HAIIOHAJIbHUH TEXHIYHUHA YHIBEPCUTET YKPAIHI
«KUIBCBbKHUU NMOJITEXHIYHUMN IHCTUTYT
imMeni I'OPS CIKOPCBKOI'O»

OAKYJBbTET EJIEKTPOEHEPTOTEXHIKN TA ABTOMATHUKU
KA®EJPA EJIEKTPOMEXAHIKH

«Ha npaBax pykonucy» J10 3aXHCTy IOIMYLICHO:
YK 621.313 B.o. 3aBigyBaua xadeapu
Bagum HYMAK
« _» 20 p.

Maricrepcbka qucepraiis
HA 3100yTTH CTyNeHs MaricTpa
3a OCBITHbO-HAYKOBOIO NPOrpamMor0 «EjieKTpuyHi MaliuHM i anapaTmw»
3i cneniaabHocTi 141
«EJIeKTpoeHepreTuka, eJIeKTPpOTeXHIKA Ta eJIeKTPOMeXaHiKa

Ha TeMy: «IIopiBHAHHS eKCILTyaTAIHHUX MOKA3HUKIB IBOX BAPIAHTIB BUKOHAHHS
0o0MoTKH TsiroBoro Asuryna TH-81»
Bukonas:
ctynent VI kypey, rpynu EM-11mn
Pubanko Auapiii AHIpiHoBUY

HaykoBuii KepiBHUK:
JTOIICHT, K.T.H., JIOII.
[MIumanceka AuHa AHaTOIIIBHA

Peuensenr:
JIOIICHT, K.T.H., JOII.
Kpacnomanka Haramis JImutpiBHa

3acBiquyto, U0 y 11l MaricTepchbkiil guceprarii
HEMae 3aro3uyeHb 3 Mpallpb IHIIUX aBTOpIB 0€3 Bi-
NIOBITHUX ITIOCHUJIAHb.

Crynent (-xa)

KuiB — 2022 poky



HanionanbHuUii TeXHiYHUA YHIBEpCUTET Y KpaiHu

«KuiBcbkuii mostitexHiyHuu iHCTUTYT iMeHi Iropst CikopcbKoro»

®AKYJBTET EJIEKTPOEHEPTOTEXHIKN TA ABTOMATHUKHU
KA®EJPA EJIEKTPOMEXAHIKH

PiBeHb BHIIIOT OCBITH — OpyTHii (MaricTepchbKuii)

CrnemanpsHicTh — 141 «EgekTpoeHepreTHka, eIEKTPOTEXHIKA T €IIEKTPOMEXAHIKAY

OcBiTHBO-HayKOBa nporpama «EJeKTpuyHi MaIlIuHY 1 anapaTmy

3ATBEPJIXVYIO
B.o. 3aBimyBaua kadeapu
Bagum HYYMAK
« _» 20 p.
3AB/IAHHSA

HA MariCTepCcbKy AHCEPTALII0 CTYACHTY

Pubanko Aunpiro AHApIHOBUYY

1. Tema nucepraiii «[lopiBHSHHS €KCILTyaTallIMHUX MOKAa3HUKIB JIBOX BapiaHTIB BHUKO-
HaHH 0OMOTKH TsroBoro jaBuryHa TH-81y», HaykoBuii kepiBHUK aucepraiii [IlnmaHcbka
AHHa AmnaTomiBHA, K.T.H, JOIIEHT, 3aTBep/pkeHl HakazoM 10 yHIBEpCHUTETY BIJ
01.11.2022 p. Ne 4028-c

2. TepMin nmojanHs cTyaeHToM aucepraiii 10.12.2022

3. O0’exr nocmmkenusa Tsrosuid enexkrpoasurya TH-81

4. Tlpenmet pocmimkeHass O6MoTKka TsroBoro jpuryna TH-81

5. Ilepenik 3aBaHb, siKi MOTPIOHO po3poOUTH 1) 3MIWCHUTH aHalli3 3araJIbHOI KOHCTPYKIIIT
nsuryda TH-81, koHCTpYKIII cTaTOpa, POTOPA Ta KOJEKTOPY: 2) pO3paxyBaTH MOTYKHICTE
MAaIllMHU, J1aMETP Ta JOBXKHUHY SKOPs, PO3MIPHU ma3a Ta OOMOTKY SKops; 3) po3paxyBaTH
PO3MIPH IIIITOK Ta KOJEKTOPY; 4) po3paxyBaTH AOJATKOBI BTPATH B SIKOP1; 5) 3MIMCHUTH
pO3paxyHOK KOMYTAaIlli Ta JOJATKOBHUX IIOJIOCIB, 6) po3paxyBaTu OOMOTKY 30V/IKEHHS:
7) 3HIACHUTH TEIUIOBHH PO3pPaXVHOK; 8) MOPIBHATH JBa BaplaHTH BHKOHAHHS OOMOTKH
aKops; 9) 3poOUTH BUCHOBKHU IO POOOTI.

6. OpieHTOBHUI Mepetik rpadidHoro (LIFOCTPATUBHOTO) MaTepiay: 3arajibHa KOHCTPYK-
is asuryna TH-81, KOHCTpYKIIS cTaTopa, pOTopa Ta KOJEKTOPY: PO3PAXYHOK HOTYKHOC-
T1 MAIIMHU, J1aMETPY Ta JOBXKHUHU IKOPsI, PO3MIPH I1a3a Ta 0OMOTKA SIKOPSL; KOJEKTOPHO-
IITKOBUH BY30J1; JOAATKOBI HOJIIOCH; OOMOTKA 30V IKEHHSL.

7. OpienroBauii mepenik myomikariii: 1. Comparison of two options for conducting the
windings of the traction DC motor for sequential excitation; 2. Evaluation of commutation
and calculation of additional poles of the traction direct current motor




Kanennapuuii niax

Ne HazBa eramniB BUKOHaHHSA TepmiH BUKOHAHHSI €TaITiB .
3/ MaricTepchKoi aucepraiii MaricTepchKoi aucepTaiii HpumiTica
3MIACHUTH aHaNi3 3arajibHOi KOHCTPY- BUKOHAHO
1 | kmii geuryna TH-81, konctpykiii cra- | 20.09.21 — 27.11.21
TOpa, pOTOpa Ta KOJIEKTOPY
Po3paxyBaTii TMOTYXHICTh MAaIIIMHH, BUKOHAHO
2 | miameTp Ta JOBXHUHY sikops, po3mipu | 28.11.21 — 15.03.22
nasa Ta 0OMOTKY sSIKOps
3 f(());gaXYBaTI/I PO3MIpH IIITOK Ta KOJEK- 16.03.22 — 05.05.22 BUKOHAHO
4 | Po3paxyBaru nojaatkoBi BTpatu B sikopi | 06.05.22 — 26.06.22 BUKOHAHO
5 3MiACHUTH PO3paxyHOK KOMyTallii Ta 27.06.22 — 12.09.22 BUKOHAHO
J0JJaTKOBHUX MOJIIOCIB
6 | Po3paxyBaTu 0OMOTKY 30y IXKEHHS 13.09.22 — 30.09.22 BUKOHAHO
7/ | 3a1iCHUATH TEMJIOBHUI pO3paXyHOK 01.10.22 — 15.10.22 BUKOHAHO
[TopiBHATH ABa BapiaHTH BUKOHAHHS BUKOHAHO
OOMOTKH SIKOpS: 3 YKJIQJKO 0OMOTKO-
8 | Boro mpoty Ha peOpo y BepxHiit 1 Huxk- | 16.10.22 — 07.11.22
Hii yacTuH1 ma3y ( Bapiant | ) Ta mioc-
KO0 CTOpOoHOIO (BapiaHT 1)
9 | 3pobuTty BUCHOBKHU IO POOOTI 08.11.22 — 29.11.22 BUKOHAHO
CryneHr Annpiit PUBAJIKO
HaykoBuii kepiBHUK Anna HIMMAHCBKA




PE®EPAT

MarictepchKka AucepTallis CKJIAIA€ThCs 13 BCTYIy, YOTHPHOX PO3ALTIB, BUCHOB-
KiB, CIIUCKY BUKOPUCTAHUX JIITEpATypHUX JiKepeln (Bchoro 14 HaiimeHyBaHHS). 3araiib-
HUM 00’eM aucepraiii ctaHoBUTH 80 CT., 3 HUX OCHOBHOTO TeKcy 58 cT., 9 pucyHkiB Ta
14 Tabnuiii, mepetik mocuiaanb Ha 1 CTOPIHIIL.

AKTYyaJIbHICTh TeMH J0CJi:KeHHs be3nepepBHO 3pocTaioua IHTEHCUBHICTh PY-
Xy Ha MICBKUX MaricTpajisiX BiJ3HAYA€TbCA BUCOKMMH YIOBUIBHEHHSAMH TPH TalIbMY-
BaHHI 1 IPUCKOPEHHSIMU TIPH MyCKY aBTOTPAHCIIOPTHUX 3aco0iB. B 1iux ymoBax 3pocrae
BHUMOTa J0 TEXHIYHOTO CTaHy PYXOMOTO CKJaJy, MEepIll 3a BCE 0 CHUCTEM, IO BILJIUBA-
I0Th Ha O€3MeKy pyXy 1 eleKTpoOe3neyHiCTh. BaxnBy pojb y BUPIIIEHHI Ha3BaHUX
po6JieM Ipa€e KOHCTPYKIIIS pyXOMOTo CKJIajy, ii OJaiIbIIOr0 BAOCKOHAIECHHS.

Mera i 3aBaaHHsi qocJizKeHHs1. MeToro poOOTH € MOPIBHSAHHS €KCILTyaTalii-
HUX TTOKa3HUKIB JIBOX BaplaHTIB BUKOHAHHS OOMOTKH TsATOBOTO ABUryHa TH-81.

JIJ1st TOCSITHEHHSI METU POOOTH CJIiI BUKOHATH 3aBIaHHS: 3IMCHUTH aHaJli3 3ara-
JbHO1 KOHCTpYKIii aeuryHa TH-81, KoHCTpyKLii cTaropa, poTopa Ta KOJEKTOPY; po3-
paxyBaTH MOTYXHICTh MAIlIMHHU, J1aMETp Ta JOBXHUHY SIKOPSI, pO3MIpH Ta3a Ta 0OMOTKY
SAKOpS; pO3paxyBaTH PO3MIpU LIITOK Ta KOJEKTOPY; po3paxyBaTu JOJATKOBI BTPaTH B
SAKOpI1; 3AIUCHUTH PO3PAXyHOK KOMYTAIlli Ta T0JaTKOBUX TOJIIOCIB; pO3paxyBaTH 0OMO-
TKY 30y/DKeHHS; 3/IIHCHUTH TETIJIOBUI pO3paxyHOK; TIOPIBHSTH JiBa BapiaHTH BUKOHAHHS
OOMOTKH SIKOPS: 3 YKJIAIKOIO 0OMOTKOBOTO APOTY Ha peOpo y BEpXHIN 1 HUKHIN YacTH-
H1 a3y (BapiaHT [) Ta mockoro croponoro (BapiaT Il); 3poObuTH BUCHOBKH 1O POOOTI.

O0’e€xkTOM T0CTIAKEHHS € TSITOBUI €JIEKTPOABUTYH MOCTIMHOIO CTPYyMY 3 MOCIHI-
JIOBHUM 30YyI>KEHHSIM.

IIpeamer aocCaiIKeHHsI CTAHOBJSTD YHCIIO TOJIOCIB Ta TUIT OOMOTKH, J1aMeTp
Ta JIOBKMHA SIKOPS, IIITKK Ta KOJEKTOP, JOJIaTKOBI BTpAaTh B OOMOTIII SIKOPS, po3paxy-
HOK KOMYTaIlii Ta J0JaTKOBUX IOJIOCIB, pO3paXyHOK MAarHiTHOTO KOJIa Ta KPUBOI HamMa-
THIYYBaHHS, pO3paxyHOK 0OMOTKH 30ymxkeHHs, BTpaT Ta KKJI, TernmoBuii po3paxyHoK,
PO3pPaxyHOK CTPYMY KOPOTKOTO 3aMHUKaHHS, CIIBCTABJICHHS JBOX BapiaHTIB BUKOHAHHSI
OOMOTKHM SIKOPSI: 3 YKJIAJIKOKO 0OMOTKOBOTO JPOTY Ha peOpo y BEpXHIN 1 HUKHIN 4acTHU-

Hi ma3y (BapiaHT I) Ta miockoro cropoHoto (BapianT II).



5

HaykoBa HOBM3HA moJiirae y po3paxyHKy Ta MOPIBHSUIBHOMY aHami31l eKCIUTya-
TaIIHHUX TIOKa3HUKIB JBOX BapiaHTIB BUKOHAHHS WOTO SAKIPHOT OOMOTKH, a caMe: 3 YK-
JaJKOI0 OOMOTKOBOTO JPOTY Ha pedpo y BEpXHIN 1 HMKHIA YaCTHHI Ma3y Ta IJIOCKOIO
CTOPOHOIO.

Amnpobanisi pe3yabTaTiB Aucepraiii. Pesynbrati poO0TH MaricTepchkoi aucep-
Tamii Oynu onpuiatogHeHi Ha HaykoBo-TexHIUHIN KOH(MEpEHIIs CTYICHTIB, acIipaHTIB
Ta MoJoaux BueHUX «CydacHi mpoOaeMu eIeKTPOCHEPTOTEXHIKU Ta aBToMaTHKm (Ku-
iB, 2021 p. Ta 2022 p.).

Iy6aixanii. OCHOBHI pe3yabTaTH AOCTIIKEHb BUKJIA/ICHI B 2 HAYKOBHX IMpAIiX:
Comparison of two options for conducting the windings of the traction DC motor for
sequential excitation / A. Shymanska, M. Reutskyyi, A. Rybalko // HaykoBo-TexHiuna
KOH(epeH1is CTYJEHTIB, acllipaHTIB Ta MOJOAUX BUueHUX «CydacHl mpoOIeMH eleKTPO-
CHEProTeXHIKU Ta aBTOMAaTHKW», 9-13 rpyans 2021 poky, m. KuiB, Ykpaina. - C. 227-
230; Evaluation of commutation and calculation of additional poles of the traction direct
current motor / A. Shymanska, M. Reutskyyi, A. Rybalko // HaykoBo-TexHiuHa KOH]e-
pEHIlid CTYAEHTIB, acIipaHTiB Ta MOJouX BueHUX «CydacHi npobiieMu eIeKTpoeHep-
TOTEXHIKM Ta aBTOMaTuKu», 5-7 rpyans 2022 poky, M. KuiB, Ykpaina — nepenano 1o
APYKY.

Ku1r04oBi ci1oBa: TAroBuil €JIEKTPOJIBUTYH 3 MOCIIJOBHUM 30YKEHHSIM, TPOJIEH-
Oyc, 0OMOTKa IKOpsl, KOHCTPYKLISI CTaTOpa, KOHCTPYKIIA pOTOpa, TEIJIOBUN pPO3paxy-

HOK.



ABSTRACT

The master's dissertation consists of an introduction, four chapters, conclu-
sions, a list of used literature sources (a total of 14 titles). The total volume of the dis-
sertation is 80 articles, including the main text of 58 articles, 8 figures and 14 tables, a
list of links on 1 page.

The relevance of the topic of the study: Continuously increasing traffic intensi-
ty on urban highways is marked by high slowdowns in braking and accelerations in the
start-up of motor vehicles. In these conditions, there is a growing requirement for the
technical condition of rolling stock, primarily for systems that affect traffic safety and
electrical safety. An important role in solving these problems is played by the design of
rolling stock, its subsequent extension.

Purpose and objectives of the study” The purpose of the work is to compare the
exploit parameters of two versions of the winding of the traction motor TH-81

To achieve the purpose of the work, it is necessary to perform the task: to analyze
the design of the TH-81 engine, the design of the stator, rotor and manifold; calculate
the power of the machine, the diameter and length of the anchor, the dimensions of the
slot and the armature winding; calculate the dimensions of the brushes and the collector;
calculate the applied losses in the anchor; calculate switching and additional poles; cal-
culate the excitation winding; carry out heat calculation; compare two versions of the
armature winding: with laying of the winding wire on the edge in the upper and lower
part of the groove (option 1) and the flat side (option I1); draw conclusions on the work.

The object of the study is a DC traction motor with trace excitation.

The subject of the study is the number of poles and the type of winding, diame-
ter and length of the anchor, brushes and collector, additional losses in the armature
winding, the calculation of switching and additional poles, the calculation of the mag-
netic circle and magnetization curve, the calculation of the excitation winding, losses
and efficiency, the heat-output calculation, the calculation of the short-circuit current,
the comparison of two embodiments of the armature winding: with laying of winding

wire on rib in upper and lower part of groove (variant 1) and flat side (variant II).



Scientific novelty - two variants of the armature winding in the upper and lower
part of the groove, on the rib and flat hundred-rono were calculated and compared.

Approbation of the results of the dissertation. The results of the master's
dissertation were published at the Scientific and Technical Conference of Students,
Postgraduates and Young Scientists "Modern Problems of Electrical Engineering and
Automation™ (Kyiv, 2021 and Kyiv, 2022).

Publications: The main results of the research are presented in 2 scientific works:
Comparison of two options for conducting the windings of the traction DC motor for
sequential excitation / A. Shymanska, M. Reutskyyi, A. Rybalko // HaykoBo-TexHiuHa
KOH(epeH1is CTYJEHTIB, acllipaHTIB Ta MOJOAUX BUeHUX «CydacHi MpoOIeMH €JIEeKTPO-
CHEProTeXHIKU Ta aBTOMAaTHKW», 9-13 rpyans 2021 poky, m. KuiB, Ykpaina. - C. 227-
230; Evaluation of commutation and calculation of additional poles of the traction direct
current motor / A. Shymanska, M. Reutskyyi, A. Rybalko // HaykoBo-TexHiuHa KOHbe-
pEHIlis CTYAECHTIB, acIipaHTIB Ta MOJouX BueHUX «CydacHi npobiieMu eIeKTpoeHep-
TOTEXHIKM Ta aBTOMAaTUKW», 5-7 rpymHs 2022 poky, M. KuiB, Ykpaima — send to
publisher.

Key words: traction motor with serial excitation, trolleybus, armature winding,

stator design, rotor design, thermal calculation.
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HEPEJIIK CKOPOYEHb, YMOBHUX IIO3HAYEHDb, TEPMIHIB

JIIC — nBUTYH IOCTIHHOTO CTPYMY;

OS5 — o6MoTKa SIKOPST;

O3 — o6moTKa 30yAKEeHHS;

EM — enekTpruHa MaluHa;

T/l — TITOBUM JBUTYH;

TEJl — TATOBH €JIEKTPOIBUTYH;

3111 — 3amacHi iIHCTPYMEHTH, YaCTUHU, TTPUIIAJIIIS;
[1C]] — obMoTyBanbHU# APIT 3 ABOLIAPOBUMU CKJIO HUTSIMU;
KO — xomneHcariiiaa oOMOTKa;

EPC — enexrpopymiiiiHa cuia;

MPC — MarHiTHO-py1IIiiiHA CHUJIa;

KKJI — xoedirieHT KOpHUCHOI i

K3 — kopoTke 3amMuKaHHS;

PP — pexxumu podoTty;

T — nemmdipyrouuii aion;

JIYO — 10060B1 YaCcTHHH OOMOTKH;

HIIIB® —nebe3neuni Ta MIkiiuB1 BUpOOHUUI (PaKTOpH;
ITOC — npunoi 010B’THO-CBUHIICBUIA;

I'’IK — rpaHryHO HOMycTHMa KOHIEHTPALIIS;

KIIO — koedimieHT mpUpOHHOTO OCBITICHHS;

JIb — moMiHeceHTHa JiaMIia O1J10ro CBITIY;

JICTI — namMma JiroMiHECIIEHTHA TPOMUCIIOBA;

IIYE — npaBuiia ynamryBaHHs €J1€KTPOYCTaHOBOK;

JINUII — numoBwMii cioBilyBay.
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BCTYII

besnepepBHO 3pocTatoya iHTEHCHUBHICTh pyXy Ha MICHKUX MaricTpaisx Big3Haya-

€TbCS. BUCOKMMHM YIOBUIBHEHHSIMU IIPU TaJlbMyBaHHI 1 IPUCKOPEHHSAMH MPU IyCKY aB-
TOTPAHCHOPTHHUX 3ac00iB. B 11X ymMoBax 3pocTae BUMOTra 0 TEXHIYHOTO CTaHY PyXO-
MOT0 CKJIaJy, MEpII 3a BCE JI0 CUCTEM, L0 BIIMBAIOTh Ha OE3MEKy pyXy 1 €leKTpoOe3-
neyHictb. He3Baxaroun Ha Te, TpOMajJChbKUI TPAHCIOPT B CYYaCHOMY MICTI BHKOHYE
couianbHl (pyHKIIT 1 BUMOTa SIKICHOTO OOCIyrOBYBaHHSI MAcakKUPiB JOMIHY€E HaJl €KO-
HOMIYHUMU
MOKa3HWKaMH, O€3yMOBHO, aKTyaJbHOIO € MiHIMIi3allisl MaTepiaJbHUX 1 TPYAOBUX BU-
TpaT y cdepi ekcruryaTanii npyu 3a0€3MeUeHHl 3aIaHOr0 PIBHS TEXHIYHOTO CTaHy PyXo-
MOro ckjaay. BaxiuBy poiib y BUpILIEHHI Ha3BaHUX NMPOOJIEM Ipae KOHCTPYKLIS pyXo-
MOr0 CKjlaay, ii MOJAJIbIIOr0 BIOCKOHAJICHHS. Y cdepl eKciuryarailii pillieHHs 3aaad
OBUHHO
BUKOHYBATHCSI LIUISIXOM BJIOCKOHAJIEHHSI CUCTEMHU TEXHIYHOTO OOCIYrOBYBAaHHS 1 PEMO-
HTY.
Bce OunbIn mmpoke 3aCTOCYBaHHS 3HAXOIUTh MAJIOIIYMHUN O€3pEHKOBUM €TEKTPUIHUIN
TpaHCHOPT-TpoJeiOyc. Sxkuii He 3a0pyHIOE aTMOc(hepy, 10J1a€ 3 OIBIIO MIBUJKICTIO,
B MMOPIBHSAHHI 3 aBTOOYCOM, KpyTi MiAHOMH, CTAOIJIBHO MPAIIO€ B 3MMOBHUI Yac, 0 pea-
J13y€ BEJIMKI PUCKOPEHHS MPH MYCKY, 10 Ma€ IUIaBHE €JIEKTPUYHE TajJbMyBaHHs. J{is
TpoJieii0yca He OTPIOHO AEPIUUTHUX PIIKMX HAPTOMPOAYKTIB: BiH BUKOPUCTOBYE €Jle-
KTPOCHEPTI10, JJI1 BUPOOJICHHS SIKOT MOXKHA 3aCTOCOBYBATH HU3bKOCOPTHI BYT'ULIS, T1/1-
popecypcu, atoMHe "manuBo" 1 T. 4. [lutome criokuBaHHA eHeprii Tposeidycom Ha oA-
HOTO TepeBe3eHOro nacaxupa Hrwkue Ha 30 + 35%, Hik aBTOOyCOM, a BIPOBAKEHHS
tponeibyca JIAK — 217E 3 pexynepaTUBHUM TalbMyBaHHSIM I11€ OUIbINE 30UIBIIYE IO
pizuuiro [6].

OpHak sKICTh OOCIYrOBYBaHHSI HACEJICHHSI TPOMAJICBKUM TPaHCIOPTOM, B TOMY
YHCIII TPOJIEHOYCOM, HE BIMOBIAA€ CyYaCHUM 3aluTaM. Y YUCII OIPUYUH TAKOTO MOJIO-
YKEHHS-HEJOCTaTHI 00CATM MOCTABOK TPOJEHOYCIB, HU3bKA HANIMHICTh JESKUX BY3IIB,
HEJIOJIIKM B OpTaHi3allii Ta ynpaBiHHI pyXOM 1 T. JI. HAMOUIBII ICTOTHA IPUYMUHY HE3a-

JOBUIBHOTO 0OCITyTOBYBaHHSI NACaXUPiB-HU3bKA €(EKTUBHICTH BIIHOBJIEHHS Mpale3ia-
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THOCTI TpoJieiibyciB. B ronunu "mik" BiAuyBaeThcs rocrpa HecTaya MallvH, B TOH ke
gac 10 36% BiJ 3arajlbHOTO 00CATY TPOJICHOYCIB MIPOCTOIOE€ BHACHTIIOK TEXHIYHUX HE-
cinpaBHocTei. Hu3bkui koedili€eHT BUIYCKY MAIlMH MPU3BOJIUTH 10 CEPHO3ZHUX €KO-
HOMIUHUX BTpar. OCTaHHI ICTOTHO 3POCIH Y 3B'SI3KY 3 PI3KUM 30UIBIICHHSIM BapTOCTI
cydacHHX Tposeioycis, sk JJAK-217E [6].

Bce 11e 103BoJIsIE BBaXKaTH MIJIBUIIICHHS HAAIMHOCTI BY3JIIB TpoJsieiidyca mpu pe-
MOHTI, II0 Oe3MocepeIHbO BIUIMBAE HA Oe3MeKy, HaAIHHICTh 1 EKOHOMIYHICTH 1X €KCILTY-
aTallli, OJTHI€I0 3 HAWBAKJIMBIIIMX HAPOJIHO-TOCIIOIAPCHKUX MPOOJIeM, 110 Ma€ EKOHOMI-
YHI Ta COIaJIbHI aCTIeKTH.

[30JIsI11is1 TATOBHX EJNEKTPOJBHUTYHIB TPAIfO€ B HAI3BUYANMHO BaKKHX YMOBAaX.
JIBUryHu posTamioBaHi I MiJyIoror TpojeiOyca Ha BijacTaHi Oim3bko 200 MM Bin
MPOKIKOI YaCTUHU. 3a0pYTHEHHS, BO/A 3 XIMIYHO aKTUBHUMHU PEYOBUHAMH, ClIIb, Ii-
COK B OCIHHBO-3MMOBHUH Yac 1 MUJI B JITHIN Yac 3aXOIUTIOIOTHCS BEHTHWIISITOPAMU JIBUTY-
Ha 1 OC1/IalI0Th Pa3oM 3 MPOJYKTAMU 3HOCY KOJIEKTOPHO-IIITKOBOTO By3Jia HA 0OMOTKaX,
130J15TOpax, MPOBOJIax. IHTEHCUBHE BHYTPILIHE 3BOJIOXKEHHS 130JISL11 MTPOJIOBKYETHCS 1
B HETPAIIOI0YMX JIBUTYHaX. B mepios1 0X0JI0/KEeHHs IBUTYHA TUCK B TIOpax 1 Kamisipax
130J1A11111 TPOXU HUKYE aTMOC(HEPHOTO.

Bonora nponukae B HaiApiOHIIIl MOPH 1 KaUISPH, 10 aKTUBI3YE 1 MPUCKOPIOE
MIPOIICCH CTAPIHHS 1 pyHHYBaHHS 130Js1111. 3a0pYIHIOIOTHCS BEHTHJIALINHI KaHAIU, BHA-
CJIZIOK YOT0 MOPYUIYETHCSA TEIUIOBUM PEXXUM OOMOTOK. 3a3Hau€H1 HETaTUBHI MOMEHTH
JUIOTh CIUJIBHO 3 HEMEPEPUBHUMHU KOJMBAHHSAMH CTPYMIB 1 HAIPYTH, B TOMY YHCII Tie-
peHanpyru. HalGiabm Bakki HACHIIKM BUKJIMKAKOTHCA MPOOOEM 13071111 MK JBOMA
CEKIIISIMU SIKOPS, 110 JISKATh B OJHOMY I1a3y B IBOX Iapax. B 1iboMy BUTIAIKy 3aMKHY-
TOI0 HaKOPOTKO BUSIBJISIETHCS TIOJIOBUHA BCi€T OOMOTKHU SKOpPS, B 3B'SI3KY 3 UMM Yy BCIX
CEKIIisl KOPOTKO3aMKHEHO0 OOMOTKHM CTBOPIOETHCS 3HAYHUU CTpyM. B pesynbTaTi BU-
HUKA€ KPYTrOBUN BOTOHB MO KOJIGKTOPY, a TAKOX 3HAYHUUN TaJIbMIBHUNA MOMEHT, Pi3KO
3HIDKYE 00epTAIbHUI MOMEHT Ha Bajly JIBUTYHA.

3 TOUYKH 30py €JIEKTPOOE3INEeKH TPOJICHOYyC € yHIKATbHUM O0'€KTOM TEXHIKH, TaK
K He3BaKarouM Ha miasuiieHuid Hanpyru (600 B), kopmyc TponeriOyca He Mae 3a3eM-
JIEHHS 1 130JIbOBAaHUM BiJ 3eMJIl TYMOBUMMHU IIMHAMH. B yMoBax, KoJu Wae nocTiiHe Xu-

TaHHS KOPITYCYy MAIIMHHA MacaKUpaMy TMPHU TMOCAAI 1 BUCAMIIl, MOMaJaHHS BUCOKOTO
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MOTEHITIaTy Ha KOPITyC TpoJiei0yca mpeicTaBiisie HaI3BUYaitHy HeOe3neKy, 1HO1 3aKiH-
Yy€ThCSl HABITh CMEPTEIbHUMHU BUMAJAKaMHU. ToMy 3a0e3MedeHHs] BUCOKOSKICHOTO pe-
MOHTY, IO JI03BOJISI€E YHUKHYTH BUMAJKIB YPAXKEHHS €JIEKTPUYHUM CTPYMOM MacakKUpiB
1 mepcoHaly, € Uit TPOJIeHOYCHOTO TPAHCHIOPTY MPOOJIEMOI0 BUKITIOYHO BaXKIUBHUI [5].

Bubip TeMu AUNIOMHOTO NMPOEKTY OOYMOBJIEHUM HEOOX1THICTIO TOIMIICHHS Ma-
paMeTpiB MPUBOAY MiCII KaliTaJbHOTO PEMOHTY TpoJeioyciB. CucTeMaTuyHl BUXOAM 3
nany tponeitdoyciB JJAK-217E 1 BiACyTHICTh TEXHIYHUX PO3pPaxyHKIB, HAJaJdH MiJCTaBU
NPUIYCTUTH, IO €IEKTPOIPUBLI Tposieiidyca CIpOEKTOBAHUN 3 ICTOTHUMU YITYIIICHH SI-
mu. Yepes 11€ B TUIIIOMHOMY MPOEKTI 0yJ10 BUKOHAHO €JIEKTPOMArHITHUHN Ta TETJIOBUN
po3paxyHoOK ABuUryHa. [Ipu BHOCKOHaJEHHI KOHCTPYKIIli Oyjia BpaxoBaHa HEMOKJIU-

BICTh 3MIHU PO3MIPiB Mar”iTONPOBO/Ia Ta 3MiHA KOJIEKTOPY.



PO3JLI 1
TEXHIYHI YMOBH

1.1 TexHiuHi BUMOrH

1.1.1 OcHoBHi mapameTpu Ta po3Mipu

14

HowminanbHi gadi nBuryHa

HominanpHa Hampyra, B 600
HowminansHa (4acoBa) MOTYXHICTh, KBT 150
Howminanenuit ctpym, A 275
Hominanpae KKJ] 0.91
HoMminanpHa  MIBHAKICTH  0OEpTaHHS, 1480

00/xB

1.1.2 Xapakrepucruka

XapakTepuCTUKH JIBUT'YHA [TOBUHHI 3a0€3ME€YUTH MBUKICTh TpOJeidyca mnpu ro-

JUHHOMY pexuMi poOoTH 30 KM / ToJ IpU HOMIHAJIbHIM TOJAMHHIN NOTYKHOCTI1 IBUTYHA

Py=150 xBT. Ycranena mBuakicTh TpoJieidyca - 60 km/roa. Maca tposeiioyca npu HO-

pMaJIbHOMY HAaNlOBHEHHi-16 T.

JBuryn TH-81 momyckae HaCTyIHI TpaHUYHI BIIXUJICHHS XapaKTEPUCTHUK:

MakcumanbeHa Hanpyra, B 720
MinimanbHa Hanpyra, B 400
MaxkcuManbHHR CTpYM MycKy, A 540
MakcuManibHHil CTpyM rajJbMyBaHHS, A 480
MaxkcumanbHa MIBUAKICTE OOEpTaHHS, 3200
00/xB

MinimanbHa CcTymiHb 30y1KeHHs, %o 40

1.1.3 KoMIIeKTHICTH

JIBUTYH TIOCTaBJISETHCS B CKJIal TpoJeildyca 3 MOBHUM KOMIUIEKTOM JIOKYMEHTalli 3

eKCIUTyaTarlii Ta pEMOHTY, MaCIOPTOM, TEXHIYHUM OMHCOM 1 Ta0APUTHUM KPECICHHSIM.
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3amuactuHM 10 ABUryHa 1o BigoMocTi 3II1 MicTATh MOBHMII KOMILIEKT 3piBHSIBHUX

3'emqHadb (23 MIT.) 1 TOBHUN KOMITJIEKT CEKIiii 0OMOTKH (46 1mIT.).
1.1.4 MapkyBaHHsI

MapxkyBaHHSI 3aTUCKAYiB JUI 30BHIIIHBOTO 3'€JHAHHSI HAHOCUTHCS CIIOCOOOM, 1110
3abe3reuye 11 JOBrOBIYHICTD 1 CTIMKICTH 10 aTMOCc(epHUX BILTUBY. KOXKeH IBUTYH
3a0€3Ieuy€eThCs MPUKPITUICHO HAa BUJHOMY MICIl Ta0JIMYKOIO, HA SIKIM BKa3yHOTh:

- TOBapHUU 3HAK MiMPHUEMCTBA-BUPOOHUKA;

- HaliMEeHYBaHHS BUPOOY;

- 3aBOJICLKMI HOMED;

- YMOBHE MTO3HAYCHHS TUITY;

- IaTy BUTOTOBJICHHS;

- HOMIHAJIbHA MOTYXHICTB;

- HOMIHaJIbHA HATIPYTa;

- cr1oci6 30y IKeHHS;

- HOMIHAJIbHY YacTOTY 00€pTaHHS;

- HOMIHAJILHUHU CTPYM;

- HomiHanpHUN KK/I;

- KJ1ac 130JIA1111 IBUTYHA;

- CTYIIIHb HOMIHAJILHOTO 30y IPKCHHS;

- IOBHY Macy JIBUTYHA, KT

- CTYMIHb 3aXHUCTY.

MapkyBaHHS MiCIb 3a3€MJICHHSI TOBUHHA OyTHM BHKOHaHa MO OAHOMY 3 METO[IB

I'OCT 21130-85.
1.2 MeToau KOHTPOJIA

VY cTaHi moCTaBKH 13011115l IBUTYHA TOBUHHA BUTPUMYBATH BUIIPOOYBaIbHY Ha-
npyry 3380 B mipotsirom 1 XB. pu MOBTOPHUX iCHIMTaX, HANIpyra MOBUHHA OyTH 3MEH-
mena 710 80% BiJ HOTO 3HAUYEHHS.

[Tpu makcumanbHii mBuakocti 3200 06/XB BiacH1 BiOpallli JBUTyHA HE MOBUHHI

NepeBUIyBaTH 7.5 MM/C.
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Omnip kopmycHuX 130Js11i Mae OyTu He MeHIe 2 MOM.

[3071s1111 MI>K BUTKaMU KOTYIIOK MOBUHHA BUTPUMYBATH BUIPOOYBaJIbHY HaIpy-
ry 780 B mpoTsrom 5 XB.

[TicasipeMOHTHI BUPOOYBaHHS BKIIOYAIOTh:

- KOHTPOJIb HACTAHOBHUX 1 IIPUEIHYBAJIbHUX PO3MIpIB:

- KOHTPOJIb ONOPY 130JIA1L11T 00 KOPILYCY;

-BUNPOOYBaHHS MABUILIEHOIO HAPYTo10 MpoMucioBoi yactotu 3350 B

npu noBHIM 3aMiHi 1 0.8%3850 B mpu yacTKoBii 3aMiHi 0OMOTOK IIpOTIroM]1 XB;

-KOHTPOJIb MTOJIO’KEHHS IIITOK Ha JIHIT TeCOMETPUYHOI HeUTpati,

-BUIIPOOYBaHHS MI>KBUTKOBOM 130JIA1111 KOTyIIoK Hanpyra 780 B mpotsrom 5 xB;

-BU3HAUYEHHS ONOPY OOMOTKH B XOJIOAHOMY CTaHI METOJIOM aMIIEpMETPa BOJIbT-
MeTpa abo OJIMHapHUM MOCTOM: OIIp OOMOTKH sKopsa Mae 0yTu nopsiaxky 0.0251 Owm,
oOMoTKH 30yxkeHHs - 0.0263 OM 1 06MoTKH 10aTKOBUX T0Jt0CiB-0.01355 Owm, npu-
BejieHe 110 Temnepatypu 235 °C;

- BUIIPOOYBAaHHS JABUTYHA IIPU HABAHTA)XEHH1 B HOMIHAJIBHOMY PEKHUMI MPOTITOM
60 xB;

- BUIPOOYBaHHS NpH MiJIBUILEHIN yacToTi obepTanHs npu 4000 o6 / XB mpoTsrom
2 XB;

- IepeBipKa KOMyTallii IBUTYHa Mpu poOOTI Ha:

Hamnpyra Crpym Cryninp 30y1KeHHs
720 B 540 A 100%
720 B 270 A 78%
720 B 250 A 40%

JlonyckaeTbes cTymiHb icKpiHHsA 1.5 (Ha 540 A — cTyniHb ICKpiHHA 2);
- BUMIPIOBaHHSI PiBHS BiOparlii mpu MakcumaibHii mBuAKkocTi 3200 06 / xB;
BHUMIPIOBaHHS MTPOBOJUTHCA MEXaHIYHUM a00 €JIEKTPUYHUM BiOpOMETPOM;

METOAM KOHTPOITIO 3iHcHIOI0TRCs 3riH0 ['OCT 10159-79 .
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1.3 Bka3iBku no ekcnjyarauii

[Mpusoauuit AIIC TH-81 npusnauenuit ans npusoy tpoieitdyca JJAK-217E 1
pO3paxoBaHUM Ha EKCIUTyaTallilo IIPU BUCOTI Ha/ piBHEM Mops He Oibiie 1200 m; ipu
temnepatypi noBiTps Bix -40 © C go + 40 ° C i BiIHOCHOI BOJIOTOCTI MOBITPS HE OljIbIle
95% nipu 20°C. HOMIHANBHUI pexxuM ekcrutyaTallii - S1. Kimac HarpiBOCTIKOCTI 130711111
- F. 3rinno CTAC 5679/1-79 rpanuyHO 1onycTUMa TEMIEPATypu OOMOTKH SIKOPS -
+140°C, oOmoTku ctatopa - +155°C, konektopy- + 105 ° C.

Cryninb 3axucty apuryHa- [P20 3 caMOBEHTUIIALIIEIO TIPU TTO/1a41 MTOBITPS 3 OOKY KoJie-

KTOpY.

Po3paxyHKoBHI1 HOMIHATBHUIA PEKUM poOOTH - 60 XB.
1.4 BucHoBkHM a0 po3aiay 1

VYkpaina nocijae Apyre Micle y CBITI IO KUIBKOCTI TPOJEHOYCHUX CUCTEM, Yepe3
1€ MOJEPHI3allisl TATOBUX JIBUTYHIB € BaXKJIMBUM KPOKOM JUJISl PO3BUTKY YCI€l CUCTEMH.
ToMy OCHOBHUMHU 33auaMu AJIsl JOCHIIKEHHS €:

- 3OIMCHUTH aHami3 3arajbHOi KOHCTpykKuii aBuryHa TH-81, xoHcTpykiii
CTaTopa, poTOpa Ta KOJIEKTOPY;

- po3paxyBaTy MOTY>KHICTh MAILIMHU, JIIaMETP Ta JOBXKUHY SKOPS, pO3MipU
masa Ta 0OMOTKY SIKOPSI;

- po3paxyBaTH PO3MIPH IIITOK Ta KOJIEKTOPA;

- pO3paxyBaTH JOJATKOBI BTPATU B AKOPI; 3AIMCHUTH pO3paXyHOK KOMYTallii
Ta 10JaTKOBHX IOJIIOCIB;

- po3paxyBaTu 0OMOTKY 30yIKE€HHS; 3[1IMCHUTH TEIJIOBUI pO3PaXyHOK;

- TOPIBHATHU JBa BApIaHTU BUKOHAHHS OOMOTKHU AKOpSA: 3 YKJIAJIKOIO OOMOT-
KOBOTO JIPOTY Ha peOdpo y BEpXHill 1 HIKHINM yacTuHI ma3y (BapiadT ) Ta

IUIOCKOI0 cTOpoHOIO (BapiauT II);

3poOUTH BUCHOBKH IO POOOTI.
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PO3/1LI 2
OIMC KOHCTPYKIIIi IBUTYHA

2.1 3arajpHa KOHCTPYKTHBHA cXeMa

VY nBuryHi noctiitHoro ctpymy TH-81 mocmimoBHOTO 30y/IKEHHS 3 CAMOBEHTHIIS-
1[1€10, MPOJIyBAHHS MOBITPSIM BUKOHYETHCS 3aBJSKHU JIBOM OTBOpaM y KOPIYCI 3 3aXHC-
HUMHM PENIiTKaMu, sIKI OUYMINAITh IpH 00ciayroByBaHHi. [IoBITps moctymae 10 MalivHA
31 CTOPOHH KOJIEKTOpPa, Yepe3 OTBOPU MK BAJIOM Ta KOJIEKTOPOM Ta TMOB3J0BXK SKOPS.
KpinnenHs aBuryHa 1o pamu TpoJiedyca BUKOHYETHCS 3aBISIKM 3 KPOHILITEHHAM, JBa
3HAXOJATHCS Ha IIITKY 31 CTOPOHM Kap/JaHa TaM OJMH Ha 1HILIIA CTOPOHI.

3arajgpHa KOHCTPYKIIiSI TATOBOTO JBUTYHA CKJIAIA€THCH 3:

1. Crarop;
Porop;
Konekrop;
Bentwisarop;
[liTkoTpuMay;
OiIbT;
KonexkTopHuii miTok;

TSroBuii MIITOK;

© ©o N o 0 B~ WD

PonykoBui miANIAIHUK;

10. ITapukoBuii migmmmHAK. [11]
Maca nBuryna ckiangae 1290kr. Pamiansne Outta xonektopy - 0.01 mm. Matepiaiom
Bany € cramb 40CI'10. Ciuenns BuBignux kxabenis - 50 Mm2. OcboBHii 3a30p poTopa
nicnst 30opku cknagae 0.4 mm. OOMOTKM JBUTYHA TIPOXOMATH MPOCOYEHHS Y KpeMeH1

opraniuHoMy Jiaky Mmapku KO-916K 3a nornoMoru Bakyymy.
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Pucynok 2. 1 KoHCcTpyKIisi ABUTYHA
2.2 KoncTpykuist poropa

Sxip nBuryHa mictuth 46 nasziB po3mipom 34.4x11.6%10.2 mm. Yucno eremeHTa-
pHUX Ma31B B OJJHOMY peajibHOMY-5. Uuncio mapanenbHuX mpoBojiB-2. Yuciao BUTKIB B
cekiii-1. Kpok oOmoTku mo mazax-11. IIpoBina, 3acTocoByBaHMil Jj1s1 BATOTOBJICHHS KO-
TYIIOK OOMOTKH SIKOPSI - IPSIMOKYTHOTO MPOQLII0, 130JIbOBAHUNA €MaJlIIo 1 IBOMa Ila-
pamMu ckioBoJiokHa. Kiac 13o5msmii-F.

JUig Kpaioro BUKOPUCTAHHS MAarHiTHOTO JIAHLIIOTa poTOpa Ma3 Mae CTYMiHYaTy
dbopmy. ToMy 715t BEpXHiX 1 HUKHIX CTOPIH CEKI[Id BUKOPUCTOBYIOTH JIBa pO3Mipu 00-
MOTYBaJIbHOI'O TIPOBOY: BEPXHI CTOPOHH POTOPHOI KOTYIIKH BUKOHYIOTHCS 3 JIBOX Ia-
pasenbHUX MpoBoiB 1.4x5 MM2 (i30mpoBanHnii-1.91%5.51 MM2), a HIXKHS-3 TBOX Tapa-
aenbHUX poBoiB 1.12%6.3 Mm2 (1301p0Banui - 1.66%6.84 MMm2).

Kortyiika 3aMuKa€eThCs NUIIXOM MOCHIIOBHOTO 3'€JHAHHS 31 CTOPOHU, IPOTHIIEHK-
HOI KOJIEKTOPY, IBOX MPOBOAIB 1.4X5 MM, BIANOBIIHO BEPXHHOIO IIAPY, 3 JBOMA IPO-
BogaMu 1.12%6.3 MM, BIAMOBIAHO HUKHBOTO 1IAPY, 3a JOMOMOT0I0 My(T 3 MiIHOIO JU-

cta ToBmuHOIO 0.5 MM. KokHa KOTyIIIKa Ma€ 5 cekiriil, KO>KHa MO0 OJJHOMY BHUTKY.
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XoMyTH 7Sl TOCHIIOBHOTO 3'€THAHHS CXEMH MPOCTHI METIhOBOI OOMOTKH, €
JBOTUIIOBUMU: MaJIeHbKI XOMYTH, BUKOPHUCTOBYBaHI JJIsi BUTKIB 0€3 3pIBHSUIbHUX 3'€]1-
HaHb, 1 Beauki XomyTu. KoxkHa poTOpHa KOTYIIIKa, 110 MAa€ 5 CEKIIii, MICTUTh BEJIUKUI
XOMYT B CEpEIHIN CeKIIii ISl MPUETHAHHS 3pIBHAJIBHUX 3'€THAHb.

3piBHIOBAJIbHI 3'€JHAHHS TPOCTUN METIBOBOI OOMOTKHM 3'€HYIOTH TOYKH, IO
MaloTh OJJHAKOBMI MOTeHI1a]d. YUCI0 3piBHUIBHUX 3’ € JHAaHb OOMOTKH, MOKJIaJIeHO1 B 46
nasiB, JopiBHIOE 23. Haiibinple MOXIJIMBE YMCIO 3pIBHIOBAdiB NI OOMOTKH TaKOTO
tuny gopiBHioe K/a = 230/2 = 115, Tak K KOKHY CEKIIII0 B MEXaX OAHIET Mapu T'JIOK
MO’KHA 3'€IHaTH 3 BIAMOBITHUMH CEKI[ISIMH B MEXaX IHIIMX Map MapajedbHUX TUIOK.
Taxi MaIHA HA3UBAIOTHCS MAITMHAMH B TIOBHUM YHMCJIOM 3pIBHIOBadi. AJie TIPU bOMY
BEJIUKHUM BUTpaATa MiJl 1 YCKIQJAHIETHCS KOHCTPYKIIISI MalMHa. Y PIBHO CEKIIHHUX 00-
MOTKaX JIOCHTh BUKOHATH MO OJHOMY 3pIBHIOBady Ha Ma3. B JaHOMy BUIAIKy 4HCIIO
3piBHIOBaY1B A0piBHIOE 23.[1iK/II0UeHHS 3pIBHIOBAUIB 3/IIMCHIOIOTH 3 OOKY, MIPOTHUIICK-
HO1 KOJIEKTOPY (pHcC . 2.5). 3piBHIOBaYl PO3TAIIOBaHI ITi/I TOJIOBKOIO KOTYIIIKH OOMOTKH
AKOpsA. 3pIBHIOBAYl BUKOHAHI 3 MIJHOTO JPOTY TaKOIro K TUIY, IO 1 BEPXHI CTOPOHU
KOTYIIKH.

BukopucTaHHs IBOX COPTAMEHTIB OOMOTYBAJIbHOIO APOTY, HEOOXIAHICTh MANKH
J1000BUX YaCTUH OOMOTKH CHJIBHO 3JI0POXKY€E TEXHOJIOTiI0 PEeMOHTY JBUTYHA. Tomy OyB
PO3TIIIHYTUH JAPYTUil BaplaHT BUKOHAHHS OLIBIN TEXHOJOT1YHOI OOMOTKH 3 BHUKOPHC-
TaHHAM OJHOTO THUIOPO3MIpy 0OMOTOYHOro mnposoay 1.9x7.1 MM (3 130JsLI€rO-
2.34x7.37 MM), BKJIaJICH1 B a3 Ma30M. B 3'SBisieThCst MPOCBIT y BEpXHii YaCTHHI asa
YKJIaJIa€ThCs 130Jb0BaHa MiJHA IIMHA, 1[0 TPAE POJIb MA30BOTO TIYIIATENS a00 MarHiT-
Horo nemidepa. BioMo, 110 OCHOBHA YacTUHA 1HAYKTUBHOCTI PO3CIIOBaHHS KOPOTKO-
3aMKHEHOTO KOHTYPY OOMOTKH MpU KOMYTAIlii TOBOJAUTHCS HA Ma30BY YaCTHHY OOMOT-
ku. L{s yacTuHa po3citoBaHHS MOXke OyTH 3HMKEHA 3a JOTIOMOTOI0 Ma30BUX TUIYITHUKIB
y BUTJISAI MITHUX €KpaHiB, 3aKJIaJICHUX BCEPEIUHY Ta3a MapajieabHO 3 OOMOTKOIO IO
BC1i oBkMHI masiB. [lix yac komyTalii B MIyIIHUKAX BUHUKAIOTH JOJATKOBI CTPYMH,
KOTp1 3MeHIyI0Th peakTuBHY EPC 1 ritymarh pi3ki CKauKu MOJIsi pO3CIFOBAHHS KOMYTO-

BaHOI CEKIIi1, HE CKOMIICHCOBaH1 KOMYTYIOUUM IOJIEM.
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[1a30Bi MIyIIHUKY Y BUTJIAII MITHUX MIPOBIIHUKIB Oy 3ampornoHoBani y 1921 p.
K. H. Hlendepom. Tak sk 111 TIIYIIHUKH OOTUKAIOTHCS 1HAYKOBAaHUM CTPYMOM HE TUTbKU

B [I€p10/I1 KOMYTAIlli, ajie 1 B IHIIMI Yac, TO BOHU 30LIBIIYIOTh BTPATH B MAIIIMHI.
2.3 KoncTpykuis cratopa

CraTop CKJIaJa€eThCsl 3 CTAJICBOIO JIMTOTO KOPIMYCY, III0 MAa€ B MOMEPEUYHOMY Iie-
petuHi ¢opMy KBajapara, BCEPEIUHI SIKOTO MOHTYHOTHCS YOTUPU TOJIOBHUX 1 YOTHPH

noroMikHHX noJitoca (Pucynok 2. 2).

Pucynox 2. 2 Po3MitieHHs MOJIIOCIB B CTaTOPIi

["0710BHI NOJIOCH 3 MOCII0BHOKO OOMOTKOIO 30yKEHHSI MOHTYIOThCS TIO BEpPTHU-

KaJIbHIN 1 TOPU3OHTANBHIN OCAX CTaTopa, a JOMOMDXKHI IMOJI0ca 3 OOMOTKAMH MOHTY-
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I0THCSI Ha JlaroHajsx kBajapara. KoHTyp mociioBHOTO 30yIKEHHS CKIAAAEThCS 3 IBOX
napajelbHAX TUIOK: TMOJIAPHI KOTYIIKH 110 JIBi 3'€ THYIOThCS MmociioBHO (Prucynok 2. 3).
Kotymiku MoTaroTh 3 MiHOI HE1301b0BaHOI MIMHU po3MipoM 2x20 mMm". HamotyBaHHs
BEJICTHCS TUTA30M B JIBl KOTYIIKH, IO MICTATH 24 1 26 BUTOK. MI>KBUTKOBOIO 130JISIIIIEI0

CITY)KUTh MUKa(otis TOBIIMHOIO 0.22 MM 1 IIUPUHOIO 22 MM.

/C2
= C1
,FIZ

H
; =

Pucynok 2. 3 Cxema eJeKTpuIHUX 3’ €JHAHb

J1ist moinIeHHs: KOMyTailii B MalliiH1 BCTAHOBJIEH1 YOTUPH J0JJaTKOBUX TOJIIOCA,
0OMOTKH SIKMX BKJIFOYEH1 MOCI1I0BHO. KOTyIllka 10JaTKOBUX TOJIFOCIB HAMOTaH1 Ha pe-
Opo 3 MiJTHOT MIUHU PO3MipoM 4%20 MM 1 MICTATh 16 BUTKIB. M1’KBUTKOBOIO 130JISIII1€10
CIyxuTh Mikadomiit ToBmuHOW 0.18 MMm.

Hamarniuye cuia 101aTKOBUX TTOJIOCIB CIIPSMOBAaHA 3yCTPIYHO 3 HAMArHiuye Cu-
JIOK0 peaxiiii sSIKopsi, BHACTIOK YOTO PO3CIFOBAHHS JOJATKOBUX IOJIOCIB 3HAYHO OUTb-
e, Hi’K PO3CIFOBaHHS OCHOBHHUX IMOTOKIB. J[Ji1 3MEHIIIEHHS] TOTOKO3YEIJIEHHS PO3Cito-

BaHHS JIOJAATKOBUX TIOJIOCIB X OOMOTKY pPO3TAIIOBYIOTH IO MO>KJIUBOCTI OJIMKYE /10
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SKOPS 1 MOBITPSHUM 3a30p OUISATH HA JBI YACTUHHU-3a30p MK SKOPEM 1 HAKOHEUHUKOM
JIOJTATKOBOTO TIOJIIOCA 1 3230 MiX CEPACUYHUKOM JOJATKOBOTO IOJIOCA 1 IPMOM. 3aIioB-
HIOIOYM OCTaHHIN MPOKJIaIKaM{ 3 HEMarHiTHOTO MaTepiany. 30UIbIICHUN J01aTKOBUMA
3a30p B IIeMi JOAATKOBHX IOJIOCIB JO3BOJISIE Y YCIX peKuMax poOoTH 30epiratu MarHi-
THY JIaHKY JTOJAaTKOBHX TIOJIOCIB HEHACHYCHOIO, TaK SK Y TAKOMY BUTAAKY 1HIYKIIiS B

noJTroci Oyie 3MIHIOBATUCH MPOTIOPIIIHO CTPYMY B SAKOPI 1 JIIHIHHO HABaHTAXXEHHIO.

7/
\\

60 i 3P¢
= 3p4 i
S I - - e i (N I
E! : od

=4 L
454

E

20
)
LA

Pucynox 2. 4 KoTy1iika rojoBHOTO MOJIIOCa
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Pucynok 2. 5 JlogaTkoBHiA MOTOC

2.4 KoHCTpYKILisl KOJIEKTOPY

Konekrop aBuryna mictuth 230 miacTuH i3 Mijib-cpi0io cruiaBy. Bmict cpibna

ckiaaae 0.08-0.12%. XapakrepucTuka CIUIaBy:

Mimuicts — 95 HB;

[TpoBigHICTE — 57 cM/MM?;

[linbHiCTH — 8.9 I/MM?;

Tepmiuna npoBigHicTb — 3.9 [Ix/cM*K;

Temneparypa 3mouyBanHs — 350 °C;

Koe(imieHT Temmosoro posmmprosanns — 17.7*107° 1/K;

TosmmHa 13011111 IIacTUH MikaHiToM — 0.9 MM.

JUist 4OTUPHOX HIITKOTPUMAUIB 3 UIITKAMH TOYHY (PiKcallilo Ha JIiHIT TeOMeTpuy-

HOT HeTpasi 3a0e3neuyroTh TpaBepcu niTkoTpumadiB. Mapka miitok — EG 845. Kinb-

KICTh IITITOK HA IBUTYHI cKjiagae 12. Ha Ko’)kHOMY ITITKOTpUMadi pO3MIIIEHI TPH ITITKH,

PO3MIpH SKUX CKJIAAaloTh 16*32%40 MM?2,

2.5 BUCHOBKH 10 po3iny 2

VY nmanomy po3aum Oyiu HaBe[eHI KOHCTPYKIII poTopa, CTaTopy, KOJIEKTOpPY Ta

3arajbHa KOHCTPYKIIis ABUTYHA. HaBeneH1 qaHi Ta po3Mipy LIMX €JIEMEHTIB JIBUTYHA.
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PO3JILI 3

OCHOBHI PO3PAXYHKHA

P, = 150,15,
U, = 600g
Ny = 0.91

00
n, = 1480

00
Nypax = 32004y
L, =275,
]maxp = 5404
Unax = 702
Unin = 4008
3.1 Po3paxyHkoBa NOTYKHICTh MAIIIUHU

KITl nBuryna (mo ymoBi):
Ny = 0.91

CrpyM sikops ABUTYHA, A

3
P,-10 150-10°
I = - ~ 274.725

a ;
U,mn, 600-0.91

[TagiHHA HapyTy y SIKIPHOMY JIAHIIOTY

n' = 1000
nl

P'=P,— = 150-—— = 101.351
n, ;

. -2
K. = 7410



_5 1000
= 7410 —— = 0.05
1480

EPC nipu HOMiHATbHOMY HaBaHTaKeHHI, B:
E, = Uy(1-K,) = 600-(1-0.05) = 570
Po3paxyHkoBa MOTYXHICTb IBUT'YHA, KBT:

3 3

Poy = Ep L1077 = 570-275-107 ° = 156.75

3.2 JliameTp Ta 10B:KMHA SIKOPSI

HiameTp sikopsi:

Dy = 36y,

Yuc1o 1moJIroCiB,

p=2
2p=4

OKpy>KHa MBUAKICTh OOCPTaHHS:
1. HominanpHa:
— 2 A
mDp 10 "oy 1.36.107 741480 M

V.. = = =270 =
an 60 60 c

2. MakcuMaJibHa:

. )
T™Dg 10 "oy oy ﬂ'jﬁ'lﬂ_l'jzﬂﬂ M
Vamax = = = 60.32 —

a0 B0 C

[TomrocHe muIeHHS:

™D, T
T = = = 28.27
2p 2-2 cM

27
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CtpyM, SIKUI TPUXOIUTH Ha CKOOY:

I —In—zﬁ—lsﬁ
°p  p 2 T A

YacroTa nepemMaruiyyBaHHs MIPU 4aCTOTI 00EPTaHHS:

1. OcHoBHA:

Py 2-1480
f1, = = = 49.33
60 G0 T
2. MakcuMaJipbHa:
Plyyax 2-3200
flmax = 50 = 60 = 106.67 T

KoedinieHT BUKOprCTaHHS:

kBT

a-AB - 0,665-280-0.835 5 T
C = - = = = 2.59x 10 oo cuB

6-10 6-10 XB )
ae
A =280 A/cMm — nmiHIMHE HAaBaHTAXKCHHS,
B =0.835 Tn — iHayKIig y MOBITPSTHOMY 3a30pi;
a = 0.665 — koedilieHT NEPEKPUTTS TMOJIOCHOTO KpPOKY JJisi peaNbHOl

KOHCTPYKIIi.
Po3paxyHkoBa 0BKHHA CEpICUHUKA SIKOPSI, CM

em 156.75
IE] = = = 31.5

n D.>C  1480-367-2.55

JIoBXHHA peabHOIO CepJeUHUKA IKOPSI, CM:

lp = 32

3.3 Po3paxyHoOK 00MOTKH SIKOPS

JliniliHe HaBaHTaXXCHHS, A
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KinbkicTh mapanieabHUX BITOK IPOCTOI METIHOBOT OOMOTKH SIKOPSI:

2a=4

Ctpy™m y napanenbHii rim, A:

I, 5

Yucno nposingaukis OS:

™Dy A 11.36.280
N = - — 460.61
I, 68.75

[Tpuitmaemo N=460

Yucio npoBIIHUKIB Y Ma3y:

Z

— = 13.5

2p

u=>35

W, = 1

Sqp = Eu-wc = 2-5=10

O06’emM cTpymy B mazy, A:

SH-IP = 10-68.75 = 687.5

VYkimanaky TpOBITHUKIB B Ta3d MOXKHO BHKOHATH JIBOMAa CIIOCOOaMH, SKI
300pakeH1 Ha Pucynok 3. 1. Bapiant a BiAmoBinae yKJaJul y CepiiiHOMY JIBUIYHI,

BapiaHT O € 3aMpPONOHOBAHUM 3 OUTBIII TEXHOJOTIUHOIO CXEMOIO, sIKa HE TOTpeOye Maiku

JI0OOOBHUX YaCTHH.
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Pucynok 3. 1 Po3ranryBaHHsi IpOBIIHHKIB y Ma3y:
a) Ha pedpo

0) macToM

He nepeBuniye nomycrumoro 3nadeHHs 2000 A.

KispkicTh masiB:

N 460
Z=—=— =46

81 10
KinbKicTh KOJEKTOPHUX IJIACTHH:

K=uwZ=546= 1230

KinpkicTs mpoBigaukiB O4:
N, = 2-w,K = 2-230 = 460
JliaMeTp KOJIeKTOpY:

Dy = 32

Konexropne nijieHHs:

30
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Dy 32

3 = = =044
%= x 230

Oxpy>kHa MIBUJIKICTH OOEpTaHHS:
1. HowminanpHa yacToTa oOepTaHHS M/C:
-2 4
mDE-10 Ty 32.107 711480

“kn 60 60

2. MakcumanbHa 9acToTa o0epTaHHS M/C:

7
D10 Tmpae 132.107 243200 .
I"'Jl(]'ﬂHX = 6[] = 6'::] = 53 '6-

CepenHs Hanpyra MK CYCIJIHIMU KOJIEKTOPHUMM TUIaCTUHAMU, B:

_ Y% 22600
ke T TR T T30 0

VY nurysni BiacytHs KO, ToMy HEOOXIJHO MEpPEBIPUTH MAKCUMAJbHY HANpyry

MDK CYCIIHIMHU KOJICKTOPHUMH TIacTuHaMu. KoedilieHT BUKPUBJICHHS T0JIs1 JOPIBHIOE:
K,=2

UnKy 226002 3138
*kmax T T T 230.0.665

YMOBHa Pi3HICTh MOTEHIIIAIB M1k XOJaMHU:

~
A W Chsr 5 1G.4347826ﬂ86956522

2 2
U,o 600-0.665

[
)
=
h

KinpkicTh ma3iB Ha MOJIIOC:

Z 46
= = =115
2p 22

YMoBHa cumeTpis:

= = 115
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Kpok 1o konekTopy Ta pe3yiabTyHUHil KPOK I MPOCTOI NETIHOBOI OOMOTKHU:

[lepmmii 4acTKOBHIT KPOK OOMOTKHU:

K 230
= _—— = —_— = 2 =
}rl 21} \_.k 2.2 _.5 55
Apyruii:

V) =y1-y=5-1=54
Kpok no nazam:

_Yl_SS_ll
Yo = a5

Kpoxk 3piBHIOBAJIBHOTO 3’ €THAHHS :

K 230

o . ) ) ) K

Hait611p1m1 MOXKJIMBa KITBKICTh 3PIBHIOBAYIB JOPIBHIOE —= 115. Mamuau 3 Ta-
KOIO KUTBKICTh 3pIBHIOBAYiB HA3MBAIOTHCS MAIlMHAMU 3 MOBHOKO KIJIBKICTIO 3piBHIOBA-
yiB. [Ipy bOMy BUTpaATH MiJil 3pOCTAIOTh, TAKOXK YCKJIAIHIETHCS KOHCTPYKIiSA. Y piBHO

CEKIIMHIX 0OMOTKaX BUKOHYETHCS OJIMH 3piBHIOBAY Ha Ma3. ToMy KUIbKICTh 3piBHIOBA-

4iB JJI HAIIOI OOMOTKH:

3.4 Po3mipu na3za sikopsi

st OS5 obupaemMo 130511110 «130(IEKCY» 3 TEMIIEpaTypHUM 1HJIEKCOM F.

VY saxocti 06MoTKH oOupaeMo apiT Mapku [1CJI. [{ns 3MeHIlIeHHs JOIaTKOBUX BH-
TpaT akTuBHI npoBiaHUKU OS po3aiieHi mo BUCOTI Ha jaBa. Po3mip oOMOTyBambHOTO
JPOTY BKJIAJEHOTO Ha pedpo :

- Bepx ma3sy:

b-h=gq , 1.45=6.78
c— = 2—
b;-h;, 1.91-5.51



33

- Hwus mazy:

b-h=gq _ 1.12-6.3 = 6.84

c i
b, b, 1.66-6.84

[ToBHa BucoTa IpoTy y nasy, MM:
2-(5.51 + 6.84) = 24.7
Cepenne ciuenns nposigauka OS5I, MM2;
6.78 + 6.84
qc = Cqgp = 2-# = 13.62

Jlpyruii BapiaHT YKJIJK{ MPOBIIHUKA y Ta3y (IJ1a30M), IPU I[bOMY OOMOTKaA CTa-
HOBUTHCS ORI TEXHOJIOTIYHOO, HE TOTpeOye Maiku J000BUX YaCTHH, a B BEPXHIO Ya-
CTUHY Ma3y YKJIaJarThCA Ma30Bl AeMI(pepH, sIKI BUKOHYIOTHCS 3 MIJTHUX MPOBITHUKIB.
[Tix yac komyTarii y nemrdepax BUHUKAIOTh JOJIATKOBI CTPYMHU, K1 3MEHIIYIOTh Peak-
tuBHy EPC Ta nemMndipyroTh pi3ki CTpUOKH MOJIA PO3CIIOBaHHS, K1 HE OyJM CKOMIICH-
COBaHI KOMYTYIOUUM TOJIEM, KOMYTOBAHOIO CEKIII€IO.

Po3Mipu 0OMOTYBaJIbHOTO JIPOTY, YKJIAJAIOThCS IUIa30M 3BEpPXY Ta 3HU3Y Masy,
OJIHAKOBI Ta PIBHI:

bxh=q 19%7.1=13.13
* =

“* b *h, 234 %7.37

Ciuenns nposignukis O, MM?;

qcy = ©q= 13.13

JIBa Bapiantu BukoHaHHs OS] — 1poToM, MiIPO3a1IJICHUM 110 BUCOTI Ha JBa MPOBi-
JTHUKA Ta YKJIQJICHUM B I1a3 Ha peOpo (cepiiiHuil ABUTYH, BapiaHT 1) Ta IpoTOM, yKIiaje-
HUM I1J1a30M, 3 M1a30BUMHU Aemndepamu ( BapianT 2, 3anponoHoBanuii). lllar no nazam y

00ox BapianTax oyne 11.

inbHiCcTh cTpyMy B OS:

Bapiant 1, A/MMZ:
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I
. P
ja] = — = 5.05

Adc

Bapianr 2, A/MM?;

I
g = P 504
ACu
dakTop HarpiBy:

Bapianr 1, A/cM*MM?;
ja1-A = 1413.363

Bapianr 2, A/cM*MMZ:

jap-A = 1466.11

I'iap30Ba 13051111 Oyie BUKOPUCTaHA, Yepe3 Te IO JIOBKUHA CEpJICUHUKA SIKOPS
cknanae ly = 32 cMm, mo He nepesuirye 60 cM. [Ipu U = 5 3arajbHa TOBIIMHA 13071111 3

BpaxyBaHHS MPUITYCKIB Ha YKJIAJIKy CKIIAJIa€:

Bapianr 1, mm:

[To mmpuni nazy: Bepx — 1.65; Huz — 1.5;

[To BucoTi ma3zy: Bepx — 3.96; uusz- 3.96.

Bapianr 2, mm:

[To mupwuni nazy — 2.4,

ITo BucoTi mazy — 6.3.

Po3mipu nasy 3aani KOHCTPYKIIIE€IO MAIIMHK Ta CKIIAJIal0Th, MM:
Jlist BepxHbOi1 wactuau: by * hy = 11.6 * 15;

Hwxupoi wactunm: b, * h, = 10.2 * 15.

Po3mipu cekiii 3 130JIA111€10, MM:

BapianT 1: Bepx-b*h =112+ 13;5u3- b * h = 9.8 * 13.7,
BapianT 2: b * h = 9.47 x 13.85.
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Pucynox 3. 2 I1a3 sxopst nBUryHa

JI7is BU3HAYEHHS BHCOTH KJIMHY CIIiJI 3HAWTH MOTOHY Macy Mifi Ha 1 cM JOBXHUHU
nasy, Kr/cMm:
Bapianr 1:
—5 -3
mey] = $p0e8.9-10 7= 12.12-10
Bapianr 2:

—5 —
meys = Srdey 8910 0= 11.68-107°

ITorona maca 1301111, KI/CM:

5 _5 -
my, = 2.5-10 ~+(by-hy - sprqey) = 2,510 7-(30-11 - 10-13.13) = 5 x 10 ’
Bianentposa cuna, aitoda Ha 1 cm BmicTy ma3za, H/cwm:
1.2 / . 2
Cpp = 55-(meyq + my)-(D, - 01%)'[%} = 5512121073 + 0.0049675}-(36 - 0.1-30)-( 130302000] = 457.32

MinimMaabHa TOBIIMHA KJIUHY, CM:
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T e S
k= tees =
'T.Zlﬂl'l ‘T,:mn

i€ 0oy JUISA PI3HUX MaTepiaib:

Marepian Opon MiHimalpHa TOBIIMHA KJIMHIB
I'ernnakc B 2450 0.56
Texcromit IITK 3450 0.47
Cxanorekcromit CT-1 5250 0.38

OcCKUIbKY BHCOTA Ta3y MiJi KJIMHOM JIOPiBHIOE 4.4 MM, IPUIMAEMO, KJIUH 13 CKJIO-
TEKCTOJIITY TOBIIHMHOIO 4 MM. [7]

KoedirmienT 3armoBHEeHHS Ma3y:

o _ SSmwde _ 1013.620000000000000
TS oh 30-11 o

[HupunHa 3y011iB IpH CTYIIHYATOMY Ta3i:

o (D - hy K| i

X 7 I1

ne h, — rmubuHa, Ha AKii BU3HAYAETHCS MIMPUHA 3yOIIiB;

K=0a6oK=2.
b B 360 11.6 = 13
zmax ~— " 4¢ T MM
(360 — 40)
b _ —11.6 = 10.25
2ep 16 MM
b--ch = 21.8-10.2=11.6 .,
(360 — 70)
o ~102=96
min 26 MM

3.5 Po3mipu mIiTOK Ta KOJIEKTOPY

HiameTp xonektopy: Dy = 32 cMm

Posmipu mitox, cM: by, * I, = 1.6 * 3.2



BinHomieHHs po3paxyHKOBOT IMPUHM LIIITKO 10 KOJIEKTOPHOTO ALICHHS:

by

N = — =3.66
e

Mapka mritok - E84S, o Bianosinae enektporpadiTOBaHUM IIITKAM MapKH

EI'-61.

KinpkicTh HUTOK:

nm=3

KoHTaKTHA TUIONTHHA IITOK, CM?:

For = 2p byl = 2:2:3-1.6-3.2 = 61.44
IL[inbHICTL CTPYMy B KOHTAKTI LIITOK, A/cM?:

o 2-275 _cos
Jm = F T 61.440000000000012 =

AXTHUBHaA AOBXKHHA KOJICKTOPY, CM:

g = ng(ly + 0.5) + 1.5 = 3:(3.2+0.5) + 1.5 = 12.6

TennoBe HaBaHTa)KeHHs KOJEKTOPY, A/cM?:

1
Dk'lk

[IIupuHa KOMyTAIIITHOT 30HH, CM:

b =t +[bm+ |"nk-(azk+ %Hi—i =35

Po3paxyHkoBa nojirocHa 1yra, CM:

by = 7 - by — (4.5) explieit ALL = 28.274333882308138 — 5 - 4.5 = 18.77

CriBBiTHOIICHHS IMIUPUHU KOMYTAIIHHOT 30HU 10 MIXKITOJIFOCHOTO BIKHA:

= 0.53

T_bD

KoedirieHT mepekputTs moaroCHOTO KPOKY:
bo

o= — = 0.66
i

37



3.6 JloBxkuHa cepAeYHNKA IKOPS TA CYIPOTHUB 00MOTKH SIKOPS

Bentusiis cepaednrka skopsi — akciajqbHa
MarsiTHAH ITOTIK HA ITOJIIOC:

_ 602E, 602570
B pny N 2-1480-460

F

Po3paxyHkoBa qOBXHHA CEpACYHUKA SKOPS, CM:

a

k= ——_

bg'10” B

I
Taa
| ]

JloB>K1Ha Mojroca oOpaHa PiBHOIO pO3paxyHKOBOI, CM:

I[OB)KI/IHa craim CCpACYHHKA AKOP:A, CM:

l, = kol =298

Inaykuist y ocHoBi 3yor1is, Ti:

zmax ~ = *¢ b
zmin

JloB>KrHA T0OOBOT YaCTUHU MPOBITHUKA SIKOPSI, CM:

I, = 1.4.7 = 39.6

JlosxxuHa nposigauka O, cm:

l, = L+ 1= 716

Cynpotus Ol ipu pobouiit Temnepartypi 115 °C:

N1, 0.442

1‘ = =

| ; (a2, Qac
4650-(22)" qugp P

Bapiant 1, Om:
0.442

L= = 0.0325
fal = 1362

Bapiant 2, Om:

38
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o oA 0.0337
fa2 = 7373
Maca migi O4:

Meyy = 8.9-10 " N-l-q, = 2.931-q,

BapianT 1, kr:

My = 2.931-13.62 = 39.92

BapianT 2, kr:

meya = 2.931-13.13 = 38.48

I[Tonepeyne ciueHHs MPOBiJHUKA 3piBHIOBAIBHOTO 3’ €HAHHS, MM?

Ac
Gy = 5 = 454

I[IpoBigHuk, MM2:

a}r-b = 3.2-14

Gy = 4.54

Maca mizi 3piBHIOBaJILHOTO 3’ €THAHHSI, KT
-5
GCu}, = 8.9-10 -p-ny-ly-q},= 1.26
3.7 Po3paxyHOK J0JaTKOBMX BUTPAT B 00MOTIIi AKOPS

Jliist mepeBipku 0OpaHoi BUCOTH MPOBIAHUKA BU3HaYaeMo kKoedimient Dinb3a. Le
HEOOX1THO MPH OJHOBUTKOBHUX ceKIisx B O

[IpuBenena Bucota nposigHuka O:

o beu | £ acu A . 0.095-ch ua
T 050, 500 b,

Bapianr 1:

Bepx na3sy:
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4
= 0.0057-2:5 | = 0.74
E'HBl 11.6

2.065

Vgl = - = 3.77
0.747

Hwu3 nazy:

00957263 |12 _ 080

‘1 = 00997205 e = 0
2.065

Vgl = S = 2.61
0.89~

Bapianr 2:

Bepx na3sy:

£ = 0.0957-1.9 T'I—Dlzl

]._[Bz - ' ' 116 M

2.065

Vg) = S = 105.36
0.147

Hwu3 nazy:

: = 0.0957-1.9 71 =0.15

E'].'[Hz - ' ' 1{]2 e
2.065

V) = = = 01.78
0.157

KoedimieHT 301blytounii CynpoTuB il ma3oBoi yacTuHU OS npu BUKOHAHHI 3

HEITIPO3IICHUX T10 BUCOTI 1a3a MPOBITHUKIB:

2 2
0.76-m™ £
K, =1+ ———

fr 2+ v

Bapianr 1: Bepx masy:

) 0.76+2°+0.74°
Kfg) = 1+ ——5 5oz — = 1.92

Hwu3 nasy:

y) 7
) 0.76 + 2° + 0.89°
Rl = 1+ =5 53550 ~

I
| B
—_




Bapiant 2: Bepx masy:

e, 076+ 107+ 0,147 o6
fis2 = ° T T 31025 T

Hwu3 nazy:

e D.'?6+1t]2+t].152_jﬂ9
fim2 = 7 2+ 002 -
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KoedimienT 3011b11eHHS CYTTPOTUBY 1Ma30BOi YACTUHU 3 MiAPO3IIJICHHM 10 BUCOTI

I1rasa HpOBiI[HI/IKOM:

. Ker—1 2 )
Kg =1+ + (Kgg — 1)

ki
2 .

Bapianr 1: Bepx na3sy:

k2

2

W, 120-1 27-1 32
Kgm = 1+ 2t (129 - 1)-=— = 1.17
Hwu3 nazy:
R
K' 1ot 2l (1524 — 1) = 131
=1+ + (1.524 - 1) —— = 1.
frrml 2 2 71.6

Bapiant 2: Bepx masy:
Kfp2 = Kfg2 = 1.96
Hwu3 nma3zy:

K = K = 2.09

KoedirieHT 3011bI11€HHS CYTTPOTUBY:

Kf = 1+[1c:'fﬂ—1]-E
Ly
Bapianr 1:
32
Kfpp = 1+ (1164 - 1) —— = 1.07

32
Kpg = 1+ (1319~ 1) = = 1.14

Cepenne:
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[Kfﬂl + Kle)

Kfcpl = 5 = 1.11

BapianT 2:
32

Kfgy = 1+ (1.015 - 1) = = 1.01
32

Kfp = 1+ (1.019 - lj-m = 1.01

Cepenne:

[KfBE + KfHE)
Kfep2 = - = 1.01

SAxmo BukonyBatu O 3a 1pyruM BapiaHTOM cepeAHiil Koe(diieHT 301IbIICHHS

cynpoTuBy Oyzae meHie Ha 10%, HIxK y peallbHOMY JIBUTYHI.
3.8 Po3paxyHok komyTallii Ta 101aTKOBHX MOJIIOCIB

[IpuBeneHa Mar"iTHa NpOBIHICTD Ma3Yy:

[Ipu HOMIHAJIBHIHM YacTOTI OOEpTaHHS:

h I 2
: 0.6 1. g 500 a 416
- = bt . — = 4,
o bt Alpwe Ve, p

[Ipu MakcHUMalIbHIM YacTOTI OOEPTAHHS:

{max = 3-62

PeaxktuBna EPC:

[Ipu HOMIHaNBHIH YacTOTI oOepTaHHs, B:

ey = 2lew A£V, 107 % = 2.08

[Ipu MakcuMalbHIi yacToTI 0OepTanHs, B:

S = 3.91

rmax
OTpuMaHi aH1 3HaXOJATHCS B Jllalla3oHi, IKUi 3a0e3mneuye rapHi yMOBU KOMyTa-
mii 6e3 KO

[IuToma Mar"iTHa MPOBITHICTS:
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hy hy
A= 125 — + — | = 1.744
H 3b, by
b1
A, = —— =081
'O,Z[H
N = 0.5

3a30p mijg J10JJaTKOBUM ITOJTIOCOM:
O = 8

[IpuBeneHa mMprHA NITKU Ta CIHIBBIIHOIICHHS IMPUBEICHOI ITMPUHU IITKU 10

KOJICKTOPHOTI'O I[iJ'IeHH}I, CcM:
L] A 3 a "J
by = by — 8y + By 1_1_3 = 1.52
bl
= —— = 3.48
P
du' =9

[Turoma pe3ynbTyroua IPOBIIHICTH MMa3y:

w l
4 .
€= —(Ag+ )+ }“‘Jﬁ = 3.93

Yom !
-"‘|

PeaxtuBua EPC:

[Tpu HOMIHANBHIHM YacTOTI 00epTaHHS:
e = 2w A€V, 10 % = 1.97

[Ipu MakcUMalIbHIM YacTOTI OOEPTAHHS:

e = 2w A€V, 1070 = 4.25

I'MAKC amax’

Uwuco BUTKIB B KOTYIIIII TOAATKOBOTO MOJIIOCA:
K Nt 15.81
“'l.:[l_[ = ,-'_'[]II m = .

. Wt = 16
[Tpuitmaemo: AL

KoedimieHT BUKpUBIEHHS MOJISI PY IEpEeHABAHTAXEHHI:
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bo-A-(1 - Ky ) K
Ky=1+ ——— = 4.49
16000-B'5-3-Kq

MaxkcruMaibHa Halpyra MixK CyCiIHIMUA KOJIEKTOPHUMH IIaCTHHAMU, B!
2p-U,

= — K = 70.47
“knake K H

Ha ocHOB1 oTpumaHOi BETWYMHU MOXKEMO CKaszaTH, IO IMOTPiOHO 3amoliraTv
JBOKPATHOMY MTEPEHABAHTAKEHHIO 110 CTPYMY.

[IupuHa O6amMaKy T0AATKOBOIO MOJOCA, CM:
= 7 A = £

b_:m by — 28 . 3.4

JIoBKMHA T0AATKOBOTO MOJIFOCA, CM:

Ly = k = 32

[HayKiis B 3a30p1 JOAATKOBUX MOMIOCIB, Ti:

. —4
B,:m = &-A-l—-lﬂ =0.12
I

[ToTik B 3a30pi 10AATKOBUX MOJIOCIB, BO:

-4 -3
@ = byl Br107 7 = 1.87x 10

[ToTik B cepaeunuky momtoca, BO:

3

®__=6.53x10

Prm = an Pon

. . . . o .= 3.5
KoedirieHnT po3cisiHHS 107aTKOBUX MOJOCIB B MariuHi 6e3 KO - AL

[ToTik B cepaieuHHKY MOJIOCA TP MIEpeHaBaHTakeHH1, BO:

© =K 11.2:107°

IITIIIT O

[[IuprHa cepieYHNKA TTOTIOCA, CM:

':D,:[rmrr

b = ——— = 2.69
I
A Bm'l,:m

B peanbHiii MallMHM IIMPUHA CEPAECYHHUKA by, = 3 CM, HaJgaal pO3pPaxXyHKOBY

BEJINYMHY OKPYTJIIUM JI0 PEAIBHOI.
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s crani Ct3 ta 911 B, =1.3 Tn, ane KO MOIOC BUKOHATH 3 CTajl MapoK
3312 a6o 3313, To 3HaYEHHS IHIYKIIIi MOXJIHBO 30UTbmTH 70 1.7 To.
Koedimient 3azopy:
tl + 1':]1"" m
K it

aml T bz

= 1.01

1. + 1':]1;}'11.[

3a30p mij 10JaTKOBHM MOIIOCOM, CM:

__ (bz1.— 1)7 L
Onx = l.;m =144
1'5't1113x'K,1n1'T

Mix sI[pMOM Ta JT0JaTKOBUM ITOJIIOCOM POOUTHCS 3a30p 3 HEMArHiTHUX MPOKIIAI0K
toBUMHOIO 0.5 cM. Ha mpakTuili MiX sipMOM Ta CEpJI€YHUKOM JOJIATKOBOIO IOJIOCA
CIIi 3pOOMTH CTaJbHI MPOKIAAKHU 13 JUcTOBOI ctam 0.5 mMM. 3araigpHa ToBmMHA — 1.5

MM.

IinbHICTB CTPYMy B 0OMOTKaX, A/MM?:

' _n 3.44
J ; ]-_[ = = . 4 ¥
8 A Qan

JloBWHa BUTKA, CM:

l.;[B = 87

CynpoTuB 0OMOTKH JT0JATKOBHUX MOJIOCIB mpu Temmepatypi 115 °C, Om:

2p-wol
=P ‘ir‘ie':[l.[ B
1‘115 = 5 =0.01

4650-a

o Yoo

Maca Mia1 OOMOTKH JOJaTKOBUX IIOJIFOCIB, KT

l 8.9-10 " = 39.18

m 6 o

2o W
2P W

cudm
3.9 Po3paxyHOK MAarHiTHOro JIAHIIOTA Ta KPUBOI HAMATHIYyBaHHS

Po3paxyHkoBuii 3a30p mij] CEpeIUHOIO Ta Mi KPAEM TMOITIOCA, CM:

8" = 0.009-D, = 0.32



) o'
" = — =0.22
1.5
0" = 28" = 0.65

. . . B, = 045
3a30p i1 OJIFOCOM B peajibHI MalIUHI:

BigHouieHHs 3a30py /10 NIMPUHU NA3Y:
Po3paxynkoBwuii 3a30p:

8'-10
= 0.11

0§
Peanbnuii 3a30p:

5,10
= 0.15

IT
Po3MipH T0JI0BHOTO MOJTIOCA, CM2:

b, = 448

Sm = amby

m m’

JloBku1Ha 10JIr0Ca, CM:!:
= = j
Ly = ap, = 32

Bucora nomtoca, cMm:
hy, =6

Koedimient posciroanns: @ = 1.18
[HYKIIis B CEp/IEYHUKY TOJIOBHOTO Mojtoca, Ti:

Utba

B -— =172
m 1

E;m' 10

JloB)KHMHA MarHiTHOI JIiHIT B CEpJICYHUKY IOJII0CA, CM:

Iy = 2-hy, = 12

Po3Mipy IONEpPEYHOro CiueHHs IpMa, CM2:

v — he ]l =
SJ hjlj 245

h; = 4.5

J " - TOBILIMHA sIpMa, CM

L = 1.7, = 54.48

J -IIMpHHA ApMa, CM

46
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Iaaykiis y yactTuHax cranuau, T

T Dy + Py
B': = — 1 = 1.25
2-S:-10°
]
BHyTpimHiit g1iaMeTp CTaHWHU, CM:

D; = D, + 2y, = 48

JIoB)XKHMHA MarHiTHOI CHIIOBOI JIiHIi, CM:

| D; + by
..I=M

: +hj=46

2p

[aaykis B spMi cranuHu, TI:
f;r-tba

B,= —=1.21

z-ej-m‘4

I[Tonepeyne ciueHHs cepeYHHKa IKOPS, CM2:

L[-[Da —2h, —2dgg- dB)
S, = = 221.11

a 2

Bucora cimaun CCPACYHHKA AKOP:, CM:

BHyTpiuHiil A1aMeTp cepeuHuKa sIKOpsl, CM:

D; = D, - 0.2-h; —2h, =21.5

Inaykiis B apmi sxopst, Ti:

P,
B, = —— = 1.14
2:5,-10°
Hiamerp Banmy d, =11.2 cMm, BEeHTWJSLIAHI OTBOpH B sipMmi sikops n, = 16,
de =dz =2cMm.
JloB>XKMHa MarHiTHOI JIiHIT B CEPACUHUKY SKOPS, CM:
m(D; + h )
17 Ha
L, = [— +h

a. zp

KoedimienT 3a3opa:

L =29.21



t1.+ 1‘]61
Ky{=—— =12

I_'}Zl + 1‘]61

Koedimient iHAYKINT y 3yOI1sX:

t
K.,=—=1.89
s1 bzl
t
K.~ = L =241
- sz
t
]{33 - L =212
bz.i
t
]{34 - L = 2.56
bzfl

JloB:KMHa MarHiTHOI JiHI1 y 3yOLsX, cM:

l, = 02:h; =0.7

[naykiis y pi3HUX ciueHHsx 3yous, To:
B,; = K -Bs = 1.58

B, = K.y'Bs = 2.01

z2 = g2
B,3 = K 3:B5 = 1.77
B,y = Ky4By=214

[Tutomi ammiep-BUTKH, A/CM:

aw,, = 100
aw,3 = 100
aw,, = 250
aw,4 = 350
aw,q + 4-aw,, + 4-aw 3 + aw,y
aw, = 10 = 185

MPC nss mpoxo/KeHHSI MAarHITHOTO TIOTOKY 4Yepe3 3yOreBuid map, A:

F, = awz-lz = 1295

MPC a5 mpoXoKEHHS MarHiTHOTO TTOTOKY uepe3 3a30p, A:



Fy = 1.6-10%ByK' -3, = 7214.4

ITutomi MPC Ha nuissHKax MarbHiTHOrO JIaHIiora, A/cm:

T _— T _— FJ' e =
AW, 5 aw, 12 aw i 10

MPC niis mpoxoKeHHsI MarHITHOTO TTOTOKY Yepes:
Cepneunuk sikops, A:

F, = awyl, = 358.14

Cepaeunuk nosntoca, A:

F__ = aw = 384

m m’ Im
Cranuny, A:

Fj = HWJ"Ij = 544.76

CTHK MIX ITOJIFOCAMH Ta CTAHUHOIO, A:

- 1610%B. 5. =312

F m’ “mj

mj

Bypj = 0.015

49

dopmyna s BUBHAYCHHsI KUTbKicHOTO 3B’ 513Ky Mixk E, /n(B0) Ta ®,(B/(06/xB)):

60-a-E, E,
D, = = 0.13-—
' p-Nn n
Ea
— = 7.679,



50

Tabmuis 3. 1 Po3paxyHOK KprUBOi HaMarHigyyBaHHS

JlingHKa ®,=502%10"3| &,=45%10"3 | &,=375%10"3 | &, =55%1073
MArHITHOTO Ea _ 0384 Ea _ 0342 Ea _ 0285 Ea_ 0418
JaHIIoTa n n n n
B aw F B aw F B aw F B | aw F
3asop 0.835 7214 0.748 6462 | 0.6233 5385 | 0.91 7898
3y6uesuii | B,, | 1.587 | 100 | 129.5| 1.41 | 90 | 74.6 | 1.178 | 80 | 61.6 | 1.32 [ 110 284.2
map B,, | 1.01 | 250 1.8 | 100 15 | 90 2.2 | 550
B,, | 1.77 | 100 1.58 | 100 132 | 85 1.93 ] 200
B,, | 2.13 | 350 1.91 | 175 1.59 | 100 2.34 | 950
Cepneunuk | 113 | 5 | 146 | 1.02 | 3 | 876 | 085 | 1 | 292 [125] 6 | 175.2
KOS
Cepneunuk | 132 | 12 | 144 [ 119 | 7 | 84 | 0992 |08 | 96 [1.45| 16 | 192
ITIOJIFOCa
Crux 1.32 318.8| 1.19 285.7 | 0.992 238 | 1.45 349.2
ITIOJIFOCa-
CTaHUHU
Cramuna | 1.209| 10 | 464 | 1.08 | 5 | 232 | 0.903 | 3 [139.2/1.32| 20 | 928
F,=JF 8416.7 7226.6 5862.9 9827.3
Fs, = Fs+F, 7343.9 6537.3 5446.9 8182.9
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Pucynok 3. 3 Kpusa Hamaruiuensst nsuryna @, = f(F;)
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0,04

0,384

0,03

Ea/n,
™~ B/(o6/xs)

o
o

0,01

0 2000 4000 6000 8000

E
Pucynok 3. 4 KpuBa HaMaraiueHHs JBUTYHA ?a = f(F;)

3.10 Po3paxyHok 00MOTKHM 30y/IsKEeHHS

JloB)KHMHA BUTKA OOMOTKH MOCIIIIOBHOTO 30y IPKCHHS, CM:

lpep = 116

[Tonepeune ciueHHs OOMOTKH, MMZ:

qg = 80

. . . W
KinpkicTh BUTKIB B KOTYIIIl OHOTO MoJitoca: I

) ) . w, = 50
KinpkicTes BuTKIB B O3: B

. . . da
Kinpkicts napanenpHux ruiok:
Makcumansaa MPC, A:

Fog = 2-wg'lg = 13750

BH B

Cynportus O3, npu temneparypi 115°C, Om:

FtH
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1

2pwy'lpep
fg115 = — 5 = 0.02

-
4650-qg-ag"

EPC 04, B:

E, = Up— I(fa115 + fam115 + fe115) — AUy = 580.32

Maca mimi O3, kT

—5 -
m = 2:pwgl -8.9-10 ~ explicit ALL = 2-2-50-116-80-8.9-10 ~ = 165.18

CUB Bcp UB

3.11 Po3paxynok BTpat Ta KK/|

Maca Mmifi sipma sSiIKopsi, KT

t 2 2 3

Met = 3 [[Da—zhn.) dg —ﬂBg-dBﬂ-lf‘?.S-lﬂ_ = 192.89

Maca craii 3yO11iB AKOpsI, KT

m, = Zlebyghy 78107 = 4427

Brpartu y crani sipma sxops ans craim mapku E-31, ToBmmHoo A=0.5 mwm, nipu

Py
f= —— =49.33
yacToTi 06epranus n,, = 1480 06/xs Ta B, = 1.13 Tr, 60 I'n, Br:

f-(f+200) _ 1
Apgy = ————-B

1700 q Mot = 1798.49

Brpatu B crani 3youiB sikops Ay crani mapku E-31, Br:

By = 1.89

_ £(f + 100)

,
i‘Pctz = 1300 -anb ‘Mg, = 896.08

Brpatu y O3, Brt:

)
Q‘Pcub =1, 1y =234

Btpartu B 00MOTIII 101aTHUX TIOJTIOCIB, BT:

,}
Q‘Pcudp = I, rgy = 1134



Btpatu B o6morTii sikopst, Bt:

V ma3oBiii YaCTHUHI:

) l
i'~P*::uap =1 'r']“fm:p'l_
<p

1.29 + 1.524 32

,
Q‘Pcuanl = 2757-0.0325- 5 =13 = 1548
2 1.015+ 1.019 32
Apcuan2 = 2757-0.0337- : = 1160
2 71.5
V 1000BI1ii YacTUHI:
2 ks
APeyaz = In BT
cp
2 39,
Q‘Pcua,::l = 2757-0.0325- = 1358

71.5
2 39.5
Apecuax2 = 275 -G.GSST-m = 1408

Brparu B konekropi, BT:

EnexTpuyHi BTpaT y KOHTaKTax IIITOK:

Apeqm = AUL, = 550

Ha TepTs miTok npu HOMiHAIBHIN 4acTOTI 0OepTaHHS:

Dy 0y
= (0.35.F_- = 533
60

Mexaniuni BTpatu, BT:

1/

16
1
Apyx = ]xm-[ﬁ] P, = 697.11

Cyma MexaHIYHHMX BTpaT Ta BTPAT HA MPUMYCOBY BEHTHJIALIO, BT:

Apyx + Apg = 3000

54
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Cyma ycix BTpaT mpu HOMIHAJIbHOMY HaBaHTa)KEHHI Ta MIBUAKOCTI 0OEpTaHHA,

Br:
YApl = 2004 + 886 + 2344 + 1134 + 1548 + 1358 + 550 + 553 + 3000 = 13377
YAp2 = 2004 + 886 + 2344 + 1134 + 1160 + 1408 + 550 + 553 + 3000 = 13039
KK/I:
13377
ny = 1- = 0.911
150000
'T]l% = 091.1
13039
M = 1- = 0.913
= 150000
T2, = 01.3
3.12 TenJioBuii po3paxyHoOK
YMOBHE NMUTOME TEIJIOBE HABAHTAKEHHS CEpJCYHMKA SIKOpS Bl BTpaT Ha Iepe-
MarHi4yBaHHS:
Apora + APy 2004 + 886 Bt
w; = = = 0.423—
nD,l kg %36 %32 1.89 cM?

He k, = 1.89 — koedimieHT, BpaXOBYIOUYHI HAsABHICTh B CEPJICYHHUKY SKOPS BEH-

TWIALIHHAX KaHaI1B.

YMOBHE MUTOME TEIUIOBE HABAHTAKEHHS CEPJICYHUKA SKOPS BIJ BTPAT B Ma30BId

gactudi O:

kfnjaA

"2 = 4000k,

Jlns meporo Bapianty: w, = 0.265 C]i—TZ

JIst Apyroro BapiaHTy: W, = ()_197C]i/I_T2

YMOBHE MUTOME TETIOBE HABAHTAKEHHSI CEpJCYHHUKA JT000BOT YaCTUHU SAKOPS Bijl

BTpAaT B Hel:
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jaA lS

ES

4000 I,

W, =

Jlnis nepioro Bapianty: w, = 0.495 Bt/cm?

Jlns apyroro Bapianty: w, = 0.513 Bt/cm?

IIuTome TennoBe HaBaHTAXKCHHS Ha I1a30BY iBOJIHHiIOZ

= K, —tl
w w *
3 2\B I

Jlns nepmoro Bapianty: wy = 0.134 Bt/cMm?
Jlns apyroro Bapianty: ws = 0.1 Bt/cm?

ne [1=9.2 - nepumeTp ma3sy.

KinbkicTh MOBITPss HEOOXIAHOTO JIJIS1 OXOJIOKEHHS MAIIMHU:

V= 24 —0607M3
11085 c

IBUAKICTH IOBITPS MO OC1 MAIIMHU:

ne S=217 cm?

PesynbpTyroya mBUAKICTH TTOBITPS:

Vl 2 2 M
v, = (5) +V? =313

[lepeBuILEHHS TEMITEPATYPHU CEPICUYHUKA SIKOPS:
_ (Wy + Wy) * Coee
acr 1+ Vs

e Cact = 4‘50
Jlist mepuioro Bapianty: O,.. = 42.7 K

st npyroro Bapianty: 0,., = 38.4 K
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[lepeman TemmepaTyp MO TOBIIKHI TA30BO1 130JIALIIT:

N3

Aus

91/13 = W3 *

by—(r-1)a,;—a
2

I[e 5PI3H =

JUJi epiioro BapiaHTy:

— BIJICTaHb BiJl CTIHKH MMa3y 10 Mifi, MM.

Bepx masza: O,,; = 1.28 MM

0, =10.72K
HU3 na3a: 0,5, = 1.22 MM

0, = 10.22K
cepenne: 8,; = 1047 K
Jlist mpyroro BapiaHTy: 0,,; = 1.55 MM

0,; =9.69 K

HepeBI/IH_IeHHH TCMIICPATYPH JIO6OBI/IX YaCTHUH O6MOTKI/I
WiaCra 350
= V, = 28
1+0.1(2+V;) 1+01(3+313)

2

O1a

*Wiq =633 Wyq

He C,, = 350
Jlist mepioro Bapianty: 6, = 31.5K

Jlnst npyroro Bapianty: 8,, = 32.6 K

Cepenne nepesuiieHHs: Temnepatypu OS:

Jist mepiioro Bapianty: 6,5, = 41.2 K

Hust ipyroro Bapianty: Og., = 39.53 K

MakcumanbH1 po3paxyHKOBI TEMIEPATYpH MpPU TEMIIEpaTypl 30BHIIIHBOTO MOBi-
Tps B, = 35C

[TazoBa yactuna O4I:

Jist mepimoro Bapianty: 0, = 42.7 + 10.47 + 20 + 35 = 108.27 C

Jlist mpyroro Bapianty: 6, = 38.4 + 9.69 + 20 + 35 = 103.09 C
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Jlo6oBa wactura OSI:
Jist mepioro Bapianty: 6,, = 31.5+ 20+ 35 =86.5C
Jlist npyroro Bapianty: 0,, = 32.6 + 20+ 35 =87.6 C

3aiizo aKops:

Jlnsa nepioro Bapianty: 0,, = 42.7 + 20+ 35 =97.7C
st npyroro Bapianty: 8,, = 38.4 + 20+ 35 =93.4C
Konekropy:

Ok =38.2+35=73.2C
3.13 Po3paxynok cTpymy K3
[nayxTuBHicT O3, ['H:

U-CDH
= 0.02

[TocTiiina yacy naHIora 30y »KEHHs, C:

Ly
T, = - 0.69

B
[HAYKTUBHICTD AKIPHOTO JIAHITIOTA ABUTYHA, [ H:
50,

L, = ST = 0.00184

2-pn,- Ly
YMOBHE NaJiHHS HAMIPYTH Y SKIPHOMY JIaHIIOra IPX HOMIHAJIbHOMY CTPYMi:

AU = Ryv L, + AU Kgyeg

'a + r,:[f[ + l'B

Bapianr 1:

R,yp = 0.0325 + 0.015 + 0.031 = 0.0785
AUjq = 0.0785-275 + 2 + 1-3.66-1.96 = 30.76

Bapianr 2:
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R,5y7 = 0.0337 + 0.015 + 0.031 = 0.0797
AUy, = 0.0797-275 + 2+ 1-3.66-1.96 = 31.00

BigHocHu# cynpoTUB SKIPHOTO JIAHITIOTA, Y.0.:

ﬂUk
r, =
kil
Uﬂ
g = SG'TG—GGSIS
2l T Teo0
—31'{]9 0.0518
r.H = = 0.
A2 600

KoedimienT peakuii sskopsi:

FpH + b A
b= ———"—=0299
Flo
F .. = 1120 .
pa - po3marsiuyroua MPC peaxkuii sskopst

[lepexinHuil CynmpOTUB SIKIPHOTO JIAHLIIOTA:

r'qo = 0.051 + 0.015-0.299 = 0.055

VYcTaTkoBaHMI CYyIPOTUB SIKIPHOTO JIAHLIIOTA:

rq = 0.051 + 0.299 = 0.35

[lepexinna mocTiiiHa Yacy jaHIora 30y 1KeHHs, C:

r 0
T,.=T.— =0.11

c g
ITepexinHa mocriifHa Yacy SKIpHOTO JIAHIIIOTa, C:
L,+ L,
T, = = 0.297
Ray

[lepexinHa moCTiiiHA Yacy SIKIPHOTO JIAHIIOTA y HAAMPOBITHOCTI JIaHIIOTa 30Y-
JOKCHHS, C:

l'H

T'p = Ty— = 0.27
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[lepexinHuii CynmpoTUB SIKIPHOTO JIAHIIIOTA:



2T'
rq=rdo~

'qp = 0.067
B

MaxkcumanbHe 3HaueHHs cTpyMy K3 y nonsx HOMiHAIBHOTO:

ikmax = 14.8

VYcratkoBanuii ctpym K3 B 107155X HOMIHAJIBHOTO

_ s

S
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Yac Bix nmouatky K3 1m0 nqocsaraeHHs: CTpyMOM MaKCHMajibHOTO 3HAYEHHS, C:

i )
T Iemax

tm = T'Hﬂ"n[

MakcumanbH1il MOMEHT oO0epTanHs npu K3:

; 2
Mpmax = [llcmax) 1y = 11.17

° . _ }= 0.06
T'20 kmax ~ ky

3.14 TlopiBHSIHHS BUKOHAHHS JIBOX BapiaHTiB 00MOTOK JIBUT'YHA

VY Tabnuio 3aHeCEHO OCHOBHI PO3PAaXyHKOBI BEJIMUMHHU, SIKI JJO3BOJISAIOTH MOPiB-

HATH €KCIUTyaTallliHi MTOKa3HUKH JIBOX BapiaHTIB BUKOHAHHS OOMOTKH TATOBOIO JIBUTY-

Ha TH-81, 3 ykiianikoro 0OMOTYBaJIbHOTO APOTY HA peOpo y BEpXHiil Ta HUKHIN YaCTHHI

nazy (BapianT 1) ta yknankoro minazom (Bapiaut 2).

Tabmuus 3. 2 [TopiBHSHHS TBOX BapiaHTIB

No Po3paxyHkoBa BennunHa Bapianr 1 BapianT 2
1 Po3mipu oOMoTyBasbHOTO Bepx ma- 5 1.4 %5 14 19x%7.1
* — S —
npoty OSI, MM*MM 33 1.91 % 5.51 2.34 x7.37
Hu3 maza 2 4 1.13 % 6.3
1.66 * 6.84
2 Ciuenns nposignukis O, Mm? 13.62 13.13
3 IinbHicTh cTpymy B O, A/MM? 5.05 13.13
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4 Omnip O pu poGouiit Temmepartypi 0.0325 0.0337
t=115C, Om
5 Maca mia1 O4, kr 38.06 37.9
6 | Koedoimient 36inbmenns ono- | Bepx maza 1.29 1.015
py ais nma3oBoi yactuau OS]
Hus naza 1.524 1.019
7 Btpatu B O41, BT [TazoBa 1548 1160
JacTHHA
JloGoBa 1358 1408
JacTHHA
CyMapHi 2906 2569
8 KK, % 91.1 91.32
9 | TlepeBuleHHs TeMIEpaTypu CEpACUHUKA 42.7 38.4
axops, K
10 | Tlepeman TeMriepaTypH Mo TOBIIMHI 1Ta30- 10.47 9.69
BoI 1301111, K
11 | IlepeBuinieHHs TeMIiepaTypu JOOOBUX Yac- 31.5 32.6
THH 00MOTKH, K
12 | Cepenne nepeBuieHHs temmneparypu OS], 41.2 39.5
K
13 | MakcumanbHi po3paxyH- | [lazoBa yacTtu- 108.27 103.09
KOBI1 TeMIIepaTypu Mpu Ha O
TeMIEeparypl HaBKoauII- | JloGoBa yacTu- 86.5 87.6
Hboro noBiTpst 35C Ha O4
Cepaeynuk 97.7 934
KOS

Ha ocHoB1 3p00sieHUX PO3paxyHKIB MOKHA MPOBECTH aHANI3, SIKUW Ja€ TakKi BU-

CHOBKHM.:
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1. ¥V apyromy BapiaHTI Kpalie BUKOPUCTAHHS MiJll MAIlIMHU, 1€ JOCATAETHCS
3aBISKH 3MEHIIICHHIO BTPAT BiJl BUTICHEHHS CTPyMY B MPOBIAHMUKAX Mazy.
Uepes menIry macy Ta OUIbIII BUCOKY IIUIBHICTD CTPYMY CYMapHi BTpaTu B
OS] — MeHI1I, aHXK y EPIIOMY BapiaHTYy;

2. Ipyruyl BapilaHT Ma€ MEHII NMOKAa3HUKHU MEPEBUILEHHS Ta TIEpenaid TeMIIe-
paTyp B Cep/ICUHUKY Ta Ma3oBiil yactuni O;

3. BukoHanHs OS] y apyromy BapiaHTi moTpedye OAHOrO TUIIOHOMIHATY 00-
MOTYBAJILHOTO JIPOTY, @ y MEPIIOMY BapiaHTy — JBa TUIIOHOMIHaMIy. 3a-
BIIIKM IIbOMY 3MEHIIYETHCS COPTAMEHT MarepiaiiB, M0 € TMO3UTUBHHUM
€KOHOMIYHUM (PaKTOPOM SKUM 3HU)KA€E COOIBAPTICTh Ta PEMOHT JIBUTYHA.
BpaxoByroun nommupenicte Tponeidycis JJAK-217E Ta BITHOCHO HHU3bKY
eKCIUTyaTaliiiHy HaaiiHicTh TAroBux aBuryHiB TH-81, ocobmuBo B mMicTax
3 CKJIAJHUM peNbeoM, CIIiJl 3BEpHYTHU yBary opraHizalliii, peMOHTHHX Ta
eKCIUTyaTaliiHuX, Ha MOJXJIUBICTh 30UIBIICHHS HAAIHHOCTI MaIUH ITiCIA

PEMOHTY.

3.15 BucHoBKH 10 po3iay 3

[IpoBeneHMI1 €NEKTPOMArHITHUM 1 TEIUIOBHM PO3PaxXyHOK, a TAKOX PO3PaXyHOK
XapaKTEPUCTHK HAMArHIYyBaHHSA 1 MEPEXiHUX XapaKTePUCTHUK 3MIHM YacTOTH 00ep-
TaHHA 1 CTPyMY B JABUTYHI MPHU PO3TOHI MOPOKHBOIO 1 TIOBHICTIO 3aBAHTAXEHOT'O TPO-
Jeii0yca nmokasaiu, 0 cTajb 0a30BOro ABUI'YHA BUKOPUCTaHA B ONTUMAIbHOMY PEKHU-
Mi.

Po3paxyHkoBi 3HaueHHs1 peakTuBHOI EPC 3HaxoasThCs B J1ana3oHi, KUl 3a0e3-
nevye 3aJiaHi pexKUMHU KOMYTaIlii Ipy HOMIHAJIbHOMY HaBaHTaKCHHI.

TemnnoBi pexxuMu 0OMOTOK, 3a1i3a 1 KOJIEKTOPY BIAMOBIIHI 1 kiacy F HarpiBoc-
TIHKOCTI 1 BAKOPHUCTOBYBAHOT 130JIA1111.

3anponoHOBaHWI BapiaHT BUKOHAHHS OOMOTKHU JelIeBIne 0a30BOro 3a paxyHOK
BUKOPUCTAaHHSA OOMOTYBAJIBHOT'O MIPOBOJY OJIHOIO COPTAMEHTY 1 KpaIlol TEXHOJIOTTYHO-

CTI.
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PO3JILI 4
PO3POBKA CTAPTAII-IIPOEKTY

Crapran sx ¢opma Majaoro miampUEMCTBA 32 OCTaHHI JIECATh POKIB HaOyJa IIH-
POKOTO PO3MOBCIOKEHHS Y CBITI, 11€ OyJI0 JOCATHEHE 3aB/SKU MOSB1 Ta HIBUAKOMY PO-
3BUTKY IHTEpPHETY. 3aBJAsIKM YoMy Oap’€p Ha BXIiJl 10 PUHKY OyJIO 3HAYHO 3MEHIIEHO,
TOOTO KOMYHIKaIlli MK TTOCTa4aJIbHUKaMH, 1HBECTOpAMH Ta CIIOKMBauyaMH OYJIU 3Bejie-
Hi 10 MOOUTBHOTO TenedoHy, came 4epe3 11e CTapTaly BBAKAIOTHCS OJHIEI0 3 TOJIOBHUX
CKJIaJIOBUX CY4YaCHOI €KOHOMIKH, OCKIJIbKH 32 PaXyHOK MOOUIBHOCTI, IPOCTOTI BXOIY Ta
BEJIMKIN KUTBKOCTI MPOEKTIB 3arajibHa Maca e 30umbiryeTbes. [lo mo3uTuBHO BIu-
Ba€ Ha 1HHOBALIMHUMN MIJIX1]] BEJIUKUX KOMITaHIN Ta BOPOBAXKEHHS HOBUX 1JIeH HA OC-
HOBI OMUTY MaJIMX CTapTal-IPOEKTIB.

[Iporte ciia BiAZHAYUTH, IO CTAPTAN-IPOEKTH MAaIOTh HETATUBHY OCOOJIMBICTH, a
came Benuki pusuku. Cepen ycix ycmimHuX mpoektiB e 5% - 10% MoxXyTh cTaTu
OKYIUICHUMH Ta TPOJOBKHUTH PO3BUTOK CBO€i kommaHii. Cam cTapTamn-mpoeKT € JIUIIe
171e€10, IKa HE Ma€ BEJUKOI IIIHHOCTI, TOJIOBHE 3aBJlaHHS KE€pPiBHUKA CTBOPEHHsI Oi3HEC-
MPOEKTY, sIKUK Oyjie JaBaTH YSBY KIIIEHTCHKOTO PUHKY, TOYATKOBUX 1HBECTHUIII] Ta Mep-
CTHIEKTHB YChOTO CTapTary.

J1o TOJIOBHUX €TariB pO3pOOKH CTAPTAM-MPOEKTY BITHOCSTH:

- MapkeTuHroBuil aHami3, y I[bOMy €Tarll po3poOJII€ThbCs 1/1es cTapTamy Ta
BU3HAYAETHCS 3arajbHUI HAMpsM MOTEHIIHHOTO TOBapy abo MoCIyrH, ix
BIJIMIHHICTh B TIOPIBHSIHI 3 KOHKYPEHTOM. AHaJI3YIOThCSI PUHOK Ta MOX-
JIMBOCTI peati3allii ToBapy Ha pUHKY, Ha 0a3l 4oro poOUThCS MOYATKOBA
CTpaTeris BIPOBAHKCHHS TOBAPY HA PUHOK;

- Opranizaiiisi cTapTan-mpoeKkTy, B MeKax JaHOr0 €Taly CKIAJacThCs Tpa-
¢iK, SKUI BU3HAYA€ TEPMIHM peati3alii cTyneHiB npoekTy. [IpoBoauTsCs
pPO3paxyHOK MOTped OCHOBHHMX 3acO0IB Ta HeMaTepiaIbHUX aKTUBIB. Bu-
3HAYA€ThCA 00CAT BUPOOHUIITBA, HA OCHOBI SIKOTO (hOPMYETHCS MOoTpeda y
MaTepiaTbHUX Ta MEPCOHATBHUX PeCypcax;

- Jlo ¢hiHaHCOBO-€KOHOMIUHOTO €TaIly BIJHOCSTH PO3PAXyHKH MOYATKOBO-

ro OIOJUKET Ta MIaHOB1 BUTpAaTH. PO3paxoBylOThCs (D IHAHCOBI MOKa3HUKU
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poekTy (oOcar BUpOOHHUIITBA, COOIBAPTICTH BUPOOHUIITBA, IiHA peali3a-
il TOBapy, MOJATKU Ta YUCTHI MpUOYTOK) Ta MOKa3HUKU MPUBAOIHBOCTI
MPOEKTY Il iHBecTOpiB. OJHUM 13 BOXKIIMBHUX €TAIiB y 1[I CTal€ € BU-
3HAYCHHS TOTCHIIIMHOTO PHU3UKY MPOEKTY, i 4ac SKOTO BU3HAYAIOTHCS
OCHOBHI PU3HKH, GAKTOPH X BUHUKHEHHS Ta MUIIXU TPOTU/IIT;

- OcTaHHIM €TanoM € MOUIYK MOTEHUINHUX 1HBECTOPIB Ta MOYATOK POOOTH
3 IPOCYBaHHS 1HBECTUIIIMHUX MPOTO3UILiH. [{el eTan mounHaeThCs 3 aHa-
Ji3y Ta BU3HAYCHHS IIJIbOBOI TPYNHU 1HBECTOPIB, CKJIaJaHHS MpPE3CHTAIlll
JUISL CTHCIIOTO O3HAHOMIICHHS 3 TOTEHUIWHUM cTapTan-npoekToM. [lomryk

KOMYHIKaIlITHUX KaHaJIIB Ta TUIOMIAI0K JJIsl TPOCYBaHHs CTapTally.
4.1 Onmc ifnei crapran-npoekTy

Ineero crapramy Oysi0 0OpaHO: CTBOPEHHS TATOBOTO €JIEKTPOJABUTYHA ITOCTIHHOTO
CTpyMYy, JJIS 3aCTOCYBaHHs HOTo y TpoJiei0ycax, MacorabapuTHi Ta €eKOHOMIYHI MOKa3-
HUKH SIKOTO OYyJM TMOKpaileHi. BUKOpUCTaHHS CydyaCHUX TPAH3UCTOPIB, IHBEPTOPIB Ta
HAJIJIETKUX MaTepialiiB y MOEAHAHHI 3 BUCOKOTEXHOJIOTIYHUMU METOJIaMu 00poOKu Oy-
JyTh CIIPUATUA CTBOPEHHIO BUCOKOE(DEKTUBHOTO JBUTYHA.

Hamnpsimkamu ctaprarty €: MICbKHI TPaHCIIOPT.

Jlo OTEeHIIIHHUX BUTO/HU, Y pa3l peasizailii mMpoeKTy, CIiJ BIJHECTH: EKOHOMIYHI
nepeBarv, €KOHOMIS Ha MaTepiajiax, MOJEPHI3yBaHHSA Ta CTBOPEHHS HOBUX IiJNPHU-
€MCTB.

Tabnuus 4. 1 BuznaueHHs CUIIbHUX, CJTA0KUX Ta HEUTPATBbHUX XapaKTEPUCTUK MPOCKTY

Ne| Texniko- [ToTeHIifiHi KOHIIETII{ KOHKYPEHTIB W N S
exoHoMiyHl | [Ipo- | Konky- | Konky- | Konky- |Cna0- | Helitpa- | Cu-
XapakTepUuc- | eKT peHT 1 peHT 2 peHT 3 Ka JIbHA JbHA
TUKH 17e1 CTO- CTOpOHa | CTO-

poHa poHa

1 | Edbexrtus- 091 (09 0,9 0,89 +
HICTh TEpeT-

BOPCHHS
eHeprii

2 | Moxmusicte | Tak | Tak Tak Tak +
BUKOPHUCTaH-

Hi B IHIIHNX
raTy3sx
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3 | MoxuuBicts | Tak | Tax Hi Hi +
JIETKO MacHi-
Ta0yBaTu SIK
JUISL  KOMIIaK-
THUX  MoOje-
JIEU €JIEeKTPo-
JBUTYHIB TaK
1 g TIragr-
CBKHX  TIPO-
MUCTIOBUX
TE]]
4.2 TexHoJOTiYHUI AyIUT NPOEKTY
Tabmums 4. 2 TexHoJoTIvHA peati3allis IPOeKTY
No | [nest mpoekty Texnomnorii 11 | HasBHicTh  Tex- | JlocTynHICTh
peaizari HOJIOT1H TEXHOJIOT1H
1 AmHani3 TpansucTopHi JlerkopocTtynHa
Po3paxyHok 1HBEpTOpH, Halli-
BnpoBamkeHHs | IPOBIIHUKOBI BH-
npsIMIISTYI
4.3 AHaJi3 pUHKY Ta MOKJIMBICTH CTAPTY NMPOEKTY
Tabmuis 4. 3 XapakTepucTUKa pUHKY
Ne | IToka3HuKkuM cTaHy pUHKY (HaliMEHYBaHHS) XapakTepucTruka
1 | KigbKicTh KOHKYPEHTIB, O 3
2 | 3aranpHH 00CST MMpOAAX, TPH/YM.O -
3 | Jlunamika puHKY (SKiCHA OIlIHKA) CralinpHuit
4 | HasBHICTH OOMEXeEHb ISl BXOAY (BKa3aTH Xa- CraproBuii KamiTa
pakTep 0OMEKEHb)
5 | Crmemu¢iuni BUMOTH 10 CTaHAApPTHU3AIIl Ta JACTY
ceprudikarii
6 | Cepennst HopMa peHTaOEIBHOCTI B ramy3i (abo 31%

10 pUHKY), %0

Tabnuus 4. 4 XapakTepucTuka MOTEHIIIWHUX KIIIEHTIB CTapTaITy
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Ne | Tlorpeba mo ¢op- | linboBa ay- | BiaminHocTi | Bumoru cnosxuBadiB 10 TOBa-
MYy€ PUHOK JTUTOPIs y  TOBEIIHIU | Py
pI3HUX TIOTe-
HIOWHUX — I(-
JHOBUX TPyl
KJIIEHTIB
1 | Texnonoriuno 3a- | KomyHanbHi | 3aJIeXKHICTD - EHeproe¢ekTuBHICTH
cTaputi Moaudika- | MAIPHUEMCTBA | BiJf MICBKOTO - ExoHOMIYHICTB
uii TEJl, sxi mot- |3 mepeBe3eH- | hiHAHCYBaHHS - Hapniiinictp
peOyIOTh Cy4YaCHUX | HA  Macaxu- - TapanTiiine Ta micsra-
CeKOHOMIYHUX [UIS | piB, SIKI Ma- paHTiifHe 00CITyrOBYBaHHS
MOJIepHIi3ali I0Th JICp)KaB-
He (iHaHCy-
BaHHS
Tabnuis 4. 5 @akTopu 3arpo3u
dakTop 3MICT 3arpo3u MoxnuBa peakiliss KoM-
naHii
Konkypeniis 1) Cyuacui mianpuemct- | 1) [lareHTyBaHHS;

HOJIOT1.

Ba, SIK1 MalOTh OLIbIIe Pi-
HaHCYBaHHS.

2)BuHuKHEHHS
Kpalioro MpoayKTy,
paxyHOK pO3BUTKY TeX-

O1JIBIII
3a

2) 301IbIIIEHHS 1HBECTOP-
HUX Tpym (K1 OyayTh J10-
3BOJIAITU CTBOPIOBATH
KOHKYPEHIIII0 32 paXyHOK
HaliMaHHS OLJIBII KpaIlux
CIICIIATICTIB);

3) CTBOpEHHS JOCIIJIHH-
IBKOTO BIJUTY, SIKHMl Oy-
1€ CIpPSIMOBAHUK Ha TO-
JINIIEHHS TPOAYKTY.

Tabmuus 4.

6 AHaii3 KOHKYpEHIlii Ha pUHKY

OcoOMuBOCTI KOHKY-
PEHTHOTO CepeaoBU-
m1a

B uwomy mnposiBnsieThcs gaHa
XapaKTEePUCTHUKA

BrouB Ha misyIbHICTE ITIATI-
puemMcTBa  (MOXJIHMBI il
KoMITaHii, 1mo0 OyTu KOH-
KYPEHTOCIPOMOKHUMU )

1. Twun KoHKype-
HIl1: MOHOIIOJIICTH-
YyHa

OOuparoTh TOBap 3a CHIBBIJ-
HOIIIEHHSM I[1HA-IKICTh

3MEHIIEHHS HAIlHKA Ha
TOBap TIPU TIOYATKOBOMY
eTarl, 110 MOXKe 30LJIBIITUTH
TOIIHT.

2. 3apiBHEM
KOHKYpPEHTHO] 00-
pOTHOU: JIep:KaBHA

By3bka chepa monuty

Posmupennss  ¢yHKII0HA-
JIbHUX MOKJIMBOCTEN




3. 3a rany3eBoro
O3HAKOIO: MIXKIaly-

3€Ba TE.

Mo>ksiuBe 3acTOCYBaHHS Yy
rajy33six 3 BHKOPHCTAHHSIM

MOXJIMBICTh 3aCTOCYBaHHSI
BucokoedexktuBuux TEJ[ y
BaHTQXXHOMY BeJMKoraba-
PUTHOMY aBTOTPAHCHOPTI

4, Konkypeniis
3a BUJIJaMU TOBapiB:
TOBapHO-BUI0BA
Ha BUPOOHHMIITBO

Buninserbcsi BUCOKOIO €KO-
HOMIYHICTIO Ta €(eKTHBHIC-
TIO Ta HU3BKUMHU 3aTpaTamMu

CtpykTypHa  oNnTHMI3alis
Ta OMTHUMI3AIlisl IEPCOHAITY.

5. 3axapaktepoMm | Buznauaerbcs
KOHKYPEHTHUX TIe-

peBar:

IICHHSAM IIIHA — SKOCTI Ta
c001BapTOCTI MPOTYKIIiT

CHIBBIIHO- | 3HIDKEHHS ~ €HEpro3arpart-
HOCTI, ONTHMI3aIlsg coOiBa-
pTOCTI, NMpHBabJIMBa HIHOBA

MOJIITHUKA.

6. 3a IHTEHCHUBHI-
CTIO: HE Mapo4Ha

[ToMipHa KOHKYpEHIIIS

Bugauya tecToBUX 3paskis,
JUTSI TIOIIMPEHHS MTOMUTY Ta
BITI3HABAHOCTI TOBApY.
CrBopeHHs1 OapTepHOi OcC-
HOBH 3 KOHCTPYKTOPCHKH-
MU TIATPUEMCTBAMH, JIS
BUKOPHCTAHHSA JBUTYHA Y
iX po3poOkax mJisi Mojaib-
1101 y4acTl y BUCTABKax.
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Tabmuus 4. 7 [TopiBHAHHS CWJIBHUX Ta CJIA0KUX CTOPIH

®dakTop KOHKYPEHTOCHPO- | PEUTHHT TOBapiB-KOHKYPEHTIB Y IO-
MO>KHOCTI PIBHSIHHI 3 PO3pOOJIICHUM

-3 ]-2 |-1 |0 +1 | +2 |+3
[ina +
SIkicTh +
BmizHaBaHiCTh +

Taomung 4. 8 SWOT-aunasnis

CHUJITbHI CTOPOHHU:

[InaBHMI 3amyCcK Ta PETYJIOBAaHHS IO-
TY>KHOCTI JIBUT'YHAa B IIMPOKUX Jiana3o-
Hax.

Huxya Bara Ta KOMIIaKTHI PO3MIpH Y
MOPIBHSHHI 3 KOHKYPEHTaMHU.
3acTOoCyBaHHS Cy4YaCHUX HaIiBIPOBI-
HUKOBHX TEPEMHUKAUiB Ta BUIPSMIISUIB
3MIHHOTO CTPYMY

CnalKi CTOpOHHU:
Mana Bni3HaBaHICTh OpeHly
Husbkuit piBeHb 1HBECTHIIIN

MoxamBocTi:
Bemuki moxuBocti TEJ] miist Bukopuc-
TaHHS B IHIIUX CYMIKHHUX TalTy3siX.

3arpo3su:
301nbIIeHHs KOHKYpeHIii y AaHii cdepi




Ynockonanennsa TEJ] 3 BUKOpUCTaHHAM
CyYaCHHUX TEXHOJIOT1i

4.4 Po3po0ka MapKeTHHIOBOI POTrPaMHU CTAPTAILY
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Tabmuis 4. 9 BusHauenns 6a30Boi cTparerii KOHKYpEHTHOI MOBEAIHKU

Yu € nepionpoxiji-

HUKOM Ha pUHKY?

Yu Oyne xomIiaHis

ITyKaTH HOBHX
CIIO’KMBa4viB, abo
3a0UpaTh  ICHYIO-

YuX y KOHKYpPEH-
TiB?

KOITIFOBATH

Ta, 1 AKi?

Yu Oyne xomIiaHis

H1 XapaKTEepUCTUKU
TOBapy KOHKYpPEH-

OCHOB- | CTparerisi KOHKY-

PEHTHOI MTOBEIIHKU

Hi Ha mnouarkoBomy | Tinbku y pasi iX | ArpecMBHa KOHKY-
etami ciil cdop- | IepeBaru Haja TO- | peHIis, ska Oyne
MyBaTH CITUCOK | BApOM  KOMIIaHii, | HarrpaBjcHa Ha
MOXJIMBUX KaHIU- | Ta IMICI YKIaJeH- | cTablIi3yBaHHS
JIaTIB 3 4YUCja CTy- | HA BIJIMOBIAHUX | KOMITaHIT HA PUHKY
JICHTIB Ta TMpalliB- | JOTOBOPIB 3a paxyHOK peKJia-
HHUKIB 1HIIAX IT1III- MHHX KOMIIaHIi, Ta
puemcTB. Y mopa- y MOAAIBIIIOMY
JBIIOMY CTBOPHUTH NEePETBOPIOBAHHS
CKayTChKY CHCTE- KOMITaHii y Tere-
My, SIKa JIO3BOJIUTH MOHY
3a0upaTu Haikpa-
IIUX OPAI[iBHUKIB

Tabmuus 4. 10 BusHaueHHs KIIIOYOBHUX MepeBar KOHIIEMIIIT MOTESHIIIHHOTO TOBapy
[ToTpeba Buroga, saxy mnpononye | KitouoBi mepeBaru nepen
TOBap KOHKypeHTaMu  (iCHyroui

abo0 Taki, IO TOTPIOHO
CTBOPHTH)

MopepHizatiiss TpoJieiOy-

CHOT'O MapKy

Bucoka eneproedekTus-
HICTh Ta HHU3bKa BapTICTh
00CITyrOByBaHHS.

Bucoka ctabuibHICTE po-
00TH, HU3bKI BUTpPATH Ha
oOCnyroByBaHHd Ta pe-
MOHT, OapTepHa OCHOBA,
OHJIAMH MIATPUMKA.

Taomung 4. 11 BusHaueHHsT MeX BCTAaHOBJICHHS 1[1HU

PiBeHp miH Ha TOBaApH-

3aMIHHUKHA

PiBenr 1H
Ha TOBapH-
aHaJIOrn

PiBenn JOXOJIB | BepxHs Ta HWKHA
1JIBOBOT TPYIU | ME@X1 BCTAaHOBJICH-
CIOKHBAY1B HI I[HA HaA TO-




Bap/TIOCIyTY
[{inu BaacHoro npoaykty | 120% Bia 5 muiH rpH 100000 - 175000
cTaHOBUTL 95% BIx ce- TPH

pE€AHBOI PUHKOBOI BapTO-
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CT1
Tabmuis 4. 12 dopmyBaHHS CUCTEMU 30yTy

Crnenugika 3aky- | OyHkuii 30yTy, ski | [mubuna kanany | OnTuManbHa CHC-

MIBEJIBHOI TMOBEMI- | MA€  BHKOHYBAaTH | 30yTy Tema 30yTy

HKH IUTbOBHX KIIi- | TOCTa4YalbHUK TO-

€HTIB Bapy

HepxaBHi 3akymi- | [Ipomaxk Ta obciy- | Yei MoxiuBi  ka- | BimacHa

BJIl 3a OITOBUMH | TOBYBaHHS HaJIH

I[IHAMA

4.5 BucHOBKH 10 po3aijiy 4

[IpoBeneH1 JOCTIKEHHS 100 peajizallii Ta MOXIMBOCTE MAapKETUHTY MOKa3a-
JM BHUCOKI nepcnekTuBH po3pobnenux moxaeneid TEJl Ha komepuiiiHiil ocHOBI. AHaui3
PUHKY J0Ka3ye HEOOX1IHICTh YAOCKOHaNIEeHHs. Yepes 1ie JaHuil ctapTar NpoeKT € MpHU-
BaOJIMBUM ISl BITYM3HSHUX Ta IHO3EMHHUX 1HBECTOPIB.

Jlanuii crapTan-npoeKkT € MEePCreKTUBHUM Ta KOMEPIIHHO YCIIITHUM YPaXxOBYIO-
yn (pakT TeHJEHLII Ha Mepexia A0 BiJHOBIIOBAJIBHUX JUKEPEN €Heprii Ta BIAMOBY BiJ
BHUKOITHOTO MaJMBa, 10 MO3UTHUBHO BIUIMBAE HA AKTYaJIbHICTh CTapTamy. AJe € mepel-
KOJIM Ha IUISIXY peaizallii 1 70 HUX CJIij BIIHECTH 3HAYHY KOHKYPEHIIIO Ha PUHKY eJie-
KTPONPUIIAIB, TAKOXK BIJOMICTh TOPrOBOI MAPKH HE € CHJIBHOIO CTOPOHOI KOMIaHii.
Crin 3a3HAYUTH IO JJIS KOXKHOTO CTapTamn-MpOeKTy MepIi JEKUTbKa POKIB € HaJBaXK-
KUMH, 4epe3 KOHKYPEHIIIIO sIKa X04Y 1 € MOHOIOJIICTUYHOIO, ajie y 06araTboX raiyssx €
BEJIMKI KOMITaH1i-MOHOIIOJI1, sIKI HAMararoThCsl BUHUIIUTH/TIPUI0ATH MOJIOI1 KOMIIaHIi-
KoHKypeHTH. Came depes 11e Ha MOYaTKOBOMY €Talll Ba)KJIMBO MaTH 1HBECTOPIB ab0 1H-
BECTHUIIIMHI KOMIAaHIA, AKI 3MOXKYTh (IHAHCYBAaTH CTapTam A0 MOMEHTY (OpMYBaHHS

000pOTYy KOMIaHIi.
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3AT'AJIBHI BUCHOBKHA

Ha ocHoBi 3po0seH0i MaricTepchbkoi AucepTalii MOKIMBO 3pOOUTH HACTYITHI BU-
CHOBKHU:

1. IlpoBeneHwmit eIEKTPOMArHITHUHN 1 TETUIOBUMA PO3paxyHOK, a TaKOX po3pa-
XYHOK XapaKTEPUCTUK HAMarHi4yBaHHS 1 MEPeXiJHUX XapaKTEPUCTUK 3Mi-
HU YacTOTH OOepTaHHS 1 CTPyMy B JIBUTYHI IIPH PO3TOHI MOPOXKHBOTO 1 T1O-
BHICTIO 3aBaHTaXEHOTO TpoJieii0yca moka3aiu, 10 cTajdb 0a30BOTO JIBUTY-
Ha BUKOPUCTAHA B ONTUMAIBHOMY peXuMI. 3 ypaxyBaHHSIM MOKJIUBUX KO-
JUBaHb Hampyru B Mepexi 10 720 B monanbiie 301IbIIEHHS eIeKTpoMar-
HITHUX HAaBaHTaX€Hb OyJ0 O HETOUIJIBHUM - LI€ MPU3BENO O A0 3HAYHOIO
MOTIPIICHHST KOMYTallii 1 3017bIICHHS TEIJIOBUX HABAHTAXKEHb. Tak, MpH-
HWHATE CHOYATKy NONEpEeJHE 3HAYECHHS IHIYKLII B MOBITPSHOMY 3a30pl
0.835 Tin B nojanblMx po3paxyHkax Oyso HMiATBEpAKeHO. [l MammH na-
HOTO KJIacy BKa3zaHe 3HAUeHHS 1HAYKIII 1 JiHIiiHe HaBaHTaxXeHHS 280 A/cm
BBAKAIOTHCA ONTHUMAIBHUMH, & 3 ypaxyBaHHAM MOXKIJIHUBOTO ITiIBHILEHHS
HAMPYTH MEPEXi iX 301IbIIIEHHS OYyJ10 O HEpaI[lOHAIbHUM.

2. Po3paxynkoBi 3HaueHHs peakTuBHOI EPC 3HaxXomsThCsl B Aiama3oHi, KU
3a0e3neuye 3aaHl PeKUMH KOMYTaIlil MpyU HOMIHATLHOMY HAaBAHTAXKEHHI.
OpHak MakcHMallbHAa HaIpyra MiX KOJIGKTOPHUMH TUTACTUHAMH 32 pPaxy-
HOK CIIOTBOPEHHSI MOJIsl MpU NiepeBaHTaxkeHH1 gocsirae 70.5 B, 1m0 HeMuHy-
4e NMPU3BOAUTH O BUHUKHEHHSI KPYyTOBOTO BOTHIO Ha KOJIEKTOP1 1 BUXOIY
HOro pyviHyBaHHs. TOMy IJI JaHOTO JBUTYHA HENPUITYCTHUME JBOPA30OBE
MEPEHAaBaHTAXEHHS MO CTPyMy NpH ocnadisieHHi noss. HoMiHaneHuii pe-
UM pOOOTH JBUTYHA BBAXKAETHCS MPU OCIA0JICHHI MOJsi, piBHOMY 78%.
[Ipu upoMy myck ABHUTYHA TpPHU CTPyMI sSIKOpsl, 110 mnepeBuirye 540 A 3
ocyabJIeHHSM MOJIs 0 YMOBaM KOMYTallii HEMPUITYCTUMHUIA.

3. PospaxynkoBa poboya TOUKa Ha MarHiTHIA XapaKTEPUCTHIIl T03BOJISE EKC-
IUTyaTyBaTH ABUTYH B 33/IaHOMY Jiana3oHi 3MiHU HapyTH.

4. TemmoBi pexxumMu 0OMOTOK, 3aJTi3a 1 KOJIEKTOPY BIAMOBIAHI s Kiacy F Ha-

I'PIBOCTIMKOCTI 1 BUKOPUCTOBYBAHOI 130JIALI11.
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3anponoHoBaHMW BapiaHT BUKOHAHHS OOMOTKH JEIIeBIIe 0a30BOr0 3a paxyHOK

BUKOPHUCTAaHHS OOMOTYBAJIBHOTO MPOBOY OJHOTO COPTAMEHTY 1 KpaIloi TEXHOJIOT14HO-

CTI:

BIJICYTHICTh TTAaHKH B IOOOBHUX YaCTHHAX, IPOTUJIC)KHUX KOJIEKTOPY;
CeKOHOMUTH TPY/IOBI BUTPATH;

€KOHOMIsl BUTPATHUX MaTepialiB (pumii, ¢Jroc);

3HIMa€ HEOOXITHICTh B YCTAHOBIII CIELIaJILHOTO JOPOr0 TEXHOJIOTTYHOTO
ob6nagHanHs. [liAKII0OUeHHS 3PIBHSUIBHUX 3’€IHaHb 31MCHIOETHCS 3a 3BHU-

YAaUHOK TEXHOJIOIEI0-KIIETKOXO.

3a paxyHOK yKJIaJlaHHS IPOBIJHUKIB B Ma3 MJIa30M JIOCATAETHCS

3MEHILIEHHS JI0AaTKOBUX BTpAT, IO JO3BOJISE MOMIMIIUTH BUKOPUCTAHHS
MiJi1 OOMOTKH SIKOPsi 3 oJfHOYacHUM 301bieHHsIM KKJ/I;

3MEHILIEHHS TEIJIOBUX HABAHTAXXEHb HAa 130JIA1110, IO ICTOTHO MIJBUIIYE
pecypc 1i cimyK0mu.

BUKOPUCTAaHHA MAa30BUX JEMII(EPIB COPUATIMBO MO3HAYAETHCS HA PEKUMI

KOMYTaIIli MallliHHU.

OcTaTO4YHO BCTAaHOBUTH IE€PEBArd 3alPOINIOHOBAHOTO BapiaHTy BUKOHAHHS OOMO-

TKH MO>KHA, IPUPOJIHO, TUTBKU B PE3yJIbTaTi BUIPOOYBaHHS, 110 1 PEKOMEHAYETHCS 3PO-

OUTH.

X04 cTapTan-mpoeKT MOTPeOy€e BEIUKOT KITBKOCTI OLIbII PETEIBHUX JOCIIIKEHbD,

K1 3MOXYTh JIaTU OUIBINI YSBHY KapTUHY MOTEHIIATY MPOEKTY, yce Taku OyJio MpoBe-

JIEHO aHalll3 MOXJIMBOCTEH 3alpONOHOBAHOTO MPOAYKTy. Ha OCHOBI SKOTO MOJIMBO

3pOOUTH TaKl BUCHOBKU:

Ha PUHKY BXE € KOHKYPEHTH, Yepe3 1€ 3HAYHO YCKJIAJHSIETbCA BUXIA Ha
el PUHOK Ta 301IbIIYETHCS CyMa MOTEHUIMHUX 1HBECTHIIIM;

NpaBWIbHUN Ta JETAIbHUN IJIAaH PEKJIaMHOI KOMIIaHii MOKE€ JO3BOJIUTH
MPUIIBUAIIATYA 3pOCTAHHS BITI3HABAEMOCTI MPOEKTY, Ta 301TIBIITUTH MOYaT-
KOBI MPOJIAXKU;

4yepe3 HasBy KOHKYPEHTIB, BUHHKA€E OOMEXKEHHsI y TIepcoHal. SIke MOXu-
BO 0O1iTH JiMiIe HaUMaHHSIM POOITHUKIB Y KOHKYPEHTIB, 3a paxyHOK 30i-

JBIIEHHS 3apIuiaT, TOOTO 301BIIIEHHS TOYaTKOBUX 1HBECTHIIII.
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COMPARISON OF TWO OPTIONS FOR CONDUCTING THE WINDINGS
OF THE TRACTION DC MOTOR OF SEQUENTIAL EXCITATION

Anna Shymanska, Ph.D., Mykola Reutskiy, Ph.D., Andriy Rybalko, student

Igor Sikorsky Kyiv Polytechnic Institute, Departament of Electromechanics

Introduction. The ever-increasing intensity of traffic on urban highways is accom-
panied by a high deceleration during braking and acceleration when starting moving
vehicles. Under these conditions, the requirement for the technical condition of rolling
stock increases. In the field of operation, the solution of problems should go by improv-
ing the system of maintenance and repair. Low-noise railless electric transport does not
pollute the atmosphere, does not lose speed on steep climbs, works stably in winter, re-
alizes more acceleration at start-up, has smooth electric braking. The specific energy
consumption by trolleybus per one transported passenger is the lowest compared to oth-
er types of land urban transport. From the point of view of electrical safety, the trolley-
bus is a unique object of technology, because, despite the high voltage (600 V), the
body of the trolleybus is not grounded and insulated from the ground with rubber tires.
In the conditions of constant rocking of the body of the car by passengers at landing and
disembarkation, hit of high potential on the body of the trolleybus represents the in-
creased danger. Therefore, ensuring high-quality repairs, which eliminates the possibil-
ity of electric shock to passengers and staff, is an extremely important issue [1].

Isolation of traction motors works in extremely difficult conditions. The engines are
located under the floor of the trolleybus at a distance of about 200 mm from the road-
way. Pollution, water with chemically active substances, salt, sand in the autumn-winter
period and dust in the summer are captured by the engine fans and settle together with
the products of the collector-brush unit on the windings, insulators, wires. Intensive in-
ternal humidification of insulation continues in non-working engines. During the cool-
ing period of the engine, the pressure in the pores and capillaries of the insulation is be-
low atmospheric. Moisture penetrates into the smallest pores and capillaries, which ac-
tivates and accelerates the aging and destruction of insulation. The ventilation ducts be-

come dirty, as a result of which the thermal mode of operation of the windings is dis-
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turbed. These negative moments act in conjunction with continuous fluctuations of cur-
rents and voltages. The most severe consequences are caused by a breakdown of insula-
tion between two sections of the armature, lying in one groove in two layers. In this
case, half of the entire armature winding is short-circuited, so there is a significant cur-
rent in all sections of the short-circuited winding. As a result, there is a circular fire on
the manifold, as well as a significant braking torque, which sharply reduces the torque
on the motor shaft [2].

The TH-81 DC drive motor is designed to drive the JIAK-217E trolleybus and is de-
signed for operation at an altitude of not more than 1200 m, air temperature from
-40°C up to +40°C and relative humidity not more than 95% at 20°C. Nominal operating
mode —S1. Insulation heat resistance class — F. Degree of protection 1P20 with self-
ventilation when supplying air from the collector side. The estimated nominal operating
mode is 60 minutes.

The aim of the work is to calculate and compare two variants of DC traction motor
windings with sequential excitation TH-81, namely with the laying of the armature
winding wire on the edge in the upper and lower part of the groove (option 1) and with
the laying of the flat armature winding wire (option I1).

Materials of research. DC motor TH-81 sequential excitation with self-ventilation,
Air purge is carried out through two holes in the housing with protective grilles. The air
inside the machine moves from the collector side through the openings between the
shaft and the collector and over the collector along the armature. The engine is attached
to the trolleybus frame by means of three brackets, two of which are located on the
shield on the gimbal side and one on the opposite side. The cross section of the output
cables is 50 mm 2. Shaft material steel 40SG10. All motor windings are impregnated
twice in vacuum in organosilicon varnish brand KO-916K. The axial distance of the ro-
tor after assembly is 0,4 mm. Radial beating of a collector of 0,01 mm.

The calculation of the armature winding is carried out according to the method de-
scribed in [3]. According to the recommendations, the linear load

A =280 A,
the number of parallel branches of a simple loop winding of the armature
2a =2p =4,
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current in a parallel branch

i :I_a:E) =68,75A
2a 4 .

Previous number of armature winding conductors
_D,A  7-36-280
i 68,75

a

N

=460,6 ~ 460

Choose the number of conductors in the groove
Z/2p > 13,5, u =5, w, = 1;
S, = 2uw, = 10.

Laying of conductors in a groove can be executed in two ways: according to the
scheme of the serial engine (Fig. 1, a) or according to the offered more technological
scheme which does not demand soldering of front parts with groove dampers (Fig. 1, b).

The amount of current in the groove does not exceed the maximum allowable value
of 2000 A

S, X1y, =10%68,75 = 687,35 A.
The number of grooves was specified

7N _400_ ¢
s, 10
In the Table 1 summarizes the main calculated values that allow to evaluate and
compare the performance of the two variants of the traction motor windings TH-81—
with the laying of the armature winding wire on the edge in the upper and lower part of

the groove and with its laying flat.
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Fig. 1 — Placement of conductors in the
groove: a) on the edge (option 1),

b) flat (option I1)
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Table 1 Comparison of winding options

Ne Estimated value Option I Option 11
1 The dimensions of the winding The top of the groove y 1,4x5 y 19x71
wire of the armature winding, 191x5,51 2,34x 7,37
mmXxXmm
The bottom of the groove y 112x6,3 y 19x71
1,66x 6,84 2,34x 7,37
2 Cross section of armature winding conductors, mm-® 13,6 13,13
3 The current density in the armature winding, A/mm? 5,05 5,24
4 Resistance of the armature winding at operating temperature, Ohm 0,0325 0,0337
5 | The mass of the copper armature winding, kg 38,06 37,9
6 The coefficient of increase of The top of the groove 1,29 1,015
resistance for the groove part The bottom of the groove 1,524 1,019
of the armature winding
7 Losses in the armature wind- Groove part 1548 1160
ing, Wt Frontal part 1358 1408
Total 2906 2568
8 Efficiency, % 91,1 91,32
9 Exceeding the temperature of the armature core, K 42,7 38,4




77

10 | Temperature difference in the thickness of the groove insulation, 10,47 9,69
K
11 Exceeding the armature winding temperature, K 31,5 32,6
12 The average excess temperature of the armature winding, 41,20 39,53
K
13 Maximum design temperatures °C at ambient temperature
35°C
groove part of the armature winding 108,27 103,09
front part of the armature winding 86,5 87,6
core of the anchor 97,7 93,4

Comparison of the results of the calculations given in table. 1, shows the undeniable
advantages of using the second option of laying the armature winding according to
thermal, energy and economic criteria.
Conclusions. Even a cursory comparison of options | and Il shows that:
- due to the reduction of current displacement losses in the grooves, option 1l makes
better use of the machine's copper: at lower mass and higher current density, the
total losses in the armature winding are less than in the existing design (option I);

- excess and temperature differences, and, as a consequence, heating, in the most
critical parts of the machine — core and groove part of the armature winding — less
in option II;

- option Il requires one winding wire type denomination to perform the armature
winding, in contrast to Option I, where two type denominations are required; re-
ducing the range of materials used causes a positive economic effect, reducing the

cost of manufacturing and repairing the product.
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EVALUATION OF COMMUTATION AND CALCULATION OF ADDI-
TIONAL POLES OF THE TRACTION DIRECT CURRENT MOTOR

Anna Shymanska, Ph.D., Mykola Reutskiy, Ph.D., Andriy Rybalko, student

Igor Sikorsky Kyiv Polytechnic Institute, Departament of Electromechanics

Introduction. The ever-increasing intensity of traffic on urban highways is accom-
panied by a high deceleration during braking and acceleration when starting moving
vehicles. Commutation in direct current (DC) traction motors is a phenomenon caused
by a change in the direction of the electric current in the sections of the armature wind-
ing of the electric motor during the transition from one parallel branch to another. In
other words, this occurs when crossing the line along which the brushes are located.
Such processes take place in the collector or commutator.

The commutator is a rotating mechanical transducer that changes the current direction
of the current. It consists of a cylinder assembled from a large number of metal contact
strips attached to the rotating shaft of the armature (rotor) of the engine [1].

The armature windings are connected to the commutator segments to transmit electric
current. Converters are also used in other designs, for example, based on transistors or
magnetically controlled contacts. But in the mechanical version, the switches have more
advantages, which include compact overall dimensions, energy and other indicators.

When the engine is started, the commutator and the armature winding begin to
move in a circle with a certain frequency n, while the brushes of the device are station-
ary. Before the start of switching processes, the armature current la flows through the
brush, the right collector plate. At this point, it is divided in half between parallel arma-
ture windings. At the end of the switching process, conductors 2 and 3 pass into an ad-
jacent parallel branch, while the flow of electric current in them changes to the opposite.
The brushes in the motor may overlap several commutator plates during commutation,
but this in no way affects the commutation process. The time during which the brush
moves from one collector plate to the adjacent one is called the commutation period. It
Is at this specified point in time that all switching processes take place. This time inter-

val is very short in duration (thousandths of a second).
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When the end of the switching process is nearing, the area of the contact surface
of the brush and the right plate decreases, and the electric current density increases. Af-
ter the commutation is completed, the pairing of the brush and the right collector plate
breaks, an electric arc is formed. The higher the current strength id, the more powerful
the electric arc will be.

There are 3 types of commutation: 1) accelerated curvilinear commutation during
which the current density under the part of the brush running onto the plate is higher
than under the part running away from it. Brush sparkings are observed; 2) rectilinear
commutation when the electric flux density is the same under the running and running
edges of the brush. The conductor almost does not spark; 3) slow curvilinear commuta-
tion when the electric current density under the incoming edge is lower than under the
escaping one. Important indicators of the commutation process are speed of electric
current change in the anchor section, current density flowing through the incoming and
outgoing plates and continuity of electric current flow.

The aim of the work is to evaluate the commutation of a DC traction motor with a
power of 150 kW, a nominal speed of 1480 rpm and the possibility of smooth speed
regulation in a wide range, and provide recommendations for choosing a method of im-
proving commutation by constructive means.

Materials of research. In the working condition the DC motor continuously
switches sections of the armature coil from one turn to an adjacent one, and the electric
current changes its direction. Due to the fact that such switching periods are short in
time, the rate of change of current direction in the section is always quite high. The
formed electric arc and the appearance of sparks at the final moment of switching be-
tween the brush and collector plates leads to damage to the outer sides of the switch. Its
surface burns, as a result, the contact between the brush and the collector deteriorates.
Such switching is considered unsatisfactory.

The calculation of the commutation is carried out by using method described in [2].
According to the recommendations calculationof the reactive electromagnetic force
(EMF) are follows.

The magnetic conductivities of the slot, which determines the flux coupling of the

slot dispersion per unit length of the machine, are
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at the nominal speed of rotation n, = 1480 rpm

h 2 2
§:0,6><—p+|—5+ 500 xE:O,6x 35 +39’5+ >00 xz:4,16
b, I Axl xw,xV, p 109 32 280x32x1x279 2
at the maximal speed of rotation Ny, = 3200 rpm

Emax = 3,62
Reactive EMF
at the nominal speed of rotation n, = 1480 rpm

e, =2x|, xW, x AxExV, x107° =2x32x1x280x 4,16x27,9x107° =2,08V
at the maximal speed of rotation Ny, = 3200 rpm

€ rmax = 3,91V
The obtained values are in the permissible range, which ensures satisfactory commu-
tation conditions without a compensating winding.
Union magnetic conductivities

/1p=1,25x(%+h—2}1,25x( 14 +ij:1,744v

. 0 3x116 116
. :h: 13 =0,813
26,, 2x8
/15 :0,5,

where d,,, =8 mm — gap under the additional pole.
The reduced width of the brush is relative to the reduced width of the brush to the
collector division

b, =u b, -3, +ﬁK1,25x[1—Ej ~1,6-0,08+ 0,437{1—3 =1,525m
p

!

gob 152 g,
B« 0437
Forex=25 u=275, vy = 3,48 was defined
du'=f(ex, u, y') =9
Unit resultant conductivity of the groove is
5':4_u,(/1p + 27 )+ 2 XI_S: >
2y

I, ,

39,6

x(1,744+0,813)+0,5x —— =393
8 32

Reactive EMF
at the nominal speed of rotation n, = 1480 rpm

e, =2x1 xW, x Ax& xV, x107° =2x32x1x280x3,93x27,9x10° =196V
at the maximal speed of rotation Ny, = 3200 rpm

e r max = 4,258
The maximum voltage between adjacent collector terminals is
ekmax = szun X Kn :—4X600 X4,49: 70,45\/
oK 0,665x 230

The obtained result does not allow a double current overload when the field is weak-

ened.



81

According to the calculations and recommendations described in [3], it is recom-
mended to choose additional poles between the main poles of the motor as a way to im-
prove commutation. Their calculation is given below

Dimensions of the additional pole
b,, =b, —25,, =5-2x08=34sm

l,, = I, =32sm

Induction in the gap of the additional pole

B,, = é’AII—txlO‘4 =3,62x 280x % =0,1014Tx

ap
The gap under the additional pole has been clarified

(kap _1)XT B (113_1)X28,25 ~
l,6><§><kapxll 16x3,62x1125

t

0,

ap

1,3sm

Since it was assumed that the gap is 0.8 cm, then between the yoke and the additional
pole it is necessary to make a gap of non-magnetic spacers with a thickness of 0.5 cm. It
is also worth providing for steel spacers made of sheet steel with a thickness of 0.5 mm.

Conclusions. Based on the results of the calculation and evaluation, the following
conclusions can be made:

- the calculated values of the reactive EMF are in the range that ensures the
specified switching modes at the nominal load;

- the maximum load between the collector plates due to field distortion during
overload reaches 70,45 V, which will lead to a circular fire on the collector;

- two-fold current overload with a weakened field is unacceptable;

- the rated operating mode should be considered with a field weakening of 87%.
Starting the motor with an armature current of more than 540 A is impossible
due to the commutation conditions.
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