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BCTYII

Hapuanbna pucnumiuina «OCHOBU €JEKTPONPUBOAY» € MPOdUII0I0UO0I0
HAaBUAJIbHOIO JUCHUILUIIHOIO 3a chemiaipHicTIoO 141 —  «EnekTpoeHepreTuka,
EJIEKTPOTEXHIKAa Ta €JIeKTpoMeXaHlka» y 3akiajgax Buioi ocsitu Il - IV piBHIB
aKpeauTalli Npy miAroToBLl GaxiBUiB CTyNeHs BUIOT OCBITH «bakanaBpy.

MetoauyHi BKa3iBKM MIATOTOBIEHI Y  BUAMOBIZHOCTI 3  HAaBYAJILHOIO
nporpamor0 Kypcy «OCHOBH €JNEKTPOTNPUBOAY» U 3A00yBadiB CTYIEHS BHUIIOI
ocBiTh «bakamaBp» 31 cnemianbHocTi 141 «EnekTpoeHepreTuka, eneKTpOTEXHIKa Ta
eJICKTPOMEXaHIKay.

HaByanbHUM miaHOM Tiepen0adyeHo MPOBEACHHS MPAaKTUYHUX 3aHATh 3a
OCHOBHUMH PO3/iTaMi Kypcy. MeToAN4HI BKa3iBKH 3HAHOMIISITH CTYJCHTIB 3 TEMaMu
3aHATh, METOI0, MPOTPAMOI0 3aHATh, 3aBJAHHSAMHU JI0 CaMOCTIHHOI MiATOTOBKH i
METOJIUKOIO pIIIEHHA 3a/a4.

Ha nmpakTuyHOMY 3aHSATTI CTYJCHT NMOBHUHEH 3aKPIilUTH OACP)KaHI TCOPETHUHI
3HAHHSI, CAMOCTIMHO BUPINIYBAaTH MPAKTUYHI 1H)XEHEPHI 3a71a4l 1 HA0YTH MPaKTUUHUX
HaBUYOK 3 PO3PAXYHKY EIEKTPOTPUBO/IIB.

OpepxaBimin rpadik BUKOHAHHS MPAKTUYHUX POOIT 3 JUCHUIUIIHHM, CTYIEHT
CaMOCTIHHO TOTYETBCS JIO KOXXHOi 3 HHUX, BHUBYAIOYM BIJANOBIIHI PO3JUIH
TEOPETUYHOTO MaTepiany.

[lepen BUKOHAHHSM MPAKTUYHOI POOOTH BUKIAZA4 MEPEBIpPsiE TOTOBHICTD
CTYJIEHTa 32 TEMOIO MPAKTHUYHOTO 3aHATTS, BUKOPUCTOBYIOUM KOHTPOJIbHI MUTAHHS,
SIK1 IPUBOJIATHCS B IPAKTUYHIN poOOTI. JIuiie micis mepeBipKy BUKIATadeM CTYIICHSI
MiATOTOBKU CTYACHTA JI0 3aHATTS, CTYJIEHT MOXKE€ BUKOHYBATH MPAKTHYHY POOOTY.

Jlns  poGOTH CTYIEGHT OTPUMYE BaplaHT IHAWBIAYaJdbHOTO 3aBJaHHS 1
HEOOX1IHY HOPMAaTHBHO-IOBIAKOBY JiTeparypy. CTYIEHT CaMOCTIHHO BHKOHYE
PO3paxyHKH BIATIOBIAHO O TEMH MPAKTAYHOTO 3aHSATTS.

[Ticns BUKOHAHHS HEOOXITHUX PO3PaXYHKIB CTYJICHT CKJIAJa€ 3BIT IO POOOTI,
SKUWA BMimye BCl ¢akTU4HI JaHi (cxemu, Tabnuirl, rpadiku) Ta aHam3 pe3yJIbTaTiB
PO3paxyHKY.

B kiHIIl 3aHATTS CTYIEHT TOBUHEH TPEICTABUTH BUKIANA4Yy pe3yJIbTaTh
IHAMBIAYaTbHOT POOOTH 32 TEMOIO MPAKTUYHOTO 3aHATTA, MPU HEOOXITHOCTI BHECTH
HEOOXIH1 BUIIPABICHHS Ta OJlep>KaTu Oaju BiJ BUKIIaJada 3a CBOIO POOOTY.



PO3PAXYHOK MEXAHIYHUX XAPAKTEPUCTHUK I OIIOPIB
IYCKOBHUX PE3UCTOPIB JIBUI'YHA ITOCTIMHOI'O CTPYMY
IHAPAJIEJIBHOI'O (HE3AJIEZKHOI'O) 3bYUKEHHSA

Meta po6oTH: 3aCBOITH METOAWKY PO3PAXYHKY MEXaHIYHUX XaPaKTEPUCTHK 1
OTIOPIB TIYCKOBWUX PE3UCTOPIB ABUTYHA mocTiitHoro crpymy ([AI1C) mapanensHOTO
(He3aMeKHOTO) 30Y/DKEHHA 3 BUKOPHUCTAHHSAM KaTaJOTOBUX JaHWUX, HABUUTHCSH
OynayBatu Tpadikd TPUPOMHOI Ta MTYYHUX MEXAHIYHUX XAPAKTEPUCTHK, MYCKOBY
marpamy JIIC mapanensHOTO (HE3a/IeKHOTO) 30y IHKEHHS.

1 3aBnanHsa 1y1g caMOCTIHHOT MATOTOBKU

1.1 OnpamroBatn TeOpeTHUHUH MaTepiayl MO PEKOMEHIOBaHIi jiteparypi [1,
c.45-62; 2, ¢. 11-27; 5, c. 48-57].

1.2 O3HaliOMUTHCS 3 METOJMKOI PO3PaXyHKY MEXaHIUHUX XapaKTEPUCTHK
JTIC mapanenbHOTO (HE3AICKHOTO) 30Y/HKCHHS 3 BHUKOPUCTAHHSIM KaTaJIOTOBHX
JAHUX.

1.3 O3HallOMUTHCS 3 METOIUKOIO BH3HAUCHHS OMOPY MYCKOBHX PE3WCTOPIB
JTIC mapanensHOTO (HE3a7I€KHOTO) 30y IKSHHS.

1.4 BignoBicTH Ha KOHTPOJIbHI TUTAHHS.

BapianTu iHIuB1AyaIbHUX 3aBIaHbh HABEICHI B TaOIHIN 1.

2 IIporpama podotu
2.1 PospaxyBatrm 1 mnoOyayBaTH MEXaHIUHI XapaKTEPUCTHKH JBUTYHA
MOCTIHHOTO CTPYMY MapajebHOTO (HE3aJIEIKHOTO) 30y IHKESHHS.
2.1.1 Tlpupomny MexaHIuHY XapaKTEPUCTHKY.
2.1.2 tyuyny mexauniuny xapakrepuctuky mpu U, = kU .
2.1.3 IlItyuyny MeXaHIYHY XapaKTEePUCTHKY MPH Rp =kR,.

2.2 Pospaxysatu 1 moOynyBatu myckoBy miarpamy s JAIIC mapanensHOTO
(He3aeKHOT0) 30y IKEHHA.
2.3 Bu3HauMTH OMIP MYCKOBUX PE3UCTOPIB.

3 3aranabHi BitomMocTi i pekomeHaauii
[TpuHMmoBa cxeMa BMHWKAHHS ABWUTYHA TOCTIHHOTO CTPyMY MapasieIbHOTO
30y/KEHHA HABEJICHA HA PUCYHKY 1.
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Pucynok 1 — [Ipunuunosa enexkrpuyHa cxema nycky JIIC napanenbHOro 30y1KeHHA



Tabmumsa 1 — Bapiantu iHIUBIAyaTbHUX 3aBaHb

Howmep

Tun

PH:

UH:

]H:

nH:

K-cTb

papianTy |enexTpomuryHa kBt B |A  |o6./xB. [cTymenis U = kUsRy = kit W = kM,
] ATTEM112MO4 | 1.4 | 220 | 7.6 |2300 |2 08 |3 2.5
2 ATTBM132MO4 | 3,75 1220 | 19,3 | 2500 | 4 0,6 5 2
3 ATTEM160MO4 | 2,12 | 220 [ 116|775 |3 08 |7 2.1
4 ATTEM112MO4 | 045|220 (3,0 750 |2 085 |5 2.0
5 ATTEM160MO4 | 4.75 | 220 [ 24.4 | 1600 | 3 06 |6 23
6 ATTEM132MO4 | 1,12 | 220 |67 |710 |2 08 |5 22
7 ATTBM112MO4 | 1,0 | 22057 |1550 |2 0.7 |2 2.4
8 ATIEM112MO4 | 0,63 | 220 (3.8 | 1060 |2 09 |6 22
9 ATTEM112L04 0.9 |220(5.1 |1060 |2 05 |7 23
10 MITBMI32MO4 | 1,6 [2209.0 |1030]3 09 |3 2.0
11 MIOBMI112L04 | 0,63 (22039 |750 |2 06 |9 22
12 umBMI132MO4 2.5 [220(13.3]1600] 3 0.7 |9 2.1
13 UIIBMI112004 | 1.85[2209.8 |2240]3 085 |6 22
14 umeM112004 | 13222073 [1500]3 0.7 |5 2.0
15 MITBMI8OMO4 | 7.1 [220|35.6|1500]4 08 |8 2.0
16 MITBMI160LO4 |5.8 [22029.2]1600]3 08 |5 2.4
17 UIIBMI160MO4 | 6.5 |220|32.7] 22404 075 |9 2.0
18 MITBMI160LO4 |2.8 [220|14.9]750 |3 0.7 |7 22
19 MITBMI180MO4 | 11,8 [220|58.5| 2720 4 08 |6 2.1
20 UIIBMI32L04 |3.15]220]16,5] 1450 | 3 08 |5 22
21 WUIIBMI32L04 |45 |220]22.9]2300 | 4 05 |4 2.0
22 UIBMI32L04 |14 |220]80 [710 |2 08 |3 2.4
23 UTIBMI132L04 |2.0 |220]10,7]1090 3 08 |8 2.1
24 UTIIBMI160LO4 |3.75]220]19.5] 10303 07 |4 22
25 ATITBM180LO4 | 4,12 {220 (21,2750 |3 0,9 3 2.3

>

>




Ycraneni (cTtaTWudl) PEXMMH JIBUTYHaA TmocTiitHoro crpymy  (ATIC)
HE3AJIC)KHOTO  (TapasiebHOT0) 30y/DKEHHS  OMHUCYIOThCS  BIIOMHMH 3 KypCy
CIICKTPUYHHX MAIIWH PIBHIHHIMH

U=E+1R; (1)
E=k®-o; (2)
M=kD-1_, (3)
I U — HanpyTa, IpUKJIaJeHa 10 SAKIpHOT'O Koa, B;

I, - R — cnaj nanpyru B asKipHOMY Ko, B;

[, — cTpyM y Ko SKOps, A,

R=R_+ R, — cymapuuii omip SKIpHOTO KOJNA JIBUTYHA, AKHH CKIATACThCS 3
BHYTPIIIHBOrO onopy nsuryna R Ta jmomatkoBoro onopy R, Om.
BHyTpimHIA omip ABUTyHAa CKJIAJACTHCA 3 OMOPY OOMOTKH AKOpA 7,
OOMOTKM JIONATKOBMX MOJIFOCIB  F, , KOMIICHCALIWHOI OOMOTKM 7, 1
IITKOBOTO KOHTAKTY 7, TOOTO R, =7, + 7 +F + 7y

E — EPC sixops (3anexuTh BiJ mapaMeTpiB MaIIMHH, MarHiTHOro motoky @ i
KyTOBOI MIBHAKOCTI @ ), B;

k=pN/ (27:61) — KOHCTPYKTHBHA CTaJia IBUTYHA,

P — 4MCTIO Tap MOJOCIB;

N — KUTBKICTh aKTUBHUX MPOBITHUKIB OOMOTKH SKOPSI,

A — KUTBKICTh TTAPAJICTFHUX BUTKIB OOMOTKH SKOPSI.

B mpaktrunux po3paxyHkax MOTPIOHO 3HATH HOMIHAIBHWN MOMEHT HAa Bajly

M, (Hwm)

M, =22 (4)

HomiHanbHa KyTOBa IIBUAKICTh ABUTYHA (U, , (Paj1/C), BU3HAYAETHCA

w, =" 201050, (5)
30

H

PiBHsSHHA ~ cmamuunol  enexmpomexaHiunoi  Xxapakmepucmuxu — ABUTYHA
MOCTIHHOTO CTPYyMY 3 Oyb-KUM 30Y/KCHHSIM Ma€ BUTIISI

L _U-I1,-R_U-1,-(R, +R,)
k0 k® '

Enexmpomexaniunorw Xapakmepucmuxkow ejIeKTPOABUTYHA HA3HMBAIOTh

(6)



3aJI€KHICTh HOro KyTOBOI IUBUAKOCTI BIA CTPYMY SKOpA w = f ([ o )
Piastuaa  cmamuynoi  mexaniunoi  xapaxmepucmuku JIIIC 3 Oynb-axum
30y PKCHHSIM Ma€ BUTIIS

L U _M-R_U M-(Ry+R,)
k@ (k@) k@ (ko)

(7)

MexaHniuHow Xapakmepucmukorw ejaeKmpoosuzyna o0epTalibHOTO PyXYy
HA3WBAIOTh 3aJICKHICTh KYTOBOi IMBUAKOCTI WOTO Baja BiJ EJICKTPOMArHITHOTO
00epTOBOrO MOMEHTY @ = f (M )

U

3 ypaxyBaHHAM BHpa3zy @, = I ITBUIKICTH 17ICATEHOTO XOJIOCTOTO XOJY,

H

Aka mMae micue npu [, =0 1na eaekTpoMexaHiuHoi XxapakrepucTuku 1 M =0 i

MEXaHIYHOI XapaKTEPUCTUKH, PIBHAHHS eJeKTpoMexaHiuHoi xapaktepuctuku J[I[1C
NapajebHOTO (HE3aJIEKHOTO ) 30y IKCHHS Ma€ BUTIIA

w:U—[ﬂ-(RHB+RH):CO0_[,I-(RHB+RJ)’ )
k®D, kD,
a PIBHSHHS MEXaHIYHOI XapaKTEPUCTHKA
oo U _M.(RHBJ;RH):%_M.(RHBJ;RH) o)

Koediuient k@, BU3HAuaeTbcAd 3 PIBHAHHA (8), 3aMHCAHOrO A TOYKH
HOMIHAJIBHOTO PEXXUMY POOOTH JIBUTYHA

k@, = =1 T T (10)

MexaHi4Hl XapaKTePUCTUKH MOXYTh OyTH TPUPOAHUMH 1 IITYYHHUMHU.
Ilpupoonolo  MExXaHIYHOIO  XapPAKTEPUCTHUKOI  EJICKTPOJABUTYHA  HA3WBAIOTh
3QJICKHICTH TIBUAKOCTI OOCPTaHHS ABUTYHA BiJi CTBOPIOBAHOTO HUM MOMEHTY TPH
HOMIHAJIbHUX MapaMeTpax Mepeskl )KUBJICHHA (HOMIHAJIbHUX 3HaYeHHAX Hanpyru U,
1 4aCTOTH), HOMIHAJBHOMY MAarHITHOMY moToui @, 1 IpH BIACYTHOCTI JOJATKOBHX
OmopiB y KoJi Akops (poTopa, cratopa) R, =0.

Aximo mprpoHa MEeXaHIYHA XapaKTEPUCTHKA HE 3aI0BOJIBHSIE THX a00 1HIMHAX
BAMOT  BUPOOHMYOTO  MEXaHI3MY, BHWKOPWUCTOBYIOTH  WIMYYHi  MEXaHIUHI

XaPaKTEPUCTHKH — 3QJICKHICTh KYTOBOT IIBHUAKOCTI ABUTYHA BiJl HOTO MOMEHTY, aJie
IIPH HEHOMIHAJIPHUX MapaMeTpax.



Koxxuuii mBUTYH Ma€ 1O OAHIN MPUPOIHINA €ICKTPOMEXaHIYHIN 1 MeXaHIUHI T
XapaKTEPHUCTHIN Ta OE3J1Y MTYIHUX XaPAKTEPUCTHK.

[lpupomgna 1 mTyuni wmexaHiudal xapakrtepuctuku JIIC mapanensHOTO
(He3aekHOT0) 30y/PKCHHS B 3araJTbHOMY BHUTJIAI HAaBEICHI HA PUCYHKY 2.

OCKUTbKM TIPUPOJIHA MEXaHIYHA XapaKTePUCTHUKA (PUCYHOK 2) 300paKyeThes
MOXMJIOK0 TIPSMOIO JITHIEI0, TO ii MOKHA MOOyayBaTH 3a BOMA TOUYKAMH, KOOPIWHATH
AKUX BIAMOBIIAIOTh HACTYITHAM 3HAUCHHSIM:

nepina Touka w =w,, M =0,

Apyra Touka w=w,, M =M.

A o, pai/c
[Tpupomna MX npu

- / Up, @y, R, =0

Uy, R,>0

M H-m
o

0

Pucynox 2 — [IpuposHa Ta mTy4YH1 MEXaHIUHI XapaKTEPUCTHKH
JITIC mapanensHOTO (HE3aIeKHOTO) 30y KCHHS

Axmo BHYTpimHIA omip koja skops enekrpomsuryHa (EJl) meBimommii 1
3aBOJICBKI JIaHl BIACYTHI, TO HWOTO BEIWYMHY MOKHA NPHUOIU3HO BU3HAYWTH,
IPUITYCKAIOUH, IO MNOJIOBMHA HOMIHAILHUX BTPAT MOTY:KHOCTI AP, — 1ie BTpaTH B
M1l OOMOTKH, TOOTO MOCTIHI Ta 3MIHHI BTPAaTH MPH HOMIHAJIHLHOMY HaBaHTAKCHHI
OJTHAKOB1

0,5-AP, =1_ -R,:

p: B

U
RHBz075°(1—]’IH)°[—H) (11)

SAH

Iie 1, — HoMiHanbHUH KoedinienT kopucHoi aii (KK/I) enexrpoasuryna.
[Tyck HIIC moxe OyTu npsimuM abo HenpaMmuM. [IpsMuii myck 3aCTOCOBYIOTh



TUTBKH JJTA €JICKTPOABUTYHIB, K1 MalOTh TTOPIBHSHO BEJTUKHUM BHYTPIITHINA OMIP KOJIa
AKOPS 1 BAKOHYETHCS yMOBA

]l'lpl'[ S ]}II[OH = k ) ]}IH’

ne  k =2..3 — KpaTHICTh TOMYCTAMOTO CTPYMY SKOPSI.

Jma EJI motyxnictio moHan 0,5 kBt mpsamuii myck HE PEKOMEHIYETHCH,
OCKIJIbKH TIPH BMHKaHHI O€3MOCEPEHHO HAa TOBHY HAIPYry EICKTPOMEPEKI depes
3HAUHWN MyCKOBHM CTPyM Ha KosnekTopi EJl mMoxke 3’sBUTHCA CHIIbHE ICKPIHHA 200
HaBITh KOJIOBHK BOTOHB. [Ipm mbomy Ha Bamy EJl BMHWKae 3HAUHMI NWHAMIYHHANA
MOMEHT, Ha SIKHA MOXYTh OyTH HE pPO3paxoBaHl MEpPeaaBaAbHUN MPUCTPIH 1 poboua
MaliuHa, B JKABWIBHIA MeEpeXi BIAOYBA€ThCS 3HAYHE CIAJaHHSA HAMPYTH,
YCKIQAHIOETHCSA PoOOTa 3aXMCHOI 1 BUMIPIOBAJIBLHOT anapaTypH.

Hempsimuii myck 3A1MCHIOETBCSA MIISXOM BBEICHHS B KOJIO SKOPS OMOPY
MyCKOBOTO peoctara ado 3MIHM HANPYTHW BiJ 3HAYCHHS, MPH SKOMY B KOJI SKOPS
MIPOXOJIUTH MYCKOBHH CTPYM (HE OLIBITE JOMYCTUMOTO), 3 TIOABIIAM TT1ABUIIICHHAM
foro mo HOMIHAIBHOTO 3HadYeHHS. [Ipm omHOCTymiHUacTomy mycky (puc. 1) omip
MyCKOBOTO PeOcTaTa BU3HAYAIOTH 3a (HOPMYJIOI0

R = ]UH ~R,. (12)

S 401

PeocraTHuii myck ABUTYHAa MOKHA 3IMCHIOBATH TPH IUIABHOMY 3MEHIICHHI
OTIOPY PE3WCTOPa 1 MOCTIMHUX 32 BEIUYWHOIO 3HAUECHHAX ITYCKOBOTO MOMEHTY 1
MyCKOBOTO CTPpyMy ab0 TpH CTYyHiHYACTOMY 3MEHINEHHI OMOpYy 1 KOJWBAHHAX
MyCKOBOTO MOMEHTY 1 MYCKOBOTO CTPyMYy B MeXaX Bl MaKCHMaJIbHUX JI0
MIHIMAJIbHUX 3HAYCHb, JOIYCTUMHUX 32 YMOBAaMHU POOOTH €JICKTPOIIPHUBOITY.

Ha mnpaxrtumi Hailigacrime 3acTOCOBYIOTh CTYyHiHYAcTHH mycK. KiabKiCTh
MyCKOBUX CTYTEHIB, a TAaKOXX MEXI KOJMBAHHS CTPYMIB 1 MOMEHTIB TIPH IYCKY
3aJIeKaTh B1J BAMOT TEXHOJIOTIYHOTO TPOIECy. 3a3BUYail MyCKOBHI PEOCTaT Ma€ HE
outeme 5 cryneniB. Ha pucynky 3 3o00paxkeHa MPUHIMIIOBA CXeMa PEOCTATHOTO
nycky JI1C napanensHOTO 30y KEHHS B JIBI CTYTICHI.
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Pucynox 3 — CxemMa BMUKaHHSA IMTyCKOBHUX PE3UCTOPIB
JUIC mapasnenbHOro 30y 1>KeHHS

[lyckosuii peoctar mae nBi cekuii omopis R,; i R,;. Benuunny myckosoro

CTpyMy [, NpHHAMAIOTh 32 yMOBaMH KOMYTaLii B MEKax
I,=(2.25)1,.
, :

Ctpym mepeMuKaHHs 00OB’A3KOBO IOBMHEH 33[0BOJNBHATH YMOBL [, > [_ .
MiniMaibHEe WOTO 3HAUCHHS MPUHMAIOTh 3aJI€KHO BIJl HAaBaHTaKEHHS Ha Baiy EJ[ B
MexKaxX

L=01.12)-1_,
ne [, — CTpyM AKOps NPH MOMEHTI CTaTUYHMX ONopiB A .

Yum meHmre pisHung Mix /; 1 /,, TaM OutbO0 Oyae KUIBKICTh ITyCKOBHX
ctyneHiB. Benmuunau onopi myckosux pesuctopis JI1C mapanenbHOTo 30yHKEHHS
MOYXHA BU3HAYUTH TpadoaHaTITHIHAM METOIOM.

[TyckoBa miarpama JIIIC mapanenpHOTO 30Yy/KEHHS 3 IMMYCKOM B JBI CTYMEHI
Mpe/ICTaBICHA HA PUCYHKY 4.

0 1My LMy 1

Pucynok 4 — Ilyckosa miarpama JIIC mapanensHOro 30y mKeHHS
3 IMyCKOM B 2 CTYIICHI

4 Tlpuxaaa po3paxyHKy

Ha JAIIC mapanmensHoro 30ymkennas tumy 411BM112MO4 pospaxysatu i
noOyyBaTH NPUPOJHY 1 INTYy4YHI MeXaHI4Hl XapakTepuctuku npu U, =080, Ta
Rp =3R,, MyCcKOBY [iarpamy eJICKTPOJBUTYHA Ta BH3HAUMTH OIp PE3UCTOPIB
MycKOBOTO peocraty. [Iyck nBuryHa mocTiitHOro cTpymy MOBHHEH OyTH BUKOHAHUN B
3 cryneni, M, =2M .

Karasmorosi mani AI1C:

P, =10xBr; U,=220B; [ =57A; n,=1550 o0/xs.
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[Tpuamunosa cxema mycky JIIC mapamenmsHoro 30y/KEHHS B TPU CTYIICHI
MPEACTABJICHA HA PUCYHKY .

+ U, -
o > (o)
LM
¢ Y ¥ ¥ X .
K1 K2 K3
" 7~ " ®
Rpl RPZ Rp3

Pucynox 5 — [punmunosa enexrpudana cxema mycky JIIIC B Tpu cryneni

1 Pospaxyemo Ta moOyayemMo TPHPOJHY MeXaHIUHY Xapakrepuctuky JIIC
napajeabHOro 30y KEHHS.
[TpupoaHa MexaHIUHA XapaKTEPUCTHKA Oy TyETHCS TIO TBOX TOUKAX:
nepina Touka w =w,, M =0,
Apyra Touka w=w,, M =M.
Buznauaemo HOMIHAJIBHY KyTOBY IITBUIKICTD

TN,

a)H
30

>

A€ n, — HOMIHaJbHA YacToTa 00epTaHHA, 00/XB.

314-1550
Wy =—————

H

=162.2 pan/c.

Buznauaemo HOMIHAJIBHANA MOMEHT Ha BTy

ne P, —HoMiHanbHaA MOTYKHICTB JBUI'YHA, BT;
,, — KyTOBa HIBUJKICTb JBUTYHA IIPA HOMIHAJIbHOMY HaBaHTAKEHHI, pajy/c.

3
L0 6
162.2

BuznauaemMo CHHXPOHHY KyTOBY IIBHJIKICTH
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—_ UH
k®,

)

ne  k — mOCTIHHWN KOC(IIIEHT, MO 3aJICKUTh BiJl KOHCTPYKTUBHHX OCOOMBOCTEH
nsuryHa, 1/pan;
@, — HOMIHAJILHAH Mar"iTHUH NOTIK, BO.
Buznauaemo 3HaueHHS KOES(III€EHTAa MAarHITHOTO TIOTOKY

kD, =

H

UH_[}IH.R}I

a)H

Buznauaemo orip oOMOTKH AKOPS

U
Ro=05-1-n,)- Y.

SAH

ae 1, — HoMmiHanbHUH koediuieHT kopucHoi aii (KK/I) enekrpoasuryna, B.o.
Buznauaemo HOMIHAIbHAN KOS(PIITIEHT KOPUCHOI A1l

;/IH UH.[}IHj
, = 1000__ 4.
220-5,7
R, ~0,5-(1- 0,79)-@ = 4,05 Om;
kb, - 220-57-405_ Bb/pan:
162,2
220
w, =—— =181,8 pan/c.
0 =177 pan/

>

3a KOOpAWHATAMH PO3PAXOBAHUX TOUOK OYyIyeEMO TIPUPOJHY MEXAHIUHY
xapaktepuctuky J[[1C napanensHoro 30ymkeHHs (PHCYHOK 6).

2. Po3paxyeMo Ta moOyayeMo IMTyYHI MEXaHIYH]1 XapaKTEPHUCTHKH:

a) npu 3HWKeH1d Hanpysi U, = 0,80, .

BusHayaeMo KyTOBY IIBUAKICTb 11€aJIbHOTO XonocToro xoay npu U, = 0,80

08U,
ko,

H

Wy

13



Wy = O,?-2212O =145,5 pag/c.

>

Busnauaemo xyTtoBy msuakicts npu M, 1 U, =0,8U,

o _O,8UH_MH-R,I_CO M, -R,
ke, (ko) (k)
Wy =145,5—- L;EOS =128,5 pag/c.

>

3a KOOpAMHATAMU PO3PAXOBAHUX TOUOK OyAyeEMO IITY4YHY

MEXaHIUHY

xapaktepuctuky JIIIC mapanensnoro 30ymxenns npu U, = 0,8U,, (puc. 6).
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w, pag/c IIpupoana MX npu U; @,; R=R,
200 /

[EnY
8 08
—
L~
/

Y LN A e e S
120 \\ 5
My

S~

100

80

60

40

20

' M, H'm

0 1 2 3 4 5 6 M, 7

Pucynox 6 — [IpupoHa Ta mTy4YH1 MEXaHIUHI XapaKTEPUCTHKH
JBUTYHA MTOCTIHOTO CTPYMY MapajIeIbHOTO 30y KCHHS
0) Tpu BBEICHHI B KOJIO OOMOTKH SIKOPS TMYCKOBOTO PeoCTara, Omip SKOTO

nopisHioe R, =3R, .

Busnauaemo kytoBy mBuakicts npu M, i R, = 3R, 3a hopmymnoro

M, -(R

H S1 B

ko,

+Rp)‘

>

3rifHo 3aBNaHHs BEMUMHA ONOPY MycKoBoro peoctata Ry = 3R, . Omixe
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MH-(RMB+3R,I):CO M, 4R,
ke, ) :

6,16-4-4,05
12

w, =181.8—

=113,6 pan/c.

>

3a KoopAMHATAMH PO3PAXOBAHUX TOUOK OyAyeMO IITYyUYHY MEXaHIUHY
xapaktepuctuky JIIC mapanensHOTO 30y )KEHHS NMPH BBEJACHHI B KOJIO OOMOTKH

SAKOPSl IyCKOBOT'O PE0CTaTa, Omip AKoro aopisHioe Ry = 3R, (puc. 6).

Jlnst moOyMOBH TyCKOBOI JiarpamMu JBHTYHA MOCTIHHOTO CTPYMY MapayiebHOTO
30yJUKCHHS 32 PO3PAaXyHKOBHMH JaHUMH OyIyeMO TNPHPOAHY MEXaHIYHY
XapaKTepUCTUKyY w = f (M) (pucyHOK 7) 1 BiIMIYaeMO Ha HIA TOYKH JOMYCTUMHUX

MOMEHTIB ITPY NIEPEMUKAHHI 3 OIHIET CTyNeHl pe3ucTopa Ha inmy M| 1 M.
ITpu npomy, 3rimHo 3aBaanns M| =2M , =2-6,16=12,32 H-m.
Mowment A, 3HaX0mUTLCA B Mexkax M, = (1,1...1,2)-MH 1 TOPIBHIOE

M,=12-616=739 Hw.

ITpoBenemo uepe3 Toukm M, 1 A, OyHKTHpOM JBI HapajieibHl JIHII 10
MEPETHHY 3 XapPaKTEPUCTHKOIO 17ICATBHOTO XOJIOCTOTO X0y B TOUKax d 1 €.
Jliis po3paxyHKy OMOPIB MyCKOBUX PE3UCTOPIB BU3HAYAEMO MACIITad Omopy

-
" lab ’
[, =22 mM;
my = 405 =0,18 Om/mm.

3’enHy€EMO TOUKH @), 1 1 Ta otpumyeMo Touky f . IlorimM uepe3 Touky f

MTPOBOUMO JIIHIIO, MapajieibHy oci abcmuc, A0 TOYKKA d Ha JIHI Ad. AHAJOTIYHO
Oyayemo miHii hc 1 kb .
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IneanpHa IIpupoana
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Pucynok 7 — IlyckoBa miarpama JITIC mapanensHOTO 30yIKEHHS
3 IMyCKOM B TPH CTYTIEHI

[ToGynoBa TMycKOBOi jJlarpaMH BBaXKa€ThCA YCHIITHOI, SKIIO OCTAHHS

TOPU30HTAIBHA JIIHIA TPOXOJNUTHh depe3 Touky b . Skmo me He BiAOYyBaeThCA, TO
100y 10By HEOOXITHO MOBTOPUTH, 3MIHUBIIN 3HAYEHHA MOMEHTY M, .
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Buznauaemo omip pe3ucTopiB MyCKOBOTO PEOCTATy

R, =my L
R, =my Lic:
Rp3:mR°lcb;

R, =0,18-71=1278 O
R,,=0,18-46=828 Ou;
R;=0,1825=4,5 Ou.

Busnauaemo 3aranpHUM Omip MyCKOBOT'O PEOCTaTy

R,=> R,,;

R, =1278+828+4,5=2556 Owm.

S BkasiBku 1010 opopmJieHHs 3BITY

3BIT 3 IPAKTUYHOI pOOOTH TOBUHEH MATH:

1 BapiaaTt iHauB1AyaapHOTO 3aBIAHHA.

2 Po3paxyHkoBsi popmyiu.

3 TlpunnunoBy enektpuuny cxemy nycky [AIIC mapanenbHOro 30yMKEHHS 3
KUTBKICTIO CTYTICHIB MyCKY 3T1IHO 1HIUBITY aJIbHOTO 3aBIaHH.

4 Tlpupomny wexaHiudny xapaktepuctuky JIIC Tta mTyuHi wmexaniuHi
XapaKTEePHUCTHKH, TOOYA0BaHI MTPH PI3HUX YMOBAX.

5 [lyckoBy miarpamy JIIC mapanenpHOTO 30y IKEHHS.

6 Po3paxyHKOBI JaH1 OTOPIB MTyCKOBUX PE3UCTOPIB.

7 AHaj13 OTPUMaAHUX PE3YIIbTATIB.

6 KoHTpoJIbHI NMUTAHHS

1 Illo Ha3mBaeTHCA €MEKTPOMEXAHIYHOK Ta MEXAHIYHOIO XapaKTEPHUCTHKAMH
JIBUTYHA ToCTiitHOTO cTpyM™my (JI1C)?

2 o Ha3UBAETHCS MPUPOJHOIO TA IITYUHOK Xapaktepuctukamu JI1C?

3 3anumniTe PIBHAHHS €JICKTPOMEXaHITHOI Ta MeXaHiuHoi xapaktepuctuk JI1C
HE3JICIKHOTO (TMapaieibHOTO) 30YyKSHHS Ta MPOaHATI3yHTe iX.

4 HaBeniTh MPUHITUIIOBY €JCKTPUUYHY CXEMY BMHKAHHS JABUTYHA MOCTIHHOTO
CTPYMY IapajiebHOr0 30y/DKCHHS. 3 SKHX OIMOPIB CKIAAAIOTHCS BHYTPIIIHIA OIIP
JIBUTYHA 1 CyMapHHi omip Horo sKipHOTO Koa?

5 Big gKMX BEIWYMH 3aJICKHATh €ICKTpOpymIiiiHa cuiaa skops FE i

18



€JIEKTPOMArHiTHUi MomeHT M~ JBUryHa HOCTIHHOrO CTPYMYy HE3aJI€XKHOIO

(mapasnenbHOro) 30yHKCHHS ?

6 ki rexniuni gadi JAI1C HaBOAATHCA B HOTO MACIIOPTHUX JaHUX?

7 Sk po3paxyBaTd 1 OOy IyBaTH MPUPOIHI MEXaHIUHY Ta €ICKTPOMEXaHIUHY
XapaKTEPUCTHKH JBUTYHA TIOCTIHHOTO CTPyMY TMapalelibHOTO 30Yy/UKCHHS 3a
MacMOPTHUMHU TaAHUMU?

8 SIx BU3HAUWUTH KYTOBY IMIBHUAKICTH 17IcAJTbHOTO X0JjiocToro xoay JAI1C?

9 Sk mpuOIM3HO BU3HAUNATH BEJIMUMHY OTOPY BHYTPITHROTO Kona sikops JAI1C
napayieIbHOTO (HE3aJICKHOT0) 30y/HDKCHHS 32 KaTAIOTOBUMH JTAHUMHA?

10 Sk 3a kaTaJIOTOBUMH MAHWMW BHU3HAUATH HOMIHAIBHY KYTOBY HIBHIKICTH
€JIEKTPOABUTYHA?

11 fx 3a karajJorOBUMH JAaHUMH BU3HAUWTHA HOMIHAJIBHWUN MOMEHT JBUTYHA
MOCTIMHOTO CTPyMYy (Ha Bajy) y ABUTYHHOMY PEXUMI poOoTH?

12 Slx BW3HAYMTH CTPYM SAKOPS JBUTYHA TOCTIHHOTO CTPYyMY MapajebHOTO
(He3a1eKHOT0) 30Y/IKeHHS Y IBUTYHHOMY PEKUMI1 poOOTH?

13 Sk 3MiHIOETBCA KyTOBA IIBHIKICTH TPH 3MIHI BEJIMYMHH MAarHiTHOTO
MOTOKY, OTIOPY B KOJII AKOPSA, HAMPYTH, IO TABOAUTHCS?

14 3 axoro meroro npu 3anycky JIIC B kono skops BBOAATh MYCKOBHMA
pesucrop?

15 B saxkux wMexax 3MIHIOIOTbCA MoMeHT 1 crpym JIIC mapanembpHOro
30yIKEHHSA MPU HOTO MYCKY?

16 Axuii nopsnok nmoOyJ0BH PEOCTAaTHUX XAPAKTEPUCTUK IJISI PO3PAXYHKY
MyCKOBUX PE3UCTOPIB?

17 Sk BnnmBae 3MiHA BETWYWMHU JOMATKOBOTO OMOPY B KOJII SKOPS HA BHI
MEXaHIYHOI 1 eJiekTpoMexaniuHoi xapakrepuctuk JI1C mapanensHoro 30y mKeHHS?

18 Sk BryMBae 3MiHA BENWMUWHWA HANMPYTH HA SKOPl HA BHJ MEXAHIYHOI 1
enexkrpomMexaniuHoi xapakrepuctuk JI1C mapanensHoro 30ymkeHH: ?

19 Sk BmMBae 3MiHA BEJIMYMHH MAarHITHOTO ITOTOKY Ha BHJ MEXaHIYHOI 1
enexkrpomMexaniunoi xapakrepuctuk JI1C mapanensHoro 30ymkeHH ?

20 SMxwmii BUTIAN MaOTh INTYYHI MEXaHIUHI Ta EJIEKTPOMEXaHIdHI
xapaktepuctuku JI1C napanenpHOro 30y KeHHS IPH 3M1HI OITOPY SKIPHOTO Koia?

21 SMxwmii BUTIAN MaOTh INTYYHI MEXaHIUHI Ta EJICKTPOMEXaHIdHI
xapakrepuctuku J[I1C mapanensHoro 30y KeHHS PY 3MiH1 HAPYTH?

22 SMxwmii  BUTIAN MaOTh INTY4YHI MEXaHIUHI Ta EJIEKTPOMEXaHIUHI
xapaktepuctuku J[I1C mapanensHoro 30yMKeHHS MPU 3MiH1 MAarHITHOTO TTOTOKY ?
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PO3PAXYHOK MEXAHIYHUX XAPAKTEPUCTHUK I OIIOPIB
IIYCKOBHUX PE3UCTOPIB IBUI'YHA IIOCTIMHOI'O CTPYMY
HOCJIIAOBHOI'O 3bY/I’KEHHS

Meta po6oTH: 3aCBOITH METOAWKY PO3PAXYHKY MEXaHIYHUX XaPaKTEPUCTHK 1
OTIOPIB TYCKOBUX PE3UCTOPIB JMBUTYHA moctiiHoro crpymy (AIIC) mocmimosHOTO
30y/PKCHHS 3 BUKOPHCTAHHAM KaTaJOTOBUX JIAHWX 1 YHIBEPCAIbHUX XapaKTCPUCTHK,
HAaBYUTHUCSA OymyBaTd rpadiku MPUPOTHOT Ta MTYYHUX MEXAHIYHUX XapaKTCPHUCTHK,
nyckoBy miarpamy J[I1C mocmimoBHOTO 30y IKEHHS.

1 3aBnanHsa 1y1g caMOCTIHHOT MATOTOBKU

1.1 OnpamroBatn TeOpeTHUHUH MaTepiayl MO PEKOMEHIOBaHIN jiteparypi [1,
c.62-71; 2, ¢.27-36; 5, c. 65-70].

1.2 OgsnatioMuTHCsS 3  METOAMKOK  PO3pPaXyHKy  MEXaHIYHUX  Ta
CIICKTPOMEXAHIYHUX XapPaKTEPUCTUK JBUTYHA TIOCTIHHOTO CTPYMY IOCIHIIOBHOTO
30yIKEHHA (I[HC [13) 3 BUKOpPUCTAHHSAM KATAJIOTOBUX JaHWUX 1 YHIBEPCAIBHHX

XapaKTEPUCTHK Zf(] )1 M zf([ )
1.3 O3HallOMUTHCS 3 METOIUKOIO BH3HAUYCHHS OMOPY IMYCKOBHX PE3WCTOPIB
JTIC mocmimoBHOTO 30y IKSHHS.

1.4 BiamoBicTi Ha KOHTPOJIbHI TIUTAHHS.
BapianTu 1HIUB1AyaJbHEX 3aBIaHb HABEACHI B TaOmMIIl 1.

2 IIporpama podotu
2.1 PospaxyBatu 1 moOyayBaTh TPUPOAHY MEXaHIUHY XapaKTEPUCTHUKY
JABUTYHA TIOCTIHOTO CTPYMY MOCIIIOBHOTO 30yKeHHS 0 = [ (M .

2.2 Bu3HAuUWTH 3HAYCHHS OIMOPIB JOJATKOBHX PE3UCTOPIB B KOJI SKOPS IS
3HIDKCHHS IMBUKOCTI 00€PTaHHA €IEKTPOABUryHA. [ 3HAMICHUX 3HAYCHB OTOPIB
PE3UCTOPIB po3paxyBaTH 1 TOOyAYyBaTH PEOCTATHI MEXAHIYHI XapaKTEPUCTHKH
@ :f(M): @5 :f(M)

2.3 Tlo6ynysatn myckoBy miarpamy JIIC mochigoBHOro 30ymKkeHHA Ta
pO3paxyBaTH 3HAYEHHS OTIOPIB MYCKOBHUX PE3UCTOPIB.

3 3arajabHi BizomocTi i pekomeHaamii

Cxema BMWKaHHS JBHTYHa TOCTIHHOTO CTPYMy TOCIITOBHOTO 30YIKCHHS
(HIIC I13) (pucynok 1) BimpizuseThcs Bia cxemu BmukanHa JIIC mapanenbHOro
30y/UKEHHS THM, IO OOMOTKA 30Y/DKECHHS BBIMKHEHA IOCIIJIOBHO 3 OOMOTKOIO
skopst. Tomy #ioro MarHiTHHM MOTIK @ 3a71€KUTh BiJ CHIH CTPYMY B SKIPHOMY KOJII,
TOOTO 3MIHIOETHCA 31 3MIHOIO HABAaHTAXCHHS. 3AJICKHICTh MK CTPYMOM 30YIKEHHS 1
MarHiTHUM TIOTOKOM Ma€ HENMHIAHWN XapakTep 1 HE Ma€ TOYHOTO AHAJIITHYHOTO
BApa3ly, TOMY HE MOXHA OJEPKaTH AaHATTHYHOTO BHUPA3y MEXAHIYHOI
xapakrepuctaku J[I1C mocmimoBHOTO 30y KCHHS.
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Tabmumsa 1 — Bapiantu iHIUBIAyaTbHUX 3aBaHb

Homep Tum 71, /15, P, U, /s My, KigpKicTh
BapiaHTy | €JEKTpOABUTYHA [00./xB. [00./xB. KBT |B A 00./XB. [CTYIICHIB
1 ATITEM160MO4 800 400 3,0 220 15,8 1060 ]2
D ATITHM132MO4 (700 500 12,5 220 14,3 1000 P2
3 AITEM160LO4 1100 600 5.8 220 29,2 1600 [
a ATTEM180LO4 1000 [700 18,5 220 H423 1450 P
5 ATITEM180MO4 1500 700 10,0 P20 K496 [2180 [3
O ATITHM180LO4 900 500 18,5 P20 94,7 |1400 3
7 AITHM180MO4 1300 500 25,0 P20 |131,7 2240 P
g ATITEM160LO4 1600 400 2,8 220 |14,9 [750 2
D ATTEM180MO4 1600 3OO 5,0 220 25,5 1030 P
10 AITHM160L.O4 700 400 16,3 220 32,6 1060 2
11 AITHM160LO4 1400 OO0 16,0 20 81,4 [2000 [
12 ATTEM180LO4  |500 30O @,12 P20 1,2 [750 2
13 ATTHM180MO4 1000 700 15,0 P20 [76,6 |1500 [
14 AITHM160MO4 1500 B00 13,0 P20 67,5 [2120 P
15 AITHM180LO4 350 180 7,1 220  PB37,5 [750 3
16 AITHM160MO4 1100  BOO0  [7,5 220 39,9 1500 3
17 AITHM180MO4 500 BOO 5,6 220 30,0 [710 3
18 AITHM132L.O4 700 100  B,15 [R20 (18,4 (1000 P
19 AITHM132L.O4 1300 600 88,5 220 @445 2240 P
PO AITBM160LO4 1350 650 B0 220 39,7 [2180 3
D1 AITEM180MO4 1100 700 {7,1 220 35,6 |1500 3
P2 AITEM160LO4 1700  BOO 19,5 220 K469 [2650 3
D3 AITHM132MO4 900 500 HK.0 220 21,5 1500 P
P4 AITHM180MO4 800 450 8,0 220  @41,1 1120 3
D5 AITHM180LO4 [700 400 (11,0 R20 (57,2 [1000 3
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Pucynok 1 — Cxema smukanas JII1C mocaimoBHOTO 30yHKEHHS

JIs eneKTpOoABUTYHA TIOCITIIOBHOTO 30Y/KEHHS PIBHSHHS €IICKTPOMEXaHIIHOT
XapaKTEPUCTHKH, 5K 1 JUIA IBUTYHA HE3AJICHKHOTO 30YIKCHHS, MA€ BUTIIA

U-I,-R
kD

w

: (1)

ne R=R_,+ R, — cymapuuii omip SKIPHOTO KOJIa JBHUTYHA, AKHH CKIAIACTHCS 3
BHYTPIIIHBOTO OMOPY MBMryHa R . Ta 30BHINHBOTO NOJATKOBOTO OMOPY

R, Om.
Jlo BHYTpIIIHBOro Omopy ABUryHa K, . BXOJATh ONOPH OOMOTKH SKOPS 7,

0OMOTKH JOJAaTKOBUX TIOJTFOCIB O0OMOTKM 30y/KEHHS 7, Ta IITKOBOTO KOHTaKTY

Vs

> T00TO Ry =1, + 1 1, + 1y
[ToGyayBaTn  milicHI ~ TPUPOJHI  CJICKTPOMEXAHIYHY 1 MCXaHIUHY

xapaktepuctuku JIIC 113 mpu mpakTHuHMX poO3paxyHKax MOKHA 3a JOMOMOIOIO

HABEJICHNX B KATAIOrax YHIBEPCATBHUX XapaKTEPUCTUK @ = [ ([ *) i M =f (] *),
AKI y BIHOCHUX OJHHHISX (PUCYHOK 2) BHPAXAIOTh 3JICKHICTh IMIBUAKOCTI
oOepTaHHs 1 MOMEHTY Ha BaJTy JIBUTYHA BIJI CTPYMY SIKOPsI IPW HOMIHAJIbHIHN HaAIPy31
1 BICYTHOCTI 30BHINIHIX JOAATKOBUX OIOPIB y SKIPHOMY KOJi. YHIBEpPCATbHI
XaPaKTEPUCTHKH BU3HAYAIOTh CKCIEPUMEHTANIBHO, TOMY BOHH BPaXOBYIOThH
HACWYCHHS MArHiTHOTO KOJIa 1 BILTUB PEaKIlli SKOps JBATYHA.

3a yHIBEpCAJbHAMH XapaKTePUCTUKAMHU (pHC. 2) 1 HOMiHAIBHAMH 3HAUYCHHAMH
M, @, cK1agaroTh po3paxyHKOBY Tabauio 2 1 3a 1i gaHuMH OyAaylOTh

[ H? H

MPUPOAH] €IIEKTPOMEXAHIUHY 1 MEXaHIYHY XapaKTePUCTHKH aBuryHa. Crodarky 3a
YHIBEPCATHHUMH XapPaKTEPUCTHKAMH 3aMOBHIOIOTH TPH MEPI PAAKA PO3PAXyHKOBOT
Tabnuil 2, a MOTIM BHU3HAYAIOTh KOOPAWHATH TPHUPOAHUX EIEKTPOMEXaHIIHOT 1
MEXaHIYHOI XapaKTEPHUCTHK.

Y nmepmwmii pAAOK 3aMMCYIOTh PSAJ  JAOBUIBHMX 3HAYeHb CTPYyMIB 1 3a

H?>

. * * . * *
YHIBEPCAIEHEMH ~ XapakTepucTukamu @ = f{ [ ) i M =f (] ) 3HAXOMATh

*

BignoBigHi sHauenus M|, M,, ..., M; rta meumkocti ®;, ®,, ..., © i
3aMHUCYIOTHh iX BIAMOBIAHO y APYyrWid 1 TpeTid psaakm tadbmumi 2. Pagxm 4-6
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3aIlIOBHIOIOTH JadHHMMHU B IMEHOBAHHX OAHMHUIIAX, 3HAXOAA4YN ix 3a piBHfIHHfIMI/I
* *
M =M, M, W, =W, 0 .

2,4

M, M

2,0
0y /

*

12 /

10xkBT 1 O11plLIIE

0,8 4

0,4 V4 10 10kBr \\

/ !

0 0.4 0.8 12 1.6 2.0 2.4 2.8

*

PrucyHok 2 — 3anexHICTh MOMEHTY 1 KyTOBOI IIBUAKOCTI BT CTPYMY SKOPS
JTIC mocmimoBHOTO 30y IKEeHHS (Y BIATHOCHUX OJTHHHUTIISX)

Tabmuts 2 — PospaxyHkoBl 3HaY€HHA I TOOYAOBH MPUPOTHOT MEXAHIUHOI 1
enexkrpomMexaniunoi xapakrepuctuk JI1C mocmimosHOTrO 30y I5KCHHS

I* 8o |04 106 |08 [10 [12 [14 |16 |18 |20

9 BV N

M* so. 1035 1055 (078 |10 |13 |15 [175 [2,1 |23

s AV N

w.so |L6 |13 [L1 |10 |09 [085 [08 [0,75 |0,70
I, A

>

M Hwm

>

@, pan/c
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3a nmaEWMHM  PoO3paxyHKOBOI Tabmmii 2 OyAyiOTh TPUPOJHY MEXaHIUHY
xapakrepuctuky JI1C I13 (pucynok 3).

w, pan/c

A

Pucynox 3 — [lpupoaHa MexaHiuHa XapaKTEPUCTHKA
JBUTYHA MTOCTIHOTO CTPYMY MOCTIAOBHOTO 30y IKEHHS

PiBHSHHA mTY4HOI PEOCTATHOI EINEKTPOMEXAHIYHOI XapaKTEPUCTHKHA Mae
BUTJIAL

W, :wnp .UH_]}I.(RI[B +R/1)' (2)
U,—1,-R,

IoTpiGHi ia  po3paxyHKy 3HadeHHs R & 3HaXo[aTh y KaTajorax,

CKCIIEPHUMEHTAILHO a00 3a HaOIMKEHOIO (hOPMYIIOK0

RHBzO,75-(1—;7H)-§]—HzO,75-(1—11H)-RH, 3)

SAH

Konu Bimomi1 koopawHaTt xo4ya O OJHIET TOYKHM IMITYYHOI €JIEKTPOMEXaHIUHO1
XapaKTEPUCTHKH ((Dl.,]l.), TO JUIS BU3HAYCHHS JOJATKOBOTO OIMOPY PO3B’SI3yIOTh

piBHaHHA (2) BigHocwo R, i anga cTpymy [, Ha NpHpOIHid XapaKTepHCTHI

3HAXOAThH BIATIOBIIHY IIBHIKICTH

)
—|1==L | _
R;[ =1 (RH RHB)' (4)
a)H
[3 30imbImIEHHAM OMOPY MIBHIAKICTh JABUTYHA TMPH TOMY CaMOMY MOMEHTI
3MCHIIYETHCS 1 XapaKTePUCTUKA 3MIIMyeThes BHU3 (pucyHok 4). JKopcTkicTh
XaPaKTEPUCTHKH 3MEHIITYETHCS 3 POCTOM J0aTKOBOTO OTOPY B AKIPHOMY KOJII.
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OcoOnMuBICTIO MEXaHIYHUX XapaKTCPUCTHUK JBUTYHA TMOCTIHHOTO CTPyMY
MOCJTITIOBHOTO 30Y/PKEHHS € HEMOKJIMBICTh OTPUMAHHSA PEXHMY  11€aTbHOTO
xojoctoro xoxay. [lpm HaBanTaxkendl Hwkde 15-20 % Big HOMIHANMBHOTO, pobOTa
JBUTYHA MPAKTHYHO HEIOMYCTHMA Yepe3 HaaMIPHE 30UTBIIICHHS MBUIKOCT SKOPSI.

, paa/c

A
Ru<Rp

[Tpupoana MX

[Tyur MX

R

M, Hwm

>

Pucynox 4 — [lpupoaHa Ta mTy4YH1 MEXaHIUHI XapaKTEPUCTHKH
JITIC mocmimoBHOTO 30y IKEHHS

Po3paxyHok omopy pe3ucTopiB IS MyCKY IBHATYHA MOCTIAOBHOTO 30YIKEHHS
BUKOHYETHCA rpadoaHANITHIHAM METOAOM, SKHM HE BUMAarae moOyIOBH CaMUX
PEOCTATHUX XaPAKTEPUCTHUK.

3a mammMm TabauI 2y TEpIIOMY KBaApaHTI OyAyeMO TPHUPOIHY
enekrpomexaniuny xapakrepuctuky (EMX) HAIIC 113 w= f ([ ) (pucyHOK 9).
3a71aeMO 3HAYEHHA IIyCKOBOTO CTpyMy /; Ta CTpyMy nepemukanns [,. IIposoaumo
yepe3 3HalACH] 3HAUEHHS CTPYMIB JIB1 BEPTUKAJIbHI JIIHIT 0 IEPETHHY 3 MPUPOTHOIO
SIICKTPOMEXAHIIHOIO XaPaKTEPUCTHKOIO 1 3HAXOAMMO Ha MPUPOIHINA XapaKTEPUCTHIT
TOUKHM € 1 [ , IO BiANOBiNAIOTh UM CTPyMaM.

[Ipn upomy

1,=(18.25)1; (5)

I,=(12..15)1,. (6)
VY apyromy kBampanTi (puc. 5) OymyeMo 3aj1ekHOCTI @ = f (Rl) iw=f (Rz).

Jlna mporo y BuOpanomy macmrTadi Ha oci abCue BIAKIATAEMO OMIP AKIPHOTO KOJjia
apuryna R, — Bigpisok OK i mpoBoAMMO BepTHKajib. 3 TOUOK € 1 f MpOBOAMMO

TOPHM30HTAJIBHI JIHII 10 MEepeTHHY 3 BepTHUKALIO B Toukax £ 1 F'. Jlpyra Touka
npaMux = f (Rl) iw=f (Rz) JIEKUTH Ha ocl abcLuc.
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IMpu mpomy w=0; R =—; R, =—.
p y 1 I 2 I

Y macmTabi Ha oci abCUUC BIIKIaAaeEMO 3HAYE€HHA onopis K| 1 R, (BIANOBIAHO
toukn A 1 Q). 3eanyemo Ttouku A 1 E ta Toukm QO 1 F', omepxkyemo IiHii
I, =const 1 [, =const, 9Ki XapaKTepU3yIOTh JIIHIHHY 3aI€KHICTh MIXK IIBHIKICTIO
JIBUTYHA 1 OTIOPOM HOTO SIKIPHOTO KOJIa PH HE3MIHHOMY CTPYMI SKOPA.

o, paj/c

A
[Ipupoana

EMX

€
4 5
3
2|
1
>
L L LA

>
|‘

Rz = U/]z

Pucynox 5 — I'padiunnii MeTo BUZHAUCHHS
OTIOPIB MTyCKOBHUX 1 TaJIbMIBHUX PE3UCTOPIB

[lyck nBUTyHA MOYMHAETHCS TPH HAWOLIBIIIOMY OIMOP1 IMYCKOBOTO PE3UCTOPA
R,. Thim mi€er0 IyCKOBOrO MOMEHTY JBHIYH PpO3raHA€TbCsA HA  INTY4YHIH

xapakrepuctuni /— 2, #oro mBuakicTs 3pocrae (npsma AB), a ctpym cnamae 10
3HaueHHsa [,. Ilpy 11bOMy 3aKOpOYyeThCA IepINa CEKIlsA MyCKOBOTO PE3UCTOpa 1
CTpyM 3poctae panroBo ao [, (mpama BC abo 2-3). Jlam nsuryn Oyne
PO3TaHATHUCS BIAMOBIIHO 10 XapaKTEPUCTHKHA 3 - 4. Foro cTpyMm 3HOBY 3MEHIIY€ETHCS
no I, (touxa D), a micia 3aKOPOUYEHHS IPYroi CEKIii MyCKOBOTO PEOCTaTa 3pOCTae

no [, (mpama DE abo 4-5), micid 4oro ABUTYH NEPEXOJUTh HA NPUPOAHY

CICKTPOMEXAHIUHY XapaKTEPHUCTHKY 1 00EpPTaeThCA 13 IMBHAKICTIO, IO BIIMOBIIAE
HOTO HaBaHTAXCHHIO. Km0 B pe3yiabrari ToOyAOBH, TOPWU3OHTAJIbHA JIIHIA,
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npoBeJcHa 3 Toukn [, He momnaae B ToUuKy £ abo 3 TOukd 4 B TOUKY S, IO JICHKHUTH
Ha NPHUPOJHINA XapaKTEPUCTHUII, TO CiJ 3MIHUTH [, abo [, (Hai4acTiie 3MIHIOKOTH
TUIBKK [, ) 1 moBTOpHTH MOOYAOBY. Ilicna Takoi noOy10BY BETMYMHK ONOPIB CEKIIH

MyCKOBOTO PE3WCTOPA 3HAXOAWMO 3 PUCYHKA S5, ToOTO Bimpizok ABC B MacmTadi
JIOPIBHIOE OIOPY MEPILOi CeKiii, a Biapizok DE — omopy Apyroi cexiii.
[lepma cTymiHb IyCKOBOT'O PE3UCTOPA IOPIBHIOE

R, =lpc -mp, (7)

ae  my — BuOpanuii MmacmTab onopy, Om/mMm.
Jlpyra cTymiHb TyCKOBOTO PE3UCTOPA JOPIBHIOE

Ry, = [pp-mg, (8)

ToBHHuit omip pe3ucTopa MyCKOBOTO PEOCTATa JOPIBHIOE
Ry =Ry + Ry, 9)

4 Tlpuxaaa po3paxyHKy

JIig eneKTpOBUTYHA TOCTIHHOTO CTPYMY TMOCTIAOBHOTO 30y/KEHHS THITY
ATTHM180LO4 pospaxysaTtu 1 moOyayBaTH MPUPOIHY MEXAHIYHY XapaKTEPHUCTHKY,
BA3HAUNATH 3HAYCHHS OMOPIB JOJATKOBUX PE3WCTOPIB B KOJI SKOPS JJIS 3HWKECHHS
4acToTu 00epTaHHA enekrpoasuryna npu / =/, no 700 o6/xB. 1 400 o6/xB. J{na
3HAWICHUX 3HAYEHb OMOPIB PE3UCTOPIB po3paxyBaTd 1 MOOYyAyBaTH PeOCTaTHI
MEXaHIYH1 XapaKTCPUCTHKH.

Karamoxxni mani JI1C:

P, =1L0xBr; U,=220B; [,=572A; n, =1000 o0/xs.

[ToOynyBaT TyCKOBY miarpamy €JIEKTPOJBHUTYHA 1 pO3paxyBaTH 3HAUYCHHS
omopis myckoBux pe3uctopis. [Tyck JI1C moBuHeH OyTH BUKOHAHUM B 3 CTYMEHI.

[TpuanmnoBa cxema mycky JIIIC mocaimosHOro 30ymKEHHS B TPU CTYIICHI
MPEJCTABJICHA HA PUCYHKY 6.

5 = > 3
K1 K2 K3
S~ S~ P |
LM Rpl Rp2 Rp3
M

Pucynox 6 — [IpuHIiunoBa enexkTpudHa cxemMa MyCcKy JBUTYHA MOCTIHHOTO CTPYMY
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MOCJTITOBHOTO 30y/PKEHHS B TPH CTYTICHI
VYHIBepcanbH1 XapaKTEPUCTUKH MPUBEICHI HA PUCYHKY 2.
BigHocH1 BeTMUWHKM BU3HAYAOTHCS 3 PIBHIHB

]*:]_l M*:Ml CU*: i_

1.~ M. )

H H H

3HaXOAMMO HOMIHAJIFHUH MOMEHT 1 HOMIHAJIBHY KyTOBY MmBHAKICTH mist JT1C

iy =L

a)H

>

ne P, — HOMIiHAJIbHA MOTY)KHICT JBUTYHA, BT;
,, — KyTOBa IBUJKICTh JIBUTYHA IIPX HOMIHAJIbLHOMY HAaBaHTAKEHHI, paji/c.

i} 30

Ae  n, —HOMIHaJbHA YacToTa 00epTaHHs, 00/XB.

W, = w =104,67 pan/c;
3
M, =201 051 1w
104,67

Po3paxyHKkoBi 3HaYCHHS Ul TOOY0BU MPUPOTHUX MEXAHIYHOI @ = [ (M ) Ta
eIIEKTPOMEXaHIuHOT w = f ([ ) xapaktepuctuk JAIIC I13 npeacraBaseMo y BUDIISIL

tabuitl 3. Po3paxyHKOBI BEIMUMHHE 3HAXOIUMO 32 BUPa3aMHu
=11 M=M"-M_ w=w"

"

Tabmus 3 — PospaxyHkoBl 3HaY€HHA I TOOYAOBH MPUPOTHOT MEXAHIUHOI 1
enekTpomexanigHoi xapakrepuctuku J[I1C 13

I* go. 03 04 06 08 10 12 L4 |6 1,8 20

>

M* o 0,18 029 0,52 0,76 |10 1,26 1,5 1,8 2,07 2,47

> >
>

o, 8o |18 1,58 (1,28 L1 1,0 0,89 0,81 0,75 (0,7 0,68

I,A  |17.16 22,88 B432 U576 572 (68,64 [80,08 91,52 [102.96 [114.4

>

M, Hw (18,92 30,48 [54.65 (79,88 [105,1 [132.43 [157.65 (189,18 217.56 259,6

>
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@, pan/c (188,41/165,38 |133,98 115,14 |104,67193,16 84,78 (78,5 (73,27 (71,18

[lpuponna wmexaHiyHa Xapaktepuctuka enekrpoasuryna 4ITHMI180L.0O4,
noOya0BaHa 3a JaHUMU TabuIl 3, MpeacTaBIeHa Ha PUCYHKY 7.

, paa/c
200

180 \

\ w = f(M)
160

140

120 \

100 AN

20 e

60

40

20

0 M,
0 50 100 150 200 250 300 H'Mm

Pucynox 7 — [lpupona MmexaHIuHa XapaKkTEPUCTHKA JIBUTYHA MOCTIHHOTO CTPYMY
nocigosHoro 30ymxenns 41 ITHM180L.O4

Jlna moOyA0BH MTYYHUX MEXaHIYHUX XAPAKTEPUCTHK BU3HAYAEMO BEIIMUUHY
JI0JTATKOBOTO PE3UCTOPA, SIKWH HEOOX1AHO BBECTH B KOJIO SKOPS I 3a0€3MeUeHHS
33/1aHO1 MBUAKOCTI OOEPTAHHS €IEKTPOABUTYHA 32 (POPMYIIOIO

R=(1- 2 ) (- o),

nH

Iie R, — HoMiHanbHMH omip ABUryHa, OM.
Howminansauii omnip nBuryHa
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R, _ s
[H
R, =52ﬂ=3,85 Om.

>

BryTpimHi# omip ABUTYHA 3HAXOUMO 32 BUPA30M
R, =R, +Rg,

ne R —onip oOMoTKH AKops, OM;
R, — omp 06moTKH 30y mKeHHs, OM.
Omip 0OMOTKH SAKOPS pO3PaxoBYEMO 3a (POPMYIIOK0

RﬂzO,75-(1—;7H)-§]—H

SAH

>

ne 1, — HoMmiHanbHUH koediuienT kopucHoi aii (KK/I) enekrpoasuryna, B.o.
Buznauaemo xoediieHT KOPUCHOI 1i TPY HOMIHAJTLHOMY HaBaHTaXEHH1

I/IH UH ) [}IH j
3
n, _ 0T g
220-57.2

R, ~0,75-(1-0,874)- 2‘; =0,36 Owm.

Omip mocniaoBHOT 0OMOTKH 30yHKEHHS TPUOIN3HO JOPIBHIOE
Rg~05:Ry:
R:~0,5-0,36=0,18 Om;
R, =036+018=0,54 Om.

Omip I0JAaTKOBOTO PE3UCTOPa B KOJI SKOPS, SKUKW HEOOXITHO BBECTH IS
3HIDKEHHA MBHKOCTI 00epTanus 10 700 06/xB. JlopiBHIOE

R, = [ -(3,85-0,54)= 0,99 Owm.
P 1000
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Omip I0JaTKOBOIO PE3UCTOpPa B KOJI SKOPS, SAKUKW HEOOXITHO BBECTH IS
3HIDKEHHA MBUIKOCTI 00epTantsa 10 400 06/XB. TOpIBHIOE

400
R,=|1-""1.(385-0,54)=199 Om.
p2 ( 1oooj(’ .54)=1.99 Ow

Jist  3HaMAeHWX 3HAUYCHb OIOPIB PE3MCTOPIB  PO3PAXOBYEMO 1 OyayeMo
peoctatHi MexaHiuH1 xapakrepuctuku JI1C 13 4ITHM180LO4.
Jna mBuakocti o0epranns nqpuryna »; = 700 o0/xs.

~3,14-700

@,y =73.3 pan/c.

Jna mBuakocti o0epranns apuryna n, =400 06/xs.

Wy = % = 41,9 pan/c.

Po3paxyHkoBl  3HaueHHS  AnA  1OOyJAOBM  PEOCTAaTHUX  MEXaHIYHHMX
xapaktepuctuk J[[IC mocmimoBHOro 30yMKEHHA TIPW IMBUIKOCTI 00EpTaHHA
n =700 o6/xB. Ta n, =400 o006/xB. 3BOAMMO nm0 Tabmum 4. PeocrarHi

XapaKTEPUCTHKHU TIPEICTABIICHI HA PUCYHKY .

Tabmuns 4 — PospaxyHkoBl 3HaueHHS Uil TOOYAOBH PEOCTATHUX MEXaHIUHHUX
xapakrepuctuk JI1C 113

M. Hwm [18,92 3048 154.65 [79.88 [105,1 [132,43(157,65(189,18217.56[259.6

w ,B0. |18 1,58 1,28 1,1 1,0 0,89 0,81 10,75 10,7 0,68

w,, pag/c 1319 [1158 93,8 [80.6 [73,3 1652 [59.4 [550 [51,3 1498

w,,pag/c 754 62 53,6 W6,1 U199 373 B39 PB14 29,3 P85

Jlitst po3paxyHky omopip pesuctopib mia mycky JIIC I13 3a napumu Tabmwmmi 3
OyayeMO  TIPUPOAHY  €JICKTPOMEXaHIYHYy  XapaKTePUCTHKY  EJICKTPOJBHUTYHA
AITHM180LO4 (pucyHok 9) 1 BIAMIYaEMO Ha Hil TOUKM JOMYCTUMHX CTPyMiB /; Ta

[, TIpy epeMHUKaHHI 3 OJHIET CTYIIEH]1 PE3UCTOPa Ha 1HIY.
[Ipn upomy npuitmaeMo

I, =(8..2,5)1,;

1, =18-57,2=103 A;
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I,=(2..15)-1,;

1, =131-572=749 A.

200 @ pazn/c

180 \
\ o= /(M)
160
w, = f(M)
140 .
120 \ \
\ 7\/\ 2 = 104)
80 \
60 AN
\.\ —~—— |,
40 o
\ﬁ.__.
20
0
0 50 100 150 200 250 300

Pucynox 8 — [IpupoaHa Ta peocTaTHI MEXaHIUHI XapaKTEPUCTHKH
JTIC mocmimosroro 30ymkennas 4[THM180L.O4

ITpuiimaemo macmrad onopy piBHUM My = 0,03 Om/MMm.
Busnauaemo nosxxuHy Biapizka OK

R
OK=—"";
mp

0,54
0,03

>

OK

=18 mm.
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Buznauaemo nomxkuHy BiApiskiB (04 Ta (O, BpaxoBYIOUH

MacIiTad onopy

2.94
0,03

>

=98 MM.

00 =

[lepia cTyneHs onopy MyCKOBOTO PE3UCTOPA TOPIBHIOE
Ry =mp - lpe;
R,1=0,03-21=0,63 Om.
Jlpyra cTyneHs Onopy myCcKOBOTO Pe3UCTOpa TOPIBHIOE
Ry =mp -Ippy
R,,=0,03-17=0,51 Om.
Tpets cTtyneHs onmopy mycKoBOTO pe3UCTOpPa JOPIBHIOE
Ryz=mp - Ipg;
R,3=0,03-15=0,45 Om.
[ToBHWMI omip PE3UCTOPIB MMyCKOBOTO PeOCTaTa JOPIBHIOE
Ry =Ry + Ry + Rys;
R,=0,63+0,51+0,45=1,59 Om.

S BkaziBku 11010 opopMJieHHS 3BITY

3BIT 3 IPAKTUYHOI POOOTH TOBUHEH MATH:
1 BapiaaTt iHauB1AyaIbHOTO 3aBIAHHA.
2 Po3paxyHkosi popmyiu.

BUOpaHU

3 IlpunmunoBy enektpuuny cxemy nycky JIIC mocaigoBHOTO 30y/KEHHS 3

KUTBKICTIO CTYTICHIB MyCKY 3T1IHO 1HIWBI Ty aJIbHOTO 3aBIaHHA.

4 Tlpupomny mexaniuny xapaktepuctuky [I1C mocmimoBHOTO 30y/KEHHS Ta
MTYYHl MEXaHIYHI XapaKTePUCTUKH, TOOYyAOBaHI TPH PIZHAX MIBHAKOCTSIIX
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o0epTaHHS ABUTYHA.
5 [lyckoBy miarpamy JIIC mocaigoBHOTO 30y IKEHHS.
6 AHaji13 OTPUMaHUX PE3YJIbTATIB.

6 KoHTposibHI NUTaHHS

1 IIlo Ha3WBAETHCA CICKTPOMEXAHIUYHOI Ta MEXAHIYHOK XapaKTCPHUCTHKAMH
JBATYHA TTOCTIHHOTO CTPyMYy?

2 IIlo Ha3WBAETHCSA MPUPOTHOI Ta IMITYYHOI XAPAKTEPUCTUKAMHU JBUTYHA
MTOCTIHHOT'O CTPyMYy?

3 Sxi TexHIUHI MaHl JBHTYHa TOCTIMHHOTO CTPyMy HaBOAATHCA B HOTO
MacMoOPTHUX AAHUX?

4 TloscHITH IOPAIOK MOOYIOBH MPUPOJHUX MEXAHIYHOT Ta EICKTPOMEXaHTIHOT
XapaKTEPUCTHK JIBUTYHA MOCTIHHOTO CTpyMy mociiaoBHoro 30ymkenns (I1C I13) 3
BAKOPUCTAHHSAM YHIBEPCATBHUX XaPAKTEPHUCTHK.

5 Hlo mnpeactaBnstoTh coO0K0 YHIBEPCAbHI MEXaHIYHI XapaKTePUCTHKH
JIBUTYHA MTOCTIHOTO CTPYMY MOCITIIOBHOTO 30y IKCHHS?

6 UYomy MexaHIYHI XapaKTEPUCTHKH JIBUTYHA TOCTIHHOTO CTPyMy
MOCJTIIOBHOTO 30y I>KCHHS KPUBOJTIHIMHI ?

7 Um MoOXHAQ OTPUMATH B JBUTYHI TIOCTIHHOTO CTPYyMY IOCIIJIOBHOTO
30y/PKEHHS PEXUM TCeHEPATOPHOTO PEKYNEPATUBHOTO TaJIbMYBAaHHS?

8 SIx BU3HAUUTH HOMIHAJIBLHUH OMIP MBUTYHA 3a HOTO MACTIOPTHUMH JaHUMU?

9 Sk BU3HAUWTH BHYTPIIIHIHA OMmip ABUTYHA?

10 fx mpuOAM3HO BU3HAYWTH BEIMYHMHY OIMOPY BHYTPIMITHBOTO KON SKOPS
JIIIC mocmimoBHOTO 30y IKSHHS 32 KaTaJIOTOBUMHM JaHUMUA?

11 Sk 3a kaTaJIOTOBUMH AaHWMW BHU3HAUYATH HOMIHAIBHY KYTOBY HIBHIKICTH
€JICKTPOIBUTYHA?

12 Sk 3a kaTaJOTOBMMYW JaHWMW BW3HAYWUTH HOMIHAJIBHWN MOMEHT Ha Bajly
€JICKTPOIBUTYHA?

13 3 sxoro metoto mipu mycky JAIIC mocmimoBHOTO 30Yy/HKEHHS B KOJIO SIKOPS
BBOJATH MyCKOBHUH peocTart?

14 HaBenmiTh NPUHITMIIOBY CXEMy BMHKAHHS JBUTYHA TOCTIHHOTO CTPYMY
MTOCITLAOBHOTO 30y IKEHHS.

15 Sxwmit BUTISA MalOTh TNPUPOTHI EIEKTPOMEXaHIYHA 1 MeEXaHIuHa
XapaKTEPUCTHKHU ABUTYHA MOCTIHHOTO CTPYMY MOCTIAOBHOTO 30y IKEHHS ?

16 Sk 3MIHATBCA INBHIAKICTh OOEPTAHHS JBHT'YHA TIOCTIHHOTO CTPyMy
MOCITITIOBHOTO ~ 30y/DKEHHA Ta KOPCTKICTh MEXaHIYHWX  XapaKTEPUCTHUK 13
30LTBIICHASIM JOAATKOBOTO OMOPY B SIKIPHOMY KOJI1?

17 Sk Bu3HAUWTH MOAATKOBUH OMIP B KOJI SKOPS JBUTYHA MOCTIHHOTO CTPyMY
MOCJTITOBHOTO 30y/DKEHHA 32 BIAOMHX KOOPJAWHAT Xo4a O OAHIE] TOYKH IMITY4YHOI 1
MPUPOAHOT €JIEKTPOMEXAHIUHOT XapaKTePUCTAKH ?

18 3a sxkmx 0OCTaBUH ABUTYH TOCTIMHOTO CTPYMY IOCHITOBHOTO 30YIKCHHS
«1J1¢ B pa3HOC)H?

19 fx mnoOymyBaTd TYyCKOBY JiarpamMy JBHTYHA TIOCTIHHOTO CTPyMy
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MOCJTITOBHOTO 30y /DKEHHS NP JOJATKOBUX OMOPaxX y KOJI1 SKOps?

20 Sk po3paxyBaTd OMOPH IMYCKOBOTO PEOCTAaTa JABUTYHA MOCTIHHOTO CTPyMY
IOCTLA0OBHOTO 30y KeHHS rpadIyHAM cIiocodom?

21 Sk BuzHauMTH KOEQIMIEHT KOPHUCHOI i EIeKTPOABUTYHA TIPH
HOMIHAJIbHOMY HABaHTA)KCHH1?

22 HaemiTe  pIBHAHHA  INTYYHOI  PEOCTAaTHOI  E€JIEKTPOMEXaHIYHOI
XapaKTEPUCTHKH,

23 Yomy ABUTYH TOCTIMHOTO CTPYMY MOCIIAOBHOTO 30Y/HKCHHS HE MOXHA
BKJIFOUATH B MEPEXKY O€3 HABAHTAKCHHS HA Bajly?

24 Sxwii BUTISIA MalOTh TMPUPOJAHI MEXaHIYHA Ta EIICKTPOMEXaHIYHA
xapaktepuctuku JI1C mocmiaoBHOro 30y KeHHS?

25 Sk BriMBae 3MiHA TOJATKOBOTO OMOPY B KOJI1 AKOPSA HA BUJ MEXaHIUHOI Ta
CIICKTPOMEXAHIYHOI XapaKTEPUCTHUK JBUTYHA TOCTIHHOTO CTPYMY TIOCIITIOBHOTO
30y IKeHHS ?

PO3PAXYHOK MEXAHIYHUX XAPAKTEPUCTHUK I OITIOPIB
IYCKOBHUX PE3UCTOPIB ACUHXPOHHOI'O EJIEKTPOABUI'YHA
3 PAZHUM POTOPOM

Meta po6oTH: 3aCBOITH METOAWKY PO3PAXYHKY MEXAHIUHMX XapaKTEPUCTHK 1
OTIOPIB MYCKOBHMX PE3WCTOPIB ACHHXPOHHOTO EJICKTPOABUTYHA 3 (pa3HUM POTOPOM 3
BAKOPUCTAHHSAM KaTaJIOTOBUX JaHWUX, HABUUTHCS OyIyBaTH TPHUPOAHY MEXaHIUHY
XapaKTEPUCTHKY Ta MYCKOBY JlarpaMy acCHMHXPOHHOTO €JIEKTPOJABHUTYHA 3 (ha3HUM
pPOTOPOM.
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1 3aBnanHa 1j1g caMOCTIHHOT MATOTOBKU

1.1 OnpamoBat TEOPETUUHKI MaTeplan Mo PEKOMEHIOBaHIK iteparypi [1,
c. 79-101; 2, c. 38-49; 5, c. 74-82].

1.2 O3nalioMUTHCS 3 METOJMKOI PO3PaXyHKY MEXaHIUHUX XapaKTEPHCTHK
ACHHXPOHHOTO €JICKTPOJABUTYHA 3 (Da3HUM POTOPOM 3 BUKOPHUCTAHHSIM KaTaJIOTOBUX
JAHUX.

1.3 OznHatioMuTHCS 3 METOIUKOIO TOOYIOBH IyCKOBOI J1arpaMu Ta PO3PaXyHKY
OTOPY TMYCKOBHX PE3UCTOPIB aCWHXPOHHOTO enekTpoasuryHa (AJll) 3 dasaum
POTOPOM.

1.4 BIAIOBICTHU HA KOHTPOJIBHI ITMTAHHS.

Bapiantn iHuBinyansHUX 3aBIaHb HaBEICHI B Ta0HUII 1.

2 IIporpama podotu
2.1 PospaxyBatu 1 moOyayBaTh TPUPOAHY MEXaHIUHY XapaKTEPUCTHUKY

w=f (M HB) ACMHXPOHHOTO €JIEKTPOJIBUTYHA 3 (ha3HHUM POTOPOM.

2.2 Po3paxyBaru 1 moOyayBaTu myckoBy miarpamy A/l 3 ¢azHEM poTOPOM.
2.3 BuzHaunTH O1ip MyCKOBUX pe3ucTopiB A/l 3 pazaum poropom.

3 3araabHi BizomocTi i pekomeHaaii

Cepen ABUTYHIB 3MIHHOTO CTPyMy HAHOUTBII TIOMHPEHI B CUTBCBKOMY
roCroAapcTBl  MPOCTI 1 HaAmIAHI B eKcIutyaTtamii  TpudasHi  aCHHXPOHHI
enekTpoasuryan (AJl) 3 KOpPOTKO3aMKHEHWM pOTOpoM. B okpemux Bumagkax
BUKOPUCTOBYIOTh TpHudazai AJl 3 ¢azaum poropom, cuaxponHi, ogHodaszni AJl 3
KOPOTKO3aMKHEHUM POTOPOM, YHIBEPCaIbH1 KOJICKTOPHI ABUTYHH Ta 1HIIIL.

ACWHXPOHHI  €IEKTPOABHTYHH 3  (a3HMM pPOTOpPOM  CKJIAIHINI 32
KOHCTPYKITIEIO, TOPOXY1 1 MEHIII HAAIMHI B €KCIUTyaTallli, Hi>k KOPOTKO3aMKHEHI, ajie
3aBIKH MOJKJIMBOCTI 3MIHIOBATH B HHX OMIp KOJla POTOpPa MOXKHA PEryiioBaTh
napaMeTpH iX MEXaHIYHUX XapaKTEPUCTHUK.

Tpudazni acuHXpOHHI €NEKTPOABUTYHH 3 (ha3HUM POTOPOM 3aCTOCOBYIOTH
TaMm, JI¢ HEOOXITHO PEryJIoBaTH YacTOTy OOEpPTaHHS B HEBEIMKHUX Jiama3oHax,
0oOMeXyBaTH TyCKOBUH CTPyM a00 3MIHIOBATH TOYATKOBHM MyCKOBHIT MOMEHT. [[ys
IIHOTO B KOJIO POTOPA BMUKAIOTh PETYIIOBAILHUN OTIIP.

Tabmutsa 1 — Bapiantu iHIUBIAyaTbHUX 3aBIaHb

Homep  ([Tun Py, Py, é, COSPy, N, szs KinpkicTh
BapiaHTy fenekTponsuryHa kBT  [06/XB. (Oum B.0o. % i B CTyTICHEH
1 4AK160S4Y3 | 11,0|1434|0,49910,86 |86,5 3,0 305 P
D 4AK160M4Y3 | 14,0 |1445|0,334 10,87 | 88,5 3,5 [B00 P
3 4AK180M4VY3 |18,5|1457 (0,208 10,88 |[89,0 4,0 [295 P

37



4 AAK200M4Y3 |22,0 | 1463 0,134 0,87 [90,0 40 P40
5 4AK200L4V3 |30,0 | 1463 0,114 0,87 [90,5 40 P50
5 4AK225M4Y3 |37,0 | 1448 (0,083 0,87 [90,0 B0 [160 4
7 4AK250SA4Y3 45,0 | 1455 (0,078 0,88 [91,5 3.0 P30 4
g 4AK250SB4VY3 | 55,0 | 1465 [ 0,054 0,90 [905 3,0 00 4
0 4AK250M4Y3 | 71,0 | 1463 (0,034 086 [91,5 30 P50 P
10 4AK160M6Y3 | 10,0 |957 [0,5390,76 |845 3.8 P10 2
11 4AK180M6Y3 | 13,0956 |0,434(0.80 [855 140 P25
12 4AK200M6Y3 | 18,5]965 0212081 (88,035 P60 P
13 4AK200L6V3 [22,0(965 0,19 0,80 (88,035 P30 P
14 4AK225M6Y3 | 30,0 [965 [0,109 (085 [89.0 2,5 [140 4
15 4AK250S6Y3 37,0965 0,07 0,84 [89.0 2.5 [150 4
16 4AK250M6Y3 | 45,0975 0,06 0,87 90,5 2.5 [180 4
17 4AK160S8Y3 |55 [702 [1,384 0,70 80,0 2.5 [300 P
18 4AK160M8Y3 |71 709 [0924 0,70 [82,0 B0 P90 P
19 4AK180MSY3 [ 11,0717 [0,5020,72 85,5 B.5 P70 2
DO 4AK200M8Y3 [ 15,0 |724 [0,2790,70 86,0 B0 [360 P
D1 4AK200L8Y3 | 18,5|724 [0226 0,73 [86,0 3.0 [300 4
D2 4AK225M8Y3 22,0716 0202082 [87.0 22 [102 4
D3 4AK250S8Y3 [30,0[720 [0,118 (0,81 [88,5 .2 [125 U4
D4 4AK250M8Y3 [37,0 724 [0,086 0,80 [89.0 2.2 [148 P
D5 AAHK160M4Y3| 17,0 | 1439 [ 0,306 0,87 [88,0 B.5 P15 2

38

Cxema mukanas Tpudazaoro AJl 3 ¢pasHuM poTopoM 300pakeHa Ha PHCYHKY




iN PE

‘f
3

KM1

Pucynox 1 — Cxema mycky AJl 3 ha3HMM pOTOPOM B JIB1 CTYIICHI

MexaHI4HOI0 ~ XapaKTePUCTHUKOIO  CIIEKTPOJABUTYHA OOEPTAILHOTO  PYXY
HA3WBAIOTh 3aJICKHICTh KYTOBOi IMBUAKOCTI WOTO Baja BiJ EJIEKTPOMArHITHOTO
00epTOBOro MOMeHTY (W = [ (M ® )

MexaHiuHy XapaKTEpPHUCTHKY €JICKTPOJBUTYHA TIPH HOMIHAJIBHIA Hampys3i
JKUBJICHHS PO3paxOBYIOTh Ha 0cHOBI hopmynm Kiocca

IV S%MK-(1+a-SK) | o

+S‘<+2-a-SK
S, S

npuiiMaroun a ~ 1, e

ne Ry — aktuBHWMIA omip 0OMOTKHM cTtaTtopa, Om;
R, — mpuBeneHnii akTUBHUI OIMIp Koja poTopa, Om,
OTPUMAEMO
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Jc

_2M,-(145)

M = : (2)
S S,
—+ - +25,
S, S
M, — makcuManbHui (KpUTUYHKAN ) MOMEHT €IEKTPOABUryHa, H-M;
S, — KpDUTMYHE KOB3aHHsA JBHIYHA, fKE BIANOBIJAC MAaKCUMAaJIbLHOMY

00epTajbHOMY MOMEHTY, B.O.;
S, — MOTOYHE 3HAYEHHA KOB3aHH, B.O.

MakcumanbHui  (KpUTUYHKMA) MOMEHT  enekTpoasuryna, M, ., Hwwm,

BH3HAYAETHCA 3a (POPMYIIOIO

Jc

Jc

Jc

Jc

Jc

M =M, - . (3)

M, — HoMiHanbHKI MOMEHT enekTpoasuryHa, H-m;
U, — KPaTHICTb MAKCUMAJIEHOTO (KPUTUYHOI0) MOMEHTY JBHI'YHA, B.O.
HomiHaasHUH MOMEHT €IEKTPOABUTYHA BU3HAYAETHCS 32 (POPMYIIOIO

M, ="% (4)

P, — HOMIHaJIbHA MOTYKHICTH JBUTYHA, BT;
,, — KyTOBa IIBUJAKICTh JBAT'YHA IIPH HOMIHAJBHOMY HaBaHTa)KEHHI, paji/c.
HominanpHa KyTOBa MIBHAKICTh BU3HAYAECTHCS 32 (POPMYJIIOK0

TN

W, = Lo 5
" =730 (5)

1, — HOMIHAJIbHA YacTOTa 0OEPTaHHA €IEKTPOJBUIYHA, 00/XB.
Kputnune koB3aHHS BU3HAYAETHCA 32 (hOPMYIIOIO

S =S : (6)
o 1-2-8, (1 —1)
S,, — HoMiHa/bHE KOoB3aHHA A/l, B.O.
Hominanpae koB3aHHs AJl BU3Ha4YaeThCA 3a (DOPMYIIOO
n, —n
Sy=——". ()
g

Ny — CHHXPOHHA YacToTa oOepTaHHs, 00/XB.
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CHMHXPOHHA IIBMAKICTL OOEPTaHHSA 71y, 00/XB., BU3HAYAECTLCA 33 (POPMYJIOHO

_60- /i
p 2

n,

(8)

ne  f; —dactora ctpymy mepexi, I'n, f; =50 I'm;
P — KUIBKICTb Tap MOJIIOCIB.

Kputnuna kyTtoBa MIBHAKICTH, fAKa BIAMOBIMAE KPUTHYHOMY KOB3AHHIO,
BH3HAYAETHCA 3a (POPMYIIOIO

a)Kza)O-(l—SK). 9)
[Tepexin Bix KOB3aHHS S 10 KYTOBOI MBUAKOCTI BHKOHYETHCS 3a (DOPMYJIOIO
W, =a)0-(1—Sl.), (10)
J€  (, — CHHXPOHHA KyTOBA IIBUKICTb, PaJl/C.

2w f
p 2

@

(11)

ne  f; —4actorta ctpymy Mepexi, ['n, f; =50 I'n;

P — KUIBKICTb Hap MOJIOCIB.

Jlani pospaxyHkKy wMexaHI9HOi xapakrtepuctuku AJ[ 3 ¢asaum poTopom
w=f\M /IB) 3BECTH 10 TaOHI 2.

Tabmua 2 — Jlani po3paxyHKIB MEXaHIIHOI XapakTepucTuku AJl
S, B.O. 0 S, S,
w, pan/c W, W, Wy
M,Hwm 0 M., M,

B mpsamoxyTHI# cucTeMi KOOpAWHAT 3a MaHUMH Ta0mwuin 2 O0y1yeMo TPUPOAHY
MeXaHIYHY xapakTepucTuky A/l 3 ¢pazauM poTopom (PUCYHOK 2).

Po3paxyHOK OmOpiB pe3UCTOpPIB I TMYCKy ABHUTYHAa BHKOHYEMO Tpado-
aHAITHYHAM MeToJoM. JIJI1 1bOro 3a1a€Mo 3HaUYEHHSA MOMEHTIB M| — HadajabHUHA

IIyCKOBUH MOMEHT 1 M, — MOMEHT NIEPEMHUKAHHA
M, =(0,7..0,85)- M; (12)

M, =(11..1,5)-M,,. (13)
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w, A

pan/c

M, I—fM
Pucynox 2 — [lpupoana mexaniuna xapaktepuctaka A/l 3 ¢azaum poropom

Uepes Bu3HaueHi 3HAYEHHA MOMEHTIB M, 1 M, mnposoammo mpsami,

nmapajiejibHl OCl OpJAWHAT, TO3HAYAIOYM TOYKH iX TIEPETHHY 3 MEXaHIYHOIO
XapaKTEPUCTHKOID ACHHXPOHHOTO €JIEKTPOABUTYHA 3 (pa3HUM POTOPOM TOUKAMHU d 1
b (pucynok 3).

a)7
pan/c o
g |
0 >
M, M, M Hwm

Pucynox 3 — Ilyckosa miarpama A/l 3 pazaum poTopom B 1BI CTyTHEH1
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Yepes TOUKy @, MPOBOAMMO NPAMY, NapaienbHy oci abcumc. Uepes Toukn a 1
b TpoBOAMMO TIPAMY JI0 TIEPETHHY 3 TOPU3OHTAUTIO B TOUINl # — TOIIOCOM MOOYI0BH
PEOCTaTHAX MEXAHIYHUX XapaKTCPUCTHK, 32 SIKUMH B1AOYBA€THCA MPOIEC MYyCKY HA
CTYIEHAX IyCKOBOro peocrarta. Uepes Touku n 1 f TOpoBOAUMO mpsmy. Touky
nepeTHHy NpsAMOi #f 3 IPAMOIO, MPOBEAEHOIO 3 M, Mo3HaYaeEMO TOUKoIO e . IToTim
4yepe3 TOUKY e MPOBOAMMO JIHI, MapajiejbHy OCl aOCITUC, J0 MEPETHHY 3 MPSMOIO
Jk , npoBenenoo 3 A, Ta oTpEMy€eMO TOUKy d . AHanoridHo OyaytoTbea miHii dn i
cb. TlobynoBa BBa)kaeThCsA 3aKIHYCHOIO, SKINO TPW 3aJaHId KUTBKOCTI CTYIICHIB
MyCKOBOTO pe3ucTopa (B KOHKPETHOMY BHWITQAKy 2 CTYIIEHI) TPWA IITyHTYBaHHI
OCTaHHBOI CTYNEH1 ITyCKOBOIO Pe0cTaTa MOMEHT AJl 3017b1Iy€ThCA 10 3HaYeHHA M

Ha TIPUPOAHIN MEXaHIUHIH XapaKTEPUCTHII].

4 Tlpuxaaa po3paxyHKy

JIsis acHHXPOHHOTO €IeKTpoaABUTYHA 3 (azauM poropom Ty 4AK160S6Y3
po3paxyBaTH 1 TOOyAyBaTH MPUPOIHY MEXAHIUHY XapaKTCPUCTHKY .

Karanoxni mani AJl 3 ¢pazHEM poTOpOM:

P, =75xBr; E, =300 B; e = 3,5; n, =950 06/xs.;
’ =1,180wm; 7, =825 %; cosp,, =0,77.

[ToOynyBaTH TyCKOBY mdiarpamy €JIEKTPOJBHUTYHA 1 pO3paxyBaTH 3HAUYCHHS
OTIOpiB MyCcKOBUX pe3ucTopiB. [lyck AJ] moBuHeH OyTH BUKOHAHUH B 2 CTYIICHI.

[Tpunumosa enekTpuuHa cxema nmycky A/l 3 ¢a3HEM poOTOPOM B /B CTYNEHI
Mpe/icTaBICHA HA PUCYHKY 4.

3PEN, ~ 50T, 380 B PEN

IN |PE

Pucynoxk 4 — Cxema mmycky AJl 3 ¢hazauM poTopom B 2 CTymneH1
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Po3paxyHOK MeXaHIYHOI XapaKTEePUCTUKH aCHHXPOHHOI'O JBUI'YHA MPOBOAMMO
Ha OCHOBI yTouHeHOi hopmyim Kinocca

2M -(1+a-S,)
S"+S‘<+2-a-SK
S, S

K i

M =

Jie M, — KpuTHUHWI (MAaKCUMaJIbHUN ) MOMEHT, AKWi po3BUBac IBUIYH, H-M;

a= K} — Koe(ieHT BIAHOIICHHS AKTHBHOTO OMOPY OOMOTKH CTaTropa o0
2
IIPHBEICHOTO aKTHBHOTO OITOPY OOMOTKH poTOpa, B.0. [IpmiiMaemo a ~ 1,
S; — MOTOYHE KOB3aHH, B.O.;

S, — KPMTHYHE 3HAYEHHs] KOB3aHHSA, B.O., AKE BIANOBLIAC MAaKCHMAaJIbHOMY
o0epTabHOMY MOMEHTY, B.O.
Makcumanbaui (KPUTHYHHN ) MOMEHT elleKTpoasuryna, M,, H-m, Bu3HauaeMo

3a (hOPMYJIOIO

MK :MH "My

ne M, —HOMIHaIbHMH MOMEHT €IeKTpoABUTyHa, H-M;
M, — KpaTHICTh MaKCMMaJIbHOTO MOMEHTY JBUTYHA, B.O.
HominanpHUI MOMEHT BU3HAYA€MO 3a (pOpPMYIIOIO

ne P, —HoMiHanbHA MOTY)KHICTh JBUryHa, BT.
,, — KyTOBa IIBUJAKICTh JBAT'YHA IIPH HOMIHAJbHOMY HaBaHTa)KEHHI1, paji/c.
HomiHansHy KyTOBY IIBHAKICTh BU3HAYAEMO 32 (HOPMYIIOH0
TN

W, = Lo
30

A¢ N, — HOMIHAJIbHA NIBUAKICTh OOEPTAHHA €IEKTPOJBUIYHA, 00/XB.

3.14-950
W, =— =994 pan/c;
30 P
3
Y :w =7545 Hw™m;
994

>

44



M, =7545-3,5=264,08Hm.

Kputnune koB3aHHS BU3HAYA€MO 3a (POPMYIIOIO

ILIK+\/ILII%_1+2SH(I[IK_1)
) 1-2-8, - (u~1)

>

Iie S,, — HoMiHanmbHe KoB3aHHA AJl, B.O.
Hominanpae xoB3anHg AJl BU3HauaeMo 3a popmyIioro

Ny — N
0 H
S, = ,
1y
A€ N, — CHHXPOHHA MIBUJKICTH 0OepTaHHA, 00/XB.;
1, — HOMIHAJIbHA MIBUJKICTE OOEPTaHHA €JIEKTPOJBHUIYHA, 00/XB.

CHHXPOHHY 4acTOTy OOEpPTaHHsA 1, 00/XB., BU3HAYAEMO 32 (POPMYJIOIO

_60- /i
p 2

n,

ne  f; —4actorta ctpymy B Mepexi, ', f; =50 I'n;
P — KUIBKICTb Hap MOJIOCIB.
Jlns enextpoaBuryHa 3 ¢asaum poropom tumy 4AK160S6Y3 p =3 . Toxi

n, = 6050 _ 1000 06/xs.;
3
- 1000-950 _ 0.05:
1000

3,5+4/3,5% —1+2-0,05-(3,5-1)
1-2-0,05-(3,5-1)

S, =0,05- =0,45.

Kputnuny kyToBa IIBUAKICTH, SKa BIAMOBIA€ KPUTHYHOMY KOB3AHHIO,
BH3HAYAEMO 32 (POPMYJIOK0

Wy =y (I_SK)’

€ @, — CHHXPOHHA KyTOBa IIBHKICTH, PaJy/C.
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ne  f; —dactora ctpymy mepexi, I'n, f; =50 I'm;
P — KUIBKICTb Tap MOJIIOCIB.

2-314-50

W, =104,67 pan/c ;

w, =104,67-(1-0,45)=57.6 pan/c.
[Tepexin Big KOB3aHHS S A0 KyTOBOI IBUAKOCTI BHKOHYEMO 32 (hOPMYJIOK0
w; = @y -(I—SZ.) :

Jani PO3paxyHKy MEXaHTIHOT XapaKTEPUCTUKHU ACUHXPOHHOTO
eJIeKTPOABUTYHA 3 (ha3HUM poTOopoM @ = f (M HB) 3BOJUMO 0 TaOJuII 3.

Tabmua 3 — Jlani po3paxyHKIB MEXaHIUHOI XapakTepucTuku AJl

S 1 0 o002 004] % {007] 01 [ 0203 04l > |05] 06
B.O. 0,05 0,45
@ | D 1102611005 “x 19731942 |83.71733 62,8 ¢ |523]41.9
pan/c |104,67 99,4 57,6
M. o | 327 162.57) Mo 1102.30136.1[213.1(249.7]262.8] M |263.1[256.7
H-m 75.45 264,08

B mpsamoxyTHI# cucTeMi KOOpAWHAT 3a MaHUMH Tabmuill 3 OyayeMo IPUPOAHY
MEXaHIYHY xapakTepucTuky A/l 3 ¢pazHaumM poTopom (pUCYHOK 5).

Jlms mobyaoBu myckoBoi miarpamu enektpoasuryna 4AK160S6V3 3amaemo
3HAYEHHS MOMEHTIB: [I0YAaTKOBOI'O IyCKOBOI'O MOMEHTY M| 1 MOMEHTY IIEpEMUKaHHSA

Mz
M, =(0,7..0.85)- M;
M, =0,7-264,08=184.9 Hm ;
M, =(1..15)-M_;

M, =129-7545=973 Hm .
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Pucynox 5 — [IpupoaHa MexaniduHa XapaKTEPUCTHKA Ta TyCKOBA Jiarpama

AJl 3 ¢pazaum poropom cepii 4AK160S6Y3 B 181 cTyneHi
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Bu3zHauaemMo 3HaYEHHs OMOPY OOMOTKH poropa KR,, OCKUIbKH B KaTaJ0KHUX

!/
JaHWMX 33JIA€ThCs 3HAUCHHSA aKTHBHOTO ormopy (a3u oOMOTKH poTopa R, 3BeAcHe 110

2
| B
Rzsz-(Uzj;

2
R, =118-[ 22 _0.740m
380

0OMOTKH cTaTopa 3a (hopMyIIoro

Buznauaemo maciirad onopy

m =
R s
lbk

= 0934 =0,044 Om/mm.

mp

Buznauaemo 3HaUCHHS OTOPIB TyCKOBUX PE3UCTOPIB
— mepIa CTYIeHb PeocTara TOPIBHIOE

Ry =14 mpg;
R, =63-0,044=277 Owm;
— JApyTra CTyNeHb peocTaTa JOPIBHIOE
Ry =lg -my;
R, =25-0,044=11 Owm.
[ToBHUMIA omip MYCKOBOTO peocTara JOPIBHIOE
R, =R, +Rp,;

R, =277+11=387 Om.
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S BkaziBku 11010 opopMJieHHS 3BITY

3BIT 3 TPAKTUYHOI POOOTH TOBUHEH MaTH:

1 BapiaaTt iHAuB1AYyaIbHOTO 3aBJIAHHA.

2 Pospaxynkosi popmyiu.

3 IpuamunoBy enexkTpudHy cxemy mycky A/l 3 ¢azHum poTopom 3 KUITBKICTIO
CTYTICHIB TIyCKY 3T1THO THMBIYaJIbHOTO 3aBAaHHS.

4 Tlpuponny MexaHiuHy xapakTepucTtuky AJl 3 ¢azHIM pOTOPOM.

5 [lyckoBy miarpamy A/l 3 ¢pazHUM pOTOPOM.

6 Po3paxyHKOBI JaH1 OTIOPIB MTyCKOBUX PE3UCTOPIB.

7 AHaj13 OTPUMaHUX PE3YJIbTATIB.

6 KoHTpo/1bHI IUTAHHS

I Sxi TexHIYH1 AaHI ACHHXPOHHOTO EJICKTPOABHTYHA 3 (ha3HHM POTOPOM
JAr0ThCs B KaTasnmo31?

2 Illo Ha3WBaeThCA €ACKTPOMEXAHIUHOIO Ta MEXAHIYHOIO XapaKTePHUCTUKAMH
ACUHXPOHHOTO €JIEKTPOJABUTYHA?

3 Illo Ha3uBaeThCA MPUPOAHOKD Ta IITYYHOK  XapaKTEPUCTUKAMU
ACMHXPOHHOTO €JIEKTPOJABUTYHA?

4 Sk BU3HAYAETHCS CHHXPOHHA MBHUAKICTH 00epTanus AJl?

5 SIx BU3HAYA€THCS CHHXPOHHA KyTOBA MBUAKICTH AJ[?

6 Sk 3a KaTaJOrOBUMH JTaHMMH BU3HAUMTH HOMIHAJILHUI MOMEHT Ha Bairy AJ[?

7 Sk 3a KaTajOTOBUMHW JTaHWMH BHU3HAYHUTH HOMIHAJIbHY KYTOBY HIBHIKICThH
€JIEKTPOIBUTYyHA?

8 Illo Take kKOB3aHHSI aCHHXPOHHOTO €JEKTPOABUTYHA? SIK BOHO MOB’s3aHe 3i
MIIBUKICTIO POTOpPA 1 IK HOTO BU3HAYUTH ?

9 Ilo Take KpUTWYHE KOB3aHHS ACHHXPOHHOTO JBWUTYHA 1 BIJ YOTO BOHO
3QJICKUTh?

10 IIlo Take MakcUMaJIbHUH MOMEHT Ta AKMM YAHOM HOT'0 MOKHA pO3paxyBaTH
3a KaTajJorOBUMU JAHUMHU €JICKTPOJIBUTYHA?

11 Sx po3paxyBaTw MOTOYHE 3HAUEHHS KyTOBOI IMIBHJIKOCTI TPH BIIOMOMY
koB3aHH1 AJ[?

12 Sk po3paxoByBaTH MOTOYHE 3HAYCHHS MOMEHTY JUTsl TIOOY/IOBA MEXaHIYHO1
xapaktepuctuku AJl?

13 Sxwit Burnsaa Mae mMpuUpoaHA MEXaHIUHA Xapaktepuctuka A/l 3 daszaum
poTopoMm?

14 SIxa meToamka po3paxyHKy MyCKOBUX pe3uctopiB A/l 3 ¢azaum poropom?

15 3a sxkuMu XapakTEpHUMHU TOYKAMHM MOKHA TMOOyAyBaTH MOPUPOIHY
MEXaHIYHY XapaKTePUCTUKY aCHHXPOHHOTO €JIEKTPOABUTYHA 3 (pa3HUM POTOPOM?
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PO3PAXYHOK MEXAHIYHUX XAPAKTEPUCTUK TPUDAZHOI'O
ACHUHXPOHHOI'O EJIEKTPOJIBUI'YHA
3 KOPOTKO3AMKHEHHNM POTOPOM

Meta poboTH: 3aCBOITH METOIWKY PO3PAXyHKY MEXAHIUHHX XapaKTEPHUCTHUK
Tpua3HOTO ACHHXPOHHOTO €JICKTPOJBUTYHA 3 KOPOTKO3AaMKHEHHM POTOPOM 3
BUKOPUCTAHHAM KaTaJOTOBUX JIAHUX.

1 3aBnanHsa qj1s caMOCTIHHOT MATOTOBKU

1.1 OnpamroBatn TeOpeTHUHUH MaTepiayl MO PEKOMEHIOBaHINA JitepaTypi [1,
c. 79-111; 2, c. 38-49; 5, c. 74-82].

1.2 O3nalioMUTHCS 3 METOJMKOI PO3PaXyHKY MEXaHIUHUX XapPaKTEPUCTHK
Tpua3HOTO ACHHXPOHHOTO €JICKTPOJBUTYHA 3 KOPOTKO3AMKHEHHM POTOPOM 3
BAKOPUCTAHHSAM KaTAJIOTOBHUX JAHUX.

1.3 BignoBicTH Ha KOHTPOJIbHI ITUTAHHS.

Bapiantu iHnuBiyans-HUX 3aBAaHb HaBEASH] B TaOmmii 1.

2 IIporpama podotu
2.1 PospaxyBaTu 1 moOyayBaTh MEXaHIUHY XapaKTepuCTHKY TpudazHoro AJl 3

KOPOTKO3aMKHEHUM POTOPOM (U = fl(M :us) MIPU HOMIHAJIBGHIA HANpy3i KUBJCHHS 3

BUKOPHMCTAHHSM KaTaJOrOBHX JaHUX.
2.2 PospaxyBaTu 1 moOyayBaTh MEXaHIUHY XapaKTepuCTHKY TpudazHoro AJl 3
KOPOTKO3aMKHEeHHM potopom @ = f, (M I'[B) NpH 3HIDKEHIN Hampy3i Mepexi 3

ypaxyBaHHsAM Koe(ilieHTa 3HWKEHHSA HANpPYTH, 3T1MHO BaplaHTa 1HIWBITYaIbHOTO
3aBJIaHHS.

3 3arajabHi BizomocTi i pekomeHaaii

Cepen ABUTYHIB 3MIHHOTO CTPyMy HAHOUIBII TOMMPEHI B CUIBCHKOMY
roCroAapcTBl  MPOCTI 1 HaAmIAHI B eKcIutyaTtamli  TpudasHi  aCHHXPOHHI
enekTpoasuryan (AJl) 3 KOPOTKO3aMKHEHWM pOTOpoM. B okpemMux BHIamkax
BUKOPUCTOBYIOTh TpHudazai AJl 3 ¢azaum poropom, cuaxponHi, ogHodaszHi AJl 3
KOPOTKO3aMKHEHUM POTOPOM, YHIBEPCAIbH1 KOJICKTOPHI IBUTYHH Ta 1HIIIL.

Mexaniunow XapaKkmepucmukorw eICeKTPOJABUTYHA OOEPTAIBHOTO pyXY
HA3WBAIOTh 3aJICKHICTh KYTOBOi IMBUAKOCTI WOTO Baja Bl €JICKTPOMArHITHOTO
00epTOBOro MOMEHTY (W = [ (M HB) (prcyHOK 1).

MexaHniuHa XapaKTepUCTHKA AaCHHXPOHHOTO E€JICKTPOIABUTYHA PO3PAXOBYETHCS
3a yTouHeHOK opmysoro Kiocca 3 1i IHTEpIOIIAIIEI0 B IyCKOBIM YaCTHHI BITHOCHO
MIHIMAJIBHOTO 1 MYCKOBOTO MOMEHTIB JIBUTYHA, PO3PAaXOBAHUX YEPE3 KaTaJ0XKHI
KPaTHOCTI IIMX MOMECHTIB

oM, -(1+a-S,)
M = , (1)
S S,
—+ - 54+2-a-S,
S, S

K
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Tabmumsa 1 — Bapiantu iHIUBIAyaTbHUX 3aBaHb

% Tun Py | Py | L | Iy | COSPrs | g _ S, | Ku,
§ ZJ;ZI;T}PHO; kBTt |06/xB.| A | % | B.O. B Tl I sV Y
1 |AIP80A2Y3 | 1.5|2850 [331| 81 | 085 |7.0] 2.1 1.6 |22/ 0,0018 | 0.75
2 |ALIP8OB2Y3 |22 | 2850 [4.63| 83 | 087 | 7.0] 20| 1.6 22 0.0021 | 0.8
3 |AMP71A2Y3  [0.75]2820 [1.75| 785 | 0.83 | 6.0 | 2.1 | 1.6 | 2.2 | 0.00097 | 0,85
4 |AP71B2Y3 | 1,1 2800 (255 79 | 083 | 60|21 1.6|22] 0.0011 | 0,78
5 |[AMP9OL2Y3 | 3.0 | 2850 [6.13| 845 | 0.88 | 7.0 | 2.0| 1.6 | 2.2 | 00035 | 0,87
6 |AIP100S2Y3 | 4.0 | 2850 [7.94| 87 | 0.88 | 7.5| 20| 1.6| 2.2 | 0.0059 | 0,88
7 |AMP100L2Y3 |55 | 2850 [10.7| 88 | 0.89 | 7.5]2.0| 1.6 | 2.2 | 00075 | 0,76
8 [AMP160M2Y3 |18.5]2910 |34.5] 905 | 09 |7.0]20] 18|27 0043 | 085
9 [AMP132M2Y3 [11,0]2910 [21.1| 88 | 090 | 75| 1.6 | 1.2] 22| 0.023 | 0,86
10| AMP160S2Y3  |15,0(2910 [28.5| 90 | 089 |7.0| 18| 17|27 | 0,039 | 0,77
11|AMP80A4Y3 | 111395 (2.75] 75 | 081 |55]22] 16|22 00032 | 0.9
12|AMP8OB4Y3 | 1.5 (1395 (3,52 78 | 083 |5.5|22 | 16|22/ 00033 | 0.89
13|AMPOOL4Y3 |22 (1400 | 50| 81 | 083 | 65|21 1622/ 00056 | 0.75
14| AMP100S4Y3  |3.0 1410 | 67| 82 | 083 |7.0] 20 1.6 |22 00087 | 0.87
15|AMP100L4Y3 | 4.0|1410|85| 85 | 084 | 70|20/ 1.6|22]| 0.011 | 081
16| AUP112M4Y3 |55 | 1430 |11.4] 855 | 086 | 7.0| 2.0 1.6 |22 | 0.017 | 0,79
17|AMP160S4Y3  [15.0] 1455 (28.5] 90 | 089 | 7.0 19| 18|29 0.078 | 0.9
18| ALIP160MA4Y3 |18.5] 1455 [34.9| 905 | 089 | 7.0| 19| 1.8 |29 0.100 | 0,88
19| AMP160S6Y3  |11,0| 970 [22.9] 88 | 083 | 65|20 1.6|27]| 0.120 | 0,78
20| AP160M6Y3 |15.0] 970 [30.1| 88 | 085 | 65|20 1.6|27| 0.150 | 0.75
21|AUP8OB6Y3 | 1,1 920 [3.05| 74 | 074 | 45|20 1.6 |22 0.0046 | 0.82
22|AUPOL6Y3 | 1,5] 925 | 42| 76 | 072 | 6.0]2.0] 1.6 |22 0.0073 | 0.89
23|AUP100L6Y3 |22 | 945 | 56| 81 | 074 | 60|20 1.6|22] 0.013 | 09
24| oo gy | 30| 950 | 71| 815 075 [60]20| 16| 22| 0017 | 0.77
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R =0. 3)

3 ypaxyBaHHAM (3) piBHSAHHS MeXaHI4HOi XapakTtepuctuku (1) Oyme marum
BUTJIAT

M=-"x (4)

PiBasiHHA (4) HA3UBAETHCA CHPOWEHONO MeXaHiuHoW xapakmepucmuroio AJl B
xoopauHatax S ta M. Ofnak Qs JBUTYHIB BENTMKOI MOTYKHOCTI (1€ R, Hyxke
Majie) 1 PIBHAHHS JOCUTh TOYHO BIAMOBIAAE (hi3uuHUM Tporrecam AJl.

Skimo He BUMAraeThCsl BUCOKA TOYHICTh, TO MEXaHIUHY XapakTepuctuky A/l 3
KOPOTKO3aMKHCHWM POTOPOM B PEXHMI JBUTYHA MOXKHA TmOOymyBath 3a
KOOPJIMHATAMU T1'ATA XapaKTePHUX TOUOK (puc. 1):

1 Touka 1m€anbHOrO XOJOCTOrO XOAY (CHHXPOHHHWM pexMM) (TOYKa ) 3

KOOPJIHHATAMH () = (1)), (S = O), M, =0;
2 TOYKa HOMIHAJBHOTO PpEXMMY (TOuka /N ) 3 KOODAMHATAMH: 0=,
(S=S,), M =M,;
3 TOuKa MAaKCHMAJIbHOTO MOMEHTY (KpUTHUHHM pexum) (Touka K) 3
KxoopauHatamu @ =w,, (S=S,), M, =M, =

MAKcC >

4 TOYKa MIHIMATBHOIO MOMEHTY (TOuka A ) 3 KOOpAMHATAMH. (0= ,

(S=S,, =08..085), M, =M,

MIH >

5 Touka KOPOTKOTrO 3aMHUKaHHS (PEeKMM MOYATKOBOrO Mycky) (touka P) 3
xoopmuHatamu: o =0, (S =1), M, =M,

Koopaunatu xapakTepHUX TOYOK MEXAHIUHOI XapaKTEPUCTHUKHA aCHHXPOHHOTO
€JIEKTPOJIBUTYHA 3 KOPOTKO3AMKHEHUM POTOPOM PO3PAXOBYIOTHCA 32 KaTaJIOTOBUMU
JAHWMH BUTYHA.

[lepmra Touka — TOUYKa 1I€ATLHOTO XOJIOCTOTO XOAY (CHHXPOHHUH PEKUM):

w=aw,, ($=0), M =0.
CuHXpOHHA KYTOBA MBHAKICTh BU3HAYAETHCA 3a (POPMYIIOIO
TC- no

a)O = 30 > (5)

A€ N, — CHHXPOHHA YacToTa 00epTaHHA, 00/XB.;

_60- /i
p 2

n,

(6)

ne  f; —4actorta ctpymy B Mepexi, ', f; =50 I';
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P — KUIBKICTb Hap MOJIIOCIB.

Jlpyra To4Ka — TOuKa HOMiHAJIbHOTO PEXKUMY: (0 = @, , (S = SH), M, =M,

HominanpHa KyTOBa MIBHAKICTh BU3HAYAETHCS 32 (POPMYJIIOK0
TN

., = L 7
"= 30 (7)

A¢  n, — HOMIHAJIbHA 4aCTOTa OO0EPTaHHA €JIEKTPOJABHUIYHA, 00/XB.

HomiHanpHUI MOMEHT €JICKTPOIBUT'YHA BU3HAYAETHCS 32 (DOPMYIIOO

M,="", 8)

ne P, — HOMIHaJbHA NOTYKHICTh ABUTYHA, BT.
HominanpHe KOB3aHHS €ICKTPOJABHUTYHA BU3HAYAETHCS 32 (DOPMYJIIOIO

S, =—"—2=1. 9)

Tpets TouKa — TOUKa KPUTUIHOTO MOMEHTY: (0 = @, (S = SK), M, =M.,
Kputuute KOB3aHHS BU3HAYAETHCA 32 POPMYIIOI0

2’— . . J—
5 =S A =1+2-8, (g 1)

Ae M, — KPaTHICTh MAKCUMAJIbHOIO (KPHTHYHOI0) MOMEHTY JBUIYHA, B.O.
KparHicTh MaKCHMaIBHOTO MOMEHTY 4, = M /M HagaeThes B KaTaloroBHX

JAHUX 1 XapaKTepHU3y€ MePEBAHTAXYBAIBHY 3aTHICTh IBUTYHA.
Kputruna kyTroBa MIBHAKICTH, fAKa BIAMOBIA€ KPUTHUYHOMY KOB3AHHIO,
BH3HAYAETHCA 3a (POPMYIIOIO

a)Kza)O-(l—SK). (11)
Kputnunuii (MakcHMaTbHAN ) MOMEHT BU3HAUAETHCSA 32 (POPMYIIOIO
M =M, - p. (12)
UeTepra TOUKAa — TOYKA MIHIMAaJbHOTO MOMEHTY: w=aw,;. , M =M ;.
(S=S,, =08..085).

MiniMajibHa KyTOBa MIBHUAKICTH, SKa BIATIOBIAA€ MIHIMAJIbHOMY KOB3AaHHIO,
BH3HAYAETHCA 3a (POPMYIIOIO

Oy = g - (1= Syi)- (13)
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MiHIMaJIbHAH MOMEHT €JICKTPOJABUTYHA BU3HAYAETHCSA 32 (DOPMYJIIOO

e Mz, — KPaTHICTb MIHIMAJIbHOTO MOMEHTY JIBUTYHA, B.O.
s . _ — —
IT"sita TouKa — TOYKa MyCKOBOro Momenty: w =0, (S =1), M w =M.
[lyckoBHit MOMEHT €JIEKTPOABUTYHA BU3HAYAETHCA 32 (POPMYIIOIO

M, =M, u,, (15)

ne MU, — KPaTHICTb ITyCKOBOIO MOMEHTY JIBHIYHA, B.O.

Y KOpOTKO3aMKHEHHX JBUTYHIB BEJIMYMHA MOYATKOBOT'O ITYCKOBOTO MOMEHTY
MPAKTHYHO HE 3aBXKIAW € HAWMEHIINM 3HAYCHHSIM MOMEHTY B JBHTYHHOMY PEKHMI.
[Ipn Mamux KyTOBHX IBUAKOCTSIX (SMiH :O,8...O,85) MEXaHIYHA XapaKTePHUCTHUKA

ACHHXPOHHOTO €JIEKTPOJABUTYHA Ma€ TMPOBAJ BHACIIIOK BIUTMBY ACHHXPOHHHX
MOMEHTIB BlJ BHUIMX HEMAPHUX TApMOHIK B MarHiTHOMy moji obmotok. [le
HEOOX1THO BPaXOBYBATH NPH MyCKY ABUTYHA IT17] HABAHTAKECHHSIM.

OCKUTbKH MOMEHT aCHHXPOHHOTO €JIEKTPOJABUTYHA 3MIHIOETHCS MPOIOPINITHO
KBQIpaTy HAMNPyTW, TO PO3paxyBaTH XapaKTePHI TOUYKH INTYYHOI MEXaHIYHOi
XaPaKTEPUCTHKH €JICKTPOJABUTYHA 3 ypaxyBaHHSAM Koe(ili€eHTa 3HM)KCHHSI HaNPYyTH
MOXKHA 32 (POPMYJIaMH

My =M, - p - Kp; (16)
Ml(/IiH :MH.ILlMiH °K2; (17)
Ml =M, - p, - Ky, (18)

ne K, — koediieHT, 110 BPaxoBy€e 3HMKEHHA HAIPYT'H MEPEKI, B.O.

U(I) aKT
U

K, =

: (19)

H

ne  Upgper — daxtuuna Hanpyra mepeski, B;

U, — HOMIHallbHA Hampyra Mepexi, B.

[amm  obOepTasibHI MOMEHTH €IEKTPOJBHTYHA PO3PAXOBYIOTHCS HA OCHOBI
dbopmymm Kiocca
oM, -(1+a-S,)

M=
L+ 42.a-S,
S. S

K i

[lepexim Bim KOB3aHHSA S MO KYTOBOI IMIBHAKOCTI @ I OyAb-SIKOT TOYKH
MEXaHIYHOI XapaKTEPUCTHKH BUKOHYETHCS 32 (POPMYJIIOIO
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w =aw, 1-S). (4.20)

MoOMEHT aCHHXPOHHOTO €JICKTPOABUTYHA 3 YypaxyBaHHSIM KoedilieHTa
3HIDKCHHS ~ HAnpyru g OyJab-IKOi TOYKH  MEXaHIYHOi  XapaKTEPHUCTHUKH
PO3PaxOBYETHCS 3a (POpPMYIIOIO

M =M, K. (4.21)

. . . . 4
JlaHi pO3paxyHKIB NPUPOJHOI = f; (M . ) Ta WTy4HOI @ = f, (M - )
MEXaHIYHUX XaPaKTEPUCTHUK 3BECTH IO TAOIHUII 2.

Tabmunsa 2 — JlaHi po3paxyHKIB MPUPOTHOI Ta MTYYHOI MEXaHIYHUX XaPaKTEPUCTHK
ACHHXPOHHOTO EJIEKTPOABUTYHA 3 KOPOTKO3aMKHEHUM POTOPOM

S 0 S, S, | S, | 10

w , pan/c W, W, Wy Wiy 0
MU, )., Hm | 0 M, M, | M, | M,
M(U,),Hm | 0 M M. | M. | M

B mpsamoxyTHIH crcTeM1 KOOpPAWHAT MOOYAyBaTH MEXAHIUHI XapaKTEPUCTAKH

Tprha3HOTO ACUHXPOHHOTO EJICKTPOJABUTYHA 3 KOPOTKO3aMKHEHHUM POTOPOM TIPH
. . . . . . . _ ’

HOMIHAJIBHIA HAmpy3i = fl(M :us) Ta 3HIDKEHIN Hampysi Mepexi o = f, (M HB)

(pUCYHOK 2).
w, A
pan/c = fi(My)
@ = fo(M 1)
M, H'm

Pucynox 2 — Mexaniuni xapaktepucTuku A/l 3 KOPOTKO3aMKHEHUM POTOPOM
MTPY HOMIHAJIbHIN Ta 3HIKCHIN HAMPy31 MEPExkKi
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4 Tlpuxaaa po3paxyHKy

JIsis aCHHXPOHHOTO EJICKTPOJBUTYHA 3 KOPOTKO3aMKHEHHUM POTOPOM THITY
5A80MB6 pospaxysaTu 1 OOy IyBaTH IPUPOAHY Ta MTY4YHY (MPH 3HHKCHIN HATIPY31
MEPEKi) MEXaHIUH1 XapaKTCPUCTUKH.

Karanorosi nani AJl 3 KOpOTKO3aMKHEHHUM POTOPOM::

P, =11xBr; U, =380 B; I,=33A; n, =930 006/x8.;
n, =72 %; cosp, =07, K, =45; J s =0,0048 krv’;
u; =2,0; i =1,6; U =24, K, =09; m=16kr.

Po3paxyHOK MeXaHIYHOI XapaKTEePUCTUKH aCHHXPOHHOI'O JBUT'YHA MPOBOAMMO
Ha OCHOBI yTouHeHOi hopmynu Kitocca

oM -(1+a-S,)

M= ,

S S

—+—"+2-a-S
S

K
ne M, — KpuTHYHUMH (MAKCHMaJIbHHMH) MOMEHT, AKMI PO3BHBAc ABUTYH, H-M;
R, .. .
a= e KOe(IIIEHT BIHOMEHHS AKTHBHOTO OMOPY OOMOTKH cCTaTopa A0
2

MIPUBEJICHOTO aKTHBHOTO OTIOPY 0OMOTKH POTOPA, B.O.
S — MOTOYHE KOB3aHHS, B.O.;
S, — KpUTHYHE 3HAUYEHHA KOB3aHHA, B.O.
Jlns moOynoBM TPHUPOMHOI MEXaHIUHOT XAPaKTEPUCTHKH E€JICKTPOJIBHUTYHA
(prcyHOK 3) pO3paxoBYEMO I ATh XapaKTEPHUX TOUOK
[lepmra Touka — TOUYKa 1I€ATLHOTO XOJIOCTOTO XOAY (CHHXPOHHUH PEKUM):

w=w,, (S=0), M, =0.
BusHauaeMo CHHXPOHHY KYTOBY IIBH/KICTh
TC- no
30 °

Wy =

A€ N, — CHHXPOHHA YacToTa 00epTaHHA, 00/XB.;

_60-/
p 2

n,

e  f; —d4actorta ctpymy B Mepexi, ', f; =50 I'n;
P — KUIBKICTb HIap MOIIOCIB.
Jns AJl 3 kopoTkozamkHeHHM poTtopom THIy SASOMB6 p =3 . Tomi
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ny = @ =1000 06/xs.;

~3,14-1000

W, =104, 7pan/c.

Jlpyra To4Ka — TOUKa HOMiHAJIbHOTO PEXKUMY: (U = @, , (S = SH), M, =M,

Busnauaemo HOMIHAJIbHY KyTOBY HIBHIKICTh

TN,

W, = ,
30

A€  n, — HOMIHAJIbHA YaCcTOTa OO0EPTaHHsA €JIEKTPOJBHUIYHA, 00/XB.

~3,14-930

N 30 =97.3 pag/c.

4y

BuznauaeMo HOMIHAJIbHUN MOMEHT €JIEKTPOBUTYHA

-

a)H

>

ne P, —HoMiHanbHA MOTY)KHICTB JBUryHa, BT.

3
o= s
97.3

H
>

Buznauaemo HOMIHAJIbHE KOB3aHHS €JICKTPOIBUTYHA

Ny — N
S:0 H,

H
N

5 10002930
1000

BuznauaemMo HOMIHAJIBHUIT MOMEHT IITYYHOI MEXAHIYHOI XapaKTepucTuku AJl
MIPY 3HUKEHIH HAIPy31 MEPEKI 3 ypaxyBaHHIM KOe(IIll€HTA 3HIKEHHS HAMPYTH

M =M

H

2.
.[{U’

M =1131-0,9*=9,16 Hwm.
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Tpets Touka — TOUKa KPUTHYHOTO MOMEHTY: (0 = (0, , (S = SK), M, =M.,

Busnauaemo KPHUTHUYHC KOB3dHHA

2
SK:SH.;IH\/#K —1+2-SH-(;1K—1)’

A€ M, — KPaTHICTb MAKCHMAJIbHOIO (KPUTHYHOTO) MOMEHTY JIBUT'YHA, B.O.

2,4++2,4> ~1+2-0,07-(2,4—1)

S.=0,07-
1-2-0,07-(2,4-1)

~0,4.

BusnauaemMo KpUTHUHY KyTOBY IIBHIAKICTh, SKa BIAMOBIAAE KPUTHUIHOMY
KOB3aHHIO

Wy =Wy '(I_SK)5
w, =104,7-(1-0,4)=62.82 pan/c.
Buznauaemo kpuTHuHMA (MAaKCUMAIbHHN) MOMEHT €JIEKTPOABUTYHA
M =My -
M,_=1131-2.4=2714Hw.

BuznauaeMo KpUTHYHHMI MOMEHT IITYYHOI MEXaHIYHOI XapakTepucTuku AJl
MIPY 3HUKEHIH HANPY31 3 ypaxyBaHHAM Koe(]imieHTa 3HUKESHHS HAIPYTH

M =1131-2,4-09*=2714-09*=21,99 H-m.

UeTepra TOUKAa — TOYKA MIHIMaJbHOTO MOMEHTY: w=aw,;. , M =M ;.
(S=S,, =08..0.85).

Busnauaemo MiHIMagbHY KYyTOBY IIBHIKICTh, SKa BIIMOBIAAE MIHIMAJIEHOMY
KOB3aHHIO

Wy = Wy - (1 - SMiH);
w,;, =104.7-(1-0,85)=1571 paw/c.
Buznauaemo MiHIMabHUI MOMEHT €JIEKTPOJABUTYHA

MMiH :MH./uMiH’
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ne Uiy — KPATHICTH MIHIMAJIbHOTO MOMEHTY JIBUT'YHA, B.O.
M. =1131-1,6=18,1H-m.

Buznauaemo MiHIMaIbHUI MOMEHT IITYYHOI MEXAHIYHOT XapakTePUCTHKA A ]
IIPY 3HUKEHIH HAMPY31 3 ypaxyBaHHAM Koe(imieHTa 3HUKESHHS HAIPYTH

Ml(/IiH :MH .ILlMiH Kl% :MMiH Kl%?
M. =1131-16-09% =18,1-0,9> = 14,66 H-m.

IT"s1ta TOUKA — TOUKA MycKoBoro Momenty: w =0, (S =1), M w =M.
MH = MH "My
ne M, — KPaTHICTh MyCKOBOTO MOMEHTY JIBUTYHA, B.O.
M_=1131-2,0=22,62 H-m.

Busnauaemo myckoBHiT MOMEHT MITY4HOI MEXaHIYHOI XapakTepucTuku AJl
MIPY 3HUKEHIH HAMPY31 3 ypaxyBaHHAM Koe(]imieHTa 3HUKESHHS HAIPYTH

Mli[ :MH.#H.K(% :MH.K(%)
M =1131-2,0-09* =22,62-09* =18,32 H-m.

Pospaxynku mpupogHoi Ta mMTY4YHOI (TPpM 3HUXKEHIN HAIpy31) MEXaHIUHHX
xapakTepucTiK AJl 3 KOPOTKO3aMKHEHUM POTOPOM 3BOJAMMO B TaOIHITIO 3.

Tabmums 3 — Po3paxyHkoBl AaHi MPUPOAHOI Ta MITYYHOI MEXAHIUHUX XapaKTEPUCTHK
ACHHXPOHHOTO €JICKTPOJIBUTYHA 3 KOPOTKO3AMKHEHHUM POTOPOM

S s O SH O,l sz 033 SI( 096 SMIH 1)0
B.O. 0307 034 0385

w.page |0 |“n 19423(83.76 7329 |V |41.88| Puin | g
104,7 | 97,3 62,82 15,71

MO,). Hw | o [Me 1150523032636 |Mx | 2435 | Min| Mn

11,31 27,14 18.1 | 22,62

M'U,),Hm | 0 My 1190 1865|2135 | Mx | 19,72 | Main | M

9.16 21,99 14,66 | 1832

B npsaMoxyTHIN cucTeMl KOOPAWHAT 3a MaHUMH Tabiuimi 3 OyayeMo MPUPOAHY
w= fl(M :us) Ta WTy4HY O = f, (M I'[B) MeXaHiuHI XapakrepucThku AJl 3
KOPOTKO3aMKHEHHUM POTOPOM (PUCYHOK 3).

60



S BkaziBku 11010 opopMJieHHS 3BITY

3BIT 3 TPAKTUYHOI POOOTH TOBUHEH MATH:

1. BapiaHT 1HIHB1AyaJIPHOTO 3aBAAHHS.

2. Po3paxyHkoBi1 popMyJIn.

3. Mexaniuni xapakTepucTukd AJl 3 KOPOTKO3aMKHEHWM POTOPOM TIPH
HOMIHAJIBHIA @ = f; (M :us) Ta 3HIDKCHIN HAIpPy3i w = f, (M - )

4. AHamm3 OTpUMaHWX PE3YJIbTATIB.
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, paa/c

w= fl(M/:[B)

w = fZ(M/:[B)

80

50

40

30

MH 2 O MMaKC

Pucynox 3 — [IpupoaHa Ta mTyyna MeXaHIdH1 XapakTepucTuku AJ|

3

25 MMaKC

15

MH

10

H

M

5

LY

TPY HOMIHAJIbHIN Ta 3HIKCHIN HAMPy31 MEePEexkKi
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6 KoHTpo/IbHI IUTAHHS

1 ki TexHIyH1 MaHI AaCHHXPOHHOTO EJIEKTPOJBHUTYHA 3 KOPOTKO3aMKHCHHM
POTOPOM HABOJATHCA B HOTO MACMOPTHUAX AAHUX ?

2 Illo Ha3WBA€ETHCSA EIICKTPOMEXAHIYHOIO Ta MEXAHIYHOI XapaKTePUCTHKAMH
ACHUHXPOHHOTO €JICKTPOABUTyHA?

3 Ilfo Ha3uBaeThCA TMPUPOAHOK Ta IITYYHOK  XapaKTEPUCTHUKAMU
ACMHXPOHHOTO €JIEKTPOABUTYHA?

4 Sxi mpumyIeHHS MOTMYCKAIOThCS TPW BUBCIACHHI PIBHAHHSI MEXaHIUHOT
XaPaKTEPUCTUKHA ACHHXPOHHOTO €JIEKTPOABUTYHA?

5 SIx BU3HAYA€THCA CHHXPOHHA KYyTOBA MBUAKICTE AJ[?

6 Sk 3a KaTaJIOTOBMMH JaHUMW BU3HAUATH HOMIHAIBHUN MOMEHT HAa Bajly
€JIEKTPOIBUTYyHA?

7 Sk 3a KaTaJOTOBUMHW NTAHWMH BWU3HAYWUTH HOMIHAJIbHY KYTOBY IIBHAKICTH
€JICKTPOIBUTYyHA?

8 Illo Take kKOB3aHHSI aCHHXPOHHOTO €JIEKTPOoABUTYHA? SIK BOHO MOB’s3aHe 3i
MIIBUKICTIO POTOpPA 1 IK HOTO BU3HAYUTH ?

9 Ilo Take KpUTWYHE KOB3aHHS ACHHXPOHHOTO JBWUTYHA 1 BIJ YOTO BOHO
3QJICKUTh?

10 Sk 3a kaTaIOXHUMH TAaHUMHA BU3HAYATH MTyCKOBUH MOMEHT aCHHXPOHHOTO
€JICKTPOIBUTYyHA?

11 o Take MakCHMaJllbHWA MOMEHT Ta SIKAM YHHOM WOTO MOXHA
PO3paxoBYyBaTH 3a KaTaJOTOBUMHM AAHUMH ?

12 Sx 3a karaJorOBUMH JAaHWMH BH3HAUATH MIHIMAJIBHUHA MOMEHT
ACUHXPOHHOTO €JICKTPOJABUTYHA 3 KOPOTKO3AMKHEHUM POTOPOM ?

13 Sk pospaxyBaTw MOTOYHE 3HAUEHHS KYTOBOI MIBUAKOCTI TPH BIIOMOMY
KOB3aHH1?

14 Sk po3paxoByBaTH MOTOYHE 3HAUCHHS MOMEHTY JJIA MOOY/TOBA MEXaHIUHUX
XapaKTEPUCTUK?

15 Sk 3amexxarb MOMEHTH AaCHHXPOHHOTO €JIEKTPOJABHUTYHA (HOMIHAJIHHUH,
MIHIMAJIbHAM, MaKCHUMAJIbHUM, ITyCKOBWW) BIJ BEIWYWHHU IMIABEACHOI 10 HBOTO
Hanpyru?

16 3a sxkuMU XapakTEPHAMHU TOUYKAMWA MOXHA TIOOY/IyBaTH TIPUPOTHY MEXaHIUHY
XAPAKTEPUCTUKY aCUHXPOHHOTO €JIEKTPOJBUTYHA 3 KOPOTKO3AMKHEHUM POTOPOM?

63



BU3HAYEHHSA YACY PO3I'OHY CUCTEMHA
«EJIEKTPOJABUI'YH - POBOYA MAIINHA» METOAOM
I'PA®O-AHAJIITUYHOI'O IHTETPYBAHHA
PIBHSHHSA PYXY EJIEKTPOIIPUBOAY

Mera po6GoTu: 3aCBOITM METOIMKY PO3pPaXyHKYy Yacy PpO3rOHY CHCTEMH
«enexktpoaBuryH-podoua mammua»y (EJI-PM) wmetomom  rpado-aHamiTHUHOTO
THTETPYBaHHS PIBHSIHHS PYXY €ICKTPOTPHUBO/TY.

1 3aBnanHsa 1j1g caMOCTIHHOT MATOTOBKU

1.1 OnpamroBatn TeOpeTHUHUH MaTepiasl MO PEeKOMEHIOBaHINA jiTeparypi [1,
c. 113-121; 2, ¢. 133-140; 5, c. 45-48].

1.2 OznaliomMuTuCca 3 METOAUKOIO PO3PAXYHKY 4Yacy PpO3rOHYy CHUCTEMH
«enexktpoaBuryn-podoua mammua»y (EJI-PM) wmetomom  rpado-aHamiTHUHOTO
IHTETPYBAaHHA PIBHAHHS PYXY €JICKTPOTPHUBO/TY.

1.3 O3HalioMUTHCS 3 METOJMKOI PO3PaXyHKY MEXaHIUHUX XapaKTEPUCTHK
BUPOOHUYMX MAIIIUH.

1.4 BignoBicTH Ha KOHTPOJIbHI TUTAHHS.

BapianTu 1HIUB1AYyallbHUX 3aBIaHb HaBEACHI B TaOmIi 1.

2 IIporpama podotu
2.1 Jna po3paxyHKy uYacy PO3TrOHY CHCTEMH «EJIEKTPOABUTYH-poOoUa
MaIllMHA» BHKOPHCTAaTH MEXaHIYHI XapakTepucTUku AJl 3 KOPOTKO3aMKHEHHUM

pPOTOPOM TPH HOMIHAJIBHIA Hampy3i JKHBICHHA (U= fl(M /:us)° a TakoX 3
ypaxyBaHHSIM 3HIDKCHHS HAMPYTH MEPEXi BiJ HOMIHANBHOI @ = f, (M ;B), AK1 Oym

po3paxoBaHl 1 mOOyAOBaHI B TpakTW4HIA poOoTi «Po3paxyHOK MEXaHIUHHX
XapaKTEePUCTHK TPU(A3HOTO ACHHXPOHHOTO EJIEKTPOJBUTYHA 3 KOPOTKO3aMKHEHUM

POTOPOMY.
2.2 Po3paxyBartu 1 moOyayBaTH MEXaHIYHY XapaKTEPUCTHKY POOOYOi MaITUHA
o= f;(M,).

2.3 BH3HAUUTH YaC PO3rOHY CHUCTEMH «EJIEKTPOABUTYH-poOOYA MAIIIMHAY
MeTOIOM Trpad)o-aHANITUYHOTO IHTETPYBAHHS PIBHAHHS PYXYy €ICKTPONPHUBOILY
IIUTSIXOM TTO0YI0BH 3aJI€KHOCTI (0 = f (M MH) MIPY HOMIHAJTbHIA HATIPY31 KUBJICHHS

Ta W= f5 (M ;HH) 3 ypaxyBaHHSAM 3HIDKESHHS HAPyryd MEPExKI.

3 3araabHi BizomocTi i pekomeHaaii

[Ipn po3paxyHKy e€NEeKTPONPHUBOMAIB MOTPIOHO 3HATH dYac TNYycKy abo
raJlbMyBaHHS CHCTEMH €JICKTPOJBUTYH — poOoua mammnaa. Taka HEOOXITHICTH
BUHWKAE TIPU PO3POOIT TEXHOJOTTYHUX TPOIECIB, TTOB I3aHUX 3 YACTUMU ITYCKAMH,
raJIlbMyBaHHSIM 1 PEBEPCYBAaHHAM €JICKTPOJBHWTYHIB, TPH TIEPEBIPIl JBUTYHIB Ha
HarpiBaHH 111 9ac MEePEX1THUX PESKUMIB TOIIO. Y THX BHNAAKAX, KOJH aHATITHIHHI
PO3B’A30K 3aHATO CKJIATHAN a00 HEMOXITHBHM Uepe3 BIICYTHICTh TOYHOTO PIBHSAHHS
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Tabmumsa 1 — Bapiaatu iHuBIIyaTbHUX 3aBIaHb

BapianT | rynn| oy || Ao | o [t | oy | e e | T e |5
1 | AUP80A2Y3 | 1,5 | 2850 | 2,1 | 1,6 | 22 | 00018 | 1,0 | 10,0 | 950 | 095 | 0,12 | 13 | 25
2 |AMP8OB2V3 | 22 [2850 | 20 | 1,6 | 22 | 0,0021 | 3,0 | 150 | 1425|093 | 0,1 | 2,1 | 20
3 |AUP71A2Y3 | 0,75 [ 2820 | 2,1 | 1,6 | 2.2 [0,00097| 0,8 | 92 | 1320 | 0,97 | 0,045| 1,6 | 15
4  |AWP7I1B2Y3 | 1,1 [2800 | 2,1 | 1,6 | 22 | 0,0011 | 1,4 | 7,0 | 1405 | 093 | 0,03 | 1,5 | 22
5 |AUP90L2Y3 | 3,0 2850 | 2,0 | 1.6 | 2.2 | 0,0035 | 50 | 300 | 947 | 095 | 01 | 12| 13
6 |AWP100S2Y3 | 40 [2850 [ 20 | 1,6 | 22 | 0,0059 | 6,0 | 27,0 | 1420 | 094 | 0,07 | 2,0 | 12
7 |AMPIOOL2Y3 | 5,5 [ 2850 [ 20 | 1,6 | 22 | 0,0075 | 7,0 | 35,0 | 1440 | 0,96 | 0,09 | 1,7 | 24
8 |AUP160M2Y3| 185 [ 2910 | 2,0 | 1,8 | 2.7 | 0,043 | 20,0 | 90,0 | 1450 | 0,93 | 022 | 2,0 | 15
9 |AMPI32M2V3| 11,0 [ 2910 | 1,6 | 12 | 22 | 0023 | 12,0 | 65,0 | 1395 | 0,97 | 0,005 | 2,1 | 14
10 |AUP160S2Y3 | 150 | 2910 | 1.8 | 1,7 | 2,7 | 0,039 | 80 |1050| 730 | 0,94 | 0,19 | 2,3 | 23
11 |AUP80A4Y3 | 1,1 | 139522 | 1,6 | 22 | 00032 | 25 | 140 | 740 | 0,98 | 0,06 | 1,2 | 10
12 |AUP8OB4Y3 | 1,5 | 1395 |22 | 1,6 | 22 | 0,0033 | 40 | 350 | 400 | 0,97 | 0,09 | 2,1 | 11
13 ANP901.4VY3 272 1400 | 2.1 | 1.6 22 0,0056 5.0 28.0 710 | 098 0.1 1.7 | 25

>

>

>

>
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[Tponoexenus Tabauin 1

Bapianr| o ey | oy |ogre | Ao | | s | o || e e T | o | |
14 |AUP100S4Y3 30 [ 1410 | 2,0 | 1,6 | 22 |0,0087 | 12,0 | 60,0 | 480 | 0,96 | 0,16 | 2,3 | 13
15 | AHUPI00L4Y3 40 | 1410 | 20 | 1,6 | 22 | 0,011 | 10,0 | 550 | 715 | 096 | 04 | 15| 19
16 |AUP112M4Y3 55 11430 | 20 | 1,6 | 22 10,017 | 150 | 720 | 722 | 097 | 0,5 | 2,0 | 21
17  |AUP160S4Y3 150 | 1455 19 | 1,8 | 2,9 | 0,078 | 30,0 |300,0| 580 | 097 | 1,2 | 12| 10
18 |AUP160M4Y3 | 18,5 | 1455 | 1,9 | 1,8 | 29 | 0,100 | 50,0 [250,0| 730 | 0,95 | 12 | 2,0 | 12
19 |AUP160S6Y3 11,0 | 970 | 20 | 1,6 | 2,7 | 0,120 | 40,0 | 180,0 | 450 | 0,95 | 0,09 | 2,0 | 22
20 |AHUP160M6Y3 | 150 | 970 | 2.0 | 1,6 | 2,7 | 0,150 | 30,0 | 150,0| 500 | 097 | 0,1 | 1,0 | 25
21 |AUP80B6Y3 1,1 | 920 | 20 | 1,6 | 2.2 |0,0046| 40 | 440 | 230 | 092 | 06 | 1,5 | 18
22 |AUP90L6Y3 1,5 | 925 | 20 | 1,6 | 2.2 |0,0073| 50 | 450 | 312 | 095 | 0,5 | 1.4 | 11
23 |AUP100L6Y3 22 |1 945 | 20 | 1,6 | 22 | 0,013 | 10,0 | 950 | 238 | 096 | 12 | 14| 10
24 |AUP112MA6Y3 | 3.0 | 950 | 20 | 1,6 | 22 | 0017 | 80 | 61,0 | 472 | 097 | 09 | 2,1 | 23
25 ANPI12MB6Y 4.0 950 2.0 1.6 22 0,021 10.0 | 80.0 420 0.96 100 | 1.1 13




MEXaHIYHOI XapaKTEPUCTUKH (Hanpukiam, y A/l 3 KOpOTKO3aMKHEHUM POTOPOM ), Fac
MyCKYy BU3HAUYAIOTh rpadiaHuM abo rpado-aHaTITHIHIM METOIaAMH.

Buximaumu nanuMu 1 PO3PaxyHKY €:

— MeXaHIYHa XapaKTEPUCTHKA CICKTPOABUTYHA (0 = [ (M . );

— MEXaHIUYHA XapaKTePHUCTHKAa BUPOOHWYOTO MEXaHI3My, 3BEJAcHA A0 Bajia
eNeKTPOABUTYHA 0 = f (Mc );

— 3BEJICHHI JI0 Bajia €JICKTPOABATYHA MOMEHT THEPIIi CUCTEMH €JICKTPOIBUTYH
— poboua mammuna J .

MexaHiuHOI0 XAPAKTEPUCTHKOK €JEKTPOJABUTYHA OO0EPTAILHOTO PYXY
HA3WBAIOTh 3aJICKHICTh KYTOBOi IMBUAKOCTI WOTO Baja BiJ EJICKTPOMArHITHOTO
obepToBOro MomMeHty = f (M ® )

MexaHiYHOK XapaKTEePUCTUKOK Po00UY0T MAIIMHN HA3WBAIOTH 3AJICKHICTH
MOMEHTY CTaTMYHUX OMOPIB B KyTOBOI IBUIKOCTI ii IPUBOJHOrO Baja = f (M c).

3BeICHY /0 Bajlia EJICKTPOJBHTYHA MEXaHIUHY XapaKTEPHUCTHKY pPoOoUoi
MaITuHU PO3PAXOBYIOTh 32 PIBHAHHAM bianka

M, = My + (M, - M,)-| 221 (1)

Wy

ae M, — MOMEeHT onopy NpH HIBUAKOCTL (),
M, — MOMEHT onopy TepTd B PyXOMHX YacTUHAX (MOMEHT 3DYIIEHHA), AKHI
HE 3aJIC)KHATH BIJI IIBUAKOCTI, H M;
M, — MoMeHT onmopy npu HOMIHANBHIN WBHAKOCTI @, , H-M;
,, — HOMIHaJIbHA KyTOBA MIBUJKICTb €IEKTPOBUIYHA, Pajl/c;
(@, — IOTOYHE 3HAUEHHA KYTOBOi IIBUAKOCTI, pajy/c;

X— MOKAa3HHMK CTEIMEHs, 10 XapaKTePU3ye€ 3MIHYy CTATUYHOTO MOMEHTY IPH
3MIHI1 IIBAIKOCTI.
[TpuBeneHuii 10 Baldy €ICKTPOABHIYHA HOMIHAJIBHHNA MOMEHT OIOPY poOouoi
mammun, M, H-M, Bu3HauaeThes 3a GopMyIioro
M
M CH .ﬁa (2)
I ”r[ep

ne M, — HOMIHAIBHUI MOMEHT omopy pobodoi Maimuau, H-M;

[ — mepeaaToyHe YMCII0 MEXaHI3MY, B.O.;
Hnep — KOCDILIEHT KOPUCHOT Aii Hepeiadi, B.O.

[Tepemaroyne ynciio MEXaHi3My, I, B.O., BA3HAYAETHCA 33 (POPMYIIOK0

I = , €)



Iie My pt — HOMIHAJIbHA YacToTa 00epTaHHsA poO0oU0i MaluHu, 00/XB.

VY pasi BIACYTHOCTI JaHWX MPO MOMEHT OTOPY TEPTA B PYXOMHUX YaCTHHAX
(MOMeEHT 3pymieHHs pobodoi mamman) M, H-M, fioro MoxHA IPHIAHSITH PIBHAM

M, =(01..03)-M,,,. (4)

3anarour 3HaueHHA @ Bin 0 10 @, PO3PaxXOBYIOTh 3AJEKHICTb V) = ]%(Mc)
PesynpTaTi po3paxyHKIB 3py4HO 3BECTH A0 TaOIMII 2.

Tabmums 2 — JlaHi po3paxyHKy MEXaHIYHOT XapaKTEPUCTUKH poO0U0i MallIHA

w,pan/c| O 2
M ,Hwm

Ha ocHOBI po3paxyHKOBHX maHWX Tabmuil 2 OyAyloTh  MEXaHIYHY
XapaKTEPUCTUKY pOOOUOT MAIIUHA () = f3(M c) Ha TOMY X Tpadiky, mo 1 MEeXaHiuH1

XapaKTEPUCTHKH CJICKTPOJBHTYHA TNPHW HOMIHANBHIN = fl(M HB) Ta 3HWKEHIN
_ ’ . .
w=f, (M HB) HAMpPY3i MEPEKI.
JIns BU3HAUEHHS Yacy TMYCKy JBUTYHA TpadiuHO 3HAXOASATH PIZHHUITIO
_ . r r . . .
M =M, —M ta M, =M, —M: iGyryors rpadix TMHaAMIYHOrO MOMEHTY
NP HOMIHAITBHINM HAmpy3i Mepexi w = f, (M MH) Ta 3 ypaxyBaHHAIM 3HW)KCHHS
. _ !/
HATPYTH MEPeXi @ = f5 (M - )
. _ _ , . . .
I'padikn o = f, (M MH) Ta (W= f5(M Z[I/IH) MOJUTAIOTh HAa OKPEMI AUISHKH
yepe3 JOBUIbHI IPOMIKKH KYTOBOI IIBHAKOCTI A 1 3HAXOAATh CEPEIHE 3HAUCHHS

AMHAMIYHOTO MoMeHTy M ... Ta M, .. Ha KOXHiH RinsHI. 3HaueHHS Aw
BUOHPAIOTh TAaKUMH, 00 3a0€3MEeUnTH JOCTATHIO TOYHICTh BH3HAuUeHHS M J——
npy HOMIHAIbHIN Hanpy3i Ta M ;m{ cep 3 YPAXyBaHHSM 3HWKCHHS HAIPYTd MEPEXKi.

Yac mycky mpuBOIy Ha KOXHIHM AUTAHIN BU3HAYAETHCS 32 BUPA3OM

Al(i :JSB °A4AL7 (5)
JUHCepi

e Aw, — npupicT KyTOBOI BUAKOCTI Ha 7 -i AUIAHLI, paj/c;

M oo — CCPCIHE 3HAYCHHS JUHAMIYHOTO MOMEHTY Ha 7 -k misHmi, H M.

o . 2
3BeI[eHI/II/I 0 BaJia I[BI/II‘YHa MOMCHT 1Hepu11 J KI''M , JAaCTHH

3B?

SICKTPONIPUBOY, IO PYXAIOTHCA, TOPIBHIOE

Jom
JSB = J/I[B + Jr[ep + 1—2 > (6)
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: 2
ae J . — MOMEHT THEpIIii pOTOpa EICKTPOABUTYHA, KI'M";

NIB

. . 2.

J ep ~ MOMEHT iHEPLIi IIepenadi, Kr'm’;
: . 2
J 5y ~ MOMEHT iHepLii po6oUoi MAIMHA, KI"'M*;

| — IepelaTOYHE YUCIIO MEXAHI3MY.

. - 2 v -
MowmeHnT iHepmii nepeaaui, J ., KI'M~, IPUHAMAETHCS PIBHAM

Iep >

Ty =020 .

3HaOUM TPUBAIICTh PO3TOHY HAa KOXHIM AUIAHIN, 3arajbHUN dYac TMYCKy
CHCTEMH «EJICKTPOJABUTYH-POOOUA MAITMHAY) BU3HAYAETHCS 32 BUPA3OM

t = iAti .
i=1

Pesynmbrati po3paxyHKiB 3pydHO 3BeCTH 0 Tabnui 3 Ta Tabmuit 4.

Tabmuta 3 — Po3paxyHOK Wacy MyCKy CHCTEMHU «EJIEKTPOJBHTYH-POOOUYA MaIlIHHA
MIPY HOMIHAJIbHINA HAIPYy31 MEPEXKI

Ne munaakm 1 2 3 4 5 6 7 8 9 | 10| 11 | 12

Wy » PAVC

W,y > PAT/C

Aw, paa/c

M (U ),H-M

JUH cep i H

At (UH)’ ¢

ty (Uy), ©

Tabmuig 4 — Po3paxyHOK yacy MyCKYy CUCTEMHU «EJIEKTPOJBUTYH-poOOUa MaIlIMHAY 3
ypaxXyBaHHSIM 3HHOKSHHS HAIIPyTH MePeKi

Ne munaakm 1 2 3 4 5 6 7 8 9 | 10| 11 | 12

Wy » PAVC

W,y > PAT/C

Aw, paa/c

M/;[m{cepi (Ui )9 H-m

At, (Ui ): C

tr[ (Ul )’ ¢
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4 Tlpuxaaa po3paxyHKy

BuznaunT 9ac po3roHy CHCTEMH «EIIEKTPOABUTYH-pOOOYA MAIIIMHA» METOIOM
rpado-aHATITHYHOTO IHTETPYBAHHS PIBHIHHA PYXY €JIEKTPOTIPHBOY.

[TacmopTri manHi pobov0i MaITHHU:

My =08 Hw; My, =40 Hw; n, =935 06/xs.;
”nep = 0997; JpM = 0,0l KF‘MZ; x=2.

Texniuni mani enexkrpoasuryna SASOMB6 mpuBeneHi B mpakTHuHIE poOoTi
«Po3paxyHOK ~ MEXaHIUHMX  XapakKTEPUCTHK  TPU(PA3HOTO  ACHHXPOHHOTO
CJIICKTPOJBUTYHA 3 KOPOTKO3aMKHEHUM POTOPOMY.

Karamoxxui mani AJJ;

P, =11 xBr; U, =380 B; I,=33A; n,=930 06/xs.
n,=72%; cosp, =0,7 K, =45; J s =0,0048 krv’;
Uy =2.0; Uiy = L6 =24, K,;=09; m=16kr

MexaHIUHY XapaKTepPHCTHKY Ppo0O0dYO0i MAIMHH PO3PaxOBYEMO 3a PIBHSHHIM
banka

M, = M, +(M,, - M,)-| 2=

Wy

ae M, — MOMEHT onopy NpH HIBUAKOCTI (),
M, — MOMEHT onopy TepTd B PyXOMHX YacTUHAX (MOMEHT 3DYIIEHHA), AKHI
HE 3aJIC)KHATH BIJI IIBUAKOCTI, H M;
M, — MoMeHT onmopy npu HOMIHANBHIN WBHAKOCTI @, , H-M;

,, — HOMIHaJIbHA KyTOBA MIBUJKICTb €IEKTPOBUIYHA, Pajl/c;
(@, — IOTOYHE 3HAUEHHA KYTOBOi IIBUAKOCTI, pajy/c;

X— TOKa3HWK CTENCHS, IO XapaKTEePU3y€e 3MIHY CTAaTHUYHOTO MOMEHTY IIPH
3MI1H1 [IIBAIKOCTI.

[IpuBenenuii 10 Bally €JIEKTPOABUTYHA HOMIHAJIIBHHNM MOMEHT OIOPY poOoUoi
mammun, M, H-M, Bu3HauaeThes 3a GopMyIioro

p = Mow
CH ~ . >
I-n miep
ne M, — HOMIHAIBHUI MOMEHT omopy pobodoi Maimuau, H-M;
[ — mepeaaToyHe YMCII0 MEXaHI3MY, B.O.;
Nnep — KOCDILIEHT KOPUCHOT Aii HIepeiadi, B.O.

[Tepemaroune 4ucino MeXaHI3MY, I, B.O., BA3HAYAETHCS 32 (OPMYIIOK0




ae N, — HOMIHaJIbHA 4acTOTa 00epTaHHA poOouoi MaluHU, 00/XB.

HD
i= @ =0,99;
935
cH :—490 :4,17HM
0,99-.0,97

BuznauaeMo CHHXpPOHHY KyTOBY MIBHIKICTH pOOOUYOT MAITMHA

T no
Wy = ,
30
A€ N, — CHHXPOHHA 4acToTa 00epTaHHs, 00/XB.;
_60- f;
ny, = ,
P

ne  f; —dvactorta ctpymy B Mepexi, I'n, f; =50 I'n;
P — KUIBKICTb Hap MOJIIOCIB.
Jns AJl 3 kopoTkozamkHeHHM poTtopom THIy SASOMB6 p =3 . Tomi

n, = @ =1000 06/x8.;

~3,14-1000

N =104,7pan/c.

Buznauaemo HOMIHAJIBHY KyTOBY IIBHIKICTD €JIEKTPOJABUTYHA

— n- nH
T30
A¢ N, — HOMIHaJbHA YaCcTOTa 00EPTaHHA €JIEKTPOABUTYHA, 00/XB.
3,14-930
w, =—— =973 pan/c.

! 30

MexaHIUHY XapaKTEPUCTHKY poOOU0i MAaIIMHN BU3HAYAEMO 34 PIBHIHHAM

2
M, =08+(4,17-08)- (9;"; 4j ,

3a/1al04¥ 3HaYE€HHA KyTOBOi MIBUAKOCTI (0 BiA 0 10 @, Ta po3paxoBy€eMO 3aJIEKHICTh

= f5(M,).

PesynpTaTi po3paxyHKIB 3BOJUMO 10 TAOJHII 5.
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Tabmumsa 5 — JlaHi po3paxyHKy MEXaHIYHOT XapaKTEPUCTUKH poO0U0i MallIMHA

w, pag/c| O 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100 | 104,7

M., Hwm|0,800,84(0,94 (1,12 |1,37 | 1,69 2,08 2,54 |3,08 3,68 |4,35]| 4,70

Ha ocHOBI po3paxyHKOBUX JaHUX OyIyeMO MEXaHIUHY XapaKTEPUCTHKY
pobouoi MamuHK © = f (M c) Ha TOMY X rpadiky, M0 1 MEXaHIUHI XapaKTEPUCTHKA

CJICKTPOJIBUTYHA TIPW HOMIHAJIBHIHM HAmpy3i MEpexi = fl(M HB) Ta 3 ypaxyBaHHM
3HIDKCHHS HAMPYTH Mepexi @ = f, (M I'[B)

JIns BU3HAUEHHSA Yacy IMYyCKy JBWUTYHAa TpadiuHO 3HAXOAUMO PIZHHUITO

!/ 4 . . .

M =M, —M ta M, =M, —M. ibysyemo rpadgik TMHAMIYHOTO MOMEHTY
NP HOMIHAJIBHINA Hampys3i Mepexi w = f (M MH) (pucyHok 1) Ta 3 ypaxyBaHHSIM
3HIDKCHHS HALIPYTH MEPexi @ = 5 (M ;HH) (puCyHOK 2).

I'padikn @ = f, (M MH) Ta = f5(M ;HH) HOALIAEMO HA OKPEMi IiNAHKH
yepe3 JOBUIbHI MMPOMIKKH KYTOBOI IMIBHJAKOCTI A 1 3HAXOIUMO CEpPEIHE 3HAUCHHS

: , N .
JUHAMIYHOrO MoOMeHTy M mmcep T2 M qmcep HA KOXHIA IUIAHIIL. 3Hauends Aw

BHOMPAEMO TaKWMH, MO0 3a0€3NeYMTH JOCTATHIO TOUHICTh BU3HAueHHA M . .,

. o . ! .
pY HOMIHAJbHIH Hanpysi Ta M, cep 3 YPAXYBAHHAM 3HIDKCHHS HAMPYT'H MEPEKI.

Yac mycky mpuWBOMY Ha KOXHIW JUISTHII TPW HOMIHAJIBHIA Hampy3i Ta 3
ypaxyBaHHSAM 3HIKCHHS HAPYTH BU3HAYAEMO 33 BUPA3aMH

Aw,
Al(i = J3B ) —l;
M
JUHCepi
Aw;
At; = JSB — >
M!
JUHCEp?
e Aw; — pupicT KyTOBOI BUAKOCTI Ha 7 -i AUIAHLI, paj/c;
' . . .
M mmicepi> M umcepi — BIAIIOBIAHO CEPEJHE 3HAYCHHS JUHAMIYHOTO MOMEHTY

Ha I -W TUISTHIT IPW HOMIHAJIbHINA Ta 3HI>KEHIM Hanpy31 Mepexi, H-m.

o . 2
3BeCHUM N0 Banma JABATYHa MOMEHT 1Hepumii J,,, KI'M', 4YacTHH

SIICKTPONIPUBOY, IO PYXAIOTHCA, TOPIBHIOE

J
_ PM
S = J/:[B +JHep + —1‘2 ,

. 2
ae J 1z — MOMEHT iHepIii poTopa 0GPaHOro €NEKTPOBUIyHa, KI*M

Jr[e

. . 2
p - MOMCHT 1HCPI11 IC€PCaayl, KI''M |
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. . 2
J py ~ MOMECHT 1HEpIIIi pOOOYOi MAIIMHH, KI"M"

| — IepelaTOYHE YUCIIO MEXAHI3MY.

, pa/:[/c w = f3(Mc) w = f4(M/:[I/IH) w = fl(M/:[B)
110 / F f

[ |

80
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MakcfF——fF ———|—————— ] - T =T - ———= — —
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50
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20 1

MiH

10 -+

>

0 5 10M. 15 M . 20 M 25 M 30

H MIH II Makxc

Pucynox 1 — Mexaniuna XapakTepUCTHAKA €ICKTPOABUTYHA 1 poO0OU0i MaITMHA
JUTS BU3HAUCHHA JUHAMIYHOTO MOMEHTY TPH HOMIHAJIBHIN HAMpy3i
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w, paI[/C @ ? f3(Mc) @ /: fS(M'/:[I/IH) @ /: fZ(M/:[B) @ :/fl(M/:[B)
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|

N
NEAN
s M, 1M, Myws M, M, 20M

Pucynox 2 — MexaH1uHa XapaKTepUCTHKA €JICKTPOIBUTYHA 1 poO0U0T MAITMHA
JUTSI BA3HAUEHHS JUHAMIYHOTO MOMEHTY 3 ypaxXyBaHHSAM 3HI)KCHHS HANIPYTH

Makc

: - 2 v -
MowmeHT iHepii nepemadi, J nep> KI'M", IPUAMAEMO PIBHUM

ey =0.2-J .
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3rigno katanoxuux nanux J . =0,0048 krom, J oy = 0,01 kr-m*. Omxe

Jep = 0,2-0,0048 =0,00096 ke

J., =0,0048+0,00096 + 00,01

>

92

0,016 kr-m* .

3HaOUM TPWBATICTh PO3TOHY HAa KOXHIM MAUIAHIN, 3arajbHUN dYac TMYCKy
CHUCTEMH «EJIEKTPOJABUTYH-POOOUA MAITHHA) BU3HAYAEMO 33 BUPA30M

t, = iAtl. ;
i=1

n

t;[(Ui): ZAti,(Ui)‘

i=1

PesynpTaTH po3paxyHKIB dYacy IIyCKY CHCTEMH «EJICKTPOIABHTYH-poOoUa
MAaIllHAY) 3BOAUMO 10 Ta0umne 6 ta 7.

Tabmuta 6 — Po3paxyHOK "acy MyCKy CHCTEMH «EJICKTPOJBHTYH-poOOUYa MaIlHHA)
MIPY HOMIHAJIbHINA HAIPYy31 MEPEXKI

Ne munaakm 1 2 3 4 5
Wy » PAVC 0 10 20 30 40
W,y > PAT/C 10 20 30 40 50
Aw, pag/c 10 10 10 10 10
M cepr (Uy), Hm 19.7 17.5 18.6 21.4 23.4
At (U), ¢ 0,0081 | 0,0091 | 0,008 | 0,0075 | 0,0068
t. (U,),c 0,0081 | 0,0172 | 0,0258 | 0,0333 | 0,0401
[TponopxenHs Tabauill 6

Ne munaakn 6 7 9 10 11
W0 » PATVC 50 60 80 90 100
@,y » PAI/C 60 70 90 100 102
Aw, pag/c 10 10 10 10 2
M eepi (Uy), HM | 24,6 247 18,4 9 1,7
At (U), ¢ 0,0065 | 0,0065 | 0,0069 | 0,0087 | 0,0178 | 0,0188
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ty (U,), ¢

0,0466

0,0531

0,0600

0,0687

0,0865

0,1053

Tabmung 7 — Po3paxyHOK yacy MyCKYy CUCTEMHU «EJIEKTPOJABUTYH-pOOOUa MaIlIMHAY 3

ypaxyBaHHAM 3HW)KEHHSA HAIIPYTH
No mursaku 1 2 3 4 5
W, pan/c 0 10 20 30 40
W, pan/c 10 20 30 40 50
Aw, pan/c 10 10 10 10 10
M ycepr (U;), Hm 15,9 14,0 15,0 17.1 18.6
At (U,), c 00101 | 0,0114 | 0,0107 | 0,0094 | 0,0086
t. (U.),c 00101 | 0,0215 | 0,0322 | 0,0416 | 0,0502
[TponopxeHHs Tabauil 7
Ne munaakm 6 7 8 9 10 11
W0 » PAI/C 50 60 70 80 90 100
W, pan/c 60 70 80 90 100 101
Aw, pag/c 10 10 10 10 10 1
My U:).HM | 195 | 197 | 184 14,3 63 | 065
At (U), ¢ 0,0082 | 0,0081 | 0,0087 | 00112 | 0,0254 | 0,2462
t. (U.),c 0,0584 | 0,0665 | 0,0752 | 0,0864 | 0,1118 | 0,358
OTxe, Yac NYCKY CHCTEMH «EJEKTPOABUTYH — podoua MallluHa» MpH
HOMIHAJIbHI HaAIPy31 MEPEKl JOPIBHIOE
t =01053 ¢,

a 3 ypaxyBaHHSAM 3HM)KCHHS HAPYTH MEPEXKI

t. (U)=0358c¢.

5 BkasiBku 11010 opopMJIeHHS 3BITY

3BIT 3 TPAKTUYHOI POOOTH TOBUHEH MATH:

1. BapiaHT 1HIHB1AyaJIPHOTO 3aBAaHHS.

2. PozpaxynkoBi popmysu 4511 BUKOHAHHS TPAKTHYHOI POOOTH.

3. Tabmu1 3 pe3yIbTaTaMu PO3PaxXyHKIB.

4. MexaHiuyHl XapakTepUCTHKH AJ| 3 KOPOTKO3aMKHEHHM PpOTOPOM TIPH
HOMIHANBHINA @ = f; (M ) T4 SHIDKEHIH Hampysi Mepexi w = f, (M - )

5. MexaHiyHy XapaKTepUCTHKY poO04oi MallMHK 0 = f (M c).

6. 3anexHocTi @ = f, (M MH) NpH HOMIHAIBHIA HAMpPy3i Ta @ = f5(M ;HH) 3
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ypaxyBaHHSAM 3HKCHHS HAPYTH MEPEKI.

7. AHaji3 OTpUMaHUX PE3YIbTATIB.

6 KoHTpo/IbHI IUTAHHS

1 ki mpotiecu B eNeKTpOMEXaHIUHIM CHCTEM1 BIAHOCSTH 10 IEPEXITHUX ?

2 SIK1 BUM 1HEPIIii AIFOTHh B CUCTEMAX €ICKTPOIPUBO — poOoda MaruHa?

3 Hagimo moTpiOHO 3HATH Yac MycKy (TaJIbMyBaHHS) CHCTEMHU €JICKTPOABUTYH
— poboua marHa?

4 Ha OCHOBI SIKOTO PIBHSHHS BHU3HAYAETHCA YaC MEPEXIAHOTO IMPOIECY IMPH
3MiH1 IITBHIKOCT1 €JICKTPOABUTYHA?

5 Sxy  3ajgexHICTh ~ HAa3WBAIOTh  MEXAHIYHOK  XapPaKTEPHUCTHKOIO
€JICKTPOABUTYHA?

6 SIKy 3alle)KHICTP HA3WBAIOTh MEXAHIYHOIO XapaKTEPUCTHKOK pobodoi
MaIHu?

7 Sxor0 eMmipudHOI (OPMYJIOI0 ONMHCYIOTh MEXaHIYHY XapaKTEPHUCTHKY
BAPOOHUUOTO MEXAHI3MY, TIPOAHATI3YHTE 17

8 3a Axor0 03HAKOIO KIACH(IKYIOTh MEXaHIUHI XapaKTCPUCTUKH BHKOHABUMX
opratiB poOOUMX MAIHH 1 Ha AK1 TPYIH X MOXHA TIOLTHTH ?

9 Skwmit BUrISAA MalOTh MEXaHIYHI XapaKTEPUCTHKKA POOOYMX MAIllHH 3
MOKA3HUKOM CTETICHSA, 10 XapaKTEPHW3ye€ 3MIHY CTaTHUYHOTO MOMEHTY TPH 3MIHI
usrakoeri X =09

10 Sxwit Burasa MarOTh MEXaHIYHI XapaKTEPUCTUKH POOOUMX MAIWH 3
MOKA3HUKOM CTETICHSA, 10 XapaKTEPHW3y€ 3MIHY CTaTHUYHOTO MOMEHTY TPH 3MIHI
wBrakoeri X =19

11 Sxwit BUrasa MarOTh MEXaHIYHI XapaKTEPUCTUKH POOOUMX MAIWH 3
MOKA3HUKOM CTETICHSA, 10 XapaKTEPH3y€ 3MiHY CTaTHUYHOTO MOMEHTY TpPH 3MIHI
mBraKocti X =29

12 Sxwit BUrasa MarOTh MEXaHIUHI XapaKTEPUCTUKH POOOUMX MAIWH 3
MOKA3HUKOM CTETICHSA, 10 XapaKTEPH3y€ 3MiHY CTaTHUYHOTO MOMEHTY TpPH 3MIHI
wrakoeri X =—19

13HaBeniTh OCHOBHE PIBHAHHS PyXY €JICKTPONIPUBOAY 1 TPOAHATIZYHTE HOTO.

14 I1lo Ha3WBa€eTHCA MOMEHTOM 1HEPITIi?

15 3a skuM pIBHAHHAM BW3HAYAIOTh YaC MYCKY CHUCTEMH EJICKTPOJBHUTYH-
poboua marHa?

16 YoMy noBOAUTHCA BU3HAYATH 4ac MYCKY CHUCTEMH E€JIEKTPOABUTYH-poOOUA
MaruHa rpado-aHaiTHIHAM METOA0M?

17 Sxi BuximgHi maHl HEOOXIAHI /UISI BH3HAUCHHS Yacy IYCKY CHCTEMH
CICKTPOABUTYH-poOOYA MaImHA rpad)0-aHATITHIHUM METOIOM?

18 fIka mocmmoBHICTh PO3PAXYHKY TPHBAJIOCTI MYCKY €ICKTPOABUTYHA Tpado-
aQHATITHIHAM METOJ0M?

19 Sk OymyeThbes 3a1€XKHICTh TMHAMIYHOTO MOMEHTY B1JI KyTOBOI IITBUKOCT1?
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PO3PAXYHOK MEXAHIYHUX XAPAKTEPUCTHUK
ACHUHXPOHHOI'O EJIEKTPOJIBUI'YHA

3 KOPOTKO3AMKHEHHUM POTOPOM IIPA PEI'YJIFOBAHHI
HBUAKOCTI OBEPTAHHA YACTOTOIO CTPYMY

Meta poboTH: 3aCBOITH METOIWKY PO3PAXyHKY MEXAHIUHHX XapaKTEPHUCTHUK
Tpuha3HOTO ACUHXPOHHOTO EJEKTPOJBUTYHA 3 KOPOTKO3aMKHEHHWM PpOTOPOM B
MPUBOI PI3HAX BUPOOHWYMX MAIIMH TPH YaCTOTHOMY PETYJTIOBaHHI KyTOBOi
IITBUKOCTI.

1 3aBnanHg 1j1g caMOCTIHHOT MiATOTOBKU

1.1 OnpamroBatn TeOpeTHUHUH MaTepiasl MO PEeKOMEHIOBaHIN miteparypi [1,
c. 192-200].

1.2 O3nalioMUTHCS 3 METOMMKOI PO3PAXyHKY MEXaHIYHUX XapPaKTEPUCTHK
Tprha3HOTO ACUHXPOHHOTO EJIEKTPOJBATYHA 3 KOPOTKO3aMKHEHHM POTOPOM B
MPUBOI PI3HAX BUPOOHWYMX MAIIMH TPH YAaCTOTHOMY PETYJTIOBaHHI KYyTOBOi
IITBUKOCTI.

1.3 BignoBicTH Ha KOHTPOJIbHI ITUTAHHS.

BapianTu 1HIUB1AYyallbHUX 3aBIaHb HaBEACHI B TaOmIi 1.

2 IIporpama podotu

2.1 BusnauuTH UM 3a[aHOTO €NEKTPOJABHIYHA HOMIHAJIBHUH MOMEHT M,
KPUTHYHUI MOMEHT M| , HOMIHAIbHY KYTOBY INBHIKICTH (U, , KDUTUYHE KOB3aHHA
S, , KPUTHYHY KyTOBY IIBHJKICTb (0, .

2.2 PospaxyBat Ta mOOyIyBaTH TPHUPOIHY MEXAHIUHY XapPaKTEPUCTHKY
ACHHXPOHHOTO E€JIEKTPOABUTYHA 3 KOPOTKO3aMKHEHUM POTOPOM.

2.3 PospaxyBaTm mTy4HI MEXaHIUHI Xapakrtepuctukm AJl npuBomy
MAHOMHHKA, TEHEPATOPa MOCTIHHOTO CTPYMY 3 HE3aJIC)KHUM 30YKeHHSIM, Hacoca Ta
(bpesepHoro Bepcrara mpu yacToti crpymy f;, =40 I'mTa f;, =60 I'L.

2.4 Tlo6ynysatn Ha omHOMY Tpadiky NPUPOJHY Ta INTYyYHI MEXaHIUHI
XaPaKTEPUCTHKH ACHHXPOHHOTO EJIEKTPOJBUTYHA, IO 3aCTOCOBYETHCS B TIPHUBO/II
MAHOMHUKA, TEHEPATOPA MOCTIHHOTO CTPYMY 3 He3aJIeKHUM 30y/DKEHHSIM, Hacoca Ta
(dbpe3epHOro BepcTaTa MPH PETY/IIOBAaHHI IMIBHAKOCTI OOCpTaHHS CIEKTPOJBUTYHA
4aCcTOTOIO CTPYMY.

3 3aranabHi BitomMocTi i pekomeHaauii

Ha#iGuipm  mmpoke  pO3MOBCIOMKEHHS — OJCPXKAM  HACTYIHI  CIOCOOH
PETYNIOBAHHS IMBUAKOCTI 00EPTaHHA aCHHXPOHHUX €IEKTPOABUTYHIB (AJ]):

— 3a JIOMOMOTOI0 PE3UCTOPIB Y KOJIaX poTopa 1 cTaTopa;

— 3MIHOIO YHCJIA Tap TOJTIOCIB;
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— 3MIHOIO BEJIMUHHHU HAIlPpyTH JKUBJICHHA CTATOPA,

— YaCTOTHC PCryJJIOBaHHA.

Tabmumsa 1 — Bapiantu iHIUBIAyaTbHUX 3aBaHb

' Trropossip HOMiH@bHa Howminanshe Kparnicts
BapianT MOTY>KHICTb, KOB3aHHH, KPUTHYHOTO
CAICKTpOABATYHA P, xBr S, % MOMEHTY, L, B.O.
1 AWP132M2 11 3,0 2,2
2 ANP160S2 15 3,0 2,7
3 AWP160M?2 18,5 3,0 2,7
4 AMP180S2 22 2,7 2,7
5 AWP180M?2 30 2,5 3,0
6 AWP200M?2 37 2,0 2.8
7 AMP200S2 45 2,0 2.8
8 ANP225M?2 55 2,0 2,6
9 ANP250S2 75 2,0 3,0
10 ANP250M2 90 2,0 3,0
11 ANP13254 7,5 4,0 2,5
12 AWP132M4 11 3,5 2,7
13 ANP160S4 15 3,0 2.9
14 ANP160M4 18,5 3,0 2.9
15 ANP180S4 22 2,5 24
16 ANP180M4 30 2,0 2,7
17 AWP200M4 37 2,0 2,7
18 ANP200L4 45 2,0 2,7
19 ANP225M4 55 2,0 2,6
20 ANP25014 75 1,5 2,5
21 ANP132S6 5,5 4,0 2,2
22 AWP132M6 7,5 4,0 2,2
23 ANP160S6 11 3,0 2,7
24 ANP160M6 15 3,0 2,7

79




25 AUP180M6 18,5 2,0 2,4

>

CyTb 4acTOTHOTO croco0y peryoBaHHas MBUAKOCTI AJl 6a3yeThesa Ha BIAOMIN
3aJIC)KHOCTI JIJIT CHHXPOHHOI IMIBHIKOCTI

o, =21, 1)
P

ne  f, —d4actora ctpymy B Mepexi, I'n, f; =50 ru;
P — KUIBKICTb Hap MOJIOCIB €eKTPOABUIYHA.

JIs  ClICHKOTOCTIONAPCHKUX MAIllMH 1 arperatiB  po3poOjieHl YacTOTHO-
PETYJIbOBAHI JBUTYHH 3 MEKaMH peryioBanHsa dactotu 5 - 60 [, a mampyru 30 -
380 B.

3MiHA YaCTOTH CTPYMY JKHBIICHHS J1a€ MOJKIIMBICTH 3MIHIOBATH IITBHJKICTH
oOepTaHHs ABWUTYHA B 30HI MajMX KOB3aHb, a 3HAUWThH 1 MaJMX BTpaTax CHEPrii B
potopHOMY KOTi. OTXKE, YaCTOTHE PETYJIOBAHHS IIBHIKOCTI aCHHXPOHHUX JIBUTYHIB
XapaKTepU3Y€EThCSA HOCHTh BHCOKHM KoedimieHToM KopucHOi mii. Cucrema
YaCTOTHOTO PETYJIOBaHHA 3a0e3meuye BUCOKY IUIABHICTH B JIOCHTH IIHPOKOMY
Jalama3oHl, a IITyYHI MEXaHIYHI XapaKTePUCTUKH MAalOTh BUCOKHANA KOE(IIIEHT
KOPCTKOCTI.

[Tpu peryioBaHH]1 YaCTOTH CTPYMY Ha 3aTHUCKayaxX ABUTYHA 3MIHIOIOTHCS HOTO
napaMmeTpu. Tak, Ipy 3HUKEHH1 YaCTOTH 1 HE3MIHHIN Hampy31l 30UIBITYETHCS CTPYM
HaMarHidyBaHHS 1, AK HACTIJOK, 3POCTAa€ MarHiTHWH MOTIK. 30UTBIICHHS YacTOTH
CTPyMy TPHU3BOJWTH IO 3MCHIINEHHS CTPYMY 1 MarHITHOTO MOTOKY naBuryHa. [Ipm
HE3MIHHOMY CTaTHUYHOMY MOMEHTI Ha Bajly JABWUTYHA 3pOCTA€ CTPYM pOTOpa 1 HOTO
TEMIICPATyPHUN PEXUM BUXOJIUTH 32 MEXK1 JOMYyCTHMOTO. PerymoBaHHS 4YacTOTH
CTPyMy BUMAara€ OJJHOYaCHOTO PETyJIIOBAaHHS HAMPYTH.

YacToTHO-pEryiIboBaH1 NPHBOAN JAIOTh MOJKIMBICTh PETyJIIOBATH IIBHAKICTH
oOepTaHHs BBEPX BiJ HOMIHAJIBHOTO 3HAUCHHA 1 BHU3. BepxHs Mexa peryaroBaHHS
IIBUAKOCTI OOMEXKYETHCA MEXAHIYHOIO MIIHICTIO POTOpa. 3OUTHIICHHS IIBHIKOCTI
oOepTaHHs BIJHOCHO HOMIHAJIBHOI HE TOBMHHO OyTH OUIbIIE HIX Yy JBa pas3u.
MiHiMaabHAa IMBUAKICT OOEpTaHHA OOMEXKYEThCS HECTAOUIBHOIO  POOOTOIO
MEPETBOPIOBAYA MPH HU3BKUX YaCTOTAX.

[Ipu perymaioBaHHI 4YacTOTH CTPyMY B TMPUBOAAX 3 PI3HAMH MEXaHIYHUMH
XapaKTEePUCTHKAMU POOOYO1 MAIIMHA HAMPYTy HA BUXOJl MEPETBOPIOBAYA YACTOTH
3MIHIOIOTHh BUXO/STYH 3 YMOBH 30€PEKEHHS MEPEBAHTAXYBAIBHOI 3JaTHOCTI JBUTYHA

A= My _ const. (2)
M

Sk B11OMO, MakCHMMaIbHUM MOMEHT JIBUTYHA CTAHOBHUTH
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2
y 3U,

Kzzwo-(Rlﬂ/RI%JrXf)' ©

[Ipu BW3HAUYECHHI 3aKOHY, 32 KM HEOOX1THO 3MIHIOBATH HANPYTy TPH 3MiH1
4acTOTH CTPyMy, BUPa3 (3) 3anKMCyIOTh, 3pOOMBIIN MPUITyLIEHHA, o R =0

2
_ U

- . 4
wa 4)

ITapamerpn ,, X, 3amexarb Bil 4acTOTH CTpyMmMy. OTiKe, KPUTHYHHI

MOMEHT BUPAKAETHCA 3AJICIKHICTIO
2
_ AU,
Iz
ne A —xoedimieHT, M0 BKIFOYAE TapaMETPH, HE3aIEKHI BiJl YaCTOTH CTPYMY.

[lepeBanTaXXyBaNbHA 3IaTHICTH ABUTYHA MIPH PI3HUX YACTOTaX CTPYMY 3T1THO 3
dhopmynoro (2) Mae BUTIIAL

: ()

K

2 2

Upe Uy

e 0 6)
fIM,, M,

Bwupas (6) y BITHOCHUX OJUHUIAX MA€E BUTIIA

U* :ﬁk\,MC* ) (7)

ne Uk, fi, M 4 — BIANIOBIAHO HAMpyTa, 4acToTa CTPyMy 1 CTAaTUYHUI MOMEHT, B.O.

Crarunuamii MOMEHT po0OOYO0i MAaITUHA y BITHOCHUX OJWHHILX, SKIO 3pOOHUTH
npunymieHs, mo M, =0, 3anucyeTses

X X

Ma=| 2| 2| L] = 8)

3 ypaxyBanHaM (8) Bupa3 (7) MaTuMe BUTIIANL

U, = fir £ 9)

A€ X — MOKa3HWK CTETNCHS BUIY MEXaHIUHOI XapaKTePUCTUKH POOOIOT MAIITHHH.
I[Ipu 3MEHIIeHH] 9acToTH f; << leOB 30UTBIIYEThCS MArHITHUN MOTIK @, 110

MPU3BOJUTh JIO TIMOOKOr0 HACHUYCHHS MAarHiTHOTO Koja 1 30UIBIICHHIO
HaMarH19yBaJIbHOTO CTPYyMY, KW 3HM)KYE CHEPTeTHUHI TTOKa3HUKH JABUTYHA ( COSP,
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7). 1l{o6 marniTHHH oTiK @ 3anvImaBcs MOCTIHHUM, HEOOXIIHO TPH 3MiHI YaCTOTH
J| TaKok 3MIHIOBATH HANPYTy 3 ypaxyBaHHAM BHJY MEXaHIYHOI XapaKTEPHCTHKH

BUKOHABUYOTO Oprany po004oi MallluHH.
PiBHSHHA MeXaHIYHOI XapaKTEPUCTUKHA POOOYOi MAIIMHA MA€ BUTIISI

Mc:M0+(MCH_M0)° o > (10)

a)H

ne  M_ — MOMEHT onopy NpH IIBHIAKOCTI @),
M|, — MOMEHT ONOpPYy TEPTA B PyXOMHX YaCTUHAX (MOMEHT 3DYIUEHHA), KUK

HE 3aJIC)KUThH BIJ IIBUAKOCTI, H-M;
M, — MOMEHT OIOpy NPH HOMIHANBHIA MBUAKOCTI v, , H-M;

,, — HOMIHAJIbHA KyTOBA IBHAKICTh €JIEKTPOABHIYHA, Pajy/c;
(v, — TIOTOYHE 3HAYEHHSA KyTOBOI IIBHAKOCTI, paj/c;

X— TOKA3HWK CTETMEHA, IO XapaKTePU3ye 3MIHY CTaTHIHOTO MOMEHTY TpH

3MIHI1 IIBAIKOCTI.

PamionanpHuii 3aKOH 3MIHHM HANpPYTH 3aJICKATH BIJl XapaKTepy MOMEHTY
HapaHTtaxxkeHHa M . Tak npu mocTiiHOMYy MOMEHTI HaBaHTakeHHsA M = const
(moka3zuuk cremedHs x=(0) Hampyra Ha CTaTopl TIOBHHHA PETYJIIOBATHCA
MIPOMOPINIHHO HOT'0 4aCTOTI

Y = const . (11)
1

Jna mexaHi3MiB, y AkuX A 3MEHNIye€TbCA HENHIHHO NpH 30UIBINEHH]
MIBUAKOCTI ([ pobouoi MammmHu 3 x = —1), BianomienHs (11) mae Burmsg

Y = const . (12)

A

Jnd MexaH13M1B 3 BEHTWIATODHUM MOMEHTOM HaBaHTakeHHA M 1ns pobouoi
MarmuHu 3 X =2 BigHouieHHs (11) Oyae matu Burisag

Y = const . (13)

flz

30LIBITICHHST YACTOTH JDKEpesia JKWBJICHHS BWINE HOMIHAJIBHOTO 3HAYCHHS
(50 I'm) s3miicHIOEThCA NpH HOMIHANBHIA Hanpysi U),, 10 NPH3BOIUTH M0
3MCHIIICHHS] MarHITHOTO TOTOKY 1 €JIEKTPOMArHiTHOTO MOMEHTY, TOMY B IIbOMY
BUTIAJIKY CJIiJ 3HWKYBAaTH HABAaHTAXEHHs, 100 YHUKHYTH '"TIepeKumaaHHs"

€JIEKTPOIBUTYHA.
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oM,
A4'_.7§:———Ei:. (14)
7_’_7
S, S,

K 1
[lItygyna mexaHIYHA XapaKTEPUCTHKA ACHWHXPOHHOTO EJICKTPOJBUTYHA TIPH

HOBI1M 4acTOTl f; | PO3paxoByeTheA 3a (POPMyYIIOr0

oM, -2
- ﬂ'Si S > (15)
_|_

S. A,

M

K

Ie A — xoedimmieHT, MO0 TOKa3ye CIIBBIAHOIICHHS HOBOiI YacTOTH CTPyMY M0
4acToTH CTpyMy Mepexi f; =50 I'm;

X — IOKA3HUK CTEIEHS 3MIHH MOMEHTY OIOpPY po0O0UY0i MAaITHHU B 3aJICKHOCT1
BiJ1 ii MBUAKOCTI OOCPTAHHS.

.
N

Ae  f;,; — HOBa 4acToTa CTPyMY IIPH YacTOTHOMY PETYJIOBaHHI IIBHIKOCTI

(16)

o0epTaHHs eJeKTpoABUTYHa, ['1I.

4 Tlpuxaaa po3paxyHKy

4.1 PospaxyBaTh TpPHPOAHY Ta INTYYHI MEXaHIUHI XapPaKTCPUCTUKH
aCHHXPOHHOTO enekTpoauryHa (AJ]) mpu 4yacTOTHOMY pPETYNIOBaHHI IITBHUIKOCTI
o0epTaHHS €IEKTPOABUATYHA MPUBOAY MITHOMHUKA (X = O).

4.1.1 PospaxyemM0O TpPHUPOIHY MEXaHIUYHY XapaKTEPUCTHKY EJICKTPOJBUTYHA
turry AUP250M6 nprBoy migifOMHMKA 3 TEXHIYHAMHA TAHAMHA

P,=55xBr; S,=2%; un =23.

HominanpHUI MOMEHT €JICKTPOIBUT'YHA BU3HAYAETHCS 32 (POPMYIIOK0

M, = (1)

ne P, — HoMiHalbHaA MOTYKHICTb JBUI'YHA, BT;
,, — KyTOBa IIBUJKICTh JBAT'YHA IIPH HOMIHAJBHOMY HaBaHTa)KEHHI, paji/c.

HominanpHa KyTOBa MIBHAKICTH, AKa BIAMOBIAAE HOMIHAJIBHOMY KOB3aHHIO,
BH3HAYAETHCA 3a (POPMYIIOIO

w, =, -(1-S,), )

CuHXpOHHA KYTOBA IMBUAKICTh BU3HAYAETHCA 3a (POPMYIIOIO
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TC'I’IO

W, = , 3
0 =30 3)
Ie 1, — CAHXPOHHA 4acToTa 00epTaHHs, 00/XB.;
60 -
n, = 0N )
P

ne  f, —d4actorta ctpymy B Mepexi, I'n, f; =50 I'n;
P — KUIBKICTb Hap MOJIIOCIB.
Jlns enekrponsuryna tuny AUP250M6 p =3. Omxke

ny = g =1000 o0/xs.;

W, = w =104,67 pag/c;

w, =104,67-(1-0,02)=102,58 panc;

_55.10°

* 102,58

Kputnunuii MOMEHT €JIEKTPOABUTYHA BU3HAYAETHCS 32 (POPMYITOFO

MKl'lp :MH.ILlK’ (5)

~5362 Hm.

Ae M, — KPaTHICTh MAKCUMAJIbHOIO (KPUTHYHOI0) MOMEHTY €JIEKTPOJBHUIYHA, B.O.
3a MacnopTHUMHU JaHUMHU enekTpoasuryna tumy AMP250M6 p =23, Otixe

M, =536,2-2,3=123326 Hm.

Kputnuna xyToBa IMBHIAKICTH, SIKa BIAMOBIAAE KPUTHYHOMY KOB3aHHIO
MPUPOAHOI MEXaHIYHOT XapaKTEPUCTHUKH, BU3HAYAETHCS 32 (POPMYJITOr0

Dy =0y - (1= S,). (6)

Kmp

Kputnane koB3aHHA BU3HAYaeMO 3a (popMyIIor0

Sem = Su - (U + /1t = 1); (7)

2 )
Semp = 0,02-(23++/2,32 ~1)=0,09;
O = 104,67-(1-0,09) = 95,25 pa/c.

[TpupoaHy MeXaHIYHY XapaKTEPHUCTHKY ACHHXPOHHOTO E€JICKTPOJBHIYHA IPH
/1 =50 I'i po3paxoByemo 3a cnpoieHoro popmyioro Kiocca
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M= = (8)
Si + SKHP
Sep S

Jlis 3py4YHOCTI pO3paxyHOK MPHUPOAHOI MEeXaHIUHOI XapakTepucTtuku AJl npu
gacToTi cTpymy Mepexi f; = 50 I'n 3Boaumo B Tabnuio 2.

Tabmuta 2 — Po3paxyHkoBI AaHl MPUPOIHOI MeXaHIYHOT XapakTtepuctuku AJl mpu
4acToTl cTpymy Mepexi f; =50 'y

3Ha4yeHHs MapaMeTpa NP KOB3aHH1 S, O JOPIBHIOE
ITapametp 0 SH 3SH anp 2S1<np 3SKHp 4S1<np 1
0,02 | 0,06 | 0,09 | 0,18 [ 0,27 | 0,36
Si /Sem 0 0,67 | 1,0 | 20 | 30 | 40 |11,11
Semp /S 0 1,5 | 1,0 | 0,5 | 033|025 0,09
Si/Semp + S [Si 0 217 | 2,0 | 2,5 | 333|425 | 112
2M . Hom 2466,52
M, Hw, 0 |[536,2[1136,7[1233,3] 986.6 | 740,7 | 580.4 |2220,2
3a popmyitoro (8)
C‘):C‘)O'SI_SZ')’ 104,67|102.58| 98.39 | 95,25 | 85.83 | 76.41 | 66,99 | 0
pan/c

3a po3paxyHKOBHMH MaHUMH TaOauIl 2 OyayeMO TPHPOAHY MEXaHIUHY
XapaKTEPUCTHKY aCHHXPOHHOTO €JICKTPOABUTYHA MPUBOAY TTHOMHHKA (x = O) npu
4acToTi cTpyMy Mepexki f; =50 I'u (pucynok 2).

4.1.2 Hlryuna mMexaHIYHA XAPAKTEPUCTHKA ACHHXPOHHOTO EJIICKTPOJBHUTYHA
IpH HOBIM YacTOTI f ; po3paxoByeThea 3a hopmynoro

2M, - A
My, = :
mT }LSI N SKr[p >
Semp A4S,

KIIp

ze A — xoedimmieHT, MO0 MHOKa3ye CIBBIAHOIICHHS HOBOI YacTOTH CTPyMy M0
4acToTH cTpyMy Mepexi f; =50 I'n;

X — IOKA3HUK CTEITICHS 3MIHH MOMEHTY OIOPY po00UY0i MAITHHU B 3aJICKHOCT1
B1J1 ii MIBUAKOCTI OOCPTAHHS.
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A=t (10)

N
Ae  f;,; — HOBa 4YacTOTa CTPyMYy IPU YacTOTHOMY PETYJIOBAHHI INBHIKOCTI
o0epTaHHs eleKTpoABUTryHa, [
w, paa/c
140
@ =f4(M,) ® = f5(M,5)
130 fro=060T"1

W60 == /

120 —

\J

110

~
Wy P N— @ :fl(M/:LB)
100 /=301

e
90 T
Do40) /
—
80 — —

70 /

el

60 /
/ / N o704,
50 f1,F40T

d
Ry
Ny

O / M, Hwm

0 200 400 600 800 1000 1200 1400

Pucynox 2 — [lpupoaHa Ta mTy4Hi MEXaHIYHI XapakTepucTuku AJl mpuBoLy
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T AHOMHMKA (x = O) MIPY PETYJIIOBAHHI MBUAKOCTI 0OEPTaHHS YaCTOTOIO CTPYMY

JIis migAoOMHUKA TTOKa3HUK CTENEHS 3MIHH MOMEHTY OTopy poO0od0i MamvHA
B 3aJIC)KHOCTI BiM ii mBHAKOCTI oOepraHHa mopiBHIOE x =0. 3a yMOBOIO HOBa
gacrora cTpymy f, ; =40 I'u. Tomi

40
A =@=—=0,8; AT =08"=1.
fi 50
®opmyna (9) mna migiiomanka 3 x =0 1 YaCTOTHOMY PETYJIIOBAaHHI HA HOBY
gacToTy ctpymy f; ; =40 I'n Oyne matu UL

M My (11)
mr O,8'Sl- SKHP .
+
S 08-S,

KIIp

CHHXPOHHA KyTOBa MIBUAKICTh IIPH Y4acTOTI cTpymy Mepexi f, | =40 I'u Oyne
JIOPIBHIOBATH

Oy (a0)= 4y * Dpy = 0.8+ @, = 0.8-104.67 = 83,74 pane.

JIms  3pydHOCTI  pO3paxXyHOK INTYYHOI MEXAHIYHOI  XapaKTePUCTUKH
ACHHXPOHHOTO €JICKTPOJIBUTYHA TPUBOMY I IHOMHHUKA (x =O) pY HOBIHA YaCTOTI

ctpymy f;, =40 I'u 380auMo0 B Tabauo 3.

Tabmunsa 3 — Po3paxyHKOBI JaH1 MTYyYHOI MEXaHIYHOI XapakTepucTtuku AJl mpuBomy
mimiiomunka (x =0) npu f11=40 T

3HayeHHs MapaMeTpa ITPX KOB3aHHI S, M0 JOPIBHIOE
[Tapamertp 0 Sy | 38, | Sk |28k | 3Skmp | 4Skmp |
0,02 | 0,06 | 0,09 | 0,18 | 027 | 036

0,8S, /Scmp 0 018053 08 | 1.6 | 24 | 32 |8.89

Siemp /088, 0 |563|1,88 | 125063042031 [0,11

085, /Simp +Serp /08S; | 0 |581] 241 | 2,05 (223|282 3,51 |90
2M 1, Hom 2466,52

» @Ojl‘)i’yi“fg an 0 [424,51023,5/1203,2|1106,1| 874,7 | 702,7 |274.1

@ = wy (40 - (1= S,)., paniec [83,74]82,07] 78.72| 76,2 |68.67]61,13]53,59] 0

3a pO3paxyHKOBUMHW JaHUMH TaOmuil 3 OyayeMo INTy4YHY MEXaHIuHY
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XapaKTEPUCTHKY aCHHXPOHHOTO €JICKTPOBUT'YHA TPHUBOY IiAHOMHUKA (x = O) npu
PeryJrOBaHHI IIBHJKOCTI 00€pTaHHA 4acToToro cTpyMmy f, ; =40 I'n (puc. 2).

4.1.3 Po3paxyeMO IMTy4yHYy MEXaHIYHY XapaKTCPUCTHKY EJICKTPOIBUTYHA
NpUBOAY MIAROMHHKA PU HOBIH 4acToTi cTpyMy f,, =60 I'. Tom

,12=@=@=1,2; Ay=12°=1.
fi 30

®opmyna (9) mna migiiomAanka 3 x =0 1 YaCTOTHOMY PETYJIIOBAaHHI HA HOBY
4acToTy cTpymy f,, =60 I'l Oyne MaTu BHrmIA L

M My (12)
1T 1)2 Si . SKHP .
S 1,2- S,

KIIp

CHHXPOHHA KyTOBa MIBUAKICTh IIPH YaCTOTI CTPyMy Mepexi f, , = 60 I'n Oyne
JIOPIBHIOBATH

Do (s0)= A * Doy = 12+ 0y = 12-104,67 =125,6 pane.

JIms  3pydHOCTI  pO3paxXyHOK INTYYHOI MEXAHIYHOI  XapaKTePUCTUKH
ACHHXPOHHOTO €JICKTPOJIBUTYHA TPUBOMY I IHOMHHUKA (x =O) MpY HOBIHA YaCTOTI

cTpymy f, =60 I't 3B0auMO B Tabmauo 4.

Tabmutsa 4 — Po3paxyHKOBI 1aH1 MTYyYHOI MEXaHIYHOI XapakTepucTtuku AJl mpuBomy
mimiiomunka (x =0) npu fi1, =60 I

3HayeHHA MapaMeTpa ITPY KOB3aHHI S, M0 JOPIBHIOE
[Tapamerp 0 Sy | 38, | S | 2 | 3k | 4Skmp |
0,02 ] 0,06 | 0,09 | 0,18 | 027 | 036

1,28, /S 0 [027] 08 | 12 | 24 | 36 | 48 |133

Semp /1.2, 0 |3,75|125] 083|042 028|021 |0,08
128, /S +Sem /128 | 0 4,02 2,05 | 2,03 | 2,82 | 3.88 | 501 [13,38

2M 1, Hom 2466,52

» @Oﬁyﬁx)’ a2 0 [613,6]1203,2(1215,0| 874,7 | 635,7 | 492,3 [184.3

@ = wy () - (1= S;). panve [125,6[123,1 118,1 | 1143 [ 103,0] 91,7 | 80,4 | 0

3a pO3paxyHKOBUMH JMaHUMH TaOmuil 4 OyayeMo IITy4YHY MEXaHIuHY
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XapaKTEPUCTHKY aCHHXPOHHOTO €JICKTPOBUT'YHA TPHUBOY IiAHOMHUKA (x = O) npu
PEeryJrOBaHHI IIBHJKOCTI 00EPTaHHA Y4acTOTOIO CTpyMy f;, = 60 I'n (puc. 2).

4.2 Po3paxyBaTu MPUPOJIHY Ta IITYyYHI MEXaHIUHI XapakTepuctuku AJ[ mpu
YAaCTOTHOMY PETYJIIOBaHHI IMBUAKOCTI OOEPTaHHS E€JICKTPOJBHTYHA TPHBOIY
re¢HEpaTOpa IMOCTIMHOTO CTPYMY 3 HE3aIIC)KHHUM 30y IKCHHIM (x = 1).

4.2.1 PospaxyeMO TPUPOIHY MEXaHIUYHY XapaKTEPUCTHKY EJICKTPOJBUTYHA
MIPUBOJIY TEHEPATOPA IMOCTIHHOTO CTPYMY 3 HE3AICKHUM 30y TKCHHSM.

Jlnsa mpuBOAY TEHEparopa MOCTIHHOTO CTPyMy 3 HE3aJICKHUM 30YyIHKEHHIM
BAKOPUCTOBYETHCS TOMW K€ JABUTYH, IO 1 B MyHKTI 4.1, TOMy NpUPOIHY MEXaHIUHY
XapaKTEPUCTHKY OyAy€eMO 3a JaHUMU Tabmuill 2 (pUCYHOK 3).

4.2.2 Po3paxyeMO ITy4yHYy MEXaHIYHY XapaKTCPUCTHKY EJICKTPOIBUTYHA
MPUBOIY T€HEPATOPA MOCTIHHOTO CTPYMY 3 HE3AIC)KHUM 30YIKCHHSAM 3 TTOKa3HUKOM
CTETICHSI 3MIHM MOMEHTY OTOpYy poO0YO0i MaIiuHU B 3aJICKHOCTI B i MIBHAKOCTI
obepranna x =1 Ha HOBY yacToTy cTpymy Mepexi f; | =40 I'u. Tom

40
A =@=—=O,8; A'=08"=08.
fi 50
®opmyna (9) mis rerepaTopa MOCTIHHOTO CTPYMY 3 HE3AICKHUM 30y HKEHHAM
3 x=1 1 4acTOTHOMY PpETyIIOBaHHI Ha HOBY 4acToTy cTpymy f;, =40 I'm mae
BUTJIA
v - 2M - 0.8
T 078 . Si N SKHp
S 08-S,

KIIp

(13)

JIms  3pydHOCTI PO3PaXyHOK IITYYHOI MEXaHIYHOT XapakTepuctuku Al
MPUBOJY TE€HEpPATOpa TMOCTIHHOTO CTPYMY 3 HE3AJICKHUM 30Y/HKCHHSIM (x =1) Ha

HOBY 4acTOTy cTpyMmy Mepexi f; | =40 I'u 3soaumo B Tabmuigo 5.

Tabmuma 5 — Po3paxyHkoB1 maHi MITY4HOI MEXaHIYHOI Xapaktepuctuku A/ mpuBomy
reHepaTropa MOCTIHHOTO CTPYMY 3 HE3aJICKHUM 30y IKCHHIM (x = 1) npu f,,=40Tu

3HayeHHA mapaMeTpa ITPX KOB3aHHI S, 0 JOPIBHIOE
[Tapamerp 0 Sy 138, | Sk | 2k | 3k | 4Skmp .
0,02 [0,06] 0,09 | 0,18 | 027 | 036
0.8S; /Sy 0 |018(053] 08 | 1,6 | 2.4 | 32 |889
Siemp /088, 0 |563|1,88] 125063 | 042|031 [0,11
0.8S; /S +Sep /085, | 0 | 581 [2,41] 2,05 | 2,23 | 2,82 | 3,51 | 9,0
0.8-2M, ., Hm 1973,22
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M , H-m, 3a popmyoro (13)

0

339.6

818,8| 962

518849

6997

562,2

2192

W = W (40) - (1-5,), pan/c

83.74

82.07

78.72| 76,

2 168,67

61,13

53.59

0

3a pO3paxyHKOBUMHW JaHMMH TaOmuIll 5 OyayeMo INTydYHY MEXaHIuHY
XapaKTEPUCTHKY ACHHXPOHHOTO €JIEKTPOJABUTYHA MPHUBOAY TeHEparopa MOCTIHHOTO
CTPYMY 3 HE3AJICKHUM 30y HKEHHSIM (x = 1) npu f, , =40 I'u (puc. 3).
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Pucynox 3 — [IpupoaHa Ta mTy4Hi MEXaHIYHI XapakTepucTuku AJl mpuBoLy
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reHepaTopa MOCTIHHOTO CTPYMY 3 HE3aJICKHUM 30y IKCHHIM (x = 1)
MIPY PETYJTIOBAHHI MBUAKOCTI 0OEPTAHHS YaCTOTOIO CTPyMY

423 PospaxyemMo MmITy4Hy MeExXaHIUHY Xapaktepuctuky AJl mnpuBomy
reHeparopa MOCTIHHOTO CTPYMY 3 HE3AICKHUM 30y/DKEHHAM 3 TIOKa3HUKOM CTETICHS
3MIHA MOMEHTY OIOpy po0ouoi MaIIMHU B 3aJICKHOCTI B1J i IMMBUIKOCTI 0OSpTaHHS
x =1 Ha HOBY 4acTOTy CTpyMy Mepexi f, , =60 I'u. Toni

60
A =@=—=1,2; A=12"=12.
fi 50
®opmyna (9) mis reHepaTopa MOCTIHHOTO CTPYMY 3 HE3AIC)KHAM 30y KEHHAM
3 x=1 1 4aCTOTHOMY PpEryMOBaHHI Ha HOBY 4YacCTOTy CTpyMmy f,, =60 I'm mae
BUTJIA
v - 2Mp, - 1.2
T 1’2 . Si N SKHp
S L,2-S,

KIIp

(14)

JUIst  3py4HOCTI PpO3paxXyHOK INTYYHOI MEXaHIYHOI XapakTepucThka A
MPUBOY TE€HEpaATOpa TMOCTIHHOTO CTPYMY 3 HE3AJICKHUM 30Y/HKCHHSIM (x =1) Ha
HOBY 4acTOTy CTpyMy Mepexi f, , = 60 I'i 3s0aumo B Tabauio 6.

Tabmuta 6 — Po3paxyHKoB1 AaH1 MITYYHOI MEXaHIYHOI XapakTepucTuku A/ mpuBomy
reHeparopa MOCTIHHOTO CTPYMY 3 HE3aJICKHUM 30y IKCHHIM (x = 1) npu f,, =60 T

3HayeHHs MapaMeTpa ITPX KOB3aHHI S, M0 JOPIBHIOE
ITapamerp 0 Sy | 38y | S | 2 | 3k | 4Skmp |
0,02 | 0,06 | 0,09 | 0,18 | 0,27 | 0,36
1.2S, /Sy 0 (027 08 | 12 | 24 | 36 | 48 | 133
Semp /1,25, 0 [3,75|125]| 0,83 | 0,42 | 0,28 | 0,21 | 0,08
128, /S + S /1.2S; | 0 4,02 2,05 | 2,03 | 2,82 | 3,88 | 5,01 | 13,38
1,2-2M, .. H'm 2959,82
M, H-wm,
0 [736,3(1443,81458,0{1049,6| 7628 | 590.8 | 221,2
3a opmymoro (14)
w=w0(60)-(1—S,-),pan/c 125,6/123,1|118,1 | 114,3 | 103,0| 91,7 | 80,4 | 0

3a pO3paxyHKOBUMH JaHUMH TaOmuil 6 OyayeMo INTydYHY MEXaHIuHY
XaPaKTEPUCTHKY ACHHXPOHHOTO €JIEKTPOJABUTYHA MPHUBOAY TeHEparopa MOCTIHHOTO
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CTPYMY 3 HE3AJIC)KHHUM 30y HKEHHM (x = 1) IIPH PETYJIIOBAHHI IBHIKOCTI 00EpTaHHS
4acTOTOIO CTpyMy f,, = 60 I'n (puc. 3).

4.3 PospaxyBaTh TpPHPOAHY Ta INTYYHI MEXaHIUYHI XapaKTCPUCTHUKH
ACHHXPOHHOTO  €JICKTPOJIBUTYHA TIPH YaCTOTHOMY PETYJIIOBAaHHI  IITBHUIKOCTI
o0OepTaHHs eJEKTPOABUTYHA MPUBOLY HACOCa (x = 2).

4.3.1 PospaxyeMoO TpHUPOIHY MEXaHIUYHY XapaKTEPUCTHKY EJICKTPOJBUTYHA
MPUBOY HAcoca.

Jlis mpruBOy Hacoca BUKOPHUCTOBYETHCS TOHM K€ ABWUTYH, IO 1 B MyHKTI 4.1,
TOMY TPHPOJHY MEXaHIYHY XapaKTePUCTHKY OyayeMo 3a AaHUMHU TaOmumi 2
(pucyHok 4).

4.3.2 Po3paxyeMO IMITy4yHy MEXaHIYHY XapaKTCPUCTHKY EJICKTPOIBUTYHA
MPUBOIY HACOCa 3 MOKA3HUKOM CTETICHS 3MIHM MOMEHTY OTIOPY poO0YO0i MaIlvHA B
3QJICKHOCTI B1J ii MIBUAKOCTI 00epTaHHA X =2 Ha HOBY YacTOTy CTPyMYy MEPExKi
f11=40Tu. Tom

A _ S 40 =08, A'=0,8"=0,64.
fi 50

®opmyna (9) nns Hacoca 3 x =2 19aCTOTHOMY PETYJTIOBaHHI HA HOBY YacTOTY
ctpymy f;, =40 I'n mae Burnan

2M,,, 0,64
)11 S 078 . Si SKHp
+
S 08-S,

KIIp

(15)

Jina  3pydHOCTI  pO3pPAaxXyHOK INTYYHOiI MEXaHIYHOI  XapaKTEPUCTUKH
ACHHXPOHHOIO eJIeKTPOJIBUIyHa MpuBOAY Hacoca (x =2) ma HoBy wactoTy cTpymy
mepexi f; ; =40 I'u 3soaumo B Tabnuio 7.

Tabmunsa 7 — Po3paxyHKOBI JaH1 MTYyYHOI MEXaHIYHOI XapakTepucTtuku AJl mpuBomy
nacoca (x = 2) npu f11=40 T

3HayeHHA MapaMeTpa ITPY KOB3aHHI S, M0 JOPIBHIOE
IlapameTp 0 Sa | 384 | Semp | 2np | 30urp | 4Simp |
0,02 | 0,06 | 0,09 | 0,18 | 0,27 | 0,36
0,8S; /S 0 | 018|053 | 08 | 16 | 24 | 32 |889
Siemp /088, 0 | 563|188 | 125|063/ 0420311011
0.8S; /Semp +Semp /08, | 0 | 581 | 2,41 | 2,05 | 223 | 2.82 | 3,51 | 9,0
0,64-2M, ,, H™ 1578,57

M, Hw, 0 [271,7]655,0]770,0]707.9]559,8]449,7 [175.4
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3a popmyoro (15)

® = @40 (1= S ). pawc (83,74] 82,07 [ 78,72 | 76,2 | 68,67 |61,13|53,59| 0

>

3a pO3paxyHKOBUMH JaHUMH TaOmuill 7 OyayeMo INTy4YHY MEXaHIuHY
XapaKTEPUCTHKY ACHHXPOHHOTO EJIEKTPOJIBUTYHA TPHUBOJY Hacoca (x = 2) pH

vacToTi cTpymy Mepexi f ; =40 I'u (puc. 4).

94



w)
140

130
Do60)

120

110

100

90
Do40)

80

70

60

50

40

30

20

10

Pucynox 4 — [lpupoaHa Ta mTy4Hi MEXaHIYHI XapakTepucTuku AJl mpuBoLy
Hacoca (x = 2) MIPY PETYJIIOBAHHI MBUAKOCTI 00EPTaHHS YaCTOTOIO CTPYMY
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4.3.3 Po3paxyeMo IMTy4YHY MEXaHIYHY xapakTepucTuky A/l mpuBoay Hacoca 3
MOKA3HUKOM CTETEHs 3MIHA MOMEHTY OMopy poO0d0i MAIIMHW B 3aJICKHOCTI Bif 1i

IIBUIKOCTI 00€pTaHHA X =2 Ha HOBY 4acTOTy CTpyMy Mepexi f;, = 60 I'u. Toai
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A =@=@=1,2; A =12 =144,
fi 30

®opmyna (9) nns Hacoca 3 x =2 1 9aCTOTHOMY PETYJTIOBaHHI HA HOBY YacTOTY
cTpymy f, =60 I'l Mae Bursan

2M_ 1,44
M = KIIp
mT 1’2 . Si SKHp
+
S. 12-S

KIIp

(16)

JUIst  3py4HOCTI PpO3paxyHOK INTYYHOI MEXaHIYHOI XapakTepucThku A/
MPUBOIY HAcoca (x = 2) Ha HOBY 4aCTOTy CTpyMy Mepexi f,, =60 I'n 3soaumo B
Tabmuio 8.

Tabmumsa 8§ — Po3paxyHKoBI JaH1 MTYyYHOI MeXaHIYHOI XapakTepucTtuku AJl mpuBomy
nacoca (x = 2) mpu J1, =60 T

3Ha4yeHHs MapaMeTpa NPy KOB3aHH1 S, O JOPIBHIOE
[TapameTp 0 Sy | 38, | Semp | 2w [ 3Skm | 4Skmp |
0,02 | 0,06 | 0,09 | 0,18 | 0,27 | 0,36

128, /S, 0 102708 | 12 | 24 | 36 | 48 133

Semp /1.2, 0 [3,75|125] 083|042 028 | 021 |0,08
128, /S +Semp /1:2S: | 0 4,02 2,05 | 2,03 | 2,82 | 3.88 | 501 [13,38

1,44-2M ), H'm 3551,79

» @Oﬁyﬁg 16) 0 |883,5(1732,6/1749,71259,5| 9154 | 708,9 |265.5

@ = wy () - (1= S,). panve [125,6[123,1 118,1 | 1143 | 103,0] 91,7 | 80,4 | 0

3a pO3paxyHKOBUMH JaHUMH TaOmuIll &8 OyayeMo INTydHY MEXaHIuHY
XapaKTEPUCTHKY ACHHXPOHHOTO EJIEKTPOJIBUTYHA TPHUBOAY Hacoca (x = 2) npu

4acToTI cTpyMy Mepexi f; , =60 I' (puc. 4).

4.4 PospaxyBaTH TPHPOAHY Ta INTYYHI MEXaHIYHI XapaKTEPHUCTUKH
ACHHXPOHHOTO  €JICKTPOJIBUTYHA TIPU YaCTOTHOMY PETYJIIOBAaHHI  IITBHUIKOCTI
o0epTaHHs eJEKTPOJABUTYHA MPUBOIY (Ppe3epHOTO BepcTara (x = —1).

4.4.1 PospaxyeMoO TPHUPOIHY MEXaHIUYHY XapaKTEPUCTHKY EJICKTPOJBUTYHA
npuBoay (hpe3epHOTO BEpCTaTa.

Jlms  mpuBoay  (pe3epHOrOo  BepcTaTa  BHKOPUCTOBYETHCS  TOM  IKe
CJICKTPOJABUTYH, 1O 1 B MyHKTI 4.1, TOMy TpHpPOAHY MEXaHIUHY XapaKTCPUCTHKY
OyayeMo 3a maHuMu Tabauil 2 (PUCYHOK 5).
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4,42 PospaxyeMoO IMTYy4yHYy MEXaHIYHY XapaKTCPUCTHKY EJICKTPOIBUTYHA
npuBoay (pe3epHOTO BepcTara 3 TOKA3HWKOM CTETECHS 3MIHM MOMEHTY OIOpPY
po0Oouoi MaImuHU B 3aJICKHOCTI Bia ii mBHAKOCTI obepTraHHis x=-—1 Ha HOBY
4acToTy cTpymy mMepexi f; , =40 I'u. Tom

A= S 40 _ 0,8 A°=08"'=125.
fi 50

®opmyna (9) nna ppezeproro BepcTata 3 X =—1 1 9aCTOTHOMY PETYJIFOBAaHHI
Ha HOBY 4acToTy cTpymy f; ; =40 I'u mae Burman

2M__-1,25
M = K IIp
T 078 . Si SKHp
+
S 08-S,

KIIp

(17)

Jis  3pydHOCTI  PO3pPaxXyHOK INTY4YHOI  MEXAHIYHOI  XapaKTEPUCTUKH
ACHHXPOHHOr'O €JICKTPOJBUIYHA MPHUBOAY (PPE3epHOro BepcTaTa (x = —1) HA HOBY
4acToTy cTpymy mepexi f; | =40 I'n 3Bonumo B Tabmuio 9.

Tabmus 9 — PospaxyHkoBl AaHl IMTYyYHOI MEXaHIYHOI XapakTepucTuku AJl
npuBoay (pe3epHOro BepcTaTa (x = —1) npu f;,=40Tu

3HayeHHA mapaMeTpa ITPY KOB3aHHI S, 0 JOPIBHIOE
I[Tapametp 0 S| 38, | Scmp | 2Skm | 3Skm | 4k |
0,02 | 0,06 | 0,00 | 0,18 | 0,27 | 0.36

0,8S, /Scmp 0 018053 08 | 1.6 | 24 | 32 |8.89

Siemp /088, 0 |563|1,88 | 1250630421031 0,11
0,88, /S +Serp /08S; | 0 |581] 241 | 2,05 223|282 | 3,51 9,0

1,25-2M,,, H'm 3083,15

M, H-m, 3a bopmysoro (17)] 0 1530,7[1279,3]1504,0]1382,6]1093,3] 878.4 [342.6
@ = wy (40 - (1= S,)., panic (83,74(82,07| 78,72 | 76,2 | 68,67 | 61,13 [53,59| 0

3a pO3paxyHKOBUMH JaHUMH Tabmuil 9 OyayeMo IITydHY MEXaHIUHY
XaPaKTEPUCTHKY ACHMHXPOHHOTO €JIEKTPOJBUTYHA TPHBOMY (pe3epHOro BepcTara
(x = —1) npu 4acToTi cTtpymy mepexi f; | =40 I'u (puc. 5).

443 PospaxyeMO IITYy4HY MEXaHIYHY XapaKTCPUCTHKY EJICKTPOJIBUTYHA
npuBoay (pesepHOTO BepcTara 3 TMOKA3HUKOM CTETECHS 3MIHM MOMEHTY OMNOpY
po0Oouoi MaImuHU B 3aJICKHOCTI Bia ii mBHAKOCTI obepTraHHis X =-—1 Ha HOBY
4acToTy CTpyMy Mepexi f,, =60 I'u. Toai
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2, Ran/c
@ = M) = f(My,)
D60y === / J12=60Tn
W = fi(My)
N . / J1=50Tu
100 T ——

Wo40) X

80 f \ —

60 X ] \\
\( o - (M)

fi1=40Tu

40

/ / ‘

20

0 / M, HwM

0 400 800 1200 1600

Pucynox 5 — [lpuposHa Ta mTy4Hi MEXaHIdHI XapaKTepuCTUKH AJ]
pUBOAY (hPE3ePHOIO BepcTaTa (x = —1)
MIPY PETYJIIOBAHHI MBUAKOCTI 0OEPTAHHS YaCTOTOIO CTPyMY

/12:@:@:1,2; A =12"=083.
fi 50
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®opmyna (9) nna ppezeproro BepcTata 3 X = —1 1 9aCTOTHOMY PETYJIFOBAaHHI
Ha HOBY 4acCTOTy CTpyMy f;, =60 I'u mae Burman

2M _-0,83
M = KTIp
T 1)2 . Si SKHp
+
S. 12-S

KIIp

(18)

JIms  3pydHOCTI  pO3paxyHOK INTYYHOI MEXaHIYHOI  XapaKTePUCTUKH
ACHHXPOHHOTO EJICKTPOJBUTYHA MPHUBOIY (hpPE3epHOrO BepcTaTa (x = —1) Ha HOBY
4acTOTy CTpyMy Mepexi f;, = 60 I'n 3Boaumo B Tabaumo 10.

Tabmums 10 — PospaxyHKOBI gaHi MITy9HOI MEXaHIYHOI XapakTtepuctukm AJ|
npuBoay Ppe3epHOro BepcTara (x = —1) npu f;, =60 I'g
3HaueHHA MapaMeTpa IpH KOB3aHH1 S, 110 AOPIBHIOE
ITapameTp 0 S| 38, | Sk |28k | 3Skmp [4Skmp |
002006 0,09 | 0.18 | 0,27 | 036
1.2S, /Sy 0 (02708 | 12 | 24 | 36 | 48 |133
Semp /1,25, 0 |3,75]125] 0,83 | 042 | 0,28 | 0,21 0,08
128, /Sy + Simp /1,25, 0 |4,02(2,05] 2,03 | 2.8 | 3,88 5,01 [13,38
0,83-2M, ., , Hm 2047,21
M, Hw, 0 [509,3/998.6(1008.5| 726.0 | 527.6 | 408.7 [153,0
3a opmyoro (18)
w=w0(60)-(1—S,-),pan/c 125,6/123,1{118,1| 1143 ]103,0| 91,7 | 804 | ©

3a po3paxyHKOBUMH mAaHUMH TaOmmmi 10 OyayemMo IMTydHy MEXaHIUHY
XaPaKTEPUCTHKY ACHMHXPOHHOTO €JICKTPOJBUTYHA TPHBOMY (pe3epHOr0 BepcTara
(x = —1) npu wacroti crpymy Mepexi 1, =60 I'u (puc. 5).

5 BkaziBku 11010 opopMJieHHS 3BITY

3BIT 3 TPAKTUYHOI POOOTH TOBUHEH MATH:

1 BapiaaTt iHAuB1AYyaIbHOTO 3aBIAHHA.

2 PospaxynkoBi popmyv utsi BAKOHAHHS TPAKTUYHOT pOOOTH.

3 Tabnwii 3 pe3yJbTaTaMu PO3PAXyHKIB.

4 Tlpupomni o= f(MﬂB) Ta ITY4HI @ = fl.l(M;{B ), w=f, (MHB)
MEXaHIYH1 xapakTepucTkd AJ[ 3 KOPOTKO3aMKHEHHM POTOPOM  TIPHUBOIY
MAHOMHUKA, TEHEPATOPa MOCTIHHOTO CTPYMY 3 HE3AJIC)KHUM 30y/HDKCHHSAM, Hacoca Ta
(dbpe3epHOTO BEepcTaTa Mpy PeryIroBaHHI HIBUAKOCTI 00€PTaHHS YACTOTOK CTPYMY.

5 AHaii3z OTpUMaHUX PE3YJIHTATIB.
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6 KoHTpo/IbHI IUTAHHS

1 Sy 3anekHICTh HA3WBAIOTh MEXAHIYHOIO XAPAKTEPUCTHUKOIO aCHHXPOHHOTO
enekrpoasuryna (AJl)?

2 1o Ha3UBAETHCS NPUPOTHOIO TA IITYUHOK XapakTepuctukamu AJl?

3 I[Ilo Take MaKCHMaJIbHUM MOMEHT Ta AK HOro MO’KHAa po3paxyBaTH 3a
KaTaJJOTOBAMH JTAHUMH €JICKTPOIBUTYHA?

4 Sk po3paxyBaTh TOTOYHE 3HAUCHHA KyTOBOi MIBHAKOCTI TPH BIAOMOMY
koB3aHH1 AJ[?

5 Sk po3paxyBarTd MOTOYHE 3HAUCHHS MOMEHTY JUI TTOOYJOBH MEXaHIYHHX
xapaktepuctuk AJ[?

6 Sk 3ameKuTh MOMEHT ACHHXPOHHOTO €JICKTPOJBHUTYHA BIJIT BEIMUYNHU
MABEICHOT 10 HHOTO HANPYTH?

7 Ha3BiTh MOXIIHB1 CIOCOOM peTysTiOBaHHS MBUAKOCTI A/l

8 Ha yomy 0a3zyeTbcsa 9acTOTHWH CIOCIO PETryJIFOBAaHHS KYTOBOi IIBHUIKOCTI
ACHHXPOHHOTO €JICKTPOABUTYHA SKI TOKAa3HWKH PETYyJIIOBaHHA? SKi OIepKyIOTh
MTY4YH1 XapakTepucTuku? Skuii ix KoedimeHT ;KOpCTKOCTI?

9 Un MOXHA BHKOPHUCTOBYBATH EIICKTPOJABUTYHH 3arajbHOTO MPU3HAYCHHS B
YaCTOTHO-PETYJIbOBAHUX TpuBOAax? JIjas SKWX JBUTYHIB CTaBIATHCA IIABHUIICHI
BAMOTH JI0 BUOOPY HOMIHAJIBHOTO KOB3aHHS MPH 1X MapayiesbHii po6oTi?

10 3 axumMu MexaMu PETYIOBAaHHA YaCTOTH 1 HANIPYTH PO3POOIICHI YaCTOTHO-
PETYNIBOBAH1 ABUTYHH JUTS CLITBCHKOTOCTIONAPCHKUX MAIITHH 1 arperaris?

11 Axuit HanpsAMOK peryJitOBaHHS y YACTOTHO-PETYJbOBAaHUX MpuBoaax? Yum
OOMEXKY€EThCSI BEPXHS MeEXa PETYyJTIOBaHHSA IIBHIKOCTI 1 MiHIMQJIbHA YacTOTa
obepTaHHs?

12 Sxwmii mapamerp ABWUTYHA HEOOXIMTHO 3MIHIOBATA I KPAIOTO
BuKopucTaHHsA AJl 1 ofepaHHS BUCOKUX CHEPTETHUHWX MOKA3HUKIB HOTO poOOTH —
koe(imienra noryxrocti, KK/I, mepeBanTaxxyBajlbHOi 3MaTHOCTI — OJHOYACHO 13
3MIHOIO YaCcTOTH HAMPYTH XUBJCHHA? Bij woro mpw 1poMy 3aJIe:KWTh 3aKOH HOTO
3MIHHU?

13 Sk 3MIHIOIOTH HAMpPyTry Ha BHXOJI TEPETBOPIOBAYA YACTOTH TIPH
PETYNIOBaHHI  YacTOTH CTPyMy B TPUBOJAAX 3  PI3HUMH  MEXaHIUHUMH
XapaKTEPUCTUKAMHU POOOUNX MaITHH?

14 SIx BU3HAYa€THCS MEPEBAHTAXKYBAJIbHA 3IaTHICTh IBATYHA A 7

15 Mxwmii Burnmsam MatMe BUpPa3 OCHOBHOTO 3aKOHY 3MIHM HAMNpPYTH TIPH
YaCTOTHOMY CTIOCO01 perystoBanHs MBUAKOCTI AJl?

16 Yomy mpu 4acTOTHOMY PETYJIIOBAHHI PA30M 13 3MIHOIO YaCTOTH HEOOX1THO
3MIHIOBATH 1 HAMIPYTY?

17 3a saxkuM 3aKOHOM HEOOXIJHO 3MIHIOBATH HANpPyry Ha 3aTHCKadax
ACHHXPOHHOTO JIBUTYHA TIPY 3M1HI YaCTOTH CTPYMY?

18 Sxmii Burmsaa MaroTh mTydHi MX AJ[ mpu 4acTOTHOMY peryJIIOBaHHI
IIBUAKOCTI O0OepTaHHS poOOYOi MAMIMHWA 3 TOKA3HUKOM CTENCHS 3MIHA MOMEHTY
ormopy po60o4oi MamWHM B 3aJI€KHOCTI B ii mBHAKocTl obepranas x =07 x =17
x=27x=-1?
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PO3PAXYHOK MEXAHIYHHUX TA EJIEKTPOMEXAHIYHUX
XAPAKTEPUCTUK ACUHXPOHHOI'O EJIEKTPO/IBUI'YHA
3 ®PAZHUM POTOPOM JUIA PI3BHUX PEKUMIB POBOTHU

Meta poboTu: 3acBOITH METOAWKY PO3PaXyHKY €JICKTPOMEXaHIUHUX 1
MEXaHIYHUX XapaKTEPUCTUK AaCHHXPOHHOTO €JICKTPOBHUTYHA 3 (Da3HUM POTOPOM IS
PI3HHUX PEKUMIB POOOTH.

1 3aBnanHsa qj1s caMOCTIiHHOT MATOTOBKU

1.1 OnpamroBatn TeopeTHUHUH MaTepiajl MO0 PEKOMEHIOBaHIN jiteparypi [1,
c. 79-94].

1.2 OznalioMuTHcss 3 METOAWKOI  PO3PAXYHKY  EIEKTPOMEXaHIUHUX
XaPaKTEPUCTHK ACHHXPOHHOTO EIIEKTPOABUTYHA 3 (ha3HMM POTOPOM 3a CTPYMOM
poTOpa 1 3a CTPYMOM CTaropa.

1.3 OsHalioMHUTHCS 3 METOJIMKOK PO3PAXYHKY MPUPOAHOI Ta IITYYHHUX
MEXaHIYHUX XapaKTEPUCTUK ACHHXPOHHOTO €JICKTPOBHUTYHA 3 (Da3HUM POTOPOM IS
PI3HHUX PEKUMIB.

1.4 BIAIOBICTHU HA KOHTPOJIBHI ITMTAHHS.

BapianTu 1HIUB1AYyallbHUX 3aBIaHb HaBEACHI B TaOmIi 1.

2 IIporpama podotu

2.1 Jlma 3amaHOTO €NEeKTPOABHTYHA 3 (pa3HUM PpPOTOPOM po3paxyBaTd Ta
noOyAyBaTH TPHUPOIHI EICKTPOMEXaHIUHI XapaKTEPUCTHUKHA 3a CTPYMOM pOTOpa
w = £,(I}) Ta 3a crpymom craropa @ = f,(1,).

2.2 Jlma 3amaHOrTO eNEeKTPOJBHTYHA 3 (pasHUM pOTOPOM po3paxyBaTd Ta
noOyAyBaTH MPUPOIHY MEXAHIUHY XapaKTEPUCTUKY (V) = f3(M )

2.3 PospaxyBatm Ta TOOyAyBaTH INTY4YHY MEXAHIYHY XapaKTEPUCTHKY
w=f, (M HB) ACHHXPOHHOTO €JICKTPOJBHUTYHA 3 (Da3HUM POTOPOM TIPHU BBEICHHI B

KOJIO POTOPa aKTUBHOTO onopy R, = 0.1 npu HOMIHAJBHIA Hanpy3i 1 HOMIHAJIbHIN
21 >

YaCTOTI MEPEXKI.
2.4 PoszpaxyBatm Ta TOOyJAyBaTH INTYYHY MEXAHIYHY XapaKTEPUCTHKY

W= fs(M;ua) ACMHXPOHHOTO €JIEKTPOABUTYHA 3 (DasHMM POTOPOM MPH 3HIKCHHI

Hanpyr# Ha craropi Ha 10 %, ko R, =0, f, =50T.
20 1

3 3arajabHi BizomocTi i pekoMeHaaii

PoGota enexTpompuBoaa BH3HAYAETHCA ©(PEKTHUBHICTIO (PYHKIIIOHYBAHHS
CICKTPOJABUTYHA, TOMY BaXJIMBO 3HATH 3aKOHOMIPHOCTI €JICKTPOMEXAHITHOIO
MIEPETBOPEHHA B TIPOIIEC pOOOTH €EKTPOTIPUBO/IA SACKTPUIHOI CHEPrii B MEXaHIUHY
1 HaBMak®. 3HaHHS (PI3MUHUX TMPOIIECIB, MO BIAOYBAIOTHCA B CICKTPUUHIA MaITHHI B
JBUTYHHOMY 1 TaJbMIBHHX PEXHUMaxX, JJOMOMOXKE iX MaTeMaTHUYHOMY OITUCY,
BA3HAUCHHIO TIUIAXIB KEPYBAHHS EICKTPOMEXAHIYHUMHU MPOIECAMH TIEPETBOPEHHS
€HEPrii 1 PO3paxXyHKY XapaKTEPUCTHK CJIEKTPOTIPHUBO/IA.
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Tabmumsa 1 — Bapiantu iHIUBIAyaTbHUX 3aBaHb

- Eneprernuni Mexaniuna

' § Tun PH , MMOKA3HUKH I 2ro E2K , XapaKTepUCTUKaA
gl e | Bt | me [c0sp.l A | B | e | Se | Se
M e % | so. po. | % | %
1 [4AK160S4VY3 11,0 | 86,5 | 0,86 22 305 | 3,0 44 | 330
2 [4AK160M4Y3 14,0 | 88,5 | 0,87 29 300 | 3,5 3,7 | 32,1
3 [4AK180M4Y3 18,5 | 89,0 | 0,88 38 295 | 4.0 29 | 31,1
4 | 4AK200M4Y3 | 22,0 | 90,0 | 0,87 45 340 | 4,0 2,5 | 220
5 | 4AK200L4Y3 30,0 | 90,5 | 0,87 55 350 | 4,0 2,5 | 220
6 | 4AK225M4VY3 37,0 | 900 | 0,87 | 160 | 160 | 3,0 3,5 | 20,0
7 |4AK250SA4Y3 | 450 | 91,5 | 0,88 | 170 | 230 | 3,0 30 | 20,5
8 | 4AK250SB4Y3 | 55,0 | 90,5 | 0,90 | 170 | 200 | 3,0 23 | 196
9 | 4AK250M4VY3 71,0 | 91,5 | 0,86 | 170 | 250 | 3,0 2,5 | 195
10| 4AK160M6VY3 10,0 | 84,5 | 0,76 20 310 | 3.8 43 | 27,1
11| 4AK180M6VY3 13,0 | 85,5 | 0,80 25 325 | 4,0 44 | 29,1
12| 4AK200M6VY3 18,5 | 88,0 | 0,81 35 360 | 3,5 35 | 275
13| 4AK200L6VY3 22,0 | 88,0 | 0,80 45 330 | 3,5 35 | 21,0
14| 4AK225M6VY3 30,0 | 890 | 0,85 | 150 | 140 | 2,5 35 | 195
15| 4AK250S6Y3 37,0 | 89,0 | 0,84 | 165 | 150 | 2,5 3,5 | 18,0
16| 4AK250M6Y3 | 45,0 | 90,5 | 0,87 | 160 | 180 | 2.5 2,5 | 17,0
17| 4AK160S8Y3 5,5 | 80,0 | 0,70 14 300 | 2,5 6,4 | 29,0
18| 4AK160M8VY3 7,1 | 82,0 | 0,70 6 290 | 3.0 55 | 23,2
19| 4AK180M8VY3 11,0 | 8,5 | 0,72 25 270 | 3.5 4.4 | 227
20 4AK200M8VY3 15,0 | 86,0 | 0,70 28 360 | 3,0 3,5 | 23,0
21| 4AK200L8VY3 18,5 | 86,0 | 0,73 40 300 | 3,0 3,5 | 21,5
22| 4AK225M8VY3 | 220 87,0 | 0,82 | 140 | 102 | 22 | 4,5 | 195
23| 4AK250S8Y3 30,0 | 88,5 | 0,81 155 | 125 | 2,2 | 4,0 | 20,0
24| 4AK250M8VY3 37,0 | 89,0 | 0,80 | 155 | 148 | 2,2 3,5 | 185
25| 4AHK160M4VY3 | 17,0 | 88,0 | 0,87 34 315 | 3,5 4,1 | 323
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[Tponopxenns Tadmui 1

c% Tun P [TapameTpu cxemMu 3aMIIICHHS, B.O.

g €JeKTPO- K§T R, X, R, X1,
A JABMTyHa B.O. B.O. B.O. B.O.

I [4AK16054V3 11,0 0,038 0,068 0,051 0,086
2 |[4AK160M4Y3 14,0 0,032 0,060 0,042 0,078
3 |[4AK180M4VY3 18,5 0,022 0,042 0,034 0,063
4 | 4AK200M4VY3 22,0 0,024 0,050 0,026 0,075
5 |4AK200L4Y3 30,0 0,026 0,057 0,030 0,087
6 | 4AK225M4V3 37,0 0,023 0,061 0,027 0,069
7 | 4AK250SA4Y3 | 45,0 0,020 0,067 0,030 0,080
8 | 4AK250SB4Y3 55,0 0,017 0,061 0,025 0,073
9 | 4AK250M4V3 71,0 0,015 0,053 0,021 0,064
10 | 4AK160M6Y3 10,0 0,043 0,071 0,058 0,13
11 | 4AK180M6Y3 13,0 0,035 0,065 0,057 0,11
12 | 4AK200M6Y3 18,5 0,030 0,060 0,038 0,078
13 | 4AK200L6Y3 22,0 0,032 0,066 0,041 0,089
14 | 4AK225M6Y3 30,0 0,029 0,073 0,030 0,091
15 | 4AK250S6VY3 37,0 0,026 0,063 0,024 0,078
16 | 4AK250M6Y3 45,0 0,029 0,062 0,024 0,092
17 | 4AK160S8VY3 5,5 0,060 0,112 0,094 0,175
18 | 4AK160M8Y3 7,1 0,053 0,11 0,079 0,208
19 | 4AK180M8Y3 11,0 0,041 0,086 0,062 0,167
20 | 4AK200M8Y3 15,0 0,040 0,081 0,048 0,12
21 | 4AK200L8Y3 18,5 0,038 0,089 0,046 0,12
22 | 4AK225M8Y3 22,0 0,039 0,100 0,043 0,13
23 | 4AK250S8V3 30,0 0,033 0,081 0,034 0,10
24 | 4AK250M8Y3 37,0 0,031 0,078 0,031 0,10
25 | 4AHK160M4Y3 | 17,0 0,035 0,067 0,047 0,087
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ACWHXPOHHHI JIBUTYH € YHIBEPCAJIbHHM IEPETBOPIOBAYEM CHEPTii, B SIKOMY
B110yBa€ThCA NMEPETBOPEHHA Hanpyru craropa U, B Hanpyry poropa U,, 4actotu
KHBIICHHS f,; B 4acTOTy CTPyMy poTopa f,, €IEKTPHYHOI MOTYXHOCTI £, 1o
CIIOKMBAETHCS 3 MEPEXi, B MEXaHIUHY TOTYXKHICTh F,, M0 PO3BUBAETHCA

€JIEKTPOJIBUTYHOM.
[Tpu miaknrOYeHH1 OOMOTKH CTAaTOpa ABUTYHA 0 MEpexi Tpru(]azHOTO CTPyMy
BMHHMKAc O0EPTOBE MArHITHE IOJie, KyTOBa WIBHAKICTH SAKOTO (), Ha3HUBACTHCH

CHHXPOHHOIO 1 3HAXOAUTHCS 3a (HOPMYIIOI0

_27h
p 2

Wy (1)
mne  f, —dacrtora 3MIHHOTO CTpyMy mpomuciiosoi uactory, ['n, f; =501,
P — UUCIIO Map MOJIKOCIB ABUTYHA, SIKE BU3HAUAETHCA 3 ACMOPTHUX AAHUX.
PizHuIs Mk CHHXPOHHOIO KYTOBOIO IIBHIKICTIO 1 MOTOYHHUM 3HAUYCHHAM
KYTOBOi HIBUAKOCTI POTOPA, BIAHECEHA 0 CHHXPOHHOI IUBUJKOCTI (1), HA3UBACTHCA
KOB3aHHAM

§==0"2 )

Jst peuryaHoro peskumy S =1...0 1 moTy»XHICTh Ha BaJly BU3HAYAETHCS
B=M-0=P,-(1-5), 3)

ne P, =M -, - enextpomarsiTHa noTyKHicTh, BT.
Pizaung

Fu—B=FS=AP 4)

MIPEICTABIIAE BTPATH TMOTYKHOCTI TIPH €ICKTPOMEXAHIYHOMY TIEPETBOPEHHI €HEPTI,
AK1 TIPOTIOPITIHI KOB3aHHIO.

JIIst 3pydHOCTI PO3MIISAAY MPOIECIB, IO BILAOYBAIOTHCS, 1 CHPOIICHHS PIBHSHbD,
napaMeTpu 0OOMOTKH POTOpa MPUBOJASTHCS 10 OOMOTKHM cTatopa. CMHUCH MPUBEACHHS
CKJIQJIAEThCSI B YMOBHIN 3aMiHI JIMCHOI POTOPHOI OOMOTKH (DIKTUBHOIO, SIKA MA€E TEK
guciio (a3 1 BUTKIB 1 TOH k€ 0OMOTYBaJIbHHM KOS(IIIEHT, IO 1 cTaTOpHa 00MOTKa. B
NO3HAYEHHAX KoedimieHTH 3 IHAeKCOM 1 BIgHOCATBCS OO0 OOMOTKH CTaTopa
(MMEpPBUHHOTO KOJIA), a 3 IHAEKCOM 2 — 0 OOMOTKH POTOpPa (BTOPHHHOTO KOJIA).

Ha mpakrtwii y 61TbI1oCcTi ABUTYHIB KUTBKICTH (Da3 cTaTopa 1 poTopa OJHAKOBA,
ToMy (hOpMYJIA IPUBEICHHS MAaTUMYTh BUTJISI;

— MPUBEJACHUN 0 CTATOPA CTPYM POTOpaA
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[éz—v (5)

ne 1, — miiicHuii cTpym poTopa, A;
K ; — xoedimienT Tpancdopmarii enexrpopyuriitaoi cumu (EPC).

KE - > (6)

ne E|, E, —sinnosigno EPC o6moTok cTatopa 1 potopa, B;
— MPHBEICHI 10 OOMOTKH CTaTOpa OMOPH POTOPA AOPIBHIOIOTH

Ry =R,-Kp, Xy=X, Ky, (7)

ne R,, X, — BianosigHo aAiiicHi akTUBHUI Ta IHAYKTUBHUH omopu dasu poTopa,
Owm.
Koedimienr K, MOKHA BUSHAYNUTH 34 MMACIIOPTHUMH JAHUMH IBUTYHA
E Yy
U

~ TH

K;=0,95- , (8)
2K

ne 0,95 — xoediuient, mo BpaxoBye 5 % BTpaTy HAPyru B OOMOTII CTATOPA,;
U

E,  — EPC mix kinbusaMu HepyxoMoro (aszHoro poropa, B.

1x — HOMIHAJIbHA JdiHINHA Hanpyra ctaropa, U, =380 B;

I3 Bu3HaueHHs koedinienra K Binomo, mo npuBeaeHa 10 0OMOTKH craTopa
EPC potopa nopiBaIo€e

a xoediieHT TparcdopMallii CTpymy
1
K, =-2% 10
T (10)

Onopr KOPOTKOTO 3aMWKaHHA JBWTYHA B 3araJilbHOMY BHWIIQJKy MOJKHA
BU3HAUNATH 32 (hOpMyIaMHu

R =R +R,, X.=X,+X}. (11)

Skimo oOMOTKM JBHryHa 3’ €JIHaHI B TPUKYTHHK, TO HOTO CHIiJ 3aMIHUTH
CXEMOIO €KBIBAJICHTHOT 31PKH, JJIA AKOi OTIOPY NMPHHMAIOTh PiBHUMH 1/3 hakTHaHIX
onopiB ¢a3 craTopa 1 poTopa.

3a TmacmopTHUMH  JaHAMH HOMIHAJIBHHMM CTPYM CTaropa JBHUI'YHA
PO3PaxXOBYETHCS 3a (POpMyIIOr0
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I = Py | (12)

\/§° UJ'IH "COS Py - 1y
EnexTpoMexaHiuHa XapaKTePUCTHKA BH3HAYA€ 3aJICKHICTh MDK KyTOBOIO
IIBKMKICTIO poTopa @ (a0o KOB3aHHAM) 1 cTpyMoM cTatopa /; abo cTpyMoM poTopa

I

EnexrpoMexaHiuHy XapaKTepUCTHKY ACHHXPOHHOTO JBWTYHA 3a CTPYMOM
pOTOpa PO3PaxoBYIOTH 3a (HOPMYIIOIO

Ul
R P
R1+? +(X, +X})

B pexumi imealbHOrO XOJIOCTOTO XOJay uepe3 OOMOTKY craropa MpOTIKae
TUIBKA CTPYM HAaMarHidyBaHHS [, SKUH CTBOPIOE MArHITHAW MOTIK B CTATOPi, TOMY

5(S)= (13)

CTPyM CTaTOpa BHW3HAYAETHCH SK TEOMETPUYHHMHA JOOYTOK TMPHUBEICHOTO CTPYMY
pOTOpA 1 HAMATHIYYIOYOTO CTPYMY

MexaHIYHOIO ~ XapaKTEPUCTHKOK  ACHMHXPOHHOTO  JBHTYHa  HA3WBAIOTh
3QJICKHICTh €JIEKTPOMarHiTHoro Momenty M Bin kosanus, Tooto M = f (S) abo

o= 1(11)

IV 3U; - R,

(15)
RY 5
w, - S- (RIJFSZJ +(X, +X3)

KOBSaHHH, npu AKOMy MOMCHT JBHI'YHA 6YI[G MAaKCUMAJIbHHUM, HA3HUBACTHCA
KPUTHYHHUM 1 BU3HAYAETHCS BHPAa30OM

S =+ Ry |
\/R12 +(X1 +X£)2

3HaK «+» BIAMOBIAAE PEIKUMY JBUTYHA, a 3HAK «—» — TCHEPATOPHOMY PEIKHMY
3 peKymepauiero eHeprii B Mepexy. Ko miacraBuTyu B piBHAHHA (15) 3HaueHHA S,

(16)

TO OTPUMAEMO BHUPA3 KPUTUYHOTO MOMEHTY

I 3]

_ 1 17
20,-S+|R R+ (X, + X3 (4
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3 popmymnu (17) Bunnusae, o M B reHepaTopHOMY peskuMi Oyae Bl €MHUM
1 3a a0COFOTHUM 3HAUCHHSIM B 1,5...3 pasu OuTbIIIE KPUTHIHOTO MOMEHTY B PEKUMI
JIBUTYHA.

[Nonpimueimm piBHsAHHA (15) Ha piBHAHHSA (17), michsa BIAMOBIIHUX MEPETBOPEHD
OTPUMAEMO PIBHAHHSA MEXAHIYHOI XapaKTEPUCTHUKH, M0 3aCTOCOBYETHCS IS
JBUTYHIB MaJIOi OTYHOCTI (yTouHeHa (opmyna Kiocca)

_2M, -(1+aS,)

M , 18
S S, (18)
— 4+ 4+2aS,
S, S
zie azR—} — Koe(IIMIEHT BIIHOIICHHS aKTHBHOI'O ONOPY OOMOTKH cTaTopa A0
2

NPUBEICHOr0 aKTUBHOT'O OMOPY OOMOTKH POTOPA, B.O.;
R, — axTuBHuii onip o6MoTKHM cTaTopa, OM;

R’, — npusenenuit akTuBHUIA omip koia potopa, OM;
S — MOTOYHE KOB3aHHS, B.O.;
S, — KDUTHYHE 3HAYEHHSA KOB3aHHA, B.O.

JIst OBHTYHIB CEpPEAHBOI Ta BEIMKOI MOTYXXKHOCTI, BBakKaroun R; = 0,
MEXaHIYHY XapaKTepUCTUKY OyayloTh 3a cmpoiieHow dopmynoo Kiocca, ska
JI03BOJISIE BAKOPHUCTOBYBATH JIMIIE TTACTIOPTHI JIaH1 JBUTYHA

2M,
M=5 s (9
S. S

Kputnane koB3aHHS MOKHA 3HAWTH 3a (POPMYJIIOIO

S, =SH-(1+,/M§ —1), (20)

mne M, — IMepeBaHTaKyBalbHA 3MATHICTb JBUTYHA, B.O., U =M / M., .

IHITy4Hi XapakTepuCTHKN ACHHXPOHHHUX €JIEKTPOABUIYHIB
Peocmamui mexaniuHi xapaxmepucmuku

Ie# MeTOM 3aCTOCOBYETHCS AJIA ACHHXPOHHUX JABUTYHIB 3 KOPOTKO3aMKHCHHUM
POTOPOM TMIISXOM BKJTIOUCHHS PE3WCTOPIB B KOJO CTATOpa, a Ui aCHHXPOHHHUX
JBUTYHIB 3 (pa3HUM POTOPOM — BKITIOUCHHSM PE3UCTOPIB B KOJIO poropa. Cxemu

BKJTFOUCHHSI aCHHXPOHHUX €JICKTPOIBUTYHIB MPEICTABICHI HA PUCYHKY 1.
3MiHYy OIIOPY POTOPHOTO KOJIa 3MIMCHIOIOTh B ACHHXPOHHHX JBHTYHAX 3
dazaum poropom, Hanpukiaag AUPD, ski € enekrpudHO0 MOAM(IKAINIE ABUTYHIB
3arajgpbHOTO  BHKOpucTaHHsS cepii AWMP. Jlguryam 3  ¢asHEM  poTOpoM
BAKOPUCTOBYIOTH B MPHUBOJAX 3 BAXKKAUMH yMOBAMH MyCKy ab0 THX, M0 MOTPeOyIOTh
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X, R, — BIANOBIHO 1HAYKTUBHUI 1 akTMBHMH omip oOMOTKM (as3u craropa,
Owm;
! ! XI _ . . . 6 A
-1, X5 — BIANOBIAHO NMPUBEJEHI 10 OOMOTKHM CTaToOpa CTPYM POTOpa, A,
aKTUBHHH 1 IHIYKTHBHUI omopu ¢a3u poropa, OMm;
S — KOB3aHHA €JICKTPOJIBUTYHA, B.O.

Ta6nuis 2 - [Tapametpu enekrpoasuryna tuny 4AK160S6Y 3

[TapameTpu [Toxazauku
HominanbHa notyxHicts P, kBt 7,5 kBt
Hominansnuiit KK/, 7., % 82,5%
HominanbHuii koe(iieHT NOTYKHOCTI COS(,,, B.O. 0,77
Hominanenuii ctpym poropa /,,., A 18 A
Enextpopyuiiina cuna (EPC) poropa £, , B 300 B
CuHXpOHHA yacToTa 00epTaHHs 7, 00/XB. 1000 06/xB.
KpaTHicTh KpUTHYHOTO MOMEHTY [/, , B.O. 3,5
HominaneHe koB3aHHS S, % 5.1 %
Kpuruune xoszanns S, , % 30,1%
AxTHBHUH omip cTaropa R, B.0. 0,054 B.0.
PeaxTusHuii omip craropa X, B.o. 0,079 B.o.
AKTWBHUH omip poTOpa, MPUBEIACHAN R}, B.o. 0,068 B.0.
PeakTusHuit omip potopa, MpUBEACHAN X 7, B.O. 0,120 B.0.

Ockutbka B (opMYIIl OITOPH HaJaHI B aOCOMIOTHUX OJWHHUIIAX, a B MACIOPTHUX
JaHWUX HaBEJICHI Y BIIHOCHHUX OJUHUIIAX, 3HAXOUMO iX aOCOJIFOTHI 3HAUCHHS.
HominanpHUI CTpyM CTaTOpa ABHT'YHA PO3PAXOBYETHCS 32 (DOPMYJIOHO

I, = "
. \/gUJIH T COSQy .”H’

ae U, — miHiiiHa HOMIHanbHA Hanpyra, U, =380 B.

7.5-10°
[lH - =
J/3-380-0,77-0.825
[ToBHwMi HOMIHATBHUH omip (pa3u OOMOTKH cTaTOpa JOPIBHIOE
— UIH
1x [1

7,9 A.

>

Z

>

H
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7. =22 _1230wm
17,9

2
Omnopw, HaBeAeH! Y BIAHOCHUX OJWHUIIAX, HaJaHI TIPU poOOUiil TemrepaTypi
0OMOTOK JBUTYHA, TOMY JOJATKOBOTO TPHWBEACHHS A0 poOOUOi TeMmIepaTypu HeE
noTpeOyioTh. BuzHauaeMo onopu 0OMOTOK B a0COIIOTHUX OJMHHUIIIX

R=R-Z,:

1u>

R, =0,054-12,3=0,66 Owm;
X :Xl Ly
X,=0,79-123=0,97 Owm;

R,=R,-Z,

R, =0,068-12,3=0.84 Owm;

£:X£°Zl :

7=0,120-123=1,48 Om.

BUKOHaeMO  PO3pPAXyHOK  OCHOBHMX  TOYOK  €JIEKTPOMEXaHIYHOi
XapaKTEPUCTUKH:
— TOYKA 1I€JTbHOTO XOJI0OCTOT0 X0y (CHHXPOHHA KYyTOBA MIBUIKICTH )
npu bomy kos3auus S=0; [} =0;
— TOYKA KOPOTKOTO 3aMHUKAHHS
npu poMy KoB3auus S =1, /) =1} — npuBeneHnii MycKOBUA CTPYM

Ul H

Ién: r\2 r\2 >
\/(R1+R2) +(X1+X2)

I = 220 =76,6A;

J(0.66 +0.84) +(0,97 + 1,48)’

— HPUBE/CHE IPAHUYHE 3HAYCHHS CTPYMY pOTOpa
NPH LbOMY KOB3aHHA S =00, [ =1;
I, = Yy ;
2rp 3 5
\/Rl +(X;+X3)

H
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/ 220

_ ~86,7A:
P o667 + (0,97 + 1.48)

— IMpUBEICHE MaKCUMaJIbHE 3HAUCHHS CTPYMY poTopa
MPY IbOMY MaKCHUMaJIbHE KOB3aHHSA

RI
SMaKC = _Fj;
0,84
=———=-127B.0,
MAKC 0.66
[! _ UIH
2make (X +X,)2 >
1 2
[ e 220 =898 A;
M 2
J(0,97 +1,48)

— NPHBEAEHE HOMIHAJIbHE 3HAYEHHS CTPYMY POTOpa
IIPU [[bOMY HOMIHAJIbHE KOB3aHHs, 3riiHO nacnoptaux aanux S, = 0,051

' —
[2H_

220

= =12,7A:
0,66 + 0841, (0,97 +1,48)°
0,051

' —
[2H_

>

— NPHBEAEHE KPUTHYHE 3HAYEHHS CTPYMY POTOpa
IIPY [(bOMY KPUTHYHE KOB3aHH, 3rifHO nacnoptaux ganux S = (0,301

! _ H .
L, = ,

I, = 220 =520A.

2
0,66 + 0847, (0,97 +1,48)
0,301

>
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3a 3HaliIcHUMY 3HAUCHHAMH MPUBEJACHUX CTPYMIB 1 BIIMIOBITHUX HUM KOB3aHb
OyayeMO  TIPUPOAHY  CIICKTPOMEXAHIUHY  XaPaKTEPUCTHKY  ACHHXPOHHOTO

eJIEKTPOABUIYHA 3 (Ja3HUM POTOPOM 3a CTPYMOM POTOPa (@ = fl(] é) (puCYHOK 4).

S, B.O.

NS

SF==+

0,5

- —d——— -t =1 ——-

I, A

\

o0

Pucynox 4 — EnextpoMexaHidyHa XapaKTePUCTHKA () = fl(] é) 3a CTPYMOM POTOpa
ACHHXPOHHOTO €JIEKTPOABUTYHA 3 (hazHuM potopom Tuiy 4AK160S6V3

EnexTpoMexaHiuHa XapaKTEPUCTHKA EJICKTPOJABUTYHA BHUPAKECHA 3AJICIKHICTIO
ITBUAKOCTI (HaBaHTAXXCHHS ) Bl CTPYMY CcTaropa @ = fz(] 1).

XapakTep 3MIHH CTPYMYy CTaTopa BH3HAUAEThCSA 3MIHOIO CTPyMy poTOpa y
BIJIIOB1THOCTI 13 PIBHIHHIM
_ !
[1 _[0 +[2Ma1<09

ne [, — cTpyM XOIOCTOrO XOAy €NEKTPOABUTYHA, A;
1)) e — MAKCHMaJIbHE 3HAYCHHS CTPYMY POTOPA, NPHUBEICHE 10 YMCIIA BUTKIB

CTAaTOPHOI 0OMOTKH, A.
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KyTtoBy mBuakicTh 00epTanHs poTopa mpu Oyab-SKOMY KOB3aHHI BU3HAYAEMO
3a PIBHSIHHAM

0; = 0)0(1 - Sz’)’
Je (@, — CHHXPOHHA KyTOBa IIBH/KICTb €ICKTPOABUIYHA, Pajy/C.

TC'I’ZO
Wy = ,
30

e M, — CHHXPOHHA 4acTOTa 00EPTaHHA €JIEKTPOABUrYHA, 00/XB.

~3,14-1000

w, =104,7 pan/c;

1,=03-17.9=537A;

I

Imake

=537+89,8=952 A;

@, e =104,7(1—(~1,27))=237,7 pan/c.

[Tomanpini po3paxyHKH €ICKTPOMEXAHIYHOT XapaKTEPUCTHKH 3a CTPyMOM
craTopa o(popMITIOEMO Y BHTJIsAI1 TaOIHII 3.

Tabmuus 3 — PesynsraTd po3paxyHKy elNEKTPOMEXAHIYHOI XapaKTEPUCTHKH 3a
CTPYMOM CTaToOpa @ = fz(]1
S e = Ry
S., B.O. ke = S.. =0 S, A\ S,=1 | S=+w
1
1 éi > A 1 éMaKC 1 é =0 éH é}( ér{ Iérp
w;, pan/c Oy e Wy W, W, 0 0 = Fo©0
[11' > A [lMMaK [O ]lH IIK Ilr[ ]1Fp
S,, B.O. -1,27 0 0,051 0,301 1 + 0o
5 A 89,8 0 12,7 52 76,6 86,7
w,par/c | 2377 | 1047 99 4 73,2 0 Foo
I, A 95,2 5,37 18 574 82 92,1
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3a pe3ylbTaraMH PO3PaxXyHKIB OyAyeMO TIPHPOJHY €ICKTPOMEXaHIUHY

XapaKTEPHCTUKY ACHHXPOHHOTO EJIEKTPOJABMIYHA 3 (Da3HMM POTOPOM 3a CTPYMOM
cratopa @ = f, (]1) (PHCYHOK 5).

500

400

300

200

100

-100

-200

-300

~400

®, pax/c

Pucynok 5 — EnektpoMexaHiuHa XapakTepuctuka @ = f, (] 1) 3a CTPYMOM CTaTtopa

ACHHXPOHHOTO E€JICKTPOABUTYHA 3 (hazHuM potopom Tumy 4AK160S6Y3

7.2 Jlna 3amaHoro enexkrpoapuryHa tumy 4AK160S6Y3 3 dazaum poropom

PO3PAXOBYEMO MPUPOTHY MEXAHIUHY XapaKTEPHUCTHKY.

Jc

Po3paxyeMo OCHOBHI TOUKH MTPUPOTHOT MEXAHIUHOT XapaKTCPUCTHKH :
— CHHXPOHHA KyTOBA IIBUIKICTh

2w fy
p 2

/1 —4acrora ctpymy B mepexi, ['n, f; =501
P — KUIBKICTb Hap MOJIOCIB.

0, = w =104,7 pan/c.

W

MoMeHT IBUTYHA IPY CHHXPOHHIM KyTOBIM MIBUAKOCTI (), AopisHioe M =0,
— HOMIHAJIbHUH MOMEHT JBUTYHA
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HomiHansHy KyTOBY MIBHAKICTH, SIKa BIAMOBIa€ HOMIHAJIHHOMY KOB3aHHIO,
BH3HAYAEMO 32 (POPMYJIOK0

w, =g - (1-S,,);
w, =104,7-(1-0,051)=99.4 pan/c;

_7,5-10°

HOM
9

=755H- -M;

>

— KPUTHUYHUH (MaKCUMaJIbHAN ) MOMEHT JBUTYHA
M =M, u.,

ne ML, — KPaTHICTb MAKCUMAJIbHOTO MOMEHTY JBUTYHA, B.O.

3a macnopTHEMHU JaHUMU AuryHa tany 4AK160S6Y3 p =3,5. Omxke
M, =755-35=2642H M.

Kputnuny KyTOBY INBHIAKICTH, SKa BIANOBIAAE KPUTHYHOMY KOB3AHHIO,
BH3HAYAEMO 32 (POPMYJIOK0

a)K :a)O ) (l_SK)j
w, =104,7-(1-0,301)="73,2 pan/c.

3a BIACYTHICTIO B IMACHOPTHHX JaHWUX CJSKTPOJABHUTYHA BIJOMOCTEH IIPO
KPaTHICTh TyCKOBOI'O MOMEHTY MOT0 MOKHA BH3HAUUTH 3a hopmyioro Kiocca

_2M,-(1+aS,)

M )
S S,
—+ -5 4+2aS,
S S
zie azR—} ~ KOe(IIMIEAT BIIHOIMICHHS aKTHBHOTO OIOPY OOMOTKH CTaTopa Jio

MIPUBEICHOTO aKTHBHOT'O ONOPY OOMOTKH POTOpa, B.O.;
R, — akTuBHHMII onip 06MOTKH cTaTopa, Owm;
R, — npuBenenwuit akTMBHMIA omip Koja potopa, OMm;
S’ — MOTOYHE KOB3aHHS, B.O.;
S, — KpUTHYHE 3HAUEHHS KOB3aHHA, B.O.

0,66

a =0,786.

>

B momenT mycky enektpoasuryHa S =1. Orxke
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[Ipu BBeIEHHI B KOJIO POTOpPa aKTHBHOTO omopy 0a3oBi BeauumHu U, o le
3ATHAIIAIOTHCA HE3MIHHUMHU.

[IpoBemeMo  po3paxyHOK  OCHOBHMX  TOYOK  INTY4YHOI  MEXaHIYHOI
XAPaKTEPUCTHUKH

— CHMHXPOHHA KYTOBAa H_IBI/II[KiCTB
C2-m-fy 2-314-50
p

Doy = Dp =104,7 pan/c;

p
— KPpUTHUYHE KOB3aHHA
! !

S =S .M

KT Kmp f >
RZ

I Réﬂ — MPHUBEACHUHN OMIP JOJATKOBOTO OIMOPY.

R, =R, -K?
2n T fV2no FE

ne K —xoedinienr tpancdopmaii EPC.

UJ'IH
Ky ~095-
2K

>

ne 095 — xoediuienT, o BpaxoBye 5 % BTpaTy HAPyrH B OOMOTII CTATOPA,;
U ., — HOMIHaJbHa JiHiiiHa Hanpyra cTatopa, U, =380 B;

E,. — EPC mix kinbusamu Hepyxomoro dasHoro poropa, B. 3a nacnoptaumu
nanumu asuryHa £, =300 B.

X

2 UJ'IH
K2 ~|0095-

EZK
380
Ki~|095-—| =145.
300

JlomatkoBuii omip BU3HAYAEMO 3a (hOPMYJIOK0
RZ/:[ = RZ/:[ ) RZH;

ne  R,, — nomaTKoBui aKTMBHUMH OMIP POTOPHOTO KOJA, B.O. 3TiHO 3aBAaHHs

R,, =0,1,B.0;

R, — HOMIHanpHMH onip PoTOPHOro kona, Om.
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Jc

E2I<
\/§°I2H ’

[, — HOMIHANBEHUI CTPYM poTopa, A. 3a NacIIOPTHUMH JAHHMU

L, =18A.

R2H =

R, ==X _9620m:
V318

Ry, =0.1-9,62=0,962 Om:
R, =0.962-1,45=1395 Owm;

0,84 +1,395

S.. =0301- =0,801;

>

— KPUTHYHA KyTOBA IIBUAKICTh @, . = @) * (1 — SKmT);

W =104,7-(1-0,801)=20.8 pan/c;

— kpuTHaHui MoMeHT M, =M, =264.2 H-Mm;

— HOMIHAJIPHE KOB3aHHS

S =8 M
H IUT H Ip R’ >
2
S 00512843 (13556

>

— HOMIHAJTbHA KYTOBA IMBHIKICTh

Wy r = Wy (I—SHHH),

w, . =104,7-(1-0,136)=90,5 pan/c;

— HOMIHAJIbHHUH MOMEHT

My = My, =755 H-m;

— KOB3aHH: IPH MycKy AopiHIOE S =1;
— MMYCKOBHH MOMEHT 3HAaX0JHMO 3a (hOPMYJIOIO
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2M e [+ @S )

T~ K T

M =
o mT S S >

K T

+ +2a._S

SK - mT ™~ K IIT
Jie a= & = 0,66 =0,295.
R, +R;, 0,84+1395
Kos3anns npu mycky S =1. Omxe
M. - f-264628-0(i+o,295-o,801) 2205H .
+ > +2-0,295-0,801
0,801

3a po3paxOBaHUMHU TOUYKAMH:

1 touxa S =0(w,), M =0; 2Touka S, .. (@Hm), My =My s

3 Touka S . ((oK -—- ), My 41ouka S, (0=0), M, .

OyayeMO INTYYHY MEXaHIYHY XapaKTEPHUCTUKY () = f4(M HB) IIPH BBEJICHHI B KOJIO
pOTOpa TOAATKOBOTO aKTUBHOT'O OTIOPY (PUCYHOK 7).
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Jc

2
MKH.IT :MKr[p ) UlmT >
UIH

OCKLJIBKH 332 YMOBOIO 3aJ1a4l Hanpyry 3HmkeHo Ha 10 %.

Upw =09-U,

H?>

0,9-220

2
Mm=264,2.( j =2642-081=214H m;

— HOMIHAJIBHUI MOMEHT IpH HOMiHAIbHOMY KoB3aHHI S = 0,051 nopisHioe

2
MHH.IT:MHlTp ) UlmT >
UIH
0,9-220Y’
MHmT:75,5-( . j =755-081=612H-™m;
— MMYCKOBHH MOMEHT 3HAaX0JUMO 3a (hOPMYJIOIO
U 2
Mr[ wr Mr[ m — 5
UIH

2
j =159,5-0,81=1292 H-m.

3a po3paxOBaHUMHU TOUYKAMH:
1 Touka S = O((DO), M=0; 2 TouKa Sy, (0)

3 touka Sy ((o M

Kot ’

M

Hl'[p)’ H oIt ’

K ) 4 Touka S ((o = O), M -

OyAay€eMO MITyUYHY MEXaHIUHY XapaKTEPUCTHKY (1) = fS(M HB) MIPY 3HMKEHHI HATIPYTH

Ha CTaTop1 (PUCYHOK 8).
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6 IlIryuny MexaHIYHy XapaKTepPUCTHKY O = f, (M HB) ACHHXPOHHOTO

eJIEKTPOABHUIYHA 3 (Da3HUM POTOPOM IIPH BBEJACHHI B KOJIO POTOpPA aKTHBHOTO OIOPY.
7 IlrydHy MeXaHI4HY XapaKTEPHCTHKY O = f; (M HB) ACHHXPOHHOT'O

SJIICKTPOABUTYHA 3 (ha3HUM POTOPOM TP 3HIKCHHI HAMPYTH HA CTATOPI.
8 AHaii3 OTpUMaHUX PE3YJIHTATIB.

6 KoHTpoJIbHI IUTAHHS

1 Illo Ha3mBaeTHCA €MCKTPOMEXAHIYHOI Ta MEXAHIYHOIO XapaKTEPUCTHKAMH
acCHHXPOHHOTO enekTpoasuryna (AJl)?

2 o Ha3MBaAETHCA MPUPOJHOIO TA IITYUYHOK XapakTepuctukamu AJl?

3 Sk BU3HAYAETHCS CUHXPOHHA KyTOBA MBUIKICTH AJ]?

4 $Ik 3a KaTaJOrOBHMHM JAaHUMHU BH3HAYNTH HOMIHAJIBHUN MOMEHT Ha Bainy AJl?

5 Sk 3a KaTalOrOBUMHU JAHUMH BU3HAYMUTH HOMIHAJIBHY KYTOBY IIBHAKICTH
EN?

6 Illo Take KOB3aHHA AaCHHXPOHHOTO €JICKTPOJABUTYHA 1 IK HOTO BUZHAUMTH?

7 Sk po3paxyBaTy 3HAUCHHS KOB3aHHA MPH MAaKCHMAJIbLHOMY MOMEHTI Ha Bajy
AJl?

8 Illo Take MakCHMaJlbHAM MOMEHT Ta SKAM YHHOM WOTO MOJKHA
PO3paxoByBaTH 3a KATAJIOKHUMH JAHUMH €JICKTPOABUTYHA?

9 Sk po3paxyBaTd TMOTOYHE 3HAYEHHS KYTOBOi IMIBUIAKOCTI TPH BIAOMOMY
koB3aHH1 AJ]?

10 fx 3amexxuTh MOMEHT AaCHHXPOHHOTO EJIEKTPOJABHUTYHA BiJ BEIUUHHH
MABEICHOT 10 HHOTO HANPYTH?

11 ki xapakTtepHi TOYKM MOXHA ITO3HAYWTH HA TPUPOJIHIA MEXaHIUHIH
XapaKTEPUCTHIN ACHHXPOHHOTO €JIEKTPOIBUTYHA?

12 HaBenitTh aHamiTHuHY 1 rpadiyHy 3aJICKHICTh CTPYMY CTaTopa BiJ KyTOBOI
IIIBUKOCTI poTOpa. SIK HA3MBAETHCS TaKa 3aJIEKHICTH?

13 Skmx 3HAYEHH MOXKE OCIATATA KPATHICTH MYCKOBOTO CTPYMY TIPH TIPSIMOMY
BKJTFOUCHHI AaCHHXPOHHOTO JIEKTPOIBUTYHA B MEPEKY ?

14 BxaxiTh CcmocoOHM 3HWKCHHS BCIWYHHUA CTPYMY CTaTopa MPH IIYCKY
ACHHXPOHHOTO EJIEKTPOABUTYHA 3 KOPOTKO3aMKHEHUM POTOPOM.

15 HaBenith ciocoOr 3MEHIIECHHS ITYCKOBOTO CTPYMY 1 30LIBIIEHHS ITyCKOBOT'O
MOMEHTY TIPH TTyCKY aCHHXPOHHOTO €JIEKTPOJABUTYHA 3 (pa3HUM POTOPOM.

16 Sk 3anekuTh MaKCUMAJIBHHIT MOMEHT Bl OIIOPY Kojia poTopa?

17 Sx 3amexxars BiA OMOpy Kojia pOTOpa aCHMHXPOHHOTO JBUTYHA ITYCKOBHIMA
MOMEHT 1 ITYCKOBHH CTPyM?

18 Sxwmii BUTISIA MarOTh IMITyYHI MeXaHiIUHI Xapakrtepuctuku AJ[ 3 dazaum
POTOPOM TIPH BBEJICHHI B KOJIO POTOPa J0IaTKOBOTO aKTHBHOTO OTIOPY ?

19 Sxwmii BUTISIA MarOTh MITYYHI MEXaHIUHI XapaKTEPUCTHKH AaCHHXPOHHOTO
SJIICKTPOABUTYHA 3 (ha3HUM POTOPOM TIPH 3HMXKCHHI HAMPYTH HA CTATOPi?

20 Sk MokHA 3MEHIITUTH MTyCKOBUN CTPYM 1 30UTHIITATH MyCKOBAM MOMEHT AJ]
3 (ha3HUM POTOPOM?
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