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NPEANCIIOBUE

B pewenun nocrasnennolt XXVI cvespom KIICC samaun
JanbHeHIero yayylueHuss KayeCTBa H YBENHYEHHA BBbITYCKa 3KO-
HOMHUYHBIX BHJOB MpoKaTa 0O0/bllIOe 3HAaYeHHE HMMEeT pacuiupe-
HHe coOpTaMeHTa COPTOBOTrO mpokata, Kotopuifl ¢ 1960 r. o6uoB/eH
Ha 40 % npu ysennueHuu obuiero uncaa npobuiaeH Gojee ueMm B
1,5 pasa.

Paciivpent#e copraMeHTa 3a MocaeiHHe FOAbl NPOHCXOAHJIO
[12] 3a cuer npousBoncTBa HOBBIX mpoduiel OTPACAEBOro Ha3Ha-
YeHHSA, [PHMEHsIEMbIX B OTHOCHTEIBHO HeOOJIBLIHX KOJHYeCTBax
AJIS KOHKPeTHBIX MalllH, MEXaHH3MOB H coopyxxeHHH. [Ipumene-
HHe TaKuX Mpoguseil BO3POCJAO B aBTOMOGHJDBHON NPOMBILIEH-
HOCTH B 2 pasa, B TPAaKTOPHOM H CeJIbCKOX035HCTBEHHOM MALLHHO-
CTPOCHHH — B 2,8, B CTPOHTE/NBHOM, NOPOXKHOM H KOMMYHAaJbHOM
MalIHHOCTPOEHUH — B 3, B CYAOCTPOeHHH — B 1,5, B TAKE/IOM H
TPAHCNIOPTHOM MAalLUHHOCTPOEHHH — B 2 pasa.

B nacrosiiee Bpemsi uepHasi Meradsyprus Npou3BOLMT Gosee
5000 npodnnepasmepos, B Tom uucae Gonee 2000 npoduiepasme-
pOB mpoxara OTpPacJsieBOr0 Ha3HAYEHHA.

HHTeHcHBHOe pasBuTHE HAPOAHOPO XO3AHCTBA [I0CTOSTHHO yBe-
JINYHBaeT NOTPeGHOCTh B HOBBIX MPOQHJIAX OTPACHEBOrO Has3Ha-
YeHHs.

Hapsny ¢ pacwupennem copramenTta MeTau1onpokara, ahgex-
THBHBIM CPEIACTBOM 3KOHOMHH YepHBIX MeTa/jJyIOB MpPH HCIOJAb30-
BaHHH HMX VI U3rOTOBJEHHA JeTanell MallMH M MeXaHH3MOB, a
TAKXKE CHHXKEHHH 3arpal BPEMeHH H TpyJa Ha H3IOTOBJEHHE
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METAJIOU3NGNHT SIBJAAETCA LHPOKOE HCIIONb30BAHHE COPTOBRIX H
(paconnbix npoduaeil BLICOKOH TOUHOCTH, OJYYaEMbIX Pa3IHYHbI-
MH MeTOAaMH 06pabOTKH MEeTaNJOB JABJEHHEM.

[Tpodrnn BLICOKOH TOYHOCTH 1O pagMepaM H KAUeCTBY NOBEPX-
HOCTH COOTBETCTBYIOT HJIM B MaKCUMaJbHOH CTeNeHH NpubJ/HKa-
JIOTCA K COOTBETCTBYIOLIHUM XapaKTepHCTHKAaM TOTOBBIX AeTasell Ma-
LIHH H MEXAHH3MOB, a8 HX HCIIOJIb30BAHHE B MALHUMHOCTPOEHHH H ApY-
FHX OTpac/JfX HapOAHOTO XO3AMCTBA CBOAMT K MMHMMYyMY onepa-
(HH 10 MexaHHuecko# obpaboTke Meranna pesaHueM. [Ipu stom
Ko3(hhHIMEHT UCOoNb30BaHHA MeTassa nossiwaeres ¢ 0, 30—0,65
1o 0,85—0,95, cHUKaeTca pPacXoj NOPOTOCTOSALIETO HHCTPYMEHTA,
BbICBOOOKAA€TCA GOMbIIOR NapK METAaNIODEKYLIHX CTAaHKOB, a
TaKXkKe YBEJAHUH34eTCA HANCXKHOCTb U LONTOBEUHOCTh MALIHH BCAE:
CTBHE MMOBbiLIEHHA MEXadHUECKHX CBOHACTB METa/l/ia 3a CYeT XO-
JIOJHOH aedopMallii, HCKAIOYEHHS OJPe3KH BOJOKOH B Ipolecce
MEXaHHYeCKOH oOpabOTKH M YJyUilleHUS MHKPOT€OMETPHH [MOo-
BepxHoctd [27]. Ilo DaHHEIM MalUMHOCTPOHTEIbHBIX MpPeANpHs-
THi [26], Kaxjple ABe TOHHBI BLICOKOTOYHBIX fpodusied cpended
C/MIOXKHOCTH, 3aMEeHSIOLHE COPTOBOH [POKAT, IMO3BOJSAIT BbICBO-
60AUTb OfHOrO pafouero-craHoyHHKa. PacoHHble NPOPHJIH BbI-
COKOH TOYHOCTH MOJIYYaiOT MPEHMYIIeCTBEHHO BOJIOUEHHEM HJIH
XOJIOJHOH MPOKATKOH, KOTOPbIE HCMOMb3YIOTCH B KAYECTBE YHCTO-
BOH omnepauuH.

B cBfian ¢ MOCTOAHHBIM pacluHpeHHeM COpTaMeHTa (PAaCOHHBIX
npopusiell U yCa0XHeHHEM HX KOH(HTYpaLkH HAXOAHT WIHPOKOE
IpUMEHEHHE METOJ ropAvYed H XOJOAHOH NPOKATKH ¢ HCIOJb30-
BAHHEM HEThiPEXBAJKOBBIX KaguOpOB. IJTOT METOL MO3BOJSIET
NPOKATHIBATh TPYJAHOAEHODMHpYEMbIE CTAlH M CIIABBI, a4 TaKKe
CYLIeCTBEHHO PACIIMPHUTL COPTAMEHT MPOKaTa ¥ Ha/lajUTh POH3-
BOJCTBO Npoduaell ¢ GOKOBBIMH MPOAOJAbHBIMH 1a3aMHu pasHuHOH
KOH(HUTYypalHH, NPOKATKA KOTOPLIX HA OOBIYHBIX CTaHAX 3aTpYyA-
HUTEJbHA WJIH Jake MPOCTO HEBO3MOXKHA.

B cBA34 ¢ OTCYTCTBHEM CHCTEMAaTH3HMPOBAHHLIX HAyuYHBIX pe-
KOMeHAauu# KanubpoBK4 /151 TOpsiuedl nNpoKatkH (GaCoOHHLIX MpO-
¢uel, OAHHAaKOBBIX MK OJUSKHX 110 KOHPHIYyPALHH, Ha PA3HBIX
CTaHaxX H 3aBOJAX NPOEKTUPYETcs B PAAE CAy4daeB MO-PA3HOMY W
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Ha OCHOBE NPHHUMIHAJILHO PAa3NHYHLIX METOJOB, BLIGOP KOTOPBIX
3aBUCHT B OCHOBHOM OT ONBLITA W 3HAHUH Ka/JHODOBIIMKA.

[IpennaraemMass KHMIa OOOOLIAET ONBIT [POKATKH CJOXKHBIX
(acoHHBIX npodusell ¢ MPUMEHEHHEM UYeTHIPEXBAJKOBbIX KaJHO-
POB H ONBIT pa3paboTKH CIIelHa/IbHbIX YEThIPEXBAJKOBbIX KAETeH C
HEMPHBOAHLIMH BEPTHKAJIbHLIMH BaJIKaMH JJISi MPOKATKH MeEJKO-
W CPERHEeCOPTHBIX npodused creurasbHOr0 HasHaueHHs B YCJIO-
BUAX AeHCTBYIOUIMX CTAHOB.

OT3HIBB 0 KHHIE NPOCHM MPHCHLIATD Mo aapecy: 252601, Kues,
1, Kpewamuk, 5, usdamenscmso «Texnika».



MABA™T] CMNOCOBLI MPOU3IBOLACTBA
‘ NPOMUNIEA CITOXKHOW tbOPMbI

TOPSYAS NMPOKATKA ®ACOHHBLIX MPOMUNEN

[Tpoduau, cocrapBnsmollHe coOpTaMeHT ropAYeKaTaHOTO COPTOBOTO
NpoOKaTa, KAacCUPHUMPYIOT N0 pasMepam, Gopme onepevHoro ce-
yeHUss M Ha3HaueHuo. [lo paaMepam COpPTOBYIO cTanb AeaAT Ha
KPYNHOCOPTHBIE, CPENHECOPTHLIE H MEJKOCOPTHbIE NPOPHIH U
KaTaHKy (Kpyraas cTaab gdamerpoM 5—9 MM, nocraeijsieMas B
6yHTax).

B saBucumocTy oT popmbl NONEPEUHOro CEUeHH sl COPTOBOH Npo-
KaT noapasiensioT Ha NpocThle COPTOBBIE NPOQUIH, KacaTesabHas
K JI060H TOUKE NepHMeTpa KOTODbIX He IePECeKaeT ero nonepey-
HOe ceweHHe, acOHHbIE H MEPUOLUUECKHE,

K ¢acorHbM npodu/siM OTHOCAT YIJIOBble, TABPOBLE, Gasoy-
HbIE, 3€TOBBIE H T. A.

[To npombllllIeHHOMY HA3HAYEHHIO WX NOApA3NeNfA0T Ha (a-
COHHBIE NMPOPHIH OOLLEro Ha3HauyeHHs (YIVIOBble NpodH/H, ABY-
TAaBpOBLIe GasKH, LIBEJJEphl), NPHUMEHSEMbIe B DA3JHYHBIX OT-
pacasix HaApOAHOIO XO3sIHCTBA, W (pacOHHBlE NPOQHIH OTpacie-
BOTO M CNEUHaJbHOrO Ha3HAaueHHs, [pUMEHsieMble B OZHOH HJIH
HECKOJNbKHX OTPacAfX AJs OAHOTHMHBLIX M3AeJHH.

dacoHHple MPOGUAH OTPACJEBOTO H CMEUHAJbHOrO HasHaue-
HHA HYXCAAITCHA JHLWb B MHHUMaJAbHOH nocaenyroliedl o6paboTke
Ha NPEeANpUSITURX-NIOTPEOUTENNX WU MOTYT HCNOJb30BaTbCA B
KauecTBe roTOBbIX H3feadH. [IpumeneHue sTHX npodunaeft nospo-
J7eT 3KOHOMUTb y mnoTpeburesneil 20—40 % ueranna, cHuKaer
TPYLOEMKOCTb H Ce6eCTOMMOCTb H3rOTOBJIEHHS MAalUWH H H3je-
. Jlons ux cocrasaser 37 % B ofLieM COpTaMeHTe COPTOBOIO
npokara [32].

T'opsiuekatanble (pacoHHble NPOQHUJIN, B TOM UHCJE H OTpac/e-
BOTO Ha3HAYeHHS, MOTYT HMETb Pas/iHUHYIO0 KOH(pHIYpalHIO C Mac-
cofi Ha | m anuubt ot 0,5 g0 300 kr. B oflueM ciyyae MHHHMaJb-
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b1l OGBEM 3aKAa3bIBAEMON MapTHU B 3aBHCHMOCTH OT MAcCHl Ha 1 M
ganast 0,5—3; 3—7; 7—15; 15—27; 27 kr COOTBETCTBEHHO N0J-
el coctasasath 250, 300; 500; 800; 2000 T.

IIpn paspaGoTke ropsiyeKkaTaHbix MpopuiIei CJIOKHOH KOH(H-
rypandy MHHUMANBHYIO TOJIIHHY DEKOMEHIYEeTcs [32] ycranas-
JAABaTh B 3aBHCHMOCTH OT Macchl Ha | M JJIHHBI H OT WHDHHBL 9J1€-
menToB (Tabn. 1). s mpodunel wupHHOH CBbIILE 200 MM TOJI-

TOB BeJIHYH-
WHHY  SJEMERTOB 1. MusuMaasHan Toawuua npoduaei

BaiOT MpONOPLUHOHANBHO

LIMPHHE. M 1 MyHUManbHast
pﬂonycxaemme OTKJIOHE- e, | LIHpHR, MM | ronuuaa,

HHS Ha pasmepsl npoduiei

CJENYeT YCTaHABJINBATL HC- Jlo 2 30—50 3

xois1 M3 TpeGOBaHHM MOTpe- 3—5 51—700 é

Guteas npoKaTHOH MPOAYK- 1(15:58 lg}:llgo 2.

MW H BO3MOXHOCTEH Tex- 91—35 121—200 6.0

HoJtOTHUeCKoro o6opyRoBa-

HHA 3aBOJla-U3TOTOBHTENS. )

[Ipokatka (pacoHHBIX TpPOpHIEH HMEeT Pl ocoGeHHOCTEN.
K HUM OTHOCHTCA HepaBHOMEPHOCTb Je(OPMALHHU MO MONEPEUHOMY
CeueHHIO U AJ1MHe ouara aehopMalHH, HepaBHOMEPHOCTE OXJIaxKAe-
HUS OTINEJbHBIX 3/E€MEHTOB NPOQHJISA B mpouecce npokarkd, HE-
06 XONHMOCTb 60oJIee CTPOTrO BELAEPKHBATH TEMNEPATypPHBIH PEXHM
NPOKATKH, CJIOKHOCTD KajHGPOBKH, 3aTpyAHCHHAs HacTpoiKa
CTAHa, YACTO BCTPEUAIoLasiCA aCHMMETPHsi NPOQHIeH OTHOCHTE/Ib=
HO OJHOH WJIH JaXe JIBYX OCeH U T. L.

C momoLLbio ropsiyelt TPOKaTKK B ABY XBANKOBBIX KJIETAX MOMTY-
Y4IOT JOBOJBHO CJIOKHbIE TPOQUIIH, HAarnpUMep IPOGQHIIH /15 Y H-
TOBBIX CBafl, HAK/IAJOK H30JIHMPYIOLIETrO CTHIKA K pesbcaM, famma-
KOB T'yCEHH1, 9KCKaBaTOPOB, PeJIbCOBBLIX COEAHHEHHH H ID. (puc. 1).
OJIHaKO MPOKATKA B JABYXBA/JKOBBIX KanHOpax (hacOHHBIX npodu-
jell ¢ GOKOBBIMH TapaJJiebHBIMH TPAHsMH, IBYTABPOB C napas-
JleJIbHBIMH TIOJKAMU, a Takxke Npopu/ell ¢ NpoloJbHBIMH NasaMH
Ha GOKOBBIX HAPYXKHBIX IPAHAX BeCbMa 3aTPYAHEHZ WJIH MPaKTH-
YeCKH HEBO3MOXKHA, 4TO 0ObsicHseTcs 00s3aTesNbHEIM HaTHYHEM
YKJIOHOB GOKOBBIX CTEHOK [IBY XBAJIKOBOTO Kanubpa M HEBO3MOXK-
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Puc. 1. TexHosorHuecKHe rpymnmbl
CTIOKHBIX COPTOBBIX NpodHIeH OT-
pac/JeBoro HasHaueHusi:

! — nonocoBbie ¢ ABYMSA OCSAMH CHM-
METDHH; 2 — [OJIOCOBbIE ¢ BEPTH-
KaabHoft OCbi0O CHMMETpHH; 3 — no-
JIOCOBblE aCHMMETDHuYHble; 4 — foJio-
COBbIE KJMHOBHAHOH GdopMbl; 5 —
KJIUHOBYIAHbIE AaCHMMeETDHUYHbLIE; 6 —
MOJIOCOBbIE ACHMMETPHYHBIE C KJHHO-
BUAHBIMH YTOJIEHHUSIMH; 7 — TOJIOCO-
BHIE ACHMMETPHUHBIE C OTOIHYThIMH
KpasiMy; 8 -—— noJiocoBbIe XenoG4aToit
dhopMbl; 9 — NONOCOBLIE € OCTPO-
YFOJAbHLIMH YTOJIIEHHSIMH IO KPasiM;
10 — mnoJslocoBbIE C KPYTJBIMH yToA-
UWEHUSIMH MO KpasaMm; I/ — nonoco-
Gynn6onbie; [2 — noOJIOCOBBIE -OJHO-
rpe6HeBble  aCHMMETDHYHBIE; 13 —
- NOJIOCOBbIE AByXrpeCHeBble; [4 —
nOJNIOCOBblE € NPOAOJBHLIMH BLICTYNa-
MM, uMeowde QOpMY «ITACTOYKHHA
XBOCTa@»; I5 — BONHOOGpasHbie C Bep-
THKaJbHOA OCbIO CUMMETpHH; /6 —
cuMMeTpuuHple C-oGpasubie; 7 —
acaMMeTpHunbie C-oGpa3dHbie; [8 —
acummerpuuusle C-o6pasHble Kangne-
BUAHOH GOPMBL;, /9 — CIOBOGHHBIE KJIH-
HoBHIHbEe € b/h K 2 u BepTHKAJbHON
OCbI0 CHMMETPHH; 20 — cerMmenTHbie,
NOoNyKpYyTJ/ble, NSATHIPAHHBIE 1 NOJOO-
Hble UM npoduan; 2/ — acHMMETPHY-
Hule ¢ oTHOWwewweMm b/h =~ 1; 22 — ¢
NpOAOJILHBIMH  Na3aMH M OTHOUICHH-
em b/h =~ |; 23 — TaBpoBOit dOpPMbI
C MACCHBHBIMH  3JieMeHTaMu; 24—
Kpecroo6pa3nbie ¢ (DACOHHBIMH  9SJe-
MeHTaM#; 25 — TaBpoBO#t GOpMbI;
26 — paBHOGOKHE yTJaOBue; 27 — He-
papHoGoKue yTJoBBIE, 28 — acum-
" METpHYHbIE YIJIOBbIe; 29 — LuBeJsJep-
Hofi dopMbl; 30 — wBeyepHoldl dop-
MBI C OTOTHYTBIMH KpaaMHu;, 31 —
- wBessepHoil GOpMBLI aCHMMETpHYHbIE;
32 — KOpPbITHO!H GOPpMB! ¢ MACCHBHEIMH
dnanuama; 33 — KOPBLITHOH dopmbl
aciMMeTpHYHble; 34 — acHMMeTpHu-
Hple T-obpaanoit dopmb; 35 — ABy-
TaBPOBble C ABYMR OCAMH CHMMETDHH;
36 — nByTaBpoBOH GOpMB ¢ BEPTH-
KaabHONl OCbIO  CHMMeETPHH; 37 —
ABYTaBpoBoll (OPMbI ¢ FOPH3OHTANb-
HOIl OCblO CHMMETpHH; 38 — peabco-
BOoH dopMbl; 39 — 3eToBOH  (HOpPMbI;
40 — 3eToBOl GopMbl C BHCTYNaMH; 4/ — WINyHTOBas cranbk; 42 — M-oGpasuoii
bopMbl; 43 — ANS PEJIBCOBBIX COeAHHEHHH. o
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HOCTBIO MPOKATKU C OTPULATENLHBIM YKJIOHOM (MOTHYTPEHUEM»)
GOKOBBIX CTEHOK Kasaubpa.

C TOUKH 3peHHsl YCTOHUHBOCTH MOJIOKEHUS] packara npu mpo-
KaTKe B KanHGpax H UCMOJb30BAHHA NPOK&THOFO CTaHAa (haCoHHbIE
NPOGHIIH MOXKHO Pa3feNuTh Ha 3 TPYNNbL: ¢ BEPTHKAIBHOH OCHIO
CHMMETDPHH; TOJMbKO C TOPH3OHTANbHOH OCbIO CHMMETPHH H aCHM-
MeTpHYHbIE, MMEIOLHe OTHOILEHWE WMPUHBI K BHICOTE b/h < 2,5;
TOJBKO C TOPH3OHTAJBHOH OCBIO CHMMETPHH M ACHMMETDHUHLIE
¢ oTHouleHuem b/h = 4.

[Tpu npokaTke (acoHHBIX Mpoduaedl ¢ BEPTHKAJIbHOH OChIO
CHMMETPHHU [OJIOXKEHHs pacKkaTa B KaJHOpe H HA BbIXOJE H3 HEro
yCTOHUNBO, M3FHG MOJOCH («CEepreHHe») B FOPH3OHTAIbHOH 10
CKOCTH NMPH HOpMaJbHOH HacTpoiike craHa He nalmionaercs, no-
5TOMY A/l NPOKATKH JaHHBIX NPOQHJEH MOTYT ObITh HCHOJ/Ib3O-
BaHbl JHHE{Hble CTAHBl M CTaHBL ¢ [OCJEN0BATENbHBIM DPAacoo-
JKeHHeM KJeTel, BKJIuas H HeNpephIBHbIE.

[Tpolece NMPOKAaTKH aCHMMETPHUHBIX Npoduied H npoduied
TOJIbKO C TOPH30HTAJbHO OCbIO CHMMETPHH, HMEIOLIHX OTHOIICHHE
blh ~ 1...2,5, 0ObIYHO COMPOBOXKAAETCA Ha BLIXOJAE H3 BAJKOB
CKpyYHBaHHEM BOKPYT MPOJOJNBHOM OCH pacKara HJH «CeprIeHHem»,
a4 NPOKaTKa aHaJOCHUHBIX NMpodHIel ¢ oTHowenkem b/h == 4 co-
NPOBOXKAAETCS, KAaK NPaBHJO, 3HAYHTEJNbHBIM «CEepIeHHeM» pac-
kara. JIna yCTpaHeHHsi CKPYUYHBAHHS MJIM «CEDPIEHHA» TPH Mpo-
KaTKe yKasaHHbIX (hacOHHBIX Npoduiel Tpebyercs Oojee xkecTkan
BBOAHAA H BLIBOAHAS apMaTypa pafouMx KjeTed. B cBssu ¢ Bbi-
WEH3TOKEHHBIM TPOKaTKa (PACOHHBIX NPOPHIEH, HE HMEIOUIHX
BEPTHKAJBHOH OCH CHMMETPHH, Ha CTaHaX C MOC/Ie10BATE/bHbIM
pacno/ioxeHHeM paboyHX KJeTeH COMpOBOXIAeTCs SHAUHTENBHDI-
MH 3aTPYAHEHHSIMH B Nepejiaue packara OT OfHOH KJIeTH K JAPYToH
B HEOOXOJHUMOM I[OJIOXKEHHH.

daconuble Npodhuau o6LUIEro ¥ OTPACc/AeBOro Ha3HaueHHS N0JI-
JKHBI TTPOKATHIBATBCS HA BBICOKONPOH3BOJHTEJNbHBIX CTaHAX, HMe-
JOLIHX BLICOKHH ypDOBEHb MEXaHH3allMH U aBTOMATH3AUHH NPOH3-
BOJACTBEHHBIX TPOLECCOB. -

T[IpokaTka Ha HENpephLIBHbIX CTAHAX CJOKHBIX MPOpHIEH, Oco-
GeHHO ACHMMETPHYHBIX, HJIH NPODHJIEH, HMEWHX TONbKO FOpH-
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30HTAJBHYIO OCb CHMMETPHH, TEXHHUYECKH TPYAHOOCYLIECTBHMA,
TaK KAaK OTCYTCTBYIOT HaJeXHble CHCTeMbl DETYJHPOBAHHSA HATA-
JKEHHST MeTal1a MeXAy KJAeTIMH H BOSHHKAIOT 3HAUUTEJbHbIE 3a-
TPY/AHEHHS B epefaye OT ONHON KJETH K APYTO# nepejHero KoHua
N0JIOCHl B TpeOYyeMOM [OJIOXKEHHH H3-3a CKPYUHBaHHUS H «ceprie-
HHSI» pacKkaTa Ha BHIXOJE H3 NpeAblAYLIEeH KJETH.

Crnoxiuple hacoHHbIe MPOMHIHN, HeoOXOAHMble TOTPEOUTENIO B
OTHOCHTE/IbHO HeGOJbUIHX KoJaHuyecTBax, Oosee LeaecoobpasHo
NpoKaTeiBaTb Ha COPTOBBIX CTaHaX JHHefHoro tuna. Ilpu atom
MeTaaa U3 Kanubpa B Kaaubp nepenaercs BPYUHYIO BCJEACTBHE
HEBO3MOXKHOCTH HCIOJb30BaHUA AJ14 STOH UeJau OOBOAHBIX anmna-
pPaToB CYLIECTBYIOUIMX KOHCTPYKUMH.

B nepcriekruBe KOJH4ECTBO U PASHOOOPAa3He HOBLIX (PACOHHBIX
npogused 6yJeT NocTOAHHO BO3PACTATh, TAK KaK 3KOHOMUYECKHH
s¢eKT OT HCMOAb30BaKRUSA | T CJOXKHOIO Npoduiad OTPACaEBo-
rO Ha3HAueHHS B HAPOJHOM XO34HCTBE B HECKOJBKO Pa3 BHILLE,
YeM fIpH HCMOJb30BAHHH COPTOBBIX npoduiael obulero HasHa-
YeHHS. :

OcHOBHAS TPYAHOCTb pAacCUIHPEHHS COPTAMEHTa H NPOH3BOJ-
CTBa BHICOKO3((EKTHBHBIX COPTOBLIX MPOQUIEH COCTOUT B TOM, UTO
5TH nMpotuaH B OOJbLIHHCTBE CaydyaeB HEOOXOAHMMBL IOTpeCHTe-
JSM B OTHOCHTEJbHO HEOOJbIIHX KOJHYECTBAX, KOTOPble PeAKO
npessiaor [00—200 T B roa. [Ipokarka TakHX napTHH MeTasla
Ha COBPEMEHHBLIX BbICOKONPOM3BOJAUTE/AbHBIX CTAaHAX 3aMETHO
CHUXKAET TPOH3BOACTBO CTaHA BCACACTBHE 3HAYMTENIBHBIX AOTEpH
pabodero BpeMeHH Ha AOTIOJHHUTENbHBIE NEPEBATKH BaJlKOB H Ha-
CTPOHKH CTaHa.

B Hacrosulee BpeMs OCHOBHOE NPOH3BOLCTBO HOBHIX (haCOHHBIX
npopuaell MaJOTOHHa*KHBIMH NapTHAMH COCPEJOTOUEHO Ha JIH-
HellHbIX CTaHaX, TaK KaK Ha 3THX CTaHaX BBITYCK OCYLIECTBJSETCS
¢ MEHbIIHMM 3aTpaTaMH CPEJICTB H NOTePAMH NPOH3BOACTBEHHOH
NPOLYKUHH, YeM Ha COBPEMEeHHbIX HETIPEPHIBHLIX U MOJIyHEeNPephLIB-
HBIX CTaHaXx.

Haubonee BHICOKHM TeXHHUECKHM YPOBHEM Xap aKTEpH3yloTcs
MONYHENpPepLIBHLIE B HENpPephiBHbIE COPTOBbIE CTaHbl. OJHAKO OHH
NPOH3BOAAT OTPAHUYEHHDIH COPTAMEHT CJIOXKHBIX (DACOHHBIX MPO-
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¢unel, 4To OOBACHAETCA B OCHOBHOM TPYAHOCTAMH BBOJA HECHM-
METPHUYHON NOJIOCH B Kanaubp.

Jaa npouseoictsa (acoHHBIX Mpodu/aedl MapTHAMH cpeiHer
TOHHaXKHOCTH GoJjiee Lesecoo6pa3HO HCNOAb30BaTh illaXMaTHbIE
M JIHHEHHble COPTOBbIE CTaHbL.

MPECCOBAHME CJIIOXHBIX CTANBHbLIX NPOMMIIEA

[Iponecc ropsavero npeccoBanus NepPBOHAYaIbHO NPHMEHAJCS
TOJIBKO Jsis1 06paboTKH LBETHBIX METala0B M CIIaBoB. [edop-
MalHs STHX MATEPHAJIOB OCYLUECTBJIANACE NIPH HH3KUX CKOPOCTAX
mpeccoBaHHs (== 2 MM/C) W HEBBLICOKHX TeMmepaTypax Harpesa
(= 250 °C). Ilpu Takux YCJIOBHAX MPECCOBLIH HHCTPYMEHT H3
HHC1DYMEHTAJbHBIX CTajel 06/1aaeT BbICOKOH CTOAKOCTbIO H of0e-
CNEYHBAET IOJAYYEHHE KA4ECTBEHHBIX HBACIHH J000H KOH(DHTY-
pauuu.

- Teopernyeckoll H TeXHHYECKOH OCHOBOH ILUHMPOKOTO [POMBILL-
JIEHHOTO Da3BHTHS NPOIECcca NPeccoBaHHA MeTasJIoB H CIJIABOB,
NOMHMO pelueHHsT NPOBJEMbl CMa3KH, SIBHJAUCH CJIEAYIOIIHE MOMEH-
TH [6].

I. Tlpn npeccoBanuu MeTans B odare JeopMalud HaXONLTCA
B HanGoJsiee OGJIArONpPUATHOM, C TOUKH 3PEHHS MOBLIUEHHs Nedop-
MHDYEMOCTH, OOBEMHO-HANPSKEHHOM COCTOSHHH BCECTOPOHHErO
HepaBHOMepHoOro cxxarus. JHepopmauns npu 2ToM NpPOTEKaeT 10
JABYM OCAM Kak AeopMauus yKOPOYEHHS, a No ofHOH — Kak je-
dopmauua yiauHeHHs, Takas cxema HanpsiKEHHOTO COCTOSIHHA
U JehopMallu MO3BOJSET OCYLLECTBJAATb 06paboTKy JaBJeHHEM
MaJsIONJIACTHUHBIX MAaTepHAaJIOB.

2. ¥Ycnexu B 0bJacTH DasBHTHS KaueCTBEHHOH MeTaJypruu
JaJTH BO3MOXXHOCTb MPHMEHHTb RJIsl [1PECCOBOr0 MHCTPYMEHTA Bhi-
COKOCTOHKHE U KapONpOuHbIe CTajH M CIJIaBbl, CIOCOGHEIE BhI-
Jlep2KHBaTh OOJbIIHE YJeNbHblE HAPY3KH NPU MOBHLILIEHHBIX TeM-
neparypax.

3. bnarogapsa ycnexam KOHCTPYKTOPOB M MallMHOCTpOHTesEH
ObITH CO3aHbl BBLICOKOMPON3BOAUTENbHbIE FHAPABAHYECKHE YCTa-
HOBKH C ycHJueM npeccoanus no 9,8 - 107 H, nossossiomyue ocy-
LEeCTBJIATD fepopMaLHio co ckopocTbio 300—500 MM/c npH npous-
BOAMTENIBHOCTH 70 120 npeccoBaHu# B uac,
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SKcnayaTaluus COBPEMEHHBIX MeXaHHUECKHX M THIApaBJuue-
CKHMX NPECCOBBbIX YCTAHOBOK M03B0J KA YCTaHOBHTD [17] ocHOBHEIE
TpeuMylliecTBa H HEXOCTATKY NPOLECCa ITPECCOBaHUSA. '

K nanGosee cyiecTBEHHBIM TEXHOMOTHYECKUM MPEUMYILECTBAM
NpeCcCOBaHHA OTHOCATCA:

1. OcHoBHO# BHA HAaMpsIKEHHOTO COCTOSIHUA MJI4CTHYECKOH
30HBI — TPEXOCHOE CxKaTHe, YTO 00YC/08/A1BaeT NOBLILICHHE MJa-
CTHYHOCTH [IPECCYEMOro Merajsza W MO3BOJISAeT BECTH IPOLECe
¢ BecbMa GOJIbIIHMH YaCTHBIMH AedOpMAalHAMH. v

2. Pasnoofpasue ¢GopM [ONEPEeYHOTO CeUeHHA MpodHIIeH
(cnuIoUIHBIE H MOJIblE CO CTYNEHUYATBIMH WJH [JIABHO NEePEMEHHBIM
H3MEHEHHEM [OMNepedHoro cedeHus no MJIHHe).

3. DeicTpora nepepofa npoiecca NpeccoBaHUA ¢ OAHOrO THIO-
pasMepa npecc-U3fesus Ha APYTOH NyTeM 3aMeHbl MaTpHIl.

4. TloBwllleHHAA TOYHOCTb MNpecc-H3IeJH.

OCHOBHbIE TEXHOJIOTHYECKHE HEJOCTAaTKH NPeCCOBaHHA:

1. OrpanuueHye MpH NPecCOBaHHH PAla METa/JIOB H CILIABOB
CKOPOCTEH MPeCcCOBAHUA U HCTEYEHHA B CBA3H C BOSHHKHOBEHHEM
npu GOAbLIKX CKOPOCTAX YCJOBHEl, BBI3bIBAIOUIMX HADYIUEHHE Le-
JOCTHOCTH mepudepHiHbIX CNOEB NPeCcC-H3AeINd.

2. Heo0x0aMMOCTh OCTaBJEHHA GOJbIINX 1PECC-0CTATKOB, CHHU-
KAOUHX BLIXOJA FOLHOTO, OCOOEHHO TPH MPECCOBAHUH CILTOLIHLIX
podHIIed.

3. OrpaHuueHHe AJTHHBI 3arOTOBKH, OOYCJIOBJAEHHOE MPOYHO-
CThIO MpeCcC-WTEMNENs HJIH ero NMpoROJAbHLIM H3CHOOM, a TaKike
JAPYTUMH jlehOPMaAllMOHHBIMH YCAOBHAMH.

4. [loBpileHHA HEPABHOMEPHOCTb Aedopmauuy Merasa.

5. CpaBHHUTENbHO HH3KAaA CTOAKOCTD HHCTPYMEHTA H €T0 BbICO-
Kasi yIeJbHas CTOUMOCTD.

B ¢BSI3H C H3JO0XKEHHBIM MOXKHO ONpPeJeNHTh OCHOBHBIE 05J1ACTH
NpUMEHEHHS [pOLECcCa NPEeCCOBaHHs: INPOH3BOACTBO MpodHiei
H TPY6 CI0KHOH (POPMBI, OCOOEHHO M3 METAJIJIOB H CNIJIABOB, Npec-
CYeMbIX C BBICOKHMH CKODOCTAMH HCTEYEHHA; 06paboTka XpYynKHX
METaJJIOB W CIJaBOB; CpeiHee H MEJKOCePHIHOE NPOM3BOACTBO,
KOT/1a CTOMMOCTDb nepepadoTKH NPeccOBbIX OTXOJ0B HEBeJNHKA.

[Tlepex npeccoBaHHeM Hapy:KHas MOBEPXHOCTb HCXOAHBIX
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3arotoBoK ofrauuBaercs. Heo6XoaMMoCThb yayUlleHHs N0BEPXHOC-
TH 3arOTOBOK Bbi3BaHA NPHMEHEHHEM CTEKJ0CMAas3Ku. B ycaoBusax
TPEeHHA CKOJIbXKEHH S MK Y ACHOPMHPYEMbIM METAJIJIOM H XKECTKHM
TEXHOJOTUYECKHM HHCTPYMEHTOM NJIEHKA PacnJaB/IeHHOTO CTEeKJ/a
3aN0JHSET HEPOBHOCTH HA MOBEPXHOCTH META/II3 H He CIVIaXKU-
BaeT WX NpH AedopManuK, a B HEKOTOPHIX CAydYasaX AaKe yBeJH-
uuBaeT, Ha riaiko#l ke MOBepXHOCTH MeTajJa MJEeHKa CTeKJa
pacnpefesifderTcs pPaBHOMEDHBIM CJoeM, ofecneuHBaeT Manylo Lie-
POXOBATOCTE MOBEPXHOCTH H3AGHS W MPELOXPaHAET ee OT BO3HHK-
HOBEHUA Je(eKTOB. ,

[Ipu peske 3aroToBKH Ha MEpHbIE LIHHbI OTKJOHEHHE MJIOCKO-
CTH pesa OT NepHeHiHKyJaapa K OCH 3arOTOBKH HE JOJIAKHO [DEBHI-
watb I,0—1,5 MM B 3aBUCHMOCTH OT AHameTpa 3aroToBkH. Ha ogHom
H3 KOHLIOB 3arOTOBKHM JOJ/IKHA ObITb KOHYCHOCTB HJIH (acka.
B cayuae npeccoBaHus NosblX npopusel B 3aroToBKe JHO0 npo-
CBEPJIMBAIOT CKBO3HOE OTBEPCTHE, JIHGO MPOLIKMBAIOT €ro Ha crne-
uManbHBIX I1peccax.

OfiuM Tpe6oBaHHEM NPH HArpese 3aroTOBOK sABJSETCA OTCYT-
CTBHE OKAJWHBI Ha [TOBEPXHOCTH MeTa/1a. DTO AOCTHraercs Jubo
npuMeHeHHeM 0e30KHCJIUTeIbHOTO Harpesa, JIH60 yaaneHueM okKa-
JIMHBI nyTeM rujapoc6uBa. Tak Kak mpu Harpese 3aroTOBOK H3
HeprkaBewllux crajted obpasyroiascs OKHCHad IJIEHKA TSXKeJS.O
yIansieTcsl Ha yCTAHOBKAX THApocOHBa, TO LEIeCOO6DA3HO B 3TOM
cJyyae UCIOJb30BaTh GE30KHCAMTEAbHBIN HAarpes.

Ja CHHMKEHHS YCHJIMH MpeccoBaHW$, NOBBILIEHHA KayecTsa
npecc-H3fe/MUi U yBeNHYEHHA CTOHKOCTH HHCTPYMEHTA MPUMEHS-
IOT TEXHOJIOTHUECKHE CMA3KH, KOTOpLLe NMpelcTaBaAaT coO0H CTeK-
Jla Pa3jiuyHOro COCTAaBa HJIH CUJAMKATHOE COeAHHEHHE NPUPOAHOTO,
a TakKe HCKYCCTBEHHOTO npoucxoxjaeHusa. IIpouecc HaHeceHus
CMa3KH SBJSIeTCA BAMHOH TEXHOJOFHYECKOH onepauued, H OT
TOTO, K4K OH BbINOJHEH, 3aBHCHT 3p(PEeKTHBHOCTb MPECCOBAHHS.

Hs cMa3ok paspabaTeiBAalOT CHELHAIbHBIE COCTABbI CTEKOJ B
31BHCHMOCTH OT TeMmneparypbl o6paboTkH M crnocofa HAHECeHHs
CMa3KH Ha MeTasl. [y1aBHOH XapaKkTepHOH O0COGEHHOCTbIO CTEKJO-
0Opa3HbIX BeL(eCTB fBJSETCA NMOCTENeHHbIH nepexol npH Harpese
M3 TBEpROIO B BA3KOE H KHJKOE COCTOsIHHE, & TaKXKe HEMpephbiB-
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HOCTb U 06PaTHUMOCTb H3MEHeHUs CBOMCTB NPHU Pa3iMYHBIX TeMIie:
patypax. TennousonsUHOHHbIE CBOHCTBA CTEKJIOCMAa3KH onpeje-
JSAITCA €€ TEeMJONPOBOAHOCTEIO.

YnaneHue €TeKNI0CMa3Ky ¢ PECCOBAHHBIX H3AENHH — TPyHo-
eMKas H joporocrosias onepauus. aa cHATHA cTek/aa cyllecT-
BYIOT [Ba crocoba: MexaHHyecKHH (C noMouibro ApobecTpyHHBIX
YyCTAaHOBOK) H xHmuueckuH. JlpobGecTpyfiHas ofpaborka Gonee
Jenlesas, OAHAKO 4Yalle NPUMEHAIOT XHMHUYeCKUH crnocob, ocobeH-
HO AJI1 H3/e/IHH H3 HePrKAaBEIOHMX CTaleHl H BbICOKOJIEMHPOBAHHBIX
GMJIaBOB.

Jna ropsuero npeccoBaHHsi HEOOXOAHMO caeayioiee 06opy-
JOBaHHE: METANJOpEXKYLHe CTaHKH, HarpeBaresbHLIe YCTPOHCTBA,
npeccel, NPaBU/IbHOE M BCroMmoraresnbHoe oGopynoBanue, B orne-
JIEHHH TOATOTOBKH OCYLIECTBJSIOT Packpofi Meramia, o6TOYKY
HapyXHOH NOBEPXHOCTH, 06paGOTKY TOPLOB 3aTOTOBKU ¥ B CAY-
yae HeOOXOAUMOCTH — CBepJIOBKY. /s Harpesa 3aroTOBKH MpH-
MEHAT B OCHOBHOM ra30Bble N€YH C BPallalouIMMCS OA0M H OKH-
CJHTENbHON HJIM BOCCTAHOBUTENBHOH aTMOC(epol H TOpH30HTab-
Hble HHIAYKUHOHHbIe nedH. Haunbosee BaXKHBIM TEXHOJOTHYECKHM
HHCTDYMEHTOM SIBJISIETCS MaTpHUA, KOTODYIO H3TOTAaBJMBAIOT H3
ropayelItaMnoBanHelx craneli (3X2B8, 3X2B8®, XH56BMKIO,
BK25B, LIM-2A u T. 1.) pe3aHueM HJIH JIHTbEM [10 BBINJIABJAEMbIM
MoieaaM. Mcenonb3ytores Tak:Ke MaTpHLEL CO BCTaBKaMH U3 XKapo-
NPOYHBLIX CI/JaBOB,

TBepaocTb NOBEPXHOCTH MATPHL mocse TepMoobpaboTku HRC
48—50. HaubosbiieMy H3HOCY NPH [PECCOBAHHH [OABEPraloTCs
OCTpbIE KPOMKH, BbICTyHalolHe TpaHH H ocTpbie yrasl. [losatomy
NpefiyCMaTPHBAIOTCA CKPYIVIEHHS OCTPHIX KPOMOK C pajguycaMu
1—2 MM W17 BHYTPEHHHX H 4—6 MM 1J51 Hapy>KHBIX IepeXOoioB.
OnHako cTOHKOCTh MaTpHIL NPH H3TOTOBAEHHH (HACOHHBIX POGH-
JIEH HEBEJIMKA U COCTaBJsAeT B cpelHeM 2—8 npeccoBOK B 3aBHCH-
MOCTH OT CJIOKHOCTH ceyeHHsi npodusas ¥ TpebyeMoH TOUHOCTH
pasMmepos.

[TpermymuecTBa ropsiuero npeccoBaHHs B SKOHOMHUECKOM I11a-
He noATBep:KAeHbl [23] orevecTBeHHBIM U 3apYyGEKHBIM OMNBITOM.
Tak, mo aanHeiM Hukonoasckoro IOxxHoTpyGHOrO 3aBoja, cebe-
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CTOHMMOCTh MPECCOBAHHBIX (DACOHHBIX 3arOTOBOK NPAKTHYECKH He
33aBHCHT OT BEIWUYMHBI 3aKa3a Ha npoduab u pasna 340—360 p./T.

XosoaHOEe MpPecCOBAHHE NPUMEHSIOT JJISl H3TOTOBJEHHS JeTa-
Jefl U3 aIOMHHUS, MENH, JATYHH, MATHUA, UMHKA H CIJIABOB 3THX
METaJIJIOB, a TaKXe CTalM PasAHUHbIX Mapok. OObIYHO MOX XO-
JIOJHbIM MPECCOBaHHEM [OHHMAIOT [IPECCOBAHUE METAJIOB H CIJIa-
BOB NpH JOpeKpHCTa/JH3aLHOHHON TeMnepaType, Jlia cranu
TeMrnepatypa Ge3 mepexoja B JOPEKPHCTANIM3ALUHOHHOE COCTOS -
Hue mMoxkeT Obith joBefeHa o 500—600 °C, mas Gepuanna — 1o
400 °C [17]. TlpuHuunuaabHO CXeMa XOJOAHOTO MPECCOBAHHA C
NPAMBIM HCTEUEHHEM HE OTJIMYAETCS OT CXEMbI FOPSYETO [PECCOBA-
HMS, HO JUIMHA H3ACAHH [pPH XOJOJHOM MHPECCOBAHHH OrpPaHu-
ycHa,

Xo/0HOe MpecCOBaHKE OCYLIECTBAACTCS HA CrielHa/bHBIX Npec-
cax ¢ MpHMeHeHHeM BbICOKMX 3HEPTHH U IpH CKopocTH Ao 100 m/c.
Ono npumensiercs [6] ans uarorosnenns npodusiel U3 yraepo-
jqucthix (1o 0,35 % C) # XxpoMOHHKeneMoanOAeHoBLIX (10 2 % Ni,
10 13 % Cr v g0 0,3 % Mo) craneit. Haunyuiune pe3yabrathl no-
JIyUeHBl TPH XOJIONHOM MpECcCOBaHMH cTaneH ¢ (GeppHTHOH HJIH
(hbeppPUTHO-NEPAUTHOH CTPYKTYPOH K TBEpPAOCTbIO 3aroTOBKH HRB
Jo 60—80 u o, 10 0,78 klla. Ilpu X0101HOM MPECCOBAHHH YBEJH-
YHBAIOTCA MIPEJEN MPOYHOCTH H TBEPAOCTb NMPHUMEPHO B 2 pasa,
a mpejes TekyyectH — B 2,5—3 pasa npu 3HauMTesNbHOM OTHOCH-
TeJILHOM YANUHeHuH. Jlonycku Ha pasMmephbl cocrapasioT ot £=0,05
o =1,27 mm.

K HepocTaTkaM XOJOQHOTO NMPeccoBaHHs CNEAYeT OTHECTH [0-
BBLILIEHHYIO CTOMMOCTh, HalH4Me Cnelna’bHOro o6opYIAOBaHHS H
OTpPAHHUEHNA IJIUHBI H3AEAHH.

3a nocneanue roxel Haxoaut [34] npumeHeHue THIpoONpecco-
BaHHe, NIPH KOTOPOM, KPOME MeXaHUUeCKOTO BO3AEHCTBUA Ha 3aro-
TOBKY, N€PEAAIOTCA YCHAHS OT XKHAKOCTH MJIH ApYrol cpensl (6uH-
raMOBCKHE IJIACTHKH, MSTKHE METaJJbl U T. J.) BHICOKOTO AaBJje-
HHst WaH 6e3 MeXaHHUeCKOro BO3AeHCTBUS,

[TpenMytuecTBa rUAPONPEcCOBaHUs mnepes, OOGBIUHBIM IIpecco-
BAHWEM 3aKJIOUAIOTCA B CAELYIOLIEM:

1. BcecTopoHHee BEICOKOE THAPOCTATHUECKOE JAaBJeHHE Ha 3a-
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FOTOBKY yJyUllaeT CXeMy HanpsKeHHOTO COCTOSIHHA chumxafn
BOZMOKHOCTS HOABASHEA 30H C PACTHATHBAIOIINMH HANDAEHHMH
9 ['MAPOMAMHAMKWUECKHE PEXHM Tperusd B MaTpHUE MOBBILIACT
paBHOMEPHOCTb AEPOPMAUHK U CHHKACT 3aTpathl 3HEPTHH Ha npec-
coBanne. PaBHoMepHOCTD Aeoprmalnn npu THAPOTPECCOBAHUH BO
MHOrO pas Bblile, YeM NpH OOLIYHOM npeccgsauun, a JaBJieHue,
pH NPOUHX PABHBIX YCJHOBAAX, HA 20—40 % wunxe. _
3. OrcyTCTBYET pacnpeccopka 3aroToBKH, HCKJIIOUAETCS HONOJ
HuTeabHAN ACGOPMALHS OCAKH, YTO OCOOEHHO BAKHO A7 Xpyn-
AATEPUANOB.
KHX4 Méoﬁnonmo BbLAAB/IIIBAHHE 3aTOTOBOK Pa3HUMHbIX PASMEPOB
H MOIEpRUHOTO CEUeHHA ¢ HCMOAb30BAHHEM OILHOTO KOHTEHHepA.
5. [lehopmupoBsanue MeTalia B yCaIoBHAX BCECTOPOHHErO CXa-
TH$ M MaJblX CHJ TPEeHUA OfecrieynsaeT PABHOMEpHOE pacipe-
JeJeHHe CBOHMCTB H CTPYKTYPBI 10 CEUeHHIO npecc-gazneﬂnﬂ, a Tak-
e yayulaeT QU3MKO-MeXaHHIECKH” XapaKTepPHCTUKH MeTajra.
[TpumepoM BLIMOMHEHHA OTAE/BHBIX (0 pOMbIILTEHHBLX y'tlﬂaCT[I%(zﬁ
[H/IPOTPECCOBanuf  (PACOHHBIX apoduJell MOXKET CHIYyXKHTD
creanu3ipoBaHioe  OTAEEHHE THApOnpeccoBatii OMyTHUH-
CKOTO MeTaNypriyeckoro 3asona, OCHOBHOE BCIIOMOTATENIbHOE
ofopynosanne QKOTogé)ro pasMelieHo B TPEXTPOJIETHOM 3laHHH
gowain 72 X M.
. I%ml)(%lqélcme HCXOLHON 3arOTOBKH HCHOJB3YETCA ropstueKara-
il kpyT anamerpom 35-—70 MM, JVIHHOH 2—6 M 13 yTIEPOLHCTOH
KOUCTPYKUHOHHOA, HHCTPYMEHTANLHOU H JIeTHPOBAHHOH CTasieH.
TMocsie GpaBKH M COIOWIHON 06AMPKH 3aroTOBOK HawocuTea 1Moj-
cMasoudbiil CJ0# (OKcanatupoBanue, OMCIHEHHE, dpoupamposg-
HHe W Ap.) M cMasKka (HAaTPOBOE MBLIO, IPAQHT, JHCYIbHUA MOTHO-
)le”?%O)lYOTOBJIeHHble 3aFOTOBKH MNOCTYN2I0T HA yuacTOK THAPO-
fpeccoBaysl, B KOTOPOM PacnoOKEHbl TPHU BepTHKANbHBIX H OJHH
crielnadbHbI FOpH30oHTaIbHbI npecc. Texuogorna rHApOLpec:
copanus (hacoHHBIX Tpoduiel npenycmaTpHBacT NOJIYHENPEPLIB-
Hoe npeccoBaniie 3aroToBoK. Tpu 5TOM cnocofe 3aroToBKA zmayer;
pom 35—70 MM 1 pauuoft 0,9—3 M npeccyercd OAHa 3a JPYTon
BeThIK. [IpeccoBantble H3/iein NOCTynaoT Ha OTACIKY, BKJI0UA-
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IOIIYIO NPaBKy Ha NPaBUJbHO-PACTAXHBIX MalluHax ¢ pgedopma-
uneit 2—3 %, KOHTPOJIb, HWCIBITAHHE, NPOMAacJAMBaHHe W yra-
KOBKY ..

B ycioBHSIX CylIeCTBYIOLIEH TEXHOJIOTHH POH3BOACTBA (DACOH-
HbIX npoduied Haubodee 3PPEKTHBHBIMU SIBAAOTCA Npoduid ¢
nJoLaabio nonepeyHoro cedenus 100—877 mm? aas geraneit ¢
maccor jqo 0,5 Kr.

BOSIOHEHHME DACOHHbLIX NPOBUNEN

TexHOJMOTHsI [1POM3BOJACTBA (PACOHHBIX NpPOQHIEH METONOM
BoJiodenus Bkaoyaer [15] e e onepauuu, 4to 4 TEXHOJOTUS
POU3BOACTBA MPOCTHIX Npoduaell (HanpHUMep, Kpyra M Kpaj-
parta): OCTpEHHe KOHUOB, TEPMHYECKYIO 00paGoOTKY M MNOATOTOBKY
NOBEPXHOCTH 3arOTOBKH K BOJOUEHHIO, BOJIOYEHHE (MepexoiHoe
¥ OKoHUareabHOe) U TepMooOpaboTKy FOTOBOTO NpoduJs.

OpHaxKo Npu OCBOCHHUH MPOU3BOACTBA (DACOHHBIX NPOPHUJEH
ObIIO YCTAHOBJAEHO, YTO TEXHOJOTHS BOJIOUEHH A OOLIYHON KaMHbpo-
BaHHOH CTa/lH He MOXKeT OBITb INOJHOCTHIO. IPUMEHEHA NPH M3To-
TOBJEHHH (ACOHHBIX Mpoduseli, TaK Kak psajl onepauui umeer
CBOH XapakKTepHble OCOOEHHOCTH.

Tlpu Bosouennn acorHbIX Npobuiel HanpsaKeHHOe COCTOAHUE
B ouare neGOpMALHH CYLIECTBEHHO YCJAOXKHAETCA BCACACTBHE He-
PABHOMEPHOCTH YAJHHEHHS OTAEJBHBIX 3JIEMEHTapHBIX 00BbeMOB
npoduns. Haa Toro 4tobnl AepopMallMsl MeTajsia HauudHajaach
OJHOBPEMEHHO [0 BCEMY MepHMeTpy NpoduJs, HeoOX0AuMO CTpe-
MHTbCH K MJIOCKOH MM OAH3KOH K HEll KPMBOH CONPHKOCHOBEHHS
MeTaJi1a (JIHHMK BXoJa B ouar jedopMauuu) ¢ oOpas3yiolluMH Ka-
HaJa BoJioku. B 3toM cayuae ofpasywoliie KOHTARKTHOH moBepx-
HOCTH BOJIOUHJIBHOTO KaHasa IOJYYaloT Pas’Hble HAKJIOHBL K OCH
KanaJja. [losiBasitoTcsl AOMOJHHTENbHbIE Ae(POPMALMH, OIpeaess-
eMble pasHeIMH (POPMaMM HaYaNbHOTO H KOHEUHOrO MOMEPeYHbIX
CeyeHHH, YTO BEJET K YBeJHYEHHUIO HEPABHOMEPHOCTH YNPOUYHEHHS
OTAC/IbHBIX 3JIeMEeHTAPHLIX OOGBEMOB. YCJOBHE IJIACTUYHOCTH B
KaXKJ0# TOUKe 30HBI ouara gedopMausi st (acoHHBEIX npoduJei
6yeT OTIMYaThCsl OT YCAOBHS MJIACTHYHOCTH KPYIVIOTO NPOQH/IS
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BCJIE/ICTBHE HEOAMHAKOBBIX HOPMAJIbHBEIX HaNPAKeHHH Ha KOHTAKT-
HO NOBEPXHOCTH B Mpelenax OLHOTO MONEPeYHOro CeyeHus.

B ofLieM cayuae HANpsKeHne BOJOUeH s HacoHHbIX npoduiel
Beerza 6oJblle, YeM I KPYIVIbIX Mpodu/ed OJHHAKOBBIX cede-
HUH NpH MPOUMX DABHBIX YCNOBMAX. ITO NPOUCKOMUT TJIABHBIM
06pa3oM H3-33 YBEJIHICHHS KOHTAKTHOH MOBEPXHOCTH H CHJ Tpe-
nust. [Tosromy [23], ecan mpu Bostodenuy Kpyribix npodunaei 06-
JKaTHe 3a OfHH npoxon cocrasasier 20—25 %, To B caydae BoJIO-
yeHHA (ACOHHLIX MpoQuaell NpH HepaBHOMEPHOH JepOopMaUuH
ofxkartue ymenbinaiot fo 10 %. Hucnao npoxoioB 3aBUCHT OT Be-
JHUHHBEL 0BKATHA, CONPOTHBAEHHs Xedopmauuu, Tpedyemol Lie-
POXOBATOCTH, TOYHOCTH # (popmel npoduss. CroxHas KOHPHIY-
pauus npoduas (TOHKHE OT/AeIbHble 3JEMEHTHI, 3HAYHTEJIbHAs
pasHuLa B HX TOJILIHHE, Y3KHe IJIyGOKHE Ma3bl, BHICTYTBI C OCTPLI-
MH KPOMKaMH H T. J.) BBI3bIBAeT HEOOXOIMMOCTH SHAUHTEJbHOTO
yBeIHUEHHA uncaa npoxonos. Ha nosyuenue npoduns sanaHHOMH
(hOPMBI, IOMHMO TEXHOJJOTHYECKUX (PaKTOPOB, OKA3BIBAIOT BJIHTHHE
reoMeTpusi BOJIOKH, (hopMa MCXOAHOW 3arOTOBKH, KAyecTBO W BHI
matepuana. [To3romy pacyeT KanuGpPOBKH (AaCOHHBIX Npoduiei,
Kak W MpH ropsuell NpokarTke, BeAyT OT TOTOBOrO NPO(HASA Mpo-
THB X0Ja BOJOUYEHHS. '

[Tpn BuiGope (OPMBL H PasMEPOB CEUEHUA 3aTOTOBKU A da-
COHHOTO mpoduas caexyer yuutsiBath [15], uto yeuaus nedopmu-
DOBAHHSI METaJa B BOJIOKE JO/DKHBI B3AHMHO YPaBHOBELINBATbCS
10 TOPH3OHTANBHOA M BEPTHKAABHOH OCAM CEUeHHsl 00XKHMaeMo-
ro npoduas, HHade 3arOTOBKA B BOJIOKE Oy €T CMeliaThea U 3a1aH-
Hete GOpMbl ceueHust He nodyuarca. Kpome TOro, ciepyer oTMe-
THTDb, 4TO MPH COBIIOLEHHH YCJIOBUA PABHOBECHS B MpPENBapHTENb-
HBIX MPOXOJAaX 3aroTOBKY MOXHO OOKMMATb M HE MO BCeMy KOH-
Typy ceuenns. OfHAKO MPH 3TOM 00kKaTHA B Pas/IHUHBIX TOUKAX
rnepudepuy ceueHns AOJIKHBI ObITh BEIOpaHbI Tak, 4Tobbl obecrne-
YUBAJOCh 3aNOJHEHHe YIVIoB mpoduss Ge3 paspylieHus TOBEpX-
HOCTHBIX CJIOEB MeJaJlia.

B KauecTBe 3aroTOBKM JJI5T BOJIOUEHHHA NPUMEHSIIOTCA ropsaue-
KaTaHBIe H TOPsIUYENnpeccoBaHHble MPOCThie U GacoHHble NPodHIIH, a
TaKXKe XOJojHOKaTauble npoguau. BHI 3aroToBKH onpejenser
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MapwpyT Bonouenns. [leper BomodenneM ocyilecTBAsIOT ocTpe-
HHE Nepelliero KoHua SaroToBKH, OTMKHUT, TPABJEHHE, HEHTpaJH-
3alHI0 ¥ NOATOTOBKY MOBEPXHOCTH,

Octpenue (OTTsKKa) KOKIA 3arOTOBKH ABsieTcs [34] Tpenoem-
KOH M TeXHHUECKH CJOMKHOIH onepawue. OcTpenue BBIMOMHAIOT
C TaKMUM pacyeToM, Utolbl KOHeil Ha paccTosHul 120—180 Mm Gbut
yroueH Ha 0,2—1,0 Mm ¢ nnaBHbIM nepexogom K OCHOBHOMY ceue-
HHIO 3arOTOBKH. OT NPaBHJIbHOTO OCTPEHHSI BO MHOTOM 3ABHCHT
PaBHOMEPHOCTL ¥ DIABHOCTL BXOAA MeTaslsla B o4ar meopmalii
M HAZXHbIA 3aXBaT 3arotoBKu. [Tostomy ocrpenne (haCOHHBIX Mpo-
(HJIel SIBJISIETCA OJHOM M3 BasKHEIX [IpoGJeM. B HacTosllee BpeMs
H3BECTHBI C/IENYIOLIHEe CIIOCOObI OCTPEHHS: OCTPEHHE B O6KHMHbIX
KalHOPOBAHHEIX BaJKaX B FOPAYEM H XOJIOIHOM COCTOSIHHHU ;, BJIeK-~
TPOXHMHYECKas H XUMHYeCKash o6paBoTKa (aHOZHOE H KHCJIOTHOE
pacTBopenne); Mexauuueckas oGpabotka (ppesepoparie, CTPOXK-

Ka); cBobonHas KOBKa; ropsdJasl IUTAMIIOBKA;, pacTsizKeHve KoHua -

€ MECTHBIM HArpeBOM B 30HE OCTPEHHS; CKHTAHHE NOBEP XHOCTHOTO
CJI0si B atMmocdepe KHCIOPOAA.

Hau6osee pacnpocrpaneno OCTpeHHE B OOKHMHBEIX BasKaXx,
KOTOpOE NPUMEHAETCs VI OCTDEHHA KaK NpPSAMOYTOAbHBIX, TaK
1 Bosiee cIoKHBIX npoduaeit. O6byHO OpH MONEePEYHOM CEYEHHH
npouia 60—300 mm? Takoe ocTpenne OCYUIECTBJAETCS B XOJIO]-
HOM cocrosiHuH, 6osee 300 M2 — B ropauem. [as npocuJei npo-
CTOH CHMMETPHH C COOTHOLUEHHEM CTOPOH OKOMIO 1,5 NpH IO A H
lionepedsoro ceuenus Gosee 500 MM® B OTAEBHBIX CAYYASTX MOKHO
MPHMEHATD NPUHY IMTEJbHYIO 3afauy (3aTaJKHBAHHE) KOHIA NPYT-
Ka B BOJIOKY 6e3 MpeaBapuTe/NbHOTO OCTPEeHHSI.

Pacxofiel Ha ocTpenue B ofiieil CTOMMOCTH BCEro nepeena npu
NPOH3BOACTBe npoduselt cocTapistior or 5 10 12,5 %.

BenencTere moBblueHHBIX faBIEHHE M CHul TPEeHHA B oyare
Aepopmanuin hacoHHbE NPOYUAH C KAYECTBEHHON NOBEP XHOCTbIO
MOTYT ObITh MOJY4YeHbi TOJBKO ¢ MOMOLILBIO CMA3KH U ¢ npeiBapH-
TENIbHBIM HAHECEHHEM MOACMA30YHOTO CNOS C BBICOKOH anresueil
K METa/Ty, NOCTaTOYHO BLICOKOH NMPOYHOCTBIO M HH3KHM  KOI((hH-
LMeHTOM Tpenus. st HaHeCeHUs MOACMA30UHOTO CJIOS npHMeHs-
0T M3BECTKOBaKHE, (hochaTupoBaHue, MOKPLITHE TpuHarpufipoc-
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(patoM, cTeksaoM H T. 1. Hanaydiuue pesysabraThl NoaydaTes NpH
oMelHeHHH BMecte ¢ ocaTHPOBaHHEM H HCTIOJIb30OBAHHI B Ka-
YeCTBE CMa3KH UHCTOTO Mbl1a HJIK CMa30K Ha ero ocHose. Jid cMag-
KH TaKXe NPUMEHSIOT MAlUMHHOE Macjo ¢ JUCYJIbOUAOM MOJHD-
IeHa, onudy, pe3b0OBYI0 CMa3Ky, BTOPHYHBIE >XHMPHBLIE CIEPTEHI

HT. A. CKopocTb BOJIOHeHH s (DACOHHBIX NTPOdHJIeH H3 YIIEDOAHCTBIX

M JITHDPOBAHHLIX  craJseH
0,3—1,0 m/c.

2. Hacrebte 00xartusa 3a opmi Npoxon

HPH MOCTPOCHHH  Mapill- YacTHme cGco- OTnoczn‘ei'n)-
PYTOB BOJOUEHHA CIENYeT  frwipw e | nonie oo | e oo
cO6JI0aTh CJefyIoliue yc- a8, MM M xon, %
JIOBHSA: TOTOBBIA  NpC PuJib
BOJIXKeH ObITh  062KaT IO BCe- 412 0,52 o5
MYy MEpHMETPY CedeHHsA, NpH 12—20 2.0—2,3 25
3TOM HY>KHO YUYHTBIBATDH paB- 2030 2,3—2,5 :lzg
HOMepHOoe o©0)KaTHe OTJesb- 28:;_1)8 %giig s
HbIX 3JIEMEHTOB IO CEYEHHIO T

TpoQuast.

B pa6ore [15] Ha ocHOBaHMH ONBITOB NpHBEIEHBI (Taba. 2)
qacTHLIe 06XKATHA 34 OOMH MPOXOA B 3aBUCHMOCTH OT pPa3MepoB
371eMEHTOB npoduad. )

@aconpbie NpoduaH OObIYHOH M BHICOKOH TOUHOCTH MPOTATH-
BAIOT B GOJIBLINHCTBE CJY4YaeB HA NPAMOJHHEHHBIX IENHBIX CTa-
Hax ¢ ycuauem BoJodenus ot 7,85 - 104 no 5,89 - 10° H. Huorna
1151 TeX npouIIed, KOTOpLIe JONYCKalOT HAMOTKY Ha 6apabaH, Hc-
noJab3ytoT Gapabanibie BOJOUMBHBIE CTAHBI ¢ YeHaueM 1o 9,81 X
X 10 H. N ,

[pu Bosouenuu (aconuelx npoduseii npumensior (23] Bosoxu
PAasIHYHBIX KOHCTPYKIMH: MOHOJIMTHBIE TBEPJAOCH/IABHLIE H CTa/b-
Hple COOpHBIE, COODHBIE C BKJAJbILIAMHY, apMHPOBAHHEIE TBEPAbM
cnsagoM W T. 1. Paznoobpasiie KOHCTPYKUUH BOJMOK BBI3BAHO, C
OJHOH CTOPOHBI, CHEUU(MHUKONH UX H3TOTORJEHUS B YCJIOBHSX Me-
TaNNypruyeckux 3aBojioB, C APY.roH — ﬂOTp€6HOCTP}O B (JaCOHHBIX
npodHAsaX ¥ TPeGOBaHUAMHM K KauecTBy npoduei.

CrolKoCTL BOJIOK TPU BOJIOYEHHH npoduell ¢ niomaipio ce-
genna 80—100 My® n3 yraepogucTHiXx cTajedt no 4-my kjaccy
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TOUHOCTH NOCTHraer 67, a no 3-My — 2,5—3,0 1. Tak Kak macca
apTHH (acOHHBIX Npoduaefi B GOMBIIMHCTRE cayuyaeB oBLIMHO
HE MPEBEILIAET 5 T, TO, CAEIOBATENBHO, CTONKOCTb CTa/lbHbIX BO-
JIOK NPH CKOPOCTH BOJIOUeHHA 10 10 M/MMH, TiaTenbHofl nojaro-
TOBKE TIOBEPXHOCTH H CMa3Ke OKA3BIBAETCS BIIOJIHE JNOCTATOUHON.
B cpeanem cToHKOCTb CTambHBIX BOJIOK NPH CKOPOCTH BOJOYEHUSA
20 10 M/MuH paBHa no aauue 1000—2000 M npoguasn, a Teepao-
cnaaBHbiX — 500—10 000 m. 15 usrotosienus TBEPAOCIIABHBIX
BOJIOK  DEKOMEHAYIOTCA KapOHAOBOJILDDAMOBBIE CIl
BK3M, BK6, BKS, BKSB. BK10 1 qugIS. ranet B2,
[Ipumenenue BosoK u3 HHCTPYMEHTAJNbHLIX CTajell No3BOJIs-
€T oNyuaTh npoduiu ¢ gomyckom ao 0,1 MM, a BOJIOK H3 TBEPIOrO
casa — g0 0,05 mM. Pamuych SaKPYIJIEHHH H INepexolos
OOLIYHO 0;3 O,5ULL0 1,0 MM, HO He menee 0,3 wm. Bosoku 17151 (pacoH-
HbIX NPOMUJIEH H3TOTABAMBAIOT MO 3-MY KJACC
1013 (OCT 1023). y Y mossoen OCT
CeBecTonMOCTh  H3TOTOBJIEHHUS (pacoHnblX npodusel BoJoOYe-
HHEM 3aBHCUT OT (POPMEL M MJIOWALHN [IOTIEPEYHOTO CEUeHHS npodu-
Jf, HHCJIa  NPOXONOB, MAapKH MaTepHaJja, BeJHUMHBI 3aKasa
U T. A
JaJbHeAIIHM YCOBEPIICHCTBOBANHEM 1pOIecca BCATYEHHS siB-
JACTCA MPUMEHEHHE DOMMKOBBIX BOJIOK. B nameii ctpane npunyu-
NMHAMbHYIO CXEMY BOJIOUCHHSA 4YePe3 POJHKOBYIO BOJOKY BIEpBbIE
npeptoxuan A. M. Heankos u A. B. Kpyraukos.
ki HE)mvleHeHHe POJMHKOBLIX BOJIOK I1PH BOJIOYEHHH (hpaCOHHBIX MPO-
(reli MO3BOIAET YBEAHUHTDL EAMHHYHYIO Aedopmaunio, cokpa-
THTH HUCJIO MEPEJIe/IoB, MOBBICUTL CTORKOCTL HHCTPYMEHTA M IO-
JYYHTD TPOGHIL C MOBBILIEHHBIMH MEXaHHYECKHMH CBOHCTBAMH.
Ilpn 3TOM PONHKOBbLIE BOJIOKH MOMKHO NPUMEHATh KaK Ha LEMHBIX
Tak ¥ Ha 0apabaHHbIX BOJIOUHJBHBLIX CTAHAX. ’
Texnonoruueckast cxema Bosouenus uepes pOJIMKOBBIE BOJIOKH
He oT/andaerca or ofblunoil. [1penMyiectsa Boscuenus yepes po-
JINKOBbIE BOJIOKH 00YCJOBJCHLI OCOBEHHOCTAMH Jedopmanuu, Ko-
TOPBIE MO3BONAIOT 110 CPABHEHHIO ¢ OOBIYHBIM BOJIOYEHHEM OCY(ile-
CTBAATL OT JBYX JI0 YCTHIPEX MPOXOJOB G€3 MPOMEKYTOYHBIX OT-
UTOB CO 3HAYNTETbHON BBITSKKON 38 NPOXOA H BOJOYEHHE C
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CoJBWINME CKOpOCTAMH (110 4 M/c). OGxKaTthe 3a OfHH MPOXOJ CO-
crapiser 20—30 %, a unoraa nocturaer u 80 %.

Jaa npodhuneli ¢ monepeusbiM ceuenmeM 10 36 u 196 mm? usro-
tapauBaiorcst [34] BoscUM/IbHBIE arperaThl ¢ YeThipexp WIHKOBBIMHU
BoJiokamu KoHcTpykinn BHWHMermama. B cocrase oGopynosa-
HHUA CTaHa IJ/1a Npoduaeh ¢ ceueHneM 10 36 MM? BXOAST pasmMoToU-
Has (Urypa, CTHIKOCCBAPOUYHAA MAILWHA, POJMKOBOE NPABHJIBHO-
3ajarlee yCTPOHUCTBO, NBe KAeTH C YeThIPeXPOJTHKOBLIMU BOJOKA-
MH, TSAHYWHH HaMOTOYHBIA OapabaB ¢ MNPHBOAOM, POJHKOBas
NPaBUJbHAA MAUIMHA, NeTyure GapabaHHbie HOXKHHUIBL U NOLbEM-
Helfl kKpad. [lpoguan wu3roTapauBaloTcs B OPyTKax W B OyHTaXx.
TouHocTh pasMepoB OTAEJbHBIX npotuaell 10cTHraeT 2-ro KJaacca
tounocTH Crad paBoTaer ¢ pervaupvemo ckopectsio 1o 2,5 m/c.

B mnacrosiee Bpems BOJOYeHHEM Yepe3 POJHKOBBIE BOJOKH
noayuaT aconHble M npocThie npoduan. TourocTb npoduds
cocraBasier 0,025 MKM, CTOHKOCTH POJNHKOB G€3 MepeTouek Jo-
cruraer 30 T, a ¢ yueroMm neperouek — 200 T.

HenocraTkn npouecca BoJMOUEHHS Yepe3 POJHKOBBIE BOJOKH
06YyCA0B/AEHB B OCHOBHOM KOHCTPYKTHBHBIMH HPHUYMHAME: MaJja
HECTKOCTh POJNIHKOBBIX BOJIOK, HEAOCTATOUHA CTOHKOCTb MOAILHI-
HMKOBBIX y3JIOB M Kanubpa. DKOHOMHUECKHE APEHMYIIECTBA STOTO
npouecca elle ITOJHOCTBIO He HCNOJb3YIOTCA.

MPOM3IBOACTBO CTAMbHLIX (PACOHHLIX
NPOMDUIIEA BLICOKOWH TOYHOCTH

[Tomumo ropsiuekatannlx (PacoHHBIX NpopHJIeldl OTpacaeBoro
HasHaueHHs OOLIMHOH TOUHOCTH B IIOCAEJHHE TObl HAaXOAST BCe
foJiblilee NpHMEHEHHe COPTOBBIE M (bacOHHBbIE NPOHJN BBHICOKOM
TounocTy (npenusuonunie) [26, 271, kotopsie no hopMe u pasmepam
[IONEePeUHBIX ceueHnil MayCHMaNbHO NPHOIMAKAIOTCS K TFOTOBLIM
JeTaAM W KOTOphIE NOAYUalOT ¢ [MOMOLLBIO BOJOUYEHHS U XOJOAHOR
NPOKAaTKH.

Cranbhble GacoHHBIE IPCHUAN BEICOKOH TounocTH [5] B mocnes-
HHe TOlbl MONYUHJH LIHPOKOEe PACpOCTPAHCHHE U NTOCTABAAIOTCS
no TY 14-1-1271—75. Tlpenenbuule mapaMeTpsl 3THX NpoQuJIel:
NJIOMAAL NONepeyHoro ceyeHna — oT 4 pjo 6000 MMZ;  cedeHMe
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NpouJis AOMKHO BIHCEIBATLCA B OKPYIXKHOCTL AHaMeTpoM He GoJiee
220 mM; rapaHTMpOBaHHbE PANWYChi 3aKPYTJIEHHS BHYTPEHHHX
yraoB — He MeHee | MM; rapaHTHpOBalible DPAZHYCHl 3aKpyrie-
HUS HapYKHBIX YIJI0B — He meHee 0,3 MM. ‘

[penensurie mapamerpn! npogusel, H3roTaBAHBAEMBLIX 3aBO-
AaMH-TIOCTABLIMKAMH, perJamMeHTHpYIoTCs criepuanusaumrest
(raba. 3).

[1pocTble npoguau u3rorasauBsaores 1o 3a, 4 u 5-my KJjaccam
toudoctH (OCT HKM 1027, OCT 1024, OCT 1025). ®acounsle ripo-

3. Crieunaausauun uarotosuteneli QACOHHLIX NPOHUALH BHICOKOA TOUHOCTY

OMYTHHHCKHH] Uepenoseuxui
[Mpeneapusie napameTpsl ApodHuaeil [0 «MxcTane»| MeTANTNYPrd- | CTalenpokaTHbN
YeCKHH BaBoj 33aBOA
[lrowians unonepeunoro cevenus,
Mm2 [5—2500 4—1600 4—5000
MarcHManbHEN 1HAMETp ORHCAH-
HOH OKPYXXHOCTH, MM 60 100 220
OanHa MpyTKOB, M:
HeMepHast 2—6 2—7 2—7
MepHasi, MJIM KpaTHas 1,6—4 1,5—6 1,5—4
MUHHMANBHAST TOAULHHE  3JeMEH- )
1CB, MM 3,5 [No coraawenuio cropon

(MU MOTYT H3TGTaBAMBATLCA N0 2-My ujn 3-my kJjaccam. Kpome
TOTO, 1O COMJIALIEHHKIO CTOPOH (DACOHHBLIE HPOPUAH BBICOKOH TCY-
HOCTH MOCTABANIOTCS B HAapTOBAHHOM HJH TEPMHUECKH 00pado-
TAHHOM COCTOsIHIH (HOpMaiN3allisl, OTNYCK, CMATUAIONAs TEPMO-
cOpadoTKa).

Kauecrso noBepxsoctd npoduiell A0A¥KHO COOTBETCTBOBATD
nopmam FOCT 10561—73: nas npeduaeit kaaccob Tounoctu 3a, 4
n 5 — rpynnam b wan B; qna npopunest knaccos 24 3 — rpyn-
nam A nwan B knacca tounocry 3a. [To TpeGosarnto notpedutedeit
NpoMUJIN KOHTpoupytotcs Ha Teepaocth no [OCT 1051—73.
Kpowme Toro, npopepsiiorea mexainueckue cpofictBa npedude,
KOTODLIC OTPEAENsLIOTCA COIJIALUSHHEM CTODOH,
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Heo6xouMbie TOYHOCTh W UHCTOTA MOBEPXHOCTH [PH MPOU3-
BOJCTBE CTAJbHLIX TPOdHJIei BBICOKOH TOYHOCTH: AQCTHIAKTCS
nyTeM [pUMEHEHHS BOJOYEHHS HJH XOJOAHOH NPOKATKH Ha 3a-
KJIIOUUTENbHBIX (DOPMOOOPASYIOWIHX ONepalUax.

[To Tpe6oranuio norpe6utesnell APOQUIH H3 CTAJIH C COILep)Ka-
HHEM YIJIepOJia N0 HUIKHEMY Npefeny Gosee 0,3 % nocrapasio:ca
¢ npoBepKod ofesyraepoxertoro caod. O6was raybuna obesy-
[VIEDOKEHHOTO CJIOA HA CTOPOHY HE JOJIKHA MpeBbllaTh 1,5 %,
a 4J19 CTaJi, JIeTUPOBAHHON KpeMHHEM, ne Gosee 2 % nua-
METpPa MJIH TOMIKHLL. 3a TO/IIMHY NPHHHMAETCS CTOPOHA KBajpa-
Ta, NO NJOLIAAH PABHOBEJIHKOTO CEYEHHIO TIPOMUJIA.

B paGore [27] daconusie npobuan BBHICOKOH TOUHOCTH pasje-
JIEHbl T10 TNPUHLMNKA/BHbIM OTJAMYHAM KOHPUTYPAaLHHK CEUCHHs
Ha 99 rpynn. [Ipu 3ToM 3a XapakTepHble IPH3HAKH CEUEHUS NpPHU-
HATBI: (HaCKU — CKOCBI HAPYXSHBIX YIVIOB KOHTYDA Ha BEJHYMHY
He 6oJjiee MOJNIOBUHBI CTOPOHBL; JIBICKH — CPE3bl Y KPHBOJIMHEHHON
YacTH KOHTYpa Ha BEJHUMHY He MeHee 2/; paauyca KPHBH3HDI,
nasel — BBIEMKH LIMPHHO# He Gosiee NOJOBHHBI HPHHBL NPCOHIIA

u ray6unod h,, paBHOl uiu MeHee SH 1/ H/(H -+ 5), 1o He 6onee
HI3, rpe H — ucxoaHas ToJMHA Wiy radaput npoduss mno ocu
BbIEMKM, BBICTYIB — BBICTYNZIOUINE HAJ KOHTYPOM 3JE€MEHTHI
IUMPUHOH He Gosiee MOJOBHHBI MHMPHHB NPOOHUISA H BBICOTOH A,

paBHOl uau MeHee S %/ H/(H + b), wo ne Gonee H/3, rne H —
TOJILIMHA NPoHIA 10 OCHOBAHKA BBICTYIA MO €ro OCH.

[lo nJuowasn NONEpeyHoro CeYeHusi BCE NPCOUIN COTIACHO
TY 14-1-1271—75 noppazpensiorcd Ha 10 noarpynm, npu 3ToMm
BBEE€HA KaK 3TajoHHas rpymna «0» K KOTOPOH OTHOCHTCA CTaJb
kanubpoBannasa kpyraas no I'OCT 7417—74:

flodepynna 1Tr0wade cewexusn

npounrs, mm?
Bonee 2800
1500—2800
800—1500
400— 800
200— 400
100— 200
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e e e e e e e e e e e e e e 50—100
e e e e e e e e e e e e e e 26—50
e e e e e e e e 10—25

4—10

NeRo N Nop)

B 3aBHCHMOCTH OT KOH(HTYpPaLHH H Pa3MepPOB 3JIEMEHTOB MO-
IIEPEYHOTO ceyeHHA NPOQUIM HeasiTcd Ha 9 rpynn CJAOXKHOCTH
H3TOTOBJEHHS NPODUIR (pHC. 2).

Tak kax ¢acoHHble NPOGUIHN BRICOKOH TOUHOCTH LOJKHLI GBITH
MakCHMa/lbHO OJM3KH 1O KaYeCTBEHHLIM MOKasaTeasM (TOYHOCTH
pasMepoB, YHCTOTE MOBEPXHOCTH, MEXaHHUeCKUM CBOMCTBAM H T. I.)
K TOTOBBLIM JeTafsiM, TO JIS HX NPOM3EOACTBA Hcnoabsytor [23]
CENyIOLUIMe TeXHOJOTMYeCKHe CXeMbl, BKJIOUEIONIHEe Ha CTajHH
YHCTOBBIX onepauuil ToMbKO cnocobbl xosonHch cbpabotku: 1) Bo-
JIOYEHHE HA NIPOMENXKYTOUHBLIF pasMep — BOJOUEHHE Ha KOHEUHDIH
pasMep; 2) ropsiuee NpeccoBaHHE — BOJIOUEHHE Ha NPOMEXYTOU-
HBIH pasMep — BOJIOUEHHE Ha KOHeuHbIfl pasMep; 3) ropsiuee npec-
COBa2HHE — XOJIOfHA# NPOKATKa HAa NPOMEXYTOUHBIH pasmep —
BOJIOUEHHE HA KOHEeUHHl pa3Mep; 4) ropsiyasi npokKaTka — BOJIO-
YeHHe Ha [POMEXYTOYHBIH pasMep — BOJIOUEHHE Ha KOHEYHBI
pasmep; 5) ropsuyas npoxaTka — XOJOAHAf NPOKaTKa — BoJsoye-
HHe; 6) XoJ01Has NPOKAaTKa Ha IIPOMEXYTOUHBLIH pasmep — Xo-
JIORHAS NMPOKAaTKa Ha KOHEUHBbIH pasmep; 7) ropsuas npokarka —
XoJo0aHasl npokaTKa; 8) XOJOJHCe NnpeccoBanye.

Brifop Texnosornueckoll cxemsl onpenensercs dhopmol u pas-
MepaMH ceueHUs NPO(UIR H CTPeMJeHHeM H3TOTOBHTb €ro ¢ Hau-
MEHBIIMMY 3aTpaTaMH HPH MHHHMYME TEeXHOJOTHUeCKUX rnepe-
hitchi(o): 3

B Hacrosiliee BpeMsA OTeYeCTBEHHOH MPOMbBILIIEHHOCTBIO OCBOE-
Ho coilue 4000 npoduaepasMepos CTadbHBIX M (PACOHHBIX Npodu-
JeHd BBICOKOH TOYHOCTH.

ITpousBoncTBO CTAMBHBIX (PaCOHHBIX NPOoduIel BHICOKOH TOUHOC
T B BUJE NPYTKOB HJIH OYHTOB OCYILECTRJSIOT B CMelHaNin3HPOBaH-
HBIX LEXax TPOH3BOACTBEHHOIO o0bennnenus «Moxcrane», OmyT-
HHHCKOT'O METAJJy PTHYECKOFO 3aBoja, UepenoBenKoro craaenpo-
KaTHOTrO 3aBoJAa U JIeHHHTPaACKOro 3aBojia TypOHHHBIX JOMATOK,
a Tak:xe B HeOOJbUIMX KOJNHYECTBAX Ha APYTHX 3aBOAAX.
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Puc. 2. [MpodunenpeactaButesu rpymnn
TOBJleHust npoduiell BBICOKOH TOUHOCTH.

CJIOXKHOCTH H3ro-



OnBIT NpoU3BOACTBA (PACOHHBLIX NMPOQUIeH BLICOKOH TOYHOCTH
IOKa3kIBAeT, 4TO Haubosee 1eJgeco00pasHbiM TEXHOJOTHUECKHM
NpOIEeccoM NMPOU3BOACTBA GOIbLILMHCTBA NPOQHAEH CO CPABHUTE b~
HO CJAOXKHOH KOHGHUTYpalUel ceUeHus CJelyeT CYHTATb COYeTaHue
neopMalyu B rOpsyeM COCTOSHHM JJIsl TOJNY4eHdHs! (acoHHOH
3aTOTOBKM, BecbMa OJH3KCH IO (opme CeueHHs K TOTOBOMY
NPOQHII, H ONHOTO-ABYX MPOXOJA0B XOJOAHOH dedopMaLHM AJsi
JIOCTHXKEHUST HEeOGXOJMMOH TOUHOCTH W KayecTBa MOBEPXHOCTH
npogus.

Has noayuennsi GacoHHBIX 3aroToBOK (MOAKATOB) MO MocC/e-
AYIOUYI0 XOJOAHYIO 00pafoTKy IIMPOKO HCMOJb3yercs ropsuas
npoKaTka M ropsiyee npeccoanue. Ha GoJbIIMHCTBE 3aBOJOB
OCHOBHOM O0beM MNDPOM3BOACTBA OCYLUECTBAACTCH MO TEXHOJOIH-
yeckoll cxeMe, BKJIOYAIOMIEN ropsuylo NPOKaTKy (acoOHHBIX NOA-
K4aTOB, MAKCHMANbHO MPHOJHKAICIIUXCA 110 OpME M pasMepam
K TOTOBOMY NPCQUJIIO, C MOCHEAYIOMUM HX BOJOYEHHEM MJH XO-
JIONHOH NPOXATKON Ha TOTOBBIA NPOMUIID.

Topsiyast npoKaTKa OCyLleCTBJIsAeTcs NpU Temnepartype 850—
1200 °C 3a OEMH HJIH HECKOJIbKO NPOX0J0B ¢ obkaTtieMm 10—60 %
3a TIPOMYCK.

[pu nponsBoACTRBE 0COGO CJOMKHBIX NpOodUieH, ¢ Ueblo yBe-
JIMUEHHUS TOYHOCTH (HOPMBI M pa3MepoB, NPAKTHKYETCH TNPOKATKA
¢ pepenoJHeHreM YHCTOBOIO Kasinbpa, KOTOpas rapaHTHpyeT no-
Jaydenne npogpus ¢ neobxoauMot gopmoil ceuenua. O6pasyromue-
¢s1 Ha TOTOBOM npoduie JaMOacsl yAAMSIOTCS 3aTeM HaXKAaqHbIMH
Kpyramy, Ha NPOTSKHBIX CTAHKaX WJIM € MOMOLIBIO CleLHaTbHBIX
MalIMH A CPe3aHHs JaMNacoB.

B nocseguue Togpl AJisi Topsiueil npoKaTKU (PacoHHBIX 3aroTo-
BOK HAaXOAST WMPOKOEe NPUMEHEHHE CTeUHald3uPOBAHHbLIE CTaHbI
¢ TI0CJI€I0BATENbHLIM PaCloJOXKEeHUeM KieTel.

Ha JleuwurpanackoMm saBoje TYpPOWHHBIX JIONATOK YCTAHOBJEH
tpexkJjereBoil cran 6307420 (puc. 3, a), cocrosAlMH U3 peBep-
cuBHON o6xUMHGH KJaetn 630 ¢ anuHoi Gouku BankoB 1000 mm
1 apyx kierefi 630 ¢ gmunoit Goukn Baikop 500 mm. Bankn —
Ha DOAWMNHHKAX Kadenus. Hya meaxux npoduiell BCnoansy:or-
cs panku namerpom 420 mm. Mexonnsle 3aroTOBKH — CEUEHHEM
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120 X 120 u 200 X 200 mm. Crad B OCHOBHOM ClELHANH3UPOBAH
Ha npokarke npoduaell nas TypOMHHBIX JIOATOK.

Ha puc. 3, 6 nokasau wecrukieresoht crag 300 110 «Mkcranby
KOHCTPY KLHH DJIEKTPOCTANLCKOTO 3aBO/a THHKENOTO MALIMHOCTPO-
enns. Cran npepHasHaudeH jJsi NPOKATKH (hACOHHBIX mpoduieii
¥ NOJLKAaTOB C MJIOWLAAblo momepeusoro cevennst 100—2500 mum?
H3 3arOTOBKH Kpyrjaoro auamerpa 30—80 MM M KBajpaTHOTO CO
cTopoHol 30—80 MM ceuenuil. B ofKHMHOH peBepCHBHON KJeTH
400 semounHsiores 1—3 npoxona. Kaers 400 moxker paGoraTh B
pexxuMe OMIOMHHTA, T. €. C M3MEeHEHHeM 3a30Pa MeX1y BaJKamu
focsIe Kaxkaoro npoxoja. Kuetn 2—6 pacnoioxeHbl B JBE THHUMU.
Banxy — Ha NONWHIHMKAX HUAKOCTHOTO Tpeuus. Huuna Gouku
BasKOB kiaetH 1—I1000 MM, ocranbHbix Kiaered — 600 mm. Cko-
pOCTb NMPOKATKH — 10 5 M/C, NPOU3BOAMTENLHOCT CTaHa — [0
4 1/y. Tlepesanka BLIMOJMHSETCS KJAETAMH. 3amMeHa ONHOH KJETH
Tpedyer 3—5 MHH. _

YxpHHWKmeroM cosmectro ¢ I'nnpocransio u BHYMermaiem
paspaborana [16] koHCTpyKuus craHa Aisi NPOKATKH (HaCcOHHBIX
npoguaell B LIHPOKOM copTaMmenTe (puc. 3, ). CTaH COCTOHT H3
OJHOH peBepcHBHOH oGHUMHOH KjeTH 680 u ABYX mapas/ienbHbIX
JUHHA pabouux Kjaeredl. [lepsas JHHHA NpefHasHaueHA IS MPO-
KaTKH KPYMHOCOPTHBIX M CPEIHEeCOPTHHIX npodused, Bropasg —
CPEJIHECOPTHBIX M MeNKOCOPTHHIX. [IpousBopuTensHOCTH CTaHA
150 teIC. T npu o6beme naprtuit ot 5 no 300 . Ileppas nuHUA CO-
CTOMT H3 BOCbMH JABYXBaJKOBBIX KJaeTel ¢ auaverpoMm 660 mm W
nHOH GoukH BankoB 600 mM. Kjertn ofopynoBaHbl yAJHHEHHLI-
MH IWMHHACAAMH M PacCUHTAaHBl Ha PaboTy ¢ BaJKaMM AHaMETPOM

oT 480 no 680 MMm. Bropasi JIMHUSI COCTOUT W3 BOCbMHU JBYXBaJiKO~

BbiX Kaeted 370 ¢ mamyoll Goukn 400 MM W OMaMETPO M BAKOB
280—370 mm. IlepeBaska NMpOM3BOAMTCSA KOMILJIEKTaMH BaJIKOB.
BMecTo nocJeiHHX OBYX KJeTel KawIOH JIHHHH NPelyMOTpeHa
YCTAHOBKA YHHUBEPCANbHBIX KJeTeH WK XJeTefl NOBBIIEHHOH
JKECTKOCTH.

Ha puc. 3, 2 npuBeneno pacrnosoxenue 000pyA0BaHUS YETHIPEX-
kJaereBoro HenpepniBHoro crara 300 koncrpykuuu BHWMHwmer-
mama — A3TM, ycraHoBreHHOrO B Lexe (PacOHHBIX mnpoduieH
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ﬂ 8 — xaHTOBaTeJb; 9 — HOXHHUb; [0 — nuaa; [/ — HarpesaTeNbHass neyb; [2 —
YyepHoOsas Trpynma KieTeft,
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Uepernosenkoro crajenpokaTHoro 3aBoja A1 [PoKaTKH npoduseit
ceuenreM 300—2000 mm? v ponno# no 7 m. HMexognasa 3arorogka
KBazipaTHoro co croponoit 20—60 MM u KpyrJioro anamerpom 20—
70 ceuennii. Cxopoctn npoxatkd 0,4—1,2 w/c. Jas wuarpesa
o 1100 — 1200 °C ycratHopsens ABa Psjfa UBAYKUWOHHBIX Ha-
rpesaresiell TPOU3BOAUTENBHOCTBIO 4 T/U. [IauHa GOuKM BajsKOB
200 mm. '

Tperba KJIeTb MOxeT paboTaTb KaK € TOPH30HTAIbHBIM, TaK
U C BepTHKaJbHBIM paclofioxKenyueM Bankos. Kjietd — GeccraHuH-
HOFO THNA, Ha MOJUIKMMHHKAaX KadeHus. llepen nepeoit kJaerbio
YCTaHOBJICHO 3ajdiolllee ycTPOHCTBO, MO3BOJASAIOLEE NPOBOAHTD
[MPOKATKY MNpH IOBLILLIEHHBLIX YIVIaX 3aXBara. _

Taxo# xe cran 300, ycraHoiaed Ha OMYyTHUHCKOM MeTaJIyp-
THYCCKOM 3aBOje. BNOCJAEACTBUH C LEAbI0 NEpexoja Ha eAWHYIO
3arOTOBKY ceueHHeM 52 X 52 MM CTaH NMOABEprcs peKOHCTPYKUUH
¢ AoOaBJAEHHEM JIHHEHHOH YHCTOBOH TPYNUBI U3 TPeX TPEXBAJIKO-
BoIX KJerell 280 (puc. 3, 0), HOXKHHL ISl pe3KH (HACOHHOTO Mpo-
KaTa ¥ HarpeBaTeJbHOH METOAHYECKOH NEeUH C UIATardM 1OHOM.

[IpoussoacTBO acOHHBIX NpoPHIEH CrEeUHalbHOTO HasHave-
HUA OOBIYHOH M BBICOKOH TOYHOCTH MOJIYUYHJIO LIMPOKOE pa3BHUTHE
KaK B Hamiefd cTpade, Tak W 3a pybexxkoM. HawuGosee pasBuThie
B TEXHHYECKOM OTHOIUEHHH KaNHTaJUCTHUECKHE CTPaHBl HMEIT
JOBOJIBHO LWHPOKUH COpTaMEHT.

Tax, Hanpumep, ¢upma «lIseprep» (PPI) ocouna [16] npo-
H3BOACTBO OKOJO |H ThiC. THIOPA3MEPOB ropAvYeKaTaHbIX, MPecco-
BAHHBIX M XOJOLHOTAHYTBIX (PacOHHBEIX MpodHIed cneurasbHOro
HaszHaueHua. Pupma nocrapaser NpopuId Kak B FOTOBOM BHJE,
TaK H B BHJC 3aFOTOBOK [J151 TOCAEAYIOIIErO BOJOUEHHA WJIH Me-
XxaHuyeckoil obpaborku. MeronoM ropsauyefl IPOKATKH H3TOTOBJISI-
IOT creLHanbHble pacoHHbIe NPOpUaIY OObIYHOH TOYHOCTH, CPaBHHU-
TeabHO npocTble 1o popme. Pupma «lliseprep» HMeeT cneuHasn3u-
poBaHHbIH yeThlpexkaeTeBod cran 400 (puc. 3, €) npou3BOAHTEB-
Hoctbio 20 THIC. T B rod. 3aroroska ceuenuneM 70 X 70 — 200 X
X 200 MM 1 AHHOA 5—7,5 M HarpeBaerca B METOJIHUECKOI neuw.
B ofxumuoft pesepcusHOl kuetn 600 ocyurectsasercsa ot 3 0
11 npoxonoB. Banku — Ha NogWMANHHKAX KAayeHUs,
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Ha puc. 4 mpHBEJeHb HEKOTOPHIC npoduH, BbIYCKAEMBIE

dupmofi «llseprep» Macca Ha | M ILJIOHZIH 5f(1)p0¢)ﬂ£21;é;1p0?1{a§;:;
% apenenax 0,4—oU Kr, Al
eMmblX hupMofi, HaxoauTes B 1P Py
Hocm(b Opl'lI/lCEI,HHOFl BOKPYT npocus, HE npeBbxmraeTHiélga,Ta];ble
mnpu;la MJOCKUX mpoduaei — HE gomee 210 mm. [ 0p ekaTaiey
EeHNAM -
T cJIeAYIOLHMH OTKJIOH
npoduau H3roToBASIOTCA CO o
Mli{}{q;ﬂbﬁblx pasMepoB: MaKCHMaJbHbIe ra6apmﬂ-b1’;35pa13840e‘p11>00_
fepeyHoro ceyeHust npopuad, MM: L0 95; 25—75; 70—100;

bz R 08 Do b |
Sy L2 %ﬁ%

Puc. 4. daconuble NpodHIH
dupmbl «[lIBepTep» (OPL).

125; cBhlllIE 125;1080T1_3ﬂc2rseiﬂlo 4npe11enbnble OTKJIOHEHHS, MM:

. . _"‘L" = . +1,4.
ioﬁﬁmﬁ%ﬁ%pos’xe ropsideKaTaHblX 3aroTOBOK (nonxaTosT) ggg:
JyeT y4YHThIBATDH ¢opmy HONepeyHOro CeUeHHa npoduaa u ﬁpna -
BaHMS K TOYHOCTH PasMEpOB, a TaKXKe 06beM 3aKa3bIBAEMO P
THH NPOGU/IA H TeXHHUECKHE BO3MOXKHOCTH CTaHa. N—

X apakTepHbIM [J15 TPOH3BOACTBA MaJIOTOHHaXKHBI em?e ;

ropsigeKaTaHbX bacoHHbIX MOAKATOB SBASETCS CTPEMJI me X
yMEHbLIEHHIO YHCIA (pacoHHBIX KannOpOB, KOJIHYECTBO KOTOP _
06LIUHO 2—4 U TOJNBKO B OTILeJIEI):HbIX Célyqaﬂx 1151 IpothusIeH Bbl

f OCTH MPHUMEHSIOT O KasnopoB.
COI{%HC(IEIJEIE(I)_[}:{(:JIHL%HpOll)?,aHHbIX 1iexax no InpoH3BOACTBY TE)‘-IHI:IX npo);
punedt s ropsiuell MPOKATKH MalOTOHHAKHBIX napTui opaCOHHbIT
3aCOTOBOK TOJ MOCASLYHOILYIO XOJNO0LHYIO 06paboTKy chom:sy};?{ -
NpOKATHEIE CTaHbi PASJIHYHBIX TunoB. Ha HeGOJBLWIHX NPEANp "
THAX C MajbM 06BEMOM NPOH3BOACTBA npocpuqbﬂblx nmoaKar
LM POKO NPUMEHAKOT OJHOKJIETEBbIE CTAHDI TOPAUEH NpOKAaTKH.
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Tak, B UCCP na 3asoge um. 0. dyunxa ¢ rogosev o6nemom
NPOH3BOACTBA (haCOHHBIX 3arOTOBOK 0K0s10 200 T [7] NPHMEHseTCs
OAHOKJIeTeBOH cran ayo 300. Mcxoambli MaTepuals — KpyrJible
NPYTKH AHAMETPOM 10 45 MM U LHHOH 2—3 M. CKOpOCTb npokar-
ku 1 m/c, nogkar momyuaior Ha onHof nape BaJIKOB, BBITSXKKH [10
npoxofam — or 1,3 no 1,6. Cran o6opynosan KamepHOH Harpe-
BATEJbHOH Neyplo. ]

B CPP na npexnpusruu «Juepropenapanuity npoKaTHBaOT
NPOMHIH A5 TYPOHUHHBIX JIOMATOK HA OAHOKJETEBOM CTale 1Yo
300. I'opsavan npokarka nposonutca 3a TPH npoxoaa ¢ Koadpduuu-
€HTOM BBITAKKH 3a nponyck 1,3—1,6.

[Ipokarnerit nex gupmer «Jleficrpuuy (®PT) umeer yetwipe of-
HOKJIETEBLIX cTana Ayo 300 ais ropsayelt mpokarku (acouHbX
8aroToBOK TYpPGHHHBIX JIONAaTOK U3 KPYIVILIX 3arOTOBOK. [pokar-
Ky OCYLIECTBJIAIOT 34 HECKONLKO MPOXOAOB CO 3HAUYMTENbHBLIMH
JIaMIacamu [0 TOHKOH KPOMKe, KOTOpPBIE 06Pe3aloTes 3aTeM B Clie-
LHaIbHOH BOJIOKE.

OCHOBHBIM HEJOCTATKOM OJHOKJIETEBBIX CTAHOB SIBASETCH He-
BOSMOMKHOCTE TOYHOH MPOKATKH CJIOXKHBIX (DACOHHBIX MOAKATOBR
T4K Kak BCC Ka/JHODHI pasMelleNbl Ha OfHON Gouke, No3TOMy
HEBOSMOMKHO DA3NEbHO NO KaIuOpaM OCYWECTBATh HACTPOHKY
Kanubposku. Kpome Toro, n3-3a Huskoii Mexanusauuu TpyZa cra-
HBI HE OTBEUAIOT TPEOOBAHHAM  COBPEMEHHOIO YPOBHA Mpous-
BOJICTBA.

Ha cranenporarnom sasoze B r. Kananso (CCP) past ropsiveit
MPOKATKH (PACOHHBIX NMOAKATOB HCMoJbayercs [7] cran 340 nuneii-
HOTO THNa, COCTOAMA U3 06XKHMHON TPEXBATKOBOH KJIETH C nua-
METPOM BasKOB 430 MM H YHCTOBOH JIMHUH M3 NATH TPEXBaNKOBBIX
Kjaerelt ¢ anamerpom Basikos 340 mm. McxoiHas 3arotoska KBaj-
partnoro ceuenna — or 60 X 60 go 80 X 80 MM u AIMHON JI0
1,6 M. Harpes ocywecrsaserca B KamepHo# rasoeoit neuu. Cxo-
pOCTE IIPOKATKH B O0KHUMHOH KJIeTH — 2,8 M/C,Ha YHCTOBON JIM-
HHH — 4 m/c. Ha craHe npoKaThiBAIOTCH [ONOCOBLIE npoguin
wupuHoH 10 100 mM 1 dacoHHbie npoduan ¢ maccoii 6 —8 Kr na
I M pmmnt. Jonycku na pasmepsl — 10 | mu.

lopsuexaranbie ¢aconHbie NPOGHUIH U NOAKATH A5 MOCeLy-
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touero Bostouenna upma «lilseprep» (OPT) npoussoaut Ha nunei-
Hblx cranax 250 u 300, Ha KOTophIX npokaTbiBaerca 10 20—25 TeicC,
T npotusell B8 roj (B mpouecce paGoTsl OJHOrO CTaHA HA APYToM
npousBoauTcsl nepepanka). Ha crane 250 — ofkuMHas TpexBas-
KOBasl KJeThb C JHAMeTpoM Baskos 380 MM M 4MCTOBAs JHHUSA, CO-
CTOALLAA H3 CeMHM TPEeXBaJKOBHIX KJeTeH C JHAMETDPOM BAaJKOB
250 M. B Kax10il KJIeTH YHCTOBOA JHHUH OCYLIECTBASAETCS TOABKO
omuu npoxon. Hcxommas sarotoBka — ceuensem 50-X 50 MM,
AanHo#t 0,2—2,5 M. CropocTh npokatrku — 10 4,2 m/c. [Toxmuumn-
HUKH BaJIKOB -— TEKCTOJHTOBLIE. B 00KHMHOH KJETH BLINOJHSAIOT
¢ TPH HJIH NATb MPOX0J0B, KomuuecTro pacoHHBEIX Kaau6poB —-
oT Tpex o naTtH. [lpouecc ropsauyeldl mpoxaTku OCYIIECTBIACTCS
€0 cMa3Koi — 3aMysbcHeld Ha 6ase Ouryma. TouHocTb mpoguseh
no toawHuHe 20,3 Mm. [ nojyyeHus TOYHBIX pA3MEPOB H BBIIIOJ-
HEHHA OTAEJbHLIX 3JIEMEHTOB HEKOTODbIE NPODHJIH NPOKATHIBAIOTCS
C 3ayceHUaMH, KOTOpPbIE YAAJSAIOTCS BPYUHYIO ITPH MOMOILH [LJIH-
(oBaJbHBIX KpPYTOB. .

Ha ocuoBanuu anasusa Kaau6poBOK (hacoOHHBIX IpoduJIel
M MOAKATOB CMELHAJbHOIO HA3HAYEHHS MOXKHO cHOPMYJIHPOBATDH
OCHOBHbBIE TPHHUMIIBI MPOSKTHPOBAHHA NPOKATHBIX CTAHOB TOpPf-
ueil IPOKATKH JVIA UEXOB, CIEUHATH3HDOBAHHLIX MO IIPOH3BOACT-
BY (HacOHHBIX NpopHIeH BbICOKOH TOUHOCTH: .

- 1. TlpokaTka wHpoKoro copramenta npodpHae 3a 3—4 dacou-
HBIX MPOXOAA 110 NPUHHLUHNY «B KaXKAOH KJIETH ONHH NMPOXOL».

2. Bo3MOXHOCTH JedopMalid pacKkarta B nepBoM (DacOHHOM
Kanubpe ¢ o6xKaTtuaMu B 2—4 pasa OOJbLIYMH, YeM B MOCJTENLY-
IOIUX Kaaubpax.

3. ®opmMupoBaHHe B OOKHMHOH KJETH IIHPOKOTO AHana3oHa
NpPOCTHIX Ce4eHHil (KBajpar, NPsSMOYTroJbHHUK, poMmO, OPaJI) U3
MHHUMAJIbHOTO KOJMYECTBA THIIOPA3MEPOB  HCXOJHOH  3aro-
TOBKH.

4. Bo3MOXHOCTb CO3J@HHS B YCJOBHAX HENPEPLIBHOK IpOKaT-
KH YepeOBaHHs TOPH30HTAJNBHOTO H BEPTHKAJNBHOTO DACIIONOKE-
HUA BaJKOB. )

5. BO3MOXXHOCTb YCTaHOBKHM YeThIpeXBaJKOBBIX KJeTeH B3a-
MeH JIOOOH KJeTH YHCTOBOH rpynmsl.
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Hexona us stux tpefopaHUu#l B oTpacieBoii 1abopaTopHu Nnpo-
KaTkH JlHenpoA3epuHCKOTO HHAYCTPHAJLHOIO HHCTHTYTa pas-
paboraHpl cXeMmbl pacnojoxkenusi ofopynosanua crana 500/350
I/ TPOKATKH IHPOKOro COpTaMeHTa (hacoHHBIX MPOduIed W noj-
kaToB cedennem 500—5000 mm? (puc. b) u crana 350/250 nais npo-
KaTKH (hacOHHBIX mpousaell u noakaroB cedenueMm H0—500 mm?

39000
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5/

Puc. 5. Cxema crana 500/350:

1 — pewerka fgjas BO3BpaTta; 2 — KapMaH; J -- sarpy3oyHasi pelietka; 4 —
HarpepaTesbHass Meub;, 5 — OOXHMHAasl DEBEPCHUBHAA KJAETb; 6 — HOMHULLL

7 — crennax;8 -— OMYCKAaUWHICST YIop; 9 — KaHToBaTeNb; /0 — JBYXB&aJKO-
Bas xJjeTb 500; // — KOMOHHHPOBAHHblE (YeTblpexBaJKOBhie) KJeTu 350;
12 — guasl; 18 — XONOAHJIbHHK.

(puc. 6) u3 GYHTOBOroO MeTansa. DTH CTaHbl NpeAHAa3HAYEHH! AJis
uexa aconHblx npoguiaei HepenoBeukoro crajenpoKaTHOToO 3a-
BOJA.

XosoaHast npokarka (acoHHBIX npoduaed B IBYXBaJKOBBIX
KJIeTSIX HMEeT Te »Ke OCOBeHHOCTH, UTO H ropsa4yas. ORHAKO TEXHO-
JIOTHS XOJ0JHOH npokatkd umeer [23] psig oTanuuil ot ropsuer
NpPOKAaTKH. B KauecTBe 3arOTOBKHU HCHOQJBb3YIOT COPTOBOH MpOKaT
(Kpyr, KBajpar, DOJOCY) MJIM FOPAYEKATAHBIH M TIpecCOBaHHBIH
taconnnlt noaxar. CJoH OKa/JHHBL € ropsyekaTaHOH 3arOTOBKH
YAASIOT TOCPECTBOM TPABJIEHHS HJIH NeCKoCTpy HHOH 06paboTKu.,
CymMapHoe 06KaTHe MPH XOJOAHOH NMPOKAaTKe (haCOHHBIX NPOpH-
Jief 3aBHCHT OT MapKH NpPOKATLIBAEMOrO MeTaslnd, CeUeHHs H KOH-
¢urypauuu npodussi, YCJIOBHE 3axBaTa, KOHCTPYKLMHU CTaHa

uT. 1. O6xkarHe 0GbIYHO 32 npomnyck cocrasaser 10—25 %. B npo-
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necce XOMOMHOH jAe(OpMalUH MPOUCXOAHT HHTEHCHBHOE BBHIICJE-
upe Tensa. ITosToMy NpOKAaTHBIE BAJKH OXJAXKAAKOT SMYJ/bCHEH,
MALIMHHLIME MaciaMH H T. N. CKOPOCTb TPOKATKH 3aBHCHT OT
THNa CTaHa, ero CoOpTaMeHTa M COCTaB/seT Ha JIMHEHHBIX CTaHAX
0.2—1,0 m/c, ma HenpepeiBHEX — A0 10 m/c. [las nosydeHus
(acoHHbIX Nnpoduael ¢ 3aaHHBIMH MEXaHHUECKHMH CBOHCTBAMH,
a TaKKe 11 JaNbHellel KauecTBeHHOH 06paboTKH (pacoHHEIX PO~
guseli HEOOXOZMMBI IPOMEKKYTOUHBIE OTHUTH NOCJie LY IOLLIHM
57500
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Puc. 6. Cxema crana 350/250:

. L g —

— MbiBaTenb, 2 — TSHYLiHE BaNKH; 3 — POAHKONDPaBHJIbHAA MAlUMHA,
:iarpfs?qutgﬂ pewerxa; § - OOpBIBHbIE HOXHHILDL 6 — WHAYKUWOHHAs Mneyb; 7 —
yepHOBbIe KjeTu 250; 8 — KJeTb 350; - 9 — KOMOHHHDOBaHHDIE (qe'rbxpexsanxo_-
phie) KJjeTH 250; [0 — MoTanxa; {1 — neryuue HOXHHUBL, [/2 — XOJORHABHHK]
13 — KapmaH.

rpapJienyeM. OJHAKO NMEPHOAHYHOCTH onepauuil OTXKHI — TpaB-
JeHHe CHHYKAercs N0 CPaBHEHWIO C BOJOUEHHEM B 2—5 pas.

KOHCTPYKIUA ¥ TEXHOJOTHS M3rOTOBJGHUSA BAIKOB A CTa-
OB ropsAuell W XOJOJHOM MPOKATKH aHANOrMUHbI, HO TIPH XOJOL-
HOH MpPOKATKe 3HAUHTEIbHO HYalle NPHMEHAOT fanaKHPOBAHHbIE
BAJKH H3 XPOMOBOJIb()PAMOBBIX H XPOMOHHKeJIEBBIX CTA/ICH, CTa-
neit Tiia 9X, 9XC nan Teepapx cniapos. [Ipoduab Kanubpa,
TREPAOCTH MOBEPXHOCTH KOTOPOrO Mo Llopy paBua 80—85, 0GbIu-
no wuiHopyercs. CToHKOCTb Kaau6pa 32 OAHY NOCTAHOBKY —5—
20 t. Yucao nepewwstudosok — 10.

Ipu XoJ0AHO¥ NMpoKaTKe TOUHOCTD npoduas no seicore 0,01—
0,05 MM Jisi HEMIPEPHIBHBIX H OAHOKJIETEBBIX CTAHOB, creuranu3u-
POBAHHbIX AJ/i5l TPOH3BOACTBA aCOHHBIX npoduaei, n 0,1—0,15 MuM
19 JIMHEHHbIX ABYXBA/JKOBbIX CTaHOB, TOYHOCTb IO UIMPHHE —
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0,1—0,3 MM as1s cTaHOB J1:06OTO THNA. [IPEHMYILECTBO XOMOAHOR
NPOKaTKU (haCOHHBLIX Npodusel 3akmouaeTcs B HaHOOJbILEH cpe-
IH IPYTHX €rnocofoB X0J0AHOH AehoPMAaliH IPOH3BOANTENBHOCTH.

CTOHMOCTb CTa/IbHBIX (hACOHHBIX NPODUJICH BEICOKOH TOUHOCTH
B 3aBHCHMOCTH OT KauecTBa NPOMHJS H MacChl NapTHH, TEXHOJO-
THH NPOKATKH, BHI2 HCXONHOH 3arOTOBKH H IPYTHX MPHUHUH MO-
KET U3MEHATBCA B 3HAUHTEIbHON cTenenn — ot 180 g0 5000 p./T.

rMABA™T] NPOKATKA b ACOHHLIX NMPOMUIIEH
C UCNOJIb3OBAHUEM YETLIPEXBAJIKOBbIX
KAJIMBEPOB

N)

OCHOBHBIE OCOBEHHOCTM YETHIPEXBA NIKOBbIX
KASIMEPOB '

B cBfsH ¢ OBICTPEIM pasBHTHEM MAILMHOCTPOEHHS H NPYTHX
oTpaciiell NPOMBIILVIEHHOCTH MOCTOSHHO BO3PACTaeT NOTPEGHOCTH
B HOBbIX NPOQHJAAX U3 PasjHUHBIX METAMJIOB H CIJIABOB, NPOU3-
BOACTBO KOTOPBIX TPAAHLUHOHHBIMH METOLAMH NPOKATKH, BOJOYe-
HHSI UJIH TIPECCOBAHHA OKasblBaeTCsA BeChMa TPYIO0EMKHM, a B psife
CIy4aeB H HEBO3MOXHbBIM,

Hccaenosanusi, BbiMOJHEHHble MAarHUTOTOPCKHM TOPHO-ME-
TaqaypradeckuM 1 HensiGHHCKHM [OJUTEXHHUECKHM HHCTUTYTA-
MH, DO3BOJK/IN pa3paboTaTh psAA HOBBIX HAMpaBJAEHUH U COCOGOB
5(eKTHBHOTO MPUMEHEHHs] MHOTOBAJIKOBEIX KaJUGPOB B pas3iHy-
HBIX npoueccax o6paboTKH MeTaJNJ0B JaBAeHHeM AJA yJaYYlleH#Hs
KauecTBa M3JEJNWH, CO3MaHHS HOBOH H COBEPLUEHCTBOBAHHSA HAeH-
erByrolel Texnooruu [23; 25]. [TosToMy He cayyaeH NOBbILIEHHb! i
MHTEPEC K MHOTOBaJKOBBIM Kajaubpam, B TOM UHCJAE W UYeThlpex-
BaJKOBbIM. B Hawe#l cTpaHe u 3a pyGexoM paspabaTeiBaoTCst HO-
BbIE TEXHOJOTHMUECKHE CXeMbl U KOHCTPYKLUKH KJeTefl ¢ MHOTOBaJl-
KOBBIMH KaJnHOpaMH.

[Ipu ofxkaTHu npokarbiBaeMOH MOJIOCH B UETHIPEXBAJIKOBOM
Kanuope ofyc/aoBanBaercsi aedopmalusi OCHOBHOTO obbeMa Me-
Tajja 10 CXeMe HallpsXXEHHOTO COCTOSAHHSI BCECTOPOHHEro cxKa-
THA [IpH HaJuuuK Je(POPMALHOHHOH CXeMbl HCTeueHHA. Takas
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cxema gedopMalUU MOBHILIAET NJIACTHUECKHE CBOHCTBA OGXKHMA-
€MOI0 MeTaJlJIa M JaeT BO3MOXKHOCTb OCYLIECTBJIATh IJaCTHUECKYIO
JechopMalHio MaJONNACTHYHEIX CTalel H CIJIABOB MPOKATKOH BMe-
CTO TPYJAOEMKHX NPOLECCOB KOBKH WJM NpeccoBaHus. OTCyTcTBHE
VIIHPEHHST IPAKTHYECKH 110 BceMy 00beMy odara jepopMaliu npu
NPOKATKE B 4YeTblpEXBANKOBLIX Kanubpax crnocobGCTBYeT 3HauHu-
TeJbHOMY YBeJIHUeHHI0 KO3(hhHIHEeHTa BBITAMXKKH 33 NPOXOX, UTO
JAeT BO3MOXHOCTh YMEHBIUHTh UHCJIO pafouuXx KJeTelt Ha craHe
B 1,5—2 pasa no cpaBHeHUIO ¢ JEHCTBYIOLIUMH CTAHAMH C IBYX-
BaJIKOBBIMH KaJlubpaMH.

[loBelineHHe npesesa nNIaCTHYHOCTH NPH AehopMalUu MeTasna
B MHOTOBaJIKOBOM Ka/aubpe MO CPABHEHHUIO C MPEAeJOM [J1acTH-
HOCTH, JOCTHIaeMbIM IIpH NPOKaTKe B [BYXBaJKOBBIX Kajnbpax,

DOy L0885

Puc. 7. Tllpoduau, npokaTeiBaemMple € HCNOJb30BAHHEM YeThIDEXBAJIKOBLIX
Kanu6pos.

[I03BOJIAET BECTH XOJIOAHYIO NPOKATKY MA/OMNJAacTHYHLIX MaTe-
pPHAaJIOB C BLICOKHMH CKOPOCTSIMH M GOJBIIHMH O0XKATHSAMH.
Hedopmauns B UeTbipeXBaJIKOBBIX KajguGpax OCYLIECTBIAETCS
B YCJOBHAX, NPHHIMIHAILHO OTVIMUAIOLUXCA OT yCaOBHH jedop-
MalHd B JBYXBa/JKOBLIX KaJuOGpax, B KOTODPBIX MPY MPOKATKe N0
Mepe OPOIBHKEHHA MeTassa Mo ovyary JAedopMaLlyiH BbICOTa IOJO-
Chl YMeHbILAeTcs:, a IHpHHa yBeJuuHBaeTcs. [IpH BcecTOPOHHEM
06XKATHH B YETHIPEXBAJKOBOM KalHOpe IIHPHHA W BbICOTA ITPOKa-
THIBAEMOH ‘TIOJIOCHl YMEHbIIAIOTC OJHOBPEMEHHO, MPH 3TOM CO-
37410TCs GJIATONPUSATHBIE YCJAOBHA JAeOPMHPOBAHHA IO BCEMY
nepuMeTpy ofpabarbiBaeMoro cedeHus. IIpu Hcnonb3oBaHuH ue-
THIPEXBANKOBBLIX KaJHOPOB BO3MOMKHO NPOKATHIBATH CIOKHBIE ITPO-
(UK ¢ napanesbHbBIMH HapYKHBIMH FDAHAMH, a TAKXKeE M0J1yYaTh
Ha OGOKOBBIX HADYXKHbIX T'PAHAX [POIOJbHBIE 11a3bl M BHICTYMNHI
pasqHYHON KOH(pHIYpalHH, YTO NPAKTHYECKH HEBO3MOXKHO BbI-
IOJIHATE C MOMOLIbIO ABYXBAJTKOBBIX KaJuOpoB (puc. 7). v

39



.~ UeTbIpeXBaJKOBBIH KaJlHGP MO CPaBHEHHIO C aHANOTHUHBIM 1O
(hopMe 1BY XBaJKOBbIM HMEET 3HAYHTE/IbHO MEHBLLHE BPe3bl (PYyUbH)
B BaJkax. [1o3roMy HepaBHOMEPHOCTb OKPYXKHBIX CKOpOCTEl B
YeTbIPEXBA/NKOBbIX Kanubpax 3HaYUTEJNbHO MEHbLIE, YeM B JABYX-
BAJIKOBBLIX, 4 CJENOBATENbHO, MEHbille H3HOC pabOYHX BaJIKOB
M Jyullle KayecTBO [OBEPXHOCTH.

HccnenoBanus GopMousMeHeHHa KPYIJbIX 3arOTOBOK NPH [O-
psAYell MpoKarke 3a ONMH MPOXOA B YETHIPEXBAJKOBbIX JABYTaBPO-
BbIX Kanubpax ¢ QraHLaMH pasiuyHOH KOH(QUIYpauHH NoKasastu
BO3MOKHOCTb OUeHb PE3KOro H3MeHeHHs (HOPMbl HCXOAHOTO Ceye:
HHS H XOpOIlee 3aMoJIHEHHE Pa3/IUYHBIX BLICTYNOB W BMNAAHH C
MaJbIMH paiuycaMM 3akpyrJeHHUl, UTo NpaK rHdeCKH HEBO3MOMHO
B_AB8YXBaJIKOBLIX kaaubpax. OCOOEHHO cliesyeT OTMETHTDb, YTO PH
BeCbMa 3HAYHTeJbHOM (POPMOH3MEHEHHM HCXOAHOTO CedeHUs 3a
OJMH TNPOXOZL He OOHapy»KeHO KaKuX-1ub0 HapylieHHH CNJIoWHO-
CTH METaJlJ1a Ha BHEIUHEeH MOBEDXHOCTH MPOKATLIBAEMBIX NpOdu-
Jel.

B orsinyue oT NpoKaTKH B IBYXBaJIKOBOM Kanubpe, npu o6:Ka-
THH B UETHIDEXBAJKOBOM KanauOpe Habaofaercs, Kak [DPaBUJIO,
YTSIKKa MeTajsia 10 pagbeMaM Kanubpa, yTo MO3BOJAET B CAyUae
HeOOXONUMOCTH MPOH3BO/AMThL 3HAUMUTE/bLHBIE 00:KaTHA €3 orace-
HUS [ePENnoJjHeHHs Kaaubpa.

B uesiom npokaTtka B KJIETSIX ¢ MHOTOBAJIKOBBIM KaJHOPOM TpH-
BJIEKAET BHMMAHHE CIICUHANHCTOB MO ABYM PHYHHAM: BO-TIEPBbI X,
BO3MOKHOCTbIO IOJYUEHHS CJAOMKHBIX (PaCOHHDBIX NMPOPHUIeH C BBICO-
KOl TOYHOCTbIO (POPMbI H Pa3MEpOB H, BO-BTOPBIX, BO3MOXKHOCTHIO
NPOKATKH KaK MAaJONJacTHUHbIX METaJ/IOB U CIJaBOB, TakK M
OY€Hb NJACTHYHBIX.

-Hapany ¢ H3BeCTHBIMH [pEHMYUIECTBAMH qublpeXBaJ'IKOBbIe
KJIETH HMEIOT DAl HeRocTaTKOB. OHH CJIOJKHEe KOHCTPYKTHBHO,
menee yHOOHbI B HAcTpofike M 3Kcmayatauuu. [lo Mepe usHoca
Kanubpa B ABYXBaJKOBOH KJETH MOXKHO HCMNOJb30BATH COCELHUMN
Kanubp, a B YETHIPEXBAJKOBOH KJjeTH HeoOXOJAHMO MEHSThb BeCh
KOMMJIEKT BasKoOB. [Ipofo/KUTENIbHOCTD MEpeBaNki BaJIKOB H
HacCTPOHKH 4YeTbIpEXBaJKOBOH KJETH 3HAUMTEIbHO 6OJbILE, YeM
COpPTOBOH KJIETH YO
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HecMoTpa Ha ykaszaHHBlE HEAOCTATKH, NPHUMEHEHHE YeThIpeX:
BaJKOBbIX KaJjuOpPOB 0OpH MpOKATKE pﬂﬂa COPTOBBIX npoqawlen
SKOHOMUYECKH 1tesecoobpasHo.

NMPOKATKA ABYTABPOBBIX MPOMUIENA
B YETHLIPEXBAKOBLIX KAHHBPAX

[Tepsoe nmpakTHueckoe [IPUMEHEHHE YEThIPEXBaIKOBLIE KaJmé-
pbl MONVUMJH NPH Topsuell NpoKaTKe ABYTABPOBLIX NfOMGHJIEH.
M3BecTHO, UTO MpOoLECC NPOKAaTKH BO (WIAHLUEBBIX ABYXBaJKOBBIX
KaJaubpax sBJSETCA BeCbMa CJAOXKHBIM H TPYILOEMKHM, OCOOEHHO
ApH NMpPOKAaTKe TOHKOCTEHHBIX [IHPOKOMONOYHLIX GasoK OOJbIIHMX
pasMepoB 0e3 YKJOHa HAa BHYTPEHHHX M BHEIIHHX nosepxrxocmx'
N0JIOK.

HeobxonumocTs npoxaTKn JIByTaBpOB 60J1bLLIOH BBICOTBI C TOH-
KOH CTEHKOH M UIHMPOKHWMH NMONKaMH 0e3 yKJIOHOB [1pyUBeJa K pas-
paBoTKe cTaHa HOBOTIO THIA, B OCHOBY KOTOPOTO 38/10KE€HO HCIIOJb-
30BaHME YeTLIpeXBalKOBbIX Kanubpos. [Ipn npokaTke ABYTaBPOB
B UETBIPEXBAMKOBbIX KJETAX 38 CUeT H3MEHEHHs HacTpoHKH pabo-
YUHX BAJKOB MOSBH/JIACH BO3MOMKHOCTb NOJYHATh NPODHAH C pas-
JHYHOH TOJMIUHOH CTEHOK W MosoK. Ha cranax oBblUHBIX THIIOB
/I IPOKATKH KaKaoro npoduaepasMepa AByTaBpa TpebOBaJKCh
CBOW Ba/iKH W KaguOpLl, YTO CYILECTBEHHO CHEPXUBAJIO PAa3BHTHE
COpTaMeHTa 3TOro BHAa mnpokarta. CTaHbl C YeTbIPeXBAJKOBBIMH
KJETAMH [JIs1 MPOM3BOJACTBA ABYTAaBPOBBIX NPOQHJIEH IIHPOKOTO
COPTAMEHTA B OTJIHYME OT CTaHOB C KJETAMH AYC HJIH TPHO MOaY-
YHJIU Ha3BaHHe YHHBEPCAJbHBIX 0ATOUYHBIX CTAHOB, 4 YCTAHOBJIEH-
Hble-HAa HHX YeThIPEXBAJKOBbIE KJETH —'yHHBepcaﬂbeIx KJle-
TeH.

" Hecmotrpa Ha Gosiee BLICOKYIO CTOUMOCTD, llByTaprI c Luupo-
KHMHM H NapajieJbHBIMH MOJKAaMH CTAIH IUHPOKO MPHMEHAThH B
MPOMBILIVIGHHOM H TPa*KAaHCKOM CTPOHTENLCTBE, TaK KaK [IPH OfiH-
HZKOBOM MOMEHTE COIMPOTHBJEHHSA MacCa HOBLIX ABYTABPOB YMEHE-
wmack Ha 15—20 % no cpaBHeHUI0 ¢ Maccoll ofbIUHBLIX GasioK,
NPOKATBIBAEMBIX HA CTaHaX ¢ KJAETAMM Ayo H Tpro. Kpome Toro,
TPYLOEMKOCTb H3TQTOBJIEHHUS METAMJIOKOHCTPYKIHE H3 IBYTABPOB
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C WHPOKMMH H NapaJlIeNbHBLIMU TOJKAMH CHH3WJIACh B CpelHeM
Ha 60 % 1o cpaBHEHUIO C TPYAOEMKOCTbIO H3TOTOBJICHHS CBAPHBIX
H KJIENAaHBIX KOHCTPYKIHH H3 OBBIYHBIX Mpoduel,

Beicokasi spdekTHBHOCTD cnoco6a NPOKATKH JBYTaBPOBBIX
npocguIes ¢ WHPOKUMH H NapalslesIbHLIMH [IOJKAMH B UYEThIpeX-
BAJIKOBBIX KJIETSX C OTKDPBLITHIMH KaJaubpaMu crocobcTBoBalIa OblCT-
poMy ero pacnpocTpaHeHHI0. B HacTosliee BpemMst OH sBJsiercs
OCHOBHBIM CMOCOGOM NPOH3BOACTBA 3TOTO BHAA MeTAJJIONPOKATA.
Ha ynuBepcanbHbIX 6aoYHBIX CTAHAX MOIYT [POKATHIBATHCS ILIH-
poxonoJsousbie ABYTaBphl BoIcOTOH oT 150 no 1100 MM ¥ cooTset-
CTBEHHO ¢ WHpHHOH mosok oT 100 go 450 MM,

B Hacrosiuee Bpems GOJIBLIHHCTBO GasOYHBIX CTAHOB MOJED-
HU3UPOBAHO, YTO CYLIECTBEHHO PACIIUPHJIO COPTAMEHT NPOAYK-
unu. [ToatoMy 4HCTO GaJIOYHBIMH CTaHAMH HX TENEPb MOMKHO Has-
BaTh JIMIIb YCaoBHO. Ha camoM gese B COpTameHT TaKHX CTAHOB
BXOJAT CHMMETPHYHBIE H HECHMMETPHUHbIE (hacOHHEIE NPOPHJIH,
ABYTaBpOBble Oa/lKH, WIBEJJIEPhl, PEJbChI, LIMYHTOBbIE NPOPHIH
H T A

YeThipeXBaJKOBble KanHGPH HCIMOMBL3YIOTCA YiKe JJIHTeNbHOE
BpeMs NMPH NpoKarke npodusel obliero Ha3HaYeHUs H, B NEPBYIO
oyepeab, IBYTAaBPOBBHIX 6anoK H wmiBessepoB. OcBoenue B SnoHnu
NPHHUHUIHAIBHO HOBBIX THIOB NpoHJell CBA3aHO C TeopeTHyue-
CKHMH HCCJIeZOBAHHSAMH NpoOLecca NPOKaTKU B YETHPEXBAJNKOBBIX
Kanubpax, Hadya/Jgo KOTopbix oTHocuTest K 1965 r. [11]. [1pu srom
MCCJIENOBANIH TTpolece MPOKATKH ABYTaBPOBOTO GaJlOUHOrO NpPO-
¢uadA, WBeJepa, pedabca, WMyHToBoro mpoduas u 1. A. [locae
pa3paboTKH TeOpeTHYECKHX OCHOB MPOKATKH Gblia OCBOEHA TEX-
HOJIOTHSl NMPOKAaTKH TaKHX NMpopuJed B YHHBEPCAJbHBIX KJIETAX.
Tax, nanpumep, pupma «Hunmnon Crus» pazpaborana npodub 4
KOJIOHH KopoGuaroro THna. Ko/JoHHa COCTOHT H3 ABYX LUBEJJIEDOB
¢ napaJyieNbHBIMH NOJKAaMH, 0OpasyOLlUMH MOC/Te CBAapKU 3aM-
KHYTbIH Tpoduab. Oco6eHHOCTHIO MPODUIS ABIAETCA NPAMOYTOJb-
Has ¢opMa KpOMOK MOJIOK, paBHAS TOJLIHHE [IONIOK U CTEHKH, Ha-
JIHUMe BBLICTYIIOB MO HAPYXKHBIM yIVIaM NPOQHU/IA U COOTHOLIEHHUE
BBICOTH! ITOJIKH H CTEHKH NPOQHNA, UTO MO3BOJAAET NOAYTIaTh KBaj-
paTHbIH nonepeyHsld NpodHIb U 06eCeYHBAET PaBHYIO XK ECTKOCTD
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KOJOHHBl B JIBYX B3aHMHO MNEPNeHIHKYJAAPHLIX MJIOCKOCTAX.
B 1972 r. Ha yHHBepcaibHOM 6aJOYHOM CTaHe B . XHUpoxara Ha-
4aTO MaCCOBOE MPOU3BOACTBO TAKHX npodunel. bbulo HamaxkeHo
cepHiHOe NPOH3BOACTBO KOJNOHH J[BYX pasMepoB — C Ionepey-
HbiM ceuenneM 400 X 400 u 500 X 500 MM, B Kax«a0H CepHH IO
Il TunopasMepoB KOJIOHH C TOAUUHOH cTeHKH [3—50 MMm.

OcoGeHHoCTBIO HOBOro copronpokaTtHoro craHa ([Tosbckas
Hapoauas Pecny6uauka) [11] saBasercs BblcoKasi HPOH3BOLHTENb-
HOCTB, cocTapjisiowas 1,2 MaH. T npokata B roj, BBICOKHH ypo-
BeHb MeXaHW3allWH H aBTOMATH32LHU NPOH3BOACTBEHHBIX MpOLEC-
coB. 3aroToBKH ceueHuem He Gonee 250 X 200 MM HarpeBaioTcA
B JBYX HarpeBaTe/bHbIX MNeYax MNPOH3BOAMTENbHOCTHIO 180 T/4
Kaxjaas. B coctaB o60pyLOBaHHS CTaHA BXOAAT TPH PEBEPCHBHLIE
KJIeTH NIyO, TpYyNNa YHHBEPCAJIbHBIX YEPHOBBIX KJCTel H yHHBeEp-
cajlbHad YHCTOBAs KJETb. ¥ HHBepCalbHble KJIETH — CMEHHblE U
MOTYT ObITb 3aMEHEHBl KJIETSIMH JAyo. MakcuMasbHas CKOPOCTb
npokatku 9 m/c. Oxnaxkaenue BeleTcs Ha NATH XOJOAHJIbHHUKAX
¢ obue# nyomansto 2000 M2, Ha cTane npeaycMOTpeH IIHPOKHH
COPTAMEHT NPOKaTa, B TOM YHCJE pesbChl Maccol 75 Kr Ha 1 M
IJIMHBL, NBYTaBpoBble Ganaku tuna HE u [PE sbicotrol 1o 400 u
600 MM; uBeJJiepbl, YTOJAKH, WNYHTHl H AP.

[TomumMo npokaTKH ABYTaBpOBBIX ajOK H LUBEJNJIEPOB, He-
ThIpEXBAJIKOBblE KJETH CTalH HCNOJb30BATBCA H NMPH NPOKATKe
HKeJNe3HONOPOXKHBIX pesbcoB. Tak, Hanpumep, B 70-x rojax Ha
Ky3HeukoM MeTamaypriaueckoM KomGHHaTe ObIIH MPOBEAEHE! OIlbl-
Thl 10 IPOKATKE PesbcoB P-65 ¢ NpUMeHeHHeM YHCTOBOH uephlpex-
BaJNKOBOH KJeTd. [IpennokeHHBIE cnoco® npokKarku ofecneuu-
BaeT 3HAUYMTENbHOE [OBLILUEHHE MEXaHHYECKMX CBOHCTB, pe3Ko
YMEHbILIAeT MECTHh€ HepOBHOCTH Ha MOBEPXHOCTH KaTaHHA Tro-
JIOBKH 110 AJIHHE peJsbca, 00ecrneuynBaer Jyyllee BbIMOJHEHHe PO~
¢usaa TONOBKH.

B 70-x rogax ¢upma «Hunnou Crua» (11oHud) ocBousa npo-
LeCC MPOKATKH PeJbCOB B UETHIPEXBAJKOBHIX KJeTAx. IIpH aTom
MOBBIIEHA TOUHOCTL Pa3MepPOB NpPoUAS PebCa, CHHXKEH yPOBEHb
BHYTPEHHUX HaNpsi’KEeHHH, JOCTHIHYTa DPaBHOMEDHOCTb O6XKaTHS
FOJIOBKH M [OJOLIBE peJbCd.
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®upma «Cakuaopy (PpaHuus) MOAEPHHIHUPOBAMA peshcoda-
qnoyublé ctad 900 4J1s MPOKaTKY WHPOKONOAOUHBIX Ga/I0K BLICOTOH
180—600 MM H KesIe3HOZOPOXKHLIX PENbCoB ¢ Maccol 46-—60 kr
Ha | M aauHel. s NpOKaTKH pesibCOB NpHMeHeHa YHHBEpCaJb-
Has ka/jauopoBka (puc. 8, 6). Ilo cpaBHenu10 ¢ KjaccHuyecKol Ka-
~TH6POBKOH (puc. 8, a) ee 0COGEHHOCTBIO ABJSETCH TG, UTO BMECTO
NPOKATKH PEJIbCOB B 3aKPBIThIX KaaHOpax JABYXBAJKOBHIX KJjeTed
B YHHBEpcanbHOH Kanu6poBke Kaaubpol 8,10 u 12 pacnosoxxeHbt
B YETLIPEXBANKOBBHIX KJaeTAX. YucToBOH Kaaubp 14 nmoayyHusep-
CaJbIIOTO THHA! MOJACLIBA pesibca AehOPMUPYETCS BEPTHKANBHEIM
BaJIKOM, @ TOJIOBKA — B OTKDBITBIX PYUbX FOPH30OHTAJbHBIX BaJ-
KOB.

YHuBepcaspHas KamubpPOBKa HMEET CJIeAyIOU(He MPEeUMYLIeCT-
Ba: YBEJIHUYHBAETCA TOYHOCTH PA3MEPOB pejbCa 3@ CUET BO3MOXK-
HOCTH PeryJupoBaHusl pasMepOB Ka/aubpa Mo Mepe H3HOCA PYULEB;
B MPEIYUCTOBLIX KaauOpax OTCYTCTBYIOT IiyO0OKHe Bpe3bl B BaJ-
Kax, YTO yMeHbUIaeT MX H3Hoc; Osaronaps GosblIeMy OGXKATHIO
MOJOUIBLL H TQJOBKH [0 BBICOTE PesbCa MAKPOCTPYKTYPA ero Jayu-
e ¥ MeXaHuyeckHe CBOHCTBA BhILUE.

K 0COBeHHOCTAM YeTHIpeXBaJKOBBIX KJeTeH, KOTOPbIE HCIIOJb-
3YIOTCS TPH IPOKATKe PeJIbCOB, CJELYeT OTHECTH NPHMEHEHHE Bep-
THKAJbHBIX BAJKOB PasHOro nuamerpa. [1pu npokarke ¢ OlMHAKO-
BLIMH JAHaMeTpaMM HaOJII0JAETCsl HEYCTOHUMBOCTL [POLECCa Mpo-
KaTKH, HCKakeHHe npoduis peibCcoB H JApyrHe TpyAHocTH. Mx
MOXKHO YCTPAaHHTh, €CJAM AHaMeTp GOUKH BEPTHKAJBHOIO BafKa
CO CTOPOHBI FOMOBKH OYAET MeHbIE, Y€M CO CTOPOHBI [OAOLUBHL,
[Tpu 3TOM OCH BEPTHKAaJbHBIX BaJKOB HAXOAATCA B IJOCKOCTH
ropH30HTaNbHEIX BajgkoB. CooTHOLIeHHe auaMeTpoB OOuUeK Bep-
THKAJbHBIX BAJKOB JO/IKHO OblTb TakHM, YTOOBI TOYUKH Hauaja
AYTH 3aXBaTa MeTasiia [Jifd 060HX BEPTHKAJLHBIX BAJIKOB JIeXKalH
B IJIOCKOCTH, MapasjeabHoll OCH BaJIKOB.

YeThipeXBasnKoOBbIe KJETH MIHPOKO HCHONb3YIOTCA Ha PeJbCo-
BasloYHBIX H KPYHOCOPTHBIX CTaHaX MpH NpoKaTKe ABYTaBPOBhIX
fajoK Kak ¢ napasfenbHsiMu nodkamu [18], Tak M ¢ yk/IoHOM
BHYTpEHHHX rpaHelt nosok [24]. IIpu 5TOM BO3MOMKHBI TE€XHOJO-
THUECKHE CXeMbl C OJHOH HJIM ABYMA YHHBEPCANbHBIMH KJETAMH.
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Puc. 8. Cxembl MPOKATKU XKeJTE3HOAOPONKHLIX PETLCOB.

B xagecTBe KOHTPOJBHBIX MOTLYT ObITh HCHOJB30BAHBI KaJaHOPHI
TNOJIY3aKPBITOTO THIMA HJM Ke KaJluOphl, CUMMeTpHUYHblEe OTHOCH-
TEJNbHO MPOJOJLHOH — TOPU30HTAJNLHOH IIJIOCKOCTH C Pa3beMOM
NOCpeiHHE.

[Tpn npoxatke Ganok ¢ napannenbHbiMu nosaramu [18] ¢ npu-
MEHEHHEM OJHOH YHHBEPCAJbHOH KJETH KOHTPOJbHBEIH KalHOp
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[OJY3aKPBITONO THIIA HMEET TO MPEHMYLIECTBO, YTO B HeM, KaK H B
OBbIYHOM GaJOuHOM Kanubpe, MOJNKH OOXKHMAIOTCA 0O LIMPHHE
Hapaay C O0XKaTueM HX MO BbICOTE. Ho usHoc Takoro Kamubpa
3HAYMTEbHO BbIllE, UeM CHMMETpH4HOTO. [losToMy BbIGOD THNA
KOHTPOJIbHOTO Kanuépa HeOoOXONMMO YBASHBATH C YCJOBHAMH
[pOKATKH B MpPeAblAylefl H MOCIeAyIOWeH YHHBEPCAIbHbIX  KJIE-
TAX.

Tak Kak CHMMeTPHUHbII KOHTPOJIBHEIA KanuOp He yMEHbIIaeT
TOUMHE! H YKJOHOB BHYTPEHHHX IPaHeH MOJIOK, TO BHYTPEHHHH
VKJIOH TOJIOK U3 [PebllyLIEro Kaaubpa He NOJIKEH MpeBbllIaTh
3,5—4 %. Taxue majble YKJIOHbI B MPEABIAYLIHX Kaaubpax cy-
LIECTBEHHO CHHXKAIOT UX CTOHKOCTb. OTBIT NPOKATKH Gajaku No 16
¢ CHMMETDHYHBIM HJM TONY3aKPbIThiM KOHTPOJALHLIM Kaauopom
NMOATBEPKAeT 5TH BHIBOJBL. Tak, MpH NMPHUMEHEHHH CHMMETpHY-
HOrO KOHTPOJILHOTO Kaqubpa W Mpeibllyulero rno Xoay Kajaubpa
¢ MajibiM YKJIOHOM 3aKpHITOH TOJKH (HAPYXKHBIM 2 ¥ BHYT-
peHHHM 2,7 %) CTOHKOCTb 3TOTO xaqubpa cocraBuaa 350 T.
{Ipy HCNO/BL30BaHKK KaauGpa M0Jy3aKpeIToro M2 B [pe/bLIY-
[ero Kaaubpa ¢ yKJIOoHaMH 3aKDLITOH NOJKH 2 u 7 % CTOHKOCTb
Ka/aubpa ysemnumaach 1o 1400 T.

[Ip NpUMEHEHHH CXeMbl IPOKATKH C ABYMs YHHBEDCANbHLIMA
KJISTSI I CTOMKOCTh BAJKOB YHHBEDCAIbHBIX KJIETEH MOBBILIACTCA,
8 OCOBEHHOCTH YHCTOBOH KJIETH, Tak KAaK H3HOC GOKOBBIX MOBEPX-
gocTeli TOPH30HTAJNBHBIX BAJIKOB 6yﬂ:eT Gosee paBHoMepHbIM. OI-
HOBpEMEHHO NOJI’KHA BO3PACTH H CTOHKOCTH KOHTPOJLHOTO KaJHo6-
pa, B KOTOPOM BHYTDEHHHUI YKJIOH TOJIOK MOXHO yBEJIMdHTL 10
6—8 %, MOCKOAbKY M2peX0/ K YKJIOHY YHCTOBOTO kanubpa 6yaer
OCYUIECTBJASITECA B ABYX YHHBESPCAMbHBIX KIETAX. s ysennde-
HHA CTOHKOCTH BA&JIKOB MPeIYUCTOBOH YHHBEPCANbHOK KJIETH
cJlefyeT yBeJHYHTb YKJIOH TpaHeil MOJIOK: Hapy»XHbUM — 10 10
u BHyTpennuit — o 15

MPOKATKA MEJIKOCOPTHbLIX NPOMUNENA
B YETLIPEXBANKOBbLIX KANMEPAX

Hecmorpa Ha uesibl#l psg npeumyllecTs fedopMaluy MeTasla
B UETBHIPEXBAJKOBBIX Kajqubpax nepes INPOKATKOH B KJETAX
C JBY XBaJKOBLIMH Kasn6paMH, OHa He HalllJa ellle JOMKHOTO pacipo-
CTpaHEHHs NDH rops4ed NMpoKaTKe cpejHe- W MeJKOCOPTHRIX (a-
COHHBIX coproBeiX mnpodusei. OObACHAETCA 3TO OTCYTCTBHEM
KOMMNAKTHBIX M HaJeXKHBIX HeTblPeXBANKOBBIX KJeTeH, BIHCHIBA-
IOLIMXCH B CXE€MY pacnoJIOXKeHHs1 OCHOBHOIO TEXHOJIOTHYECKOTO
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Puc. 9. UeTripexBajiKoBble KalUOPH ABYTaBpOBOA (OpMH.

0GOpYA0BAHUA AEHCTBYIOWHX CpefiHe- H MEJIKOCOPTHRIX CTaHOB, a
TAKXKe JOCTATOUHO OOWIHPHBIX C NPUKIAAHON TOYKH 3PEHHS AAH-
HBIX O TEXHOJNIOTHYECKHX OCOOEHHOCTAX [11aCTHUeCKOH feopMaLiH
COPTOBLIX (ACOHHBIX NMpoduaed B MHOTOBAJIKOBEIX Kaaubpax.

C nesbio onpeaeneHUs BO3MOKHACTH QOPMOU3MEHEHHS B YEThI-
pexs . 1KOBBIX KasuOpax C/JI0XHOH IAByTaBpoBoil dopmbl (puc. 9)
GbIIM [pOBEleHbl HCCIEeA0BAHHA NPOKATKH HA N1OJNYNPOMEIIIIEH-
HoM crade 300 3a OIMH WJIH JBA IPOXOJA B PA3JHYHBIX KaauOpax.
YeTnipexBalKoBble KanuOphl 6Ll 00pa3oBaHbl ABYMA TOPH30H-
TaJbHEIMU BajkaMu auamerpoM 300 MM M IByMA HENPHBOJIHBIMH
BEPTHKANbHLIMH BanKaMu fuamerpom 90 mm. B KauecTre HCX0AHOH
3aTOTOBKM HCMOJIB30BAJNUCh CTaJdbHbIE 06pasubl KPYrjoro u IBY-
T4BPOBOTO CEYEHHH pasIUYHBIX pasMepoB. Temneparypa npokar-
Ku cocraBasaa 950—1000 °C.

B npouecce ucciaenoBaHHi npH HOPMOM3MEHEHHH 3arOTOBKH
tuamerpoM 16 MM B kasubpe 2 (puc. 9) 3a OAHH NPOXOJA N0JaYYaNH
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IPOpHIE ABYTABPOBOH (GOPMEL C LIHPHHOK NONYKPYIVILIX FOJIOK
16 u 18 mm. TIpy o6xkatin rofi xe caMoii 3aroT0BKH 34 lBa mpo-
Xola. (BHauase B KanuGpe /, a 3ateM B Kaanope 4) nonyuamm j1o-
BOJIbHO CJIOXKHBIH TOHKOCT@HHBIH ABYTaBPOBbLL NpopUIbL ¢ Mpo-
AOMLHLIMH [1a3aMH HA BHELUHMX TPaHAX NOJMOK (puc. 10, a).

ITpu dopmonsmenennn saroroBku onamerpom 18 MM B KasHG-
pe 2 3a oxuH npoxos Gbin NoJMy4en acHMMETPHYHEIH OpPOhHAb C

Puc. 10. O6roaxu Temne
. 10. TOB M0JIOC, APOKATAHHBIX B UEThIpEXBaJ
Kaiubpe 3a ORMH NPOXOJ. , g Honox

MOJTYKPYTJILIMH MTOJKAMH MHPUHON 22 1 9,5 MM, a TaKKe CIIOMKHbII
ABYTABPOBLIH MIDOQHJL C pasvepamu ceuenns 16 X 17.5 MM
(puc. 10, 6). Pasunua B LWINpHHE NOJIOK AOCTHIHYTA 3a qu’T cMme-
UEHHA BEPTHKA/IHBIX BaaKOB B FOPUBOHTAJLHOM HANDABJEHUMU.

M3 sarotoBku anamerpom 18 mm 3a 1sa npoxona (kaaubpet /
u 4) gbm [TPOKATAH ACHMMETPHUHBIH (PaCOHHEIH NPOpHIbL ABYTAB-
POBOH (DOPMBI C (PUTYDHBIMH TPOAOJBHBIMH Na3aMu Ha BHEUIHH X
rpaesix nosok. [Ipu TonmunHe cTenkn 3 mm NOJYYEHBl BEChMA TOH-
KH€ MOJMKH BBICOTOH 19 mum (puc. 10, g).

Beunu npoBenensr u apyrue uccaenosanus NPY PATHYHBIX KOM-
GHHANMAX [BYTABPOBBIX KaaHGpOB.

Hcenenosannst gopmonsmenenns merania npH obxaTtuu 3sa
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OIHH TPOXOA B YeThIPeXBA/JKOBbIX ABYTAaBPOBHIX Kajubpax nog-
TBEPANIHN BO3MOXCHOCTb OY€Hb PE3KOTO W3MeHeHHd (OPMbl HCXOZ-
HOrO CeueHMs M Xopollee 3an0JHEHHe pasjHuHbIX BBLICTYIIOB H
BIALMH C MAlbIMH PajHyCaMH 3aKPYIVIEHHH Ha napyXKHbIX 6OKO-
BbIX TPAHAX, YTO NPAKTHUECKH HEBO3MOXKHO B ABYXBAJKOBbIX Ka-
J6pax.
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Puc. 11. Cxembl npoxaTKH GacoHREIX Npoduelt ¢ NPHMEHEHHEM YeTEPeXBANKO-
BEIX KaJuOpoB. :

OcobeHHO CcJlellyeT OTMETHTb, YTO NpPH BecbMa 3HAYHTEJBHOM
GopMOU3MEHEHHY HCXOJHOTO CeueHHs 3a OJHH NMPOXOJ B HYeThlpex-
BaJKOBHX KanuOpax He OGHApyKeHO KaKux-THO0 HapylueHHi
CIIOWIHOCTH METaJl/la Ha BHelIHell MoBepXHOCTH NPOKATHIBAEMBIX
npobuied. -

Hcenenosannd B 061acTH NPOU3BOACTBA PACOHHBIX NpodueH
BLICOKO TOUHOCTH MOKAa3bIBAIOT, YTO MPOKATKY MOXKHO MpHMe-
HATb He TOJbKO AJ51 YeDHOBOTO (POPMOU3MEHEHHS 3arOTOBKH, HO
¥ B KauecTBe YHCTOBOH HJ/H OTAGJOUHOH ONepauny A NoJydeHns
TOTOBOH NPONYKUMH. B CBSI3M C 3THM nmpUMeHeHNe YeThIPeXBalKo-
BBIX Ka/JdMOPOB euie 6osee paciiupsieT cCopTameHT npodusedt Buico-
KO TOYHOCTH, KOTOPRIE MOT'YT OBITh MOJY4EHB! HEIOCPEeACTBEHHO
NPOKATKOMH.

4 4~138 49



Ha puc. 11 npuBenets! cXeMbl NPOKATKY HEKOTOPLIX (haCOHHBIX
npoduiel crneunasbHOr0 Ha3HAaYeHUs C NMPHUMEHEHHEeM dYeThlpex-
BAJIKOBBLIX KaJuOpoB B KadecTse POPMUPYIOUHX, YePHOBBIX H UH-
CTOBBIX MNPOXOJOB.

Ha npoxarTHbX cTaHax ¢ NBYXBAJKOBBIMH KJETSIMH npoduib
JJIsT IBEPHBIX MeTesb aBTOMOOHMEH OOLIUHO TPOKATBIBAETCH [12]
B 7—9 daconnbix Kanufpax, npudeM TOJILHHA HUCXOLHOTO Mpsd-
MOYTOJIBHOTO CeueHHs, 3a1aBaeMOro B MepBblil GacoHHbIN Kanudp,
NpeBHILAET TOMUKHY YTOJLlenyl rotosoro npoguas B 5—7 pas.
Tonbro Ha HenpepeisHOM crane 300 Hepenoeenkoro crajenpo-
KAaTHOI'O 3aBoja Npodnab mUpuHOH 114 MM A5 JBEpHOR NeT/H
aBTOMOGHJs «MOCKBHY» U3 KPyrJ/oH 3aroToBKu AuaMerpoM 60 MM
NpOKAThIBAETCA 3a 4YEThIpE NPOXOAa.

[Ipyu npUMeHeHUH YETBIPEXBAJIKOBLIX KaJHGPOB AMs NPOKATKH
npodusell ¢ YTOMIEHHUSAMHE Ha KPafAx KOJHUYeCTBO (ACOHHBIX Ka-
Ju6pOB MoxeT ObITh yMeHbILero 10 Tpex (puc. 11, a). Coorsercrt-
BYIOLLME HCC/IEN0BAHUA OBlJIM NPOBEAEHL! HA ABYXBAJTKOBOM MOJY-
npoMbllyieHHoM cTane 300 npu npokaTtke npoduied 415 IBEPHEIX
nereqb ¢ pasmepamMu 70 X 6 X Ib MM u 110 X 6 X 15 mwm.
JluaMeTE bl BepTHKaJbHBIX BANKOB COCTABJAANM A8 Kanubpa [ —
109 u 118 MM, a5 kanubpa 2 — 114 u 123 MM COOTBETCTBEHHO A5
Y3KOr0 M WHpoKoro npoduasd. Paguyc pyubeB BepTHKAAbHBIX
BasJKoB Gbla paBen 16,5 mMm. Tosmuuna HCXOAHBIX 00pasLOB U3
Cr3 cocrasnana 18—22 mm. O6xaTne BepTHKATbHLIMU BaJKaMH
H3MeHaJ0oCh B Npepenax 2—31 mm B kanudpe [ u 6blJI0 00CTOAH-
HbIM (5 MM 17151 y3Koro u 10 MM I/ IupoKOoro npodusis) B Kaaus-
pe 2.

Komnsiekc npoBefeHHEIX HCCEIOBAHUIN NOATBEPAHI Leaecoos-
Pa3HOCTb NpPUMEHEHUS AAHHOH CXeMbl B TPH POXOAA C ABYMSA Ye-
TBIPEXBAJKOBbIMH KanuOpamu 175 0POKaTKU npoduiiell ¢ yToue-
HHEAMH Ha Kpasix. [Ipu sToM HeoGxoxnMast BEICOTA HCXOJHOT O MO~
KaTa NPSIMOYroJIbHOI'0 CeYeHUs NpeBbliliaeT He foJee ueM B 1,3—
1,4 pasa BHICOTY YTOJILEHHH IOTOBOTO NMpOoduJs.

Ha puc. 11, 6 npuBeneHa cxema npoKaTkH (pacOHHOrO NPodhuJIs
IJ15 IIHMHEL TabyJsTopa B TPU NPOX0OAA C NPELYUCTOBEIM U YHCTO-
BBIM YETBIPEXBAJNKOBLIMH KaJAu6paMH H3 3aroTOBKH KpYIJIOro
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cedenust AuamerpoM 19 MM Ha noayapomsiunienHom crane 300.
OcoBeHHOCTh 3TOr0 MPOQHIA 3aK/II0UAETCs B TOM, UTO €ro BOoOLLE
Hesb3sl MOJYUHTb MyTeM ropsdedl NMPOKaTKH B JBYXBAaJKOBBLIX
kaersix. [TpokarTka ke B 4eTbIpeXBaJKOBEIX KaluOpax Lenecoos-
pasHa ¥ 3(peKTHBHA.

ITpokatka Kpecroofpasuoro npoduns (puc. 11, ¢) npu npume-
HEHHY YETHIPEXBAJKOBOrO KaJuOpa B KauecTBE UUCTOBOTO TAKKE
MOKeT ObITb OCYLIECTBJEeHA 3a TPH MPOXOJa.

Ocobriil HHTEpeC npeACTaBasfeT MPOKATKa NpoduAeH NPAMOY-
FOJILHOTO CeYeHUs 3a OJMH MPOXOJ B UeTHIPEXBAJKOBOM Kaaubpe
(puc. 11, 2) u3 kpyraoi 3aroToBKu. 3a CUET CMElEHHA TOPU3OH-
TaJIbHBIX H BEPTHKANbHLIX BAJKOB U3 ONHOH H TOH Ke 3arOTOBKH
MOr'YT ObITb TOJY4eHbl MNPAMOYTrOJIbHblE TPOPHIH PA3THYHBIX
pasmepoB. OnbITH N0 Takol cxeMe GBLIM NPOBeAEHHl HA NOJNyIPO-
MblilieHHOM cTane 300,

HMcenenoBanis TEXHOJOTHH NPOKATKH GOJbINOro YHcaa GacoH-
HBIX Mpodu/el B KJeTAX C MHOrOBAJKOBBIM Ka/HOPOM BhIlIOJIHEHE
Ha MPOKATHLIX CTAHAX KOHCTPYKUUH YUedsiOHHCKOrO MOJHTEXHH-
yeckoro MHCTUTYTA [23]. Mapouublfi COpTaMEHT BKJIOYaJ CBhillle
25 Mapox cTaliedl U CJaBOB, B TOM YHCJE OBLICTPOPEXKYILHE CTAIH
U TpyAHOAedopMUpYeMBble LBETHLIE CraBbl. [1pu HcclefoBaHMH
OblJI0 YCTAHOBJEHO, YTO ropsdyell MPOKATKOH M3 3aroTOBOK IIPO-
CTOrO CedeHHusl 3a OAMH-IBA NPOXOJa MOXHO N0Jy4aTb DAL A0-
BOJIBHO CJIOXKHBIX (PacoHHBIX Npoduael (C TOUKH 3pEHHA HX TIPO-
KaTKH B IBYXBAJKOBHIX Kanubpax). [1pu npokarke AByTaBpoBOro
npodusas 3a ONUH NMPOXOX M3 KPYTJOH 3aroTOBKM 3HAYHTE/IbHAA
HepaBHOMEPHOCTh AepopMallHd He NMOBJHUAJNA Ha 3allOJIHEHHE Ka-
JHOpa H3-3a 06KaTHUsl MOJIOK BEPTHKAJbHEIMH BaJKaMH, KOTOPOe
KOMTIEHCHPOBAJIO YIIHPeHHe H YTSKKY 1noJoK. [Tpoduab aas wiu-
uesoro Bana 6 X 11 X 14 mM noa nocnenyioiiee BOJOYEHHE OblJ
TMONyUeH 3a IBa NPOX0Ja H3 KPYTJIOH 3arOTOBKH AHaMeTpoM 16 MM.
[lpokaTtka npoduasa A1 WIKHUEBOrO Baja 10Ka3ana, 4To B KJETAX
C MHOTOBAJKOBLIM KaJMOpPOM CPaBHUTENLHO MPOCTO (MO CpaBHe-
HHIO C BOJIOUEHHEM) [10J1y4aeTcs npopUIbHBEIH MOAKAT NOJ MocJe-
Lyioliee 4ucToBoe BoJouenue. [Ipn 3TOM B 4eTHIpeXBAIKOBOM Ka-
nubpe MOMHO NPOKATHIBATL NPOQHU/IM [/ LUIMKEBRIX BaJOB C
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YHCJIOM OCEN CHUMMETPHH, KPATHBIM He TOJMBKO HeTblpeM, HO
H TpeM.

VccoepoBana Takke npokarka B UEThIPEXBaJKOBOM Kaaudpe
psiia kpecroobpasnbix mpodunaed [23], koTopas mokasana Bos-
MOXKHOCTb TOJydYeHus npoduiedl ¢ romuuaol creHkd jgo 0,8—
1,5 MM 3a oauH npoxox. Cielyer OTMETHTD, YTO TOHKOCTEHHBIE 11PO-
GuIH C [IOMOLLbIO TOPAYEro NPeccoBaHHS MOJAYdYaTh TPYAHO,
a BOJIOUEHHE TAKUX Mpoduiell — oyeHb TPYLOEMKHH W MaJonpo-
U3BOLHUTEJNbHEIH Crnocod. ’

Jpyroit 06/1acTbi0 HCMOJNb30BAHHA KJAeTell ¢ YeTblpeXxBaJKo-
BbIMH KaJliOpaMi J/Isl OTYYCHHA CHMMETPHYHBIX npoduaed u Ka-
TAHKH BBICOKOH TOYHOCTH SIBJISETCS NPHMEHEHHE OTAEJNOYHOTO
6J10Ka 32 YHCTOBOI I PYNIOH NeACTBYIOLLHX COPTOBBIX U 1IPOBOJIOY-
HBIX CTAHOB rOpsYell MPOKATKH.

IlonoXxute/bHble pe3yabTaThl ObIIM MOJYUYEHEl MPH [1POMBIIL-
JIEHHBIX MCIBITAHUSIX HA MEJKOCOPTHOM cTane 250 Ne | Maruuro-
FOPCKOTO MOTaNJIypPruueckoro KoMGHHATa ABY»KJaeTeBoro 6Jioka
C YeThIpeXBa/KOBBIMH KaJHOpaMu, yCTAHOBJEHHOrO B JIHHHUIO CTa-
Ha 33 YHCTOBOH KJeTbto. B JBYyXKJeTeBo# 6JI0K NojaBancsa Kpyr-
JIBI MOAKAT AuaMeTpoM 16 MM, mosiyuaemblil M3 ABeHAKUATOH KJe-
TH cTaHa 6e3 U3MEHEHHUs1 TEXHOJIOr M ero paboTel. PopMHpoBaHue
TOTOBOrO KPYIJIOro NpoQuIst OCYILECTBJSAAOCh MO CXeMe: HCXOJ-
HBIH KPYr AMaMeTpoM 16 MM — KBaJpaT ¢ 3aKpyTJeHHBIMH yrJaa-
MH — KpyT AuamerpoM 14 mMm. HecMoTpsl HA 3HauUTeNIbHbBIE KOJIE-
6aHus pa3MepOoB IIOMepPEYHbIX CEeYeHUH HCXOAHOro Kpyra (oBagb-
HocTh jocturaa 1,04 MM, a OTKJIOHEHHS PasMepoB 0O JAJHHE
packata — 0,7 MM), B 6J10Ke noJyueH YHCTOBOH NPOPHJIb C MAKCH-
MaJbHbIM OTKJIOHeHHeM ==0,1 MM OT HOMHHaNbHOrO pasmepa [25].

[Ip® MPOU3BOACTBE CTAJbHBIX (GACOHHBIX NpoduIeH BHICOKON
TOYHOCTH Ha 3aKJIOYHTE/bHBIX (POPMOOGPA3YIOMIHK ONepanuax
Hapsay ¢ BOJOUEHMEM B IOCJENHIE TOfbl N0yYaeT Bce Goubliee
NpHMEHEeHHe XO0JI0/HAs NPOKaTKa B MHOrOBAJKOBBIX KasnHOpax.
Passurue 3T0r0 cnocofa cBs3aHO ¢ HEOOXOXHMOCTbIO pacIlHpe-
HHS copTameHTa (PacOHHBIX npoduJseli BHICOKOH TOYHOCTH H CHHU-
JKeHMs TPYAOEMKOCTH UX TPOHU3BOACTBA B Pe3yJbTaTe yMeHblie-
HHS JOJIH BOJIOYECHHA B MOHOJIMTHBIX BOJIOKaX.
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XoMoAHas IPOKATKA B KJETAX C MHOTOBAJKOBHIM KalHGPOM
ofecrieurBaeT SKOHOMHUIO MeTasia U TPyAosatpar Giarofapsa Jiu-
KBUAAIMK BecbMa TPYIOEMKOH oOTNepaluy OCTPeHHs TepeiHuX
KOHIOB M TepMU4ECKOH 06pabOTKH, MO3BOJAET HOJAydaTh TOHKO-
cTeHHble (acOHHbIe NPOQUIK BEICOKOH TOYHOCTH, [OJyIEHHE KOTO-
pLIX BOJIOUEHHEM B MOHOJHTHBIX BOJIOKaX MpEICTaBJseT 3HauH-

“TeJibHbI€ TPYAHOCTH,

KOHCTPYKTHBHbIE PElIEHHUs NPOKATHBIX KJieTel ¢ UeThlpexBal-
KOBbIM KaJu6poM [23] mo3BosisiorT pUMEHATb HX AJIS XOJIONHOH
npokaTky (GacoHHblX npoduseil, BIHCHIBAIOWMXCA B KPYT 1HaMeT-
poM o 30 mMm.

W3 ananusa coprameHTa (acoHHBIX npoduieil BLICOKOH TO4-
HOCTH cJenyerT, uto okodsio 10 % npodused iesecco6pasno noJay-
YaTh XOJNOAHO NPOKATKON B MHOrOBAJKOBbBIX Kajubpax.

[Tpoltecc TpOU3BOACTBA NPOBOJIOKH H3 BEICOKOYTJIEPOAUCTBIX 1
JECHPOBAHHBIX CTaJIefl H CIIABOB CIOCOOOM BOJIOUEHHS B MOHO-
JINTHBIX BOJOKAX XapakTepH3yercs NOBBILEHHOH TPYLOEMKOCTDIO,
JKECTKHMH TPAHHILAMH TeMIepaTypPHO-CKOPOCTHBIX YCJIOBHIT, BU3-
KHUMH 4aCTHBIMU ¥ CyMMapHBIMH OOXaTHSIMHU, TIPHMEHEHeM J0PO-
FOCTOSIMX MaTepHasoB M 060pynoBanus. [lis CHUXKEHHS COTpO-

“THBJEHHS NJNaCTHUECKOH D,e(i)OpMaUJ/IH HCXOoAHas Kartanka MW Ipo-

MerXKyTO4YHas 3aroToBKa U3 GOJBILIUHCTBA JIETHPOBAHHEBIX crajen
NOABEPraoTCs AONOJHHUTE/NbHBIM onepauunsaM TepMHUECKOH o6pa-
60TKHU M NMOATOTOBKY MOBEPXHOCTH, 4ACTO AJUTEJIbHBIM MO BPEMEHH

‘H Tp€6y}OH_LPIM 3HAYUTEJILHBIX TPYALOBBIX H KanuTtaJbHbIX 3aTpar.

B macTosiee Bpemsl pa3zpabOTaHbl U BHEAPAIOTCA TEXHOJOTUS
W 060pPYNOBaHHE MATHKJIETEBOTO CTaHA C YETHIPEXBAJIKOBBIMH Ka-
JnGpaMu AJIst XOJIOAHO! M TENJIOH MPOKATKH MPOBOJIOKH M3 JIETH-
POBAHHBIX CTajed H CIJaBOB. .

VccnenoBanys mokasany [25], uto nocse xonoano# pedopma-
LK Ha TPEXKJIETEBOM CTaHe ¢ YeThPeXBa/KOBbIMH Kanufpamu 1o
cxeMe KBagpar — BOCBMHYTOJIbHHK — KDYI H3 HCXONHOH 3aro-
ToBku 9,35 X 9,45 MM AnaMeTp NOJYUYEHHOrO IOTOBOTO KPYTJIO-
ro npo(uAs B ABYX B3AUMHO NEPHEHAHKY/SPHBIX HANPABICHHAX
usMensijicst B npenenax or 8,84—8,86 no 8,80—8,92 mm. HMame-
HeHHe AHaMeTpOB MO BCefl QJHHe KaJuOpOBaHKOrO NPYyTKa Kpyr-
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Jioro ceuenusl He npessliwano 0,1 mm. [losyuennslit npoduas no
TOYHOCTH pasMepoB OTHOCHTCS K YeTBEPTOMY KJaccy AJas Kaaub-
pPOBaHHOH cTajsn. MakcumasbHas BbicOTa HepOBHOCTEH npoduieit
CoCTapJisila B cpeiHeM 2,25 MKM, a JJi BaJKOB — B CpelHEM
2,0 MKM, YTO COOTBETCTBYeT B O0OHX CJyyasX MNATOMY KJaccy
YHUCTOThl [OBEPXHOCTH.

[IprimMenenye xonoAHOH NPOKAaTKH B3aMeH BOJIOYEHHS HCKJIO-
yaeT OMEepPAalHH KeJATeHH s, H3BECTKOBAHHS U 3aNPECCOBKH NPYTKOB.
[Torepn meranna Ha o6pesb yMeHblUAOTCs B 2—3 pasa, CTOMMOCTb
nepejesia KaJuOPOBAHHOH CTaNH, NMOJYUYEHHOH MyTeM XOJOLHOH
NPOKATKH, YMeHbLIAeTCA NOYTH BJABOE, MPOU3BOACTBEHHAS IIJIO-
maab coxkpauiaercs Ha 20 %, yucs0 NPOU3BOACTBEHHBIX PaGOYHX—
B 1,5—2 pasza.

TEXHONOTHUHECKAS KNACCUMUKALIUG MPODUIIEN,
NPOKATBIBAEMbBIX C MPUMEHEHMEM YETBLIPEXBAJNTKOBBIX
KANUBPOB

CoprameHT npoduseil 0Tpacjeporo U CneunanbHOro HasHaue-
Hull HacuuThIBaeT 6oJee 2 ThIC. ropsiueKkaTaHblX npoduael, a Takxe
CBBILLE 4 ThIC. COPTOBBIX M (PaCOHHBIX 1POQHJIEH BEICOKOH TOUHOCTH,

. hopMa ¥ pasmepnl KOTOPLIX BecbMa pa3uoobpasHbl. CpefHss npo-
JOJKUTEJIBHOCTb PUMEHEHUS KAXKI0TO NPOQUIS COCTaBasteT b—
10 ner. I1pumenenue npoduneil oTpacaeBoro H CnelHalbHOro Has-
HaueHHsl 00ecrneuyBaeT 3HAYHTEAbHYIO SKOHOMHUIO MeTalla U Tpy-
J03aTpar y norpedutens. DKOHOMHUECKHH 3(heKT OT HCMoMb30-
BAHHS TAKUX Npodusel B HAPOAHOM XO3SHCTBE B HECKOJNBKO pas
BbIILIE, YEM OT HCIOJIb30BAHHS COPTOBBIX Npoduaed ofiero Ha-
3HAYEeHUs.

@dopmMa nonepeyHOro CeyeHHss MHOTHX HOBHIX NpodusiIed He
UMeeT aHaJOroB CPeAH OCBOeHHbIX mpoduJselt. [ HX NPOKAaTKH
Tpe§yeTCH paspabaThiBaTb HOBbie KanaubpoBku. [loatomy 6osb-
1IOH MpaKTHUECKHH HHTEpec NpeacTaBJseT aHaju3 U oboblieHue
ONBITA CO3J2HHSA M OCBOEHHS KaJuOPOBOK Npoduaell oTpac/aeBoro
Ha3HaueHHs. i

AHEIJII:[B KaJubpoBOK U CXeM ropsiuell MpoKaTKH paSJII/llleIX‘
npoduJeil B IByXBaJKOBHIX Kaaubpax nokasbiaer [12], uto ux
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MOKHO Pas3JeNHTh Ha OTAeJbHble TEXHOJOrHUECKHE IPYMIIEl, KO-
TOpble XapaKTepPU3YITCs TeM, 4TO MPoduiH, NpHHALIEKALIHE K
KaKoii-J1u60 I pynre, NPOKaThiBaloT B Kaiubpax adanoruuno# dop-
Mbl U MPH NPOKATKe H KaJHOPOBKE HCMOMb3YIOT OJHHAKOBbIC Me-
TOZB 1K mpuembl. Kaxias TEXHOJIOr HUeCKas IPynna HMEET CBOH
cneundruecKune 0CoGEHHOCTH MPOKaTKK. B cBA3K ¢ 5THM NpH pas-
paGoTKe KaJHOPOBKHM OCOOEHHO BaKHO MPABUJBHO ONPEILTHTH
TEXHOJOT HIECK Y0 IPYINY HOBOro npoduJs.

T GOJbLIMHCTBA COPTOBBIX [OpsiueKkaTaHslx npoduied 006-
[Iero HJH MACCOBOTO OTPACJEBOrO Ha3HAueHUs paspaboTaHel pe-
KOMEHIALMH H MEeTOAbl pacuera Kanuoposku npodusneii. Ouesn-
HO, YTO IJIf YMEHbIIEHUs 3aTpaT NPH OCBOCHHH HOBBIX CJIOXKHBIX
npodusel OTPACNEBOro HasHAUCHHS BO3HHUKAET HeoOX0UMCCTh
B pellleHHH IBYX 3ajau: KaaccHPuKanui CyWECTBYIOWEro copra-
MeHTa CJIOXKHBIX Tpodusiell no MeTofaMm HX KalnOpOBKH; paspa-
6OTKH Hay4yHO OOOCHOBAHMHBIX M TMOATBEPKAEHHBIX NPaKTHKOM
METOLOB H PeKOMeHAALHf A/ pacyeTa KainOpoBoK KaxJol Tex-
HOJIOT HYeCKOH TPYIIIbI.

B cooteercTBuE ¢ padotoil [16] Bech copraMent npoduei or-
PAc/IeBOr0 Ha3HaueHMsl, NOJYyJaeMbiX C NOMOLLbIO 1 pOAOIbHOH
POKATKH B ABYXBANKOBBIX Kanubpax, pasielien Ha 19 TexHOJO-
FHYECKHX CPYII MO NMPUHIHMIY CXOIACTBA reoMeTpuuecKof topMbt
nonepeuroro ceyenus. OfHAKO, XOTs TaKasd KJaccuHKalus BeChb-
Ma T0JIe3Ha, OHA He NO3BOJISET YUeCTb BCe OCOOEHHOCTH NPOKAThHI-
BaeMBIX CJOMKHBIX mpodusell H UX MHOrooGpasue.

Haubosee noJsHas TeXHOJOrHUECKas K/acCHpUKALUs ropsade-
KaTaHbX npoduJiel OTPac/aeBoro Ha3HaueHUus NpUBeieHa B paboTe
[12]. Tpu sTom Bech cOpTaMeHT MpoduJell OTpacieBoro HasHa-
yeHHs pasjeseH Ha TEXHOJIOTHYECKHe rPyMNIbl ¢ yueTOM NpHUHIH-
f0B KaJu6poBKH npodunefl 1 KX CXem ropsiaell MPOKATKH B ABYX-
BAJKOBbIX Kanubpax. [l KamioH TeXHOJOrHYeCKOH TpyMibl
[pUBEJEHbl THIOBbIE MPUMEPDI KaliOPOBOK KOHKPETHLIX npocu-
nei. Tlpu oTHecenwu npoduis K TOH HIH HHOH TEXHOJIOT HUECKOH
Cpynme yYTeHO fozoGHe KOH(pHrypauui paccMarpuBaemMoro npo-
duast v npodusei 1aHHOA rPyNIbl HE3aBHCHMO OT HX OTPaC/IeBo-
ro npuvexenusi. PopMa CeueHHs] H B3aHMHOE pPaCHoOJOKEHUE
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OT/AeJIbHBIX 3JIEMEHTOB NPOMUIS NOMKHDI OLITh aHaJOT HYHBL hopme
CeuyeHHsi 1 B3AMMHOMY PACMOJIOMEHHIO COCTABHBIX 3JEMEHTOB pac-
CMaTpHBaeMOH rpynnsl npodusell. DneMeHTs NpodHIIa paccMoTpe-
HBI, B NEPBYIO OYepelb, B 3aBUCUMOCTH OT HX PaCMOJIOXKEHHUs OT-
HOCHTEJbHO OCefl CHMMETPHH IJIOCKOCTH CEYEHHS, KOTOPast MOXKET
MMETH OJIHY HJIM BE OCH CHMMETPHH HJIH XKe ObITb ACHMMETPHUHO,
Taxas kaaccupukanys Mo3BoJIseT 0GMErYUTh MOUCK HEOBGXOAUMO#
TEXHOJIOTHUECKOH I'PYNNbl XI5 HOBOTO MPOMHIS U TeM cambiM pe-
KOMEHAOBATb AJIs1 HEro MPHHUHIHAJBHYIO CXEMY KaTHOPOBKH.

[Tpensnoxkennas kaaccudurauus npoduied ocHOBAHA Ha CJe-
IYIOWHX NOJOXKEHHAX:

1. Kaxpaa rpynna Bkawouaer npodu/an aHasor iuHoH Gopmet
C pasMepaMH OJHOrO MOPSAKA.

2. Cummerpus npodusiedl kamaofl rpynnbl OfMHAKOBA (ABE
OCH CHMMETPHH, BEPTHKANbHAA OCb CUMMETPUH, FOPH30HTAbHAS
OCb CUMMETPHH, OTCYTCTBHE OCell CHUMMETPHH).

3. Cxempl KajuOPOBKHU nOpodusied KaKAOH TPYNIBE HMEIOT
NPHHUHIIHAIBHYIO OOLIHOCTb.

4. OTHOlUEHHE [UHPHHEI OPO(UISA K €ro BLICOTE B KawioH
Tpynne 3aj1aHo B ONpefe/ICHHBIX npejesax.

Texnonorudeckne rpynnel NofoOHbIX N0 GopMe COTOBBLIX IPo-
duneit obbenuHeHbl B Kiacchl. Knaccubukauus Briwouaer 16
kaaccos (1—XVI), kotopbie, B CBOIO OYEPeb, COCTOAT U3 43 TexX-
HOJIOTHUeCKHX rpynn. Pacnpenenenue rpynn 1o KJjaccam npef-
CTaBJieHo B Taba. 4.

" Beinonnenusle nccaeoBaHt s 10 NPOKATKE CJAOKHBIX NpoduIel
C MCIOJIb30BAHHEM YETHIPEXBAJKOBBIX KaJuGpoB MOKasatu, 410
NPHMEHEHHe OJHOr0-ABYX YETbIPEXBAIKOBHIX KaJHOPOB MO3BOJS-
eT Npu ropsveil NpokaTKe NoJay4yaTb BeCbMa CJOXKHBIE (HacoHHble
podHIH, KOTOPble NPAKTHYECKH HEBO3MOMXKHO MPOKaTarh B ABYX-
BAJIKOBLIX KanuGpax, a Takxe COKpaTHTb B 2—3 pasa uucao da-
COHHBIX Ka/JHODPOB NPU MPOKaTKe Npoduiell cpeiHel CI0MKHOCTH
110 CPABHEHHUIO C KX IIPOKATKOH TOIbKO B IBYXBaJKOBBIX KanuGpax.

Haunbosee sbheKTHBHO HCIIOIL30OBAHKE YeTHIPEXBANKOBLIX Ka-
JUOPOB NPH ropAdel NpokarTke GacoHHbIX NpodHIel ¢ napasiens-
HbIMH HADYXKHBIMK TPaHAMH, C 1A3aMM ¥ BHICTYTNIAMH pasjiuuHoi
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KoubHurypauun Ha GOKOBBEIX NOBEPXHOCTAX, a TakKe Npodunes,
y KOTOPbIX GOKOBblE [IOBEPXHOCTH HMCIOT CTPOTO ONpPEReNICHHYIO
KPHBH3HY.

Auanns coprameHTa ropsiyeKaTasblXx (AcOHHBIX IPOQHUJIEH OT-
pacJ/eBoro U CnelHaJbHOrO HasHaueHHs MOKA3bIBAET, UYTO OKOJIO

4, Knaccudukauns npoduned oo rpynnaMm v Kaaccam

Houmep
Cpynnul,
Kaace Hassalne KJsacca BXOASI-
mel B
RJaacc
I [TonocoBbte ¢ OCAMH  CHMMETPHH 1, 2
I [TosocoBrie KIHHOBHAHBIE 3—6
111 [TosocoBhie ¢ OTOrHYTBIMH KpAasMH
v [TosiocoBble ¢ YTOJMLLIE:HAMH O KPaaM 8—10
\ [Tonoco6ynbGosbre 11
Vi Tlonocosble ¢ peGpaMy KeCTKOCTH : 12—14
VII C-o6pasuble 15—18
VIIT [Mpoduau ¢ bjh < 4 19—22
IX TaspoBble U KpecTOOGPa3HbIE 23—25
X Yraosle 2628
X1 [IIBeanepootp asHble 29—31
XIl KopniTooGpasnbie 32—34
X JByTaspoBble 35—37
Xi PeJiscopble 38
XV 3eToBble 39, 40
XV] [poduan ocobo ciaoxcHO#H ¢opMbl 41—43

15 % npodunei uenecoofpasHo NPOH3BOAKUTL C NPUMEHEHHEM Ye-
THIPEXBAJNKOBHIX KalHOPOB. YUHTbIBAA, UTO HOBbHIE NMPOPHIH NO-
CTOSIHHO YCJIOXKHAIOTCH , HCTIO/Ib30BAHHE MHOMOB JIKOBLIX KaTHGPOB
Gyner pacluHpsaTbCA.

UeTslpex BaKOBBIE KJIETH HMEIOT 60Jee CJA0KHYI0 KOHCTPYKIHIO
N0 CPAaBHEHUIO C MPOKATHOH KJIETBIO AYO WJH TPHO, BEDPTUKANBHEIE
BJKH OOBIYHO HENPHBOAMBIE H, KaK NpPaBUJO, C MeHblUeH npoy-
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HOCTBIO H XKeCTKOCTBI0. 1103TOMY KJI€TH C MHOTOBaJKOBHIM KaJH0-
POM IIpH ropsiuell NPOKaTKE COPTOBHIX NMpPoQuseli He peKOMEeHAY-
€TCs1 HUCIOJb30BaTh B KayeCTBe BLITAMKHBIX, €CJU 3TOT Cnocob He
€IMHCTBEHHBIA B JaHHbIX ycJ0BWsX. Haubosee wuenecoofpasso
HCNOJIb30BATh YETLIPEXBAJMKOBbIE KAJHOPH! JJisl YHCTOBBIX H Npel-
YHCTOBBIX NPOXOKOB U TOJBKO B CIyYasx HEOOXOIHUMOCTH — B Ka-
yecTBE GOPMHUPYIOLLIUX H UePHOBBIX PACOHHAIX TPOXOA0B.

r(xnz)l]:[] C:D EEB E‘_'Ez(xz)ﬂ___i]_ JUIL g LT
a(lX)B:l E: BZT CFD‘@B@ @ % EGD

soL_J 2 ) ¢ 3 .3

Puc. 12. Texunonoruueckue rpynnbl (GpacoHHbIX npoduielf, NpOKATHBaEMbIX
C HCNONbL30BAHHEN UCTLIDEXBAJKOBBIX KaauOpOB.

OyeBHAHO, YTO B YCJIOBHAX COPTOBBIX CTAHOB, MPOKATHIBAIO-
[MUX U HDPOKHUHN CcOpPTaMeHT (acOoHHBIX NpoduaeH, sKOHOMHUYECKH
uenecoofpasHo HCIOAb30BaTh pafovue KJAETH AYyO, KOTOpHEe 0O0-
Jlee yHMBEpCaabHbl C TOYKH 3PEHHS NPOKATKH ILHPOKOrO COpTa-
MEHTa, HMEIOT MEHBINYIO NPOAOJIKUTEABHOCTD MEPEBAKH, a TAKIKE
YEeThIPEXBAJNKOBEIE KJIETH, KOTOPbIe MO3BOMAIOT MOJAYd4aTh BeChMa
CJIOXKHBIE TPOPHIHN ¥ COKPalllaTh KONHYECTBO (PAaCOHHBIX TPOXOJI0B
npy npokarke npoguaell cpenued caoxuoctd. Ha Takux cranax
KaJnGpOBKa CAOXKHOIO NPodhu/Is NPelycMaTpUBaeT MPOKATKY Kak
B JABYXBAaJKOBBIX, TaK M B UCTHIPEXBAJKOBLIX KaJubpax. [1pH
5TOM KOJIMYECTBO JABYXBAJKOBBIX (PaCOHHBIX KaJuOpoB B CXeme
NPOKATKH 3HAYMTENHHO MPEBLINIAeT YHCJIO UETblPEXBaJ/KOBbIX.

Ha puc. 12 npuBenesn! 06001LeHHbIE TEXHOJIOT UYECKHE T PYINbI
(bacoHHBIX npodueli, TPOKATHIBAEMBIX C HCIIOJNB30BAHUEM YETbI-
pexBaNKOBHIX Kaaubpos. [lpensoxeHHas KjaaccHpuEauus rc-
3BoJieT paspaboTarh Aaf KAXAOH TPYNNBl NPUHIHIHAJbHBIE
CXeMBbl 1POKATKH, NOCTPOUTL MaTeMaTHUeCKHe MOJeJaH Tpollecca
NPOKATKU U MOJNYYUTb HEOGXOLUMbIE 3aBUCHMOCTH AJSl pacyeToB
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GopMonsMeHeHHsT U SHEPrOCUJIOBLIX TAapaMeTpoB, KOTOpHIE He-
0GXOMMBI HE TOJILKO 15T Pa3paBoTKH TEXHOMOMUH, HO U sl npo-
CKTHPOBAHHS KaCCeT C 3alaHHBIMH NapameTpaMi JKeCTKOCTH,
TOUHOCTH H T. I.

quljnaaﬂ, YTO OCHOBHAsl MacCa ropsSYeKarTaHhX (DaCOHHBIX
NpoQuefi, MOJNyyaeMblX C HCNOJIb3OBAHHEM YETHIPEXBATKOBLIX
KanubpoB, GyAeT NPOKATBIBATECS B ABYXBAaJNKOBHIX UEPHOBBLIX H
TIOATOTOBHTENbHBIX (DAaCOHHBIX KaNHGPax, OGOOMIEHHbIE TEXHOJIO-
rHYecKHe rpynmsl hacounbix npoduaei (puc. 12) cnexyer pacemar-
PHBaThb KaK IOMOJHEHHE K TEeXHOJOTHYECKON KJaacCH(HKalHu
CJIOZKHBIX COPTOBBIX MpPOdHIIell 0TPAC/]ICBOro Ha3HAYGHUS, IIPOKaA-
THIBAEMBIX C MOMOLIBIO TONBKO JBYXBAJKOBBLIX KaJHGPOB.

Tax, nepsas Texnomoruueckass rpynna GacomHbix npoduneit
(puc. 12) Brmoyaer npodun ABYTaBPOBOH (bOpMBI CeueHHst ¢ oJ-
Kamu pasauyHod KoHdurypauuu. [lpu npokatke nanHbix npodu-
JIeH YETBIPEXBAJIKOBBIE KAJUOPLl NPUMEHAIOTCS B KAYeCTBE YHCTO-
BbIX, a4 NPH NMPOKAaTKe BeCbMa CJOKHBIX NPOdU/IeH MOBBLILEHHOf
TOUHOCTH — H B KaUeCTBE MPeIYUCTOBOro Kanu6pa. OCHOBHOE ke
(popMousMeHeHHe MeTaN1a B YEPHOBBIX H NOATrOTOBHTEIbHBIX po-
XOlaX OCYLLECTBJIAETCS B IBYXBANKOBBIX KainGpax. OueBHIHO,
4TO KaMHOPOBKA YEPHOBLIX PACKaTOB ABYTABPOBOrO CEYEHHS, KO-
TOpBIE MOCTYNAIOT B YHCTOBOMH YETBIPEXBATKOBbIH Kaaubp, L0JKHa
COOTBETCTBOBATb MPUHUMIHAMLHOH CXeme KaluOpPOBKH IBYTAaB-
POBBIX NPOGHJIEH, T. €. MPOGUIU ITOH IPYNNBl MO TEXHOJOT Hue-
CKOH KJIaCCHQHKAUUH CJOXKHBIX Npoduiell 0TpacieBOro HasHa-
uernst [12] npu BriGope NpHHLKHNEANBHON CXeMbl KaIHOPOBKY CO-
orserctBytor XIII ksaccy (rpynns 35—37).

Ha puc. 12 B cxobkax pumckumu uudpavu yxasaw KJacce,
K KOTOpPOMY OTHOCHTCH JlaHHAsl rpynna npoduseii, npoxaTsiBae-
MBIX C HMCIOJIb30BAHHEM YEThIPEXBANKOBLIX KaJMGDPOB, B COOTBET-
CTBHH C TEXHOJOTHYECKOH KJ/accHuKauuel CJ0XKHBX npodusei
OTpacJ/IeBOro HasHaueHus (CM. puc. 1 u TabJ. 4). '



masa—) TEOPETUHECKHUE MCCNEAOBAHUA
v& HOPMOMIMEHEHMSA

AN M DHEPTOCMUIIOBLIX NAPAMETPOB
\J B YETLIPEXBAJIKOBBIX KANMUBPAX

BAPYMALUMOHHEIE METOb! MCCREROBAHUSA
S OPMOUNIMEHEHMS M DHEPTOCUIIOBLIX NMAPAMETPOB

[lycTh K nedopMHpyeMOMY B MpolLlecCce MPOKATKH Teay Jo0okH
Gopmbl npusoxkeHa cucrema cuJ. [1py 3TOM MacCOBBIMH CHJIAaMH
W CUJAaMM UHEPLMH BBHULY HX MasocTd npenebperaem. CnpoeKkTH-
POBAB CHUJIbl, NeHCTBYIOLUIHE Ha 3JeMeHTapHBI Iapassiesenumnesn,
Ha OCH NPAMOYTroJbHOH cucTeMbl KoopauHat Jxyz, noc/e HecJoX-
HLIX TnpeobpasoBaHuil noJyuum JuddepeHnyanbHoe ypaBHEHHUe
paBHOBeCHS:

O'[jyj':O. (1)

3hecb H B JanabHefilieM, €CJH He OrOBOPEHO NMPOTHBHOE, i,
j = %, Yy, Z, O;j — KOMIIOHEHTHI TeH30pa HanpsixkeHuit. Has no-
CTPOEHHS 3aMKHYTOH (PeHOMEHOJIOFHYECKOH TEODHH JABHIKEHHS
CIJIOIIEOH Cpelibl 10/MKHA ObITh H3BeCTHA CBA3b MEXKIY JHHaMUYe-
CKHMH ¥ KHHEMATHUECKHMH COCTOSHHAMHU 3JIEMEHTAPHON YaCTHULLbI
Cpebl, T. €. CBSI3b MEKAY HANPSKEHUAMU U JedopMaLUaMH (”m;’
ckopocTsIMH  fedopmannil). COBOKYNHOCTh TAaKHX COOTHOWEHHH
HAa3BIBAETCHA «MEXAHUUECKHMH YPABHEHUSMH COCTOAHUA» WU NPO-
CTO «yPaBHEHHSAMH COCTOSIHHs». Tak Kak B MpoIecce NMPOKAaTKH
B OCHOBHOM NPOUCXOAAT 6onbline fedopMaluu, To AJ4 onpelese-
HUS UX CJIeflyeT UCNOJb30BATh TEOPHIO MJACTHYECKOrO TeUeHUS,
paccMaTPHBAIOLLYIO CBsI3b CKOPoCcTed aedopmanuil §;; ¢ Hanpaxke-
uusamu [8]:

By = Aoy, 2)

rie A — cxaJspHBI MHOXMHTEJNDb; Oy — KOMIIOHEHTLl AEBHATOPa
HanpsoKeHuH. : .
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K ypaBHenusm (1) u (2) Heo6xoaumo N06aBHTL YCJOBHE He-
CXKHMAeMOCTH .- '

Ui = 0 » . (3)

M IIeCTb KHHEMAaTHUYECKHX ypPaBHeHUH, CBA3bIBAWOUIHX &; C KOM-
MOHEHTAaMH BEKTOPA CKOPOCTH U;:

Eij = (vi,j +vj0)2. (4)

B nanbuefimen &; npu i =j (i, j = x, y, 2) o603HauaeTcs
yepes §,, , u £, COOTBETCTBEHHO.

Takum o6pasom, Ges yuera ypasHeHHs TenJ/oBoro Ganaxca

CHCTEMA OCHOBHBIX yDaBHEHHH TEOPHU IJIaCTHYECKOTO TEYEHHS
3alHCHIBAETCS B BHJE

Cij,j = 0; %i, = 7\1’0'1,-; (5)
vii =05 &= (vs,; + v;,0)/2
M conepxuT [6 ypapHenudl ¢ 16 nemsBecTHBIMH: U, &y, Oy
0O, The 0y = (0, + 0, -+ 0,)/3.

[Ipy M3BECTHBIX IPAHHYHBIX YCJOBHSX peilleHHe (5) NpuHIHU-
MHaAbHO J3eT BO3MOXKHOCTb ONPEJENHTb HamnpsKeHHO-1edopMH-
POBAHHOE COCTOSIHKE MeTadla npH npokarke. ONHAKO MaTeMaTH-
YeCKHEe TPYIHOCTH, BOSHHKAIOUINE TPH 3TOM, HACTOJbKO BEJIUKH,
YTO HE TMO3BOJISIOT NOJYYHTh NPAKTHUECKH [PHEMJIEMOE PelleHHe
HeNoCPeACTBEHHbIM HHTErDHPOBAHHEM CHCTEMBl ypaBHeHHH (5).
Kpowme Toro [33], peienue cucremsnl (5) anst nporecca MpoKaTKH
CJIOXHBIX TpOdHUIeH HEBO3MOXKHO B HACTOSILIEE BPeMs U3-3a OT-
CYTCTBHSl JOCTATOYHO TOUHBIX JAHHBIX O IPAHHYHBIX YCJIOBMAX,
T. €. YCJOBUH Ha KOHTAKTHBIX MOBEPXHOCTSIX ouara neqopMalHu.

B To xe BpeMsa 3alaua HHTErpUPOBAHHSA CHCTeMBl (5) MOKeT
ObITh 3aMeHeHa PaBHO3HAYHON 3ajavefi, 3aK/OYAIOMEC B OTHI-
CKaHHH (YHKIHM, COOOWAOEH HaHMeHbluee 3HauYeHHe HEKOTO-
poMy QyHKUHOHAMY, KOTODEIH BbIpa)KaeT SHEPrHI0 (MOLIHOCTD)
AeopManvy MM NPOMOPUHOHANbHYIO el BeauuuHy. [lonoGHble
3aJaud U COOTBETCTBYIOUIME UM yDaBHEHHS HAa3bIBAWOTCH Bapua-
IMOHHBIMH H HAaXOAAT BCe HoJiblliee NPHMEHEHHE B HCCAENOBaHHH
NPOLECCOB IPOKATKH.
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Bapuaunontoe ypapHenne st cpeipl o6beMoM V ¢ moGpimMu
MeXaHWYeCKUMH CBOWCTBAMH UMeeT caeayomuil sua [8l:

o ({500 (5 ratifav — [{ onviasf =sv=0, @

rae T, H — MHTEHCHBHOCTH KacaTe/JbHBIX HaNPSIKEHHHE U CKOPO-
credt fepopMalnit CABUra; Opng, ¥; — CHJIBL U CKOPOCTH Ha IIOBEpPX-
HOCTH flepopmMupyeMoro Tena; Sg — 4acTh MOBEPXHOCTH, Ha KOTO-
po#l 3ajanbl Hanpsxenusd; N — (YHKIHS MOLIHOCTY Ipouecca.

Bapuaunonsoe ypasuenue (6) cunresupyer B cebe nuddepes-
LU{aJbHbE yPABHEHHS DABHOBECHS, COOTBETCTBYIOILME I'PAHUUHDIE
YCJIOBHSA U yPABHEHHS COCTOAHUA CPEHL.

B Tteopun npoxatku moJyduna 3HauMTEJbHOE PA3BUTHE CXe-
Ma KECTKOIJIACTHYECKOro Tesla, NP KOTOPOH II0JIHOCTbIO IIpeHe-
OperaioT ynpyrumu gepopmaunsimMi. X0Ts MOAENb XKeCTKONNACTH-
YECKOH Cpelbl MEeHee TOYHO 10 CPABHEHMIO C HeJHHEeHHO-BSA3KOH
cpenoi orobparxaeT peasbHble CBOHCTBA NPOKATHIBAEMOTO Mare-
puasa, OfIHaKO NPY pEIleHHH CA0XKHBIX 3a/la4 TaKas UAeaJH3atHns
CBOWCTB CpeJibl BIOJIHE MpHEMJEeMa H K TOMY Ke [OATBEpPKAAETCS
pelleHUsIMH KOHKPeTHbiX 3aj1ay [33].

Hns KecTKonsacTHUeCKOM Cpeflbl BADHAIHOHHOE YpPaBHEHHE
(6) npeoGpasyercs K Buay [8]

8 1§ mtay + §{ v,

- -
Uy — g

ds - ‘”Splvf—vt_ dS] =
=0, 7)

rie Ts — npeles TeKY4eCTH HPH CABHTe; 1) — Ko3bpdHUHeHT
PasBHTHA KONTAKTHBIX HANpPsKeHuH; S, S, — NOBEPXHOCTH KOH-
- —

TaKTa I0JIOCHL C BAJIKAMM U Pa3pblBa MOJst CKOPOCTEH; Uy, U, —
CKOPOCTb YaCTHI[ HAa KOHTAKTHOH NMOBEPXHOCTH H OKPYXKHAS CKO-

POCTb BAJKOB; |v§r — Uy | — CKauoOK CKOPOCTH Ha MOBEPXHOCTH
paspniBa.
Ha ypasneuns (6) u (7) HanoxXeHO OrpaHHuenHe
N— Ny =0, (8)
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rae Npp — MOLIHOCTB MPOKATKH, KOTOPOE MpPeicTaBasier coGoh
ypaBHeHHe GajaHca MOLIHOCTeH (H30IjepHMeTPHYECKOe YCJOBHE).
[Ipu pewennn BapuaunonHol 3agauu (6) uau (7) npu orpanu-
yeHuH (8) HeOOXOAMMO 3afaTh KHHEMATHUECKH BO3MOXKHOE IOJIE
CKOpOCTeH B BHIe, HanpHUMep, NOJUHOMOB, HeH3BECTHHIE KO3((pH-
LLHEHTHl KOTOPBIX SIBJASIOTCST BapbHPYEMBIMH rapamMeTpamMu U MOA-
JIeKaT onpeneneHuio. A
[lonvITka onucath noJe ckopocTell QYHKLUHAMY, €HHBIMH LJI5
Bcero ouara gedopmauuu, cBgsana {33], kak npasuso, ¢ NpaxkTH-
YeCKU HENpeofOJIUMBMH TPYLHOCTSIMU. OOBACHAETCA 3TO PE3KO
BLIDAKEHHBIM pas/iiyueM B (PU3UYECKUX YCAOBHAX (POpMOU3Me-
HEHHA OTHEJbHBIX YacTell ouara gedopMmamnuyd, KOTOpoe npH ¢op-
MaJIM3alMK npolecca IMPUBOJAMT K T[POMO3JKUM BBIPAMKEHUAM
(yHKLMH CKOpOCTeH NepeMelleHuil, KOHTAKTHBIX U CBOBONHLIX IO~
BEPXHOCTeH, a TaKKe K ypaBHEHUSIM, HE pa3peliUMbIM IpHeMJIe-
MBEIMH criocofaMu. Ilostomy HanboJiee pauHOHAJbHBIM NMOAXOAOM
K pelleHHio 33Jau 10 NPOKaTKe B Kaubpax sBJsSeTCA JAeJeHHe
(pakTHUeCKoro odara JAedopMalKHd Ha aKTHBHbIE, NACCHBHLIE H
IepexofHble yu4acTKH (30HBI) W BHIGOP MOJs CKOPOCTEH OTAENbHO
JJIS KQXKJO0ro yuacTKa ¢ yueToM UX B3aUMOACHCTBHA MeXKLY COO0H.
Tlpy 9TOM Ha Ka:KOM H3 Yy4aCTKOB (DYHKIHUHU 110151 CKOPOCTEH MOXK-
HO NPEACTABHTh C IOMOLILBIO GOJee 11POCTHIX BhlpaXKeHHH.
MareMatuueckn 3T0 03HAYaeT, YTO CJAOXKHASA (PYHKLUHA KaKkoi-
JU60 U3 CKOpOCTeH nepeMellleHHil annpoKCUMHUPYETCs H3BECTHBI-
MH KPHBBIMH C COGJIOJEHHEM BCEX yCJIOBUE, HAKNAAbIBAEMEIX (H-
BHUYECKHMH ocoBeHHOCTAMH npotlecca fedopMariy. Heobxoxumeie
YCJIOBHS COMNpSKEHUsl yuacTKOB paccMoTpensl B padore [33].
Hapsany ¢ HepaspblBHBIM NOJEM CKOPOCTeH, HCIIOJIb3YIOTCS H
TAK HasblBaeMble pa3pHIBHBIE PelleHMs, A% KOTOPEIX A0oNycKa-
IOTCA PasphIBBl B KOMIOHeHTAax ckopocreil. Ilpu 3ToM ROMOJIHU-
TeJIbHble MOLLHOCTH B MJOCKOCTH paspbiBa YUUTHLIBAIOTCS B BHIE
MOILHOCTEH CUJI Cpe3a, Kak 3To clieaHo B ypaBuenuu (7) B cayuae
MOJEJIM 2KeCTKONJIACTHYECKOH Cpenwt.
B KOHTaxKTHOM CJl0€ POKAaTBIBAaEeMOM M0JIOCH YaCTHIILI METAMNIA
HepeMeLaoTCs N0 TPAEKTOPUSIM, KOTOPBIE JIEXKAT Ha IOBEPXHOCTH
-

Kayubpa. BeKTop NoJIHOA CKOPOCTH MepeMelleHns v, paccMarpu-
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BaeMOH YaCTHULBI PACNONOKEH B MJOCKOCTH, KacaTeJbHOU K noe
BEPXHOCTH BAJKOB B TOH TOUKe, e HAXOLHTCA 4acTHUa. B awee
JIUTHUECKOH (hopMe 3TO MOJIOXKEHHE 3aMUCEIBAeTCSl B BUJE YCJIOBES
HelnpoHULAEMOCTH

VF v, =0, ©)

rjae \V F — rpaaueHt nosepxuoctu xanuépa F (x, y, 2).

O6biuHO TpH pelleHHH BapHAlMOHHBIX 3ajad nporecca 1po-
KaTKH B Kanubpax cucteMy KoopauHat Oxyz pacronaraT TakHM
06pasoM, YTO Hauaso KOOPAHHAT HaXOAMTCS B MJIOCKOCTH BBIXO/A
MOJIOCH! U3 BaJIKOB, ocbh Ox HanpapJieHa IPOTHB XOAA MPOKATKH, a
ocb Oz siBJisleTcs BEPTHKAMbHON OCbio. B sTOM ca1yuae ycaoBue He-
nponuuaemoctd (9) sanuuleTcs B BUAE:

JJIs TOPHU30HTAbHBIX BaJKOB

o0F, daF,

Uzw = Uxk —5— + Uy oy ; (10)
JUIsi BEePTHKaJAbHBIX BaJKOB
0F oF
Uy = Upg —5=— y -+ Ux azy ’ (11)

rie K — HHJEKC npnnannemnocm K KOHTAKTHOH NOBEPXHOCTH;
F,, F,— ypaBHeHUS NOBEPXHOCTEH TOPM3OHTAIBHBIX H BEPTH-
KaJIbHbIX BaJKOB, pa3pellleHHble OTHOCHTENBHO Z U Y COOTBETCT-
BEHHO.

[1pu onpeseneHHH KHHEMATHYECKH BO3MOXKHOTO MOJSI CKOPO-
cTell OHO BbIOHpaeTcd BHayasje Ha aKTHBHOM (PacroJIOXKEHHOM
T0J, KOHTAKTHO!N MOBEPXHOCTbIO ouara aedhopmalivi) y4acTke,

B cootBercTBHH ¢ MeTOAOM PHTHA KOMMOHEHTH! CKOPOCTH U,
U, H U, Ha aKTHBHOM Y4acTKe MOTYT ObITb MDEJACTABJEHL CeNy-
}OLILHM obpasomM [33}):

v, = NioAif; (%, 4, 2);
%22&3%@%@ (12)
=) oClp‘xy,z)
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rae [, ¢; P, — HEKoTOpeie PYHKUMM OT X, Yy, 2, 3ajaBaemele C
TOYHOCTbIO JO HEH3BECTHHIX (BAPbUPYEMBIX) NapameTpoB.

Kak mokasbiBaeT OMbiT peileHns KOHKpeTHbx 3anay [33], ana
NPAKTHUECKUX pacueToB GOPMOU3MEHEHHS U SHEePrOCHJOBBIX Mapa-
METPOB C JOCTATOUHOM CTENEHbI0 TOUHOCTH MOXKHO IPHHSITH

Uy = O = [ (X); U, = Uy 0, =Cy +Cp2. (13)

Vo vy

. 0 4.

Puc. 13. Ouar pedopmaunu:
a — Buj cOOKy; 6 — BMA CBEDPXY.

ITpunuMaeM, ute cpefa KecTKonJaacThyeckas. [lasee, sanasas B
COOTBETCTBHH ¢ cHcTeMo# (12) NpofobHYIO KOMIIOHEHTY CKOPOCTH
U, B BHJE NMOJIMHOMA TPeTbeH CTeleH!

v, = Ay + Ax + A x4 Agx® (14)
H YIOBJIETBOPSIsl rPAHHUHBIM ycjIoBusiM (puc. 13)
L0 . O .
mpu x =0 v, = —0v; —7,- =0, —3 = 0; (15)
npy x =10 v,=—71,
noJjyyaeM i | \
Ux:—alvB\I—(l_;_h)_Jja_} (16)

raé v, — OKPY’KHAs CKOPOCTb BAaJKOB; @; = U;/U, — KOIPPHLH-
eHT OlepexeHnsi; A = v/U; — KOIPPHUHEHT BBITAXKKH.

Jljist BePTHKABbHOMH KOMITOHEHTE! CKOPOCTH U, OTpaHHUYHBAEMCs
B COOTBETCTBHH C (opmysamyu (13) JuHeAHbIM NPUOMHKEHHEM.

b 4—136 65



YIOBAETBOPAA MPAHHUHEIM YCIOBHAM

NP 2 =F3! v, =0y, 1pu z=F,: v, = Uz, (17
HMeeMm
. Uzk, — U2k
U, = Uz, — F; —_F : (Z-— le)’ (18)
2 2,

rjue 1, 2—HH11€KCbI BEDXHEro M HUXKHEr0 BaJIKOB COOTBETCT-
BE€HHO.

Ecau ke ouar pedopmanin CHMMETDHYEH OTHOCHTEJbHO MpO-
AOJIbHO-TOPH3OHTANLHON na0CKoCTH (pue. 13), ToO Vzk,

= —v
uF, = —F,. Torna us ypaBHeHHs (18), ecl 0603HAYUTD U,y =
= Ux 0 F,, = F,, caenyer I
v, = (vx/F,) 2. (19)
M3 (18) n (19) naxoaum cKopocTh OTHOCHTETBHOrO YAJHHEHUS
. Ovz . (UZK, - vzp{z)
=" = TTF,=F, (20)
. avz _ UZK
Ez _ 0z - Fz . (21)

Huddepenunanshoe ypasuenne s OnpenesIeHUst v, MOJYYHM
H3 PaBEHCTBA (3) MpH HCIO/NBL30BAHMM BEIpAXKEHHE (20) n (13):

o= = {00 — [ Gl (Fe— P df, (22

HJIH, €CJIH KaJuubp CHMMETPHUYEH OTHOCHTENBHO NPOAOJILHO-TOPH-
SOHTAJIbHOH MJIOCKOCTH (cM. pHuC. 13), TO A8 BepXHell noJoBHHEL
ouara AeopMalHu ¢ ypaBHeHHeM MOBEPXHOCTH BAJIKa F, umeem

= {0 () — [ S @) (23)

CropocrH OTHOCHTEJIbHBIX CIIBHI'OB OMPENAIOTCS U3 BhiparKeHHs
(4) mpu i == j. Ilpu cocrap/ennu BapHAUHOHHOTO ypaBHeHus (7)

H:

=75V B L+ 6~ B 6 BP 6@, 8 T B,
24)
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Hcnonbsys Merox Putiia, npuHUMNUAILHO MOXHO pEIUHTb CH-
cTembl (6) uan (7) ¢ orpannyeruem (8) ¢ MO0 CTENEHbIO TOUHO-
CTH. B npakTHYecKMX pacuerax Takas BO3MOMKHOCTL (hakTHYeCKH
OTCYTCTBYET, TaK KAK HEM3BECTEH aHAJIHTWUECKHH METOJ DEelleHHs
CHCTEMbl HEJIHHeHHbIX aJgare6pauvyecKkHx ypaBHEHHH.

Ipu ucnonb3oBauun MeToia Purtua HeussecTHble Ko3d(HLM-
eHntol A;, B;, C; B cucreme (12) onpenensitoT Kak KOPHH CHCTEMBI
ypaBHeHUH

ON/GA, = 0; ON/OB, = 0; ON/GC, = 0. (25)

Onuako, Kak npaBuno, urTerpansl GyHKIHH N He BhIUHCATIOTCS
B KBajpaTypax, a CaMH YPaBHEHHst CHCTEMbl HACTOJLKO CJIOXKHDI,
YTO WX HEBO3MOXXHO pa3pelluTb OTHOCHTENLHO KO3(pULHEHTOB
Aiv Bt’ Ci'

J1si npeollonenns 3THX 3aTPYIHEHHH IIPUMEHSIOT UHCJIEHHBIE
MEeTOZbl PelleHHs], U3 KOTOPHIX Haubosee 5¢heKTHBHRIMHU, KaK Io-
KasaJl OWbIT, SIBASIOTCS MeTOA I[OHCKA HA CeTKe BapbHpYeMbIX
NnapaMeTpoB H TpajJHeHTHbI! METOA HJM HEKOTOphle Pa3HOBHI-
HOCTH [OCJeJHero.

OMNPEAENEHUE DOPMOUIMEHEHUA M DHEPTOCHIIOBLIX
NAPAMETPOB TMPM INPOKATKE I-OBPA3HbLIX NPOMMUNEHA

Ilpn BblGOpe KHHEMATHYECKH BO3MOXKHOIO NOJS CKOpOCTEH
HCIO/B3YeM MOJEJb JKEeCTKOMJACTHUECKOH Cpeibl H THUIOTe3y
HJO0CKHX cedeHuid. [Ipy 3ToMm Takxe npeanoJaraeM, yTo aedopma-
IHST POUCXOAMT TOJIbKO B reOMeTpHUYecKoM ouare Jedopmauuu,

Ouar pedopmanuu nesnum (puc. 14, a) Ha TpH XapaKTepHLIX yua-
ctka [14]: nedbopmupyembiii rOpH3OHTAILHLIMH TPUBOTHBIMH Badl-
KaMH aKTHBHLIH yu4acToK /, nepexoiHeldl yuactox 2 U nedopmupy-
eMBIl MeK1y BepTHKAJbHOH MOBEPXHOCTbIO FOPH3OHTANBHEIX BaJ-
KOB M BEPTHKAJbHLIMH XOJOCTHIMHM BaJKaMmH ydacTok 3. Bmuny
CHMMETPHUH OTHOCHTENBHO TPOI0NbHO-BEPTHKAJBHON MJIOCKOCTH
paccmatpuBaem !/, ouara npepopmaLiu.

JLns 3a5aBaeMoro MCXOJHOrO CedeHHsl He y4HThIBaeM nedopma-
IIMI0 Ha HapYXKHOW MOBEPXHOCTH B MECTE CTbIKA CTEHKH M TOJIOK
npodunsa. Takaa dopma HcxoaHoro ceyenust (puc. 14, a) npenor-
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BpaillaeT nepenoJHeHne kaaubpa B npolecce MPOKaTKH H COOTBET-
CTBYET peasbHOMY MPOLECCY B MPOMBILIEHHBIX YCJIOBHSAX.

Tak kak BepTHKaJbHbE BAIKH SBAAIOTCS HENPHBOMHBIMU, TO
HX JMaMeTp 3HAUHTEJbHO MEHblle, 4eM I'OPH3OHTaJbHbIX. Kpome
TOrO, OCHOBHOE 062KATHe OCYLLECTBJIACTCS TOPH30NTATBHHIMH I pH-

BOJAHBIMHY BaJKaMHU. HOSTOMy [pH 8ajaude NnoJIOChHl BHayaJe npo-

pA Z
R,
R - f
—= = i
3 rz 0 =
N 7 e N
=l - A S N
= NS\ w8
S ,
NS0
I Vy
) b; B, o

b2 by . by 2 , 9
R — —F b, Fy
2 a p

Puc. 14. [Nonepeunnie ceyenus ouara AepopMauun (a) U CXeMBl CKOpocTeil
nepemelieH it v; (6) U v, (B) npH mpokatke [1-o6pasupix npoduei B ye-
THIPEXBAJKOBLIX KannOpax.

HCXOAWT 33XBaT rOPH30HTA/IBHBIMH NMPHBOAHBIMH BaJjKamu. B pe-
8yJIbTAaTe HA HAYaJbHOH CTALMM 3aXBaTa IMPOHCXOJMT YIUMPEHHe
CTEHKH, KOTOPOE NPH 3aXBATe BEPTHKANbHLIMK BaNKaMH [PHBOLHT
K MepenoyHeHHIo Kaaubpa (06pa3cBaHuid Tak Ha3blBAeMbIX J1aM-
naco). Ilo Mepe npoxoxjeHHs! MONOCH yepes ouar feopmalu
J1aMnacel  AeQOPMHUPYIOTCS  MEXKAY TOPH3OHTAJLHBIMH H BepTH-
Ka/lbHBIMH BaJKaMH M [0JyYaloT 3HAYHTEIbHOE BLIHYXAEHHOE
ywnpetre. Brionue ecrectBeHHO, 4TO Ans yeTpaHeHHs 3Toro Ae-
(exTa HA MCXONHOH 3ajaBaeMoil nosoce HeOOXOIHMO NpeaycMar-
PHBATb 3aKPyTJeHHe HapyKHLIX YIJIOB.

Tax kak [1-o6pasubiit npoduas He umeeT NPOAOJ/ILHO-TOPH30H-
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TaAbHOM MJIOCKOCTH CHMMETPHH, TO B ouare aedopManiu aGcooT-
Hple OBXATHS CO CTOPOHLI BUXKHE v BepXHel NOBEPXHOCTEH CTeH-
KH HEOAMHAKOBLL. ECAH nPeinofoKnTb, YTO pacnpenesienne atco-
JHOTHBIX 0GXATHH CTEHKH COOTBETCTBYET ONHHAKOBBIM KOHTAKTHbLIM
NOBEPXHOCTAM (MX NMPOEKLUHSIM HAa FOPU3OHTAJBHYIO IMJOCKOCTB),
70

bl VRlAhI = (bl -+ Qbs) VRz (ho — hy— Ahl)! (26)
rie Ah, — abconoTHOE 06KAaTHE CO CTOPOHbLI BEpXHEro rOpH3OoH-
TaJbHOrO BaJKa, HJIM NOC/E HECJ0XKHBIX Mpeobpa3oBaHHi

T
By 2R, T L
Ec/ii Tenepb OnpeneiuTh AJMMHY ouyara jiepopMaluy cO CTOPOHHL
BerHel‘O I‘OPH3OHTaJIbHOI‘O, HUXKHEro rOpHSOHTaJIbHOFO H BepTI/I-

KaJbHOTO BaJKOR, TO HanGoJblled 6yaer AJrHa ouara aedopMaumy
CO CTOPOHB! BEPXHEro rOpU3OHTANLHOTO BaJKa:

| =V R,Ah,. (28)
[Toaromy npH onpeneneHHu oflUlef NPOTANKEHHOCTH reoMmeTpuye-
CKOTrO ouara jAedopmalliy B NPOAOJBHOM HANpPABJEHUH HCIOJb-
3yeM, KaKk H AJs ABYTaBPOBOTO NpoQuJst, NpHEM BblpaBHHBAHUA
JUIMH, TPHHHUMAS B KauecTBe JJAVHbB ouara fedopMaliu MakCuMallb-
HYIO JIMHY [ pH haKTHUeCKHX aBCOMIOTHEIX 06KaTHAX CO CTOPOHE!
FOPH3OHTAJBbHBIX H BepTHKAJbLHbLIX BaJKOB.

YpaesHenHe MOBEPXHOCTH BEPXHETO TOPH30HTANBHOTO BANKaA,
paspelnensoe OTHOCUTENhHO aNllJMKaTH, 3aNHLIeTcsd B BHIE

F, =R, + 0,50, — V RT— st (29)

[ToBepXHOCTE HMIKHErO TOPH30HTANBLHOrO BaJjka MpU abCoIOTHOM
o6xKaTun hy — hy — Ah; NpeiCTaBHM KaK MOBEPXHOCTb MapaboJiH-
YecKoro HHUJHHApA

Fap = — 0,5k - (hy — by — ARy £¥/ 1P, (30)

Taxkke B BUJE YpaBHeHHd napabosHYeCcKOro LH/JHHApPA 3aNHUCH-
BaeTCs WM paspelleHHOe OTHOCHMTEJbHO OpAMHATHEl ypaBHeHie

Ak = (hy — hy) [ (27)
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NMOBEPXHOCTH BepTHKaJIbHOTO BaJkKa:
F, = 0,56, + by -+ (b — bs) X¥[2, (31)

KpoMe Toro, ypaBHeHHe NOBEPXHOCTH BEPTHKAJBHOIO BaJKa MoO-
XKeT ObITh MPEACTABJEHO ypaBHeHueM KPYrosoro uuauuapa F,
NDH JJIMHe ouara fedopmauuu [ U abCOMIOTHOM 06KAaTHH bz—b,,

Fy:R+b2—b3—VR2_x2r (32)
riae
R = 0,5 [1*/(by — bs) + (b; — b3)]. (33)

Gyuxkuun (31) v (32) He3HAUUTENBLHO OTAHYAIOTCS APYT OT ApPYyTa
KaK [0 BeJHUMHE, TAK U 10 3HAYEHHSIM MPOH3BOLHKIX. BripaxeHue
(31) HeckO/IBKO NpolLe N0 CBOEH CTPYKTYpe. B To »Ke BpemMs HCMOJb-
30BaHHe (hYHKLHH (32) NO3BOJSET BBECTH B CJyyae HeoOXOAHMOCTH
YLJIOBYIO CKOPOCTb BPAIleHUs] BEPTHKANbHBIX BaJKOB.

[locsie onpepeneHus reoMeTpuM ovara JeopMaLHH Heo0XO-
JMMO BbIOpPATh KHHEMATHUYECKH BO3MOXKHOE NoJsie CKOPOCTeH nepe-
MeELLEHH .

CKOpoCTH NPONOJIBHOIO IepeMelleHHs U, H OTHOCHTENbHOTO
yIJHHEHHS], KOTOpble OJHHAKOBB! [/ BCEX YYacTKOB, 3alHCbiBA-
totest B Buge [33]

vxz—alvsl[l——- (1_%)’;—2]; (34)
Ovy 1 2 -
B, = 2 — 3a, (1—T>’j—3. (35)

Bapbupyempivu mapamMeTpaMi, Noj/IesKallUMH ONpeleseHHI0 NPH
pelIeHUH BapHalMOHHON 3afaul, aBJAAIOTCH KO3bhHLHEHT omepe-
WKEHUsT @y U KOIQDUIHUEHT BHITSKKH A WX KOIDQUUHEHT YTAKKH
8 = H,/H,, KoTopsiil CBSA3aH C KO3((PHULHEHTOM BHITSKKH A yCJIO-
BHEM [OCTOSIHCTBA 00beMa H onpeneasercs 1o gopmyse

§ = 2b,H, (b — byl - 2 (by — by) (g — Iy — Ahy) +
+ 26 0H, (36)
ecJiu pacder q)OpMOPBMeHeHHH BCJAETCA TNPOTHB XoJa [POKaTKH.
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Ha yuactke I (puc. 14, a) BepTHKanbHAsA KOMIOHEHTa CKO-
POCTH U, 3aMHIIETCA HA OCHOBAHUM BbipaxkeHus (18) B cieaytomem
BHJIE:

(vz,K, — leKz)
Uz, = Uz, — T, =F,) (z—F). (37)
W3 ypasuenusa (37) maxoaum ‘
avzl vz,K — V2,5,
EZ, = "% — [:zl —F, . (38)

C yuerom ypasHenus (38) BulpameHue (37) MOKHO NPEACTABHTH
B BHJlE
Uy, = Uz, + Ez, (z— le)- (39)

CKOpOCTH Ha KOHTAKTHBIX MOBEPXHOCTAX Uzx, H Uzk, ONpEIEs-
IOTC M3 yCJIOBUSA HenpOHHuaeMocm (10) mas noBepxHocTelt F,

F,
H F,, npu 7 =0u ay =0:
oF,, oF,,
Uz, = Uy~ 3 Uz, = Ux —5 - (40)

[Tpu stom u3 ypasuennit {(29) u (30) HaxonHM

oF . x i oF x

T YR_—= ' 0o =—2h—l—Ar) 5. ()
Komnosnenta v, 3anucbBaeTcs Kak

Jlanee nepexoiuM K BhIOODY KHHEMATHUECKH BO3MOMKHOIO TOJS
ckopocTefl Ha nepexoanom yuacTse 2. CKOPOCTh Uy, anlpOKCHMH-
pyeM MOJHMHOMOM BTOPOro MopsiKa

v, = By + By -+ Byy?, (43)
B, = 0,25B,b%; B, = &, — Baby;
By = (vy« — &, F ) (0, 2567 + Fb + Fy )

rae

(44)
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npH 3TOM

Oy = 0, L, (45)
a a;j onpenesnsercs us gopmynast (31):
OF [0x = 2 (by — b3) x/ 2. (46)
U3 ypaBuenus (43) umeem
E!/2 = avy?/ay = Bl _}— QBZy (47)

CkopocTb v, ONpeleNAeM_ U3  YCJAOBHS HECKHMAEMOCTH Ha
yuactke 2

&, = — (& + &) (48)

Hnrerpupys sbipaxenue (48) W yIoBJIETBOPAS TpPaHUYHOMY YC-
JOBUIO Uz, = Uz, NPH 2z = F,, nojayuaem

Uz, = UZ,K, _I" Ez, (2 - Fz,)- (49)

B nanpHefiieM npy BHIYHUCJEHHH CKOPOCTEH OTHOCHTENBHBIX C/IBH-
roB cjefyeT UMETb B BUAY, 4TO GYHKUHU U,, H &, 3aBHCAT OT .
Ha yuacTtke 3 umeem

o =0, (F =) G (50)
dv
s = aZ“ =u, aaiy . _10,5,)1) ; (51)
&, = —(E:+ &) (52)
[Tpy rpaHu4yHOM YCJIOBHH

Uz, = Us, (53)
H z = F, HaxoQuM v, mocJjde UHTerpHpoBaHus dopmydn (52):
Uz, = Uz, o=r, + & (2—F2), (54)

rie B COOTBETCTBHH ¢ BhIparkenuamu (37) u (38)
Uz 2=F, = Uz, + &z, (F2, — F2). (55)

72

KoMmonenTsl cxopocTeil OTHOCHTENBHBIX CIBHFOB OTIpeJleseHbl
U3 ¢opmyasr (4). A

B KavecTBe mapamMeTpoB npolLecca NPHHATH CJAEAYIOLLHE Be-
JIHYHHBI!

my = bi/Ry; my = by/Rg; mg = hy/Ry;

my = holhy; my = bylby; my = Hy/R,.

Pewmenne BapuanyoHHoro ypaBHeHHs (7) C y4YeTOM OrpaHH-
yenus (8) Beinoanedo na DBM EC-1022.

Ha ocroBauui TeopeTHUeCKHX HCCAeIOBaHMH mogyueHa ¢op-
MyJa AJs oripeneseHdss KO3D(hHIHEHTa BBITSKKH

A=0,71 + 1,62m, — 0,70m; 4+ 0,19m, — 0,15m; — 0,19m; —
—0,98mym, + 4,29mym, — 3,91mgm, + 0,26myms -—
— 0,56mym, — 0,77mymg

(56)

co cpenHedi omwnbko# 8,4 % naa CAELYIOLHX NPENesIOB H3MeHe-
nust my: 0,11 << my << 0,35; 0,11 <Imy << 0,48; 0,04 << my <<
< 0,09 13<<m=<CL8 1,3 m<CL,8 0,32 <Cmy=<C0,9.

Ha puc. 15 npusegena cxema ouara JedopManut MpH npokar-
Ke JByTaBPOBLIX Mpodusiel B UETEIpeXBaNKOBLIX Kaanopax. BreiGop
KUHEMATHUECKH BO3MOXKHOTO N0JIst CKOPOCTEH BLINOJHEH aHaJOrHY-
HO [l-o6pasHoMy NpodUIIO.

Pellenne BapHaltMOHHOrO YpaBHEHHS 1JS1 ABYTaBPOBOTO Ipo-
dusa Brinmosxeno na OBM EC-1022.

Ha ocHoBanuu TteopeTHUeCKMX HCCJAeLOBaHud Obll NPOBENeH
NJIAaHUPYEMBIH 3KCIIEPUMEHT N0 OPTOrOHAJBHOMY LEHTPaNbHOMY
KOMIO3UIIMOHHOMY NJaHy. B pesysbrate nosydens! GpopmMyJsl 15
onpenenenus Ko3phUUHeHTa BETIKKH A U KO3bDHIHEHTA YTAKKH
6 = H,/Hy:

A = 0,521 + 2,38m, — 1,54m, — 16,4m, + 0,51m, 4+ 0,12m;
-+ 1,48mg + 34,9m,m; — 1,64m;my; — 3,12mmg — 1,dmym, +
4 1,85m,my + 1,43mymg + 8,14mymy — 3,15 mgm; +
+ 6,15mgmg +0,31mym,; — 1,28mymy,
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Y

H me-

cKopocTel

15. [lonmepeunsle ceyeHust ouara fe

Puc.

dopMali (@) U BO3MOXHBIE CXEMbl

0) NpH NpoXaTKe ABYTaBPOBOTO Mpoduas B YeTbIpeXBaJIKOBOM Kaaubpe.

pememenil (6—

npu cpennelt oumbke 12,5 %,
§ =— 0,278 4 0,224m, + 0,168m, + 8,15m4 + 0,214m, -
+ 0,168m5 —0,712ms+0,710mg + 3,54m,m, + 13,28m,mg —
—0,718m,my + 2,15m,mg — 12,85myms -+ 1,05mymy —
— 1,34mym, + 1,43mymg — 4,51mgm, + 3,53mgmy — 5,12mqme —
—0,31mymy + 0,3bmm, — 0,6 Lingmy,

npu cpepteit ourn6ke 10,2 % nas cjeayioliux npeaesnos H3MeHe-
uua m;: 0,057 < my << 0,381; 0,639 << m, << 2,361; 0,029 <C
< my << 0,095; 1,05 < my << 1,999; 1,05 <Cmy, < 1,999; 1,087<C
< my < 3,605, rne

m, = bl/Rl’ my = bg/hl, Mg = ho/Rly }

(57)
my = holhy; ms =by/bs; mg = Hy/lh,.

NOCTPOEHUE OBOBLLEHHOW MATEMATUYECKOM
MOJENM MPOLLECCA NPOKATKU bJIAHLEBBIX
NPOMMUIIEA B YUETLIPEXBAJIKOBLIX KATMBPAX

TTocTaHoBKa oCllell 3a1auu AJAs 4eTbIPEXBAJKOBHIX KajHGPOB
C HENMpHBOAHBLIMU BEPTHKAJbHLIMH BajKaMH C UMJIHHIPHUECKOH
topMoH MOBepXHOCTEH MOPH30HTANBHEIX H BEPTHKAJbHBIX BAJKOB
II03BOJISIET PACCMOTPETDb B OLHOM PELUEHUH Liesbill KOMILIeKC (JiaH-
UeBbIX Npoduael, BHINOJHHTL PElIEHHe BapHaIlHOHHOH 3ajauu
Ha DBM U nosayyuTs (opmyJbl LIS pacueTa (HOPMOH3IMEHEHHS M
SHEepProCHJIOBLIX MapaMeTpoB.

O6ofiienHas MareMaTHuecKass MOJesb -MO3BOJAET OXBAaTHTD
He ToJIbKO (aaniepsle npodusy (ByTaspel, [I-o6pasuele, TaBpo-
Bble, 3€TOBbIE U YTJIOBBIE) C OJHOH HJIM ABYMS OCSIMH CHMMETPHH,
HO TaK:Ke BCe 3TH NMPO(HUJH CINJOLHOH aCUMMETPHH C pasJjiHuHOH
BBICOTOR H IHMPHHOH OT/eNbHbLIX 3JeMeHTOB. [1pu 3ToM acummer-
PHST HE BBOAHTCS MPOHM3BOJIBHO MO HALUEMy KeJaHHIO, a SBJAETCS
BEIHYK/JEHHOH, Tak Kak 0e3 Hee HEBO3MOXKHO OOBeNHHHUTD (JaHLe-
Bble MPOQHUIU C ONHOH HJIHM AByMS OCAMHM CHMMETPHH B EIHHYIO
3anayy.
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B kauecTBe 06061IeHHOT0 Npodu/s BHIOHPAETCs NBYTaBPOBLIH
acuMMeTpHuHbIH npoduab (puc. 16), 06593aT7€L10CTh ACHMMETPHH
KOTOPOTO OnpelensieTcs YCJAOBHMH NepeX0la K OCTa/bHbIM BH-
Iam ¢aaHueBbx npoduneii. Hanpumep, pas/inuHas WKpPHHA CTEH-

KH (rpebuefi) co cTo-
z POHBI HHIKHETO U BEpX-
bi | & b HEro BaJIKOB 0GYyCJaB-
——— JIHUBAeTCs] BO3MOXKHOC-
Tbio nepexopa k I1-o6-
pasuomy xamu6py. [1pu
‘TIEPEXO/ie Ke K TaBpo-
BOMY KaJuopy HeobXxo-
JHMa pasJHuHAsT BBICO-
Ta JIeBBIX [OJOK IO
CPaBHEHHIO C NPaBEIMH
1 TaK nasee.
—— CroefiyeT 3aMeTHTh,
by bs be UTO TIpHBENEHHOe HHU-
Ke pelieHHe  MOXKEeT
ObiTb B cJyyae Heob-

Rs

——

L

Hye
Hs
Ahy
Y
ES
(9,
A./A/M #.
H,
Hg

WAL

Ha
Hy
AR,
o
O~

=
o

7L

Hs
He

X - b b,

Pitc. 16. I bopi XOIOHMOCTH BBINNOJIHEHO
uc. 16. [Tonepeunsie ceyenus ouara gedopma- .
LHH 115 0006UIeHHOH MaTeMaTH4YeCKOR MOeH 8a CUeT HEKOTOpOro y¢
npolecca NpoKaTKH haHleBbIX npopuseit B ye-  JTOKHEHHA JUJIA Cydasn
TEIPEXBAJNKOBBIX KanuOpax. . IOBEPXHOCTEH BaJKCB

Jo00H  (GopMBI, TpH- -

BOAHBIX TOPHU3OHTANLHBLIX H BEPTHKANbHBLIX BaJIKOB WJIH XKe JI/isl
CJIyuast UCIOJIb30BAHUS 4eThIPEXBAJIKOBOIO KaJnubpa Kak pOJIHKO-
BOI BOJIOKH, T. €. C HENPUBOXAHBIMH TOPU3OHTAJNBHBIMH H BEpTH-
KaJbHBIMH BaJKaMH.

[1pu BbIGOPE KMHEMATHYECKH BO3MOMKHOTO IMOJISI CKOPOCTEH AJIst
JIBYTaBPOBOTO ACHMMETPHUYHOTO MPOMHIST HCHOAL3YeTcs, KaK U
06b1uHo [33], Monedb KECTKONNACTHIECKOH HECKHMAEMOH Cpebi
¥ TUIIOTE3a TJOCKHX ceueHHi. [Ipn sTom HeT HeoGXOAHMOCTH BHI-
GUpath MnoJie CKOpocTed LJIs Bcero kanubépa. Brosne pocTaTouHo
ONpeieIuTh NOJe CKOPOCTell nepemellleHHl VI CTeHKH LUHPHHON
b, W TIPABRIX MOJIOK, a Ja/jiee NpH COCTaBJAEeHHH (pyHKIHOHANA B
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NPOLECCe BLIYUCAEHHS MOLLHOCTEH BCEX CONMPOTHBRJIEHHH A5 IEBbIX
IOJIOK HCIOJ/IE30BATh HMEIOULHECS BbIPAXKEHHUS 1JIsI PABbIX MOJIOK,
MOACTABJSAA B HHX COOTBETCTBYIOLLHE pa3Mephl M napameTpr! Je-
BBIX NOJIOK. Tako# anropuT™ BoluHc/eHuil Ha DMB ocobelx Tpya-
HOCTeH He TpeAcTaBJsieT H 4acTO HCHOJb3yeTcs.

[Tpu pacnpenenenun ofKaTHE 10 CTEHKE CO CTOPOHBI HHXKHETO
M BEDXHEr0 TOPH30HTAJbHBIX BAJIKOB [10J1araeM, UTo aGCOMIOTHELE
obxkarust Ah, u hy — hy — Ah; TakoOBBI, UTO NPOEKIHH MJIOLEe
KOHTAKTa CO CTOPOHB! BEPXHEr0 U HHXKHEro BaJKOB paBHbI. Torza

OpH Ry 5= Ry

by VRIAhl = bs VRZ (ho — hy — Ahy). (58)
M3 ypasuenus (58) umeem
Ahy = (fy — hy) B3R, (B3R, + B3R) ™. (59)

Tak Kak cO CTOPOHLE FOPH3OHTANBHBEIX M BePTHKAJMLHBIX BaJKCB
pasHble abCoJIIOTHBlE 062KaTUS M KaTalollhe pajMyCchl, TO Pa3JHy-
HbL 1 COOTBETCTBYIOLIHE JJIMHBL FEOMETPHUECKHX 04aroB Jedopma-
UM OTAGIbHBIX yyacTKoB. MakcumanbHON [IJAHHOK ouara aedop-
Mauun OyjleT AJIMHA 04ara co CTOPOHLI BEPXHEro Bajika. ITy AJH-
Hy oBo3Hadaem yepes [ H NpHHHMaeMm OOwWeH Anis BCero ouyara

Jedopmannu:

[ =V R,Ah,. (60)
YpaBHeHHE NOBEDPXHOCTH F,, BepXHero ropH3OHTAJbHOIO BaJKa,
paspelleHHOe OTHOCHTEJbHO Z:

Fp, =R, +05h —V Rl —x2. (61)

YpaBHeHHe TMOBEPXHOCTEH HWKHEr0 TOPU3OHTAJIbHOTO, MPABOro
U JIEBOIO BEePTUKANBHBIX BaJaKOB ([, F,, H F, COOTBETCTBEHHO)
annpoKCHMHpYyeM YpaBHEHHsMH NapaboJHuecKHX UHJAHHIPOB NpH
obuieit pauHe ouara pegopmanuu [ (60):

F,, = —0,5h, — (hy — hy — Ahy) x*/ 1% (62)
Fy, = 0,5by + bg -+ (b, — bg) x*/1%; (63)
Fy, = — 0,50y — by — (bg — by) x*/ 2. (64)
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Bosmoxen u apyro#i MoAXox K PacCMOTPEHHIO NOBEPXHOCTeH ro-
PH30HTAJBHBEIX U BEDPTHKAJNbHBIX BAJKOB. B 3TOM cayuae ofKatus
N0 CTEHKE PacnpelessloTCs C y9eTOM PasHbIX PaJHyCOB BaJKOB
Rin R, Takum o6pasoM, 4yToObl JJIHHBI ouara AepopMaLHH co CTO-
POHBI HHAKHErO H BEDPXHEro rOpH30HTANbHLIX BaJKOB OBLIH paB-
HBI, T. €.

R\AR, = RyAhs, (65)

TA2 Ahy = hy—hy — Ah,.
Torna us dopmyart (65) caenyer, 4to

Ahy = Ry (hy— hy)/(R; + Ry). (66)

[ToBepxnoctu npasoro F,, H jeBoro F,, BepTHKaJNbHLIX BaJIKOB
MOT'YT ObITb NMPEACTABJEHbl B BHJE MOBEDXHOCTEH KPYrOBHIX LH-
JIMHJIPOB aHaJIOTHUHO opmyJie (32) npu ofuiell A/HHe oyara je-
cdopmauuu [,

Kpome Toro, npu peueHHH OGOGILIEHHON 33144l MOXKET ObITh
BBEJIEHA AacCHMMETPHs TpeGHS HHUXKHETO BEPTHKAJBHOTO BaJjkKa
OTHOCHTENBHO BepTHKaMbHOH ocH Oz. ‘

Bri6upaem KHHeMaTH4eCKH BO3MOXKHOE MoJie cKopocTedl. Pas-
Jlelenve ouara ZeopMaUuHH Ha OTAe/bHblE YYACTKH MPHBELEHO
Ha puc. 15.

CKopoCTe NPOJOJLHONO [IEPEMEIEHH U,, KOTOpaa OJHHAKOBA
JUist BCeX Y4acTKOB, 3allUChiBAaeM B BHMAE MOJHHOMA TPEeTbeH cre-
nenu (16)

1 x3
0, = -— alvsl[l—(l—T) [T] (67)
Ha yuacrke 1, corniacHo Beipaxenusam (18) n (20),

(021/?, - Uzlkg)

Vg = Ugup, — 7, —7,) (z—Fz), (68)
021 l_vzl 2
& =— # (69)
M3 ycnosus HecxkumaemoctH (3)
&y, = — &+ &) (70)
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Ilocne unrerprposanna ypasueuns (70) c YUETOM T'PAHHYHOIO
ycaoBust v, = 0 npu y = b,

Uy, = &y, (4 — by). v (71)
CKOPOCTH Uk, M Upp, HA KOHTAKTHBIX noBepxHocTAX F, u Fo,
ONPEJCJIAIOTCA U3 ycJoBus Henposuudemoctd (10), KoTopoe s
KOHTAKTHBIX NMOBEPXHOCTEH Fo, M Fyy npu OF; /0y = 0 u OF, /0y =
= 0 3amuchBAOTCA B BHJE

oF, oF,
vzlkl = UxT 3 Uzlkz = Ux axz ’ (72)
rpe
aF oF '

2, — X 2e . o i

P l/m v o = — 2(hg—hy— Ahy) - (73)
[lepexonum K yuactky 2, wpuna koroporo 0,5 (by — by) H BHI-
cora F, — F,,. YuacTok 2 o6pasyercsi 3a CueT pasHMLb! B LiH-
puHe rpeGHell HUKHEro M BepXHero Bankos. K ywactky 2 mpu-
MBIKAET yqacToK 3. CKOpOCThb MONepeyHoro nepeMellenys onpe-

JensieM OJHOBPEMEHHO A1 yuacTkoB 2 u 3. Torna, npejcrasisis
Uyg3 B BHAE NOJHHOMA

Uyy 3 = By -+ By + Byy* (74)
Hu ylLOBJIeTBOpHH 'DAHHYHBIM YCJIOBHUSAM 7

npi y = 0,50, vy, 3 = vy; 85 = Euis

IpH § = Fy, Uy, 3 = Uy, (79)

HMeeM

By = 0,25szg; B, = &y, — Byby;
By = (g — &y, Fy) (0,256 — Fy by + F3)™',  (76)
TIE Uy ONPENENAETCS M3 YCJIOBHA HempoHHuaemocTd (11) mnpu
Ys
0z 0.
oF v

v.‘/ak - vx Ox ’ (77)
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a OF,/0x onpegnensercs U3 Bolpaxenua (63):

9 (b — by (78)
W3 ypasuenus (74) uaxopum §,, .
Eym = aum/ag = B, + 2B,y. (79)
Torga us ycjaOBHS HECXKHMAEMOCTH
Brpy = — (e + B (80)
Y 0BNIETBOPAA TPAHHUYHOMY YCJOBHIO NMPH 2 = [,
Uz, = Uzt @80
NOJIyUHM Ha y4acTke 2 nocsae WHTerpupoBaHHa ypasHenus (80)
Uz, = Uz, + &2y, (2 — £2). (82)

Jsia onpeneneHHs U;, HA ydacTke § BHauajJe HaXOAUM HeHATpasb-
HYIO [IOBEPXHOCTb HA yyacTke 2, Ajs KOTOPOH U, = 0 nmpH y =
= 0,5b,. Torna, o6o3navas z yepes h,, HMEEM U3 ypaBHeHus (82

hH = FZg - Ullk2/§:2,39 (83)

rje §:2_3 = §22'3|y=0,5b5.
Wurerpupys ¢opmyay (80) H ynOBAETBOpASA FPaHHUHOMY yC-
JIOBUIO U, = ( npu 2 = A, HAXOAUM

Uz, = B2y (2 — ). (84)
Takum o6pasom, Ha yyacTkax 2 1 § DOJTHOCTBIO ONpPEeaeHO [oJe
ckopocreii. [lanee nepexoauM K ygactkam 4 M 5, LIS KOTODBIX

CKOpOCTE IIONEPEYHOrc nepeMelleHnsa sBJIAETCA obuiell H sana-
€TCs B BUIE

Uyy5 = By + Byy. (85)
YnoBnersopsiss TPAHHYHBIM YCJIOBHSIM
Uy, s = 0 npu y = 0,0b,; Uyys = Vyg st TP 4 = Fy,  (86)
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HUMeeM M3 BhbIpaxkeHus (85)

by g—05h)  OF
Ya5 = TxT(F "—05b)  ox °

(87)

T/Ie BMECTO Uy, o = Uy NOJCTABJCHO €r0 3HAYCHWE H3 Yypasie-
Hus (77).
3nauenue §,, . Haxoaum u3 opmyust (87)

. )
. ay (F,.—0,5b) ox
W3 ycnoBuA HECKHMaeMOCTH
524,5 = - (Ex + §y4_5)- (89)
Hanee, ynosaerBopasi MPAHHYHEIM YCJIOBHAM
npu z= F, v,, = vy; 0pu 2= F, v, =u,, (90)

HaXOIHM MOCJe UHTerpupoBaHua ypaBHeHUs (90) COOTBETCTBEHHO
Uz, H Uzt

024 = Z)22|2=f"21 + ‘224,5 (Z_ le)) (91)
Uz, = Uzyle=F, + §24_5 (2—Fp). (92)
[Nepexoanm K onpenejeHUI0 KOMIOHEHT MOJST CKOPOCTEH U, H U,
Ha yuacTke 6. 3alasan v, B BUAE JNHHEHHOH (DYHKUHH OT y
Uy, = By + By (93)
H YJOBJETBOPSST FPAHHUHBLIM YC/JAOBHSIM
vy, =0 npu y = 0,50, 1 vy, =0y npw y = Fy, (94)
uMeeM U3 ypapHeHus (93) ¢ yyeTOM TOro, HTO Uy, o& = Uy,

(y—0.5by)  OFy,

v = Ux TF 050y ox (95)
B oF
— Ys Uy Ya
=5y =, Toshy ox (96)
6 4-136 8l




Us YCJIOBHA HECKHUMAEMOCTH

B = — (B + &) (97)

Warerpupysa seipaxenue (97) npu rpaHuyHOM YCJIOBHH NPH 2 =

2z

Uz, = Uz, (98)

Uz, = Uzlz=F, + &, (2 — F2,). (99)

I"Ionyqex—umoe KHHEMaTHYECKH BO3MOXKHOe [oJie CKOpOCTel mnepe-
MeLIeHHH MO3BOJIAET DEIIMTh BapHAaUHOHHYIO 3ajady AN 06006-
WIEHHOH MaTeMaTHYeCKOH MOJAENH mpolecca MPOKaTKH (HJH BOJIO-
ueHHa) ¢raHueBbIX npoduJell B YeTbpeXBalKOBBIX KaaHOpax.

noJyyaem

rmasa—] SKCMEPUMEHTATbHBIE HUCCIIEAOBAHMS
NPOLIECCA

BN | nrokaTkM B moPMMPYIOLMX

g | 1 YETHIPEXBANIKOBbIX KANMEPAX

METOAUKA 3KCNEPUMEHTANBHLIX UCCIIEQOBAHUHA

DKcnepHMeHTaNbHbIE HCC/IEIOBaHHUSA Npouecca NPOKaTKH B (op-
MMPYIOIINX U YeTbIPEXBAJKOBBIX Kaaubpax OblIH NpOBEJEHHl Ha
MOy POMBIILLTEHHOM ABYXKJaeTeBoM crane 300 [Henponsep:xkuH-
CKOTO HHIYCTPHAJNbHOTO MHCTHTYTa. [{nnHA GOUKH BaJKOB CTaHa
300—500 mm. Banku 6aHAaaKHpOBaHHbIE, ¢ AHameTpoM ock 200 MM.
YrnoBas uwacrora BpalleHusd Bankos 32 o6/muu (76,85 paan/c),
ckopocte mpokatku. 0,5 M/c. [IpuBoa craHa — OT 3JEKTPOLBH-
ratesis MouiHocTsio 125 KBT uepes peiykTop (C nepenaToOYHbIM
yucaoM 23,34) ¥ lLecTepeHHYO KJeTb. Marepuan npokartkiBa-
eMblX 06pa3ioB — craib Mapku MCr3kn. TemnepaTtypa npokaTku
11Q0—115O °C. O6pasubl HarpeBanuch B 3JeKTPHYECKOH Kamep-
HoH meun. Bpemsa uHarpesa 15—20 mun. Iaa obpasoBadgus ue-
ThIPEXBaJKOBLIX KalHODOB HCHOJIb30BAJH KacCeTbl C HENMpHBOA-
HBIMH BEPTHKaJbHbIMH BalKaMH KOHCTPYKUUH JlHenmpoasep:kHH-
CKOTO MHAYCTPHANbHOIO HHCTHTYTA.
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B Tex cayuasix, KOLAA 3aMepsl/IiCh SHEPTOCHIOBbIE TAPAMETPDI,
yCuJIHE TIPH TPOKATKE ONPENessiloch MeCI03aMH WHIHHIPHYECKO-
TO THIA C TPeMs OMOPAMH, PaGOTalOUIHMH Ha CXKaTHe H H3roTOB-
JeHHbIMH H3 cragad Mapku HIX15. Mecnossl TapHpoOBajuCh Ha
FHAPABIHUECKOM Pecce 1O W Mocje 3amepoB. Pe3yJbTaThl TapH-
POBKH MOATBEPAHJH CTAOHJILHOCTb PaboThl MECAO3. MowmeHT npo-
KATKH H3MepsJCsl C TOMOLIbIO KOJBLUEBBIX TOKOCHEMHBIX yCT-
pOMCTB €O CKOJB3AUMH  KOHTaKTamd. TeH30JaTuHKH THIA
OITKIT-30. BuixoaHbie CHIHAJB TEH30METPHUECKOrO YeThIPEXKAHA-
AbHOro yeunuresnst ¥ T-4-1 3annchiBa/Inch Ha CaMONpOSABJIAIOULYIO-
ca porobymary ¥ PC-100 nsenanuaTvkanaabHOro ocuuJIorpagda
H-117. pagyu4poBka H OCLM/IJOTpapHpOBaHHE HCCAELyeMbIX
Be/IMYHH [POBOAMIHCH METOAAMH, PEKOMEHlyeMbIMH B padoTe [35].

Bo BCeX HCC/IEAOBAHHAX HCIONB30BaNACh TEOPHA IIAHHPY-
eMoro skcrepumenTa [22].

MIPOKATKA B ©OPMMPYIOLLUMX ABYXBAJIKOBbIX KANIUEPAX

[Ipu npokaTke (pacOHHBIX TMpOHJIEl ¢ HCNOJL30BAHHEM He-
THIPEXBAJAKOBLIX KanuGpoB GOMblUOe 3HAUEHHE HMEET OMpejese-
HHe (HOPMOU3MEHEHHA B MEPBbIX MO XOAYy MPOKATKH ABYXBaJKO-
BbIX (ACOHHBIX Ka/JquGpax, B KOTOPbIX OCYLIECTBJAETCA TNEPBO-
HavyaJbHOe (OpPMHpOBaHHE NPOQHUJIA H3 3aroTOBKH KBalparHOro,
IpAMOYTOMLHOTO MAH KPyroro cedenust. OT TOUYHOCTH OUCHOK
H pacyeToB KO3(P(PHUHEHTOB YLIHPEHHA B (aam  BHITSKEKH A)
M yTSKKH O HeofKMMaeMbIX dacrei npopusig 3aBHCHT YHCJIO
JBYXBaJKOBEIX M YEThIPEXBAJKOBBIX Ka/JHOPOB U 3(heKTHBHOCTD
KaJaUOpPOBKH.

[Mpu nposenenuu Ha crane 300 3KCrepHMEHTAJIBHBIX HCCTIE-
J0BaHHEA (OPMOM3MEHEHHA MeTal1a MpH MPOKATKE MOJOC MpHA-
MOYTOJIbHOTO CeyeHHs B KPecTOOOpasHbIX KalnGpaX B Kauyecrse
HE3aBHCMMBIX NepeMeHHbIX ObuTH MpHHATH [36] reomeTpuueckue
paavepsl ouara nedopMaiuu u Kaanépa (puc. 17): hy u by — TOI-
LIMHA [OJOCkl A0 W MOC/]e Tponycka; by — IUMpHHA TOJOCH 10
npornycka; b, — WwHpHHA Bpesa Kaaubpa; b, — pasmep, omnpe-
JENSIOMUE ACHMMETPHUHOCTL TIOJIOKEHHA TOJOCH B Kalubpe;
R — paauyc BaJsIKOB.
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HAnuna o6pasnos 300 —350 mm. Mcxoas us Texmuueckofi xa-
pakrepucTiku crana 300, Ha pasmepnl 06pasuos H BeJINYUHY ab-
COIIOTHOIO OGKATHS HAJIOXKEHbl OTPAHHUEHHS : ,

ho <40 v 0, << 80 mv; AR <20 mm (100)
IZ;II/-[’I‘epBaJlbl U3MCHEHHY [IUDUHBL BPe3a b, M ACHMMETPHIHOCTH
2/ Do BEIOPAHBI HA OCHOBAHUH AHAIN32 HeHCTBYIOIUX KaJIHOPOBOK:

0,256, < b, << 0,4b,; 0,25 << by/by < 0,5. (101)

5 Pajnycel R HuXKHEro u BepXHero

R BaJIKOB NPHHATBI TOCTOSHHBIMH H

paBHbiMH 150 Mm.

i BespasmepHrie otnocurenbubie

- 3 tapameTpsl m; odara aedopMauuu

— Qf:.é ONpenesIeHbl KaK OTHOLIeHHA pas-

7 S MepoB f, by, by, b, u pamyca R

K TOJNHHE A,  O6KHMAaeMOro

. - yHacTKa noJiochl nocie nponycKa:
..__bﬂ-:q ml = hO/hl? My = bO/hJ.;
b, mg = bp/hy;  m, = byh;

Puc. 17. nonepequIﬁ paspes oua- m5 = R/hl (102)
ra meopMain npr npokarke no.  ° WATEIBaS paseHctsa (102) i (101)

J0CH PAMOYTONbHOrO cevenns 3 W 3HAYEHHA R = 150 MM, Haxo-
KpecTooGpasHoM KamuGpe. AUM NIpENEJIbl H3MEHEHH S TapaMeT-

poB m;:
13<m <2,0; 3,0<m,<4,0; 0,7<my<1.6;
L0<Sm, < 1,55 7,5 m, < 10,0. (103)

[1Ipy naanuposannu SKCIIEPHMEHTA B KauecTBe Mojenell 11 HeHs-
BECTHBIX (YHKUHE B = b,/b, u 8 = hy/h, GepeM MoHHOM BTOPOl
creneHd. B KauecTse nyaHa KCnepUMeHTa HCNOJb30BAH TOUYHBL
HACBILEHHBIH MTaH B;, TOYKaMu KOTOPOTO SIBAAIOTCA BEPUIHHEI
THNEpKY6a U LEeHTPBI ero rpaueil [22]. [Mepemennbie X; M m; CBo-
3aHb! 33aBHCHMOCTAMH ‘
X, =2,8Tm, —4,714; x, = 2my—T;  x3=2,222m, — 2,556;
Xy =4my—5; x;=0,8m;,—7, (104)
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KOTOpBIE MOJNYYeHBl NMpH nepexofe or nepemenunix (103) K nepe-
MEHHEIM X; Hd OCHOBAHHH COOTHOLIEHHSI

—m

xpm= 9T (105)
{,MaKc {,muu
Onpenesienne reoMeTpHYeCKHX pasmMepop o6pasios Ay, by, by, by,
b, NPOBEJICHO C HCIIOJNb30BaHHEM MATPHIBI ItaHa u gopmya (102),
(103) u (104). Pesynabrarhl skcnepu-
MEHTOB 0GpabOoTaHbl O METOAHKE, U3- R
J0xkeHHOH B pabore [22]. as noay-
YeHHBIX MoJeJell BLINOJHEHa NpoBepKa [~ I,
3HAUMMOCTH  KO3(DpHLMEHTOB a; MPH ) )
ypoBue 3snauumoctH o = 0,01. Tlocne | A
oT6pacelBaHUA HE3HAYAU[HX YJIEHOB MO- ,77— ( . B -
JIMHOMOB, Iepexofa OT IepeMEHHbIX X; K |
m,, corjacHo 3asucumoctam (104), n R
NOJCTAHOBKH 3HAUGHHH m; TMOMAYYeHBl Pye. 18. Cxema oSKaTus
u3 BoipaxkeHHH (102) OKOHUATEJbHBIE  MPAMOYrONbLHON 3arOTOBKH.
opmyJabl AJi8 ONpelesieHHs  Ko3(dH-
uuenToB nedopmanuu B u 8:

B = 0,478 + 0,464m, - 0,045m, -+ 0,015m; + 0,013m; —
— 0,062m,my; (106)
§ = 0,496 -+ 0,323m, -+ 0,036m, + 0,179m, — 0,167m,mg, (107)

KOTOpbIE ONpeleseHsl B HHTepBaJax M3MeHEHUd IapaMeTPoB Imy,
yKasaHHbIX B cucTeme HepaperdcTs (103).

OneHku pucnepcud owndok npubiauxenns B opmyaax (106)
u (107) cocraBnsor coorBercTBenso 0,0074 u 0,0035.

Auanus dopmyn (106) u (107) nokaseiraer, yto Ha Koaddu-
LHEHTH YIIHPEHHSA H YTSIKKH HE OKa3bIBAET 3HAUWTEJLHOIO BJIHS-
HHsl BEJIMYHHA pa3Mepa by, Onpelessiolero aCHMMeTPHYHOCTD To-
JIOKEHUS NMOJOCH B KaauGpe (eCTECTBEHHO, B NpejesaX H3MeHEeHU
dakropa m, = bylh,)).

I onpeneneHnn Ko3bdHUMEHTa BHITSIXKKH A B 33BHCHMOCTH
OT reoMeTpPHYeCKMX  nHapamMeTpoB  ouara JjegopMaluH Ipy

85

$
i

2




npokaTtke npodHael IByTaBpoBo# GOPMBI H3 TPAMOYTONBHOH 3a-
roToskH (puc 18) 6bli cntanupoBaH u npoeened [9] skcnepument
Ha crane 300. Mcnosb3oBanca opTOroHaMbHLIA UEHTPAIbHBLH KOM-
MO3HLUMOHHBIEA nJaH BTOporo nopsiaka [22]. Tlpu nocrpoeHun mo-
JIeJW [pPHHHMAJIHCh BO BHHMaHHe B3aHMOAEHACTBHS (AKTOPOB.

B xauecTBe apryMeHTOB GblJIH NPHHATH CJAEAYIOIHE OTHOCH-
TeJIbHbIE BeJHUUHbI (puc. 18):

m, = hofhs my = bylhy; my = by/hy; my= R/h,  (108)
G mpejesaMH H3MEHEHHS _ '
1,3<Cm, < 2,0; 1,0<<m, <3,5; }

(109)

0v5 < ms < 1’25; 715 < my < 9’38'
Ha ocnoBe ¢opmys I1s pacuera OLUCHOK PErpecCHOHHBIX KO3h-
(UUHEHTOB MOJy4YeHa 3aBHCHMOCTb /IS ONpeleseHHs Ko3dhou-
LUEHTA BBITA2XKKH

A = 3,069 — 1,289m, — 2,689m, — 1,041m,; — 0,349m, -
-+ 2,019m,my 4+ 0,998m,my 4 0,246m,m, + 1,928mymg -
+ 0,345mym, + 0,202mgm, — 0,163m — 0,114mi —
— 1,447mmymy — 0,25m,mym, — 0,156m,mqm, —
— 0,256mymgqm, -+ 0,188m,mymgqm,. (110)

IlpoBepka azekBaTHocTH 3aBHcHMocTH (110) npousBoauiace
no kpureputo Puiiepa. PacuerHoe 3HaueHHe Kpurepus Puuepa
paBHo 2,14, a Tabnuunoe — 3,22 (npu yposHe suauumoctd 0,01),
Taxk kak pacueTHoe 3HayeHue KpHTepHs Puuiepa MeHblue Tad-
JHYHOTIO, TO MOJENb ABJseTcs ajekBaTHOR. Takum ob6pasoM, dop-
myna (110) coorBeTcTByeT AeHCTBHTENbHBIM 3aBHCHMOCTSIM, HMe-
IOLIHM MECTO B YCJIOBHSIX SKCNEPHUMEHTA, H MOXeT ObITh PeKOMEH-
IOBaHa LJs pacueToB (POPMOM3MEHEHHS NPH NPOKATKe B paspes-
HBIX Kanufpax co CBOOOZHBIMH YIIHDEHHeM

B copramenTe npoxara $hacoHHbIX NpoduIell MOXKHO BhbIIETHTh
HECKOJbKO Ipynn npoduaed TaBpoBod ¢opmbl, HacTe H3 HHX
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IPOKATHIBAETCS 38 MAajiog KONHYeCTBO MPOXONOB H3 3aTOTOBKH
Kpyraoro ceuenns. [Ipn 3TOM 114 popMUPOBaHHS POPHIIS YaACTO
HCMOJb3YIOTCA TABPOBbIE KATHOPH 6aJOYHOTO THIA. |

Ilas ompeneseHns (QOpMOH3MeHEHHS B TaBDOBBLIX KilJII/Iéan
Ganousoro tvna (puc. 19) Obia cn/aHHpOBaH (aKTOpHBIH IKCNe-
pHMeHT 2% JuIst JIMHEAHBIX mojesell GyHKUHHA OTKJIHKA.

O61acTh H3MEHEHHs pasMepoB MCXOIHBIX 3aroTOBOK H uanm6-
pa Gbiia BeIGpaHa B COOTBETCTBUM C pasMepaMy npodunes, npo-
KaTbIBAEMLIX B POMBIIIJIEHHBIX YCIIO-
BHAX:

20 MM <d <65 Mm; 10 MM <O <<
< 35 mym; 12 MM <Ch, <25 MM (lll)é

S ( /-E ) )
Taxk Kak nocrasJeHHas 3ajfauda CBO- \ J y,
IHJach K MOJEJHPOBAHHIO Mpolecca |~
MIPOKATKHU [0 FeOMETPHYECKHM MapaMer- %
pam, To BHauaje ObLI CleaH MEPexoi B,
K 6e3pasMepHBIM (pakTopaM, BbINOIHAO- Bx

KM POJIb KPHTEPHEB nopoGus: Puc. 19. Cxema ofxaTus

m; = djhy; my = by/hy; mg = Deplhy, Kpyriof 3arOTOBKH B TaB-
(112) poBom Ka/iubpe GanouHoro
THOA.

rae D¢, — cpelHuil IHaMeTp BaJKOB.

B KauecTBe OCHOBHBIX KO3((HUHEHTOB AeopMalUH BbIGPaHE!
8 = H,/d — ko>bPULUHEHT 3aMOTHEHHS MOJOK; p = B,/d — xo-
5pHLHEHT yIIHPEHHA CTEHKH.
TTnanupyembii SKcnepuMeHnT Gbil POBEASH HA [OJIYTIPOMBILIIEH:
noM crate 300. YKNOH BHYTPEHHUX CpaHed MOJNOK NPHHAT pas-
e 11°, )

Pacuethbie suauenus kpurepus Koxpewa s TpeX CepuH
ONBITOB C ORHOH CTENEeHbIo CBOGOMAb MOJYUHJIHCH: LA pasbpoca
suagennit 8 — G, = 0,67, w1 pasbpoca 3HAUCHHH f—G, =
= 0,91. CoorsercTBytouiee TaGAHYHOE 3HAYEHHE KPHTEPHs Kox-
pena 0,97 npH JOBEPHTEbHOH BEPOATHOCTH 0,95 no3BOJUIO OT-
HPOCHTL He3HAUMMEIR Cllaraembie. B OKOHUATe/IbHOM BHAE bopMyJIbl
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a5 onpenenenus 6 u B umeror BHI:
6= 3,335 — 1,415m, — 1,797my, — 0,107m, 4 1,078m,m, +-
-+ 0,052m,mg + 0,090m,mg — 0,044m,myms; (113)
p=0,883 + 0,216m; — 0,176m,. (114)

AeKBATHOCTL 3TUX MOjeNeil npoBepeHa mo Kputepuio Puuiepa
npu 5 %-nom yposue 3HayuMocTH. [lonyunBumecs pacuerHbie
3HaueHHA KpuTepua @uiuepa

F\] _\ (2,16 u 0,705) cyuecTBeHHO
MeHble Tabanunpix (19,16 wu
< ‘ % ‘ 5,41). Takum o6pasom, nOA-
TS| TBepakAAETCH THIOTE3a 06 ajeK-

BATHOCTH MOZEJH.
NI s TaBPOBbIX MpodHIeH ¢
7 HH3KOH CTeHKOH nepBOHaYa/b-
B,’ Hoe opmupoBanue upoduss
11es1ecoo6pa3Ho  NpPOBOAHTH B
Puc. 20. Cxema ¢opmonamenenus TaBpOBOM  Ka/uGpe peGpoBoro

Kpyr/ioil 3aroToBKH B TaBpoBoM Ka-  1HMa. . .
nuGpe pebpoBoro THMA. [IpoBenenHbl ¢ yyeToM Io-

. TpeOHOCTEH POU3BOACTBRA Npen-
BAapHUTEJBbHBIH aHANH3 MOKA3aJ, YTo:

1. 3navenua Ko3)PHUHEHTOB (POPMOH3MEHEHHS 3aBHCAT
(puc. 20) oT auameTpa HCXORHOH 3aroTOBKH d, BbICOTHl KaluGpa
H,, ToMuHHE NOMOK Ay, IIMDHHEI BPe3a b; H CPEJHEro JUaMETpa
BankoB D¢y = 0,5 (D, + D,).

2. VsveHenne reoMeTpHUECKHX PasMepOB U MApaMeTpoB [po-
KaTKH LEJeCO00pasHO MNPHHATb B CAEAYIOUHX Npenesax:

30 MM <Cd<C70 mm; 20 mv << A, <35 mM;
10 m<Ch <25 mM; 30 mM<Ch, <<
<55 MM; Dgp = 280 mm. (115)

3. Tak Kak B MpOM3BOACTBEHHBIX YCJIOBHSAX TEMIEPATYPA MpPO-
KATKH H YCJOBHS TPEHHSA NDAKTHUYECKH OLAMHAKOBBI A8 PA3JIHY-
HBIX OpPOH/IEH, TO HeT HeoOXOAMMOCTH MEHATbB HX B XOAE 3K-
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criepuMeHTa. Temnepartypa Harpesa o6pasuos cocrasasaa 1000—
1100 °C. :
4. YRNOH GOKOBBLIX IpaHeli CTeHKH MOXKeT ObiTb MPHHSAT OC- -
TOIHHBIM. B faHHOM 3Kenmeprmente 310t yKiaon pase 10 %.
DKCIEPUMEHT NPOBOAMJICA NO OPTOTOHANBHOMY UEHTPAJbHOMY
KOMOO3HLHOHHOMY [JIaHYy /A 4eTeIpeX (akTOPOB:
my = d/Hy; my=h/H; mg=b,/H,;
my = Dep/H,. (116)
OcHoBoll nyiana ABJfeTcs THNepKyG, T. €. caelymowass 06JacTh
M3MEHeHHA m1:

1,617 <<m, < 2,183; 0,451 < m, << 0,699;
1,444 << m, << 1,656; 8,865 <{m, << 12,673
nojHoro GakTOPHOro sKcnepuMeHTa 2! s JHHEHHBIX Mouesed.

[TostoMy BHayaje OPH ONPEIENEHHH DAacYeTHHIX (opMysa mAJIs
Ko3duuMeHTa YIIHPEHHSA
AB

(117)

By —d

AR T d—H, (118)
# Ko3(hdHLIHeHTa BEITAXKKH A OblJa NMPeANpHHATA IPOBEpKA afieK-
BATHOCTH JIMHEHHBIX MOZeJeH.

B npouecce o6paboTKi MONYUEHHBIX AAHHLIX OBLIM NMPOBEpeHb!
BOCIPOU3BOAHMOCTD ONbITOB N0 KpuTepHio Koxpena npu 5 %-nom
ypOBHe 3HAYHMOCTH, 3HAYUMOCTb KO3I(DPHLHEHTOB 10 KPHTEPHIO
Crolonenra npu fosepuTeabHol BepoarHocTH 0,95 H anekBaTHOCTD
mosenefi no Kpurepuio Puiepa npa 5 %-HoM ypOBHE 3HAUHMO-
ctd. B pesyawstare noJsiyueHo, yTO AUCTIEPCHH OZHOPOLHBL U JIHHEH-
HBble MOIEJH afeKBaTHbI. PacueTHele ¢opmynbl rnocmae orépackBa-
HHSl HE3HAYHMBIX YJIEHOB MMEIOT BHJ

AB/Ah =0,159 +- 1,174m; — 0,514m, — 1,245m; +
-+ 0,019m, — 1,368m,m, -+ 1,849m,ms;
A= 0,676 4 0,716m, — 0,362m, —
— 0,166m, — 0,009m,. (120)
Jlas oueHKH TounoctH pacueThblx dhopmya (119) u (120) 6w on-
peiefeHb! CpeHHE 3HaueHHA H CPEeJHHe KBaAPaTHUHbIE OTK/IOHeHH S
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§; H S, OHOOK:

A, — 7"pacq —}”sxc . _ (AB/Ah)pva — (AB/Ah)ako
1 - .

A P 2 (AB/AR)

[TonyueHs! caenyomue BeanuuHbl: (A;) = 0,0013; s; = 0,0492;
(Apep = 0,0022; s, = 0,0388, u dopmyant (119) u (120) moryT
6bITh PEKOMEHOBAHBI /11 IPAKTHYECKHX PACYETOB NPH HOpPMHPO-
BaHHH TaBPOBOTO NMPO(HJA C HH3KOH CTEHKOH U3 3arOTOBKH KPYT-
JIOrO CedeHUs . .

3KC KC

MPOKATKA ABYTABPOBbIX MPOMUNEN
B YETBIPEXBANKOBbLIX KAJIUBPAX

Ilnst onpenesieHust KO3(QGMHIUEHTOB BBITAKKH IOJIOCH A U YTSIXK-

KH N0J0K 8 = H,/H, npu npokatke JBYTaBPOBBIX MNpOHUIIEH
B YeTHIPEXBAJIKOBBIX KaJlHOpax (puc. 21) Obl1 NPOBEJEH MIAHUDPY-
eMbIfi SKCNEpHUMEHT Ha NOJYympo-

Re — R, —*  mbimnennom craue 300.
N~ [~ MsmeHeHnHe  reoMeTPHUECKHX
N A, pasMepoB U MapaMmeTpoB MpOKar-
< T K# OpUHSTO B CJAEAYIOIUX Npeje-
R M e e R
N LA )
\ b MM<Th, << 15 MM; 2,5 MM
R -——
—1I, ! R <h <ldwmg 1Tuwm<<Hy <
T,f’ b, 5 <40 mm; 15 mm < b, <40 My
EMM < by, <15 My 2,5 MM <
Puc. 21. Cxema ¢dopMOH3IMEHEHHUS )
JBYTaBPOBOTO [POQHIR B UeTH- < b, <14 mm; Ry = 162 vy

pexBaJIKoBOM KaJuGpe.

R,— 45 M. (121)

DKCIIEePUMEHT MPOBOJMJICS MO OPTOTOHANBHOMY UEHTPaJbHOMY
6—1
KOMIMO3HIHOHHOMY IUIaHYy C SiApoM 27 JUIst OTHOCHTENbHBIX ap-
rymeHToB (hakTopos):

m, = bl/Rl; ny = bg/Rz; myg = ho/Rz; } (122)
my = holhy; my = bylbg; mg= Hy/R;
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¢ npejesaMH HX H3MeHeHHst no 3Be3gHbM ToukaMm 0,09 < m; <<
< 0,28; 0,113 << m, << 0,337 0,029 << my << 0.095; 1.05 <
< my << 2,0; 1,06 < my << 2,0, 0,358 << mg << 0,892 1 ocHOB-
HBEIMH ypoBHsIMH BapbupoBanus 0,13<C m,; < 0,24; 0,16 < m, <<
< 0,29; 0,043 << my << 0,081 1,25 <Cm,y, << 1,8; 1,26 <X my <<

< 1,8; 0,47 << mg << 0,78, Kosauuectso onbiToB paBHo  45.
B kauectBe MoIeJsU Ui HCKOMbIX GYHKuMH Au 8 6bu1 mpumsar
TIOJIMHOM BTOPOH CTEINeHH.

Ha ocrosannu ¢opMy.bl A5 pacuera OLEHOK Ko3hdHIHEHTOB
noauHoMa Oblia COCTaBJe€Ha CTaHAapTHas nporpamMda Ha OBM
EC-1022 npu npousBonbHOM uuc/e GakTOPOB A KBaAPaTHYHOH
H uHeAHOH Mozened. [Ipy cpaBHeHHH SKCNEepUMEeHTaJbHbIX H pac-
UETHBIX NAHHHIX MOJYYEHO, YTO AJA KO3(DPHUIHEHTa BBITSKKH A
SKCMepHMeHTaNbHble JaHHble OJIHXKe COBNAfaloT C PacyeTHHIMH
no JHHeHHOH MomenH, a mas KospduiHeHTa YTAKKH 8 — o
KBaIpPaTHUYHOH MOJIEJH.

DopMyJIbl 151 BHIYHC/IEHHS KOS(PdUUHeHTOB A H & uMmeloT
CIACAYIOLUHH BHI:

A= 0,442 + 2,52m, — 1,42m, — 18,95my 4+ 0,47m, -
4 0,14m; + 1,56mg + 39,24m,mg — 1,85m,my —
— 3,06mymg — 1,4mymy + 1,73mymy 4 1,49mymg +
-+ 8,23mgm, — 3,64mgm, -+ 7,47mgmg -+
+ 0,36mym; — 1,34m,m, (123)
npu cpexaneit omubke 4,2 %;
6 = —0,266 + 0,237m, - 0,166m, - 9,8m4 -I- 0,288m, +
+ 1,168my5 — 0,796mg -~ 0,708m3 + 3,631m,m, +
- 14,369m,m; — 0,793m,m; - 2,226m,m, — 14,526mym, -
-+ 1,062mymy, — 1,342mymy -+ 1,587mymy — 4,592mymy +
-+ 3,636mgm; — 5,768mymg — 0,305m,my -
-+ 0,355m,my — 0,677mymyg (124)
npu cpeaxed omubke 4,8 %.
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MPOKATKA N-OBPA3HbLIX NPOMMUNEH
B UETLIPEXBARKOBLIX KARMBEPAX

Jlns onpenenenns (HOPMOUSMEHEHHS W SHEPTOCHJIOBBIX f1apa-
metpoB nipu npokarke [T-o6pasHblX npoguiel B YeThIpeXBaTKOBBIX
Kaaubpax (puc. 22) OblJT TPOBEJIEH Ha MOJYNPOMBIILVIEHHOM CTaHe
300 naaHupyeMbiil SKCIIEDHMEHT.

B xauecTBe HE3aBHCHMbIX NEPEMEHHBIX OblJIM MPUHATHL Teo-
MeTpHYecKHe pasMepbl ovara fedopManuu M Kannbpa, Ha KOTOpbIe,
R, MCXOAsS W3 TeXHHYECKOH Xaparre-
R —R, puctHkn crana 300, HaJOXKeHbI
CJAeAYIoHe OTPAHHUEHHS:
= = 8 MM h,<C 13 mm;

4,4 mm<Ch, << 10 mm;
Js 20,8 mm<Cb, << 38,4 my;
7,2 MM <C b, << 13,1 mm; (125)
| & | 4.0 MM <T by << 10,5 mu;
B, - 21,2<C{H,< 35,1 mm.
By KaIplfi 13 UETHIPEXBAJKOBEIX Ka-
JH6pOB 06pa30BLIBAJICS LBYMS IO~
PH30HTAIBHBIMH BaJKaMH C OIH-
HAKOBBIMH pajuycamu R, = R, =
= 160 MM M OBYyMS YCTAHOBJEH-
HBIMH B Kaccere BePTHKAJIbHBIMH HENPUBOJHBIMH BaJKaMH ¢ pa-
auycamu Ry= 45 mM.
BespasmepHble OTHOCHTeJbHBIE MapaMeTpet /2, oyara Je-
¢opMany MPHHATH CJAENY FOUHMH:
my = by/Ry; my = by/Ry; my = hO/Rl;}
my = holhy; my = bylby, mg= H/R;.
YuursiBas orpaunyedus (125) u snauexus paguycoB By = 160 mm
U R, = 45 MM, HaxouuM Mpelesbl H3MEHEHUs MapaMeTpoB M1;:
0,13<<Cm, <0,24; 0,16 << m, << 0,29; 0,06 <my <O, 081;} (127)

1,3<<m, << 1,8; 1,25<Cmy;<C1,8; 0,47 <<mg<<0,78

)

|-
¥
b

Rl | |22

Puc. 22. Cxema ¢opmonsMeHeHUs
[1-o6pasuoro npoduis B yeThIpex-
BaJIKOBOM Kaamnbpe.

(126)
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B kauecrse msaHa 3KCmepHMeHTa BhIOpAaH OPTOrOHAJBHBIH LEH-
TpaJibHbLH KOMITO3UIHOHHBI muian ¢ Agpom 27!, T. e. B KauecTse
OCHOBB! [IPHHAT HE BeCh IJIaH HOJHOIo (PakTOPHOI'O IKCIIEPHMEHTA
sl MUHeRHOH Mojenad, a ero mnoaypemauka. Komauuectso 06-
pasuo N = 2°7' = 32, Kpome TOro, GblI0 H3TOTOBJIEHO elie
64 ofpasua, KOTOpLIE HCIOJNb30BATUCH JJIs1 HACTPOHKH CTaHa Ha

_3alaHHbIE pa3Mephl.

[Tpu nposeneHny MAAHHPYEMOTO SKCHEPUMEHTA ONPEETATUCH
KO3DOhUIHEHT BBITSKKH A, yTsokku & = H,/H, u yuwupenus
creHkd P = B,/B,, yCu/aHs NPOKATKH CO CTOPOHBI FOPH30HTAJb-
HEIX P. ¥ BepTUKaibHBIX P, BaJKOB H KPYTAIHUH MOMEHT My
npoxatku. O6paboTka pe3y/bTaToB BhiNogHeHa Ha IBM EC-1022.

[Tocie or6pacbiBanks HE3HAYALIHX YJIEHOB MOJHHOMOB MOJY-
YeHBl OKOHUATENbHBIE HOPMYJILI A5 ONpefeeHHsT KO3h(PHIHEHTOB
GOPMOH3MEHEHHST 1 SHEPTOCHJIOBLIX [1aPaMETPOB:

A=0,712 +1,521m, —0,704m, - 0,189m, — 0,151/, —
— 0,192my — 0,981 mym, -+ 4,297mym, — 3,906mym, 4
+ 0,259m,m,; — 0,556m,mgs — 0,77mymy, (128)

CpefiHee OTHOCUTE/bHOE OTK/AOHeHHe & = 2,0 %;
6 = 0,274 - 0,659m, — 0,486m, - 0,'192m4 4+ 0,607m, -
+ 0,211mg — 0,432mymy; — 0,168mymy — 0,187mymyg, (129)

e=0,9 %;
p = 0,588 — 0,124m, + 0,507m, + 0,599m; + 0,383m, +
-+ 0,081m; — 0,495m,m, — 0,099m,ms, (130)
e= 1,1 %.

Haa npuselenns momeHta My, U yCHJIHS NIPOKATKH CO CTOPO-
HBl PODH30HTAJbLHBIX P. U BePTHKa/bHBIX P, BaJKoB K Oe3pas-
MepHOMY BHAY ObLIH ONPENENEHBLI MJIOIIAAL [OJOCH A0 TPONnycKa
(puc. 22) Sy = bhy + 2by,H, u conporuBnenye nehopMalUd Me-
Tanna ofpasuos oy, Kotopoe maa craad MCr3 npu Temneparype

1100 °C u cpeaneit ckopocth aedopmauuu 0,1 ¢ pasno 57 H/mm?.,
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Bespasmepusie yeuansa P, P, H MOMEHT npokatku My, mo-
JydeHbl neeHneM P, Py u My, Ha S0, # SyR,0, COOTBETCTBEH-
HO:

pr = Pr/Soos; ﬁs = PB/SOUS;“ /T/IKD = MKD/SORLUS;
P. = —2,34 —39,7m, + 20,1m, + 3,3m, + 1,03mz — 2,01m, +
+ 34,5m,m, — 18,0m,my, (131)
e=99%;
P, = — 3,83 —0,885m, + 8,5m, — 4,62m, 4 0,405m, 4
+2,61my + 2,2mg — 4,39m,my — 6,91mym,,  (132)
£ = 10,4 %;
Myp = — 0,256 — 2,71m, + 1,30m, + 0,207m, - 0,138m; |-
+ 2,27mm, — 1,22mymy, (133)
e=11,1%.
NPOKATKA ACMMMETPHYHBIX LBYTABPOBbIX MPOMMUIEN
B YETLIPEXBAJIKOBLIX KANIMBPAX

Ins onpenenenuss KoahdHUMEHTOB (OPMOH3MEHEHHS H 3Hep-
FOCHJIOBBIX [TapaMeTPOB NMPH NPOKAaTKe aCHMMETPUYHBIX IBYTaBpO-
BhIX NMpodu/IeH B YeTbIpEXBANKOBBLIX KaJubpaxX Ha NOJYNPOMBIII-
sedHom craHe 300 cn/iiaHHpoBaH ceMH(aKTOPHbIA 3KCNEPHMEHT,
B kauecTBe He3aBHCHMBIX NepeMEHHbIX NPHHATH ClIefyloLiue OT-
HOCHTeJIbHbIE BeNHUYHHBI (pHC. 23):

my =hofhy; my = (ho/hy) (balby); Mg = ho/Ry; }(134)
my = b,/Ry; my= by/Ry; mg= Hy/Ry; My = H,y/H,.
B coorBercTBHH € KOHCTPYKTHBHbIMH OCOGEHHOCTSMH CTaHa

H KaccCeT H C yUETOM yCJIOBHﬁ 3axBaTa Ha reOMETpHUYECKHe pa3me-
PHl HaAJOXKEHLI OrpaHHYCHUA:

59 mM<< Ay << 8,56 My; 3,6 MM Iy << 7,0 My

23,1 mMm << H,<C40,7 mm; 6,6 MM < by << 11,4 my; (135)
23,3 mm<< b, <<40,7 MMy 8,2 MM << H, << 24,0 My

2,7 MM H, 12,9 My 4,2 < 0, << 10,8 MM,

94 :

Karajomue paguychl BalkoB mpH-

HATHl NOCTOSHHBIMH: R, = 160 mm 2= P w—r

H Ry = 45 Mm. 4 | N
Ha ocHosauuu orpannuenuii (135) | b N

OTpeNesIeHbl NIPEfie/lbl H3MEHEHUs Na- ¥| ~ N 1 ‘1 N

pamMerpoB m; Hu3 cucreMul (134): ; I BN

1,221 << my << 1,629; 1,046 <y << 159N R4

< 1,154; 0,0369 << my << 0,0532; Ry &y

0,1457 << my << 0,2643;  0,1457 << :

<my < 0,2543; 0,5142 < my < 16 by

< 0,7858; 0,2285 < m, < 0,7715. by b 0

B kauecTBe nsana skcrnepumenTa
BhIGpaH opToro i -
Hblﬁp K p - HaJIbe}H LEHTpaJb Puc. 23. Cxema dopmonsme-
78341103 UHOHHBIH TIIaH C SM-  yewus acHMMETPHUHOrO JBY-
pom 2 H KOJIHYECTBOM OIILITOB  TaBpOBOTO “POfngﬂ B UETHI-
7—2 XBaJIKOBOM €.
N =27 =32, Iposepka moayuen- ‘oot Kamop
HBIX popMyJ1 1o ¢-Kpurepuio CThio-
J€HTa MoKasaJna, 4To 4acTb KO3(ppHLUHEHTOB SIBASETCS HE3HAYH-
MBIMH H HMX MOXHO HCKJIOUHTb H3 ypaBHeHHH. Toraa B oKou-
YaTebHOM BHJE MOAYUHM caefytouue GhopMyJbl:
A= 1,815+ 0,667m, — 1,241m, + 2,09m, — 0,448m, —
—0,9mg — 1,407m, — 1,467m,m, +

. + 0,631m,mg + 1,279mym, (136)
e=2,5%:;
6, = %% = 1,627 — 0,145m, —0,335m, — 7, 15m, —

—0,244m, + 1,91m; — 1,05my — 0,054m, + 2,64m,m, +-
+ 0,457 mym, — 1,36mymy 4 0,801mymg - 3,68m,m, —

o 10%; — 2,038mymy 4 1,99mgm,, (137)
H, 40,51
8, = w = 0,53 - 0,83m, — 0,43m, + 0,47m, -

+ 0,88 -+ 0,17m, — 0,74mymg — 0,26m,m,,  (138)
9



P.= Sor = 30,94 4 21,97m, - 410,1m, + 65,56m, —
— 34,32m5 + 15,78mg — 225,5m,my — 12,75m,m, —

— 1457,0m,m, + 762, 7mgms, (139)
e =252 %;
P, = & — 13,78 — 3,11m, — 12,89m, — 46,94m, —
ov's
— 15,66m, + 0,634m, -+~ 4,884m,m, 4- 16,39m,m, -—
—3,168mym,, (140)

e=237,4 %;

MI\'
My = 5 pa— = 0,585 4 0,073m, — 0,2m, — 1,977m, —

— 0,495m; — 0,21ms — 0,36m, + 1,67m,m, + 0,253m,m,, (141)
e=26,1%.

FRABA

J
Ilpu npokaTke hacoHHBIX npoduaell CHeUMANbHOrO HA3Ha-
YCHHS YETLIPCXBANIKOBBIE KaJHOPBl LeJeco0fpasHo  HCIOMb30o-
BaTh, B NEDBYIO Ouepelb, B KAYECTBE YHCTOBBIX WJIH (HOpMU-
PYIOIIHX. B OTAe/BHBIX CIyuasX 4JIs NPOBHJEH 0COBO CIONKHOIM
(pOPMEL NPHXOAUTCA YBENTHUHTD UHCIIO HYETBIPEXBATKOBBLIX KaauG-
poB, 4TOCbl MOJYYHTb NPOPHAL 33aJAHHBIX Pa3MepoB M (hOPMEI,
Benenctsre storo npu pacuere KamuGpOBKH HEOSXOAUMO OI-

penenaTs (POPMOM3MEHEHHE He TOJbKO B YeThlPeXBaJKOBBIX, HO
H B IBYXBAaIKOBLIX Kanubpax. Ho Tak kak cdacoussie npodpuau
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METOOUKA PACQETA BOPMONIMEHEHNS
MPU NMPOKATKE ®ACOHHbLIX NTPODUIEN

DAKTOPEI ®OPMBI KANMUEBPA, OMNPEAENAIOULUE
TEYEHMUE METANNIA B OYATE BEDOPMALIUM

CrneuHalLHOrO Ha3HaueHHs HMEIOT CaMylo pasHoo6pasHylo KOH-

- turypaudio, HeoGXOAUMO HMeTb OOLME HHXMKEHePHblE METONbE

pacuera (hOpMOH3MEHEHH#, KOTOpble MO3BOJSIIOT € HKOCTATOUHOH
/11 IPAKTHKH TOYHOCTLIO OMPEAeaATh HeOO X0 HMbIE KO3(hhH IUEH-
Tel AeopMauMd. TakHM METOAOM ABJSETCA NPHBEACHHE peaJlb-
HOro Kajnubpa K COOTBETCTBEHHOMY.

XapakTepHCTHKY OCHOBHBIX MapaMmeTpoB’ Ka/iHbpa H -oyara
AedopMalUH, BIAHAIOIHX HA (POPMOM3MEHEHHE MeTajlia NpH mnpo-

a 7] §

Puc. 24. Bunst xanu6pos 4ast 1poKaTKH GACOHHBIX npodueil:

@ — npoduJib 445 MOAKJIAAKH K peJbCawm;

6 — npoduib ¢ UPOAOJLHBIMH [1a3aMH;
8 — TaBpOBhiM MPodH/b

Karke (acoHHbIX npopused, Lenecoo6pasHo [laTb HA IpHMepe
Kanubpos pasaM4HOro BHAA (pHC. 24).

O6lMM NpH3HAKOM 3THX KaJduGpOB fBJAAETCA HaJHUHe BhIC-
TYnoB (rpebHeit) ¥ 60/blIOH nepenan BbICOT MO WIHPHHE Kaaubpa,
YTO MPHBOAMT K HEPaBHOMEPHOCTH aeOopMauuH, XapaKTepHOH
A1 npoduielt cI0xKHOR popMbl. MOXKHO CUHTATB, YTO OCHOBHOE
BAUAHME HA (QOPMOH3MEHEHHe MeTansa B (DaCOHHLIX Kaaubpax
OKa3biBAlOT CJeNyiowHe (GakTOpbl: pas/uyue. BLICOT Kaaubpa mno
IIHPHHE; HAKJOH CTEHOK Kaaubpa; HepaBHOMEPHOCTb O6KaTHH 110
IIHpHHE. :

[Ipyu 3TOM pU3HKO-MeXaHHYECKHe H TEPMOAHHAMHYECKHE napa-
METDbl CUHTAIOTCA MOCTOAHHLIMHM BeJHUMHaMH. B Meronmax, mpu-
MEHsAEeMbIX B NMPAaKTUKe pacyeTa KaJlUOPOBOK, YUUTHIBAETCS OOLIU-
HO BJIHAiHHE TOJIbKO HEKOTOpPbIX M3 3THX (akropos. Tak, Hanpu-
Mep, METOA COOTBETCTBEHHOM MOJOCH OCHOBAH HA HCIIONb30BAHHH
NOMpaBoOYHbiX KO3((PUUHEHTOB YIUUMPEHHA [1A KaJubpos ¢
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BOTHYTBIM HJIH BbIMYK/BIM I€PHMETPOM IPH yCPEAHEHHH APYIUX
XapaKTepPHCTHK. B Merone npuUBeNeHHOH MOJOCH TaKKe HCIIO/b-
3YIOTCA KO3((HUHEHTb CTECHEHHS HJIH BbIHYKACHHOTO YIIHPEHHS.
Tak unu unave mMoxennpoBanue npouecca NPOKATKH B (DaCOHHBIX
KaJqH6pax NpoKaTKof B IMIAAKHX BajKaX UMEET TOT HeJOCTATOK,
4TO BO3HUKAET HEOOXOAMMOCTb BBEAEHHS M ONpeje/eHus [onpa-
BOYHBIX W DA3JHYHBIX BCIOMOTATEIbHLIX KOI((HUHEHTOB, MPH-
4CM 5Ta 3ajaua TeM TpynHee, 4eM ClokHed Kaau6p. EcrecTBeHHO
CTpeMJICHHE H30eXKaTh BBEJCHHS AOMOJHUTENbHbIX K03(h(pH LHEHTOB
HJTH XOTs OBl YMEHBLIUT HX KOJHYECTBO U YIIPOCTUTH ONpefeeH e
HX sHauenui. [lostoMy mnpencrasisieTcs eqecOOGPAas3HbIM HC-
[IOb30BaTh B KAYECTBE MOJE/IH A1 pacyeta GOPMOM3MEHEHUS NPH
MPOKAaTKe (YACOHHBIX NpoduaeH 6ojee MOAXOASIULH Kanmubp, Ko-
TOPBIH Gbl COXPaHHJ OCHOBHBIE OCOGEHHOCTH, onpeeaawlHe Te-
UEHHE METa/yia B HCXOJHOM Kanu6pe. B stoM cMmblcie nautosee
IpOCTyIo M mpHeMmaeMylo (OpMy uMeeT KaauGp (npoduab),
COCTOALHIA H3 Y4aTKOB NPAMOYIOJbHOH (hOPMBI H HA3LIBAEMbIil B
najbHeHeM COOTBETCTBEHHBIM.

Pasnnuue Bhicor haconnoro kamubpa mno IUMPUHE W HAKJIOH
CTEHOK O0TOOPAXKdOTCs pa3/IHYHeM BBICOT YYaCTKOB COOTBETCTBEH-
HOTO Kaaubpa. YCpemHAIOTCA M NpPSIMO MONEMHPYIOTCS HEpaBHO-
MEDHOCTb  00XKaTHS H HEOGXKHMAaeMble  yYacTKH tacoHHOTO
npogpuIIs.

[To sTum xapakrepucTukaMm BbiesOTCS YeTLIPE THNA COOT-
BETCTBEHHBIX KaqHOpoB (puc. 25). TIpn stom ¢opMa Kaxaoro co-
OTBETCTBEHHOTO Ka/IHOPa MOKET GbITh H3MEHEHa MyTeM yaaJeHus
OIHOTO HJIM HECKOMbKHX Y4acTKoB. OTHOCHTeJbHBIE 06XKATHS Ha
ydqacTxax MOTYT BADbHDOBATbCS NO OTHOLIERMIO APYT K APYTY,
[TPHYEM HEKOTOPBIE YYACTKH MOTYT GbITh M HEOOXKHMAaeMbIMH Ha-
NpHMEp, NMPOKATKa B KaquOpax a u 6 (puc. 24) Mopenupyercs
NPOKAaTKOH B COOTBETCTBEHHOM Kasubpe (puc. 25, a), a HnpoKarka
B Kanubpe ¢ (puc. 24) — npoOKAaTKOH B COOTBETCTBEHHOM Kaaubpe
(puc. 25, 6).

Hais peanusauuu NpesnoKeHHOro MOAX0AA HEOBXOAUMO pe-
WHTL ABE OCHOBHBIC 3a/1a4H: NOJAYUHTL (hOPMYJIBI MK ANTOPHTMEL
AJA pacuera Ko3p(pHLHEHTOB (POPMOUZMEHEHHSA B COOTBETCTBEHHbIX
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Kanubpax W paspaborarh Croco0bl MPHBEJEHHA peastnpHOTO Ka-
JAu6pa K COOTBETCTBEHHOMY BHAY.

IIpokaTka B COOTBETCTBEHHOM KaJHMGpe AOCTATOUHO MOJHO MO-
Jenupyer peadbHoe (OPMOH3MeHEHHe MeTajJa B (DacOHHBEIX Ka-
aubpax. [losroMy koapduuueHTs GopMoU3MEHEHUs], NOTYYEHHbIR
JaHHbIM MeTonOM, 6yAyT HMeTb 6oJiee BLICOKHE TOYHOCTb M CTe-

. .
72345__%3_5
|| LA
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Puc. 25. OcHOBHBIE THIIBI COOTBETCTBEHHBIX KaJauOpoB (mpoduJeit).

neHb JAOCTOBEPHOCTH, 4eM KO3(GGHLHEHTH, PacCYHTAHHBIE ¢ I1O-
MOLLBIO COOTBETCTBEHHBIX, MPHBEACHHBIX MOJIOC H APYFHX NOA0G-
HBIX METOMHK. :

C yuerom TOro, 4To, KpoMe onpeie/eHus Ko3houineHToB Gopmo-
H3MEHEHHs, IO XOAY MPOKATKH TpeGyeTcs X pacyeT H POTHB X0/a
NPOKAaTKH, BO3MOXHBI [Ba crocofa nepexoja K COOTBETCTBEHHOMY
Kaaubpy, NpUMEHEHHe KaXKAOTO M3 KOTOPbIX 3aBHCHT OT MOCTa-
HOBKH 3ajauH.

METO/bl NPUBEREHNS HACOHHOIO KANUEPA
K COOTBETCTBEHHOMY

PacemoTpum MeToAb! npuBefeHHs (HacOHHOrO Kajaubpa K cooT-
BETCTBEHHOMY C HCIIO/b30BAHHEM CPEIHHUX BEICOT H MPHUBEIEHHA
(hacoHHOTO KaqHOpa K COOTBETCTBEHHOMY C MCIOJb30BAHHEM 3K-
CTpeMajlbHbIX BBICOT.

Meron npuBefeHusA ¢ HCNOJIb30BaHHEM CPEIHHX BBICOT pac-
CMOTPHM Ha NpHMepe 4epHOBOro Kanubpa WA NpPOKaTKH NpodH-
JIfl OKOHHHIX mepenJieToB (pHc. 26). [Ipu sToM pasMeprl Kann6pa
(puc. 26, a) u paccTosiHHE MeXKAY OCAMH BaJIKOB 3aJaHbl H H3BECTHEI
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pasmeprl HCXOJHOH DOJOCH, a CJAe[0BaTejqbHO, W 06XKaTus 10
wMpHHe noJiockl. [IpH mepexoje oT peasbHOro Kajguépa K COOT-
BETCTBEHHOMY JIe/JIHM peasjbHbld Kanubp BepTHKAJAMH HA ydacT-
KH, HUMelolIHe pa3/HYHble CpelHHe BBICOTHL. [loCTpOeHHE COOTBET-
1 B c p  CTBEHHOIO KalHOpa MPOH3BOAMTCA
' ackam [03TanHo CJIefyloluM 00pasom:

anudp 1. Haxomum wmnpuny Kaaubpa,

Z 5 Zz={.  KOTOpas B paccMaTpHBAEMOM Clyuae

v

, : COBMAJaeT C IIHPHHOH 33/aBaeMoro
] Wl" packara M paBHa b.
2. OnpenensieM CpeIHIO BBICOTY
Kanubpa he, u menuM Kauaubp Ha
yuacTku I, 2 u 8 ¢ BricoTamu, 6O/1b-
] IIHMH HJIH MeHbIIHMH fcp. Bepruka-
= = mu A, B, Cu D cayxar rpaHHiuamu
e y4acTKOB.
== 3. Yuactku 1, 2u 8 dacoHHOro
X Kannopa 3aMeHSIOTCA MPAMOYTOJb-
b 1B & HUKaMH OJHHAKOBBIX C HUMH LUHPHH
p b by, b, by u c BbicOTaMH Ay, h,, hg,
. PaBHBIMH CpEJHHM BLICOTAM YyuacT-
EJ‘I‘;'H ggkariingg%in :aoﬂx‘ﬁ? KOB (DaCOHHOTO KannGpa. B pesyis-
Whix mepenieToB (q) H coor-  TATE MOJyYaeM COOTBETCTBEHHEIN Ka-
BeTCTBEHHBI! Kaiubp (6). JH0p, u3o6pa:keHHBIH Ha pHc. 26, 6.
. 4. OnpegensieM CMEUIEHHbIE 110
BBICOTe MJIOWANH Sk, Sy, H Sp, Ha ydacTkax (acOHHOTO Mpo-
¢una. Cuurad,. 4TO 3TH NJIOLIAJXH PABHBI CMELIEHHLIM MJIOHIANAM
Ha yyacTKax COOTBETCTBEHHOro KanuGpa, paCCUHTHIBAEM BBICO-
Tl A4, B; U hg COOTBETCTBEHHOTO pacKkara, T. e. HaXOLHM 06-
KaTus.

B JaHHOM CJlyyae Mbl MOJIYYHJIH COOTBETCTBEHHBIH " KaJaubp,
COCTOSILLHI M3 TPEX YYACTKOB, HCNOJIB3YS MPH 5TOM YCJOBHA pa-
BEHCTBa ILIOWaleH yYacTKOB HCXOAHOTO H COOTBETCTBEHHOIO Ka-
JIUGPOB, PaBEHCTBA IIMPHH yYaCTKOB H CMEIIEHHBIX MO BhICOTE
nsouaes.

Henonbsys nsnoxeHHbIH cnoco6 NOCTPOEHHA COOTBETCTBEHHO-
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S, < CONMA, S

IR0 22 = s B

- TEOMETPHUYECCKOTO H (pnauqecxoro no-

ro Kanu6pa M 3aJ1aBaeMoro packaTa, MOXHO paccudTaTb (popMmo-
H3MEHeHHe peasbHOro Kasnubpa Kak 10 X04y, TaK H NPOTHB X0l
NPOKaTKH MpH YCJOBHH 3ajaHus OGKaTHS.

Crnioco6 npuBeaeHHs GacOHHOro Kanupa K COOTBETCTBEHHOMY
¢ HCIOJb30BaHHEM SKCTPEMAaJbHbIX BbICOT B NPHHUKNE HE3HAUH-
TeNIbHO OTJIHYAETCA OT mMepBoro cnoco6a. OAHAKO BTOPO# Crnocod
obsafaer Gosiee LIHPOKUMH BO3MOXK- o) @ 0,
HOCTSIMH B TeX cJydasx, Koraa npo-
¢HIb HECKONBKO aCHMMETpHUEH OT-
HOCUTEJJbHO TOPH30OHTANBHOH OCH,
XOTS MOJKET MHCIIOJMb30BATLCA H JJIA
CHMMETPHUHBIX KaJHOpPOB. Y CJIOBHS

by
|
|
I
Js

J06HsA COOTBETCTBEHHOIO H peasbHO- a
ro oyaros AepopMaluH TakKe cob/aio- b
JAl0TCs B 3TOM crnocobe. Meroj npH- N
BEJEHHsI pacCMOTPHM Ha [pHMepe ) _
TABPOBOrO NPOPUAA NS OKOHHBIX ‘t — A | 8
nepensetos (puc. 27): - F

1. HInpuHa COOTBETCTBEHHOTO Ka- 3 L
nu6pa paBHa LIMPHHE 3aJaBaeMOro [\

(wrn BEIXOpsero) packata b. Ka- 4 b [b]5] b

JUGP 1O LIHPHHE OrPaHHYHBAEM Bep- )

THKAJISMH Oy H 0. Puc. 27. Bropoit no xony npo-
KaTKu Kanubp Ans upoduns

2. OnpesesisseM MHHHMAJBHBIE M 6xonnbix nepenetos (a) H co-
MaKCHMaJbHble BBICOTHI Kanubpa hl, OTBeTCTBEeHHBIH Kanubp (6).
h,, Ay ¥ BHICOTH HA OOKOBBIX TDaHH-
nax Kajaubpa ®; H Oy, KOTOPhIE B JAHHOM C/ydYae COBNAAAIOT C
hy 4 hy.

3. [TpoBoauM BepTHKAIH ® TaM, rjie KajiuOp HMeeT MHHHMaIb-
Hble U MaKCHMaJbHBE BLICOTHI. 31eCh A; H Ay COBNANAOT C @y
H ®,, a uepe3 h, MPOBENEHA BEPTHKAIb (.

4. Jeaum Kaaubp (puc. 27, a) BePTHKaJbIO ®y HA YYACTKH
A u B ¥ onpeesisieM MJOLIaAH 5THX YUYacTKoB Sa U Sp.

5. CTpoMM COOTBETCTBEHHbI Kanubp (puc. 27, 6), nonaras,
4TO:

/|
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IHPHHBI M TIAOMAAH y4acTKoB A U B COOTBETCTBEHHOrO Ka-
Aubpa paBHbI WHPHHAM H MJI0WAAaM yuacTKoB A U B dacoHHoro
npoduJIs;

yuactku A # B COOTBETCTBEHHOTO KanHOpa HMEIOT CTyneHuYa-
Tl BUA, MPHYEM BHICOTHl TPaHHL yYacTKOB (haCOHHOTO H COOT-
BETCTBEHHOI'O Ka/JHOPOB PABHHI.

6. YuuThiBas yCJOBHE PABEHCTBA mJolaiell yuacTKOB, Onpe-
JieJIsieM HEeU3BECTHLIE pasMephl by, by, by, by COOTBETCTBEHHOTO Ka-

aubpa. [Tockoabky A by 4 hoby ==

= Sa, hyby + hyby = S, a by +
| +b,=byu by + b, = bg, rme
Z 2 bz Sa, b4 — miomans H wWHpHHA
o o _’_;., I ot yuactka A; Sp, by — nuowans u
y 7 LIHpUHA y4acTka B, To
haby— Sy
7 bl = hz_hl ’
b, | by | b, : hybs — Sp
by= 54—
: . hy — hg
Puc. 28. CoorsercTBeHHBII Ka- by =0ba—0,;; by=bg—0b,.

JHOD H PACKaT, MOJydYeHHbIE Me-
TOJAOM SKCTPEMAaJIbHbLIX BLICOT. 7. B wurore umeeM COOTBer-
CTBEHHBIH Kanu6p (puc. 28), rue
bs = b, + bs. Ecau HYXHO onpeienuTth 06XKaTHS HA yyacTKax
1, 2 1 3, TO UCMONIb3YeM YCJIOBHE PABEHCTBA CMELIEHHBIX 110 Bbl-

core muouianeil. Toraa
Ahy =hy—h; = Sy /b, Ahy = hy — hy = Sh,/bs;
Ah3 — hG -_ h3 = Shs/b4,

rae Sk, Sh,, Sk, — CMEUIEHHbIE O BLICOTE MJOWIAAM Ha CO-
OTBETCTBYIOUIKX Yy44CTKaX (pacOHHOro Kajaubpa (packara).
Pacemorpum npumep Gostee cioxuoro kamuGpa (puc. 29, a),
NpeAHa3HAYEHHOTOo A5 IPOKATKH NpohHAA ABY XpedopauaToi noj-
KJIaIKH VIl PeIbCOB METPONONHTEHA. DTanel NPUBELEHHUs Kaanbpa
U OCHOBHbIE KDHTEDHH OCTAlOTCA TEMH e, Y4TO H Al Kajubpa
Ha pHc. 27, HO TaK Kak Kanubp Ha puc. 29 @ acUMMeTpHYeH, TO
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OH INPHUBOAUTCA K COOTBETCTBEHHOMY KanuOpy, COCTOSIINEMY H3
IATH y4acTKoB. (cM. puc. 25, a).

1. Tak Kak B daconroM Kanubpe (puc. 29, a) HyXKHO onpene-
JINTL CBOOOJAHOE yLIHpeHHe, YTOORl MOJYUHTh 3aJaHHYIO LIHDPHHY
packara, TO HCKJOuaeM OOKOBble CTeHKH KaJaubpa H HaxOAMM
BLICOTH A, U h; GOKOBBIX y4acTKOB Kaniubpa (puc. 29, 6).

W, W, W W,

15
by
hs

Puc. 29. 3ransl nocTpoeHHsT COOTBETCTBEHHOIO

516 |6 Kaan6pa Jia pacueTa CBOSOJHONO yUWIMpEHHS
4= NpH Npokatke npoduis ABYXpeGopayaTod noa-
2 KN3aJKH AJ5 peabCcoB.

2. upuny Kann6pa Gepem paBHOH wHpHHe packaTa b. Onpe-
JlesaeM MaKCHMa/JbHble W MHHHMaJbHbie BBICOTHI Kanubpa h,,
hy v h, B MeCTax Cy:KeHHS W pacliupenus Kaaubpa, a Takxke A,
h; — Ha ero rpanuuax (puc. 29, 6).

3. TlpoBoas uepe3 TOYKM 3KCTPEMAJbHBLIX BBICOT BEPTHKAJH
), ©,, Oy Oy H 0 IeIHM Kaaubp Ha yeTwlpe yuactka 4, B, C
¥ D. Haxoaum njowand 3THX Y4YacTKOB.

4. 3ameHseM yyacTKH (acoHHOro kanuépa paBHOBe.}'[HKHMI/l
no IJIOWAAH CTYNeHYaThIMH YYacTKaMHM COOTBETCTBEHHOIO Ka-
aubpa, CHMMETPHYHOIO GTHOCHTENbHO TOPU30OHTAJLHOH OCH
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(puc. 29, 6). CXOACTBEHHBIE BHICOTH TPAHHIL ONHHUX H TEX ¥Ke yuacT-
KOB (DACOHHOTO H COOTBETCTBEHHOrO KaJHOGPOB paBHH. Pasmeph by,
by M by onpenensoTCA H3 YCJIOBHH PaBEHCTBA NJIOLA/IEH YYACTKOB.

B pesyabTaTe nomyuaem cooTBeTCTBEHHBIH Kaaubp (puc. 29, 2).
OG:kaTHA Ha yuyaCTKax ONpeje/siioTcs 0pH HeOOXOAHMOCTH H3
YCJIOBHS PABEHCTBA CMELLeHHKIX [0 BbICOTE MJoliagel.

PaccmoTpuM najiee JOCTOWHCTBA H HENOCTATKH OGOMX METO-
JIOB, HasblBas VI KPATKOCTH HMX <«TEPBLIAY M «BTOPOHY B TOH
NOCJEIOBATEJIbHOCTH, B KOTOPOH OHHW ObIJIH H3JIOXKEHHI.

[lepBerii cnocod MOAXOAUT AMIA fIPHBEAEHHS K COOTBETCTBEHHOMY
BHJY TOJIbKO CHMMETPHUHBIX OTHOCHTEJNbHO FOPH3OHTAJLHOH OCH
HJIM OUeHb OJIH3KHX K CHMMETPHUHBbIM (DaCOHHbIX KaauGpoB, TOT1a
KaK BTOPOH — JJIs1 CUMMETDHUYHBIX H aCHMMETDHUHBIX KanubpoB,
T. €. BTOPOH cnoco6 uMeer Gosee 1HPOKYO 06IACTb IPHNONKEHHS.

Iepsbift cnoco6 no3possieT naxe CpPaBHUTENLHO NpocTOfl (ha-
COHHBIH KasJHOp MPHBECTH K COOTBETCTBEHHOMY Kaaubpy, cocTo-
AIEMY H3 NATH YYaCTKOB, €CJIH 3TO HEOOXONMUMO LIS TOBBILEH:
TOYHOCTH PacueToB Ko3(pHIIHEHTOB hopmorsmeHenus. Konnuecr-
BO YYaCTKOB COOTBETCTBEHHOTO KaJjufpa, NOJYYEHHOTO BTOPHIM
crnocoboM, OAHO3HAYHO omnpedeseHo dopmoi dacoHHOTo Kanubpa
H HE MOXeT ObITb HH YBEeJMYEHO, HH YMEHbLIEHO. DTO SABJSETCA
HEAOCTATKOM B1OPOro cnocoba, NOCKONbKY MHOTAZ NPENATCTBYET
YBEJHUYEHHUIO TOUHOCTH pacyeTor GOPMOH3MEHEHHS 32 CUET YBeJU-
YeHHS KOJIMUecTBa y4acTkoB. B neqom o6a cnocoba He HMEKT
CYLIECTBEHHBIX MPHHLUUMHANBHBIX Pas/JHUHHA H LOJKHBl [aBaThb
OPHMEPHO OIMHAKOBYIO TOYHOCTb pe3yJ/bTaros. [lepsblli cnocof
[eJIeCOOOPA3HO MPHUMEHATb K (osiee MPOCTbIM M CHMMETPHUHBIM
OTHOCHTEJILHO TOPHU3OHTANLHOH OCH (PacOHHBLIM Kaniubpam, BTO-
pOH — K aCHUMMETPHUHLIM H 6oJiee CA0XKHbIM Kanubpam.

PACHET ®OPMOU3MEHEHUA NPU NPOKATKE
B COOTBETCTBEHHOM KAJIMBPE C MOMOLLBLIO
BAPMALIMOHHLIX METOAOB

[Ipu ompeneneHud Ko3phuLHEHTOB GOPMOHU3MEHEHHA METaANa
IPH NPOKaTKe HeoOXOAMMO U KaxJAOTO U3 MpeiCcTaB/leHHBIX HA
pHc. 25 COOTBETCTBEHHBIX Ka/JHOPOB pEllaTbh OTACJbHYIO BapHa-
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IIUOHHYIO 3aJauy, MOCKOJIbKY HCNOJIb3YEMbIE MPH PEICHHH YIPO-
HIeHUA H JONYILEHHS 3aBHCAT OT BHAA npopuas u Kazaubpa.
B paccmaTpuBaemoM ciydae BeIGOP COOTBETCTBEHHBIX KaJuOpa
¥ npopuas aas pacuera (hopMOU3MEHEHHS Gbla O0YCJOBJNEH CJe-
NYIOLIUMY COO0paXKeHHAMHU: B o4yare aeopmauuy Ho/KHA HabJro-
JaThCs PKO BbIpAKEHHAs HePaBHOMEDHOCTb 06KaTHH M0 IUHPHHE,
BLICOTA packaTa Mo LIHpHHe TakxKe HOMKHA ObITh HEOJIHHAKOBOH;

z |R R,
1 bxf2 4
2 3 i for/2)
]
i 0 et L e
+ . . '4‘ \QQ‘{Q < ES
T 6 X
Y bz Puc. 30. Tlonepeunstit
bo/2 ' paspes (a) W BHA CBep-
’/2b V2 xy (6) ouara nedopma-
B {23 a IHY COOTBETCTBEHHOIO
2 KaauGpa.

B peaNbHbIX KaJHOPOBKaX 4daCTO BCTPEUAKOTCH AABJAEHHA CTECHECH-
HOTO YUIMDEHHS ¥ YTAXKH rpeCHell uid (aaHues, KOTOpbIE xKe-
JIaTeJIbHO CMOJEJHDPOBATh.

DruM TPEGOBAHMAM COOTBETCTBYIOT BLIOpaHHbE IJSi pacyera
npopuab u kanu6p (puc. 30). Cpeands uactb npodu.as HmeeT
OTHOCHTeIbHOE ¢6xkaTue OGoabllee, 4eM OOKOBble O6KHMAaeMble
yuacTKy npodus. KpUTHYECKoe CeYeHHe, Ha KOTOPOM COCTaBJs-
1olLasi CKOPOCThb TeYeHus Meransa no-och Oy paBHa HyJO, COBMaA-
Jaet ¢ KoopauHaTHO# niockocTeio xOz. KoopauHarHast niockocTb
yOz coBnanaer ¢ MJOCKOCTbIO BEIXOJA MOJIOCHI H3 BAJKOB, a OCb
Ox HanpasjeHa npoTHB xona npokatku. Ha puc. 30, 6 nokasan
NpUMEpPHBIH BHA ouara AegopMalylH B NJaue,

[Tpu pelueHHH BapHaUHOHHON 3alayd [osaraeMm, 4ro jedop-
MHpYeMbIH MeTajn 06/1a7aeT CBOHCTBAMH XKECTKOIJIACTHYECKOH
cpeapl. Bauay cummerpuu npodusasi W npﬂMoyronbﬂofi chopMEI
yYacTKOB KHHEMAaTHYECKH BO3MOXKHOE MOJIe CKOPOCTEH MOXKHO
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BEIGpaTh Anis 1/4 ouara nedopmaumu, a pasHyio IWHPHHY H BBICO-
Ty Y4acTKOB MO 06€ CTOPOHBI KPHTHUECKOro ceueHns x0z yuecTb
NpH BbIYHC/AEHHH MOIUHOCTEH, B COOTBETCTBHM ¢ THNOTE30M Maoc-
KHX CeueHHH npunumaem [33]

v, = —0, [1 — (1 — ;—) (10x%/13 — 15x%/% + 6x5/l5)] . (142)

TJle U; — CKOPOCTb TOJIOCH! Ha BHIXOIE H3 BaJKoB mpu x = 0;
A = v,/uy — KO3DDHLUHEHT BLITAKKH; Uy — CKOPOCTb MOJOCH HA
BXoJe B Balky npH x = [; | — nnuHa oyara gedopmauuy Ha
yuactke 1.

YpaBHeHUe noBepxHOCTH F, BepxHero Bajka Ha yuactke [

F,,=R+05H, —V RE— 2 (143)
Ha yuactke / ymupeHHe NOJHOCTbIO OrPAHHYEHO H, CJIe0BaTelb-
HO, Uy, = 0 u &, = 0. Torna us ycnoBusa HecxkumaeMocTH (3)

— & =& (144)
¥ YIOBJIETBOPSAS T'PAHHYHOMY YCJIOBHIO
Uzile=F,, = Uz, (145)
NOJIYUHM
Uz, = Uzt + B2, (2 — F2), (146)
rae U, onpexensercs u3 dopmyasl (10) npu 0F, /0y = O:
oF
Up = Uy — 2= = 0, V}Q;‘sz : (147)

OxouuatenbHo H3 dopmyasi (146) ¢ yueToM ypaBHenui (144)
u (147) umeem

Uy, = gx_(le — Z) + Ux-—-]-/sz_—xz . (148)
KowmrioHneHTH TeH30pa ckopocTed Jedopmauuil Ha ‘yyactke ! onm-
penenseM M3 ypaBHeHHS (4):

E, = 0, (1 — 1/A) (30x/ 12 — 60x%/1* - 30x%/15);

ny = Exyl = Eyz( =0; Ezl = — gx;
ov

24

1
gle = 9 _(3x—

(149)
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Ha yuacrke 2 npexcraBum v, B BuIe
0, =Cy+Ci2. (150)

[ToBepxHOCTb Bepxnero Banka F, Ha yuacTKe 3 annpoKCHMM-
pyeM TNOBepXHOCTbIO MNapaGoJHuecKOTO UHJKHHApPA NPH AJHHE
ouara pnedopmauuu [

Faoy = 0,5H3 + 0,5 (H3 — hy) X212, (151)
Hcnosb3yem rpannunble ycsaoBHSI AJst U, W3 ypaBHeHus (150):
Uzylz=0 = 0; Uzz|z=F;s = Uz,]z:an-

Torza u3 dopmyasr (150) caenyer:

U, =820 B = (02112=Fz3)/F23- (152)
Haxons &, M3 yc/OBHS HECKHMAEMOCTH, OIpejelsieM
vy, = —Ex+ &)y +o(x, 2), (153)
KOTOpast ¢ y4eToM TPAHHYHOTO YCHOBHS Uy, y—o == O paBHA
Uy,=—(§x+§22)y_ (154)

[Mepexomgum panee K yuactky 3. 3amaem v, = Co + Cz + C,2°
NpH CPaHMYHBIX YCJOBHSIX

Uzglz=0 == 0; U lz=2, = — Uzj|z=—201 Z)23|z=l’2’ = Ugz,k-
B pesysbrare nosyuyum

Uz, = EZSZ, Eza = Uzzk/F'za, ? (155)
rlie B COOTBETCTBHH ¢ ypaBHeHHeM (10)
oF
Upe = Oy 2% = U (g — hy) 55 . (156)

CKOpOCTb Uy, HAXOJHM H3 YCJOBHSl HECKHMAEMOCTH C YYETOM
TPAHHYHOTO YCJOBUS Uy, = Uy, NPH Y = 0,5b,:

vy, = (Ex + &) (0,50, — y) — 0,56, (B, +&2,).  (157)
Yyactox 4 pedopMupyercss 3a CYeT NPOJOJBLHOTO PACTSKEHHS.
s Hero npunnmaeM [33)

& = &.= 0,58, (158)
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[Tpu rpauuusoM yciaosuu v,, = 0 npn 2 = 0 umeeMm

0, = | Eadz + @ (1, 4) = —0,5E:2. (159)

Onpenensem najee v, Mpu IPAHHYHOM YCJOBHH Uy, = U, TIIpH
.y = 0,5bqy, THe by — ypaBHeHHe OOKOBOrO KOHTypa Ha CThiKe
YUACTKOB 3 ¥ 4, C yUETOM YIIHPEHHs [0 AJuHe ouara JehopMaluy.
[penacraBisiem npubnkeHHO boy B BHAE napaboibl

0,560, = 0,56, — (b, — b) x¥/212. (160}

TOFI.[a C YU€TOM T'DAaHHUYHOr'O YyCJIOBUSA
Uy4 = S gy.‘dy + (P(X, Z) = Uysly=0,5b0x +

+ Ex (Oa25b0x_0,5y)s (161)
‘The )
Uyiy=0,85,, = 0,5 (B + &2,) (b — bo,) — 0,50, (€, + &2,).  (162)

Tagum 06pasoM, MbL OTIpefe/IHIIH KHHEMaTHIECKH BO3MOXKHOE ToJIe
ckopocteil nepemerennit M gedopmauni. Heo6xoaumble Kommo-
HEHTHI &;; onpefesiaioTcs U3 ypasHenus (4). Bapuauwnonnoe ypas-
HeHWe IJIS JKECTKOMJIACTHYECKOH Cpeibl 3aNHCHIBAETCS B BHIE
BeIpaxkeHusi (7) npu orpanuvenuu (8).

BapbupyembIiMui MapaMeTpami BJISIOTCH KOI(POUUHEHT BBITSAXK-
K1 A, KO3QQULHEHT ONePeXKeHus @y = U;/U, H KO3DDHIHEHT Qyp,
OTIPEESIOULUH DOI0KEHHE POJOJIbHO-BEPTHKAJIbHOTO KPUTHYE-
CKOTO CeueHHs Ha CpelHEM CHJIbHOOOKHMAaeMOM Yy4acTKe Npo-
¢uasi. JInsi Toro uToOBl BRIPA3HTbL HEH3BECTHBIE PasMephbl MPOQH-
JIst MOCJIe TPOKATKH yepe3 A U Qyp, NPHHUMAeM, 4TO KO3(QDHIIHENThI
YTKKH HeofKHUMaeMoro ydacTKa Mo BBICOTe M IUHPHHE paBHHI,
[IOCKOJBbKY 3TOT y4acToK AedopMHPyeTcs TOJBKO. 34 CUET pacTs-
wenus {33

Im=1p=VAh, (163)

rie P = (by — by)/(bs — by) — KOS(QOULIMEHT YTAMKKH MO k-
puHe; M = hg/h, — KOIQQULUHEHT YTAKKH IO BLICOTE.
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Hcnombsys ycnoBne nocrosiucTBa obbema u ypaBHeHue (22),
NOJy4uM

by = [So— (b3 — by) hy — AMbyH,y -+ Moghy1/(Mhy);
by = (b __bo —b ﬂ)/ﬂ; (164)
hg = hy/V'A, ‘

The Sy — MJIOoWab MONEePeYHOro CeYeHHs MOJIOCH 10 MPOKATKH.

PacemarpuBaemasi BapHalUHOHHAs 3a/(aua IPHHANJIEKHUT K THITY
8afay yCJOBHOH MMHHMHSAUKHK C OrpaHH4YeHHeM THIa PaBEHCTBA
H DEelUaeTcs C IPHMEHeHHEM METOJI0B HEeJIHHEHHOro NnporpaMMupo-
BaHHUS.

15 uncienHoro peieHHa Ha DBM npuMeneHsl METOAbI, B KO-
TOPBIX MCIOJb3YIOTCS TNOHATHS WTpadHOH DYHKLUHH H MHOXKHTe-
Jed Jlarpanka. C Lesblo BBIABJIEHHS METOAA YCJAOBHOH MHHHMHU-
3anuy, jawuero Haubonee GHICTPYIO H YCTOHUMBYIO CXOLHMOCTb,
HCIBITAHbl METOAb WTpadHEX (YHKLUHE C BO3pacTaioluM Iapa-
MeTpoM H Ge3 mapamerpa XecreHca — [laysnna u MoppucoHa.
lpu pemennu sagaun Ges- 8 B, By Ba.Bs
YCJAOBHON MHHHUMH3aLHH HC-
NoJb30BaH MeToJ] AedopMHu- 1 7
pyeMmoro MHOTOrpaHHHKa '
Hennepa u Mupna. HanHble
NPOGHLIX BBLIUHCJAEHUH CBH-
JIEeTeJbCTBYIOT ©  OoJblueil
(e TUBHOCTH MeTona Mop-
pHcoHa, KOTOpHIA M BRIOpaH
IS BCeX dajdbHeHInuX pac- Bg| | By (By|Big| |Bu

YEeTOB. o
1 Puc. 31. [lonepeunslii paspe3 ouara ne-
porpamMMa  MHHHMM32-  ¢opmayun npH mpoKaTke B COOTBETCT-
LMK MOLIHOCTH AeOPMAlUU  BetoM Kaauope.

npu ycJaoBuu (8) Hanucana
Ha afjropHTMuueckoMm dswike Poprpad-IV u peanusosana Ha
2BM EC-1033.

[IporpamMma umcJeHROro peileHus BapHAaLlMOHHOH 3afauu HC-
10JIb30BaNach AJs TOJYYeHHS DerpecCHOHHBIX 3aBHCHMOCTEH

He
Mo
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H,
~U
[\
[ XY
1N
i
| He_|

=il RS

Hs
Hy
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K03 puLMeHTOB GOPMOU3IMEHEHUS H HHEPrOCHMOBEIX [1apaMeTpoB
OT pa3MepoB COOTBETCTBEHHOI'O Npoduis u Kanubpa (puc. 31).

Ha ocnoBanuHu TeopeTHUeCKHX HCCJENOBAHUH GBI MOJYUEHb]
dopMyJibl IR BBIMHUCIEHUS KOIDODUIHEHTAa BBITSKKH A H KO3D-
¢uurenra yumpenus P = (Bg + By + B; + By + Bu)/(By +
+ B: + Bs + By + By): :

= 1,08 — 0,601m, + 0,951m; — 0,801m, + 2,165mg +
+ 0,214m,; — 0,11 1mg— 0,138my — 0,914m,, — 0,037Tm,, +
+ 0,13m;3 — 0,182m? — 2,981m}; - (165)
p=1,103—1,262m, 4+ 0,752m, — 1,031mg + 0,828m, -
-+ 1,084m; — 1,1567mg - 0,666m, — 0,72m, + 0,446m,y —
—0,796my; + 0,074m,, — 0,232m;3 —
— 1,44m? 4 3,114m% — 0,509m2, (166)
rae
my = HyB,/So; mg = H,B,/Sy; my= H;By/Sy; my = H;B;3/S;
my = AH,/Hy; mg = AHyo/Ho; my = AHg/Hy; mg = By/By;
My = By/By; g = By/By; my; = Bg/By; myy = H/By;
myy = Hyo/R; By = By + B, + By -+ By + Bj;
So= Hy,B, + H,B, + H,,B; + Hy;B, + H,B;.

®opmyant (165) u (166) nmoayuennl aas caepyloiledi ofaacTu
uameHenus m;: 0<Cm,; << 0,28; 0<Cm,<C 0,47, 0<Cm,y;<C0,41;
0<Cm,; <<0,25; 0<Km; << 0,85 0,06 <Km<<0,5; 0,03<Cm, <<
<085 0sme <04l 0Kmy <<0,5; 0Kmy 0,49, 0<C
<m;<<0,35 0,17<Cm,<<3,0; 0,1 <<my3<<0,5

MpY BBINOJIHEHHH cHcTeMbl orpanuuennit AH /H,<KAH o/H g
AH I Hy <AH \o/Hyoy Ho <Hy— AHy; H,<Hy — AHg, Hy—
—AH, << Hyy— AHy; Hy — AHy < Hjy — AHy,; B,<Bs;
B,<B,.

™

NPOBEPOYHbIN PACHET KANIMEPOBKM KPECTOOEPA3HOIO
MPOMUNA 48X 34X 12X T mm

I pacyera BHauasle ONPeAeNHM Pa3MePH COOTBETCTBEHHbIX
KaMHOPOB ¥ pacKkartos B KaxIOM MPOXOJE, YUHTHIBAS PE3yabTaThl
ORLITHOH MPOKATKH, NPOBEJIEHHOMH 110 PacCYHTAHHOH KanHOpOBKe.

Kaau6p 1 (puc. 32). B KauecTBe MCXOIHON 3arOTOBKH B3AT

Wy Wy Wy Wy
() . L
15r.5 o '
%
— Y
g . | 3} s 7] 2 3 oo
™m|™ ’ o] N
q Y,
1 < 7
L‘M L20% 201 Z
7 T
a 40
6

Puc. 32, Kanu6p ! (@) u cooTBetcTBeHHbIf eMy Katu6p (6) AT mpOKaTkKu
KpectoofpasHoro npoduis.

kpyr Aunamerpom 40 mM. Hlupuna coorseTcTBeHHOrO Kanu6pa, Ta-
KuM ofpasom, 40 MM.

O6uwas niowaab kamubpa (puc. 32, a) S, = 858,6 Mm2. Bl
COTBL y4acTKOB I, 2 ¥ 3 COOTBETCTBEHHOrO KaJuOpa paBHbI MHHH-
Ma/lbHOH H MaKCHMalbHOM BBICOTaM HCXOAHOTO Kanubpa: hy =
= 8,9 mm; hy, = 33,9 MM; A, = 8,9 Mm.

3Haa S, BbICO’I"lblbleflgCTKOB Kaqubpa (puc. 32, 6), HaxoauM

]
UX WUPHHEL by = N"ZT/J =9,95 mmM; b, = 20,1 MM; by =
= 9,95 mm.

CMelleHHbIE N0 BLICOTE TJIOMAAK Ha yuacTkax [, 2u 3 S, =
= 140,3 mm?; Sy, = 117,4 mm%;, S, = 140, 3 Mm% Onpenesnsiem
abCOMIOTHbIE 06KaTHS U BLICOTHL Y4aCTKOB COOTBETCTBEHHOTO pac-
kara: Ahy = 14,1 mM; Ahy = 5,8 mm; Ahy = 14,1 Mm; Ay = 23 Mu;
hy = 39,7 MM; Ay = 23 MM.
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B pesyabTare nosyyaem cooTBetcTBeHHEIH Kaqubp M packar,
npeicTaBJeHHBle Ha puc. 32, 6.
 Kamop 2 (puc. 33). Ucxoanwiit packar mosryuen npokarkoi
3arotoBkH Auamerpom 40 mm B Kanubpe 1. Gopma Kanubpa 3gech
MPAKTHYECKH HE OTJIUY&ETCsl OT COOTBETCTBEHHOM, H MO3TOMY pas-
W, W, Wy (4273

L20%
s, N
]l o S 112 3 [
B8] S e X - YES
| b
82] 16,4 <182 16,1
%,
33,2 332
a o

Puc. 33. Kanubp 2 (a) u coorsercTsenubiit emy Kanu6p (6) A NpOKAaTKH
KpectoobpasHoro npobuns.

MepLI COOTBETCTBEHHOr 0 Kanubpa (puc. 33, 6) pasusi: b; = 8,2 mm;
by = 8,9 mm; by = 16,1 MmmM; he, = 12,2 MMm; Ry, = 46,2 MM
his = 12,2 mmM.

Haxonum abcomoTuble 06:KkaTust, MCMONb3Ys PAaBEHCTBO CMe-
WEHHBIX MO BBICOTE MJomane#d Ha yuactkax I, 2 W 3 pealbHoro
W COOTBETCTBEHHOrO packatos: Sy, = 40,2 mm% S, = 76,3 mm%;
Sk, = 128, 5 Mm% Ak, = 4,9 Mu; Ak, = 8,6 mm; Ay, = 8,0 mMm.

BricoTsl yuacTkoB cooTBercTBeHHOro packara b, = 17,1 mu;
hy, = 54,8 MM; By = 20,2 MM.

Kaanop 3 (puc. 34). Mcxomubiil packaT noJyueH mnpokatkofl
KpPYrJoli 3aroTOBKH fuameTpom 40 MM B IBYX MNpeibLIyLIHX Ka-
~smubpax. UInpunbl u BHICOTH yuactkoB /, 2 H 8 COOTBETCTBEHHOTO
Kanubpa (puc. 34, 6) paBHBI WHPHHAM U BLICOTAM YYacTKOB (aK-
THYECKOro Kanubpa (puc. 34, a): b, = 16,8 mm; b, = 12,2 mm;
by = 16,8 mm; hy, = 7 MM; Ay, = 34,7 Mm; by, = 7 MM,
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CooTBeTCTBEHHEIR KaiuGp, B OTJIHUHE OT HCXOAHOrO, CHMMe-
TPHYEH OTHOCHTENbHO [POAOAbHO-TOPH3OHTANBHON IJIOCKOCTH.

[lnomanu, cmemennsie no Beicore, Sy, = 31,9 Mm% Sy, =
@ W3 Wy ,
Y24
- I
-1 A = & |
2= N |t 2273 -
[ ==z gl N I 4+—1—2—3 — |
12,2 ) |
|
%, ,
45,8 16,8 12,2 16,8
a 0

Puc. 34. Kanu6p 3 (@) u cooTBeTcTBeHHbIt eMy Kamubp (6) paa mpo-
KaTKH KpecToo6pasHoro fpodu.s.

= 66,7 mm?%;, Sy, = 31,9 Mm% 103BOJISIIOT ONpeLeaUTh abCOMIOTHbIE
062KaTHs ¥ BBLICOTBI YYaCTKOB COOTBETCTBEHHOro packara: Ak, =
= 1,9 Mm; Ah, = 5,5 MM; Ahy = 1,9 Mmm; Ay = 8,9 MM; A, = 40,2 Mum;
hy = 8,9 mm.

[To paccuntanHO# KanHOpOBKe NpPOBeleHa ONBITHAA NPOKAaTKa
kpectoobpasnoro npoduns Ha crade 300 U3 3arOTOBKH KPYIJOro
TIONePeyHOro ceyeHus ¢ Auamerpom 40 mm. Mapka cranu 3arotos-

5. dkcnepuMeHTalbHble M PacueTHble 3HaueHus Koopduuuentor dopmMonsme-
HeHMs NPU NpoKaTke KpecToobpa3noro npotuas 48X 34X 12X7 mm

Homep DKCNepuMeHTalbHble sHauchus | PacueTnble 3Ha4eHHs 0;*;?:;;:?";2“
TIPOXOAA

A I B A B l gy I eg

1 1,31 1,39 ,32 1,38 3,5 3,5

2 1,22 1,24 1,23 1,23 4,5 4.5

3 1,18 1,06 ,19 1,05 4,5 4,5

8 4—136 113



KH —OMCTS,TeMHepaTypa NPOKAaTKH [Iepes; MepBbIM NPOXOAOM —
1100 °C. INocne KaxJoro mpoxona B3fATh TeMn/IeTh. B pesy.bra-
T€ HX M3MEDPEHHH ONpeJesieHbl 3KCNEPHMEHTAMbHLIE 3HAYeHUS
KO3()hHUUEHTOB QOPMOUSMEHEHUSA B KamAoM kamu6pe. Hatinen-
HbIC DasMephbi COOTBETCTBEHHBIX KalHOpPOB H PACKATOB HCIOJb-
SOBaHbl JJIsl pacuera KoshQUUHUEHTOB (POPMOH3MEHEHHS C  Mo-
MOLUBIO NPOrpamMmbl YHCICHHOTO PEIeHUs] BAPHALHOHHON 3a7auH,
PACCMOTPEHHOM B HacTosillel riiaBe. ONbITHBIE H pPacyeTHbIE 1aH-
HBIE HESHAYMTEJBHO OTJAHYAIOTCA ADPYT OT Apyra (tabu. 5). [los-

TOMY TOCJ/Ie ONBITHOM NPOKaTKH NOTpeboBadach JHIIb HeGOMbIAas
KOPPEKTHPOBKA Ka/lHUGPOBKH.

KOHCTPYKUMMH
YETLIPEXBANKOBbLIX KNETEX

YHUBEPCANbHBIE KIETU ANS NMPOKATKM
HABYTABPOBbIX BANOK

Bricokas sdgexturocTs cnocoba npokarku IBYTaBPOB C LIH-
POKHMH M Napa/e/bHBIMH MOJKAMH B Y€THIPEXBANKOBBIX KJETSX
C OTKDPBITBIMHM Ka/ubpamu cnocoGcTBOBala GLICTPOMY ero pac-
npocTpaHeHHio. B HacToslllee BpeMs OH SBJASETCH OCHOBHBIM CIIO-
COGOM NPOH3BOACTBA 3TOFO BHAA META//IONPOKATA.

MsBectnble u xopoiuo 3apekoMeHnoBasLUIHe cefs KOHCTPYKIHH
HETRIPEXBANIKOBBIX KJETeH AJIsl YHHBEpCalbHBIX GANT0UYHbIX CTAHOB
COBEPILCHCTBOBANUCL HA NPOTsxkeHUU 120 JeT, ucXoas M3 npax-
THUYECKHX TPEOOBAHUH K NPOKATKe ABYTAaBPOBLIX GaJI0K B LIHPOKOM
copramenTe. PaGoune KJIeTH, HCTOJb3yeMble IS TPOKATKH LR po-
KOMOJIOYHbIX ABYTaBPOB, OTHOCATCH K YHC/IAY HAUGOJEE CJOMHBIX
110 KOHCTPYKIHH MPOKATHLIX KJjeTell. OHH uUMeloT GOoJblide ra-
Gaputhi (BeicoTa 3,5—4,5 M) 1 3HauMTeJbHYIO Maccy (130—220 T1).
[Ipn npoextnposannn sTux KJjereli yunTpiBadHCH caenywom He
OCHOBHbIE OCOGEHHOCTH: SHAUHTE/bHbIE [EPEMELlERHS BEPTHK b
HEIX BA/IKOB, HEOOXOJHMbIE LISl IPOKATKH ABYTABPOB B LIH[ OXKOM
AHENA30HE IO BHICOTE; HCINOJ/b30BAHHE TOPHBOHTANBbHLIX BaNKOB,
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AnMHA 60UYKH KOTOPHIX MOMET U3MEHATbCS B COMLIIUX Npelenax;
GoJblIMe YCHJHA HA BEPTHKAJbHBIE BAJIKH, KOTOPEIE MOI'YT AOC-
THrarb 60 % MAaKCHMAJbHBIX HAar py3oK Ha TOPU30OHTAJIbHBIE BAJIKH,

BBICOKAs KECTKOCTb KOHCTPYKLHH; ObICTpas 3ameHa BaJKOB
H BaJKOBOH apMaTypbl.
OpHo#t u3 HauboJsee CJAOXKHBIX OpoGJeM MpU  KOHCTPYHpO-

BaHUH YeTbipexBaJKOBbiX pabouuX KJeTeH $BJSETCA CO3RaHHe
CTaHHH, KOTOpble NMPHY MUHHMAJAbHON UX Macce u rafapurax OT-
Beuasu Obl OJHOBPEMEHHO BCEM MepeuMCJ/IeHHBLIM BhILE TEeXHOJIO-
THYeCKHUM TPeGOBaHUAM IKCIIY aTALMH.

Vi3BecTHEI yeThipe OCHOBHLIX THIA YHHBepCAaJbHBIX 6aJOUYHLIX
KJeTeil: ¢ MOCTOSIHHBIM W H3MEeHfAeMbIM PaCCTOSITHHEM MEXLY CTa-
HHHAMH, a TaKxXe KJeTH C pasbeMHOH npeaBapuTesbHO-HANPA-
JKEHHOH CTaHHHOH.

Oco6eHHOCThI0 KOHCTPYKIIMH YETHIPEXBAIKOBOH KJeTH J060ro
THIIa ABJSETC HeoO6X0IUMOCTb Pa3MellleH si BEPTHF & 1bHBIX BaJIKOB
MeXy LiefKaMy rOpH3OHTaNAbHbIX Baaxkos. [Ipu Be:bMa orpan-
yeHHbIX rabapuTax Tpebyercs yCTaHOBKa KOPNYyCOB MOAYLIEK ¢ 101~
IUMITHHKaMH BEPTHKAJbHBIX BAJKOB H0CTaTOUHOM npouHocTH. [Tos-
TOMY TPH KOHCTPYHPOBAHUH OOHLYHO NMPHHHMAIOT BCE BO3MOMKHLIE
Mephl 1751 yBeJHYeHHs JONYCTHUMBIX HAarpy3oK Ha BePTHKAaJbHbIE
BaJIKH 32 CYET pAUKOHAMbHOH KOHCTPYKUHH MOALIHITHHKOBLIX
Y3JI0B ¥ YJIYULIEHHS KauecTBA CaMHX MOALIKMHHKOB C UEJbIO 0C-
THXKEHHS MHHUMAJbHBIX [a0apHTHBIX PasMepoB MOALINIHHKOBO-
ro y3Ja. YBeauueHHe JHaMeTpa U APYrux pasmMepoB rOPH30HTANb-
HbBIX BAJKOB BbI3bIBAeT, [OMHMO [OBBIUIEHHA HX pacxola MpH
3KCOJIyaTalluy, ellle  yBeauuyeHHe rabapuToB KJIETH, €€ MACCHI,
IPy30MOLBEMHOCTH KPAHOB, NPUBOJALLEe K YAOPOXKAHHIO BCEro
CTaHa B LIeJOM.

Yenexud, AOCTHTHYTHIE NpH NpoKaTke (HACOHHBIX Npoduael
B YETbIPEXBAJKOBHIX Kaaubpax, SBHJIMCb NPHYHHOH OHICTPOro
U3MEHEHHs KOHCTPYKILMU CaMO# KJIeTH M OCOOEHHO CHCTeM [IJIst
nepeBasjiKi BEPTHKAMbHbIX H FOPU3OHTANbHBIX BaJikoB. [lepBona-
yaJbHO Ha Ga/loYHbIX CTAHAX NPUMEHsJAach KacCceTHad CXeMa Ie-
peBaJIK{ BasNKOB, KOTOpad H B HACTosAulee BpeMs NpuUMeHsercs
B Slnonun Ha 3aBopax «Takacuk» u «Cakai». 3areM craau
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HCNOJb30BaTh CXEMY C NOnepeuHniMy 6aqKamu, YCTaHOBJEHHbI
MM B CT@HHHAaxX 3aKpHITOro THNA (Ha 3aBojax «XHpocHMa» H
«DyKysaMar).

B HacTodwee BpeMs HauGoJee COBpeMEHHOU CUHTAETCH nmepe-
BajJKa KJeTdMH, TaK KaK COKpAaUlaeTrcsd BpeMs MNepeHacTpoHKH
CTaHa, OCROGOMKAAIOTCS KPAHEL CTAHOBOT'O NIPOJieTa U yMeHbiliaeTes
HX TPY30MOABEMHOCTb, obJjerdaercsl 3JaHHe lexa, MOBEIIIAeTCH
TOYHOCTb NIPOKATA 32 CYET TOYHOU HACTPOHKY BAJKOB M apMmary-
pbl Ha cTeHAax A/ cOOPKH M pasbopku KJaered. [leperanka kJe-
TAMH TPUMEHSIETCS HA pAJle YHHBEpCasbHblX 6aNOYHBIX CTAHOB
Inonun (ua 3aBopax «Pykyamar, «Mupsycumar, «Kumurcy»)
N 1pyrux crpaf. TunoBas KJeTb B 3TOM CJyuae COCTOMT H3 CTa-
HUH TODH3OHTAJbHLIX BaJKOB 3aKPLITOIO THIA, YCTAHOBJEHHBLIX
Ha IJIUTOBHHAX; BEPXHEr0 U HUMXKHENO HAXXKHMHBIX YCTPOHCTB;
THIAPOLUUIUHADPOB MOABEMA DEJIbCOB, MO KOTOPHIM BBIKATEIBAIOTCS
K/eTH C IHHUH NPOKATKH; FOPU30HTAIbHBIX BAJKOB C MOAYIIKAaMH,
YCTAHOBJIEHHBIMU B OKHaX CTaHHH; BEPTHKAJbHBEIX BaJKOB C MO~
IyIKaMH, HaXOAAMMMHUCS B OTKHAHBIX CKOG00OpAa3HBIX 3/IEMEHTAaX
CTaHWHL!, ¥ HAXKUMHBEIX YCTPOHCTB AJIA NepeMelieHUs BepTHKaJlb-
EBIX BasJiKOB. KpoMe TOTO, B KJI€TH UMEIOTCS TPOBOJKOBLIE YCTPO¥i-
CTBa, (UKCATOPHl CKOBOOOPA3HBIX 3/JEMEHTOB OTHOCHTENLHO CTa-
HHUH, YypaBHOBelMBAIOLIHe YCTPOACTBA BEpPXHEr0 TIOpH30HTAJb-
HOTO BaJika W APyTHe BcnioMorarensHule yerpolictsa. [pu ynane-
HUM KJIETH C JIMHHH CTaHa He TpeOyeTcsl Kakux-Jau0o onepauui
no pasbopke camo#i kJerd. Jlamel CTAHMHBI TOPH3OHTAJBLHBIX
Ba/IKOB OTHOCHTEJbHO NJIUTOBHUH (PHKCHDPYIOTCH C MOMOUIBIO [UJI-
POLOMKPATOB M KJMHOBBIX 3a:KUMOB.

JIpyruM BaxKHEIM HaAMpaBJaeHHeM Pa3BHTHSA KOHCTPYKUHH yHHU-
BEpCAJbHBLIX KJeTel (B OCHOBHOM OecCTaHMHHBIX) SIBJSETCS IO-
BHILIEHUE HX XKEeCTKOCTH, YTO CYIIECTBEHHO BJIHSET Ha TOYHOCTh
npokara. HauGospwuit uHTepec npeacrassser (111 6eccranuu-
Has 6asouHass KJeTb KOHCTPYKUuMH ¢upmbl «3umar» (PPT), xo-
TOpAsl YCTAHOBJIEHA HA HelpepLIBHOM GaJ0YHOM CTaHE Ha 3aBOje
«Knmurcy». Knerb coctout (puc. 35) H3 rOpH30OHTANbHBIX U Bep-
THKaJAbHBIX BAJKOB C IOJYNIKAMH, BEPXHUX H HHXKHHUX MONepe-
YHH, Ha KOTOPble ONMPAIOTCS NOAYILIKH BEPXHEr0 M HUXKHEro ro-
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Puc. 35. BepTukanbunlii paspes no NOAYLIKaM GecCTaHuHAON YHHBEPCATbHOR
KJeTH.



PH30HTANBHOI'O BaJKOB; OOKOBHIX NJIACTHH, IAPHUPHO CBA3AHHBIX
C MonepeurHaMH; SKCUEHTPUKOBBIX MEXaHH3MOB peryJHpOBaHUS
TIOJIOXKEeHN st ocell BEPXHEr0 W HUXKHEro COPHU30HTANBHOTO BAJIKOB
OTHOCHTEJIBHO OCH TNPOKATKH; IKCLEHTPHKOBBIX MEXaHH3MOB pe-
CyJIHPOBAHHS MOJOXKEHUS] BEPTUKAJbHBIX BaJKOB H THAPOAOM-
KPAaToB, ¢ MOMOLIBIO KOTOPHX PacCOEAHHSIOTCS IaPHUPHBIE CBA3U
GOKOBBLIX NJIACTHH C MONepeuHHaMy KJeTH. Kak BUAHO u3 puc. 35,
B BEPXHHX NONEPEUYHHAX O UMEIOTCH MpOPe3H, B KOTOpPble BXOAST
KOHHBI NJACTHH 7. B 3THX KOHLIAX MMEIOTCS LHJHHADHUECKHE OT-
BEPCTHS, COOCHO C KOTOPBIMH PacnoJiOKeHbl OTBEDPCTHS B More-
peunHe. B kauecTBe ocH lIapHHpPA HUCNOJb30BAH WITOK 6 THAPO-
UHJIHHAPA, KOPNYC KOTOPOro YCTaHOBJEH Ha OOKOBOH IMOBEpX-
HOCTH MOTEePEYMHBI.

[TepeBanika KJeTH BeIeTCS IO HANpaBJASIOILHM, YCTaHOBJIEHHBIM
Ha CTOpPOHe MepeBasKH CTaHa. TaM ke pacrloJIOMKeHLl TeNeKKH
C YCTaHOBJIEHHBIMY HA HHUX MORTOTOBJEHHBIMH K pafoTe HOBBLIMH
kJersivu. [1py nepeBasfike cTapas KJeTh BEABUr a€TCA C JIHHHU NPO-
KaTKH Ha TeleXKy, KoTopas MepelBHraeTcsl NapanyesbHO OCH
NPOKAaTKH BMeCTe C KJeTblo, a HOBas KJETb NepeMeinaercs C Te-
JIEXKKH Ha JIHHHIO TPOKATKH. :

[Tpu pasbopke KJeTH Ha CTEHJE B NEPBYIO OUepenb OCBOO0XK-
JIAI0T BEPXHMe MOTMepeuyHHbl 5 OT WAPHWPHBLIX CBH3eH, NJ5 Yero
. UITOK YCTaHaBJIMBAeTCs! B KOPIyce rHApOUnHHApa. Tak kak no-
IYLUIKH BEPXHErO TOPH3OHTAJIbHOIO BajiKa NPUKPENJeHbl K BepX-
Hell MoNepeuxHe, TO MOCJ/e YAAJEHHUS IUTOKA H3 IIHJIHHAPHUECKO-
TO OTBEPCTHS B KOHLUE GOKOBOH MJACTHHbBI BEPXHHE MONEpPeUHHH
TIOLHKMAIOTCA BMECTe C BEPXHHM TOPH3OHTAJbHBIM Ba/JIKOM BBEpX
C TOMOLIbIO KDaHa.

BepTukanbHble BaAKH 2 ¢ MOAYIIKAaMH KPENATCS aHaJor HYHbIM
0o6pasoM ¢ NOMOIbIO DPa3BoOPHBIX [UAPHKPOB K NJaacTHHaM 8,
KOTOpPLIe CJYXKAaT TAramu, BOCMPHHHUMAIOUWIUMH 1aBJeHHE MeTaJl-
Jla Ha BepTHKaJbHble BaJKH. [lOAyWIKH BEPTUKAJbHBEIX ¥ TOPH-
30HTAJbHLIX BAJKOB HMEIOT YBeJHYEHHYIO NOBEPXHOCTb KOHTaK-
Ta B pasveMe NOAYKa — MonepeuynHa, yrto ofecrnevnsaer Hojee
paBHOMEPHOE pacrpejeseHue Harpy3KU Ha POJHKH NMOALIHIHUKO-
BBIX BaJIKOBLIX ONOp M NIOBBILIAET AOJCOBEYHOCTb [OALLHIHUKOB.
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B BepXHMX WapHUPAX MJACTHH 7 YCTAHOBJIEHBI IITOKH, KOTOpbIE
MOTYT TepeMellaTbCsl BIOJb CBOEH OCH, HO BbINOJHEHH Bpa-
WAILUMHUCA. B HMXHHMX IuapHupax nJacTHH I, CBA3aHHBIX
¢ HUKHHUMH rionepedusamy [/, ycTaHOBJIEHA SKCUEHTPUKOBAS OCb
10, KoTOpYy10 BpaIlalOT BPYYHYIO C MOMOILbIO YEPBSYHOHA nepe-
Jayd. DTOT MeXaHH3M HCIONb3YIOT A/ HacTPOHKH OCH YeThIPEeX-
BAJIKOBOT'O YHHBEPCAJBLHOTO Kajubpa OTHOCHTENIBHO OCH TPO-
KaTKH.

KpoMe TOro, MMeercs elle OJHH IKCUEHTPHKOBBIH MEXaHH3M
cOMMKEBNA U PaA3BENEeHUsT BEPXHETO H HHXKHETO TOPH30HTANBHOTO
BaJKOB OTHOCHTEJIbHO APYT Apyra, fiphueM 3TO ABHKEeHHE BeyT
CTPOro CHHXPOHHO. JJI5 3TOro HCNOMb3YIOT BPaLIeHHE SKCUEHTPH-
KOBBRIX ToJiyoce#l 4, yCTAHOBJIEHHBIX B KOHLAX naactve 7 M [ u
NPHBOASIILHXCS BO BpAIlleHHe C MOMOLLbIO YEPBAUHBIX KoJjec 9.
C noMOLIbIO YEPBSKOB, HAXOAAMIHXCA B 3ALLNJICHHH C KOJIeCaMH 9,
IPOMEXKYTOYHLIX BAJOB M 3JEKTPONPHBOIA C PEAYKTOPOM HOCTH-
raeTcsi CHHXPOHHOe BpalleHue BCeX moJjyocefi. BepTHKanbHble
BaJKH 2 [IPH 3TOM OCTAIOTCS Ha MeCTe.

AHaJIOrYYHO YCTPOEHB SKCUEHTPHUKOBEIE MEXaHU3MBI [epeMe-
WeHKsT BEPTHKAJIbHBIX BAJIKOB, C IOMOULbIO KOTOPBIX TaKXe CTPOro
CHHXPOHH3UPYETCs MepeMellleHHe BaJka OTHOCHTEbHO OCH Mpo-
kaTku. Ha puc. 35 5TH MeXaHH3MBl He H300paXkeHbl, HO BHIHBI
UHJAHHAPHUECKHE H YePBSUHbIe epelaud C MPOMEXYTOYHBIMH Ba-
JamMK 3, KOTOpPbie HCMOJb3YIOTCA AT CHHXPOHHOIO BpAUIEHHSA
SKCHEHTPHKOBBIX TONyOCel MeXaHH3MOB OCEBOI'O PEryJHpr BaHus
BePTHKANbHEIX BaJKoB. [lolyocH HMeEIOT 3KCIEHTPHCUTET, PaB-
ueid 22,5 MM. CKOPOCTH MepemMelieH s BePTHKANbHOrO BajlKa MpH
nacTpoiike cocrasisier 0,49 MM/c, CKOPOCTb MepeMelleHusl To-
PH3OHTAJbHEIX BaNKOB MPH HACTPOKe MEXKBAJKOBOTO 3a30pa Ha
OfHH Badok — 0,26 MM/c. DKCUEHTPHKOBLIE MEXaHH3MBl Ha-
CTPOMKH 3a30POB MeXAYy BepPTHKANbHbIMH H TOPH30HTAJIbHBIMHU
BaJKaMH HCIIOMb3YIOTCA HE TONBKO AJIs peryJHpoBaHuls, HO H IJ14
BEIGOPKH JIIOQTOB.

Kpensenne yHHBEpCaJbHBIX KJETeH K IMJMTOBUHAM B JIMHHH
CTaHa NMPH ITPOKATKe MPOUCXOAHT C [OMOIIbIO OLICTPOACHCTBY-
IO HX THAPOJOMKPATOB, KOTOPHIE PH BRIABHKEHHH KJIETH C JIMHHH
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Puc. 36. UerbipexBaskoBas K/eTb C Pa3beMHOH NpeABapHTeNbHO-HANp AKEeHHOH
CTaHuuoH.



OCTaKTCH Ha NJWTOBHHAX. KJeTH C JMHHUHM CTaHa BBABHIraOT Ha
TEJIEXKKH C MOMOIIUBIO pEeUHOH Nepeflaut U TeJeKKH C IPHBOAOM OT
3NeKTpoABurartenss. CKOPOCTb JBHXKEHUS KJETH NP [epeBanke
0,1 m/c, nmuna xomna 12,5 m.

J15 npoxartky IHPOKONOJOYHBIX JBYTABPOB B HEGOJbILCM
JHanasoHe W3MeHeHH! WX pa3MepoB o BbicoTe pupMoi «Miossep
yua Hohmanns (OPI) paspaborana ueTbipexBajkoBasi KJeTh
C paskeMHOH npejBapuUTesIbHO-HaNpsKeHHOH cTaHuHol (puc. 36)
KJeTb COCTOUT U3 BEPXHEr0 7 M HMXKHEro 2 MOHOJMHTHBIX [1-o6pas-
HbIX OJIOKOB-CTaHMH [IJI5l YCTAHOBKH TOPH30HTAJbHBIX BaJKOB
W KacceThl J 3aKPBITOrO THNA& AJ5 BePTUKAJIbHBLIX BaJIKOB, KOTO-
pble CTATHBATCA MeXAY cOo6OH ueTblpbMa ruapobonartamu 11,
B 6aokax umeroTcs HanpaBJsoniue, N0 KOTOPBIM IepeMellanTcs
NIOAYIIKH 6 ¥ 3 TOPH30HTANbHLIX BalkoB I5 u [6. BepTuxkansuble
HeNnpHBOAHKIE BAJKH /4 n 13 ycranopaeHbl B noaymkax 4 u 10,
KOTOpbI€e B CBOIO OYepellb PACIIONOXKEHE! B 00LLEM KOPTYCE KaCcCeThl,
On siBasiercs ofuiell POMEXYTOYHOH 4acTbio MAJs BepxHero 7
1 HuxkHero 2 [T-06pasybix 6/10KOB-CTAHHH H NPOYHO 3aTSTrUBaETCs
Mexny GJoKaMHu dyepe3 MPSIMOYTroJibHblE HaacTaBku 9. Heob6xonu-
Mble 3230PbI ME2KIY BEPTHKAJBbHEIMH H TOPU30OHTANBHBIMY BAJKaMH
YCTaHABJAMBAIOTCS JBUr aTeNIsIMU Uepe3 uepBAYHbIE Nepefaut ycTa-
HOBOUYHBIX BUHTOB & W [ rOPHU30OHTAJNbHBIX BAJKOB, a TAKKE IPH
NOMOLIM HAaKJOHHBIX Tejeckonuueckux BajoB 2. Tlpu cGopke
KJIETH KOPNYC KacceThl YCTAaHABJHBAIOT Mex1y GJI0KaMH, a 3aTeM
C NOMOIIbIO YETHIPEX CTSXKHBIX T'HAPOBOJNTOB CTATHBAKT GJOKH
H KacceTy C YCHJINEM, B IBa pPasa NPeBbIIAIOIUM MaKCHMaJbHOoe
NlaBJieHHe MeTaJsJia Ha FOPM30HTasbHble BaJaku. [1pu sToM XKect-
KOCTb KJIETH [0 TQPH3OHTaJbHBLIM BasIKaM CTAaHOBHTCH paBHOH
MKECTKOCTH ZHAJIOTHYHOHN KJIETH 3aKPHITOrO THNA NPU MOYTH EABOE
MeHpIIeH macce cTaHHHBEI. KJIeTH TaKoB KOHCTPYKILHM, H3rOTOB-
JIeHHbie A% KOMOUHHPOBAHHOrO 6aNouHOTO cTaHa B Penbranure-
He (®PI)) npu nuaverpe pabounx BanxoB 950 MM umeroT Maccy
0K0J1I0 B8 T. Macca ynuBepcaNbHOA KIeTH OOLIMHOTO THIIA B 3TOM
cayuae cocrapJsier 130—180 r.

IlpencTaB/isieT HHTEPEC KOHCTPYKLHS UETHIPEXBaJKOBBIX KJe-
Teli HenpepLIBHOrO CPeHeCOpPTHOro cTana 450 3anaano-Cubupeko-
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Puc. 37. UYetnlpexBankosas 6anounas kierb crana 450 3CM3.

ro MeTajaayprudeckoro 3arona (3CM3).Knetu usrorosaenst YKasip-
ckum 3asogom (UCCP). Yuusepcasbubie kJetn crana 450 npex-
HA3HayeHBl IJISl IPOKATKH TOHKOCTEHHBIX JIBYTABPOBBIX O0asioKk
¢ mapaJssiesbHbIMH noJxaMy u miBessiepos Ne 16—30. Knetb 6ec-
CTAHWHHOIO THIA COCTOHT H3 YeThipeX MOHOJHTHBIX BOCBMUTDaH=
HBIX NOAYIIEK, YCTaHOBJEHHHX B pame (puc. 37). Ilopyuku
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Puc. 38. Kaccera ¢ BepTHKANbLHBIMA BA4JKAMH  YHUBEDCAAbHON

kaetd crana 450 3CM3.

CTArUBAIOTCS MEXAY COGOH YeThIPbMST MACCHBHBIMH CTAXKHBIMHU 60JI-

TamH. JluaMeTp ropusonTadbHbX BadKoB 900 MM, a HeNnpHBOAHBIX
BepTHKaJbHbIX — 600 mm. s ypaBHOBELUMBAHHA BEPXHETO
M HUKHETO TOPH30HTAJbHLIX BAJKOB PUMEHEHS! THAPaBJIHICCKHE
aMopTH3aTOPBl. BepXHMI rOpH3OHTANIBHEIH BaJIOK HMEET OCEBYIO
peryJHpoBKY B npepesiax == b mm. Pajuanbhan peryiupoBka He-
MPUBOJIHLIX BEPTHKA/BHBLIX BaJKOB IO3BOJsIET H3MEHATb 3a30D
mexay Humu ot 100 1o 300 mm.

BeptukasnsHble Banku / ycTaHOBJEHH B Kaccere (puc. 38), Ko-
TOpasi npejcTasJsieT coGO/ IBe TpaBepchl 2, BHIIIOJHEHHbIE 32 OIHO
LleJIOe ¢ KOpNyCcaMH NoAyileK S BaakoB. Tpasepchl cOeAHHEHB! MEXK-
Iy cOOOH 4eThIpbMS HITAHramu 4, KOTOpbie 3aKpenJieHbl B pame
KJIETH C Pa3MelleHHbIM Ha HHX MEXaHH3MOM & pajualbHOH pery-
JIMPOBKH BEPTHKAJLHEIX BaJKOB. B 3aBHCHMOCTH OT HanpasJieHHst
BpalleHus WTAHTY, TPABEPCH ¢ KOPNyCamy NOoAYyiliek BepTHKalb-
HBIX BaJIKOB [lepeMELIAIOTCS, U3MEH I 3a30P MeXAy BaNKamH. Bep-
THKaJbHbIH BaJOK BHINOJIHEH B BUJe Ganjia)Ka (KOoJbla) C Hapyx-
BeiM Auamerpom 600 MM ©  BHyTpeHHuM — 360 MM, WWHpUHA
Oanpaxa 170 mm. [ToqmIMIHUKOBBIA y3e/1 BEPTHKAJbHOrO BaJjka
BKJIIOYAeT HEeMOABHKHYIO 0Cb Auamerpom 200 My 1 1Ba pajHanbHO-
YNOPHBIX DOJNIMKOBLIX NMOAIIMMHHKA, & TaKxkKe YIJIoTHeHUdA. MoH-
THPYETCH BEPTHKaJbHbIH BaJIOK B LUJIHHAPUUECKOM YrayOJeHHn
KOpIyca TpaBepchl, KOTOPOe CBEPXY 3aKpLIBAeTCS KDBILIKOH.

YETHIPEXBANKOBbLIE KNETHY AN NPOKATKM
MENKOCOPTHBLIX NPODUNEN

Hcxona s Tpe6oBaHu#l, MpeAbABAsEMbIX K OCHOBHOMY 0GOpY-
JOBaHUIO 1/ ropsAdyed NPOKATKH MEJNKOCOPTHBIX (haCOHHBIX MPO-
¢uIel B LIKPOKOM COPTAMEHTE, YeTHIPEXBAJIKOBAS KJETh JOJ/KHA
OTJIMUATbCA NPOCTOTOH M KOMNAKTHOCTbIO, BIUCHIBATLCA B CXEMY
pacnoJIoXeHusl TeXHOJOTHYECKOro 060DYIOBaHHS AEHCTBYIOUIUX
CTAHOB, ObITb MOOU/ABLHONU NPH NMepeHanafKax B Npoliecce SKCMJya-
T4UWH, a TaK:Ke HMETb JOCTATOUHBIH 3aMac PeryJJUpOBKH CHCTEMbI
TOPU3SOHTAJbHBIX U BEPTHKAJbHEIX BAJKOB KAK B OCEBOM, TaK U B
pajHaJbHOM HanpaBJ/eHHUsX.
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OT/HYHTENbHBIME  OCOGEHHOCTAMU H3BECTHBIX KOHCTPYKIH
GATOUHBIX YHHBEPCATbHBIX KJIeTeH 10 CPABHEHHIO C OCbIYHBIMH COP-
TOBLIMH KJETSAMM JyO SBJAIOTCA: OOJbIIME PACCTOSIHUA MEXNY
OCSIMH TOPH30HTaNbHbLIX Badkos (900—1300 wmm), Gonbuiue ra-
Gaputhl (BbicoTa 3,56—4,5 MM) ¥ Macca pabouux Kiereh (130—
220 1), a TakxKe CJHOXHOCTb KOHCTPYKIHH.

[TpocToe MaciuTabHoe yMEHbLIEHHE YKe OTPAGOTAHHBIX U XOPO-
110 3apPeKOMEH/OBABLINX cefa KOHCTPYKLHH YHHBEpCa/bHBIX Oa-
JIOUHBLIX KJeTedl NpUMEHHTENbHO K MEJKOCOPTHBIM CTaHaM He-
npuemaemo. Kpome Toro, Ajsi MpPOKATKH CJIOXKHBIX npodused B
B LIHPOKOM COPTAMEHTE UYeTLIPeXBaJKOBbIE OasOUHbie KIETH He
OTBEualoT BCeM TPeGOBAHMSAM MPOKATKH CJAOKHBIX MpOQU/IeH H3-
3a OTCYTCTBHsI OCEBOH PeryJ/IHPOBKH BEPTHKA/bHBEIX BAJKOB B NP0~
iecce MpPOKAaTKH.

Marsutoropckuli ropHo-mMerasayprugeckuii,  HensGuHCKui
OMMTEXHHYECKHH ¥ JIHenpOA3EPKUHCKHIA HHAYCTPHANbHBIH HH=
CTHTYTHI BHIMOJIHUIH PaGoThl MO HCCIENOBAHUIO (OPMOH3MEHEHHS
MeTaJlla B MHOTOBAJKOBLIX Ka/aubpax, a Takke paspaboranu psi
KOHCTPYKIUH YeTHIPEXBAJIKOBBIX KJ/eTe 1J151 1POKa1KH MeJKOCOpT-
HBIX npoduiell U KaraHku. B UessiOHHCKOM MOMHTEXHHYECKOM
WHCTHTYTE MoA pykoBoacteoM B. H. Buiapuua pazpaGoTana cepua
KOHCTPYKIHI KJIeTell ¢ MHOFOBA/IKOBBLIMH KaIHGpaMH pas/niHoro
Ha3HavyeHus.

Onuox/eTeBle pokaTHble cranbl 150/250 u 280/475 npennas-
HAUeHb! JJ15 XOJIONHOH NPOKATKY (KanuGPOBKH) (acoOHHbIX NPOdu-
Jelt ceuenyeM cooTtBercTBeHHO K0 400 1 1600 MM2, BIUCHIBAIOLHX-
cs1 coorBeTcTBeHHO B KBagparel 20 u 40 mM. [lo KOHCTPYyKUUH
CTaHbl AHAJOTHYHBI.

Pa6ouas ket ctana 280/475 (puc. 39) COCTOUT U3 CASLYIOULHX
OCHOBHBIX Y3JI0B: CTAHUHBL 3, OMOPHBIX TOPU30HTaIbHbIX [ H BEp-
THKAJbHBIX 2 BaJKOB, KacCeThl ¢ pabOuMMH HENPHBOAHBIMU Bal-
KaMH, HaXXMMHOTO YCTPOHCTBA, BBOLHOK M BBIBOLHOH BasiKOBOH
apmarypbl. KpyTAMHI MOMEHT K MPHBOAHBIM ONOPHBIM FOPH30H-
TaJbHBIM BaJKaM [epefaercs OT LeCTePeHHON KJETH ¢ HauallbHbIM
NHaMeTPOM OKPYKHOCTH, pasHbiM 800 Mm. Momuocts npHBOAA
160 kBT, cKopocTb MPOKaTKH Ao 1,5 M/C, MaKCuMalbHOE YCHJMe
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Puc. 39. Yernipexsankopas kaers 280/475.

nporatku 70 1. Cranuna paboueii kyaetu (puc. 39) — MoHOGI0U-
Hasd, 3aKpLITOro THNa, ¢ HUJIHHAPHYCCKUMU PACTOUKaAMH IJid ycTa-
HOBKH TOPHM30HTaJbHEIX M BePTHKA/JbHBIX ONOPHHIX BAJKOB,
IMAPOUHIHHAPOB, (PUKCATOPOB H yNOPOB. B LEeHTpe cTaHUHEI BhI-
NMoJIHEHA erLTOOGpaSHaH pactoykKa A/ yCTAHOBKH KacCCeThI ¢ pa-
6ounMy BalkamH. KJieTb nMeer nBa MPUBOJAHLIX ONOPHBIX FOPH-
S0HTaJbHBEIX BaJKa AuameTpoM 400 MM M JBa ONOPHLIX HEMPUBOA-
HBIX BePTHKAJbHLIX BaJKa auameTpoM 475 Mu.

127



Topu3oHTanbHBI ONOPHBI BAMOK COCTOHT H3 GaHAaxa, noca-
KEHHOTO Ha BAJ H 3aKPEMJIEHHOrO OT MPOBOPAUHBAHUSA Ha Basly
WNOHKOH, ABYXPANHEIX CHEPHYECKUX PONHKOMOLIUMIHUKOB, [10-
AYIIEK, KPBILIEK-IIECTEPEH H KpenexunlX feraned. Perysnuposka
3a30POB B J1aBHPHHTHLIX YIIJIOT-
HEHHUSIX H NOJIIMNHHKAX OCY-
LeCTBAAETC HabopaMH KOJIb-
LeBHIX MPOKJAALOK H ralikami.
2 Tlomywrku w KpbllKH-ecTep-

HH, KPOME€ OCHOBHOTO CBOEro

s sss z | HasHaueuus
g sssrssrsss (pasvewenn
s | KDenJeHus NOALIMNHHKOB),
) _ , 3 CJIYXKAT TAKXKe LJISt PEryJIHpPOB-
~ KH TOJIOXKEHHSI ONOPHLIX BaJ-

- KoB. C 3TOHl LeJIbI0 OTBEPCTHS
——————"0"4 N0X NOXWUIHHKH B NOAYLIKAX
v OMOPHBLIX BAJKOB BhINOJHEHBI
S 9KCUEHTPHYHO HAPYKHHIM IO-
BEPXHOCTAM C 3KCLEHTPHCHTe-
ToM 20 MM. CHHXPOHHOCTb MO-
BODOTA NOAYIIEK 00ecneyuBaer-
Cfl MVIAHKOHK, KOTOpas ycTaHas-
JIUBAETCsl B IPAMOYTOJNBHOM Bbl-
eMKe MOAYLEeK H KpPEeluTCcH
K HHM GOJITaMH.

JI1sl yCTaHOBKH OMOPHBIX BAJIKOB NMPH NMEPEBANKAX B HCXOM-
HOE NOJIOKEHHE HAa HApYXKHBIX UHJIHHAPHUECKHX MOBEPXHOCTSX
LOAYIIEK NPOPpPe3epPOBaHbL LUNOHOUHBIE N1a3bl, YIJOBOE PacIoJo-
’KEHHE KOTOPBIX MO OTHOLIEHHIO K 3y6UaThiM CEKTOPAM K PhIILIeK-
LIECTEPEH OHHAKOBO LIS ONMOPHLIX BATKOB.

KOHCTpyKUMS BePTHKAJIbHBLIX ONOPHBEIX BAJKOB AHAJOTHYHA
TOPHSOHTJIbHBIM M OTJIMYAETCS JIMIb TeM, YTO OHM HENpH-
BOJIHBIE.

PaGouune Banku kiaern 280/475 ycTaHaBAHBAIOTCA B Kaccery
(puc. 40). MakcumanbHBIll ONOPHBIN AHAMETP FOPU3OHTANbHBIX
- BasikoB 257,56 MM, a BepTHKaAbHBIX — 160 mM. ITpuBon paGouux

Puc. 40. Kaccera ¢ paGounmu Banxa-
MH xJeTH 280/475,
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v vima

BaNKOB (PHUKUMOHHBIM. KacceTel BblMOJHEHBI ABYX THMOB: HA
UroJIbYaThlX TNOALWMMHHKAEX KaueHHd WM NOAIHMIHHKAX CKOJb-
JKEHHs, KOTOPhiE YCTAHABJJIUBAIOTCS HA ONOPHBLIE IHaMeTpbl pabo-
uyyxX BaJKOB. Kopnyc kacceTol JHTOA M HUMeeT NpAMOYIOJibHbIe
OKHA /15 pa3MellileHHs y3J0B paboulX BaJKOB, OTBEPCTHA H KOJb-
IeBYIO pacTOuKY AJIA NOABOAA OXJAXKAAwLeH KUAKOCTH K pa-
GouuM BaJKaMm, MPOYIIHHY H OTBEPCTUS AJST KPENJeHHs CKOOBI..

Y3en pafoyero Banka Ha NONWIMNMHHKAX KaueHWsl COCTOHT H3
fanpaxa I, ocd 2, Hrosbuarhix MOAIIMIHHKOB, KOJEL H MOLYIIeK.
Pukcauus y3a10B paboyHX BaJKOB B MNpPAMOYroJbHBLIX OKHax
KOpryca KacceThl OCYILECTBJsleTcs nJaankamy 3 u Goartamn 4.

Haxumuoe yeTpoficTBO 9KCHEHTPHKOBOTO THIA C MPUBOJAOM OT
FHAPOLHIHHAPOB MMpefHAa3HaueHo A5 cOOPKH U CKATHA Kaaubpa
B KJ/IeTH, KOMIEHCANMH H3HOCA U MepeToyeKk CHOPHbIX H pPabouux
BasIkOB. OHO BKJ/IOUaeT B cebsl TUAPOUHIKHAPH, PEAKH, KPBILIKH-
IIECTEPHH, NOAYIIKH W yrnopsl. KamkI0H nopyunike COOTBETCTBYET
ceoft ruppoungausip. UlToxn ruipouusHHApPOB CBA3aHBl C 3Y6-
YaThiIMM peiiKaMH, KOTOPBIE HAXOAATCS B IIOCTOSTHHOM 3aLernJeHHH
C KPBILIKaMH-1IeCTEPHAMH ONOPHLIX Baskos. [Ipu nepemeliennu
LITOKA THAPOLUAHHAPOB MOAYIUKH MOBOPAYMBAIOTCA B pacTouKax
CTaHHHBl M OCH OMOPHBIX BA/JIKOB MEPEMELLAIOTCH 110 OKPYKHOCTH
¢ paamycom 20 MM B HanpabJIeHHH K OCH TpokaTku. [Ipu sToM
NPOUCXOAHT CKaTHe Kanubpa.

Ynopsl npefHasHadenbl A5 NPefOTBPalleHH s CMEIleHHsT LLeHT-

pa Kanubpa 1o OTHOLLEHHIO K OCH MPOKATKH [1pU COOPKe U C2KaTHH
Ka/aubpa, a Takxe 415 PeryAHPOBaHHA YCUINA NpeiBapUTebHOro
Harpy»eHusi KJeTH 10 TOPH3OHTAJbHOH M BepTHKaNbHOH OCAM
KJIETH. .
Yerpipe paGounx BasKa MOHTHDPYIOT B Kaccere B «3aMOK». Pas-
Mep kaaubpa He peryJaupyercss H Ofpeiesasercsd TOUHOCTbIO M3-
TOTOBJIEHUSA PabOYHX BaJKOB U NOrPEIIHOCTAMY B3aUMHOrO MOJIO-
XKEHUS NOCAJIOUHBIX MMOBEPXHOCTEH «3aMKay.

Huist yerpanenyst OCeBBIX NepeMelleHH il ONOPHbBIX BAJAKOB KJETH
OJlHA U3 NOAY LUK KaKAOr0 ONOPHOro BaIKa NPHKHUMALTCH K CTAHHU-
He ¢ukcaropamu. BBogHas apmatypa CKOJIbXKEHWS yCTaHaBJU-
BAETCs B LIEHTPA/IbHYIO PACTOUKY KACCETH! H NpeHa3Hauaercst A/

9 4—136 : 129
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Puc. 41. O6xuMHas ueThipexBankoBas KieTh.

32[la4u N0JI0Ckl B KanuGp. Brisoanas apmatypa ckodb enus, npen-
HA3HAUCHHAs 1A CheMa IOJIOCHI C BAJKOB M OTBENCHHS ee H3
ouara neopmaluu, ycTaHaBAUBaeTCA Ha Gpyce, 3aKpenJeHHOM Ha
3aJiHen CTopoHe paboyeil KJeTH.

M3BecTHA KOHCTPYKUMA OGKUMHOH KIETH C YETLIPEXBAJIKO-
BBIM Ka/auGpoM dupmbl «Koke» (OPT) (prc. 41). Ona cocTout u3
BOCBMHYTOJBLHOH KOMbUEOGPa3HOH CTaHHHBI 3, B KOTOpOH pas-
MEIIEHbl MOAYWIKH BEPTHKAMbHBIX M TOPH30OHTAJbHBIX BAJIKOB
4 TaKKE MEXaHM3MBI DafHaJbHOrO NepeMemeHHs BajkoB, Bce

130

——

NOAYWKH HMEIOT OHHAKOBhle rafapHThl, TAK KaK JHAMETphl ro-
PH30HTAJILHEIX H BEPTHKAJMbHBIX BaJKOB paBHbl. CTaHUHA C BMOH-
THPOBAHHBIMH B HEH NOAYLIKaMH BAJIKOB 3aKpefJjeHa MeX1y Bep-
THKa/JbHbIMU CTOfiKaMu (TymOamu). OcoGEHHOCTb KOHCTPYKLHH
JNaHHON KJeTH 3aKJIFo4aeTcsl B TOM, UTO BCE BaJKH fABJAAIOTCH NPH-
BOIHBIMH. B BepTUKanbHBIX TymMGax pacnoJsioXKeHbl PelyKTOpbl
I v 2, uepe3 KOTOpBIE W OCYIECTBJIAETCS HHAMBHAYAJbHbIH NPH-
BOA BaJKoB. /st nepefaqyu kpyTALWEro MOMEHTa Ha FrOPH3OHTa/b-
Hbl€ BAJIKU MCIOJB3YIOTCS PEAYKTOPH 2 ¢ HIHHIPUYECKHMH Illec-
TepHsMHy. KpyTsauiuii MOMEHT Ha BepTHKa/bHble BaJKH Mepena-
eTCA OT [PHBOAHOrO Bajia Yepes pasfaTouHylo MyQdTy H yrJjosble
peaykTOophl I. TlpuMeHeHHe YTJIOBBIX PELYKTOPOB C KOHHUECKHUMHU
LI2CTEPHSAMH B CUCTEME I1PUBOAA BEPTHKAJIbHBLIX BaJKOB fABJfAETCA
caabblM  MecTOM JaHHOH KOHCTPYKUHH. Pazpaborka o6KumHON
KJIETH C YeTbIpbM$ NPHBOAHEIMH BaJKaMH TPHUBENA K YBEJIHUCHHIO
BBICOTBI KJIeTH H K 3HAUHTEJIbHOMY YBeJIHUEHHIO DACCTOSHHS MeX-
Ay OCHMM NpPUBOLHBIX BalKoB 4, YTO yBe/Ju4yHBaeT TaKXxe BLI-
COTY ILECTePEeHHOH KJETH.

MarHuToropckuil ropHO-MeTaN Ay prudeCKiii HHCTUTYT CPOeK-
THPOBAJ W H3rOTOBUJI HenpepblBHBIH LBYXKJeTeBoH 6J0K ¢ ue-
TeIpeXBaJKOBEIMH KanuGpamu [25]. Duiok npennashnaden ans
ropsiuefi NPOKaTKH MEJKOTro COPTa M KaTaHKH, a TakkKe MJIs XO-
JIOJHON H TenJIoH NpOKaTKH MPOBOJIOKH AHaMeTrpoMm 2,5—3,5 MM.
OH cOCTOMT H3 ABYX OJHOTHIIHBIX KJeTeH, NPUBOA KaxKAOH KJeTH
HHAMBUAYaMbHLIH. ¥YTOJM B3aHM {0T0 MOBOPOTA BEPTHKAMbHBIX
ocefi pabouMx KJjeTed cocTaBJsseT 45°, YTO HCKJIOYAET KaHTOBKY
npokareiBaemMol noJjiockl. Pafouas kjeTb 6J10Ka COCTOHT U3 JIUTOH
CTaHWHBI, B 1a3aX KOTOPOH pa3MeliaoTcst MPUBOAHbIE H XOJCCThIE
BaJKU B cOope ¢ MOALIMMNHUKOBBIMH y3jgaMH. [unamerp kawxiaoro
Banka 250 mM. PaguanpHas peryJupoBKa 3a3opa MexXAy npu-
BOJHBIMH BaJKaMH MO BEPTHKAJAH W XOJOCTHIMH MO TOPH3CHTaMd
OCYUIECTBJSETCS HAXKUMHBIMA KJUHOBBIMH YCTPOHACTBaMH, oce-
Bas — nepemellleHHeM BMHTOBHIX KpBIIIEK, 3aKPLIBAIOIWIUX INOM-
IUMNHHKY. Byiok ucnoitan Ha ctaHe 250 Ne | Marsutoropckoro me-
TaJJIy prU4ecKoro KoMGuHaTa NpH npokKaTKe KpyrJo#l cranu jua-
MeTpoM 14 MM M noKasaJj NoJIOXKHTEeJbHbIE Pe3YJIbTAThH.
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Puc. 42. Yersipexpankopas KJIeTb ¢ BUHTOBBIMH JOMKpaTaMH.

JlHenpoasepKMHCKUM MHIYCTPUAJbHBIM HHCTHTYTOM NpH NPo-
EKTHPOBAHWH KOHCTPYKIHH YEThIPEXBAJKOBOH KJIETW AJs [Mpo-
KaTKH MEJIKOCOPTHBIX Mpoguseli Obliu 11popaboTaHbl BapHAHTHI
KJIETEH CTAHHHHOIO M GEeCCTAaHHHHOLO THUMOB. YYHTHIBAS, 4TO
KJIeTH GeCCTAHMHHOTO THNIA MO3BOJSIOT YMEHBLIWTH rabapHurel
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1 Maccy pabouell kjeTH B 2-—2,5 pasa, a TakKe 3HaYUTeJNbHO CO-
KPAaTHTb YHUCJIO AeTasell B KJETH, IpeJNoUTeHHE OTAAHO BAPHAHTY
KJ1eTH 6eCcCTaHHHHOrO THIA.

Paspa6oraHHas ueTbipeXBajKOBasi MNPeABAPHTENbHO HAnpa-
»kenHasa KJerb 300 GeccTaHMHHOrO THOA KOHCTpyKuMu JIHenpo-
A3EPMKUHCKOrO HHAYCTPHANAbHOTO HHCTHTyTa (puc. 42) npeanas-
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HaueHa AJ17 ropsveli NPOKATKH MEJKOCOPTHBIX (hacOHHBIX Mpo-
¢unelt ¢ raGaputupiMy pasmepamu go 50 X 50 mM. onyckaemoe
IaBJIeHNe METa/J1a Ha TOPU3OHTaNbHEIe BalkH 40 T, Ha BePTHKaJ/Ib-
Hete — 10 T,

C uesnbto ymeHblUeHHs raGapUTOB KJIETH H YNPOLLEHHS ee KOH-
CTPYKLHH OTHOLUEHHE JHaMeTpa FOPHU30HTAJNbHBLIX BAaJKOB K AHa-
METPY BEPTHKAMbHBIX MNPUHSTO paBHBIM 2,5.

KneTb cocTouT W3 ABYX JuThiX [l-06pasueix 6sokoB § u 11
(BEpXHEro M HUXKHEro), KaxAblfl U3 KOTOPLIX NMpejAcTaBaseT coboi
JB€ MACCUBHBIE NOAYIIKH, COeHHEHHbIe TOJNCTOCTEHHOH NepeMbly-
KoH. B moaylkax GJIOKOB pasmellanTcst KOpnyca MoAHIHHKO-
BBIX Y3/I0B / H 6 TOPU3OHTANbHBIX paboYyX BaJKOB,

Bepxuui#t u HuxHull [1-o6pasuble 6J0KH CKPENJISIOTCS MeXAY
co601l YeThIPbMSI MAaCCHBHBIMH CTSI2KHBIMH LUTAHTaMH 3 ¢ yCHIIHEM,
NPEeBHIIAICHIINM JaBJIEHHEe MeTaJjJla Ha BalKH NPH NPOKaTKe, H
COCTaBJAIOT 3aMKHYTYIO CHJIOBYIO cHCTeMmy. [lpensapurtesnbHoe
HanpsKeHHe CTAXHBIX IUTAHI OCYILeCTB/AETCA C MOMOLLbIO KJHe
HbeB 4.

Huxuuii [1-o6pa3ubtit 670K NMOAYINEK KPENUTCS K OCHOBAHHIO
KJIeTH 60JTaMH U OTJAHYAEeTCSsI OT BePXHEro HaluuueM ABYX Mps-
MOYTOJILHBIX ~ 11a30B IIOJl KOPITyCa KACCeT ¢ BepPTHKAaJbHBIMH BaJl-
KaMH, BBIMOJTHEHHBIX COOCHO KPYTJIbIM OTBEPCTUSIM MO BAaJKOBbIE
OTIOPBI, W YeThIpeX raek I CTAXKHBIX WTaHr J,; YCTAHOBJEHHBIX
B BEPTHKA/JbHBIX OTBEpCTHAX GJOKa.

BaskoBEle OMOpBI rOPH30HTAJNBHLIX BaJKOB BHIMOJHEHB Ha
NOAIUMITHHKAX KaueHHs H NPeICTaBJsIT COG0H KPYrJble Koprnyca
NOALIHITHHKOBBIX y3J0B [ W 6, B KOTOPBIX YCTAHOBJEHHl MO [1BA
pPajuaNbHO-YNOPHBIX MOAUMIHHKA 7 C KOHHUECKHMH DOJIH-
KamH.

Co CTOpOHBI KacceT ¢ BePTHKaJbHbIMH BaJKaMH KOpIyca Noj-
IIUITHHKOB HMEIOT CErMEeHTHBle Cpe3bl, 06pasyiolliie NJOCKOCTH,
Mexay HuUMH QHKCHDYeTCS KacceTa, KOPNyC KOTOPOH MMEET npsi-
MOYTOJIbHOE CeueHHe,

KoHCTpYKLLMS KJETH NMpefycMaTpHUBAeT HCMOJb30BAHHE LE/b-
HBIX H 6aHJa’KHPOBAHHBIX FOPH30HTANbHEIX pabouux Bankos. Oco-
OEHHOCTbIO JAAHHOH KJIETH SBJIAETCH BO3MOXKHOCTL 3aMEHBl pa-
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Gounx Gampameidl 2 rOpH3OHTAJBHEIX BAJIKOB 6€3 H3BJIEUEHUS OCH
COCTABHOTO BasiKa 8 M3 KJIETH, YTO 3HAUMTEJbHO COKpaLlaer Mmpo-
JOJKUTENBHOCTD [1ePeBaNKH KJETH.

B paspa6oTaHHO# KOHCTPYKLUHH YeTBIPE€XBAJKOBOH KJETH
OTCYTCTBYIOT CIellHa/IbHbIE HAXKHMHOE H yDaBHOBELIHBAIOLIEE yC-
TPOHCTBA BEPXHEro I'cPU30HTAJNBHOTO BAAKa. 3a30p MEXAY rOpH-
30HTAJbHBLIMH BaJIKaMH H3MeHseTcs yTeM NOJ’beMa HaIH ONyCKaHHs
BepXHero 6J10Ka MOAY-
ek 5 OTHOCHTENBHO
HmxHero I/ ¢ nomo-
IbIO YeTbipeX BHHTO-
BbHIX JOMKpaTtoB 9, Ha
KOTOpBIE  OnHpaercd
BepXHHHA OJOK mnony-
mek 5. Ilpu coorper-
CTBYIOUIEM BpalllEHHH
raex JOMKpAaroB BepX-
HUi 6JI0K onyckaercs
HJIH TNOJAHUMaeTcs. B
cyuae HEOOXOLMMOC-  pyc, 43. Kaccera ¢ HeNpHMBOAHLIM BEpPTHKATb-
TH U3MEHEHHS 3430Pa  HbIM BalKOM.

KJIUHbs 4 BHIGUpAOTCS

U3 LITAHT 8, a Mocjie YCTAHOBKH TPe6yeMoro 3asopa Mex1y ro-
PH30HTANBHBIMH BAJKaMH OCYILECTBJIAETCS MPEABAPUTENbHOE Ha-
NpsIKEHHE KJeTH C OMOLILbIO KJIHHBEB.

Kaccera ¢ HenpHBOAHBIM BepTHKaJ/bHBIM BajJkoM (pHc. 43)
npegcraBJsier cofoi B rsaHe maccuBHbIA T-06pasHeiii kopnyc 2
¢ JlanaM¥, B KOTOPHIX BBLINOJIHEHB OBaJbHBIE OTBepcTHs. [locpe-
JI¥He KOpIyca CBEPXY H CHH3Y CleJNaHbl MPOAOJbHBIE LIHPOKHE
KJIMHOOOPAa3HbIe MMa3kl, COOTBETCTBYIOIULHE YKJOHY U LLIHPHHE ONOp-
HBIX KJHHbeB 3. HuKHHH ONOPHBIN KJMH MOXKET nepemelarhbcs
BJOJIb KOPNvCA KACCEThl C MOMOLILBIO BHHTA. ¥ 3€J Kpensenus sep-
THKAJIbHOTC BaJIKa B KacceTe BBIMOJHEH pasbeMubiM. PaGouuii
KOHel[ KOpNyca ¥ CheMHas! KPblIKa / CHAGKeHb! KOJIbLEBBIMH BBI-
TOUKAaMH, JMaMeTp KOTOPLIX NPEBLILIaeT AMamMeTp Banka Ha 3—>5 MM,
M LHJIMHAPHUECKHMH BBICTynaMH (uandamu), COOTBETCTBYIOUIHMH
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BHyTpeHHeMY AuameTpy nommunuuka 4. CremHasd KpblllIKa Kpe-
TIHTCA K KOPIycy GoJdTamH.

[Ipu ycTaHOBKE B KJI€Th KaCCEeTa BMECTE C OMOPHBIMH KJIUHbS-
MH 3aBOJHTCA B NPSIMOYTOJNbHBIN 143 HHKHEro 6J10Ka KJETH MEXKIY
NOAYILIKAMH BEPXHETO M HIKHEIO FOPH3OHTAMNbHBIX BA/IKOB TAKHM

12
5\ 4 M

Drih /

Bud A

Féi//o Vi @e@ ‘ .

— 7

.
Puc. 44. CopusoHTanibHbIl Bajgok B cBope.

O6p830M, yTOOBl LIMUABKH BOLILIY B OBAJbLHBIE OTBEPCTHA Jian Kac-
ceTol. Heofxonumadg YCTAaHOBKA BEPTHKAJLHOrO BaJika IO BbI-
COT€ BBINMOJHAETCA COOTBETCTBYIOIIHUM IMIE€PEMELIEHHEM HHXKHETrO
ONNOPHOIr'o KJHHa C TOMOMLIbIO BHHT&Z, a YCTAaHOBKA Tp€6y€MOI‘O
34a30pa MEXKAY BaJKaMH — MEPEMRUICHHWEM KaccCeThl BJOJIb Masa
IpH MOMOILIH TdeK, pacnojiaraeMelX Ha IMHJAbKaX. Tocne yCTa-
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HOBKH BepPTHKA/JbHLIX BAJKOB B HEOOXOXHMMOM IIOJIOXKEHHH BEpX-
HUHA OTMOPHBIL KJUH -fepeMellialoT B HANpaBACHHH Kanaubpa
1o ynopa. [lpu atom ofpasyercs KecTKas CHJOBAasA cHCTeMa —
NOAYIIKHK FOPH3OHTANBHBIX BAJIKOB U Kacceta. [Ipn Heo6xoxumo-
CTH MepecTPOiKH UETHIPEXBAJKOBOIO Kanu6pa B npolecce NpoKar-
KH BHayaJse BbIOMBAETCS BEPXHHH ONOPHBIH KJHH, a 3aTéM BHI-
NoJTHAETCS HeOOXOMUMas peryaupoBka Kaauopa.

C nesblo yMeHbUIEHHUS] PACXOfa BaJKOB M TPYJA03aTpaT Ha HX
H3TOTOBJICHHE, 4 TAKXKE COKPALIEHUsS BpeMEeHH Ha nepeBaJsKy BaJ-
KOB paspaloTaHHAs UYeThIpEXBaJKOBas KJETh [PeiyCMaTpHBaeT
B OCHOBHOM HCIIOJIb30BAHME COCTaBHBIX (GaHAaXKHPOBAHHbLIX)
TOPH30HTANbHBIX BaJaKoB (puc. 44). Ocb § cOCTABHOTO BasNKa HMe-
€T KOHYCHYIO M0CAJOYHYI MOBEPXHOCTh, HA KOTOPYIO C NOMOIIBIO
BTYJOK 7, !/ ¥ raek 2 ¢ HaTAroM ycraHaBjauBaeTcs O6anpax 6
U 3aKpersercsl Ha OCH OT 10BOpauuBaHus umoHKoHi. OkHa And
BAJKOBBIX ONOP B 6JIOKax KJETH U Kopnyca 3 U 4 NOALIMIHHKOB
BHIMOJIHEHBl KPYIJLIMU (quameTp 325 mMm). Koprmyca Moryr nepe-
MelaTbCa BAOJb OKHa [0 CKOJb3fAwWeld nocaake. JIeBuH kopmnyc
TOMALIHITHUKOB B OTJIHYHE OT IPABOTO  MMeeT GwIaHUEL 9 1 GAbIIYIO
aauuy. OceBas PeryJiMpoBKa rOPU30HTANBHOTO Baslka (3= 20 Mm)
OCYUIECTBJSIETCS] 33 CUeT [1epeMelleHus JieBoro xopnyca 3 uye-
pe3 ¢uanusl 9 ¢ noMowbio raexk 8 u /0 saons umuiek 11, BBep-
HYTHIX B HIDKHUH 670K KJeTH. [1paBelit kopnyc 4 NOANHIHHKOBOTO
y3Ja He KPemuTCA B KJETH ¥ NMPH OCEBOM MepEeMelleHHH BaJsKa
COBEpIIAET COOTBETCTBYIOUIEE JBIHKEHHE BAOJbL OKHA (CM. pPHC. 41).

OpnuM M3 HENOCTATKOB H3BECTHBIX KOHCTPYKUHH YeThIpex-
BAJKOBHIX KJeTel, B TOM UHCJ/Ie H YHUBEPCAJbHbIX 0aJOUYHbLIX, SB-
JifeTcs 3HAuuTesbHas TPOJNOJKHTENBHOCTh H TPYNOEMKOCTb 3a-
MeHB! paGouMX BaJIKOB.

JIOCTOMHCTBOM UYETHLIPEXBAJKOBOH KJeTH paspabotku [He-
[IPOJ3EPKUHCKOr0 HHIYCTPHANBHOTO MHCTHUTYTA fABJAETCS BO3-
MOXKHOCTb 3aMeHnbl padoyero 6aHfaxka 6e3 M3BJICUCHUS OCH BaJKa
U3 kJaetd. 3ameHa GaHKaxa OCYIIECTBJSETCH CJAeAYIOWUM o6pa-
30M (puc. 45): BeIOMBAIOTC KAHHBSA 8 CTAXKHUBIX GOJNITOB KJIETH;
BHIHHMAIOTCS KacCeThl BEPTHKANBHLIX BaNKOB; HA BTYJKY 5 ocu 4
BaJKa HajeBaeTcsl CTONOpHAA MJIAHKA M 3aTeM KPeluTCs K BepX-
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Pyuc. 45, Cxema samenbl 6aHAaXa B YeTbpexBajJKOBOH KJIETH.

Hemy OJIOKy KJIeTH ralikamu; OTKpyuHuBawTcs ra#iku I u 9 u npu-
CoeMHACTCA K OCH 4 BaJiKa YAJHHHTeNb /] OCH Ba/Ka; BpalleHHeM
raexk /0 OTHOCHTENBHO LUMHJICK & BHIHMMAETCH JEBHIH kopnyc 2
NOMAIIKMITHUKOBOTO y3/1a U3 OKHa BEPXHETO 6JI0KA KJETH H 3aTeM
CHHMAaeTcsl ¢ yAJHHUTeNs /[ ocH BaJKa; uepe3 OKHO H3BJEKAETCs
NpMKUMHAS BTyJKa 7; 6aHaax 6 ¢ MOMOLLBIO pblyara crparuBaer-
Cs1 ¢ MOCaZOYHOTO MeCTa H 3aTeM BBIBOAUTCS M3 OKHA GJIOKA KJETH.

B xoze BbINOJIHeHUS onepaluil no 3aMeHe paGouero Ganpaxka
NOAYIKa BaJKOBOH ONOPbl NPUBOAHOH IIEHKH BAJKa U3 KJ/ETH He
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BeiHuMaercst. Cienyer OTMETHTb, YTO TIOAIIHNHHUKOBHIH y3ea Je-
BOH OTIOPHI IPH CHATHHU C KJIETH He pasbupaeTcs U He NOJBepraercs
KaKoH-JIHGO JOMONHUTENBbHOA PeryJIMPOBKeE.

YcranoBka HoBoro 6anjpaxka U c60pka COCTABHOrO BaJKa Bbl-
NOJHSIOTCS B 0OPAaTHOH MOCJEN0BATENbHOCTH.

Hcnbitanue JaHHOM KOHCTDPYKLHH UYETBIPEXBAJKOBOH KJle-
14 300 NPOBOZMJIOCH HA TPEXKJETEBOM -MOJYIPOMBIIIICHHOM CTa-
ne 300. Topsiyast npokaTka psifia CJAOKHBIX NMPOQHUIIEH cneuHab-
HOTO HA3HAYEHMS C HCTOJB30BAHMEM UHCTOBOH UETBIPEXBAJKOBOH
KJIeTH NoKaszaja paBoTocrnocOGHOCTb OCHOBHBIX €e y3JIOB H BO3-
MOXKHOCTb MPOKATKH (HACOHHBIX MPOQHIEH ¢ JOCTATOUHO BHICOKOH
TOUHOCTBIO GOPMBI H PA3MEPOB.

BuinosiHeddnle  HCCAENOBAHUS ropsiuell TPOKAaTKH CAOMHBIX
MEJIKOCOPTHBIX Tpodhusiell MOKa3asau, 4TO KJETH JaHHOH KOHCTPYK-
uH HauboJiee 1eaecoobpas3HO HCIOJb30BAaTh B LeXax, CheltHasH-
3UPYIOLLMXCH HA MPOU3BOACTBE (PACOHHBIX NMPOduUIeli BLICOKOH TOU-
HOCTH MaJIOTOHHaXKHBIMH NapTHSAMH. DTH LeXH OGBIUHO OCHAlle-
Hbl MaJOKJETeBHIMH TPOKATHBIMH CTaHAMH Topsiuell NpOKaTKH,
Ha KOTOPBIX 3aTPYJHEHO MOJydeHHEe (haCOHHBLIX MOAKATOB CJOXK-
HO# (OPMBI MO MOCAENYIOWYI0 XOJoinyIo Aedopmaunto. T1puMe-
HEHHE TOJIbKO OJIHOH YeThIPeXBaJKOBOH KJETH MO3BOJIUT Pe3KO
COKPATHTb YHCJO (DACOHHBIX MPOXOJOB, YTO BECbMa BAXKHO TIPH
IIPOKATKe MAJOTOHHAXKHBIX NMAPTHH NpoKara, a TakKKe MOJYUYHTh
CJIOXKHBIE TPODHIIH, KOTOPBIE NPAaKTHYECKH HEBO3MOXKHO NpPOKa-
THIBATh B JBYXBAJKOBHIX Kasau6pax.

Ha ocnoBaHuy onbiTa 3KCMJAyaTallUK K HEAOCTaTKaM BbILUEOTIH-
caHHO# ueTbIpexBasikoBOH KjeTH 300 6ecCTAHMHHOTO THMA CJeNyeT
OTHECTH CJIOKHOCTb H3MEHEHHS 3a30pa MeXIy TOPH30HTaJbHHI-
MH BaJKaMH B mpoluecce TPOKaTkH. JlJid H3MeHEHHUs 3a30pa BH3
yajne Tpefyercss BBIOHTb KJMHBS M3 CTSXKHBIX IUTAHT H paccha-
6HTh BEpXHHE OMNMOpHLIE KJAHHbA KacCeT BEePTHKAJbLHBIX BaJKOB.
4 338TeM BBLICTABUTh HEOGXOAUMBLIH 3a30D (ONMYCTHTL MJM MOAHATH
BEPXHHI 6JIOK KJETH) C MOMOUIBIO UETHIPEX OMOPHBIX TaeK BHH-
TOBLIX JOMKPaToB. [locsie KODPEKTHPOBKH 3a30pa Mexay TOpH-
30HTAJIbHBIMH BaJKamH¥ HEGOXOAMMO BBINOJIHHTh BBILIEIIEPEYHC-
JIEHHBle Onepanki B 06paTHOM MOPSAKE,
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BrisiBsienHBI HeROCTATOK yeThipexBankoBoll kaerH 300 ycTpa-
HEH B HOBOH KOHCTPYKLUH KJIETH, KOTOpas no rabapHTaMm U Tex-
HHYECKHM XapaKTepPHCTHKaM aHaJor HYHa YeTHPEXBAJTKOBOH KJIETH
300 (cM. puc. 42). :

HoBas kJjeTb. cocTOUT U3 BepxHero 5 u uuxKgero 8 [l-o6pas-
HbIX 6JI0KOB (puc. 46). a5 BaJKOBLIX ONOP B BEpXHeM G6JIOKe
BLITIOJTHEHBl KDYIJble OKHA, a4 B HHKHEM — NPAMOYTOJbHBIE.
Mexny GJOKaMH KJETH YyCTaHABJIHBAIOTCA MOHOJIMTHLIE pambl 6.
Ha konuax pam cliesianbl OTBEPCTHS MOA CTSKHEIE GOMTH 4, a ocpe-
IUHe paMbl MepHeHAHKYIIPHO K OCH IPOKAaTKH — CKBO3HbIE OKHA
NPAMOYTOJNILHOTO CeueHHMsl, B KOTODbIE IO CKOJb3AUleHd nocaike
YCTaHABJIMBAIOTCA KacCeThl 2 ¢ BEPTHKAJbHBIMU BaJkaMH S. KoH-
CTPYKUHUH KAacCeT NpHBeLeHb! Ha puc. 43. BricoTa okKHa B pame
6 60Jblle TOMIMHELI KACCETHl 2 Ha BEJHYHHY OCEBOIl PEryJHPOBKH
BEPTHKAJNBHOTO Banka J. BepxXHull ropU30HTANIbHELH BANOK KMMeer
KPYyTJBle KOPIyca MOJIIMIIHUKOBBIX Y3J0B U B CO0pE aHaJorH4eH
BaJIKy, TNIOKasaHHOMY Ha puc. 44. [loaymku 7 BaJKOBBIX OMNOP
HH’KHEro BaJKa — MPSAMOYTOJbHOIO, CEYeHHS U MOTYT NePeMelnaTh-
Csl IO BBICOTE OKHA HUXKHEro 6/0Ka KJETH C IOMOLIbI0 HAaXKHMHOTO
yerpoiicTBa ! KJauHOBOro THna. B pafouem cOCTOSIHHM BepxHHEH
6J10K 5 KJeTH, paMbl 6 K HHXKHHE GJIOK 8 CxKaThl MeXIy coboi ue-
THIPbMSA CTSIXKHBIMH 60JITaMH 4 ¢ YCHJIHeM, 3HAUHTEJbLHO MpeBhi-
WAL HM MAaKCHMAaJbHOE YCHJ/NE MeTa/lsla Ha BaJKH B TPOLECCe
npokaTkd. [Ipun pa6orte kJeTH 3a30p MexIy TOPH3OHTAJbHBIMH
BafKaMH U3MEHAETCH ¢ MOMOLLBIO HUXKHErO HaXKMMHOTO yCTpoficT-
Ba. OceBasl M pajHa/bHasl PeryJHpPOBKA NOJNOXEHHS BEPTHKAJD-
HBIX BaJKOB aHAJOTHUHA peryJHpPOBKe BaJKOB KJIETH, NPHBEIEH-
HOH Ha puc. 42. CylecTBeHHBIM NPEHMYUIECTBOM JTAHHOH YeThl-
PexXBaJKOBOH KJIETH SIBJSIETCS He3aBHCHMas pEeryJHpOBKa ro-
PH3OHTAJILHBIX M BEPTHKAJbHEIX BaJKOB KJeTH 0e3 CHATHS npef-
BAapPHTE/IbHOI'O CXKATHSI BEDXHEr0 U HUMXKHEro GJIOKOB KJETH.

Cepbesnoii npoGaeMoii npu paspaGoTKe UeTLIPeXBAJKOBBIX
KJIeTeH JJIst NPOKATKHU CJOXKHBIX Ipoduielt sBJASETCS HEeOOXOnk-
MOCTb CO3JAHHS OCEBOH pEryJHpPOBKH BEPTHKAaJNbHBIX BAaJKOB
B npoiiecce NpoxaTki. B kaerax (cMm. puc. 42 v 40) oHa peineHa
C MOMOLILBIO MOABHKHBIX YTIOPHBIX KJIHHBEB. F3BeCTHO TeXHUYeCKoe
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Puc. 46. UeThpexBaakoBas KJeTb 6€CCTAHHHHOrO THHA C HaXKUMHBIM YCTPOHCTBOM KJHHOBOIO
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peilleHHe 0CeBOH Pery/iMpOBKH BEPTHKAJIbHOrO BAMKA C MOMOILBIO
BUHTA C JBYXKOHYCHO# TOJIOBKOH M 06OfiMbI BaJKa, B KOTOPOH
chenad HakJoHHBIH nas [1], a Takxke ¢ MoMOULbIO KACCETHI, Y KO-
TOpPO# 0G0iiMa BEPTHKANbHOTO Ba/Ka BBINOJHEHA B BHAE HHJIMHAPA,
YCTAHOBJIEHHOTO B 3KCLEHTpHKOBO# BTysKe [2].

Caenyer otMetutb [23], uTo onTumasnbHbie KOHCTPYKTHBHbIE
MapaMeTphl NPOKATHBIX CTAHOB C YEThIPeXBANKOBHIMH KaluGpamu
[I0Ka elle NOCTATOYHO UYETKO He CPOPMYJUPOBAHBI H3-33 OTCYT-
CTBUS cTaTHCTHYecKUX AaunbiX . lupokoe BHeipeHye npokaTky da-
COHHbIX TIPO(UEH C HCTOJB30BAHHEM 4eThbIPEXBAJIKOBLIX KasHO-
OB II03BOJIHT OTPEJENHThL MEPCIEKTUBHBIE IyTH PA3BUTHS JAHHDBIX
NPOKATHBIX CTAHOB M OOJIACTb HX MPUMEHEHHUs B 3ABHCHMOCTH OT
NpPOrpaMmbl H KOHKPETHBIX YCJIOBUH MPOU3BOACTBA (PACOHHBIX NPO-
duned.

KACCETbl C HEMPUBOAHLIMM BEPTMKAJIbHbIMU BAJIKAMM

" Jlns o6pasoBaHus UeTHIPEXBAJKOBOro KaJuOpa B THIOBOH
KJIETH JyO WJIH TPHO Ha 60YKe FOPH30HTAJBHBEIX BAJKOB PACTAUH-
BAIOTCH BBITOUKH, KOTOpble B padoyeM MOJIOXEHHH BaAKOB o6pa-
3YIOT [pOeMsl [Js1 YCTaHOBKH B

5 HHX KOpIyca KacceTol C HenpH-
,,/L BOJHBIMH BEPTHKAJbHBIMH BaJKa-
mu (puc. 47). Ilpu stom na 60y4-

_% Ke TOPH30HTAJbLHOTO BajKa Hape-
3aercsl TOJNBKO OAHH KaaIubp. Ta-

2Y Kas PacTouKa BaAKOB CONPOBOXK-
2= Jnaercs 6oJbIIUM OO BEMOM  BaJIble-
1 . . % TOKapHLIX PaboT U 3HAYHTENBbHBIM
| pacxofoMm Bankob. [lostomy mJist

=—U=~ CO3JaHUs YEeTbIpEXBaJKOBBHIX Ka-
JIUGPOB B KJETAX AyO HJIH TPHO Ha-

4

N
l
)

Puc. 47. Cxema yCTaHOBKH Kacce-
TH C BEPTHKA/JIbHBIMH BaJKaMH B

KJIETH AYO:
| — BBHITOUKH Ha BAJKax; 2 — KOp-
nyc KacceTel; 3 — TOPU30HTA/IbHBIM

BanoK; 4 — paBouast 4acTb Banaka;
5 — BepTHKa/bHble BaJKH.
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u6oJiee parlHOHANbHO HCTIO/Ib30BATh
coctaBHple  (6aHIa:KHPOBAHHLIE)
BaJIKH, MO3BOJISIOLIHE 3HAYHTE/Ib-
HO YMEeHbUIHTb PAacXOj BaNKOB H
[POJO/IKHTEAbHOCT PACTOUKH.

Jast cosfanust YeThpeXBaJKOBBIX KAJHOPOB B OOBIYHBIX KJIE-
TAX AY0 HJH TPHO HCIOJb3yeTCs HECKOMBKO KOHCTPYKUHMHA Kac-
CeT C HENMPHBOAHBIMH BePTHKANbHBIMH BajKkaMH. B ofueM ciyuae
LIHPHHA KOpIyca KacceThl
U1 KJIeTe#l Iyo H TPHO cTa-
HHHHOTO THIIA HE MOJKET npe-
BBILIATh JNHHY GOYKH TOPH-
30HTafbHOrO Banka. [Hu-
amMeTp BepPTHKaJAbHBIX BaJ-
KOB 3aBHCHT OT [JIHHHI 604-
KH FOPHU30HTA/bHBIX BaJKOB
M IIHPHHBl YeThlPeXBaJKO-
BOro Kamaubpa. B kaccere
OOLIYHO pasMelaercss BBOJ-
Has W BBIBOJHAS BaJIKOBaA
apmarypa. Kopnyc kaccersl
YCTARABJIUBAETCS H KPenuT-
Csl Ha IPOBOJKOBBLIX 6PYChAX N
paboue#t kaeru. Ilpumene- D1 | _€§_\’_
HHe KacceT He TpebyeT 60J1b- @: ! a
LIMX KalnHTaJbHBIX 3aTpar

T [ (¢
|

H DEKOHCTPYKUMH KJIeTeH <
CTaHa. - | X @:G
[Ilupoko U3BECTHO HC- N ‘-{%-—,‘— _I
NMoJIb30BaHHE HAa KPYMHO- 4 !
I

COPTHBIX CTAHAX KacCeT KOH- .
CTPYKUHMH JIHEnpOmeTpoBC-  Pyc. 48. Kaccera KOHCTpyKunu JIMerH.
KOoro MeTaJJ1y PrH4eckoro '
HHCTHTYTA, KOTOPLle BHEAPEHH! Ha 3aBoje «A30BCTajb», a TaKkKe
Ha KoMMyHapckoM ¥ EHaKMEBCKOM MeTasl/yPrhyecKuX 3aBojax
npu MpoKaTKe IBYTaBPOBLIX GasloK M 1uBessepos [13; 20].
Kaccera (puc. 48) npepcraBnsier co60#l NPOCTPAHCTBEHHYIO
KOHCTPYKILHIO, BKJIIOYAIOULYI0 IBE HECVINHE MJHTHL 5, COEIHHEH-
Hble MeXy COBOH YeTHIPbMSA NPOAOJbHBIMH OpyChaAMH 6. B mau-
Tax [pOpe3aHbl OKHA JJIST TPOXOXKAEHHS «s16/10Ka» rOPU30HTAb-
HbIX OPHBOAHLIX BAaJKOB H OTBEPCTHS IOJ SKCLEHTPHKOBBIE OCH
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BePTUKANbHAIX, [I7151 H3MEHEHHST PacCTOSAHHS MEKY HEPHUBOIAHBIMH
BEPTHKANBHLIMU BaJKaMH [/ CJIyXUT SKCUEHTPHKOBOE HaXHMHOE
YCTPOHCTBO 4, pacloJIOXKEHHOE Ha BepxHeH HecylleH [JIHTe.
B Kaccere pasMelieHa BBOAHAS W BLIBOAHAA apmarypa. BpoaHas
apMatypa npeicraBaseT co6ol cBapHOH pacTpys & ¢ MOABHAKHBIMH
JMHe#KaMu 9, a BhIBOAHAas — KOPoOKy C JuHelikamMu /2 u npo-
Boakamu I3. Kaccera KpermuTcsl B MpPOKATHO!H KJeTH K apMaTyp-
HbIM OpyChbSM LINHJAbKAMH 2 W pacrnupaercst B CTAHHHBI GOKOBHI-
MM pacnopHeIMH jJomKparamH I0. Ilo BpicoTe Kaccera peryJiH-
pyercs BuHTamM4 3. DUKCHPOBaHHE ee B HANpPAaBJEHUM MPOKATKH
OCYILLECTBJAETCH KOCBIHKAMH 7, KOTOPble NMPHBApEHbl K HHXKHEH
[TUTE M yNUpAawTCs B dPMATypHble OPYChS KAETH.
BepTukanbHbie BadKH KacceTbl MpeicTaBAsiioT cOB0H KOJbUO,
B KOTOPOE 3ampeccoBaHbl chepHUeCcKHe POJHKOBLIE IOALIHMHUKH.
Jast dHKcauuy BHEUIHHX O0OHM MNOALIMOHHUKOB W NpefoTBpalle-
HHUS OCEBOTO CMELLeHHS! BEPTHKANBHBIX BaNKOB CJy»KaT KPBILIKH
1, XKOTODBIE KpensiTcd ¢ NOMOIbIo Wwnuaek. CMasKa NOAIUITHHKOB
OCYLLECTBJIAECTCS Yepe3 Masbl, BHIMOJHEHHbE B ILIUTAX, U OTBEp-
CTHS B SKCUEHTPUKOBBIX OCSIX BEPTHMKAJbHBIX BaJKOB.
[IpuMeHeHHe KacCeT C HENPHUBOAHBLIMH BEPTHUKAJBHBIMH BaJ-
KaMH [03BOJsieT 6e3 DEKOHCTPYKUMH CTAHOB BHEADHTh B NPO-
H3BOJCTBO Haubo/ee MNPOTPECCHBHYIO TEXHOJOTHIO NPOKATKH
JIByTaBPOBLIX 0aJsoK, WIBEJIEPOB U APYTUX (JIaHUEBbIX NpoduIel
U MOBHICHTD TEXHHUKO-3KOHOMHUYECKHE MOKasaTes]M MPOHU3BOACTBA.
[TpuMmeHeHHe KacceTbl C HENpHBOJAHBIMH BePTHKAJbHBIMH BaJ-
kamu noseoJisier [13; 20] no cpaBHeHHto ¢ OGBIUHBIMH GAJOUHBIMH

KanubpamH B 5—8 pas MOBBICHTL CTOHKOCTb BAaJKOB, CHU3UTb Ha

256—40 % ux pacxon, Ha 10—15 % yMEHBIIHTb PACXOJ MEKTPO-
3HEePrHH, MaKCHMaJbHO HCMOJB30BATh MHHYCOBOE oJe J0NYCKOB
B TeueHHEe BCell KaMNaHHH MPOKATKH 3a CUYeT pasieJsbHOH pery-
JIUPOBKH 3a30pa MeMJAY TODH30HTaJbHBIMH WM BEPTHKaJbHBIMHU
BaJIKaMH, NOBBICHTb NPOH3BOJUTENILHOCTb CTaHA, YJAYYILWTH Ka-
YECTBO MOBEPXHOCTH ¥ TEOMETPHIO TOTOBOTO NPOdHIIS.

B JIHenpoasep:KMHCKOM HHAYCTPHAJbHOM HHCTUTyTE paspa-
60TaH PAL KOHCTPYKLHH KAacceT ¢ OOLIHM KOPIYCcOM Ha IBa Bep-
THKAJIbHBEIX Bajka JJs kJaerel 300 cTaHMHHOrO M 6ecCTaHMHHOrO
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THMOB ¢ JAWHOH 6ouku pabouux Baskos oT 200 1o 600 MM, KOTOpPEIE
UCOIBITAHBL NMPH MPOKATKE MENKOCOPTHBIX CJIOKHBIX NpoduJei.
B cBA3u ¢ TeM, YTO AMAMETP BEPTHKAJbHBIX BaJKOB 3aBHCUT OT
JJIHHBL GOYKH FOPH30HTAJBHOIO Ba/JKa M LIHPHHBI YETHIDEXBaJ-
KOBOrO KaJsuOpa, MakCUMaJbHBIH AHaMeTP BEPTHKaJbHLIX BaJ-

Puc. 49. Kaccera ¢ HeperyaupyemblMH BepTHKaNBHEIMH BaJKamH.

koB cocTasjser 80—130 mm. C Henbio cOKpanieHnsi BpEMEHU MNpo-
CTOEB KJ/IeTH MPH 3aMeHe KacCeThl GJarofapsl COXPaHEHHIO Ha-
CTPOMKH TOPU30HTANLHBIX BAJIKOB KOPNYC KACCETHI BHIMOJHEH cGOP-
HbIM B Buje [1-06pa3Horo sJjieMeHTa C OCEeBbIM BbIPE30OM S 3aXO0-
Ja ropu30HTadbHLIX Bajkos [3].

Kopnyc KaceThl ¢ HeperyJupyeMbIMH BEPTUKAJbLHBIMH BajKa-
MM (puc. 49) cocTouT H3 BepxHell / U HUxKHeH /0 NJIUT C OCeBLIMU
Bbipe3aMH JJIl 33X0Ja TOPHU3OHTAJBHLIX BAJIKOB, KOTOPble Kpe-
nAaTcs K 6OKOBBLIM MJaHKaM 3 ¢ noMolbio 601ToB 7 W raek 5. Bep-
THKaJbHble BaAkW /3 ycTaHaBJIUBAOTCS MeXAY nautamu [
U /0 npu nomowy ocefl /2 Ha NOAIMIHUKAX CKONbXKeHua 9. s
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ofecnieyeHHs] COOCHOCTH OTBEPCTUH IJIs1 OCeH BaJKOB B BepxXHeH
M HIDKHEH IJIHTAaX KacceTa HMeeT YeTblpe CKBO3HBIX OTBEPCTHS
2 u KoHHYecKHe WwTHdTH 8, KOTOpBIe 3a6HBAIOTCSl MEPe] YCTAHOB-
KOH 60JaTOB 7.

Kaccera ycTanaBiHBaeTcs B KJeTb MEXKJY FOPH3OHTANBHBIMU
BaJIKaMH Ha BBOJHOM U BbIBOJHOM NPOBOAKOBOM Opycbfax. [loso-

Puc. 50. Kaccera ¢ peryaupoBKOii 3a3opa MeXAy BepTHKaJb-
HBIMH BaJKam.

XKeHHe BEPTHKAJIbHLIX BAJKOB OTHOCHTENBHO OCEH FOPU30HTANb-
HBIX BAJKOB PEryJHUpyeTcs ¢ NOMOLLbI0 6OATOB 4, a 1o BBICOTE —
NIPOBOAKOBEIMH  OpycbaMu. OTHOCHTENLHO BepPTHKAAbHOH OCH
Kaqubpa KacceTa yCTAaHABJHBAETCS NDPH MOMOLIH 6OJTOB 6, ro-
JIOBKH KOTOPLIX YIHUPAOTCs B CTOHKH cTaHHH. [locse TpeGyemoi
YCTAaHOBKH BEPTHKAJbHBEIX BAJKOB B Ka/luOpe KOPMYC KacCeThl
KpPEenuTcs K OPychsiM KJIETH MOCPEACTBOM YeThipex OOJTOB uyepes
OBaJibHble OTBepCTHs! // B HIDKHEH MJIHTE KOPNyCa KacCeThl.
OCHOBHBIMH JOCTOMHCTBAMH 3TOH KACCeThl ABJATCA NPOCTOTA
B H3rOTOBJIEHHH H BO3MOJKHOCTb YCTAHOBKH MEXIYy BepXHeH H
W HUXKHeH MJHTaMH BBOJHOH M BLIBOAHOH BaJKOBOH apMaTtyphl,
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HELOCTATKOM — OTCYTCTBHE PajHabHON PEryJIHPOBKHU BEPTH-
Ka/1bHBIX BA/KOB, UTO He NMO3BOJISET USMEHATbL 3a30P B MPOLECCE
NPOKAaTKH.

Kaccera ¢ peryauposkoi 3830pa MeX1Y BepPTHKaJbHbIMH
Ba/lkaMH COCTOMT U3 CJeYIOUHX OCHOBHBIX y3JIOB: KOpIyca Kac-
CETHI, ABYX NMOAYLIEK C BEPTHKANbHBLIMH BaJKaMH, KJAHHOBBIX Me-
XaHU3MOB DEry/IMpPOBKH 3a30pa, KPBLIKH KOPNyca H ABYX CbeM-
HBIX  MOAKJIAfOK B (opme
«JIaCTOYKHHA XBOCTA».

Kopnyc kaccerst (puc. 50)
BBINOJIHEH CBAPHLIM HJIH CO-
CTaBHBIM H  NpeAacTaBJsAer
coB0# MJIOCKOEe OCHOBaHHE 3
C MAcCHBHEIMH PeGpaMH »ecT-
K)CTH H HanpaBJsIOUIHMH 6
HUSt IOAYIIKH C BEPTHKAMb-
HbiM BaslkoM. Ha cropone
BbIXOJA TNOJIOCEI U3 BaJKOB
Zopnyc HMEeT OCEeBOH BLIpe3 5

/1 3aX0ia TOpH30HTaJb-
HbIX BATKOS 1 yCTgHOBKH ol _E:'c. 5l. IMofyurka BepTHKANLHOrO Baj-
BOJHOH BaJIKOBO apMATY PhI.

Ha Goxosbix miockoctax ocHoBanus & HMetorcst BBHICTYIBl 2
C pe3b0OBbIMH OTBEPCTHSIMH MOK pacnopHble 6oaTe /. C HuKHEN
CTOPOHBI 3a1HEro KOHLa KOpPNyca CAeNaH yNOPHbIH BHICTYN 5
B (POpME «IaCTOYKHHA XBOCTa», KOTODPHIH yCTaHaBJHBaeTCA Ha
[IEPELHEM NPOBOAKOBOM Opyce MPOKATHOH KJIETH.,

Kopunyc MOAYIIKH (pHC. 51) BEPTUKAJBHOrO BajKa COCTOHT U3
BEPXHEH 5 W HUKHel 6 uacTeil, Kaxas u3 KOTODBIX MMEET KOJlb-
UEBYIO BbleMKY H mosyuandy. C uesbio npeioTBpaiieHus cMele-
HUA HacTed kopnyca ouu dukcHpyroTes wrudramu 4. [Tpu c6opke
HOAYILKH HA HHIKHIOK YACTb KOPNyca yCTaHABAMBAIOTCS ITHATLI,
waiiba 2, a Ha noJyuandy HageBaercs BEPTHKAJBHBIA BaJoOK [
C 3aMpeCCOBAHHBIM B HEroO MOAIHNHUKOM 3 U 1watiba 2. 3aTem ycTa-
HaBJIMBACTCS BEPXHAA 4acThb KOPIyca H KOPNYC MOAYIUKH CTSI-
rusaerca 6oatamu 7.
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Puc. 52. Kaccera ans xaerw 300 X
X 200 MM xouncrpykuun BHHHwmer-
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3a30p MexJy BepTHKAMbHBIMM BaJKaMH PeryJupyercs C I0-
MOIIBIO BHHTA U ONHOCTOPOHHEro KJIHHA.

[ns KkMeTH 1yo ¢ TOpPHU30OHTAJbHBIMH BaJKaMH JHAMETPOM
300 MM u gvHof Goukn 200 MM koHcrpykunyu BHHMHMMermama —
— A3TM paspaforaHa KacceTa C BEPTHKAaJbHBIM BajIKOM JHa-
merpoMm 200 mm (puc. 52). OHa coCTOUT M3 KOpryca 5, B KOTOPOM
Ha BHYTPEHHHX IJIOCKOCTSIX BLINOJIHEHBI HaNpaBJfAollfe nassl
npsaAMoyroyeHo#i Gopmbl. YcraHoBka Gaupaxa /] Baska ocylue-
CTBJIETCS! Ha ABYX Pa3beMHBbIX NOJyTpaBepcax 7 K &, BBINOJHEH-
HBIX BMECTEe KaK OJHO UeJjoe ¢ nojayocsaMu. Ilo Gokam noJayrpa-
BEpPC NpefyCMOTPEHBl BBICTYIH, KOTOPbiE MPH cBOpPKe BXOIAT B
HanpasJdouye nassl Kopnyca d. [locanka 6anjaxa Ha nosayrpa-
BepChl BHUMOJIHACTCS HA BKJAAbINAX 9 ¥ /0 MOAUIMIHHKE pPaanasib-
HO-ynmopHoro Tuna. [ToJlMnHUKOBEIEe BKAAIBIIH QUKCHPYIOTCH Ha
noJlyTpaBepcax ¢ MOMOILbI0 BUHTOB. I/l cMasKy BKJaJblIEH 110J-
IMUNHUKA U 63HAAXKa BEPTHKAJIbLHOTO BajKa NPHMEHSETCT KOHCH-
CTEHTHAs cMa3Ka, MojaBaeMas B NOAUINNHHK Uepe3 MacJonposos /.

[TonyTpaBepchl 7 ¥ § C LEJNbIO YBEAWUEHHS MKECTKOCTH KOH-
CTPYKUUH M HX COBMECTHOTO [EpeMELleHHs [I0 HaNpasJAOLLHM
naszaM Kopnyca &5 COEAMHSIOTCA NonepeyHofl TpaBepcol 2 nNpH
nomomH GostoB. [lepemeliene B rOPU3OHTANBHON JIOCKOCTH T10-
IIepevHON TpaBepCh COBMECTHO ¢ MOJMyTpaBepcaMH H OaHNaXKOM
OCYLIECTBJSIETCS] HAXKHUMHBIM BHHTOM 3, HMEIOLLIHM T1PABYIO H JEBYIO
pe3b6y. PerynnpoBaTbh BepTHKANBHLIH BaJIOK B HaNpaBJieHHH OCef
FOPH30HTAJMbHBIX BAJKOB MOXKHO BIJIOTb /IO NOYTH MOJHOFO cOJH-
JKEHHsT BEPTHKAJMbHBIX BaJKOB, UTO MO3BOJISET MPOKAaThIBATH MPO-
(b Masnoro NonepeyHoro CeYeHus ¢ MUHHMANbHLIMY pasMepaMH
OTJEeJbHLIX 32/1eMeHTOB. [locse OKOHYaHHs PEryJaHPOBKH (PUKCH-
PYIOT BHHT J C NOMOLIbIO KOHTpraiku 4.

Kaccera BepTHKa/NbHOrO BAJIKa B COOPaHHOM BHIE yCTAHABJIH-
BaeTcsl B MPOCTPAHCTBO MEXKAY TMOAYIIKAMU MO CTSXKHBIM 60JTaM,
KOTOPLIE ONPeNiesIsIioT ee OJOXKeHHe B TOPHU30HTANbHOH NJIOCKOCTH.
Jis ycTaHoOBKHM KacceThl CHUMAIOTCS  Ha)KHMMHOE YCTPOHCTBO
M NMOAYyWKa BEpXHero TOPM3OHTAJbHOTO Banka. ‘

J1s yCcTaHOBKY BEPTHKAJbHBIX BAJAKOB B BEPTHKA/JIbHOM Ha-
npapJenyy NPeAyCMOTPEH ClIeLHaNbHbi] MeXaHH3M, TO3BOJISTIOUHH
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OCYLIECTBJIATh HACTPOHKY 6€3 OCTAHOBKH CTaHa. Kopnyc kaccers
B BEPTHKAJLHOM HANDABJICHHH MEPEMELAIOT NMPH MOMOLIH nox-
.BHXKHBIX cyxapedt /2, yCTAHOBJEHHLIX B naze TSHYUIHX IJIAHOK
17 1 6 ¥ BHIMOJIHEHHBIX KAK €1MHOE [EJIOE C BHHTOM. [opusourans-
HOC nepemeiienue nnanku /7 (6) ocywecTasiercs rafikoi 16
3acopnxcnposanﬂoﬁ OT OCEBOTO mnepemellen s B Kopnycax /4 u I/)"
raikd. K Huxwueli nogymxke Kopnyca kpenarca 6ontamu. [Tepe-
MEIUEHHE TIHYIUX TJIAHOK MPOHCXOAHT B Mazax MEXNY HHKHefi
NONYWKOH K GOKOBOH nanpaBasiowed /3. CKoMbKenne cyxapei
12 npoucxogur B KOpmyce 5 No HaKJOHHOMY nasy, uto u o6ecre-
HHBACT BEPTHKATLHYIO PEryJHPOBKY BEPTHKAMBHBIX BAJKOB.

OcHOBHaA HArPY3Ka HA BEPTHKAJbHBIE BAJIKH B pannanbyoOM
HaMpaB/JI€HHH BOCTIPHHUMAETCS U Nepefaercs Ha MOAYIWKY uepes
baaHLBl Koprniyca KacceTsl,

Kaccera 6blira H3roToB/IeHa U HCTTBITAHA Ha Uepenoseuxkom cra-
JIEPOKATHOM 3aBOJIE NMPH ropsiueM KaauGPOBaHKH (acOHHBIX npo-
Gunelt caoxuol hopmer (Mpoduab Hanpapasiomel AM% cTaHKO-
CTPO€HHS, NBYTABPOBLIH NMPOGHIL VIS BTONOrPY3UHKOB | np.).
Hcnbiranus npouuty YROBJIETBOPHTENbHO. HekoTopeiM HemocTar-
KOM KacceTbl CeNyeT CYHTAThb CJIOKHOCTb €€ H3rOTOBMEHHS.

HJist copToBO# mNpexBapuTensHO HaNPSIXKEHHOH KJeTu 6ec-
CTAHMHHOTO THIA C IR0 YBEHUEHHUS ECTKOCTH KACCETH! H ynpo-
HIEHH e¢ KOHCTPyKUHH paspaboTana kaccera [4], y kotopoii Kop-
IyC BBIMOJIHEH C IBYMSI CKBO3HBIMH BbIpe3amH, NEePNEHAHKyAAD-
HBLIMH K OCH TIPOKATKH H COOTBETCTBYIOLLHM K JAHAMETDY CTSIKHBIX
GONITOB GeCcCTaHUHHOR KJeTH, NP 3TOM MEXAHU3M YCTAHOBKH Kac-
CETbL BRITIOJIHEH B BHAE YETHIPEX YCTAHOBJNEHHBIX MO JBA ¢ GOKO-
BbIX CTOPOH KACCETBI Pery THPOBOYHBIX BHHTOB C NapasoaHuecK umMy
KOHIaMH, BBICTYMAOLHMH B COOTBETCTBYIOLIHE CKBO3HbIE BbIDE3D
Kopryca. IlpenmyinectBo NamHOH KacceTwr st NPeABaAPUTENbHO
HanpsKEHHON KJIETH GeCCTaHHHHOTO THMA 3aKJIOYaeTcs B TOM
4TO HET NOABHKHBIX CONPATAEMbIX H KPENEKHBIX IeTanell, a TaK ke
OTCYTCTBYET ypaBHOBEIIHBAOLIEE YCTPOHCTBO BEPTHKATBHOIO Baj-
Ka; ofecreunBaeTcs NOCTATOYHAS JKECTKOCTb KACCETh TaK Kak
KOPMYC BBLIMOJIHEH MOHOJHTHBIM. ’
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KOHCTPYKUMUA COCTABHLIX MPOKATHbLIX BAJIKOB

Tak Kaxk ans paccMaTpHBAEMbIX KOHCTPYKLMH UeThipEXBaJKO-
BBIX KJIeTel KacceTa ¢ OGILUM KOPNYCOM A/ IBYX BePTHKaJbHBIX
BaJIKOB YCTAHaBJIMBAETCsl MEXAy FOPHU30HTAJbHBIMH BajJKaMH, TO
patoune 6ypThl FOPHU3OHTANBHBIX BaJKOB BXOLAT B MPAMOYTrOJb-
Hble BBIPE3bl (OKHA) KOPNyca H KPBIIKH KaCCETHI.

[To3TOMy OCHOBHEIM HENOCTATKOM KJeTell ¢ MHOTOBaJKOBBIMH
KanH6paMH $IBAAETCA BO3MOXKHOCTb Hape3KH Ha BaJKax TOJbKO
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NV ™ Puc. 53. KoucTpyxunm
COCTaBHBIX (6aHAAKHPO-
e d BaHHBIX) BaJKOB.

oaHOrO Kanufpa. DTOT Ke HeNOCTATOK HMeeT MeCTO U AJIS APYTHX
KOHCTPYKIUH KJeTeH ¢ yeThlpexBaJKOBEIMH Kanubpamu. Takum
06pasoM, NpH Hape3ke Ha BaJKax TOJbKO ONHOrO KajauGpa ocra-
IOLLYIOCH YacTh AJHHBEL GOUKH FOPH3OHTANBHOTO BadKa NPUXOAHTCS
CTayHBaTh HA MEHbIUIH{ AHaMeTp AJst obecneyeHys yCTaHOBKH Kac-
cerel. Takasi TeXHOJIOTHS W3TOTOBJIEHUS BAJKOB IIPUBOLHT K yBe-
JIMYEHUI0 HX PACXOAA W 3aTpaT BPEMEHH Ha NEPeBaJKYy.

Ha puc. 53, a cxemaruueckd u300pakeH [OPH30HTAJbHDIH
MPOKATHLIH BaNOK, (PHMEHSeMbH Ha IBYXBaJKOBHIX KJETAX JJIst
00pa30BaHHsl YETHIPEXBAJNKOBOIO Ka/aHOpa C IMOMOLLLIO KaCCeThl
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C BEPTHKAJbHLIMH Bajkami. OCHOBHOE JIOCTOHHCTBO JNAHHOH KOH-
CTPYKLHH — HE3HAUHTEJNbHOE OCeBOe H pajHajabHOe OHeHue pa-
foueil NOBEPXHOCTH KaJaubpa.

C UeJbiO YMEHbILeHHA DPAaCXOAa BAJKOB B YETHIPEXBAJKOBBLIX
KJeTSX C KacceTamM HauboJsiee nesnecoo6a3no npumeHsth [21]
cocTaBHble (6aHAaXKHPOBAHHBEIE) BaJKH, OCH KOTOPBIX MOTYT HC-
N0JIb30BaTbCsE MHOrOKpaTHO. [1pu 5TOM 6anAaxu H ocH, KaK npa-
BHJIO, MOT'YT H3rOTaBJIHBATbCA K3 3arOTOBOK MEHbIIUX AMAMETPOB
H DasMepoB. '

[Ipu Wcnosib3oBanMk COCTaBHOH KOHCTPYKIHMM Basika H B CBSI-
34 C 3THM MaJjoit Maccoi 6aHnna)Ka BO3MOXKHO H3IMOTOBJIEHHE I0-
CJIeJHErO M3 CMeLHabHbIX H H3HOCOCTONKHX Marepuanos. Oco-
foe 3HaueHvwe MMeeT NpuUMeHeHHe GaHfa)kell W3 TBEPAOCHJIABHBIX
CMJIABOB, CNOCOOCTBYIOLLEE MOBBIIEHHIO KOHTAKTHOH KECTKOCTH
COCTABHBIX BAJIKOB M IIOJIYYEHHIO IPOKATA C BBICOKOH TOYHOCTBIO
pasMepos.

B 3aBHCHMOCTH OT yCJI0BHH NPOKATKH H KOHCTPYKTHBHBIX OCO-
GeHHOCTeH MPOKATHOTO CTAHA BO3MOXHBI pasyiHuHble CHOCOOBI
KpenJsenns Ganpaxeil na sankax [21].

CocTaBHOl 6aHAa>KMPOBaHHBIH BaJoK (puc. 52, 6) COCTOUT U3
pabouefi ocu 5, padoyero / u npoMexyToudslx & Gaupnawxeit. [lo-
cafka pabo4ero M NPOMEKYTOUHOro GaHna)Kel OCyIeCTBJSETCS
Ha npusmaTvuyeckol wnoxnke 2. K 6ypTy ocu 6aHaaKH NPUKHMA-
i0TCA ¢ nomolLblo rafikH 4. KOHCTpYKIUSI COCTABHOrO Basika Mpo-
cTa B u3rotoBjseHuH. OIHAKO B 3TOM cCJyyae HeNb3s rapas-
THPOBaTb OTCYTCTBHE PaiuaJbLHOTO OHEHMs] M TakHe BaJIKH He-
AeJIaTeJbHO NPUMEHATD B OTAEJOYHBIX Kaaubpax npu npousBOACT-
Be (baCOHHBIX N POQUICH TOBLILIEHHOH M BHICOKOW TOUHOCTH.

CocTaBHOH BaNOK € KOHHYECKOH MOCAJOYHOH MOBEPXHOCTBIO
{puc. 53, 6) COCTOHT U3 OCH I, ABYX NPOMEKYTOUHBIX 3 U pabovero
I 6aHpaxel. BuyTpeHHee OTBepcTHE. pabouero Hauparka BhINOJ-
HEHO KOHHYECKHM C YKJOHOM, PaBHBIM YKJIOHY Ha pafouell no-
BEPXHOCTH OCH. DaHaarku C:kuMaroTcsi mpu NOMOWIH raek 4 u 6
C NpaBoil M JNIeBOK DPe3b0OH COOTBETCTBEHHO. B cayuae ocnabie-
HUA HATATA MEXKAY NOCAJOYHBIMH MOBEPXHOCTAMHU OCH U Ganaama
nocjejHu#i radlkamu 6 NepeMewjaroT B HaNpaBJEHHH Tadiku 4,

152

BEIGHpas, TakuM o6pa3oM, ofpasoBaBlIMfica 3a30p MEXKAy noca-
JIOUHBIMH NTOBEPXHOCTAMH GaHAdKa H OCH. _

CocTaBHOH MPOKATHBIH BajJOK C KOHHYECKHMU N0CATOYHBIMH
TIOBEPXHOCTAMH Leseco06pasHO NPHMEHATh AJ OTAEJIOUHBIX Ka-
JHGLOB mpu npokatke (GacoHHBIX npoguael BBICOKOH TOUHOCTH,
TaK Kak /151 TAKOH KOHCTPYKILHY MOKHO BCEria YCTPaHHUTh 0csat-
JIEHHE HaTATa MeXJy NOCaiOuHbIMY MOBEPXHOCTAMH OaHAaxXa H
OCH 3a CyeT 0OCeBOrO TepemelleHusi pabouero 6aniaxka. K me-
JIOCTATKaM KOHCTPYKLHUH COCTABHOTO Ba/JKa C KOHHUECKHMH roca-
JIOYHBIMY TOBEPXHOCTSIMH  CJIeAYeT OTHECTH OCOJIbLIYI0 CJIOK-
HOCTb B H3rOTOBJEHHH M 3KCHAyaTauud. HajexkHas nepenaua
KPYyTALEro MOMeHTa M oceBasi QUKcaluMd MOTYT ObITb OCYIIECT-
BJIEHBl C [OMOIIBIO  3KCIEHTPHKA,  KOTOPbIH BHINOJHAETCS
KaK N0 BCefl AMHHE OCH B3JIKa NPH MEPeKOCe €€ OTHOCHTENIBLHO
OCH BpallleHHs, TaK ¥ YaCTHYHO HA HEKOTOPOM YydacTKe OGOuYKH
BaJKa.

Ha puc. 53, e npuBeieHa KOHCTPYKUHS COCTABHOIO BaJKa C
Kpenyenuem OaHaaxka [ ¢ TIOMOIIBIO IKCIEHTPHUYHO PAacToJio-
JKEHHOTO GypTa, BHIMOJHEHHOTO KaK eHHOe LeJoe ¢ ocblo . baH-
L4 OT OCEBOTO CMellleHHs Kpenutcs rafikoi 4. Takasi KOHCTPYKIIMA
BaJIKa NMO3BOJAET GLICTPO cofupath ¥ paszduparb Banok. OnHaxo
OH4 TPYIOEMKa B H3rOTOBJEHHH, TaK KaK Heo0XOAHWMa ToyHas
NOJArOHKA 3KCLEHTPUCHTETA OCH H 6aHiaxa.

CocTaBHOH BaJOK C KOHHUECKOH pe3b6OBOH 1OCaJOYHOH IIO-
BepXHOCTbIO (puC. 53, 0) cocTOMT u3 onoprHO# (Hecyuied) ocu 5,
Ha KOTOpPOH HaBHHUYEH O KOHWYecKo# pe3nbe Gannax /. Ha Topue
fGaniaka MMEKTCs OTBepCTHsl MoJ K4 AJas cOOpKH M pa3bopku
Basika. B mponecce paGoThl Banka noj AeficTBHEM KPYTHILEro Mo-
MeHTa NpPOKaTKU 6aH[a) HaBHHYHBAETCA Ha OCb M PABHOMEPHO
IPUTArUBAETCs] [0 BCeH CONpATraeMod NOBEPXHOCTH. [IpH BO3HHUK-
HOBEHHMHM 3a30pa, HanpHMep NpH TENJOBOM pacluMpeHHH Oania-
’Ka, OH aBTOMATHYECKHW BBEIOMPaETCs 3a CUET HABHHUUBAHUSA GaH-
Jaxa Ha och. [Ipy MCMONMBL30BAHHHU COCTABHOTO BaJKa ¢ pe3b60BO#
KOHWUYECKOH [MOCaJIOUHON MOBEPXHOCTLIO AMA MPOKATKH (PACOHHBIX
npoguell neofxoinMa NnepuUoiHUecKas HacTpPOHKa BaJKOB, KOM-
MIEHCHPYIOLLASl HX OCEBOE CMelleHHe,
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OnpIT HCMOJIB30BAHUS COCTABHBIX BAJKOB C YUeTOM HX NpeH-
MYILECTB H HEIOCTATKOB NO3BOJSIET cles]aTh BBIBOJ, UTO GaHaM H-
pPOBaHHBIE BaJKH C LMJAHHAPHUYECKOH OCbI0 CJELYeT MNPUMEHSTDH
npu ropaued npokaTke GacoHHbIX NPOGHIEH B UeThIPeXBaJJKOBbIX
kanubpax. llpu xosonrofi npoxatke dacoHHuix npoduned nau-
Bosee LeaecO06GPA3HO HCIOMB30BATh COCTABHLIE BaJKH C KOHHYeE-
CKHMH INOCAJA0YHBIMH TNOBEPXHOCTAMH.

BAJNIKOBAY APMATYPA

OnpH¥uM H3 JOCTOHHCTB YeThiPEXBAJKOBBIX KaJUGPOB SIBJIAETCS
OTCYTCTBHE PyuybeB ¢ Iy0OKHMH Bpe3aMH B BaJKH, 4 TakXke pa-
BEHCTBO KaTalolLHX IUaMETPOB B KA /10K nape BaJkoB. B aTom cay-
yae OCHOBHBIM HasHAUE€HHEM BaJIKOBOH apMarTyphl SIBJseTCA Ha-
IpapJieHHe MPOKATBIBAEMOH NOJIOCH! B KAJAHOP U BBHIBOJ €€ H3 Hero,
YTO NO3BOJIACT UCMOJIb30BATh AJIf TOH LeJH CPaBHHUTEIBHO MpOC-
Thble KOHCTPYKLUHH BBOAHOH H BLIBOLHOH apMartyphl.

OnxHAaKO KOHCTPYKUHH YeThIPeXBaJMKOBbLIX KJeTell CYIEeCTBeHHO
OTJIMYAIOTCSA OT COPTOBBIX IBYXBAJKOBBIX HJH TPEXBAJIKOBBIX KJle-
tell. Manas pnnMHa 604KH rOpH30OHTAAbHBIX BAaJKOB (10 150 mm)
TNPHBOJUT K COOTBETCTBYIOUIEMY YMEHbIUEHNIO IIWPHHBI Npoema
MEXIY CTaHHHAMH, a HeOGXOJMMOCTb pa3MEIEHHS KOPMYCOB
MOJIyIIIEK BEPTHKAJbHBEIX BAIKOB — K Pe3KOMY YBeJHUEHWIO HIH-
DUHBLI CTAHUH YeTLIPpeXBaJKOBLIX KJjeTeil. B pesysabrate noctyn
K oyary nebOpMalMK 3HAUHTENBHO YCJOMKHSETCS MO CPaBHEHHIO
C COPTOBBIMH JBYXBAJKOBLIMH HJH TPEXBaJKOBLIMH KJIETSIMH.

B nacrosiiee BpeMs UETbIPEXBATKOBBIE KJIETH LIHPOKO HCIOJb-
3YIOTCS TOJIbKO HA YHHBEPCAJNbHbIX 6aJOUHBIX CTaHAX, A/ KOTOPBIX
HAKOIJIeR GOJBILOKH OTBIT KOHCTPYHPOBAHHS BaJKOBOH apMartyphi
NPUMEHWTEIBHO K MPOKAaTKe IBYTaBpoBHX Oanox. OOmum Ha-
npas/jeHHeM NPH KOHCTPYHPOBAHUH BAJNKOBOI apMaTypel IJs
yHUBEPCATbHbIX Ga/OUHBIX KJeTel ABJAETCS CTPEeMJCHHEe K YHH-
(UK Al apMaTYypPhl H COKPAllleHHI0 3aTPAT BPEMEHH Ha ee 3aMeHy
W HAcTPOHKY.

O6LIMHO HA FOPH30HTAJNbHBIE U BEPTHKAIbHbIE BATKH 0aN0YHBIX
kJeTell CTABAT Pa3fenbHyi0 apMatypy. [IpH 3TOM TIpOBOAKY BEPTH-
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KaJbHBIX BAJKOB 4aCTO YCTaHABJIMBAIOT HENOCPEICTBEHHO HA KOP-
TTyce NMOAYWIKH BePTHKAIbHOrO Basika (puc. 54, a).

C TOYKH 3peHUsT YHUDHKALUNY TPELCTABISET HHTEDEC KOHCTPY K-
LK BAJTKOBOH apMaTypbl BEDTHKABHBIX BAJKOB, H306paXkeHHast
na puc. 54, 6. Bponwble
M BBIBOJHBIE MPOBOJAKH
COCTOSIT M3 ABYX INAPHHP-
HO CO€JIHHEHHbIX YacTel.
[lpoBoakK 4 »kecTkO 3a-
KpernJeHbl Ha TOAYIIKe 2
BEPTHKA/JNBHOIO Bajika 3.
Ilpu 3ToM paBouui HoCOK
IPOBOAKH 4 Npuyeraer K
6ouKe Basika 3, a 3aMHHi
KOHEll WADHUPHO COeNH-

HEH C [OABHKHOH Ha- b
NpaBJIsTIOWEeH  TPOBOAKOH
5, npyrolt KoHeu koTopoifi
COEJHHEH C KOpPIyCOM 6 .I
NOCPEACTBOM  BHWHTOBOTrO

o ”.’”(’.(’!7"’
T L\
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STty

peryJHpOBOYHOrO yCTPOH-
ctBa /. Yeudukauus ap-
MaTypbl KOHCTPYKUHHU HO-
CTHT'AETCH BO3MOXKHOCTHIO
HCMOJIb30BAHHUS  OJHUX

L ———}
B e rrsvss srr
i
ok ¢

2

[IPOBOAOK AJi5 [NPOKATKH
6aloK pAas/HYHBIX pPas- pye. 54. Bankosas apmaTypa BepTHKasb-
MEpOB. HbIX (a, 0) M TOPM3OHTAJbHBIX (8, 2) Bal-

Hans yCTOﬁL{HBOCTH KOB UETHIPDEXBAJNKOBBIX GaJOUYHBIX KJeTel.

* BaJIKOBOH apMaTyphbl MOpH-

30HTA/bHBIX BA/KOB MPHMEHSIOTCS ONOPHBIC NOXBECHbE GPyChs
PaMHOTO THNA, 3aKPeMIAeMble B TPHAHBAX HA TOPLEBOIT NOBEPXHOC-
TH CTAHHH KJIETH C MOMOMIbIO K/1HHbEB. Bankosas apmatypa ycra-
HABJIUBAETCS BHYTPH MpOeMa CTaHHH 32 pamoi G6pyca (puc. 54, g).

Bosiee y10o6HO# cuuTaeTcs ycTaHOBKA BBOJHBIX H BBIBOAHBIX
NMPOBOAOK HA TOPH3OHTAbLHBIE BaJKH, CMOHTHDOBAHHBIX NMpeBa-
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Puc. 55. Bankopas apmarypa yerbipexsa/ikoBoit kietu 300 KoHerpykunu Jue-
NPOA3EePHHHCKOTO HHAYCTPHATBHOrO HHCTHTYTA.

PUTEIBHO B KOPIyCe COELHANbHON KACCEThI, 3aKpenisemMoil 3areM
C MNOMOLIBIO KJHMHLEB B [PHJAMBAX Ha BHYTPeHHeH GOKOBOH mo-
BEPXHOCTH crauHH (puc. b4, o). [IpumeneHune xaccer noO3BOMSET
YCKOPHThL 3aMeHy apMaTypbl MNpH cOOpKe KJeTeH Ha CTeHAEe HJIH
B MpoLecce MNPOKATKH.

B LIHMPOKO H3BECTHBIX KOHCTPYKUHAX BAJKOBOK apmaryphl
yHHBepCaJdbHbIX KJeTeH H3-3a Y3KOro IpoemMa MexAy CTaHHHAMH
JOCTYIl K YCTAHOBJIEHHBLIM TIPOBOAKAM BecbMa 3aTpyiAHeH. [lo-
5TOMY YCTDOHCTBA AJA PETrYJAUPOBKH MOJOMXKEHHS [1POBOJOK OT-
cyTcTBYIOT. TOUHAst MOACTPOIiKa apMaTypul B Npoliecce NMPOKaTKH
HeBo3MOXKHa. HacTpauBalor ycTanaBninBaeMyw apMmaTypy B Ipo-
lecce COOPKH KJIETH Ha CTeHJe.

Crneayer Tak»ke OTMETHUTB, UTO IIPH NpokaTKe $ajloK B YHUBEp-
CaMbHbIX YETHIPEXBAJKOBHIX KJETAX Ha pabouHX BajlKax OTCYyT-
CTBYIOT KakHe-JHGO (hacOHHbIE PYUbH, YTO 3HAUHTEJNHHO YMpolla-
€T KOHCTPYKUHIO BaJKOBOH apMaTypbl GajOuyHbIX KJAETeH.

157



Has menxocopruo# HETLIPEXBAIKOBOH KNETH KOHCTPYKLHH
Hnenponsep:kuuckoro HHAYCTPHAJILHOTO HHCTHTYTA paspaborana
# HCIIbITaHA KOHCTPYKLMS BajKOBOH apMaTypel, [103B0JSIOLLAS
HACTPaHBATh U PEry/iHpoBaTh apmarypy B mpouecce NpOKaTKH
(puc. 55).

Ha ropusouransubie BEPTHKaJIbHbIE BAaJKH NpelycMoTpeHa
PasjelbHas apmarypa. BankoBasi apmarypa BeDTHKANBHLIX BaJ-
KOB npencras/iser cofoii cMeHHble (B 3aBHCHMOCTH OT pasmepos
H KOHQHUTYpaUMH mpodu.is) ponycku ¢ u NPOBOAKH 5, 3akpen-
/IAEMBIE HEIIOCPEACTBEHHO Ha Kopnyce // KacceTsl (em. pue. 42).

Beoanass u suiBognas apMaTtypa rOpPH3OHTa/AbHBIX BAJKOB
KPEMHTCSH B MACCHBHBIX KOPOOGKax 3 H 7, BBITOJIHAIOUUX OJHO-
BPEMEHHO (DYHKUHIO OMOPHBIX 6pychbes.

Kopo6ka 3 otkperroro rtuma secrko YCTaHABAMBAETCS B Chie-
LHAJbHBIX Masax, BuiIOJIHEHHBIX Ha BHYTpeHHEH GOKoBOH mno-
BEDXHOCTH NOAYIIEK HHIKHETO 6J0Ka 2 KIETH. Kopnyc kopo6xu
HMEET JIANbl C OTBEPCTHAMH, H OCAe YCTAHOBKH KOpOoOKH B naa
Okd 3aKPEIUISETCS K TOPLEBOH MOBEPXHOCTH GOJATAMH /. Takoe
KPEIJIEHHE NO3BOJISAET PEryJMPOBATh MONOMKEHHe KOPOOKH BIOMB
OCH NMpoKatku. Ha GoKoBEIX cTenKkax KOpMyCa BBIONHEHbl pe3b-
GoBble OTBEpCTHA, B KOTOPBbIE H3HYTDPH KOPOOKH BCTaBJAIOTCS
GonTel 8, ¢ nomoubio KOTODLIX DEryJIHpYeTcst NOMOKEHHe npo-
nycKka ¢ (IpoBOAKH 5) momepek ocH NPOKAaTKH H ero 3akpern-
JIeHHe.

Baskopas apmarypa FOPHU3OHTA/ILHLIX BANKOB /0 u 13, Kpome
KOPOBOK & M 7, BKJIIOUAET HUIKHUE npornyckd 4 u nposogku § [1-
00pAa3HOTO CEYEHHs], @ TAKXKE MIOCKHe BepXHUE mnponycku [2 u
nposoAKH 9. Ha Kamaplli npodu/ib B COOTBETCTBUH ¢ ero pas-
MEpaMH M KOoH(UIypanuel npexycMaTpupaoTcs CBOH POMYCKH
H npoBoAKH. [lJIf NPeAOTBpPALIERUS CMEUIeHHS HIKHEro nponyc-
Ka 4 WM NPOBOAKH 5 BIOJL OCH IPOKATKH Ha HWXKHEH ero rpanu
BBIIOIHEH BBICTYI, 4 JHO KODOGKH HMEET COOTBETCTBEHHLIN ye-
Tyn. B cobpannom Buae NPOMYCKH M MPOBOAKH [PHXKHMAIOTCS
KO JHy KOPOOKH ¢ NOMOWEbI0 6oJita / nonepevHoit nia"ku 6.

Tax kak B paspaGoranuoii KOHCTPYKIHH Ba/JKOBOH apMarypbl
OTKPBITaA 4aCTb KOPOGKH HMeeT wHpuny 140 MM, a MaKCHMaTbHas
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(UMPHHA HMKHETO MPONYCKa He [peBblUIAeT U70 MM, TO KO BCEM
PeryJ/JHpOBOYHbLIM GOTaM MMEETCs CBOGOMHBIH JOCTYII.
BoamoxkHocTH nepeMeliueHHst KOPOGKH BAOJb OCH NMPOKATKH,
a NpoNycKOB—IONepeK [103BOJAIOT HACTPaHBaTh U perynnpri;b
BA/JKOBYIO apMarypy HeMmoCpejACTBEHHO B [MpOLecce NPOKaTKH,
YTO BECHBMAa BAXHO TIPH OCBOGHHH HOBBIX CJIOXKHBIX TIPO(HJIEH.

rmasA~| MPOKATKA U KAJIKBPOBKA @ ACOHHbIX

F NPODUNEN
C NPAMEHEHMEM YETLIPEXB ANKOBbIX

KAJTUBPOB
NPOM®UNL ANA LUMHbLI TABYNATOPA NULIYILMX MALUMH

®aconkbit npodhuab AMA IIHHB TaGyasTopa (puc. 56) umeer
B [IONEPEYHOM CeYeHHH aCUMMETPHYHYIO IBYTABPOBYIO (QOPMY C TpE-
YIOJbHbIME Na3aMH Ha BHEIUHHX [TOBEPXHOCTAX TOJOK H OTHO-

CHTCA K UETBEpPTOH IpyINNe CJ0XK-

5-0.2

cru. Ilpodpuas uaroraBnuBaer- o
?: u3 CTaJII)I/lql)5 no 'OCT 1050—74 2'_‘5.__f.._
H MOCTABJISETCS B HArapTOBAHHOM 25
COCTOSIHMH B NPYTKax IMHHOH M0
3 m 1 kparxoi 351 n 481 mm. Kpu- 3 ZAND
BM3HA MOJIOC AOJKHA ObITh He 60- =[5 A
jgee | MM, a CKpyuHBaHHEe BOKpYr [ ﬂ >
NPOAONBHON OCH He AOKHO Tipe- =

BhitaTh 1° Ha | M gauuel. [Toepx- 457 3 b\xéz*“
HOCTb TMPOGHIASA JOIKHA COOTBET- : e
CTBOBATh 4-My KJacCy TOYHOCTH
rpynnet «B» 1o TOCT 1051—73.  pyc. 56. daconnmit npopuan ars
dacoHHbI# NPOQHAb AJIA LWH-  1wuks talyasTopa.
u3-
Hbl TaOyJasaTOpa MOXET ObITh '
TOTOBJIEH MO CJAENYIOUIMM TEXHOJOTHYECKHM CXeMaM: .
I. Topsayan npokarka (pacoHHbIX MOAKATOB B JBYXBa/KOBb ¢
kKaaubpax 6e3 MPOAOJNbHBEIX Ma30B HA BHEUIHEH CTOPOHE nogé)xo-
noc/eAyoW UM BosodeHuem 3a 3—4 npoxoaa. OCHOBHBIM Hejl
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CTAaTKOM CXE€Mbl SIB/ISETCA HEBO3MOXKHOCTb MOJYYEHHS TPEYTroJb-
HBIX 11230B Ha GOKOBBIX T'PaHfX MOJOK B ABYXBAJKOBHIX KasauG-
pax u, KaK CJCNCTBHE 3TOTO, yBeJHUEHUE KOJHHUECTBA NPOXOA0B
npH BosoueHHd. Kpome Toro, BOSHHKAIOT TPYAHOCTH TNpPH H3-
TOTOBJIEHHH (PHJIbepP BLICOKOH TOYHOCTH W OCTPEHHH MEPEIHHX
KOHLOB MOAKATOB.

2. Topsiuas npoxaTka (aCOHHBIX [IOJLKATOB MOBBIUEHHOR TOU-
HOCTH C MpPOJOMBHBLIMH MAa3aMH B UETHIPEXBAJTKOBBbIX KaJHOpax
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Puc. 57. Tlpoduab st wuHsl Tabyaatopa.

1 BOJOYEHHE MOAKATOB 3a OMUH Npoxof. [Ipumenenue cxemsl n03-
BOJISIET COKDATHTh KOJIMYECTBO MPOXOAOB APH BOJOYEHHH, HO HE
yCTpaHseT OCHOBHLIX HENOCTATKOB [E€PBOH CXEMBI.

3. I'opauas npokarka (acoHHbIX MOAKATOB NMOBBILIEHHON TOY-
HOCTH C MPONO/IbHBIMH M23aMH B YETBIDEXBANKOBBIX KanHOpax ¢
nocsaenytomed XOJ0AHOH mMpokaTkKoi (GacoHHOro nojkata B Ye-
THIPEXBAJKOBEIX Ka/aubpax. Cxema Mo CPaBHEHHIO C NpebIAYLIU-
MH HMEET CYLIeCTBEHHbIC MPEUMYLLECTBA, MOCKOJIbKY OTNafaeT
HeOOXOMMOCTh B TDPYJOCMKHX OfEPaluHAX H3rOTOBJECHHS (acOH-
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HEIX (QuJbep W B OCTPEHMH MepeaHHX KOHHOB MOJOC. [Tpu sTom
MOBBILLIAETCS [POM3BONUTENBHOCTb H YMEHBIIAETCS PaCXoll Me-
ramna. K HEZ0CTATKAM CXEMbl MOXKHO OTHECTH MEHbIIYIO TOYHOCTE
W BO3MOMHbIE uesanoJHeHua npoduas B pasbheMax Kasaubpa.

Jlna mpou3soictsa mnpodHas ANA UIMHbI tabyasTopa Obuia
MpUHATA TPErbA TEXHOJOTHYECKaAs CXeMa. B kayecTBe MCXOAHOH
3aroToBKHM OBLIO MOPEAYCMOTPEHO
HCMOJb30BATb KPYIJVIOE CEHEHHE,
KOTOpPOE MOXKHO [PeNBAPHTENLHO
npoKanubpoBath ¢ 1eJbio CTabu-
JI34LKK TpoLlecca MPOKATKH.

[Ipn paspaGoTKe ¥ OCBOEHHH
TEXHOJIOTUH IPOKAaTKH MpOdus
IJIA WHHBL TadyJaaTopa ropfaue-
KaTaHblH (hacoHHLIE  noakart
npeiyCMOTPEHO [POKAaTLIBATL M3
3arOTOBKM KPYTJAOFO CEUEHHA 32
TPH IPOXOJAA, 1BA U3 KOTOPbIX OCY-
eCTBJAI0TCA B yeTbIpeXBaJl KOBbIX
kanuopax (puc. 57). [lpumenenue
JIBYX YEThIPEXBAJKOBbIX Kaaub-
poB OGBACHAETCA  HEOOXOMMMO-
CTbIO MNOJYUEHHs [oAKaTa MOBkl- ,
[eHHOfl TOUHOCTH M YMEHbLUEHHS H3HOCA UYHCTOBOTO KaJaubpa.

[Ipn ropsueit npokaTke MaKCHMa/ibHOE chopMoH3MEHEHHE Me-
Taa MPOHCXOIHMT B MEPBOM (pHC. 57, a) u BTopom (puc. 57, 6)
Kaaubpax. B nepBOM 3aKpBITOM KanuGpe 3arotoBka KpYIJIOro
ceuenus nAehopMHpYyeTcs B ACHMMETpHUHBIH 1BYTaBpOBoIH a-
COHHBIH NpopuJIb, a BO BTOPOM o6pasyercsi TPEYToJbHbI 1a3 Ha
npaBoli moJke. B TpeThem Kaaubpe (puc. 57, 6) OCYIIECTBJISET-
cqa panbHefimee ¢(OpMHPOBaHHe TONOC W CTEHKH npouan.
KoubHrrypauus YHCTOBOrO Ka/aH6pa (puc. 57, &) aHaJOTHUHA
dopMe TOTOBOTO MPO(HJIA. [TocsieaoBaTeNbHOCT  (POpMON3Me-
Henus mertaana ([—4) no npoxolam npH ropsiueft npoxartke
nogkata crneunpoguas AJs wiuHbl TalysnAaTopa NpeicTaBjieHa Ha
puc. 58.

Puc. 58. ®opMOH3MEHEHHE META-
Jia No TpOXoAaM MNpH NpOKaTKe
npoduas A8 WHHE TabyJIATOPE.

11 4—136 ) 161
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O6uuit Ko3(PPHIMEHT BRITAXKKH 38 TPH NPOXOLA NpH NPOKATKE
W3 3arOTOBKM AuameTpom 19 mm pasen 1,859, a cpennuit Ko3(pH-
uvenT 3a oguH npoxold — 1,230.

Paspa6orandas kaauGpoBKa HCMbITaHa Ha [0y 1 POMBILILJIEH-
HoM aByxkneresom craHe 300. Temnepatypa Hauasa MpOKAaTKH
cocrasasier 1140—1180, konma — 850—900 °C.

- 2 J
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:t\ Puc. 59. O6BOJAKH TEMNJETOB MpH MPOKATKe Mpo-

17 puas and muHb Tabyaaropa.

UeTHpexBaikoBble KaauOpel 06Pa30BLIBATHCH YCTAaHOBKOH Ha
KMeTsiX AyO KAacCer ¢ HEeMPHBOAHBIMH BEPTHKAMbHLIMH  Ba/IKAMH
auamerpoM 70 MM.

Jns nccaenoBaHHA  3aMOJMHEHHA KaaubGpoB MNpPH NPOKaTKe
NPHUMEHSJIMCh 3aTOTOBKY JHAMETPOM  OT 18 no 20 mm.

3 aHanu3a JaHHLIX MO 3aMepaM packaToB MOCJ]e KaxIoro
npoxona (rabs. 6) MOXKHO CIeNaTh BBIBOL, HTO HauboJee IMOJHO
Ka/HGpbl 3aMOMHSIOTCA NPU 08KaTHH 3arOTOBOK AHAMETPOM 19,5—
20,0 MM. OZHAKO TIPH 3TOM B NMEPBOM YETLIPEXBAIKOBOM Kanubpe
o6pasyiorca 3aycenupl. [lostomy ansi MPOH3BOACTBEA OTILITHOH
napTHH crennpopuiell «lHHa tabyastopa» MPHHSATA HCXOLHAA
3aroToBKa amamerpoMm 19 MM.

UucToBOl NPOXOA NPH XOJNOAHOH MPOKAaTKe (CM. pHUC. 57) npo-
BOJMJICS B YeTHIPEXBAIKOBOM Kannbpe ¢ AHaMeTPOM TOpH30HTAb-
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Heix BaakoB 300 u BepTHRaMbHBIX — 70 MM. [lepen npokartkofi
ropsiuekaTaHble NOAKATH [0ABepPrasjuch TPABJCHHIO B DACTBOPE
CePHOH KHCJIOTHI, POMBIBKE B BOJE M HEHTPaNH3alLHH B COLOBOM
pacrBope. Koadpuumenrsl o6xatua NPH XOJOJHOH NPOKATKE
NPHHATEL HE3HAUYUTENbHLIE, HO JAOCTATOUHbiE I obecredeHusl
TpebyeMOro KadyecTBa [10OBEPXHOCTH M TOYHOCTH PasMepoB NpodH-
Jaa. KoapuUMeHT BBITAXKKH 0PH XOJOAHOH MpPOKaTKe paBeH
1,16

Ha puc. 59 usobpakennt 06BOAKH TEMIJIETOB MO NPOX0AaM
(I—4). Cneunpodu/p HcnbIThBaJdCcs Ha KHPOBOIDaiACKOM 3aBOAE
NHIWYLMX MAallUH.

[anHble u3MepeHHH H HapyXKHBIH OCMOTD TOTOBEIX CITELNpO-
¢dusedl, npokaTaHHblX MO pa3paboTaHHOH TEXHOJIOTUH, MOATBEPXK-
JA0T COOTBETCTBHE HX TEXHHUECKHM YCIOBHAM.

nPOMdUNL o)A TPUKOTAXKHOTO MALLMHOCTPOEHUA

@aconsbit npoduae (puc. 60, a) 419 TPHKOTAXKHOIO MallIHHO-
CTPOCHHS MPEACTaBAAET COB0H CMOKHBIE CHMMETPHUHBIH NPOQHIbL
ABYTaBpoBOH opMbl, Harotosasercs H3 cranu 50 no FOCT 1050—
74 ¥ moCTaBISETCA B HarapToOBaHHOM COCTOAHHMH. [loBepxHOCTh
npohuasA AOMKHA COOTBETCTBOBATL 4-My KJacCy TOYHOCTH TPYNMbl
B no I'OCT 1051—73.

B Hacrodmee Bpemsi Ha OMYTHHHCKOM MeTaJllypPrHyecKoM
3aBOJIe FOTOBBIH NpOGUAL AAA TPHKOTAKHOTO MAUIHHOCTPOEHHA

!
S0 g5

Puc. 60. TotoBriit npoduib {a, 6) U ropsyekaTanslt NojKat (6) AN TPHKOTAXK-
HOTO MaLIHHOCTPOEHHR.
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M3TOTOBJISIOT BOJIOUEHHEM 3a JIBa Nponycka H3 (pacoHHOTO NojJKa-
Ta (puc. 60, 6), nosyuaeMoro ropsuedl MpoKATKo# 3a NATb da-
COHHBIX MPOXONOB B JBYXBAaJKOBbIX KalWOpaX, KOTOpbIE HE MO-
3BOJISAHOT KOHTPOJUDPOBATL  fladnam npyenoeo cevenus

pasMeprl GOKOBBIX NpO-
JIOMbHBIX Ma30B. [TosTomy
JeficTByoas Kaauopos-
Ka He ofeCneuHBaer ro-
JIyyeHHe (aCOHHOTO MO~
xara, 6AU3KOro K roTOBO-
My NpPO(pHJII0, YTO YCAOXK-
HSIET MPOLeCcC BOJOUEHHS
H CHHXKAEeT TOYHOCTb Pa3-
MEPOB [OTOBOTO IPOQHJIA.

Ananus KOH(HTYpa-
LUHH NpOoduIs H CyLIECT-
BYIOUIEH KaJluOPOBKH MO-
KasaJ, 4YTO TOYHOCTH TO-
PSIUEKATAHOTO  MPO(HIIs
MOMKHO [OBBICHTE IyTEM
MpUMEHEHHUA YeThIDEXBaJl-
KOBBIX KaJuOpOB.

Jna noJyyeHusa rops-
yekaraHoro  (acOHHOTO
npopu/ass  NOBLILEHHOH
tToyHoctH  (pHc. . 60, a)
paspaboraHbl H HCObITA-
HLl TPH BapHaHTa KaaHO-
POBOK € HCMOJb30BaHHEM
YeTBIPEXBAJIKOBBIX KalUG-  pyc 6. Kann6poska npobuns L1si TPHKO-
-poB  (puc. 61), KOTOPBIE  ta)HOro MaWHHOCTPOEHHS.

Hapesaju B 6eCCTaHMHHOH
YeTHIPEXBAJKOBOH KJIETH KOHCTPYKLMH  JlHENpOA3ep:KHHCKOTO
MHAYCTPHATbHOTO HHCTHTYTA.

[TepBbifi BapHaHT KaaHOPOBKH OpPENyCMaTpPHBaeT TropAYyio

IPOKAaTKy NPOQHIsS B IBYX (DaCOHHBIX YETHIPEXBAJNKOBEIX KaanG-
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pax u3 KpyrJoro mogkara auaMerpoMm 23 M. TIpu wucnerranuu
KaJu6pOBKY NPODU/Ib MONyYyeH B COOTBETCTBHH C UYEPTEIKOM
(puc. 60, 6), HO npu nMpoKaTKe HaGMOLANOCH HECHMMETPHUHOE
3anoJiHeHHe (JIaHUeB B epBOM (aCOHHOM Ka/HGpe, KOTOPOe noJ-
HOCTbIO HE YCTPAHSJIOCh B HHCTOBOM KasuGpe.

[To BropoMy BapuaHTy KaJHOPOBKH NPO(GHIbL NPOKAThLIBAETCH
M3 KPYIJIOro NojKara AHaMeTpoM 27 MM B Tpex (haCOHHBIX Kaaub-
pax. B nepsoM 3akpuiToM KasnuGpe 6aJouHOro THIA GOPMHUpYeTCs
M3 KDYIJIOTO TOjiKaTa 4YePHOBOH NBYTAaBPOBLIH MpPOGHIbL, KOTO-
Pbli sajiaeTcs B NPeNYHCTOBOH YeThIPeXBAJIKOBbIA Kanubp. HMenbl-
TaHWe KaJUOGPOBKH N0Ka3aJ/lo, YTO OHA TrapaHTHPyeT MNoJydYeHHe
HeoB6X0AMMOro npohHJIs, HO H3-3a MAJIOr0 YKJIOHA GOKOBBIX CTe-
HOK pa3pesHoro Kaiubpa B HeM NPOUCXOIUT 3HAUNTENLHOE 3aKJIH-
HUBaHHE METa/l1a, YTO NPHBOAMT K HHTEHCHBHOMY H3HOCY npo-
BOJOK W HX TIOJIOMKE.

Tpern#l BapuanT KaaubpoBKM NPODHAR NpefycMaTpHBaeT
ropsiuyto MPOKaTKy W3 KPYIVIOrO MOAKATa B YEeThIpeX (haCOHHBIX
Kaaubpax (/—4), nocjaefHHH U3 KOTOPBIX YEThIPEXBaJKOBbIH.
Oco0eHHOCTBIO KaduOPOBKY ABJSETCS HAJHUHE CNenHastbHOTO
KpecTooOpas3Horo Kanubpa, B KOTOPOM OCYIUECTBJISETCS (hopMH-
posanue QuIaHUEB NPOGHUIA C OJHHAKOBBIMH pa3MepaMH, a TaKxke
OTCYTCTBHE 3aKpBIThiX KajquOpoB. [lpu McnblTaHuM KaquGpOBKH
MPUMEHSMHCh NMOAKATH AnaMeTpom 29—32 mm. Hopmasbhoe 3a-
MOJMHEHHE KPECTOOOPa3HOro Kaaubpa B COOTBETCTBHH C PacyeToM
OCYIIECTBJSAETCS B C1yYae NPUMEHEH U TOJAKATOB AHaMeTpomM 30 MM.
OBmui KOIPPUIHEHT BEITSKKH MPH NPOKATKE 3a YETBIPE MPOXO-
Aa cocrasaser 2,7, a Ko3(hHUHEHTH BBITXKKH B Kajubpax o
xony npokatku — 1,4; 1,2; 1,15 u 1,15.

Y COBEpIIEHCTBOBAHHAS KaJHOpPOBKA € HCIOJb30BAHHEM ue-
THIPEXBAJKOBOTO Ka/JqHOpa [03BOJISIET KOHTPOJNMPOBATH pasMephl
ropsiYeKaTaHoro npoguis Mo BceMy NEPHMETPY, MAKCHMAJbHO
NPHOMU3UTD ero GOpMy CeUeHHA K FOTOBOMY NPODHIIIO, COKPATHTh
YuCa0 (pACOHHBIX KajMOpOB NpH MPOKAaTKe H YHCJIO NPONYCKOB
NpU BOJIOUEHHH.

]

®ACOHHbIA M-OBPA3HbBIA MPOMdKMIL NOBLILUEHHOH
TOYHOCTU

Acummerpuunbtil [1-o6pasubiii npopuis ¢ pasmepamu 28 X 23 MM
(puc. 62, a) ¢ napananeNbHBIMH HaPY KHBIMH [PAHAMHU [IOJOK HMEET
C HHXKHEH CTOPOHBI CTEHKH YKAOH 8° M H3rOTABJMBAETCH H3 CTaJH
40X na meranaypruueckom 3aBoje [10 «HMxcradnb».

Hlcxonno# 3aroToBKH KpYyIJIOTO CeueHHsl 3a NATh MPOXOLOB

: .3
3,_ % J I < 324 35 45 39
l |- ot | ot
~
Q r\ = ©
S 2 G 00\ 13
1! f\? NS I N
A -~ % = N [w - 4 S
2310,7 23_0'5. 2411012
a 0 8

Puc. 62. ®acounnii [1-o6pasneiéi roToBelft npoduab (@) w ropsuexara-
Hble noaxarel (6, 8).

ropsidell NpOKATKOH MosydaioT GAacOHHBIH MOAKAT OBBIYHOH TOY-
HoctH (£0,5 MM) ¢ ororHyTeiMu (uanuamu (puc. 62, 6). Ilo-
caeylollas XoMoAHaA NPoKaTKa NPOBOAUTCA 3a yeThipe MPOXO0Ja,
YHCTOBOH MPOXOJ OCYLIECTBJIAETCH B UETHIPEXBANKOBOM Ka/aHOpe.

M3 anasusa peficTByiolled TeXHOJOTHH - POH3BOACTBA NPO-
¢buas ciaenyer, 4To ATA COKpAUIGHHS 3aTpaT H MOBbiLEHHS 3¢-
(beKTHBHOCTH TpeOyeTcAa YMEHBLIHTh KOJIHYECTBO MPOXOAOB IPH
XOJ104HOH aedopManuH.

[IpenniokeHHAst HOBas TEXHOJOTHS OpelycMaTpHBaeT MpPO-
K4aTKy TOPSIYeKaTaHoro N0KAaTa NOBbILIEHHOH TOUHOCTH (0,2 MM),
¢ mapajJielbHBIMH Hapy»KHBIMH TpaHAMH 10J0K (puc. 62, 6),
M3 KOTOPOro 32 OJiMH IPOXOJl B YETHIPEXBaJKOBOM KaauGpe CTaHa
XOJIOZHOH NPOKATKH NOJNYYaeTcs TOTOBBbIH NPOQHIb.
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[Tpn ropsiueit mpokartke I1-o6pasubiii mogkart ¢ mapasieb-
HbIMH (MIAHLAMH [OJIy4aioT N0 pa3paGOTaHHOH KaJuOGpOBKe 3a
OATb NPOXOAOB (puc. 63), nocaeaHHH H3 KOTOPBIX OCYLLECTBJIA-
€TCsl B YETHIPEXBAJKOBOM KasauGpe.

B nepsom kanubpe u3 KBaapaTHOl 3arotoBkH 33 X 33 mm
dopmupyercs packat KNHHOBUAHOH GopMbL. Bo BTOpoM U TpeThem
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Pic. 63. Kaau6poska ropsuekarasoro noakara [1-o6pasuoro npopuis.

paspesHblX KaJuOpaxX WBENJIEPHOIO THNA OCYIIECTBAAETCA OC-
HOBHasl feopmanusa Merasna. KoHTposb BbICOTH (IaHLEeB npo-
BOJHTCSl B 4eTBepTOM Kajubpe. B 4YHCTOBOM YeThIpeXBaiKOBOM
“Kanubpe BHINONHAETCA TNOArHOKa (WIAHLEB M HX OKOHUATENbHOE
yToHeHHe. PacueTHble BeJHYHHB KO(D(QHUHEHTOB BBITAXKKH MO
XOJly TNPOKATKH COOTBETCTBeHHO coctasasior: 1,15; 1,35; 1,25;
1,06; 1,15, a cymMmapHbl# KO3(p(OUUHEHT BHLITAXKKH — 2.4.

- OcoBeHHOCTIO YHCTOBOIO HYeThIDEXBAJIKOBOTO KajuGpa MpH
ropsiueit MpokKaTke SABJIAETCA BO3MOXKHOCTb AeOPMALMH YIJIOB,
B pafoHe KOTOPBIX MJIAHHDPYIOTCH PA3beMbl B UMCTOBOM YEThIpEeX-
BaJIKOBOM KaJHOpe CTaHa XOJ0JHOH NPOKATKH.

168

Henbiranie paspa6oTanuoil KanuGPOBKH MPOBEAEHO HA ABYX-
KjeTesoM moaynpoMeiiiiendoM crade 300. B uucroBom Kanubpe
ycTaHaBJauBasach KaCceTa KOHCTPYKUHMH J[IHenpoasep:KHHCKOTO
HHAYCTPHANLHOTO HWHCTHTYTa C ABYMS BEPTHKAJbHLIMH HENpH-
BOIHBIMH Ba/iKaMH, HMEIOUIMMU BO3MOXKHOCTb PaivuajJbHOH pery-
JIHPOBKH.

[Ipu onbiTHON NpoKaTKe MoJyuyeH rQpsYeKkaTaHblli (ACOHHBIN
NoJKarT NOBBLILIEHHOH TOYHOCTH. M3 npoBeneHHBIX HCCaeNOBaHHH
CeyeT, UTO B UETLIPEXBAJKOBOM Kaanbpe 13-3a aCHMMETPUYHOCTH
NpoHJIA OTHOCHTEJIbHO TOPH3OHTAJSbHOH OCH (hPOPMOH3MEHEHHE
MeTaslJ1a Mo NMOJIKaM H 110 CTEHKE NPOQHJIA PA3TUYHO. ¥ CTAHOBJEHO
TaKxke, 4YTO L5 KayeCTBEHHOIO 3anoJIHEHHS MOJOK H YYacTKOB
packara B 30HAX HUXXHHX Pa3beMOB HeOOXONHMbI OMpejaeseHHble
TOJIL[HHBI OJOK U CTEHKH pacKara, [OCTYNAalolmero U3 KOHTPOJb-
Horo kamubpa. OnpenejeHbl NpHeMbl HACTPOHKH HEOOXOAHMMOro
3aM0/HEHHA B Pa3beMax YeThIPEXBAJKOBOro Kasaubpa 3a cuer
nepepacnpeieseHusl peXHMOB o6:KaTHH B UEPHOBBIX NPOXOAaX
(cM. puc. 63).

[IpuMeHeHHe 4eTbIDeXBAJNKOBOrO Kajubpa npH ropsiuefl npo-
KarKe MO3BOJIMJO MOJYYaTh MOAKAT C NapaslieJbHBIMH HapyKHEI-
MH FPaHAMH NOJIOK ¥ C IONNYCKaMH Ha OCHOBHBIE pa3mMepst =+0,2 MM,
YTO YMEHbINAET YMCJ/IO MPOXOJAOB NPH XOJOAHOH MpOKaTKe ¢ ye-
TeIpEX A0 oaHoro. Cienyer OTMETHTb, YTO MPOKATKa B UEThIpex-
BaJKOBLIX Kanubpax [l-o6pasHoro mnpoduias, HUMeEOLIEro 3a-
KpPYIVIEHHS HADYKHBIX YIJIOB (CM. pHC. 62, 8), YCJIOXKHACTCH H3-3a
pAacrosioKeHHs HHXHHX DAa3beMOB KaJjubpa BbILE YIVIOB MpO-
¢duns (phc. 63). dro obycaoBIHBaeT HEOOXOLHMOCTb (POPMHpPOBa-
HUS B YEPHOBBIX Ka/uOpax CTPOro ONPeeJEeHHBIX TOJIIHH CTeH-
KH H IIOJIOK packara. :

KOPBITHbLIK NPOMUIIL MOBHILIEHHOHA TOYHOCTHU

HuskokopbiTHBIH npoduab 46 X 11 X 6,5 mm (puc. 64, a) usro-
rapauBaerca u3 cranun 40XH2MA, umeer napamienbHble TpaHu
IIOJIOK ¥ PANHyChl CKPYIJIEHHS YIJIOB MeHee | MM, a TaKke He3Ha-
YUTE/JIbHOE [10JIe LOoNYCKOB Ha ocHoBHEIE pa3mepsl (0,17—0,5 mm).
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Ykazauupie TpeGoBaHUS 06YCJIOBHIH TPYIOEMKYIO TEXHOJOTHIO
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Puc. 64. ToTOBBIN KOPHITHBIM
npouib (a) H ropsidexaTannie
noxkars (6, 8).

Hox cevenue — 25%43mm

BOJIOYEHHH BO3MOXKHO TPH YCIOBHU MOJAYYEHHR TFOPSAUEKaTaHoTo
(haCOHHOTO nojKaTa ¢ NnapaseJbHbIMH IPAHAMH MOJOK H YMEHb-
lIEHHEM MOJIA JOMYCKOB B Ba pasa (puc. 64, &).

Jlna moayueHHsl (paCOHHOTO MOjKaTa MOBBILUEHHOH TOYHOCTH
MCIILITAHBL IBA BAPHaHTA KaJdHOPOBOK, OCOGEHHOCTHIO KOTOPBIX
SIBJIAIETCA TIPOKATKA NMOJOK C MapanJeslsHbIMH TPaHAMH 38 Cuer
NpUMEHEHHSs! YETHIPEXBAJIKOBOTO Kanubpa, co3faBaeMoro B ofby-
HOM KJIETH JyO C NOMOLIBI0 KacCeT ¢ HEelpPHBOAHLIMH BEPTHKA/b-
HBIMH BaJIKaMH.

[Tepeuifi BapHaHT KaIHOPOBKH (pHC. 65, @) paspaloTaH H HCIIbI-
TaH Ha noJgyrnpombiuierHom crane 300.

[Tpy npoexTHpoBaHHH KaJHOPOBKH C LEJLIO KaueCTBEHHOTO
dopMupoBaHua (ACOK YHUCTOBOH KanuGp TNPHUHAT 3aKPLITHIM €

Hex.ceyenue —Rpyz B36mm
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Puc. 65. Kaiu6poBKa KOPLITHOTO NPOQH/IS NOBbILIEHHOH TOYHOCTH.



YKJIOHOM GOKOBHIX cTeHOK 2 % . [na HapexHoro ¢opmMupoBauus
NMOJMOCHl, 3alaBaeMOH B UHCTOBOH Kanubp, B KayecTBe NMpequHcTO-
BOTO NPHHAT YeTHIpeXBaJKOBHIH KaaHOp, B KOTOPOM Ha GOKOBBIX
rpanAax packata ¢opmupyercsa Boruytocts 0,2 MM. B nepBom da-
COHHOM KaJjubpe (GOpPMHpYIOTCS Ha KpasxX MNOJOCH CBEPXY YTOJ-
menus, a cHusy dacku., KoHcTpykums nepsoro kanuGpa mno-
3BOJISIET IPUMEHATb UCXOAHBIE MOJKATbl KPYIJIOTO, NPSMOYTOJb-
HOTO WJIH OBaJIbHOTO CEYeHHH COOTBETCTBYIOLIMX pasMepoB.
C uesbio CUMMETPHYHOIO 3alOJHEHHA NepBOro Kajubpa npH wuc-
MOJNB30BAHHH KPYIVIBIX HJH OBAJbHBIX NORXKATOB BepXHHH pyuefl
HMeeT Iocpenune yraybsenre. PacueTHbe BHITSXKKY N0 X0Zy npo-
Katky cocrasastor 1,85; 1,65 u 1,12

Ilpu ucnbiTanuu KaJmGpOBKH NoJy4eH NpPogHU/Ib H3 KPYIJIOro
nojKara AHaMeTpoM 38 MM B COOTBETCTBHH C UEPTENKOM.

AHaJsu3 MpoKaTKH NokasaJ, YTO NpHMEHEeHHE YETBIPEXBATKOBO-
ro kanubpa B NpPeIYHCTOBOM MPOXOJAE MO3BOJAET HCMNOML30BATD
YHCTOBOH 32KpPBITHIH KajaKHOp ¢ YKJIOHOM OOKOBBIX CTeHOK 1—2 %,
B KOTOPOM KauyeCTBEHHO (POPMHPYIOTCS BCE ZJIEMEHTHl MpodHus.
Henocrarkom RaHHOM KanHOPOBKH ABJsAETCSt OLICTPLIH H3HOC Bep-
THKaJbHBIX BaJKOB B YETBIPEXBAJKOBOM Kajubpe us-3a GoJib-
IIHX 3aNJMaHHPOBAHHBIX OOXKATHH.

Bropoit Bapuant xaau6poBku (puc. 65, 6) pazpadoTaH H HCOk-
taH Ha npoMeiitesHom crade 300. Kanubporka npenycMaTpHBaer
yeThIpe (PACOHHBIX Ka/aubpa, H3 HUX NepBbie JBa — 3aKpPbIThIE,
TPETHH — [ONY3aKpPbITEIH U B OCHOBHOM MpPEJHA3HAUEH IJ15 KOHT-
pOJIA LWHPUHBI TOJOK, OKOHUATeNbHOE (OPMHPOBaHHE NPOdHIS
OCYLIECTBJISETCS B UEThIPEXBaJKOBOM Kanubpe. B uucToBOM Ka-
Jaubpe MPeAyCMOTPeHH He3HAuHTe/bHble 00:KATHA BEPTHKAJbHbBI-
MH BaJlKaMH, 4TO 00ecreyuBaeT CTOHKOCTh YHCTOBOTO KaiuGpa As
NPOKATKH Tpe6yeM0H napTuH npopHIIs.

[Tpu ucnbITaHUM KaJWOPOBKHM HabJI0al0Ch NepernoJHenue
HUKHUX Pa3beMOB YHCTOBOI'O YETHIPEXBAJKOBOIO Kaaubpa W He-
JOCTATOYHO® 3alOJHEHHE [10JI0K, KOTOPhlE HEBO3MOXHO OhLIO

yCTPaHHTb HACTPOHKOH KaJHOPOBKH, UTO CBHAETEBCTBYET O COXK-

HOCTH OBecrneyeHHss HeOOXOAHUMOIO 3arOJHEHHS YETbIPEXBAJKO-
BOTO Ka/JaHOpa KOPLITHOH (OpMbI C HHKHUMH pa3beMaMn Kanu6pa
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B 30He (acok npoduasa. B uesoM npokarka mnokasana, yTo npH-
MeHEeHHEe UeThIPEXBANKOBOIO Kaanbpa B YHUCTOBOM MPOXOJE IIO-
3BOJIAET [IPOKATHIBATH HH3KOKOPBITHLIH NPOQHIb C Hapasiessb-
HBIMH TpaHAMH (0JOK H 00ecreudBaeT BbICOKYIO TOYHOCTL raba-
PUTHBIX pasMepoB NMpopu.a.

Ha ocHoBaHWM aHa/u3a pe3yJibTaTOB HCMEITAHHS JABYX Ba-
pHAHTOB KanHOpPOBOK pa3paboTaHa KaaHOPOBKA TOpsAYeKaTaHoro
(hACOHHOTO MOAKATA NOBBILIEHHOHN TOYHOCTH (pHC. 65, 8), KoTOpasn
ripeiycMaTpHBaeT noaydyeHue npobuas 3a TPH (HACOHHLIX MPO-
xona. B nepsom paspesnom KaauOpe H3 MOJNOCH NPAMOYTOJMLHOIO
CeyeHHst MOJNYYAIOT UYEPHOBOH KOPLITHBIA NPOdH/Ib, BO BTOPOM
Kajqubpe YTOHsSETCH CTEHKAa C OKOHUATeJbHbIM (hOPMHDPOBAHMEM
thacok, a TakkKe KOHTPOJHpYyercs WIMPHHAZ NOJNOK. B uucToBoM
yeTHIPEeXBaJKOBOM KaJHOpe packar 00KHMaeTcsi Mo cTenke M 6o-
KOBBLIM TPaHfAM, OPH 5TOM TOPLBI NMOJOK H (hacku He 00XKHMaloTCs,
U TaK KaK 00KaTus HesHauuTedabHbl (1—1,5 MM), TO KOHburypa-
unsa (ackd, NpHOAHHAS B NPEAYHCTOBOM KajHOpe, NPaKTHUECKH
HE H3MeHdeTCs.

[IpuMeHeHHe yeThIPEXBAJKOBOIO Kajaubpa NpH NMPOKaTKe HU3-
KOKOPBITHOTO NPOhUJIA NO3BOMAET 3a TPH-UEThIpe MPOX0ojJa Nojay-
9aTh NPOQHUAIb MOBLILUEHHOH TOUHOCTH C MapaJ/ieIbHbIMH I'DaHsd-
MH II0JIOK, UTO COKpalllaeT B J(Ba pas3a YHCJO NIPOXOJOB NPH [0CHe-
AyIOLEeM BOJIOYEHHH M ofecrneyHBaeT CHHXKEHHE Ce6eCTOMMOCTH
usrorossenus npocuisn Ha 20 %.

YCTaHoBNEHO, YTO B UETHIPEXBAaNKOBOM KOpPLITOOOpAsHOM Ka-
nubpe yilupeHue MeTansla B HanpaBJdeHHH BEPXHHX H HHUKHHX
pa3beMOB pas3jqHyYHO, YTO BhHI3LIBAGT 3aTpyAHeHHs B (OpPMHDOBa-
HUH HEOOXOAMMBIX (acOK H JAOCTAaTOUYHO OCTPLIX YIJIOB MOJIOK NpO-
¢uns. [TosToMy npu npokaTKe KOPHITHBIX NPOGHIEH TTOBLIIIEHHOH
TOYHOCTH B KayeCTBE€ YHCTOBOTO KajHOpa MOXKHO HCIOJb30BATh
4eTbipeXBaiKoBblfi, HO NPUH 3TOM OKOHYATEJNbHOE (POPMHPOBAHHE
thacok npodu/IA BEINOJHATL B [IPEIYHCTOBOM Kaaubpe, /M MpH-
MEHATb B YHCTOBOM POXOJ€ 3aKPLITBIH JABYXBaJKOBBIH Kajau6p
C MaJbIMH BLIMYCKaMH, & B MPEIYUCTOBOM — UYE€ThIPEXBaJjKOBbIH
KaJauop.



NPOMUINDL ANA PAM ®UNLTPOB

Qaconnblit npobuab A48 paM (GUALTPOB HMEET acHMMEeTPHUHOE
ceueHHe ¢ ABYMS NPOROJbHBIMH asamu. OcoGeHHOCTAME NPOdHIs
ABJISIOTCS Pas/jiu4ie KOHQUTypanu# U pasMepoB MOJOK, a TaKke
HaJH4he KPHBOJHHEHHOH GOKOBOH noBepxHOCTH (puc. 66, a).
[Tpodunar npeaHasHaueH AJ1s1 H3TOTOBJMEHHS! paM (PUILTPYIOLUIHX

Horo mpoduss, Kotopas TpebGyetr NpUMEHEHHs NOoCaeaylomed Me-
XaHUYeCKOH 00paBoOTKH AJ5 [OJyYeHHsl HeOoOXOAMMOH TOUYHOCTH,
YTO NPHUBOAHUT K AONOJHHTEAbHOMY pacXojy MeTaslla H yBeJuye-
HHIO TPyJ03aTpar.

AHanus KoHgurypauuu rpodHas H CyLECTBYIoUWEH TexXHO-
JIOTHH nOJyueHHs Kartanoro npoguasa Ha crane 630/430 Jlenun-
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Puc. 66. [Tpoduae aas pam GHABTPOB:
a — OObI9HbIA; 6 — o6jaerdeHHbllt

3JIEMEHTOB H NPOH3BOAUTCA U3 HepxKapewwed cranu 12X 18HI0T
no ['OCT 5632—72. OcobeiM TpeGosanneM TY Ha HaHHBLIA mpo-
GWIb ABNSETCA TOYHOE BLINOJHEHHE 33JaHHON KPHBHS3HBI JIEBOH
6OKOBOH MOBEPXHOCTH.

CJ10XHOCTb NPO(HUIA H BEICOKHE TPEOGOBAHHS K TOUHOCTH GOpMb
H DasMepOB T'OTOBOTO H3JeaHsA 06YCAOBHIIH CAEAYIOLLYIO TEXHOJO-
THIO H3TOTOBJIEHMS: NoJydeHHe (paCOHHOro- KaTaHoro Mpothuas 3a
wecTb (QACOHHBIX NPOXOAOB ropsAvYelt U TPH NPOXola XOJMOIHOH
IPpOKATKH; (bpesepoBaHHe Ha KaTaHOM TNpoduJe NPoA0IbHBIX
nasos, a TakKKe ()IaHIEeBLIX JEMEHTOB,

K ocroBHbIM HejocTaTKaMm AeHCTBYIOWeH TEXHOJOTHH CJeny-
€T OTHECTH He3HAYHTEJbHYIO TOYHOCTb (OPMBI H pasMEPOB KaTa-
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Puc. 67. Kanubposka npopuan ans pam GuabTpos.

FPaACKOro 3aBoAa TYPOMHHBIX JOMATOK MOKasad, YTo TOUYHOCTh
(GOpMbl. KaTaHOrO MpodHaA MOXKHO [OBBICUTH MPH YCJAOBHH MPHU-
MEHEHHs 4eTbIpeXBajKOBOro KajaHuopa.

s npokaTky o6seryeHHoro npoduas MOBBILEHHOA TOUHOC-
TH 417 paM (HJALTPOB (cM. puc. 66, 6) paspaboraHa KaruGpoBKa
(puc. 67), npeaycMaTpHBAOUAa TOPAUYIO MPOKATKY NMPoduas B
Tpex (acoHHBIX Kaaubpax (/—38) M3 noaKara NMpPAMOYroJbHOrO
ceueHua. [as pocTHxkeHHA HeoOXOAHMOHR (GOpMbl KaTaHOro Mpo-
¢$ras YUCTOBOA (MPOXOA BHIMOJIHAECTCT B UYETHIPEXBAJKOBOM Ka-
Jaubpe, KOTOPbIA M03BOJMAET MOJNYYHTb OJHOBPEMEHHO 3aMaHHYIO
KpHBHU3HY GOKOBOH MOBEPXHOCTH W NOPOLOJbLHBIE Naskl HA NPO-
¢duse, a Takxke pe3KO COKPATHTb YHCAO (DACOHHBLIX KaJHGPOB.

Kanu6poBka mpoeKTHpoBajach NPOTHB X014 MpoKaTku. Tax
KaK K OOKOBBIM MOBEPXHOCTAM TPODHAR NPENBABANIOTCS MKeECT-
KHe Tpe6OBaHHA, TO Pas3bheMbl UHCTOBOTrO KajiHOpa pacnosarawrcs
B MeCTax PajHycOB CKDYIVIEHH# YIVIOB (iaHLEeB NpopUIsA, UMEIO-
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mux cBoGomHbii gornyck. dopma U pasMepsl MpeAYHCTOBOrO Ka-
Jaubpa paccuMTaHbl HCXOLA W3 MPHUHLMIA PaBHOMepHLIX Aedopma-
LHMH 10 LIHPHHE MOJOCH B YHCTOBOM YeTHIPeXBAJKOBOM Kanubpe.
Jsist yMenblUeHUs YCUIUSA HAa BePTHKAbHbIE BaJlKH, a TaKKe obec-
neyeHHs HaJeXHOro 3aXBaTa B UETHLIPEXBAJIKOBOM KaJjaubpe o00-
JKaTHE HENpPHBOJHBIMY BEPTHKAJbHBIMH BaJKaMH NPHHATO MEHb-
wum (1/m, = [,05) no cpaBHeHHIO C 06XaTHEM MNPHBOAHBIMH
ropusodTaibieiMi Bajkamu (1/m, = 1,15). Tlocae . ananusa pac-
CUMTAHHON KOH(QHUTYpAaLHH CeUeHHS NPejuuCcTOBOTO packara Ghulo
pelleHo HCI0Ab30BaTh NPeNUHCTOBOH Kaaubp OTKPBITOrO THOA,
KOTOpbIA M03BOJIAET 3ajaBaTb B YHCTOBOH KasHOD NOJIOCH pa3-
JIHYHOH IIHPHHBL M BBICOTHI M TeM CaMmblM DEryJHpOBaTh €ro 3a-
nosHende. [lepBblfi Kanu6p no xody NPOKATKH ABJseETCs pas-
pesubiM. B HMxHEN W BepxHeN 4acTaAX ero npenycMOTPEHbl Bpesbl
JUISl OpeABAPUTEIbHOrO (OPMHPOBAHHA (JIaHLEBBIX 3JEMEHTOB
npodusa. [ HafZeKHOTO pacnpefeseHus MeTalIa Mo 3JIeMeHTaM
aCUMMeTpHYHOro npoduas nepBbldl KaaHOp OPHHSAJIH 8aKPbITHIM,
a peryJupoBaTh 3alo/HEHHe Kalubpa MEeTalJoM npeayCcMOTPEeHO
H3MEHEHHEM pAasMEepoB 3aJaBaeMOro NOZKaTa. YIIHpenne Me-
Tanjga OpH NPOKATKe paccyuThiBadoch 1o cdopmydae Baxruno-
Ba B. I1., KoathhuHeHT CTeCHEHUA A/15 3aKPBITOTO KajgHbpa NPHUHH-
MaJcs paBHbM 0,7, IPH 5TOM YLIHDEHHE PAaCCUUTRIBAJIOCH I10 Cpefl-
HeMy (MpUBEJEHHOMY) 00XKaTHIO.

Wcnbitanne paspaboTaHHON KanuOpPOBKH NPOBEAEHO Ha MOAY-
npowmbiieHHoM crade 300. MlcxXonHble 3aroTOBKH HarpeBaJji B Ka-
MepHOIl ameKrpudeckofl neun no 1100 —1130°.

UucropoH 4eThipeXBaNKOBbIH Kanubp pacnonaraid B Geccra-

HHHHOH MpefBapHTENbHO HaNpPsMEHHOH YeTbIDeXBaJKOBOH KJETH
300 koucTpyKuuu JIHENpOA3ePKUHCKOTO UHAYCTPUAABHOIO HHC-
turyTa.” Kanu6p ofpasoBaH AByMsl MPHBOAHBIMH TOPHU30HTAJb-
HbIMH BanKaMmu guametrpoM 300 MM H ABYMA HENPHBOAHLIMH BEPTH-
KalbHbIMM Bajkamu jauamerpoMm 125 mm. OcoBeHHOCTbIO AaHHOH
KJIETH SIBJAETCS BO3MOXMHOCTb Pery/JHPOBKH BEPTHKAJbLHBLIX BaJl-
KOB KaK B PajyaibHOoM, TAK W OCEBOM HAMPABACHUAX.

[Tpu ucnbiTaHud KaIUOPOBKH NMpoduas (cM. puc. 67) npume-
HAJM HCXOJHBIE NOJKaThl ¢ pasmepamu 58 X 30, 60 X 30 n 60 X
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x 32 mm. [Ipu npoxarxe u3 noaxaros 58 X 30 mMm HabM0AaIOCH
HezanoJHeHHe KaJaubpoB, a u3 noakara 60 X 32 mm nepsblil Ka-
JIUOD MepenosHs/ICS Mo OTKPLITHIM (PIAHUAM UM HE 3alOJHAJICA M0
3aKpPbITBIM, YTO OOBSCHAETCS 3alleMJeHHeM [0JKATa B 3aKPbITOH
yactu Kanubpa. [lpn npokaTke u3 moakaros 60 X 30 mM Bo
BTOpPOM KasnuOpe TPOMCXOAUJO HEMOJHOE 3anoJHeHue Kaaubpa
10 BBICOTE M3-32 YTS>KKH (DIAHUEBBIX SJEMEHTOB, HO NPH yBEeJIH-
YEHHH TOJILHHBI CTEHKY NPOHIAA K3 MPEeAYHCTOBOro Kanubpa Ha
| MM o cpaBHeHHIO ¢ KaaHGPOBKOH ObLJIO 0y YEHO 3aMJIaHHPOBAH-
HOe 3anoJHeHHe (J1aHUEBBIX 3JEMEHTOB UHCTOBOIO YETHLIPEXBaJl-
KOBOrO Kaaubpa u ropsuyekataHnid Npodusib COOTBETCTBOBAM Yep-
Texy (cM. puc. 66, 6). ‘

PaspaforanHas cxeMa KaJHOPOBKH [IO3BOJNAET NMPOKATHIBATDL
npouan, noAo6Hble NPOobUAAM IaA paM GUILTPOB, 3a TPH (PacoH-
HbIX [POXOAa, a Takxke JIErKO pelyJUpPOBaTh pAa3Mepbl I0JOC,
HEOOXOAUMBIX AN TOJAHOTO 3aMOJHEHHA YMCTOBOrO UETHIPeXBal-
KOBOro Kamuopa.

[ToBbileHHe TOYHOCTH GOPMBI KAaTaHOTO NPOpHIA NO3BOJSAET
COKpaTUThb PAacxoj MeTajja NPH INocaelyloiled MexXaHHueCKoH
obpadotke Ha 13 % W yMmeHplluTh TPYHO3aTpaThHl B ABAa pasa.

DACOHHbLIE NMPO®UJIK C NMPOJONBbHLIMK MNA3AMHU

B Uensn6unckom HHMHMM Ha sKcnepuMeHTAIbHOM NPOKATHOM
crate 250/105 X 350 ocsoena [29; 30] npokarka HOBBIX 5KOHO-
MHUYHBIX FOpAYEKATAHBIX MPOGUIel [/ H3TOTOBJIEHHS NOBEPOU-
Helx npusm [1I1-1-00.001 u [11-2-000.02 no ['OCT 5641—66.

o pa3paBoTKH HOBOH TEXHOJOIMH MOBEPOUHbIE NPH3Mbl H3-

“TOTOBJAJIM M3 nojoc craau X 15, nomydaemblx KOBKOH H3 3a-

TOTOBKH KpYTJoro ceueHus. [Ipy 3TOM Ma/qonpoH3BOAMTENbHASA
¥ TPYAOEMKAA onepauus KOBKH He ofecreyHBasa CTabHAbHOCTH
HCXOMHLIX MOJOC, NMPUBOAMJIA K 06Pa30BAHMI0 HEONHOPOAHOCTH
TBEPAOCTH MeTan/aa, KOTopash B HEKOTODPBIX CJAy4asX He yCTpaHs-
JlaCh TeDMHUECKOH 06paboTKo#. DTO BLI3BIBANO 3aTPYLHEHHUS NpH
CBEpJICHHH OTBEePCTHH M [OBBIIUEHHbIA Opak no 3Tof omepauuH.
Kospduunedt Hcnonb3oBaHHWs MeTajsa NPH BLINYCKE H3Jeuil
H3 KOBaHBIX noJjioc cocrasista 0,22,
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Jlodkam 55x55mm

Nodkam 50x40 mu
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Puc. €8. Kanu6posxa npopuas [[1-1 B AByXBanKOBbIX (g
Hen
UETHIPeXBAJIKOBLIX (6) KaqHOPOB. g @ pieiEihen

HpI/IMeHeHlfe ropA4YeKaraHoro ¢GacoHHOro npoduas B Kaue-
CTBE HCXOAHOH 3arOTOBKH MO3BOJSET HE TOJbKO HCKJIOYHTL Ore-
pauulo KOBKH, HO H [OBBICHTb CKOPOCTH DPE34HHS H YBeNHUHTD
KOI(OUUMEHT HCMOIL30BAHMST MeTaJla.

Hosptit npoduse auis npuamer [111-1 COOTBETCTBYET MO POpMe ro-
TOBOMY H3AEJHIO C HEOGXOAHMBIMH NPHIYCKAMH Ha MEXAHHYECKYIO
obpadorky. KamnGposxa npoduas (puc. 68, a) BKJUaeT cemb
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npoxofos (/—7). B KauecTBe HCXOMHOH 3arOTOBKH [IPH NPOKATKeE
NpOQHUIS HCIONL30BAMH KBaAPaT co CTOpoHoH 55 MM. Kanu6psi
OblTH Hape3aHbl Ha CTajdbHBIX Bajgkax (ctanmp 60XH) nnamerpom
260 MM.

K ocobenHoctsim paspaGoraHHOH KaJnOPOBKH ClelyeT OTHeC-
TH CJepyoUHe:

1. Ilpumenenue asyX paspes3HbiXx KaqudpoB NoApaAn (Kaaub-
pyl 2 1 3) nosBoJjisier oKOHYATEAbHO (GOPMHpPOBaThL (aHLbl, o6pa-
3yloLLHe MpUsMaTHYeCKHEe nasbl; AJA8 HCKJIOYEHHA NepenojiHeHHA
B Kasu6pe 3 B [1epBOM NPOXOJE OCYULECTBJAIN NpPeBapUTE/bHbIH
NEPEKHM [OJOCHL.

2. H3-3a HEBO3MOXKHOCTH TOUHOIO OMNpejeJeHusl YIIHPEeHU:
npodu/Is WHPUHA N0 AHY KaJubpa 3ajaeTcsi paBHOH LIMPHUHE (BBL-
COT€) mpeAblAyllero npouis, yBeNHUeHHOH Ha [—4 MMm.

3. UacTb 31eMeHTOB KOHTypa OKOHYaTeNbHO (opMHpyeTcs
B NPEAUYUCTOBOM KasnHbpe, a 4aCcTb — B YHCTOBOM, UTO OCJIOXHSIET
NPOEKTHPOBAHHE KAJIHGPOBKH M HACTPOHKY CTaHa.

Anasornuno xanuoposke npoguas [1I1-1 selnosnnena n Kanuo-
poBKa npoduas kopnyca npuamst [111-2.

ITpumerenne ropauexkarannix npoguiaest II1-1 u [1I1-2 nosgo-
JISeT YBEJHUHUTL NPOH3BOAUTEBHOCT TPYAA Ha 15 %, a Kosthdpu-
LIMEeHT HCNOJb30BaHusA Mmeranna B 2,1 u 1,49 pasa coorBeTcTBeHHO.

B To xe Bpems npensnoxeHHass kaaubposka npodunei HII-1 u
[11-2 B nBYXBanKOBbIX KaJauOpax UMeeT Psij CYLIEeCTBEHHLIX He-
JIOCTAaTKOB, H3 KOTOPbIX OCHOBHBIM SIBJIAETCST GOAbIIOE KOJHUUECTBO
dacoHHBX Kaaubpos. Kpome TOro, HeoOGXoaMMbl 00f3aTeNbHbIE
KaHTOBKH IIOYTH [10CJe Ka)K[IOro mpoxona. .

Ha puc. 68, 6 npusenena Kanubposka npopuaa uig xKopnyca
npusmsl IIll-1 ¢ npuMeHeHHeM UYHCTOBOrO YeTHIPEXBAJKOBOTO
kann6pa. Ilpopuss ocBauBasics Ha NOJYNPOMBIUIJIEHHOM CTaHe
300 duenponsepHHCKOTO HHAYCTPHANbHOTO HHCTHTyTA. Mexon-
Had 3aroToBKa HMeer npsMoyrospHoe cedenue 50 X 40 mm. Ko-
JIM4ecTBO (haCOHHBIX KadUuGpOB yMeHblUeHO ¢ ceMHu o Tpex. [lpo-
UL COOTBETCTBYET TEXHUMECKHM YCJOBHAM.

Hpyrum npumepom 3(hpeKTHBHOCTH NPHMEHEHWS YeThIpeXBaJi-
KOBBbIX KasJuOpOB MpU MNpoKaTKe NOpopHaeH € NPOAOJAbHBLIMH
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Pac. 69. Kanu6posku npoduaeit ¢ NPOAQJbHBIMH Na3amu,

na3aMH fIBJfeTcs MpPoKaTKa HOBOTO 3KOHOMHYHOIO MpPOHIA
«Hampasaswowasny (puc. 69, 6), HeOGXOAMMOTO PH U3FOTOBJEHHH
YCTaHOBKH AJISl PE3KHW apMaTypHOH CTasH.

@acouHbld npohub «HANPaBJASoNIaA» M0 GopMe MONEPEUHOro
ceyeHHs NPUOMHIKAETCS K «MaJNbTUACKOMY» KPECTy H OMHCLIBAeTCs
OKPYXKHOCTbIO auamerpoM 45 mm. IIpodHsp HMeeT ueThipe Npo-
JOJIbHBIX pajHajbHbIX N1a3a, pacnoaoxeHHBX Yepe3 90°, u oT-
HOCHTCAA K BOCBMOH rpynme cJIOXKHOCTH. [laskl B HHKHeH yacTu
BBIMOJIHEHH! [0 PaAMyCy, & PaHH HAKJOHEHBl K BepTHKaNH IO
yraoM 5°.

[Tpu npokatke npodusedl ¢ NpoaoJbHLEIMH Na3aMK C YeTbIpex
CTOPOH BO3HHMKAIOT 3HAYMTEJbHbIE 3aTPYAHEHHUH, TAK KaK I[OCje
KAHTOBKH H NOCJeNYIoIero o6:KaTHsl packaTta B OOGLIYHOM (IBYX-
BaJKOBOM) KasuOpe GOKOBbiE KOHTYPHI Ma30B HE KOHTPOJHDY-
IOTC BAJKaMu, B DE3yJbTaTe OHH H3MEHSIOT (ODMY H pasMephl,
roJIy4eHHBle B npefbaylieM Kanu6pe. Ilostomy npH mpokaTke
aHAJNIOTWYHBIX Mpopuaed I AOCTHXKEHHS HeoGXOIUMOH TOY-
HOCTY MPUMEHSIOT OT MATH JO AEBATH (PACOHHBIX MPOXOIOB ¢ He-
60bUWIHMH OGKATHAMH.

PaspaGorana Kanu6poBka, npelyCMaTpHBaIOLIas MNOJyYEHHE
npoduas 3a Tpu (GacoHHLIX NPOX0La U3 ncxom—xoro nojgxara Kpyr-
JIOro ceueHus (puc. 69, 6).

OcobeHHoCTbI0 KaNUOPOBKY ABAAETCA IPHMEHEHHE YHUCTO-
BOTO UETHIPEXBAJKOBOTr0 KaJjubpa, B KOTOPOM NpeABapHTEIbHO
cpopMHpPOBaHHAA I10/10CA OZHOBPEMEHHO OGXKHMAETCH IO BCEMY
nepuMerpy. YHCTOBOH Ka/au6p pacronaraji B UeThIPEXBAJKOBOH
kjetd 300 KoHcTpyKuuu [lHenpon3epKHHCKOrO HHAYCTPHAJILHOTO
HHCTHTYTA, MNO3BOMAWLUEH Pery.JTHpoBaTh BEPTHKAJbHLEIE BalKH
KaK B paJHa/NbHOM, TaK ¥ B OCEBOM HANpAaBJIEHHAX.

B pesysbraTe NpoBeEHHS OMBITHOH NPOKATKH YCTAHOBJIEHO,
YTO AJIS1 NOJYYEHHdA FOTOBOro NpPOgU/IsS B COOTBETCTBHHU C TEXHH-
YECKHM YCJIOBHEM TPeOYIOTCS (haCOHHBIE MOLKATHI C IPEUHCTOBOrO
Kannbpa CIeAyIHX PasMepoB, MM: Beicota noJ cel 41,1—41,5,
wHpuna 42,4—42.8, romuuHa weidky — 23,2—23,6 W 1uMpHHA
KaHaBKW aast riaybGoxoro .nasa — 16,2—16,4. OnTHMabHbLIM
MOAKATOM, 3ajaBaeMblM B NepBulfl (acoHHBIE Kanubp, fABAfeTcs
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Kpyr amamerpom 47 mM. Kos(phuiUeHTh BLITSKKH [0 NPOXOHaM
1,27; 1,18 u 1,3.

Paspatorannas xaiuGpoBKa MoxKeT ObiTb NPUMEHEHA Ha cTa-
HaX, O00OPyIOBaHHBIX KAaCCETAMH C HENMPHUBOAHBIMH BEPTHKAJbHBEIMH
BaJKaMH HJH 4ETbIPEXBAJIKOBHIMH KJeTAMU. [lpumeHenue npo-
(U NO3BOJIAET YMEHBUIUTE pacxoa MeTasna Ha 36 %.

Haist cpaBHenus Ha puc. 69, a npusenena kKanu6posKa npohust
C MPOJOJbHEIMH Na3aMH, KOTOPBIH N0 popMe aHa 0T HUEH MPODHIIO
«HANpasJsoWasy. 10T NPodu/b C NPOACTbHLIMH Na3aMH OCBOEH
Ha 3KCMepPUMEHTalbHOM MpokaTHoM cTaHe 250/105 X 350 Yens-
6unckoro HUMM. [IpokaTka oCyuiecTBASETCS B [BYXBaJKOBBIX
Kanmubpax sa 1eBATH (PACOHHBIX TPOXOAOB H IIpelyCcMaTpUBAET
BOCEMb KAHTOBOK.

NMPOdUINbL ABOAKOBOTHYTON b OPMbI

CHUMMETPHUHBIA NPO(pUAb ABOAKOBOIHYTOR (OPMBI 117 Celb-
CKOXO351 ICTBEHHOTO MallvHOCTpoeHus (puc. 70) o6pa3oBan AByMs
JgyraMu R = 115 MM B Be" TMKaJbHOI MJOCKOCTH H ABYMS MOJY-
KPYLJBIMH yIaAy6/eHuaMu no 6oko viM rpanam. [Ipoduab usro-
tasinBaercs w3 craad 20 no [OCT 1050—74 w nocraBasercs
B HArapTOBaHHOM cocTosi MM, [lOB'PXHOCTb €ro J04XKHA
COOTBETCTBOBAaTh 4-My KJsaccy TtouHoctd rpynnel B no OCT
1051—73.

[Ipocuab moxkeT OBITH MOJYyYEH [0 CJCAYIOUIUM TEXHOJOrH-
yeCKUM CXeMaM.

Cxema 1. Topayas npokaTka ¢acOHHOTO MOAKAaTa B ABYXBaJ-
KOBBIX Kanufpax C MOCJACAYIOUIHM BOJIOYEHHEM Ha FOTOBBIH Mpo-
¢huJIb 3a TPH-YETHIPE NPOXOJa.

OCHOBHBEIMH HEAOCTATKAMH 3TOH TEXHOJOTHYECKOH CXeMbl §B-
JASIOTCS: HEOOXOAUMOCTb HECKOJbKHUX NPOXONOB NPH BOJOUEHHH
BCJIEACTBHE OTCYTCTBHA YrJy6JeHHll Ha GOKOBBIX TpaHsIX MpoO-
GWAR U Manof TOMUIMHLL CPeAHEH YacTH NPOMUIIA; CIOXKHOCTD W3-
rOTOBJIEHHS (PACOHHBIX BOJIOK BBICOKOH TOYHOCTH M3-32 OOJIbIIOH
UX WHPHHLL U GOJBILOrO OTHOMICHHS WHUPHHBLI K BbICOTE NDPOdU-
JisT; HeOOXOAUMOCTb OCTPEHHR TNepel BOJIOUEHHeM MepejHUX KOH-
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LCB 00JICC, LTO 5 BASIeTCA NOBOJbHO TPYIOEGMKOH M CJIOXKHOH Ore-
pauues. - .

Cxema 2. Topsiuaa npokarka (pacoHHOrO MOAKATA MOBBILIECHHOH
TOYHOCTH € HCMOJIL30BaHWEM B YHCTOBOM IPOXOJie YeThlPEXBAJIKO-
BCTO Kannbpa W BOJOYEHHE rOpsiyeKartaHoro ¢(acoHHOrO MOAKATa
Ha roTOBBIAl MPOGHIb 34 OJUH MPOXOL.

D7a cxema COKPALIaeT YUCJIO MPOXOAOE NPH BOJOUCHUM 33
cteT mpuGHKeHHs (GOpMbl FOPSYEKaTaHoro TMoAKara K Qopme

’ =]
4 1 < 1
< hEY —
s A=

}
/

% 1045
145’

25 - = Puc. 70. KanuGporka npoduiis 1BOTKO-
= BOTHYTOH (OpMBbI L/ CeIbCKOXO03AMHCT-
5 & ] BEHHOTO MalHHOCTPOEHHS.

roToBOro NpodH/Ist, HO He YCTPaHAST OCHOBHOrO HEAOCTATKA —
CAOYKHOCTH W3rOTOBJEHUSA (HACOHHBIX BOJIOK BBICOKOH TOWHOCTH
W OCTPEHHs KOHLOB [10J0C. .

Cxema 3. Topsiuad npokarka HacOHHOrO NOJAKATA NOBHIIIEHHOH
TOYHOCTH C HCNOJb30BAHHEM B YHCTOBOM NMPOXOXE UETBIPEXBAJl O
BOrO Kaau6pa c nocjefyolei XomM0AHOH NPOKATKOMH 38 OAMH MPO-
XOJ B 4eTHIPEXBAJKOBOM KasauOpe.

Texnojoruueckass cxema 3 YCTPaHSET OCHOBHBIC HENOCTATKH
cxeM | H 2, Tak KaK He TpeGyeTcsl H3rOTaBJHBAaTh CJOKHbIE a-
COHHBIE BOJIOKH BBICOKOH TouHOCTH. KpOMe TOro, yBeJIHUHBAETCS
NPOU3BOAHTEJILHOCTD H YMEHBIIACTCS Pacxoj MeTanna. Hexoto-
PHIM HEIOCTATKOM CXeMbl CJIelyeT CUMTaTh CHHXKEHHE TOYHOCTH
Y BO3MOMKHOCTh OTCYTCTBHs O0KaTHR B pasbemax Kanubpa mnpu
XOJIOLHOH NpoKaTKe.
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Taxum o6paszom, HanGosiee paunoHaNbHON siBJsieTCs cxema 3,
KOTOpast ¥ 6pl/1a IPHHATA AJI POU3BOACTBA MPOGHIS NBOSKOBOT-
HYTO# (O™ Mbl Ha NOJIYIPOMBILL-

Zg /N3 nennom crane 300.
4z . L\ . PaspaGoTanHas KanuGpog-
38 /[ 1\ Ka [pefyCcMaTPHBAaeT MOJyye-
2 iRy HHE rOpAYEKaTaHOro MOJAKAaTa
5 L1 ' 3a yeTblpe NpPOXOAa H3 3aro-
)7 N\ TOBKH KPYIJIOrO cedeHuss Aaua-
%6 7/ \ metpom. 65 mm. TIpu npoekTu-
22 v, pPOBAHHH KaNUGPOBKH CTPEMH-
18 g 7 JIUCh K TOMY, 4TOGBI HepaBHO-
14 j \]\'I/ L] <| MepHasa nedopmanus oCcyllecTs-

! ' 5
e 0 5 0 2 Ew °\/1Ch B OCHOBHOM B NepBHX

Puc. 71. Pacnpenenenne xoahduiu- 1O XORy MPOKATKH KaluGpax
entos ofkatus B kanuGpax / (kpu- 1 H 2. Pacrmpelenenue Kosg-
Bast 2), 2 (kpuBast 3) u 4 (kpusas /). (PHUUEHTOB 0O6XKaTHA B Ka-
aubpax /1, 2 u 4 npuBefeHo Ha
puc.71. ‘

Jlna vcesienoBaHus 3amoJIHeHUsT METANIIOM KaJduGpOB HCnoJib-
"30BAJIUCH 3aTOTOBKH KPYIJIQro ceyenus 11aMeTpom ot 49 jio 65 mu.
[Ipu o6:xatuu 3arotoBku AHamMeTpoM 49 mm B Kanubpe [ Gpiia no-
JIly4eHa MoJioca npaMOyroJbHoro ceueHust 66 X 22 mm. I[Tpu max-
CHUMaNbHOM 06:KaTHH 27 MM yulupenue cocTaBwio 17 mm, a xo-
sppUUHMEHT BLITsKKH — [,36. B kanubpe 2 uwMpHHa 00JOCH
yBelnyuBaercsa A0 85,6 MM, UTO 3HAUMTENBHO MEHbIlle PACUETHOH,
Kotopasl RoJIKHa ObITh paBHO# 100 MM.

ITpu ucnonb30BaHNnY 3aroTOBKYM AMaMeETPOM DD MM no TO ke
CXeMe LIMPHHA NOJIock B KaJuubpe 2 coctaBnaseT 94,8 mM, uTo
Takxe HenocratouyHo. [lostomy B xone AanbHeHIunx uccenosa-
HHMH HCMOJIb30BANHCh 3aTOTOBKH AuaMeTpom 62 u 65 mw.

Ilpu npoxaTtke u3 3aroToBKH nuameTpom 63 MM B KaauGpe 1
nosydesa noJjioca cedenuem 20 X 82,5 mm. KosdduilHeHT BbI-
Tk — 1,83, [Tocs1e kanubpa 2 wupuHa NoJoCk yBeAUYNBAET S
no 99,7 mm. OnHAKO HpH 5TOM HEJ0CTaTOYHO XOPOILO 3aNOJHHA-
IOTCA YIJbl NpOgHIL. :
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TIpu ucrnosb30BaHHM 3aroTOBKM Auamerpom 65 MM nocJe Ka-
aubpa / nosyyen packart ceyenuem 20,2 X 91,8 mm. Koadduuuenrt
BuITsKE — 1,91, B kanubpe 2 gabmonanock xopouiee 3anoJHe-
Hye, yto ofecrneyuBasno B JajdbHeHIleM MOJyueHHe ropsiueKara-
HOTO MOJKATa 3aJlaHHBEIX Pa3MepoB.

Ha ocHOBauHu npoBeleHHBIX HCCJENOBAHUH MOXKHO CHeNaThb
CJIeYIOlHe BHIBOJBI:

1. IlpokaTka ABOSIKOBOTHYTOrO Npou/si H3 3arOTOBKH AHa-
meTpoM MeHee 60 MM GBJseTCs HewLeseco06pasHON BCJEACTBHE
HEZOCTATOYHOH LIHPHHBI MOJOCH yKe B KaJjaubpax I u 2.

2. I'lpu npokarke U3 3aroTOBKH AuameTpoM 62 MM Habsrofaercs
He3aroJiHeHue yriop B kaaucpax 2 u §. 'opsauekaranwiii nopxar
nocsie Kanubpa 4 uMeer HeJOCTATOYHYIO OOLLYIO WIHPHHY M Bbl-
COTY KpaiHUX vacTell npoguad.

3. [Ipw nmpokaTke W3 3aroTOBKH AHaMETPOM 65 MM UMEET MECTO
YIOBJIETBOPUTENBHOE 3anoJHeHHe KajJuGpoB W pasMephl ropsuie-
KaTaHoro MoJKaTa COOTBETCTBYIOT 3aJaHHbBIM.

4. JIna nosydeHus NOAKATa ¢ OAMHAKOBBIMH TOJMMIMHaAMU GO-
KOBBIX YacTell Heo6XOMMMO OOeCHeyHTb CHMMETPHUHYIO 3anauy
NOJIOCH B Kanubp 2, 4yto MoxeT ObThb JOCTHUIHYTO 3a CueT mpa-
BHJIbHOH YCTaHOBKH BBOJHOH BaJKOBOH apmarTyphl.

nPodMns, AN ABEPHOW NET/IY ABTOMOBMIY

[To mpoexTy 3anopo:ckoro aBrodasoia «KommyHap» rotoByio
JIeTajlb HEMOJBHXKHOTO 3BeHa ABEPHO METJIH HOBOrO aBTOMOGHJIS
3A3-1102 (puc. 72, a) 661710 3aNIaHHPOBAHO H3rOTABJIHBATD LUTAM-
NOBKOH U3 nojocoBoro npokara 14 X 20 MM ¢ nOCHeRYIOUIHM
ynajgeHHem 0671051 0 06pabOTKOH MOKOBOK MPOTSXKKOH.

OtpacneBofi jaGoparopyell npokaTku [lHenpoazep:KHHCKOrO
MHIYCTPHANIBHOrO HHCTHTYTA pa3paloTaH u NpeoxkeH hacoOHHLIHA
npoduap npokara, no Gopme ¥ pasMepam TOMEPEYHOro CeyeHwus
(puc. 72, 6) MakCHMaJbHO NPHOMMKAOLIHEACA K TOTOBOH JeTasny.
[1podunas umeer [1-06pasHoe ceyeHHe C BBICOKHMH MacCCHBHBIMH
NOJIKaMH W TOHKOH CTeHKOf, waroraBiusaercs u3 craiu 20 no
I'OCT 1050—74 n noctapnasieTci B HarapTOBaHHOM COCTOSTHHH
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€ YHCTOTOH TNOBEePXHOCTH 1O 4-My kJjaccy (rpynma B, ['OCT
1051—73).

[IpumeHeHHe TPEATOKEHHOTO MPOPHUJIA A5 U3TOTOBJICHUS JeTa-
JIH HEMOJBHXKHOIO 3BEHa MO CPABHEHMIO C MPOEKTHOH TEeXHOJO-
rued yMeHblIaeT Pacxoji MeTasJia B 1,4 pasa M cokpaillaeT YUCJIO
TEXHOJIOTHUECKHX Olepaldil B JBa pasa.

Hasnuune y npodu/sa BHICOKHX MacCHBHE{X MOJIOK C Mapajiiefb-
HBEIMH FPaHfAMH CPABHHUTEJILHO TOHKOH CTEHKH, a Takke GOKOBBLIX

Jare?

R3mar 6579 75
"
2| o ‘g “
> S
S g I
<+

Puc. 72. FotoBas netanb (a) u npoduab (6) At ABepHOH NeTan
aBTOMOGHJIA.

BBICTYIIOB CO3J14€T OnpejeseHHble TPYAHOCTH [P MPOKAaTKe 3a
MaJoe YMCJI0 MPOXOMAOB.

Jlis nosydeHMs JAHHOrO npou/as MOBBHILIEHHOH TOUHOCTH
B YCJOBHAX YeTHIPEXKJ/ETEBOro HenpepbiBHOro craHa 300 Uepe-
MOBEUKOrO CTaJeNnpoKaTHOrO 3aBoja paspaboTaHa TeXHOJO-
rusl, BKJIOYapoLlash ropsiuylo MpoKaTKy (acOHHOTO MOAKATa 3a
yeTbIpe IIPOXOAA € MNOCJAEAYIOLEH ero XOJOLHOH MPOKaTKOH B
YeTHIPEXBAJNKOBBIX Kanubpax Ha TOTOBBEI Npodguab 3a OLMH
POXOJL.

OTnuyutensHOl OCOGEHHOCTBIO BEIOJHEHHON KalHOPOBKH
(prc. 73) siBAACTCS MCTMOJb30OBAHNWE WCXOAHOH 3arOTOBKH Kpyr-
JIOTO CeYeHWs U NPHMEHEHHe YeThbIpeXBa/JKOBLIX KaJUOpPOB Kak
npu ropsiueli (kaaubp $), TaK ¥ 0Py XoJOLHOH (Kaaubp 5) mnpo-
KaTKe.

Ilo paspabortaHHOfi KasuOpOBKe B NePBbIX ABYX Kajubpax
1/BEJIJIEPHOTO THNA H3 HCXO/JHOM 3ar0TOBKH JHaMeTpoM 36 MM dop-
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MHpyeTcs yepHOBOH [1-06pasHblit packaT ¢ OTOrHYTHIMM NOJ YT-
aoM 20° moskamu. 3areM packar [0CTyNaeT B NPeAuYHCTOBOH ye-
ThHIPEXBAJKOBbIH KaJHOP, TAe BBHIMOJHAETCA NMOArHOGKA U 06KaTHe
I0JIOK 110 TOJUIHHE, A TaKKe YTOHEHHE CTEHKH W (OPMHpPOBAHHE
GOKOBBIX BLICTYNOB. [119 06pa30BaHUsI BBICTYNOB HIXKHHE YTJIbl
YeTHIPEXBAJKOBOTO Kanubpa & UMEIOT CleUHabHBIA NpocTop A4
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w® L \4 !’Z -« 6 9 Puc. 73. Kanu6poska

3 NN npobuns A8 Hemoi-

2 0| 6 _|10 =+ BHXHOTO 3B€HA JBEpPHOH
neTiH aBToMobus.

YIIMPEHHA MeTalla, KOTODPHIH 3anoJiHsAeTCs NMpH  OOKATHH mac-
CHBHBIX YrJOB packara, nocTynawowero U3 kanuépa 2,

Tpebyemas BrCOTA GOKOBBIX BEICTYIOB JOCTHra€TCsl H3MEHe-
HHEM TOJIIVHEL CTEHKH 3a1aBaeMoro packara.

Uncroso# Kaanbp 4 ropsiueii NpOKATKH NpeAHa3HauYeH TOJb-
KO JUIS KOHTPOJIS BBLICOTbI [10JIOK, M MO3TOMYy OOXaTHEe MO CTeH-
Ke poduJIst He TpelycMaTpHBaeTcs.

[lonyueHHsl#i ropsuexkaTadblli NOAKAT MOCJe TPaBJEHHS U
U3BECTKOBAHMA NOCTYMAaeT Ha CTaH XOJ0AHOH NPOKATKH, TlIe IpoKa-
THIBAETCSl 32 OJMH TPOXOA B YeTHIPEXBAJKOBOM Kanubpe ¢ adco-
JIOTHBIM OGxaTuem 0,5 MM CO CTOPOHHI KaxKAOTO BaJKa, yto obec-
neyusaer (pOPMHPOBAHHE T[OTOBOTO MNPOMUIA MNOBBILIEHHON TOY-
HOCTH U C HEOOXOAHMMOH YMCTOTOH MNOBEPXHOCTH.
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