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Becryn

Jucnumtina «ABTOMOOLUIBHI JABUTYHH» € OJTHIEI0 3 OCHOBHMX HPH MiAro-
TOBLI (haxiBIiB CrELiaIbHOCTI « ABTOMOOUILHHI TPAHCIIOPT» OCBITHBOIO PiBHS «0a-
KanaBp». Apronapk Ykpainu mMaibke Ha 100 % BUKOPHUCTOBYE JIBUTYHH BHyTpiLuHLoro
3TOPaHHs (OIB3), Tomy norp16Ho 3Hamu X KOHCTPYKLIIO, YMOBH POOOTH BY3IIB,
arperaTlB Ta JABUTYHA B LIJIOMY, @ TAKOX émimu iX po3paxoByBaTH, 3HAIOYH IIPHU-
KJIaJieHI HaBaHTa)KeHHs, YMOBH pOOOTH TOILO.

Mema mucUMIUTIHA — HAOYTTS CTyAEHTAMHU 3HAHb IONO NPHHLMITLY POOOTH
ABTOMOOUTBHUX JIBUTYHIB, aHaJi3y Ta PO3PaxyHKY poOOYOro ILUKIY, MOKAa3HUKIB
po060TH, 0OCOOIUBOCTEM TX KOHCTPYKIIT, KIHEMATHKH Ta JTUHAMIKH.

3aé0anna TUCUMIUIIHM — HAJaTH CTYAEHTAM HABUYKH PO3PAXYHKY, KOH-
CTPYIOBaHHsI Ta BUMPOOYBAHHS IBUT'YHIB 1 OIIHKH 1X TEXHIYHHX XapaKTEPUCTHK.

Ilpeomemom MUCIIUTUTIHA € TIPOLIECH 1 SIBUIIA, SIKi PEATbHO JIIOTh HA IBUTYH
IIiT 9ac HOro eKCITyaTallii.

[Ticis BUBYEHHS JUCUMILTIHU CTYACHTH MTOBUHHI 3HAMU TEOPETUYHI Ta (ak-
TUYHI UK, SIBUINA, IO BiIOYBAIOTHCS y IIUTHAPAX IBUTYHA; METOOUKY 3HATTA
XapaKTEpHUCTHK Ta BUKOHYBATH X aHAJI3; OLIHIOBATH BIUIMB KOHCTPYKTHBHHX Mapa-
MeTpiB BUTYHA HA HOTO HAIIHICTH 1 JOBTOBIYHICTE. TakoK BiH Ma€ ymimu po3paxo-
BYBAaTH TEOPETWUYHI IIMKJIM; BUKOPHCTOBYBATH TEIUIOBUI OallaHC JBHTYHA JUIS TIpaK-
THYHHX 33/1a4; IPOBOJIUTH aHAJI3 LMKIIIB; BU3HAYATH MOKA3HHUKH, 110 XapaKTEPU3YIOTh
UK 1 poOOTy IBUTYHA; aHATI3YBAaTH MPOIIECH CyMIIIOYTBOPEHHS KapOIOpaTOpHUX 1
J3ENTFHUX JIBUTYHIB; aHATI3YBATH CHIIH, IO AIFOTh Y HBOMY, TIPOBOAWTH OallaHCyBaHHS
JIBUT'YHIB; aHATI3yBaTH KOHCTPYKIIIFO MEXaHI3MIB 1 CHCTeM, BUOMpaTH MaTepial i Tep-
MiuHy 00pOOKY OCHOBHHUX JIETAJICH IBUTYHA.

3azanvni memoouuni exasziexu. KypcoBa poOOTH 3 IUCIMIUIIHM CHIpS-
MOBaHa Ha 3aKpiIUICHHS TEOPETUYHOrO Martepiany, KOTPUH PO3IIISAAEThCS B JICK-
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uiitnomy kypci. Ilpu miarorosmi 10 po6oTH, pu BUBYEHHI 1i TeMHU CIIiJ 3BEpTaTH
0cOGJIHBY yBary Ha TOIIYK BiAMOBizei, AKi HOCTAaBMB BUKIAAAY. X GopMy/IIOBaHHs
JIO3BOJIUTH 3aKPINUTH HAHBAXKIIMBIII MOMEHTH aHAJI30BaHOI TEMH POOOTH.

3asoanns 0na po3paxyHKie BUNAETHCS BUKIIATaueM Ha MEPIIOMY 3aHATTI
JUTSl KOKHOTO CTyJeHTa iHAnBiayaispHo. OTpHUMaHi pe3yabTaTH pO3paxyHKIB Oyib-
SIKOi POOOTH MOXYTh BUKOPHCTOBYBATH Y TOJABIIMX PO3PAXyHKaX.

BuKOHYIOUYH NPAKTHYHY YaCTHHY pOOOTH, HEOOXiTHO 3BEpHYTH yBary Ha
METOJIM Ta YMOBH BHKOHAHHS OMEpaIliif, TEXHIYHI BUMOTH IO HHX, HOPMATHBHO-
TEXHIYHY TOKYMEHTALiIO.

Kpumepii ouyinrosannus éminb ma 3Hanb cmyoeHma.

— sucokuil pigens (OliHKA — 5) TiepenOavae po3B’sI3aHHS CTAHJAPTHHX 3a-
Jlad 13 3aCTOCYBaHHSIM HaOYyTHX 3HaHb O€3 JIONIOMOTW BUKIa/laya Ta 3HaHHS Teope-
TUYHOTO MaTepiany;

— docmamnmuinu pieens (olliHka — 4) mependadae po3B’s3yBaHHA 3aad i3
3aCTOCYBaHHSIM HaOyTUX 3HaHb 0€3 JOMOMOI'M BUKJIaAa4a;

— cepeonin pieenv (ouiHka — 3) mependayae BMIHHS TPaBUIBHO
PO3B’sI3yBaTH TOCTaBJEHI 3ajadi 3a NPHKIAJO0M, TOOTO 32 TOTOBOI JIOTIYHOIO
CXEMOIO 3HaWTH TpaBUIbHE PillleHHs, BUOPAaTH HEOOX1/IHI 3HaYeHHS 3 TaOJuIb Ta
rpadikiB 3 MpeACTaBICHHIM Yy MOBHOMY o0cs3i (opmyi, rpadikiB Ta MeTOAMKA
PO3paxyHKy Y TEOPETUUHHUX BIJIOMOCTSIX JI0 POOOTH.

3axucT poOOTH MPOBOAUTHCS YCHO ab0 MHUCHbMOBO 3a TOMEPEIHIM Yy3ro-
JDKEHHSIM 31 CTYIEHTaMH Y IPUCYTHOCTI HASIBHOI TPYITH CTY/CHTIB.

Mertoto po3paxyHKy JIBUTYHA € BU3HAUCHHS MO0 OCHOBHHX PO3MIpIB, iH-
JMKAaTOPHUX MapamMeTpiB poO0YOro IHKIY, K.K.JI., EKOHOMIYHOCTI, CHJI 1 MOMEHTIB,
0 HABAHTAXKYIOTh JIETaJli KPUBOILIUITHO-IIATYHHOT'O MEXaHi3My 1 BU3HAYCHHsI HE00-
X1IHOrO MOMEHTY 1HEpIli MaXOBHKa, a TAKOX BU3HAYEHHS ITApaMEeTPIiB 30BHIIIHBOT
XapaKTEePUCTUKH JABUTYHA.

BuxigHumu gaHUMU 1711 BAKOHAHHS PO3PaxyHKIB €:

— HOMIHAJIbHA YaCTOTa 00EPTaHHs KOJIIHYACTOro Basa N, xB 1

— BiHOIIEHHs XOAy MOPIIHS J0 HiameTpa murinapa — S/D;

HominanbHa noryxuicts asuryda N, BkasyeTbes B 3aBaaHHi (BOHa JA0DiB-
Hio€ notyxHocTi N,, BU3HAau€HOI 3a JaHMMH TATOBOTO PO3PAXYHKY ABTOMOOLJISA
3aJIeKHO Bil MacH, TSATOBOTO 3YCHIUIA, MIBUAKOCTI PYyXY, YMOB poOOTH, K.K.J. TPAHC-
Micii i TOIyCTHMOTO CTYIICHST HAaBAHTAXKEHHS BUT'YHA).

[NomepenHbo CiMiJi BU3HAYHTH TUI ABUTYHA, KEPYIOUUCH HACTYITHUM: JUIS
aBTOMOOLTIB BaHTQXKOIITHOMHICTIO 10 3 T — Kpamii KapOropaTtopHi OeH3MHOBI 260
ra3oBi ABUT'YHH, BiJ 3 10 6 T — MOXXHa BUKOPHUCTOBYBATH SIK KapOIOPATOpHI, TakK 1
IU3ENBHI IBUTYHH, TSI aBTOMOOLTIB BaHTAXKOITI JHOMHICTIO TIOHA 6 T — TU3Ei.



Bu3HauyeHHsA OCHOBHUX napameTpiB ABUryHa
TeopeTnuni BitoMocTi

OCHOBHUMH TIapaMeTpaMH JIBUTYHA €:

— e(beKTHBHY TOTYXXHICTh — IOTY>KHICTb, 10 PO3BUBAETHCS JABUT'YHOM Ha
KOJIIHYacTOMY BaJly 1 BUMIpIOEThCS B KistoBaTax (KBT);

— KpyTHHH MOMEHT JBUT'yHa — CEpEIHId MOMEHT, II0 PO3BHUBAETHCS Ha
KOJIIHYaCTOMY BaJly ABUI'YHa i BUMIpPIOBaHUIA B HEIOTOH-MeTpax (H-m);

— YacoBa BHUTpaTa NajuBa — BUTpaTa mnajusa 3a 1 roJ poOOTH JABUTYHA HA
neBHOMY pexxuMi. OJMHULS BUMIPY: HBIOTOH 3a cekyHny (H/c);

— IIMTOMA BUTpaTa NajiiBa — KUIbKICTh MaJIMBa, 10 BUTPadaeThcs Ha 1 roj
Ha 1 kBT po3BHBa€THCS IBUTYHOM IOTY)XKHOCTI.

— JIITpaXX IBUI'YHa — CyMapHHUW pobounii 00’eM Bcix ioro nmminapis. Bu-
MipIO€eTECA B TiTpax (1) a60 KybiuHHX caHTHMETpax (cM°);

— JIITPOBa MOTY)XHICTh JBUTYHa — BIJIHOIIEHHS TOTYKHOCTI JBHUT'YHA JIO
fioro mitpaxy (kBt/m).

J10 OCHOBHHMX KOHCTPYKTHBHHX NapameTpiB HaJIeXKaTh HACTYIHI: JllaMeTp
LWWIIHIPA; XiJ TOPIIHS; BiJHOLICHHS JiaMeTpa LIIIHIPa 0 XOAY MOPIIHS (Iyis
CYYaCHHUX JBUTYHIB BEIMYHMHA [ILOTO BiIHOIICHHS 3MIiHIOEThCSA y Mexax 14-18);
paziyc KpUBOIIUIIA; BiJHOLICHHS pajiiyca KPUBOIIKIIA 10 JOBXHHU IATYHA.

VY tabnuni 1.1 Bka3aHwuii Aiana3oH 3HaAUY€Hb OCHOBHHUX IapaMeTpiB cydac-
HHX aBTOTPAKTOPHHUX JIBUI'YHIB.

Ta6auns 1.1 — OcHOBHI napaMeTpH CYYaCHUX ABTOTPAKTOPHMX IBHUIYHIB
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KapOGropaTopHi 1Burynu
BaHTAKHUX aBTOMOOLIIB 6-10| 0,65-0,90| 30004000 | 8-15| 15-33| 310-315
Juzeni 3 HEPO3AUTLHUMUA

KamMepaMu 3rOpaHHsI 14-17| 0.65-1,20| 1800-2400| 9-11| 11-18| 210-235
Juzeni 3 po3iIbBHUMH
KaMepaMH 3TOPSIHHSI 17-21|0,50-0,80| 1500-2000| 9-11|7,5-15| 240-280

l'onoBHa TeHIEHIIIS Yy PO3BUTKY CYJacCHHMX ABHTYHIB aBTOMOOLTIB 1 Tpak-
TOpIB TONATAE Yy MiABUIIEHHI IX MOTY)XHMX 1 €EKOHOMIYHUX TTOKAa3HUKIB TPH OIHO-
YaCHOMY 3HIDKEHHI MacH 1 rabapuTiB. BiamoBimHo 10 1i€i TeHmeHTIil cocTepira-
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€THCS 3pOCTaHHS TAKUX MAapaMeTpiB, SIK: CTYMIHb CTHCKaHHS, cepeHill eeKTUBHUN
THUCK; JIITPOBA 1 MOPIIHEBA HOTYKHICTh, YacToTa oOepTaHHS KOJIHYACTOTO Baja;
HAIHICTH POOOTH JBUTYHA TIPU BiAMOBIIHOMY 3MEHIIICHHI Or0 MacH i MUTOMOI
BUTpaTH NaJIHBA.

1.1. BuOip BitHOCHMHU pajiyca KPUBOLIMIA 10 JOBKUHHM MIATYHA

BiaHomeHHs pajiyca KpMBOIIMIIA 10 AoBkuHY matyna A = R/L s cy-
YaCHUX aBTOTPAKTOPHUX JBUTYHIB ctaHoBUTH 0,21-0,30, mpuyoMy aisi MIBHIKO-
XiJIHMX JABUT'YHIB 3a3BHYail 3aCTOCOBYIOTECS JOBI IIATYHH (3HAYEHHS A MaJti), it
TPAKTOPHUX — BiJTHOCHO KOPOTKI.

Crnin BpaxoByBaTH, 10 3i 30UIBIIEHHAM A MiIBULIYETHCS WMOBIPHICTH
yaapiB IIaTyHa M0 HIKHIA KPOMII LMITIHAPA, B 3B’A3KY 3 UMM JIOBOJIUTHCS BUKO-
HYBaTH BUPI3H B HWKHIN YaCTHHI HITiHAPIB; 30UIBIIYETHCS THCK HA CTIHKY LTI HApA,
i IBUIIYIOTHCSl BTPATH MOTYXKHOCTI Ha TEPTSI 1 IIPUCKOPIOETHCS 3HOLTYBAHHS [T HI-
PIB 1 MOPIIHIB; 3pOCTAIOTh CUJIM iHEPIIiT APYrOro MOPSIKY, IO TAKOXK CIIPUSIE IHTEH-
CHBHOMY 3HOIIYBaHHIO JleTajiell IBUTYHA; 3MEHIIYEThCS rabapuTHa BUCOTa, Maca
maTyHa i 1BuryHa. OCTaHHE € €IMHOIO TIEPEBaror0 KOPOTKUX LIATYHIB.

1.2. Bu6ip po3mipiB i uncia uuiinapis

BuGip po3mipiB i uncna ptiHAPiB BiAOYBAETHCS HA OCHOBI TAKHX MIPKYBaHb.
Jiana3zoH MOXJIMBOI 3MIHM JliaMeTpa LWJIIHAPAa MOXKHA BU3HAYHMTH, BUKO-
pucrosyiouu sanexuicts D = f(n,) nns ichyrounx moneneii qpurynis (puc. 1.1).
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Puc. 1.1 — [liameTp nmitiHapa ABUTYHA 32JI€5KHO BiJl 4YacTOTH 00epTaHHs KOJIiHBaJIA:
a — KapOpaTopHi ABUryHH: 1) MAJIMX BAHTAKHUX aBTOMOOLTIB i TpaKTOpiB,
2) BeJIMKUX BAHTAKHUX ABTOMOOIIIB;
6 — An3eliiB: 3 — aBTOTPaAKTOPHHUX, 4 — TPAHCIOPTHMX i CTAIOHAPHHX

Touku Ha Tpadikax BiAMOBINAIOTH PEATbHUM JBUTYHAM, CTYITiHb KOHIICHT-
patii TOYOK BKa3zye Ha IepeBary BUOOpPY po3MipiB IUIIHAPA MPH 3aJaHii 9acTOTi
obepranHs. BepxHi MexXi 3aIITPUXOBAaHOI 007aCTi BITHOCSTHCS 1O KOPOTKOXITHIX
(S/D =0,8-0,9), a mmwxui — no nosroxiguux meuryis (S/D = 1,1-1,2). 3a Bizomoro
THUITY JIBUTYHA 1 YaCTOTH 0OepTaHHS MO)KHA BU3HAUMTH Jliania30H Oa’kaHWX JliaMeTpiB

6



uuninapa(puc. 1.1). TpusHaunsmm cranaaptauii giametrp D (MM, okpyrienuit 1o
mudpu 0 abo 5 — Wit mu3eriB a00 JT0 HAWOIIDKYOro MAPHOTO YMCiIa — NI KapOropaTop-
HUX JBUTYHIB), 32 Bianosiguum crissigHomenasm S/D BusHauaroTs Xix mopuss S
1 OPIEHTOBHY CEPEIHIO MBUAKICTH TIOPIITHS:

c _S-n,

n

, M/c. (1.1)

Ipu upomy citig nmam’statd, o C, MEBHOK MipOK € TIOKa3HUKOM TEILIo-
BOI HaIPY>KEHOCTI 1 TMHAMIYHUX HABAHTAXKCHb JCTAJICH MBUTYHA 1 CYTTEBE 11 MMiJl-
BHUIIIEHHS (BHUIIE 3HAa4Y€Hb, 3a3Ha4eHUX y Tabm. 1.1) HeOaxaHo. Y 1bOMY BUNAAKY
HeoO0XiHO 301LIbIHTH HiameTp tuiidapa D.

3a 331aH0I0 HOMIHAILHOK TOTYXHICTIO N, YacToTOK 00epTaHHs KOJiH-
gacToro Bajia N, OLiHEHMMH PO3MipaMH LIUIIHAPA BU3HAYAIOTEH iX uucio i. Crix
BPaxOBYBATH, IO YUCIIO HWIIHAPIB I, B CBOIO YePry BU3HAYAETHCS PiBHEM (opcy-
BAaHHS IBUI'YHA 32 MOTY)XHICTIO (TOOTO JIITPOBOIO MOTYXKHICTIO).

Jlnst BusHaueHHs JitpoBoi notyxHocTi Ng, 3a BimomMum miamMerpom Iu-
ninapa D, mouinsro Bukopucrosysatu rpadiku N, = D (puc. 1.2).
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Puc. 1.2 — 3anesxnocTi Mizk 1iaMmeTpoM NMJIIHAPIB i JITPOBOIO NOTY:KHICTIO ABUTYHIB:
a — aBTOMOGLILHUX 0e3 HAaYBY 1, TPAKTOPHHUX 2; 6 — KAPOIOPATOPHHX JIETKOBUX
cepiiinux 1, kapGIOpaTOPHUX BAHTAKHUX 2, KAPOIOPATOPHUX CTALiOHAPHHUX 3

3a NpUHHATHM JiaMeTPOM MIITIH/IPa BCTAHOBIIOIOTh MEXKi 3MiHHU JITPOBOL
noryxHocti aBuryHa N, i IAITHAPUYHY OTYKHICTb

3
mD° S (12)

N, =N,,-V, =N,,
" 4 D

y en

ne Vi — pobounii 06°em mwinapa, 1; Di S — B am.
ITpu 3ananiit epexTUBHOI NOTYKHOCTI ABMIyHa N, HEOOXiIHE YMCIO IH-
JHAPIB BU3HAYAETHCS 32 (POPMYIIOH0:



OtpumaHe 3Ha4€HHS 1 OKPYIIIIOIOTH A0 HAHOIMKIOro IIJI0ro Yncia, IpoTe
0a)KaHO BUKJIIOYNTH 3HaUeHHs | = 5,7, 91 T.11.

[Ticnst BU3HAYEHHS YWCla LIIHIAPIB CIIiJ YTOYHUTH 3HAYEHHS JITPOBOI
MTOTYXKHOCTI 33 (hOPMYJIOFO:

N =—e (1.3)

1.3. Bu0ip xamepu 3ropsiHHA,
KkoedilieHTa HAVIMIIKY MOBITPSA i CTYNEHs! CTHCKAHHSA

Ha CBOFO}lHi B TPAKTOPHHUX AU3CIBHUX MOTOpPAxX BUKOPHCTOBYHOTHLCH IIC-
PEBaYKHO HEPO3ILIEHI KaMepH 3ropsHHS 3 Oe3MocepeIHiM BIIOPCKYBaHHSM 1 00’ €MHO-
IUTIBKOBUM CYMIIIOYTBOpPEeHHM. [I13emi 3 TAKUMH KaMepaMu 3rOpsSiHHS MaloTh BH-
COKY €KOHOMIYHICTb 1 IIMPOKI MOXJIMBOCTI Jyisi (DOPCYBAHHS 32 CEpEeIHIM eeKTHB-
HHUM THCKOM.

OnHak Ayt aBTOMOOUIBHUX AM3EINiB 3 YacToTor obepranus N,>2700 xB
Kpalle BHUKOPHCTOBYBATH BHXPOBI KaMepH, TaK SK BOHH IOIYCKAIOTh BEIMKHI
CTymiHb (opcyBaHHs 3i WBHAKICHOrO pexuMy (10 N, = 4500-5000 xB1).

KoeilieHT HaITMIIKY MOBITPSI O BU3HAYAE CKITa[ ropiodoi cymini. Horo
3HAYEHHs 3aJIOKHUTh BiJl TUIy CYMIIIOYTBOPEHHS, YMOB 3aiiMaHHs i 3rOpsIHHS I1a-
JIUBA, a TAKOXK BiJl p&XKUMY poOOTH ABUTYHA. [IJIsi HOMIHAJIBHOI'O PEXKUMY POOOTH
kapOropatopHux OensuHOoBHX IBHUryHIB 0 = 0,85-1,15; ra3oBux 3 iCKpOBUM 3amajito-
BanHsM — 1,0—1,3; nuzeniB Oe3 HamyBy 3 Oe3nocepenHiM BriopckyBaHHsM — 1,4 —1,8;
3 HaayBoM — 1,6-2,0; Buxopokamepuux 1,3-1,5.

CTyniHb CTUCKaHHS € BU3HAYAETHCS CIOCOOOM CYMIIIOYTBOPEHHS (BHYT-
pimmHe a60 30BHIIIHE), BIIACTUBOCTSAMH NAJINBA, HASIBHICTIO HAYBY 1 T.1I.

VY nBWUTyHax i3 3amaFOBAHHIM BiJl €IEKTPHYHOI ICKPH € OOMEXYETHCS 3a
YMOBOIO TIOTIEpEKEHHSI SIBUIA ACTOHAIII1 1 BHOIp 11 3aJIe)KUTh BiJ aHTHAETOHAITiH-
HHX BJIACTUBOCTEH 3aCTOCOBYBAHOT'O MaJIHBa (OKTAHOBOT'O YHCIIA):

[TanmuBo 73-76 77-80 81-90 91-100 ITonax 100
€ 6,67 7,1-7,5 7,6-8,5 8,6-9,5 Jo 12

Heo0ximHO MaTH Ha yBasi, O MiABHUIIECHHS CTYICHS CTHCKAaHHS 301IIBIIye
TEPMIYHHUHA K.K.JI. p0O0YOro NMUKITYy JBUTYHA 1, IK HACIIJOK — MOKPAIly€e EKOHOMId-
HICTb, IPOTE OHOYACHO 31 30UTBIIEHASM € HEOOXiTHO 3aCTOCOBYBATH OLIBII TOpore
TIAJIUBO 3 BEJTMKAM OKTAaHOBUM YHCIIOM.

Jnist mu3eniB 3HAYEHHS CTYINEHS CTHCKAaHHS PEKOMEHIYETHCS BUOMpPATH B
HACTYITHUX MeXax: Ju3eli 3 0e3nocepeHiM BIPUCKYBaHHAM 0e3 HaxyBy € = 15-17;
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3 HagyBoM € = 13,5-15; BuxopokamepHi amseni € = 17-20. s museniB 3011b-
[ICHHS € TAKOX CIIPHSE TiABUIIICHHIO TEPMIYHOTO K.K.JI., JIe 3 1HIIOr0 OOKY 30171h-
rye HaBaHTakeHHs Ha jetani KIIIM 3MeHnIyroun MeXaHIYHIH K.K.]I.

1.4. O6rpyHTyBaHHS HEOOXiZHOCTI HAAYBY AN3€JIBHOIO ABUTYHA
i BU3HA4YEHHsI HOT0 TUCKY

[puitasTi B 1. 1.2 3HaYEHHS JITPOBOI MOTYXHOCTI JABUT'YHA OOYMOBITIO-
I0Th PIBEHb CEPEAHBOr0 €(DEKTUBHOTO THUCKY:

30-N -t
g = ——2—, (1.4)
nH
Jie T — TAaKTHICTh JBUTYHA (IS YOTUPUTAKTHHUX JBUTYHIB T = 4).
3 iHmIoro OoKy:
Hy n
p,=—2-—n, M, Py =C—=2-1, P, (1.5)
l, « a

i (] HU — HW)XK4Ya IMUTOMA TCIIJIOTa 3FOp5[HH$I ImajJuBa, IO — TeOpeTI/I‘{HO HEC-
00XiJiHA KUIBKICTh MOBITPSI AJIsl 3TOPsIHHS 1 KT MajuBa; 1) — IHAUKATOPHHUN K.K.1I.;
Tlv — KOeQilli€eHT HATIOBHEHHS, Ty — MEXaHIYHUN K.K.II.; Pk — IIUIBHICTH MOBITPS,
kr/MC.

[onepenubo npuiinsiBum Me = 0,25-0,30 — 151 kKapOrOPaTOPHUX JBUTYHIB
i Me = 0,30-0,42 — st mu3enis, a Takox 1y = 0,8-0,9 MoxxHa BU3HAYMTH Pk, HEOO-
xigny s peasizaiii No,:

N, to
pk ~10—&—. (1.6)
neNnyN
Toni 3a BiIOMHUM 3HaYEHHSAM Pk MOKHA BU3HAUNTH HEOOX1THUII THCK HA/TyBY:
n
Py = Po (Pk /po) K, (x.7)

Je Po — THCK HaBKOJMMIIHBOTO cepexosuiia (Po = 0,1 MIla); po — mmims-
HicTh aTMoc(epHOro mosiTps (Po = 1,21 kr/M°); Ny — MOKA3HKMK MOMITPOIH CTHC-
KaHHS B KOMIIPECOpi, 10 3aJISKHUTH BiJ 1Oro THITY i CTYIEHS TOCKOHAIOCTI IPOTi-
KaHHSA B HBOMY TIpoIiecy (Juist BiaieHTpoBrux Kommpecopis Ny = 1,6-2,0).

Sxmo THCK HagyBy Pk BUsBHTHCS Hipkde 0,14 MIla to cuix 3HM3NTH TiT-
poBy noryxkHicth aBuryHa N, (3MeHIIMTH CTymiHb (OPCYBAHHA) OCKIJIBKHM IIPU
tucky px = 0,1...0,14 MIla 3acrocyBaHHS cucTeMU TYpOOHaAyBY Hee)eKTHUBHE.



BusHa4yeHHs napamerpiB pOﬁO‘-IOI'O UuKny gmsens
TeopeTnuni BitoMocTi

Tennosuit po3paxynoxk — BU3HAYCHHS 1HIUKATOPHUX BEIHYMH POOOYOrO
LUKy, K.K.J. 1 €eKOHOMIYHOCTi, YTOUHEHHS OCHOBHHX PO3MIpiB IPOEKTOBAHOI'O
JIBUT'YHA.

2.1. Po3paxyHok iHIMKAaTOPHHMX MapaMeTPiB YOTHPUTAKTHOIO AU3eJIsl

[Ipy BUKOHaHHI TEIIOBOI'O PO3paxyHKy JBUTYHA B MIEPIIY UYepry BU3Ha4a-
I0ThCSl TTapaMeTpy POOOYOro Tijia, HABKOJIMIITHBOTO CEPEIOBHIIA 1 3ATHIIIKOBHX Tas3iB.

2.1.1. Ilapamempu pobouozo mina
TeopernyHo HEOOXiZAHY KUNBKICTh TOBITPS AJIS 3rOpsHHSA | Kr masuBa
MO’KHA BHU3HAYUTH 32 (POPMYIIOLO:

Ly = é[(S/S)C?SH - O:l, KI/KT MalIiBa, (2.1)

ne C, H i O — BaroBa yacTka BiAmoBiIHUX KOMIIOHEHTIB.
s niu3enpHOro najauBa MOYKHA NPUNHATH!

C=0,857; H=0,133; O =0,01
abo

L, = H—, KMOJTB/KT TIAJIHBA, (2.2)
B

Ie Ug —maca 1 kmosst noBitpst (Ug = 28,96 Kr/kMous).
KinbkicTs CBIXXOTO 3apsiTy BU3HAYAETHCS:

M = ol g, kmonb/kr nanusa, (2.3)

Je Ol — Koe(iIlieHT HaIIUIIKY TOBITPSL.
3araipHa KiJTbKICTh IPOIYKTIB 3TOPSHHS:

M; = alg + H/4 + O/32, xmonw/kr nanusa. 2.4
[pu mpoMy XiMiYHIH KOSPIIEHT MONEKYISIPHOI 3MiHM TOPIOYOi CyMIIIIi:
BQ = Mz/Ml. (25)

2.1.2. lapamempu HagKoIUWHBOZ0 CEPEOOBUA | 3ANUMKOBUX 2A3i6
ATMochepHi yMOBH, HEOOXiqHI Ul MOJANBIINX PO3PAXyHKIB NpHiiMa-
I0ThCSl HACTYTIHI:
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Po = 0,1 MIIa; To=293 K.

Tuck 3anmumkoBux raszis Pr = 0,11-0,17 MIla 3anexHo Bix oropy BHILyC-
KHOTO TPakTy: i au3eniB 6e3 HamayBy Pr = 0,11-0,12 MIla; mist musenis 3 Hagy-
BOM 3aJISKHO BiJ TUCKY Pk HaayBy Pr = (0,12-0,17) MIla. Yum Buire THCK Py TUM
Buie Pr (Pr = (0,8-0,9) pk), TeMnepaTypa 3aNUIIKOBHUX I'a3iB MPUIMAETHCS 3 iHTEP-
Bany T, = 750-900 K. TIpu poGoti ausens 3 TypOOHATyBOM MOBITPS HAIXOIUTE B
HUITHAPH He 3 aTMochepH, a 3 KoMIpecopa. 3HadeHHs Po i To B MOAAIBIINX PO3-
paxyHKax NpHHAMArOThCsl PIBHUMH THCKY 1 TEMIIEpaTypi Ha BHUXOJI 3 KoMIpecopa Pk
ta Ty. [pu 1pomy:

(ne-1)

Ny
T, =T, P | ™, 25, )
0

2.1.3. Busnauenna napamempie pooouozo yukiy

TyT BU3HAUAIOTHCS MapaMeTpH CTaHy ra3iB (abcoiroTHHH THCK P 1 abco-
JFOTHA TemrepaTypa 1) B XapaKTepHHUX TOYKAaxX iHIMKATOPHOI miarpamu. Takumu
TOYKAMHU € KiHElb: d — BIyCKY; C — CTUCKAHHS; Z — 3TOPAHHS; 0 — po3mmpenHs.

J1st oo B MOCITIJOBHOMY IOPSIKY BU3HAYaIOThCS:

Tuck P, i Temneparypa T, B KiHI HPOLIECY BIYCKY BU3HAYAETHCS 32!

Pa = Po — APa, (2.6)

ne AP, — BeMUMHA BTPATH TUCKY Ha Bycky, MITa.

p, = (B’ +&m)( jO‘ﬁ Pe. 27)

ne B — xoedilieHT 3aracaHHs MIBUIKOCTI PYXY 3apsily B PO3IIISTHYTOMY
ciueni nUTiHAPa; &g, — KOSDIUIEHT OMOPY BIYCKHOI CHCTEMH; (5, — CEPEIHS [IBH/I-
KICTh PyXy 3apsay B HalMEHIIOMY MEpeTHHI CIYeHHS BIIYCKHOT'O KOJEKTOpa (SIK
TIPABHIIO B KIIATIaHi), M/C; Py — IIiIbHICTh 3apsiLy Ha BITYCKY, KI/M-.

3a3BHyail MPUAMAKOTh JUIS: JIU3ENiB (B2 + &) = 2,5-3,5, (05, = 65-90 M/c);
OCH3MHOBHX i Ta30BUX JBUTYHIB ([32 + &q) = 3,0-4,0, (0, = 85-130).

Yum Ginbia mBHAKICTS Topuiast C,,, THM BHIIE Wy,

KoedimieHT 3aMAMKOBHX Ta3iB BU3HAYAETHCA 32 (POPMYIIO0:

_TO+AT' p,
' Tr €P,— P

TemmepaTypa B KiHIII BITyCKY BU3HA9a€ThCs 32 (OPMYIIOLO:

(2.8)

11



_T0+AT +v,-T

T LK (2.9)

a

1+,

KOe(]II[iEHT HATTOBHEHHS:

T 1 1
v L . —— . —(ep,—P). (2.10)

ne AT — migirpis ceixkoro 3apsuay (mpuiimaerses AT = 8-15 K).
Tuck P i Temneparypa T, B KiHIli mpolecy CTHCKAHHS:

n .
P.=P,-€"; (2.11)
n -1
T.=T,¢e* ", (2.12)
ne Ny — MOKa3HUK MOJITPONU CTUCKAHHS, SIKHIA ISl aBTOTPAKTOPHUX JBH-
T'YHIB 3HaXoAuThcs B Mexax N; = 1,34-1,38, abo oOuMCHIOETHCS 32 (HOPMYIIO0

B.A. Ilerposa:
n; = 1,41 —100/n,, (2.13)

Je N, — yacrtora 00epTaHHs KOJIIHYACTOro Baja, xB L.

Tuck p, i Temreparypa T, B KiHLli 3ropsHHS (PO3PaXyHOK IIPOLIECY 3rOPSIHHS).

ITpuiiMaroun 3HAYCHHS CTYIEHs MiJABUILCHHS THUCKY HPH 3rOPSHHI A, BH-
3HAYA€EMO TUCK B KiHI[i 3rOPaHHS:

p:= xp'pc- (2.14)

Y nu3eniB 3 mepeikaMepHUM 1 BHUXOPOKAaMEPHHUM CYMIIIOYTBOPEHHSIM

Ap = 15-1,8; mpu OesnocepenHbOMY BIPUCKYBaHHI B HEPO3MIICHY KaMmepy
Xp =1,8-2,2. Yum Hmxue koeDillieHT H/UTUIIKY MTOBITPSI OL, TUM BHIIE Xp.

Temmepartypa 1; BU3HAYA€ThCS 3 PiBHEM 3TOPSIHHS, SIKE TSI YOTUPUTAKT-
HOT'O JTU3€JIs] Ma€ BUTIISI

H,
aly@+7,)

ne MC, — cepends MOJIbHA TEIUIOEMHICTh TOBITPS PH MOCTIMHOMY 00’ €Mi,
k/JDx/(kmonb-rpan); MCp — cepelHs MONbHA TEIIOEMHICTh IPOLYKTIB 3rOPSHHS

(mC, + 8,314%,)- T, + Bo-mCy T, (2.15)

npu noctiftHomy Tucky, kJ[x/(kmoinb-rpan); & — koedillieHT BUKOPUCTAHHS TEILIOTH;
H, — mkua Teruiora 3ropsHHs nanusa (s qusenbHoro nanusa Hy = 42500 kJHx/Kr).
V 4oTHpHUTAKTHHX Jm3eniB Koedimient Bukopucranss terwiotu & = 0,8-0,9.

Binbin Hu3bKi 3HaueHHs KoedilienTa & BiANOBINAIOTH IIBUAKOXITHAM AM3EISM 3
HEPO3LIEHOI0 KaMepOIO.
mC, = 20,16 + 1,738-10° Tg;
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mC, = 8,314 + (20,1 + 0,921/cr) + (1,38/0. + 15,49)-10* T,.

[MincraBnsroun B piBHAHHA (2.15) cepenHe 3HAYEHHS MOJBHOI TEIIOEM-
HOCTI, TICTIs IEpETBOPEHb OTPUMAEMO KBaIpaTHE PiBHIHHS BUAY:

AT? +BT,+C =0, (2.15, )

ne A, B, C — orpumani uncensHi 3HaueHH.

3BIIKH;
T —B++/B?—4AC
r 2A '

Tuck Py i memnepamypa Ty 6 kinyi poswupennsn. Ctyrins monepes-
HBOT'O PO3IIMPECHHS BU3HAYAETHCS 332 (HOpMYIIOH0:

(2.15, 6)

T
p= E—O : T—Z (2.16)
P c
CTyniHb MOAANBIIOTO PO3IIMPEHHS:
o = ¢&lp. (2.17)
Tuck B KiHII PO3IIUPEHHS:
p
P, = 5_nzz (2.18)
TemmepaTypa B KiHI[l PO3IIUPEHHS:
T
Tb = 8”22_1 . (2.19)

Y dopmynax (2.18) i (2.19) N, — MOKAa3HUK MOJITPONH PO3ILUPEHHS. Y
nusenis Ny = 1,18-1,28. Yum Bumie koeillieHT BUKOPUCTAHHS TEIUIOTH &, THM
HIK4e No.

[Ticns BU3HaUEHHS MTapaMeTPiB B KiHII PO3IMIUPEHHS BUKOHYETHCS OIIHIO-
BaHHS TPABWIBHOCTI BHOOpPY 3HAYEHHS TEMIEPATYpH BiANPAbOBAHHUX Tas3iB,
3po0IIeHOi Ha TIOYATKY TEIIOBOTO PO3PaXYHKY, 32 (OPMYIIOI0:

To_ Db (2.20)

r .
\3é pb/ pr
Orpumane 3HaYCHHs TeMIeparypu 1y, IPUIAHATE Ha MOYAaTKy PO3PaxyHKY
1 obuncnene 3a Gpopmynoro (2.20) He MOBUHHI BiApi3HATHCS OLTBII, HIX Ha 5 %, B
IHIIOMY BHIIQJIKy TETUIOBHH PO3PaxXyHOK CIIiJ yTOYHWUTH, TPUHHSIBIIN Ha MOYATKY
iHIIIe 3HAYEHHs Temrepatypu 1.
2.2. [loOynoBa Ta aHa i3 iHAUKATOPHOI KiarpamMu
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TeopeTuuHa inuKaTopHa miarpama Oyayerhes B P—V-koopaunarax. Iloc-
JIJIOBHICTS ii MOOYAOBH HACTYITHA.

Ha oci a6cmuc (puc. 2.1) BigkiaanaroTh TOBITBHUH BiAPi30K, 300paKeHHH
B Oyab-KoMy MaciuTabi 06’eM kamepu 3ropsHus Ve, Leil BiIpi3ok MpuiMaroTh 3a
OIMHUINO. 3a3BUYall BEJIMYHMHA 11HOT0 Bizpizka 10-20 MM,

5 T

Mrla

i

——0,85Pz

[ . T

v

Puc. 2.1 — TeopernuHa iHguKaTOpHA AiarpaMa KapOoIOpPaTOPHOro ABUTYHA

Jani BigiafaoTh Ha oci a0CIKC B MPUHHATOMY MaciiTadi 00’ eMu:
VZ = pVC; Va = SVC = Vc + Vh.
BuOpaBim Ha oci opIuHaT MaciTad THCKIB, BIIKIaIal0Th TOUKU: Po, Pk,
Pa; Pes Pz Poy Pr; THCK p; = p,, meplue 3 HUX BiTOBiAa€ TOUI V. Ha oci abcuuc,

npyre — toutti V,. Pekomenmosani macmradu: 1 mm = (0,033-0,015) MIla. Cris-
BiJIHOIIICHHS BUCOTH JiarpaMu JI0 JOBKHHH MOBHHHO Oyt 1,5/1-2,0/1.

Uepes T4k P) i Pz Pa, Po, P Pr IPOBOAATHCS MpsiMi, IapasenbHi oci

ab6erc. Touku a 1 ¢ 3°€AHYIOTHCS TOTITPOIIO0 CTUCKAHHS, & TOYKH Z i b — momit-
pomoro po3mupeHHs. [Ipomikai 3HadeHHS (5—6) IMX KPWUBUX BU3HAYAIOTHCA 3

YMOBH, 1[0 KOXKHOMY 3HaueHHI0 Vy Ha oci aOCLUC BiANOBiIalOTh HACTYIHI 3Ha-
n n

_ (VAR , Vo |?
YeHHS THCKIB. P, = ], -2 — AJIs TIOJIITPONM CTUCKaHHA, P, = Py -2 -

VX VX
JUTS TIOMITPOITH PO3IITUPEHHS.
Bxiani B ui piBasnHs BigHomenus 06’emiB Vo/Vy = Vy/Vy Bu3sHavaroTbes
3a CIiBBiTHOIICHHSM BiJIMOBITHHUX BiAPi3KiB Ha oci abcIwc.
3a moOymoBaHOIO IHAMKATOPHOIO N1iarpaMoOI0 BH3HAYAETHCS CEPEeNHIN TeOo-
peTHYHHIN iHANKATOPHHUHA THCK:
_ -k

=T
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ne F — moma inuxaropuoi miarpamu, Mm% | — noBxkuHa iHgHKATOPHOT
Jiarpamu, MM; W — puiAHATHHA Maciitad TuckiB (1 mm = | MIla), Bu3Ha4aeThCs 1O
oci OpJuHAaT.

[Tomma iHAMKATOPHOI AiarpaMy BU3HAYAETHCS 3a JIOMOMOTOI0 IUTaHIMeTpil
a0o0 nwIIXoM MoOymoBH ii Ha MITIMETPIBLI 1 BIINOBIAHOTO MiIPaxyHKY KiTBKOCTI
KIIITHHOK.

J7st iepeBipKy BETMYHMHA CEPETHHOI0 TEOPETUYHOTO 1HANKATOPHOTO THCKY
MiIpaXOBYETHCS aHATIITHYHAM MUTIXOM 32 (GOPMYIIO0 (U1 YOTHPUTAKTHUX TU3ETiB):

P
p[(pacq) :8_—01 }\‘P(p_l)-i-

A, 1 1 1
Pl - 1- , MITa. (2.21)
n, -1 5n2_1 nl—]_ 8”1_1

TouHicTh MOOYIOBM THIUKATOPHOI JiarpaMy OIIHIOETHCS KOedilieHTOM
TTOXUOKH:

6 _ pi(pacq) - pll

n

-100 %. (2.22)
pi(pactt)

Koedinient J, He moBuHeH mepeBuiyBatd 3—4 %, B iHIIOMY BHIAIKY
HEOOX1THO MiJBUIIMTH TOYHICTh MOOY/I0BH 1HIMKATOPHOI JiarpamMmu HUIsIXOM 301J1b-
LIEHHS KIJIBKOCTI IPOMIKHUX TOYOK Jiarpamu.

JlificHuii cepenniil inankatopuuii Tuck P, = pjv, Mlla, xe v — xoedi-
LIEHT MOBHOTH 1HAMKATOPHOI JliarpamH.

Jlist OpiEHTOBHUX PO3paxyHKIB NPU BHKOHAHHI KypCcOBOI poOOTH MOXKHA
npuiimatu: v = 0,95-0,97 — nnst OeH3uHOBUX 1 ra3oBux asuryHis; v = 0,92-0,95 —
IUTSL TH3EITIB.

2.3. BuzHayeHHs1 OCHOBHUX pO3MipiB ABUTYHA,
MOKA3HMKIB NAJTMBHOI EKOHOMIYHOCTI Ta K. K./

CepenHiit epeKTUBHHI THCK BU3HAYAETHCS 32 (DOPMYIOIO:
= MI]a.
P, =pn, . M,

J€ T\m — MEXaHIYHUH K.K.JI. IBUTYHA, III0 TOPIBHIOE JUTA AU3EIiB 0e3 Haxy-
BY Nm = 0,75-0,80; nuzemniB 3 HaxyBoM My, = 0,80-0,90; kapOropaTOpHUX IBUTYHIB
MNm = 0,80-0,86.

Buzragaemo pobounii 00’ €M MIDTHIPIB (JTITpak) MPOSKTOBAHOT'O ABUTYHA
B JiTpax:
_ 30tN,,

V. =V.i
" pn,

), (2.23)
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ne N, — epexTUBHA MOTYKHICTH JBUIYHA Ha HOMIHAIBHOMY PEKHMI
(Ne, = N,); T — xoediuieHT TaKTHOCTI (171 YOTUPUTAKTHUX ABUTYHIB T = 4).
Po6oumii 06’em ogroro mwtingpa Vi = V,/i.

Hiamerp tumingpa: D =100-3 , MM.

h

n-(S/D)

Hiamerp 1putiHapa Jau3ens B MM OKpyDIsseTbes Ha 0 abo S5, Hampukia,
D =101 mm oxpyrstersest 1o 100 mm, D = 103 MM — g0 105 mm. [liamerp mmtinzapa
KapOIOpaTOPHOTo JBUTYHA OKPYIIISIETHCS 10 HAHOIMKYOrO MapHOTo YKCIa.

3a 3ananuM criseigromendsm S/D BusHauaemo xin mopuins S (oKpyriis-
€ThCs aHAJIOTiUHO) i paziyc kpusorumna R, mm (R = 0,5S).

BuzHauaeMo iHANKaTOPHUH K.K.JI. TBUTYHA!

n; :M_ (2.24)
Hipn,

Junst nu3eniB 0e3 HaJyBY 3aMiCTh Pk MiJCTaBIsSEThC Po = 1,21 Kr/ME.
EdexTuBHMiA K.K./I. IBUTYHA:

Ne =NiMm- (2.25)

Inaukatopuuii Qi 1 eheKTUBHUNA o € MUTOMUMH BUTpaTaMH MaJWBa MPH
poOOTi JBUI'YHa HA HOMIHAJIBHOMY PEXKUMI BU3HAYAIOTHCS 33 (OpMYIIaMu:

3600

0 =—————, /kBrr; (2.26)
T]iHu10

J. =&, r/kBT-T. (2.27)
Nm

2.4. AnaJji3 pe3yJbTaTiB TeIJI0BOI0 PO3PaxXyHKy

JU1st KOHTPOJIIO NPaBWIFHOCTI BU3HAYEHHS B TEINIOBOMY PO3PAaXyHKY Ila-
pamerTpiB ra3iB, IHIUKATOPHUX Ta €(PEKTUBHUX MOKA3HHUKIB IUKITY i eKOHOMIYHOCTI
iX HEOOXiJHO MOPIBHATH 31 3HAYECHHAMH, HaBeAeHNMH B Tabmumi 2.1. Po3paxoBaHi
TapaMeTpH TIOBHHHI NIepeOyBaTH B 3a3HAYCHAX MEXKaX.

Taommus 2.1
TToxa3zHux = Tyn HBHFVYH a
OEH3MHOBHI Ta ra30BHI M3
1 2 3
Tuck p., MIla 0,9-1,6 3,5-5,5
Temmneparypa 7., K 550-750 700-900
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IIponoB:xkenns Tadaumi 2.1

1 2 3

Tuck p',, MIla 3,5-6,5 5,0-10,0
Tuck p,, MIla 3,05,0 5,0-10,0
Temnepatypa 77, K 2300-2800 1800-2300
Tuck p,, MIla 0,40-0,60 0,30-0,50
Temneparypa Ty, K 1300-1700 1000-1200
IaaukaTopHUI K.K.1I., i 0,27-0,35 0,38-0,53
EdextuBHMI K.K. 1., N, 0,23-0,30 0,30-0,42
CepenHili eeKTUBHUI TUCK p,, MI1a 0,3-1,0 0,4-1,4
ITuroma edexkTHBHA BUTpaATa

nanuBa Je, I/KBT-u 280-350 200-240

Pe3ynpraTi TEMIOBOro po3paxyHKy IBHTYHa, HOro po3MipiB 1 eKOHOMiU-
HOCTI 3aHOCHMO B TaOmuiio 2.2.

Ta6amus 2.2
. IIuToma .
Tuck razsy, Temmneparypa | Cepenniii UliTpax,
MIla razy, K tHck, MIla K.x.p. | puTpara manusa, 1
r/kB1-u
Pl Pl e Do T T/ T Tl o | pe [Malmind o [ g [ V,

J1Jist OL[IHIOBaHHS TPOSKTOBAHOIO ABUI'YHA 1 MMOPIBHSHHSI HOT0 3 TPOTOTH-
[aMH BU3HAYAIOTHCS HACTYIHI MOKa3HHUKH:

— nuroma Jitposa motyxkuicts N, = —%-, kBr/x;
Vi i
. Nen 2.
— [IMTOMA [TOPIIHEBA MOTYXHICTh Nn = ~, kBt/om°;
F.i
n S

— cepe/iHsl MBHUKICTh TOPIIHS Cn = ?T_O' Mm/c,

ne F, — mioma gauma nopiuss, e

[Tapamerpu, OTprMaHi NIIAXOM TEIUIOBOI'O PO3PaXyHKY, OPIBHIOIOTHCS 3
iX 3HAUEHHSIMH y CyJaCHUX ABHUTYHIB (TabmI. 2.3).

Taommus 2.3
m Jnzenp bensunosuii
OKa3HHUK - . .
TPAKTOp | aBTOMOOLIb |1 Ta30BHI JBUTYHU
[Turoma sitpoBa notyxHicTs N, KBT/11 7,2-15,5| 11,5-15,0 16,0-20,0
[Turoma nopiitHeBa MoTyxHICTb N,,, kBr/mv” [8,6-19,3| 16,5-18,5 16,0-18,0
[[TBuakicts nopas C,, M/c 6,0-9,2| 9,5-11,0 8,5-10,5
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BusHauyeHHs napameTpiB pobo4oro LKy
KapG6topaTopHOro ABUryHa

TeopeTnuni BitoMocTi
3.1. TensoBHUii PO3paxXyHOK YOTHPUTAKTHOIO IBUTYHA

3MiCT i MOPSIIOK PO3paxyHKy aBTOMOOLIBHOIO YOTHPUTAKTHOTO KapOro-
paTOpHOro JBUTYHA Taki ), K i MPH TEINIOBOMY PO3PAXYHKY TPaKTOPHOTO (aBTO-
MOO1TBHOTO) An3enst. Hukde HaBoAsSThCS JIHIIEe OCOOIMBOCTI TETIOBOTO PO3PAXYHKY
KapOOpaTOPHOr'0 MBUTYHA, IO MPAIIOE HA PIIKOMY MajduBi — OCH3WHI, a B KiHII
PO3iTY — 0COOIMBOCTI TETUIOBOTO PO3PaxXyHKY JABHI'YHA Ha Ia30I0Ai0HOMY MaIMBI.

3.1 1. ITapamempu pobouozo mina
TeopernyHa KijbKiCTh MOBITPs, HEOOXiqHA JUIs 3ropsiHHS 1 Kr manusa (31
cknagom C, H, O).
1

Ly = ( C+8H - Oj, KMOJIB/KT TIaJIMBa
0,23

abo L, = LO, KMOJIB/KT I1aJIUBA,
M,

Ie L, — Maca OIHOro Kijomons mositps (U, = 28,96 xr/mons); C, H, O — mua
BiAmOBiMHMX KoMIIOHeHTIB B 1 kr nanusa (y 6emsuny C = 0,855; H = 0,145; O = 0).
CripaBKHs KUIBKICTh TIOBITPsI, HEOOXiJHA JJIsl 3TOPSIHHA | KT MayiuBa:

L = alLg, kxmons/kr nanusa,
1e oL — koedimient HammimKy mositps (o = 0,85-1,15).

KinbkicTs cBiXXOT0 3apsay (TOprOv0i CyMili):

1
M; =al, +—, xmomb/kr,
My

Ie Lt — MoJeKyisipHa Maca 6ersuHy (Ut = 110-115 xr/mons).
3araipHa KiJTbKiCTh IPOIYKTIB 3TOPSTHHS:

M, =al, +%+%+0,21L0 (l—(x), KMOJITB/KT.

XimMiuHUHA KoediieHT MONEKYIIPHOTO 3MiHH:
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3.1.2. Ilapamempu HABKOAUWIHBO20 CEPeOOSUA i 3ATUUIKOBUX 2A316
[puiiMaemo aTMoc(epHi YMOBU HABKOJIHMIITHBOTO CEPEIOBHIIA:
— 1uck Po = 0,1 MITa;
— Temmeparypa 1o =293 K.
THCK 3aTMIIIKOBUX Ta3iB:
pr = 1,15po.

[onepenHbo cii NPUHHATHA TEMIIEPATYPy 3aJIMIIKOBHX ra3iB 3 Jiana3oHy
T, =900-1200 K.

3.1.3. Tuck Py i memnepamypa T, 6 Kinyi npoyecy énycky
HlinbHICTH 3apay Ha BIYCKY:

6

o = %, KI/M.
210

Brpatu THCKY Ha Brycky AP, miapaxoByroTs 3a dopmynoro (2.7), npuii-
HSIBILIY 3aMicTh Pk 3Ha4YeHHs Po. ToAl THCK B KiHI BIIYCKY BU3HAYHUThCS 32 (OPMY-
010 (2.6).

KoeoilieHT 3aMIIKOBUX ra3iB Yy BU3HAYAETHCS 32 Gopmydoto (2.8), mpuii-
HSIBILIM 3aMiCTh |k 3HaudeHHs |o. KoedilieHT HAMOBHEHHS 1|y MiJAPaxXOBYETHCS 3a
¢dbopmynoro (2.10).

Temmneparypa T, B KiHII BIIyCKY BU3HA4a€Thes 3a popmyiioro (2.9).

3.1.4. Tuck P i memnepamypa T ¢ Kinyi cmuckanns

PospaxyHok P¢ i T¢ npoBoautbes 3a opmyaamu (2.11) i (2.12). TTokas-
HUK TIOJIITPOITH CTUCKAHHS BUOUpaeThes B Mexkax Ny = 1,33-1,38. Uum Buie mBuUI-
KIiCTB MTOPIIHS, TUM OinbIIe Nj.

3.1.5. Tuck P, i memnepamypa T, 6 Kinui 32opanns
Po3paxyHOK THCKY [P; B KiHIIi TIPOLIECY 3TOPSHHS:

— pcBOTZ
T

c

p, , MllIa,

1e PBo — po3paxyHKoBHiA KOeDI[IEHT MOTEKYIIPHOT 3MiHK POGOUOT CYMIllIi.
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MZ
BO—MC

M, +M,
M, +M, "

ne M; = M; + M, — ancio moneii rasis micis sropsuns; Mg = My + M, —
YHCIIO0 MOJIEH ra3iB B KiHII CTUCKaHHSA 10 3ropsHHs; M, — uucio moned 3anumko-
Bux rasis (M, = ay.Lo).
Temmnepatypa T, BU3HAYACTHCS 3 PIBHAHHS
, mC,T, +& (H, —AH,)
BOvaTz = ! (3-1)
aly@+v,)

ne MC, — cepenHsi MOJbHA TEIUIOEMHICTh HPOMYKTIB 3TOPSHHS PiAKOrO

nanuBa; MC, — cepeaHs MONbHA TEIUIOEMHICTh CBIKOIO 3apsiLy MPHU MOCTIHOMY
06’emi; &; — koedillieHT BUKOPHCTaHHS TEIUIOTH (JUI KapOIOPATOPHUX JIBUTI'YHIB
& =0,85-0,95); H, — Himkua Terora 3ropsuss: st 6ensuny Hy = 43900 x/lx/kr;

AH, — BTpaTa TerioTy B 3B’A3Ky 3 HEMOBHOTOIO 3rOPSIHHS YePe3 HECTAUY KHMCHIO
npH 0<1, 0 BU3HAYAETHCS 32 (POPMYIIOIO:

AH, =119950(1 — ov)Lo, xJ[x/kr.
3uauennss MC,, i MC, 3HaxonsThCs 3 PiBHSHB:

mC, = (18,42 + 2,61a) + (15,4 + 13,830)-10 *T,, x/Ix/xMonb-Tpas;
mC, =20,16 + 1,738-10°2 T, JIK/kMOITB-Tpa.

Perra BenmuuH, 1110 BXOAATh y piBHsHHS (3.1), BioMi 3 monepenHix pos-
paxyskiB. [Ticis iX miCTAHOBKH 1 TepeTBOpeHb, piBHAHHS (3.1) MPUBOISTH 10 KBa-
patHoro — Buay (2.5, @) i BU3Ha4arOTh TEMIIEPATYPY B KiHIIi 3rOpsAHHS 1.

3.1.6. Tuck Py i memnepamypa Ty, 6 Kinyi po3uiupenns

3uavenns Pp i Tp 00uncIO0TLCs 33 hopmyaamu (2.18) 1 (2.19). s cy-
YaCHHUX KapOIOpaTOpHHX JBUTYHIB OKA3HUK HOMiTpony posimpents N, = 1,23-1,30,
a CTYMiHb nonepeansoro posumperas P = 1. OuiHka npaBUIBHOCTI BHOOpPY TeM-
neparypu T, nepeBipserhbes 3a Gpopmyinoro (2.20).

3.2. [loOynoBa Ta aHa i3 iHAUKATOPHOI AiarpaMu

TeopeTrdHa iHIMKATOpHA JIiarpamMa KapOropaTOpHOro ABUryHa (IwB. puc. 3.1)
OynyeTbcs B KoopaWHATax P—V 3a METOIAWKOI, HABEACHOIO IUIS Am3eliB. [Ipu
IEOMY BPaxOBYETHCS, M0 y KapOIOPaTOpHUX ABHTYHIB CTYIIHb ITOMEPEIHBOTO
posumpentst p = 1. Pekomenosani maciradu: 1 mm = 0,025 MI1a; 15-20 mm = V.

20



IN
—

[ I a
Ry| [Vert oV

Puc. 3.1 — Teopernuna inguKaTOpHa AiarpaMa KapOoIOpaTOpHOro ABUTIYHA

3 noOymoBaHOI IHAMKATOPHOI JiarpaMy 3HAXOAUTHCS TEOPETUYHHHN 1HIU-
KaTopHui THCK P';. OTprMaHe 3HaYeHHS NePEBIPSIETHCS AHATITUYHUM HIISIXOM:

pckpl_lll

- - 3.2
n, -1 ¢g®?)) n-1" gn? 52

Pitpospar) = c_1

TouHicTh MOOYIOBU THIUKATOPHOI JiarpaMu OLIHIOEThCS KoedillieHTOM
noxuOku (2.22), BenmuM4YMHA SKOrO HE IOBMHHA NepeBuIyBaTtd 3-5 %, B iHIIOMY
BUIA/IKy HEOOX1THO MiABUIIUTH TOYHICTh MOOYAOBH 1HIMKATOPHOI JliarpaMu ILIsi-
XOM 30LIBIIEHHS] KUTBKOCTI IIPOMIXKHUX TOYOK JliarpaMu.

[Nomanpmmii po3paxyHOK OCHOBHUX PO3MIpIB JABHUTYHA 1 MOKA3HHUKIB HOT0O
MaJIMBHOT €KOHOMIYHOCTI MPOBOJUTHCS 33 METOINKOIO, HABEACHOIO IS TU3EIbHUX
JIBUTYHIB.

Pe3ysibpraTi TEIUIOBOrO PO3paxyHKy ABHUTYHIB 1 HOro OCHOBHHX PO3MIpIB
3aHOCSATHCS B TAOIHIIIO 32 (OPMOIO, HABEJCHOKO NP PO3PAXYHKY AU3EISL.

3.3. TennoBHii po3paxyHoOK ABUIYHA, IO MPALIOE HA TA30M0AIOHOMY NATUBI

Mertonuka po3paxyHKy IapaMeTpiB BIIyCKY Ta BHITYCKY I'a30BHX JABUTYHIB
HE BiJIPI3HAETHCS Bijl PO3MIAHYTUX paHinie. 3HaueHHs Po, To NPHIAMAIOTHCSA TAKMMU
XK, AK 1 11 OeH3MHOBUX ABUrYHIB. Benmmuuna T, = 750-1000 K, a € = 7-8,5. Ila-
pameTpH KiHus BIycky P, i T, migpaxoByrotbes 3a Gpopmynamu (2.6) i (2.9). Koe-
(birieHTH HAITOBHEHHS My 1 3AJIMIIKOBUX Ta3iB Y — 3a opmynamu (2.10) i (2.8).

Sx manmuBO AN Ta30BHUX JBUTYHIB BUKOPHCTOBYIOTH 3piIKEHI Ta3u:
CIIBTJI — cymim nporany i Oyrany Texniuna aitasi; CIIBT3 — 3umoBa, siki 30epi-
rafots mig TuckoM 2 MIla. OcHOBHUME KOMIIOHEHTaMH cyMmimei €: mponan CsHg
(Hy = 85500 x/lx/m®) i 6yrar CqHyo (Hy = 112000 xJlx/m®), oxTaHOBE YHCITO SKHX
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craHoBuTh 90-98. JIo 6 % (3a Macoro), y cKiIaji cyMmimni MOXKYTb OyTH MPUCYTHI i
inmmi rasu: meran CH4 (Hy = 35000 KI[)K/M3), eTaH Ta eTWIcH. TeopernyHa KiNbKiCTh
TIOBITPSI B MOJISIX, HEOOXi/THA JUIsl 3rOPSIHHS 1 MOJISl Ta30BOTO TIAJIMBA:

, 1 m r
L =Zm[n+z—EanHmOm (3:3)

ne Cp, Hp, O — 06’eMHa yacTka JaHOTO KOMIIOHEHTA B ra3oMnomiOHOMY
TaJIuBI.

st ckparuieHoro rasy, mo mictuth 52 % nponany CsHg i 48 % Oyrany
CuHio (cymim CIIBTJL, Hy = 98220 x/Ix/M°), r = 0:

L= E (3+§j0,52+(4+gj0,48 =27,24. (3.4)
0,21 4 4

KinbkicTh cBiXXOTO 3apsity (TOprOY0i CyMillli) BU3HAYAETHCS 32 (OPMYIIOHO:
’
M, =aly. (3.5)

KoeoimieHT HayMIIKy noBiTps AJ1sl ra30BUX JABUryHIB oL = 1-1,3.
KisnpkicTs MoJIeli mpoAyKTiB 3ropstHus (ipu oL > 1):

My =M, + AM: (36)
AM =Z(?+£—1anHmOr. 37)

Jlst ckparieHoro ra3y mpuiiasitoro cknaxy AM = 1,24,
KoeitieHT MONEKyIApHOT 3MiHH FOPIOYOT CyMIIII:

Bo = Mz/Ml, (38)
a Koe(ilieHT MONEKYIISIPHOI 3MiHM POOOYOI CYMIIlll BU3HAYAETHCS 33 (HOPMYJIOIO:
+
Potvr (39)
1+v,

VY piBusaHHI 3ropsHHES (3.1) Temmora 3ropsSHHA NMOBMHHA OYyTH BigHECeHa
1o 1 mons razononi6Horo nanusa. 3HadenHs H,, Bimecenoi mo 1 M° manuBa CImi
TTIOMHOXXHUTH Ha 22,4 (06’eM 0ZHOTO KiJIOMOJIS ManuBa ckianae 22,4 M3). PiBHSHHS
3TOPSIHHSI JIJIsl TA30BUX JAMU3ENIB IPUIMAE BUTIISII:

mC,T, +22,4¢, H,
M, d+7,)
22
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3HaueHHs KoedillieHTa BUKOPUCTAHHS TEIUIOTH &7 VI Ta30BUX JBUIYHIB
npuiiMaeTbess B Mexax 0,80—0,85, a 3HAUCHHS TEIUTOEMHOCTI CBIXKOTO 3apsay i
MIPOAYKTIB 3TOpSHHS BH3HAYAIOTHCS 3a (OpMysaMH Uisi KapOropaTopHuX (OeH3H-
HOBUX) JIBUTYHIB.

[Ipu po3paxyHKy mmapaMeTpiB B KiHIlI PO3MIMPEHHS 3HAYEHHS MOKa3HHUKa
TIOJIITPOIH PO3IIMPEHHSI TS Ta30BUX ABUT'YHIB BUOHpaeThest B Mexax Ny = 1,25-1,30.

Innukatopauii KK/ ra3oBoro 1BuryHa BH3HA4a€THCA 33 (POPMYIIO0:

M T,p
n, =371,2.10° — 27 (3.11)
Hu ponv
ne Hy — 8 MIr/me.
[HMKaTOpHA MIUTOMA BUTPATA TA30BOTO AHBA:
3,6
V, = , M*/(xBr-rox), (3.12)
miHy
a iHIMKaTOpHA MMTOMA BUTPATa TEIIOTH:
gi = Vi-Hy, MIx/(xBr-ron). (3.13)

Bixnosiani epexrusni nokasuuky Vi i §j BU3HAYAIOTHCS [LIAXOM JiJIEHHS
IHIMKATOPHHUX TOKA3HUKIB HA MEXaHIYHHUI K.K.JI., BEJIMYMHA SIKOTO ISl Ta30BUX JIBH-
I'YHIB BUOMpaeThes B Mexax MNm = 0,76-0,85. EdextuBHa nmiuroma Butpata Teriotu J
JUISl CY4aCHHMX ra30BUX JIBUT'YHIB 3HaXOMUTHCs B Mexkax 12—17 M/Ix/(kBt-ron).

[HI1 mapameTpu, mpo sKi He HIEThCS y LIbOMY PO3JILI, YIS Ta30BUX IBH-
T'YHIB PO3pPaxXOBYIOThCS 32 METOJUKOIO PO3PaXyHKY KapOropaTopHuX (O€H3MHOBHX )
JIBUTYHIB.
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I obypoBa TeopeTNYHUX XapaKk TEPUCTUK OBUTYHIB
TeopeTnuni BitoMocTi

3 METOI0 MMOJAIBIIIONO TSATOBOIO PO3PaxyHKy TpPaKkTopa, ado JUHAMIYHOTO
PO3paxyHKy aBTOMOOUIS, 32 pe3ylbTaTaMH TEIUIOBOTO PO3PaxXyHKY JBUTYHA Oy-
JIYIOTHCSI BIJIIOBITHO J0 THITY JBUTYHA TEOPETUYHI XapaKTEPUCTHKH: PEryIsaTOpHA
XapaKTEepUCTHKA Au3eias a00 MBUIKICHA XapaKTEPHCTHKA JBHUTYHA 3 1CKPOBHM
3amaaroBaHHAM. BUXiTHUMY JaHUMH IS iX MOOYIOBH €: TUI JBUTYHA (3 3aIlairo-
BaHHSM BiJl CTHCKaHHs a00 3 iCKpOBHM 3alajiOBaHHSAM ), HOMiHAJbHA MOTYXKHICTh
N., B kBT, HOMiHaibHa yacTtoTa 06epTanHs N, B XB %, IHTOMA Oex B T/(kBT-rOn) 1
yacoa Gr, B KI/ToJ BUTpaTH NAKMBa HAa HOMiHAJLHOMY PEXHMi pOOOTH IBUTYHA
(W1s1 IBUTYHIB Ha ra30BOMY MAJIMBI BiANOBIAHO Ve, B M3/(KBT'FO}1) ta Gy, B M3/1“0)1).

XapakTepucTHKU OYyIyIOTh TP HaJaIITYBaHHI BCEPEKUMHOIO PETYIIsi-
TOpa Ju3elsi Ha MaKCUMallbHY Ioflauy IajuBa, JUisl ABUTYHIB 3 ICKPOBHM 3ariajio-
BaHH;IM — Ha POOOTY 3 MOBHICTIO BIIKPHUTOIO JPOCEIBHOI 3aciiHkow. [Ipukmamu
odopmiteHHs TpadikiB 1 po3TaIlyBaHHS MACIITAOHMX KA HaBeAeHi Ha puc. 4.1-4.4.
[Ipu BuOOpi MaciiTabiB HEOOXIAHO MparHyTH 30epertd Ha rpadikax MogiOHICTh
po3TalllyBaHHsI KpUBHX (PEKOMEHJIOBAaHMX CTaHAApPTaMH Ha BUIIPOOYBaHHS aBTO-
TPAKTOPHUX JIBUT'YHIB).

4.1. TeopeTH4yHa pery/IsiTOPHA XapaKTePUCTHKA TU3eJIs1

3a pe3ynbTaTaMy OJHHX 1 THX )K€ PO3PaxyHKIB (BUIPOOYBaHb) PEryJsiTOPHA
XapaKTEepPUCTHKA TU3eIsl MOXKe OYTH Tpe/ICTaBIeHa Y BUTIISII Pi3HUX TpadikiB:

— (M, Ne, Gz, ge) = f(n) — perynaropna xapakrepucTuka qu3eis B QyHK-
il Bix yactoty obepTanHs (11 TAKOXK HA3MBAIOTH MIBUAKICHOI XapaKTEPUCTHKOIO
JIM3eJIsl Ha PeryisiTopi), muB. puc. 4.1;

— (n, My, Gz, ge) = f(Ne¢) — perynsropna xapakrepucriika ausens — oc-
HOBHa (OynyeThest B QYHKIIT Bifl €EKTUBHOI MOTYXKHOCTI), UB. puc. 4.2;

— (n, Ne, Gz, ge) = f(M;) — perynsropra xapakrepucTyka au3ens B (yHKILi
BiJl KDYTHOTO MOMEHTY, IUB. puc. 4.3.

OcHoBHa peryiaTopHa xapakrepucruka gusens f(Ne) Bukopucropyerscs
JUIA aHAi3y POOOTH AM3ENS Ha PEryIsITopi (PEeTyISTOPHI TiJIKH TYT PO3TATHYTI),
JUIA BU3HAYCHHS €KCIUTYaTalliifHOl MaTMBHOI €KOHOMIYHOCTI JBUTYHA — EKCIDTya-
TaIifHOI OI[IHOYHOI MMUTOMOI BUTPATH MAJINBA i T.JI.

PerynaropHa xapakrtepucThKa Tu3ens B (DYHKIII BiJ 94acTOTH 0OepTaHHS
f(n) € HaiiBaXXTMBINIOK XapPaKTEPUCTHKO JUIsi aBTOMOOUIBHUX JIU3EIIB, HA OCHOBI
SKUX OyIyeThCS TUHAMIYHA XapaKTePUCTHKA aBTOMOOIIIS 3 IHU3EbHAM JIBUTYHOM.
Perynsropna xapaktepuctuka auzens y (yskuii Bim kpyraoro momentry f(M,)
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TIPE/ICTaBIIsiE OCOOMBUIA 1HTEpEC NMPHU MOOYIOBI TATOBHX XapaKTEPHCTHK TPAaKTO-
piB (TsradiB), A1 aBTOMOOITBHUX AN3EIIB HE OYIyETHCS.

[ToOGynoBa TEOpEeTHYHUX PETyJSATOPHHX XapaKTEPHCTHK IMOYWHAETHCS 3
MOOYIOBH PEryJISTOPHOI XapaKTEePUCTHKH B (QYHKIIT BiJl 9acTOTH 0OepTaHHSI.

4.1.1. IlIguoxicna xapakmepucmuxa ou3sens

PerynsropHa xapakTepucTuka (YHKIIII BiJf 9aCTOTH OOCPTAHHS — IIBHJ-

KicHa xapakrepuctuka jusens Ha peryssitopi (My, Ne, Gr, ge) = f(n) Gyayerses B
TaKii MocITiIoBHOCTI (puc. 4.1).

Ne, kBT

Mok [ Ne| _L—t1
300 — \
|
\\ Mk \
30 \\\ !
|
200
\|
Wil
% \\ r/(l(gl3e'|:-q)
\ GT,
= Ui
100 10 320
10 -
6
I ” / 280
7 / 2 240
od o
1300 1400

1500 1600 1700 n,MuH"

Puc. 4.1 — TeopeTnuHa peryJsiTopHa xapakrepucruka ausenst f(n)
(mBHMAKiCHA XapaKTePUCTHKA HA PeryjsiTopi)

1. Bubuparotscs Maciradu a1t nodyaou rpadika. Macmrrab mo oci aberuc
rpadika (Maciitab yactoTu oOepTaHHs) BUOUPAIOTh OPIEHTYIOUUCH HA 3HAYEHHS N,

Ny max Ta Nygo max- SHAYCHHS HOMiHAJIBHOI 9aCTOTH 00epTaHHA N, BIIOMO, a MaKCH-

MaJbHa 9acTOTa 00EPTaHHS XOIOCTOTO XOAY Ny max BU3HAYAETHCS 32 (HOPMYIIOI0:

— @2+ 817) ‘N, -1

- y XB
(2-3,)=(1-3,)n,

X max

ne O, — CTymiHb HepiBHOMIpHOCTI perymsropa (y CydacHHX OHM3eiB
d, =0,03-0,07).

YacTora 006epTaHHs IPH MAKCUMAIbHOMY KPYTHOMY MOMEHTI
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n
— H -1
nM() max — —. y» XB ,

06

ne K, — KoedilieHT nprcTOCOBHOCTI IBUTYHA 32 000POTAMU; Y CyIACHHX
neuryHis K, = 1,25-1,6 11st IpOEKTOBAHUX JBUTYHIB PEKOMEHIYEThCS PUMMATH
Kos = 1,25-1,35.

OpieHTYI0YHCh HA PEKOMEHIOBAHE PO3TallyBaHHs KpUBUX (auB. puc. 4.1),
a Takok Ha HoMinanbHi 3HauenHs My, N, Gr, i Qe, BUOUpatoThCs iHII MacTady,

[IPU IbOMY 3HAYEHHsI KPYTHOrO MOMEHTY Ha HOMiHAJIBHOMY PEXHMMi BU3HAYAETHCS
3a hopMyIoro:

N
My, = 9550 —-, Hom. 4.1)
n

H

Ha oci abcrmc BifkIanatoThesl TpU XapaKTepHI TOYKH, SIKi BiANOBIAAIOTH
3HaYeHHAM Ny, Ny max 1 Nyo max, 9€PE3 AKI MPOBOAATHCSA BEPTHKAJIBHI TOMOMIXKHI
(WTPUX-TTyHKTHPHI) JIHIT.

2. Iepen moOynoBoto rpadika roTyeThest TAOMMILS AJsl PO3PAXYHKIB, B SKY
3aHOCSATHCS BXKE BiJIOMI YKcesbHI 3HaueHHs BennduH (1abdm. 4.1).

Taonuus 4.1
n, xB - M,, H-M Ne, kBT Gy, xr/ron e, I/kBrTOR
Ny max 0 0 -
nr; Mau Neu GTn geu
N
N,
N3

N0 max

3naveHHs Ny, Ny Ta N3 BUOMPAIOTHCS OBUIBHO — PIBHOMIPHO B Jiana3oHi
9acToT Bim Ny, 10 Nyyo max- 7T 3HAUEHD YacTOT B IIHOMY Jiana3oHi (BKITFOYA0TH N,y max)
32 EMIIPAYHOIO 3AJIEKHICTIO PO3PaXOBYIOTHCS BiANOBIIHI 3HAYEHHS KPYTHUX MO-
MEHTIB 1 3aHOCATHCS y Tabmmitio 4.1:
2

n

H H

n
M, =M,,| 0,42+2,15:| = |-157-

3a pe3ynpraTaMu PO3paxyHKY BH3HAYAETHCS 3HAUCHHS KOeQillieHTa Ipu-
CTOCOBAHOCTI AN3EIIS TI0 MOMEHTY:
M 0 max
K, =——.
M,

3nauennst K, mae Gyru ve menmre 1,12.

H
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3a 3naueHHsMu M, i BiaIOBiIHUX 3HaYeHs N B miama3oHi Bifg Ny 10 Nip max
PO3PaXOBYIOTHCS 3HAUYCHHS e(heKTUBHOI MOTYKHOCTI 32 (POpMYIIOI0:

_Ma-n

=———, kBt
9550

e
PesynbraTn 3aHOCATHCS y Tabnmuio 4.1, 3a maHuMuU TabnuIl OyIyIOTHCS
kopekTyBanbHi JiHii kpuBux M, = f(n) i Ne = f(n), a perynaropui nminii uux xpusux
300paXyrOThCS y BUIIAAI IPAMHUX JIiHIH, 10 3’ €aHyr0Th Todkr My = 0 ipu Ny max 3
M,,, Ta N = 0 iprt N, rax 3 Ne,, Biamosizmmo.
3. Jlna nobynosu 3anexunocti Gr = f(N) susnauarotses 3navenns Gr na
XapakTepHux pexxumax. Ha HominansHOMY pexxumi (N,):

— gen ) Nen
GTH = T, KF/I‘OI[. (43)

[Ipu po6OTi Ha MAKCUMATBHOMY IIBUAKICHOMY PEKHMI (Ny max):
Gz =(0,22-0,27) Gy, kr/ron,
11-G,, K,

a Ha pe)KI/IMl Md max (nMd max): GT Mo max = K—, KF/FOI[.
06

OtpuMaHi 3HaueHHs 3aHOCAThCs y Tabuuio 4.1, B oOpanomy maciirali
BiJIKJIaAl0OThCsl HA TPadiKy 1 yMOBHO 3’ €IHYIOTHCS PSIMUMMU JIiHIsIMU. Y TaOnuio 4.1
TakoX 3aHocsAThbes 3HaueHHs Gy, BiamoBimHi N1, Ny Ta N3, AKi BU3HAYAIOTHCS OE3-
HOCepeHBO 3a MOOYymoBaHUM rpadikoM. 3HAYEHHs MUTOMOI BHTpATH majuBa Je
JUTSL IIUX MIBUAKICHUX PEXUMIB BU3HAYAIOTHCS 32 (POPMYIIOH0:

G, -10°
g, = N r/(xBT - rom) (4.4)

e

1 TAaKOXK 3aHOCATHCS y Tabimiro 4.1. 3a numu marnMu Ha Tpadiky OyayeThCs KOpeK-
TopHa JiHisg 3anexHocTi ge = f(N).

Ha perynaropHiii JinsHui B ianasoHi 4acToT Big N, 10 N, max kKpuBa g = f(N)
MOYUHAETHCA 3 Jeyy 1 B MipY 3MEHILIECHHSI HABAHTAXKEHHS aCHMIITOTHYHO TIPSIMYE 10
HeCcKiH4YeHHOCTi. Ha perymaropHiit xapaktepuctuili B (YHKIII Big yacToTu odep-
TaHHSA 11 MOKHA TTOOYIYBaTH MPUOIU3HO, PO3pPaxyBaBIIN ONHY a00 IBI MPOMiXHI
TOYKH 32 (opMyIoro (4.3), B3sIBIIN BUXiAHI JaHI Oe3mocepeqHpo 3 rpadika.

4.1.2. Ilo6yoosa pezynamopHoi xapaxmepucmuku QyHKuii
6i0 eqpexmugnoi nomyscrnocmi
Ha rpadiky (muB. puc. 4.2) B npuiHATOMY MacmTadi MMOCIiIOBHO HaHO-
carpea 3anexnocti (N, My, Gr, ge) = f(Ne). Bei HeoOXinni mns ix noGynoBu mami
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Oepythest 3 Tabmui 4.1. Xapakrepuumu Toukamu TyT €: xonoctuil Xig Ne = 0;
nHoMinanbHui pexnuM Ne = Ng,,; moryxsicts npu My max.

-1
MicHM  n,MuH

1700
n rx
1500
\ Qe,
200 vd r/(KBT+ )
1300 N 7 GT,
N T — Kr/y
{ GT /:’ 10 320
100 < -t
— =" — 6 280
71 Bh
/ ,- ol
/ ge ; 2 | 240
0 +
0 10 20 30 40 Ne, kBT

Puc. 4.2 — TeopeTu4Ha peryJsiTopHa xapakrepucTuka qusenst — f(Ng)

Perynsaropua ninis ge = f(N) Tyr 6yayerses B nianasoni (0,4-1,0)Ne. 3na-
4YeHHs Je pPO3paxoBYIOThCs 32 (GopMynoro (4.3) B TPpOX—4OTHPHOX OOpaHHMX TOY-
Kax, npu oMy 3Hagenns Grta N 6epyrbes 6C3HOCCpCILHI>O 3 rpadika.

3a perynsTopHOI0 XapaKTePUCTHKOK B ¢byHKUii Big e(I)CKTI/IBHOI HOTYX-
HOCTI JUIsl OL{HIOBaHHS IAJMBHOI €KOHOMIYHOCTI JBUI'YHA B eKCIUTyaTalii BU3Ha-
Ya€eThCs eKCIUTyaTalliifHa OliHOYHA TUTOMa BUTPATa MaIUBa:

zgei

Oeoy) = % ,T/(xBT - TOM).

TyT Qej 3HAUEHHS MATOMOI BUTPATH MaJIMBa HAa PEryIAATOPHIN JiHIT Xapak-
TepuCcTHKH B Aiama3zoHi Big 50 mo 100 % HOMiHAIBEHOI MMOTYKHOCTI Yepe3 OJHAKOBI
npomixku; i>10.

4.1.3. Ilo6yooea pezynamopnoi xapaxmepucmuku QyHKyii
610 KDymHO20 MOMeHmY

PerynsaropHa xapakreprcTika B (YHKINI BiJf KPyTHOTO MOMEHTY OyIyEThCS
TIIBKU TIPH TATOBOMY PO3paxyHKY Tpaktopa. Ha rpadiky (muB. puc. 4.3) B npwmii-
HaToMy MaciTabi Oyaytotses sanexHocti (N, Ne, Gz, ge) = f(M,).

Hani s moOymoBH BiAIIOBITHUX 3aleXHOCTEH OepyTbes 3 Tabmmri 4.1.
XapakTepHUMU TOUKaMu xapakrepuctuku €: My = 0 (xomocruii xix), My, 1 My max-

Perynsaropua minist ge = f(N) Gynyerbes ananoriuno ii mobyoBu Ha rpa-
(iKy peryisTopHOi XapakTepucTHKN (pyHKmii Bif eeKTHBHOI MOTYKHOCTI (IUB.
o 4.1.2).

28



nMUH !

1700 - I
n
Ne, kBT
1500 \
Qe,
40 Ne r/(kBT«u)
1300 \ . Gr,
30 A ; Kr/d
A // Gt 10
ST 320
20 7 T
A 6 | 280
10 — 7 L
2 240
0]
0 100 200 Mk, Hm

Puc. 4.3 — TeopeTnuHa peryisiTopHa xapakrepuctuka qmsenast f(M,)
4.2. llIBuakicHa XapaKTepUCTHKA ABUTYHA 3 iCKPOBHUM 3anajl0BaHHAM

Teopernuna 30BHimmHs mBuakicHa xapakrepuctuka (M., Ne, Gr, ge) = f(n)
OyIy€eTbCsl TUIBKU MU TUHAMIYHOMY PO3pPaxyHKY aBTOMOOIJIs, 001 JHAHOTO JBH-
T'YHOM 3 iICKPOBHM 3aI1aJIFOBAHHSIM.

PexomeHoBaHe po3TallyBaHHS KPHBUX 1 MacIITaOHMX IIKaJl TOKa3aHO Ha
puc. 4.4.

Mk, Hm Ne, kBT
420 - » ] | 100
/1\ L~ Ne I A
sl \
380 -~ ) < \ | 60
i /’
w
340 }' 20
300 GT, kr/4
\
30
ar LT 20
i \
= \ 10
ge, 0
r/(kBTeu) |3 I
400
]
N 1
N
300
\\- 9e o
200
500/ 1000 | 1500 2000 2500 3000|  nmun’

Nmin NMk max Ny

Puc. 4.4 — TeopeTn4yHa 30BHILIHA XapaKTEPUCTHKA KapOIOPaTOPHOIo IBUI'YHA
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XapakTepHUMH PEKUMaMH € 4acTOTH OOEpTaHHS MPH MaKCUMAaJIbHOMY
MOMEHTI, TP MaKCHUMaJIbHIH TOTYXKHOCTI 1 4acToTra oO0epTaHHS IpH MiHIMaJbHINA
MTUTOMIN BUTpATI MaJINBA.

Buxignuvu narumu s nodynoer sanexnocreil Ne = f(n) ta ge = f(n) €
3Hauenus Ng, (BCTAHOBJIEHO 3aBJAHHAM) i OTPUMAHE MPH TEIUIOBOMY PO3PAXYHKY
IBUr'YHA 3HAUEHHS Je,. 3HaueHHs Ne i Je JUIS PI3HUX MIBUIKICHUX PEXHUMIB po3pa-
XOBYIOTBCS 32 EMITIPUYHUMU (POPMYIIaMHU:

2
n n
N,=N,,|-0,2+2,0 n —0.8/ 7| | ¥Br; (4.5)

H H

2
n n
9.=9,/13-11 T +0,8 Tl r/(xBT-TON). (4.6)

Pe3yabTaTi paxyHKy (YOTUpU—IT’ATh) 3HaYeHb B Aiama3oni N/n, = 0,4-1,0)
3aHOCATHCS B 3a3/1aJIeri b MiArOTOBJIECHY TAOJMII0, OIHAKOBY 3a ()OPMOIO 3 Taod-
muuero 4.1. 3nauenns M, ta G pospaxoByrotbes 3a GopMynamu Bianosiguo (4.1)
i (4.3) — nst pexxuMIB, SKi BIAPI3HAIOTHCS Bill HOMIHAJIBHOIO 0€3 1HACKCY «H» 1
TAKOX 3aHOCSATHCS B TAOJHIIIO, 32 JAHUMH SIKOT OY/Iy€ThCSI IIIyKaHa XapaKTepHUCTHKA.
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OuHamiyHMi pospaxyHOK OBUryHa
TeopeTnuni BitoMocTi

Po3paxyHOK BUKOHYETBCS 3 TOJAIBIINM BUKOPHCTAHHSM JI0 IEHTPAJIHHOTO
KIIM. IlpaBuio 3HaKiB ist CHII 1 MOMEHTIB, 110 AitoTh B KIIIM, nokasaHi Ha puc. 5.1.

Puc. 5.1 — Cxema cui i npaBuiIa 3HaKiB
5.1. BusnaueHHs cuJ, IO Ail0OTh HA MOPIUEHb i MOPIIHeBU Najenb

Ha nopiueHs i mopIuHeByii najers Jil0Th CHIM THCKY TasiB Pr i cuim inep-
uii Pj, macu KIIIM, siki pyXaroTbcsi 3BOPOTHO-IIOCTYAIBHO.
Cuiia THCKY ra3iB BU3HAYAETHCSI 32 (HOPMYIIOKO:

B nD?

P, (p, —0,1)-10° H, (5.1)

Iie Px — MOTOYHE 3HAYEHHS THCKY Ta3iB 3a iHIUKaTOpHOIO Aiarpamoro, MIla;
D — niamerp uuninapa, M.

Jli1st nofabIkX PO3paxyHKiB moTpibHo BUpasuTu cuny Pry GyHkii Big
KyTa Ol TMOBOpPOTYy KomiH4acToro Bana. [Ipm nentpansHomy KIIM 3B’s30K Mik
PI3HEMH TOYKAMHU IHIUKATOPHOI Iiarpamul i 3a3HAYEHUMH KyTaMH MOXe OyTH
BU3Ha4YeHnH rpadivauMm crocobom. Ilix Biccro abcmmc miarpamu (AuB. puc. 5.2)
OyayeTbes mBKpyr pagiycom R, skuit mopiuroe monosuni Bigpiska Vy. Brpaso 1o
TOPU30HTAJI BiJl IEHTPY MiBKOJA BIJKJIAAAETHCS B TOMY CaMOMy MacmITadi Biapi-
30K, sakuii popiBaioe RA/2, ne A — mocriiiHa ABUryHa: BiJHOILEHHS pajiyca KpH-
BOIIMIIA JIO JOBXXHMHH IIaTyHa. 3 KiHIS IIbOTO BiJIpi3Ka MPOBOIUTHCS P MPOMEHIB
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T KyTaMu Olg, Olp, Ol3... 1O TOPU3OHTAJII 710 IEpETHHY 3 IiBKosoM. IIpoexmii KiH-
LB [IUX IIPOMEHIB Ha OKPEMI T1JIKW 1HAWKATOPHOI JiarpaMy BKa3ylOTh, SKi 3HAYCHHS
THCKY Px BIIIOBIIAIOTH THM YH HIIMM KyTaM HOBOPOTY KOJIIHYACTOr0 BaJia.

.
L.
; N
Px F—FH N
; = b
1
r . a
POT.»_VC :
1
]
1
i
o
- (0] o - .
LR

Puc. 5.2 — [To Bu3HaueHns tucky Py = f(a)

Ha puc. 5.3 naBeneno aiarpamy cua Py, Py, P;.

TNl |
BN
.%i \J'] = : ‘;,”

LN

Puc. 5.3 — Jliarpama cua Pj;, Py, P;.

Ha ninsukax rpadika: 0-180° (takt Bmycky) Py = Pa = const; 540-720°
(TakT BHITYCKY) Px = Pr = CONSt.

Binbi Touno 3HaueHnsa Py = f(o) MoxkyTs 6yTH BU3HAUEHI aHAITHYHUM
LUIIXOM BiIIOBIJHO 10 IPUHHATOTO KPOKY PO3PaxyHKY 3a KyTOM IIOBOPOTY KpH-
Bowuna Ao.. Ha Taktax cTHCHEHHS—PO3LIMPEHHSI TS PI3HUX 3HAYCHD O IIOCITiIOBHO
BH3HAYAIOTH IIUTSX TOPIIES Sy (M) i MOTOUHE 3HadYeHHs 00 emy mminapa Vy (M°):

A(1—-cos2
S, =R 1—cos<x+—( 2 2 ;
2 2
V=v, + g Y D5 g



1 IS BIMOBIMHUX TUISTHOK Tpadika Bu3Ha4daroThecs 3HaueHHs Py 180-360° (Takr

cruckanus) P, = P, (V,/ VX)nl ; 360-540° (takt postmperns) — npu Vi<V, Py = P,
n,

abo ViV, p, = p,(V,/V,) 2.

Tyt Va = Vi + V,; V; = pVe, y kapGroparoprux asurynis p = 1,a V, = V..
ITopaxoBani 3a opmysoro (5.1) 3HaYeHHs ra30BOI CWiIM Pr mpu pi3HHX KyTax
MIOBOPOTY KOJNIHYACTOTO Basa uepe3 MPUHHATHH KPOK 3aHOCSTHCS Y TaOiHIio 5.2.
PekoMeHIyeThCs IpUiiMaTH KPOK KyTa MOBOPOTY KoniHdacroro Bana 30° — B iHTep-
Baii 0-330° i1 390-720°, a B inTepBaii 330-390° (mporec 3ropstHH:) — Kpok 10°.

Cuuia iHepuii 3BOPOTHO-TIOCTYMANLHO pyxomux Mac KIIIM:

Pj = Pj| + Pj||, (5.2)

ze Py = mMR®?cosa. — cuna iHepii mepIIoro NOpsAKy, Mepios 3MiHU SIKOT
mopiBHIOE oxHOMY 00epTi Komingacroro Baia (360°); Py = MR®w’AC0S20L — cuma
iHepuii Jpyroro MmopsaKy, Mepioa 3MiHM KOTpHid JopiBHIOE 1/2 00epTy KoiiHYaC-
Toro Baia, T06to (180°).

3 ypaxyBaHHSM ITpaBHJIa 3HAKIB!

P; = — mRo’(coso + ACOS20L). (5.3)

VY piBusiHHI (5.3) Maca M pyxomux nocrynainbHo neraied KIIM, moxe
OyTHU IpH OPIEHTOBHUX PO3PaxyHKaXx, MPEICTaBICHA CYMOIO:

m=m, + 0,275m,,,

e M, — maca IOPIIHEBOI'0 KOMIUIEKTY, KI'; M, — Maca IIaTyHa, KI.
3unadeHHs M, i M, Opu po3paxyHKy NMPUUMAIOTh, OPIEHTYIOYHCh HA JaHi
Tabumi 5.1 3anexHo Big giamerpa watinapa D.

Taoauus 5.1.
Juzenn KapGropaTop
D m, m,, D m, m,,
100<D<110 2,1-25 25-2,7 70<D<80 0,1-0,5 0,7-0,9
110<D<120 2,6-2,9 2,7-4,0 80<D<90 0,5-0,7 0,9-1,2
120<D<130 3,0-4,2 4,0-7,0 90<D<100 0,7-1,2 1,3-1,6
130<D<150 5,5-7,5 8,0-10,0 100<D<110 1,2-15 15-1,8

Ipumimku. Yum Ginsiie 3Hauenss D/S tum menme m,;  Yum Oiniblie 3HAUCHHS
A =R/l Tum menmme m,,.

KyroBa wacrora obepTaHHs KOJIIHYACTOTO Bajia OEpEThCs MPH HOMiHATb-
HOMY LIBUJIKICHOMY PexXHMi ABUTyHa, To6TO 0 =7-N, /30.
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Pesynbrarty pospaxysky cun Py = f(a), Py = f(a), Pj = f(ot) 3Bomsits 10
Tabmug 5.2 i Oyayrote rpadiku (puc. 5.3). 3HadueHHs pe3yabTyouoi cuan (puc. 5.4)
3HaXOMITh sk cyMmy P.; = P, + Pj 3 ypaxyBanusm npasua 3HaxiB.

80 fi

60

Ppesz

FXT \

0 180 360 540 720

o

Pr,Pj,Ppea
I
(=)

Puc. 5.4 — I'padix cnu, mio AiroTh Ha NOPIIHEBHIi NMatenb

JonyckaeTbesi 3acToCyBaHHs rpadiyHUX METOJIB /sl PO3TOPTAHHS 1HIU-
KaTOPHOI Jiarpamu, mo0yaoBH rpadika ra3oBoi CuiM, CUIT iHEpIii 1 pe3ysbTyH4ol
cwiu. [Ipu npomy 3BeneHa Tabnuus pe3yabTaTiB He BUKIIOYAETHCS.

Jns rpadivnoro BusHadenns cun inepuii Pj, Py ta Pj 3Boporno-mocty-
MaJIbHUX PYXOMHUX MAac HEOOX1THO BUKOHATH HACTYIHI M00ynoBH. OCKUIBKK cUiia
iHepii JopiBHIOE OOYTKY MacH MOCTYNAILHO PyXOMHUX JieTajlell Ha IPUCKOPEHHS,
sike sl KinematuuHux cxeMm JIBC mopiBHroe: 1yist cuit iHepLii Nepuioro mopsyaKy
MR®?coSa, a amst cun inepuii apyroro nopsuiky Rm?COS20L, To aMILIiTya 3MiHM
CHJI 1HepLIiT IepiIoro nopsiaAky Oyae JOpiBHIOBATH mRe? 3 nepiogom 27, a aMIuTi-
TyJa CHII APYroro MOpsIKy 2 MR’ 3 nepioZioM 3MiHM BABiul MeHmie. Takum
YHHOM, i3 3aranbHoro rentpa O (muB. puc. 5.3) MPOBOAMMO [Ba IMBKOJNA — OJIHE
pamiycom Iy = MR®?, inme pamiycom r, = AMR®? = A ry i psx npoMeHis mix
KyTaM# O, 20, ... JI0 BepTuKaii. BepTukanbHi MpoeKIii BiJPi3KiB NPOMEHIB, sIKi
MIEPETUHAIOTH MEPIIy OKPYXKHICTD, TAIOTh B IPUHHATOMY MacmITadi 3HAYEHHS CIUT
Pji Ipu BiANOBiZHMX KyTaX MOBOPOTY KOJIIHYACTOro Baja, a MPOEKIHi THX CaMHX
IPOMEHIB, sIKi MEPETHHAIOTH APYTY OKPYKHiCTb, 3HaudeHHs cuin Pj. Ilpu kyrax
MIOBOPOTY KOJIHYACTOTO BaJia, BiIIOBIJHO B/IBIYi MEHIIHX.

Hani npoBoaumo 4epe3 tentp O ropu3oHTaNbHY JHI0 1 BIAKIAIAEMO HA
Hill, SIK Ha oci abcuuc, 3Ha4eHHS O KyTiB MOBOPOTY KOJIIHYACTOrO Basjia 3a poOoIni
ik (Bix 0 mo 720°).

3a TouKaMU TepeTHHY 3a3HAYCHUX BHIIE MPOEKIIiH 3 KOOpAMHATAMH, SKi
IPOXOJATH Yepe3 BiamoBiqHi 3HaueHHs KyTiB oL Ha oci abeuuc, Gynyemo kpusi Pjy
ta Pj. Ilmsixom mincymoByBanHs opiauHaT kpuBux Pj i Pj orpumyemo xpusy
pesynbTyrouoi cunu inepii Pj.
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5.2. BusHa4yeHHs CIJI, IO AiI0Th HA MATYHHY IIUHKY KOJiHYACTOro BaJjia

Ha martysny mmiiky JiroTh JBi crii (IuB. puc. 5.1): CrpsMoBaHa MO IATYHY
cuna Py, six cxmanosa ciwtn P, mpukiageHa g0 MOPIIHEBOro Haiblyl; BiALICHTPOBA
cuna inepuii Pg, cTBOproBana peayKiiiHO 10 KPUBOLIMIIA YACTHHOIO MACH IIATYHA.

T'eomerpruna cyma Py i P mae pesyneryrouy cuny Ry, sika nie Ha matyHay
HIMHAKY Bijl OIHOTO IJTiHADA.

Cunu Py i P, mizpaxoByrotbes 3a Takumu popMmyaamu:

P€3
P=—"H, (5:4)
cosp

ne 3 — KyT Bigxunenns oci martyHa Bij oci HATiHApA TIPU TIOBOPOTI KOJTiH-
yacToro Baja Ha KyT o; 3 = arcsin(Asino); 3 ypaxyBaHHsAM NpaBuia 3HaKiB:
P, =-0,725m,Ra? H. (5.5)

Cwa P; poskianaersest Ha 1Bi ckiIanoBi: cuiy Z, CripsMOBaHy 10 paiiycy
KPHUBOIIIUIIA, | TAHTEHIIAIBHY CHILY |, TIEPIIEHANKYIISPHY Paiycy KPUBOLIMIIA:

sin(a+p)

T=P,_ ———= H; 5.6
P cosP .6)
cos(a +
7 = Ppw M (5.7)
cosf

Cwia T Ha ruiede, piBHOMY paziycy Kpupomuna R, crBoproe KpyTHUiA
MOMEHT Ha Bany asuryHa. Cuina T i KpyTHHIT MOMEHT BBaXKatOThCS TIO3UTHBHUMH,
SIKIIO TX HAIpsIM 30Ira€Thesl 3 HANPSMOM 00epTaHHS KOJIHYACTOrO Baja.

3Ha4YeHHs TPUTOHOMETPUYHHX BEIUYUH, II0 BXOAATh y popmymnu (5.6) i
(5.7) ms pi3HUX 3HAYEHDb KYTIB O TIOBOPOTY KOJIHYACTOrO Baja i A — BiJIHOLIECHHS
paziyca KpUBOIIIKIIA O JOBXHUHHM IATyHA, HaBeIeHi y Tabuii (IuB. 101aToK A).

Cuna R, pospaxoByeTrbes 3a popMyInor:

Rm=./(Z+PC)2+T2, H. (5.8)

3a pesyabTaTaMu po3paxyHKiB OyayeTbes rpadik cymapHoi cunu R, sxa
HABaHTAXYeE MATYHHY ITUHKY (AUB. puc. 5.5).

OTtpumaHi 3HaYCHHS IIYKAHUX CHJI MIPH Pi3HUX KyTax MOBOPOTY KOMiHYAC-
TOT'O BaJia 3aHOCATHCS B TAOIHITO 5.2.

Tab6auus 5.2 — Pe3yJbTaTH THHAMIYHOI0 PO3PAXYHKY
a, Cuna, H
pan | Pr [ Py [ Pu [ B [Pu [P [T | Z [P ][R,
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Puc. 5.5 — I'padik cuim R, mo aie Ha mwaTyHHy mmiiky

VY 3BiTi 10 1aGOpaTOpHOI pOOOTH HEOOXIHO MOKA3aTH MPUKIAAN po3pa-
XYHKY CHJI JJIS IEPIIIOTO Ta IPYroro 3HaYeHb Ol.

5.3. Po3paxyHok MOMeHTY iHepHil i mapamMeTpiB MaxXoBHKa

Bynyerbcs rpadik TanrenuiansHoi cuim T = f(o), mo gie va marynny
HIMHAKY KOJIHYACTOrO Baja BiJi OAHOrO IWJIIHApa 3a poboumii 1UKI (puc. 5.6).
3HaueHHS CHJIM | OpH PI3HMX KyTax IOBOPOTY KOJIHYACTOro Baja GepyThes 3
ronepeHIX po3paxyHKiB.
20 \

KH Fus6 \

10

o

0 : i
' ____Ej__——i—'
-10
0 180 360 540 720
o

Puc. 5.6 — I'padiix TaHreHuiaJbHOI CHJIM OJHOLUJIIHAPOBOIrO IBUTYHA

BusHavaeTncs cepenHs opauHaTa:

— z FI‘IO.'I - z Fomp

p
|

y MM,

ne 2F,,, — cymapHa ruioma BCiX AUISHOK JiarpamMu, PO3TAalllOBAHUX Hal
Biccro a0ciuc, MMZ; EFomp — mmij Biccro abciuc, MMZ; | 7 — TOBXKHHA JllarpamMu, MM.

I GaraTomuIiHAPOBOTrO ABUTYHA OyIOyeThCs rpadix cyMapHOi TaHTCH-
miagbHOI CHJIM, sSIKa /i€ Ha KOJIHYACTHHA Ball BiJ BCiX mumiHApiB. [I0BimKOBI maHi
Jutst moOynoBU Tpadika cymapHOi TaHTEHLIANBHOI CHIIM HaBeNIeHi y nomatky b, a
Ha puc. 5.7-5.9 HaBeneHi npukiIagy rpadikiB TAaHTEHIIATGHOI CHIM YOTHPHUTAKT-
HUX JIBUTYHIB.
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[Tpn noOynoBi rpadika cyMapHOi TaHTeHIIAIBHOI CHIN PSTHOTO JIBOIIH-
JHIPOBOrO ABUTYHA (pHC. 5.7) Ha 3arajbHUM rpadik TOHKUMH JIIHIIMH HAaHOCATHCS
rpadiki TaHTeHIaIFHUX CWJI TIEPIIOro Ta JAPYroro IJIIHAPIB, 3MIIIeHi 1Mo oci
ao6cruc Ha 180° (mpu mopsiaky podoru mwwtiHApiB 1-2-0-0). Opaurat 000X anreo-
paiuanx rpadikiB cKIIaaaloThes 1 OyIyeThCsl KpUBa CyMapHOi TaHTeHIIAIBHOT CHITH
Tepw = f(). Hpu no6ynosi rpadixa T, = f(o) w1 psaasoro TpuumIiHIPOBOrO
ABUryHA HAHOCATHCS Tpadiku Ty, = f(0U) Bix KoXkHOrO 3 TPHOX LMITIHAPIB, 3Mile-
HUX BIJIHOCHO OJTUH OJHOTO Ha 240°.

\Va\

20
KkH

10

Frgbma:

180 360 540 720

o
Puc. 5.7 — I'padix cymapHoi TaHreHUiaJIbHOI CHJIM IBOLMIIIHIPOBOr0 ABUTYHA
Jnst psAHUX 4OTUPULIWTIHAPOBHX JBUTYHIB Ha rpadiky (puc. 5.8) B iHTEp-

Baui KyTiB noBopoty 0—180° HaHOCSTHCS KPHBI TaHTeHIIAbHUX 3YCHIIb, MPHKJIIA-
JICHHX JI0 YOTHPHOX IIHHOK Basa (3MilieHi 3a da3zoro Ha 180°).
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Puc. 5.8 — I'padiix cymapHoi TaHreHUiaAbHOI CHJIM YOTHPHUUIIHAPOBOro IBUT'YHA

VY 3a3HadeHOMY iHTEpBalli IUIIXOM anreOpaidyHoOro MiJACYMOBYBAaHHS BH-
3HAYAIOTHCS 3HAYCHHS 1 OyyeThCsl KpHBa CyMapHOi TaHTEHIIAIBHOI ciiid. B iHTep-
Baax KyTiB moBopory 180-360° i T.1. MOBTOPIOETHCS KPHBA TLIBKA CyMapHOIO
TaHT€HI{IAILHOK CUIIOKO.

Amnanorigdo OymyeTbes Tpadik CyMapHOI CHITH TS PSTHIX IIECTHIIT HIpO-
BUX JIBUTYHIB, TIPH IIbOMY TIi/ICYMOBYBaHHS TAHTCHITIATGHIX CHJI Bif IIICCTH IAITIHAPIB
3IHCHIOETBCS B iHTEpBadi KyTiB noBopoTy 0-120° (HaHocuThCs Ha Tpadik 3 3cy-
BOM 3a (hazoro Ha 120°). B intepBani kytiB 120—240 i T.1. Ha rpadiky HOBTOPIOETHCS
KpHBa TiIBKU CYMapHOKO CHIIH.
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Jns V-o0pa3HuX IBUTYHIB CIIOYATKY OyayeThes Tpadik cymMapHOI TaHTeH-
iATFHOI CHJTH, SIKa Ji€ Ha MUHKY KOJIIHIaCTOro Baja BiJI JTiBOTO i IPaBOTO IATiH/I-
piB (puc. 5.9, a). [lobynoBa rpacgika anaiorigaa noOy0Bi rpagika cyMapHoOi TaH-
TCHITIAIBHOI CHTH JIBOLMITIHAPOBOTO PSTHOrO ABHTYHA. [Ipu mibomy 3cyB 3a (ba3oro
rpadikiB JIiIBOTO 1 MPaBOro IWTIHAPIB 3aJEXKHUTh Bil KyTa pO3BaIy HWIIHAPIB (JIHB.
nonaTok B).

I'pachik cymapHOi TaHreHIIATBHOL CWTH Tst V-00pa3HuX ABHUTYHIB (pHC. 5.9, 6)
OyIyeTbesl HIISIXOM anreOpaiuHoOro IiJICyMOBYBaHHS TaHTEHIIAJIbHUX CHJI, HpH-
KJIaJICHUX /10 BCIX IIMHOK Baja (IUB., HAIIPUKIAJ, YOTHPUIMIIHAPOBUNA DPsTHUNA
JBUT'YH, puc. 5.8). IHTepBan mizicyMOBYBaHHSI 32 KyTOM IOBOPOTY KOJIHYAacTOI'O
Baja (MepioAMYHICTh 3MIHM CyMapHOI CHJIM) 1 KiNBKICTh CYMIIIEHUX (CyMapHHX)
rpadikiB IS pi3HUX IBUTYHIB HaBeJCHI B Aonatkax B ra I

Fus6.max

20
20 Toym=Tn+Tn|
KH KH [\
o \ U AVAV AVAVEVES
0 m\_ N 0
Toym TcyM
10 -10
0 180 360 540 720 0 180 360 540 720
o —— L y—
a o

Puc. 5.9 — I'padix TaHreHmiaabHOI CHIIM 0araTOUMIIHAPOBOrO ABUIYHA: @ — JIiBOTO
i npaBoro uuiaiHapiB (3cyB 3a da3zor 90°); 6 — cymapHa cuia — nepiox 3minu 240°

st GaratouumiHapoBUX V-MOAIOHUX IBUTYHIB (OCOOIUBO JUIsl IBUTYHIB
3 HEpIBHOMIPHUM 4YepryBaHHSM POOOYMX XOJiB), PEKOMEHIYETHCS TaOIMYHHI
METOJI BU3HAUEHHS 3HAUYCHb CyMapHOI TAHTCHIIANIBHOI CHITH.

J1s nporo cknagaeTses Tabmuus 5.3, B Ky UL KOKHOTO 3HAYeHHS KyTa
ITOBOPOTY KPUBOIIUIIA TIEPIIOTO IFUTIHAPA 3aHOCATH BiIIOBITHI 3HAYCHHS TaHTCH-
HiaTbHOI CHIIA KOXKHOTO IHJIIHIpA.

Tao6mmus 5.3
a, Taurenmiansaa cmia, H
rpaj T, | T, | T | T | T

V croBrens T1 3aHOCATHCS 3HAYEHHS TAHT€HIIAIBHOI CHIIH OIHOrO (Iep-
II0r0) LMJIHAPA, OTPUMAHI B PE3Y/ILTATI MOINEPENHBOr0 PO3PAXyHKY. V CTOBIELD |2
JUTSL IPYTOTO IATH/Pa 3aHOCATRCS Ti K 3HAYECHHS, ajie 3MilleHi 3a KyToM ((a3oro),
SIKMHA JIETKO BU3HAYAETHCS 32 BIIOMHM TOPSIKOM POOOTH IHIIIHAPIB i KyraMu
(basamm) yepryBaHHs ChamaxiB B LITIHApax. AHAIOMIYHO 3aHOCATHCS 3HAYCHHSI
TaHTEHIIANFHUX CHJI IS BCIX iHIMX IiHApiB. [Ticms 3amoBHEHHS TaOMWI AIis
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KOKHOTO 3HAUYEHHS O TiJPAXOBYETHCS 3HAYEHHS CYMapHOI CWIM Iy i Oymyerbes
rpa¢ik Ty = f(or), mus. puc. 5.9.

[Ticns moGynoBM rpadika cyMapHOi TaHT€HIIAJIHHOIO CHJIM OaraTOLMIIiH-
JPOBOT'O BUT'YHA BH3HAYAETHCS CEPEIHS OpANHATa Pj B (MM), (IMB. METOJMKY BU-
3HAUEHHs CEpeHbOI OpAMHATH BiJl OAHOIO LIIIHJpA), 10 BU3HAYAE CEPENHE 3Ha-
YeHHs CyMapHOI TaHIe€HIliaIbHOT CHIIH:

Tcy/w.cp = PiM, H)

ne py = T/, H/Mm — npuiirstaii maciuta6 mo oci opaunar; |y — Bucora
Jiarpamu, MM.

3a BENWYMHOIO Pj TIEpPEBIpsIEThCs TPaBUIIBHICTD OOYIOBH Tpadika cymap-
HOi TaHTEHIIaJIbHOI CHJIM 1| BUKOHAHHS BCHOT'O JMHAMIYHOIO PO3PAaXyHKY JBHUT'YHA.
[To6ym0BaHO MPABHILHO, SIKIIO:

PitzRN,N,/9550 = N,

ne R — paniyc xpuBoruumna, MM; 1), — MEXaHIYHUN K.K.J, JABUTYHA, PHIAHS-
THUU TP BUSHAYCHH1 KOI'O OCHOBHHX PO3MI1P1B.

[ToxnOka He noBUHHA nepeBuiyBaTr 3—4 %.

OpauHarta pj BiAKIagaeThess Ha rpadiky CyMapHOI TaHTEHIIabHOI CHIn
(puc. 5.7-5.9).

BenuunHa cymapHOi TaHTreHI[aJbHOI CHITH, TIOMHOXKEHA Ha pajiyc KpH-
Bommmna TR € inaukaropuum kpytHum MomentoM M. 3minni 3HauenHs Ty,
IIPU PI3HUX KyTaxX MOBOPOTY KOJIIHYACTOrO BaJia O. BUKJIMKAIOTh KOJMBAaHHS 1HIHU-
KaTOpHOro KpyrHoro Momenty M; BinHocHO cepentboro 3Hadenns M;,,, BusHaue-
HOTO 32 BEJIMYUHOIO [ ¢y p. OTHKE, KyTOBA IIBHAKICT KOTiHYACTOrO Baja O mepi-
omuuHo 3MminroeThes (® = f(or)). HepiBHOMipHicTE 06€pTaHHS KOIiHYACTOrO Baia

JIBUT'YHA XapaKTEPH3YETLCA CTYIIEHEM HEPIBHOMIpHOCTI Xony O:

®hin — O
§ = —min max,
(Dcp

J€ Omin, Omax — MIHIMAIbHE 1 MAKCHMaJIbHE 3HAYEHHS KyTOBOI IMIBUAKOCTI
KOTIHYACTOro Baja 3a UK C | ¢, — CEepe/IHE 3HAUEHHs KyTOBOI HIBMIKOCTI 32
IIUKJII ¢t

KpyTHHiT MOMEHT IBUryHa B KOXHY MHTH BPiBHOBa)XYETHCSI MOMEHTOM
onopy M,,,, NpHKIageHOro 10 KOJIHYACTOrO Baja, i MOMEHTOM CHJI iHEpIlii BCix
pyxomux mac. [Ipu po3paxyHkax MOMEHT OIOPY BBa)KalOTh IMOCTIHHUM 1 PiBHUM
cepeHbOMY 3HAYEHHIO IHAMKATOPHOTO KPYTHOTO MOMEHTY JABHTYHA, a 3MIHOIO
CepeHbOr0 MPHUBEICHO0 MOMEHTY iHepUil HEXTYIOTh. 1O/l KOIMMBAHHS MIBUAKOCTI
KOJIIHYacToro Basia OymyTh OOYMOBIIEHI TIBKM BiJXWJICHHSIM MHTTEBOTO 3HAUCHHS
M; Bix cepenuboro 3nauenHs M., Takum uuHOM, KoM KpyrHuil MomeHT M
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Oinbine 3HadeHHA M, = Micp JBUTYH POOMTH HaWIUIIKOBY PO6OTY L,u0. fKa
BH3HAYAETHCS 32 (DOPMYIIOIO:
_ 2
LHa()Jl - IOSO\) D) HM1

ne lo — MoMeHT iHepIii Beix Mac, MpUBEIEHHX 10 OCi KOIHYACTOroO Baa.

Po6ora L,;; mponopuiitna mwiomi F,,; Ha rpadiky cymapHoi TaHreHIiab-
Hoi cuu (puc. 5.8, 5.9).

Toni, Bu3Ha4MBIIK WIONLY Fp0, B (MM)Z, TUTAHIMETPYBaHHSIM a00 3a JI0Mmo-
MOT'OI0 PO3PaxXyHKY KiIbKOCTI KIiTHH Ha Iili mwIomami, akmo rpadik T4, = f(o)
no0YIOBaHMI HA MacIITa0HO-KOOPAMHATHOMY Tariepi, MmapaxoByeTbest pooota Ly,

Lna(),v = MFHa()m HM»

. 2
Je W = Hiply — MacmuTal o, Hm/mm®,
JU1st 4OTUPUTAKTHUX ABUTYHIB MacITad Mo oci abCIiC BU3HAYAETHCS 3.

4R

L, =——, M/MM,
A

ne R — paniyc kpusowmmna, m; |7 — noexuna giarpamu T, = f(ar), Mm.
TIpuiiHABLIN BEJIUYMHY CTYIEHSA HEPIBHOMIPHOCTI obepranHs O (s aB-

ToMOOLIbHKX ABUrYHIB O = 0,02-0,03, mis Tpakropaux asurysis o = 0,005-0,015)
BU3HAYAETHCS HEOOXiJHUI MOMEHT 1HepIlii MaXxOBHUKa:

0,8L
l.,, = #3521 KT-M>. (5.9)
3(mn, /30)
3a Benuunnoro |y, 3Hax0aMTECS Maca MaxoBuKa. J[JIs MaXOBMKa, BUKOHA-
HOT'0 y BUTJISIAL TUCKA, Maca JIOPiBHIOE !

_4IM

= F, KT, (510)

My

ne D — niamerp mucka, m.

3a5exHO Bijl THIly 1 IpU3HAYEHHs ABUIYHa aiameTp aucka D npuitmaerses
B mMexax 0,3-0,6 M. [liamerp nucka MOBHHEH OYTH TakuM, 00 3a0e3redyBanach
HEOOXiJTHA TIOBEPXHS TEPTS MUCKIB 3UCIUICHHSA. 1PaKTOpHI AW3eNbHI ABUTYHH, SIK
MIPaBWJIO, MAIOTh OLTBIINH, HIXK aBTOMOOLUTBHI KapOIOPAaTOPHI IBUTYHH KPYTHHI
MOMEHT, TOMY 34EIUICHHSI BUMAarae IiIBUIIEHOI TOBEPXHI TepTs 1, OTKe, OLIBIIOro
JliaMeTpa MaxOBHKa.
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Hopatku

Jonatok A

3HauenHa mpuzoHoMempuUYHUX QyHKuyiin
sin(a + B)/cosP cos(a + B)/cosP npu piznux A ma o

, 3Hak A 3uak a,
rpan 134 ] 136 [ 1/38 [ 140 [ 1/42 ] 144 rpan
sin(a+p)/cosP
0 + 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 — 360
10 + 0,2240 | 0,2212 | 0,2187 | 0,2164 | 0,2144 | 0,2126 — 350
20 + 0,4370 | 0,4317 | 0,4269 | 0,4227 | 0,4187 | 0,4180 — 340
30 + 0,6288 | 0,6215 | 0,6150 | 0,6091 | 0,6088 | 0,6030 — 330
40 + 0,7903 | 0,7818 | 0,7743 | 0,7675 | 0,7614 | 0,7580 - 320
50 + 0,9147 | 0,9060 | 0,8983 | 0,8915 | 0,8854 | 0,8840 — 310
60 + 0,9977 | 0,9899 | 0,9831 | 0,9769 | 0,9714 | 0,9680 - 300
70 + 1,0881 | 1,0322 | 1,0270 | 1,0224 | 1,0182 | 1,0150 — 290
80 + 1,0374 | 1,0342 | 1,0314 | 1,0289 | 1,0267 | 1,0220 — 280
90 + 1,0000 | 1,0000 | 1,000 | 1,0000 | 1,0000 | 1,0000 - 270
100 + 0,9323 | 0,9354 | 0,9382 | 0,9407 | 0,9429 | 0,9440 - 260
110 + 0,8413 | 0,8472 | 0,8524 | 0,8570 | 0,8611 | 0,8620 - 250
120 + 0,7343 | 0,7421 | 0,7490 | 0,7551 | 0,7607 | 0,7670 — 240
130 + 0,6774 | 0,6261 | 0,6337 | 0,6400 | 0,6467 | 0,6500 — 230
140 + 0,4953 | 0,3038 | 0,5183 | 0,5181 | 0,5242 | 0,5280 — 220
150 + 0,3713 | 0,3785 | 0,3851 | 0,3909 | 0,3962 | 0,3960 — 210
160 + 0,4270 | 0,2523 | 0,2571 | 0,2614 | 0,2653 | 0,2670 — 200
170 + 0,1233 | 0,1261 | 0,1286 | 0,1309 | 0,1329 | 0,1350 — 190
180 + 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 — 180
cos(a+pB)/cosP
0 + 1,0000 | 1,0000 | 1,0000 | 1,0000 | 1,0000 | 1,0000 + 360
10 + 0,9759 | 0,9764 | 0,9769 | 0,9763 | 0,9776 | 0,9800 + 350
20 + 0,9051 | 0,9070 | 0,9086 | 0,9103 | 0,9118 | 0,9100 + 340
30 + 0,9717 | 0,7950 | 0,7997 | 0,8030 | 0,8061 | 0,8070 + 330
40 + 0,6427 | 0,6494 | 0,6557 | 0,6614 | 0,6665 | 0,6720 + 320
50 + 0,4657 | 0,4760 | 0,4851 | 0,4933 | 0,5006 | 0,5025 + 310
60 + 0,2791 | 0,2859 | 0,2973 | 0,3079 | 0,3175 | 0,3240 + 300
70 + 0,0718 | 0,0879 | 0,1022 | 0,1149 | 0,1261 | 0,1340 + 290
80 — 0,1214 | 0,1069 | 0,0906 | 0,0765 | 0,0640 | 0,0507 — 280
90 — 0,3077 | 0,2891 | 0,2728 | 0,2582 | 0,2453 | 0,2340 — 270
100 — 0,4717 | 0,4537 | 0,4379 | 0,4238 | 0,4113 | 0,4040 — 260
110 — 0,6123 | 0,5961 | 0,5819 | 0,5691 | 0,5578 | 0,5560 — 250
120 — 0,7281 | 0,7146 | 0,7027 | 0,6921 | 0,6825 | 0,6635 — 240
130 — 0,8199 | 0,9096 | 0,8004 | 0,7923 | 0,7850 | 0,7820 — 230
140 — 0,8894 | 0,8827 | 0,8764 | 0,8707 | 0,8655 | 0,8650 — 220
150 — 0,9404 | 0,9362 | 0,9324 | 0,9290 | 0,9259 | 0,9350 — 210
160 — 0,9743 | 0,9732 | 0,9706 | 0,9630 | 0,9676 | 0,9655 — 200
170 — 0,9937 | 0,9932 | 0,9928 | 0,9924 | 0,9920 | 0,9900 — 190
180 — 1,0000 | 1,0000 | 1,0000 | 1,0000 | 1,0000 | 1,0000 — 180
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Jonatok b

Xapaxkmepui Kymu hazu yomupumaxkmuux 06uzyHis,
AKI 6paxos8yromuyca npu nooyoosi
2paghika cymapnoi manzeHyianvHol cunu

Z "

A & 3
s8¢ * | g B
S .= = 2 S )
aE = ) » =
E 5 2 3’eTHaHHS IMHHKA 2 22 5
& » | & o TTopsinok po6oTH S S &5
& 'é‘ < 1 HraTyHa . . tay T < =
o AT HIPIB g 5 4
&8 g 32 HOMEpaMu = £ 22
s Q = = g o.s
Se |2 : |2
e F E |2 E

o [ <
g = c
’.:4

1 0-0-1-0 720 720

2 180 . . 1-2-0-0 180-360 720

anomﬂge ' 1342

4 180 | HoMepam LUIIHIAPIB (1-2-3-4) 180 180

6 120 1-5-3-6-24 120 120

6V-90 | 120 1-4;2-5;3-6 1-4-2-536 90-150 240
8V-90| 90 1-5;2-6;3-7;4-8 1-54-2-6-3-7-8 90 180(90)

12V_75 120 1-7;2-8;3-9; 4-10; | 1-12-5-8-3-10-6— 7545 120

5-11; 6-12

7—2-11-4-9
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Jonatox B

Kopomki éioomocmi 0nsa mpakmoprux 0euzynie

Tloxa3znuk

71120

DEUTZ F2L912

T1-144
DEUTZ FAL912

J1-243

CASE 301BD

J1-245

J1-260

JOHN DEERE 6404A

CMJI-62

SAM3-24006

PERKINS V8.540

HominanbHa
MIOTYXHICTB,
kBT

22

22

44 | 441

59,6

52,9

77,2

110

116,1

121

220

122

Yacrora
O6€PTaHHH,
XB

2200

2300

2000 2300

2200

2200

2100

2200

2100

1900

2600

Po6ounii
00’eM, 11

2,08

1,88| 415| 3,77

4,75

4,93

4,75

7,12

6,63

9,15

22,3

8,84

Yucno i
PpO3TaIIyBaHHS
LHWIIHAPIB

2P

2P

4| 4p

4P

4P

4P

6P

6P

6V-90

12V-75

8V-90

CrymiHnb
CTUCKaHHS

16,5

16,1

16,5| 16,1

16,0

158

151

151

15,5

15,0

16,5

16,4

Xi mopuss,
MM

120

120

120 120

125

127

125

125

120,7

115

140

120,7

Hiametp
LHWIIHApA, MM

105

100

105 | 100

110

1111

110

110

108

130

130

108

Tun xamepu
3TOPSIHHS

Heposainene — 6e3nocepeiHe BIIOPCKYBaHHS

HasBHicTs
Ha/lyBy

Hewmae

€

Hemae

Tun
.
OXOJIO/KEHHS

1

P

Hpumimxu. "I — noitpsiue; P— pimumue.
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Honatok I'

Kopomki éioomocmi 0nsa aemomodinenux oeuynis

Kap6ropatop Juzenn
Q
O'I)
2 N
g ™ o N~ S © o] O j
IToxa3HuK & e « 3 ~ Q & % w
Lo o 1 [} o C;) C;) i @)
o s = = < S S [a) S
P ) o < x xR @) )
& >
|
=
HominansHa
HOTY>KHICTb,
kBT 55 85 110 | 132 | 154 132 195 | 235,4 | 242,7
Yacrora
obepranns, x| 2600 3200 | 3200 | 3200 | 2600 | 2100 | 2300 | 2500 | 2200
PoGounii
00’eM, 1 348 | 425 | 6,0 7,0 | 10,85 | 11,15 | 14,85 | 15,95 | 11,97
Yucno i
po3TalTyBaHHs
LUTIHAPIB 6p |8V-90/8V-90|8V-90| 8V-90|6V-90|8V-90|8V-90| 6p
CrymiHnb
CTHUCKaHHS 6,7 | 67 6,5 6,5 17 155 | 16,5 | 17,2 15
Xin mopiuss,
MM 110 | 80 95 95 120 140 140 130 | 150
Hiametp
mTiHgpa, MM | 82 92 100 | 108 | 120 130 130 125 | 130
Tun kamepu Heposainene — 6e3nocepeHe
3TOPSHHS — — — — BIIOPCKYBaHHS
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