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BCTYIl

I[o BiJTHOBJIIOBAJIHUX JUDKEPEN EHeprii BIAHOCATBHCS: €Hepris
COHIISI, SHEpTisl BiTpy, €HEpris BOJM, B TOMY YHCIi EHEpris
CTIYHHMX BOJ (32 BUKJIIOUEHHSM BHIIaJIKIiB BUKOPHCTAHHSA TaKol eHeprii
Ha TiIPOaKyMYNIOIOUMX €JIeKTPOCHEPTeTHYHNX CTaHIisAX), EHEepris
MPUILTUBY, €HEPrisi XBWJIb BOAHUX 00’ €KTIB, B TOMY YHCII BOJOHMMUIIL,
piKk, MOpiB, OKeaHiB; TIeoTepMalibHa €HEprisi 3 BUKOPUCTAHHIM
MPUPOIHUX MiJ3EMHHUX TEIIOHOCIIB, HHM3bKO MOTEHIlIaJbHA TEILIOBA
GHEprist 3eMJli, TMOBITPSA, BOAM 3 BHUKOPUCTAHHSAM CIEHiaJbHUX
TEeIJIOHOCIiB; OioMmaca, sika BKIIOYAE CHEHiaIbHO BUPOIIEHI POCIUHH
JUIS OTPUMAaHHS CGHEprii, B TOMY 4YHCII JepeBa, a TaKOX BiJIXOau
BUPOOHUIITBA Ta CIIOKMBAHHS, 38 BUKIIIOUCHHSIM BiZIXO/IiB, OTPMaHHUX B
Mpolieci BUKOPUCTaHHS BYTJIEBOAHEBOI CUPOBHHHU Ta MaluBa; Oiorac ta
rac, IO BHJUISETHCS BIIXOJaMU BHPOOHUIITBA Ta CIOXHBAaHHS Ha
3BaNiMIIaX TaKUX BIIXOMIB, Tac, SIKHH YTBOPIOETHCS Ha BYTUIBHUX
po3podKax.

OO6csru eHeprii 13 BiIHOBIIOBAIBHUX JKEPEI Ta iCHYIOU1 TEXHOJOTiT
BXKE CBHOTOIHI  JIO3BOJISIIOTH MOBHICTIO  3a0€3MEYUTH  JIIOJCTBO
HEOOX1THOK CHEPTIETO.

Ha »xanb, He BCl MOXJIMBI TEXHOIOI] €KOJIONIYHO BUTIAHI CHOTOIHI.
ToMy Juisi OI[IHKM MOXJIMBOCTEH BiJHOBIIIOBAJILHOI CHEPIETUKU
BUKOPUCTOBYIOTh TaKe MOHATTA, SIK €KOHOMIUHHWI moTeHmian. Tak, B
VYkpaiHi eKOHOMIYHUI MMOTEHIIia] TaKOi CHEePreTUKU CTaHOBUTH Oinst 30
%. IHakme kaxy4u, Maii)ke TpeTMHa HEOOXiAHOI eHeprii Mu Moriu O
OTPUMYBAaTH 3aBISKM BiHOBIIOBAJIBHUM JDKepenaM eKOHOMIYHO
JOCTYITHUMU CIIOCO0aMH.

CydacHa yCTaHOBJICHA MOTY)KHICTh €ICKTPOCTAHIIIN CBITY CTAHOBUTh
61151 4000 I'Br.

VY nmroacTBa € €IMHMKA peaNbHUN IUISX BUPIMICHHS MPOOJIeMHU
eHeprernyHoi Oe3mekw 1 cHaciHHA KJIiMaTy — Tepexig Ha
BITHOBJIIOBAJIbHI JpKepena eHeprii Mpu aKTUBHOMY 3aCTOCYBaHHI
CHEepPro30epirarounx TEXHOIOT'IH.

TexHomorii, ¢QiHaHCOBI pecypcH sl Takoro TMepexoay B
HaHOJINKIOMY MaiiOyTHBOMY €.

3nificauti  cuenapiii  ['punmic  (Greenpeace) IIJIKOM —peasibHO.
Hanpukman, Kutaii mo 2020 poky I[utaHye TMiIBUIINTH YacTKy



BiJTHOBJTIOBAJILHOI eHepreTuku a0 15 %, €runer — mo 20 %, €Bpocoro3
— 110 30 %, Pocist — 1o 4,6 %, Yxpaina — 1o 19 % (mo 2030 poky).

VkpaiHa mjaHye 30UIBIIMTA B YOTHPU pa3d BUKOPHCTAHHS
HEeTpaIuIiiHNUX JpKepen eneprii 3 11 MiH T H.e. (MJIH TOHH HaTOBOTO
exBiBasieHty) a0 40,4 miaH T H.e. B 2030 pomi. Taka iniriaTuBa
BHMaraTHMe IHBECTHI[Iil B CHEPreTUUHUN CEKTOp MOHAJ] 8 MIIPJ €BPO.
Haiibinpme 3pocTaHHS OUIKYyeTbCS y BHKOPHCTaHHI COHSYHOI
SHEPreTHKH, BITPSHUX €JIeKTPOCTAHLIN Ta HU3bKO MOTEHIIHHOrO Tera.

[puiinsTa cTpaTeria mnepeadadyae PO3BUTOK  BiTHOBIIOBAIBHOI
SHEepreTuKy y BiAMOBIAHOCTI 3 MPUHIMIIAMH CBPOIEHCHKOI CTpaTerii.
VYkpaiHa BCTaHOBIIOE Psii MMl AN CTUMYJIIOBAaHHS PO3BHTKY Ta
BHUKOPHUCTaHHS aJbTePHATHBHOI C€HEPTETHKH.

OCHOBHOIO TPOOJIEMOIO, 1110 MEPEIIKOAKAE BUKOPUCTAHHIO COHSIYHOT
(8 Ykpaini noHaa 300 coHAYHHMX IHIB B pOILi) Ta BITPOBOI eHeprii, €
BHCOKa TIMTOMa BapTICTh iX BUTOTOBJIEHHS B MOPIBHSAHHI 3
TpPaIUIIHHUMH JDKepenaMu eHeprii. Sk moka3ye CBiTOBa MPaKTHKA, LIS
BapTICTh HA CHOTO/IHI 3AJIUIIAETHCS BUCOKOIO HABITh 32 YMOBH IIEPEXOJTY
Jep’KaBU JI0 CBITOBHMX WiH 1 Tapu]iB Ha TpaJWLiiiHI JKepeia eHeprii.
OCHOBHOIO ~ TEPEIIKOOI0  JUIi  HIMPOKOTO  PO3MOBCIOIKEHHS
aNBTEPHATUBHUX JDKEpEN eHeprii € iX OUIbII HHM3bKAa CEKOHOMIYHA
e eKTUBHICTh y MOPIBHSAHHI 3 TPAAULIHHUMHU JKEpelaMH, a TaKoX B
JSSIKUX BUIMAJKaX HEMOXJIMBICTH X BUKOPUCTaHHS 0e3 KoMOiHaiii 3
TpaIUIIHHUMH  JpKepenaMu s 3a0e3medeHHs  Oe3nepeOiiiHoro
EHeprornocTayatHs.

VYkpaiHCbKUIl YypsSa BOPOBAIDKYE TMPOEKTH CHEPro30epe:KeHHS Ta
PO3BUTKY HOBUX €HEpro3oOepiraroumx TEXHOJOTH 1 aKTUBHO
cmiBmpanioe 3 (iHAHCOBUMH IHCTUTYTaMH Ta MDKHAPOAHUMH
opranizamismu, Takumu sk NEFCO, ADEME, IFC, €Bpomelicbkuii
0aHK PEeKOHCTPYKIIii Ta po3BUTKY, CBIiTOBHIA OaHK Ta iHIII.

B nanomy HaBualbHOMY MOCIOHHMKY PO3IJIIHYTI OCHOBHI CIIOCOOM
OTPUMAaHHS EJICKTPUYHOI Ta TEIUIOBOI eHeprii BiJi COHSYHOrO
BUITPOMIHIOBAaHHS, TUTAHHS MEPETBOPEHHS KIHETUYHOI eHeprii BiTpy, a
TAKO)X OCHOBHI MPHHIMIN TIEPETBOPEHHS TEIUIOBOI €Heprii 3eMHHUX
HaZp.



qq 1 KJIACU®PIKAILIS BIJTHOBJIIOBAJBHUX
< JKEPEJ EHEPTIi TA NPUHIUIIA
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ﬁﬁ%ﬁ 1. 1 Knacudikauist BiAHOB/IIOBaJIbHUX

JaKepes eHepril

EHepremKa — 1Ie TaJly3b HAYKU 1 MPOMHCIOBOCTI, SIKa BKIIHOYAE
reHEepPYBaHHsI, TIEPETBOPEHHSI, Mepelady 1 BUKOPUCTaHHS PI3HUX
BHIIB €HEPI1i.

VY (i3uili MOHATTS «EHEPTis» BBEIACHO K HA3BY JIEIKOT 3araJibHOT Mi-
pu pizHKUX (HOPM pyXy MaTepii, IKi MarOTh BJIACTUBICThH TIEPETBOPIOBATH-
Cs1 3 OJIHOI'O BHIY B IHIIIHIA.

Yci eHepreTuuHi pecypcu Ha 3emiti, sKi € mpoJyKTaMu Oe3nepepBHOi
nistibHOCTI COHII, MOXKYTh OYTH IMOALIEH] Ha B OCHOBHI IPYIIN:

— aKyMyJIbOBaHi MPUPOJIOK0, Y OUIBIIOCTI BUIAJIKIB HE TTOHOBJIIOBA-
JpHI (HadTa, KaMm’siHe Ta Oype BYruuis, ciaHi, Topd i mia3eMHi rasu,
TEepMOsiZIepHa 1 siJIepHA SHEepris);

— HE aKyMYJIbOBaHI, Kl MOCTIHiHO MOHOBIIOIOTLCA (COHSYHE BUIIPO-
MiHIOBaHHsI, BiTep, PiYKH, MOPCHKi XBWIII Ta MPUILTUBH, BHYTPILIHE TeM-
110 3emti).

[ToHoBIIOBAIEHMME JKEPETaMU €HEPrii Ha3UBAIOTHCS PECYPCH €He-
prii, 10 MOCTIHHO i IUKIIYHO TTOHOBJIIOKOTH CHEPTeTUYHY IIHHICTH 1
MOXYTh OYTH MEPETBOPEHI HA KOPUCHY POOOTY. [HIIMMHU CliOBaMu, 1M0-
HOBJIIOBAJIbHI JKEpena €Heprii OHOBIIIOIOTHCS IOCTIHHO, 0€3 J4acoBUX
00OMEKeHb, Ta MAIOTh ITEBHUI ITOTEHIIAI.

VY 3arajibHOMY BHIIQJKy COHSYHA JISUTEHICTH YTBOPIOE CXEMY TEIUIO-
Boro Oamancy 3emi, puc. 1.1. ILimpHICTh MOTOKY eHeprii Big CoHIS Ha
BificTaH1 OJHIET ACTPOHOMIYHOI OJUHHUII JOPIBHIOE Oau3bK0 1367 BT / M2
(consiuna nocmiiina). Y cepeqHeHHH 3a 4acoM 1 IO MOBEPXHi 3eMili Iei
notik cranosuth 341 Bt / M2, a60 1,74x10"" Bt B po3paxyHKy Ha MOBHY
ITOBEPXHIO 3eMIIi.

PesynbrataMu mpsamoi COHSIUHOT ISTTBHOCTI € TeIIoBUH eekT i ¢o-
Toe(eKT, BHACTIIOK 4Oro 3eMiIsi OTPUMYE TEIJIOBY €HEpriio Ta CBITIIO.
PesynpTaToMm mobiunoi misutbHOCTI COHIlA € BiAIOBIAHI €hEKTH B aTMO-
cepi, riapochepi Ta reocdepi, MO BUKIMKAIOTH MOSIBY BITPY, XBUIIb,
3YMOBIIIOIOTH TE€Yil0 PiYOK, CTBOPIOIOTH YMOBH AJISI 30€pEKEHHS BHYT-
pilIHBOTO TeruIa 3emiti.
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Puc 1.1. Temnosuii Oananc 3emii

Enepcin conys — oIuH 13 HEBUYEPITHUX 1 €KOJIOTIYHO YHCTHX JDKeE-
pen eneprii. KiabkicTh eHeprii, mo HaaxoauTh Ha 3emiro Big CoHI €
JIy’Ke BEIMKOI, Maibke B 13 THC. pa3iB OUIbIIA BiJi CyMapHOI eHeprii,
sIKa BUPOOJIIETHCA HAa CHOTOAHI B CBITI. € Pi3HI IUIAXH BHKOPUCTAHHS
i€l eHeprii: 6e3mocepenHe IEPETBOPEHHS B TEIUIOBY a00 EIEKTPHUYHY
€HEeprilo, BUKOPUCTAHHS TAKWX HEMPSIMHUX BHJIB COHSYHOI €Heprii, sK
eHepris BiTpy 1 BoJau, (hOTOCHHTES.

Enepezin ¢impy — neperBopena ¢opma COHSUHOI eHeprii. Birep Bu-
HUKAa€ Yepe3 PI3HUI0 B TEMIIEpaTypi HarpiBaHHS KOHTUHEHTIB i MOpIB,
MOJIFOCIB 1 €KBATOPa, TOOTO Yepe3 PI3HUII0 THCKIB MK OKPEMHMHM TEII-
JIOBUMH 30HAMH, a TaKoX 4depe3 cuiay Kopiomca, mos’s3any 3 obepTa-
JEHUM pyxoM 3emti. Bimomo, 1o 6mu3bko 1-2 % coHsuHOI eHeprii, 1110
Jocsirae TIOBEPXHI 3eMJTi, MepeTBOPIOETHCSI HA KIHETUYHY €HEprilo BiT-



py, sika ckinagae onu3pko 2700 TBT. ITpubausuo 25 % wiei eneprii npu-
Majia€ Ha CTOMETPOBY TOBIIMHY IIapy aTMOC(HEPHOro MOBITPs, M0 OTO-
yye Oe3mocepennro moBepxHio 3emii. 1o6 Halkpale BUKOPHUCTATH
EHEeprio BITPy, HEOOXiIHO TOCKOHAIO PO3YyMITH J00OBI Ta CE30HHI 3Mi-
HU HamNpsSMKY BITPY, 3MiHY HIBUAKOCTI BITPY B 3aJI€KHOCTI BiJl BUCOTH
HaJl MOBEPXHEI0 3eMIIi, KiIbKICTh MOPHUBIB BITPY 3a KOPOTKI BiApi3KH
Yacy, a TaKOK CTATHCTUYHI JaHi xoua 0 3a ocranHi 20 pokiB. Pecypcu
SHEpril BITPY € HEBUUEPITHUMHU, OCKUIBKM BUHUKHEHHS BITPIB MOCTIMHO
MIATPUMYETHCS COHSTYHOIO SHEPTIENO.

T'eomepmansha enepzin — eHepris 3eMHUX HAJP, SKA 3HAXOIAUTHCS B
TBEpAUX MOpOAax 3emii i mig3eMHHX Bojax. TermiIo B 3eMHUX Haapax €
MEPBUHHKUM TEIUIOM, 10 BUHHUKIJIO B Ipoleci (hopMyBaHHS HAIIOI ILia-
HETH, a TAKOX — TEIJIOM, IO HAaJXOIUTh 3 PO3Maay pPaJiOaKTUBHUX
CIIEMEHTIB, TAKUX SK ypaH, TOpPid Ta pamiaiiiiiHuii kamiii. 3 HaOJIMKeH-
HSIM JI0 LIEHTPY 3eMiti TeMiieparypa 30utbmryerhest (0au3bko 25°C / km),
B spi 3emuni BoHa ctaHoBUTH moHaa 6000°C. KinbKicTh Teria, HaKOIH-
YeHa B 3€MHHX HaJpax € Qy)Ke BEIHMKOI0 1 ckiagae 0au3bpko 35 TBT Ha
10 kM, o B 50 000 pa3iB mepeBuIly€e KUIbKICTh TEIIa, HAKOIIUYCHY Y
BCIX POJIOBHINAX IMPUPOIHOTO ra3y y CBITi.

Tiopoenepzin — eHepris piuok Ta OKeaHIB, SIK 1 €HEPris BITPY, JIIOIC-
TBO 1€ 3/JaBHA BUKOPUCTOBYBAJIO JJIsi OTPUMaHHS MEXaHIYHOI eHeprii, a
nmounHatoun 3 XX CT. 1 sIK JDKEpeno eleKTpoeHeprii. BukopucraHHs
eHeprii IPUPOAHOro Pyxy, TOOTO Teuil, BOOHUX Mac y PYCIIOBHUX BOJIO-
TOKaX, PyXy NPUIUBIB Ta pyxy XBWIb. Haliyacrilie BUKOPUCTOBYETHCS
eHeprist magarouoi Boau. JJo cepenunu XIX cr. i bOro 3aCTOCOBYBa-
JINCS BOSHI KoJIeca, SIKi IepeTBOPIOIOTh €HEPrito Mafaardoi BOJAU B Me-
XaHIYHYy eHeprilo 00epTOBOro Baja. Y CBITI MOOYJOBAHO BEIHMKY Kib-
KICTh T1IPOEIEKTPOCTaHIIIH, SIKI BUPOOJISIOTH 110 5 % Bij 3araJibHOi ejle-
KTPOCHEPTii, MPUUOMY B JEIKHX KpaiHax 4yacTKa eJIEeKTPUYHOI eHeprii,
BHPOOJIEHOT Ha TiAPOEIEeKTPOCTAHINAX, 3HAYHO Bumia. B YkpaiHi, Ha
Juinpi, moOyqoBaHO Kackaj 3 IIECTH TiapoenekTpoctaHiii. Crig 3a-
3HAYUTH, 10 B OCTAHHI POKU OYIIBHUIITBO T'IPOCIEKTPOCTAHIIIN Y CBITi
3HAYHO CKOPOYEHO BHACIIAOK BICYTHOCTI CIIPUATINBHX YMOB.

bBioenepzia — rany3p eleKTPOSHEPTeTHKH, 3aCHOBaHA Ha BHKOPHC-
TaHHI 0lONaJMBa, SIKE CTBOPIOETHCS HA OCHOBI BUKOPHCTaHHS OloMacH.
Jlo Oiomacu BIIHOCSTH yCIO POCJIMHHY CYOCTAHIIIIO Ta BiJIXOJU TBapUH-
HHUIBKUX (GepM. BHKOpHCTOBYIOTh GioMacy B €eHEpreTHUYHMX IIISX IS
BUPOOHHWITBA TeIia, enekTpoeHeprii i manusa. LL{opiuno mpupict Gio-



MacH y cBiti omiHoeTsesa B 200 Mipa T (B MepepaxyHKy Ha CyXy pedo-
BHHY), [0 €HEepreTu4Ho ekBiBasieHTHO 80 mupa T HadTH. OmHUM i3
Jokepen Oiomacu € micu. Ilig wac mepepoOku AepeBUHH 3...4 MIpI T
CKJIAJal0Th BIIXOIHM, CHEPIeTHUYHUN €KBIBAJEHT SIKUX CTAHOBHTH IIPHO-
mu3Ho 1,2 mupp T HadTu. CeiToBa morpeda B eHeprii (11 muapa T y. 1.)
CTAHOBMTH TITEKH 12 % eHeprii 1mopiYHOro CBITOBOrO MPHUPOCTY OioMa-
cu. Yactka OiomMacu, sika BUKOPHCTOBYETHCS JUIS OJIEpXKaHHS SHEpTii,
MOCTIMHO 3HMKYETHCS, 10 MOXKHA MOSCHUTH MOPIBHSIHO HU3BKOIO TEIl-
JIOTOIO 3TOPSHHS 010MacH, BHACIIIOK BUCOKOI'O BMICTY B Hiif BOIH.

OcHOBHI TIepeBary BiIHOBIIOBAILHOI €HEPreTUKH OYEBHIHI — BOHA €
HOBJIIOETBCSA, 1 TOMY TE€PMIH BHUKOPHCTAHHS HEOOMEKEHHM, EKOJIOrTYHO
YHCTA BiJHOBJIIOBAILHA CHEPIisl 3HAXOIUTELC B OYIb-TKOMY MICIIl ITAHETH
1 Ma€e BHICOKI IOKA3HHKH BiIAayi eHeprii, OCKUIbKHM BiJCYTHI 3aTpaTH Ha
PO3BimyBaHHs, 100YBaHHS MalMBa, TPAHCIIOPTYBAaHHsI, 30epeKeHHs, TI00y-
JIOBa OYKMCHUX CIIOpY]I Ta OaraTo iHIIoro.

Pa3om 3 mepeBaramu BiIHOBIIOBAJIBHI JKepena eHeprii MaloTh Bax-
JIMB1 HEHOJIKU:

— MaJjia T'yCTUHA MIOTOKY €HEprii, 110 BUKIIMKAe HEOOXITHICTh Y BEJTH-
KHMX ITOBEPXHAX AJIA ii mepepoOKu;

— 3HAYHA HEPIBHOMIPHICTh BUPOOJICHHS SHEPTil 3aJIeXHO Bij yacy
JO0M Ta TOPH POKY, IO B CBOIO Yepry NoTpedye 3aCTOCYBAaHHS CKiIajl-
HUX Ta JOPOTHUX CHUCTEM aKyMYJIIOBaHHs eHeprii abo JyOJtoBaHHS IO-
TY>KHOCTEH 3a PaXyHOK TPAJUIIIHHUX EHEPropeCcypciB;

— HEPIBHOMIPHICTh PO3TalllyBaHHS CHEPreTUYHUX YCTAHOBOK, OCKi-
JIbKH BOHH MOXXYTh €(pEeKTHBHO BUKOPHCTOBYBATHCH TIIBKH B paiOHAaX,
10 MarOTh HAWOUTBII CIPUATIMBY KOHIEHTPALII0 COHAYHOI Ta BITPOBOT
eHeprii.

1.2 ®i3snyHi OCHOBU NepeTBOPEHHs eHeprii BiTpy

EHepri;I BITPY € BIYHO MOHOBIIIOBAJILHOIO i HEBUYEPITHOIO, ITOKU
rpie Conie. Bitep yTBOproeThcs Ha 3emili B pe3ysbTaTi HEPiB-
HOMIpHOTO HarpiBaHHs i moBepxHi CoHIleM. BiTpoeHepreruka — rainy3b
BiIHOBJIIOBAJIbHOI €HEPreTUKH, SIKa CIEiali3yeThcsl HA BHKOPUCTAHHI
KIHEeTMYHOI eHeprii BiTpy. 3acobaMu OTpUMaHHS €HEprii BITPY € BITPO-
TypOiHM (BITPOreHEepaTopH, BITPOBI YCTAHOBKH), 5IKi 00’ €THYIOTh Y TaK
3BaHi BiTpoenekrpocranuii (BEC).



Enepris BITpY Ha 3eMHIA KyJdi OIIHIOETbCS MPHOIMU3HO B
(175...220) 10° TBr rox / pik (1 TBr= 10" Br), mo Bigmnosigae cymap-
Hill MOTY>KHOCTI BiTpoBOi eHeprii, KBT:

. (175-220)-10° -10"
365-24

sIKa IPUOIN3HO B 2,5 pa3u OLIbllle CYMapHUX BUTPAT €HEPrii Ha IUIaHe-
Ti, aJle BBAXKAEThCA, M0 HAa MPAKTUI[I MOXKHA BUKOpUCTATH juine 5 %
i€l BETMYUHH.

Eneprist BiTpy — 1€ YaCcTHHA COHSYHOI €HEpPrii, sika JOCsIra€e 30BHIII-
HIX IIapiB 3eMHOI aTMOC(epH, MEePETBOPIOETHCA HA KIHETUYHY €HEPriio
YaCTUHOK TOBITPs, SIKI pyxaroTbesi, ToOTO BiTpy. KiHernmuHa enepris
BITPOBOT'O IMOTOKY JIOPIBHIOE:

=(20-25)-10°,

JIe m — Maca TOBITpsl, 0 PYXa€ThC; V — MIBUIKICTH BITPY, M / C.

Sk BxKe BiAMiYajocs eHepris BITpy Mae crerudidyHi 0COOIMBOCTI:
Maay KOHIIEHTPALIo, BIIHECEHY OO0 OOUHHUII 00’ €My IOBITPSHOrO IO-
TOKY, Ta BHIIAJKOBHMH XapakTep 3MIHM MIBUIKOCTI. Ajie 3 iHIIOro OOKY,
Take JDKEPENIo eHeprii Mae IUPOKe PO3IOBCIOJHKCHHS, a €KOHOMIYHA
e(peKTHBHICTh TEXHIYHHUX 3aCO0IB T03BOJISIE BUKOPHUCTOBYBATH HOTO ISt
3a0e3MeueHHs] eHEepricio CIOKHUBAYIB Y BaXKKOJAOCTYIIHUX PalOHaX, Bijl-
JAJICHUX BiJl JpKepelia LEeHTPali30BaHOro eHepromocrayanHs. [loryx-
HICTb BITPOBOIO TIOTOKY BH3HAYAETHCH SIK:

4 S
P=—=p—
t 2
Jie ¢ — Yac, MPOTIrOM SIKOI'0 BUKOHYEThCs poboTa W; p — rycTHHA MOBIT-
ps; S — mona, Ky IepeTHHAaE BITPOBUH MOTIK; V — MIBUAKICTh BITPY.
BitpoBe Komeco TeOpeTHIHO MOKE MEPETBOPHUTH MOTYXKHICTH ITOTO-
Ky TOBITPS, 110 IPOXOAUTE Yepe3 IO IePEPi3y, sKa IM OXOIIIIOETh-
csl, Y MOTYXHICTh Ha WOro Bany 3 koedirienrom kopuchoi mii (KK/I),
3Ha4YEeHHS SIKOTO Ja€Thes KpuTepiem berna (IuB. HUKYE):

B

noBe 16 g5,
P27

n



ae P, — IoTyxHiCTb BiTpokoseca; P — HOTYKHICTh BITPOBOTO MOTOKY.
OueBnano, mo KKJI peasmbHUX BITPOBUX KOJIC € HUXYKAM, 1 UIA
HalKpalux iX BapiaHTIB (3 €KOHOMIYHOI TOYKH 30pY) JOCATAE MAKCH-
MaJlbHuX 3HadeHb 0,45.
B ninomy notyxHicTe BiTpoarperata P, BH3HAYaeThCs CIIBBIIHO-
HICHHSIM:
Sv? v’

P = _— ,
e — NpTleP 5 MNP >

ne m, — KKJI irpoasuryna; m, — enexkrpuynuii KKJI BirporenepaTtopa
i meperBoproBaya (B Mexax 0,70...0,85); L — noBxuHa jtomnari.

Hanpukan, BiTpoBe xojeco 3 JOBXHHOO JionaTi 10 M mpu MBUAKO-
cti Bitpy 10 M / ¢ MOKe MaTH MOTY>KHICTh Ha Bally:

p _0,45-0,8-1,29-3,14-100-103
BK 2
BaxxnuBuUM aclieKTOM BHUKOPHUCTAHHSA BITPOYCTAHOBOK € BapTICTh

enexTpoeneprii (rpH / kBT - Ton), sxa Moxke OyTH MigpaxoBaHa 3a BUpa-
30M:

~ 73 kBT.

_ KF
0,25PT

ne K — xamitaneHi Butpaty; F = 0,125 — (paxTop MOHOBICHHS BUTPAT
MpY rapaHTOBAHOMY TEPMiHi Jii YCTAaHOBKH 25 POKiB; P — MOTYXHICTh
ycranoBku; T = 8760 roj / pik — KUIBKICTh TOJMH POOOTH YCTAHOBKH 3a
pikK.

st HopMaiibHOI POOOTH BITPOBHX ABUTYHIB IIBUAKICTH BITPY HE
MOBUHHA TMMaJaTh y CEPEIHLOMY 3a PiK HIK4Ye 3a 4...5 M / ¢, a Kpaie,
KOJIU BOHA CTaHOBHTSH 6...8 M / ¢. HallOUIbI CIPUATIMBUMU pErioHaMU
JUTSI BUKOPUCTAHHS BITPOBOI €HEPrii € y30epexoks MOpiB 1 OKeaHiB, cTe-
Y, TYHJpa, TipChKi paiionu. HaliedekTuBHille BITpOBa yCTaHOBKA BH-
KOPUCTOBYETBCS Y MICIISIX, JIe BiJICYTHE LIEHTPAIi30BaHE €HEPromocTa-
YaHHs 1 JOCTAaTHI BITPOBWIA TOTEHINAJ, HEMA€E TAKHX MEPEIIKOJ, K
BHCOTHI OYJIMHKH Ta TIaropou.

3 ycix mpHucTpoiB, IO MEPETBOPIOIOTH CHEPTil0 BITPY HAa MEXaHIUHY
poboTy, y mepeBaxHiil OLTBIIOCTI BUKOPUCTOBYIOTHCS JIONATEBI Mallu-
HU 3 TOPU30HTAJILHUM BaJIOM, YCTAHOBJICHHM 33 HANpPSMKOM BITpy, Ha-
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Oarato piaire — NpUCTPoi 3 BEPTUKAIBLHUM BasioM. TypOiHH 3 TOPU30H-
TaJBHOIO BICCIO 1 BUCOKMM KOC(QII[IEHTOM NIBUAKOXIJHOCTI MAalOTh Haii-
Oilpllle  3HA4YeHHS KoeillieHTa BHKOPUCTaHHS €Heprii  BiTpy
(0,46...0,48). BirpoTypOiHM 3 BEpPTHKAJIBHHM pPO3TAIlyBaHHSIM OCI
menm edextusHi (0,45), ane He BUMararTh HaJalITyBaHHS Ha Hamps-
MOK BiTpy. ChOT'0JIHI 3aIIpOIIOHOBAHO 0AaraTo BapiaHTIB MEXaHI3MIB IS
OTPUMAaHHSI €ICKTPUYHOT CHEprii 3 BiTpy.

Cyu4acHi BITpOECHEPreTUYHI YCTAaHOBKH — II€ CKJIAJHUII aBTOMATH30-
BaHUIl eNeKTpOMEXaHIYHUI KOMILJIEKC MEepPETBOPEHHS €Heprii BiTpy B
eNIEKTPUYHY eHeprito. ['0loBHI eneMeHTH BiTpoarperata — potop (Jomna-
Ti), TeHEpaTop, KOpoOKa mepenay, OamiTa, CUCTEMa PEryJIFOBaHHS pe-
KUMaMH PoOOTH TOIIO, puc. 1.2.

Jnst akyMyIIOBaHHS €Heprii y BUIIISL TEIUIOTH 3 BUKOPUCTAHHSM ii
JUIsl ONaJIEHHSI TPUMILIEHb MOXYTh BHKOPHCTOBYBATHCSI BiITpOEHEpre-
THuHi yctaHoBk (BEY) 3MiHHOT Hampyru 3i 3MiHHOIO YacTOTOIO (pHC.
1.2, 6) abo BEY mocrtiitHoi Hanpyru (puc. 1.2, @), Ipu 1boMy 4acToTta
o0epTaHHS BITPOBOTO JIBUTYHAa HE 00OB’SI3KOBO MOBHHHA OyTH TOCTil-
HOW. BukopucTaHHS BHIPSIMIISIOUMX MPUCTPOIB Ja€ MOXKIHUBICTD
OTpUMAaTH TOCTiiHY Hampyry, sKa MO)K€ BUKOPHCTOBYBATHCS Oe3moce-
penHbo abo micis iHBepTYBaHHA B 3MiHHY HAMPyry MOCTIHHOI YacTOTH.

I'enepyBaHHS MOCTIMHOTO CTPYMY BiIOYBa€TbCS HUHI MPAKTHYHO
Tinbku Ha Manux BEY moryxnictio He Oinbme 1-10 kBt. B upomy Bu-
MajKy HeMae MoTpeOH B MOCTiMHIA 4acTOTi 0OepTaHHs BITPOBOI'O JBH-
T'yHa 1, SIK IPaBHUJII0, BAKOPUCTOBYIOTHCS aKyMYJIATOPHI OaTapei.

BirpoeHeprernyHi yCTaHOBKH CEPEIHBOI 1 BEJTMKOI MOTYKHOCTI, SIK
MPaBUJIIO, IPAIIOIOTh Ha eNeKTpUUHy Mepexy (puc. 1.2, 6). [Ipu upomy
CHHXPOHHHI1 TeHepaTop 3HAXOJAUTHCS B CHHXPOHI3MI 3 MEpEKel0 B IIU-
POKOMY [liama3oHi MOTYKHOCTEH, 110 PO3BUBAIOTHCS BITPOBHUM JIBUTY-
HOM. /o HEmOdIKIB TaKOl CXeMH BIZHOCATH T€, IO 32 BU3HAYEHUX BIT-
POBUX YMOB CHHXPOHHA MallliHa MOX€E MEPEXOIUTH B PEKUM JIBUTYHA 1
CIIOJKMBATH €HEPTiI0 3 MEPEXKi, a MPH PI3KUX TIOPUBAX BITPY 3’ ABISETHCS
WMOBIPHICTb 11 BUMaIaHHS 3 CHHXPOHI3MY.

BukoprcTaHHsl aCHHXpOHHOT'O TeHepaTopa sIK IIepeTBopioBayda 3Ha4HO
MEpPCIEeKTHBHIIIE 3aBJSKMA MPOCTOTI KOHCTPYKIIi, BUCOKIH HAAIHHOCTI B
po0OTi, MPOCTOTI CXeM BBIMKHEHHSI Ha MapaJielIbHy poO0Ty 3 MEPEXKEIO.
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Buxid
B"“EE prr— nocmidnozo
it Mocmitkud cmpyt cmpuy

— CmpyHy

3JriHHO Hacmoma AxyrymamopHo
ofiepmaHHA damapes
Bmep_ ([ Tewepamop e
nocmidHozo Bz
aflo 3MHHOZO =1 mgnmnuil =
—
cmpyMy \ OKYHYAAMO
3mika vacmoma MacmidHul cmpym 00 3MHHUG CmpyH
0fiBpMaHKA IMHHOI HOCMOMmU
IMiHHUU
BE”.. Tevepamop |CPUM 3tik0l
—= H amnHozo  PECMOMU el Bunpsmas
= CmpyHy
JHiHMO Yacmoma Mocmidrud Puxid
ofiBpmOHHA cmpyM :
FMIHHOZO CMpYHY
MOCMILHD! YOCmomy
InBepmop —— -
a
Mepexa
Bimep
— CunxporHul
: ZeHepamop
B Hobarmoxexna
TMocmidHo yocmoma -
olepmoHHA
Mepexa
Bimep N
— ACUHXPOHHULO
= ZeHe pamop
—t
Habaxm pxexHs
Yacmoma ofiepmonks, Aka HodAuXeHo -
80 NOCMIIKO!  Hy ynpaBnineg zEHEpaMOpHOI Me
TR —
Bimep
— [eHepomopHo cucmema
— 3MHHOZD CMpYMY -
- NOCMICHOI YOCMOMmU
NpU 3MIKHID HOCOMI HoBoumaxe:sn
obepmanna npubody

JMIHHD Yocmoma
olepmaHHa

o
Puc. 1.2. Cxema reHepyBaHHS i BUKOPUCTAHHS CIICKTPUYHOI €HEPTil IIPU aBTO-
HOMHIi (a) 1 MepexeBili (6) poOOTi BITpPOEHEPTeTHYHOI YCTAaHOBKH
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KpuTtepiii Berna. [ToTyxHiCTh Ha Bally € €HEPri€lo, KA BTPAYAETh-
Csl B OIMHMUIIIO Yacy BITPOBUM MOTOKOM, IIIO B3aEMO/IIE 3 BITPOKOJIECOM:

P, =0,5m(v; —v3),

JI€ Vo — MIBUKICTh HAOIrarouoro moToKy; v; — MIBUAKICTh MIOTOKY Ha BHU-
XOJI1 BITPOKOJIECa; 11 — Maca MOBITPS, 110 MPOXOAUTH 33 OJUHUIIIO Yacy.
ITpuiimatouwn, 1m0
_ ()
v =—,
2

TOMI,
2 2y _
0,5m(vy —v3) =0,5(vy =v,))(vy +v,) =mv, (v, —V,).

O4eBUIHO, IO NIBUKICTH MOBITPSHOIO MOTOKY Y IJIONIMHI BITPOKO-
Jieca He MOXKe OyTH MEHIIIE TTOJIOBHHHM IIBHUJIKOCTI HA0Irarouoro MmoToKy.
Maca noBitpsi, 1110 IPOXOJUTh Yepe3 MEePETHUH S B OJUHHMINO Yacy (KT / ¢),
JIOPIBHIOE, SIK 1 paHile

m=pSy,,

1€ p — TYCTHHA MOBITPSL.

3pobumMo 3amiHy:
vy, =2V, —V,.

Toxi MOXKHA 3aIIMCaTH, IO
_ 2 _ 2
P, =pSv;(vy —v,)=2pSv, (v, —v,).
BBenemo moHATTS KoedillieHTa ralbMyBaHHS IIOTOKY Ol SIK BITHOCHE
3MEHILIEHHS y BITPOKOJIECI MIBUIAKOCTI HaOIratouoro NoToKy, To0TO:
Yo Vi

o=—-=
Vo

3BIAKU
v =1-o)y,.

KoedirieHT o Ha3MBarOTh TaKOX Koe(illieHTOM iHAYKIii abo 30y-
peHHs. OCTaTOYHO MOXKHA 3aIlUCATH:

P, =2pSvi (v, —v,) =2pSvia(l—a)® = 0,5pSv;[4a(1—a)’].
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BBeneMo moHATTS KoedillieHTa MoTy)HOCTI BiTpokoneca Cyy SIK Yac-
TKy MOTYKHOCTI Habiraro4oro BirpoBoro motoxky F,, To6To:

P
CBK = — *
5
Bpaxosytouu, 1o
B, =0,5pSv;,

OTPUMYEMO:
C,. =4a(l-a)’.
MakcuManbHe 3HA4YCHHS CEK MOKHA OTPHMATH, SIKILO B3SITH TIOXiJI-
HY 32 Koe(il[ieHTOM O

oC,,
oo,

[pupiBHIOOUN LI BUpa3 A0 HYNIA, OTPUMYEMO, IO MaKCHMallbHe

=4(1—a)’ +40-2(1-0)-(-1)=120*> —160.+ 4.

sHauenHs C,  JOCSTaeThCs MPH a=§ (3HaueHHs o =1 Bimkumaemo

aK TpuBiajbHe). Tomi
e _ g 1(2) 216
> 3\3 27

ToOTo, y KpaloMy BUIAJKY, TUIBKHA TPOXH OiIbIIE MOJOBHHH €Hep-
Tii BITPOBOI'O MOTOKY IO Habirae, MOKHa BUKOPHUCTOBYBATH y BITPOYyC-
TaHoBII. Lle MosACHIOETbCS THM, 110 MOBITPSHUH MOTIK IOBHHEH BOJIOII-
TH TaKOI0 KIHETHMYHOK) €HEPri€ro, M[00 MIr MOKMHYTH OKOJIHIl BiTPOKO-
neca. OctaHHs yMOBa Ha3uBa€eThbes kputepiem berna. Bona criipaBeniu-
Ba U1 OyJb-KOT EHEepreTHUHOI YCTAHOBKH, SIKYy OOTiKa€ BUTbHUN MOTIK
pinuHM abo rasy.

ChOrojiHi BiTpOCHEpreTHKa PO3BUBAETHCS ¥ 75 KpaiHax cBity, y 30 3

HHX — IHTEHCUBHUMHY TEMIIAMH.

SIKIIO MOAMBHUTHCS HA CEKTOP BITPOCHEPreTHKH B IIJIOMY, TO BiH
ckinanae 0nm3bko 2 % Bij BUPOOJICHHS YyCi€l enekTpoeHeprii y criti. Lli
00CSTH MOXYTh JI03BOJIMTH 3a0€3MEUUTH EHEPri€lo Taky KpaiHy sk Be-
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JUKOOPUTAHIS — HIOCTY y CBITi 32 00CsraMy BUKOPUCTAHHS eNIEKTPHUIHOT
SHeprii y CBiTi.

Slkmo roBopuTH npo Ykpainy, To B pamkax KomriekcHoi mporpaMu
OyZIBHUIITBA BITPOBUX EIEKTPOCTAHIlI BXXe BCTaHOBJIeHO 87,5 MBT
BITPOBHX TOTY>KHOCTEH.

Onnak, uist YKpaiHu, BiJTHOBIIOBAJIBHI JKepeia eHeprii MalTh CTa-
TH TaKUMH K 3HAUYIIUMHU sK, HAOPHUKIAI, OTPUMAaHHA Ha(TH Y Tasy.
BitunsHsHul BITPOBHI MOTEHIIad Ma€ BCI MIAHCH 30UIBIINTH OOCATH
BITpOBOI eHeprii mjoHaMenme 10 12 % Big 3arajJbpHOI KIIBKOCTI, sSKa
BHPOOJIAEThCA B YKpaini. HalOimbln MmepcoeKTUBHUMH UL PO3BUTKY
TaKoi €HePreTHKY € MiBACHHI, CXIAHI 1 3aXiaHI perionn aepxaBu: Kpum,
Jouenpkuii, MukonaiBcbkuii, OJechbKHii, a TAKOX JesKi Teputopii [Ba-
HO-(paHKiBchKoi Ta JIbBiBCHKOI 0Onacrei, puc. 1.3.

Puc. 1.3. Po3noain eHeprii BiTpy Ha TepuTopii YKpainu

Ha mouarky 2011 poky, Ha MUIBrOBUX YMOBax, OyJI0O BBE3CHO B
Ykpainy oOnagHaHHs Jyis nepioi uepru HoBoa3oBChKOI BITPOBOI eJIeK-
tpocranmii. B mumai 2011 poky BigOyaocs ypO4HCTe BIIKPUTTSA HOBOL
EIIEKTPOCTAHIIII i3 JeCITH BBEACHHUX B IO BITPOBHUX TypOiH 3arajibHOIO0
notyxHicTio 25 MBT. ¥ 2012 poIii moTyXHICTh BITPOBOI €IEKTPOCTaH-
il gosegena 10 57,5 MBT. [IpoekTHa MOTYXKHICTL €IEKTPOCTAHIll cTa-
HoButh 107,5 MBT (maaHyeTbcsi BCTaHOBUTH 43 BITpOBI TypOiHH
Fuhrlander FL 2500/100 motyxHictio 2,5 MBT koxHa). 3ayBaxkumo,
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0 Ha AUIsIHIN, Je po3ramoBana BEC, paHilie Bxe npaioBaiy BiTPOBi
JIBUTYHH 3arajibHOI NoTyxHicTio 21,8 MBT. Huni Ha 11i#t giisHIi npa-
LIOIOTH BITPOBI TypOiHM 3araabHOI0 MOTYKHICTIO 79,3 MBT.

Kpim toro, 8 2011 porii Oysi10 BBEACHO B Jif0 MEpIITy Yepry BiTPOBOi
enekrpoctaniii TOB «Bitporuii mapk O4akiBChbKUI» TOTYKHICTIO
25 MBTt (10 BitpoBux Typ6in Fuhrlander FL. 2500/100 motysxHicTIO
2,5 MBT koHa), a TaKOX BCTAaHOBJIEHI TypOiHM MOTYyxkHIicTIO 3 MBT
BUPOOHMITBA KoMMaHii Vestas B CkagoBCcbKOMY paiioHi XepcoHCHKOT
obnacti (TOB «Binakpadt Ykpaina»).

B 2012 porti JoHerska maauBHO-eHEPreTHYHA KOMIIaHiA 30yxyBajia
niepiny yepry boriescbkoi BEC moryxHictio 57 MBT. OTke, cTaHOM Ha
xoBTeHb 2012 poKy 3arajibHa MOTY>KHICTH BITPOBUX €NEKTPOCTAHIIN
Ykpainu ckiajgae 6iu3pko 249 MBT.

BceraHoBiieHa MOTYXHICTh BITPOBUX €IEKTpOCTaHIliil y cBiti B 2011
poi 3pocia Ha 41 I'BT 1 cknana Ha kiHenb poky 238 I'Br. Takum um-
HOM, MOTY)KHICTh BITPOBUX €JIEKTPOCTaHIIiK 3pocia Ha 21 %, a cepen-
Hil TeMI 3POCTAaHHS TOTYXXHOCTI BITPOBHX €ICKTPOCTAHIINH MPOTIrOM
MuHynmux 10 pokis cknagae 26 %, puc. 1.4.
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Puc. 1.4. [loTyXHicTh BCTAHOBJIEHUX BITPOBHX €JIEKTPOCTAHIIIN B CBIiTi

B 2012 pormi Oyiia BCcTaHOBJIEHA PEKOPJIHA KUIBKICTh BITPOBUX TYP-
OiH 3a BCIO iICTOPIIO PO3BUTKY BITPOBOI eHepreTuku (puc. 1.5).

JlitepoM 3a MIBUIKICTIO PO3BUTKY BITPOBOI €HEPreTHKHU TPETIH pik
nocriih 3anuiaetbess Kutait, ne B 2012 pomi Oyj0 BCTaHOBJICHO
16 I'BT mOTY>KHOCTEH BITPOBHX €IE€KTPOCTAHI[I. 3arajabHa MOTY)KHICTh
BEC Kwurato cknanae vuni 6sim3bpko 63 I'BT a6o 26 % Big 3arajibHOT 1Mo-
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ty)kHocTi BEC cBity. Uactka CIIA cknanae 20 %, Himeuunnaun — 12 %,
Icmmanii — 9 %, a Iamii — 7 %.
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Puc. 1.5. BcraHoBIIEHHSI HOBHX ITOTY)KHOCTEH BITPOBHX €JIEKTPOCTAHIIIH

KapTty norenniany OyaiBHHIITBA BITPOBHX €JIEKTPOCTaHIINA YKpaiHu,
SIKY CKJIaJIEHO Ha OCHOBI moBimomiieHb B tipeci B 2009-2012 p.p., moka-
3aHO Ha puc. 1.6.

Puc. 1.6. Kapta BiTpOBUX enekTpocTaHLii YKpaiHu
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TepuTopii, mo3Ha4YeHi Ha KapTi, € OPIEHTOBHUMU: B OKPEMHUX BHIIA/]I-
Kax MoBa Hae npo OyniBHunTBo BEC mobam3y meBHOro HaceneHoro
MYHKTY, B IHIIMX — I€ MPOCTO PErioH 4u neBHa Horo yactuHa. Kpim To-
r0, BCTAHOBJIGHA MOTYXXHICTh nepcnekTuBHIX BEC Takoxk mocuTh opie-
HTOBHa ¥ MOXX€ BBOJMTHCS B EKCIUTyaTalllF0 MOCTYIOBO. 32 OPi€HTOB-
HUMH MiIpaxyHKaMH, 3asBJIeHI MPOEKTH TEOPETUYHO MOXKYTh JAOBECTH
BCTaHOBJICHY MOTYXKHICTh BITPOBHX €NEKTpOCTaHIid B YKpaiHi 70
3—4 tuc. MBT.

Piyanii nmpupicT eHeprii, 1o OTPUMYETHCSI OCTAaHHIM YacoM y €Bporti
3a JIONIOMOT'OI0 BITPOCHEPreTHYHUX ycTaHOBOK mepepuiinye 30 %. Take
MOTY>KHE 3POCTaHHS OOYMOBJICHO 30UIBIICHHSM KUIBKOCTI IMOMIOHUX
YCTaHOBOK 1 MiIBULIIEHHSIM TX MOTY>KHOCTEH.

1.3 ®i3snyHi 0CHOBU NepeTBOPEHHS eHeprii COHuA

Conue € TIraHTCBKUM «TEPMOSIIEPHUM PEAKTOPOM», SIKHH Tpa-
I[}O€ Ha BOJIHI 1 MOCEKYHAU mepepodise 564 MIH T BOJHIO Ha
560 muH T remito. Brpata 4 muH T mMacu jaopiBHIOE 91 - 10° I'Br-rox
eHeprii. 3a oHy CeKyHAY BUPOOIS€ThCS eHeprii Oinbiie, HK 6 MIpI.
AEC 3mornu 6 BUpoOUTH 3a piK. 3aBIsIKH 3aXUCHIH 000J10HI aTMocde-
PH JIHIIEe YacTHHA IIi€l eHeprii 1ocarae MOBEepXHi 3eMiIi.

Enepris, mo #ne Binm CoHIs, PO3MOBCIOKYETHCS Y BUIIISIIII CICKT-
POMAarHITHOTO BUITPOMIHIOBAaHHSI, YACTHHA SKOTO BiIOMBAETHCS abo Mo-
TIIMHAETHCS aTMOC(eporo, XMapaMu. Ta yacTuHa, SKa A0CSTaE MOBEPXHi
3eMiTi, € COHSIYHOIO pajIialli€ro.

Counsiuna padiayis — 1€ eIEKTPOMarHiTHE BUIPOMiHIOBAHHSI, 11O 30-
CEPEKYEThCA B OCHOBHOMY B  Jiala30HI XBHJIb JIOBXKHHOIO
0,28...3,0 MxMm.

CoHSYHUI CHEKTP CKIIAJIAI0Th!

— yueTpadionerori xBum gorxuHOo 0,28...0,38 MKM, sKi € HEBU-
JUMUAMH JUTS JTIOJCBKOTO OKa 1 CTAHOBJIATH MPHOIHU3HO 2 % COHSYHOTO
CIIEKTpA;

— cBiTioBi xBwim y miana3zoni 0,38...0,78 mkm (380...780 HM), sKi
CTaHOBIATH MPUOIN3HO 49 % crnekTpa;

— iHdpavepBoni xBuiai aoxuHOo0 0,78...3,0 MKM, Ha YacTKy SKHX
npumnajgae 49 % COHAYHOrO CIeKTpa.
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Pemira wacTuHa criekTpa Bifirpae HE3HA4HYy POJib Y TEIIOBOMY Oa-
saHcl 3emii 1 ToMy He BpaxoBaHa. [[OTy)KHICTh COHSYHOI pajialiii Ha
1 M° mosepxwi 3emii nopiBHIOE 1359 BT / M’, 115l BETUUMHA € COHAUHOIO
cmanor.

[upoTHi 3MiHM pajialifHOro OajlaHCy MOBEPXHI 3eMIIi, sIKi 3aie-
JKaTh BIJl PIBHS pajiallii, TeMIepaTypH, BOJIOIOCTI MOBITpPs, BITPY, Oma-
B, € pe3y/IbTaTOM 00epTaHHS 3eMJli HaBKOJIO CBO€ET oci i CoHIIs.

AKIO NpUAHATH A1 OPIEHTOBHMX DPO3PAaXyHKIB, MO MOTYXHICTH
COHSYHOTO BHIIPOMIHIOBAHHS, SKa TIPHIazae Ha 1 M’ 3eMHOI OBEPXHi,
cTaHOBUTH Onu3bk0 1 kBT, TO Ha oy 10* kM® BoHa mOpiBHIOBATHME
10 mapn kBT. Skmo KK/ ycranoBok 0yne 10 %, To Ha miii miomii Mo-
JKHA OJICPIKATH MOTYXHICTh 1 mutpa. kBT.

ImkeHnepHa Hayka npo Oe3Mmocepe/IHE BUKOPUCTAHHS COHSAYHOI eHep-
ril HA3UBAETHCS TEII0TEXHIKOIO.

Eneprist connst Moxxe OyTy TiepeTBOpEHa B €ICKTPUUHY (3a JOMOMO-
TOI0 HAIMBIPOBIIHUKOBUX CXEM a00 MPSMUM MEPETBOPEHHSAM) abo y
TEIIOBY (3a IOIOMOTrOI0 TEIIOBUX HACOCIB).

Mertoa npsIMOro MepEeTBOPEHHS COHSYHOI'0 BUITPOMIHIOBAHHS B eJic-
KTPUYHY CHEPril0 € HaWOUIbII 3pYyYHUM JUIsl CIOXKUBaya, OCKUIbKU
OTPUMYETHCS HaANOIIbII BHKOPHUCTOBYBaHUU BHI eHeprii. Kpim Toro
Take MEePETBOPCHHS € €KOJIOIYHO YUCTHM 3aCO00M OJIepKaHHS CJIEKT-
poeHeprii Ha BiMIHY BiJ| iHIIKX, SIKI BUKOPUCTOBYIOTh OpraHiuHe MaJiu-
BO a0o0 siiepHy cupoBUHY. [Ipu npsMoOMy MepeTBOPEHHI COHSAYHOTO BH-
MPOMIHIOBaHHS B €IEKTPUYHY EHEPTril0 BUKOPHUCTOBYIOTHCS BIATOBiAHI
HAaIIBITPOBITHUKOBI €JIEMEHTH.

OCHOBOIO HAIIBIPOBIJJHUKOBOTO COHSYHOI'O €IEMEHTY € IJIaCTHHA
HAITBIIPOBIHIKA 3 p—n mepexoxoM. Moro po6ora 3acHOBaHa Ha SIBHIII
(hoToedeKTy, CyTh SIKOTO MOJSATAa€E B TOMY, 110 KBAHTH COHSYHOTO CBITJIa
3 GHEpri€lo, OUIBIIO HIX IMPUHA 3a00POHEHOT 30HHM HAITIBIIPOBITHU-
Ka, MOTJMHAIOTHCS IM 1 CTBOPIOIOTH Mapy HOCIiB CTPYMY: €JIEKTPOHU B
30HI MPOBITHOCTI Ta AIPKH y BaJleHTHIN 30HI1. {11 TpoCcTOpOBOro po3-
MOJIUTY 3apsiJliB, & 3HAYUTh | BUHUKHEHHS €JIEKTPUYHOTO CTPYMY, HEOO-
XiJIHa HAsBHICTh BHYTPIIIHBOT'O EIEKTPHUHOIO IO Y HAIMBIPOBIIHMU-
Ky. Take mose icHye B €IeKTPOHHO-IIPKOBOMY p—# TIEPeX0/ii, B KOHTaK-
Ti METaJ—HaIIBIPOBIJHUK a00 B KOHTAKTI JBOX PI3HUX HAIIBIIPOBIIHU-
KiB (T€TEepOoIepexou).

COHSIYHUI €JIEMEHT 3 p—H TIEPEX00M Ta HANpsM Pyxy (GoToreHepo-
BaHUX HOCIIB 3apsily CXeMaTH4YHO TOKa3aHi Ha puc. 1.7. ®oTtorenepoa-
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Hi B p-00JIaCTi €IEKTPOHHM MEPEMIIYIOThCS CICKTPUYHHM TIOJeM B
n-00J1acTh, i, HaBIMaKK, (POTOTCHEPOBAHI B #-00J1aCTi IIPKU 3MINYIOThCS
B p-o0iacTh. Ha oMiuHMX KOHTakTax / BHHHKA€E PI3HMIIS MOTEHIIIAJIB,
sIKa Ha3WBa€ThbCS HANpyrow xomnoctoro xoay Uy SKIIo 3akopoTUTH
KOHTAKTH, TO YepPe3 COHAYHUI SIIEMEHT MOTeUe CTPYM KOPOTKOI'O 3aMHU-
Kauus I ,. Jlnsg Toro, o0 eneMeHT BiggaBaB €HEPrii0 B 30BHIIIHE KOJIO,
JI0 Or0 KOHTAKTiB MPHUETHYIOTh HaBaHTaKEHHS R,. Takum unHOM, MO-
JKHA BBAXKATH, [0 COHSIYHUHN €JIEMEHT BUKOHYE POJIb ITOMIIH, KA Tiepe-
Kauye eJICKTPOHU B HANPSIMKY 1-00J1aCTh — 30BHIIIIHE HABAHTAXKCHHS —
p-00J1acTh.

CBITNO
om
1 U, ' U,

2 R H

b

0z o4 oy 08
am

[

a02

" @
®

eTpynL MAoM?

apd P LU,
1 L HaMpyTa, B

Puc.1.7. Cxema COHSIUHOTO €1eMEHTa 3 p—# MEPEXOJIOM Ta MOro BOJIbT-aMIIEpHA
XapaKTEepUCTHKA

OCKiJIBKHM BOJIbT-aMIIEPHA XapaKTEPUCTHKA TAKOTO MPUiIaay MPOX0-
JIUTH Yepe3 YeTBepTuil kBaapanT (puc. 1.7), To 1e 03HaYae, 1m0 MPUIa
€ mKepenoM crpymy. Ciix BiI3HAYUWTH, IO HA BIAMIHY BiJ XIMIYHHX
JOKEpes SHEpTii HAIiBIPOBIIHUKOBI COHSYHI €JIEMEHTH HE PYHHYIOThCS
IIpU eIEKTPUYHOMY 3aMHMKaHHI KOHTakKTiB. [Ipu BiamoBigmHOMy BHOODI
OIIOpY HABAHTAXKCHHSI MOTYXHICTh, 110 BUPOOJSETHCS COHSYHUM EJIe-
MeHTOM, Moxe jocsirati 80 % Bix 100yTKY Uyl Ha puc. 1.7 noka3zani
Takok 3HaueHHs U, Ta I, — 3HAYCHHS CTPYMYy Ta HANpyTH, JUIS SKAX
peanizyeTbCcs MaKCUMaJIbHA BUXITHA MOTYKHICTE P,, = U, [,,. Koedimient
KOPUCHOT il COHSYHOrO €JIEMEHTa BU3HAYAETHCS SIK BiTHOIICHHS MaK-
CHMaJIbHOI BUXiIHOT MOTY>KHOCTI P, 10 MOTY>KHOCTI 11aatl0y0ro COHSY-
HOro cBiTiIa Py

P

max

5

Nee =

Yum Oinbire (HOTOHIB COHSYHOI'O CBITIIA MOTJIMHAETLCS COHSYHUM
€JIEMEHTOM, TUM OLTBIIMM Oy/ie Y HbOTO CTPYM Iy;. Lle Moxe OyTH mocsi-
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THYTO 332 paXyHOK BHKOPHCTAHHS HAIIBIPOBIIHHUKIB 3 MEHIIIOK IIUPH-
HOIO 3a00pOHEHOT 30HU (TOI MiIBUIIYETHCS OIS (POTOHIB B COHSIUHO-
My BHIIPOMIHIOBAaHHI, SIKI MalOTh €HEPril0 BUIIY IIHPUHHA 3a00POHEHOT
30HM HAaIIBIPOBigHUKA). 3 iHIIOro Ooky, Hampyra U, BH3HA4a€eThCS
BHCOTOIO MOTEHI[IaILHOr0 Oap’epy B p—n mepexoi i Oyae TuM Oinblia,
yuM OUIbIIa HIMPHUHA 3a00pPOHEHOT 30HH HamiBOpoBigHukKa. s oTpu-
MaHHSI MaKCUMAJIbHOI BUX1JIHOT IOTY>KHOCTI COHSYHOT'O €IeMEeHTa Tpeda
CTBOPUTH TaKWH €JIEMEHT, Y SKOr0o OyAyTh HalOUIBIIMMU HE BEIUYUHU
Ui un I, okpemo, a 1o0ytok P,, = U,l,. BpaxoByroun po3smnozin eneprii
B CIIEKTPI COHSYHOI'O BHIIPOMIHIOBAHHS, MOXKHA MigiOpaTH HalKpamui
HaIIBIPOBITHUKOBHI MaTepiall JUisi CTBOPCHHS €(DEKTUBHUX COHSIYHUX
eneMeHTiB. Takuii MaTepiall MOBUHEH MATH IMUPHHY 3a00POHEHOT 30HU
1,3...1,5 eB. Lle, macammepen, apceHij Tajiio, s SKOrO TEOpETHYHA
MeXa MaKCHMaJbHOro Koedimienta kopucHoi Aii 6inbmie 31 %. IIpore
HaHOUTBIII IUPOKOTO 3aCTOCYBaHHS HAOyJM COHSYHI €IEMEHTH Ha OC-
HOBI OUTBIII JIEIIEBOrO KPEMHIiI0, X04a B HBOTO MIMPHUHA 3a00pOHEHOI
30HM MeHIa onTUMaibHOI (1,1 eB), a Teopernuna Meka MaKCHMAJILHO-
ro xoedimienra kopucHoi aii menma 29 %.

JloMiHyIOYa IO3HUIIIT KPEMHIEBOT TEXHOJIOTIT y MPOMHMCIIOBIH COHSY-
Hi eHepreruii (90 % CBITOBOro BHPOOHHIITBA COHSYHHX €IEMEHTIB)
BH3HAYa€ CyJacHI TEHACHIII HayKOBO-TEXHIYHOI'0 PO3BHUTKY IIi€l ramysi.
[lepeBaramu KpeMHIEBOI TEXHOJOTII € JOCTATHS HAasBHICTH KPEMHIIO y
MIPUPOII, HOro XxiMiuHa CTaOLILHICTE 1 BIICYTHICTh OYIb-IKOTO TOKCHY-
HOT'O BIUIMBY Ha JIIOJCH 1 HABKOJIMIIHE CEPEAOBHIIE, CYMICHICTh TEXHO-
JIOTiT KPEMHIEBUX COHSYHHUX €IEMEHTIB 1 0a30BUX MPOIIECIB MIKpOEIEK-
TPOHIKH.

Enexrpuuna eHepris, sSIKy MOXKHA OTPUMATH BiJl COHSYHOIO €JIeMEH-
Ta BU3HAYAETHCS K YMOBAMH OCBITJICHHS, TaK 1 XapaKTePUCTUKAMHU CO-
HSYHOrO ejeMeHTa. Po3risiHeMo, Hamnpukial, TUNOBUKA ITPOMMCIIOBHI
COHSIYHMI €IEMEHT Ha MOHOKPHCTATIYHOMY KpeMHiro po3mipom 10! mm®
Ta ToBIIMHOIO 280 MKM. IIpu koedirienTi kopucuoi aii 14,5 % B ymo-
BaX CTaHAAPTU30BAHOIO OCBiTIeHHs moTyXxHicTio 100 MBT / cM® TaKuii
eIEeMEHT MOJKe IMOAAaTH Ha 30BHIIIHE HaBaHTakeHHs Hamnpyry 0,49 B
(Uxx= 0,6 B) Ta ctpym 3 A (I;= 3,3 A), To0To Binatu 1,45 Bt moryx-
HocTi. [IpoTe Takuii piBeHb OCBITJIICHHS ICHYE JIMIIE HA MAJIMX [IHUPOTAX
BIIITKY Y TIONYJICHb TIPU ICHOMY HeOi. ToMy Tpu po3paxyHKy €lIeKTpUY-
HOI eHeprii BiJ COHIYHOrO ejeMeHTa Tpeda 3HaTH 11 KIIbKICTb, sIKa T0C-
TyIA€ MPOTSITOM POKY B AaHiil MiCIIEBOCTI.
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BuxigHa mOTY)XHICTh COHAYHOIO eJIeMeHTa MOKe OyTH IiJBHIIEHA
TaKOX 3a PaXyHOK 30UIbIIEHHS HOro TUIOIII (OCKUIBKY [, JIIHIMHO 3pOC-
Ta€ 3 IUIOMIEI0 OCBITIIEHOI'O €JIEMEHTA), OJHAK KPEMHIEBI €IEMEHTH 3
6inpmoro mromero (150x150 uu 200200 MM°) 1€ He Tak IOMMPEHi
Hixk enementy 100x100 M’

CucreMu, IO EPETBOPIOIOTh EHEPTil0 COHSIYHOIO BUIIPOMIHIOBAHHS
B TEIUIOTY, MOYKHA PO3JUIMTH HA JBI TPYIU: aKTUBHI, J¢ NMPUHAMaHHS 1
MEPETBOPEHHSI COHSYHOI C€HEpTrii 3IMCHIOEThCS B CHCIIAIbHUX TIPH-
CTPOSIX — COHSIYHUX KOJIEKTOpaXx, 1 MaCUBHI, JIe MPUHMaYeM BUIIPOMIHIO-
BaHHS € cama cropyza. Po3zin reixioeHepreTHk, e 3a JOMOMOT Ol CO-
HSYHOI TEIJIOTA MOYKHA OTPUMYBATH €JICKTPUYHY €HEPTi0, HA3UBAEThCS
COHSYHOIO TEIJI0-eJIeKTPOEHEPTeTHKOIO.

3a 10moMoro (hOTOEIEMEHTIB COHSYHE BHUIIPOMIHIOBAHHS MOXKHA
0e3rmocepeIHbO MEPETBOPIOBATH B CIICKTPUYHY eHeprito. Takuil po3zin
reJIiOCHEPreTUKU HA3UBAETHCSI COHSIYHOK (DOTOCHEPTETHKOIO.

VYci COHSUHI eTeKTPOCTAHIIT CTBOPIOIOTHCS HA OCHOBI COHSYHHUX Te-
IJIOBUX CHEPreTUYHMX YCTAHOBOK, y SKHUX 3a JIOMIOMOTOK ONTHYHUX
CHUCTEM KOHIICHTPYEThCS COHSYHA SHEPTris i HarpiBaHHS poOOYOro
TiMa 10 TeMIiepaTypH, 1o 3abesnedye eQekTUBHY pOOOTY TEIUIOBUX
MaIIIVH.

TepMomuHaMivHI COHSYHI €IEKTPUYHI CTAHIII1, 1110 HAOYJIU 3HAYHOTO
MOIIUPEHHS B 1IeH Yac, € TPhOX THITIB:

— 0aITOBOrO TUMY 13 I[EHTPAJIBHUM IMPHUIMaYeM-TIapOreHEPATOPOM,
Ha TOBEPXHI SIKOTO KOHIIGHTPYETHCS COHSIYHE BUIIPOMIHIOBAHHS BiX
IJTIOCKHX JI3epKall-TelioCTaTiB;

— mapaboJiuHOro TUIy, B SKUX Y (OKyCl mapaOosomMmIiHAPUIHUX
KOHIIEHTPATOPiB PO3MIIYIOTHCS BaKyyMHI MpUKMadi-TpyOu 3 TEMIOoHO-
ciem (maporenepaTop), puc. 1.8;

— TapUIKOBOI'O TUITY, B SKUX y (POKyCi mapaboJiuHOro TapiIKoBOro
J3epKalia PO3TAIIOBYEThCSI MPHIMAad COHSYHOI EHEprii 3 poOOoY0r0
PIAMHOIO.

Po6GounM TizioM y KOJEKTOpax y OUIBIIOCTI BUIIAJKIB € Bojia ab0 BO-
JHO-CIIUPTOBUH PO3YHH i3 METOIO 3amo0iraHHs 3aMEp3aHHIO PiIMHU Y
KOJICKTOPAX 30BHIIIIHIX YCTAHOBOK Y 3UMOBHIA Yac.

VY OUIBIIOCTI BHOAIKIB COHSYHI TEIJIOBI €IEKTPOCTaHIIli € TiopHa-
HHMH, TOOTO MalOTh JOJATKOBE JHKEPEI0 SHEprii y BUIJISAAIL Tpaaulliii-
HOT'O TaJIBa JIsl BUPOOJICHHSI €IEKTPUKH MPH BiCYTHOCTI COHSIYHOTO
BUITPOMIHIOBaHHS (IIPOTATOM JO0H).
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EdexTuBHICTP BUKOPUCTaHHS BUIPOMIHIOBAHHS, IO MaJa€ Ha
npuiimMay, ctaHoBHTH Big 20 10 35 %, a BUpoOsieHa eleKTpOeHepris 10-
piBaioe Big 10 10 30 % edexTHBHOrO Majarouoro BUMPOMiHIOBaHHS.

Congaua
pamiamnisa

Kotextop (npuffas emeprii) | —__ Enepria nepegactsca

PODOYOR PiAHHOD

Ilepereoproraq eneprii coHId
200 HAKOIIHIVEAT

v Emnepria podo=oi piouan
nepemaeThCAa
Eneprovcranoexa (TemmoeHi NapOoCHICRIM
OEHTVH, IApOreHepaTop - ¥CTAaHORIN
Tvphina)

Enextporenepatop

Puc. 1.8. Cxema oepkaHHS €IEKTPUYHOI SHEPTii COHTYHOIO
TEII0eNIEKTPOCTAHIII €10

Conssynmii koJiekTop. PoboTa cucreMu TerionocTayaHHs IPYHTY-
€ThCS HA BUKOPHUCTAaHHI COHSIYHUX KOJIGKTOPIB, Y SKHX BiJ0yBa€ThCs
TEIJIOHOCIA. 3apa3 MIMPOKO BHKOPHUCTOBYIOTHCSA ILIOCKI KOJEKTOPH,
OCOOJIMBICTIO SIKHX € T€, III0 BOHU MEPETBOPIOIOTH Y TEIUIOTY SIK MpPsIME,
TaK 1 po3cisiHe BUNPOMiHIOBaHHS. TOMY IMJIOCKI KOJEKTOpH HE MOTpe-
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OylOTh  3aCTOCYBaHHS  CKJIAJJHMX CHCTEM  CIIOCTCPEXKCHHS 32
Conrem.

KoxHOro poKy BCTAHOBIIIOTHL KOJEKTOPH, SKi BHPOOISIOTH OlibIIe
Hix 20-30 'Bt eneprii. 3apa3 3arajibHa MOTYXHICTh COHSIYUHUX KOJICK-
TopiB mepepuinye 250 I'Bt, i med mporec IpoaoOBXKyeThes. binmblie
BCBHOT'O COHSYHHX KOJEKTOPIB BeTaHOBIeHO Ha Kimpi, B I3paini, ABctpii,
I'penii i va Bap6amoci: BigmosigHo 65, 60, 40, 30 1 25 MBt Ha 100000 xw-
TemiB. 3a HUMH HayTh Manbta, ['epmanis, Typeuunna, Kurait, SAmnonis,
Ascrpanis i Jlanis 3 nokazuukamu 12—6 MBT na 100000 xureniB. CBi-
TOBHUM JIIJIEPOM TI0 BUTOTOBJICHHIO 1 BCTAHOBJICHHIO COHSIYHUX KOJIEKTO-
piB € Kuraii, mons sixoro cknanae 80 %.

[Toka3zHukoM e(EeKTHBHOCTI KOJEKTOpa COHSYHOI eHeprii € ioro
KK/, 1o o0uncIioeTbest 32 BUBHAUYEHHUH MTPOMIDXKOK Yacy (TroanHa, 100a,
MICSIIb, PIK):

_ 9
nK EKS’

ne O, — TEIONPOAYKTUBHICTE KonekTopa, MJIk; E,— — KUIbKICTE COHSI-
YHOI eHeprii, 0 HAagXOAuTh Ha 1 e MOBEPXHI COHSYHOTO KOJIEKTOpA,
MJIx/ Mm% S — mnoma moBepxHi abcopOepa KoIeKTopa.
TermmonpoyKTUBHICTh COHSYHOT'O KOJIGKTOPA BU3HAYAETHCS 13 CITiB-
BIJHOILIEHHS
O, =mC,(t,—4,)T,

Jie m — MUTOMa BHTpaTa TeIraoHocis, kr / ¢; C, — miToOMa MacoBa Tell-
noeMHICTD Termnonocis, k[ / (kr-°C); ¢, t, — BIAMOBIAHO TeMIIeparypa
Ha BXoji 1 Buxoai abcopoepa, °C; T — yac, 3a sSIkuii BU3HAYAETHCS 3HA-
yeHHS (.

Jlyist po3paxyHKy KiIBKOCTI COHSYHOI €HEprii, 0 HaJAXOAUTh Ha I0-
XHUJIY IPOMEHEIOrIINHAIIbHY TIOBEPXHIO, HEOOXIMHO 3HATH KyTH HaiHHS;
COHSYHHX IPOMEHIB Ha IOXWIY 1 TOPHU30HTAJIBHY IOBEPXHI B JaHIiH
toulti 3emui. Jls ofepikaHHS MaKCUMAaJIbHOI KUTbKOCTI COHSYHOI eHep-
ril 32 po3paxyHKOBUI MEPioJ] COHSIYHUN KOJEKTOP JOLLILHO BCTAHOB-
JIIOBATU B HAXUJICHOMY IOJIOKCHHI 3 ONTHMAJILHUM KyTOM HaXWIy JIO
o0piro. [Ipu 11bOMy KyT TIaJiHHS COHSYHOTO BUITPOMIHIOBAHHS Ha HaXH-
JIEHY TTOBEPXHIO 3 MBJACHHOIO OPI€HTAIIEI0 OOYHCIIOETHCS 32 BUPA30M:

cosa=cos(p—B—9d)cosm,
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JIe @ — IMUPOTa MICIIEBOCTI; B — KyT HaXWJIy COHSAYHOTO KOJIEKTOpPa JI0
00pir0; @ — yacoBuit kyT Conns; 6 — cxuinenHs Conng. Kyt o = 0 y co-
HSYHUHN monyaeHb (komu CoHIle 3HaXOJMTHCS Y 3€HiTi), a 0 13-if ronuHi
— BIAMOBIAHO ® = 15°,

Cxunenns CoHIl O — 11 KyT MK JIIHIEIO, 110 3’ €HYE IEHTPU 3eMIli
i CoHIls, Ta il MPOEKIliEI0 Ha IJIONMHY ekBaropa. CxwieHHs CoHI O
HPOTATOM POKY OE3YMHHHO 3MIHIOETBCS Bia MiHyc 23°27' y neHb 3u-
MOBOT'O COHIIECTOSHHS (22 rpynHs) ao mmoc 23,45° y neHb JITHBOTO
COHIleCTOSIHHS (22 uepBHs) 1 AOPIBHIOE HYIIO y JHI BECHSHOIO M OCiH-
HbOTO piBHOJCHHS (21 Oepesns i 23 BepecHs1). Cxunenns CoHs B Oyab-
SKUU JIeHb BU3HAYAETHCS 13 CIIBBIHOLIEHHS

5 = 23.45sin| 360 225"
365

JIe 1 — TIOPSIKOBUI HOMEp JTHS, SIKIIO BULTIK 3 1 civHsL.

CepeauboMicsiuHe JeHHE HAAXOKEHHS COHSYHOI €Heprii Ha Haxu-
JICHY TIOBEPXHIO COHSIYHOTO KOJIGKTOpa MOXKHA pO3paxyBaTH 3a BUpPa-
30M:

E.=RE,

ne R — xoe(illieHT nepepaxyBaHHs CyMapHOTrO MOTOKY COHSYHOT eHeprii
3 TOPU3OHTAJIBHOI TIOBEPXHI Ha HAXWJICHY MOBEPXHIO; £ — cepeHbOMI-
CsYHA JICHHA CyMapHa KUIbKICTh SHEpTii, 110 HAJXOIUTh Ha TOPU30HTA-
JIbHY MOBEpPXHIO, MJIk/(M> 1eHB).

3aBOAKM HaXWUIy COHSYHOrO KOJIEKTOpa A0 OOpifo mimx KyToM B = @
KOJICKTOpP Y 3UMOBUH Tepioj yacy Juis paiiony M. KuiB Moxe npuiHaTH
COHSYHY €HEprito B KUILKOCTI, 1o jgopiBHIoe mpubnuzno 40 % Hanaxo-
JOKSHHS €Heprii B JIITHIO TIOpY.

CepenHst BUTpaTa TEIUIOTH HA Tapsiye BOAONOCTAYaHHS OYJIUHKY 3a
PO3paxyHKOBUH Mepioj] BUBHAYAETHCS SK:

0. .,= 1,2acpp(tr' sl s )Nn,

J€ @ — HOpMa BHTpAaTH BOJH HAa rapsdue BOMOIOCTAYAHHS >KUTIOBUX
OyOIMHKIB Ha OJHOrO OKHUTels 3a 100y, 11/ (goba-kuTtens);
¢, = 4190 JIx/(xr°C) — nuToma i300apHa TEII0EMHICTh BOIU; p = 1 Kr/1
— T'YCTHHA BOAM; ¢, — TEMIIEpPATYpa Tapsuoi BOIH, SIKa 3a3BHYail OepeTh-
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cs1 65 °C; t, — TemnepaTtypa XO0JIOAHOT (BOJOIPOBIIHOT) BOIU (SIK Tpa-
B0 npuiimMaetbes 15°C Baitky i 5°C B3UMKY); N — KUIBKICTh XKHUTEIB;
7 — KUJIBKICTb JHIB Y PO3PaxyHKOBOMY nepioi. [ pyHTyrounch Ha J10CBi-
Il TIPOEKTYBaHHS, CIIOPYKEHHS M eKCIUIyaTallii relioyCTaHOBOK raps-
YOro BOJIONOCTAYaHHS 32 YMOB PI3HUX PErioHiB YKpaiHu, BU3HAYCHO
OLIIHKY ITUTOMOT €KOHOMIT manuBa E\,, Y1 eIeKTpUIHOiI eHeprii E.,, Bij-
HeceHoi 10 | M’ IUIONIi COHSYHOTO KONEKTOPA, BCTAHOBJIEHOTO Mifl KY-
oM 30° 110 06piro.

3actocyBaHHS B YKpaiHi COHSYHOI €HEPreTHKH MOKe OyTH JOCHTH
e(EeKTHBHUM, OCKUIbKA €KOHOMIKa YKpaiHU Mae BiJIOBIIHI MOTYKHOCTI
3 BUPOOHHIITBA HEOOXiTHUX KOMIIOHEHTIB Ta CTBOPEHHS iHPPaCTPyKTypH
TaKoi eHepreTHKH. BUpoOHNYI MOKIMBOCTI TUIBKH TaKHX TiraHTiB MIKpO-
eNeKTPOHIKH, sIK BUpoOHHYi 00’ eqaanns «KBA3AP», «IPBA» (M. KuiB),
«['paBiton» (M. YepHisi), «Xaptpon» (M. XapkiB), «['ammay» 1 «Emnexr-
poaBToMaTHKa» (M. 3amopixoks), «Juimpo» (M. Xepcon), «I[lo3utpon»
(M. IBaHO-®paHKIBCHK) J103BOJISIOTH TIPOBOJUTH MOBHUI TEXHOIOTIYHHH
LUKJI CTBOPEHHSI COHSYHUX €IIEMEHTIB. YKpaiHa Mae BUCOKOKBai(hikoBa-
HUI HAYKOBUH MOTeHMiaN B Wil rany3i (IHcTHTYT ¢i3uku HamiBOpoBiqHU-
kiB Ta lHctuTyT enextponunamiku HAHY, KuiBcbkuii HalioHanbHMiA
yHiBepcurer iM. Tapaca IlleBuenka, UepHiBeIbKHi HAIllOHAJIBHUN YHI-
BepcuteT iM. 1O. denpkoBuya, HamioHansHHi TeXHIYHUN YHIBEpCHTET
«KIII»).

VY 2013 poui B Kpumy 6i1st cenna OxoTHikoBO KomnaHist Active Solar
nmoOyyBaja COHSYHY EJIEKTPOCTAHIII0 3arajbHOK  IMOTY)KHICTIO
80 MBT Ha Tepuropii miomieto 160 ra. Enextpocranmis ckiagaeTbes 3
360 000 momymiB 1 Mmoxxe Bupobistu 1o 100 I'BT roaun enekrpoeneprii
3a piK, M0 JIOCTaTHKO JyId 3a0e3neuerHs notped g0 20 000 gomorocrio-
napctB. Ilpoekt OyB po3auieHuit Ha yotupu yepru 1o 20 MBT koxHa.
ByniBHunTBO nepmmx ABox yepr Oyno 3aBepuieHo B mumHi 2011 p., Tpers i
YEeTBEPTA B JKOBTHI TOTO X POKY.

Kommanist Active Solar B ciuni 2013 p. 3asBuia mpo 3aBepIICHHS
OyAiBHUIITBA 1 MOYATOK BBOAY B €KCILUTyaTallil0 COHAYHOI €IeKTPOCTaH-
uii «Ilepoo» Ha 100 MBT. Cranom Ha cidens 2013 p. e Haiikpamia
MOTYXHA EJIEKTPOCTAHIIisI B CBITI.

Enextpocranmist cxnagaersest i3 440 000 kpHCTamiYHUX COHSYHUX
¢doTroenekTpuyHUX MOIYyJiB, 3’eaHannx 1500 kM kabenro, i BCTaHOBIIE-
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HUX Ha Oinb, HiX 200 ra muomi (3aiiMae npubmm3HO 259 (yTOOTBEHIX
nofiB). YcranoBka Moxke Bupobistu 132 500 MBT roaun enekrpoene-
prii Ha piK, MO AOCTaTHBO JUISA 33J0BOJIEHHS MJIAHOBOTO MKOBOTO CIIO-
xuBaHHs enekrpoeHeprii B M. Cimpeponine. CraHmis 703BOJsSE CKOPO-
tuty Bukuau CO, mo 100 tucsu ToHH Ha pik. [loOymoBaHa ykpaiHCh-
Koo komnasieto Active Solar, 3apeecTpoBaHor0 B ABCTpii.

B 2012 pomi 2,7 % enextpoeHeprii Icnanii Oysio oTpuMaHoO i3 COHsI-
yHoi eneprii. Y 2010 poui 2 % enexrpoeneprii Himeuunnu Oyio otpu-
MaHO i3 QOTOCNEeKTPUYHHUX ycTaHOBOK. ¥ 2012 poui 6inst 3 % enektpo-
eHeprii Itainii 6yno orpuMaHo i3 (OTOENEKTPHYHIX YCTaHOBOK.

VY rpynni 2012 poky Ha YkpaiHi 3aBepiieHo OyIIBHUIITBO OCTaHHBOL
n’sitoi 20-MeraBaTHOI Yepru COHSYHOro napky B IlepoBo, B pe3ynbTati
4Oro MOro cyMapHa BCTaHOBIIEHa MOTYXHicTh BHpocia 10 100 MBT.
Consunnii napk [lepoBo B ckiajii m’STH Yepr CTaB HAKOUIBIINM MAPKOM
y CBITi 3a TIOKa3HWKaMH BCTaHOBIIEHOI MOTYXHOCTi. 3a HUM iIyTh Ka-
HajAchbka enekTpoctaHuis Sarnia (97 MBT), itTanesHceka Montalto di
Castro (84,2 MBT) i nimenpka Finsterwalde (80,7 MBT). 3aBepiuye cBi-
TOBY I’SITIpKY HalOTbmIMX (OTOENEKTPOCTaHIIi MapKiB Ipyrui mpo-
eKT Ha YkpaiHi — 80-meraBaTHa enexTpoctaniis OxoTHikoBe B CaKch-
KoMy pationi Kpumy (tab6m. 1.1).

CoHsYHA eHeprisl IMPOKO BUKOPUCTOBYETHCS SIK JUIS MiAITPiBY BOAH,
TaK i Ui BUpOOHUITBA enekTpoeHeprii. COHsIuHI KOJIEKTOPH BHPOOIIs-
I0Th 13 IOCTYITHUX MaTepiaiB: CTajb, MiJlb, QJIFOMIHIH i T. iH., TOOTO 03
3aCTOCYBaHHS JEe(ilIMTHOrO KpeMHito. L{e 1ae MOKITUBICTh 3HAUHO 3Me-
HIIWTH BapTICTh 00JaIHAHHS 1, BIJITIOBITHO, BAPTICTh eleKTpoeHeprii. B
HaIlI Yac came COHSIYHUI MiirpiB BOAW € HalKpaluM e(peKTUBHUM CII0-
co0OM TIEPETBOPEHHS COHSYHOT CHEPTi.

B cepemuni 2011 poky B oroenekrpuuHiii npomucioBocti Himeu-
yrHU OyIo 3aiiHsaTo Oinbire 100 Tucsy YonoBik. B coHsuHil eHepreTuii
CIIIA npamroBaym 93,5 THCSY YOJIOBIK.

VY 2011 poti BapTicTh €1EKTPOSHEPTii, 0Jiep>KaHOl B COHSYHUX KOJIe-
kropax, ckmama $0,09-$0,12 3a kBtroa. JlemapTamMeHT eHepreTHKH
CILIA nmporuosye, o BapTiCTh eNeKTpOeHeprii, BUpoOIeHOl COHTYHUMU
KOHIleHTpaTopaMu 3HHU3uTECS 10 $0,04—$0,05 mpotsrom 2015-2020
POKiB.
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Tabnuys 1.1

Haii0inbmi goroesieKkTpHYHI eJIeKTPOCTAHLIT B CBiTI

ikoBa KinbkicTh
NMOTY:KHiCTh, Micne3HaxomxeHHS COHSTYHHMX MBT
MBT MOIYJIiB ToxpIK
247 Arya-Kamienre, Apizona,
CIIA
213 Yapanka, ['ymkapar, [Hais
200 TlNonmyn, Kurait 317 200
100 Ileposo, Kpum, Ykpaina 440 000 132 500
97 Capnis, Kanana ouremre 1 000 000| 120 000
84,7 Dobepcranbe, ['epmanis 317 880 82 000
84,2 MounTansTo-1i-Kactpo,
ITamis
80,7 dincrepBaibae, ['epmaHis
80 OxotHikoBo, Kpum, Ykpaina 360 000 100 000
73 JlonOypi, Taimann 540 000 105 512
46,4 Awmapenexa, [Topryramis ouremre 262 000
43 JonuHoBka, YkpaiHa 182 380 54 399
43 Crapokazaube, YKpaina 185 952
34 Apuero, Icnanis 172 000 49 936
33 Krop6an, ®paHniris 145 000 43 500
31,55 MitseBo, Kpum, Ykpaina 134 760 40 000
11 Cepra, [Topryramis 52 000
7,5 PonnukoBo, Kpum, Ykpaina 32 600 9 683
6,3 MironbxayseH, Himeuunna 57 600 6 750
5 Bropmraar, Himeuunaa 30 000 4200
5 Ecnenxatiin, Himeuunna 33 500 5000
4,59 Cupinmxepsins, CIITA 34 980 7750
4 I'eicenpTacce, HimeuunHa 25000 3400
4 l'orens6opH, Himeuunna 50 000 8200
4 Xemay, HimeuunHa 32740 3900
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Y 2007 porii B Amxupi modanocst OyAiBHHIITBO TIOPUIHHUX €IEKTPO-
CTaHIliil. B neHHUi yac 100K €IeKTPOCHEPTiss BUPOOIISIETHCS MapadoITi-
YHUMH KOHI[EHTPATOPAMHU, @ BHOYI — 13 IPUPOIHOIO ra3sy.

Ha mouaTtok 2010 poky 3arajibHa CBiTOBa MOTYXKHICTh COHSYHOT TEp-
MaJIbHOI CHEPreTHUKU (COHSIYHUX CTAHI[M 3 KOHIICHTPATOPaMHM) JOCsria
onHoro ['Br.

Jlo mepeBar COHSIYHOI €HEPreTHMKH MAaeMO BiJHECTH JOCTYIHICTH 1
HEBUYEPITHICTh JDKEpeNa i, TCOPETUYHO, MOBHA Oe3IeKa Jjis HaBKOJIUIII-
HBOT'O CEepeIOBUIIA, X04Ya ICHYE BIPOTIJHICTH TOrO, 110 TIOBHE BIIPOBa-
JOKEHHS COHSYHOI €HEPreTUKH MOXKE 3MIHMTH XapakTep BigOHUBarOuoi
3IATHOCTI 3€MHOT MOBEPXHI 1 MPU3BECTH JI0 3MIHEHHS KiIiMary (Tpu Cy-
YaCHOMY PIBHI MOTPEO EIEKTPOCHEPTII 11e MaJIO BIpOTiIHO).

Jlo HemomikiB MOKHA BIJHECTH 3aJIEKHICTH Bij MOOMH 1 4acy 100w,
i, K HACNIJOK, HEOOXITHICTh aKyMYJISIii €Heprii, BUCOKa BapTiCTh
KOHCTPYKIIii, HEOOXiTHICTh MEPIIOYEPTOBOi OYUCTKH BifOMBaIOYOi 1O-
BEPXHI BiJ| MUITY.

Mixuapoaue eneprerudde arentctBo (IEA) 3ameBHse, 10 COHSYHA
eHepreTuka ke yepes 40 poKiB MPU HAJIGKHOMY PiBHI PO3IIOBCIO/KCH-
HsI TIEPEIOBUX TEXHOJIOT1H Oyne BupoOsitu Oinbine 9 Trcsy TBT rogun
—ab0 20-25 % Bciel HeOOXiIHOI eIEKTPOEHEePTii, i 1[e 3a0e3MeYnTh CKO-
POYCHHSI BUKUJIIB BYTJIEKUCIIOrO Ta3y Ha 6 MJIpJ. TOHH miopiuHo. [Ipore,
EKCIIEPTU JIAHOTO areHTCTBA HE OepyTh JIO yBaru TOW (hakt, IO 4epes
40 poKiB OYIKY€THCS CBITOBAa €HEpreTHYHA KpH3a, IOB’s3aHa 3 BHYEP-
MaHHAM TPAJUIIHHUX JUKEpPeNl eHEeprii, ToJIOBHUM YMHOM 3 HadTow. Ha
1bOMY (DOHI TEPCIEKTHBY PO3BUTKY COHSYHOI €HEPreTHKH 3aJIeKaTh
BiJl POMUCIIOBOCTI (Y TOMY YHCIIi €IEKTPOHHA), KA IMOKH 1[0 HE MOXE
icHyBaTu Oe3 BYIJICIIEBOTO NaJMBa i CHPOBUHU. [HITUMH CJIOBAMH BUKH-
JI BYTJICLIEBOI KMCIOTH HEMUHYYE CKOPOTAThCs uepe3 40 pokiB, aje Ha
MEHIIY BEJTUYHHY.

B ocTanHi poku y 3B’SI3KY i3 3arOCTPEHHSAM SHEPreTHYHUX IMPOoOIIeM
Ta CBIZIOMOIO HEOOXIJHICTIO €HEepro30epeXeHHs, Y BCbOMY CBITI BCe
OUTbIIIE yBard NPUAUISETHCS BUKOPUCTAHHIO BiJHOBJIIOBAHOI €HEpTii
JUIST OTPUMAHHS TeIlIa. 3HAaYHI MOXKIUBOCTI eHepro3ade3neueHus Oy -
BEJIb BIJIKPUBAIOTHCS 3aBASKH BIPOBA/KEHHIO COHSYHHMX KOJICKTOPIB
JUIS CHCTEM Tapsvoro BOAONOCTA4YaHHs Ta onayieHHs. [IpaBuiibHO po3-
paxoBana reiiocucreMa Moxe mokputH 50—60 % eHepreTHYHHX 3aTpar,
SIKI 3a3BUYAil BUTPAYArOThCS Ha rapsde BOJONOCTayaHHs. BpaxoByrouw,
IO B OCTaHHI POKH Bce OiNbllie yBard NpUAUISETHCS eHepro30epiraro-

29



YUM TEXHOJIOTIIM B OYAIBHUIITBI, KOMOIHOBAaHI CHCTEMHU 3 COHSYHHUMHU
YCTaHOBKaMHU 3HAXOAATh BCE OUIBII IIMPOKE BHKOPUCTAHHS SIK IJIs ra-
PSYOro BOJOIIOCTAYAHHS, TaK 1 B CHCTeMax omnajieHHs. KoxHi 1Ba THXKHI
Contie Biggae 3eMili TaKy KiIbKICTh €HEpPril, IKY CIIOKHUBAIOTh BCI MEIII-
KaHIIl HAIOl TUTAHETH MIPOTATOM POKY. 32 PIBHEM IHTEHCHUBHOCTI COHSIY-
HOT'O0 BUIIPOMIHIOBAHHS HA TEPUTOPil YKpaiHU HEOOXITHO BUJILIMTU YO-
TUPHU 30HH, AKi MTOKa3aHi Ha puc. 1.9.
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Puc. 1.9. IloreHuian coHs4HOI eHeprii YKpainu

B mepuiii Ta apyrii 30HaX 3HAXOIATHCA BCl MiBAEHHI 001acTi YKpa-
iHM; OLNbIIE TIOJOBUHU TEPUTOPIi HAIIOI KpaiHU 3HAXOAATHCS B TPETIH
30HI, YeTBEPTA 30HA HAWMEHII MPHUJATHA JJIi BUKOPUCTAHHS COHSIYHOL
eneprii. HaiiGinpia BenMYMHA HAAXOMKEHHS COHSYHOIO IIPOMIHHS
cKiIazae B mepiiii 301 1350 kBT-rom/km” B pik, a HajiMeHIIA — B YeTBe-
priit 10 1000 kBr-ron/km”. B minomy Teputopis YKpaiHH BiZHOCHTBCS
JI0 30H i3 CEpEeIHBOI0 IHTCHCHUBHICTIO COHSYHOI pamiarii. B peanbHux
yMOBaxX BEJIMYMHA T'YCTUHH MPsAMOI Ta AU(Y3iHHOT COHSIYHOI paiiarii
3aJIOKUTH Bijl IMPOTH MICIIEBOCTI, IPO30POCTi aTMOC(hepH, XapaKTepu-
CTHK 3€MHOI ITOBEPXHi, a TAKOX BiJl Yacy 100HW Ta mopH poky. Bennunna

30



PIYHOrO MOTPAIUISHHS COHSYHOI paiamii Ha 1 M” 3 TOBepXHi 3eMTi CyT-
TEBO BIPI3HAETHCS I PI3HUX PErioHiB YKpaiHu Ta Ma€ CTATUCTHUHUHN
xapakTep po3nogiay. LiITKoM O4eBHMIHOIO TEHICHIIECI0 € 30UIBIIEHHS
TYCTHHH COHSYHOI pajiallii Ta KiIbKICTh COHSYHUX IHIB B HANPSMKY 3
[TiBHoui Ha IliBmeHb 3 BIAMOBIAHMM 30UIBIICHHSIM Ii PIYHOrO IOTpAIl-
JISHHS Ha TOBEPXHIO 3eMJi. Bemuunnu eHeprii COHSUHOI pajmiarii, 1o
JOXOMTH 10 3eMili POTAroM PoKy Ha | M? FOPU3OHTAIBHOI IOBEPXHI B
perioHax, MpeacTaBlIeHHUX IIICThbMAa YKPAiHCHKMMH MICTaMHM, IOKa3aHi
Ha puc. 1.10. MoxHa nepekoHaTHCs, 110 3a 6 MICAIIB TEIIOTro Mepioay
POKY Ha MOBEPXHIO 3eMili MOTpAIUIsi€ BEIUKa OIS PIYHOI KUTbKOCTI CO-
HSYHOI eHepril.

1600
B Japik
800 | f
= 3= nicpoxy
1600 |
400
200
v}
Cimdeponons Oneca DuinponeTpiBcek Kuis Nesis

Puc. 1.10. Eneprist constanoi pa,uiaui'l' y perioHax

Cranom Ha Bepecenb 2012 poKy MOTYKHICTE 30YJ0BAHMX COHSYHUX
enexkrpoctaumii (puc. 1.11) Ykpainu csrayma 6mussko 300 MBr. Ilo-
TYXKHICTh MPOEKTIB, SIKI HMHI 3HAXOAATHCS B PO3pPOOIIl HA PI3HUX CTai-
ax — 1500 MBT.

1.4 ®i3nyHi OCHOBU NepeTBOPEHHS eHeprii 3emJi

FeOTe‘pMaJ'IBHa EHEeprisi — IPUPOJIHE TEIJIo, SKe aKyMyJIbOBaHO B
Mepumx ASCATH KiloMeTpax 3eMHOI Kopd. BueHi mpumyckaioTh,
o 3eMiIst CKJIAZIa€ThCsl i3 TPhOX OCHOBHHMX YAaCTHH: SApA, MAHTII 1 3eM-
Hoi kopu (puc. 1.12).

Snpo — ue 1eHTpaIbHa YacTHHA 3eMHOI Kyii (cepueBnHa). Bono mo-
KM HIO € 3aTaJIKOI0 /ISl HAYKH.

VY4eHi BBaXKaroTh, 0 30BHILIHS YacTHHA sIpa epedyBae B po3Iuia-
BJICHOMY (PiIKOMY) CTaHi, a BHYTpIllHA — B TBepaoMy. [IpumyckaroTh
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TaKOXK, 110 AP0 CKIAAAETHCS 3 PEUOBMHHU, CXOXKOI Ha MeTa (i3 3aii3a 3
JIOMIIITKaMU KPeMHi0 abo 13 3aitiza i Hikento). Temmneparypa B spi J0-
carae 5000° C.

Puc. 1.11. OpieHTOBHE PO3TAlIyBaHHS COHSIYHUX CICKTPOCTAHIIIN
Ha TepuTopii Ykpainu

MaHTisi — 11e BHYTpIlIHS 00OJIOHKA, siIka BKPUBAE sIPO (3 TPelbKOi
«MaHTIs» — «IIOKPUBAIO»), 1 MPOTsHKHICTh Maibke 3000 kM. ManTis —
HaWOUIbIIA 3 BHYTPIMHIX 00070HOK miaHeTd (83 % o00’emy 3emi).
[MpunyckatoTs, 110, YUM OJIMKYE 10 IEHTPY 3eMili, TUM THCK y Hill Oi-
JIBIIKHI, a TEMIIEpaTypa BHINA: B KUTBKOX COTeHb rpaaycis g0 2500° C.
[Ipu Takiii TemmepaTypi pe4oBHHA MaHTIl Majia O OyTH PO3ILIABIIEHOIO,
aJie IJIABJICHHIO 3aBa)kae BEIMKHI TUCK. TOMy BBa)KarOTh, 110 BOHA TBE-
pAa, aje BOIHOYAC 1 po3IeUcHa.

Bueni nmpumnyckaroTh, 0 BEpXHS 4YaCTHHA MAHTIi CKJIaJICHA IIUIbHH-
MH Topojamu, ToOTO BoHa TBepaa. [Ipore, B Hiii Ha riauoOuHi 50...250
KM BiJI TTIOBEpXHi 3eMIIi pO3MIIIYEThCS YACTKOBO PO3ILIABJICHHIA Map —
acreHocdepa. BiH MOpiBHAHO M’SKHH 1 MUIACTUYHHUH, SIK IUIACTHIIIH YU
Bick. Il peyoBMHA MaHTIi 37aTHA MOBUIBHO TEKTH 1 TAKMM CIIOCOOOM
nepeminnyBatucs. [IIBUAKICT MepeMillleHHs] HeBEIMKa — JCKiIbKa CaH-
TUMETPIB 3a PiK.
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3emMHa Kopa

Buyrtpiniae sapo

30BHINIHE PO

Puc. 1.12. Buytpimns 6ynosa 3emii

lonoBHUMU JpKEpeTaMu PO3IrpiBy HaJp IUIAHETH € ypaH, TOpii 1 pa-
mioakTUBHHUI Kamii. [Iporecu pamioakKTMBHOIO PO3Maay Ha KOHTHHEH-
Tax BiI0OYBarOTHCS, TOJIOBHUM YHMHOM, B TPAHITHOMY IIapi 3eMHOI KOpH
Ha riuouHax 20...30 kM i OiIbIlle, B OKeaHAX — Y BEPXHIM MaHTII.

3eMHa Kopa — BepxHill TBepAMi Imap Hamoi mianetd. [lopiBHSAHO 3
SIIPOM 1 MAHTIEIO, BOHA Oy)K€ TOHKA. TOBIIMHA (IMOTYXKHICTh) 3€MHOL
KOpY HaWOiumbIna mig ropamu — 70 KM, MijJ] pIBHUHAMH BOHA CTAHOBHUTH
35...40 kM, a mig okeanamu — e 5...10 kM.

3a3upHyTH B0 36MHOT KOPH JIONIOMAraroTh IIaXTH 1 CBEPJIOBUHH,
[0 CTBOPIOIOTHCS Ui BUJIOOYBaHHS KOPUCHUX KomajauH. JIroau naBHO
MOMITHJIM, IO B IIaXTaX i3 30UIbIICHHSAM IIMOWMHHM TeMIiepaTypa Iij-
BHUIyeThcs. Hampukman, ma rmmbOuuai 1000 M maxTtapi mpaiioloTh B
ymoBax crneku (6muspko +30° C). Temno 3eMHill Kopi mepenacTbes Bin
MaHTil. [|Jis npoBeNeHHsT HAYKOBUX JOCII/KEHb, T€0JIOraMu OyJId Mpo-
Oypeni HaarMOOKi cBepytoBrHU. Halirnmuomma 3 Hux (1o 15 kM) mpoOy-
pena B Pocii Ha KonbcbkoMy MiBOCTPOBI.

3eMHa Kopa pa3oM i3 BEpXHBOK MAHTIEI YTBOPIOKTH JIiTOCchEpy.
Bona € equauM TBepauM (KaMm’sHUM) IIApOM, SIKUH HIOM TUIaBa€ B IUIa-
cTH4HIN acteHocdepi. TopimHa iTochepH pi3HA: i)l OKeaHaMH — OJIn-
36K0 50 kKM, a Ha MaTepukax — 10 200 kM.
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I3 30UIbIIICHHAM TJIMOMHM 3aHYPEHHSI Y 3€MHY MOBEPXHIO, CIIOCTEPi-
ra€eThCs MIABUILICHHS TeMIlepaTypH B cepeaabomy Ha 17...30°C i3 Kox-
moro 1000 metpis (puc. 1.13). BpaxoByrouu To# (hakT, [0 TEIIONEpe-
Jada 3aBXKAM 3JIMCHIOETHCS BiJ TEILUIIIOL OO XOJOMHIIIOI MOBEPXHI,
TOMY TEILIO 13 HaJp 3eMJli 3aBXKIH IePeIacThCs Ha MOBEPXHIO, 110 3MY-
[Iy€ PYXaTHUCh HITOCHEPHI IIMTH. Y MICHAX 3ITKHEHHS JITOC(HEpHUX
IUTUT, SIK TPaBUJIO MA€ MICIIe PyX MarMu, y HampsMKY BHIIE JIKAUUX
mIapis.

1000 1
5000
6000

6371

Puc. 1.13. 3miHa TeMmepaTypu B 3eMHil Kopi:
1 — mitochepa (1o 250 km); 2 — acrenocdepa (3oBHinTHI MaHTis 10 1000kMm);
3 —wmamris (Bix 1000 g0 3000xm); 4 — 3oBHIimHE sapo (Bix 3000 mo 5000 km);
5 — BHyTpiHEe sapo (Oinbnre 5000 kM)

Komu marma mocsirae moBepXHi, BOHA MOXKE CTBOPIOBATH BYIIKAHH,
ajle y OUIBIIOCTI BUMAJAKIB BOHA 3HAXOIUTLCA I IIOBEPXHEIO, CTBOPIO-
IOYM BEIIMYE3HI pPe3epByapH, OXOJOJKEHHS SKHX MOXXE TPUBATH Bij
5000 THCAY 10 OAHOTO MUIBLHOHY DOKIB.

IToBepxusa 3emni ckiamaeTbesd 3 12 OKpEMHX TEKTOHIYHUX IUIAT —
BEIIMYE3HUX TIATPOPM 3eMHOI KOpH, SIKi MOCTIHHO 1 JyKe MOBUIBHO
PYyXaroThCsl.

HaiiOinpm O0araTUMH reoTepMaIbHUMHU PECYPCAMH € 30HHU, € CTH-
KAIOThCSl TEKTOHIYUHI IUIMTH, B MICISIX PO3JIOMY JTOC(HEPHUX IUIMT 1 B
MICIIIX BHCOKOI I'€0JIOriYHOI aKTUBHOCTI. 10 4KClIa TaKUX pailoHIB Bia-
HOCATE: THXOOKEAHCHKE BOTHSHE KIIbIE (THXOOKEAHCHKE Y30eperiKs
[liBuiunoi 1 Jlatuucekol AMmepuku, Hosa 3emangis, psg octposis Okea-
uii ta IliBgenno-cxigua Asis, Slnonis, Kypunsceki octpoBu 1 Kamuat-
Ka), AJBOIACHKO-TIMaIalchbKe ripcbke macMmo, LlenTpansaa Asisa, Cxin-
Ha Adpuka, paiion YepBonoro mMops i LleHTpaibHO-ATHaHTUYHUE P
i3 BuxojoM B Icnanmii, puc. 1.14.
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Puc. 1.14. I'eorpadiuHe po3noaieHHsI pecypciB reoTepMasIbHOI eHepril

CepenHs TYCTHHA TEIJIOBOI'O FeOTEPMaIbHOrO MOTOKY Yepe3 3eMHY
MMOBEPXHIO CTaHOBUTEL puOmm3uo 0,06-0,065 Bt / M mipu reoTrepmidHo-
My rpazgienTti menme 30°C / km (B 2 — 4 THCSYI pa3iB MEHIIIA 3a COHSYHY
pamianiro). OTxe, TEIUIOTa 3€MHHUX HAAp Y BUIJIAAI TEINIOBUX ITOTOKIB,
SIKI TIEPENAIOTHECS IUISXOM TEIUIOMPOBIAHOCTI, HE MA€ CYTTEBOIO MpaK-
THYHOro 3HadeHHs. OIHAaK, MAIOTh Miclle paifOHU 3 MIABUICHHUM T'€0Te-
PMIYHUM TPagI€EHTOM Yy JOECATKH pas3iB, € I[IOTOKH IEPEBUINYIOTH
0,5 Bt/m, 110 cTaHOBUTH HAHOUTBIINI IHTEPEC I PO3BUTKY reoTepMa-
JIbHOI €HEPIeTUKH.

3HAYEHHS T€OTEPMIYHMX TPATIEHTIB IS PI3HMX YaCTHH 3€MHOI KyJIi
pi3Hi. HaiGinpImii reoTepMidHUE rpadieHT, skui qopisaioe 150° C / km,
3adikcoBano B banaumi (mrat Operon, CIIIA), oMy BifmoBigae reore-
PMIYHHUI CTYIIIHB, 10 CTAHOBUTH 6,6° C / KM; I1e 30Ha MOJIOJOI BYJIKa-
HIYHOI JiabHOCTI. HalMeHInii reoTepMiuHUi TPami€HT, SKUH JOPiB-
Hioe 6° C / kM, 3apeectpoBano y BirBarepcpanai (IliBnenna Adpuka),
LI 30HA PO3TAIlIOBAHA HA CTAPOAABHBOMY IIUTI 3 KPUCTAIIUHHUX OPIJ.

TakuM YMHOM, MTPOSBOM I€OTEPMAIILHOI TEIIOTH, 110 MA€ MPAKTHYHE
3HAYEHHS, € 3aIacH rapsA4oi BOAM Ta MapH B MiI3eMHHX pe3epByapax Ha
BITHOCHO HEBEJIMKHX IIMOMHAX Ta TeH3EPH, 1110 BUXOIATH Ha TIOBEPXHIO.
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['eotepManbHi pecypcH miapo3AUIAIOTh HA CyXy Tapsdy mapy, BOJIOTY
rapsiay napy i rapsdy BoAy. CBepIUIOBHHA, SIKa € BaYKIIMBUM JIKEPEIOM
SHEprii JUIsl eeKTPUYHOI 3aii3Huii B [tanii (mobnusy M. Jlapaepemio), 3
1904 p. BUKOpHUCTOBYE CyXy Tapsiuy napy. JlBa iHIIMX HalBigoMili CBIiTI
MiCIIS 3 TapsiuMM CyXHM IapoM — nose MairykaBa B Snosii i mone reiize-
piB 6inst Can-®paHIKCKO, A€ TAKOXK JABHO i €EeKTUBHO BUKOPHUCTOBY-
€THCS TeoTepMalibHa eHepris. HaiOunbiie B CBITI JpKepeno BOJIOroro ra-
psigoro mapy 3HaxoauThess B HoBiit 3enanaii (Batipakeit), reorepManbHi
ITOJIA IEeKIIbKAa MEHIIOI MOTYKHOCTI — B Mekcu, Smownii, CanabpBamopi,
Hikaparya, Pocii. Takum unHOM, MOXHA BUALUTATA YOTUPU OCHOBHI THUIIH
pecypciB reoTepMalbHOI eHeprii:

— TIOBEPXHEBE TEIUIO 3€MJIi, 110 BUKOPUCTOBYETHCS TEIIOBUMH Ha-
cocamu;

— eHepreTHYHI pecypcH mapa, rapsuoi Boau OiIsl IMOBEpXHI 3eMJIi, sKi
BHUKOPUCTOBYIOTHCS B JAHWH Yac JUIsi BUPOOJICHHS eIeKTPUYHOI EHeprii;

— TEMIoTa, 30cepe/HKeHa TMOO0KO i/l TIOBEPXHEI0 3eMIli (MOXKIIHBO,
3a BIJICYTHOCTI BOJIN);

— €Heprisg MarMu i TermioTa, o HAKOMUYYETHCSA il ByJIKaHAMHU.

JroguHa MOXKE BHKOPHCTOBYBATH T€OTEPMANIbHY CHEPrii0 TUIbKU
TaM, Jic BOHA BHUSBISETHCS OJNM3BKO JIO MOBEPXHI 3emMiti, TOOTO B paiio-
HaxX BYJIKaHIYHOI 1 ceiicMiuHOl akTUBHOCTI. Cepelnl KpaiH, sIKi B JaHHUN
yac eQeKTHBHO BUKOPHCTOBYIOTh TI'eOTepMalibHy eHeprito, - Iramis,
CHIA, Icnangis, Mekcuka, Snonis, HoBa 3enanmis, Pocis, ®iminminmy,
VYropumaa, CanpBagop. TyT 3eMHe BHYTPILIHE TEILIO MiAHIMAETHCS 10
caMmol MOBEPXHi y BUTJISAAL Tapsuoi BOIU 1 Mapu 3 TeMIEpaTyporo 10
300° C i yacTo BUPUBAETHCS HA30BHI y BUTJISIII (DOHTaHYIOUMX JHKEpel
(reit3epiB) — 3HaMeHUTI Teiizepu lemmoycronchkoro mapky B CIIIA, reii-
3epu Kamuatku, [cnannii.

Iapsiua Boma 13 MiA3EMHUX pe3epBYapiB MOXKE MPSMO TOJABATUCH IO
Micup criokuBaHHs. Cepesl HIX MOXYTh OyTH CHCTEMH 00IrpiBy OynuH-
KiB, TEIUMIi, puOHI rocroaapcTBa, MiANPHUEMCTBA i3 00pOOKM BOBHH, Ia-
cTepu3allil MoJIOKa, BUPOLIYBaHHS IpUOiB, MpacyBaHHS OAATY, OalbHEO-
JIOT'isl, TRAPUHHHUIITBO, BUPOOHHIITBO Tariepy Ta OOPHOI KUCIOTH.

OCHOBHHM HEJOJIKOM T€OTEPMAILHUX PE3EPBYapIB € T€, IO BOHU
SIK TIPABHJIO 3HAXOJSThCS HA CTUKY JITOCHEPHHUX TUIUT, Ta MICIAX ITiJl-
BHIIIEHOTO BYJIKaHI3My 4YM TEKTOHIYHOI akTUBHOCTI. «KpaiHa JIbo10BH-
KiB», TaK Ha3WBaIOTh [ClIaH/Iit0, €EKTUBHO BUKOPUCTOBYE TipoTepMa-
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JILHY €Heprito cBoix Hajap. Tyt Bimomo monan 700 TepManbHUX JPKEPE,
SIKI BUXOJISTh Ha 3eMHY TOBEpXHIO. bin3nko 90 % HaceneHHsS KOPUCTY-
€TbCSl TEOTEPMAIBbHUMH BOAAMH JI1 OOIrpiBY KHUTJIOBHX IPUMIIICHB.
[Ipu cepenniii Temmnepartypi Bogu 87° C, piuHe CIIOKUBaHHS €HEprii ra-
psdoi Boau ckiangae 15 mumH T'JIk, mo piBHOIIHHO ekoHOoMii 500 TuC T
KaM’sSIHOTO BYTriIs Ha pik. KpiMm Toro, icIaHiceKi TEIUIMIN, B SKHUX BHU-
POIIYIOTh OBOYi, ()PYKTH, KBITH 1 HaBiTh OAHAHU, CIIOXKUBAIOTH IIOPIYHO
n0 150 tic M’ rapstaoi Bomu, T06TO mowan 1,5 mmn I'JIK TeruioBoi
EHeprii.

IeoTepmanbHi TenoeaeKTPOCTAHIL . [HIIIMM METOIOM 3aCTOCYBaH-
HSI TEMIIEPATypPHHUX TEOTEPMAIILHUX BOJ € BUPOOHUIITBO €ICKTPOCHEPTil
3a gonomoroto ['eoTEC. [Ins nboro, mpoOyproOTh CBEPJIOBUHU TIINOH-
HOIO BiJ 3,5 10 7 KM J0 TOCSATHEHHS HArpiTHX MarMoro pesepsyapis. I1ix
JIEI0 BJIACHOTO THCKY, PiJIMHA TTOYMHAE PYyXaTHUCh BIOPY, CTBOPIOIOYH HE-
BEJIMKY KUTBKICTh Tapu. Ha moBepxHi pijluHa pa3oM 3 maporo MOJaeThCsl Y
TEIUIOPO3/AUIBHUK, JIC¢ BiJIOYBAETHCS PO3UICHHS MapH BHCOKOIO THUCKY 1
piaunu. Jlai napa i3 Tenpopo3iibHIKA MOIAEThCS Y TPYOOIPOBiT BUCO-
KOT'O THUCKY.

Piguna, 110 3anuinmiacs micis BUIIAPOBYBaHHS MOMAETHCS y KPHC-
Taji3aTop, JIe CTBOPIOETHCS Iapa 3BHYANHOIO THUCKY, SIKA MOMAETHCS Y
TPYOOIPOBiJl HU3BKOrO THCKY. Jlam mapa HH3BKOTO i BUCOKOTO THUCKY
nonmaeThest y TypOiny. Cuia napu 3iilicHIOe o0epTaHHs TypOiHM 1 Baiy,
SIKUH 3’ €THAHWI 3 elIeKTporeHeparopoM. OTpUMaHa TaKUM YAHOM EJICK-
TpOEHepris Jlani MoJaeThes Y JIiHII eekTporepenayi. Bukopucrana Bo-
Jla 3HOBY 3aKauy€eThCs y MiJ3EMHI pe3epByapH, /Ui MOBTOPHOTO HATPIiBY
i Bukopuctannd. [Ipunnumnosa cxema poootn ['eoTEC npencrasnena Ha
puc. 1.15.

Po3pi3HsIOTh 1Ba BUAN T'e0TepMaIbHUX CTAHI[IN: MMepIri IIsd TeHepy-
BaHHS CTPyMy BHKOPHCTOBYIOTH Mapy, APYri — Meperpiti reorepMaibHi
BOJIN.

VY mepmux cyxa napa 3i CBepJIOBUHU HAJXOAUTh Y TypOiHy abo re-
HepaTop Jyis BUPOOJIeHHs enekrpoeHeprii (puc. 1.16, a). Ha cranmisx
IHIIIOrO TUIy BUKOPUCTOBYIOTHCS T'€OTEPMAabHI BOAM TEMIIEPATYPOIO
monaz 180° C. Boga npupoIHUM YHHOM MiAIMAEThCs BrOpy CBEPIO-
BHHOIO, TIOJIA€THCS B CEMapaTop, J€ BHACTIIOK 3MEHIIICHHS THUCKY 4ac-
THHA 11 KUMUTH 1 IEPETBOPIOETHCS Ha mapy. [lapa cipsSMOBYeTbCs B Te-
HepaTop abo TypOiHy i BUpOOJsie enektpoeHeprito (puc. 1.16, 6). Lle
HAMOLIBII MOMMPEHNH THIT TEOTEPMAIIbHOI eNIEKTPOCTaHIIII.
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HarmiTaasHa
CBEPATOBHHA

s Llw i Lisctml e

a o
Puc. 1.16. Tunu 'eoTEC: @ — Ha cyxili mapi; 6 — Ha neperpiTomy napi

IHmMM MeTogoM BUPOOHMITBA €EIEKTPOEHEPril € BUKOPUCTAHHS
MPOIIECY i3 3aCTOCYBAHHSAM JIBOKOHTYPHOTrO (O1HAPHOTO) IIUKITY.

V mpomy mporeci Boga, OTpUMaHa 3 OaceiiHy, BHKOPHUCTOBYETHCS
TS HarpiBaHHS TEIUIOHOCIS APYroro KoHTYpy (dppeoHy 4yu 1300yTaHy),
SKUM Mae MeHIly TeMmmeparypy kumiHasa (puc. 1.17). Ycra”HoBku, 1110
BHUKOPHUCTOBYIOTEH (hPEOH SK TEIIOHOCIH JIPYyroro KOHTYPY, 3apas Mmiaro-
TOBJICHI JIJIs JTiana3ony temmepatyp 75...150° C.

38



Typ6ina Tenepatop

o | "}:’E"

TermnoodMIHHHE

Puc. 1.17. ABokoutypHa 'eoTEC

- £ 35 S UG

ol

3HauHi MacIITabu PO3BUTKY T'€OTEPMAIILHOI SHEPTETUKH B MalOyT-
HbOMY MOXJIMBI JIMIIIE B pa3i OJIep>KaHHs TEIIOBOI eHeprii Oe3mocepe-
HBO 13 TIPCBKUX MOPiA. Y IILOMY BHIAAKy B MICISX, € 3HAWIEHO CyXi
rapsiui CKeJIbHI Mopoju, OypsATh MapalielibHi CBEPUIOBUHU MK SIKUMU
YTBOPIOIOTh CUCTEMY TpiluH. ToOTO (pakTUIHO (POPMYETHCS MTYIHHIH
reoTepMalibHHIA pe3epByap, B KU MMOJAETHCS XOJIOIHA BO/IA 13 HACTYII-
HUM OTPUMAaHHSM Tapy ab0 MapoBOJISHOI CyMIlIli.

JIoiNbHICTh PO3BUTKY reOTEPMAIIbHOI CHEPTeTUKN Y KpaiHU BU3HA-
YAEThCS HASBHICTIO 3HAYHUX PECYpPCiB  T'eOTepMalibHOI  eHeprii
(Tabm. 1.2), 1110 3a CBOIM TEILUIOBUM €KBIBAJICHTOM IEPEBHUIIYIOTH 3aIacu
TPaIUIIHHOTO EHEepPreTHYHOro NainBa, puc. 1.18.

Tabauys 1.2

IloTenuiang reorepmaibHOI eHepril

JIoIiTBEHO eKOHOMIY-

TexHiyHUI TOTEHIIIAT . .
HUI ITOTEHIIa

3arajbHUi OTEHIIaT

kBr-rog/pik| TYIL/pik |xBr-ron/pik | TY.L/pik |kBr-rog/pik | T y.IL/pik
438-10° 50-10° | 262,810 30-10° 180-10° 21-10°
[ToTeHmiitHi reoTepMaibHI pPeCypcH B  YKpaiHi CTaHOBIATH

27 M. M’/ 106y TEIIOEHEPreTHIHNUX BOJ i3 CEPEIHBOI0 TEMIIEpaTy-

poto 70° C.
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Eneprernynuii eKBiBaJIeHT TOTOBOTO JI0 OCBOEHHS TEXHIYHOTO MOTeE-
HIliaJ1y T€OTepMaIbHUX PecypciB YKpainu csarae 12 MilH. TOHH YMOBHO-
ro manuBa Ha pik. [TOTy)XKHICTh CTBOPEHHX 3a OCTAaHHIH Yac reorepma-
JIbHUX yCTaHOBOK cTaHOBUTH 10,9 MBT Temnosoi Ta 0,17 MBT enekt-
pu4HOI TOTYKHOCTI. Ha choroHi 11i TOCIiTHO-IIPOMUCIIOBI YCTaHOBKH
JIOCATIIA PIYHOI EKOHOMIT 7,5 THC. TOHH YMOBHOTO ITaJIUBA.

62.7
58,3 .
. 37.2. 15,817
' Kuis
510 JIseiB g
490 ° .
239
. 2820 : '
; 1620 FIL290 4230

O Kinekicts Temnonocis, 2350 2430[{2900

o BUAOOYBAETECA, 1350 [ 1600 E
THC. M3//106y

.

37600

g ' 25600
@ TennoBuii HOTCHINAN Ozeca 21900 | E

TepMalbHUX BOA, MBT

@ Piuna ckoHOMIS,

@
Cumpepormi
THC.T.y .IL/piK Cmvpeponins

Puc. 1.18. ITorenuian reorepmanbHOI eHeprii Ykpainu

B Ykpaini Benuki TepMalibHi 30HU Ha riuoOuHi 10 4 kM € B Kpumy ta
KapnaTax. 3aranpHuii moTeHIian mja3eMHuX Boj perioHis [Ipukapnarrs
i Kpumy cranoButh 1,5 mitH 3a 100y a0o 550 mun 3a pik. Li 3amacu Bxke
ChOTO/IHI peHTa0eIbHO BHKOPHUCTOBYBATH HE TINIBKH JIS TEIJIOIOCTa-
YaHHs PI3HOMAHITHUX CIIOKHMBA4YiB, a W JUIs BHPOOHUIITBA EJICKTPO-
CHEepT1i.

HasiBHi 1[iHM Ha €HEProHOCII Ta MEPCHEKTUBH iX 3POCTAHHS POOJIATH
€KOHOMIYHO BUTITHUM OYAIBHHULITBO T€OTEPMAbHUX €JIEKTPOCTAHIIN Y
3rajJlaHux perioHax.

Jns mominieHHs: eHepronocradadds KpuMy 3amnanoBaHo OyniBHU-
LTBO 'eOTEPMaIbHUX €IEKTPOCTaHIii MOTYXHICTIO 6 MBT — y 3axiaHiit
YaCTHHI MBOCTPOBA, ¢ Ha TMOWHI 4kM € Boja Temneparyporo 250° C.

40



3arajgpHa MOTYXHICTh CTaHIi cTraHoButuMe noHan 100 MBr. HaiiGi-
JIBILIE JOCHIDKEHO 3alacy TepMalibHUX BoA y beperiBcbkomy paiioni (Ha
rmbuHi 10 1200 ... 1500 M) Ta Yxkropoucekkomy paiioni (o 2500 m).
Ha croroani y M. beperose BUKOPUCTOBYIOTH JIBi CBEPUIOBHHH TIHOU-
1010 800 i 970 M i3 106oBMM BuXOmOM 350 M’ MiHEpambHOI BOIH TeM-
nepatyporo 58°C.

[IporpaMoro po3BUTKY reoTepMalibHOI EHEPreTHKH MepeadadeHo Je-
KiTbKa MPIOPUTETHUX HAMPSIMKIB PO3BUTKY, & caMe: CTBOPEHHSI TeoTep-
MajabHuX cTaHiiid TemonocrayanHs (['eoTEC), cucrem Temomnocra-
YaHHS 3 MiJ3€MHAM aKyMYJIOBaHHSM TeIUla, CyNIMJIbHUX YCTaHOBOK,
reoTepMaibHOTO TEMJIONOCTavYaHHs TeIUIMIb. BIpoBa/pKeHHS TaKuX
3aXO0J[iB MOXe 3a0€3MEeUUTH CKOHOMIIO MaIMBHO-CHEPTETUYHHUX PECyp-
ciB B 00cs131 6,9 MJIIH TOHH YMOBHOTO TaJIMBA.

OCHOBHHM JKEPEIIOM T€0TEePMAIbHOI eHeprii € MOCTIHHUE TOTIK Te-
TU1a 3 poPKAPEHUX HaJlp, HATIPABICHUH 10 TOBEPXHI 3eMJTi.

3eMHa Kopa 0JIEP)KYy€ TEIIO B Pe3yJIbTaTi TEPTS sjapa, pagioaKTUBHO-
rO po3najy eleMeHTiB (MOAIOHO TOpi0 Ta ypaHy), XiMIYHUX peaKiii.
[MocTiitHi yacy LWX MPOILECiB HACTUIBKM BEIHMKI BIIHOCHO Yacy icHY-
BaHHS 3eMJIi, 1110 HEMOXIJIMBO HaBITh OLIHUTH, UM 30UIBIIYETHCS TEMIIE-
parypa ii 41 3MEHUIYEThCSI.

3amack  TeOTepMalbHOI  TEIUIOTM  CTAHOBIISATH  MPUOIHM3HO
8-10° JIx / pix, 1110 TIepeBHIIye PiuHe CTIOKMBAHHS €HEpTii B yChOMY CBi-
Ti B 35 mipa pasiB. SIkOu MoxHa Oyia0 BHKOPUCTOBYBAaTH Bchoro 1 %
reoTepMaibHOl eHeprii 3eMHO1 Kopu (rmbuHa — 10KM), JTIOACTBO Maiio
0 y CBOEMY pO3MOPSIPKEHHI KUIBKICTB eHeprii, sika B 500 pasiB nepeBu-
mryBaja 0 yci cBiTOBI 3anmacu Ha)TH Ta raszy. TeopeTnuHi pecypcu reo-
TepMasIbHOI eHeprii Ha 3emili 10 TIIMOUHU 3 KM CTaHOBISTH OJIM3BKO JI0
41000 mupxa Tk / pik. Y Mexkax rauOuHE 5 KM TEOPETHYHI pecypcu B
3—4 pasu Oinbire (6au3bko 140000 mapa Tx / pik), 10 XapakTepusye
reoTepMaibHi pecypcH SIK MPaKTHYHO HEeBUYEpITHi. SIKIIo irocTBO Oy-
Jle BUKOPHCTOBYBAaTH TUIBKM OJHY TeOTepMallbHy €HEprilo, IMpoiiie
41 MITH POKiB, MEpII HiX TeMIlepaTypa Haap 3eMili 3HU3UTHCS Ha MOJIOo-
BHHY Tpajyca.

[lig miero reoTepMaabHOrO TeIjla PO3ILUIABISIOTHCS TiPChKI MOPOIU
IiJ] 3€MHO0 KOPOIO, MEPETBOPIOIOYH IX Ha MarMmy (SKy MU MOXKEMO iHO-
1l 0auuTH Ha MOBEPXHI Y BUIJISII JIaBH).
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OcCHOBHA 4acTHHA MarM 3aJIMIIAETHCS M1 3eMiIero 1, MOAIOHO [0
Tedi, HarpiBae Mmopojly HABKOJIO Ta MiJA3eMHI BOJHM, SIKi B 0araThoX BH-
najiKax MepexousaTh y NapornoaiOHui cTaH MPU BUCOKOMY THUCKY. Y Jie-
SIKUX MICIIX, OCOOJIMBO IO Kpasx TEKTOHIYHMX IUIMT MATEPHKIB, a Ta-
KOXK Y TaK 3BaHUX «TapsyvX TOYKAX» TEIIOTa MiIXOAUTh TaK OJHM3BKO
JI0 TIOBEPXHI, IO ii MOXKHa JIOOyBaTH 3a JIOIIOMOTOH T€OTEPMAIIbHUX
CBEPAJIOBUH.

Tennosi nHacocu. [lpunan, sk TEPEHOCHTH PO3CISIHY TEIUIOBY
SHEPril0 B ONANIOBAJLHUN KOHTYP HA3MBAETHCS TEMJIOBUM HACOCOM.
[MpuHIMn poOOTH TEMIIOBOrO Hacoca 3aCHOBaHWIT Ha 3BOPOTHOMY IHKIIi
Kapno.

Konreniiro TermmoBux HacociB 0yiio po3pooiieHo e B 1852 p. Opu-
TAaHCHKUM (Pi3MKOM Ta iHxeHepoMm Binesmom Tomconom (Jlopmom Ke-
JILBIHOM) 1 B TMOJAJIbIIIOMY BJIOCKOHAJICHO Ta JICTAJIi30BAHO aBCTPIHCh-
KM iHxeHepoM [lerepom ¢oH PiTTiHrepom, SKOro BBa)aroTh BHHAXI-
HUKOM TEIJIOBOTO HACOCY, OCKUIbKH CaMe BiH 3alpPOEKTYBaB i BCTAHO-
BHB TIEPIIUi BiIoMHUIi TerioBuil Hacoc y 1855 p.

[IpakTHYHOrO 3aCTOCYBaHHS TEIJIOBUM HAcOC HAOyB 3HAYHO Ii3Hi-
e, a Tounime y 40-x pokax XX CTONITTS, KOJIM BUHAXITHUK-CHTY31acT
Pobept Bebep (Robert C. Webber) ekcriepuMeHTYBaB 3 MOPO3UIIBHOIO
kamepor. OpmHoro pasy Bebep BHIIaAKOBO JOTOPKHYBCS A0 rapsyoi
TpyOM Ha BUXOIi KaMmepH i 3pO3yMiB, HIO TEIIO MPOCTO BUKUIAETHCS
Ha30BHI. BUHaXiHUK 3aMHCIMBCS HAJ TUM, SIK BUKOPUCTATH II€ TEILIO.
Bin BupimmB nomictutu TpyOy B OoWep s mimirpiBy Bomu. Y pe-
3ynbrati Bebep 3a0e3neunB CBOO POIMHY JIOCTATHLOKO KUIBKICTIO Tapsi-
4oi Boau. lle HAIMITOBXHYJIO HOrO HA JyMKY, IO BiJ OJHOTO JKEpena
Teryia MOXKHa MiJrpiBaTy i BoAy, i MOBiTpst ogHodacHo. Bebep ymocko-
HaJMB CBili BHHAXIJ 1 MOYaB MPOTAHATH Tapsdy BOAY IO cripaii (depes
3MIMOBUK) 1 3@ JIOMIOMOTOK HEBEJIMKOI'0 BEHTUJISTOPA PO3IMOBCIOIKYBaA-
TH TEIUIO MO OYJUHKY 3 METOI HOT0 ONaJICHHS.

3rogom came y Bebepa 3’sBHIIach iiesl «BUKa4yBaTH» TEIUIO i3 3€M-
JIi, 7Ie TeMIlepaTypa He HaJTO 3MIHIOBAIACh MPOTATOM poky. BiH momic-
TUB y TPYHT MiJHI TpyOH, SKHMHU ILHPKYJIIOBaB (pEoH, M0 «30HpaB»
Ter0 3emiti. ['a3 KOHIeHCYBaBCs, BIAAAI0YH CBOE TEILIO Y IOMi, Ta 3HOB
MPOXOAMB Yepe3 3MIMOBHUK, MO0 MifiOpaTH HACTYIHY IMOPIIi0 TEeIuia.
[NoBiTpst mpUBOIMIIOCS B PYX 3@ JIOMOMOTOI0 BEHTHJISTOPA 1 PO3MOBCIO-
JOKYBAJIOCh 110 OYIMHKY.
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VYV 40-x pokax TemIOBHH Hacoc OyB BiIOMHM uepe3 CBOIO HaJI3BH-
YaiiHy e()eKTHBHICTb, ajie peajbHa MoTpeda y HhOMY BHHHKIIA 33 YaciB
Apabcekoro HahToBoro embapro y 70-x pokax, KOJId, HE3BAKAIOYU HA
HU3bKI I[IHM HA SHEPrOHOCI1, 3’ IBUBCS IHTEPEC 10 SHEPro30epeKeHHSI.

BA

\d

IInTanHA a0 rjiaBu 1

1. Ha sKi rpynu po3moauIsrOTECSl eHepreTHYHI Pecypcr eHeprii Ha
3emni?

2. laTi xapaKkTepuCTUKY T'eoTepMaIbHOI eHeprii.
3. SIki 0coOIMBOCTI eHeprii BiTpy?
4. 1llo Bu3Havae kpurepiii berma?

5. SIki icHYI0Th crIOCOOM TIEPETBOPEHHS €HEPrii COHLSA B €JIEKTPH-
YHY eHeprio?

6. SIki iCHYIOTh THIIH COHSIYHUX TETUIOBHX €JIEKTPOCTAHIIIN?
7. IlosicHUTH PUHIIUT POOOTH COHSYHOT'O KOJIEKTOPA.

8. SIx BH3HaYaeThCAd MOKA3HUK €(EeKTHBHOCTI COHSIYHOT'O KOJIEK-
Topa?

9. SIki oCHOBHI TIepeBaru COHAYHOT EHEPTETUKHU ?
10. Skuii nmoTeHIIial Te0TePMaIbHOT CHEPreTUKH B Y KpaiHi?
11. SIki OCHOBHI THIIH PecypciB reoTepMaIbHOI eHeprii?

12. Ha sixomy npuHIHMII 3aCHOBaHa po0OoTa TEMIIOBOTr0 Hacocy?
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2 EHEPTETHUYHI YCTAHOBKH
HA OCHOBI BUKOPUCTAHHA
EHEPTII BITPY

2.1 OCHOBHI CNIiBBiHOIIEHHA
06epTaJbLHOr0 pyXy

2.1.1 Pyx miaa no Koy

3aK0HH, 0 BU3HAYAKOTL PyX Tina mo koiy (puc. 2.1, a), Taki x
caMi SIK 1 3aKOHU TIOCTYITOBOTO PyXy. B 1IbOMY BHUIIaIKy BUKOpPHC-
TOBYIOTBCSI TIOHSITTSI KyTOBOTO TIepeMilieHHs (KyTa TIOBOPOTY @ , KyTO-

BOT BHUIKOCTI ® 1 KYTOBOIO MPUCKOPEHHS 0, . Y BCIX PiBHSHHIX 00ep-
TOBOTO PYXY KYTH 33/1al0ThCSI B pajliaHax.
KyroBe nepeminieHHs (¢ Bu3HavaeThes Gpopmyiioro, (puc. 2.1, 6):

N
p==.
-

ChiBBigHOIIEHHS MK KYTOBOIO IIBHAKICTIO, KYTOBHUM ITE€PEMIillleH-
HSM Ta 4acoOM JiIS yCiX BUIIB pyXy (PIBHOMIPHOrO, PIBHOMIPHO MpHC-
KOPEHOr0 Ta HEPIBHOMIPHO MPUCKOPEHOI'0) 10 KOJIy HATJISHO MOKa3aHi
Ha rpadiky KyToBoi mBHIKOCTI o(?), puc. 2.1, 6.

Tino Tino
s ®
r : ; : r
t
6 8
LeHTp Llentp
obepTaHHA obepTaHHa
a 2

Puc. 2.1. Pyx Tina no xomy

[Tnoma mig KpUBOIO BU3HAYAE HA SIKMHA KYT 3 MOMEHTY MIOYATKY PYXY
TiNO moBepHYOCs. JIerko BUBHAYUTH 3B’SI30K MK JTIIHIHHOIO MIBUJKIC-
TIO TOYKH V 1 i KyTOBOK MIBUAKICTIO ®, AKIIO BIIOMHI pajiyc r KoJa,
0 IKOMY BOHa pyXaeThcs. SIKmo Kyt ¢ = 1 pajn, TO TO4YKa NMpoije mo

KOJIy BiJICTaHb, 1110 JOPiBHIOE pajiycy (s = 7). Tomi v=or.
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Ilig yac pyxy TBEpAOro Tijda HABKOJIO OCI 3pYyYHO KOPHCTYBATHCS
MOHATTSAM KYTOBOI IIBHAKOCTI: B I[bOMY BHIIaIKy KyTOBa IIBUIKICTH
BCIX TOYOK TiJIa OJJHAKOBa, puc. 2.1, 2, OCKUIbKH BC1 BOHHU 3a OJWH 1 TOM
K€ Yac IOBEPTAIOTHCS HA OJUH 1 TOH ke KyT. OueBHIHO, 110 IIPH 00ep-
TaHHI TBEPJOTO TiJIa JIHIMHI MBUIAKOCTI HOr0 TOYOK Ta iX JOICHTPOBE
MPUCKOPEHHS MTPOMOPIiiTHI BiICTaHI IIMX TOYOK BijJ OCi 00epTaHHS.

BaxnuBoro XapakTEPUCTHKOIO YCIX BHIIB OOEPTaHHS € KIILKICTH
0bepTiB 1, a00 piBHOLIHHA i XapaKTepucTHKa — yactoTa f. OOuIBI Be-
JUYUHH XapaKTePU3YIOTh KUIBKICTh 00€epTIB 32 OMMHUIIIO Yacy, 00 / ¢

[n]=1/1,

ajie B TEXHII, K MPaBUJIO0, KUIbKICTh 00EPTIB BUMIPIOIOTH B 00 / XB.
KyroBe nepemimiensst 10piBHIOE 10OYTKY MOBHOI KiJIbKOCTI 00epTiB

2
N wua 21, o610 @=2nN. Jlnsa ogqHoro obepry Maemo: ® = 27f =7n.

dopMmynn cripaBeUINBI K IS PIBHOMIPHOTO, TaK 1 ISl IIPHCKOPEHOrO
pyxy. B HUX MOXYTh BXOJIUTH CTajll BEIMYUHU, CEPEIHI 3HAUCHHSI, T10-
YaTKOBI 1 KIHIIEBi 3HAYCHHSI, a TAKOX OYIb-sIKI MUTTEBI 3HAUECHHS.

Tino pyxaeTbcs 10 KOy PIBHOMIPHO, SIKIIO HOr0 KyTOBa INIBHIKICTH
€ CTaJOI BEIMYMHOI, TOOTO TIJIO 32 OJHAKOBI MPOMIXKKH 4acy IMOBEp-
TA€ThCS HAa TOW K€ CaMUil KyT:

0=".
t

TakuM YUHOM, TTOCTIHHOIO KYTOBOIO IIBHIKICTIO () HAa3HBAETHCS Bi-
JHOILIGHHS KYTOBOTO TepeMilleHHs (KyTa MOBOPOTY) A0 Yacy, IO BH-
TpaveHU Ha 11¢ MePEMIII[CHHSI.

Pyx 1o xony Ha3MBa€ThCs PIBHOMIPHO MPUCKOPEHUM. SIKIIO KyTOBE
MPUCKOPEHHS 0, = CONnst, a KyToBa MIBHJIKICTb ®~ f, puc. 2.2. Takum
YUHOM:

Ao
o=—.
At

SIKIIO TIIO MOYMHAE PyXATHUCH 13 CTaHy CIOKOIO 1 HOro KyToBa IIBHU-
JKICTh PIBHOMIPHO 3pOCTa€, TO Y BIAMOBIAHOCTI 3 pHC. 2.2 KyTOBE Iie-

ot ar’

peMillleHHS TOPiBHIOE IO TPUKYTHHKA, TOOTO @ = E) = B
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A®

At t
Puc. 2.2. Bu3HaueHHsI KyTOBOI'O IIEpEMIIIIEHHS

SIKmo Tino pyXaeTbes MO KONy HEPIBHOMIPHO, TO MHUTTEBA KyTOBa
HIBHJIKICTh BUBHAYAETHCS SIK
_de
-

dt

®

TOOTO JUIsl TOTO, MO0 OOYMCIUTH KYTOBY NIBUJKICTE (), HEOOXIJHO 3HA-
TH 3aJISKHICTh KyTOBOI'O MEepeMilIeHHs BiJ 4acy. 3HAIOUM KyTOBY IIBH-
JKICTh ®(¢) MOKHA BU3HAYUTH KyTOBE TIEpEMill|eHHSI:

0= Tm(l)dl.

4
MUTTEBE KYyTOBE NPUCKOPEHHS B IIbOMY BHIIAIKy BU3HAYAETHCS K

2
0Lza’ma’ (p’
dt dr’

a KyTOBa HIBUJKICTh JIOPIBHIOE:

®= Ta(t)dt .

4
2.1.2 O6epmasavbHuii pyx miaa

Posrimsaemo aesiki e1eMeHTH Teopii 00epTanbHOrO PyXy TBEPAOrO
tima. ITig yac o6epTaIbHOrO PyXy yci €IeMEHTH HOro MacH, sIKi He 3Ha-
XOOATHCS Ha Ocl 00epTaHHs, 3AIMCHIOIOTh PyX IO KOJy. AHAJOMI4HO 1
MaTepiajJbHa TOYKA, 110 3HAXOAMTLCSA Ha BifcTaui r >0 Big oci obep-
TaHHS, TAKOXK 3/IMCHIOE PYX 10 KOIY, 5K 1 Oy/b-SIKe T1JIO, BilJaJICHE BiJ
oci o0epTaHHSI.
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JliniiiHe nepeMillleHHs S, JiHiifHa MBUAKICTH V, Ta JiHiliHEe mpuc-

KOpPEHHsSI (, JJIsl TAaKOro pyXy IIOB’S3aHi MK COOOI0 3BUYaWHMMU JUIs
ITOCTYIIOBOI'O PyXy BigHOIIeHHIMH. KpiM TOro, mi BeJIUYHUHU OB’ I3aHI
TaKOX 3 KyTOBHM IEPEMIIEHHSIM (P, KYTOBOIO IIBHAKICTIO ® Ta KyTO-
BUM TPUCKOpeHHsIM ¢, . CripaBemiinBi Taki GopMyIH:

s =R, a,=oR,

v, =0R, v, =dnf,
ne d = 2nR — niamerp Tpaekropii. [Ipu 1bOMY KyTOBa MIBUJKICTb i KY-
TOBE IIPUCKOPEHHS Tija € BEKTOPHUMH BenmnuuHamu, (puc. 2.3, a 1 6). Lli
BEKTOPY HAIPaBJICHI B3J0BXK OCi 00epTaHHs, a iX JOBXKHHA BHU3HAYAE
BEIMYMHY BIAMOBIIHUX XapaKTEPUCTHK 00epTajbHOro pyxy. Hampsm
BEKTOPiB BU3HAYAETHCS 32 IPAaBUIIOM OypaBUHKa.

\___'
o

Puc. 2.3. JliniiiHi XapaKTEepUCTUKU PYXY MO KOIY
Kyr ¢ 3amae kyroBe mepeMilleHHSI B pajiiaHax 1 BU3HAYAETHCS K
BIJTHOIIICHHS JIOBXKMHH JIyTH, 110 OXOILTIETHCS KYTOM, JIO pajiycy, To0-

0 9=
R.

[IBuaKiCTE V € BEKTOPOM, TaK IO Oy/ib-AKa 3MiHA BEKTOPA INBHUJI-
KOCTI 32 4acOM BH3HA4Ya€ MPUCKOPEHHS
AV

a=—.
At
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Bekrop AV Mo)ke 03Ha4yaTH 3MiHy K BEIMYMHH MIBUAKOCTI, TaK i ii
HarpsaM. SIKIIO 3MIHIOETHCS TIUTBKH BEJIWYMHA IIBUAKOCTI, TO 3MIHCHIO-

. LX) v v
€THCS TIPSMONIHIHO MPUCKOPEHUH pyX, TOOTO a = N
t

SKIO 3MIHIOETHCS TUTBKU HAMPSM MIBHJKOCTI, TO 3iHCHIOETHCS Pi-
BHOMIpHMH KpUBONIHIMHUE pyX, puc. 2.4, a. Skmo Benmuuunu vV, i V,
OIHAKOBi, TO 3a yac A/ WIBUIKICTH V, 3MIiHIOETHCS HA BenuuuHy AV i
nopiBHIOE V,. IIpu 1boMy mpupicT WBUAKOCTI AV 3aBkIu Hanpasie-

Av

HUW TIEPIISHIUKYJISIPHO JI0 MOYATKOBOI MIBUIKOCTI. BimHOmIEHHS Z
t

HAa3UBAETHCS PaliaibHUM ab0 JOLECHTPOBUM HPUCKOPEHHSM (@, abo

a, ). SIKIo BeNnMYMHA PalialIbHOrO IIPUCKOPEHHS MOCTikHA, TO TLIO py-
Xa€THCS 10 KOIY.

Vs
v
— >
~ As
Av
v, A\ Q|7
v+ AV=V,
a o

Puc. 2.4. 3mina BekTOopa MIBHIKOCTI

SIKIO 3MIHIOETHCS 1 BEJTMYMHA 1 HANPSIM IIBUJKOCTI, TO TLIO pyXa-
€ThCS TI0 KPUBOJTIHINMHINA TpaekTopii. B bOMy BUNIAJKY, OKPIM pajliaib-
HOro (HOPMaJIBHOT0) MPUCKOPEHHS, TUIO OTPUMYE TAKOXK TaHTCHIIIAh-
HE NPUCKOPEHHS d_, sIKe HallpaBJIeHe 110 JOTUYHII 10 TpaeKTopil.

PanianbHe MpUCKOPEHHS 3aBXJIU MEPICHIAUKYJISPHO HANPSAMY MHT-
TEBOI MIBUAKOCTI, puc. 2.4, 6. JlIs JOCHTh Majoro mpoMixkKy dacy Af
CIPaBEIMBE HACTYITHE CITiBBITHOIIICHHS:

As _Av

r \%

I

48



Ockinbku As =v At to

Av v At Av vﬁ
v 7 At r

3BIIKM OTPUMYEMO BUPA3 AJIsl palialIbHOTO PUCKOPEHHS:
2
vJ'l

ap =a, =—.

~

Takum yMHOM, pajialibHe TPUCKOPEHHS 3MIHIOE TUILKU HAMpsiM, a He
BEJIMYMHY IIBUIKOCTI.

2.1.3. lunamika 06epmaavbH0O20 pyxXy

Sk Bke Bif3HaYanocs, MiJ Yac pyxy MO KOy TOYKOBOi Macu abo
IIEHTpa Mac TBEPJIOTO Tijla € NPUCKOPEHHS d, , SKe HAIPaBJICHE 10 pa-

niycy 1o ueHtpa obepranHs. lle o3Hauae, mio mix wyac pyxy mo Koy
3aBXKIIM € CHJIa, sIKa CIIPsIMOBaHa 70 IieHTpa oOepTanHs. Taka cuia Ha-

3MBAETHCSA JOICHTPOBOIO 1 BU3HAYAEThCA siK F =mad . Toxi

2
my,

- = 2y =
F =ma=—"=mor = po,
r

ae r — pajaiyc Kojla; m — Maca Tula; V, — JiHIlHAa IIBHJKICTh TiNa;
(®— KyTOBa MIBHJKICTh TiJIa; p — IMITYJIbC TiNa.

Jouentposa cuna F; 3aGesnedye pyx Tima mo oy i He 103BosE
HoMy pyxaTucs 3a iHepIi€lo Mo mpsMii (ska AoTH4HaA 70 Kona). Cuia
iHepIii, sSika MPOTH/IE JOLEHTPOBIH CHIIi, HA3UBAETHCS BiIIEHTPOBOIO

CHJIOIO Fu6. OOuIBI CHJIM OJJHAKOBI 3a BEJITMYMHOIO Ta MPOTHJICKHI 3a

HaIpPsIMKOM, TOOTO F'HG = —F'u (puc. 2.5).

Sk BitoMo 3 Kypcy (i3HKH i i€ MOMEHTY CHUJIH TBEp/IE TUIO0, 10
3aKpIIJICHE Ha OCi, HA0yBa€e KyTOBE MPUCKOPCHHSI.
Hexait M =M, + M, +... € IOBHUM MOMEHTOM JIif04OI Ha JaHE TiI0

CHJIH, KU JIOPIBHIOE CyMi MOMEHTIB yCiX CHJI, IO JIIOTH Ha OKpeMmi
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eleMEeHTH Am Macu Tina, m = Am, + Am, +... € Macolo Tila, fKa J0pi-
BHIOE CyMi OKPEMMX €JIE€MEHTIB MacH, 7;— BIJCTaHb €IEeMEHTa MacH

Am. Bin oci obepTanHs (puc. 2.6), 0 —KyTOBE IPUCKOPEHHS, 3 SIKUM

o0epTaeThCsl TBEPJAE TLIO, OJHAKOBE JUISl YCIX €JIEMCHTIB Macu,
J — MOMEHT 1HEepIIil TaHOTO TiJIa.

F

ua

Puc. 2.5. 3abe3neueHus pyxy Tina

Puc. 2.6. Po3mofin eneMeHTiB Macu TBEPIOTO Tijia

M=M+M,+.+M,=> M, M=Fr+Fn+..+Fr=)Fr.
i=1 i=1
OCKIIbKH
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Fr—|F=ma|=mar= a=—-1 =m—r=|Av=Aor
At t
Ao , Ao )
=m—r- =lo=—-1/|=mr-o,
At A
TO

n
M =or’Am, +...+0r, Am, = or’Am, .
i=1

OueBUHO, 110 KYTOBE MPUCKOPEHHS OJHAKOBE JUIS BCIiX EIIEMEHTIB
MacH, TOJl

n
M= aZrizAm,.
i=1

Bupas mijg 3HaKOM CyMU 3aJIeKUTh, OYEBHJIHO, BiJl PO3MOALTY Macu
Tija BIIHOCHO oci oO0epranHs. Lle € MoMeHT iHepii Tiia J, To0TO

n
2
J= ZFI- Am, ,
i=l1

1, BIIMOBIZIHO, MOMEHT CHJI, IIIO JIi€ Ha TBEPJIE TLJIO i HaJae HOMY KyTOBE
MPUCKOPEHHS, JIOPIBHIOE

M =Jo.

Ile piBHSHHS BHCIOBIIIOE OCHOBHHM 3aKOH JHHAMIKHA 00EpTAILHOTO
pyxy. Takum 4MHOM, MOMEHTOM 1HEpLI] HA3UBAIOTH BIHOIIEHHS MOME-
HTY CHJIH JIO KyTOBOT'O IPUCKOPEHHSI, SIKE iM BU3UBAETHCS:

J= Zn:rfAml. = %
i=1 a

Jlis Tina 3 HemepepBHUM PO3MOJIIOM MacH HEOOXiJTHO BUKOPHCTO-
BYBAaTH IHTErpajbHE TOJAHHS:

Myopy

J = J.r2dm.
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OueBuIHO, 110 MOMEHT iHEpIIIl TiIa 3aJeKUTh BiJl Horo MacH i ii po-
3MOJILTY BiZIHOCHO Oci 00epTanHst. Po3MipHicTh iHepIii [KIM™ |.

SIKII0 yaBUTH, 11O yCS Maca JaHOro Tila 30CepemKeHa B OOHINA TOY-
I, a MOMEHT 1HEpIil Tijla BITHOCHO JAEAKOI OCl JOPIBHIOE MOMEHTY iHE-
pIi TOYKOBOT MacH BiJIHOCHO ITi€T % OCi, TO BIZICTaHb I[i€1 TOUKOBOT Ma-

CH Bijt oci oOepTaHHs Ha3UBA€eThCs paiycoM inepuii R;. Toxi

J=mr’=R'm = R = i
m

B TexHilli BAKOPUCTOBYETHCS MOHATTSI MaXOBOTO MOMEHTY, SIKHH J0-
piBHIOE mD”, ne m — maca tina, D = 2R, — niamerp inepuii. Toxi, Bpa-

XOBYIOUH, ITI0
2

J=mR] = mD—,
4

MOXXHa OTPUMATH PIBHSIHHS
mD?* =4J.

Buznaunmo poboTy 4, sika 3MiHCHIOETBCS i1 Yac 00epTaILHOTO PY-
xy. Y 3arajibHOMY BHUIQJIKy Taka poOota opiBHIOE A = Fs , ne F'— moc-
TiiHa CWJia, sIKa CIIBIIAJA€ 3a HAMPSIMKOM I3 MepeMileHHsaM Tina s. Le
CTIpaBeUIUBO 1 A 00epTambHOro pyxy. Cuia, ska MPUKIaIaEThCs 10
TBEPJIOTO Tijia, M0 00EPTAETHCS HABKOJIO JICIKOI TOYKH, CTBOPIOE MO-
MEHT CHJIH:

M = Fr.

OcCkKimbKH s, = @r, TO MOXKHA 3aIIMCATH, 1110
M
A=—or=Mao,
r

TOOTO po0OTa IMiJT Yac 00EPTANBHOTO PYXY JOPIBHIOE JOOYTKY MOMEHTY
CHJIM Ha KyTOBE IepeMillleHHs. SIKIIO0 MOMEHT CHJIM 3aJISKUTh BiJ KyTa
moBopoTy, To0T0 M = m(p), TO podOTa OOUUCITIOETHCS 3a (HOPMYJIIO0
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A= T Md .

P

MuUTTEBA MOTYXKHICTH P pO3paxoBy€eThCS SIK

TOOTO € MoxXinHOM Bif yacy. Taka sk (opMyla cipaBe/InBa 1 y BUMAIKY
obepTanbHOro pyxy. BpaxoBytouu, mo 4 =M @, MOXKHA OTPUMATH, 1110
d .

P=M22 = M¢=Mo.

dt
TBepue TiO, ke 00EPTAETHCA HABKOJO OCi, BOJIOJI€ KIHETUYHOIO
EHEepri€ro, OCKUILKH YCi eIEMEHTH MaCH IbOr0 Tijla PyXaloThCs 3 BH3HA-
YEHOI0 IMIBUIKICTIO. Taka eHepris Ha3HBAE€ThCS €HEPricl0 oOepTaHHSL
[loBHa eHepris Tilia JOPIBHIOE CyMi €HEprii OKpEMHX EJIEMEHTIB Tija.
Toni

2 2.2
my mor
W =W +W,+. . +W =W = =22

2 2
2 2 2 2 2 2
_ 1 Amo, L h Am,®; b b Am, o,
2 2 2
2 n 2
® Jo
——Zr.ZAm =

i=1
OueBuHO, 1110 3MiHA MBHJIKOCTI 00EpPTaHHS BiJ ®, A0 ®, IPUBO-

IWTh 70 3MiHM eHeprii oOepTaHHs Tina, IO BimoOpa)kaeTbes (opmy-
J010:

A== [} -0?]

MoOMEHTOM KiIbKOCTI pyXy (KyTOBHM MOMEHTOM, MOMEHTOM IMIIy-
JbCY) TiJla HA3WUBAETHCS JOOYTOK HOrO MOMEHTY iHepiii Ha KyTOBY
MIBUIKICTE:

L=Jo.



KyToBuli MOMEHT € BEKTOPHOI BEIMYMHOI. Moro HampsM cmiBma-
Jla€ 3 HAPAMOM BEKTOpa KyTOBOI MIBUAKOCTI. OIMHUIS BUMIPY KyTO-

2
KI'M
=H-Mm-c.

BOT'0O MOMEHTY [L]=

2.2 Knacudikanis BiTpoeHepreTHYHUX YCTAHOBOK

BiTpoeHepreanHa YCTAHOBKA — II¢ KOMIUJIEKC B3a€EMOIIOB’S-
3aHOTO O0JIaJIHAHHS Ta CHOPYI, MPU3HAYCHUH IS TIEPETBOPEH-
Hs eHepril BITpY B iHIII BUIIU eHeprii (MexaHiyHy, TEIIOBY, EIEKTPUUHY
TOIIIO. )

B nanmii wac 3aCTOCOBYIOTHCS JIBI OCHOBHI KOHCTPYKIIii BiTpOeHep-
TeTUYHUX YCTaHOBOK, SIKi BAKOPHCTOBYIOTH TOPHU30HTAIBLHO-OCHOBI 200
BEPTHKAJILHO-0CHOBI BiTpoaBurynu. Oounsa tunu BEY marote mpuo-
mu3Ho piBHui KK/, mpore HaibinbImIoro mommpeHHss Ha0ynu BiTpoar-
peratu nepuroro tuny. [otyxnicts BEY Moxe OyTu Big coTeHb BaT /10
KUJTbKOX MeraBar.

BitpoeHneprernyHi ycTaHOBKU KiIacH(iKylOTh 32 TAKUMH O3HAKAMH:

— BUJIOM BUPOOJTIOBAHOI €HEprii;

— TMOTYXKHICTIO;

— 00J1aCTIO 3aCTOCYBaHHS;

— MIPU3HAYCHHSIM;

— 03HaKOI0 POOOTH 3 MOCTIHHOI ab0 3MIHHOIO YaCTOTOK OOepTaHHS

BiTpokoieca (BK);

— criocobamMy yrpaBITiHHS;

— CTPYKTYPOIO CUCTEMH T€HEepyBaHHS €Heprii.

BirpoeHeprernyHi yCTaHOBKM 3aJI&KHO Bijl BUAY BHUPOOJIIOBAHOI
€Heprii MoAUIAIOTh Ha /Bl TPYNU: MeXaHiuHi 1 enekrpuyHi. Enexrpuuni
BEY, B cBoro uepry, nomuistotecs Ha BEY mocriiiHoro i 3mMiHHOIO
CTpyMY.

B zanexxnocti Big moryxHocti BEY migpo3ainsiors Ha 4oTHPH TpyIH:

— BEJIMKOI OTYKHOCTI — oHax 1 MBT;

— cepennpoi noryxHocti — Big 100 kBt g0 1 MBT;

— MaJIol MOTY>KHOCTI — B 5 10 99 kBT;

— JIy’e MaJoi MOTY>KHOCT1 — MeHIe 5 KBT.

Knacudikanito enekrpuunnx BEY 3miHHOro cTpyMy 3a mpu3HaveH-
HSIM HaBeIeHO y Ta0u. 2.1.
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Tabnuys 2.1

Kaacungikanis BEY 3a npusnauyenHam

HaiimenyBanus | IloryskHicTh O3Hnaka IIpnznauenns
CucremHi, Bix 200 xBt | Pooora 3 BEC | [Ixepesna oTpuMaHHS
MepexeBi 1o 5 MBt napajieiabHo 3 | Ta BHIAYi B €JIEKTPO-

MTOTY>KHOIO MEpEKYy MaKCUMAIILHO

MEpPEKEI0 MOJKJIMBOI €JIEKTPO-
eHeprii

ABTOHOMHI 50...500 xBr | InpuBinyanena | Jl>kepena sKUBIICHHS

pobora BEC eJIeKTpOeHEePTil Cro-

(aBTOHOMHA) KHMBadiB, 1110 HE
3B’sI3aHi 3 EIEKTPOME-
PEXEI0, BiJPI3HAIOTh-
Cs1 HU3BKUM Koeditrie-
HTOM BUKOPHCTaHHS
BCTaHOBJICHOI IIOTYX-
HOCTI

TopumaHi Pi3na Pob6ora BEC Jxepena >KxUBJICHHS

MapajenbHoO 3 | eICKTPOCHEPTil I

eNeKTpOCTaH- | Oe3mepebiliHoro moc-

IiSIMU CyMap- | TadaHHS CHOKHBAaYeM

HOI MTOTYXKHO- | €IEKTPOCHEPTii HOMi-

cTi (Au3ens- HaJIbHOI MOTYXHOCTI

TeHEPaTopH,

Mmami 'EC

Ta iH.)

BiTrpoenexTpununa cranuia (BEC) — enxexTpocraHIisg, sika CKiiajaa-
€THCS 3 JIBOX 1 OLIBINE BITPOCICKTPUUHUX YCTAHOBOK, MPU3HAYCHA JIS
MIEpEeTBOPEHHS €Heprii BiTpy B €NEKTPUUHY EHEpTilo 1 mepeaauy ii cro-
JKUBAYCBI.

Birpoarperar (BA) — ycTaHoBKa, 10 CKJIaJIa€ThCs 3 BITPOABUTYHA,
CHUCTEMH TMepelavi MOTYKHOCTI 1 BiNOBIMHOI MaliMHH (EIeKTpOoMa-
IIMHHUN TeHEPaTop, HACOC, KOMIIPECOop, TOIIIO).

OcHosHi xapaxmepucmuxy 8impoazpe2amis:
— MPOAYKTUBHICTh — 3aJIKHICTh Bill 00CATY MPOAYKLIi, [0 BUPOO-
nsieTbesi BA 3a oqMHUIIO Yacy Ipu cepeiHiil BUAKOCTI BITpY;
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— BCTaHOBJICHA TIOTY)KHICTh — MAacMOPTHA MOTYXHICTh HAa BUXITHOMY
Bairy BA;

— HOMIHAJEHA MOTYKHICTh — MAaKCUMAJIbHE 3HAUYEHHS BHUXIJHOI IO-
TYXXHOCTI, Ha Ky po3paxoBaHuii BA B TpuBanomy pexxumi poOOTH;

— 3araJibHUH KOe(iliEHT KOPUCHOI il — BiJHOIIECHHSI BUPOOIEHOIO
BA xopucHoOi eHeprii 10 MOBHOI eHeprii BiTpy, IO MPOXOIUTH depe3
ILJIOIIY BITPOKOJIECA ITiJI Yac HOro pyxy;

— MiHIMaJIbHa po0oYa MBUAKICTH BITPY — MiHIMaJIbHA MIBUJIKICTh Bi-
TPy, NpH sKiii 3a0e3nedyeTbess o0epTaHHs BA 3 HOMIHAJIBHOI 4YacTo-
TOIO Ta HYJIOBOIO MPOAYKTHUBHICTIO (XOIOCTUH Xif).

liopuana BEY — cucrema, mo ckiaagaerecs 3 BEY 1 Oyab-gaxoro
IHIIIOTO JpKepena eHeprii (Iu3elbHOro, OCH3WHOBOrO, ra30TypOiHHOIO
JIBUTYHIB, (DOTOEIEKTPUYHUX, COHTIYHMX KOJIEKTOPIB, YCTAHOBOK EMHIC-
HOT'0, BOJIHEBOTO aKyMYJTFOBAaHHSI CTHCHEHOT'O MOBITPS 1 T. I1.), 110 BUKO-
PUCTOBYEThCS SIK pe3epBHE a00 JTOJATKOBE JDKEPENO CJICKTPOIIOCTavYaH-
HS CIIOYKUBAYiB.

Birponapk — 1ie kommiekc BEY, axi BcTaHOBIIEHI psgaMu, TEepIcH-
JTUKYJISIPHUMH TTAHYFOUOMY HAnpsMky Bitpy. [Ipu po3ropranHi BiTpona-
PKy OTpiOHO BpaxOBYBaTH HASABHICTh JOPIT JJIs IOCTYITY JIO arperaris,
MIiJICTaHIIi 1 MOHITOPHHTOBOI Ta KOHTPOJILHOT CHUCTEMaM.

Tunu BiTpoenekTpuuHux cTanmid. OTpUMaHHS €ICKTPOCHEPTIT BiJl
BITPOBUX YCTAHOBOK € BXKJIMBHM, aJI€ PA30M 3 TUM TEXHIUHO CKIIAJHUM
3aBaaHHsaM. OCHOBHHUM YCKJIaJHEHHSM € HEMOCTIHHICTh eHeprii BITpy.
Kpim Toro, enekrpuuHuil CTpyM Ui MPAKTUYHOTO 3aCTOCYBAHHS ITOBH-
HEH MAaTH MOCTIHHY HANpPyTy, OCKIILKH 3MiHA HAIPYTH 1 YaCTOTH CTPY-
My BHACJIJIOK JESKOTO KOJHMBAaHHS KUILKOCTI OOEpTIB BITPOJBUTYHA,
noTpedye creialbHIX MEXaHi3MiB, IO PEryIol0Th KiIbKICTh 00epTiB
reHepaTopa.

BirpoBi ycTaHOBKH, SIKi TPU3HAYAIOTHCS JJIsi OTPUMAHHS €ICKTPUY-
HOI eHeprii, 3a MPU3HAYEHHAM MMOAIISIOTh Ha BITPOCIEKTPHUYHI CTAHIIIT 1
creniaibHi BITPOENEKTPUYHI YCTAHOBKH (BITPOENEKTPOKOTIIN, YCTAaHOB-
KH JUISL OJIepsKaHHs BOJHIO Ta 1HIII).

BirpoenekTpuyni cTaHIil MOAUISIFOTBCS HAa CTaHIlIl MMOCTIHHOTO Ta
3MIHHOTO CTPYMY.

BirpoenekTpuyHi cTaHIll MOCTIHHOTO CTPYMY SIBJISIIOTH COOO0 B 0i-
JBIIOCTI BUMAJIKIB BITPOEIEKTPUUHI arperatu notyxHictio Big 100 Br
1o 1...3 kBr, siki BUKOPUCTOBYIOThCS JUIS 3apSIKH aKyMYJISITOPHUX Oa-
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Tapel 1 >KUBJIEHHS OCBITJIIOBAJILHOI MepekKi (OCBITICHHS i30JbOBAHUX
MPHUMIIIEHb, TBAPUHHULIBKHUX (pepM, TOIBOBHUX CTaHIB, TPAKTOPHUX OpH-
raji, ®UBJICHHS PaJiOBY3JIiB Ta iH.), [0 PO3TAIIOBaHI B Oe3mocepeHin
OJIM3BKOCTI BiJl BiTpoelieKTpuuHUX arperatiB. butem noryxui BEC mno-
CTIHHOTO CTPYMY 3YCTpI4arOThcs 3HA4YHO piamie. Lle mosicHioeThes psi-
JIOM TPUYMH: HEMOXJIMBICTIO TpaHcopMallii Hapyrua Uid mepenadi
CIIEKTPOCHEPrii Ha BEJIMKI BiJICTaHI; CKOHOMIYHOK HEIOIUIBHICTIO 3a-
CTOCOBYBaHHS €NIEKTPOXIMIUYHMX OaTapeil Ha BITPOGIEKTPUYHHX YCTa-
HOBKaX IMOTY)KHICTIO BHUIIE 3...5 KBT; HEMOXKIIMBICTIO TapaienbHOI po-
00TH 3 €JICKTPOCTAHIIISIMH 1 CHCTEMaMHU, THIIUX THIIIB, SIKi BUPOOJISIOTH,
SIK TIPaBHJIIO, TpU(a3HUI CTPYM.

BitpoenekTpuyHi cTaHIii 3MiHHOTO CTpPyMY HE MalOTh TaKUX HEMIO-
JIKIB 1, KpiM TOT0, JO3BOJISIOTH BUKOPUCTOBYBATH 3BUYaliHI aCHHXPOHHI
JBUTYHH, IO BiIPI3HAIOTHCS, SIK BIIOMO, IIPOCTOTOIO 1 IEIICBU3HOIO.

BitpoenekTpuuHi cTaHmii 3MiHHOTO CTpyMy OyAOyIOTh 3aralbHOIO
notyxHictio 10 kBt i Bume. [Ipaurorore BEC 3a TppomMa OCHOBHHMHU
CXEMaMHu:

— i3ompoBana pobora BEC 3 TemioBuM pe3epBHUM JBUTYHOM st

poboTu B niepionu OE3BITPs a0O0 i Yac MajaKX MIBUJKOCTEH BITpY;

— crinbHa pobdota BEC 3 TpaauiiiiHOO cTaHIIi€I0;

— mapanenbHa pobora BEC 3 eneprocucremoro.

Edextusnicts podotn BEC Bu3Ha4YaeThcs €KOHOMIEIO TALHOTO Ha
TEIUIOBIH CTaHINI i €KOHOMIE BOAM Ha TigpocTaHilii. OcTaHHE Iyxe
BaYKJIMBO B JIITHIHM 1 3MMOBUH NepioAn, KOJIW MPUPOJHUN MPUTLIMB BOAN
3HaYHO CKOPOYYETHCS.

ITpu po6oti BEC 3 pesepBHUM aBuryHoM Juis Oe3nepebiliHOrO 3a-
Oe3levyeHHs] CIOKMBA4a EIEeKTPOCHEPricl0 MOXKHa BHKOPHUCTOBYBATH
Oy/Jb-SKHii JIBUTYH, MOTYXHICTh sIKOTr0O ckiagae 50 % Bi MOTYXHOCTI
Birpoasuryna. Croxuaui, podoTa SKHX JOMYCKA€ MEepEepBH B €HEPro-
rmocrayaHHi (IOMeN, BOJOMOCTAaYaHHS, IMiJrOTOBKA CYXHUX KOPMIB, Ha-
IpiBaHHS BOJH i T. 1.), OTPUMYIOTH >kuBJeHHs TUIbkH Big BEC npu Has-
BHOCTI BITpY.

3a MOTYXHICTIO BITPOENEKTPHYHI CTAHIil MOXKHA PO3AUIMTH Ha TPH
rpymu:

— manonoryxkHi BEC (0,1...1,0 kBt), 10 skuX BiIHOCATHCS TOJIOB-
HUM YWHOM BITPOEJIEKTPHYHI arperatu MOCTIHHOTO CTPyMy, HIO BHUKO-
PHUCTOBYIOTBCS AJIS 3apSIKH aKyMyJISITOPHUX OaTapeid;
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— BITpOENEKTpHUYHI cTaHLii cepennboi motyxHocti (10...100 kBr),
SIKi, SIK TIPABUJIO, JAl0Th 3MIHHUH CTPYM; IPU3HAYEH] TOJIOBHUM YHUHOM,
JUIS. CIIUTBHOT POOOTH 3 TEIJIOBUM JIBUTYHOM a0o0 Jisi IMapaJieibHOI po-
0OTH 13 CTAHIIIEIO THIIIOTO TUITY MPUOIU3HO TAKOI K MOTYXKHOCTI;

— BiTpoenekTpocTaniii noryxHictio 100 kBt i Bumie; taki BEC y
Hac 1 3a KOPJOHOM Oyiau MOOYI0BaHI TUILKK IS €KCIIEPUMEHTAILHOI
nepeBipky MpuHIMITY napanenbHoi poooru BEC 3 eneprocucremoro.

[30;b0BaHI BITPOEIEKTPOCTAHIIII 3 TEIUIOBUMH IBUTYHAMU B SIKOCTI
pesepBy 1 BEC, 1o mpamooTh mapaieibHO 3 TEIIOBUMHM TiIPOEICKT-
POCTAHIIISIMHU, TTOBHHHI 3afiHATH YUILHE MICI[€ B €HEProONOCTaAYaHH] Ha-
LIOT0 CUIBCHKOTO TOCMOJApCTBa B THUX paiioHax, Ji¢ MBHIAKICTH BITPY
OubIa 3a 5 m/c.

2.3 BiTpoeHepreTu4yHi YyCTAaHOBKM 3 TOPU3O0HTAJ/IbHOIO
BicCI0 06GepTaHHA

BiTpOTyp6iHI/I (mporieniepy) 3 TOPU3OHTAIBHOIO BICCKO 00EpPTaHHS
— OHI 3 HAWIOIIMPEHIIINX 3aBASKHA TPATUIIAM, IO CKIATUCS
3a POKHM PO3BHTKY BITpOEHEPTEeTHKH. Taki BITPOTYPOIHU SBIISIIOTHCS
HalOUThII qociimkeHuMu. OIHAK, Ha Py 31 CBOIMH IepeBaraMu, BOHU
MaloTh PSIJI HEMOJIKIB.

Jlo mepeBar Takoro TUIY BITPOBHX YCTAHOBOK CJIiJ{ BiTHECTH BHCOKI
CHEPIreTUYHI TIOKA3HHWKHU, TaK sSK MPAKTUYHO BCS CHEPris MOTOKY sKa
Habirae, neperBoproeThest Ha kopucHy. KK/ ycraHOoBOK maHOTrO THIY €
HalBUIIUHN.

Jo X HemomiKiB CIiJl BiIHECTH BHCOKY MapyCHICTh JlonaTtel i oome-
YKEH1 MOXUJIMBOCTI 1100 11 3MiHU. TOMy, IIOTy TaKoi YCTAaHOBKH JIOBO-
JUTHCS. POOUTH TOCUTHh MaCUBHOIO, 371aTHOI BUTPUMYBATH 3HAa4HI BITPO-
Bl HaBaHTakeHHsS. Te K BIZHOCHUTBCA 1 IO MIIMHOCTI JiomaTteil. Bemuka
PI3HUISI TIBUAKOCTEH BITPY (BiJ IITHIIIO A0 yparaHy) 3MyIIyIOTh KOHC-
TPYKTOPIB 3aKjaJaTH B HUX HAJJIMIIKOBY Mipy MIIHOCTI. Y 3B’SI3KYy 3
IIUM BiZIOyBa€ThCs 30UIBIIICHHS MaCH, SIK IIIOTJIM, TaK 1 JIOMATEH.

Ille oquH HEMOIIK BIACTHBHINA I[LOMY THITY BITPOYCTAHOBOK — HEOO-
X1JIHICTh TOYHOI Opi€HTAIIIT JONaTel MEePIeHIUKYISIPHO BITPOBOMY I10-
TOKY, III0 B CBOIO YEPTy YCKJIaIHIOE i KiHeMaTH4Hy cxemy. ToMy ropu-
30HTaJIbHO-OCHOB1 YCTAHOBKH CTaBISITh y MICLSX, J€ HAMpsIMOK BITPY
J00pe BiJOMUH.
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2.3.1 Cmpykmypa ma kiaacugpikayia eimpoeHepzemu4Hux
YCMaHo80K 3 20pU30HMA/1bHOI0 8iCCI0 06epMAaHHS

['opH30HTAILHO-0CHEOBI BITPOreHEPATOPH M€ HA3UBAIOTHL T'€HEPATO-
pamu Ha 0a3i BiTpy mpomenepHoro tuiny abo HAWT (Horizontal Axis
Wind Turbine) B anrmicbkoMy BapianTi. BiTporeneparopu 3 ropusoH-
TaJbHOIO BICCIO JIO3BOJISIIOTh BUKOPHUCTOBYBATH OLIBINY YacTHHY (TIOpi-
BHsHO 3 BEY oproronansHoro tumy) BitpoBoi eneprii. Ha manwuii uac,
BITPOr€HEPaTOpU 3 TOPU3OHTAILHOK BICCIO 3aBJISIKM BHUCOKil eeKTHB-
HOCTI, B IOPIBHSHHI 3 HIIUMU MOJCISIMH, 3aliMaroTh Oubine 95 % pu-
HKY BITPOTE€HEpaTOpPiB y CBITI.

3a KIIBKICTIO JIOMATel PO3PI3HSIOTh OJHO-, IBO-, TPH- Ta OaraTojomna-
TeB1 BiTporeHepaTopH. I3 30LIbIICHHSIM KiTbKOCTI JIOMATeH KPYTHUH MO-
MEHT BITpOreHepaTopa 30UIbIIYEThCS, a IIBHAKOXIIHICTh (BIAHOIICHHS
00epTOBOT MIBUAKOCTI BITPOKOJIECA JI0 IIBUJIKOCTI BITPY) 3MEHIIIYEThCSL.

3a opieHTAIlI€IO0 10 BITPY — i3 ¢TabLI1i3aTOPOM, 3 TOAATKOBUM O1YHUM
KOJIECOM, 13 CEPBOIPHUBOJIOM Ta CaMOOpieHTOBHI. OCHOBHI THUIH BITPO-
TeHepaTopiB MMOKa3aHo Ha puc. 2.7.

(N4 %
e

3 crabimizatopom 3 AAOTIATKOBHM

3 CepBOABHIYHOM 3 CaMOOPICHTAIICIO
BGOKOBHM KOJIECOM P Y p

Puc. 2.7. OcHOBHI THITN TOPU30HTAILHO-OCEOBHX BITPOTr€HEPATOPIB

ITpu BUCOKIN MIBUAKOXIIHOCTI BIUIUB TEPTS cTac Bce OuIbmmM. [Ipu
MajioMy Koe(iI[ieHTI IIBHIKOXIAHOCTI, SK HAMpHKIaa, B OaraTosomna-
TEBOMY BITPOKOJIECI, KOXKHA JIOJATKOBA JIONATh MPUHOCUTH MOMITHUHN
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CKaYOK POCTY MOTY)KHOCTI. baraTo yomaTei Jal0Th THXOXOIOM TaKOX
BHCOKHI CTapTOBUI MOMEHT, 110 OCOOIMBO Oa)kaHO ISl BOASHHMX HACO-
ciB. IlIBuakoxiguuii mpormesnep 3 ASKiIbKOMA JOMaTaMH Ma€ MpoOIeMHU
IIPU CTAPTi, BHACIIIOK HE3HAYHOI'O CTAPTOBOrO MOMEHTY. Y I[bOMY BH-
MajKy AKICTh CaMO CTApPTy MOXHA TOJIIMIIMTA TPUMYCOBOKO CHCTEMOIO
ITOBOPOTY JIOIATEH.

OpHoonaTeBe BITPOKOIECO MOTpedye MPOTHBAru (a Ie J0JaTKoBa
Bara). KpiMm Toro, mix’eauani By3mu (IiIIIHITHUK, PEIYKTOP, €IEKTPO-
TEHEpaTop) BiAYyBalOTh HECHMETPHYHE HAaBAHTAXKEHHS IPH KOXKHOMY
00epTi. 30UIbIIEHHS KUTLKOCTI JIONATEH Ja€ Mopsj 3 MiABUINCHHAM I10-
TYXXHOCTI 1 TIOM’SIKIIEHHST POOOTH.

CtpykTypa BiTporeHepaTopa 3 TOPHU30HTAJIBHOIO BICCKO OOEpTaHHS
MICTHTh HACTYITHI elieMeHTH (puc. 2.8).

Puc. 2.8. CtpykTypa BiTporeHeparopa 3 ropu30HTaILHOK BICCI0 00epTaHHS
Dyupament (1), cunosa miada, 10 BKIOYAE CUIIOBI KOHTAKTOPU Ta CXEMU Ke-
pyBaHH# (2), Bexa (3), cxonu (4), moBopoTHHIA MexaHi3M (5), ToHnona (6), ere-
KTpU4HHI TeHepaTop (7), cucTeMa CITiIKYBAaHHS 32 HAITPSIMKOM 1 IIBUIKICTIO
BiTpY (aHemomerp) (8), raneMmiBHa cuctema (9), Tpancewmicis (10), omaTi(11),
cucreMa 3MiHU KyTa ataku JionaTi (12), komak poropa (13)
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Be:xka, sk npaBuiio, 1ie MuIiHIpUYHA mioria (ado rpaTdacra Oaira),
Ha sIKiii BcTaHOBJEHO BiTpokoneco. Y BEY Benmkoi motyHOCTi BHCOTa
BEXi carae 75 M, ToMy Ti, SIK TPUBUIIO, 3MIIIHIOIOTh CTaJIeBUMHU PO3TSIK-
KaMHu.

EnexTpnynuii reHepaTop — 1ie NMPHUCTPil, B SKOMY HEENEKTPUYHI
BUIM eHeprii (MexaHiuHa, XIMiYHa, TEMJIOBa) MEPETBOPIOIOTHCS B €IEKT-
pHUUHY.

AHeMOMETp — METEOPONIOTTYHUN MpHiIal A BUMIPIOBAHHS IIBHU/-
kocTi BiTpy. CkilafaeTbes 3 yanieyHoi (a0o JIonaTeBOi) BEPTYILIKH, 110
3aKpIILTIOETHCS HA OCi, sKa 3’€HaHa 3 BUMIPIOBAIBHUM MEXaHI3MOM.
[Ipy BUHUKHEHHI MOBITPSHOI'O MOTOKY, BiTEp IITOBXA€ YAIICYKH, SIKi
MOYMHAIOTh KPYTUTHCS HAaBKOJIIO OCi. B 3ameHOCTI Bij KOHCTPYKIii
aHeMoMeTpa, BiH abo 3amipsie Yuciao 00epTiB YalleuoK HAaBKOJIO OCi 3a
3aJaHMH Yac, 110 JOPIBHIOE BIAMOBIAHINA BiACTaHI, IMCIS YOr0 po3paxo-
BYETBCSI CepelHs MBHUAKICTh BITPY (BiACTaHb MIMUTBCA HA 4Yac, SIKIIO
aHemomerp pyunuii). Konu yanieuku 3'eHaHi 3 CICKTPUYHUM IHIYK-
UIfHUM TaXOMETPOM, 1€ J03BOJISIE MPUIIAJY BiApa3y MMOKa3yBaTH HIBH/I-
KIiCTh BITpY Ha JaHUM MOMEHT, 0e3 I0JIaTKOBUX OOYHUCIICHb, 10 B CBOIO
4epry JI03BOJISIE CIIOCTEPIraTi 3a 3MiHaMH B HIBUIKOCTI BITPY B PEKUMI
pea’bHOro Yacy (aHeMOMETp 1HIyKIiHHUH).

Tpancwmicia (cuoBa nepenava) — 1e CyKyIHICTh CKIAJ0BHX €JIEMEH-
TiB 1 MEXaHI3MiB, 1110 3 €IHYIOTh JBUTYH (MOTOP) 3 BiAMOBITHUM POOOUNM
OpraHom BepcraTa. TpaHCMICist BXOIUTH JI0 CKJIaly CUIIOBOTO arperary.

BiTpokoJeco (porop). IleperBoproe eHeprito Habirarouoro BiTpoBO-
ro MOTOKY B MEXaHiYHy eHeprito o0epTaHHs oci TypOinu. [iamerp BiT-
poKoJieca KOJNMBAETHCA BiJ JAEKUIBKOX METpPIB O JEKUIBKOX JEeCATKIB
MeTpiB. Sk mpasuio ans 3’eqHanux 3 mepexketo BEY uactora obepran-
Hs BITpOKoOJjieca MocTikHa. J[Js1 aBTOHOMHHUX CHCTEM 3 BUIPSIMIISTYEM 1
IHBEPTOPOM — 3MiHHA.

Bci cuctemMn moTy:kHOI BITPOETEKTPOYCTAHOBKHA KOHTPOIIOIOTHCS i
YIIPaBJISIIOTBCS 32 JAOMOMOIOI0 KOMII'IOTEpa, SIKM MOXe 3HAXOIUTHCS
Ha JIesIKii BiACTaHi BiJl yCTAaHOBKH.

CucremMa KOHTPOJIIO KYyTAa HAXWJTY JIONATEH «pO3ropTaey JIonari mij
KyTOM, MOTPIOHUM Jjisl epeKTUBHOI poOOTH MPH BiMOBIAHIN MIBUIKOCTI
BiTpy. CucTeMa KOHTpOIIIO HANPSMKY OCi pOTOpa BiTporeHepaTopa po3-
BEpTA€ BITPOKOJIECO Y HAIPSMKY JI0 BITPY B TOPU3OHTAIBHIH TUIOLIMHI.
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EjleKTpoHHA cHCTEMA KOHTPOJIIO [T ATPUMYE IIOCTIiiHY HAIpyry Ha
BUXOJ1 reHepaTopa IIpy 3MiHI IIBUAKOCTI BiTpy. I'eHepaTop, KUl mpa-
LIO€ TP PI3HUX IIBHIKOCTIX BITPY, € BAXKIUBOIO CKIaA0BOIO YACTHHOIO
BiTpoarperara i 3abesneuye Horo e)eKTUBHY poOOTY.

2.3.2 Komnsjekc mexHIiYHUX 3ac06ie 20pu30HMA/AbHO-
0Cb08UX gimpoeHepz2emMu4YHUX yCMAaHO080K

KonTpoaep kepye GarateMa MpoIecaMH BITPOYCTAHOBKHU, TAKHUMHU,
SIK TIOBOPOT JIOMATEH, 3apsi aKyMyJISTOPiB, 3aXucHI (HyHKIUT Ta iH. Bin
MEPETBOPIOE 3MIHHHUN CTPYM, SIKHH BUPOOJSETHCS TEHEPATOPOM B ITOC-
TIHHWHA 715 3apsLy aKyMYJIATOPHHUX OaTapei.

AKYMYJISITOPHI 0aTapei — HAKONUYYIOTh €JICKTPOECHEPTii0 I BH-
KOPHUCTaHHS B O€3BITPSHI TOAUHHU, BUPIBHIOIOTH 1 CTaOLII3YIOTh BUXIIHY
Hanpyry reHeparopa. JKupjieHHS 00’€kTa Moxe OyTH Bl aKyMyJIsITOp-
HUX OaTapeil.

AHEeMOCKON i JaTYMK HAnpsIMy BiTPY — BIAIOBIZaIOTEL 3a 30ip Aa-
HUX TPO IMIBUAKICTH 1 HANIPSIM BITPY B YCTAaHOBKax CEpeAHBOI 1 BEMHUKOI
MOTYXHOCTI.

ABTOMAaTHYHMH mepeMHKad maxkepeiaa :kuBjeHHs (AIILK). As-
TOMATHYHO MEPEMUKAE BIAMOBIAHI Kepeia eIeKTPOKUBICHHS 3a IPO-
MDKOK 4dacy B 0,5 ¢ npH 3HHKHEHH] Hallpyrd OCHOBHOrO mxepena. Jo-
3BOJISIE 00’ €IHATH BITPOYCTAHOBKY, €IEKTPOMEPEKY, AU3EIb-TEHEPATOP
1 IHOI JpKepela >KMBJICHHS B €IMHY aBTOMATH30BaHy cucrtemy. [lpwm
nbomy ALK He 103BOIISE MPAIIOBATH MEPEXi OJHOTO 00 €KTY OJHO-
YaCHO BiJl IBOX PI3HMX JKEPEN KUBJICHHS,

ACHHXPOHHI reHepaTopu. ACHHXPOHHA MaIllMHA Ma€ CTaTop 1 po-
TOp, SKi PO3MIiSICHI TIOBITPSIHUM 3a30pOM. i aKTHBHHMH YaCTHHAMHU €
O0OMOTKH 1 MarHiTOIpoBiz (oceps); BCI 1HIIN YaCTHHH — KOHCTPYKTUBHI,
TOOTO 3a0€3MeuyrTh HEOOXIAHY MILHICTD, YKOPCTKICTh, OXOJIOIKEHHS,
MOXIHBICTh 00epTanug 1 T. 1. OOMOTKa cTaTopa € Tpuda3Hom (B 3ara-
JIBHOMY BHIAAKYy — Oaratoda3Horo), MIPOBIAHUKA SKOI PIBHOMIPHO PO3-
MOJUIEH] IO KOJY CTaTopa 1 MOKJIaJeH] B mMa3ax 3 KyTOBOIO BiJCTaHHIO
120° y npoctopi. ®a3u 0OMOTKH cTaTopa 3 €IHYIOTh 3a CTAHIAPTHUMU
CXEMaMU «TPUKYTHHUK» a00 «3IpKay» 1 MAKIIOYATh 10 Mepexi Tpudas-
HOTO CTPpYMYy. MaAarsiTonpoBij craropa IIepeMarHidyeTbecsi B IIPOLIEC]
3MIHM HampsIMy CTPYMY B OOMOTI[l CTaTopa, TOMY MOro HaOHUParoTh 3
IUIACTUH €JIEKTPOTEXHIYHOI cTayl Ui 3a0e3leyeHHs MiHIMaJIbHUX Mar-
HITHHX BTpaT. 3a KOHCTPYKLIEIO POTOpa ACMHXPOHHI MAIIWHH OIS~
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FOTh HA JBa OCHOBHMX THITH: 3 KOPOTKO3aMKHEHHUM POTOPOM 1 3 (ha3HuM
potopoM. O0HIBa THITM MalOTh OHAKOBY KOHCTPYKIIiIO cTaTopa i Biapi-
3HSAIOTLCS JIUIIE BUKOHAHHIM OOMOTKH POTOpPA.

[Ipu oGepranui poropa aCHHXPOHHOI MAIIIKMHHU, [0 BKIIOUYEHA B Me-
pPEXY 3 JDKepellaMU PEAKTUBHOI MOTYKHOCTI (I1epe30yIKEeHH] CHHXPOH-
HI T€HEPaTOPH, ABUT'YHU, KOMIIEHCATOPH 1 KOHIEHCATOPH ), 3 YaCTOTOIO,
siKa OLblIe yacToTu obepranHsa Mar"irHoro noist (O > O ;), EPC B 00-
MOTI{l POTOpPA 3MIHIOE CBIf HAIPAMOK Ha IIPOTUIECKHUN B NOPIBHIHHI 3
PYLIIMHUM peXUMOM. BHACTIIOK LBOr0 3MIHIOIOTH CBIM HAIPSAMOK aK-
THBHI CKJIAZOBI CTPYMIB, MalllMHA BiIJa€ aKTUBHY IIOTY>XHICTh B MeEpe-
Ky 1 IIpaloe B pexxumi regeparopa. HeoOXiaHy [uig yTBOpeHHs 00epTo-
BOI'0O Mar"iTHOIO IO/ PEAKTUBHY MOTYKHICTh AaCHHXPOHHUM T€HEPATOD
CIIOKMBAE 3 MeEPEXKI, HABAHTAXKYIOUM JOJATKOBUM DEAKTHUBHUM CIPY-
MOM CHHXPOHHI MAalllMHU, SIKI BKJIIOYEH]1 B MEPEXKY MApaJIEIbHO 3 HUM.
Lle cnokuBaHHS PEAKTHBHOI MOTY>KHOCT1 € OCHOBHUM HEJIOJIIKOM aCHH-
XPOHHOT'0 reHepaTopa.

ACHHXPOHHI T€HEePaTOPH BUKOHYIOTECS, SIK IIPABUIIO, 3 KOPOTKO3aM-
KHEHOI0 OOMOTKOIO POTOpa 1 3aCTOCOBYIOTLCS, MEPEBAKHO, HA MAaJINX
TIIPOENEKTPOCTAHIIIAX, [0 IPALIOI0Th 0e3 00CIYrOBYHOYOro IepCOoHa-
JIy, OCKUTBKUA MOXYTh €KCILUTyaTyBaTHCS 0€3 CHCTeM pPEryJIrOBaHHS dac-
TOTH 1 HAIPYIHU.

Kpim mapanensHol poOOTH 3 MEPEKEI0 3MIHHOIO CTPYMY, SIKa Mae
JoKepella PEaKTUBHOI MOTYKHOCTI, MOKIIMBA pPOOOTAa aCHHXPOHHOTO T'e-
HepaTopa B peXKUMI caM030yKeHHs (Bl OTOKY 3aJMIIKOBOrO MarHe-
TH3MY POTOPA), AKIIO 10 3aTHCKAYiB CTaTOpa MIAKIIOYUTH KOHIEHCATO-
pH, AKI HOBUHHI CIIY)KUTH JKEPEIIOM PEAKTUBHOI MOTY>KHOCTI, HEOOX1/1-
HOI U1s 30yIKEHHSI Mar"iTHOro 1ois B reaeparopi (puc. 2.9). Ilpu po-
00Ti Ha aKTUBHO-IHIYKTMBHE HABaHTAKCHHS KOHJIEHCATOPU CIIY)KaTh
JOKEPEJIOM PEaKTUBHOI TOTYKHOCTI JIsi HABAHTaKCHHSI.

I A

Puc. 2.9. Cxema BKIIOUEHHS! aCUHXPOHHOI'0 TeHepaTopa IIpu poOoTi 3 caMo3-
oymxenasMm: A" — acuaxponnuii reaeparop; [11 — npuBoguuii neurys; C —
KOHJICHCATOPH; Z,; — OMip HaBaHTaXEHHS; P Ta P, — MOTYXHOCTI;

0, —3apsan
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[ToTyXHICTE KOHIEHCATOPIB B CXEMI aCHHXPOHHOrO reHeparopa 3
caMO030yIKEHHAM OJIM3bKa 40 0ro HOMIHAJIBHOI aKTUBHOI ITOTY)KHOCTI.
3 wmiei mpUYHHU TaKi TeHepaTOpu HadaraTo JAOPOKUe CHHXPOHHHX, SIKi
TEHEPYIOTh SIK aKTHBHY, TaK 1 peaKTHBHY MOTYXHICTh 1 He OTPeOYIOTh
i momatkoBHX pkepel. OcTaHHIM YacoM AJIss CaMO30yIKEHHS aCHHX-
POHHHX T'eHepaTopiB 3aCTOCOBYIOTH CTaTHYHI JpKepeiaa PeaKTHUBHOI I0-
TY>KHOCTI 3 KEPOBAHMMH HAIMBIPOBIAHUKOBUMHU THPHCTOPAMU. ACHHX-
POHHI I'eHEepaTOPH 3 TAKUMHU JDKEpEIaMH HaOIMKAIOThCS 32 CBOEIO ede-
KTHUBHICTIO JI0 CHHXPOHHHUX.

CHHXPOHHHMIT HM3LKOIIBU/IKICHUI reHepaTop 3 MOCTIHHMMHU Ma-
raitaMu. KOHCTPyKIliS Takoro reHepaTopa aHaloriyHa KOHCTPYKIT
BHCOKOMOMEHTHOI'O HH3bKOIIBHIKICHOIO ABUIYHA. 3aBIAKH 0aratoro-
JIIOCHOCTI (KUIBKICTh IOJIOCIB — MArHITIB Ha POTOPI MOXKE HOCATaTH
100) HaBiTh OpHM HU3LEKHX YACTOTaX OOEPTAaHHS Bajla BHUXIiJHA YaCTOTA
cTpyMy remeparopa Moxe gocsrata 50 I'n, a Buxigua manpyra 220 B,
puc. 2.10, a. Ile 3yMOBHMIIO 3HAYHHIT IHTEpEC M0 TAKMX IeHEPaTOpiB 3
00Ky pO3pOOHHKIB BITPOYCTAHOBOK, OCKIIEKH MOXKHA KOHCTPYIOBATH
0e3peayKTOpHI BITPOYCTAHOBKM 3 YAaCTOTAMHU OOEPTAaHHS BITPOKOJIECA
Big 30 00/xB. SIKIII0 pOTOP BUKOHATH Y BUIJISI TOHKOI'O CTAJIEBOIO Kijlb-
1 3 MocTiiHuMHU MarHitamu (puc. 2.10, 6) 1 BeTHKUM pOOOYMM MarHit-
HHM 3a30pOM MDK CTATOPOM 1 POTOPOM, TO HOI'0 MOKHA 3’€IHATH Oe3Mo-
CEepeIHbO 3 BICCIO BITPOYCTaHOBKU. KpiM TOro reHepaTopu Takoro TUITY €
KOMITAaKTHAMH 1 MAIOTh XOPOIIli eKCIUTyaTaliliHi XapaKTEPHUCTHKH.

2 1
a o

Puc.2.10. CuaxpoHHi reHepaTopu: / — ctaTop; 2 — poTop 3 MOCTIHHUMY MarHi-
Tamu; 3 — 3aHIH KOXyX 3 I AIIHITHAKOM
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I'enepaTopy MOXKyTbh OyTH BUKOHaHI SK Y BHIJISII OKPEMOT'0 BUPOOY,
TaK i y BUTJISIII OKPEMHX YaCTHH, BOYZOBaHMX B OONaTHAHHS, 3 YHCIOM
a3 oomotok 3, 2 i 1, wacrororo obepranHs Bijg 30 00 / XB, 4aCTOTOIO
ctpymy 50 1 400 ', BuxigHoro Hanpyroto 220, 380 1 660 B, moryxHic-
110 10 50 kBT 1 Ginb1re.

InBepTOp — MIEpETBOPIOE IOCTIHHUI CTPYM aKyMyJIsITOPHUX OaTape-
SIX B 3MIHHUH, SKHI CIIOKUBAETHCS OUTBIIICTIO €IEKTPOTIPUIIAIIB.

[HBepTOpH OyBarOTh YOTUPHOX THITIB:

1. TaBepTOp, 110 MEPETBOPIOE MOCTIMHUN CTPYM B 3MiHHUI 3 Hampy-
roto 220 B 3 monugikoBaHOK CHHYCOINOM0 (11Ie OJ]HA HA3Ba: KBaJpaTHA
cunycoina). Takuidl iHBepTOpP MOXKE BUKOPHCTOBYBATHCH TUIBKU B 00JIa-
JTHaHHI, SIKe HE YyTJIMBE JO AKOCTI HANPYTy: OCBITJICHHS, 00IrpiB, 3apsij
MPHUCTPOIB 1 T. iH.

2. IuBepTOp, 110 MEPETBOPIOE TOCTIMHUN CTPYM B 3MiHHUH 3 Hampy-
roto 220 B 3 mpaBwibHOW cuHycOinor. [IpunaTHuii mis Oyb-sIKOro
TUITY eJEKTPOIPHUIIAIIB: eEKTPOJBUTYHU, MEAMYHE 00IaJHAHHS Ta iH.

3. Tpudaszuuii iHBEpTOp, SIKUN MEPETBOPIOE CTPyM B Tpua3HUU 3
Hanpyroro 380 B. Moxe BUKOPUCTOBYBAaTHCS B TpU(a3HOMY 00Jaj-
HaHHI.

4. MepexeBuii iHBepTOp Ha BiAMIHY BiJl MOMEPENHIX TUIIIB A03BOJISIE
CHCTEMI MpaIloBaTH 0€3 aKyMYJISITOPHUX OaTapei, ajie Horo MoXKHa BH-
KOPHCTOBYBATH TUIbKU IS BHUBEIECHHS €JIEKTPOEHEPTil B eJIeKTpoMepe-
Ky. IX BapTicTh, K NpaBuio, y Kilbka pa3is NepeBUIILYE BAPTICTh HEMeE-
PSKEBUX IHBEPTOPIB. [HOMI BOHM KOIITYIOTH JOPOXKYE, HDK BCi iHIII
KOMITOHEHTH BITPOYCTaHOBKHM pa3oM Y3STi.

Sk npaBuIo, IHBEPTOP SABJISIE COOOI TEHEPATOP MEPIOUIHOT HATIPY-
T'", 32 (POPMOIO HAOIMIKEHOIO JI0 CHHYCOIH, a00 IMITYJIbCHOTO CUTHAIY,
puc. 2.11. [nBepTopu moninsroTHCS Ha 0qHO(A3HI Ta TPH(A3HI.

IcHye Tpu TpynH iHBEPTOPIB, SKi 320€3MEUYIOTh:

— BUXIJHY Hampyry mepioJMyHOi, aje He CHHycoimanbHOi (opmu,
HaNpUKIaj, NpAIMOKYTHOI (puc. 2.11, a) abo TpaneneinaibHOT;

— BUXIJIHY Hanpyry dhopmu MoudikoBaHoi cunycoinu (puc. 2.11, 6);

— BUXiIHY Hanpyry cuHycoinansHoi ¢popmu (puc. 2.11, 6).

Haiiuacrilne BHKOPUCTOBYEThCS CHUTHAN Y BUTIISAI MOAUQIKOBaHOT
CHUHYCOILJH.

Bubip iHBepTOopa TpPOBOAWUTHCS BUXOISYH 3 MIKOBOI MOTY)KHOCTI
€HeprocrnoXXMUBaHHA cTanAapTHOi Hanpyru 220B / 50 .
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Puc. 2.11. ®opmMa BUXiTHOTO CUTHATY IHBEPTOpA: @ — IPSIMOKYTHA;
6 — Moau(ikoBaHa CUHYCOiJIa; 6 — CHHYCOi1a

IcHyrOTh TpH peKUMH pOOOTH iHBEpTOpA:

— PEXKUM TPUBAJIOi POOOTH, IKUH BIJNOBIa€ HOMIHAIBHIN MOTYKHO-
CT1 iHBEpTOpA;

— PESKUM MepEeBaHTAKEHHS, TIPU SKOMY 1HBEPTOPH NPOTATOM JAEKiJIb-
KOX JIecATKiB XBWIMH (10 30) MOXYTh BiJyiaBaTH MOTYXHICTh B 1,2—1,5
pa3u OUIbIIIe HOMIHATIBHOT;

— PEXUM TYCKOBUM, Y SIKOMY IHBEPTOp 3JaTHUM BiJJaBATH IIiJ[BHU-
[IeHy MHTTEBY IMOTY)KHICTh MPOTITOM IEKITbKOX MIUTICEKYHI IS 3a-
Oe3reueHHs 3aMyCcKy eJIEKTPOABUTYHIB 1 EMHICHUX HABAHTAXKEHb.

TpudaszHi iHBepTOPH BUKOPUCTOBYIOTHCS JJIsl CTBOPEHHS TpH]a3HO-
TO CTPYMY JUIS €JeKTPOABHUTYHIB, HAIPUKIIA] ISl >KUBJICHHS TpH(a3HO-
T0 ACHHXPOHHOTO JIBUTYHA. [Ipn 11boMy 0OMOTKHM IBUTYHaA Oe3nocepe-
HBO MIIKIIOYAIOTHCA JI0 BUXOY iHBEPTOpA.

OueBnHO, IO MPaBHJIBHUKA PO3PaxyHOK HEOOXiAHOI MOTY)KHOCTI
norniomarae epeKTHBHO BHOpAaTH BCi KOMIUIEKTYIOUI €IEMEHTH ajbTep-
HATHBHOI CHCTEMH eJeKTporoctadaHHs. JiIst 1poro HeoOXinHO BU3Ha-
YUTH OPIEHTOBHHH CKJIaJl BCHOTO EEKTPUIHOrO O0JIaJHAHHSI.

PeayxTop niepenae nmoTy>KHICTh Bijl Bajia TypOiHH, SKHH 00epTa€ThCs
MOBUIBHO, ajJie Ma€ BEIMKUN KPYTHUH MOMEHT, 10 pOTOpa, SIKOMY HOTpi-
OHa BeJIMKa IIBHJIKICTh O0CPTaHHS MIPH HEBEJIMKOMY KPYTHOMY MOMEH-
Ti. Pegykropu s BiTpssHUX TypOiH 3a3BMuYail MaloTh (pikcoBaHe mepe-
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natoure yucio. Jns 600...750 kBt TypOiH 1e 4wMcio, sIK MpaBuio,
cknagae 1,50.

MyabTHILUTIKATOP — 1€ TIEPETBOPIOBAY HU3BKOI MIBUAKOCTI 00ep-
TaHHs poropa BEY B Oinbin BuCOKi 00epTH, HEOOXiAHI AJ11 pOOOTH €rie-
KTporeHepaTopis. Jis onTMaibHOTO BUKOPUCTAHHS €HEPrii BITPY ycTa-
HOBKOIO MOJ)KHA 3acTocoByBaTH Pitch ta Azimuth-pemykropm, puc. 2.12.
Tpu a6o yotupu Azimuth-pemnykropa — KUIBKICTh 3aJIGKHTH Bif THITY
BEY — 3acToCOBYIOTBCS AJIsE PO3BOPOTY TOHAOIM IPOTH BiTpy. Pitch —
PEIAYKTOPH, TI0 OJIHOMY Ha KOXHIH JIOmaTi poTopa, perysoTh KyT aTa-
KM JIOMAaTel B 3aJIeXHOCTI BijI HANIPSIMY BITpY.

Puc. 2.12. MynbsTumtikaTopu

Jlomari. [{ns HaiOiabsin edexktuBHOi podorn BEY i1 nonati moBuHHI
MaKCUMaJIbHO B3a€MOJIISITH 3 BITPOBUM IIOTOKOM, IIIO MPOXOIMUTH Yepe3
mwiomry obepranus poropa. BEY 3 Benukoro KUIBKICTIO JomaTei, sk
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MPaBUJIO, MPAIIOIOTh MTPH HU3BKUX IIBUJKOCTIX 00CpPTaHHS, HAa BIIMIHY
BiJl YCTAHOBOK 3 JlBOMa a00 TphOMa JIONATSAMHU, SIKi TIOBUHHI 00epTaTHCS
3 OyK€ BHCOKOI IIBHAKICTIO, II[00 MaKCHMMAJIbLHO «OXOIUTH» BITPOBI
ITOTOKH, IO MPOXOAATh Yepes3 Imiomry poropa. BEY 3 Benmkomo KilbKic-
TIO JIOaTel MeHII e()eKTHBHI, HK TypOiHH 3 JBoMa abo TpbOMa Jioma-
TSIMHU, OCKUJIEKH JIOMATI MOKYTE CTBOPIOBATH MEPEMIKOIN OHA OFHIIA.

3a ciocobom B3aemoii 3 BitpoM BEY nifsThcst Ha YCTaHOBKH 3 KO-
PCTKO 3aKpIIJICHMMH JIONIATSAMU 0€3 peryJiroBaHHS 1 Ha YCTaHOBKH, Y
SIKMX JIOMAaTi 3po0JieHi i3 3MiHHUM KyToM. OOUBI KOHCTPYKIII MarOTh
TepeBary 1 HeJIOMIKY.

BirpoeneprernyHi yCTaHOBKH, Y SKHX JONaTi 3po0JICHI 13 3MIHHUM
KyTOM, MAalOTh OUIBII BUCOKY €(DEKTHBHICTh BUKOPUCTAHHS BITPY i, Bij-
MOBIIHO, BOHHM BUPOOJIAIOTE OLIbIIE €IeKTpOoeHeprii. Y Toi e Jac, Taki
BEY mnoBuHHI OyTH OCHAIIlEH] CIIEIIaIbHUMH MiAMIUITHAKAMHE, [0 3Me-
HIIYE HAJIIHHICTh YCTAHOBKHU.

TypOiHU 3 )KOPCTKO 3aKPIIJICHUMH JIOMATAMHU OUTBIII IPOCTi B 00CITY-
TOBYBaHHI, OJJHaK iX e()EKTUBHICTh BUKOPUCTAHHS BITPOBOTO IOTOKY
HUXYE.

OCHOBHOIO TEPEBArol BITPOTCHEPATOPIB 3 TOPHU3OHTAIBLHUM POTO-
POM € iX OUIBII BHCOKA e(pEeKTUBHICTh POOOTH 3a PaXyYHOK MEHILIOTO PO-
3KUJIy KYTIB aTaKd Ha POOOYMX PEKUMAX, a TAKOXK, 32 PAXYHOK MOXKIIH-
BOCT1 YIIPaBJIATA KyTOM YCTaHOBKH Jiomated. Birpoarperatu ropu3oH-
TanbHO-0ch0BUX BEY, y MOpiBHSHHI 3 BEpTHKAIbHO-OCLOBUMH, MAIOTh
MEHIII TabapuTHI MapaMeTPH 3a IHIIMX PIBHUX YMOB.

OCHOBHUM HEIOJIIKOM TOPH30HTAJIbHO-OCLOBHX BITPOreHEpaTopiB €
HEOOXiIHICTh Opi€HTalii poTOpa Ha HAMPSIMOK BITPY, IO BUMAarae BU-
KOPUCTaHHS I0JaTKOBHUX MEXaHi3MiB.

OpHoJIONaTeBl BITPOreHEPaTOPH MAIOTh OJHY JIONATh 1 MPOTUBAry,
[0 BUKOHYE POJIb OajaHCyro4oro MexaHiamy. [lepeBaroro ojHomonare-
BHX POTOpPIB, € iX OUIBII BHCOKA HIBHAKICTE OOEPTAHHS 3a PaxXyHOK
OUTBIII HU3BKOTO MOMEHTY iHepiii. Lle 103BoJisile BUKOPHUCTOBYBATH B
YCTaHOBKAxX MPSMOIPHUBOIHI CHHXPOHHI €JIeKTPOreHepaTopH, AKi po3pa-
XOBaHI Ha OLIbII BUCOKI 00EPTH 1, IK HACIIAOK, MalOTh MEHII rabapuTHi
po3mipu. Bumyckaroteest ogaononateei BEY noryxkwhictio 10 10 kBT, 3
JiaMeTpoM poTopa 10 7 M.

JIBoxJionaTeBi BiTpOreHEepaTOpPH MaOTh Ti K MEpeBary, 1o W OJHO-
sonatesi. KpiM TOro porop € BpiBHOBAKEHHMM 3a OyIb-SIKOTO KyTOBOT'O
MOJIOKEHHS JIonaTeil 3a paxyHOK iX mapHoi KinbkocTi. ToMy BOHHM 3a-
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CTOCOBYIOThCS B CAMOIIIIMOMHUX BITPOreHEpaTopax Majioro Ta cepel-
HBOTO Jliana30Hy NoTyxHOCTel. [Ipu migiiomi 3 3emi1i a00 OImyCKaHHI Ha
3eMJII0 CaMOIIAHOMHHUX IBOJIONIATEBUX BITPOreHEpaTopiB, IJIOMIMHA X
poropa Mpu SKOMY KyTOBOMY IOJIOKEHHI JionaTei Oyje MparHyTH 3a-
WHSATH TOPHU30HTAJIBHE TOJOXEHHSI, 10 3HAYHO CIIPOIIYE TEXHOJIOTIIO
mpotiecy migiomy abo onyckanus takux BEY. [pukiamgom caMomiaiio-
MHOI JBOJNONATEBOI BiTpoycTaHoBkH € Gev MP, ¢paniyspkoi ¢ipmu
Vergnet SA HOMiIHAJIBHOIO MOTYKHICTIO 275 KBT.

Tpustonareri TOpU30HTANIBHO-0ChOBI BEY € HallOuIbII nomupeHnMu
TIPY TIPOEKTYBAHHI BITPOSHEPTeTHYHHX CTAHIIiH. [X HOMiHANBHA MOTYX-
HICTb CKJIAJIa€ BiJ JEKUIBKOX JecsATKiB BaTiB 10 7 MBT. Bcee BiTpoenep-
reruyHe oOnajHaHHs Besukol notyxHocti (Big 500 kBt 1 Buie) BuKO-
PUCTOBYE TPHUJIONATEBI TOPHU30HTAIBHO-OCHOBI BiTporeHepaTopu. Ha
ChOT'OJHIIIHIN JIeHh HAHOUTBIITY HOMIHAJIBHY TIOTYKHICTh Ma€e TPHJIONA-
TeBa ycraHoBka Enercon E—126, HoMiHambHOWO TOTYX)HICTIO 7 MBT.
[epma Typ6ina moseni E—-126 Oyna 3amymieHa B ekciutyarairio B 2007
poui noonu3y Emiena B HimeuunHi.

Baratononaresi BEY MaroTh BelnuKy KUIBKICTh JONaTed 1 y JEIKUX
Mozenert Mmoxke gocsratu 50. Potop 1iux BiTpOreHepaTopiB Mae BEITHKUI
MOMEHT IHEpIIii, BHAC/IIJIOK YOro, Ma€ OUIbII HU3bKI MIBUAKOCTI 00ep-
TaHHs, aJie PU [IbOMY PO3BHBAE OUTBII BUCOKUH KPYTHUI MOMEHT.

2.3.3 lloka3Huku edheKkmueHoOcmi 20pu30HMA/1bHO-
0CbOBUX YyCIMAHOB80K

HaiiGinbIna eekTUBHICTh TOPU30HTANIBHO-0ChoBUX BEY nocsraernes
TUIBKY 32 YMOBH 3a0e3MeueHHs IOCTIMHOI KOJIIHEapHOCTI 0Ci BITpOKoJIeca
1 HanpsiMy BiTpy. HeoOXiHICTh OpieHTallii Ha HANPSIMOK BITPY BUMAarae
HassBHOCTI B KOHCTpYKIii BEY BimmoBigHux MeXaHI3MiB 1 CHCTEM st
0e31epepBHOro CIIOCTEPEIKEHHS 3a BITPOBOIO 0OCTaHOBKOIO, MOIIYKY Ha-
MpsIMY 3 MAaKCUMaJIbHUM BITPOBHM ITOTEHI[IaJIOM 1 TOBOPOTY BITpOKOJIECa
B IIbOMY HANpsMKY 3 MOJAIBIIMM YTPUMAHHSIM B TaKOMY IOJIOXCHHI.
OdeBHIHO, 110 HAsABHICTH B KoHCTpyKiii BEY nomatkoBux enemeHTIB
ycknanaioe BA 1 3HWKye Horo HaIiiHICTh (32 JaHUMH eKCILTyaTarlii 3a-
pyOixuaux BEY 1poro tumy mo 13 % 3araiibHOi KUTBKOCTI BiJIMOB IpHIIa-
JIa€ Ha CHUCTEMH OpI€HTAILIiT).

KpimM Toro, mpakTH4HO HEMOXKIIUBO €EKTUBHO OPIEHTYBaTH BITPO-
KOJIECO IIPH 3MiHI HANPSMKY BITpY 4epe3 3ami3HIOBAHHS Jii MEXaHi3MiB
opieHTaiii. /[y BITPOYCTAaHOBOK CEPEIHBOI Ta BEIMKOI MOTYXXKHOCTI 3
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niamerpoM BiTpokosieca Oibiie 30...40 M eekTUBHICTD Or0 OpieHTa-
1ii Ha HATIPSIMOK BITPY 3HMIKYETHCS BHACIIIOK HEKOMILIAHAPHOCTI 1 pi-
3HUI B MIBUAKOCTSIX BITPOBOrO MOTOKY IT0 JOBKHHI PO3Maxy JOMATEH.
Uepes 11e 3HUKYIOThCS MOKa3HUKKU BUPOOJICHHS €IeKTpoeHeprii (BHa-
CITiZIOK 3MEHIIEHHS €HEeprii BITPOBOTrO MOTOKY) Ta €KOHOMiYHA e(eKTH-
BHICTh BITPOYCTaHOBKH.

JI0 KOHCTPYKTUBHUX HEIOJIKIB MOXKHA BiJHECTH T€, L0 CHUCTEMa
OpieHTAaIlli pO3pUBaE IKOPCTKUM 3B 30K Mik KoprycoM BA (TroHmonoro)
1 OIMIOPHOIO BEXKEIO TOPU30HTAIBHO-0Ch0BOT BEY, UM 00yMOBITIOIOTECS
I0sIBa aBTOKOJMBAHL 1 BIAMIHHICTh B YaCTOTHHX XapaKTEPUCTHKAX Py-
XOMOT 1 HEPYXOMOT YaCTHH KOHCTPYKIIiI, 110 TAKOX 3HIIKYE HaJINHICTD
BEY i 30utbI11ye aMOpTH3aIliiiHI BUTPATH.

EdexkTHBHICTh BITPOYCTAHOBKH 3aJICKUTh BiJ BEIMYMHU IUIOIII ITO-
BEPXHI, SIKa YMOBHO YTBOPIOETBCS IiJI Yac oOepTaHHs KiHIIBOK Jioma-
teit. Taka moma sABJsie COOOIO TLIONLY Kpyra, pajiyc SKOro JOPiBHIOE
JIOBXKUHI JIOMATI.

Eneprisi, sixa 3HIMA€THCS 3 OJUHHUIN JOBKHHHU JIONATI, Ay>KE 3MIHIO-
€ThCA K 11 KiHIIO (Big 0 10 MAKCMMAJILHOT'O 3HAYCHHS HA KIiHIII JIOMAT1).

MexaniuHy mOTY:KHiCThH BiTpoKoJieca Ha Baidy, TOOTO, 03 ypaxy-
BaHHS BTpAT B Iepeaaydax 1 MiIMIHUKaX, MOXKHA IMiIpaxyBaTu 3a Gop-
MYJIOFO:

P - pv3Ss’
2
) KT . .
ne p — rycruna nositps, (p = 1,29—); v — mBHIKICTH BiTPY;
M

€ — KoeillieHT BUKOPHCTaHHS €HEeprii BITPY, SIKH MOKa3ye, SKa 4acT-
Ka eHeprii MOBITPSHOrO TOTOKY BHKOPHCTOBYETHCS BITPOKOJIECOM;
S — moma mosepxHi BiTpokoieca. ['eoMeTprdHa MPOEKIIis IUIONL BiT-
pOKoOJIeca Ha TUIOIIUHY, TIEPIICHIUKYJIIPHY BEKTOPY IIBUIKOCTI BITpPY.
Po3paxyHOK MOKHA IPOBOJHTH 32 (HOPMYJIO0

nD?
S = ,
4
ne D — giamerp BIiTpoKoJeca.
s HopMmanibHuX yMOB (Temmeparypa 15° C i trck 760 MM pT. CT.)
MOTYXHicTh (KBT) MOXKHa po3paxyBaTy 3a CIIPOIIEHOIO (HOPMYIIO0
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KoedimienT BUKOpHCTaHHS eHEprii BITPY € 3aJeXHUTh Bij THITY BiT-
pPOIBHMIYHA, SIKOCTI MOr0 BHIOTOBIEHHS Ta IHIIKX mapamerpiB. Kparmi
IBUAKOX1JIHI BITPOJABUTYHH, 110 MalOTh OOTIUHI aepoJIMHAMIYHI JIOMATi

_v'D%
1975

nocsraroTh 3HaueHHs € Bin 0,4 1o 0,5 (puc. 2.13).

Lle o3Hauae MmO BITPOKOIECO MOXKE KOPHCHO BHUKOPHCTOBYBATH
40-50 % eneprii MOBITPSIHOTO MOTOKY.

0,20

Puc. 2.13. KoediuieHTH BUKOPUCTaHHS BITPY
JIJIS1 TOPU3OHTANIbHO-0Ch0BUX BEY

MakcuManbHe, TeOpeTUYHO obuucieHe 3HaueHHs € = 0,593, ane Ha
MPAKTHIII IIOTO JIOCATTH HE MOXKIIUBO.

Haii0ipIre MOMIMPEHHS OJAep KalM BITPOEHEPTeTHYHI YCTaHOBKHU
notyxHicTio Bix 100 1o 500 kBT, AKi npueAHYIOTHCS 10 €HEPreTHYHOI
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Mepexi. [Tutoma Bapticte BEY nmotyxHictio 500 kBT ckiagae 61u3bpKko
1200 $ / xBT i Mae TeHAECHIIIO 10 3HUKEHHS.

O4eBHIHO, IO BITPOKOIECO MOXKE CaMO 3aIlyCKATHCS TIUTBKH B TOMY
BHIIAJIKY, SIKIIO BOHO TOYHO HAIpaBJieHO Ha BiTep. [Ipu OiyHOMY %k BITpi
JUIS 3aIlyCKy IOTYXHOT'O BITpOKOJieca HEOOXIJIHE 30BHIIIHE JDKEPEIIOo
eHeprii 11 po3BOPOTY F'OHIONH BITPOKOJIECA Ha BiTep.

[ToBopoT yonaTeit TOpU30HTAILHO-0CHOBOI mporesiepHoi BEY 1 Bu-
KOPHCTOBYETHCSI HE TUIbKM YMHOM SK 3aCi0 MOIIYKY ONTHMAaJBbHOIO
KyTa BCTaHOBJICHHS JIONATI JJIsi YTPUMaHHS BITPOKOJIECa HAa TPAHUYHO
MOXIMBIH KITBKOCTI 00epTiB (I8 YHUKHEHHS MEXaHIYHHMX ITOIIKO-
JDKEHB), ajie i sIK 3aci0 rajgpbMyBaHHS BiTpoKkoieca (Mmopsn i3 3BHYaii-
HUM (QPUKIIHHAM).

Sk BKe BiJI3HAYANOCS 3aCTOCYBaHHS CHCTEMHU TOBOPOTY JIONAaTel
CYTTEBO YCKIAIHIOE KOHCTPYKIit0 BEY, OCKIIbKH 1715 HOMEpeIKEeHHS
3armobiraHHs HeOe3MeKy BUXOy Ha aBapidiHUN peXUM OOCpTaHHS BiT-
poKoJieca MOTPiOHI cHUcTeMa Oe3MepepBHOIO CIOCTEPEIKEHHS 3a Kilb-
KICTIO 00€pTIB 1 MOBOPOTHI IPHCTPOI 13 MPHUBOJAMU JIJIs KOXKHOT JIoTa-
Ti, a TAKOX CHCTEMa aBTOMATUYHOrO YINPAaBJIiHHS KyTaMU MOBOPOTY
JIonareu.

Cepen Topu30HTAIBHO-0CHOBHX Tporenepunx BEY HaiiGinbimoro
MOIIUPEHHS HA0YJIM MIBUAKOX1/IHI YCTAHOBKY 3 YHCJIOM JIOMIATSH MEHIIIE
4oTHPHOX. BoHU 3a0e3meuytoTh HalBUIIMI KOoe(illieHT BUKOPHCTAHHS
eHeprii BiTpy, TOOTO HAHOLILII e EKTHUBHI.

EdexruBnicts BEY 3aiekuTh TakoK Bia MIBHAKOXiIHOCTI YMOBHOI
MoBepxHi BiTpokojeca. IIBHAKOXIAHICT, — II€ BITHOIISHHS KOJOBOI
MIBUIKOCTI eIeMEHTa IMOBEPXHI A0 MIBUIKOCTI BITPY.

Bucokuit cTymiHb MIBUIKOXIIHOCTI MPUITYCKA€ BHUKOPUCTAHHS CIIe-
iaJbHUX TMPHUCTPOIB Ta CUCTEM JJIi OOMEKEHHS KYTOBOI IIBHIKOCTI
0o0epTaHHs 3 METOO MOMEPEKEHHS PO3HOCY BITPOKOJIECA 1 TPAHCMICHI.
Bce 11€ 3HaYHO YCKIIaIHIOIOTH KOHCTPYKIliI0 BEY.

[TocTiiHICT AOCHTH BHCOKOI po00YOI IIBHAKOCTI 0OepTaHHS 00Y-
MOBJIIOE CITPOIICHHS TPAHCMICIMHUX 3B’S3KIB BITPOKOJIECA 3 TEHEPATO-
POM 1 IOCHTh BUCOKY SIKICTh €JIEKTPOCHEPrii 03 yCKIIaJHECHHS ITePETBO-
PIOIOYHUX CIEKTPUYHUX CXEM.

B Toii e vac mocTifiHicTh poO0YO0il MIBUAKOCTI 00epTaHHs, siKa 00-
MeXKeHa MIIHICTIO JIoNaTel Ha iHepiliiHe HaBaHTa)XKCHHS, O3Ha4yae 00-
MeXeHHs poOOYMX IIBHAKOCTEH BITPY (K MIPaBHIO, B MeXax
12...15 M/ ¢), Tak mo poOoTa BITPOYCTAaHOBKH B ONTHMAILHOMY PEXKH-
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Mi MOXJIMBA TUTbKU MIPH MEBHOMY BITpI, 1110, MPUPOIHO, JEII0 3HIKYE
e(ESKTUBHICTh YCTAHOBKHU.

JI1si TOpHU30HTAIIbHO-0CHOBUX mpomeinepaux BEY 3 TypGinamu Be-
JIUKUX J1aMETPiB 3pOCTa€ BIUIMB I'PaBITAI[IfHUX CHJI Ta HEKOMIUIaHAp-
HOCTI IIBUJKOCTI BITPY 1O BHCOTI, 10 BUKIWKAE MYyJbCYIOYi HABaHTA-
JKEHHS B MaTepiaJi JIONaTi, B OMIOPHMX MPUCTPOAX TPAHCMICIH 1 B caMuX
TPAHCMICIAX, AKI THM BIQU4yTHIII, YMM BHUIIE IMBHAKOXIAHICTE. Bee 11e
00YMOBIIIOE MIABHIIEHY yBary a0 AWHAMIYHOI CTIHKOCTI poOOTH BCIX
00epTOBHMX EJIEMEHTIB, IMJBMINEHI BUMOIH O MIIIHOCTI KOHCTPYKIII i
TOYHOCTI 1i BUTOTOBJICHHS, JIO SKOCTI 30ipKH, JI0O MacTHJI 1 OaJlaHCyBaH-
Hs1 00EpTOBHX JeTajel i By3JIiB.

Po3paxyHkoBa IMIBHJIKICTh BITPY T'OPH30HTAIBHO-OCHOBUX IMPOIICIIE-
purx BEY, sk mpaBuiio, 3HaXOOUThECS B Mexax 12...15 M / ¢ 3a ymoBHU
MIITHOCTI JIONaTel Ha iHepIliiiHe HaBaHTaxeHHs. Po3paxyHku ¢axiBIliB
Ha migcraBi iHdopMaIlii mpo BITPOBHH MOTEHIIAI BiJ METCOCTAHIIIH BH-
SIBUJIA PSIJI PETIOHIB, JIe EKOHOMIYHO OOIPYHTOBAHMMHU € PO3PaXyHKOBI
mBuakocti Bitpy 18...20 M / ¢ (Kpum, Kapmartu, neski cTenoBi perio-
HH). SIk TOKa3alu JOCHTIKEHHS, OYaTKOBA IIBHAKICTH BITPY cl1abo
BIUTUBAE Ha PiBEHb BUKOPUCTOBYBaHOI eHeprii. Tak, mpu 3MiHI modat-
KOBOI IIBUIKOCTI BITPY Bix 4,5 10 7,5 M / ¢ BUpOOIeHHS eIeKTpOeHeprii
3HIDKYETHCS MEHIII HiK Ha 2 %. BIumMB ke po3paxyHKOBIiH IBHIKOCTI
BITPY Ha BUPOOJICHHS €IEKTPOCHEPrii nyxe Benukuid. Hanpuknan, 306i-
JIBIIEHHS PO3PaxXyHKOBOI mBHAKOCTI BiTpy 3 10,4 mo 20 M / ¢ mpusBo-
JUTh JI0 30UIBIICHHS BUPOOJICHHS €JIEKTPOSHEPTrii OUIbII HIXK B 4 pasu.
Le cBiquuTh MPO Te, 110 JJIs PaiioHIB 3 BUCOKMM BITPOBUM IOTEHITia-
JIOM 3HAYCHHS PO3PaXyHKOBOI IMIBUJIKOCTI BITPY, SIKE MPUIUMAETHCS JIIS
3puvaiiiux BEY, BUSBISIOTBCS HENOCTATHIMH, OCKIIBKH TPU I[LOMY
MOraHO BUKOPHUCTOBYIOTHCS BEJIMKI BITPOSHEPTEeTUYHI PECYPCH.

2.3.4 Po3paxyHok eimpoeHep2emuYyHuUxX ycCmaHo80K
3 20pu30HMA/ILHOI0 8icCl0 06epmMaHHA

BirpompuiimMaiibHi mpUCTpoi 3 TOPU30HTAILHOKO BicCHO O0EpTaHHS
MOXXYTh BUKOPUCTOBYBATH JIJIsl TIEPETBOPCHHS €HEpril BITPY MiAHOMHY
cuity abo cuity omnopy. [leperary BigaroTh IPUCTPOSIM, 10 BUKOPUCTO-
BYIOTh HIAHOMHY CHJIY, OCKUIBKH BOHH MOXYTh PO3BHHYTH B KiIbKa
pasiB OUIbIIY CHITY, HDK IPUCTPOI 3 Oe3mocepeIHbOI0 qIEI0 CHUIH OMOPY.
OcraHHi, KpiM TOr0, He MOXKYTh TEPEMIIIATHCS 31 MIBHAKICTIO, KA IIe-
PEBUIIYE MIBHJKICTH BITPY. BHACHIOK 1IOTO TTOBEPXHI, HA SKi JIi€ IMiJI-
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HOMHA CHJIa BITPOKOJIECA, MOKYTh OyTH OLIBII IIBHAKOXITHUMHU Ta Ma-
TH Kpalle CHiBBiJIHOIIEHHS MOTYKHOCTI 1 MacH MpH MEHIIiH BapTOCTi
OJMHUII BCTAHOBJIEHOI IMOTYKHOCTI.

Bitpokomeco MOXKHAa BHKOHATH 3 PI3HOI0 KUIBKICTIO JIONMATEH: Bif
OJIHOJIONATEBHMX IIPUCTPOIB 3 KOHTPBAraMu 110 0araTojonaTeBux (3 4mc-
J1oM Jiomateit 10 50 1 61npire). Jag 3HMKEHHS 3rHHAIOYNX HAaBAHTAXKEHD
OLI1 KOPEHS JI0IIaTAM 4acTO HAJArTh 3BYKYBalIbHY 110 mepudepii dop-
My. BiTpokoreca 3 ropu30HTaIBHOIO BICCIO 00EpTaHHS BUKOHYIOTH 1HO-
i (hiKCOBAaHMMU 110 HAIIPSIMKY, TOOTO BOHH HE MOXYTh 00EPTATUCS Bl-
HOCHO BEPTHUKAJILHOI OCI, SIKa TMEPIEHIUKYIIpHA HAIPSAMKY MOTOKY. Ta-
KHM TUII IIPUCTPOIB 3aCTOCOBYETHLCS JIMILE [IPU HASABHOCTI OJHOrO, Ia-
HYIOYOI'0 HAIpsIMKY BITpY. Y OUIBIIOCTI K BHIAIKIB CHUCTEMA, Ha SKiil
VKDIIUIEHO BITPOKOJIECO (TaKk 3BaHa TOJIBKA), BUKOHYETHCS IMOBOPOT-
HOIO, 1[0 OPIEHTYETLCA 34 HAPSIMKOM BITPY. Y MalOMOTYKHUX BITPOJI-
BUT'YHAX, SIK IIPABUJIO, BUKOPHCTOBYIOTHECS IS I[i€1 METH XBOCTOBI OIle-
PEHHSI, V MOTYKHUX — CEPBOCHCTEMU.

Jna oOMexeHHS 4acTOTH 0OepTaHHsS BITPOKOJECAa IIPH BEIHUKIH
MIBUIKOCT] BITPY 3aCTOCOBYETHCS Psi CIIOCOOIB, HAIIPUKIAJ, BCTAHOB-
JIEHHsSI JIomaTedl y (UIorepHe MOJOKEHHS, 3aCTOCYBAHHS KIamlaHiB,
BCTAHOBJICHUX HA JIOMATSIX, a TAKOX IPHUCTPOI /IS BUBEAECHHS BITPOKO-
JIeca 3-IIij] BITPY 3a JOIMOMOI'0K0 OOKOBOIO IIJIaHY, PO3TAIIOBAHOrO I1a-
pallelIbHO IJIONMHI 00epTaHHs Kojeca. Jlomati MOXyTh Oyt Oe3moce-
pEIHLO 3aKpIIUIEH] Ha Bally BITpOKoieca a0do > 00epTarourii MOMEHT
MOJKE TIepeIaBaTHCs Bijl Horo o0oja depe3 BTOPUHHMIA Bajl JI0 TeHepa-
Topa abo iHIIo1 POO0YOT MAIIIMHH.

Kpunpuacte BITPOKOIECO 3 TOPU30HTAILHOIO BICCIO 00EPTAHHS MOKE
PO3TAIIOBYBATHCS B pOOOYOMY TTOJIOKEHHI MEPE]] BEKEIO U1 32 HEIO.

BupoonuuTBo ejeKkTpu4HOi eHeprii. Ha choromHimHii AeHb IIpH
ABTOHOMHOMY BHUKOPHCTaHHI €JIEKTPOEHEPTii BITPOYCTAHOBOK 3aCTOCO-
BYIOTH TPH OCHOBHI BapiaHTH IMEPETBOPEHHS BITPOBOI eHeprii B eJIeKT-
pHUHY.

1) BUKOPHUCTOBYETHCS TE€HEPATOP MOCTIHHOIO CTPYMY Ta aKyMYyIIs-
TOpHA Oarapes 13 CHCTEMOIO 3apspKaHHA. B mboMy BapiaHTi KOPUCTY-
BaYaMU €JIEKTPOEHEPTil MOXKYTh OYTH TUILKKA IPUCTPOI, 1110 BUKOPHUCTO-
BYIOTh MOCTIHHUN CTPYM a00 HANpyry (HaNpUKIIaJ, JBUTYHU MMOCTIHHO-
T'0 CTPYMY, OCBITJIFOBJIbHI TPUCTPOI Ta iH.).

2) BUKOPHUCTOBYETBHCA TIILKM I'€HEPATOp 3MIHHOro abo IOCTIMHOrO
CTPYMY, SIKHI 3aCTOCOBYIOTH JUIsi OTPUMAaHHS TUTBKH TEIUIA 1 HOTro aKy-
MYJTFOBaHHSI.
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3) BuKopHCTOBYETbCS T€HEpaTOp 3MIHHOTO CTPyMY, HPUCTpii BH-
npsMISIHHSA, Oy(depHUil HakomuvyBad Ta IMEPETBOPIOBAY MOCTIHHOTO
CTpYMY B 3MiHHHH, SIKMI Ma€ TOCTIHHY 4acTOTY.

Jlyis BCIX BKa3aHWUX BapiaHTIB POTOP BITPOYCTAHOBKH 00EPTAETHCS 31
3MIHHOIO 4acTOTOI. B mux cxemax He moTpiOHa MiATPUMKA MOCTIHHOT
IIBUAKOCTI 00EpTaHHS pOTOpa.

[Tpu BuKOpHCTaHHI eHeprii BITPy MapajiebHO 3 EHEPrOMepekKero Ko-
pHUCTyBau eIeKTPUYHOI eHeprii MiAKIIOUEeHUH 10 Mepexi eHeprocucre-
MHU. 3aCTOCYBaHHS TapasielibHOI €HEPrOyCTAHOBKH IOHUXYE BapTICTh
HEOOXiIHOT0 aKyMYJIOI0YOT0 MPUCTPOI0. B 1IbOMy BUNAIKY TaKOX Ma-
I0Th MiCI€ TPH BapiaHTH.

1) BUKOpPHCTOBYETBCSl TUIBKM CHHXPOHHHUI TeHepaTop, SKHH MiaK-
JIOYEHHUH IO eHEPrOCHCTEMH depe3 MiBUIIYBILHUH TpaHCc(hOopMaTop.
B ibomMy BapiaHTi cXeMH POTOpP BITPOYCTAHOBKHU MOBHHEH 00EPTATHUCH 3
MOCTIHHOK KYTOBOIO IIBUJKICTIO JJIi CHHXPOHHOI POOOTH T'eHepaTopa
BITPOYCTaHOBKH. Taka cxemMa € HalOUIbII MPOCTOr. SIK mpaBuiio, mo-
TYXKHICTh €HEProCHCTEMHU Habarato OuIbINa MOTYKHOCTI BITPOYCTaHOB-
KU 1 eleKTpUYHa MalllMHa Oy/ie 3HaXOAUTUCHh B PEKHUMi CHHXPOHI3MY B
JIOCHTH IIMPOKOMY Jiara3oHi 3MiH MOMEHTY 00epTaHHs poTopa BiTpoy-
craHoBKH. HemonikoM 3acToCyBaHHSI CHHXPOHHOTO TeHepaTopa € TOH
(akT, M0 BiH MOXKE MEPEXOAUTH B PEKUM JIBUTYHA 1 CIO)KMBATH €HEp-
riro i3 eHeprocucreMu. KpiM TOro, mpu pi3KHX TOpUBaxX BITPY
3’SIBJISIETBCSL MOJKJIMBICTh BUXOAY 13 cMHXpOHI3MY. [loganbima cuHXpo-
Hi3allis TeHepaTopa Ta MiJIKIOYSHHS HOro JI0 CHEProCUCTEMH € JIOCUTh
CKJIaJITHUM TIPOLIECOM.

2) BUKOpHCTOBYETHCS TUTBKK OWH T€HEPATOP, ajie BiH € aCHHXPOH-
HuM. Yacrora obepranHs poropa BY Moxe OyTu He MOCTiiiHOO, ane
HECUJIBHO BiJJPI3HATUCH BiJ] CHHXPOHHOI YaCTOTH 00EpTaHHSI.

3) BUKOpHCTOBYEThCS TE€HEpaTOpHA CUCTEMa, sKa O0epTaeThbCs 13
3MIHHOIO IIBUJIKICTIO, aJIe YacTOTa CTPyMy TOCTiiHa. [nes nboro BapiaH-
Ty B TOMY, 1100 HaJaTH MOXJIMBICTH poTopy BY obepraTncsk 31 3MiHHOIO
Y4acTOTOIO, SIKa PErYIIOETHCS Y BIAOBIAHOCTI 31 3MEHILIEHHSM HIBHIKOC-
Ti BiTpy. Taka cxema 3aCTOCOBYE T€HEPYIOUM CHCTEMH, sIKi 3a0e3meuy-
I0Th B IIMX YMOBaX OTPUMAaHHS 3MIHHOTO CTPYMY IOCTIMHOI Y4aCTOTH, i
MIPU IIbOMY EJIEKTPOCHEPTris Moxe OyTH T0aHa B EHEPTOCHCTEMY.

Meroay oTpuMaHHS 3MIHHOI HAIIPYTH MOCTIHOT YacTOTH MPH 3MiH-
Hill yacTOTi 00epTaHHs BaJla MPUBOAY MOUISIOTHCA HA JIBI TPYIIH.
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1) I'pymna, sika BUKOPUCTOBYE Ju(epeHIlialibHI METOIU 1 peai3y€eTh-
Csl B CXEMax 3 CHHXPOHHHUMH TeHEPaTOpaMH 3 MEXaHIYHUMH HPUCTPOS-
MH, K 3a0€3MeUyI0Th OTPUMAaHHS MOCTIHHOT YaCTOTH 00epTaHHS POTO-
pa reHepaTopa 3a JOIMOMOrOI0 PEIyKTOPIB 31 3MIHHHM IIepedaTOYHUM
BiHOIIICHHSM (BapiaTopu). Lls rpyna BkIIOYaEe TakoX MPUCTPOI 3 Tij-
PaBIIIYHOIO TIepeJadeio MOTYKHOCTI, a TAKOXK eIeKTPUYHI IPUCTPOI, IKI
KOMIICHCYIOTh 3MiHY YaCTOTH OOCPTaHHS 3a JIOIIOMOT'OI0 KUBJICHHS 00-
MOTKH 30YyJ/DKCHHS HAIIPYrol 3 YaCTOTOI KOB3aHHS, siKa JOPIBHIOE Pi3-
HUIII YaCTOTU 00EpTaHHS POTOpa reHepaTopa Ta YaCTOTH HAIPYTH CHEep-
TOCHCTEMH, Ha SIKY IMPAIFOE TEHEPaTOopP.

2) I'pyna, sika BUKOPUCTOBYE HeaudepeHIlialibHI METOIH, MOXe Oy-
TU pealli3oBaHa 4epe3 CTaTHYHI MPUCTPOI 3MIHM YACTOTH BIJIIOBITHO 110
CXEMH TEPETBOPEHHS «3MIiHHA Hampyra 3MIiHHOI YaCTOTH — IOCTiHHA
Hampyra — 3MiHHa Harpyra MnocTidHoi yactoruy. [Ipu nbomy po3pobie-
Hi JIBl aBTOMAaTH30BaHi CXeMU B 000X HAINpPAMKaX.

PosrisiHemMo kiJibka NPUKIIAIIB IEPETBOPSHHS CHEPTIl BITPY B CJICKT-
pu4HYy eHeprito. JIBOKOHTYPHY CXeMy MEepPETBOPEHHS MEXaHIYHOI eHep-
rii BY B elekTpuuHy eHeprito mokazaHo Ha puc. 2.14.

4 — [ Arpomarep
L1

L 3

KoproTrESY

3 = IxEZpTOD

7

Puc. 2.14. JIBokOHTYpHA cXeMa MEepEeTBOPEHHS MEXaHiuHOiI eHeprii BY
B EJIEKTPUYHY €Heprito: / — reHeparop; 2 — BUNpsAMIIsTY; 3 — crabisizarop;
4 — mpuCTpiii 3apsIpKaHHs; 5 — cyMaTop

Cxema MICTHTh TE€HEpPAaTOp 3MIHHOTO CTPYMY 3 MOCTIHHUMH Mardi-
TaMu, KU 00epTaeThCs 3a JOMOMOrow poropa BY uepes pemykrop.
Hanpyra i yacTora 3MiHHi, TOMY, BAKOPHUCTOBYIOUH BHITPSIMIISY, 3MiHHA
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Hanpyra 3MiHHOI YaCTOTH MEPETBOPIOETHCS B TIOCTIHHUI CTPyM HE cTa-
O11130BaHOT HAIIPYTH.

BirpoycraHoBka o0eprae reHepaTop 3MIHHOTO cTpyMmy. Ejekrpuuna
CHEPTisl, 110 BUPOOJISETHCS, PO3TANYKYEThCS Ha JIBA KOHTYpH. Y Iiep-
HIOMY KOHTYpi €IeKTPOEHEepTis yepe3 BHIPSIMIISY 2 Ta crabimizaTop 3
MOCTyMNae Ha meperBopioBad (iHBepTop). [HBEpTOp MepeTBOPrOE MOCTik-
Hy Harpyry 14 B nHa 3minny Hanpyry 220 B 50 I'n. IoTyxHicTh Takux
MPUCTPOIB JIOCATa€e JIeKiIbKa KinoBaT. Llell KOHTyp € IpiopuTETHHM.
Hpyruii KOHTyp SBIISI€ JiHiIO Oy(pepHOro HakomuuyBaya eIeKTPHYHOI
eHeprii. BiH ckiiagaeThes i3 3apspKaoyoro NpucTporo 4, akyMmynsaTopa i
cymaropa 5. [Ipu moctaTHiil iHTEHCUBHOCTI BITPY MOTYKHICTh €1€KTPO-
eHeprii, 10 BUPOOISETbCS OiNbIla, HK Ta, 10 BUKOPUCTOBYETHCS B
KaHam iHBepTOopa. [Ipum mpoMmy Hampyra mepeq cTadbii3aTopoM BHUIIA,
HiDX 3a crabumizaTopoM. Llsi pi3HuUI HaNpyr Npu3Bene 0 BKIOYCHHS
MPHUCTPOIO 3apsIKAHHS.

BenuunHa 3apsokaroyoro CTpyMy IIPOMOpPLIMHA PI3HHUII HAIPYT.
3MeHIIIeHHs. IHTEHCHBHOCTI BITpY MpH3BEAE OO0 3MEHIICHHS HAaIpyrd
mepen cTadimizaTopoM. 3MEHIIEHHS CHTHAIY 3 BHXOAY CyMaTopa 0
PiBHS, SKHI HI)KYE YCTAHOBJICHOT'O 3HAYCHHS, MPHU3BEAC JIO BIJIKIIO-
YEHHS 3apsAIHOr0 CTPYMY aKyMyJsiTopa. B TakoMmy craHi eHepris BiTpo-
YCTAaHOBKU BUTPAYAEThCS TUIBKU IS KUBJICHHS KOPHCTyBada uepes
iHBepTOp. B BHmaAKy BiACYTHOCTI a00 HEIOCTATHBLOI IOTYXKHOCTI BITPY
Halpyra Ha BHXOJI CTabili3aTopa CTaHOBHMTHCS HIDKYE, HDK HaIpyra
aKyMmyJsaTopa. B 1iboMy BHIIa Ky iHBEPTOp MMOYMHAE KUBUTHCH Bijl aKy-
MYJISITOpA.

3acToCyBaHHSI T€HEPATOPIB 3MIHHOIO CTPYMY Pa3oM 3 TPH(pa3HUM
MOCTOBUM BUIPSMJISTYEM Ta CTA0L1i3aTOPOM MOKa3aHOo Ha puc. 2.15.

= IHBepTOp

Puc. 2.15. 3acrocyBaHHs reHEPATOPIB 3MIHHOI'O CTPYMY:
1 — renepatop; 2 — BUMIPIOBATBHUH €1eMeHT; 3 — IIPUCTPiil NOpPiBHSIHHS;
4 — perymaoouuil eneMeHT
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Perynsitop Hampyru MICTUTh BHUMIPIOBaJIbHHN €IEMEHT, MPUCTPId
MOPIBHSIHHS Ta PETYJISATOP.

BumMiproBaabHME €IEMEHT CIIPUMMAE HAIPyry reHepaTopa 1 meper-
BOPIOE HOT0 B CUTHAJI, SIKHH B TPUCTPOI MOPIBHSHHS MOPIBHIOETHCS 3
STAJIOHHUM 3HAYCHHSIM HaNpyry. SIKIo BeTUYMHA HAMPYTH TeHepaTopa
BiIpI3HSAETLCS Bifl €TATOHHOT BETMYMHH, TO HA BUXO/I BUMIPIOBAJILHOIO
elIeMEHTa 3’ SIBJISIEThCS CUTHAN, SIKMI aKTHBI3y€ PETyJIIO0UYUil elIEMEHT,
MIPH [IbOMY 3MIHIOETLCSI CTPYM B OOMOTIII 30Y/DKEHHS TakK, 1100 Hampyra
reHepaTopa BCTAHOBUJIACH B 3a/IaHUX MEXaXx.

Takum unHOM, 0 peryJysropa 4 Hanpyru 000B’I3KOBO IMOBUHHA OYyTH
MiJIBE/ICHa HAaIIpyTa 3 TeHepaTopa 3 METO0 3a0e3MeUeHHs il cTabdimizarii.

[TpuHIMIIOBY cXeMy TeHepaTopa 3 PeryjiiTOpOM HAmpyrd MOKa3aHo
Ha puc. 2.16. I3 BxigHoro mineHuKa (R, R,, R;) Hampyra HaAXOAWTh Ha
CIIEMEHT TIOPIBHSAHHS, JI€ POJIb €TAJIOHHOI BEIMYMHU BUKOHYE Hampyra
Ha crabumitponi VD1. CtpyMm cTabiIiTpOoHa BMHUKAE €JIEKTPOHHE PEIE,
SIKE KOMYTYE JIaHIIOT 30Y/KEHHS TaKUM YHHOM, IO CTPYM B OOMOTIII
30y KEHHSI 3MIHIOEThCS B HEOOXiTHU OIK.

oC

™~
L]

Puc. 2.16. [IpunnunoBa cxeMa reHeparopa 3 peryjisiTopoM Harpyru:
OC — obMoTka cratopa; O3 — 00MOTKa 30yKEHHS,
Ab — akymynsitopHa Oatapest; VD1 — crabimiTpoH

Perynsatop Hanmpyru npamtoe TakuM YiHOM. UyTIHBUM €IEMEHTOM €
BXimHUH ninbHUK Hanpyru (R1, R2, R3). Hanpyra no ctabinitpona VD1
MiZIBOAUTHCS 3 BUXOJY TeHepaTopa, SKUi 00BeIeHUI MyHKTUPHOIO JiHi-
€10, Yepe3 JOUTbHUK Hanpyrd. [loku Hampyra reHepaTtopa HEBElWKa i Ha
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CTabimiTPOHI BOHA Oy/ie HIKYOIO Biji HANIPYTH cTadiiizanii, To cradimiT-
poH VD1 Oyne 3akpuTHM, CTPYM Yepe3 HbOro Ta B 6a30BOMY KOIli TpaH-
suctopa VT1 Oyae BiacyTHiM, Tpansuctop V711 Oyae 3akputum. B 1po-
My BHUNQJIKYy CTPyM uepe3 pe3uctop R6 ta mion VD2 Bijx reHepaTopa Io-
crymae B 0a3oBe KOJIO TpaH3ucTopa VT2, BiH BIAKPUETHCS 1 Uuepe3 Moro
Mepexi eMIiTep-KOJIeKTOp MOYHE MPOTIKATH CTPYM B 0a3y TpaH3ucTOpa
VT3. Sxmo Hampyra reHepaTopa 30UIBIINIIACK, HATIPUKIIA, BHACIIIOK
30UTbIIEHHS YaCTOTH OOEpTaHHS POTOpa ad0 3MEHIICHHS HaBaHTa)KeH-
Hsl, TO 30UIBIIMTHCA Hampyra Ha ctabimitponi VD1. fkmo Hanpyra ao-
CSITHE BEJIIMYMHU HANpyru crabimizauii i Oinmbire, To cradimitpon VD1
BIZIKPUBAETHCS, CTPYM depe3 HbOro MOCTynae B 06a3oBe KOJO TpaH3HUC-
Topa VT1, skuil BiIKpHBa€eTbCA 1 CBOIM IEPEXOAOM EMiTep-KOJIEKTOP
3aKOpOYyE BUBIJ 0a3u CKiIagHOro TpaH3ucropa V712, VT3 Ha emirep.
Cxuagnumii Tpansuctop V712, VT3 3akpuBa€ThCs, i MPU IIBOMY KOJIO JKH-
BJICHHSI 0OMOTKH 30y/KEHHsI po3puBaeThesi. CTpyM 30y/DKEHHS Craiae,
3MEHIIYEThCS HAMpyra reHepaTopa, 3aKpuBaeThes crabinitpon VD1 Tta
Tpanzuctop V71, BinkpuBaeThes CKiagHuii Tpansuctop V12, VT3, o6-
MOTKa 30Y/PKEHHSI 3HOBY BKJIIOYAETHCS B KOJIO JKWUBJICHHS, Halpyra re-
HepaTopa 30UTbIITYETHCS, 1 TAKUM YMHOM IIPOLIEC ITOBTOPIOETHCSL.

BHacniiok 1poro, peryitoBaHHS HAalpyrd TeHepaTopa 3a JIOMOMO-
TOI0 PEryisiTopa 3IIMCHIOEThCS TUCKPETHO Yepe3 3MiHy BiJTHOCHOTO 4a-
Cy BKIIIO4YeHHS 00MoTKM 30ymkeHHs. [Ipu npomy ctpym /3 B 0OMOTIII
30y/PKEHHSI 3MIHIOETBCS TakK, SIK MMOKa3aHo Ha puc. 2.17. Skmo yacrora
obepTaHHs TeHepaTopa 30UIBINIMIACH, a00 3MEHIIUIOCH HOro HaBaHTa-
JKEHHSI, TO TEPMIH BKJIFOUCHHSI OOMOTKH 3MEHIYETHCS, & SIKIIO YacTOTa
o0epTaHHs 3MEHIIMIAch ab0 HaBaHTaXXEHHS 30UTBIIMIOCH, TO TEPMIH
BKITIOUEHHSI OOMOTKH 30YIXKEHHS 301IbITY€EThCA.

[Tix wac poOOTH BITPOYCTAHOBKM MapajeibHO 3 EIEKTPOMEPEKEIO
BEJIMKOI TMOTYXXHOCTI MOXKE€ BHKOPHUCTOBYBAaTHCS TaKa CXeMa Peryiito-
BaHHS HANIPYyTH.

SIK110 pOTOpP CUHXPOHHOI MAaIllMHU NPUCKOPUTH 33 JOIIOMOIOK0 30B-
HIIIHBOTO MPHUBOAY A0 YACTOTH OOepTaHHs, sika Oyae ImepeBHINyBaTH
4acToTy 00epTaHHS MarHiTHOTO TIOTOKY, TOOTO 3AIHCHUTH YMOBY 71 > Ay,

n —n

TO KOB3aHHA S = (n; — yacToTra obepTaHHS MAarHiTHOTO TOJIS CTa-

n
1

TOpa, n — 4acToTa 00epTaHHS POTOpa) CTaHe Bia €MHHMM 1 MalllMHA IIe-

pelizie B peKMM aCHHXPOHHOTO TeHepaTopa. B mepBuHHINA 00MOTII Te-
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HEPYEThCS aKTHBHA IMOTYXKHICTh, KA MEPEIAEThCS HA HaBAHTAXKCHHS,
SIKE TJIKITIOYEHE JI0 MepPBUHHOrO Kouia. [TpuHIuMN mii MOsSICHIOEThCS Ha-
cTynmtHEUM 4rHOM. CTpyM B KOpPOTKO3aMKHEHIH O0OMOTIII poTOpa, SKHit
3’SBJIIETHCSI BHACIJIOK i1 BITHOCHOTO PYXY Y IIEPBUHHOMY MarHiTHOMY
T0J1i, CTBOPIOE CBili MAarHITHUH IMOTIK, SIKUH, B CBOIO Y€Pry, HABOJIUTH B
0o0MOTIII cTaTopa OJaTKOBY €IEKTPOPYIIiHHY CHITy 1 aKTUBHHH CTPYM
JKUBJICHHST HABAHTAYKCHHSI.

t

Puc. 2.17. 3MiHa BiTHOCHOT'0 Yacy BKIIFOUCHHST OOMOTKH 30Y/PKECHHS T€HEPATO-
pa eJeKTpOoeHeprii: ny, ny — YaCTOTH 00EPTaHHS POTOpa, 1y < 1y

VY pasi poboTH CYMICHO 3 IOTY)KHOIO MEpEKEI0 IMepBHHHA Hampyra
ACHMHXPOHHOI'0 TeHepaTopa 1 4acToTa CTPyMY B HOro MEPBUHHINA 00MOT-
i € He3MIHHUMH. ToMy i 301IbIIEHHS MOTY)KHOCTI, SKa BiITa€ThCs
TEHEePaToOpOM B MEPEXKY, HOro IMPUBiI MOBUHHMIA 3a0€3MEUUTH TPUPICT
4acTOTH 00epTaHHS POTOpA 1 BIAMOBIIHO 3HAYEHHS KOB3aHHS S.

HenmomnikoM 3BHYAHOIO aCHMHXPOHHOIO IeHepaTopa, SAKHU IIparfoe
Ha MEPEXKY Ta CIOXKHMBAE BiJl MEPEXKI 3HAYHY PEAKTUBHY MOTYKHICTL O,
€ BIJTHOCHO HHU3bKE 3HAa4YECHHS KoedilieHTa MOTYKHOCTI COS( B IMOpIiB-
HSHHI 3 CHHXPOHHHUMH T€HEPATOPAMHU.

Po3rngnayTi reHepaToOpy HE B MOBHIM Mipi 3a0€31MeuyIoTh e(hEKTUBHY
po0OTY BITPOYCTAHOBOK, OCKUIBKM IX Iialla30H IIBHIKOCTEH ITOCHTH
Benukuii. ToMy 11t CTBOpEHHS elekTporeHeparopa BY moxkHa BUKO-
PHUCTOBYBATH KacKaJHUI OE3KOHTAKTHUI TeHEPaTOp 3MIHHOIO CTPYMY.
Bin ckmamaerbes i3 ABOX MAIIWH i3 3’€IHAHMMH OOMOTKaMH POTOPIB,
SIKI po3TamioBaHi Ha ogHoMmy Baimy. OfHa i3 MaIIdH, SKa BXOIUTEH O
CKJIaJly KacKaJIHOTO reHepaTopa, € aCHHXPOHHOIO.
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Inero peamizaiiii acHHXpPOHHOI KacKagHOT O€3KOHTAKTHOI €IEKTPUY-
HOI MaIlIMHH, IO CKJIAJA€ThCA 13 JBOX ACHHXPOHHHX MAIIUH, B SKHX
poTopHi 00OMOTKM [ 1 4 3aMKHEHI MK CO00I0 3 mepexpeleHusM (a3
(imBepcHl 0OMOTKH) TToKa3aHo Ha puc. 2.18. CtaTopHy 00MOTKY 2 mep-
moi MaIllMHU IIOKIIOYEHO IO MEPEXl, a CTATOpHY OOMOTKY 3 Ipyroi
MallliHA — JI0 OIOpY, IO PErymoeThcsa. Taka KackaJHa MalllMHA € I10
CYTi aCHHXPOHHHMM JIBUTYHOM 3 IOJINIIEHUMH YCKOBUMHU Ta PEryJisi-
HIHHAMH XapaKTEPUCTUKAMH.

Kackaana 6e3kOHTaKTHA MallliHa MOYKe OYTH BUKOPHCTaHa 1 SIK aCHH-
XPOHHUI TeHepaTop 31 cTadLIi3aLi€cr0 YacTOTH. Y I[bOMY BHIIAAKY CTATO-
pHaA 0OMOTKA IEPIO] MAIMHH 3’€IHYETHCSI 3 OCHOBHUM HABaHTAKCHHSIM,
a craTopHa OOMOTKa APYroi MaIllMHUA — 3 OIOPOM, IO PerymoeThes. Ta-
KHil reHepatop 3abe3leduye CTPyM IOCTIHHOI 4acTOTH B OOMOTIH 3 3a
3MIHHOI YaCTOTH 00€pTaHHS POTOPA, SIKIIO JKUBJICHHSI OOMOTKH 2 3iiic-
HIOETHCS CTPYMOM 3 YaCTOTOIO, KA PETYIIIOETHCA BiJl OKPEMOTro IepeTBO-
proBaya. Taki MalIMHKM BUTiOHI TOMI, KOJM IPUBII Mae 3MIHHY 4acTOTY
obepranns. Bin ckiaamaeThbes i3 ABOX MarimH (puc. 2.19): 30yaHHKa CHH-
XPOHHOI'O TeHepaTopa 3 SBHO BHPAKEHUMHU IOJIOCAMU, OOMOTKOIO 30Y-
moxenns (O3) Ha crtaTopi 1 00MOTKOIO sikopst 30ymkenns (O3) na poropi;
OCHOBHOTO reHeparopa I, sKuii € aCHHXPOHHHMM IIEPETBOPIOBAYEM YaCTO-
TH 1 MICTUTB Ha POTOPi pO3MOALIEHY MepBUHHY 00MOTKY OI 2.

1 2 3 4
a—
n
— T

Puc. 2.18. O0’eqHaHHS HA OJTHOMY BaJTy JBOX MAIIVH i3 3 € THAHUMHU OOMOTKa-
MU pOTOpiB
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Puc. 2.19. Kackajna 6e3KOHTaKTHA MallIdHA:
3 — 30yIHHUK CHHXPOHHOT'0 TeHepaTopa; I — OCHOBHUIT reHepaTop;
IT — migzoymxysau; OAIT — oOMoTKa sikops mia3oymkyBada; O3 — oOMoTKa
30ymKkeHHs Ha cratopi; OI'2 — po3nojineHa mepBUHHA OOMOTKA;
Bb — Bunpsmutsy; INo, I'p — repkonu; PH — perymsitop Hanpyru;
OIl — ontepauiiinmii miacuiaroBay; Wh — JIIYMIBHUK €1€KTPOEHEpPTii

OO6MOTKa SIKOps 30YIKYIOUOTro MPUCTPOIO Ta Iepiina 0OMOTKa T'eHe-
patopa (OI'1) 3amkHeHi Mix c00010 3 TIepexpertyBanHsaM (a3 (IHBepcHI
obmotku). KpiM 30yKyr040oro mpuCTpOI Ta reHepaTopa B MAIMHI €
TakoX NB30ymKyrounii npuctpiit [1 3 nocTiiiHMME MarHiTaMu Ha POTO-
pi Ta odbmotkoro skops OAIl (oOMoTKa AKOps MiA30YIKYHOUOro MpH-
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CTPOIO Ha CTaTopi, sKa uyepe3 BuUnpsamisitounii 6ok Bb Ta perynstop
Hanpyru PH xuBuTh 00MOTKY 30ymkeHHs Ha cratopi O3 mocTiitHUM
CTPYMOM).

BaxknrBe 3HaYCHHS Ma€ BHKOPUCTAHHS €HEPrii BITPY CIUIBLHO 3 iH-
HIMMH JKEperaMHu eHeprii, 30KkpeMa 3 TPaJuliiHUM TaInBOM, 3 DKepe-
JIaMH, SIKI BHKOPHMCTOBYIOTh €HEPIil0 COHSYHOI'O BHIIPOMIHIOBAHHS,
EHEprilo, sKa OJEPIKYETHCS 3 PAXYHOK PI3HUIII TEMIIEPATYD 1 T. iH.

OCKUIBKY B OUIBIIOCTI MICIH BITEpP € IOPUBUYACTHM, TO IS Oe3mepe-
PBHOI'O OTPHUMAHHS €HEPIil BiJ aBTOHOMHO IIPAIfOI0Y0]l YCTAHOBKH He-
00X1IHO aKyMyJIrOBaTH ii Ha TpuBaji repiogn — 10 muiB 1 Ouabiie. Bap-
TICTh HEOOXIJHOI'0 aKyMYIIIOIOUOro OOJIagHAHHSA MOKE OyTH 3HUKEHA
Ipu KOMOIHYBaHHI IHIIUX pKepen eHeprii. Hampukman, y THX Micsx,
JI€ BITEp 4aCTO AME B TOH 4Yac, KOJIU HE CBITUTH COHIIE, 1 HABIIAKH, JOLI-
JILHO BUKOPHUCTOBYBATH KOMOIHOBAaHI CHCTEMH JIJIs1 IEPETBOPEHHS €HEP-
rii BITpY 1 coHns. B Takux BHIagkax moTpiOHa MeEHIA €EMHICTh aKyMy-
JIIOIOYMX MPUCTPOIB, HA BIIMIHY BiJI CUCTEM, SIKi BAKOPUCTOBYIOTh Tijlh-
KM OJHH 3 I[UX THITIB MPUHMaYiB eHeprii.

OfHHUM 3 OCHOBHUX KpUTEPIiB e()eKTUBHOCTI POOOTH BITPOYCTaHOB-
KH € i IOTYXXHICTh, KA 3aJICKUTH Bil MOMEHTY O0OepTaHHs, KUl 3a/1a-
€ThCS. POTOPY MOBITPSHUM ITOTOKOM, Ta BiJl KyTOBOI IIBHJIKOCTI 00ep-
TaHHS poTopa. B cBOIO uepry, MOMeHT OOepTaHHs IpU 3aJaHHX KOHC-
TPYKTHUBHHUX [MapaMeTpax YCTAaHOBKM BH3HAYAETHCS BiIHOCHOIO IIBHIKI-
CTIO TIOBITPSHOT'O IMOTOKY, TOOTO HOro MIBUIKICTIO BiTHOCHO pPOTOpA,
SIKAH 00epTaEThC.

s 3a0e3redeHHs] MaKCUMAIBHOI MOTYKHOCT1 BITPOYCTaHOBKH T10-

V . .
BUHHA BUKOHYBAaTUCh yMOBa U = ER ne V — abconmoTHa MIBHKICTh BiT-

py; U — niHiiiHa MIBUIKICTh LIEHTPY THCKY JIONATI poTtopa. LlenTpoMm TH-
CKY € TOYKa MPUKJIAJIAHHS PIBHOIFOYOT PO3MOAUICHUX CHJI TUCKY TIOBi-
TPSTHOT'O TIOTOKY Ha JIONaTh.

Jlyis aBTOMATUYHOI MIATPUMKH POOOTU BITPOYCTAHOBKH B PEXKUMI
JOCATHEHHST MAKCUMAaJIbHOT MOTYXHOCTI MPU 3MIHHUX HMIBUAKOCTSIX T0-
BITPSHOT'O MOXKHA BUKOPHCTOBYBAaTH TaKy CHCTEMY yrpaBiiHHs. Ha Ba-
1y poO0Y0Oro poropa BiITPOYCTAaHOBKHM Ha OJHOMY paaiaJbHOMY ITiZIIH-
IMHUKY HacaKeHHH JaTYMKOBHH pPOTOp (AaHEMOMETP), SKUM I €0
MOBITPSHOrO TIOTOKY BUILHO 00epTaeThcs. J[aTUYMKOBUI POTOp Mae Ta-
KM e JiaMeTp, 1o i poOouHnii, 3 TAKOI0 K KIJIBKICTIO 1 KOH(DIrypariero
nonateil. Bucora gaT4MKoBOro poTopa miIdupaeThes 3 YMOBH, IPH SKiH
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0e3 MiAKIIIOUeHHs BITPOYCTAaHOBKH [I0 PEAYyKTOpa Ta reHepaTopa, po0o-
YK 1 JaTYNKOBUH POTOPH 00EPTAIUCH 3 OJHAKOBOIO KYTOBOKO IIBHJIKI-
CTIO, JOJAIOYM TIILKK TEPTS B MAMMIHUKAX. MoMeHTH 00epTaHHS Po-
TOPIB 3aJIeKATh BiJ OMOPIB MiAMIMIHUKIB KOKHOT'O POTOpa BiAMOBIIHO.
Bracnigok HEBEIMKOro TepTs B MIAMMIHHUKY KUIbIEBA IIBHAKICTH
LIEHTpa THUCKY JIOMATI JATYMKOBOIO POTOPA MaiiKe He BiAPI3HAETHCA Bif
a0COJIIOTHOT MIBUAKOCTI BIiTPY, TOOTO JaTYMKOBHI POTOP BUKOHYE POJIh
BHMIpIOBaya MIBUJIKOCTI BITpY. JlJIs mijKIFOueHoi 10 reHepaTopa BiTpo-
YCTaHOBKU HEOOX1JHE BUKOHAHHS YMOBH M, = 3®,, 1€ ®, Ta ®, — KYyTOBI
MIBHAKOCTI 00EpTaHHS JaTYMKOBOIO Ta POOOYOro pOTOPIB BIAMOBIIHO.
Ll ymoBa piBHOCHIIBHA YMOBI 1, = 31, J1€ N, Ta N, — KUIBKICTh 00€pTiB
POTOpIB JaTUMKA Ta BITPOYCTAHOBKH BiJIIIOBI THO.

Jnst 30epekeHHss TPUBEIECHOIO CITIIBBITHOIIECHHS MOKHA BUKOPHUCTO-
BYBAaTH JIIYMJILHUKY 1 TOPIBHIOBATH KUIBKICTh iMmysnbeiB. Ha o6oxi po-
TOPIB YCTaHOBJIIOIOTHCS IMOCTIMHI MarHiTH, & HA HEPYXOMOMY CTaTOpi,
Ha pIBHI IMX MArHITIB, 3aKpillieHI repkoHOBi aatyuku. [Ipu mpoxo-
JUKEHHI MAarHiTy IIOB3 T'€pKOH, KOHTAKTH OCTAHHBOI'O 3aMHUKAIOTHCA.
SKIo Ha POTOPI YCTAHOBJICHHWH OJWH MArHIT, TO KOXXHOMY IMITYJIbCY
repKoHa BIANOBiZa€e omHe obOepTaHHSA poTopa. SIKIIO K YCTaHOBIIEHO
TPHU MarHiTH, TO OJJHOMY OOCpPTaHHIO BIIMOBIA0OTH TPH IMITYJIBCH.

[lopiBHIOBaJIBHY CUCTEMY, BUKOHAHY Ha OmepariiHoMy ITiJICHIIIOBa-
4i, ToKa3aHo Ha puc. 2.19. OauH i3 BXOIIB MiAKIIIOYAE€THCS Yepe3 IHTer-
pyIOUHil eIeMEeHT 10 IrepkoHy ', JaTYMKOBOIr'o poTopa, APYTUM, depes
TaKUH ’Ke IHTErpyloUnii eleMeHT MiAKIIYAEeThCs 10 repkony I, pobo-
4Oro poTopa.

SIkio, HANpUKIAJ, 3MIMCHHIIOCH MIiJACHICHHS IMOBITPSHOIO IOTOKY,
poOOUMIA I JTATYUKOBUH POTOPU MOYHYTH 00EPTATUCS IIBHIIIE, TaK, IO
3n,> n,. 11106 36epertu onTHMalbHE CIIBBIIHOIICHHS KyTOBHX IIBHI-
KOCTel, mOTpiOHO 30UIBIIMTH MOMEHT Ha Bally poOouoro poropa. lle
JIOCATaeThes 301IbIICHHAM HaBaHTaXKEHHS TeHepaTopa, 0 00epTaeThCs
poropoM BiTpoycTaHOBKH. [1OpiBHIOBaJIbHA CHUCTEMA YIPABJISE PEryJisi-
topom Hampyru PH. Perynsatop Hampyru jgie Ha OOMOTKY 30Yy/KEHHS
O3 i HaBaHTaXXy€ TEHEPATOP B MEPEXKY, MPHU I[LOMY POTOP YIOBLIBHIO-
€ThCS. 3MEHIIICHHSI 4acTOTH OOEPTaHHS POTOpa 3MEHIIYE CTpyM 30y-
JUKEHHSI, a 1I€, B CBOIO 4Yepry, MPUBOIUTH 0 PO3BAHTAXKYBaHHS IeHepa-
topa. [Ipu 11bOMy BiIHOBIIFOETHCS YacTOTa O0OEPTaHHS POTOPA.

B cyuacuux BEY meperBopenHst eHeprii BITpY 3IIHCHIOETHCS B OC-
HOBHOMY TIJIbKU B CX€MaX 3 FeHEPYBaHHSM 3MIHHOTO CTPYMY.
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CucreMu 3 CHHXPOHHUM T'€HEPATOPOM BHKOPHCTOBYIOTH ISl IIEPET-
BOpeHH MexaHIuHOI eHeprii BEY B enekTpuuHy eHeprito 3MIHHOI Ha-
NPy TOCTiMHOI yacToth. Lle 3a0e3meuye MOKIMBICT IIPAIOBATH I1a-
panensHo 3 Mepexero. [Ipu 10My MOTYKHICTE EHEPTOCUCTEMH Habara-
1O Oinmbire morykHocTi BEY 1 enekTporenepatop 3HaXOAUTHCS B PEXKHU-
Ml CHHXPOHI3MY 3 MEPEXKEIO B IIMPOKOMY Alaa30Hl 3MIHU ITOTYXKHOCTI
BiTpoABHUTryHA. HemomikoM Takol CUCTEMH € Te, IO MPU AEIKUX BITPO-
BHX YMOBaX CHHXPOHHA MAaIMHA MOXE IMEPEHTH B PEKUM JBHUIYHA 1
CIIOKHMBATH €HEPril0 Bi MEPEXKi, a NOpU PI3KUX I[OPUBAX BITPY
3’ABJIAETHCS UMOBIPHICTD i1 BUXOAY 13 CHHXpOHI3MY. SIK mpuknam, Ha
puc. 2.20 mpuBeIeHNI BapiaHT CHHXPOHHOI THPUCTOPHOI MAIIIUHH, KA
CKJIaJa€ThCes 13 craTopa 1, 3 oomoTrkamu V, U, W, poropa 2, BAKOHAHOTO
Ha MMOCTIHHOMY MAarHiTi, Ta IHAMKATOpa 3 KYTOBOI'O MOJIOKEHHS POTOpa,
SKUU NIJKITI0YEHUN 10 CXeMH 4 BKIIIOYEHHS TUPUCTODPIB.

CratopHi OOMOTKH MAalllMHU MIAKIIOYEH] 0 [Kepeia 7 MOCTIHHOrO
CTPyMY 4Yepe3 TpudasHuil TUPUCTOPHHUI MEPETBOPIOBAY 5 Ta 3IIIAKY-
10umil apocens 6.
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Puc. 2.20. Cxema THPUCTOPHOI CUHXPOHHOI MAILTMHU

B Onok kepyBaHHS BBelleHa cxeMa § NMPUMYCOBOI KOMyTarii, sika
CKJIaJIa€ThCs i3 TpU(a3HOTO JI0AHOr0 MOCTa 12, TOMOMIKHUX TUPUCTO-
piB 13, 14, 15, mxepena nocriitHoro ctpymy 18, xonaencaropa 10, iH-
JNYKTUBHOI KOTYyIKu 16, pesucropa 27 i mioxis 9, 11.

Cxema BKIIOYeHHS 4 BIIKpPUBAE THPUCTOP 13 OOHOYACHO 3 TUPHUCTO-
pamu T1, T2, T3 neperBoproBaya 5, THpUCTOp 14 OIHOYACHO 3 THUpPHUC-

&5



topamu T4, TS5, T6, a Tupuctop 15 BKIIOYAETHCS MPU KOKHOMY BKITIO-
YEeHHI mepeTBoproBaya 5.

B pesynbraTi Takoi komyTanii KoHgeHcaTop 10 pe3oHaHCHOrO KOH-
Typy 3 IHAYKTHBHOIO KOTYHIKOIO 16 Ta JOMOMIKHUM THPUCTOpOM 15
MiAKITIOYAETHCS 10 TOTO TUPHUCTOpa MEepPEeTBOpIOBava S5, SKMil TTOBUHEH
IePEXOANTH B HEMPOBiAHMH cTaH. B i MoMeHTH KoHAeHcaTop 10 3aps-
JDKEHHI /10 PiBHS HANPYTH JpKeperna MOCTIMHOro cTpyMy 18, sika mpuk-
JAIA€THCS 10 CHIIOBHX €JIEKTPOJIIB BiAMOBITHOIO THPUCTOPA B 3BOPOT-
HOMY HampsIMKY.

[MpuHIMTIOBY cXeMy r'eHepaTopa 3 NOCTIHHUMHU MarHiTaMu Ta Meper-
BOpPIOBaYeM IMOKa3aHo Ha puc. 2.21. SIKiio gomycTuMa mpsMokyTHa (o-
pMa BUXiHOI Harpyru Ha yacToTi 50 ', TO MOXITUBUI BapiaHT mepeT-
BOPIOBaHHS Ha IIii yactoti. Lle gae MOXIIMBICTh 3aCTOCYBaHHS T'eHEpa-
TOpa B TpUX(a3HOMY BUKOHAHHI, SIKHH B MMOPIBHIHHI 3 OJJHOGA3HUM Ma€
MeHIIi po3mipu Ta Oinbin Bucokuit KKJI. B skocti nmeperBoproBada mMo-
JKHA BHKOPHCTOBYBATH HAIlIBMOCTOBHI IHBEPTOp ab0 IHBEPTOP THUITY
«Max-Mopi», skuii 100pe KOMYyTye MpH iHBEpPTYBaHHI Ta 3a0e3meuye
MOXIIUBICTh PETYJIIOBaHHS HANIPYTH Ha BUXo/i. [IoCTIHHUHI CTpyM MOX-
Ha OTpUMATH 3a JOMOMOIOK TpU(A3HOTO BUOPSMIAYA, BHKOHAHOTO
BIJINOB1IHO 710 cxemu JlapioHOBa.

Bunpaunsoqul Ineepmop
Fenepamop Micm
Ry

T 3
Heuzyw paﬁ‘
lr“ 1| 212
B|

Cr 2

Puc. 2.21. IlpuHnnoBa cxema CHHXpOHHOI'O TeHepaTopa 3 MOCTiHHUMH MarHi-
TaMH Ta iHBEPTOPOM
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[HBepTOp mpamtoe HacTymHUM urHOM. [locTiiiHa Hanpyra i3 BUIPSM-

JsiYa MOJAEThesl Ha OOMOTKY TpaHcdopmaTopa 3 CepelHBbOI TOUYKOO
(1.2), Tupucropu T1 i T2 MO3MIHHO BiIKPHBAIOTHCS IMIYJIbCAMH BiJ
cxemu ympasiiHHs. Hanpuknan, npu BigkpuBaHHI TupucTtopa T1 KOH-
nercarop C2 po3psipkaeThes 1 3akpuBae Tupuctop T2, a yepes moioBu-
Hy Tiepiony BiaKpuBaeThesi TprcTop T2 1 koHmencatop C2 mepesapsi-
IoKaeThesl Ta 3akpuBae tupuctop T1. Ilpu npomy y BuUXigHid 0OMOTIN
Tpanchopmaropa Tp IHAYKTYEThCS 3MiHHA HAmpyTa.
Cxemy 3 acunxponHuM reHepatopoM (Al') moka3ano Ha puc. 2.22. Ile-
peBaru AI' mmpoko Bimomi. lle mpocToTa KOHCTPYKIIii, BUCOKA HaIiii-
HICTh Y BUKOPHCTaHHI, a Iie 1yke BaxkinBo it BEY, noctatabo mpocri
CXeMHM MIOKIIOYCHHS Ha MHapajielibHy poOOTy 3 MEpPEekKeo Ta IHIIMMH
JDKepeIaMH  eJIeKTpoeHepril. 3BUYaiiHi aCUHXPOHHI JBUTYHU MOXYTh
MPaIOBaTH SIK TeHepaTopu. Lle Takox BaXKITUBO IS iX BUKOPUCTAHHS B
BEV.

Zn

Puc. 2.22. [puHuunoBa cxeMa aCHHXpOHHOT'O TeHepaTopa 3
KOHJICHCATOPHUM 30YIKCHHSIM

Sk BiZOMO, acCHMHXPOHHA MallliHA, sKa MIAKIYeHa 10 TpudasHoi
Mepexi 3MIHHOTO CTPYMY TIPU 4YacTOTI o0epTaHHS ny>n; (n, — 4acTora
obepTaHHs pOTOpA, /1] — YaCTOTa OOEPTAHHS MArHITHOIO IOJII CTaTopa),
ABTOMATHUYHO TIEPEXO/IUTh B reHepaTOpHuil pexxuM. [Ipu nboMy peakTu-
BHY TIOTY>KHICTb, SIKa MOTPIOHA JIIsl CTBOPEHHS 00EPTAI0YOr0 MarHiTHO-
'O TI0J15, MaIlIUHA OTPUMYE BiJl MEPEKi.

MoxxHa 00YMOBUTH POOOTY ACHHXPOHHOI MAaIllMHU SIK aBTOHOMHOT'O
reHeparopa, SKII0 B OOMOTKY CTaTropa IOJaBaTH PEAKTHBHY IOTYX-
HICTh Bix OaTapei KoHAeHcaTopiB (AuB. puc. 2.22). [Ipu 11boMy 10 BUXO-
ny AT, sikuii 00epTa€eThCs 3a JIOIOMOT Ol BITPOJBUTYHA, MAPAJIEILHO 10
HaBaHTAKEHHS z, B KOXKHY (a3y migkmouaroTh koHaencarop C. Ilpu
AKTUBHOMY HaBaHTKEHHI PEaKTUBHA MOTYKHICTh (., IKa MOCTYIA€ BiJl
koHjeHcaTopa C, TIOBMHHA JIOPIBHIOBATH IMOTYXXHOCTI (J; reHepaTopa,
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sKa HEOOXiJHAa JJIs CTBOPEHHS MArHiTHOrO MOTOKY. [Ipu akTHUBHO-
IHAYKTUBHOMY HABaHTaXCHHI MOTYXHICTh (J, TIOBHHHA TIOKPUBATH Ta-
KOX PEAKTUBHY MOTYXKHICTh (J, HABAHTAXKCHHSI.

Camo30ymkeHHs: Al MOXIIMBE NPU HASBHOCTI MOTOKY 3aJIMIIIKOBOTO
HaMarHiuyBaHHs @,,; B GepoMarHiTHili 4acTUHI MarHiTHOTO KOJIa, SKE
npu obepranHi poropa AI' HaBOAWTH B OOMOTIII CTaTopa EIEKTPOpPY-
LIAHY CUJIY 3aJHIIKOBOrO Mo E.,,. Sk mpaBujio, B LIMXTOBAHOMY PO-
Topi Esn = (0,02...0,03)Uson, TO T BIUIMBOM E,,; B KON 3 €MHICTIO
3’SIBJISIETBCSL EMHICHUH (BUIIEpEIDKAIOUMI) CTPYM, SIKHW 1 migMarHiuye
MaIlVHY.

lonorHa mepeBara aCHHXPOHHOT'O T€HEPaTopa B TOMY, IO Hampyra
Ha MOro BUXOJIi Ma€ TMOCTIMHY YacTOTy NpPU 3MIHIOBaHHI YaCTOTH 00ep-
TaHHS POTOpa B JSIKHUX MEKaxX 1 HOMy MPUCYTHS OUIbIIA CTIHKICTh MPH
po0OTI HA MEpEeKY, HK y CHHXpOHHOI Mamuau. OCTaHHS yMOBa JyXKe
BaKJIMBA B 3B’ S13KY 3 TUM, 1110 BEY cTaHOBIATHECS Bee OLIBII MTOTYKHUMH.

HemomikoM 1€l cXeMu € Te, 110 MPHU OZHOMY 1 TOMY K €IeKTPOHHO-
My PEXHMI BOHA BUPOOJISiE MEHIIIEe eHeprii, HiXK CHHXpOHHA MamuHa. 1le
OB’ SI3aHO 3 MEHIIIUM KOS(II[IEHTOM TMOTYKHOCTI, IKHH 00YMOBITFOETHCS
BEIMKUMH CTPyMaMH HaMarHiuyBaHHS, SKi NMPUOJU3HO MPOMOPIIiiHI
KkBagpaty Hanpyrd. Ciig TaKoK 3a3HAYUTH, [0 OCTAHHINA HETOIIK KOM-
MEHCYETHhCSI TIOHWKEHHSM BTpPAT y MEXaHI3Mi CUCTEMH PEryJIFOBaHHS,
OCKUIbKY y BUNAJKY BUKOPUCTaHHS aCHHXPOHHOI'O reHepaTopa JIOmyc-
KA€ThCS MEHIII TOYHA IMATPUMKA YaCTOTH 00epTaHHs BITPOKOJIECA.

CxeMy 3 KOJICKTOPHHM T€HEPaTOPOM 3MIHHOIO CTPYyMY ITOKa3aHO Ha
puc. 2.23. [1o3UTHBHHUM Y IIiii CXEMi € Te, 1[0 YaCTOTa HANpPYyrd Ha BH-
XO/Ii TeHepaTopa JOPIBHIOE YaCTOTI HANPYTH 30YIKEHHsI HE3aJIeKHO BiJl
YaCTOTH 00EpTaHHS POTOpA.

VY 1bpOMy BiZHOIIEHHI KOJEKTOPHA MallIiHA 3MIHHOT'O CTPYMY MOAi0-
Ha JI0 MalllMHU TIOCTIHHOTO CTpyMy. SIKIO 30y/KEHHS MallMHU 3]IikC-
HIOETBCSL CTpyMOM 3 yactororo 50 ['m, To mMammHa Oyae reHepyBaTu
3MIHHY HAmpyry Ti€l ) 4YaCTOTH.

KOHCTpYKTHBHO 1151 MallliHA BIJHOCHO MPOCTA, ii SKip MOAIOHUN 10
SIKOPS. MAIIMHY MTOCTIHHOTO CTPpyMy. BapTicTh KOJIEKTOPHOIO reHepaTo-
pa 3MIHHOrO CTpyMy OjHM3bKa 10 BapTOCTI reHepaTopa IOCTIHHOrO
ctpyMmy. CXxeMy acCHHXPOHHOTO T€HEpaTopa 3 POTOPOM, SKHI KUBUTHCS
BiJl MEpexXi MMOKa3aHo Ha puc. 2.24.

Takwuit renepaTop MoAiOHKI 70 ACHHXPOHHOrO TeHepaTopa 3 Ga3sHUM
POTOPOM 1 3 KOHTAKTHHUMH KUIbIIMH. 3aBJISKH I[bOMY MOXJIHUBE KUB-
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JIEHHs 0OOMOTOK POTOpa Bia JAOAATKOBOIO reHepaTopa, SKHH BHpPOOJsiE
HaIpyry 3 4acToTor obepTaHusA. [Ipu 1[bOMy sIK BenmMunHA, Tak 1 (asa
BKA3aHOI HAIPYrH MOXKYThb 3MIHIOBATHCh, a 1€ JO3BOJISE IIIBULIUTH
KOE(II[IEHT TOTYXHOCTI TeHepaTopa i, AK HACIII0K, CKOHOMIYHICTb Ili€l
CXEMHU B I[IJIOMY.

3miHHa yacToTa 4
OﬁEpTaHHﬂE i ( ™
1L

Buxig

Puc. 2.23. KoHCTpyKTHBHA cXeMa KOJCKTOPHOTO FeHepaTopa 3MiHHOTO CTPYMY:
1 — porop reHepaTopa; 2 — 0OMOTKa 30y/DKEHHS; 3 — OJIOK YIIpaBIiHHS;
4 — Mepexa

| £

Puc. 2.24. Cxema aCHHXpOHHOT'O TEHEPATOPA 3 POTOPOM, SIKUI KUBUTHCS Bij
Mepexi: 1 — reHepaTop, KUl BUPOOIISIE HAPYTY 3 YaCTOTOK OOCPTAHHS;
2,3 — potop i cratop Al'; 4 — naTauk 4acToTH 0OEpTaHHSI;, 5 — Mepexa

[lepeBaru Takoro reHepaTopa B TOMY, IO HAIpyra Ha HOro BHXO/II
Ma€e He3MIHHY YacTOTy IIPH 3MIHIOBAHHI 4acTOTH OOEpTaHHS POTOpa B
3alaHuX Mexax. [lboMy reHepaTtopy NmpHCYTHs OUbIa CTIMKICTh, HIK
JUIsE CHHXpOHHOI Mamnan. OcTaHHe 0co0NMMBO BaxxuBo it BEY Benu-
KOT MMOTY>KHOCTI.
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CxeMy acCMHXPOHHOrO T€HEpaTopa 3 BEHTHUJILHUM 30YIDKCHHSM MOKa-
3aHO Ha puC. 2.25. AJIETEpPHATHBOI KOHJCHCATOPHOMY 30y keHHI0 Al
BEY Bemmkoi MOTYKHOCTI € BEHTHIIBHE 30ymKeHHS reHeparopa. [Ipu
IIbOMY BUKOPHCTaHHsI aBTOHOMHOTO iHBepTopa (AIH) mo3Bomnsie oomexu-
TUCH [T 30y/pKeHHs AT KOHJeHCATOpaMU MEHIIIOT EMHOCTI.

{
AlIH 1D \

a) A0 HABAHTAMEHHSA

(]

Puc. 2.25. Cxema acCHHXpOHHOTO TEHEPATOPa 3 BEHTUILHUM 30y/DKEHHM (a) 1
(hopMHU KpUBHUX CTPYMY 1 Halpyru Ha KOHJieHcaTopi (6)

Cxemy, B sKiii ynpasisitoui kiatoui AIH BukoHaHI Ha THpUCTOpaXx, a iH-
BepTOp 3abe3meuye MpSIMOKYTHY (DOPMY BHXIJHOI HAIPyTrH, ITOKAa3aHO
Ha puc. 2.26. KoediieHt K(;pI/iCHo'l' mii Takol CXEMH BHILE, HDK IS
KOHJICHCATOPHOI, a I1e 30UIbIIye pecypc akyMyasaTopHOi Oarapei (AB),
sIKa YKMBUTH 1HBEPTOp. PerysatoBaHHS BEIMYMHU HANPYTH MPOBOIUTHCS
HUISIXOM 3MiHM KyTa BiIKPUBaHHS THPHUCTOPIB.

ﬂ

AE ATH | AT

=
D } 0o HAaBaHTaEEHHA
>

Puc. 2.26. 3aranpHa cxema reHepyBaHHs BEY 3 acHHXpOHHUM reHepaTopoM
1 3 BEHTWIBHNM 30y pKkeHHsIM: D — dimbTp
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Bu6ip ginsinok. [lo Bubopy Micis posranryBanas BEY HeoOxigHO
MPOSIBJIATH OCOOJIMBY yBAary y 3B’sI3KY 3 BIUIMBOM JOTHYHUX HANPYXKEHb
1 THCHEHHSM TOPU30HTAIBHOTO BITPOBOI'O MOTOKY, 11O MPOXOAWUTH Haj
noBepxHeto 3eMii. L{i HanpykeHHsI BAHUKAIOTh MIPH MATUX HIBHJIKOCTSIX
BITPY MMOOJM3Y MOBEPXHI, @ HE HA BUCOTAX, JI¢ MIBUJAKICTh BUIBHOI'O I10-
TOKY OOCHTh BenuKka. IIIBUAKICTE HE30YpPEeHOro BITPOBOr'O IOTOKY Ha
JOCUTD BENTMKii BUCOTI, /Ie BUKIFOUEHO BILJIMB ITOBEPXHEBOTO TEPTSL, SIK
MpaBWJIO, 3HAYHO OLNIbIa, HIXK OUISA MOBEPXHI a00 Ha CTaHIAPTHIN BUCO-
Ti pPO3TalIyBaHHS aHEMOMETpPA, [ 3a3BHYail BHUMIPIOETHCS IIBHUIKICT
BiTpy. [IpakTH4HO MPHUIIMaIOTh, IO IIBUAKICTH BITPY HA BHCOTI 30i1b-
IIYEThCS B CTEMeHi 1/7 1Mo BiAHOIICHHIO JIO IIBUIKOCTI OISl TIOBEPXHI
3EeMUTI.

JIOTHYHI HANPY>KEHHS BITPOBOI'O MOTOKY 1, OTXKE, MOXJIMBA CHEPTis
BITPY 3aJI©KHUTh Bijl IOPCTKOCTI OBEPXHI 3eMJIi B JAHOMY MicCIli, B TO-
MYy YHCII Bifl CIOPY/A, A€PEB, BITPOJBUTYHIB 1 IHIIMX MEPEIIKO/.

IcroTHuit BMB Ha po6oTy BEY poOnsTh THCHEHHS 1 MPUCKOPEHHS
BITPOBOTO MOTOKY, IO MIPOXOAUTH HaJl BUCOYMHAMU. YacTO BUSBISIETh-
Csl MOXKIIMBUM 30UTBIIUTH CEPEIHE BHUPOOJEHHS CHEprii, SKIIO MpH
ycranoili BEY 3Bepratu yBary Ha 30UIBIIICHHS CEpPEIHBOI IBHUKOCTI
BITPY B Pe3yJIbTaTi SBHUII, TOAIOHUX BHUILE3TaAaHNUM.

YMoBw, 110 OaxkaHi jyis micus ycraHopku BEY, HacrymHi: Bennka
cepenHbOpiuHa MBHUAKICTH BITPY; BIACYTHICTH BHCOKHX TEPEHIKOA 3
MiABITPSHOTO OOKY Ha BifCTaHi, SIka BU3HAYAETHCS BUCOTOIO TEPEIIKO-
JIM; TJIOCKA BEPIIMHA; BIIKPUTI PIBHUHY a00 y30epexiKsi; Tipchka yIie-
JIHA, 1110 YTBOPIOE MPOTATOBUHN TYHEINb.

BynoBa BirpoaBuryHiB. Kpuibuatuii BITpOABHTYH CKIIaJaeThCs 3
HACTYITHUX OCHOBHUX YaCTHH: BITPOKOJIECa, TOJIOBKH, XBOCTA 1 BEXI.

Birpokoneco meperBoproe eHeprito BITPY B MEXaHI4HY poOoTy; SIK
B)K€ BiJ3HAyajoCsA, BOHO MO)XKE MaTHh OAHY abo OaraTo JomaTed, sKi
BCTaHOBJIOIOTHCS Mij AEIKAM KyTOM JI0 TUIOIIMHU OO0EpTaHHS BITPOKO-
neca. Kpuio ckiagaerbes 3 Jionari i Maxa, 110 3aKpillIIOEThCS HA BaTy
BITpOKOJIECa, SIK MIPABHJIIO, MEPIICHIUKYIISIPHO OCi BaJja.

l'onorka siBjsiE COOOKO OMOPY, HA SAKi MOHTYIOTH BaJI BITpOKoJeca i
BEPXHIN MepeaTOYHNN MEXaHi3M.

dopma ToiBKM BH3HAYAETHCA CHCTEMOIO MEPEJaTOuHOr0 MEXaHi3-
My, KOHCTPYKIIisl 1 KUTbKICTh CTYICHIB SIKOT'O 3aJI&KaTh BiJl MpU3HAYUCH-
Hs 1 TIOTY>)KHOCTI BITPOJIBUTYHA, a TAKOXK 4Kca 00epTiB BiTpoKojeca i
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pobouoi MammHu. ["ooBKa MOXKe BITbHO MOBEPTATHCS HABKOJIO BEPTH-
KaJIbHOI OC1 B OIOPax BEXI.

XBICT, SIKMH 3aKpIILUIIOCTHCA 110334y TOJOBKH, IIPU3HAYACTHLCH A
YCTAHOBJICHHS BITPOKOJIeCa 3a HAMPSMKOM BITPY 1 TMpaIfoe MOAI0OHO
¢rorepy.

Bexa ciyKUTh U1 YCTAaHOBJIEHHSI BITPOKOJIECA HA BUCOTI, HA AKIA
MaJjo0 MO3HAYAETHCS BIUIMB IIEPEMIKO/, IIO MOPYIIYIOTH MPSIMOIIHIHHY
Te4il0 MOBITPSHOrO IOTOKY. B 3alIeXXHOCTI Bix peinbedy MICLEBOCTI 1
niaMerpa BITpOKOJIeca BUCOTY BEXI HpUMaroTh piBHOWO 6...20 M. Ilin-
BUILEHHS MOTY>KHOCTI HE € €IMHOI0 BUMOIOKO TP BHOOP1 BUCOTH Oall-
TH. HeoOXimHO BpaXxOByBaTH TakKOX Bary, BapTiCTh, YMOBH MOHTaXYy,
PEMOHTY 1 00CIYrOBYBaHHS BITpOABUIYHA. Bucora Bexl TOBHHHA OyTH
BHOpaHa 3 TaKMM PO3PAXYHKOM, 1100 OyJI0 3pYyYHO EKCIUIYaTyBaTH BIT-
POABHUTYH, aji¢ BOHA HEe MOBHHHA OyTH HIDKYE mepemkon. Hampukman, y
CTEIOBUX palOHAX 3 YaCTHUMH OYPSIMH BHCOTA BEXK BITPOABUIYHIB Majol
MOTYXXHOCT1 MOXKe OyTH NpuiiHATa HE OUIbie 4...6 M, a B JTICOBHX — HE
MeHIe 15 m.

Peaykrop, skuii mpu3HAYaeThCS AJIs Tiepefadi KPyTHOTO MOMEHTY
pOOOYMM MallliHAM MOHTYIOTh OLIsl OCHOBH OaIiTy.

MexaHI3M peryIoBaHHA CIYKUTh JUII OOMEXKEHHS KIJIBKOCTI 00ep-
TIB 1 KPYTHOI'O MOMEHTY BITPOKOJIECA, 4 TAKOXK IJIA 3aro0iraHHs MoJIo-
MOK BITPOJIBUTYHA ITPH 3HAYHUX MIBUIKOCTSX BITPY.

Po3paxyHok BiTpokoJieca. Bukopucranus eneprii BiTpy ITOB'SI3aHO
3 [IEBHUMM TPYIAHOIIAMH, 3YMOBJIEHUMH HEMOCTIHHICTIO MMIBUAKOCTI 1
HAImpsAMY BITPY, a TAKOXX MaJIOI0 KOHI[EHTPALICK MOBITPSIHOI'O IIOTOKY
Ha oguHULIO Iwiom. [I{inpHICTE TOBITPSA HEBEIUKA, 1 TOMY JiaMeTp JI0-
maTe podOYOro Kojeca BITPOJABHMIVHA MOBMHEH OyTH OLIBIIUM — BiH
IIOBUHEH IIEPEBUILNYBATH B COTHI pa3iB miaMeTp Kojieca TigpoTypOiHH
TaKoi K TMOTYXKHOCTI, OCKUIbKU IIUIbHICTh aTMOC(EpPHOro MOBITPs MPH-
6mm3no B 800 pasiB MeHIIIE HIILHOCTI BOIH.

[No3Haunmo vepe3 m Macy TOBITPA, IO MPOTIKAE 32 OJAWHUIIIO Yacy
4yepes MONepeyHui nepepis mioniero S 3i mBuakictio V. OueBUaHO, 110

m=pSv,

JIe p — UIUIBHICTD MOBITPS, KI/MC.
2

. L . my . .
Kinernuna eHeprig BITpy JOpiBHIOE W = . IloryxHicte P BIT-

pOKoJieca BU3HAYAETHCS TOOYTKOM CHIIM F BITpY Ha HOTo MIBHIKICTH V.
Ha Tiyio noBinbHOT hopMmu jie cuia:
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C Spv*
F==2P 2” ,
ne C, — aepoguHaMIYHUN KOoe(hIIEHT; S — [II0Ia MIIEIeBOro mepepisy.

SIKII0 MO3HAYUTH Yepe3 v IIBUIKICTH IEPEMIIEHHS TOBEPXHI JIOMa-
Teil BITpOKOJIeCa, TO BiJTHOCHA MIBUAKICTH Ha0Irarouoro rnoToky oyzae v,
a cwia I 10piBHIOBATUME;

2
F = CxSp(V_Vu)
==

3BIJIKM MOXKHA BU3HAYUTH MOTYKHICTh:

CpSlv-v )2v
— — X u u
P=Fy, = .
2
BigHomieHHst poOOTH, sika PO3BUBAETLCS PYXOMOIO IMOBEPXHEIO ILI0-

HIMHOIO TIEPETHHY S, 0 eHeprii BITPOBOTrO MOTOKY BH3HAYAE 3HAYCHHS
Koe(illieHTa BUKOPUCTaHHSI BITpPY:

2

VY TakoMmy BHIMaJKy HOTYKHICTb

_pSve
—

P

Jnst oBITpsL B HOpMaIIbHUX yMOBax (Ipu Temmepartypi #, = 15° C i
THCKy p = 1,013-10°ITa) mOTYXHICTh BITPOIBUTYHA TOPiBHIOE, KBT

P=0,506D*¢-107,

3BIJIKM JlIaMeTp BITPOKOJIeca 3HAXOAUTHCS 13 CIIBBIHOIICHHS

D= /19735P‘
Ve

JA7ist iHINKMX 3HAYEHB f, 1 TUCKY p; TIOTYKHICTD TOPIBHIOE
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P Pp(273°+15°)
Y op(273°+1t) ]

ne p = 1,013-10° ITa — tick 3a TemmepaTypu mnositps = = 15° C;
p1 — 3HAUCHHS THUCKY, B 3aJIOKHOCTI BiJ] PI3HUX YMOB; P, — MOTYXHICTh
BiTpoBUTYHA (KBT) 32 pi3HUX 3HaUCHb TUCKY Ta TEMIICPATYPHU.

Hiamerp BiTpOKOIECa:

1975P- Pp,(273°+1¢,)
Vep(273°+15°)

[lIBuaKicTh BITPY, 3a SKOI BITPOKOJECO Ma€ PO3BUBATH 3aJ[aHy I0-
TYXKHICTh, IPUAMAIOTh PIBHOKO & ... 14 M / ¢, a IBUKOXIAHICTH BITPOJI-
BHUT'YHa BU3HAYAETHCS SK:

2nNR
z=—-

v

2

ne N — qacrora o0epTaHHs BiTpokojieca; R — pafiyc.

OCKUIBKH JIJIs1 TIEBHOT MICIICBOCTI CEpeiHs MIBUIKICTh BIIHOCHO ITOC-
Til{Ha, TO MOTYXHICTh BITPOYCTAHOBKU MOXKHA ITiJIBUIIUTH, 30UIHIIUBIIN
oy S repepizy, uyepe3 sIKuil MPOXOUTh BITPOBHIA TOTIK.

I'ipockonmiyamii MOMEHT. ICTOTHHUM HEIONMIKOM BCTAHOBIIEHHS BITPO-
KoJIeca 3a HalpsIMKOM BITpPY 3a JOTIOMOI'OI0 XBOCTOBOI'O OIICPCHHSI € BE-
JIMKa KyTOBa IIBUKICTh IIOBOPOTY TOJIOBKH BIJHOCHO BEPTHKAIBHOT OCI.

[ToBOPOT TOJIOBKHM 3 BITPOKOJIECOM, SIKE 00CPTAETHCS HABKOJIO T'OPH-
30HTAJILHOI OCI 3 JEIKOI KYTOBOIO MIBHMIKICTIO BUKJIMKAE HA JIOMATI Ti-
POCKOMIYHI CHJIH, SIKI CTBOPIOIOTH MOMEHT, [0 BUTHHAE MaXy KPHII 1
BaJI BiTpokoieca. Lleit MOMeHT Ha3uBarOTh ripockomiuauM [H-Mm]. Bemu-
YiHA HOTO 3MIHIOETHCS MPSMO MPOMOPIIIIMHO KYTOBUM IIBUAKOCTIMU (M
1o,

HaiiGinbmmii MOMEHT, 1[0 BUTMHAE MaxX, BUHUKAE TPU BEPTHUKAIIb-
HOMY HOT'0 TIOJIOXKEHHI

M, =2Jow,,

a 3HaYCHHS MOMEHTY, SIKHI 3HIMa€ Bajl, JOPIBHIOE

M, =2J oo,
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ne J — MOMEHT iHepIiii Kpwia BIIHOCHO OCi OOepTaHHS BITpOKoJeca
2 . cee . . . e .
[kr-M°]; J . — MOMEHT iHepwil BiTpOKoJIeca BITHOCHO Ti€l % OcCi.

MoMeHT iHepIiii aBiIsie CO00I0 cyMy AOOYTKIB MAacl OKPEMHX YacCTH-
HOK Jlonarteil Ha KBaJpaTH iX BicTaHeH Bij oci 00epTaHHS:

_ 2 2 2 2
J=mr +mr, +..4Amr =) mr

V BiTpoKOI€ca MacH IMOMEPEUYHMX ITEPEPI3iB JIOMATI PO3TAIIOBAHI 110
HWoro paaiycy. 3ocepenrMo YMOBHO B OAHIN TOYIl JIOmAaTi BCIO 11 Macy
TaK, mo0 J00yTOK Ii€i MacH Ha KBajapaT BiACTaHI YMOBHOI TOYKH BiJ
oci obepTaHHs JOPIBHIOBAaB MOMEHTY 1HEpIii BCIi€T JIOmaTi BIAHOCHO Ifi€l
*x oci. Bincranb R; i€l TOYKHM Big 0ci 00€pPTaHHS HA3UBAIOTh PaJiycOM
inepuii. Tomi

J=Zmr2 =Rl.22m =QRI-2 ,
g

nae O — Bara jomnari; g — IPUCKOPEHHS CHITH TSKIHHSL.

JlocnigaMu BCTAHOBJICHO, IO pajiyc iHepIil BiTpokoiieca (Hampu-
KJIaJ, 3 PEryaoBaHHSAM cra0uIizaTopaMu) mopiBHIOE mpuoimn3Ho 0,44R.
OTrxe, HAOIMXKEHO MOMEHT 1HEpILil JIomaTel BiTpoKoJieca JOPIBHIOE:

J = QR,? = i(o, 44R)* =0,020R" .
g 9,81

Binbm ToYHO MOMEHT iHepIii Moke OyTH BU3HAUEHHH eKCIIepUMEH-
TaJIbHO B KOKHOMY OKPEMOMY BHUTIAJIKY.

Bu3HauuBIIM MOMEHTH 1HEPIII Ta KYyTOBI MIBUJIKOCTI, MOYKHA 3HANTH
TipOCKOMiYHI MOMEHTH.

Po3paxyHok i koHcTpyloBaHHs MexaHiuHoi Tpancmicii BEY. Ilin
4yac MPOSKTYBaHHS MPUBOLY OYIb-SIKOTO THUITy HEOOXiJHO BpaxOBYBaTH
0COOIMBOCTI pOOOTH arperary, BHKJIMKAHI IMOPHBAMHU BITPY, 3MiHAMH
SHEprii MOTOKY 1 4acTOTH 00EpPTaHHsI BiTpOKojeca. MexaHIUHUH MPUBiT
3aCTOCOBYIOTh, SIK MPABWJIO, B arperatax 3 MOPIIHEBUMH I TBHHTOBUMHU
HacocaMu mpH BucoTi 25...30 M i B I€AKUX yHIBEpCAIBHUX YCTaHOBKaX
noTyxHicTio 10 10 kBT, y sikux obOnagHaHHs (TeHepaTopyd Ta podoui
MaIlMHK) PO3TAIlIOBAaHE B HWXKHINA yacTHHI Oamitu. J[s eneMeHTiB Me-
XaHIYHOTO MPHUBOJY XapaKTepHa HAsBHICTH JOBTMX 1 TOHKUX BaJliB, Be-
JIUKUX IMOYaTKOBHX MOMEHTIB OIIOpPiB, MPHUCTPOIB I AeMII(yBaHHS
MEePEBAHTAXYBATLHIUX MOMEHTIB 1, B PsJii BUIMAJKIB, 3HAUHMX MaXOBUX
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Mac BEJICHHMX JIAHOK, MOMEHT 1HEpIlil AKUX CYMIpHUIN 3 MOMEHTOM iHEp-
1ii BeIy4ol JIaHKH, TOOTO BiTpOKojieca, abo OuibIie fioro. OcTaHHE Mae
MiCIle IIPH BUKOPHCTaHHI iHepIiiiHuX akymyisaropis. [lopsa 3 amepio-
JUYHAMHU 3MIHAMH OOEpPTar04uoro MOMEHTY, 10 BUKIWKaHI 3MiHAMU
MIBUAKOCTI 1 YaCTKOBO HAIPSIMKY BIiTPY, MalOTh MICI€ TTOCTIHHI MyJIbca-
il MOMEHTY, SKI BUHHKAIOTHL BiJl TOXMOOK BHUI'OTOBJIEHHS IIIECTEPEHD,
HEBPIBHOBaYKEHOCTI KoJjieca 1 BijIoOpakaroTh OCOOJMBOCTI HaBaHTaXKEH-
Hs. B arperarax 3 MexaHIYHMM MPHUBOJIOM IPHU JISIKUX PSKUMAaX BUHH-
KalTh KPYTHJIbHI KOJIMBAHHS BaJIiB, ajie KOS(IlIEHTH MEPEBAHTAXKCHHS
PiaKO mepeBUInyIoTh 2. [Ipy MOBiIEHOMY 3racaHHi KOJIHBaHL MOXKE Ma-
TH MiClle HakJaJaHHSI KOJWBaHb Bif JBOX IOCIIJOBHUX IMIIYJIbCIB. Y
MBUAKOXIIHUX arperatax 3 CHHXPOHHUMH T'€HEPATOPaMHU IPH BKIIO-
YECHHI KOPOTKO3aMKHEHMX aCHHXPOHHHX JIBUT'YHIB MOMEHT, KU Tiepe-
JIAETHCS TOJIOBHUM BaJIOM 1 IECTEPHSIMHU, MOXKE KOPOTKOYACHO 3POCTHU B
2,3-2,5 pasu, a mpH KOPOTKOMY 3aMHKaHHI MUTTEBE 3HAYEHHS KOeiIli-
€HTa IepeHaBaHTaKeHHs gocsarae 6,2. Ile HeoOXigHO OpaTtH 10 yBaru
IIpU IUHAMIYHHX po3paxyHkaX. [Ipr MexaHIYHOMY MPHUBOJII IITAHTOBHUX
HACOCIB, IO 3IIHCHIOIOTH 3BOPOTHO-NIOCTYNAJIBHUNA PyX, HEPIBHOMIp-
HICTh JIIOYUX 3yCHIIb, IK IIPAaBHIIO, HAMOLIbIIa. MaKkCUMaIbHI 3yCHILISA
B elleMeHTaxX TPAaHCMIcCii 4acTO BU3HAYAIOTHCS MEPEeBaHTAKEHHIMH BIT-
pokoieca. SIKIo mapaMeTpH, 30KpeMa MOMEHT 1HEpIlii pyXOMHX YaCTHH
BOJIOMIIHOMHMKA, BiJIOMi, TO MOKHAa PO3paxyBaTH IEPCBAHTAXKCHHS B
peAyKTOpax, Bajlax 1 iHIIUX eIeMEHTaX, KOPUCTYIOUHCh BIJOMUMH PiB-
HSHHSIMHU JUHAMIKH Ta TeopeMoro KapHo mpo piBHICTh 3amaciB KiHeTHY-
HOI eHeprii cucTeMu.

JloBXMHA BEPTHKAJIBHOTO Baja BH3HAYAETHCS BUCOTOK Oarutu. Y
MepeXiTHUX PEKMMaxX, BUKINKAHHUX IMOPHBOM BITPY a00 BKIIOYECHHIM
HaBaHTAXXCHHS, MOXXYTh BHHUKATH KPYTHJIbHI KOJHMBAHHS Baja, KOJU
MOTEHI[IiHA SHEPTisl CHJI TIPY)KHOCT1 MEPEXOIUTh Y KIHETUUHY €HEpPTito
oOepTaHHs Horo eleMeHTIB. SIKIIo ormopu Baja po3TalioBaHi Ha BETUKIH
BificTaHI OAWH BiJ OHHOI'0, KPYTHJIbHI KOJIMBAaHHS CYIIPOBOIKYIOTHCS
KOJINBaHHIMHU TOMNEepeUYHUMU. ToMy ITOBXKHMHY Baja MK OIOpaMH 3a-
3Bu4aii OepyTh He Oumblre 2,5 M. PoOoTa IBUTIyHA 3 TOPIITHEBUM HACO-
COM OOYMOBJIIO€ BHHHMKHEHHS AMHAMIYHMX HaBaHTa)KeHb, OCOOIMBO
3HAYHUX B KPUBOIIMUITHO-IIIATYHHOMY MEXaHi3Mi 1 IITaH3i IPUBOAY Ha-
coca. HegocraTHe 3HaHHS MX HaBaHTAXKEHb 1 HETOYHOCTI 3aCTOCOBY-
BaHMX METO/IIB PO3PAXyYHKYy MOXYTh IMO3HAYUTHCS Ha HAIIHHOCTI arpe-
ratiB. 3a3Bu4ail MpH iX BUKOPHCTAHHI Ha HErTMOOKHMX BOJOWMUINAX
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OaslaHCHPHI YPIBHOBAXXCHHS HAcOCa 1 MITAHT HE 3aCTOCOBYIOTHCS. Tomy
MPU XOJIi TIOPIIHSI BrOPY MOMEHT BITPOKOJIECA BUTPAYAETHCS HA T1OJI0-
JIAaHHSL CHJI TEPTS B Iepeaadax 1 HacocCl, Bard INTAHT 1 CTOBIIA BOAU B
MPOCTOP1 HAJl TIOPIIIHEM 1 B HAIIPHIH TPYOI.

3 METOI0 CIPOIIEHHS YacTO MPUKUMAIOTh, II0 MOMEHT CHJI TEpPTSI B
repenadyax Majo 3ajJ€XUTh BIJ MOJIOKEHHS MOpIIHs. ToAl HaBaHTaXKeH-
HS Ha €JIEMEHTH IBUTYHA OYAyTh BU3HAYATHCS 3YCHIUISIMH, IO Iepea-
IOTLCS BiJ Hacoca. Benwki iHepIiifHI HABAHTAKEHHS XapaKTEpHi 1 s
arperaTiB 3 MEXaHIYHHUM MPHUBOAOM HAcOCIB BiOpalliiiHOro Tumy. BoHu
00yMOBJIEHI BUKOPHUCTOBYBAHMM IPHHIMIIOM IIiAHOMY BOAX 1 0COOIH-
BOCTSIMH POOOTH ABHUI'YHA. Benuki HampyKeHOCTI B MaTepiail BiOpyro-
yux TPyO 1HOAI MPHU3BOAWIM IO PYHHYBaHHS OCTaHHIX. MOXXHA Tpel-
CTAaBUTH HACTYITHY CXEMY CHIIL, IIIO JIif0Th B IIEPETHHAX TPYOH: pO3TATY-
FOUl 3YCHJIIS Bil BIACHOI Bard TPyOH 1 CTOBIIA BOJM, SIKA 3HAXOAUTHLCS B
Hil; BUTHH 1 pO3TATYBAHHS MPHU MOMEPEYHNX KOJUBAHHIX, PO3TIATyBaH-
HSI-CTHMICK Bij IHEPIUHHMX CHIJI, [0 BUHUKAIOTHL BHACIIIOK 3MIHHM 3a CH-
HYCOIIaJIbHUM 3aKOHOM IIBUJIKOCTI 3BOPOTHO-TIOCTYIAIBHOTO PYXY.

Po3rissHeMo BIUIMB iHEPIITHMX HABaHTAXCHb, BUKJIMKAHHUX TEpeXi-
JHUMH TIpOLIeCaMU MPH 3MiHAX IIBHAKOCTI BiTpy. B mesxux arperartax
BIUIMB TaKUX HaBaHTAXEHb IMOCHIIIOETHCS 4Yepe3 BIIHOCHO MallMi MO-
MEHT iHepIIil KoJieca 1 MMOB’sI3aHUX 3 HUM PYXOMHX aerajci. Xoda ajs
MIBUIIEHHS BUPOOIEHHS €Heprii 1 MOJIIMIIIEHHsT YMOB pOOOTH BUTIAHO
pPO3TAIIOBYBATH KOJECO Ha OUIBIIIM BHUCOTI, OJHAK II€ YaCTO IPU3BO-
JIUTh 10 30LIBIICHHS MUTOMHUX BHTpaT. TOMYy BHCOTY OIOpM BH3HAYa-
I0Th 3 YPaxyBaHHSIM CYKYITHOCTI JiFOUMX YUHHUKIB, IPOBOISYU BapiaH-
THI ONTUMI3aIliiiHI po3paxyHKH. Ha cramii mpoeKTHHX JOCTIIKeHb BHU-
COTOIO 3a3BMYall 3a/1al0ThCS BUXO/SIYM 3 BUMOT TEXHIKH Oe3IeKkH 1 3py-
YHOCTI 00CITyrOBYBaHHSI.

AxymysisiTopHa O0arapesi. B xucinoTtHux OaTapesx BCTaHOBIIIOKOTH
IJIJACTHUHU 13 CBHMHIIIO, @ SIEKTPOJIITOM CIY)KHTh CipyaHa KHCIIOTa, pO3-
BeJleHa JUCTUILOBAHOIO BOJO0I0. JIyKHI OaTapel MaroTh 3alli30HIKeIEB1
IJIACTHHU, @ CJIEKTPOJIITOM Y HUX € BOJHHI PO3YMH iqKOro Kalito abo
inkoro HaTpy. EnemeHT akymynsaTopHOI OaTapei CKilagaeThes 3 MOCY/IH-
HH 3 €JIEKTPOJIITOM 1 JBOX OMYIIEHHX B HBHOr'O IiacTUH. Hampyra eme-
MeEHTa, 3a3BW4Yai, cTaHoBUTh 2 B. BaTapeio HaOupaioTh 3 IEKiIBKOX
elIeMeHTIB, puc. 2.27.

OCHOBHOIO BETMUMHOIO, 11O XapaKTepu3ye Oarapero, € i eMHICTb,
TOOTO KUTBKICTh aMIep-TOJMH €JIeKTPOeHeprii, Ky OaTapest MOXe Bif-
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JaTH CIIOXKUBAYEBI IIPH HOPMAJIBHOMY PO3PSIHOMY CTpyMi. €MHICTB
AKyMYJIATOPHOI Oartapei, 110 3apsHKAE€ThCs BITPOIBUTYHOM, 3aJISKUThH
BiJl pO3MOALTY IITUILOBUX MEPIOAIB B JAHOMY PaioHi. Y BIAMOBIAHHUX
TaOJIMISAX HABOAATHCS 3HAYCHHS TPUBAIOCTI MEPIOAIB 3aTHIIIIS Ta iX
MTOBTOPIOBAHOCTI MIPOTSITOM POKY JUIS JIGIKUX PAMOHIB i3 cepeHbOpiU-
HOIO IIBUIKICTIO BITPY 4,3 M/ ¢. 3 TakuxX TaOIUIL BUIHO, [0 aKyMYJIs-
TOpHA OaTapes EMHICTIO, IO BiIIIOBIJIA€ 3aacy eIeKTPOeHeprii Ha 2 J10-
ou, 3a0e3neuye O61u3bKo 80 % MITUILOBUX TIEPIOJiB, a HAa 4 100K — OH-
36K0 96 %. 3BiacH 3HAXOOMMO, IO JUIS MIABHUINEHHS 3a0e3[e4eHOCT]
TiTeKH Ha 16 % eMHICTE OaTapei HeoOXimHO 30UIbIUTH BABiYl. ExoHoO-
MIYHO OUTBIII JIOLIJIBHO BUKOPUCTOBYBATH OaTapel EMHICTIO, JIOCTAaTHBOIO
JUTSL JKUBJICHHS CIIOKUBAYIB ITPOTSToM 2 Ai0 3 3a0e3mneueHicTio 80 %.

Perynstop

AmriepMeT
O

X B —
JE

3anoOiKHUKYU

Cucrema 3apsaaKaHHAg

Puc. 2.27. Cucrema 3apsiiku akyMyJIsITOpHOL OaTapel

Po3minenns reneparopa i MyJbTUIJIIKATOPa. Y TOPU3OHTAIBHO-
ockoBux BEY, sik mpaBuiio, KyToBy Iepeayy HE BBOJSATH, a PO3MIIITY-
FOTh 00JTafHAHHSA B 00EPTOBIi TOHIO0ML. Y 3B 43Ky 3 I[UM MiABUIIYIOTHCS
BHMOIH JI0 YMOB €KCILTyaTallii, a TaKO)X opraHisamii migiomy o0ias-
HaHHS Ta WOro eKCIUTyaTallii y BepXHbOMY IMOJIOKEeHHI. Yumaino Tpyn-
HOILIB BUKJIMKAE 1 TIepe/iaua eIeKTpoeHeprii Bi reneparopa, 1o odep-
Ta€THCSA Pa3oM 3 TOHJIOJIOO.
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s Toro, mo0 YHUKHYTH CKPy4YyBaHHsS CHJIOBOI IIMHHU, HEOOXiITHO
00OMEXKYyBaTH TOBOPOT TOHOJIM, BBOJUTH KOJIGKTOPHY IMepenady ado
BiJ’€IHYBATH 1 PO3KPYUYYBATH IIMHY. Y BCIX IUX BUIMAAKAX B KOHCTPYKI[IIO
BITPOYCTaHOBKU BBOJISThCS JIOJATKOBI ITPUCTPOI, 1110 YCKIIAHIOKOTS Ti.

HeoOximHO Biq3HAYMTH, IO MEpeiada KPyTHOrO MOMEHTY Ha PiBEHb
(yHIaMEHTY IOB’s3aHa 3 BBEIEHHSM [OBIOro TPAHCMICIHHOIO Baia,
OIHAK O0YMOBIIEHE LIMM YCKIaJHEHHS KOHCTPYKIII I[IJTKOM KOMIIEHCY-
€TBhCS TIEpeBaraMM HIDKHBOTO PO3MIILIEHHS 00JIaJHAHHS, HABITh B TOMY
BHIIAJIKy, SIKIIO Baj Oyae MICIASPEIyKTOPHUM, TOOTO IIBHIKOXITHHM.
[Ipu nopenyKTOpHOMY (TUXOXIIHOMY) BUKOHAHHI KOHCTPYKIIIi JOBIHIA
BaJl OCOOJIMBUX KOHCTPYKTUBHUX YCKJIATHCHb HE BHOCHUTb.

BirpoeHepreruuHi arperatu MaJjioi MOTVKHOCTI mocriiiHoro ta
3MIHHOTO CTPyMYy. BiTpoeHeprernuni arperatv IOCTIHHOIO CIPyMYy,
[0 MPAIOIOTE JUIS 3apsSaKd aKyMYISSTOPHHMX OaTapei, H03BOJISIOTH
HaHOUTIBIII TPOCTO TIEPETBOPIOBATU MYJIbCYIOUY SHEPTrito BITPY B €JIEKT-
POGHEPTit0, TPUIATHY JJIsl IPAKTUYHOTO BUKOPUCTAHHSI.

VY cTraHoBKH MOTYKHICTIO 10 1 KBT CKI1agar0ThCS 3 BITPOABUTYHA, T'e-
HepaTopa, aKyMyJISITOPHOI OaTapei, pelie 3BOPOTHOTO CTPyMY 1 IIMTKA 3
MpHIaJaMHU.

JIBoiomaTeBl 1 TpHJIOMATEBI BITPOKOIECA MAIOTh MIBUAKOXIAHICTH
Z = 5-8. OCKIIbKHU arperar Mmpairoe I 3apsakd aKkyMyJISTOPHHUX OaTa-
peH, TO KIJIBKICTh 00€pTIB BITPOABUIYHA IIPHU PETYIIOBAHHI OOMEXYIOTH
3HAUYEHHSM, SIKE JOMYCTHME JUIS TeHepaTopa. SKINo BUKOPHUCTOBYETHCS
LIYHTOBUH T'€HEPATOP IIOCTIMHOIO CTPYMY, TO OOMOTKY 30VIKEHHS Mia-
KJIIOYAIOTh MapayieIbHO IIITKaM. 3aCTOCOBYIOTEH TAKOXK F€HEPaTOpH, IO
MaloOTh, KPIM OCHOBHHMX, JOAATKOBY IMITKY, V SIKOI OJUH KIHENb IITYHTO-
BOI OOMOTKHM 30Yy/IKEHHS IPUEIHYIOTH Ha HEMOBHY HAIPyry (Tak 3BaHi
TPUILUTKOBI TeHeparopu). Takuil npucTpiil 103BOJISAE aBTOMATUYHO ITi-
IOTPUMYBATH MOCTIHHOIO BETMYMHY 3apsiTHOTO CTPYMY INPH 3MiHi Kijlb-
KOCT1 00epTiB remeparopa.

Pere 3BOPOTHOIO CTPYMY 3aCTOCOBYIOTH JUISI 3aXHUCTY aKyMYJISTOP-
HOl Garapel Bif PO3pSAKM Ha reHepaTop, SKIO Hampyra Oarapel BH-
SIBUTBHCSl BHILOIO 3a HAmpyry redeparopa. lle MOXIHBO mpH HamiHHI
IBUAKOCTI BITPY, KOJM KYTOBA IIBUJKICTH OOCPTaHHS BITpOKOjeca, a
OTIKE 1 reHepaTopa, BUSBUTHECS HEAOCTATHLOIO.

[TpUHIMIIOBY CXEMY HAHIIPOCTIIIOrO pejie 3BOPOTHOTO CTPYMY IOKa-
3aHO Ha puc 2.28. IIIyHTOBY 0OMOTKY SKOPS peile 3 OUIBIIOK KUIBKICTIO
BUTKIB MIAKJIIOYAIOTH 0 FeHepaTopa Py MOBHINM HAIPy3i, a 0OMOTKY 3
MaJIOI0 KUTBKICTIO BUTKIB 3 TOBCTOTO NMPOBOJAY MPHEIHYIOTH B PO3pi3
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OJHOI0 3 MPOBOIB, WIO ¥Ae Bif reHeparopa. Bech pobounii ctpyM re-
HepaTopa IpoTiKae 1Mo TOBCTOMY IPOoBOAY. SIKIO0 Hanpyra redeparopa
BHIIE HAIIPYTH aKyMYJIATOPHOI OaTtapel, TO HAIIPsSM MarHiTHOT'O ITOTOKY,
SIKMI CTBOPIOETHCS HABKOJIO MOCIIZOBHOI OOMOTKH 6, 30iraeThes 3a Ha-
IPAMKOM 3 IOTOKOM, 110 BUHUKA€ HABKOJIO IAapaleibHOI 0OMOTKU 1,
BHACIIIZIOK YOT'0 IPUTSTaHHS SIKOPS 2 TIOCHITIOETHCS.
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Puc. 2.28. Cxema pese 3BOPOTHOTO CTPyMY

Sk TiIbKK Hampyra reHepaTopa CTaHe HUXKYE HANPYTH aKyMYJIsTOp-
HOI Oarapei, HAPsIM CTPYMY 3MIHUTBCS 1 HAIPSIMOK IOTOKY, 10 BUHU-
Ka€ HABKOJO OOMOTKHU 6, Oy[ae MPOTHIEKHUM II0 BIIHOIICHHIO 10 Ha-
MPSIMKY TIOTOKY, SIKHH CTBOPIOETHCS HaBKOJIO 00MOTKH 1. B pesynbrari
3arajJbHUN MarHiTHUH MOTIK 3MEHIIUTHCS, a Pa30M 3 1M 3MEHIINUTHCS 1
CWJIa IPUTATAHHS SIKOpS 2. Y 1l MOMEHT TpyXHHA 4 BIITATHE SKip 2
Big ocepst 3 eleKTpoMarHiTa pee i po3iMKHE KOHTAKT 5.

Jyis mepexoty BiJ MOCTIHHOTO CTPYMY JI0 3MIHHOTO BUKOPHCTOBYIOTh
neperBoptoBadi Hanpyru. OCHOBHY iICI0 MEPETBOPCHHS PO3IIISTHEMO 32
JIOIIOMOI'0I0 IIPOCTOI CXEMH IIepETBOPIOBaYa HAIPyrH, puc. 2.29.

Tpausucropu T, i T, 3’€aHaHi MapajeabHO 1 BCTAHOBIIOIOTHCSA, K
MPaBWJIO, HA TEILJIOBIABIIHUX pajiaTopax.

TpancdopmaTop Mae Tpu 0OMOTKH, a 4acToTy neperBoproBada (800
— 1000 I'm) MmoxHa perymoBaT pesucropamu R2 1 R3.

Axymynsatopa eMHicTio 75 A-rox 6e3 3apsaKu BUCTa4ae Ha 24 TOIUHU
po0OTH TIEpETBOPIOBaYa, MapaMeTPH SKOro BKa3aHi Ha puc. 2.29.

Y TeXHIYHOMY BiJIHOIICHHI OLIbIII BUCOKHU PIBEHb BUPIIICHHS MPO-
OJIeMH JIOCSTa€ThCS 3aCTOCYBaHHSIM TeHepaTopa 3MIHHOTO CTPyMy —
Tpudasznoro abo ogHoha3HOTO.
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Puc. 2.29. Cxema nepeTBoproBaua Harpyru

Bitpoxosieco. OCHOBHOIO YaCTHHOIO BITPOYCTAHOBKH, € BITPOKOJIE-
€O, 3a JIOTIOMOTO0 SIKOT'0 KiHETHYHA EHEPTisl BITPY MEpeTBOPIOETHCA B
CHEPTi0 MEXaHIYHY.

[MoTtyxHicT 1 00epTH, MO PO3BUBAIOTHCS BITPOABUTYHOM, 3aJIEKaTh
BiJ] liameTpa BiTpoKoIeca.

Bitpokoneco Moxxe Matu oaHy abo 6arato jomartei, siki BCTaHOB-
JIFOKOTHCS MMiJT ISIKUM KyTOM JI0 TUIOIIMHU 0OepTaHHs BiTpokoneca. Bi-
TPOKOJIECO MOXKEe OYTH IIBHAKOXIAHHM a00 THXOXITHHM. 3aJIeKHO BiJ
JiaMeTpy Ta KUIBKOCTI JionaTeld o0epTH BITpOKoOJieca y pa3i OJHAKOBOI
HIBHJIKOCT] BiTpY OyAyTh pi3Hi. K BiioMO, 1€l TOKa3HUK Ha3UBAETHCS
MIBUAKOXITHICTIO BITPOKOJIECa 1 BU3HAYAETHCSA BIIHOIICHHSIM KOJIOBOT
MIBUAKOCTI KIHIIS JIOMATI JIO IIBHJIKOCTI BITPY

g LV
60v

ne N — yactora obepTaHHs BiTpokoiieca, 00 / XB; v — HMIBHAKICTb BITPY;
L — noBXWHa Koia, SIKE YMOBHO OIHCYE BITpOKOJieco; Z — IIBUJ-
KOXIZIHICTh KOHCTPYKIIii BiTpOKOIEca.

[Tix yac po3paxyHKy JionaTi HEOOXiAHO BU3HAYNTH LIUPUHY XOPIH i
KyT BCTaHOBJIGHHsI JiomaTi B JEKIIbKOX Tepepizax Y3A0BXK JOmari
(puc. 2.30). YV koxHOMY mepepi3i HeoOXiTHO BU3HAYUTH TaKy (GopMy
jonaTi, o6 OTpUMaTH Kpaille 3ycHiuId (iIHIMaIbHY CHITY) BiJl KOXKHOT
nopuii BiTpy.
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[porec oOuUMCIeHHS HAHKPAIIOro HABAHTAXEHHS 1 BIATIOBITHO HOMY
HaWKpaIoro npog il BiIOMHUI SK METOJ KiHI[CBUX eleMeHTIB. B 1b0-
My BHIIAJIKy JIONATh PO3TIIAIAETHCS, IK CYKYITHICTh OKPEMUX €JIEMEHTIB.

EneMeHT jomari 10 3HaXOAUTHCSA Ha BIACTaHI 7 BiA LEHTPY IPaIfO€
y BY3bKOMY KUTbIi YMOBHOI 00JIaCTi 1 BUKOHY€E POOOTY 3 MAaKCUMyMOM
edexTuBHOCTI 3rigHO KpUTepito berna, puc. 2.31.

{ PiBHOoMipHO po3TamioBaHi po3pisu Jonari ]

EEEE.
) ™

Xopaa .
KyT BcTanoBenns JonaTi

Tosimna

Puc. 2.30. Po3mipu nonari

Z - WBHMOHOXIGHICTE HIHYMEE NONacT

LUBMakicTE pyxy HiHUMEE = 7V -

Puc. 2.31. Jlo po3paxyHKy MIBUAKOCTI KiHYMKA JIONATi
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. . . r
Komnora mBujKicTh eneMeHTa Ha BijcraHi r Oyne EZV, (nus.

puc. 2.31). HiiicHo

v=or= N=2—>w=2nN‘=2nNr=—2nRNr
21
:LNLz‘Zzﬂ ZELVZLZ\,’
R v v R

ne Z — oOpaHe 3HAYCHHS IIBHAKOXITHOCTI KiHYMKA JIONATI; V — IIBHI-
KICTh BITpY.

[IBuaxicTs HaOIraHHS MOTOKY, Ky JIONATh «Bia4yBae», OymeMo Ha-
3MBATH MIBUJIKICTIO iICTUHHOTO BiTpYy. Ii 3HAueHHS BH3HAYAETHCA LIBUJI-
KICTIO (BEIMYMHOIO 1 HAIIPSIMOM) 3YCTPidi JIONATI 3 MOJIEKYJIaMH TOBIT-
ps. [cTUHHMIA BiTEp CTBOPIOE MiIHIMAIBHY CHITY.

[llo6 orpuMaTH MMBHAKICTH HAOIraHHS IOTOKY,HEOOXITHO KOJOBY
MIBUIKICTH JIOMATI JOAAaTH A0 IIBHAKOCTI BiTpy. KojoBa IMIBHAKICTH
00YMOBJIFOE CHJTY, JIiF0UYY Ha JIONATh B IUIOMIUHI 00EPTaHHS,CUJIa HATUC-
Ky CIIpsIMOBaHa MPOTH PyXY JIONAaTi, MiHIMallbHa crjla JOTIOMarae pyxy
sonarti (puc. 2.32).

Bupg y Hanpsimky go
KiH4uuKa nonari

NonaTi pyxawTbCcA 3a
roAMHHWKOBOK CTRINKOH

NigHimansHa cuna

Seo

Honoea weuAaxicTb

ICTUHHMIA
sitep

LWsuAawicTs BiTPY

Puc. 2.32. BexTopHa fiarpama OCHOBHHX CHJI

SIk BiZoMO 3 KypCy aepoarHaMIKH, MigHIMallbHA cuia Y Ta cuia Ha-
THUCKY X PO3paxOBYIOThCS i3 CIiBB1IHOLIEHB
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Yzcyﬁvz, chxﬁ‘}’
2 2
ne p — mineHicTs moBitps (1,29 kr / M° npu 0° C Ha piBHI Mops);
S — mIoma Jomnari; v — MBHAKICTh HaOIraHHS MOTOKY.

[TigaiMansHa cuia 1 cuja JJ0OOBOro OIOPY 3aJIeXkKaTh Bijg KoedillieH-
TiB migHiManbHOI cunu C, 1 koedimieHta yodboBoro onopy C,, SKi B
CBOIO Hepry 3aJeXaTh BiJl 3aCTOCOBAHOTO B Jomarti mpodiaro Ta KyTta
aTaku o, i SKUM TOTiK Habirae Ha Jionath, puc. 2.33.

Jlinin
XOp/IH

ITigHiMaabpHa cHIIa

Cuna moboBoro onopy

Kyt araxu o

Puc. 2.33. Po3moin cui, sIKi JifOTh Ha JIONATh

Jlinis Xxopau HaiIOBIIA JIHISA B Tepepizi mpod o i 3’ €IHy€E HOCHK 1
3aHI0 KpOMKY. KyT aTaku o — 11e KyT MiXk BEKTOpOM HaOiraHHsI MOTOKY
1 XOpI0IO JIOMATi.

KoeditienTr niHIMaabHOI CHIIM Ta JIOOOBOTO OMOPY BUMIPIOIOTHCS
EKCIIEPUMEHTAIILHO B acpoOAMHAMIYHUX TPyOax i 3aHOCATBHCS B aTiacu
npodinis.

Tumnosuit rpadik koedinieHTa migHiManeHoi cunn Cy, B 3aJI€KHOCTI
BiJl KyTa aTakKH (., MOKa3aHO Ha puc. 2.34.

VY pa3i 30iIbIIeHHS KyTa aTaKW MigHIMAajdbHA CHJIa TEXK 30UIBIIYETh-
Csl, TIOKU HE JIOCSTHE TOYKH 3PUBY MOTOKY IMOBITPS, SIKUH BIAPUBAETHCS
BiJl MOBepxHi npodiito, a B 3aJHIN YacTHHI KpWiia MiJHIMaJIbHA CUJIa
ajia€, a cujia JJOOOBOIO OMOPY IIBUIAKO 301TBIIYETHCS.

BinbmIicTh MIOCKUX TiN MawooTh mofiOHuit Bux rpadika C(a). Ane

C

BUTHYTI Ipoisti AaxyTh Ginblue BigHOmEHHS — .

X
[lig yac mpoeKTyBaHHs POTOpa MOBITPSHOI TYPOIHU KYT 0, 3aJieka-
TUME Bijl KyTa iCTHHHOTO BITPY V, 1, OT)K€, BiJl KyTa BCTAHOBIJICHHS JIO-
mari f3.
TakuM unHOM, 3MiHa KyTa O, IPUBOJUTH JO 3MIHH MiTHIMAILHOI CH-
JIY 1 CHJTH JTOOOBOTO OIOPY JIOMATI.
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Mpodins NASA 4412
(Yncno Pennonsgea 250000)
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Puc. 2.34. 3anexHicTh KoedilieHTa MiTHIMATBHOT CHIH
BiJl KyTa aTaku

HeoOxigHo onTuMi3yBaTH MiAHIMAIBHY CHUIY, HPH IBOMY CHJa JIO-
00BOro omopy Mae OyTH MiHiMI30BaHa IJi1 €(PEKTUBHOI pOOOTH JIOMATI.
Jnst koxHOTro PO iUTH0 HEOOX1THO BU3HAYMTU TAKUH KyT aTaKH, JUIs

SKOT'O BiJHOLIEHHS —> , SIKE B aepoIMHAMIIlI HA3UBAETHCS AePOAUHAMI-
X

YHOIO SIKICTIO, Oy/1e HAalBHIIUM.

3HAXOHKEHHS] TOYHOI'O 3HAYEHHs ONTHMAJIBHOIO KyTa JOCHTh CKJla-
JIHA 3a/a4a, OCKUIbKH ITiJHIMaJIbHa CHJIA 1 CHJIa JIOOOBOI'O OIOpPY 3alie-
JKaTh BiJ mepepisy i Bix uyuciia PeiHomnbaca, SKe B CBOIO YEPI'y 3aJIeXKHUTh
BiJl PO3MIpY XOp.H i MBHIKOCTI oOepranHs Jionati. Yucno Pelinonbca
BU3HAYACTHCA 13 CITIBBIIHOIIEHHS

Re = 6850062y

nie b — TOBXKUHA XOP/IH.
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Hanpuknan, axmo b = 0,07 M, Z=5, v=5 M/c, Re = 120 000.
I'padiku mpobits NACA 4412, saxki orpuMaHi I PI3HUX YHCEN
Peitnonpaca: niBuii rpadik nokaszye 3anexHicte C, (), a mpaBuii rpadik
nokasye 3anexuicte C, (C,), mokaszani Ha puc. 2.35.
TaHrenc xyra Haxwily IpsIMOI, sIKa IPOBEJEHA Yepe3 I10YaToK KOop-
. e . Cy
JIUHAT, IOPIBHIOE aepOAMHAMIYHIN SKOCTI —— .
X
SIKIIIO IPOBECTH OOTHYHY 10 KPHUBOI, IO BIAIIOBIIAE SIKOMY-HEOYID
yucay PefiHonb/ca, TOUKA JOTHKY MOKaKe MaKCHUMAaIbHO MOKIIMBE 3Ha-
YeHHs aepOAMHAMIYHOI SKOCTI U1 JaHOro 3HaueHHs Re.
Hampuxitan, st mpodimo NACA 4412 1151 TOUKa JIOTUKY BiOBiae
C,, sixe mpubau3HO N0piBHIOE 1 1 0~ 6° (auB. puc. 2.34).

T T )
‘. : DA fi' A1 1
: i ' /]l |
! / Il S 1 !
ol g N | ' ])‘? Sl B o s
ERNNRRNEEE A5 SN Ea synnyy P oy s S
| AT VIl i S
[ \ I/
iy / 08 !
| SRS /
¢ HH Sttt 06 (1 /] il
¥ 5 | -’gr{! e I e
" Q= e -
YR AN AR S e =
AN 3Kz 43000 . [ A4 A
Ztmia ek | (i
4 t M :_I]éﬁﬂlg 02 W7 .
/ i i, (Wi X
/] o s [ll] Jro 15 [«] " o || eptffeo | 60 | 80 | 100 [ 120

Puc. 2.35. I'padiku 3anexHocteit Cy(a) Ta =
X

Tpeba 3ayBaskuTH, 110 HU3LKI YKcia Re mpu3BOAAThL 10 MajluX 3Ha-
yeHb (), 1 HU3bKOTO 3HAYCHHS aepPOJMHAMIYHOI SKOCTI, 110 MOSCHIOE
Mpo0JIeMH, sIKi BUHUKAIOTh JIJIS By3bKHUX JIONATEH MIPH CIIA0KUX BiTpax.

[Mpaktnuno Bci mpodini MarOTh HAWBHILY aepoJUMHAMIUHY SKIiCTh
IIpU KyTi aTaku o = 5°. SIKII0 XapaKTepUCTUKH MPOMIiI0 HEBIIOMI, MO-
J)KHA BBaXKaTH, 10 KyT BCTAHOBJICHHS JIONATI OOYHCIIOETHCS SIK
(puc. 2.36):

p=v-5.
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TobTo, miIs OOYMCIIEHHS
6 Bun va siTpsk 3i
KyTa BCTAaHOBJICHHA B.HGO - SHepbRI R
XiTHO 3HaTH KyT HaOiraHHA nonari
MOTOKY \, MiJ SKUM ICTHHHHH
BiTep Habirae Ha IUIOHIMHY
BiTpOoKOJieca. SKino posrsiia- ——
TH JonaTth 3 OOKy il KiH4YMKa BiTEp
(puc. 2.37, a) TO KOJIOBa IIBU-
IKICTH OUIbIa OUIS KIHYMKA
nonati (¥ = R), 4UM y MaTouu-

InomuHa
oDepTalns

liwist xopan

*

HHU, TOMY KYT \J 3MIiHIOETBCS.
Lle o3nauae, 1m0 imeanbHa JIO-
naTh MOBMHHA MAaTH TaK 3BaHE
ckpyuyBaHHs (puc. 2.37, 0).

B=¢-a

Puc. 2.36. O6uncieHHs KyTa BCTAHOB-
JIEHHS JI0MaTl

VY BimnoBigHOCTI 110 puc. 2.37, 6 KyT BCTAHOBJICHHS JIOMATI 3 MOXHa
BU3HAYNUTH TaKUM YMHOM. OCKUIBKU:

2,
3 R
tg\l’ = =7
L 327Zr

a 3HaueHHs KyTa o mpubau3Ho nopiBHioe 5° (o = 0,09 pax), To KyT
BCTaHOBJICHHS JIONIATI JOPiBHIOE

2R
p=arctg——a.
3rZ

Ha mpaktuii kopuctyrTbes rpadikoM, okazaHuM Ha puc. 2.38, mis
BH3HAYCHHS KyTa BCTAHOBIICHHS JIOMATEH.

Jami o0uncauMo IIUPUHY XOPAM JIonati b.

Koxen ememeHT Jomari B3a€MOII€ 3 IEBHUM KUIBLEM BITDPY,
puc. 2.39. Ockinbku pajiyc » OUIs IIEHTPY CTa€ MEHIIE, TO 1 IUIoIIA Ki-
JIbLISA CTAa€ MEHIIIe 1 JOPIBHIOE S = 27trAr .

OueBHIHO, 1[0 30BHIIIHI YACTHHU JIONATI BUPOOISIOTH OUIBIIIE eHEP-
rii, TOMy LEHTpaJIbHi YaCTUHH JIOTIATi BiAPI3HAIOTHCA 3a GOPMOIO Bif ii
KIHIIEBUX YaCTHH.
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KonoBa WeMaKcb

N
Tloimero  ITIBHIKO /’ -

MoTIK NOBITPA NPOXOANTL Yepe3s poTop
3i wemMakicTio (2/3) V, 3rigHo Teopemu
Betua
a 6

Puc. 2.37. Kyt ckpydyBaHHs jonati

KyT BecTanosicHus r=0,75R
a0
35
30 \\
s
20
15 \\
10 =
-
S )
0 e S
0 1 2 & 4 8. 6 2 8 :9
LIBHAKOXIAHICTS

Puc. 2.38. 3anexHicTh KyTa BCTAHOBIICHHSI JIOMATI BiJI BHIKOX1THOCTI
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3 Ar -
I D1oma keI
=2mrAr

Puc. 2.39. Po3paxyHOK IUTOMI KiJbIIs

[IBuaKicTh BITPY MiCIIs BITPOKOJIECa CIOBUILHIOETHCS 110 1/3 mopiB-
HSHO 3 Mo4aTtkoBoro. Ile ymoBinbHEHHS BimAOyBa€ThCS Bif il OCHOBOI
CHJIH, SIKa TICHO ITOB’s13aHa 3 MiAHIMAIBHOIO CHJIOK0.

Hexrytoun cumnoro 1000Boro onopy (uepe3 Majiay MOMUIIKY), 3HaX0-
JIUMO OCbOBY CHIIy [ SIK:

F=Ycosvy,
ne Y — 3HadenHs nigiiomuoi cui. Tomi (puc. 2.40):
Zv—

Pon p. R
F=C =Sv:cosy= C —ibAr cos,
v2 =" 2 cos\y v

IIe i — KUTBKICTb JIOMATEH.
3a kputepieM beriia ocboBa cuia JOpiBHIOE

F =gpSv2 = ngTU"Al'Vz.

ko npupiBHITH 00MJBAa BUpa3d, TO MOXHa 3HAWTH CIIBBiIHO-
IICHHS JUIS IIUPUHU XOpAU b
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4 0 Zy—
—2mupArv = C, =ibAr cosV,
9 "2 cosy
16715R oS
3BIOKK b = —’;—W
927 C,
SIKIIO NPUHHSTY JUIs IPOCTOTH O0UMCIeHb, mo cosy ~ 1, C,= 1, To
16ntR R
b= 6"2 =
97 r

ko i — xibKicTh Jonatei, C, — KoedIlieHT MiAHIMAIBLHOI CHIIH,
b — mupuHa XOpau B MEPETHHI 7, V — MBUAKICTH BITPY, TO A0OYTOK ibAr
JIOPiBHIOE CyMapHii TUTOIII JIOMATi, SKa BUPOOJISE MiAHIMAIBHY CHITY B
Kbl Ar.

OTxe, YUM MEHIIIA KUIBKICTh JIONATed 1 YAM MEHIIE 3HAUYEeHHS IIBU-
JKOX1IHOCTI, TUM OLbIla IIHPHUHA JIOHIATI.
Hiamerp poropa BEY 3anexuts Bif 3HAYEHHS MOTYKHOCTI, SIKY He-

00XiJTHO OTPUMATH BiJ| ycTaHOBKH. HeoOXiiHI 3aIeKHOCTI HABEIACHO B
Tabim. 2.3.

OchoBa ciJia HAllopy IloBHa
=Ycos(¢) + Xsin(g) aepoﬂfﬁrlzfg
A

Kinbuesa cuna

=Ysin(¢) - Xcos(¢)
=Ysin(g) (1 - ctgle)/K)

IcTirHMit BiTEp

e =Ysin(¢) (1 - (3ri2R)ZIK)
=(riR)ZVicos(¢) & IineivambEa ne K - BimHormenHs Y[X
cuna =Y
-
Kinbnera Hanop =X
MIBHIKICTD
=(rIR)ZV

2VI3 Tlo kpurepito betra

Puc. 2.40. Po3nojin cu, 110 AiF0Th Ha JIONATh
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Tabruys 2.3

3aseskHIiCTh MOTYKHOCTI Bijl IiaMmeTpy BiTpokojeca

Hdiamerp D, m HoryxnicTs P, BT
1 50 ... 100
2 250 ... 500
3 500 ... 1000
4 1000 ... 2000
5 2000 ... 3000
Hampuxian, skmo D =4 M, Z =7, i = 3, TO mMpHUHA XOPJIU HA KiHIlI

Jionati Oyjie 70piBHIOBATH, M

16ntR R 8nD
b= ==
9Z°1 r 977

~ 0,08.

Xoua KiHIIEBa YacTHUHA JIOMOTI € HAMBaXXIUBIIIOW, aje BHYTPIIHS
YacTUHA MOBHMHHA OyTH 3po0JiieHa mupiie, mo0 CTBOPIOBATH BEIHKHHA
CTapTOBHH 00epTaloYuii MOMEHT, TOOTO JIONAaTi TOBUHHI 3BY)KYBaTHCS
70 KiHIISl i MaTH BiIOBiZIHE CKPYYyBaHHS.

Jauti po3riissHeMo (akTopH, 1110 BILIMBAIOTh HA KOSDIIIEHT BUKOPHC-
TaHHs eHeprii BiTpy. Sk Bxke BiA3Hauanocs, MakCUMaJIbHUI KoeilieHT
BUKOPUCTAaHHSI TOTOYHOTO BIiTPOBOro MOTOKYy pocsrae 0,593. 106
OTPUMATH TAaKe 3HAUCHHSI HEOOX1IHO 3araJibMyBaTH IOTIK 10 1/3 mouar-
KOBOI HIBHJKOCTI BiTpy, puc. 2.41, a. BTpaTta moTy>KHOCTi BiTpOBOI'O
MOTOKY BiIOYBA€THCS TAKOXK B TaK 3BAaHOMY 00€pPTOBOMY HMJIIHJIPI Bij-
xigHOrO TOBITps, puc. 2.41, 6. JloBeneHo, 10 BTPaTH MOTYKHOCTI Ha
o0epTaHHs BIIXiTHOTO MOBITPS OyAyTh HAHOUIBPIIMMU Y THXOXITHHUX
BEY. B ycraHoBkax, y SIKHX pOTOp Ma€ HEBENHKY KUIBKICTH JIOMATEH,
BUHUKAIOTH MMiJBUILECHI HABAHTAKEHHS. B 1IbOMY BHIIaIKy BTpaTH €HEp-
rii BITPOBOr'0 MOTOKY IMOB’s3aHi 3 THM, III0 BiT€p MPOXOJUTH MOB3 KiH-
ynku Jonareit. e, Tak 3BaHi, kKiHIeBi BTpaTH, puc. 2.41, 6.

[Maninas pymidHOT CHH, SIKa 3aJISKUTh BiJl aepOJMHAMIYHOT SIKOCTI,
TaKOXX MPUBOJMTH JI0 BTPATH MOTYKHOCTI. Lle cunbHinIe mo3Ha4aeThes
JUTS IIBUIKOXIJJHUX YCTAHOBOK, JIE€ BEKTOP MiAHIMAILHOI CHIIU BIiIXHIIS-
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€TbCSl HAaWOLUIbILE BiJ HAMpsAMKY pyxy JionaTi. Pymiiina cuna G (auB.
puc. 2.40) BU3HAYAETHCS K

G=Ysin(p—Xcoscp=Ysin(p[l—@}

= Ysin(p[l—a%} =Ysin(p[1— ;’5{},

Y ¥ . .
ne K =—=— —aepoauHaMiyHa SKICTb.
X C,
TakuM yrHOM, aepoMHAMIYHA SKICTh Ma€e OyTH OLIBIIOO, SKIIO IM0-
TPiOHO OTPUMATH BEIUKY HIBHIKOXIIHICTh YCTAHOBKH.

#
¥ — W3
R ——
-~ L
a
Birep ‘\
e
/ OObepTaHHs TOBITPSL,

w IO BIAXOJIUTH

9]

e

Birep SIkmo monareit Majo 1 BOHK
— CHJIPHO HaBaHTAXCHI, TO
BITep OTMHAE KIHIUKH, Ta
BTpavaeThes AT BITPSIKa
&

Puc. 2.41. Brpara moTy:KHOCTI BITPOKOJIECOM
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3anexHicTh KoedilieHTa BUKOPUCTAHHS €HEprii BIiTpY Bil IIBUI-
KOXIAHOCTI Z I pi3HuX K moka3aHa Ha puc. 2.42.

I3 rpadika BuaHO, 1110 3HAYEHHS MIBUIKOXIAHOCTI OJU3BKE 10 5 € OIl-
THMaJbHHM, a KiIBKICTh JonaTe Mae OyTH MaKCHMAJIBHO MOXKITUBOIO.

TpyaHoIi i3 32aCTOCYBAaHHSAM BEIHMKOI KUIBKOCTI JIONATEH MONSTraloTh
y TOMY, 110 BOHU IOBHHHI OYyTH Qy)Ke By3bKHMHU a00 OyTH Iy)Ke THXO-
xigHuMH (a00 00HABI YMOBHU pa3oMm), 100 3a10BOJLHUTH YMOBI BeTia.

Jockonanuii (igeanbHUil) poTOp BITPOTYPOIHM TOBUHEH MaTH He-
CKIHYCHHY KUIBKICTh HECKIHYCHHO BY3bKHX JIONATEH.

Ha mpakrtuii 1eit miaxig pigko BUKOPHCTOBYETHLCSA, TOMY IO TaKe
BITPOKOJIECO 3aHAATO TUXOXigHE. TpuionaTeBe Koieco, ike Mae OUIbIITy
MIBUIKOX1IHICTD, MPAIIO€ Kpallle, He3BaXkalouu Ha BTPATH.

Onna 3 MoxxiMBHX (DOpM JlomnaTi moka3aHa Ha puc. 2.43.

KinbkicTh

Jonarei
e S

Y o

T T T T T T T T T L]
7 i 2 ] 3 T 1 FLg aa L] wa

JorapumMivHa mkana ! TBuKOXITHICTE 7

Ll

Puc. 2.42. 3anexHicTb KoedillieHTa BUKOPUCTAHHS €HEPTii BITPY BiJl IIBUIKO-
XiHOCTI

Crynuus
Jlomats

160

Puc. 2.43. Po3mipu Ta ¢opma nonarti
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16n5R 167R R
OCKIIbKH bz—’;, TO iz—zr.
9Z7i 9Z°b
. 7 .80
SIkmo mMpuHa KiHYKKa (IuB. puc. 2.43) b= ﬁR ,TO I= 7

Lle npaBwI0 rOIUTHCS TUTBKU JUIS JIOTIATI 3 XOPAOK Ha KIHYMKY, IIH-
puHa sKkoi gopiBHIOE 3,5 % Bix giaMerpa BiTpoKoiieca.

Sxmo BuOpaTH Taky ¢opMmy JIOmaTi, TO KUIBKICTh Jomareid Oyre
MPOIMKTOBaHA IIBUAKOXIAHICTIO Z, puc. 2.44.

3aneKHOCT1 WIBUJIKOCTI 00EpTaHHs BITpOKoOJIeca Ta HOro MOTYKHOCTI
BiJI JliaMeTpa poTopa, I 3HAYCHb MIBUIKOXITHOCTI Z = 5 Ta IMIBHJKOCTI
BiTpY V=5 M / ¢, mokazaHi Ha puc. 2.45. [loTyxHOCTi po3paxoBaHi i3
YMOBH, L0 KOeillieHT BUKOPUCTAaHHS eHeprii BiTpy nopiBHioe 0,25.

CraproBuii 00epTaabHUI MOMEHT MOXKHA PO3paxyBaTu 3a (hOpMYJIOL0:

Hanpuknan, mas poropa BEY miamerpoMm 4 M i3 MIBUIKOXIZHICTIO
Z =5 1 3a WBUAKOCTI BITPY Vv = 5 M / ¢ CTapTOBHI MOMEHT JIOpiBHIOE,
H-Mm

23
M=52 =8
25
1 jgomate .Z2=9 2 jgomati ,Z2=6

KyTtu BcTaHOBIEHHS NOMAaTEH
B KOKHOMY BHUIAJIKY Pi3Hi,
(dopma momnaTei B ruiaHi
OJHAKOBa

3 jgomari .Z2=5 10 nomarew ,Z=3

Puc. 2.44. 3anexHicTh MiX KUIBKICTIO JIONATEH 1 IIBUIKOX1IHICTIO
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P, Bt

N, 06/xB.
250 1 = __, loTyxHicTs
N (Br)
300 4 'y IIBugKicT
\\ = (o6/xe)
250 |
A
.
200 | Rt A
Benuxki BITpSIKH \‘_R //
150 HaJAf0Th GiIbIle S ~
. . T »
€Heprii, ajic MOBLIbHIIIE /}’L"““—-—__
100 4 06epTaroThest o ]
"./
50 =
o '_‘./
1] L :"f/’l L 4 + I I L J
0 1 2 3 4 S

Jiametp nponencpa B Metpax D, M
Puc. 2.45. Bubip niameTpa poTopa B 3aJICKHOCTI BiJl HEOOXiTHOT MOTYKHOCTI

Sk BiKe Bim3Ha4amocs, BUOIp MIBUAKOXIIHOCTI Z 3alie)KHTh Big Oara-
ThOX (pakTopiB. Brcoka MIBHAKOXIIHICTH 3a0e3MeUye BHUCOKY YaCTOTY
obepTaHHs Baja, HEOOXIAHY JUIs €(pEKTHBHOIO BUPOOHMIITBA CIEKTPOE-
Heprii. Ha nmpakTuii 1s nepeBara nepeBUILye psij HEJOJIKIB, TAKUX SIK:

— OLTBIII BUCOKHI PIBEHB IIIyMY JIONATEH;

— mosiBa BiOpalliil y BUMAaAKy OJHO- a00 JBOJIONATEBUX BITPOKOIIIC,

— 3HWKCHHS e(DEKTUBHOCTI pOTOpa 4epe3 3pOCTaHHs JI0OOBOTO OITO-
pY 1 KIHLIEBUX BTpAaT;

— 3HIDKEHHSI 00EpTaJibHOTO MOMEHTY, IO YCKJIQJHIOE CaMO3aIlyCK
BEY.

Kinuuku yionari, SiKi pyxarThCs 31 MBUIKICTIO MoHA 80 M/C CXWUIIb-
Hi 10 epo3ii, fka BUKIMKaHa APIOHUMU YaCTHHKAMHM, L0 PYXaOThCS 3
BiTpoM. J[J1s1 3MEHIIIeHHSI €p03i1 BUKOPUCTOBYIOThH CIICIiaIbHI TOKPUTTSI.

Hanpuknag porop aiamMmeTpoM 5 M 3i MBHAKOXIAHICTIO Z = 7 3a IIBU-
nKocti Bitpy v = 12 M / ¢ Oyne pobutu 350 006 / xB i Oyzie CXHIIbHUHN J10
epo3ii. Y 3araJibHOMY BUIAJKy BHCOKOIIBUIKICHI POTOPH MalOTh BY3bKi
JIOTIATi, KIHYMKHU SKUX 3arOCTPIOIOTH JJIsi 3MEHIICHHS IIyMY, @ OCHOBY
JonaTel poOIsATh OUIBII IMIMPOKOO AJIs MOJIETIICHHS CTapTy, puc. 2.46.

OCHOBHI TE€OMETPUYHI XapaKTePUCTUKHU JIOMATI OTPUMYIOTh 13 aepo-
JMHAMIYHUX PO3paxyHKiB. Jlo TaKMX XapaKTepUCTHK HaJeXaTb — pajiyc
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2
soniati R (miamerp BiTpokosieca D), MOJOBKEHHS JIONAaTi A =—, 3BY-
s

JKEHHS JIONaTi 1= —~  ne [ — 10BKMHA JIoNarti; S — Mioma jonari; b —

niep
BITHOCHA XOpJia mepepisy, /e IHACKC «Iep» — 03Haudae nepudepiiine, a
«KOpP» — KOPEHEBE.

'
\\ % Bucoxomsnixicui mponenepu

LN YaCTO MAKOTH BY3bKI TOTATI Kigunk
\
\\\ }--. j{___,i--“.______““-_“_ e 3aroCTPSIIOTh
i T A
/ r OcHoOBY nomaTi pofsaTh GBI SMCHITCHHA
/| LIMPOKOIO AT MONETIICHHS CTAPTY myMy

Puc. 2.46. [Ipodins nonati

[Tix yac MpoOXOHKEHHS TIOBITPS Yepe3 JIONaTi, 3aIUIIAEThCS 30ypeHHi
Clij, SKUW TajabMye oOepTaHHs BiTpokojeca. OUeBHJIHO, YUM JIOMATEH
OUTbIIIe, TUM INBUIKOXITHICTH CTa€ MEHIIO (Tadmn. 2.4). Jlns opieHTOB-
HOT'0 PO3PaxyHKy OOEpTIB BITPOKOJECA, SK IPABHIIO 32 OCHOBY O€pyTh
MIBUIKOXIIHICTh Z, 3HAYEHHS SIKOI OTPUMAHO eKCIIepHMEHTATbHUM IS~
XOM JIJISI BITPOKOJTIC 3 PI3HOK KUIBKICTIO JIONIATEH: JJISl OJTHOJIONATEBOTO
BiTpOoKOieca Z = 9; nns asoaonareBoro — 7,0; mis TpunomnareBoro — 5,0;
U1 mrectuitonareBoro — 3,0 1 Ul ABaHaAUATHIONATEBOro — 1,2.

O06epTu BiTpOKONIEca (00 / XB) pO3PaXOBYIOThCS 13 CITIBBIJHOIICHHS ;

N=£60,
2nR

ne R — miamerp BITpOKoJIECa.

PesynbraTu po3paxyHKy KiTBKOCTI 00€pTiB BiTpOKoOJieca JiaMeTpoM
2 M IJIs Pi3HUX 3HAYECHb Z Ta V HaBeJeHO B Tab. 2.4.

MakcuMaiibHa MHigHIMaJIbHA CHJIA JIONATl 3a OJHAKOBOI IIBUIKOCTI
MOBITPsS Oye y pas3i po3TalryBaHHs ii mig KyroM 45° no Habdiraro4oro
MOTOKY. Y Mipy 3MEHIIEHHs a0o0 30UIbIICHHS YCTaHOBKU KyTa, Oyie
3MEHIYBAaTUCS 1 MiJHIMaJIbHA CHJIA, a OMip MOTOKY OyJe BiIMOBiTHO
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3MEHIIyBaTHUCsA a0 30UIbIIyBaTHCA. AJle UMM Jaii BiJ Oci 00epTaHHS
3HAXOJUTHCS EIEMEHT JIOMNATI, THM MEHIIHMH KyT BCTAHOBJICHHS I[bOTO
eneMenTa, puc. 2.47.

Tabruys 2.4
HIBuakicTs 00epTaHHA BiTpPOKOI€Eca
KinabkicTs JionaTeit
1 2 3 6 12
zZ
IIBuaKicTH 9 7 5 3 11,2
BITPY, M/ C

1 86 67 48 29 11

2 172 134 96 57 23

3 258 201 143 86 34

4 344 268 191 115 46

5 430 334 239 143 57

6 516 401 287 172 69

7 602 468 334 201 80

8 688 535 382 229 92

9 774 602 430 258 103

10 860 669 478 287 115
11 946 736 525 315 126
12 1032 803 573 344 138

Hanpam ofepraHHa i J l l Hanpam eitpy i

| - =
¥

Puc. 2.47. Kyt kpyTku nonari
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YceranoBka Jonareii. 3a paxyHOK KyTOBOI HIBHIKOCTI Mepepi3u Ha
pi3HUX pajiiycax Jomati A MPOXOHKEHHS CBOTO IILUIAXY B 00’€Mi MOBi-
TpsI 3 OJJHAKOBOIO €()EeKTHUBHICTIO 1 HE CTBOPIOIOYH TalbMyBaHHS TOBHH-
Hi MaTH Pi3HUH KYT BCTAHOBJICHHS.

OnHuM 3 MOKa3HUKIB U PO3paxyHKy JIONaTi € Kpok rBuHTa. Kpok
JUISL OJTHOTO 13 TIONEPEYHMX TIepepi3iB JIONATi, BiIAJIEHOTO Biji OCi I'BU-
HTa Ha BIJICTaHb R, MOKa3aHOo Ha puc. 2.48.

[HImIMMU cltoBamMM, KPOK JaHOTO Iepepi3y — Iie BiicTaHb, HA SKY Tie-
PEMICTHTHCS Maca TOBITPS 32 OIWH 00€pT, SIKIIO MPEACTABUTH ii y BU-
TSl TaliK| iaMeTpoM 2R, y IKOi KyT TiAHOMY pi3bOM JOPIBHIOE KYTY
MDK XOpJIOIO B3SITOrO MEPETHHY 1 TUIOMMHOI0 obepTaHHs rBUHTA. Kpok
I'BHHTA BU3HAYAETHCA 32 PIBHAHHIM

H =2nRtga,
ne H — Kpok BUJIUICHOTO TiepeTuHy; R — pajiyc nepepisy; o — KyT BCTa-

HOBJICHHS Tiepepizy (Tpan).
Toni KyT BcTaHOBJIEHHS Mepepi3y JionaTel BiTpoKoieca A0pPiBHIOE:

H Kpox reumra |

Puc. 2.48. Kpok rBuHTa

PesynbraTu po3paxyHKy KyTa BCTAHOBJICHHS JIONATI BITpOKoJeca Ii-
amerpom 3,1 M 3 kpokom H = 1 M HaBeieHO B TadI. 2.5.
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Tabnuys 2.5

Po3paxyHok kpyTku Jionati

Bincrans no nepepisy Kyt BcTaHOB/1EeHHS
Bif oci o0epTanHs, cM nepepisy, rpan

10 57,9

20 38,5

30 28,0

40 21,7

50 17,7

60 14,9

70 12,8

80 11,3

90 10,0

100 9,0

110 8,2

120 7,6

130 7,0

140 6,5

150 6,1

SIkmo He BpaxoOBYBaTH OMip OJHOJIOMNATEBOr'O BITpOKoNieca, TO 3a
HIBHJIKOCTI BITPY 3 M / ¢ BOHO Ma€ 3poouTtn 166 00epTiB, OCKLIbKH
Zv 9-3
60 =
2nR 6,28-1,55

N= -60~=166,
ne N — obepTH BiTpoKoieca, 00 / XB.

Arne Ha WBUAKICTH 00epTaHHS BITpOKOJeca BIUIMBAIOTH TYpOYIIEHT-
HICTh MOTOKY BiJ MomnepenHboi jJonaTi (s 6araTto JoMaTeBOro BiTpo-
KoJieca), TepTs, 0 CTBOPIOETHCS CAMHUMU JIONATSIMHU, PEeakilisi TeHepaTo-
pa B 3aJIOKHOCTI BiJl MPUKJIAJICHOTO EICKTPUYHOTrO HaBaHTaXXeHHS. Bce
11e HeoOX1IHO MPUIMATH JI0 YBaru MpH po3paxyHKy BITpOreHepaTopis.
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[ToTyXHiCTh BITPOBOTO TOTOKY, SKHI IMPOXOAUTH 4YE€Pe3 YMOBHY
ILJIOINLY BITPOKOJIECa,00YUCITIOIOTh 3a 3arajbHO MPUHHATOI METOAMKOIO:

P= 0,5pSv3,

ne p — minbHicTh nosiTpst (1,29 kr/ M3); S — yMOBHa IuI0II1a BITPOKOJIE-
ca; v — IBUJKICTE BITPY.

Jis Toro, mo0 BpaxyBaTH BTPATH €HEPTil Mmij Jac ii mepeTBOPEHHS,
BBOJSATE MTOHATTS KOe(iliEHTa BUKOPUCTAHHS €HEPril BITPy.

MaxkcuManbHe TEOPETHYHE 3HAYEHHS KOe(IIiEHTa BUKOPUCTAHHS
eHeprii BITpy B ifealbHUX IIBHAKOXIAHHUX KPHILYACTHUX BITPOKOIIC 3a-
naeThesa kpurepiem beriia 1 mopisaoe 0,593, s kpammux 3pa3KiB IIBHU-
JKOXIIHHUX BITPOKOJIIC 3 aepoarHaMIYHUM IpodiaeM Iel ITOKa3HUK CTa-
HoBuTh Big 0,42 no 0,46. Jlns 6araToonaTeBuX THXOXITHHUX BITPOKOIIC
el mokasHuk komuBaeThbesd Big 0,27 mo 0,35 B 3alieXHOCTI Bif SIKOCT1
BukoHaHHA. [lo3Haurimo koedimieHT cumBoioM C.. s y3romkeHHs
00epTiB THXOXIJHOrO BITpOKOJIeca i reHeparopa HeoOXiTHO BUKOPHUCTO-
BYyBaTH MigBHINyBaIbHuN peaykrop, KK skoro C, konmuBaeThes Big 0,7
10 0,9 B 3a7mexHOCTI BiJ Koedilli€eHTa Iepeaadl Ta BUKOHAHHSL.

I[lix yac mepeTBOPEHHS MEXaHIUYHOT eHePrii B €IEKTPUUHY, TAKOXK 3a-
3HaeMO BTpart, BimoOpaxkaroun ix B KKJI reneparopa C. Bix 0,6 g0 0,8
(s reHepaTopiB 31 30yPKEHHSM BiJ] MOCTITHMX MarHiTiB):

P=0,5C,C,C.pSv’,

Hanpuknang, mms OIeCTHIONATEBOrO BITPOKOEca IiaMeTpoM 3 M
(C.=0,35) 3 reneparopoM Ha nocriiiaux margitax (C.= 0,8) 1 peaykro-
poM, 1110 Mae koedimient kopucHoi aii C, = 0,9 MoKHA OTPUMATH TOTY-
KHICTB IPH CepeHil MBUAKOCTI BITPY SM / ¢, sika JJOPiBHIOE:

P=0,5-1,29-7-1,5°-5°-0,35-0,8-0,9 ~ 144,

ne P — noryxHicts, BT.
[Tpu upomy KinbkicTh 06epTiB (s Z = 3) Oyae AOpiBHIOBATH:
Zv 3-5

N = 60 = -60 = 96.
2nR 3,14-3

Tenep MoxxHa migiOpaTH NEPENATOYHE YHCIO PEAYKTOpa 3aJICKHO
BiJl 00EpTIB TreHepaTopa.
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2.4 BiTpoeHepreTu4Hi yCTaHOBKM 3 BepPTUKAJIbLHOIO
BicCI0 06GepTaHHA

B ITpOTYpOiHU 3 BEPTUKAILHOIO BicCIO 00epTaHHA He HAOYIIM [IH-
POKOr0 TMPOMHCIIOBOI'O 3aCTOCYBaHHS dYepe3 HEIOCTATHE BHU-

BUEHHs TAKOro THUITy BirporeHepatopiB. IIpoTsrom OaraTbox
POKIB BBaXXajocs, II0 BITporeHepaTopu Tumy poropa Jap’e, ski mpa-
LIFOIOTh 3a PaXyYHOK MIAHIMAJIBHOI CHJIM, MAIOTh HU3bKY IIBUIKOX1IHICTH
Ta IpoOIeMH 13 camo3amnyckoM. Birporeneparopu iy poropa CaBoHi-
yca, SIKl IpaIfoTh 3a PaxyHOK CHUJIM CYIPOTH IMOTOKY (Tak 3BaHi apar
MAalIiHK), MalOTh MAJCHbKUI KOE(illieHT BUKOPUCTAHHA €HEpTii BITpY
Ta MPaLOOTh Y HEBEIHKOMY JAiana3oHi MBUIKOCTEH BITPY.

AJe BiITpOCHEPreTHYHI YCTaHOBKH 3 BEPTHKAIBHOIO BicCIO o0epTaH-
HS MalOTh 1 HU3KY TIepeBar nepejl yCTaHOBKaMH 3 TOPU30HTAIILHOIO Bic-
ClO, SIKI TOJIATAIOTh HacamIepell y TOMY, M0 3HUKA€ HEOOXIIHICTH Y
MPHUCTPOSX IJIsl Opi€HTalil Ha BiTep, CHPOLIYETHCS KOHCTPYKIiS Ta
3HUXKYIOTBCS TIPOCKOIIUHI HaBaHTaXEHHSI, SIKi 3yMOBIIIOIOTH JIOAaTKOBY
HAIpyry B JIONATAX, CUCTEMI ITepeaayl Ta IHIIUX e1eEMEHTAaX YCTaHOBKH.

besnepeuno 3HAYHOIO IIEpEBarol BepPTHKAIbHO-0CKOBUX BEY €
MOXKJIHBICTh PO3MIIIEHHS TeHepaTopa 1 MyJIbTHILIIKATOpa Ha (yHAaMe-
HTI YCTaHOBKH, 0€3 KyTOBOI Ilepeaadl KpyTHOro MoMeHTy. Lle qo3Boise
CIIPOCTHUTH BHMOTH 0 MOHTAXy YCTaTKyBaHHS (MPaKTUYHO HEMae 00-
MEXKEHb M0 rabapuraMm i maci) 1 0 yMOB eKciuryaTaiil (BiICyTHICTB
MOIITOBXIB 1 BiOpariii). IIpu po3mimienHi obnagHaHHS HA (QyHIAMEHTI
3HAYHO CITPOIIYETHCS TIepeaaua BUPOOIOBAHOI EIEKTPOCHEPTI.

3a paxyHOK HEBENHMKOI MIBUJKOCTI 00EpTaHHS IIyMH JIAHUX BiTpore-
HepaTopiB He mnepeBuinytoTh 20 1b, 1m0 1ae 3Mory BUKOPHUCTOBYBATH
TaKl YCTAHOBKHU y OJIM3BKOCTI BiJl )KUTJIa Ta B MICbKUX YMOBaX, Ha Jiaxax
OyaiBeb.

Bitporenepatopu MarOTh P IPUHIIAIIOBUX HEIOIIKIB:

— CXHMJIBHICTh €JIEMEHTIB KOHCTPYKIIii 10 BTOMH Yepe3 BUHUKHEHHS B
HHX aBTOKOJMBAJIBHHUX IIPOIIECIB;

— TyJabcallis KPYTHONO MOMEHTY, IO IPHU3BOAUTH 10 HeOaKaHUX
MyJIbCaIliil BUXIJHUX TTapaMeTpiB TeHepaTopa;

— BeJIMKa MaTepiajJoMIiCTKICTh TAKOTO THIY BITPOr'€HEPAaTOPIB MPH3-
BOJIUTH JIO TMOAOPOXKYAHHS KOHCTPYKII Ta 30UIBIICHHS MacH BCiel
YCTaHOBKH.

3a ocraHHii Yyac 3’IBUIACH BEIHUKA PO3MAITICTh KOHCTPYKIlIH 3 BEPTH-
KaJIbHOIO BiCCIO O0OEpTaHHS B SIKMX BiJCYTHI JIesKi HEIONIKH, BJIACTHBI
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TakMM BITporeHeparopaM. BHKOpHCTaHHS HOBHX THIIIB MaTepiajiB, y
SIKAX MaiiKe BIICYTHS YTOMJIEHICTH, Ta HOBHX BHJIB I'eHEpaTOpPiB, Tak
3BaHMX HU3BKOOOEPTOBHX 31 30YKEHHSIM BiJI ITOCTIHHUX MAarHiTiB, IpU3-
BOJIUTE J0 301IBIIIEHHS 3aI[iKABJIEHOCTI B TAKUX YCTAHOBKAX Ta Ja€ HOBHI
MOLITOBX JIO BUBYECHHSI Ta PO3POOKH BITPOreHepaTopiB JaHOTO TUITY.

2.4.1 Cmpykmypa ma Kaacugpikayiss eimpoeHep2emu4Hux
YyCmMaHo80K 3 8epMUKA/IbHOIO 8iCCI0 06epMAHHA

BepTukanbHO-0CHLOBI BITPOr€HEPATOPH IlI€ HA3MBAIOTL BIHAPOTOP-
HUMU a00 OPTOrOHAJIBLHUMH, B aHTIicbkoMy BapianTi VAWT (Vertical
Axis Wind Turbine).

OpToroHajibH1 BITPOreHEPATOPH MOXKHA PO3ILJINTH HAa TPH OCHOBHHX
tinu. Ilepmmit THO 1€ Taki, 0 MPALIOIOTh 3a PaXyHOK CHUJIK OIOpY,
Harpukiaz, porop CaBoniyca. /1o Apyroro THIY BIAHOCATHCS TaKi, IO
MPaIiOI0Th 32 PaxXyHOK aepOAMHAMIYHOI MiJHIMAIBLHOI CHIIH, POTOP
Jlap’e Ta ¥oro pisHoBuau. TpeTiii THIT HpeAcTaBiIsie KOMOIHOBaHI BITPO-
TEHEPATOPH, SIKi IOEIHYIOTh BITPOr€HEPATOPH IEPIIOro Ta APYroro TH-
miB. HalOuIbI momupeHi THIIU BePTUKAIEHO-OCHOBUX BITPOT€HEPATO-
piB mokazaHo Ha puc. 2.49.

YamkoBuii porop (anemomerp). Birpokoieco soro Tuiy obepra-
€TBCS 32 paxyHOK cuiau onopy. @opma yamkonoaioHoi onati 3abe3ie-
Yy€e MPAKTUYHO JIIHIAHY 3aJIOKHICTh YacTOTH OOEpTaHHs Kojieca Bij
IIBUAKOCTI BITPY.

Potop Cagoniyca. L{e koxeco Takox 00epTaeThest CHIIO0 oropy. Mo-
ro JIOMAaTi BUKOHAHI 3 TOHKMX BHUTHYTHX JIMCTIB HPSAMOKYTHOI (hOpMH,
TOOTO BIAPI3HSIOTHECS MIPOCTOTOIO 1 JerieBu3Ho. O0epTaILHUA MOMEHT
CTBOPIOETHCS 3aBASKH PI3HOMY OIOPY, IO YHHHUTHCA IMOBITPSIHOMY ITOTO-
Ky YBITHYTOIO 1 BUTHYTOIO IIIOAO HLOT'O JIOMATSIMH poTopa. Uepes BeTUKy
YaCcTKy F€OMETPUYHOIO 3aIMIOBHEHHS 1€ BITPOKOJIECO MA€ BEIUKUN KPYyT-
HUI MOMEHT 1 9YaCTO BUKOPUCTOBYETHCS JUISI TIEPEKaYyBaHHS BOJIH.

Potop Jlap’e. OGepranbHuii MOMEHT CTBOPIOETHLCS ITiIHIMAILHOIO
CHJIOIO, 1[0 BUHHMKAE Ha JBOX 200 TPhOX TOHKHUX BUTHYTHX HECYUHX ITO-
BEPXHSX, AKI MalOTh aepoauHaMiuyHui podias. [limHiMalbHA cHla Ma-
KCHMaJlbHa B TOM MOMEHT, KOJH JIONATh 3 BEIUKOIO IIBHAKICTIO Iepe-
THHAE Habirarounii mosiTpsaHuii moTik. Porop Jlap’e BUKOPHCTOBYETHCS
y BITpOeIeKTporeHeparopax. Po3kpydyBaTHcs CaMOCTIHHO pOTOp, K
MPaBUJIO, HE MOXKE, TOMY JJIsI KOT0 3aIlyCKy 3a3BU4ail BAKOPUCTOBYETh-
Csl TEHEpaTOP, IO MPAIIOE B PEXKUMI JIBUTYHA.
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Puc. 2.49. OcHOBHI THIIM BEPTHKAJIHHO-OCHOBUX BiTPOr€HEPaTOPiB

Porop Macrpysa. Jlonati 1poro BiTpokoneca B poOOYOMY CTaHi
pO3TallIOBaHi BEPTHKAIBHO, aje MaloTh MOXIMBICTH obepraTHcs abo
CKJIQJIATUCA  HABKOJIO TOPU3OHTAILHOI OCI  TpH  BIIKIIOYCHHI
(muB. puc. 2.49). IcHyroTh pi3Hi BapianTu poTopiB Macrpysa, ane Bci
BOHH BIJIKJTIOYAIOTHCS IPU CHIILHOMY BITpi.

Porop EBanca. Jlonari 11poro poropa B apapiiiHiii cuTyarii i npu
yIIpaBJIiHHI TOBEPTAIOTHCSI HABKOJIO BEPTUKAIBHOT OCI.
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Konuentparopu. [loTyXHICTh BITPOCHEPTrOYCTAHOBKH 3aJICKHUThH
BiJl €()eKTUBHOCTI BUKOPUCTAHHS €Hepril MOBITPSHOro MOToKy. OXHUM
13 crOcO01B 11 MiABUINEHHS € BUKOPUCTAHHSI CIICI[IaJIbHUX KOHIIGHTPATO-
piB (MiCHIIIOBAYIiB) MOBITPSHOrO TOTOKY. J[s BEpPTHKAIBHO-OCHOBUX
BITPOEJIEKTPOreHEePaTOPiB po3po0IIeHi Ta 3alIPONOHOBAH1 pi3Hi BapiaHTH
TaKUX KOHIICHTPATOPIB, SIKI HAMPABISAIOTh HAa BITPOKOJIECO MOBITPSHUI
MOTIK 3 TUIOII, 10 OibIla 32 MJIONLY, SIKA OMITAETHCS POTOPOM, 1 JIesKi
iHmi npuctpoi. LIupokoro momupeHHs B MPOMHUCIOBHX YCTaHOBKax
KOHIIEHTPATOPH TIOKH HE OTPUMAIH.

2.4.2 Komnjekc mexHiYHUX 3aco6ie eimpoeHepzemu4HuUXx
YCMAaHoB80K 3 6epMUKA/IbHOI0 8iCCI0 06epMAaHHs

Haii0inpin mpoctuM THIIOM BiTpokoieca y Takux BEY e porop Ca-
BoHiyca. O0epTaabHUII MOMEHT BHHHKAE MPH OOTIKAHHI pOTOpa IMOTO-
KOM IIOBITpsI 3a PaxyHOK PI3HOTO OINOPY OMYKIIOI 1 YBIrHYTOI 4acCTHH
poropa (puc. 2.50). Koneco BiApi3HAETHCSA MPOCTOTOIO, ajie MAa€ IyiKe
HU3bKWH KoedillieHT BUKOPUCTAaHHS eHeprii BiTpy — Bcboro 0,1-0,15.

Bitep

\

Puc. 2.50. Porop CaBoHiyca: @ — TBOJIONIATEBHI; O — YOTHPUIIOIATEBUIHA

3a ocraHHl POKM B psil 3apyObKHMX KpaiH, ocodnuBo B Kawnani, mo-
YaJM 3aiMaTHCsS PO3pOOKOIO BITPOABUTYHA 3 poropoM Jlap’e, 3amporo-
HoBaHuM y @Opanii me B 1920 p. Ileli porop Mae BepTHUKaIbHY BiCh
obepTaHHsA 1 CKIIAJA€THCA 13 ABOX a00 YOTHPHOX BUTHYTHUX JIOMATEH
(puc. 2.51, a). JlonaTi yTBOPIOIOTH IPOCTOPOBY KOHCTPYKIIiIO, sika 00ep-
TA€ThCI MiJ AICI0 MIAHIMAIBHUX CHJ, [0 BHUHHKAIOTH HAa JIONATIX BIJ
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BITPOBOro MOTOKY. Y poTopi Jlap’e koedillieHT BUKOPUCTAHHS €HEprii
BiTpy mocsrae 3uauenn 0,30 ... 0,35. OcTaHHIM YacOM MPOBOIATHCS PO3-
poOku poropHoro asuryHa Jlap’e 3 mpsmumu tonatamu (puc. 2.51, 6, 6).
lonoBHOMW TepeBarow BITPOYCTaHOBOK Jlap’e € Te, 1m0 BOHM HE MOTpe-
OyloTh MexaHi3My opieHTamii Ha BiTep. KpiM Toro, renepatop i iHIIi
MeXaHI3MH PO3MIIIYIOThCS HAa He3HauyHil BHUCOTI OuIs ocHOBH. Bcee 1e
ICTOTHO CIPOIIY€E KOHCTPYKIit0. OIHAK CepHO3HUM HEIOIIKOM IUX BiT-
POJBUTYHIB € 3Ha4YHA 3MiHA YMOB OOTIKaHHS KpHWJIa MMOTOKOM 3a OJIUH
00epT poTopa, sKa IMKJIIYHO TTOBTOPIOETHCS mpu poboTi. Lle Moxe Bu-
KJIMKaTH YTOMHI SBUIIA, SIKI IPU3BOAATH 10 PYHHYBAaHHS €JIEMEHTIB PO-
TOpa i Cepio3HUX aBapiii, 1110 MOBUHHO BPAaXOBYBATHCS MPU KOHCTPYIO-
BaHHI poropa (0co0aMBO TpHU Benukux notyxHocTsx BEY). Kpim toro,
JUTSL IOYATKy POOOTH iX MOTPiOHO PO3KPYTHTH.

™ 5
I .| L=
= 14 _I"'__I

o,

Puc. 2.51. BirpoenepreTnysi yctaHoBKY ([lap’e) 3 BEpTHUKAILHUM POTOPOM
a — ®-noxiOHwMit; 6 — D-MOMIOHUI; 6 — 3 IPSIMUMH JIOTIATSIMHU.
1 — Bexa; 2 — porop; 3 — po3TsLKKY; 4 — ortopa ((yHIaMeHT); 5 — reHepaTop

Jlo TexHiKo-eKCIUTyaTalliiHUX MepeBar Cy4acHUX BEPTHKAIBHUX Bi-
TpOreHepaTopiB MOXHA BiJTHECTH HACTYIIHI:
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* HH3bKa cTapToBa IBUAKICTH (0,5 M / ¢), HE3aNeKHO Bill HampsMy
BITpY;

* GKOHOMIsl Ha 0OCIIyroByBaHHI (B KOHCTPYKIIii BiTporeHepaTopa
HEMa€e CUCTEM OpIEHTAIlIl Ha BiTep, PEAYKTOPIB 1 IIITOK);

* HU3bKE IIyMOBe HaBaHTakxeHH: (10 20 nb);

* CaMOCTIHHUI 3aIyCK CHCTEMU;

* abcoroTHA Oe3reKa sl JIFOIMHU 1 HABKOJIUIITHBOI TPUPOIH;

* MOXJIMBICTh BCTAHOBJICHHSI Ha OyJb-sIKid MICIICBOCTI, MOOIU3Y 3
JKUTIIOBHUMH 00’ €KTaMH;

* BHCOKa CTIMKICTh 1O CHJIBHUX BITPIB;

* MaJia TUIoMIA JIsl PO3MILCHHS;

* JIETKICTh 1 MPOCTOTa KOHCTPYKIii CHPOIIye TPaHCIOPTYBaHHS Ta
MOHTaKH1 pOOOTH.

3arajgbHy CXEMy BEPTHUKAJbHO-OCHOBOI BITPOBOI yCTaHOBKH (32
npuHiunom Jlap’e) mokasano Ha puc. 2.52.

F
| = 6
i
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Puc. 2.52. BepTukanbHO-0ChOBa BITPOBa yCTaHOBKA (3a mpHHIUIIOM Jlap’e):
1 — craptep (CaBoniyca); 2 — BaJl; 3 — elEKTpOreHepaTop; 4 — raJbMYIOYHii
MIPUCTPIl; 5 — poboUa Jonathk; 6 — pO3TSHKKU; 7 — pama;

8 — mepeTBOpPIOBAY HANPYTH; 9 — AKYMYJISATOP
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[TopiBHSIHO 3 TOPU3OHTAIILHUMH BITPOBUMH €IEKTPOCTAHIIISIMUA BEp-
THUKaJIbHI BITPOreHEpaTOPH MOXKYTh KOIITYBaTH MEHIIE 3a PaxyHOK
OiTbII TIPOCTOI KOHCTPYKIil TypOiHu. OmHak OyAb-sKa BEPTHKAIbHO
OpiEHTOBAaHA KOHCTPYKIIiS BITpOreHepaTopa HEMHUHYYE IPU3BOIAUTH IO
BTpaT €Heprii npu oOepTaHHI JioNaTeil MPOTH PyXOMOTO MOTOKY IMOBIT-
psi, TOMY NMPOJYKTHBHICTh TAKMX YCTAHOBOK HMYKYa, HIXK Y TOPH3OHTA-
JILHUX BITPOBUX €JICKTPOCTAHIIIM.

2.4.3 Illoka3Huku efieKmueHOCmMi 8epMmMuUKaA/IbHO-0CbOBUX
YCmMaHoeok

EdextuBHICTS p0OOTH BepTHUKAIBHO 0choBMX BEY mpuHIMIOBO HE
3aJIOKUTH BiJI HAPSAMKY BITPY, V 3B’s3KYy 3 UMM Bijnajae HEOOXiqHICTh
B MeXaHi3Max 1 CHCTeMaX opieHTalii Ha BiTep. HepiBHICTH XapakTepuc-
THK BITPOBOT'O MOTOKY IO BHCOTI MPU3BOAUTH JIUIIIE JIO JISIKOTO BHPIB-
HIOBaHHSI MOMEHTIB TTIOBOPOTY, 110 3HIMAIOThCS 3 JIOMATEH.

TeopeTnuHO JTOBENIEHO, M0 KOS(DIIEHT BUKOPUCTAHHS €HEPril BiTpy
iJIeaJIbHOTO BITPOKOJECa SK TOPU3OHTAJIBHUX TaK 1 BEPTUKAIBHO-
OCHOBHUX YCTaHOBOK A0piBHIOE 0,593, Lle MOsSCHIOETECS THM, II[0 POTOPH
BEY 000X TUIiB BUKOPUCTOBYIOTh OJIMH 1 TOM ke e(DeKT MmigHIMaaIbHOL
CWIH, 10 BUHHMKA€E TIPHU OOTIKAHHI BITPOBUM IOTOKOM HPOQiILOBAHOT
sonati. JlocaruyTuii Ha ropu30oHTaILHO-0CH0BMX BEY koediiienT Bu-
KOPUCTaHHs eHeprii BiTpy Ha cboronHi ckianae 0,4. [IpoBeneHi ekcre-
PUMEHTAJIBHI JOCIIJDKCHHS BEPTHUKAIbHO-OChOBHX YCTAaHOBOK IOKa3a-
1, 1o 3uavenus 0,4—0,45 minkoM peansHi (puc. 2.53).

TaxuM yMHOM KOe(illiEHTH BUKOPUCTAHHS €HEPTii BITPY TOPU30HTA-
JLHO-OCHOBUX TIPOIIENIEpHUX 1 BepTHKaIbHO-0choBHX BEY wmaibxke on-
HaKOBI.

Po3pobneno Birpoporopu (Hampukiag porop H-Jlap’e), sxi camosa-
MyCKAOTHCS MPU MBUAKOCTI BITPY 3,54 M / ¢ 3aJI©XKHO BiJ] IOTY>KHOCTI
BITPOTYpOiHH. MOMEHT pyIlIaHHS WX BITPOYCTAHOBOK Habarato Oiib-
M 32 HYJIb, @ JUTsI 3aIYCKY JOCUTh JIUIIE HEBEIMKOTrO TIOPUBY BIiTPY.

TuM He MEHII, BEIMKI BITPOCHEPreTHYHI YCTAHOBKH, 3a3BHYal,
OCHAILYIOTh JOAATKOBUMHU TypOiHamu (Tumy CaBoHiyca) JUisi rapaHTo-
BaHOTO CTapTy.

Veknaguenus koHcTpykiii BEY npusBoguTh 10 3HMKEHHS HaTii-
HOCTI, a BBEJICHHS JOJAaTKOBUX aepOJAMHAMIYHMX MPUCTPOIB — JIO 3HU-
JKEHHSI TIOTYXKHOCTI BITpOBOi TypOiHH, 110 TipIlie, HiXK HASBHICTh JOAT-
KOBOTO JDKEpea MOTYXHOCTI JijIs 3anycKy. Lle moBUHHO BpaxoByBaTHUCS
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IIpU MPOEKTYBaHHI HOBUX KOHCTPYKIiii BEY. MokHa BUKOHATH JIONATI
poropa 3 (pikCOBaHUM KPOKOM, PO3PaXOBaHUM Ha HaMOUIbII eEeKTUBHY
po0OOTYy B HOMIHAJIBLHOMY Jiana3oHi MIBUIKOCTEH BITPY, a OJsA 3aIlyCKy
BHKOPHCTOBYBATH TaKHii MPUHOM: KOPOTKOYACHE TIEPEMUKAHHS TeHepa-
TOpa Ha PYUIHHUN PEKUM 1 pO3TiH POTOpa, SIK pOOUTHCS Y BEPTHKAIb-
HO-0ocb0BUX BEY.

BepTukanbHo- || Oproronanbima G
ocboBa |
ycTaHoBKa

0,30
Casouiyca F’)
- i 05 W
Odap'e m
0,35 1
Mak-I"poyB p
¥ ”
0,35 I

Puc. 2.53. KoediuieHTn BUKOPUCTaHHS BITPY IS BEPTHKaIbHO-0choBUX BEY

[ToBopoT Jiomateil BepTUKAIBHO-0CKOBOT TypOiHH MOXKe OyTH edek-
TUBHHUM HE TUTBKH JUIS TaJIbMyBaHHS, a U s MIATPUMKH ONTUMAIBHOTO
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KyTa aTakd MpU BCIX TMOJOXEHHSX JIONaTi Ha Kolli o0epTaHHA. Ajie
YCTaHOBKHM 3 TaKUM MPHHIUIIOM POOOTH B JaHW Yac Maibke HE 3aCTo-
COBYIOTh, OCKUJIbKM MaCHBHA JIONIATh 32 Yac OJIHOrO 00epTy HABKOJIO OCI
MOJKE€ 3pOOUTH KiJIbKa XUTaHb, 30PIEHTOBAHUX HA HANPSIMOK BITPY 1 OT-
e, YCTAHOBKA CTa€ 3aJISKHOIO BiJl HANPSAMKY BITPY, a ii KOHCTPYKIIis
Oyze 3HauHO yckinanHena. /s BeprukanbHo-ochoBoi BEY 1151 moBepxHs
BHU3HAYAETHCS SIK TUIONIA MPAMOKYTHHKA i3 CTOPOHAaMH, PIBHUMH JIOB-
KHHI JIONATi 1 liaMeTpy BiTpoTypOiHm (BITpOpOTOpPA).

Takum 4MHOM yMOBHa MOBEPXHS BEPTHUKAIBbHO-0CbOBOI BEY Moxe
3MIHIOBAaTHCSA HE TUIBKU 32 paxyHOK 3MiHM JIOBXKHMHH JIoNaTeH, aine i 3a
paxyHoK jiamerpa iXx oO0epTaHHS, 10 PO3IIUPIOE TAKTUYHI MOMKIIMBOCTI
BapifOBaHHs MapaMeTpaMy BITPOTypOiHHU Mix Yac il MPOeKTyBaHHS.

3HayeHHs eHeprii, M0 3HIMAETHCS 3 BITPOKOJIECa, HE3HAYHO 3MiHIO-
€THCS 110 JIOBXKUHI JIONATI, IPUYOMY 11 3MiHA 3aJISKUTh TUIBKH Bif| 3Mi-
HU SIKOCTI €Heprii BiTpOBOr0 MOTOKY: HAsSBHOCTI MOPUBIB BITPY, HEMO-
CTIHHOCT1 IIBUAKOCTI BITPY MO BUCOTI. € 1 iHIII IPUYMHHI BTPAT OTpUMa-
HOi eHeprii — HEONTUMAaJIbHI KyTH aTakd, B PI3HUX MOJOKEHHSIX JIOMaTi
Ha KOJi oOepTaHHs, MaJiHHSI MOMEHTIB 00epTaHHsS BITPOTYpOiHU B MO-
JIOKEHHSX, KOJH JIONIATh PyXaeThCcAd B3AOBK MOTOKY, Ta 3HKEHHS MO-
MEHTIB 00epTaHHs BiJl JIONATIi, sSIKa MPOXOIUTHh acpOAMHAMIUHY TiHb Be-
xi. Ha mpakTuili BBakaeThes, Mo e)EeKTUBHICTh 3HIMAHHS €HEpPTii BITpY
JIOTIATSIMU YCTaHOBOK 000X THITIB Oy1e IPUOJIM3HO OTHAKOBA.

o crocyeTbcsi MIBUIKOCTI, TO Y BCIX BIIOMHX E€KCIIEPUMEHTaX, Y
TOMY YHCIIi 1 B THX, 5IKI OyJIM CIIPSIMOBAHI HA MOIIYK 3ac00IB JIOCSTHEH-
HSl MAKCHMAJIBHO MOKITUBOTO Koe(illieHTa BAKOPUCTaHHS €Hepril BiTpy,
MIBUIKOXIAHICTE HEe MepeBuilyBama 2,5 ... 2,8, OmgHak 3HMKEHHS
MBUAKOXIIHOCTI MOXKE O3HAYaTH MOJIMIICHHS YMOB €KCIUTyaTallii me-
XaHI3MIB 3aBJSIKM 3HW)KCHHIO PIiBHS JMHAMIYHOCTI, CIIPOIIEHHS BUMOT
JI0 OIMOPHO-TPAHCMICIMHHUX EJIEMEHTIB, BIJICYTHOCTI MEXaHI3MIB i CHC-
TeM, sKi 3a0€3Me4yloTh CTANCTh IIBUAKOCTI OOepTaHHS. 3HIKECHHS
MIBUIKOXIIHOCTI 0O3BOJISE MPAIOBATH 3 ONTHMAJIBHUM KOe(ili€HTOM
BHUKOPHUCTaHHS €HEprii BITPy NPHU BCiX 3HAYEHHSIX MIBUAKOCTI BITPY, LIO
BXOJISITh y poOOUMil miana3oH, TOOTO miaBHIUTH edekTuBHICTH BEY
MPH JIOCUTH MPOCTill KOHCTPYKTHBHIH cxemi jonati. Pobounii aianazon
HIBUJIKOCTEW BITPY HAa THXOXIJHUX BITPOYCTaHOBKAaX PO3LIMPIOETHCS JI0
20 ... 25 m / ¢. OgHak HEOOXiTHO MaTH Ha yBas3i, IO B I[bOMY BHIIAJIKy
MiABHIIYIOTHCS KPYTHI MOMEHTH, 1110 MPU3BOAUTH A0 30UIbIICHHS MaTe-
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pilaloMiCTKOCTi JomaTeil BITpOTypOiHM B LIJIOMY 3a PaxyHOK JIOBTHX
TpaBepc, TabapuTHOI MaTOYMHM 1 MacMBHHX TpaHcMiciid. HeobOximHo
TAaKOXX BPaxOBYBaTH, IO 3MIHHICTh 4acTOTH OOepTaHHS BITPOTYpOiHH
MIPUITYCKAE BBEICHHS B EIIEKTPUYHY CXEMY IEPETBOPIOBAYIB B IIUIAX
IMIABUILEHHS AKOCTI BUPOOIIOBAHOI €IEKTPOEHEPT1I.

ITpunnmmnoBo BepTukaibHO-ochboBa BEY 3 npsimumu jgonatsiMu Mo-
’)Ke OyTH IMIBUAKOX1IHOI, OOMEKEHHIM € MILHICTE J0IaTed MomepeyHi
IHepIliiHi 1 BiOpaliiini HaBaHTaXeHHs. TeHAeHI[isT pO3POOKH BCE OLIbIII
MIIHUX, JIETKUX 1 JEIMIEBUX KOMITO3HUI[IMHUX MAaTepiaaiB BiIKpUBAE mep-
CIIEKTUBU CTBOPEHHSI IIBUAKOXIAHUX MPSMONONATEBUX BITPOABUTYHIB
tuny Jap’e.

Sk BKe Big3HAYANIOCH, POOOUMM Jiama3oH IIBUAKOCTEH BITPY s
THXOXIIHHUX BEPTUKAILHO-0ch0oBUX BEY migsuiyerscst 1o 20 ... 25 m/c,
y 3B’5I3KY 3 UMM B paiioHaX 3 BUCOKHM BITPOBHMM ITOTCHIIIaJIOM BEPTHKA-
npHO-0choBi BEY MoxyTh 3HaliTH 3acTocyBaHHs 0e3 BCLIAKHX oOMe-
JKCHbB.

2.4.4 Po3paxyHoKk gimpoeHep2emu4HuUX yCmaHoBOK 3 ge-
PMUKaIbHOIO 8icclo 06epmaHHs

Haii0iapI mepcreKTUBHUMH JIs MTPAKTUYHOIO 3aCTOCYBAHHS 13 Be-
PTHKAIBHO-OCHOBHX BITpOreHepaTopiB € poropu tuny Jlap’e. Icuye ne-
KUIbKa BapiaHTIB JaHUX POTOpIB (puc. 2.54).

ZA

2h

a o 6

Puc. 2.54. Tunu poropis Jap’e: a — npssMi BeEpTHKAJILHI;
6 — jomaTi BUTHYTI 10 apaloti; 6 — HaXWJIeH1 JIOMATI.
1 — miomuHa podiNto; 2 — TOPU30HTAIBHA TUTOIHHA

PoOoui jomati BITpOTYpOIHM MOXYTH OyTH IPSAMHMH BEPTUKAJILHU-
MH, IPpSIMUMH HaXWJIEHHMH IIiJ 3aJaHUM KyTOM O Ocl 00epTaHHS BiT-
poKoJieca, BATHYTHMH TI0 J{y3i, HAIIPUKJIaJ 110 JIy3i mapadonu. B skocti
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mpodiaro JIomaTel 3a3BUUail BUOUPAETHCS CUMETPUYHHI aepoarHaMid-
auit mpobirs tuny LHAI'L, NACA abo sakuii-He0yap npodilb 3 BiIOMH-
MM aepOJUHAMIYHUMU XapaKTEPUCTHKaMH. MeTO0 pPO3paxyHKy € I0-
OyHoBa €HEPreTUYHUX XapaKTEPUCTUK BITPOTYPOIHH, TaKUX SK 3aJIEK-
HOCT1 Koe(illi€HTIB MOTY>KHOCTI 1 MOMEHTY Bill KoedillieHTa MIBUIKOXi-
JTHOCTI.

Po3paxyHOK €HEpreTMYHMX XapaKTEPHCTHK 3aCHOBAHHI Ha MIPE-
CTaBJIEHH] CHIM, IO JI€ Ha BITPOKOJIECO B HAIPSIMKY BITPY, IBOMa Me-
tomamu. Ilepmmii MeTo 3aCHOBaHMM Ha IMITYJIBLCHINA TEOPII 11€aIbHOrO
BITPOKOJIECa B ITOEAHAHHI 3 3aKOHOM bepHyIIl Isi YMOBHOI TpYOKH
CTPYMY, IO OXOIUIIOE JaHe BITpoKoiieco. Jpyruii MeTo1 3aCHOBAaHUI HA
MIPENCTABIEHH] CUJIM, IIO OI€ Ha BITPOKOJECO B HANPSIMKY BITPY, SK
MPOEKIT Ha HAmpsM BITPY PEakilii BiJ CyMapHOrO BILUIMBY Ha KOXHY
eJIEMEHTApHY JIONATh MiAHIMAIBHOI CHWJIM 1 CWJIM aepOJAMHAMIYHOIO
oropy npodimo. KoedirienTu Cy” Ta Cx” MiJHIMAJIBEHOT CHJTU 1 CHIIH

OIIOPY B 3aJ€XKHOCTI BiJ KyTa aTakd (. B MIBUIAKICHIM CHCTEMI KOOpIH-
HAT 3aJal0THCS Yy BUTIIAAl BUXIIHUX JAHUX 324 BIAMOBIIHHUMH aTiIacaMu
JuIst oOpanoro tuny npodimo. B pesynbTaTi cuiia, cpsMoBaHa IO Io-
TOKY, MOKe OyTH BHpa)Ke€Ha uepe3 MOABIMHUN IHTErpajl 3a HaCTYIHUMU
3MIHHMMU: 10 a3UMYTAILHOMY KyTy O MOJOKEHHS eIEeMEHTapHOI JI0ma-
Ti Ipu 00epTaHHi 1 BUCOTI 1i moioxkeHHsa Z. IIpupiBHIOOYM IIpaBl 4yac-
THHU BHUPA3iB IMX METOMIB, OTPUMAEMO IU(EPEHIIHHE PIBHIHHSI, SIKE
MOXe OyTH pO3B’sA3aHE YKMCEIbHUMM MeTOoAaMH. Y pe3yabTaTi I[LOro
OTPUMYEMO 3aJISKHOCT1 KOE(illiEHTIB MOTYKHOCTI 1 MOMEHTY BiJ] Koe-
¢irieHTa MBUAKOX1THOCTI.

BigHocHul KpoK y pa3i UUCETbHOro iHTErpyBaHHs MO BHCOTI JOMNAaTi
JIOPIBHIOE:

zz=—, (2.1)

JIe 1, — KUTBKICTh KPOKIB.
BimHocHa BuCOTa YaCTMHU JIONATI JUISl BUTHYTHX II0 MapadOoiii Ta
MPSMUX BEPTUKAIBLHUX JIONATEH:

z, 57=k~zz, (2.2)

nek=0,1, ..., n;; h—nonoBuHa BUCOTHU JonaTi (uB. puc. 2.41).
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JU1st HaxuneHuX MpsAIMUX JIOIATEN :

— 4 -
f Eﬁkzlvzz, (2.3)
nek=0,1, ..., n,; H—Bcs BUCOTA JIOMATI.
PiBusinas opmu Jionari:
— BUTHYTI 110 napabouti
__n —
rszzl—zkz, (2.4)
1€ z, BUTIKae i3 piBHAHHA (2.2).
— TIpsiMi BepTUKaJIbHI JIOTIATI
_
k= ﬁ =1 (2.5)
— HaxwJIeHI IpsMi JionaTi
7=lk=1-z,(1-R 2.6
k— - Zk( l)a ( . )
R
ae
_ R _
1=?=1—H~tg8, (2.7
= H _ o
ne H =?; Z, — BUTIKae€ i3 piBHAHHS (2.3).
Ilaoma migeseBoro nepepisy poropa:
— BUTHYTI 110 napabouti JionaTti
-2 —
S=§R-h:§R2-h:—D2-h, (2.8)
3 3 3
= h
ae h=—;
R
— TIpsiMi BepTUKaJIBHI JIOTATI
S=4R-h=4R*-h; (2.9)
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— HaxWJIeHI IpsMi JlonaTi

S=H(R+R)=H-R(1+R,), (2.10)

ne R =R/R=1-H-tgs.

[Migkpecnaumo, Mo TyT, Ha BiIMIHHY Bij piBHsAHB (2.8) Ta (2.9), H
O3Havae BCIO BUCOTY, a He il mojoBUHY. Y pa3i R, = R 1eli BapiaHT me-
PEXOAUTh y BapiaHT MPSMUX BEPTHKAIbHUX Jjomated 1 S = 2 H-R, 110
criBnazaae 3 (2.9), BpaxoByrouu, 110 H — BCS BUCOTA, TOOTO IS IPSIMHUX
BEpTUKANBHUX Jonateit H = 2-h.

KyT O, Haxujy NiomMHU MPOMIKHOIO NPogiai 10 ropu3oHTAa-

JBHOI IJIOIMHHA:
— BUTHYTI 110 napabouti

tgd, =2'h_Zk, (2.11)

= Z S - .
ne Z, =7k BUTIKa€ 13 piBHsAHHA (2.2); /# — BiIHOCHA BEIMYHMHA IOJO-

BHMHH BHCOTH BITPOKOJIEca B JOJISIX pajiyca.
— TIpsIMi BepTUKaJIbHI JIOTIATI
& =0; (2.12)
— HaxWJIeHI IpsMi JIONATi, KyT O 3aJ1a€ThCS Y BUXITHHUX JIAaHHX,

O, = const. (2.13)

MakcuMabHE 3a MOOYJIEM 3HAUYCHHA KyTa aTaKu 00YHCITIOETHCS Ha-
CTYITHUM YUHOM!

=|arctg % > (2.14)

(z,-7) -1

max;

o

ne O, BU3HAYA€ThCA 3a OMHUM 13 piBHAHB (2.11) — (2.13); z, — 3a oxHi-
€10 13 hopmyn (2.4) — (2.6) B 3a1eKHOCTI BiJ (hopMu nomaTent; Z;, — Koe-
(biI€HT TOMOMDKHOI MIBUAKOX1AHOCTI, JOPIBHIOE BIAHOIIEHHIO KOJIOBOI
mBUAKOCTI poropa U = ®-R Ha pajiyci R 10 MBUIKOCTI BITPY V| B Mi-
JICJICBOMY TIEPETHHI:
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o-R
Z,=——,
4
1 3aJ1a€ThCS Y BUTJISAI JICSKOI MTOCIIJOBHOCT1 YMCell, OLTBIINX 32 OJUHU-
1I10.
[MpomixHi 3HaAYCHHS Z):

KK -1

9
Mooy — 1

Z, (KK) =ZbH +(Zbk _ZbH)

ne KK =1,2, ..., iyon.

. _ 1
I3 cniBBinHOIMIEHHs (2.14) BUIHO, IO A 7, = —— 3HAMEHHHK CTa€
b
piBHUM HyI0. J[nst TOro, 11100 YHUKHYTH OCOOJIMBOCTEH Iij Yac po3pa-

XYHKY, BU3HAYA€THCA JCAKa BCIMYUHA MCHIIOIO 3a AKY Ek HC MO-

min >

xKe OyTH:
FminzL+s (2.15)
by
T > Tonin > (2.16)

e € — MaJie HO3UTUBHE YHCIIO, 1110 331A€THCSL.
I3 piBHsHHSA (2.14) TakoX BUAHO, IIO YMM MEHIIE, 3aJHIIAIOYUCH

MPH I[bOMY OUTBIINM 32 OJIUHUIIIO, YUCIIO Zp, TUM OJIMKYE 70 T/2 BEIu-
YpiHa ‘amaxk ‘

BenuunHu 1BOX a3uMyTalbHUX KYTIB, SIKi BiJIIOBIaI0Th MAKCHMAIIb-
HOMY 110 MOy IO KyTy ataku 6, u 0,  06uncmoroThest TaKUM YMHOM:

+360°.

1
0, =arccos| — , 0, =—arccos| —
! Z, 7 2 Z, 7
b Tk b Tk

KinbkicTh KpOKIB y pa3i YUCENBHOrO IHTEPYBaHHS 110 BUCOTI JIONATI
3 ypaxyBaHHSM YCYHEHHS KpalloBHX OCOOJIMBOCTEH

e n,—1, AKIIO BCl 7 >7,.;
m-—1, AKIIO, IIOYNHAKOYH 3 HOMEPA M, 7}, <7, .
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TaxkuM 4MHOM, BIIKHJIAIOTECS Ti KPOKH, MOYUHAIOUH 3 SIKUX 7, <7 . .
Bu3HaueHHs 3HaYeHb a3MMYTAJILHOTO KyTa 0; 1 psiiy mapaMerpis, 110
BiJMOBIZAIOTH IBOMY KYTY.
3MIiHHMI a3uMyTaJdbHHH KyT pO3TallyBaHHsA mnpodino  (auB.

puc. 2.55)
61' = i'He,

nei=0,1,2, ..., ng (3amaerbcs ); Hy =27/1g — KPOK 10 KYTY; N — KiJIb-
KiCTh KPOKIB MPH YKCEILHOMY IHTETPYBaHHI 1O KYTY.

TaHreHc KyTa aTaku MPOEKI[il BiJHOCHOI IIBUJKOCTI Ha IUIOIIUHY
npodisto 1ist i-ro KpOKy MO KyTY BiAMOBIAHO 0 pUC. 2.55 M npsaMux
BEPTUKANBHUX JIOMATel 1 3 ypaxyBaHHSM YTOYHEHb Uil HAXHUJICHOT'O
npogiro:

_ —sin0, -coso,

tga, (2.17)

Z, -1k +cos0,
ne O, BU3HAYAEThCS 3a OAHUM i3 piBHsHB (2.10) — (2.12); 7, —3a ox-

.. .. . U
HUM i3 piBHAHB (2.4) — (2.6) B 3ayexkHOCTI Bix popmu nonati; Z, =—
1

Koe(iliEHT JOMOMDKHOI MIBHAKOXIZHOCTI, IO 3ama€Thes; Z, > 1;
Vi — MIBUAKICTE Y MiZIeIEBOMY IIepepisi poTopa.

3HaMeHHHK JIpoly y piBHsHHI (2.17) He Oyne AOpiBHIOBATH HYIIIO 3a
Oyab-aKkuX 0;, OCKUIBKH |cos 9,.| <1,a Z,-7, >1 3riHO CHIBBIJHOIIEHb
(2.15) ta (2.16).

I3 Tabnumi aeponuHAMIYHUX XapaKTEPUCTHK BiAMOBITHOTO MPOdisto
3HAWJEMO BIAMOBIAHI KOE(IIEHTH MiIHIMAIBHOI CHJIU Cy Ta CHIHU

a

npodinsroro onopy C, .
KBampat mpoekuii BiJHOCHOT MBUAKOCTI BITPY Ha IUIOLIMHY MPOdi-
JT10 Wniocp , TIONUIEHNH Ha KBaApaT MIBUIKOCTI BITPY V12 y MijIeJIeBOMY
MepeTrHi, TOPiBHIOE:
2 an ) — 2 ) 2
Zy, = V"z" =(Z,7 +co0s6,) +sin’0,cos’§,.  (2.18)
1

i
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a>0 Ya 4
A Y
Y, n
2
a 3 \W_. bd 1
I_/’] U S X,
3
2n—0, 0 t
b | X
/ >
%) X
0,
1
X, / h
! 3
0,~m/2 Y

N 0
-U
e X

NN 2
U a<0

Hasitpsina cropona [MixBiTpsiHa cropoHa

Puc. 2.55. Inan mBUAKOCTEHN 1 CHIIM PEaKIlii B IIOMIKHI ITOIIEPEYHOTO
Tepepi3y JIOMaTi i BITPOKOJIEeca 3 MPSIMUMU BEPTHKAILHIMU JIOIATIMU:
1 — mBUIKiCHA BiCh; 2 — MO3I0BXKHSA BiCh; 3 — HU3 PODLITIO

KoedirieHTH KOMIOHEHT aepOAUHAMIYHUX CHII, JIFOYHX Ha MPOQiIhb
B HaIPSIMKY TpoiIro Xopau Ta HopMalli 70 Hel (y TUIomuHI npodino),
TaKi:
G, =—C,, -sina, +C, , -cosa,;

C, =C, ;-cosa; +C, ,-sino,.
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KoedilieHTH KOMIIOHEHT aepoOJUMHAMIUHUX CHJI, IO JIIFOTh Ha TPO-
(iIb 1 CIPOEKTOBAaHMX HA TOPU30HTANBHY TUIOIIMHY, JOPiBHIOIOTH:

Ct[ ropus Ct[ >
Cn[ ropis = Cn[ COs O, .
Koedimient mpoekuii cuiiu Ha O3J0BXHIO Bick OX:
C, =—C, -cosd, -sinb, +C, -cosb,.
[poekuis eneMeHTapHOI CHIIM Ha TIO3JOBXKHIO Bick OX:

W2
dF, =| P mweb |y ar o (2.19)
i 7 k X;

i
. . . . an ob
ne b — He3MiHHA 10 JIOBKUHI JIonaTi Xxopja npodimo; g, = P | —
1

HIBHJIKICHMW HATUCK Yy MJIOMMWHI Tpodito Ha I-My KpOIi 3a a3uMyTallb-
HUM KyToM 0; dL, — eneMeHTapHa JOBKMHA JIONATi Ha ii k-# AiIsHI
dz,

dL, = . (2.20)
cosd,

[poekuis enemMeHTapHOI CHIIM Ha MO3JO0BXKHIO Bick OX 3 ypaxyBaH-
HsM piBHSHB (2.20) Ta (2.19):
dz,

dF.=q,-b-
= cosd,

'(_Cn[

-c0sd; -sin6, + C, -cosG,),
abo

dE.:ql.-b-dZ,(-(—Cn sin®, +C, - COSGJ
" cosd,

IToBHa cuita, 1110 i€ HA POTOP Y HANIPSIMKY TO3J0BXHBOT oci OX st
BapiaHTy BUTHYTHUX MO Ay3i i IPAMUX BEPTUKAIBHUX JIOMATEH:

cos0

[—Cn sin@+C,

), i€ I, — KUIBKICTB JIOIIaTEN.
cosd
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[ToBHa ochOBa cuita JUI BapiaHTy HaXMJICHUX MIPSIMHX JIOTIATEH

le 2t

[ C sin0+C, Cosej 2.21)
' cosd

Jlyiss mepeTBOpeHHs BUPA3iB MOBHOI OCHOBOI CHIIM JI0 O€3p0O3MipHOL
BCJIIMYNHHU BBCAEMO TaKi IIO3HAYCHHA: VA ZZ — IUIA BUTHYTHX, NPAMUX

BEPTUKANBHUX, HAXWICHHUX MPSIMHUX JIOMATeH, 3aMIHIOIOYH 1HTETPYBaHHS
no Z y Mmexax —/, h inrerpyBanusm no Z y mexax —1, 1 B iHTerpai no

Z (2.21):

1 2n
F= ;’ hdejdG q( —C, -sin0+C, Cosej

e cosd

a00, BPaxOBYIOYH MMAPHICTh MiAIHTErpabHOl GYHKIIT MoL0 Z, 3aMIHIMO
iHTerpan y Mmexax —1, 1 moJjBoeHoI0 BEeNMMUMHOO iHTerpana Bix 0 o 1:

1 2n
F—ﬁjdzjde q- ( cn-sine+c,-cosej, (2.22)
s cosd
Jc
w2
g=" s (2.23)

MIBUAKICHUI HATUCK B IUIOLIMHI IIPOMLIO.
Jnist HaxuIeHuX npsIMUX Jtonarteit (i3 piBHsHHS (2.21))

i -b-H!

_2rn
F:ﬂ—dejdG-q-[—Cn sing+C, . <Y
0 0 COS

5)’ (2.24)

T

JIe ¢ BU3HAYEHO 13 piBHAHHS (2.23).

S3aJIOKHICTh JUIS OCHOBOI CHUJIM 32 IMITYJIbCHOIO TEOPIE 3 OJIHIEI0
TPYOKOIO CTPYMY JUIS i/IealIbHOTO BITPOKOJIeca.

3 iMITyJIbCHOT TEOpii 3 OJIHIEID TPYOKOIO CTPYMY BUILIMBAE:

oSV =12) =508V (1-72).

ne S — MigeneBuil mepepis; Vy — MIBUAKICTE HE30YPEHOro IOTOKY;
V> — MBUAKICTh HUXKHBOTO TIOTOKY,
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v,
v

V

[TpuiimaeTncs, 1110 MIBUIKICTh B MiJICICBOMY Iepepizi V) nopiBHIOE
MOJIOBHMHI CyMH IIBUAKOCTEH Vo Ta V5!
Vo +V. 1+7,
V="—"2=2=vy,- = (2.25)
2 2
BpaxoByrouu cmiBBimHomeHHs (2.25), mis F 3a iMIyJIbCHOIO Teopi-
€10 3 OJTHIEI0 TPYOKOIO CTPYMY Ma€eEMO:

—2
1 4-(1-
Felpsp 0272
2 1+72)
abo
F=2-p-S-V?. 17 (2.26)
1+V2

[TpupiBHIOIOYM TIPaBi YaCTUHU BUPA3iB OCHOBOI CHIM F, OTpUMaHUX
JBOMa METOAaMHU 13 piBHAHB (2.22) i (2.26), Maemo:

__ 1 u
2p-5-vp A2 2 hjdzjq C, sin0+C, <% 1o |
1+V> 2n cosd

a00, ITO3HAYMBIIH KOMIIIEKC

l—Vz
1+V2

G= (2.27)

Ta 3aMIiHIOIOYH ¢ i3 Bupa3y (2.23), oTpuMaemo:
-7 _
1+V;

B, 1 _onf o-W?
-2 b 'def[—p 2""““’-[—c -sin0+C, - cosODde

G=

2 p-S-V12-2n 0 0 cosd

. . 2
ITicist cKOpOYEHHS YMCENIbHUKA 1 3HAMEHHHUKA HAa P Ta BHECEHHA
i1 3HaK BHYTPIIIHBOTO iHTErpaia MaeMo:
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Foh.hl nW
G =0 g7 Lo (—Cn-sin9+C,-Cose)d9.
4nsS v b Vl cosd

Benmuuuna Wrrpocl)

Jlyis IpsMUX BEPTUKAIBHUX JIOMATEH ILJIOIIA MIJCICBOr0 MEPETHHY
3a Bupa3oM (2.8) TopiBHIOE:

S = Sym=4-RN,

/ Vl2 BH3HaueHa i3 piBHsAHHSA (2.18).

a JUIsl BATHYTHUX 110 JTy31 mapa0oJy jonaTeid Maemo:

§=S §R~h.
3

BUTH

TakuM 4MHOM, JUISI BATHYTUX JIONATEH:

2 2 cosO
G = dZ e ( ~C, -sin0+C, - jde, 2.28

3

ne b=b/R — BigHOCHA XOpAa MPOPiIIO.
JU1st nIpsAMKUX BEPTUKAJIbHUX JIOTIATEN:

— 1 xf W2
npo :
—C -sin0+C, ))do. 2.29
lTpﬂM 167'[0 .g( Vl ( n S + t)) ( )

Jns HaxWJIeHWX OpsAMHUX JionaTted 13 chiBBigHomeHHs (2.10) orpu-
MYEMO:

=(R+R)-H=R-H-(1+R)),

HaXI/lJ'[

ne R =R /R=1-Htgd — signocuii paziyc.
[NopiBHIOIOUM TpaBi YacTHHHU PiBHSHB (2.26) Ta (2.24), 3HaXOIUMO
komiiekc Gt

1—;2
1+;2 ’

HaXW1

3aMiHMBIIW IIBUAKICHUI HATHCK ¢ y BiMOBinHOCTI 3 (2.23):
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_ ibH
2n-2p SV

1 _onf 2
xdej P upo. —C sin0+C, c0s0 0,
0o 0 2 " !

cosd

HaxuJl

a00, CKOPOUYyI0YM Ha P, BHOCSYM V)| Mix 3HAaK BHYTPILIHBOTO iHTErpaia

Ta BPaxoBYIO4H, 10 S =R-H~(1+§1), MaeMo:

P 1 _on( w2
GHaxpm = ln—b—jdz J‘ L;d)(—cn sin 0 + Ct cose) e, (230)
87T(1+R1)0 0 coSO

ae E BH3HAYEHO i3 piBHSHHS (2.7), a came:
- R _
R =E‘=1—Htg6.

OtpumMaHni Bupasu i G BiPI3HSIOTHCS TUIBKH MOCTIHHUM MHOX-
HUKOM Tiepe/] MOIBIHHUM 1HTETPajioM.
Jis po3paxyHKy IHTErpajidiB HaONMKEHHMM METOJOM II03HAYUMO

BHYTpiHiii iHTerpan uepes 1(Z), a miginrerpanbhy QyHKIiO BHYTpi-

MHBOTO iHTerpana —uepes f (0, Z):
. 27r p—
1(Z)=1 f(0,Z)d6.
0

Busnaunmo npubin3He 3HaYE€HHS BHYTPIlIHbOrO iHTerpana [(Z) 3a

METOJIOM TpPaIeIii:

. — H — — ng—1 —
I(Z)zTG[f(O,Z)+f(2mZ)+2eZ f(ei,Z)j, (2.31)
i=l1
ne Hy = 2m/ng — KpOK 1O a3uMyTallbHOMY KyTY 0; 79 — KUIBKICTh KPOKiB
O KyTY.

[To3naunmo 30BHIMIHII iHTErpan uepes /; :
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I=[1(Z)dZ. (2.32)

0

JIi1st BATHYTHX 110 1apa0oJii Ta HAXUJICHUX MPSIMHX JIONATeH MOXKIIH-
Bi OCOOJMBOCTI MpH AESKUX 3HaueHHAX Z . ToMy BBOAMMO Malie TIO3U-
THBHE YUCIIO €

TaK, MO0 BUKIIOUYUTH OCOOIMBOCTI Ha MPaBOMY KiHIIl iHTepBaly iHTEr-
pyBaHHS L.

IIpu uncenbHOMY IHTErpYBaHHI 3MEHIIEHHS IHTEPBAIy IHTErPYyBaH-
HsI B 00J1aCTi HOro MpaBoro KiHIS HA € 3MIHCHIOETLCS 3MEHIIEHHSIM Ki-
JBKOCTI KPOKIB IHTErpyBaHHs. A caMme: SKIIO JUIS BCIX 7, BHUKOHYETbCS

yMoOBa 7, >7.. , TOy pa3i po30HTTS BiIHOCHOI BUCOTH Ha 1z KPOKIB, Ki-

min °

=n, —1;

JILKICTh KPOKIB 3a/Ia€EMO Ha OJIMHUII0 MEHIIE, TOOTO N7

SKIIO, TIOYMHAIOYN 3 HOMepa m, 7; <7.. , TO KUIbKICTb KPOKIB JOpiB-

min >

HIoOe 1. _==m—1.
yncn.Z

OTxe, Uil BUTHYTUX 1 HAXWUJICHUX JIOMATEH aJIrOPUTM YHCEIBHOTO
IHTErpyBaHHA M0 Z 13 3aCTOCYBaHHSM METOJY Tpareliidi MoXKHa Mpes-
CTaBUTH Y BHUIJISIIL

. ZZ nyz-2 _

I, = N 10)+ 1(Zny-1) +2 Z 1(Zx) |, (2.33)
SKIIO BCl 7, > 7, , Ta

. 77

I, = 5 (I(O)‘FI(Zm 1)+22 I(Zk)) (2.34)

AKIIO MOYMHAIOYM 3 JIEIKOro HOMepa m, 7, <7, ZZ — XpoK TI0 BiTHO-

min >

cHiit Bucoti Bimmosimso (2.1); /( Z,) — Habmmkero mo (2.31) obunmc-

JIEHUH BHYTPILIHII iHTErpas Uit KOHKPETHOT O 3HaueHHs Z, .
Jlns npamux BepTukanbHux jgomnareil 7 = 1, 6 =0, cos 6 = 1 mmo Bciit
BUCOTI JIOMATi, OTXe, BHYTPIIIHIA iHTEerpaq He 3alexuTh Bin /£,
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T00TO [ ( Z k) =1, ne I —u4ucno, sike TOPiBHIOE BHYTPIIIHHOMY iHTET-
pany, Bu3HaueHOMY 110 (2.31).

TakuM YMHOM, JUIS NPSIMHUX BEPTHKAJIBHHUX JIOMATeH IHTErpyBaHHS
mo Z B BimnoBigHOCTI 3 (2.32) oOTpUMyEMO:

. 1 . -_— .
I, =deZ =1, (2.35)
TIpsSIM 0
;[ef BU3HayeHo 13 (2.31).

ITepexomnmo o byHkIii G.
Jns mpsiMEX BEPTUKAJIBHUX Jonarteil y BimnoBigHocTi 10 (2.29):

i b . . ]
o =20\, e ], Busnaeno is (2.35) Ta (2.31).
l6m
Jyis BUTHYTHX 110 1apa0osti jjonareit B BimoBiaHOCTI 3 (2.28) MaeMo:
i b .
GBI/IF - 32— : I1 s
— . TE

ne I, obumcreno i3 (2.33), (2.34), (2.31).

JIyis HaXuJIeHUX TMPSMUX JIoNaTel B BimmoBimHoCTI 3 (2.30):

lJ'[

T8n-(1+R)

HaXHII 1

ne il TaKoX po3paxoBaHo i3 (2.33), (2.34), (2.31).
JUis BU3HAYCHHS KOE(DILIEHTY IBHUIKOXITHOCTI MEPETBOPUMO (op-
Myy 1 Z:

o-R R 5

Vi WV,

BukopucroBytoun (2.35) Ta 03HaYEHHS AOMOMIKHOI IIBUAKOXIJHOC-
Ti MA€EMO:

1+V2
5

z=2, (2.36)
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BpaxoByroun 3B’s130K V> 1a Gis (2.27), Tobto0:
7. 1-G ’
1+G

OTPUMYEMO:
Z=2,/(1+G).

EnemenTapHuii KpyTHUI MOMEHT, JilOYMii Ha JIOMATh 1 CTBOPIOBAHHUI
aepOJMHAMIYHOIO CHIIOIO BITHOCHO OCi 00epTaHHs BiTpoKoJeca:

q-b-(-C)-r-dzZ
cosd ’

dM =

KpyTHuli MOMEHT, SIKHil CTBOPIOE BITPOKOJIECO MOXKE OYTH pO3paxo-
BaHMUU HAaCTYIIHUM YHMHOM:
— I BUTHYTHX Ta NPAMHUX BEPTHUKAJIBHUX Jjonaren

' 2n
M= b ( r-C, Jde
Zn c0sd

— I HAaXWJICHUX TMPAMUX JIonaTeu

21
M= b ( rCJdG
cosd

2n

[MoTyxHicTb, CTBOpIOBaHA BiTpOKoneCOM, JIOPiBHIOE OOYTKY KpyT-
HOTO MOMEHTY Ha 4acTOTY 00epTaHHs BITpOKoJeca:
— JUISl BATHYTUX Ta MPSIMUX BEPTUKAIBHUX JIOMATEH

[ w_Cj Y
cos o
— IJ11 HAXUJICHUX HpHMI/IX nonaTeﬁ
EALMER Y
211' c0sd

Jie ¢ — IBUIKICHUIA HATHUCK B IUIOMIKHI podito, g =

N=M-o=

N=M-oa—

[epeTBOprMO BHpa3 ISl MIBUAKICHOT'O HATHCKY:
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2
p Wnp0¢ p

— — 2 2 2 2
9=—F = E((m)+Vlcos6) +V,*sin” Ocos 8)
; " 5 (2.37)
=—V?|| —+cosO | +sin>0cos’d |,
2 4
. ro R-o- -
a00, BUKOPUCTOBYIOYH CITiBBIIHOLICHHS N7 ‘r=2,-r, MAEMO:
1
=%-Vl2 ((Zb-F+cos6)2 +sin” 0 cos” 8), (2.38)
ne Zj, — KoeillieHT JOMOMIXHOT MIBUIKOX1THOCTI.
. . 2-N
I3 Bu3HaueHHs KoedinieHT nmotyxHocTi Cp = g JUIsL BUTHYTHX
p- 0 .
Ta MPSIMUX BEPTUKAIBHUX JIONATEH OTPHUMYEMO:
N po C,
C, = = b taz j[ "‘*’ L}i@. (2.39)
P vi.s 2T S Vo o cosd
2
2V

Bupasumo ¥, uepes V) 3rigno Bupasy (2.25) V, = A
+Va2

MiICTaBUBINM 3HaYeHHs Vj y piBHSHHSA (2.39) oTpuMyeMoO

[ 70 G (1+Z>3Jde

CP

27tS 0 V? V, cosd 8
3 (2.40)
i,b(1+V,) Z, =l w2
Zdezj T S o,
l6ns 5 ol B cosd
ne
2
I;pz% =(Z,7 +c0s0)’ +sin’ Ocos 8. (2.41)
1

3pobuBLIH 3aMiHy 3MiHHOT Z=Z}/ Ta BpaXOBYIOUM MAPHICTh MiliH-
TerpaibHOi PyHKILIT, meperBopumMo Bupas (2.40):
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. 7V 2 . >
L LAY 2k zj Pt = G _go.  (242)
16nS 0 V> cosd

Jns HaxuneHux npsIMUX JIOMATEN OTPUMAEMO:

—\3
i b(1+V,) Z, H! _2n( W?
c, == (1+7,) 2, [dZ || ——meb 5= S o, 43)
HAXUIT 16TCS 0 0 I/]Z COSS
WZ
mpod

Jie —>— BHM3HAYEHO i3 BUpasy (2.41).
1
Jauti 3po0uMo CcriporiieHHs! BUPa3iB s KoedillieHTa MOTY>KHOCTI.

. N 8 . . .
Jyis BUTHYTHX 10 Tapabomi Jionated S =§Rh Ta y BIANOBIJIHOCTI

1o Bupasy (2.42):

c, _—b(1+V) 1dZ f[_W“i’“b— < Jd@. (2.44)
BUT' 0 0 8

2
o4 n " cos
3

HHH nNpsAMUX BEPTHKAJIBHUX jonarei BCi nmapamMeTpu B HHOHH/IHI

Z =const He 3anexars Big Z TOMY BHYTPIIIHIH iHTErpaj TakoX He

3aJIEKUTH BIJ 7 — 11e JesIKE YHCIIO.
I3 Bupasy (2.42) maemo:

_ lﬂb(l + I72 )3 Zb 2h . 2JF _ VV“2P°¢’ 7 Ct de
Pl'l SIM - 2 .
P 167S 0 Vi cosd

OCKiTbKY 71 IPSIMUX BEPTUKAITBHUX JionaTeit S = 4-R-h 1a cosd = 1, TO

- — \3
lnb 1+V2 -7, 2n W2 _
b (17) v j[ ;";“’ r-C,JdO. (2.45)

Popi 321 AU

Jns HaxuneHuX npamux somated S =R-H '(1+El) Ta i3 (2.43)

Ma€eMoO:
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- —\3
lnb 1+V2y) - Z, 1 _2n I/V2 _
G = ( —) b'.[dz.[ _L;)d)'r'i

e l6m-(1+R1) o o 14 cosd

]de. (2.46)
MeromoM Tpameliii 3HalAeMO IHTErpajd, SIKi BXOAATh Yy BHPa3d
(2.44), (2.45), (2.46). 'panuili iHTEerpyBaHHS — Ti X cami, 110 1 s
¢ynkuii G.
[To3HaunmMo BHYTPIMIHIN iHTErpat jc (Z):

i.(Z) =%-(fc (0.2)+ 1. (2n,§)+2i§1ﬂ(9i,f)), (2.47)

ne fC(Gi,Z ) — migiaTerpansHa GyHKUIs; Hy — KPOK MO a3UMYyTaIbHOMY

KyTy O (muB. (2.23)); ng — KUIBKICTh KPOKIB IIPH IHTErPYBaHHI 1O KyTY 0.
30BHIIIHIA iHTErpan Ui BUTHYTHX Ta HAXWICHHX MPSMHX JIOTaTeH
1—81

HO3HAYUMO jq (Z)= [ dZ1.(Z), ne €| — BU3HAUEHO BUILE.
0

Toni npu YucenbHOMY IHTETPYBaHHI KUTBKICTh KPOKIB Taka X 5K 1 B

(2.33) 1a (2.34):
. 77 2
L0705 1)

AKIIO BCl 7, >7,

min >

Ta

I, = Zzz(l O +1,(Z,.)+2Y I'C(Zk)), (2.48)

AKOI0, MMOYMHAKYU 3 ACIKOT0 HOMCEpa m, I"k <7

min >

ZZ — KpoK IO BijI-

HOCHIl BHUCOTI; ic (Z ) BH3HAYAETHCA 13 BUpa3sy (2.47).

OctartouHi BUpa3u JiIs Koe(illieHTa MOTY>KHOCTI:
— BUTHYTI 110 napabouti JionaTti

— —\3
i,-b-(1+Vy) -Z, .
Cp = (6 7 ) 1, (2.49)
7-7'[

3
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e 1, BU3HAYCHO i3 piBHSHHA (2.48);

— HaxWJIeHI IpsMi JionaTi

- —\3
i b(1+V,) Z, .
o =) 2 (2.50)
HaXUI 167'[(1 + Rl ) 1
ae fq BHM3HAUECHO i3 piBHAHHSA (2.48);
— IpsIMi BEPTUKAJIBHI JIOTATI
- —\3
i,-b-(1+V,) -Z, .
C, = ( 2) b 1., 2.51)

npsiM 32n

JI€ B [IbOMY BUIIAJKY iq =1, Ta Bu3HAYEHO i3 piBHsHHS (2.47).

KoedimieHT MOMEHTY BHpaxaeThbes uepes3 KoeillieHT MOTYKHOCTI SIK
C,=—. (2.52)

s moOymoBu 3anexxkHocTell koedinienta motyxHocti Cp(Z) 1 koe-
¢imienta momenty Cy(Z) Bix koedilieHTa MIBHAKOXITHOCTI Z HEoOXil-
HO MPENCTABUTH Y BUTJIS I TAOIUII 3aJISKHO Bia popMu jonati.

BusznauenHsi po0o40i TOYKHM XAPAKTEPUCTUKH TMOTYKHOCTI.
BusHayaemo Touky mepeTnHy ToukoBoi kpuBoi Cp(Z) 3 Biccro abcmuc
(SIKIIO OCTaHHS TOYKA JIGKHUTHh BUIIE OCI aOCIIUC, TO EKCTPAIOIHEMO
OCTaHHIO JUISHKY KPHBOI 3a JomoMororo mpsmoi). Hazsemo aOcrucy
TOYKU NEPETUHY Zmax:

Zmax =Zn71 _CP ’ (Z” _Z”*I)

" (CPn - CPn—l )

ne (n) Ta (n — 1) — HOMepH OCTAaHHBLOI Ta MEPEIOCTAHHBOT TOYOK KPUBOL
Cp = Cp(Z). BBaxxaroun, 1o abcrpca podouoi TOUKU JISKHUTH B iHTEpBa-
i (Zopts Zimax), 0€ Zoy — abciuca MakcuMaibHOI TOukHM KpuBoi Cp (Z),
3a1a€EMOCS JICIKAM TIO3UTHBHUM YHCIOM K,, MEHIIUM 3a OJWHHIIO, i
BH3HAYAEMO:

B

Z = Zop +(Zos = Z0ps)- K.
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ne K, ooupators B mexax 0,15 ... 0,3. BusHayaroThCsi HOMEPU TOUOK
kpuBoi Cp(Z), aOCIIMCH STKUX YTBOPIOIOTH IHTEPBAJI, SKUW MICTHTD Z, .

Hexaii e 6ynyts Homepu k£ — 1 1 k. Toxi 3a 1omomMoroto JiHiHHOI 1H-
TepHoJsALii opArHATa POOOUOT TOUKH TOPiBHIOBATHME:

(Zp.m - Zkfl )
(Zk - Zkfl )
BusznaueHHsl reoMeTPUYHMX MapaMeTpiB BiTpoTypOinu. 3a 3ama-

HUMH 3HaYEHHSMH TTOTY>KHOCTI 1 IIBUAKOCTI BITPY BU3HAYAEMO JliaMeTp
BiTpOKOJIECA!

CPp.m - CPk—l + (CPk B CP/H )

N

3
%.S.nw

C, =

ne N — motyxHictb, BT; V' — po3paxyHKoBa MIBHIKICTb BiTpY (ITO3HA-
YeHHS BBENM 3aMicTh V), M/C; p — IUIIBHICTH MOBITPA, KI/M’;
Nsar — 3aransuuit KK, 1110 3agaetbes; S — miorna MigeaeBoro nepeTuny
Koyeca, M°, ika BU3HAYAEThCS y TPhOX BHIIAJKAX BUKOHAHHS JIONATeH 3a
dbopmynamu (2.8) — (2.10).

3okpema, JuIs JonaTel, BUTHYTHX 10 napadoi, 3a (2.8) Maemo:

S =8Rw=§R?E=ED?E,
3 3

BUT

ne h = E — BIJIHOCHA BHCOTa BITPOKOJIECA, 1110 3a/1a€ThCS.

Jis mpsIMEX BEpTUKAJIBHUX JIOMaTel 3a Bupa3om (2.9) orpumaemo:

= o = _h
SupuM :4Rh:4R2h :Dzh, pi (] h :E

OTxe, 7151 BATHYTHX TI0 Mapadoti JTomaTei:

N N

Cpam = =
2 L Voo
—=Dh —D’h

p 2 3 n 3ar p 3 n 3ar

B
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3BIAKHU

BUT

Prur ) 3

JU1st npsAMKUX BEPTUKAJIbHUX JIOTIATEN:

N
CPnPﬂM = p V3 ?
. 2 —
T'Dn'pﬂm “h “Maar
sBinku D, = ];
P
Prpam 2 n3ar

. 2
3a3HauKMMo, 10 ISl BUNAJIKY 3 TOPU3OHTAILHOMW Biccio S = mD7/4,
TaK I10:

N
3
pV =
c .BF .=
P 2 4 n3ar
UYacrora oOepTaHHs BiTpoKoiieca, 00 / XB:
_ 60-Z,,, -V .
D-m

Xopaa nmpoduUTro JIomaTi NoCTiiHa 110 BUCOTI JIONATIL. 3a4al0Th BIJHO-
CHY XOpAY B YacTKax pajiyca Komeca (Ui BUTHYTHX JIOTIATEH — B 4acT-
KaX MaKCUMaJIBHOTO pajiyca R):

b=b-R.

ropus.Bice

Nog

[Mpodine nonati OyAyeThCSI HACTYTHUM 4YWHOM. bBe3po3mipHi Koop-
JMHATH MPOQITI0 PI3HUX THUITIB 3aJIa0Th 32 TaOIUIIEI0 TPOdiTiB.

BpaxyBaHHs BIUIMBY umciaa PelHoJabAca Ha eHepreTH4YHi
XapaKTePUCTHKHU BiTPOoTYpOinm. SIK BimoMO, IPH JOCUTH MaJIMX YHC-
nax Pelinonbica Re 00TiKaHHS BITpOKO€eca 3MIMCHIOETHCA HA JOKPUTH-
YHUX PEKUMAX, SKi XapaKTepU3YIOThCsl CTPUOKONOAIOHOK 3MIHOK ae-
POAMHAMIYHUX KOe]illi€HTIB Cya Ta Cxa . BriuB 3MiHeHUX (MOPiBHSIHO
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3 KJIACHYHUMU) a€pOIMHAMIYHUX XapaKTEPUCTUK CHUMETPUYHUX MPOodi-
niB NACA Ha XapakTepUCTHKH MOTYKHOCTI BITPOTYPOIHM MOXHa Bpa-

XyBaTH 32 JOMOMOrow ekcrepumentanboi kpusoi C, (Re).
AmnpokcuMallis i€l KpUBOi MOXKe OyTH 3amucaHa y BUIIISJI Takoi 3a-
JIEXKHOCTI:

C,  =0,348-0,11614¢ O60Re10” (2.53)

ne uucio Re o04YMCITIOeEThCS 3a MIBUAKICTIO HAOIrarouoro moToky V,
XOp10r0 b Ta KoediliEHTOM KiIHEMaTHYHOI B I3KOCTI V:

_hb

v

Re

IMoninuBiuy JIiBY 1 IpaBy YaCTHUHM CHIBBiIHOMIEHHS (2.53) Ha YuCiIo
0,348, T06TO Ha MaKCUMAaJIbHY BETMYMHY Koe(illieHTa, OTPUMAHOI0 MIPH

anpokcumanii C . » MaEMoO kopuryiouuii xoediuieHt 3a uuciom Re

Juia Bu3HadeHHs Cp .

K _ 1 _ 0 33376*0,68496 RC-1075
Re — > .

TaxuMm unHOM, 3HaiizeHi koedilieHTH NOTyXHOCTI C, CliJ HOMHO-
JKUTU Ha KOPUTYBAJIbHUM MHOXHUK Kpge.

=k

\4

IInTannsa go rjaasm 2

1. Matu knacugikaiito BITpoOeHepreTHYHNX YCTaHOBOK.
2. Ha3BaTu OCHOBHI XapaKTEPUCTHKH BITPOAarperaris.
3. SIki iCHYIOTh THIH BITPOCHEPTE€TUYHUX CTAHIIH?

4. HaBeniTh mepeBaru i HeJOJTIKH BITPOCHEPTETUYHNUX YCTaHOBOK
3 TOPU30HTAIBHOIO BicCIO 0OEepTaHHSI.
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5. JlaTi CTpyKTYpHY CXeMy BiTporeHepaTopa i BKa3aTH OCHOBHI
XapaKTePUCTUKH HOTO CIEMEHTIB.

6. [TpuH1MIT pOOOTH ACHHXPOHHOTO T€HEPaTOpa y BITPOYCTAHOBIII.
7. llpuHOMO poOOTH CHHXPOHHOTO TeHEpaTopa y BiTPOYCTAHOBIII.

8. [TokazHUKN eheKTUBHOCTI FOPU30HTAIBHO-OCHOBUX BITPOYCTaHO-
BOK.

9. SIk po3paxoByeThCs MOTYXKHICTH BiTpoKoieca?
10. Sk po3paxoByeThCs iaMeTp BiTpokoieca?

11. SIx BU3HAYa€ThCS EMHICTh aKyMyJSTOpPHOI OaTapei, 1o 3apsi-
JKAETHCS BiTpO[[BI/IFyHOM?

12. ToscHicTh MpU3HAYEHHS iHBEPTOpa Ta MPUHLUI HOro (yHK-
IOHYBaHHS.

13. o BU3HAYA€E MIBUIKOXIIHICTh BITpOKOIeca?
14. SIx 064YHCIIOETHCS KYT BCTAaHOBJICHHSI BiTpoKoJeca?

15. HaBenite miarpamy po3mojily CHII, IO JitOTh Ha JONaTh BiT-
pokoieca.

16. HaBenith mepeBard i HEJIOJNIKH BITPOSHEPTETUYHUX YCTaHO-
BOK 3 BEPTHUKAJILHOIO BiCCIO 00epTaHHSI.

17. HaBectn mpukiaan HaROUIBII MOIIMPEHUX TUIIB BEPTUKAIb-
HO-OCBOBHX BIiTPOT'€HEpaTOPiB.

18. HaBeniTh moka3HUKH e(pEKTHBHOCTI BEPTHKAIBLHO-OCHOBHX
YCTaHOBOK.

19. TlosicHITH eTanu PO3paxyHKY BITPOEHEPTEeTUYHHX YCTaHOBOK
3 BEPTUKAIBHOIO BiCCIO 0OepTaHHS.
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3 EHEPTETHUYHI YCTAHOBKH
3 BUKOPUCTAHHAM EHEPTII COHILA

3.1 CTpyKTypa eHepreTuU4YHMX YCTAaHOBOK
3 BUKOPMCTaHHAM eHeprii coHuA

EHeprequi YCTaHOBKM I[LOT'O THUIY BHKOPHUCTOBYIOTH COHSYHE
BHUITPOMIHIOBAHHS JUISl OTPUMAHHS €ICKTPUYHOI €HEeprii.

[ToTik COHSYHOrO BUIIPOMIHIOBAHHSI, 1[0 MTPOXOAUTh YepPe3 IIOUIHHY
B 1 M2, po3ramioBaHy MEPIECHAUKY/ISPHO MOTOKY BUIIPOMIHIOBAHHS Ha
BiicTaHi OJHIET aCTPOHOMIYHOI oAMHHMII Bix eHTpy CoHllg (Ha BXOJi B
atMocdepy 3emii), nopisaioe 1367 Bt / M? (consiuna crana). Yepes mo-
TIMHAHHS [IPH IPOXOKEHHI aTMochepHol Macu 3eMili, MaKCUMaIbHUH
MOTIK COHSYHOTO BUIIPOMIHIOBAHHS Ha piBHI Mops (Ha ExBaTtopi) —
1020 Bt / M. Ilpore ciig BpaxoByBaTH, IO CEPEIHbOAO0OOBE 3HAUCHHS
MOTOKY COHSYHOI'O BHIIPOMIHIOBAHHS Y€Pe3 OJUHUYHY TOPU30HTAIILHY
IUIOMIAAKY SK MIHIMYM B TPH pa3H MeHIle (depe3 3MIiHU OHS 1 HOYi i
3MIHM KyTa COHIIS HaJ TOPU30HTOM). B3UMKy B MOMIpHMX IIMPOTaX IIe
3HAuYeHHs B JIBa pa3u MeHiue, puc. 3.1.

I_LC of Cmcez

._-I

Puc. 3.1. KapTa coHSIYHOr0 BUIIPOMIHIOBaHHS 3€MJTi
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IcHyIOTh JeKinbka CHOCOOIB OTPUMAHHS EIEKTPUYHOI 1 TErIoBOi
€Heprii 3 COHSYHOTO BUIPOMIHIOBAHHSA, BiJl SIKMX 3aJIeKaTh CTPYKTYpH
consynux enexrpoctaniiiv (CEC):

® OTpPUMaHHS EICKTPOCHEPTii NUIIXOM HArpiBaHHS IOBEPXHI, IO
MOTJIMHAE COHSIUHI IMPOMEHI, 1 MOAAJBIINN PO3MOIT Ta BUKOPUCTAHHSI
Temia (TemioTepMaibHa €HEPreTHKa),HalpUKIal, B MAapOBHUX EIEKTPO-
reHeparopax. B remiorepManbHiil €eHEpreTUIll IPHHHATO BUIUISATH CO-
Hs4yHI cuctemu KoHleHTpyrouoro tuny (CSP — Concentrated solar
power). Y IMX YCTaHOBKAX €HEPris COHSYHUX MPOMEHIB 3a JTOIMOMOI0I0
CHUCTEMH JiH3 1 a3epkail (DOKYCyeTbCs B KOHIICHTPOBAHUMH IPOMIHb,
SIKAH BUKOPHCTOBYETBCS B SIKOCTI JpKepesia TEIIOBOI eHepril I Harpi-
BaHHS po0O0YOi PiMHM, 10 BUTPAYAETHCA I €ISKTpOreHepanii (aHa-
noriudo 3BuuainuM TEILl) abo HakomuuyeThCs g 30epeKEHHS eHep-
rii. [lepeTBOpeHHS COHAYHOI CHEPTrii B EICKTPUYHY 3HIHCHIOETHCS 3a
JIOTIOMOT'OF0 TEIJIOBUX MAIIIHH:

® mapoBi MaIMHU (MOPIIHEBI a00 TYypOiHHI), 110 BUKOPUCTOBYIOTh
BOJISIHY 1apy, BYTJICKUCIIUI Ta3, mponaH-0yTaH, ppeonu;

® TEPMOIOBITPSIHI EJIEKTPOCTAHIII], SIKI TEPETBOPIOIOTH COHSIYHY
CHEPTiI0 B SHEPTIiI0 MOBITPSHOrO MOTOKY, [0 HAMPABJSIETHCSA HA TypOO-
TeHepaTop;

e nBuryH Cripiinra (TerioBa MailvuHa, B SKii pijgke abo ra3omoi-
OHe po0oUe TLIO PYXa€eThCS B 3aMKHYTOMY 00 €Mi, PI3HOBHJI JIBUT'YHA
30BHIIIHBOIO 3rOpaHHs). 3aCHOBaHWN HA MEPIOJUYHOMY HarpiBaHHI i
OXOJIOMKEHHI POOOYOro Tija 3 BUTATOM €HEprii Mmijg Jac 3MiHH 00'eMy
pobouoro Tina. Moke mpalfoBaTH HE TUIbKH BiJ CIATIOBAHHS I1aJIMBa,
ajie 1 Bix Oyap-sKOro JpKepesa Teria.

Oco0aUBOCTSIMH ABUTYHA 13 PIAKUM POOOUYMM TIIOM € Majli PO3MIpH,
BHCOKa ITUTOMA TOTYKHICTb 1 BelMKi poOoyi TUCKU. JIBUTYH Ma€ HacTy-
THi IIepeBaru:

® K i yCl JIBUTYHU 30BHIIIHBOTO 3TOPSHHS (30BHIIIHBOTO IMiJBOIY
Teria), nBuryH CTipiaiHra MOXKe MpalfoBaTH BiJl Maibke OyJIb-SKOTO
nepenajy TeMIepaTyp: HalpuKIIaj, MK PI3HUMH IIapaMu BOJU B OKea-
Hi, B COHIIA 1 T. 1H.

® KOHCTPYKIIisl IBUTYHA Jy»K€ MPOCTa, BiH HE BUMArae JI0JaTKOBHX
CHUCTEM, TaKHX SK ra30pO3MOAUILHUI MEXaHi3M; BIH 3aIyCKa€ThCs Ca-
MOCTIIHO 1 HOMY He TOTpiOeH cTapTep, a HOro XapaKTepPUCTUKH T03BO-
JISIIOTH MO30YTHCS BiJl KOPOOKH Tiepesiay; BiICYTHICTh 0araTh0X BHCOKO-
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TEXHOJIOTTYHUX arperartiB JI03BOJISE 3a0e3meunuTH poOouuil pecype y
COTHI THCSIY TOIMH Oe3rmepepBHOi poOOTH;

e piBeHb HOro IymMy HabaraTo MEHIINUN, HIXK Y TTOPITHEBUX JIBUTY-
HaX BHYTPIIIHBOTO 3TOPSHHS, OCKUIBKH y HBOI'O HEMAa€e BUXJIOMY Bifll-
palbOBaHMX ra3is;

® EKOJIOTIYHICTh ABUTYHA — BIH HE Ma€ SKUX-HEOyab 4acTHH abo
MPOILIECIB, SKI MOKYTh CIIPUATH 3a0pYAHEHHIO HABKOJIHMIIHBOTO CEpPeo-
BHIIIA.

Exonoriunicts ABUryHa OOyMOBIIEHa TMepea yCiM EKONOTiYHICTIO
JDKepena Teria.

JBuryH CripiiHra 3aCTOCOBYIOTh y BHITaJIKaX, KOJIM HEOOX1IHO MaTH
KOMITaKTHUI MepeTBOpIOBay TEIIOBOI eHeprii, a00 Koiu e(eKTUBHICTh
HIIMX TEIUIOBUX JIBUTYHIB € HHKYOIO.

J10 HeNlOJIKIB IBUTYHA BiTHOCATHCS:

® BEJIMKAa MaTEePIaJIOEMHICTh JBUTYHA, SIKA MOB’s3aHa 3 THM, IO PO-
Ooue TiO HEOOXiOHO OXOJOMKYBATH, a 1€ MPUBOIUTH JI0 CYTTEBOTO
30LIbIIEHHS Ta0apUTIB CUIIOBOI YCTAHOBKH 33 PaXyHOK 30UIBIIICHHS PO-
3MIpiB pajliaTopiB;

® ISl OTpUMAaHHS TaKHMX K€ XapaKTEePUCTHUK, SIK 1 y ABUTYHIB BHYT-
pIIHBOTO 3rOpsiHHSA, HEOOXiTHO 3aCTOCOBYBATH BHCOKI THCKH (BHILE
100 atmocdep, To6ro 10* kIla) Ta cremianbHi BUIM POGOYOro Tima —
BOJICHb Ta TeJIii;

® poboTa TEI00OMIHHUKA BiIOYBAETHCA B TSHKKMX YMOBaX TEILIO-
nepeadi mpy JIy’Ke BUCOKUX THCKaX, BHACIIJIOK TOTO, IO TEIUIO HE ITi-
JBOAUTHCS 10 poOoyoro Tia Oe3mocepeqHbO, a TUIBKH Kpi3b CTIHKH
TeI000MiHHUKA, UM BUINA TIOIIA TEIIOOOMIHY, THM MEHII BTPATH
TEIUIa, ajie MPHU I[bOMY 30UIBIIYETHCS PO3MIpP TEIIOOOMIHHUKA 1 00’€M
pobodoro Tina, SIKUi He MpUMaE y4acTi B poOOTi.

OCKITBKY JKEpeIo Teruia Po3TallloBYEThCS 330BHi, IBUTYH MOBUILHO
pearye Ha 3MiHY TEIUIOBOI'O TIOTOKY, KWW MiJABOJIUTHCS JO IMIIHIPA, 1
HE 3pa3y MOXE BHUJATH MOTPIOHY MOTYXKHICTh MPHU 3aIMyCKy, ajie Mpu
CTalliOHAPHUX YMOBax pOOOTH L€ HE JTy’Ke Ba>KIINBO;

® OTpPUMaHHS EICKTPOCHEPTii 3a JJOIOMOT 010 (hOTOCIIEMEHTIB.

CrpykTypy HadmpocTimoi (OTOoeneKTpU4HOI eNeKTPOCTaHIil, M0
BHUKOPUCTOBYE (OTOUYTIMBI €IEMEHTH JUIs MEpEeTBOPEHHS COHSYHOIO
BUITPOMIHIOBAaHHS B €IEKTPUYHY €HEPrifo MoKa3aHo Ha puc. 3.2.

Jo cknany Oyib-s1k01 (POTOCIEKTPUYHOT CHCTEMH BXOSTh:
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— COHsIUHI GaTaper,

— IHBEPTOpPH, SIKi MEPETBOPIOIOTH MOCTIHHUN CTPYM, 1110 T'EHEPYEThCS
COHSYHMMH TaHEJIIMHU, B 3MIHHU;

— CHCTEMa MOHITOPHHTY, 1110 JIO3BOJISE CIIOCTEPIraTu 3a mapamerpa-
MH pOOOTH COHSYHOI €JIeKTPOCTAHIIIT,

— aKyMYJIATOpHI OaTapei JJis HaKOIMWYCHHS EIEKTPOCHEprii, sika BU-
po0JieHA COHSYHUMH MaHEISIMU;

— KOHTPOJIEP 3apsiy aKyMyJIITOPHUX OaTapeii;

— CIIO)KUBAYi €JIeKTPOCHEPT.

AKyMyJITOPH Exeprocroxupaui
EHeprig coHIg DOTOGTISKTPHYH] MOAYI 12-2, 40V DC AT
AN
AproMaruka
Kourposep .
Tl
.I'/ 5 220V, 50T,

[uBepTOp

Puc. 3.2. CtpykrypHa cxema (pOTOCTCKTPUIHOI €IEKTPOCTAHIIIT
3.2 Knacudikanisa COHIYHUX eHEpreTUYHUX YCTAHOBOK

B ci coustuni enexrpocraniii (CEC) miapo3aiisioTh Ha KilbKa
THIIIB, OCHOBHI 3 SIKMX:

— OaIITOBUM THIT;

—TapiI4acTuil THIT;

— 3 BUKOPUCTAaHHSM MapaOOoTiYHUX KOHIIEHTPATOPIB;

— 3 BUKOPUCTAaHHAM (poTodaTapeii.

Posristaemo i CEC Ok A€TAIBHO.

CoHsiuHi enexkTpocTaHmii OamToBoro Ttumy. QOYHKIIOHYBaHHS
eNIEeKTPOCTaHIIii 3aCHOBAHO Ha MPHUHIMWII OTPUMaHHA BOISHOI MapH 3
BHKOPHCTAHHIM COHSYHOI paiarii.

VY 1eHTpi cTaHIil cToiTh Oamra BUCOTOIO Bij 18 10 24 MerpiB (B 3a-
JIOKHOCT1 BiJ] MOTY)KHOCTI 1 JIESKUX IHIIMX MapaMeTpiB BHCOTa MOXE
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OyTHu OLIBIIOK a00 MEHIIIO), Ha BEPIINHI SIKOi 3HAXOIAUTHCS pe3epByap
3 Bomoro (puc. 3.3). Lleii pesepByap modapOOBaHHi B YOPHUI KOIIp IS
MOTJIMHAHHS TEIJIOBOI'O BHIIPOMIHIOBaHHA. B OaIlTi 3HaXOIUTHCS 1 Ha-
COCHA TPYyIIa, 110 JIOCTABJISE Map Ha TypOOreHepaTop, IKUH 3HAXOAUTHCS
rmo3a Hero. HaBkoso OamTu Ha JesKiil BijicTaHI PO3TAIIOBYIOTHCS Tellio-
ctatu. ['emocTaT — a3epKalio IIONIEI0 B KiIbKa KBaJIpaTHUX METPIB, AKa
3aKPIILTIOETHCS HA OIOPI 1 MiAKIIIOYAEThCs 0 3arajlbHOi CHCTEMHU I103H-
IIOHYBaHHs. B 3aJIe&KHOCTI BiJl MOJIOKEHHS COHIIS J3epKayio Oynue 3Mi-
HIOBATH CBOIO OpIEHTAIIiI0 B IIpocTopi. OCHOBHE 1 HaliBa)kue 3aBIaHHS —
Ie TO3HMI[IOHYBAHHS BCIX A3epKaj CTaHINl Tak, 00 y OyIb-aKHH MO-
MEHT 4Yacy BCi BiZJOMTI MPOMEHI BiJl HUX MOTPAIUIA HA IOBEPXHIO pe3e-
pByapa. Y siCHY COHSYHY TOT'0Jly TEMIIepaTypa B pe3epByapi MOXKe JI0-
carata 700 rpamycis. Taki TeMIiepaTypHi mapaMeTpyd BUKOPHUCTOBYIOTh-
cs Ha OUIBIIOCTI TPAOUIIHHUX TEIJIOBHX EIEKTPOCTAHIIH, TOMY IS
OTPUMAaHHSI €JICKTPUYHOI eHeprii MOKHA BUKOPHUCTOBYBATH CTaHAAPTHI
TypOiHu. DaKTUYHO Ha CTAHI[SIX TAKOrO THUITY MOXKHA OTPUMATH TOPiB-
HAHO Benukuit koedimient kopucuoi aii (KK/I) (6mu3bko 20 %) i 3HauHi
noTyxHocti. Cxemy podotn KprMCbKoOI eKCIiepuMeHTaaIbHOI COHSYHOT
eIIeKTpOCTaHIlii moka3ano Ha puc. 3.3 [2]. 3osuimHii Burisg CEC, ska
posramoBana B M. CenbBis (Icnianis) mokazano Ha puc. 3.4.

Puc. 3.3. CtpykrypHa cxema CEC GamiroBoro tumy: / — COHSYHI IPOMEHI;
2 — maporeHepaTop—IipuiiMay; 3 — MapoBOITHUI aKyMYJISITOp €HEepTii
MicTkicTio 500M; 4 — restiocTaTy 3 IwIoLIero 25,5 M2
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Puc. 3.4. Consiuna 6amura, Cesinbs, Icnanist. [TodynoBana B 2007 pori

Baprictes remocraTiB cTaHOBHTH 0Ju3bKk0 80 % IIHM CTaHIIIi, TOMY
OCHOBHA yBara 30Cepe/DKeHa Ha KOHCTPYKTHBHIN pO3poOlli TeiocTaTiB
3 METOIO IMOJIETIICHHS 1X BHIOTOBJIEHHS IPH MAacOBOMY BHPOOHHIITBI.
YIpapJiaTH TrelliocTaTaMd MOXKHA JIBOMa CIIOCOOaMHU: 3a JOMOMOTIO0
ONTHYHOI CUCTEMH 1 3 BUKOPHUCTAHHAM OOYMCIIEHUX KOOPAMHAT.

[IpuknagoM [aHOI YCTAHOBKH MOXKE CIY>KHTH CTaHI[ISl IMTOTYXKHICTIO
10 MBT, 1m0 mo0yoBaHa B MiBHIYHO-3aX1IHIN YacTHHI MEKCHKH, M00-
mu3y micra Epmocine. Ile 3acynuuBuii perioH, ne CoHIle peryisipHo
CBITHTB HPOTAroM 95 % CBITIIOBOTO Yacy pOKY,Tak IO CIIOCTEPIraeThCs
BHCOKA IIUILHICTL COHSYHOI pajiamil, COHIUYHMM JeHb TpuBac Big 10 1o
13 roaun. Y sikocTi poOOYOro TijIa JUisi CTaHIIii 00paiv MOBITPS K Haii-
OUTBIII JemeBrid 1 JOCTYnHUE TeroHocid. Bapticts 1 kBT BcTaHOBIEC-
HOI MOTY)KHOCTI JUIs Takoi cTaHiii craHoBuTh 1800 mom., Tomi K ISt
3puuaianx nanuBHux ctaHmii 200...300 mon. Ilepesara cramiiii Gari-
TOBOr'O THUITY IOJISATAE B TOMY, IO HE MOTPIOHO 3IMCHIOBATH TPAHCIIOP-
TyBaHHs poOOYOl pIAMHU HA BEJIWKI BIACTaHI BiJ mpuiiMada 10 TypOIiHH,
IIPOTE B HUX CHUCTEMA 300Py COHSYHOI pamiallii BUSIBISETHECS JOPOTOI0 1
HEJO0CTaTHBO e(PEeKTHBHOI. BHACTIIOK MOrpilIHOCTEH MM Yac CTEKEH-
Hst 3a CoHIIeM, SIKi BUHUKAIOTh MPH HAsIBHOCTI BEJIMKOI KUIBKOCTI T'ellio-
cTaTiB, AIMCHUN KOE(IIIEHT KOHIEHTPALIi y TePMOEIEKTPOreHepaTopa
4acTO CTAHOBUTH 1/3 Bij pO3paxyHKOBOTO

Sk moka3sye JOCBij, OLIBII MEPCIIEKTUBHUMU BUSBIISIOTHCS CTaHIIIT 3
PO3MOAIIEHUM TTpHUiiMadeM eHeprii. Y HHX CTaHI[ISIX BUKOPHUCTOBYIOTHCS
KOHIIEHTpPATOPH NapadoiiyuHi BigOMBadi, siKi 00epTaloThCsI HABKOJIO OJI-
Hi€l oci 1 MaroTh TpyO4acTi mpuiimMadi, 3’€HaHi 3 (OKaJILHOIO JIiHIEO.

158



OO0epTaHHsI 110 O/IHIN OCI JTO3BOJISIE ICTOTHO 3MEHIIIMTU BapTICTh KOHIIC-
HTpaToOpa MpPU 3MEHIICHHI KUIBKOCTI OJIEP)KYBaHOI €Heprii BChOro Ha 5
% B MOPIBHSIHHI 31 CTAHIISIMH, SIKI MAIOTh CUCTEMY CTEKEHHS, 1[0 BUKO-
PUCTOBYE OOEpTaHHS HABKOJIO JBOX OcCei. IlepIior CTaHIli€ AaHOro
THUITy, BAPTICTh €IEKTPOCHEPTII AKOI Taka Xk, K 1 y TEIUIOBUX CTAHIIISX,
cTaJjla CTaHIlis, Mo0yJ0BaHa aMepUKaHChKOI (hipmoro «J1y3», y 1985 p.
B KautihopHilichkili mycTeni Moxage. Cranuis 3aiiMae oty B 340 ra.

IIle Ha cCBiTaHKY KOMIT'IOTEpHA CHUCTEMa IOYMHAE OpPIEHTYBATH
540000 mapabGoso-IUITIHAPUYHUX J3€pKaj, 11100 BOHU MOTJIH BJIOBIIIO-
BaTu CBITJIO. Po3ramoBani mopsia A3epkaia 00epTaroThCs 32 COHIIEM 3i
cxoay Ha 3axia. BoHH ()OKYCYIOTH COHSYHI IMPOMEHI 1 HAMpaBIsAIOTh iX
Ha TOHKY TpyOy 3 HeprkaBito4oi cTajii 3 4OpHUM NOKpHUTTsAM. [lo TpyOi
MPOTIKAE CUHTETHYHE MAcCJo, ke HarpiBaeThes 0 390° C i HaAXOaUTh
B TEIUIOOOMIHHUKH, J€ BiJIJA€ CBOE TEIUIO BOJI, IMEPETBOPIOIOYM ii B
nap, sIKuii IPUBOJUTH B JIiF0 TypOOreHepaTOp 3BUYAHOIO TUITY JUIS BU-
poOieHHs enekrpoeHeprii. CTEKEHHsS] MPOBOIUTHLCS MO OAHINA KOOPIH-
HaTi Y3I0BXK OCi, SIKa CIIPsAMOBaHa 3 MIBHOYI Ha ITIBJICHB 3a JIONMOMOI'O0
MpocToi TifpoauHamiuHol cucteMu. COHSIYHI €IEKTPHYHI CTaHIii MO-
KYyThb BUKOPHCTOBYBaTH B POOOTI MPUPOJHMN ra3 A KOMITeHCcarlii
3MIHH IHTEHCUBHOCTI COHSIUHOI pajiallii, ToOOTO OyTH TiOPUJIHUMHU CTaH-
mismu. KoHieniis ridpujga «COHSYHA €HEpris — MPUPOIHUN Ta3» BU-
SIBUJIACS JTy’Ke BAaor0. [lepia 3 m’TH HOBUX YCTaHOBOK IMOTYXHICTIO
80 MBT nouana npauroBatu B 1989 pori. HoBi ycTaHOBKM KOIITYIOThH
omu3bko 1 mupa. monapi. COHSUHI CTaHINl MOXYTh 3a0€31euyBaTu J10-
JIATKOBY €JICKTPOCHEPTiI0 MPH MKOBUX HABAHTAXCHHSX, OCOOIMBO BIIi-
TKY, KOJIM MOTPe0a B €ICKTPUIII BEJIUKA.

Consayni enexkTpoctanuii Tapimyacroro tumy. [lanuit Tun CEC
BHUKOPHUCTOBYE MPHUHIMIT OTPUMaHHS €NEKTPOEHEPTii, CXOXKHN 3 GamTo-
Bumu CEC, aje € BiAMIHHOCTI B KOHCTPYKIIIl caMoi CTaHIIii, sKa CKiIaaa-
€THCS 3 OKPEMHUX MOJYJIIB, KOXKEH 3 SKHUX Ma€ MpuiiMay i BiOWBad, sKi
3aKpirieHi Ha onopi. [IpuiiMay 3HaXOUTHCS HA JCIKOMY BiJIajICHHI BiJ
BiJI0MBava i KOHIIEHTPYE BiOWTI MpOMEHi coHlsA. BinOnBau ckiiagaeThes
3 13epkan y ¢hopMi Tapiiok (3BiJCH Ha3Ba), paiajibHO PO3TAIIIOBAHUX HA
(depmi. JliaMeTpu 1ux JI3epKail JOCSATAI0Th JBOX METPIB, a KUIBKICTh J3¢-
pKal — IEKUIbKOX AECATKIB (B 3aJISKHOCTI BiJ MOTYXHOCTI Moays). Ta-
Ki CTaHI[IT MOXYTh CKJIQJIATHCS SIK 3 OJTHOIO MOJYJIsl (aBTOHOMHI), TaK i 3
JIEKUIBKOX JIECATKIB (POOOTa MapajebHO 3 MEPEKEI0).
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Hareniep B po3poOiii 3Haxoasthes apurynu Cripiinra i Bpaiitona.
Kinbka cucrem nmoTyxHicTiO Bif 7 10 25 kBT npamooTs B CriojryueHux
IITatax (puc. 3.6). Bucoka omrthunHa e(pEeKTHBHICTH 1 Majli IMOYaTKOBI
BHUTPATH POOJISATH CUCTEMH JI3€PKaJ / ABUTYHIB HAWOUTBI e eKTHBHUMU
3 ycix remorexHosorid. Cucremi 3 nqeuryna Cripiiinra i mapa0oimiyHoro
JI3epKajia HaJIGKUTh PEKOPJ] MO e(hEeKTUBHOCTI NMEPETBOPEHHS COHSIYHOT
eHeprii B enektpuuny (nocsrayte 3Hauenns KK/ maibxke 30 %).

F . Ilpuitmau

BinOuBaabHHi
KOHLEHTPATOpP

Puc. 3.5. CtpykrypHa cxema CEC TapiquacToro TUIry

Puc. 3.6. COC rtapinuacroro tumy, CIIA
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3aBagKK MOIYJIBHOMY IIPOEKTYBAHHIO, TaKi CUCTEMH SBISIOTH CO-
000 ONTUMAJILHUM BapiaHT I 3aJ0BOJIEHHS ITIOTPEOU B €1EKTPOEHEPTiT
SIK aBTOHOMHHUX CIOXHBa4iB (y KUJIOBATHOMY Jliana3oHi), TakK i riOpuj-
HHX (B MEraBaTHOMY), 3’ €JJHAHHX 3 eIEKTPOMEPEIKAMH ITiITPHEMCTB.

Llst TexHOIOrIS YCITIIIHO peajizoBaHa B IIJIOMY psaai IpoekTiB. Oquu
3 gux — npoekT STEP (Solar Total Energy Project) B aMepHKaHCHEKOMY
mrrati Jxopmkis. Lle Benuka cucrema mapaboalyHuX A3€pKajl, KOXKHE 3
SIKUX Ma€ 7 MeTpiB y miamerpi. CuctemMa BHpOOJIs€ mMap BUCOKOTO TUCKY
JUISI OTPUMAHHS €JIeKTPHYHOI €HEeprii, map cepeaIHboro TUCKY IJIS TPH-
KOTa)KHOTO BMPOOHMIITBA, 4 TAKOXK Iap HU3BKOTO THUCKY IJII CHCTEMH
KOHIHUI[IOHYBAHHS TOBITPs HA Tii ’Ke TPUKOTAXKHIH (haOpHILi.

CHiTbHMM BUKOPHCTaHHSAM apaOomidHuX a3epkai 1 AsuryHis Ctip-
JiHra 3aiikaBuianMcsd ¥ i kommamii. Tak, dipmu  “Stirling
Technology”, “Stirling Thermal Motors” 1 “Detroit Diesel” cmiabHO 3
xopropaiicro “Science Applications International Corporation” cTBO-
PUIH CHUIbHE MIAMPUEMCTBO 3 KaIlliTajJoM 36 MIIH. J0JIapiB 3 METOIO
PO3p0o0OKH 25-KiToBaTHOI ccTeMu Ha 6asi aBuryHa Cripiinra.

3.3 CoHAYHI KOJIEKTOpH

COH)I‘IHI/IfI KOJIEKTOp — MPUCTPiH Wi 360py TerioBoi eneprii Co-
HIISI, KA TEPEHOCUTHCS CBITIAOM 1 OIMKHIM 1H(ppauyepBOHUM
BUIIPOMIHIOBAaHHSIM. Ha BigMiHy Bim cOHSYHUX OaTapei, 1[0 BHPOOIIS-
IOTh 0€3M0CEPEIHBO EIEKTPUKY, COHSUYHHMI KOJIEKTOP HarpiBae maTepi-
an-terioHociit (puc. 3.7) i, K MPaBWIO, 3aCTOCOBYIOTHCS JUIS MOTPEO
rapsiyoro BOJIOIMOCTAYaHHS Ta OMAJICHHS PUMIIICHb.

B ymoBax YKpaiHH KilbKiCTh eHeprii, sika oTpuMyeThes 3 1 M Kojte-

. kBT-ronx .
KTopa, ckiaaae mMaibke 1000——— . Tounuii po3paxyHOK MOTYKHOC-

piK
Ti, e(PEeKTUBHOCTI Ta MEPIOAY OKYIMHOCTI JTOCHUTHh CKIAAHUK 1 MOBHHEH
BPaXxOBYBAaTH HMIUPOTY MICI[EBOCTI, KUILKICTh COHSUHUX IHIB Ha PIK, KyT
BIAXHUIEHHS MOXJIMBOI'O MICILSI BCTAHOBJIEHHS BiJ IIBIEHHOI'O HAIIPSIM-
KY, HasIBHICTD ITOOJIM3Y MTPOMHUCIIOBUX IMiIPUEMCTB 3 BEIUKUM 00 €MOM
BHKHUIIB B aTMOchepy Ta iHI (hakTopu.

Ha mpakTuli BHKOPHCTOBYIOTH CEPEIHE 3HAYEHHS IHTEHCHBHOCTI
COHAYHOI pajiamii B po3paxyHky Ha | M” moBepxui. Ha Ginburiii yactuni
kBT oI

2
M

TepuTopii YKpainu BoHO 3MiHIO€Thes Bin 1,7 1o 5,3 B 3aJIeXK-
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. . KBT-ron . .
HOCTI BiJl TI€pioty poKy abo 3,9————— y cepennbomy 3a pik. ¥ TiB-
M

JIGHHUX 00JacTAX MOXKHA TpHHMaTH Taki 3Ha4YeHHs: 2,6-6,6 Ta

kBt-Tom . .
5—2 BIIITOBIIHO.
M
Tpuxooemii
| ; KJanau
Conggnuii ’E“T“’“* s
KONEKTOP MRy [ R |
_______ ' -
)
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Puc 3.7. CtpykTypHa cxeMa CUCTEMHU 3 BUKOPUCTAHHSIM
COHSIYHOT'O KOJIEKTOpa

OTpuMaHHs TeIia NUITXOM TPSIMOI aObCcopOIlii COHIYHOTO BHIIPOMi-
HIOBaHHS SIBJISETHCS HAHOUIBII MPOCTHM BiIHOCHO TEXHIYHOI peaizarii
Ccroco0OM BUKOPUCTAHHS COHSYHOI eHeprii. Take Terio BUKOPUCTORY-
€ThCS JJIsS HarpiBaHHS BOJH, O0IrpiBaHHS MPHUMIICHb, CYIIIHHS MaTepi-
aJgiB Ta MOPOAYKTIB CUIbCHKOIOCIIOAAPCHKOr0 BHPOOHHUIITBA. Bemnka
MPaKTUYHA 3aI[IKaBJICHICTh MO0 O0IrpiBaHHS MPUMIIIEHb Ta OTPUMAaH-
Hs rapsiuoi BOJIU 32 PaXyHOK COHSYHOI'O BUIIPOMIHIOBAHHS 00yMOBJICHA
THM, IO B PO3BUHYTHX KpaiHax Oiau3pko 30—40 % eHeprii, sika BUPOO-
JIIETHCSI, BUKOPUCTOBYETHCS HA TaK 3BaHE HU3BKOTEMIIEPATYPHE Harpi-
BauH: (< 100° C).

OTpuMaHHs TaKOr0 HU3BKOTEMIIEPATYPHOIO TeIljla MOXKHA 3IIHCHIO-
BaTH 3a JIONIOMOT'OI) TUIOCKUX TEIUIOBUX KOJEKTOPIB, SIKi MPAIIOITH 3a
MPUHIIMIIOM TEILTMYHOTO edekTy. [Ipu oMy COHSIYHE BUIIPOMIHIOBAH-
HSI TIOCTYITa€ HA TIOBEPXHIO TEIMIOBOIO KOJEKTOPa, IKUH MOKPUTUH TTPO-
30pUM JUISl COHSYHHUX IPOMEHIB MaTepiajioM, MPaKTUYHO Oe3 BTpaT
MPOXOAUTh B CEPEAMHY TEIJIOBOTO KOJICKTOpPAa 1 HArpiBae TEIUIONPHUA-
Mady, puc. 3.8.
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JloBxuHa XBUJI, siKa 3a0€31euye MaKCUMAaJIbHY MOTYKHICTh BHIIPO-
MIHIOBaHHsI, BU3HAYA€ThCS BIAMOBIIHO /10 3aKOoHY BiHa:

Ay T = 2989,

ne A, — JOBKUHA XBUIJI (MKM), SiKa BIANOBiZa€ MaKCUMAJbHII iHTEH-

CUBHOCTI BUNpOMiHIOBaHHS; T°K — aOCONIOTHA TeMIiepaTypa HarpiToro
Tina B rpamycax KenbBiHa.

COETTHE BETPOMGHEOE BHEA

I S S D S

# / TEPMOEOITATI

CENEKTHRHE
TICHAETTA

L

e AL OO OOV

THOTiEARRA =
BOTE

Puc. 3.8. Cxema COHAYHOTrO KOJIEKTOpa

JUis CIIeKTpaJIbHOrO JIiara3oHy sIKWH BiINoBijae iH(QpauepBOHOMY
BUITPOMIHIOBAHHIO, CKJIO MAa€ HHU3BKHH Koe(dillieHT mpomyckanHs. lle
00YMOBIIIOE TEMIMYHUI eeKT, siKuil 3a0e3neuye HaKOMMYEeHHs eHeprii
ITiJ] CKJIOM Ta 30UIbIIYE TeMIIepaTypy TemionpuiiMaya 10 160° C skio
MEePETBOPEHA SHEPTisl HE BUBOJUTHCS 13 KOJIEKTOPA TEIIJIOHOCIEM.

TeruioHOCiEM B KOJIGKTOPI MOXKE OyTH piHa a00 MOBITPs — 3BiACH
PO3AUIEHHS KOJIEKTOPIB Ha MOBITPsAHI 1 pimuHHI. J{7as1 OCHAIEHHS IPH-
BaTHUX OY/JMHKIB BUKOPUCTOBYIOTHCS TUIBKM HHU3bKOTEMIIEPATYpPHI
PIIMHHI KOJIEKTOPH, aJie ICHYIOTh TaKOX CEePeIIHhO- Ta BHCOKOTEMIIEpa-
TYpHI.

PosrisiHemMo JesKi THITH COHSIYHUX KOJIEKTOPIB.

ITnocki konexmopu. Ilnockuii KOJEKTOP CKIAIAEThCA 3 €JIEMEHTa,
[0 TOIVIMHAE COHSIYHE BHIIPOMIHIOBaHHS (abcopOep), mMpo30poro IMmok-
PUTTSA 1 TEPMOI30IIOI0YOro I1apy. IlorinuHaounii eJIeMeHT IMOB'I3aHNH 3
TEIUIONPOBIHOK CHUCTEMOIO 1 MOKPHUBAETHCS YOPHHM KOJBOPOM abo
CHeliaJbHUM PO3YMHOM JIJIsl MiJBUIICHHS eekThuBHOCTI. B miockomy
KOJICKTOp1 abcopOep — IIacTUHA, SIKa MOKPUTA 3 JIMLEBOTO OOKY TOHKHM
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IIapoOM HIKENI, YOPHOI Miji ab0 iHIIOI XiMIYHOI CIIOJYKH 3 BUCOKHM
KOE(II[IEHTOM TIOTJIMHAHHS COHSYHOI MPOMEHEBOI SHeprii, ajie 3 HU3b-
KMM KOe(illiEHTOM TEeIJIOBOI'0 BHIIPOMIHIOBAHHS (3BiJACH Ha3Ba abCop-
Oepa — cenexktuBHHi). Jlo abcopOepa MpHUBapIOIOTh, MPHUIIAIOIOTE a00
MPYKAMAIOTh TPYOKH, SIKi € KaHaJIaMH JUTsl IPOTOKY TEILIOHOCISI.

Imakie BHKOHYIOTH IPOTOYHI KaHaad B abcopOepax THITY «CaH[I-
Biuy. KaHamu y Takux abcopOepax yTBOPIOKOTHCS MK JBOMa MeETallid-
HUMU JIUCTaMHU, sSIKi CPOPMOBaHI 1 3BapeHi Mk COOOI0 10 KOHTYpPY 1 11e
B JICKUIBKOX MiCIfX. PUCYHOK MpPOTOYHMX KaHaIiB MOxe OyTH pi3HOI
KOH(irypailii, 1110 J103B0OJIsIE BUOUPATH KOJIEKTOPU 3 PI3HUMHU MapaMeT-
pamMu IPOTOYHMX KaHAJIB.

AOGcop0Oep JuIs 3HUKEHHS TEIUIOBTPAT MOKPUBAETHCS IIAPOM TEILIO-
1307111 (MiHepaabHa BaTa 400 MHOMOJIypEeTaH) 1 MOTIM  PO3MILIYETLCS
B Kopmyci. Mixk KpUIIIKOIO 1 MOBEPXHEI abcopOepa € 3a30p, SKUil MiHi-
Mi3ye TEILIOBI BTpaTH 3 oBepxHi abcopbepa. 11106 He Oyi0 3amoTiBaH-
HsI KPUIIIKH 1 abcopOepa B KOPITYCi KOJIGKTOPa € BEHTHJIAIIIHI OTBOPH.

[IpoTouni kanaau B adcopOepi poO3TAIIOBYIOTECS IO pi3HOMY. ADCO-
pOep 3 BepTHUKAIBHO PO3TAIOBAHUMYU KaHAJIAMH, SIKI MAlOTh OJTHAKOBUH
TiApaBIiYHUI OMMip, HAKOLIBII MiAXOAATh IS PI3HUX BapiaHTIB 00y m0-
BHM CHCTEMH (3 MPUPOTHOIO LUPKYIIALIEI0 a00 3 HMUPKY/IALIAHUM HACO-
coM). Y KOJISKTOPIiB 3 OJHUM IPOTOYHUM KaHAJIOM IIPH TAaKUX XKE 3ara-
JBHHUX MOTOKAX TEIJIOHOCIA, K 1 y 0araTokaHajJbHUX, BUHHUKAE TypOy-
JIEHTHMH IMOTIK, SIKH 100pe BIUIMBA€E HA TEIUIOOOMIH 1 JEII0 IiIBUIIYE
CHEPreTUYHY eEKTUBHICTh, ajl¢ BOHM MAarOTh 3HAYHO OUIBINUHN TipaB-
siyami omip. Lo o0cTaBuHY HEOOXiTHO BpaXOBYBaTH MPHU MiA00Pi HHUpP-
KYJISILIHHOTO HACOCY JIIsi CHUCTEM 13 JISKIJIbKOX KOJIEKTOpiB. BapiaHTu
abcopOepiB mokazaui Ha puc. 3.9.

[Ipo3opuii eneMeHT 3a3BUYaii BAKOHYETHCS 13 3arapTOBaHOIO CKIIa i3
3HI)KEHMM BMICTOM MeTalliB, abo 0co0IuBOro pudieHoro moiikapoo-
Haty. 3aJHsg YacTHHA MaHesi IMOKPUTA TEIIOI30MALIMHUM MaTepiaoMm.
TpyOKH, 10 SKUX MOIIUPIOETHCS BOIA, BUTOTOBJISIFOTHCSI 31 3IIUTOTO IMO-
miermieny (PEX) a6o migi. Cama maHelb € MOBITPOHEIPOHUKHOO, JIIS
YOro OTBOPHU B Hill 3aKIaJal0ThCS CHIIIKOHOBUM repMeruxoM. [Ipu Bif-
CYTHOCTI CIIO)KMBAaHHS TEIUIA TUIOCKI KOJICKTOPH 3JIaTHI HATPIBaTH BOIY
1o 190...200° C.

ITnocki COHSAYHI KOJEKTOPU € HAHOUIBII TOUIMPSHUM THIIOM
COHSTUHUX KoOJIeKTOpiB. Ciif 3a3HAYMTH, IO B PE3YALTATI TPUBAJIOrO
BJIOCKOHAJICHHS KOJICKTOPHU JaHOT'0 THITY IPAKTHUYHO JOCATIIN HAHOUIBII
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ONTHMAJIbHUX TOKAa3HUKIB M0 e()EeKTHBHOCTI, TEPMIHY EKCIUIyaTalii Ta
BapTocTi. KOHCTPYKILisl TUIOCKOTO COHSYHOTO KOJEKTOpa MpeCcTaBlicHa
Ha puc. 3.10.

Abcopbep 3 oHUM
HPOTSHKHEM
3Mi€BHIHUM KaHAJIOM
PO3TAIIOBAHHM
BEPTHKAIBHO

—_—

'

AGcopbep 3 mapanenbHO
p03'rau.| OBaAaHUMH
Bep’l‘MKaJleMMM KaHaJlaMH

— =t

TPOTAAKHUM
3Mi€BPI}JHI/lM KaHaJIoM
po3TalmoBaHUM
TOPU30HTAIbHO

Abcopbep 3 oHUM

ABcopbep 3 mapaenbHo
p03'l'aUJOBaHMMM
l'OpM'}OH'I‘aJIbHMMM KaHaJlaMH

'

Puc. 3.9. Po3ramyBanHs MpoTOYHHUX KaHANIIB B abcopOepi

[Tmocki COHSIYHI KOJNEKTOPH IPaliolOTh HAa OCHOBI ITapHUKOBOI'O
e(eKTy, B pe3yJbTaTi SIKOr0 COHSYHE BHUIIPOMIHIOBAHHS, SKE MaJac Ha
MOBEPXHIO COHAYHOIO KOJIEKTOPA, MPAKTHYHO MOBHICTIO MPOITYCKAETHCS
CKJIOM.

OCKiJIBKM OCHOBHA IHTEHCHBHICTh COHSYHOI'O BUITPOMIHIOBAHHS B
Ha3eMHHX YMOBaX 3HAaXOIUTHCSA B CIEKTpalbHOMY iHTepBadi Bix 0,4 mo
1,8 mxM (puc. 3.11), To B SIKOCTI IIPO30POr0 BEPXHBOI'O IIIAPy BUKOPHC-
TOBYEThCS 3BHUaiiHe a00 3arapToBaHe CKIIO, 10 Ma€ KOSQIIiEHT MPOITy-
CKaHHS B [[bOMY CIIEKTPaJIbHOMY Jiama3oHi 10 95 %.

Po3ranioBane B HMXKHIN Y4acTHHI KOJIEKTOPA TEILIOMOTIMHAIBHE T10-
KPUTTA Ma€ KOe(illi€eHT MOTrJIMHAHHS COHSIYHOI'O BUIIPOMIHIOBAHHS 10
90 %. HarpiBatouuch, IOKPUTTS BUIIPOMIHIOE TEIJIOBY €HEPTit0, OCHOB-
Ha MOTYXHICTh SIKOTO 3HAXOAUTHCS B iH(ppadepBoHOMY Jiana3oHi. Too-
TO, JIAaHUH CIIEKTP BUIIPOMIHIOBAHHS BXKE IMPAKTUYHO HE MPOIYCKAETHCS
CKJIOM.
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TakuM YMHOM, JIOCATAETHCS AKyMYJISIIIiSE COHSYHOT €HEepTii BcepeIuHi
kosiekropa. [lepenaya TEIUIOTH A0 TEIIOHOCIS 3IIHCHIOETHCS 3a JOIO-
MOT'OF0 KOHCTPYKTHBHHUX €JIEMEHTIB, BUKOHAHUX, SIK TIPABUJIIO, 3 aIOMi-
Hif0 a0o Migl. BigBegeHHsS TEmIOTH 3A1HCHIOETHCS TEIUIOHOCIEM — BO-
JIOK0 200 PO3YMHOM HE3aMep3arouol PiuHH.

3axucHe CKIO

TTorHHAIOTa TIOBEPKHSL
3 BUCOKHM piBHEM aGcopbartii

Puc. 3.10. KoHCTpyKIIist INIOCKOTO COHSIYHOTO KOJIEKTOpa

100

e 8
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8 8
[

THTCHCHBHICTH BHIIPOMIHIOBaHHS,
BiJH. OMHHI
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Puc. 3.11. [HTEeHCHBHICTb COHSIYHOTO BUIPOMiHIOBaHHS
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Kpim 3BU4aliHOTO CKJIa, B TUIOCKHUX COHSYHUX KOJIEKTOPAX MOXKE BH-
KOPUCTOBYBATHUCS TOJIKapOOHAT, CKJIO 3 HU3BKMM BMICTOM 3alli3a, SKe
J00pe MPomycKae COHSYHI MPOMEH], 1 YAAPOCTIMKE CKIIO.

CxeMy MapHUKOBOIO eeKTy i BTPAT, 1[0 MAIOTh MICIIE B TUIOCKOMY
KOJICKTOPI, MPEJCTaBICHO Ha puc. 3.12.

Tenno

BHEOPUCTAHE 14
MiAirpiBy BOIH

KoHBeRTHEHI
TEILTOBTPATH

Conguna pagiauis
{\&\\\ 4 ABcopte
\'*a?' y 7 Brpary  CocePoeR
3 .?;i'-'h/

- | T

“\‘% Taprskosit cdercr
h U

| =
% Brparu 3 e
3 TEMI0NPOBITHICTIO

Brparu /

Panianiitai
I'L‘il;iU!i'I'pﬂT'H

Puc. 3.12. BrpaTtn B mI0CKOMY COHSTYHOMY KOJIEKTOPI

Bax1BO0O XapaKTEPUCTUKOK COHSYHUX KOJEKTOPIB € BUPOOHHUIITBO
rapstaoi Bomy 3 1m” moBepxui. Jinst Ykpainu, B JiTHIi COHSUHMIT eHb
MPOAYKTUBHICTh TUIOCKUX KOJIGKTOPIB MOKe jgocsiratd 50 JiTpiB BOjM,
Harpitoi 10 50...60°C 3 1 M” 3a 1eHb.

Jlo nepesaz niocKux cCOHAUHUX KOEKMOPie MOKHA BITHECTH BUCOKY
eECKTUBHICTh, BITHOCHY MPOCTOTY KOHCTPYKIIii, HaJiHHICTh, MOMKJIH-
BiCTh e(peKTHBHOI EKCITyaTallii MPOTATOM yCbOTO POKY, TPHUBAIHUHA Tep-
MiH eKCILTyaTalii

Jlo nedonixie moxkHa BigHecTH Outbin HU3bKUH KKJI y mopiBHsHHI 3
BaKyyMHHUMHU KOJIEKTOPaMH B TEPIOJM 3 HU3BKUM PIBHEM COHSYHOTO
BUITPOMIHIOBAHHS 1 B XOJIOAHY ITOPY POKY

[Tnockuii COHSYHMI KOJEKTOP € TEXHIYHO JIOCUTh IMPOCTHM IPH-
cTpoeM. HalOUIbIll BUCOKOTEXHOJIOTIYHUM €IEMEHTOM B HOTO KOHCTPY-
KIlii € mornuHarode ToKpuTTsa. OUeBUAHO, 110 JUIS MIABUIICHHS €PeKTH-
BHOCTI Horo poOOTH HEOOXiAHO, II00 MOKPUTTS IMOTJIHHAIO MOXKIHBO
OUTBIIY YaCTUHY €HEprii MajarouuX COHSYHHMX MPOMEHIB, a MPU Harpi-
BaHHI BUITPOMIHIOBAJIO SIKOMOT'a MEHITY YaCTHHY TIOTJIMHEHOI eHeprii B
iH(paYepBOHOMY CIIEKTPI.
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Jlyis OliHIOBaHHS S(PEKTHUBHOCTI MOTJIMHAIYHMX MMOKPUTTIB 3aCTOCO-
BYIOThCSI HACTYIIHI TOKa3HUKH:

* koeilieHT TOITMHAHHS O, SKUH MPEACTABISIE COO0I0 BIIHOIICHHS
MOTJIMHEHOT eHepril 10 maaardoi 3HaxoauThes B Mexkax 0,8...0,98;

* koedilieHT BUIIPOMIHIOBAHHS (eMicii) €, AKHH MpeacTaBise o000
BIJTHOIIICHHS BUIIPOMIHIOBAHb €HEPTii /10 MOMIMHEHOI 1 3HAXOIUTHCS Y
Mmekax 0,95...0,98 s pisHUX THUITIB TOKPUTTIB;

.. . a .
* KOG(blHleHT CCIICKTUBHOCT1 — 3aCTOCOBYETHLCA [Jid MOPIBHAHHA
z

XapaKTepUCTUK PI3HUX BUMAIB TMOTIMHAIOYMX TOBEPXOHb. UMM BHIIE
3HAUEHHS JIAHOTO Koe(illieHTa, THM Kpallli XapaKTepUCTUKHU.

Cy4acHi BUCOKOCEIICKTHBHI MOKPUTTS MAIOTh J{y’e BUCOKI 3HAUCHHS
KOoe(iI[ieHTa CEIEKTHBHOCTI, 3HAYHO MiaBHIytoud TUM camuMm KK
COHSIYHUX KOJEKTOpiB. [0 TOro *k, MpakTU4HO JIMIIE COHAYHI KOJIEKTO-
pH, SIKi OCHAIeHI TOKPUTTSAMHU TaKOro THITY, MOKYTh €(peKTHBHO Ipa-
[IOBAaTH B XOJNOJHHUU TepioJ] pOKY BHACHIJOK Habarato MEHIIOI 3aJIeXK-
Hocti KK/I Bi pi3HUIII TeMIiepartyp.

YumMm Oinblre masarodoi eHeprii mepeaaeThesi TEIUIOHOCI0, M0 MPOTi-
Ka€ B KOJIGKTOPi, TUM BHILE HOro epeKTUBHICTh. [TinBuInTH i MOXHa,
3aCTOCOBYIOUHM CIEiaJibHI ONTHYHI MOKPHUTTS, SIKi HE BHIPOMIHIOIOTH
Terio B iHppauepBoHOMY criekTpi. CTaHIapTHUM pillleHHSM MPOOIeMH
MiJBUIICHHS e()EKTUBHOCTI KOJIEKTOpa CTAJI0 3aCTOCYBaHHs abcopOepa
3 IMUCTOBOT Mifli Yepe3 11 BUCOKY TEIUIONPOBiIHICTb.

Baxkyymui xonexmopu. IlinBuIUTH TeMriepaTypy TEIUIOHOCIS 10
250...300° C MokHa 32 paxXyHOK 3MEHIIICHHS TEIIOBUX BTPaT B PE3yib-
TaTi BUKOPUCTAaHHS 0araTomapoBoro CKISHOTO MOKPHUTTS, TepMeTH3allil
a00 CTBOpEHHS B KOJIEKTOPaxX BaKyyMmy

DakTUYHO COHSYHA TEIIOBA TPyDa Mae MPHCTPIH CXOXKHUI 3 TOOYTO-
BUMH TepMocaMu. TiIbKH 30BHIIIHS YaCTHHA TPYOM IIPO30pa, a Ha BHY-
TPIIIHIA HAHECEHO BHCOKO CENEKTHBHE MOKPHUTTS JJs BIIOBIIOBAHHS
COHSYHOI eHeprii. MK 30BHIIIHBOIO 1 BHYTPIIIHLOI YaCTUHAMH 3HAXO-
IuThes BakyyM. CaMe BaKyyMHUE TIPOLIapOK Ja€ MOXKIIMBICTH 30epertu
O0m36K0 95 % yI0BIIOBAHOI TEIMIOBOI €HEPTIi.

OcoOJIMBICTIO TakWX KOJEGKTOPIB € BHUKOPHCTAHHS B  SKOCTI
e()EKTUBHOTO TEILIOI30/ITOPa BakKyyMy. Bakyym MiITPUMYy€EThCS MIiXK
30BHIIIHIM MTOKPUTTIM 31 CKJIa i TEIIOMONIMHAIBHUM IIapoM. 3aBIsSKH
BaKyyMy MIHIMI3ylOTbCS TEIUIOBI BTpaTH 1 pI3KO 3HHKYETHCS
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sanexHicth KK/ xoyekropa Bij pisHHIN TeMIIEpaTyp MiXK KOJIEKTOPOM 1
30BHIIMIHIM TMOBITPsM. KOHCTPYKTHBHO BaKyyMHI KOJICKTOPH MOXKYTb
BUKOHYBAaTHCS  TPyOYacTUMH, SIKi BHKOHYIOTBCS 3  OKPEMHX
TePMETHYHUX TPYO, 1 TUIOCKMMH, B SKHX BaKyyM HiITPUMYETbCS 3a
JIOTIOMOIOK0  CIICHiajJbHUX HAcociB. HaiOuIblll MOMIMPEHUMHU €
TpyO4acTi BakyyMHi KonekTopu. KoHCTpyKkiito TpyO4aToro COHSIYHOTO
KOJIEKTOpA MpeJICTaBIeHo Ha puc. 3.13.

Baxyymua cenana TpyGra

[O3eprano-KOHUEHTpaTop

MoravHarya NoBepxHa

Puc. 3.13. KoHCTpyKIIist BAKYYMHOI'O COHSYHOTO KOJIEKTOpa

Jlns maHMX KOJEKTOPIB XapaKTepPHUW TaK 3BaHWN J3EPKaTbHHIMA
e(eKT, 3aBIIKH SKOMY 3MEHIIYEThCA 3aJIeKHICTh TEIUIOBIAAadl KOJIEK-
TOpa BiJ BUCOTH COHIIA. 1le crprsie BUPIBHIOBAHHIO TEILIOBOI MOTYKHO-
CTi KOJIEKTOpa SIK MPOTATOM JIHS, TaK i MPOTIrOM yChOT'O POKY, IIO €
CYTTEBOIO MEPEBATOK0 TAKOT'O THITY KOJIEKTOPIB.

Jlo mepeBar BaKyyMHHX KOJEKTOPIB ciif BimHectu BHcokuii KKJI
MIPOTATOM BCHOI'O POKY. Jl0 HEZOIIKIB MOXKHA BiIHECTH OLIBII BHCOKY
BapTICTh, OUIBIIY Bary i rabapuTHI PO3MIpU B IOPIBHSHHI 3 IHIIUMU
THIIAMH KOJIEKTOPIB, 3HIKEHY e(EeKTUBHICTh POOOTH B 3UMOBHI Iepios
B KJIIMAaTUYHUX YMOBax YKpaiHH BHACIIJOK MOXJIMBOTO yTBOPCHHS
IHEIO 1 BUIAaHHs CHITY.

BakyyMHI COHSYHI KOJIEKTOPY € BUCOKOTEXHOJIOIYHUM 1 I[IKABUM B
TEXHIYHOMY BiJTHOIIICHHI BHJIOM JIaHOT mpoyKilii. Ha skainb, kiiiMaTuyHi
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YMOBH HAIIOi KpalHU HE 3aBXK/U y TIOBHIM MIpi JI03BOJISIIOTH peaji3yBa-
TH iXHil noreHial. L{e crocyeTbcs HEraTHBHOIO BIUIMBY CHIT'Y Ta iHEHO.
Tyt cmig Matv Ha yBasi, 1[0 BHACTIAOK BIAMIHHHX TEILJIOI3OMSAIIIHHUX
BJIACTMBOCTEH BaKyyMy, SIK CHIT TaK 1 iHiil MOXXYTh TPUMATHCS HA KOJIe-
KTOpax JIy>Ke JOBr0, TPUBAJIMH Yac MICIs TOTrO SK JlaX OyiBJIi OBHICTIO
OUMCTHIIACS.

OueBHUIHO, IO B III IIEPIOAM E€HEProBiAgaya KOJIEKTOPIB IIPAKTHYHO
3HIKYEThCA 10 Hyad. 11]o cTocyeThbest Bpa3IMBOCTI TPYOUACTHX KOIEK-
TOpIB 10 Ipajay, gaHa mpodieMa Mae MICLE, B IIEPIIY YEPTY, B BAKYYM-
HHMX KOJIEKTOpPaxX KUTAaWChbKOIO BUPOOHHIITBA, SAKI HE 3aBKIM MAalOTh Ha-
JeXHY SKICTh. Te K MOXKHA CKa3aTH i PO BTpaTy BaKyyMy B TpyOKax
KOJIEKTODIB.

Barato €BpOIEHCEKUX BHPOOHHKIB MAIOTh B CBOEMY MOJIEILHOMY
psal BaKYYMHI KOJIEKTOPH 3 TaK 3BaHOI TEILUIOBOIO TPYOKor0. [Ipu BUKO-
pUCTaHHI JAHOI KOHCTPYKIII, Ha MOIJIMHAYl BCTAHOBJIIOETHCS TEILIOBA
TpyOa, 3all0BHEHA PIAUHOIO, 10 BUIApOBYeThes. Jlana Temnosa TpybOa
NPUEIHYETHCS 10 KOHIAEHCATOPA, 110 3HAXOAUTHCS B TEIJIOOOMIHHUKY
THITY «Tpy0a B TpyOi». Temo mnepenaeTbes NOriIMHavYeM TEILIOBIA TPY-
OIli, 0 MPU3BOAMTL A0 BHUIIAPOBYBAHHSA DIAMHH. YTBOPIOETHCA Iapa
HAJIXOIUTh V KOHAeHcaTop. Tak K HeMacE 3B'I3KYy MK 30BHIIIHIM KOH-
TYPOM 1 PiJIMHOIO, 1110 BUIIAPOBYETHCSI, TO MOXJIMBO IMPOBOJUTH 3aMiHYy
oaHieT a00 IEKUIBKOX TPYOOK IIPH 3aIIOBHEHIN YCTaHOBIII.

MosxHa po3paxoByBaTH Ha Te, IO 3 YaCOM, IO Mipl BiAMpaIfOBaAHHS
TEXHOJIOril BUPOOHWITBA MPOMYKIii, AaHi MpoOJIeMH BTPATATH CBOIO
aKTYaJIbHICTb.

B BakyyMHHMX COHSYHHX KOJEKTOpaX TaKOXX 3HAMIIUINA 3aCTOCYBaHHS
TeIJI0BI TPYOKH, 1110 BUKOHYIOTh POJIb MPOBiAHMKA Teria. [Ipu ompomi-
HIOBaHI YCTAHOBKU COHSYHUM CBITJIOM, PiIMHA, 110 3HAXOAUTLCA B HH-
JKHIM 4acTHHI TPYOKH, HArPiBAIOUKCh IIEPETBOPIOETHLCS B Tap.

[Tapu migHIMAIOTECS Y BEPXHIO YACTHHY TPYOKH (KOHIEHCATOp), 1€
KOHJICHCYIOUHCH MEpenaroTh TEIUIO KOoIeKTopy. BuKopuCTaHHS OaHOL
cxemu no3Bosisie pocartd Oiunpmoro KK/ (y mopiBHSHHI 3 IUIOCKHMH
KOJIEKTOpaMH) MpU POOOTI B yMOBaxX HM3LKUX TEMIIEPATYpP 1 ClIaOKoi
ocsiTiieHocti. Cy4yacHi moOyTOBI COHSYHI KOJIEKTOPH 34ATHI HArpiBaTH
BOJly JI0 TeMIepaTypy KHIIIHHS HaBiTh NMPH MIHYCOBiil HaBKOJIMIIHIN
TeMIepaTypi.

Sk mpuKiaa[, BUKOPHUCTAHHS €HEPTETHUHUX MOMKIMBOCTEH CHCTEMU
COHSYHMX KOJIGKTOPIB, PO3MIITHEMO iX 3aCTOCYBaHHS JJisi HarpiBy BOJHU
B cucTeMi rapsiaoro Boponocrayanss (I'BIT).
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B TepmocudoHHUX cuUCTeMax BOja, HArpitTa COHSYHOI CHEPTIElo,
MiJHIMAETHCS Y BEPXHIO YACTHHY HAKONMUYYBAJIBHOTO 0aka, a OUIBII Ba-
’KKa XOJIOJHA BOJA 3 MOro HIKHLOI YACTHHH I JI€I0 TPaBITAIIIHUX
CHJI HaJIXOJMTh JI0 KOJIEKTOPa, CTBOPIOIOYH MPUPOIHIO KOHBEKIIit0. [0-
JIOBHMIA HEIIOJIIK — PO3TalllyBaHHS 0aka MMOBHHHO OYTH BHIIE COHSYHUX
KoJIekTOpiB (puc. 3.14).

HaxkommiayBaneHui 6ak

lopsua 44—
BOJA

Xonogua —P

HAYHHH KOJICKT
Boaa Co OJICKTOP

Puc. 3.14. Tepmocudonna cucrema

B aktuBHIl cucTemi 6ak MOXKe OyTH PO3MIIICHUH Y OY/Ib-SIKOMY Mi-
Clli, OCKUIBKH pPyX TEIJIOHOCIS 3a0e3MeuyloTh LUPKYJLiHHI HACOCH
(puc. 3.15).

B npsiMux crcTemMax HeMae TEIIOOOMIHHHUKIB, a B HEMPSIMHUX — BOHH
PO3IUISIOTH IUPKYJIAIII0 B KOHTYP1 KOJIEKTOpa B IUPKYJIALII B CHUC-
temi I'BII. 3aBasku npoMy, B KOHTYPi KOJIEKTOpa MOKHA BUKOPHUCTOBY-
BaTH He3aMep3al0uMil TEMJIOHOCIH, a CUCTeMY — HaBiTh MPHU MIHYCOBIiH
30BHIIIHINA TeMIepaTypi.

Taxi cucreMH B KIIMaTHYHUX YMOBaX YKpaiHU MOXKYTh (DYHKIIOHY-
BaTH HA IIPOTS31 BCLOTO POKY.

OCHOBHOIO 33JIa4€H0 /I YaC MPOCKTYBaHHS CUCTEM COHSYHMX KOJIE-
KTOpIiB uia BuKopucTtaHHs B cuctemi I'BII € Bu3HaueHHsS HEOOXigHOT
IJIOII KOJIEKTOPIB, B 3aJI€KHOCTI Bi KUIBKOCTI JIFOJIEH Ta 1X mOTpedn y
TeIUIii BOJI, a TAKOXK BiJI IMUILHOCTI IIOTOKY €HEPrii B JaHOMY PErioHi.
[Ipu upomMy BuxoauTH Tpeda i3 TOrO, 110 CUCTEMA COHSIYHUX KOJICKTOPIB
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noBuHHA nokpuBaT 60—70 % piuHoi MOTpedU B TEILIil BOMI (BIITKY 10
90-100 %). OCHOBHHM METO/IOM TPOEKTYBaHHS COHSYHUX YCTaHOBOK €
meron F-CHART.

Cons1uHuit KOJIEKTOP

HaxonmayBanpHui Oak

—p lopsua
BoJa

Hupxynamiitanit —
Hacoc

4— XonongHa

BOJIa
a
CoHSTYHUH KOICKTOP
Haxonuuy BasbHuit
bax Topsua Boga
—
Hupkynamiitani —
HAcoC -

TennooOMIHHHK Xomoaua Boga

o
Puc. 3.15 AxrtHuBHa cuctema: a — rpsiMa; 6 — HerpsiMa

Po3mip KoJIeKTOpIB, SIK MPaBHIO, MiAOMPAIOTh EMIIIPHYHHM METO-
JIOM, SIKHi IPUITYCKa€e BUKOPUCTOBYBATH 1—1,5 M> IUI0mIi KOJTEKTOpa Ha
OIHY TIONHMHY. 3 OJJHOrO M’ OBEPXHi 3BHUAIHOTO MJIOCKOTO KOJNEKTOPa
moxxua orpuMmartu 420...470 kBt-roa. eHeprii Ha pikK.

CxeMy CHCTEMH COHSIYHHX KOJEKTOPIB y CHCTEMi HarpiBy BOIM 3a
paxyHOK KOTJIa OIajIeHHs MToKa3aHo Ha puc. 3.16.
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OueBUHO, IO CUCTEMa COHSYHHUX KOJEKTOPIB, III0 BUKOPHCTOBY-
€ThCs I HarpiBy Boau B cuctemi I'BII, He Moxke OyTH €TUHUM DKepe-
JIOM, III0 BUKOHYE If0 (PYHKI[iIO, OCKIIbKH, HaBITh BJITKY, MOXe OyTH
Iepio XOJOJHMX [OHIB, KOIU COHSYHA yCTaHOBKa (HABITh 3 MICTKHM
HaKOIMMYyBaJIbHUM 0aKoM, 3 3a[1aCOM Ha KijbKa JIHIB) HE 3MOK€ ITOBHIC-
TIO TIOKPUTH MOTPeOH B Terwtiit Bomi. ToMy, Oak Takox HEOOXIAHO TTijK-
JIFOYATH [0 CUCTEMHM OITaJIEHHS.

CriocoOH MiIKITIOUeHHS CUCTEMH COHSYHUX KOJIGKTOPIB JI0 iICHYIOYOi
cucremu I'BII mokazano Ha puc. 3.17.

BukopucTaHHs COHSYHUX KOJEKTOPIB IS OMAJCHHS IMPHUMIIIEHD
(3BMUaiiHO, B SIKOCTI JJOIIOBHEHHS JI0 CUCTEMH LIEHTPAIBHOIO OMAaJICHHS)
BHMarae BCTAHOBJIEHHS KOJIEKTOPIB 3HAYHO OUIBIIOL IO (10 JEKiab-
KOX JICCSTKIB KBaJ[PaTHUX METPIB) i OUIBIN CKIAJHOI CUCTEMH, HIK Yy
BUMNA Ky HarpiBy Boau 1yt ['BII.

CoHAYHUH KOJICKTOP

Perymsatop
HaxormiyBansHuit Gak KoTen OmaNCHHS
_____ I
Hupxy astiitamia

Hacoc 1
—_—

Hupxy At itamia

Hacoc 2

Xoaoaua
BOJA

—p Topsua
BOJA

—>

Puc. 3.16. Cxema miAKITFOYCHHS COHSIYHOTO KOJIEKTOpa
JIO CHCTEMH OTaJICHHS
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CoHSYHUN KOJEKTOP

HaxonuuypaibHuii Gak

T'opgaa
BOJa

Iupkysiiitiamit T Perymsarop

Hacoc

JBYyXKOHTYpHUM
KOTeJ

CoHSUHMH KOJIEKTOp

Perynstop
L0

HakonwuyBanbunit 6ak

ABTOMaTHKa

Iupkynsuitiamit TEH kepyBanus

Hacoc

Xononna > —p» lopsiua
BOZA BOZa

0

Puc. 3.17. Cxema HifgKIIOUEHHST COHIYHUX KOJEKTOPiB 10 cuctemu I'BIT:
a — 10 TBOKOHTYPHOT'0 KOTJIa; 6 — [0 €IEKTPUYHOI CUCTEMHU ITIAIrpiBy
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OmuiHKy eKOHOMIYHOi e(eKTHMBHOCTI MOXXHAa MPOBECTH HACTYITHHM
YHHOM.

JIJiss BUTOTOBJICHHS Tapsiu0l BOAM HA MPOTSI3i POKY JUIsS JIESKOT CiM’1
HeoOXi/IHI BUTpaATH eHeprii OyIyTh CKIIaJaTH:

E=ZnATC,N

e Z — CHOOXKHMBAaHHS TEIUIOI BOAM JUIS BHKOPUCTAHHS (KI/JIIOM:IE€HD);
7 — KUIBKICTh Jrofel; AT — pi3HULS TEMIIEPATyp TEII0l Ta XOJIIOZHOI
Boau; C, — nuToMa TemnoeMHICTb Boau (kJ[x/kr-°C); N — KUIBKICTb JHIB
POKY.

Jliis Toro, mod OTpUMAaTH TaKy K KUIbKICTh €Heprii, HeoOXiIHO cra-
JIUTH AESIKY KUTbKICTh NAJINBA:

E=mmW ,

ae m — maca manuBa, Kr; 1 — KKJ| opucTporo 1as HarpiBaHHS BOJM,
W — nuToMa Teriota 3ropsHHS TpaauIliiiHoro nanmsa, Jx/kr.

[IpupiBHIOIOUM IIi BEIUYMHA MOXKHA BH3HAYMTH E€KOHOMIYHY HOIIi-
JILHICTh CUCTEMHM COHSIUHUX KOJIEKTOPIB. MOKHA BBAXKATH, IO IOCTIHHO
3pocTaroydi I[iHM Ha TpajauliiHI HoCii eHeprii, OyayTh MOCTIHHO MiJABU-
IIyBaTH €KOHOMIUHY €()EKTHBHICTh CHCTEMU COHSYHHUX KOJIEKTOPIB.

[lopiBHIOBaTH CHCTEMH IUIOCKUX 1 TpyO4YaTHX KOJIEKTOPIB JIyKe
Baxxko. Kpaie BHOMpaTyi MK KOHKPETHMMHU MOIEIIMH. TUM He MeH-
e, B 3arajJlbHOMYy BHUIIAJKY IUIOCKI KOJEKTOPH JEIICBIIC I BUMAraroTh
MEHIIIe yBaru npu oOCIYrOoBYBaHHI, 3aT¢ TPyOUYaTi KOJIEKTOPHU € OLIbII
MPOAYKTUBHUMH 1 6araTodhyHKIIIOHATBHUMHU.

Po3mMip koiekTopa MoBHHEH OyTH TakuM, I[00 CHCTEMa 3MOrja 3a-
Oe3meunTy B cepeqHboMy 85-95 % rapsiuoi BoaH, IKa BUKOPUCTOBYETh-
¢S B TEIJIOMY MiBpiudi. BBaskaeTnes, 10 ciM’1 13 4OTUPLOX 0Ci0 mOTpi-
6eH OIMH 3 JBOX BMJIB KOIEKTOPiB: MIoCKHil miomero 4...6 M a6o
TpyGuaTuii mromero 2,4...3,2 m’.

Consauni xonekmopu-xonyenmpamopu. IliIBUIEHHS eKCIUTyaTa-
miiguX Temmeparyp a0 120...250° C MOXIMBE LUIIXOM BBEIEHHS B
COHAYHI KOJEKTOPH KOHIIEHTPATOPIB 3a JOIOMOIOK mapaboio-
MUIIHAPUYHUX BiIOMBa4iB, MPOKIAJEHNUX T HOTIMHAIOYUMH €JIeMEH-
tamu. JJIst ofep>kaHHs OUTBII BUCOKMX EKCIUTyaTallifHUX TeMIepaTyp
MOTPiOHI IIPUCTPOI CTEKEHHS 3a COHLIEM.

Conauni nosimpsani Konekmopu. COHSYHI MOBITPSIHI KOJEKTOPH —
1Ie MPWIAIU, 10 MPalioTh Ha eHeprii COHIM 1 HArpiBaIOTh MOBITPSL.
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CoHsAYHI MOBITPSHI KOJIEKTOPH IPEACTABIISAIOTE COOOI0 HaidacTiiie
IPOCTI TJIOCKI KOJEKTOPH 1 BUKOPUCTOBYIOTHCS B OCHOBHOMY JIJIS OIla-
JIEHHS MPUMIIIEHb, CYIIHHS CLIbChKOrOCmoaapchkoi npoaykirii. IToBiT-
P IPOXOAUTH Yepe3 IMOIIMHAY 3aBISKH MPUPOIHIN KOHBEKINT abo Imij
BIUITMBOM BeHTHIISITOPA. OCKIILKH MTOBITPS TipIlie IPOBOIUTH TEIUIO, HIXK
piauHa, BOHO Iepeaae MOrIMHAYY MEHINE TeIla, HK PIAKHH TErI0HO-
ciii. ¥ MedIKuX COHSYHUX IMOBITpOHATrpiBavax J0 MOMIHHAIOYOI IIACTH-
HH MPUEIHAHI BEHTHIIATOPH, SKi 301IbIIYIOTh TYPOYIESHTHICT HOBITPS 1
MOKPAIYIOTE Terronepenady. HemomikoMm mie€l KOHCTPYKIii € Te, [0
BOHA BHUTPAYa€ €HEPTil0 Ha POOOTY BEHTHIATOPIB, TAKUM YHHOM 301/Ib-
[IYIOYH BUTPATH Ha €KCILTyaTallil0 CHCTEMH. Y XOJOJHOMY KJIiMaTi IO-
BITpsI HAIPABIIAETHCA B MPOMDKOK MK IJIACTHHOIO-ITOTTIMHAYEM 1 yTell-
JIEHOIO 3aJHHOI0 CTIHKOIO KOJIEKTOpa: TAKUM YHMHOM, YHUKAIOTh BTPaT
Teria Kpishb 3ackieHHs. OHaK, sKIIO MOBITPS HArpiBa€ThCS He OLIbIIe,
Hik Ha 17° C BHIIE TeMIepaTypd 30BHIIIHBOTO IOBITPs, TEMIOHOCIH
MOJXKE IIUPKYJIIOBATH 10 OOMIBI CTOPOHM Bij IJIACTHHH-IIOTJIHMHAYA 0e3
BeTUKHX BTpaT epexkTuBHOCTI. OCHOBHHMH II€peBaraMu IMOBITPSHUX
KOJIEKTOPIB € IX IIPOCTOTa 1 HamiiiHICTh. Takl KOJIEKTOPH MAalOTh IIPOC-
i npuctpiii. [lpu HaIeKHOMY IOIJIAMI SKICHHH KOJEKTOp MOXe
npocayxuta 10...20 pokiB, a KepyBaHHS HHM JOCHTL HECKIAIHE.
TemmooOMIHHUK HE TOTPIOEH, OCKUILKK IOBITpsA He 3amep3ac. Iloren-
LIHHKM CIIOCOOOM 3HMIKEHHS BapTOCTI KOJIEKTOPIB € TXHs IHTerpais B
cTinn abo maxu OyIiBelb, a TAKOXK CTBOPEHHS KOJEKTOPIB, SAKI MOXHA
Oyne 30MpaTH 3 TOTOBHX KOMITOHEHTIB. KojekTopu mpusHaveHi ajs o0i-
PiBYy MPUMIIIEHL B YMOBaX JOCTATHLOI COHSYHOI OCBITJIIEHOCTI 1 mpH
BizcyTHOCTI (a00 MmapajenbHO 3 HUMH) IHIINX JKepe eHeprii (TaKuX K
ras, eJeKTpHKa, pigke i TBepae najianBo). Komexkropu He MOXYTh OyTH
OCHOBHOIO CHCTEMOIO OIajJ€HHS, OCKUILKH HE 3a0€e3[1euyioTh BiAIOBi-
HHMX XapaKTEPUCTHK SK IMPOTIATOM J00H, TaK 1 IPH 3MiHI CE30HIB POKY.
Onnak cuctema MOKe OyTH iHTerpoBaHa B OyJb-SKy iICHYIOUY CHCTEMY
OMaJIeHHs Ta BEHTHIIAILLI.

3.4 Po3paxyHOK CUCTeMHU eHepronocTayaHHs Ha OCHOBI
COHAYHUX KOJIEKTOPIB

3aﬂaqe}0 relliOKOJIEKTOpa € OTPUMAaHHS €Heprii i3 0e31mocepeHbo-

T'0, PO3CISIHOTO 1 BiIOMTOr0 COHSYHOT'O BUIIPOMIHIOBaHHS 1 mepe-

Jaya ii B YCTaHOBKY [JIs IMIIrpiBaHHs BOau abo0 IS OmajIeHHs.
[Mopsinok poOOTH HACTYITHHIA:
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® COHIIE HAarpiBa€ pO3TAIlOBAHUN B KOIEKTOPI abcopbep, sIKUid TOoT-
JIMHA€ BUMIPOMIHIOBAaHHS 1 IEPETBOPIOE HOTO B TEILIO;

e Bij abcopOepa Terio MepexoauTh 10 menaoHocis (Boaa adbo iHia
pinuHa), IKUH MpoTikae Mo TpyOKam, 110 BOYZOBaHi B KOJIIEKTOD;

® TCIIOHOCIH MepeKavyyeThcsl /0 HAKOMHUYyBajbHOTO Oaka (fax-
HaxKonuuysau);

e B 0aKy TEIUIOHOCIHM BimJa€ TEIjo BOJI, Ky MPU3HAYEHO OO CIIO-
JKUBAHHS, 1 OXOJIO/KCHUH TIOBEPTAETLCS B KOJIEKHOP.

['0710BHHM €TeMEHTOM CHCTEMH € KOJEKTOp, IHIII arperatv € JoIo-
MDKHHMH, X04a 1 000B’sa3koBUMHU. Hampukimanm, TigpaBaidHUA KOHTYD
CKIAJa€ThC 13 TPyOOMpOBOMIB, KiamaHiB, (LIBTPIB, POMIHUPIOIOYUX
0akiB Ta HaCOCHOIr0 oOjagHaHHS. KpiM TOro, 10 CKJIaay reixiokoaekTopa
BXOJUTHh CUCTEMA aBTOPCTYIIOBAHHA Ta MOHTAKHUM KOMILJIEKT JJIA Kpl-
TUTEHHS 0aka, KOJIEKTOpa Ta 1HIIUX eJIEMEHTIB.

OnrumanbHa opieHTanmisa i Haxmil. EneproehekTHBHICTh KOJIEKTO-
PiB HaIpsIMy 3aJISKUTh BiJ] IX MPaBUIBHOTO po3TainyBaHHsa. Kpim Toro,
ix KKJI 306imbmiyeTbes 3aBAsKH BIZOMTOMY BiJ 3€MIIi 1 CYCIOHIX JaXiB
BHUIIPOMiHIOBaHHIO. KoJiekTop Mae OyTH pO3TAIlllOBaHMI B IMOJIOKEHHI,
110 3a0e3meuye MaKCUMajIbHe TPUIHMAaHHS COHSYHHUX IIPOMEHIB Y BiAImO-
BiTHUI TIepio]l JOOM, KOJIM COHSYHA €HEepris MakCUMayibHA. SIK TpaBu-
JI0, KOJIGKTOP BCTAHOBJIIOETHCS HANPSMOM Ha MIBACHB IiJ] KyTOM, BiJ-
MOBIIHUM IIUPOTI COHSIYHOI yCTaHOBKHU. [IpM MOHTaXi KOJEKTOpa He-
00X1IHO BpaxOBYBAaTH MOKJIMBI BITPOBI HaBaHTa)KEHHSL.

Konekrop nmoBuHEH OyTH BCTAHOBJICHWUN 0 MOMJIMBOCTI SKOMOTa
Oy KYe 10 HAKOIMYYBAJILHOTO 0aka, OCKUIBKH TOIOBKEHHS JIiHIT epe-
Jadi 3MeHInye eeKTUBHICTh YCTaHOBKHU

[[{o0 301IBIIMTH MOTEHIIHHUI BUXIiJ TeIUla B 3UMOBHH TEpPioj, pe-
KOMEHJIYEThCS, 11100 KYT BCTaHOBJICHHsS OyB Ha 15...20° Ouibmwmii, 3a
BINOBIIHY MPOTY. TOII MJIola KOJIEKTOpa, Ka OpiEHTOBaHA HA COH-
1I€ IPOTATOM 3MMOBHX MICSIIIB, € MAKCHMAJIbHOIO.

CaMoro BHCOKOT0 KOoe(illieHTa SHEproBijavi COHIYHOI YCTaHOBKHU
3a piK MOXKHA JOMOI'THCS MPH ii pO3TalllyBaHHI B MIBJCHHOMY HAIIPSMKY
3 HaxwioM 30 — 35 rpaaycie g0 ropusoHTati. [iarpamy BTpaTH eHepro-
BiJiIaui B TOMY BHIIAJIKy, SIKIIO KOJIEKTOPHA IaHENIb PO3TallloBaHa HE
ONTUMAJIbHO, TTOKa3aHo Ha puc. 3.18.

3 puCyHKa BHIHO, [I[0 MEHIIMI HAaXHI KOJEKTOpa e(hEeKTUBHIIIE, K-
IO MJIOMLY KOJEKTOpa He MOXKHA 30PIEHTYBATH HA MiBJICHb.
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Hanpuknan, TemaoBa KojJeKTOpHaA yCTaHOBKA 3 HaxuioM 30° HaBITh
pu 45° miBASHHO-3aXIJHOr0 HAMPsMKY Ja€ Mmaiixke 95 % onTumanbHOI
eHeproBimgaui. /st onTUMI3alii CIPURHATTS KOJIEKTOpaMU eHeprii Bo-
HU MOBHHHI OyTH opieHToBaHi B HanpsaMKy Conist. Kpurepissmu opien-
Tallii KOJIGKTOPIB € KyT HAXWUJIY 1 a3UMYT

3Ha4YeHHs ONTUMAIIBHOTO KyTa HaXMITy KOJIEKTOPIiB B 3aJIEKHOCTI Bij
MPU3HAYCHHS CUCTEMH HaBeJeHi B a0, 3.1.

f8383232s88

100

—= = 95%

Puc. 3.18. Brpara eneprosinnaui
Tabnuys 3.1

3HaYyeHHsSI MAKCHMAJIBHOI 0 KyTa HAXWITy

OnTuManbHuil KYT HAXIJILY
BukopucTanHusi COHSYHOI0 TenJja . .
reJTioKoJ1eKTOpiB

IIpuroryBaHHs raps4oi Boau Bix 30 1o 45
[TpuroryBaHHs rapsrdoi Boau .

PUroTyB P ’ Bix 45 o 53
00irpiBaHHs MIPUMIILEHb
[TpuroryBaHHs rapsrdoi Boau .

PHUTOTYB ap ’ Bix 30 o 45
HarpiBaHHs OaceiHy
[TpuroryBaHHs rapsiuoi BoAH,
HarpiBaHHs OaceiiHy, 00irpiBaHHS Bix 45 mo 53
MIPUMIIIEHb
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Kyt Haxwmty o — 11e KyT M TOPU30HTAJUIIO 1 HAIIPSIMOM KOJICKTOpA,
puc. 3.19, a. HalibinbIna KUTbKICTh €HEPTil CIPUIMAETHCS MOTJIMHAYEM
KOJIEKTOpa IMPH PO3TAlIyBaHHI HOro IJIOHMIMHHU IiJ MPSIMHM KyTOM 10
HanpsIMKy iHCoJAIil. OCKUIBKY KYT IHCOJIAIIT 3aJIKUTh BiJ] 4acy 00U i
POKY, Opi€HTAIIiIO TUIOIIMHU KOJIGKTOpA CJIiJ] BAKOHYBATH BIIMOBIIHO J10
Brucotu COHIIS B MEPioJ] HAJXOKCHHS HAaOLIBIIOT KITBKOCTI COHSYHOL
CHEepT 1.

A3MMYyT BU3HAUa€ BIAXUICHHS IIONIMHHA KOJIEKTOPA BiJ HANPSIMY Ha
MiBIE€Hb, TOOTO SKIIO IUIOIIMHA KOJEKTOPa OPI€EHTOBaHA Ha IIiBJACHB, TO
asumyT JopiBHIOE 0°. OCKIIBKH HAaWOLIbII IHTEHCHBHA 1HCOJIAIIS CITO-
CTEPIra€ThCs B CEpeaUHI JHS, IUIOIIMHA KOJIEKTOpa IMTOBUHHA OyTH Opie-
HTOBaHAa 10 MOXKJIMBOCTI Ha MiBACHb. JJOMyCTHMI TaKOK BiIXHJICHHS Bif
HanpsMy Ha miBAeHb 10 30° Ha mBAEHHMH cXim a00 MBAECHHME 3axif.
[Mpuknax BuzHaueHHs aszumyTy (B) komekropa (A) moka3aHo Ha
puc. 3.19, 6.

a o
Puc. 3.19. Kyt naxuiy KojiekTopiB (a) Ta fioro a3umyr (6)

SIKITO TeNTiOKOJIEKTOP BCTAHOBIIOETHCS HA JIaXy MPUBATHOTO OYIMH-
Ky, TO HalKpalyuM BapiaHTOM € BOyJIOBa MOTr0 B KOHCTPYKIIIIO Jaxy.
IIpn HBLOMY JOCHTEL 3aKpITUTH KPOBEIbHI TPHUMadi Ta BHBECTH 330BHI
3’eHyBaJIbHI TPyOKH. AJle Tpeba mam’sTaTH, 10 MOXKHA BUKOPUCTOBY-
BaTU TUIBKM TUIOCKY MOEIbL 3a YMOBH, IO CKaT HE MeHIIUH 25°,
puc. 3.20, 3.21.

JUis iHIIMX MOjeNel TemioKOJIEKTOPIB ONTHUMAbHUN KYT HaXHITy
JUTSL LIJTOPI9HOT pOOOTH CTAaHOBUTH 45°, OCKINBKU 3MIHUTH HAXHII KOJIe-
KTOpiB, 110 BCTAHOBJICHI HA JlaXy, HEMOXIIUBO, puc. 3.22.
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Puc. 3.21. BcTaHoBIieHHS TpyO4YaTOro KOJIEKTOpa
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Puc. 3.22. KonekTopu, 10 MPAIOOTh MITOPIYHO

Konekropu, siki BCTAaHOBJICHI Ha 3eMJIi @00 TUIOCKOMY Jaxy, MOXKHA
ONTHUMAJLHO PO3TAIIYBATH 10 BiJHOIICHHIO JIO COHIIS, TUM CaMHM 30i-
IbIIUTH eeKTHBHICTh cucteMu. Kpim toro, ix KK/ 30iabinyeTses 3a
pPaxyHOK BHIIPOMIHIOBaHHS, BIIOMTOrO BijI 3eMJIi Ta CYCIJIHIX TTOKpPHUTb,
puc. 3.23.

Puc. 3.23. KonekTopu 3 ONTUMAIEHUM PO3TANTYBAaHHSIM BiTHOCHO COHIIS
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Po3paxynox mapamerpiB reqaioyctanoBku. [Inoma noBepxHi co-
HAYHOTO KOJIEKTOpa MOXKHA pO3paxyBaTh TaKUM YHHOM:

0,365
Gn ’

S

ne O. — norpeba B TerioBii eHeprii, kBT, G — piuyHa IPOAYKTHBHICTD,
kBT - ron./m*; 1 — KKJI remioycranosku. Hanpuknan, ans O, = 16 kBr,
G = 1000 kBT * ro./mM>, 1 = 0,8 OTpHMY€eMO 3HAUEHHSI TLIOII KOJIEKTOpa
S=7,5w.

BusHnauyeHHsI IUIOIi COHSIYHHX KOJIEKTOPIB. 3HAUEHHS IUIOII CO-
HSYHOTO KOJIEKTOpa 3aJISKHUTh BiJ] 3HAUEHHS KUTLKOCTI Teruia, HeoOXiI-
HOT'O JJI CUCTeMH. SIK IPHKIa] BU3HAYMMO KUIbKICTh TeIaa, HeoOXiI-
HOro Jig 3a0€e3meueHHs POAUHH 13 YOTUPHOX YOJIOBIK (IBOE TOPOCIHX 1
JIBI TUTHHHM) rapsiuor0 Boor. CriouaTKy BU3HAYAETHCS HA CKIJIBKU Ipa-
JyCIB Ma€ TMIIBUIUTHCS TeMIIepaTypa BoJu Ta ii oOcsr. 3a eMIipuuHu-
MH JaHHMHM Ha JIIOAWHY BUTpadaeTbes B AeHb S0 miTpiB Boau. Cymap-
HMI 00CSIT €MHICHOI'O HarpiBaua BH3HAYAETHLCS 3 PO3paxyHKy 1,5 ... 2
HOpMH 1000BOi 1oTpedu, 3Biacu Maemo 50 - 4 - 1,5 = 300 n. [Ipunycru-
MO, 1[0 CepPe/IHs TeMIiepaTypa BXinHoi Boau aopiBHioe 15° C i BoHA m0-
BuHHA Oytm Harpita 10 50° C, TOOTO pi3HUI TeMIepaTyp JOPIBHIOE
35°C.

Jlayi BU3Ha4YaeMO KUTBKICTB eHeprii HeoOXiIHOT il HarpiBaHHsI 1€l
KUIBKOCTI BOAH. BpaxoByemo, 110 JUIsl HArpiBy OJHOIrO JiTpa BOAM Ha
OIWH Tpagyc Tpeba 3aTpaTUTH €Hepriio, o aopiBHioe 1 kkaim. Tomi
300 ;- 35° C = 10500 kkau. [ljis mepeTBOpPeHHSI KUTLKOCTI 11i€l eHeprii B
kBT ‘- rox BpaxoByemo, 110 1 kBt - rog = 859,8 kkan. Toxi KiibKicTh
eHeprii gopiBHoBatuMe 12,21 kBT - rog.

Bu3HavaemMo KiNBKICTh eHeprii, ska MOXKe MOTJIMHATHUCS 1 TIEPETBO-
PIOBATHUCS B TEIUIO COHSYHUMH KOJIEKTOpaMu. Po3riisHeMo BapiaHT po3-
TallyBaHHS COHSYHOI YCTAHOBKH B MiCTi JIHIMpONeTpoBChKY. 3HAUSHHS
COHSYHOI pajiaiii MOXKHa TOJUBHMTHCA B TaON. 3. 2. Y IUIHI COHSYHA
eneprist Ha 1 M° ckinagae 5,7, a B mortomy 1,99 kBTt - rox - m*/nens. Co-
HSAYHUN KOJEKTOp 3aaTHUi norinuHaT 10 80 % eHeprii COHIIA.

3HaveHHS MOTJIMHEHOI eHEeprii, sKa MepeacTbcs BaKyyMHUMH TPYO-
Kamu gopiBaioe 5,7 - 0,8 = 4,56 mis munus i 1,59 kBt - rox M%/ IeHb 1S
JIIOTOr'0 Ha OJMHHMIIKO TUION[ TOIVIMHAHHS Kojiekropa. [Lmoma morim-
HaHHS BAKYYMHOIO TpyOoto niamerpom 58 1 noexkuHoto 1800 MM cTaHo-
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BuTh 0,08 M”. OUeBH/IHO, IO OHA TpyOKa 37aTHA OTPUMYBATH 1 IIepea-
BaTH COHsUHE Ter1o KutbkicTio 0,365 ta 0,127 kBt - rox BigmoBigHO B
nunHi 1 mrotoMy. Jlam BU3HAYaeMO HEOOXITHY KIMBKICTH TpyOOok. Emep-
risl, Ky HeOOXiJHO 3aTPaTHTU HA HArpiB MOTPIOHOI KiIBKOCTI BOAM CTa-
HoBuTh 12,21 kBT - ron. EHepris, siky MOJKHa TiepellaTH OHIEI0 BaKyyM-
HOI0 TPYOKOIO, 3a/Ie3KHO0 Big micsi, ckmamae 0,365 ta 0,127 kBt - rox
BimoBigHO. Toni HeoOXiAHA KUTBKICTh TPYOOK JOpiBHIOE 33 sl JTUIHS
196 I TFOTOrO MICSIIIB.

ITigpaxyBaBIiu, KUILKICTh TPYOOK V CKIaal KOJEKTOPIB, 0a4nMO, 110
B 3QJIEKHOCTI BiJ MICSI[S BUKOPUCTAHHS IJIS IPUTOTYBAHHS MOTPIOHOT
KUIBKOCTI BOOM, KUIBKICTH TPYOOK MOXK€ ICTOTHO Bigpi3HATHCA. B ga-
HOMY BHIIAJIKy BapiaHT — YMUM OUIbIIE, TUM Kpallle, HE MAX0IUTh. B3u-
MKY OTPUMYETHCS HEOOXIIHA KUIBKICTh TEIlIa, ajie€ BIITKY MOXKHA 3ITK-
HYTHUCS 3 JyXK€ CYTTEBOIO MPOOIEMOI0 — YTHIII3ALI€I0 HaJUTUIIKOBOT'O
TeInIa.

Po3paxyHok giamerpa Tpy0. KonekTopHi YCTaHOBKH MOXYTh IIpa-
LIOBATU 3 DPI3HUMHU IIUTOMUMHA 00’€MHUMHU BUTpaTaMu. Po3MIpHICTIO
IPU 1IbOMY € BHTpata B 11 / (rox - M°). Benukuii 06’ eMHHMiT MOTIK 03Ha-
Yae MajMi PO3KH][ TEMIIEPATyp Y KOJEKTOPHOMY KOHTYpI, a HU3BKHIi
00’eMHMI1 TTOTIK — BETUKHIA.

[Ipu BemMKOMY PO3KHUJI TEMIIEPATYP CEPENHS TeEMIIepaTypa KOJIEK-
Topa 3poctae, To0To KKJI KOJeKTOpIB BIAMOBIAHUM YHHOM 3HHKYETh-
csa. OgHaKk IpH MaduX 00’ €MHHUX IOTOKAaX 3MEHIIYETLCS BHKOPHCTAHHS
JOMOMIKHOT eHeprii (mOTIK Big Hacoca) 1 MOKHA BHKOPHCTOBYBAaTH
3’eAHYBAILHANA TPyOOIpoBig MeHmioro aiamerpy. 11[o0 3abe3meuntn
HajalliHe MPOTIKaHHA 1 TYpOYJIEHTHHH MHOTIK, HEOOX1JgHA BUTpaTa MiHi-
MyM 25 51/ rox - M%. B 1iiomy y pasi po3paxyHKy 00’€MHHX MOTOKIB
KOJICKTOPIB Ma€ OyTH MPUHHATHI 10 yBaru HEOOXiqHUM 00’ e€MHUN 1Oo-
TIK IPUEIHAHUX TEIJIOOOMIHHUKIB.

1. Pexxum MiHIManbHOI BHTPAaTH — PEXKUM 3 00 €MHOIO BHTPATOO
npu6imsHo 10 30 51/ (rox + M).

2. PexxuM MakCUMallbHOI BUTPATH — PEKUM 3 00’€MHOIO0 BUTPATOIO
nouaz 30 1/ (rox - M?).

3. PexxuMm peryiaboBaHOi BUTpaTH — PEXHUM 3i 3MIHHOIO 00’€MHOIO
BUTPATOIO.

3 TOUYKH 30py BUKOPUCTAHHS NEPBUHHOI €HEPril «PEXUM MIHIMAJIb-
HOI BUTpaTH» JUIS KOJIEKTOPIB 3a0e3meuye JesKi mepeBaru y mopiBHIHHI
3 «PESKUMOM MaKCHMAaIbHOI BUTPATHY, SKIO 3a0€3MeUyIOThCS HadiiHe
MPOTiKaHHS TETUIOHOCIS Yepe3 BCIO MaHelb i TypOYIeHTHHUH MOTiK.
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Sk BigOMO, 1€aIEHOI0 PIAMHOK a0o0 imeaJbHUM IIOTOKOM Ha3WBa-
€ThCA TaKa piavHa ad0 MOTIK, ITiJ1 Yac po3IIAay AKX MOKHA 3HEXTYBa-
TH ICHYBAHHSIM Y PiHHI BHYTPIIIHHOTO TEPTS Ta CTBOPEHHSIM BUXOPIB.

Tedis piavHU 32 HASIBHOCTI BHYTPIMIHBOTO TEPTS, KA HE CYIIPOBO-
JUKYETBCSI CTBOPEHHIM BHXOPIB, HA3UBAECTHLCS JaMiHaApHOI0. BHyTpimHe
TEPTA BUHUKAE B PIAMHI BHACIIIOK B3aeMOIIT MOJIEKYI 1 Ma€ MicClie yce-
pEarH] PIAMHH MK IIapaMy 3 PI3HUMM IBUAKOCTAMH pyxy. Hampw-
Knaj, Oe3rnocepeqHbO Oiist CTIHKM TPYOH IIBUAKICTH Tedil piIMHU IOpi-
BHIOE HYJIIO, @ Ha OCi TpyOHM BOHA MaKCHMaJbHa.

O6’eM pinuHH, O MPOTiKae Mo TpyOi 3a yac  BHU3HAYAETHCS PiB-
HsaHHAM [laya3zeins:

_ nApiR*
8n/

14

B

ne R —paxiyc TpyOu 3 mnaakumu crinkamu; Ap — pisHHIS THUCKIB Ha
KIHLAX TpYyOH; ! — TPUBAIICTH NPOTIKAHHS PiAUHU; [ — I0BKUHA TPYOH;
1 — AMHAMI4HA B’SA3KICTb, SIKA PI3KO 3MEHIIY€EThCS 3 MiABUIIEHHAM TEM-

MepaTypy y BiJITIOBITHOCTI 3 €KCIIOHCHIIIATbHIM 3aKOHOM.

Konu mBuaKicTh Tedil MEPEBUIIYE AEIKE KPUTUYHE 3HAUEHHS, P1IK-
Ha a00 ra3 NOYMHAIOTH pyXaTHCcs TyYpOyJIeHTHO. BuHukaoTh BUXOpH, a
OT)KE 1 CHIIH, SKI [IEPELIKOIKAIOTE Teull.

VY po3paxyHKax Pi3HOMaHITHUX 3aj]a4 Tipo- Ta acpoJUHAMIKU BH-
KOPUCTOBYIOTh TaK 3BaHe 4ucio PeliHombca:

R
Re =PV

n
ne R —panpiyc TpyOW; v — HIBHAKICTh Tila BiTHOCHO CEpEAOBHILA;
1| — AMHAaMI4Ha B’SI3KiCTh; p — I'yCTHHA PiIUHU.
3a MaJIoi MBUAKOCTI, TOOTO Yy pa3l Majioro yucia PeiiHonbaca, Tedis
Oyap-sikoi piavHu abo razy Oyzae JamMiHapHOI. SKIIO MIBUIKICTH Mil-
BUIUYETBCS | 0CATAE KPUTHYHOTO 3HAYEHHS V., (BIANOBIAHO YHMCIIO

Peitnonsaca Re «p )» TO JIaMIHAPHA Te4isl 3MIHIOETbCS HA TYpOYJICHTHY.

Kputnune 3nauenns uncia PeifHonbaca uId TOTOKY y TNaJIKUX TPY-
6ax cknanae Re, ~1160. lle 3HauenHs ayxke 3a1€KuTh Bijl SKOCT

MTOBEPXHI TPYO.
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HMpukaax: s mwiomi noranaaya B 4,8 M” (2 konekropa o 30 Tpy6)
HeoOxigHa 00’eMHa BUTpaTa ckiaagae 40 i1/ rox - M2, 10610 192 11/ rox
a60 3,2 1/ xB. lle 3HaueHHs MOBUHHE JOCITaTHCA Y pa3i MPOIYKTHBHO-
cti Hacoca 100 %. PerymroBanHs MOxe OyTH BUKOHAHE 3a JOMOMOI'OIO
CTYIIECHIB MPOJYKTUBHOCTI Hacoca.

TennoBi xapakTepucTHKHU KOJEeKTOPiB. [Ipy BHU3HAUCHHMX DIBHSIX
BHUIIPOMIHIOBAHHS 1 TEMITEPaTypy HABKOJMIIHLOTO CepeloBuUIla edek-
THUBHICTh POOOTH COHSYHOT'O KOJIGKTOpPA 3aJISKHUTh BiJl HOTO KOHCTPYK-
11, MaTepiadiB, 3 IKMX BIH BUKOHAHUH, a TAKOXK BiJ YMOB €KCIUTyaTarlii,
TOOTO BiJl IHTEHCUBHOCTI NIPOTOKA TEIUIOHOCIS, HOr0 BXIiJHOI TeMIiepa-
TypH.

Miporo ebdexkruBHocTi € TemnoBuii KK/ komekropa, sikuii BU3Hava-
€TBCS BIIHOIICHHSIM KOPHUCHOI €HEprii, 0 3a0HPaeThCs UPKYIIOI0YHM
4yepe3 KOJIEKTOP TEIJIOHOCIEM, JI0 MPOMEHEBOI eHeprii, ska Jocsrae io-
ro 30BHIIHKLOI noBepxHi. KoedirieHT kopucHOi aii B nepiiomMy HaOIu-
KEHH1 MO’KHA pO3paxyBaTy 3a IOMOMOTO0 PIBHSIHHS:

kAT
=My — T
a00 3 OUTBII BUCOKOIO TOYHICTIO 3 JIOTIOMOTOI0 PiBHSHHS:
_ kAT kAT’
W T e

ne 1, HomiHanbHuii KKJ[ konekropa y pa3i HOPMaJbHHX YMOB;
AT —pi3HUII MK CepEeAHBOI0 TEMITEPATYPOIO TEMJIOHOCIS B KOJIEKTOPI

Ta TEMIIEPATYPOIO HAaBKOMMIIHLOro moBitps (°C ); G — rycTuHa noToKy
MPOMEHEBOI eHeprii, fka Jocarac (pPOHTAIFHOI MOBEPXHi KOJEKTOpA,

Bt .. . . .
F; k,k,,k, —xoediuieHTH, siKi 3aeXaTh Bl THITy KOJIEKTOpa, HOrO

AT

KOHCTPYKIIIT 1 Ter10i30JIs1ii; ? —IOKa3HHUK, 1[0 XapaKTepu3ye YMOBU

eKcrutyartainii koynekropa i BrumBae Ha edektuBHIcCTh (KKJ[) poboru
KojiekTopa (Tak 3BaHa peayliiioBaHa TemrepaTypa). BUpOOHUK IOBH-
HEH HaJaTH CIIOKMBady iH(POpMAILilo Mpo KOIeKTop y ¢opmi miarpam
a00 y BUIIISA1 KoeilieHTIB HaBeIEHNX BUILE PIBHSHb.
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JlJist cucTeM COHSIYHUX KOJICKTOPIB, SIKi BUKOPUCTOBYIOTHCS JIJIsl Ha-
rpiBy Boau (rapsye BOJOMOCTAYaHHsS) 1 MPALIOITH MUIOPIYHO, Tpeda
BpaxoOByBaTH HAcTymHe. BecHOO, BOCeHM a00 B3UMKY, 3a HEBHUCOKOL
TYCTHHH TIPOMEHEBOT SHEpTii 1 y)Ke HU3bKOI TeMIepaTypH ToBiTps (Be-
JIUKI 3HAUCHHS PEyIiHOBaHOI TEMIIEpaTypH), TECIUIOBI BTPATH MOXYTh
OyTH 3HAYHMMH, OCOOJUBO SAKIIO KOe(IIIEHTH TEIIOBTPAT BENHKI.
[Tnocki konekropu 3 OimbimuM HaxwiioMm minil KK]I (xapakrepucTrka
III, puc. 3.24) B Takux cucTeMax Kpaile He BcraHoBItoBaTH. [1pubnu3ai
XapaKTePUCTUKN COHSYHHMX KOJEKTOPIB, sIKi OTPUMaHi B JTaOOpaTOPHUX

. T .
YMOBaX 3 TYCTHHOIO COHSYHOro BUnpoMiHioBanHs 700 —- | nokasasi

M
Ha puc. 3.24.

KKJI

1,0

IInocki xonekTopu

0,8

0,5

BakyymHunii TpyOuatuii
KOJIEKTOP

0,02 0,04 0,06 0,08 0,1

PenyuilioBana Temmeparypa

Puc. 3.24. 3anexnicte KK/ 115 oHOr0 BaKyyMHOT'0 TpyO4aToro
1 TPHOX TUTOCKUX COHSYHHUX KOJCKTOPIB

B Toi1 e yac BakyyMHI KOJIGKTOPH 3 HEBEIIMKMMH TEIJIOBTPaTaMU
(aeBenukuii Haxun kpuBoi KKJI) marors 6utbmn Hu3bkuit KK/ 1, sk mpa-
BHWJIO, € JyXe joporumu. Kolekropu, sSiKi BUKOPHUCTOBYIOTHCS TUIbKU
JITOM, MOKYTh MaTH OLTBII BUCOKI TEIJIOBI BTpaTH, TOOTO MaTy BHCOKI
3HavyeHHs Koedimienta k . Konexropu, B SIKHX TEIJIOBI BTPATH HE3HAYHI
(HampuKiaja, BaKyyMHi), MOKHa BUKOPHCTOBYBATH B CUCTEMax OIaJieH-
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Hs, B TOMY YHCJIi 32 HU3bKOI 30BHINIHKLOT TemrepaTypu. [lepen ix Bcra-
HOBJICHHSIM HEOOXIJIHO JAYyXe PETeIbHO BUKOHATH TEXHIKO-EKOHOMIYHUIH
aHai3.

PosramyBanus abcopbepa y BakyyMHii TpyOi MOHMKY€E TEIUIOBTpa-
TH KoJekTopa. Ane Tpeba BpaxoByBaTH, IO COHSYHI MPOMEHI MaIatoTh
He MepIeHIUKYISPHO OBEPXHI KOJIeKTopa. Y 3BHYAHHUX yMOBaXx eKc-
TuTyaTtalii KyT NaJiHHs IPOMEHIB € 3MiHHUM, TOMY e(eKTHBHICTb poOo-
TH KOJIGKTOPA MOXKE JTy’KE BIAPI3HATUCS BiJ Ti€l, SIKY O4iKYEMO.

Bakyymui TpyOuaTi kKonekTopu (y MOpIBHSHHI 3 MJIOCKHMMH) MaloTh
OUIBII HU3BKUK KOeillieHT TEIUIOBTpaT, ajie B TOW JKE€ 4ac MaroThb HE
Jy’Ke TapHi XapaKTePUCTHKH MPOHUKAHHS COHAYHOTO BUIPOMIHIOBAHHS
4yepe3 CKJISIHI MWIIHAPUYHI oBepxHi. ToMy y BH3HAaYeHOMY Jiana3oHi
KyTa TaJiHHS COHSYHHMX IIPOMEHIB iX abcopOepu MOrIMHaITh HabaraTo
MEHIIIE COHSIYHOI eHeprii, HiXK abcopOepH IUIOCKUX KOJNEKTOpiB, SKi
MPaIIoTh B THX K€ yMOBaX. AJie BaKyyMHi TpyO4aTi KOJIEKTOpH Ma-
10T JIOCUTh BUCOKY €()eKTUBHICTh y 3MMOBUH TIEPiOz.

B ymMoBax HeBeNHMKOi I'yCTHHH IPOMEHEBOI eHeprii BaKyyMHi KOJeK-
TOPU MOXYTh BUPOOJISATH OUIbINE TEIJIOBOI eHeprii, HiX TUToCcKi. Bif
Mi3HBOT OCEHI 1 JJ0 paHHBOI BECHH, KOJIU CUCTEMa KOJICKTOPIB TPAIIIOE B
yMOBaxX HHU3bKOi TEMIIepaTypH, TEIIOBTPATH BAaKyyMHHX KOJEKTOPIiB
HeBenuKi. [lepeBaru sk MIOCKUX KOJEKTOPIB, SIKi MatOTh OUTBII BUCOKUH
KK/I B niTHIM nepiof, He MalOTh BEJMKOr0 3HAYEHHS, TOMY 1[0 CUCTEMa
KOJICKTOPIB 1 TaK BUPOOJISIE B IISH Yac SHEPTit0 3 HAJTUIIIKOM.

Amnai3 piuHOi MIPOAYKTUBHOCTI IUX CHCTEM IOKa3ye, IO MPOJYKTH-
BHICTh BaKyyMHHX KOJEKTOpIB Ha JIEKiIbKa JECSATKIB BiJICOTKIB BHIIA
MOPIBHSIHO 3 MJIOCKUMH. AJle BCi TIepeBari MOKYTh HE KOMIIEHCYBATH iX
OUIBII BUCOKY BapTicTh. Takok CiiJ MPUAHATHA O yBaru MpakTUYHHA
OiK NMUTAaHHS — HA BaKyyMHHX KOJIeKTOpax (Yepe3 MEHII TeIJIoBi BTpa-
TH) TpHUBaJille, HiXK Ha TUIOCKUX TPUMAETHCS 1Iap CHITY.

[Inocki KOMEKTOpH AyKe BiAPI3HSAIOTHCS 33 KUIBKICTIO TEMJIOBTPAT
(pi3ni xytu Haxwiy JiHiM KK/). Pi3Hums HeBenuka TITbKY AJIs1 HEBENU-
KHX 3Ha4eHb pelyliioBaHOl TeMIepaTypH, XapakTepHUX IJIsi YMOB po-
00TH KOJIEKTOpA, 1[0 HarpiBae BOAY, HaNpuKIaj, y OaceitHi. B mpomy
BUIQ/IKy Yepe3 KOJEKTOp MPOXOANUThH BENUKHUU MOTIK BOAHM, ajie 1 HeoO-
XiTHO MiJIrpiTH BCHOTO Ha KiJbKa rpaayciB. OTxe 3HAUCHHS peaylilio-
BaHOI TeMIIEpaTypy € HEBEITUKUM, a epeKTUBHICTh Oy/ie BUCOKOI0. ToMy
BUpIMATbHUMHU (aKTOpaMu y pasi BHOOPY OyIb-sAKOTr0 i3 PO3MIISTHYTHX
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KOJIEKTOPIB, SIKi BHKOPUCTOBYIOTHCSI TUIBKH JJIsl HarpiBy BoJH y Oaceii-
Hi, TOBHHHI OyTH IIiHa 1 MIIHICTh, a HE €()EKTHBHICTB.

TenmnoBi xapakTepUCTUKN COHSYHHMX KOJEKTOPIB Ta iX I[iHAa € KpHTe-
pisIMH, Ha OCHOBI SIKUX Tpeba poouTn BuOIp. OgHak He Tpeba 3a0yBaTH,
0 B JEIKMX YMOBax eKCIUTyaTalii CHCTeM KOJEKTOPIB E€HepreTH4Hi
BUTO/IM BiJl BUKOPUCTOBYBAHHS TaKHX CHCTEM MOXYTh HE 3aJieKaTH Bijl
BUJY KOJIEKTOPIB.

3.5 CoHAYHI esleKTpOCTaHI ], II0 BUKOPHCTOBYIOTh
doTtoGaTapei

TPYKTYPU COHSYHHUX EIEKTPOCTAHIIA I[bOr0 THIY AyXe IOIIU-

peHi, ockiibku B 3aranpHoMy Bunagky CEC ckiamaetscs 3 Be-
JINKOI KIJTBKOCTI OKpeMHX MOIyIiB ((porodarapeii) pi3HOI MOTYXKHOCTI 1
BuxigHuX napamerpiB. Taki CEC mmpoko 3aCTOCOBYIOTBCS ISl €HEPTro-
3a0e3MeUeHHs K MaJMX, TaK 1 BEIMKHX 00 €KTiB (PHUBATHI KOTEIXI,
MMaHCIOHATH, CaHATOpii, MPOMUCIOBI OyaiBm, TOINO0). BcranoBmoBaTh
(doTobaTapei MOXKHA MPAKTHYHO CKPi3b, MMOYMHAIOYM Bij MMOKPIBII 1 (a-
caay OymiBai 1 3aKiHUYHOUM CIEIiadbHO BUJAUICHHUMH TEPUTOPISIMH
puc. 3.25.

Puc. 3.25. ®orobarapei
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[leperBOpeHHs COHSAYHOT €HEPrii B EICKTPUYHY 3IIHCHIOEThCS B (O-
ToenekTpuuHux nepersoproauax (OEIT) 3 Bukopucranusm oroedek-
Ty, SKAA BHHHMKAE€ B HEOMHOPIJHMX HAIIBIPOBIIHHKOBHX CTPYKTypax
ITiJ] BILTHBOM COHSYHOI'O BHIIPOMIHIOBaHHS. HeoqHOPIIHICTh CTPYKTYPH
®EIT MmokHa OTPUMATH JISTYBAaHHSIM OJTHOT'O 1 TOT'0 K HAIIBIIPOBiIHUKA
PI3HMMH JOMIIIKaMu (CTBOPEHHS p-n  IIEpeXOiB) ab0 NUIAXOM
3’€JIHAHHS PI3HMX HAIIBIIPOBIHUKIB 3 HEOJHAKOBOI INUPHHOI 3a00-
POHEHOI 30HU (CTBOPEHHS reTepoIiepexoiB), ad0 kK 3a paxyHOK 3MIiHH
XIMIYHOI'O CKJIaJy HaIBIPOBIAHUKA, 0 IPHU3BOAUTD A0 MOSBH Ipajie-
HTa IIMPUHU 3a00POHEHOI 30HHM (CTBOPEHHS Bapi30HHUX CTPYKTYP).
MokHBI TaKOX Pi3HI KOMOIHAIlIT TAKUX CITOCOOIB.

EdexTHBHICTD MEpEeTBOPEHHSI 3JICKUTD BiJl €IEKTPO(I3UYHUX XapaK-
TEPUCTHK HEOJHOPITHOI HAMBIPOBIZHUKOBOI CTPYKTYPH, a TAKOIK OITH-
yuux BractuBoctelt DEI], cepen sskux HAHOUIBII BAXKIIMBY POJIb Biirpae
(hOTOMPOBIIHICTh, 0OYMOBJICHA SBUIAMU BHYTPIIIHLOIO (OTOCPEKTY B
HAMIBIPOBIHUKAX IIiJ] YaC ONPOMIHIOBaHHS X COHSYHUM CBITIIOM. DoO-
TOENEKTPUYHI IEPETBOPIOBAYI MPAIIOIOTH 33 IIPUHIIUIIOM BHYTPIIIHLEOTO
(doroedekry, npu sskoMy (GOTOHHU, SKiI MOMIMHAIOTLCS B 0a30BOMY Iapi
®EII, nmepenaroTh CBOIO €HEPrit0 0e3M0CEPEIHBO SIIEKTPOHAM.

doroenekTpuuHUi eeKT 3 IBISIETHCSA Y HAIIBIIPOBIIHUKOBUX CTPYK-
Typax 3a HasBHOCTI B HHUX €HepreruuHoro Oap’epy. EHeprernunumii
0ap’ep B OutbIIOCTI DEIT siBisic cOO0K0 BHYTPIILIHE EIISKTPUYHE MTOJIE, SIKES
3 SBIIIETHCS HA TPAHUIll ABOX HAMIBIPOBIAHUKOBHX MarTepiaiB, sKi Bif-
PI3HAIOTBCS TUITOM €IIEKTPOITPOBIIHOCTI: €IEKTPOHHOI (7 THITY) Ta JipKO-
BOi (p Tuny). Y pasi morauHaHHs (OTOHIB 3IIHCHIOETLCS TeHepallis HeB-
PIBHOBaXXCHUX CIEKTPOHHO-IIIPKOBUX TAp, PO3IUICHHS SKHX CICKTPUY-
HUM MojieM npuBoauTh 10 ¢hopmyBanis Goto-EPC (EPC — enexTpoHHO-
pylIiifHa cuia), sika iCHYe J0 THX Iip, MOKH HAITiBIIPOBITHUKOBA CTPYK-
Typa OCBITIIIOETHCS COHSIMHUM BUIIPOMIHIOBaHHSIM, pHC. 3.26.

Posrmsaemo 1e muTaHHs OuTbin mokmagHime. Ilpuuown pobGotu
®EIT MokHA MOSCHUTH Ha MPHKJIaAl IEPETBOPIOBAYIB 3 p-#1 IIEPEXOI0M,
SIKI ITUPOKO 3aCTOCOBYIOTHCSI B CYYacCHIN COHSYHIN Ta KOCMIYHINM eHep-
reruii. EnekTpoHHO-IIpKOBHUI IepeXil CTBOPIOETHCS IUIIXOM JIETYBaH-
HS IJJACTUHKM MOHOKPHUCTAJIIYHOTO HAMIBIPOBIJIHUKOBOTO Martepiany 3
IIEBHMM THIIOM IIPOBIIHOCTI JOMIIIKOIO, 1[0 3a0e3edye CTBOPEHHS MO-
BEPXHEBOIO IIapy 3 MPOBIIHICTIO MPOTHIEKHOro TUIy. KoHIeHTpaIlis
JIETyI04uol JAOMIIIKK B I[bOMY IIapi MOBMHHA OyTH 3HAYHO BHIIE, HIXK
KOHIIEHTpALlisl TOMIlIKH B 0a30BOMY (TIEPBMHHOMY MOHOKPHCTANi) Ma-
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Tepiai, 1100 HeWTpali3yBaTH HAsSBHI TaM OCHOBHI BUIbHI HOCIT 3apsy i
CTBOPUTH MPOBIAHICTh MPOTUISKHOTO 3HaKa. Y TpaHUIIl /- 1 p-mapiB B
pe3yabTaTi IMEePETIKAHHS 3apsAiB YTBOPIOIOTLECS 301HEH] 30HH 3 HEKOM-
MEHCOBaHMUX 00’ €MHUX MO3UTUBHUX 3apsijiiB B n-11api i 00’€MHUM Hera-
THBHHUM 3apsI0M B p-mapi. L{i 30HH B CYKYIIHOCTI 1 yTBOPIOIOTh p-7i Tie-
pexia. Ilorenmiiiunii 6ap’ep, 110 BUHUKAE HA TTepexo/i (KOHTAKTHA Pi3-
HUIIS TTOTEHI[IAIB) MEPEIIKOKAE MPOXOMKEHHIO OCHOBHUX HOCIIB 3a-
psdy, TOOTO €JIeKTPOHIB 3 OOKY p-Iapy, aje Oe3mepenkogHO MPOIyc-
Ka€ HEOCHOBHI HOCI1 B MPOTWJIGKHUX HampsiMkax. Llg BiacTuBicTh p-n
IepexoIiB i BU3HAYAE MOXKIMBICTh oTpuMaHHs (oto-EPC mpu ompomi-
HtoBanHi ®OFEII consiunuMm criTiiom. CTBOpEHI CBITJIOM B 000X IIapax
®EIT Hocil 3apsiny (EIeKTPOHHO-IIPKOBI Tapu) PO3IUISIOTECS HA p-n
Iepexo/Ii: HEOCHOBHI HOCIT (€eKTPOHH) BUILHO MTPOXOIATE Yepes mepe-
XiJI, a2 OCHOBHI (IIpKM) 3aTPUMYIOThCS. TaKUM YMHOM, TIiJT JII€I0 COHSY-
HOTO BHIIPOMIHIOBAHHSI 4epe3 p-n Tepexij B 000X HampsMkax Oyne
MPOTIKATH CTPYM HEOCHOBHMX HOCIIB 3apsiay-(pOTOCIEKTPOHIB i (oTO-
JIPOK, 110 SIK pa3 i moTpioHo mast podoru DEIL. SIkiio Ternep 3aMKHYTH
30BHIIIHE KOJIO, TO €ICKTPOHHM 3 M-IApy, 3pOOUBIIN poOOTY Ha HaBaH-
TaXXCHHI, OyAyTh TIOBEPTaTHCS B p-Iap 1 TaM pPEKOMOIHyBaTH
(00’eauyBaTHCs) 3 mipKaMu, 10 pyxarThes ycepeauni OEIT B mpotu-
JIeKHOMY HampsaMky. J{as 300py Ta BiaBeAEHHS €IEeKTPOHIB B 30BHIIIHE
KOJIO Ha TIOBEPXHI HamiBIpoBimHUKOBOI cTpykTypu DEIl € koHTakTHa
cuctema. Ha mepeHiii, OCBITIIEHIH MOBEPXHI IEPETBOPIOBaYa KOHTAKTH
BHKOHYIOTBCS Y BUTJISII CITKHM a00 rpeOiHKM, a Ha THIIbHIN MOXKYTh Oy-
TH CYLJIbHAMHU.

@ p-THOY

hv
n-THIY

\‘ @@@ Ec

Et

SR EV

Puc. 3.26. Cxema BHYTPIITHEOTO (HOTOC(HEKTY B HAIIBIPOBITHUKOBIN CTPYKTY-
pi: hv — eHepris nagatodoro Gotony; Et — piBeHs Depmi; Ev — BepXHS TpaHUILIS
BaJICHTHOI 30HU; EC — HUKHS TPAHMILT 30HH TIPOBIIHOCTI
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OcHogHi Brpatu ereprii B ®EII nor’s3aHi 3:

— BiIOMTTSAM COHSYHOI'O BUIIPOMIHIOBAHHS Bijl MOBEPXHI IMEPETBO-
proBaua;

— MPOXOKEHHSM YacTKu BunpoMiHioBaHHs 4yepe3 PEII 6e3 mornu-
HaHHS B HBOMY;

— PO3CIIOBaHHSIM HAJIUIIKOBOI eHeprii ()OTOHIB Ha TEIIOBUX KOJH-
BaHHSX PEIITKH;

— pekombOiHamieo poTomnap, siKi yTBOPUIMCS Ha MOBEPXHi 1 B 00’ eMi
OEIT;

— BHYTPILIHIM OIIOPOM II€pETBOPIOBaYA.

3anexHo Bix MaTepially, KOHCTPYKIIi i cmoco0y BUPOOHHIITBA TPH-
HHsATO po3pi3uaTH Tpu Tirnu OEIT Ha OCHOBI:

— TUIACTUH KPUCTAIIYHOTO KPEMHIIO;

— TOHKHUX ILTIBOK;

— OpraHivyHMX I HEOPTaHIYHHUX MaTepiaiB.

®FEIl nepmoro tumy. Jlani ®EIl Ha choropHimHii jJeHb HAOYIH
HaWOUIBIIOro MOMMpeHHs. B ocTaHHI pOKH BHPOOHUKAM BAAIOCS CKO-
pOTHTH COOIBApTICTh X BHPOOHMIITBA, IO 3a0€3MMEYMI0 3MIMHEHHS iX
MO3UIIi} Ha CBITOBOMY PHHKY.

Martepianu, 3 sskux BUrotoBysitorbest OEIT nepiroro tumy:

— MOHOKpeMHil (mc—Si);

— MyIbTIKpeMHi# (m—Si);

— Ha ocHoBi GaAs;

— ribbon—rexuonorii (EFG, S—web);

— TOHKOIIIAPOBHUH MOTIKpeMHiH (Apex).

®FEII apyroro tumy. TexHosoris BUIycKY TOHKOMIiBkoBux DEIT
BHKOPHCTOBYE BaKyyMHUIH METOJ HaHECCHHsI mapiB. BakyymHa TexHO-
JIOTiSl Y TIOPIBHSIHHI 3 TEXHOJOTIEr0 BUPOOHUIITBA KpucTaimiunux DEIT
BHKOPHCTOBYE MEHIIIE SHEPTii 1 XapaKTepU3yEThCsl MEHIIUM O0CATOM
KamiTalbHUX BKJIaaeHb. BoHa 103B0JIsi€ BUITYCKATH THYYKI AemieBi GEIT
BEJIMKOI ILJIONI, MPOTE KOE(II[IEHT MEPETBOPCHHS Yy TaKUX CICMEHTIB
Hxunii opieHsiHO 3 DEII neproro Tumy.

Martepianu, 3 skux BUrotoByisitorbest OEIT nmpyroro tumy:

— amopdHUit KpemHii (a—Si);

— MIKpO- 1 HaHOKpeMHi# (pc—Si/nc—Si);

— kpemHii Ha ckiii (CSG);

— remnypuy kagmiro (CdTe);

— nicenenin migi—(inaito—) ramiwo (CI (G) S).
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®EII tpersoro tumy. Ines creopenna @FEII tperpboro tuny noss-
rajia B IOJajbIIIOMY 3HM)KEHHI X COOIBApPTOCTI IUISXOM BUKOPUCTAHHS
JICIIEBUX TOMIMEPIB 1 €IeKTpoiiTiB. B manmii yac ocHOBHA dYacTHHA
npoekTiB B obsacti @EIl Tperhoro NMOKONIHHS 3HAXOIAThCS Ha CTaiil
JIOCITIJKCHB

Marepianu, 3 skux BUroToBJsatoTbcst OEIT Tperhoro mokomiHHS:

— ¢orocencibinizipoani bapsHrkoM (DSC);

— opraniuni (OPV);

— Heopraniuni (CTZSS).

Jist migBuineHHsS e(heKTHBHOCTI IMEPEeTBOPEHHS COHSYHOI eHeprii
®EIT po3po0isioThCss Ha OCHOBI KaCKaJHUX 0araToIIapoBUX CTPYKTYP.
®EII 36uparoThcs B MOAYI, SIKI KOMIUICKTYIOTHCS IHBEPTOPAMH CTPY-
My, aKyMyJISTOPaMH 1 IHIIMMH €IEMEHTAMU €JIEKTPUYHOI 1 MEXaHIYHOT
ITIICUCTEM.

3ayiexkHO Bijf 001aCTi 3aCTOCYBAHHS PO3PI3HAIOTH HACTYITHI BUJIU CO-
HSYHUX CUCTEM:

— MPUBATHI CTAHIIIi MaJIOi MOTYXHOCTI, 10 PO3MINIYFOTHCS Ha Jlaxax
OYJIMHKIB;

— KOMEPIIiiHI CTaHIl MaJoi 1 cepelHbOI MOTYKHOCTI, 10 PO3TAIlIO-
BYIOTBHCS SIK Ha J]axax, TaK i Ha 3eMJi;

— MPOMUCIIOBI COHSYHI CTaHIIi, [0 3a0€3Meuy0Th CHEPrornocTayaH-
Hs 0araThbOX CIIOXKHBAYIB.

CEC 3 napa0oJiiYyHUMHM KOHIIEHTpaTopaMu. Y IIMX YCTaHOBKax
BHKOPHCTOBYIOThCS I1apaOoIIiyHi JA3epKalia, Ki KOHI[CHTPYIOTh COHSYHE
CBITJIO Ha MPUUMAIILHUX TPYOKax, IO MICTATh PIAMHY SK TEIUIOHOCIH
puc. 3.27, a. lla piguna HarpiBaeTbes Maibke 10 400° C i mpokadyeThes
yepes psl TEIIOOOMIHHHUKIB, IIPU I[bOMY YTBOPIOETELCS IEPETPITUH Tap,
SIKUI MIPUBOJIUTh y PYX 3BHYAHMI TypOOTeHepaTop i BUPOOHUIITBA
eNeKTpUKU. JIJis 3HMKEHHS TEIUIOBUX BTPAT NMPUAMAIIbHY TPYOKY MOXKeE
OTOYYBaTH IIPO30pa CKIsAHA TPyOKa, sIKAa MOMIMIAETHCS y3IOBXK (hOKYC-
HOT JiHIT mmiiHapa. Sk npaBuiIo, Taki YCTAHOBKM BKIIIOYAIOTh B cede
0JIHOOCHOB1 200 IBOOCHI CHCTEMH criocTepexxkeHHs 3a COHIIeM.

[Tapabomiuai KOHIIEHTPATOPH MaroTh (hopMy mapabdonoiga obepTaH-
Hs1. [lapaGoniuHuii BinOMBau ynpaBisIEThCS MO JBOX KOOPJIWHATAX IMPH
CTe)keHHi 3a coHneM. Enepris coniis GpokycyeTbest Ha HEBEIUKIM TUTOIII.
JI3epkana BimOMBaOTh OMU3bKO 92 % Mamalodoro Ha HUX COHSYHOTO
BUIIpOMiHIOBaHHS. Y (oKyci BigOmBaua Ha kpoumreini (puc. 3.27, 6)
3akpimiennid auryH Cripiiara, abo ¢oroenekTpuyHi eiemeHTH. [Bu-
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ryd CripJiiHra po3TalllOBYEThCS TAKMM YMHOM, MO0 00JIACTh HArpiBy
3Haxomunacs y (okyci BimOuBaua. B skocTi poOo4oro Tiga JABUTYHA
CripiiHra BUKOPUCTOBYETBCS, SIK TIPaBHIIO, BOJECHB, a00 Temii.

¥ Mpuiimay

CnocTepirarouHii KoHueHTRpaTOR
MEXAHIZM

a 6
Puc. 3.27. Cxema napabosigHOT0 KOHIICHTpaTOpa

IMoGynoBani y 80-x pokax B MiBAEHHO-Kali(OpHIMCHKIH mycTemni
JICB’SITh TAKMX CHCTEM YTBOPIOIOTH HANOUIbIIC HA CHOTOMHINIHIN JCHB
MiAPUEMCTBO 13 BUPOOHUIITBA COHAYHOI eneKTpukH. Lli enekrpocraniii
MOCTABJISIIOTh CIEKTPUKY B KOMYHaJIbHY enekTpomepexy lliBneHHoi
Kanidopnii. Hanpukian, coHsiuHa elekTporeHepyroda cucrema «Solar
Electric Generating System I» (SEGS 1) mae noryxnicts 13,8 MBHT,
puc. 3.28. V npuiiMaibHUX TpyOKax Maclio HarpiBa€ThCs IO TeMmIepa-
Typu 343° C 3 MeTOI0 yTBOPEHHS MapH Ui BUPOOHUIITBA €IEKTPHKH.
Koncrpykuis «SEGS I» 3a0e3nedye miicTe TOAMH aKyMyJIOBAaHHS Tell-
na. Y Hil 3aCTOCOBYBaJHCA Meyl Ha MPUPOAHOMY Ta3i, sSIKi BUKOPHCTO-
BYBaJIUCS B pa3i BIACYTHOCTI COHAYHOI pasiamii. [ToOymoBani aHajoriv-
Hi enextpocranuii «SEGS II-VII» notyxsictio 30 MBT i «SEGS VIII i
IX», koxxHa notyxHicTio 80 MBT.

Posrasiayti CEC MaroTh BHIy BapTiCTh, HIXK COHSIYHI €JIEKTPOCTaH-
1ii 6alITOBOrO 1 TAPiTYACTOrO THITY, B OCHOBHOMY, Yepe3 OLIbII HU3bKY
KOHIISHTPAI[il0 COHSYHOTO BUIIPOMIHIOBAHHS, a 3HAYNTh, OUTBII HU3bKI
TEeMIlepaTypd 1 MarTh BIAMOBIAHO MEHIIY edeKkTHBHiCTb. OpHakK, 3a
YMOBH HaKOIMYEHHsI IOCBiy €KcIUTyaTallii, HOMIMIIEHHs] TEXHONOT1i Ta
3HMKEHHS eKCIUTyaTal[ifHUX BUTPAT MapaboliiuHi KOHIEHTPATOPH MO-
KyTb OyTH HaliHaIIHIIIOI TEXHOJOTIEI0 HAROIIKIOro MaiiOyTHBOTO.
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Puc. 3.28. [TapaGosniyHi KOHIIEHTPATOPH

3.6 KoMmmjiekc TeXHiYHMX 3aC06iB y COHIYHUX
eHepreTU4HUX YyCTAaHOBKAX

Conﬂqni ejqemenTd. [Ipuctpoi ans Oe3rnocepeHbOro MeperBo-
PCHHSI CBITJIOBOI SHEPTii B €ICKTPUYHY HA3UBAIOTHCSA (POTOECTIC-
MEHTaMHU.

®doTOCIEMEHTH BHTOTOBIIAIOTHCS 3 HEOJHOPIAHHUX HAIIBIIPOBIIHH-
KOBHX MaTepiajiB, OCHOBHHM 3 SKHX Ha CbOTOIHIIIHINA JI€Hb € KPEMHIH.
[Ipunumn aii Takux eIeMEHTIB 3aCHOBAHMH Ha SIBMILI BHYTPIIIHHOIO
(doTtoedekTy, MPH SKOMY I BIJIUBOM COHSYHOI'O BHIIPOMIHIOBAHHS
MDX JIBOMa HaIliBIPOBIHUKAMY 3 PI3HUMHU CICKTPUYHUMHU BIIACTHBOC-
TSMH BUHUKAE EIEKTPUIHUN CTpyM, puc. 3.29.

HeomHopigHICTh HAMIBIPOBIIHUKIB BUHUKAE y pa3i JOAaBaHHS pi3-
HHX JOMIIIOK 0 OJHOI'O 1 TOr'0 K HAIIBIIPOBIIHHKA.

CyKynHICTh 3’€THAHUX MDK CO00K (hOTOCNEKTPUYHUX COHSYHUX
€IEMEHTIB, 1[0 MAIOTh BUXIIHI KJIIEMH JJIs ITiJAKITIOYEHHS HABAHTAXKEHD,
Ha3uBAETHCA (HOTOCIEKTPUUHUM MoayiaeM (puc. 3.30). ¥V pasi 3’eqHanHs
MOJTYJIiB OJIH i3 OJIHMM, BapilOOUH X MOTY>KHOCTSMH 1 KiJIBKICTIO, MO-
JKHa CTBOPIOBATH (POTOENEKTPUYHI CTAHIIIT 13 3aJaHMH MapaMeTPaMH.
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Critag

FoRENITHI cekTRom (- 1

[ogphrra

N-Kpesuifi (P+) -

P-ppemMiifi{Be-] g

o

Bryrpiisii enexrpoa (4] —A

Puc. 3.29. ®oroenement

a o
Puc. 3.30. ®oroenemeHT (@) Ta MOy (0) 3 MOHOKPHCTAJIIYHOT'O KPEMHIIO

Jls1 6ymb-AKOro mepeTBopIoBava OJHOIO THITY €Heprii B APYTHi oc-
HOBHOIO xapaktepuctukoro Bukopuctanus € KKJI. KoedimieHT xopuc-
HOI 1ii MepeTBOPEHHs COHSYHOI eHeprii BH3HAYAETHhCS BiIHOIICHHSIM
EIEKTPUYHOI MOTYKHOCTI, SIKa CTBOPIOETHCA Mmia yac podotu DEIT mo
MOTY>KHOCT1 COHS'YHOTO BUITPOMIHIOBAHHS, SKE IMOCTYIA€ Ha HOTro MoBe-
PXHIO 33 CTAHAAPTHOI I'YCTHHM COHSYHOTO BUIPOMiHIOBaHHS | KBT/M’.
Tak, manpuxnan, mpu KKJI 10 % i3 1 M’ ®EIT moxHa orpumatu 100 Bt
CIIEKTPUYHOI TMOTYXHOCTI. 332 CBOIM KOHCTPYKTHBHO-TEXHOJIOTTUHUM
pilIeHHsAM (POTOCIEKTPUYHI TIEPETBOPIOBAUl € HAYKOBOEMHUMH BHPO-
O6amu enekTpoHHOI TexHiku. Ilepmri HaaiiHi Ta noBroeiuni OEIT Oynu
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BHUT'OTOBJICHI HA OCHOB1 MOHOKPHUCTAJIIYHOTO KPEMHIIO JUIS eJIeKTpo3ade-
3MEYCHHS KOCMIYHUX arapaTiB.

Koedimient xkoprcHOI mii (hOTOETESKTPUUHMX YCTAaHOBOK CKJIaJae Ha
CHOTOHIIHIN 1eHb B cepearaboMy 10 %, KK/ s okpeMo B3SITHX (OTO-
eIIeMEHTIB MOXKe JoxoauTH 70 20 1 OLIbIle BIICOTKIB. Y J1a00OpaTOpHUX
ymoBax Bxe gocsarayruii KKJI enementis 40 %

Kpemniii 1 3apa3 3a1Mma€Tbcsi OCHOBHUM MaTepiajioM JijIsi BUPOOHHU-
1rBa (oTOENeMEHTIB. Moayi 3 MOHO- a00 MOMIKPUCTATIYHOTO KPEeM-
HIiIO CTaHOBIIATH O1u3bKk0 80 % ycix BUpoOiaeHHX MoayiiB, pemTa 20 %
— Monym 3 amopdHoro kpemuito. Kpucramiuni (oToeneMeHTH — Iie
HaHOUTBII MOMUPEHUN THIT (DOTOCIIEMEHTIB, 3a3BUYail BOHU MalOTh CH-
Hil 3 BinOaMCKOM KoOJiip. AMOpdHI a00 HEKpUCTAiUHI (OTOCTIEMEHTH
MIHSIFOTH KOJIIP 3aJ€KHO BiJ KyTa 30DYy.

KoedirienT kopucHOI i iepiioro exeMeHTa ckiiagas Bchoro 1-2 %,
OJHAK MOYaTOK €pU COHSIYHOI eHepreTHKU Oyno mokiaaeHo. Ilomryku
HOBHMX MaTepiajiiB i PO3BUTOK TEXHOJIOTIH MPUBEIH J0 BUHAXOMY KPEM-
HIEBMIX COHSYHHUX IE€PETBOPIOBAUIB, IO CTAH IMOMEPEIHUKAMH Cy4ac-
Hux (oroenemenTis. [IpoTsrom mie Maiixe cTa pOKiB PO3BUTOK COHSY-
HOT CHEPreTUKH MEPEKUBAIIO TO 3JICTH, TO MAIHHS 1 JIIIIEC SHEPreTUIHA
kpu3a 1973—1974 pokiB gaia MOIITOBX J0 MAaCOBOI'0 3aITyCKY IIPOrpaM 3
BHUKOpHCTaHHs GoroenemenTiB. Titbku B CIIIA Oyiio BCTaHOBJIEHO T10-
HaJ 3100 coHssuHUX (HOTOCIEKTPUUHUX CUCTEM, 0AraTo 3 AKUX 1 B TaHUH
Yac yCIIIHO eKCIUTYaTyIOThCS.

Haii6inbine 3nauenns KKJ meperBopeHHs COHSAYHOI €HEprii MaloTh
MOHOKpHcTaniudi eaemeHTH (6t 14%). Ctpok ix ciyxoOm Maibke 20
pokiB. TexHoIIOrisI BUTOTOBIEHHS HAQYHCTOIO KPEMHIIO, IKUii € 0a30-
BHM MAaTepiaioM UII MOHOKPHUCTAIIYHMX (POTOEIEMEHTIB, J0Ope 3aCBO-
€Ha 1 BiampaipboBaHa. ['OJIOBHHMI HENONIK TaKMX €JIEMEHTIB — BHCOKA
BapticTh, 50-70 % sgKOi CTAaHOBHMTH IIHA CAMOI'0 KPEMHII0. 3HIKEHHS
MOTY>KHOCTI ITiJ] YaC 3aTEMHEHHS a00 3HAYHOI XMAPHOCTI TAaKOXK € CyT-
TEBUM HEJIOJIKOM (POTOCTIEMEHTIB.

Mojyii 3 TOTIKPUCTATIYHOTrO KPEMHII0 MAlOTh MEHINY e(heKTUBHICTh
nopiBHsHO 3 MoHOkpucTanidaumu (KKJ cranoButs 10—12 %) i MaroTh
MeHIni pecypc — 10 10 pokiB, ajie BapTiCTh iX MEHIIIA 32 paXyHOK Me-
HINIOT BUTPATU EHEprii mij 4ac BUTOTOBJIECHHS. Jl0 TOro *, MOTYXHICTh
MOIKPHUCTAIIYHUX (POTOCTIEMEHTIB 3aJIeKHMTh BiJl 3aTEMHEHHS B MEHIIIIi
Mipi, HDK MOHOKPHCTAIIYHUX. Y TBOPEHHS MOJTIKPUCTAIIYHOTO KPEMHIIO
BiIOyBa€THCSI TPU MOBUIBHOMY OXOJIOKEHHI KPEMHIEBOTO pO3ILIaBY.

196



Meniia epeKTUBHICTh IMOSCHIOETHCS HASBHICTIO yCEPEeIMHI KpHCTaja
oOJyiacTell, BIIOKPEMJICHMX CBOEPIIHUMHU 3€PHUCTUMHU KOPJOHAMH, SIKI
MEPENIKOKAIOTh OLIBII BUCOKIH MPOJYKTUBHOCTI €JIEMEHTIB.

Monyni 3 aMophHOT0 KPeMHIr0 11ie MeHIll e()EeKTUBHI, HIXK 3 KpUCTa-
JIIYHOr0 KPEMHIIO, 10 TOrO K MEHII J0BroBiuHi. OQHaK HU3bKE EHEPro-
CITOKHUBAHHS, IMPOCTOTa BUPOOHHUIITBA 1 HEBUCOKA iX BApTICTh, MOXKIIH-
BiCTh BUPOOHUIITBA BEIMKHUX 32 PO3MIpaMH €JIEMEHTIB POOUTH MOJYII 3
aMop(hHOr0 KPEMHII0 TOCUTh momupeHumMu. Lllap kpeMHi0 B HUX CKJIa-
nae Bcporo 0,5-1,0 mxm mpotu 300 MKM B KPHCTANIIYHHUX el1eMeHTax. 1X
cthepa 3aCTOCYBAHHS 3HAYHO IIHPINA, HDK KPHCTAIIYHHMX; MOXKHA, Ha-
MPUKIIAJ, BUTOTOBJIATH THYUYKi (DOTOEISKTPHYUHI MOIYJI JUIsl HECTaHAap-
THUX E€JIEMEHTIB JaxiB i T. iH., ayie KKJI ix HeBenukuii — Bchoro 6—8 %.
AmMopdHU KpeMHIH JOCHTH ITHPOKO 3aCTOCOBYETLCS ITPU BUPOOHHUIITBI
TOJMHHHMKIB 1 KAJIbKYJIATOPIB, OJHAK JUIsl YCTAHOBOK BEJIHMKOI TOTY>KHO-
CTI BIH HENPHJATHUH BHACIIZOK MEHIIOI cTabiipbHOCTI. Martepianm, sKi
BHKOPHCTOBYIOTHCS 11iJ] YaC BUTOTOBJICHHS MOJYJIB 3 aMOP(HOro Kpe-
MHII0, aOCONIOTHO HEIIKIAINBI B €KOJIOTIYHOMY BimHomeHHI. Taki Mo-
Iy epEeKTUBHI HABITh B YMOBax CJIa0OKOI OCBITJICHOCTI 1 Kpallle 3axu-
IIEHI BiJl arPECUBHOTO BIUIMBY 30BHIIIHIX (DAKTOPIB.

KpeMmHiii — gpyra 3a HMOLIMPEHICTIO peyoBHHA Ha 3emuti. 3ycTpida-
€ThCS KPEMHIN HailyacTilie y BUIJISAAI JIOKCHUIIB, SKI MOXHA TTOOAYUTH
MPAKTHYHO IMOBCIOIHO: II€ 3BUYAHHUIN ITICOK, KBapl, KpeMiHb Ta IHIIII
Minepaiad. OIHaK AJi1 BUTOTOBJIEHHS (DOTOEIEMEHTIB MOTPIOCH KpeMHiit
BHCOKOT'O CTYIICHS OYMIICHHS, aji¢ TEXHOJIOTil TaKoi OYMCTKH JIOCHUTH
CKJIaJIHI, TPYAOMICTKI 1 jmopori. Ile BUKIMKAE MOPIBHSIHO BUCOKY I[IHY
KIHIIEBOTO MPOAYKTy. DOTOENEMEHT — 11€ OCHOBHA YaCTHHA COHSYHOL
OaTapei, Bi SKOI 3aJ€KUTE K e(DEKTUBHICTE POOOTH COHSIYHOI €HEPro-
CUCTEeMHU, ii TEPMIHM CITy>)KOM 1 YMOBH POOOTH, TaK 1 BapTICTh SHEPTii,
sIKa BUPOOJISETHCS, 1 TEPMIHU OKYITHOCTI cucTeMu. KpucrasivHi kpemHi-
€Bi (hOTOCNIEMEHTH BKe 0arato poKiB YCHIIIHO BUPOOJISIOTh CHEPrit0 Ha
KOCMIYHUX CTAHIIISX 1 CHCTEMaX eJIECKTPOIIOCTAaYaHHs Ha 3eMITi.

B nanuii yac ppoTOEIEMEHTH BUTOTOBJISIFOTHCS 3 CAMHUX PI3HUX MaTe-
piajiB, OCHOBHHUMH 3 KHX € KpeMHii (Si) 1 apcenin ramito (GaAs), uu-
Maja0 ¥ HOBHMX TEXHOIOriH IX BHUroTOBieHHSA. OIHAK HE3MIHHUM 3aJIHd-
IIAETbCS OCHOBHUI NPUHIUN IX Jii, SKWI IOJNATaE y BUKOPUCTaHHI
siBuIna (GoroedeKkTy B HEOAHOPITHUX HAMIBIPOBITHUKOBUX CTPYKTYpax
M BINTMBOM KBaHTIB COHSYHOro cBiTia. Kmacuuuuii kpemHuieBuii ¢o-
TOEIEMEHT CKJIaJacThCs 3 ABOX HAMIBIIPOBIAHUKOBHX IJIACTUH, BHYTpI-
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IIHS 3 SIKUX BUTOTOBJISIETHCS 3 KPEMHIIO BUCOKOI'O CTYIICHS OUMIICHHS,
SIKUH IPOMIIIOB JeKiIbKa eTamiB 0OpoOKH, a 30BHIIIHS — 3, TAK 3BAHOIO,
«3a0pyJIHEHOT0 KPEMHII0», OTPUMAHOTO 3 TAKOTO ) OCHOBHOT'O MaTepia-
1y 3 JOJAaBaHHSIM TOYHO PO3PAXOBAHOI0 KITbKOCTI CIIEIiaJbHUX IOMi-
mok (Hanpuknaja, dGocdopy). 30utbiicHHS eheKTUBHOCTI (poToenemMeH-
TiB, 1[0 € OCHOBHUM 3aBJaHHSIM JOCITIIHHUKIB 1 BUEHUX, 10 3aHMAaIOTHLCSA
Mpo0JieMaMK COHSIMHOT €HEPreTHKH, 0arato B 4OMY 3aJICKHUTh Bijl BJOC-
KOHAJICHHS Marepiaiy JBOX IIapiB HAMBIPOBIIHUKIB. APCEHIJ raiiro,
110 BUKOPHUCTOBYETHCS TOPS 3 KPEMHIEM JJIsi BUTOTOBJICHHS (poTOECIEe-
MenTiB, OuTbIn eekrrBuui (KK Onm3pko 28 %), Hixk kpemuiii (KK] B
cepenaboMy 17 %), ogHak HaOaraTo OLIbIN BUTpPATH Ha HOTr0 BHPOOHH-
LITBO i HEJOCTATHE OCBOEHHS TEXHOJIOTiH, MO3BOJISAIOTH KPEMHIIO 3aIH-
[IaTHCS OCHOBHUM MAaTepiaioM JJIsi BUTOTOBJICHHS COHSIYHHX €IEMEHTIB.

CoHsuHi eneMeHTH OyBalOTh ABOX THUIIB: A-THITY, Y SIKUX THJIbHA
CTOpOHA € MIHYCOBUM KOHTAKTOM, a JIMIIbOBa, TOOTO poOOYa — TUIHOCO-
BHM, 1 €IEMEHTH p-THITy 3 MPOTUJICKHUM PO3TAllyBaHHSIM KOHTAKTIB.
EnextpoH min BrumBoM ()OTOHA CBiTNA, IO MOTPAIUIsE€ HA 30BHIIIHIO
n-TUTACTHHY, [I0 Ma€ HAaJUTMIIOK eJIeKTPOHIB, 30Y/IKYETHCS 1 EPECKaKye
Ha BHYTPILIHIO p-TUTACTHHY 3 HECTauero eJIeKTPOHiB. B pe3ynbraTi BH-
HUKAa€E CIPSIMOBaHHU pyX €JIeKTPOHIB, TOOTO eNeKTpu4yHui cTtpyMm. Ta-
KHM YWHOM, ITiJ] BIUIMBOM CRBITJIOBOI'O BUIIPOMIHIOBaHHS BUHHUKAE TOC-
TillHUHA cTpyM cuioto 6mu3pko 0,5 ammep. OnuHuyHMA (oTOETEMEHT
MiATPUMYE MEBHY CHITY CTPYMY TIpH 3aJlaHiii Harpy3i i BAKOPUCTOBYBa-
TH WOro MOXKHA TaK caMo, SK 1 IHII JpKepesa eleKkTpoeHeprii. PizHuisa
JUILIE B TOMY, IO B (POTOEIEMEHTAaX HEMOXIJIMBE KOPOTKE 3aMUKAHHSI.
Cuiia cTpyMy HporopiiiiiHa CBITJIOBIM eHeprii (KiIbKOCTI KBaHTIB CBIT-
na). Y (OTOENEKTPUYHMX CHUCTEMax Hampyra Maie IMOCTiiHa, a cujia
CTpyMy TIponopiiiiiHa po3MipaM (OTOETEMEHTIB 1 IHTEHCHBHOCTI Maja-
FOUYOI'0 Ha HUX CBITJIA.

TunoBy koHcTpykuito cydacHoro OEIT Ha ocHoOBi pSi-nSi mokazaHo
Ha puc. 3.31. Koeoimient kopucnoi aii Takux ®EII cknamae 14 %. I[Ipu
IIbOMY Hampyra XoJIocToro xony jopisHioe 0,6 B, a ryctuHa cTpymy
KOPOTKOT'O 3aMKHEHHs focsarae 40 MA / M’

OckibKH 11 pOOOTH OLIBIIOCTI CIIOKUBAYiB HEOOXiTHI OLIBIIT BH-
COKi 3HaueHHs Hampyru Tta crpymy, To @EIl mapaneapHO-OCTIIOBHO
30MpalOThCA B COHSYHI MOAYII MOTPIOHOT MOTY)KHOCTI Ta BHUXITHOI Ha-

HpYTH.
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Puc. 3.31. Tunosa xoHctpykuis ®EIT Ha ocHOBI MOHOKpHCTala KPEMHis

Taki Moyl BU3HAYAIOTHCS BHCOKOIO I[IHOIO IUIACTMH MOHOKPHCTA-
JIYHOTO KpeMmHiro ToBHMHOW 300—500 MKM, SIKi BUKOPHCTOBYIOTHCS B
Horo KOHCTpyKiii. Taki mmacTMHH Si OTPHMYIOTH PO3PI3aHHSIM BHPO-
mrenoro mpu temmeparypi oinbire 1000° C MOHOKpHCTATIYHOIO IIHITIH-
npa mgiamerpoM 1o 150 mxm. I[pu po3pizaHHi HA TUTACTHHM MaiXe Io-
JIOBMHA I[LOTO JIOPOroro Marepiany ijae B cTtpyxky, Tomy ®EIT Ha oc-
HOBI MOHOKPHCTAJIB Si BUKOPHUCTOBYIOTH MEPEBAYKHO VIS arapatiB Ko-
cMiuHOro npusHadeHHs. [Ipy BUPOOHUIITBI MOHOKPUCTANIIYHUX KPEMHI-
eBux DEII BuTpavaeThcs Taka KUIbKICTh SHEPTIl SIKa HE OKYILIIOIOTHCS
Ha IpOTsI3i yacy ix Bukopucranus (20-25 pokis) .

®DoTOoENEKTPUYHUI TIEPETBOPIOBAY HA OCHOBI BHPOIIYBAHOI ITOJIIK-
PUCTAIIIYHOT KPEMHIEBOI TUTIBKU € HAHOUTBII TPUBAOIMBUM, HE 3BaXKa-
toun Ha Outbm HU3bke KK/, ockiibku Ha MpOTsI3i iX BUKOPUCTAHHS BO-
HH BUPOOJISIOTH €IEeKTPOEHEPTil 3HAUHO Ouibllle, HK OyJI0 BUTpadeHO
Ha 1X BUPOOHUIITBO. HailOLbIl MEPCIEKTUBHUMU BBAXKAKOTHCS TOHKI
miiBkoBi ®EI, Hu3bKa IiHA SIKUX i1 YaC MAaCOBOIO BUPOOHUIITBA 1 MpHU
JIOCTaTHINH e()EeKTUBHOCTI BU3HAYAECTHLCS 3MeHIeHusaM ToBiuuan OEIT y
100 pasiB. HaitOiabIiy eeKTHBHICTh MOKA3ylOTh COHSYHI €IeMEHTH Ha
OCHOBI ILTIBOK HAIIBIPOBIIHUKOBUX TOJIKPUCTATIYHUX 3 €JHAHD
Cu(IGa) Se2, Cd Te, sxi BUTOTOBIISIOTh 13 ILTIBOK TOBIIHHOIO JEKIIbKA
MIKpOH Ta TiApOreHi3ipoBaHoro amMopdHOro kpemuito. Tumoe KoOHC-
TPYKTUBHO-TEXHONOr YHe BUKOHaHHS Takux OEIl mnokazano Ha
puc. 3.32.

3MeHIIIeHHs OCBITJIEHOCTI (HAPUKIIA, 32 PaXyHOK XMAapHOCTI) IpH-
3BOIUTH 0 3HUKCHHS BHUXIJHOI MOTYKHOCTI (poToereMeHTa BIABIYi i
Oubie. XapakTepUCTUKH KPEMHIEBHX (OTOETIEMEHTIB MaroTh HemiHil-
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HUW xapaktep 1 3akoH OMa B HOro 3BUYaifHOMY BUTJISAL JJISi HUX He-
npuaatHuit. ['padiyHO MOBENIHKY (OTOCIESKTPUYHUX IEPETBOPIOBAUIB
BiTOOpa)KEHO 3a  JOMOMOIOK  BOJIbT-AaMIICPHUX  XapPaKTEPHUCTHUK,
puc. 3.33.
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Puc. 3.32. Cxema TOHKOIUTIBKOBOTO (DOTOEIEKTPUYHOIO IIEPETBOPIOBaYa
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750 Br/m?

250 Br/m?

Puc. 3.33. BonpT-amnepHa xapakrepuctuxa OEIT

[Tig yac MOHTaXKy MOJIYJISl CIIiJT 3BEPHYTH OCOOJIMBY yBary Ha BHXij-
Hi [MapaMeTpHy €JIEMEHTIB, OCKUTBKH PO3KHU/ 0 BUXITHOMY CTPYMY MOXKE
MPU3BECTH [0 3HAYHOrO HafiHHA eekTUBHOCTI Momyisa. Hampyra xo-
JIOCTOTO X0y, SIKa BUPOOJSETHCS OKPEMO B3SITUM (DOTOCIIEMEHTOM, He-
3HAYHO BiPI3HAETHCS BiJ aHAJOTIYHOI'O IapaMeTpa IHIIUX CIEMEHTIB Y
Til ke cepii 1 He 3aIeXuTh Bia momi eaeMmenta. CTpyM, sIK BKe BiJI-
3HAYANOCS, 3aJIOKUTh Bl IHTEHCUBHOCTI OCBITJICHHS 1 miomii (oroene-
MEHTA.
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Enement cranmapraoro po3mipy 100100 mm, sikuii B 100 pa3siB 06i-
nplri 3a mromy enemedTa 10x10 MM, 3a oxHi€eT # Ti€T )X OCBITIICHOCTI
yTBOpIoe cTpyM y 100 pa3zis Oinbiinuii. HaBaHTaxXyroun eIEMEHT, MOKHA
oTpuMaTH Tpadik 3aJeKHOCTI BUXIJHOI IMOTYKHOCTI BiJl HaIpyrw,
puc. 3.34.

CTPYM COHAYHOO NOTY#HICTE, WO BUTPEYAETECA B
enemeHTa, MnA HaBaHTaHEHH, MNET
60 T T P 18
NOTYHHICTE
50 - N 15

40 __-__h_—__’74h \
20 // CTEWM N \ .
’ / REE
10 // \\

12

0 01 0z 03 04 05 e

HANPYTa Ha COHAYHOMY enemeHTi, B

Puc. 3.34. I'padik 3as1exHOCTI BUXIAHOI HOTYKHOCTI (hoTOEIEMEHTa
BiJl HAIIPYTH

MaxkcumanbHa a00 MiKOBa MOTYKHICTE €IEMEHTa BiAmoBimae podo-
4iii Hampy3i, sika aopiBHIOE npubmmu3Ho 0,47 B (Tomy muist oTpuMaHHS
JIOCTOBIPHOI OILIIHKK SIKOCTi (hoTOedeMeHTa HOro HeoOXigHO HaBaHTa-
JKUTH TaKUM YUHOM, IIO0 BUXIJHA Hampyra JOPIBHIOBaJla 3HAYCHHIO
0,47 B).

Temmeparypa HarpiBy eJIeMEHTIB TaKOXX BILIMBaE Ha e()EeKTHUBHICThb
ix poboru. HarpiBanHs enemeHTa Ha KoxeH rpaxayc nonajn 25° C Bu-
xnvkae Brpary Hampyru Ha 0,002 B. BonbT-ammepHi XapaKTEpUCTHKH
(BAX) enemenTa npu Temmeparypax 25 i 60° C nmoka3sani Ha puc. 3.35.

3 rpadika BUIIHO, IO TEMIIEPATYPHUI KODIIIEHT CTPYyMY, Ha BifMi-
HY Bix Hampyrd, no3uTuBHuUE 1 mopiBHioe 0,7 % / °C. Cepenniit KK/
(hoToeaeMeHTa 3HaXOAUThCA B Jiana3oHi 12—18 %, mo o3Hayae reHepa-
mito enemMeHToM po3mipamu 100x100MM MpU CTaHAAPTHUX YMOBax
1,2...1,8 Bt enekrpuunoi noryxHocti. Cranmaptaumu ymoBamu (STC—
Standart Test Conditions) a5 eJ1eMEHTIB € HACTYITHI MapaMeTpH:

— ocBitienicts — 1000 Br/v?;
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— temneparypa — 25° C;
— criekTp — AM 1,5 (cnektp Ha mupori 45°).

cmpyt A
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60°C \ \

L
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o qr az a3 a4 as 96  ranpyea, B

Puc. 3.35. Brutus 3minu temniepatypu Ha BAX coHstaHOTO eneMeHTa

VY CBITI NPUAHATHIA HACTYITHUH PSJl CTAHJAPTHUX THUIIOPO3MIPIB CO-
HayHuXx eneMmedTiB: 100x100 MM, 125%x125 MM, 156%156 MM, a Takox
YaCTKU LIUX €JIEMEHTIB, OJlep)KyBaHi JIa3epHOI0 pizkoro. YacTku ememe-
HTIB HEOOXIiOHI JUIS CKJIaJAaHHS MOIYJIB MaJiol moTy:kHOCTi. Kpim po3-
Mipy, (hOTOETIEMEHTH MOKYTh MaTH Pi3HY KoH(pirypariito. 3a3Budaii BH-
poOJIeHI KpeMHI€B] TUTACTUHY JiJIst (DOTOCJIEMEHTIB MatOTh (JOPMY JIHCKa,
0 HEe3py4HO npu 30ipii MoaymiB. Tomy, Juist Otk eheKTUBHOTO 3a-
MOBHEHHS IO COHSYHOT'0 MOAYJIS 1 3pYYHOCTI CKJIa/IaHHsI, KPEMHI€BI
IUIACTMHH OOPI3aloTh y BUTJISAAI BOCBMHUTPAHHMKA 31 3JI€ETKa 3aKpyriie-
HUMH KyTamHu, a00 MPSIMOKYTHHKA. Brucoka BapTiCTh COHSIYHHUX Oatapeit
1 TOCUTh TPUBAJIMN TEPMiH OKYITHOCTI € OCHOBHUMHU CTPUMYIOYHMH (ha-
KTOpaMM PO3BHUTKY COHSYHOI €HEPreTHKH. TOHKOIUIIBKOBI €IEMEHTH
MOXYTh CTaTH aJIbTCPHATHUBOIO JIOPOTMM KPEMHIEBUM elieMeHTaMm. Bap-
TICTh IX Maike B JIBa pa3d HUXKYEC 32 PaXyHOK MEHIIOT MaTepiajioMicT-
KOCTI Ta BUKOPHCTaHHsS B SKOCTI HAIIBNPOBIAHMKIB OUIBII JEIIEBHX
CIOTY4YCHb

HaiinomupeHimyMy BUaMi TOHKOIUTIBKOBUX (DOTOEIIEMEHTIB € (ho-
TOCJIEMEHTH 3 aMOp(HOro kpemHito, a takoxk einementu CIS (CIGS) i
CdTe TexHoorii.

CIS (CIGS) ¢homoenemenmu. Y upomy THII (POTOCTEMEHTIB KpEMHIii
HE BUKOPUCTOBYEThCs B3arajii. OcHoBoro CIS (oToeneMeHTiB € croiy-
KM celleHy 3 Migmio 1 ingiem, a B CIGS doroeneMeHnTax MPUCYTHIH 1€ i
rajivi. BoHr MaloTh Ha ChOrOAHINIHIN aeHb HavBummi KK/ cepen ToH-
KOIUTIBKOBHX (poToenemenTiB (Onu3bko 11 %) i Habarato edeKTUBHIIIE
KPUCTATIYHUX €JIeMEHTIB MPH PO3CITHOMY COHsiuHOMY cBiTimi. CIS i
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CIGS ¢dotoeneMeHTH MarOTh BIACTUBICTh 30UIBIITYBATH CBOKO TOTYK-
HICTh NPU 3HAXOMKEHHI I COHIEM 0e3 HaBaHTa)KCHHS, TaK 3BaHUM
e(heKTOM «CBITJIOBOI'0 HACHYEHHS», TO/I K KPUCTAIIUHI (hOTOEIEMEHTH
MPU TPUBAJIOMY BILUIMBI COHSYHOT'O BUIIPOMIHIOBAHHS IMOCTYIIOBO JIC-
rpajyoTh

CdTe ¢pomoenemenmu CKIAAAIOTHCS 13 CHOIYYEHDL KAaAMIIO 1 TETYPY
(KK/I 6mu3bko 9 %). Kajamiii € TOKCHYHOIO PEYOBHUHOIO 1, THM HE MEHIIL,
0araTo poKiB 3HaXOIUTh CBOE 3aCTOCYBaHHS B 3BUYAMHUX OaTapeiikax.
BupoOHMKH, oqHAK, 3alIeBHSIIOTH, 1110 YacTka kaaMiio B CdTe doroerne-
MEHTaX HACTIILKH Majia, [0 HIiSKOI 3arpo3u 370pOB’I0 JTIOJUHM Ta Ha-
BKOJIMIITHLOMY CEPEIOBHIIY HE CTaHOBUThH. KpiM omucanux Tumie ¢o-
TOEJIEMEHTIB, ICHYIOTh MEHII MOIIUPEHI PO3POOKHU — 11e apCeHiI-ralieBi
rerepooTorneperBoproBayi, eKCIEPUMEHTH B 00J1acTi CeHCuOiai3oBa-
HUX (ap0O i opraHiyHuX (HOTOETESMEHTIB.

InBepTopu. /)1 IepeTBOPEHHSI COHAYHOI SHEPTil B €IEKTPUYHY He-
00XximaHI MepexeBi iHBepTOpu. MepexeBi, ado grid-tie inBeptopu (GTI)
— 1€ MPHUCTPOI, AKI IpH3HAYCHI AJIs IMePETBOPEHHS MOCTIHHOI HAMIPYrd
BiJl (hOTOCNEKTPUYHUX MOJIYJIIB B 3MIHHY 1 Tojiayi i O€3MocCepeIHbO B
Mepexy 220, ado 380 B, puc. 3.36, a.

L A % e | B

L W 1 |

L0 1

- = -
Grid Tie inyerier -r |
il

a o

Puc. 3.36. Cxema Grid-tie iHBepTOpa

Grid-tie THBEPTOPH € CHHXPOHHHMMH IIEPETBOPIOBAYaMHU, OCKIIbKH
MalTh CHHXPOHI3AIli0 BUXIJHOT HATIPYTH 1 CTPYMY 3 OCHOBHOIO Mepe-
kKero, puc. 3.36, 6.

He3zanexxHo Bij Tormonorii, B grid-tie iHBepTOpI BiIOYyBAETHCS HEpET-
BOPEHHS MOCTIHOTO CTPYMY Bifl JOTOCIEKTPUYHNX MOIYIIB B 3MIHHHN
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3 BIAMOBIIHMMHM 3HAYSHHSIMH YaCTOTH 1 (ha3H IJIs CIOJYYEHHS 3 Mepe-
xero. [leperBopeHHs BigOyBaeThCsl 3a  JIONMIOMOTOK  IIMPOTHO-
IMITYILCHOI MOAYJIALil, puc. 3.37, a.

[Tpunimn podOTH cUCTEMU Ha grid-tie IHBEPTOPi 3aCHOBAHMIA Ha Tie-
peTikaHHI CTPyMy, CHHXPOHI30BaHOT'O 3a 4acTOTOI i (pa3oro, KoM Ha-
Ipyra iHBepTOpa TPOXH BHUIA 3a HAIPYry B Mepexi. lle mocsraerncs
IUISIXOM BHMIPIOBAHHS 1 MIJABUINECHHS HANIPYTH HA BUXOJI1 iHBEpTOpA 110
HEOoOXIgHOro 3Ha4YeHHs, puc. 3.37, 6.

3ayBa)KMMO, 110 SKIIO BHXiJHA HAmpyra iHBEpTOpa 3HAYHO BHIIA,
HDK Hampyra B ellekrpomepexi, GT/ Oyae nepeBaHTakeHui. SIKI0 BOHA
HUX4a, grid-tie iHBepTOp OyJle HABAaHTAXKSHHIM MEPEXKi, a HE JPKEPEIoM
eHeprii. J{as Toro, o6 0OMEXHUTH CTPYM 0 HaBaHTAKEHHS, SKHM BH-
CTyIla€ Mepeka, Ha PiBHI HOMIHAJIbHOI MOTY)KHOCTI 1HBEpTOpa, BUXiIHA
Hanpyra grid-tie iHBepTOpa MOBUHHA OyTH TPOXM BHUIIOIO, HIXK HaIpyra
B EIIEKTPOMEPEKi.
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Puc. 3.37. lllupoTHO-IMITyJIbCHA MOJTYJISIIS
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3a3Buuaii € nomatkoBuil iHaykrop (Lgrid) mix BuxomoM GTI i me-
PEKEI0, KU «IIOTJIMHAEY» 3aliBy HANPYTY 3MIHHOTO CTpyMy. BiH Takox
3MEHIIIYE CTPYM TapMOHIK, IO T€HEPYIOThCS IIUPOTHO-IMITYJIbCHUM
MOJYJIITOPOM.

OCKiIBKM Mepeka BHCTYNAae B SKOCTI JpKepela 3 JyXKe HU3BKUM
OIIOPOM, grid-tie THBEPTOP NPAIIOE K JHKEPEIO CTPYyMY, a HE JDKEPEIIo
HaIpyru

Grid-tie iHBepTOpH B LIX Oe3meKkn 00JIaHaHI aBTOMATOM 3aXHCTY:
KOJIU MEpeKa BUXOAUTH 3 J1ajly a0d0 KOJIM PiBHI Hampyru ab0 4acTOTH
BUXOIATh 3a JONYCTHMI T'PAHHI[, aBTOMATUYHHN BHMHKAY BIIKIIOYAE
BHXiJl iHBepTOpa Bij Mepexi, puc. 3.38. CrnpallboByBaHHS 3aXUCTy 3a-
JISKHUTH BiJl YMOB MEPEXKi 1 HACTPOMKH IHBEPTOPA.

Ggrid-tie iHBepTOpH I 3HHKSHHS BTPAT HA MEPETBOPEHHS MOCTIk-
HOI HANPyTd B 3MIHHY, NPAIIOIOTh MPU BUCOKUX BXIJHUX HAmpyrax —
OJIM3BKO JI0 Hampyru Mepexi. BoHu maroTh BOYJIOBaHY CHUCTEMY CTe-
KEHHS 332 TOYKOI MakcHMaibHOI moTyxHocTi (Maximum Power Point
Tracking).

AHTH-CEKI[IOHYBaHHSI

X

ra ™

\ | ;I 3yIUHKa CTPyMY

\ /
f L ‘.

W'

3aTpumMKa

W =Hanpyra @ = Crpym

Puc. 3.38. [Ipunimn 3axucty Mepexi

Cucrema 37aTHa BU3HAYATH ONTHMAJILHE CITIBBIIHONICHHS HATIPYTH 1
CTPYMY, SIK1 3HIMAIOTBHCS 3 (POTOMOIYIIIB 1 JO3BOJISE OTPUMYBATH MaK-
CUMYM €Heprii 3a Oy/b-SKUX 30BHIIIHIX 3MiH METEOPOJIOTIYHUX YMOB,
3aBJIIKM YOMY T'eHepaiis BiJl poToMOoaymiB B Mepexy BinOyBaeThCs Ha-
BiTh Y IOXMYpY Toroay, puc. 3.39.
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Puc. 3.39. KopuryBanHs MoTy»HOCTI iHBepTOpa

Grid-tie iHBepTOpH BUKOPUCTOBYIOTH Pi3HI TEXHOJIOTIT NEPETBOPECH-
Hs eHeprii. BoHn MoxyTh OyTH MOOYyIOBaHI 3 BUCOKOYACTOTHHM abo
HHU3bKOYACTOTHUM TpaHcpopMaTopomM, abo B3araji 0e3 TpanchopmaTo-
pa. B y3zaraneHeHomy BapianTi B G7/ BigOyBaeThCsA IEpEeTBOPEHHS
CTPpyMYy 1 HAIPyTH, 3MIHHUX 3a 3HaYEHHAM 1 (DOPMOIO0, 10 TAKMX 3HAYCHD
napamerpiB, SIKi HEOOXiZHI ISl CIIOyYeHHS 3 Mepexeto. [lepeTBopeHHs
BiI0OYBa€ThCH 3a JIEKiJIbKa KPOKIB.

ChpoieHa cxema grid-tie iHBepTOpa 3 TPUCTYIIHYATHM IEPETBO-
PEHHSIM 1 BUCOKOYACTOTHHUM TpaHCc(hOpPMATOpOM IoKa3aHa Ha puc. 3.40.
[i 0co6uBicTIO € HU3BbKOBOMLTHHUIA BXiJl i rajbBaHIUHA PO3B’A3KA MikK
BXOJIOM 1 BUXO/JIOM 3aBIsKH HasIBHOCTI TpaHC(hOpMaTopa.

[ToBHa KOHCTPYKIIisS grid-tie IHBEPTOPA € 3HAYHO CKIIAHIIION: aJi-
TOPUTMOM POOOTH MEPETBOPEHHS KEPYE MIKPOKOHTPOJIEP, € IHTErpOBa-
HUW 3aXHMCT BXIIHUX 1 BUXIIHUX KU 110 TOCTIHHOMY 1 3MiHHOMY CTPyMY,
a TaKOX MPUCTPOI MOHITOPHHTY Ta KOHTPOI. MOXYTh BCTAaHOBJIIOBA-
THCS iHTEpdelicH mepenadi JaHuX

[Tpomuciiori grid-tie iHBEpPTOPU BUKOPUCTOBYIOTHCS JUIsl Tiepeadi
eHeprii Bix (HOToeIeKTpUUHUX NaHened y Tpudaszny mepexy. B nanuit

206



yac JJIs MPOMHCIIOBOrO 3aCTOCYBAHHS BHUPOONSIOTLCS grid-tie 1HBEPTO-
pU 10 AEKUIbKOX COTeHb KioBar. Taki iHBEpTOpH SBISIIOTH COOOIO ITe-
PETBOPIOBAJIbHI CTAHIlIT 1 OYOYIOTHCSA 32 MOAYJIbHUM IIPUHIIAIIOM ISt
MiHIMi3aIlii BTpaT i OTPUMAaHHS MaKCUMaJIbHOI €(h)EKTUBHOCTI BHKOPHC-
TaHHS COHSYHOI SHEpTii.
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Puc. 3.40. CrporieHa cxema iHBepTopa
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3.7 EpeKTHBHICTbh COHSIYHMX €eHEPreTUYHHUX eJIeMEeHTIB

®0T0Mozwni CKJIAamaloThess 3 (hoTOeneMeHTiB. 3 e€HepreTMYHOl
TOYKHA 30pPY HANOLIBII e(hEKTUBHUMU IPUCTPOSIMU IS IIEPET-
BOPEHHS COHSAYHOI eHepril B €JIEKTPUYHY € HAIIBIPOBIIHUKOBI (hoToe-
JIEKTPUYHI IEPETBOPIOBAYI, OCKUIBKH L€ OPSAMHN, OJHOCTYIIHYATHI
nepexin 1o exnexrpuyHoi eneprii. KK/ npoMucioBux (hoToeneMeHTiB B
CEPeIHbOMY CTaHOBUTH 16 %, y kpammx 3pa3kiB 10 25 %, a y mabopa-
TopHHX yMoBax Bxke gocsaraytuit KK/ 43,5 %.

Jaa 3meniuenss Bcix BuaiB Brpat eHeprii B @EIT po3podiaroTses 1
YCHIIIHO 3aCTOCOBYETHCH Pi3Hi 3axomu. [lo iX uncia BiIHOCATHCS:

* BUKOPHMCTAHHS HAIIBIPOBIIHHKIB 3 ONTHMAJILHOIO JJIS COHSIYHOIO
BHUITPOMIHIOBAHHSI IIINPUHOIO 3a00POHEHOI 30HH;

* TIOJIMIIEHHS BJIACTUBOCTEW HAITIBIIPOBIJIHUKOBOI CTPYKTYPU €jle-
MEHTa MUIAXOM ii ONTUMANBHOTO JIETYBaHHS 1 CTBOPEHHS BOYJOBaHUX
SNIEKTPUYHUX TIOIB;
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* MepexiJi BiJi TOMOIeHHHUX JI0 TETEPOreHHMX 1 BApi30HHUX HAMIBIIPO-
BITHUKOBUX CTPYKTYP;

* ONTHMI3allis KOHCTPYKTHBHUX mapamerpiBs ®EIl (rnmubunum 3ais-
TaHHs p-n TEPEXOoNy, TOBIIMHHU 0a30BOrO MIApy, YaCTOTH KOHTAKTHOL
CITKH TOIIIO);

* 3acTOCyBaHHs 0OaraTO(PyHKIIOHATBLHUX ONTHYHHUX ITOKPHTTIB, SKI
3a0e3MevyIoTh MPo30picTh, TepMoperymoBanHs i 3axuct OEII Big koc-
MIYHOT pajialrii;

* po3podka DEII, mpo3opux B JOBrOXBHIIBOBIH 00JIACTI COHSYHOTO
CIIEKTpa 3a T'PaHUIICI0O OCHOBHOI CMYTH TIOTJIMHAHHS;

* crBopenHs kackanHux DEII i3 crnenianbHO MmigiOpaHuX 3a ITUPH-
HOIO 3a00pOHEHOI 30HU HAMIBIPOBIIHUKIB, SKi JTO3BOJSIOTH MEPETBO-
pIOBaTH B KOKHOMY KacKaJi BUIPOMIHIOBAHHSI, IO MTPOHUIILIO Yepes3 Mmo-
nepenHiil Kacka.

Icrotnoro migumenns KKJ| ®EIl BpaeTbcs mocsrtu 3a paxyHOK
CTBOPCHHS TIEPETBOPIOBAYIB 3 JBOCTOPOHHBOK uymMBIcTIO (80 % 10
ke HasBHoro KKJI omHiei cTOpOHM), 3aCTOCYBaHHS JIFOMIHECIIEHTHHX
MIEPEBUNIPOMIHIOKOUMX CTPYKTYP, MOMEPESTHHOTO PO3KIIAIAHHS COHSYHOTO
CIeKTpa Ha JBl 00 OUIbINIE CIIEKTpasibHI 00IaCTi 3a JIOIIOMOroK0 OaraTo-
IIAPOBUX ILTIBKOBUX CBITIIOAUIHIBHUX MTPUCTPOIB (IXPOIYHUX J3EpKaIT) 3
MOJIATBIIIUM TIEPETBOPEHHSIM KOXKHOI JUISTHKH CIIeKTpy okpemum DETI.

3HaueHHs1 KoeillieHTiB (HOTOENEKTPUIHOTO MEPETBOPEHHS AN Pi3-
aux BuaiB OFEIT nasegeni B Tadi. 3.2.

®doTOENEMEHTH 3HIKYIOTh TIOKa3HUKU CBOET MMPOTyKTHUBHOCTI 13 IMiJI-
BHIIIEHHSM TeMIiiepaTypu. Bci emeMeHTH COHSYHOI MaHei IMOB’sA3aHi
MDXK CO0010 1 KOJIM BiZOYBa€ThCs YaCTKOBE 3aTEMHEHHSI, TO 1€ BHKIHKAE
MaaiHHg BHXITHOI HAIPYTH 32 paXyHOK BTpaT B HEOCBITIECHUX eJIEeMEH-
tax. L{i eleMeHTH MOYMHAIOTH BUCTYIATH B POJIi MMapa3uTHOrO HABaH-
Ta)KCHHSI.

3.8 Po3paxyHOK COHAYHMX eHepreTU4YHUX YCTaHOBOK

pucTpiii creskenHs. [IpucTpiii ckIagaeTbCs 3 OBOX YACTHH:
MeXaHIYHOI Ta eaekTpudHoi. [lepma 3 HUX — I[e MeXaHi3M, IO
MPUBOANTH B PyX MpHKMau COHSYHOTO BHIIPOMIHIOBaHHs, Apyra — Iie
CIICKTPOHHA CXEMa, SKa Kepye UM MeXaHi3MOM. Po3pobiieHo psig Me-
TOJIB CTEKEHHS 3a coHueM. OIUH 3 HUX 3aCHOBAHUI Ha KPIIJIEHHI CO-
HSYHUX €JIEMEHTIB Ha TpuUMadyi, mapaiensHoMy monsipHiid oci. [TonioHi
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MPUCTPOI HA3UBAIOTh EKBATOPIAJILBHUMHU CHCTEMaMM CTexeHHs. Llel Te-

PMiH BUKOPUCTOBYIOTH B aCTPOHOMIi.

Tabruys 3.2

XapakrepucTuka HaniBnposigaukosux OEIT

KoedimienT ¢poroeiek-

Tun TPUYHOI'O NEPETBOPEH-
H, %

Kpemenesi
Si (kpucraniyHuit) 24.7
Si (monikpucTamiuHuN) 20.3
Si(ToHKOIUTIBKOBA Nepeaya) 16.6
Si (TOHKOIITIBKOBHH CyOMOMYJIB) 104
L. v
GaAs (kpuctanigyHui) 25.1
GaAs (TOHKOILTIBKOBH) 24.5
GaAs (nonikpucTaTiyHui) 18.2
InP (xpucranmiunmii) 21.9
Tonki mIiBKM XaJbKOreHUaAiB
CIGS (dotoenemenr) 19.9
CIGS (cyomomysin) 16.6
CdTe (¢oroenemenr) 16.5
AMop¢pHuii / HanokpucTadivHHMil KpeMHi
Si (amop¢Hmit) 9.5
Si (HaHOKpHCTATIYHHI) 10.1
®doroximMivHi
Ha ocHoBi opraniyHux OapBHHKIB 10.4
Ha ocHoBi opraniyHnx 6apBHHUKIB (CyOMOITYJIb) 7.9
Opraniuni
OpraHi4Hui noniMep 5.15
Bararomaposi
GalnP/GaAs/Ge 32.0
GalnP/GaAs 30.3
GaAs/CIS (TOHKOIUTIBKOBHIA) 25.8
a Si/ms-Si (ToHKHI cyOMOITyJIB) 11.7

3aBasku 00epTaHHIO 3eMili 37aeThes, 0 COHIE pyXaeThes MO HeOo-
cxuny. Slkmo BpaxyBaTu e oOepraHHs, To CoHIile, 00pa3HO BUCIOB-

JIOIOYHUCH, «3yTTUHUIOCS O.
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[ToxiOHMM YKMHOM i€ eKBaTOpiajbHA CHCTEMa CTe)KEeHHs. BoHa mae
00epTOBY BiCh, MapajieiabHy HOJSAPHIA oci 3emui. ko 3akpinutu 3a
HEI0 COHSIYHI €JIEMEHTH 1 o0epTaTH iX BIepea 1 Ha3aj, BUHJC iMiTallis
obepranus 3emii (puc. 3.41, a).

KyT Haxuiy oci (moJspHHI KyT) BHU3HAYAETHhCSI reorpadiyHUM I10-
JIOKEHHSIM 1 BIJIOBIia€ MIMPOTI MiCIsl, B IKOMY 3MOHTOBAHO ITPUCTPIM.
Hamnpuknan, B micieBocTi, sika Biamosigae 40° MiBHIYHOI IIMPOTH, BiCh
MPUCTPOIO0 CTEeKEHHs OyJe moBepHeHa Ha KyT 40° 110 ropu3oHTY (Ha
[liBHiYHOMY TIONIOCI BOHA TMEPICHIUKYJISPHA TIOBEpxHI  3emii

(puc. 3.41, 6).

MiBHiynnii
nontoc

Exsa TopiansHuit
cnigkyBanbHuit
npucTpiit

. MiBHiynnii
nonioc

1
Hanpsm N
obeptaHHs D_
3emni 4 | )

/ 30 mm

Bemna

/ -20" 1. o

Bug 3Bepxy ,l’

a o

Puc. 3.41. KyT BcTaHOBIIEHHS COHSTYHUX (POTOMOAYJIIB

OOepTaHHs COHSYHMX €JIEMEHTIB Ha CX1J 4M 3aX1J IMIOJ0 Li€l HaXH-
JIEHOI oci OyJe IMITyBaTH PyX COHIS IO HeOOCXmiTy. SIKIIO moBEpTaTH
COHSIYHI €JIEMEHTH 3 KYTOBOI MIBHMAKICTIO 0OepTaHHA 3eMiIi, MOXXHA
MOBHICTIO «3ymuHUTH» Conie. Take ob0epTaHHS 3MIHCHIOETHCS MeXaHi-
YHOIO CHCTEMOIO MPHUCTPOIO CTeKeHHs. [ oOepTaHHS COHSAYHUX elle-
MEHTIB HaBKOJIO 0C1 HEOOXiHO BUKOPUCTOBYBATH IBUTYH. Y OyIb-SIKUM
MOMEHT J1000BOT0 PYXY COHIISI TUTOIMHA COHSYHUX OaTapei Oyne mep-
MEHIUKYJISIPHA HAIIPSMKY COHSYHMX IIPOMEHIB.

EnexTpoHHa yacTHHA MPHUCTPOIO CTEKEHHS BHAAE€ MEXaHi3My iH(O-
pMariro mpo mnonoxeHHs CoHIS, TakK 10 HaHEelb BCTAHOBIIOETHCS B I10-
TpiIOHOMY HaNpPSIMKY.

Koncrpykuis remiocrara (IBoBiCHa cHCTEMa CTEXKEHHS). Y MpH-
CTPOsIX, SKI HA3UBAIOTHCS EKBATOPIaJbHUMU CHCTEMAaMH CTEKEHHS, KyT
HaxHIy OCi 0 3eMJi MiATPUMYETHCS MOCTIHHUM. Y 3B’SI3KY 3 IUM IIPH
3MiHi Tip POKY BigOyBaTUMEThCS MOCTiHHE 3HWKEHHS e(peKTUBHOCTI (o-
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TOEHIEKTPUYHOr0 MEePETBOPEHHs. [ oTpHMaHHS MaKCHMAalIbHOI edek-
THBHOCTI HEOOX1IHO BBOIUTH JOJATKOBE PErYIIOBAHHS KyTa HAXUIY.

Cucremy, 3MaTHY BIJCTEXKYBATH ITOJIOXKEHHS COHI[A B IBOX ILJIOIIH-
Hax, TOOTO JIBOBICHY CHCTEMY CTEeXKCHHS (3 JIBOMa CTEIEHSIMH CBOOO/TH )
YaCTO HA3HUBAIOTE T'€JIIOCTATOM.

['emiocTaT — 116 3MOHTOBAHUI Ha BEPXHIM MOBEPXHI OMOPHU BigOMBaY
(m3epkajio) 3 MPUBOAOM BiJ MOTOpA, SIKHI CTEXHUTH 3a COHIIEM 1 BinOuU-
Ba€ HOro CBITJIO B OfHE 1 Te XK Micie. Uepe3 CKIaaHICTh MPOLECy PyXy
BiH, K IIPaBUJIO, PO3MIIIYETHCS HA BEPTHUKANBHIN OMOpPI i TPHUBOAUTHCS
B PYX a3UMYTaJIBHOI CHCTEMOI0 CTEXKEHHS, sIKa BiJIPI3HIETHCS Bijl €KBa-
TOPiajbHOI MO PSJIy ICTOTHUX O3HAK

[Mo-nepmie, omopu Maiike BCiX a3uMyTaJlbHUX CHCTEM BCTAHOBJIIO-
IOTLCS BEPTHKAILHO, puc. 3.42. BeprukanbHa oropa Mae 0arato mepe-
Bar Inepej; HaXUJICHOK, KA BUKOPUCTOBYETHCS JUIS TOJSIPHUX CHUCTEM
CTEXEHHS.

Puc. 3.42. IlonoxeHHs a3UMYTaJIbHOI CUCTEMH CTEKEHHS

A3MMYyTaJIbHI CUCTEMH CTEKEHHS BIJPI3HSIIOTHCS BiJ] €KBAaTOpiailb-
HUX TOJIOBHUM YMHOM THM, 110 BOHH OJIHOYACHO BIJICTSKYIOTh 00 €KT y
JBOX PI3HMX IUIONMHAX. ToMmy s MpHBOAY MOTPiOHI JBa MOTOPH.
OpuH MOTOp TepeMiliae NpuiiMad COHSYHOI'O BHIIPOMIHIOBAHHS B TO-
PU3OHTAJIBHIH TUIOIIMHI, IHIIHMI — Y BepTHKaIbHINA. Hemae Hiskoro dik-
COBAHOIO MOJI0KEHHS a00 opieHTalii. be3 Oyab-akuX 0OMeKeHb a3UMy-
TallbHA CHCTEMa MOKe OYTH HampaBjieHa B Oy[Ib-fKy TOYKY HEOOCXHITY
B Oynb-skuil MOMEHT 4acy. O4eBUIHO, 110 It 3a0e3redeHHs noi0Ho-
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ro Jiana3oHy MepeMilleHb MOTPIOHO OUIBII CKJIAJHUN TPUCTPIH, HIXK
MPOCTHH TOJUHHUKOBUM MexaHi3M. UacTo TakuM CKJIaJHUM PYXOM Ke-
pPYy€ KOMIT 10Tep.

OCHOBHHM €JIEMEHTOM CHUCTEMHM CTEXKEHHS € CBITIOUYT/IMBA TOJIOB-
ka. CioyaTtky 3BEpHEMOCS 10 MEXaHIYHUX ACIIEKTIB COHSYHOI'O JaT4u-
ka. [oniBky naTunka B po3iOpaHOMyY BUTJISL TIOKa3aHO Ha puc. 3.43, q,
a B 310panomy — Ha puc. 3.43, 6.

UyTtanBa romBKa CKJIaJacThCs 3 IPO30POi OCHOBH, B IIEHTPI AKOI Po-
3TAIlOBAaH] YOTUPHU CBITIOYYTIMBHUX JAaT4YMKa, HAIIPUKIAM, 1HGpadeEPBO-
Hi (OTOTPAH3UCTOPH, SIKI PO3AUIIOTHECS ABOMAa TOHKHMH METaJIEBUMH
HAMIBKPYTJIMMH IIEPErOPOAKAMHE, TaK 110 KOKEH TPAH3UCTOP 3HAXOIUTE-
¢ B CBOIM OKpeMiil cekiii. SIKIIo po3TalryBaTi IPUCTPI Tak, SK ITOKa-
3aHO0 Ha puc. 3.44, TO KOIM COHIlE IMepedyBa€e B HAMPsIMI Ha IMBHIY I10
BIJHOIIEHHIO 10 YyTJIMBOI T'OIIBKHA, BOHO BUCBITIIOE ceklii 4 1 B. CoHs-
YHI IPOMEHI, 10 HaJAI0Th Ha YYTIMUBY T'OJIBKY 31 CXO4y, OYIyTh JETEK-
ToBaHi ¢ororpanszucropamu B 1 C. SIKIO COHLIE 3HAXOAUTHCS HA ITIBHIY-
HOMY CXOJIl, CBITJIO Oy/e MOTpaIuIsATH Juile Ha (OTONATYUK B. AHaJOrI-
YHO MOKHA PO3TISIIATH Oy/Ib-AKi HANPSIMKH MTaJaf0ukX MPOMEHiB.

Puc. 3.43. KOHCTPYKIIiSl CBITIOYYTIUBOI TOJOBKU
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Indopmartis, Mo HAAXOIUTH 3 IUX YOTHPHOX JATYMKIB, BUKOPHUCTO-
BYETBCS CUCTEMOIO JIJIsl CTEXKEHHS 3@ PyXOM COHIIS 10 HEOOCXHUITY.

Taky 3a7auy MOKe BUPIIIATH CXEMa, 1110 IMoKa3zaHa Ha puc. 3.45. Ko-
1 dororpansucrop Q1 He ocBiTineHnii, Ha Buxoal Mikpocxemu IC2A €
Hampyra BUCOKOro piBHA. Te K caMe crpaBeIuBO It POTOTPAH3UCTO-
piB Q2, Q3 1 Q4: aKmIO0 BOHM HE OCBITJIEH], HA BIAMOBIAHUX BHXOIAX
mikpocxemu IC2 € Bucokuil moreHuian. CaMe 111 YOTUPU BUXIJHUX CHT-
Haad OyIyTh BUKOPUCTOBYBATHCS IJI1 KEPYBAHHS BOMAa MOTOPAMHU.

IliBniu

A B
Qf 1O
Baxif Cxin
Ol |0
D Cc
i Bun
3BEPXY

IliBneHb

Puc. 3.44. Po3ramryBaHHs CBITJIIOUYTIMBOI TOIIBKH Y IPOCTOPI
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Puc. 3.45. CrpoieHa cxema CUCTEMU CTEKEHHS
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Jlorika ympasiinHs BUpPIIyeThea Mikpocxemamu 1C3, KokHA 3 SIKHMX
CKJIAa€ThCs 3 YOTUPLOX eineMeHTiB [-HI, 1o mpaioroTs He3anekHO
OIUH Bix oxHOro. Skmo Ha oouasa sxoau eneMmenrta [-HI nmomatu Buco-
KW IIOTEHIaJl, TO Ha BUXO/1 BCTAHOBUTHLCS HAIIPyra HU3BKOIO PiBHA.

[Ipunyctumo, 1m0 moyaTkoBuii crad inBepropis IC2 BiamoBigac Has-
BHOCTI BUCOKHMX IOTEHIIaIiB Ha BCIX BUXOAax (TeMHHI yac 100H). SIk-
110 IIPOMEH] PAHKOBOI'O COHIIS IMOTPAIUISIOTE B CEKI[II0 A, BUCBITIIIOIOYH
(dororpanzucrop Q1, To Ha Buxoxai IC2 BCTaHOBIIOETHCA HU3bKA HAIIPY-
ra, a Ha Buxomi IC3 3’sBUThCSA HAIpyra BUCOKOro piBHs. BuxigHorwo Ha-
npyroro enemenrta [-HI ymopasnsgerbca monnoBuii Tpansuctop MOII-
CTPYKTYPH, B KOJI CTOKY SKOI'0 BKIIFOUEHO peje, K€ CIPaIbOBYE, KOJIH
Ha BHUXOJI JIOTIYHOrO eJIEMEHTa 3 IBJISETHLCA BHCOKA Hampyra. Bcboro B
cxeMi 4oTHpH (hopMyBada 1 YOTHPH pelie, KOHTAKTU SIKMX BKIIOYEHI Ta-
KHUM YHHOM, 1110 pere RL1 1 RL2 KepyroTh OOHUM MOTOPOM, a peiie RL3
1 RL4 — igmmM. O4eBUIHO, IO CUTHAJIOM 3 (horoTpansucTopa Q1 Mik-
pocxema IC3A BkirounuTh peie RL1, npu 3aMUKaHHI KOHTAKTIB SKOr'O
Ha MOTOp IOJAEThCA HAIIPyra, 1 CHCTEMA CTEXKEHHS IIOBEPTACTHLCS B IIi-
BHIYHOMY HAIIPSIMKY, OCKUILKH CBITIIO Majga€ Ha (orto Tpauzuctop Q1
(CoHIle 3HAXOAUTHLCS Ha MiBHOYI). Tak 31iCHIOETHCS TIONIYK COHIIS CHC-
TEMOIO CTEXKEHHS.

Kpim Toro, na Buxomi Mikpocxemu IC3C, BXijg IKOi MIIKIIOYECHUN 10
Buxoay IC2A, TakoXK BCTAHOBIIOETHCS BHCOKHI MMOTEHINANT 1 CIIpalibo-
By€ pene RL3, oCKUIBKH COHIIE 3HAXOIUThCA Ha 3axix Bix cekuii B, C 1
D. Sk pe3ynabTar, CHCTEMA MOBEPTAETHLCS B 3aX1THOMY HAIPSIMKY, TOOTO
oOugBa MOTOPHM OJHOYACHO IIEPEMINIYIOTh IIPUCTPIi B MIBHIYHO-
3aXiJHOMY HAIPSMKY, OCKUIBKH caMe TaM 3HAaXOUThLCS COHIIE.

OcsiTinenns tpausucropa Q4 BiAMOBIIAE CEPETHBOMY IMOTOKEHHIO
COHLISI MK IMBHIYHUM 1 MIBIEHHUM JATYMKAMHU YYTIMBOI TOJIOBKH. K
TUIBKK 1€ BimOyaerbes, Ha Buxomi Mikpocxemu [IC2D BcTaHOBHUThLCSA
Hampyra HU3BLKOro PiBHS, a Ha BuXxozAil Mikpocxemu IC3B — nanpyra Bu-
COKOTr0 piBHS 1 crpalroe pene RL2. O6uasa BUBOAX MOTOpA ITiIK/II0OYa-
FOTLCS IO OJHOTrO 1 TOro 3K IOJIIOCA JpKEpelia sKUBJIEHHS, 1 MOTOP 3YIIH-
HUTBCA. Y TOH Xe yac CHCTeMa CTEKCEHHS IMPOAOBXKYE IMOIIYK COHIII B
HanpsIMKY Ha 3axig. HampsM Ha cOoHIle 3HAXOAUTLCA, KOIH O00HBa Tpa-
msucropu Q2 i Q3 BHCBITIIOIOTHECA HOro mpoMeHsmu. B pesyaprarti
crpaiboBye pene RL3 i MOTOpP Opi€EHTYBaHHS CUCTEMH B HANPSMKY CXiJ|
— 3aXiJ] 3yIHUHAETHCS.

Komu BHCBITIIEHO BCI YOTHPH JATYMKH, TO BKIIFOYAIOTHCS BCI YOTHPHU
pelie 1 MOTOpH He mpaiforTh, UyTiivBa TolliBKa BUSBUIA COHIIE 1 TEHep
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TOYHO CIIPSIMOBaHa B WOro Oik. Byjab-sike 3MillleHHS COHIS 3 IBOT'O I10-
JIOKEHHS BHKJIMYE 3aTiHGHHS MPUHAWMHI JBOX JATYMKIB 1 MOBTOPHE
CHpalbOBYBaHHS JIOTTYHOT CXEMHU.

VYV po3rissHyTOMY BMILE IIPUKIIAl COHIIE CXOAMJIO HA MIBHIYHOMY 3a-
XO/l, 1110, 3BUYalHO, HEMOXKJIMBO. TMM HE MEHII IOAI0HE NOIYILEHHSA
Oysi0 3p00IJieHO, 1100 MPOLTIOCTPYBATH HMIMPOKI MOMIIMBOCTI CHCTEMHU
CTEXEHHS TeIiocTaTa.

Pospaxynok cucmemu enep2onocmayaniis Ha COHAYHUX bamapesix.

CucreMa eHeprorocTayaHHsa Ha COHAYHUX OaTapesX MICTUTh YOTUPH
OCHOBHUX KOMIIOHEHTH: (hOTOEIEKTPUYHI MaHEN, aKyMYIITOPU, KOHT-
poIep 3apsay i iHBEpTOp, M0 MEePETBOPIOE HU3bKOBOJIBTHUM MOCTIHHUIHA
CTPYM Y 3MiHHHU.

Busnayenns morpe0. Ilepmr 3a Bce ciig 3°sicyBaTH, AKa KUIBKICTH
eHeprii moTpidHA BiJ CHCTEMHU IS e€Hepro3abesleueHHs, HAIPUKIAL,
OyauHKy. Jiag 1bOoro HeoOXIAHO BH3HAYUTU IIKOBY MUTTEBY MOTYXK-
HICTh, @ TAKOX PO3PaxXyBaTH MAKCUMAJIbHE 1 CEPEHE 3HAUCHHS OYIKY-
BaHOT'O JIOOOBOT'O €HEPTrOCIOKHUBAHHS

IlikoBa MUTTEBA MOTYKHICTL BU3HAYAETHCS CYMapHOIO MOTYKHIC-
TIO BCIX €HEPrOCIIOKHMBAYIB, SIKI MOXYTh OyTH BKIIIOYEH1 OJHOYACHO,
TOOTO HAWTIPIIMM BHIIAJKOM 3 TOYKH 30pY HABAHTAXKEHHS Ha MEPEXKY.
OjHak 1€ He 03HA4ae, M0 CIIJI MPOCTO MiJCYMYBAaTH MOTYKHICTh BCIX
ENEeKTPOIPUWIIAAIB B OYIUHKY, OCKIIBKHA JEIKI 3 HUX IPUHIMIIOBO HE
OymyTh TpaLIOBATH OJHOYACHO, a OYIyTh BKIIOYATHCS 10 uep3i. Ilo-
BUHHI OYyTM BpaxoBaHI BCl IOTYKHI CIOXXKHBaul, SKI aBTOMaTHYHO
BKJIIOYAIOTHCA (HAIIPUKIIAJ, €JIEKTPUYH] TeIull IU1oru ado migirpis BO-
Iy B Ooiizepi) 1 CIIOKKMBaYi, 110 MPALOIOTh B TPUBAIOMY PEXUMI (OCBI-
TIIEHHS, KOMII IOTED, TEJIEBI30P) — MMOBIPHICTh IX OZHOYACHOI POOOTH
BUCOKA. Y Pe3yiabTaTl BUMOTH 40 MaKCUMAaJbHOI MUTTEBOI IMOTYXKHOCTI
MOJKHA 3HAYHO 3HM3UTH, 1 3aMICTh JECATKIB KIJIOBAT, HEOOXIMHUX IIPHU
OJHOYACHOMY BKJIIOYEHHI BCI€] HAABHOI E€IEKTPOTEXHIKH, LIJIKOM IO-
cuth 3—6 kBT, mo npu Mepexesii Hanpy3i 220 B BixmnoBinae 3ano0ix-
HHUKY-aBTOMAaTy Ha 16-32 A.

Hamnpuknan, norpedu B eNeKTpUYHIA eHepril g ciM’ 13 MIeCTH Y0-
JIOBIK, 1[0 TIPOKMBAE V OYIMHKY 3araipHO0 miomero 100 M?, HeoOXij-
HO 3a0€e3IeYNTH IIKOBOK MHUTTEBOIO MOTYXKHICTIO B 2 KBT. Ile mokpue
HeOOX1IHE HABAaHTAXXEHHS Bl OCBITIIOBAJIBHUX E€HEPrO3a0IaKYIOUNX
JIaMII MEHIIOI MOTY)KHOCTI, BCIX HEOOXIITHUX MMOOYTOBMX MPHJIAJIB Ta-
KHX SIK XOJOAWIBHUK (3 €HEPro30epirartouMy XapakTePUCTUKAMU THITY
B), TeneBizop, KoM 't0Tep, MaJIONOTYKHA MpajbHa MallHHA 1 T. iH.
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Busnauenns moximnBocteii CoHnsa. OCHOBa TaKOTO PO3PAXYHKY —
e JaHl 10 MOTY)XHOCTI COHSYHOI'O BUIIPOMIHIOBAHHS 3 YpPaXyBaHHSIM
MOrOHUX YMOB. bakano, 100 nani Oy Juid pI3HUX KYTIB HaXWIIy I1a-
Helll, Xxo4ya O Ui BEPTHKAILHOI 1 TOpU30HTAILHOI opieHTarii. HaliBax-
JIMBIIIMM UTAHHAM € BUOIP KyTa HaXWily mmaHeial. Marouu Ha yBasi MO-
XKIIMBICTh LIOPIYHOTO BHUKOPUCTAHHS, CIiJl BiAJaTH IepeBary KyTy,
Sk Ha 15° Ouiblre reorpadivHol MUPOTH.

JHamni HeoOXiTHO MPOBECTH OL[IHKY MOTEHIIMHOT TPOLYKTHBHOCTI CO-
HAYHUX OaTapeii, a0o, 1110 Te )X caMe, OIIHKY KiTbKOCTI COHSYHHX MO-
NyJ1iB, HEOOXi1MHUX AJIsl pOOOTH CHCTEMH B OaxkaHOMY pekuMi. OIiHKY
CITiI IPOBECTH SIK MIHIMYM JUIs HaWTipumIoro Micss (HampuKiIaj, cCi-
YeHb), AJ1s1 OUTBIIOT YacCTHHM POKY (JIFOTHI — JHMCTONaM:) i AJIsl JTITHHOT'O
MakCUMyMy (HaIlpuKiIaj, JdureHs). s 1mporo tpeda 3HATH MICIYHY
THCOJIAIIIIO Y Pi3HUX paiioHax Ykpainu (tadm. 3.3).

[HCONSIisS — MPUTIK COHSYHOT pajialii Ha OJMHUINIO TUIOIII TOPHU30H-
TaJbHOI MOBEPXHI 32 oAMHUIIO Yacy. CTaHIapTHA 1HCOJSAIS PO3paxo-
BYETBCS JUIsl TUIOINI B OJWH KBajpaTHuit merp. OpHAK TOYHA IUIONIA
eJIEMEHTIB COHAYHOI MaHelNl [IOKU 110 He Bigoma. 3ate BimoMa il HOMI-
HajJbHA TMOTYXKHICTh, SIKA BU3HAYAETHCS YIS 3aCBIYEHHS IOTYXKHICTIO
1 kBr/M* npu 25° C. TIpuitHABIIN HOTYXKHICTh COHSYHOrO BUIPOMIHIO-
BaHHS OLIs IOBEpXHi 3eMJli (MaKCHMabHY 1HCOJISIII0) TAKOO K, OTPH-
Ma€eMo, IO MOTYXKHICTh 0aTtapel BIIHOCUTBCS JIO THCOJISIIT KBaPaTHOTO
MeTpa TaK caMe, K MOTYXHICTh OaTapei BiTHOCHUTHCS JIO IMOTY>KHOCTI
COHSIYHOT'O BHIIPOMIHIOBAHHS Oi/1s1 3¢MHOI IIOBEPXHI B SICHY ITOTOAY, IO
MPUIAJA€ HAa OJJMH KBaJpaTHUH MeTp, To0To 10 1000 BT. [ToMHOXMBIIM
MicsiuHy iHcomsimito (ii 3HaYeHHs OepeTbcs 3 TaONMIl) Ha CHIBBIAHO-
IIICHHS MMOTYXHOCTeH OaTapei 1 MaKCUMaJIbHOT 1HCOJISIIIT, MOXKHA OIIHU-
TH BUPOOJICHHSI COHSYHOI OaTapei 3a 1eil MicsIlb.

TakuM 4MHOM, BUPOOJICHHS SHEPTii COHSYHOIO MaHEIUTI0 MOXKHA PO-
3paxoBYBaTH 332 HACTYITHOO (DOPMYIIO0

_ EiHc})cﬁn
P )

1HC

Ecﬁ

ne E. — BUpOOJICHHSI eHeprii COHSYHOI0 OaTapeero; Ei,. — MiCSYHA 1HCO-
JSIISE KBagpaTHOTO MeTpa (3 Tabmuii iHcomnsnii); P — HOMIHaJIbHA TO-
TyXHicTh coHstuHOI OaTapei; 1 — KKJI iHBepTOpa npu nepeTBopeHHi HU-
3bKOBOJIBTHOT TIOCTIHHOT HANIPYTH B CTAaHAAPTHY (SKIIO MependadaeThes
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BHUKOPUCTOBYBAaTH HU3bKOBOJIBTHY HAmpyry Oe3mocepenHbo, 1| MOXHA
npupiBHATH 10 1); Py — MaKCUMaJbHa MOTYKHICTh 1HCOJSAIIT KBaapaT-
HOro MeTpa 3emHoi moBepxHi (1000 Br).

Cepeae
IHASCHHA 30

ocTaHHIL 12 pokH

_(Ha deanins NA.S'J_i_ )
v KHiE,
MhpoTa 50.5 1,
|Homrara 30.5E
1. I BIB,
MMupota 49.5 M,
Homrora 24 E
m. Xapkis,
npoTa 49,59 N,
Homrora 4613 E
m.Omeca,
Mnporta 46.30 M,
Homrora 3046 E
v TepHomoine,
npoTa 49,33 M,
Homrora 25.5E
Ine. SAmTa,
[lpoTa 44. 29 M,
JHomrora 34 9E
M. Y ETOpOJ,
|hpoTa 48 37 M,
\Homrora 22.18E

|V NIV T BOHIE KR,

fLL[Hpo'ra 49 251,
Homrora 27.00E

v/ HINpOTE TPOECEK,

Ihpora 4836 B,
=_J;_[_DJ1IOTa 3458 E

189

168

1.19

1.08

109

127

1.13

1.0

121

256

249

218

1.78

206

1.91

1.886

199

Jan Feb Mar

315

342

285

305

3.01

287

298

Micsiuna iHconsiniag y micTax Y kpainn

Tabnuys 3.3

Apr {May | JunlJul |Aug|Sep|Oct [Nov [Dec| PP AHE-|

349

448

g7

385

430

403

385

405

471

39

565

540

4 24

544

501

508

555

41% 448 440

381 350 406

589 583 505

570 639 563

500 493 451

5.84 620 534

531525482

504 458 333

557570508

314 244

301 234

3711224

396245

308191

407 2.67

333202

314188

366227

139

1.48

137

1.08

109

1.55

1.1%

1.10

120

PpidHe
144 3.10
134 2.85
ns3 349
ng7 341
ngs 2.99
107 3.58
ez 316
087 3.06
0% 3.30

BiamoBigHo, 3HAaIOYM MICAYHY IHCOJIAIIIO, MOXKHA OLIIHHTH HOMiHa-
JIbHY TIOTYXHICTh COHSYHOI Oatapei, HeOOXIAHY Ui 3a0e3IeUeHHS 3a-
JIaHOT MiCSIYHOT MMPOAYKTHBHOCTI:

Fs

Ct

B

Ec6

Eich ’
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Sl mpaBuiIo0, MaKCHUMAaIbHA MOTYXKHICTE COHAYHOI OaTapel, 3asBieHa
BUPOOHUKOM, HOCSATAacThCS MIPU HAIpy3l Ha I BUXOMII, 110 IIEPEBULLYE
HAIpPYyry akyMyJIITOpHUX Oatapeit Ha 15 ... 40 %. BuiblIicTe KOHTPOIIE-
piB 3apsAay MOXYTh HIAKIIOYATH HaBaHTAXKEHHS Oe3I0CepenHbo, BiICI-
KAIoYH Led «HaIIAIIOKY». TOMY Il BTpaTH TAKOXX HEOOXI1AHO 3aKJIACTH B
KK/, 3smenmmBmu #oro Ha 10 ... 25 %. OgHak ICHYIOTH MOJAEN] KOHT-
poInepiB, AKi yTpUMYIOTS IIi BTpaTu B MeXax Bix 2 % 1o 5 %.

ITomepenne o0umMCIeHHs MapaMeTpiB i KigTbkocTi doToereMen-
TiB. Po3paxyHok mpoBeneMo Ha mpuKIafl 3a0e3meueHHs eHepricio Oy-
JMHKY 3araapHoro wiomero 200 M°. OpieHTOBHE 3HAYCHHS HEOOXimHOT
MOTY;KHOCTI — 6 KBT. Km0 mnpuiHATH KOe(DIi€HT MOTYKHOCTI
coso = 0,95, a Hanpyry mepexi — 230 B, To MOXXHa BU3HAYUTU CHITY
CTpyMY:

P 6-10°

1= = ~
Ucosp 230-0.95

Jliist orpuManHs Hanpyrd 230 B HeoOXxiaHo mociigoBHo 3’eaqaatu 10
(boroemeMenTIB, OCKIILKH KOKHUM €IEMEHT Ma€ BUXIAHY Hanpyry 24 B.
Tomi U = 240 B. [IpuitMaeMo0 3MeHIIIEHHS HAIPYTH HA IIEPETBOPIOBAY] —
10 B. IIlo6 orpuMatu 3MmiHHHN cTpyM [ = 25 A, HE0oOX1IHO 3’€qHATH
rmapaieibHo 5 KOMIUIEKTiB 3 10 MOAyJIiB, OCKUILKM CTPYM OJHOT'O KOM-
mwiekty 3 10 momyniB nmpubmu3Ho aopisHtoe 4,9 A, Toni [ = 5-1y=5-4,9 =
=245 A.

CriocoOu mapanensHOro MiAKIIOUYEeHHs COHSIYHMX Oatapell mokaszaHi
Ha puc. 3.46.

Buoip ob6aammannsa. Sk Bxe Big3HAualiocd, OO CKIaLy CHCTEMH
€JEeKTPOIIOCTAYaHHs HAa COHSYHMX Oarapesx BXOIAThH: maHeni 3 ¢oroe-
JIEKTPUYHMMU €IEMEHTAaMM, KOHTPOJIEP COHSYHOI OaTapei, 110 3abe3ire-
yy€ HOpMYBaHHS 11 BUXIAHOT HAIIPYTH, 3apsAAKy aKyMYJISITOPIB Ta IIOAa-
4y HU3BKOBOJILTHOI'O ITOCTIMHOIO CTPYMY IO HaBaHTaKEHHS, €JIEKTPO-
XIMIYHI aKyMYJIATOPH, SIKl 3aI1acaloTh €HEpriro B mepiof ii HaUIUIIKY 1
IIOJAOTh B CUCTEMY B MEPIOJ, KOJIHM OCBITIIEHHS (DOTOEIEMEHTIB HELO-
craTHE abo BiAOYBAETHCSI TUMUYACOBE 3POCTAHHS CIIOKUBAHHS, IHBEPTOD,
o 3abe3mneuye MmepeTBOPEHHS IMOCTIHHOrNO HHU3bKOBOJLTHOIO CTPYMY
BiJl aKyMVJIATOPIB 1 (hOTOEIEMEHTIB 10 MOOYTOBOrO ab0 IIPOMHUCIOBOTO
CTaHzapTy, puc. 3.47.

Buoip inBepropa. IuBepTop MoBHHEH 3a0e3MEUNTH HEOOXIAHY BHUXIi-
JHY MOTYXHICTh. KpiM Toro HeoOXifHO 3BepHYTH yBary Ha (OpMY BH-
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pobieHoro crpymy. Haknpocrimii Mozesi BUpOOIsSiOTh 3MIHHHHA CTPYM
TPUKYTHOI a00 HaBITh MPAMOKYTHOI ¢dopmu (Meanzap). Taka ¢dopma
CTPyMy HE Ma€ 3HauYeHHS JIUIIE IJI HarpiBaIbHUX MPHIAIIB, SIKI HE Mi-
CTSTh CIIEKTPOHHUX OJIOKIB, a TAaKOX JUIS JIaMIT pO3KaproBaHHs. Bes
IHIIIA eIeKTPOoTexHiKa (Oyab TO €IEeKTPOMOTOPH, TpaHCHOPMATOPH, JIO-
MIHECIIEHTHI Ta €Hepro30epiraioyi JIAaMIIM Ta iH..) Bif CTPyMY IOAi0OHOT
(dhopMu MOKEe BHIUTH 3 Jiagy, a0 He 3alyCTUTHCS, a00 MPaIIOBATH, aje
Jy’Ke TIoraHo (xo4a Jiroue 3HaueHHs JopiBHIoe 220 B).

:= T N ! H - i
1 | 1

i HE 0 ! 1 8] !
T 1 1 1 1 1 I
: 1 1 1 I 1 1 1
i bl ! : i |
el : sl i
0 1

;| bk : : i i
¥ o : : : .
1 ] ] 1 I i 1
i P i i i i
: 1 1 1 1 1 : 1 1
i I : ! il !
i P o ! P !
i | Barapeal I 1 BarapenaZ :+ ! 1 1 's) !
= ' ' i Darapeal 1 Banapesd | + :
! i
i !
= !
| I — J— |

a 19

Puc. 3.46. CnocoOu napajenbHOro MmiJKIII0YEeHHs COHSIYHUX OaTapei

=24.48 =24
HouTponep
~220
PoToRNEMEHTH Arymynatop HuBepTop

Puc. 3.47. Cxema cucreMu eHepro3a0de3neyeHHs] Ha COHSYHUX OaTapesix

CyudacHi IHBEpTOPH BUAAIOTH HANPYTY, ka Mae GopMmy «Moaudiko-
BaHOTO CHHYCY», IO MPEJCTABIISIE COOOK CTYIEHEBE HAOJVIKEHHS JI0
cuHycoiganbHoi popmu. [Ipu 11bOMY BUKOPHCTOBYIOThCS Pi3Hi (QiIbTPH,
O 3MIAJUKYIOTh HEPIBHOCTI CTpyMy. BuiyckaroThcs iHBEpPTOpH, sIKi
BUJAIOTH HAMPYTY, 32 OPMOIO JTy’Ke OIM3BKOIO JI0 i1eaIbHOTO CHHYCY.
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€IMHMI HEMOMIK BOr0 KJIAcy IHBEPTOPIB — BOHU MAlOTh OUIBIIN rada-
PUTH 1 OpOXKYe aHAJIOTIUYHMX IHBEPTOPIB 3 «MOAU(IKOBAHUM CHHY-
com», puc. 3.48.

ANV
NV

N

Puc. 3.48. ®opmu Hanpyru Ha BUXOJIl iHBEPTOpa: CHHYCOITaabHa, CHHYCOI1a-
JIbHA MOU(IKOBaHA, TPUKYTHA, MEAH/IP

Binbrricts cyuacHux inBepropiB mae KKJI monan 90 %, i 3matHi
MpaIoBaTH B PEKKMI 3apsSAKH aKyMylIsaTopiB. Takuii iHBEpTOp B KOM-
IJICKT1 3 aKyMyJIATOpaMHU HaBiTh 0€3 COHSYHHUX OaTapeil sBJisie COOOI0
Jokepeno OesnepediitHoro xuBieHHs (UPS) — npubIn3HO Take, sSKe BU-
KOPUCTOBYETHCS JUISI KOMIT FOTEPIB, aJi¢ TIOTYKHICTIO B JICKLIbKA KUJIOBAT
1 MICTKICTIO B J€KiTbKa KigoBaT-roguH. IIpu poOoTi 3 coHssuHuMU OaTa-
pesiMHU Taka OCOOJUBICTh JO3BOJISE 3MEHIIUTH 3aIac MOTYKHOCTI COHS-
yHUX OaTapeil 1 EMHOCTI aKyMYJISITOPIB Ui HaWOUIBIII HECTTPUATIUBOL
CUTYyaIlil, OCKITEKH IIPH HECTaui COHSYHOI eHEPrii aKkyMyasSITOPH MOXKHA
3apsUTH BiJl 30BHINIHLOT Mepexi abo BiJ aBapiifHOro reHeparopa.

Sk mpaBwiio, B iHBEpPTOpaX InependaueHa MOXKIIMBICTE KOHTPOJIIO SIK
BXigHOI Hampyrd (Ha aKyMyjsTopax), TaK 1 BHUXIJHOI, a TaKOX HasB-
HICTb 3aXHCTY BiJ MepeBaHTaXEHHS i KOPOTKOrO 3aMUKaHHS B HaBaH-
Ta)KCHHI.

Tpeba Big3HAUWTH, IO MPU MOTYKHOCTI crioxkuBaHHa A0 10 kBT
MOKHa BHKOPHCTOBYBaTH He Tpu(asHy, a ofHo(ha3Hy HaAIpyry, [0
CIPOIIyE MOHTaXXHI poOOTH 1 ycyBae mpoOJieMu, MOB'sI3aHi 3 PO3MOIi-
JioM (a3 o CIIoKKUBayYaM.
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\4

IIutauusa go riaasu 3

1. TTosicHITh PUHIMI Jii COHSIYHOI €HEepreTHYHOi YCTaHOBKH Oar-
TOBOTO TUITY.

2. INosicHITH PUHIXN [ii COHSYHOI EHEPreTHYHOI YCTAaHOBKH Tapij-
4acToro THUITY.

3. ToscHiTh mpUHIKN Aii COHSYHOT EHEePreTHYHOI YCTAaHOBKU 3 BH-
KOPUCTAHHSM COHSIYHOT'O KOJIEKTOPA.

4. HaBeniTh KOHCTPYKIIiF0 BAKYYMHOT'O COHSTYHOT'O KOJIEKTOPA.

5. HaBeniTh cxeMy MiAKIIFOUEHHS COHSYHOTO KOJIEKTOpa JIO CUCTEMU
OIaJIEHHS.

6. Ha3BiTh OCHOBHI THIH (QOTOENEKTPUYHUX IEPETBOPIOBAYIB Ta
MPUHIIMIT iX Ji1.

7. TosicHIT, IPUHIMIT Aii COHSAYHOI eNeKTPOCTaHII] 3 MapaOoNidYHm-
MU KOHI[EHTPAaTOPaMH.

8. Sk BM3HAaUa€THCS HOMiHANBHA MOTYKHICTh COHSYHOI OaTapei?

9. TlosicHITH eTanu PO3paxyHKY CHCTEMH SHEPrOnOCTAaYaHHS Ha OC-
HOBI COHSTYHHX KOJICKTOPIB.
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~ 4 EHEPTETHUYHI YCTAHOBKHU
«. HA OCHOBI BUKOPUCTAHHH
EHEPTIIi 3EMJI

. 4.1 OCHOBHI CnIiBBifHOIIEHHA
=15 TepMoauHaMIiKM (Teopis TenioTH)

4.1.1 OcHoBHi cnig8iOHOWEHHS, N08 A3AHI
3 memnepamypoio

HK BIAOMO 3 Kypcy (I3MKH THCK ra3y y pasi IIOCTIHHOI TeMIiepa-
TYPH OPOIOPLIHHNUI KITBKOCTI MOJIEKYJI, IO 3HAXOIATECS Y Ja-
HOMY 00’emi, TOOTO Maci ra3zy. ['a3 He mae Bu3HaueHOl (opMU Ta
00’eMy 1 HOBHICTIO 3alOBHIOC IIPOCTIp (HAIPHUKIAL COCYLH), B SIKOMY
3HAXOAUTHCA . Y Trasl ICHYE NEAKMI THCK, SKHM I1€ PIBHOMIPHO Ha yCi
0oku. CraH ra3iB onucyeTbes 3akoHoM boitis—Mapiorta (puc. 4.1, a):

n_”
P, W

3a mocTIHHOI TeMIlepaTypd 00’€M rasy, 110 3HAXOOUTLCI B 3aMKHE-
HOMY COCYi, 00epHeHO mpomopLiiHuil THCcKy. KpiM Toro, THCK Ta ryc-
THHA Ta3y B IbOMY BHMAJKY IPOMOPIIiKHI OJJHE OJJHOMY, TOOTO p ~ P .

= plV =const.

P v P

T = const p = const V = const

V T T
a o 8

Puc. 4.1. OcHOBHI 3aKOHH, I10B’s13aH1 3 TEMIIEPATYP OO0
&

I"a3 BBaXka€eThCs i1€aIbHUM, SIKIIIO JIJISI HhOTO BUKOHYETHCS HABE/ICHE
BHIIE CIiBBiHOIICHHs. Hexail ra3 HarpiBa€ThCs MPU MOCTIHHOMY THC-

Ky. Posnonin rasy Bix 06’emy V|, npu temmeparypi #, 1o o6’emy V,

IpuU TeMIepartypi f, 3aJa€TbCs CIIBBIIHOIIECHHIM

V, =V,(1+PAr) abo V, =V, (1+Bt),

t
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ne P — xkoedimieHT 00’ eMHOT0 pO3IIUPEHHS, SKHI BU3HAYAETHCS K

1

b= 27315K

V, — 06’em rasy npu temnepatypi 0° C; ¥, — 06’em rasy npu J1oBiib-
HIil TeMIIepaTypi.

[Tpu Temmneparypi £, :

t t T +t
Vi=V,(1+Bt) =V, | 1+ ———— |=V,| 1+ |=V,| 2—|.
L =Vod+Ba) "( 273,151(] °£ TO] °£ T

ITpu remneparypi ¢, :

W _ T+
T4l —=—"7"7"T.
v, T,+t,

Ipuiimemo =T —T;, 3Binku T =1 +¢, ne T — Temneparypa B

kenbBiHax (K), TobTo abconrorHa Temnepatypa. Tomi

n_T1 V
— =— = — =const,
V2 T2

TOOTO MIPU MOCTIHHOMY THUCKY 00’€M Ta3y NpOMOPLIiHHMIA a0COMOTHIN
temmneparypi rasy (¥ ~ T npu p = const, puc. 4.1, 6). Lle criBBigHOIIEH-
Hsl BU3Havae nepumi 3akoH [ eii—JIroccaka.

AmnasnoriuHi MipKyBaHHsI MO>KHa TIPOBECTH ISl BUIIAAKY, KOJIH 00’ €M
ra3y npH HarpiBaHHi 3aJMIIA€THCS MOCTIHHUM. O4YeBHIHO, IO THUCK Ta-
3y MpH LbOMY 30UTBIIYETHCS. MOXHa MoKa3aTH, o

&zﬁ = £:const,
r, T
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TOOTO THCK Ta3y B 3aMKHEHOMY 00’€Mi MPOIOpIiHHUN aOCONIOTHIN Te-
miepatypi T (p ~ T npu V = const, puc. 4.1, 6). Lle cmiBBiAHOIICHHS
BH3HA4ae npyruil 3akoH [eii—Jltoccaka. OquHUIS BUMIpY THCKY: [p] =

[Ta = —-|. ®opmysna TOYHO BHKOHYETbCS JUIs il€aJIbHOIO rasy, €
M

MPAKTUYHUM HaOJIM)KEHHSIM JUTsl peaibHUX Ta3iB 1 HENpUHHSATHE Y BUMa-
JIKY TIapy.

3acrocyBaHHs 3akoHiB boitis—Mapiorrta Ta ['eii—JIroccaka oOMexy-
€ThCS TOCUTH PIAKHMHU BHIIAAKAMU HE3MIHHOCTI THCKY a00 00’eMy rasy
mig yac 3MiHu Temrieparypu. Och YoMy IIi 3aKOHHM OyJiU TOB’s3aHi B
OJIH 3araJibHUI 3aKOH, SIKHIi OTPUMAaB Ha3BY PIBHSHHS CTaHY iJ€aabHO-
IO rasy.

Skmo p,,1;,V,— noyatkoBi 3HaUCHHS BIAMOBIIHO THCKY, TEMIIepa-
Typu i 00’emy (crau 1), p,,T,,V,— kinuesi 3HaueHHs (ctan 2), a
V., — IPOMKHMI 00’€M rasy, TO BiIIOBIIHO /10 TIEpIOro 3aKoHy I'eii—
JIroccaka

T
_ 2
Vnp - I/1 0

1

a BIMIOBIHO J10 3aKOHY boitns—Mapiorra

v,=v, L
P,
abo
T
v, =V, L2 Py ,
T, p,
3BIAKHU

Vip :Vzpz — pV
T T,

= const.

PiBHsiHHS cTaHy ifeabHOrO ra3dy 00’€IHye B COOI TPU YaCTKOBHX
BUMAJKy PIBHSIHHA CTaHy: i300apuuHuil mpouec ( p = const, mepmmii

3akoH ['eii—JIroccaka), i3oxopuunuii mpoiiec (7 = const, apyrwuii 3aKon
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[eii—JTroccaka) ta i3orepmiunmii nporec (7 = const, 3akon boiis—
MapiorTa).

. . 4 - .
3TiHO PIBHSHHIO CTaHy p? =const BeauuMHA LI€I CTAJIOI MPO-

. : pV
nopiiiitHa Maci JaHoro rasy, To0To o m abo

A
T

ne R — ra3oBa craja, ska 3aJIOKUTh BiJl IPUPOaU Tazy. Tojl MokHA
OTpUMAaTH iHIIy (GOpMY 3amKCy PIBHIHHS CTaHY:

pV =mRT

Jx
kr-K
OOuBi hopmyiu, 110 BU3HAYAIOTH PIBHSHHS CTaHY 171€aJbHOTO ra3y
MalOTh PO3MIPHICTb POOOTH.
I'yctuHa Tazy p 3alexuTh BiJ cTaHy, B SKOMY BiH 3HaXOIMTHCS,

OnuHu1s BUMipy ra3oBoi cTanoi R €

TOOTO BiJ THCKY Ta Temreparypu. HaBeneHi B Tabnuisx 3Ha4eHHS (Ha-

. K . .
HNpUKIIAL, JJIs IOBITPSL P = 1,29—3) B1AIIOB1IAI0Th HOPMAJIbHUM YyMO-
M

Bam p, =0,1013 -10°Tla, T, =273,15 K =0°C (HopManbHa IyCTHHA).

[TepepaxyHOK T'yCTHHH JUIsi IOBUIBHHX YMOB 3JIIHICHIOETBCSI HACTYII-
HuM unHOM. Hexait p,,T},p,— THCK, Temmeparypa i rycTHHa B CTaHi |,
a p,,1,,p,— B crani 2. Ockinbku 00’€M Ta rycTHHa 00EPHEHO MPOIIO-
pILiiiHI OIMH OTHOMY, TOOTO

Vi _p
L =22, 10 piLp, = p,Tp,,
v, p
3BIAKHU
7—'1p2 THp
P, =p , 400 p=p, ——.
' p, Tp,
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4.1.2. OcHo8HI cniegidHOUWIEHHS, N08°’A3aHI 3 Men/108010
eHepeziew

TemmoBa eHepris, SKa Ha3MBAETHCS TAKOXK KITBKICTIO TEIJIOTH, ITOTi-
OHO MeXaHIYHIM a00 eJIeKTPUYHIN eHepril sABse COOOK OJUH 3 BUIIB
SHEprii 1 TAKOXK BIJINOBIIa€ 3aKOHY 30€PEIKEHHS CHEPT1l.

Yci Bum eHeprii MOXKYTh YaCTKOBO MEPETBOPIOBATHUCS OJIHA B OJHY.
Jis 3MiHu TeMiiepatypu abo arperaTHOro CTaHy Tijla HEOOXiTHHUM Iij-
Bix a00 BiBIJ TEILIA.

KinbkicTh TemaoTu, sika HEOOXifHA JUIsi HarpiBaHHS JI@HOTO TiJa,
npornopiiiiHa Horo mMaci i 3MiHH TeMIepaTypu:

0 = cmAt,

ne Q- xinpkicts Temnotu, ok = H-M; ¢ — nuroma TeroemMHiCTh pe-
YOBMHH; m — Maca Tina; Af =1, —¢,— 3MiHa TeMIlepaTypu B pe3yJbTari

MIBOJA JI0 TiIa KiabKocTi Temiotu Q.
B nudepenmianehiii Gopmi piBHIHHS Ma€ BUTIISL

dQ=cmdt .
Ipu oxonomkenHi BennunHa Af Bijg’eMHa. 3HaK MiHYC Mepej Kib-
KICTIO TEIIOTH O3Hayae€, 110 TEIIO BIABOAMTHLCS BiJ TLIa, a HE MABO-
JIIUTHCS 10 HBOTO.

TemnoemuicTio Tina C HA3MBAETHCS BiJHONIECHHS KITbKOCTI TEIJIOTH,
sIKa TJIBOJNTRCS JIO Tija, 10 JOCATHYTOI Pi3HUII TeMIIepaTyp:

0

===cm.
At

Temmoemuicts Tima C BH3HAYAE KUTBKICTH TEIUIOTH, sIKa HEOOXimHA

JUIs HarpiBaHHs Tina Ha 1 K. Oqunwuiero Bumipy € {H%} . B mugepen-

HianbHiil Gopmi piBHSHHS Mae BUTIISL

oo d0
dt

OueBUIHO, IO MUTOMA TEIUIOEMHICTh BHU3HAYACTHCSA BIAHOIIEHHSIM
TEIUIOEMHOCTI Tl 10 10r0 MacH:

226



c=—=—".
m  mAt
OCKiTbKM MUTOMA TEIUIOEMHICTh ¢ 3aJIeXHUTh Bil TeMIepaTtypH, B
mdepeHIiaibHIiA (OopMi TUTOMA TEIIOEMHICTh BU3HAYAETHCS K

o149
m dt

OpuHULIEI0 BUMIPY TUTOMOI TEIJIOEMHOCTI € { A K} .
KT -

[TuToMi TEmI0EMHOCTI TBEPAMX Til 1 PIAMHM 3alekKaTh BiJ iX TeMmIie-
parypu. HaBeneni B TaOMuIgX 3HAYEHHS BITHOCSITHCS 10 TEMIIEPATYPHU
20° C, ane ix MOXHA 3 JOCHThL BEIUKOI TOYHICTIO 3aCTOCOBYBATH IIPH
pO3paxyHKax JUisi TBEPIMX TUT B iHTEPBaJi Temreparyp Bia minyc 40 10
+100° C, a ma piguam B inTepsBani Bix 0 1o +40° C.

Jnst ra3iB HEOOXiAHO PO3PI3HATH ABa BUIHM MUTOMOI TEIJIOEMHOCTI, a
came: €, — IUTOMA TEIUIOEMHICTb [PU MOCTIHHOMY TUCKY; €, — IUTOMA
TEIUIOEMHICTh MPH TOCTIHHOMY 00’ €eMi. SIKIIO MigBeieHa KUTBKICTh Tell-
notu () HarpiBae ra3 i THCK HOro 301TBIIYETHCS 32 HE3MIHHOTO 00’ €My,
TO B I[bOMY BHUIIJKy MOBa i MPO TEIJIOEMHICTh NPU TOCTIHHOMY
00’emi ¢, . KiTbKIiCTb TEMI0TH BU3HAYAETHCS PIBHAHHAM:

Q=c mAt.

Sxmo minBeaeHa KibKicTh TermoTu () HarpiBae ras, TUCK Horo 3a-
JIMIIAETHCS HE3MIHHUM, a 00’€M 30UIBIIYETHCSA, TaK IO a3 3MIHCHIOE
po0oTY, TO B IIbOMY BHIIQJIKy MOBA i€ PO TEILUIOEMHICTh MPH MOCTIH-
HOMY THCKY €, . KUIbKICTb TEIUIOTH BU3HAYAETHCS PIBHAHHSM:

QO =c,mAt =c,mAt + pAV .

SIkiIo JaeKiabKa Tl 3 Pi3SHUMHU TEMIIEPATypaMH JOTOPKHYTHCS MK
00010, TO MK HUMH 3IIHCHIOETHCS TEIUIOOOMIH, SKUM MPUBOIUTH 10
BHUPIBHIOBAHHS TEMIIEpaTypu Till. 3TiIHO 3aKOHY 30epeKeHHs eHeprii
KUIBKICTD TEIUIOTH, KA BIAJACTHCSA TUIOM 3 OUIBII BUCOKOIO TEMIIEPATY-
pOIO, JOPIBHIOE KIILKOCTI TEILIOTH, IO OAEPKYE TiI0 3 OUIBII HU3KOIO
TEMIEpaTyporo. Y BiJMOBIIHOCTI 3 3aKOHOM PixmMaHa MOYKHA 3aIMCaTH:
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clml (tl - Z‘33.1" ) = chZ (t3a.r - t2 ) 4
ae ¢;,m,,t,— IATOMI TENJIOEMHOCTI, MaCH Ta MOYATKOBI TEMIIEPATypH

HEPILOro Ta APYroro Til; £, — KiHIEBa TemIieparypa o0ox Til. B 3ara-

JHLHOMY BHUIAJIKy AEKUIBKOX Ti CHpaBEIIMBHI BUPA3:
cmt, +c,myt, +...+c,mt, =t (cm +c,m,+..+c,m,).
Ockinbku C =cm , 10
Ct,+Cyt, +.+Ct, =t (C,+C,+..+C)).

Takum 4MHOM, SIKIIO POOOTY, sIKa 3AIMCHIOETHCS Ta30M IPU PO3IIH-
pEHHI, TO3HauuTH uepe3 pAl , To:

c,mAt = c,mAt+ pAV .

I3 piBHSIHHS CTaHy BUXOAMTS, 11O

PAV = mRAt,
TOOTO
¢, mAt = c,mAt + mRAt,
3BIAKH
c,—¢, =R,
. o cp
a BIJHOIICHHA IMUTOMUX TCIIJIOEMHOCTEM — HA3HMBAETHCA IMOKA3HUKOM
CV
azgiabatu 7 :
c
pro_
—_— X‘
c

TepMoarHAMIUYHUI CTaH KOXKHOTO Ta3y BU3HAYa€ThCA TPhOMa BEJH-
YUHAMH: THCKOM, 00’€MOM Ta TEMIIEpaTyporo, SIKi Ha3MBAIOThCS Mapa-
MeTpaMH CTaHy. 3MiHa JBOX, a00 3pa3y yCiX TphbOX IapaMerpiB CTaHy
HA3UBAETHCS TEPMOJMHAMIYHUAM TPOLIECOM.
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OKpiM pO3IIITHYTHUX BHUIIE OKPEMHX BHITAJIKIB 3MIHH TEPMOIMHAMIY-
HOTO cTaHy ra3y (i300apu4HUi, 130XOpUYHHIA, 130TEpPMIYHUI) MOXKIINBI
TaKOX aJ[ila0aTUYHMIA Ta MOJIITPOITHUI MTPOIIECH.

VYci TepMoaHAMIYHI IPOLIECH CYNPOBOKYIOThCS 0OMiHOM abo Te-
perBopeHHsIM eHeprii. [Ipu 1poMy 3aBXKIM BHUKOHYETHhCS MEPILIHii 3a-
KOH TEPMOANHAMIKH.

3akoH 30epexeHHs1 eHeprii HaOyBae B TEpMOJMHAMIII clieliadbHUN
BUTIISAA. Y pa3i HOro 3acTOCyBaHHSI HEOOXiZHO BpPaXxOBYBaTH TaK 3BaHY
BHYTPIIHIO €HEPrilo Tijia, TOOTO KiHETHMYHY 1 MOTEHIIaJbHY eHeprii
HWOro MOJIEKYJL.

V pasi 3acTocyBaHHS 10 3aMKHEHOI CHCTEMH TMEpIINi 3aKOH TePMO-
JMHAMIKU O3HA4Yae: TEIUIoBa eHepris O, sKa MiABOJUTHLCS J0 3aMKHEHOT
CHCTEMH, BUTPAYAEThCS HA MiIBUIIECHHS 11 BHYTpimHBOI eHeprii U (s
SHEepris 3aJISKUTh BiJl arperaTHOro CTaHy Ta TEMITEPaTypHU CUCTEMH) Ta
pobory W, sika mpoBeicHa CUCTEMOIO TIPOTH 30BHIIIHIX CHIL;

O=AU+W
abo B qudepeHianbHii hopmi
dQ =dU +dWw .

SAxio poboTa 3AICHIOETBCS HaJl CHCTEMOIO, TO CUCTeMa HaOyBae Bi-
JIOBIIHY KUIBKICTh TeIoTH 1 3HaueHHS QO 1 W Bixm’emui. Take BH3HAa-
YeHHS 3HaKIB MPUHHATE B TEPMOAMHAMIIi. SIKIIO BHYTPIIIHS €HEpris
cucremu migBuityetses, o AU > 0, puc. 4.2.

0>0 W >0

—P —
Cucrtema

- —

0<0 W <0

Puc. 4.2. 3acrocyBaHHS NIEpIIOTrO 3aKOHY TEPMOJHUHAMIKH

3acTocyeMO MeEpIIME 3aKOH TEPMOAMHAMIKK O 1IealbHOro Trasy.
Pobora, sika 3IIICHIOETBCS Ta30M, SIBJISIE COOOI0 POOOTY 3 PO3IIMPEHHS:

W =Fs,

JIe § — TIepeMIIleHHS Tija.
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OCKUIBKHM THCK SIBJISIE COOOIO BIJHOIICHHS CHUJIH, SIKA Ji€ TICPIICHIH-

. o . F
KyJISIPHO TOBEPXHi, A0 TUIOII 1Ii€T moBepXHi, TOOTO p =—, a BeNUYHHA
s

00’eMy BU3HAYa€ThCA K V' = § -5, TO MOXKHA 3arkcartH, nio
AV
AW = pSAs =pST=pAV,

a0o0 (SKIO TUCK p npu 30imbmIeHHI 00’eMy Ha A) He 3aIUIIAETHCS 1MO-
CTIHHUM)

VZ
dw =pdv = W= [pdv.
Vl

[Nepmmii 3aK0H TEPMOAMHAMIKH JIJIS BUIIAJKY 1JICAIBHOTO Ta3y Mae
HACTYIHUHN BUTJIA;

0 =AU + pAV
a0o0 B nudepeHianbHii Gopmi:
dQ =dU + pdV
3BIAKH
Vy
Q= [dV+AU.

"

[Tix BHYTpimHBOIO eHepriero cucreMu U po3yMmiroTh i TIOBHY €Hep-
Tifo, ajie IHTePECYIOThCI HE CAMOI0 BHYTPIIIHLOI CHEPTIEN0, a 11 3MIHOI0
AU a6o dU .

BHyTpimHs eHeprisi cucteMu € QYHKIIE0 CTaHy CUCTEMH, TOOTO 3a-
JeXKUTh TUIBKU BiJ mapamerpiB crany p,V,T 1 He 3aJIe&XUTh BiA CIO-

co0y, 3a KUM IIedl cTaH OyB JOCATHYTHH.

KoxxHoMy TepMOIMHaMIYHOMY CTaHy CHUCTEMH BIJIOBigae aesKe
3Ha4YeHHS! BHYTPIIIHBOI eHeprii. 3MiHa BeNWYMHMU BHYTPIIIHBOI eHeprii
3aJIeKHUTh TUTBKU BijI TOYaTKOBOTO Ta KiHIIEBOTO CTaHY CUCTEMHU.

BHyTpilmHIO eHeprio iaealbHOro rady MOKHA BH3HAYMTH 34 JIOIO-
MOT'0I0 TIEPIIOr0 3aKOHY TEPMOJIMHAMIKMA. 3MiHAa BHYTPIIIHBOI eHeprii
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ra3y JAOpiBHIOE KiTBKOCTI TEIUIOTH, OTPUMAHOI B Pe3yJIbTaTi TEI000Mi-
Hy, SIKIIIO I'a3 He BUKOHYE poOOTH Ha po3mupenHs. fkmo ¢, = const,

TO i3 BpaxyBaHHM Toro, o AQ = cmAt , MaeMo:
AQ =AU =c,mAT
abo
U=cmI.

TakuM YMHOM BHYTPIIIHS €HEpPris MacH 1€albHOTrO Tra3y 3aJIeKHUTh
TUIBKH BiJ TEMIIEPATYPH.

Po3risaemo BUMaAKK 3MIiHU TEPMOAMHAMIYHOIO CTaHy Ta3y.

I3oxopuunuii mpouec. Hexail g0 igeanbHOro ra3y mpy HOCTIHHOMY
00’eMi migBOANUTHCA TerioBa eHepris Q. Tomi 3MiHa TEPMOIUHAMIYHOTO
CTaHy Ta3y 3IIMCHIOETbCS Y BINMOBITHOCTI 3 JIpYruM 3akoHoM [ eii—

JIroccaka %zconst, puc. 4.3, a. Ockineku V =const, to ras He

31MCHIOE POOOTY, TOOTO IIPU I30XOPUUHOMY MPOIEC] MiABEAEHA 10 CH-
CTEMH TEIUIOBA €HEPrisi BUKOPUCTOBYETHCS TUILKH HA MIIBUIICHHS BHY-
TPIIHBOT eHeprii CUCTeMH, TOOTO

dQ =dU =c,mdt,
O=AU =c mAT.

I300apuunnii mpouec. Hexaii 10 ifeanbHOro rasy 3a MOCTIHHOIO
TUCKY p MiJBOJUTKCS TemioBa eHepris . Toi 3MiHa TepMOJANHAMIYHO-
TO CTaHy ra3y 3JiHCHIOEThCS Y BIIMOBITHOCTI 3 MEPIIMM 3aKOHOM [ eii—

"
JIroccaka F = const, puc. 4.3, 6.

Toni pobora W, sika 3AiHCHIOETHCS Ta30M MIPH HAarpiBaHHI, BU3HAYa-
etbcst aK W = pAV . KiIbKICTh TeNIO0TH, SKa MiBOAUTHCS 0 rasy, J10-

piBHIOE:
dQ = c,mdt,
Q=c,mAT,

a po0oTa, sika 3AIHCHIOETHCS MMiJ] Yac PO3LIMPEHHS, BU3HAYAETHCA 5K
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v, v,
W= [pdV =p[dV = pAV =|pV = mRT| = mRAT .

4 4
p P p |3oTepma

|306apa

I30xopa

\ \Y \Y
a 6 6

Puc. 4.3. Tunu TepMOIMHAMIYHHX TPOLIECIB

I3oTepmiunmii mponec. [Ipu mocTiiHIN TemmepaTypi 3aIHCHIOEThCS
130TepMiyHa 3MiHa CTaHy, SKa OMUCYEThCs 3aKOHOM boitns—Mapiorra:

1
pV =constabo p ~ ; , puc. 4.3, 6.

Ockinbku T = const, To Buytpimus enepris razy U =c mT 3a-

JIUIIAETHCS MMOCTIHHOO, 1 MEPIIHI 3aKOH TEPMOJINHAMIKA Ma€ BUTIISL;
dQ=Du+dW =|dV =0|=dW = pdV,

TOOTO MPH i30TEPMIYHOMY PO3LIMPEHHI MiZIBE/IEHE TEIJI0 MOBHICTIO Me-
PEXOIUTH Y POOOTY.

Pozpaxyemo poboty, sIKy 3iHiCHIOE a3 TIPU 130TEPMIYHOMY PO3IIIH-
PEHHI.

Ockinbku dQ =dW = pdV , 10

v, v,

; mRT fdV V.
W=\|pdV=|pV =mRT = p=——|=mRT|—=mRTIn—-2.

Ip ‘p P vV ‘ -V[ vV V

14 1
Taxum ynHOM

w :mRTlnE.

1
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VY BIANOBIAHOCTI 13 3aKkOHOM boitnis—MapiorTa BiHOIIEHHS 00’ €MiB
MOJKHA 3aMIHUTH BITHOIIEHHSIM THCKIB:

W =mRTIn 2™,
P
a 3TiAHO 70 PIBHSHHA CTaHy ineanbHOro rasy pl = mRT MoxHa 3a-
MUCATH:
v
W=pV,In—=%,
P %
v
W=pV,In—=,
1238 v
abo
W= prl lnﬂ’
P
w=p,V, L,
JZ)

Skmo V, >V, abo p, < p,, TO BiOyBaeThCsI HE PO3LIUPEHHS, a
ctiucHeHHs Tasy. [Ipu mbomy pobora W Bin’emua (W < 0), To6T0 He
ra3 3J[iiICHIOE po0OTY, a po00Ta 3IICHIOETHCS HAJ] Ta30M.

VmoBa T = const mpakTu4Ho He3AiCHEHHA, OCKLIBLKU JUIs 1i pealri-
3allii 3MiHa TUCKY p 1 00’emy V' Mae BinOyBaTHCs HECKIHUEHHO MOBLIb-
HO. KpiMm Toro, ra3 noBUHEH 3HaXOJUTHUCS B CEPEIIOBUIII 3 JY)KE BEIH-
KOO TEITOEMHICTIO.

ApgiadaTnuHuii mpouec. AmiabaTuyHuil mporec mporikae 6e3 Ten-
J000MiHY 3 HaBKOJIHWIIHIM CEpeOBUIIEM, TOOTO TpH MOBHIH TeII0i30-
msii, dQ = 0. B 1poMy BHNaAKy Mepuinii 3aKOH TEPMOAWHAMIKH 3a-
MUIIEMO Y BUTJISI:

0=dU + pdV .

OcCKUIBKH

dU =mc dT, p:g,
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TO B PE3yJIbTaTi MiICTAHOBKH OTPUMYEMO:

—mc, dl = mRTd7V.

BpaxoByroun, mo R =c¢ , —C,, TCIs HECKIaHUX TIEPETBOPIOBAHD

MaeMOo:
dT dv
-c,—=(c,—c)—,
v T ( P V) V
T, T
cdT cdV
—c, |—=(c,-c)|—,
I7 =l
abo
T
—c,In-*=(c, —c,)In—=,
o |
3BiIKH
B
T, 4
abo
cp=cy O
T v, | e v, "
{71} - {72} - {_2} = TV*' =const,
2 1 1
c
jie §, = — — noKasHuK ajiabaTy.
c

v
Lle piBHSAHHS HOCUTH Ha3BYy piBHsAHHA [lyaccona.
BukopucToBytourn piBHSHHSI CTaHy i€aJIbHOTO Ta3y, MOXKHa OTPH-
MaTH i i Gopmysu:

x—

- {ﬂ} = T*p"*=const,
P,

T
L

234



|4
b\ L = pV* =const.

D 14

VYmoBa dQ = 0, TOOTO MOBHA TEIJIOI30JIsIMIis, HA MPAKTHII HE3IiHC-
HeHHa. TUTBKM JUIS YK€ «IIBUIKHUX» MPOIECIB I YMOBa MPUOIU3HO
BHKOHYETKCS.

MoxkHa po3paxyBaTH poOOTY, Ky BUKOHYE 1JIeaIbHUI Ta3 Ipu ajia-
0aTUYHOMY PO3IIMPEHHI.

Ockinekn W =—-AU , To

c —c
W =—c,m(T, ~T) = c,m(T, ~ T,) ==—c m(T; ~T,)

¢, —¢,

R
=lc,—c, =R, L=y=—m(T,-T,).
x—1

TakuM YHHOM KiIBKICTh pOOOTH JOPIBHIOE:

W:im(Tl -T,).
x—1

PoGora, sika BUKOHYETBHCSI TIOCTIHHOIO Macolo rasy, mpu agiabaTuy-
HOMY PpO3IIMPEHH] 3aJeXHUTh TUIBKK BiA pi3HULI Temmepatyp. llpu

T, > T, 3niiicHIOETbCS HE PO3LIMPEHHS, @ CTHCHEHHs ra3y. [Ipu mpomy

po6ota € Big’emuow (W < 0), To0To He ra3 BUKOHYye poboTy, a podora
3IIMCHIOETHCS HAJl TA30M.

MoairponHuii mpouec. SKIo0 TEMIO0OMIH CUCTEMH 3 HAaBKOJIHUILHIM
cepenoBuIeM MOXIMBUN Ge3 mepemkon, Tooro AT =0, 1o npouec
MpY TaKWX YMOBaX, sIK BH3HAUYAJOCS BHUIIE, HA3UBAIOTh 130TECPMIYHHM.
SKIO TEIo00MIH 3 HAaBKOJMWIIHIM CEPEJOBUINEM BIiJICYTHIH, TOOTO
AQ = 0, To mporec, K BU3HAYAIOCS BUIIIE, HA3UBAIOTH aia0aTHIHNM.
i npouecu He3nilicHeHH] Ha mpakTumi. [Ipomecw, mpu SKUX 37iHCHIO-
€ThCSl YACTKOBHH TEITIOOOMIH 3 HABKOJMIIHIM CEPEIOBHILEM, 3aiMarOTh
MPOMIDKHE TIOIOKEHHSI MK [IUMH KpallHIMH BUIAaJKaMH 1 Ha3UBaIOThCS
nonitponHuMu. Ha p — V' piarpami nonitpomna 3aiiMae IpoMiKHE MO-

JIOXKEHHS MIXK 130TepMoro Ta ajiabatoro, puc. 4.4,

235



[MoniTpona

|3oTepma

Puc. 4.4. TIoHATTS MOMITPOITHOTO MPOIECY

3aKOoH MOJIITPOITHOT 3MIHU CTaHy Ta3y Ma€ BUTIIS;
pV" =const,

7€ N — HNOKa3HUK nomitponu, 1 <n <y .

OueBuHO, 1O 130TePMIUHU 1 aliadaTHYHKI TIPOIIECH MOXKHA PO3T-
JISlyBATH K OKPEMi BHIIAIKH TIOITPOITHOTO MPOLECY, st skux 7 =1 i
n =7 BIAMOBIIHO.

[30xopuynmii Ti 1300apuYHUI MPOLIECH TaKOX € OKPEMHUMH BHUIIA[I-
KaMH HOJITPOITHOrO TIPOILIECY, 1Ist skux 1 =00 i n=0.

[HII1 3aKOHOMIPHOCTI JIETKO BUBECTH 13 OTPUMAHMX PaHilIe CIiBBil-
HOLIEHB!

n—l1

L 1By o gy = const,
T2 1
ﬂ
T n
R B (V4 T N T"p'™ = const,
T, P,
V n
LN L B (N pV" = const.
P, 4

®dopmyna ais BU3HAYSHHS! pOOOTH, SIKY BUKOHYE ra3 MPH TOIITPOII-
HOMY PO3LIMPEHHI, M€ BUTIISA;
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mR
w="241-1,).
n-1

VY 3aranbHOMY BHUIAJIKy YMCIIOBI 3HAUEHHS /1 BU3HAUYAIOTHCS €KCIIe-
PUMEHTAIIBHO.

4.1.3. Kpyzoei npoyecu (yukau)

CyKyIHICTb MPOIECIB, Y PE3YJIbTaTi SKUX CHCTEMa MOBEPTAETHCS JI0
MOYATKOBOI'O CTaHy, HA3MBA€EThCS KPYrOBUM TMporiecoM (mukiiom). B
OCHOBI POOOTH YCIX IMKIIYHUX TEIJIOBUX MAaIIMH (30KpeMa, TETIOBHX
HACOCIB) JIGXaTh KPYroBi MPOIIECH.

Ha p—V piarpaMi HUKIIYHUHA 1ponec 300paky€eThCsi 3aMKHEHOIO
KpHUBOIO, puc. 4.5, a.

Touku 112 3’€qHyI0ThCSA JBOMA PI3HUMU KpuBUMU. PoOoTa, sIKY BU-
KOHY€E CHCTEMa IPH IHX TePexo0/iaX, BUMIPIOETHCS TUIONICKO MMiJ] BiAIO-
BiJIHOIO KPHUBOIO.

SIKIIO IUKIIYHUE Mpolec 3AIHCHIOEThCS 32 HAIIPSIMOM T'OAMHHHKO-
BOI CTPUJIKH, TO ILJIONIA, IKa OOMEXKeHa KPUBHUMHU, BIIMOBIAa€ POOOTI, 110
BHKOHYETBLCS CHCTEMOIO (TEIUIOBU JIBUTYH), pHC. 4.5, 6.

P P wo P W

V V V

Puc. 4.5. TIOHSTTS IUKIIIYHOTO MIPOIECY

SIkiro mporec 3AIHCHIOETHCS MPOTH FOAWHHMKOBOI CTPUIKH, TO IIif
Yac mpolecy, TO po0OTa BUKOHYETHCSI HaJl CHCTEMOIO (XOJOAWIBHUKA
Ta TEIJIOB1 HACOCH), puc. 4.5, 6.

B mporeci, SIKUX MPOXOANUTH 32 TOMUHHUKOBOIO CTPLIKOIO, TEIIIOBA
SHEeprisl IepeTBOPIOETHCS B MEXaHIuHy, To0To: O — W .

B npoteci, sikuii TpoXoauTh NPOTH TOJUHHUKOBOI CTPUJIKH, MeXaHi-
YHA EHEpTisl MepPEeTBOPIOETHCS B TEIIIOBY, TOOTO: W — (.
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B TemtoBMx ABMIYHAX 1 HacocaxX HaMararOThCs JOCITHYTH HAHOLIbIIT
MOBHOTO TIEPETBOPEHHS TEIUIOBOI €Heprii B MEXaHIUuHYy 1 BIJIOBITHO
MEXAHIYHOI B TEIIOBY.

Kapno, nociimkyrouu 11i Mpoiecy, BUHARIIOR, 10 HAHOLIBII €KOHO-
MIYHO BUTIJHI CIIBBIJIHOIICHHS OTPUMYIOTBCS y TOMY BHIAJKYy, KOJIU
ra3 BUKOHYE TAKWH IUKJ, KUK CKIQJIA€ThCS i3 YOTUPHOX MOCTITOBHUX
TEpPMOJIMHAMIYHHX MIPOIIECiB, pHC. 4.6.

Iomepmiune poswupennsi (1-2): T, =const, V,>V,, p, <p,.

[MinBenena Terota Q

migs

£ o
=0, =mRT In 2, ze Qs — KIIBKICTH
4
TEIUIOTH, SIKa OTPUMaHa Bijl HarpiBaua mpu OLIbII BUCOKIM TemrepaTypi

T, (O, > 0). Bukonana cucremoro podora (W >0) W, =0,,.

p
T, I3oTepma
(poswmnpenHs) T=T,=const
) R e
Pofpremmmmmmmmecmeeoneeeeee T,
i Apiabata
ApjabaTa : (pO3LWMpPEHHS)
(cTUCHEHHAN |
\ I3oTepma
(cTUCHEHHS)
T, T=T,=const
Paleececccmcccciciceneees
L (i ke : ’ T,

Puc. 4.6. Hukn Kapno
Aoiabamuune poswupenns 2 -3): T, <T,,V, >V,, p, <p,.Ili-

neezieHa temnora (), = 0 (1IoBHA TepMOI3OMAILis).

238



Bukonana cucremoro podora (W > 0) nopiBHroe
mR
Wy=—-(1-T1,)
x—1

1 32JIKUTH TUTBKH BiJ] Pi3HUII TEMITEpaTyp.
Izomepmiune cmuckanus (3 — 4): T, =const,V, <V,, p, > p,.
BinBenena temiora qOpiBHIOE:
V
_ _ 4
O,y = O3y = mRT, 1n7,

3

e QmB — KUTBKICTh TEIUIOTH, SKa BiJIaHa Ta30M XOJOAWIBLHUKY 3a

oinbi Hu3bkoi Temnepatypu 1,(Q.. < 0). Pob6ora, ska 31iiicHIOETbCS

BiIB
Hax cucremoro (W <0) W,, =Q,,.

Aoiabamuune cmuckanna (4—1): 1, <T,,V, <V,, p, > p,. Bin-
BezteHa Tertora nopisaoe (0, = 0. BukoHaHa HaJ cuCTEMOK poboTa
(W < 0) nopiBHioe

mR
Wy =2 (T, = T,) = W,
x—1

[Tnoma, sika oOMexyeTbest kKpuBuME 1 — 2 — 3 Ta Biccro abcruc, Bif-
MOBiJa€ MeXaHiuHil poOOTi, sIka MPOBEAEHA ra30M MPHU PO3IIUPEHHI, a
IJI0IIa, sika oOMeKeHa KpuBuMU 3 — 4 — 1 Ta Biccto a0ciuc, BiAmoBiae
MEXaHI4YHii poOOTi, 0 BUTpaue€HA HA CTUCHEHHsS Ta3y. Pi3HUIA 1uX
IJIONI JIA€ MEXaHIYHYy pOoOOTY, MPOBEACHY 3a 4ac IMKIY. 3BiJICH BUXO-

JUTh, M0 KUTBKICTh TeruiotH sika OTpUMaHa ra30M Bij HarpiBaya

migs °

i yac nepexoay i3 crany 1 1o crany 2, noBuHHa OyTH Oinblie KiTbKO-
CT1 TEMIOTH QmB , 1[0 BiJiZlaHa ra30M XOJOIWJIBHUKY TIPU MEPEXoi i3

> ‘Qsima
Teria BUTPAvaeThCs TOJI Ha BUKOHAHHS MeXaHIuHOi poOoTH.

[epeTBOpEHHS TEMJIOTH B MEXaHIYHY €HEPTilo 3IMCHIOETHCS HE TO-
BHICTIO, a YaCTKOBO.

cTany 3 5o crany 4, To0TO ‘Q . HacTka OTpUMaHOTO ra3oM

mins
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Koediuient kopucnoi aii nuxity Kapao nopiBHoe:

_ Qni;{B + QBi;{B
Qni;{B

Ockinbku niporecu 2 — 3 1a 4 — 1 sBASAI0OTH OO0 ajiabaTHYHI MPo-
IIECH, TO i3 OTPUMAHUX BHIIE PIBHAHb BUXOJUTH HACTYITHE:

T _[n]” n_[n]”
T2 V2 ’ T2 I/l ’
3BIJIKA
Vo Ve LV N
v, " v,

Takum 4MHOM MOKHA 3amucatu octatounuii Bupas mst KK

mRTllnE—mRTzlnE lenE(Tz—Tl)
n= 4 Vi _ 4 _L-n 4
mRTlln% len%Tl 4

1 1

Koedimienr kopucnol mil nuxiny KapHo He 3aj€XUTh Bia NPUPOIH
pobodoro Tina i € QyHKIIi€I0 TUTBKK TEMIepaTypy XOJIOAWIbHUKA 1 Ha-
rpiBava.

I3 ycix mukmuHMX mporeciB mukia KapHo Bomomie HaHOILIBIIHM
KKJI. binsmre 3nauenus KK/, xoua i BiAmoBigae mepioMy 3aK0oHy TeP-
MOJIMHAMIKH, aJie HEMOXKJIUBE 13-32 OOMEKEHb, SKi HAKJIAalThCs Y-
MM 3aKOHOM TE€PMOJMHAMIKH.

4.1.4. Tenaoegi MmawuHu

Tenuosi apurynn. [{ukn Kapno, sxuii mpoxoauTh 3a TOAWHHHKO-
BOIO CTPIJIKOIO, Ha3uBaeThCsa MpAMAM HuKJIoM KapHo. Bin nexuTs B
OCHOBI pOOOTH TEIJIOBMX ABUTYHIB. JIJISI HHOrO € THUIIOBHM T€, IO O
poOOYOro Tina, siIke 3HAXOAUTHCS MPH OLIBII BUCOKIN TeMIepaTypi, mif-
BOJUTLCS TEIJIOTA Bij HarpiBaua, puc. 4.7, a.

L5 TerioTa YaCTKOBO MEPETBOPIOETHCS TOTIM B MEXaHIYHY €HEpTIilO.
Saymmok Bijyiaethes xonoamibHuky. KK/ o0unciioTs 3a Gopmyioro:
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n=—.
QHiHB

XogoauabHi mamuau. [{ukn KapHo, skuii mpoxXoguTh MPOTH TO-
JUHHUKOBOI CTpUIKK (00epHeHH# mukJa KapHo), 1eXUTh B OCHOBI pO-
00TH XOJIONWIBLHUX MamuH. B 00epHeHOMY muKIII poOoye TiIO BifOu-
pae Temo i3 XoJoAHoro Tida. Ll TemmoTra pa3oM 3 TEIUIOTOIO, sSKa BH-
HHKa€ JOJATKOBO IIiJ 4Yac 3MIMCHEHHS HeoOXigHOI MeXaHIYHOi poOOTH
(pobota KoMIIpecopa), BiIBOAUTHCS, TOOTO MEPEAAETHCS OLIBII rapsyo-
My Tily (HaBKOJIMITHBOMY CE€peoBHUILY), puc. 4.7, 6.

HaekonuiuHe
cepenosuLLe
T T
Qni}m QBi}JB
Tennosuw
—> XonogunbHuk  [@———— I/
OBUryH
QBi B
. Qni}m
7, T,
XonogunbHa
a Kamepa
o

Puc. 4.7. Tlpsmuii Ta oOepHenwmii 1k KapHo

XapaxkrepucTkor, sika ananoriuda KKJI, y nanomy BUNajiky € Koe-
(IlieHT IepeTBOPEHHS €, SKUI 3BHYAHO MepeBUIye oauHuIto. Ocki-
JIbKM KOPHCHA Jisl XOJOIUIbHUKA € Y BIABEACHHI TEIJIOTH 13 XOJIOIHIIb-
HOI KaMepH, BUpa3 Juisl KoedillieHTa MepeTBOPEHHS Ma€ BUTIIS;

_ Qni}:[a

8XOJ'I W

[TpoBoasiun aHaNOriYHI MipKyBaHHS SIK 1 IPH OTPUMAaHHI CIiBBiHO-
menHs g KK/, orpumyemo:
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T2
8xon B —
Tl _Tz

B ocHOBI [ii TEIMJIOBOT0 HACOCY TAaKOX JIEKUTh OOCPHEHUH IIMKII
Kapno. Tennosuii HaCOC MOBHHEH BiAaBaTH SKOMOra OUIBIIE TEIIOBOT
SHeprii raps4yoMy TuUTy (HApUKIAN, cUcTeMi omayieHHs). Yactka 1iei
eHeprii BiAOMpaeThCs BiJ HaBKOJIUIIHLOTO CepemoBHUIa (03epa, PIuKH,
TOIIO) 3 OUTBII HU3BKOIO TEMIIEPATYpPOIO, a PellTa eHeprii BUHUKAE 3a
PaxXyHOK MEXaHIYHOI poOOTH (SIKY BHKOHYE, HAMPHUKIAM], KOMIIPECOD).
BigmiHa TerioBOro Hacocy BiA TEMJIOBOTO JBHIYHA IIOKa3aHa Ha
puc. 4.8, aio.

OnaneHHs
L7 | T
l Qui}.us T Q(YI'B
Tennosun Tennosun
- |V |
[OBUIYH Hacoc w
QQTB QIIOAB
T, | 7,
HaskonuwHe
cepepoBuLle
a 9]

Puc. 4.8. TIpuHnmmnm aii TEIUIOBOTO ABUTYHA Ta TEIIOBOTO HACOCY

Jist OIiHKY e()EKTUBHOCTI TEIUIOBUX HACOCIB BUKOPUCTOBYETHCS KO-
eimieHT mepeTBopeHHs TEMIOBOr0 HACOCY:

_ QBi;{B

€
Hac
w
3acTocoByIOUM HaBeleHi BUILE MipKyBaHHS OTPUMYEMO:
T
17 42

BenuuuHa €, 3aBxk/au OlIbIla 3a OJUHHILIO.
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4.1.5. [lpyauii 3akoH mepModuHamMiKu

3TiHO MEPIIOro 3aKOHY TEPMOJIUHAMIKA MOXKYTh BiI0OYyBaTUCS Tilb-
KM TaKi IIPOIIEeCH, I SKUX [MOBHA CHEPris CHCTEMHM 3aJIUIIAEThCS He-
3MiHHOI. Hampukias, neperBopeHHs TEIJI0BOI eHeprii MOBHICTIO B Me-
XaHIYHY HE II0B’S3aHO 3 IOPYIIEHHSM IIEPIIOro 3aKOHY, OJHAK TakKe
MEPETBOPEHHS HEMOXKIIUBE. J[pyruii 3aKoH TEPMOJUHAMIKYU I1e OiLIbII
00MEKYy€e MOXKIHBI IPOIECH TIEPETBOPEHHS.

Teriory MoXHa IEPETBOPUTH B POOOTY TUILKU MTPU YMOBI, IO YacT-
Ka I[i€i TEmIOTH OJHOYACHO IMEPEJIe BiJl Tapsvoro Tijia JI0 XOJIOJHOrO
(TIpUHIMI JTiT TETUIOBUX JIBUTYHIB).

[puctpiii, skuii Bcymeped IbOMY 3aKOHY OTPUMYBaB O TEILIOBY
SHEPTiro BiJl HarpiBaya i BUPOOJISIB TaKy 3K KUIbKICTh MEXaHIUHOI eHep-
Tii, Ha3UBA€THCSI BIYHUM JIBUTYHOM JIPYTOro poAy (HampuKial, KaMiHb,
SIKUH OXOJIOKYIOUHCH TififiMaBcs 6 yropy).

1106 TemoTa 3MOriIa mepeiTH Bi XOJOMHOIO Tijia IO Tapsyoro, He-
O0XiZIHO BTPAaTUTH MeEXaHiYHy poOOTy (NPUHIMIT Jii XOJOJMIBHHX
MallVH ).

3BigcH BHUXOAWUTH, M0 B 3aMKHEHIH CHCTEMI y BIICYTHOCTI SKHX-
HeOyIb MPOLIECIB HE MOXKE BUHUKHYTH caMa IO cOO0l1 PI3HHUIIS TeMIlepa-
Typ, TOOTO TEIJIOTAa HA MOXE JOBUILHO TMEPEHTH BiJ OUIBII XOJIOIHUX
YACTHH JI0 OUIBII rapsayuux.

Vi TepMOaAMHAMIYHI [IPOLIECH, 10 BIZOYBAIOTHCA B 3aMKHEHIN CHC-
TeMi, MOJKHA TIOIIJIUTH Ha 000POTHI 1 HE0OOOPOTHI.

TepMoauHaMiuHMI IPOIEC € 00OPOTHHUM, SKIIO BiH IMPOTIKAIOUH Y
3BOPOTHOMY HAmpsMi, IMOBEPTAE€ CUCTEMY B ITOYATKOBHH CTaH Oe3 BHU-
TpaTu eHeprii. B iHIIOMY BHIIAAKy TEPMOAMHAMIUHI IIPOILIECH Ha3HBa-
10Th HeoOopoTHUMU. BoHU BifOyBarOThCS OBUIBHO TLIBKH B OJHOMY
HAIIPSMI.

[IpuknagoM 00OPOTHOIO IPOLIECY € He3aTyXaroul KOJIWBaHHS ifea-
JILHOTO KOHTYPY, a HEOOOpOTHOI'0 — 3aryxaroui koauauug. [Ipukmana-
MH HEOOOPOTHHUX IIPOIECIB € TAKOXK TEIIONepeaaya i TeII000MiH.

BinbrricTs mporieciB B TEXHII SBJISIOTH COOOI0 HEOOOPOTHI MpoIiecH
a00 MICTATh eTaru, Ki € HEOOOPOTHUMH MPOIECAMHU.

I3 piBasnb st KKJ[ Buxoauth:

Q1+Q2 TI_T2
o T
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3BIAKU

abo
%+&:0.

4.1
T T (4.1)

I3 piBHgHHS (4.1) BUILIMBAE, IO KUIBKICTh TEIJIOTH, SIKA OTpHMAaHa
abo BigmaHa TiIOM MmiJ 9Yac 00OPOTHOTO MPOIIECy, MPOMOopPIiiHA TemIie-
paTypi.

Bimmomenns O/T Ha3MBaeThCs 3BEIEHOI0 KUILKICTIO TemwioTu. Y
3arajlbHOMY BHIJIKy MaeMO:

Ous.n
z T p’

a0o0 B nudepeHianbHii Gopmi:

%Cﬁone‘. mp 0.

B koxkHOMY 1HKIII 000pOTHOrO Tipouiecy (auB. nuki KapHo) yci Tep-
MOJMHAMIYHI MapaMeTpu MNPUKHMAIOTh IOYAaTKOBI 3HAYEHHSA, TOOTO iX
3MiHa JOPIBHIOE HYIIIO.

BBOASTh IOHATTS TEPMOAMHAMIYHOTO MTapamMeTpa CTaHy, KU Ha3M-
BaeThes enTpomiero S . Earponis S € ¢ynkuicro, mudepeniian sxoi
BH3HAYAETHCS K

1
dS = ?onﬁ mp*

Jx

OnuHnis BuMipy eHtpomnii [S]= e

OueBuIHO, 1110 3MiHa EHTPOIIIi MMiJ Yac mepexoAy 3i crany 1 g0 crany
2 BU3HAYAETHCS PIBHSIHHSIM:

6.mp *

12
AS=S2—SI=F_[dQO
1
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Jlns o6opornoro nporecy AS =0. Jlng HeoOOPOTHOrO MPOLECY
AS > 0. HeoGopoTHHIi ITPOLEC AOBUILHO BiOYBAE€THCA TUILKH B OIHO-
My HaIpSIMKY.

ITpu AS <0 mpouec He MOXKe BinOyBaTHCs JOBLIBLHO, HEOOXiTHMI
MiABII eHeprii 330BHI.

OueBUIHO, 0 YCl1 MPOLIECH B IMPUPOAl BIAOYBAIOTHCS B HAIPIMKY
30inbIeHHs eHTporii. Tomy apyruii 3aKoH TepMoauHaMiku (HopMyIio-
€TbCA K

AS>0,
TOOTO EHTPOITisi 3AMKHEHOI CHCTEMU HE MOXE 3MEHIIYBATHCS.
4.1.6. Ilpoyecu nepedaui mensiomu

Yci BuaM Tepefadi TEIJIOTH IiJAKOPSIOTHCS OJHOMY OCHOBHOMY
MPaBWIIY: TEIUIO MEPENAETHCSI BiJl Tapsyoro Tijia JIo XOJI0{HOTO.

TemmonpoBigHICTE Tida O3HAYAE WOr0 3JATHICTH MPOBOAUTH TEILIO.
Mornekysu 4acTUH Tila, JIe TeMIlepaTypa BHUIIE, BOJOJIIOTh OUIBIIO
SHEPTI€IO0 1 MepeNaroTh il CYCiHIM MOJIeKyJIaM, sIKi MAIOTh MEHIITY €Hep-
riro. Lle Beme k BUPIBHIOBAHHIO PI3HULI TEMIIEPATYp ycepeauni tia. Ha
BIIMIHY BiJl KOHBEKIIii Iepeaya Temia B bOMY BUITAJKy HE MOB’s3aHa
3 MIEPEHOCOM YaCTHHOK.

TeronpoBiIHICT, HA3UBAETHCS CTALlIOHAPHOO, SKIO PI3HUIA TEM-
nmepatyp AT, mo ii BU3WBA€E, 3aNUIIAETHCA HE3MIHHOIO. B iHIIOMY BH-
MMaJKy MOBa HJe Ipo HECTALIOHAPHY TEIIONPOBIAHICTD.

KinbkicTh TEIJIOTH, IO NEPEIAEThCS, BU3HAYAETHCS (POPMYIIOO
(puc. 4.9):

ASIAT
Q = T 5

ne S — monepedynuii mepepis MpoBigHKMKA TemIa, ¢ — TPUBAJIICTE IPOLE-

cy temtonpoBigHocti, AT — pi3HUIS TeMIiepaTyp Ha KiHISIX POBIIHH-

Ka Teruia, [ —I0BKUHA MPOBIAHUKA, A — KOE(ILiEHT TEIIONpPOBiAHOCTI
Bt

Mmarepiany nposigHuka. Ompuauis Bumipy A [A]=

BimHomeHHsT = Ha3UBA€ETHCS TEIUIOBUM MOTOKOM D, sikuii BUMIpIO-
t

€TbCA Y BaTTax.

245



j
A

Q
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L
”
L4

prd

Puc. 4.9. Tlepenaua Temnotu

Bimznaunmo, mo BenuunHa A7 MoXKe BEMIproBaTHCS B KeJlbBiHAX
abo B rpaaycax Llenbcis, OCKiTbKM MOBa iJie PO PI3HHULIIO TEMIIEPaTyp
1 HEOOXIIHICTh B MEPEPAXyHKY BiIMAJIAE.

SIBHINA TEMIOMPOBIAHOCTI 1 €IEKTPOIPOBIAHOCTI 3 PopMaIbHOT TOY-
KW 30py aHAJIOTIUHI OfiHe OfHOMY. EneKkTpuyHMii omip MpoBiTHUKA BU-
3HAYAECTLCA CIIBBIIHOLIEHHSM:

[

9
S vS
Jie p — IUTOMUH eJIeKTPUYHHI OIlip; Y — MUTOMa MPOBIHICTS.
BianoBigHo Teny1oBHMii omip Mae BUTIIAL;

a onuHUI BuMipy R, : [R;]=—.
Br

3a ananoriero 3akony OMa MokHa 3amucaty 3akoH Oma JIst JUISTHKA
TEIJIONPOBIAHOTO KOJIa:
D= Q _ ASAT _ AT
t / R,

Bimsnaunmo, mo TteruioBuil omip R, Moxe ckiamatecs 3 paay

OKpPEMHX OIOPIB BKIFOUEHUX MapaliefibHO a0o mociinoBHo. s po3pa-
XYHKY MTOBHOT'O OMOPY HEOOXITHO KOPUCTYBATHUCS MPABUIIAMU PO3PaXy-
HKY TIOBHOT'O OTIOPY €JIEKTPUYHOrO KOJIa.
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Pigki abo razomomiOHi Tija, SIKi BCTYNAKTh Y KOHTAKT i3 TBEPJAUM
TIIOM, IO 3HAXOAUTHCS MPH IHIIIH TemiepaTypi, abo BiIgalOTh HOMY
Termio, abo OTPUMYIOTH TEIIO Bijg Hporo. Take sBHUINE Mepenadl Temia
Ha3UBAETLCS TeIIOBiMmadero. B 1pboMy BHIAAKy KiIbKICTh TEIUIOTH,
IO MTPOXOJUTH KPi3b MOBEPXHIO 3iTKHEHHs (puc. 4.10) BU3HaUaeThCH 13
CITIBBIAHOIIIEHHS:

0O = oSIAT

ne O —koedilieHT TeruoBiagayi; S — rioma noBepxHi, Kpisb AKy Bij-

OyBa€eThCsl TEIUIOBi[aya; [ —TPUBANICTh TPOIECY TEIUIOBIAAYIL;

AT —pi3Huls TemrepaTtyp IMOBEpXOHb TBEPAOro TiIa i piluHKU a00 rasy.
Bt

MK

OnunHuis Bumipy o: [o] =

T, ]

Puc. 4.10. Ipormec TeruioBipavi

UucenbHe 3HauUeHHs Koe(illieHTa O 3aJeKHUTh BiJl CKIaAy PiIUHU
a00 ra3y Ta MIBHJKOCTI iX PyXy, a TAKOX BiJ SKOCTI 0OpOOKHM MOBEPXHI
TBEPJIOTO Tija, ajie He Bi HOro cKiamy.

Pizuui Temnepatyp AT 3aaumiaeThCst MOCTIHHOIO B MPOIECT TeIl-
JIOBiAIa4i, a B MICIIi TEMJIOBi[Ia4i BUHUKAE CTPHOOK TEMIIEpaTypH.

1 .
Bennunna _S SIBJISIE COOOIO TEIUTOBUI OMIip.
o

Slkiro aBa pigkux abo ra3omomiOHMX Tija, IO MAalOTh PI3HY TeMIle-
paTypy, pO3JiieHI TBEpIUM TUIOM (IJIOCKA MEPEropojKa), TO MPOIEC
nepenayvi Tenia BinOyBaeThCs y TPH CTAIl.
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1. TerumoBingaya i3 mepuIoro cepeoBHIa 10 OBEPXHI MEPEropoIKu
(puc. 4.11), npu upomy

0 = aStAT .
2. TennonpoBigHICT KPi3b MEPErOpoJIKY, SIKa BUZHAYAETHCS SIK
XStAT
Q =
o
S
I /
T. 2
\ / /

/ N\ /
= [

.:l:‘

Puc. 4.11. Temnonepenaya BiJi OJHOTO TijIa JIO 1HIIIOTO

3. TemmoBingaua 3 MOBEPXHI MEPErOpPOAKH JI0 JAPYroro CepeIOBUIIA,
sIKa BU3HAYAETHCA 13 CIIIBBIIHOIIIECHHS:

0 = aSIAT .

CyKyIHICTh IIMX TPHOX MPOILIECiB HA3UBAETHCS TEILIONEPEIAUCIO.
I3 BpaxyBaHHSIM TOro, IO TEIJIOBMH MOTIK @ Ha BCIX OUISHKAX
TEIIO00OMIHY MOBUHEH 3aJIUIIATUCS IMOCTIHHUM, MOYHA 3aIMCATH, 110

AT
o=2_gsar =280 _ o oot
t I

[Tpu upoMy cyma ycix pi3HHIb TEMIIEpaTyp IOPIBHIOE 3arajbHii pi-
3HUIII TEMIIepaTyp:

AT = AT, + AT, + AT,
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3B1ACH BUXOAUTD, III0

AT: Q +Ql+ Q :5 i+£+i
a St ASt o,St St|la, A a,

Bennunna, mo obepHeHa BHpa3y B JykKKax, Ha3uBaeThcs Koedilrie-
HTOM TeIuionepenayi k :

1 |1 7 1
koo, A a,
TakuM YMHOM, MTPOIIEC TEILIONEPEaaUi BU3HAYAETHCS (DOPMYIIOH0;
O = kStAT .
Bt

Onuuuns Bumipy k: [k]= . KoediuienT teruonepenaui k

2
M -

3QJIGKUTH Bijl TOBIMHH TIEPErOpOIKU /.
4.2 Knacudgikanis TenjioBux HacociB

TeHHOBHﬁ HACOC — II¢ TIPUCTPIH, KU MEPETBOPIOE HU3BKOTEMIIE-
paTypHe TeIUIo JpKepena y BUCOKOTEMIIepaTypHe, TOOTO TEIio-
BHI HACOC IPAIIOE TAK CaMO, SIK 1 3BHYAMHUI XOIOJUILHUK, aJl€ 3 TOU-
HICTIO JI0 HaBNaku. XOJOAWJIBLHUK BUKAUY€E TEILIO, SKE BUXOIUTH BiJl
MIPOIYKTIB, IO OXOJOMKYIOTHCS, 1 BHAUIAE HOr0 y BUIJISAAI JOCHUThH ra-
PSYOro MOTOKY IOBITPS Big TpyOuaToi maHeni Ha 3aAHii crini. Termo-
OOMIHHHMK TEIJIOBOTO Hacocy (IO CYTi Taka K cama IMaHelb, a00 30BHi-
IIHIH KOHTYp) BUCTABJIAIOTH 330BHI a00 3aKONYIOTh Y 3€MITIO, 30Mparoyn
TEIJIOBY €HEPriio 1 mepenaroTh 1i y aiM. TakuM YMHOM, TEIIOBUH HACOC
— Tpwiaj, SKUH MEPEHOCUTh PO3CISHY TEIJIOBY SHEPTii0 B ONAFOBAIIb-
HUW KOHTYp. P0o0OOTa TEMIOBOr0 HAacoCa MOSICHIOETHCS 3a JOIMOMOTI'OO
3BOPOTHOTO UKy KapHo.

[IpuHumn aii TEMIOBOro Hacoca 3aCHOBAHUI Ha IBOX B3aEMOOOEp-
HEHUX TEPMOJIMHAMIYHUX e(eKTaxX — BUAUICHHS Teria (Terio (pa3oBoro
Mepexojly) Mpy BUNIAPOBYBAaHHI piinHU (TIEPEXia B MaponoAiOHu cTaH)
abo xomgeHcarii (mepexig B piakuii ctan). POOOYMM TijIOM TEMIOBOIO
Hacoca € 3aMKHYTHH KOHTYp 3allOBHEHHH X0iog0areHToM ((hpeoHom) —
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pimuHOIO, sIKa 3/aTHA MIBHJKO 3MIHIOBaTH CBiil arperaTHHH CTaH NpH
BiZIHOCHO HE3HAYHMX 3MiHAX TEMIIEPATYPH.

s orpumanns 100 % eHeprii, o ¥ij1e Ha onaJicHHs, BUTPAYa€ThCsS
011M3bK0 25 % eNneKTpuyHOI eHeprii At poOOTH HACOCY.

[Ipu cTHUCHEHHI XOJIOJ0areHTy KOMIIPECOPOM, TeMIiepaTypa MijBH-
IIYEThCS, 3aBJASKH 4YOMY B KOHTYpP OINAaJIcHHS, 4epe3 TerI000OMiHHUK
TEIUIOBOTO HACOCA, MOAAEThCS TEIUIOHOCIH TemmepaTyporw g0 +62° C,
puc. 4.12.

TeruioBuii HacOoC XapaKTEPU3YyIOTh TaKi MOKA3HUKU SK KoedilieHT
MOTYXKHOCTI Ta KoedirieHT poboTr. KoedilieHT MOTY>KHOCTI € € BiAHO-
LICHHSIM TEIUIOBOI MPOMYKTUBHOCTI 0 BUTPAYEHOI ENeKTPUYHOI MOTY-
JKHOCTI.

3aMHEHEHWA HOHTYD,
3AN0BHEHWH dpecHom

Komnpecop .
[
- - , =] . ) = ) .
Hu3bkoTemnepa- | | Bunapoeay KongeHcatop | IBucorotemnepa- |
TYPHHMA | | TennoBoTo TEMOBOTD | TYPHHH
“TENAOOGMINHME i ™| wacoca | yacoca i | rennoobminumk |
1 L " d L L. 1 - i
i = = o
R [
DOwepeno CnosmMBeay
TEMNOTH F N | TenIOTH
| Apoccensmi JBMCOKOND DIBHA

FHM3BHOD DiBHA! I

~=]| KnanaH

Puc 4.12. Cxema poboTH TEIIOBOrO Hacoca

OCHOBHUM KpHUTEpieM s KIacH(pikallil TermIoBHX HACOCIB € KOMOI-
Hallisg JoKepes 1 KIHIIEBOro CIIOKMBaya Teria. B 3a71e)KHOCTI Bif LBOrO
BHJIUISIFOTH TIPUCTPOI HACTYIHUX THUIIIB. «BOJIa — BOJIa», «BOJA — IOBIT-
ps», «KTPYHT — BOJA», «CPYHT — MOBITPSA», IOBITPS — BOJA» 1 «IIOBITPS
— TOBITPsI». I3 1IbOT0 TIepeuHs SICHO, 1110 TEIUIOBHH HACOC IePeIac TEIIo
CHCTeMaM OIaJIeHHs 3 BOASHHUM abo0 MOBITPSHHUM TerioHocieM. OaHak
HaWOUIBII Ba)KJIMBOIO € MepIa CKIagoBa KomOiHamil. Boma € rapumm,
CTaOUTBbHUM 1 €()EKTUBHUM JDKEPENIOM TeIlia, aje BOJOWMHUIIA HE 3aB-
x1u € mobnuzy. Kpim Toro, Bogy Tpeba minroryat i BiadineTpyBaTH,
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nepes; TUM, SIK TOJIaBaTH 11 B CUCTEMY. 3HAYHO OLIBIIIOTO PO3IMOBCIO-
JOKEHHSI OTPUMAJIA MPHUCTPOI, SKi BUKOPHCTOBYIOTH CHEPTiI0 IPYHTY 1
HA3UBAIOTBCS TEOTEPMAIBHIUMHU TEIUIOBUMHU HacocamMu. BoHH MOXyTh
OyTH BCTAaHOBJICHI B SIKOCT1 €JMHOIO JDKEPENa OMaJICHHS Ta rapsuoro
BOJIONIOCTAYAaHHS Y BCIX KIIIMAaTUYHHUX 30HAX Y KpaiHu.

3a THIIOM JDKepena TEIUIOTH HU3BKOTO PiBHSA BHIUIMMO TaKi TPyMH
TEIJIOBUX HACOCIB!

® TEIUIOBi HACOCH CBEPUIOBMHHOTO IPYHTOBOTO TUITY;

® TEIUIOBI HACOCH MTOBEPXHEBOIO IPYHTOBOTO THILY;

® TEIUIOBi HACOCH BOAHOTO THILY;

® TEIJIOBI HACOCH MOBITPSIHOT'O THITY.

TenJsioBi Hacocu CBepAJIOBHHHOTO IPYHTOBOro Tumy. B 1pomy
BUIQ/IKy YCTAaHOBKa TEIJIOBOTO Hacoca BUMara€ MpoBEAEHHS OypoBHX
POOIT IO CTBOPEHHIO CBEPJUIOBHMHU, TJIMOWHA SKOI (B 3aJIGKHOCTI Bij
psaay (akTopiB, TaKUX SIK CKIIAJ IPYHTY Ta HAsSBHICTh IPYHTOBUX BOJ)
MoOXe 3HaxoAuTucs B Mexax Bix 50 mo 200 m. [liameTp cBEpIIOBHHH,
SIK TIpaBmIIo, KoiuBaeThes Bif 10 1o 20 cm. [licns 3akiHueHHST OypOBUX
POOIT B CBEPJIOBUHY BHOCHUTBCS TEIIOOOMIHHUN U-1MONIOHUI KOHTYD,
3all0BHEHHUH BOJIOIO0, SIKa MIOTJIMHAE TEIJIO TPYHTY 1 mepeaae Moro Haco-
cy. Ha rnuOwuHi, sika Oinblna 3a TIIMOMHY MpPOMEP3aHHs, 30epiraerbes
noHaza 90 % eHeprii, 110 HAKOMUYYETHCS y TEPI0J] TEMJIOl MOPH POKY, i
SKOT IIJIKOM JOCHTH Uil eeKTHBHOI POOOTH TEIUIOBOro Hacoca. Yum
OuIpIIMA iameTp TpyO, THM Kpalle 3AiHCHIOEThCS Bimdip Teruia, ane
OZIHOYACHO 3 IIMM 30UIBIIYETHCS 1 IiHAa cucTeMHU. B cepenmHbomMy BHTpa-
yaroun Oyin3bko 1 KBT moTy»X)HOCTI Ha poOOTYy KOMIIpecopa Hacoca, Ha
BHXOJII OTPUMY€EMO O1M3bKO0 5 KBT.

TenJioBi Hacocu MoBepXHEBOro IPyHTOBOro tumy. [IpuHumn nii
TAKOTO HACOCa € TAaKUM XKe, 0 i Y PO3TISIHYTOro BHile. PisHus momns-
rae y mpocTOpoBiii Opi€HTallii KOHTYpY: SIKIIO B MEPIIOMY BHIIAJIKy KO-
HTYD, 3aII0BHEHUH BOJOIO, PO3MILIY€ETHCS BEPTHKAIBHO, TO JUIsl HACOCIB
MOBEPXHEBOT0 TUIY — TOPU3OHTANIBHO. TemmooOMiHHHKOM € KOJEKTOp,
TOOTO 3MIHOBHK 3 MOJIIETHIICHOBUX TPYO, K1 YKIaJalOThCA IMiJ] 3eMIICIO
Ha mmoini 1...1,5 M. [y BCTaHOBJIGHHS TEIUIOBOTO HAcOCa I[bOTO TUITY
HeoOX1IHA HAsBHICTh BUILHOI OUISHKH 3€MJl IUIOLIEH0, SKa MOBHHHA
OyTH He MeHIle, HDK Ta, IO OMAJIFOEThCsI, TOOTO OJNIM3bKO JIEKIIbKOX
necatkis M°. Taka TepuTOpis He MOBHHHA 3abyIOBYBATHCS He OYTH 3a-
CaJKEHOIO JIEPEBaAMH.
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I'mubuny cBepuioBUHU L (1S TEIUIOBMX HACOCIB MEPIIOi TPymu) i
TUTOILY 3eMEIbHOT AUISHKK S (JUIS TEIUIOBMX HACOCIB JIpyroi rpymH)
MOXKHA pO3paxyBaTH HACTYITHHM YHHOM:

ne Ox — XOJIOIONPOIYKTUBHICTh TEIJIOBOT'O HACOCa; g — TUTOMA TEIIO-
Ba MOTYXHICTh IPYHTY; O, — TEILIONPOYKTHBHICTh TEIIOBOI0 HACOCA;
P, — MOTYXHICTb, 5IKa CIIOKUBAETHCS KOMIIPECOPOM TEIIOBOI'0 HAcoca.

PizHuIls 00YKCIICHD MOJISTAE JIUIIE Yy TOMY, IO 3HAYCHHS BEIMYMHU
g morpiOHO OpaTH 3 BIANOBIZHOI KOJOHKH IOBIAKOBOI TaOMIIi
(Tabm. 4.1 a0 4.2).

Tabnuysn 4.1

3arajbHi MOKA3HUKH JJIS HACOCA BCPTHUKAJIBHOI' 0 THITY

Ipynt HI/ITOMI/Iﬁ‘ Bioip
MOTYKHOCTI, g, BT/™M

[Moranwmii rpyHT (Cyxa ocaJioBa mopoja) 20

HopmaibHa TBepaa kaM’stHa MOpoja i HaCHUYCHA| 50
BOJIOIO 0CaJI0Ba NOpoJa

.TB?p):[a KaM’siHa TMOpOoJia 3 BHCOKOIO TEIIONPO- 70
BiTHICTIO

Oxpemi nopoau

lanpka, micok (Cyxwuid) <20

lanpka, micok (BOJIOTHIA) 55-65

CyrimHOK, rmHa (Boora) 30-40

Bannsik (MacuBHUI) 45-60

[Minmannk 55-65

Kucni marmatiysi mopoau (TpaHiT) 55-70

OcHOBHI MarMaTuyHi mopou (6azajibT) 35-55

Iueiic 60-70
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Tabnuys 4.2

3arajbHi NOKa3HUKH IS HACOCA TOPU30HTAJIBHOI0 THITY

rpyHT IInrommii BinGip
TOTYKHOCTI g, Br/m
Cyxuii mmannii rpyHT 10-15
Bonoruii minjanuii 1pyHT 15-20
Cyxull IITMHUCTHH TPYHT 20-25
Bosnoruil rmuHuCTUI TPYHT 25-30
I'pyHT 3 IpyHTOBUMU BOJAMHU 30-35

Ten10Bi HacOCH BOAHOIO THNY. TEIIOBI HACOCH, B SIKHX JPKEPEIOM
TEIUIOTH HU3BKOI'O PIBHS € IPYHTOBI BOJIM, BBAKAOTHCS HAWOUIBIN ede-
KTHBHMMHU 3 iCHYIOUuX. Lle MOsICHIOETECS THM, IO TEMIIEPATYPa BOAH B
CBEPJIOBHHAX HA IMPOTA31 BCHOI'0 POKY cKiamae Oau3pko +10° C. st
TaKOro TEIJI0BOr0 Hacoca HeoOXigHO OypiHHS IBOX CBEPIJIOBHMH, OAHA 3
SIKHX TIPAIlO€ Ha I0Jadyy BOJH HACOCY, a iHIIa — 3aidcHIOE 11 BiABEIeH-
Hi, puc. 4.13. BaxkimBo, 100 BigcTaHb MK BIiAMOBIIHUMHE CBEPAJIOBHU-
Hamu Oyia Oigbine HDK 5 merpiB. Takok HeoOXigHO 3a0e3lmeynuTH 3a-
XHCT BiJl IPOMEP3aHHs SIK MiJIBEICHOT, TaK i BUBEACHOI BOJIH.

Knanax gna

YaCTHHM TENNOBOFD Hacoca 2
3MILIYBAHHA BOAW

EnexTpHuHE EHERTIA
-.v TennoobmiHHuk Ana
rapA4oi Bogn
~ T

CRoMMBAEHHA EHEPTT
3 HABKONMILHbOT
cepegn 02

Puc. 4.13. Cki1a10Bi YaCTUHHU TEILUTOBOTO HacOCa BOAHOTO TUITY

BaxxnuBuM excruryaTalifHUM MOKa3HUKOM TEIJIOBOI'O Hacoca BOJI-
HOTO THITy € IIBUIKiCTh BHTPaTH BOZH Vpr, M/TOI, SiKa MOXe OYTH
pO3paxoBaHa 3a JOMOMOTOK CITIBBIIHOIICHHS:

= —Qx
pCAT

BT
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ne O, — X0I0I0NPOAYKTHBHICTh TEILIOBOro Hacoca, BT; p = 1000 Kr/™M
— rycruHa Bogu; C = 1,163 Bt u/kr ‘K — nmuTomMa TEII0OEMHICTh BOJIH;
AT — pi3HULS TEMIIEPATYpP MIABENEHOI 1 BIABEIEHOI BOIH.

TennoBi Hacocu moBiTpsiHoro Tumy. [lepeBaroro TEIIOBUX HACOCIB
MOBITPSIHOI'O THITY € BIACYTHICTh OYPUIBHUX UM IHIINX 3€MIITHHX POOIT,
10 TPHU3BOANUTH A0 ICTOTHOIO 3HMKEHHS BapToCTi oOnagHaHHsA. OgHaK,
Ha BiIMIHY BiJl JPKEPEJ TEIUIOTH HU3bKOTO PiBHS JUIS HACOCIB TPHOX I10-
MePEaHIX THUIIB, MOBITPS HABKOIHUIIHLOIO CEPEMOBHINA BiIPI3ZHAETHCS
HeCTaOUIBHICTIO CepeIHbOPIYHOI TeMITepaTypH, [0 HETaTUBHO BiIOHBA-
€ThCS Ha €(PEKTUBHOCTI TEIIOBOTO HACOCA MOBITPSIHOT'O TUITY B XOJIOM-
HY TIOpYy POKy (HampukiIaz, 3HIKEHHS TeMIlepaTypu mositps 3 +10 1o
minyc 10° C BUKIIMKA€E 3HMKEHHS IPOIYKTUBHOCTI Hacoca y 2 pasH).

KOHCTpYKTHBHO TEIUIOBHH HAcOC IMOBITPSHOIO THIIY MOXe OyTH
JIBOMOJIYJIbHUM 200 OJHOMOIYJbHUM. Y TEpIIOMY BUMAJAKY MOJYJIb,
IO CKJIAJAEThCS 3 BEHTHJIATOPA 1 BUIIAPHUKA, PO3TAIIIOBYETHCS 3a Me-
»kaMu OyiBjii Ha Byjuii (puc. 4.14), a MOAyJIb, 110 BKIIOYAE KOH/IEHCA-
TOp, MOHTYEThCS B TpuMinieHHi (puc. 4.15). Y npyromy BUIAIKy Tel-
JIOBUH HAacOC MOHTYETHCS B €JMHOMY KOPITYCi, 8 TIOBITPSI HATHITA€THCS
4yepe3 MOBITPOITPOBI.

BHyTpimHii KOHTYp TEIJIOBHX HACOCIB CKIAIAETHCS 3 TAKUX KOMIIO-
HEHTIB:

— KOHJIEHCATOP;

— Kanusp;

— BHITAPHUK;

— KOMITPECOp, IO MPAIIO€ BiJl EIEKTPHYHOI MEPEXKI;

— TEPMOPETYJIATOP, SIKUI yIIpaBiisie 00IaHAHHSIM;

— XOJIOJIOAreHT.

4.3. Po3paxyHOK Tel/JIOBUX HACOCIB

B IAMOBiAHO A0 pHC. 4.16, TemIoBUi Hacoc Oepe TEIIOBY SHEPTito
3 OIHOTO Miclis, IEpEeHOCHTh (Tiepekauye) i Ta Biggae y iHIIe
Micie.

IHpunyun pobomu. X0noj0areHT IijJ BUCOKUM THCKOM uepe3 Kalli-
JIIPHUH OTBIp MOMAJa€ y BUMAPHHUK, € 32 PAXYHOK PI3KOr0 3MEHIIIECHHS
TUCKY BiIOyBa€eThCs mpoliec Bunapy. [Ipu 1iboMy X010/10areHT Biioupae
TEIJI0 Y BHYTPIIIHIX CTIHOK BUITAPHUKA, a BUMIAPHHMK Y CBOIO YEPTry Bijl-
HiMae TerIo i3 3eMJISTHOr0 ab0 BOASHOTO KOHTYPY, 38 PaXyHOK 4OTO BiH
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MOCTIHHO TPOXOJIOMKYeThc. KoMmmpecop 3a0upae XOJIOI0areHT i3 BU-
MapHHUKa, CTUCKAE HOro, 3a PaxyHOK YOro TEMIIepaTypa XOJOJA0arcHTy
Pi3KO MiZIBUINYETHCS 1 BUINTOBXYE B KOHJEHcaTOp. Harpituii y KoH IeH-
caTopi y pe3y/ibTaTi CTUCKY XOJOJ0AareHT BIJJIa€ TEIUIO (TeMIiepaTypa
nopsaaky 85-125° C) onanroBalbHOMY KOHTYPY 1 IEPEXOIUTh Y PiIAKHi
cran. [Iporec moBToproeThes noctiiiHo. Konn TemmnepaTtypa B OyIUHKY
JocATae HEOOX1THOTO PIBHS, EIEKTPUYHE KOJIO PO3PUBAETHCS TEPMOpE-
TYJISITOPOM 1 TEIIOBUE HAcOC mepecTae mpairoBatu. Koiau TemiepaTtypa
B OMAJIIOBAJILHOMY KOHTYpI Taja€e, TEPMOPEryJIsSTOp 3HOBY 3aIlyCKae
TEIUIOBUH HAcoc. Y Takui CHoci0 XOJIOJOAreHT y TEIJIOBOMY Hacoci
pobuts 3B0poTHUI MK KapHo.

Hu=tkmid THCK, napa3
HHILEKHM THCROM

apaz
EWCOKCIO TEMMIEDATVROH

YoTHREOKKOZ0EHR
| =» KanaH

- XmagaresT sigaae
Mnagarexr TEMMD | NEpEXNDILHTE
TROTTHHAE ¥ pigkmi cTan
* B Tenmo i

NEepeENgHTE

¥ napy IMENTE EHYMpPillHE
noeImps
Homnpecop Bryrpiwmin
TENACOBMIHHKK

JoHiLHiA
TEMACOOMIHHM

TepMOperyEHern

HUZLKUH THCK, PIAWHA 3 HUZEROW gyt i, pigwia 3 SHCOKDIO
TEMTEPETY PO TEMNERATYOH

Puc. 4.15. Cxi1aoBi YaCTHHH TEMJIOBOTO HACOCA MOBITPSHOTO TUITY

255



1. Fapsiawmit rerumoodminHMK
2. Posmuproeayu

3. XonoaHui TersioodMiHHHK
4. Komnpecop

Puc. 4.16. CxemaTuuHe 300pakeHHsI MPUHITAITY Jii TEIIOBOTO Hacoca

TakuM 4YMHOM, TEIJIOBI HACOCH TIEPEKAYyIOTh PO3CISHY TEIJIOBY
SHEpTiro 3eMJIi, BOJU a00 HABITh MOBITPS Y BIIHOCHO BUCOKO IOTEHIIIi-
HE TeIIo It onanens o0'exra. [IpubauzHo 75 % omamroBaanLHOI eHEp-
rii MOkKHA 310paTH OE3KOIITOBHO 13 IPUPOJH: IPYHTY, BOJHU, MOBITPS i
TiIbkH 25 % eHeprii HeoOXIAHO 3aTpaTUTH IS pOOOTH CaMOro TEIIO-
BOro Hacoca. [Hakie KaXy4H, 3a0lauKYEThCs 3 / 4 KOIITIB, SIKi HE00-
XiHO OyJio O BUTpauaTH Ha JU3MAIWBO, ra3 abo eIEKTPOSHEPTito IS
TPaJULIHHOTO OIaJICHHS.

MosxHa BBaKaTH, 110 TEIIOBUHM HACOC 3a JOIMOMOI'OI0 TEIIOOOMIH-
HUKIB 30Mpae TEIUIOBY €Hepriro i3 3eMiIi a0o MOBITPS 1 «IIePEHOCUTD) ii
B MIPUMIILICHHSI.

TemnoBi HacocH 3JaTHI He TUIbKH OMMAJIIOBAaTH MPHUMIIICHHS, aje i
3a0e3rmeuyBaTy rapsie BOJONOCTaYaHHS, a TAKOXK 3/iHCHIOBATH KOHJIN-
LIFOBAaHHS MMOBITPs. AJie IPH I[bOMY B TEIUIOBUX HAacocaxX MOBHUHEH OyTH
PEBEPCUBHUI KJIallaH, caMe BiH JIO3BOJISE TEIJIOBOMY HACOCY IMpaIlfOBa-
TH y 3BOPOTHOMY PEKHMI.

B 3anexHOCTI Bif JpKepena BiOOpy TeIuia TEIUIOBI HACOCH TOJiIs-
IOThCS Ha!

— TOBITPSIHI (JPKEpEIoM BiIOOpPY TeIlia € MOBITPs);

— reorepMaibHi (BUKOPHUCTOBYIOTh TEIUIO 3€MJIi, Ha3eMHHUX a0o0 TIi-
J3EMHUX I'PYHTOBUX BOJ).

I'eoTepManbHi, B CBOIO Yepry PO3MOAUIAIOTHCS Ha TEIIOBI HACOCH:

a) 3aMKHYTOT'O THITY:

® TOPHU3OHTANIBbHI, y SKUX KOJEKTOP PO3MIIIYETHCS KUIBISIMU a00
XBUJSICTUMH CMYraMH y TOPU30HTAJILHUX TPAHIIESSIX HHMKYE TIIMOUHH
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npoMep3ands rpyHty (Bim 1,2 M i Oimbmie). Ilei cmocib € HaHOLIBII
CKOHOMIYHO e(PEKTHUBHUM JijIsl 00 €KTIB, 110 HE MAIOTh JCDIUTY 3eMe-
JILHOI TUTOII il KOHTYP;

® BEPTUKAIIbHI, Y SKHX KOJCKTOP PO3MIIIYEThCS BEPTHKAIBHO Y
cBep uIoBUHI TMOuHOI0 10 200 M. Lleii crmocid 3acTOCOBYEThCS Y BUIIA-
JIKaX, KOJIM TUIOIIA 3eMENBbHOI JUISTHKA HE JIO3BOJISIE PO3MICTUTH KOHTYP
TOPU30HTAIBHO a00 € 3arpo3a MOIIKO/PKEHHS JTaHmmadry;

® BOJIHI, V¥ SKHX KOJCKTOP PO3MIIIYEThCS KUIBIAMHU Y BOJONMMII
(o3epo, cTaBOK, piuka) HYDKYE TIIHOMHH mpomep3aHus. lle Halimemres-
MK BapiaHT, aje € BUMOTH JI0 MiHIMaJbHOI IMOMHU Ta 00’ €My BOIH Y
BOJIOMMHMUIIII JIJIs1 TIGBHOT'O PETiOHY;

0) BIIKPHUTOrO THITY. CHCTEMa BHUKOPUCTOBYE B SKOCTI TEII000MIH-
HOI PiIMHU BOJY, 1110 LUPKYIIIOE OE3MOCEPEAHBO YepPe3 CUCTEMY T'€0Te-
PMaJIBHOTO TEIJIOBOTO HACOCY B PaMKaX BIIIKPUTOrO IHUKITY, TOOTO BOJA
MiCIIA TPOXOKEHHSI CHCTEMOIO IOBEPTAEThCA Yy 3eMiro. lleii BapiaHT
MOJKHA peali3yBaTH Ha MPaKTHIIl JIMIIE MIPH HAaSBHOCTI JOCTaTHBOI Ki-
JILKOCT1 BIJHOCHO YHCTOi BOJU Ta 32 YMOBHU JIO3BOJIy BHUKOPUCTAHHS
I'PYHTOBHUX BOJI.

OCKUIBKHM TeMIiepaTypa XOJIOJ0areHTy MOXE 3MIHIOBaTHCS (BiI Mi-
Hyc 5°C 10 + 20°C) B nepBUHHOMY KOHTYPI1 TEIIOBOT HACOCHOI yCTaHO-
BKH, TO HEOOX1JIHO MaTH PO3IIUPIOBATILHUI OaK.

PexoMeHIyeThCSI TAaKOK BCTAHOBHUTH HA 3BOPOTHIH JIIHIT HaKOMHUYY-
BasibHMH Oak (puc. 4.17). Kommopecop TemiIoBOro Hacocy Ipaiioe B pe-
UM «BKITFOUEHO-BUKITFOUECHOY». 3aHAJITO YacTi MyCKH MOXYTh ITPU3BEC-
TH JI0 TIPUCKOPEHOTr0 3HOCY HOro aeranei. bak KOpUCHUH 1 1K aKyMyJIs-
TOp eHeprii — Ha BUITAJOK BiAK/IIOUEHHs enekTpoeHeprii. Moro mixima-
TBHUNA 00cAT mpuiiMaeThest 3 po3paxyHky 10-20 i1 Ha 1 kBt motyxHOCTI
TEIUIOBOTO HACcOoCa.

[Ipn BHKOpPHCTAHHI IHIIOIO JKEpena eHeprii (€IeKTPHYHOro, ra3o-
BOT0, a00 TBEPAONAIIMBHOIO KOTJIA) BiH MiKIFOYAETHCS 10 CXEMHU Yepe3
3MINTyBaJIbHUH KJIallaH, MMPUBOJ] KOO YIPABJISETHCS TEIJIOBUM HAcoO-
coM a0o 3arajibHOK CHCTEMOIO aBTOMATHKH.

VY pa3i MOXKJIMBUX BiJIKJIFOUEHb EICKTPOCHEPTii MOTPiOHO 30UTBIIUTH
MOTY>KHICTh BCTAHOBJIFOBAHOTO TEIJIOBOTO HACcOCa Ha KOC(DILIE€HT, KU
PO3paxoBYeEThCs 32 (POPMYIIOHO:

F=24/24 — tyu),

1€ fyuen — TPUBAIIICTH TIEPEPBU B €IEKTPONOCTAYaHHI.
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Hampuxiian, y pa3si BiIKITIOYCHHS elIEKTpOEHeprii Ha 4 TOAWHU IIed
koedinieHT nopiBHIOBaTUME 1,2.

TennooEmiHHrE .
"dhpeos-soga” — S

HAKONHYYEANEHWH GaK

IOBHIWHIK Gnok

Puc. 4.17. Cxema nipueTHAHHS JJOAATKOBOT'O 00JIaJHAHHS

[ToTy»XHICTh TEIJIOBOTO HAacoca MOXKHA IMiJOMPATH BUXOASIYH 3 MO-
HOBJICHTHOrO a00 OIBaJICHTHOTO PEXUMY ioro poboTu. Y mepriomy
BHITQJIKy Tepen0adaeThCs, MO TEIIOBUH HACOC BHKOPUCTOBYETHCS SIK
€JIMHUN TeHEepaTop TEIJIOBOI EHeprii.

Monosanenmuuii pexcum pobomu menyiogoeo Hacoca. MOHOBAJICHT-
HHH peKHM poOOTH TEIJIOBOIO0 Hacoca 3abe3ledye TEIIoM BCIO OymiB-
1110, TOOTO BiH € €IMHHMM TEILUIOI€HEPaTOpOM. B IbOMY BUIIAJKy CHCTe-
Ma PO3MOJLTY TEIUla MOBUHHA OYTH pO3paxoBaHa Ha TEMIIEPaTypy IO-
Jayi, sSIKa HUKYe MaKCHMAaJIbHOI TeMIIepaTypH Mojadvi TEIJI0BOr0 HACO-
cy. IIpu Bu3HAYEeHH] MapaMeTpiB TEIJIOBOI'0 HACOCA, TOBUHHI OyTH Bpa-
XOBaHI MOXJIMBI TEpepBU B MOAAYl €IEKTPOEHEPrii, a TaKoXK Tapudu
eHeprornocrayaibHOi OopraHizarii.

bisanenmuuil pexxcum pobomu meniosozo Hacoca. B boMy pexumi
POOOTH TEIJIOBHMI HACOC JOIMOBHIOETHCS 1€ OAHHM TEILIOT€HEPaTOPOM,
HaIlpUKIaJ, BOJOHArPIBaJIbHUM KOTJIOM JIS PIAKOIO 1 ra3omoaioHOro
najuBa. YTpaBIiHHS TAKUM TEIJIOBUM HAaCOCOM BHUKOHYE HOTO KOHTPO-
Jiep.

Monoenepeemuynuii pesicum pobomu menyiosoco Hacocd. biBaneHTt-
HHUI peXHUM POOOTH, B IKOMY JOJAATKOBHUH TEIJIOrE€HEPATOD, HAITPUKIA,
KOMIIPECOp TEIJIOBOI'0 Hacoca, JKUBUTHCS EICKTpOeHepriern. B skocti

258



JIOJATKOBOr'0 TEIUIOreHepaTopa MOKE BUKOPHUCTOBYBATHCS, HAIIPUKIIAT,
MIPOTOYHUM BOJOHATPIBAY [JIs TEIUIOHOCIS Y BTOPUHHOMY KOHTYpi. JIJIst
YCTAHOBOK THITOBOI KOH(Iryparii TeII0npPOAyKTHBHICTh TEIIOBOTO
Hacoca BUOUPAETLCSA 3 po3paxyHKy mpubmauszao 70-85 % Bimg Makcuma-
JILHOT'O TEIJIOCIOKUBAaHHSA OyaiBimi. HacTka TEmIoBOro Hacoca B CEpe-
HBOPIYHIA TPUBAJIOCTI POOOTH OMAJICHHS CTAHOBUTH MPUOIU3HO Bij
92 no 98 %.

Coain B3STH IO yBard, 10 B HAIIM KpalHi TPUBAIICTH IIEPIOIIB 3 HO-
CHUTHh HHU3LEKOIO TEMIIEPATYPOIO IOBITPS CTAHOBUTH HEBEIUKY YACTHHY
OMNAJIIOBAJILHOIO CE30HY. ToMYy HAMOIIBII JOLIILHOK € POOoTa TEIIo-
BOr0 Hacoca B OIBaJIEHTHOMY PEXHMI, II0 Iepeadadac BKIIFOYEHHS J0-
JIATKOBOT'O TEIUIOreHEepaTopa B MEPIOAH, KOJIU TEMIIEpaTypa IOBITPS
ONYyCKAEThCS HIKYE BH3HAaUeHOi (Minyc 5°C — B MIBAEHHUX PErioHax,
minyc 10°C — y nenrpanbpaux). lle 103Bossie 3HU3UTH BapTICTh JAHOIO
TEIJIOBOI'0 HACOCA; a TaKOXK, POOIT 3 MOHTa)XXy IMEPBUHHOIO KOHTYPY
(pokiiagka TpaHiei, OypiHHsS CBEPUIOBUH 1 T. iH.), sIKa 3HAYHO 301J1b-
IIYETHCS Y Pa3i 3pOCTaHHS MOTYXHOCTI YCTAaHOBKH.

[Ipu BCTaHOBIEHHI TEIJIOBUX HACOCIB B MEPIIY YEPry CIijg mogdaTu
PO yTEIUIEHHsS OY/IBII Ta BCTAHOBJIEHHS CKIIOIAKETIB 3 HU3LKOIO TEIl-
JIONIPOBIIHICTIO, puC. 4.18.

Puc. 4.18. 3a0e3ncueHHs IPUBATHOTO OYIUHKY TEILIOBOIO CHEPTIEI0
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ITpu omaneHHi reoTepMaIbHUMH TEIIOBUMH HACOCAMH, 30BHILTHIN
OJIOK 3aKOIMy€eThCsl Y IPYHT a0 3aHYPIOEThCS Y BOMOWMHUILE, TOPSI 3
oyaunukoM. TIpu bOMY, HE3AJIEKHO BiJl TEMIEpATypH MOBITPS Ha MOJI-
Bip'1, 30BHIIIHIN OJIOK 3aIMINAETHCS BUIBHUM BiJ JIbOAY, €DEKTUBHICT
TeIIonepeaadi 3aIMIIAETHCSI BUCOKOIO.

IMpuniun aii omajeHHs TeoTepPMAalTbHUMH TEIUIOBHMH HACOCAMHM
IPYHTYEThCS Ha 300pi Teria 3 IpyHTy abo BOIM, 1 mepenayi 3i0paHOro
TeIuIa onajieHHio OyuHKy (puc. 4.19).

Bapucul Fuboxa B

wap
rpywTy CBEpANOBHHA

Puc. 4.19. Ipunnmn aii onaneHHs reoTepMalbHUM TEIIOBUM HAaCOCOM

Jns 300py Teruta He3aMmep3aroda piMHa Tede 1Mo TpyOi, po3TaimroBa-
Hill y IpyHTi 200 y BojoiMuIil Oiist Oy AMHKY, 1 HAIXOAUTh JI0 TEILIOBO-
T'0 HAcocy.

TerutoBuit Hacoc, MOAIOHO XONOAMILHUKY, OXOJIOKYE HE3aMep3ato-
4y pivHy (B1IOMpAaE TEILIO0), IPH IIbOMY PiJIMHA OXOJIOKYETHCS OPIEH-
ToBHO Ha 5° C 1 3HOBY Teue 1o TpyOi y IPYHTI ab0 BOJi, BiIHOBIIIOE
CBOIO TEMIIEpPATypy 1 HAAXOAUTE 0 TEIJIOBOIO Hacocy. BimiOpaune Temn-
JIOBMM HAaCOCOM TEIUIO MEPEIaEThCs CUCTEMI OmaJieHHs Ta/a00 Ha Mifir-
PpiB Taps4oi BOIU.

MoOXIHUBO BigOMpaTH TEmIO y MA3EMHOI BOAM, KA 3 TEMIIEPATYPOIO
6imsa 10° C mogaeThes 31 CBEPIOBHHH [0 TEIIOBOI'O HACOCY, SIKHH 0XO0-
nomKye Bogy go + 1 ... + 2° C, i moBepTae Boay mig 3emimto. [Ipu koH-
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JIULIOBaHHI OY/IiBIIi, T€OTEPMAaJIbHHMI TEIJIOBHUI HACOC IMPAIIO€ Y 3BOPO-
THOMY PEXKHMI, TIEPEHOCIYH TEII0 3 OYAUHKY B IPYHT a00 BOIOMMHUIIIE.

TeopernyHo, TEmIOBa €HEPris € y OyIb-SIKOrO IMpEeaMeTra, M0 Mae
TEMIIEpaTypy BHIY 3a MIiHYC JABICTI cimjecsaT Tpu rpamycu lLlenbcis,
TOOTO TEIIOBUI HACOC MOXKE BiZiOpaTH TEILIO y OY/Ib-SKOro mpeaMera
— 3eMJIi, BOIOWMH, ILOIY, IMiA3EMHOI CKaJK, BOIH TOIIO.

JkeperaMu HH3bKOIMOTEHIIIMHOTO TEIIa MOXKYTh OYTH 30BHIIIHE
MOBITPst TeMIiepaTypoto Bix minyc 15°C no +15°C, noBitps, sike BiBO-
nuthes 3 npumimenns (15°C — 25°C), miarpyurosi (4°C — 10°C) i rpyH-
toBi (O0inbiie 10°C) Bomu, 03epHa 1 piukoBa Boga (0°C — 10°C), nosep-
xueBuit (0°C — 10°C) i rmubunnuit (0iaeine 20 M) rpyut (10°C).

SIkimo B AKOCTI mKepena Termna odopaHo atMochepHe abo BEHTHIIA-
LifHE MOBITPs, 3aCTOCOBYIOTHCS TEILJIOBI HACOCH, SKI IPAIIOIOTH 3a
CXEMOI0 «IOBITpsi-Boa». Hacoc Moxke OyTH po3TalioBaHWi BCEpEAMHI
a00 30BHI npuMmimieHHs. [IOBITps MONAETHCS B MOTO TEIIIOOOMIHHUK 3a
JIOIIOMOT'OI0 BEHTHIIATOPA.

[Ipu BUKOpHCTAaHHI B SKOCTI JpKepena Teria I'PYHTOBOI BOAM BOHA
ITOJA€ThCA 31 CBEPAJIOBUHM 3a JOIIOMOIOI0 HAacoca B TEMIOOOMIHHHK,
SIKMI TIPAIIOE 33 CXEMOK «BOJIa—BOJI@», a IMOTIM 3aKa4ye€ThCs B IHIITY
CBEPJIOBHHY a00 CKUIAETLC Y Bogoiimuine, puc. 4.20.

[Ipu BHKOpHCTaHHI TOPU3OHTAIBHOIO KOJEKTOpPa TEIJIOBOrO Hacoca
3HIMaHHs TeIIa 3 KOXKHOI'0 MeTpa TPyOH KOJIEKTOpa 3aieKHMTh Bif Oara-
THOX TapaMeTPiB: TTUOWHU YKJIaJKH, HASIBHOCTI IPYHTOBHX BOJI, SIKOCT1
IPYHTY 1 TaKe iHIIE.

[ epMENTIALYA Mi%
odcagor TpyGom 1
- TEEPIOW MOPOJOK

OEcamea Tpvaa mae

GV 3armnesa

MUHIMYM Hi T neeTpn
b\ TREPEY FIOpOTY

Tennoak e
SIACTIHG BOfgHo
CREPATOBIHIT

Cnndisa
CREPTCBIHIT

a0 200 sempin

¥ (arpimait S0-100)

Puc. 4.20. Po3mitieHHs KOJIEKTOpa
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OpieHTOBHO MOYXHA BBaXKaTH, IO JUII TOPU3OHTAILHUX KOJIEKTOPIB
3HAUEHHS TEIJIOTH B CepeaHbOMY cTaHOBUTH 20 BT/M (cyxuii micok —
10 Bt/m, cyxa rimna — 20 Bt/M, Bosora riauna — 25 B1/M, ravHa 3 Beu-
KMM BMiCTOM Boau — 35 Bt/M). Pi3HuIIO TemIepaTypH TEILIOHOCIS
MPSIMOI 1 3BOPOTHOI METJII MPU po3paxyHKax mpuiiMaroTh 3a3suuaii 3°C.
Ha ninsiHIN Haj KOJIESKTOPOM HE CIIiJ 3BOJUTH OYJ0B, 1100 TEII0 3eMIIi
ITOIIOBHIOBAJIOCS 3a PaXyHOK COHSAYHOI pasialrii.

MiHimMaJibHa BiICTaHb MK MPOKJIAJACHUMHU TPyOamMu NMOBHHHA OyTH
0,7 ... 0,8 m. Jlopxuna oxmiei TpaHiuei ckiagae 3a3Buyail Big 30 1o
120 m (puc. 3.44). B SKOCTI TEMIOHOCIS MTEPBUHHOIO KOHTYPY PEKOMeE-
HIYETHCSI BAKOPUCTOBYBATH 25—B1JICOTKOBUI PO3YUH TIIKOJNISA. Y po3pa-
XYHKax CJIiJI BpaxyBaTH, 110 HOr0 MUTOMA TEIUIOEMHICTh MPH TeMIIepa-
typi 0° C ckragae 3,7 xIx/(xr -K), minbaicts — 1,05 r/em’. [Ipu BuKO-
pUCTaHHI aHTU(PU3Y BTPATH TUCKY B TpyOax B 1,5 pasu OuibImi, HIK y
pa3i nupkyJsii Bogu. s po3paxyHKy HapaMeTpiB MEPBUHHOIO KOH-
TYpPY TEIIOHACOCHO! YCTAHOBKM BHTPATH aHTH(PHU3Y M’/roj| BH3HAYa-
FOThCS 13 CIIBBIJJHOIICHHS:

v-—% s
' 1,05-3,7 1

B

JIe t — PI3HUL TEMIIEPATYP MIK MPSIMOIO Ta 3BOPOTHOIO JIIHIIMH, SKY
4acTo MPUKUMAaIOTh piBHOIO 3 K; O, — TenmoBa MOTYKHICTh, 1110 OTPUMY-
€TBCS B HU3BKOIOTEHIIHOrO Kepena (IPyHTY), SKa po3paxoBY€EThCs
SIK PI3HUIIS TIOBHOI MOTYXHOCTI TEIJIOBOro Hacoca O, Ta eeKTPUIHOT
MOTYXXHOCTI, [0 BUTPAYa€THCsI HA HATPiBaHHS TEIUIOHOCIA P:

Q=0 —P.

CymapHa goBXHHA TpyO KosekTopa L 1 3arajpHa IUIONIA JUISHKH i
HBOTO S, PO3PaxOBYIOTHCS 32 (POPMYyJIaAMHU

ne g — nmutome (3 1 M TpyOum) Tero3HiManHs, BT/M; A4 — BincTanb Mik
TpyOamu (KpOK YKJIaJaHHs).

OCHOBHHMM ITOKa3HUKOM e()eKTUBHOCTI pOOOTH TEILUIOBOIrO Hacoca
Oy[b-IKOr0 THIIy € BEJIMYHHA, SIKA HA3HBACTHCSA KOE(MIIIEHTOM IEPETBO-
peHHs k,, IKWii, IO CyTi, € Koe(illieHTOM KOPHCHOI J1ii TEMIOBOTO Hacoca.
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Benununna k, MOpIBHIOE BiJHOIIEHHIO TEIJIOBOI €HEPTil, sika BUPOOIIS-
€ThCSI HACOCOM B OJIMHUIIIO Yacy JIO MOTYKHOCTI, SIKY CITO)KUBA€E KOMII-
pecop Hacoca 3a 1eH ke Jac:

— an — QJ:[)K + QBI/IT QJ:[)K

= +1

K =
QBI/IT QBI/IT QBI/IT

e Qg — €Hepris, 10 BIAIA€THCA TEINIOBUM HACOCOM CIIOKUBAYEB] TEI-
JIOTU BUCOKOrO DPIBHS, Oy — €HEPrid, IO BUTPAYacThbcsa Ha DPOOOTY
KOMITpEcopa TEMIOBOro Hacoca; (Jy, — €HEepris, Mo OTPUMYETHCS Tell-
JIOBUM HAaCOCOM BiJI JpKepesa TeIIOTH HU3bKOTO PiBHS.

B

BingHomenHs HAa3MBAETHCS BIJHOIICHHSIM SHEPIeTUYHOI edek-
BUT

TUBHOCTI, SIKy MOXHa MPEJCTaBUTH B ()OPMi BiTHOIIICHHS TEMIIEpaTyp:

QZDK — T;G/m

B

QBI/IT TKOHE[ - 7—;(1/11'1

ne Tim — TEMIIEpaTypa KUIIHHS XOJIOM0areHTa; Tyom, — TEMIIepaTypa
KOHJIeHcaIlil X0JI00areHTa.
TakuM unHOM, KOEiLliEHT TEPETBOPEHHS MOXKHA 3aIIMCATH Y BUTIISI:

- — T 7’;(1/11'[ + 1 s
KOHJT KHUI

IHpuxnao pospaxynky mennosoco Hacoca. BuximHi yMOBU: TEILIOC-
NOKMBAHHS KOTe[Ky ruromiero 120 ... 240 M (3aI@XKHO Bix Temnoizo-
qsii) — 12 kBT; TemmepaTypa BOJIM B CHCTEMI OIAaJiCHHS TTOBUHHA OyTH
35°C; minimansHa Temiepatypa Temionocis — 0°C. s o6irpiBy Oyau-
HKY OOpaHull TEIUIOBMH Hacoc MOTYxHicTio 14,5 kBt (HaitOmmxumii
TUIIOPO3MIp), IKUI BUTpadae Ha HarpiB ¢peony 3,22 kBr. [Tutome Ten-
JIO3HIMAHHSI 3 TIOBEPXHEBOr0 IMIapy IPYHTY (CyXa TJIMHA) ¢ JOPIBHIOE
20 Bt/m.

Ilepm 3a Bce HEOOXIAHO BU3HAYMUTH, SKOK Oyje 3arajibHa CcxeMa
MPUCTPOIO OMAJICHHS 3 TEIJIOBUM HacocoM. OjHa 3 MOXIJIMBHX CXEM
BHOOpPY BIAMOBIAHOT KOH(DIrypaiii mokasana Ha puc. 4.21.

BiamoBigHo 10 IpHBeAeHUX BUIE POPMYIT PO3PaXyHKY:

— HEOoOXiJHa TEIUIOBa TOTYXKHICTh Koiiekropa O, = 14,5 — 3,22 =
= 11,28 kBT;

263



— CcyMapHa JIOBXHMHa TpyO TOPHM30HTAJBHOTO  KOJEKTOpa
0, 11,28
qg 0,02
3HAA0OMTHCS 6 KOHTYPIB JOBKHHOIO 110 100 M;
— HeoOXifHa IUIola AUISHKKA NpH Kpoii ykmamanus 0,75 - S =
=600 - 0,75 = 450 m*;
— 3araJibHa BUTpaTa PO3UUHY TIIIKOJISI OOYMCITIOETHCS SIK

v, 2 3600= 3,51 m*/rox.,
1,05-3,7-3

TO6TO, BUTPATA HA OMMH KOHTYp jopiBHIOE 3,51 / 6 = 0,585 M’/rox.

=564 M, TOOTO, ;s OpraHizaiii Takoro KOJEKTopa

i o
=) . 10)
9 i ~ 7
i '
) r
Boaa 3 Bogonposoay : | Fom
1 1|®
T @
® @
1. Konogasi . TennoBwWiA Hacoc
2. Bopoiima 7. boiinep
1. TpyHTORBWI KONeKTop #. CucTema rapayoro BogonocTayaHHa
4. TleoTepmancHa ceepANoBUHA 9. Pagiatop
5. 30BHilWHil 6nok nogiTpaHoro TH 10. CucTema NigNorosoro onaneHHs

Puc. 4.21. 3aranpHa cxeMa omajaeHHs 3 TEIUIOBUM HACOCOM
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JLJ1st MpHUCTPOIO KOJIeKTOpa BUOMpPaEMO TPyOy 3 MOJIeTUICHY BUCOKOL
mieHOCTi (HDPE) THnOpo3mipy 32 MM. BrpaTu TucKy B Hill CKJIaIyTh
45 Tla/m; omip 0AHOTO KOHTYPY — puOau3HO 7 Klla; NIBUIKICT MOTOKY
TerioHocia — 0,3 m/c.

SIKIO0 BUKOPHCTOBYBATU BEPTHUKAIBHHUN KOJEKTOP (30HI), TO HEOO-
XIZIHO TTPOOYPUTH BEPTHUKAIbHI CBEPAJIOBUHU IIHOMHOIO Big 20 M 10
100 M, B siKi 3aHypIOOThCcs U-MOAIOHI METalomIacTHKOBI ab0 IIacTh-
KOBI (mpu Aiamerpax Outbimx 32 MMm) TpyOu. Sk mpaBuiio, B OJIHY CBe-
PIUIOBHMHY BCTABIISIETHCS [BI METJI, MIC/IS YOr0 BOHA 3aJIMBAETHCS IIEMe-
HTHUM PO3YMHOM. B cepeHhOMYy MUTOME TEIJIO3HIMaHHS TaKOTO 30H1a
cxiagae 50 Br/m. MoxxHa opieHTyBaTHCSl Ha HACTYIHI JaHi MO Terio3-
HIMaHHIO;

— cyxi ocazmoBi mopoau — 20 B1/m;

— KaM’SIHHUCTHH TPYHT 1 HaCH4YeH1 BOIOI0 ocazoBi mopoau — 50 Bt/m;

— KaM’siH1 MOPOJIN 3 BUCOKOIO TeIUIoNnpoBinHicTio — 70 Br/M;

— nijzeMHi Boau — 80 Br/m.

Temmeparypa IpyHTy Ha TJIMOMHI mOoHaA 15M mocTifiHa 1 cKiIagae
npubau3Ho +10°C. Bijcranb Mixk CBEpJIOBUHAMY TIOBUHHA OyTH OLJTb-
e SM.

3a HasgBHOCTI MiJI3EMHHUX TeYil, CBEPUIOBHHU MOBHHHI PO3TAILOBY-
BaTHUCS Ha JIHIT, IEPICHANKYIISIPHINA TOTOKY.

[TinOip miameTpiB TPyO MPOBOMUTHCS BUXOASYU i3 BTPAT TUCKY JJIs
HEeoOXiIHOT BUTpAaTH TeIIoHOCis. Po3paxyHOK BUTpaTH PiAMHU MOXKeE
npoBoauTHCs Juis ¢ = 5°C.

Hanpuknan, mist mutoMoro terio3HiManuas 3ou4a 50 Bt/M 1 HeoO-
xigHoi motyxHocTi 11,28 kBT moexkuna 30842 L nopisHioe 225 m. Toxi
JUIS. TIPUCTPOIO KOJEKTOpa HEOOXIJHO MPOOYPUTH TPU CBEPAJIOBHHU
MIHOMHOIO 110 75 M. Y KOXKHIHM 3 HUX pO3MIIIYEThCS IO JBI METII 3 Me-
TaJOMIACTUKOBOI TPYOH THIIOPO3Mipy 26%3 (BCHOrO — 6 KOHTYpIB MO
150 m).

3arajgpHa BHTpATa TeILIoHOCis mpu ¢ = 5°C ckmagatume 2,1 M/rox;
BUTpaTa Ha OMH KOHTYp — 0,35 M’/rox. KOHTYpH MaTHMyTh HACTYIHi
TipaBIIiYHI XapaKTePUCTHKHU: BTPATH TUCKY B TPyO1 — 96 Ila/m (Teruto-
HOCIl — 25-BiICOTKOBUH PO3YMH TIiKONIsA); omip KoHTypy — 14,4 klla;
MIBUIKICTH TOTOKY — 0,3 Mm/c.

OOB’s13Ky OOJIaHAHHS TEIUIOBOI'O HACOCa MPOBOISATH METAIICBUMHU
TpyOamu, a ONajoBajIbHy PO3BOJKY IO JOMY MPOBOJASATH IJIACTUKOBUMU
Tpybamu, puc. 4.22.
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Puc. 4. 22. O0B’sa13ka 0o0aIHaHHA TEIUIOBOIO HACOCA

Buyrpimmui OMOKH [ TEIUIOBOIO HAcoca Ta TelioOKOIeKTopa
BCTaHOBIIOIOTH B OKpPeMill KOTENbHI abo B OKpeMOMY NpHUMIleHHI
OyauHky, puc. 4.23 a, 0.

JUIs1 MOHTaXXy reoTepMaIbHOT CUCTEMH HEOOXIIHO 3aiATH JeKLIbKa
PI3HOIUIAHOBHX CHEHIANICTIB: TEMIOTEXHIKIB, OypOBHX MalCTpiB, caH-
TEXHUKIB, €JIEKTPHUKIB Td MOHTa)KHHUKIB.

VY 3arajibHOMY BUIAJKy IPU BU3HAYCHHI MapaMEeTPiB TEIJIOBOTO Ha-
coca Tpeba BpaxoByBaTH HACTYITHI (paKTOpH:

e MOHOBajeHTHa a0o OiBajieHTHa (3 BHKOPHUCTAHHSM 3aIllaCHOIO
OIaIOBAJILHOrO IMMPUCTPOIO) POOOTA TEIIOBOIO HACOCa;

e DPEXUM BHKOPHUCTAHHS TEILUIOBOIO Hacoca (BHCOKO- a00 HU3LKO-
TeMIIEpaTypHUi, TOOTO s 3BHYAWHMX CHUCTEM abO0 IS HAMIILHOIO
BUKOHAHHS;

e HeOOXIOHICTh 3aCTOCYBAHHS TEILIOBOIO HACOCA HE TIILKU B SIKOC-
Ti ONAIOBAJILHOTO MPUJIALY, ajl€ i Il OXOJIOPKECHHS B JIITHIHN Mepio/;

® HAsBHICTh Tapu(hHOI PI3HMII IO OIUIATI CICKTPOCHEPTIl B 3aJICK-
HOCTI BiJ] MICI[ BCTAHOBJICHHSI;

e MaKCHUMAaJIbHO HEOOX1JHE €JIeKTPUYHE HaBAaHTAXKEHHS.

BpaxoByrouu Bci 1aHi, CIEAIICT 1HXEHEPHOI KOMIIaHII MOXXE BU-
3HAYUTH ONTHUMAJIBHY MOTYXKHICTE 00JIagHaHHsa. Baxkiuso, mo0 1e 3Ha-
YeHHs TapaHTyBajo 3a0e3leueHHs] B JOMI TEMIIEPATYPH, SKa IEPEBHU-
Iye HOPMATHUBHY, TOOTO Ui cTaOUTLHOI poOOTH cucTeMi Tpeba 3a0e3-
MEYUTH 3a1ac MOTYKHOCTI.
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Puc. 4.23. OntumanbHe po3MillleHHs! 001aJHaHHS TETUIOBOT'O HAcOca
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4.4. EpeKTHBHICTb TeNJIOBUX HACOCIB

PU BCTaHOBJICHHI TEIJIOBUX HACOCIB Tpeda 4iTKO BU3HAUUTH,

[0 BOHH MOXXYTh 3a0€3IIEUUTH MPU NOJAIBIIOMY 1X BUKOpPHUC-
taHHi. Kpim Toro, Tpeba migpaxyBaTi OKYIHICTh TAKOI'O BCTAHOBJICHHSI.
ExonoMmist eHeproBuTpaT € i BOHA JOCHUTh CYTTEBA, ajie 3a PaxXyHOK I10-
YaTKOBMX BUTPAT BOHA HE CTUIBKU BEJIMKA, SIK YSIBJISETHCS HA TEPIIHA
norsi. HaBeneMo KijIbKa MpUKIAIiB.

Tak, U151 1006pe YTEIIEHOro J0My KIJIOK ruiomieio 150 M, 3 moc-
TIHHUM TIPOXKMBAHHSM YOTHUPHOX 0Ci0 (i, BIAMOBITHO, TOTPEOOIO B raps-
yiit Boai 80 11 / 0co0y B JeHb) HEOOXIJHO BCTAHOBHMTH TEILUIOBHH HACOC
notyxHictio O0is 10 kBr. Jlo peui, Tpeba po3yMiTH, 1110 MOTaHO YTEIl-
JIEHU# JiM 3 TUTOMHMH TeIUIoBTpaTamMu Ouibine 60 Bt / M, HErepMeTH-
YHUMH BIKHaMH i JBEpUMa 3BeJIe MaiKe HaHIBEIb MIEPEBaru BiJl BUKO-
pHUCTaHHs MOHOBIIOBAIBHOI €HEeprii.

ButpaTy Ha BCTAaHOBJICHHS TEIJIOBOT'O HACOCA B 3aJISKHOCTI Bij| HOTO
THUITY 1 MICIIEBUX YMOB cKjianaroTh Ou1s 600 — 1500 y. 0. B po3paxyHKy
Ha | kBT Teruia, sike BUPOOISETHCS TEILIOBUM HACOCOM.

OpHak ISl ONajeHHS Ta30BMM a00 €JIEKTPUYHUM KOTIIOM IOTpedye
2 — 3 y.o. Ha 106y Ha KoxHi 100 M” TLIONI JOMY, a TErIOBHil HACOC
«3’igae» ue Oimpmie 0,5 — 1 y.o0. BigmoBigHo, 3a BeCh ONMaIIOBAILHMIMA
niepio s oMy miottero 150 m” exoHoMist Moxke ckiacTi 400—600 y. o.
EdexTuBHICTh BUKOPHCTAHHS TEIUIOBOIO HACOCA CIIOCTEPIraeThCs B JIO-
Max Oyab-sKOI IJIOILI, aJIe UMM OiNIbINA III0IIA, TIM PI3HHILI OLIBII Oue-
BuiHA. [[OBHA OKYIHICTH BKIIAIB Y KYIIIBJIO 1 MOHTa)XX CUCTEMI HACTaHE
npuban3Ho uepe3 7—10 pokis. Lle He Tak i1 Maso, aje 0 KiHIM aHaJori-
YHOTO Mepiofy 06araTo iHIIOro 0o0NaJHAHHS MOXE (PI3UYHO BUUTH 3 Jia-
1y, B TOH K€ 4ac sIK TEIIOBUI HAacoC OyJe MpalroBaTH 1 Jaalii.

Bei 111 po3paxyHKHM MarOTh MEPIIOYEPrOBE 3HAYCHHS Y BUMAJKY
BCTAHOBJICHHS OOJIaJHAHHS B JOMI JIjIs1 3aMiHKM ab0 JOMOBHEHHS K Tpa-
JULIAHAM CHCTEMAaM OMAJICHHS 1 rapsdoro BOAOIMOCTavYaHHs. AJle y BH-
MajKy HOBOI OY/I0BU MOPIBHSHHIO HAJIGKATh CYyMapHi BUTPATH HA BUKO-
PUCTaHHS PI3HUX BHUIIB eHeprii. | TyT y BUTOAI Bij TEIJIOBOrO Hacoca
HeMae Hiskoro cyMmHiBy. CripaBa JIMIIe y TOMY, 1110 OIjiaTa 3a I[f0 TeXHi-
Ky pOOMTHCS MPAKTHYHO 3pa3y, a BUTPATH Ha OONaJHAHHSA B JOMI, Ha-
MPUKIIAJ], Ta30BOT0 OMAJICHHS 3BUYANHO PO3TATYEThCS y Yyaci. Ajie 3ara-
JIbHI BUTPATH HA PO3POOKY MPOEKTY, 3aTBEP/KCHHS Ta Y3TOJKCHHS I10-
ro y pi3HHX yCTaHOBaX, MPOKJIAAKY MaricTpali, KymiBIII0 00JaJHaHHS
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(a TakoX JOAATKOBI HEOMIIifiHI BUTPATH) CKIAIyTh CYMY, fKa Taka K
cama abo Oiibla, HXK BUTPATH Ha BCTAHOBJICHHS ajbTEPHATHBHOI TEX-
HIKH.

TakuM 4MHOM, HaBITh IOYATKOB1 BKIAJEHHSA B 00JIaJHAHHS TEIIOBO-
ro Hacoca Mpu HOBOMY OYJIIBHHIITBI MOXXYTh BUSIBUTUCS OUIBII BUTiJI-
HUMH, HDK MIKIIOYEHHS TPaaUIiHUX BUJIB OMAJIEHHS 1 BOJOIOCTA-
yauHs. [Ipu boMy rpaMOTHE BKJIaZCHHS KOIIT, Ki € Ha JaHHH MOMEHT,
JIO3BOJINTH Ha MPOT31 AEKUIBKOX AECATUIIITh BUTPAUYATH MEHIIE 1 KUTH
B rapaHTOBaHO KOM(OPTHHUX YMOBAaxX, MPAKTHYHO HE 3ajI€Kayd BiJ MO-
JKJIMBUX €KOHOMIYHUX HErapasyl B JiepKagi.

~4

\A

IInTannsa no riaasm 4

1. [NosicHiTh PUHIMIT POOOTH TEMIIOBOTO HACOCA.

2. SIki OCHOBHI THIH TETUIOBHX HACOCiB?

3. [NosicHiITH TPUHIMT JIii TEMJIOBOTO HACOCA TIOBITPSHOTO THITY.
4. TTosICHITH IPUHIIUII JIii TEIJIOBOT'O HACOCA BOJHOIO THUITY.

5. [NosicHiT eTany po3paxyHKY TEMIOBOTO HACOCA.
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JIOJATOK

JOBIAKOBI TABJIUIII
Tabruys 1
I'ycTuHa TBepaux pevoBUH

PeyoBuna P, Kr3

M
ATIOMiHIH 2,71
3amizo 7,8
3onoTo 12,3
JlaTynp 8,6
Mine 8,9
Inekcurnac 1,2
Crexino 2,5
Hunk 7,1

T'ycruna pigun (npu 20° C)
Bona 7,02
I'nminepun 1,26
Pryth 13,5
Cnupt 0,83
I'ycTuHa razonoaioHuX pevoBUH
(upu 0° C, 101,3 kITa (760 mm pr.cT))

PeuoBuna , K—l;
A3zor 1,25
Bonens 0,09
[oBiTps 1,29
Temiit 0,179
Kucenn 1,47
Okuc ByrJeLo 1,25
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Tabnuys 2

KoediuienT 06’¢eMHOro po3mmpeHHs ra3is
(8 inTepBadi 0....100°C npu tucky 101,3 klla)

Pedouna B, 107 %
A3zor 3,672
Bonens 3,664
[oBiTps 3,665
Temiit 3,66
Kucenn 3,672
Oxkuc Byrierto 3,667
Tabnuys 3
I'azoBa crana
PeuoBuna R, il
kr-K
Azot 297
Bonens 4125
[oBiTps 287
Temii 2078
Kucens 260
Okuc ByrJeLo 297
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Muroma TemroemuicTs ¢ (npu 20° C)

kJIx
PeuoBuna G K
AromiHi# 0,896
3amizo 0,465
3010T10 0,130
JlaTynp 0,385
Mins 0,385
Crexino 0,779
uuk 0,389
Bona 4,19
I'ninepun 2,39
Pryts 0,138
Crupr 2,39
Tabnuysn 5
IInToma TenoeMHicTh rasis ¢
KD KD
Peuosuna K K
Asor 1,038 0,745
Bonens 14,27 10,13
[osiTps 1,009 0,720
Temii 5,238 3,161
Kucenn 0,917 0,653
Okuc ByrJeLo 1,047 0,754
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Tabruys 6

TENJIONPOBIJHICTH
[poBinHuku Tenna
N Bt
PedoBuna ——
Cpibio 407
Mian 384
3o50TO 308
ATIOMiHIH 209
JlaTynp 101
Crainb 47
Ilorani npoBiAHUKY TerIa
ITicox 2,0
Kgapiiose crexio 1,36
beron 0,7-1,2
Crexio 0,7
Ilerna 0,7
Bona 0,58
Tennoizonsitopn
Asbect 0,4-0,8
JHepeBo 0,1-0,2
CkioBaTa 0,05
ITinomnacr 0,04
[oBiTps 0,034
Bakyym 0,0
Tabruys 7
KoedgiuienT TemnoBigiaui

PeuoBuna a, ]23—T

M -K
CrokiifHa BoAa — MeTalliyHa CTiHKa 350....580
Texyua Boja — MeTalliyHa CTiHKa 350 + 2100 \/;
Kum’satox — MeTasiuHa CTiHKa 3500....5200
[ToBiTpst — raaKa MOBEPXHS 5,6 +4vy

. M
vV — IIBUAKICTh, —
C
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