Mpae BEIUKY KUTHKICTh COHSYHOI €Heprii,
€ Tulocka OaTtapesi 3 0araTbOX COHS'YHUX EJIEMEHTIB, 3’ €JHAHWUX Yy TOCIIJIOBHI Ta
napajieJbHl TPyNu JUisl TOCATHEHHS MOTPIOHOI BHUXIJHOI €JIEKTPUYHOI MOTYXHOCTI.
Enementn GaTtapei BCTaHOBIIOIOTHCS HEPYXOMO 1 MOXKYTh 30MpaTH €HEprito 3 yciei
niBcdepu, 110 3HAXOUThHCA nepesl Heto. MOoxIMBUN BapiaHT KOHCTPYKIIIT i MOAYJIiB
CKJIQZIAEThCS 3 JBOX CKIISTHMX JIMCTIB, MIX SKUMH PO3TalllOBYIOTHCS 3KOMYTOBaHI
COHSIYHI €JIEMEHTH, 3aJIUTI ONTHUYHO MTPO30PUM KPEMHIMOPTaHIYHUM KaydyKOM.

doTOoeNeKTPUYHI nepeTBOPIOBaYl BIJIPI3HSIOTHCS CIIEKTPAIIbHOIO
CEJIEKTUBHICTIO, ajJi¢ B HUX HE BUKOPUCTOBYETHCA OlNIbIlIa YacTHUHA 1HPPAYEPBOHOTO
CHEKTpa, 110 NMPU3BOJAUTH JO HArpiBaHHS COHSYHUX eJieMeHTIB 1 3HKeHHsS KKJ|

NEPETBOPEHHS.



JUis  BUKOPHUCTAHHS TEIUIOBOI €HEprii COHAYHOTO BUIIPOMIHIOBAHHS
po3po0bieHo TepmoeniekTpuyHi reHeparopu. [Ipore BigHocHo Husbkuii KK, Bucoka
BapTICTh 1 0OMEXKEHHI pecypc poOOTH HE Jal0Th 3MOTH iM MOKH 1110 KOHKYPYBAaTH 3
($OTOENEKTPUIHUMHU [IEPETBOPIOBAYAMH.

OobsnagHaHHA:

JlabopaTopHa ycTaHOBKA.

JlaGoparopHa ycTaHOBKa BKJIFOYA€ TaKi OCHOBHI €JICMEHTH:

—  consiuHa ¢OTO MaHeNb;

—  COHSYHMI 1IMITaTOp;

—  OJIOK yIpaBIIiHHS.

brox ympaBiiHHA TPOBOJWTH 3aMipd HACTYMHUX MapaMmeTpiB, fAKl
BUKOPHUCTOBYIOTBHCS ITPU PO3paXyHKaxX:

— Hampyry, AKy po3BuBae Gporo-nanens, Uy, B;

— CTpYM Ha HAaBaHTAXEHHI, AK€ MIAKII0YEHE 10 GoTo manedi, lyy, 4;

— T'yCTUHY IOTOKY BUIIPOMiHIOBaHHS, I, BT/M?;

TexHivHi JaHI COHIYHOI MaHeJTi:

— wmogenb SIMENS RS — 50;

— TACMOpTHA MOTYXHiCcTh, P = 50 Br;

— (¢otoenekTpruyHa naHenb Mae 18 ki (36 miBki), niamerpom 0,15M.

Ha pucynky 1.1 300paxkeHa cxema J1abopaTOPHOI YCTaHOBKH.

° ¢ _Qb

Pree

Pucynok 1.1 — Cxema n1abopaTopHOi yCTaHOBKHU
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VYcTaHOBKa Ma€ HACTYIHI €JIEMEHTH:

dboToenekTpuyHa COHAYHA OaTapes;

COHSIYHMI 1IMITaTOP;

JaTYUK BUMIPIOBAHHS TYCTUHU MOTOKY BHIIPOMIHIOBAHHS;
0JIOK yIIpaBIIiHHS;

ITEOM.

o~ WD E

ExcnepuMeHTaIbHI KaHI

OtpuMaHi AaHl B XOJlI MPOBEACHHS J1a0OpaTOpPHOI POOOTH, 3BOIAATHCS [0

Tabmumi 1.1
Tabnuys 1.1 — Jlani excnepumenmy
No Iy, BT/Mm?2 Upn, B Ipn A
1
2
3
4
3)

Xig BUKOHAHHS TA MPOBEIEeHHS POOOTH
1. BuzHauaemo oty oToeneKTpUYHOI aHesi (COHI4HOo1 Oarapei):

- d?

YR

Sp=n-S=n-

7€ N — KIIBKICTh KiJ1 eleMeHTiB; d — miameTp KoJa.

2. 3aIycKaeMoO CUCTEMY COHSIYHOTO €JIEKTPOIIOCTaYaHHS B pOOOTY.

. BT
3. BcTaHOBII0EMO 33JJaHe 3HAYEHHA T'yCTUHH ITOTOKY BUIIPOMIHIOBAHHA: Im, —
M

4. 3H1Ma€EMO 3 JaTYMKIB MOKA3HUKH:



- HampyTy, Ky po3BuBae ¢oToenekrpuyHa naHenb: Ug,, B
- CHWJIYy CJICKTPUYHOTO CTPYMY Ha HaBaHTAXEHHI, SIKE MiIKIIOYeHE 10 (HOTO
nauent: lg,, A
5. 3HiMaeMo 3HAYCHHS TYCTUHU MIOTOKY BUIIPOMIHIOBAHHS Ta MMOBTOPIOEMO 3HATTS
JTaHUX (JJIs 11’ SITH TIOJIOXKEHB ).
6. 3maxomumo KKJI dotoenexkrpuunoi Oatapei, mais KOXKHOTO 3amipy, 3a
dbopmyIioro:

Iy, - U
KK, = 22 %" 100,9%;
Ps - Sd)r[

Pozpaxynku KKJI, mist kosxHOro 3amipy 3BesieHi B Tabmuiio 1.2

Tabmuus 1.2 — Po3paxynok KK/I
Ne Bumip. 1 2 3 4 5
KKﬂi! %

7. Ilicna po3paxynky KKJI coHsunoi Oarapei s KOXKHOrO 3 IISITM 3aMipiB,

po3paxoByemo cepenne 3HaueHHs KK/ ¢poTtoenekTpuanoi consianoi 6arapei:

KK/, + KK, + KK/l3 + KK, + KK/l5
5 )

KK/, =

8. 3naitnemo ormip QOTOENIEKTPUUHOT COHAYHOI OaTapei A KOXKHOTO 3aMipy 0
bopmyi:

U
R = Q)n, Om
Iq)n

0. MMicnss po3paxyeMo CepeqHE 3HAYEHHs OMopy (OTOENEKTPUYHOI COHSIUHOT
Oataper:

Ry +R;+Rs+Ry+Rs

cp — c ,OM

10. 3HaiieMo MOTYKHICTh OaTapei, 1Jis KOKHOTro 3aMipy 1o hopMyJIi:



P = Ud)rl ]qm ,BT
OTpuMaHi BETUYMHH TOPIBHIEMO 3 TACIOPTHOIO BEJIMYEHHOIO MOTY>KHOCTI Ta
3poOMMO BIAMOBITHI BUCHOBKH B KiHIII J1a00paTOpHOI poOOTH.

11.Po3paxoByeMO €KOHOMIIO COHSYHOT OaTaperi:

KBT - ropg
Ecg = k- Sy - KK ok

KBT'roz

ne k = 1345 — COHsIYHA MNOCTiliHa (crmafaroua eHeprig Ha 1m?, Se —

pik
mwioma poroenekrpuunoi naneni(konekropy), KK/, — cepenne snauenns KK/,
12. Po3paxoByeEMO €KOHOMIIO 3a PaXyHOK COHSIYHOI €HEprii B IPOIIOBOMY
CKBIBAJICHTI:

I'PH
S = Eck * Zees p/

piK ’

1€ Z,, — KOMYHAJIbHA BAPTICTh €JIEKTPOCHEPTrli y HACTYITHUH Yac.

13. Tlpm BapTOCTi coHsuHOI maHem motyxHictio 50 Bt / 12 B — 100 y.o.,

PO3paxoByeMO ii TepMiH OKyTTHOCTI — Ty -

T —B i
OK — S,pOKlB

e B — BapTicTh yCTaTKyBaHHS €KCIIEPUMEHTAIBHOI JIabopaTopHOi Oarapei,
TPH.

14. 3a nmomomororo pemaktopa Microsoft Excel Oymyemo rpadiku
3aKOHOMIPHOCTI, JUIst KOkHOTO 3HaueHHs (m'stu BapianTiB): KKJI Big omopy, Ta KKJI
BIJl IOTY>KHOCT1 COHSYHO1 OaTapei.

[Tpuxnan rpadiky, 3anexxknocti KKJI Big moTy>KHOCTI Ta OmOpy COHSYHOI

Oarapei.
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KKA, %
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3,000

2,500

2,000

1,500

1,000

0,500

0,000

10,20
1 m I/\\ = 10,00
9,80
\ .
(@]
9,60 :g
Q.
@
-
/( / 8
9,40 o
J=
/ \ / 5
/ \ / -
N/ 9'00
T T T T T T T T T 8,80
0 1 2 3 4 5 6 7 8 9 10
MNoTyHicTb 6aTapei, BT

Pucynok 1.2 — I[Ipuxnan 3anexunocti KK/ ta onopy Bif MOTY>KHOCTI COHSYHOI

Oarapei

15. ®opmymnroeMo BHCHOBKH 3a pe3yJibTaTaMu

eKCIIEPUMEHTAIBbHOI JTabopaTopHOi pPOOOTH IIOAO JOIIIBHOCTI

CUCTEMHU COHAYHOI'O CICKTPOIIOCTAYaHH.

11

BUKOHAHO1

BUKOPHUCTAaHHA



JIJABOPATOPHA POBOTA Ne2

BUBYEHHA TA JOCJIIAKEHHA POBOTU CUCTEMH
COHAYHOI'O TEIIMIOINIOCTAYAHHA

Meta poboTu:

1.  O3HalilOMUTUCH 3 TPHUHIIUIIOM POOOTH CHCTEMH COHSYHOTO Tapsdoro
TETJIOMOCTaYaHHS.

2.  BuBuutH npuctpiii Imockoro cousiyHoro kojiektopy (I1CK).

3. 3ape3ynpTaTaMu €KCIIEPUMEHTY IIPOBECTH OOUUCITIOBAHHS:

—koediuienty kopucHoi aii [ICK;
—ontuaHoro KKJI konexropy Fg(zq)n Ta Koediuienrta srpar FrU,.

Teoperuuni BitomocTi

Inockuil COHAYHUN KOJIEKTOP € OCHOBHUM EJIEMEHTOM CHUCTEM COHSYHOI'O
teronoctayanusa (CCT), mpunuun #ioro nii mpoctuil. binbina yacThHa COHSYHOT
pamiaiii, sika majgae Ha KOJEKTOp, MOTIUHAETHCS MOBEPXHEIO, SIKA € «YOPHOI0» IO
BiJIHOIIICHHIO JIO COHSYHOTO BHIIPOMiHIOBaHHSA. YacTWHA TOTIMHYTOI €HEprii
BTPAYa€ThCsl 4Yepe3 TEIUIOOOMIH 3 HaBKOJUWIIHIM CepeloBHINEM. TermioTa, sKa
BIJIXOJUTH 3 PIIMHOIO, € KOPUCHOIO TEIIJIOTOIO.

OCHOBHMMM €eJIeMEHTAMH KOJEKTOPY €:

—  TOrHWHAJIbHA TIUIACTWHA, 3BHYAHO 3 MeTalny, 3 YOpHUM, abo
CEJICKTUBHHUM ITOKPUTTSIM;

—  TpyOM [UIs PIAMHY YU KaHAIIU J1s1 OBITPS, IK1 3HAXOASTHCS Y TETIIOBOMY
KOHTAKTI 3 MOTJIMHAIBHOIO TIACTUHOIO;

— TEIJIOBA 130JISAIIII0 THUIIA Ta O1YHUX KPOMOK IJIACTHHU;

—  OIWH YW KITbKa TMOBITPSHUX MPOMDKKIB, SKI PO3AUICHI MPO30PUMHU
MOKPUTTSIMU 3 METOIO TEIJIOBOT 130JIA1111 MJIACTUHU 3TOPH;

—  KopIyC.

TpebGa BiIpI3HATH MHUTTEBI XapaKTEPUCTUKH Ta WOTO JOBTOTEPMIHOBI

XapaKTepUCTUKU. J{st po3risiganHs Jii KOJEKTOPY MPHU 3MIHHUX YMOBax HEOOX1THO
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BU3HAYUTH 3aJICKHICTh MOrO0 MUTTEBUX XapaKTEPHUCTUK BiJ] METEOPOJOTIYHHX Ta
pexuMHNX (¢aktopiB. KopucHa eHepris, BiBeIeHa BiJl KOJEKTOPY B JJaHUH MOMEHT
yacy — L€ PI3HMLS KIUIbKOCTI COHSYHOI €Heprii, sika BTpau€Ha B HaBKOJUIIHE
CEpEIOBHUILIE.

PiBHSIHHS, SIKE 3aCTOCOBYETHCS MPHU PO3paxyHKaxX Maike BCIX KOHCTPYKIIH

COHAYHUX KOJ'IGKTOpiB Ma€ BUI'JIAO.

Qu = FRA[lIr(ta) — UL (T; — Ty )] 3.1)

e:
Qu - KopuCHa eHepris, sSKa BIJBE/ICHA BiJ] KOJEKTOPY 3a OAUHUIIIO Yacy, BT;
A - uIoma KojiexkTopy, M2

Fr - KoedilieHT BiIBEICHHS TEIJIOTH BiJ KOJIEKTOPY;

I - rycTOTa MOTOKY CyMapHOI COHAYHOI pajiallii B INIOMMUHI KOIEKTOpY, BT/M?;

T - MPOMYCKHA 37aTHICTh MPO30PHUX MOKPHUTTIB MO BiJHOMICHHIO IO COHSIYHOTO
BUIIPOMIHIOBAHHS;

0 - TOTJIMHAJIbHA 3/1aTHICTh MPO30PUX MOKPUTTIB MO BITHOLIEHHIO /IO COHSIYHOTO
BUIIPOMIHIOBAHHS;

UL - noBHui Koe]illieHT TEMIOBUX BTPAT KoJeKTopy, Br/(M?-K)

T1- TemmepaTypa piiMHA Ha BXOJI 10 KOJIEKTOpy, K

To.c - TeMnepaTypa HaBKOJHUIIHBOTO cepenosuia, K.

B piBusiHHI (3.1) KOpUCHA €HEpris KOJEKTOPY 3HAXOAUTHCS, BUXOMASYU 3
TeMIepaTypy piiuHu Ha Bxoi. OHAaK BTpaTH TEIUIOTH B HABKOJIMIITHE CEPEIOBUIIE
3anexarhb BiJl CepeIHbO1 TeMIepaTypy NOTIMHAIBHOI IIIACTHUHHM, SKa 3aBXKIH BUILE 32
TEeMIIepaTypy Ha BUXOJI, SKIIO PiAMHA HArpIBA€THCS, MPOXOASYH 4Yepe3 KOJEKTOP.
Koediwient BigBeneHHs: TemaoTH Fr JOpIBHIOE CHIBBIAHOLIEHHIO MK (PaKTHUHOIO
KOPHCHOIO €HEPri€l0, KOJIM TeMIIEpaTypa B KOJIEKTOP1 3pOCTa€ B HAMPSMKY IOTOKY, Ta
KOPUCHOIO €HEpPTi€l0, KOJM TeMmIeparypa BCi€l MOTJIMHAIBHOI TUIACTUHU JIOPIBHIOE

TeMIlepaTypl piAMHU HA BXO/I.
13



HoOyTtkn Fr(zo)n Ta FRUL HeBaXko 3HaWTH 3 pe3yibTaTiB CTaHIAPTHHUX
BUINPOOYBAaHb KOJIEKTOPY.

BunpoOyBaHHS KOJIEKTOPIiB TPOBOJAT, B MPUPOJHUX YMOBaxX Yd B
NPUMIIICHH] 3 BUKOPUCTAHHSM COHSYHOTO iMmiTatopa. B o0ox Bumagkax maudy3Ha
CKJIaJloBa pajiaiii Maja Ta CHaJHEe BUIPOMIHIOBAHHS CIHPSIMOBAaHO Maixke 3a
HOPMAJUTIO /IO TIOBEPXHI KOJIEKTOpY. B pe3ynpTaTi 3HaUeHHS 3BEJCHOI MOTIMHAIBHOT
3IaTHOCTI, SIKY 3HaXOATh 3 IUX BUMIPOOYBaHb, BIAMOBIAAE IPSAMIN pajialtii, ska majgae
32 HOPMAJLJTIO /IO TIOBEPXHI1 Ta MO3HAYAETHCS (Tn.

B npoueci BunpoOyBaHb BUMIPIOIOTh T'YCTHHY IOTOKY CHAJHOI COHSYHOI
pamiarii, TeMIepaTypy piiMH Ha BXOJI Ta BUXOAl 3 KoJjiekTopy. KopucHa enepris

KOJIEKTOPY BU3HAYAETHCS BUPA30M, Bm:

Qu=A4-G-Cp- (T, —Ty) (3.2)

e:

G - Burpara pigunu Ha 1 M2 mIomi KoneKkTopy, Kr/(Mc);
Cp - Terutoemuicts piguau, Jx/(xr-K); Cp=4190 [Ix/(xr-K);
T1 - Temneparypa piguHu Ha BXO/li B KoJieKTop, K;

T2 - Temneparypa piluHU Ha BUXOJ1 3 KOJeKTopy, K;

3a pesynbTaTaMu BUIIPOOYBaHb 3BHMYaiiHO BU3HauaeTbes KK]I konexktopy -
BIJIHOIIICHHSI KOPUCHOI €HEeprii, OTPUMAHOi KOJEKTOpPOM, JO CIaJHOi eHeprii

COHSIYHOT'O BUIPOMIHIOBAHHS Ha TJIOMIMHY COHSYHOTO KOJIEKTOPY:

(3.3)
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Pesynpratu BumpoOyBaHb Kpaie 3a BCE MPEACTaBUTH y BUTIAAI Tpadika
sanexxHocti MmutTeBoro KKJI konektopy Bix napamerpa (T1— To.c )/It. Y ocHOBI Takoi
dbopmu ipeACTaBICHHS TOCTITHUX JaHUX JISKUTH piBHSAHHS (1).

Ko po3AUMTH KOXKHY YaCTHHY IILOTO PIBHSHHS Ha I, oTpuMaemo Takwii

Bupas st KK]I konekropy:

n=Qu/l+A= Fp(ta), — FrU,(Ty — To)/Ir (3.4)

[Tpu ymoni UL = const 3anexnicts KKJ[ konexkTopy Bia mapamerpa
(T1— Toc)/lv miniiiHa, KyTOBUH KOe(DIiLi€HT MPsAMOI HOPIBHIOETHCS - Fr(Ta)n. Fr(TO)n
HasuBaroTh onTuyHUM KKJI kosekropy (1o).

Oo0JagHaHHA:

JlabopaTopHa ycTaHOBKA

Ha pucyHky 2.1 300pakeHa cxema 1abopaTOpHOI YyCTaHOBKH.

Tr.B.

‘e’ <1
C D T
T6
--—
j\o xo

8 -

3 7 /‘
Ve -
\A\—gj@ hd 4 \b :

r' \T& 9 4 X
.B.

Pucynok 2.1 — Cxema naboparopHoi ycranoBku 3 [ICK

N
o
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ae: 1 — COHTYHMIA KOJIEKTOP; 2 — COHSYHMM iMiTaTOp; 3 — OaK-aKyMyJsIToOp 13
3MIHOBUKOM-TEIIJIOOOMIHHUKOM; 4 — Hacoc; 5, 6 — 3acyBku; 7 — HamipHui Oak; 8 —
3JIUBaHHS BOJAM; 9 — JIUMIBHUK BUTPATH BOAW; 10 — JaTYMK BUMIpIOBAHHS T'yCTHHH
MOTOKY BHUIpoMmiHtoBaHHS; 11 — maHomerp; Tx.B., Tr.B., T6, Tk — BumiproBaui
TEMIIEPATyp XOJIO0IHOI BOJH, rapsu0i BOJIM, TEMIIEPATYPH BOJIH B Oalll-aKyMyJISITOPI Ta

B KOJIEKTOPI, BIATOBIIHO.

Curnanu Bijl yCiX MepeiueHux AaTIYuKiB HAAXOMSITH 10 OJIOKY yIpaBIiHHS, 1€
nepeTBoproeThes B Hanpyry 0 ... 5B, npomnopiiiiHo BUMIpIOBaJIbHIM BEJIUYWHI, IS

pobotu ALIIL, ITEOM Ta cTpij0YyHHUX BUMIPIOBAIBHUX MTPUIIAIIB.
ExcnepuMeHTaJIbHI 1aHI

OTpuMaHi JaHHI B XOJ1 MPOBEACHHS J1a00OpaTOpHOI pOOOTH, JOJAIOTHCS 0

tabmumi 2.1.

Tabnuys 2.1 — Jlani excnepumenmy

2 G'JI/C I, BT/M2 Toc °C Tys. °C Trg., °C Toax. °C Tyons °C

gaRlWNR|Z

Xi BUKOHAHHS Ta NPOBeJeHHA J1a00paTOpPHOI poOOTH:

1. 3amycTuTu cUCTEMY B pOOOTY.

2. BcranoBwiM 3a/1aHe 3HAUYCHHS T'YCTHHH IMTOTOKY BUITPOMIHIOBAHHSI.

3. 3Hsau 3 jgaTyukiB nokasHuku Tx.B.,, Tr.B. Ta To.c., Koium BOHM
YCTaHOBHIIHCS.

4.  3MIHIOIYM 3HAYCHHS TYCTUHU MOTOKY BUIIPOMIHIOBAHHS Ta TTOBTOPUIIN
3HATTA JJaHUX.

5.  Pesynbratu 3anecnu B Tabmuio 2.1.
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6. 3a maHuMH eKkcnepuMeHTy moOyayemo rpadixk 2.1 — 3amexHICTh

mutTeBoro KKJI xonekropy Big mapamerpa (T, — To ) /It (Tabmuns 2.2).

Tabmuns 2.2 — YUucnose 3Hauenns mapametpy (T; — Toc) /It

No 1 2 3 4 5
(T1 — Toc)/Ir

Jlnst po3paxynky KK/I Bu3HauaeMo KOPUCHY €HEPIit0 KOJICKTOPY, JIaHi 3BEJICHI
1o tabnuii 2.3, Ta 3HaueHHs mutteBoro KK/I xonexropy, Tabnuus 2.4:
Tabmumns 2.3 — UncnoBe 3HaUCHHS KOPUCHOT €HEPrii KOJIEKTOPY

Ne 1 2 3 4 5
Qu

Tabmuns 2.4 — MutteBe 3Hauenns KK/ konekropy.
No 1 2 3 4 5
KK/, %

9,00
8,00
7,00 \

6,00 \
AN

=
°\ ’
5 .
§ 4,00
= 3,00
E 2,00
g ’ \
et
= 1,00
2 0,00 T T T T T 1
0,000 0,002 0,004 0,006 0,008 0,010 0,012

(T1-To.c.)/IT

I'padik 2.1 — Ipuxnax 3anexnocti mutteBoro KKJI kosexkTopy Bijx nmapamerpa

(Ty — Toc)/Ir
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7. 3a momomororo mporpamHoro 3abesnedeHHs Microsoft Excel Ha mBox
OKpeMHX OTpuUMaHux rpadikax 3anexHocTi (2.2 ta 2.3), OyayeMo JIiHIIO TPEHIY

(JMHIHHOTO Ta €KCIIOHEHIIaIbHOI'O CITIBBIAHOIICHHS):

9,00

8,00

6,00 \
5,00

=
S
7 \ y =-625,15x + 7,5327

2 _

< 4,00 R2 = 0,9405
=z
= 3,00

=

£ 2,00

> ' 0
; 1,00

0,00 T T T T T 1
0,000 0,002 0,004 0,006 0,008 0,010 0,012

(T1-To.c.)/IT

I'padix 2.2 — JliHig TpeHAY JAIHIHHOTO CHIBBIAHOIIEHHS 3aJI€KHOCTI

9,00

8,00

7,00 \
6,00 \
5,00

(=
N
= \
=% 4,00
f R2=0,9943
> 3,00
: ’
™
2,00
> T~
=
E 1,00
0,00 T T T T T 1
0,000 0,002 0,004 0,006 0,008 0,010 0,012

(T1-To.c.)/IT

I'padik 2.2 — JliHis TpeHOy €KCTIOHEHIIAIbHOTO CITiBBITHOMICHHS 3aJI€KHOCTI.
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8. Ha oTpumanux JiHIIX TpeHIYy 3a JOMOMOTOK MPOTPaMHOTO

3abesneueHHs Microsoft Excel 3°scyBaTu CIiBBIIHOIIIEHHS 3aJI€KHOCTEH:

R%— CIIIBBIAHOIICHHS JIIHIHHOT 3aJI€KHOCTI;

R% — CITIBBIIHOIIIEHHS €EKCIOHEHIIAIBHOT 3aJIEKHOCTI.

9. Bwusnawaemo KKJI IICK (Ha miHIiHOMY CITIBBIIHOIIEHHI 3aJI€KHOCTI),
ontuanuil KKJI konexropy (Fg(rq)n) Ta kKoediuient srpar (FrU).

OTpumainu CIiBBITHOIIICHHS HACTYITHOTO BUpa3y, (3a rpadikom 2.2):

y=—k-x+n;

ne: FrUp, =K, Frzgyn =N, TOAL:

k=-—625,15; n=7,5327.

10. 3a orpumanumu KoedimieHTaMu BUBOIUMO (HOPMYITY I OOUHCICHHS

KK/ xonekropy:

k- (TFB _TXB)

It

KKJ[ =n —

11. 3a pe3ynbTaTaMu MPOBEACHHS pOOOTH Ta pO3paXyHKiB, 3p0OUTH BUCHOBOK

1010 gotiibHOCTI BukopucTtanHs [ICK B cuctemi COHIYHOTO TEMaIonocTayaHHs.
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JIABOPATOPHA POBOTA Ne3

BUBYEHHSA TA JOCIIIVKEHHA POBOTHU
CUCTEMMU EJIEKTPOIIOCTAYAHHSA
HA BA3I BITPOEHEPTETUYHOI YCTAHOBKHU

Meta po6oTn:

1. O3HailoMUTHCH 3 TPUHIMIIOM POOOTH BITPOCHEPIE€TUUHOI YCTAHOBKHU.

2. 3a pesynbTaTaMu €KCIEPUMEHTY MPOBECTH OOUMCITIOBAHHS KOe(DIiEHTY

KOPHUCHOI [Tii BITPOEHEPTreTUYHOT YCTAHOBKH Ta TEPMIH OKYITHOCT1 CUCTEMH.

TeoperuuHi BitomocTi

Cwuita BiTpY — II€ OJIHEC 3 HAWAABHIMIMX Ta HAWOLIBII €KOHOMIYHHMX JKEPEI

€Heprii, 0 BUKOPUCTOBYE JIIOJICTBO.

EHeprig BITpY NOCTIMHO MOHOBIIOETHCA Ta HeBUYeprnHa Noku rpie CoHLue.

Bitep yTBOprOo€ThCS Ha 3eMIli B Pe3ysbTaTi HEPIBHOMIPHOTO HArpiBy i1 MOBEpPXHI

CoHiieMm.

[ToBiTps UMpKyNO€ 1 BHACHIAOK oOepTaHHS 3emili: pyX BIIOYBaeThbcs B

HaAMPSIMKY, TPOTHUJICKHOMY HANPSIMKY pPyXy TOJMHHHMKOBOI CTPIIKM y TMIBHIYHIN

MiBKYJII, 1 32 HAIPSIMKOM PyXYy TOAMHHUKOBOI CTPUJIKH — B MiBACHHIH.

B 3anexHOCTI BiJf MOTY>KHOCTI TeHEpaTOpa BITPOYCTAHOBKH JUIATHCS Ha KJIACH,

iX mapaMeTpu Ta Npu3HaYeHHs HaBeJeH1 B Tabmumii 3.1.

Tabmuus 3.1 — Knacudikariisi BITpO€HEPreTHYHUX yCTaHOBOK.

Kiac [ToTyXHICTB, Jiametp KinbkicTs
. IIpusHaueHHs
YCTaHOBKHU kBT KoJieca, M JonacTei
. 3apsi aKkyMyJIsITOPIB,

Major : 15-50 3-10 3-2 HACOCH, TOOYTOBI

MOTY>KHOCTI
norpedu
CepeﬂHbOl. 100 - 600 25-44 3-2 Enepreruka
MOTY>KHOCTI
Bemukol 14500 4000 > 45 2 EHeproTKa

MOTYXHOCTI
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VYkpaiHa Ma€e NOTyXH1 peCypCH BITPSIHOI €HEPIii: pIUYHMI TEXHIYHUIA TOTEHLIAI

eHeprii BiTpy aopisHioe 30 mupa. kBT - rog.

Haii6i1bp11 po3noBCIOKEHUMHU € BITPOYCTAHOBKHU 3 TOPU3OHTAIBHOIO BiCCHO

(pucynok 3.1).

Mnowa 3axbamy - s

["oHdona y \

\ /
74
\
o \\ /
N /7
% \\ //
(=] N &
o * . s
o S~ -
E T bouma / R sl
= .
a [liamemp Mnowa
pomopa nonami

dyndameHm

1 [ ™1 [

Pucynok 3.1 — [IpuHnumnoBa cxema BITpOyCTaHOBKH.

OCHOBHUMHU €JIEMEHTaMHU BITPOCHEPTETHUHUX YCTAHOBOK € BITPONIPUIMAIOUUit
npucTpii  (Jomars),  peIyKTOop — mepegadyli  00epTaJlbHOTO  MOMEHTY K
CJICKTPOTCHEPATOPY, EJIEKTpOreHeparop Ta OamrTa. BiTpompuitmMansHU TpuUCTpIn
pazoM 3 penyKTopoM mepenadi 00epTaibHOTO MOMEHTY YTBOPIOE BITPOBUM JIBUTYH.
3aBAsKU crielialibHIi KOH(Irypauii BITpONPUIMAaOYOro MpUcTpor0 B MOBITPSHOMY

MOTOIll BUHUKAIOTh HECUMETPUYH1 CHIIH, SIK1 CTBOPIOIOTH 00€pTaIbHUN MOMEHT.
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Oo0JsagHanus:

JlabGopaTopHa yCTAaHOBKA BKJIIOYA€ TaKi OCHOBHI eJIEMEHTH:
— CTEH[, 110 CKIAJA€ThCA 3:

— TeHepaTopa BiTpoeHepreTnyHoi yctaHoBku BEY — 075;

ACMHXPOHHUU JABUTYH Il IPUBOJIa T€HEPATOpPa;

— neperBoproBau yactotu [14Y-2000, mo 103BOsiE peryiroBaTH LWIBUIKICTb
oOepTaHHA Bajdy JBUTYHA, SIK BPY4YHY, TaKk 1 3a KOMaHJaMHU 13 NEPCOHAIBHOIO
KOMIT FOTEPA;

— mxepeno OesnepepHoro >xusieHHs [IbXK-1.5/3C-BI', ocHOBHI nepeBaru
SKOTO €: TIOEJTHAHHS BEJIMKOI KIJILKOCT1 (YHKIIIH B OJTHOMY IPUCTPOI; cTabiTi30BaHa
CUHYCOiJlaJIbHA HAMpyTa Ha BUXOJ1 1HBEPTOPA; TEMIIEpaTypHa KOMIIEHCAllisl HAlIPyTH
3apsany Ab; mumdpoBa iHAMKAIis MapaMeTpiB; HHU3bKA BAapTICTh B TOPIBHSHHI 3
aHaJoramu.

— KHCJIOTHA aKyMyJIsiTOpHa Oatapest Hanpyroto 24B;

— KOMIT'FOTEp 3 MPOrpamoro, 3B’ ss3anuii i3 mxepenom JIbX-1.5/3C-BI Ta IT4-

2000 nmociioBHUM 1HTEpdeiicom.
IapameTpu, siKi OTPUMYIOTHCS MPOTrPaAMOI0 3 MPUCTPOIO:

— CTpPYM y KoJlaX FeHepaTopa;

— CTPYM, IO CIIOKUBAETHCS IHBEPTOPOM (11€ 3HAUCHHSI MOXKe OyTH B1Jl' EMHUM,
KOJIM IHBEPTOP MPALIIOE B PEKUMI 3apSATHOTO MPUCTPOIO, 3apsKAIOYH aKYMYJISITOPHY
OaTapero Bij 30BHINIHBOI Mepexi ~220B);

— Hampyra aKkyMyJIATOpHOi OaTtaperi;

— CTYIIHb 3aPSKEHOCT] aKyMYJISITOPHOT OaTapert;

— TeMmIeparypa aKyMyJsaTOpHOI OaTapei (BUKOPUCTOBYETHCS JIXKEPEIOM IS
BU3HAYEHHS BEPXHBOTO MOPOTY HAmpyTu Oarapei);

— TeMIlepaTypa pajaiaTopa nepeTBoproBaya;

— CTaH peryJisiTopa CTpyMy BiJl BITPOYCTaHOBKHU;

— cran xmouiB mkepena JBXK-1.5/3C-BI', HasBHiICTH Hampyra Ha BXOIl

~220B;
22



— 3aJ]JaHy 4acTOTy 00epTaHHs Bajly F€HEepaTopa;

— JAiiicHy yacToTy oOepTaHHs Bally reHepaTopa.

Ha pucynky 3.2 300pakeHO cxeMy JabopaTopHOT YCTAaHOBKH.

n:_
0d / MuH

24B 1~220B

s -
P&
L~ AB
T--

34

Pucynok 3.2 — Cxema 1abopaTopHOi BITPOYCTAHOBKHU

ExcnepuMeHTaJIbHI 1aHI

OTtpumani 1aHi B X0A1 1abopaTopHOi poOOTH, BHOCHMO 110 TabuI 3.2.

Tabmums 3.2 — ExcriepuMeHTabHI JIaHi.

Ne

Ps, BT

N, 00./XB.

PFEH" Bt

gl B W N -
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Xix BUKOHAHHS TA IPOBEJeHHSA J1a00paTOPHOI POOOTH:

1. BaxiuBuUM acleKTOM BUKOPUCTaHHS BITPOYCTAHOBKM € BapTICTh

esiekTpoeHeprii (rpH/kBT rox), sika Moxe OyTH po3paxoBaHa 32 BUPA30M:

5 K-F
" 025-P-T’

ne: K — kamitaneHi BUTpaTH, TPpH.;
F — ¢akTOp NOHOBIIEHHS BUTPAT, 32 TAPAaHTOBAHOI'O TEPMIHY JIli YyCTAHOBKU —
25 pokiB, F=0,125;
P — noTyXHICTh yCTaHOBKH, KBT;

T — KUIBKICTh TOJUH pOOOTH yCTaHOBKHM Ha pik, T = 8760 rox.

2. Po3paxoByeMoO MOTYXHICTh BITPOYCTAaHOBKH, 32 BUPA30OM:

3

1
P ZES'pHOB. 'Kaep. VT,

1€ Prop. — TycTuHa nositps (1,225 kr/ m3);

S — noma o6opoty poropa, M>;

V — MIBUAKICTH TOBITPS, M / C;

Kaep. — aeponunamiunmii koedinieHT (mpubnusHo pisHuii 0,5);

n — KK =0,45.

3. na mobynosu rpadika 3anexxHocTi, motyxkHocti Big KK]I reneparopa,

po3paxoByemo KKJI 3a Bupaszom:

P
KK = —=-100,%;

Hani snauens KK 3BogsTecs 1o Tadmmi 3.3.
Tabmums 3.3 — 3nauenns KK/,
Ne 1 2 3 4 5
KK, %
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4. 3a pomomoroto pemaktopa Excel Oymyemo rpadiku 3aieKHOCTI st

KO)KHOT'O 3HAYEHHS: TOTY>KHOCTI B1JI 4acTOTH 00epTaHHs Ta moTykHocTi Bl KK/I.

350

300 /—‘

250

200 /
150 I
100 ‘

50

POTY}KHiCTb reH., Br

O T T T T T T T T 1
0 50 100 150 200 250 300 350 400 450
YacrtoTta o6epTtaHHsA, 06/x8

Pucynox 3.3 — Ilpuknan rpadixy 3amekHOCTI MOTYKHOCTI BiJi 4acTOTH
obepTaHHS

350

300 /‘

250
200

150 /
100 /

'

MoTyXHicTb reH., Bt

50

0 T T T T T T 1
0,00 10,00 20,00 30,00 40,00 50,00 60,00 70,00

KKA, %

Pucynok 3.4 — [Ipuknan rpadiky 3anexaocTi noTykHocTi Big KK/
5. BusHauaemMo TepMiH OKYIHOCTI BITPOCHEPreTUYHOI  yCTAaHOBKH.

Po3paxoByeMo €eKOHOMIIO BITPOEHEPreTUYHO1 YCTaHOBKHU:
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KBT - rog,
EBy = P . T, ———
piK

ne T —dacu poOOTH BITPOEHEPrETUYHOI YCTAHOBKH 3 PIK.

BuznagaeMo eKOHOMIIO B TPOIIOBOMY €KBIBAJICHTI:

S=FE B i
TUBY piK ’

Tepmin okynHocTi BY cknane:

B
Tox = %CT, POKIB.

Jie Byer — BapTICTh BITPOCHEPrETUYHOI YCTAHOBKH.
6. PoOUTBCSI BUCHOBOK II0JI0 PE3YJIbTaTIB O3HAHOMIIEHHS 3 KOHCTPYKIi€o BY,
il OCHOBHUMU XapaKTEPUCTUKAMH, TEPMIHY OKYITHOCTI TTPOEKTY, & TAKOX TOIIIHHOCTI

3actocyBaHHs BY miig BUpoOHHUIITBA €EKTPOCHEPrii B MPOMUCIOBUX MacuTabax mo

perioHax YKpaiHu.
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