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Pacyer, KOHCTpYHpPOBaHHe H MCCHEAOBaHHE aBTO-
moGuas «3anopoxeny». CGopuuk cratet M., «Mawu-
HocTpoeHue», 1970, 198 c.

B c6opuuke maHBl cTaTbhH, o6Go6wiaoiiHe paGoOTh
aBToMOOHJIBHOrO 3aBoja «KomMMyHap» M 3amopoxcko-
rO MaUIHHOCTPOMTENBHOIO HHCTHTYTAa B OGJIACTH KOHCT-
pYHPOBaHHs, pacyeTa M HCCJIEeJOBAHHA arperaTtos aBToO-
MoGuan «3anopoxeu». B cGopHHMKe OCBeleHH TaKkKe
BOMPOCH! NMPOYHOCTH U JOJTOBEYHOCTH Aeralteit Ky3oBa M
1IaCCH aBTOMOGHJSA.

C6opHHK TnpeiHa3sHayeH IS HHMXKeHepHO-TeXHHYe-
CKHX PaGOTHHKOB aBTOMOGHJIbHON NPOMBIIUJIEHHOCTH H
TpaHcnopTa,

Peuensent a-p TexH. Hayk l'oavd b. B.
Penakrop unxk. Llerenxo B. I.



ObLLUAS KOMIMOHOBKA U TEXHHUYECKASA
XAPAKTEPUCTUKA ABTOMOBMNA ,,3AMOPOXEL"

YEPEIIAHOB H. M., CTEIIEHKO B. 1II.
H rOJIOMHOB A. M.

HEKOTOPBIE OCOBEHHOCTHM KOHCTPYKLIUM
U PE3YJIbTATbI UCMBLITAHMA HA NMPOXOAMMOCTDL
ABTOMOBMUNA 3A3-969

Ha 3anopoxckoM aBTOMOOGUJIBHOM 3aBOJe pa3paboTaH OMNLIT-
HbIl oOpasel] aBTOMOGH/ISI TIOBbILIEHHON TPOXOAUMOCTH — aBTOMO-
6unp 3A3-969, OCHOBHBIE NOKa3aTeJd KOTOPOro NpHBeIEHH B
Taba. 1.

Apromo6uabp 3A3-969, cnpoekTHpOBaHHEII Ha 6ase cepHiiHBIX
JerkoBbix aBroMoGuieit 3A3-965A u 3A3-966B, umeer caenpylouiye
OCHOBHblE KOHCTPYKTHBHbIE OCOGEHHOCTH:

1) cunoBoil arperat pacrnoJiOXeH CHepenH;

2) Bemymuii MOCT — nepenHHIl.

IlepenHee pacliosOKeHHe CHJIOBOTO arperata MO3BOJISIET Jyulie
HCIIOJIb30BaTh aBTOMOGHJb KaK B IIaCCa)KHPCKOM, TaK U B TPy30-
BOM BapHaHTax.

ABTOMOGH/ID HMeEET OTKPHITHI e/ bHOMETA/NJIHYECKH Ky30B CO
cbeMHBIM TeHTOM. Ky3oB 06OpyAOBaH ueTHIPbMsI CHUIEHbSIMH — [Ba
3aJlHHX BBINOJIHEHB CKJIaIHBIMH.

[Ipn npoektupoBanuu aBTroMoGHIs 3A3-969 yuuTHIBaJIHCH MO
BO3MOXKHOCTH Bce ()aKTOpBI, BJISIIONIME HA MOBLILIEHHE €ro IMpo-
xogumoctH. C 3TOl LEJBI0 MOJABECKAa BCeX KOJIeC BHINOJIHEHA He3a-
BHCHMO#, MPOJOJBHO-PbIYAKHOI, C KayaHHEM KoJieca B BePTHKaJb-
HOH MJIOCKOCTH. B KayecTBe ynpyrux 3J€MEHTOB MOABECKH KOJec
HCNOJNBb30BaHbl TOPCHOHBI KPYIJIOTO CeuYeHHs1, BCce KoJseca cHab-
JKEHBbl TeJNeCKOMHYECKHMH aMOPTH3aTOpaMH ABYCTODOHHero meii-
CTBHS.

Ins yBenuueHUss JOPOXKHOrO NMpPOCBETAa H CHJABl TATH Ha Beny-
IIHX KOJIeCaX M YAaCTHYHOH pasrpy3kH CUENJIeHHs, KOPOOKH mepe-
Jay U nosayoceil B KOHCTPYKUHIO TPaHCMHCCHH aBTOMOGHJS BBe-
IEeHBl KOJeCHble DeIYKTOPHI, NMO3BOJISIIOIIHE TPH TeX XKe yriaax
HaKJOHA MOJYOCH, 4YyTO M Ha aBroMoGuie 3A3-965A, yBeMHUHTBb
IOpOoXHblil mpocBer mo 290—300 mm.

C uenpio YNpoUleHHs NPHBOJAA K 3aJHHM KOJECaM H HCKJIO-
YyeHHs] Kap[JaHHOIC BaJjia NpHMeHeHa XKeCTKas CXeMa COeIHHeHHS
KOpPOOKH nepenay ¥ pefyKTopa 3aJHero MoCTa — KapTepbl KOPOOKH
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Tabauya 1

IMoka3atenu

IaGaputHbEle pa3Mepsl B aat:
IAHHA o o o , o o o o o o o
WHPHHA .« . « « « o . . .
BBICOTa (MpH MOJHOIL Harpysxe)

BazsaBsmmu .. ..... .
Kounes: Ha nuockocti xoporu B MM
NepeiHUX KOMEC . « . .+ o o -«
3aJIHHX KOJIEC . . . . .
JlopoxHEIil mpocBeT mnpH nontoft
HATPY3KE B MM .« « « o o o o « o »
HanmMenbuwmmit paguyc nosopota 1o
Clefly NepegHero Hapyxmoro KoJie-
CABM ¢ o v v v oo v o oo
Yras cBeca (npn omof uarpy3~
Ke) B 2pad:

MEpemHHN « « o ., o o + o o o}

3agHMit . . . . . . . e o e
UHCJIO MeCT, BKJuas BOAMTENT .
I'pysonoabemMHocT™s B k2. . . . .

Pasmepel  rpysoBoil  nuaThopMbi
B MM:

MHHA o o v o v v 0 v 0w

[HpHHa

MaxkchMmanbHasi CKOPOCTb B KM/4 o
Bec B Ke:
CHapsI2KEHHOro aBTOMOOHAS . .
C NMOJNHOH HAarpyskoi. . . . .
Pacnpenenenne Beca no ocsM €
nosHoil Harpyskoit B %:
NEepefHHA MOCT . . . . . . =
3afHHA MOCT . . . o « o + &
MakcuManbHRtl yron nogsema, npe-
OfloJIeBaeMblil aBTOMOOHJIEM HAa CYXOM
TBEPAOM TpyHTe, B epad . . . . .

Neuratens
1 1 Y

Pa6ounii 06eMB 2 . . . . . .
Makcumanbtas MOUHOCTD B 4. C. .
Yucsio 060poTOB KOJEHYaToro BaJja
B MHHYTYy NPH MaKCHMaJbHOH Moul-
HOCTH « vy o ¢ o o o o o o o o o
MakcHMadnbHBI  KPYTALIHA MOMEHT
BKIM . . . .. 000
Ynucso 060poTOB KOJIEHYAaTOro Baja
B MHHYTYy TpH MaKCHMAaJIbHOM JKpyTs-
HIEM MOMEHTE "« . « « « . + o ..
KouTponbupiit  pacxol — TONJAHBA
Hal00 kB2 . . . . . . ..

3A3-969 3A3-965A 3A3-966B
3270 3330 3730
1560 1395 1535
1770 1450 (Ges 1370 (Ges
HarpyskH) HarpyskH)
1800 2023 2160
1325 1150 1220
1320 1160 1200
290 (ne MmeHee) 175 190
5 5 5,6
35 36 39
45 25 30
2 wm 4 4 4
250 uau 100 — —
1300 —_ —
1100 — —
75 100 100
880 650 740
1280 950 1040
55 40 40
45 60 60
25 (He MeHee) — —

Ka{PmopaTopﬂuu YETBIPEXTaKTHEH,
-006pasHHlil, BepXHEKJANAHHBIH
C BO3JYWHBIM OXJIaXKIEHHeM

30 (ne MmeHee)

4000—4200
5,3

2500—3000
9 l 5,5 ‘ 5,9




Ipononxenne Tabm. I

IMokasatean 3A3-969 3A3-965A 3A3-966B
IMpumensemoe TonauBo . . . . . Bensun A-72 (FOCT 2084—67)
EmKocTb TOm/mMBHOrO Gaka B 4 . 34 30 30

Wlaccu
Kopo6ka nepegau . . . . . . . « « |TATHCTYNEHYATaS UYernipexcTyneHyaras
C MeXaHH3MaMH
or6opa MotlHo-
CTH Ha 3ajHHil
MOCT H BKJTIOYEHHS
3aJlHer0 MOCTa
InaBeas nepepnaua mnepegHero K
33[HETOMOCTOB « + « « o & "4 o & OnuHapHast (KOHHYECKHE LIeCTepHU
€O CNHpaJbHBIME 3YGbsiMH)
Penykropa komec . . . . . . .. TNapa uMIHHADHYECKHX LIECTEPeH
C MpAMBIMH 3yObAMH
[Hunb:
pasMep B mofiMax . . . . . . 5,913 5,2x13
PHCYHOK NpPOTEKTOPa « . . . . «Enouka» JopoxHuiit

nepefay H peAyKropa 3aAHEr0 MOCTAa COENMHSIIOTCS ClEeLHaJbHOI
TpyGoh. Ilepegaua KpyTsilmlero MoMeHTa OT KOPOGKH mNepefauy K
pPenyKTopy 3aJHEero MOCTa OCYILEeCTBJSIETCS KpPYIJIBIM BajOM TOp-
CHOHHOrO THIIA, YCTAHOBJIEHHBIM B TPy6e, KOTOPHIi OXHOBPEMEHHO
siB/sieTcss AeMNQUPYIOLIUM 3/1EMEHTOM MeXAy MNePeAHHM H 3aTHHM
MOCTaMH.

Yro6bl aBTOMOGHJL MOT ABHraThbCsl B YCJIOBHAX 6€3J0POXbs, B
KOHCTPYKLHIO KOPOOKH mnepeiay BBeleHa MHONOJHHTEJNbHAas IOHH-
Kapouas nepegaya, o6ecrneunBaiollasi aBTOMOOHJIIO AHHAMHUYECKHIT
¢dakrop okomo 60%, a B KOHCTPYKUHIO PefyKTOpa 3aJHEro MocTa
BBeflecHa NpPHHyAHTeJbHAasi GJOKHpOBKAa AH(depeHuHana 3agHero
MOCTa, BKJIO4aeMasi BOJAHTeJEeM IIPH HeOOGXOAHMOCTH.

Oco6oe BHMMaHHe NpPH MPOEKTHPOBAaHHH aBTOMOOMJIsT 3A3-96%
yaensjoch 3auure pabouyMx 3JeMeHTOB miaccH ot  rpssu. Jas
3TOro ObIIH YCTAHOBJIEHBl CaJbHHKOBBIE YIUIOTHEHHSI B IUKBOPHSX
H TMOMIUMNMHHKAX KapAaHOB MNoJyoceil, NpHMeHeHAa TrepMeTHYHAs
KOHCTPYKUHSI IIAPDHHPOB pYJEBOH TpameuuH H Ap.

Kak yxe ormeuasoch, Ha aBTomoOuiae 3A3-969 Benmyuruit
MOCT — NepefHHil, 3afAHHH JXKe MOCT BKJIIOYaeTcsi BOAHTeNeM IpH
HeOOXOAMMOCTH. MeXaHH3M BKJIIOYEHHSI 3aJHETO MOCTa YCTAHOB-
JleH Ha BbiXOZe M3 KOpoOKM nepemay. Ha cyxux moporax c TBep-
IObIM TIOKPHITHEM aBTOMOOMAbL 3A3-969 MOXKeT 3KCIIyaTHPOBATbCS
C npHuenoM, o6iuit Bec KOTOPOro He mosKeH npesbimate 300 xe.

HOansa oueHku npoxomumoctH aBToMoGuis 3A3-969 Guiin npose-
JeHbl HCNBITAaHHS MO LIMPOKOH nporpamMMe. B KauecTBe OLEHOYHBIX
napamMeTpoB BbIOHPAJHCh KaK aGCO/IOTHblE 3HAUeHHS HEKOTOPhIX
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BEJIMYMH, -TaK H TPOBOJMJIOCH CPpaBHEHHe OTHeJNbHBIX IOKasarteseil
C TeMH e TIOKasareJsiMH JApyrux asromoGuieit — 'A3-69,
Llrefiep-ITyx Xadaunrep (ABCTpHSI), NpPOXOAHBIIMX HCMBITAHUS
ofHOBpeMeHHO ¢ aBTromMobuiaeM 3A3-969.

Puc. 1. Ipuxenne aBToMOGHIN N[O TNOJEBOR - AOpOre
C IVIHHHCTbIM TPYHTOM B TIepDHOJ BeceHHell pacmyTHIbl

HcneiTanus, npoBefeHHble Ha pasMOKLIell, TPYZHONPOXOLHMOI
TIOJIEBOH JOpore ¢ CYMJIMHUCTBIM | TVIMHHCTBIM TDYHTaMil B [1epuHoj
BeceHHel pacnyTuusl (puc. 1), nokasanu, uro aBroMmo6unn 3A3-969

Puc. 2. JBuXeHite aBTOMOGHAS MO CHEXHOIl UeJHHe

n Ilrefiep-ITyx nBHramuce yBepeHHO, CBOGOAHO MaHeBPUpPOBAJH,
nepee3xkaJu yepe3 KIOBEeTH M NPHIOPOXKHBIE KaHaBel. KoJseca aB-
ToMo6uas1 [A3-69 npu ABHXKEHHH IO TaKOH JOpore 4acTto HPOGYK-
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COBLIBAJH M HMEJNH MeCTO CJy4YaH OCTAaHOBKH aBTOMOGH/SI H3-3a
BLIBEIIHBAHHSI MOCTOB Ha YYacTKax C KoJseeil rayOuHoit 350—
400 mm, a TakKe NpH Iepee3le yepe3 KIOBETHl H KaHaBbl IO[
yrJom.

HcnbiTaHus Ha 3acHeXeHHBIX yyacTkax (pHC. 2) NpPOBOAHJHCH
OpH JOBYX COCTOSIHHAIX CHEXKHOTrO NMOKpoBa. PeaysbTaThl HCNBITAHHI
Ha YyyacTKe C TBepJOH INOBEDXHOCTHOH KODKOfl NpHUBEAEHH B
tabn. 2. °

Tabauya 2
I'ny6una cHelxHOro nokposa
B MM
ABTOMOGHJB TTIpHunHbI OCTaHOBKH aBTOMOGHJS
npeogoJe- Henpeoao-
BaeMas Jiepaemasi
3A3-969 Ne 1| 270—290 310 BoiBelnBaHie Ha Tpy6ax MOABECKH
3A3-969 N 2| 270310 320 To xe
Irefiep-Tlyx | 250—260 290 BuiBewHBaHHe Ha LIMTaX MepefHere
MOCTa H JIBHTaTelNst
rA3-69 300—310 330 BuiBelunBaHHe Ha MOCTax

ABroMoGHIH OGBIYHO OCTAHABJAHMBANHCh H3-32 GYKCOBAHHSI HJIH
BbIBELIMBAHUS KOJIEC.

AtomoGunn 3A3-969 u |[teftep-ITyx B GOJBLIHHCTBE C/ayuyaeB
npeonoseBaNd NPOGYKCOBKY KOJieC MPH [ABHXKEHHH 3aJHHM XO-
noM; ans laromo6uas 'A3-69 wacro TpeGoBasnach MOCTOPOHHSAS
NOMOILb HJTM pa3phbix/JeHHe YMJIOTHOHHOTO 'CHera TOJA KapTepaMu
MOCTOB.

HcnbiTanus Ha ydyacTKe, He HMeIOLIeM TBEPAOro NOKPBITHS, MO-
Kasanu, uro aBToMoGuap 3A3-969 ocraHaBiIMBaeTcs NPH TOJNLIHHE
cHeXXHOro nokposa 370 mm y nepeinHux kosec u 320 mm y 3agHuX.
Ilpn stoM aBTOMOGHJIb MOr CBOGOZHO MEpeRBHraThCsi MO KoJjee
3agHUM XxoaoM. [IBHKeHHe aBTOMOOMJSI MO CHEry TOJLIMHOA MO
400 mm BO3MOXKHO mMmyTeM «npoOuHBaHHA» |KOJeu (pacKaukoil Bme-
pen — Hasafm.

B xone ucneitaHuit aBToMoGuaeit B mycteiHax Kapa-Kym w
Keizbun-Kym (puc. 3) 6blI0 ycTaHOBJAEHO, 4TO aBToMoOuHaH 3A3-969
HMEIOT XOpOIIYI0 NPOXOAHMOCTb Mo mneckaM. Ilecyuanole NMOABEMBI
nepeMeHHOro Npoduasi ¢ MaKCHMaJbHOH KpyTH3HOH mo 18° mpeo-
IOJEeBAJINChb YBEPeHHO INpHM [ABHXKEHHM HAa MNepPBOH HMJIH MOHHXKaIo-
Liefl nepenayax.

Apromo6uap llteitep-ITyx otmenbHble GapXxaHbl NMPeofOJIETh He
mor. Ina npoxoxaenust HauGoJsee TPYAHLIX y4acTKOB Mapuipyra —
C HaHOCHBIM CBIMYWIIM ‘MeckoM, 00pa3yiollHM MOPOroBble YCTYIHI,
B muHax aBToMoOmaeii 3A3-969 ycraHaB/i1MBaJOCh TIOHHXEHHOE M0
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0,8—0,9 kI'/cu? naBneHne Bo3ayxa. PesyabTaThl KONTPOJMBHBIX 3a-
€310B Ha aucraHuun 100 4 :mo ceinmyyemy necky B6.M3H ApalibcKoro
MOpsi mpu TeMmnepaType OKpyxatoutero Bozayxa 21°C 1 BJ1aXKHOCTH
55% mpeacraBieHbl B Ta6a. 3.

HMcneitannsi Ha npeojosienHe TOABEMOB MPOBOMIIHCE B TOp-
HBIX pafioHax u cpenHeil nmomoce. I'PYHT Ha CK/OHaX rop IJIOTHBIH,

Puc. 3. HBuxkenne aBTOMOGN/ISI MO NeCKy

CyXOil ¢ BKJ/IOYEHHEM MEJIKOrO paKyIUeyHHKa H pelKHM TpPaBsHH-
cTeIM mnOoKpoBoM. ABtroMo6unb 3A3-969 mpeomosen CKJIOH C YIVIOM
noabema 25°. CkyoH ¢ yrsoM nmoabema 26°30° aBromMo6uib mpeono-

Tabauya 3

TNapamerpit 3A3-969 Ne 1 | 3A3-969 Ne 2
TomHbiit BeC MAWMHBE B K2 . . . . o 2 « . = «» 1280 1310
Jasnenue Bosnyxa B whuax B k[ /em® . . . . .. 0,8 0,8
Cny6una npopesanHoii konen B st . , , . . .. 285 286
CKOpOCTb JIBHXKEHHS B KM/ . . . . . . . . .« 4 3,9

Bpems, 3a KoTopoe aBTOMOGHJIE NMpPEOROJIeBa] yua-

CTOK, BCEK . . . . ¢ o v v v v v o o o o o o o0 88 90

JIeTb He CMOr H3-3a GyKcOBaHHUS KoJjieC. DTOT XKe aBTOMOGHJIb Mpeo-
J0Jiel y4acTOK JOPOTH € MJIOTHBIM YKaTaHHBIM FPYHTOM C YIJIOM
noabeMa a0 29° H y4acTOK HOPOTH C MJIOTHBIM CYXHM, MOPOCLIHM
TPaBoOil rpyHTOM C yriiom moabema mo 30° Ilpu stom mnepeauuit
MOCT 3HAYHTeNbHO PasTPyXKajcsi H 3aMeyasnach HeKOTopasi Moreps
yNpaB/sieMOCTH.
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PesysbraThl HCMBITAHHH Ha NpPeOfOJeHHe KIOBETOB, BePTHKAJb-
HOIl CTeHKH M XKeJIe3HOAOPOXKHOI HACbIMH NpeACTaBJeHbl HHXKe.

Kioser (kaHasa):
wHpHHA B MM . . . . . . . . . . . . 2000

raybuHa B M ., . . . . . ... .. . 450
yros ckoca 60KOBOii CTEeHKH B epad . 43
BeprukanbHas crenka:
BBICOTA B MM . . . . .. ...... 310
JKene3HoRopoKHAs HAaCHIMb:
yroJ CKoca Hachili B 2pad
IPYHT C TPaBSIHBIM TOKPOBOM , . . . 22
TPyHT rpaBuii . ., . . . . . . . . . 18

Hcneitanns Ha mnpeogosieHne Gpoja NPOBOAMJAHCH B BOJOEME
C nepeMeHHOIl IyOHHOH, MMeloleM IWHPUHY 21 M H TBepHoe Ka-
MeHucroe gHo. Ckopoctb Teuenusi Boabl 0,3 m/cex. ABTOMOGHJIB
3A3-969 ¢ HOMHHAJbHOM Harpyskoil mpeomoJen O6pold rayGuHOI
0,45 u. Bpox ray6unoit 0,5 # aBTOMOOGHJAb NMpPEOROJETbH HE CMOT,
TaK Kak Bojia, pa3Gpei3aruBaeMasi LUIKHBOM KOJIEHYaTOro BaJja, Mo-
nagana Ha npuH6oOpHl 3JeKTPOOOOPYAOBAHMS, W ABHraTeJb OCTaHaB-
auBaics. Hasi npeonosenuss 6posoB ¢ Goablueil riy6HHOIT aBTOMO-
6uiap TpebGyeT chelHANbHON MOArOTOBKH, B YAaCTHOCTH YCTaHOBKH
repMeTHYHbIX NPUOOPOB 3JIEKTPOOGOPYNOBAHHSI JBHraTeJsl.

Ananus pesysbTaTOB HCNBITAHWIl MOKasaj, 4YTO aBTOMOOMJb
3A3-969, umess cpaBHHUTEJIbHO HeCOJBLIOH Bec, 3HAYHTEJbHBIH MIO-
POKHBII MPOCBET, HE3aBHCHMYIO NOABECKY KoJjiec, 6JIOKHPOBKY IHO}-
(¢epenupasa 3agHero MocTa H XOpPOIUYI0O MaHEBPEHHOCTb NpH He-
6oJplIuX raGapuTHBIX pa3Mepax M NPH MaJoOM AaBJE€HHH Ha TPYHT,
o6/siafaer OOCTAaTOYHO BBHICOKOI MNPOXOAMMOCTBIO. DTO OBLIO NOA-
TBepKAeHO [ocymapcTBeHHOH KOMHccHell, KOTopasi OTMeTiija, 4YTO
aBToMo6uap 3A3-969 uMeeT NMPOXOAHMOCTh, He YCTYNAIOILYI0 NPO-
XOAIMOCTH aBTOMOOHJISI OTeuecTBeHHoOro ppousBonctBa 'A3-69 u
aBToMoOuas 3apyGexxHoro npousBoxcrsa Ilrefiep-Ilyx, a B psne
cayyaeB (ABHXKeHHMe 1O 3a00JIOYEHHOH MECTHOCTH, MOKPOMY Jyry
H ChilydeMy MecKy) HMeeT JYYlIyl0 NPOXOIHMOCTb.

rOJIOMHIOB A. M., CTELIEHKO B. II.
BPhHIJIEB B. B. u KO3bIPEB B. ®.

O BbIBOPE PALIMOHAJIbHOIO PACNPEAENEHMUSA
BECA ABTOMOBMIIA MO OCSM C NPMBOAOM
HA NEPEAHME KOJIECA

Beinyckaemble B HacTosilllee BpPeMs JierKoBble aBTOMOOWJIH C O1-
HOfl BeAyileH OCbIO BBLIMOJHSIIOTCSI MO TPeM pa3JHYHBIM KOMIIOHO-
BOYHBIM CXeMaM DAacloJIOXKEHHS ABHraTtelNst H BeLyIIHX KoJec:

1. Knaccuyeckasi — ABHrarteJb pacloJioXKeH ChepefiH, Bepylliue
KoJleca — 3ajiHHe.



2. C 3afHHM pacnoJjioXKeHHeM ABHraTessi — JBHraTe]lb Pacnoso-
JKeH c3afgd, BelyllHe KoJjleca — 3afiHHe.

3. C nepemHHM BeQyIUHM MOCTOM — JBHMrarejb PaclOJOXeH
crepend, Belylue Kojeca — IepeaHHe.

Jlo cux mop. GOMBbLIHHCTBO JIETKOBBIX aBTOMOGMJIEH H B NMEPBYIO
ouepenb aBTOMOGHJeH, BhinyckaeMblx B CIIIA, uMeeT KIacCHYECKYIO
KOMIIOHOBKY, ORZHAKO 3a NOCJEeAHHE TONbl NOsBJsieTcss Bce GoJbluee
YHCJAO Mojesefl APYTHX KOMIIOHOBOYHBIX CXeM.
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Omuowenue xonuyecméa bunychaemsix
Modened k obiyemy Esinycry
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1965 1966 1967 1968

Puc. 1. JluHamMHKa BHIMYCKa HOBHIX MozeJeil
JIETKOBBIX aBTOMOGMJIE! Pa3/IHYHBIX KOMIOHO-

BOYHBIX cXeM 3a nepuox 1960—1965 rr.:
1 — Knaccuyeckass cxemMa; 2 —C TMNepefHHM BeAyIHM
MOCTOM; 3 — C 3aaHHM pacnojoxXennem nana‘rena

Ha rpadjuke, saumcrBoBandoMm u3 paGor HAMU, nokasaHna
JMHAMHKA BBINIYCKA HOBBIX MoOjeJeil JIerKOBBIX aBTOMOOHJEH pas-
JINYHBIX KOMIIOHOBOYHLIX cxeM ¢ 1965 mo 1968 r. (puc. 1). I'paduk
HarVIsIAHO IOKa3bIBaeT, UYTO C KAaXAbIM TOXOM TNOSIBJISIETCS BCe
MeHbllle HOBBIX aBTOMOGHJIEH, BBHINOJHSIEMEBIX IO KJaCCHUECKOH cxe-
Me, H BO3pacTaeT KOJHYECTBO MojeseH aBTOMOOMJeH C NMepeaHHM .
Be[YILIHM MOCTOM.

ABTOMOGHIH C 3aAHHM pacClOJIOXKEHHEM [BHraressi MOKa CoXpa-
HSIIOT CBOH NMO3HIIHH.

B Taba. 1 npexcraBiieHbl JIerKOBblE aBTOMOGHJIM C NEpPedHHM
BellyILHM MOCTOM Bbiycka 1968 r. ABTOMOGHJIH C TaKOH KOMIIO-
HOBOYHOM cXeMoli HauboJbllee pacnpoCTPpaHeHHe NOJYYHUJIH Cpenu
KOMIAKTHBIX aBTOMOOGHJIEN MaJoro JIHTpaxa, OXHAKO OHH BCTpeua-
IOTCSI M CpelH JAOPOrocTosiHX aBToMOOHJel. Ilpumepamu Mmoryt
cayxurb aBromo6unn Octun 1800 (Awnrims), Curpoen JIC-21
(Ppanuus), Jlanuna-®aasus (Mraaus) u, HakoHen, aBTOMOGHJb
Toponago (CILA), umelomuii ABHraTeJb MouHOCTBIO 385 4. C.

KosnuectBo aBTOMOGHIEH C NEpeHHMH BEAYILUMH KOJECaMH CO-
craBuio B Auranu 50% oT o6liero KoJHYecTBa BHIYCKAaeMBbIX JIETKO-
BbIX aBTOMOGHJel; ToabKo ¢upma BMK Brinmyckaer Gosee 600 000
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Tabauya 1

Cox Buinyc- Tox Beinyc-
Crpana- Mogaeas Ka (pas Crpana- Mogens Ka (pas
":;'?eT.:x; aBTOMOGHAR M&ﬁfgﬂ‘ ":;;):J?; aBTOMOGHJISA Mfg‘gge_n
1968 rr.) 1968 rr.)
Agcrpa- | 3era — ®pannus | Curpoen 2L1B —
JIHSL Cutpoen AMU-6 —
Curpoen M-AC —_
Anrqust | BMK MHWHU —_ Ianap 17 —_
BMK-1100 — IManap 24 —
Tpuymd-1300 1965 Ilexo 204- 1965
Octn-1800 1965 Peno P-4 -
Peno P-16 1965
Cumka 1100 1967
raP | TpaGaur -
Bapt6ypr — ®PI' | OKB-®12 —
prYP 'IFIKB-(DIOZ —
Hrams | dnar-850 1968 aynyc 12M —
X . Taynyc 15M 1966
AI:IT:6nquH Tpumy 1965 Ay 1965
Jlanuns ®yabsust — H%%gg’""“ 1968
Jlanuuss ®pasust —
U
i [Ipenus | Caa6 —
Tosbwa | Cipena —
SInouns é(onna-SOO 1967
-350 —
CLIA | Toponano 1965 YUYKH-35
abopano 1966 ®ponre-800 1967

Takux aBromoOunell. Bo ®panuuu ¢ 1949 no 1961 r. 6Gb1o BBINY-
nmeHo Gosee muaiaHoHa aBroMoGuieil Curpoen 2LIB, exeronHsbrit
BBIIYCK 3THX MawuH cocrabiasier Gosee 200000 mryk. ITpumepno
CTOJBKO 2Ke BbINycKaercss u aBroMoGuieii Peno P-4.

HeusMenHblii ycnex HMeJu aBTOMOOMJIH C IepeIHHMH Beny-
ILHMH KOJlecaMH B CIIOPTHBHBIX copeBHOBaHMAX. Ha mnociexHux
copeBHOBaHHsIX B MoHTte-Kapso, KoTophle NpOXOJHJIH Ha CKOJb3-
KHX 3aCHEeKeHHBIX CKJOHax AJbl, cpeiu AecsATKa JYy4LIHX aBTO-
MobuJjieit Gbl10 8 aBTOMOOHWJEN C NPUBOJOM Ha MNEPENHIOI OCh.

B Coserckom Coroze aBTOMOOHIH C TNepPeAHHMH BeAyLIHMH
KOJlecaMH He BBbIMYCKAJHCh M ONbITA HX SKCMJyaTalHH B OTeYeCTBEH-
HBIX JOPOXKHBIX YCJIOBHSIX HeT.

ABTOMOGH/IH ¢ MepeIHUMH BeLYLHMH KOJeCaMH HMEIOT CJeayio-
UIMe NpeHMYIUecTBa, KOTOpble NMpPHBEJH K OBLICTPOMY HX pacrnpocTt-
PaHeHHIo:

1. Haunyumasi, no cpaBHEHHIO C aBTOMOOHJSIMH APYTHX KOMIIO-
HOBOYHBIX cXeM, KomnakTHoctb. Hanbosbwmit pasMmep canoHa u
6ara’kHMKa B COYETaHHH C HaUMEHbIIMMH rabapHTHBIMH pasMe-
pamMu aBTOMOGWJISI M ero BecOM MOryT ObITb NOJYy4YeHbl NPH pas-
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MeLUEeHHH CHJIOBOTrO arperata H GOJBLIHHCTBA Y3J0B WIACCH MEXIY
OpLI3roBUKaMH NepeJHHX YNPaB/sieMBIX KoJjec. DoJbIIHHCTBO aBTO-
MoGuJeil — NATHMECTHbIE, Yero He YHaercsi MOJYYHTb Y aBTOMO-
Ounell ¢ Apyroi KOMIOHOBOYHOH cxeMmoil. OTCyTCTBHe TOHHEJA H
PeAyKTopa 3aJHEro MOCTa I03BOJIsiel MAaKCHMMajJbHO CHH3HTb NOJ
Ky30Ba.

2. Jlyywass ycTOHYHBOCTb aBTOMOOGHJS NpH ABHXEHHH C OOJb-
WO CKOPOCThIO, Jaxe B YCJIOBHSIX CKOJIb3KHX HOpOT, BCJAENCTBHE
COBNAaJieHHS] HANpaBleHHs MAEeHCTBHUA TATMOBOH CHJABI ¢ HanpasJe-
HHEM JBHKEHHS.

3. BoaMoxHOCTb Ha 6Ga3e OCHOBHOrO (JIErKOBOro) aBTOMOGHJSA
JIETKO TNOJYYHTb pasjinyHble Moaudukauuu (Qyprow, yHuBepcas,
TnHKan u ap.).

K OCHOBHBIM HeHNOCTaTKaM aBTOMOOHJEH ¢ NMepefHHM BedyLIHM
MOCTOM MOXKHO OTHECTH:

1. CHHXeHue CLeNHOro Beca, a CJeJOBaTeNbHO, YXYALIEHHE
NPOXOAUMOCTH NPH ABHXKEHHH Ha NMOLBEM.

2. Bonee CJAOXHEIN M JOPOrOCTOSIIUMI NPHBOA Ha BeldyllHe
ynpasJjisieMble KoJieca.

W3BecTHO, YTO NpH ABHXXEHHH ABTOMOOMJISI Ha MNOAbeM NPOMC-
XOOHUT nepepacnpejejieHde Beca no ocsM. IIpu sTom nepenHue Ko-
Jieca pasrpyiKaioTcs, a BeC, IDHXOAAINMIACA Ha 3ajHHe KoJeca,
yBeauuuBaercs. [Ecam y aBTOMOGH/S [BeLyLMU SIBJISIIOTCS 3afHUe
KoJieca, TO C yBeJHYEeHHeM YIJla NMOLbeMa NOBEPXHOCTH JOPOTH BO3-
pacTaeT cuenHas CHJIa, HO yMeHblLIaeTcs BepTHKaJIbHas Harpyska,
TPUXOASLIASCA Ha NepeiHHe Koseca. IIpu nocTHXKEeHHH OnpejesieH-
HOro yrjia HaKJOHa IOBEPXHOCTH IOPOTH U AOCTAaTOYHOM CcCLele-
HHH BeNYIIHX KoJieC ¢ ZOpOrofi HacTymaeT CHayaJja IOTeps ynpas-
JISeMOCTH, a 3aTeM IoTepss NMPOJOJbHOH YCTOHYHBOCTH.

Ecnu xKe BeAyUIMMH SIBJISIIOTCS NepeJHHe KoJeca, TO HapylieHHe
TIPOJOJILHOH YCTOHYHMBOCTH HACTYNHTb He MOXeT, TaK KaK BO Bcex
cayyasix npexie Hactynaer GyKcoBaHHe BeNyLIMX KoJjec, HpenoT-
Bpaulaiuiee HapylueHHe YCToHyuBOCTH. OLEHOYHBIM NapaMerpoM,
XapaKTepU3YIOIUM CIOCOOGHOCTh aBTOMOOWJIS JBHraThbCsl Ha NOIb-
eM, fIBJsieTCSi MaKCHMAaJIbHBI yroJ noibeMa NOBEPXHOCTH HOPOTH,
N0 KOTOpPOil MOXKeT ABHraThCs aBTOMOOH/Ib B JAHHBIX JOPOXKHBIX
VCJIOBHSIX.

AnanuTHYecKasi 3aBHCHMOCTb JJIsl ONpefiesieHHs] MaKCHMaJbHOrO
yrja nogbeMa NOBEPXHOCTH AOPOTH IJsi aBTOMOOMJIell ¢ 3agHUMII
BeAYIIUMH KoJecaMu Gbiia mosyyeHa akagemukom E. A. Uynako-
BBIM:

=(‘f’+f)a-f[L_(‘P+f)rK] (1)
L—(e+hhs ’

tg @ max

rae L — 6asza aBTOMOGHNS;
h, — BHICOTA 1LIEHTPA THAXKECTH;
r — pajguyc KaueHHs KoJjeca;
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a — pacCTosiHHe MO TrOPH3OHTAJNH OT OCH NEPEAHHX KOJeC OO0
LHEeHTPa TA2XKECTH,

@ — KO3(QGHUMEHT CLeNJeHHsI KOoJeC C MOBEPXHOCTbIO HO-
pory;
f — K03 pHUHEHT CONPOTUBJIEHUS KaueHHIO.

BeanunHa MaKCHMAaJBHOrO yria noabeMa AJsi aBTOMOOHJAS C
nepefHUMU BeAYIIMMH KOJIECAMH ONpefeNsieTcsi noTepel cUeMeHHs
BeLYILHX KoJieC C MOBEPXHOCTbIO JOPOTH U MOXeT OhiTb onpejesneHa
U3 BBIpaXKeHHd

tgama‘z ((P+f)b—f[L+((P+f)fx] (2)
) L+ (41 ha '

rie b — paccrosiHHe NO TOPH30HTANU OT OCH 3aZHHX KOJeC [0
LEeHTPa TAXKECTH.

Jnsi ompeneneHUsl CTENEHH BJHSHHS OTAENbHBIX COCTaBJSIO-
LIMX, BXOHSILIMX B NpaBYl0 4YacTb ypaBHeHHs1 (2), Ha BeJHUYHHY
MAaKCHMaJIbHOrO0 yrja NoAbeMa NPOBeldeHb pacyeThl, MPH KOTOPBIX
OlHA W3 COCTABJSIOUIMX NPaBOH YacTH NPUHHMAaJach INepeMeHHOIl,
a Jpyrue — nocTosiHHbIMH. PacueTbl NoKasajd, 4YTO NpPH H3MeHe-
HUH pajguyca kKaueHus B mpepenax 0,25—0,35 x (aBromoGuin «3a-
nopoxeu», «MockBuu» H <«Bosras) H3MeHeHHe MaKCHMaJbHOTO
yraa nogweMa He npeBbimiaer 19%. Tak e H3MeHSIeTCH Gmax NpPH
W3MEHEHHH BBICOTHI pPAaCMOJIOXKEeHHs1 LeHTpa TsKectH oT 0,5 mo
0,55 m. Dojsee cyulecTBeHHOe BJIHsSIHHE Ha BEJHYHHY MaKCHMalb-
HOTO YIVIa MOAbEMAa OKa3blBAIOT APYrHe cocrapJsiomue. Tak, npu
H3MEHEHHH DAaCCTOSIHHSI OT IEHTPA TSXKECTH A0 OCH 3aZHHX KOJeC
B npenenax or 1,0 mo 1,2 m, ecnu 6a3a aBTromoOMJsa paBHa 2,0 u,
MaKcHUMaJbHBbIH yros noabema uaMensiercs Ha 25—309%. B Takux
JKe Mnpefesiax H3MEHSETCS Gmax NPH H3MEHEeHHH KO3 dHIHEHTa
conpoTHuB/NeHUs1 KaueHHio kosec ot 0,02 mo 0,1. MsmeHneHHne ke Ko-
s¢dunneHTa cuenjeHus BeAYLIUX Kojec aBTOMOOHJsS C HOPOrod B
npenenax or 0,3 no 0,5 noBbillaeT MaKCHMaJbHBIT yroJ NOAbeMa
BIBOE.

Takum oGpasoM, BeJHYHHA MaKCHMaJbHOrO yrja noxbeMa, Ko-
TOPBIA MOKET NMpPeojoJieTh aBTOMOOU/Ib, ONpene/sieTcss ABYMs napa-
MeTpaMH — K03 HIIHEHTOM clenJeHuss ¢ W Ko3dduuueHToM cor-
POTHBJIEHHS] KaueHHIO f, XapaKTepH3YIOLIMMH YCJOBHSI 3KCIJyaTa-
UHH aBTOMOGHJS, H OIHHM KOHCTPYKTHBHbLIM TapaMeTpoM — pac-
npejie/ieHHeM Beca aBTOMOGHJISA 10 OCSIM.

Ha puc. 2 npepcraBiieHbl 3aBHCHMOCTH MaKCHMaJbHBIX YIJIOB
noibeMa OT HAYaJbHOrO pacnpefielleHHs Beca aBTOMOOHJA MO
OCsIM, BBIPAXKEHHOTO B MNpOLEHTaX K o6uieMy Becy aBTOMOOGHJSI.
Pacuer npousBeieH no ypasHeHuio (1) masa aBToMobuas c 3an-
HHAMH BeAyIUHMH KojiecaMH (LUTPHXOBHIE JIHHHH) M 1O ypaBHEHHIO
(2) mas aBTOMOOHJS ¢ NepeIHHMH BeRYIUHMH KoJecaMH (cmuiomw-
Hble JIMHHH).

Jns pacuera NpHHAT aBTOMOGHJAb c 6asoit L=2,3 M, BbicOTOH
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ueHtpa TsxkectH hp=0,525 m u paguycamu kosec r,~=0,3 » (nau-
Gosee BEPOATHbIE MapaMeTPhl aBTOMOGHS MaJoro JHTpa)ka ¢ MpH-
BOJOM Ha NepeJjHHE KoJieca).

Ananus rpacbunKOB NOKa3blBaeT, YTO aBTOMOGHJH, Y KOTOPBIX
BeC, NPHXOAAILIMHCA Ha nepeaHiolo ocb, G;=05G, U BeaylwH#
MOCT — 3a1HHil, COCOOGHB NpeofoJeBaTh GOJbliHe NOABEMBI, YeM
aBTOMOOHJIH C NMepeHHM BeLyLIHM MOCTOM.

a N MakcumanbHble yribl NOABEMOB aBTO-

0l 3 MOGHJIeil C MepefHHM BelyUlUM MOCTOM H

BECOM, TPHXOASLUIMMCS Ha MepeHIol OCh,

\\ G,= (0,6--0,65) G, u aBTOMOOHJEHl ¢ Bak-

% \ HUM BeAyLIHM MOCTOM C BeCOM, NpHXOAsf-

20 Ex< I(MMCSl Ha nepefHiol ocb, G=0,5 G, onu-

NN N HakoBbl. ABTOMOOGHJAH 006eHX KOMIOHOBOK

15 9,\5/' npu G,=(0,55-+0,60) G, rcnoco6Hbl mpe-

p z/fé\ 0/l0JIeBaTh OJHHAKOBble TNOABEMbI (TOYKH
AR A, B, B).

5 4 Kadenpoit «AsTomoGuan»  3anopox-

CKOrO MAaLIHHOCTPOHTEJIbHOTO HHCTHTYTa

U0 50 60G,/Gs% COBMECTHO C aBTOMOGHJBHBIM  3aBOJOM

«KomMMmyHap» GbliH NpPOBefEeHbl HCNBLITAHHS
aBTOMOGHAST C MepefHHM BeAyLWHM MOCTOM
Ha TnpeojoJsieHHe mnoabemoB. [Jlas HchbiTa-
HHH HCNOJIb30BAJICS OMBITHBI aBTOMOOHJIb
«3anopoxel» ¢ KoJjecHoil ¢opmysaoi 4X4.
[TooyepeaHbIM OTKJIIOUEHHEM MNepelHero M

Puc. 2. PacuertHble 3aBH-
CHMOCTH  MaKCHMaJIbHHX
yIJOB noibeMa oOT pac-
npejpesieHHsi Beca  aBTO-
MOOGHJISE NMO OCAM:
1 — =05, f=0,1; 2— @=0,5,
f=0,02; 3— =08, f=0,02;
CNAOIUHbIE JHHHH — aBTOMO-

OuJb C MNepeiHHM BeayIIHM

MOCTOM; LITPHXOBble JIHHHH —

aBTOMOGH/Ib C 3ajJHHM Beny-
LIHM MOCTOM

3aJJHEro MOCTOB MOJYYaJHCb KOMIOHOBKH
COOTBETCTBEHHO C 3aAHHM H NEpeJHHM Be-
AyumHMH MOCTAaMH, UYTO IIO3BOJIMJIO MNOJY-

YHTb CpPaBHHMble pe3yJbTaThl Ha OXHOM
aBTOMOOHIE.
UcnebiTanuss npoBoguiuch Ha achanbTHPOBaHHOH, OGeTOHHPO-

BaHHOIl W TPYHTOBO#H Aoporax. B xauecTBe OlEHOYHHIX NMapaMeTpoOB
HCNONb30BAJIUCh BeJIMYMHA pPAa3rpy3Kd MNepefHero MOCTa, MaKCH-
MaJIbHBI YroJ NogbeMa, KOTOPBIi MOXeT MpeofoJieTb aBTOMO-
6unb. Kpome Toro, cpaBHHUBaJHCh OULYILEHHSI BOAMTEsEl NMPH ABH-
JKeHHH N0 JOpOTaM C PAa3JIHYHBIMH MOKPBITHSIMH.

L1 BLIIBNEHHS] OLLYIIEHUII BOAMTEJST [pPOBEAEHbl  ONBITHBbIE
npoGernn no Mapuipyry 3anopoxbe — lnta — CeBactononb — 3a-
TNOpPOXKbe C Bble3alaMH Ha mpocesouHble poporH. IIpoBepsimock omy-
UIeHHe MITH BOAMTENEll, KOTOpble NpPHM3HANH, YTO OTJIHYHTENbHOMN
0CO6EHHOCTbI0O aBTOMOOMJIS C MPHBOJAOM Ha TepedHHe KoJieca SiBJs-
ercsi ero Gosiee Jerkasi ynpasJisieMOCTb HAa MOBOPOTaX; BOIHTEJb
Jydille «4yBCTBOBaJ JOpOry». YnpaBiseMOCTb aBTOMOOGiJell pac-
CMaTpHBaeMbIX KOMNOHOBOK TpH JABHXEHHH 1O CYXHM JAOporam
onuHakoBa. Ha yKasaHHBIX Aoporax aBTOMOGH/b C NMPHBOAOM Ha
nepefHiie KojeCa ABHTajcsi Ge3 GYKcOoBaHHS, a mOAbeM 10 7° mpe-
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onoJieBaa cBoGoaHO. Tak Kak acdanbTHpPOBAHHBIE HNOPOTH C yriaaMil
noabeMa Goublie 7° He NPOEKTHPYIOTCS, TO BCe MOCJEAYIOLIHe HCIbI-
TaHUS NPOBOJAUJIHChL Ha TPYHTOBBIX Aoporax. [Ipm aToM ompenensi-
JOCh mepepacnpefeseHHe Beca MO OCAM H MAaKCHMaJbHBIE YIJIbI
NOABEMA, a TaKXKe CTemeHb OYKCOBaHHs BeAYLIHX KOJeC aBTOMO-
6uas.

Jnsi onpeaeneHuss yrJoB NMOAbeMa HCMOJB30BaJCs TMPOCKOIN, HA
paMKe KOTOPOrO KpEMWJICS MOJI3YHOK, CKOJIb3HBLUMII MO NOTEHI[HO-
MeTpY, 3aKpelJIeHHOMY Ha KOpIyce THPOCKOMAa H BK/IOUEHHOMY B
KayecTBe pabouero mjeya B H3MEpPHTENb-

HBli MocT. ['mpockon ycramasamsajcsi X[ ° .\

B Ky30Be aBTOMOOHJII M OPHEHTHPOBAJ- (2

csl OTHOCHTENBHO ero mpopoabHoit ocu. 20 Uk

[Toxasanus rupockoma (GHKCHPOBAJHCh oo(

ocunsnorpatdom H-700. 5 "¢ \
[Tepepacnpenenenrie Beca aBTOMO- / !

GuJist MO OCSIM OMPeNeJsAIoCh C MOMOLBIO 7§ |24

NpPOBOJIOYHBIX JaTYHKOB, HaK/IEEHHBIX Ha

Tpy6e TopcuoHa. l3MeHeHue cuabl TH- §

0,

XKECTH, TIpHXOAsWeiicAa Ha mepemnnit 90 40 S0 606/6g%
MOCT, BBI3BIBAJIO HApylleHHe G6aNaHCa py. 3 Dycnepumentambhbie
H3MEPHTEJbHOI0 MOCTA, KOTOPBIH yepes 3aBHCHMOCTH  MAaKCHMAaJIbHO-
yctnreab TA-5 ¢uxcupoBancs ocuuj- ro yraa mogkeMa OT cTaTH-
Jqorpadom H-700. YEeCKOTro pacnpeiejeHHss Be-
Bykcosanue Beaywux kosec ompeme- @ MO OcAM 0§‘1{=0'6' f=

JISJIOCh C MOMOILIBIO HHAYKTHUBHBIX OT- 1 — aBTOMOGHAB ¢ Zl'epemmu Be-
METUHKOB. AYUWHM MOCTOM; 2 — aBTOMOGHIB
C 3aJHHM BeAYUHM MOCTOM

B npouecce ncnbitanuii Ha rpyuro-

BOH J0pore aBTOMOGH/b NOAXOAHM K TONbEMY, OCTAHABJHBAJCA H
BHOBb HayHHaj ABHxKeHHe. IIpu MOCTHMEHHMH YCTaHOBHBILEroCs
IABHXeHHs Ha Oymare ocuuJiorpaga OXHOBPEMEHHO 3aMiiChiBAaJNHCh
yroa noabeMa NOBEPXHOCTH JOPOTH H BeC, NPHXOASIIMACA Ha me-
pennuit Moct. B ToM cayyae, ecau yroa noabeMa MeHSJICS, BbIOH-
panoch HECKOJNbKO 3aUeTHBIX YYaCTKOB, Ha KOTOPHIX NMpPOH3BOAH-
JlaCb 3aMKCh Ha3BaHHbIX Bhlllle MapaMEeTPOB.

AHaNOTHYHO NPOBOAMNHCH MCIBITAHHA M HA TPABSHHUCTBIX CKJIO-
Hax C GOJBLINM COJNepXKAaHHEM paKyIIeYHHKA H  OTHOCHTEJBHOII
BJIaXXHOCTbIO rpyHTa X0 3%. B KavecTBe OLEHOYHBLIX NapameTpoB
B Npouecce HCIbITAHHI NMPHHHMAJHCh BeC, NMPHUXOASALIMACA Ha Ie-
PeRHHI MOCT, H MaKCHMAaJbHBI yroJa NMOAbeMa. Pe3yabTaThl HCIbI-
TaHui (puc. 3) nokaskBalOT, YTO aBTOMOOH/Ib, y Koroporo G;=
=(0,55+-0,6) G, npeomosnieBaeT ONMHAKOBEIE MOABEMbl HE3aBUCH-
MO OT CXeMBl NpHBoAa. ABTOMOGHJbL C MEPeAHHM BeAYIIHM MO-
crom npun G,=(0,60--0,63) G, npeogoneBaeT TakHe e MOLBEMBI,
YTO H aBTOMOOH/b C 3aZHHMH BeAyUIUMH KojecaMu npu G;=
=0,5 Ga-

Hcnritanus Ha TPaBSIHHCTOM TIPYHTE ¢ BJakHOcThbio 14% mpo-
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BOIHJIHCb Ha JOpPOrax C NepeMeHHBIM yraom noabema or 0 nmo
30°. Becb KOHTPOJIbHBIH NYThb OblI pa3GUT Ha Y4acTKH, YIVIbI OAbe-
Ma KOTOPBHIX OTJHyajuch Ha 2—4°, ABTOMOOHJb OCTaHABJIHBAJCHA
Ha HCXONHOM pyGexke, Tle BKJIOYAJICA MepefHuii HAH 3aJHHH MOCT,
ycTaHaBJAWBajachb Harpy3ka Ha OCH, 3aTeM HauHHaJ [BHXEHHe
Ha NMoHHKeHHO! nepenauve. IIpu 3TOM 3anucHIBaJKMCH YIJBl NOABEMA
C TMOMOILBIO THPOCKONA H GYKCOBaHHe BeAyLIHX KOJEC C NOMOLIbIO
HHAYKTHBHBIX OTMETUHKOB. [IBH)KeHHe aBTOMOGHJSI TNPOHOJKANOCh
IO TeX mop, NoKa aBTOMOGWJb He HaunHaa GyKcoBaTb. B MOMeHT
OCTAaHOBKH aBTOMOGHJISI 3aMHCLIBAJICS YroJ MNOABbEMa YyyacTKa Jo-
poru. OnbiT noBropsiicas 2—3 pasa. 3areM OCYLIECTBJSJICS 3a€3[
C OCTAHOBKAaMH MeXIy coceAHHMH yuactkamu. Ilocse kaxmoit ocra-
HOBKH aBTOMOGHWJb BHOBb HauuHasa ABuratbcsi. Eciu aBTOMOGHJB
IOC/Ie OCTAHOBKH He MOr HauaTh J[BHXKEHHe, TO (HKCHpPOBAJCS
yroq nognemMa, NpPH KOTOPOM aBTOMOOHJb MOr elle HayaTh XBH-
JKeHHe. DTOT yros NPHHHMAJCS KaK MaKCHMAJbHBI yroa nmoabema,
NpH KOTOPOM aBTOMOOM/Ib MOT ABMraTbCs C OCTAHOBKaMH.

Pe3yabraThr HCOBITAHHIT N0 ONpele/ieHHI0 MaKCHMAaJIbHbBIX YTIJIOB
noabeMa C OCTaHOBKaMH (TabJs. 2) mokasblBalOT, YTO aBTOMOOHJIb
npu pacnpegenendd 609, Beca Ha Befyllue Kojeca C NPHBOLAOM
Ha NepefHIOI0 OCb cnocobeH NpeofosieBaTb NMOABEMBl C OCTaHOB-
KaMHu 10 15° uyTO c/JellyeT cuuTaTh BIOJHE XOCTATOYHBIM IJisi aBTO-
MoOu/Isi 0OO0lIero Ha3HauyeHHs.

Tabauya 2

Yron noabeMma B 2pad npu

Beaymue KoJieca
Gy = 0,6 Ga G,=0,5 Ga G,=10,4 Gn

TMepemuue . © . . . . ... .... 15,0 10,3 7,6
Baguue . . . .. . .. ... .. 10,3 14,2 17,4

PesyabraThl HCNBITAHHIT MO ONpeReJeHHI0 MaKCHMAaJbHbIX YIJIOB
noabeMoB ¢ xoxa (pHc. 4) MOKa3bIBalOT, YTO MPH ABHXKEHHH C XO[a
aBTOMOGHJIb C 3aJQHHM BeAYUIHM Mocium M Harpyskoit 50 u 60%
or ofllero Beca Ha BeldyllHe KoJecd ipeofojeBaeT MNOLbeM M0
20—25° u uMeer cremeHb OyKCOBaHMsI BeAYILUHMX KOJieC MeHbIIE,
yeM JApyrde aBTOMOGHIH (KpHBble 2 i 3 — IUTPHXOBbIE JIHHHH).
ABTOMOGHAH C MpPHBOLOM Ha nepeiHiol ocb H 609 Beca, npuxo-
Isllerocss Ha BeAyIHe KoJieca, MpeoxoseBaloT noabem 17—18° a
npu 50% Beca—moabem 14—15°. CremneHb GYKCOBaHllg BepyLIHX
KoJiec 3THX aBTOMOOHJeH HHXKe, yeM aBromoOuseil mpu 409 Beca,
NpHUXOAALIErocsi Ha BedylliHe KoJieca, 06eHX KOMIOHOBOK.

JlonoaunTeabHO ObUIH TPOBENEHbl HCNMBITAHUsSI Ha 3aCHeXKeHHOIl
YKaTaHHON HOpore C MOBEPXHOCTbIO, YBJIAXKHEHHOH MEJKHM H0XK-

16



neM ¢ yraoMm moxwema 3,5°. B mpouecce HcnbiTaHHMit aBTOMOGHIB
CTABHJIC Ha MCXOXHHIH py6ex — yacTb AOPOTH, NOCbiMaHHAsA mec-
KOM, TJle BKJIOYasiCs WJIH NepefHHil, HJAM 3aJHHIl BelyllHiH MOCT
H yCTaHaBJHBaJach Harpy3ka Ha OCH, NOCJe Yero aBTOMOOWJ/Ib Ha-
yuHan asuratbesi. IIpoiins 50 x, aBTOMOGHJL OCTaHABJIHBAJCA H
HAYHHAJ BHOBb JBHMraThCS HAa YYacTKe CKOJb3KOM JOPOTH; NPH 3TOM
GyKcoBaHHe BedyUIHX KOJeC perHCTPHPOBAJOCh OCLUHJIOrpapom
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Puc. 4. 3aBucimocth crenenu Gyk- Puc. 5. H3MeHeHue cremeHn Gykcosa-
COBaHHs  aBTOMOGWJIA OT  yria HHSl BeAYyWIHX KoJiec aBTOMOGHJS Npw
noabeMa MpH: ABHXKEHHH TI0 CHEXHOM YyKaTaHHOIT
1—G\=04G,; 2—G,=05G,; 3—G= Jopore npu:
=0,6G,;: CNJOWHbIE JHHHH — aBTOMOGH- 11— 01-0,600; 2 — G,—O,SGa: 33— G.=0,4Ga;
Jass ¢ NPHBOAOM Ha nepe}mnﬁ MOCT; CNJoUIHbIe JHHHH — aBTOMOGHJbL C TPHBOAOM:
UITPHXOBLIE .1IIHHH—aBTOM06HJlﬂ C npH- Ha nepezxmm MOCT; WITPHXOBass JIHHHA — aB-
BOJAOM Ha 3aAHHMI MOCT TOMOGHJIb ¢ NPHBOAOM Ha 3aAHHA MocCT

H-700. PesysnbraTthl ucHbITaHHil MOKa3aJjH, YTO IOCJTEe TPOTaHHA C
MecTa Ha HCXOZHOM pybOexe aBTOMOOMJIM OGEHX KOMIIOHOBOK CO-
BCEMH HCCJeAYeMbIMH HarpyskamH, pacnpefessieMbIMH IO OCSIM,
aBuranuch 6e3 3amerHoro GykcoBaHHSI. ABTOMOGHJbL C IPHBOAOM
Ha 3agHue Kosieca, umetomnii 40 u 50% Beca, npuxoasiuierocs Ha
BelyllHe Kojeca, He MOr HaYHHAThb /BHKEHHE Ha CKOJb3KOM jyua-
CTKe NMyTH H3-3a OYKCOBaHHS M yBoZa BeIYyLIHX KoJec.

Ipaduk usmeHeHHs: creneHH OYKCOBaHHsS BeLYLIMX KoJieC aBTO-
Mo6uJseil 06enx KOMIIOHOBOK C JPYrHM pacnpejejeHHeM Beca Ha
BeJYyLLYIO OCb NpeICTaBJeH Ha PUC. 5 B CHCTeMe KOOPAHHAT «MyTb —
cTeneHb OYKCOBaHHsI BeAyIUHX KoJsec». McnbiTaHus nokasanu, YTO
aBTOMOOH/IH C NepeNHMMH BelyIUHMH KoJecaMH o06safalor Jyuylueir
CrocoGHOCTBIO JBHraThCsl MO CKOJIB3KOH JOpOre, TaK KakK CHJa TATH
3THX aBTOMOOHJIell cOBMajaer C HanpaBJeHHEeM HX JBHIKEHHS.

Ananus pe3ysbTaTOB HCNBITAHHIl, MOJYYEHHBIX NPU IBHXKEHHH
aBTOMOOUJIS HA MOXBEM H CKOJB3KOH QOopore, mokasaj, YTo C yBe-
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JIM4eHHeM CHJBl TSKeCTH, NpHXoAsiliefici HAa NepelHHe BelayllHe
KoJleca, MOBHIIIAIOTCSI SKCIVIyaTalHOHHBIE IOKa3aTeld 3TOTO aBTO-
Mo6misi. OfHAKO NMPH 3TOM MOXKET YXYAIHTbCS MaHEBPEHHOCTb
aBTOMOGHJISL M YBEJIHUYHTbCSI H3HOC HeTasiefl pPyJeBOro yInpaBJeHHs.
Jlns npoBepKH BBICKa3aHHBIX I10JOXKEHMH GbLIH NPOBeJEHBl HCMbI-
TaHHs1 aBTOMOGHJISI DU JBHXKEHHH IO KPYTY.

HcneiTaHusi MPOBOAMINCE HA  acdajbTHPOBaHHOH IJIOLIA/IKE,
TPaBSIHUCTOM TpDYHTe M IeCYaHOil Jopore ¢ rjy6HHOIi MEJKOro
miecka 5—14 cm. B KauecTBe OIIEHOYHOrO NapaMerpa NpHHHUMAJICS
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Puc. 6. 3aBucHMOCTb pa- 1
IHyca MOBOpPOTa aBTOMO- 0 30 50 70 0 nm o m
6uas  OT pacnpeleseHus 8)
Beca  aBTOMOOHJfA no
OCsiIM MpH: Puc. 7. CpaBHHTeNbHBle HCIBITaHHS
1 —a@=7°20"; 2—a;=11°0"; aBToMOONJeif nNpH  ABHXKEHHMH  Ha
gn:o?!;;bllgo;ﬂﬂﬁﬂz ~ al:B?l‘o;f:C;i NOABEM:
6unb C NPHBOMOM HA Mmepen- I—a=8;  II—a=10° /I — a=9,5%
HHt MOCT: IUTPHXOBHIE JH- 1V —a=13% V — a=14°; a — narpyska 1 ue-
HHH — aBTOMOGHJb C NPHBEO- J0BeK; 6 — Harpyska 2 4ejoOBeKa, 8 — noj-
IOM Ha 3amHHAl MOCT Hasi Harpyska; | — «MocKBnu»-408; 2 — Ile-

X0-204; 3 — llIkona-1000

PadHyc MOBOPOTa TIPYKEHOrOo aBTOMOOHJS, KOTOPHIA 3aMepsiics C
TIOMOWIbIO pyJeTKH. CKOPOCTh ABMXKEHHSI YCTaHABJIHBaJacb MO CIH-
JIOMETPYy H KOHTPOJHPOBaJach CeKyHmAoMepoM. B Hauaje ucnbita-
HHA aBTOMOGHJb BBIXOAHJ Ha HCXOAHBLIH py6ex, rie yCTaHaBJIHBa-
JHCb COOTBETCTBYIOIAsl HArpy3ka Ha BefXyLIYI0 OCb H 3aJaHHBbIil
yroj 6 mnoBopoTra, Nocje Yero aBTOMOGHJIb HaWHHAN [BHTaThCs
no kpyry. Ilpu nBHXKeHHH 1O mepBOMYy KpPYry ycCTaHaBAHBaAaCh
HeoOXoAHMasi NMOCTOSIHHAsl CKOPOC1b, a NPH IBHXEHHH MO CJEAYio-
UM 3—5 Kpyram ompefensiics cpefHHil paguyc nosopora. [Tocie
OKOHYAHHSI OMbITa aBTOMOOW/Ib BHOBb YCTAHABJHBAJCS HA MCXON-
Hbli py6exx, rie H3MeHsJIach HAarpyska Ha OCH WJIH YroJ NmoBOpOTa
ynpasjsieMblX KOJIEC, H ONBIT NMOBTOPsIcA. B mpouecce ucnbitanuii
BeC, NPUXOASIUHMACA HAa NepefHHe KoJjeca, u3MeHsscsa or 40 mo
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60% o6mero Beca aBTOMOGHJISI; CKOPOCTH ABHXKEHHSI MPHHUMAJHCh
10, 20 u 30 xm/4.

PesynbraThl HcnbTaHHi, NpoOBeleHHbIX Ha acdanbre (puc. 6),
IOKa3bIBAIOT, YTO NPH OAMHAKOBBIX YrJaX NMOBOPOTa YNpaBJsieMbIX
KojeC aBTOMOOMJb C NPHBOAOM Ha NepelHHH MOCT TOBOpayHBa-
eTcsl N0 TPaeKTOPHH C MEHBIIHM pPaAHyCOM, YeM aBTOMOGHJbL C
sanuuM BeaymuM Moctom. C yBesnyeHHeM Beca, NMPHXOASILIErOCs
Ha nepejHHe KoJjeca, IJsi aBTOM0Ou/eil 06eHX KOMIIOHOBOK BO3-
pacraer pajaHyC NMOBOpPOTa NPH HEHM3MEHHOM COOTHOIUEHHH JaBJie-
HHSl BO31yXxa B lIMHAaX. VaMeHsis cOOTHOLIeHHe BO3AyXa B IIHHAX
nepelHHX M 3aJHUX KOJIeC, MOXHO AOOHTbCSA MNpPAKTHUYECKH HEH3-
MEHHOTo pajaHuyca NMOBOPOTAa aBTOMOGHJ/ISI ¢ M3MEHEHHeM Beca, NpH-
XOAsiLIerocss Ha BeAyI(HH MOCT. Pe3ysbTaTel MCHOBITAHHIl, MOJYYeH-
Hble Ha TPYHTe M NecuaHoil Jopore, aHAJOTMYHBl pe3yJbTaTam, Io-
JIyueHHBIM Ha acdaJbTe.

Hnsi onpeneseHHs 3KCIUIYaTalHOHHBIX IOKasartesjell aBTOMOOH-
JieH ¢ pa3JHYHBIMM KOMIOHOBOYHbIMH cxeMaMH B HAMU Obuiu
NpoBeJleHbl CPaBHHUTENbHBIE HCIBITAHHS aBTOMOGHJEN pPas3jHYHBIX
mapok. Hcneitanusi nmokasanu (puc. 7), 4TO NPH ABHXKEHHH TO
CKOJIb3KOH 3acHeX<eHHOH Jl0pore < MOABEMOM JIYYLIyI0O MPOXO-
nuMocTh umesa aBroMoGuiab Illkoma 1000 MB (c 3aguum pacnosio-
JKeHHeM J1BHraTens), 3ateM cienyior Ilexxo 204 (c mpuBomom Ha
nepeanuii Moct) ¥ MockBuu-408. Xyawasi nmpoXooHMOCTb aBTOMO-
6uns «MockBuu»-408 06bsCHSETCS MNpexJe BCEr0 MEHBbLIMM CLeM-
HBIM BECOM.

IIpun ucnbiTaHuu 3apy6GexxHelx aBroMobGujeit Peno P-4, dopn
Taynyc 12M, Moppuc 1100 u ap. ycraHOBJeHO, YTO aBTOMOGHJb
Peno P-4 nerko naBuxeTcs mo A0pore ¢ CyXHM TPaBSHUCTBIM TMO-
KpbiITHEM ¢ yrJjoM mnoabeMa 15,5° (Ha npeomosieHue GOJbIIHX
NOABEMOB MOIIHOCTh [BHraTeNsi okasajach HexocratouHoil). Ha
3aMepslieli mocjie NOXAS AOpPOre C TPABSHHCTBIM MOKPBITHEM 3TOT
aBTOMOOMJIb He CMOr mNpeonoJeTb moabeMa 13° u3-sa HemocraTou-
HOTO CLEMNHOr0 Beca, YTO MOXKHO OGBSICHHTH HEOOOCHOBAHHBIM BbI-
6OpoM IJs1 JaHHOrO aBTOMOOWJISI Beca, NMPHXOAALIErocsl Ha Nepen-
Huit MocT (npu nojHoil Harpyske G,=0,477 G,). Hoporu ¢ Takum
JKe TOKpbiTHEM C yrJjom mnoaseMa mo 13,5° serko, a 15° ¢ npoGyk-
COBbIBAHHEM NpeofOJ]eBaJ aBTOMOOHIb C MHepeJHUMH BeLyLHMH
konecamu Popxa Taynyc 12M, umerournit G;=0,533 G...

[Tpu nBHXKEHUH TO 3aCHEXKEHHOH LeJHHe AaBTOMOOHJH C TNpH-
BOJOM Ha mnepegHHHl MOCT MNPOXOAUIH 3aJaHHble YYacCTKH HOPOTH
6osnee yBepeHHO M OBICTPO, YeM aBTOMOGHJIM APYTHX KOMIOHOBOK,
a N0 MaHeBPEHHOCTH 3HAYHTEJNbHO NMPEBOCXOLHIH HX.

PesynbraThl npoBedeHHBIX Ha JbAYy HCHBITAHHI aBTOMOOHJEN
Onnenp Kagzer (kaaccuueckass komnoHoBka), Peno R-8 (c 3agnum
pacnonoxkennem nBurarens), Popa-Taynyc 12M u Peno R-4 (c
npUBOAOM Ha NepegHuil Moct) (Tabia. 3) MoKasbIBalOT, YTO yNpaB-
JeHHe aBTOMOOHJeM < MNpHBOJAOM Ha TMepelHHe KoJjeca INpH
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ABUKEHHH M0 KPYry M «3MeHKe» 6blio 6oJiee JIErKHM, YeM aBTOMO-
O6HJISIMH APYTHX KOMIOHOBOK.
3akJIoYeHHe HeOGXOAHMO cHesaTh CJAEAYIONIHEe BbIBOALL:

1. ABTOMOGH/H C BeAYLIMMH NepefHHMH KoJecaMH HMEIOT Jyy-
LIyl0 KOMIAKTHOCTb, HaHWOOJbIUMI pa3Mep cajJoHa H OaraxHHKa,
Jyuuyio 60KOBYIO YCTOHYHBOCTb NPH ABHXKEHHH Ha MOBOPOTE, UTO
BBI3BAJI0 HeNpeKpallaloILMICA POCT BBHIIYCKA 3THX aBTOMOGHJEIl
MO CpPaBHEHHIO C aBTOMOGHJIAMH APYTHX KOMIIOHOBOK.

2. llna oGecneyeHHs] COCOOHOCTH aBTOMOOHJSI C  BeLyLIUMH
NepegHMMH KoJjecaMH JBHraTbCsl Ha NOABbeM He06XOAMMO, UYTOOGBI
BeC, NMpHXoAsuuiics Ha nepemnuit Moct, G;=(0,55--0,60)G, nas
rpyxeHoro aBToMobuass u G,= (0,6--0,65) G, naa HerpyxeHOro
aBTOMOOHIS. .

3. ABTOMOGHJH C BeAYIUMMH NepefHHMH KOJEeCaMH HMEIOT JIyy-
Hylo ynpabisieMocTb M OGOKOBYI0 YCTOHYMBOCTb. IIpu yBesMueHUH
Beca, NPHUXOASILErocsi Ha 3TOT MOCT, HECKOJNbKO YXyAHIaeTcs HX
MaHeBPEHHOCTb, HO OCTaeTcs Jyuylllef, YeM MaHeBPEHHOCTb aBTO-
MoOuJIell ApYrHx KOMIOHOBOK. BinsiHMe pacnpejieneHusi Beca o
OCSIM Ha MaHEBPEHHOCTb aBTOMOOHJS C IPUBOAOM Ha IepexHHUit
MOCT MOXeT OBITh YCTPAHEHO NPAaBHJIBLHBEIM NOAGOPOM COOTHOILLE-
HHUSA JaBJeHHs BO3LyXa B IIHHAX NepefHHX H 3aJHHUX KOJec.

JIUTEPATYPA

FoaomMmunos A. M, Cremenko B. II, Bopucenko I. B,
Jlax B. K. Uccnenosande npouecca ABHXKEHHS aBTOMOOHASA ¢ NepefHHMH Bedy-
IIHMM KOJIecaMH Ha noaneM. B c¢6. «ABTOMOGHJBHLIN TpaHcnopT», Ne 3, Kues,
«Texnuka», 1966.

roJjiIOMHI0B A. M.

HEKOTOPBIE BONMPOCHI TEOPMHU NMOBOPOTA
JIEFKOBbLIX ABTOMOBMIEA TUMNA «3AMOPOXEL»

3a nocjaefHHe roabl 3HAYHTENBHO BO3POCAH CKOPOCTH ABHXKe-
HHs aBTOMOGHJIell, a CJeOBaTeJbHO, U TPeGOBAHHS K HX YyNpasise-
MOCTH H YCTOHYHBOCTH. )

Ha ynpaBiasieMocTs H YCTOHYHBOCTb aBTOMOOGHJS CyLIeCTBEHHOE
BJIHSIHHE OKa3blBalOT KOMIOHOBKa aBTOMOOWJISI, pacrnpelelieHHe ero
Beca MO OCSIM, CXeMa pYJIeBOTO ynpaBJieHHs,, KOHCTPYKTHBHBIE OCO-
GeHHOCTH 3JIEMEHTOB MOABECKH, COOTHOLIEHHe AaBJIEHHH BO3AyXa B
IIHHAX NMepeJiHHX H 3aJHHX KOJIeC H Jp.

OG6BIYHO CylLIeCTBYIOLIHE aBTOMOGHJIH NOAPasfeNsioT Ha aBToO-
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MOGHJIH C HeJOCTaTOYHOH MOBOPAYMBAEMOCTBIO TPH —K—>———, c
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[I0BOPaylBaeMOCTbIO INpH K, = k. The Y, u Y, — GokoBhle pe-
1 2

aKUHUH, AeHCTBYIOIHE COOTBETCTBEHHO Ha MNepelHHe M 3aJHHE KO-
aeca; K, u Ky — Ko QHIHeHTbl CONPOTHBJEHHSI YBOAY LIHH CO-
OTBETCTBEHHO NepPeAHHX M 3aJHHX KOJeC aBTOMOGHJIS.

KosadduuneHT conmpoTHBAEHHS] YBOAY IIHH 3aBHCHT OT KOHCT-
PYKUHH ILHHBI, a /151 KOHKPETHOH WIIIHBI — OT BepTHKaJbHOM Ha-
TPY3KH H JaBJieHHs BO3[yXa B LIMHE.

CpaBHHTe/IbHO HETPYOHO TMOJYYHTb aBTOMOGHJb, HMeIOLHII
HeHTpaJIbHYI0 MOBOpauMBaeMocTh, ecld K;=Kj, a Y=Y, T. e. ecu
BeC aBTOMOOHJISI DaBHOMEPHO pacnpefiesleH MeXIy NepeJHHMHU H
3aJHUMHU OCSIMH.

Onnako aBTOMOOHMIM THNA «3anopoxkeu» B GOJbIUHHCTBE BhIMY-
ckalorcs J1160 ¢ 3aJHHM PacrnoJioXKeHHeM [BUTaTesNsi H NPHBOIOM
Ha 3ajJHHe KoJeca M BecOM, NPHXOASIIIHMCS Ha NepeXHIol  OCh,
G~ (0,4+-0,45) G4, 160 c mepegHHM pacClOJOXKEHHEM JBHraress
H NpUBOJIOM Ha nepenHue kKojeca u G,= (0,55--0,63) G,. Ilpu co-
XpaHeHUH IJs1 Takux aBTromMoOuJeli paBeHcTBa K;=K, mnepBbie H3
HHX Oyayr o6sagaTb H3GBITOYHON, BTOpble — HEJOCTATOYHOH MO-
BOPAYNBaeMOCThIO, T. €. 110 YIPaBJAsieMOCTH HH Te, HH ApPYrue aBToO-
MoOuau He OYAYT OTBeuaThb TPeOOBAHHSM, NpPELbSBASEMbIM K Jer-
KOBEIM aBTOMOOHJISIM,

CoBpeMeHHble JIerKOBble aBTOMOOHMJH HUMEIOT IUHHBI OXHOI'O TH-
nopasmepa AJsi nepeqHHX H 3axHHX Kosec. IToaromy, uToGHl CO3-
JaTb aBTOMOOMWJIb C oONpejesieHHOH NOBOpaYHBaeMOCTbIO, Heo6Xo-
IUMO BbIOMpaTh HaBjieHHe BO31yXa B IIMHAX MMepPeIHHX M 3aJHHX
KoJieC He TOJNBKO M3 YCJOBHIH YNDaBJISIEMOCTH.

Y Hosoro astomo6uisa 3A3-966B 419% o6uero Beca aBTOMO-
6uasi NMPHXONUTCS Ha nepeaHue M 599 Ha 3agHHe Koseca mnpu
IaBJeHHH Bo3ayxa B wHHaxX 1,4 nepemnux u 1,7 «l'/cm? 3aguux
kosec. OueHka ynpaBiAsieMOCTH TAaKOTO aBTOMOOHJS MOXeT GHITh
npousBeJieHa NPH CPaBHEHHH KPHTHUYECKOH CKOPOCTH C MaKCHMalb-
HOl CKOPOCTbIO ABHXKEHHS, €CJIH aBTOMOOH/Ib HMeeT H3GBLITOUHYIO
NIOBOPAYHBaeMOCTb; MO Pa3HOCTH YIVIOB YBOJA NMEPeAHHX H 3aJHHX
Kojec mnpu OOkoBo# cuje, paBHOH 0,4 CHJIBI THAXKECTH aBTOMO-
Ounasl.

H3BecTHO, UTO KPUTHYECKasi CKOPOCTb aBTOMOGHJSI MOKeT GHTh
onpejeseHa W3 BBIpaXKeHHA

gL
G, G,

K: K
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OnrumanpHoe 3HaueHHe PAa3HOCTH YIJOB YBOAA NEPEeIHUX H
3aJHUX KoJiec, Mo maHHbIM PanbkeBuua B. C., HaXxoZHTCST B Ipe-
nenax 2—--3°

Jas paccMarpuBaeMoOro aBTOMOOGUJSI NPH 3aJaHHBIX HAABJEHHUSIX
BO3AyXa B IIMHAX, KaK MOKa3ajH KCCJAeJOBaHHSA, 3TH BEJHUYHHBI
COOTBETCTBEHHO COCTaBJAIT U,, =120 km/u u §=—(2+2,5°).
Ilpu yBennueHHH HaBJEHHs1 BO3AyXa B IUHHAX 3aJHHX KoJiec IO
1,9 u 2,1 «I'/cmM? 3TH BeJMYHHBI BO3PACTAIOT COOTBETCTBEHHO [0
Vep=129 &mfu; §=—(1,5+2°) u v,p, =137 km/4; §=—(0,5=-2°).

Puc. 1. CxeMa moBopoTa ympasisieMblX KOJEC aBTOMOGHJeN

G — C NPHBOAOM Ha SajHHE KoJeca; 6 —C NpHBOAOM Ha nepenHHe
KoJieca

OnHako NpH 3TOM YXYAIIAeTCs MJIABHOCTh XOZa aBTOMOGMJS, OCO-
GeHHO NpPH BTOPOM 3HAYEHHH MAaBJIEHHsS. YMEHbllEHHE [aBJeHHs
B LIHHAX NepefHux Kojaec n0 1,2 «I'/cm? BHI3OBET NOBHILIEHHbIH
H3HOC 3THX IUHH.

B cBsidau ¢ ycraHoBKOH Ha aBToMoOuan 3A3-966 nBurareas
6oJiblef MOIIHOCTH BecC, NPHUXOAsALIHACA Ha 3afHHEe KoJjeca, yBe-
anuyuBaercss Ha 40—50 xe, uTO yxyAulaeT ynpaBJsieMOCTb 3THX aB-
TOMOGHJel1. Bo un3bexaHue 3TOro cjaelyeT MHOBECTH JAaBjeHHE
803/lyXa B IUMHAX 3agHUX Kojec mo 1,9 x[/cm? (ecaum ycraHasiu-
Balorcss wWHHB 5,20—13) uam nogo6path HOBBIE LIHHBL, KO3ddu-
L(HEHT COMPOTHBJEHHS. YBOAY KOTOPHIX B OOJbliell CTeNeHH 3aBH-
cesl OBl OT IaBJIEHHsI BO3[yXa B HHUX.

AHnanu3 mokasbiBaeT, YTO YNPaBJseMOCTb aBTOMOGUJS C Mepen-
HMMH BeAYIIHMH KoJecaMH NpHOJHXKaeTcs K ONTHMAJbHOMY 3Ha-
YeHHIO, eCJH INepefHHe Kojeca O6oJiee HarpyxeHbol. Kpome Toro,
5TH aBTOMOOHJIH BCJEACTBHE KOHCTPYKTHBHBIX OCOGEHHOCTEH HMEIOT
JyyllHe YNpaBJ{eMOCTh H YCTOHYMBOCTb. [/ H3yueHHS BO3MOXK-
HOCTeH CO3laHHsl aBTOMOOGWJS THNa «3amopoxely» C NepeaHHUM Be-
LyLIHM MOCTOM PacCMOTPHM 3TH OCOGEHHOCTH.

IIpn nBHXKeHHH aBTOMOGHJS C NMPHBOAOM Ha 3ajHHE KoJjeca I0
KPHBOil, KOrjla ympasJjisieMble KOjieca IMOBEDPHYTH Ha HEKOTOPBI
yron 0 OTHOCHTeNBHO ocH aBToMoGuiasi (puc. 1, a), Toakaloulee
YCHJIHe CO CTOPOHBI BEAYIIHX KOJIeC Ha MNepeaHIO OCh

x =19 (1)
cos @
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rae [ — Ko3p}uIHEHT CONMPOTHBJIEHHsI KAayeHHIO KoJieca Mo Jo-
pore;
G, — Bec aBTOMOGHJIS, NPUXOMSILUMICA HA MepPeNHIO OCh.
Cuna X’ packnangbiBaeTcsi Ha IBe COCTaBJAsIOLHe, OfHA H3 KO-
TOPHIX AEHCTBYeT B IUIOCKOCTH KoJieca H ONpejessieTcst Bbipae-
HHeM

P;:'fGl, (2)

a BTOpas HanpasjeHa MepHeHAUKYJSPHO NMJOCKOCTH KoJeca H MO-
KeT GHITb BblpaXKeHa ¢opMyJoil

P, = fG, tg®. 3)

Cuna P, cyMMHpyeTCsi C COCTaBAsiOLleH OT LEHTPOOEXHBIX
cun. Torma cymmapnHass GOKOBasi peakiHsi JOPOrH Ha YHpasJse-
Mble KOJieca aBTOMOOUJISI

. Gﬂ Uz b
Y1 ¢ Reosd L + fG, tg®, 4)
rle U — CKOPOCTb [BHXXEHHS aBTOMOGHJISf;
L — 6a3a aBTromoGuJs;
R — paxguyc KpHBH3HBI TPaeKTOPHH, MO KOTOPOil [ABHIKETCA
aBTOMOGHJIb;
b — paccTosiHHe TMO TOPH3OHTAJJH OT LIEHTPA TSAXKECTH 10 OCH
3amHHX KOJIec;
G, — o6uuil Bec aBTOMOGHJIS.

Ilpu aBHKEHHH Ha NOBOPOTe aBTOMOOHJISI C NPHBOAOM Ha Ie-
penHue xoJseca (puc. 1,6) nas 1peonoJIeHHs] CONPOTHBJIEHHS Ka-
YeHHIO 3aZHHX KOJIEC K YNpaB/sieMBbIM BeAYUIHM KOJIecaM JOJIXKHa
ObITh NPUJIOKEHA CHJIA TATH

X" = fG,cos (), (5)

rae G, — Bec aBTOMOGHJNS, MPHXOASIUHKICA Ha 3aJHHE KoJeca.

[Tpu 3toM Bo3HHMKaer GOKOBasi CHjia, HampaBJieHHas neprneH[H-
KyJsSipHO IJIOCKOCTH KoJieca W TDOTHBOMOJIOXKHO  IEHTPOOEXKHBIM
cHJIaM:

P, = {G,sin 6. (6)

Torxa GokoBasi peakuusi, AeHCTByioLlasi Ha NepelHHe BelyllHe
KoJeca,

b .

Ananus ypasuenuit (1) u (5) mokasbiBaer, 4TO NPH JABHXEHHH
aBTOMOGHJISI C TMepeAHIIMH BeAyluMH kKosnecaMu u G;=G, Ha mo-
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BOpOTe HeoOXoAMMasi TArCBasi CHJa IJisi MPEOXOJEHUs] CONMpPOTHBIIE-
HHSl KayeHHI0O BeNOMBIX KOJieC paBHAa AaHAJIOTHYHON TSArOBOH CHJe
aBTOMOOHWJISI C TNPHUBOAOM Ha 3ajJHHe Kojeca, YMHOXEHHO#l Ha
cos2 0.

PasHuua B TAroBBHIX YCH/IHAX, HEOOXOAMMBIX Ha npeojoJe-
HHE CONpPOTHB/EHHS KayeHHIO BeIOMBIX KoJiec AJsi paccMaTpuBae-
MBIX KOMIIOHOBOK aBTOMOOHJISI, GBICTPO pacTeT C YVBeJHYEHHEM KO-
apduuneHTa CONPOTHBIEHUS KaueHHI0 (NPH ABHXKEHHII HA MOADb-
€M — cyMMapHoro KkoadduuueHTa CcOnpoTHBAEHHsT Y=f+i) u C
yBeJHUYeHHEM YrJja IOBOPOTa YMNpaBJsieMbIX KOJEC.

3asuouMoctd AX=X'—X"=f(8), noacuyutaHHble AJS aBTOMO-
6uns o6mum BecoM 1100 x2 u ¢ G;=G,, ABHXKYILIErocs Mo LOPO-
raMm c pasJHYHBIMH KO3 pHuuUH-

€HTaMM CONPOTHUBJIEHHS Kaye- ﬂ;\' S

HHIO f, TIpeNCTaBJeHB Ha pHC. 2. “\"%‘

PacueTsl nokasbiBalOT, YTO Ha 3z

achanbTHPOBAHHOM TOpPH30H- ol

TaJbHOH Hopore ¢ Ko3dduuueH-

ToM [=0,02 Beauunna AX npu 20 -

BCeX YrJax MOBOPOTA He TMpeBbl-

maer 3,0 k. OnHako npu ABH- 0 A ‘/V

JKEHHU Ha TIOLBbEM MO TaKOM XKe = 7,05 ]

Jopore BennunHa AX ObICTpo %///;7%02/

pacrer, a npu y=0,3 gocruraer jEmmt—— 1 ——1"—

475 kI. 10 15 20 25 8°
Hast MOATBEpXKIEHHS BbiCKa- Puc. 2. 3asucumocts AX=f(0)

3aHHBIX MOJIOXKEeHHH OblIN Tpo-

BeJleHbl HCC/IeOBaHHUsl OMbITHOro o6pasua aBToMOGHaA «3anopo-
J)Kell» ¢ KoJjecHoit opmysnoit 4X4. B pe3yabrarte nmoouepeaHoro or-
KJIOYeHHUs TiepefHero M 3aJHero MOCTOB NOJy4aJHCh ABE paccMar-
pHBaeMble KOMIOHOBKH, YTO MO3BOJIHJIO TMOJYYHTb CPaBHHMbIE [aH-
Hble Ha OLHOM H TOM XXe aBTOMOGHJe. B KauecTBe OlIEHOYHOTrO ma-
paMeTpa MCIOJb30BaJHCh 3HEpreTHYeCKHe 3aTpaThl Ha NepeiBHKe-
HHe aBTOMOOUJA (yLeJabHbIH pacxo/ TONMJHBA).

HcnbiTanuss NPOBOXHIHCh Ha acdajJbTHPOBAHHOM Liocce M HA
TpaBSAHHCTOM rpyHTte. [IpH IOBHXKEHHH 1O NPSIMOMY TOPH3OHTaJb-
HOMY y4acTKy ac¢ajJbTHPOBAHHOrO ILIOCCE H TPABSHHUCTOrO TPYHTA
YAeJbHbIH Pacxox TomIHBa aBTOMOGHJIell 06eHX KOMIOHOBOK OBl
OnHHAKOBEIM.! [Ipn [BMXKeHHH 1O achaJbTHPOBAHHOMY LIOCCE HA
"fI0AbeM C OOJIbILIMM YHCJIOM INOBOPOTOB YAEJbHBIH Pacxoi TOMIHBA
a7l aBTOMOGHJISI ¢ NPUBOJOM Ha NepefHHe Kojeca cocraBua 91,6%
YAEJNBHOT0 pacxofa TOMJIHBAa aBTOMOOW/ISI C NPHBOAOM Ha 3adHHe
KoJieca. ’

JlononHuTeNbHO OBLIH MpPOBeXEHBl HCHBLITAHNS NPH JBHXEHHH MO
Kpyram JHaMeTpoM 16,2; 27; 37,2 m Ha rOpH3OHTAJbHOIl TPYHTO-
BOI mJoulazke C Kostbq:muuemom COMpOTHBAeHs KaueHuio 0,04.
B KauecTBe OIIEHOYHOrO mapameTpa NPHHHMAJHCh Pacxol TOMIHBA
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NpH MOCTOSIHHON CKOPOCTH JBHXXEHHs v=15 KM/4 M CKOPOCTb ABH-
JKeHHs1 aBTOMOOHJISI NPH NMOCTOSHHO 3aKpemJIeHHOH APOCCeJbHOM 3a-
CJIOHKe.

Pesysbprarhl HCNBITAHHE INOKa3aJjH, 4TO NPH ABHXKEHHH aBTO-
MOGuJIeli paccMaTpHBAeMBIX KOMIIOHOBOK C YCTaHOBHBIIEHCS CKO-
POCTbIO pAacxoi TONJIMBA BO3pAcTaeT C yBeJHUeHHEM YIJia MOBO-
pora ynpasiasieMblx Kosec. OJHaKO pacxoi TOMIHBA Y aBTOMOGHJ
C NpUBOAOM Ha NepefHHe KoJieca B cpeiHeM Ha 69, MeHblle, ueM
y aBTOMOOH/ISI ¢ NPHBOJOM Ha 3aJHHE KoJeca.

IIpn gBHXKeHHH MO KPYTrY C MOCTOSIHHBIM YIVIOM OTKPBITHSI APOC-
CEeJbHOIl 3aC/IOHKH C YBeJHYeHHeM Yrja NoBopoTa HabJaI0AasoCh
yMeHblIEHHe CKOPOCTH aBTOMOOHJell 0Genx KoMmMnoHOBOK. OnHako
BO BCEX CJy4asiXx CKOPOCTH aBTOMOOH/ISI C NMPHBOAOM Ha MepelHHE
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Puc. 3. MameHeHne pajmnycos Io-
BOpOTa B 3aBHCHMOCTH OT yIJa IO- 20
BOPOTa YNpaB/sieMBIX KOJec aBTO-
MoGuJed: 0
Gs 04 2-91_05 3_I1_0s
I—E;-OA, 2—Ga 05; 3 Ga 0,6;
coroiie nunun e mpworow, io 1 Puc, 4. Sasyommocrs Py

C MPHBOAOM Ha SajlHHe KoJjaeca =

KoJieca Gbliv MpUMepHO Ha 5,79% Bblilile, Y4eM CKOPOCTH aBTOMOGHJIS
C NpPHBOAOM Ha 3afHHe KoJjeca.

Ananus ypasHenuil (3) u (6) mokasmbiBaer, 4TO CHJIa P, neii-
CTBYeT B ONHOM HalpaBJeHHH C LEeHTPOOEeKHOH CHJIOH, cjenoBa-
TeJIbHO, YBEJHUYHBAETCS YBOJ VIpaBJseMBIX Kojec OT LeHTpa mo-
BOPOTa, a 3HAYHT, YXYAIIAeTCsl YNPaB/sEMOCT H MaHEBPEHHOCTb
aBromo6uns. Cuna Py, HeHcTBys B OGpPaTHOM HampaBJieHHH MO
OTHOLIEHHIO K HAalpaBJeHHIO LEHTPOOEXKHOH CHJBI, CHOCOGCTBYET
Jyulieil ynpasjsieMOCTH M MaHEBPEHHOCTH aBTOMOGuJsi. Pesyibra-
Thl HCCJIEOBaHIji YCJIOBHH NMOBOPOTa aBTOMOGHJsi O0GeHX KOMIOHO-
BOK, NpOBeJeHHble B JOPOXKHBIX YCJOBHSIX, NMOATBEPXKAAIOT BHICKA-
3aHHbIE M0JIOXKEHHS.
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Ha puc. 3 npencraB/ieHbl 3aBUCHMOCTH PagHyCOB H YIVIOB {10-
BOpOTa ynpaBJsieMblX Kosec. M3 £paduKOB BUIHO, YTO ABTOMOGUIH
¢ TpPHBOAOM Ha mMepelHHe KoJeca MOBOPAYHBAIOTCS € MEHBIUMMII
pamuycaMHu, uYeM AaBTOMOOHJH ¢ 3afHHUMH BEAYLIIUMH KOJeCaMH.
OueBHAHO BeqHYHIA PA3HOCTH PAAHYCOB ONPEAENSETCS BENHUMHOI
LeHTPOGEeXKHON CHAbL H CyMMOji GOKOBHIX cua P,=P,+P,; mo-
ClIelHss, B CBOIO OuYepelb, ompejensercs BeJIUYHHOH yIia MOBO-
poTa ympaBJsieMblX KoJec 'H 'KOI((HIHEHTOM ICONpPOTUBJIEHIIs
Joporu. Ha puc. 4 mpencrasienbl 3aBucumoctd  Py,=f(0) npn
pasmuyHbIX KodddHUMeHTaX CONPOTHBJEHHS KauyeHUI0 (Bec aBTO-
MoGuasi 1100 ke, G,=G;), KoTOopble TMOKa3bIBAIOT, YTO MpH lyrie
MOBOPOTA yHpaBJisieMblx Kosec 15—20° BenuuumHa pasHoctd abco-
JIIOTHBIX 3HayeHHH OGOKOBBIX CHJ OGJH3Ka K (BeJHYHHE TSArOBOrO
yCHJIHS, Ppa3BHBaeMOro Ha NEPeNHHX
BeNYIIUX KoJecaX. YMeHblleHHe pas- %
HOCTH paJuycoB TNOBOPOTAa C YBeJHYe- P
HHEeM yria NOoBOPOTa YNPAaBJSEMbIX KO- ﬁ

Jec (cM. puc. 3) MpH ODHUX H TeX »Ke % )
CKOpOCTAX 00bsicHsIeTcst 6oJiee OBICTPHIM z
pocTOM UEHTPOGEKHBIX CHJI C yBeJuye-

HHeM 0 110 OTHOLIEHHUIO K cHJe P, kKorga Puc. 5. Cuabl, aeitctyiouwue
3HaYyeHHe MOC/aeHeil B CyMMapHOil 60Ko- Ha aBTOMOGHIbHOE KOJeco
BOH CHJIe COKpalaercs.

TakuM 06pasoM, MOXHO 3aKJIOYHTb, YTO ABTOMOGHJIM C NPHBO-
IOM Ha nepeaHHe Koseca o6JgafalT Jydlleid ynpaBaseMOCTbIO I
MaHEBPEHHOCTbIO, YeM AaBTOMOOMJIM C 3aZHHMM BeJyLIHMH KoJje-
caMu. .

Ananus ypaBHenuit (4) u (7) mnokaseiBaeT, 4TO 3aHOC YIpaB-
JsieMBIX KoJlec aBTOMOOHJISI ¢ MPUBOLOM Ha 3aJHHE KoJieca HacTy-
TIHT paHbllle, YeM 3aHOC KOJIeC aBTOMOOHJs ¢ NPHBOAOM Ha Inepef-
HHe KoJieca.

PaccMorpuM GOKOBYIO YCTOHYMBOCTD aBTOMOGHJS M3  YCJIOBHI
3aHoca 3agHUX Kojec. Insi ynpolieHHs aHanuM3a BTOpble COCTaB-
Jsiomre ypasHeHuit (4) u (7) B pacuer He NMpHHHMaeM, 4TO Clpa-
BeJJIMBO AJIsI MaJblX YIJOB MOBOPOTAa YNpaBJsieMblX KoJec H 6GOJb-
IIMX CKOpocTell XBHXKEHHS.

Torma M0XKHO 3anucaThb

R ®)

HOnsa cnyyasi npeenbHOro CLEMJIEHHS] BeJOMBIX 3aJHHX KOJec
aBTOMOGHJIS € TOBEPXHOCTBIO JOPOTH ypaBHeHHe (6) npuMeT BHA

Y5 max o v?

G, gR
Tae @ — Ko3$(PHUHEHT cuenJeHUs KoJieC C MOBEePXHOCTbIO HOPOTH.
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Has Bepymux Kosjec aBTOMOOHJsi norepss GOKOBOH YCTOHYMBO-
CTH (32HOC) HACTYNMUT NPH MEHBIUUX 3HAYEHHSIX GOKOBOH peaKUHH,
TaK Kak CyMMapHas cHuJa, AeHCTByiolasi Ha KoJeco (pHc. 5), reo-
MeTPHUYECKH CKJaAblBaeTcsl H3 LEeHTPOGeXHOH cuabl Ys M TATOBOM
cunbl X, Toraa maxkcuManbHasi GOKOBasi peakuus

Y, max — sz_xz = V ((1’62)2 - ('lpGa)2

Yga,:a, =§%= VW (10)

rae P — cyMMapHbii Ko3((HUHEHT CONMPOTHBJEHHS KAuyeHHI0 H
noaseMmy.

C nomompbio ypaBHenuit (9) u (10) nocrpoenb GeapasMepHble

HOMOrPaMMBl [JISl ONpeleJeHHs] MaKCHMaJbHBIX CKOPOCTEH [BH-

JKeHHs Ha MOBOPOTe B Pa3JMYHBIX JOPOXHBIX YcJoBHsAX (puc. 6).

HIIH

Pmax (\§7 7@ @y
08 <
S =TT s e / / 4
I F — V
TN WA
//’/ ",'//Z’ '//;, t 04 E /| / \"’“/
PRI T
y 1// . // ///7/ 0z / /%
A ~ i
/l 4 .4
| 4’/ ﬂl 4 ’//{’ 7 =
[ ! (1)

¢ n3 02 a1 g 10 5 20 v m/cex

Puc. 6. XapakrepucTHKH GOKOBOH YCTOMYHBOCTH aBTOMOGHJSI MO cuem-
JIEHHIO:

G, G,
CNNOWHbIE  JHHHH — —=— =0,6; WTPHXOBLIE JHHHH —E-—=0,5; IITPHX-NYHKTHPHBIE
a

G
AHHHH —=- =04 -
Gy

IlpaBasi yacTh HOMOrpaMMbl NMOCTPOeHa Mo ypasHeHHio (9) H
NpeacTaBsieT 3aBHCHMOCTH CKOPOCTH ABHXKEHHMs M pajauyca IOBO-
poTta ot KoadpduuueHTa cuenJeHHs BeAOMOro KoJjeca ¢ JAOpoO-
rog. ' .

Ipeanonoxum, YTo aBTOMOGHJb IBHKETCS MO JAOpore ¢ Ko3ad-
¢unuenrom cuennenus ¢=0,2. Torna GokoBoii 3aHOC 3aJHHX Be-
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JAOMBIX KOJileC aBTOMOOWJISI HAaCTYNHT NPH IOBHXKEHHH MO KPyry ¢
paauycom R=20 m co ckopocTbio ABHKeHHs 2,6 sm/cex (Touka A),
a Ha kpyre ¢ paguycoM R=100 # — npu ABHKEHHH CO CKOPOCTbIO
142 m/cex (touka B).

Ilpn nBHXKeHUH MO Jopore C KOSQ)Q)HuHeHTOM CUEIVIEeHHS @=
=0,6 3aHOC HaCTYNHT NMPU ABHXKEHHUH MO KPYry C TEMH Ke pagHy-
CaMH COOTBETCTBEHHO NpH cKopocTsix v=11 m/cex (Touka C) u
v=24,5 mjcex (Touka N).

JleBast yacTb HOMOrpaMMBbI NOJIy4YeHa pelleHHeM ypaBHeHus (10).
Tak xak moaKkopeHHOe Bbipa)KeHHe 3TOrO ypaBHEHHs BKJ/IOYaeT ro-
PH3OHTAJbHYIO KOOPAHHATY LEHTPA TSAXECTH, TO NOCTPOEHHSI Npo-
BelleHbl AJIs1 BCeX BO3MOXKHBIX BApPHAHTOB paclnpelefieHHs Beca MO
ocsiM aBTOMOOMJIeli MaJioro kjacca Tuna~3amnopoxeny», T. e. G;=
=0,4 Gq; G1=0,5G,; G,=0,6 G,.

[TpomexkyTouHble BapHaHTHI MOTYT GbIThb MOJYYeHbl HHTEPMOJH-
pOBaHHEM.

ITpu ABHXKXeHHM aBTOMOGHJS C MPHBOLOM Ha 3ajHHe KoJeca Mo
nopore ¢ cymMmapHbeIM conporhBieHueM $=0,18 u ¢ ko3pPuuueH-
ToM cuenyienuss @=0,6 3aHOoC 3aXHHX BeRYIUHX KOJeC HAaCTYNHT
npu ‘ckopoctH v=38,0 m/cex pns pamuyca R=20 i (Touka E) u
npu ckopoctH v=19,8 m/cex ans pamuyca R=100 u# (touka F),
ecan y aBroMo6uns G,=0,6 G,. ITpu G,=0,5 G, u Tex Ke KOPOXK-
HBIX YCJOBHSIX 3TH CKOPOCTH OYAYT cooTBeTcTBeHHO 10 m/cex
(touka D) u 22,2 m/cex (touka M).

ITosnyyeHHble 3aBHCHMOCTH MO3BOJSIOT ONpENENsATh MaKCHMaJb-
Hble CKOPOCTH [IBHXKEHHS Ha MNOBOPOTe C 3afaHHBIMH pagHycaMm
KM MHHHMaJbHble PafMychl NOBOPOTAa C 3aJaHHBIMH CKOPOCTAMH
IBHXXEHHSI aBTOMOOHJSI B 3aBHCHMOCTH_OT KO3(dHuuHeHTa cuene-
HHSl 3aJHHX KoJlec.

ITpencraBneHne KOHCTPYKTHBHBIX NapaMeTPOB aBTOMOOHJS Npi
NOCTPOEHHH rpa(uKoB B 6e3pa3MepHBIX BeJHYHHAX INO3BOJIHJIO HC-
1011b30BaTh NOJNYy4YeHHble 3aBUCHMOCTH [Jsi Pa3jIMUYHBIX aBTOMOGH-
Jiefl, T. e. JesaeT NpeiacTaBleHHble TpaduKH YHHBEpPCaJbHBIMH.

[TonyyeHHble rpa¢HKH NOKa3bIBAIOT, YTO aBTOMOGHJH C NPHBO-
JOM Ha NepefHHe KoJjieca HMelOT. 60jiee BLICOKYIO YCTOHYHBOCTD
npotuB GOKOBOro 3aHOCA, YTO NMO3BOJISIET 3THM aBTOMOOHMJSAM IBH-
ratecsl ¢ OoJiee BBICOKMMH 3KCIUVIyaTalHOHHBIMH CKOPOCTAMH IO
OTHOILEHHIO K aBTOMOGHJIAAIM C NPHBOAOM Ha 3aJHHe KoJjeca.

OnbiTHble 32e3[bl, NMPOBeJleHHbIE HA AOpOrax ¢ GOJbLUIHM KOJH-
4YeCTBOM KpPYTbIX MOBOPOTOB, NMOATBEPAMJIHM BBICKAa3aHHbIE MOJOXe-
Hus. Tak, npu aBuKeHuH no achajJbTHPOBAHHOMY ILOCCE CPeRHSAS
CKOPOCTb aBTOMOOMJ/ISI C NMPHBOAOM Ha NepefiHHe Kojeca Ha yyacT-
ke mnpotrsKeHHocTbio 30 km cocraBusna 108% mno oTHoweHHIO K
cpenHeil CKOpPOCTH aBTOMOOMJISI C NPHBOJOM Ha 3ajfHHe KoJjeca.
Ilpu pBHxKeHUH aBTOMOOWJSA Ha JOpOTax C MeHbIUNMH K03 dHiH-
€HTaMHU CLeNJIeHHs] ¢ Pa3sHOCTb MeXAy CKOPOCTAMH OLICTPO BO3pa-
cTaeT MO Mepe YMEHbLIEHHA @.

2%



BACCEPMAH I'. M., IEYEB B. H.
u OJbAK B. 1.

UCCNEQOBAHME ASPOAMHAMMYUYECKMX XAPAKTEPMCTUK
PA3JIMYHLIX MOAEJIEA ABTOMOBMJIIEM «3AMOPOXKELL»
M KOHCTPYKLIMA MX BO3AYXONPUTOKOB

[Ipu cospanuu aBTOMOGH/ISL ¢ 3aJHMM pacHOJOXKEHIIEM [BHTa-
TeJIsT C BO3AYWIHBIM OXJaXKJeHHeM NPHXOIHTCA pelaTrh CJOXKHBIE
3ajlaul, CBsi3aHHblEe C MOABOAOM OXJIaXK[aloOLero BO3AyXa B MOTOP-
Hblil oTceKk. PellleHHe Takux 3agauy MoxKeT GBITh BBLINOJHEHO OGBICTPO
4 0e3 GOJBIIHX MaTePHAJBHLIX 3aTPAT NPOBeJEHHEM COOTBETCTBYIO-
LIMX ONBITOB HAa MOJeJAX aBTOMOOMJIEH B a3poXUHAMHUECKOH TpY-
6e. B Helt Moryr GbiTh NpOBeNeHBl H APYrHe a3poJHHAMHUYecKHe
MCC/IeOBAHUSI aBTOMOOMWJIS, KakK, HanpuMep, ONpejesieHHe ero
Ko3¢duureHTa J1060BOro CONPOTHBJIEHHS NMpPH MNPOAYBKE MOJEJH.
JlocraTouHo GoJbluMe pa3Mepbl NPOTOYHOR YacTH TPYObl MO3BO-
JIAIOT TaKXe MPOBOAUTH CPaBHUTEJbHblE HCCIEJOBAHHS HATYPHbLIX
BO3/yXONPHEMHBIX OTBEPCTHH, PACHOJOXKEHHBIX B 3afZHHUX KPBLIbSX
ABTOMOGHIISA.

B Hacrosiiee BpeMsi NJs1 MOXOGHOTO, pOoAa HCCJAENOBAaHHI Hau-
6oJiee LIMPOKCE pacNpOCTPaHEHHe IMOJYYWJIH a3pOAHHAMHYECKUE
TPYOHl C OTKPHLITOH paboueil YacTbl0 H 3aMKHYThIM moTtokoM. Haunu-
yHe OTKPBITOM paboueii YaCTH B 3HAUYUTENbHOIl cTemeHH oGJerdyaer
fipoBeJleHHe SKCINEepUMEHTa U YINpOLIaeT CO3JaHHE PaBHOMEPHOTO
noJisi ckKopocteifi B IleHTpe pabouero ceueHusi moroka. B TpyGax
3aMKHYTOH KOHCTPYKUHHM MCHOJb3yeTCsl KHHETHYeCKash 3JHeprus
BO3IyXa IoOcJe NPOXOXKAEHHs ero uyepe3 pabouyio yacTb. DTUM ca-
MBIM YMEHBIIAIOTCS MOTEPH SHEPTHH, YTO [aeT BO3MOXKHOCThL YyBe-
JINYUTH NPOU3BOJAUTENBHOCTD BEHTHJISITOpPA H, KaK CJIEICTBHE, CKO-
pocTb 06ayBa Mojeself NpH OZHOM M TOM K€ CHJIOBOM arperare.

MAPAMETPbl ADPOAMHAMMUYECKOW TPYEbI
M ONPERENEHUE KOIMDMMDULMUEHTA JIOBOBOrO COMPOTHUBIIEHUSA

ITocTpoenHasi B 3amopoxCKOM MaLIHHOCTPOUTENbHOM HHCTHTYTE
aspoauHaMuyeckas Tpy6a NpsMOYTrOJBHOrO CEUEHHsS HMeeT 3aMKHY-
Thll NMOTOK, U pa3Mepbl ee OTKPBITOH paboueil YacTH COCTABJSIOT
800 550X 1150 mm (puc. 1). Takum o6Gpa3oM, BLINOJHSETCS YC/I0-
BHe, COIVIaCHO KOTOpPOMY AJHHA pa6ouel yacTH [JOJIKHA OBIT
MeHbllle WM paBHa yJABOEHHOMY 3HAYEHHIO THIPAaBJHYECKOro AHA-
MeTpa B 3TOM MecTe. Tak KaK OTHOLIEHHe IJIOIAAM MOMEepeYHOro
.ceyeHHsT pabGoueil yacTH K IJIOLAAH MHAENEBOrO CEYEHHs HCIbITye-
MBIX MozeJiell JOJKHO OBITh He MeHee NEeCSTH, [IJs HCCAeXOBaHHs
B TpyGe HCIONb30OBaJHCh MOMEJH, BBINOJAHEHHble B Maclutabe
1:10 u 1:8.

[Totok Bo3myxa B TpyOe CO3[a€TC OCEBBIM BEHTHJSITOPOM.



dddeKTHBHOCTD HCNONb30BAHHS pacrmojiaraeMoil 3SHEepPrHH B

aspoJHMHaMH4YeCKoii TPy6e XapaKTepH3yeTcsi ee KaueCTBOM — OTHO-
LIeHHeM MOIUHOCTH BO3AYIUHOrO MOTOKA, MPOXOASLIEro uyepe3 pabo-

Y
] P
Iy~
| | % I
|
Il

3325

540

Puc. 1. CxeMa a’poavHaMHueckoit TPyGbl B IUIaHe M 3MIOPHI H3-
MeHeHHsI CpPelHell CKOPOCTH MOTOKa BAOJb €€ OCH

Yyl0 4acTh prébl, K MOIIHOCTH HAa BaJy ABHrarte/id BEHTHJIATOpA,.
T. €.

E
K==, (1)

e
E= % pvsF, KI'm/cex. 2y

B saroit ¢opmyne u gaijee:
p — IIOTHOCTb BO3AyXa B Kl cex?/m*;
Ug — CPefHsie CKOpOCTb BO3JAyXa B paboueM CeueHUH B
Mmfcex; )
Fy— naomanb paGouero ceueHus B M2
Y — MCTHHHBINl YAeJNbHBIH Bec Bo3ayxa B K[ /m3;
Q — pacxox Bo3myxa B M3/cexk;
g — IDaBHTAIlHOHHOE YCKOpeHHe B a/cex?;
H —nanop B paGoueM CeYeHHH;
3t —cymma Bcex KO3(p(pHUHEHTOB CONPOTHBJEHHII BAOJb
TPYOHL.
MommHocTe Ha Bany ABHraTesi BEHTHJISTOpPA pacxomyercs Ha
nepeMelleHHe BO3Ayxa B TpybGe, H uYacTb ee (YTO YUHTHIBaeT
K.T. . 7) TPaTUTCA Ha MNpeojoJieHHe COMPOTHBJIEHHH B IPOTOYHOIL
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yacTH BeHTHJAsATOpa. TakuM 06pasoM, MOLIHOCTb, TNOABOAUMAsT K
IIOTOKY,

N, = Nn kl'm/cex. 3)
Tak kak

2
N, = vQH = yQZ¢ 2% = —; SCpvsF, kIm/cek, 4)
TO KauecTBO a3pOJHHAMHUYECKOH TpyOsI

1
K= ©)

B paccmarpuBaeMoM cayuae, 3alaBasicb CpPeAHHM 3HauYeHHEM
n=0,6 (3aBucur or pacxoga u Haxomurcs B npexenax 0,50—0,70)
H ONpeleJMB IOCJe HCIBITAHHS a’pOAHHAMHUYecKofl TpyOwl Xf=
=0,408, nonyunm K=1,47, uto siBAsieTcs YIOBJETBOPUTENBHOII Be-
auyuHoit [1].

Ilpu npoeKTHPOBAHHMM W  H3TOTOBJEHHH a3pPOLHHAMHYECKO
Tpy6pl 0cOo60e BHHMAaHHe ObLIO OOpalleHO Ha NOJyYeHHe paBHO-
MepHOro moJjisi ckopocreii B pabouell yacTH, CBeJeHHS O MHHH-
MyMa NOTepb SHEPrHH Npexje BCEro NJIaBHbBIM H3MEHEHHeM Cpel-
Hell CKOPOCTH NMOTOKA BAOJb a3poAHHaMHYecKoil Tpy6sl (cMm. puc. 1).

Hnsi co3gaHusi paBHOMepHOro o6ayBa Mogeneil HeoGXOXHUMO,
yTOGHl B LEHTPA/NbHOM YaCTH MOTOKA (ero siipe) BEKTOPbI MECTHBIX
CKOPOCTeil He3HAYHTEJbHO OTJFMYAJIUCh OJHH QT APYIOro, T. €. YyTOGbI
CTPYKTYpa OCHOBHOH 4aCTH NOTOKa Obljia OXHOPOIHOIA.

M3mepeHHe MeCTHbIX CKOpOCTeil IPOH3BOAMJIOCH ¢ MOMOLIbIO
TPEeXKaHaJbHbIX LHJIHHIDPHYECKUX 30HIOB, AHAMeTpP H3MepHTEe/bHOI
YyacTH KOTOpbiXx d=4 mm. 3OHAbl 3aKpeMeHbl XKeCTKO i mMoj 1ef-
CTBHEM CHJIbI JaBJieHHs], CO3LaBaeMoOil NMOTOKOM BO3JyXa, He MpOTH-
6aloTcsi. 30HI HMeeT HE3HAUHTENbHYI0 IUIOIAAb IPOLOJBHOrO
CeyeHHs] W NO3TOMY Ha TOYHOCTb "H3MEPEHHUil He BJIMSET.

30HABl 3aKpemyieHBl B KOOPAHHATHHKAX, KOTOpble MO3BOJSIOT
YyCTaHaBJAHBaTb 30HA B JI060H TOUKE MEDHOTO CeYeHHs, MepHeHAH-
KYJISIPHOTO K OCH a’poauHaMuueckoi TpyObl. Jjsi HaxoxaeHHd yria
OTKJIOHEHHS] MECTHOH CKOPOCTH MO OTHOLIEHHIO K OCH TPYOBI KOH-
CTPYKLUHS KOOPAMHATHHKOB MO3BOJISIET NOBOPAYHBATb 30HIbl BOKDPYT
UX BEPTHKAJBHOI OCH M (HKCHpPOBAaTh Ha JHMOe C HOHHYCOM 3Ha-
YeHHs] YIJIOB OTKJOHeHHs ¢ TouHocteio 10 0,1°

IToBopoTOM 30HAA OO TAaKOro MOJOXEHHs, KOTAa MEHHCKH KHA-
KOCTH B MaHOMETpe-yrjioMepe, NOAKIIOYEHHOM K BBIBOZAM OT 60OKO-
BBIX OTBEPCTHi 30HJA, pacnojiarajich Ha OXHOM YPOBHE, MPOH3- -
BOJHJIACh YCTAHOBKA IIEHTPAJIbHOTO OTBEPCTHs 30HAA HOPMAJIbHO
K BEKTOPY CKOPOCTH B HaHHOIl Toyke. Torga ¢ momoubio MHKpoOMa-
HOMeTpa, MOACOEXHHEHHOr0 K OTBOAY OT LEHTPAaJIbHOrO OTBEpPCTHS,
MOXHO H3MepHTb NOJHBIH H3OBITOYHBI Hamop.
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Hanumem ypaBHeHue Bepnyanau pas tpy6Ku TOKa, BCTpeyalo-
med Ha cBoeM NYTH LEHTPaJbHOE OTBEPCTHe 30HJA:
Us
Yy 2 v
rae U — ckopocTts BO3Ayxa B J1060H TOYKe MNOTOKa.

Tak Kak B OTKDHITOH YacTH IOTOKA H3OBITOUHOE CTaTHYeCKoe
nasjenne p.=0, TO

U2
2

U= ‘/ 2g h, mjcex.

YnoGHee onpepensitb A, B MM BOASIHOro ctosnba (LeHa HejeHHs
WKajJbl MHKpOMaHOMeTpa), mo3toMy npu y =1000 xI'/u3

U= ‘/ 0g 1000 fhn
v 1000
U= ‘/ -2;2- h, m/cex. (6)

IMoncraBup 3Hauenue g=9,81 m/cex, monyuum dopmyay nis
nojAcyeTa MEeCTHOM CKOPOCTH B Ji000f TOYKe NOTOKa:

=48 1/_ M/cex. )

— Pn
4

[

rhe p,=Vsh, &I/M%.
Taxum oGpasom,

OTKyAa

ITocne u3mepenuss ckopoctd B 117 TOYKax MepHOro ceueHHs,
pacrnosoxXeHHoro B pabouell yacTH a3poTpy6bl Ha pAacCTOSHHH
80 mm or Topua ceuenusi Fy, 6bla nMOCTPOEH rpaqu pacnpegesneHust
CKOpOCTeH B 3TOM CEYeHHH.

Ananus pe3ynbTaToOB M3MEpEHHH CBHAETEJbLCTBYET O TOM, YTO
B siipe notoka (Gosee 70% Bcero ceueHus) PpasHOCTb BeJHYHH
MEeCTHBIX cKopocreil He mpeBbiliaer 3%. PaBHOMepHOCTH MOJsI CKO-
pocTeil Mo yrsiam pacxXoxKAEHHsl BEKTOPOB TaKXKe MOJyueHa BecbMa
YROBJIETBODHTE/IbHOH MOJsI Te€X HCMBITAHHH, KOTOpBHlE MpegycMOTpe-
HO MPOBOAMTL B a’pomuHaMHuyecKoii TpyGe. Tak, Hanpumep, B siipe
NOTOKa OTKJ/IOHEHHEe BEKTOPOB MECTHBIX CKOPOCTeH MO OTHOILUEHHIO
K ocH TPYOBl COCTABJNSIET YoM ocp=3°42".

ITnanuMerpHpoBanHe rpadHKOB pacnpefeneHHsi OCeBbIX COCTaB-
JISIIOIHX MECTHBIX CKOpocTeil B TOPH30HTAJbHBIX IJIOCKOCTAX I03-
BOJIMJIO BBIYHCJHTDH 3HAayeHHEe CPeAHEH CKOPOCTH B MEpPHOM CeuyeHHH
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H CeKYHIHBIl pacxoi BO3[yXa, NMPOXOASIIEro B a3pOAHHAMHYECKON

TpyGe. B urore mocjie pacueToB GBHUIO ONpEeNeNEHO PacXOoXIeHHe

Mexay ckopocTiMH Umax M U, KoTopoe cocraBujo Bcero 0,529%,

a OTHOIIeHHe %=1,08. O6e uudpb CBHAETENBCTBYIOT O HOCTa-
0

TOYHO XOpOIUeH pPaBHOMEPHOCTH IOTOKAa, CO3JaHHOTO HJIsi 06ayBa

MozeeH.

ITpu npoBefeHHH ONBITOB 30HA, C NOMOLIbI0O KOTOPOTO H3Mepsi-
J1aCb "CKOPOCTb, JOJ)KeH GOBIThb BbIBEJ€H M3 MPOTOYHOH YacTH, TaK
KakK 3a HUM B NOTOKe CO3[aeTcsi BuxpeBas 30Ha. IlosToMy Heo6Xxo-
IUMO OIlpele/IsiTb CKOPOCTh B siipe NOTOKAa IIPH TOMOLIH KaKoro-
an6o apyroro npubopa, HemocpeACTBEHHO He CBSI3aHHOro ¢ paboueil
yactbio TpyOGel. C 3TOH LeNbi0 H3 TPEX TOYEK, PACIOJOMKEHHHIX MO
IIepUMEeTPY IIHPOKOIH YacTH KOH(}Y30pa, OTBOAMJIHCH TPYGKH K MHK-
pPOMaHOMETPY AJSi M3MepEHHs] CPEIHEro CTATHYECKOrO AaBJEHHS B
aroil uyactH. OXHOBpeMEHHO C NOMOIUBIO 30HAA H3MEPSJIOCh 3Ha-
YeHHe CKOPOCTH B lLeHTPe MepHOro ceueHuss U/max. B pesysabrate
NpH Pa3iIMYHBIX 3HaueHUAX Upgax ObLIa YCTaHOBJIEHA 3aBHCHMOCTD
MeXJAy NOKa3aHHeM MHKDPOMaHOMeTpa A, MOAKJIOYEHHOrOo K ILIMPO-
KOl yacTH KoH(y3opa, M NOKa3aiueM MHKpoMaHoMeTpa Hh,, MOX-
COeHHEHHOr0 K 30HAY.

h
CorslacHO H3MepeHHSIM CpelHee OTHOLIEeHHe —hi (npn kose6a-

nusix 1,030—1,050) noayumnoce pasueiM 1,039, m Tak Kak cko-
pocrbio 06ayBa MoJesell HYXKHO CYHTaTh CPEIHIOIO CKOPOCTb B

sjpe NMOTOKa v, a % =1,0052, To popmyna (7) mpumer Bux
4,43

v=——"— 1,039
1,0052yy

I1JIH

v= 22 V& micex, ®)
vV

rie o6beMHBIi BeC BO3LyXa MOXHO ONPENENHTb 110 BbIPaXKeHHIO

y=12032 288 /s ©)
760 273 4 ¢
[Tpu skcnuyarauun astomoGuieit 3A3-965 paHHHX BBITYCKOB
yacto HabJaiopaJjcs neperpeB Asuratedns. HMccienoBanus, BHINOJHEH-
Hele B LIATY ¢ HatypHelM aBToMoOuiaeM 3A3-965, a Takxe Ho-
pOXHBIE HCNbITAHUSA, NMPOBeNeHHble 3aBoJOM «KoMMyHap», mokasa- -
JII, YTO BO3JyXONpHeMHble OTBEPCTHS MJISI NMOABOAA BO3AyXa B MO-
TOPHBIH OTCEeK GblLJIH PACHOJIOXKEHE B MeCTax, rie AaBJeHHe Ha IO-
BEPXHOCTH Ky30Ba MeHble aTMOC(HEpPHOro. To MPUBOAHJIO K TOMY,
YTO B HEKOTOPHIX CJIyYasiX B MOTOPHEIH OTCEK MOCTYyNajo HeZoCTa-
TOYHOE KOJIHYecTBO BO3JyXa.
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HccaenoBaniem pacnpefienieHHst JaBjeHHst BO3AyXa B pasiiHy-
HbIX MeCTax Ky30BOB MOJeJsell aBTOMOGUJIell MOXKHO NMOJYYHTb Mpej-
BapHTeJbHble JaHHbe A/ BHIOOpPA MeCT pacrnoJIoXKEeHHsI MpPHEMHBIX
OTBEPCTHH.

JlaBjiene Bo3fyxa B Jt000fi TOUKe Ha MOBEPXHOCTH Ky30Ba MO-
JleJIH OnpejesisieTcsl BhlpaKeHHeM

p = py % &I/ 2, (10)

rae Ge3pa3MepHbI KO3(GHLHEHT AaBJieHHs P, YYUTHIBAIOLIHil cTe-
neHb npeobpa3soBaHHsi CKOPOCTHOTO Hamopa B AaBJjieHHe, 3aBHCHT
OT PAacIOJIOKEHHST HCCIeAyeMOro MecTa Ha MOJEJIH.

[ToacraBuB B nocjefHee ypaBHeHHe 3HaueHHe CKOPOCTH 00ayBa
amopedneil H3 ¢popmyan (8), 6GyaeM HMeETb

p = 1,03ph kI'/#2. (11)

Jas naoxo o6TekaeMbiX TeJ, K KOTOPHIM OTHOCATCS [Aaxke Ky-
30Ba JIeTKOBBIX aBTOMOGHJEH, KO3dPULHEHT AaBjeHUs [ OuYeHb Ma-
JI0 3aBHCHT OT U3MEHEHHSl CKOPOCTH H €ro NPHHHMAIOT NMOCTOSHHBIM
IJs JaHHOM TOYKH moBepxHocTH. CiefoBaTesbHO, yA0o6Hee CTPOHTH
rpaduKH pacnpefesieHUsl [NaBJleHHSl MO NOBEPXHOCTH YYaCTKOB Ky-
30Ba MOJeJH B Bue Oe3pasMepHOil BEJHYHHBI p. DTa BeJHYHHA, CO-
raacHo popmyae (11), B xaxao# Touke paBHa

P
Pr=T"08n *

3HaueHHe [aBJIeHHS p; ONpPEAEISIOCh C NOMOIIBIO  BOASHOTO
4alleyHoro MaHoMeTpa C HakKJOHHBIMH TpyOkamu. Tak Kak yroJ
HakJOHa TPYOOK K JIHHHH rOpH30HTa Obln BhIOpaH pasHbIM 30°, TO

Pi = Vshy = Velysino &I/
uu
= n/ 2
p; = 1000 1000 0,5 kI'/m2.

Takum o6pa3oM, paGouasi ¢opMysa HJsi ONpENENeHHs] p; HMeeT
CJeNyIOIHN BUA:

b = 0,485-2—1, (12)

rae [; — nokasaHusi BIOJb TPyGOK YalIeYHOr0 MaHOMeETpa B MM;
h — noxazanue MaHOMeTpa, C MOMOLIBIO KOTOPOrO Ompene-
JISIETCS1 CPeIHsAsI CKOPOCTh B SIAPe NOTOKA, B MM.

Jns yBenuyeHHsi TOYHOCTH H3MEpeHHI omnpejejeHHe p; NpPOH3-
BOJHJIOCh Ha TPeX PeXXHMax — TPeX pa3/MYHBIX 3HAUeHHAX CpelHeH
CKOpPOCTH B siipe NOTOKa, U rpaduku H3MeHeHHs Ge3pa3MepHOro
Ko3()HUHEHTA [aBJeHHSI N0 NMOBEPXHOCTH CTPOHJMCb HAa OCHOBAaHHH
CpPeIHHX 3HauyeHHH pj;, MOJNYYEeHHBIX H3 TpeX 3aMepoB.
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Jisa u3Mepenust HaBJeHHs NPUMEHSJIHCh TPYGKH C BHYTPEHHHM
AuaMeTpoM 1 Aim, BCTaBJIeHHbIE B NMPOCBepJIEHHbie OTBEPCTHS 3amoj-
JIHLO € NMOBEPXHOCTbIO MOAeJH. BHyTpu Momenu Ha KOHUBI TPyGouek
HaJeBaJHMCb Pe3lHOBbie TPYOKH, KOTOpHIe 10 MyCTOTeJOl OOTeKae-
MOil pOpMBbI fepKaBKe OTBOAHJHCH K YalIeYHOMY MaHOMETDY.

Cuna no6osoro conpotuBjeHust G onpejessiercss H3 ypaBHeHHs

G—= -;— pFCu® «T, (13)

raie F —niomanae MHAENEBOro ceyeHHs (MJowab NPOEKUHH Ky-
30Ba Ha INIOCKOCTb, MePNEHOUKYJISPHYIO ero npoaoJib-
HO# ocu) B M2,
C — xo3¢¢dHLHeHT JOGOBOTO CONMPOTHBJEHHS.
Ha ocnoBanuu ypasnenus (13) koad¢uuueHT 1060BOro compo-
THBJIEHIIS
C = 2G
pFu?

114, NOJACTABHB 3HayeHHe CKOPOCTH H3 ypaBHeHHs (8) B mociaenHee
BbIpaxKeHHe, NOJYYUM
c=-3_, (14)
1,03Fh

Cuna n1060BOro CONMPOTHBJIGHHS ONMpefensjach B3BeILIHBAHHEM
Ha ONHOKOMIOHEHTHHIX a’POAMHAMHYECKHX Becax. B pesyJabrare HX
TapHPOBKH Oblla YCTaHOBJIEHA 3aBHCHMOCTb MeXAy cuioil G, meit-
CTBYIOLIEH Ha Jep:KaBKy MOJEJH MO OCH NOTCKa, H BECOM pa3HOBe-
coB R. CpenHee OTHOLIEHHE NMepBOil BEJHUMHBI KO BTOPO#l (IpH KO-
ae6anusix 1,010—1,085) cocrasuno 1,04, 1. e. G=1,04R. Tloxcra-
BHB 3TO 3HayeHHe B Qopmyay (14), mnoayuum BbIpaxkeHHe [Jid
onpejeseHts KoapduLuueHTa J060BOro CONPOTHBJIEHHUS:

c=10 R, (15)
Fh

Jnsi olleHKH TOYHOCTH MPOBOAMMBIX HCCJENOBAHUH NpeABapH-
TeJIbHO OblIH onpejeseHbl KO3 @HULHeHTH J060BOro CONpOTHBJEHHS
KBaZipaTHOli M KpyrJoi niaactuH. CpaBHeHHe 3THX NaHHBIX C TaKH-
MH 2Ke, MOJYYEHHbLIMH B IPYTHX a’poAHMHaMHuyecKHX Tpy6ax, Aano
pacxoxzaenue 4,15%. ITosTomy ciegyer cuuTaThb, YTO De3yJ/bTAThl
NOC/EAYIOLIMX HCCIeOBaHH# B aspoxuHamHuuecKoil Tpy6e 3MHU 06-
J1aZlaloT Heo6X0AHMOH NOCTOBEPHOCTHIO.

Ha ocHOBaHHHM ONBITOB, MPOBElCHHBIX paHee C MOAENSMH aBTO-
MoOuJell, yCTaHOBJEHO, 4TO Hanbosee 6/H3KHe K HEHCTBHTENbHBIM
3HayeHHUsM Ko3((HUHeHTH J06OBOro CONpPOTHBJEHHS NOJNY4YalTCs B
TOM cJyyae, KOrfa [iBe OLHHAKOBbie MOJEJH NPH NMPOAYBKE B a3po-
OHHaMHYecKoil TpyGe COeIHHSIOTCS 3epKaJjbHO: KoJjieca K KoJjiecam.
Takasi ycranoBka Mofejell JaeT BO3MOXHOCTb HaHGoJ/ee NOJHO
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1IMHTHPOBAaTb BJIHMSIHHE JOPOTH Ha JI060Boe compoTHBJeHHe. CBOGOA-
Hblll noasec MoAesaH (6e3 NMIOCKOCTH, HMHTHpYIOIIEH XOpPOry) MpH~
BOLHT K HECKOJIbKO 3aHHXXeHHbM 3HaveHusM C (Ha 5,5—6,5%).
KpoMe TOrO, yunThiBasi BpallleHHE KoJieC, He06XOnuMo yBeaHuuTh C,
HO 3TO yBeJHYeHHe He3HAYUTeJbHO M MM MOXKHO IpeHe6perarhb.

CpaBHeHHe K03(dHIHEeHTOB J10GOBOrO CONMPOTHBJIEHHS, MOJYUYeH-
HBIX TIPH NpPOAYBKax MojeJieil B Tpybe U HCIOBITAHHH aBTOMOGHJEN,
nokasbiBaeT, 4To Ko3gp¢uuueHTsl C, NOJyueHHble NPH HCIBITAHHSX
aBToMOOGuJIel, Bcerna GoJbiue mpumepHo Ha 15,56%, uemMm y Mopme-
nel. DTo OOBIACHASTCS HEPOBHOCTAMH HHXKHeH MNOBEPXHOCTH aBTO-
MamuHel (6ak, BEINYCKHast Tpy6a, KapAaaH, MOCTH H T. m.). [Ipu 06-
TATHBAaHHH Gpe3eHTOM HH3a y aBTOMOOMJSA B XOpPOLIO O6TeKaeMhIX
Ky30Bax Kosdduuuent ymedpmuaca Ha 11—12%.

B pesyabrare onpepenenuss C [asi ABYX 3epKajJbHO pacroJo-
JKEHHBIX MoZeneil H oxHOM Moxmean aBToMoGuass 3A3-965 Gelio
yCTaHOBJIEHO, YTO CPeJHHe 3HayeHHs KO3((HIHEHTOB J060BOro Co-
IPOTHBJICHHsI COOTBETCTBeHHO paBHBl C2=0,432 u C,=0,395, T. e.
BTOpasi BeJHYHHA MeHblie nepBoil Ha 8,5%. Takum oGpasom, pac-
XOXJIeHHe B LaHHBIX ONBLITOB; NMPOBEAEHHHIX paHee, H ombiTa 3MHU
cocraaserT 2,5%. Ecan yuecTh BIHSIHHE HeDOBHOCTeH HMXKHeH IO-
BEPXHOCTH aBTOMOGHAs Ha ko3pguunent C (mo 15,5%), To Ko3h-
(GULUEHT CONMPOTHBJ/IEHHS, NMOJYUEHHBIH B 3KCIJIyaTaUHOHHBIX YCJIO-
BUfIX, AOJXKeH ObiTb paBed C,=1,19, C,=1,19-0,395=0,470.
Tak xak

Lu—=Cx ~ 0155
C Eaand ’ ’

H
TO
Cp==1,19C,. (16)

ITpu nponyBke aBTOMOOHAsT 3A3-965 B aspognHaMHuecKol Tpy-
6e Obl10 noayueHo, yrto C,=0,617, HO NpH BEIYHUC/JIEHHH 3TOH BEJH-
UHHBl NJIOM{aflb MHAEJNEBOTO CEeYeHHs MpHHHMaJjach paBHOH F,=
=1,21 #%, B TO BpeMs KaK Nno AaHHbIM 3aBofa «KoMMyHap» oHa co-
crasaser 1,43 m2.

CuaenoBatesbHO, pacxoxieHne B miomansx B 1,18 pasa nosBo-
asier cuntath C, =0,520. Mi3aMepeHHe MHIEJEBOro CeYeHHsI MOMENH
naer 3naueHue F,=0,01375 #? (unm 1,375 m2 B Hartype). Takum
06pa3oM, pacxoxeHHe MeXAy MNJOLafsIMH MHIEJIEBOTO CEUEHHS Yy
aBTOMOOHJA M MOZeJH cocrasJseT 3,8% H 0O0bscCHSETCS HeMmoJHbIM
COOTBETCTBHEM pa3MepOB MOJEJNH 1O CPAaBHEHHIO C HAaTypoH, a Tak-
e NOrpeliHOCTAMH NMPH U3MepeHIsX.

Pasnnune B ko3¢ duuuentax mo6osoro conportHsiaenus (0,470 u
0,520) Ha 9,6% MOXHO OGBACHHTb PACTAHYTHIMH IOABECKaMH H
NpOBHCaHHEM 3aJHHX H MEepefHHX KoJieC Y HaTypPHOrO aBTOMOOHJSA.

AHnanu3 pe3y/bTaTOB OMBITOB, NpoBefeHHbIX B 3MU, u onwiTos,
NpoBeJeHHbIX paHee, MO3BOJIAET CHENAThb BLIBOJ, YTO ONpeleseHHe
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Ko3¢¢uureHTa J060BOro CONPOTHBJEHHS MoJeJeil B a3poAHHaMHuye-
CKOH Tpy6e MOXeT NaTb CPaBHHTeJbHble 3HAUEHHs BeJHYHH K03d-
¢uuuenta C No pPas3jHYHBIM KOHCTPYKUHAM Ky3oBa. Koadduuu-
ent C, NOJy4YeHHBbII NpPH NMPOAYBKe MOIEJSH aBTOMOOH/IS, AaeT BO3-
MOXHOCTb ONpefeuTb no ¢opmyae (16) pocratoyHo GJaH3Koe
3HaueHHe Ko3¢¢HUHEeHTa JO0GOBOrO COMPOTHBJIEHHS aBTOMOOHJIS.

BbIEOP MECTA PACMNOJIOXXEHMA U dOPMbl BO3QYXOINPUEMHBIX
OTBEPCTMM U YJIOBUTENEH

I npoBeldeHHs] HCCIENOBaHHH NO ONpelesieHHI0 MeCT paco-
JIoXeHHs H GOpMbl BO3LyXONPHEMHbIX OTBEpPCTHi 3aBofoM «KoMMy-
Hap» OblJM H3roToBJeHb B Maciutabe 1:8 gse momeau: 3A3-970

(rpy30BOil ¥ CaHMTapHbIH BapHaHThl aBTOMOGHJs «3amnopoxely) H
3A3-966.

{ Hanpabnerue
nomoxa
/123456

Puc. 2. CxeMmnl pacnonoxe-
HHA H3MEpHTEJIbHBIX OTBEep-
CTHH:

a— Ha MoneH aBTOMOGHN A
3A3-970;: 6 —Ha MojenH aBToO-
mo6unsi 3A3-966 (mepBbift Ba-
PHAHT); 6 — Ha MOJEJNH aBTOMO-
G6unsi 3A3-966 (BTOpO/t BapHaHT)

Bt 1 A
452 ”i—-—ﬁz—fz |
e

./ ‘7234 ™
S

P) I nmIFviv

Ha puc. 2,a u3o6paxkeHbl TpH pAAA OTBEPCTHH HA MOJEJII
3A3-970, pacroJioXeHHBIX B MecCTe MpejanoJaraeMoro 3abopa Bo3-
nyXa OJis OXJaxJeHHs npuratens. PaccrosHne MexXay psafaMu
1, II u III pasHo 14 mm (y aBTOMOOHMAsi 112 MM), a MeKLYy OCEBHI-
MH JUHHSIMH oTBepcTHil I, 2, 3, 4, 5, 6 paBHO 15 mm (y aBTOMOOH-
as 120 un).

T'padukn usMeHeHuss 6e3pa3MepHOro KodpduuxeHTa HaBJAeHHs
(puc. 3, cnyiomHble JuHHE) BROAb psanos I, I/ u III (cm. puc. 2,a)
CBHETEJBCTBYIOT O TOM, UTO BCE OTBEPCTHS PacrnoJioXeHbl B 06/a-
CTH OTPHUATeNbHBEIX [aBJeHHH. DTo 0O6bACHAETCS  yMeHbILeHHeM
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yIeJbHOH 3HEPTrHH NMOTOKA BO3AyXa NpH NepeMelleHUH ero mo 6o-
KOBOI NMOBEPXHOCTH Ky30Ba Mojeau aBTomo6uisi. UToObl co3maTh
MOJIOXKHTEJNbHOE JaBjieHHe (NOANOpP), B pacCCMaTPHBAEMOM MECTE Ky-
30Ba CJelyeT yCTaHaBJHBATb YJOBHTE/I, KOTOpPble GyIyT TOPMO3HUTH
HOTOK M CJAYXKHTb npeo6pa3oBaTefsiMH YAEJNbHOH KHHETHYECKOH
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Puc. 3. Tpaduku usMeHneHus [}

i

Ko3(duuieHTa JngaBJeHHA p TNO [}
MOBEPXHOCTH MOJENH  aBTOMO- .
6uns 3A3-970: Puc. 4. Tunbl yaoButeneit

a—psan I, 6 —pan II, e — pan 111

3HEePTHH B yAeJbHYIO MOTeHUHaabHyl0. C 3TOl Lenbio OblIH H3TrOTOB-
JIeHbl TPH THNa yJoButeneii: Ne I, 2 u 3 (puc. 4, @), npeacrapJsio-
e co6oii maacTHHbl ToauuHOM 0,5 MM U HMeIOLIHe pa3JiHYHbIE
¢opMy M nJOImlaAb NMONEPEeYHOro CeueHHsl. YJIOBHTENH YyCTaHaBJH-
BaJHuCh MEPNEeHNHKYJ/IAPHO K BCTPEYHOMY NMOTOKY — NepNeHAHKYasp-
BO K 60OKOBOM NOBEPXHOCTH Ky30Ba MeXJy €ro NnpoJOJbHLIMH pe6-
paMH KeCTKOCTH.

Bo Bpemsi ombiTOB MecTa pacno/ioxeHHsl YJOBHTEJeH H3MeHs-
JIUCh: YJIOBHTENH 3aKPemJIsyIHChb HENOCPEACTBEHHO 3a OTBEPCTHUSAMH
2,4 u6 (cM. puc. 2,a). Ha puc. 5 uso6paxeHsl rpapuki H3MeHe<
HHsI Ko3(dHuHeHTa AaBJaeHHss p BAOAb pagoB I, II u IIl gnsa cay-

39



yaeB, Korga yJjoBHTeJqb Ne 1 ycranaBauBaJjcs 3a OTBepPCTHAMH 2,
4 u 6. PaccMoTpeHHe 3THX rpaHKOB CBHAETEJNbCTBYET O TOM, UTO
NpH YCTaHOBKe YJIOBUTE/S [aBJileHHe BO BCeX CJayuyasix MOBbILIAETCS
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Puc. 5. I'padukn H3MeHeHus Ko3dbdHlHeHTa OaBJeHHS p N0 NOBEPXHOCTH MO-
jgenu aBTomMo6uas 3A3-970.
Ynosurenp Ne 1 ycranosJseH:

1 — 3a OTBepCcTHAMH 2; 2 — 3a OTBepCcTHAMH 4; 3 — 3a oTBepcTuaMH 6 (a, 6, 8 —cM. puc. 3)
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Puc. 6. 'paduxn u3MeHenns KospduuneHTa aBaeHHsT p — 3a OTBepCcTHAMH 4 nO
MOBEPXHOCTH MoAenu aBToMo6uas 3A3-970:
1 —c ynoButenem Ne 2; 2 —c yqoBurenem Ne 3 (a, 6, 8 — cM. puc. 3)

onuHaKoBO. Ho ¢ TOUKH 3peHHsl TEXHOJOTHH H3TOTOBJIEHHS MaTpyG-
KOB, NOABOASIIIHX BO3AYX B MOTODHBIH OTCEK, 2KejaTeJbHO yCTa-
HOBHTb YJIOBHTeNb OKOJI0o OTBepcTHil 4. [TosToMy Bce OcCTaljIbHbIE
THIIBI YJIOBHTEJeH NMPOBEpPSJIMCh NMPH HX YCTAHOBKE HMMEHHO B 3TOM
MecTe.

40



Ha puc. 6 nso6paxennl rpadHki H3MeHeHHs1 Ge3pa3MepHOro Ko-
s¢puumenta napaeHHss p Baoap psapos I, Il u IIl (cm. puc. 2,a).
npu ycraHoBke yJoBHTesneH Ne 2 u 3 3a orBepctusimu 4. Kak cae-
ayer 3 rpadukoB (puc. 6), nuouagH MexAay y4acTKaMH KPHBHIX B
06J1aCTH TOJOXKHTEJNbHBIX BeJIHUHH p H ocblo p=0 maior Gojbluee
(Ha 10%) cymMmapHOe 3HayeHHe NJIOWIAAH NMpPH YCTAaHOBKE YJIOBH-
tenst Ne 2, yem npu ycraHoBke yJoButenst Ne 3. ITaomann mome-
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Puc. 7. Tpaduku H3MeHeHHs p— 33 OTBEPCTHAMH 4 Ha NOBEPXHOCTH MOJENH aB-
toMo6uas 3A3-970:

1 —c yaomsutenem Ne 4; 2 — c yaosurenem Ne 5 (a, 6, 6 — cm. puc. 3)

peuHoro ceueHHsi yJjoBureass Ne 2 B 1,1 pasa Gosblue, yeM maouiafb
ynosureas Ne 3. Kpome Toro, ynoButesb Ne 3 GoJiblue BLICTyNMaeT
3a raGaputhl Ky3oBa aBToMoGHJsA. [ToaTomy 3a ocHOBY ¢opmbl mo-
NepeyHoro ceuyeHHsi yJOBHTes Oblna npHHATA ¢opMa YJOBHTe-
ast Ne 2.

Caenyer OTMETHTb, UTO AJHHA yjaoBuTenss Ne 2 H3MeHsJIach yc-
TaHoBKo# ero moj yraamu 20 n 40° K BepTHKaJbHOH OCH MOJEJIH.
OnHako, HeCMOTPSl Ha yBeJIMUeHHe NJIOIaJAH NMONEPEYHOro CeyeHHs,
TNOBbIIEHHS] ) He Ha6J104anocb. DTO MOXHO OOBACHHTb NepeTeka-
HHeM BO3/lyXa MO HAaK/JOHHOMY YJOBHTENI0 C GOKOBBIX NMOBEPXHOCTEN
Ky30Ba NOJ €ro AHO B cJyyae CBOGOZHOrO MnojABeca MOAEIH B
aspoaHHaMHueckoii Tpy6e. B ycaoBusX 3KcmayaTauuu oOKasbiBaeT
BJMSIHHEe JOpOra, M pacrnosiokeHHe BXOXHOH KPOMKH BO3JyXONpPH-
€MHOr0 OTBEPCTHSI NMOJ HEKOTOPbIM YIJOM MOXEeT YBeJHYHTb 3Ha-
YeHHA p.

Paccmorpum  panbHeiimylo MoxHduKkauuio yaoBureas Ne 2.
Ha piic. 4,6 nsobpaxeH KopoGuathlil yaoBHTeNb Ne 4, H3rOTOBJIEH-
Hblil U3 JIHCTOBOI KecTH ToJuuHON 0,2 mu. [To ycaoBHIO NOCTOAHCT-
Ba MnJoulagy NONMepeyHoro ceyeHusi yJoBuTedeH Ne 2 M 4 wHpHHA
noc/jeJHero MpHHATA paBHOH 9 MM, YTO COOTBETCTBYET LIHDHHE Y
aBTOMOOHJIAA, paBHOH 72 mm. Ha puc. 7 cnyowHoi snxuei nzobpa-
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’)KeHO u3MeHeHHe P BHoab papa I, II y I1] npu ycTaHOBKE YJIOBHTESI
Ne 4 3a orBepctHsMH 4. Pe3yJjbTar niaHuMeTpHPOBaHHs NJoOLaneH
MO MOJIOXKHUTEIbHBIMH 3HAUEHHSIMH P Ha JaHHBIX rpadukax cBuie-
TeJbCTBYET O TOM, YTO YCTaHOBKa KOpoGUATOrO0 YJOBHTeNs Haer
BO3MOXKHOCTb B 2,4 pa3a MNOBBICHTb CPEIHIOI0 BEJHYHHY p B 30HE
3aMepoB. DT0 o6GbscHAeTC GoJiee COBepIEHHBIMH a3pOAHHaMHye-
CKUMH (hopMaMH yJOBHTeNs (IO CPaBHEHHIO C MJACTHHOMH, MOCTaB-
JIEHHOH NepNeHAHKYJISPHO K NMOTOKY) U o6pa3oBaHHeM BHYTPH HEro
30HBI CKaToro Bo3ayxa. Ecin npu ycraHoBke yJaosuteass Ne 2 mo-
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Puc. 8. dckusbl yray6JeHuit B Ky3oBe

TOK TOPMO3HTCS H OOTeKaeT NpensiTCTBHe — NJIaCTHHY, TO YJOBH-
Teab Ne 4 OTCceKaeT yacCTb NOTOKA BO3AyXa, IepeMellalou[erocs
BIOJIb Ky30Ba, H yJaBJHBaeT €ro.

HsyyeHnne rpadukos, u306paKeHHbIX Ha puC. 7, MIPHBOLUT K BHI-
sBody, uto B panax I u /Il cpegnsii BeJHYMHA p B 30HE NOJIOXH-
TeJIbHBIX 3HAUeHHH NaBJeHHs1 MeHblle, YeM B lLieHTpajbHOM psany /1.
310 oOBsicHSIeTCA pacTeKaHHeM BO3Ayxa Mo 60KaM NpensTCTBHA,
KaKHM CIHYXHUT yJoBHTeNb. JlJfl yMeHbLIEHHS pacTeKaHHsl YJOBH-
Teab Ne 4 Goin mMomudpuuupoad. Ha puc. 4,8 usobGpaxeH ynoBu-
Tesb Ne 5, OT/IMYAIOIIHACA OT NpPEAbIAYLIEr0 BEePXHHM M HHXKHHM
TOPU3OHTAJbHBIMH GOpPTaMIl, KOTOpble NpPENsTCTBYIOT PaCTeKAHHIO
BO3JyXa MO cropoHaM. Kpome Toro, HIXHHi GOPT MOMKET YaCTHYHO
BHINOJNHATD (YHKUMH OpBI3rOBHKAa — NPENsTCTBOBAThH IONAaJaHUI0
Ipsi3sH B BO3LYyXONpHEMHble OTBEPCTHA H3-NMOJ KOJeC aBTOMOOHJIS.
[TpuBenenHsle Ha pHC. 7 rpauKH CBHIAETEJNbCTBYIOT O TOM, YTO
cpelHee 3HayeHHe j B 06J1aCTH MOJIOXKHTEJBHOrO JaBJIEHHs NpH
ycTaHoBKe yJoBuTeass Ne 5 (WITPHUXOBble JIHHHH) YBEJIHYHJIOCH HA
10% mo cpaBHeHMIO CO CPelIHHM 3HayeHHeM IpPH YCTAaHOBKE YJIOBH-
Tens Ne 4.

Jast Gosiee MOJIHOTO HCMOJNB30BAHUSI SHEPTHH BCTPEYHOTO NOTOKA
H TNpeBpallleHHsl ee B JaBjeHHe MEXIY MpPOJOJbHBIMH peGpaMu xe-
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CTKOCTH B Ky3oBe ObliH caesaHbl yray6jenus (puc. 8,a). IlomgoG-
Has Mepa yJyulleHHsl NMPHTOKAa BO3AyXa B MOTOPHblII OTceK Gblia
npeanoxxeda HAMHU, 1, Kak nNoKasbiBalOT pe3yJbTaThl ONBITOB
(TpuxoBble JHHHH Ha pHc. 3), 3Ta Mepa ce6Gsl B HEKOTOpOH CTe-
NIeHH ONpaBlIbIBaeT, TaK KaK BCJeNCTBHe yraybOJseHlss B GOKOBHHAX
Ky30Ba MosiBJsieTcsl (XOTS U He3HAUlTeJbHasl) 30HA IOBLILIEHHOTO
nasJjeHusi. B otanune ot npepnoxenns HAMM, Ha Mogmenun
3A3-970 noBepxHOCTh yryyGJeHHsi BBINOJHAJAACh He IJIOCKOMH, a
KPHBOJIMHEIIHOH — napaboJiiiuecKod, 4TO yMeHbIlaeT OTPhIB TOTOKa
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Puc. 9. TpadukH H3MeHEHHS p MO MOBEPXHOCTH MOJENH aBTOMO-
6uns 3A3-970 npu:

1 —x=4 MM, 2 — x=8 MM, 3 — x=12 mm (a, 6, 8 —CM. pHC. 3)

H yJyuniaet npeo6pa3oBaHie KHHETHYECKOH 3HepruH B MOTeHUHaJb-
HYIO.

JanbHeiilnee n3MeHeHHe -(GOPMBI YJIOBHTENS IIJIO MO NMYTH coye-
tauusi yaosutenas Ne 5 u yray6Gnesnss B G0KOBHHAaX Ky3oBa. Ho
TaK KakK BXOJ BO3AyXa B MOTODHBbI OTCeK NOJXKEH MpPON3BOAHTHCH
N0 KaK MOXHO GoJjiee MJaBHOMY KaHaldy, TO BHYTDPEeHHssT MOBepX-
HOCTb YJIOBHTEJS (3KpaH) BBIMOJMHAJIACh KaK NMPOAOJIKEHHEe Topue-
BOIi nmoBepxHocTii yriayGnaennsi (puc. 8,6). IlonoxeHHe BXOXHOM
KPOMKIH 3TOrO YJOBHTEJsi OT KOHLa yray6jeHHs (paccTosiHHe X)
Obl10 BHIGpaHO Ha OCHOBaHHI onbiToB. Ha puc. 9 npuselens rpa-
Guku u3MeHenuss p Bposb psinos [, II w Il pns cayyaes, Koraa
x=4 MM, x=8 mMm u x=12 mm; pe3yabraThl MNJIaHUMETPHPOBAHHUA
nJoliajgei NOX KPHBbLIMH CBIIIETEJbCTBYIOT O TOM, UTO HaHJyYIIHM
ciayuaeM siBasieTcs nocaexHuit (puc. 8,0).

TakuM 06pasom, B HTOre NpPOBeIEHHBIX HCCJAENO0BaHHH MOXHO
caenaTh BbIBOL, YTO Halibojee ynauHass ¢opMa yJOBHTeNs NpHBe-
JeHa Ha puc. §, 8.

B pe3yabTaTe onbiTOB OblJIO ONpeleNeHO CpeAHee 3HayeHHe
Ko3(duinenTa no6osoro conportiBienns moxean C =0,585. Cae-
NOBaTeJbHO, MOAb3YsAch (opMyJoit (16), MOXKHO BBIYHCIHTL 3Haye-
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uve C aBromoGuasi: C,=0,695. Caenyer OTMETHTb, YTO B OTJHYHE
ot Apyrux mojeneli Ha mozean 3A3-970 koseca NPHKPEMJIAIHCH
C TMOMOLIbIO NONEPEeYHbIX PeeK, KOTOPhle YBEJIHUYHJIH CHJIY CONpPOTHB-
Jaenusi. OgHako aBromMo6uab 3A3-970 GyaeT BHIMOJHATHCA C MEpen-
HUM M 3aJHHM BeAyLIMMH MOCTaMH, NO3TOMY K03()(HUHEHT compo-
THBJIEHHSI aBTOMOGHJISI TAKOro THna GyaeT HECKOJNbKO Bbille, YeM C

OIHHM BeIyIIHM MOCTOM.
[Tpu onpeneneHny Mecra 3a6opa BO34yXa AJsi OXJa*K/IeHHS HABH-
ratesns B uccaenyemoit Mmogenn 3A3-966 paccmarpuBasoch ABa Ba-
pHaHTa pacnoJIoXKeHHs OTBep-

Y7 cTuii. B mnepBoM BapHaHTe
0 npeanoJaranaoch pacmnouJo-
v /y XKHTb OTBEPCTHA Ha KpbllIKe

» /’i‘L MOTOPHOTO orceka  (cm.

-02 -~ puc. 2, 6), a BO BTOPOM — B
yray6aenusx no 6okam 3al-

Hell yacti Ky3oBa (CM. pHC.

% 7§ 4 7z 3 & 2 8). Ha puc. 2, 6 uso6pa-
Homep Hopep Homep JKEHbl CeMb pSJOB OTBEPCTHH
ombBepcmus  omBepcmun  ombepcmus B 3amHeN YyacTH aBTOMOOHJIS

a b) o) Ha KpBIIIKE MOTOPHOrO OTCE-

Puc. 10. Tpadpuru usmeHeHus p_no mo- Ka Paccrosnus MexAy psna-
BEePXHOCTH KpHIUKH MOTOPHOro orceka MH I—VII u MEX/y OCEBbIMH
Mozenn asToMobuas 3A3-966 JHHHSIMH OTBepCTHit I, 2, 3, 4,

(a, 6, 8 — psnu I, II, III ua puc. 2, 6) 5 y momemn 15 mm (120 mm
y aBTOMOGHJIA).

BHauase naBieHHe onpenensijiocb TOJNbKO B Toukax 2, 3, 4 mo
psanawm I, 11, 111, u, xak caepyer u3 rpadpukoB (puc. 10), mo Bcei
HCCJIeyeMOH NMOBEPXHOCTH, 3a HCKJIOYEeHHEM OYeHb HeGOoJbLIOro
yyacTKa OKoJI0 TOYkH [/—4, Ge3pa3MepHBIfi KO3(QGHUHEHT JaBJe-
HUSL p MMeeT OTpHLATeJbHOe 3HayeHHe. Kpome TOro, Heo6xoaumo
OTMETHUTb GOJIbILIYIO MyJbCalHIO NOTOKa BO BPeMsl H3MepeHHH (oco-
Genno B panax II u IIl), uto o6bsICHSIETCS PACNOJIOXKEHHEM OTBEp-
CTH#l B 30HE OTpPBHIBA MOTOKAa M WHTEHCHBHBIM BHXpeo6Gpa3oBaHHEM B
aToif obaacty. Ha HekoTOprie oOueHb KpaTKOBpeMeHHbIe OTPe3KH
BpeMeHH BO BceX Toukax psimoB /I u /1] paBneHHe HOCTHrajo Haxe
TIOJIOXKHTEJNbHBIX 3HaueHMH. M3 3rtoro ciepyer, uTo pacrnoJararth
OTBEpPCTHS AJs 3a6opa BO3AyXa B HaHHOM MecTe HelleJecoo6pasHo.

JlanpHefiue ONBITH NPOBOZUJIHCH C MOZENBbIO, Y KOTOPOH Bepx-
HASl MacTh Ky30Ba Obljia BHIMOSTHEeHa ¢ GOJBLIHMH pagHycaMH 3a-
KPYIJVIEHHI H 3aIHSIS YacTb ero (MecTO 3aJHero Crekja) Oblia M3ro-
ToBJeHa GoJiee moJsiorof. MccnenoBanus H3MeHeHHS p BAOJb PSAOB
I—VII wa oaTOl MOAENH MO3BONMJIH [MOCTPOHTH TpadukH
(puc. 11,a), KoTopele CBHAETEJLCTBYIOT O TOM, YTO B TOYKax d—
5 pana I u toukax 4 u 5 papa I 3HauyeHHe P CTaJO MOJIOXKHTENb-
HBIM, HO BeJHYHHA ero HeGoJblasg — He GoJiee 0,11. Ha ocranbHoil
TIOBEPXHOCTH KPHIIIKH MOTOPHOTO OTCeKa 3HaueHHe p OTpHllaTelb-
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Hoe. Anaau3 rpadukos, NpuUBelJeHHbIX Ha puc. 11,a, naer Bo3MOX-
HOCTb NpPeAMNoJararb, YTo B LeHTPaJbHOH 3afiHeH YacTH KPLILIKH MO-
TOPHOrO OTCeKa MPOHCXOAHT HEKOTOpOe MNOBBbILIEHHE NaBJEHHS 3a
CYyeT COe[lHHEHHsI (CTOJIKHOBEHHSI) MOTOKOB BO3JyXa, 06GTEKalouX
Ky30B aBTOMOOHJAsI nmo 6okaM H Kpbiuie, Ilpuuem yBeanuyeHue 3a-
KpyrjeHuil Ky30Ba MO3BOJISIET NMOBEICHTb B 3TOH 30He (cM. puc. 10
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PRd VI Puc. 11. ['padukn u3MeHeHHS p Y MO-
0 nenn aBToMoGuas 3A3-996:
a—no BCeM DpAAaM OTBepCTHﬂ Ha KphlllUKe
-0 MOTOPHOTO OTCeka; 6 — Mo TpeM pAAaM OT-
4 2ad Vil BepCTHA Ha KpbIIIKE MOTOPHOrO OTCeKa MpH

yCTaHOBKe  pe6pa-cTaGHAH3aTOpa; 6 — IO
PAKaM OTBePCTHA B GOKOBHHAaX Ky30Ba

72 3 4 5
a

u 11,a) 3nauenuss p Booab pspos [, II w I1l. Ins noAaTBepKAeHHs
JAaHHOTO NPeANoJIOXKEeHHs] Ha 3aJHIOI0 YacTb NMOBEPXHOCTH Ky30Ba
OblIH HaKJeeHbl LIEJKOBBIE HHTH, KOTOpHIE MaJIH BO3MOXHOCTb MpO-
C/IelMTb 3a HampaBjleHHeM ABHKEHHs BO3JyXa B HCCJIEyeMOM Me-
cre. Pacnonoxenne HuTeH NpH NMPOAYBKE AOCTAaTOYHO XOPOLIO HJI-
JIOCTPHPOBAJIO CHPaBeJJIMBOCTD BBLICKA3aHHOIO NpeANoJIOXKeHHs,
YTO pacceKaeMblii MOMEJbIO NMOTOK BO3JyXa CMbIKaeTcsi B 30HE oce-
BOH JINHHH Haj 3afiHell YacTbi0O KPBIIIKH MOTOPHOTO oTceka. JlanHoe
06CTOATENbCTBO NPHBOAHT K BBHIBOAY, YTO YCTAHOBKAa HEKOTOPOTro
pe6pa-crabunu3aTopa no MPOXOJbHOM OCH Ha NMOBEPXHOCTH MOTOP-
HOTO OTCEKa MOXeT NPHBECTH K IOBHILIEHHIO XaBJIEHHA MO JIeBOH
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n mpaBoii cTtopoHaM pe6pa 3a cyeT HmpeBpalleHHS KHHETHYECKOMH
SHEepPrHH NOTOKa B MNOTEHUHAJbHYIO NMPH HaTeKaHHH ero Ha peGpo.

Ha puc. 11,6 npuBeneHsl rpadukd H3MeHeHHS] 6e3pa3MepHOro
KoadduuHenTa HaBiaeHHs BAoAb psanoB I, Il u Il B cayuyae ycra-
HOBKH pe0Opa-crabuin3atopa BJOJb KpbILIKH MOTOPHOTO OTCeKa.
CpaBHeHlle HX C aHAJOTHYHBIMH - rpaduKaMH, NpHBEIEHHbBIMH Ha
puc. 11,a, noatBepkAaeT mpenrnogoxkeHHe o TOM, YTO YCTaHOBKA
crabuan3aTopa Jo0JHa MNOBBICHTb MOJIOXKHTeJbHble 3HAYEHHUS .
Kaxk caepyer u3 rpaukoB, MakCHMa/jbHOe 3HaueHlie j BO3POCJIO
B 2,25 pa3a M, KpOMe TOro, YBeJHYILIAaCh 30HA MOJOKHTEJIbHBIX
3HayeHHuy p.

Takum o6GpasoMm, B pe3yJbTaTe ICCJAeJOBAaHHI MOMKHO CHENaTh
DBIBOJ, YTO pacnoJ/ox<eHle BO3AyXONPHEMHOTrO OTBepCTHsI B 06Ja-
cTH ToueK 3, 4, 5 no psinam [, I/ u 11l BnosHe BO3MOXKHO.

PaccnoTpuM BTOpO# BapHaHT pacmoJioKeHHs BO3LyXONpPHEMHBIX
otBepcTHi. Ha puc. 2,6 usobpaxena cxema JpeHHPOBaHUS GOKOBOIt
YacTH Ky30Ba, rie paccrtosiHus mexnay psgamu I, II u 111 Ha mone-
Ju paBHbl 13 mm (y aBToMOOHAs 104 mm), a pacCTOSIHHA MEXIY
tToukamit /—4 no 15 um (y aBToMo6uas 120 mm). Kak caepyer us -
npHBefleHHbIX rpadukoB (puc. 11,8), npH nMogoGHOM pPacHOJIOXKEHHH
OTBEpPCTHII TaKXKe MOMKHO MNpPOH3BOAMTb OTOOP BO3AyXa B 06J1acTH
NOJIOXKHTENbHBIX 3HaueHHH Oe3pasMepHOro KoadduuneHra HAaB-
JIEHHS P.

CpenHee 3HayeHHe Ko3(duuueHta J060OBOr0 COMPOTHBJIECHHS
naHHo# Mogmenn C, MOACYHTHIBAJOCH B pe3y/bTaTe B3BEUIHBAHHS H
cocraBujo 0,355. Takum o6pasom, Ha ocHoBaHHU (opmyan (16)
MOJKHO BBIYHCJHTb 3HaueHHe Ko3d¢¢uuHeHTa J1060BOro CONpPOTHBIIE-
HHs HartypHoro aBTtomoOuass 3A3-966 (C,=0,422). CnenoBatenb-
HO, K03(Q)dHLHEHT conpoTiBJeHHs aBToMoGHass 3A3-966 Ha 18,89
MeHblIe, YeM Ko3¢duuHeHT conpoTiBJieHliss aBToMoOuas 3A3-965
(C, =0,520).

KOHCTPYKUUS BO3AYXOMPUTOKOB M BO3AYXOMPHMEMHLIX HAKNAROK

B cayuae pacno/sioxkeHHs ABHTaTessi C BO3AYILUHBIM OXJa)Kae-
HHEeM B 3ajJHell yacTH aBTOMOOMJISI BeChMa »KejaTeJbHbIM SIBJSET-
Cs1 HCIOJIb30BaHHE 3HEPrHH BCTPEUHOrO0 MOTOKA BO34yXa, MNOCTY-
- Halollero B MOTOPHBIl OTCEK AJf OXJaXKAEHHs JBHraTenasl ¢ LeJblo
yBeJHUEHHSI €ro KOJHYecTBa H YJyuylleHHsi ycJaoBHil paboTbl BeH-
tuasitopa. [103TOMYy npH KORCTPYHPOBAaHHH M H3rOTOBJIEHHH BO3AY-
XOINPHTOKOB — BO3AYXONPHEMHBIX OTBEPCTHIl 11 BO3AYXONOABOASA-
UIMX KaHaJ0B — JOJIXKHbLI BHIMOJHSTHCSA CAEyIollHe OCHOBHBIE -YC/IO0-
Busi: 1) BO3ayxompueMHble OTBEPCTHS AOJKHBl ObITb PacrnojoXKeHbt
B 30HE MOBLIUIEHHOTO MOJIOXKHTEJbHOro JaBJeHus; 2) rujgpaBianue-
_CKHEe CONPOTHBJIEHHsI BO3LYXONPHTOKOB JOJIKHbl ObITb MO BO3MOX-
HOCTH MHHHMAaJbHbIMI; 3) pas3inyHble Y4aCTKH TPOXOAHbIX ‘ceueHiii
BO3JYXONOABOAALIKX KaHA/JO0B MOJIXKHBl HCNONb30BATHCS NPHMEPHO
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ONHHAKOBO, T. €. Yepe3 pa3/juyHble, paBHble MO MJOLLAAH, Y4YaCTKH
3THX CEYeHHH HOJIKHO NPOXOAHUTb NMPHUMEPHO OIHHAKOBOE KOJHYE-
CTBO BO3JyXa; 3TO HCKJIOYUHT IepeTeKkaHHe, BHXpeoGpa3oBaHHe U
o6Gecrneyut HauboObLIYIO 3PPEKTHBHOCTD NPOXOAHBIX CeYeHHH BO3-
JLYXOIPHTOKOB.

Takum o6pa3oM, BO3HHKaeT HeOOXOAHMOCTb B ONpelejJeHHU
HauMy4lUIMX BAapHAHTOB KOHCTPYKUMHl BO3NYXONPHTOKOB, oGecrneu-
BaIOUIMX NMPH MHHUMAJNbHBIX pa3Mepax NPOXOJAHLIX CEUYEHHH BO3ALY-
XONOABOASAIHX KaHAJOB IO-
CTYIJIEHHE B MOTOpHBIH OTCEK
Heo6X0XHMOTO KOJIHYecTBa ’
HesanbslleHHoro Bosayxa. [To- | |
106Hble HCCTEAOBAHHS MOXHO l
NPOBOJAHTL MPOAYBKOH HATyp- | :
HbIX 00pa3uoB BO3LYXOMPHTO- ]

|

3

KOB B  a3poaHHAMHYECKOH
TpyOGe.

XoTta ycTaHOBKa B pado-
yell 4acTH a’poANHAMHYECKOM
TPyObl TONLKO 3amHeir 6oko- | |
BHHBI Ky30Ba, B KOTOpOI pac- |
N0JIOXKeH BO3LYXONPHTOK,
He 1aeT BO3MOXKHOCTH MOJy-
YHTb a6COJIIOTHOE 3HayeHHe [—
CEKYHIHOrO KOJHYeCTBA BO3- [|yeiS

Puc. 12. Cxema 3Kkcnepumenrain-
HOH YCTaHOBKH:
1 — xondysop; 2 — pabouas wacTh aspo-
AHHAMHYECKOR TPYOH; 3 — nuddysop;
4 u 10 — MHKPOMaHOMeTDbI; 5 — npaBas
3aHAsT GOKOBHHA KYy30Ba; 6 — CbeMHafl
BO3ZyXONpHEMHAsl HaKJNalKa; 7 — BO3MY-
XONONBOAAIMA KaHad, &8 — BO3AYXOBOX;
9— Aned)parma; 11 — 3arnymka

AyXa, MoCTynalollero B MOTOPHBIH OTCEK NMPH Pa3JHYHBIX CKOPOCTAX
TiepeMelleH s aBTOMOOHJI, TaKoi Crnoco6 MO3BOJSET IPOBECTH
CPaBHEHHE Da3/MYHBIX BaPHAHTOB KOHCTPYKLHIH BO3LyXOIpPHTOKOB,
BBINOJNIHEHHBIX B HaTypaJbHylO BelHYuHy. IIpu 3TOM, oueBMAHO, 3a-
Mephl TpeGyeMbIX MapaMeTpoB GyAyT TNpOHM3BeNeHH C GoJblieit
TOYHOCTBIO, YeM ec/id Obl 3TH 3aMepsl MPOHU3BOMMJIHCH HAa MOAENAX
aBTOMOOHUJIEH, BHIMOJHEHHbIX B MacmTabe 1: 10 wau 1 : 8.

Ilas npoBemeHHs: HACTOALIMX MCCIENOBaHHi HEOGXOAHMO GBLIO
M3MEpATh CKOPOCTb Haberamollero noToka Bo3Ayxa (CKOpOCTb aB-
TOMOGHJISI), pacxol BO3AyXa uepe3 BO3AYXONPHTOKH H H3GHITOUHOE
ZaBJieHHe Yy BXOJa B BO3JyxonpuemHble oTBepcTusl. Ha puc. 12 B
niaHe M300pa){eHa CXeMa YCTAHOBKM [JIf MPOBEJAEHHS ONbITOB.
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3anHss GOKOBHHA Ky30Ba CO CBEMHbIM BO3AYXONPHEMHHKOM
ycraHaB/iMBaercss B pafoueit yacTH aspOAMHAMHMUECKOH TPy6hl Ha
paccrosunu a=270 mMm OT OCH NOTOKa. B IMPOKOH HacTH KOH-
¢bysopa MHKpOMaHOMeTpOM 4 NPOH3BOAHTCS M3MEpPEHHE CTaTHue-
CKoro naBJjieHHst A B mm BOA. cT. C nOMoOLIbIO 3TOH BEJHYHHEl MO
¢dopmyne (8) MOXKHO BHIYHCIUTBL CKOPOCTb Haberaiollero NOTOKa.

BokoBHHAa Ky30Ba CUMTaeTCsi NpPaBHJbHO YCTAHOBJEHHOMH, eciH
yc/i0BHs OOTEKaHHsi BO3LYyXOM 3TOH uacTH aBTOMOGHAA B TpyGe
aHAJIOTHYHBI YC/MOBHSIM OOTEKaHHsI B €CTEeCTBEHHBIX ycsoBHAX. [Ipu
3TOM Oe3pasMepHble KOS(@HUHEHTHl NAaBJeHHS J MOJIKHB GObiTh
ONMHAKOBbIMH B 0060nX cayyasx. OnHako ycraHaBiuBaTb GOKOBHHY
MO OTHOULIEHHIO K OCH TPYObl 1O 3HAYEHHIO P HENPaBHJLHO, TakK
KaK OTCYTCTBYeT NepelHss 4YaCTb aBTOMOOMJSA, BJHsOILAA Ha
IaBJeHHE B MECTe DacnojioXKeHHs BO3LYXONPHEMHHX OTBEpCTHI.
[TosToMy GOKOBHHBI yCTaHABIMBAAHMCh N0 OTHOLIEHHIO K OCH BO3-
IYUIHOrO NMOTOKAa TakK »Ke, KaK OHU PAacnosiaraloTcs Mo OTHOLIEHHIO
K OCH aBTOMOOHJSI B YCJNOBHAX 3KCOJAyaTauud. SDTO MO3BOJSET
NPOBOAHTbL CPAaBHHMblE HCCJHELOBAHHS BO3AYXONPHTOKOB H oOle-
HMBaTh HX KayecTBO NMPH OJAMHAKOBOM DaclOJIOXKEHHH, HO 6e3 yue-
Ta TOro NaBJieHHSsl, IPH KOTOPOM OHH TPONYCKAaIOT BO3AYX B MO-
TOPHBIN OTCEK B HaTYPHBIX YCJOBHSIX, T. €. CPaBHHBaThb XapaKTepH-
CTHKH BO31yXOnpHTOKOB p=f(Q).

BriBenem ¢opMyny 3TOHf 3aBHCMMOCTH, 3alHCaB ypaBHeHHe
Bepuynau ans ceueHuit mepen BO3LYXONPHEMHOH HaKNaaKoh 6 u
Ha BBIXOAe H3 BO3AYyXOBoxa §:

- v_% '”_?’ 2
p—v2g +v(§+€)2g K[/, (17)

rae {— ko3¢ (dHUHEHT COnPOTHBJEHHST BO3AYXONPHTOKA;
¢’ — Ko HLMEHT CONPOTHB/EHHST BO3AyXOBOAa ¢ AHadpar-
MOH.

YpaBHenue (17) cBuOeTeNbCTBYET O TOM, YTO H3OLITOYHOE IaB-
JieHHe Tepei BO3AYXONPHEMHON HAK/MAaAKOM pPacxOAyeTcsi Ha CO3-
ILaHue OMHAMHYECKOTO Hamopa Ha BbIXOAe M3 BO3LAYXOBOAa H INpe-
ONl0JIeHHe CONpPOTHBJEHHS BCEro BO3AYIIHOTO TPaKTa YCTAHOBKH.
N3 storo ypaBHeHHs MOXHO MOJIYYHTb 3aBHCHMOCTb MeXAY HAaB-
JIeHIIeM M PacxoloM BO3[yxa:

8 '
p=—ipr 1+ L+ D)@ T/,

IMpu suavenwu D=0,15 x
p =163y (1 4+ T+ ¥') Q* mm 800. cm. (18)
Iasi nonyueHHs XapakTepHCTHKH BO3LYXONPHTOKAa HYXXHO ompe-
J€THTh OMBLITHBIM MyTeM cyMMapHBIi Ko3dduunueHT conpoTHBIe-

Hus Lo=1-+C+C, nocne yero yyecTb CONPOTHBJIEHHE AuadparMbl H
Bo3ayxoBoaa &' =8 +L,. ‘
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[Tocnie pacuetoB Oblan TOJNYuUeHB 3HaUeHUA Lp =59,87 u e =
=0,40. CaenoBarenvno {'=59,87+0,40=60,27, u ¢opmyna (18)
npuobGperaeT BHI,

p =163y (61,27 -+ &) Q* mm 600. cm.

ITpu nsBecTHbIX 3HaueHHsAX p (B mm 800. cT.) u Q (B M3/cex),
onpejeJsieMblX OMbITHHIM MYyTeM, MOXHO BBLIYMC/IHUTH BEJHUHHY { it
. MOCTPOHTb XaPaKTEPHCTHKY IS KaXXAOro BO3AYXONpPHTOKA:

p =sQ, ' (19)

rae s=163 y{ — ko3ppuIHEeHT XapaKTePHCTHKH BO3AYXONpPHTOKA..

Heo6xonuMo0 OTMeTHTb, YTO CEKYHOHOE KOJHYECTBO BO3AYXa,
NPOXOASAILEro yepe3 BO3AYXONPHTOK, OyAeT oTiH4YaThcsi OT Q B 3KC-
IJYaTaLlHOHHBIX YCJOBHSIX MO CAeLYIOLHM NPHYHHAM:

1) B moToKe ycTaHaB/HBaeTcss TOJBKO 4YacTb Ky30Ba H TeM
caMbIM HCKJIIOYaeTCsi BJHsSHHe INepefHell YacTH aBTOMOGUJIS Ha
CKOPOCTb BO3JyXa H pacnpefiejieHHe IaBJEHHS B 30HE BO3LYXO-
NpHEMHHKOB;

2) ycraHoBka Tpy6onpoBoaa 8 c Auadparmoit 9 BMecTo KaHa-
JOB, of6pasyeMblX JBHraTeJeM H IPYTHMH BCIOMOTaTeJbHbIMK
arperaTaMH B MOTODHOM OTCEKe, BJIHSIeT Ha KOJHYECTBO BO3JyXa,.
MOCTYMAIOLIEr0 B MOTOPHBIN OTCEK;

3) B ecTecTBEHHbIX YCJOBHUSIX B MOTOpHOM oTceKke paGoTaeT BeH-
THJSTOP, KOTOPHIH 3acachiBaeT BO3NyX H3 BHeWIHeH cpelbl MO BO3-
AYXONPHUTOKaM.

OnHako NpH BCeX 3THX YCJIOBHAX HEOGXOAHMO YYHTHIBATh JHEp-
THIO BCTPEYHOTO NOTOKa, [JsI HCMNOJb30BAHHS KOTOPOH BO3AYXO-
TNPUTOKH JOJKHBl HMETb COOTBETCTBYIOLLYIO (DOPMY H PaclosOKeHHeE.
ITosTomy 1enecoo6pasHO NMPOBOAUTb CPaBHHTEJbHbIE HCCAELOBaHHS
Pa3/HYHbIX KOHCTPYKUHI BO3LYXONMPHTOKOB B a3pOIHHAaMHYECKOH
TpyGe Mo ONMHCAHHOMH BbIlLIE CXEME.

Pacxon Bo3xyxa onpenensics NpH NMOMOLIH HOPMaJbHOH AHa-
¢parmbl 9 ¢ auddepeHuHadbHBEIM  MHKpOMaHoMerpoM 10 (cMm.
puc. 12) nas u3MmepenHs nepenaja nasJeHHH fip. B pesyabrare
pacuera Obia mojaydyeHa pabouas (popMysna IaHHOH AHadparmbi:

Q ==& Vi, om¥/cex. (20)
VT

Mecto pacnonoxenuss auadparMbl B BO3AyXOBOAe BbIGHPasoCh
B cootBeTcTBHH ¢ «[IpaBunamMu 27—54 no mpHMeHEHHIO H NPOBEPKe
pacxoioMepoB C HOpMaJbHbIMH AHadparMaMu H Tpy6kamu Ben-
TypH».

Jlna cpaBHHTeNbHBIX HCCJENOBaHHIA pPa3JHYHBIX BO3LYXOIPHTO-
KOB HeOGXCAHMO, uTOGbI CKOpOCTb Haberaiouiero noToka O6blja
NOCTOSIHHONA. DTO IOCTHTaJOCh 113MeHEeHHeM uYHcjla 060pPOTOB BEHTH-
JIATOpa a3poJHHaMHuyecKoH TPYGbl H KOHTPOJIHPOBAJOCh MOKa3aHHEM
miikpomanomerpa 4. Bo BpeMsi ONnbITOB yCTaHaBJAMBAJCA pEXHM,
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COOTBETCTBYIOLUHIT CKOPOCTH aBTOMOOHAsE okoao 90 xam/«. Takoe
3HayeHHe CKOPOCTH, BO-NIEPBbIX, MO3BOJSET MOJYYHTb 3HAUHTENb-
Hble nepenaibl i H hp, YTO yBeJIHYHBAET CTENEHb TOYHOCTH OMNBITOB,
H, BO-BTODPLIX, NPH 3TOH CKOPOCTH BO3HHKaeT HaubGoJiee BHICOKAs
TeN/10Bast HaNpPs>KeHHOCTb JBHraTe/si aBTOMOGUJIS.

KoutpoibHbiM 3HauenHeM nepenaga NaBJeHHS, NOKa3bIBAeMOTro
MiIKpoMaHOMeTpoM 4, npHuumajocb h=40 mm. M Tak Kak OnmwITh
NPOH3BOAMANCL NPH PasjHYHbIX aTMOC(HEPHOM [aBJEHHH H TeM-
nepatype BO3AyXa, a MNOKa3aHHf MHKPOMaHOMETpa KoJsedauch
B npenenax 40,0—40,8 mm, ro Heo6X0AMMO NPHBOAUTH 3HAUEHHS
pacxojla K HEKOTOPOMY MOCTOSIHHOMY 3HAY€HHIO CKOPOCTH v’

Pacxozn, npuBefleHHbIH K CKOpocTH v’ =25 M/cek:

¢=Q=. @1

Ias onpeneneHnsi KoJMYeCTBa BO3AyXa, NPOXOASLIEro uepes
KaXAylo 1lefb BO3AYXONPHEMHBIX HaK/IalOK, H HCCAENO0BaHHS
paBHOMEPHOCTH paboOThbl I1leJsel, YTO BJHSET Ha CONMPOTHBJEHHE
BO3/yXOINPHTOKA B LeJOM, OblJIM MPOBefeHbl cleayloline onbiThl. Ha
Hak/J1aJAKaX IMOCAeJoBaTeNIbHO 3aKJEHBaJHCh MO JBe IUedH. ITO
NPHBOJAUIO K H3MCHEHHIO pacxolda BO3AyXa, NPOXOASIIEro uepes
BO3IyXONpHTOK. B pesysnbraTe Takux HCCAeNOBaHHI MOXHO oOlie-
HHBaTb NapaMeTpbl BO3AYXONPHEMHHIX HAKJIaJOK 1O paBHOMep-
HOCTH NOCTYNJIEHHS BO34yXa Yepe3 LueseBble OTBEPCTHS.

HccnenoBanHs B OCHOBHOM MNPOBOLHJNCH C BO3LYXONMPHEMHII-
kami aBroModias 3A3-965. PaccMaTpHBaiach BO3MOXKHOCTh He3Ha-
YHTEJIbHOH TEeXHOJOrHYeCKoi MoAMdHKauuli BO3LYXONPHEMHONH Ha-
KJaJKll [Js yBeJHUYeHHs KOJHYECTBA BO3AyXa, MNOCTYNAlOLLETO Ha
oxnaxjeuite apurarensi. C 3Toil ueNblo MPHMEPHO NPH MOCTOSIHHOM
3HaYeHIIH CKOPOCTH HAa6eraoulero N0ToKa v HCHbITBIBAJIHCh BO3LYXO-
NpHeMHIIKH, NpHBeAeHHble Ha pHc. 13.

Ilns  cpaBHeHHMsT KayecTBa BO3AYXOMPHTOKOB aBTOMOGHJeNt
3A3-965, 3A3-966, 3A3-970 6biiM npCBelelbl HCCACNOBaHHSI Ha-
TYPHLIX NpaBbIX 3aJHHX GOKOBHH Ky3oBoB Moneseii 3A3-966 (ua-
kiaanka 12) u 3A3-970 (naknanka 13).

PesyabTaTbl ONBITOB 1 pacyerbl, KOTOpbie MO3BOJSIOT B HeKO-
TOpOil CTeNeHH OXapaKTepH30BaTh NMapaMeTpPbl KakK BO3AYXONpHEM-
HIIKOB, TaK 1l BO3JAYXONPHTOKOB B LeNOM, CBeleHbl B TalJHly, U3
paccMoTpeniisi KOTOpoil chaenyer, uto (ecau npuuarbe 3a 100%
pacxon Bo3dyxa uyepe3 OOBLIYHYIO BO3AyXONPHEMHYIO laKJIanky 2)
ApH He3HaylTeJbHOH TEeXHOJOrHuecKoH MOAH(QHKALUHH HaKIaloK
aBToMo6uasi 3A3-965 pacxonm uaMensiercsi oueHb Majno— 10 6,0%.
Pacxon Bo3ayxa uepe3 BO3LYXONpHTOKM aBToMoGuaeir 3A3-966
(naknanka 12) n 3A3-970 (maxknangka 13) Goablle pacxoia uepes
BO34yXONPHTOKH aBToMOGHIss 3A3-965 ¢ Haknamkoi 2 cooTBeT-
ctBenHo Ha 33,0 11 28,5%, npuuem 3TO yBeauyenHe Q mocTHraercs
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B OCHOBHOM H3-3a 3HAYHTEJbHOTO MOBHILIEHHS (COOTBETCTBEHHO Ha
78,5 1 69,5% ) naBieHHs Neped BO3LYXONPHEMHHKAMH.

Haumenblinii Ko3pdHLUHEHRT XapaKTePHCTHKH BO3AYXOMNPHTOKA,
a cJefoBaTeNbHO, JyYlllHe [IapaMeTpbl HMeeT BO3JAYXONPHTOK C Ha-
K1ajgKoft 7 — npaBasi Hak1aJdKa Ha npasoil GokoBune. Hauxynurie
nmapaMeTphl y BO3JAYXONPHTOKA ¢ HakJaikoi 5. CilelyeT OTMETHTD,
YTO mapaMeTpbl BO3LYXONPHTOKa Ha MNpaBoii GOKOBHHE C JeBOH

Pic. 13. Tunbl BO3AYXOMPHEMHHKOB aBTOMOGHAA 3A3-965:

{ — OTKpbiTOE OTBepcTHe; 2 — oGhluHasA (cepuilHasg) Bo3AyxonmpHeMHas HakjAaAKa; 3§ — Ha-

KJaflka ¢ BLIPe3aHHLIMH NJacTHHaMH; 4 — HakJallka ¢ BHpPe3aHHHIMH Yepe3 OAHY MJIACTH-

HaMH; 5 — HaKJaZKa C OTOTHYTHIMH NJAacTHHaMH (OT HavajJa HaKJafKH A0 ee KOHLA NJAaBHO

yBeJiHYeH Yros pPasBopoTa IJIAaCTHH); 6 — HaklajKa C BBIPe3aHHLIMH Yepe3 OAHY M OTOTHY-

THIMH MJIACTHHAMH; 7 — HaKMajlKa NpaBasd, BLIABKHYTas Ha 15 s oT *Ky3oBa HapyXy; 8 — Ha-

KnaAKka npasafi, BLIABHHYTas, ¢ OTOTHYTHIMH NJAacTHHaMH; 9 — HaKNajAKa JeBasl, BLIABHHYTasd;
10 — Haknajgka JcBasi, BLIABHHYTafl, ¢ BbIPE3aHHLIMH Yepe3 OAHY NJAaCTHHAMH

‘HaKMaJKoH 9 HeCKONbKO XyXke NapaMeTpPOB 3TOTO 2Ke BO3AYXOMpPH-
TOKa € HakJaJAKoil 7 — BeJHUYHHBl S OTJH4aloTca Ha 17%. Beaw
_YHHBI S BO3JYXOIIPHTOKa C HakJaAkKaMH 7 H § orTiauuaiorcs Ha 399,
.OTO 3HAYHT, 4YTO NIPH OZHOM H TOM 2Ke NABJEHHH Y BXOZa B BO3LYXO-
JIpHEMHHKH IIPH YCTaHOBKe HakKJaJAKH 7 BeluudHa Q MOXeT yBe-
JIMYUTCS MO CPABHEHHIO C BeJqHYHHOA Q mpu Hakaanake 5. Hampu-
Mep, npu p=10 ux 800. cT. Q yBenuuuBaercs Ha 289%.

HenpasuapHo 6biio GBI paccmMarpuBaTh Ko3dduuuent f, Koro-
PoOMy npsiMo NponopuHoHaJeH Ko3dduiUHEHT s, Julb KaK Ko3ddu-
LIHEHT CONMPOTHBJEHHS Bo3ayxonpuroka. OH XxapakTepH3yeT TaKe
CTeNneHb yJaBJIHBAHHA [BO3JAyXa, MOBbIIIEHHS |[1aBJeHHs, T. €. Kaue-
CTBO BO3LYXOIPHEMHOH [HaKJ/a{KH.

Kak yxe orMeyasoch paHee, MeXAy ONbITaMH, NMPOBEXEHHBIMH
¢ OOKOBHHaMH Ky3oBa B TpPyGe H HCNBITAHHAMH B €CTECTBEHHBIX
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YCJOBHSX, HET NMOJHOrO COOTBETCTBHS, HO XapaKTePHCTHKH BO3LyXO-
IPUTOKOB, NpUBELEHHbIE B TabJaule, MO3BOJSIOT JaThb KauyeCTBEHHYIO
OLIEHKY KaxJIoil KOHCTpyKuuu. CpaBHHBas 3HauyeHHs Koapduuuen-
TOB { H S IJIsl BCEX BO3LYXONPHTOKOB, MOXKHO CHeNaTh BBIBOX, 4TO
napaMeTpbl BO3AYXONPHTOKOB C HakaaaxkaMu [2 u 13 aBTOMOGHIEH
3A3-966 u 3A3-970 oTaHyaloTCsi OXHH OT APYTrHX Bcero Ha 5%
H XyXe NapaMeTpPOB Jyyllero BO3AYXONPHTOKAa C HakJaiKoH 7
aBToMo6uas 3A3-965 moutu Ha 20%. OmHako comocTaB/ieHHe 3Ha-
yeHHH p H Q I/ HaAKIaZOK BCeX THIIOB CBHAETEJNLCTBYET O TOM,

oo 2
|
|
| /A \
|
. 1 12
s i
] ¢
; + |
L B
QU
a |} ]
QU
DL li g
« / —_—— 1T
q—
a) "l,D

6

Puc. 14. I'padukn pa6oThl BEHTHJAATOpPA B BO3AYIU-
HOM TpaKTe:

1 — XapaKTEPHCTHKAa BEHTHASATOPA; 2 — XapaKTEPHCTHKA BO3-
AYWHOrO TPAaKTa

YTO BeJHYHHA p, a He popMa HakKIaAKH H KaHaja fIBJSETCS Ompe-
HeJsouWHM (GaKTCPOM MPH ONpPefeNeHHH pacxXoia, T. €. 4eM GoJb-
e p, TeM Goabile Q.

PaccMOTpHM COBMECTHO XapaKTeDPHCTHKH BCEro BO3AYLIHOTO
Tpakra (BO3LYXONPHTOK — MOTOPHbI/ OTCEK C ABHraTejeM — BbIXOX-
HOe oTBepcTHe) M BeHTHAsTopa. Ha puc. 14 npuBelenbl rpaduky,
XapaKkTepHsyiollHe paGoOTy BEHTHJAATOPAa MNpPH MOMOXHTEIbHOM
(puc. 14, a) u orpunateabHoM (puc. 14,6) H36HITOYHOM NaBJIEHHH
y BX0la B BO3AyXonpuemHHK. PaGoune ToukH A — TOUKH Mepece-
YyeHHsl XapPaKTEPHCTHK BEHTHJAATOPA M BO3AYIIHOTO TPaKTa — MOKa-
3bIBAlOT CBSI3b MEXKAY HAaBJEHHEM H NPOH3BOAUTENBHOCTBIO BEHTH-
JAsTOpa B AAHHBIX YCJIOBHAX ero pa6orhl. Uem GoJblle XaBjeHHe
Ha BXOAe B BO3AYXONPHUTOK, TeM GoJblle AaBjieHHe Ha BXoje B
BEHTHJATOP — IPOH3BOJHUTENBHOCTD BEHTHJAATOPA YBEJIHYHBAETCH.
U, nao6opor, yMmeHblieHHe HAaBleHHs (Zaxe [0 OTPHLATEIbHOTO
3HauyeHHs1) y BO3LYXONPHEMHBIX HAK/JaJAOK BbI3bIBa€T YMEHbILIEHHE
NpPOH3BOAHTENbHOCTH BEHTHJATOPA.
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IlpuBeaeHHble CXeMbl [JalOT HarJSAHOe IPEACTaBJEHHE O TOM,
YTO yCTAHOBKA BO31YXONPHTOKOB C XOPOIUMMH a3pOAHHAMHYECKHMH
napamerpaMH B 30He OTPHIATENbHBIX AaBJeHHH (YTO HMEJIO MeCTO
B aBromoGuie 3A3-965) Ha MOBEPXHOCTH Ky30Ba NPHBOIHT K HelO-
CTaTOYHOMY KOJIHYECTBY BO3AyXa, NOCTYNAIOLEro B MOTOPHLIH OTCEK.
CinemoBaTesbHO, HEOGXOAHMMO YCTaHaBJHBAThb 6oJiee MOLIHBIH BeH-
THJAATOP.

OnpeneniM BO3MOXKHOe MOBbIILIEHHE pacxola Bo3ayxa Q y aBTo-
mo6uieit 3A3-966 u 3A3-970 no cpaBHEHHIO C pacXOAOM BO3AyXa
y aBromMoGuasi 3A3-965 ¢ u3MeHeHHeM Gespa3MepHOro Ko3ddu-
L{eHTa JaBJeHHSA Y BXoJ4a B BO3AYXONPHUEMHHKH. DTOT KO3 PHIUEHT
y NepeuHcJeHHbIX aBTOMOOHJEH COOTBETCTBEHHO paBeH: p;=—0,18,
p2=0,19, p3=0,4. Tlpu ckopoctu aBTOMOGHAsE v=90 xKm/u (v=
=25 m/cex) u y=1,21 xI[[/m® Ha ocHoBaHuu ‘dopmyasl (10) mas-
JieHHe Bo3ayxa (B mm 800. CT.) y BXoAa B BO3AyXONpHEMHHKH
COCTaBHT:

ans apromobuss 3A3-9656 . . . . .. pp=—6,92
» > 3A3966 ...... p,=6,92
» » 3A3970 ... ... pg=15,4

CorsnacHo TabJ/Mle NapaMeTpbl BO3AYXONPHTOKOB C HakJan-
kamd 2, 12 nu 13 pasnuuvaiorcs Ha 4,6%. Ilpumem Hekoropoe
cperHee  3HaAUYeHHE  Sqp=050270

p 1 bod em, H, IMOCTPOMB  XapaKTePUCTHKY

/ (puc. 15) 3TOro BO3AYXOMPUTO-
3/ Ka, pPacCMOTPHM BJIHSHHE p Ha
1 yBeJUuYeHHe  MPOH3BOAUTENBHO-
/ cru BeHTuasitopa. Ilpu p; otpu-
uaTeJabHas BeJHuyHHa AQ paBHa
/ 0,036 m3/cex (Touka 1), a pmas
¢r—1—2 P2 H ps TOJNQXKHTENbHblE BeJH-
| yHHbl AQ paBHBI COOTBETCTBEH-
4 7 HO 0,03? M3/cex (Touka 2) wu
0 a0z 0| ) 0,0535 x3/cex (Touka 3). Caeno-
T T BaTeNbHO, BO3MOXHOE TNOBbILle-

/ ) Hue pacxofa Q NpH OJHOM U TOM
-4 ,Puc. 15, Xapaktepu- Ke BEHTHJISATOpPE OPHEHTHPOBOY-

[ [CTHKA - BOSLYXOMPH- o GymeT paBHO: /i aBTOMO-
—7¢ Toxa ouns 3A3-966 508 w3/« u ans
asromMo6u.1st 3A3-970 644 m3/u.

TpuBenenublit Ha puc. 16 rpaduk xapakTepHsyeT paBHOMEPHOCTD
NOCTYIJIEHHs BO3[yXa B ILENH BO3AYXONpPHEMHOH HakaaldKH 2 aBTo-
mo6unsg 3A3-965 npu uyaCTHYHOM 3aKpHITHH Ienelf (weaH 3a-
KJTeHBaJHCh MJacTHJAHHOM). Bcero B Hakaalke yYucao Liefeli
n=18. 3a 1009 npuHHMaJcs pacxol BO3lyXa, KOoraa Bce OTBep-
cTHA Oblau oTKpbITHL. 'paduk Ha puc. 16, a mocTpoen npu 3aKpbITHH
LIeJIeBLIX OTBEPCTHII OT KOHLla K Hauaay, a Ha puc. 16,6 —npu

16

/4

I
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MX OTKPBITHM B TOM »Xe HaNpaBJIeHHH, T. €. Ha NepBOM rpaduke
N0Ka3aHO H3MEHeHHe pacXoja NpPH YMEHbUIEHHH IPOXOMHOro ceye-
HHSl OT Hayaja [0 KOHLa BO3IYXONPHEMHOH HaKJalKH, a Ha BTO-
pOM — H3MEHeHHe pacXofa NpH YBeJHYEHUH IPOXOAHOrO CEYEHHS

or
/0

Q%

—
80 80

[ -
60 e !

SRS S ]

49 40 - —— ‘
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Puc. 16. I'paduku pacnpeneseHHsi pacxola BO3AYyXa MO 1eJsiM BO3LyXONpPHEM-
HBIX HaKJIaJoK

OT KOHIa JO Haya/la HakJaak#. TakiM oGpa3oM, B MEepBOM Ciyyae
OTKPHITasi MepefHssl 4acTh HAKAaJKH He BJHSJA Ha TNOCTYIUIEHHE
BO3/lyXa, a BO BTOPOM 3Ta 3aKphbiTas uacth Bausiaa. Kak ciemyer
M3 NPHBEJEHHbIX TPadHKOB, H B TOM H B JPYrOM CJyYasix paBHOMeEp-
HOCTb paGoThl BceX IUeJefl XOpollasi, a CJedOBaTesNbHO, pacipe-
IleJIeHHe CKOpOCTeil Ha BXOXe B BO3LYXONPHEMHHK TaKKe XOpOLIee.
ITepeTekanusi ¥ BHI3BAHHBIE 3THM SIBJE€HHEM IIOTePH MAaBJEHHS
OTCYTCTBYIOT.

JIUTEPATYPA

TMosx WU. JI. AspoinnaMuyecKHii SKCIIEPHMEHT B MawuHOCTpOoeHuH. JI., «Ma-
LIHHOCTpOeHHe», 1965.




UCCNEQOBAHME NPOYHOCTU U MECTKOCTHU
SJIEMEHTOB KY3OBA JIEFTKOBbIX ABTOMOBUIIENA

ABPAMOB B. B., TOHKOHOT A. B.
CHMKOB A.H., ABEPHH TI. B,
TETEPHH I. B., BOPHCEHKO H. T.
u ITOArOPORNELKHH A. 3.

NPUBJIMIKEHHBIA METOJZF PACYETA HA NPOYHOCTH
M ECTKOCTb AETAJIEA KY3OBA JNErKOBbIX ABTOMOBMIEA

MHorue JeTasH Ky3oBa JIETKOBbIX aBTOMOOHJEH NpPEACTaBASIOT
CO0OH MJACTHHBI CJOXKHO#H (opmbl. B nanHOif craThbe omucan pas-
paGoTaHHBII aBTOPaMH MeTOJ pacyeTa MJIACTHH CJOXHON ¢opMbl
Ha NMPOYHOCTb M KecTKocTh. C MOMOWIBIO 3TOrO MeTONa ObUIM Bhi-
MOJHEHbl pacyeThl AJS 3aJHETO H NepefHero MmoJja, BEPTHKAJAbHOM
CTEHKH IepeJHero mnoJa, CTeHKH MOTOPDHOIO OTCeKa. B gaHHON

cTaTbe METOJ HJIIOCTPHPYeTCS Ha MpHMepe pacuera 3ajgHero mnonaa
aBTOMOGHJISI «3anopoXKel». '

NPMBNMIKEHHOE OBLUEE PELUEHME 3AJAYM NO ONPEAENEHMIO
HANPRXXEHMA M AEGOPMALKWA NMIACTMHOK

CymHoctp npuGJIHIKEHHOTO MeTONa pelleHHsi 3afayd Mo ofnpe-
Je/IeHHIO HanpsKeHHH M AeopMalHii NJIACTHHOK INPOH3BOJIBHOM
(opMBI C TNepeMeHHOH KEeCTKOCTbIO W [Js JIOGbIX YCJIOBHI ee
HarpyKeHHs 3akK/lo4aeTcsl B CBeleHHH pellleHHs .3afauyd AJsd MJa-
CTHHKH K CeTKe, COCTOSIHIell M3 CTepKHell NepeMeHHOH KeCTKOCTH
{2, 3). Pemwenne Takux 3aay oueHb rPOMO3JKO, MO3TOMY HHXKe TNpes-
JlaraeTcss MeTOA AJA NPUOJHKEHHOH OleHKH HaNpsXKeHHOTO H Je-
(GOpMHUDPOBAHHOTO <COCTOSIHHSI ‘TJIACTHHKH TIPOM3BOJBHOH (opMbI
nepeMeHHON XKeCTKOCTH.

PaccMoTpuM NIaCcTHHKY NPOH3BOJIBHOR (DOPMBI, LIAPHHPHO OMNH-
palollylocss M0 KOHTYPY M Harpy’KeHHYI0 pacnpeflelleHHOH 1o Bceft
MJIOaA¥ HArpy3Kof ¢ HHTEHCHBHOCTBIO P, COCPELOTOUEHHBIMH CH-
namu Py, Py, Ps,..P, u momentamu My, MWy, MW,,... M, (puc. 1).

Pa3o6beM pacMaTpHBaeMyl0 NJIAacTHHKY Ha IOJIOCKH, pacnoJo-
JKEHHble B JBYX B3aHMHO NepHeHIHKYJsPHBIX IJIOCKOCTSX, H pac-.
cMoTpuM ABe W3 HHX (pHuc. 2, mosaockH / u 2). OGo3HayuM CcHIY
B3aHMOMAEHCTBHS IBYX TMOJOCOK B MeCTeé HX CONPHKOCHOBEHHS
(Touka C) uepes R. Torza MOXKHO HaMHcaTb clefyiolllee YpaBHeHHe
cOoBMecCTHOCTH AedopMauuil:

Wy, — W — Wy =0, (1)
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fRe wyq — nporu6 B Touke C mepBOii MOJOCKH OT NPHJIOMKEHHbIX
BHEILIHHX Harpy3ok;

wg —nporu6 B TOouKe C nepBOi IMONOCKH OT PeakTHBHOM

cuabl R;
Wor — NMporu6 B TOoYKe C BTOPOl MOJNIOCKH OT peaKTHUBHOII
cuibl R.
"”‘\ ———
,/// -/_’ /\\\ A 3 a /
/ A P,
/ m, 4/” "2 \\ % !
1P ‘ My L2 ﬂ
‘ A, 7 Il 2
\ Uiy 4 % (h 2
\\ | ay, V4
X & 7.7
X R
\\f‘—\\
Puc. 1. Cxema HarpyxeHus mnjacTuHel Puc. 2. CxeMa HarpyxeHus MOJIOCOK

TNPOH3BO/IBHOM KhopMbI

IIporuGel BBHIYHCASIOTCA W3 H3BECTHBIX (DOPMYJ COMPOTHBJIEHHS
MaTepuaJioB. Tak, Hampumep, ecid mojocka I HarpyxkeHa TOJBKO
PaBHOMEPHO pacnpeleNeHHOH Harpy3kofi ¢ HHTEHCHBHOCTBIO P, TO
ypaBHenue (1) mepenumercst ciaeayiomuM oGpasom:

5  pbt Rb3 Ra®

384 EJ: 48Ei,; 48Ei,’

OTKyZa
_ 20 pb 9
R=3 (H__g ‘EvJi\ ° @
¥ EyJ, )
OtHouenne nporuGos
W
o= ——!—R = 1 N (3)
Wiq
1+-°—: Bty
b Eaolg
B uactaocry, korna EJy=EsJs,
w
q 1 —_—
+ b

3Hayenuss KO3QGdHIHEHTA o AJS Pa3JHYHBIX OTHOLIEHHI IJIHH
NOJIOCOK TPHBENEHb HHXKe.
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SHES

a 0,5 0,11 0,0357 0,00377 0,001

U3 ¢opmya (2, 3, 4) u npHBeNEHHOro Bhille BbIBOAA BHIHO,
a
YTO C YBENHYEHHEM OTHOLICHHA — - ObICTPO yMeHbIIAETCs CHJIA

B3aHMOJEHCTBUSl MeXAy mosockaMu R, a o6uwuit nporu6 MNOJOCOK
JOCTAaTO4HO TOYHO COBMajaeT ¢ MPOruGOM MHOJIOCKH I OT HAeHCTBHSA
TOJBKO 3afZaHHON Harpy3ku. OueBHIHO, ypaBHeHHH (1) MOXKHO cO-
CTaBHTb CTOJBKO, CKOJIbKO HMEeTCsl KJIETOK B IacTHHKe (cM. puc. 1),
H, PelllHB HX COBMECTHO, HAHTH HeH3BeCTHble peaKUHH R Ana Kax-
IOif TOYKH CONMPHKOCHOBEHHSI ABYX DPSIIOB MOJOCOK. Takoe pelieHue
3ajaun Gyner rpoMosfKuM. JlJsi HEKOTOPBIX 3aJay MOXKHO BOC-
nosb30BaThCsl APYrUM croco6oM mnepexoja OT NMpPoOru6oB ¥ Hamps-
JKeHHH B MoJocKax K ImuactiHe. B.paGore B. B. AGpamosa [1]
ObIO NOKa3aHO, YTO HAHOOJIbIIME HAaNpPSI)KeHHs] NpH IMapoBOM H
LMJIHHAPHYECKOM H3rHOe MIaCTHHOK TOJLIMHON ! OTpefensiioTCs 1o
tdhopmyae )

Mm 6M

g = — =

w 2

a U3MeHeHHe pajuyca KPHBH3HBI:
IpH L1apOBOM H3THOE

) ©)

1_®_m—y 6
p E't Es ©)
NpH LUJIHHAPHYECKOM H3rHbe
1B IR 0
P E't Et3 )

B ¢opmynax (6) u (7) uepes E” o6Go3HaueHbl [IpUBeAEHHbIE
(pacuyernble) MOAYMH YNPYroCTH AMS ‘CJAy4asl {WIapOBOrO M IMJHH-
JpHYECKOTO 13rH60B.

Takum 06pa3oM, KOrZa HOpMaJbHble HanpsXkKeHHss B OBYX
B3aHMHO MepNeHAHKYJIAPHBIX HaNpaBleHHsX PaBHbl (0x=0y), NpH-
BeleHHblil MOAY/b YNPYTrOCTH IJ1si NJacTHHKH E’'= 1— @ Koraa

—p
BTOpoe Hanpskenue paBHo Hyado (o0.=0, o,5=0), npuBexeHHbIl

MoAyJsb ynpyrocti £/ = "

—pe’
o o a © a
[lepBhiil cayyail HMeeT MeCTo npn?=l, a BTOPO# — NpH ——=
=o0. [Ipubanxennyo ¢opmysy NPHBEJEHHOTO MOAYJS YNPYroCTH
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a
ANS MAACTHHOK € PASMHYHBIM OTHOUIGHHEM —- MOXHO 3amHcarh
Ha OCHOBAaHHH paBeHcTBa (4):

E=—t, @®)

1
rae p=p =\

ary

dra ¢opMmyna cnpaBeanuBa npn p<<Pp<<p2 Ecaum us dop-
MyJabl (8) B moayunsoch MeHblle p2, TO B pacyerax NPHUG/HIKEHHO
cjaenyer 6path B=p2

Hcnonb3ysi 3aBucumoctb (3) uau (4) u (8), MOXKHO HamucaThb
0o01yIo npub/aHKeHHYI0 GopMyay HJs BbIYHCIEHUS NPOrHO6OB U Ha-
Npsi)KEeHHH B IJIaCTHHE

w, = wg[1 —a] [1 —B); )
On = 0g[1 — 2], (10)

raie ws — nporu6 6anKu, HarpyKeHHOH TOi Ke Harpyskoi, 4To H
NOJIOCKA NJIaCTHHKH;
06 — Hampsi)keHHe B 6aJiKe, HarpyKeHHOH TOi Ke HarpysKoii,
YTO H MOJOCKA MJIACTHHKH.
Huxe npuBesieHbl npuMepbl Ha cpaBHEHHe TOYHOCTH dopmya (9)
n (10) ana pacyera 3JMJIMNTHYECKHX M NPSIMOYTOJBHBIX IJIACTHHOK
C H3BECTHBIMH pellleHHSIMH 3a/lai TeOPHH YNPYrOCTH.
dunnTHYecKasi IJIACTHHKA, 3allleMJieHHas [0 KOHTYpYy, Harpy-
JKeHa pacnpelesieHHOH NO Bceil NJOLIaAH Harpy3Koil MOCTOSTHHOM
unteHcuBHocTH p=const (puc. 3). Tommuny naacTuHkn 0603Ha-
yyuM OykBo#t f. MakcuManbHBIH NPOru6 wWo M HaHGOJbLIME HAMPS-
JKEHHSI Ox H Oy NPH TOYHOM pelLIeHHH 3aJayH ONpelessioTcs U3 cJe-
LyIOLHX 'HOPMYJ TEOPHH YIPYTrOCTH:

3p (1 —u2) b

W, = m . . (11)
(3 ;‘—-}-2—0-; —,—3) 32E#?
9wt (1 , u\.
%= T (F—*'Tf)" (12
2Ew,t 1 n
Bz

o b
Ha xonuax Manoli mosyocu 3JJuIca (x=0, y= -2—) Hamnpsixe-

HHMs u3ruba

— SEWO 14
%= i (14)
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ITpu6aHKEeHHO pellNTh pacCMAaTpPHBAaeMyl0 3agayy MOXHO IO
dopmyaam (9) u (10). Idas 3TOr0 BOCHOJb3YeMCS M3BECTHBIM H3
CONPOTHBJIEHHS MaTepPHAJIOB DpelleHHeM 3ajayd O TNporube H Ha-
NpsAXKEHHAX B 3allleMJIeHHOH 6aJjike, Harpy»KeHHOH PaBHOMEPHO pac-
npefeneHHOil Harpy3koi C HHTEHCHBHOCTbIO p (pHC. 4).
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Puc. 3. DanunrtHyeckasa mnJjacTHHa, 3a- Puc. 4. 3amevnenHasn Gajka
LIeMJIeHHAast M0 KOHTYpY

>x

Hau6oabumuit nporu6 nocepennte 6aaku
pb .
Wy = 0,031 —E—ts—, (15)
HanO6oJIbLINe HANpsIXKeHUS NocepeanHe GalKH
pb?
0').5 = 0,25 -tg— ’ (16)
HaHO6OJIbLIYE HANPSAXKEHHUA B MeCTax 3allleMJIeHHs
po?
Gyﬂ = 0,5-tT-. (17)

[ToxcraBisiss nonyyeHHble 3HAYEHHS W, U Oy B BhIpaxeHus (9)
u (10), nomyuaem npuGauKeHHble GopMyabl LIS pacyeta mnJa-
CTHHBI, 3allieMJIeHHOIl 0 KOHTYpY (puc. 3):

a) n1.1s1 onpejeselnsi HaHGOJbLIEro Nporuéa

w, = 0,081 22 [1 —a] (1 —B); (18)

6) mas omnpeneneHHss HaHOOMbIIMX HaNpsKEHUN MOCEPEAHHE
MJIaCTHHKH

o, =0,25 £ [1 —al; (19)
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B) IJjs onpefel]eHHs MAaKCHMAaJbHBIX HaNpsXKeHHH Ha KOHIE
MaJIoH TNOJIyOCH 3JIJIHIICA.

”t”: [l —a. (20)

oy =0,5

PesyabTaThl BbIYHC/IEHHS] NPOrHOOB H HanpsxXKeHHH no ¢opmy-
aam (11), (13), (14) u (18), (19), (20) mna pasaUYHBIX OTHO-

s a
WeHHA —— NPHBECHb! B ta6Ja. 1.

Tabauya 1

OTHoleHHe

ITapameTpu
1 ‘2 3 4 .10

Onpezenentbie no ¢opmysaMm Teo-
............ 0,0106| 0,0232| 0,0265| 0,0272|0,0284

Oy e 0,121 | 0,219 | 0,241 | 0,244 |0,250
Gy f e 0,242 | 0,438 | 0,482 | 0,488 |0,500

OnpenenenHeie o ¢opMyaaMm con-
POTHBJIEHHS MaTepUaJIOB:

We o v oo oot 0,0108| 0,0251 | 0,0271 | 0,0279|0,0282
8 v e e e 0,125 | 0,222 | 0,241 | 0,249 {0,250
Oy oo 0,250 | 0,444 | 0,482 | 0,498 |0,500

M3 tadn. 1 BHOHO, YTO TOYHOCTb MPHOGJHIKEHHBIX pelieHHH Mo
ypaBHenusaM (9) u (10) BmoJjHe yHnOBJAETBOPHTENbHA AJS NpPaKTH-
yeckux Ueseii. Takum xe obpasom

ONpefessoTC NPOruObl W Hampsi- %
JKeHHs1 B JI000# TOYKe IJIACTHHBI. AT
ITpsimoyroabHas MJIaCTHHKA, | ', " '/ f
/

IIaPHHPHO OMHPAIOLIAsiC TO KOH- i
TYpy, HarpyxeHa pacrnpejie/eHHol /fi ;, / Y. 3’
Ld

Nno BCed TNJOLIaAH HArpyskoi mno- = .
CTOSIHHOH HHTEHCUBHOCTH (pHc. 5). —a1— *
MaxkcuManbHbli nporu6 ¥ Hawu-
GosblHe HOPMaJlbHble HampsXKeHHUs] Jf:":LL_‘;:]:,Li
no merony by6noBa—TIanepkuna T3
ONpeJeNATCa U3 CJAedyIOUHX Bhbipa-
JKEeHHI. Puc. 5. IlpsaMoyroapHas niacTuHa,.
UIapHHPHO OMHpamllasicd M0 KOH-
TYPY
192p (1 — p2
) = P(l **i -3 1)
36 | ~—— —
Et3n ( s + T )
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N 96 (b2 - pa?) a2h?
Gx, max 4 (a? - b2)2 12 !
_ = 96 (a® + pb?) a®b?
yymax = P nt(a 622 (23)

(22)

=

g

Jast monocobl wWHpHHOA b=1 u TonUMHOM f, Mexalleil CBOGOAHO
fia ABYX Onopax, HauGOJbLWHUI MPOrud M HanpsiKeHisl ONpeAenaTcs
13 cJAeAYIOUHX BbIpaXKeHHH:

bt Dbt
=2 . P _ 15628, (24)

384 EJ E3

-+ M _ 6pb? pb?
g, = T e—— s _— 25
v w 8¢2 12 ( )

IMporuGel H HanpsiKeHHs B NJIACTHHe BLIYNCAsiEM H3 GopMmy.I
{9) u (10):

Wy = 0’156%% [1—a] (1—8); (26)

Oax = 0,75”1—’;2 (1 —a]. @7)

Pesyabrartsl BbluMcaeHua NPoruGCB U HanpsiKeHuit mo ¢op-
myaam (21), (23) u (26), (27) nnst pasiHYHBIX OTHOLUEHHI -:—
npuBelleHbl B TabJa. 2.

Tabauya 2

OTHOleHHe
IapameTpbt

OnpeseneHuble o opMyJaM Teo-
pHH YNIPYTOCTH:
Wo o v o o v v e e e 0,046 | 0,117 | 0,147 | 0,161 | 0,182
SYsmax + o+ oo e e e e 0,320 | 0,676 | 0,824 | 0,866 | 0,965
Onpepesniertbie N0 GopMysaM  com-
POTHBJIEHHS MaTepHaJOB: -
Wy o o o o o v - « ... .|0,0545{ 0,142 | 0,160 | 0,170 | 0,171
Oyymax + o + ¢ o o o - ..|0,375 | 0,670 | 0,721 | 0,748 | 0,750

CpaBHuBast pesyJbTaTbl pelleHHH 3afauy no ¢opMmyaaM TeopliH
'VIPYTrOCTIl H NpefsnaraeMbiM NPHOJMHIKEHHbIM MeTomoM (mpumep 1),
cJaelyeT OTMETHTb XOpollee COBMaJeHHe pPe3yabTaToB. Bo BTOPOM
TNpHMepe CcOBNajeHHe pe3y/abTaTOB, MOJNYYEHHbIX Pa3HbIMM METO-
JlaMH, HecKoJbKo Xyxe. IIpu mpHMeHeHHH 3KcnepHMeHTaJbHO-Teo-
petuyeckoro Merona [1] MoxHO n0o6HTHCS 60jiee BBICOKOH TOYHOCTH
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pacueroB. C 3TOH Lie/Ibl0 3KCMNEePHMEHTAJbHO ONpeAessiioT 'MPOrHOb:
OT COCPEHOTOYEHHBIX CHJ (CM. pHC. 7), NPHJIOXKEHHBIX K pasjuy-
HbIM TOYKaM TJIACTHHB], a MOTOM METOAOM (CJIOXKEHHUS PellaloT 3a-
jayy AJs cjayyas Jio60ro HarpyxKeHus muacTuHbl. [nsa pemexus
MHOTHX 3aJlay JONMYyCTHMO CYHTAaTh, YTO MPOrHGHl MIACTHH (pHC. 3) H
nosioc (pHuc. 4) OTIMYAIOTCS Ha ONUHAKOBBIH MHOXMTENb AJA yCTa-
HOBJIEHHSI KOTOPOTO HEOGXOJMMO ONpefeNHTb [POrHd NJIaCTHHbL
TOJIbKO B OJHO#l HJIHM HECKOJIbKHX TOYKaX.

[Ipu onpepeneHHH HANpPSXKEHHA U H3MEHEHHS! KPHBU3HBI B LITaM-
NMOBAHHBIX AETasfiX CJA0XKHOH (OPMBI NepeMeHHOHN XXEeCTKOCTH Npolle
BEeCTH pacyeT He OT MepPeMeHHOro II0 LIMPHHE INJIACTHHBI NMOJOXEHHST
NpHUBENEHHOTO HLEHTPa TSAXKECTH CeyeHHs, a OT MOBEPXHOCTH TeJja.
PaGouue ¢popmysbl B 3TOM ciydae mpunuMaioT BuA [2], [3]:

HOpMaJIbHble HaNpsiXKeHUs

o=[pz+(—v+ ) —]En (28)
Ry Ry P

H3MEHEHHsA KPHBH3HbI

L My (29)

P R\, o
(Ro> R1—R,

raie N, — npojgosibHasi CHJa;
My — u3ru6aiouuii MOMEHT;

L. KPHUBH3HA;
P

A — QyHKUHA Hepa3pbIBHOCTH AeopMalHil B HCCIELYEMOM:
CeyeHHH Tena;

Yy — paccTosiHie OT G(a30BOH JIMHHHM [0 paccMaTpPHBaeMOR
TOYKU MONEpPEeYHOTro CeUeHHS;

R, = | EbMy =~ 3 Ebihi;
0 1
a n

R, = ij?»ydy =~ Z Egbzi;\fi;
0 1

R, = [Ebhydy =~ 3 Esbith;
0 1

b — nepemeHHas LIMPHHA NMONEPEYHOrO CEUEHHUS TeJsa;
i — CJIOH, B KOTOPOM BBLIYHCJISIIOTCS HaNpPsIXKeHHS,
n — obllee YHCJIO CJOEB, HAa KOTOpoe pa3buBaercsl MIOLLalb
MONEPEYHOro CeyeHHs] NMPH pelleHHH 3afayd B Pa3HOCT-
Holi dopme.
[MpuBenennasi 3amuch pacueTHbix ¢opmya (28) u (29) mosso-
nsieT lcocTaBUTh YAOGHBle mMporpaMmbl AJsi BbiYMcIeHHss Ha JBM.
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NPUBNIMIKEHHDLIA PACHET 3AQHEFO NOJIA ABTOMOBMIIA «3AMOPOXELL»

3agHuit mon aBTOMOOH/A «3amopoxKel» COCTABJSET OLHO LieJoe
€ NepefHHM H HMeeT JOBOJIbHO CJOXHBIH XapaKTep OMHPAHHUA IO
KOHTYpY, OOYCJ/IOBJIEHHbIH B3aHMOCBSI3bI0 CONpSI2KEHHBIX HeTaJnell H
cJ102KHOH (hOpMOH Ky3oBa B HesnoM. Eciu yuyecTh, YTO AJ/isl pacuera
Ha NMPOYHOCTb H XKECTKOCTb 3a/HET0 MoJia Npex/e BCero HeOGXOAHMO
ONpEeAEJIHTb TOT HHTEPBaJ, B KOTOPOM MOXET H3MEHSATbCS Hamps-
JKeHHOe COCTOAHHEe JaHHOH JeTajH, TO 3afayy MOXKHO 3HAYHTEJNbHO
YIPOCTHTb.

y of
ec i
° x
<p S J R E
: 14 3 X
| e
S S RRTORRLE e
! |t 44§ - et ———— 122 43 ZHJ 2
-226 j.‘

Puc. 6. Cxema maHenn mnosa asToMo- Puc. 7. CxeMa pacmnpejpefeHHsI YCHJIiil
6uns «3amopoxen» B MJIaCTHHE, OMEPTOfl KOPOTKHMH TIpa-
HSIMH

C 3To#t Lenblo NpH pacyeTe Ha NMPOYHOCTb M KECTKOCTb 3aJHEro
TIoNa GBIIM NPUHATH pasJjiMYHble pacueTHble CXeMbl; MOJ paccMar-
PHUBaJICA Kak:

a) MJacTHHA, WapHHPHO omepTasi no KOHTypy (puc. 6);

6) nuacTHHa, omepTas KOPOTKUMH rpaHsamu (puc. 7).

CuuTaem, 4TO 1O CXeMe «a» IOJ ONMHpPaeTcs MO KOHTYPY Ha
Gecuuc/eHHOe YMCJIO OMOPHBIX CTepxHei-mapuupoB (b=1 ca),
HanpsikKeHHs B KOTOPBIX MOTYT ObITh BbIYHCJEHH MO ¢opmyJtae (28).
TIpuusiB Hayas o KOOPAMHAT Ha JIeBOHl KOPOTKOH KPOMKe MJIAaCTHHBI
(cm. puc. 6), BeiyHCAsIEM KO3((UIHEHTH! KECTKOCTH ONMOPHBIX Ce-
YeHHH:

Ro = [EdF = EbS = ES;
F
R = i_ExdF =ES;
Ry = iEx*dF =EJ,,
Tae S — nepuMeTp OMOPHOTO CEYeHHS;

b — mHpuHA OMOPHBIX CTepxKHelt (B HamieM cJayyae paBHas
1 cm);
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Sy — cTaTHYeCKHii MOMEHT ONOPHOH MNJIOWaZH OTHOCHTE/bHO

OCH Y; ,
Jy — MOMEHT HHepPUHH OHOpPHO NUIOWIAfH OTHOCHTEIbHO
oCH Y.
[Tonoxenue HefiTpanbHoit auHuu (puc. 8)
R}
Xo = —.
Ry

IMomcunraem KoadpuuueHTer Ro, Ry u Ry [dopMyant (28) u 1(29) u puc. 6]:
Ry=E {764-2 [48 }-22 -
+ (1224-10,5) 4-64-10,5-1,414
+28 412 + 5] + 73,2};

Ry=E[76.0,5}-2 (48-24 +
+ 22.48,5 + 132,5-114,25 +
+ 6:1804-10,5-1,41-185,8 -+
- 98.207 4 12-220,5) +
1+ 73,2.225,5];

R, = E[76-0,5% +
-2 (48-242 + 22.48,5%
+132,5.114,25 -+ 61802 4 S

+ 10,5-1,41.185,82 -}-28.2072 - |

+ 12-220,52%) + 73,2.9225,52]. Puc. 8. Cxema pacnpenenienuss Harpysoxk ais
’ ’ cayyasi «mepeesji 4epes npensTcTaies

Harpyaku, nofcuuTaHHble AJIsi ciydasi <«nepee3] uepe3 NpensrTcrsiie», COOT-
BETCTBEHHO pPaBHBI (CM. pHc. 8)

M = 6034 kI-cm3

P1=2ll Kr;
P3=50x1‘.

H3ru6aromuii MOMEHT OTHOCHTEJIbHO HeATPaJIbHOM JHHUI
My =M+ Py (xg—7,2) + 2P4 (xg — 81) — 2P, (195 — xg) — P35 (216 — xp) =
= 6034 + 211-107,3 — 400-33,5 — 400-80,5 — 50-102,3 = 4809 &I -c.
KpuBusna npu usruGe

! =M — 4809. .
—_— = =1 24.10—-3 —
P (Ry)? (9,08-10° —12,96.100) E  ’ E

B —R;
Ry

3 3ax. 109 65



HanpsixkeHust B [CTepKHAX-0TOpPax

P 1 1071
—_ A (— _ =|— — 114,5)1-24.10—3 | =
o; [ R (—x + xp) o ]E [636,8 + (—x+ ,9) ]

0
=1,711 — 1,0124x «l/cm?.

OyeBuaHO npu b=Il cx No 3TOMy XKe 3aKOHy GyAeT pacnpeleifaTbcss H peak-
THBHasl Harpy3ka, HHTEHCHBHOCTb KOTOpOIt

gx=1,711 — 0,00124x kI'/cm.

3HayeHHst HHTEHCHBHOCTH paclpelleleHHON peakTHBHOH Harpy3KH B HEKOTO-
sPHIX XapaKTEePHBIX TOYKAaX COOTBETCTBEHHO paBHH (cM. puc. 6)

Gx=0) = 1,711 kl/em;
G(x=48)=1,711—10,00124-48 = 1,651 kl/em;
G(x=180,5)= 1,711 — 0,00124-180,5 = 1,486 «I'jcu;
G(x=226) =In= 1,711 —0,00124-226 = 1,431 kl/cx.

Ias onpefeneHHs HaNpsXKeHHA B INONEpPeuHBIX CEYEHHSIX ITaHeNH 3aJHEro
nosa pas6usaeM ero Ha 10 IOJOCOK M A/ KaxJAO# HafileM HanpsiKeHus.

K npumepy paccmorpum ceuenne [—I (cM. puc. 8). HsruGaouuit moMeHT B
3TOM CEYeHHH

1702 1702
My=1,711.76.170 4 44.122.1,651 4~ 21,711 " —2 3.9%6

— M —211.162,8— 400-89 = 4532 klcm;
KOS(PHIHEHTBl KECTKOCTH
Ry =0,18E (9 +19,2-2 4-38 4- 9) = 13,4E;

R =0,18E (9-9 + 18,45} 38-14-9.9) =52 6E;
R;=0,18E_(2-9-92 4 18,4-4,5% 4 38.12) = 353E;

KPHBH3HA TpH H3rube

0,281 —

1 M 1w
—= = 31 ,l —E— _—
4 R; . cM
L&,
Ry
TIOJIOXKEeHHe HyﬂeBoﬁ JIMHHH
_R_526E_, o0
Ry TBBaET

a 24
Jns paccMaTpHBaeMOro ciyyasi OTHOLUIEHHe —b—=7—6= 0,32. TMonpaBoyHHA KO-
sdduument [ypasnenune (4)]

= ———=0,13,
“=T+o0,323
MakcHMadbHble HanpsKeHHss B ceueHuH [—I Tpu Ymax=9,04;
1
O(1—1) max = (— Ymax + Yo) —P— E(l—a) =5,17 - 31,1.0,87 =139,5 «I/cu?,
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AnasioriuHo NPOM3BOANTCS pacueT I AJs APYTHX CedeHiit.

Ilo cxeme «G» moJj paccMaTpHBaeTCs Kak NJacTHHA, HIapHHDHO omepras B
TOYKaX KpernJIeHHs NepefHell H 3afHell nogBecok (CM. pHc. 6).

JHeiicTByIolIHe HarpysKu

2M =6034 kI"-cu; 2P, =400 xI"; P3¥%= 50 «T;
OTIOpHBIE peaKUHH
9R. — — 6034 - 400-73,8 + 400-187,8 4 50-209
B 219
U3rHOAIOIHU MOMEHT B ceyeHHH J—/
M, =—2P.48,8 4 P3-38,8 + 2P,-17,8 = — 13160 I -cx;
MaKCHMaJ/IbHBle HanpsiKeHHs B ceueHun J—/

= 455 «T;

1 . 13160
O(1—1) max = (Ymax — Yo) TE (1—a) =5’”W 0,87 = 405 xl/cm.
B pesy.nbraTe NpHBELEHHOrO pacyeTa NOJYYeHbl KpailHue 3Ha-
YEHHS] HANpPSIKEHHH Omim M Omay, KOTOPBle MOTYT HMMETb MECTO
B ceuenun /—/ 3amHero mnosia aBTOMOOMJAs «3amopoxen». Ilpu

Puc. 9. Mozenb 3agHero mojna aBTOMOOHAs «3anopoxel»: A — maTIHKU

APYTHX YCJIOBHSIX 3aKpeMJeHHs Ha KOHTYpe HamnpsKeHHe B CEYEHHH
I—I 6Gyper HaxOLUTHCS 'MEXKAY Omin M Omax. JTO MO3BOJISET KOHCT-
pyKTOpY HauGoJee 1esecoo6pasHO pacnpefe/MTh XKECTKOCTH MO KOH-
TYpy paccMaTphHBaeMoli jeranu. Koraa peranb H3roToB/eHa, TO
ANs1 onpejeneHHss AeHCTBHTENbHOrO 3amaca MPOYHOCTH JOCTAaTOYHO
B 9TOil JeTaju 3aMepuTh IMPOrH6 Kakoi-au60 OIHOH TOUKH H,
1ICNIOBb3YS H3JOKEHHYI METOMHMKY, BBeCTH COOTBETCTBYIOLUHIl IO-
NpaBoYHbI KO3()@HLHEHT.
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Tax xe O6bliH pacCYHTaHBI # JAPYTHE 3JeMEHThl Ky30Ba, a HMEHHO:
BePTHKaJbHasl CTeHKa MepeHero nosa, mepefHuil MoJ, CTEHKa Mo-
TOPHOrO OTCeKa.

Meroauka pacuera Gbila NpPOBepPeHa 3KCNEPUMEHTAJbHO TMpH
HCIIBITAHHH MOJeNH 3ajaHero mnonaa (puc. 9), BBLINOJHEHHOH H3
aNOMHHHA B Macwrtabe 1:3 M HarpyxeHHo#l COCPeJOTOYEHHOMH
cunoil. B Ta6J. 3 NpUBOAATCS 3HAYeHHs HANPSIKEHHH, BEIYHCACHHBIX
no ¢opmyae (28) 1 MONYYEHHBIX U3 IKCIEPHMEHTA.

Tabauya 3
Homep ceuenust (puc. 9)
INTapameTph
g 2 3 4 5 6 8 9 10
Pacuernbie:
R? 2,38/ 2,371 2,74 1,68] 1,68 1,70 0,28 0,31 0,38
Ry — —
2 Re
M, —6,74]—2,26] 0 2,26 4,5(# 6,74 2,26 0 —2,26
Ry
—y+;; —1,80|—1,74|—1,59{—1,40{—1,47| —1,20 |—0,79(—0,74/—0,96
O 4,44 1,614 0 |—1,66{—3,42| —10,20 |—6,76] O 4,96
AKcnepumeH-
TaNbHbIe:
Oy 5,100 1,660 0 |—1,89/—3,96| —11,55 |[—7,76{ O 4,94

B ceuennsx, rae Ha6ai0faercss pacXOXXIeHHe pacCyeTHbIX W
IKCIIepHMEHTaJbHbIX JAHHBIX BCJIEACTBHE HAJHYHS MECTHBIX Hamps-
XeHuH (o6GaacTb BGJH3H COCPENOTOYEHHOH CHJBI), YTOYHHTb BeJH-
YHHY HaNpsKeHHH MOXHO MO cjefylouleil MeToLHKe.

[Ipy nJaockoM HanpsXKeHHOM COCTOSIHHM IJISl MJACTHHBI CBf3b
MeXAY INOTOHHBIMH MOMEHTaMH M COOTBETCTBYIOIUHMH NpoOru6aMu
BbIpaxkaeTcs ypaBHEHHSIMH

0w 0%u
My=—D (35 +155)

My =—D(F2 4 l2).

e

(30)

ox?

Ias onpenenennst My u M, XOCTaTOYHO 3HATh MPOTHObl B HHTe-
PeCyIOIIHX Hac TOYKax. JTO NMpPaKTHYeCKH YAOOHH MeToA omnpene-
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JleHHs MECTHBIX HaNpsi)KeHHH, BO3HHKAIOUIHX B MJaCTWHAX B MecCTax
NPHJIOKEHHS CHJI.

BenuunHa mporuGa B 3TOM ciyyae onpejensieTcsl 3KCIepHMeH-
TaabHO. Mesi KpUBYIO pacnpejesieHHst NPOrHGOB MO COOTBETCTBYIO-
IUUM CeYeHHsIM [eTajii, nyTeM rpacduyeckoro auddepeHnupoBanus
MOJICYHTHIBAIOTCS HOPMAaJIbHblEe HANPSIKEHHS Ox H Oy DTO INOJOXKe-
HHe NPOBEPAJIOCh HA MOJeJH 3ajiHero noJaa.

IIpu HarpyxeHuun MoOJeNH COCPeJOTOYEHHOH CHJOH B Yy3iax
CEeTKH, HaHeCEHHOH Ha MOJEeJH, onpelessaHch NPOru6bl ¢ NOMOLLbIO
HHIHKaTOpa 4acoBoro Thna. I'padukn Mporn6oB niacTUHbl B Ceye-
HHSAX, TPOXOAAIIHX Yepe3 TOUKY MpPU/IO0KEHHS CHJBI B HaMpaB/eHHH
oceii x [u y, MOCTpOEHBI MO MATH KaMm '(puc. 10).

[ Y

0 x 0 7]
du Jw
7 day

Pn a
ax?

Puc. 10. I'paduueckoe au¢¢epenupoBanne KpHBLIX NporuGos

IMpousBens ABofiHoe rpaduueckoe nu¢pdepeHUHpPOBaHHE KPHBBIX
\IPOTHGOB ceueHHI B HANpaBJeHHH OCeH X H Y, MOJYYHM HeoOXOndH-

dw
Mble rpadHKH BTOPHIX MPOH3BOAHBIX —— H

Ox2 ap
Jcw 02w

OpanHaTel TOYKH Ha rpadHkax . HF—y B NPHHATOM
Y

MaciTabe SBJASIOTCS COCTAaBHHIMH 4acCTAMH OTHOCHTeJbHOH medop-
Mauud, Bxoasuei B ¢popmyay (30). B pesyabrare moayueHn npo-
THOBl W,=16 mMm; w, =10 mm (B maciuTaGe rpadukos):

Komnonentnt nedopmanuii (z: —-’21- =0,25 MM)

0w

e, =2 2% ~. 0,25.16-4-10~5 = 16.10-5;
ox?
02
gy =252 = —0,25-10-4:10-5 = —10.10;

rie BeaHyHHa 4-10—° — macwra6 rpagpuka nporH6oB MO OCH ®.
69



HopManbHble HanmpsikeHHs

1 E_ (e, 4 pe,) = 0,77-104.13.105 = 100 kI/nm?;
—

E -
Oy == {7 (& o+ heg) = 0,77-104(—5,2.10~%) = — 40 KT/,

O,y =

Hanpsixkenne oy, onpelejeHHOe 3KCMEPHMEHTAJbHO, pPaBHO
97 kI'/mm2 Kax BHAHO, 3KCIIEpPHMEHTAJbHbIE H TEOPETIYeCKHe AaH-
Hble XOpOUIO COTJIACYIOTCSl MEXAY COGOM.

TakuM o06Gpa3oM, H3JIOXKEeHHasi MeTOLHKa MNO3BOJISIET B IepBOM
NPUGIHKEHHH OLEHHTb BeJUYHHY HOPMaJIbHbIX HaNpsiXKeHHH, BO3HU-
KaloIUX B 3JIeMEHTaX Ky30Ba JIErKOBbIX aBTOMOGHJEH NpH HX 3KC-
yaTaluH.
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BONYCKAEMbBIE HAMPYXKEHMA U AEDOPMALMUM
LIUTAMNOBAHHbBIX AETANEA M3 NMCTOBLIX CTAJEA
08xn u Crt. 2Kn

B npenpsaraemoii pa6ote mccief0BaHO BJIMAHHE (CTENEHH MJIACTH-
YyeCKOH AeopMaLHu Ha CTaTHYECKYIO H YCTAJOCTHYIO MPOYHOCTb JIH-
croBbix craneit 08kn m ‘CT. 2Kn; paspaboraHa MeTOAMKA BKCHepHu-
MEHTAJBHOrO OMNpe/leJieHHs] OCTATOYHbIX HampsiKeHUiH; MOJyYeHbl
pacuerHble (opMyJbl AJA ONpejeJeHH YCTAJOCTHOH IMPOYHOCTH
IITaMMOBaHHbIX AeTasell ¢ yyeTOM 'CTeNeHH [HaKjiena M OCTaTOYHBIX
HaNpsiXKeHHUi; HaHO NpPaKTHYeCKOe NPUJIOKeHHe pa3paboTaHHON MeTo-
IUKH JJIs1 OLleHKH NPOYHOCTH Aerajedl Ky3oBa aBTOoMOOGHsA «3amno-
poxen».

YcnoBHble U AelCTBHTEJbHBIE AHArpaMMbl PaCTSKEHHsi cTajeil
08kn u Cr. 2kn. TlepBuuHbIe HArpaMMbl pacTsKeHHs cTaJeii -08kn
u Cr. 2kn ObIH moJsiyyeHbl Ha o6pasiiax M3 XOJOJHOKAaTaHOro JH-
cra (COCT 1497—61). PacuetHass ajauHa oGpasua [=50 mm; 06-
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pasupl BeIpe3asiUCh MoOmepek mnpokara Jucra. OcpeaHeHHble aua-
rpaMmel pactsxeHus crajedi 08kn (xpuas /) m Cr. 2kn (kpu-
Basi 2) T1pHBeleHbl Ha DpHC. 1, YCJHOBHBIE MeXaHHYecKHe
XapaKTepHCTHKH MPOYHOCTH M MJIACTHYHOCTH — B Tabua. 1.

Tabauya 1
Mapka cTanu
MexaHugeckne XapaKTEPHCTHKH

08kn Cr. 2Kkn
Tpepen Tekyuectn o0 BAI/mM? o . . . . .. .. 19,9 30,18
[Tpenen npouHoct o B kK[/MMZ- . . . . . . ... . 33,8 36,2
OrHocHTeIbHOE YAJHHEHHE € B % . . . . o . . . . 46,4 42,8
OrHocurenHoe cyxenne ¢ B % . . . . . ., . . . 34,4 29,7
Teeppocts HRB, . ., . . . .. « .. ... . 54,0 59,0

Ha pHC. 2 NIPUBEICHB HCTHHHbIE AHArPaMMbl PacTAXEHHUS B KO-
opAHHaTax: JeHCTBUTENBbHOE HanpsXeHne s ICF/MM2 H OTHOCHUTEJb-

Hble AepopManuu & = - , THe Y= Fo=F 100 — ornocurensuoe

1—y F,
/

S xl/mm?
G Kkl/mm?
2
i 00 //,/

30 7R //7/

20 50 /

10

0
0 —— ’ Z 3 £’=£
nm 20 S 4.06' o -¢

Puc. 1. TlepBuuunle pua- Puc. 2. JleficTBuTeNbHBIE JHarpaMMbi
I'PaMMBl  DacTSIXKEHHS CTaldu pacTsXKeHus CTaju:

1 —cranp 08kn; 2 — ctanp Cr. 2Kn

CyXXEHHe TIIONepeyHOro ceyeHHss o6pasua B [poiecce Harpy-
JKEeHHS.

3aBHCHMOCTb YCTAJOCTHOH NPOYHOCTH M BPEMEHHOro CONpPOTHB-
JeHHs aag crajer 08kn u Cr.2Kn OT HHTEHCHBHOCTH CILVIOIIHOTO Ha-
kaena. IIpenen ycranocru craneit 08knm u CT. 2K 3aBHCHT OT HHTEH-
CHBHOCTH CIJIOIIHOTO Hakjena. C yBeJHYeHHEeM NpeJBapHTENbHOIT
nacTHYecKoi (ocTaTouHoil) AedopMauuu 6 mpefes BBIHOCJIHBOCTI
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paccMaTpuBaeMbIx cTaJjiei rno CPaBHEHHIO C npeaeyjoM BbIHOCJAUBOCTH
OTOXXKEHHBIX CTaJell cHauaJja NOBbIIIaeTCH, ﬂOCT}ll‘aﬂ HaunboJbLIer0

3HayeHHUs MPHMepHO Nnpu §=20-+-259,. Hpn 3TOil BeJIMUHHE MpejBa-
(5.) PHUTENIBHOH oOcTaTOuHOH Jedopmauuu mpe-
1.

e BBIHOCJAHMBOCTH cTaJqn 08kn moBbiliaer-
-1)0 1 csa Ha 33%, a craaun Ct. 2knm—mHa 28%.
[Tocaenyiolliee yBenuueHle OCTaTOYHOM Je-
dopMalUHH CHHXKaeT npefes BbIHOCAHBOCTH
/ 3 /1\ (puc. 3).
130 [Tyrem 06paGoTku 3KCHEpHMEHTAMbHBIX
' HNaHHBIX aBTOPAaMH YCTaHOBJIEHA CJeAylo-
/\ Liass 3MOHPHYeCKast 3aBHCHMOCTb MeXKIy
l npenenaMH BbIHOCJAHBOCTH (0—i)e OTOX-
/ / XKeHHOH cTann W (0_)ox HAKIENaHHOIN
2 CTaJIH:
120 ) an
/// i (0-1)ox = (0-1)p . ()
110 ‘
AR
Puc. 3. I'paduku 3aBUCHMOCTH OTHOLUEHHS mpeje-
| JIOB YCTaJIOCTH crajeii OT HHTEHCHBHOCTH CILIOLI-
‘/ I HOrO HakJjena craJjef:
| I -~ yraepoaucrof, ab=31.0 KT /um?;, 2 — yraepoancroR,
7.000 020 0% % =400 «I'/uw? 3—crarn 08km, 0,=338 KI/nn%
Haknen npu ° 4 —cranu 2kn, 0,=362 KI'/us?
pacmsxenuu

Kosppuunent o npu 0<6<<259% onpenensieTcss U3 BHIpaIKeHHIi:
Aas cranu 08kn

a=1-40,0320156 — 0,00076362; 2
nasa craau Ct. 2Kn
=1 4 0,0245828 — 0,00051782. (3)

3HayeHHs1 BPeMeHHbIX NpeJesioB TeKy4eCTH Os, NpefesoB BBIHOC-
JIMBOCTH MPH CHMMETPHYHBIX IIHKJIAaX OCEBOr0 PacTsKEHHS — CXKa-
THA (0-1)o B 3aBHCHMMOCTH OT HHTEHCHBHOCTH IJIaCTHYeCKO! nedop-
mauun 6% craneit 08knm u Cr. 2kn npusefeHb B Taba. 2.

Moaxbie AHarpaMMbl YCTAJOCTHOH NPOYHOCTH craneit 08kn H
Crt. 2Kn B 3aBHCHMOCTH OT CTemeHH MNpeABapHTENbHON nJacTHye-
ckoit pedopmauuu. Ha ocHoBaHMM HMeIOLLErocss MHOTOYHCJIEHHOro
SKCMEPHMEHTAJIHOT0 MaTepHaja MOXHO CHeNaThb BLIBOA, 4TO L
cayyas ‘pacTsKeHUs—CIKaTHs, KOTAa 'cpe/iHee HanpsixKeHHe MoJI0KH-
TeNbHO, NpefesbHAass aMIUVIHTyAa LHKJIAa C yBeJHYEHHEM CPelaHero
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Tabauya 2

og B K[ Mm? (9—1)o B K[/ Mm? og B k[ mum? (5_1)e B xI"'[mm?
[5] -] 5] [-3K

e | E | S| g | S feew| g | S| 2| &

gl 5| 8| & gl 5| 2| s

3 -] £ a £ £ ] ]

] ] ] @ 3 3 % ]

5} 5] S o S 5] 6 S
0 18,80 | 30,18 | 9,46 | 10,13 12 | 31,50 | 33,40 | 12,06 | 12,24
2 24,20 | 30,18 | 9,88 | 10,56 14 | 32,20 | 34,40 | 12,25 | 12,63
4 26,80 | 30,20 | 10,52 | 11,03 16 | 32,60 | 35,30 | 12,41 | 12,80
6 28,40 | 30,70 | 11,06 | 11,59 18 | 33,00 | 35,60 | 12,53 | 12,92
8 29,70 { 30,30 | 11,56 | 11,91 20 | 33,20 | 35,80 | 12,63 | 13,01
10 30,60 | 32,20 | 11,84 | 12,21 25 | 33,40 | 36,00 | 12,42 | 12,74

HanpsKeHHs pacTsxkKeHHd yMeHbuiaetcs. PaGoT, nmocBsillleHHBIX 3Kc-
MepUMEHTaJbHOMY HCC/IEAO0BaHHIO B 00JaCTH OTPHLATENBbHBIX Cpel-
HHX HanpskeHHH B MaTepHaJie, 3HauHTeNbHO MeHblIe. B HacTose
craTbe GBI MCMOJB30BaH METOA MOCTPOEHHS AMarpaMMbl MNpejelb-
HbIX LIMKJOB KaK B 00J1aCTH CPeJHHX PacTATHBAIOUIHX, TaK M B 006-
JacTH CXKHMAaIOWMX HanpsikeHH#, TpelJIoXeHHBIH B  paGore
JI. H. CasenpeBa [4]. CoraacHo 3TOMy MeTOLy AMarpaMma
CTPOHTCSI B KOOPAHMHATAX Oq H Op (pHC. 4). Jlasi 3TOro 3Kcmepwu-
MEHTaJbHO ONpefeJsieTrcsl Nnpejes BbIHOCAHBOCTH MpPH CHMMETPHY-
HOM uukJae (0-1)e M MO AHarpamMMaM JedopMHPOBAHHS — HCTHHHOE
COTMpOTHBJIEHHEe pPa3pbiBy S, H NpefeJ TeKyueCTH MaTepHaja NpH
CXKamiH O—s. TOUKH S, H (0-1)p COEIHHSIOT MPSMOH ¥ NpOAOJ-
XKaloT ee B 06JacCTb CpPelIHHX
CXKMMaIOMX HanpsKeHH.
UTo6bl HCKJIOUHTH Hampsixe-
HUs, NpeBbiLIAlOLlHEe MNpeneJ
TeKyyecTH MaTepHaJia, NpoBO-
IAT H3 TOYKH O.; NPSIMYIO NOX
yraom 45° K ocu cpegHHX Ha-
NPSIKEHHI.

Ha pne. 5 mocrpoeHsl Puc. 4. TMonnas amarpamma yCTanocTHOR
MoJIHbIE AHATPaMMbl yCTaJo- MPOUHOCTH At CTaJH
CTHOH IPOYHOCTH B KOOpAH-
HaTax Om M O, Aas crasned 08kn n CT. 2Kn mpH pasjiuyHOi cTeneHn
naactiyeckont aeopmalinu.

IIpn nocTpoeHuH NOJHBIX AHarpaMM yctaJjoctH crajeir 08kn u
Cr. 2kn npenes TeKyYecTH NPH CXKATHH O ONMPEAESICH C TO-
Moo Gopmyisl (7), N0 U3BECTHBHIM MpelesaM TEKYuecTH Ha pac-

TsiXKeHHe s (Taba. 2) u Ko3pdHuuHEeHTaM HepaBHOMPOYHOCTH g
13 rpaguKoB Ha puc. 6.

[
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W3 nuarpaMmmbl (cM. puc. 4) MOXHO Hamucatb QopmyJay ans
BLIYHCJIEHHS] aMIUIHTYAbl LMKJA NpelelbHbIX HanpsiKeHHH:

02" = (-, (1—2). (4)
: Se

Craruyeckuii pacuer Ha npouHocts craneii 08kn u Ct. 2Kn npu
CJI0JKHOM HanpsiKeHHOM COCTOSSHHM C Y4YeTOM HakJjena M OCTaTouy-
HbIX HanpsixkeHudA. B npenenax ynpyrux mepopmaumuii cyMMHpOBa-
HHe OCTaTOYHBIX M DPaGOYHX HaNpSIKEHHH INPOH3BOJAHTCS TaK IXKe,
Kak H CyMMHpOBaHHe PabOyHX HampsKEHHH OT INOCJ/eNOBaTeNbHO

'r= 0 ‘,/’Z.m\\ §= aa/Z‘ W\
1219 116 ] — 343 147 -
&=10% 411,84 §=10% 12,21

~1 368 f=—— 16—~ 376 F— — i ————

6\?\ 12'6‘3\ o'=? ,3. -

=403 fe——716—— =421 147 ]
a) d)

Puc. 5. Iloanbie muarpaMMbl YCTaJIOCTHOR NPOYHOCTH CTaJH NMpH pas-
JIHYHOM CTeMeHH HaKJjemna:
a —craap 08km; 6 — cranbp Cr. 2Kn

NPHKJAaAblBaEMbIX BHEIIHHX HAarpysok, T. €. co6aiofaercs NpPHHLHUI
He3aBUCHMOCTH AeficTBuA cui. IlosTomy 3amac mnpoynoctu Gyner
onpeneasiTbcs U3 GOPMYJIbl

V? Os
n, = ’ (5)
V (01— 03)? 4 (03 — 03)% + (G5 — 01)2 -+ g (01 + 02 + T3)
rge
01=01p+010;
Ga=02p+020; | — CyMMapHbIe HaNpPSAKEHHS;

03=03p+030
O1p; O2p; G3p — IV1aBHBIE paboyHe HaNpsKeHHUs;
Olo; O20; O30 — IJIaBHEIE OCTATOYHbIE HANPSIXKEHHS
1o — K03(GGHIHEHT HEPaBHONPOYHOCTH AJSA CTa-
Jeit 08kn u Cr. 2Km;
0s — BPEeMeHHBIH Npefies TeKyuecTH B 3aBHCHMO-
cm;}a OT CTeNeHH I1acTHYecKoH aedopmanuu
0%.
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3HaueHns os; B 3aBHCHMOCTH OT 8% mnpuBeneHn B Taba. 2. Me-
TOAHKA oOnpelesieHHsi KO3 (HUHEHTa HEePaBHOMPOYHOCTH 1o H3JIO-
JKeHa HHKe.

BoiHocauBocTb cradeit 08kn u CT. 2Kn NpH CJAO0XKHOM HanpsixKeH-
HOM COCTOSIHMM C Y4YeTOM HakJena M OCTAaTOYHbIX HaMpsiXKeHHi. 3a-
nac MPOYHOCTH MPH CJIOXKHOM HAaMpPSXKEHHOM COCTOSIHHH C YYETOM

o
Cradb
Oeme T
UHH B Y 08kn CT. 2Kn 013 /
0 0,106 | 0,09 a1z
g 0,124 | 0,104 / ;
1 0,131 | 0,109 AN P
16 0,137 | 0,112 on
20 0,138 | 0,115 { /F
a1 pd

07 5 0 15 6%

Puc. 6. 3HaueHue Ko3bduumen-
Ta Mo B 3aBUCHMOCTH OT HHTEH-
CHBHOCTH HakKJemna:

1 — cranb 08km: 2 — craap Crt. 2Kn

Hak/Jena ¥ OCTaTOYHBIX HaNpsXKeHHH omnpejensiercsi mo ¢opmy-
ae [3]
n— V2 (0_1)p2 , (6)
V (010 — 020)* + (920 —330)2+ (930 — O10)? + 76 (010 +
+ 63m) +(%20+ Oam) + (O30 + F3m)]

rue (0-1)o — npesmen BBIHOCJAMBOCTH IIPH  PacTSIKEHHH —
CXKaTHH;
Ola; 02, O3 — AMIUIHTYAa paGouux NepeMeHHBIX Harmnpske-
HHH;

O1m; O2m; Osm — CpellHHe pabouHe HaNpsiKEeHHUs;
a — K03(HIHEHT, yUYUTHIBAIOLIN BJIHSHHE CTele-
HM HakJjena Ha BBIHOCJAHBOCTb CTaJ/IH H ONpe-
nensieMblii u3 dpopmya (2) u (3);
No —- KO3 PHLHEHT HepABHOMPOYHOCTH MaTepHaja
ans cranert 08kn u Ct. 2Km *.
Onpepenenne kKo3adhdHIHEeHTa HEPABHONMPOYHOCTH MarepuaJfa.
s onpenenenusi koagduiueHTa HepaBHONPOYHOCTH MaTepHalsa
Oblj1a HCNOJb30BaHa cjeaylomas gopmyaa:

l[o—s| — 05 rS
M=———V2 (7)
lo—s + 05
Paspa6oTanHasi aBTOpaMH [aHHOH CTaTbH METOLMKa MpOBeje-

* Jlns yTouHeHHs pacueta cieAyer B ¢opmyse (6) 6paTb BMecTo 1 KO3)-
(HIeHT accHMETPHH UHKJA 4.
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HHSl 3KCIIEPHMEHTOB MO ONpefe/IeHHIO 1) H3J0XKeHa B paborax AG-
pamoBa B. B. u Bopucenko H. I'. [1, 2].

3HaueHusa Ko3(¢dHUHEHTAa HEPaBHONPOYHOCTH Mo AJA CTaneil
08kn u Cr. 2Kn B 3aBHCHMOCTH OT MHTEHCHBHOCTH HakKJena IpHBe-
JleHbl Ha pHC. 6.

AKcnepHMeHTalbHOe ONpPe/e]eHHe OCTATOYHBIX HaNpPsKEHHH B
HITAMNOBAHHBIX JeTansXx. [l onpefmeseHHs OCTAaTOUHBIX HampsikKe-
HHA B IUTAMIOBAHHLIX [eTaNsfiX Ky30Ba Oblja NpHHATA ClAeAylollast
MeTOIHMKa.

B mecrax, rae ocratounble feopMaluu pacnpeneens Hanbosee
HepaBHOMEPHO, HaKJIeHBAJHCh DPO3eTKH MATYUKOB COMPOTHBJEHUS.
HepaBnomepHoe pacnpeneseHne OCTaTOUHHIX aedopMauuii o6Hapy-
JKHMBaeTCs MO JeJHTeJbHOH ceTKe Mocje OTIITaMNnoBKH AeTasnH. Oc-
TaTOYHble HanpsiKeHHs MAeTajH ONpele/siIICh pasrpyKeHHeM HC-
cjeflyeMoro Mecra — JeTajb pa3pesajlach BOJU3M HaKJIeeHHOH M3
JAaTYHKOB PO3ETKH.

OnpeneneHne OCTAaTOYHBIX HAaNpsIXKEHUA TNPOBOAMJIOCH Ha CJe-
LyIOIHX JAeTajsiX: 6PbI3TOBHKe NepeJHero Kpblja; NaHeJH BHYTpPEH-
Hell MO OKHy GOKOBHHBI; 3afHeM OpBI3TOBHKe (BHYTpPeHHEM);
TpeTbeil MoONepeyrHe; JIOHXKEPOHe 10Ja; mepelHell CTeHKe MOTOp-
HOro OTCeKa.

B kauecTBe mpumepa pacCMOTPUM oOmpelesieHHe OCTATOYHLIX Ha-
NpsKEHHA B HAacTaBKe BO3JAYXONPHTOKA, H3rOTOBJIEHHOH H3 CTaJH
08xn u Cr. 2Km.

Paspe3ka pmerajeii MpOBOAHJACH NHUCKOBHIMH (ppe3aMu JHaMmeT-
pom 23,5 mm u tonuuHoi 0,5 mm. ®pesa npuBoAuaach BO Bpala-
TeJIbHOE JBHXXEHHE 3JIEKTPOJBHraTeJeM IOCTOSIHHOIO TOKa yepe3
ru6Gkuil BaJ.

Jas Toro 4ToGel MO MOKa3aHHSAM JATYHKOB MOXHO OLIIO ompe-
NeNMTb BEAWYMHBl H TDPAEKTODHHM IVIABHBIX HANpPSKEHHH, NaTYHKH
HaKJeHBaJHuCh MO NPSMOYTOJbHOH HJH JHeJabTa-po3eTKe, COCTOsLIEH
M3 Tpex NAaTYMKOB, HaKJeeHHbIX MO YoM la, § M y.

Onpepesenne TiaBHBIX AePOpMALHH €may H €min MPOBOAMJIOCH
10 CJeAyIoIHM GopMyJiaM:

€max = A+ B; }
emin=A—'B; (8)
rie
8 A= % (ea—es+y);

5
B=L2 Yol T Gl o)

HanpapJaeHne riaBHbIX AedopManuil onpeaensyaoch no popmyie
Tl

'2/ (g 1) , 9)
€ — EB —_— Ev

rae a — yroJa, OTCYHTHIBAaE€MBbI# OT HamnpaBJI€eHHUSA Emax.
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Ta6auya 3

ITapameTpn Bg:l;;ggux m;l;x%;?::i- J'lo::::p on
npasbit Ha
OcraroyHast nedopmaunst B % e e e e e 4,5—5,5/0,0—0,9]0,5—0,0
Mpenen Tekyuect o B klfem2 . . . . . . . 2800 3010 2120
Tpenen BoiHOC/HMBOCTH 0—1 B Kl fem® . . . , ., 1062 1136 957,5
OKCNepHMEHTaJIbHElE  OCTATOYHbie — HANpsXKeHus
B &l [cmu®:
Oomax + « + « « » -« e e e e e 686 —555 281
Comime « « « « o ¢ ¢ & o o o 0 0 00 572 2325 81
Comin—%omax « + « ¢ « « « o o o o o 1258 1770 362
PaGoune HanpsixeHust npH cramqecxux HCNLITa-
Husx B kl/cm?:
u3ruba:
Gpmaxe = + + ¢ + + - o - .. ..l —124 —81 —55
Spmine « « « « ¢ o + o o e e e e e o —241 —99 —397
H3PH63 C KPYYeHHEeM INpH ONMYyCKaHHM KoJjeca:
NIepefiHero JIEBOro
Cpmax = « + ¢ o o o o 0 e e ... o| —270 —163 —122
Cpmine « » « « « « o « e e e e e e .| —484 —251 —584
3aJiIHerO MPaBoro:
Opmaxe » « + ¢ o + + o o 00 . o | =217 | =211 —106
Spmin e « « ¢ o ¢ ¢ o o 0 oo oo .| —383 —255 —466
3anac npoquocm npu CTaTH‘IGCKOM HCIILITAHUH:
NpH H3rH6e:
Ge3 yueTa HakJena M OCTaTOYHOrO Ha-
npaxenusa (I) . . . . ... .. 12,6 30 6,4
C y4eToM HakJiena H OCTaTOYHOTO Hanpﬁ-
xewus (II) . . . .. e e e e 17,8 45,6 6,9
Toxe (III). . .. ..... . 4,4 2,72 10,4
npH H3rHOe C KpyuyeHHeM NpH onycxamm
KoJiec:
nepefiHero JiIeBOro
) 6,3 12,2 4,6
m ......... ot e e e e e 8,9 18,5 4,9
mnr ... .. .. e e e e e e . 6,3 2,2 6,9
3afiHero MpaBoro
1 e e e e e e e e e e e e e e 7,9 11,6 5,8
nm ...... e e e e e e e e 11,3 17,7 6,2
mr. ........ e e e e 5,5 2,8 9,8
Awmnautyna Hanpﬂmenma npu AOpO)KHb]X chu-
Tanuax B k[ /cm?:
Ogp « ¢« o o o e e e e e e e e e 314 208 206
Sgqg « .+ - @ + + o e o e o o o o o o 153 56 303
Cpentee auaqeﬂne Hanpﬂx(em-m NpH  JOPOKHBIX
ucnbiTauusix B kI fcm?:
Omie » « = o « o o o o o u e e e e 230 137 86
O3 ¢ o o o v e e e e e e e e e e —39 —15 —298
3anac MpOYHOCTH NpPH HOPOMKHHIX HCMBITAHHAX:
e e e e e e e e 3,2 4,6 4,0
m .......... 3,6 5,6 4,0
nmr ... .......... 2,2 2,8 3,7
CTeneHb BIHSHHA HaKJjiena M OCTATOYHBLIX HAampsi-
JeHHA Ha npouHocTb B % npu:
CTaTHYECKOM HATPyXeHHH . . . . . . . .| —284 —1102 62
JOPOXHBIX HCOBITAHHAX o o « o o o . o —44 —66 —9
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I'n1aBHble OcTaTOUHBlE HaNpsiKEHHUsI ONpeJesANHCh 10 H3BECTHBIM
tdopmyaam:
E

Omax = — l___;; (emax + P*Smin);
- (10)
Omin = —1_2 (&min + l“'emax)~
—

Onpenenenne peficTBHTENBHOrO 3amaca npPOYHOCTH HEKOTOPBIX
meTajned Ky3oBa aBTOMOGHJs «3anopoxeu» PaGoune HanpsiKeHHs
B HalGosiee Harpy>X<eHHbIX y4acTKax JeTaJeil Ky3oBa OIpelessJIHCh
SKCNEPHMEHTAJbHO TEH30METPHPOBAHHEM B JOPOXKHBIX YCJOBHSX.
Has STHX JK€ YYaCTKOB NPefBapHTE/bHO OblJIH OMnpejeseHbl 10 ONH-
CaHHOH Bbllle METOAMKE OCTAaTOYHble Ae(hOpMalHH H HanpsiKeHHs.

PesynbTathl H3MepeHHsi paGOYMX HanpsiKeHHH TNpHBEAEHH B
Ta6Js. 3. 31ech ke NpHBEeHbl YCJOBHbIE Mpeiesibl TEKyuyecTH C J0-
NyCKOM, COOTBETCTBYIOIIHM OCTaTOYHOH JedopMaluy; Npenenbl Bbl-
HOCJIHBOCTH C YY€TOM CTeNeHH BJHSIHHSl HaKjena M OCTaTOYHbIE Ha-
NpPsi’)KEHHs B H3y4aeMOM MecTe JeTaJiH.

ITpun craTHYecKOM HArpyXXeHHH 3amac NpPOYHOCTH ONpPenessJics
¢ nomoiubo Gopmyas (5), a npH nepeMeHHBIX Harpy3kax — I0
dopmyae (6).

Has cpaBHeHusi B Ta6s. 3 mpuBeleHbl TaKxKe 3HAYEHHsI 3aMacoB
NPOYHOCTH, MOACYHTAHHble 6e3 yuyera HaKJena H OCTATOYHBIX Ha-
NpsixKeHHUH,

BbIBOAibl

1. DKcrnepHMeHTaJlbHO H3YyYeH 3aKOH pacnpefesNeHHsI OCTaToy-
HBIX JedopMalHii M HanpsKeHHH B HEKOTOPHIX LITAMMIOBAHHBIX He-
TaNAX Ky30Ba.

2. PaspaGoran meron ompefesieHHss Ko3(pduuueHTa HepaBHO-
npoyHoctd crajeii 08kn u CT. 2Kn B 3aBHCHMOCTH OT MHTEHCHBHO-
CTH CIJIOLIHOTO HaKJjena.

3. [TocTpoenbl npubaMKeHHBIE MOJHbIE AHArpaMMbl YCTaJOCTHOM
npoysoctd cranu 08km, MOABEPrHYTOH MpeABAapHTENbHO Pa3JHYHOM
CTeNeHH IJIacTHYeCKOH AedopMaLuH.

4. ITpuBenenst Qopmyant (5) u (6) ans onpemeseHuss 3amaca
NPOYHOCTH NpPH CJOXKHOM HaNpPSXKEHHOM COCTOSSHHH C y4YeTOM CTe-
MeHH MJIacTHYecKoil AedopMauHH H OCTATOYHBIX HampsiKeHHH.

5. M3yueHo B/HSIHHe HakKJena M OCTAaTOYHbIX HaNpsiKeHHH Ha
CTaTHYECKYI0 1l YCTaJOCTHYIO NPOYHOCTb LITAMIIOBAHHBIX JeTaJei
Ky30Ba.

6. ITpu KOHCTPyHpPOBaHHWH M pa3paboTKe TeXHOJOTHH IITAMIOB-
KH JeTajell Ky30Ba HeOGXOAMMO YUMTHIBATb BEJHUMHY M 3HAK OCTa-
TOYHBIX HaMNpsiKeHHit u AedopMaLHii — B STOM JONOJHHTENbHBIH pe-
3epB INOBBIILEHHS NMPOYHOCTH H YMeHbILIEHHs pacxofa MeTajna H
Beca JAeTaJlH.
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ABPAMOB B. B., TOHKOHOT A. B,
CHMKOB A. H. u TAHYEHKO A. H.

YMEHBLUEHME KOHLLEHTPALIMM HANPKEHMA,
BO3HMKAIOLLMX B LUTAMMOBAHHBLIX AETANSX KY3OBA
NPU M3rOTOBJIEHMM U SKCNNYATALMHU

IltaMnoBaHHBIEe HeTaJjH, BCTpeYaloUlHecss B NpPaKTHKe, KaK Mpa-
BHJIO, HMEIOT CJOXHYI0 ¢opMy, 06yCIOBIMBAIOIYIO MNOSIBJEHHE B
3ITHX JAeTaJjaAax HauboJiee omac-

HBIX Y4aCTKOB O 3HAYHTeJb-
HOH KOHIEHTpalHed Hamps-
JKeHHH.

P P

et LA

] U N \\\\\\\\IWHHI//////

.
Vil

&P ’f_g E,

&

6)

Puc. 1. Pacnpenenenne nampskenuii Puc. 2. Pacnpenenenne HampsKeHu#
no JAJHHe Baja B MITaMIOBAHHBEIX JeTanAX

B Hacrosiniee BpeMsi MOBHIIIEHHE NMPOYHOCTH IUTAMMOBaHHLIX Je-
TaJedl JIOCTHraeTcsl MOBCEMECTHHIM YBeJHYeHMEM TOJIUIHHBI HJH XKe
MECTHBIM YTOJILIEHHEM HauGoJiee HArpyKeHHBLIX CEYeHHH.

JlonoJaHHTENLHBIM pe3epBOM CHHXKEHHS Beca IITaMIIOBaHHbLIX
Jertajeii, Kak H OOBIUHBIX |meraseil, paccMaTpPHBAEMBIX B COMPO-
THBJIEHHH MAaTepPHaJOB, SIBASETCH NOJyuyeHHe JeTajiedl Mo BO3MOX-
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HOCTHI paBHOro conmpoTHsjeHus. Hanpumep, mas neran, u3obpa-
JKeHHOil Ha pHuC. |, a, BoipaBHHUBaHHe HampsiKeHHH MoxeT ObITh 10-
CTHTHYTO WJIM M3TOTOBJIEHHEM BaJja CTymeHuartoit ¢popmu (puc. 1,6),
HJIH H3rOTOBJIEHHeM BaJa OAMHAKOBOI'O AHaMeTpa, COCTOfALIEro H3
MaTepHaJioB C Pa3jIMUHBIMH MOLYJSMH Yn-
pyroctu (puc. 1,8).

B mTaMnoBaHHbIX JeTaJsiX BbIpaBHHBA-
Hile HanpsikKeHHH MOXKHO AOCTHUb TAaKHM XKe
cnoco6om (puc. 2). B cBA3H ¢ 3THM MOsBH-
Jacb HeO6XOAHMOCTb HAay4HTbCS PaCCUYHTHI-
BaTb HaNps2KeHHS] B OMAaCHBIX CEYEHHAX Je-
TaJeil ¢ nepeMeHHbIM MO1yJieM YNPYrOCTH.

OO6uee penleHne 3agayd NPHBEJEHO B
paGorax B. B. A6pamosa [1]—[3].

Jnst nuHeHHOro Hanps:KeHHOro COCTOS -
Hiusgd (0=¢E) Hanpsikenus B Ji1060i1 mosoc-
1 Ke JIaHHOTO 5JeMEHTa KOHCTPYKLUHH (puc. 3)
OT JefiCTBHSI MEXaHHYECKHX Harpy3oK MOX-
HO onpejeyuTh no dopmyJe

oo =

R -

Puc. 3. Pacunenenue suie-
MEHTa KOHCTPYKUHH Ha

NOJIOCKH
o: = [e + (—a; 4 a,) 9] A; cos oy E;, (1
B KOTOPOIi NOCTynate/bHOE NepeMellenne cevenus AB
e= L ,
R,

rae P— paBHOﬂeﬁCTBylomaﬂ CHJa;
n
RO = 2;"1E1Fi cos o;.
1

AHanuTHYeCKOE BHIpaXX€HHe 3aKOHA pacnpelgeseHHs MJIHHBL MO-
JIOCOK MeXJIY KeCTKHMH ceueHnsiMu CD u AB

9
- CDSG"
A,:-i‘- WIn A,=5—, 2)
li ﬂ' Ccos a
Ey !
¥Yros noBopora
_ MR, — PR,
=
RY—R.R,

rae M — paBHOAEHCTBYIOIIMA MOMEHT;

n
Rl = EME,F,a, COos a;;
1

R, = i k,E,F,a? cos ;.
1
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[TonoxeHne TOUKH NPHJIOXKEHHST CHJBL P, B KOTOpOil 3Ta clia
He GyJeT BhI3bIBaTh NMOBOPOTa ceueHus AB,

Ri
R,

ao'-'—_

B unTerpannHOM BHIE

o =[e+ (—y+ Yy gl AcosaE. (3¥

Has psza mapansesNbHbIX BepTHKaJbHBIX MOJOCOK cos a=1.
@opmyay (3) MOXHO NPHMEHHTb W AJSl IJIOCKOTO HaNpsiKeHHO-~
rO COCTOSIHHSI, IPH KOTOPOM

1
g, = E (0, — poy).

Ecau MEXAYy 0; H Ox CYLI€CTBYET 3aBHCHMOCTDb

0. = Ao, ()
TO

=g,E’. (5)

Ec/mn m3BecTHO TOYHOE 3HayeHHe 'PacyeTHOro MOAYJS YNpyrocTh
E’, To m 3ajaua no onpefesNieHHI0 HampsKEHHUS pellaeTcss TOYHO.

B Tex uyacTHBIX cayyasfX, Korja BeJHYHHA 0, cocTaBiaser 10—
159% BeauuHHBI G, C OWHOKOIl He Gosnee 5%, MOXKHO NpHHATD A=
=0, 1 3THM caMblM 3afauyy Mo
onpefiesieHII0  HamnpsiXKeHHH B
3/leMeHTaxX  KOHCTPYKUHH MNpH
TNJIOCKOM Hampsi>KeHHOM COCTOf-
HHH CBeCTH K 3ajiaue Nno omnpeje-
JIeHHIO HaNpsiXKeHHH NpH JHHel- {_
HOM HAamnpsi>KeHHOM COCTOSTHHH

E' = E, (ﬁ)w etz

HUcnoab3ysi 3T0 mnosoxeHwue,
nosyyensl (opMyJibl MO ompexe-
JIGHHIO TeOpeTHYecKux Koadpdu-
IHEHTOB KOHLEHTPAaUHH Hanps-
AEHHH B OMACHBIX CeYeHHsX MJIACTHH C MepeMeHHbIM MOAYJEeM ym-

4=

- >

=

|
T_
Ly L

4 -~

Puc. 4. DBumeraanuueckue mJaCTHHBL
CJI0XKHON §OPMBI

PYrocTH, HMEIOIIHX PpAa3JHYHble  KOHUEHTPaTOphl HampsKeHuit
(puc. 4):
_ mE—=10)4n,
&, = — e s
m(k—1)+n
amB = C A'A——B’
1
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rne

Cl:kzmli-f-ﬁ}w; =£—A;
0 B

m--1

m, n — YHCJIO CJIOEB;
A:i — QyHKUHS Hepa3phIBHOCTH AedopMaLHi, onpepeJse-
Mas 43 ypaBHeHHS (2);

Aa-p — QYHKUUS HepasphIBHOCTH AeopMaumil HAa rpaHHUe
MaTepHaJioB A u B.

Puc. 5. Ilnacrunsi, ocna6iieHHBIE:

a — GOKOBLIMH  BHIDE3aMH  THMA  «TajiTeb»;
6 — GOKOBBIMH NONYKPYTALIME BHIpE3aMH;
6 — LEeHTPaJbHLIM KPYIJIEIM OTBepCTHeM

B wacTHoOCTH, KOTZAa MJIACTHHBI H3TOTOBJIEHB H3 OXHOPOAHBIX Ma-
‘TepHasioB, (GOPMyJbl MO ONpeNeNeHHI0O TeCpeTHUECKHX K03 dHLHeH-
TOB KOHLIEHTPAlLMH HaNpsXKeHHH NpPH OCEBOM. pacCTAXXeHHH — CXKa-
‘THH HMEIOT BHA:

IJIs1 IPAAMOYTOJIbHBIX H KOHYCHBIX MJIACTHH C OJAHOCTOPOHHHMH II
JBYCTOPOHHHMH BhIpe3aMH THNA «raJjtesb» (pHc. 5, a)

o, = 0,2103 2 + 1,209; O
[¢]

A7l NPSAMOYTOJNBHEIX H KOHYCHBIX IJIACTHH C OQHOCTOPOHHHMH H
JBYCTODOHHHMH MOJYKPYTJILIMU Bbipe3aMH (pHC. 5, 6)

a

Uy = - ; ®)
0,3796 - 40,1967
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AJsl NPAMOYTIOJIbHBIX H KOHYCHBIX MJIRCTHH C L€HTPAJbHbIM KpPyr-
JIBIM OTBepcTHeM (pHC. 5, 8)

b—a
Ay = PN (9)
ab (0,3475 — 0,213 T)

[Tpu sTOM A0MKHO COGJIONATHCA PAaBEHCTBO
@ _0=F yya_ (10)
p p b 0

KonuenTpauus HanpsiKeHHil B HEOLHOPOAHBIX IJIACTHHAX Cylle-
CTBEHHO H3MeHsieTcs. Hanpumep, AJsi MIacTHHBL € ABYMSI CHMMeET-

PHYHBIMH TNOJIYKPYIJIBIMH BbIpe3aMH HpH i=1,17 am=1,75. Ecan
p

Puc. 6. Tlosnock ¢ rodpamu

E
3Ty Ke INIACTHHY H3TOTOBHTb H3 [BYX MAaTepuHaJoB (k:Eé- =3u
A

m °
__=0,4), TO KOHIEHTPalHs HanpsiKeHHH YMEHBUIUTCS MOYTH B

n
1,63 pasa (an=1,49).

OnHaKo TEXHOJIOTHYECKH H3TOTOBHTb TAKYIO HJIACTHHY JOBOJBHO
cn0xHO. ['opasno npomie co3naTh nNepeMeHHYI0 XKEeCTKOCTb H3rOTOB-
JeHHeM B HauboJjiee ONacHBIX CEYEHHSIX AETANH CHelHaJbHBIX Bbl-
HITaMNOBOK B BHIe rodp.

Jlasi uccaeloBaHHs BJHSIHHA To)pa HAa BeJHYHHY MOAYJS YOpy-
roCTH JAAHHOTO MaTepHaJsa OblJ NpoBeJeH ClAeLYIOIHHA SKCIepHMEHT.
Hecko/bKO M0OJ0COK OXMHAKOBOH LIMPHHBL M TOJIIHHBI, BbIpe3aHHbIE
113 ofHoro mMartepuana (puc. 6) M BbINOJHEHHble C rodppamMH pas-

r
JIHYHBIX OTHOCHTENbHLIX Pa3MepoB —— (r — paguyc rogpa, § — Ton1-

HiHHa HOJIOCKPI), NOoABEPrasuCb OCEBOMY pacCTAXKEHHIO. HOCTPOQH-
Hble NPH 3TOM JAHarpaMMmbl pacTsaK€HHsA IMOoKasaJH, 4YTO BeJHYHHA
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To(pa cylleCTBEHHHIM 06pa30M BJHSET HAa BeJHUYHHY NMPHBELEHHOTO
Monyas ynpyroctH Enp (pHuc. 7).

N3 ananusa atux auarpaMm BbiTeKaeT NpuGaMIKEHHasi 3aBHCH-
r
MOCTb MEXIy e E u Epp.

pu 0< L6<10
E,,,,=E<1—0,0877%>. (11)

ITokaxkeM, KaK H3MEHHTCSI KOHLUEHTPALHUs HAMNPsKEHHH B KaKOil-
1100 WITaMIOBaHHOI JeTasH ¢ BBeAEHHeM rodpa.

G

am=7,84

oﬁ m=’73

s Nlﬂ ’

Pi/' N

ob s ) —',—J
3 z Ei

Yr—wr 4w ar L

a

Puc. 7. HuarpamMbl pacTskesns no- Puc. 8. Omiopel pacnpefefeHHst Ha-
JIOCOK ¢ rodpamu NpsixKeHHA B IJIACTHHE:

1 —c roppom; 2-—Ges robpa; 3— HOMH-
HaJibHble HanpAXeHHs

Hanpumep, nepenHsas CT€HKa MOTOPHOroO OTCEKa JIErKOBOro aB-

TOMOGHNIAI «3anopoxel» MOXKeT GbLITh pacCMOTpPeHa KakK MpsiMo-
yrosibHasi MJacTHHAa C JBYCTOPOHHHMH BBIPpe3aMH THIA <«rajTesb»

!

Hanpsixkennss B omacHOM CeYeHHH TNPH OCEBOM pAaCTSXKEHHH —
-CXKaTHH ©HJoH P, BHYHCHAAIOTCS Mo ¢opmyne (3), KoTopas Ans
Halllero cayyas 3anHuleTcs Tak:

P,

0, = p E’vl. (12)

Ro

dynkuuio A; onpepeasiem (cM. pab6ory B. B. A6pamoBa [2])
JJIs1 'KaXK0r'0 M3 ABaALaTH CJ0EB, Ha [KOTOpbIE [1peiBapHTENBHO pa3-
‘0MBaeM OMacHOe CeYeHHe NJIACTHHBL. 3HaueHHsi 3TOH (YyHKUMH s

a
TIJIaCTHHHL «rajtenab» nNpH —=3,0 npuBeaeHsl B Tabauue (CM. HH-
p
2ke). B aToM Ke Tabsmue npHBelleHbl 3HaueHHS HAMPSXKEHHS O
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B nuacTHHe Ge3 rodpa, BbluHcaeHHble Mo ¢opmyae (12) (puc. 8§,
kpuBas 2). HomuHaabHble HanpsxeHus o,=0,221 P,.
Teoperuueckuit K03 PULHEHT KOHIEHTPAUUH HanpsKeHUH

0. o, _ 0,221P,

Jlns naacTHHBI, BHIMOJHEHHOH C rOPpPOM, OTHOCHTEJNbHble pa3Me-
Pl KOTOPOTO —i— =0,2; [mx _5 (puc. 9), npuBeneHHbIE MOLYJH
yIpyrocTH, COrJacHO ypaBHeHHIo (11)

E,.s = E (1 —0,0877.5) = 0,562E;
E, ,, = E(1—0,0877-4) = 0,650E;
E, s = E(1—0,0877-2) = 0,825E;
E; s =E(1-—0,0877-0) = E.
3HaueHHs HaMpKEeHHH ¢, B MJIACTHHE ¢ rodPOM TIPUBEJEHB Ha

puc. 10 (wrTpuxoBas KpuBas).
Teopemnyeckuit ko3ppHLUHEHT KOHUEHTPALHH HaTpPSXKEeHHH

Oy = 008 — 2222 1,13,

Taxum 06pa3oM, Ko3phHUIIHEHT KOHLEH-
TpalMHd HanpsKeHUH B MJacTHHAX ic rod-
poM iyMeHbIIWJICA (NpuOJaH3UTeabHO B 1,64
pasa.

Puc. 9. IlnactiHa ¢ GOKOBBIM BHIpE- Puc. 10. IMnacruna
30M THNA <«rajTe/b», BHIMOJHEHHAs C UEHTPaJbHBIM KpYr-
¢ rodpom JbIM  OTBEPCTHEM:

a — pacnpefiesleHHe Hanps-
eHHA: 6 — KOHUEHTPH4YEe-
CKasi BHIITaMIOBKa

Has npanHoro ciyyasi Gbl MOCTaBJEH 3KCIEPHMEHT. J3HauyeHHs
9KCNEPHMEHTAJbHbIX BeJHYHH ¢, OTMEUeHHl Ha pPHC. 8 TOUKaMH.
OKCNepHMEHTabHBIM MOATBEPKAEHHEM JAHHOTO MOJIOXKEHHS MOTYT
C/yKHTb TaKxe pe3yJbTaThl HCIBITAHHS NPSMOYTOJbHOM MJIAaCTHHbI
C LEHTPaJbHBIM KPYIJbIM OTBepcTHeM. /sl yMeHbIUEHHsI KOHLEHT-
pPaluH HanpsKeHHA BOKDPYr OTBePCTHS Oblia BBHINOJHEHA KOHLEHT-
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puueckas Bblutamnoska (puc. 10, 6). Dmiopbl HampsKeHHil, moJy-
YeHHble B pe3yJbTaTe OCeBOrO PACTSKEHHS MJACTHH C LeHTPaJbHbIM
KPYrJblM oTBepcTHeM (C BBIIUTAMIOBKOH H 6e3 Hee), MOKa3aHbl Ha
puc. 10, a, U3 KOTOpPOTrO BHAHO, UTO BBEJIEHHE TAKOH KPYIJIOH BbI-
IITAMINOBKH yMEHbIIAeT BeJMUYMHY MAaKCHMAaJbHbIX Hamnpsi:xKeHHH Ha
KOHType BbIpe3a IMoyTH B 5 pa3 (cM. Tabuauuy).

Homepa cJioeB
Tlapaverpet TlomePX- | 1 w20\ 2u19|3mu1s|an17|sute|6muis|7m14 Bui1s
A 1 0,820/0,670|0,585(0,529|0,4820,472(0,464| 0,462
o, 0,410 |0,337(0,275|0,240}0,217{0,2010,193|0,191| 0,190
o; 0,250 |0,238(0,246|0,260|0,245(0,219{0,210/0,206| 0,205

Beauunny rodpa MoxHO nomoGparth TaKoH, 4TOGbl KOHLEHTpa-
UHMS Hanpsi>KeHHH# MpPaKTHYECKH OTCYTCTBOBasa. Takum o6pasoM,
BBeJlecHHeM rodpa MOXHO peryJHpoBaTh pacnpefeseHHe Hampsixke-
HHH B HHTepecylollleM HacC CeYeHHH SJIeMeHTa KOHCTPYKUHH H 'MpH-
6/IM3UTBHCS K JeTasii paBHOIrO CONPOTHBJIEHHS.

JIUTEPATYPA

1. A6pamos B. B. OcratouHble HanpsiKenus  AehpopMalud B MeTajjax.
M., Mamrus, 1963.

2. A6pamoB B. B. Hccaenosanve Hanpsixkenuii u AedpopMmauuii MeTOLOM
conporHBJeHHs MatepHaaos. Xapbkos, XI'Y, 1965.
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YeCKHX 3JIEMEHTOB KOHCTPYKIHMil cJ0oXKHO# ¢opmbl, XapbkoB, XI'Y, 1966 (na yxp.
A13bIKe).

ABPAMOB B. B., OBAHECOB TI. A.
u 1IOMbAHO C. JI.

PACYHET ABEPHbLIX NMETE/Ib ABTOMOBMINA
HA NMPOYHOCTb U XECTKOCTb

Hexkoropele nerann aBTOMOOMJS, B TOM YHC/Ie H JBEpHble MeT-
JH, OGBIKHOBEHHO He PaCCUMTHIBAIOTCSI Ha MPOYHOCTh H IKECTKOCTb.
Pa3mepnl 3THX JeTasefl BbIGUPAIOT, NOJAB3YSICh CYIIECTBYIOLLIMH
NpUMepaMIl U YYHTHIBAsl YCJOBHSI 3KCIJIyaTaluu, cGOPKH U TEXHOJIO-
THIO H3TOTOBJIEHHs. B pe3y/nbTaTe Takoro mpoeKTHPOBAHHS HEKOTO-
pble fieTaJi MOJyyaloTcsl TskKeJee, YeM OHH JOJ/KHBI OBbIThb, IPYrue,
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Hao60poT, He YNOBJETBOPAIOT YCJOBHAM IPOYHOCTH M Haubosee
yacTo — xecTkocTH. I[IpH pauuoHasbHOM BbI6OpE pa3MepoB METJIH
MOXKHO ImosyunTb TaKxKe SKOHOMHIO Meraasa. Kaxnas neras
secut ot 0,5 mo 1,0 x2 (Bec omuoit meTaH aBTOoMOGHAs «Bouara»
1,0 'xe, «IToGena» 0,5 xe, «Ualika» 0,99 k2w T./1.).

CHHKeHHe Beca OAHO# meTid Ha 100—150 & paer yMeHblueHHe
peca MamuH Ha 1 k2 u Gosee. IIpoYHOCTb H KECTKOCTb ABEPHbIX
feTesb 3aBUCHT OT MHOTOYHCJIEH-
HbIX ()AaKTOpPOB, H3 KOTOPHIX B Ka-
yecTBe OCHOBHBIX MOXXHO Ha3BaTh
cJiefyIolHe:

1. BenrnunHa u xapakrep Ha-
rPy30K, HanpaBjeHHe H TOYKH HX
NIPHJIOXKEHHS.

2. Marepuan newIiH, H3HOCO-
la ]

Q
N
\

|

I

l

)
d

|
|
B
&
apy a

[—-—b‘h

l
>

%
CTOMKOCTb TPYIIHXCS  3JIEMEHTOB,
TEXHOJIOTHSI M3rOTOBJIEHH H c6op- ; / Jz
KM TeTeJb, 3aMKOB, CTO€K H JpY- ~ =

THX 3JIEMEHTOB. > L —-

3. HepaBHOoMepHast  mepefaya Puc. 1. CxeMa HarpyxemHs asep-
Harpy3ok Ha HHXXHIOIO H BEpPXHIOIO HBIX DeTeNb
NeTJIH.

HopmanbHas skcniayatauusi ABepH TpeOyeT >KeCTKOTO coeluHe-
HUSl TETeJb CO CTOMKAMH H XKECTKOCTH CaMHX CTOEK. YUHTbIBas 3TO,
MOXKHO CYHTaTh, YTO NETJIH COBMECTHO C IBEPHOH CTOMKOH cocTaB-
asiot pamy ABCD (puc. 1).

Jlunamuueckoe AeHCTBHe Harpy3soK W BO3MOXKHasi Ieperpyska
MeT/IH YYHTHIBAIOTCA BBEAEHHEM KO3GQHIHEHTa NHHAMHMYHOCTH K,
H K03 HUHEHTa Neperpy3KHu k,.

W3 pacuetHoit cxeMul (cM. puc. 1) BHAHO, 4TO

P=P1+P2 H M=P111+P212,

roe P; — IONOJHHTENbHAsl Harpyska,
P, — Bec aBepu.
B pesyabrate pacuera pamMel ABCD mosayuum u3rubamouiue Mo-
MEHTH B y3Jax A H B U NpoJoJbHYIO CHIY

1 .
1

T 4(1 4 6k)

N, = —3

27 21(1 + 6k)

rae k — OTHOIIEHHE KEeCTKOCTEH

)

B

M 4+ 2Pak); Y

[M (1 + 4F) + 2Pak],
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[TpuBeneHHble BbIYHCIAEHHS 3HayeHHss KR AJs  aBTOMOOHJeit
«MockBnu-407», «Boara», 'A3-12, «Yaiika» u 3A3-966 «3amopo-
JKell» N0KasaJH, 4TO 3Ta BeJHYHHA — He MeHbiue 10.

IlpunsiB k=5, nonyuum

M= 2Pzl @
N,=-—l§3—<M+%-a>. @)

IMpu £=10
M= 2R )
N,=LI(M+§a>. 5)

Pa3nnna Mexay pesyJabTaTaMH, BBIYHCJIEHHBIMH MO ¢opmyJaam
(3) u (5), cocraBasier 3%.

IMoncraBuB B ¢opmyast (2) u (4) M=2700 «I-cm; P=40 «I
u a=12 cm (cM. npHMep B KOHIIE CTAaTbH), MOJYYHM:

npu k=5 My=102 «I-cm;
npu k=10 My= 110 &I -cr.

Takum o6pasoM, npH yBeJIHYeHHH R B 2 pa3a MOMeHT M, usme-
Hfercsl TOJNbKO Ha 8 k[ -cMm. B panbheiimieM 6GyneM NOJb30BaThCA
¢opmyaamu (4) u (5). MomMenT Mp meficTByeT Ha JBEpPHYIO CTOHKY
H YYHTBIBAeTCs NMPH pacuere CTOHKH. MoMeHT M, siBasieTcss Kpy-
TAIIHM MOMEHTOM.

ITpu pacuere Ha KpyueHHe moJab3yeMcsi ¢opmyJamu

M,yG MyxG Myb /1 1
w= i =g ne=2 (L), ©
rae
1 1
- 5 Gy*dF + — S Gx*dF. 6
F F

[Tpu pacuere meTyin, HMeIONleH NPAMOYroJibHOe CeYeHHe H M3FO-
TOBJIEHHO!M M3 OXHOPORHOrO MaTtepuasa, ¢popmy.nl (6) ynpomaworcst
H JJs paccMaTpUBaeMoro cayuasi Harpyxenus (cM. puc. 1) npmu-
HHMAaIOT BUIL

kM kakaM 4a
Tmar = g 0= g ®
rae
i
w,‘=5b2; J,,=ab‘uﬂ=a=m. (9)



IMpu mosopore ceuennst /—/ netau (puc. 2, a) Ha yroa ¢ CBo-
GoaHbI Kpail [BepH MepeMecTHTCS Ha BEJHUYHHY

f1 = (Plx. (10)

[Moxcrasus B dopmyay (10) sHaueHus ¢ u a u3 dopmya (8) u
(9), noayunm

kakaM  nliaq (b2 4 H2)
pm an
koknM , (62 - h?)
Tmax = M ;:abz + <7l (12)

PacraruBawomas cuja N, Bu3biBaeT H3rH6 B ceueHun [—/
My=Nza1.
Hopmanbhoe HanpsxkeHHe oT H3rubaioiiero MOMeHTa

kakaMy  6kak,N
w, b%h

<[o].
(13)

ITox Bausinuem N, netas yanu-
HsETCA Ha BeJHYHHY A, U3-3a KOTO-
poit cBOGOAHBIA Kpai [aBepu Mpo-
BHCHeT Ha BeJquyuHy (puc. 2, 6)

Omaxy =

2
_ o )
l sl_"r: NG W
n0ﬂb3yﬂCb SHEPreTHYECKHM Me- a) ﬁ’
TOIl“OM ‘onpeneeHuAa InepeMemeH'Hﬂ. Puc. 2. ,T.Ied)opmauﬂﬂ JBEPHBIX me-
HaiizeM TeNb
A= N.a + Nza? Nzag Nzag sin? « (15)
) EF‘ 3E"yl 3ElyII 3E-,y111
rae
3
hbs hzbz .
Fy=hyFg Jn= ) s Jyn = 2’
heb3
Jog = —3..
yII1 12

Jns 6oJbLIMHCTBA JIErKOBHIX aBTOMOGHJIe IIHpHHA TNeTaIH h
SIBJIieTCS TMOCTOSIHHOM, a MEHsieTCsl B OCHOBHOM TOJIIIHHA B mpeze-
Jaax by=0,8 b; 'b3=0,68 b. laa aBroMoOuaa «MockBuy-407» hg="Hhz=
=1,33 A, 3A3-966 «3amopoxew» hy=h3=1,83 h. YuureiBas yKasaH-
Hble 3HayeHHS H MOACTABHB a;=assina (cM. puc. 2) B QopmyJbl
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(11), (14) u (15), nocne HEKOTOPHIX NPeo6pPa3OBAHHH  IMOJYUHM -
ypaBHeHHe

fb3 —nb®—m = 0. (16)

IOns asromoGunaeit «Boara», FA3-12, «Yaiika» u 3UJI-111 ko-
3G HIMEHTB! 1 U M UMEIOT 3HaYeHHUs:

n=D + 1,47Ca; . (17)
m = Dh? 4- CA; (18)
rae D= 2l (19
_ kokaNoly (20)
Elh
A = 4[ad 4 adsin®a (1,95sina - 3,18)]. 1)

Ikns aBromoGHass 3A3-966 «3amopoxeL» NpH MOCTOSTHHOM 3Ha-
vennn b cdopmyant (18) u (19) ocratorcs Ge3 uamenenusi. dopmy-
Jbl ANISl OnpefeeHus n, ¢ U A GyAyT UMeTh CJeLYIOHA BHUJ

n=D 4} Ca; (22)
C = LolkokaNol . 23)
Elh
A =4]183a} { adsin*a(sina -+ 1)]. (24)

YkazaHHble Bbllle (GOpPMYyJibl NMOKA3BIBAIOT, YTO pas3Mepsl a, aj,
Qy, @3 3HAYUTEJbHO BJHUSIOT HAa NPOYHOCTh M KECTKOCTb neriu. [lo-
3TOMY 3TH pa3Mepbl HO/IXKHBI ObITb NPOBEPEHBl PacyeToOM U JOBefe-
HBl JO MHHHUMYyMa. TeopeTHyecKHe HCCJIENOBAHHS M HCIBITAHUS Me-
TeJib, NPOBEAEHHbIX B Ja00paTOPHU CONPOTHBJIEHHS MaTepHaJioB
3MMU, noxasaJju, UYTO ONMACHbIM CeueHHeM SBJseTcs ceueHHe [—I/
(cMm. puc. 2, a). YcaoBHS NPOYHOCTH H KECTKOCTH TPeGYyIOT GOJbs.
IO TOJIIHHBI TOJBKO B ceueHHH [—I. B ocTanpHO# yacTH MeTJas
MOXeT ObITh HAMHOT'O TOHBIIE.

Ecnu TpebyeTcs ompenenuTb NMpoBHCaHHe CBOOGORHOrO Kpas, TO,
BbIYMCJIMB NpPEIBAPUTENbHO 7 W m W 3HAs TOJUIMHY TeETJH B ceye-
Huu [—I, u3 ypaBHenus (16) HaxomuM nepemeleHHe

f= —b;ﬂ (25)

Ecay 3amaTbcsi BeJAMYHHOM YNPYroro NpOBHCAHHS f, TO MOXHO
u3 ypaBHeHus (16) ompenesuTb HeGOXOAUMYIO TOJLIHHY b MNeTJH
B onacHoM ceuenun [—I (cMm. puc. 2).
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Huxe mpusoputest Ta6iuna pasMepos meTesb H HEKOTOPBIX pac-
YETHbIX BEJHUHH IUIST OTEYeCTBEHHBbIX JIETKOBbIX aBTOMOGH.IelL.

Hcnoas3yst popmyant (16)—(24), MoXHO NOCTPOHTH KpHUBbIE
3aBHCHMOCTH MeXJ1y pa3MepaMHu

nemntd W nposucanueM ABepH f pld— =377 SINT<FE 7
(puc. 3). Tlombsyach stum rpa- |4 ’"’I”INH"’.?/%/
GHKOM, MOXKHO ONpefeNHTb ToN- 70 = —15 5
UEHy NeTs Mg cymecTsyiomnx (1N 7%’, )%
H NpPOEKTHPYEMBIX JIETKOBBIX aB- 60 =i N Y} : o
TOMOGHJIEH. ,:] 7 / Wﬁ,
T
50 Si= t 2/
=
40 7{177,
30 1—1 LA[—] A 3
Puc. 3. Tpaduxku pmas onpegpenenus ///]/ [/ |
YIPYroro NpPOBHCaHHSI [BEPH aBTOMO- W
- Guei: 20 1771/ AL 3
1 — «[ToGena»; 2 — «<MockBu4-407»; 38— / / /// / / '\ 2
3WJI-111; 4 — «Bosra»; 5 — «Yaiika»; } / / Z
6 —3A3-966  «3amopoxen» (h=44 mum; 10 AV S8 D A VA
b — nepemennas Benuuuna); 7 — [A3-12; 4 s !
8 — «3anopoxeu» (h=24 Mm; b — BenHuHHA /
NMOCTOAHHAA) 0

5 0 15 20 T25THMm

Mpumep pacyera mBepHO# NETIH HA NPOYHOCTb H JKECTKOCTb.

PaccMOTpPHM BepXHIOIO MeT/io NepelHell XBepH aBTOMOGHAs «3anopoxen»
(IIT1 Bapuant). PasMepn metyn GepeM H3 3aBOACKHX ueprexkeil (3TH pasMepnl
NaHBl TaKkXKe B Tabauue).

h=44 cm; b=1,4 cm; a=12 cm; a;=2,5 cm;
a3=8 cm; sina=0,588; (=33 cm; [,=99 cm; ap=7,0 ca.

Co6eTBennblit Bec ! nsepu aBTOMOGHIs «3anopoxeu» Pa=23 kI, no6aBouHas
narpyska Py=17,0 «I.
CymMapHas JieficTByiolas cuia

P= P, P, =40 «I'.
MowmeHT
M = P,l, -+ P,l, = 2700 «I-cs.

IMoab3ysace ¢opmyaamu (4) u (5), HAXOAHM BEJHYMHBI KPYTSALIEro MOMEHTA
M 4 n pactarusaioueit cuast N,

__62Pa—M

M,= =110 kI-cn;
244

1 P
N:=T(M+_2“a>=89 k.

1 TTon BECOM MMEETCSl B BHAY CHJA THAXKECTH.
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Tpunuman kp=1,75 n kp=1,25, HaxoAnM HanpsKeHHs, NOJb3ysice HOPMyaa-
mu (12) u (13),

kaknM4 (6 1+ 1) 3,14.1,75.1,25.1Q00 (1,42 + 4.42) — 07 wl/ents

Fmax = 2h Te84,88
6kskna,N. 6-1,75-1,25-2,5.890
Omax = b';hl Z - 2 4244 =340 «I'/cm®.

Tak kak no III Bapuanty (cM. TabJHLy) TOJLIHHA MeTJH b ABASETCA Nepe-
MEeHHOM BeJMYHHOMH, TO [/ ONpelle/IeHHs] YNpYroro NpoBHCAHHs ABepH [ BOCMOJb-
syemcs ¢opmyaamu (19), (20), (21), (17), (18) u (25):

mkaknliagM 4
D=0 2 =77-1073 cu2;
T 7 cM?;
2kakaN 1y
= —=5=0,134-10""3 cx;
Elh 134-1 cM

A=4[a} +a}sin?a (1,95sina + 3,18)] = 3130 cw?;
n=D +1,47Ca = 10-1073 cu3;
m=Dh2-} CA=0569-10"3 cut;
3uas ko3pduuneHtol m, n, b=1,4 cm, HaXodAHM ynpyroe NMpoBHCAHHe ABEPHT

b2
f= b':'" =0,215 cx.

VYnpyroe nposHcaHHe ABEPH MOXHO ONpeNeNHTb, NOAb3YACh H NPHBEACHHHIM
rpadukoM (cM. pHc. 3). Iisi 3TOrO H3 TOukH b=114 mm (Ha TOPH3OHTaNbHOM OCH)
NpOBONMM TepNEeHAHKYJSAPHYIO TpPAMYIO 0 NepecedeHHs ¢ KPHBOH, 06O3RaueHHOH
?Agé%G lk3anoposxeu» {(Ha puc. '3 Touka {). [[lonyunm npuGmsutensHoe 3HageHne

=22 MM.
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conpoTHBJEHHs MaTeprana. Xapbkos, XI'Y, 1965,

9. DoanmartoBckuit IO A, OCHOBH KOHCTPYHDPOBAHHSI aBTOMOGHJBHBIX
Ky30B0B. M., Mawrus, 1962.

POro3A r. I. u AIEHHHKOBA E. H.

BbIBOP JIMCTOBOW CTANM NMPU NPOEKTMPOBAHMM
M TEXHOJIOTMYMECKOM OCBOEHMM LUTAMMNOBKM
KY3OBHbIX AETANEHA

Bri6op X0JIOMHOKATaHOTO CTAJNbHOrO JIMCTA MAJSi Ky30BOB aBTO-
MOOHJIeH Ha OTeueCTBEHHBIX 3aBOJAX MO HACTOSIIEr0 BpeMeHH MpPo-
13BoAMTCS Ge3 cepbe3Hbix o6ocHosaHuil. TonmuHa JHCTa BHIGH-
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paercsi 6e3 NpelBapHTEIbHUTO PacyeTa, uTO HeJb3sl INPH3HATHL pa-
[IHOHAJIbHBIM METOIOM.

Takoe oTHouwienne K BbIGOPY JHCTAa HAa aBTOMOGHJIbHBIX 3aBOAAX
OOBACHACTCA OTCYTCTBHEM CHNELMaJbHBIX PaBoT, MOCBSILIEHHBIX 3TOMH
3anave.

O6 aKTyanbHOCTH yKa3aHHON MNpo6/eMbl CBHIETEJNbCTBYET TOT
daxr, uto B CIHA peueHuemM KOMmJieKca BONPOCOB, CBSI3aHHBIX C
BbLIOOPOM (CTaJH, B ‘MOCTEQHHEe TOALI 3aHMMaJcsl cnenuanbublit Ko-
MHTET IO Je(pOopMHPYEeMOCTH JIHCTOBOM CTaJH.

B pedepate mok/nana omHOro M3 4YJIEHOB KOMHTETA MPHBOIATCS
PEKOMeHIallMH, OCHOBAHHLIE Ha Pa3pabOTaHHOH MM KJacCHHKaLIH
Ky30BHBIX JeTajell. B kauyecTBe OCHOBbI KJacCH(HKAaUHH KOMHTET
NPUHAJ TaK HasblBaeMbll <«MHAEKC JXECTKOro (opMoi3MeHEHHS»,
NpeACTaBJAIOIIMA co6o#t (aKTHUECKOe MaKCHMaJjbHOe yIJHHeHHE
MaTepuaJsa NpH IUTaMNOBKe, H3MepseMoe JeJHTEJbHOH CeTKCH, Ha-
HeCceHHOH Ha Hele)OPMUPOBAHHYIO 3aTOTOBKY.

Cranp HeoOXOZMMO BBIODATh NPU KOHCTPYHPOBAHHH HAeTajeil H
BBITSI)KHBIX HITAMIIOB, H NPU 3TOM CJelyeT YUYHTHIBATb KaK CBOMCTBA
TpUMeHsieMOro MaTepHaja, Tak W Bce (DaKTOppl LITAMIOBOYHOIO
NIPOM3BOACTBA, KOTOPHIE BJIMSHOT Ha pPe3yJ/bTaThl LITAMIOBKH.

[Ipu KoHCTpyHpOBaHHM Ky30Ba U BbIGOpe Marepuasja mNpexie
BCETO CJeldyeT HCXOAUTb U3 Ha3HAueHHUs aBTOMOOHJS H YUYHUTBHIBATDb
CJI0XKHOCTb BBITSIXKKH, a TaKxXKe Ha3HaueHHe KaxkJAOH Ky30BHOH Je-
Taau. CjiefyeT OTMETHTb, YTO NPH KOHCTPYHPOBAHHH JIETKOBBIX aB-
TOMOOMJIEH, OKpAalIHBaeMbIX B YEpHBIH LBET, JHUCT, NpeJHa3HaueH-
HBIfl [UIST JIMLEBBIX JeTajiedl Ky30Ba, NOJKeH HMeTb BeCbMa BbICOKHE
napameTpbl MO BBITAXKHBIM CBOHCTBAM H KayeCTBY IMOBEPXHOCTH JH-
cra. DTO HeoOXOZHMO J[Jisi BO3MOXHOCTH OCYLIECTBJIEHHS MAaKCH-
MaJIbHOTO HAaTSXKEHMsl JeTaJH NpPH LITAMIOBKE H JOCTHZKEHHs! Hal-
Jiexaliero 1eKoOpaTHBHOTO BHAA aBTOMOGHJIA.

K nucram peraneir Ky3oBa aBTOMOOHMJEH, OKpallliBaeMbiX BO
BCe OCTaJjibHble L(BeTa, CJEAYyeT NPelbsBJAATb B 3aBHCUMOCTH OT
CJIOXHOCTH [BBITSIXKKM Ka)K[I0M AeTaju onpejeneHHble TpeGOBaHHUA.

O BauAHHH (AKTOPOB ILTAMIIOBOYHOIO MPOH3BOACTBA Ha PesyJib-
TaThl IITAMIOBKH CBHIETENbCTBYIOT AaHHBbIE, NMOJyUeHHble B Pe3yJb-
TaTe MHOTOJIETHErO H3rOTOBJIEHUs WITaMMyeMbX AeTaJjeil Ha oreue-
CTBeHHBIX aBTOMOOHMJBHBEIX 3aBogax ([A3, 3UJI, MSMA u 3A3),
H JaHHble 3aBofa «3amlopoXKCTajby», AO NOCAENHEIO0 BDPEMEHH fB-
JISIOILIETOCS] OCHOBHBIM NOCTaBIIMKOM CTaJIbHOTO JIHCTA.

Bpak meraneii (3a nociensyie 15 Jer) BcaeACTBHe pa3phiBa NpH
uITaMNOBKe [IJsi TPYAHOLITaMINyeMbX JeTajeli CHCTeMaTHYeCKH KO-
nebaerca B mpepesnax 3—59%, a HHOTAA M Gonee. Aranaus uudp
Opaka CBHUIETEJbCTBYET O TOM, YTO 3HAUHTENbHbIH OpPaK OTAeNbHBIX
getanell oObACHSIeTCS Hapsily C HEeNOCTATOYHO BBICOKMMH BHITSIK-
HbIMM CBOMCTBAMH MaTepHajia TaKxKe KOHCTPYKTHBHbBIMH HeXOCTaT-
xaMu M (aKTopaMH IUTaMNOBOYHOro npousBoacTsa. Iloxrsepmiim
CKa3aHHOEe BblIDe CAEAYIOUHMH NPHMEPaMH.
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1. BensnHoBble 6aKu OTeYeCTBEHHBIX aBTOMOGHJEH.

Bpak npu ' u3rotoBneHHH GeH3MHOBOrO G6Gaxka aBTOMOOHJIS
3WJI-150 oTHOCHTeJbHO HEBHICOK. OnHAKO CledyeT OTMETHTb, YTO
JIICTHI, H3 KOTOPBIX H3roToBJsieTcst 6Gak, B Npollecce WITaMIOBKH
MMEIOT MakcHMaJsbHoe yAauHenHe (70%), mTammnyloTcs ¢ HemoJ-
HBIM HaTAroM, O 4YeM OCBH/JETEJBLCTBYIOT «BOJHBI» Ha GEH3MHOBBIX
6axax. CienoBaTe/IbHO, KOHCTPYKUHSI GEH3HHOBOTO 6aKa aBTOMOGH-
ast 3UJ1-150 HeymoBIeTBOPHUTE/IbHA.

BensuHoBble 6aKH BCeX OCTANbHBIX OTEYECTBEHHBIX aBTOMOGHJei
CKOHCTPYHPOBaHbl NMPAaBHJBHO, T. €. C y4eTOM CBOHCTB MaTepuaJa,
H nostoMy 6paka u3-3a pa3pbiBOB NpH IUTaMIOBKe He HalJjwoxa-
JI0Ch.

2. Kpblabs rpysoBbix aBromoGumeit 3MUJI-150 u T'A3-51.

Kpbiio aBromo6uas 3MJI-150 npu wramMmoBKe mosyyaeT Mak-
cumanbHoe yananHenue (36—40%). Koncrpykuus xpeina 3UJI-150
10 CpaBHEeHHI0 C KOHCTpyKuuei#r Kkpoira ['A3-51 (makcumasbHOe
yaauHenne 23—259%) Oosee c/iokHAash U MO KOHPUTypauUHH H MO
crnoco6y KpemJeHHs, a TOJIIHHA JMCTAa JAJS H3TOTOBJIEHHS KpPblIbeB
Oblna mpHHAITa OAMHAKOBOH (1,2 Ma), UTO He CBHAETENBCTBYET O
JOMKHOM aHaJ/iu3e NMPH KOHCTPYHPOBAHHM 3THX Aeraneir. KoHcrTpyk-
uua kpolia 'A3-61 BmosHe ynOBNETBOPHTEJbHA, MO3TOMY LHdpa
6paKa HeBBHICOKas.

3. LlenTpasbHble CTOHKH, MaHeNH INepefHHe, CHHHKH KaGHH.

OrcyrctBiie Gpaka mpH u3roToBieHuu croiku [A3-12 B oTau-
yye OT BHICOKOTO GpaKa NpH H3rOTOBJIEHHH CTOHKH aBTOMOOMJA
«Bosra» |lo6bsicHSIeTC TEXHOJIOMHYHOCTBIO IeTaJsd, KoTropas Oblja
BeCcbMa TILATEJIbHO OTpaboTaHa. DTUM e MOXHO OOBACHHUTL M
pa3muuHble mokKasaTeMud OGpaka MpPH H3rOTOBJGHHH TaKMX aHaJjo-
THYHBIX JeTajielf, Kak NaHeJu mnepefHue aBroMobuaeir I'A3-51 u
3UJI 150, couaka 'Kabuubl @stoMobuaeit 3WJ1-150 u T'A3-51, u
pe3Koe CHHKeHHe GpaKa MpPH H3rOTOBJIEHHH TOJOBKH OGJHLOBKH pa-
nuatopa aBroMoGuas 3MJI-150 mocsie ee KOHCTPYKTHBHOrO H3Me-
HeHus. :

Heo6X0AMMO OTMETHTb, YTO HEKOTOpble Ky30BHble HeTajH aBTO-
Mo6uas «3amnopoxel» 3A3-965 Takke MMeaH KOHCTPYKTHBHbie He-
JOCTAaTKH.

1. BpbisroBuk (BHYTpeHHHH) OOKOBHHBI HMeEJ MaJjble pafHyCh
npu Gonbuioi rayGuHe BBHITSXKKH. B HKOBOH Mojean aBTOMOOUJS
3A3 3T HegoCTaTKU GBLIN yCTPAHEHBI.

2. 3afHUHl 1MOJ, HECMOTPS Ha CPAaBHHTEJbHO HEBBICOKYIO BeJIH-
YHHY MaKCHMaJbHOTO YyJJHHeHHs (25%), uMen pe3kue Mepexobl
B 3JIeMEHTaX reoMeTpHuYeckoii (OpMbl, MO3TOMY pPe3yJbTaThbl LITAM-
MOBKH cleldyeT MNpH3HATb COBEPIUEHHO HEeyNOBJIETBOPUTENbHBIMH.
KoHcrpykuust 310l neraiu Takxe 6biaa nopabotaHa.

3. TpeTbsi momepeyrHa INoOJIa MPH IITAMIOBKe HMEET HaHOGOMb-
wee yamiHenue (50%) mo cpaBHeHHIO C yNJIMHEHHEM OCTaJbEbIX
Ky30BHbIX Jerajed. Jletanp Obl1a NpH3HAHA HETEXHOJIOTHYHOH H3-
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3a HeJoCTaTOyHO# ToauuHbl Jaucta (1,0 mm), uTo mpHBEaO K ycu-
JIEHUIO 3JIEMEHTOB 3TOH AeTaJlH.

Jns npaBujbHOrO BbIGOPA TOJIIMHBI CTaJbHOIO JIHCTA HeoOXoAN-
MO MCXOAUTh M3 OOGOCHOBAHHBLIX KOHCTPYKTHBHBIX M TEXHOJIOTHYE-
CKHX TpeOOBaHHH M pacnosiaraTth [JaHHBIMH, XapaKTePH3YIOLIHMH
CBO/CTBA MaTepHalla M ero ChnocoGHOCTb BblAepXKHBaTb 6e3 pas-

o HRB o %
/ I .
0850 ~ o 70 =
f \ 410
4750 - 85
’ gop | A / N \(,l 420
2650 = 0] N
4550 55 <
) 2 | 3 b=07:a8m L4
2450 N 50 '
W / N 62Q7mm 50
45 > £ 1
0350 V/ b'”*f.mﬂ 28-09
‘ w RN 42460
G250 [ &1 ppf—"* PRIEAN Y
2150 l ¥ —r—
150620 2121622 23 2941 CEEER A

Puc. 1. 3aBHCHMOCTD HHTEHCHBHO- Puc. 2. 3aBHCHMOCTb CTeneHM BBITAKKH
cTH aedopMauHH MaTepHaja oOT OT BEeJHYHHH TBEPAOCTH A/ JIHCTOB C
CTENEHH €ro BBbITAXKKH: Pa3INYHLIMH TOJILHHAMH:

J — 0o6nacTb C HEBBICOKHMH BBITAXHBIMH CANOWNbBle JHHHM —H3 cTanefd O08km u 08IO;
<BoitcrBaMH; /I — 06aacTb BBLICOKMX naa- UITPHXOBLIE JHHHH — 13 craau Crt. 2knm; [ — npe-
CTHYeCKHX aedopMmauuit; [ — b=0,7 mm; nenbHas Kpusasi

2—b=0,8+0,9 Mm; 3—b=1,0 um

PylleHHs TpeGyeMble Harpy3kd. B Hacrosiliee BpeMsl TaKHX COeIH-
HeHUH B TeXHHYECKOH JIHTepaType He HMeeTcs.

HccnenoBanuit mo ycTaHOBJIEHHIO 3aKOHOMEDPHOCTH MeXAy cCTe-
qIeHbI0 BBITAXKKH LITaMIyeMO# [AeTaju H MOKa3aTesIMH BbITAXHbBIX
CBOHCTB MaTepHa/a [0 HACTOSILIEro BpeMeHH He NpPOBOMAMJIOCH. 3a
TIOCJIelHHe TOAbl GblJI0 ONyGJHKOBAHO He3HAYHTEJbHOE UYHCJIO pa-
6ot [1, 2] o BhiGope cTanu AJas AeTaJjeil, H3rOTaBJHBaeMbIX TIJy-
©Gokoit BbITAKKOA. OfHAaKo BO Bcex paGorax B oTauuHe OT pabor,
npoBefeHHblx Ha 3A3e, peKoMeHAyeTCs BHIOHpPaTb MaTepHasa Mo
CTeNeHH CJOXKHOCTH HITaMNyeMofl [eTaJjH, PYKOBOACTBYACh Xapak-
TEePHCTMKAMH MEXaHHYeCKHX CBONCTB, YTO He/b3sl NMPH3HATh AOCTa-
TOYHO 06OCHOBAHHBIM.

BbinosiHeHHble HCC/A€NOBaHHA B JabOpaTOpuH  IUTaMIyeMOCTH
npeccoBoro nexa 3A3a no3BOJHJH YCTAaHOBHTb P 3aKOHOMEpPHO-
cTefl MeXAy HHTEHCHBHOCTBIO AedopMallH, onpefeasieMod 1o Me-
tony UMAII [2] npu mTaMnoBaHHHM AETaNH, H CTENEHbIO BBITAXKKH
Marepuaja MNpU MCNOBITAHHH, XapaKTepuayiouleli €ro BbITSAXHbIE
cBofictBa (puc. 1).
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Haun6onee 06beKTHBHEIM METOAOM, KaK IOKa3aja NSTHJIETHAS
npakTHKa 3anopoXCKOro aBTO3aBOHA, OKa3aJiCSi METOA MCNbITAaHHSA
wramnyemMoctH Ha npu6ope ITHHMHTMAIa, ycoBepluieHCTBOBaH-
bl Ha 3A3e. MeToA HCHBITaHHSI 3aKJIOYaeTcss B  oOmNpelefeHHH
MaKCHMaJIbHOTO 3HAuYeHHsl CTeNMeHH BBITAXKKM K NpH mTaMnoBke
UHJIMHADHYECKOTO KOJIMAuyKa H MOAYJsl YNPOYHEHHs Marepuaja
1 [3]. Oco6Goe npenMylLIeCTBO 3TOr0O MeTOXA, KaK YCTAHOBJEHO HC-
C/e[IOBaHHSMH, 3aKJIOYaeTC B HAJHYHH KOPPENAIHOHHOH CBS3H
nokasareJeit mramnyeMpctH K H n 7
C TBepAOCTbIO (PHC. 2) M BEJHYHHOH /

CAOXKHOCTh  BBITSIKKH Ky3oBHbix 09
deraned. B xauvectBe omHOro M3 oc-

3epHa ¢epputa (puc. 3).
HOBHHIX TNapaMeTpoB, Xapaktepusyio- &7

IIHX CJOXHOCTb BBITSXKKH, TNpPHHH- \ /
MaeTcsi MaKCHMaJjbHoe (aKTHUECKOE gf
yAJIHHEHHe, TIONyyaeMoe KakHM-JHGo \_

5JIeMEHTOM JleTajli B Mpouecce [e- gs
dopmupoBanusa. [nsa onpemenedus d4 4 5§ & 7 &
YAJHHEHHS] NeTaji NPHMEHSeTCs Me- Benusuna sepna peppuma
TOA [HEJHTeNIbHOH CeTKH, CYIIHOCTD Pyc. 3. 3aBHCHMOCTH MOZYJA
KOTOPOrO 3aK/IOYaeTcsi B HAHECEHHH  ynpouHeHHs MaTepuaia oT Be-
CeTKH Ha Hele(OpMHPOBAHHYIO 3aro- JHYHHBL 3epHa eppHTa
TOBKYy, €e IITaMNOBKe H B 3aMmepe H

noxncyere (akTHYECKOro yAJHHEHHS MaTepHaJsia NMpH IUTaAMIOBAHHH.

OO6biyHO TpPH KOHCTPYHPOBAHHH KY30BHBLIX JeTajell M BBITSKHBIX
IITAMMNOB MaKCHMaJIbHasl CTeMeHb BHITAXKKH, KOTOPYIO MOJYYHT Ae-
TaJb, Heu3BecTHa. MI3BecTHa Jumb U3 yepTexka MaKCHMaJbHas IJy-
OMHa BHITAXKKH, T. €. HaHGOJbIIEe paccTOsiHUE OT (JIaHUEeB A0 3Je-
MEHTOB KOHTypa JETaJH.

Ilns onpeleneHHss 3HauyeHHH MaKCHMaJbHOTO yIJHHEHHS B 3a-
BHCHMOCTH OT TJIyOMHBI BBITSIXKKH OBbIJIO MPOBEIEHO HECKOJbKO 3KC-
fIEDHMEHTOB H CHCTEMAaTH3MPOBAHBl HMeIOIIHeCs CBEeJeHHSI MO Ky30B-
HBIM JleTaJfM DPa3JHYHBIX aBTOMOOHJeH. CyIIHOCTb 3KCIepHMEHTOB
3aK/1I04ajach B HAaHECEHHH MeJNHUTeJIbHOM CeTKH Ha 3aroToBKY,
WITAMIIOBKE JeTaljlefi KOPOOGYaTOH W HeNpaBHJIBHOH reoMeTpHYecKOH
¢opmbl M OmpefeseHHH MaKCHMAJbHOTO YIJIHHEHHS Omax NPH pas-
JIMYHBIX PACCTOSIHHAX OT (JIaHIEeB A0 KOHTypa AeTaJH.

PesysabraTel 3THX omnpefeseHHit MpeACTaBJeHbl Ha KDHBHIX
pHc. 4.

Jns BbISIBNEHHS] 3aBHCHMOCTH MeXJy MOKa3aTessiMH NJacTHYHO-
cru Metamia, HRB, K u moka3aTenssMH, XapaKTepHU3YIOLIMMH CTe-
neHb AedhoOpMalHH TpPH LITAMIOBKE |Omax, B TIpOLECcCe TEKYIIEro
KOHTPOJISI CHCTeMaTHYeCKH MNpoBoAuIach 06paboTKa MOJy4YaeMbiX
pe3yJbTaToB. .

H3syuanach 3aBHCHMOCTb MEXIy CTeNeHbI0 BBHITSKKH K H TBEp-
IocTbio MaTepraia HRB m MaKcHMaJbHO AOMNYCTHMBIM YAJIHHEHHEM
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IS JIMCTA PasiMuHOll ToJwMHbI M3 crajeit 08xm, 08I0 u Cr. 2xkm.
PesysbTaThl 3THX pa6oT MpecTaB/eHbl Ha pHUC. . !

Ha ocHoBanuu npoBefeHHBIX paboT 6hlna MpejJioKeHa KJacCH-
¢ukauus [4] Ky3oBHBIX Jerajefi U HeoGxomummble TpeboBahHs MO
BaKHEHIIUM NoKasarejam

(cm. Ta6m:my). 6 2 H ”\i

Oco6uifi  uHTEpEC mpeld- 55 . H

CTaBJSIIOT (paKTHYeCKHe 3Ha- }( [

YeHUsi KPHTHYECKHX Hanps- g 7 I ;

XeHHfi o (YCIOBHBIX) INpH // A 3 !

HCTILITAHHH JIUCTOB Ha Npubo- 45 4 i
pe IIHHHWUTMAIlla. Takue 0 / y /

4 4

|

[ — 3 / V /5’ <

56 / r 30 / ¥ 71/ / /5'/52 {

' 1

50 f'/ ’ 25 / // 1< sl

/ z ¢/ ) !

Y / 1 — 2 — l }

sol— A7 5 s L

|71 !

' .

20 b / 10 — 1 121+ ;

0 T | 2/5] 2,34«}

5 75 25 175 x5 imrm S, ) 3
Tnybuna Bsimamnu 1516 17 18 18 20 21 22 %5 K

Puc. 4. 3asucuMoctb (hakTHUe- Puc. 5. IluarpaMma ynpouHeHHs pasinu-

ckoro  ymaudenuss 0%  npu HBIX MaTEepHaJIoOB NpPH TIYGOKOH BBHITSXKE:

WITAMIOBAaHHH JeTalH OT Iay6u- 1 — craap DU435; 2 — craap 1X18HIT; 3 — cranp

> . 65I'; 4 —cranp 10I0T; 5 —craap Cr. 20K'1;
HBl  BBITS2KKH: 6 —craau 08km u 08I0 (C=0,05); 7 —craab

1 — nna peraneit kopoGuatoli dopmel; Cr. 2kn (C=0,12); 8—narynp; 9—craap 210

2 — nns OCTaJbHHIX JAeTajeR Henpa- (C=0,14); 10— craap Cr. 2kn (C=0,08); I/I— gnio-
BHJIbHOA GoOpMH panb; 12 — anlOMHHHR

onpeneseHds ¥ TMOACYeTH GblMH mpou3BefeHbl nJs  craneii 08lO,
08kn, Ct. 2xm, 210, 20, 65I", 91435, 1X18HIT, a Takxe mas Juc-
TOBOT'O aJIIOMHHHs M Jiopanas (cM. puc. 5).

iTonyueHHble 3aBUCHMOCTH, NpeICTaBJeHHble Ha puc. 1, 2, 4, 5,
J1al0T BO3MOXHOCTb 0GOCHOBaHHO BHIGPATh CTa/lb H TOJILIHHY JIHCTA,
YUHTHIBasi CBOHCTBa MaTepHaJjla H NJAacTHUecKyio nedopMalHio JIH-
CTOBOH CTaJi¥ NPH LITaMIOBKe.

Ha puarpamme puc. 5 uMeercs aBe oGJiacTi: mepBasi — OO JH-
Huu I, rae pacrmosnaraloTcs XapaKTepHCTHKH BCeX HCCAENOBaHHBIX
HaMH CMOKOMHBIX CTaJieH, KOTOpble He HMEIOT BbICOKHX BBITSIXKHBIX
cBO#CTB; BTOpasi 06GJsacTh, OrpaHuyYeHHas JuHusAMH [—II, 3to 06-
JlacTh BBICOKHMX IIaCTHUYECKHX AedopMalyiii, XapaKTepusyeMblx cTe-
neHblo BBITSXKKH 0T 2,16 mo 2,34. Kak BuaHO H3 puarpaMMbl, B 3TOH
00/1aCTH pacCoOJIOXKEHH CTaJH, HUMepllue HaHOoJiee BHICOKYIO CTe-
NeHb BBITSXKKH, KOTOpasi 3aBUCHT M OT COJepKaHHs Yrjiepoja B
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CTajH, a HMeHHO: ctauau O8I0 u
08kn ¢ comepxxkaHueM  yriepona
0,05%, crenens BhITAXKH K=2,30;
craap Crt. 2xm, coxepxaigas C=
=0,08%, crenenb BbITAXKKH K=
=2,20; craap Crt. 2Kn, coxepika-
was C=0,14%, K=2,18.

[TpousBeneHHble CPaBHHTENbHbIE
pacueTsl KPUTHYECKHX Hampsi:KeHHH
H TnpelesioB NMPOYHOCTH (KOTOphIe
OmpeNeNsiNNCh IJs 3THX MaTepHa-
JIOB TIpH JIHHEHHOM pacCTSXKEHHH)
noxkasniBaloT, uro crtaab Crt.2Km,
XxapakTepusyeMasi HOCTATOYHO BHI-
COKHMH IIJIaCTHYECKHMH CBOHCTBA-
MH, 110 CPaBHEHHIO CO CTaJsMH
08km u 08I0, comepxalmlHMH Ha
0,03—0,059%  Goabuie yraepona,
umeer GoJblIHil 3amac NPOYHOCTH
H TO3TOMY Jyullle IITaMAOyeTcs.

U3 puarpammel  (cM. pHc. 2)
cjenyer, 4ro GOJBLUIHHCTBO Ky30B-
HBIX JeTajiedf, 3JeMeHThl KOTODPBIX
NoJiy4aioT B mpouecce aegopmaiHu
YAJUHEHHS, He  MNpeBBILIAIOLIHE
409, MOryT WITAMIOBAaTbCS H3
cranu CT.2knm c comepxaHHeM Yr-
aepoxa 0,08—0,10%.

Bei6op cranu Aas MPHHATOH
TOJIIMHBl JIHCTA  PEKOMEHIyeTcs
caenywomuii. Iloabp3ysick npH KOH-
CTPYMPOBAHHH HETAJU H COCTaBJIE-
HHH TEXHOJOTHYEeCKOH KapThl [AHa-
rpaMMoH,  MpeICTaBJeHHOH  Ha
pHC. 4, no rayOvHe BHITSIXKKH Ompe-
HensiloT BO3MOXKHOE H OXHIaemoe
MakCHMaJibHble YIJIMHEHHSI Omax.
Ecan  6max=40%, TO crajbHOH
JHUCT [IOJKEH HMeTb BBLICOKHE BhI-
TAXHble CBOMCTBA, 4TO HEOGXOmH-
MO yueCTb KOHCTPYKTOPY MHpH BbI-
6ope paguycoB 3aKpyrJeHHH, pac-
TMOJIOKEHHS TJIOCKOCTEH M MPOEKTH-
pyeMon pneraJu.

3Hast BENHYUHY Omax H IMOJb-
3ysicb JHarpaMMOH NpHBEIEHHOMH
Ha DHC. 2, IS NPHUHATON TOJIHHBI

Q ~
-
mgmv -§
[=] g SN g
- 2*""\0':}‘—"
m‘oNO
] 2
@Q
< N’
%
0
= %
a gmg o .8
2 -
= EPEERGEETS
] 008 Eaic©
S N9 )
©° 3} =
> ]
g ~
[
= —~
= =K
g ‘gmg Lom“g
& ] % "11!)80""
£ ooUo N o
) N 5 )
o ~ =
2
g T
2 . o
el 2| 5 %l
z = lﬂ-u‘“-§8mc~z
(3] e MmsSXE " 50N
g 3 — 49N
@ SR A
a o
8 T 3
£ & £ oo
|=~8 < 0
P o - VN
iT L or o8
= & < :
[=]
4 S
a Py
2 =
5o 3
¢ | = @
[
: o= |1 8%
s | =&
= G
g - - . . . o
g .. ce WX
S S
5o . o 2
.. .. .@
. ce.3
g .. g. .3
5 .. 3. o°
3 @ = Lo
a T e . Sz
e = oFs S
o = e . O
g X = o
& & == Eg
) .= ) e
= x T Mo
. ¥ X5 o
g "% & O e
Z'E 58 Tg
E .3 A5 a9
‘“~em 5E
ERg 28 S5
3] [
E=f EX 2%
<
=% = Q.
Eg:.. O =&
«©
4* 99



aucra onpenensercs seanuuHa K. ITo Beauuune K, nmonab3yschb naH-
HbIMH Ta0J. 1, onmpelesslOTCS TPyNNa BHITSXKKH, MeXaHHYecKHe Xa-
paxtepuctuku craau 1 TOCT Ha TexHuueckne TpeGOBaHHSI K TOHKO-
JUCTOBOH CTaJIH.

Tpe6GoBaHusi K CTaJbHOMY JIMCTY JAJsi aBTOMOGHJBHBIX JeTa-
Jgeit. Kak BumHo u3 Taba. 1, ToHKoNMCTOBas CTajdb AJisi aBTOMOGH/Ib-
HbIX Ky3o0BoB ([COCT 9045—59) He oTBeuaer TpeGOBaHHSM, Mpelb-
SIBJISeMbIM onepauusiIMH TJay6oKOH BHITAXKKH. [lJ H3roTOBJIEHHSA
TaKuX JeTajied, KaK KapTepbl OOJIbIIKHCTBA aBTOMOOHWJeH, HeTaJei
aBToMoOuass 3A3-965 (KpbILIKH, GOKOBMHEI, BHYTPEHHEro OphI3ro-
BHKa GOKOBHHBI, [I0MIePEYHHbl 110J1a H NOoJyyalouiue yATHHEHUE Omax =
=40% npu wTamMnoBke), TPEGYIOTCH CTaju ¢ 60Jiee BLICOKMMH BbI-
TSXKHBIMH CBOHCTBaMH.

Bhicokuii npoueHT Gpaka NMpPH H3rOTOBJEHUH IEepPEYHC/IeHHbIX BhI-
Hle JeTaJjiel HMeJ MeCTO He TOJIbKO H3-3a HeyAAauHbIX KOHCTPYKTHB-
HBIX pellleHHH, HO H H3-32 HECOOTBETCTBHA TPeGOBaHUH ILITAMIIOBKHU
¥ [KayecTBa YIMCTOBOH ‘cTasm, BeIGpaHHoi mo ["OCTy 9045—59.

Has Toro 4TOObl KayecTBO CTAJIbHOTO JIMCTA, NMpefHa3HaYeHHOTO
IJs1 WTaMnoBKH Aerasteit rpymnsl BOCB |(cM. jraba. 1), coor-
BETCTBOBaJI0O TPeGOBAaHUAM KY30BHOTO NPOH3BOACTBAa, HEOOXOAHMO
OCYILLECTBHTb psiJi OPraHH3aLHOHHO-TEXHHYECKHX MepONpHUATHi. DTO
npexje BCero NepecMOTp CTaHAapTa Ha TOHKOJIHCTOBYIO CTallb
IJsi aBToMoOHAbHHIX Ky3oBoB (I'OCT 9045—59). B HOBOM cTaH-
ZIlapTe Heo6x0AuMO npenycMoTpetb rpynny BbiTskkd BOCB. Hosbiit
CTaHAApT NOJKEH NpPeAyCMOTPeTb CTajb, 3KOHOMHYHYIO C TOYKH
3peHHs OTXOAOB NpH LITaMnoBKe. B uucie BaXkHeHUX TpeOGOBaHHHU
Ky30BHOTO NpPOH3BOACTBA NpPEAYCMOTPETb MOCTABKy CJeAYIOLIHX
CTaJIbHBIX JIHCTOB:

1) nas MuueBHIX AeTaJeil, HE3aBUCHMO OT CTENEHH BBITSAXKKH U3
craneir 0810 u 210 ¢ oTpesnkoii MOBEPXHOCTH COOTBETCTBYIOUIMX I
u Il rpynn (IF'OCT 914—56);

2) nas HeJHUEBHIX AeTaljiel, B 3aBUCHMOCTH OT CJOXHOCTH BbI-
TSXKKH (M0 ¢aKTHYeCKOMY YMJIMHeHHI0), H3 craJgeit 0810, 08km,
Cr. 2kn c oThnenKoii MOBepXHOCTH, cooTBercTBYlowed II—IV rpyn-
nam;

3) ans nerajel, usroraBauBaeMulx no rpynnaM BeiTaxkkd OCB
# BOCB, He3aBHCUMO OT rpymnmbl OTAEJKH MOBEPXHOCTH (KOTOpas
HOJIXKHA ‘6bITb MaTOBOM, C INTyOHHON HEPOBHOCTEH, COOTBETCTBYIOLIEH
6-my kxnaccy, TOCT 2789—S59), no/IKHBI COOTBETCTBOBAaTh CYyXXKeH-
Hble JONMYCKH MO TOJILIHHE JHCTa, B mpefeiax +59, HoMHHana, JH-
60 mJalocOBble HJIH MuHYcOBble mo cyuiectByiomemy I'OCTy
3680—57.

ITepecmorpy 'OCTa nmonxkHa mnpeniiecTBOBaTh HCCJeLOBaTelb-
cKasg pab6oTa HHCTHTYTOB C 3aBOJAMH-NOCTaBLIMKaMH W norpebure-
asmu. Hapsay ¢ aTuM Heo6XoauMa CTaHAapTH3alMsi NMPHMeHsSeMOro
Ha 3A3 MeTona HCMHITAHHA IITAMIYeMOCTH M CEPHHHBIH BBIMYCK
npH6OPOB AJ1S1 3TOrO HCMBITAHHUS.
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Buenpenne Ha oTeuecTBEHHBIX 3aBojax mpumeHsieMoro Ha 3A3e
MeToJa HCMBITaHMH JleTaslell Ha WTaMNyeMOCTb MO3BOJIHT COKPATHTD
pacxonbl, H BpeMsl Ha NpOBeJeHHe HCMbITAHUH OeTalell MO MeTORy
DpHKceHa.
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ABPAMOB B. B., BOPHCEHKO H. T.,
JIEBHTAH B. A. u AETTAPEB B. E.

NMPOEKTUPOBAHME LUTAMMOB ANS FMBKU JAETAJNENA
ABTOMOBMIA «3AMOPOXKELL»

TPAD®O-AHAJIMTMHECKUA METOJI ONPEAENEHWS PABOYMX PA3MEPOB
IUTAMNA ANS TMEKM HEOAHOPOAHOW [OAHOPOAHOM) MONOCHI
CNOXHOrO MONEPEYHOIO CEYEHMS. OCTATOYHBIE AEDOPMAUMM

M HAMPSYKEHMS B MONOCE MOCHE TMBKK.

Bumerannuueckasi mosoca (puc. 1) noskHa OBITH M30THyTa B
XOJIOJHOM COCTOSIHHM TaKHM 06pa3oM, yToObl nocje THOKH paauyc
H3JleJIUs1 paBHANCA Pue9. I[losloca mu3roToBseHa H3 Martepuana
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Puc. 1. BuMerananuyeckass noJoca: Puc. 2. uarpamma pacTtsxe-
I — nyaHcoH; II — marpuna HHSA — CXKaTHA:

I — cxxatue; Il — pacTaxeHHe;
1 — marepHan A; 2 — marepuan B
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A u B. [1na 3THX MaTepHaJjJoB H3BEeCTHBl auarpaMmbl gedopMipoBa-
Hus (pHc. 2) u MonyJau ynpyroctd E4 u Ep.

TpebGyerca onpenenutb pabouuit paauyc TrHOOYHOrO IITaMmOa
Puwm, HANPSIKEHHUSA O; I10 CEYEHHIO MOJIOCH MPH HArpy:KeHHH H nocjae
pasrpys3kd, a TaKk¥ke OCTAaTOYHBIH pagHyC KPHUBH3HBI MOJIOCHI.

Onpenenenne OTHOCHTENbHBIX JAedopMauuil BOJOKOH MOJOCHL
OtHocHTenbHas dedopMauds BOJIOKHA € B J1000# TOYKE MOmepey-
HOTO CeYeHHs MOJIoChl (CM. puc. 1) cBsi3aHa ¢ paAHyCOM H3OTHYTOH
NOJIOCH P,z cCJenytolledl 3aBHCHUMOCTBIO [1]:

e=(—v+ ) »

R, Pusd
rae
R, = [ AEydF u R, = { AEdF. 2)
F F
HJIH
=n =n
R =2 z'lEi./iFI R = V MEin, (3)

rae A — QyHKUHA Hepa3pbIBHOCTH 11e¢>opmamm.
o o 1
s npaMbIX cTepkHelt A=1, 0 KPHBBIX CTepXKHeH A=—.
[

OrHocuTenbHass fedopManusi B TOYKAaX a, b U ¢ momepeyHoro
ceyeHHs: (CM. pHC. 1)
1
= (—u+ )L
( ? Pusd

1
_—( % o)Pusa’

(0+ R,,)ﬁ‘

OnpepeneHne M0 H3BECTHBIM OTHOCHTENBbHBLIM AedOPMAUUAM H3
JuarpaMMbl pacTsKEHHS — CXKATUs COOTBETCTBYIOIIHX MM 3HA4YeHHil
Hanpsakenudt (cM. puc. 2). Tak, ans pedopmauun &, B MaTepuase
A cooTBeTCTBYIOIee HaNpsXKEHUE PaBHO Oq, Mas AedopMauuu ep
HanpsKeHdHe B MaTepHase A paBHO (0s)a, @ B MaTepuase B cooT-
BETCTBEHHO (0b) B, A/l OTPHLATENbHOl AedOPMALMH € HAMPSKEHUS
0. OYOYT 'CHUMAIOIIUMH.

OueBuaHO, TaKHM 00pPa30M MOXKHO OMNpefeIuThb HANpsKEHHs B
JI060H TOYKe MONEepPeyHOro ceyeHus, H, CIeN0BaTeNbHO, MOJCYUTATH
3HaueHHs1 BHYTPEHHEro CHJIOBOro ¢akTopa — n3rHOaIoIero MOMeHTa
OT HarpyskH:

M, = [ oydF;
F

M, = ‘él 0yiF;.
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Onpenenenne o6parHoii ynpyroii paedopMauMu noJochi mocJje

ru6ku. M3aMeHeHHe KPHUBM3HBI (—) BhluHCAsieM no ¢opmyde [1]:
Pp

()

rie M, — u3ru6aloliuii MOMEHT pa3rpy3KH, paBHbLIA MO BESTHYH-
He H oOpaTHBIN 1O 3HAKY MOMEHTY HarpyakH;
Ry 1 Ry — Ko3bduuuents, onpepensieMbie Uz ¢Gopmyn (2) uau
s
Rz = SyZEdF
F
HU i (6)
R, = fgz YiEF,.
H3meneHHe KpHBM3HBI HM30OTHYTOH MNOJOCH NPOTHB 3aJaHHOM

o = P2 1009. )
Pp
Ocraroqﬂue HalnpaxXeHnuss B HSOI‘HyTOﬁ noJjoce onpeaeiasioTcs
anre6paMyecKuM ‘CHOXKeHHEeM HamnpsiKeHud B J1060ii Touke i mno-
NepeyHoro CEe4YeHHs MOJIOCH! MPH HArpyskKe M pasrpyske:

0'10= 01n+01p. (8)

Tak, HanpuMep, B pacCMOTPEHHBIX BBIlIE TOYKax a, b u ¢ ocra-
TOYHbIE HaMNPsXKEHHS

EA
0a0=0an+( ya+ :
Has matepuana A
E
(05)4 = (0p)24, + ( Yo+ & Ro 4.
Has matepuana B
(©5,)8 = (04)5, +< yb+ R, Pp -

E
Gco —-O'c”-}—(o + Ro ) o H T. I

Ocrarounsie HanpsKeHusi HOJXKHbBl yAOBJIETBOPATH CAEAYIOLLEMY
NPpOBEpOYHOMY YCJIOBHIO!

{6 dF =0
F
an . o
121 0'11"1 = 0.
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TaxoBo oGuiee npHGJIHIKEHHOE pellleHHe 3aayd M0 OnpeleeHHIO
OCTATOYHHIX JedopMalHuil B HANPSIKEHHH B MoJOoce NMpH THOKe.

BoJsee TOouyHOe pelieHHe 3ajnayM, YYMTbHIBalolllee NepeMelleHHe
HeHTpaJbHOH JIMHUH NPH THOKe MOJIOCH ¢ HeCHMMETPUYHBEIM NMPOdH-
JieM, npuBelgeHo B paborax AGpamoBa B. B.[l1, 2]. Ins cummeTpuu-
HbIX OJHOPOAHBLIX nNpoduJell pelleHHe 3ajayd ympollaercsi, TakK
KaK CTaHOBHTCSi H3BECTHO MOJIOXKEHHe HEHTPaJbHOH JIMHHH [pH
usrube.

Ilnan pemeHus 3ajayd OocTaeTcs NMPeKHHUM, HO pacueTHble ¢op-
myas (1) u (5) ynpouaiores.

3aBHCHMOCTb MeXAY OTHOCHTeJNbHOH aedopmauueir € u paguy-
COM M3JeNHs P, H3 GopMyanl (1):

e=—L (10)
Pusd

3aBHCHMOCTb MEXJy H3MeHeHHeM KDHBH3HBl NPH ynpyroif pas-
1
rpy3ske — H H3rH6GalolUM MOMeHTOM o ¢opmyJe (5)

Pp
1 Mp

—_—r, 11
Pp EJ ( )
[Ipu 3ajaHHOM pajauyce MOJIOCHI Pys9 PaaHyc rH60YHOrO LITAM-

na p,mB NEpBOM NPHOJHXKEHHH onpejensercs U3 (OPMYJIbI

— Pasd 12

Pum 1 +_a- (12)

I[JIH JaJibHeHIIero yTOUHE€HHSs, TaM rae 3TO Tpe6ye'rca, BBINOJI-
HsIeTCA JIOBTOprIﬁ pacuer, npH KOTOPOM NPHHHMAETCA B ¢opmynax

(1—12) ycnoBHoe 3HayeHHe pajHuyca M3JAENHS P, U3 GOpMYy-
asl (12):

(Pundy =72 (13)
IloBTOpSIA pelleHHe 3alayd H3JIOXKEHHBIM CNOCOOOM JJid H3je-
JMS ¢ pajMycoM Q.. YTOYHSeM DafuyC pasrpysku pp B Qopmy-
ae (12).
OG6blyHO BTOpPOro MpHOJIMIKEHHS NOCTATOYHO AJIST MPaKTHYECKHX
pacueTos.

PACYET TMBOYHOrO LWITAMIMA AN TMBKM YCUIMTENS KAMOTA
‘ABTOMOBMJIA 3A3-966-

B aBroMoGuse «3amopoxeu» HeOGXOAMMAasi KECTKOCTb KamoTa
oOecneynBaeTcsi YCHJIHTENEM, BHIMOJHEHHBIM H3 HM30THYTOH TpyOHI
((puc. 3). IJas U3rOTOBJIEHHS 3TOTO YCHJIHTENs] HEO6XOMMMO CIpPOeK-
THpOBaTh rM6GOYHbIH mTamn. 'M6Ka JOJ/KHA NMPOBOAMTHCA Moomepa-
I[MOHHO B cJefylolllefi TeXHOJOTHYeCKOH Moc/ea0BaTeJbHOCTH: BHa-
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yajie MpoH3BoAUTCSA THOKa B MJocKocTH A, a 3aTeM mocje 0CBOGOXK-
JeHusi U3 lmox wramma («pacNpyKHUHEHUS») 'U3NETHe YCTaHaBJIH-
'BaeTCA 0 M30THYTOMY pajauycy (pamuyc U3fenusi) W MpPOU3BOLHTCS
ru6Ka B MmJIOCKocTH B. |

JuarpaMMel pacTsiXKeHHs CTPOHJIMCh Ha o6pasuax u3 Tpyo ABYX
naptu#i ¢ ycnoBHbIM o6o3HaueHHeM «naptis I», «maprus II».

(=3

! o § Si_sas

g 33 R 6 kl/nn?

1 )] —h -

1100 100 ¥ 100 % 100 % 100 % 100 1~ 0 X -
1160 T
i 1% 30

(=d
Vi ._Iﬂ N 20 ,

i} 10
15:2 /]
e /] 20 30 &%

Puc. 3. PaGounit ueprexx ycuaurens Puc. 4. Mamunubie auarpaMmbl pac-

Kanora: TSXKeHHs o6pa3unoB u3 craax 10:
I — naockocts A; Il — naockocts B 1 — naptua I; 2 — naptus II

MamHHble IMarpaMMBl pacTsKeHHs TPyOouHbIXx 06pasLoB H3
craau 10 nast o6enx mapTHH NpUBefeHbl Ha puc. 4, a MeXaHHYeCcKHe
XapaKTepPHCTHKH cBeJeHHl B Tabu. 1.

Tabauya 1

MexaHHyeCKHe XapaKTePHCTHKH ITapthsa I Tlaptusa 1I

Ipenen Texyvectw 6y B k'fmM® -. . . . . . . . . 30,57 28,10
Ilpenen npousocth 6, B KI/MM2 . o o ¢ o o o . . . 44,10 40,8
OrHocuTeNbHOE ymHeHHe € B % . o o o o o ., . 33,3 33,6
Teepnocte mo Pokseny HRB . . « . .« . . . . 71,5 70,0

U3 Tta6Gauubl BHAHO, 4TO CcTalb 10 B 3aBUCHMOCTH OT NMapTHH
HMeeT pas3jiHyHe B MEXaHHYECKHX XapaKTepPHCTHKaX, 4YTO Heo6Xo-
IHMO YYHTHIBaTh IPH pacyerax.

CorsacHo ueprexy (cM. puc. 3), HeOOXOAMMO pacCUHTaThb
IITaMn JAJs ABYX PajHycoB THOKU TPyG: B IVIOCKOCTH A Q5 =
=5497,76 mm; B NIOCKOCTH B p 50 =162,5 mm.

B kauecTBe mpuMepa pacCMOTPHM pacyeT paboyHX pa3MepoB
ru6oYHOro 1TaMna no HOMHHAJbHOMY pa3Mepy TPyOH Hu3 crauu 10
naptiu I (HapyxHblit paguye Tpy6nl Ra=12,5 mm; BHYTpeHHHIt
pamiyc Rg=11,0 mm; maomanp | nomepeyHoro cevenus F =
109,743 mm2. CoranacHo 'QCTy 10704—63 nonyckaeTcsi OTK/IOHEHHE
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pa3mepoB TpyGbl OT HOMHHaJ/JbHOro. Pacuer Bejercs IO MPHBEJEH-
HBIM Bbile GOpMyJaaM.

Jns onpeneneHus mapaMeTpoB TPyObl B yJAOOHOM [Js MOJIb30O-
BaHus Macuitabe BbluepyHBasOCh ceyeHHe TPyObl (puc. 5) u pasdu-
Bajoch Ha moJockl (B Hamem npumepe 20 noaoc). Jas Kaxaoi
noJjiochl onpeaensach MOLIaJb MONEPEYHOTO CEYEHHS U MOJIOXKe-
HHMe CpefHeH JIHHHHM MOJIOChl OTHOCHTENBHO KOOPAHMHAT OTCYETa.

[Toxcunrannble 3HaveHus F; u

y‘ Yi cBejleHbl B TabuI. 2.
[ p— —
ANt =~
Ay e e A - Gu
r —— = A TAN K% g™
LAVAW, — = LAY wm
7 P LAY g, G ’;’gé/’-——"
N & 2 =2l
—————— e S il
A T il
] S——F i
(2 x———Ffo] 5Z'|III';II
FEANA S —Fo 7 2 Illlllll
7 U
b A1 |
/ afflilitH !
A 1 ar il | i |
T = ol ifililli]e
0 X 12345678910 £%
Puc. 5. IlonepeuHoe ceuenne Tpy6H, Puc. 6. Onpemenenne HanpsKeHHi

JI.— 1npH Harpyske B CEYEHHH TpPYOHl 1O

JAHarpaMMe pacTsiKeHMss ajasi cranau 10

pacujieHeHHOe Ha noJocH: H.
HeATpaJbHas JIMHHA

ONPEAENEHUE PACYHETHBIX NMAPAMETPOB FMBOYHOrO LWTAMMA

Hanpsaxenuss o0i,, BO3HHKalOLlMe B CeYeHHSX TPYObl NpH Ha-
rpy3Ke, onpejessIiCb MO AHarpaMMaM YCJOBHBIX HampsiKeHHil,
MOCTPOeHHBIM coryiacHo pa6ore [Tonomapena C. . {3]. Ha guarpam-
Me (puc. 6) no ocu abcuucc OTKAaAbIBaJach BEIHYHHA OTHOCHTEIb-
HOH pedopMalUH KpaHHUX BOJIOKOH TpYObl, MNOACYMTAHHAsA IO
¢opmyne (10). A6cumcca 0a pasbuBanach Ha 10 paBHBIX uyacTeil;
H3 cepelHHbl KaXKJOH 4acCTH BOCCTAHABJIMBAJICS MepHEHIHUKYJISp KO
nepeceyeHHsl ¢ KPMBOH — Ha OCH OpAMHAT MOJyYaJy 3HAUEHHS Ha-
NpsiXKeHUH NpH Harpyske oiy.

ITpu onpeneneHun HanpsiKeHHH, BO3HHKAIOIIUX NPH Harpyske,
Jonyckaercs, yto ctaJp 10 HMeeT OJHHAKOBble MeXaHHYECKHE Xa-

Omcw -
PaKTEPHCTHKM Ha pacTsiKeHHe H ckKaTue [n=—"""—'=1). 3Haye-
Om pacm
HHS HaNpSKEHUH npH Harpyske TOMelleHsl B Ta0J. 2.
3HayeHHe MOAYJSL ynpyroctH s crtaau 10 nmpuHATO paBHBIM

2-10% k"' / mm2.
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) Iins HasnmaueHHOro paaumyca ruGKH Pusz =5497,8 mm onpenens-
JIHCB:

MOMEHT pa3rpy3ku no gopmyne (4)

i=n

M, =2 6,Fy; = 23290 kI -mm;

=1
panuyc pasrpysku corsiacHo ¢opmyJae (11)

= JE _nEd(l—aY) _ gpoq 4 ﬁpa;*’”’

Pe= "M M64 M ]
d, 72
rae o =—1; 4
d) — BHYTPeHHHH aHaMeTp TPYGHI; J_/\/[/ﬁ( I
d —HapyXHHIH IHaMeTp TPYGHL. &6 I %7 \ >
3aBHCHMOCTb PaJHyCOB Pa3TPY3KH Ppas g5
Aas 3ajiaBaeMblX paauyCcOB H3JeJHA MO- %/T
KasaHa Ha pHc. 7. 64 £
// // ]
174 —
Puc. 7. 3aBncuMocTh pa;uyca  pasrpysKu f’ PR
OT pamHyca M3JEJHs: 60 =
1 — MaKCHMaJbLHOro: 2 — HOMHHAJbLHOTO; 3 — MHHHMaJb- +’
HOrO; CNJOWIHBE JHHHH — napTHs 1I; mTpuxoBue au- 5§

HHH — napThs I 2500 3500 4500pqm t1m

ONPERENEHME HANMPHKEHUA NMPU PA3IIPY3KE M OCTATOUYHbBIX
HAMPSYKEHUA, BO3HMUKAIOLLMX B TPYEE NPM XONOAHOM IMBKE

Hanpsixkenus npu pasrpyske onpefensiiorcsi no ¢opmyse

. R E E
01, = (—yi+ - ) —=(u+y)—.
- R Pp Pp
OcraTounble HanpsXKeHUsi B M3OTHYTOH nojioce NPH  XOJOXHOMN
HITaMNOBKe ONpejessioTcsl aare6panuyecKHM CJIOXKEHHEM Hampsxe-
HUJ NpH Harpyske u pasrpyske mo dopmyJe (8):

0;, =01, + (— ¥+ b=,
Pp
rae y, — OpAMHATA HefiTpanbHON auHEH. JIAs paccMaTpHBaeMOro
npuMepa yo=12,5 nn.
IloxcunTanHble NO NpPHBEAEHHBIM Bhllle ¢(OpPMYyJaM 3HayeHHSA
HanpsXKeHuH Ti, Oi, 1 01, cBelleHbl B TabJ. 2.

Ha puc. 8 nokasanbl smiopbl HanpsiXKeHHH, BO3HHUKAIOWIHX IMpH
Harpyske, pasrpyske, H 3Miopbl OCTAaTOYHBIX HaNpsKeHHH Npu ympy-
ro-nJacTHyecKon Jedopmaunuu uaruba Tpy6Hl.
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Tabauya 2

ITapameTphl
Homep
ook F B Mu2 Y B MM S B &I [mm2 %ip B K[ [mm2 %0 B k[ [ mms
1 9,2 24,32 30,4 —35,92 —5,52
2 10,5 23,05 30,4 —32,00 —1,60
3 6.7 21,80 30,4 —28,30 2.10
4 5,56 21,00 29,8 —24,40 5,40
5 4,5 19,32 25,6 —20,70 4,90
6 4,2 18,07 21,0 —16,92 4,08
7 4,1 16,86 16,2 —13,25 2,95
8 4.0 15,60 11,6 —9.41 2,19
9 3,8 14,32 7,0 —5,54 1,46
10 3,7 13,10 2.4 —1,80 0,60
11 3,7 11,90 —2,4 1,80 —0,60
12 3,8 10,68 —7,0 5,54 —1,46
13 4,0 9,40 —11,6 9,41 —2,19
14 4,1 8,14 —16,2 13,26 | —2,95
15 4,2 6,93 —21,0 16,95 —4,08
16 4,5 5,68 —25,6 20,70 —4,90
17 5.5 4.45 —29.8 24,40 —5,40
18 6,7 3,20 —30,4 28,30 —2,10
19 10,5 1,95 —30,4 32,00 1,60
20 9,2 0,68 —30,4 35,92 5,52

ONPEAENEHUE PABOYMX PASMEPOB TMBOYHOTO LUTAMINA

IIpu rubke B iiockocTH A K03hdULHEHT

B nepsoM npuGaxkKeHHH paaHyc rH6GOYHOro MTaMna
Cum)y = Puas __ 5497,8

“mlI= ] 1o’ 140,835

Ilo rpaduky (cM. puc. 7) onmpefiensieTcst pafHyC pPasrpy3KH, COOTBETCTBYIOLIH{

NOJACYHTAHHOMY pafHycy wramna: p’/=6147 mum.
Ipu BTOpOM NpHGIHIKEHKH KO duLHEHT

” Puas 5497 1) 8

= 2996 mm.

Ilpu BTOPOM NMPHGJMMKEHHH paAuyc rH60YHOro LiTaMna

Pras 5497,8
(Pum) 11 = Tha 110,84 2902,3 su.

Takum o6pa3oM, NMpH 3alaHHOM pajaHyce H3MNHA Pys9= 5497,8 mm pacuer-
HOe 3HayeHWe pajuyca THGOYHOro WITaMMa A/ HOMHHAJbBHOrO 3HAaYeHHs TPYOH
fIPHHATO Pyym = 2902,3 mM.
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Hanpsxenus & Kl/mm?
302010 0 102030°30 20 10 0 10 2030 10 0 10

4 )

Puc. 8. dmiopbl HanpsiKeHWit INpH ynpyro-
NJIaCTHYECKOM H3rHGe TPYOHI:

a — npu Harpyske; 6 — npu pasrpy3ke; 8 — OCTaTo%-
HBIX HaNpsXKEeHHA

a)

p P *10° '
un ' o |
158,0 - al
N
1518 30
e '
1576 |— 4 b
Bl g
1574 | i |l 29 )/ :
|
I |
1572 4 |
L
1570 1t - 28 -
Fain Frap  Fragx GEM2 Fmin Faorn  Fmlx Frim?
a) )
Pac, 9. HsMeHenwe paamycos |wiTaMna B )3aBHCHMOCTH OT pa3me-
poB TpyOH:

a— Q50 =1625 mx; 6 — @,z =5497,8 Mu; (I, 2—cu. puc. 4)

a1 00 —t=-100—==—100—4=—100-=4=—100——=—100—

T % dg & s

! b 9l vl Yoo SIS S
B s ST S-S 338
N N N —Y ?
% | 2

. o

i’ :"’,_———% | S o~

P g & 8
- 590 !

Prc. 10. Pa6ouue pasmep THGOYHOro IUTaM-
na pum =2900 mm
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AnasnornyHbIM 06pa3oM Ghlsiil POBEAEHH pacueThl A MaKCHMaJbHOrO M MH-
HHMAaJIbHOTO 3HayeHHii ceyenns TPyGH Aast napthit I u 1I, a Takxke pacuer lTaM-
na B niaockoctTH B. OKoHyaTeJbHHe pa3Mephl WITaMNa Ha3HayajHCh JHIbL Nogne
aHaJN3a 3aBHCHMOCTH pajHyca ru6OYHOro HITaMma OT NJOLLAAH NONepeyHoro ¢e-
ueHHs TPy6ul (pHc. 9, a, 6) ¢ yueTOM JONycKaeMbix OTKJOHEHHH B pa3Mepax TRY-
6ui. Panuyc usnenus paBen 162,5 ma.

Ha puc. 10 nokasan paGounii yepTexx wmramna (oceBasi JIHHHA pyubs) ANs
XOJIOLHOH THOGKH BEPXHero YCHJAHTeNs Kanora 3aaka aproMo6uis 3A3-966. Haro-
TOBJISlEMbIE 110 3TOMY YepTeXY H3JleNHs TONHOCTBIO yHOBJAETBOPSIOT NPelbsB/I¢H-
HBIM TEeXHHYECKHM TpeGOBAaHHAM Ha aBTOMOGHJILHOM 3aBozie «KoMMyHap».
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M., Mauwrus, 1963.
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3. ITonomapen C. I .I'pado-ananuruueckuii MeTOR pacuetra KPYIJHX pa-
HOCTOPOHHe-CTYNEeHYaThX NJAacTHH NPH OCeCHMMeTpHuHOH Harpyske. B c6. «Pac-
yeTH Ha MpoyHOcTb». Buim. 9. M., Mamrus, 1963.




UCCIEOOBAHUE MPOYHOCTU U ECTKOCTHU
DETANEN LWACCU JIETKOBbLIX ABTOMOBUIIENA

KHYAEB 1. M. OryPlLiOB B. H.,
BACCEPMAH I' M. u KOMPA3 P. B.

OMPERENEHME AUHAMUYECKOW MPOYHOCTHU
U ROJITOBEYHOCTM NMONYOCEA ABTOMOBMAA

DKClepHMeHTa/lbHble HCC/IEeNOBAaHHsI B JOPOXKHO-1a60PaTOPHBIX
y¢JIOBHSIX MOKa3aJ/ly, YTO NMPH PE3KOM BKJIOYEHHH HJIH BBIKIIOYEHHH
MyGThl CuensieHHss Ha NMepBOi nepejaye BO3HUKAIOT 3HAYMTEJbHbIE
H4[PSKEHHST B MOJYOCSX.
Buavyasle pacCMOTPHM HalpsiKeHHWe, BOSHMKaiollee B NOMXYOCH
BQJIeICTBHE KPYTHJbHOTO YAapa MpH Pe3KOM BKJIOYEHHH CLeIJIeHHUS.
[Tpu 3ToM nonaraem, YTO NOJNYOCh MOXKHO pacCMaTpHBaThb Kak
CTEpXKeHb C 3aJe/laHHbIM KOHIOM M COCPeJJOTOYeHHOH Maccoi Ha
LPyroM ero KOHlIe.
KpyTunbHbIi ynap MoxeT GHITb OMHCaH M3BECTHHIM ypaBHEHHEM
| o . "
i o 022
mba=1/ &L
G — Mony/b COBHra;
J — noJsipHBIi MOMEHT HHEpPLUH CeYeHHsI MOJYOCH B Cmt;
K — MomenT mHepuuu yacTH cTepxmHa B Kl - cex?;
0 — yroJ NOBOPOTa CEeYEHHS Ha eAHHHLY AJHHbI;
{ — BpeMs B cexk;
2 — abcuucca, cOBnajfamouias ¢ OCbio MOJYOCH.
Pemenne ypaBheHusi (1) Moxer ObiTb BbIpaXKeHO B CJeAYIO-
1eM BHJE:

0(z, )= 2 (a,, cos ”" +b,s ”"at )sm ”;‘z P))

rae
{
4 , 2
aq, = — Z) COS —-—dZ;
" 20+ sin 2w, S o @ l
, ).
4] , 1,2
b, = f Z) cos ~2- dz;
" apxp (2u., + sin 2u,) ® @ l ’
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W1y M2, M3 -y Mn — NOJOXKHTENbHbIE KOPHM TPaHCLEHJEHTHO
ypaBHEHu;

K .
p,tgp.—JKl, ®

J — nonspHBII MOMEHT HMHEpLHH NONEepeyHoro ce
YeHHS IOJIYOCH:
K) — MoMeHT HHepuuH Kojeca aBTOMOGHJIS OTHO
CHTeJIBHO OO Bana B Kl -cex?-cm.
Iocrosuuble a, u b, onpenesuM H3 yCJIOBHS

%0 (1, 1)

. — a0 (l, 7) GJ
9 t =V, = — 2_._—; = —_—
©, =0 Py =3 c X,
H
a0 (z, 0
0 O =0q(; = =0,
[lomcraBnss 3Hauewus ¢, H @, B ypaBHenue (3), mosyyagm
2pn + sin 2p,
an—-l = .
42 (vn + sin 2p,)
b” — apn (20 - sin 2pp) (5)
2 .
Yn Yn_ .
43 (—2 = sin 2p.,,) |

IMoacraBuM 3HaueHHe NOCTOSIHHBIX M3 ypaBHeHHs (B) B yp'as-
Henue (2). Torna

o 2 + sin 2p, cos Pnat

9 = 0 1 +
2 4 2 (1 sin 2p,)

n=l1

+ Gn (iP'n + sin 2p,) sin pnat sin Wn2 (6)
(=]
®
S+t
1

1 1
Bhluncasis 3HaueHHe p, U3 ypaBHenus (4) u K, K,, a, onpepne-
JIUM BEJHYHHY yTJia 0(2, ).
3Has BeJUYHHY 0, BeJHUWHY KPYTAILEro MOMEHTa Ha IMOJYyOCH
onpeesHM H3 BHIpaXKeHHs

me="SL%.

KacarenpHoe HampsixkeHHe B NOJIYyOCH NPH KPYTHJIBHOM Yaape
onpenessieTcsi COOTHOLEHHEM

M G
'_JK" r= —IL emax- (7)

Tmax =
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e r — pajauyc nojsyocH;
! — nnuua noayocw;
G — Moay.b casura.
3HauenHe Oynay ONPENesieTcs U3 yCIOBHS

vnaT T
Ty = b

U3 ypapuenns (7) B Ge3pasamMepHOM BHMe - NMOJyuyaeM 3aBHCH-
MPCTb HaNpsIXKEHHS B MOJYOCH NMpPH KPYTHJABHOM yAape H TOTAa

l
Yy=-5 X
1
20 - sin 2, cos unat + apn (2pn - sin 2pp)

(o]
) l oo P'2
+ ot 4$(pn+sin2p,.) 4}9 (—21~+ *;” sin2p~n)

. 8

X

0t

X sin sin = sin? 2a,

Bo BTOpOM BapHaHTe BOCHOJIb3YeMCSi H3BECTHBIM BbIpaXKeHHEM
KPYTSAILEr0O MOMeHTa, NeACTBYIOILIEro Ha MNOJYOCH BCJEACTBHE Ha-
JIMYHS TAHT€HIMaJbHBIX CHUJI M PeakLHy 'onopsl koJeca [1],

M, = (¢ + ) kA, ©)

rae @ — K03 HUHEHT clenJeHus;
f — KO3 }uLHEHT cOnpOTHBJIEHHS KaueHHsT KoJleca;
k — nuHaMHuYeCKHil paguyc KoJjeca;
A — papuanbHasi peakuus, JeliCTBylollass Ha BeiyllHe KO-
Jeca. .
Bpamalomuii MOMEHT, NOJABEJEHHBIl K MOJYOCH, ONpefelsercs
COOTHOLIEHHEM

My, =M,iinm, (10}

rae M, — Bpalaioumuii MOMEHT JABUTraTes;
i ,— nepeflaToyHoe YHCJ0 KOPOOKH nepenay;
ip — nepefaToOYHOE YHCJIO I'JIaBHOH MepenauH;
1) — K. II. l. TPAHCMHCCHH aBTOMOGHJIA.
ITpumensis merox medopmauuu u TeopeMy o6 H3MeHEHHH KHHe-
THYECKOTO MOMEHTa K BaJly NOJIyOCH aBTOMOOMJs, HamuueM AHG-
¢depennnaNbHOE YypaBHEHHE IBHXKEHHS:

dzf

Jl i = C(a—ﬁ) —Ml; (11)
d2a
2= =—C@—p)—M, (12)
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Tae B — yroJ moBopoTa KoJieca [pH JABHKEeHHH,;
@ — yroJ MoBopoTa KOHLA BaJsia MOJYOCH;

C= g'l’— — 3KeCTKOCTb IMOJIyOCH;
G — Moay/b CABUra;
J — nossipHbli MOMEHT MHEPLHH CeyeHHs;
Jy — MOMEHT HHepLHH KoJjleca OTHOCHTE/JIbHO OCH BaJa;
Jo— MOMEHT MHepIUH Bpallaloluxcs AeTanNedl ABHrartess it

cLenJeHHusl.
IMepenuiiem ypasuenus (11) u (12) B cnenyiomem Buae:
Judy 4 C (Jy 0 = JaMy o+ M, (13)
rie y=p—a. l
PemuB ypaBHenue (13), noayuum
2B . , kt
Y= —I;—Slnz?, (14)
rae
M M, CUi+J)
B”JI_I_J,’k JJa

BenuuuHa KPYTALIUX MOMEHTOB Ha MOJYOCH aBTOMOGUJIA onpene-
JIAE€TCA PaB€HCTBOM

_ G _ G (M M2> Ide o
*T T RN AY AT AR
. C(Jy+J,)
gosinzy/ LWitd) o 15
X l/ 4,J, (1)
i
KacaTeanoe HanpsixkeHue
M
T, = — I
. m J

MakcHMa/lbHOrO 3HAYEHHsA KacaTebeH'oe HanpsaxeHue IHOCTHraeT
:IpH YCJIOBHH
G hitl p_ =
41 Jil, 2

L L+ _
o TR@THEAF IiMyiden Y

T
O AT g oy,
‘/ al A

ITonaras

(16)
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13 ypaBHeHus (16) monyuyaeM rpagHk ¢yHkuuu G6e3pa3MepHOro Ha-
pSYKEHHS:
y = sin®2x. (17).

CpaBuuBas ypaBHenue (8) n (17), 3akmiiouaeMm, uto o6a pemre-

1Sl HAEHTHYHBI.

I'padux GespasmepHoro HampskeHus (puc. 1) xopomo corya-
cyeTcsl C JaHHBIMH 3KCMePHMEHTaJbHLIX HCCJeNOBaHHH, NMpPOBeJeH-
HbIX uHCTHTyTOM. Ha puc. 2 npuBefeHa OCLHJJOrpaMMa CKpYYH-
BRIOWHX AedOpMalUH NMOJYOCH NPH Pe3KOM BKJIOYEHHH CLemJeHHs.

anpspkeHHe B MOJYOCAX B 3TOM  cayyae jgocruraer 6500—
6600 xI'/cm2.

3Hauenne aedopMalHH .HZ OCLHJJOrpaMMe NPONOPUHOHAJNLHC

CKpyuHBalollleMy HanpskeHuio B lmonyocsix. Ilonaras HanpsKenne

Py
X X
°
z N x
& x X
/] 025 t |cex
X - a5
Puc. 1. Ipadux 6e3pasmepHoro Puc. 2. Ocunanorpamma ckpy-
HanpsxKeHud yuBawWux nedpopmauuii mnoay-

ocH

B 1MoJyocsix B 6e3pasmepHOil ¢opme, HaHOOMBILYIO OPAHHATY OCIHJI-
JIOrpaMMbl, NMpPHBEJEHHOH Ha pHc. 2, mpupaBHHUBaeMm eauHHue. Ha
KPHBOH HanpsiXXeHWH OCUHJ/IOrPAMM HAHOCHM COOTBETCTBYIOLIHE:
T0YKH 3HayeHHs rpauka, usobpaxkenHoro Ha puc. 1. ¥Yray a=45
COOTBETCTBYET HanboJbl1ast OpAHHATA OCUUJIJIOIPAMMBL.

Kak BunuM, TeopeTHyeckue 3HaueHusi Ge3pa3MepHBIX HanpsKe-
HHH TNOYTH COBNAZAlOT C COOTBETCTBYIOLIMMH TOYKAMH OCLHMJJIO-
rpammbl. Ilpu stoM yray a=45° (cM. puc. 1) cooTBeTcTByeT BpeMs
HapacTaHHs HanpskKeHHs1 B NoJayocsix okoso 0,25 cex.

3Has MakcHMajbHble HanpsikeHus, pasHble 4000 kI'/cm?, onpe-
JeJTHM YHCJIO UMKJIOB NPHOJIHKEHHO o hopmyde

N= No( = )“ = 107 (—5—"0—>" > 5,7-10,

400

M3 3Toro MOXHO 3aKJIOYHTB, YTO MOJNYOCH BMOJHE HOJNTOBEUHbI,
€CJIH HeT OCOGHIX Ne(eKTOB NpPH HX MEXaHHUeCKOH M TepMHYECKOr
o6paboTkKe.
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JIUTEPATYPA f

Kuvaes II. M, Acartypsau A, IlI, Orypuos B. U. O nunamuue
CKHMX HanpsixKeHHsiX B NMOJYOCH aBTOMOGHJAA. B ¢6. «ABTOMOGUJbHBII TPAHCNOPT»
Ne 3 .Kues, 1966.

[
ABPAMOB B. B., KHYAEB 1. llt;
TETEPHH I'. B., CTELIEHKO B. II.,
BYTEHKO B. H., OT'YPLIOB B. H.
YEBOTAPEB B. A. u YECHSK B. M

»

PACYET HA NMPOYHOCTb. TEXHONOIrMYECKME
U KOHCTPYKTMBHLIE MNMYTM MOBLILEHMA [ONrOBEYHOCTM
MNACTMHYATOrO TOPCUOHA

TOpCHOH SIBJIIETCA YNPYTrHM 3JIEMEHTOM IIOJABECKH aBTOMOOMJISA

«3anopoxeu» H paGoTaeT B YCJIOBHSX CTECHEHHOTO KPYYeHHS NPH
HEpery/sipHOM BO BPEMEHH HECTallHOHaPHOM peXHMe HarpyxKeHHs.

391+ 0,1

2.5
p=—————— 807 (325 cnpabok)

CeyeHue

naacmuHel
A ] A A0 9202
l L

2941

Puc. 1. Inactunuateii TopcHon aBToMoGHas 3A3-965:
B — yqacTku 3alleMNIeHHs TpPH YCTaHOBKe: 1—7 — HOMepa nAacTHH

Topcuon npencrapisier co6oit COCTaBHOM CTepXKeHb KBaJpaTHOTrO
ceueHHs, HaOpaHHbIA M3 CeMH [JacTHH pasMepoM 2,9X19,5X
X807 mm (puc. 1). KoHubl MIaCTHH KECTKO cOeIHMHEHBI 3JIEKTPO-
cBapkoil. Topcuon moMelleH B CcTajbHOH TpPyGe, JKECTKO CBS3aHHOM
C Ky30BOM aBTOMOGH/ISI, H YHePXKHBAeTcs OT MPOBOPAYMBAHHS NpH-
BAPEHHOH K TPyOe BTYJKOH, MMelollell KBaApaTHOe OTBEpCTHe, pas-
Mepbl KOTOPOTO COOTBETCTBYIOT pa3MepaM MONEPEYHOro CeyeHHS
TOpcHOHA. ‘BTysika mMeeT CTOMOPHEI [BUHT, (DHKCHDYIOWMH TOPOHOH
B OCEBOM HaITpaBJICHHH, |11 Yero B TOPCHOHE Meencs yriy6iente.
JleBBIit M MpaBHIi KOHLB! TOPCHOHA YKECTKO C MOMOILLBIO CTOMOPHBIX
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\EHHTOB CBfI3aHbl C pblyaraMH, mepefaloOLIMMH YCHJHSL OT KoJlec Ha
OPCHOH.

ITnactunel TopcHoHa aBTOMOGHAs 3A3-965 H3roTOBJSIOTCA H3
craan 50XPA X0NOAHBHIM NJIIOLIEHHEM NPYTKOB AHaMeTpoMm 12 mm
B HECKOJIbKO NPOXOJOB C MPOMEXKYTOYHLIMH OTXKUTaMH.

3aTeM MJIacTHHBI nojiBepraTcs TepMHYecKOH o06paboTKe Ha
aBTOMATHYeCKOH 3aKaJIOYHOH MallHHe MO CJEAYIOLIHM pexHMaMm:
tsax =870°C; tomn=490°C.

TnacTHum HarpeBalOTCsi METOAOM 3JIEKTPHUYECKOIO COIPOTHB-
JIEHHs] C OXJIaXX[leHHeM B BOJOOXJaXKAaeMOM MeTaJlJIHYeCKOM IITaM-
ne. Ilocae ‘Tepmoo6paGoTku mBeprocts HRC 40—44. Ilpu stoM
MeXaHHYEeCKHe XapaKTePHCTHKH HMEIOT CJeNYIOLlHe 3HAaYeHHS: ¢, =
=140+-160 «I'/mm2, or=130-=-140 k[ /mm?, 6_1=50 &l [mm?;, v_ =
=30 xI'/mm2.

MPUBAMMEHHBIA CTATMMECKMA PACHET TOPCHMOHA

H3BecTHble B HacToOslIee BpeMsa MeTOAbl pacyera AalT BO3MOX-
HOCTb TNPOH3BOJHTb MPOBEPKY MPOYHOCTH IJIACTHHYATBHIX TOPCHOHOB
TOJIBKO MO KacaTeJbHbIM HANpSXEHHAM IPH CTAaTHYECKOM HArpy-

» [
L] \, 7’\

&

Puc. 2. PacuerHas cxeMa TOpPCHOHA:
1 — TOpPCHOH; 2 — BTYJIKa; 3 — pHiuar

xkeHuu [2]. YkasaHHble MeTOAbl He OTPAXKaIOT BJHSHUS 3HAUUTENb-
HbIX HODMAaJIbHBIX HAaNpsKeHHH, BO3HHKAIOIIHX MPH 3aKPYUYHBaHUH
TOPCHOHA, TPEHHS MeXAy MJAaCTHHAMH Ha H3MeHeHHe HampsKeH-
HOTO COCTOSIHHS, a TaKXXe KOHTAKTHBIX HaNpsiKeHHH, HMeIoIHX Me-
CTO B 30He CONpSXKEHHs TOPCHOHAa CO BTYJAKOA. B Hacrose#
cTaThe Ha OCHOBaHHH 3KCIEPHMEHTOB YTOUHSETCH MeTOHL pacyera
MJIaCTHHYATOIO TOPCHOHA C yYeTOM HOPMaJIbHBIX H KOHTaKTHBIX Ha-
Npsi>KeHHH, BO3HUKAIOIUX B MJIaCTHHAX TOPCHOHA.

Pacyer no kacareabHbiM HanpsikeHusiM. PacueTHas cxema Top-
CHOHa npuBefieHa Ha puc. 2. Kak BHAHO M3 NpHBENEHHOH CXeMH,
TOPCHOH HCHOBITHIBA€T Kpy4yeHHe OT BePTHKAJbHbIX CHJI M pacTsaxe-
Hue (cxkaTHe) OT GOKOBBIX CHJI Ha KOJeco.

KacaTenbHble HanpsKeHHs B OTIJBbHBIX MUIACTHHAX TOPCHOHA
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M Yros 3aKpyYHBaHHsl TOPCHOHA MOTYT GbITb BEHIYHCJIEHH 1O H3BECT-
HBIM [pOpMYyJIaM TEOPHH YNPYTOCTH:

M
T= 0 (1)
Wi
Mxl
= 2
? GJy’ @
rie M,, — KpyTslUMi MOMEHT, NepelaBaeMblii OTIENbHOH MNJia-

CTHHOM;
M, — o6Gmuit KPyTAWHA MOMEHT.
TeopeTnuecku nokasaHo, 4To 6e3 yuyera CHJI TPEHHSI H HOPMalib-
HbIX HanpspKeHHH KpyTALIMH MOMEHT, NMPUXOAAIIMHCA Ha OTAeNb-
HYIO IJIaCTHHY NMPH PaBHOMH JKECTKOCTH MJIACTHH,

’

M= M 3)
n

rjae n — yHcjo MIacTHH.
Has YCTaHOBJIEHHS BJIHAHHSA CHJ TPEHHs H HOPMAJIbHBIX Hamnps-
JKeHHH Ha 3aKOH pacnpelelieHHs KpyTsllero MOMEHTa MeEXAY

LN L

LY
oA A AL L | WP EESp— e — - —t— - - — —

Puc. 3. IlonoxeHne nacTHHH OTHOCHTEALHO OCH TOPCHOHA

OTAEJNBbHLIMH NJIaCTHHAMH TOPCHOHA OblI MpOBefleH CJaeNyIOLIHii IKC-
nepument. Ha KpyruapHoii Mammnne KM-50 mpousBOAMJIOCH 3aKpy-
YHBaHHe OTAeJbHBIX IJIaCTHH C Pa3/IHYHbIM DachoJoXKeHHeM OTHO-

Muxlrn

Puc. 4. [JluarpaMMbl Kpy4eHHS:

] — TOPCHOHA, COCTaBJEHHOro H3 CBOGORHBIX MJa-
CTHH; 2 — OTJAeJbHOM HapY>XHOR MJIACTHHLI TOP-
CHOHAa; 3 — OTAENbHOR NUEHTPAaNbHON MJACTHHL

15 4 7

RZ

N\
11—

/ 1 0 TOpCHOHA; 4 — TOPCHOHA, COCTaBJEHHOIO H3 CBO-
t'" GORHLIX MAAaCTHH (pacyeTHas KpuBas); §— OT-
// nenbHOMt NIAacTHHBI (pacueTHas KpuBas); 6— TOp-
5 7 5 3[ 2 J. CHOHa, paccynTanHoro no Meroay C. A. Bepmn-
/ — 1 mrefina
0 =

020 W0 40 9°)

CHTEJNIbHO OCH TOPCHOHa (pUC. 3) M KOMIJIEKTa H3 CeMH IJIAacTHH
"(TOpCHOH aBTOMOGH.IS «3amopoxKel» COCTOHT H3 CEMH IUIACTHH).
JuarpaMMBl KpyYeHHs OKa3aHbl Ha pHC. 4.
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Ananusupys rpadpukn (cM. puc. 4), MOXKHO OTMETHTb CJaEYIO-
mee: .

1. JlanHble, noJiyyeHHble O NPOBEAEHHOMY BHILIE pacyeTy, Npak-
THYECKH OYEHb XOPOLIO COIVIACYIOTCSI C PacyYeTHHIMH MAHHBIMH MO
metoauke nmpod. C. A. BepumreitHa (pacxox/IeHue He NpeBbILIAET
1—1,5%).

2. HopmaspHble HanpsiXKeHHs1 He3HAaYUTENTbHO BJAHSIOT Ha BeJH-
YHHY KpYyTslllero MoMeHTa. PacxoxieHHe MexAy KPYTAIUHMH MO-
MEHTaMH, MPUXOAAINMHUCS Ha MIACTHHY I H nuacTHry 4 (cM. puc. 3),
cocrasJjser 1,5—29%.

3. Ilpu ompeneneHun KpyTsllero MOMEeHTa, NMPHXOASLIErocs Ha
OTIEJIBHYIO MJIACTHHY, TPEHHEM MeXAY NJIaCTHHAMH TOPCHOHA MOX-
HO mnpeHe6Gpeyb. ITpum 3TOM, pacxoxieHHe MeXAYy KPYTALIUM MO-
MEHTOM, NPHUXOASALIMMCS Ha OTAEJNbHYIO IJIaCTHHY, ONpeNeJeHHbIM

Kak qacmc}; oT neéneﬂuﬂ o6lIero KpyTsIlero MOMeHTa Ha YHCIO
. 16,36
MJIaCTHH (——"= ; =2,34 ;c]"-m) , H KPyTSLIAM MOMEHTOM Ha OT-
n

nenvHoil mimactune (M, =2,26 kI'+m) cocraBaser 3—4%..
MOXHO CYHTaTh, YTO NMPAKTHYECKH KPYTALIMH MOMEHT pacmpe-

HensieTcsl MeXAy OTAeJNbHBIMM MIacTHHaMu paBHomepHo. [Toatomy,

ec/H NpuHATh B hopmyaax (1) u (2) a=p B Bhipaxenusx J,=pbs?

u W,=abd? (1abn. 1), uTo cnpaBenJUBO MpH Y >6 (b — wupuHa
NJAaCTHHBI, § — TOJIHHA MJIACTHHBI), TO MOJYYHM cleRyiouyio ¢op-
MYJy IJisi BBIYHCJIEHHS] KacaTeJbHbIX HaNpsiXKeHHH B [JIaCTHHE:
¢Gd

T

T =

4

Tabauya 1

OTHoleHHe -—:—
Kosgp-

¢u-
LHEHTH

1,0 1,6 1,75 2,0 | 2,6 | 3,0 4 6 8 10 ©

0,20810,231|0,2390,246/0,258/0,267|0,282 0,299 | 0,307 | 0,313 | 0,333
0,141]0,1960,214 | 0,229/0,249/0,263|0,281| 0,299 | 0,307 | 0,313 | 0,333
1,000(0,8590,820]0,795/0,766|0,753|0,745/ 0,743 | 0,742 | 0,742 | 0,742

S o R

Ipu ucnons3oBanuu ¢opmya (2), (4), a Takke NpH TapHPOBKe
TOPCHOHOB HEOGXOAMMO YYHTHIBaTh, YTO «MALIMHHBIA MOXYJb», MO-
JyyeHHBIl no auarpamme M—g, BciencTBHe AedopMauHu caMoH
MallKHbl HHXKe JeACTBUTENBHOrO (CM. pHC. 4).

HccnenyeM BiHsiHHE M3MEHEHHsS TOJIIMHBI MJIACTHHBL § mpH mo-
CTOSAHHOH o61ei BhicoTe makera A=20 mam H yrje 3aKpyuHBaHUSA
TOpCHOHAa (@=384° (MaKCHMaJbHBIi yroJ, ROMyCKaeMblil MOXBECKOH
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aBTOMOGHJIA «3anopoxel» npu c6utoM Gydepe) Ha KpyTAIIHH MoO-
MeHT M, N MaKcHMaJibHble KacaTe/bHble HamnpsiXKeHHS Tmax.
PaccMOoTpHM psill TOPCHOHOB, AJIsi KOTOPHIX YHCJIO COCTaBJISiIO-
KX MIacTHH MeHsetcs ot 1 po 10.
Hanpsikeaus u KPyTALMHA MOMEHT AJsi YKa3aHHBIX TOPCHOHOB
onpejeNsioTcs N0 NpHBeleHHbIM Bbime ¢dopmynam (1), (2). Pe-
3yJbTaThl BLIYHCJAEHH MpHBedeHH B Tabs. 2 u Ha pHC. 5

Tabauya 2

YHCI0 NAACTHH TOPCHOHA

ITapaMeTpn

Myn B k- m
M, B k- m
Tmax B X' /mu2|443,0

738,00150,00
738.00(300.00|153 90
306.0

51,30 23,00
92,00

163,0

12,12
60,60
131,0

7,24 4,64] 3,14] 2,23
43.40|32,40/25.1020.06
8 |72

216,0 109,0 93,6 (81,8

Ananusupys rpadpuku (cM. puc. 5), MOXHO OTMETHTb, Y4TO My-
TEeM YMEHblLIEHHs TOJIUHHB NJAaCTHHBL MOXHO YMEHBIIHTb Kaca-

Mrrm; T klfmn?

700

600

%
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400

==

300

200

1.~

AN
100 NN

™
AN ~~]

\
I/} ——

1 3 5 7 89n

Puc. 5. Bausiuue umc-
Ja NJAacTHH TOPCHOHA
Ha MaKCHMajbHbe Ka-
caTesJibHblE  Hamnpsxke-
HHI H KpYTAWHA MoO-
MEHT INpH OAHON H
TOH e BHICOTE H ILH-
puHe nmakera (20X
X20 mm)

TeJbHble HaNpsXKEeHHsT W TeM CaMblM 3Hauu-
TeJbHO YBEJHYHTb JOJIrOBEYHOCTb IIJIACTHH
TOPCHOHA.

Pacyer no HOPMaJbHBLIM HaNpPsXKEHHUSM.
DKCepUMEHTaJlbHO YCTAHOBJEHO, YTO MNpH
3aKpyyHMBaHHH TOPCHOHAa B €ro MJAacTHHAX,
KpOMe KacaTeJNbHbIX HaNpsiKEHHH, BO3HUKAIOT
3HayHTeJbHble HOPMaJIbHble HaNpsiKeHHsl.

DKCepUMEHT IPOBOAMJCH Ha CHeLHaJb-
HOH yCTaHOBKe, MO3BOJsIOLIel 3aKpyYHBaTh
JeBbli M TpaBblfi KOHIBl TOPCHOHA Ha 3ajlaH-
HbHIH yrosl ¢ H3MepeHHeM <COOTBETCTBEHHBIX
KpyTamux MoMmeHTOB (puc. 6). Ocesblie ne-
¢dopMalHH H3MEpAJIHCh C MOMOILBIO phHIYAK-
HbIX TEH30METPOB, YCTAHOBJEHHBIX Ha peGpax
naactud. CxeMa yCTaHOBKH TeH30METPOB IO-
Ka3aHa Ha puc. 7.

Ha cepuiiHoM TopcHoHe  aBTOMOGMJA
3A3-965 6blIO HCCIENOBAHO pacnpeneseHHe
HOpPMaJIbHBIX HANpsXKEeHHH Mo AJHHe U ceye-
HHIO TOPCHOHA NpPH 3aKPyYHBAHHH OGOMX KOH-
OB TOpPCHOHA Ha yroJa jgo 50°. IlpaBas mouso-
BHHA TOPCHOHA IIPelBAPHTENbHO OblIa 3aKpy-
yeHa Ha yroa ¢=50°.

PesyabraThl 3KCHEepHMEHTOB

TNpHBELEHbI
Ha rpaguke pHuc. 8.

AHanusupyst rpauKH, MOXHO OTMETHTB, YTO HOPMaJbHBe Ha-
NpSXKEHMs1 B NJIACTHHAaX TOPCHOHA PacTyT NPONOPLHOHAMBHO YIJy
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Puc. 6. Cxema YCTAaHOBKH IJIl H3Y4YEHHS 3aKOHA pacnpene/ieHHss HOPMAJIbHbIX
HanpsiXKeHH# MO AJIHHE M CEeYEHHIO TOPCHOHA:

1 — crannHa; 2 — 6abKa; 3 — 3axBaT; 4 — TEH30MeTpPLl; 5 — BTYJKa; 6 — BHHT CTOMOPHHI{:
7 — CTOfiKa; 8 — TOPCHOH; 9 — BCTaBKa; 10— rpy3nl; Il — Harpy3ouHbifi puigar

)

= PRy . 1~ - |

Pic. 7. CxeMa yCTaHOBKH TEH30METPOB Ha TOPCHOHE:
1—7 — NAaCTHHBI; 8 — TEH30METPH!
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Puc. 8. 'padukn HOpMaNbHBIX HanpsAXKEeHHN TOPCHOHA:

I —no panune naactuHnl 7 (pe6po A); II —no ceuennam topcHora; Il — no yraam
33KPYYHBaHHs KOHLOB TOPCHOHA; I — pe6po A; 2 — pe6po B



3akpyuuBaHusi. [10 AnHHe TOPCHOHA M MOMEPEYHOMY CEYEHHIO HOP-
MajbHble HaNpsKEHHA pacnpefensioTcss NPHUGIU3UTENbHO MO 3a-
KCHY TPSMOH.

BennunHa HOpMa/bHBIX HANpsKEHHH B MJacTHHAX TOPCHOHA,
KaK N0Ka3alH 3KCIePHMEHTHl, 3HAYUTeNbHO KoseGnaercs (mpuG/IH-
3auTenbHO B npepenax *=15%) B Toukax, rAe MO TEOPETHUYECKHM
pacueTaM OHH JOJIXHBbI ObIThb ONMHAKOBbIMH. BeposiTHO, 3TO MOXHO
OGBACHHTb Pa3/IHUYHOH IVIOTHOCTBIO COMPSI2KEHHSI TOPCHOHA CO BTYJI-

- & kl[/mm2

40 7. 4R ~| (

y 047//. a
a2 A

10} —RA— —

32

-

3

0

29 58 ynm

Yenolusvie ofo3nayesun
O-ceuenue 1-?
aA-ceyerue 3-3
o -CeYeHue -4
o —ceyenue G-§

Puc. 9. K Hanucanuio .GopMyJEl HOPMaJbHLIX HaMpsIKEHHH:

I — HopManbHLIE HaNPAXKCERA N0 AJUHE TOPCHOHA; Il — HopmanbHBle HANPAKEHHA
B CeYeHHH 6—6

KOil, HauaJbHOH KPHUBH3HOH IJIACTHH, HEOLHOBPEMEHHOCTBIO BCTYM-
JIeHHs1 X B paboTy M APYrHMH NPHYMHAMH, YTO HMEET MECTO B pe-
aJbHEIX YCJOBHSX 3KCIMIyaTal{y TOPCHOHA.

Yka3anHole Bbille (aKTOPHl GbIM YYTEHbl MOMPaBOYHBLIM KO3(-
¢urinentom K B Gopmysae nas npubIHKEHHOro ONpepeeHHs HOP-
MaJIbHbIX HanpsKeHHH B PacyeTHOM CEYEHHH TOPCHOHAa JJIst JiIoOoH
naactulsl (puc. 9):

0; = K“%i" Yz, (5)

rie K — ko3¢ duiueHt, yCTaHOBJIEHHbIH H3 3KCIEPHMEHTa;
by —wnpuHa - NJIACTHHBL;
" Y; — PaccTOsiHHEe OT OCH KPYYeHHS N0 CepelHHBl pacyeTHOH
MJ1aCTHHBI;
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2 — pacCTOsiHHe OT HayaJja KOOPAMHAT A0 paccMaTpHBaeMo-
ro CeueHHs; B HallleM cJydyae HAauaJo KOODAMHAT BbIGpa-
HO B CepefiiHe pacyeTHOM IJMHBI TOpcHOHa (Touka O,
puc. 9), rie HOpPMaJbHble HANpSIXKEHHS PaBHbl HYJIO;
¢ — YroJ 3aKpyYuBaHHs TOPCHOHAa B 2pad.
Jlaa TopcuoHa aBTOMOOMJIS «3amopoxel», y KOTOPOro LIHPHHA
b Bcex miacTHH OJMHAKOBAa, MOXHO HAaMHCaThb

b
0; = K? Yi2Q. (6)

Koadppuuuenr K, Bxomsawwuit B dopmyay (6), onpenensicsa cie-
ayomum o6pa3oM. HopMaapHOe HanpskeHue ONpeAeasyoch B 3TOM
cilyyae ocpelHEHHEM 3KCNEePHMEHTAJbHO MOJYYeHHbIX 3HaueHHil Ha-
npsiXKeHuit AJas TOouek cevenun I—I, 3—3, 4—4, 6—6 npu yrie

3akpyuyuBaHus (p==50° u cpas-

6 Kl/un? HeHHEeM HX C HalpsiXKeHHSIMH,
°/ NOJIy4Y€HHBIMH H3 YCJIOBHSA JIH-
a0 ¢ HelHOH 3aBHCHUMOCTH MeXAY
| O H Y. OTKJ/IOHEHHS COCTaBH-
20 0
of f o okoso 7—89, (cM. puc. 9).
10 A B Hamewm ciayyae cpenHee
0 / {  HOpMasibHOe HampsiKeHHe o=
20 au 120 0 240 260 tmm | =39 kl/mm?.
10 v £ Torna
L
20— v K9 _
0 L
5 429
40
Puc. 10. Tlone 3KcnepHMEHTaJbHbLIX —_ 39 =
BEJIHYHH  HOPMAJbHBIX  HanpsiXKeHui 19,5
HapYXKHOfl NJAcTHHB TOPCHOHa H KpH- '—2—8,7'182'50
Basi HOPMaJbHHX HaNpsiKeHHH 1o
npeasaraeMoit  ¢opmyse:
L — pacueTHas ANHHA TOPCHOHA = 5,06- 10_5’

H GopMyJa AJs OnpeneseHHss HOPMaJbHbIX HaNpsIKEHH# NPHUMET
BHJ
19,5

o = 5,06-10-5 —

Y29 = 0,494 - 10—3y,2¢. (7

®opmyna (7) MoxeT ObITh MpHMEHEHA HAJs ONMpeleseHHs HOp-
MaJbHBIX HanpsXKeHH#i B NJIAaCTHHAX TOPCHOHA JAPYIHX pa3MepoB,
HO OJ1s1 3TOr0 HYXKHO BBOJAUTb KO3((PHLUHEHT, YUHTHIBAIOWIHI IJIHHY
TopcHoHa. I'padukn HOPMaJbHBIX HaNpsKEHHH, MOJCYHTAHHbIE IO
¢opmyne (7) u mnonyueHHble SKCIEPHMEHTAJbHO, NpPHBENEHBH Ha
puc. 10. ®opmynoit (7) MOXKHO MOJb30BATHCS AJsi OLEHKU MOPSAKA
BEJHYHR HOPMaJIbHBIX HanpsKeHHH B MJIaCTHHaX TOPCHOHA.
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Pacyer TOpCHOHA NpPH OZHOBPEMEHHOM JEHCTBHH HOPMaJbHBIX
M KacaTeJbHbIX HanmpsikeHwil. Brilte ObLJIO MOKAa3aHO, YTO B MJIACTH-
HaX TOPCHOHA OXHOBPEMEHHO BO3HHKAIOT HOPMaJIbHbie H KacaTesb-
HEle HanpsiKeHHs, NPONOPLUUHOHANbHbIE YNy 3aKpyyHBaHHS ¢ [cM.
ypaBHeHusi (4) u (7)]. B cBsI3u ¢ 3THM MaTepHaJ IJIACTHHBI HCIHI-
THIBAET CJIOXKHOE HaNpsi)KeHHOe COCTOSIHHe, M [MOJHYI0O MpPOBEpPKY
NPOYHOCTH B 3TOM CJy4Yae MOXKHO MPOM3BECTH IO OLHOM M3 TEOPHM
MIPOYHOCTH.

IMpoBeneM mpoBepKy TIPOYHOCTH TOPCHOHA MO TpeTbell TEOPUH NPOYHOCTH S
yrioB 3akpyunBanus @=50° u @=84°. [Ina 9TuX (cA1yyaeB KacaTe/bHble Hamps-
JKeHHsA

9GS  50-3,14-8,15-10%.2,9

—_ — — 2
=" 180.364 56,6 kI'/um
npu =50
9GS ,84-3,14-8,15-108.2,9
= = =95,0 «I'/unu?
T 180-364 o0 Kl
npu @=84°

HopMaabHhe HanpsKeHHA
Omax = 0,494.10—3 y;2¢=0,494-10—3.8,7-182.50 =
= 39,1 «I'/um® npun ¢ = 50°
Omax = 0,494-1073.8,7.182-84 = 65,7{«x"/umu® npn ¢ =84°.

OKBHBa/leHTHElE HANpsAXKEHHs MO TpeTbelf TEODHH NPOYHOCTH

O,= V2+4(0,74r)% == /39,124 4 (0,74-56,6)%,= 92,5 xI'/muu?
npu ¢=>50%

O,pp = V85,72 + 4 (0,74-95,0)%= 155« /un?

npu @=84°.
Bes yyera HOpMasibHBIX HamMpsKeHHH

0,1 =V 4(0,747)2 = 2.0,74-1 = 2.0,74.56,6 = 87,7, xI"/ux?

npu @=50%
0,prp = 2-0,74-95 = 140 xI'/um?
npu @==84°
OtHowenue
ot _ 155 ) i0s
O, 140 !

OKBHBaJIEHTHbIE HANPSXKEHHsI C YYeTOM HODMAJIbHLIX HamNpsKeHHH YBEJHUH-
BaioTcsl Gosiee yeM Ha 10%.

125



MpuGanxkenHas oueHKa BAMSIHHS KOHTAKTHBIX HANpPSKEHH, BO3-
HHKAIOWHUX B 30HE CONPSIKEHHN TOPCHOHA CO BTYJKOH. B cBsizu ¢
TeM, YTO MOAABJSAIOLIEE YHCJAO MOJIOMOK TOPCHOHA TNPOHUCXOMHT
B MeCTax KOHTAaKTa TOPCHOHA CO BTYJKaMH, Gbla CHEAaHa MNOMbLIT-
Ka OLEHHTb BEJHYHHY KOHTAKTHBIX HaNpsKeHHA HMEHHO B 3TOM
mecre. I[IpuGinkenHo GbIO HCMONBL3OBAHO pelIeHHE 33Jayu O BJaB-
JIMBaHHM aGCOJIIOTHO XKECTKOro Iuapa B ynpyroe MOJYINPOCTPAHCT-
Bo [1], Tak KaK KOHTaKTHble NATHA Ha TOPCHOHAX, NMPOUIEAIUIHX HC-
NbITaHUA Ha MalllMHaX, Kak BHIHO Ha pHc. 11, MOXHO npumepHO

Puc. 11. KourakTHble nNfATHa Ha MJIaCTHHAX TOPCHOHOB MNOC/AE JOPOMKHBIX HC-
nbLTaHu#

‘CYHTaTh KPYIVIbIMH, ¢ paauycoM a=3 mm. HauGosbluee naBieHHe
B 3TOM CJIyyae ompelesnurcs no opmyJe
3 P
G = -;- * nat ' (8)

Tae P —cuna gaB/ieHus Ha uap;

a — pajuyc OTmeyarTka. -

OTkaoHeHHs1 HauGoJbLIEr0 NEpeMeLieHHs AMs PasHYHbIX cay-
YaeB HarpyXeHHs: PaBHOMEPHOro Wo, .10 3aKoHY TpeyroabHuka Wo
# no «moayiuiapy» Wo oTHocATca Mexay coGoil Kak

Wo:Wo: Wy =1:1,5:1,19.

B cBsi3n ¢ 3THM, NpHHHMas Harpy3Ky, pacipeieleHHYyIO Mo «Io-
Jqylapy», NpakTHYECKH MOXHO yTBEPXKAaTh, YTO NPH JM06GOM Hei-
CTBUTEJIbHOM 3aKOHe pachpejesneHHe NaBAeHHH GyHEeT OTIMYaThCs
OT NMPUHATHIX HAMH TeOpeTHYeCKHX He Gosee uem Ha 20—25%.

Cuny nasnenus P onpenenaum no ¢popmyae

P=—=
h’

rae M, — KpyTsiuuii MOMeHT;
h — mupHHa nJaacTHHB TOPCHOHA.
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Insa TopcHoHa aBTOMOOHJS «3anopoxen» HauGoJbliee XaBjie-
HUe HJH HauGosbllee HanpsKeHHe CMATHSA

q0=-?—-1—u;—=Tm=87,6 K'.P/MM“,
rpe
h 0,02

MPOEKTUPOBOYHLIA PACYHET IJIACTMHYATOIO TOPCHOHA
NO NEPEMEHHBLIM KACATENLHBIM HAMPSYXEHUAM

B cayuae acHMMeTPHYHOTO IHKJIa H3MEHEHMs] KacaTeJNbHHIX Ha-
NPSIXKEHHH, UMEIOIIero MecTo nNpu pa6Gore TopcHoHa (pHc. 12), 3a-
mac ‘IPOYHOCTH IMOXeT ObITh
onpejeNeH MO  HM3BECTHOH

dopmyne 6|7

— T /. ; ]
n_ = ——— )
® Ta + ‘p{‘m ' g §
ITocne npeo6pa3oBanuii s oS
&
n = L R i t
Tm (’l + ‘p-:)
Tm Puc. 12. Cxema acHMMETpPHYHOrO UHKJIA
= =1 (10)
T (¥ + P’
rae
Y= s ’
‘m
Ty = 9GBS (11)

la
PaccmatpuBas coBMecTHO Boipaxenus (10) u (11), moayuum

Tyl
Rl (12
B

OTtHowenne — =1 npu -% >4.

B paccmaTtpuBaeMoM cayuae —g—=1—29—’§=6,74>4. U3 ¢opmy-

abl (12) HaxoauM TOJIUMHY MJIACTHHBI TOPCHOHA:
T4l

T Te0n G+ %)
IIpu n-. =1,0, $. =0,15
6= ;i____ (13)
@G (v + 0,15)
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Kpyrsaumui MOMeHT
Mlm = TmaxWkn»
tne W,, =abd?
TOrAa
M/m = absztmax,
PmaxGO
-

Yncao IJIaCTHH, ‘HeOOXOAUMBIX IJIS nepexayd 3aJaHHOro Kpyrsi-
iero MOMEHTAa, OnpeAeJHTCA KaK OTHOILEHHe

Mg
Mxn

Npumep. Onpenenum pasmepsl mjacTuH mopcuoxa asToMoGuas 3A3-965. Hc-
XONHble JaHHHe: OOWMit KPYTAUIMA MOMEHT Ha TOpcHOH My =34 030 «I-mm, pac-
4yeTHasi AJIHHA TOpPCHOHa [=364 mm, Mo-

TA€ Tmax=

n=

6, T kI/MM? ayab casura G=8,15-10% xI'/mmu2, yroxa
3aKpYYHBaHHA TODCHOHAa TNpH MOJHOA
‘%2 cTaTHueCKOM Harpyske @=>50° ¥Yroa
70 : 3aKpYyuHBaHHS TOPCHOHa MAaKCHMaJb-
[ Hulii @=84°. IO6pa3suni (He NMOJHPOBAHH -
% (=~ v6). Torna
0 T . Ta __ Pa __ _Pmax —Pm __
- —_—————
30 \'k Tm Pm Pm
0 50 100 150 200 250 300A400® 84 — 50
Yucno yorpad = 50 = 0,68,

Puc. 13. KpuBasi BHHOCAMBOCTH CTaJH
50X®DA OnpefieuM TOJIIMHY MNJAACTHHH O,
MakCHMaJbHble KacaTeJbHBHle Hampsixke-
HHSl Tmax, Pa3Mep nmaketa H ¥ 4HCJO NJACDHH |1 AAs Caefylollero psaa 3HaueHHit
Hanpsixenuf: t-4=30; 30,6; 32,7; 35,3; 40,25; 49,00; 57,3 xI'/um?. DTH 3HauYeHHS
T-3 B3ATH C KpHBOf, npuBefeHHOR Ha puc. 13, KpuBas Ty mojyueHa pacueTHHIM
NyTéM MO H3BECTHHM SKCNEPHMEHTAJbHHM 3HaueHHsAM O—i.
1. TIpu mpenene BLIHOCJAHBOCTH, paBHOM T—; =30 kI /nm?.
Tonmuxa naacTHHH

ol 30-364

- — 1,847 nn.
96 (70,15 — 0,873-8150 (0,681 0,15) — 1347 ##
MaKcuMaanb!e KacareJIbHble HaNpsAXKeHHs
1,462-8150-1,847
Tmax = Pms =G = ,462-8150-1, = 60,4 «I'/um2.

l 364
Bricota makera

H= l/- Mr
- adtmax

b
3HaueHHe a OnpeJeJHM MO AAHHBIM Ta6a. 1, MpHHHMas OTHOLIEHHe _6- B mep-

BOM NpPHGJIHIKEHHH:
19,5

— 7 .
1,847 10,77

b _
=
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Jas sToro oTHomeHHs ay3==0,314;

Toraa
M, 34030
H= —_— =3 .
l/ tmax 0.314.1,847.60,4  Sln2 ma
I L 32 e 032
PH OTHOLIEHHH 6 = 1,847 =10, az2=V,92.

Tak Kak a:#ai, chenaeM nepepacuer H,. Bo BTOPOM npHOIHKEHHH

34030
He= I/o,32-1,847-60,4 = 30,9 .

b
l'lponepHM OTHOLLUI€HHe — ¢

6
b 30,9
I 1,847 16,7, mpu stom a3 = 0,32, T. e, BHcOTa
nmaKeTa HalileHa JOCTaTOTHO TOYHO:
Hy=230,9 mu.
Yuceno NAACTHH B NaKere
H 30,9
=— = —— = 16,74,
) 1,847 74

2. Ilpu npepene BHHOCAHBOCTH, paBHOM T_y =30,6 kI/uu2.
TounuHHa NIACTHHH
Tyl 30,6-364

8= 9G(y+0,15)  0,873.8150-0,83
MakcuMaabHHe xaca're.nbnb;e HaOpsAXKEHHA
ooy Omax O3 1,4628150:1,885
1 364

Bricora makera
My
H= .
abtmayx

B nepBoM mpHGIHXKEHHH MPHMEM OTHOLIEHHE

b 19,5
— =—>—=10,34; npu 310oM a; = 0,314,

= 1,885 ux.

1,885
34030
Hy= V 0,314-1,885.61,7 — 30.5 M.
b

IlpoBepuM OTHOLIeHHE —( ;

6
b 30,5
5 = 1885 =16,2; Torna a,=0,318.

Bo BTOpOM npHGIHKEHHH

34030 _
Hx =‘/ 0,316-1,885-61,7 — 50»33 #.

§ 3ak. 109

= 61,7 &'/unmd.
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b 30,35
Ornouenne —/—

=16,1, ana koroporo a3=0,318, T. e. MoxHo npu-

8 1,885
HATb ¢ JOCTaTOYHOH CTeNeHbl0 TOYHOCTH
Hx=30,35 MM.
Tabauya 3
Tpepen BHHOCAHBOCTH <_| B KI"/Mm?
Tapauerpy 30 30,6 | 32,7 | 353 | 40,25 49,0 57,3
S6BMm . . . . . . .| 1,847] 1,885 2,015 2,173| 2,460 3,080 3,700
Tmax B k[ /uM2. . . .160,4 |61,7 (66,0 (71,0 [80,5 100,8 121,0
HBmm. ... .. .|[30,9 |30,55 |28,45 [26,4 |22,7 19,1 16,1
nBWT.. . . ... .|16,74{16,1 |14,1 |12,15|10,73 6,22/ 4,35
N-10—3 yukaoB . , .| 325 | 255 180 135 112 45 30

Jlast ocranbHbIX 3HaueHHil HanpsikKeHHH npoBelleHbl AaHAJOTHYHble PAacCUeThHl,

pe3yJbTaThl KOTOPHIX NpHBedeHbl B Ta6a. 3 H Ha puc. 14.
Paspa6oranHass Ha OCHOBe O3KCNMEPHMEHTA/bHbLIX HOAHHHX MeTONHKa MO3BO-
JsieT  TNPOM3BOAMTb  YTOUYHEHHbe

g n 4 DacueTh TJIAaCTMHYATOrO TOPCHOHA .
MM pm C YUETOM HODMaJIBHBIX H KOHTAKTHEIX
3 32 ] HanpsKeHHA.
28 H 30
N —
2.55 P Wl 0 BMAHME TEXHONOTMHECKMX
15+—4 o ®DAKTOPOB HA AOJNIIOBEYHOCTb
12 T |'n TOPCHOHA
1t P s ol 1
4 o U3 npuBefeHHBIX Bbllle

Z
0 S0 10 /50 0 70 3V0N10° pacueToB caedyeT, YTO MpOY-
Puc. 14. Tpadukn uaMewenus tomumms Oi> TOPCHOHA aBTOMOGH/IA
miactunel O, uncna maactun B nakere n  3A3-965  HejocraTouHa, Tak
M BHICOTHL nakera H B 3aBHCHUMOCTH OT Kak HopMaJleble H KacaTteJb-

uncia uukaos N HarpyxeHus Hble HanpsiXKeHHs Bbllle [O-

MNYCTHMBIX. DTO Ke NMOATBEPK-

JaeTcss M OMBITOM 3KCIVIyaTauWH TopcuoHa. C 1eJbl0 NOBLILIEHHS

AO/ITOBEYHOCTH TOPCHOHA OBIIO HCC/ENOBAHO BJHMSIHHE psila TEXHO-

JIOTHYECKHX H KOHCTPYKTHBHBIX (DaKTODOB Ha YBeJHUYEHHe CpoKa
CayxKO6Bl TOPCHOHA. :

OG6pa6oTka naacTHH TOPCHOHA YYryHHO# ApoGblo. [l ycTaHOB-
JIeHUs! BJIHSIHHS 00paGOTKH ApPOGbI0 Ha NOBLILIEHHE HOJTOBEYHOCTH
TOPCHOHA OhlJla MpoAesaHa ciaenyioiiass pabora.

Ilnactunbl TOpCHOHA mocie TepMOOGPaBOTKH MOJBEprajuch 06-
paGoTKe uyryHHO# npoGbl0 Ha APoGecTpyfHO# yCTaHOBKe B CIie-
uuaJbHOM npHcnocobsennd. CxeMa TeXHOJNOTHHM HakJena MmoKas3aHa
Ha pHc. 15.

[ny6uHa naknenanHoro cJosi ompenensiach Mo RHAMeTpPy OT-
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neyatka ApoGuHKH (puc. 16), BeJHUHHA OCTATOYHLIX HampsKe-
Huit — 110 nporu6y niaactuHku Osamena. Cxema usMmepeHus nporu6a
NJacTHHKM NokasaHa Ha puc. 17. OcraTouHble HanpsikeHHust B Ha-
KJIEaHHOM CJI0€ ‘MOTYT GbiTh ompene- ., . .
JieHHl 1o ‘hopmyJie YemoOuue, ofoawavenun
- @048mR)\ Anignunuelsii

5 — 8EJf w0} O e —S

= o - 40835 (m)
I2AF ’ O a7 fenam s ’
& -2048/n) Toepd Al
- A-21Y7 v | cmane \— O
o IA///

S

rnybuna

A
Vo

T
M1

L_{li]] ANIg-. J/

VY, s oz .
3 ? [¥3 a50mmn
Auamemp omnevamna

Puc. 15. CxeMa TexHosMoruu Hakjaema miaa- Puc. 16. 3aBHCUMOCTb  IJIyGHHBI
CTHH TOPCHOHA YYT'YHHO{l ApPOGbIO: HaKJeNaHHOTO CJOs OT JAHaMeTpa

1 — nanpasnenne nonera ApoGH; | — 3aXKHM; oTneyatka ApPOGHHKU
2 — naacTHHbB TOPCHOHA; & — NMPOKJAAKH

rie E — momyap ynpyroctu;
J — oceBOii MOMEHT HHEpUHH CEeYeHHS;
f — nporu6 miaacTHHKH;
| — 6a3a, Ha KoTOpOi1 ompenensieTcsi NPoOruos;
AF — nyomagb ceyeHHst HAaKJEMaHHOTO CJOS;
€ — PacCTOSIHHE OT LEHTPa TSXKECTH CeUeHHs] HaKJIENaHHOTo
CJIOSl IO LEHTPa TSXKECTH TIONepeyHoro ceuyeHus Bcel

NJ1aCTHHKH.
B wnamem cayuae E=21-10* k['/um2, J= —’;223— = Lll;g—s— =
=3,48 mmt.
A-A
-—-/7——
IS,
o

Puc. 17. Cxema wusmepeHnss mporu6a nna-
cTHHKH OJuiMeHa

Huamerp otneuatka NpOGHHKH OKasajcsi paBHeiM 0,2 ms, mo-
3TOMY rayb6HHa HakjaenaHHoro cjosi paBHa 0,2 mm (cm. puc. 16).
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OcraTouHoe HanpsnKeHue
8EJ, 8.2,1.104.3,48.-0,
L B0 97,5 k.

° = TeAr 1,29
¢ 31,82 T—o,1>o,2-19

Ilnsi onpeneneduss CpaBHUTENBHOH OLEHKH LOJTOBEYHOCTH TOP-
CHOHbl HCHBITHIBJIHCh HAa CHIELHAJbHOM CTeHME, O6ecneyHBaloLieM
ACHMMETDHYHBIH IMKI HaNpPSXKEHHH, CO CJAENYIOLUHM pEeXHMOM:

[Npensapurenshntit yroa 3akpyuusauust B 2pad . . . . . . . 17
CyMmapHeIlii yron 3akpyuHBaHus B 2pad . . . . . . . . . 53
UHCTNIO HHKJIOB B MHHYTY . « « . v « o« o 0 v v v w u v« 500

Brita ucnbiTana napTst TOPCHOHOB (14 IUT.), pe3yJbTaTH HC-
NBITAHHH KOTOPBIX NpuBefeHbl B TalOJa. 4. JoJAroBeYHOCTb MJIACTHHE
OLEHHBANACh YHCJIOM IHKJIOB, KOTOPOe OHa BHIAEPXKHBAaeT A0 MO-
SIBJIEHHsl TMepBO# TpeluHbl. Bce niacTuHbl paspyilianuck B MecTe
KpenJIeHUsl BTYJIKH.

Tabauyag 4

Homxep TopcHOHA

HaumeHoBaHHe

| Donaroseunocts Topcuona
B ThiC. UHKJIOB . . . , . |180/230/110{210]120/175{215|300/150{105/241{110{137|110

1 Homep pa3pylleHHot
IR e R AR RN RN R RN RN RN AR N R N R 4

IIpumeganue. Cpegusa AONrOBEYHOCTH TOPCHOHOB 170 THC. UHKJIOB.

B pesysnbTare HCOBITAHHH YCTaHOBJEHO, YTO AOJTOBEYHOCTh Ha-
KJIENaHHBIX INIaCTHH cocTaBuJa 170 ThiC. UMK/IOB M B CpaBHEHUH
C JOJNrOBEYHOCTbIO HEHAKJeNMaHHBIX IJIaCTHH IOBbICHJIach GoJee
ueM B 2 pasa.

YBe/lHueHHe [OJTOBEYHOCTH MOXKHO OOGBSCHHTb BO3HMKLUIHMH B
pesysabTare OGAYBKH CXHMAIOLUIUMH OCTAaTOYHLIMH HAaNpSKEHHIMH,
a TakXe YNpOYHeHHeM MarepHaja B NOBEPXHOCTHOM CJIO€ IJIACTHH.

O6paGoTka 4yryHHO# ApPOGBI0 TOPCHOHA B HANPSAXKEHHOM CO-
CTOSIHHH. BeJIHYHHY OCTAaTOYHBIX CKHMAIOIUHX HANpsKEHHH MOXKHO
YBEeJIMYHTD, €CJIH NMOABEPTHYTh O6AYyBKe ApPOObI0 O6pasew, yAepKH-
BaeMblil NPHHYAUTENbHO B JehOPMHPOBAHHOM COCTOSIHHH.

Ins ycraHOBNIeHUs BAHSIHUS JpoGecTpyHHOH 06paGoOTKH B Ha-
TIPS?)KEHHOM COCTOSTHHH Ha BBIHOCJMBOCTb TOPCHOHA MapTHs CepHil-
HbIX TOPCHOHOB OblJa MojJBepruyTa o6paboTke APOGbIO B CHELHaJb-
HOM npucrnocob/eHHH, obecneynBaiolleM 3agaHHOe AedOpPMHPOBAH-
HOe COCTOSIHHE TOPCHOHAa BO BpeMs HakJemna.
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O6nyska npo6bio NMpOBefleHa NMpPH IABYX AeHOPMHPOBAHHBIX CO-
CTOSIHMSIX, & HMEHHO, NpPH 3aKPYYHBAHHH KOHIOB TOPCHOHAa Ha
yroa 50 u 84°. O6wmuii BUA npHCnocoGaeHHsI AJisi HaK/ena TOPCHO-
HOB nokasaH Ha puc. 18. OHO cocTOHT M3 JOBYX AMCKOB I, coemm-
HEHHbIX CTEDPXXHSIMH, B CPelHell yacTH KOTOphbIX NpHBapeHa BCTaB-
Ka 3 ¢ KBaJpaTHbIM OTBEPCTHEM JJIsi YAEPXaHHA CepeluHbI
TOPCHOHA OT NPOBOPAYHBAHHUSI.

B oTBepcTHSIX DHCKOB HMEIOTCSI MOBOPOTHBIE BTYJIKH 2 C KBaji-
paTHbIMH oTBepcTHsIMH. Ha KOHLIB TOpPCHOHa, BCTABJIEHHOrO B OT-

Puc. 18. Ipucnoco6nenne nnas Hakjaena Top-
CHOHa B Je(OPMHPOBAHHOM COCTOSIHHH

8 .
QP

BepCTHE BCTaBKH 3, ONEBAIOTCH BTYJKH 2, C NOMOLIbI0O KOTOPHIX
TOPCHOH 3aKpyYHBaeTcsi Ha 3aJaHHBIi YroJ, 1Mocje Yero BTYJKH
¢dukcupyloTcs 60JaTaMH.

ITpu nomomu yka3aHHOro mpucrnocoGieHHs oGecneyHBaeTcs 3a-
JdaHHoe NedOpPMHPOBAHHOe COCTOSIHHE TOPCHOHA, a TaKXe pAaBHO-
MEPHOCTb HaKJena BCJEACTBHE BpalleHHsI BCEro NPHUCMOCOOJeHHS
OTHOCHTEJNBHO CBOEHl OCH M NepeMellIeHHs ero BIOJib HPHBOXHBIX
TPpy6 MallHHHL.

OnbiTHass mapTHs TOPCHOHOB, 06paGoTaHHBIX ApOObIO, GBLIA
NOABEPrHyTa HCNBLITAHUSAM Ha BBIHOCJAMBOCTb HAa 3aBOACKOM MHCIHI-
TaTeNbHOM CTeHfe, NPUMEHSIONIEMCS [l HCNBITAaHUH CepUHHBIX
TOPCHOHOB.

Pe3syabTaThl HCIOBITAHH# ONBITHO/ NapTHH TOPCHOHOB MpPHBeENE-
Hbl B TabJa. 5. [YcTaHOBJIEHO He3HAUMTEe/NbHOE MOBbILIEHHE J0JT0BeY-
HOCTH TODCHOHOB, 06paboTaHHHX APOOBI0 B HATPSXKEHHOM COCTOS-
HHH, MO CPaBHEHWIO |C HOJTOBEYHOCTbIO TOPCHOHOB, 06pabGoTaHBIX
Ipo6bi0 B ‘HEHANpPS)KEHHOM 'COCTOSTHUH (mpuGIu3uTeNbHO Ha 7%).
OnHako HOJrOBEYHOCTb OTAENbHBIX TOPCHOHOB [cocTaBassna 60-
Jgee 500 Thic. LMKJIOB Harpyxenui (topcuoH Ne 3) w W83 Thic.
uukaoB (topcuon Ne 10). (CiemoBaTenbHO, HeOGXOXMMO IpO-
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Tabauya 6

Homep TOpcHOHa
HaumeHopanue
1 2 3 4 5 6 7 8 9
JlonroeeyHoCTh TOPCHOHA
B THiC. IMKJOB . . . . .| 425|285 172 | 175 200 | 130 | 210 | 172 | 130
Howmep paspyuIeHHOR
TMACTHHEl . o « o » « « «| O 3 7 1 1 7 1 7 7
Mecro paspyiuenus nuac-
THHHL . ., . « . « s « . | BO B Bo Bryske
BTYJI-|onope
Ke
IMIpaMeuanue. CpefHAR ROJArOBEYHOCTb TOPCHOHOB 184,2 ThIC. LHK/OB.

HarpeB C OXJaxKleHHEM B BOLOOXJaXJIaeMOM MeTaJJHYeCKOM
wramne. OkannHa, o6pa3yloliasics B 3TOM Ciyyae Jaxe B TeueHue
KpaTKoBpeMeHHOro HarpeBa (9—12 cek), BAaB/IHBaeTcsi B MeTaJll.
Ha noBepxHocTH miacTHHbl 0Gpa3yercsi pHCYHOK OT OKaJHHBL. 3a-

T ( AJ%:E.—ZHJO(MEE -

0 10

Puc. 19. TopcHoH ¢ mnomepeyHLIMH HaApe3aMH Ha
HapyXHBIX nuactHHax (1, 2, 6, 7, cM. puc. ') B 30He
cpenHeit BTYJIKH

BOJOM ObLIO MPHHATO pellleHHe HaHTH MeTOAbl 3alUThl MOBEPXHOCTH
MOJIOC OT OKHCJEeHHS MPH KOHTAKTHOM Harpese mon 3akauaky. Jlis
3TOro GblIM MpOBeJeHbl CephH |ONbITOB MO HAHECEHUI0 Ha 3aTOTOBKU
3alIMTHBIX IVIEHOK, COCTOSIIIHX M3 JakoB M Macea. Ha mnoepx-
HOCTb IJIACTHH HAHOCHJIHCh TaKXe TJIEHKH M3 pacTBOpPoB GypHI,
XJIOpHCTOrO 6GapHs M KHIAKOro cTekna B Boge. [locie ucnbitTanui
MJacTUH B a0OpaTOpPUM arperaTHbIX HCMBITAHH 3aBOJA BBLISICHH-
JIOCh, YTO HaAHJYYLIYI0 YHCTOTY NMOBEPXHOCTH M HauOOJbLIYIO IHK-
JIHYECKYI0 CTOMKOCTb MMEIOT MJACTHHbl TOPCHOHA C TOHKOM MJIEHKOMH
pacTBopa XKHIKOrO CTeKJa.

MeronHKa HaHeCeHHS 3allUTHOH MPOTHBOOKHCIHMTENbHO!H IJIEH-
KM Ha NJAacTHHBI TOPCHOHA 3aK/iouaJjach B CJAEAYIOLLEM.
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Ins cCHATHA KOHCEPBMpYIOLIeH CMa3KHM IJIACTHHBH MNOHAIOTCs B
BaHHBI 06e3xupuBanus. Temneparypa sannel 80—85° C. Coctas mo-
€YHOro pacTBopa B 2/a:

KaJIbUMHAPOBAHHAS COMA . . . . . « . . . 100
KayCTHYeCKast COMA . ., o « « o o o . . . . 40
Moiomee cpeactso OI-7 , . . . . ... .. 3—4

Bo3moxHO mMpHMeHeHHe M Jpyroro Moioulero cocraBa. O6e3xu-
peHHBle M NPOMHLITHIE IVIACTHHBI NPOXORAT JIerkoe JIeKanHpOBaHHE
B 10%-HOM pacTBope COJSHON KHMCJIOTHI C MOCJEAYIOLIEH NMPOMbIB-
Kol B mpoTouHO# Boxe. IlogroroBneHHbie TaKHM 06pPa3oM IMJIACTHHBI
okyHalotcss B 20—25%-HBIi pacTBOp KHMAKOro crekaa (20—
25 Bec. y. XKHJKOTO CTeKJa ¢ IJOTHOCTbiO 1,4 2/cm3) ¢ Temmepary-
poit 40—50°C. Bo wusbexaHue CKJIEHBaHHS IJIACTHHBI NPOXOASAT
yepe3 BaHHY ropsiuefl CyLIKH.

Bech npouecc o6e3XKUPHBAaHHS M NMOKPHITHS BeleTcs B INoJBecC-
Kax, rie IJIaCTHHbl He COMPHKacCaloTCs.

CTeHIOBBHIM HCMBITAHHAM NOABEPrajHCh TOPCHOHLI, H3rOTOBJIEH-
Hble M3 NJAacTHH, 06paGoTaHHBIX mnepen 3akankofi 20—25%-HbiM
pPacTBOPOM XXHAKOrO CTeKJa IO CJAeAYIOIEell METORHUKE.

Ha wucnbiTaTelbHOM CTEHAE HCNBITHIBAJIHCh OTHENbHBIE, YKOPO-
yeHHble B 2 pasa, MJIACTHHBI, YCTAHOBJEHHbIE B NMOJIOXKEHHE, aHalo-
THYHOE TMOJIOXKEHHIO HapYXHbIX IUIaCTHH TopcHoHa. [lpu 3TOM
BPEMEHHO B OAMHAKOBHIX YCJOBHSX HCHBITBIBANACh IIAaCTHHA,
NOABepraBliascs 3aKajKe MOJ 3aLIMUTHBIM CJIOEM, H MJacTHHA, Mpo-
wenmwass o6eluHyl0 TepMoo6pabGoTKy. IlosyueHunie B pesyabrare
HCIILITAHHS BEeJHYHHBI, XapaKTepPH3YIOllHe N0JTrOBEYHOCTh TOPCHO-
HOB, OblJIM OYeHb Pa3JIHYHBI.

JloGUTbCSl MOBBILIEHHS] [OJITOBEYHOCTH YJYYIIEHHEM YHCTOTHI
MOBEPXHOCTH IJIaCTHH YKa3aHHBIM METOJOM II0Ka He YAaJoCh.

BJIMSHUE KOHCTPYKTUMBHLIX AKTOPOB
HA YBEJIMMEHME AOJNIFOBEYHOCTM TOPCHMOHOB

IMoBbimIeHHe NOJTrOBEYHOCTH YMEHbIUIEHHEM TOJIIHHBI NMJIACTHHBI
TopcHoHa. PaccMoTpeHHblt Bbllle NpHOJHMKEHHBIH MeTOJ pacuera
TOPCHOHA MO3BOJITET TEOPETHYECKH YCTAaHOBHTb 33aBHCHMOCTb MEX-
Ay TOJILHHOH MJIACTHHBl TOPCHOHA H YHCJOM LHKJOB, KOTOpPOe MO-
XKeT BbIep2KaThb TOPCHOH 10 pa3pylLieHHs NPH BHIGPAHHOM peXHMe
HarpyeHHsl.

Auamusupys rpaduk puc. 14, npuOGIHKEHHO MOXKHO IPHHSATD,
YTO yMeHbIIeHHe TOJNLIMHBI mjacTHHb Ha 0,1 mm HOJXKHO yBeNH-
YHBaTh HOJIrOBEYHOCTb TOPCHOHA NMpHMePHO Ha 18—20 ThIC. HUKJIOB.
310 noaTBepXKAaeTcs 3IKCINEPHMEHTaJbHO. DBblIM H3roToBJEHH H
HCOBITAHBl ONBLITHBIE NapTHH TOPCHOHOB C TOJIUHHOH IJIaCTHH
6=2,0 mm (taba. 7) u §=2,5 mm (taba. 8). DTH TOPCHOHHI HCIIHI-
THIBAJINCb HA BBIHOC/HMBOCTb NPH OOBIYHBLIX PEXHMax Ha MCIbITa-
TeNbHOM CTeHze. [lnacTuHbl pa3pylmaltch BO BTYJKax.
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Tabauya 7
HoMmep TopcHoHa

Haumenonanue

1 2’ 3

JonroseuHocts TOpCHO-
HOB B ThIC. IHKJIOB . . . 780 360 1188 1071
Howmep PaspylieHHo#t

MNacTHHBl , . . . . . . .|1,2,8,5,6,7|1,2,3,6,71,2,6,7(1,2,3,6,7
Mecro paspyuenns niac-

THHBL , « o o o o &

Bo Bryske

NpumMeuanue. Ceuenne TOpcHoHOB Ne 1, 2—32X32 mmu, TopcuoHoB Ne 3, 4—20X20.

Tabauya 8
HoMep TopCHOHa
HanmeHoBanne
1 2
JlonroBevHOCTb TOPCHOHA B ThiC. IHKJOB . . . , . 1155 1860
Homep paspyllleHHOM MJACTHHBI « « o o o o . . . 1 1,2,4,6
Mecro paspylueHHs IVIACTHHBL « + ¢ o « o « . » o | Y BTYyJKH | Y BTyJKH

TNIpumevanue. TopchoH Ne 1 paGotanl B cTynenvaTtolt BTyJKe. Y TOpcHOHOB Ne 1 H
2 BO BTYJIKe JIONHYJIH BCE MJACTHHHI.

OHPERQJIHM HOpMaJibHble M KacaTeJlbHble HanpsXeHHA TIpH CTaTHYECKOM

HarpykeHHH ¥ OGIIH{I 3amac NPOYHOCTH NPH TNeEPeMEHHHX HaNpSKeHWsaX A
TOPCHOHA C TOJIMHHON myacTHHH O0=25 mu.

KacartenbHbie HanpsiXKeHHS Tp, Tmax H HOPMalbHble HanpsiXeHHA O,
Omax BHYHCJAfIOTCS No ¢opMynam (4) u (6):
Pmax GO 1,462.8150.2,5
= =82 «I' 2
y 364 82 kI'[mm?;
9»G8  0,873-8150-2,5
= ml = 364 = 48,8 kI'/mm?;

Tmax =

Tm

b
Omax = A~ 4129y = 0,494-103.8,7-182-84 = 65,6 xl/x®;

b
Oty = A= Y129m = 0,494-1073.8,7.18250 = 39,0 &I/,

3amnac NPOYHOCTH MOXKeT GHITb HafileH MO H3BeCTHHM ¢opMynaM:

A S S
° k0, ’
e‘ + "pa"m
n_ = =1
* k., ’
.s_+ "P—.Tm

T
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rae O—4, T—1 — Npelejbl BbIHOCJAHBOCTH NpH CHMMETPUYHOM IIHKJIE;

s+ K. — 3pdekTuBHEIe KOI(DOHIUHEHTH KOHUEHTPALMH  HanpsKeHHH;
Og, Tq— aMINTHTYAB! [HANPSIKEHHUIL;
€5 s €. — MacuiTaGHble (PaKTOPHI;

V5, V. — KO3DdHUHEHTH, XapaKTepH3ylOUIHE YYBCTBHTEJbHOCTb —MaTe-
pHaNa K aCHMMEeTPHH LHKJA;
Om» Tm — CPeHHE HaNpsiXXeHHs LHKJAAa COOTBETCTBEHHO MO HOPMaJbHbIM
H KacaTe/JIbHbIM HamnpsiKeHHAM.
B nauwem cayyae

50

"= 3626610253 oo
THe Og=0Omax—0mn="956—39,0=26,6 xkI'/mum?;
30
n_= = 0,385,

= 2,2.33,2 +0,1.48,8
TAE Tg= Tmax — Tm = 82— 48,8 = 33,2 x[/un2.

OG6wufi 3anac NMPOYHOCTH NpPH OJHOBPEMEHHOM MHeHCTBHM HOPMAJbHBIX H Ka-
CaTe/NbHBIX HANpSXKEHWil M YCAOBHH CHHXDOHHOCTH H CHH(A3HOCTH HX MHeACTBHA
ONpe/e/IUTCA U3 BHIpAXKEHHS

n, n.

n=—F— .

Y nitn

B paccMoTpeHHOM ciyyae
: 0,53:-0,385

"= Y0.532 10,3852

Ilns cepuitnoro Topcuona n;=0,468; n_ =0,333; n=0,272

CpaBHHBasi BeJIMYHHH OGLIMX 3aMacoB NPOYHOCTH B NEpBOM H BTOPOM CJay-
4yasix, MOXHO OTMEeTHTb, YTO BCJEACTBHe YMEHbIIEHHS TOMIUHHE NJACTHHH OT
29 no 2,5 mm MOXHO NOOGHTbCS TOBHIIEHHs OOllero 3amaca HPOYHOCTH MPH-
MepHO Ha 14,5%.

=0,312.

MoBbieHHe N0JroBEYHOCTH TOPCHOHA YMEHbIIEHHEM HOPMaJib-
HbHIX Hanpsixenuit. CHHUXXas BeJIMYHHY AEACTBYIOMIMX HOPMAJbHBIX
HanpsiKeHuH, MOXKHO HOOMTbCA YBEJHYEHHS MHOJTOBEYHOCTH TOP-
cHOHa. BeqnuynHa HOpPMa/bHBIX HaNpSKEHHH MoXeT GbiTh 3HauH-
TeJbHO yMEHbllleHa BBeJleHHEM HEKOTOPhIX KOHCTPYKTHBHBIX H3Me-
HEHHH B CYLIECTBYIOLIYI0 KOHCTPYKIHIO TOPCHOHA.

Hanpumep, HempuBapka mo TopuaM mjaacTuH I w 7, Hagpesbl
IJIaCTHH TOPCHOHA B 30He cpenHeil BTYyJKH (cM. puc. 19) cospaior
‘BO3MOXXHOCTb HEKOTOPOrO MOBOpPOTAa INIaCTUH B MECTaX CONpsxKe-
HMSl X CO BTYJIKOH NpPH 3aKPyYHBAHHH TOPCHOHA M MPUBOAAT K 3HA-
YHTEJHbHOMY YMEHbLIEHHIO HODMAaJIbHBIX HanpsiXKeHHH.

BausiHMe HenpHBapKH YyKa3aHHbBIX NJACTHH Ha BEJIHYHHY HOD-
MaJbHbIX HanpsKeHWil MCCIeJ0BaHO SKcmepHMeHTauabHO. I'paduku
pacrnpezneseHuss HOPMaJdbHBIX HaNpsXKEeHHH B Pa3JHYHbIX CEYEHHAX
maactiH 1 u 7 nokasaHbl Ha puc. 20 (TOpCHOH 3aKpyueH Ha yroJ
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9=50°). M3 aHanu3a rpaduxa BHAHO, YTO BeJIMUYHHA MAKCHMAaJb-
HbIX HOPMAJIbHBIX HaNpPSXKEHHil B INIACTHHAaX, He MPHBapeHHBIX MO
TOPLIAM, CYLIECTBEHHO YMEHbIIaeTcs.

Klmm?
40

Y N
20 ! ZA\
0
20
30

—— ¢
i y Z

Ceyenue 1-1

3> )
1 [} )
<> L]

2-2
3-3

Puc. 20. I'padukH HOpPMaJbHBIX HANpPSIXKEHHA B Pa3NHUYHBLIX ceye-
HHUAX, NPHBApeHHBIX M HENPHBApeHHbLIX MO TOpLAaM IJIACTHH

TOPCHOHA:
I — nnactiHa 7; 2 — nnacTHHA [: CIJIOWIHBlE JIMHHH — MJIAaCTHHA NpHBa-
PeHa; ITPHXOBble JHHHH — NJAacCTHHA He MPHBapeHa

Tak, HanpuMep, B CEpHIHOM TOPCHOHE HANpSXKEHHS B IJIAaCTH-
Hax | u 7 uMmeau caepyioimlne 3HaueHust (cM. puc. 20): on=
=23,9 kl'[mm? 07=28,3 k['/mm2. B Tex XKe njacTuHax, He MPH-
BapeHHbIX MO 'Topuam, HampsiKeHHs COOTBETCTBEHHO PaBHBl ()=

o r
Lev/ jl.'
40
20 N\§ /’ <7
0 g = T —
20 :5,,/;/ 2 | ¢
40 ‘”// T
%]
opS—~—G——3——I—— 3

Puc. 21. I'padukn HOpMaJbHHIX HaMpsiKeHH# B MJIaCTHHAX TOp-
CHOHA, UMEIOLIUX MOMNepeuHblil Hafpe3s B 30He CpelHell BTYJKH M

He HMEIOUIHX TaKoro Hajapesa:
1 — nnacTHHa [; 2 — nJacTHHa 7; CNJIOIHBIE JIHHHH — NJAcTHHH Ge3 Han-
pe3a; IITPHXOBble JIHHHH — MJACTHHH C Haape3oM (L — cM. puc: 10)

=5,15 kI'/mm?; 07y=7,45 kI[[um?. V3 npuBedeHHOro npuMepa BHI-
HO, YTO YKa3aHHbIM NYyT€M MOXHO AOGHTbCS CHHXKEHHs BeJHYHHBI
HOpPMaJIbHBIX HampsixkeHuit B 4—5 pas.

I'paduku pacnpeneneHHss HOPMaJbHBIX HaNps)KeHHH B NJIacTH-
Hax / u 7 TOpCHOHA C HaJpe3aMu NpHBeJAeHH Ha puc. 21 (TOPCHOH
3akpyueH Ha yron @=>50°). Haapesbl caenaHbl momnepek MJaacTHHBI
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B 30He CONpPSIKEHHS TOPCHOHA co BTyakod (cM. puc. 19). Kax
BUAHO u3 rpadukoB (cMm. puc. 21), HopMmajbHBIE HANPSXKEHHS B
MJIaCTHHAX C HaApe3aMH IO CPAaBHEHHUIO C HOPMaJbHBIMH Hampsixke-
HHUSIMM B COOTBETCTBYIOIIMX IJIaCTHHAX CEPUHHOTO TOPCHOHA YMEHb-
warnTcs B 3—5 pas.
Hanpumep, B ceueHun 6—6 HOpMajbHble HAMPSXKEHHS paBHBI:
B IUJIaCTHHaxX C HaapesaMHu o y=17 &I/mm%, o5H=6 «I'[mm?
B CEPHIIHOM TOpPCHOHe O(y=48 K[ /mm2; 07)=33 kI /mm2.
IoBbiIEHHE JOJrOBEYHOCTH TOPCHOHA NMPHMEHEHHEM HOBOH KOH-

CTPYKLUHH MECT COeiHHEHHSI TOPCHOHA C JeTaJsIMH NMOJABECKH aBTO-
Mo6uast. CxemMa conpsiKeHHsl TOPCHOHa c Hecymell Tpy6oil u pblua-

1

- awe = o

Y SN

Puc. 22. Cxema conpsKeHMs: TOPCHOHa ¢ Tpy6oil ® :pHuaraMu nepefgHeil mox-
BecKH aBToMoGuas 3A3-965:
1 — Tpy6Ga; 2 — CTONMOPHBLIA BHHT; 3 — BTYyJKa; 4 — TOPCHOH; 5 — phluar

ramu nepexneii nomBeckd aBromoGuis 3A3-965 mokasaHa Ha
puC. 22, yepTex CpefiHeil BTYJKH, YAEPKUBAIOILEHl TOPCHOH OT Ipo-
BOpauyHBaHus, — Ha pHUc. 23.

AHanu3upys NOJIOMKH NJAacTHH TOPCHOHA MNOCJe HMCNBITAHHH Ha
CTeHJe, a TakXe NOCJe NOPOXKHBIX MCHOBITAHUM, ObLIO OO6HApYXKeHO,
uto npeobGiaagamoulee KoJuue-
cTBO ToJ0oMOK (okosio 90%)
MPOU30LIIO B 30HE COMpsxKe-
HHsl TOPCHOHA CO BTYJKOH.
W3 HuX niacTuHBI, pa3pyileH-
Hble BO BTyake (6e3 BbIxoAa
TPeLIMHh H3  BTYJKH), cOC-
TaBUJaH okoso 30%, a paspy-
IIeHHble V BTYJKH (C BHIXO-

Puc. 23. Cepuitnas BTyJiK2 OOM TpEIlbl W3  BTYJKH)

okono 709% TlnactunHa. pas-

pyllleHHas] BHe BTYJKH, KPYTSlLIero MoMeHTa GoJjibuie He Tepepaer.

[MnactuHa, paspyuieHHass B 30He BTYJKH, NPOAOJ:KaeT paboTaTh,

nepefaBas KPYTSUIHi MOMEHT HECKOJbKO MeHbIIed BeJHUHHBI, ueM
neJsas mjaacTHHa (MeHbiue Ha 3%).

CaemoBaTenbHO, NPH MOSIBJEHHH TPELIMH Ha yuyacTKax HapyX-
HBIX IJIaCTHH, pPachoJIOXKEHHBIX BHYTPH BTYJKH, NepelaBaeMblil
KpYTAILIMA MOMEHT yMeHbIaeTcsi He3HAauHTeNbHO M TOPCHOH C YKa-
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3aHHBIMH TpPEUIMHAMH MOXET AJMUTENbHOE BPEMs BHINOJHATb CBOH
GYHKIHUH.

B cBsi3n ¢ 3THM, BBOASI HEKOTOpble KOHCTPYKTHBHBIE H3MEHEHHUs
MeCT KpelJIEHHsI TOPCHOHA, MOXHO CO3JaTb TaKHe YCJIOBHS, NPH
KOTOPBIX MOSIBJIEHHE TPEIUHH GyJeT MPOHCXOAMTbL HAa yyacTKax mJja-
CTHH, HaXOASIIKXCS BHYTPH BTYAKH. C 3TOoi menblo Gblia paspabo-
TaHa HOBasi KOHCTPYKUHUA CpefHell BTYJKH (puc. 24).

I 75— EiTaxT5 3° Buj A
@@‘M— IR &
S o~ t
—— - - — s,’l s" ’
2 NN\ R =)
i 7y P e 207 -

Puc. 24. Crynenyartas BTyJ/Ka

HoBas BTyJaka COCTOMT M3 TpPeX CBapeHHBIX MeXAy co6oil ya-
creit. CpenHsas yacTh BTYJIKH HMeeT KBaJIpaTHOE OTBEPCTHE, pa3Me-
PBl KOTOPOro COOTBETCTBYIOT pa3MepaM CeueHHsl TOpcHoHa. Kpaitnue
YacTH HMEIOT KBaJpaTHble OTBepPCTHS GOJbLIEro pasmMepa H MoBep-
HYThl OTHOCHUTEJbHO CPeIXHell 4acTH Ha yroa ¢=3°,

Beanyuna storo yraa noaGupaercss TakWM O6Gpa3oM, YTOGHI
KpafiHsis YacTb BTYJKH BKJIOYajgach B paGoTy NpH yrie 3aKpyuH-
BaHHusA TopcuoHa @=~60°. [lo paspylleHus Hapy»KHBIX IUIACTHH TOP-
cHOHa paGoTaeT CpefHss YacTb BTYJKH, IIPH 3TOM IIOSBHBILIASCS B
fUIaCTHHE TPeIUWHA pa3BHBAeTC Ha TIPaHHLE CPeAHel W KpaiHel
yacTu BTYJKH (Ha crynenbke). Ilocse paspyumeHuss HapyXHo# mia-
CTHHH B 3apaHee 00yC/JIOBJE€HHOM MecTe HauHHaer paborarb Kpai-
HfI 4acThb BTYJIKH, B COMPHKOCHOBEHHE C KOTOPOH BCTYmaer paspy-
UIeHHass YacTb HAapy»KHOH IIaCTHHBEI — IJIACTHHA  MPOXOJKAeT
nepenaBaTh KpyTsluii MoMeHT. ONBITHI MOKa3ajH, YTO TPELIHHA
Ha HapYyXHOH mJacTHHe, KaK MpPaBHJIO, He BBIXOZUT 3a Npenesbl
KpaitHeill 4yacTU BTYJKH.

W3 pe3ynbTaTOB HCNOBITAaHHS ONBITHOM IapTHH TOPCHOHOB C
BTYJIKOM HOBOH KOHCTPYKUMH CJeLyeT, YTO JOJIIOBEYHOCTb TOPCHO-
110B NOBLILIAETCS] HEe MeHee YeM B 3—5 pa3 mo cpaBHEHHIO C JOJ-
rOBEYHOCTBIO CEPHHHBIX TOPCHOHOB. Pe3ysbTaThl HCHNBITAHHH INpH-
BeleHb B TabJ. 9.

HoBast KOHCTPYKUMSI TopcHOHA aBToMoGuas 3A3-965. Ha ocHo-
BaHHUH NPOBEJEHHBIX TEOPETHYECKHX H SKCIEePpHMEHTAJNbHBIX HCCle-
noBaHH# GbIIM pa3paboTaHbl HECKOJNBKO HOBBIX KOHCTPYKUHH mJia-
CTHHYATHIX TOPCHOHOB, MO3BOJSIOLIME YBEJIHYHTb CPOK HX CIYXKOHI.

B cBsiau ¢ TeM, yTO AHaMeTP OTBEPCTHSI pbluara mepefHel MoA-
Becku aBToMob6uiasi 3A3-965 cocraBasier 30 mm, ObIIH NpPEAJOKEHDB!
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Ta6auya 9

TOpcHOHa Ne 2 — cocTaBHble.

Homep TOpLnOHa
HanmeHopakHe
1 2 3 4
JlonroeeyHocTb TOPCHOHA
B THIC. IIHKJIOB . . . . . 549 459 200 405
Homep Ppa3pyLUeHHO#
MJACTHHBl . « + o « . . , 7 7 6 I
Mecro paspymenns nyac-
THHBL . . ., , ., . .| ¥ onopm | B cepenuse | CnpaBa or | Ilocepenune
TIVIaCTHHBI OnopkI

NMpumeuanue. Topcuon Ne 1 paGoTan B cTynenuatoit BTyJKe. IlnacTham 1, 2, 6, 7

KOHCTPYKUHH TOPCHOHOB C Pa3/IHUHBIMH CEUEHHSIMH, BIHCHIBAIOLLH-
MHCSI B OTBEpCTHe AuaMeTpoM 28 mm c yuyeTom 3a3opa 2 mm Ha

[ J—
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Puc. 25. CeueHHst TOpPCHOHOB, BHHCHI-
BalouiHecss B KPyr nHaMeTpoM 28 mm

KaXXIblM M3 YKa3aHHBIX TOPCHOHOB.

nuamerp (puc. 25, a, 6, @, ).

Ceuenne, MOKa3aHHOe Ha
puc. 25, a, cocTOMT U3 CeMH
NJacTHH ToauiuHoN 6=2,9 mum
(cepuilHblii TOpCIIOH), Ha pHC.
25, 6 — U3 OecATH MJIACTHH TOJ-
mHHOM 6=2,6 mm; mnpu 3TOM,
KaK BHMIHO H3 DHCYHKa, YeTbipe

HapyXHble  MJACTHHbl HMEIT
YMEHbILIEHHYIO IUHPHHY.
Ceuenne, mokasaHHoe Ha

puc. 25, 8, cocrout u3 14 maac-
THH TOJILMHOK 6=2,7 mm (cpen-
HHE MNATb IJIACTHH HMEIT MNpo-
HOJMBHBIA  pa3pe3), Ha puc.
25,2—wu3 16 maactHH TOJLIM-
HOit 6=2,5 mm (cpemHue wIeCTb
NJIACTHH  MMEIOT  NPOLOJIbHBIH
paspes).

Onpenennm Bennuuny KpyTs-
IIero MOMEHTa, mepenaBaeMoro

Be/nunHa KpyTsiluero MoMenTa, nepenaBaeMoro OTHAebHOMN mJia-
CTHHOH, MOXeT OBbITb OnpeleseHa MO NPHUBELEHHO! BbIILE dopmyite:

Mrm =

?,'Gﬁash

4 !

TIe @; — yroJ 3aKpy4yHBaHHS MJACTHHbI;

G — monynb caura;
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B — ko3 ¢HuuUHeHT, 3aBHCALIMHA OT OTHOLIEHHS WHPHHBI MJa-
CTHHBI K TOJILIHHE;

li — pacyeTHasa AJiMHa IIJIaCTHHBI.

BBIUHCAMM BeJAHUYHHY KPYTHIErOo MOMeHTa MJsi TOPCHOHA, MOKAa3aHHOTO Ha
12
puc. 25, r. 3Hayenve BeauMuuH: b=12 mm; 6=2,5 mm; TOrRa mpu — =

6 2,5
=4,81 B=0,288 (cm. Ta6a. 1); G=8,15-10% xI'/mm2.

Tpu yriie 3aKpyuMBaHHS TOPCHOHa (=>50° KpyTALMI MOMEHT, nepefaBaeMblit
OTAENbHON MJIaCTHHOM,

50-3,14-8,15-103.0,288-2,5%- 12
=257 iidid — 1055 I+ s,
Kn 180-364 K-

OG6uuit KpyTAUHT MOMEHT
My = My;n=16-1055 =16 900 «I"- mm.

Pe3yabTaTsl pacueToB IJAs OCTaJbHEIX TOPCHOHOB, NMOKa3aHHBIX
Ha puc. 25, a, 6, 8, npuBefeHsl B Ta6Ga. 10. B artoit xe Tabauue
npuBefeHH pa3Mepnl MakKeTa MJIACTHH B 3aBHCHMOCTH OT MX TOJILH-
HBl, a TaKXe BeJHYHHA HOJIrOBEYHOCTH TOPCHOHOB B 3aBHCHMOCTH
OT TOJILUHHBI COCTABJISIOUHUX HX IJIACTHH.

Tabauya 10
Hekotopsie {pacuetHble BenMumuHbl ANS TOPCHOHOB HOBOM KOHCTPYKUMM

ToAmKHa NJacCTHH & B MM
HanmenoBaHHe 2,5 2,6 2,7 2,9
(pHc. 25, 2) | (puc. 25, 8)| (pHc. 25, 6) 2,8 (pHc. 25, a)
< B kKI'/mmu2 mpu:
=250 . ... .| 49,0 50,9 52,8 54,7 56,65
e=71° . ... .| 69,4 72,1 74,9 77,6 80,5
0=84° . ... .| 8,1 | 8., 88,6 91,9 95,2
Uneso UHKJIOE 10 pas-
pymen;/ﬂ naactu N;-10—3 | 94,6 88,8 78,6 71,4 62,5
T:g—. N 1,43 | 1,2 1,14 | 1,0
6=2,
CyMMapHbIii MOMeHT, mie-
peliaBaeMblil TOpCHOHOM MpPH
¢=50°, My BKkI-mm . . .| 16900 19 162 19148 — 19670
M
£ . .....| o860 0,97 | 0975 | — 1,0
"6=2,9
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Ananusupys paHHble, NpuUBeJeHHble B Ta6j. 10, MOXHO OTMe-
THTb CJenyloliee:

1) nmoJroBeyHOCTh TOPCHOHA NPHOGIM3HTENBHO Ha 509 MOXHO
YBEJIHUHTb, YMeHbIllasl TOJLIKHY miacTHHH 6 ¢ 2,9 no 2,5 mum;

2) MaKCHMaJIbHBIE KacaTe/qbHble HanpsiXKeHHs T npu @==84°
cHuxkalrcs ot 95,2 mo 82,1 kI'/um2;

3) cTOpOHa KBajipara MONEPEeyHOro CeyeHHsi TOPCHOHA C YMEHb-
IIEHHEM TOJILIHHH IJIaCTHHH OT 2,9 n0 2,5 MM yBeanuHBaeTcs Ha
3 mm; ;

4) TOMUMHY IVTACTHH MOXHO YMEHBIUHTb H3MeHeHHeM (OpMHI
CEYeHHs] TOPCHOHA C COXPaHeHHeM O0O6Llero KpYTALIEr0 MOMEHTa,
nepenaBaeMoro TOPCHOHOM.

CrnemoBaTenbHO, npejsaraeMble CEYEHHS TOPCHOHOB SIBJSIIOTCS
PauHoHaJbHBIMH. Ilpu 3TOM BeMHUHHBI MaKCHMAaJbHBIX HOPMaJlb-
HbIX HanpsiXKeHH#, BO3HHKAIOIIMX B IJIAaCTHHAX TOPCHOHA, YMEHb-
HIAI0TCSl BCJAEACTBHE YMEHbIISHHS LIMPHHB HAapYKHBIX IJIaCTHH
TOPCHOHA.

Kpome Toro, dopMa mpeasaraeMbiXx CEUEHHH MO3BOJNUT 3HAyH-
TEJbHO CHHU3HTb BEJHYHHY KOHTAKTHBIX HampsiXKeHHil, TaK KakK yBe-
JIMYMBaeTCs MJOLiaJb KOHTAKTa TOPCHOHA CO BTYJIKOII.
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T'OJIOMHAOB A. M., CTELIEHKO B. I1.,
BPbIJIEB B. B. u KO3bIPEB B. 9.

UCCNEQOBAHUE HATPY3OUHLIX PEXXMMOB B NMPUBOAAX
HA BEAYLWIME YMPABJSIEMBIE KONIECA
ABTOMOBMINA «3ANMOPOXELL»

[TonoxurenbHble KayecTBa aBTOMOOGHJE! ¢ MPHUBOAOM Ha mnepes-
HHe KoJjeca AOCTATOYHO NOAPOOHO OMHUCaHBI B NEPHOAMYECKOH JIH-
teparype. OrpHuaTeNbHOH OCOGEHHOCTbIO TaKMX aBTOMOGHJEH SB-
JISIeTCsl CJIOXKHOCTb NMPHBOZA Ha ylnpaBlsieMble BeAyllHe KoJieca, Tak
KaK yros MoBOPOTa yNpaBJsieMbIX KoJec MOxeT pocturath 30—40°.
Ilns nmepenaun KpyTsSIero MOMEHTa MOJ TaKuM yrjaoMm Tpebyercs
BBeJleHHe B NPUBOJA KapAaHHbIX MEXaHHU3MOB.
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CyliecTByiolmye KOHCTPYKUHH KAPHAHHBIX MEXaHH3MOB Ju6o
CO3alI0T HEpaBHOMEPHOCTb KPYTAILIEro MOMEHTa, MOABOAMMOro K
BelyLUHM KoJiecaM, JIHGO C/OXKHBI B H3rOTOBJEHHH. ¥ BBITYCKAa€MbIX
B HacTosilliee BpeMsi aBTOMOOMJIel OTCYTCTBYeT eAuHas KOHCTPYK-
LUsl NPUBOJOB Ha YmpasjseMmble Befyliue Koseca. PpaHUy3cKHe
¢upmbr Cutpoen, PeHO M Jp. ycTaHaBAMBAIOT CABOEHHbIH KapAaH
I'yka, anraufickas ¢upma BpuTuir Motop Kopmopeiliun u HTa/bsH-
ckasg (wupMa JlsHyMa M3TOTOBJISIIOT MPWBOABI ¢ KapAaHaMH
Bupdunpna; ¢upma [Ayro-Yuuon (PPI) ¢ kapaanamu Puenna
M T. MO

B Hawef cTpaHe ass nmpHBOAa Ha BeAyllue ynpasjsieMble KoJe-
ca aBTOMOOHJIell BBICOKON H MNOBBLILIEHHON MPOXOAHMMOCTH MCIIOJb-
aylor Kapraubl Beiica |(FA3, VA3, A3JIK), caBoenHble KapaaHbl
I'yka (MA3), kappauwbl Tpakra (Kpa3) u T. m.; Kaxasbli
M3 Ha3BaHHBIX |[IPHBOJOB WMeeT CBOH [MpPEHMYILECTBA M HeJlo-
CTaTKH.

Ha xadenpe «ABToMOGHIH» 3anopOKCKOr0 MAaIHHOCTPOUTEb-
HOrO HHCTHTYTa COBMECTHO C aBTOMOOHJIbHBHIM 3aBogoM <«KoMmy-
Hap» ObUIM HCCIeNOBaHbl NMPUBOAL Ha NepejHHe BeAylliue KoJeca
IBYX BHAOB: NpPOCTOH KapAaHHbIH MexaHu3Mm ['yka (cxema, mpuHS-
Tas Ass cepuitHoro aBromoGuasi 3A3-965) c cepuitHOH MOJYOCHIO
u xapnad ['yka c ynpyro#t mosyocblo, pa3paGOTaHHOH Ha 3aBoje
«KoMMmyHap».

CxeMa, npuHsaTas Anas cepuitHoro aBToMo6uass 3A3-965, mMeer
KapiaHHble COWIEHEHHS HAa BHELIHeM M BHyTpeHHeM KoHue. OpHa-
KO NpPH NMOBOPOTE aBTOMOGHJISI YroJi, MOX KOTODHIM-Nepefaercss Kpy-
TAIWHA MOMEHT Ha BHEIUHeM KOHIe, BO MHOrO pa3 MNpeBOCXOMHT
yroJi, noj KOTOpPLiM paGoTaeT BHYTPEHHHH KapaaH. B cBA3u ¢ 3THM
Npu AanbHeiilleM aHanu3e OYAeM CYMTATh, YTO KPYTAILHH MOMEHT
Ha nepejlHHe Belyliye KoJieca Mo NepBOi cxeMe MepefaeTcs yepes
CTaHAApPTHYIO MOJYOChb M KapaaH I'yka, ycTaHOBJIEHHBI/i Ha BHeLI-
HeM KOHIle MOJIYOCH.

U3 Teopuu MalMH ¥ MeXaHM3MOB. H3BECTHO, YTO HepaBHOMEp-
HOCTb BpallleHHsl BajoB, COeIMHEHHBIX KapaaHamu I'yka, Moxer
6uiTh BhipaxeHa GoOpMyJoi

tgy =tgpcosa, (1)

rae y — yroJ noBopoTa Belyllero Bana;
B — yroa noBopoTa BeXOMOro Baja;

0 — YroJ MeXIy OCSMM Be[YLIero H BeIOMOro BajoB (yroia
MOBOPOTa YMNpaBJsieMbIX KoJec).

W3 ¢opmyabl ciaenyer, 4To NpH paBHOMEPHOM BpallleHHH BeERy-
lllero Baja BeJOMbll BaJ GydeT BpallaTbcsi HepaBHOMepHO. JTa
HepaBHOMEDHOCTb GyieT TeM Goabuie, ueM Goubuie yroa a. Has
NPHBOAA K YNpaBJAseMbiM BeAYLUIHM KojecaM Yroj & COCTaBjseT
30—40°.
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Aunanus dopmyan (1) noxasuiaér, uto ripu yrite a=30° nepas-
HOMEPHOCTb BpalleHHs BeJOMOrO Baja COCTaBaser y—p=4°.

YkasanHas HepaBHOMEDHOCTb CO312eT KOJNEGAHHS KPYTSAILIEro
MOMEHTA OTHOCHTEJBHO CPENHHX ero 3HayeHHil.

Kpyrsiuii MOMeHT, nepefaBaeMblii yepe3 MOMYOCh, MOMKHO Bb-
pasutb no ¢opmyse 3akoHa I'yka:

GJ

M, = _l_x Pns )

rae G — MORYJb yNpPYrocTH 2-ro poja;
Jx — MOMEHT HHEPUHH IONEPeYHOro CeYeHHs MOJAYOCH NpH

KPy4YeHHH (OJI1 KPYIJIOrO CeYeHHus);
| — nnunHa paGoueil yacTH MOJYOCH;
Qn — YroJl 3aKpyYyHBaHHS NOJIYOCH.
O603Hayum

GJ

K __ C";
l

roraa ¢opmyaa (2) sanuuiercs Tak:

Mr:p = Cn@Pps (3)

rie C, — ko3 GUUUEHT XKEeCTKOCTH MOJNYOCH Ha CKPYYHBaHHE.
AHanorMyHO MOMEHT, nepeflaBaeMblil yepes ynpyryio LIMHY, BHI-
pasurcs popmyJoi
MICP = Cut Pur (4)

rae C, — K03GGHUHEHT TAaHTeHUHANbHOA XKECTKOCTH ILUMHBI.

ITpunuMast BO BHHMaHHe, YTO MOJYOCh M LIMHA CKPYYHBAIOTCH
OJHOBPDEMEHHO, MOMEHT, NMOJBOAMMBIH K'KOjecaM, MOXET GbiTb BbI-
paxeH yepe3 npHBeAeHHbIT Ko3dduuHeHT KecTKocTH C:

an = C(P, (5)

rae
_ CaCu
 CatCu’
[Tpunumas ¢= (y—P), MOXKHO ONpeleSHTb aMIIUTYAy KojaeGa-

HUH KPYTALIEro MOMEHTA IONIyOCH aBTOMOOGWJIS NMPH pPa3jHYHBIX
3HayeHHsIX yrJia MoBOPOTa ympaBJsieMbIX KoJec:
c,C
AM = == (y —B). (6)
Cn+Cu
B ra6nuue npuBefeHL 3HAuEHHs PAa3HOCTH yraoB (y—pB) u co-
OTBETCTBYIOIHE MM aMIUIMTYAbl KOJE€GaHHH KpYTALIEro MOMEHTa,
MOLCYATaHHble mo Gopmynae |(6) Aaa cepuilHONH MONYOCH H IUHHHI
5,2—13 c naBneHueM Bo3pyxa 1,70 xI'/cm2.
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Jlnsi OHMXKEHUs BEJMYHHBI aMIUIMTYAbl KoJeGaHHA MOMEHTOB, a
3HAYUT, H MAKCHMaJbHbIX HaNnpsXKeHHil B IOJYOCH, BO3HHKAIOLIHX
NpH HepaBHOMEPHOM BpallUeHHH BeAyLIero H BEeJOMOrO BaJIOB, HC-
noJNb3yIT CABOEHHble KapAaHul I'yka uiu Ke Tak HasbiBaeMble Kap-
JLaHbl pPaBHBIX YIJIOBLIX CKOpOCTeH, KOTOpHie GoJiee CJIOXKHBI B H3ro-
TOBJIEHHH.

W3 ypaBnenusi (6) cieayer, 4to aMIVIHTyAa KosebGaHuil KpyTsa-
Lero MOMEHTa MOJYOCH MOXeT GBITb CHHXKE€Ha, eC/JH YMEHBIIHTb
K03 duuueHTH KecTkocTH moayocd C, u wuHel Cy. C 3TOH wesbIo
6blIM M3rOTOBJIEHBl YNpyTHe MO-
JYOCH TepeMEeHHOH »XeCTKOCTH.

ITonyock (puc. 1) cocTout u3 o | ¥ B° |(v—B)y |aM x4
ynpyroro TOpPCHOHa 2, 3akpen-
JIEHHOTO OfHHM KOHLOM B BHJIKE

5 |45°10°| 45 | 0°10’ 0,79

KapaaHa I'yka I, a Apyrum KoH- 10 l45°06'| 45 | 0°26"| 2,17
LIOM — B HAaKOHEYHHKe, HMelo- 15 |46°01°| 45 | 1°01’} 4,84
ueM BHHTOBOH ynop 4 H cyxap- 20 |46°46’| 45 | 1°46'| 8,48
Hbll YHHBEPCAJbHBIA IapHHD § 25 |47°49"| 45 | 2°497) 13,40
’ 30 |49°06’f 45 | 4°06"| 19,51

yCTaHaBJHBaeMbli B MOJyOCsX
cepuiinoro aBtromo6uas. Topcu-
OH 2 moMelnaeTcs B 3allMTHOR HapyxHO# Tpybe 3, KoTopas coe-
IDUHSETCS OJHHM KOHLOM C MOMOILBIO BHHTOBOH pe3b0bl ¢ HaKOHeU-
HHKOM, a JDYPHM KOHLOM |c MOMOLIbIO WIIHIEB —C BHIKOH Kap-
nava. [Ipu npuiOXKEHHH KpPYyTAIEr0 MOMEHTa TOPCHOH 3aKpyuyH-

Puc. 1. T'u6kas noayoch

BaeTcs, U NO AOCTHXEHHH HEKOTOPOro yria 3aKpyTKH BHHTOBOE CO-
yJleHeHHe 3aKJIHHHBAeTCs, a KpPYTALIHA MOMEHT Nepefaercs uepe3
TOPCHOH H 3aLIHTHYIO TpyOy.

JKecTkocTh ynpyroit mosiyocH u3MeHsJach CMeHOH THOKHX TOp-
CHOHOB, Yyepe3 KOTOpbie nepefaBaNuCh KpyTsluHe MoMeHTHl. [Ipu
NpeBLILIEHHH PacyeTHOrO MOMEHTa TOPCHOH OTKJ/Ioyajcs, a nepe-
Jaya KPYTHAILEro MOMEHTa OCYILECTBJANACh yepe3 3alUUTHYIO TPY-
6y. B mpouecce HCIbITaHHH HCMONb30BAJHCh THOKHE TOPCHOHBI TPexX
IHaMeTpOB.

Ynpyras noayoch B c6ope Gbia B3aHMOSaMEHsSIEMOH C XKeeTKOMH
N0JIyOChlO, YCTaHABJIHBAaEeMOH Ha CEpHIHBIX ABTOMOGHJSX, MO3TOMY
3aMepbl MOMEHTOB B TPeX paccMaTpPUBaeMbIX NMpPHBOJAAX NPOHM3BO-
AHIHChH B QHQAJAQTUYHBIX YCIAQBHAX.
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Hnorna nas yMeHbLIEHHs1 XeCTKOCTH NMPHBOLA Ha ympasJ/sieMble
BeJyliue KoJieca YCTaHaBJHMBAIOT CNEUHaJIbHble YNPYrHe 3JE€MEHTHI
MeXJy MONYOChI M KOJECOM, CIVIaXKHBaIOLlHe aMMJIHMTYAbl KoJeba-
HUSl KPYTSALMX MOMEHTOB. Takue 3JeMEHThl, HalpuMep, YCTaHaB-
JHMBAIOTCA Ha aBTOMOGMJAX C NMPMBOJOM Ha nepeiHHe Kojeca Mop-
puc Munu MuHop.

Ha puc. 2 npeacrasjeHb ynpyrHe XapaKTePHCTHKH HEKOTODPBIX
aBTOMOGHJ/eil. Bo Bcex ciayyasx NpHHHMajaCb CepHiHasd LIHHA
5,2—13.

M Kln AMxrm

40 /Z’ s A
e

AN
AN

20

0 ,//’\ — 4 A ’,}
/ — | L —
0 _é 0 =410 —7 |
4 8 n 5 0 % ¢° 5 [/ ] 20 5 a°
Puc. 2. Ynpyrue xapakrtepucTHku npuso- Puc. 3. 3aBucuMoct aMmanTyaB!
JOB C MOJYOCbIO: KoseGaHHi  KpyTALLEro  MOMEHTa
1 — cepuitHofi; 2 — cepufiHoft ¢ ynp);rnu pﬁe:mé NpHBOAOB OT Yyrjla noBopoTa Yyn-

HO-MeTaNJHYeCKHM HWIapHHPOM; — IFHOKO| aBa .
Q110 Mu; 4— ruSKoR @ 125 ux; 5 ruGkoR —cepnm?a: ngiro]:::' ;( 3"lfe(;nmnau no-
O 14 an; 6'““"?,?::’? Ai:m:g;pﬂnpou Moppuc— Jyocb € YNpPYTHMH (Mopuc—MHHn Mn-

HOP) H Ppe3HHO-METaJNJHYECKHMH IUapHH-

paMH; 3 — ru6kas noayocb 14 mm;

4 — rubkas noayocr & 12,5 mm; § — ruG-
Kasf noayoch @ 11 mum

Ha puc. 3 npemcraBieHbl pacyeTHble BaBHCHMOCTH aMILIU-
Tyn KoseOaHuil KpPYyTAlLero MOMeHTa, mojaydyeHHble 1O (opMy-
ae (5).

[Tpencras/iieHHble KpHBbIE (MOKa3bIBAIOT, UTO [yCTAHOBKOH IMMOGKHX
MoJyocel MJH HOMOJHUTENbHBIX YNPYTHX 3/€MEHTOB MOXHO 3HayH-
TeJbHO CHH3UTb aAMIVIMTYJbl KOJeGaHHA KPYTSALLEero MOMEHTa, BO3-
HHKaIOLMX OT KapAaHHoro wapHupa I['yka, a npH npaBHJIbHO
noAo6GpaHHbEIX XapaKTePHCTHKAX YNPYTHX 3JeMeHTOB — JlaXe CBe-
CTH K aMIVIMTYHAaM, BO3HHKAIOLIHM B TPAHCMHCCHH OT HeypaBHO-
BelleHHOCTH jBurarens. KpuBas | nokasbiBaeT Takxe, YTo ycCTa-
HOBKa mpoCTOro kapaaHa I'yka B npHBOAax K YNpaBlIsfieMbIM
BeAYIIHM KoJiecaM MOXeT BLI3BaTh JAONOJHHTENbHbIE KPYTAllHE MO-
MEHTHI, MpPEBLILIAIOLUIME MOMEHTHl, HEOOXOAHMEIE HJsi OCYLIeCTBJ/e-
HAS IBHXKEHHS aBTOMOGHJS, a TaKXe¢ BbI3BaTh NPOOYKCOBLIBAHHE
BeAylLIHX KOJIEC,
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Pacuetsl nokasanu, yTo BJMSIHHE LIMH KaK YIPYroro sJeMeHTa
Ha CHHXKE€HHE aMIUIUTYABl KoJeGaHHil KpyTAllero MOMeHTa He3Ha-
YHTENBHO.

st moxTBEepXKIEHHS BHICKA3AHHBIX MOJOXEHHN M IMOJYYeHHBIX
3aKOHOMEpHOCTeH OblJIM NpPOBeleHbl 3KCNEePHMEHTAJbHble HCCIeNO-
BaHUsl B IOPOXHBIX yCJ0BHAX. JIOPOXKHBIE HCIBITAHHS MPOBOAHIHCEH
Ha ONLITHOM Ofpasile aBTOMOGH/IS «3amopoXell», y KOTOPOro Be-
LyIHMH SIBASUIHCH INepelHHe, a BeAOMEIMH 3aJHue Kojeca. Ha
NOJYyoCX aBTOMOOHJIS HAKJIEHBAJHCh IIPOBOJIOYHBIE JATYHKH, CO-
€AMHsIeMble N0 MOJYMOCTOBO# cxeMe. MI3aMeHeHHs] KpyTALMX MOMEH-
TOB, NepefaBaeMble OT JAaTYHMKOB uepe3 KOHTAKTHHIE TOKOCHEMHHKH,
¢uxcuposanuce ocuuanorpapom H-700 uyepes ycunurenr TA-5.
ITutanue ocumorpada OCyLIECTBASIOCH HENOCPENCTBEHHO OT aK-
KymyJasiTopHbiXx Gartapeit 6CT-128, nmuranue ycuautensi — ot 3THX
xKe Oatapeit uepe3s impeo6pasoBatenp 'MA-250, mpeoGpasyioumuit
MOCTOSIHHBIA TOK HampsixkeHHeM 26 6 B IepeMeHHb OAHOda3-
HBIA 'TOK HanpsokenneMm 115 & m wacrortoit 400 2y. Bes ammapatypa
YCTaHaB/IHBANach HEMNOCPEACTBEHHO [Ha [HCCIEAyeMOM aBTOMO-
6uJe.

Ilns ycTpaHeHHsi BO3MOXKHO! MOrPEIIHOCTH, BHOCHMOM KoJe6a-
HUSIMH JABMraTels B NpoLecce KaxXAOro ONbITa, 3amHChb KPyTH-
LUMX MOMEHTOB, MOABOAMMBIX K KOJecaM, OCYLIeCTBAsIach MNpPH
JBHXEHHH 1O NPSMOH H HA YCTAaHOBHBIIEMCSl MOBOPOTe, MOCJE Yero
MOJIyYeHHbIEe Pe3yJbTaThl COMOCTABASIUCh. ONBITHL IPOBOAHIHCDH
NpH yrjax noBopoTa ympasiasieMbix koaec 0—30°, KaXAblii OMBIT
nosropsiica 2—3 pasa. '

HcneiTannsi npoBOAMJNCh HAa TOPH3OHTAJNbHO# actajbTHPOBaAH-
HOH IJIOIaJKe M HAa CYXOM IpYHTe C KOo3(pdHIHEHTaMH cLenieHHs
06 u 04 u ¢ KoapduuHeHTaMH cONpOTHUBJEHHs KaueHuio 0,04
u 0,06.

M3 paccmoTpenust pe3yJbTaTOB HCOBITAHHH CJELyeT, 4TO Ha ac-
(asabTe U rpyHTe C BHICOKHM KO3((HIHEHTOM CUENJeHus aMIJIHTY-
bl KojeGaHMi KpYTsSllero MOMeHTa OJu3KH K pacyeTHbiM. Ha
IPYHTE C HH3KHM KO3(D(HIMEHTOM CLeNJIeHHs NPH HaJHYHH 2KeCT-
KOro NpHBOJA HMEIOT MECTO NPOGYKCOBhIBaHHe BeAYILIMX KoJec IO
IPYHTY NpH GOJBIIHX Yriax MOBOPOTA, YTO BBHI3BIBAT CrJaxKuBaHHe
aMIUINTYL KpYyTsillero MoMeHTa (sIBJeHHe HeXeJaTelbHOe B 3KC-
TJyaTauux), NPH HAJMUYUH 2Ke THOKHX IoJyoceil CriaXMBaHHs HE
HabalonaeTcs, a BeJTMYUHBI aMIIUTYH KoJeOaHHs OJM3KH K pac-
YETHBIM.

TakuM o6pa3oM, aHaJu3 pacuyeTHBIX M ONBITHHIX HAHHBIX MOKa-
3bIBA€T, YTO NPH NPOEKTHPOBAHHH NPHUBONOB Ha yNpaBjsieMble Be-
IylHe Kojeca aBTOMOGH/SA THNA «3anopoxKeun» cJelyeT HPHHH-
MaTb JKECTKOCTh mpuBoAa He Gosee C=1,5+-2,0 kI'-m/epad. Ecan
TaKyl0 JKEeCTKOCTb KOHCTPYKTHBHO BBINOJHHTh HE IPeNCTaB-
JsieTcsl BO3MOXKHBIM, TO CJA€LyeT NPHUMEHATb CABOEHHbIH KapHAaH
I'yka unu KapLaHbl paBHBIX YIJIOBBIX CKOpPOCTEH.
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rOJIOMHIOB A. M., BYTEHKO b. H.
u CTELIEHKO B. IL

OLLEHKA TJIABHOCTM XOAA U KOHCTPYKTHUBHDIE
OCOBEHHOCTHU NMOABECKM ABTOMOBMIIA 3A3-966

3anopoXcKuii aBTOMOGHJIbHBI 3aBOJ NEePeXONHT Ha BHIMYCK aB-
tomo6unst 3A3-966, KoTophlit oTaHuaeTcs ot aBToMoOuast 3A3-965
Kak ¢opMoil Ky30Ba, TaK H KOHCTPYKUHell OoCHOBHhIX y3JoB. Cyuie-
CTBEHHble H3MEHEHHS BHECeHbBl H B KOHCTPYKUHIO mepeiHeil u 3al-
Heii NOJBECOK, UuYTO IMO3BOJIHT YJAY4YLIUTh KoM(popTabeabHOCTb
aBTOMOOHJIS.

T =)
s
ﬁ 7

N ?

>
700

N\

p— N
:/\\////,

i RS

Puc. 1. Tlepexnss monsecka

IMepenusisn noxgBecka aBTomoGuas 3A3-966 (puc. 1) oTHOCHTCS
K YMCJy He3aBHCHMbIX noasecok. Hanpasasioliee ycTpofictBo — na-
pajesorpaMMHOTO THNA, COCTOMT H3 ABYX KOBaHBIX IPOLOJbLHO
Kayamwlluxcsd B TNOJIIKMMHUKAX CKOJbXeHUs puiyaro 13, oGecrneuu-
BalOIIMX IOCTOSIHCTBO YIJOB pa3Baja KoOJieC, YIJOB MPOAOJBLHOIO
HaK/JOHa IUKBODPHS, KOJeH, a 3HAyHT, I MaJblii H3HOC LIHH MPH
akcnayarauud. Kpome Toro, us-3a HajqHuMs ABYX pbluaros (Bepx-
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Hero 6 M HHXHero 13), u3roToBNeHHBIX U3 cTann 30X, MOXKHO NO-
BBICHTb JKECTKOCTb HalpaBJIsIOLIEr0 YCTPOHCTBA U OGJNEryuTh mepe-
Hayy TOJIKAIOIHX CHJ OT KoJieC K Ky30BY. Phiuarm kauaiorcsi B
NOAIIHNHAKAX CKOJBbXEHHsI 22, 3aNPecCOBaHHbLIX B [ABe CTaJbHBIE
TPyObl, cBapeHHble APYr C APYroM LITAMINOBAHHBIMH KPOHLITEHHA-
mu. Takas TpyGHas ocb I, obumiasi AJsi NPaBOi M JIeBOH NMOIBECOK,
L1ecTbio 60JTaMH KPEMHTCS K Ky30BY aBTOMOOuJS. B KauecTBe Ma-
TepHaja NJs TOALIHMHHKOB HCIOJb3YeTcs] MeTa/lJoKepaMHKa, NpH-
MEHEHHe KOTOPOH [1ajJo BO3MOXHOCTb MOJYYHTb 6oJjiee CTaGuJIbHLIE
pa3mepnl npH 06paboTKe, NMOBLICHTb HaJeXKHOCTb MOABECKH, YBEJH-
YHTb AOJTOBEYHOCTb MOJIIMINHHUKOB B 2—3 pasa no CPaBHEHHIO C
paHee NPHMEHSBIIMMHCS KanpoHOBhIMHM. [lapa peluar — BTyJKa
cMmasbiBaercss HHrposioM. s oGecrieueHHsi 3awuTbl OT TPA3U H
YCTpaHeHHs BLITEKaHHsSI CMa3KH M3 TPYG MeXNy pblyaraMu H TpY-
6aMH yCTaHOBJIEHbl pPe3HHOBble Koabla 20 W YMJIOTHHTENbHBIE yex-
ael 19 ¢ xomytaMu 23. D10 noBbicHIO npo6er aBromo6uas 3A3-966€
MEXJy CMa3KaMH y3ja 10 3—4 ThiC. KM MO CPaBHEHHIO C MPOGEroM
aBromo6uasi 3A3-965A, paBHoro 1 Thic. KM.

K ocoGeHHOCTH NaHHOII NMOJABECKH OTHOCHUTCSI OTCYTCTBHE MOBO-
potHoro mKBopHS. Crofika u manda o6beNHHEHH B OLHH IOBOPOT-
Hblil Kynak 14 (mokoBka u3 cranu 30X), cBA3aHHBIH chepHUECKHMHU
LIapHHPAaMH C phlYaraMH NOJABEeCKH. B MOBOPOTHOM KyJake HMe-
I0TCS [Ba THe3[a, B KOTOPble YCTAHABJMBAIOTCSl IlIapOBble MaJtb-
ubl 17 u 28 u3 cranu 40XH, onuparowmnecs chepruyeckumu noBepx-
HOCTSIMH, 3aKaJeHHbIMH TOKaMH BBICOKOH 4YacCTOTHl, Ha GpPOH30Bble
BKJaAbIUd /I, ¢ OXHOH CTOpOHBI, M NJABAIOLIHEe CTajJbHbBE CYyXa-
puku 10 u3 craaun 20, uMeloulMe IHAHHPOBAHHYIO cdepuyeckyio
MOBEPXHOCTh, MOAXKHMaeMble rafikamu 7 ¢ KOHTpraikamu 9 nnas
peryJMpoBKH 3a3opa B Nape TpeHHs, ¢ Apyrod cropoHb. Kpome
TOro, MJaBaIOLHH CyXapHK HAXONUTCH MOJA MOCTOSHHBIM BO3JIEHCT-
BHEM NPYXHHHI 8, co3paolieii NONOJTHUTENbHOE TPEHHe B mnape AJs
YMEHbILUEeHHs] YIJIOBLIX KoseGanuii Kosmec. LlunuHapuyeckuit xsocro-
BHK MaJibLeB BHIXOAMT Yepe3 TOPU3OHTAJbHYIO Npope3b B rHe3Aax
KyJlaka M 3a)KHMaeTcs B pa3pe3HOH BTYJKe TOJIOBKH phbiuara me-
penHeil noaBecku. 3aXXHMHOH 60JT, BO3AEACTBYS Ha Iajel, Mo3Bo-
JISieT OCYLUECTBJSATh pPEryJHpOBKYy pasBajia Kosec. [ag storo He-
06XOTHMO C TOMOIIbIO KJIOYel, YCTAHOBJEHHBIX B JILICKE HHXKHEro
naJblia, ¢ OJHON CTOPOHLI, H BO BHyTPeHHEM LIECTHTPaHHHKE C TOP-
Ia XBOCTOBHKA BEPXHEro mnaJjblia, ¢ APYroii CTOPOHBI, MOBOPayHUBATh
XBOCTOBHMK B Ty WJM Apyrylo ctopoHy. IlosiocTe Mexnay pblyarom H
KyJ1auKOM 3aKpbIBA€TCsl CleHaJbHEIM PE3HHOBBIM yexJoM I2, mpe-
NOXPaHSIOUIUM TNOJOCTb OT BHITEKaHHsl CMas3KH, NMOMajiaHus MbUIK
u rpsasu. IlpumeHeHHe OeCIIKBODHEBOH MOABECKH YNPaB/seMOro
Koneca Ha aBtoMo6uie 3A3-966 nmano BO3MOXHOCTb MOBBICHTb
CPOK c/1yX0bl ferasneil y3jaa moBopoTHoro Kynaka xo 100000 xx u
Gonee M YBeNIHYHTb NPoGEr aBTOMOOHJS MEXAY CMa3KaMH 3TOro:
yana o 6—38 Thic. kM.
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ITo Tuny ynpyroro ycTpoicTBa mepeaHsii MOABECKa OTHOCHTCS
K YACAY KOMGHHHDOBAaHHBIX TOPCHOHRO-NPYXXHHHBIX TMOJBECOK.
B xauecTBe OCHOBHOrO YNpyroro 3JeMeHTa HCNOJb3YITCA IBa IO-
nepeyHbiX TOPCHOHA 21, pacmosOXeHHHIX BHYTPH TPYO H 3akpen-
JIEHHbIX CpelHeil 4acTbl0 B CIENHaJbHHIX BTYJKax C NPsSMOYroJib-
HBIMH OTBEPCTHSIMH, a N0 KpasM — B aHAJOTHYHBIX T'He3lax phlua-
roB. OT oceBOro CMelleHHS] TOPCHOHB! YAEPKUBAIOTCS CTONOPHBIMH
6ontamu 24, 27 ¢ Kkoutpraiikamu 25 u 26. TopcHOH mnpeAacTaBisier
co60i1 MakeT M3 NATH NJAACTHH, UMEIOIIHX NPSIMOYrOJbHOE CeyeHHe
2,9X19,5 mm. KpailHne miacTHHB KakK Haubojee HarpyXKeHHbe
noaBepraioTcs ApobecTpyiiHoii o6paGorke. Marepuan nIacTHH —
cranbp 50 XPA, TBepROCTh IIACTHH TOCJTE TEPpMHYECKO# 06paGOTKH
HRC 40—44."

Hcnonp3oBaHne miacTHHYAaTOrO TOPCHOHA BHI3BAHO HEOGXOMH-
MOCTbIO CHHXKEHHSI ero XKecTKOCTH Npu Manaoit aauHe. Kpome Toro.
Yy TaKHX TOPCHOHOB BHe3amHasi MOJOMKa OJHOrO JINCTa He BBIBOJAMT
U3 CTPOsi Becb YNPYrHil 37eMeHT. J{omosHHTe/NbHBIM YIPYTHM 3Je-
MEHTOM, NpPeAYCMOTPEeHHbIM AJs CHATHA 259, Harpy3kH B TOpPCHO-
He, sIBJSETCS NMPYXHHA 4, H3roTOBJeHHas Ha craiau 60C2A, koropas
NOJAK/NIOYeHa MapajyieJbHO C TOPCHOHOM H CMOHTHPOBaHa Ha amop-
TH3aTope. BepxHHuil KOHeN NpYXKHHbI OMHPaeTcss Ha Yawky 3, NpH-
BapeHHYI0 K CheMHOMY 3aLIUTHOMY KOXYXy aMOPTH3aTOpa, a HHX-
HHH — Ha YallKy, NPHBapeHHYI0 K KOpnycy aMopTH3aropa 5.

Hcnonb3oBaHue MOMOJHUTENBHO!N DPa3rpy30YHOH NPYXKHHBI a0
BO3MOXXHOCTb IOBBICHTb JOJITOBEYHOCTb TOPCHOHA MNPHMEPHO B
2 pasa no cpaBHeHHIO C TOpcCHOHaMu aBToMoOmass 3A3-965, a Tak-
2Ke HEeCKOJIbKO YBEJIMUHTb CTaTHYeCKHl MPOTHG NMOXBECKH.

Jlono/IHHTENbHO B MOJABECKE HCMOJAb3YEeTCS] De3HHOBHIH Oydep
or6osi M cxkaTus 18, ycTaHOBJIEHHbII Ha TpyOe, BBapeHHOH B KPOH-
wreiiH nepenHeil ocu. OH B OCHOBHOM CJIYXKHT OIpPaHHYHTENEeM XOAa
PHIYAroB BBepX M BHU3, YTOOGBI HCKIIOUHTH JKECTKHe yAaphl MeTal-
Jla 0 MeTa/lT MpH Npo6GOsX NMOABECKH U OTPhiBE KOJeC OT JOPOrH.

Teneckonuueckuii aMOpTH3aTOp MNepefHeii NOABECKH KPENmHTCA
K KY30BY C IOMOILBIO Pe3HHOBHIX NMOAYLIEK 2, a K phlyaraM NOJABecC-
Kd Ha BepxHeM Iajblie NIOBOPOTHOTO Ky.J1aKa — IPH NOMOLUM pe3H-
HOBBIX KOHHYECKHX BTYJOK /6 H KOHHYECKHX pacnopHbIX CyXapH-
KOB 15, ofecneynBalOliUX yBeJIHYeHHE paboyell  IOBEPXHOCTH
pPe3HHbl, a 3HAYHT, H yBeJHYEHHe JOJrOBEYHOCTH LIapHHpA.

3anHsis noABecka OXHOpHIYAXKHasi WesaBucumasi (puc. 2). Ha-
TpaBJisiiolliee YCTPOACTBO NpeACTaBAsieT co60i INPONOJbHO-Kaualo-
wuiica pbiyar 20, cocTOSIUA M3 ABYX IITAMNOBAHHBIX MOJOBHHOK
Kopo6yaToro ceyeHust. Priyar Kpenurcst K Ky30BY ABYMsI KPOHLITEH-
HamMu 23, LIAPHHPHO COENUHEHHBEIMH C PHIYaroM NpH MOMOIUH pe3H-
HO-MeTaJJMyecKux caiient-6aokoB 21. Ilpumenenue Takoro 1miap-
HMpa IIOJHOCTHIO HCKJIOYaeT HEOGXOXMMOCTb B OOC/TYXHBaHHH,
ONHOBPEMEHHO ofecneynBasi HaAeXHOCTb B paboTe B mpefenax
100 TeiC. kM u Gosnee. Kopnyc MOAIIMNMHHKOB KoJieCca BBAp€H B pbi-
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yar, 4To AeJlaeT KOHCTPYKIHIO OYyeHb KOMMakTHOH. Ias usroroie-
HHSl IITaMNOBOK DHIYaroB M KPOHIUTEHHOB HCHOJBL3YEeTCS B OCHOB-
HOM JIHCTOBas cranb 20kKm.

Ynpyruii 3n1eMEHT MOABECKH — LUJIMHADHUECKasi npyxHHa 1
CMOHTHpDOBaHa B OAHH y3ea c aMoprtu3aTopoM. OCHOBHble mapa-
MeTphl NpPYXHH: AuaMerp npytka 10,8 mm, cpennuit guamerp npy-

2524 8 2u

Puc. 2. 3anguas noasecka:

1 — onopHas yaluKa; 2 — HUXXHSAs NOAYWIKa BepxHefi onopel amopru3aropa; 3 — rafika Kpen-
JNeRKsl aMopTH3aTopa; 4 — chepuueckas wafi6a; 5 — BepXHSs MOAYMKA ONOPH aMOPTH3aTOpPA;
6 — cmenuanbHas raflka; 7 — yamKa Ky30Ba; 8 — pacnopHas BTYJKa; 9 — BepXHsil oOnopHas
yallka NPYXHHBI; /0 — aMOpPTH3aTOp; // — NPYKHHA NOABECKH; ]2 — HHXKHSASA OMOpHas 4YalllKa
NPYXHHBI;, I8, 21 — cafineHT-640K; [4, 24 — wa#i6nl; 15, 19 — rafika; 16, I7 — ynopHbie
maf6ul; /8 — ONOPHLIA KpOHWITeAH aMOpTH3aTopa; 20 — phidar MNOABeCKH; 22 H 25 — GOATH;

23 — KpOHWTENH pblYara; 26 — peryJHpoBOUHble MNpPOKAaNKH; 27 — 6ydep nomBecKkH
XKuHbl 90 mm, yucao BUTKOB 13,5, mauHa B CBOGOMHOM COCTOSIHUM
npu6ausutenbuo 410 mm. Marepuan npyxueH — craab 60C2A.

Huxuui koHelr NPY2KHHBI ONHPAeTCsl Ha NpHBapEeHHYIO K pbida-
Iy ONOPHYIO NMOBEPXHOCTD, BerHHl':l KOHEIl — Ha YallKy 9.

anyrm'?l 3JIEMEHT COBMECTHO C TeJEeCKONMHUYeCKHM aMOpPTH3aToO-
pOM pacnoJIokKeH Ha IIOABECKE Ha 6oJblIeM yAaneHHu OT OCH Ka-
YyaHHs, YeM LEHTP KoJeca, UYTO INO3BOJIHJO YMEHbLIWTb HArpy3kKH,
BOCIpHHHMaeMble NPYXHHOH ¥ Ky30oBOM. HuHHE KOHeIl aMopTH-
3aTopa YCTaHaBJAHBaeTC Ha KpoHWITeHH I8, BBapeHHBIi B pblyar
NoJABECKH, C INOMOIIbI0O PE3HHO-METANJIHUYECKOro cafisent-6yoka 13,
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KOTOPBIi KOMIIEHCHPYeT BO3MOXKHbIE NePeKOChl MPU MOHTaXe u pa-
60oTaer Kak WapHHpP. BepxHHuil KOHell KOMIJIEKTa NpPYXHHA — aMop-
TH3aTOp ONHMpaercs Ha Ky30B uepe3 cdepuyeckHe pe3HHOBBIE MO-
nywku 2 u 5. IlpumeHeHne chepuyecKOH OMNOPHOH IOBEPXHOCTH
Jlalio BO3MOXHOCTb YMEHBIIMTb YyJeJbHble NaBJeHHS Ha pe3HHY
npH HeGosblINX raGapurax yajla, a Takxe 00eCneyHTb JOCTaTOY-
HO GOJIbLIYIO MOABHXKHOCTH IIADHHPA NPH KayaHHH aMOPTH3aTopa.
Ha noasecke ucnosab3yercsi, moablit pe3nHoBblil Gydep 27, ycra-
HOBJIGHHBI}1 Ha pblyare Kak orpaHHylTe/b X0Ja KoJieca.

PKI

500

400

200

20 40 60 80 100 120 f mm

Puc. 3. XapakTepHCTHKM YNpYroro 3JeMeHTa:
I — 3anHeft moxBecKH; 2 — nepegHel NOABECKH

XapaKTepHCTHKH YNPYroro 3jeMeHTa NepeiHell W 3alHed MOA-
BECOK NpejCTaBJieHbl Ha pHC. 3.

Jns oleHKH KayecTBa OMMUCAHHOH KOHCTPYKLMH OBLIH TpOBene-
Hbl aHAJHTHYECKHH pacuerT KoseGaHUH H JNOPOKHbIE HCIBITAHHS aB-
TOMOGUJIA. .

B npouecce aHaJHTHYECKOro pacueTa ObUIH NOCTPOEHbI aMIJIH-
TYAHO-YaCTOTHble  XapaKTePHUCTHKU Kone6aHuii  aBTOMOOHJS
(puc. 4). PacuerHbie TOYKM 0GO3HAaYeHbI KPECTHKAMH, 3KCIepH-
MeHTaJbHble NepefHefl MOABECKH — CBETJbIMH, 3afHell NOABECKH —
TEMHBIMH KPYXKaMH. JTH XapaKTE€PHCTHKH NOKa3blBaIlOT, YTO HOpe-
30HaHCHas 06J1acTh He HMeeT NPAKTHYECKOro 3HayeHHs, TaK Kak
COOTBETCTBYET MaJsbiM cKopocTsiM ABHXeHusi. Ilpu 3tom Ky3oB H
Kojieca KOMHUPYIOT npoduap mgopory, a AeHCTBYIOLIHe CHJIBI GIU3KH
K CTaTHuecKHM. B 30HYy HHM3KO4YacCTOTHOro pe30HaHCa aBTOMOOGH/b
momnajfaerT Ha HU3KHUX CKOPOCTSIX, He HMEIOILHX NMPAKTHYECKOro 3Ha-
yeHuss. Tak, mnsi HepoBHOCTe#t JJuHO#A no 2,0 # HU3KOYACTOTHHIH
pe3oHaHc HacTynaer npu ckopoctsx 10, a jpias HepoBHOCTel IJIM-
HOH 10 5 M mpu CKOpOCTSX 10 25 Km/4.
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Mexpe3oHaHCHAast 30Ha XapaKTepH3YeTCsi CPAaBHHTENBLHO HeBhI-
COKHMH YCKODEHHSIMH MNOJAPECCOPEHHBEIX MacC H OXBaThiBaeT HaH-
GosiblINi NHMana3oH CKopocTeil npu HauGojee 4YacTo BCTpeualo-
LMXCs JJIHHAaX HEPOBHOCTEH, UTO MOXHO OTHECTH K IMOJOXHTE/Nb-
HBIM O0COGEHHOCTSIM NOABECKH HCCJIELYEMOro aBTOMOGHJIS.

300

200

100

50 75 v Ucex

Puc. 4. AMWIHTYAHO-YaCTOTHbIE XapaKTEPHCTHKH KoJjeba-
HHA aBTOMOGHJIS

YraoBole KoseGaHHS aBTOMOOH/SI TakxXe OblIM aHaJHTHYECKH
paccuuraHbl. PesyabTaThl pacuera (puc. 5) NmOKa3bIBaIOT, YTO YIJIO-
Bbie Kosie6aHHsl CO 3HAUHTEJAbHBIM NepeMelleHHeM INepefHel 4acTH
Ky30Ba NPOHCXORAT NmpH cKopocTax Ao 20,5 xkm/4 (Q; — coGcTBen-
Hasli yacToTa KoJeGaHMH mNepeiHell NMOABECKH), 3aMETHBIE YIVIOBBHIE
KosneGanusi, o6yc/oBJeHHble Hae3l0M Ha HEPOBHOCTb 3aJHHUX KOJec,
BO3HHUKAIOIIKUX B HHTepBajte ckopocreil 11—36 xm/u (Qy — cobeT-
BEeHHasl yacToTa KoJjeGaHuii 3anueil moasecku). OmHaKO HauGOJb-
Liee rajJONHPOBaHHE HCCJAELYEeMOro aBTOMOGHJ/SI HMeeT MeCTO IIPH
ckopoctsax 11—20,5 xkm/4, a npu ckopoctsax 14—16 km/4 mocrtura-
eT MakcuMyMma (Toukd A u B), ueMy COOTBETCTBYIOT AJHHBEI HEPOB-
Hocrell 3,0—3,3 M. YKa3aHHble AJHHbBI HEPOBHOCTefl BCTpeyaloTcs
Ha Joporax JAOCTAaTOYHO YacCTO, OJHAaKO CKOPOCTH, NPH KOTOPBIX
HMeeT MECTO. MaKCHMaJ/ibHOe rajioNnHpOBaHHe, He SIBJAAIOTCS Xapak-
TEPHBIMH AJISI UCCJIELYyeMOro aBTOMOOMJIS.

Jnsi monTBepKAEHHS BbICKA3aHHBIX INOJNOXEHHH OB NpOBe-
JIeHbl JOPOXHble HCHBITaHHS, NPH KOTOPHIX NOJYYEHBI PE3yJbTaThl
(cM. puc. 4), 61M3KHe K pPacyeTHBIM.
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HcnbiTaRusi paccMaTpHBaeMoH NOABECKH OBIJIH MPOBENEHH TaK-
xke B HAMHU. PesyabraThl ucnbiTaHHil (puc. 6) npeacrasjieHbl 3a-
BHCHMOCTBIO, Ha KOTOPOil MO OCH alCIHCC OTJOXXEHB CKOPOCTH aB-
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Puc. 5. CkopocTH mBuKeHusi H

JAMHHB HEPOBHOCTefl, COOTBETCTBYIO-

LiHe mepBofi M BTOPOH 30HaM ra-
JIONHPOBAaHHA:
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Puc. 6. 3a3nch0cm—g—=f(vd) aas

aBToMoGuaeH:

1 — 3A3-965, nBuxenue no acdannty, nar-
YHK Ha nepefiHeM CHAeHbH; 2 — 3A3-966, mo
achaabTy, RATYHK HaA MNepPeaHeM CHACHbH;
3 — 3A3-965, GyJNBIKHHK, NaTYHK Ha mepeln-
HeM: CHReHbH; 4 — 3A3-966, GYJABLIXKHHK, AaT-
YHK Ha MNepefiHeM CHAEHbH; &5 — 3A3-965,
achanbT, [OaTIHK Ha SagHEM  CHJAEHbH;
6 — 3A3-966, acdaabT, HATIEK Ha 3ajHEM
cHlieHbH; 7 — 3A3-966, OYJNHIXHHK, NATYHK
Ha SafHeM CcHAeHbd; 8 — 3A3-965, Gyabixk-
HHK, RaTYHK Ha SafHeM CHAEHbH

TOMOGHJISA, a IO OCH OpAMHAT — CPEeJHEKBaJApaTHYHaAsA BeJHYHHA
BEPTHKAJIBHBIX ycxopemlﬁ OTHOCHTEJbHO YCKOpDEHHsI 3€MHOro TH-

FOTeHHA.

JIUTEPATYPA

PorenGepr P. B. [logBecka aBTOoMO6uasi H ero koneGanus. M., Mauirus,
0.




HEKOTOPBIE METOAb!I YNYYLUEHUS
SKCIMJIYATALUMOHHLIX CBOUACTB AETANEA
13 NMNACTMACC

MHXAHJIOB II. A., ABPAMOB B. B.,
MAJIBIIIEB I1. H., AYIIJIEHKO 0. B.,
u KHPEEB A. A.

TOYHOCTb M3rOTOBMEHMA LETAJIEA M3 KANPOHA

Henocrarounas craGuiabHOCTD pa3MepoB H3MeJHil U3 KamnpoHa
npensTCTByeT GoJee LIMDOKOMY BHEIPEHHIO €ro B INPOMBILILIEH-
HOCTb.

ABTOpaMH OblIH NPOBENXEHBHI HCCJAENOBAHHS 10 ONpeleNeHHIo
TOYHOCTH M3TOTOBJIEHHS H3JeJHH H BBISIBJEHbl HEKOTOpble (aKTo-
phbl, BJHSIOLIHE HAa TOYHOCTb M CTAGHJIBHOCTb Pa3MepOB OTJIHBOK.

B npomecce uccinenoBaHui GHJIO YCTAaHOBJIEHO, YTO BeJHYHHA
yCcaiKu M3IeJHil 3aBHCHT OT MHOTHX (PaKTOpoB, HO riaBHbLIM 06pa-
30M OT HMCXOLHOTO CBIPbfl; TEXHOJOrHYeCKoro OGOpPYROBaHHS, Ha
KOTOPOM MPOMU3BOAMUTCS NepepaboTKa Chipbsi B U3JEJHS; reOMeTPH-
yeckux (Gopm H3JeNHil; TeMnepaTtyp pacmiaBa u npecchHOpMbl.

PaccMoTpuM BaHsIHHE OTAeJbHbIX (AaKTOPOB Ha BeJHYHHY
ycanku usnenuit. [Tonyuaemas moTpe6uTesisiMH KanpoHOBast Kpoll-
Ka Mmapkd B comepxur 5—69% HH3KOMO/NEKYISpPHbIX (pakKuuit
(HM®) u 3—59% Bnaru. B HekoTOpbIX cayyasix cOlep:KaHHe HH3-
KOMOJIeKynsipubix (pakuuit pocturaer 9%. Ilo cyuiecTByroUMM
TeXHHYECKHM YCJIOBHSIM KampoHOBasi KpollKa Mapku b moskHa
comepxatb He Gonee 1,5% HH3KOMOJEKYAsPHbIX Gpakuuii U Biaa-
ru 0,25% (BTYMXII). ‘

YKa3aHHOe HEMNOCTOSTHCTBO COCTaBa HMCXOAHOTO ChIPbsi OT Tpe-
6yemMoro sBJAsieTCS OAHOH M3 NPHYMH, BHI3BLIBAIOLIMX pa3HOOOpa-
3HMe CBOHCTB M pa3MepoB I[OJyyaeMblX H3JeJNHH, H3rOTOBJISIEMBIX
no cTaGUAbLHOMY TEXHOJOTHYECKOMY mpolueccy.

[TpoBeneHHble SKCNSPHMEHTHl TIOKa3aJH, 4TO C YyBeJHYeHHEM CO-
JepXXaHHsl HU3KOMOJIEKY/IsPHbIX (pakuuil Bo3pacraer BOAONOIrJO-
IlleHHe KanpoHa; NMPH 3TOM YMEeHbIIaeTcsl IVIOTHOCTb pacmnjaBa H
YBEJIHYHBAETCS yCalKa H3MeJHH. :

Taxk, Hanpumep, nepepabarbiBast Chipbe, colepxalilee 1,5%
HH3KOMOJIeKyAsipHbix ¢pakuuit u 0,15% Bnaru, miorHocTs pac-
niaBa cocraBasia 0,97 e/cm3’ (Temneparypa pacmiasa 260°C).
TIpu nepepaboTKe B Tex e YCHOBHSX CHIPbf, comepxkaiero 4%
HHU3KOMOJIEKY/SIPHbIX (GpaKIHii, IIOTHOCTh pacnjiaBa He NpeBbilla-
aa 0,955 e/cm3. Ilpu yBennueHHH COJEpPXKAHHUS HH3KOMOJEKYJSp-
HBIX ¢paxumit ot 1,5 10 4% ycaaka usnennit yBeqHuHaIach OT 1,62
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no 2,159% (ornuBKa M3Jenuil MPOM3BOAMIACH NPH IMOCTOSHHBIX
TeMmnepatrypax npeccopm H pacniaba).

W3 onbiTa H3rOTOBJEHHSI KalmpOHOBHIX JeTasel CledyeT, YTo C
YBeJIHYEHHEM COJepKaHHS HH3KOMOJEKyaspHbix ¢pakuuit B pac-
IJiaBe yBeJIHYHBaeTCss He TOJbKO ycaldKa; NpH 3TOM pacTeT pas-
6poc pa3MepoB H3Jesauil, a TaKXKe HabJlofaercs 3HayuTeJbHas He-
PaBHOMEDHOCTb YyCaJKH BJOJb TIeOMETPHYECKHX oceil Jerajed.

CaenoBaTesibHO, Ha TOYHOCTb
$=8300°C oTNMBOK BJMSET  IJIaBHBIM

B

17 o6pa3om HepaBHOMEepHOe pac-
§ 260 npenenenne HM® no o6wemy
N 44« pacnnasa. HepasHomepHOCTb
g4 P4 pacnpene/eHnsi HA3KOMOJIEKY-
S5 11 [ %] nsapubix dpakumit Bozpacraer
S, T 1~ | C yBeJIHYEHHEM HX KOJIHYECT-
[ o}

s, = _,,%f SE’T Ba B pacnuaBe. KosnyecTBeH-
L‘ l R0 H0€ CONEpXKaHHe HH3KOMOJe-

g a K HBIX PpaKuui -

I 4 6010 20 % 60guaray <Y"FPHBX GpaKukiB pacnia

Be |3aBHCHUT [He [TOJIbKO OT Be-

JIMYHH HX B 'MCXOTHOM ChIpbe,

Puc. 1. 3aBucuMocTh coaepXaHHs HH3- HO 'H OT TeMIepaTyphsl ipac-

KOMOJIEKYJIIDHBIX  paKuuii B pacnjase nnaBa, a TaKXKe BpPeMeHH BO3-
OT MNPOAOJKHTEJNbHOCTH HarpeBa H TEM- o

NepaTypH pacmiapa JeficTBHSL [BBICOKHX TeMmepa-

TYp, YTO [BHIHO M3 rpadMKOB,

mpelCTaBJIeHHbBIX Ha puc. l.

Poct HH3KOMOJIeKyAsipHBIX (pakuuit B pacmiaBe 3aBHCHT OT
BPEMEHH BBIIEPXKKH pacljaBa NpH ONpeleseHHOR TeMmmeparype,
a TakXe OT TeMneparypbl BbJepPXkKKH. Tak, HampuMep, eClH MNpH
Temnepatype 260°C B TeueHne 4 Mun B pacnjiaBe NOSIBUTCS He
MeHee 29, Hu3KOMOJeKyJspHbIX (pakuwuii, uepes 10 mun ux Ko-
JuuectBo coctaBHT yxke 3%, a uyacoBasi BBIAEpKKAa IHOBOLMT CO-
Jep’KaHHe HHU3KOMOJeKyJaspHblx ¢paxkuuii 10 49%. Brizepxkka
pacnnaBa npu Temneparype 280°C B TeueHHe yaca Haer MOBHI-
LIeHHe COAepKaHHs HH3KOMOJIEKYJspHEIX ¢pakuuit no 7%.

Jasi u3roToBieHHsl M3AETHIl H3 TOJHAMHAHBIX CMOJ HCIOJb-
3yercsl pas/iiuyHOe TexHoJoruueckoe obopynoBaHue. B 3aBucumo-
CTH OT BHAAa o0opyldoBaHHs NepepabaTbiBaeMasi Macca pas3jUYHOE
BpeMsi HaxXOAHWTCSl B pacn/aBJeHHOM COCTOSIHHM. Tak, HamnpuMep,
BpeMsl MOJHOro pacmiaBieHus 550 cm® mnoaukanpojsakrama B
JIUTbEBO{l MallliHe, CHaGXEeHHO HarpeBaTesieM MoLLHOCTbIO 1,2 k8T,
cocraBasier 1—1,5 4 mpu TemnmepaType okpyXKalollled cpeibl, a
BpeMsl MOJHOrO pacmjaBieHHst MOJHKAanpoJakraMa B aBTOKJaBe
cocrasJjser 8—10 4.

JnutenbHoe BO3JeACTBHE BLICOKHX TEMIepaTyp Ha paciJas,
nocrynamowuii B npeccopMy, NPHUBOAUT K €ro TEPMHUECKOH HEOA-
HOPOZHOCTH, H IJIOTHOCTb PaciyiaBa B Pa3/JHYHbIX CEYEHHSX OTJIH-
BOK INOJy4yaeTcs HEOAUHAKOBOf BBHAY Pas3IHYHOTO COJAEpKaHHsA

Bpensa
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NapoB HH3KOMOJIEKYJSIDHbIX (pakuuii. B pesynabrare — HenocrosiH-
CTBO YCaAKH ORHOrO H3JAEJNHS HJIH HECKOJbKHX JeTaleil B cOope.

Ha ocHoBanuu aHaiu3a rpadukoB, NpeiCTaBJEHHBIX Ha puc. 1,
YC/IOBUIi NPHrOTOBJIEHHs pacljaBa W Pa3UBKHU €ro B npecchopMbl
MOXKHO 3aKJ/IOYHTb, YTO HENOCTOSIHCTBO Pa3MepoOB H3JeJHii 3aBHCHT
HE TOJbKO OT KayeCcTBa HCXOJAHOTO Chipbsl, a B 3HAYHUTEJbHOH CTe-
NEeHH OT MAallMH M IVIaBHJBHBIX YCTPOHCTB, MCNOJb3yeMbIX IJS M3-
TOTOBJIEHHS] H3[EJHH.

Hu3kas TOYHOCTb HM3rOTOBJNEHHSI H3LEJNHIl INPAKTHYECKH HEH3-
OeXHa BO BCeX CJAy4Yasix, KOrja IVIaBUJIbHLIE YCTPOHCTBA HMEIOT
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Puc. 2. Bausinue comepxanus HMOP Puc. 3. 3aBucumoctb ycaaku
BJarH Ha BeJHYHHY CpeAHero KBaApaTH- H3JeqHil  OT TeMmepaTypbl
YeCKOTO OTKJ/IOHEHHS] Pa3MepoB H3MeNHil: npeccopMbl:
1—HM® 4%; H,O—1,75%: 2 — HM® — 1,5%; 1—t, =20°C; 2—1,=220°C
,0 —

JJIHTEJbHOCTb pacnjaBieHust cbipbsi Gosee 10 mun, a Temmeparyp-
Hasi HeOJHOPOAHOCTh pacmyaBa gocruraer 10—15°C.

B kauecTBe OZHOro M3 BO3MOXHBIX 3((dEKTHBHBIX CPEACTB I10-
BBIILIEHUS] TOYHOCTH H3rOTOBJIEHHSI KalpOHOBBIX OTJHBOK CJEAYyeT
CYHTaTh BaKyyMHPOBaHHe pacmjiaBa B [pouecce mnepepaGoTKH
{3TOT TeXHOJNOrHYecKHii mpuHem OBbIT HCIONb30BAH NPH NMPOBENEHHH
OnbiTa Mo nepepaboTKe MOJHAaMHAOB Ha OGBLICTPOXOAHOM YepBSIUHOM
fipecce C CHCTEMOH cemapalMH HHU3KOMOJEKYJSIpHbIX ¢pakuuit H
BJIaTH), YTO BUIHO M3 CJEAYIOIIEero CpaBHEHHUS.

)
BeanuyuHbl ycaJoK KamnpOHOBBIX BTYJOK C OTHOIUEHHEM o=

=0,112+-0,0115(6 — Tonwuuna creHkn BTYAKH, D — HapyXHbiil
AuaMeTp BTYJKH), H3rOTOBJEHHbIX J3aMoOpPOXKCKHM aBTO3aBOAOM
«KomMyHap» Ha winpuu-npecce U aBTOK/IaBe M3 KalmpoHa C conep-
JKaHHeM HH3KOMOJeKyJasipHbiXx dpakuuit B Kpouike 4,25%, uaMmeHs-
1oTcs B npepenax ot 0,572 no 2,57%, a cpeaHee KBajapaTHyecKoe
OTKJOHEHHI pa3MepoB BTYJOK cocrasasier 0,1814.

CpenHee KBajpaTHYeCKOe OTKJIOHEHHEe pa3MepoB BTYJOK, H3ro-
TOBJIEHHbIX Ha ObICTPOXOZHOM YEepBSYHOM Mpecce C BHIKJIIOYEHHOH
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CHCTEMOil cemapauuu H3 ChIpbs, comepxkaiuero 49% HH3KOMOJIEKY-
AapHeIXx ¢pakumit u 1,759% Baaru, H3MeHAJNOCH B Ipeaenax
0,098—0,06 (mas pasaHYHBIX NapTHA H3AEJAHH U PA3JHUYHBIX TEM-
neparyp npeccgopm).

CHHXeHHe CONep:KaHHS HU3KOMOJEKYJAspHHX ¢paknuit o 1,5
u Baard go 0,5% yMmeHbWHIO cpefHee KBaJApaTHYECKOe OTKJIOHE-
Hue pasmepoB usneaunit go 0,035—0,019. B nocnenuem cayuae cHu-
JKeHue CoIepxaHHs HHU3KOMOJEKYJASPHbIX (pakuuit W Baaru mpo-
H3BOJAMJIOCH BaKyyMHPOBaHHeM pacmiaBa (pHc. 2; TeMmmeparypa
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Y220 230 240 250ty°C A N T
Puc. 4. 3aBucumocts ycamku , )
H3JeJHil OT TeMmepaTyphl pac- Puc. 5. Bausiune OTHOMWIEHHS D

nJjasa:

I =t =50 C; 2t =%° C Ha BEJHYHHY YCaIKH
npeccopM yBeaHuHBasach B HampaB/JeHMH YBEJIMYEHHs HOMepa
TPYNIb).

Kak w3BecTHO, {KanpoH sBJAsieTCS aMOP(HO-KPUCTAJITIHYECKHM
BeilecTBOM. [l1si Toro yToGHl AeTalb, OTJIHTAas M3 KanpoHa, uMeaa
KPHCTAJVIHYECKYIO CTPYKTYPY, PaclyiaB cjaelyeT MeNJEHHO OXJaX-
natb, MOJIEKyJabl OYAyT HOJroe BpeMsi COXPaHSThb MOABHXKHOCTb H
yYMeHbIIIEHHe CKOPOCTH OyAeT NpPOHCXOAUTb moctenenHo. ITpu Obict-
pOM oOXJaXkJIeHHH paciyiaBa oGpasyercs amopdHasi CTpPyKTypa.

Hsnennsi ¢ KPUCTA/JIMUECKON CTPYKTYpOoH HMeIT OOJblIyIo
IJIOTHOCTb, NMO3TOMY NMPH MENJEHHOM OXJaXKJeHHH ycajaka GoJbLie.

MepnsenHoe ox/aXK[IeHHe OTIHBOK MOXeT NMPOHCXOAHTb MPH 3a-
JHUBKe «ropsiunx» npecchopm <«xoJomHbIM» paciiaaBoMm. Ilox xo-
JOAHBIM pacnylaBOM HMeeTcsl B BHAY pacliaB, TeMIeparypa KOTO-
pOro He3HauyHTeJbHO NpEeBbIIIaeT TeMneparypy naasienus. [ops-
yne npeccopMbl — 3TO npeccHopMbl, HMeIOLIHe MAaKCHMAJIbHYIO
TeMIepaTypy, OnpeiensieMyl0 MOMEHTOM Hauaja NPWJIMNaHHs pac-
nnaBa K cTeHKaM (opM (Hauaso NMpHJIHMAHUSI KalpoHa K CTeHKaM
¢opmbl uMeeT MecTo npu TeMmneparype 140—150° C).

KpuBble 3aBHCHMOCTH BEJNHYHHBI YCaZKH OT TeMNepaTypbl if»
npechopMbl M TEMIEPATyphbl fp pacliaBOB NpHBEAEHH Ha pic. 3
u 4. KpuBble mocTpoeHbl Ha OCHOBaHHH o6Mepa MapTHH BTYJOK C
TOJIUUHON CTEHKH 2 MM.

Hsmepenne peraneit ¢ TouHocteio 0,01 mm nmpousBoAHJOCHE Ha
BePTHKaJbHOM ontHyeckoM anuHomepe M3B-1. Ilepen uamepennem
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eTasi B TeueHue ABYX CYTOK HaXOMLHMJIHCh B TIOMEIIEHHH C TeMie-
patypoit 20°C u BnaxuocbTio 60%. 3amepnl aeTaneil NMPOU3BOLH-
JIHCb B T€X XKe YCNOBHSIX. '

U3 rpaduxoB cieayer, uTo ¢ MOBLILIEHHEM TEMNEPaTyphl mpecc-
¢opMbl pacTeT BeMYHHA JIHHEHHOH yCalKH, NPH MOCTOSIHHOH pas-
HOCTH TeMIepaTyp pacmiaBa. YCTaHOBJIEHO, YTO Ha BEJIHYHHY
ycanku GoJjbliuee BJIHSHHE OKa3biBaeT TeMneparypa npecchopMmul H
MeHblllee — TeMmeparypa pacmiaBa. Jlas NONyyeHUS OTJIMBOK C
MaJbiMH BeJMYHHAMH YCaZOK TeMNeparypel npecchopM MOKHO
pexomennoBath B npepenax 30—50°C, npu TemmepaType pacmia-
Ba 220—240°C.

CKOpOCTh OXJIaXKAEHHS§ pacmjiaBa 3aBHCHT He TOJbKO OT pas-
HOCTH TeMmmepaTtyp npeccopmMbl M pacniaBa, HO ¥ OT TOJILIHHE
CTeHKH NeTalH, eCJi CPaBHHBAIOTCH BTYJKH OLHOTO M TOrO XKe Ha-
pyXHoro auamerpa. MHTeHCHBHOCTb TemJOOTHAYM BTYJOK C pas-
JIHYHEIM gapyxmblm IHaMeTPOM OIpefesieTcs] BEeJHYHHOH OTHO-

WeHnss —.
D

HOas uccienoBaHusi GbLIM B3ATHl BTY/IKH C Hapy:XHbIM JHaMer-
poM 25 mm, BeICOTOR 25 Mm. OTHOLIEHHe o cocrasasgao: 04;

0,32; 0,24; 0,16; 0,08. OtauBka npousBoauIachk B npecchopMmbl ¢
Temneparypoit 65+5°C.
3aBHCHMOCTb BEJNHYHHBI YCAAKH KalPOHOBHIX BTYJOK OT OTHO-

lenns —- MPeACTaBIEHa HA PHC. 5. U3 rpaduka caenyer, uto Be-

JIHYHHA YyCaAKH BTYJOK BO3pacTaer C yBEJIHYEHHEM BeJHYHHBI OT-
HOLIEeHHUSA —E,T. €. C yBeJIHYeHHEM TOJIIUNHBI CTE€HKH AETaJIH. Ycra-

HOBJIEHO, YTO CyMMa HaHOOJbLIHX OTKJIOHEHH gr cpegHero pas-
Mepa IJsi BTYJOK C YBeJHUEHHEM OTHOLIEHHS ) (or 0,08; 0,16;

0,24; 0,32; 0,4) ue npesmmaer coorsercrBenso 0,07; 0,10; 0,10;
0,10; 0,06.

Ha BenuuuHy ycagku M Ha PaBHOMEDHOCTb ee MO OCAM H3Je-
JIHSl CyLIeCTBEHHOE BJIMSIHHE OKa3blBaeT MEeCTO DPaclOJIOXKEHHs JIHT-
HukKa. [IpH OT/IHBKe MIOCKHX O6pa3loB uepe3 JHUTHHK, OCb KOTOPO-
TO TephneHAHKYJAspHA NPOINOJBLHON OCH H3KenaHus, ObIO OOHapy-
JKEHO, YTO BeJHUYMHA YCaJKH B paiiOHe JHTHHKa HMeeT MHHHMalb-
HOe 3HayeHHe, B TO BpeMsl KaK Ha PacCTOSHHM ![4 JUIMHBI H3JEIHs
OT JIUTHUKA OHA JOCTHTAeT ‘MaKCHMaJbHOIO 3HAayeHHS. DTO SIBJIEHHE
MOXXHO OGBACHUTb, MO-BHAUMOMY, TeM, YTO pE3Koe M3MEHEHHe Ha-
npaB/JeHHsl MOTOKAa W CKOPOCTH ABHXKEHHS paclyiaBa BbI3bIBaeT
YyMeHbllIeHHe CKOPOCTH CHBMra M CBSI3aHHYIO C HeH OPHEHTALHIo
MaKpOMOJIEKYJl, B pe3yJbTaTe uero CTPYKTypa OTJIMBKH B paioHe
JUTHHKA Tonyyanach Gosee phixsaoii. O6pa3oBaHue PHIXJIOA CTPYK-
Typbl OGYCJOBJIMBAaET CPaBHUTENbHO HEOGOJbLIYIO YCaIKYy.
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Ilpu ornHBKe njockux o6pa3iloB yepe3 JHUTHHK, OCb KOTOPOro
napasnjesibHa NPOAOJBHOH OCH H3JeJNHs, BeIHYHHA YCalAKu B
pailioHe JIMTHHKA oKa3ajsachb HauboJiblieil. 3TO MOXHO OODBSCHHUTb
TEM, YTO CKOPOCTb OXJIaXIeHHsl pacnjiaBa B yJajJeHHHIX OT JHT-
HHUKAa YacTAX OTJHBKH MoJydyaercss OGoJblied, yeM B paloOHe JIHT-
HHKa, MO03TOMY CTPYKTypa of6pa3suna 3xecb GoJsiee phixjasi, a cje-
JOBaTeJIbHO, BEeTHUNHA yCaJKH MHHHMaJbHas.

Takum o6pasom, ycanka HO IJHHE H3JeNus TOJydYaercss He-
paBHOMEPHOH — MaKCHMaJbHOH B paioHe JHUTHHKA W MHHHMAalb-

HOIl CO CTOPOHHI, MPOTHBO-

‘;‘; MOJO0XXHOH JINTHHKY.
st HepasHomepHOCTb Yyca-
]! - 3 AKI 1O OCAM H3JenHus SB-
Easl JsieTCsl OZHHM M3 OCHOB-
Sl I HbIX ()aKTOpOB, BJIHSIOLIUX
‘Ezs- 31 F Ha TOYHOCTb H3TOTOBJIEHHS

s Xt I nerasneii.

=BT , A s MTIOCTPalKH CKa-
0 LB 3aHHOTO PacCMOTPHM KpH-
St L1 Bble,  XapaKTepH3ylollHe
2925 2935 2945 2955 2965 2975 2985 2995%» PacceHBaHue pasmepoB
BHYTDEHHEro JuaMeTpa

Puc. 6. PaccenBanne pa3MepoB BHYTpPEHHEro BTyﬂOK. H3rOTOBJIEHHbIX B
AHaMeTrpa BTYJOK B 3aBHCHMOCTH OT MecCTa npeCCd)OpMaX C pa3J'IH‘-lHOI.:I

pacnoNoXenusl JHTHHKA: .
1 — pasMepnl CO CTOPOHHI JMTHHKa; 2 — pasmeps co TEMIIEPATYPOH (mnepsa.n

croponi, mpoTusetoroxofl TiwKy: $—OGmee  |igMeHEHHA  TeMNepaTyp
npeccpopm 35—90° C).

KpuBble, npencrasjeHHble Ha pUC. 6, MOCTPOEHBI MO pe3yJbTa-
TaM 3aMepOB BHYTPEHHHX AHAMETPOB BTYJOK IJisi MapTHH B KOJH-
yectBe 85 wr. Ha ka)xmoit BTy/JKe BHYTPeHHHIT IMaMeTp 3amepsii-
CA B YeTbipex B3aWMHO NEPUeHAHKYJISPHLIX HampaBJeHHAX (no
IBa 3aMepa C KaXKIOil CTOPOHBbI).

HHTepBan paccenBaHHsi pa3MepoB JeTajefi CO CTOPOHbBI JIHT-
HukKa cocraBasier 0,5 mm; aHAJTOrHUHYIO BEJHYHHY HMeEeT WHTepBaJ
pacceMBaHHSI Pa3MePOB CO CTOPOHBI, NMPOTHBOMOJOXHOH JHTHHKY;
ONHAKO BeJHYHHA YCaJKM CO CTOPOHBl JIHTHHKA GoJjblie, 4YTO, B
CBOIO Oyepelb, BelleT K YBEIHYEHHOMY 0OLIeMYy pacCeHBaHUIO pa3-
MEpOB LeTajH B LEJOM.

IIpumenenue npeccpopm ¢ pa3mepamu OHOPMJASIOIHX HOBEPX-
HOCTeH, yBeJHYHBAIOIMMHUCS (B HampaBJeHHH K \VIMTHHKY, TO-BH-
AMMOMY, CYLIECTBEHHO MOBBICHT TOYHOCTb HM3TOTOBJSEMBIX OT-
JINBOK.

Crnenannble BBHIGODKH, XapaKTepH3ylolllie pacceHBaHHe pasMe-
pOB HeTaJeil, U3rOTOBJNEHHLIX B npecchopmax c Gosee y3KHM TeM-
nepaTypHbLIM MHTEPBAJOM, NMOKa3alH, YTO CyXeHHe HHTepBaja TeM-
neparyp npecchopm 10 20° C cHHKaeT BeJHYHHY CPeLHEro KBaapa-
THYECKOrO0 OTKJOHEHHs1 pa3MepoB 6osee ueM B 2 pa3a H MO3BOJS-
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€T NPOM3BOAHTb OTJMBKY C OTK/JOHEHHSIMH, YKJIaAbBaOIUMHCA B
3a knaacc tounoctH 'OCTa.

Ha ocHoBaHMH H3/102KEHHOro BbIllle MOJKHO CHeJaTh CJAeLyIoLHe
BBIBOJIbI:

1. ToyHOCTb H3rOTOBJEHHS M3IENHil M3 KanpoHa 3aBHCHT OT
TeXHOJIOrHYeCKOTr0 060pYyNOBaHUS IJA OTJIMBKH JAerasjei.

2. Temnepatypa npeccopM NpH OTJIHBKE H3JEAHH [JOMXKHE
BbIIePXKHBAThCSl B Y3KOM JHanasoHe.

3. BeanunHa ycagkH KampOHOBBIX JeTaJjell NpocTtoil KoHdury-

pauuu 3aBHCHT OT OTHOLUEHHA 3‘ H YBEJHYHUBAETCSA C YBEJIHUYEHH-

€M MJIOWaAH NONEePEeYHOro CeueHHs! H3MeJHs.

4. Ha BeanunHy pacceMBaHHs pa3MepoOB H3Jelaust HauboJibluee
BJIMSIHHE OKa3biBaeT HEPAaBHOMEPHOCTb YCaJKH BJIOJb OCH H3MeNHud,
yBeJIMYHBaIolLeiicsi B CTOPOHY JHTHHKA.

5. IIpuMenenne npecchopm ¢ pa3mMepaMu paGOYHX TNOBEPXHO-
cTel, YBeJMYHBAIOIUUMUCS B HampaBJeHHH K JHUTHHKY, CYIIECTBEH-
HO MOBBICUT TOYHOCTb OTJIMBKH JAeTaJel.

MHXAAJIOB 1I. A.,, ABPAMOB B. B.;
MAJIBIIIEB 1. H, AYIIJIEHKO IO0. B.
u KHPEEB A. A.

BNMAHUE TEPMOOBPABOTKM HA PABOTOCMNOCOBHOCTb
‘ KAMPOHOBbLIX JAETAJIEA

VayuueHnne (PHU3HKO-MEXaHHYECKHX CBOHCTB MOJHMEpOB, TMOBHI-
llIeHHe HOJNTOBEYHOCTH M SKCIJIyaTALMOHHON HaJeXHOCTH HAeTajelt
MalHH H3 MJIacTMacc MOXeT ObiTb OCYLIECTBJEHO pa3aHYHbIMH
nytamu. HanGosee pe3yJnbTaTHBHBIMH K3 HHMX CJEAyeT CYHTAaTh:

1) moayueHue noOMMMEPOB C 3apaHee 3alaHHBIMH CBOMCTBAMH
¢dopMHUPOBaHHEM JXKeJaTeJbHOH CTPYKTYPhl MaKpOMOJEKYJ B MpoO-
necce NOJMMEPHU3aUHH HJIH NOJHKOHJEHCALHH;

2) BBeleHHE pAa3JHYHBIX CTaGHIHM3aTOPOB, NOBEPXHOCTHO-aK-
THBHBIX HaloOJHHTeJel, Cenapaudsi HH3KOMOJEKYJSpHbIX (paKuHit
M 1mp., T. e TNPOBEJeHHe KOMIUIEKCA MEPONpUSTHH, YIyYUAoLHX
HaJMOJEKY/ISAPHYIO CTPYKTYPY MaTepHaja H YBeJHUHBAIOUHX CHJIBI
CLleNJIeHHs] MEXY MaKPOMOJMEKyl1aMH HIH MOJEKYJIsApHbIMH 06pa-
30BaHHSIMH;

3) yayumenue (B SHEPreTHYECKOM CMBICIE) CTPYKTYPhl HaaMO-
JeKy/aspHbiX o6pa30oBaHHH B Marepuaje roTOBbIX HM3/EJHH, H3ro-
TOBJIEHHBIX H3 aMOP(HO-KPHUCTANIHYECKUX NOJHMEPOB.

B npakTHKe H3rOTOBJEHHS N€Tajed MallHH H npu6opoB H3
NONHMEpHbIX MaTepHaJoB HauGONbIIMA HHTepec NpPeACTaBJAET

163



MOCJNEAHHII H3 TepeylCcjieHHBIX CMNOCOGOB YJayulleHuss (H3HKO-Me-
XaHHYeCKHMX CBOHCTB H3Jequit Kak Haufojsee HpocToii u AOCTYI-
HBI.

Ha3BecTHO, uTO amopdHasi CTPYKTYypa NOJMMEPOB TepMOIHHa-
MHYEeCKH HepaBHOBecHa. [Jo3TOMy HMeeTcs BO3MOXHOCTb NYTEM
HarpeBaHHsl TOTOBbIX M3MAEJNHII OCYLIECTBHTb IMpeBpalleHHe Hepas-
HOBECHOH aMOp(HOH CTPYKTYpnl B Gojiee GJaronpHsITHYIO B 3HEp-
reTHYeCKOM OTHOLIEHHH aMOp(HO-KPHCTA/JIHYECKYI0O MJH KpH-
CTa/MJIHYECKYI0 CTPYKTYpY.

Takum o6GpasoM, TepMHuecKoii 06paGoTKOM H3ZENHI MOXKHO
YAYYIWHTh HX CTPYKTYPY H, KaK CJeACTBHE, YJIYYLIHTh HEKOTOpHIE
(H3HKO-MeXxaHHYeCKHEe M0Ka3aTesH, ONpeje/siolHe JOJrOBEYHOCTh
M 3KCIJIyaTalHOHHYIO HaJeXHOCTb JeTajed.

B Hacrosillee Bpemsi ellle HET eJMHOr0 MHEHHSI O TOM, KakHe
BHABl M DEXHMbl TepMOOODAGOTKH H3JENHH SIBASIOTCS ONTHMAJb-
HbIMH. OpnHako TepMorpaduuecKuit aHaliu3 CTPYKTYPHBIX TpeBpa-
IIeHHH NpH HarpeBaHHM NOJHMEpOB. NOKAa3hiBaeT, uYTO Hau6oJjee
HHTEHCHBHO IIpollecc MNpeBpallleHUss amopdHOit ¢a3el B KpUCTAJ-
JIMYECKYIO NMPOHCXOAMUT NpU TeMIepaTrypax, GJH3KHX K TeMmeparype
nyiaBJeHuss nonumepa. BMecre ¢ TeM yBesHueHHe TeKy4yecTH Ha-
TPEeTOro mnoJHMepa BHIHYXJAaeT, B LeJdsX NpefynpexAeHusi NoTepH
¢GopMbl H3IENHI, HECKOJbKO CHHXKAaTh TeMNepaTtypy Tepmoolbpa-
6OTKH.

OnbiT moka3biBaeT, YTO JKeJaTeJbHble CTPYKTYpHBIE IIpeBpa-
ILIleHHs, JOCTATOYHO NOJHO M GBICTPO HPOMCXONSIT IIPH TeMIepary-
pax, cocrasasiomux 0,7—0,85 TemnmepaTyphl mJjaB/leHHs TOJH-
Mepa.

HarpeB usmenuit 1o TeMmepaTypsl TepMOOGpaGOTKH MOXET
ObLITh OCYILECTBJEH B JIOGBIX JKHAKHX XUMHYECKH He aKTHBHBHIX
cpenax, UMeIIUX TeMnepaTtypy KuneHusi Ha 30—40% Brire TeMm-
nepaTtyphl NJiaBJeHHs MOJHMepa, Jubo ApyruMu Merogamu (uHdpa-
KpacHOe WJH yAbTPa3ByKOBoe OOJyueHHe, BBLICOKOYACTOTHBIH HJIH
JIU3eKTPUYECKHH HarpeB H Ap.).

HccnenoBanusamMu Ha o6pasiax YCTaHOBJEHO, YTO IOBBIIEHHE
CTeNeHH KPUCTA/VIMYHOCTH TOJIMMEpOB, NMPOUCXOJsiliee TpPH TepMO-
0o6paboTKe, CIOCOGCTBYET YBEJIHUEHHI0O HNPOYHOCTH H  JKECTKOCTH
U3enui, MOBBLILIEHHIO TBEPAOCTH WU U3HOCOYCTOHUHBOCTH, CHHIKE-
HHIO BOJOIOIVIOLIEHHS] U YBEJUYEHHIO CTaGHIbHOCTH pa3MepoB H3-
nenuii Bo BpeMeHH. VMMeioTcsi maHHBIE O TOM, YTO B pe3yJbTare
TepMOo0oO6paboTKH B MHHEPAJIbHOM Macie y HEKOTOPbIX NMOJHMEpOB
YBeJIMYUBAJICSI MOJIEKYJISIPHBIH Bec.

IMonukanponakram, ob6namas pPSAAOM IEHHBIX CBOHCTB, HallelN
IIHPOKOE NpHMEHeHHe B KauecTBe Marepuala JJs H3TOTOBJEHHSA
pasJMYHBIX AeTaneil MallMH M NpH6opoB. SIBassAce amMopdHO-KpH-
CTaJJIMYECKMM BELIECTBOM B 3aBHCHMOCTH OT ycJaoBuil ()opMHpOBa-
HHUS, OH npuoGperaeT pasjHyHble CTPYKTYpHI, Npefonpeaesiolie
pa3iinyyie CBOHCTB FOTOBHIX M3HEJIHH.
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Tak, nanpumep, npu (OpMHPOBAHHM BOMOKHA MOJHKANpOJAK-
TaMma B CMECH aleToHa C TBepJAOH YroJbHOH KHCJIOTOH CTPYKTypa
BOJIOKHa mnoJayuaercd amop(Hoii ¢ miorHoctbio 1,0973-103 keo/m?
npu 20°C. Ilpn ¢hopmHpOBaHHH BOJOKHA B Cpelie C TeMmepaTypoi
140° C nnotHocth ero nosmimaercss a0 1,1598-103 kz/m3, a cre-
NeHb KPHCTAMJIMYHOCTH cocTaBiasier okono 47%. CremeHu Kpu-
craianyHoctH 1009% coorBercTByer miaortHocTh 1,23-10% ke/m3. Ta-
KHM 006pa3oM, m3MeHeHHe IJIOTHOCTH Ha 10 x2/m3 cooTBercTByer
H3MEHEHHIO CTeNeHH KPHCTANIMYHOCTH mnpuMepHo Ha 8—10%.

CrpykTypa KpHCTalIHyecKoH ¢a3bl 06pa3umoB IMOJHKANPOJaK-
tTaMa nocne HarpeBa o 140°C He u3MeHsieTCs: MpM Harpese Jo
180° C na6mionaercss nepekpucTaayn3aunus ¢ oGpa3oBaHueM GoJee
MEeJNKO3ePHHCTHIX CTPYKTYP.

O6pasubl co CTPYKTypoit, obpasyiolueiics npu TepmMoolpaGorT-
Ke u3 amopdHo# |pa3bl U B pe3yibTaTe MEPEKPHCTANIM3ALUUH TeK-
CaroHa/JBHOH KPHUCTaJMUECKOH CHCTEMbl B |[MOHOKJIMHHYIO, HMEIOT
6oJIbIIHEe NMPOYHOCTb, XKECTKOCTh H H3HOCOCTOHKOCTb.

B npouecce uccienoBaHusi BIMSHHS Pa3/HYHBIX DEXHMOB Tep-
MHuecKoH 06paboTKH Ha (PHU3HKO-MeXaHHuecKue CBOHCTBA MOJHA-
MHIOB YCTaHOBJIEHO, YTO NpPH 3afaHHONW TeMnepaType Harpesa
(0,7—0,85)T,, obuias uIUTENbHOCTH HarpeBa M BbIIEPXKKHU H3Je-
JIHST MOXeT ObITh paccuMTaHa M3 ycjoBua: 10 mun Ha 1 mm MeHb-
IIEro pasMepa CeueHHs JeTaJIH.

Sra peKOMeHJaUus TNOATBEPKAAETCS pPacueToM Temaonepesayu
IO CeueHHo H3Je/us pu AONYILEeHHH, 4TO TeMmepaTtypa Ha rpa-
HHMLE TEIVIOHOCHTENIbh — CTE€HKa JeTalu IOCTOSSHHA M paBHa TeMIe-
paType TEMJIOHOCHTeNs, a CTPYKTYpHble NpeBpallleHHs 3aBepLIaloT-
cs B TeueHHe 20 muH.

B cBfI3y C TPOMO3AKOCTbIO aHAJUTHYECKHX pACUETOB TemJore-
pefayd HeoGXOAMMoe BpeMs HarpeBa /s TepMOOOPaGOTKH Jio-
60ro monHMepa MOXKET ObIThb JIETKO ONpeae]eHO NpPH MNMOMOIUM rpa-
(HMKOB, MpeACTaBJeHHBIX Ha pHC. 1.

Pacuer Benercs no teMmnepartype I B cpelHeHl NJIOCKOCTH TJia-
CTHHBI, KoTopas 3agaercss Ha 20—309% MeHblue TeMnepaTypbl Tep-
Moo6pa6oTku. 'paduku nocrpoeHsl B Koopaunarax: 6Ge3pasmep-
Has TemMnepaTypa B 3aBHCHMOCTH OT kf/w? ¥ BeJHYHHbI

rie k — ko3dpduuMeHT TeMnepaTyponpoOBOLAHOCTH;
A — K03 (HUIHEHT TeNJIONPOBOAHOCTH,;
o — K03 uIHeHT TenJonepenaux;
@ — MOJIOBHHA TOJILLHHBI MJIACTHHBI;
{ — BpeMsl HarpeBa.

T¢—T o
BeapaaMepHast TeMmeparypa ff__,r_npe,nc'rannﬂer co6oii OT-
t—To
HOLIEHHe pPa3HOCTH TeMmepaTyp TEIVIOHOCHTENs M CepefuHbl Ha-



rpeTofi NJacTHHBl K Pa3HOCTH TEeMMepaTyp TEeMJOHOCHTeNs M Ha-
YaJbHOH TeMnepaTyphl JeTaJH.

B npouecce wucnbiTaHuii TepMuueckoii o6paGoTke (HarpeB B
MHHepaJbHOM Macie Ao Temneparypsl 150—160° C, Bbimepkka H
OXJlaXXJieHHe BMeCTe C MacjJoM) NOJABePrajuch H3JeJHs, H3roTOB-
JICHHble M3 MOJHAMHIHON CMOJBI «KampoH» Mapku b (cpemnuit
MoJekyasipubii  Bec 17000, comepxkanHe HH3KOMOJIEKYJASPHBIX
dpakuuit 1,56—1,75%).

T-T
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001 ar 10 0 100
Kt/w?
Puc. 1. PeweHne ypaBHeHHs TENJONPOBOLHOCTH MJsi ce-

PeAHHBI TJIACTHHDBI

O1nuBKa 06pa3uoB I/1s HCMBITAHHIA NPOM3BOAMJIACH HAa GBICT-
POXOZHOM uYepBAYHOM Ipecce, TeMmmepatypa mnpeccopM nopaep-
XHBajach B npefenax 62+5°C.

O BiHAHHM TepMOOOPaGOTKH Ha NPOYHOCTHBIE CBOHCTBA Karl-
pOHA MOXKHO CYAMTb N0 AaHHbIM TabJ. 1.

Kak cnepyer u3 maHHbix TaGJa. 1, NpPOYHOCTHBIE XapaKTepH-
CTHKHM KanpoHa B pe3yJbTaTe TepMOOOpPAOOTKH CYLLECTBEHHO YJYu-
HmIalTcs, a ylhenbHas ynapHasi B3KOCTb yMeHbluaetcs. [HauGoub-
wuid 3¢p¢eKT ynpouHeHHss HOCTHraercsi npu HarpeBe 00pasioB A0
temnepatypbl 152—162° C. Harpes o6pasumoB [0 TeMmneparypbl
182—192° C_ xota u cnocoGcTByer 6osnee OGLICTPHIM W TOJHBIM
CTPYKTYpPHBIM NpeBpallleHHsIM, N0 HEKOTOPLIM ellle He SICHBIM IpH-
YHHAM He I03BOJIfIET NOJY4YuThb 3(PdeKr Haunb6oabliero ynpoyHeHHs
H3JIeNHs.

TepmooGpaGotka npu Temneparype 107—122° C, no-BuAKMOMY,
cnoco6CTBYET HEKOTOPOH peJiakcallid BHYTPEHHHX HAMPSXKEHHH H
H3-32 3TOTO MPOHCXOAHT 'HEIHAUHTE/bLHOE YIPOYHeHHe MaTepHasa
06pa3uos.
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Tabruya 1

Tew&xepa‘rypa TepMoo6paGoTkh B °C
MexanHyeckHe XapaKTepHCTHKH
0* 107—122 152—162 182—192

Ilpenen npousocTH mpH pacTs-

weuwu B kl/em2. , , . ., . .| 53,0 55,0 74,0 64,2
Ilpenen mpouHOCTH NpH CHKATHH

B fem?. . ., ,....0..| 9,7 91,7 104,0 98,9
Ilpemen npouHocTH mpu craTH-

ueckoM H3rube B k[ fem? . , . .| 81,6 88,7 110,7 96,2
YpeabHas ylapHas BSI3KOCTb

BiM-memd . o o . ... .. 0,153 0,148 0,0867 0,0418

* O6Gpasunl He mojBepraiuch TepMooGpaboTKe.

Biusinne TeMnepatypsl

HOCTb KamnpoHa HJIIOCTPHPYETCS KPHBBIMH,

TepMHYeCKoii 06paGOTKH Ha Inpou-

npeacrtaBjdeHHbIMH HaA

pHuc. 2.
G xlfcm? v
~ 54w
90 \\\ ’0 °' I.
80 NN a7 T3 o i
\\ N a5 1 13
7 - a3 3 031
ANz \r aqz < T8>
N EENSR e Amgsii sttt
50 S N 405 i ‘
|~ 003 1
“ SN 402 |4
30 N a0 |
)7 10 0 100 1000y
Bpems

2
40 -20 0 20 40 60 80

Puc. 2. 3aBucumocts mnpou-
HOCTH KampoHa Ha paspHiB
OT TeMmnepaTypnl  TepMoo0G-
paGOTKH M BJaXHOCTH 06-
pasios:
1 — TepM006paGoOTKa B MHHEPAb-
HOM Macje; 2-— Ge3 TepMo00G-
pa6oTKH, BaaxHoctb 0,5—0,7%;
3 — Ge3 TepM006paBoTKH, BJAXK-
HocTb 1,5—2,0%

Puc. 3. 3aBHCHMMOCTb BOJOMOIVIOLIEHHS KamnpoHa
of BpeMeHH BHIAEPXKKH NPH Ppas3/IHYHBIX TeMe-

paTypax BOAHI

CpaBHGHHe KPHUBBIX MNMOKa3blBae€tr, 4YTO MPOYHOCTb HA pasphB

TepMOO6Gpa6OTaHHOIO KalpoHa BO BCeM HCCJIEJOBaHHOM

MHTEp-

Base TeMnepatyp Ha 10—409, Bbllle MPOYHOCTH CYXOro He TepMo-

06paboTaHHOro KampoHa.
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Kpome Toro, us puc. 2 Buano, kak Bamser BJarocofiepkaHue
Ha NPOYHOCTb KampoHa. Tak Kak BOJOMOIJOLIEHHEe KalpoHa B 3Ha-
YHTEJbHOH Mepe 3aBHCHT OT CTeNeHH KPHUCTaJJIHYHOCTH, YMeHb-
lasch C yBeJHYEHHeM MocjelHeH, TepMooOpabGoTaHHble HEeTaJH B
npouecce 3KCmayaTaludd OYAYT MeHbllle HachlLIaTbCS BJArol H HX
POYHOCTb 6YyHeT yMeHbLIAThCsl MeAJEHHEH.

CrieyeT OTMEeTHTb TaKxKe, YTO TaK KaK HEKOTOpas NOTeps Mpoy-
HOCTH TepMOOGpaGOTaHHbIX M3JeJHH BCJAEACTBHE MNJIaCTHOHUUPYIO-

iw __ luero BJHSIHHSI NOTJIOLIaeMOH BJlard Bce
% L e INPOHCXOAMT, lienecoo6pasHO TepMo-
P i S R 06paboTKy B ropsiieM MHHEpPaJbHOM

TS / MacJsie JOMOJHATh oONepaluell BJaroHa-
4 2 ><\ CBILIEHHS 0 HOPMBI, COOTBETCTBYIOLLeH
: ), ycJa0BHAM pa6oThl H3fenuil. dta onepa-
? P UK MOXeT ObiTb OCYLIeCTBJIEHa BBI-

/' JepxKKoil feTaJjell B ropsues Boze.
0 — Ha rpadukax puc. 3 u 4 nokasassl
U

0 20 0 % 3aBHCHMOCTH BOIOMNOIJIOLIEHHS KamnpoHa

0{"'"8"5"" K-pu”mq”””‘”-'””'”f- OT BPEMEHH BbIIEPXKKH, TeMIepaTyphl

Caﬁepljkaﬂugﬂmg % pomwl T, u pasmepoB a6copOupyroLei

p 3 NOBEPXHOCTH, CTENEeHH KPHCTAJJIHYHOCTH

n;‘rcﬁofl'eﬂﬂf]""c“;;‘r’;?"aB°’1§T' M CONepXKaHHs  HHU3KOMOJIEKYJISi PHBIX
cTenenn KpHcrammmuiocrn u  PPAKUHA.

COJEPXAHH  HH3KOMOJIEKY- Kak caenyer wu3 rpadukoB (cM.
JAPHBIX  dpaKumi: puc. 3), npouecc abcop6uuu BOABI Kal-
1 — cTeneHb KPHCTAJNIHYHOCTH;
e e TIM® poHoM HaubGosiee GHICTPO MpOTEKaeT B

. nepBble Yackl B3aHMOJEHCTBHS €ro Co
cpefoit, a ckopoctb abcopOuuu NMpH yBeJHYEHUH TeMIepaTyphl Cpe-
aet ¢ 40 go 100° C yBeanuuBaercst NnpuMepHO B 5 pas.

MakcumanbHOe BORONOIVIOLIEHHE KalpoHa HAaXOOUTCA TNPaKTH-
YeCKH B JIMHEeHHOH 3aBHCHMOCTH OT CTENeHH KPHUCTAJ/IMYHOCTH H
Collep:KaHHsI HH3KOMOJeKyJasapHblx ¢pakuuii. C yBesHueHHEM cCTe-
MeHH KPHCTAJNJIHYHOCTH BOLONOIJIOLIeHHe YObIBaeT CO CKOPOCTBIO,
XapakrepusyeMoil yrJaoBbiM Ko3adoduiuentrom k;=-—0,135. ¥Benu-
YeHHe cOJepKaHHS HH3KOMOJEKYJSIpHbIX Gpakuuii cnoco6eTByer
6LICTPOMY POCTY BOAONOIJIOLIEHHSI, KOTOPbI XapaKTepH3yeTcs yr-
JIOBBIM KO3((HUHEHTOM ko=1.

Takum o6pasoM, CKOpPOCTb BOLOMOIVIOUIEHHS TPH PasjHYHBIX
COYETAHHSX MNepeYyHCHEHHBIX Bbillle (PAKTOPOB H3MeHSIETCH B ILHPO-
Kux npefenax. HenpaBuabHbii BeIGOp TeMmepaTyphl BOIBI, INpH
HeGJ1aronpUATHONH KOMOHMHALMH OCTaJbHBIX (aKTOpOB, MOXKET Ha-
CTO/IBKO HHTEHCH(HLHPOBATh npouecc a6COpOUUH, YTO JOKaJbHBIE
pacTaruBamoollie HanpsikeHuss OyAyT Bhillle Ipelena HPOYHOCTH
MaTepHasa W BbI30BYT 06pa3oBaHHE BHYTPEHHHX MHKPOPa3pHIBOB.
HHaue roBops, HeNmpaBWJbHbIA BBIGOP TeMIepaTyphl BOHbI AJs 3a-
KJIIOUHTEJbHOH omepaluuu TepMoo6GpaGoTKU MOXKET NMpPUBECTH K 3Ha-
YHTeJbHOH NOTepe MPOUYHOCTH H3AENHH.
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Tepmoo6paboTka KampoOHOBHIX JAeTajlell B MUHepaJbHOM Macie
€ nocJjenyrmoulell BbIIEP2KKOH B ropsiueil BoJe 0Ka3bIBAaeT CYLIECTBEH-
HOe BJHMsIHHMe Ha cTabuiau3auuio pa3MepoB usgenuii. HabGuaronenus
3a H3MeHeHHeM pa3MepOB KaNpPOHOBLIX JeTaJjicii NMOKa3aJjH, YTO Ha
KoJeOaHHA pa3MepOB B INpOLECCe XPaHEHHS HAH IKCIJIyaTaluu
BJIHSIIOT TJIaBHBIM 00Pa30M CJeAyloliHe IPOLeCcCH:

a) 'caMompoH3BOJbHASl KPHCTAJJH3alHs, BbHI3LIBAIOILAsl YBeJH-
YyeHHe IVIOTHOCTH MaTepHala;

6) aGcop6uusti M decopOLHs BOAbI, CBSI3aHHblE C° U3MEHEHHAMH
BJIA2KHOCTH H TeMHEpaTypbl OKpyKalolllell cpeinl;

B) <«XOJIOOHAs TEKyueCTb» MaTepHasa KaK pe3yabTaT AeilCTBHS
TIOCTOSIHHBIX [0 BeJIMYHHE H HaNPABJIEHHIO Harpys3oK;

I') ecTeCTBEHHbI H3HOC.

He kacasicb BIMSHHS NIPOLIECCOB H3HOCA Ha H3MEHEHHE pa3Me-
POB feTaJjieif, paCCMOTPHM BO3MOJKHbie MepHI, NO3BOJSIOLIHE yCTpa-
HHTb HJIM 3HAYUTENbHO YMEHBIIHTD AeHCTBHE NMePBLIX TpeX (HaKTOPOB
Ha pa3Mmephbl H3IENHH.

CaMmonpou3Bo/ibHAsi KpHCTaJJH3aluss B aMOpGdHO-KpHCTaMInye-
CKOM KamnpoHe NPOHCXOAUT NPH HOPMAJbHBLIX Y TIOBBILIEHHBIX TeMIe-
paTtypax B pe3yJbTaTe CTPEMJECHHS CHCTEMBl K YCTAHOBJIEHHUIO GoJlee
BBLICOMHOTO 3HEPreTHYECKOTO COCTOSIHHS. ¥ CTaHOBJIEHO, 4TO Hanbogee
HHTEHCHUBHO 3TOT NpOLECC AT B MaTepHalie CO CTENeHbI0 KPHCTall-
auyHocTH 8—20% u npakTHYECKH NpeKpallaeTcss NPH HOCTHXKEHHH
creneny kpucrajinyaoctu 30—359%.

Kaxk caenyer u3 rpadukoB Ha puc. 3 H 4, BOLONOIVIOUIEHHE Kall-
pOHa B 3aBHCHMOCTH OT BpPeMeHM, a TaKXKe H3MeHeHHe MaKCHMalb-
HOTO BOZOIMOIJIOLIEHHSI B 3aBHCHMOCTH OT CTeNeHH KPHCTaJVIHYHOCTH
MaTepHasla MOryT ObITb BblpaX<eHbl ypaBHEHHSIMH:

do= < a,m; (1)
Awgy, = A—0,135x, 2
THE S — NOBEPXHOCTb o6pasua B cM?;

v — o6beM o6Gpa3sua B cM3;
t — BpeMs BOLOHACHILIEHHUS B 4;
@m, bm — K030 OuIMEeHTDl, XapaKTepu3ylolllue aGCcopOLHOHHbIE
CBOMCTBAa MaTepuasa NpH [IaHHOH TeMmIepaTrype
BOJIbI;
A — MaKcuMaJbHOe BOLONOTJIONeHHe aMopdHoro o6pas-
ua B %;
X — CTeNeHb KPUCTAJIHYHOCTH B %.
Tak xak ypaBHeHue (1) mosayyeHO TpH HCIBLITAHHM 00Pa3LOB
C MaJOH CTeMeHbi0 KPUCTAJJIHYHOCTH, §e3 O6O0JbIIOH MOrpelHOCTH
MO2KHO 3amlHcaTh

s b
A=—=—a,t"™
v
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Aw = % a,t'm—0,135x. 3

YpaBHenne (3) nosBossieT BBIYHCIAHTH (3HAash MaKCHMaJjbHOE
BO/IONOIJIOIIEHHEe) BPeMsl MOJHOIO HacCbIEHHS] HJH BJAXKHOCTb 06-
pasua B 3aBHCHMOCTH OT TeMIlepaTypbl BONbl M CTENl€eHH KpHCTaJ-
JIMYHOCTH MaTepHasa obpasua.

Ilpu ucnbiTaHMAX Ha BONOMOIVIOUIEHHE YCTAHOBJEHO TAKXKe, YTO
pa3Mepbl KampOHOBbIX HM3MeJHH NMOYTH JHHEHHO 3aBHCAT OT MpHpa-
IeHHs] Beca MeTali, BbI3BAHHOTO BOJAONOrJOLIeHHeM. DTa 3aBHCH-
MOCTb B NepBOM NPHOGJHXKEHHH MOJXXeT GbIThb BbIpaXK€Ha ypaBHEHHEM

Al=0,3Aq, 4)

rae Al — npupalleHune JuHeHHOro pasmepa B Y;
Ag — mpupaluienHe [Beca B |%.
Tak kak npu a6cop6uuu Boabl Ag = Aw u3 ypaBHeHnuit (3) u (4)
MOXKHO NOJIYYHTb 3aBHCHMOCTb, XapaKTepH3YIOIYI0 H3MEHEeHHe JH-
HeHHbIX pa3MepoB H3JeaHs NPH abcOPpOHPOBAHHH BOIBI:

Al~ 0,3[% a, ™ — 0,135 x]. 6)

M3 cka3aHHOro Bblllle CJelyeT, YTO NPU TepMHUecKoil o6paboTke
pa3Mepnl H3IeNHH CTaGHIM3HPYIOTCH, TaK KaK Npekpallaercs Nnpo-
IleCC CaMOMNpPOH3BONIbHOH KPHCTAJJH3alUH, CYyLIECTBEHHO YMeHb-
11aeTcsl BOAOMNOIVIOIEHHE H CBsI3aHHOE C HHM KoJeGaHHe pa3MepoB.

Kpome Toro, TepMmoo6paboTKa BJIHSIET Ha yYBEeJHYEHHE JKECTKOCTH
H3JleIMHl BCJaeACTBHE YBeJHYeHHS] MONYJsl yNpYrocTH, KOTOpHI yBe-
JIMYHBaeTcsl, NO-BUAMMOMY, H3-3a YyMeHbIIEHHS O00beMa pPhIXJbIX
amopdHbIXx o6jacteii M o6pa3oBaHHsl GoJiee IJIOTHOH CTPYKTYpHI.

Tabauya 2
Temnepatypa npecchopmsl B °C
MET]
Tapauerpet 20 35 62 92
HapyXHbiii auameTp wu3gmesmit nocJje
JIUTBS B MM:
J0 TepMOOGPaGOTKH . . « . . . . 25,00 24,94 24,90 24,72
nocjie TepMOOGPaGOTKH o . . . . . 24,62 24,61 24,64 24,66
MnotHocts B kI°/m3:
Zo Tepmoo6paGOTKH . . « . . . .| 1099,6 | 1106,8 | 1115,56 [ 1139,3
nocse TepmooGpaGotkH. . . . . .| 1149,6 | 1152,5 | 1150,5 | 1151,8
CreneHb KPHCTaJUIHYHOCTH B 9% :
10 TepMOOGpPaGOTKH , . . . . .. 2,0 7,0 14,0 31,6
nocje TepMoo6pabOTKH . . . 39,4 41,5 40,0 41,0
Ycagka B mpouecce 1epM006p360nm
B%.....0o... e e e u 1,50 1,31 1,05 0,33
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ITpu yBesanueHuH MOIYJSI VIIPYTOCTH CYLIECTBEHHO CHHIKAercs
X0JIOAHas TeKyyecTb JeTaJjledl MOJ Harpyskoil, a Clel0BaTeNbHO,
CTaGU/IM3HDPYIOTCS pa3Mephl AeTalH B IPOllecce 3KCILTyaTallUH.

OnwiTel, NpoBefieHHble B JaGopatopun 3MHU, nokasanu, 4to He-
3aBHCHMO OT yCJIOBHH JINThsl (TeMIlepaTypa paclJaBa, TemmepaTypa
npecchopMbl) B pesy/bTaTe TePMHYECKOH 0GpaGOTKH B MHHEpalb-
HoM Macae nmpu TI'=162°C cTpykTypa MaTepHajsa Aeralieil CTaHO-
BHTCSl NPaKTHYECKH OJMHAKOBOH C OYeHb MaJjbIM pasjiHudeM CTe-

v, Tabaiuya 3
o
2 8 e Koadduuueurs
S “""\’/7 Temnepa-
§ 30 Typa BOAH
§ .-\‘ ‘6 5 B °C am bm
S o e,
® X —— [ 100 0,140 0,445
5§ \N\ 60 0,080 | 0,400
S8y N 20 0,032 | 0,385
Y ‘\\
g | ——
S 7 2
S 30 \k \ Puc. 5. H3MeHeHHe BJaXKHOCTH
E \ \ KalnpoHa B 3aBHCHMOCTH OT TeMIe-
S \ paTypsl H OTHOCHTEJIbHOHl BJIaXHO-
10 cTH OKpyXKaroluei Spebi:
263 303 323 383Tg ok ;%K S0m Lk

neHH KpucraauauyHoctH. Bosee Toro, kak caexnyer u3 tabJa. 2, pas-
Mepbl H3LEeJNHH Mocje TepMoo6paGOTKH HMEIOT 3HAUUTEeJbHO MeHb-
wHii pa3bpoc, yeM A0 TepMOOGPaBOTKH.

PaHee npoBefleHHBIMH HCCJIENOBAaHUSIMH OBIIM YCTaHOBJIEHBI 3a-
BHCHMOCTH MeXJy TeMIepaTypod, OTHOCHTEJIbHOH BJaXKHOCTbIO
OKpY2Kalolllefi cpelibl U BJIaronoryioleHneM KalnpoHa, KOTOpbie mpen-
cTaBJIeHbl Ha pHC. S. : :

[lo maHHBIM Ta6Jj. 2 u rpagHkaM pHC. 5 MOXKHO, MNOJb3YsCh
ypaBHenusmu (4) u (5) u Taba. 3, paccunutraTb HEOGXOAHMYIO IJIH-
TeJbHOCTb BbIAEPXKKH KaNPOHOBBIX HdeTajeil B BOAe, YTOOB CBECTH
K MHHHUMYMY KoJleGaHHsi MX pa3MepoB B IMpollecce 3IKCIIyaTalUH
HJIH XpaHeHHs!.

[TpoBesnenHble HcCeOBaHHS TNO3BOJSIOT CAeJaTb BHIBOMA, 4YTO
TepMooGpaGoTKa yJyullaeT AaHTH(PHKIHOHHbIE CBOHCTBA M IIOBBI-
1aeT H3HOCOCTOHKOCTDb KalpoHa.

Kos¢pduurueHT TpeHHsi KanpoHa MO CTaJH 3aBHCHT OT BJIdXKHO-
CTH KalpoHOBOro o6pasua, M NMpU H3MEHEHHH INocjaedHeir oT 1 10
3% yBenuuuBaercsi npudau3uTeabHO HAa 30—35%.

Koadduuuent TpeHusi, aGCOJMIOTHBIH H3HOC H HHTEHCHBHOCTb M3-
HallKWBaHHs TepMooOpabGoTaHHbIX o6pa3uoB Ha 25—309% HHuXKe co-
OTBETCTBYIOLIMX MNOKa3aTeseil 006pasloB, He MOJABepPraBUIMXCS Tep-
MH4YecKoi 06paboTKe B MHHepaJIbHOM (MacJe.

B 3akioueHHe caefyeT OTMETHTb, YTO pe3y/bTaThl JabopaTop-
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HBIX HCCJELOBaHHI BJIHSAHUA TepMooOGpaGOTKH Ha (U3HKO-MeXaHH-
YyeCcKHe CBOICTBa KaNpOHOBHIX JeTajeil NPOBePS/INCh HATYPHBIMH
HCNIBITAaHUSIMU psfila JeTallell aBTOMOOHJEH, KPHBOIIHIHBIX MPECcCoB
I APYIHX MaUIHH. :

IIpu ucnbiTaHUSIX PECCOPHBIX BTYJOK aBTOMOOHJeH OblIO ycTa-
HOBJIEHO, YTO MpeXIeBPEeMEeHHble BBIXOXbI KalPOHOBBHIX BTYJIOK H3
CTPOSi MMeJI MeCTO yallle BCero H3-3a HCKaxKeHus (OpPMbl BTYJKH
NpH 3aNpeccoBKe ee B HELMJIHHIPHYECKOe OTBEPCTHE YLIKA Peccophl,
a TaKxe BCJeJCTBHE H3MEHEHHs pa3MepoB BTYJOK, BHI3BaHHOTO yKa-
3aHHBIMH paHee NPHYHHAMH.

TepMooGpaGoTka BTYJOK B MHHEpPaJbHOM Macie ¢ NOCAeAyIo-
uled crabuausauueil B BOJAe, BBeleHHe oONepallid pa3BepTHIBAHUSA
OTBEPCTHH B YIIKaX Peccop H TIIATeJAbHBIH KOHTPOJB INpPH YCTa-
HOBKe BeJIHYMHBI 3a30pa B COeIMHEHUH BTYJIKa — naJjer ofecneuu-
BalOT HafexHylo pa6ory BTyJok Ha 20000 xx mnpoGera.aBTOMO-
O6us.

Harypuble ncnblTanusi cyxapeil pyJeBbiX TSI, BTYJOK Baja H
COLUKH PYJIsi, H3TOTOBJIEHHBIX H3 KanpoHa, NMoka3anau 3G PeKTHBHOCTb
TepMoo6pabOTKH AJS JaHHBIX AeTalleH.

KanpoHoBble cyxapu' NpOAOJbHON H NONEPeYHOH TArH aBTOMO-
ouass T'A3-51 nociie TepmHueckoii 06paGOTKH HMEIOT CPOK CJYKOb
He MeHee 20 000 xx npoGera.

3HauyuTeabHbI H3HOC, a TaKkKe CJHy4YaH 3aefaHus cyxapeii, He
noAaBepraBIlHXcsi TepMoo6paboOTKe, HAeNal0T HX HeHaleXHbIMH B
3KCIJIyaTalyH,

3a3op Mexay paGoOYHMH [OBEPXHOCTME TepMOOGpPaGOTaHHBIX
BTYJIOK Bajla U cowikd pyas paseH 0,07—0,09 mm u na 20—309%
MeHblle 3a30pa B CONpSXKEeHHH HeTepMooOpPabOTaHHBIX BTYJOK,
BCJIEJICTBHE YEro CPOK CIYXKGH #x yBennyuBaercs mHa 20Y%.

CpaBHUTeNbHbIE HCNBITAHHS KaNpOHOBLIX 3y6uaTbiXx KoJec pas-
JIUYHOTO MOAYJSI NOKa3ajH, YTO CPOK CJAyXKO6bl 3y6uaTbix KoJec,
TepMoOGpabOTaHHBIX B ropsiueM MHHepaJbHOM Macie, IpH pa6oTe
c yucaoM o6oporoB 900 B MuHyTy cocraBiaseT 575—600 «. Cpok
cnyxk6b1 HeTepMOOGpaGOTaHHBIX KOJeC NPH TeX JKe YCJAOBUAX IKC-
IJyaTalud 3HAYUTEJbHO MeHbwie U paBed 300—350 «.

TakuM o6Gpa3oMm, HaTypHble HCHBITAHHS KalpOHOBBHIX AeTaJel
No CyLLeCTBY NOATBEPKIAIOT pe3yJbTaThl JaGopaTOPHBLIX HCCelo-
BaHMI, TOKAa3aB YBeJHUeHHe 3KCIJIyaTalHOHHOH HaJeXHOCTH Tep-
M006padOTaHHbIX H3LEeNUH, UTO HaeT OCHOBaHHe CHenaThb cleLylolne
BLIBOJbI:

1. TepmooGpaGoTKa KanpOHOBBIX H3[eNHH B MHHepaJlbHOM Mac-
age npu T=162°C nd 10—409% yBenuuHBaer MPOYHOCTb MaTepuaaa
H Ha 25—309% cuuxaer k03(PGHLUHEHT TpPeHHS H HHTEHCHBHOCTH
II3HAILHBaHUsA JeTaJseH.

2. BaaronacobiilleHHe TepMOOOpPabOTaHHBIX H3TeAHH A0 HOPMBI,
COOTBETCTBYIOILEH YCJIOBHSAM HCIBITAHUH M 3KCILIyaTalluH, MO3BOJNSET
CyllecTBEHHO CTaGHJIN3HPOBATh pa3Mephl AeraJe.
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3. VYayuuieHne NPOYHOCTHBIX H AaHTHOPUKUHOHHBIX CBONCTB H3-
nenuit ¥ craGuAM3allisl HX pPa3MepoB, MoJyyaeMble B pe3yJbTaTe
TepPMHYecKOoil 06paGOTKH, 3HAYHTENbHO MOBHIIAIOT JKCIIYyaTalHOH-
HYIO HaJleZKHOCTb AeTaJell U3 KanpoHa.

JIUTEPATYPA

1. Boaop, Toau, Kanmo. 3aBHCHMOCTb CKOPOCTH KPHCTa/IH3aLMH,
BHYTPEHHell CTPYKTYPbl H CBOHCTB IOJHaMHIOB OT TeMIepaTyphl. «XHMHS M Tex-
HOJIOTHs To1MepoB», 1960, Ne 1.

2. Tyunep O. A. Bausune TepMHueckoit o6pa6OTKH Ha CBOHCTBa M 'CTPYK-
TYpy AeTajeil U3 noaukampoJakrama. B c6. «IlpumeHeHHe mJacTMacc B MaUIHHO-
cTpoeHHH u npH6opoctpoeHun». Kues, [ocynapcTBeHHoe H3NATeJbCTBO TeXHHUYE-
ckoit aurepatypsl YCCP, 1961.

3. Ko6eko II. Il. Amopdnbie BemecrBa. M.—JI., Tocrexnsnar, 1952.

4. Max-Kensu IlepepaGotka noanmepos. M., «Xumusa», 1965.

5. Muukesuu 3. A. u Ap. 3aBuCHMOCTb (H3MKO-MEXaHHUECKHX NOKa3aTe-
Jeit neranefi M3 KampoHa OT MeTOAOB nepepaGotku. B c6. «IIpumeHenue mnniact-
MacC B MalIMHOCTPOeHHH H mnpuGopocTtpoeHun», Kues, TocynapcTBeHHOe H3la-
TeJbCTBO TexHHYecKoil autepatypst YCCP, (1961.

6. Mwoaaep, IMopaiorep. CeoiicTBa, XHMHYeCKOe CTPOEHHe U KpHCTals-
JIUYHOCTb MNOJHAMHIOB. «XHMHSI M TEXHOJOrHsi TMoJuMepoB», 1961, Ne 1.

7. MockatoB K. A OcHoBbl TepMHYeCKOji 06paGOTKH TNOJNHMEpPHBIX MaTe-
puanos. M., 1964.

ABPAMOB B. B., MHXAHJIOB 1I. A.,
KHPEEB A. A., MAJIBIIIIEB I1. H.
AYIJIEHKO 0. B. u TETEPHH T. B.

MHXXEHEPHbIH METOJ] PACYETA HA NPOYHOCTH
M MON3YYECTb NMNACTMACCOBDLIX BTYJIOK

Illupokoe BHeApeHHe MJIACTMaCCOBBIX CHJIOBBIX HeTajell B Npo-
MBILIIJIEHHOCTh BO3MOXKHO TOJIBKO NPH HAJHUHH MPOCTHIX, HOCTYMHBIX
60JIbIIOMY KPYIy HHXKEHepHO-TEXHHYeCKHX pabGOTHHKOB, MeTO/0B
pacuera 3THX JeTajled Ha NMPOYHOCTb H XKECTKOCTb.

Huzxe mpefcraBieH MeTO[, pacueTa ONTHMAJIbHBIX HaTArOB MeX-
Iy BTYJKOH, UHJIHHAPOM, KOJbIOM H CONPSAraeMbIMH [OeTalsMH.
Merox npuMeHHM [AJsi OXHOPOAHBIX H KOMIIO3HIMOHHBIX, COCTaBJIEH-
HBIX M3 Pa3TUYHBIX NAACTMACC H MeTaJIOB, MaTepuaJos. [[Toayyenbt
(GbopMysbl pacyeTa M3MEeHEHHs HaNPSXKEHHOro H JeOpPMHPOBAHHOTO
COCTOSIHMI BTYJIOK B 3aBHCHMOCTH OT BpeMeHH 3ampeccoBKH. Haio-
JKXEHHBIM MeTOAOM OJHHAaKOBO IIPOCTO pelIaloTCsd 3afayd KakK MNpH
JHHeHHOH ynpyroil nedopmauud, B Npefenax NPHUMEHHMOCTH 3a-
KoHa I'yka, Tak M Npu HeJHHEHHBbIX YOPYTHX H yNPYTro-MiacTHYeCKUX
Iedopmauusx Martepuana.
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OBLLEE PELWEHME 3AZlAYM MO ONPERENEHMUIO HANPMKEHMA
U REDOPMALUMA UMIAMHAPOB, KOJIEL,, BTYJIOK OT COBMECTHOIo
LAEACTBMA BHELUHMX HATPY3OK M TEMMEPATYP.

Hanpsixkenusi ¥ nepeMellleHHss B KOJbIlaX, BTYJKaX, HHAHHAPAX
b o
NPH OTHOLIEHHSAX 7<1,5 (puc. 1) oT neficTBHSI MeXaHMYECKHX R

TeMIepaTypPHbIX HAarpy3oKk MOXHO ONpeNeNHTb, COMJIacHO pabore
Aé6pamosa B. B. [1], u3 caenyiomux dopmya t:

1. T1pu 3anucu ¢hopMyJ B HHTETpaJbHOM BHIE:

oceBble HaNPSKEHHUS

b
| 3Erdr + N (1 —p) c
o, =|—8+-"2— St (1)
j Erdr
a
TaHreHHaJbHble HANPAXKEHUS
b
{ 8Edr
o=|—8+24— L2 -+ Pat—pib @

Y Edr j——- dr

a

2. Ilpu pemennu 3afay pa3HOCTHBLIM CIOCOGOM:
oceBble Hanpmxemm

3

zsa[ (e erzizs]
Oom =] —0n + —; (3)

NelsG2e)-] |

TaHreHUHuaJibHble HaNlpAXeHHUA

n
D Ety
Om=| — 8 + - Em <pa:—pbbnmsmn @

— .

. ®
Z E; S EM (b—a)
1

B ¢opmynax (1)—(4) u B masibHellleM NPHHATH ClAeLyIOLIHE
0603HayeHHUs:

! 3necs paccMaTpHBAalOTCA JUIHHHBle LMJAMHAPH. YcTaHoBJaeHo [l1], uro Aast
HCKJIIOYEHHS BJIHSIHHSL KCHIEBOro s¢ddexra UHAHHAPH IOMKHBL HMeTb MJHHY
>3 d.
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N — nponoabnas cuna;
Pe — LlaBJIeHHE Ha BHYTPEHHIO MOBEPXHOCTb LHJIHHApA
(BTYJKH) ;
Py — NaBJleHHe Ha BHELIHIOI0 NOBEPXHOCTh IHJIHHIApPA, HaB-
JIEHHE MEeXAY BTYJKOH H CONMpsAraeMoi JeTaJiblo;
a — BHYTPEHHHH pajuyC LHJIHHAPA;
b — BHewHUH paguyc UMIHHAPA;
r — TeKyllHH paluyc UHIHHAPA;
E — Monynb ynpyrocTH, 3aBHCSILMI OT TeMIepaTyphi, Bpe-
MEHH HCNBITaHHS W BeJHYHHBI JAeopMalHH;
p — Ko3bHLHEHT nonepeyHoil AeopMaluu;
6=p¢ — OoTHOCHTe/IbHOE TeMIlepaTypHOe pacllHpeHHE;
B — Koa(ppHLHEHT TeMmepaTypHOro JHHEHHOTO paclHpe-
HUS;
¢ — Temnepatypa B J106Oi TOUKe pajnuyca r;

a o
7»=—r—— GyHKUIHUS Hepa3pbIBHOCTH inedopMammii;

n — YHCJIO PaBHBIX NO TOJLIHHE CJIOE€B, Ha KOTOpOe pas-
GHBaeTcsl CTEHKa LHJIMHAPA (BTYJKH);

b—a
—— — TOJIlIHHa CJIOEB, HA KOTOpPLIE pa36nBaeTca CT€HKa LH-
n

JHHAPA (BTYJKH);
S — TONIHHA CTEHKH LHJHHIPA, KOJbLA, BTYJKH.
PanuanbHble HanpsiXKeHHsl ¢, OT BHELIHEr0 H BHYTPEHHEro .AaB-

JIEHHs] ONPENesIOTCs U3 CJeNYIOIHX PaBEHCTB:
o, + o, = const;

’

o, =—p, npH r=a; (5)

’

Oy =—p, npu r = b.

PanuanpHble HampsiZKeHHs] OT HEPaBHOMEPHOTO pachpefeseHHs
TeMNepaTypHbIX PACUIHPEHHA MO NONEPEYHOMY CEUEHHIO BTYJIKH
MOXKHO HaHTH H3 yCJIOBHUS

0, = 6, — 0%, (6)

rie 0, — TeMIepaTypHble OceBble HaNPSKeHHS;
O, — TaHTeHUHaJbHbLIE TeMIepPaTypHble HaNmpSAXKEeHH.

CyMMapHble paHajbHble HanpsiKeHUus

6, =0, +o,. (7)

®opmyant (1)—(4) sBaAsOTCS OOIUMH peLIEHHSIMH 3afaud IO
ofpefe/eHHI0 HANpSKEHUH U mepeMelleHHH BO BTYJKax -(TOJCTO-
CTEHHBIX LHJHHAPAX) OT COBMECTHOrO AeHCTBHS BHEIIHHX Harpysok
U TeMIeparyp. OTH pelleHHs YYHTbIBAlOT NEPEMEHHOCTb MOAYJs
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YOPYFOCTH 1O CEYEHHIO BTYJIKH B 3aBHCUMOCTH OT TEMIIEpaTyp, Bpe-
MeHH H BeJHMuMHbl gedopmauun. PaccMOTPUM YacCTHble peleHHs
ypaBuenuit (1)—(4).

TEMMEPATYPHBIE HAMPSMEHMSA B KOJIBLLAX, BTYJIKAX M LMIMHAPAX
NPU YCTAHOBMBLLUEMCSl TENJIOBOM PEXXMUME.

TouHble pelleHHe TEOPHH YNPYTLOCTH U pe3yJbTarbl 3KCHepH-
MeHTa IOKashIBalOT, YTO B TeX CJy4Yasix, KOTAa BbICOTa KoJblia A
menblre 0,2 b, oceBble TeMIepaTypHble HaNpsKeHUs B JOGOH TOUKe
CeyeHHs] KOJiblla paBHBI HyJ10. PaguanbHbIMH TeMIepaTypHBIMH Ha-

npsikeHusiMH npu — << 1,5 MoxHO mnpenedpeus. OmmubGKa mO TaH-
a

b
TeHLHaJNbHbIM HanpsikKeHusiM npu — =1,2 He npeBbimaer 1%, a nas
a

b
—=1,4 — menbuie 6,59%. [TosToMy AN KoJel, MOXKHO OTPaHHYHUTH
a

pacyeThl Ha NPOYHOCTb M KECTKOCTb IIPH TeMIepaTypHOM BO3.eH-
CTBHH TOJIBKO IO TaHreHUHaJbHbIM HanpsxkeHusMm. Has storo cay-
yas popmysa (2) npuHHMaeT BHL,

b
f SEdr
j‘ Edr

A6couoTHas cpenHsisa AedpOopMaLHsa KoJbLa

b
| Edr
A=2__  oth ©)

b 2
‘Y Edr
a

HpH YCTaHOBHBIIEMCSI TEIJIOBOM IIOTOKEe B cayuyae OIIHOCTOpOH'
HEro INOBEPXHOCTHOI'O HarpeBa KoJbla C BHYTPEHHHM paauycoMm a
¥ HapyXkHbIM b Temnepatypa f Ha JIOGOM PacCTOSIHHH r OT LEHTpa
OIlpenesaeTCca U3 CJHEAYIOLEro BbipaKeHU:

T b
t=—To |pb
b r
In—
a

(10)

rae To— pa3HOCTb TeMNepaTyp BHEIUHEH H BHYTPEHHEH LHJIHHIPU-
YeCKHX MOBEPXHOCTEN KOJIblIa.
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TanrenunasnbHble HanpsiKeHuss onpenensieM u3 Qopmyasl (8),
KOoTOpasi [Jsl ofHOpPoAxHoro martepuana (E=const) npuunmaer Bun

0',= __6_{_0 E=

= -—ln_+ TOEﬁ ,

r b b
jdr 1“7
a

OTKyza
aln-b—
o=\1—mbt | Toff (1)
r b—a b

@opmyant (9) u (11) MOXKHO YNPOCTHTb, €CJIH 3aMEHHTb JIOTa-
pHMHUeCKHlI 3aKOH paclnpeleseHHs] TeMIepaTyp IO CEeYeHHIO KOJb-
na (10) nuHeHHBIM 3aKOHOM

t= To%, (12)

rae s=b—a — TOJIIHHA CTEHKH ILHUJIHHAPA (BTYJKH).
B srom cayysas dopmyna Aaas onpefesNieHHsT TaHI€HLUHAJbHbBIX
HanpsikeHuil (8) npuMmer BUL

(,,z(l_z_g_)ﬁgﬂ. (13)

Ecan npunare B popmyne (13) s=b—a u y=r—a, TO MOJYUHUM
clefyoliee BhIpaXeHue:

_ __or—a\ ET.f
0,-(1 2——b_a)———2 . (14)
[Tpu u3BecTHOi cpenHeit Temneparype f.p kKoabua ¢opmyna (8)

3aMnuulercs B cjelylolleM BHIE:
o, =[—1+1.,| EB, (15)

rae {— Temneparypa B PasJUYHBIX TOYKaX CEUEHHs] KOJbLa.
CpenHsis OTHOCHTeJNbHasi TeMmmepaTypHas HebOpMalHs KOJbla
[cM. dopmyay (9)]
e=tt‘pﬂ’ (16)
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AGcomoTHasi TemneparypHasi AedopMalis CpefHEro paauyca
KoJIbLIa

a-}-b
= 17
A=e=T-. (17)

Brite moapoGHO pacCMOTpPEHbl 3afaud MO ONpefeseHHI0 TeM-
nepaTypHBIX HampsiKeHH#i n nepopMauuil B OZHOPOZHBIX KOJIbLIAX

AN cayqaes, Koraa — <1,5. INonyuennvie dopmyssr (11), (13),
(14) w |(15) MoryT OHITh HCIOJB3OBAaHBl TaKkKe |[Js OlpeleeHHs

OCeBbIX O, H TaHTEHIUHAJbHBIX O; TEMIEPATypPHBIX HaNpsikKeHHH BO
BTYJIKaX M UMAHHApPaxX. [Js 3TOro- 40CTaTOYHO B OTMEYeHHBIX (op-

MyJax 3aMeHHTb MOAYJab ynpyroctu E Ha BeianuuHy » THe

—P'
p — 3HauyeHHe Ko3(ddHUUeHTa NoNepeyHO! AedopMalUu COCTaBJA-
IOLIUX MaTepHaJiOB BTYJKH HJIH LHJIHHAPA.

HAI’IPSI)KEHnﬂbAECDOPMALl.HM UMNMHAPOB (BTYJIOK) CPEAHEW
TONLUMHbBI (T =,1,s) OT AEACTBMA BHELWIHEFO M BHYTPEHHEFO
(MABJIEHMA
Insa cnyuasi, Korga UHJIMHAP HCHBITHIBAET AeACTBHE TOJbKO paB-
HOMEPHO pacHpefe/ieHHbIX BHEIIHHX Pp U BHYTPEHHHUX Po PaigHab-

Hbix HaBaenuil (puc. 1) dopmyant (2) u (4) npHHHMAIOT BHA:
a) B unterpasabHoil dopme [popmyna (2)]

(pga—ppb) E | (18)

0',:' b ’

r £dr
r
a

6) npu 3anucH B pasHocTHO# dopme [popmyna (4)]
— (pa@ — pob) Em _n (19)
n b :
; 2 £ -
m i ri
1
Ecnu Ha uMAHHAPHL (BTYJKH) HEACTBYIOT TOJNBKO BHEIUHHe Ha-
rpyskH, To B ¢opmynax (18) u (19) caenyer npuusitb p,=0, a Kor-
ha JefCTByeT TOJNbKO BHYTPEHHsSIS Harpyska, TO INpPHHHMaercs
Pp=0.
Jlnst BTYJIOK, H3rOTOBJIEHHBIX M3 OXHOPOILHOrO MaTepHaJa,
o, = PaB—Peb (20)

rin—
a

Otm
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Me)Klly TaHTe€HLHAJbHBIMH HauOOJbIIHMH HanpsaxKeHHusIMH

__ Pad— pyb
Ofmax = ——"—.

21)

b
aln —
a

H HauOOJBIIMMH panHaJbHBIMU HaNpPsS2KEHHSAMH Oy max, YHCJIEHHO

PaBHBIMH [aBJIEHUSIM po WIH Py, CYLIECTBYeT CJedyloulas 3aBH-
cimocts [1, 2]:

=% 22)

b2 — g2

O¢ max

Or max

ITpu neficTBUM TOJBKO BHELIHETO pPp
HWJIH BHYTPEHHEro p, [masjenwuit (21) mo-
JYYHM ‘ClIelyIoLIHe 3aBHCHMOCTH:

b
Pz = O¢ max In 7 ; (23)

a b
Pp = Of max — IN—. (24) Puc. 1. Cxema
b a HarpyeHusi BTYJKH

@opmyanr (23) u (24) MoryT GHITh TakxkKe 3amHcaHbl B APYroMm
BHJIe, eCJIH HCNOJNb30BaTh ypaBHeHHe (22):

_ b2 —a?®  Ofmax 1
Pa = O max 282 - 9 (1~?>. (25)
a b2 — a2 G¢ max 1
=g —. = ] — — 2
Ps t max b 2p2 ’ % ( 2 /) ( 6)
T e ad’

D — BHewmHuii 1uaMeTp BTYJKH;
d — BHYTDEHHHI IHaMeTP BTYJIKH.

b
B ©Bsism ¢ TeMm, 4TO J4J4 BTYJOK C OTHOlleHueM —<<1,5 ¢ mo-
a

CTAaTOYHOH [JIs1 NPAKTHKH TOYHOCTBIO MOXKHO IpeHeGpeub BJHSHHEM
paZMalbHBIX H OCEBbIX HaNpsxKeHHH Ha OKpyXHble Hedopmaiuy,
dbopmyna pas onpeieneHust aGCOJIOTHOrO HM3MEeHeHHs pajAHyca
BTYJKH (Ar) OT NPHJOXKEHHBIX Harpy30K NpHUMET BHI

Ar — St , _ (Pad—psb) @
E b
Eln—a‘
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M3MEHEHME HANPHXEHHOTO W JAEDOPMMPOBAHHOIrO COCTOSIHMA
BTYIOK M3 MJIACTMACCH B 3ABMCMMOCTM OT BPEMEHM XPAHEHMS

b
Boiie 6blI0 MOKa3aHO, YTO OJISI TOHKHX (—<1,5) niaacrmac-
a

COBBIX BTYJIOK, 3alpECCOBAaHHBIX B MeTaJ/IHueCcKHe 060iMBEI, aedop-
MalH{H pajguyca omnpejensiorcs no ¢opmyae (27). 3to o6CTOSATEND-
CTBO I03BOJISIET NPHOJHXKEHHO MCIOJb30BaTh pe3yJbTaThl H3MeHe-
HUs BHYTPEHHEro AHaMeTpa IJacTMacCOBOH BTYJIKH, 3alpeccoBaH-
HOM B aGCOJIIOTHO XECTKYIO MeTaJJIHYecKylo 06OMMY, IJIsi MpHGJIH-
2KEHHOrO OmnpeJesieHHs] BeJIMYKHHBI DeJNaKCalldH MOAYJs YHPYTOCTH
B 3aBNCHMOCTH OT BPEMEHH XpaHEeHHS.

Bpema xpapenas

0 20 40 60 -
& K2 10 4 %o
QN 1401
]
N -008 .x\‘\ N 2402
b X SN~
PN AT
::-,'0.75 ~\x/‘~=x\4"‘\\ — ! 4404
x 4 TS 5% e =2
S~ 5405
| T
024 6las

Puc. 2. M3Menenne BHYTpeHHero auaMerpa u nedopMauHs BTYJIOK
M3 TNOJIHKaNnpoJlaKTaMa, 3aNMpecCOBAHHBIX B MeETa/NIHYeCKyl0 06oHMYy,
B 3aBHCHMOCTH OT BpPEMEHH XpaHeHHS

Ha puc. 2 nan rpaduk u3MeHeHHS BHYTPEHHEro QuaMerpa BTY-
JOK H3 mosukanposnakrama+20% BaSO, 3anpeccoBaHHBIX B Me-
TaJVIHYeCKylo o6oiiMy [AuaMerp coenunenusi 40 mm, TOJIHHA CTe-
HOK: 2 mm (kpuBas I), 3 mm (kpuBas 2), 5 um j(KpuBas 3)] B 3a-
BHCHMOCTH OT BpeMeHH XpaHeHHs. 3[eCb e NpPHUBeEHbl KpPHBHIE
HU3MEHEeHHs AuaMeTpa H OTHOcHTeabHOH NedopMmauun e (KpuBbie 4
H 5), nmosyyeHHble HA OCHOBAHHM YCTaHOBJIEHHOH HaMH 3aBHCHMOCTH.

g=—8—1 71021073, (28)
D+d

YcTaHOBHB cTeneHb BJMsSHHSI BpeMeHH I XxpaHenusi Ha nedop-
MalHIO0, MOXHO, MCIOJIB3Ysl NMOJYYeHHble Bbillle (GOPMYJBl AJs BbI-
YHCJIEHUS TEMNEPaTYPHbIX H MeXaHHYECKHX HarpysoK, ONpeNelHTb,
KaK BJIHSIET BpeMs SKCMIyaTalHH BTYJKH Ha M3MeHeHHe ee Hampd-
JKEHHOro COCTOSTHHSI, a aKXKe Ha BeJMYHHY HaTara. lJs sToro 1o-

craTtouHo B ¢opmynax (1)—(4) npHHATB MOAYJb YNPYTrOCTH

’ E
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@opmyna (29) cnpasemnusa Aas Temneparypbl {=20°C. Ilpu
TIOBbILIEHHBIX TeMIepaTypax [Jsi MOJHKanpoJaKTaMa nNepBHYHOTO,
corylacHo RaHHbBIM padorel BopoGbeBa 1O. A. u ap. [3], npu6au-
JKEHHO MOXKHO NPHHATb NPH:

Temneparype {=40°C

E

Temneparype =60°C
’ E

IMpu6aunxenHo ¢opmyasr (29), (30) u (31) moryr GuiTh 3amu-
CaHBI B BHJIE CJIENYIOLIEro OGLIEro BhIPaKeHHS:
E
E, =
Tﬂl
3HaueHHe NOKa3aTeNsi CTENEeHH M B 3aBHCHMOCTH OT TeMIepa-

Typbl MCHOBITAHHS TpHBeJeHO Ha rpaduke (WITPHXOBAst JHHHA)
puc. 3. drot rpaduK MOXKHO aNMpPOKCHMHPOBATDb

B BHJe ABYX JIOMaHbIX JHHHMH (cniommHas JH- n ]
Hus1). Torma dopmyawml nasi onpeneneHuss E’ B 18
unteppaJje 20--60° C npuHHMAIOT BHA: ’ I’
A5 TeMnepatypsl {=20--40°C 14 h
E' = E___; (32) /
1,6 7014510 10 lr
InJs1 remnepartypsl ¢=40--60°C 06
E = E___. 33) g \
1,679-107%—3.3 T2 40 t°C

YuuTthiBasg (akTopel BpeMeHH M Temmnepa- Puc. 3. 3asucu-
TYphbl, GOPMyJbl AJs1 ONpefeseHds] HANpsKEHHH, MOCTb nokasaTes
mepeMellleHMii ¥ JaBJEHHS B 3ampeccoBamHbix  ponelt T OT TR
BTyJIKax OT NEeHCTBHSI MeXaHHYEeCKMX Harpysok Tanus
NPHHHMAIOT BHA:

TaHTeHIHaJbHble HANIPSIXKEHHS

Op
Or,t = —y
1,6 T0,1+5!-10 i
npu ¢ =20 40°C; . (34)
)
Or,t = —
1,6T9'l° 24-3,3
npu = 40=60°C (35)
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HJIH
HE

D1 6To,1+51-1o_3

or. ¢ = HE mpu £ = 40 = 60° C, (37)

DI 6’1‘9"0—2’—3'3

or,: = npn = 20— 40°C; (36)

rae H — Be/qnyKMHa HAYaJbHOTO HATATa;
OTHOCHTeJNbHAsi Aedopmauusi BHYTPeHHero panauyca [dhopmysibl
(27), (28)]

er, ¢t = (1,6T°'l+5t'10—3) 107° npu £=20+40°C; (38)
er, o= (1675197 53) 10~ npn 1=40+60°C;  (39)

HaBJleHHe MeXIy BTYJKOH M conpsraeMoii AeTaibio [Gdopmy-
aa (26)]

— HE 1
- 1— L H =20+ 40°C; (40
Pr. 2d1,6a7‘°-1+5t~10_3< a’> P 0
D= HE (1_L> mpu £ =40 = 60°C, (41)
" 241,6a79 107 %3, o

D
rgpe a= —

HANPXEHUA JAEDOPMALIUM BTYNIOK OT PABHOMEPHOIO BHELUHEFO M
BHYTPEHHETO BABTIEHUA NMPU HENMHEAHOM YMPYrOCTH
M YNPYFrO-NNACTMYECKOA JAEMOPMALIUM MIIACTMACC

OGmee peleHue 3afayu NPU HeJUHEHHO-YNPYroi M ynpyro-nia-
cTHyeckoit nedopmauun Tena. Bcesikas medopmauus 3a npenesom
TEKYYeCTH COCTOHT M3 IBYX YacTeil: ympyroil e,, KOTopas HcYe3aeT
NpH TONHOM pasrpy3Ke, H NMJIAaCTHYECKOH (OCTaTOYHOiH) &,, KOTOpas
COXpaHsieTcs B TeJsle NOCJe CHATHSI Harpy3KH:

e=sy—}—e,,=—%+a,,. (42)

o,
[Tpu s<s,,,,=—%’i—ocraroquaﬁ nedpopmauusi €,=0 (Ony;—

npenes nponopuUHOHAJNBHOCTH, Gnu—iia}’l60.ﬂbmaﬂ OTHOCHTEJIbHAaA

nedopmanus ynpyro-i1eopMHPOBaHHOTO MarepHaja, AJsi KOTOPOro
cobmonaercst 3akoH I'yka).

XapaxkTepHo#t 0COGEHHOCTBIO YNMpPYro-NJiacTHueckoll nedopmauuu
fIBJIieTCSl OTCYTCTBHE OJHO3HAYHOH 3aBHCHMOCTH MeXXIy Hampsixe-
HHeM H Jedopmauueir. Ecan B npemenax ympyroii nmedopmaiuu
3HayeHHe HaNpsXKeHHs OJHO3HAYHO ompelejser 3HaueHHe Hedop-
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Mauuu o-=¢E, TO 3a mpenesoM YNpYrocTH BaXXHO 3HAaTh, KakK JO-
CTHFHYTO TO WJHM MHOe HampsikeHHe (puc. 4). Ecau Hanpsixenune o
JOCTUTHYTO NpPH MOHOTOHHOM BO3pacTaHHH Jedopmauun (Takas
‘nedbopMauus Ha3blBaeTCsl aKTHBHOM), TO COOTBETCTBYIOLIasi eMy
HedbopMauusa &’ onpegensiercsi U3 AuarpaMmbl ¢ —e. Ecau ke Ha-
npsiXKeHHe ¢’ NOCTHCHYTO TNOC/]e pasrpy3kH (maccuBHas aedopma-

p 6 Kl/cm?

" - R

’ ! 2 600 //3‘

G' al
400 |— 4

/ Al / IN

200 7

g ; 7 0

€ e" ¢ 004 008 Q12 415 020 £-107°

Puc. 4. Imarpamma ynpyro-
MJIaCTHYECKOH nedbopmauuu
MaTtepHaJja:

1 — narpyXeHHe; 2 — pasrpyska

Puc. 5. lnarpamma nepopmupoBanus o6pas-
OB H3 [JIaCTMAacC MpPH CXKAaTHH:
2 — okucnennnt xanpon: E,, =7700 «I' /cu?, e=0,032,
onu-230 kI [cmM?; 2 — nosuKanposaKraM NEPBHYHLIN:
BM==8000 Kl [cm?, €=0,023, O, ,=183 &I /cm?; 3 — no-
JHaMHIHas cMona IT1-68: E,mﬂ5800 kI [em?, £=0,027,
“nu=435 kI [cm?

UHA) OT GoJiee BBICOKOIO HANpsXKEeHHS ¢”, TO CCOTBETCTBYIOLAs
eMy nedopmauus €” ompenessiercsi C yIeTOM 3aKOHa ympyroi pas-
rpy3ku !, DTO OTJIHYAET YNPYyro-maacTHYeCKyi0 AedopMalHi0 OT He-
JIHHeHHO! ynpyro#i AedopMauHH, NMpPU KOTOPO# 3aBHCHMOCTb G — &
HeJMHeHHa, HO oOpaTHMa, TakK 4TO IpPH pasrpy3ke 3aBHCHMOCTb
0 —¢€ ujer no ToH ke KpuBoH. Hanmpumep, npu pacrsakeHHH pe3H-
HOBOrO LIHYpa 3aBHCHMOCTb ¢ — & H306paxaercs S-o6pa3HOfl KpH-
BOH, NpHYEM NpOLeCC Pa3rpy3xkH cjedyeT NPHGINU3HTENbHO MO TOH
XKe caMoi KPUBOH.

Takum o6pa3oM, NMPHUXOAHM K BBIBOAY, YTO 3ajauy MO ompeje-
JIEHHIO HanpsiXKeHUH NMPH yNpyro-njaacrtuyeckoi mAedopMalHH MOXKHO
paccMaTpHBaTh KaK YacCTHYIO 3aflauy IO OnpeleeHHIO HalpsiKeHUH
TpH yNpyrux nepopMmauusx, COpaBelJIUBYIO TaKxke INPH YIpYyro-
NJIaCTHYEeCKOM Harpy»KeHHH MaTepHaJa, Koraia MOLyJb YNpyroctd —
nepeMeHHasi BeJIMYHHA KaK M0 CEYEeHHIO, TaK H B IIpoliecce Harpy-
XKeHHst MaTepuaia. CieqoBaTesibHO, MO 3THM YPaBHEHHAM MOKHO
pellaTh 3ajJayd MO ONpelNeJEHHIO HaNpsDKeHHH NMPH yNpyro-miacTH-
yecKHX JedopMauHusXx.

! TlonsTHe 06 aKkTHBHOM M naccuBHON jedopmaunu BBegeHo A. A. Hibio-
WIHHBIM,
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JIlo6y10 3aBHCHMOCTh MeX/1y HamnpsixkeHHeM u medopmauwueir Bo
BpPeMeHH MOXHO 11pe/ICTaBHTb B BHJE

rae Ei:) — nepemennasi Qpynkuus, 3aBHCSILAsT OT CBOHCTB MaTepHa-
Jla, BPEMEHH Harpy:KeHusl, TeMIepaTypbl MCIOBLITAHUS, BEJTHYHHBI
nedopMmaluuu H ApYrux ¢akropos. [1o3TOMy moxcraBiasis B ypaBHe-
Hue (43) 3HaueHHe o H & H3 ypaBHeHHi (1)—(4), MOXKHO MOJYYHTH
(GopMyJibl, YYHTHIBAIOLIHE JI060€ YNPOYHEHHE ¥ Pa3yNpOYHEeHHe Ma-
TepHnaJsa. TakoBo ofliee pelieHHe 3aT2YH.

I'pado-aHannTHYECKHiT MeTOX BBIMHCICHHS HAMPSIKEHUH M Je-
¢opmauuit. PaccMOTpHM MeTOIMKY pelleHHs 3ajauH, KOrAa ¢ H &
3ajalorcs rpadukamu. B 3ToM ciyyae 3amaua no omnpemesieHHIO
HanpsixkeHH# H JRedopMmaluii pelllaeTcss NPUOGIHNKEHHO, C JIIOOOM
TOYHOCTBIO.

Pa36epeM rpacdo-aHalHTHYECKHII METON Ha TNpHUMepe.

Ipumep. Bryaku nuamerpom D=40 mm u d=36 mm 3ampeccoBannl B aGco-
JIIOTHO KEeCTKYI0 MeTalIHYecKylo 060fiMy c HataroM H=1l mm. BTyixku H3roros-
JieHbl M3 KalnpoHa, MOJHKanpoJaKTaMa U MOJHaMHIHONA cMosisl Mapku I1-68. dwna-
rpaMmbl 1eOpPMHPOBaHHSA 3THX MarepHanoB (f=21°C u ckopocTb HarpyXeHus
| mm/mun [3]) npu cxatum npmBeleHpl Ha puc. 5. Heo6xoluMo onpenesnnts TaH-
reHUHaJbHblE HaNpSXKEHHsT G; M BEJHYMHY [aBJIEHHS IIOCJe 3aMpeccOBKH BTYJOK.

1. OnpenensieM HanGONLIIYIO H HAHMEHBIUYIO OTHOCHTENbHBIE JedopMauHu:

H 1
=== 0,0278;
€max d 36
H 1
in = — = ——=0,0250.
€min d 40

2. OTkaanbiBaeM Ha ocH a6cuuce (CM. pHC. 5) 3HAYEHHST €max M Emin. U3
HaifileHHBIX TOYeK BOCCTaHABJHBAaeM NEepPNEeHAHKYJIAPEL A0 IlepeceyeHuss ¢ COOT-
BETCTBYIOLIHMH KPUBBIMA G H €.

B Toukax mepeceueHHs] HAXOAUM:

1) Anst KanpoHoBOM BTYJAKH (Touxu I K 2)

O max = 208 kl/cm?;
O min = 187 kl'/cm?;
2) AAS MOMUKANPOJIaKTaMOBOM BTY/NRH (ToukH 3 M 4)
O¢ max = 199 kl/cu?;
¢ min = 196 kI'/cn?;
3) s BTYJKH H3 TonAaMHAHON cMmomsr Maprm I1-68 (Touku 5 u 6)
¢ max = 448 kIl [cm?;
O¢ min = 410 x/cm2.
3. JlaBneHue MeXIYy BTY.IKOH H COnpsAraeMo#f XeTa.Tbio:

1) nns KanpoHOBOif BTYJIKH

— d D 36 40
Py = G4 max’D—mT = Of max _46—]’“? =19,7 «l'/cu?;
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. 2) AJs MOJHKANpOJaKTaMOBON BTYJIKH:

- 36 40
Pb =4—01n '-3'6—0; max = 18,8 xI'/cu?;

3) AJS BTYJKH W3 NOJHAMHAHON cMoubl T1-68

- 36 40
Po =z)—1n —3—6—=gmax=42,3 klfem?.

AHaJMTHYECKHi1 MeTOJ, BBIYHCJIEHHs] HanpsiKeHud U aedopmManui.
B Tex cayuasix, Koria AuarpaMmbl AeOpPMHPOBaHHsI Marepuala
MOTyT OBITb BBIPAXXEHHI B BHJE aHAJUTH- o
YeCKHX 3aBHCHMOCTEN MeXIy O H €, 3afayH /
N0 onpele/eHHI0 HanpsKeHHH u Jedopma-
UMl pewmialoTcsi C HCMOJIb30BaHHEM (GOPMYT gpp

J1s-3T0ro HOCTAaTOYHO Nofo6paTh aHa- !
JUTHYECKOe Bbipa)KeHHe IJIS MOLYJs ympy- &40 /

TOCTH.

Tax, nanpiMmep, oJsl NoJHKanpoJjakrama i
npH BeJuuHHax JdedopMaluH, MeHbIIHX 300 J
£=0,04, MOXHO ¢ TOYHOCTbIO 5Y HNPHUHATH /

(puc. 6) 200
E=[1—8,2777¢] 19931.  (44) /

/
O6uiuit BUA opmysbl MOAYJsl YNPYro- g ,/
cTH mpu AehOpMHPOBAHHH 3a TpeReJoM /

NPOTMOPIHOHANBHOCTH B TOM CJyyae, eCJH
3aBHCHMOCTb MEXAY HampsiKeHHSIMH H mJe- 0
dbopmauuamu MoxeT OBITb BHIpaXKeHa MOJIH-

Q02 004 €%

HOMOM n-# cTemneHu, Oyner Puc. 6. Iluarpamma jge-
_ 2 , (bopMHpPOBaHHA TNOJIHKaM-
E=A+ Be+ Ce? +... (45) ponakTama:
] — pacueTHast KpHBas;
Ecau orpanwuntbcsi NEpBHIMM  IBYMSA 2 DrconepHMeRT LAY
yjleHaMH BbIpaxkeHus ¢opmyasl (45), To KDUBAS

¢dopmysa ynpoiaercs:
E=(l +ag)A, (46)

rme a= — ~
pit ik

IlpennoxkeHHbli B cTaTbe METOJ IO3BOJISIET HCCJEXOBaTh Hamps-
JKeHHoe H 1edOpMHPOBAHHOE COCTOSIHMS KaK KOMIO3HIHOHHBIX H
OHOPOJHBIX KOJIell, BTYJIOK H LHJIHHAPOB, TaK H KPHBbIX CTepXKHeM.

Hcnoabsyemass B crartbe (opma 3amucd (OpPMyJ He TOJbKO
ynpoulaeT NporpaMMHpOBaHHe NOCTABJEHHOH 3aflauM Il pelleHHs
ee Ha 3JeKTPOHHO-cueTHOH MamuHe [3], HO M mo3BoasieT Gonee
TOYHO YYecTb JJIsi KPHBBIX CTepXKHelH cMellleHue HeHTpaJbHOH OCH B
npolecce NOJ3y4ecTH MarepHaJa.
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ABPAMOB B. B., MUXAHJIOB I1. A.,
KHPEEB A. A., MAJIBILIEB 1. H.,
AYIIJIEHKO 10. B., ®YPMAH B. M.

u TETEPHH TI. B.

KOMMO3ULIMOHHBIE BTYJIKM :KAK CPEACTBO NOBLILUEHUSA
HAOEXXHOCTM U AONTOBEYHOCTM

[Tnactmacchl WIHPOKO NPHUMEHSIIOTCS B MAIUMHOCTPOEHHH MJs
M3TOTOBJIEHHS! BTYJOK NMOALIMNHHMKOB. BTY/IKM MONUIMNHHAKOB COEIH-
HAIOTCSL C MeTa/VIMYeCKHMMH [eTasIsiIMH 3aNpeccOBKOH € 3aZaHHBIM
HaTSAroM.

YcraHoB/eHO, YTO DaKTOPbl BpEMEHH U TEMNEepaTyphbl CyLIeCTBEH-
HO BJIHSIIOT Ha MeXaHHYeCKHe CBOMCTBa IJacTMacc.

Ot noBbilIeHHsT TeMNEpaTypbl B NpolLecce KCIayaTalHH, MoJ3y-
YecTH MaTepHasla d peJlaKCallid HaNpsXKEeHHH CO BPeMeHeM YyMeHb-
IIaeTCsl HAaTAr M, CJef0BaTesbHO, 0cCaa6-
JISIeTCsl MPOYHOCTb COEAMHEHHsI JeTaseil H3

> naacTMacc ¥ MeTajia. :
\ Huxxe noka3saHo, YTO OTMeUEHHBIH HeLO-
e o CTaTOK MJacTMacc MOXeT OBIThb YCTpaHeH
<< /4

123
— vy H3rOTOBJICHHEM KOMMNO3HUHOHHBIX  BTYJIOK.
0 HanmeeHHoe COCTOsIHHE IOJIMHHbIX
_/ BTYJIOK H UHJHHAPOB OT TeMII€paTypHBIX

H MEeXaHHYeCKHX HArpy3oK NpH OTHOLIEHH-
X pagHycoB b <1,5 mMoxer GBITH HcCie-

Puc. 1. 1;;’;‘;‘;:““"0"““ JOBaHO ¢ MOMOWbI0 ypaBHenuit (1)—(4),
npuBeleHHbBIX B cratbe AGpamoBa B. B.
H Ap. Hacrosiuero c6opHuKa !,

t A6pamos B. B.,, Muxa#aos Tl. A, Kupees A. A.,, Maau-
wes II. H, Oynaenko 0. B. u Terepun I. B. HHxXenepHuit MeTon
pacueTa Ha NPOYHOCTb H NMOJ3YuecThb MJAACTMACCOBLHIX BTYJIOK.
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Jlasi ABYXCJOMHONM BTYJKH, H3rOTOBJNEHHOH M3 MarepuasloB A
u B (puc. 1), TeMnepaTypHble TaHTeHLHa/bHble HaNpPsiKeHHS NpPH

YCTaHOBHBIIEMCSI TelIOBOM peXXHMe OnpelensioTcss H3 YypaBHe-
uus [1, 2]:

E
Ot = (6, + el ] _le.s (1y
rae
ha s
jlﬁA IE 4 dy + 5. tBp Ep dy
0 hg
e = . @)

Ephy+ E(s—hy)
A6coniorHas cpenHsisi fepopmanys BTYJIOK

A=e“j:”. ©)

TakoBo oO6lllee pelieHHe 3aflayH, CHpaBelJIMBOe MJs JIOOLIX
3aKOHOB paclpefiejleHUsi TeMIepaTyp H JIOObIX CBOMCTB COCTaB-
JSIOLMX MaTepHaJoB.

B uactHoCcTH, eciM pacnpeieseHHe TeMIepaTyp MO TOJLIHHE
BTYJKH NOAYHHSAETCS JHHEHHOMY 3aKOHY

t= To—i/—
TO popMyna (2) npHHHMaeT BHL
To | EqhiaBa+ Ep (8 —13) Bp o
2s EphptEg(s—hy)

[ToncraBnsis 3nauenue e u3 ¢opMmyasl (4) B ypaBuenue (1),
noayyuM (popmyJsl AJsi ONpeleseHHs] TeMNepaTypPHLIX HampsiXKeHHH
B JABYXCJOHHBIX BTYJKax:

e =

_ E h%Bg+ Ep(s2—13)] EqTo

%a= [_m“L Eaha+Eg(S—F) |os(—p) (6}
E h%Ba+ Eg(s2—h4)] EpTo

%= [_2y53+ Ephs T Ep (5— g |25 (1—m ©

Jns caydasi, koria Ha JBYXCJOHHYIO BTYJKY AeHCTBYIOT TOJbKO
paBHOMEDHO pacnpeflejleHHble BHELIHHe pp W BHYTPEHHHE D, Padu-
anbHble [aBjeHHs, (GOpPMy/Ja TaHTEHUHANbHbIX HanpsokeHu# (18)
NpHHHMAET BHL

(Paa— pyb) E( 4p,

Oua, By = N 7y

b
r(EA =%+ Eg =)

0
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npH AefiCTBUH TOJbKO BHYTPEHHEH Harpy3KH
Pad E(4, p)

Oua, By = "o N C)
r{Egln—<4E;In—
( 4l a + B fo)
NpH JeHCTBHH BHEUIHHX HArpy30K
Pob E(4 g
Oua, By = . O

b
r<5_4 =%t Ep 1n70—)

Tanrenuua/bHbie HaNPsKEHHsT B COCTaBJeHHON M3 MaTepHasoB A
H B BTyJKe npu uzBecTHOM HaTsire H=2Ar N0OCTaTOYHO TOYHO L1
JIPaKTHYECKHX PacyeTOB MOXKHO OHpeleNHTb u3 (opmy:

Ha BHYTPEHHel MOBEPXHOCTH BTYJIKH

04=""Eu; (10)
B TPanuyHOM cjoe MatepnanoB A u B
Ar . ‘
0y =" Ea; (11)
6, =2 Eg; (12)
To

Ha BHeLIHell MOBEPXHOCTH BTYJKH
Ar
05 =—E,. (13)

IlaBnenve MeXAy HABYXCNOHHOI BTYJKOH M compsraeMoH ne-
TaJ/bl0 MOXKHO ONpelesuTh o ¢popmyJe

a

ro To b
_IHT—I- O'Bmax_b—]rl—— .

o

(14)

3aMmensis B BbipaxkeHud (14) TaHreHUHaJbHble HaNpsKEHUS
0.4 max U Opmax HX 3HaueHusiMH U3 ypaBHenu#t (11) n (12), momyuum

Py = GAmax

— E E b
p,,=Ar[-roilnLa°-+—5”—1n70-] (15)
HJIH
H=— 22 —. (16)
A r B
T Gt g

Bausinne BpeMeHH M TeMNepaTypbl Ha H3MeHEeHHe HampsikKeH-
HOTO COCTOSIHHSI KOMIIO3HIIMOHHBIX BTYJOK, TaK XK€ KakK U OZHOPOX-
HBIX MOXeT OBIThb Yu4TeHO 3aBHCHMOCTAMH .(29)—(33), momelieH-
HBIMH B cratbe AGpamoBa B. B. u ap. Hacrosuero cGopHHKa 'l

1 CMm. cHocky Ha <rp. 186.
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Hpounmocrpupyem METOAHKY pacuyeTa KOMIIO3HLHOHHBIX BTYJOK

Ha npumepe.

Mpumep. [Oas HopManbHOM paGOTH BTYJKH JaBjieHHE Pp MEXAY BTYJIKOM
f1 TeIOM HOMXKHO GuiTh paBHo 10 xI'/cm®. OnpeleauTh HEOGXOLHMYIO BENHUHHY

HaTsra H npu 3anpeccoBKe BTYJKH.

BTynka usroroBneHa u3 mosukanposakraMa c¢ Ep=8-103 «kI'/cu®. Jlnamerp
coenuHeHua D=40 mm, TONIUHHA CTEeHKH BTYIKH S=4 ua. Onpelenutp HaTar
H TaHreHIHaJbHbE HaNPsIKEHHS, eC/H BTYJKa C TEeMH oKe lpa3MepaMH GYHeT co-
CTaB/ieHa M3 MOJHMKANpONaKTaMa M CTaju ¢ Moayhaem ynpyrocth E,=2-10° k[/cm?,

Tommuna cTaabHO¥H YacTH BTYAKH fe=1mm (puc. 2).

Pemenue.

1. OxHoponHas BTYJIKa.

Bennunny Hatsira H onpefensieM u3 (HOpPMYJInl
(16), Koropass a1 ONHOPOZHOTrO MaTepHasa TpPHHH-
MaeT BHJ

2pp 2.10

E b7 810 2
b a 2 " 1,6
=22,4-1073 cx = 0,224 un.

Tauresuuanbible  HanpskeHus [cM. ¢dopmyay
(9)] ans onHOpOXHON BTYJKH ONpPEAENSIOTCS H3 3a-

H =

BHOHMOCTH Puc. 2. KOMHO3HU.HOHH39I
b BTYJKa, OOCTaBJIeHHas
0" = ——pb——‘ . H3 TIOJIMKAIIPpOJIaKTaMa
b W CTaM
rin—
a

Ha BHyTpeHHeil MOBEPXHOCTH BTYJKH TaHTeHIHaJbHEle HaMpsKeHus

10.2
o =—Pb__ _ — 56,0 &I/cH?,

b
— ,l 61 —_—
aln , n1,6

4 Ha MOBEPXHOCTH KOHTAKTA

10.2
o= pbbb = 2 = 44,8 kl'Jcm?.
bln . n 16

2. KoMnosnnuonHas BTYJIKa.
Benuunny HaTsira onpefenisieM u3 Gopmyas (16):

2
H=— - Po - —
A o B
T Mg+ s
2.10
810° 1,0 2100 2,0 4,05-107% ex,
1,9 "1,67 20 1,
H = 0,004 nx
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EC.’]H He y‘”lTblBaTb COHPOTHBJleHHe MJAacTMAacCOBOH YacTH BTYJIKH, TO
. 2pb 2-10
~ E b = 2.10¢
b 2

=4,1-1074 ¢ = 0,0041 un,

I 2,0
n =
1,9

YTO OT/IMYAETCs OT HaTAra 15 KOMMO3HIMOHHOH BTyJaKM Bcero Ha 1,2%.
TaHreHUHa/ bHblE HAanpsiKeHUS NOJACYHTHBAalOTCA no ¢opmynam (10)—(13):
Ha BHyTpeHHeii TOBePXHOCTH ABYCJOHHOH BTYJIKH

H 4,05-10—3
O =g B — Ty BIP == L0 e
Ha NJIOCKOCTH cnafg CcTaJH U IJacTMAacCChl
H 4,05.10—3
—— = 2 8.10%.= 0,85 2
Ona don Ep, 38 ,89 «l'/em?,
H 4,05-10—3
Oy —— E, = — — 9,108 = — 202 xI/cm?;
°= a4, ot 38 wl/eu
Ha BHEIUHeil NOBePXHOCTH BTYJKH
H 4,05-10—3
0= Epm — o 9.106 = — 202 &['/cs.

D 40

H3noxeHHbIH pacyeTHbIi METOHN HCC/IENOBAaHHS HANpAXKEHHOro
COCTOSIHHSI BTYJIOK NPOBEPSICSI 3KCHEPHMEHTAJbHO Ha KOMIIO3HLH-
OHHBIX BTYJ/IKaX, COCTaBJeHHbIX M3 CTajJd M KampoHa. [as cpas-
HEHHsl 3KCIePHMEHTAJbHO MCCJEIO0BAJHCh H OLHOPOAHbIE KaMpOHO-
Bble BTYJIKH. FI3 3KcnepHMeHTa YCTaHOBJIEHO, YTO MOAYJb YIPYrOCTH
KanpoHa

Eypn = 1,7- 100,

OnHoponmHble KaNpOHOBbIE BTYJKH C TOJNIUHHON CTEHKH S=4 MM
n AauHoH [=38 MM 3anpeccoBLHIBaJHChb B MACCHBHblE CTajibHble
oGoiiMbl C BHYTpeHRHHM JauamerpoM Dg=37,64 MM, ¢ HayaJbHBIM
HarsroM Ho=0,377 um, npu Temneparype 20° C.

OKpY2KHOCTb BTYJKH pa3buBanach Ha 16 uacreil. B oTMeueHHbIX
No TOpLY TOYKax C MOMOLIbI0O BEPTHKAJbHOTO AJIHHOMEpa 3aMeps-
JIHCb HapYKHble AHaMeTpPhl IO 3alPeCCOBKH M cpa3y mocJje Bhlpec-
COBKH, IpH BblepXKKe BTYJOK B 3alPECCOBAHHOM COCTOSIHHH B Te-
yenne 10, 20, 30, 40, 50, 60 cyrok. Ha puc. 3,a npexmcraBieHbl
OCpefHeHHble 3KCIepHMeHTaJbHble NaHHble H3MEHEHHS] HapyIKHOro
nuaMerpa (HaTsara) Bo BpeMEHH.

PacueTHbli METOX HCCAeJOBaHHA M3MEHEHHS HalpsKEeHHOTo
COCTOSIHMSL BTYJKH BO BpeMeHH INPOMJJIOCTPUPYEM Ha IpHMepe
BbIIEPKKH KalpOHOBO#l BTY/JKH B 3alpeCCOBAHHOM COCTOSIHHH B Te-
yeHHe 10 cyToxk.

Npumep. HccrenyeM cHauasa MCXOAHOE HANpsKEHHOE COCTOSIHHE 3ampecco-
BaHHOji ¢ HatsaroM Ho= —0,377 mm KanpOHOBOA BXKYJIKH:
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lIECl)OPMaI.lH!O HAPYKHBbIX BOJIOKOH

Hy 0,377
ihn=—"=——""—"=—10-1073;
fomin="p 37,64
HanpsiKeHHe [B HApPYXKHbIX BOJIOKHaX
O min = €0 min En, = — 10-1073.1,7.108 = — 170 «I"/cm?;
llaBJileHHe MeXJy NJIAacTMacCOBON BTYJNKOH H MeTa/JIHyecKofi 060AMOii
- D 37,64
= i —=—170 — — — 42,5 k['/cm?.
Po b = Og min In P In 29 3 42,5 kl'fem

?

Hanpmxenﬂoe cocTosiHMe BTYJKH uepes T=10 cyTox mocJje 3anpeccOBKH Npu
{=20°C:

TaHreHUHa/bHBe NANDSIKEHHS B NOBEPXHOCTHBIX BOJOKHAX MO dopmyse (29).
npusenenHoil B pa6ote A6pamosa B. B. u 1p.!,

Omin 170
010 min = 1,67'0’2 = — 1,6-100'2 = —67,1 k'/cu?;
JaBJleHHe MeXAY BTYJKOH H TeJOM
- Pob 42,5
Piob =" 6;‘0'2 == 761002 — 16,7 kl'/cu2;
ocTraBluascs ynpyras aedopManHs HapyXKHBIX BOJIOKOH
J10 min 67,1
in= =— = —39,4-1074;
€10 min E 1,7-10¢

HaTHr
H1o = €10 min Do = — 39,4-10—4.37,64 = — 148.10—3 ux.

AHalOTHYHO HCCTENOBAJNOCh HANpPsI)KEHHOE COCTOSIHHE BTYJIKH,
Haxopsillefics B 3aNpecCOBAaHHOM COCTOsSiHHH B TedeHue T =20, 30,
40, 50, 60 cyrok. Ha puc. 3,a nokasano pacueTHoe H3MeHEHHe Ha-
TAra OT BPEMEHH.

Komno3uuuonHble BTYJAKH (cM. /pHC. 1) 3ampeccoBbIBalHCh C
HaTsiroM Ho=—4-10"3 cx B MeTalnuyeckue 0GOHMBI C BHYTPEHHHM
aunamerpom Do=38,5 mm. BHyTpeHHHN OuameTp KOMMO3HLHOHHOI
BTYJNKH d =32 MM, TOJIIMHA CTaJbHON YacTH A.=1 Ma, OJauHA BTYJ-
Ku [=38 mm. DKcnepuMeHTaJbHbIE HOCTEI0BAHUS 'KOMIO3HNIHOHHBIX
¥ KaOpOHOBBIX BTYJOK aHaJOrHuyHbl. Pe3dyjabraTel 3KcnepHMeHTa
JIBYXCJOHHBIX [BTYJIOK ([IpuBemxeHbl Ha puc. 3, 6. CnjoumHol JuHuel
1I0Ka3aHO pacueTHOe H3MeHeHHe HATAra BO BpeMeHH, ONpefesleHHOe
no ¢opmvie .(16).

npumep Onpenemm H3MEHEHHe HaTAra IpH BbHIIEPXKKe KOMITO3HIXHOHHOM
BTYJIKH B 3alIPeCCOBAHHOM COCTOSIHHM B TeueHHe T =10 cyToK.

BansiHHe BpeMeHH HarpyKeHHsi Ha MOAYJb YNPYrOCTH KamnpoHa ONpeAenHM
13 (opmyanl (29), npuBenenHoii B paGore AGpamosa B. B. [1]:

Exan 1,7-10%
1,67°2 — 1,6.100:2

Exan = =0,67-104.

! CM. cHOCKy Ha cTp. 186.
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Monyab ynpyrocTi craju 1O BpeMeHH He H3MeHseTcs. JlaBieHne MeXay
BTYJAKOH 1 oGoiimoit yepes T=10 cyTok onpenenum us cdopmyan (15), 3amenss
MOJYJb YNPYTocTH AJs KanpoHa Ex,, uepe3 Monynb E'ggp:

Eem 1o Etltan b
Prop =A4r Y m_a-+Tl"—r: _
2.108 1,6 0.67-1060 1.925
=—210_3 I it A ’ 1,940 =_1659 r 2.
[ 1,6 15+ 1,925 In 1,6] ,9 kT fea
OcraBuuiicss HaTAr onpefenuM u3 ypaBHenus (16):
2
H= 5 Pot;f — =
T
_Lln_0+ L2 L
To a b re
—2-165,9

_ = —39,5.10—% ca.
2100 1,6 1,7.100 1,995 - e

76 "5t 1o M

AHaJIOPHYHO ONpefleIsinCh M3MeHeHHs1 Hatsara # mas T=20, 30 ,40, 50, 60,
70, 80 cyTOK; pe3yJabTaThl pacuera NpeAcTaBJeHH Ha pHc. 3, 6.

47 4D
Al]o. Aﬂa q ,
a8 10 :
N a9 ‘J' $

0 10 20 30 40 50 60Tcymau
a6

0)
a4 Puc. 3. 3aBucHMOCTb H3MekeHMs Ha-
TdAra OT BpEMEHH:

a2 a — KanpoHOBOR BTYJNKH; 6 — KOMMO3HIHOH-
0w 20 30 40 T[,'yﬂ"fll HOR  BTYJKH, co;‘ra;:;l-:{ﬂon H3 Kanpora

AHnanu3upysi pesyJbTaThl pPacyeTOB, BHIMOJHEHHBIX B NpHMepe,
M 3KCNIepHMEHTa/bHble HaHable, NPHXOAHM K cJelyOLINM NPaKTH-
YECKHM BBIBOJAM:

1. KoMno3uuuoHHble BTYJIKH, COCTaBJ€eHHbIe H3 MeTaJlla U MJacT-
Macc, MO3BOJSIOT 3HauuTeNbHO (B 50 pa3 u Gojee) YMEHBIIHTH
MeXaHHYeCKHe H TeMIepaTypHble HampsXeHHss B mJacTMmacce, a
TakKXe NPaKTHYECKH YCTPAaHHTb BJHSIHHE MOBLILIEHHS TeMIepaTyphl
Ha M3MEeHEeHHe HaTAra NpH 3KCIIyaTalHH.

2. CunoBble pacueTbl MOXKHO BBINOJHATB C JOCTAaTOYHOH TOYHO-
CTBIO, YUYUTBIBasi TOJNBKO METaJIJIMYeCKyl0 OCHOBY KOMIO3HIIHOHHOM
BTYJIKH.

[Ipennaraemble BTYJKH HOJI2KHBI CJAYXHTb 3HAQUHTEJbHO HOJbIIE,
He M3MeHsIsl CBOMX 3KCHJIyaTaLlMOHHBLIX NAapaMeTPoB.
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PE®EPATHI CTATEH
YIK. 629.113.001.3+4629.113.073.001.42

HekoTopble 0cOGEHHOCTH KOHCTPYKUHH H Pe3yJbTaThl MCABITAHHI Ha NPOXO-
auMocTh aBTomoOuas 3A3-969. Uepemauwos M. M, Cremenko B. I,
HTTonomMugos A, M. «Pacuer, KOHCTPYHPOBaHHeE i HCCJeXOBaHHE aBTOMOOHJIS
«3anopoxen». M., «<MaiunocTpoenue», 1969, 3—9.

OnHcaHbl KOHCTPYKTHBHEle OCOGEHHOCTH aBTOMOGHJsi TNOBbLILEHHO{i NPOXO-
aumoctH 3A3-969, x NPOH3BOACTBY KOTOPOro NPHCTYnHJa JIYUKHii MalWHHOCTPOH-
TeJbHBIl 3aBOJA; NMPHBOAMTCH €ro TeXHHYECKas XapaKTepHCTHKa

TpusoasTcst pe3yJAbTaThl MCMBITaHHA aBTOMOGHJIA B YCJHOBHAX TECUYAHBIX
NycTHHb M Ge3nopoxbs. ComocraBjseTcs NPOXOAWMOCTh aBToMo6uas 3A3-969 c
npoxonumoctsio YA3-69 n Ulredtep-ITyx. Ta6a. 3, uaa. 3.

YIOK. 629.113.027 : 629.113.071.53.001.1

O BbiGOpe PaUHOHAJLHOrQ PacnpefeJeHHusi Beca aBTOMOGHJASI Mo ocAM ¢ npH-
BOJoM Ha mepeinHue Kojeca. Tonomunos AL M, Cremenko B. [1, BpH-
aes B. B. u Kosuper B. ®. «Pacuer, KOHCTPYHPOBaHHe H HCC/Ie[0OBaHUE
aBToMoGuasi «3anopoxen». M., «MamnHocrpoeHne», 1969, 9—21.

[MpuBoAMTCS aHAJH3 Pa3BHTHS PAa3/IMYHBIX KOMMOHOBOYHBIX CXeM BbiMyCKae-
MbIX aBTOMOGHJeH W AMHAMHKa MX pocta. OnmHcaHel NMpeHMyLIeCTBa M HENOCTATKH
aBTOMOGHJISI ¢ NIPUBOAOM Ha NepelHHe yNpaBiseMmble Kojeca. JlaHbl pacueTHbie
H 3KCIEepHMEHTaJIbHble 3aBHCHMOCTH MaKCHMAaJbHOTO yria noibeMa Aias aBTOMO-
6useit ¢ mepelHHMH H 3aAHHMH BelyLIMMH KOJEeCaMH B 3aBHCHMOCTH OT 3KCMepH-
MeHTaJbHBIX (akTOpoB (@ W f) W paclpelelleHHs Beca aBTOMOGHJA MO OCAM.

HccnenoBansl BONPOCH YNPaBJIsieMOCTH W YCTOAYHBOCTH aBTOMOGHJs C TMpH-
BOJOM Ha NepelHHe Belyllue W ynpabjseMble Kojeca W JJs aBTOMOOHJel ¢ 3aA-
HHMH BeLyLIMMH KoJecamMH. M3MeHsiiHch pafiHyc MOBOPOTA, CKOPOCTb [BHIKEHHS
H pacrnpeie/eHHe Beca aBTOMOGUJsS no ocsiM. IIpHBOAsATCA CPaBHHTE/bHEIE HCHHI-
TaHUSi aBTOMOOHWJEH pa3NMYHBLIX KOMIIOHOBOK. Ta6n. 3, 6uGa. || Hass., war 7.

YIK. 629.113.001.1 : 629.113.075

HekoTopnie Bonpocs TEOpHHM MOBOPOTa JErKoBBIX aBTOMOGHJEHi Tuna «3ano-
poxeus. FomoMugos A. M. «Pacuer, KOHCTpPYUPOBaHHE H HCCJIeFOBaHHS
aBToMobunst «3anopoxen». M., «MaumHocTpoenune», 1969, 21—29.

PaccMoTpeHsl 0cOGEHHOCTH NOBOPOTOB aBTOMOGHJefl ¢ NPHBOAOM Ha Tepel-
HHe KoJieca; onpejesieHbl GOKOBble M TaHTeHUHaJbHble PeaKuHH, AeHCTBYOIIHe HA
KoJleca aBTOMOOGHJS.

Ha ocHoBaHMH TNpOBeNEHHBLIX DAacyeToB NOJYYyeHnl HOMOTPAaMMHI [js Ofpe-
NleJIeHUS] «KPUTHUECKHX» CKOPOCTell [BHXKEHHsi Ha MOBOpOTe MJIS aBTOMOGHJef C
NPHBOIOM Ha NepeflHHe U 3afHHe Koaeca. U 6.

YIK. 629.113.001.57

Hccaenosanne aspoaHHAMHYECKHX XapPaKTEPUCTHK Pa3JMUHBIX MOJENEH aBTO-
MoGuaeit «3amopoxeu» M KOHCTPYKHUMS HX BO3AyXONpHTOKOB. Bacce p-
mMman I M, HeueB B. U. u Oabsk B. JI. «Pacuer, KoHCTpyHpOBaHHe H
uccjefoBaHue aBTOMOGU/ «3anopoxeu». M., «MamuHocrpoenne», 1969, 30—55. -

B ‘craTbe NpPHUBOAMTCS MeTONHMKA MCCIENOBaHHs MojeJefr aBroMoGiuteii 3A3
B aspoAuHaMuueckoit Tpy6e 3MU um. B. 5. Uy6aps.

Pe3yabTaThl ONBITOB HAOT BO3MOXKHOCTH PAllHOHAJbHO BHIGMpATh MecTa pac-
MOJIOXKEeHNs BO3LYXONPHEMHHKOB, uyepe3 KOTODHe BO3AYX NOCTYMaeT B MOTOPHbI
OTCeK aBTOMOGHJIA.

HcnbiTanus BO3NYXONPHTOKOB B HATYPAJbHYIO BeJHUHHY B a3POLXHHAMHYECKOH
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TpyGe NO3BOAAIOT HalTH HaHGOJMee KayeCTBEHHYIO MX KOHCTPYKUHIO C TOYKH 3pe-
HHSl TIOJly4eHHS MAKCMMaJbHOTO KOJIHYeCTBAa BO3/lyXa /[Js OXJaxKIeHHs [BHraTe-
as. Ta6a. 1, 6u6a. |1 nass., uaa. 16.

YIOK. 629.113.011.6 : 539.4.001 |

TNpu6anXeHHblii MeTON pacyeTa Ha MPOYHOCTb H 2KECTKOCTh JAeTajefi Ky3oBa
JerkoBbix asToMoGuaeil, AGpamMos B. B, Tounkonor A. B, Cumkos A, U,
ABepun . B, Terepuu . B, Bopucenko U.T. u lNloaroponeu-
Kuii A. 3. «Pacuer, KOHCTPYHpOBaHHe M HCCIe/lOBaHHe aBTOMOGHJs «3amnopo-
Keu». M., kMawmusocrpoenune», 1969, 56—70.

B cratbe npeasioxxen npuGJHKEHHBI METOJl pacyeTa Ha NPOYHOCTb H JKECT-
KOCTb IUTAaMNOBAaHHLIX JeTajell aBToMOGUAs «3anopoxel», C NOMOLIbI0O 3TOro Me-
TOAAa BBINOJHEHbl pacueThl AJsl 3afAHEro M Iepe/lHero ImoJja, CTEHKH MOTOPHOro
orceka. B nmaHHOH cTaThe MeToj MJVIIOCTPHPYETCS Ha NpHMepe pacyera 3aJHEro
noja aBToMoOuJas «3anmopoxeu», Ta6a. 3, 6u6a. 3 nass., uai 10,

YIK. 629.113.011.6 : 621.7.011 :

Jonyckaemble HanpsikeHus W aeopMauMM IITAMNOBAHHBIX JETaJell M3 JHC-
ToBRIX crajeit 08kn u -Cr. 2kn. AGpamos B. B.,, Bopucenko U. T,
Toukonor A. B.,, Porosa TI. . u AneiinnkoBa E. H. «Pacuer,
KOHCTPYHPOBaHHe H HCcieJOBaHHe aBTOMOGHAs «3anopoxel». M., «Maunnocrpoe-
Huey, 1969, 70—79. - :

B cratee paccMaTpHBaeTcsi BJIHSIHHE CTelleHH CIVIOIIHOrO HakJela Ha CTaTH-
YeCKyl0 M YCTAaJOCTHYI0 NPOYHOCTh IUTAMMOBAHHHIX HeTaJeld u3 cTaad O8Km #
Cr.2xn. Ha npumepe paccMoTpeHHsi feraiu H3 craiau 08kn nokasaHa MeTOAHKA
onpelejieHdsi JONycKaeMbIX HanpsiKeHHit u Adedopmaumiti. Ta6n. 3, 6u6n. 4 Hass.,
uaa. 6.

YIK. 629.113.011.6 : 539.319

YMeHblleHHE KOHUEHTPAUHH HANpSIKEHHH, BO3HHKAIOWIHX B IITAMNOBAHHBIX
JleTanfx Ky3oBa NPH HM3roTOBJEHHH W 9KcmayaTtauuH. A6pamos B. B, Touko-
Hor A. B, Cumkos A. U, TIlanuenko A H. u Tetrepun TI. B.
«Pacuer, KOHCTpYHpOBaHHe H HcciellOBaHHe aBTOMOGHJs «3amopoxeu». M. «Ma-
WIHHOCTpOoeHue», 1969, 79—86.

B cratbe paccMaTpHBaeTcs ' KOHLUEHTDAlHA HampsixKeHHi B LITaMMOBAHHBIX
netansx aBTOMOGuJs. [Toka3aHo, yTo OAHUM u3 3((deKTHBHHX CNOcOGOB YyCTpa-
HeHMs] KOHUEHTPALMX HANpsIKeHHA ABJsSETCS KOHCTPYKTHBHOe O(QOpMJIeHHe omac-
HbIX YUaCTKOB pacCMaTpPHBaeMBIX JeTaJiefi B BHIe YNPYTHX 3JeMeHTOB, KOTODBIMH,
B UaCTHOCTH, MOTYT CAYXHTb ropps. Jana meToRMKa pacueTa AeTaJeil CJIOXKHOH
(hopMbI, OnacHble ceyeHHusi KOTOPHIX BHINMOJIHeHH! ¢ roppamu. Ta6a. 1, 6u6a. 3 Ha3B,,
. 10,

YIOK. 629.113.011.7 : 539.4.001.24

Pacuer naBepHbIX neTeln aBTOMOGMAS Ha MPOYHOCTb M KeCcTKOCTb. A G p a-
mMoB B. B.,, OBaecos . A, u JombsaHo C. JI. «Pacuer, XKOHCTpyH-
poBaHHe H HCCIe[OBaHHe aBTOMOOHJAs «3amopoxeu», M., «MaimHHOCTPOEHHE>,
1969, 86—93.

B crathe HaH CpPaBHHTeNbHbII aHAJH3 JKECTKOCTH M NPOYHOCTH NBEPHBIX Te-
Telb OTEYeCTBEHHBIX JIETKOBHIX aBTOMOOHJel «3amopoxen» 3A3-966, «IloGena»,
«Bousra», «Uaiika», «Mocksnu-407», F'A3-12 u 3WUJI-111. Ha ocHoBe 3TOro aHaiu-
3a, a TakXe TEOPETHYECKHX M IKCIIepHMEHTAJbHBIX HCCJeXOBaHHMH, NMPOBeAEeHHBIX
Ha Kadelpe CONPOTHBJEHHS MaTepHajoB 3aNOPOXKCKOro MAaUIHHOCTPOMTEbHOTO
uHcTHTyTa MM. B. §I. UyGaps, paspa6oraH MeTOx nmoaGopa HaleXKHLIX, IKOHOMHY-
HBIX pa3MepoB ABepHbIX mnereab, Ilpennaraercs rpaduk, npu nomouin KOTOPOro,
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Ha3HaulB pasMepbl MET/IH, MOXKHO ONpele/HTh BeJNHYHHY YNPYroro NpPOBHCAHHS
nBepu. Ta6a. 1., 6u6a. 2 nass., uaa. 3.

YIK. 629.113.011.6 : 621.98.002.

BbiGop JHCTOBOH CTaJH NpPU NMPOEKTHPOBAHMM M TEXHOJOTHYECKOM OCBOEHMH
WITaMNOBKH Ky30BHbIX petaner. Porosza I II. u Aneituukosa E H.
«Pacyer, KkoncTpynpoBaHHe M HCclelOBaHHe aBTOMOGHAs «3amopoxel». M.,
«MamHocTpoenue», 1969, 93—101.

B craThe paccmarpupaercs Bonmpoc o HaHGO/Mee PaUMOHANLHOM BhiGOpe JHCTO-
BOH aBTOMOGHJILHOH CTaJH B 3aBHCHMOCTH OT KOHQHI'YPAUHH M CJOXKHOCTH Bb-
TAXKKH JeTalell Ky30Ba, a TaKkXe NpeAbsiBiseMble TPe6OBaHHS K aBTOMOGUJIBHOMY
aucty. Ta6a. 1, 6u6a. 4 Ha3B., . D.

YK .629.113.011.5/.7 : 621.735.2 : 621.73.071

lNpoekTHpoBaHHe IWTAMNOB AJS THOKH HeTajell aBTOMOOHMJAA «3amopoxens.
A6pamos B. B, Bopucenko U. T, Jlesutaun B. A. u Herrtsa-
peB B. E. «PacueT, KOHCTPyEpOBaHHe H HCCJelOBaHHe aBTOMOGHJs «3amnopo-
xe». M., «MawunHocTpoennes, 1969, 101—110.

B cratbe paspaGoraH rpado-aHaJIMTHYECKHII MeTOX oOnpedeleHHs paGouHx
pasmepoB WTaMmMna Iy THOKH H3eNHii ¢ y4eTOM ynpyroil pasrpyskd MaTtepHaja
u3aenus.

[Noka3zaHo npuMeHeHHe MeTOJa Ha NpPHMepe pacyera ITamna AJas THOKH YCH-
JMUTeNsT KamoTa K aBTOMOGHJIO «3anopoxen» 3X3-965. Ta6a. 2, 6u6a. 2 HasB,,
i, 10.

YIOK. 629.113.012.13 : (539.4+<401.7») :

Onpenenense JMHAMHYECKOH NMPOYHOCTH M AOJrOBEYHOCTH MOJYOCEHi aBTOMO-
6uns. Kuuaes II. M, Orypuos B. U, Baccepmaun I. M. u Kowm-
pa3 P. B. «Pacuer, KOHCTpYHpPOBaHHe M MCCJIeLOBaHHe aBTOMOGHJs <«3amnopo-
xeu». M., «MaunHocTpoenue», 1969, 111—115.

Onpefientensl HampsiXeHHs B TOJYOCH aBTOMOGHJS NpH KPYTHAbHOM YyAape
BCJIEICTBHE PE3KOTO BKJIOUEHHSI CLEeTIeHHs.

ITonyyeHHble TeopeTHYECKHe 3HaYeHHsl HaNpsiKeHHEt G/M3KO. COBMAJalT CO
3HayeHHSIMH HanpsiKeHuM, MOJIYYEeHHBIMH SKCIepHMEHTasbHO. [IpubaHKeHHO onpe-
HleNleHa AOJIrOBEYHOCTb MOJNYOCH B LHKJAax. Buba. 1., uan. 2.

YIOK. 629.113.012.13.001.2 : «401.7»

Pacyer Ha NPOYHOCTb, TEXHOJOTHYECKHE H KOHCTPYKTHBHbIE NMYTH NOBLIIIEHHS
JOAroBeYHOCTH NJACTHHYaTOro TopcHoHa, A6pamos B. B, Kuuaes I[1. M,
Tetepuu I B, Ctemenko B.Il., Bytenko B. U,, Orypuos B. U,
Ye6orapes B. A, u Uecusax B. M. «Pacuer, KOHCTpypOBaHHe ¥ HCCJIEI0-
BaHHe aBTOMOOHMA k3amopoxeny. M., «MamuHoctpoenue», 1969, 116—144.

B craThe Ha OCHOBaHHM 3KCNEPHMEHTOB YTOYHSIETCSI MeTOJ pacyera MJaCTHH-
4aToOro TODCHOHA C YUeTOM HOPMAaJbHBIX M KacaTe/lbHbIX HanpsieHuit, [lpuBeneH
IIPOEKTHPOBOYHBIH pacyeT TOPCHOHA MO TMePeMEeHHBIM KacaTeJbHbIM HaNpsKeHHSM.
OKCNepUMEHTaNbHO HCCIEN0BAHO BJIHSAHHE Ha BBLIHOCIHBOCTb IJIACTHH TOPCHOHA
YHCTOTHl NMOBEPXHOCTH, TOJIIHHBI MJIACTHHBI, OGAYBKM TMOBEPXHOCTH NJIACTHHBI Y-
TYHHOM JpoG6bio, KOHCTPYKuuH niactiH, Ta6ma. 10, 6u6a. 2 Ha3B., wui. 25.

YIOK 629.113.012.(351/355) :629.113—585.862.001.1

Hccnenosanue Harpy3ouHbIX peXXHMOB B MPHBOAAX Ha BeAyllHe ynpasJiseMmbie
Koaeca aBTomMoOHias «3anopoxeu». Fomomunos A. M, Cremenko B. I,
Bpoaes B. B. u Kosnipes B. @, «Pacuer, KOHCTpyHpOBaHHe u HCCJe-
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noBaHHe aBTOMOOH/AS «3amopoxen». M. «MamuHocTpoenune», 1969, 144—149.
UccnenoBaHnl MpHBOABI Ha BelyllHe yNpaBJjsieMble KoJeca: NMPOCTON KaplaH-
Hblil MexaHu3M ['yka c cepuiiHO#i nosyoceio W Kapaar I'yka c ynpyroii nojyocblo.
Jano onucaHue KOHCTPYKUHH ynpyroii nosyocu. IIpHBOIMTCS aHa/H3 BJHS-
HHSl 7KECTKOCTH MOJYOCH H LIMHH Ha aMIVIHTYAY KoJeGaHHil KPYTSAIero MOMEHTa.
Hcxoms u3 pacueTHBHIX H SKCNEPHMEHTAJIbHHIX JaHHBIX BHIPaGOTaHb PEKOMEH-
ilaunn no BBIGOPY KECTKOCTH NpPHBOAA K BedylIHM YNpaBJseMBIM  KoJecaM.
a3

YIK. 1629.113.001.1 : 625.7.032.4+629.113.012..001.5 .

OueHKka NAABHOCTH XOJa M KOHCTPYKTHBHble OCOGEHHECTH MOJABECKH aBTOMO-
6ung 3A3-966. Tonomupgos A. M, Byteuko B. U. u Ctremenko B. I
«Pacuer, KOHCTPYHpOBaHHe H McCleOBaHHe aBTOMOOHAs «3anopoxens. M., «Ma-
mHHOCcTpOoeHHue», 1969, 150—156.

PaccMOTpeHB! KOHCTPYKTHBHBlE OCOGEHHOCTH NOABeCKH aBTOMOGHas 3A3-966,
NO3BOJIHBIIME MOJYYHTh YHOBJETBOPHTENbHYIO NJIaBHOCTL Xona, IlpuBomstcs pe-
3yJbTaThl HCC/IEJOBAHHI aBTOMOOHJS Ha NJABHOCTh B PAa3JjHYHbIX HAOPONKHBLIX
YCJIOBHSIX.

TlpuBoasATCs aMMIHTYAHO-YacTOTHble XAaPAaKTEPHCTHKH, MNOJy4YeHHble PacyeToM
M B pe3yJibTaTe NOPOKHHIX HCMbITaHHA. Bu6i. 1 Hass., uaa 6.

YIK. 678.06 : 62—762.001.5

TousocTs M3roTOBJNEHHs Aeraneii u3 kanpoHa, Muxafinos II. A, AGpa-
MmoB B. B, Maawmes [I. H, Aynaenko 0. B. u Kupees A, A
«Pacuer, KOHCTpYHpPOBaHHE M HCCJeNOBaHHe aBTOMOGMiIs «3anopoxeu», M., «Ma-
muHOCTpOeHHe», 1969, 157—163.

B crathe npuBeleHbl pe3yJbTaThl HMCCJIEHOBAHHi MO OMNpelefieHHI0 TOYHOCTH
M3roTOB/NEHUS H3[IeJHi, a TakikKe ONpeleleHbl (AaKTODPHI, BJHAOLUIHE Ha TOYHOCTD
H cTaGHJbHOCTD 'Pa3MepOB OTJIHBOK.

JlaloTcst 3aBHCHMOCTH BEJHYHH YCalKH M3NeNHH OT COCTOSIHHS HMCXOAHOrO
CHIPbsl. TEXHOJIOTHYECKOro OGOpYHOBaHHS, Ha KOTOPOM NPOH3BORMTCH TiepepaGoT-
Ka ChIpbsi B H3Jlel/iHe; TeOMeTpHYecKHX (OpM H3JeJHs, TeMNepaTyp pacmiaBa H
npeccHOpMBI.

B KOHWe CTaThH MRAlOTCS BHIBOALI M DEKOMEHIALHH AJs BbIGOPa ONTHMAJb-
HBIX DEXXHMOB Nepepa6oTKH chipbs B usAenne. Ua. 6.

YIK. 678.06 : 62—762 : 66.04

Bansinne TepMOOGPaGOTKH Ha PaGoOTOCNOCOGHOCTh KampOHOBBIX AeTalei.
Muxafiaos II. A, A6pamos B. B, Maawmmesn II. H, Hynnen-
ko 0. B.-u Kupeesn A. A. «Pacyer, KOHCTPYHPOBaHHe U HCCJIeLOBaHHe aB-
ToMOGHAs «3anopoxen», M., «MamnHocTpoenue», 1969, 163—173.

B cratbe npuBefieHbl rpadHKH A5 pacyeTa BpeMeHM Harpesa H3lenuil (B 3a-
BHCHMOCTII OT TOJIHMHBI CTEHKH) NpH TepMooGpaboTKe, MOKa3aHO BJHsSHHe PasJHy-
HBIX PEXHMOB TepMOOOpPaGOTKH Ha NMPOYHOCTHbIE CBOMCTBAa KamnpoHa.

Janel rpadHKH BOJIONOIVIOLIEHHS KamnpoHa B 3aBHCHMOCTH OT COAEpXKaHHA
HH3KOMOJIEKYJISIPHBIX (PpaKUHHA, CTeNeHH KPHCTA/UIHYHOCTH, BpeMeHH BbIIEPKKH,
TeMnepaTyphl BOAB H p23MepOB MOBEPXHOCTH HETaNH, a TaKXKe ypaBHeHHe, Xapak-
TepH3ylolliee H3MeHeHHe JIMHeHHBIX pa3MepOB H3Jenus npH aGcopGHPOBaHHK BOLBI
C Y4eTOM YKa3aHHBbIX Bhlle (aKTOpOB.

Tloka3aHo mNpeuMyllerTBO TepMOOGPAGOTKH H DPEKOMEHZOBAHBI peKHMBI, TNO-
BhILIAIOLLIle PaGOTOCMOCOGHOCTL KampoOHOBbIX AeTadefl. Ta6a. 3, 6u6a. 7 Hass.,
. 5.
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YIK. 678.027.94 : 539.4.001.24

HHXKeHepHbIli MeTOJ pacyera Ha NMPOYHOCTb M MOJ3YYECTh MMJACTMACCOBBIX.
Bryaok. AGpamos B. B, Muxaitnos Il. A, Kupees A. A, Maawu-
wes Il. H, Dynneuko 0. B. u Terepuu I. B. «Pacuer, KOHCTpyHpoO-
BaHHE ¥ HCCIefOBaHHE aBTOMOGHAs1 «3amopoxeu». M., «MalHHOCTPOEHHED,
1969, 173—185.

B crartbe mpennoxeH MeTOA pacyeTa ONTHMAJIbHBIX HATArOB MeXKAy OZHOPOI-
HbIMH H KOMIO3HIHOHHBIMI BTYJKaMH, UMIMHIPAMH, KOJbLAMH, NPHMEHsSEMbIMH B
aBTOMOGMJIbHOIT TPOMBILIJIEHHOCTH.

Tonyuenst ¢opmysbl pacuera Ne(OpMHPOBAHHOTO M HANpPSKEHHOTO COCTOfA-
HHMSl BTYJOK B 3aBHCHMOCTH OT BDEMEHH 3anpeccOBKH. PaccmarpuBaeMblii MeTOL
NpPHMEHHM ANS pelleHils 3a1ay NO ONpeleJEHHIO HANpsKeHHil Kak NpH YNpPYTHX,
TaK M ynpyro-niacTiHuyeckux Aedopmauusax, Buba. 3 nass., uai,

YK 678.027.94:669:<401.7»

KoMno3nuuosHbie BTYJKH Kak CPeACTBO MOBBIIIEHHS HAJAEXKHOCTH M J0JIrO-
reyHocth. AGpamos B. B, Muxaiinos I1. A, Kupees A. A, Maau-
wes H. H, HOynnenxko I0. B.,, j®ypman B. M. u Tetrepun I'. B.
«PacueT, KOHCTpyHpPOBaHHe M HOCCIelOBaHHe aBTOMOGHJsS ' «3amopoxew». M.,
«Mamnnocrpoerue», 1969, 186—192.

B cratbe HCCNENYIOTCSI KOMIO3HITHOHHBle BTYJKH, NpHMeHsieMble B aBTOMO-
GH/ILHON NPOMBIIJIEHHOCTH. YCTaHOBJEHO, YTO KOMMO3HIHOHHBle BTYJKH, COCTaB-
JIeHHble M3 MeTajlla M MJIacTMacc, MO3BOJIAIOT 3HAYHTEJIbHO YMEHBIUHTb MeXaHuye-
CKHe M TeMNepaTypHble HAaNpsiXKeHHs1 B IUIacTMacce M TNpPAKTHYECKH YCTPaHHTL.
B/MSIHHE TIOBLILIEHHS TeMMEpaTyphl NpPH SKCNAyaTauWH Ha HaMeHeHHe HaTAara.
Bu6a. 2 nass., naa. 3.



COAEPH(AHME

OBIAS KOMMOHOBKA H TEXHHYECKASI XAPAKTEPHCTHKA
ABTOMOBHJIS «3ANMOPO)KEL»

Yepenatos ‘H. M., Crewenko B. II. u I'osomudos A. M. Hekotoprle oco-
GeHHOCTH Koncrpyxunu M pe3yibTaThl HCMBITAHHII Ha TIPOXOXHMOCTb
aBToMoGuas 3A3-969

Toromudos A. M., Crewenko B. 17 prmea ‘B. B. u Kosbzpee B. ®.
O BbIGOpe paLHOHAJIBLHOIO pacnpeneneﬂuﬂ Beca aBTOMOGHJA TO
ociM C NpHBOJOM Ha NepefHHe KoJjeca

losomudos A. M. Hekoropbie BONMPOCH TeEOPHH l'lOBOpOTa JIErKOBbIX aBTO-
MoGHseit THma «3amopoxeu» .

Baccepman I'. M.. Hewes B. H.n Oavax B. JI. Viccaenosanne aapouHHa-
MHUYECKHX XapaKTEPHCTHK DPa3JIMMHBIX MoJe/iel aBTomoGHnen «3aro-
poxel» M KOHCTPYKUHA HX BO3LYXONPHTOKOB .o

HCCJIELOBAHHE NMPOYHOCTH H )XECTKOCTH 3JIEMEHTOB
KY30BA JIETKOBBIX ABTOMOBHJIER

Aé6pamos B. B., Tonxonoz A. \B., Cumxos A. H., ‘Aeepun TI. B.,” Tere-
pun I'. B.,'‘Bopucenko H. I'. u ITodzopodeyruii A. 3. npﬂﬁJl‘H)KeH-
HbIi METOJ pacyeTa Ha MPOYHOCTb M KECTKOCTb JeTaJell Ky3oBa Jier-
KOBBIX aBTOMOOHMJe# . .

Ab6pamos B. B., bopucenko H. I., Tonkonoz A. B., Pozosa T. X., Aneis-
HUKOBq E. H. Qlonycxaemue HaNpsXKCHHA U nepopMaLHH LITaMIMo-
BaHHBIX AeTajefl 3 JjucroBhHX crajed 08km u Cr. 2km. .

Aé6pamos B. B., Tonkornoe A. B., Cumxos A. E. u Ilaruenxo A. H. YMenb-
LIeHHe Kouueﬂrpaunu HanpsiKeHH#, BO3HHKAIOIINX B LITaMMNOBAaHHBIX
JeTajsiXx Ky3oBa NPH H3TOTOBJIEHHH M SKCIVIyaTauHH . . .

Ab6pamos B. B., Osanecos I A. u [Homeano C. JI. Pacuer }IBeprlX
nerejb aBTOMOGH/S Ha NPOYHOCTb H IKECTKOCThb

Poeoza I'. JI. u Auseiinukosa E. H. BniGop JHCTOBOI CTaflH npn npoex‘m-
POBaHHH M  TEXHOJIOTHYECKOM OCBOEHHH IUTaMMOBKH  Ky30BHBIX
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