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3aTBep/HKEHO  HAyKOBO-METOANYHOIO
pamoro [lepkaBHOrO  yHIBEPCUTETY
«OKutomupcbka moiTexHiKa»
mporokoi Ned gix 15.08.2024 p.

METOJIWYHI PEKOMEHIAIIIT
JUIsi BAKOHAHHS PO3paxyHKOBO-rpadidyHol poOoTH
3 HABYAIBHOI AUCIUILITIHA

«EHEPI'ETUYHI YCTAHOBKH AT3»

JUTS CTYJeHTIB ocBiTHROTO piBHSI «BAKAJIABP»
JIEHHOI 1 3209HOi (hopMK HaBUAHHS
crenianbHOCTI 274 «ABTOMOOUIBHUI TPAHCTIOPTY
OCBITHBO-TIpOeciitHa mporpamMa « ABTOMOOITEHUI TPAHCIIOPTY
(bakybTET KOMIT IOTEPHO-IHTETPOBAHUX TEXHOJIOTIH,
MEXaTPOHIKH 1 pOOOTOTEXHIKH

Kadepa aBTOMOOLIIB 1 TPAHCTIOPTHUX TEXHOJOTIH

Po3risiHyTO 1 peKOMEHI0OBaHO

Ha 3aciJjaHHi KadeIpu aBTOMOOLITIB 1
TPaHCIIOPTHUX TEXHOJIOTIH
npotokon Ne6 Big 27.06.2024 p.

Pozpoonuku: [MUJIMITEHKO Onekcanap, TOKTOp TEXHIYHUX HaYK,
pod., mpodecop kadeapu aBTOMOOLIIB i TPAHCHOPTHUX
texnonoriit; BITIOK Isan, ctapmmii Buknanad kaheapu

ABTOMOOUIIB i TPAHCIIOPTHUX TEXHOJIOTIH.

Kuromup 2024 p.
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MetoauyHi BKa3iBKM JI0 BHKOHAHHS  PO3PaXyHKOBO-
rpadgiyoi poboTH 3 aucHUILIiHA «EHEpreTH4Hi yCTaHOBKH
AT3» s CTyACHTIB cCHemialibHOCTI 274 «ABTOMOOITBHUI
tpancnopt» / [Tumunenko O., Bitok [.B. -2024. —92c.
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Berym.

Meroro po3paxyHKOBO-rpadigyHOi POOOTH € 3aKpITUICHHS
3HaHb 3 auctumling «Eneprernyni ycranoBku AT3», HaOyTTs
HAaBUYOK BUKOHAHHS TEILIOBOTO 1 JHMHAMIYHOTO PO3PaXYHKY
JIBUTYHA, OIIIHKKA JOCKOHAJIOCTI KOHCTPYKIIi OCHOBHHUX
€JIEeMEHTIB 1 3AilMCHEHHS HEOOXIIHUX pO3paxyHKIB ix
napameTpis .

CryneHT BUKOHY€E poOOTY 3TiJIHO 3aBAaHHs ( AOJATOK 1 ).

PoGora ckiagaetbes 3 pO3paxyHKOBO-IOSICHIOBATBLHOL
3aMUCKU Ta TpadivHOT YaCTHUHHU.

Po3paxyHKOBO-ITOSICHIOBATTbHA JacTHHA MMOBUHHA
O00OB’SI3KOBO  BMIIIyBaTH BCl pO3AUIM, L0 € B JaHHUX
METOMWYHMX  BKasziBkax B  o0csa3i  30..40  cropiHOK
pykonucHoro Tekcty (dopmar A4). HeoOxinHi rpadiku Ta
KiHEeMaTU4Hi cxeMH OyayroTbesi B cepenoBuiii Microsoft Excel
a00 1HIIOMY rpadiqYHOMY PeJaKTopi.

3pa3oK TUTYJIBHOTO JIUCTA PO3PAaXyHKOBO-TpadiyHOi podoTH
HaBEJICHO B JOJATKY 2 .

1.TenJioBuii pO3paxyHOK ABHMIYHA.

JIOoCATTH MiABUILEHHS TOYHOCTI TEIUIOBOTO PO3PaXxyHKY
aBTOMOOUIBHOTO JABUT'YHA MOXJIMBO Ha OCHOBI OpI€HTAIIl Npu
oOupaHHI HEOOXIAHMX TMapaMeTpiB Ha JaHi pe3yJbTaTiB
BUNIPOOYBaHb AHAJOTIYHMX AIFOYMX JABUTYHIB 3 ypaxyBaHHSIM
iX KOHCTPYKTMBHHX OCOOJMBOCTEH 1 eKcCIUTyaTaliiHUX
PEXUMIB.

[Ipu 11bOMy 3a OCHOBY OOMPAETHCS PEKUM POOOTH JBUTYHA
3 HOMIHAJBbHOIO YAaCTOTOI0 OOEpTaHHS KOJIIHYACTOro Bally Ta
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MaKCHMaJbHOK TMOTYXHICTIO (PEKOMEHIOBaHI 3HAYCHHS
napameTpiB poOo4oro mpouecy IBUI'yYHa HaBEeAEHI B JIOJATKY
No3).

B xomi BuKOHaHHA pO3paxyHKOBO-TpadiuHOi pPoOOTH
HEOOXITHO OpIEHTYBATUCh HA Kpalli 3pa3Kd BITYM3HSIHOTO Ta
3apyOKHOTO JABUTYHOOYIyBaHHS 1 Marepiaii HayKOBO-
JOCIITHUIBKUX pOOIT Ta BUIPOOYBaHb JBUTYHIB.

OCHOBHI BHXIJHI NapaMeTpu sl PO3paxyHKY JABHMIYHA
HEOoOXiTHO o0WpaTd y BIANOBIAHOCTI 3  HaMIYCHHMH
KOHCTPYKTUBHUMH yJOCKOHAJIEHHSIMH, BPaXOBYIOUH TEHJCHLIIT
iX po3BUTKY , BHOIp KOXXHOTO TIapaMeTpa IOBHHEH
CYIPOBOJ)KYBAaTHCh OOIPYHTYBaHHSAM 3 MOSICHEHHSIM MPUYUH ,
3a SIKUX 0OpaHO T€ YM iHIIIEe 3HAYCHHSI.

B miii HaBuYanbHO-METOAUYHIM PO3pOOI PO3PAXyHOK
MPOLECIB  BIYCKY, CTUCKY , PpO3IIUPEHHS 1 BHIIYCKY
3MIACHIOETBCS 32 (QOpMyNIaMu 1 3aIEeXKHOCTSIMHU  JUIs
KapOIOPAaTOPHOTO 1 AU3EJIbHOTO JBUTYHIB, a IPOLECY 3TOPSIHHS
- OKpPEMO I KOXKHOTO 13 IUX TUIIB JIBUTYHIB.

[Ipn po3paxyHKy KOKHOTO 13 MpOLECIB poOOYOro IUKIY
IBUI'YHa OOOB’SI3KOBMM € BU3HAUEHHs 3HAYCHb THUCKY (p,),

temnepatypu (7;) Ta o0’emy(V;). Bci pospaxyHku B
KypCOBOMY IPOEKTi MOBUHHI BUKOHYBaTUCh B cucteMi CI .

1.1. Po3paxynok npouecy 6nycky.

3a mepioa Mpolecy BITYCKY 31HCHIOETHCS HAITOBHIOBAHHS
HWIIHAPIB JIBUTYHA CBDKMM 3apsiioM (B KapOIOpaTOpHHUX
JBUTYHAX - TOPIOYOIO CYMIIIIIIIO , B TU3EJIbHUX - MIOBITPSIM).

[Iponec BIycKy 31HCHIOETBCS MICHs MPOLIECY BUMYCKY MPH
nepeMilieHH1 TOpIIHS BiJ BepxHboi MepTBoi Touku (BMT) no
HIKHBOI MepTBoi Touku (HMT), komm depe3 BinkpuTuid
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BITYCKHUH KJIaNaH J0 [WIHIPY HAIXOAUTh CBXKMIA 3aps. [Tpu
BIJICYTHOCTI HaJAyBy L€l Ipolec 3AIHCHIOETCA 32 paxyHOK
PO3pIIKEHHST B HMJIIHAP] 1 CYNPOBOKYETHCS BUTpAaTaMH Ha
MOJIOJIAaHHSL ONOpPY Yy BIYCKHOMY TpPaKTI Ta HarpiBaHHAM
CBIKOTO 3apsi/y BiJl HarpiTUX YaCTHH JBUTYHA.

3MiHa THCKY B IpoIleci BIIyCKYy B JBUI'YHI Oe3 HajyBY
MOKa3aHa Ha puc.la, a B JBHTYHI 3 HaJyIyBOM — Ha pwucC.l10,
KpuBi r'da‘'aa” cxeMaTH4HO MOKA3YIOTh 3MiHy TUCKY B IIJIIHIPI
JIBUTYHa B Tporeci BrmycKy. Touku r' i a" Ha OUX KpUBUX
BIIMIYAIOTh BIJANOBIZAHO MOMEHTH BIAKPUTTS 1 3aKpPUTTA
BITYCKHHX KJIallaHiB.

[Ipy npoBedeHHI PpO3PaxXyHKIB MPOTIKAHHS  BIYCKY
NPUAMAETHCS BiJ TOYKU I IO TOYKU A, TIPUYOMY BBAKAETHCS
MUTTEBa 3MiHa THCKy B BMT. mo minii 11", a B HacTymHOMY
TUCK MPUIMa€eThCs MOCTIHHUM (TIpsiMa 1''a).

[Ticnsa mpoBeneHHS pO3paxyHKIB 1 OTpUMaHHS KOOpAWHAT
TOYOK, I,I'" 1 2 IPOBOAUTHCS OPIEHTOBHE CKPYIJIEHHS 10 KPUBIi

ra.
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Puc.1. 3miHIOBaHHS THCKY IIpH NMPOTiKaHHI poO0YOTo MpoIlecy ABUTyHA
a, 0 — mpotiec BIYCKY; B — IIPOLIEC CTUCKY; I' — MPOLIEC 3rOPaHHS.
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Puc.1. (mpomoBxkeHHS)
11 — TIPOIIEC 3TOPaHHS; €,k — IPOIEC PO3IIUPEHHS; 3,1 — MPOIIEC BHITYCKY.
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B cyuyacHux  MIBUAKOXITHUX  JABUTYHAX  BIAKPHUTTA
BITYCKHOTO KJIallaHa TIOYMHAEThCA B cepeanbomy 3a 10...40°
MOBOPOTY KOJIIHYACTOrO Bally A0 npuxoxdy nopurHs 1o BMT, a
3akputTs - yepe3 40...80 miciust HMT.

[Ipu poGoTi ABUTYHA 0€3 HAAIYBY O IWIIHApPA MOTPAIUISIE
noBiTpss 3 armocdepu. B 1poMy BHNAAKy THUCK TOBITPS B
HaBKOJMIIHBOMY CEepeloBHIIl IpuiiMaemMo piBHUM p, =0.1
MITIa, a remmeparypy 7T, = 288° K.(15°C)

[Ipu BuUKOpHCTaHHI B JBWUTYHI HaIayBy TOBITPS [0
UWIIHAPY HAIXOAUTh 3 KOMIIpecopa (HarHitaya), /e BOHO
MOTICPEHBO CTUCKAETHCS. 3TIHO I[LOTO THCK 1 TeMIieparypa

HABKOJIMIIIHBOTO CEPEeIOBUIA TPU TMPOBEACHHI PO3PaXYHKY
poboYoTo Mporecy ABUTYHA 3 HATYBOM MPUHAMAETHCS PIBHUM

TuCKy Py 1 Temmeparypi T MOBITPS. HA BUXOJI 3 KOMIIpEcopa.
Skmo 3k y cucTemi TMoAauyl TMOBITPS TICHS HarHitaya
BUKOPHCTOBYETHCSI OXOJIO/KYBAY, TO 3a IMapaMeTpaMHu TUCKY 1
TeMIepaTypy NpUIUMaeTbCs TUCK 1 TeMIiepaTypa MOBITPS MiCHs
OXOJIOJDKyBaya.

B 3anmexxHoCcTi BiA MipH HaAAyBYy THCK HaJIyBOUYHOIO
MOBITPSI IPUIIMAETHCS MIPH:

- HU3bKOMY HaaayBi — P, =1.5p,

- cepenHpoMy Haaaysi — P, = (1.5...2.2) p,
- BUCOKOMY HajyBi — P, =(2.2...2.5)p,

Temmnepatypa noBiTps micis KOMIIpecopa:
-1

T = T2y ok (1.1)
Po
Ae: N, - TOKa3sHUK IIONITPONM CTUCKY TIOBITPA B

KOMITPECOopi.
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Benuunny n, mnpuiiMaroTh 3a JIOCHiIHMMM JaHUMU B
3QJIGKHOCTI Bl THIY HAIyBOYHOTO arperary 1 Mipu
OXOJIO/PKEHHSI:

- 1715 NOpUIHEBMX HarHirayis —N, =1.4...1.6

- 1J1s1 00’ eMHUX HarHitadiB —N, =1.55...1.75

- 17151 BIIIIEHTPOBUX HATHITAYiB

3 KOPIIYyCOM, 1110 0XO0J0KyeThess — N, =1.4...1.8

- JUIS BIJIIICHTPOBUX HArHITauiB

3 KOpIyCOM, 1110 He 0X0JouKyeThed N, =1.8...2.0.

B nmumminapi  nBuUryHa  mepei  NOYATKOM  TPOIECY
HATlOBHIOBAHHSl ~ 3aBX/AW  3HAXOJHUTHCA T€BHA  KUIBKICTD
3aIMIIKOBUX rasiB , sKi 3aiimMaioTe 00’eM V. Kamepu

3ropsiHHA. 3HAYCHHS BUXIJHOIO THCKY 3aJIMIIKOBHMX Ta3iB [,
BCTAHOBIIIOETHCSA B 3aJIEKHOCTI BiJl KUTBKOCTI 1 PO3TalllyBaHHS
KJIallaHiB, OINOpY BIYCKHOIO 1 BHIIYCKHOTO TpAaKTiB, (a3
ra3opo3Mnoiy , MBUAKOXIJHOCTI IBUTYHA , HABAHTAXKEHHSA Ta
1HIIMX (aKTOPIB.

s aBTOMOOITBHUX ABUTYHIB 0€3 HaaAyBYy , a TaKoX 3
HaJJyBOM 1 BHUIIYCKOM B aTMoc(epy 3HAU€HHS THCKY
3aJTUIIKOBUX T'a3iB 3HAXOUTHCS B MEXKaX:

p, =(1.05...1.25) p,, MIla (1.2)

JUig IBUTYHIB 3 HAJTyBOM 1 HasIBHICTIO ra3oBoi TypOiHM Y
BUITYCKHOMY TPAKTI :

p, =(0.75...1.0) p,, MIla (1.3)

3Ha4eHHs TEMIIEPAaTypH 3aIMIIKOBUX Ta3iB [, 3aJIEKUTh B1J|

TUNy JBUTYHa, MIpH CTHUCKY, HAaBaHTaXCHHS, YaCTOTH
o0epTaHHs KOJIIHYaCTOrO Bajla, KoeQillieHTa HaTUIIKY
MOBITPSI 1 3HAXOJIUTHCS B MEXKAX:

- 1u1s1 kapOroparopaux asuryHis — T, =900...1100 " K
- aust qu3ensHux asuryHisB—1, =700...900° K.
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Ilpy BU3HAYEeHHI BEOWYMHH T, CIiJ| BPaXxOBYBaTH, IO IIPH
30UIBIIEHHI MIpH CTHCKY TEMIeparypa 3ajuIIKOBUX Ta3iB
3MEHIIYEThCSA, a TMpu 30UIBIIEHHI YacToTH OOepTaHHS
KOJIIHYaCcTOT0 Bajly JIBUT'YHA - 3pPOCTAE.

B mporeci HamoBHIOBaHHS TeMIieparypa CBIKOTO 3apsity
JIEIO IMABUIIYETHCS 3aBISKH MIIITPIBY BiJl HArPITHX JeTajei

JIBUTYHA .
Benuuuna mipirpiBy AT 3aleXuTh Bil pO3TallyBaHHS 1
KOHCTPYKIIi{ BITYCKHOTO TpyOOmpoBOY, CUCTEMHU

OXOJIOJDKEHHS, HAsBHOCTI CICMIaJIbHOTO TMPUCTPOIO IS
MiIrpiBY , IIBUAKOXITHOCTI ABUTYHA 1 HAJYBY.

B 3anexxHocTi Big TNy ABUTYHa TEeMIIEpaTypy MiIirpiBy
CBIXOTO 3apsay MPUIMAIOTh:

- Ui kapOroparopuux aBuryHiB —AT =0...20°

- JUTsl TU3eNbHUX OBUTYHIB 0e3 HaanyBy — AT =10...40°

- JUIS ABMTYHIB 3 HaaayBoM — AT = (=5)...(+10)".

Tuck B KiHLI BIIYCKY BU3HAYA€THCS 3 PIBHAHHS

- JUTsl IBUTYHIB 0€3 HaJIyBY :

P, = P, —Ap,, Mlla (1.4.1)
- I7Is1 ABUTYHIB 3 HAJTyBOM:
P, = P« —Ap,, MIla (1.4.2)

Brpatu THCKy Ap, BHACIiIOK ONOpPY BIIYCKHOI CHUCTEMH 1
3aTyxaHHS IIBUAKOCTI pyXy 3apsaly B LWIHIPI 3 JAEIKMUMHU

MPUIYIIEHHSIMA MOKHA BU3HAUUTH 3 PIBHSAHHSA bepHyni :
2

Ap, =(f7 + @)% 10, MITa (15)

ne : f— xoedilleHT 3aTyXaHHS IIBHJKOCTI PyXy 3apsay B
nepepizi HUIIiHapa;
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é: on — KOCODILIEHT OMOpy BIYCKHOI CUCTEMH , BiAHECEHUH
710 HaOLIBII BY3bKOTO 11 Iepepiy;

@, — CepelHs IMBUAKICTb PyXy 3apsay B HalMEHIIOMY
nepepi3i BIMyCKHOI CHCTEMH;

PP, — TYCTHHA 3apsiy HiJ Yac BIYCKY BiJIIOBIIHO IpH
HaJTyBi 1 6e3 HBOTO (IpH P, = P,y 10, = 2, )-

3a 1OoCHiTHUMHU TaHHMH B Cy4aCHUX JIBUTYHAX

(B> +¢&,)=25..4.0,0,, =50...130 m/c.

3MEHIICHHSI TiApaBIiYHUX BTPAT y BIYCKHIA cHUCTEMI
3a0e3neuyeThes 301IbIICHHIM MPOXIAHUX Tepepi3iB, HaJaHHIM
KJ1araHam oOTi4HOi Gpopmu, 0OpOOKOI0 BHYTPIIIHIX TOBEPXOHb
BITYCKHOT CHCTEMH, OITHMI3AIl€l0 3HAa4YeHb jmiarpamu (a3
ra30po3MoAiTy Ta iH.

['ycTrHA BIYCKHOTO 3apsiy :

6 6
oy :%,Kelﬂ/ﬁ abo p, :%,Kelﬂf (1.6)

K 0
ne : B =287 ool ke - epad — muTOMa ra3opa IOCTIHHA.
B 3amexHocTi Big THUIy [BUTYHa BeJIW4YMHA AP, As
YOTUPHUTAKTHUX JBUTYHIB HA HOMIHAJIBHOMY PEXHUMI CKIIAJa€:
- JUIS KapOropaTopHUX JIBUT'YHIB
Ap, =(0.06...0.2) p,, MIla
- JUTsl TA3€NIbHUX JIBUTYHIB
Ap, =(0.04...0.18) p,, MIla
- JUIs ABUT'YHIB 3 Ha/ITyBOM
Ap, =(0.04...0.18) p,, MIla

Benuunna koedilieHTa 3aJMIIKOBUX Ta3iB ), BU3HAYae
SIKICTh OYMINECHHSI IWJIIHAPIB BIJ TPOAYKTIB 3TOPSIHHS 1 JJIs
YOTUPHUTAKTHHUX JABUTYHIB JOPIBHIOE:
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- 3 YpaxXyBaHHAM IPOAYBKHU i A03apAaKH LII/IJIIHI[pa .
_ TK + AT lr//n ) pr

7, (1.7.1)
T, eyyp,~VY,p
- 0e3 ypaxyBaHHS MTPOYBKH 1 T03aPSAKH MITIHIPA
_ T+ AT P (1.7.2)

& T r EP,— Py
Jie: €-Mipa CTUCKY;
Wiy, — BIJIMOBIAHO KOE(IIIEHTH MPOYBKH 1 103aPSIAKH .

31 30UIBbLIECHHSM MIpU CTUCKY €, TEMIIEPATypH 3aJUIIKOBUX
ra3iB 7, 1 BUKOPHCTAaHHs HAJlyBy 3Ha4eHHs KoedilieHTa y,
3MEHUIY€EThCS, a TP 301IbLIEHH] TUCKY 3aJIUIIKOBUX Ta3iB P,
1 yacTOTH 0OEpTaHHS KOJIIHYACTOIO Bajla ¥, 3pPOCTAE:

- JUTsl KapOIOpaTOPHUX JBUTYHIB —y, =0.05...0.10

- JUIst TU3EIbHUX JIBUTYHIB 6e3 HaJ/1yBY
-y, =0.02...0.06 .

Temneparypy B kiHui Bycky 7', 3 JOCTaTHbOK TOYHICTIO
MOKHa BHU3HAUUTH Ha OCHOBI PIBHAHHS OajaHCy TEIUIOTH ,
CKJIaJICHOTO Bi/IIMTOBIHO MPOLIECY BIYCKY:

Mymc (T, +AT)+M mciT, =(M, + M, )mc, T, (1.8)

ne :Mymec (T +AT)— KigbKicTh TEmNOTH , BHECEHOT

CBIKHM 3apsiJIOM , 3 YpaxyBaHHSM MiJITPpiBY 3apsily BiJ CTIHOK;
M, mciT, — KilbKiCTb TEIUIOTH B 3QJIMIIKOBUX rasax ;

(M; +M,)mc, T, — KinbKiCTh TeMIOTH B pobOUii cymimi .

BpaxoBytoum, mo Mc, ~ MC; ~ MC},, 3Haiinemo:

_ T +AT +y,T,
1+,

T

a

K. (1.9)
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3HaueHHS BeNUYMHU [, 3aleXUTb Bl TeMIepaTypu
poboyoro Tima , KoedilieHTa 3aTUIIKOBUX TasziB , MipH
OigIrpiBy 3apsiny 1 TemIeparypu 3alMIIKOBHX ras3iB . B
CYy4aCHUX YOTHPUTAKTHUX JIBUTYHAX TeMIlepaTypa B KiHII
BITYCKY CKJIAJIa€:

- n1st kapOroparopuux neurynis 7, =(320...360)° K

- JUTSl TA3EIIbHUX JIBUTYHIB T,=(310..350)°'K

- HJIA Z[BI/II‘YHiB 3 HaIIILYBOM
T, =(320..400)°K .

KoeinieHT HamoBHIOBaHHS YSBISE€ COOOI0 BiJHOIICHHS
TIACHOT KUTBKOCTI CBDKOTO 3apsiy, sIKa TOCTYIHJIA 1O
HUJIIHApa, A0 Ti€l KIIbKOCTI, SKa Morja O BMICTHTHCS B
pobodomy 00’ eMi IMIITIHAPA 32 YMOBH, IO TEMIIEpaTypa i THCK
B HbOMY JIOPIBHIOIOTH TEMIIEpATypi i TUCKY HABKOJHIIHHOTO

CepeaOBHINA:
G, V, M
n=—r=—t=—2 (1.10)
G0 VO M 0

3 piBHAHHA OanaHcy TeruioTH (1.8) mo miHIi BOycKy ans
YOTHUPUTAKTHUX JIBUTYHIB :
- 3 ypaxyBaHHIM HpOI[yBI(I/I 1 103aps Ky LUIIHApa

T, 1
- 1111
T AT 2.1 p, 2 (oD, ~0,0) (1.11.1)

- 0e3 ypaxyBaHHS HpOI[yBKI/I i nozapsanku (¢, =@, =1)

T« 1
—* - - - 1.11.2
T(+AT ¢-1p ( Pr) ( )

3HaueHHs Koe(bluleHTa HAIllOBHIOBAHHS ~ 3pocTae 31
30IIBIIEHHAM THCKY B KIHIII BIIYCKY 1 3HIDKYETbCS 3
HapOCTaHHSAM THUCKY BHIIYCKYy 1 TemImeparypu MiJirpiBy
rOpIOYOi CyMIiIIl .

v =

v =
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3HavyeHHS Koe(dilieHTa HANOBHIOBAHHS JUIsI PI3HUX THIIIB
YOTUPUTAKTHUX JBHUTYHIB TpU iX poOOTI 3 MOBHUM
HABaHTAXCHHSM:

- 1J1s1 KapOroparopHux asuryHis —7, = 0.70....0.85

- IUIsl U3eNIbHUX IBUTYHIB Oe3 HagnyBy 73, = 0.80...0.90.

1.2. Po3paxynok npouecy CMUcKy .

[lepion mpouecy CTUCKY TMPOTIKaE TMpU  MiABUIICHHI
TeMIIepaTypu i THCKY poOodoro Tija, mo 3ade3nedye HajiiiHe
3araitoBaHHA 1 epeKTUBHE 3rOPSIHHA NAJINBA.

B peanbHHX yMOBaxX CTHCK TOprOYOi cymimii (TOBIiTps)
IPOXOANUTh 32 CKJIAJHUM 3aKOHOM, SIKUH NPAaKTUYHO HE
T TKOPIOETHCS TEPMOIUHAMIYHUM CITIBBIIHOIIEHHSM,
OCKUIbKM Ha 3MiHY TeMIlepaTypH 1 THUCKY B LIbOMY IIpolieci
BIUIMBAIOTh, KpPIM 3MIHH TEIUIOEMHOCTI poOOYOro Tija B
3aJIeKHOCTI  BiI ~ TeMIlepaTypu: BHUTOKM Ta3iB  yepes
HEIIIJTBHOCTI TIOPIITHEBUX KiJIellb, M03apsiaka LUJIHIpa 10
MOMEHTY 3aKpUTTS BIIyCKHHMX KJalaHiB, 3MiHa HaIpsIMKY
IHTEHCUBHOCTI TEIJIOOOMIHY MK pOOOYOI0 CYMINIIIIO Ta
CTIHKaMM IWIIHJpPA, BUIIAPOBYBAHHS NaluBa (B JBUTYHAX 3
ICKpOBHMM 3allajIlOBaHHSAM), IOYATOK 3TOPSIHHS MajlMBa B KIHIII
IIPOIIECY CTUCKY.

Po3paxyHOk mporiecy CTHUCKY TOJSTaE y BHU3HAYCHHI
HOJITPOIH CTUCKY N, 3HaY€Hb THCKY P, 1 TemmepaTypu T, B

KIHIII CTHUCKY, a TaKOX TEIIOEMKOCTI poOOYOro Tijia B KiHII
A\
CTUCKY (,u C, )tz :

B 3B’s13Ky 31 CKJIaJHICTIO BU3HAYEHHS 3MIHHOI BEIMYMHU I
1 YCKJIaJHEHHSM pO3paxyHKIB 3BHYAWHO MNPUHMAIOTh , WIO
Mpolec TUCKY TMPOTIKAE MO TMOJNITPOMI 3  MOCTIHHHUM
NOKa3HMKOM I, (kpuBa aa’’c’c pwuc.1B), BeaMYMHA SKOTO
3a0e3neuye OTpUMaHHS TaKoi * poOOTH Ha JiHII CTUCKY , fIK 1
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OpY BHUKOPHUCTaHHI 3MIHHOIO TIIOKa3HMKa N,.Benmnumna n
BCTAHOBIIIOETHCA 32 JOCIIIHMMU JIaHUMHU B 3QJIEKHOCTI Bij
94acTOTH 00epTaHHs KOJIHYACTOTO BaJla, MipH CTUCKY, PO3MIpiB
OWJIIHApa, MaTepiajgiB MOPIIHA 1 MWIIHIApa, TEIUIOOOMIHY Ta
iHmmx (akrtopiB. B Toif ke Wac, BpaxoBYOYH, IO IPOIIEC
cTucky mporikae gocuth ImBHAKO (0.05...0.015 ¢ Ha
HOMIHAJIBHOMY PEXHUMI), CyMapHU# TemI000MiH Mk poOOYnM
TIJIOM 1 CTIHKaMU IMJIIHApPA Ha MPOTA31 MPOIECY CTUCKY Ma€
HEBUCOKI 3HAUEHHS 1 BEIMYMHA N, MOKe OyTH BU3HAYEHA 3a

CEepelHIM IOKa3HUKOM aJiabaTH CTUCKY k; (BHU3HAYa€ThCs 3a
HOMOTPaMOIO pHC.2) JJIsl BiAMOBIIHUX 3HAYEHBb MipH CTHCKY E
Ta Temreparypu 7, B KiHII TaKTy BITYCKY:

a

- 1711 KapOropaTopHux ABUryHiB N, = (x, —0.01)...(x, —0.04)

- 1711 AM3eNnbHUX ABUTYHIB N, = (k; +0.02)...(x, — 0.02).

ITpn BU3HAYEHHI 3HAUYEHHA N, 3a BIJNOBIIHUM INOKa3HUKOM
amiabaTm k; HEOOXI1IHO BpaxyBaTH, IO 31 30UIBHICHHAM
4acTOTU OOepTaHHS KOJIIHYACTOTO Baja 1 3MEHIICHHS
BIJIHOIIIEHHSI TOBEPXHI OXOJO/KEHHS A0 00’eMy IMIiHIpa
3HaueHHA n, 30umbmyerbcs.  IlinBuimmeHHs — cepeaHbOi
TeMIIEpaTypu TPOIECY CTUCKY 1 30UIbIIEHHS 1HTEHCHUBHOCTI
OXOJIOJPKEHHS IBUI'YHA 3MEHIIYIOTh 3HAYEHHS I, .

B nBuryHax 3 NHOBITPSHUM OXOJOMKEHHSM 3HA4YEHHS I,
IPU 1HIIUX PIBHUX YMOBAaxX BHII, HUK B JBUTYHAX 3 PIAUHHUM
OXOJIOJKCHHSIM .

Tuck 1 Temnepatypa B KiHI[ IPOIECY CTUCKY BU3HAYAIOTHCS
3 PIBHSAHHS MOJITPOIH 3 HOCTIHHUM MOKAa3HUKOM I :

p,=p, ", Mlla (1.12)
T =T,-&"' K (1.13).

c
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Jns cydacHUX aBTOTPAaHCIIOPTHHUX [IBUTYHIB THCK P, 1

Temrepatypa T, B KiHIII CTHUCKY 3MIHIOETBCS B MEXaX :
- 17151 KapOIOpaTOPHHUX JBUTYHIB
—p. =(0.9..2.2)MIla

—T,=(600...800)"K

- JUIs AM3eNbHUX JABUTYHIB (0€3 Ha/lIyBY)
—p. =(3.5..5.5)MIla

—T.=(700...900)° K

JUIL TU3CJIbHUX JBUTYHIB 3 HAAMyBOM 3HadeHHS p. 1 Te
IIIBUIICHHI B 32JIGKHOCTI BiJl THITY HaJITyBY.
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ctucky Kj.

CepenHst MOJIbHA TEIIOEMKOCTI po0OOYOi cymimii B KiHII
IpOILeCY CTUCKY Moke OyTH 0€3 3HauHOi MOXMOKU MPUHHATOIO
PiBHOIO TEMNOEMKOCTi MHOBIiTpA. Ii MOKHA BH3HAUMTH 3a
dhopmyoro (B inTepBami Big 0 10 1500° O):

ko -3
0 = 20,6 + 2,638 -10°t, (1.14)

e

1.3 Po3paxynok npouecy 320pAHHA

[Ipormec 3ropsiHHST € OCHOBHUM MPOIIECOM pOOOUYOro IHKITY
JBUTYHA, MPOTATOM SIKOI'O TEIUIO, IO BUIUIAETHCS BHACIIIOK
3TOpPSIHHSI ~ TIaJliBa, BUKOPUCTOBYETHCS HA  IiJBHIICHHS
BHYTPIIIHLOI eHeprii poboyoro Tila 1 Ha BUKOHAHHS
MeXaHI4HO1 poOOoTH.

3MiHa THCKYy B MpOIECI 3TOpsiHHS MaiuBa B ABUTYHI 13
3aMajgoBaHHAM BiJ ICKpH MOKa3aHa Ha puc. 1T, a B Au3eni — Ha
puc. 1xa. Kpusi ¢’fc’’z, cxeMaTH4HO MOKa3yrOTh IIHCHY 3MIHY
THUCKY B IMJIIHApPAx ABUTYHIB B MpoIieci 3ropaHHs. B peanbHux
JIBUTYHaX TIpOLEC JOTOPSHHS MajuBa IPOJOBXKYETbCA 1 3a
TOYKOIO Z; Ha JIIHIT pO3IIUPEHHS.

B TepMonumHamiuHUX ~ pO3paxyHKaX  aBTOTPAKTOPHHUX
IBUTYHIB 3 METOI0 CIIPOIICHHS BBaXKalOTh, IO TMPOIIEC
3TOPSIHHS 13 3aMJIFOBAHHAM BiJl ICKpU MIPOXOAUTH MPU V=COnst,
T00TO O 130X0pi (mpsiMa cc’’z puc. Ir), a B JABUIyHax 13
3aMaiioBaHHAM BiJl CTUCKY — IpH v=const 1 p=const, TOOTO 3a
IUKJIOM 31 3MIMIaHUM MIiABEIEHHAM Teruia (psimi cc’’z’ 1 2’z
puc. 1n).

MeTtoro po3paxyHKy TpoOIecy B3TOpSHHS € BH3HAUCHHS
TeMIIepaTypu 1 TUCKY HaNpPUKIHII BUAMMOTO 3rOpsSHHS (TOYKa
Z127y), a JuIisl Tu3eisi — 1 00’ eMy V.

TeopeTnuHo HEOOXiZHA KUIBKICTh MOBITPS JUIsL 3TOPSHHS
Ixr nanuBa:
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¢ H O
L, 7(— — ) KMomns/kr (1.15)
0,21 12 4

ne: 0,21 — muTomMuil BMICT KHCHIO B TTOBITPI;
C, H, O — BaroBa foinisi BYTIJICIIO, BOJAHIO 1 KHCHIO B

€JIEeMEHTapHOMY CKJIaJ1 MajuBa.

Enemenrapumii  ckimaag  manMBa UL PO3PAXyHKIB
MPUNMAETHCS:

s 6ensuny C = 0,855, H=0,145;

s nu3enpHoro najguea C = 0,870, H= 0,125, O =0,005.

BaroBa KijbKiCTh TOBITps, HEOOXigHA JUIs 3TOPSHHS KT
najauBa:

l, = 0.3 (3 C+8H —-0), xr/kr (1.16)

Kinbkicth roprouoi cyminmr, SKy MOXKHa OTpUMaTH 3 1Kr
MaJInBA:

111 KapOIOpaTOPHUX JABUIYHIB

M, =al,+ 1 , KMounb/kr
My
(1.17.1)
IJ1s IM3ENBHUX JIBUTYHIB

M, = al,, KMons/kr (1.17.2)

1€ oL — KoeQIIE€HT HaTUILKY HOBITPS MPH 3rOPsIHHI NajluBa
(npu mpoBeneHH1 po3paxyHKiB npuitmaerbes o = 0,85...0,90—
JUTS KapOIOpaTOpHUX ABHUTYHIB, o = 1,35...1,6 — nns qu3enis);
pr =0,115 kr/mMoib — MOJIEKyJIsIpHA Bara rnapH rnajiuBa.
KinpkicTh OKpeMuX KOMIIOHEHTIB MPOJYKTIB 3rOPSHHS MPH
3ropsiHHI nanuea npu o < 1:
l-a

Mc, =0,42—— 1K L,, KMons/kr (1.18.1)
Meo, = % - Mo, KMons/kr (1.18.2)
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M,o= H_ k-Mco , KMonb/kr (1.18.3)
H,0 — 2 CO » . .
M,,, =k-M¢, , KMonb/kr (1.18.4)
My, =0,79-a-L,, KMonb/kr (1.18.5)
me: k — mocrifina BeauuMHA, KA 3aJ€KUTh  BiJ

CHIBBIAHOIIEHHS KUIBKOCTI BOJHIO 1 OKHCY BYIJICIO, SIKi
BMIIIYIOTBCSI B TIPOJIYKTaxX 3TOpsiHHA (M1 KapOpaToOpHUX
nBuryHiB mpu o, < 1 —k = 0,45...0,50).

3aranbHa KUIbKICTh MPOIYKTIB 3ropsiHHs mpu o < 1:

M, =M + Mo + My o+ My + M, KMounb/kr
(1.19.1)
C H
abo M, = o + > +0,79¢al,, KMouns/kr
(1.19.2)

KinpKicTh KOMITIOHEHTIB MPOJIYKTIB 3rOPSHHS B JIU3EJIBHUX
JBUTYHaX mpu o > 1:

Mo, = % , KMomns/kr (1.20.1)
H

Mo = o KMomns/kr (1.20.2)

Mo, =0,21(a 1)L, , KMonb/kr (1.20.3)

My, =0,79-a- L;, kmomb/kr (1.20.4)

3aranbHa KUTBKICTh MMPOAYKTIB 3TrOPSIHHS pu oL > 1.

M, =Mco, + Mo+ Mg + My, , KMons/kr  (1.21.1)
M, = %+%+ (a -0,21)L,, KMoxb/kr (1.22.2)
3MiHa KUTBKOCTI MoJIel poO0Y0ro Tijia TP 3rOPSHHI:
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AM =M, -M; (1.22)
KoedirmienT MosiekyasspHOT 3MiHH TOPIOYOi CyMIIIIi:
M AM
=1+—"), (1.23)
M 1 M 1
KoedimieHT MonekynspHOi 3MiHN poO0OYO0i CyMiIli:
M, +M +
u=—=: = Fo Ve iMoms/xr (1.24)
M, +M,  1+y,
Benuunna koedimieHTa MOIEKYISIPHOT 3MiHU B 3aJIEKHOCTI
BiJI 3HAYEHHS O, 3MIHIOETHCS B MEKAX:
Ui KapOroparopuux auryHsis | = 1,06...1,12;
Ui qu3enbHuX ABUryHiB p = 1,03...1,05.
KinpkicTh TemoTw, BTpavyeHOi BHACHIJOK HEMOBHOTH
3ropsiHHA nanuBa npu o < 1:
AH, =120(1-a)L, , M/Dx/kr (1.25)
Temnnora 3ropsHHs poOouoi cymii:
JUIs KapOIOpaTOpPHUX JBUTYHIB IpH o < 1:

Ho =

pe = H, —AH, , MJIx/kr
M;(1+7,)
(1.26)
JUIS TU3€IbHUX ABUTYHIB Iipu o > 1:
H, H, , MJIx/kr (1.27)

pC = =
M, +M, M,(I+7,)
CepenHst MoJbHA TEIUIOEMHICTh MPOAYKTIB  3TOPSTHHS
BHU3HAYAETHCS SIK TETUIOEMHICTD CyMillll T'a31B:

w|ty n N
pe, | =Y e, Kihomomrpan (1.28)

i=1
ne: uj — 00’eMHa A0S KOXKHOTO Taszy, KM BXOAMUTH JI0
CKJIaay CyMIiIi;
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uity
uG, o~ cepemni  MOmbHI  TEIUIOEMHOCTI  KOXKHOIO

KOMIIOHEHTY, SIKHH BXOAMTh [JO JaHOi CyMilli, @pH
TEMIIEpaTypi tx.
CepenHst MOJbHA TEIUIOEMHICTh TIPOJIYKTIB  3TOPSIHHS
JIBUTYHIB BU3HAYA€ETHCS 32 (popMyliaMu:
JUTSL KapOropaTOpHUX ,Z[BI/IFyHiB (mpu o < 1):
uitz

1 "
,UCV 0 :_[ co /JCV )0 +MCO (,UCVCO2 tz

oty Z+M J”wH2H+ (1.29.1)

Iv'N (,uCV )0 J %(Mwnrepad
2 N2

JUTSL TU3ENTbHUX IBUTYHIB (ripu o > 1):

1 .
= M_Z[Mco2 (u Ceo, ):; +

“
+M o (u o )tU + JKJIx/KkMOJIB-Tpas

+ My, (e, ) +Mo,(uc, )]
(1.29.2)

CepenHi MOJIBHI TEIJIOEMHOCTI OKPEMHX KOMIIOHEHTIB
NPOAYKTIB 3ropsiHHA B iHTepBami Temmeparyp 1500...2800°C
MOXYTh OyTH migpaxoBati 3a popmynamu (KJx/kmomb-rpan):

— qurst kucHio (Oy) 23,723+1,550-10°(T -
273)

— st azoty (No) 21,951+1,457-10°(T -
273)

— nist BoaHio (Hy) 19,678+1,758-10“3(Tz-

273)
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— miisa okucy Byrierto (CO) 22,490+1,430-10°
3
(TZz-273)

— st Byriaekucioro razy (CO,) 39,533+3,349-10'3(Tz-
273)

— st BoastHoi mapu (H,0) 26,670+4,438-10'3(Tz-
273)

KoedimienT BukopucTanHs temia &, Ha JUISHII BHIMMOTO
3TOPSIHHS 3JICKHUTHh BiJ PEKUMY POOOTH ABUTYHA, CIIOCOOY
CYMIIIIEYTBOPEHHSI, KOeQillieHTa HAAJIUIIKY TOBITPS, yMOB
OXOJIOJDKEHHS 1 TOTOPSTHHS HA JIiHIT pO3MIMPEHHS.

3rifHO JOCTHIAHMX MJaHHUX, &; 3MIHIOETHCS TpPU MOBHHUX
HaBaHTAKEHHIX B MEKaX:

— JUTst KapOropaTopHuX IBUTYHIB &£,=0,85...0,95;

— 175 Au3enbHuX aABuryHis £,=0,7...0,8.

Temmeparypa KiHIS 3rOpssHHA 1, BH3HAYaeThCcs 3a
PIBHSTHHSIM 3TOPSTHHSL:

JUIS KapOIOpaTOPHUX ABUTYHIB 3 MiABEICHHIM TEIUIOTH MIPH
v=const:

¢.(H,-AH,)
M(1+y,)
(1.31)
JUIS JTU3eNbHUX JIBUTYHIB 31 3MIMIaHUM TiJABEACHHAM
TEIUIOTH IpU v=const 1 p=const:

+(me, Y, (T, ~273") = plm ) (T, - 273°) KoK/ KMOIE-Tpat

S e,y 831500 (T, 273 = me, ) (1, 2737y, KAVK/KMOIB-Tpaz
M(1+y,) ! !
(1.32)
ne: A — Mipa MiJBUIIEHHS TUCKY
a=P (1.33)

P

JUIs1 KapOIopaTopHUX ABUTYHIB A=3,2...4,2
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VTSl TU3EITbHUX JIBUTYHIB
3 HEPO3/iIECHUMH KaMmepaMu 3ropsaus A=2,0...2,4
3 PO3AUIEHUMU KamepaMu 3ropsiHHs A=1,6...1,8

"\t . .
(m Cy )t;— CepelHs MacoBa TEIUIOEMHICTh MPOIYKTIB

3rOpsIHHS IIpH NocTiHOMY THCKY, KJDK/KT-Tpa.

Ho piBusab (1.31) 1 (1.32) BXOaUTH ABI HEBIAOMI BETUYHHH:
TeMmIeparypa KiHus 3ropsHHs T; 1 TEIIOEMHICTH HpOI[YKTlB
3ropsgHHs mcy  (ado mcp ) mpu Tiit xe Temmeparypi Ty Ll
PIBHSHHS BHUPIIIYIOTHCA BIAHOCHO T; - METOJIOM MOCTiAOBHUX
HaOKeHsb (igoopoM 3HaueHb T;).

[Ipn BuUKOpUCTaHHI Jii BU3HAYEHHS TEIUIOEMKOCTEH 3a
dopmynamu  (1.30) anmsg  BU3HAYCHHS CEPEIHIX MAaCOBHUX
tertoeMkocTelt piBHsHb (1.31) 1 (1.32) micas micTaHOBKH 10
HUX YUCEIPHUX 3HAYCHB BCIX BiJJOMHX MapaMeTpPiB MPUUMAIOTh
BUIJISL]T KBQJIPATHOTO PIBHSIHHS BUAY:

AT? +BT, +C =0 (1.34)
ne: A, B, C - uncenbHi 3Ha4€HHS BIIOMHUX BEJINYMH.
Bupimyroun piBHsHHA (1.34), oTpumaemo:
~-B+,B? -4AC oK
T 2A ’
Tuck ra3iB B KiHILII 3TOPSHHS:
111 KapOIOpaTOPHUX JBUTYHIB

P, ,uP1 MlIla (1.36)

c

(1.35)

JJI1 AU3CIIBbHUX )IBI/IFYHiB

p, =% I MITa (1.37)
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Jliis mBuAKOXiqHUX qu3emB p =1,2...1,7.

O0’eM, BHBUIPHEHHMI TOpPLIIHEM B KIHII IONEPEIHHOTO
PO3LIMPEHHS :

V, =V, (p-1) (1.38)

3HauYeHHs THCKY 1 TEMIepaTypH KiHISI 3TOPSHHS IS
Cy4acHUX aBTOMOOIUIBHHMX JBHUTYHIB Npu poOOTI 3 MOBHUM

HAaBaHTAXEHHAM 3MIHIOETHCS B TAKUX MEXaX:
p, =35..6,5 Mlla

T, = 2400..2800 °K
p, =5..12 Mlla
T, =2200..2500 °K

binbm HU3bKI 3HA4YEHHA TeMIeparypu 1, AU3EIbHUX

JUIS KapOIOPaTOPHUX JBUTYHIB

JUIS TU3EJIbHUX JBUTYHIB

JIBUTYHIB B TIOPIBHSHHI 3 KapOIOPATOPHUMH € HACIiJIKOM
OuTpIIOl BeNMWYMHM KoeQillieHTa HAIIUIIKY MOBITPI « 1
OUIPIIMX BTpAaT TeIJla HAa HarpiBaHHA TOBITPS, MEHIIOL
BEJIMYMHU BHMKOPHCTaHHA Temna &, Ha JUISHII BHIMMOTO
3TOpSIHHS, BIIMIH B XapakTepl NPOTIKaHHS MPOLECiB 3TOPSIHHS 1
JIOTOPSIHHA TPH  PO3IIMPEHHI, YaCTKOBOTO BHUKOPHUCTAHHS
TEIUIOTH Ha 3MAiIMCHEHHs poOOTH B TMpOIECl MOMEPEeIHHOTO
PO3IIUPEHHS.

1.4 Po3paxynok npouecy po3uiupenns.

PesynpraTroM  31iCHEHHS  TpoLECy PO3MIMPEHHA €
MIepETBOPEHHSI TEIJIOBOI €Heprii NajliBa B MEXaHIuHy poOoTy.

3MiHa THUCKY B IpOLECi PO3LIMPEHHs IOKa3zaHa Ha pHc.le
(xapOropaTopHoro nBuryHa) i puc.lx (mmuzens). Kpusi z,b'b"
CXEMaTHUYHO TOKAa3ylOTh NIHCHY 3MiHYy THCKY B IMJIIHApax
JIBUTYHIB B TpoOLECi pO3UIMpeHHA. B peanpHuX JIBUTYHAX
PO3LIUPEHHS MPOTIKAE 32 CKIATHUM 3aKOHOM, SIKUH 3aJIeKUTh
B/l TEIJIOOOMiHY MIXK Tra3aMud Ta OTOYYIOUMMH CTIHKaMH,
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BEIMYMHM TiJIBEJCHHS TEIUIOTH B pE3yJabTaTi JOTOPSIHHS
NaJMBa 1 BiTHOBIEHHS MPOAYKTIB JIUCOLIaIii, BUTOKIB ra3iB
4yepe3 HENIUIbHOCTI, 3MEHIIEHHS TEIUIOEMKOCTI MPOJYKTIB
3TOpSIHHS ~ BHACHIJIOK  3HIDKCHHS  TEMIEpaTypu  IpH
pPO3IIMPEHHI, 3MEHIIEHHS KUIBKOCTI Ta3iB B 3B’S3KYy 3
MOYaTKOM BUMYCKY (TOMEpPEeIHE BIAKPUTTS BHUITYCKHOTO
KJIaIlaHa).

Jlnst cupoIneHHs po3paxyHKiB 0€3 CYyTTE€BOrO BIUIMBY Ha
KIHLIEBUH  pe3ylbTaT, YMOBHO BB@XAEMO, IO MpOIEC
pPO3MIMpPEHHST B AIMCHOMY LMKII MPOTIKAE 3a MOJITPOMOI 3
MOCTIHHUM ITOKa3HUKOM n, (KpUBI z,b'b" puc.le,x)

Benuunna cepeHhOro MOKa3HUKA MOJITPOIH PO3IIUPECHHS
N, BCTAHOBJIIOETHCS 33 AOCIIIHUMH JAHUMU B 3aJ€XKHOCTI Bif

pany ¢akropiB. 3HayeHHA N, 3pocTae 31 30LIBLICHHAM

Koe(illieHTa BUKOPUCTAaHHA Temja ¢&,, BIIHOIIEHHSA XOJa
nopmHs S g0 xgiamerpa umuiiHapa D Ta  IHTEHCHBHOCTI
OXOJIOJKYBaHHSI. 3 pPOCTOM HaBaHTAXEHHS 1 30UIbIIEHHSIM
TMiHIMHEEX po3MmipiB mwimiHApa (mpu S/ D =const) cepenHiit
MOKA3HHK TOJITPOITH 3MEHITYEThCS.

BpaxoByroun, 110 3a JOCHIAHUMM JaHMMH BeJIMYMHA N,
HE3HAYHO BiJIpI3HAETHCS BiA TNOKa3HMKa apiabatu K,, mpu
MOTEPEeIHIX  pO3paxyHKaX HOBUX JIBUT'YHIB  BeJIMYHHA
CEepeAHbOr0 MOKa3HUKa MOMITPOIH N, MOXe OyTH BU3HAUEHOIO
3a BETMYMHOIO K, I BiANOBITHUX 3Ha4eHb € (abo 0 ), i T,
(puc. 314).

Busnauenns Kk, 3a Homorpamamu puc.3 i puc.4
MPOBOJIUTHCS HACTYITHUM UYMHOM: 32 BUXIJHUM 3HAUCHHSM €
(abo o mna mumsens) i T, BU3HA4YalOTh TOYKY, SKiM BifmoBimae
k, mpu a=1. Jlani nms 3HaxomkeHHA K, TpH 3alaHOMY o
HEOOXIZIHO OTpUMaHy TOYKY IEpPEHECTH IO TOpU30HTalll Ha
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BEPTHKaNb, BIIMOBIAHY & =1, 1 Aali mapaienbHO JOMOMIXHUM
KPUBUM — JI0 BEPTHKAJ, sIKa BIAMOBIZAa€ 33JaHOMY 3HAYCHHIO
a.

Crnig BpaxoByBaTH, IO 3a JOCHTIIHUMHU JaHUMU BEIHMYMHA
N, HE3HAYHO BiJpi3HAEThCA BiX K, 1, SIK NMPaBHJIO, B MEHIIY
CTOPOHY.

Cepenni 3HaueHHs BEJIMYMHUN,, OTPUMaHI B PE3YNbTATi
aHamizy  IHOUKAaTOPHHUX  JliarpaM MpH  HOMIHAJIBHOMY
HABaHTAXCHHI, U1 CYYacHUX aBTOTPAKTOPHHUX JBHUIYHIB
3MIHIOIOTHCS B MEXKaX:

A7 KapOropaTtopHux aBurynis  n,=1,23....1,30

JUTSL TU3CTTHHUX JBUTYHIB n,=1,18....1,28

JUTS TA30BUX JBUTYHIB n,=1,25....1,35.

3HayeHHs TeMmmepaTypu 1 THCKY B KIHLI IpoLecy
pO3IIMpEHHS] BU3HA4YalOTh 3a (OpPMYyJIaMH MOJITPOITHOTO
nporecy. Jlns JBUTYHIB, $Ki MpauliolOTh 3a LHUKIOM 3
T1JIBEJICHHSIM TETUIOTH TIPH MOCTIHHOMY 00’ eMi:

p, = 5'0; Ml (1.39)
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.
T=—m K (1.40)

Jlnst MBUTYHIB, SIKI TpPALIOIOTh 3a IHMKJIOM 31 3MilIaHUM
MMIBEIEHHIM TEILIOTH:

Po = "~ Mlla
(1.41)
Tz 0
h=>ma K (1.42)

£ .
1€ : § =— - Mipa HACTYIIHOTI'O PO3ILHPEHHS.
P

OpienTtoBani 3HauenHs P, 1 T, g cydacHuX

aBTOTPAHCIIOPTHUX JIBUTYHIB 0€3 HaJAyBy (Ha HOMiHAIBHOMY
pEeXKHUMI) JISKATh B MEKaX
R, =0,35....0,60 MIla

T, =1200...1700 °K
R, =0,20....0,50 MIla
T, =1000...1200 °K

JUIst OEH3WHOBUX 1 Ta30BHUX JABUTYHIB

JUIS TU3ETIBHUX JBUTYHIB

1.5 Po3paxynok npouecy 6unycky.

3a  mepion BUITYCKY  3JIMCHIOETHCS  BUIJAJICHHS
BIJIMTPAIlbOBAHUX Ta31B 3 IIIIHPIB IBUTYHA.

3MiHa THCKy B IIpollecl BHUIYCKY B  IIHJIIHIPI
YOTHPHUTAKTHOTO JBUTYHA HaBeseHa Ha puc.1.3,i. Kpusi b’ b” 2’
d @' cxemMaTW4HO MOKa3ylOTh AIWCHY 3MiHY THUCKY B HWTIHJIpPI
JIBUTYHAa B Tmpoueci BUMycKy. Touku b'i a' BiIMOBIAAIOTH
MOMEHTaM BIJIKPUTTS 1 3aKpUTTS BUIYCKHUX KjamadiB. [Ipsmi
bl i 1z € po3paxyHKOBHMHU NpPSIMHMHU TPOLECY BHITYCKY, SKi
MICAs BU3HAYEHHS KOOPJAMHAT TOYOK b 1 I OpIEHTOBAHO
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3MIHIOOTBCSL KpUBHMH b” 1. BiZKPHTTS BUITYCKHOTO KiIamany
70 TPUXOJY TOPIIHS JO H.M.T., 3HWXKYIOYH KOPHCHY POOOTY
posmupenHs  (twioma b’bb”b’), cnpuse Oinpm sKicHOMY
OUHMINEHHIO IWIIHAPA BiJ MPOJIYKTIB 3TOPSHHS 1 3MEHIIYyE
poboTy, HEOOXiqHY sl BUAAJICHHS BiANpan-oBaHUX rasis. B
Cy4acCHUX JIBUTYHaX BIJAKPUTTS  BUIIYCKHOTO  KJIANaHy
BinOyBaeTbes 3a 40...80° moBOpoOTY KoONiHYACTOrO Bana Ao
H.M.T. (Touka b"). 3aKpUTTA BUIIYCKHOTO KJIaraHa Bi0yBaeTbCs
yepes 15...60° micns B.M.T., III0 MOKpAIy€e SKICTb OYUIICHHS
MWIIHpPA 332 PaxyHOK TMPOJIYBKH B TepioJ MEpeKpHurTs (a3
KJIaMaHiB.

[Tpu mpoBeeHHI PO3paxyHKIB MapaMeTpH MPOIIECY BHITYCKY
(p, 1 T,) 3a0ar0Th Ha MOYATKY PO3PAXYHKY HPOLECY BUITYCKY
(muB. Poznin 1.1), a TouHicTh BHOOPY THUCKY 1 TeMmeparypu
3JTUIIIKOBHUX T'a3iB MEPEBIPSETHCS 32 (POPMYIIOHO:

T = Ty , °K (1.43).
Py
Pr

3 MeTOI0 3HIKEHHS HAacOoCHUX BTpaT 1 KoedilieHTa
3aJIUIIKOBUX Tra3iB IMpHU IMPOEKTYBaHHI JIBUTYHIB HEOOXI1JIHO
3MEHIIYBaTH BeNMYMHY P,. KpiM 1poro, 30L1bLIEHHS TUCKY
BUITYCKY 3MEHIIye Koe(illi€eHT HallOBHEHHsI, MOTIpIIy€e IpoIec
3rOpsHHA 1 MIABUIIYE TEMIEpaTypy 3ajJUIIKOBUX Ta3iB.
301IbIIEHHS] TUCKY B KIHII BHIIYCKY IpH Ta30TypOiHHOMY
HaJTyBI, SIK MPABHUJIO, KOMIIEHCYETHCS TIABUIIEHHSIM THCKY i
qac BIYCKY.

3

1.6 Inoukamopni napamempu pod6ou020 yuKy.
PoGounii  1ukn  OBUTYHA  BHYTPIIIHBOTO — 3TOPSIHHS
XapaKTepU3yeThCSl  CEpeIHIM  IHJUKATOPHUM  THCKOM,
1HAMKATOPHOIO MOTYXHICTIO 1 IHAUKATOPHUM K.K.JI.
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Cepenniii IHIUKATOPHUH THUCK MOXKE€ OYTH BHW3HAYEHUU
rpadi4HUM 1 aHAJTITUYHUM METOJaMH. 3MiHa TUCKY MPOTATOM
BCHOTO  POOOYOr0  LHUKIYy JIBUTYHA 3  NPUMYCOBUM
3allaOBaHHAM 1  JU3ensd  TOKa3aHa Ha  3TOPHYTHX
IHIUKaTOpHUX Jmiarpamax (puc. S5a 1 puc. 56). Ilmoma
HECKpyIJieHux miarpam (a ¢ z b a) B meBHOMy MacmTa0i
BUPaXKa€ TEOPETHUUHY poOOTY Ta3iB 3a OAMH IUKI ABUTYHA. L[5
poboTra, BigHeCEeHa 10 BEIWYMHHA XOAY MOPIIHA, €
TEOPETHUYHHUM CEPEaHIM

IHIMKAaTOPHUM THCKOM [, .

Teopernunuil cepenHiil IHANKATOPHUM THCK P, MOXe OyTH
BU3HAYCHUH 32 POPMYIIOFO:

JUTSL IBUTYHA 3 iICKPOBHM 3alaJTFOBAaHHIM

p=P | 4 [1— 1}- ! (1— 1] , MITa (1.44.1)
E-1|n,-1{ E™) n -1 E™!
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JUTSl IBUTYHA 13 3alaJTFOBAHHSIM BiJ] CTHCKY

b | Ap 1 1 ( 1 j MIla
R 1- - 1- +A(p-1)|>
pz E_1|:n2_1( 51121J nl_l En‘—l (p )

(1.44.2)
CepenHill IHAMKATOPHUM THUCK P, [JIMCHOrO LUKy

BIJPI3HSETHCS BiA P; Ha BEJIMUYUHY, IPONOPLIHHY 3MEHIIEHHIO

PO3paxyHKOBOI JliarpaMu 3a paxyHOK CKPYIJICHHS B TOYKax C,
Z, b. 3MEHIIEHHS! TEOPETHYHOI'O CEPEeIHBOTO 1HAWKATOPHOTO

TUCKY pi' BHACJIIOK BIIXWJIEHHS [IACHOTO TMPOLECY Bif
PO3PaxXyHKOBOTO LIMKIY OLIHIOETHCA KOe(DilliEHTOM MOBHOTH
JiarpaMH @; 1 BEIMYMHOIO CEPEIHBOTO THCKY HACOCHUX BTpaT
Ap; , ToOTO

Pi = @ - p;, MIla (1.49)

MIPU 3HAYECHHSX KOe(IIIEHTY TOBHOTH JiarpamMu

1J1s1 KapOropaTopHuX ABUTYHIB ¢, = 0,94...0,97.

JUTS TU3ETIBHUX JBUTYHIB ®»; =0,94...0,95.

cepeHii THUCK HAaCOCHUX BTpaT B Ipolecax Ia3000MiHYy
(BIyCKy 1 BUITYCKY) BU3HAYA€EThCA 3 BUPA3Yy:

AP, = P, P, . MIla (1.46)

Bennunna p; 14 NOPIIHEBUX IBUIYHIB 3MIHIOETHCS B

MEXax:
A1 YOTUPUTAKTHUX JIBI/IFYHiB 3 iCKpOBI/IM 3artaJIBaHHAM

p;=0,6...1,4 MIla
JJISL YOTUPUTAKTHUX (opcoBaHUX ABUTYHIB P; 10 1,6 MIla
IJIs. 4OTUPUTAKTHUX Ju3eniB Oe3 HaanyBy p,;=0,7...1,1

Mlla
JUI YOTUPUTAKTHUX JU3EIIB 3 HaaayBoM P; 1o 2,2 MIla
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InaukaropHa moTyxHicTh aBuryHa N, - me pobota, ska

3MIMCHIOETHCS ra3aMK BCEPEIMHI MIJIIH/IPIB 32 OJMHUITIO Yacy.

Jlyis GaraTommMIIiHAPOBOTO IBUTYHA

N = PiVecden _KBr

30-7

ae: P, - cepeHii inaukaTopHuii Tuck, Mlla;

V, - pobouuii 00‘eM 0JHOT0 UUIIHIAPA, 1T ():[M3);

| - YUCIIO IMITIHIIPIB;

N - uucino o0epTiB KOJNIHYACTOrO Bajia ABHWTYHA 3a 1 XB,
00/XB;

T - TAaKTHICTH JBUTYHA.

InavKaTOpHUM K.K.1. 7, :H—i (1.47)
u
ne: L, - Temora, ekBiBaJeHTHa I1HAMKATOpPHIN poOoTI,
M/]x/kr;

H , - HmKua TerioTa 3ropaHHs nanusa, MJK/Kr.

[HukaTopHMI K.K.JI. BpaXOBY€ BCl TEIUIOBI BTPATH J1HCHOTO
LUKITY.

Jljig aBTOTPAKTOPHUX JIBUTYHIB, SIK1 MIPALIOIOTh Ha PLAKOMY
MaJIUBI:

.
n = M (1.48)
Hu “Px Ty
ne: p, [MIla], H, [Mx/kr], p, [kr/m], I, [kr/kr]
BennuuHa ~— iHIZWKATOPHOTO K.K.I. B Cy4acHUX

ABTOTPAKTOPHUX ABUI'YHAX Ha HOMiHaJ'IBHOMy pC)KI/IMi JICKUTD
B MEXax:

115 KapOroparopHux asuryHis 7, =0,26...0,35
JUIS TU3ETBHUX JBUTYHIB n;=0,38...0,50
[anmkaTopHa TUTOMA BUTpATa PiJKOTo MaJIKBA:
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3600 Pi -1
g =——=3600 - ——  r/kerorox. (1.49)
H, -7 pi-ly-a

ne p; [MIla], p, [xr/™°], I, [kr/kr].

[luToma BUTpaTa manuBa Ha HOMIHAJIBHOMY PEXKUMI JUIS
Cy4aCHHMX aBTOTPAKTOPHUX JIBUTYHIB JIS)KHUTh B MEXKaX:

1JIs1 KapOIOpaTOPHUX JBUTYHIB = 235...320
r/KBr.rog
JUTSL TU3CTTHHUX JBUTYHIB g, =170...230 r/KBT.roa

1.7 E¢hekmugeni nokazHuKku 06uzyna.

EdexkTtuBHi 1NOKa3HUKM JBUTYHA BIAPI3HSIOTBCA  BiJ
IHAMKATOPHUX HASBHICTIO HEOOXIAHWX BHTpAaT KOPHUCHOI
poOOTH Ha TMOJOJIAHHS PI3HUX KOPHCHHUX OIOpiB (TepTs B
KPUBOIIMITHO-IIATYHHOMY MEXaHi3Mi, TPUBEACHHS B IO
JOTIOMIKHMX MEXaHi3MiB Ta 1H.) 1 Ha 3AIMCHEHHS MPOLECiB
BITYCKY 1 BUITYCKY.

Butpatu Ha mnoOAoONaHHSA PI3HUX OINOPIB  OLIHIOIOTHCS
BEJIMYMHOIO MOTYXHOCTI MEXaHIYHUX BUTpPAT a00 BEINYMHOIO
poboTH, sKa BIAMOBIAA€ MOTYKHOCTI MEXaHIYHHUX BTparT,
BIJIHECEHOI /10 OJMHUIII poO0YOro 00‘eMy UIIHIpA.

IIpy npoBeneHHI moONEpeIHIX pPO3PAXYHKIB JBUTYHIB
MeXaHIuHI BTPATH, SIKI XapaKTEepU3YyIOTbCS CEPEIHIM THCKOM
MEXaHIYHUX BTpaT [P,, HAONMKEHO MOYKHA OI[HUTH 3a

THIAHUMEU 3QJI©KHOCTSAMHU BiJ] CepPEeIHbOT MIBUIKOCTI MOPIITHS
VIL.cp, KA 3HAXOUTHCS B MEKAX:

Uil KapOIOpaTOPHMUX JBHUIYHIB JIETKOBUX aBTOMOOLTIB -
Vioep=12...16 M/C,

Ul KapOIOpaTOPHUX JBUTYHIB BaHTaXHHUX aBTOMOOLIIB -
Viep=9...13 M/C,

JUISE aBTOMOO1THHUX Ta30BUX ABUTYHIB - Vipcp = 7...12 m/c,

JUTSI TU3ETBHUX IBUTYHIB aBTOMOOUTIB - Vi cp = 7...14 M/c,
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Bennuuna p, Moxe OyTM BHM3HAu€Ha 3a EMIIPUYHUMHU
dhopmynamu ( B ABUTYHAX PI3HOTO THUITY):

Jyis KapOIOPATOPHUX JABUTYHIB: - 3 YUCJIOM HMTIHIPIB 70 6 1
BinHomeHHsM S/D > 1:

p,= 0,049 + 0,0152 vii cp, MlIla (1.50.1)

8- muiHApOBUX MBUTYHIB 3 BigHOmeHHsIM S/D < 1:

p,=0,039 +0,0132 vi cp, MIla (1.50.2)

3 YHCJIOM MITIHIPIB 110 6 1 BigHomeHHsM S/D < 1:

p,=0,034 +0,0113 vii cp, Mlla (1.50.3)

JIJIs 9OTUPUTAKTHHX JH3EITIB
3 HEPO3IIJICHUMHU KaMepaMH

p,=0,089 + 0,0118 vy cp, MIla (1.50.4)
3 IepeIKaMepoI0

p,=0,103 + 0,0153 vy cp, MIla (1.50.5)
3 BUXPOBHUMHU KaME€paMHU 3rOpsSHHS:

p,=0,089 + 0,0135 v cp, MIla (1.50.6)

CepenHilt eekTUBHUI TUCK P, YSABIIAE COOOIO BITHOIIECHHS
e(peKTHUBHOI poOOTH Ha Bajly JBUTYHA JO OJMHHII poOOYOro
00‘eMy muniHapa. B po3paxyHkax JBUTyHIB [, BU3HA4alOTh 32
CepeHIM 1HAUKATOPHUM TUCKOM:

P.= P - p, ,Mlla

(1.51)
Jljis IBUTYHIB 3 MEXaHIYHUM Ha/JTyBOM
pe = pi - p,w - pH ° MIla (152)

Ie : P, - BTpaTH THCKY Ha IPUBOJ HarHITa4a

3HaYeHHA CEepeAHbOro €(PEeKTHMBHOIO THUCKY P, MpH
HOMIHAJIbLHOMY HaBaHTa)KeHHI1 3MIHIOIOTHCS B MEXaX:

115t OeH3MHOBUX IBUryHIB P, =0,5...1,2 MIla

1i1st popcoBanux ABUryHis p, o 1,4 Mlla
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1J1s 1u3eniB 0e3 HagnyBy p, = 0,55...0,9 Mlla

IJIs1 TU3eliB 3 HagayBoMm P, 1o 1,8 MIla

Jnst  cydacHMX aBTOTPAKTOPHUX JIBUTYHIB XapaKTepHa
TEHJICHLIIS 10 30UIbIICHHS P, 3@ PaxyHOK KpaIoi opraHizaii
pobodoro mporecy, BUKOPUCTAHHS HAUTYBY 1 OUIBIN SIKICHOTO
IaJIkBa.

MexaHiYHUH K.K.J. JABUTYHA - BiJHOIIEHHS CEPEIHBOTO
e(eKTUBHOTO J10 CEPEIHBOTO 1HIUKATOPHOTO TUCKY:

go=Pe 1 Pu (1.53)
P Pi
BenuunHa MeXaHIYHOTO K.K.JI. 3pOCTa€ 31 3MEHIICHHSIM
BTpaT Ha TEPTs, NPHUBIJ JOMOMDKHUX MEXaHi3MiB, BTpaT Ha
ra3oo0MiH, a TaKOX 31 301IbIIEHHSIM HaBaHTaKEHHS 10 II€BHOI
MEXKI.

ITpu xonoctomy xoai p; = p,, 1,=0.
3a AOCHIAHUMM JAaHUMH MEXaHIUHMHA K.K.J. 77, AT PI3HUX

JIBUTYHIB, IPALIOIOYNX HA HOMIHAJILHOMY PEKUMI, 3MIHIOEThCS
B HACTYITHUX MEXax:

111 KapOIOpaTOPHUX JBUIYHIB n,=0,7...09
JUIS TU3eniB 06e3 HaayBY n, =0,70...0,82
IJIs1 IBUTYHIB 3 HaJlyBOM n,=0,7...09

(Oe3 ypaxyBaHHS NOTY>KHOCTI IPUBOJTy HarHiTayua)
EdextuBHa notyxHicts N, - KOprcHa podoTa, OTpUMyBaHa

Ha BaJly IBUT'YHA 3a OJAMHMUIIIO Yacy:
V, -n
N, =N, = L0l gy (1.54)
07
P, - [MIIa],V, - [1], n - [06/xB]
3BSI30K MIDK €(QEKTUBHOIO TOTYXKHICTIO 1 OCHOBHHMH
napamMeTpamH JBUT'YHA MOKe OyTH BUPaXEHUN 3aJI€KHICTIO:
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V,-n H
_ h u
N, = ——-p 1, o7, 1, KBT (1.59)
307 a-l

(vn —[a] n—[o%g} H, {Mﬂ%g} P J%f)‘

EdextuBauii k.k.a. /]ei edexkTuBHa mHTOMAa BHTpaTa

nanuBa {, xapakTepusye eKOHOMIYHICTh pOOOTH ABUTYHA:

I
no=n = 2 (156
pon, H,
3600 . pu
9. = H, -7, = 3600 ol a ‘%em.eoz) (1.57).

3HaueHHsT €(EKTUBHOTO K.K.JI. 3MIHIOIOTBHCS B 3aJI€KHOCTI
BiJl TUIY ABUTYHA (HA HOMIHAJILHOMY PEXHUMI):
17151 KapOropatopHux nBuryHis 77, =0,24....0,32

JUIS TU3€TIbHUX JBUTYHIB 1, =0,30....0,42 .
A 3HaueHHs e(EeKTUBHOI MUTOMOI BUTpAaTH NaJIKBa:

. _ 2
A kapOtopaTopuux nsurynis g, =280.350%

JJI1 TU3CIIBbHUX I[BI/IFYHiB

. — 2
3 HEPO3IILHUMU Kamepamu g, = 210..260 &/

BUXPOKaMEPHHX 1 IepeJKaMepHHX g, = 250...300 % 200"

1.8 Tennosuii 6ananc dsuzyna.

TernnoBuit  OamaHc JBUTYHA XapaKTepU3ye  PO3MOILI
TEIUIOTH, OTPUMAHOI BiJ NajlMBa MpPU WOro 3ropsHHI, Ha
KOpPHCHY pOOOTY 1 TemjoBi BTparu. PiBHSHHS 30BHIIITHBOTO
TEIJTOBOTO OallaHCy B aOCOJIIOTHUX BEIMYMHAX MA€ BUTJIIS;

QO :Q€+ Q}’l + Qr + QH3 + Qﬂ'l + Q3a¢'l1 KI[MOI['
(1.58).
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ne: Qo - 3arayibHa KiJIbKICTh TEIJIOTH, BBEICHOI 0 JBUTYHA
3 MMaJIUBOM,;

Q. - TerutoTa, exkBiBajgeHTHA €()EeKTUBHINM pOOOTI ABUTYHA;

Q,, - BTpaTH TEIUIOTH B HABKOJIUIITHE CEPEIOBUIIIC;

Q- BTpaTH TEIUIOTH 3 BiIPaIlbOBAHUMH ra3aMH;

Q,; - BTpaTH TEIIOTH, BUKIWKaHI HETIOBHOTOIO 3TOPSHHS
NaJINBa,;

Q,, - BTpaTH TEIUIOTH B MACIIO;

Qs - 3aNMINKOBI BTpAaTH TEIUIOTH, SKI HE BpaxoBaHi
IHIIIMMU CKJIAJIOBUMH TEIUIOBOTO OaJIaHCy.

KinbkicTh TEioTH, BBEACHOI MO JBHTYyHA 3 maiauBoM Qo,
BU3HAYAETHCS 32 HUKUOK TEIUIOTBOPHOIO 37aTHICTIO MaJIMBa:

Q= (1.59)

KinbKicTh KOPHCHO BUKOPHUCTAHOI TEIUIOTH, €KBIBaJICHTHOT
KOPHCHOI poOOTH 32 | TOJI., TOPIBHIOE:

Q. =3600 N, 4

200.
(1.60).
BigHoIeHHS KOPUCHO BUKOPUCTAHOI TEIUIOTH JI0 TEIUIOTH,
sKa BHUIUIMJIACh T@PU 3TOPSHHI [ajluBa, VsBISIE COOOI0
e(pEeKTUBHUN K.K.1. 77, .

BTpaTI/I TCIJIOTH B HABKOJIMIIIHE CEPCIOBUIIIC!

Q=G *C,.(1,-1), ’%%O 5 (1.61)
ne: G, - BUTpaTa 0XOJIOKyBada 4epe3 CUCTEMY, KI/ TO..;

C,, - TeroeMHicTh oxoJopKyBaua, KKan/ kr.rpan;

ox
t,it, - TeMneparypu 0XoJ0/KyBada BIJIOBIHO Ha BXOJ1 B
cHCTeMy OXOJO/KEHHS i Ha BUXoi 3 Hei, 'C .
Brpartn Temnotu 3 BiANpanbOBaHMMHU Ta3aMH BH3HAYAIOThH
3a CHOpOIIEHOI (OPMYJIOI, 3TiAHO TIMOTE3H, MO KITbKICTh
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raziB G; JIOpiBHIOE CyMi KinbKkocTel nositps G, 1 nmamBa G,

Qr =C,(t, ~t,Y6,.. +G,). P/ (1.62)
: ~ K/ ) .
re:  C,~104 %2.2pa o CepelHs  TEIUIOEMHiCTh

BIJIPAI[bOBAHUX T'a3iB MPH MOCTIHHOMY 3HAYEHHI TUCKY;
t, it, - BIAMOBIAHO TeMmepaTypH BigNpPaIbOBaHHUX Ta3iB i

HABKOJIMIIHBLOTO cepenonuma, °C .

Brpara Ttemmotu B Mmacio Q, 3BUYAMHO B TEIUIOBUX
OanmaHcax HE BHM3HAYAETHCSA, OCKUIBKM TeMIlepaTypa Maclia
MIJBUIIYETHCS OJHOYACHO 3 KUIBKOX NPUYMH — BT TEPTS
JeTaneil ABUTYyHA, Bil [ii BUCOKUX TEMIIEparyp B LHJIIHJIPI
JBUTYHA 1 BiANIpanboBaHUX Ta3iB. TouHe BpaxyBaHHS KOXHOI 3
NPUYMH BUKIWKAE TIE€BHI TPYAHOUIl 1 NPUBOAUTH [0
MMOMIJIKOBHX pPe3yJbTariB. [IpUHIIMIIOBO BTpaTH TEILIOTH B
MAacJI0 BU3HAYAIOTHCS 32 JOMIOMOTOI0 (POPMYIIH:

Q. =6, -t,)-c.. P/ (1.64)

e G, - KiIbKICTh Macia, sIKe IPOBOAUTH dYepe3 MacIsTHUN

paaiatop, Kofog;
t itMl- TeMIeparypa macliia BIAMOBITHO Ha BXOJl 1 Ha

My
BUXOJI1 3 MacCJIIHOTO pajiiaTopa;
C, - cepenHs TeIOEMHICT Macia, Kk /Kr rpa.

3anuIIKOBi BTPATH TETUIOTH BU3HAYAIOTH 32 PI3HHUIICIO:

Q3a/1 = QO *( Qe+ Qn + QF + QH3 + QM)KJIH(/KFTPEUI (165)

[Ipn BUKOHaHHI pO3paxyHKiB TEIIOBOTO OalaHCy IBUTYHA
aHAJITHYHO BU3HA4YaloThesa Qo, Q., Q,; . 3Hauenus Q, , Q, Q,,
Ta Qs0y (v % % 3HaUYeHHsX - 3 TabM. 1

Tabmums 1

CepenHi 3HaUYCHHSI CKJIQIOBUX TEIUIOBOTO OajaHCy.
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Tun gBuryHa o o o o o Qs
Qe 0 Qn 0 QF 0 QH3 0 QM 0 %
KapGroparop | 22... |14... |30... |0..4 |2..4 [4..9
HUH 28 28 50 5

Jn3enpHuit 29... |16... |25... |0...5 |6...7 |2...5
42 35 45

1.9 Busnauenns ocnosnux napamempise 06UZyHa

JIo OCHOBHHX pO3MIpIB JBUTYHIB BIiIHOCATHCS JiaMeTp
mwtiaapa D (M), xig nopmrHs S (M), paaiyc KpuBommmmna R
(MMm) 1 poBxuHa martyHa L, (mm). Bei mi posmipu
BHU3HAYAIOTHCSA HA OCHOBI PE3yJbTATIB TEIJIOBOTO PO3PAXYHKY.
Buxigaum piBHSHHSAM JU1sl BU3Ha4YeHHs D 1 S € Bupas:

pthn
N, =——, .
e 07 kBT (1.66)
3BIJIKH:
N.-307r
vV, = 7
h D, -1 i (1.67)

PoGounit 06’eM 0ofHOrO LMJIIHApA MPH YUCHI 1 HMIIHAPIB
JIBUTYHA!
. zD?
V, =
4

3BiAKM AiameTp D nummiHapa TOpiBHIOE:

S:

Yo g (1.68)
|

, MM (1.69)

Jlnst  cydacHUX ~ MOJened  aBTOMOOIIBHUX  JIBUTYHIB
BigHomenus S/D=C,, cknanae:

Ut Kaporopatopuux apuryHis ~ —0,70...1,05

JUIS TU3ETIBHUX JBUTYHIB -0,75...1,15.
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B npomy BUManky:

(1.70)

S=C, D, MM (1.72)

Otpumani 3HadeHHs S 1 D y BIAMOBITHOCTI 3 JIFOYUMHU
CTaHJIaPTaMH OKPYTIIAIOTHCS 110 0, mapHOTOo yucia abo 5.
Paniyc kpuBommna qopiBHIOE:

R= % , MM (1.72).

3rigHo 3HaWAeHUM 3HadeHHsSM S 1 D BH3HAYaOThL OCHOBHI
MapaMeTpH 1 MOKAa3HUKY JIBUTYHA:

. 7D Si
JITpax V. =——,1 1.73
P VR (73)
. : pV,n
IHAMKAaTOpHY MOTYXHICTh N, = 0; kBT (1.74)
T
Vin
edexruBry morykuictrs N = Pe¥pll ,kBr  (1.75)
307
3-10* N,
epeKTUBHUNA KPYTHUH MOMEHT M, = T , M
(1.76)
roauHHy BUTpary namuBa G; =N, -0, xv/rog  (1.77)
. Sn
CEPEIHIO MBUAKICTH ITOPIIHS V, = 0’ M/C
(1.78)
CepenHss  WmBUIKICTP  HOpPmWHS V, B  CYYacCHHX

aBTOMOOUIBHUX JIBUTYHAX CKJIAJIa€:
JUIs KapOlopaTopHUX ABUTYHIB  9...15 M/c
JUIS TU3ETBHUX JBUTYHIB 8...11 m/c.
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OOGuucneni 3HauenHsa V, 1 p, (popmymn 1.54, 1.73. 1.75)

HE MOBUHHI Bipi3HATHCS Ounblie K Ha 3..4%, B 3BOPOTHOMY
BUITIAJIKY PO3PAXYHKU HEOOX1THO CKOPUTYBATH.

2. [loOynoBa iHAUKATOPHMX JiarpaM Ta 30BHIIIHbOI
IBHIKICHOI XapaKTePUCTUKY JIBUTYHA.

2.1 Ilodyoosa inoukamopnoi diazpamu

[ToOynoBa iHAMKATOPHOI AiarpaMy ABUTYHA BHYTPILUIHBOTO
3TOPSIHHS ~ BHUKOHYETHCSI 3 BHUKOPHCTAHHSIM  PE3YJIbTATIB
PO3paxyHKy MmapaMmeTpiB poOOYOro mpoiecy:

THCK B XapaKTEPHUX TOYKAX LUKIY: Po, Pa> Pes Pz> Pbs Prs

Mipa cTUCKY 1 00’ eM rmmiaapa: €, Vi, Ve, Va.

Macmrad THCKYy 00MparoTh 3a MiIOUMMH HOPMAaTHUBaMH 3
Takux 3HadeHb: M, = (0.020;0.025;0.04;0.05;0.07...0.1)
MIla/mMm.

[Ipn mnoOynoBi 1HAMKATOpPHOI JilarpaMu 1i  MacmTadu
PEKOMEHAYEThCSI OOMpaTH 3 TaKUM PO3PAXyHKOM, MI00
OTpUMATH BUCOTY, sika JopiBHIOE 1,2...1,7 11 OCHOBH.

Ha mnouarky mnoOymoBu (puc. 6,7,8) Ha oci aOcuuc
BIIKJIaIatOTh Bipi3ok AB, sikuii BignmoBigae pobouomy o0’ emy
HWITIHApPa, a 3a BEIUYMHOI0 JOPIBHIOE XOMy TMOPIIHS Y
Macmtabl Ms, sIKHid B 3JIEKHOCTI BiJ] BEIMYUHU XOIY MOPIITHS
Moske Oytu npuiinaruit 1:1; 1,5:1; 2:1.

Bingpizok OA, skuii Biamoizae 00’eMy KamMepH 3TOPSHHS
V¢, BUBHAYAETHCA 3 CIIBBIJHOIIECHHS:

0A=A—Bl, MM (2.1)

Bigpizok z'z nmns museniB, sKi TPAMIOIOTh 3a IMKJIOM 31
3MIIIaHUM TiABEICHHAM TerIoTH (puc.8), BU3HAYAETHCS 3a
PIBHSIHHSIM

2z=0A(p- 1), Mmm (2.2)
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[licns uporo, 3a AaHMMM TEIUIOBOTO PO3paxyHKy Ha
JiarpamMi BiAKJIaAa0Th B 0OpaHOMY MacmuTali 3HAYE€HHS TUCKY
B XapakTepHHUX TOYKax: a, ¢, z', Z, b, .

[ToGymoBy mONITPON CTUCKY 1 PO3MIMPEHHS MOXKHA
BUKOHATU aHATITHYHUM 1 TpadiuyHuM METOIaMH.

[Ipu anamiTHuHOMY METOAI MOOYIOBU MOJITPON CTHUCKY 1
po3mupeHHs: (puc.6) BUKOHYETHCS OOYMUCIEHHS PSAY TOYOK
JUTSL IPOMDKHUX 00’ €MiB, pO3TalIOBaHUX MK V¢ 1 Vj,, a TaKoX
Mixk V; 1 Vp 3a piBHAHHAM HoJiTponu pV' = const.

J1J1 ONITPOIT CTUCKY :

F)XVXnl = pavanl (2'3)

. Ak
3B1IKH: P, = P, v | Mlla
X
(2.4)

ne: px 1 Vx — THCK 1 00’e€M B MPOMDKHIM TOYI MPOIECY
CTHCKY.

Bignomenus V,/Vy 3MiHIOE€TBCS B MexKax 1...€.

AHaNOTI4YHO A7 TOJITPONH PO3MIUPEHHS:

N,
. = Po| 2|, MITa (25)
VX

Jnst ABUTYHIB 3 ICKPOBHM 3alajlfOBaHHSAM BiJHOIIICHHS

Vu/Vx 3MiHIOETBCS B iHTepBaii 1...€. a s auseniB — 1...0 .
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T Mufm?
60

50
40

3.0

o1 — e
g Aa 8 V(S mm)

Puc.6. ITloOGynoBa iHAMKATOpPHOI JAiarpaMu aHaTITUYHUM
METOIOM.
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Puc.7 I1obynoBa inaAMKaTOpHOI IiarpaMu MeTo1oM bpayepa.

[Ipu anamiTH4HOMY MeETOAlI MOOYHOBH aiarpamu (puc.6)
BU3HAYCHHS OPAWHATH PO3PaXyHKOBHUX TOYOK MOJITPONH
CTHUCKY 1 PO3LIMPEHHS 3pYYHO BUKOHYBATH B TabauuHil (opmi
(Tabm. 2)

Tabnuis 2

O | 0B | IlomiTpomna CTUCKY [MoniTpomna
Ne X ox pO3LIKMPEHHS
TOYO | MM %"1 Py Px; OB Py Px;
K oX M, " | MIa| | ox M| MII

P la
MM
MM

1 2 |3 4 5 6 7 8 9
1
2
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n

3'eAHYIOYM TOYKM a 1 C IUIABHOIO KPHMBOIO, KA MPOXOJUTH
yepe3 OO4YMCICHI 1 HAaHECeHI Ha TMoJie JiarpaMd TOYKHU
HOJITPONHU CTUCKY, @ TOUKU Z 1 b — KpUBOIO, sIKa MPOXOIUTh
gyepe3 TOYKH MOTITPONH PO3IMUPEHHS, 1 3°€JHYIOUH TOUYKH C 1 Z,
abca, mpsMuMu JiHiAMHA ( TOpuU TOOYIOBI [larpaMu JTU3eNs
TOYKa C 3°€IHYETHCS MPSIMOIO JIHIEIO 3 TOUKOW z', a2’ —3 Z (
puc. 8 ) OoTpUMaEMoO pPO3PaXyHKOBY IHIUKATOpPHY niarpamy (
0e3 ypaxyBaHHS HACOCHUX XOJIiB ). [Ipoliec BUITYCKY 1 BITyCKY
IpURMAIOThCSI TAKUMHU, 110 MPOTIKAIOTh MpU p = const 1 v =
const.

[ToniTpornu CTUCKY 1 pO3MIMPEHHS MOXKYTh OyTH 1MoOyn0BaH1
rpadiYHIMHU METOIaMH: METOJ0M bpayepa 1 MeTo10M MiBKiJI.

3a HalOuIbm mommMpeHuM rpadiyHuM MetojgoM bpayepa
MOJIITPOIIM CTUCKY 1 PO3IIMPEHHS OYyAYyloThb TakKUM YHUHOM
(puc.7). 3 modaTKy KOOpAMHAT MpoBOJATH MpomiHb OC min
JOBUIBHUM KyTOM ¢« 10 oci abcumc ( A7 OTpUMaHHS
JOCTaTHBOI KUIBKOCT1 TOUOK Ha MOJITPONAaX PEeKOMEHI0BAHO o
= 15%). Jlani 3 moYaTKy KOOPAMHAT IPOBOATH TpoMeri OD i
OF min neBHuMu Kyramu f3; 1,10 oci opamuar. 1li xytu
BU3HAYaIOThCS 13 CMIBBIAHOILEHb!

tgp, = (L+tga)™ —l} (2.6)
tgs, = (1+tga)™ -1
[Tonitpony cnucky OyayrooTh 3a gornomoroto npomeHiB OC 1
OD. 3 Touku C MPOBOAATH TOPU3OHTAJB JI0 MEPETUHY 3 BICCIO
OpAMHAT, 3 TOYKM MEPEeTHHY — JIHII0 MiJ] KyTOM 45° 1o
BEPTUKAJII J0 MepeTuHy 3 nmpomeHeM OD, a 3 1€l TOYKH —
JpyTy TOPU30HTANIbHY JIIHIIO0, apajesibHy oci abcuuc. 3aTuM 3
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toukn C TOPOBOAATH BEPTUKAIBHY JIHIIO JI0 MEpPEeTHHY 3
npomeneM OC; 3 TOYKH MEPETUHY — IiJ KyTOM 45% 1o
BEpPTHUKAJII JITHIIO J0 MEPETUHY 3 BICCIO aOCITHC, a 3 I1€1 TOYKH —
Apyry BEpTHKAIbHY JiHIIO, MapajelbHy OCi OpAWHAT, [0
MEPETHUHY 3 APYTO0 TOPU3OHTAIBHOIO JiHI€I0. Touka nepeTuny
nuX JiHIH Oyae MpPOMIDKHOIO TOYKOK | MONITPONM CTHUCKY.
Touky 2 3HaX0AATh aHAJOTIYHUM LUISIXOM IpU BHOOPI TOUKH 1
3a [04aToK No0y10BH.

[TosiTporty po3mupeHHst OyAyIOTh 3a JOMOMOTOK0 TTPOMEHIB
OC 1 OE, nounHaroyu 3 TOYKHU Z, AHAJIOTIYHO MOOYIOBI
MOJIITPOIIH CTHCKY.

I'padiuna moOynoBa MONITPON CTUCKY 1 PO3MIMPEHHS
METOJIOM IMBKiJT Jae OUIBII TOYHY IOOYIOBY 1 JO3BOJISIE
OTpUMATH BEIUKY KIJIbKICTh TOYOK Ha JHIAX HUX modiTpon. Ha
puc.8§ TOKa3aHa  MOCHIAOBHICTH TOOYAOBH  IOJIITPOIH
PO3MIMPEHHS METOAOM MiBKiI. Maroun Ha JIiHIi po3MUpeHHs
aBi Toukk Z 1 b, 3HAXOAATh KOOPAWHATH TOYKH |,
PO3TaIIOBaHOI M’k HUMHU.

Jlnst 3HaXOMKEHHS KOOpAMHAT IIi€l TOYKA OyayroTh JiBa
miBKoJIa Ha ocaxX kKoopauHar 3 fgiamerpamu Oz, i Ob; 3 Toukm
B nmpoBonsATs niHi0 napanensHo oci aberuc OB 1o nepetuny 3
niBkonoM Oz, (touka Bi); pagiycom Obi npoBOAATH YTy IO
TIEPETHHY 3 BicCro OpaMHAT ( TouKa 1, sIKa € OPAMHATOI0 TOYKH
1). OnycTuBIIM NEPNEHAUKYISAP 3 TOUKHM Z Ha BiCh abcLMC J10
nepeTuHy 3 miBkoioM Ob (Touka Zzp) 1 TPOBIBIIKM YTy
pagiycom Oz, 100 mepeTHHy 3 BICCHO aOCIHMC, BH3HAYaAIOTh
abemucy (Touky 17) Toukn 1. JIasi 3HAXOMKEHHS MPOMIKHOI
TOYKM 2, PO3TAalIOBaHOI MK Toukamu z 1 1, OyayloTh nBa
niBkona Oz, i O1" i aHanoriuHo BH3HAYAIOTH OpAMHATH 2 i
abcrmen 2. Touky 3, posramioBaHy Mik Toukamm 1 i b,
3HAXOSTH AHAJOTIYHO 3a JOIOMOror miskin O1 i Ob. Jlns
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OUThII TOYHOI MOOYJOBM MOXHA 3HAWTH OLIBINY KUIBKICTB

TOYOK MiX JIBOMa cyciaHimu ( Hanpukiam, Mk 21 1, 3 1 b).
3HAaXO/DKEHHSI TOYOK Ha TOJITPOI CTHUCKY HPOBOIUTHCS

AHAJIOTIYHO, TOYMHAIOYM 3 BH3HAYCHHS KOOPAMHAT TOYKH,

PO3TaNIOBaHOI MIXK TOYKaMu C 1 @, 3a gonomororo niBkin OC; 1

Ob.
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=
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Puc.8 I1o6yaoBa iHIMKAaTOPHOI AlarpaMu METOJIOM MiBKiJI.

[ToGynoBaHi po3paxyHKOBI iHAMKATOpHI jaiarpamu (puc. 6,
7, 8) € TEOpeTUUYHUMH IHJIUKATOPHUMHU Jiarpamamu (3a
KOHTYpOM aczba), 3 sKHX MOXKHAa BHU3HAYHTH TEOPETHYHHUIL
(PO3PaXyHKOBHIA) CepeHiil IHIMKATOPHMUIT THCK P; |
;:F(a'c'z'b'a)'Mp,MHa 2.7)
A-B
ne: F(aczba) - TUIOIIA JiarpamH, MM
AB — noBxuHa B1IPI3KY, MM;
M, — macmita6 Tucky, MIla/mm.

3HavyeHHS p; ojAepkaHe 3a ¢Gopmynor (2.7), He TOBHHHO
BIPI3HATUCH BiJ OTPUMAHOIO pAHIIIE pPi
nusIXoM OisbIne Hixk Ha 2...3%.

PO3paxyHKOBUM
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Jlns HaOJIMKEHHS TEOPEeTHUYHOI 1HAMKATOPHOI JiarpaMu J10
miarpaMu  JIMCHOTO — (peajbHOro)  IMKIY  HPOBOJUTHCS
CKPYIJIEHHS JlarpamMu.

[TonoxeHHs TOYKHU ¢¢ HA CKPYTJICHIN AlarpaMi BUBHAYAETHCS
KyTOM BHIIEPE/DKEHHS 3alaloBaHHSA B  KapOIOPaTOpHUX
JIBUTYHAX, a00 KyTOM BUIEPEIKCHHS BIIOPCKYBAHHS MaJMBa B
U3eNax. 3HAUYCHHS HUX KYTIB OOMPAarOThCS BIATOBIAHO KyTam
BUTIEPEKEHHS 3aratoBaHHs, abo BUTIEPEKEHHS
BIIOPCKYBAHHS JIBUTYHIB — MPOTOTHUIIIB.

TI0/0XKEHHS TOUKH C y B.M.T. opieHTOBHO BHU3Ha4Ya€eThCA 3
BUpA3Y:

p =(115...125)- p;,, MIla (2.8)

JlificHuii MakCUMalbHUN THCK B KIHII MPOLECY BUIUMOTO
3TOPSIHHS B KApOIOPATOPHUX JIBUTYHAX BU3HAYAETHCS 3 BHPA3Y:
p, =0,85p, , MIla
(2.9)
TToNOXEHHsT TOYKH z HA iHAMKATOPHIN jiarpami Ju3ess
BU3HAYAETHCS MIpOI0 TOMEPETHBOTO PO3MIUPEHHs p. Biapizok
Z Z JOpIBHIOE:

2 7=0A(p-1), mm (2.10)

[MonoKeHHsT TOuKH b BIIMOBI/IA€ TIOYATKy BIAKPUTTS
BHITYCKHOrO Kimamana. TOuky b po3TamroByioTh Ha cepemmHi
BiJICTaH1 MK TOYKaMH a 1 b.

[Ticnsg pboro MPOBOJATHCS JiHisI aTMOC(HEPHOTO TUCKY, JTiHIA
BIIYCKY Za 1 JIiHiSl BUITYCKY br.

[Tnoma nicHOI CKPYTI€HOT IHAUKATOPHOI JiarpaMy MeHIIa
IUIOHI PO3PAaxyHKOBOI JiarpaMu (3a KOHTYpoM a ¢ z b a)
BHACIJIIJIOK HAasBHOCTI HACOCHUX BTpaT.

CepenHiii  IHOUKATOPHUH  THCK  JAIHCHOTO  LMKIY
BU3HAYA€THCS 3 BUPA3y:
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o = F(acczbb a)
' AB
(2.11)
3 ypaxyBaHHSM BTpPaT Ha ra3000MiH

p, = p; —Ap,, MIla (2.12)
F(azb a)
AB

M, MIla

ne Ap, = , MIla

2.2 Ilodyooea 306HiuiHbOT WEUOKICHOT XapaKmepucmuKku
osuzyHa.

30BHINIHA MIBHIKICHA XapaKTEpUCTHKA JBUTYHA, IO
IPOEKTYETHCS, BUKOHYETHCS 32 EMITIPUYHUME (POPMYITaMH, 110
320e3MeYyr0Th IOCTATHIO TOYHICTb.

[ToOynoBa KpuBHX L€l XapaKTEPUCTHKH HPOBOAUTHCS B
iHTepBaii Bif Omin = 0.20N, 10 Omax = (1.1...1.2)on, ¢

Po3paxyHkoBi Touku oOuparoTh uyepe3 KoxHI 0.loy 1
BH3HAYaI0Th 33 EMIIIPUYHUMHU 3aJICKHOCTIMHU.

[ToOynoBa rpagika epexkTUBHOI MOTYKHOCTI:

- JUI KapOIopaTOpHUX JIBUTYHIB

2

. . (4]
Nei = Negom —+| 1+
Wy Oy \ Oy

@;

i

,kBm (2.13)

- JUTsl TA3€T1iB 3 HepO3AUICHUMH KaMepaMu

; .

Nei = Newou 2|0.87+1.13 i | |, kBm
Wy Oy WOy
(2.14)
- I7Is1 AU3ETIIB 3 TIepeIKaMepoIo
2
Nei = Newowr 2] 0.6+1.4 % —| “i| | kBm (2.15)

Wy Wy Wy
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- IJI1 BUXPOKaMEpHHX I[I/ISCJ'IiB

; .

l

Nei = Negom 21| 0.7+1.3
Oy Wy @y

,kBm  (2.16)

ne: Neyoy 1 Oy — HOMiHaIbHA e(DeKTUBHA MOTYKHICTh, KBT, 1
BI/IMOBI/IHA Tif yacTOTa 0OEPTAHHS KOJIHYACTOTO Baja, c‘l;

Ne; 1 ®; — edekTBHA TOTYXHICTh, KBT, 1 BigmoBigHa Tit
YacTOTa 0GEPTAHHS KOJNIHYATOro Bajla, ¢ B MPOMDKHIN TOULi
rpadixka.

3a po3paxyHKOBHUMH TOYkKaMu B Macmtadi My, kB1/mm,
Oynyerbess kpuBa Tpadiky edekTuBHOT MOTYX)HOCTI (puc.9).
[TobynoBa rpadika KpuBOi €PEeKTUBHOTO KPYTHOTO MOMEHTY
MPOBOJIUTHCS 3 BUKOPUCTAHHSIM IOMEPEIHIX pPO3PaXyHKIB.
Po3paxyHkoBi TOukH 1IHOTO rpadika BU3HAYAIOTH

Me, =1000 Y4 Hom (2.17)

.

1

3a oTpumMaHMMHM TouykamMu B Macmrtadi M, (H-m/mm)
OyayeThCsl KpUBa €PEKTUBHOTO KPYTHOTO MOMEHTY (puc.9).
Po3paxyHkoBi TOukM mpH MOOyHOBI TIpadika MTUTOMOL
BTPATH MaJMBa BU3HAYAIOTHCA 32 (POPMYIIaMHU:
111 KapOIOpaTOpHUX JABUTYHIB:
2

9, =9, |12-Z-+08 Zi| | o/xBm-200 (2.18)

i N wN m.N
JJIA ,Z[I/ISC.HiB 3 HepO3HOI[iJ'IeHI/IMI/I KaMCpaMu
i @
g, =0, [155 1551 +| i | | 2/kBm 200 (2.19)

ay ay

JUTSL TU3EIIIB 3 TIepEIKaMEpOI0
B 2
g, =0, |135-135 2 1| Zi | | o/kBm- 200 (2.20)

ay ay
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Puc.9. 30BHiNIHS MBUIKICHA XapaKTEPUCTHKA ABUTYHA
a — KapOpaTopHOTro; 6 — AM3ETHLHOTO.
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JJIA BUXPOKAMCPHUX ,Z[I/ISGJ'IiB

W, W,
0. =0, [12-12—+| —-| |,¢/kBm-200 (2.21)
i N w.N w.N
Iie: geNi N — TUTOMa BHTpaTa MaJluBa, sKa BiAMOBIAaeE

HOMIHAJBbHIA TOTYXHOCTI Neyow, I/KBT rOm, 1 BiamoBigHa i
. -1
gacToTa 00epTaHHS KOJIIHYACTOTO Baja,c .
g, 1 ®; — MIMTOMA BUTpaTa MaJMBa 1 BIAMOBIAHA 1 yacToTa
1

o0epTaHHs KOJIIHYaCcTOTO Baja B PO3PaxXyHKOBIH TOYII.

3a ofepKaHUMH TOYKaMH B MacmTabi M g, [(T/kBTrTOM)/MM]

OynyeThcs Tpadik MUTOMOI BUTpATH NanuBa (puc.9)
3HaueHHs TOAMHHOI BUTpPAaTU MajuBa s NOOYIOBH il
rpadika, Iisi IPOMIXKHUX TOYOK BH3HAYAIOTHCSI BUPA3OM:

G, =9,-N,-10°%/ (2.22)

3a ofep>)KaHUMH JaHUMU B MacITabi M <. [(r/xBT-TOm)/MM]

OyayeThcs Tpadik roOJUHHOI BUTPATH manusa (puc.9).

Jlns moOyAoBU 30BHIMIHBOI IHIBHJKICHOI XapaKTEPUCTHKH
PEKOMEHIYIOTHCSL MacIITa0u:

M, - < 200c-1 — 20 c-1/ mm.

- 2 200c-1 - 50 c-1/ mm.

Mpe - = 100c-1-0,5c-1/ mm.
->100c-1-1c-1/ mm.
Mme -2 HM/ MM

KBm
Mge - 2 —4 09
MM

kBm
Mg - 0,2..0,5 @.
MM

IA
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2.3. Illopienanns i ananiz 0CHO6HUX NOKA3HUKIB 0BU2YHA, W40
nPOEKmMy€emuv e, i nPOMOmuny.

Ha ocHOBI pe3ysibTaTiB TEIJIOBOTO pPO3PaxyHKY JBUTYHa i
PO3paxyHKy  30BHIIIHBOT  MIBUAKICHOI  XapaKTepUCTUKU
HEOOXITHO CKJIACTH TAOIUII0 OCHOBHUX TEXHIKO-CKOHOMIYHHX
MOKa3HUKIB JBUTYHA, IO MPOEKTYETbCS 1 MPOTOTHUILY, 1
MIPOBECTH iX MOPIBHSAHHS 1 aHAJII3.

N Iloka3zHuk JBuUryH, mo [Iporotn
n/m IIPOEKTYETHCS i
1 2 3 4
1. Hiametp mwrinmpa, D,
MM.
2. XiJ OpIIHS, S, MM.
3. BinHomieHHs X0y

HOPLIHS JI0 AlamMeTpa
mtiagpa S/D

Yrcno numiHApiB, 1

Jlitpax nBuryHa, Vi, 1

Mipa ctucky, E

Njo(o s~

MakcumanbHa
MOTYKHICTb, N (on

kBT

8 Yacrora obepTaHHs

KOJIIHYaCTOTO Bally Ny,
-1
c

9 MaxkcumanbHUH
KpyTHUH MOMEHT M.
max, H*M

10 Cepenniit  edexTuBHUI
THCK pe, MIla

11 Yacrora obepTaHHs
KOJIIHYAaCTOr0 BaJly Ny
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1p¥ Me max, €

12 JlitpoBa  MOTYXHICTh
N, kBt/n

13 MinimanbHa MUTOMA
BHUTpaTa MaJUBa (e min,
r/kBrerop.

14 MiuimManbHa  TOOUHHA
Butpara mnamuBa Gr,
KI/TO..

3. Ecki3He KOMIIOHYBAHHSA OHOLWJIIHAPOBOIO BIACIKY
JABHUTYHA

J1J11 KOMITIOHYBaHHS JIBUTYHA HEOOX1THO:

— 32 OTPUMAHHUM B TEIUIOBOMY PO3paxyHKY 3HAYCHHSM XOIY
MOPIIHS BH3HAYUTH pajiyc kpupommna R = S/2 i 3a oOpanum
3HaueHHsM [| = R/L, BW3HA4YMTH JOBXUHY martyHa L,. Jlns
ICHYIOUMX KOHCTPYKLIH aBTOTPAaKTOPHUX JBWUIYHIB [] =
0,25...0,3;

— o0paTu po3TaulyBaHHS UMIIHAPIB (psiaHe, V-monibHe,
OMIMO3UTHE), KOH(Irypaiiro KOJIHYaCTOTO Baja 1 HAMITHUTH
MOPSAIOK pOOOTH IUIIHAPIB,

— Ha OCHOBI OTPUMaHMX JaHMX 1 KOHCTPYKLIi HPOTOTHUILY
HAKpECIUTH €CKi3HY MONepeyHy KOMIIOHOBKY OJJHOTO IMJIiHApa
nBuryHa (st V-nogiOHUX — IBOX HMJIIHJPIB) MO OC1 LUJIHIpA,
TOJIOBKM OJoKa, KianmaHy (BIOYCKHOMY a00 BHUIIYCKHOMY).
Hamitutn posramryBaHHS KyJTauyKOBOTO Bajia Ta TPUHIIMIIOBE
pillIeHHS PUBOIY PO3MOIUIBHOTO MEXaHI3MY;

— HaKpeCIUTH €CKi3 TI03[J0BXKHhOI KOMIIOHOBKH OJHOTO
LWIIHApPA JBUTYHA, SKUH CKIQJA€Tbcd 3 Tepepizy OJHOTO
[WTIHpa IBUTYHA Ta KOJIHYACTOTO BaITy.
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Po3pobiiennii ecki3HMii TPOEKT OAHOLMJIIHIPOBOTO BIJICIKY
JIBUTYHa HEOOXIHO BHUKOPHUCTOBYBaTHM B  JIUHAMIYHOMY

PO3paxyHKy JABHUIYHA.
4. luHaMiYHHIl PO3PaXyHOK /IBUTYHA.

3ajayaMy IMHAMIYHOTO PO3PaxyHKY JIBUT'YHA €:

—  JOCH/DKEHHS ~ JUHAMIKM  KPHUBOLIMITHO-IIATYHHOTO
MeXaHi3My;

— PO3paxyHOK CHJI, IO JiIOTh B KPHUBOIIMITHO-IIATYHHOMY
MeXaHi3Mi,

— BU3HAUEHHS OCHOBHUX pO3MIpIB MaxOBHKa 3a OOpaHOIO
MIpOI0 HEpIBHOMIPHOCTI 0OEpTaHHS KOJIHYACTOro Bajia i
MaKCUMAaJIbHOIO Ha/JTMILIKOBOIO POOOTOI0 TAaHTE€HIIMHUX CIIT;

— 1mo0Oy1oBa MOJISIPHOI JiarpamMH CHJI, SIKi Jif0Th Ha HMIATYHHY
HIiiKy;

— aHajJi3 BPIBHOBAXXEHOCTI JABUTYHa 1, NMPU HEOOXIJTHOCTI,
PO3paxyHOK CUCTEMH BPIBHOBa)KYBAaHHS JABUTYHA.

4.1. Cunu mucky zasie

Cunmu Tucky rasiB, fKi JIIOTh Ha IUIOLLy MOPIIHS, MAJIs
CIPOILIEHHS JMHAMIYHOTO PO3PaXyHKY 3aMiHIOIOTHCS OHI€I0
CHJIOIO, CIIPSIMOBAHOIO IO OCI IIMIIIHJpa 1 MPUKIAAEHOI 0 Oci
MOPIIHEBOro Majblisl. BuU3HAauaeTbes 1M cuila A KOXKHOTO
MOMEHTY 4acy (KyTa MOBOPOTY KOJIIHYacToro Baiy [1) mo
TiMCHIN 1HAMKATOpHIN miarpami, MOOyAOBaHiIM Ha OCHOBI
TEIJIOBOTO PO3PAXYHKY [UIsi HOMIHAJIBHOTO PEXUMY PpOOOTH
JIBUTYHA.

[ToGymoBa po3rOopHYTOi IHIAWKATOPHOI JiarpaMyd Ha OCHOBI
3rOpHYTOI 31IHCHIOETBCS 3a MeToioM Tpod. D.A. Bpukca. [[ns
BOTO TIiJ 1HAMKATOPHOIO larpaMoi0 OyIyeThCS JIOTOMIXKHE
niBkosio pagiycoM R = S/2 (puc. 10). Bin uentpa miBkona O B
6ik H.M.T. BigkmamaeThcsi morpaBka bpukca, sika JOpIBHIOE
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R[1/2. TliBKonO OimuThes mpoMeHsMH 3 1ieHTpa O Ha 9 piBHUX
YacTUH, a 3 neHtpa bpukca (touka O[]) mpoBOAATH JiHil,
napajieibHi MM TMPOMEHsSM. TOYKHM, OTpUMaHi Ha TIBKOJII,
BiJIMOBIAAOTH IIEBHUM KyTaM 3 iIHTEPBAJIOM B JAHOMY BUIIAIKY B
20°. 3 nUX TOYOK MPOBOAATHCS BEPTUKAIBHI JIHIT IO IEPETUHY 3
JMHIAMH ~ 3TOPHYTOI 1HIMKAaTOPHOI JiarpaMu 1 ojepkaHi
BEJIMYUHU THUCKY MEPEHOCAThCS HA BEPTHKANl BIAMOBIIHUX
kyriB [J. Posroprky iHaumkaTtopHOi agiarpamMu HEOOXiIHO
nounHaTy Bijg B.M.T. B mporieci X011y BITyCKY.

[Ipu posropranHi iHIWKATOPHOI diarpaMu CiiJ BpaxyBaTH,
IO THCK Ha 3TOPHYTIH 1HIWKATOPHIA Hiarpami BiIpaxOBYETHCS
Bill a0CONIOTHOrO HyNsd, a Ha PO3rOpHYTIH mdiarpami
BiIMIYa€ThCS HAUTUITKOBUH THCK HAJl TOPITHEM

Ap, = p, — p,, MIla (4.1)

Cunm TUCKy rasiB, CIpSMOBaHI JJO OCi KOJIHYAcTOTrO Baly,
BBKAIOTHCA [JIOJIATKOBUMH, a BiJl KOJIHYACTOrO Baly —
BiJI’ €MHUMH.

Cuna THCKY Ha MOPILIEHb:

Pr = (pr - pO)Fn > MH (42)

ne Fn — niomia nopmixs, M.

JUia BU3HAUEHHS ra3oBUX CHUJ Pr Ha pO3rOpHYTIH Aiarpami
TUCKY L[Ip, HEoOXigHO mepepaxyBaTh MacmTal. SKumo KpuBa
[Ip, moGynosana B MacmTa6bi M, (MIIa/mm), To MmacmiTad miei x
kpuBoi a1 P, 6yne Mp = M,,*Fn, MH/MM.
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Puc. 10. ITo6ynoBa po3ropHyToi IHIUKAaTOPHOI Aiarpamu P-¢.
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4.2. Ilpusedenna mac uacmun KpugoOWUNHO-UAMYHHO20
mexanizmy (KLIIM)

3a xapaktepom pyxy macu aeraneir KIIIM mokHa moaiauTu
Ha MacH, sSKi PyXaloTbhCs 3BOPOTHO-TIOCTYMAIBHO (TIOpIIHEBA
rpyna i1 BEpXHsS TOJIOBKA IaTyHa); MacH, IO 3iHCHIOIOTH
o0epTanbHUH pyX (KOJIHYACTUH Bal 1 HIDKHS T'OJOBKA IIATyHA);
MacH, SKi 3A1MCHIOIOTh CKJIQJHUN IJIOCKO-TIApaJeIbHUNA PyX
(cTep>keHb LIaTyHa).

Jlnist cpoIeHHsT TUHAMIYHOTO po3paxyHKy aicHuit KIIIM
3aMIHIOETHCS JTUHAMIYHO €KB1BJICHTHOIO CHUCTEMOIO
30CepEeIHKEHUX Mac.

Maca nopiieHBoi Tpynu M, BBAXKAETHCS 30CEPEIKEHOI0 Ha
oCi OpIIHEBOTro nabls B Touni A (puc. 11,0).

Maca maTtyHHOI Tpymud M, 3aMiHIOETbCA IBOMA Macamu,
OJTHA 3 SIKUX My, 30CEPEIKYEThCS HA OCI MOPIIEBOTO MBI B
Touni A, a apyra — My, — Ha oci KpuBomuna B Touli B.
BenmumHn ux Mac BU3HA4YarOThCS 3 BUPA3iB:

Lo,
m, = L”l: m,, , KT
LUJ
Mo, =S, st @3

w

ne L, — noBxuHa maryHa;

L..x — BiICTaHb BiJ IEHTpa KPUBOLIUITHOT TOJIOBKH JIO IIEHTpA
Baru maTyrHa;

L., — BIACTaHB BiJ IEHTPA MOPIITHEBOI TOJOBKH JO IIEHTpA
Barv miaTyHa.

Jyig G1IBIIOCTI ICHYFOUMX aBTOTPAKTOPHUX JIBUTYHIB

M., = (0,2...0,3)m,,, a m,, = (0,7...0,8)m,,.

JI71st po3paxyHKiB IPUHMAIOTHCS CEPeTHI 3HAUCHHS:

M. = 0,275m,,, kT

M. = 0,725m,,, kT (4.4)
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Maca  kpuBOImIMIIA  3aMIHIOETBCS  JIBOMA  MacamH,
30Cepe/KCHIMH Ha OCi KpuBomMIa B Touli B (M) i Ha oci
KopiHHOI mriiiku B Toutli O (M) (puc. 11,a).

Puc.11. Cucrema 30cepelXeHHUX Mac, EKBIBaJCHTHHUX
KPUBOIIHUITHO-IATYHHOMY MEXaHi3MYy.
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Puc.12. Cxema paii cun B KPHUBOIIMUITHO-IIATYHHOMY
MeXaHi3Mi:

a — IHepLIHUX 1 ra30BUX; O — CyMapHUX.

TakuM YWHOM, CHCTEMa 30CEpPEIKEHUX Mac, JAMHAMIYHO
exBiBaienta KIIM, ckmamaerbes 3 macum M) = My + My,
30cepelkeHoi B Toulll A, sKa 3[IiCHIOE  3BOPOTHO-
MOCTYMAIbHUM PyX, 1 Mack Mg = M, + M, 30CepeHKEHOI B
toulli B, sxa 3aificHioe oOepranbHuil pyx. B V-monioHux
JBUTYHAX 13 3JIBOEHUM KPHBOIIUITHO-IIATYHHUM MeEXaHI3MOM
MR = My + 2Myy.

[Ipy BUKOHAHHI TUHAMIYHOTO PO3PaxXyHKY ABUTYHA Mp 1 M,
MPUIMAIOTHCS 32 TAaHUMU MPOTHUIIIB a00 K MiAPaXOBYIOTHCS 3a
KPECJICHHSIMH.

Jnis HaOMMKEHOro BHU3HAUEHHS 3HAa4eHb M,, M, 1 M,
JIOTUTPHO TAaKOK BUKOPHUCTOBYBAaTH KOHCTPYKTHUBHI Macu ml] =
m/F, (k[/M? a6o ['/em?), HaBeseHi B TaGIL. 3.




MIHICTEPFTBO OCBITH I HAYKU YKPATHI ®-20.00-
Kur ?Mup?m(a AEPKABHUU ygglng%P;’Lﬁi:fcuTOMHPCLKA 05,01/2/2742.82;51/5/01(.23-
nosiTexiita Cuctema ynpainns sikictro sinnosizae ICTY ISO 9001:2015
Exsenanp Ne | Apx 9265
Tabmms 3
EneMeHTH KpHUBOLIUITHO- Tun aBuryHa
MIATYHHOT'O MEXaHi3My KapOropaTopHuit IUA3CILHUN
D = (60...100) mm D =(80...120)
MM
[opmHeBa rpyna m’, =
m./F,, Kr/M?:
— mopuieHs 3 amominieBoro | 80...150 150...300
CILIaBY
— YaBYHHHI OPIICHb 150...200 250...400
Mlatys m’, = my/Fp, kr/mM> | 100...200 250...400
HespiBHOBa)KeH1 YaCTUHU
OJHOI'0 KOJIiHA Baja Oe3
npotusar m’, = mJ/F,
Kr/M%:
— craneBuii koBanuii Ban3 | 150...200 200...400
CYUITbHUMHM NTHHKaAMU
— YaBYHHHWIA JIUTUH BaJ 3 100...200 150...300
MOPOKHUCTUMH INUHKAMU

IIpu BcraHoBIEHHI Mac 3a Tabn. 3 cliJ BpaxoBYBaTH, IO
Outbli 3HaueHHs ml] BIANOBIAAIOTH JBUTYHAM 3 OLIBIIMM
miameTpoM nuiminApa. 3menmenns S/D sumxye mll,, i mll,, V-
noAiOHUM  JIBUTYHaM 3 JIBOMa [IATyHaMd Ha LIl
BIIMOBI1AAIOTH OLJIBIII 3HAUEHHS .

4.3. Cunu inepuyii mac KpueowunHo-uwamyHHo20 MeXanizmy
Cumu imepmii, saxi mirote B KHIM, y BigmoBigHOCTI 10
XapakTepy pyxy IpHUBEICHUX Mac MOIUISIOTHCSA Ha CHUJIH iHEepIii
Mac, HI0 PYXalwTbCd IOCTYNaNbHO, Pj 1 BIAUEHTPOBI CHIU
iHepuii Mac, 1o obepratotbes, K (puc. 12).
Cuna iHepii Mac, o 311HCHIOIOTh 3BOPOTHO-TIOCTYITAIbHII
pyx:

P = - mjej = - m*R1%(cos[] + [lcos2]), H (4.5)
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(132

B piBusnHi (4.5) 3HaK MoKa3ye Ha Te, 10 CHJIa iHepuii
crpsiMOBaHa B OiK, MPOTHJICKHUHN MpUCKOpeHHI0. Cwn 1Hepil
Mac, IO PYXalThCs 3BOPOTHO-TIOCTYMAJIBHO, MIIOTH IO OCi
IWTIHAPA 1 BBAKAIOTHCA JOAATKOBUMH, SKIIO BOHHU CIIPSMOBaHI
0 OCi KOJIHYaCTOro Baldy 1 BiI’€MHUMH, SKIIO BOHU
CIpsMOBaHI BiJl KOJIIHYACTOTO BaJa.

Jas copolieHHs po3paxyHKiB cuil Pj 3HauenHs (cosl] +
[lcos2[)) HeoOxigHo Opatu 3 Tabmn. 4. Po3paxynku Pj moBuHHI
BHUKOHYBATHCh U1 THX K€ MOJOXeHb KpuBommna (KyTiB [1),
JUTSL SIKUX BH3HAYATUCH [Py 1 P;.

[TobynoBa kpuBOi cuIM iHEpHii Mac, IO PyXarTbCs
3BOPOTHO-TIOCTYIAIBHO, IMOBUHHA 3IMCHIOBATHCH B MacmTadi
Mp (MH/MM), B sikomy moOyaoBaHa Aiarpama Cui THCKY Ta3iB
(puc. 10).

BianenTposa cuna iHepirii Mac, 1o 00epTaroThCs:

Kg = -mgR2 H (4.6)

ITIpu [ = const cuna Kgr mocTiiiHa 3a BEIMYUHOIO 1 € IO
pazlycy KpHUBOIIMIMA TPH TOCTIHHIN CHPSIMOBAHOCTI JI0 OCI
KOJIIHYacTOro Baja.

Biguentposa cuna i"epiii Kg € pe3yabTyrOuor0 TBOX CHII:
CHJIM 1HepIil Mac IaTyHa, 1o ooepTaroTbes, Kgy, 1 CUIHM 1HepLii
Mac KpHUBOILUIA, 1110 00epTatoThes, Kgy

KR = KRm + KRK‘ = '(mum+ mK)RDZ’ H (47)
Jiia V-noi6HUX JBUTYHIB

KRD = KRK + KRm.ﬂ + KRum = '(mK + mmic/z + mumn)RDZa H (48)
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a 1 V-nogiOHUX MBUTYHIB, y SIKHX J[Ba OHAKOBHX IIAaTyHA
pO3TaIoOBaHi MOPyY Ha OJHIN MIKHAII
Kr = Kpe + 2Kpy = (M + 2M,)RO% = -mg-ROZH - (4.9)
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Tabmuus 4
(po 3raK 3nauenns (cos[ | + [lcos2[1) mpu A 3HaK (PO
1/3,4 1/3,5 1/3,6 1/3,7 1/3,8 1/3,9 1/4,0 1/4,1 1/4,2 1/4,3 1/4,4

0 + 1,294 | 1,286 1,278 1,270 | 1,263 | 1,256 | 1,250 | 1,244 | 1,238 | 1,233 | 1,227 + 360
10 + 1,261 | 1,253 1,246 1,239 | 0,232 | 1,226 | 1,220 | 1,214 | 1,208 | 1,203 | 1,198 + 350
20 + 1,165 | 1,159 1,152 1,147 | 1,141 | 1,136 | 1,131 | 1,126 | 1,222 | 1,118 | 1,114 + 340
30 + 1,013 | 1,009 1,005 1,001 | 0,998 | 0,994 | 0,991 | 0,988 | 0,985 | 0,982 | 0,980 + 330
40 + 0,817 | 0,816 0,814 0,813 | 0,812 | 0,811 | 0,809 | 0,808 | 0,807 | 0,806 | 0,805 + 320
50 + 0,592 | 0,593 0,594 0,569 | 0,597 | 0,598 | 0,599 | 0,600 | 0,601 | 0,602 | 0,603 + 310
60 + 0,353 | 0,357 0,361 0,365 | 0,368 | 0,372 | 0,375 | 0,378 | 0,381 | 0,384 | 0,386 + 300
70 + 0,117 | 0,123 0,129 0,135 | 0,140 | 0,146 | 0,150 | 0,155 | 0,160 | 0,164 | 0,168 + 290
80 - 0,103 | 0,095 0,087 0,080 | 0,074 | 0,067 | 0,061 | 0,055 | 0,050 | 0,045 | 0,040 - 280
90 - 0,294 | 0,286 0,278 0,270 | 0,263 | 0,256 | 0,250 | 0,244 | 0,238 | 0,233 | 0,227 - 270
100 - 0,450 | 0,442 0,435 0,428 | 0,421 | 0,415 | 0,409 | 0,403 | 0,397 | 0,392 | 0,387 - 260
110 - 0,567 | 0,561 0,555 0,549 | 0,544 | 0,538 | 0,533 | 0,529 | 0,524 | 0,520 | 0,516 - 250
120 - 0,647 | 0,643 0,639 0,635 | 0,632 | 0,628 | 0,625 | 0,622 | 0,619 | 0,616 | 0,614 - 240
130 - 0,694 | 0,692 0,691 0,690 | 0,688 | 0,687 | 0,686 | 0,685 | 0,684 | 0,683 | 0,682 - 230
140 - 0,715 | 0,716 0,718 0,719 | 0,720 | 0,721 | 0,723 | 0,724 | 0,725 | 0,726 | 0,726 - 220
150 - 0,719 | 0,723 0,727 0,713 | 0,734 | 0,738 | 0,741 | 0,744 | 0,747 | 0,750 | 0,752 - 210
160 - 0,714 | 0,721 0,727 0,733 | 0,738 | 0,743 | 0,748 | 0,753 | 0,757 | 0,762 | 0,766 - 200
170 - 0,708 | 0,716 0,724 0,731 | 0,737 | 0,744 | 0,750 | 0,756 | 0,761 | 0,766 | 0,771 - 190
180 - 0,706 | 0,714 0,722 0,730 | 0,737 | 0,744 | 0,750 | 0,756 | 0,762 | 0767 | 0,773 - 180
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4.4. Cymapni cunu, aKi 0iromo 6 KpUGOUWIUNHO-UIAMYHHOMY
MexaHizmi

CymapHi cuny, ski nitote B KIIIM, BH3HAYaOThCS MUITXOM
anreOpaidHOro CKJIaJIaHHsS CHJI THUCKY Ta3iB 1 CHJI iHepIii mac,
10 PYyXaOThCS 3BOPOTHO-TIOCTYMAIBHO:

P=P.+P,H (4.10)

I'padiuno kpuBa cymapHuUX cHJ OYAYETHCSA 3a JOTIOMOTOIO
niarpam Pr. = (1)) 1 Pj = f(1)) (puc. 10). IIpu cxiananHi qux cui,
miarpaMu sIKuX oOyaoBaHi B ogHOMY Macimtadbi Mp, oxepikaHa
niarpama P Oyne matu Takuii xe macmrtad Mp.

Cymapna cuna P sk i cunmun Pr 1 Pj, cupsMoBaHa 10 0Cl
HUJITHIpA 1 MPUKIIaJIeHa 10 OCi MOpIIHeBOro najelis (puc. 12,0).

His Big cwim P mepefaeTbcs Ha CTIHKMA  IWIHIpA
MEPIEeHIUKYISIPHO HOTO OCI 1 Ha MIATYH B HAMIPSIMKY HOTO OCI.

Cuna N, sdxa i€ NOEpHEHAUKYISIPHO OCl LWIIHJpA,
HA3MBAETHCS HOPMAIBHOIO CHIIOK 1 CIPUIMAEThCS CTIHKAMU

HUAJIHIpA:
N = Ptgl],H
(4.11)

ne [ — KyT Haxuily oci aTyHa J10 oci IMITIHpA.

HopmanpHa cmma N BBaXKaeThCcsl JOJATKOBOIO,  SKIIO
CTBOPEHUI HEI0 MOMEHT BIJHOCHO OCi KOJIIHYaCTOTO Bajia Mae
HaIPSIMOK, MTPOTHJICKHUH HAPSIMKy 0OE€pTaHHS Bajia JIBUTYHA.

Hns  copomenHs  oOuwcneHHs cunu N JOIiIBHO
KOPHUCTYBAaTUCh 3HAYCHHSIMH /g [ |, HaBEJCHUMH B TaOJI. 5.

Cuna S, sika i€ B3I0BXK IIaTyHa, MEPEIAETHCS Yepe3 HbOTO
70 KpHBOIIUIAa. BoHAa BBaXAETHCS JTOJATKOBOIO, SIKIIO CTUCKAE
IIaTYH, 1 BiI’€MHOIO, SIKIIIO HOTO PO3TATYE:

1

S=P—,H (4.12)
cos
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Jlyis cripotieHHsT po3paxyHKiB 3a popmyioro (4.12) nouiibHo
KOPUCTYBaTUCh 3HAYCHHsAMU 1/cos[], HaBeleHUMH B TaOI. 6.

Bin nii cunm S Ha MIaTyHHY IMIUIKY BUHUKAIOTH JB1 CKIIAJ0BI
cu (puc. 12,0):

— cuJia, CIPSIMOBAHA IO Pajiycy KPUBOIIUTIA

osle+h) y (4.13)
cos f

K=P
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Tabmums 5
3nauenHs tgf mpu A
3Hak 3Hak
024 | 025 0,26 027 | 028 | 029 | 030 | 031
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10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180

+ 4+ 4+ 4+ +++++ A+ +

0,042
0,082
0,121
0,156
0,186
0,211
0,230
0,21

0,245
0,241
0,230
0,211
0,186
0,156
0,121
0,082
0,042

0,043
0,086
0,126
0,162
0,194
0,220
0,240
0,252
0,256
0,252
0,240
0,220
0,194
0,162
0,126
0,086
0,043

0,045
0,089
0,131
0,169
0,202
0,230
0,250
0,263
0,267
0,263
0,250
0,230
0,202
0,169
0,131
0,089
0,045

0 0
0,047 0,049
0,093 0,096
0,136 0,141
0,176 0,182
0,210 0,218
0,239 0,248
0,260 0,270
0,273 0,284
0,278 0,289
0,273 0,284
0,260 0,270
0,239 0,248
0,210 0,218
0,176 0,182
0,136 0,141
0,093 0,096
0,047 0,049

0 0

0,050
0,100
0,146
0,189
0,226
0,257
0,280
0,295
0,300
0,295
0,280
0,257
0,226
0,189
0,146
0,100
0,050

0,052
0,103
0,151
0,196
0,234
0,267
0,291
0,306
0,311
0,306
0,291
0,267
0,234
0,196
0,151
0,103
0,052

0,054
0,106
0,156
0,202
0,243
0,276
0,301
0,316
0,322
0,316
0,301
0,276
0,243
0,202
0,156
0,106
0,054

360
350
340
330
320
310
300
290
280
270
260
250
240
230
220
210
200
190
180

Taonuus 6
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(po S 3HauYeHHS nmpu A Sra (po
0,24 0,25 0,26 0,27 0,28 0,29 0,30 0,31

0 + 1 1 1 1 1 1 1 1 - 360
10 + 1,001 1,001 1,001 1,001 1,001 1,001 1,001 1,001 - 350
20 + 1,003 1,004 1,004 1,004 1,005 1,005 1,005 1,006 - 340
30 + 1,007 1,008 1,009 1,009 1,010 1,011 1,011 1,0012 - 330
40 + 1,012 1,013 1,014 1,015 1,016 1,018 1,019 1,020 - 320
50 + 1,017 1,019 1,020 1,022 1,024 1,025 1,027 1,029 - 310
60 + 1,022 1,024 1,026 1,028 1,030 1,032 1,035 1,037 - 300
70 + 1,026 1,028 1,031 1,033 1,036 1,039 1,041 1,044 - 290
80 + 1,029 1,031 1,034 1,037 1,040 1,043 1,046 1,049 - 280
90 + 1,030 1,032 1,035 1,038 1,041 1,044 1,047 1,050 - 270
100 + 1,029 1,031 1,034 1,037 1,040 1,043 1,046 1,049 - 260
110 + 1,026 1,028 1,031 1,033 1,036 1,039 1,041 1,044 - 250
120 + 1,022 1,024 1,026 1,028 1,030 1,032 1,035 1,037 - 240
130 + 1,017 1,019 1,020 1,022 1,024 1,025 1,027 1,029 - 230
140 + 1,012 1,013 1,014 1,015 1,016 1,018 1,019 1,020 - 220
150 + 1,007 1,008 1,009 1,009 1,010 1,011 1,011 1,012 - 210
160 + 1,003 1,004 1,004 1,004 1,005 1,005 1,005 1,006 - 200
170 + 1,001 1,001 1,001 1,001 1,001 1,001 1,001 1,001 - 190
180 + 1 1 1 1 1 1 1 1 - 180
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Tabmuus 7
o | 3max 3Hauenns CoS([ | + [1)/cosl] npu A S
1/34 | 135 | 1/36 | 1/3,7 | 1/3,8 | 1/3)9 | 1/40 | 1/41 | 1/42 | 1/43 | 1/44

0 + 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 + 360
10 + 0,976 | 0,976 | 0,976 | 0,977 | 0,977 | 0,977 | 0,977 | 0,977 | 0,978 | 0,978 | 0,978 + 350
20 + 0,905 | 0,906 | 0,907 | 0,909 | 0,909 | 0,910 | 0,910 | 0,911 | 0,912 | 0,912 | 0,913 + 340
30 + 0,792 | 0,794 | 0,796 | 0,798 | 0,800 | 0,801 | 0,803 | 0,805 | 0,806 | 0,807 | 0,809 + 330
40 + 0,642 | 0,646 | 0,649 | 0,653 | 0,656 | 0,659 | 0,661 | 0,664 | 0,666 | 0,669 | 0,671 + 320
50 + 0,466 | 0,471 | 0,476 | 0,481 | 0,485 | 0,489 | 0,493 | 0,497 | 0,501 | 0,504 | 0,507 + 310
60 + 0,272 | 0,279 | 0,285 | 0,291 | 0,297 | 0,303 | 0,308 | 0,313 | 0,317 | 0,322 | 0,326 + 300
70 + 0,072 | 0,080 | 0,088 | 0,095 | 0,102 | 0,109 | 0,115 | 0,121 | 0,126 | 0,132 | 0,137 + 290
80 - 0,124 | 0,115 | 0,106 | 0,098 | 0,091 | 0,083 | 0,076 | 0,070 | 0,064 | 0,058 | 0,052 - 280
90 - 0,308 | 0,298 | 0,289 | 0,281 | 0,273 | 0,265 | 0,258 | 0,252 | 0,245 | 0,240 | 0,233 - 270
100 - 0,472 | 0,462 | 0,454 | 0,446 | 0,438 | 0,431 | 0,424 | 0,417 | 0,411 | 0,405 | 0,400 - 260
110 - 0,612 | 0,604 | 0,596 | 0,589 | 0,582 | 0,575 | 0,569 | 0,563 | 0,558 | 0,552 | 0,547 - 250
120 - 0,723 | 0,721 | 0,715 | 0,708 | 0,703 | 0,697 | 0,692 | 0,687 | 0,682 | 0,678 | 0,674 - 240
130 - 0,820 | 0,815 | 0,810 | 0,805 | 0,800 | 0,796 | 0,792 | 0,788 | 0,785 | 0,781 | 0,778 - 230
140 - 0,890 | 0,886 | 0,883 | 0,880 | 0,876 | 0,873 | 0,871 | 0,868 | 0,865 | 0,863 | 0,861 - 220
150 - 0,940 | 0,940 | 0,936 | 0,934 | 0,932 | 0,931 | 0,929 | 0,927 | 0,926 | 0,924 | 0,923 - 210
160 - 0,974 1 0,973 | 0,972 | 0,971 | 0,971 | 0,970 | 0,970 | 0,968 | 0,968 | 0,967 | 0,966 - 200
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170 - 0,994 | 0,993 | 0,993 | 0,993 | 0,993 | 0,993 | 0,992 | 0,992 | 0,992 | 0,992 | 0,992 - 190
180 - 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 - 180

Tabmums 8
o | 3max 3nauenns Sin(1 + [1)/cos[ | mpu A Jmax | @
13,4 | 1/35 | 1/3,6 | 1/3,7 | 1/3,8 | 1/3,9 | 1/4,0 | 1/4,1 | 1/42 | 1/43 | 1/4,4

0 + 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 - 360
10 + 0,224 | 0,223 | 0,221 | 0,220 | 0,219 | 0,217 | 0,216 | 0,215 | 0,214 | 0,213 | 0,213 - 350
20 + 0,437 | 0,434 | 0,432 | 0,429 | 0,427 | 0,425 | 0,423 | 0,421 | 0,419 | 0,417 | 0,415 - 340
30 + 0,629 | 0,625 | 0,321 | 0,618 | 0,615 | 0,612 | 0,609 | 0,606 | 0,604 | 0,601 | 0,599 - 330
40 + 0,790 | 0,786 | 0,782 | 0,778 | 0,774 | 0,771 | 0,767 | 0,764 | 0,761 | 0,759 | 0,756 - 320
50 + 0,915 | 0,910 | 0,906 | 0,902 | 0,898 | 0,895 | 0,891 | 0,888 | 0,885 | 0,882 | 0,880 - 310
60 + 0,998 | 0,994 | 0,990 | 0,986 | 0,983 | 0,980 | 0,977 | 0,974 | 0,971 | 0,969 | 0,966 - 300
70 + 1,038 | 1,035 | 1,032 | 1,029 | 1,027 | 1,025 | 1,022 | 1,020 | 1,018 | 1,016 | 1,014 - 290
80 + 1,037 | 1,036 | 1,034 | 1,033 | 1,031 | 1,030 | 1,029 | 1,028 | 1,027 | 1,026 | 1,025 - 280
90 + 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 - 270
100 + 0,932 | 0,934 | 0,935 | 0,937 | 0,938 | 0,939 | 0,940 | 0,942 | 0,943 | 0,944 | 0,945 - 260
110 + 0,841 | 0,844 | 0,847 | 0,850 | 0,852 | 0,855 | 0,857 | 0,859 | 0,861 | 0,863 | 0,865 - 250
120 + 0,734 | 0,738 | 0,742 | 0,746 | 0,749 | 0,752 | 0,755 | 0,758 | 0,761 | 0,763 | 0,766 - 240
130 + 0,617 | 0,622 | 0,626 | 0,630 | 0,634 | 0,637 | 0,641 | 0,644 | 0,647 | 0,650 | 0,652 - 230
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140 + 0,495 | 0,500 | 0,504 | 0,508 | 0,511 | 0,515 | 0,518 | 0,521 | 0,524 | 0,527 | 0,530 - 220
150 + 0,371 0,375 | 0,378 | 0,382 | 0,385 | 0,388 | 0,391 | 0,394 | 0,396 | 0,399 | 0,401 - 210
160 + 0,247 | 0,250 | 0,252 | 0,255 | 0,257 | 0,259 | 0,261 | 0,263 | 0,265 | 0,267 | 0,269 - 200
170 + 0,123 | 0,125 | 0,126 | 0,127 | 0,129 | 0,130 | 0,131 | 0,132 | 0,133 | 0,134 | 0,135 - 190
180 + 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 - 180
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— TaHTeHIlIHA CUJIa, CITPSIMOBAHA M0 TOTHUYHIH 10 TPAEKTOPIi
oOepTaHHs KpUBOILIUIIA
sin((o + ,B)
cos 3
(4.14)
3uauenns COS([] + [1)/cosl] 1 sin([] + [J)/cos[] naBenexi B
Tabsu. 7 i Tabmn. 8.

T =P

>

Cwiia K BBa)XKacTbCsl JOJATKOBOIO, SKIIO BOHA CTUCKAE IIOKH
KOJIiHA.

Cuna T npuilMaeTbCsl 10AATKOBOIO, SIKIIO CTBOPEHHM HEIO
MOMEHT Ma€ HampsM, L0 CHIBHAJA€ 3 HANPSIMOM OOEpTaHHSI
KOJIIHYaCcTOro Baja.

3a aHMMHM, OJEP)KAaHUMM B Pe3yjbTaTi PO3B’S3KY pIBHAHB
(4.10)—(4.14), HeoOximHo moOyayBaTu rpadiku 3minu cui P, N,
S, K'i T B 3anexHOCTI BiJl KyTa MOBOPOTY KOJiHYacToro Baia [J
(puc. 13).

I'padiune BHU3HAYEHHS CEPEIHHOIO 3HAUEHHS TaHTeHLIHHOI
cunu T, BUKOHYETbCS 3a IUIOLIAMM, IO 3HAXOIAThCA MIXK
kpuBoto T 1 Biccro aberuc:

T, :%Mp,H (4.15)

ne *F, 1 TF, — BIANMOBIHO JOJATKOBI 1 BII’€MHI ILJIOII], SIK1
po3TaioBaHi mija Kpusoio 7, MM

OB — no>xuHa ocHOBH niarpamu (puc. 13), Mm;

Mp — macmrtad cuir, H/mM.

TouHicTe po3paxyHKiB 1 moOynoBa KpuBoOi ' MepeBipSeTHCS
3a PIBHSAHHAM

6
Ty =22 PP g (4.16)

(7
ne Teep — CEpENHE 3HAYECHHS TAHTE€HIIIMHOI CHIIH 3a 1K, H;
Pi — cepenHiii iHquKaTopHuit THck, MIla;
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F, — mutomia mopss, MZ;

[ — TaKTHICTH JBUTYHA.

3a BenMuMHOIW 1 BU3HAYAETHCS KPYTHUH MOMEHT OIHOTO
UTIHIpA:

M,y = TR, Hem (4.17)

Kpusa 3minu cunu 7' B 3a7Ie)KHOCTI Bifl [ € TakoX 1 KpUBOIO
3MiHu My, ., ane B Macmtadi My = MpeR (Hem/mMm).

Jnst moOynoBU KPHBOI CyMapHOrO KPYTHOTO MOMEHTY M,
0araToOIMJIiHAPOBOTO BUTYHA BUKOHYIOTh I'padiyHe CKIIaTaHHs
KPUBUX KPYTHUX MOMEHTIB KOXXHOI'O LIMIIIHAPA, 3CYyBaOUU OJIHY
KPUBY BIZIHOCHO iHIIOT Ha KyT [ MOBOPOTY KPHBOIIMIIA MiX
cnanaxamu. OCKUTBKH JUIA BCIX LMJIIHAPIB JBUTYHA BEIUYMHH 1
XapakTep 3MIHM KpPYTHHX MOMEHTIB 3a KYTOM IIOBOPOTY
KOJIIHYACTOr0 BaJly OJIHAKOBI 1 BIAPI3HSIIOTHCS JIHIIE KYTOBHUMHU
IHTepBajlaMH, PIBHUMHM KyTOBUM IHTE€pBaJlaM M)XK cIlajaXxaMu B
OKpeMHX LWIIHApPAX, TO A MiApaXyHKY CyMapHOIO KpyTHOI'O
MOMEHTY JIBUTYHA JIOCTaTHHO MAaTH KPHUBY KPYTHOTO MOMEHTY
OJTHOTO IHIJIIHJpA.

JU1si YOTUPUTAKTHOTO JBUTYHA 3 PIBHUMH IHTEpBAJIaMHU MiX
criajlaxaMM CyMapHUM KpYTHHM MOMEHT OyJe MepioJnyHO
3MIHIOBATHUCH:

720
0 = ——, Tpam. (4.18)
i

e | — 9YMCII0 MIIHAPIB ABUTYHA.

ITpu rpadiyniii noOynoBi kpuBoi M,, (puc. 14) kpusa M, ,
OJTHOTO LMJIIHJpa PO30MBAETHCS HAa KUIBKICTh AUIAHOK 720/
(171 YOTUPUTAKTHUX JBUTYHIB), BCl JUISTHKH KPUBOI 3BOJSTHCS
B OJMH 1 CKJIaJaloThcs. Pe3ynpTyloua KpHBa IMOKazye 3MiHY
CYMapHOTO KPYTHOTO MOMEHTY JIBUTYHA B 3aJISKHOCTI BiJ KyTa
MOBOPOTY KOJIIHYACTOTO Bally.
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CepenHe 3HAYeHHs CYMapHOrO KPYTHOTO MOMEHTY My, cop
BU3HAYAETHCS 32 IUIOLIEIO, KA 3HAXOJUThCA MIX KpUBOKO M,, 1
niHiero OA:

MKp.cep = %MM H H.M (419)

ne F1 1 F, — BigmoBiHO momaTkoBa 1 Bij’€MHA IUIONN B MM2,
po3MilieHi MK KpuBoto 1 JiHiero OA Ta eKBIBaJICHTHI poOOTi,
sIKa 3A1HCHIOETHCSI CYMapHUM KPYTHUM MOMEHTOM;

OA — noBxuHa BiApi3Ka, IO JOPIBHIOE I1HTEPBATy MiXK
criajaxamu Ha jaiarpami, MM (puc. 14);

Mwm — Macmurab MoMeHTiB, Hem/MM.
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Puc. 13. TloGymosa miarpam cuin P, N, S, K i T mo kyry

MIOBOPOTY KPUBOLIMIIA.

MomenT M, cep € cepemHIM I1HIUKaTOPHHM KPYTHUM
MOMEHTOM JBUTYHA. [[ilicHHi epeKTHUBHUN KPYyTHUH MOMEHT,
SIKUU 3HIMAETHCS 3 BaJla ABUTYHA 3HAXOAUTHCS 3 BUpa3y:
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[ l(p,cepn“ ’ H M (420)

ne M, — MexaHI9YHUH K.K.JI. ABUTYHA.

OO0uwcieHl 3HA4eHHS CHJI 1 MOMEHTIB, OTPUMaH1 B IMPOIlECi
JMHAMIYHOTO PO3PAaXyHKY JBUTYHA HEOOXITHO MPEACTABUTH B
TaOIMYHIN Popmi.
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Honaroxk 1

MinictepcTBo oCcBiTH YKpaiHu
Jlep>xaBHUE yHIBEpCcHTET «OKUTOMUPCHKA MOTITEXHIKA»

Kadenpa
ABTOMOOLITIB 1
TPAHCIOPTHUX TEXHOJIOTIH

PO3PAXYHKOBO-I'PA®IYHA
POBOTA
3 IUCLUIUTIHA
“EHEPT'ETHUYHI YCTAHOBKU AT3”

TEMA:

CryneHr:

(rpynma )
KepiBHuk:

Ominka: Jlata 3axucty
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Jogatok 2

Jlep>xaBHU# yHiBepcuTeT « KUTOMUPCHKA MOMITEXHIKa»

Kadenpa
aBTOMOOLIIB 1
TPAHCHOPTHUX TEXHOJIOTIH

3ABJIAHHA
Ha pO3paxyHKOBO-TpadiuHy poOOTY 3 TUCIUILIIHA
“ EHEPTETUYHI YCTAHOBKU AT3 ”

CryaenTa rpynu
1. EdexTuBHa NOTYXHICTb ABUTYHA N, = kBT nipu

gucii 00epTiB KOJIIHYACTOrO Bajia n = 00/XB.
Mipa ctucky ¢ =

PosramryBanHs numiHIpiB
Tun xamepu 3ropsiHHSA
CyMilIOyTBOpPEHHS
Tuck nannyBy P, = MIIa

Tun kommpecopa
Cucrema 0X0JIOKEHHS
Tum aBToMOO1ITS

©OoN ks WN

JlaTa Bugadl 3aBaaHHS:
TepMiH BUKOHAHHS:
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Jonatox 3.
PexoMenjoBaHi 3HaUeHHs apaMeTpiB pobodoro npouecy [IB3.
Tapamerpn
CIIBBIIHOMICHHS MK XapaKTCPHUMHU
g . L ad 8 ox 4ucIaMH 00epTiB 10 WBMAKICHI L — - z
S 23F . P Y e N g9
P S i E5 | agse | Bz | frp | Bee
g 5 S 2z © S EE o n n El 28 £S5 3 58 sE 8 ol <L
= 2 =52 °C5z k8 _ n 59 .85 R -] gg & g2z
5 z Bz gggr”° M| XM x| £ 2 823 N T £93 Eis 2ak
ES 2z gEZ¢ n £ g2 gEgE £dc S £
5 B TEE Ny Ny N £ | 2 =z
: =
KapGiopatop-ni 7-12,5 7,0-15,0 4000-5800 15-23 14-16 - 8-16 30-55 0,15-0,45 195-240 1,0-40 50-120
JIBUTYHH (0,022-0,040) (0,11-0,33) (265-237) (1,36-5,5) (0,05-0,12)
JErKOBHX
aBToMoOieit 20-45 50-100
1,5-23 1,5-2,0 - 8-15 (0,015-0,033) 0,20-0,35 230-270 2,0-50 (0,05-0,1)
KapGiopatopii 6-9 6,5-9,0 3000-4500 (0,15-0.27) (313-368) (2.7-6.8)
JBHYHH
BAHTAKHHUX 15-25
aBToMoOieit 14-2,2 (0,011-0,018) 30-100
9-12 0,15-0,35 161-180 15-7,0 (0,03-0,1)
Twseni 3 1417 6585 2000-3500 - 1,05- (011-0,27) (218-245) (2,0-95)
HepO3 - 1,10
Kamepani 10-20
3rOpaHHs 1,4-2,2 (0,0075-0,015)
100-240
Juseni 3 0,12-0,20 190-220 4-10 (0,1-0,24)
PO3IIEHUME 17-21 5,0-7,0 1500-4500 - 1,05- 9-13 15-25 (0,09-0,15) (260-300) (5,5-14)
Kamepami 1,4-2,2 1,10 (0,011-0,018)
3ropaHus
30-150
BararonanusHi 0,15-0,35 170-190 1,5-7,0 (0,03-0,15)
ABuryHM (ur3ei) 1723 (s 6585 1500-3000 - 1,05 912 (011-0.27) (230-260) (2,0-95)
OKPEMHUXBH 1,10
naja-Kax
1027)
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Bituususui 1urynu
M3MA-408 Jlerkosnit P 4 76 75 0,99 1,36 7,0 50 4750 93 2750 8,6 240 146 36,7 119 4 Kap6 2,92 107 A-76
aBTOMOOIIB
M3MA-412 Te x P 4 82 70 0,85 148 9 74 5800 11,2 3800 9,5 225 130 50 135 4 - 1,76 88,5 Excrpa
3M3-21 - P 4 92 92 1,0 2,445 6,7 75 4000 17 2000 8,75 230 143 30,7 12,27 4 - 191 58,5 A-T2
3M3-66 Bautakuuit V-90° 8 92 80 0,87 4,25 6,7 115 3200 29 2000- 8,6 238 230 27,1 8,54 4 - 2,0 54,3 A-76
aBTOMOOL/IB 2500
3UJ1-131 V-90° 8 100 95 0,95 6,0 6,5 150 [ 3200 41 1600- 8,6 240 440 25,0 10,14 4 - 2,93 73,5 A-76
Banr| 1800
3UJ1-375 askHmit V-90° 8 108 95 0,88 70 6,5 180 [ 3200 475 1800 8,55 240 435 25,7 10,14 4 - 2,42 62,0 A-76
aBTOMOOITH
SIM3-236 Bamrasaii | V90 | 6 130 | 140 | 108 | 1115 |165 | 180 | 2100 | 67 | 1300- | 754 | 175 | 800 | 1615 | 98 | 4 |Musems 7 | an
aBTOMOGID 1500
aBTodycn o
5IM3-238 V-90 8 130 140 1,08 14,86 | 16,5 240 | 2100 920 1300~ 7.6 175 1000 16,15 9.8 4 - 67,2 JLL
(sIM3-238M BanTauuit 1500
aBTOMOGI/IB o
SIM3-240 V-60 12 130 140 1,08 22,3 16,5 360 | 2100 135 1300~ 7.6 175 1450 16,15 9.8 4 - 65,0 JLL
Tex 1500
5IM3-238 8 130 140 1,08 14,86 | 16,5 300 | 2100 110 9,28 175 1070 20,1 9.8 4 - 72,2 LTI
V-90° 1300-
- 1500
J-12A Bamrasenii | V-60° | 12 150 | 178 | 119 | 389 [14-15 | 300 | 1500 - - 450 | 170 | 1450 | 7,7 90 | 4 - 482 | 312 | an
aBTOMOGITB i
TpaKTopH )
J12-525 V-60 12 150 178 1,19 38,9 [14-15 525 200 - - 6,1 170 1450 135 12,0 4 - 2,75 37,2 JLIL
CremianbHi
aBTOMOGITI
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JBMIYHH
307-v8 Banraxui | V-90° 8 984 | 86 | 08 | 503 |90 200 [ 4800 | 41,7 | 2400 | 7,45 - . - 132 | 4 | Kaps. - .
aBTOMOGini
396-V8 Te x V-90° 8 1040 | 956 | 092 | 649 |90 310 | 4800 | 553 | 3200 | 9,07 - . - 153 | 4 . - .
5-6820 - P 6 1429 | 1397 | 0976 | 1344 | HI 300 [ 2800 | 901 | 1600 | 7,17 - . - 131 | 4 . - .
D-400 - V-90° 8 99,2 84,1 0,85 521 8,0 212 4000 44,6 2800 9,17 - - - 11,2 4 - - -
D-700 - V-90° 8 104,8 85,7 0,82 591 75 202 4000 43,7 2200 77 - - - 11,4 4 - - -
390-Vv8 - V-90° 8 102,8 96 0,94 6,39 8,6 255 4400 52,0 2600 8,15 - - - 14,1 4 - - -
305C - P 6 108,0 90,9 0,845 499 | 7,75 165 3800 38,7 1600 7,82 - - - 115 4 - - -
V-345 - V-90° 8 92,1 81,8 0,89 4,36 8,4 155 4400 314 2800 727 - - - 12,0 4 - - -
6-145 - P 6 104,8 104,8 10 542 |6,73 145 3200 373 1600 7,54 - - - 11,2 4 - - -
V8-185 - v-90° 8 1175 89 0,758 77 - 177 3300 43 1800 6,25 - 537 22,9 9.8 4 Jlsens 3,04 70,0
V6-200 - v-90° 6 140 105 0,75 9,637 - 192 2600 59 1800 6,82 - 755 19,8 9,1 4 - 3,93 78,5
V8-265 - v-90° 8 140 105 0,75 12,866 - 254 | 2600 78 1800 6,82 - 945 19,8 9,1 4 - 3,7 73,5
V8-510 - v-90° 8 108 1143 1,05 8,36 - 185 2600 58 1800 7,65 - 562 22,1 9,95 4 - 3,04 67,5
4-326 - P 4 98,4 127 1,29 3,86 - 87 2600 29,5 1500 7,75 - 265 22,4 11,0 4 - 3,05 69,0
DV-550 - \" 8 1143 109,5 0,96 8,97 - 210 | 3200 54 2200 6,6 - 598 234 11,7 4 - 2,85 67,0
DV-462 - \ 8 104,8 109,5 1,04 7,55 - 185 3200 46 2400 6,9 - 585 245 117 4 - 3,16 775
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®a3u ra3opo3noisy aBTOTPaKTOPHUMX ABUTYHIB

Jonarok 3 nponoBxeHHs

BrryckHi kianasu

BumyckHi kitanmasu

Mapka I.IO‘IaTOK KIHEIb 3aran§Ha 1.10an01< KIHELb 3aran§Ha HeperI/I.TTH
BIIKPHUTTS 3aKpUTTSA TPHUBAJICTh | BIIKPHUTTSA 3aKpUTTA TPUBAIICTh KJIaIaHiB
ABUTYHA mo BM.T | micinas HM.T BiIKPHUTTS mo HM.T | micis BM.T BIIKPHUTTS
°IL.K.B °IL.K.B °IL.K.B °I.K.B °I.K.B °IL.K.B °IL.K.B

T'A3-21 24 64 268 58 30 268 54
T'A3-13 24 64 268 50 22 252 46
31JI-111 45 97,5 322,5 81 61,5 322,5 106,5
I'A3-66 24 64 268 50 22 252 46
31JI-130 31 83 294 67 47 294 78
3U1JI-375 16 71 267 52 35 267 51
CM-14 10 46 236 56 10 246 20
KJIM-46 14 32 226 54 26 260 40
SIM3-204 46* 46* 92 85 54** 139 -
J1-6 20 48 248 48 20 248 40
SIM3-236 20 56 256 56 20 256 40
SIM3-238 20 56 256 56 20 256 40
SIM3-240 20 56 256 56 20 256 40
O-12A 20 48 248 48 20 248 40
J-12-525 20 48 248 48 20 248 40

* Ilnsa aeuryna AM3-204 nponyBouni BikHa 110 1 miciast HM.T
** [Micng HM.T
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