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MPEAUCNIOBUE

B OcHOBHBLIX HAMPABJEHHSIX SKOHOMHYECKOrO H COLHAJNBHOTO pPa3BH-
T CCCP wua 1986—1990 romer u# Ha mepuofg Ao 2000 roxa nepeg
MeTaJJypraMy rocTaB/leHa 3ajaya MNOoJHATb TEXHHYECKHH YPOBEHD
OTpAac/H, MOBLICHTL KauecTBO Metana. JIJis 3Toro HeoGXoLHMO aKTHB-
Hee O0HOB/ATL VeTapeBliHe OCHOBHble (OHIB, BHEAPATHL [IPOTPECCHB-
Hble TeXHOJOTHH W 000pyJoBaHHe, COBEPIIEHCTBOBATb CTPYKTYPY
nponaBoAcTBa. ChejyeT HapallliBaTb BLIMYCK MAalWH M Arperartos,
ofecrieydBalOUHX KOPEHHOE TeXHHUECKOE NepeBoopy:keHHe GA30BhLIX
oTpacyel THKeJ0H HHALYCTPHHU, NepedTH OT NPOH3BOACTBA OTAEJNbHbLIX
MallHH B OCHOBHOM K CO3/JdHHIO TEXHOJOrHYECKHX JHHMH U KOMILJIEK-
COB C BLICOKOH CTeNeHbl0 aBTOMAaTU3ali#, CYLIECTBEHHO YBENHYHTDH
BBHIMYCK METaJypruyeckoro obopyroBaHus.

Pellenne [ocTaB/eHHBIX 3a/a4 HEPAa3pLIBHO CBA3aHO ¢ YCKOpe-
HHEM HayuyHO-TeXHWYeCKOTO Mporpecca B MeTaJJIyDrHH H MeTaslyp-
FHYECKOM MANIHHOCTPOEHHH, C CO3JaHHEM SKOHOMHUHBLIX, BBICOKONPO-
H3BOAMTENbLHEIX MAalIHH M arperatoB BLICOKOH HajeXHocTH H AOJTO-
BEUHOCTH.

Jas toro, uToOhl MaiHHA OBLIA COBPEMEHHA MpOAOJIKHTENLHBI
CPOK, OHA JoJxHa 00Ja]aTh 00/iee BLICOKHMH TEXHHKO-3KOHOMHUYE-
CKHMH IOKasaTeAfMM IO CPABHEHHIO ¢ TEMH, KOTOPBHIE JAOCTHTHYThI
HAa MAlIHHAX 3TOTO HA3HA4YeHHs! B MHPOBOIl TIPAKTHKE.

[TorpebuocTe B npokaTHoM o0GOPYAOBAHHH [DOLOJIKAET DACTH.
310 o0BACHAETCH TeM, 4TO MPOKATKa M3 BeexX crnocofos obpaboTKu
METAJJIOB NOJb3YeTC HAHOOMLIIHM PACNPOCTPAaHEHHEM BCJEICTBHE
HEMpPepLIBHOCTH MpPOLECcCa, BBHICOKOH NPOM3BOAHTENBHOCTH W BO3MOMK-
HOCTH [IOJIYUEHHSl H3AeMHA caMoi pasHoo6pasHol (OpPMbl H BHICOKOTO
KayecTBa. llpokaTHele usjenHs KakK M3 CTany, Tak M H3 1BETHHIX
MeTAMM0B (JIMCTHI, TOJOCH, JIEHTLI, Pas/H4YHBIE COPTOBhHE [PODHIH,
TpyOBl, 3aroTOBKH AeTajell MalluH) fBJAAIOTCA HapboJjee 3KOHOMHY-
HLIM TPOAYKTOM — KOHEUHBIM JJIf METAMNMYPTHUECKUX MNpPeAnpHATHIT
M UCXOJHbIM B MALIMHOCTPOSHHH, CTPOHTENBCTBE H JPYTHX OTPaclfax
HAPOJHOTO X03AHCTBA,

CoBpeMeHHBle NpOKaTHbe M TPyOGONPOKATHLIE CTAHBl MPELCTAB-
JAA10T cobofi MOMTHOCTHIO MEXaHU3HPOBAHHbLIE I ABTOMATH3HPOBAHHbIE
JHHHH, U TIO3TOMY [0 CPaBHEHHKO ¢ APYTHMH BHUJAMH MeTa/ypru-
YeCKHX ArperaTtoB OHM NPH H3TOTOBJEHHH 00J€e TPYHOEMKH H B TO
JKe BpemMsi MeTa/lJIOEMKH. .

B MerannypruyeckoM MAallMHOCTPOEHHH, KaK H BO BeceX obaactax
HapPOJHOTO X037HCTBA, CHIJKEHHE METAJJI0EMKOCTH fBJseTcs OLHHM
U3 aKTYaJbHLIX HAMpaBlIeHuil TeXHHYecKoro mnporpecca. [aBHOe
NPOABJAEIHE 3TOrO CHUMKEHHA JOJKHO BLIDAXKATHCS B TIepexojie ¢ npo-
M3BOJCTBA THKEbIX MalIMH HAa NPOH3BOACTBO Oojee COBPEMEHHBIX
H JIETKHX ¢ paclliPeHHeM HOMEHKJ/ATYyPbl OTLAEJOYHBIX MAllHH H
CPeNCTB MexaHusaliy M aBTOMaTu3aluy. Baxkno Takxe CHHIKATD
IKCTIAYATALHOHAYIO MeTalJOeMKOCTh TNPOKATHBIX CTAHOB 38 CHer
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MOBLILIGHHS HAAEKHOCTH M JIOJATOBEUHOCTH OGLICTPOH3HAIUNBAEMbIX
Jetaneil 1 TEXHOJOrHYeckoro MHCTpyMeHTa (BasikoB, ONpaBoK W Ap.).

B yuefHHMKe pacCMOTpPEHbI KOMIJIEKChl MAlliHH H arperatoB Mpo-
KaTHbIX B TpyGHLIX nexoB. [lano onucauue M NMpHBELEH aHanua obo-
PYAOBAHHA TEXHOJOTHYECKHX JHHHH CTAaHOB, MAaIllHH JJis DPE3KH,
IPAaBKi, TPAHCNOPTHPOBKH, 3a4HCTKH H ybGopkn npokata. Ocoboe
BHHMaHHe yjheneHo obGOpylOBaHMIO 4YeTBepTOro Iiepefena, BKJOUa-
IOWEro XOMOAHYI MPOKAaTKY, KanubpoBKY, HAHECCHHE 3alllHTHBIX
MOKPLITHH HA MeTaMJIONPOAYKIHIO M TepMHUecKyio o6paboTKy mnpo-
Kara.

ManoxkeHbl OCHOBH pacueTa NpPOKATHHIX CTAHOB, MalUIHH H arpe-
raroB AAA OTAENKH NpoKaTa. [IpHBeleHbl OCHOBHI pacdeTa CHCTEM
pPery/JaHpOBaHHsI MPOXOJABHOH M MONEpeyHoH pPasHOTOJIMHHHOCTH,
a Takxe opMbl noJoc,

Pacuersl ofopynoBaHHda, HpHBeleHHbIe B yueOHHKE, OTJAHYAKTCS
OPHTHHANBHOCTRIO H, B OCHOBHOM, pa3paboraHbl aBTOPAMH C MCHOMh-
30BaHHEM pe3yabTaTOB MHOTOJMETHHX HayuHbIX HCCAeTOBAHHIT.

[TpoBejien KpHTHYECKHH aHAMH3 KOHCTPYKILHH, SKCIJIYaTalHOHHbIX
XapakKTepHCTHK, KHHEMATHYeCKHX M CHJIOBLIX MapaMeTpoOB MALIHH H
MeXaHH3MOB, JaHEl PEeKOMEeHAAlHH 10 COBepIIeHCTBOBAHHI 0060pYy/Lo-
BaHMA W BLIGOPY €ro ONTHMAJbHBIX NapaMmerpos, MOKA3AHL Mepernek-
THBbl PA3BHUTHSA MAIIMH M 4TrPEraToB MPOKATHLIX IEXOB.

[To cpaBhenuto c nepsaM usnanueMm (1981 r.) yueSHHK cymiect-
BEeHHO nepepaboTaH ¥ JAONOJHEH HOBLIMH MaTepuHanaMi. B uacTHocTH,
BKJ/IIOYEHbl OCHOBBI AHHAMHUYECKHX PACUETOB METAMIYPTHUECKHX Ma-
IIHH 4 pAacyeThl HX JeTalell Ha OTPaHHYeHHYIO LOJTOBEYHOCTh, MO3BO-
JISIOILHE MOBLICHT KauecTBO BLITOMHEHHsI KYPCOBHIX M JHTJIOMHBIX
npoeKkToB. [IpuBeensl XapakTepHUCTHKH HOBBIX TOJICTOJHCTOBBIX CTa-
uoB 3000 JKnanosckoro Merajqnyprudyeckoro koMouuara um. Mapuga
i 5000 WMxopckoro 3aBoaa.

Ilpu uamoxeHHH MaTepHaaa aBTOPBl CTPEMHJHCH OTPasuTh Tpedo-
BaHHd NEPEeCTPOMKH BhICIUEH LUKOJL, HANPABAEHHOH HA MOBBILIEHHE
KayecTBA INO/JTOTOBKH CHELHATHCTOB, YCHJIEHHe TBOPYECKod camo-
CToATENBRHON PabOThl CTYJEHTOB JVIA OBJaJeHHA MOCTAeIHHMH XOCTH-
HKeHHAMH HAayKH H TeXHHKH.

ABTOpE BHIpamamwT 6/1arodapHOCTh npod., MOKT. TEXH. HAYK
WM. H. I'loranoBy u npod., ZOKT. TeXH. HayK B. A. PrIMOBY 3a noMouis,
oKazannyto npu nanvcanun raas XIII n X1V, a rakxke npod., noxr.
Texu. nayk B. C. IlapmuHy 2a leHinie peKOMEHTANMH INPH MNOA-
rOTOBKe pYKOmHCH VueOHIKA K MepensjaHHio.



IF'masa |
HA3HAYEHHE M KJACCH®HUKALIUA NPOKATHBLIX

CTAHOB

TexHonoruyeckuil mpolece noNny4eHusi TOTOBOH MPOKATHOH MPOAYK-
MK — 3aBepIiaionias CTajiusi MeTa/uIypPrHYEcKOro MPOU3BOACTBA .
B npokaTHHE HeXH MeTalaypra4ecKoro 3aBoja nocTyliaer GOabluasn
yacTh Beel cranu (ceoime 80 %), BRNJIaBAAeMO# B cTalenaBHAbLHBIX
Hexax M mpesBpailaeMoifl B HelnpepbiBHOJHTHIE 3aroTOBKH (Ha MallH-
HAX HENpPEepHBHOTO JIHTBA) HAH B CAHTKH. [nA NpOHaBoAcTBA npo-
KaTa MOCTPOEHLl MPOKATHHE U TPYOHBIE IIEXH Pa3NHYHOro Ha3HAYeHHUS,
B KOTOPHIX YCTAHOBJEHLI MHOTOYHMCTEHHLIE THIIBI CTaHOB.

I poxkamuoul cman — 310 KOMIUIEKC MAUIMH H arperaros, npels
HasHAYEHHHH M5 OCYUIECTBJEHHS MJACTHUecKOH dedopManuH Me-
Tanna B Baakax (COGCTBEHHO NPOKATKH) H ero AaabHeiiles; 06paboTKH,
T. €. DEe3KH, NpaBKH, 3aUHCTKH, YNAKOBKH H T. A. B npoKaTHLIX

1 CTpyKTypa H IPY30NOTOKH NMPOAYKIHH COBpEMEHHbIX METAJJIYpruueckHx 3aBo-
JoB monpofHo paccMoTpennl B T. | pauHoro yweGunxa
L= ]
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<, = [ i ieg I
[ |
— Cagdfiez HC
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EaiMurz BeascodoaosHeld cman
HI Hi - .
o i Aoy nwocopmaeld  cman Copmofsie cTaHb
‘ 250
j H3C 506/ 730/590 4589
d £ A =
[ 350 S
R 250
HT3C 1707
H ThA
Pre. 1.1, TexHonorHueckas cXeMa NPOKAaTHOro NpoHaBoACTBA!

MHJI3 — MalUHHa HenmpepHBHOTO JHThLA 3arotomok; CITL — cTanernaBrabEwfi nex; HIT —
garpesatesbHele meuyr; HK — narpepaTenbHble Kosoaus; HIUC — Henpepumsrbifl LWIHPOKo-
nosoceseft cran; TJIC -—— Toncromucrtosot crak: LIXIT — uex XxoNoAHOH npokaTKH JIKCTOR;
TCA — TpyGochapounnift arperat; H3C — HenpepuHBHBIA 3aroTOBOWHHNA craw; ¥BC — yHu-
sepcanbHbifl GamouHbl# ctan; HT3C — HenpepuiBHmi TpYGezaroToBOouHmA crad; TIIA —
rpyGonpoKatHii arperat; CI'T1 — ckaan roTopoll NpoAYKIUHH
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HexaxX pacnojaramT TAKye arperarthl AAd OTAeJNKH NpoKaTra — ero
TEPMUUECKOH 06pabOoTKH, HAaHECEHHA 3ALUIHTHBIX [OKPLITHH Ha Mo-
BEPXHOCTh MeTasJia H Ap., HeoOXOAUMEIE I/ BBITYCKA T'OTOBOH HpoO-
AYKLUHH BHICOKOI'O Ka4yecTsa, KOTOpas XapakTepH3yercsi HE TONbKO
GopMOli  nonepeyHOro CeweHus MPOKATHIBAEMOro npoduAs, HO H
(PH3MKO-MEXaHHYECKHMH CBOHCTBAMH METa/lna, COCTOSIHHEM IIOBEpX-
HOCTH [IpoKaTta H JAp.

TexHonornueckud npomecc COBPEMEHHOTO MPOKATHOTO TPOH3BOA-
CTBA COCTOHT W3 ABYX CTajuii: MOJy4€HHe MoNYNpoAYKTa (3aroTOBKH)
i rotosoil npopykumn (roroBoro npoxara). Ha puc. 1.1 nokasana
TeXHONOrHYecKasl CXEMa [pOKaTHOTO NPOH3BOJACTEA.

1. COPTAMEHT MPOKATHOH TNPOAYKLMUH

[TpokarHyio MPOAYKLHIO B 3aBHCHMOCTH OT (HOPMbI IONEPEYHOTO Cce-
YEHHS] MOMHO PasfeuTh Ha YeThipe OCHOBHBIE TPYMMH: JHCTOBOM
NPOKAT; COPTOBOH NpOKAar; TpyObl; CHenHadbHbe NPodUIH (TOuHHE
3aroTOBKH AJAs MAallHHOCTDOEHHS, THYThie npodHau H Ap.).

ﬂucmoeod npoxkam 10 TOJUIHHE TNOApPa3jendaloT Ha TOJCTOJHCTO-
BYIO CTajb (TOJMHOH 4 MM H BbIlE) H TOHKOMHCTOBYIO (TOAIHHOMN
MeHee 4 MM). B 3aBucHMocTH OT cnoco6a MpoKaTKH TOHKOJNHCTOBYIO
CTalb JEJNAT Ha ropsye- W XOJOJHOKATaHYyIo.

OZHMM H3 OCHOBHBIX MapaMeTpPOB KAadecTBa JMCTOBOR CTald fB-
JIeTCsl TOYHOCTE PA3MEPOB MPOKATKH To TojmuHe. [ocynapcTees-
HbIMH CTaHJAapTaMH NPENYyCMOTPEHBl TPH KaTeropuu TOYHOCTH — HOP-
MaJbHas, NOBLIIIEHHAA W BLICOKAas, A4 K:’:\}K,E[Ofl H3 KOTODLHIX B 3a-
BHCHMOCTH OT TOJIIIHHb!I MHCTOBOrO NpoKara OrOBOPEHHI JONyCKaeMhule
OTKJIOHEHH? 1o TOJMUIHHE,

B 3aBHCHMOCTH OT (POpPMBI MONMEPEUHOTO CEYEHHS COpPnosod npo-
Kam TOAPas3fieasiloT Ha mnpocThie H (acoHusle npoduau. [lpocTeie
npopuiy uMeror GOpMy Kpyra, KBajpara M noJockl. PacoHHble npo-
GUIH MMEIOT CceueHHst CNoKHOH (opMbl. DacoHHble ropauekaranbie
NPOQHJIHE B 3aBHCHMOCTH OT MX Ha3HAYeHHs MOAPA3LENsioT HA mpo-
(uau obmero (puc. 1.2, a) u cnennansuoro (puc. 1.2, 6) nasuayenus.

K daconnpiM npoduisam obiero HasHaueHHst OTHOcAT Keanpar (1),
Kpyr (2), nosiocoByto cTajs (3), mecTHrpanuuk (4), Hepasnoboxue (5)
¥ paBHOGOKHe (6) YyroJjKu, mBenneps (7), AByTaBpoBue Ganku (8)
H 3eToBulil npoduab (9). K (acoHHHM npopuaaM CNenHantbHOro Ha-
3Ha4YeHHH OTHOCHAT MNPOKAaT CJ0XHOTO IONEPEYHOTO CeuYeHHHA: 3€eTo-
obpasHbiii npoduab (I); peccopumit xenobuatsiii npoduas (2); mnys-
ToBas cBas (F); NPOPHAL ANf IWAXTHHIX KpenneHuH (4); npoduns
AJ1si aBT0060A0B (5); NPOdu/bL AJsi TPAKTOPHHIX mNop (6); Tpexrpau-
HelH npoduab (7); KIHHOBOH mpoguib (8); oBanbHuii npoduas (9);
poMbGuyueckrit npoduab (I10),

CopToBo#i mpoKar MOXeT GLITh pasfeNieH Ha BHAB: CTalb KpynHo-
copTHad, Cpe,H.HECOPTHaﬂ. MEJKOCOPTHasa H KaTaHka.

B rpynmy copToBOrO mpokara BXOAAT Takxke GankH, peabCH,
wrpHuicel. Bce npoUAH H THNOPA3MEepH MOCTABJAAIOT MO COOTBET-
CTBYIOUIHM CTaHAApPTaM.
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Puc. 1.2. Coprosag cTanb ofmero HasnaveRUn (@) # HEKGTODME BHAK CORTOBOH CTA/IN CREUHANb-
HOTO naauaqem«m (6)

TpyGer 1oapasfendioT Ha JABe TPYNNE: GecUIOBHBIE H CBAapHHE.
B HacToslnee BpeMms NPOM3BOAAT Takxe daconHbole TPyOul u TPyOnI
nepeMenHoro cedenns. IlepeMeHHBLIMH Mo AjaHHE TPYObl MOTYT OLITh
LHAMETD H TOJMIHHA CTeHKH (OTLeAbHO W OfHOBpeMeHHo). Brnyckaior
TaKXe TOHKOCTeHHEBIe, 0c000 TOHKOCTEHHLIE, NPeLH3HOHHbIE, Kamu/i-
JsipHBIE H pyTHE TpyOL H3 YIr/IepOJAHCThX, JEerHPOBAHHLIX H BLICOKO-
JIETHPOBAHHHIX CTasell, a Takxe TpyOnl BHICOKOH TOYHOCTH H3 INapH-
KONOAUIHIHHKOBOH CTaJaH.

Hapsiny ¢ pocToM TNPOH3BOACTBA MPOKATA NOCTOSHHO YBEJHUH-
BaeTcsl BBLIMYCK €ro 3KOHOMHUHHIX npodmied. ToHkomncToBOH mnpo-
KaT, 0co6eHHO XOJOJHOKATaHLIA, siBJAfeTcs OfHMM H3 HauboJee 3KO-
HOMHYHBIX BHJ0B MeTaJJONpOAYKIHH.

3HAuHTeJbHO YBENHYHBAETCA MPOMIBOACTBO KOPPO3HOHHOCTOMH-
KOH JIHCTOBOM, TpaHe(opMaTOpHOH H JIBYXCAOHHOH cTaleH, a Takxke
PACILHPSETCS MPOH3BOACTBO JIMCTOBOH CTaJH C NOKPHITUAMH H TEpMO-
YNPOUHEHHOrD MPOKATa.

TTpOH3BOACTBO TOHKOCTEHHLIX (B TOM uyHcae o6GJeryeHHOro THNAa)
H IIHPOKOMOJOUHEIX GajoK ofGecrneyHBaer OOJbIIYI0 SKOHOMHIO Me-
ranna (qo 25 %). OcsauBaeTcs npoM3BoACTBO (hacOHHBEIX Npoduaed
(yrioBas ¥ TaBpOBasi CTaJb, MIBEAJEPH H AP.) C TONMMHOA CTEHKH
3—3,5 MM sl CTPOHTENbHOH npoMeiieHHocTH. Kpome obneryenus
KOHCTPYKIMH, NpUMeHeHHe 3THX npoduaed B CTPDOHTENLCTBE JaeT
BO3MOXHOCTE OCYULECTBJATL Oosiee COBepLIeHHHE KOHCTPYKTHBHLIE
peleHHs .
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Puc. 1.3. HexoTopele BHA®R rHYTRIX npoduaei:
I — papuo0OKas Yraosas cTanb, 2 — cOeuHanbHas YrJoBad CcTalb, 4 — WBeanep: 4 —

[-o6paanniit; § — KOpEITOO6pasnufl; 6§ — C-o6paanstii, 7 — OKOHHODAMHIL & — ANA OTpE-
WAeHUs; ¥ — AnA TPAHCMOPTHOIO MallHHOCTPOEHMS

bBiarojapsa HeNpepLIBHOCTH fnpounecca NMPOKaTKy BHITOJHO TIpHMe-
HATB HE TOJABKO [Af H3rOTOBJAEHHS JAHCTOB, PasdudHbBIX npoduaed
11 Tpy6, HMEIOWHX NOCTOSIHHOE CeueHHe NO JJHUe H3AeAHd, HO H AJd
NPOH3BOACTBA MeA épawjeHus, NpuOIKAIWHXCA 10 (opMe H pas-
MepaM K pasgiyHbLIM JeTalaM Mailid. Ha crenuanH3dpoBaHHLIX
NPOKATHLIX CTAHAX OCBOEHA NPOKATKA KpPYTIAbIX [epHOJHYecKIIX
npoduaei (oceit, BanoB u JAp.), KOPOTKHX Tea BpaueHHs (wWapos,
POJHKOB, BTYJOK), KPYNHOMOAYJIbHbIX 3yGuaThIX KoJjec, CBepJ o
pana Apyrux npoduaeii. [IpokaTHbie cTaHbl TAKOTO THIA YCTAHOBJEHBI
KaK Ha MeTAaNNYPrHYeCKHX 3aBOJAX, TaK H HA MALUHHOCTPOHTEIbHBIX
npeAnpHATHAX.

Dacornvle npeyusLonsse npoguar (NPpoQUIH BHICOKOH TOYHOCTH
CTIELHANBHOTO HA3HAYEHHS) NOJYYalOT ropsiyell W XOJOZHOH Npo-
KaTKOH M BOJIOYEHHEM HA CTaHaX, YCTAHOB/JEHHBIX HAa MeTaJllyprHue-
CKMX H MaulMHOCTPOHTENBHBEIX 3aBojiax.

[Tponecc npoduaupoBaHia JHCTOBOrO Npokara obecrneunsaer npo-
H3BOJACTBO PHYTHIX NpoGHJIeH HA cTaHaX MPH COKPAIEHHH HJIH TOJHOM
HCKJIKOUEHHH ONepaluii CBApKH, COCAHHEHHs OGONTAMH HJIW 3aKJen-
KaMmH.

Tuymowe npoguan, W3TOTOBASeMbIE H3 JHCTA H JIEHTH TOMIUHOH
0,2—20 MM, WIHPOKO NMPHMEHAKT B Pa3HbLIX OTPACAAX MPOMBIILIEH-
HOCTH M JJIsl OBITOBBIX Llefeli (3J1eMEeHTOB CTPOHTENbHEIX KOHCTPYKIHI
H MaliiH, OKOHHBIX TepenyeToB, asepeil, BuTpuu). Ilo cpaBHeHHIO
C TrOpAYEKATAHBIMH THYTHIE NPOGHIH 0BecneyHBaoT GOMBIIYIO TOY-
HOCTh, HMEIOT MEHBINYIO TOMIIHHY, MOTYT HMeThb 3aKpHTyio Gopmy,
KOTOPYIO HEBO3MOXKHO MOAY4YHThL npokaTkod (puc. [.3).

Jns pasaugHbIX OTpacied MamMHOCTPOEHHS LIHPOKO NPOH3BOIAT
nepuoduteckue nPoKamuse npopual, KOTopble ofecneynBaT 3HaYH-
TEJIbHYIO 3KOHOMHIO MeTamaa (20—30 %), pesko CHHIKAWT TPyLoeMm-
KOCTb HM3TOTOBJEHHA JeTaneil W 1iOBHLIIAT npOH3B0}1HTEJ‘IbHOCTb KO-
BOYHBIX MalllHH.

2. HABHAYEHHUE, THUNbl MAILUHH H ATPErATOB
MPOKATHBIX LEXOB

Manueel ¥ arperathl MPOKATHOTO I11€Xa MOMKHO pAasjequTb Ha JBe
TPYNNbl: MAUIMHEL H MeXaHH3Mbl IMIaBHOH JHHHH NPOKATHOTO CTaHa
(puc. 1.4) u MalIMHBE W arperaThl MOTOUHBIX TEXHOJOTHUYECKHX JHHHUH

uexa.

OcHoBubIM pabo4yuM OpraHoM (TeXHOJIOTHYECKHM HHCTPYMEHTOM)
MPOKATHOrO cTaHa ABJAKTCHA BANKIL, Bpallaomuecs B nNoANMIMHIKAX,
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Puc. .4, CxeMa raaBHAIX JuAHR paovedi KiIeTH:

4 — HHAMBHAYANLHEA NPHBOJA BAJKOBR OT TNAaBRWX 3JeKTpojsuratenef; 6 — oCwmul npusoy
BAJKOB OT EKTPOJBHTaTENs Yepes llecTePERHYI0 KAeTh; 8 — o6 Mi NPHBOJ, BAJKOB OT SJeK-
TPOABHTATENA Yepes PeAYKTOP M WeCTePEeHRYI0 KieTh; / — TnasHaf paboyas KNeTy; 2 — YHH-
BepcaybHBle IINHHJENH: J§ — raBHLE 3JeKTPOABHraTes]H; 4 — UECTepeHHAas KaeTh; & —
peaykTop; 6 — mMotopHas mydTa: 7 — KopeHHan MydTa; § — yeTpofcTBO ANIA YPaBHOBEIUH-
BaHHA mMnuHjened; 9 — Banku ABYXBAJKOBOH KJeTH: 10 — onopuwe  BalJKk
4eThipeXBaJKoBol KaeTH: /| — palouse BaJKM. YeTLIPEXBaJNKOBOW KjaeTH;, /2 — CTaHHHLL
13 — nauTtorwAn; J4 — dyngamenTrnle GONTH, [5 — INPOMEXKYTOUHHA Ban

YCTAHOB/EHHEIX B pafouHx KJeTax. [IpHBOJL BATKOB OCYIECTBJIAETCA
3JEKTPOABHTATE/IEM Yepe3 MPOMEXYTOUHble MNepefaToYHble MeXxa-
HU3MBL 1 yCTpoilcTBa. MallMHB H MeXaHH3MBI, [Ipe/Ha3HAYeHHBIE JJIs
BpameHus BaJKOB, a TakKxe LI BOCIPHATHS BO3HHKAIOUKX TpPH
njaacTHYecKoil AedopMannyu MeTanna yCHAHA H KPYTALMHX MOMEHTOB,
COCTABJSIOT IJaBHYK JHHHIO TPOKATHOTO cTaHa (cMm. puc. 1.4).

MawuHer 1 MeXanu3mbi 2AGBHOL AUHUL RPOKANIMOZ0 CHAHA CO-
CcToAT H3 padouell KaeTH [/, nepefaTodHbIX MeXaHusMoB 2, 4, 5, 6 0 7
H TJIaBHOTO 3JeKTpojBurarens 3.

Pa6ouas xaeme ' ABAsSeTcss OCHOBHBIM YCTPOICTBOM NPOKAaTHOTO
cTaHa, TaK KaK B Hefl ocylecTBAseTcs: COOCTBEHHO MPOKATKa (nJacTH-
uyeckas Jedopmauksg) MeTanna. Knerb npeicrasasier coGoll IBe
MACCHBHBIE CTANbHbBIE JIHTBIE CTAaHMHBEL [2, YCTaHOBJEeHHBIE HA MJIMTO-
BHHBI [3, upHKpenJeHHoie K (yHlaMeHTy aHKepHuMH Ooartamu 14,
B crannnax CMOHTHDOBaHH NOAYWIKH € MOAUMIHINHHKAMH H Bajakamu 9,
100w 11, a Take yCTpPOHCTBa [J1fl mepeMellleHrsi BEPXHEr0 BaJaKa 1o
BBICOTE M €ro OceBOoH (QHKCallHH, HaNpam/isdiiolHe NPOBOAKH MAJig
Merasnna H Jap.

[1poxkammeie 6asxy BEIMOJHAKIT OCHOBHYIO ONEpaluHI0 NMPOKATKH —
Jetbopmanuio (o6karHe) MeTalja M NpHAaHHE eMy TpefyeMuelX paa-
MepoB H (popMEI MOMEpevHOro ceyenusi. B npoiecce JedopMaluH. Me-
TajJJa BpallalmHecs BaJIKH BOCIPHHHMAIOT YCHJHe, BO3HMK2ioUlee
NpHM TPOKATKe, H NepejarT ero Ha NOJIIHMHHKH H JAPYTHe JeTanu
pafouelt KJeTH CTaHa.

I B naWHoM clyuae CXEMaTHYHO paccMaTpHBaeM HanGojiee pacnpoCTPaHEHHYIO
KOHCTPYKIHIO pabouedl kaeTH
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Ppc. 1.0, ®opMa W OCHOBHHE 3JEMEHTH JH-
cToBbix (a) ¥ copTOBEX (6) RaNKoB

|
[
s

Banok cocToMT M3 TpeX OCHOBHBIX aneMmenToB (pHc. 1.5, a): pa-
Gouelt yactH — Gouku BasnKa (AuamerpoM D u jnunoft L), KoTopas
[pH TIPOKATKE HENOCPE[CTBEHHO CONMPHKAacaeTcs ¢ JAeopMHpYyeMbIM
MeTa/JIOM; OMNOPHOH YacTH — IeeK (fHaMeTpoM dy M JJMHHOH [),
pacnoslokeHHBIX ¢ 06eHX cTOpoH GOYKH H ONHpAIOMMXCH HA MOA-
WHNHHKY BaJKa; MPHBOAHOTO KOHUA Banka. Banku coproBoro crana
xapakTtepusywTrca paGouum AxamerpoM D, Auamerpom 6yprtoB Dj
M HOMHHATbHBIM guaMerpoM Dy. [Ip# BpauwiesHn BajiKOB, OCYLI(ECTB-
JFIEMOM C TIOMOIIBIO YHHBEPCAAbHBIX INNHHAENEH, TPHBOJHON KoHel
BalKa fle/laloT B BH/JE NJOCKOH J0NacTH (BHJAKH) HJAH THJIHHApHYE-
CKHM /1l HAcaAKH H4 Hero (Ha INNOHKe) BTYJKH c JomacTbio. [IpH
BpAlEHIH BaJKa C MOMOILbIO TPeOBLIX WINHHJENeHd NPHBOLHOH KOHEL,
(B 3TOM cayuae ero 4acTo HasbBalOT TpedoM) HMeeT BHJI KPeCTOBHHLI
H CJAYKHT AJd COeJHHEHMS BalKa cO LWINUHAeNeM 4epes mpoMexyTod-
HYI0 TpeoBYIO MYQTy.

[TpokaTHbe BalKH MOXHO Da3fieliTh Ha ABe OCHOBHBIE T'PYIIbL
JIHCTOBBIE H COPTOBBHIE.

Banku JMCTOBBIX CTAHOB CJVIKAT VI OPOKATKH JIHCTOB, 110J10C
M neHTH. Douka 3THX BalKOB HMeeT UMIHHIApPHYecKylo ¢GOpMy H
HHOTAA UX Ha3plBalT [VIaAKHMH. [IpH o6TOUKe Ha BaAbUETOKADHOM
cTaHke GOYKY BANKOB Jiisi IOpsived NPOKATKH TOHKHX JIHCTOB 4acTo
JeJ1al0T HEMHOTO BOFHYTOH C TakHM pacueToM, 4yTOObl IpH MpOKAarTkKe
ropayero Meranna H GOJbLIOM pa3orpeBe NPH STOM CpeiHeH yacTu
BaNKOB Gouka MX craja UM/JHHApHYecKofi. Toraa ToJuMHA npoKaTaH-
Horo Jjaucra Oyner oAuHAKOBOH mo Bced ero mHpuHe. HaoGopor,
604Ky BaJKOB /Il XOJNOAHOH NPOKATKH TOHKHX JIHCTOB fAenalT He-
MHOTO BHITYKJOH: pH npoKaTKe BedelcTBHe Gouabmoro uaruba cpen-
Hell YacTH BAJKOB MO CPABHEHHIO ¢ KPAaHHHMH ero 4acTsMu obpasy-
1oWas G0YKH B KOHTAKTE C NPOKATLIBAEMBIM METAJJIOM CTaHET LHJAHH-
JPHYECKOH, H B 3TOM CJyyae NMpOKAaTAHHEI JHCT Takxke Gyler mpa-
BHJbHHIX FeoMeTpHYeCKHX pasMepoB N0 BceH UIMpHHE,

Banku cOpPTOBHIX CTAHOB CMYIKaT AN MPOKATKH 3arOTOBOK H COp-
Toporo npoduabnoro meranna. Ha nosepxHocTH GOYKH 3THX BaJKOB
ectb yrayOJeHusi, COOTBETCTBYIOIIHe NpodHII0 NpoOKaThiBaeMOTo Me-
tTanna. ITH yrayOJeHHs Ha3LHBaIOT PyubAMH (pPYyYbH JBYX Ba/iKOB
€ 3a30pOM MeXAy HHMH o6pa3syiorT KaiduGpH), a BaJKH — pYYbLeBHIMH
(xannGposannmmu) (puc. 1.5, 6).
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Hepedamounvie mexanusmel w yempolcmea B 3aBUCHMOCTH OT Ha-
3HAYeHHS M KOHCTPYKIHM IIPOKATHOrO cTaHa MOryT OBITL pasfind-
HBIMH. Ha KpymHbIX cTaHax (06:KHMHBIX, TOJCTOJHCTOBHIX), a TaKKe
Ha CTaHaX, NPOKATHBAWIMX MeTajs ¢ GonblioH CKOpPOCTbio, MpHME-
HSIOT MHAMBHJYATBHBI TIpMBOJ pab0ouuX BaMKOB OT OTAEJALHBIX
3JIEKTPOJBHTATE/IEH: B 3TOM ClydYae NepefaTOuHBIM YCTPOHCTBOM
ABMAOTCA YHHBEPCANbHbIE LINHHABAH 2, TPOMeXKYTOUHBE Banabnl 15
u mydrel (cMm. puc. 1.4, a).

Ha npyrux cranax npepycMorped obmuii npHBoj pabounx BaJKOB
OT [UeCTePEHHOH KJeTH 4 ¢ nepefaTOYHBIM 4HCIOM [ = l; B 3TOM
ciyuae MEXAY 3JeKTpojJBurareneM H paboueil KJIETbIO B OOHY JHHHIO
pacnoJsioXeHbl MOTOpHas MydTa 6, lIecTepeHHas KaeTb 4 H YHHBeD-
canbHble IIMHHAEAN 2 ¢ yCTPOHCTBOM IS MX ypaBHOBeLIHBaHHA &
(em. puc. 1.4, 6). Ecnu uyacrora BpalleHusi 3J€KTPOJBHTATENsI He
COOTBETCTBYET YaCTOTE BpallleHHs BaJIKOB, TO B JIMHHH NPHBOJA Bas-
KOB yCTaHaB/IHBAlOT PeIYKTOP 5 M KOpeHHYIO 3yGuaryio mydry 7
{em. puc. 1.4, ).

['naBHBI 3JeKTPOABUraTesIb MPOKATHOrO CTaHa fABJAsETCA ABHra-
TeJeM CHellHaJbHOro (MeTasJlypruyeckoro) THHA ¢ BO3/AYUIHBIM NPO-
NyBaeMbiM OXJaIeHHeM. [/ CTAHOB C NOCTOSIHHOH CKOPOCTLIO MpO-
KaTKH (YepHOBHIX KJeTell HenpephiBHBIX CTAHOB) NPHMEHSIIOT CHH-
XpOHHbIe (pexKe aCHHXDPOHHEIE) 3MEKTPOABHTaTenaH. JI1a CTaHOB C pe-
TYJHDYeMOH CKOPOCTbI) MNPOKATKH HCIOMB3YIOT 3JIEKTPOABHTATeNH
NMOCTOAHHOIO TOKa ©0abioH MommuocTH (5—7 Thic. KBT), muTaemsie
OT ChHenHaJbHEIX MAIDMHHBIX HJAH THPHCTOPHMIX npeobpazosarenedi
B DAJle cay4aeB OT PTYTHBIX BhINpsMHTENENl.

Matuner u azpeeanivr NOMOYHBLX MEXHOA02UHECKUX AUHLE TIPOKAT-
HOTO Liexa, He BXOJfIIHe B TJIaBHble JHHHH CTAHOB, MPelHA3HAYEHEl
JJIS IOJAUN MeTass1a OT [1e9H WM HarpeBaTe/lbHLIX KOJOAIER K NPHEM-
HOMY pPONbFAHTY CTaHa (CAHTKOBO3H), NOBOPOTA CJAHTKA HaA POJb-
ranre (IIOBOPOTHEIE YCTPOHCTBA), TPAHCHOPTHPOBAHHA MeTajja B CO-
OTBETCTBHH C TEXHOJOTHYECKHM mporeccoM (pOAbraHrH HIH TPaHC-
NOpTepH), NepefBHKeHKs MeTasnja BA0JMbL OOUKH BaJKOB JIA 3aJlauH
ero B COOTBETCTBYIOIIH{ KamHOp (MAaHHMY/IATOPLI), MOBOPOTa MeTana
OTHOCHTE/bHO €ro NPOAOJBHOH OCH (KaHTOBAaTeMH), OXJaMKIEHHS
MeTaana (XONOAWJILHHKH), TPaBJeHHs Meransa (TpaBH/bHEE YCTa-
HOBKH), Pa3MaTbIBaHils PyJOHOB (pa3MaTbiBaTe]H), CMAaTbiBaHHS MO-
JIOCHl B DYJOH HJH TPOBOJMOKH B OGYHT (MOTaJKH), pe3KH MeTa/ia
(HOKHUIBL ¥ MHJBL), ANA OTAeNKH MeTajna (MpaBKu W JPeccHPOBKH,
KJeHMeHHs, YKA4/KH, NPOMAC/AHBAHMA, YMAKOBKH o JIPYCHX M[pO-
LLECCOB).

3Tu MallliHbl H arperaThl BechbMa pasHoobpasHbl; oblias macca nx
3HAYNTEABHO MPEBLIIAET Maccy MallfiH | MEXaHH3MOB, BXOLSALLHMX
B IVaBHHE JHHHH CTaHA

MalokHEL B arperaTsl NPOKAaTHBIX LeXoB paboramT B THAKENIbX
ycaoeuaX OONBLINX CTATHYECKHX H JHHaMHYECKHX HArpy3oK, BBICO-
KHX TeMnepaTyp W HHTeHCHBHoro H3Hoca. BenencTBue 3Toro mnpo-
KATHLIE CTAHL AOJKHB 00/1aaTh BHICOKOI HalE€KHOCTBIO.
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X apakTepHoii 0CODEHHOCTLIO COBPEMEHHOI0 NMPOKATHOrO CTAHA 5IB-
JsieTcsl TecHash B3aHMOCBS3b MEXIy TEXHOOTHYECKHM MPOLECCOM,
3/1eMEHTaMH KOHCTPYKIMH, 3JEKTPONPHBOAOM M aBTOMATHKOH.

3. KJACCHOUKALIMA TIPOKATHbLIX CTAHOB
M UX PABOYHUX KJIETEH

Knaccupurkauus paGounx kaere

B 3aBHCHMOCTH OT KOHCTDYKIHMH M DacnofoxeHHs BaJKoB paboude
KJEeTH IIPOKATHHIX CTAHOB MOXKHO PAa3leNHTh Ha HECKOJBKO Tpymm
(puc. 1.6): 1ByXBanKoBhle, TpeXBalKOBLIE, YETHIPEXBANKOBLIE, MHOIO-
Ba/lIKOBEIE, YHHBEPCANbHbIE H KJIETH CNeLHAJbHOH KOHCTPYKIHH.

Hlsyxeaarosvie Kaemu OBIBAIOT PEBEPCHBHEIE W HEPEBEPCHBHLIE,

Knern pesepcuBHBlE MEPHOJHYECKH H3MEHAIOT HalpaBleHHE Bpa-
UIeHHS BaJAKOB H TPOKAaTHIBaeMbl MeTana MpOoXOAHT uepe3 BAJKH
Brepel, H HazaJ HECKOJIbKO pas.

Ha puc. 1.7 nokazad ofmuii BUJ JBYXBATKOBOH paGouefi KuieTu
onioMunra 1300 Konerpykuuu ¥Y3TM. KaeTh cocToHT H3 OBYX CTaHHH
! ¢ NANTOBHHAMH, BaJKOB 2 ¢ NOAVINKAMH J M NOAMIHIHHKAMH, Me-
XaHM3MOB JMf [epeMellleHHst BepXHero Bajdka 4 W ycrpoicrB njs
€r0 YpPaBHOBEIIHBAHUS,

HuaMerp pa6ounx BankoB 1300 MM (no Gypram Xamu6poB Dg
ua puc. 1.5, 6), gnuna Gouxu 2800 MM, MEHHMAaAbHEIR AHaMeTp GoUKH
nocae neperouk 1180 Mm. Banku ycraHOBAEHH B UEJLHONPECCOBAH-
HBIX TEKCTOJNIMTOBBIX MOALUHMHIKAX, JHAMeTp W AJHHA lineek 750 mM.

, ,e £ 2 Cen
Puc. 1.6. PaGoune WAeTH ¢ PAINMYIBIM PACTONONMEHECM BaIKOR:
I — ABYXBaiKORasd KJe&Th, 2 — TPEXBankKopaf KjeTh, J — TPEXBaJKOBas COPTOBAA KieTk:
4 — yHuBepCanblias ABYXBajKoBasd Kaerb (CAAGHHI); 5 — KJeTh ueTbipeXBajJKoBasi JHCTOBAR

nepesepCHBHas: 6 — KJeTh UeTHPEXBajlKOBAA DEBepCHBHAA JNJs NPOKATHKY MoJoc B PYIOH:
7 — KJAeThb WecTHBaTKOBaA, § — KJaern 12-BajIKOBan, 9 — Kiers 20-BafKoBaa A8 NMPOKAaTKRA

TOEKOH 11o710cbl; /0 — KJAeTh YHHBEPCAJbHAS AN NPOKATKH OBYTAaRPOBHX GaioK ¢ MHPOKHMH
napanieibHumn nonkamu; £B, BB — ropuso -BeRTuKAJLAEe panikn; OB, P53 —
onoplibte H pafoune Baakn; P — vanpasaafuwuii poaux
i {povargeomny o N
§ | R i e b e 7
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Vl‘s.f"




Hdna cMasKu BajnKOB Henpe-
PBIBHO TOAAIOT (QUIBTPOBAH-
HYi0 BOAY H MepHOIHYCCKH —
rycryio  cMmasky. Kaxawi
BaNOK MNPHBONUTCH OT WHIH-
BHAYa/lbHOTO  3MeKTPOIBUTA-
Tensa MollHoceTblo 6800 xBT:
HOMHHa/NbHbIH MOMEHT JBHIa-
tena 1,1 MH-M. Makcumans-
HEIf pacTBOp Bankos 1150 mMM.

B oOKHax craHMH 3akpen-

JIEHbl HAMpaBJsAIOUIHE TIAHKH

oA 5, N0 KOTOPLIM NepeMellarTcs

NOAYWIKH 3 BEpXHEro BaJkKa.

f 3 IMTonywKH HHXKHEro Bajika yc-

AR == TaHOB/JIEHb HenoABHKHO. [Toc-

A E o Je 7epeTouKH BaJKOB [OJ

T Tl Z HHX MOAK/JAJLIBAIOT CMEeHHble

‘ of oMz MPOKAAAKH JJisi COXPaHeHHs
. k2

JHHHH NPOKATKH HA MOCTOAH-
HoH oTMeTke (970 MM). Hdan

77k & iy alig = @ BOCIIDHATHA OCEBLIX YCHJHIH
DR OT MOLYIIEK BepXHero BajKa

G (% £ 1 C HapyXHOH CTOPOHH KayIoH

o ® = S o CTOHKH CTAHHHBI MPHKPETJIEeHE
. | =3 MaccHBHble naaHku 6. Ocesnle
— | YCHMHA OT NOAYIUeK HUMHErO

BaJIKa BOCIPHHHMAIOTCA GOKO-
T ol (O

-~ d T i BLIMH naHKaMu 7. B kopnyce

" | s » KamJoH MNOAYIIKH HaXOLHTCA

KacceTa C TEKCTOJHTOBBIMH

Knein Giowmmra 1300 doneryion 3T BKTANBIUNAMH IS BOCHDHATHS

paxHaJdbHBIX H OCEBBIX YCHJHH.

Bepxsu#i BaloOK ¢ [OAYLWIKAMH YDaBHOBEIUEH MPH IOMOIIM PbiYaiK-

HOTO ycrpoficTBa ¢ JBYMs KOHTPrpy3am (Ha HOBBIX GJIOMHHrax

NPHMEHSIIOT POJHKOBbIE MOMWKNHHKH JJsi BaJAKOB H THAPAaBIHYECKOE
YPaBHOBEIIHBAHHE),

HaxnmHbBIe BHHTHE IPHBOAATCA OT ABYX (WMIAHIEBBIX BEPTHKAAbHBIX
3/JEKTPOABHraTeNel NOCTOAHHOTO TOKa MOUHOCTBIO KaxabH 300 kBr;
MaKcHMaJibHasi CKOPOCTb YCTaHOBKM BepxHero Bajika 220 mwm/c.

O6masi macca paboueit kaetn 700 T. KneTn AByXBaJKOBmie He-
peBepCHBHEIE C 000MMH ODHBOIAHBIMH BajKaMH HMEIOT NOCTOSHHOE
HanpasjeHHe BpalIeHHS BaJKoB. B Kam[ol KJETH 3THX CTAaHOB oCy-
LULECTBJISIETCA TOJNbKO 10 OAHOMY NPONYCKY MeTajaja B OJHOM Hanpas-
JIEHHH .

Ha puc. 1.8 nokasan obuiuit BHA YHCTOBOH HepeBepCHBHON pabo-
qeil KJeTH HenpephiBHOTO npoBosodHoro crana 250, Humuuit paGo-
4l Bamok [/ HMMEeT NpHBOA OT TVIABHOTO (JIAHUEBOrD 3JEKTPOABH-
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Prce. 1.8, O6mul sup uH-
eTOBONH HepepepCHBRON
palouell KieTH HellpephB-
HOro NpoBOJIOYHOrC CTaHa
250

raresisi 2 yepe3 yHHBepcaJbHHH mnHHAeAb J ¢ 3yOUaTBIMH HAH Lia-
pPHUKOBBIMH moayMydTamu 4. Bepxuu#l paouuil Banox 5 npuBoauTCa
BCMOMOTaTe/IbHEIM (PIAHIEBLIM 3JMeKTPOJABHraTeseM 6.

Iansa oBecriedeHHs TOYHBIX pasMepoB npoguns HeoOXoluMa ToOYHAsA
CHHXDOHH3alHsA OKDPY»XHOH cKopocTH o00MX BankoB. Haubonee na-
IEeKHBIM crnoco6OoM CHHXPOHM3anHH SBJAAETCs NPHBOL OT 3JeKTpo-
JIBHTATEJS TOMbLKO ONHOrO BalKa; NpH TPOKAaTKe MeTamaa CKOpOcTh
BTOPOr0 HeNpHBOJHOro BajKa (faxe NIPH HEKOTOPOH pasHHle JHa-
METpPOB BAaJAKOB) BCerla paBHA CKOPOCTH BejAyuiero Banka. as yayu-
LWeHHs] YC/AOBHH 3aXBaTa MeTaania [pH Bxoje npoduaa B BaIKH
BTOPOH BaJIOK HMeeT NPHBOJ OT HeGOJbIIOrO BCOOMOIaTeNbHOIO 3MeK-
TpojaBHratens MouHocTelo 5—30 kBr. Takum o6pasoM, npH XoaocTOM
xoze (1o 3axBara MeTajna) o6a BajKa ABAAIOTCA NPHBOAHBIMH; MOCHe
3axBaTa MeTajja BajJkKaMH OCHOBHYI paboTy gpehopMalHH ocyile-
CTBJISIET OJMH BaJIOK, HMEIOUHH NPHBOA OT INaBHOro ABHrareaa 60Jb-
IO MOIIHOCTH; BTOPOH BCMOMOTATeNbHLIH JBHraTelb B 3TOT NEePHOL
paGoraeT B ABHraTeJbHOM HJH TeHEDATOPHOM PEXHME.

Banku yCTaHOBJEHB B MOALIHNHHKAX JKHIKOCTHOTO TPEHHA.
[MTonymkH BepXHEro BagKa HMEIOT MPYXKHHHOE YPAaBHOBEIIHBaHHE.
CrauuHa npeacrasiser coGOH CTaJbHOH JIHTOH MOHOGJIOK C BepXHEH
H HUXKHeH nonepednHamu U (IauueM 1S KpemJeHHs IVaBHOTO 3JeK-
TpoaBuraTens. HamuMHuble BHHTH NPHBOAATCH BEPTHKAAbHHIMH (aaH-
LeBLIMH 3JIeKTPOJABUTaTeIAMH 7 Yepe3 uyepBsyHble nepeiayH; CKOPOCTh
nepememenus BuHTOB 100—200 Mm/c.

Pa6oyasi KJeTh 3aKpenjieHa Ha NJIHTOBHHE KopoO4aToro Ce4eHHs;
NpH ycTaHOBKe KaaubGpa BANKOB MO OCH NMPOKAaTKH paGouas KJeTb
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nepeMeiaerca o  HANPaBAdOMAM  TIHTOBHILL [IPH TIOMOILHI  Yep-
BAYHO-BHHTOBOTO MeXaHH3Ma, 3aKpeleHHoro Ha nawrtosuue. [lpu
HEOOXOAMMOCTH 3AMEHBI BAJIKOB OCYIECTBJAIT KOMIJIEKTHYIO CMEHY
Bcelt KJETH.

Pa6ouas KN1eTb BEPTHKANBHLIX BaJKOB HMEeT aHaJOTHUHYIO B3aH-
MO3aMEHAEMYI0 KOHCTPYKIHIO! KJIeTh YCTAHABAUBAIOT HA [HTOBHHE,
UMeIOILEH BepPTHRAMbHYIO CTOHKY.

B nocnendune roiul cosjanul GeccTaHHHHBIE IBYXBaJKOBLIE KJETH
npe/iBapHTeNbHO-HANPSIKEHHOTO THTIA, KOTOPBIE YCMemHo paboTaioT
B COCTABe COPTOBLIX CTaHOB.

Kaemu mpexsaaxosoie (Hepesepcuerve). Ha Bankax coprToBbIX
TPEXBAAKOBLIX KJETell MOMKHO pacnoaoxHTb Gosblle Kaaubpos, ueM
Ha BaJKax ABYXBATKOBLIX Kaered. MeTaan ABMKETCs B OJHY CTOPOHY
MENK/lY HHACHHM H CPEIHIIM BaiKaMit, a B 00pPaTHYIO CTOPOHY — MEXIY
cpelHHM U BepXHuM. JI1f N0ALEMa NPOKATHIBAEMOH MOJIOCH H 3a-
La4H ee MeXAYy BEPXHHM H CPeJHHM BaJKaMH nepej] KJIeTbio (a HHOTJa
M MO34AH Hee) YCTAHABJAUBAIOT MOJBEMHO-KAYAIOMHECH CTOJLL.

B JIHCTOBBIX TPEXBAJNKOBHIX KJETAX CPeJHMH BaJOK (MEHbLUEro
JAHaMeTpa) — HEeNnpHBOJHOH, OH TNPHMKUMAETCA MNPH MPOKATKE TO
K BEPXHEMY, TO K HHKHEMY BaJIKy M BpallaeTcid HMH B pesysbTare
TPeHHA.

Kaemu uemoipexsasrossie. B ueTLIpeXBalKoBOH KJeTH BajlKH pac-
MOJIOXEHb OJMH HaJ APYFHM: JBa pabouyHX BajaKa MEeHbIIero AHaMerpa
(cpennue) W ABa OMOpHBIX GOJbllero Auamerpa (kpafiHue BepXHHE
i HHXKHHE). OnopHble BaMKH NpefHA3HAYEHBI AT YBETHUEHHS IHKe-
CTKOCTH CHCTeMb BankoB H pabouell kaeTw B ueaom. CrTaHbl ¢ 4eThl-
peXBaJKOBbIMH KJETAMH MOJYYHIH IIHPOKOE NPHMEHEeHHE NPH TIpPo-
KA4TKe TOHKHX H TOJCTHIX JHCTOB H MOJOC.

HeTLIpeXBaAKOBble KJETH /i NPOKATKH DPYJAOHOB HCIONB3YIOT
KaK HEPEeBEePCHBHEE B HENPEPHIBHEIX CTAHAX H KK PEBEPCHBHLIE B ORHO-
KJIeTeBBIX CTaHaX Topsyell M XOJoJAHOH OpoOKaTkKH. B mepBoM ciayuae
nepeJ KJaerblo YCTaHaBJAHBAWT Pa3MaThiBaTeNb DYJOHOB, a 34 HEH —
MOTANKY, CO3JAIY HaTAMKEHHe NOJOCE H HaMaThiBAIOL[YIO €e Ha
fapaGaH. Bo BTOpOM caydae MOTANKH YCTaHABJAMBAOT ¢ 00eHX CTOPOH
KJEeTH, H [IPOKATKAa NPOHCXOJHT N0oo4epelHo TO B OQHOM, TO B APYroM
HanpaB/IeHHH.

Ha puc. 1.9 nan ofwu# BHL pabodeil UeTLIDEXBAJAKOBOH KJETH
500 x 1400 1700 MM peBepCcHBHOro CTaHa KOHCTPYKUMH Y3TM gas
XOJMOJHOM MPOKATKH nojockl (WupHHOA o 1500 MM H TOJLIMHOM
no 0,5 Mum).

PaGouass KJIeTb COCTOMT H3 JBYX CTA4JBHEIX JHTHIX CTaHuH [,
HMEWIIHX OOJBHIVIO KeCcTKOCTb, pabouyHX M ONOPHEIX BaJKOB ¢ Mo~
AYITKaMH 2, THAPaBIMYecKHX YCTPOHCTB A YpPaBHOBELUIHBAHNS BEpX-
HHX BAJKOB 4 H HAKHMHOrO MeXaHH3Ma 4.

CraHupbl cOeHHEHB! MeXY CoOOH TpaBepcaMu M YCTAHOBJIEHHI HA
nauToBHHaX. PaGoure BaJKH BPamalTCs B YeTLIPEXPSAHBIX KOHHUE-
CKHX POMHKOBBLIX NOAWMNIHHKAX. OnOpHBIE BaJKHI YCTAHOBJEHB B MOJA-
LIHMHHKEX KHAKOCTHOTO TPEHHA.
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Puc. 1.9, O6munifi sug pa-

fouell  yeThpeXRaJkopoii

KJEeTH 300 X 1400X

% 1700 MM peBepCHBHOIO

¢TaHa KOHCTPYKIHH
¥3TM

YpaBHOBeIIHBAHHE BEPXHETO ONOPHOrO Ba/Ka ¢ NMOJYMIKaMH OCy-
[ECTBAAETCA THAPABAHYECKHM IHAHKIPOM, PaClONOMKEHHDIM HA BEPX-
Hell TpaBepce MEXKIY CTaHMHAMH, NPH IOMOLH ABYX Tpapepe, Ha
KOHIBEl KOTOPBIX MOJABELUEeHbl BepXHHE NOAYIIKH.

PabBouie BalKH TPUBOAATCA OT 3JMEKTPOABHTATENS MOCTOAHHOTO
TOKa uepes lIECTEPEHHYIO KJeTb, nepelamoulylo MAKCHMAaAbHEIH Kpy-
ramui moment 0,4 MH-M, B ypuBepcaibuple mnpsieny. Hauboib-
lee ycu/aHe npokarku pasHo 18 MH.

HaxxuMuble BHHTH OPHBOLAT OT ABYX 3jieKTpojBuratenefi (coeju-
HEHHEIX 3JI€KTPOMArHHTHOH MYy(ToH) uepea rioGoHJHbE PelyKTOPhI;
CKOPOCTh nepemelierns BHHTOB 0,25 Mwm/c.

C ofeux CTOPOH Ba/KOB YCTAHOBJEHB [JIOCKHE JIPOBOAKOBHIE
CTOJIBI, KOTOpble MpeiHa3HauYeHsl /s Nnojayd NepejHero KOoHLIA Mno-
JIOCH! B BaJIKH M CO3[aHHsI HATSKEHHS MPH NPOKATKE 3aJHEro KOHIa
noJiockl (KOrAa noJioca MoJHOCThI0 pasMoTaHa ¢ PyJIOHA Ha MOTaNKe).
Macca knetn 402 T.

Munoeosanrosoe xaemu. llipoKo nMpHMeHAIOT B NPOKATHOM IIpo-
usBogcree 20-BaiakoBrle KaeTH. Daarogaps ncemonp3oBaHuw paGoumx
Ba/JKOB Maloro AHamerpa H GOJbUIOH KeCTKOCTH Bced pabodei KJIeTH
H BAJIKOBOM CHCTEMBI HA 3THX KJeTfiX YCMNEeIUHO OCYIIECTBJAAIOT PYJIOH-
HYI0 NMPOKaTKy TOHKOH H TOHYaMLIel JIEHTLbl U3 BBICOKOYI/IEPOLHCTOH
cranu (tommuuod 5—100 MM u mupHHOA 100—1500 MM) ¢ nomy-
CKOM no ToamuHe [—5 MxM. PaGoune BaJkd Ha 3THX CTaHax sB-
JSIOTCH HEeNpHBOAHBLIMHM (BBHJY HEBO3MOXKHOCTH OCYIIECTBUTh HX
MPHBOA NPH MaJOM JAHAMETPE BA/JKOB); OHM OMHPAIOTCS HA PAJX NPH-
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BOAHBIX BaJKOB ¢ OoabInnM, 4eM y paGodnx BagkoB, AHAMETPOM,
a nociejiHHe B CBOW Ouepelb — Ha PAJL ONOPHBIX POAMKOB. Takasn
cxeMa ofecrneynBaeT OOJBIIYIO JHECTKOCTh BCeH BAJIKOBOH CHCTEMH
H MHHHMaJbHEIH NPOr#H6 paGoyux BaJKOB.

Yrusepcaronoe kremu. Knetu ¢ ropHsOHTaNbHLIME H BEPTHKAJb-
HLIMH BaJKaMH HAa3HBAWOTCA YHUBEPCANbHBIMH.

YHuBepcanbHble KaeTH (0OblYHbIE) NPHMEHSIOT IVIABHHIM 0GpasoM
KaK peBepCHBHBIE JABYXBa/JKOBbie (HanpuMep, casaGHHTH) MJH ue-
THIpEXBAJIKOBLIE KJIETH (HanpHMep, KJIETH YePHOBOH TPYINMbl IIHPOKO~
nojocoBoro crana). Ha stux xierax obxkaTue Merajia OCyLIeCTB-
JsieTed KAaK TOPH30HTANbHBIMH, TaK M BEPTHKAJbHBIMH BalKaMH.
[Nocnenuue ofecneudBaloT MOJAY4YeHHE POBHBIX M T/IaJKHX GOKOBBIX
rpaHedl packatoB H cian60B. BepTHKanbHble BaJIKH pacnosaralor,
KaKk NpaBu/o, ¢ o4HOH cropoHbl pabodeli KieTH (c mepegHedl uJH
C saaHei).

B oran4ne OT OOBIYHLIX YHMBEPCAIbHLIX KJeTell B YHHBepCaJbHOH
KJIeTH JJIf NPOKATKH LIHPOKONO/JIOYHBX 6alloK BepTHKaJbHLIE BAJKH
ABJISIOTCS HENPHBOAHLIMK (XOJNIOCTHIMH) H HaXOLATCH MeKIY ONOpaMu
NOANIHIHHKOB TOPH3OHTAABHEX BAJKOB H B OQNHOH IJIOCKOCTH € MO-
caenuMH. TakHe K/JIeTH NPHMeHSIOT TOJBKO JJI HPOKATKH BBRICOKHX
(600—1000 mM) aByTaBpoBhix 6Gamok ¢ wmHpokuMH (300—400 Mm)
NapannieJbHRIMH TOJKaMH.

Iupoxkononounsie Ganku BhicoToH A0 600 MM MOMKHO NpOKAaTh-
BaThb Ha OOBIYHBLIX DeAbcoGaNOYHBIX cTaHaX. Ilas 3TOro y nocjeiHHX
npegycMOTpeHa cMeHHas pabouass yHHBEpCalbHAas KJETh.

Knemu cneyuarbnod roxncmpyxyuu. K 3Tof rpynne oTHocATes
KJIeTH KOJECONPOKATHHIX, OaHaXKempPOKAaTHHIX, KOJbIENPOKAaTHHIX,
INaponpoOKAaTHHIX CTAHOB, CTAHOB JJisl [IPOKAaTKH mpoduied nepeMeH-
HOro ceyeHuss H Jp.

Kaaccupukanus CTAHOR NO pacloiOMEHHI0 PaGoyuMX KieTed

B 3aBHCHMOCTH OT pacioJjioKeHHs pabGounXx KineTefi MpPOKAaTHbIE CTAHBI
pasiensloT Ha ClAeAYIOUHE NATh TPYNN: OJHOKJETeBEHe, JUHeHHELe
MHOTOKJIETEBbIE, I0C/AeN0BATe/NbHEIE, INOJYHENpepLIBHEIE, HENpephiB-
Hele (puc. 1.10).

O0noraemespie cmarder. OHE Haubosee nmpocte, H 06GOpYAOBaHHE,
BXO/sllee B JIHHHIO NMPHBOAA BaJKOB, B OCHOBHOM IOBTOpfAeTCA Ha
craHax c GoJiee CH0XKHLIM pacnojiokeHueM paGouux Kierteil. ¥ Takoro
craHa ofHa pafodyas KJeTb, H JHHHA NPHBOAA BaJKOB COCTOHT (B ca-
MOM oflieM cjiydae) H3 IUNHHAeNel, NlecTepeHHOH KJeTH, peayKTopa,
My¢T M TJIaBHOTO 3JIEKTPOJBHIATEJs .

K cranam 3Tofl TPyNnbl OTHOCAT GJIOMHHTH W CAsOHHTH, TOJCTO-
JIHCTOBHIE M JIHCTOBHIE XOJOAHOH MPOKATKH.

Jlunednoe cmans. PaGoune KJIeTH 3THX CTAHOB pPacllofoXeHH
B OJHY HJH HeCKOJBbKO JIHHHIl, MpHYEM Kaxias JHHHA NPHBOIHTCH
OT OT/JeNbHOTO NpPHBOJAA.

Cranbl TAKOTO THMA HEPEBEPCHBHLIE COPTOBHE, BKIOYAfA PeJbCo-
Ganounkle H TPOBOJIOYHEIE.
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Puc. 1.10, Cxema pacnoidoXeHHA H NPHBOR pabGouHX KJeTeli CTaHOB:
: — ¢IBORHHOTO); & — JHHeH#HOTO; 2 —
a — opnokaerepcro; 0 nocaegosaTedibHore
nocaen0BATENBHOIG  (KPOCC-KOYHTPH): d — nocaenopaTellbHO-HEeNpePHBHOrO (M-

POKOTIOJOCOBOr0); ¢ — HENPEePHBHOTO; /—89 = paGouyHe KAETH

Iocredosamensroe cmansi. TIpoxaThiBaeMas nonoca B KaxJoi
KJeTH CTaHa NPOXOMUT TOJIbKO OAWH pPas, MO3TOMY YHCJO KJETeH
TAKOro CTaHA JOJKHO OBITh paBHO MAKCHMaJbHOMY 4HCJY NPOXOJ0B,
HeoOGXOMHMBIX A5 OGXKATHSI 3arOTOBKH CEeUeHHEM F, B roTOBbHIH NpO-
¢unp ceuenneM F;. C leJiblo COKpalieHHs AJIHHB LeXa H JydlIero
MCIIOJIb30BAHKSA €ro IJIomAaiM KaeTH oOblYHO pacnosiarainT B He-
CKONBLKO Mapaie/bHbiX PAJoB, HANpHMep B TPH psaa (cTaHbl Kpocc-
KOYHTPH). .

PazHOBHAHOCTLIO CTAHOB 3TOTO THNA SIBJASETCS IIAXMATHLIH CTaH,
B KOTOPOM TOC/HEJHHE KJeTH Pacro/araioT B IIaXMaTHOM nopsjKe.

Tak Kak nocJje NpOKaTKH B KaXJI0# KIeTH AJMHHA MOJOCH YBEIH-
YHBAETCH, TO OYEBHIHO, PACCTOSHHE MEXKAY K/IETAMH TaKKe JOMKHO
yBEJHUMBATLCS OT NEPBOH K MociefHell KJIETH; COOTBETCTBEHHO yBe-
JHUYEHHIO JJIHHBL TIOJIOCH JOJIXKHA YBEJHYHBATLCA H CKOPOCTb Bparmle-
HHS BaJKOB.

Crags JaHHOH TPYINBl WHPOKO NPHMEHSIOT LIS NPOKATKH COPTO-
BbHIX npoguied.

[oaynenpepoigrbie cmarol. ITH CTAaHRL COCTOAT M3 ABYX Tpymnn
KJeTeii: HEenpepbiBHON W JnHedHON (K nocieaosaTenbHol).
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B oaHo#t rpynmne KJérefl nosfoca npoKaThiBAETCH HenpepbIBHO,
T. €. OHa MOMKET HAXO[AHThCH OANUBPEMEHHO B JBYX, Tpex 1i GoJee
KieTsx. B Apyroft rpymnmne npokaTka OCYIIeCTBAASTCS 110 MPHHUHNY,
ORHCAHHOMY Bbllle (MHHEHHBIE ¥ ROCAeNOBATEJdbHBIE cTaHst). [lomy-
HeNpEePEIBHBEIE CTAHBL MPHMEHSIOT AJs TPOKAaTKH MeNKOro COpTa,
npdsoaoxy (YepHoBas Cpynna KJered — HenpepwBHAdA, a YHCTOBAS

rpynna xaetefi — JIHHEAHOrO THOA, NPOKATKA B HEll MOMKET BLITOJ-
HSITHCH NpH HATHHHE DeTAH MeRAY KJISTAMH) N AA7 NPOKATKH TOHKHX
IIPOKHX NOJOC (YepHOBasl TIpyNna KJjerTell — MOCJel0BATCALHAS,
44CTOBAR -— HENpephiBHASA).

Henpepuigreie cmarol. [lpy NMpoKaTke HA HENpepwBHOM CTaHe
MeTa/jl HaXOLHTCA OJHOBDEMEHHO B HECKOJNBKHX KJAETSX, NOITOMY
YACTOTA BpalleHHs BAJKOB B KJeTAX JOJDKHA PEryJHpoBaTeCs H HOA-
GupaThea TAK, UToOBL pacxo] MeTalida B eIdHHNY BpeMesd B Jobol
EJeTH Ghll NOCTOSHHLIM 11 PABHEIM

F1U1 — FgU2 = o — ann — COI‘lSt, (Icl)
roe Fy, Fa. .... F, — monepeuHoe cedeHHE METAANA HA BHIXOMAE H3
neppofi, Bropofi u mocaeiHel KJeTH; vy, ¥y, ..., Up — CKOPOCTH TO-

JIOCHL TIPH BLIXCGLE H3 BaJAKOB ITHX KJeTed.

Honycraercs HeKOTOpas HECOTIACOBAHHOCTL UYACTOTHl BpallEHHA
BaJK0B; obpasylomasica npH 3ToM HeGoAbluad neTssl NoJoCh INpo-
BOJIOKH O/IEPHBAETCS CHELHANbHEM POMHKOM — MeTAelepXKaTe/lem,

Ilpy npoxaTKke yroaKoB, WIBeAAEPOB H ApYrHX npodell caoxHo}
thopMBL TpeGyeTCs TOUHOE PeryAHpoBaHHe CKOPOCTH Bpalie s Ba/lKoB,

Hs HenpeprIBHEIX CTaHOB XapaKTepHa O4YeHp OOMAbLIAN TPOH3BO-
AHTedbHOoCcTh. KX nprMeHswoT KakK CrTaHel 3aroTOBOUHEIE, IITHPOKS-
MOJIOCOBEIE, MEJKOCOPTHBIR, MPOBOJIOTHBIE H CTaHB XQUIOLHOH pYJ/IOH-
HOH JIPOKATKH JIHCTOB H JHECTH.

KaaccudHkanus cCTaHOB MO HA3HAYEHHID

B 3aBHCHMOCTH OT HasHavyeHus (T. e, OT BHA3d BHINYCKaeMOH MOpo-
AYKIHH) NPOKATHLIE CTAHBL MOMHO Pa3iednTh Ha CNeilyIolHe TPYIINh,

Cmanst zopaued npoxkameu: obumavie (GMOMHHTH, caabuHrH),
3arOTOROYHBIE, peJikcofalouHble, KDYMNHOCOPTHEE, CPEIHECOPTHEE,
MEJIKOCOPTHLIE, TPOBOJOUHEE, TOJCTOJUCTOBEIE, IUHPOKONOJI0COBbe
W IITPHNCOBEIE (BBIMYCKAKUIHC ITPHNC-3aTOTOBKY LA TpyB B BHIe
moaocwl wnprHOR po 400 mm).

Cmanst x0a0dHol npexkamuy: AUCTOBHE, MOMOCOBLIE, XKECTENPo-
KATHEIe Il CTAHBl AJA NPOKATKH TOHKOH #H ToNYafimed JenTh.

Cmanbt y3xozo Hasraueru g (CIERUANLHON KOHCTPYKIHH): KOJECD-
NpoKaTHee, 0aHIaXEeNpOKaTHHe, NN NDOKATKHM NOAGC ¥ [IpoduHael
NEepeMEHHOTo CEeUeHHs M T. 1.

TexHHYecKHe JaHHLIE OCHOBHEIX THTOB MPOKATHLIX CTAHOB [pej-
cTaBfenn B Tada, I.1.

3a OCHOBHON napaMeTp Copmossix NPOKQMAHbIX CIAACE, XapaKTe-
PHAYIOUHA HX pasMep, OOBIYHO NDHHAMAKT AMAMETD TPOKATHBIX
BANIKOB WM LecTepeH MecreperHol kxaern. Ecad B cTaHe HECKOMLKO
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75 kr/m, Gaa-
0,6

KBajpatuble

CopTaMeRT roroBsoii
DPOAYKILHH, MM
Kpyr <30, yroaok <240
Jinetel 1t neaoca 0,4—3,5

Kpyr <Z75, yroaok <90~
x40

Kpyr <2120, 6aiaxu Boleo-
%90

BmoMut <370% 370
Caater <2300 1500
llnpokonoaounse Gagkiy
BolcOTON <1000 Mm

TOll <2200

3arotoBskn

80— 200

Peabcwl 38

KH BBiceTol 200—600
Karauxa 6—10
Mirpnnew 2—8
Juetsr 5—50
Tonocw 1,2—16
Heerk 0,1

Hexoguulit
MaTepHada
(Macca Han
ceqeune)
Cnyrtgn <13 1
Cayrky <38 T
b oMol
v 3702370 MM
Batome
380x 400
Baomb
450 1225 M
Bmombt
300 300
170 170 mm
B0 BO mm
80 80 mMum
3aroToBKa
100 400
Canbn <16 T,
CHHTKN <37 T
Castm 36 T
Pynonw 45 T
Pyaonw 30 +

IMpanagro-
AHTENb-
HOCTb,
TRIC, T/[OR
6000
6000
<Zb000
1500
1500
1600
1000
800
800
1500
1750
6000
2600

750

Hanfions-
llas cKo-
pPOLTH
TIPOKAT-
KH, M/C
4]

5
7
10
15
20
40
21
6
33
25—40

Hnceao
pafounx
KJieTeil
14
4
6
17
14
23
37
15
14

G

MATHKIeTEBOI

HENpephI BRI
pepLIBHLLE 250

TPIACOBLIL nenpephtBuLli 300
A HEeRpepLIBHAE

HEMPEPHIBIIbIL
ILeCTHKJ eTeBofi

PTHEH  OAYHENPEpLIE-

Haunumenonauyue crauos
Kpynsocopthelil noayuenpepyis-

ublt 600

Cpeaneco
eerenpoxatHeiil 1400

Teacronucroreoir 3600
IUnpoxonoaocoso

2000
iHenpepbiBHLI

Henpepripubii

TlpoBoaoyaLiit Hen
2000

1

Menkocaoprauii

250

YHupepcaanmerii 6amounsit 1300
Hblil 350

Casnnr [150 (1250)
Peancobatounsili JHRefinsi 800

34roToBOUHE}

Bmoxmuur 1300
900/700/500

I.1. TexHnueckHe NAHHME OCHOBHMX THNOE NpoKATHLIX CTAHOB

admH U4
Haswauenne
CTHHOR
EOH TTPOXaTKH

¥ HHBepCiThHbIE
KpynuocoptHuie
Cpeanecoprhuie
MenkocopTibie
IMpoBosiounnte
JSluctorse ropaved
NPOKATKH
Jlucrobie xono0a-

Penbcabaiosnnte
6as10uHLIe

Q6 uMHuEe
3arorosoursie

T
re
(3




KJieTefl, mapaMeTpOM BCEro CTaHa B LeJIOM FABJAETCH AHAMETD BAJKOB
HJIM [ecTeped nocieiHedt 4yuctosod KJaeru. Hanpumep, cran 300
o3HayaeT, 4TO AHAMeTP PabouHX HJIH lleCTepeHHbIX BaJKOB YHCTOBOH
knerd paseH 300 mm.

OCHOBHHIM NaPaMeTPOM AUCMOBbLX CIMAHOE8 ABNSETCA NJHHA OOYKH
BaJKa, KOTOpaA onpeienser HaHGOJbLIIYIO IMHPHHY NPOKATHIBAEMBHIX
Ha CTaHe JIMCTOB MaM nonocel. Hanmpumep, cran 2000 ganavaet, ure
AaauHa 60YKH BankoB paBHa 2000 mwm.

Fanaea II
OCHOBbl TEOPHUMU PACYETA MNPOKATHBIX CTAHOB!

1. KHHEMATUKA TNPOLECCA TNMPOKATKH

I poxamxoil Ha3pIBaeTCs Tpollece 11acTHYeCKoH JedopManpy MeTallia
MEXIy AByMA WM HECKOMBKHMH BpallaioilUMHCS Balkamud. B sa-
BHCHMOCTH OT HAamnpaB/JeHHA YCHJAHA, ACHCTBYIOUIErO OT BAaJKOB Ha
NpoKaThiBaeMell MeTall B Ipouecce
nnactuueckoli  JAebopMalHH, PpasiiH-
Y3l0T NPOAOALHYIO, NONEPEUHYIO H BHH-
TOBYIO NPOKATKY, @ B 3aBHCHMOCTH OT
COCTOSTHHA MPOKATEIBAEMOTO MeTaM/1a —
ropsuyio ¥ XxoJojgHyio. “acro mnpo-
KAThIBAeMbld MeTajal VCJIOBHO HasH-
BalOT MOJIOCOH He3aBHCHMO OT JeH-
CTBUTENbHOH (DOPMEI NPOKATA.

Quar gedopMalHH H €ro napameTpbl

ITpocTpaHCTBO, OTPAaHHYEHHOE CBEPXY
u cHU3Y Ayramu 3axsara (AB), 6oko-
BEIMH TPaHAMY [OJOCH! H [JIOCKOCTSAMH
BXOJa U BBIXOJA MeTajJia H3 BaJIKOB,
HA3LIBAETCS  2EOMEMPUHECKUM O4Q20M
Oegpopmayuu (puc. 11.1).
Paxmueckutl ouaz dedopmayun
BKJIOUaeT B celsi BHEKOHTAKTHBIE 30HBI
nnacTHueckofl Jedopmailuu MeTasna,
¥ OH 6OJIbile TeOMETPHYECKOTO OYara.

L OcHoBbl pacyera CHCTEM pery/lHpoBaHud
MPOAOILHOR U nonepeyHoft PadHoTOAUHHHOCTH,
a Takke (opMbl NOJOGC TIpHBENEHH B ra. V,
rn. 7—8; OCHOBB TEOpHH pacueta CTAHOB A
MPON3BOACTBA OECIIOBHEIX H CBapHLIX Tpyb

Pue. 11.1. Cxema reoMerpuyeckoro
ouara aehopManii Npu OpoKaTKe paccmotpenn 8 ra. XIII n XIV.
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Taxk xak anuHa 30HH Aedop-
MalluH OGBIMHO MeHBLIE MIHDPHHBI
M0J0CH!, TO OpH 0OKATHH NOJOCH
N0 TOJNIHHE METaJIJI B OCHOBHOM
TEUET B HANpaBJeHHH €& JJIHHEL
(a He LWIHPHHBI).

Pa3nocTe TOJIUHHBL TNOJOCH
npH Bxoje h, M BuIXOHE h; H3
BAJKOB Ha3LIBAeTCA abCOARMHbIM
obmamuem: Ah = h, — h,.

PazHocTh MeXIy KOHEYHOH
wupuHoit B, u HavanbHOH MmIHpH-
Hoft B, nonockl HasbiBaercs afb-
comomubirm  yuiupenuem: AB =
= B]_ i Bo.

HOyra AB HaswBaercsa dyeoil

-

<

5 |

.

Puc. 11.2. BAHAHHe YNPYroTo CHMATHSA Bad"
KOB H YNpyroro BOCCTANOBJIEHAA NOJOCH Ha
ANHHY AYTH 3axBara:

A,By — gyra xoHTakTta HefedopMHPOBaHHO-

ro sanka (I = VR Ah); A:B,C — nyra koH-
TaKTa C yueToM YNmpyro# AedopMalHH BasiKa
H YNPYroro BOCCTAHOBJICHHSA MOJOCKH

3axsama, a TrOPH3OHTaNbHas® NpOEKNHA 3ITOH AYrH NPHHUMAETCA 3a
dauny ouaea Oeghopmayuu w oGo3Hauaercs [. lleHTpanbHEIA yroa a,
COOTBETCTBYIOUWLHH Jyre 3axBaTa, Ha3blBAeTCS Y240M 3axeama:

cosa = 1 — (AR/D).

(IL.1)

[Tpu HeGoawpwux yraax saxBara (& = 10+-15°) mMoxHO cuHTaTh,

gTO o0 = Sin & H TOorja
o=17 Ah/R.

(11.2)

FOPHSOHTBJI!:HYI{) MPOEKNHI0 AYrd 3aXBaTa MOXKHO ONPELENHTb
H3 paBeHcTBa [ = R sin @ HJIH B 3aBHCHMOCTH OT 06KaTHA H3 Tpe-

yronsHuka ABC
[ =9 R Ah — (Ah/2)%.

(I1.3)

C nocratouHo# TOUHOCTbIO I/l TIPAKTHYECKHX DacdeToB

[=vVRAh.

(I1.4)

Ecan auamerphi oG0HX BaJIKOB CYLIECTBEHHO pa3J/IHYaioTCH, TO
IJHHAa 30HE JedopMallHH OTNpefeisieTcss H3 COOTHOIIEHHS

[ =V 2RR, AR/(R, T Ry),

rae Ry, R, — pajuycel BalKOB.

(11.5)

Ilpy xon0aH0H NpoKaTke cTafeil ¥ CIIABOB, 2 TaKXKe NpH ropayel
NpoOKaTKe TpyAHOLe(ODMHPYeMBIX CNJAaBOB ynpyrasa JAepopmaius
CXKATHA BANKOB H YNpYyroe BOCCTaHOBJEHHE MOJOCH MOryT ObiTh
3HAYHTENbHL. 3TO NPHBOAMT K YBeJNHYEHHIO AJIMHBL AYTH 3axBara

no cpapuenuio ¢ [ = /' R Ah.

Jlnuna nyru 3axsata [; ¢ yu4eTOM YTpYroro C:aTHs BaJKOB w;
H YIpyroro BOCCTAHOBJEHHf NOJOCH w, M3 puc. 11.2 onpegmensercs

COOTHOLIEHHEM:

la=xi+x3=1 RAh+ & | xo

rie x; = V2R (wy + wy)

(11.6)
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X3 =8pcp [(1 — ¥i)/nEi + (1 — v3)/nE2] R. (11.7)

Ecau npexefpeub yNpyrdM BOCCTAHOBJIEHHEM MOJOCH, TO HOJY-
4HM BhIpa)keHHe X MYKOKa IJIs NOJCYEeTa IJIMHBLI AYTH 3aXBara C yue-
TOM YTOPYIrOTO CKaTHsl BaJKOB:

5 — U= Ry, (11.8)

Ins cranpHBIX BaJKOB, ecnu npuuars £ = 2,210 MIla u xo3d-
¢unuent Ilvancona v = 0,3, umeem

— 1,08-107Rpep, MM, (11.9)

rie R, MM; p.p, Mlla.

[ns xapakTepHCTHKH [epeMelieHHs MeTasdaa NoJb3YIOTcH Ko3ad-
dunuentamu soumancku = Ly/Ly; ywupenuss p = B,/B,; obxarus
n = h/hy.

Tagk Kak nJOTHOCTE MeTasa MpPH MJAacTHYecKOH AedopMalHH
NPAKTHYECKH He MeHsercs, To M o6bem jAedopmupyemoro Tteqna V
ocraercst HeusMeHHbIM. [losToMy mpoH3BeleHHe 3THX KO3(hDHLUHEHTOB
paBHO eNHHHIE:

NP = (i/hg) (Bu/By) (Ly/Ly) = Vo/Vy = 1. (11.10)

JLis OUEHKH BeNHYHHB NJaCTHYECKOH ,H,ECIJOPMBU,HH MeTaJnaa nodb-
3yHTCA OTHOCHTEJbHbLIMH BeJHUHHAMH!

obaxcamus

e, = (hy — M) hy = AR/Ay, (IT.11)
HUUpeHIA

e = (By — By)/B, = AB/B,, (I1.12)
yoaureHus

g;. = (Li — La)lLy = AL/Ly. (11.13)

ITpu 6oapiunx peopMaiiax H pasBHTOM TEUEHNH METasIa noJb-
3yioTest KOA(GQHUHEHTAMH UCMUKHOL WAL A02apudmuneckoil degopma-
yuw. Koshduiuent norapudmuueckoii JedopMallHH NPeACTaBAseT
coBoii uuTerpas OGecKOHeYHO MaJoOro MnpHpalleHusd, OTHECEeHHOro
K pasMepy B JaHHbIH MOMEHT:

fro B,
0 fofhy = | dhyhs In ByBy = [ dBy/B.;
Iy By
Ly
in Ly/Lo = { dLy/L,. (I1.14)

Ly
Irn koapduuuenTs Aegopmaniy 06aasal0T ¢BOHCTBOM aIIHTHBHOCTH.
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Ycnosus 3axBaTa MOJOCHI
BANKAMH

[Tpounecc npokarku obecneunBa-
eTcsl HaJdHIHeM CHJ TPeHHs, Ned-
CTBYIOLHUX Me Ay NTOBEPXHOCTAMH
BAaJKOB H MeTaJjJa.

B Moment 3axsaTta MeTa/Ia
BaJKaMH Ha rnojocy JAeHcTBYIOT
HOpMaJIbHBIE CHJIbBI N wu xaca- Puc. 11.3. CHaBl, AeficTByoWEe HA noJiocy B
rTeJbHBIE CHAW T (puc. [1.3), MoMeuT saxpama
Kpome TOro, Moryr JAeHCTBOBAaThL
BHelHs A cuma F (0T Lpyrux KJeTeil u T. 1.) M cuia uHepuun U,
Wz yeaosus paBHOBECHH MOJIOCH HAaXOJAHM:

Tth-|-

l‘*‘\
I

11.15
2cosa” * ( )
Cuaa T ne moxer OHITH DoJible NpoH3BeAeHHA cHabl N Ha Koagd-
tunnedT TpeHusa p, T.e. T < Np.
OTciona ycloBHe 3axBara:
U—F

gL — %
> tgo 2N cosae”

(I1.16)

Ecmn cnmoit U npenebpeun, a cuJa F OTCYTCTBYeT, TO yoaosue
saxsama MOmeT ObITh 3AMHCAHO B BHJE:

n=tga (I1.17)
HIIH, Bhlpamas W 4epe3 yrosa TpeHus f:
B>a (11.18)

Ha npaxTuke npuMEHAIOT caelylollHe HAnGOAbIIKHE YIJbL 3aXBaTa:

Xononuasn MPOKATKA CTaNH H APYTHX METAJ/0B C MOAKATHEM
BaJIKOB MOC/A€ 3axBaTa;

co cMaskol Ha Xopowo wiandoBalHbX Bajgkax . . . . . 3—4°
Ge3 cMa3Km Ha rpy6uIX Baakax. . . . . . . . . . .. 5—8
lopstuasn mpokarka:

CTAABHBIX JIHCTOB . . .« « &« o« v v o 0w v« . . . 18-22°
a/tioMiuka npH 350 M .. N
nukegast npu 1100 °C MF_‘.J']h\{HOpd npn 950°C . . . . 22

aatywm JI62 npw 800°C . . . . s ow v s ow  B1—524°
CTajlbHbIX COPTOBbIX npmpn:jeu S <
mean mpu 900°C . . . ’ o @ W 27°

CTaibHbix mpodiei B BATKAX C Haccue}mmi pTT(]WeHDﬁ .
Wl HABAPEHHOH MOBEPXHOCTBIO . . . . . . . . . . . 2734

HelitpaabHbifi yron M ycioBHA ABHIKEHHS MNOJOCHI
noc/ie 3axpaTa

H]JH YCTAaHOBHBLIEMCHA ﬂpOHECCE npm{anm HOpMElJ!beIe U Kacareh-
HBle KOHTAKTHBLIE HANPSXKEHHA AEHCTBYIOT HA MeTala 1o BCeH Oyre
3axBara. BBHI[y CTPE‘.MHEHHH MeTaJlJjid Hpit ero CatrHi BaJKaMH Je-
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. F

FAY

y

T -t

;ﬁ*-— GopMUpPOBATECH B HalpaBREHHH

/'/1} HaHMeHbLIEro CONpPOTHBJIEHH A,

/{i T KOHTAKTHHIC KacaTeJbHEIC HAOPA-
yA / P EHH# B HaYaJe 1 B KOHIEe AVIrH
_ { y

3aXBaTa HMEIOT NPOTHBONOJIOK-

HOE HaImpabJleHHe.
BepruKkaJnHoe ceueHHE, B KO-

TOPOM KOHTAKTHBIE KacarefbHEe

‘ ——=~ HanpsXeHHA H3IMEHAIT HaIpas-
;r JIeHHe, Ha3blBaeTcAd HeHTpa/b-
HBIM, d COOTBETCTBYIOUWHME YroJ

obosHauaerca vy. Hedmpanoroe

2

%L cederitie  JEJIHT 30HY AedopManHu
S 3a Ha 30HY OTCTaBaHHS M 30HY
g% onepexkedus. Ilns onpeneneHns
§E‘3! —L yria y H aHajllH3a JBHKEHHA Me-

TaJJaa COCTaBJAACM YDABHEHHE €ro
Puc. 11,4, Cunul, AefcTBYWWHE HA NOJOC -
opa ycrauomnmemﬁ:s gagﬁceuﬁu 4 pABHOBECHS. Brusrnem yuspe
HHA OpR 3ToM npeHe(peraem.

Toraa (puc. 11.4):

D x= px sttt @ R dory -

j T, COS 0L R daty — j T, cosa R do, — (T, — To2B =0,  (I1.19)

] g
TAe P, — KOHTAKTHOE HOpMaldnHOE HANpPSAXKCHHE, T, — KOHTAKTHOC
KacaTelbHoe HanpsixeHhue, Ty ¥ T; — NpoJoNbHHe CHJH, JeHCTBY-
IOIIHE Ha MeTajJl NpH BXOZe B BaJKH H BHXOIE H3 HMX (CHJH HATA-
XEeHHS HAH NOANopa).

Ecnu ang ynpomeHHs BHBOJOB NPHHATb, YTO KOHTAKTHOE HOP-
MaJibHOe HampsKeHHe No Ayre 3axBarta NOCTOSIHHO H PaBHO p, @ KOH-
TaKTHOE KacaTelbHOE HANPAMEHHE T, = WP, TC NOMYUHM

sin y = (sina)/2 — (1 — cos a)/2p + (Ty + To)/dppBR.  (11.20)
Ecau npuuars T, = T; = 0, To nonyuum copmyay IxeayHAa:
sin y — (sin «)/2 — (1 — cos a}/2p. (I1.21)

Onepemelme H OTCTABaHHE

Onepesxcertiem HazpBaeTCs ABJASHHE NPEBHIUGHHMA CKOPOCTH BuIXOZa
NPOKATHBAEMOrO METaJN/J2 H3 BAJKOB /10 CPABHEHHIO € HX OKPYHHOH
CKOpOCTBY. OHO nmeer G0JbLIOE 3HAUCHHE JIPH pacueTe HeNPEPRIBHBIX
CTAHOB He TOJIbKO B OTHOIIEHHH PeXHMOB O0XKATHH H CKOpoCTed Bpa-
WEHAS BAaJIKOB, HO TAKIKE H TIPH ONpefeleHHH MOMEHTOB. HeOGXOAN-
MBIX JAJ HX BpalleHHA, M YCH/IHH HATAMEHHH TOMOCH MEKAY KJe-
TAMH CTaHa,
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Bel®dHHy ONepexenns MOXKHO
BHPA3UTh OTHOLIEHHEM
S = (v; — vg)ug, (11.22)
rfie v; — CKOpOCTh BHIXGJA MeTadsa
M3 BaJKOB; U, — OKpYMXHas CKO-
pPOCTL BAaJIKOB.

OrnepeeHHe MOKHO HafiTH W3

YCJIOBHA TOCTOAHCTBA CeKYHAHOIO
ofneMa NpOKATHBAEMOTO MeTaJtJa:

hatg cos y = vy, (11.23)

rie H, — BLICOT2 NpPOKAaTHBACMOA
[10JIOCHL B Hel‘:ITpaJIbHOM CeYEeHHH.

hy = hy + 2R {1 — cos ). (I1.24)

[lojgcTaBuB OTHOWEHHE Uy/Uy, TO-
AyyeHHoe u3 paseHctBa (I1.23),

B coorHomenne (11.22}, nonyumm -\b—
= (QR”h Cos y — l) 2 sin? ?/2 Puc. 11.5. TIpoeKOHR OKpy®HOK eKo-
POCTH BaMKa Ha HANpABJAeHHEE NPDOKATHKH
(11.25)
Tax KaK cos y MpakTHYECKH BJM30K K efuHHIe, a sin? /2 = y¥/4, To
S = (R/h, — 0,5) % (11.26)

Tlpn mpoxaTKe TOHKHMX N0JIOC, KOria R 3pavydTensHO GoJswie Ay,
BTOPHIM 4/IEHOM B 3TOM YPaBHEeHHH MOXHO upene(peub BBHAY TOro,
9TG OH MaJ [0 CPaBHEHWIO C MepBHM; TorAa noJydam dopmyay [o-
JnosuHa—/llpessena

= Ry¥h,. (11.27)

Dra dopMyaa noayinaa Godbiroe pacnpocTpaHeHHe NpPH pacyere
orepexenns. OIHAKO, KOTila 3HAYEHHE OTHOLEHHS R/h, couzmepumo
¢ Benuuunod 0,5, dopMysa Aaer HeTOYHhle pe3yabTaTHl, H MO3TOMY
B 9THX CIOyYasix uesjecoofpasHo NoJb3oBaThes ypapueHuem (11.26).

Paccmorpum AByMepHylo HAedOpMallHio MeTaldla IMPH NpoKaTkKe
C OTHOILIeHWEM JAJIHHH 04Yara Aeopmanuu [ K BeICOTe MOJIOCH A He
menee 0,5—1,0. 3ror enyuall npokaTKH JIpH IPAKTHIECKH MpHMeHse-
MHIX yr/iax 3aXBata He Goaee 30--35° xapakTepH3yeTcs TeM, 4TO
ropu3oHTalbHad NPOEKUHA OKPYXHOH CKOpoCTH JiIOOOH TOUKH IMO-
BEPXHOCTH BaJKa NPH H3MeHeHHH yria ¢ or y 1o o (puc. 11.5) GosabLre
cpeaHell CKOPOCTH ABHMKEHHS TPOKATHBAEMOrO METANa Uy op, T. €.

U COS P >> Uy cp (11.28)

H IIpH @ = Yy TOPH30OHTa/JbHAA NPOEKUHS OKPYKHOH CKOPOCTH BaJjKa
paBHA Up.,. B 3ToM MOXKHO yGeJHTLCA IPH HCC/EJOBAHMH OTHO-
IIeHHS

(Ve COS P — Uy o )/¥s cpe {11.29)
a1




2 nﬂ}lL‘T{{BII:\T B 3TOH OTHOLWIEHIC
= ! S E—
g l_//,,é_r__r Uy cp=FuUn COS YV, 1y = J,ug COS Y/ Nyt
. N | gl « - D (cosy — cos ), (11.30)
|
N o
;L%\.‘_ w1 W, EHEE h, — BHICOTA [POKATHIBAEMOH
e NoJOCH B paccMaTpHBaeMoM  ceue-

|
Al L o
| - — yun x. [locae ieGoLIHX  11peod-
pasoBaliuil noJyuaem

(U COS ) — Uy ep)/Ux ep = [(Dcosp —

—hy) (cosy — cos ¢)}/hy, cOs Y.

(11.31)

Puc. 11.6. UaMeuenuwe npoekKniyd OK-
pYJHOH CKOPOCTH Bamka vy cos @ (Kpu-
sag /) u cpegueil CKOPOCTH NPOKaThi- [Jis paccMaTpHBaeMOro caydas
BREMOro METAllIa Uy op(Kpusad ) cnpu e, > 0,51 npakTHuecKy

JOMKHO ObITe D cos @ > hy

CneioBaTeNbHO, TPH ¢ = § YHCJAHTeNL BbIPAKEHHS (11.31) moumo-

SKHTENbHBI, UTO CBIJIETeNLCTBYET O CYLIECTBOBAHHH HEPABEHCTBA

(I1.28). B cBa3n ¢ 3THM CHJILI TPeHHA CTpeMATCH COODLIHTL 30HAM

MeTa/lJIa, NPUJEraioliiM K Ba/JKaM Ha Y4dCTKe ¢ = Y=, GOJBIIYIO

CKOpPOCTb 10 CPaBHEHHIO C (haKTHYECKOH CpeAHeil CKOPOCTHIO JBHKE-

uus nodsockl (puc. 11.6). Yuactox AC nyru 3axBaTa, CAE Ugep <<
< Uy COS (¢, HA3LIBAIOT J0AOL OMCMABAHUA.

[IpoTsiKeHHOCTh 3TOH 30HbI [, HAXOANM, €CJH MNPHHATL Py = P

n 1, = up, no ypasenuto (I1.20), yuurbiBas, uTo [, == | — R siny:

I, = 0,5 [ + Ah/2p — (T1 — To)/2ppBl. (11.32)

B I{EfiTpaJIbHOM CeyeHHH CKOPOCTH NBHMKEHHS MeTajaa W BajJKoB
paBHBI, [103TOMY MOAHO noaaraTh, 4TO MO BBICOTE 3TOTO ceyeHun

CKOPOCTH pacrpejieleHbl paBHOMEPHO.
3a npeefaMH ITOTO CEUEHHH B 30HE ONEPEHERUA BC

Uy COS P < Uy op (11.33)

B crpaBei HBOCTH TOTO HEPABEHCTBA MOJKHO yOequTbCA TAK iKe,

kak u Hepapencrsa (I1.28), aHanusupys OTHOLIEHHE (11.31). Tlpu
@ <y UHCAWUTeNL ITOTO OTHOUIEHHF CTAHOBHTCH OTpHILATE]LHBIM
(D cos ¢ < hy), 4TO TNOATBEpHKAALT CylulecTBOBaHHEe HepaBeHCTBA
(11.33).
"B coorsercrsui ¢ HepasenctsoM (11.33) BalKu B 30HE OTICPEKEHNS
HrpalT pojib TOpMo3a (CM. PHC. 11.6). TlostoMmy 30HBL MeTalaa,
NpHJeraomue K BaJKaM, HMEIOT MEHbLIIYIo CKOPOCTL, geM CpefHHE
CIOH MeTal/aa, KOTOpHle BCerja CTPemsTCst HeMHOro OMepEeLNTs STH
30HEl H BBI3BATH HEPABHOMEPHOCTb B pacnpe/le/eHin ckopocrell no
BBICOTE MOJOCH. [IpOTAMKEHHOCTH 30HLL OMEPEKEHIlH [, Haxoanm 1o
ypaBHEeHHIO

I, = 0,5 [l — Ahf2p + (T — To)/2puB 1. (11.34)
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Ckopoctb jedopmaunn

Cropocmero degropmayuy ¢ HA3LIBAGTCH NMPOM3IBOAHAA OTHOCHTENLHOM
nedopMariy MO0 BpeMeHH, T. e.

u = deldr. (I1.35)

/
gax ;:st( de = dh,’h,, TO cKOPOCTE AedOpMaIui MOXKHO TNpeACTaBHTh
BH

u = dhy/drh,. (11.36)

[Tpoussogunas dh,/dv npenctaensier co6oii JHHEHHYIO CKOPOCTB
06:KaTHsA, T. €. CKOPOCTh NPOJBHAEHHS WHCTPYMEHTa B HalpaBJeHHH
nedopmanuu: v, = dh,/dt, tae h, — BbicoTa JedopMUpYEMOro Tesa.

TlogcTaBHB 3TO 3HauYeHHe NpOH3BOAHOH B ypasHeHue (I1.36)
MOJYYHM ‘

U= vylhy. (11.37)
Ilpu mpogaTKe CKOPOCTL JAeopMallHH MO Jyre 3axBaTa W 10 ce-
4eHHID TPOKATHIBAEMOr0 MeTalJa pacnpefelsercs HepaBHOMEPHO.
CpelHAa CKOPOCTh MO BEICOTE CEUEHUs B JIOOOH NJIOCKOCTH odara
AepopMaLuK, HAXOAAUEHCA HA PACCTOSHHUH X OT JHHHH, COeTHHAIOWER

neHTpol BadkoB (cm. puc. 11.5), cormacho i
pasuTCcH TaK: ) ypasrernwo (I1.37), Bu

=92
Uy = 20y/hy. (11.38)

(;xopOCTb nepeMelleHus MeTalla B BePTHKAJAbHOM HANpABMIEHHH Ha-
XOLHM H3 YCJ/OBHSI IOCTOAHCTBA CeKYHAHOTO ofweMa, npeunedperas
BJAHSIHHEM VIINPEHHS:

Uy = Uy tg ¢ = Ulhl tg [Pﬂ”h.\:' (1[39)

[NoxcraBus sHauenne v, B ypaBHeHue (I1.38), noayumm dopmyny
LIS NOJCYeTa CKOpocTH AeopMalHi B 060M NONEPeuHOM CedueHHH
NPOKATHIBAEMOTO MeTaJla:

- 2
U, = 2uh) tg @/hy- (I1.40)

,,HM onpejieNienia cpeaxefl CKopocTH feopMali npH NPOJ0JIb-
HOf MpOKaTKe HAHJeM YCPCIHEHHOE 3HAYeHHe CKOPOCTH LeopMailiy
no Beefl 30He 00:KaTHA:

!

Moy, = 1/1 | u,dx.
ep uJ (11.41)
[locne noxcranobxku wu, cornacHo ypaBHenuto (I11.40):
I
Uy == 200 /1 | tg @/h; dx.
. Dj (11.42)
3amennsn tg @ uepes dh,/2dx, nmoayuum ¢opmyay
hg
tep = tihu/l J dh/hs = vily /L (1 — 1jhg) = v, ARJihg. (11.43)
ky '
2 3axas 224 33




KoapduunedT Tpenus npH NpeKaTe

Kos(pHIIUEHT TPEHHS MEXKAYy MPOKaTLIBAEMbIM METaJIOM H BaJlKaMil
3aBACHT HE TOJIBKO OT COCTOSAHHS KOHTAKTHBIX noBepXHOCTEH H yCJ0-
BHii CONPUKOCHOBEHHS (CBOACTB MPOKATHIBAEMOTO MeTasa, TeMnepa-
Typsl NPOKATKH, NPHCYTCTBHA OKHCJIOB, poja cMasKH, JaBJieHHS H
CKOPOCTH NpOKATKH), HO TaKKe W OT XapaKkTepa caMoro CKOJIb)KEHI{ﬂ:
B CBS3H C 3THM [pH NPOKATKE CJACAYET pasauiaTh TPH BHIA ko3
uHeHTOB TpeHusi: 1) NpH 3axBare; 2) npu OYKCOBaHHH BAaJKOB IO
Beell KOHTAKTHON MOBEPXHOCTH; 3) mpH yCTaHOBHBILEMCS JIBHMEHHI,
KOT/la CKOJLXKEHHEe MeTajJia 7O MNOBEPXHOCTH BaJKOB MPOHCXOANT
B NPOTHBONOJOMKHBIE CTOPOHBI OT HeHTpa/JbHOTO. CEYeHH . .

1. KosdxpuilueHT TpeHHS npu saxsame 'HBXOI{,HT NyTeM ONEITHOT
onpejeieHHsl MpeleabHoro yraa 3axBara:

Wsaxs = tg Cmax- (I11.44)

onaueil npokatke ctamu (Buime 700 °C) kosdpduunent Tpe-
HHﬂnlfl’.]){H rS?SCBBTE oxlijpe,aeme?cs B 3aBHCHMOCTH OT Temnepatypsl £, “C
no gopmyJe |
Wgaxs = RikaRy (1,00 — 0,00051). (11.45)

Jlast cTanbHBIX BaJkOB #y —= 1,05 1As YYTYHHEIX BaJKOB C 3aKa-
i = 0,8.
JeHHOI TIOBEPXHOCTBIO Ry ; ' |
TonpaBounblil KOIDHHIHEHT & y9HTHIBACT BJAHAHNE cr}aopoc:?]u
npokartku. IIpy CKOpOCTH MPOKATKU U <’2 M/c KosppunuenT ky = 1.
: : bl T ey
IIps CKOPOCTH NMPOKATKH 4] 10 u 20 wm/c kozdxbuiiHeHT k, crenyer
NPHHHMATh COOTBETCTEEHHO paBHbLIM 0.8; 0.5 n 0,1. )
Kosdpumuent k, yIuTLIB2ET XUMIIECKUI COCTAD MPOKATHIBAEMOTO
MeTaJa:

. cm P18 XI5 12XISHIOT 12X25T
%mnb o T 70 L0 1,30 1,40 1,55
A

9. KosdpuuneHT TpeHHA npu OCyKcocQuuu U YCMAHOGUBILCALA
deuncenyul, COTJAAcHO 3KCMEPUMEHTAJbHBIM HCCHEI0BaHHAM, HHKE,
)

uemM I]pH 3axBare:
Baaxs/ty = 1,25 + 2,0 (11.46)

3. KosdxpumueHT TPeHHA NPH YCTAHOBHBIIEMCA ABHMKEHHH oﬂnpe—
JeSIOT TO BelHuiHe ONepPeXeHHd HJH HENOCPeICTBEHHEIM u3mepe-
HUeM KacaTeJbHBIX CHJ Ha KOHTAKTHOH NMOBEPXHOCTH. _

Tpy x0J0/HOM NpOKaTKe KO3(DHIHEHT TPEHHA 3ABUCHT OT CO.,CT(; g_
HHS NOBEPXHOCTH (IJEPOXOBATOCTH) BAJKOB H npoxaThIBaﬁemo;1[H -
J0ChI, TEXHOJOTHYECKOH CMasKH, CKOPOCTH TPOKAaTKH, 004 X
BeMUMHE KOHTAKTHOTO Hanpsixenus. Tak, aas cnyq%ﬂ- XOJIONIH i
npokartkd cranu 08KM ¢ pasiHHBIMH CMa3Kamu TpH o ):{amrg 2.}5,3){
mepHO 15 % KOS((HIHEHT TPEHHS MOKET HIMEHATLCA B npen
0,08—0,15.
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2. KOHTAKTHBIE HATIPAXEHHSA

-
MPH MPOKATKE / —]
@y
Auddepesunanbabie  ypaBHeHHd =
KORTaKTHBIX HAaNpPSKEHHH d 4

Ins onpejeneHHss YCHAHA Npo- Lo Grdoe KT
KaTKH H MOMEHTOB, HEOGXOLHMEIX
I BpalleHHsi BaJKOB, Hamo
3HaTb 3aKOHOMEPHOCTH pacnpeje-
JIeHHSI KOHTAKTHEIX HANpsIKEHHH

¥ ax -
no Ayre 3axpaTa. : (ﬁ_’

PaCCMOTpHM cayuai npoc'roﬁ Puc. 11.7. CHabl, geficTBYoUHe Ha 3JeMenT,
BhIflesienHbift H3 NPOKATHIEAEeMOH MOJOCH B

IIPOKATKH, Korja JIJuHa JAyTH 30HE OTCTABAHES
3aXBaTd 3HAaYHTEJbHO NpeBoC-
XOAHT CPEJHIO TOJILHHY MPOKaThIBaeMOH noJiockl. IIpu 3ToM 6Gyaem
CUHTATh, YTO BaJKH IHJIHHADHYECKHe, TOMLHHA 0O [NHPHHE [IO-
JIOCH MOCTOSIHHAA, LIHPHHA [POKATHIBAEMOH MOJOCH B HECKOJBKO
pas GoJblue IJHHBI AYTH 3aXBaTa, M, TaKHM o6pasoM, 3Ty 3ajauy
MOKHO pacCMaTpHBaTh Kak JAByMepHYIO (mnockas JAedopManms).
Boinenum B ouare pedopmanum snement abed (pue. 11.7), orpa-
HHYEHHBIH UHAMHADHIECKHMH MOBEPXHOCTSIMH OGOHX BaJKOB H [BYMS
NJIOCKOCTAMH, NepleHIHKY/IAPHBIMH HalpaBJeHHI0 NPOKaTKH H pac-
NOJI0XKEHHBIMH OJIHA OT IPYroil Ha GeCKOHEYHO MaJOM PACCTOSIHHH dX.
PaccMoTpuM  yc/IOBHA paBHOBECHSI 3TOTO 3JIeMeHTa, [IPOEKTHPYS
BCe JIEHCTBYIOUIHE HA HEro CHJIbI HAa HaNpaBJeHHEe NPOKATKH.

[eficTBre npaBOH YacTH TMOJOCH HA BLIAEAEHHBIH 3JEMEHT Bblpa-
maercsl o.h,, THe 0, — cpelHee HOPMAJbHOE HANPAKEHHE CHKATHS
no ceuenHio bd, a h, — Beicota ceuenusn bd. JomycTuM, 9TO B nJo-
CKOCTH aC Cpe/lHee HODMaJIbHOE HaNpsikeHHe o, -+ do,, a BECOTa
noJiocel A, + dh,. Torma peficTeue JeBoll uwacTH NPOKAaTEIBAECMOIH
IOJNIOCH] HA BBbIIEJICHHBI 3JIeMEeHT BhIpaxkaeTcss cuaoil (o, -+ do,) X
X (hy + dh,).

PaccmoTpum ycJloBHe paBHOBECHs 3JieMeHTa, KOTAa OH HAXOMAHTCH
B 30He OTCTABaHHS.

IopHsoHTaNbHAS NMPOEKUHS CHJ, AGHCTBYIOUIMX MO KOHTAKTHOMH
MOBEPXHOCTH 3JIeMEHTa C BEepXHHM H HIJKHHM BaJKaMHd, paBHA
2 (py tg 9. dx — 1, dx), rHe p, — KOHTAKTHOe HOpMaJIbHOE Hanpa-
JKEHHe; (, — YroJ MeKAy KacaTe/bHOH K Ayre ab W TOPH30HTANLHOH
TVIOCKOCTBIO, Ty — KOHTAaKTHOE KaCaTeqbHOE HATIpFAKEHHE.

CyMma ropH3OHTANLHBIX NPOEKUHE Beex CHJ, AefiCTBYIOUIMX Ha
3/IEMEHT:

YX= (0x +dog) (hy - dhy) — 0he — 2P 48 @ dx - 21, dx.  (11.47)

Moacrapnsin B ypaeuenne (11.47) suauenme dx — dh./2 tg ¢. =

npene6peras GeCKOHEYHO MaJIbIMH BeJHYHHAMH BTOPOIO NOPAAKA,
noJy4um

Aoy — (s — ) dhafhe + (Ta/1 Pc) (dhfby) = 0. (11.48)
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HJ]H 3NeMeHTa, HaXoASLLIerocsa B 30HE onepexeHHsa, ypaBHeHHE paB-
HOBECHA HMEeT BHI
dgx - (px o UI) dh:\.hm o (thg ('Pa:) (dhxfha.) =0. (1149)

Ina pewenns ypasueuuii (11.48) u (I1.49) neo6xoaumo onpene-
JHTH 3aBHCHMOCTL MEXK/Y HAOPAXKEHHSMH p, U T,. Bocnoawnsyemcs
YCJIOBHEM NJACTHYHOCTH I ABYMepHOil JedopMaiiuu:

c — O, N2 o 0
(_”_2_.1) S -} (11.50)

rie T, — CONpOTHRIeHHe uucTOoMy cABHTY. [lpumeM, 4To TrJlaBHbIE
OCH HaNpAXKeHHi B pacCMaTpHBaeMOM 3JIeMEHTe COOTBETCTBYIOT BepPTH-
KaJdbHbIM H TOPH30OHTANLHBIM OCAM:

Ul — 0'2 = QTT, (1151)

23 dx 1
* o gn COS B b Ta o sin trx) TR (11.52)

BToppiM uMeHOM NpaBofi 4acTH 3TOr0 ypaBHeHHs, OYEBHJHO,
MOKHO mnpeHeOpeus BBUIY €ro He3HaUHTENLHOCTH MO CPABHEHHIO

¢ MePBBIM, TOFAA 0, = Py H 03 = 0,. OTKyJa, COTJIACHO ypaBHeHHIO
(11.51):
Px — Oy = 2T, (I1.53)

lMoncraBus 3HaueHue p, — o, B ypasHenus (I1.48) wu (I1.49),
nonyuuM IudxpepeHianbHOe ypaBHeHHe /IS ONpejeleHns KOHTaKT-
HOI0 HOPMaJbLHOTO HaNpsKEeHHs:

d(px— 271) = (27 F T/1€ @) dhy /B (11.54)

TlocTostHibie BesHGUHBL, MOAYUAIOUIHECH B Pe3yanTaTe HHTErPHPO-
Banus ypaBuenust (11.54), onperensen us HavaapiblX ycnosuil, laa
3TO# LeNH HaXOAMM HOpMaJjblbie HampskeHnst B Toukax A n B.
Tlpuauvaem ofmyil cayyaf, KOria npoxarsiBaevas noJoca npH Bxole
B BAJIKM W NPH BHIXOJE H3 HHX TMOABEPraeTcst HaTsxeHmio. Hanpsme-
HHMS pacTsKeHusa O603Ha49HM uYepe3 o4 [PH BNOJE B BAMKH, T. €.
npax = [ H 0y NpH BeIXOJe U3 BaixoB, korga x = 0. Toraa, coriacHo
ypasuennto (11.53), KonTakTHble HanpsKeHHs paBHBL

B Toyke A

Pa= 2ty — 04 = §p2Ts;
B TOuke B

Py = 2ty — 0p = §;27;.

I[Ipu OTCYTCTBHU HATSKEHHH KOHTAKTHBIE HAMPAKEHUS B TOUKax A
i B paBHH 2T;. :

HanbHeliiee pemenne ypaBHenus (11.54) BoamoxkHO B IABYX Ba-
pHaHTax: 1) 3HaYeHHA T, BAOJb AYTM 3aXBaTa NepeMeHHHl H 2) 3Ha-
YyeHHs 3TOH BeNHUMHBI NOCTOSIHHEL. M3aMeHeHue BeJMUHHB! T, TID KOH-
TAKTHOMl NOBEPXHOCTH NPH TNPOKAaTKe BO3MOXKHO M3-3a YNPOUHEHUA
MEeTajia, pa3HoH CKOpOCTH JedopMalui B Hadaje W KOHLE Jyri
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3axBara, 4 TAKXE H3MeHeHHs Ho
HanpaBJeHnio K Touke B Temie-
paTypnl  TPOKATHIBAEMOro  Me-
Tamnna.

B. C. CuupHoB noxkasan, 9to
€CJH BMECTD NepeMeHHOro 3Ha-
YeHHA T, CUNUTATb €ro 3HaAUeHHEe
YCpPeILHEHHBIM, T. €.

Tr = (Tya T Trs)/2, (”55)

e T4 H Typ — 3HAUEHHS T,
B HauyaJde H KOHIE IyTH 3aXBaTa,
TO TOUHOCTL pelueHHsi ypaBHe-
HHAl OT 3TOTO CYINECTBEHHO He
MeHsgercs.

[IpunaB BO BHEMaHHE 3TO 06-
CTOATENLCTRO, PELHM ypaBHeHHe
(”‘54) OpH NOCTOAHROM SHAYEHHH Pre. T1.8. 3amena Ayry 3axpaTa ABYMA XOp=
T, BAOJb AYTH 3aXBaTa COTJACHO  Aaw _
pasercray (11.60). Torfla B egop- A% = 8os soms oreeasinnas BE = s ==
BeTcTBHM ¢ ypaBHenuem (11.53)

do, = dp,.

Huddepenunanshoe ypaBHEHHE KOHTAKTHBIX® HanpsiKeHHA MMeeT
BHJ

dp.r = (21:'1‘ + T.\:ftg (P.L) dhn:ffhx' (”56)

s pelieHus 5Toro ypaBHeHHs HEOOXO/AHMO 3HATh 3aBHCHMOCTD T,
0T p,. Hume paccmorpum HeKOTOpBIE HAHOO/IEE XapaKTepHEIE Clydau
TPeHH#A, BO3HHKAINIEID MeXAy NPOKATEHIBAEMBIM METaJJIOM H [O0-
BePXHOCTBIC Ba/KOB.

KonTaxkTHble HanpAMeHHd NPH CKOJbMEHMH MeTaja
C MOCTOSIHHBIM KO3((HUHEHTOM TpeHHs

CKONbIKeHHe TIPOKATRIBAEMOTO MeTasa NO NMOBEPXHOCTH BAJKOB NMPH
CyXOM TPEHHH BhI3bIBaeT KacaTelbHble KOHTAKTHBIE HANPsKEHHA
Ty = MUPy.

Ilocnie noAcTaHOBKH 3TOro 3HauyeHus T, B ypaBHeuue (I1.56)
noayuum ypassenue T. Kapwmana:

dpx = (2t T UpL/tg ¢x) dhylhy. (11.57)

Bxoasuine B 5T0 ypaBHeHMHe TNepeMeHHble BeNHYHHBL A, H @
OnpeleNfloTes KOOPAHHATAMM [yTH 34XBaTa.

Pewenne ypasuenust (11.57) ynpowmaercss, ecau ayry 3axsaTa
3aMEeHHThL XOopJoH, npoxopameit vepes toukn A u B (puc. 11.8), nau

AByms xopaamu (AC Aas 30HH oTcTaBaHusA, a BC 145 30HH Onepexe-
Hus).

x
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IMpunss B ypasrennn (I1.57) aas 30HBL OTCTaBaHus, T.e. ANA
yuactka AC

tg ¢, = tg (@ + V)/2,
a pns ydactka BC
tg Py = tg ?/2:

MOJNIy4YHM JJi 30HBI OTCTaBaHH

dpy = (27, — Bopz) dhx/hy; (11.58)
AN 30HBI OTIEPEKEHHA

dp, = (27: + 8up) dhsfhs, (11.59)
rie

6 =witg 4L &—witg (11.60)
[locae HHTErpHpOBaHHHA OOAYYHM AJid 30HBI OTCTaBaHlIA I
px = Colix*° 4 27/ 8¢ (I1.61)
B JJid 30HBI OIEPeKECHHHA

pr = Cihy — 211/8; (11.62)

[paHu4Hble YCMAOBHS:
= h = 427
npu A, 0 Px Gp< T,y )
npd b, = hy px = & 277, OTKYAA HAXOAUM MOCTORHHLIE Cy, u Co:

Co = 21+ (Lo — 1/60) hb*; (11.63)
Ci = 2%, (G + 1/80) % (11.64)

Ioncrasnss anauenns C, u C, B ypastenns (I1.61) u (I1.62),
nosydnM GopMyJIbl, MPeNJIoKEeHHEIE B 1939 r. A. M. LleauKkoBEM AAA
pacyera HOPMaJbHBIX HalpsKeHHH:

JJ5T 30HBl OTCTABAHHA

Pe = 20/8, [(©oBo — 1) (hothn)™ + 115 (11.65)
OJs1 30HBI O!‘[epe}KEHHH
e = 20/, [(€16y + 1) (Ae/h)® — 11 (11.66)

Ecai nofoca NpOKAaTHIBAeTCs 0e3 HaTseHHs ¥ Ha Hee He Jeil-
CTBYIOT KaKue-iu00 BHeIIHHe YCHJHSi, KPOMe BaslKOB, TO ypaBHE-
st (11.65) u (11.66) npHHHMAIOT BHA:

A8 30HBI OTCTABAHHA

P = 202/85 [(8 — 1) (hu/h)™ + 115 (1L.67)
IJ5 30HBI ONEPEeNKCHHA

Do = 21/, [(8; - 1) (h/b)’* — 11. (11.68)
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Hs ypasnennii (11.65) u (I1.66) cienyer, yto HopMaJjbHOe HanNps
JKeHNe HMeeT MHHUMYM 1pH 8o > 1 u 8; > 1 B Toukax A u B u noBe-
1aeTCH K HeHTpajJbHOMY ceueHHI0. KpHBEE, MOMYYeHHBIE TO OGOUM
YpaBHEHHAM, NepecekalTcss B HEATPaNbHOM CEUEHHH.

M3 ananysa xapaxTepa pacrpelefleHHs] KOHTAKTHEIX HOPMaJbHBIX
HANPSKEHIH No Ayre 3axBaTa clelyeT, YTO KOHTAaKTHOe HOpPMAaJnHOe
HanpsKeHHe 3aBICHT OT GOJLLIOro yncia (GakToOpoB: KoadduuHeHTa
BHELIHEr0 TPeHHs, BHICOTHI MPOKATHIBAEMOH NOJOCH BeJHYHHBI 06XkKa-
THs, JAHAMETpPAa BaJKOB H, HAKOHEN, HATIKEeHHs MNPOKAaThIBAeMOI
MOJOCE NIPH BXOJE B BAJKHM H BBIXOIE H3 HHX.

Pacnpege/ieHHe HOPMAJbHBIX H KacaTeNbHBIX HanpsXeHHH
ne Ayre 3axsaTa

PaccMoTpeHHast Teopis pacnpejefienlis KOHTAKTHOTO HOPMAaJjbHOIO
HAOpSKCHIA MO Iyre 3aXBara CCHOBAHA HA IPEANOJIONKEHHH, UTO
MpPOKaTBIBaEMBIH METaJJ CKOJB3HT N0 NOBEPXHOCTH BalKOB HA [pO-
THAMEHHH Bcel 1yru saxsata. B 30He OTCTAaBaHHs CKOJMbXKEHHE Me-
TaJ/l1a NPOHCXOJUT NPOTHB HANpABJISHHA BpalleHHA BajJKOB, a B 30He
ONEPEXMEHUA — 0 HanpapJeHH0 BpallieHHs BaJNKOB.

AHaJorHYHBIE BuIBOJAN OBIIH CHeJaHBl Takxke 9. 3ufeneM, HO
C CYLIeCTBEHHOH pasHHIeH, cOCTOsUIeH B TOM, UTO KOHTAKTHEIE Kaca-
TeJbHBIe HanpsaxeHHA CBIIN NPHUHATHL N0 Beell lyre 3axBaTa MOCTOSIH-
HBIMM M PABHBIMH Wt (TZe p — KO3(QHIHEHT TpeHUA).

3naunTensno nospxee A. Hapau BEIIBHHYA TEOPHIO KHAKOCTHOIO
TPeHHUS, B KOTOPOH KOHTAKTHBIE KacaTeJbHble HANPAKEHHS OBLTH MPH-
HATH TPOTNCPIHOHAMBHBIME CKOPOCTH CKOJbEHHA. JT4 TEOpHd pas-
pafoTaHa TpPHMEHHTeJbHO K XOJIOJHOH TpoKaTKe cO CMasKoil Ha
OCHOBC NPeLNOJIOKeHUS BO3MOMKHOCTH TIOSIBJEHHH MEX/Yy IpOKaThi-
BAaeMBIM MeTa/lJIoM M BaJKaMH KHIKOCTHOTO TpeHuH.

H. A. CoGoseBckuii B 1933 r. BEIABHHYJ THIOTE3Y, COTJIACHO KOTO-
poil MpOKaThIBaeMbIi MaTepHasa He 00A3aTe/NbHO NO/KEH CKOJb3HTh
10 MOBEPXHOCTH BaJAKOB. JTa THNOTE3a /I HEKOTOPBLIX YCAOBHIl npo-
KaTKH HECOMHEHHO TpaBHJAbHa. HanpuMmep, HMeloTcs OCHOBAHHSA Npel-
noJjaraTh, 4TO B CJAy4Yae NPOKATKH TOJCTHIX NOJOC Npi HefoJbIIoH
JAMHHE JYTH 3aXBaTa CKOJIbMKCHHE MeXJAY NPOoKaThbiBaeMEIM METAJJIOM
H BalKaMi OTCYTCTBYET.

B To e BpeMsi NOMHOCTBIO OTPHUATE CYLIECTBOBAHHE CKOJIbIKEHHS
MEXJY MPOKAaTbIBA@MBEIM MEeTAJIJIOM H BaJKaMmH ObIO OB TAKIKE OLIH-
604HO; HanmpHMep, B cJydae NMPOKATKH TOHKHX TOJIOC NPH GOJBLIOH
JJIHHE IyTH 3aXBara CKOJbxKeHHe, (e3yc/JOBHO, HMEeTCH.

Moxno nonarate, uto B ouare jedopMaunHH, KpOMe IBYX 30H
CKOJILKEHISI B 30HAX OTCTaBaHHUs H ONEPeXKeHHs, CYMEeCTBYeT elle
OJHa& 30HA, HAXOAAMAACS MEXKAY HHMH, I'le CKOJbXKeHHe NpoKaThiBae-
MOTO MeTaafda no BaJxkaM OTCYTCTBYeT. DTy 30HY B OTJAHUYHE OT 30H
CROJIbXKEHHS Ha30BeM 30HOH npuannaHus. TakuM ofpa3om, COriacHo
STOH TEOPHH, TPAHHLA MEXIY 30HAMH OTCT2BaHHS H ONepeXKeHHs,
TAe HanpamJenHe CKOJALXKEHHS MeHdeTcd, MpejicTaBisdeT coboi He
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Puc. 11.9. PacnpefiefieHH? HOPMAMLHEIX P, f Kas
CaTeJNbHREIX Tx KONTAKTHBIX HanpsekeHuil mo gyre
zaxBarta

JNHHHIO, a ONpeneseHHblH Yy4acTox,
Ha [POTSIKEHUH KOTOPOro CKOJb-
JKeHHe OTCTABAHHA 3aKOHYHJIOCKH,
a CKOJbKEHHE OIepeKeHHs ele
He Hayaloch.
i C TOYKH 3peHHsT METOIHKH pac-
yeTa HanpskeHHH Ha KOHTaKTHBIX
MOBEPXHOCTAX Ba/IKOB BCe Caydan
. NpOKATKH MOKHO pasjenuTs Ha
geThipe BHAQ, OTIHYAIOULHECS MEXKIY cOBoil rJaBHEIM 06pasoM OTHO-
LIeHeM AJHHBl AYTH 3aXBaTa K CpejHed BLICOTE CeYeHHH NPOKAaThIBa-
emoit mosocsl (puc. 11.9).

OTHoteHHe

Buj npokaTkn ”hcp
1 =5

11 2—5

I . .... 052

B\P o2 s e w0 <0,5

Xapaxtep AeopMauHH JNIA YKA3AHHBIX YETHPEX BHLOB NPOKATKI
GyAeT CyLUIECTBEHHO OTJIHYATHCA OJHH OT APYroro, H NOSTOMY AJdA
pacueta KOHTAKTHBIX CHJI TPeHHs, @ CJIe0BaTe/bHO, i HOPMA/LHLIX
HAMPSDKEHHA MPH 3THX BHAAX TNPOKaTKH HEOOGXONHMO MpPHMEHATLH
pasHpie crocofbl. ['paHuibl MeXNY YKa3aHHBIMA YETHIPhMA BHIAMH
MPOKATKH 3aBHCAT HE TOMLKO OT OTHOLICHHA Ilhe,, HO TaKxke W OT
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APYTHX (aKTOpOB, B YACTHOCTH OT Ko3(duumeHTa TpeHus, oGxaTHS
H yriaa 3axBarta. B CBA3H ¢ 3TMM yKa3aHHBIC 3HAYEHHs OTHOLIEHHH
I/h., cnexyer paccMaTpuBaTh Kak BeCcbMa OPHEHTHPOBOYHBIE.

I. Ilpu ornomennu l/h,, > 5 Ha Ayre 3aXBaTa HMEIOTCS 30HHL,
rae CHJBL TPeHH: NOJYHHAITICA PA3HBIM 3aKOHAM.

B Hawane u KoHUe AyrH 3aXBara, KOrja ee NJIHHa 3HAYHTENbHO
NpPEBOCXOJHT BRICOTY CeueHHA NPOKATbIBAEMOH NOJOCH, HECOMHEHHO,
HMEeTCH CKOJIbKeHHe MeTaslia 110 NMOBEepXHOCTH BaJKOoB. ITO 06CTOSA-
TeJNbCTBO TIOATBEPKAAIOT NAHHBIE MHOTHX 3KCHEPHMEHTAJLHEIX HCCHe-
noBanuil. [IosTOMY MOXHO NPHHATbL, YTO KacaTe/bHLIe HAUPAKEHIIS
Ha 3THX yYacTKaX, T. e. g 3oxax cxoavxenus (puc. 11.9, a), pacnpe-
LeJIAIOTCA COLMIACHO 3aKOHY CYXOTO TPeHHA: Tp = [Py-

CnenoBaTenNbHO, ANS 3THX YYaCTKOB NPH pacdeTe HOPMAJIBHOTO
HAMPSXKEHHs Ha BCEM MX NPOTHAXKEHHH MOTyT OLITh MpPHMeHeHHl ypab-
wenus (11.65) u (11.66):

anst yuactka AC

Px = = [€bac—1) (ho/h) ™0+ 11; (11.69)
anas yuactka DB
21,
Ps =5 [@abps + 1) () P2 — 1], (11.70)
e B=1-z E=1—g
__n . B
6AC - 1g qJAC ’ 6.ELH g CPDB H

0y H 0; — CPelHHE HanpsoKeHHA pacTaxenus B cevenusx AA u BB;
QPac U §pp — YIJB, 3aKkjal04eHHbe Mexay xopiamu AC uw DB u
OCBhI0 TNPOKATHIBAEMON TIOJOCH.

[lo mepe pocTa p, B HanpaBJeHWH CepelWHH IYrH 3aXBara, a cie-
JOBATENIbHO, W NPH YBeNHYEHHH up, KacaTeJbHOe KOHTaKTHOE Hampa-
JKEHHE MOJKET NOCTHYDL SHAYEHMs: T, — T,, [A€ T, — CONPOTHBAEHUHE
THCTOMY CABHIY.

BoJiee BLICOKOrO 3HaueHHs T, AOCTHYL HE MOIKET, TaK KaK NpH
COMPOTHBJIEHHH CKOJILIKEHHI0 N0 KOHTAKTHOH NOBepXHOCTH GoJee
4eM T, BO3HHKHET BHYTpEHHee CKOJIbKEHHE WJ/IH CIBHI B CJA0AX Me-
Tajna, TPHIEralmuX K KOHTAKTHOH noBepXHOCTH. CleloBaTe/lbHO,
KAaK TOMIBKO T, ZOCTHTHeT T, (B Toukax C u D Ha puc. 11.9, a), ckoab-
JKEHHE METa/]Ja MO MOBepXHOCTH BAJKOB NPeKPaTHTCA; Ha OCTaJbHOM
yuactke CD nayru saxsaTa, Takum oOpazoM, Oynetr Habai0AaThHCH
30RA NPUAUAGHIA.

Ha yuactkax 370# 30HH BOAN3N Touek C n D KacarelbHbe Hanps-
JKEHHSI PABHEL T, (IPU T, = const aHavyenHe HX NOCTOSHHO).

KoHrakTHOe HOpMaibHOe HanpsmKeHue Ha ydactkax CE u FD
MOXXHO PacCyprTaTe Ha OCHOBaHNH TEOPHH NOCTOSHHBIX CHJI TDEHHS,
npunumaa p = 0,5.
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VuyuThiBasi, OJAHAKO, 9TO HA 3THX YyuacTKax AYyr# 3aXBaTa KOH-
TAKTHBIE KacaTelbHbie HANpPsKEHHSI T, — T, HampaBjeHHe HOP-
MaJbHBIX HAOPSKEHHH p, CHIBHO OTKJOHHTCA OT HaNpaBJICHHS
IJIaBHOTO HOPMaJbHOrO HAaNpSKEHHs, H B CBA3H C 3THM yPaBHEHHA
pasnogecus (11.48) n (11.49) caenyer pemartk COBMECTHO C ypaBHEHHEM

[ (Px;Ux) :|2 +Ti =T$-

TogcTaBHB B 3TO ypaBHEHHWE 3HAUYEHHE T, = Tp, NOJAYUHM P —
— 0, = 0, oTkyna, cornacHo ypaeHenusm (11.48) u (11.49), crenyer,
4TO

oy dng 11.71)
dps=Figg Ty - (

[locsie WHTErpHPOBAHHS, 3aMEHMB IJisf YNPOLIEHHA pacueTa py
Ges 3aMeTHOH MOrpemiHoCTH Ayrd 3axpata Ha ydacTkax CE u FD
XOpAaMu, TNOJAYYHM AJf YJacTKa, NMPHJEraiiero K TO4Ke 8-

h 11.72
ki - (I1.72)
Px = Pc + Tg'-_q);_ ll’l h"c 3
H COOTBETCTBEHHO MJisl yqacma, np;meralom.ero K TOYKE 1)
z by 11.73
Pe= Pp+ m}; In gf)- ’ ( )

e pe ¥ Ppp-—— YAenbHBE AaBaeHns B Toukax C u D, onpejensembie
no ypasueHuam (11.69) u (I1.70); ¢pp H @cr — YIJIBI MEKIY OCbIO
npokaTeiBaemoil nojockl B xopaamu CE n FD; he ¥ hp — BBICOTH
ceyeHHs npoKaTeiBaeMoil mojochl B Toukax C u D.

Vpasuenune ([1.73) MOXKHO TakKe JerKO PEIINWTb M TNpH nepe-
MeHHOM tg @, T.e. 06e3 mMpupaBHUBAHHA JyTH 3axBara Xopie. E)Tor
VTOYHEHHOE DPELIeHHe MOXeT MpPeJCTaBHTh HHTEpec MpH GoMbIIHX
yrmax saxsara, Korga tg ¢ 61130k K KOS(QQHUHEHTY TPCHHHA, T. E.
k 0,5. O6osnaunM B ypasuenun (11.73) tg ¢ = dh,/2dx u he =~ hy +
+ (x*/R).

(Torna dp, = T2t./hy + x*R.

Tlocsie MHTErPHPOBAHHA HAXOAHM Pl

AJ5 30HBI OTCTABAHHA

pe = pe - 210 v/ Ry Larctg (x/y/ Rhy) — arctg (x/V' RE)T;  (11.74)
JUIsi 30HBI OMEpPEIKEeHHS

p. = pp - 21,V Ry larctg [x/y/ Rhy) — arctg (xo/y RR)].  (IL.75)

Cor/fiacHO HaYalbHBIM YCIOBHSM, npH x = Xx¢ (em. puc. 11.9, a)
Px = Pc U Px = Pp IPH X = Xp.
: HopMmanbHoe nanpsixenne Ha ywactkax CE u DF ysennunBaercs
O HAMpPaBJEHHIO K HelTpalbHOMY CEUEHHIO, HO HE TAK HHTEHCHBHO,
kak Ha yyactkax AC u DB.
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B cpeaneit yacTH 30Hb NPHJAHNAHHS BOJH3H HEHTPANLHOTO CEYEHHs
HaXOJHTCA YYaCTOK 3aTOPMOKEHHOH NJacTHYeCKoH AedopMmaunu (HiaH
Jaxe OTCYTCTBHS AedopMallHH), KOTOPLIH Ha3LIBAETCSl TAKKE yuac-
KOM 3acmos.

OKCNEPUMEHTaNbHEIMH HCCICIOBAHHAMH ObLIO YCTAaHOBJAEHO, UTO
KOHT3KTHBIE KacaTeJbHbIE HAlpsMKEHHs HAuHHasi OT HeHdTpaabHOro
CeyeHHst yBe/HUHBalOTCA B 00e CTOPOHLI OT HEro He CKaukooGpasHo,
4 TIOCTENEHHO, JOCTHras CBOMX MAKCHMAaJbHHIX 3HaYeHHH.

B cBsizu c 3TMM 30Ha mpHIHNaHHA GYIET COCTOSTH H3 TPeX yua-
CTKOB: [BYX Y4YaCTKOB BHYTPEHHEro CKOJbXEHHS, PaclOJ0XKeHHBIX
BOMM3K Touek C u D, rie KOHTaKTHblE KacaTelbHble HANPAMKEHHS
paBHH WT;, W cpenHero ywactka EF (cM. puc. 11.9, a) o6nactu 3a-
TPYAHEHHOH TJacTHYecKOH AedopMaluu.

Ecnu npHHATH, YTO CHJIBL TPEHHS HA y4acTKe 3aCTOA H3MEHSIOTCs
10 3aKOHYy, G1H3KOMY K JIHHEHHOMY, TO

Ty = Tn (Ax — hu)/(EF 1€ 9pp) = M (b = )/2 18 Qrp, . (IL.76)

rie 1 — Ko3(pHIMenT, XapaKTepH3YIOLUHH HHTEHCHBHOCTh H3MEHEeHHSs
T Ha yuacTke EF u paBubli otHOwenwwo 2t,/EF; h, — BricoTa mpo-
KaThiBaeMOH MNOJOCH B HEHATPANTbHOM CEYeHHH; Qpp — YIOJd MeX1y
OChbI0 TIPOKATEIBAEMOH NOJOCH M Xopuod EF.

Hast ompeniesienns BeNHYHHB 1), BXoxsimell B ypasHenne (I1.76),
HeoOXOAMMO 3HATh NPOTAXKEHHOCTh yuactka sactos EF. Ilpors-
ZKEHHOCTb 3TOTO yYacTKa 3aBHCHT OT OOJbILOro yHcjaa (aKTOPOB H
B MNEPBYIO oYepelb OT BbHICOTH CEYEHHS NPOKATHBAeMOH IMOJOCH Ha
yuactke E£F, 1. e. oT hy ¥ Kos(puuuenTa KOHTaKTHOrO Tpenus. [Ipu
YBEJHUYEHHH Ay M W TPOTSIKEHHOCTb yuacTKa EF yBeJMUHBaeTcs.
OpHEeHTHPOBOUHO MOXKHO CYHTATh, YTO:

IpH Topsiyed TpoKaTKe

ZEF ~ (0,5 === 2) hcp;
TPH XOJOJHOH IpOKarke
lgp =~ (0,3 1) hepe

TlogctaBnsis 3HAueHHe KOHTaKTHOTO KacaTeJbHOro HanpsKeHUd

u3 dopmyast (I1.76) B HcxonHoe ypaBHeHHE KOHTAKTHOTO HOpMAJb-
HOTO HanpsXeHHd, MNOJAYIHM

— — N (e —hy) ] dhye
dpe =1 |2 — 3025 %F] =3 (11.77)

BTopoi#i 3HaK nepex BTOPHIM 4JeHOM B CKOOKAX Mcues, Tak Kak
ypasHenne (I1.76) onpegensier T, ans Bcero yuactka EF, BkIouas
H Ty €ro 4acTh, KOTOPas HAaXOIHTCH B 30HE ONEPEKEHHS.

Ilocne unTerpupoBanus B npepenax Tosek £ u F Haxomum

Px=Pg—+Tr [A (hE — hx) = (2 - Ahﬂ) In (hE!’hx)]l (11.78)

rle pgr — KOHTaKTHOE HODMaibHO® HampsukeHHe B Touke E, ompe-
Aensemoe no ypapHenuto (11.72) mam (11.73); hp — BHicOTa ceueHns
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NPOKATHIBAEMOH [OJNOCH Yy ToukH F; A — nocrosinHas BeAHTHHA

Ann yuactka EF, onpepensiemMad IO ypaBHeHHIO
A = I{EF € @ir) = /(27 8% ). ' (I1.79)
Beauuuny h, HafineM us ypasuenud ([1.78) uasa rouxn F:

(Pr— Pp)/Ts + A (B —bg) 2

hy = ATE (i) — s (11.80)
TIe pp — HAUPAXKEHHe B Touke F, onpegeisgemoe GO YPABHEHHIO
(11.75).

Jns yuacrtka £F, Tarum ofpasoM, KOHTAKTHOEG HOPMajbHOE HAa-
npsizkeHlie 1o ofie CTOPOHLL OT HEHTPaJbHOTO CEUEHHST BBIPAMALTCH
oanpmM ofuuM yparsenyeM. [Joagyvaemass npy 37oM, COrJacHO ypas-
gennwo (11.78), Kynoaoobpa3nas BeplIMHA IMOPbl KOHTAKTHOTO HOD-
MaJbHOrO HanpskeHus (puc, 11.9) BrofHe COOTBETCTBYET LAaHHEIM
MHOTHX 3KCHEPHMEHTANLHEIX HCCASN0BAHKA.

ITonomxenne MakcHMyMa MOMRHO HAaHTH, ecJil NPOH3BOIHYIO, onpe-
aenseMyto no ypasaenmo (11.77), npupasusith Hymo:

dpy Lo L L - 1181
e e [ A @ AR -] =0, (11.81)
Torja MakcuMyM AaBJACHHA IIPOKATKH OyjReT uabarofarbcs OpH

h, == hy — (2/A). (11.82)

Touka MakCHMyMa JABJIEHHA NPOKATKH, CAEI0BATENBLHO, HEMHOTO
cMeilleHa 110 OTHOLIEHHK K HeHTpaNbLHOMY CCUGHHIO B CTOPOUY BXOAA
MeTa/lla B *Ba/JKK; BEJHUYMHA CMEIMEHHS M[PONOpIHoHAALHA g @pr.

I1. Tipu lhyy = 25 yuwacrku CE u FD, xapaxrepHaylollHecs
NOCTOSTHCTBOM  KACATENBHBIX HAUPAXEHHH, MOIYT OTCYTCTBOBATH
{em. pue 11.9, ). 2T0 NPOHCXOAMT BCAEACTRHAE TOTD, YTO KacaTe/qbHEIE
KOHTAKTHEIE Hanpskends Ha yuactkax AC w DB, Gnarogaps ymeHo-
LMIeHHIO IJIMHBL JVIM 3aXBaTa, He YCNeBalT AOCTHYL BE&AUYHHBL Tr.
Takum 06pa3om, NpH YKA3aHHOM OTHOWEHHH [/, 30HA NPHJAHOAIAS
COCTOHT TO.JbKO W3 OQHOMO YYACTKAa 3aTOPMOMKEHHOM AeOpMAlHH.
s ocraBlunxes Tpex yuactkoB AC, CD n DB KacarteanHbie HanpH-
FKEHHS Y JABJIEHHS ONpeaeTaioTces NpHBeIS HbIMH BLILIE YDABHEHIIAMY
(11.69), (11.70) u (11.78).

II1. Tpn {/h., — 0,52 gnuHa AYr¥ 3axBaTa [0 OTHOLIERNIO
K BLICOTE CEUGHHS CTANOBHTCA HACTOJABKO Mafj0H, YTO 30Ha H[pH-
JHOaHHs pacopocTpaHAeTcss mo Beel Ayre 3axbata, Diopa pacmpe-
JeNeHHd KacaTeNbHBIX HANPsKEHHH BHPAMAETCA B 3ITOM caydae
AByms Tpeyronpnukamu (pue. I1.9, 6), a smopa nopMa’IsHOro Hanps-
KeHHR — KpuBoll, HMeoilell BLITYKJOCTL HADYXy o BCel ayre
3axpaTa u onpeaensiemoil yparnedsem (11.78), ecin ycI0BHO NPUHATE,
yro Toyka E (cm. puc. 11.9, @) conanra ¢ touko# A.

IV. Ipa [k, < 0,6 30ma npuannanHa  OBLIMHO  PacnpoeTpa-
HfeTcAd OO BCEf Jyre 3aXBaTa, KaK B NpelwaylleM CIydae, ToIbKO
CTPEMJIEHHE META/113 K CKOJBLXKEHHID BECLMA He3HAYNTeNRHO, W mo-
STOMY KOHTAKTHB{E KacatelnHhie HanpsukeHus HeGoabuiie. Dmopa
KaCcaATeALHLIX HANPAMEHHH B 5TCM C/TyUae BblpaXKaeTcA ABYMA TPeYTOb-
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HHKAMH HeGOJIbINOH BHICOTH (cM. pHC.
11.9, 2). B cBAsH ¢ 3THM HOpMasinHoe
HaOPsKeHHe  HMeeT  Ma’ao3aMeTHHH
nogbeM K cpedHedl uacrH Jyrua 3a-
XBATA M DNPEKTHYECKH MoMKeT OhblTh
NPHHATO [NOCTOSHHKIM,

AHanu3 KOHTAKTHBIX KacaTelbIlhlX
NanpsKenHi CBUARTEABCTBYET, UTO NIPH
oTHOWeEHHH [/hyp < 1 oHN Hesnauu-
TeILHBEl H NO3TOMY O0Ka3LIBAIOT O4eHb
Masloe BJAHSHAE HA HOPMANLHOE Hanps-
swetine. Ho B 3ToM cayyae nayumalor
JAEHCTBOBATL BHELIHHE 30HbI, KOTOpHE
BLI3BIBAIOT CVLIECTBEHIINE TIOBLIIEHHE
HOPMAALHOTO HATIPAMKEHHS B TOUKAX
B u A u cootBercTBeHHO HA NPOTA-
HeHuW Beeli Iyru saxmeara.

BaMgaHue BHEWIHMX 30H Ha KOHTAKTHELIC
HANpPAMEHHA Puc. I1.10. TTone NHHHE CKONLMEHHS
NPpH ZBYMEPHOM JOKaNbHOM CiXaTan

[lpu manom otaowenuu {/h., < 1,0 npo- Tens

KATKA I0400HA CJIYYal BJABJHBAHHS

wrtamna B OJACTHYECKH JehOPMHPYEMOE TeN0, pasMephl KOTOPOro
no  Apyryiy  CTOPOHY  ILIOCKOCTH  CONPHKOCHOBEHHST CO  LTaM-
NoM He OrpaHHyeHsl. Ecau  cunrars  fAedopmanuo  JgByMepHOH
n npeAcOpeds BAHAHHEM CHA TPEHUS [0 KOHTAKTHOH IORepX-
HOCTH, TO HANPAKCHHOE COCTOAHHE B 3TOM cAydae AehopMauus
JAerso  ONPEeHTh  [IOCTPOBHHEM NOAA  JHHRH  CKOJbLZECHHS.
Aaf BoIACHEHHS BJNAHHSA BHEUIHHX 30H HAa KOHTAKTHBIC HAIpsKe-
HAs npu {/h, > 0,12 BocnoabzyeMca pelienyeM 3ajaul No CKATHIO
Te/a MEKAY napanielbHbimp miockoctamu A. JI. Tomaesora. Hanps-
HCHHOZ COCTOAHHE OPH 3TOM NPOLECce CHATHA (€CaH CYHTATL Je-
(popMankio ABYMEDHOMU) MOMKHO NPEICTABHTL MOJEM JTHIHE CKOJILMKE-
ua (puc. 11.10), cocrosmum wH3 pasuoBefpennoro TPeyrodbHHKA,
ABYX BEEPHBLIX 30H H KPHUBOJIHHEAHOIO YeTRIPeXYIOAbHHKA. KoHTYpH
3TOTO NOJAA B KECTKOMIACTHYHOM MATEpHate ONPERe/siioT FPaHHIL!
MIaCTHYCCKOHA 30HBL. B cnyuae peanbHOro Matepualia KOHTYPEL MOJSA
ONPEARJISAIOT FPAHUIILL 30HB, B KOTOPOH yHpyrue RethopMaLHH Bechma
Manbl MO CPABHEHHI) C IJIACTHYECKHMI.

Heobxonumo orMeTiTs, 4TO paceMaTpHBaeMOe TOMe YIOBJETROPSET
KHHEMATHYECKHM YC/AOBHAM HA TCPaHulle, €CAH NPeINoaoxKHTh, YTO
30HA NpUIMNIAHHA PacnpocTPAHIETCH Ha BCH AJHHY AYTH KOHTaKTa
(nabmojaetcs B cayyae AedOPMaLH BLICOKHX 3aTOTOBOK npu Maaofi
JIHHE y4acTKa KOonTakra). JleRCTBHTENLNO, BENHUHHBL NEPeMElLeHHsT
YacTHL HA KOHTAKTHOH NOBEPXHOCTH TIipH Aedopmallii, OMUCHIBAEMOR
llos1em, TOCTOSHHLI H KOMIOHEHTH Nepemellledua v, = const, v, =

= const, YTO COOTBETCTBYeT CAYUAID WNPHJIMIAHMSA.
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Jna onpenenenus NaBJEeHHS HA KOHTAKTHON NOBEPXHOCTH pac-
CMOTPHM PABHOBECHE MOJNIOBHHEI TeTa, PACTOJOXKEHHOH TpaBee ceue-
pust [—I1 (cm. puc. 11.10).

H3 ycnoBuA paBHOBecHA

h/2

[oeay=o, (11.83)
4]

rae o, — Hanpsi:kenwe B ceueHuu [—I/.

UtoOs! ONPEIeIUTL HANPAXKEHHE ¢, PACCMOTPHM JiBE OPTOTOHANb-
Hble THHHH cKoabxeHHs AB u BC. [IpUMeHHB K HUM NepBYIO TeopeMy
TeHKH, TOMYUHM

04— 0p = — 27,004 5;
Op — Oc = -+ 2T,%p¢, (11.84)

Tle 04, Op, Oc — CpeJHHe HampsikeHuss B Toukax A; B; C; ayp,
Cge — YTIbI TIOBOPOTA JHHHUH CKOMbXEHUA Mexay ToukamH A u B,

"

Tak Kak JaHHHA cKoJAbXeHHs BC B Touke C COCTaBJAfET C Bep-
THKaAbI0 yron 45°, T0 3TH YIVILI NOBOPOTA PaBHBI YTAY P, 3aKIioueH-
HOMY MeXIY JHHHAMH cRoNbkeuuss DB u DE: age = —aap = f.
Torpa uz ypasuenusi (11.84) caenyer, uto 04 — 0¢ = 2T, (Xpe —
— ayap) = 41.P.

Bxopamue B 5TH ypaBHEHHMA CpeiHHEe HaNpSIKeHHA ONpeae/asioT
U3 YPaBHEHHUS MNJACTHUHOCTH

g =pP—Tn;

O¢ = Oy + Ty

Otkyna cnenyer, uro npu y = 0-(h — 1)/2
o, = p— 21, (1 + 2p). _ (11.86)

YuuTHIBafi, 4T0 Ha yyactke y = (h — 0)/2-+-h/2 0, = p — 214,
u3 ypasnenus (11.83) moayuaem
h—1/2
U2(p—2t) - | [p— 2u(142p))dy = 0.
0
HuTerpHpyeM 3T0 ypaBHEHHE H pelllaeM OTHOCHTENBHO p:

(11.85)

h—1/2
p =21, [1 4h ﬁdy] . (11.87)
0

HTobbl npoHHTerpupoBath ypaBHenue (11.87), HeoGxogumo HaHTH
f = f(y). Kak nogasaso HcciegoBanHe NOJs JHHHH CKOJbXKEHHH,
3Ta (byHKI_[IrIH Bb]pa}l(aeTCﬂ 3aBHCHMOCTLIO

A=Y Gy @)+ 2 B ena 0) (— 1 1183
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rae [ — mMpHHa KOHTaKTHOH mnoBepxHoctH (cM. puc. 11.10); -
Jan-y (2B) — dyuxuua Beccenss MHumoro aprymenta 2f (2n — 1)-ro
nopsiJiKa.

3aBucumocts (11.88) B npenenax 0 < B < /2 annpokcumupyercs
tbyHKIHEH

(h — 2y)/l = e'-58, (11.89)
[Mocsie norapuMHPOBAHUS MOJYYaeM HCKOMOE BbipameHHe

p=0,625In2=2.

(11.90)

TNopcrasus ypasuenue (11.90) B Buipamenue (I1.87) u mpouurer-
pHpOBaB €ro, NoJy4aem

p = 21, (1,25 In (A/0) + 1,250l — 0,25]1. (11.91)

@opmyna (I1.91) cnpaseanusa mpu ycaosuu 1 > [/h > 0,118,
v npu I/h < 0,118 naenenne onpepensiercsi (opmyJsoi I[lpangrad:

p =2t (1 +m2) = 5,147,.

BiusHHe BHEIWIHHX 30H Ha KOHTAKTHOE MABJIEHHE OLEHHBAeTCH
KO3(WpHIIMEHTOM HAMNPSKEHHOTO COCTOSIHHSA

ny = plp’ = F(Uih). (11.92)

B wuntepsane 0,05 < I/h < 1 31a 3aBHCHMOCTE C JOCTATOYHOH
TOYHOCTbIO BHIPAMKAeTCs ypaBHEHHEM

Mg = pip = (I/hep) ™" (I1.93)

Hansa snavenuii [/h > 1 KospdulueHT ng ¢ YAOBJIETBOPHTEILHOH
TOYHOCTBIO MOMHO NPHHATH PABHEIM EIHHHIE.

3. CONPOTHBJIEHHE JE®OPMALWH

ConpoTHeaeHHe JHHEAHOMH AedhopMalum

Cornacuo ypaeHenusiM Hapau, comporuBaenHe nuHefHOH aedopma-
LUHH O MOMHO BLIPa3sHTh ypaBHEHHEM
T 0o

do =32 dt - 52 de ++ 2 gv - 22 du. (11.94)

ITepBHIfl ujieH MPaBOi YacTH 3TOTO YPABHEHHS YYMTHIBACT BIAUAHHE
TemMnepatyphl { Ha conpoTHBJAeHHE AedopMmaliy; BTOpoil — Hakaena
B pe3yJbTaTe OCYLIECTBAAEMOH JepopManuH &; TPeTHH — pasymnpouy-
HEHHsI B 3aBHCHMOCTH OT BPEMEHH T, T. €. BJAHSHHE DeJaKCalHH;
YeTBepTEIH — MOBHILIEHHE HanpsiXKeHHd ¢ B 3aBHCHMOCTH OT CKOPOCTH
JeopMalHH 4 U C YYETOM BA3KOCTH METaJlia.

3aKOHOMEPHOCTH, HeoOXOXHMEIE /s PElIeHHs 3TOTO YpaBHEHHS,
elle HeJOCTATOYHO H3YHEHE!, M MO3TOMY NPAaKTHYECKH BIAHAHHE YKa-
3aHHBIX (AKTOPOB NDHXOAMTCA YYHTHIBATE IJIaBHBIM o0pasom Ha
OCHOBE 3KCNEPHMEHTA/JIbHBIX JAHHHEIX.
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Ecnu B KauectBe GasHca XapaKTePHCTHKH TMPHPOIHBIX MeXaHH-
YyecKHX CBOHCTB JAehOPMHPYEMOTO MeTadja NPHHATL Mpefen TeKy-
YeCTH Gy, OTIPEMEJCHHBI B CTATHUECKHX YCJAOBHAX, T. €. HAa OGLIUHBIX
PAa3pbiBHBIX MalllHHAX, TO (haxmuueckoe conpomusierue NTHHEHHOMY
HIH TIPOCTOMY C3KATHIO HJAH PAECTSIKEHHIO Op MOMKHO MNPELCTaBHTDH
YpaBHEHHEM:

O = Ny NyyOq (11.95)

Kospduuuenrsl n,, n, H 1, BXogdumue B ypasueune (I11.95),
YUUTHIBAIOT BJUAHHE HA COTPOTHBJAeHHE AedopMalUl COOTBETCTBEHHO
TeMNEPAaTyphbl, HaKJeNa H CKOPOCTH AedopMalHH.

Ecan pedopmanusa gByMepHas, TO CONPOTHBAEHHE AehopMalHi
clelyeT OonpeienATb HE HA OCHOBE Oy, T. €. (DAKTHYECKOTO COMPO-
THBJIEHHS NPOCTOMY CHATHIO HJIH PACTAMEHHIO, 4 Ha OCHOBE CONpO-
THBJEHHA YHCTOMY CIABHTY Tr.

CooTHOLIGHHE MEXIY Oy H T, MOMKeT ObiTh HaHJeHO Ha OCHOBE
paBeHcTBa

Tax = (0, — 03)/2 (11.96)

H ypaBHEHHA

0y — a3 = 204/ 3+ B (11.97)
IMoncraBass B ypasuenue (11.97) 6, = —o; u § = 0, noaydaem

Ty = 0g/V 3 & 0,571,1,1,0,. ' (11.98)

Ipu onpepenennu Bxomsuyix B ypaBHenna (I11.95) u (I11.98)
KO3ppulUHeHTOB HeoOXOAHMO HMETh B BHJAY, YTO 3Hau€HHE KaKIoro
M3 HHX 3aBHCHT HE TOJALKO OT TOro hakTopa, BAHAHHE KOTOPOTO Npef-
CTABJSIET AAHHEIH KO(DDHIHEHT, HO TAKKE M OT OBYX APYTHX (akro-
poB. Tak, xapakrep BAHAHHUS TeMIePaTYPbi MPOKATKH Ha Oy HIH Tqp
3aBHCHT OT BEJAHYHHB H CKOPOCTH AepopManin, a BAUAHKE mocae Hedl
B CBOID OYepelb 3aBHCHT OT TeMMNEpaTyphbl H HAKJena.

HameHeHue TEMNepaTypel MeTajla NMPH NMpOKATKE

Tenmeparypa meTalja NMpH Bhifaue ero H3 HarpeBaTeqbHOIl Meud W BO BPEMA NPOXO-
MIEHHA MEMAY BaJKaMH CTAHA H3IMEHAETCH BC/CACTBHE OTAAuH TenJa JYyHeHcnycKa-
HHEM M KOHBeKuueli B OKPyKalomylo Cpely M TEmJIOnpPOBOAHOCTBED BallKam, IPOBOA-
Kay, POJAHKAM pOJLTanTa H APYTHAM IeTanaM CTaHd, ¢ KOTOpeMH COMpPHKacaeTcs
NPOKATHBAEMSBIH METALI, & TAKKe BeJeACTBHE MPHOGPETEHHA Tennia 3a CYeT 3HEPTHH,
3aTpaunBaeMold Ha MaacTHYECKYI0 JeopuallHio MeTaslna.

3 yKasaHHLIX MOTEph TemJa NPOKATHBAEMLIM METalJIoM HauboMsllee 3HaqenHe
NpH TopfYeil MpoKaTKe CTadH HMEET OTjada Tenja JYUeHcrnyCKanHey, TAK KaK 0oXJa-
JRAeHHE ¢Tanu npi temnepatype Boitre 200—300 °C npoHCXOLHT B OCHOBHOM B PE3yJlL-
TarTe Jyuencnyckanuda. [IpH 9THX TemmepaTypax oTJaua Tenna MeTaqaloM 33 CUeT KOH-
BEKIHH MO CPABHEHHIO C JYYEHCNYCKAHHEM HACTONLKO Mafa, 4To €0 MOMXKHO Ipene-
Gpeub. ITO XKe OTHOCHTCH | K Nepefaye Tenia oT MeTaana K saakam. [1osTomy npn
NpaKTHUECKHX pacueTaX CHHIKeHHs TeMNepaTypsl METajljla NpH NpoKaTKe Caefyer
YUHTHIBATH TOALKO NOTEPI0 Tenda JyuYeHCTyCKaHnHeMm H TNpHXQJ €ro B pe3y/anTate
TJIacTHUeCKOTo AediopMHpOBaHHA.
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KonnuectBo Tensa, KOTOpoe BCAGJCTBHE JIYUEHCNYCKAaHHS TEpPEXOJHT OT NMpoKa-
THIBAEMOrO MeTa/J/Ja BO BHEIIHIOW Cpely, cordacko saxony Credana—Bodbumana,
onpefenserca no dopmyae

Q = FxC [(T/100)* — (T'/100)4], (11.99)

rie F — nomepxnocTs nosmocel, oTAaowas Temno, M%; T — BpeMst OXJaXKAeHHH, C;
T u T' — abcomoTHEE TeMnepaTyphl MOBEPXHOCTH oxaaxgaemoit mosoce, K; C —
MOCTOSHHAA JYYEHCMTYCKaHMA OXJa)KJaeMoro Tena, naa  craan C = (20,45—
—21,08) % 1078 xx/(M%-4-°C).

B npaktuyeckux pacueTtax, Korjga HHTEDBAaJd BpemedH HeGoMBLION H COOTBET-
CTBEHHO CHIDKEHHE TEMMEPATypbl Malo, 3alaBasich Temmeparypoi meranna Tep 3a
AaHHBIE HHTEPBA] DPEMEHH, MOKHO ONpPEJeINTh CHHMKEHHE TenmepaTypnl MeTasia:

FC
AT = == (Top/100)* A, (11.100)

rae At — ppewms, u; G — wacca OXJAAKIACMOTO METANAA, KT ¢ — YASTbHAS MaccoBas
TEMA0EMKOCTE METallIa.

Tlopiutenne TeMnepaTypsl MPOKATLIBAEMOTO MeTaja B peayasTare ZedopMailii
(MpH npoxoxJeHHH ero MemJy BaJdKaMH) MOXKHO ONpele/HTL 00 ypaBHEHHIO

o A=) _A(—a)
ar= 2029, [ar =222, (I1.101)

rie 4 — sueprus, HeoOxoiumas IAf jAeOpMAUHH Mertania; o — KoadihHiuenT,
XapaKTepH3YOWHi, KaKan yacTh 3HEPrHH, 3aTPaueH O Ha feopualiio, pacxoiyercs
Ha Harpes BalKOB H pacceHBaeTcs B OKpYXKalwmlefl cpese.

Hna onpejenenns suepruu A (k1K) HCNOMB3YIOT SKCHepHMEHTANLEEIE KPHBHIE
VAEIbHOro pacxofa 3HEPrHH TPH MPOKATKE € YYeToM TOTepPH YaCTH 3TOH 3HEpriuu
B MEXAHH3MaX CTaHa, H CJEN0BATENLHO, HE DACXOAYemol HAa JehOpMALMIO MeTala:

A= 2 (ay — ay) G, (I1.102)
Tie a; ¥ @, — YAENbHEI PACX0/ IHEPTHH 3a JARHBIE NPOXON, OnpeneaseMplii o rpa-
¢uray, kBT-u/T; 1) — K. m. 4. crana.

lloncrasus sHauenne A B ypasmenwe  (I1.101), . nomyusm npu ¢ =
= 0,7 xIx/(xr-°C):

AT =28 (1 — a) n (ay — ay). (11.103)

67, /570

2200

Bansanne Haknena .
Ha CONPOTHBJAEHHE NeOpMALMH 0
METAI0B B XOJOJIHOM COCTOSIHHH

%00
Koraa resmneparypa npokaTku HHXKe TemIie-
paTypHl pPeKPHCTA/IH3IAUHH METaJJa HJIH 1000 ‘
CKOPOCTh PEKPHCTANIHIAUHH MeTajlja MeHb- g g5 i 15 sy 25 g0
me CKOpocTH JeopMalHH  ero, MeTas ’ 4 = G
yopouunsiercd. BeleacTBHe 3TOTO COMPOTHB- J”Z;

Jenne nedopmaunn nmosuiwaercs. [IpakTH-

YECKH 3TO ABJeHHe HabmwaaeTca npH XOoJona- Puc. [I.1l. Kpupple pedopmauHonHOro
HOH o00paboTke y GONLIIHHCTBA METANI0B,  YNPOUheuws (3aRICHMOCTH Npejena Te-
33 HCKAIOUEHHEM TONLKO CBHHLA H 0JOBa, “YUECTH o7 ycTHunofl  Aedopmaui)

OTOMKeHHOl cTaan PaznHYHEIX MapoK:

TeMIEPaTypa PEKPHCTALIHZAUHH KOTOPBIX ;'  \uboiowonucron; 2 — Hukeaesofi;
He MPEeBHILLIACT KOMHATHYIO TEMIEPATYDY. § — xpomueroi
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Ha-3a orcyTeTBHA NOAPOGHBIX HAHHBIX O BAHAHHH HAKJIENa HA YCHJHE NPH Npo-
KaTKe Pa3HbX METaJIoB OGLIYHO 06 3TOM BJIHSHHHA CYAST N0 H3MEHEHHIO TIPE/le]a TeKy-
YecTH MeTaiJla B 3aBHCHMOCTH OT OOMATHS B XONOAHOM COCTOSHHH. Ilo cpaBHeHHIO
€ MpejeoM NPOYHOCTH TNpeael TeKyueCTH ¢ yBeaHyenneM o6maTus pacteT Guictpee,
H TIPH BLICOKHX OGMATHAX OH PaBeH Npeaeay MpOHHOCTH.

DBpumxwes, HCCAEJOBAB YIIPOYHEHHE CTAJH M JAPYIrHX METaJJIOB PH 3HAUHTENL-
HHX AedOpMALHAX, TPHIIE] K BLIBOAY, YTO 3aBHCHMOCTh MEXIY HANPAIKEHHAMH Te-
KyuecTH H HCTHHHOH fedopmauueii suueiina (puc. I1.11). [og ncrannoi nedopmanueit
noHnAMaeTca JedopMalHa, BHpaXeHHas B HaTypadsHuX Jorapudmax. Takum ofpa-
30M, BJAHAHHE RePOPMAUHOHHOTO YNpOYHEHHS B 06UIeM BHIE MOMHO BbIPA3HTh TaK:

o = O + o 10 (U/ly), (11.104)

rie o — Ko3QHIHEHT, PABHHIA TaHreHCY YIVa HAK/IOHA MPAMOH AedOpMALHOHHOIO
ynpouseHHa K ocH abenuce (cM. pre. 11.11).
Toraa koadduunenT Hakaena Oyler paseH

ng =14 [aln(l/l)/oz]. (I1.105}

Tax kak ypasHenne (11.104) DmpHMEHHTENILHO K pAJHBIM METANAaAM H3Y4YEHO
HEJOCTATOUHO, MPAKTHYECKH 3HAYEHHE MpEJesa TEeKYYeCTH B 3aBHCHMOCTH OT Hedop-
MAlHH HaXOASAT HAa OCHOBAHHH 3KCMEPHMEHTANbLHLIX LAHHDIX.

Bansinue ofKaTHA Ha npeje] TeKYYecTH MPH X0J0AHOH NPOKATKe Pa3Hbix MeTan-
JI0B MOAPOGHO HCCJAEXOBAHO MHOTHMH aBTODaMH.

BansiHHE CKOPOCTH HAa CONPOTHBJIeHHe JedopMALHH METana

B cpemmenM cKOPOCTh AeyopMaLKH npH npokarke cocrasaser 1--10% ¢l Teopernueckn
BAMAHHE CKOpOCTH JeOopMaliH HAa YCHIHE NPH NPOKaTKe H3YYEHO HEJOCTATOYHO.
B cBsI3K ¢ 3THM HeT [0 CHX O aHAJHTHUECKOH (POPMYJIBL, KOTOpas oTpaxala O Tou-
HYI0 3aBHCHMOCTb MEKILY CKOPOCTBIO H CONMpPOTHBJEHHeM ledopmanun. Bmecte ¢ Tem
H3BECTHO, 4TO COMpOTHBAeHHe AeOPMHPOBAHHIO BO3PACTAET IO MEpe MOBHILEHHA
CKOpOCTH fedOpMalHH.

Bonee npaBuIbHO YUHTHBATE BAHSHHE CKOPOCTH AeOPMHPOBaHHS HA CONPOTH-
pjenHe AedOpPMAllHH, paccMaTpHBas OBa OJHOBPEMEHHO MPOTEKAIHX Npolecca —
HakJen ¥ pasynpousedye. MIHTEHCHBHOCTL HAKJIeNMa B 3aBMCHMOCTH OT XehOpMallHH,
OYEBHJIHO, XAPAKTEPH3YeTCH B KaxIHH paccMaTpHBAeMbiH MOMEHT TaHIEHCOM YIJia
HAKIOHA KacaTelnbHol K KpuBoll Aedopmanuonroro ynpounesms (puc. I1.12).

Corsracuo Hecaenosauuam [1. Bpupxmena, NpH cxaTtHH GONBIIHHCTBZ METANIOB
XapakTep 3ABHCHMOCTH MEKILY HanpsiKeHHAMH H HCTHHHOH Aedopmauueli, BhipameH-
Holt uepes In (hy/h), aunefinpit. CoefoBaTeILHO, HHTEHCHBHOCTb HAKJ/ENA JYIst JM0GOTO
yuacTKa JeOpMAllHH MOXKHO BLIDA3HTL Uepe3 OAHHAKOBHI MOAYJ/bL YnpoureHHA D.

TpuHHMaeM, 4TO pa3ynpoydenHe Npo-
0y S . HCXOIHT MpPOMNOPLHOHANBHO Bpemens Jedop-
MallH¥ H NPHPOCTY HAMNPSMKEHHA B pesyJb-
P TaTe HakJena.
—_— Takum oGpasoM, MOMKHO HAmHCaThk
clenyolee ypaBHEHHe:

do, = Dde — A (0, — a,) dT, (I1.106)

rae A — xoa(phHIHEHT TNPONOPIHOHANBHO-
CTH, [peACTABAAIHN CcOo60H CKOPOCTh
penakcanuu, ¢l

[Tocae npeoGpa3oBaHusl € Y4€TOM CKO-

(24 pocTd fedopManHH IOJydaeM
Y
! do, Oy — O
£ il iy (Sl SR M 11.107
&y ¢n Zﬁf de u ( )
Puc. 11.12. Iduarpamma nehopMauHoH- Ha puarpamme ned}opmaq’imf{}loro Y-
HOTO YNPOYHEeHHS pouHeHus nepBhiil 4IeH MPaBoH YacTH ypas-
50

nennd (11.107) npeacrasaser cofoli nuTencusHocTs Hakaena (tg B), ecan 6u1 He Guto
PasynpouHEHHs, T. €. NpH Geckoreuno GoJblIOH CKOPOCTH XeOpMamlHH, a BTOpOI
9/1eH—HHTEHCHBHOCTE PA3YNPOYHEHHS.

Ecnu ckopocts fedopmanii B TeueHHe DacCMaTPHBAEMOro NMEpHOAA HehopMH-
POBAHHS NPHHATh TOCTOAHHON, TO NOCHE WHTETDHPOBAHHA TOJYYaeM

u Du
ﬁT]n(T—UH—GU)=e—|—C. (11.108)

[Mpenefperas BennuHHON ynpyro# nedOpMALEH H3-33 €€ HE3HAYHTENLHOCTH,
NOCTORHHYI0 HHTerpHpobannd C HAaXOJHM TIPH OCTATOYHOH Iedopmanun e =0 H
0y = 09 = Oy, TOTAA NOJYYHAM

e
u ( _AT) .

Uu':Uo‘f‘DT 1—e (11.109)

310 ypaBHenHE yIHTHIBACT BIHSHHE HA CONPOTHBICHHE NehOPMALHH OHOBPEMEHHO
ABYX (AKTOPOB — CKOPOCTH W BeJHYHHH JedopMaliuy.

SKCnepHMeHTANILHEE HCCAE/OBAHNS BIHAHHA CKOPOCTH AedOpMAUHE MeTaaia
Ha HeOOXOMMMEIE NMPH ITOM YCHJIHS MOXHO PasfelHTh Ha JBe rpynne: 1) npoBegentsie
Ha cTaHe OpPH NPOKATKE MeTajjia C pPa3JHYHBIMH CKOPOCTSMH; 2) NpoBeieHHbie Ha

HCTHTATeALHEIX MAULIHHAX TIDH DACTAMEHHH HJIH CXKATHH o0pa3lN0B ¢ pasiHIHLIMHE
CKOPOCTAMH JedopManHA.

B pesyabraTe 3THX HCC/ENOBAHHMII YCTAHOBJEHO, YTO NPH XOJNOAHOH NPOKATKE
CKOPOCTH flehOpPMATIHA MeTa/sla HeIHAUHTeNbHO BJMSET HA YCHJHS MPOKATKH.

Bunsnne cxopocTH Ha conpoTHBIeHHe Ae)OPMALHH B TOPTYEM COCTOAHHH HCCJe-
JOBANH TPEAMYMECTBEHHO HA HMCNBITATONLHBIX MAIIHHAX, TPH 3TOM GLUIO OTMEueHO
CYIECTBEHHOE BIHSANAE CKOPOCTH Ha CONPOTHBJeHHE ReOPMAalMK NpH TeMRepaType,
NPEeBLILAIOMEH TeMIepaTypy pPeKpHCTANMH3AaUHMH MeTalla. B Hekoropeix ciyuamx
CONPOTHBJECHHE Pa3PBIBY NPH BLICOKHX CKOPOCTSX YBEJIHYHBAETCH NMpPHMEPHO B H—
7 pa3s no cpasHeRHio ¢ nedopmannel, OCYMECTBASEMOl B CTATHIECKHX YCIOBHAX.

YCTaHOBICHO TAKXKe, YTO BAHSHHE CKOPOCTH Ha CONpOTHBJIeHRe AedopMalum
B 3HAYHTENLHON CTENeHH 3aBMCHT OT BEJAHUHHEL JeopMaInH.

SKCmepHMeRTanbHO 3Ta 3aBHCHMOCTh TNogpoBHO HecaenoBana I1. M. Kykowm,
A. A, Nunnukom, H. §. Taprosckum, B. H. 3i03unrm 1 1p. .

MeToan onpefenenns conpoTHeieHHA AehOpMALMH MeTaana

Ilpu xonoxmolt MpoKaTKe HAa CONPOTHB/IEHHE JHHEHHOH AedopMannHu
Gonplioe BAHSHHE OKashBaeT Hakserm. Temnepatypa M CKOpoCTh
Ze(opMalliH OKa3BIBAIOT HE3HAUMTEJLHOE BJIHSHHE Ha Oy, W MPaKTH-
4eCKH KO3(OUIHEHTE! ny ¥ 1, B ypaBueuuu (11.95) MOXKHO npuHATH
PaBHEIMH eJiMHHILE.

Torpa nns xonmopmo#i npokarku ypaBHenue (I1.95) npuuuHmaer
C/NeAYVIOUHH BHA!

0 = Ny =%01, . (IL.110)

TIe Gy, Oy — TNpPeJe] TeKYYECTH MeTalsa M0 MPOKATKH H Iocae Hee.

Ilpn ropsiueii mpokaTKe CONPOTHB/IEHHE JHHelHON AehopManHH
3aBHCHT TVIaBHbIM 00pasoM OT TeMmepaTypsl M ckKopoctH. Hakaen
UK OGXKaTHe BJHSIOT Ha CONMPOTHBJEHHE ehOpMAUMH OJHOBPEMEHHO
CO CKOPOCTBIO, H MO3TOMY TAKOE BJAHAHHE YA00HEe YUUTHIBATH COOTBET-
CTBYIOIHM 3HayeHHeM Ko3(pdHIHeHTa CKOPOCTH r,. B cBa3W ¢ 5TuM
B ciyuae ropayed MPOKATKH Mera/uia ypasueuue (11.95) mmeer cae-
AVIOWHE BHI:

Op = NyMyOs. (IL.111)
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Tak kKak XapaxkTep BJHAHHA CKOPOCTH Ha CONPOTHBJEHUE Je-

(hopManuy 3aBHCHT OT JedopMalHH H TeMmMrmepaTypel, TO HaXoIsdT
3HAYEHHe HE KakJOro H3 yKasaHHBIX KO3(DHIMEHTOB, a HX TIPOH3-
BeJleHue:
Og = N;MyOr = O, (I1.112}
rge o, — CONpPOTHBAEHHE feOPMAIHH, ONpeIegeMoe Mo THArpaMMaM
NPH 3aJlaHHEIX YCJOBHAX NPOKATKH (CKOpocTH AedopMalHH, TeMme-
patype u obKartuu).

[lon Benuunnoii oy noxpasyveBaeTcd cpefHee 3HAYEHHE COMNPO-
THBAEHHS JUHEHHOH fedopMalHy I8 HaYa a W KOHOA AYTH 3aXBard.
Ilostomy ansi ckopocTn jedbopMauuy, TemMnepatypsl H oGKaTHA
He00X0AMMO TakKe NPHHUMATL CPEAIHE 3HAYCHHS Ha TPOTAKEHHH
JIyTH 3aXBaTa.

Ecan onbiTHEIE jaHNBEE O BIMSHWH CKOPOCTH HA CONPOTHBJAEHHE
JnedopMalnHK TNoJYyYeHbl OPH HCMOBITAHHH Ha PacTsMKeHHe, TO TpH
NOJCHETe Og A5 CAaTHa HX HeoOxoanMo yBeanuuTsb Ha 10 Y.

Pacuer ycuauii, AelicTBYWOWHX HA BajKH, LENecoo0pazHo mpo-
BO/HTbL HE C YYeTOM BeIHYHHBI Uy, KOTOPYIO HAXONAT NPH UCIBITAHHH
METAJJ0B B YCJAOBHAX DAaCTsMEHNHs HIAW CKaTHA, a ¢ YUYeToM Beml-
YHHBl T,, MOJYUeHHOH NPH H3MEHEHHWH KOHTAKTHLIX HOPMa/bHBIX
HaNpsKeHuH NpH npoKatke. JTOT METOJ ONpeleseHHs BeJTHUHHBl Ty
no npeanoxenuio A. H. Lennkoea paspatoran B. @. Ilywkapes.

OcobeHHOCTL PACCMATPHBAEMOTO METoJA COCTOHT B TOM, UTO
3a HCXOANYIO XapaKTePHCTHKY COMNPOTHBJAEHHS MeTanna aedopMalmil
NPHHAT HEe Npenel TEKYHeCTH Op HJIH Oy, a KOHTAKTHOE JaBJCHHE Py
NPH NPOKATKe 3TAJOHHLIX 00pas3lloB.

3a 3TajJOHHEIE YCIOBMS OBLIH NPHHATH YCJAOBHS JBYMEpPHOH je-
(popMaunH, HCKIIOUAIOUIHE BAMSHHE VIIHPEHHS, TNPH KOTOPOM BJH-
SIHHE MPOAOABLHLIX HanpsiKenMi Ha KOHTAKTHOE AABAeHHE Obiic Obl
CBEIEeHO K MHHHMYMY. JTHM VCJIOBHAM B 3HAUHTENLHOHR cTemneHH
COOTBETCTBYET NMPOKATKa 06pasluoB MpsMOYTOALHOTO Cceyellnst, Korja
Bep = 5y rAh; hey= V1 Ah. (11.113)

Baaropaps tomy, uro ortnowenue l/hy, = 1, BanANME BHELIHEro
TPEHHsS M BHEWHHX 30H CBEIEHO K MHHHMYMY, H TO3ITOMY MOMXKHO
NPHHATL Py == 2T,.

B pacuerax naas onpeneleHHs CONPOTHBIAEHHA Jedopmanuu Hc-
HNOJIB3VETCS METOH TEePMOMEXAHHUecKuX KospgulneHToB, pazpado-
tanunii B, M. Swo3nnbiv,

CymuocTs MeToAa COCTOUT B TOM, 4YTO 3a HCXOAHYIO BeJHYHHY,
Ha OCHOBE KOTOpPOH CTpOATCA BCe pacdeThl COMPOTHBJeHHs Aedopma-
HHH o, npHHHMaeTcs Ga3HCHOE 3HAYEHHE CONPOTHBJAEHHA gephopma-
LHH O, o, NOJYUYEHHOE B AuHaMHYecKOH 067aacTu fedopMaliy  MeTaJ-
JIOB M HX CIJNABOB MNPH 3TaJOHHLIX 3HaYEHUSIX TePMOMEXaHHUECKHX
napametrpoB (Hanpumep, npu Temmepatype f{ = 1000 °C; ckopoctH
Jebopmanan w =— 10 ¢ u crenenn gepopmawmn € = 0,1).

3HaueHHs O, ; [OJYYeHBl 17 pPa3/HYHBIX MapoK Ccrajell Ha
CrelHAJbHBIX HCNLITATE/IbHBIX MAIIHHAX — KYJAAYKOBBIX [LJ1ACTO-
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90 10 /L7

i |
g 17 29 Ja e %%
Puc. I1.13. TepmoMexaHnueckne Kosduuments "‘1' kg la) .feu (6) nans craan [2ZXI8HIT

merpax. Hanpumep, nas cranu 45 Benwunna o, 5, = 88 MIla; cranu
XH70I0 o0, , = 262 MIla u 1. 1.

Jlns pacnpocTpaHeHHs 3HAYEHHH O Ha BCIO HCCIeAyeMy ob1acTh
HCHBITAHUH ObLIH ONpefeleHbl TepMOMeXaHNUYecKue KO3pHIHeHT:
TeMIepaTypHBIA £;, creneHHOH k, M CKOpocTHOH k, KaK OTHOIIEHHE
HCKOMOIO 3HAuyeHHS COMPOTHBJAEHHA JjepopMaunu o; K OGasHc-
HOMY Oq. gy T. €.

hy— Sty p o T p Ow (11.114)

E 1L
Oo. nn Go. 1 ‘ Oo. 1

31H KO3(PULHEHTR! BLIPAKEHE B BHE TPapuYecKHX 3aBHCHMOCTRI
Ry = [(f), kg = [ (¢) u k, = f(u). Ha puc. 11.13 B xauectBe npu-
Mepa [peiCTaBJeHbl 3aBHCHMOCTH TePMOMeXaHHYeCKHX KoshduiHeH-
TOB gaa ctanu 12X 18HOT.

PacueTnoe 3smauenHe CONPOTHBAEHUS JedOpMALHH ¢ B 3aBHCH-
MOCTH OT PAas3JHUHBIX 3HAYEHHH TeMIIePaTypbl, CTENEHH W CKOPOCTH
nehopmali onpefensercs no gopmy.e
0 = 0. nkikeky, (I11.115)
B KoTopoli GasicHoe 3HaudeHHe G, ; I8 KaxIol MapKH Meralaa
HIH cnaaBa BpiGHpaercl M3 TaGaHLIBI HCCAELYEMBIX MaTepHasos,
a 3nauyeHHsa Ko3hOUIHEHTOB — H3 COOTBETCTBYIOWHX TIPabHKOB.

4. YCHJIHE MPOKATKH
Pakropsl, OnpeeslOMHe YCHIHE MPOKATKH
[Ipu onpefenenun Ycu/aus NPOKATKH OOLIMHO YYHTEIBAIOT TOJLKO:
BEPTHRKAMBLHYI) COCTABJAAIOUIYI0, KOTOPYI, HCXOAA M3 Xapakrepa
pacnpelesenust HOPMaAbHBIX W KacaTe/bHbIX HanpsXKeHHi no ayre
3aXBata, € HEKOTOPBIM NpuOIMMKEHHEM  MOMKHO  Onpele]uTh
(puc. 11.14):

(o7 d (24

X dx
£l 2 o 2 _

P =B, JP.—: T COS 0Ly - ITI cos i, SiN G

0 Ty

——— sint, |- (11.116)
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Bropoit w Tperuii uaeHn 3Toro
YPaBHEHHS Malsl [0 CPaBHEHHIO
C NEPBBIM YJ€HOM, H TOSTOMY YCH-
JIHE NPOKATKH

!
P =B, | pedx. (11.117)
0

[Ipu npakTHyecKnX pacyerax Be-
JHYHHY Ycuaus npoKamxy HaxXousaT
KdK NpOM3BeJeHHEe CPEeIHero narJe-
HHSI IPOKATKH Py, Ha NPOEKIIHIO K Ha-
NpaBJieH 10 CHJIbL P NJIOWAanH ConpH-
Pue. 1114, Vewnns, aeficrsyompe ma KOCHOBEHHS MeTajja ¢ Badkod F:

nanes P = p,F. (11.118)
Cpednee Oasirexue npoKamku ONPeNeNsiOT 10 YPABHEHHIO

!
1
Pep = | Padle (11.119)
0

Bennunna F 3aBHCHT TMPH ropsyedl MpoKaTKe OT T€OMETPHYECKHX
pa3mepoB ouara jgedopMauuM (0T pasMepoB BAJTKOB H MOJOCH JO
H 10CJe NPOKAaTKH), a TpPH XOJOLHOH — ellle H OT AABJEHHS [pPO-
KaTKH, a TaKkKe MaTepHajda BaikoB. KOHTAKTHoe JaBJAEHHE 3aBHCHT
-OT ABYX rpynn ¢axkTtopor: 1) onpeiensnomux mMexaHHYeCKHEe CBOHCTBA
-o6pabareiBaeMoro Meranja (conpoTHBJeHHe nedopmauuu); 2) omnpe-
JeNsAI0IHX XapaKTep HanpsiXKeHHOro COCTOSAHHA (KOHTAaKTHBIX CHJI
TpeHHd, BHEWIHHX 30H, HaTAXeHus u Jp.).

Binsinue nepBoit rpynnel (akTopoB ObklI0 PACCMOTPEHO BHILIE,
Boasinue BTOPOH rpynnsl (GaKTOPOB MOXKHO BHIPA3HTh B BHIE NpPOH3-
BelEeHHS ABYX KO3(DHLHEHTOB, H3 KOTOPBIX MepBhIH Y YYHTHIBAET
BJAHAHHE CPEHEro HOPMAaJbHOTO HANPAKEHHS B oyare AedopManui g,,
4 BTOPOH 7, — BJIHAHHE OCTAJbHBIX HANpsiKEHHH Ha JaB/laeHHe
TIPOKATKH:

Pep = Vg0g. (11.120)

Ilpu aBymepHO#i JedopMmallHy, KOrAa YIIHDEHHEM MOMXKHO mpe-
nebpeun, ¥y = 1,15, a npu NpoKaTKe NnoJ0C €O CBOOOIHBIM YLIHPEHHEM
4 = 1. M. JI. 3apomunHcKHH A5 OonpefeneHus: y NPeaJoXHI ClAery-
LYo GopmMyay:

g — 2 (8, —&g)* '
L V (81 — B2)® + (87 — &g)% F (83 — £5)° ° (1L.121)

TJe &, &, & — Jorapudbmudeckue aedopManuu.
Kosppuyuenm nanpamenno2o cocmoanus n, MOMKHO NPEICTABUTH
B BHJE OPOH3BEACHHA YETHIPEX KO3(P(PHIHEHTOB:

g = Nghglglies (11.122)
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The fg, Hg, Mo, Mo — KO(PPHUHEHTH, YUHTHIBAIOUMIHE BJHAHHE Ha
JlaBNleHHe TNPOKAaTKH INUPHHBEL NOJOCH, BHELUIHEro TPeHHHA, BHEUIHRX
30H H HATAMKEHHS COOTBETCTBEHHO. '

OnpenesieHHe KOHTAKTHOM TMIoLWagH
OPOKaThiBAEMOT0 METAMIA C BaJKaMH

Tax kak B OOJNBIUMHCTBE CJyYaeR IPOKAaTKH paBHOAeHCTBYHOLlAA
}IaB.HEHHﬁ NPOKATKH (YCHJ]HE HpOKaTKPI) HarpapJ/Ji€Ha BEpPTHKAJbHO
HJAH OTKJIOHAETCH OT BEPTHKAJAH HE3HAYHT&JILHO, TO IIPH NPaKTHYECKHX
pacueTax BeAHYHHY F NPHHHUMAKT paBHOH TOPH30HTAJLHOH NMPOEKIHH
KOHTAKTHOH MWIOMAAH Meranna ¢ BaJKaMd.

Ilpu npokatke npoduaeli NpAMOYIOILHOTO CEYEHHA KOHTaKTHYIO-
naowans (OAHOTO BaslKa) MOMHO MOACYHTATH MO YPaBHEHHIO

F = [B,. (IL.123)
B GonblugHCTBE CAYYaeB MOMHO NPHHATH, YTO
B., = (B, + By)/2, (I1.124)

rie B, u B, — mupuHa NPOKATEIBAEMOIl NOJOCH NPH BXOJie B BAJIKH
M 'BBIXOJle H3 HHX.

Ecnn KpOMKY MNpOKAaTBIBAEMOro MeTalsa B -o4are JAedopmaliiu
annpoKCHUMHPOBaThb Nyro#i napabofsl, TO
B, = B, + 2 AB/3, (I1.125)

rae AB — ymHpeHHe NOPH NPOKATKE, KOTOPOE MOACUHTHIBACTCH MO
opmyne
AB = 0,5¢zc, (V' RAR — AR/2u) In (ho/hy). (I1.126)

31eck ¢y — KOSDGDHIMEHT, YUHTHBAIOWHNA BJAHSHHE IIHPHHBL TPO-
KaThiBaeMOW NOAOChH:

cg = 4 (1 — &) (By/l — 0,15) elsi=Bo/l - g; (11.127)
C; — KO3(XpUIIMEHT, YUHTHIBAIOWOHH BJAUAHHE 3aJHEr0 HATAXKEHHS:
¢; = 1 — (20y/0p). (I1.128)

[Ipn mpoxaTke Meranja B kKanu0pax, HampuMep NpPH NPOKATKe
Kpyra, oBaJja, KBajpata Ha pe0po, YLOJKOB H [Ap., KOHTAKTHYIO
0@ ONpeneIsioT rpapuueckH MAH asHanuthHyecku. [Ipu rpadu-
gecKOM cnocobe BhLIUEPUHMBAIOT B TPeX MNPOEKUHsIX Kanubp BMecTe
C HaxojslleHCS B HEM TIPOKATBIBAEMOH MOJOCOH H, HaHecAl JIHHHH
nepecedeHusi BaldKa ¢ mnocrynawomeit nosocoft (puc. I1.15), ompe-
JEeJSI0T IJOMLa0b CONPHKOCHOBEHHS.

Ananutuueckn F Moxer ObITh ompelesieHa METOJaMH NPHBeLeHHOf
HAH COOTBETCTBEHHOH moJsiocel. [lo MeTomny mnpHBeAEHHOH [0JO0CK
Ah NpuHHMAIOT PABHBIM CPeJHEMY JHHEHHOMY O0GKATHIO NO LIHPHHE

npoduas:
Ah = §y/By — S4/B4, (11.129)
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rie S, u S, — mwiomagu
ceueHHs nmpodmana Jo 1 nocsae
NPOKATKH COOTBETCTEEHHO.

HHMAIOT paBHEIM

R =05 (D — 5,/B).
(11.130)

OchoBHas Hiest MeTOZa
COOTBETCTBEHHOH  NOJOCH
npeanoxena A. @. Nonosu-
HeIM. [Todockl (hbacoHHOTO H
NPAMOYTOJLHOTO  CeYeHHS HAa3bIBAKOTCH COOTBETCTBEHHBLIMH, eciH
IUTOUIAAM M OTHOIIEHHA CXCICTBEHHBIX OCeH {CTOpPOH) HX [ONepey-
HOTO CEUeHH PaBHBL.

PazMepel COOTBETCTBEHHEIX NOJOC CBHA3AHBL (HOPMYJIaMH

he = 1/3%
B, = ah,

ree h,, B., @ = B./h,, S, — BblcoTa, LINPHHA, OTIONIEHHE LUHDHHEL
K BBICOTE H NACMAAL COOTBETCTHEHHOFC NPAMOYTOABHOIO NPODHIA,
h, B, a = Bf/h, S — 10 xe a4 QacoHHorc npodu/d.

Puc. 11.15. Oopejenenne KOKTAKTRON nomagy rpa-
MYeCKHM CNoCcodoM ’

, : (11.131)

BanauHe BHEWIHEro TPEHHA Ha YCHJAHC NPOKATKE

Jas gpymepHo#l MpoXaTKH 6e3 HATAMeHHA Kox(dUUHEHT BAHAHHA BHEIHHETO TPEHHH
HA YCHJAHE JIPOKATKH MOXHO HaliTH Mo cpefHedl OpIHHATE SIMIOPH paclpeAeICHHA
KOHT2KTHOI0 HOPMA/TLHOCO HANDKEHHT 110 [AyTe 3aXBarta,

s mgeymepHofd Zedopmauuun ¢ ydetom suipamenns ([[.119) maeem

I
. Pep 1 d (I1.132)
J:U:ﬁ-:-ﬁ—-‘ J.Px s
T T 0
B obmewm crysae npu OTHoutemEE [/hgpT> 5 ua Iyre aaxpata HMEOTCH I4Tb
YYACTKOB, XBDPAKTEPHIYEMLX Da3fLIMH 32KOHAMH pacnpefefeHHAMH KOHTZKTHHIX
HATIPSIMERHN.
Koshduunedt Hanpsamennoro CoCTOAHEA TDH Takofl amiope HOPMATLHOTO KOH-
TAKTHOrO HANPAMEHMA HAXOAAT Xak cperuuil xoaddHUMeHT DATH yuacTHKOB

. n,AC+n CEVn EF 4-n_ ED V+n_ DB
ny = A€ et b = -+ napt FRon?B (I1.133)

THe fac, Acg B T. J. — YaCTHHIE KOIDGDHUAEATH HAMPHKEHHOrO COCTOAHHA AASA
yuactkos AC, CEHT. &.; AC, CE n 1. . — NpOTKMEHHOCTH Y4aCcTKOB AyTH 3aXBara.

Kasaull #H3 4acTULIX KROSQOHILHECHTOB MOMNO NMOJICUHTATh, €CHH TOACTABHTL
B ypapuenne {[1.132) dyukumonaatHyw 3asucHMOCTh Py = f (x) COOTBETCTBYIOULYIO
JNAHHOMY Y4YacTKy.

B nauate # KoHue Ayre saxsara (yuactkdi AC uw DB) p, Brpaxaercd ypasne-
unsame (11.65) n (I11.66). ITocae moncranosxu B ypapuenue (I1.119) snauvenss p, u
nphuss dy == ({/AR) dhy; Ey=E, =1
TIONY UHM:

-8

Karammui paguyc npH-

aast yuacrka AC
fo

Pep ! hn)GAC .
= = ——_————— — — 1dA_: 11.134
"ac T T, T Bk, AC J [(GAC g ( R T (138
C
gasa yuactka DB
hp s
_ Pep i _h_x) 1 ]
"5~ Tor = SR DB J [(6D3+1)( o 1dn_, (11.135)
ty
[locne #uTErpHpOBAHNA:
Ih fo \6
c 0 \0ac .
n, ., = ——t__fl fa\%ac | 1], (11.136)
AC T ARB 4 AC ([ h’L‘)
ih h ﬁDB -j
— D L — .
"o = TRE DB [( hl) 1, o (11.137)

rae Ac, Ap — BblcoTa ceneHHN NpokathBaemoll NOKOCH, MPOXOJAIGHX HEPEd TORKH
Cub.

Tpu oupefeneunn #AgE B nFp B ypabhenue (11119} noacrasnsem sHauenue py
cormacko Bupaxennam (11.72) r (I1.73):

he N
i .t 9
. A — T In-t\dr.-
"c8 = FT ARCE S (‘”C TiggF In hx) s
he ‘
hp
n

— { L ﬂ
FD~ 21, ARFD S (pﬂ "1 Ppp In hD) .
fr
D

TMocre mETErpHpOBAHHA OOMYHTHM!

L [Pl ! o b ) 11.138
”'CE“MCE{ o 2igagy | e T 1+[“hE) ' (H-158)

{ {Pp 1 _ _ h_F\ 139
"Fnzmiﬁ(hF_hn)J"mganD |:hD hF(I th: - (11139

Ilng aonsl EF xosdxpHUHEHT AEF ONpefelsioT, MOACTABIAR B ypasueuue (11.119)
allaueHHsl p, coraacHo Bupaxenwio (11.78):

kg
—t A — b2 — Ay 1o L] L -
RER = T AREF 3 pp+ 1 | A (g —h)—(2 + Ahy) e | O
'E
Tlocne HHTErpPHPOBAHHA
l Pe
Mer = RLEF {[2_1_; [ AhH + 24 (hy — I:F)] x
hg
X (hgy —hp) -+ (1 + Ahg)In h_} (I1.140)
“F
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Ipu noacranoske B ypaBHerHe (11.133)
Ko3QdHUHEHTOB Rac, NCE, RFp W NEF,
HafijleHHx  no  ypaedenHam (11.136)—
(I1.140), noocuMTHIBAIOT 3Ha4YeHHA KO3GpH-
LHEHTa 7g.

PacemoTpensnfi MeTol onpenenenus ng
Tpefyer IHTENbLHEX BbIYHCAEHHH, [TosTOMY
HapAAY ¢ YKa3aHHBIM METOJOM IJIfl [1¢ AcueTa
KOS(UUHEHTA 71 MOMKHO DPEKOMEHIOBATh
TAKXKe YNpOUEHAbLIe Cnoco0b.

[Ipu orHowennn [/hgp > 2, ocofento
NpH XOAOAHON NPOKAaTKe, YYacTOK 3acTofl

: M ] lﬂmlﬂ’ EF (puc. 11.16) oTROCHTEALHO HEGOLIION

H MO3TOMY CKPYTJIEHHE 3MOPbl MPOKATKH Aa-

1 BJOEHHA MOMHO He YYHTHIBATL, T. €. CYHTATDh
|

I £ir Di8
Lt B ypasuennu (I1.133) EF= 0, a B ypasue-
‘ Ll T~ uiax (11.138) u (11.139) Ap = hp = hy.
LCE ‘g Vi Kpome Toro, npH oTHOILEHHHAX l/hcp<4+5
—T " g
[4

AL
f MOMKHO TaKMe npexeGpeyb HEKOTOPHIM Hak-

THYECKHM CHIDKEHHEM JaBJeHHS Ha yuyacTke
CD mo cpaBHEBWIO C pe3yJbTaTaMH TEOPRW
Pac. 11.16. 3mopH HOPMAIBLHMIX P, H  CYXOro TPEeHHA H 1A NPHOJHMEHHOTO
KOMTAKTHBX KacaTelbHHX HaNpAMeHui pacyera MPHHATbL 3HAYSHHS P, HaA MpoTH-
Ty npH k> 2 HKeHUH Beell KOMTaKTHOH Jyri no ypabHe-
uuam (I1.65) u (I1.66).
B stom cayuae cuurtaem, uto B ypaBrenusx (I1.134) u (I1.135) 04c = opp =
= g = p2l/Ah; he = hp = hy ¥ NOtAE TOACTAHOBKM TIOAYYEHUHX 3NAUERUH N 40
u npg B ypasHeune ([1.133)

g = (i /O8R) [(fro/he)° + (ufm)® — 2], (11.141)

Bupasus fig/hy uepea hy/hy, HMCXOA H3 PaBeHCTBA HOPMALHLIX HAMNDHIKEHHIT
B RefTpanbHOM CEYEHWHW, TIOACUHTHBAeMmX no ypasuennsw (11.65) n  (11.66) npn
hy, = hy, noayunm

(1/8) [(8 — 1) Cofh)® <+ 1] = (1/8) [(8 4 1) (h/n)® — 11, (11.142)
OTKyJa
(hofh)® = T1/(8 — 1YY (8 - 1) (hu/hy)® — 21

Mopcrasus 3uayenue fig/hy B ypaenenne (I1.141), Bugmn, uto Kosddnument
BANSHHSA BHEUINEro TpeHHS HA JaB/EHHE TIPOKATKHM MOXKHQ BHPasHTb (opmyJof,
npesnoxedtofl A. M. Ileankossiv:

n;:ﬁ%[(%)ﬁﬁl]. (11.143)

Cpemiee OaBJieHHe MNPOKATKII MO/KHO OnpenganTh, €CAH YMHEOMKHTD obe uacTH
" "
9TOTO ypaBHeHHd Ha 21'1" NPpHHAB, YTO N = Ng =

pcp:%TWg’i—l)[(:—‘:)ﬁ—l} {11.144)
HJaH
rae § = p 2//Ah. (11.146)
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25 e
T
' IVaAyaya
\ / | 7/ // _ 5
4 — AMEE=C 20
e/l ereras
f 11/ L J// , 12,5
' | /// / // /// ; ‘-/7410
P y// | ,A//, ,:’f_/T/ :A/
O
, —— 25

g 2 4 6 & W 17 H4 16 18 20 22 24 26 26
& =241/20

T W r
Puc. 11.17. Kosdduunent ng BAAAANSA BHEWIHETO TPEHRUA HAa KOHTAKTHOE Hanjenue
B 3aBHCHMOCTH OT O npr pasHeix Ali/hg g

Bxogamyw B ypasueuus (11.143) u (I1.144) sennunny /iy HAXOAHM H3 paBeHCTRa
(I1.142), mocne npeofpa3oBanud KOTOPOro NOJYTHM

b/l = A1 4 VT (6% — 1) (ro/h) 1/(5 + 1)}1/8. (11.147)

Utobel ynpocTHTs Henoap3osanne ypasuenuil (11.144) mau (11.145) npu nogcuere
KOHTaKTHOTO jaBJjennst, ua puc. 11.17 npupejena mocTpoeHHAad 1O ITHM YPABHEHHAM
AHarpanmya, xapaxTepH3yomas 3aBUCHMOCTh Kosddmuuenta ny oT 8 npH passmix of-
WATHIX.

Cornacro 3710il Auarpamme, TPH NOBHIIEHAH OGKATHA, KO3(DOHLUHEHT TpeHuaA
H IHamMeTpa BaJKOB CpeiHee JABJEHHE 3HAYHTENbHO BO3DACTAET.

Hasa ropsuelt npokatku npH otRomentd [fhep™> 4+5 yuactkn CE u FD (cm.
puc. I1.9, a) mMoryT GuTh 3HAUHTEAbHBL H MOXHO NPHAATL HA TPOTAMCHAH BCEH IyTH

3axpaTa T, = Tp. B cBA3M ¢ 3THMH JomymesusmMi B ypasHenusix (11,138) u (11.139)
NPHAAMAEM

Pe=pPp=2t, ho=hy hp=hg h,=h;
t€ Gop = t€ pp &~ ARJ2L.

M3 ycnoBus paBeHCTBA KOHTAKTHRIX HampsKenwnil, noICUMTHIBAEMBIX 1O ypas-
wewusam (11.72) u (I1.73) ana HefiTpansnoro ceuenHsr, HaXOAHM

Pu = 2Ty + Ty (21/AR) In (ho/hy) = 2Ty 4- 11 (2{/AR) In (hy/hy), ([1.148)
oTkyfa hg = V hohy.

Tocae nogcranoBKy 3THX 3navennii B ypasuennn (11.138) n (11.139) u onpene-
JieHHd n¢g U npp MO Beipaxendio (I11.113) raxonum 3zavesne kosdubuillienta, yuu-
THIBAIOIMETO BJHSHHE BHEIWIHEro TPeHH::

. 21 AR/2 —
ng=1+ﬁﬁ'a/h—hﬂ=1+ 1(4hep), (11.149)

[Ipn ropsiuefi npokaTxe, KOTAa oTnomenue !/hyp<< 1,5+2, 30mm crombMenns
He3HaYHTeNsHE. B 3ToM cayuae (cm. puc. 11.9) smopa gasiedna npokaTkn Buipaxaercs
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ypasuesdem (11.78). KosthduunedT HanpazKenHoro cocTofnHa Heo0XogHMO HOJCYH-
THBAaTh, NOACTaBAAA B Bripaxkenue (I1.138) 3nauenne EF = 1, a npu onpeleieHiH
hgr 8 ypasuenuu (I1.140) npunumars pg = 2t;; hp = hp; hp = hy.

Ilocsie MOACTAHOBKH

ng = (1 Ahy) (byjAR) In (hg/hy) + 2A (Ah— hy), (11.150)
Tae
A = (21/Ah)*n/ 2. (I1.151)

Beauuuny 7 onpejenseM H3 YCJIOBHA, YTO B TOUKE BXOJA KacaTeJbHOE KOHTAKT-
HOE HATIPAMEHHe Tp = Tq.

Jlanee cuuTaeM, Kak 5T0 GBIIO OPHHATO MpH BeBojAe ypabHenus (I1.76), uto Ty
H3IMEHAETCA 1O JHHEAHOMY 3aKOHY, a B HEiTPAJIbHONM CEHEHHH T, = Ty.

Torzna

Tx= Ty (h,\' ‘* hl[)/‘(hﬂ - h}()v (Il 1 52)
QTKYZa, coraacHo ypassenuio (11.139):
N = TAR/ [ — (hy — ) ]. (IT.153)
Tlocse nojicTaHoBKH 1) B ypaBienne (I1.151)
A = 20/ [Ah (hy — hy) ]. (11.154)
TogctaBus suavenne A B ypasuenne (I11.150), nonyunm

, I h h 21 (2Ah — &, =

n‘,:(1+mﬁ)ﬁmh—:+‘&—ém_]—mﬂ)). (11.155)

BeiHuuHY Ay MOMKHO BAHTH W3 YCAOBHS, 9TO NPH A, = hy no ypasuenmo (11.78)
Py = 2T;. JL18 YNPOLEHHA PACeTa MOMXHOC C JOCTATOYHOH TOUHOCTBIO NPHHATE iy
no supaxenno (I11.148). .

[Tpyu orHowenuu [/hg,<< 1,5=-2 Ge3 Gonbimoidl NOTPEIHOCTH MOXKHO NOJCUHTE
Bats Kos(uuKenT n; ANA OCAlKH NPHSMBEN C YueTOM aHAJOTHUROIO 3aKOHA pacmpe-
IEJeHHA KOHTAKTHLIX KacaTelbHBIX HANps:KeHH#, NPHHHMA® Y KpacB Ty — Tp, a N0
LeHTpy T, — O.

Torpa
V' R Ah 1

=14 — .
3 (ho+ M) " Bhey

My=1- (11.156)

Banande naTsKeHus Ha AaBJAcHHE NpOKATKH

Il onpeneneHus D4BIEHHH TPOKATKA C YUeTOM BAHAHHA HATAXKEHHA HCNOTB3YEM
ypasuenne (11.57).

I pellesHs 3TOTO YPABHEHHS NPHHAMAEM, YTO 2Tp & py. Torja ypasueune
(I1.57) Gymer umeTh CIemylOIUH BRI

dps _ () = gy %R 11.157)
A ] R (1L
P F o3,
rae § = 2ul/Ah.
[Tocsie HHTErPHPOBAHHA NOIYUHM:
Aad 30HBI OTCTaBalHA
B, = H €y, (I11.158)
JJs1 30HEI ONMEPEeMEeHHA
— pito (11.159)
p,= hx Ci-
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Bemiunnt €y 0 C; HAXORHM H3 CAGIYIOUIEr0 YCAOBHA:
fiy = hy — py = 802713 j

hy = Iy — px = E127y. e
Torna AnA 30HL OTCTABAHHA
P = §o2Tz (ho/hx) ! (I1.161)
IS 30HBl ONepexeHns
P = Ea2Tr (Ae/m)® T, (11.162)
rae &y = | — (0/270); & = 1—(0,/21q).
Iloacrapassa 5TH 3navyeHus p, B ypasHenue (I1.119), nonyuum
hy h[{

2T | [ . = .

Pep =75 | | Bolholh)® ™" die o [ & (/)T d (I1.163)

H Ity

Tocyie vHTErpHPOBAHKS NOAYYHM GOPMYNY ANd ONpefenciis JaBIeHHA NPOKATKH
€ YYETOM BJAMSHUA HATHMEHHA M BHELIHETO TPEHUA:

Bxopnmee B 3TO ypaBHEHHE 3HAueHHe Ay HAXOIAT no ypabhenusm (I1.161) u
(I1.162), yuwteiBas, wuwro npu  hy = h, BeauunHa  p, = £27, (ho,"hx)é_i =
= Ei20r (hy/hy)® T,
orkyza by =} hRST! (& E)).

CorstacHo nanuuM Y. Xeccen6epra u P. CuMca, KOHTAXTHOE JABAEHHE METAJIA Ha
BANKH Pop C YUETOM BJHSIHHS HATAIKEHHS MOXKHO BLHIPA3HTL CIEAYIOUIHM 06pasoM:

; Gy -0
Pes =pcp(1_ D4r1-_1)’ (11.165)
rae pép — jasnenne 6e3 yueta HATAKEHHS;
_ _ Tro+ Tri_ 0,57 (07¢ 4+ 07y)
Ty = Ty = 5 — 5 E
[MpubanxenHoe 3Hayenne rzg MOMET OTb Hafigeso no gopmyse
" g a
B | BT, (11.166)

Bausnue IIHPHHbI MOAOCHI HA JABJEHHE NPOKATKH

ITuprina oxa3aeiBaer BAHAHHE HA KOHTAaKTHOE A4BIEHHE NPH €€ H3MEHEHHH TOJALKO
B ONPEAeTCHHBIX NpEieNax, W Kora orHowenne Bey/l cTanosutcss Goxee nsaTH, TO
NpH JajbHellleM yBeTUYeHUH IIHPHHLL H3MEHeHHS KOHTAKTHOIO J4BJEHHS MpaKTH-
NeCKH He MPOHCXOAHT.

B ofuev BuIe BAHAHHE MHPHHEL NOJOCHI MOXKHO IPEICTABHTL B BUJE MPOH3Be-
aedus IBYX KO3DPHIHEHTOR ¥ H g, H3 KOTOPHIX MEPBHI YUHTLIBAET BAUAHHE, 4 BTO-
poii — H3MEHEHHE BEJIHUHH BHEMIHETO TPEHHS B CBA3H C YIUHPEHHEM.

Ilas onpejeiienus KospHUHEHTa ng MOKHO HCnoab30BaTh dopmyay C. . T'y6-
KHHA, COTJIACHO KOTOPOH KOHTaKTHOe JaBJeHHe NPH ocCajKe napaielenHrnega

38 —a pa
pcp:QTT(1+T”T g (11.167)

rAe a 1 B — paamepLl CTOpOH TapajfielenHnesa, W3 KOTOpHx a << B.
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CpaBHHB KOHTaKTHOE JaB/jeHHe IPH OCajKe JaHHOTO Napa/yeNenuneja H napaf-
nejenunena ¢ 6eckoHeyHO GOJLIIOH CTOPOHOMH B, MOMHO NOAYYHTL NPHOIHKEHHO L7
ciydaes NpoOKaTKY, korga B > (:

38 —1
I+ —p— s Uin)
G T 07/
rae B u A — cpefuHe IWHPHHA H BBICOTA CEYEHHA MNpOKaTHBaemoii nojocel; [ —

LJIHHA JYTH 3aXBaTa, CKOPPEKTHPOBAHHAT K YCMOBHSM OCAIKH, KOTOPYH MOMXKHO
ONpeJieHTL M0 YpPaBHEHHIO:!

:=Vm[1__tg(z/2)].

n

(I1.168)

Tpu npoxatke (I/hop<< 2) cKO/NBKeHHEe 110 MOBEPXHOCTH MOUTH OTCYTCTBYET, i
ecTu mpHEATL U = 0,5, To

3B—1 |
T m

Co(w)

Onpenenenue Jap/ieHds TpH NPOKATKe B Kammdpax

n (11.169)

Kak caenyer w3 3KCOEPUMEHTAMBHLIX JAHHKIX, AABJEHHE MPH MPO-
KaTke B Kanubpax oObUHO Bhillle, YeM MNPH NPOKATKe Ha TIJaJKofl
GouKe B CONOCTARASIEMBIX YCNOBUAX, MPHUEM 3Ta PasHHUA COCTABJAAET
1,0—2,0.

Jas penenysi BOONpPOcA O BAMAHUH (GOPMBL Kajiulpa Ha BeANYHHY
JABJICHHS] BOCMNOJAL3YEMCA YPABHEHHAMH, MONYYeHHBIMH:

a5 caywan suimanckw 8 cvipesnbix Ootikax (puc. 11.18, a):

2 b -
pcp:zi.lﬁﬁd:,(i-'[-——’?'—p —%—a—), (11.1[0‘}

TIe @ — YToA oxXBaTa nojocki GofiKam,
st CAYHAA BLUMANCKY NOAOCHL NPAMOYSOALHOZO CEYEHUS 8 NAOCKUX
bodrax (puc. 11.18, 6):

Pep = 1,150, (1 + (nb/3M) . (I1.171)

Caenyer oTmeTHTh, yto (popmyna (11.171) nmonyduena u3 ycaoBui
nnockol pedopmalny (otHOMeHHe WHPHHeLl 60fiKa K WIMPHHE MOJIOCEH
MaJio).

Puc. 11.18. Cxema BWTAMKH B BhIpe3Hux (a) ¥ nmockuax (0) Gofikax
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B nopanke obo0menls 3aMeHHM
8 (hopmyane (11.171) Bennunny 1,150,
na yog (rae y— xkosddpunuent Jloae,
HaMeHsioulkica B mnpeaenax 1,0-—
1,15) H Ha OCHOBAHMH CpaBHEHHSA
BeJHYHH [ABJEHHSI TPH BLITSAKKE
MOJIOC B Bhipe3HBIX H IUIOCKHX 00H-
Kax HahgeM KO3(DhHUHEHT Ay

.. = 1,15 [1 + (2bcepa/3med)]
f v+ (né/3h)1  °

Ira dopmyna MoxeT ObIThL WC-
NoAL30BaHa AJds  y4YeTa BJAHSHHA

(11.172)

yeaoBrit Tpenus H Gopmel Kaanbpa 7|7 A i | | 06 ‘
HA jaBJeHHE NpH Tpokartke. B stom ,, Erk i— S P
cJyyae BMECTO IlIMPHHBI OOfKa b i | ‘ |
CJIeAYET NOACTABHTE 3HAYCHHE JJIHUE]

) gt A 01z 5 4

AYTH 3axXBdTa L’, BMECTO JIHaMeTpa

d— BRICOTY TOJOCH h: Puc. 11,19, 3aBHcumocTs g oF W ({/h) n

a/m (cnnownke aHuaae Aas vy = 1,0,

L5 [1 4 (2ual/3mh)] wWTPHXoRHe Aas8 ¥ = 1,15)
= LIS RG] (11173

M3 ananusa npHBefenunofl poitne gopmyast (I11.173) supwo, yro
DOCT JaBjieHHst NIPH MNpOKaTKe B Kanubpax onpefensietrcd B OCHOB-
HoM Beauunuamu w ({/h) u af/n (puc. 11.19).

OtHowenue /7 XxapasxTepusyer CrTeneHb CTECHEHHWS MeTauia
B Kamibpe. JlaAa kBajpartHblX, PoMOHYECKHX H OBaJBHBIX Ka/luGpoB
ofuemno a/n = 0,6+-0,9, a ang caokHmX (acoHHuX KajnuGpor cae-
AyeT NpHHUMATh «/m = l.

Wrak, npu npoKaTke B NPOCTHIX ¥ (AAHIEBHX Kanubpax paBieHue
crefyeT ONpeneasnTh, NoOJAb3ysAch (opmynoi: p = 1,15n,n,0p4, rhE
ng; — no ¢opmyae (11.122),

ITpn npoxarke GaJOYHHEIX npogdufieii co cBOGOIHBIM YUIHDEHHEM,
KOrJa BanKamh OOMKHMaeTcs TOJNbKO Liefika Npodu/s, caeryer ydH-
THIBATH BJHsAIHEe OOKOBRIX HeoGkHMaeMelX 30H ((1aniues) p =

woom

= 1,151,515, 0.

5. MOMEHT H MOWHOCTb TNPOKATKH

Y CHIHA, TIPDUIOKEHHBIE OT NPOKATHIBAEMOro MeTaldna K BaJjky, cjaa-
ralTesl H3 HOPMaJbHBIX H KacaTtelbHuX yeraui. Hanpasiedue paBHo-
JefiCTBYIOLIEH STHX YCHJAHH 3aBHCHT OT cocofa M YCA0BHE NPOKATKH.
B kampzoMm oraennHOM cayvae HampapieHHe paBHOgefcTBYIOW el
MOXKHQ ONPeIL/IUTL H3 YCAOBUA DPABHOBECHSA npoKaTthiBaeMoro Me-
Ta/na. Ilpx npocToM mpouecce NMPOKATKH PaBHOMEHCTBYIOIIHE CHJILI
OynyT HanpaBfesnl NaPanjenuHo JUHHH, COeAWHAKmEeH UeHTpH
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ofoMX BadkoB, a Npu OOLIUHOM TOpH-
30HTAJBHOM PAacmoJOKEHHH BAINKOB —
BepTHKanbno (puc. 11.20).

Hpocmoti npoyecc npoxkamsy Xapak-
TEpU3yeTcss TeM, 4To 062 Badka NpPHBOA-
Hble ¢ ONMHAKOBBIMH JHAMETpaMH H OK-
DYHEIMH CKOPOCTAMH, TPOKaTHBACMbLH
MeTan] HMeeT OJHODOJHEIC CBOHCTBA,
JBHMKETCS pPABHOMEDPHO M HAa Hero He
JelCTBYIOT Kakue-1uGo JpYTHe CHJBI,
KpoMe CHJI, ODHJIOXKEHHBIX OT BajlKoB

(e peficTByeT, B YAacTHOCTH, nepejHee
Pre. M.20. Mampasneune CuT.  pjij 3ajHEE HATSUKENHE CO CTOPOHBI MO-
e &§°§e§°§qeﬂ?§“(%§“§'pef:§ TalOK HJAH BalKOB COCEIHHX KJereil).
B NOALIMMHHKAX Ha npakTtHke, OJHaKO, He Bcerga Cco-

6JI0/1aI0TCH  YCJAOBHSL MPOCTOTO [poIecca
NPOKAaTKH H B 3THX CayuasX paBHOJAEHCTBYIas He Oyner
HarpaeJjeHa BepTHKaIbHO.

CocTarafiiouiHe HArpy3KH NPHBOJA BANKOB

Momenm na eaay Osueamens, HeOOXONMMBIH A8 NPHBOAA BaJKOB
NPOKATHOTO CTaHA, CJAraeTcsi H3 YeThipex BeJHYHH:

Mﬂa = (Mup/"':) _iL' A/I'rp T MXGJ + Mmms (11174)

rie My, — MOMeHT NpOKaTKH, KOTOpuift Tpedyercsd Aas Npeofionenus
CONMpoTHBAeHHs JedopMallii TIPOKaThiBaeMOro MeTaJjila H BO3HHKA-
IOMHX TPH 3TOM CHJ TPEHHs MeTajdja 10 TMOBEPXHOCTH BANKOB; | —
NepefaTouHOe YHCA0 MEXIAY BalkaMu # aBuraretem; M., — MOMEHT
JODABOYHLIX CHJ TPEeHWS, NPHBEIENHLIN K Baly IBUIaTens, BO3ZHWKA-
KA NpH Mpoxoje MeTanna MLy BaJdKaMH B MNOJLHTHHKAX
BaJKOB, B [MepefarodHOM MeXaHu3Me H B JPYTHX YacTax CTaHa,
HO 0e3 ydera momenra, Tpefyiolierocs Ha BpalleHHe BaJKOB CTAHA
NpH €ro XoJoctoM Xxoae; Myyn — MOMEHT X0J0CTOTO X0fda, T. €,
MoMenT, Tpebymoouuiics AJAsA [PHBOJA CTaHa BO BpeMs X0/J10CTOro
Xond; My, — JAHHaMHYECKHH MOMEHT Ha Bajly JBHTaTeld, Heobxo-
JUMBIH 1719 TpeoJo/JeHns HHePHHOHHBIX VCHJNH, BO3HHKAILX
NpH HEpaBHOMEPHOM BpaNieHWH BaJ/JKOB.

IlepBrie TpH BeTHYMHBI, COCTABJSKOLLIE HArpYy3Ky [pHB0OjJa BaJ-
KOB, NPEICTAaBAsAI0T COD0H B CYMME CTATHUECKHH MOMEHT.

OtHolienne MOMENTA NPOKATKH, [PUBEIEHHOr0 K Bajy IBHIATes,
K NOJHOMY CTATHUYECKOMY MOMEHTY HasblBaeTcsl K. M. J. NPOKaTHOTO
cTaHa:

Mup/i

N ool - Mg Mg

(11.175)

B 3aBHCHMOCTH OT peXHMa NPOKATKH H yCTPOHcTBa cTaHa (raas-
HBEIM 06pasoM OT KOHCTPYKILHMH NOAIIHIIHHKOB NPOKaTHbIX BAaJIKOB)
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K. . [ CTala MOXeT Konefarhed B J0BOALHO UIHPOKHX npejesax,
B cpegHeMm 7 = 0,5--0,95.
Huuamudeckuil MOMEHT BO3HHKAET JHIIL B CTaHaX, padoTalomux
C HepDaBHOMEPHBIM BpallleHHeM BaJIKOB: B CTaHaX ¢ MAXOBHKOM, B CTa-
HaX C Peryiupyemoil CKOPOCTbIO TPOKATKH B TEYEHHE NPOXOJA,
B TOM YHCJIE H B pEBepCHBHBIX. [lHHAMuuYecKHH MOMEHT HaXomAT
no dopmyae
2
Mnu“:m'%%z %ﬂ;_ , (11.176)

rie J — MOMEHT HHEepPUMH BpauWawllnxcs uacteli crana, OPHBEIEH-

HBIH K Baly JBuratens; dw/dt — yrioBoe yckopeHue; mD? — maxo-
BOH MOMEHT, )

Onpenenense MOMEHTA2 NPOKATKH MO YCHJIHAM,
AeHCTBYIOLIHM HA BaJKH

Momenm npoxamku DPH YCTAHOBUBIIEMCS MPOIECCE MOACYHTHBAIOT
JHGO MO YCHJIHAM, AEHCTBYIONIMM Ha Ba/KH, JHOO M0 3KCrmepHMeH-
TaJbHbIM JAHHBIM O DACXOJIE 3HEPrHH NpH npokaTtke. IlepBsifi cnocob
Aaer GoJsiee TOYHblE pPE3yJbTaThi NPH MPOKaTKe npoduielr MpsaMo-
YTONBLHOTO Ce9€HHA: JHCTOB, JeHT, 6110oMoB, cas60B U T. n. [1pH npo-
CTOM I]pOlLECCE ﬂpOKaTKH bes yuera norepb Ha TPeHHEe B NOAIUMITHHKAX

BaJIKOB MOMEHT NPOKaTKH, HEOGXO,ELHMI:Iﬁ AJA BpAUIEHHs o6oux BaJ-
KOB, DAaBEH:

My, = 2Pa = 2pIP, (11.177)

a =2 sinp, (11.178)

rje a — naedo TMPHJIOKEHHs paBHojelcTBylOWEed P; Vv = afl —
KO3(pUIHEHT MIeYa NPHAOKEHUA paBnojedcTBywomed P; fp — yroa,
XapaKTepHSYIOIHH TOUKY NPHJIOMXeHHA P.

C yueToM NOTepb Ha TPEHHE B MOAWMUNHHKAX BaJKOB:

Mup = P (Dsin B -+ dgs,) = 2P (a 4 p), )
rlie dy — puamerp uandsl Baika; pn — Koadxpuuuent Tpedun uandul
B NOMUHTIHHKE BalKa; p — pajHyc Kpyra TpeHHs wHand Bajka.

Ha ocHOBaHUH 3KCNEPUMEHTANBLHBIX JAHHEX MOXKHO NPUHATH,
YTO PABHOAGHCTBYIOWLAS YCHJHS NPOKATKH NPHJIOXKEHA OT OCH BaJKOB
HA& PACCTOSHUH, ONPERLIAAEMOM H3 CACAYIOWIMX COOTHOMIEHHMH:

npu eopsayeti npoKamxe:

a = (0,45--0,5) {; ¢y = 0,45=-0,5;

npU X0A00HOL npokamxe

a = (0,2-+0,35) I; = 0,2+0,35.
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Ananutnueckoe Belpaxkenue s onpefencHusn  KoahhHIHENTa
n/eya ycHaHA [POKATKH HMeeT BHJ

o 1\ . ." P.m 1
lp—_[:2_3[1 e(ﬁ_?”, (11.179)

rae m = wiffey,. lpu m < 0,5 dopmyaa (11.179) ynpowaeres u npu-
HAMAET BHJ

L1 +m /
'IL - 2—_;(1 -— E-m). NI:[.].SO)

OnpegeaeHHe MOMEHTA MPOKATKH MO PACXOLY SHEPrHH

B psjge ciayuaeB MOMEHT MPOKATKH Leaecoo0pasHee ONPeeasaTs
N0 pacxoAy 3Hepruu npu npokatke. Tako# meToj noicuera MOMEHTOB
MPHMEHAIOT NPH INPOKATKe COPTOBOTO MeETalNa HENPAMOYTOJLHOTO
ceyennsi, TA€ ONpeAelcHHe KOHTAKTHOH IVIOMAAH H KOHTAKTHOTO
JABJEHHA CJ0X¥HEe, 4eM NpH NpoxaTKe npoduieli NpsMOyTroJbHOrO
cedenus.

JlauHble 3KCMEPHMEHTAJIbHBIX HCCIeNoBaHHH OObIYHO TpPEe/CTaB-
JIAIOT B BHJIe KPHBBIX, BBHIPaXKAIOWIMX DacXO] SHePrHH Ha | T mpo-
KATAHHOM NpPOAYKIMH B 3aBHCHMOCTH OT oOWeH BHITSKKH WUIH TNPH
NPOKATKe JHCTOB M JIEHTH! B 3aBHCHMOCTH OT YMEHBIUCHHA TOJLIHHbBI
npokara. Ilo naHHEIM, DpuBeflenHbiM Ha puc. I1.21, pacxox sneprau
3a OAWH TPOXOA Ha 1 T cocraBaser (a; — a,) KBT-4/T.

Torga o6uuil pacxof paGoTH 3a JAaHHBIA NPOXOJ]

A= (g —a) G (I1.181)

¢ BBHLY TOro, 4TO pPacXoj 3HEPrHH NpH npoKaTke 0OLIYHO H3MEPSIOT

10 HATpy3Ke JBHTaTe/sd, B BeJIHYHHbI, ONpeje/sieMble MO yKasaHHLIM

KPHBHIM, TaKKe BXOAHMT M TOTEPs IHEPTHH Ha TpeHue B MeXanusMax

MPOKAaTHOTO CTaHa, HO C BLIYETOM NOTEPL Ha BpalleHHe CTaHa BXO-

nocryw. Takum o6pasoM, BEIYHCJAEHHLIH 1O 3TOMY PACXOAY 3HEPTHH

MOMEHT OyjeT npejscTasasith coboi cymmy momentos My, u iMq,.
MowmenT, Heo6X0onuMBIH A1 BpallleHHA BAaJKOB:

(Mup + Mag)/i = 3600 (a, — a5) pQD (1 + S), (11.182)

TAe @y 0 @, — YAeJbHEIH PACXOJ 3HEPTHH [0 H [OC/e paccMarpHBa-
eMoro npoxona, KBr-u/r; p — maoTHOCTb, Kr/An®; @ — muoulann
CEYEHMR TPOKATHIBAEMOH TOJNOCH TOCAE npomycka, M.

Ecan npenefpeys BIHSHHEM OMepeXeHds S, TO AAs CTalH TPH
p = 7,8 1/M® nonyuum
(Myp + iMyp) = 1400 (a; + ay) QD. (11.183)

ITorpe6asiemyio mounocts (KBT) npu mojcuere KosnudecTsa padorsl
MO KPWBLIM MOXHO BLIPA3HTL C/AEAYIOUIHM yDaBHEHUHEM:

M = 3600 (a; — a,) G/x. (11.184)
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[Tpu nopcuere pacxoga sHepTHH
OpH DPOKATKE MO KPHBBIM A4
Kaxloro ciayyas cJienyer noabu-
patb KpHBYylo, Haubogee COOTBET-
CTBYIOULYI0 paccMaTpHUBAEMBIM yc-
JOBHAM NPOKAaTKH (Marepuasn, pas-
Mep H dopma npoduas, TN TPO-
K4THOTO cTaHa # T. J.), NpHYeM A1S
BCeX cJayyaeB yAJHHeHHe, paBHOe
€qHHHLEe,  HeoOXOAUMO  OTHOCHTH
K CEYEHHIO TNOJOCH], BLIXOASLIEH H3
HarpeBaTe/NLHOH NeyH.

Puc. 11.21. Hameneuue pacxona sueprun

KPHBBIE YA&JIBHOrO pacxola NpH NpokaTKe GIIOMOB B 3aBHCHMOCTH OT
SHEPTHH TPH NPOKATKE JHCTOB H  OOWeH pmTikK
JEHTHl BBHAY TOrO, YTO HAa HErO
3HAYMTEJNbHOE BAMfIHHE OKA3LIBAET TONUMHA NPOKAaTa, HHOLAA CTPOAT
B 34BHCHMOCTH OT H3MEHEHHS MocJ/aelHel.

/ 2 J4 78w 12 J0A

OnpefeneHne MOMEHTOB JO0ABOYHLIX CHA TPEHHR
H MOMEHTa XO0JI0CTOr0 XONa

OcHOBHOH BeMHYHHOMN, COCTABJAIONEH MOMEHT AOGABOYHBIX CHJ Tpe-
HHS, SIBASETCA MOMEHT CHJ TPeHHA B NOAIIXIHUKAX BalkoB. Benu-
YHHA 3TOrO MOMEHTa AJ4 000HX NPOKATHBIX BAJKOB

Mgy = Pdpy, (I1.185)

rge P — Harpyska Ha TNOJWHIHHKH, PaBHas I[IPH HEKOHCOMBHOM
pacrnoioXKeHHH BAJKOB YCHJIHIO TPOKATKH (34 HCKJIOUEHHEM IIEeCTH-
BAMKOBBIX ¥ MHOTOBAJKOBHIX CTaHOB); d — auamerp uand; p, —
KO3(HILHEHT TPEHHH B MOJUIHIIHHKAX BaJKOB.

Bropofi BenuuuHo#, cocrapisioilefi MOMEHT HOGaBOYHBIX CHJI
TPEHUS, ABAAETCH CUJA TPRHHA B MePeJATOUHOM MeXaHnu3Me CTaHa,
T. €. B IDECTEPEHHOM K/IETH, B peAyKTOpe H T. II. JTY BeJIHYHHY OOLIYHO
OnpeaessiioT B 3aBHCHMOCTH OT K. M. JI. Mepeiad Ii0 YPaBHeHHH

M M
Mg = (+—1) —Ee (I1.186)
rae Mqp, — MOMEHT MOTeph B nepejaue, NPHBEAEHHBIR K Bady IBH-
rareqsi; 1 — K. M. 1. Nepeaayd or JBuratens K Balkam; [ — mepe-
JAaTOUHOE YHCI0 3TOH mepenaud; My,, My;; — MOMEHTH NPOKATKH
H CHA TPEHHH B MNOAIMMHHKAX BA4JIKOB, npuBeJIeHHBIE K ITOCJAEIHHM.

B CTaHaXx, CHa5H{EHHbIX OHOPHBIMH BaJKaMH, HNOABJSAETCH ele
OJHa COCTapJ/JAKImMAA MOMEHTAa Il05aBO'-IHI:IX CHJI TpEHHH —_— HOTEPH
Ha Tpel"”'ie Ka4eHHHA paﬁOqHX BaJKOB 110 OHOPHBIM BaJKamMm,; OIOHaKoO
3TH nOTepH OﬁquHO HPH pa(:'-IETe He YYHTBIBAKOT BBHIY HX HE3Ha4YH-
TeJIbHOCTH.

ﬂﬂﬂ ¢Tala ¢ XonoCThiMH BATKAMH MOMEHT ﬂoﬁaBOWHbIX CHJ TpEHHﬁ

My D, M
Ny o e (‘;1)&. (11.187)

) i

in Don
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MowmenT xosocToro xopa — 3TO MOMEHT, HeoGXOMUMBIH A/na MpH-
BOJA TMIaBHOH JHHUH NPOKATHOTO CTaHa BO BpeMs MHayskl H PaBHbIH
cyMMe MOMeHTOB M,, HeoOGXOAMMEIX I/ BPAMEHHS KaKJofi feTajiu:

Me= Y M, =y, St (11.188)
2in

3mecs G, — HAarpy3ka OT MacCchl JaHHOH HeTanH Ha MNOAUIMITHHKH

(mozpasymeBaeTcsi HATPY3KA HA MOAUIMIHHUKH).

Kosppuuuenr TpeHus Wp clAeayeT BHOHpAaThL B 3aBHCHMOCTH OT
KOHCTPYKUHH TONITHNHAKOB HA OCHOBE NMPHBENEHHHIX panee NAHHLIX,
VUYHTHBAS NPH 3TOM BO3MOMKHOE 3a)KaTHe HX BK/ajbilefi.

[Tpu nojcuere MOMEHTa XOJOCTOTO X043 Y TOHKOJHCTOBEIX CTAHOR
XOMONHON MPOKATKH M HEKOTOPHIX JPYTHX CTAaHOB HEOOXOHuMO yuH-
THIBATh BO3MOMKHOE NpeiBapHTeNbHOE NpHXKarHe BalkoB. BosHuka-
IOUIMH TIPH 3TOM JOTIOJIHMTENBHBIA MOMEHT CUJl TPEHUS B MOAMIHITHHKAX
BAJKOB MOXKHO moAcuutath no ypasuenuto (11.185), npunae ycunue P
PABHEIM yCHJ/IHIO NPHXATHA BajJKoB. TOrfa MOMEHT JONOJHHTENbHBIX
CHJA TPEHHst BO BpeMsi paGoYero Xoja CJAeAyeT COOTBETCTBEHHO YMeHb-
ITHTD.

Ecsid B cTaHe NperycMOTpPeH MaxoBHK, TO K MOJYYEHHOMY 3Haue-
HHIO MOMEHTA XOJOCTOr0 Xoja Heo0XOIMMO N0GaBHTbH MOMEHT, 3aTpa-
UHBAEMBI HA TPEOJOIEHHE CHJl TPEHHs PACCMATPHBAEMOrO MaXOBHKA
0 BO3AYX.

JmarpaMmel CTaTHYECKCH HarpyskH

Jl1a mojcyera MOLIHOCTH TPHBOZA, 4 TakkKe JJsi pacuera cTaHa Ha
NpPOYHOCTh, KPOME CaMO#l BeJIHYMHLI HATPY3KH, He0OX0JUMO ellle 3HATh
rpagMk u3MeHeHHH 3TOfl HATPY3KH BO BPEMEHH, HashIBACMBLIH HArpPY-
30YHOH JAuarpammoil.

Briuc/ienusi, NPENMIECTBYIOUHE MOCTPOGHHIO 3TOH AuHArpaMMbl,
CBOATCS cHAyasla K OMpeje/leHHI0 CTATHYECKOH HATPY3KH TNPHBOAA
Ha NMPOTAXKEHHH BCEr0 MEPHOJA MPOKATKH NOJOCH, a TaKXKe IPOioJ-
JKHTEJBHOCTH NMPOXOAOB H neusfexHbiX MexKAy HHMH 14y3.

CraTHuecKylo HArpysky, KaK YKaspiBaloch BLIIE, MOXHO MOI-
CYHTATL MO YPaBHEHHID

MCT (‘an/i) Jl“ M-rp -+ 1qun- (11189)

TIponosXuTeNbHOCTL OPOX0ONA T HaXOZUM H3 OTHOIIEHHA T =
= L/v,, Toe v, — CpeaHsAsA CKOpPOCTb BBIXONA MeTal/la H3 BalKOB;
L — pavHa NpOKAaTHIBAEMOH NOJOCHL.

Bpemsi maysel MeXAy MPOXOJaMH BBIYHCASIOT HAH HOPHHHMAKT
B 3aBHCHMOCTH OT TPOJO/KHTE/NbHOCTH TeX ONepalHi, KOTOphe
JOMKHB  GBITH COBEpIIEHB! TPH NOJaue NPOKATHIBAEMOH MOJOCKH
B BaJIKH (110Jlada 1o POJLranry, KaHTOBKa, Nepefada B APYroH Kaanbp
HJAH B APYIYIO KJETh, MOABEM HJAH ONycKanHe BEPXHEro BaNKa, pe-
epcHpoBaH{e -cTaHa W T. M.).
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Puec. 11.22. NIuarpaMMbl €TaTHYECKOH Harpyskn Adist Pa3HbIX NMPOKATHBIX CTaHOB (t — DHTM
NPOKATKH): D b

@ — HelpPePbIBHbIE CTAHB C HHAHBUAYANLHBM IPHBOAOM H APYTHE IPH NPOKATKe 0RO TOMOCK
B OJIHH IPOXoA; & — OAHOKJeTesne CTalbl H APYTHE NPH NPoKaTKe O4HOH NOJNIOCH B HECKOJABKD
NPOXONOB (NfATh HPOXOAOB); € — OJHOBDEMEHHAN NPpOKATHKAa ABYX HJIH HECKOJBKHX TIOJOC
B HECKOJLKO NPOXofoB (NATh NPOXOAOE): 2 -—— HenpephBHble CTAHH © TPYNNOBRIM NPEBOJAOM
(nate Knerei) NpH OAHOBPEMEHHOMN NPOKaTKe ofHOM TOAOCH; ¢ — TO ¥XkKe, BPEMS NaYahl MeXAY
no,uau:;mn AIBYX NOJCC Menbllle BDeMERH NPoxoJa NOJOCH Mexy KIeTAMH CTaha (Tn — BpeMs
nayss

Harpysounyio nuarpammy cTposiT Ha NpoOTsKeHHH BCEro nepHoia
NPpOKATKH RAHHOH MOJOCHI — OT MOMEHTA BXOJa ee B BaJKH [0 BLIXOJA
NpH TOCAeNHEM NPOXOJe W Mojaye CJAEIYIOUIEH MOJI0CH.

ITo npowectsun 3roro mepuozga, HashBaeMOro puTMOM TIPOKATKH,
Harpyso4nyxo AHATPaMMy BHOBL TNOBTOPSIOT.

Ha puc. I11.22 usofpaxent mauGosee XapaKTepHLIE JHATPAMMEL
CTATHURCKOH HATPY3KH INPHBOIA miid PA3HLIX MPOKAaTHBIX CTAHOB.
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Harpyaka npusogpa npu
PEBEPCHBHOM pexmume padoTb

Ilpu pesepcuBHOM pexuMe pa-

o GOTEl  3aXBAT  NPOKATLIBAEMOrO

MeTand1d BaJKamH OPOHCXOLAHT

apu NOHHKEHHOH CKOpPOCTH, 3a-

Fry TEM CKOPOCTL BaJKOB [10BBIIA-

T eTedA, a nepen KOHUOM npoxola

g nonuxaerca (puc. 11.23). Takum

o0pazoM, BpeMs NpPOX0oAa MeTannaa

Yyepe3 BadKH caaraetcsa H3 TpexX

i NepHOAOB: PA3roHd, YCTAHOBHB-

_] 7 HIEHCH CHKOPOCTH H TOPMOMKEHHA.

Ecan ofo3Hauurts yCKOpeHHe

Puc. 11.23. Uacrota Bpamenus sankos {u) n  JBHTATEIHA, BLIDAMCHHOC B obo-

KT Yok pmogs (6)3 TETeTNeTROROS 0D DOTAX B MAHYTY, NOMHOEHHbIX

H2 CEeKYHJY, 4epe3 &, NpH pas-

rone 1 &; NpH TOPMOMEHHH, TO MOMEHT TIIPHBOJA B KaXJI0OM M3 3THX
mepuofoB: NPpH pasroHe

My = My, -|- (GD?e,/375); (I1.190)
IPH YCTAHOBHBIIEHCH CKOPOCTI

My = M.y (I1.191)
NpiH TOPMOMEIHH

M, =M, — (GD%:,/375), (11.192)

rae GD® — maxoBoil MOMENT BpAWAIOIEXCS YacTed cTaHa M AKOps
TEKTPOARMIATEN, NPHBEICHHBIH K BaJy NOCAELHETO.

a5 DIyHTOBBIX 3/1€KTPOABHraTenel, NpPUMEHsieMblX, KaK Ipa-
BU/O, L5 TIPHBOJA PEBEPCHBHLIX NMPOKATHBIX CTAHOB, BEMMUHHBI €,
M &; OGLIYHO TIPHMEHSIOT NOCTOSHHBIMH. TOTZA Harpyszoumas AHAr-
paMMa B TeueilHe Npoxoja GyleT coCTOATh H3 TPeX nPAMOYIoJbHHKOR
{puc. 11.23). 3a nepwon mayabl HArpy3ka NpHBOAA pAaBHA:
NpH pasroHe

My, g = Mgy, |+ (GD?e,j375),; (I1.193)

NMPH TOPMOMEHHH

My, + == Mzoz — (GD%,/375). i (11.194)
HPH pa3roie H TOPMOXKCH!IN ¢ METAJJIOM B BaJKax

Myy = Myon + Magn = Myyn ot (GD%,/4), {(11.195)

rie GD?® — npuBefeHHLIE MaXOBHH MOMEHT € YUETOM MACCH CJIHTKA
(mpHHEMaeTCA, ¥TO Macca CJAMTKA M, HaXONHTCH Ha OKPYKHOCTH
BaJKa gnaMerpom D),

Ansi noBHIIEHHA TPOH3BORHTEJILHOCTH CTAHA CTPEMSATCS K TOMY,
yTOBH YCKOPEHHE €y OBIIO HAubO.IbWMM. Y COBpEMEHHBIX GIIOMHHUIOB
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ono cocTanaster 2,8—8,0 1/c® nput pasrowe n 4,0—10 l/c? npu Topmo-
HEHHH.

Ecau ofossaunts Bpems NEPHOAOB pasroHa, YCTaHOBUBLISHCH
CKOPOCTH H TOPMOXKEHHR Hepes Ty, Ty i T,, TO O6UIEe BpeMmst npoxofa
T =1, + Ty, + ;. )

Sa;E_aBmHCb YaCTOTOR BpAllleHHS BAJIKOB LPH 3aXBATe f,, YCTAHO-
BHBIIEHCS CKOPOCTH fiy H CKOPOCTH BHIXOHA 1, HAMIeM Tp ¥ Tel Ty =
= (ny — ny)fey; T, = (ny — ng)fe..

ITpomonmxnrensnoets neproga YCTAHOBHBUIRHCA CKOPOCTH 34BH-
CAT OT JNHHBEI NPOKAThIBaemMOl mostocel L. Tak Kak mIomais 3alITpH-
XOBAHHOM YACTH JWATPaMMEI, MOKasamuoit na puc. 11.23, cooTpet-
CTBYET B HEKOTOpOM MacmiTale AJTHHE [POKATHBAEMOH MOMOCH,
COCTABJISieM YpaBHEeHHe

LoDty oyt
0 o~ Tp + MgTy 5 Tr /-

(11.196)

OtRyaa npoaomxuTeabEOCTD MepHoi2 YCTaHOBHBHIEHCH CKOPOCTH

60L i nz—+n fy -+ ng
Ty:m"—n_y'(—2y—rp+ —‘y2—TT). (11.197)
BpeMH pa3sroBa u TOPMOXEHRHA NPH XOJOCTOM Xoge: Tpn = f?,a/En;
Trn = MafE,.
HOCJIE nocTpoenus HBFPYSO‘{HOIjI AHATPAMMEI OMNpPEneasiioT HOMH-
HAIILHLIH MOMEHT JIBHTaTenst (C yUeTOM JOMYCTHMON KPATKOBPEMEHHORN
HATPY3KH ABHTaTesisi W MPEAOTBPAURHHS €r0 Harpesa).

Fnasa 111

AHHAMHYECKHE PACYETbI METAJITYPTHYECKHX
MAINHH

Merannypruveckue Maiummt paboTaioT B TSMKENBIX INHHAMHYECKHX
PEXHMAX, H NOITOMY K HX KOHCTPYKIUHAM NPeABAB/AICT BRICOKHE
TpeﬁcinaHHﬂ IIPOYHOCTH H HaAexKHOCTH. KauecTBO 3THX MaliHH B Ie-
MaJ0OH CTEeNeHH 34BHCHT OT TOrO, HACKOABKO TOUHO NIPOH3BeAEHbI
PAcUeTEl X OCHOBHLIX NtapameTpoB. Ha compemennom srame passHTHA
MAMMHOCTPOCHHA BO3HHKINAA H3 TPeGOBaHHH ABPAKTHKH HOBas OT-
Paclb JHHAMWRH — NDHKI2ZHAA JHHAMHKA MAlIHH — [O3BOSNET
HaHboJIee MOJHO HIYUHTL AHRAMHTECKHE HpoLecckl B MallHHAX H
ONPEAENHTh HATPY3KH, BO3HHKAIOLIME B 3THX 3JeMeHTAX.

J\Eaumﬂy HeoOX04UMO pacCMaTpHBATh TaKDH, KaKoit oHa ABJAAETCH
B IEHCTBHTETLHOCTH, T. €. ¢ YYETOM CBONCTB MAaTepHata {ynpyrocru},
PEANLHOTO Xapakrepa HAaTPYXeHUs BHEIUIHHMH CHJIAMH, [IpHHHMAA
BO BHHMaHHe H XaPAKTEPHCTHKY ABHrATeNs, ¢ YUETOM 3a30D0B B NPH-
BOAHBIX JMHHHAX W IUCCHIOATHBHLIX CBOHCTB CHCTEMEL.
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MaltiiHbl JOMEHHBIX 1 CTANeNIaBHILHBIY UEXOB NOABEPHKEND
HHTEHCHBHOMY JeACTBHIO AMHaMudecKuX Harpy3ok. Oxnako naubonee
MKEeCTKHe JIHHAMHYECKNe DEiHMbl OpPHCYULH NPOKATHBIM MAallHHaM,
XapaKTep Harpy’kenus KOTOPBIX 4acTo NMPHOIHAAETCS K ylapHOMY.
Iloatomy npeHefpexeHHe JAHHAMHUECKHMH BO3ACHCTBHSIMH MOXKeT
nopJedb 3a coboil GojbliHe OWIHOKH B pacueTaX METAMJIYPTrHYECKHX
MAILHH.

Apapuy MaluH MOTYT BOBHHKATb TaM, lie CTATHYECKHE HArPy3KH
HCBEJHKH, M BO3JEHCTBHSI TEpPeMEeHHBLIX CHJ SABJIAKTCH ONHOH H3
OCHOBHBIX NPHYHH YCTAJOCTHOIO PaspylIeHHs JeTased. I]upax*mqecxn
90 % paspyumenuii jeraneii MallMi HOCAT YCTAJOCTHBIH Xapakrtep
B pesyabrate MelCTBHs JHHAMHYECKHX Harpysok. Mexannueckue
KoneGaHus B MallHHaX OKAa3blBAlOT BpejHOoe B/HSHHE HE TOJNbKO HA
NPOYHOCTb, OHH MOIYT B 3HAUHTE/NbLHOH CTENEHH YCIOMHHTL H JAXKe
HApYLIHTh HOPMAJbHHIH TEXHOJOIHYECKHH TIpomece MallHH, HanpAMep
Kose6aHHe 3MeKTPOJOB AYTOBBIX 3JeKTpomeyeii, KosebaHHe BajlKOB
JHCTO- H TPyGONpOKATHBIX CTaHOB, IPHBOAAMHX K YXYANIEHHIO
KagecTBa JHCTOB H Tpy6, OyKCOBaHHEe BaJKOB MPOKATHRIX CTAHOB H JP.

JluHamuueckHe pacuerhl MALIHH [PEAyCMATPHBAIOT ONpELeNeHHe
BeJHYMHBI AMILIMTYJl H YacToT KosieGaHMH Harpysok B MallliHe H Ha
3TOH OCHOBE NPOBOASATCA pacuerhl jAeTasedi Ha BBHIHOCIHBOCTD.

Buepenne B nMpakTHKY NPOEKTHPOBAHHS AHHAMHYCCKHX PaCUETOB
Gyner cnocofeTBoBaTh Go/iee KaueCTBEHHOMY BBIIOJHEHHIO KYPCOBBIX
H JHITOMHEIX MPOEKTOB ¢ 3JEeMEeHTAMH Hay4HBIX HCC/ENOBAaHHH, TaK
HeoOXONUMBIX A5 IOBBILIEHHST TEOPETHYECKOro YPOBHA TNOATOTOBKH
CHELUHAaNHCTOB M MPHOOICHHS HX K HayYHBIM H3bICKAHHAM.

[1pu mpoeKTHPOBAHHMH MAIIHH clefyeT Oosee LIHPOKO BHEADATH
JHHAMHYECKHE pacyueThl ¢ NpHMeHeHHem 3BM, ¢ nomoipio KOTOPBIX
MOXHO H3 MHOMKECTBA BAapPHAHTOB HaXOJHTb ONTHMaJIbHBIE MOapa-
MeTpbl, ONpPeAe/sIOiHe BHICOKOE KayeCTBO MAalliH.

Boaplioe BAHSHHE HAa KaueCTBO MAlIHH OKa3blBaeT BLIGOD pallH-
OHA/MBHEIX KHHEMATHUECKHX CXeM C BO3MOXHO MHHHMAaJbHBIM YHC/IOM
nap M 3BeHbeB 6e3 NacCHBHBIX CBA3eH, ofecneunBaoHX MHHHMANbHbIE
IHHAMHYECKHE HATPY3KH H OOJbLUYH HX HAJeKHOCTb. Hey,u,atmtu)
BHIGpaHHAs KHHEMATHUecKash CXeMa MeXaHu3Ma H HEeOGOCHOBAHHBIH
BLIGOD € JHHAMHYECKHX TapaMeTPOB NpPH MPOYHX PaBHEIX YCJAOBHAX
MOTYT SIBUTbCSl NPHYHHOH BO3HMKHOBEHHS OOJIBIIMX IEPErpysoKk H
apapuii. [TosToMy caefyer y¥e B CTaHH NPOEKTHPOBAHHSA C MOMOLIbIO
OBM npousBoauTh JeTa/jbHBIH DPAacueT H HCCAEAOBaHHE AHHAMHKH
MallMH C PasiHYHBIMH KHHEMaTHUeCKHMH CXE€MAMH H TapaMeTpaMy
TSl peajibHLIX IKCNAYaTalHOHHLIX CHTYAalHH.

[Tporpecc B BhIfOpe palMOHANbHLIX KHHeMATHUECKHX CXeM MeXa-
HH3MOB H WX KOHCTPYKTHBHBIX DelleHHH MOKHO Hal/mofaTh Ha psje
HOBBLIX MeTalnyprHYeckux Mauui, cnpoekrupoBanneix BHHHmer-
maiueM. K oCHOBHBIM HAnmpaBJIeHHSIM Pa3BHTHA COBPEMEHHOTO MAlIHHO-
CTpOeHHs, OOecnedUBaloUM CHHXKeHHe NHHAMHYECKOH HanpsiKeH-
HOCTH M BBICOKOE KAyecTBO MAlIKH, MOXHO OTHECTH CJeAyIOoliHe:
1) noBbiIeHHe MOLLHOCTEH, CKOpOCTeH M MPOH3BOAHTE/NbHOCTH MAalIHH
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NPH OXHOBPEMEHHOM YJAYYIIEHHH HX AHHAMHUECKHX XapaKTepHCTHK
H YMEHDLLIEHHH MEeTa/N0eMKOCTH; 2) MAaKCHMA/AbHO BO3MOXKHOE YNpo-
LleHHe KHHEMATHYECKHX CXeM MEXAaHH3MOB; 3) palMOHAaNbHOE pas-
MelleHHe MPHUBOJOB OTASILHLIX MeXaHH3MOB B MallHHAX C MUHHMAaJb-
HOH JIHHOH NPHBOAHEIX JMHHIA, ofecneyuBaloulee CHHMEHHA IHHA-
MHYECKHX HATPY30K H Maccel MaluuH; 4) ynpoligHHe KOHCTPYKUHH
MEXaHH3MOB IYTeM NPUMEHEHHA WHAMBHAVAJLHLIX TIPHBOAOB Ha
KaXIblH MeXaHH3M, HCK/I0Yas TPAHCMHCCHH H My(DThl BKIOYEHHS
BHEJPEHHE KOMNAKTHEIX NPHBOJAOB THNA [BHratelb — PeAyKTop,
[TaHeTAPHLIX, BOJHOBLIX H JPYTHX Mepefay; MpHMeHeHHe s TAKEA0
HATPYMEHHBIX MeXaHusMoB Oe3pefyKTOPHHIX NPHUBOJOB; 5) Gonee
UIMPOKOE BHEJPEHHE B NPAKTHKY KOHCTDYHDOBAHHS MAMIHH THIPO-
W TIHEBMONPHBOJAOB, 00/1aJalOlHX CPABHHTENBHO MajbIMH rabapu-
TamH, OONBIINM GLICTPOXEHCTBHEM, MEHbLIeH NUHAMMKONR u Goabiieil
H&/IEXKHOCThIO; NPHMEeHeHHE KOMOHHHPOBAHHRIX 3JEKTPOTHAPO- H MHEB-
MOTHAPONPHBOAOB; 6) npHMEHEHHe MHOTOJBHrATEIbHEIX [PHBOJOB,
YAYYIIAIOMHX AHHAMHYECKHE XaPAKTEPHCTHRKH MEXAHH3MOB H [10BHI-
HWAIIHX HX HaJeXHOCTh; 7) Bei6op Ha IBM euwe B CTajHH NpOEKTH-
POBaHuS ONTHMANbHEIX AHHAMHYECKHX I[IapaMETpPOB CHCTEM Mexa-
HH3MOB H MaluH; &) paspaGoTKy HOBBIX KHHEMATHUECKHX CXeM
H TPHBOAOB JJ5 CO3JaHHs ABTOMATHUYECKHX JHHHH, KOHCTPYKUHA
MaHUNYJAATOPOB H POGOTOB.

HesaBucumo or HasHAY4eHHA H KOHCTPYKTHBHBIX OCOOGeHHOCTed
BCE MallMHHL 06J1a1a10T OGLIUMH CBOHCTBAMH — YNPYTLOCTbIO 3BEHHEB
H cNOocOGHOCTBIO NPH ONpeAeNeHHbIX YCI0BUAX K BO3OYKAECHUIO B HHX
KoJiebaTeIbHEIX  TTPOIIECCOB. .

Iox meficTBHEM BHEIHHX HATPY30K (MOMEHTOB MJIH CHJ JBHraTeNst,
TOPMO30B, TEXHOMOTHUECKHX COMPOTHBAEHHHA paGoueil MALIHHEL M 1p.)
YIOpYTHE JEMEHTE TPHBOAA NedOPMHPYIOTCH, a Macchl MalllHH COBEp-
IIAOT, KPOME OCHOBHOTO BpAUIEHHS, Malble KPYTHJILHBIE HJH MpPO-
NoJibHBIE KoJe6aHHsi. B pesyabTate 3TOrO JuHHS TPHBOAOB HArpy-
JKaeTcsi JONOJNHHTEJIbHBIMH MOMEHTAMH, HJH CHJIAMH YIPYTOCTH,
H3MEHSAIMHEMECS BO BPEMEHH C YacTOTOH cofCTBeHHBIX KoJebaHuii
CHCTEMBI.

Pacyer TMHAMHYECKHX HATPY30K KOae6aTeqbHOro Xapakrepa B Ma-
IIHHAX BKJIIOYAeT CJelyioliue OCHOBHEIR sTamsl: 1) cocraBrienne hu3m-
YeCKOH MOJAENH MallHHbI; 2) onpefejqeHHe BeJMYHMHBI M Xapakrepa
H3MEeHeHHsl BHEIIHHX Harpy30K, MPUIOKEHHBIX K cHCTeMe; 3) cocTaB-
JNeHne gupepeHUHANbHBIX YPaBHeHHIT [BHKEHMS VIPYrofi Ccu-
cTembl; 4) onpeAenente gacToT coGCTREHHBIX KoaeGaHuni; D) pacuerTs
YOPYTHX CHJI H MOMEHTOB B 3BEHbAX I[IPHBOAOB, IeACTBHTEILHHIX
3aKOHOB TNEpPEMEelleHHst H CKOpOCTeH pabouHX OpraHoB MallHH.

[lpuBon MawHH cOCTOHT H3 OGOJIBIIOTO YHCAA COCPENOTOYEHHBLIX
H pacmpelelleHHEIX Mace, BCJAeACTBHE YEero TEOPeTHYECKOE HCCJenoBa-
HHE TAaKOH CHCTEMBI CTAHOBHTCHA BeCbMa 3aTpPyNHMTE/LHBEIM. [To3TOMY
JNEeACTBHTE/ILHYIO CHCTEMY MO BO3MOMKHOCTH 3aMeHsSIOT MpOCTOH MpH-
BEIEHHOM  pacyeTHOH cXeMOH ¢ HeGOJBIIAM  THCJAOM  Mace,
obecneuHBawnlel Tpedyemylo TOUHOCTL pacyera.

73




I. ®USHYECKAS MOJAEJIb MALIHWHBI

B npuxnanpoit gunamMuke mammng paspaGoTka (pH3HUECKOH MOJENH
SBJAAETCA OJHUM M3 OTBETCTBEHHHEIX 3TANOB AMHAMHUECKHX DACYETOB.
OBocHOBaHHBIH Tepexol] OT peaibHOll MAallHHB K 3KBHBAaNEHTHOH
pPAacyeTHOH cXeMe H TOUHOCTL ONpeAeJeHHA ee NapaMeTpoB Cylle-
CTBEHHO BJIMAIOT HA AOCTOBEPHOCTL NHHAMHUECKOTO pacueTa.
SHAYCHHS MOMEHTOB HHEPIHH pOTOpa ABHraTedsi, MydT, TOPMO3-
HBIX UIKHBOB H JApPYTHX JeTajell MOXKHO HalTH B COOTBETCTBYIOIIHX
KaTaJorax Wy ONpele]uTh UX NpHOJHKCHHBIE 3HAYCHHA N0 (opMynie

J = kymDi, (L1L.1)

rae m — Macca JeTanu; Dy — HapyXKHbl AuaMeTp Jetanu; ky —
KOa(h(PHUIHEHT pacripefiesiellisl Macchl, 3aBHCSIIHA OT KOHCTPYKLIHH
nerann; ky, = 0,125 mns cnaourHoro Bajaa; ky = 0,25 aad noJgoro
Bana; k, = 0,15 pasi wkuBa,; ky = 0,16 naa syGuartoro Koseca.
MoMeHT HHeplHH JeTanu (PaCOHHOTO NPOPUIA MOMKHO ONPEIENHTD
npuONHKEHHO, 3aMEHHB NPODHIL YY4acTKAMH CTYNEHY4aTOH (POpPMEL.
Jlns Kakjoro yyacTKa ONPeAe/sioT MOMEHT HHepPIHH €ro Macchl,
Iy =5 Lidls (111.2)
rige p — IJIOTHOCTH Marepuana; [;, d; — IAHHA U IHaMeTp ydacTKa.
MoMmeHT HHEpIHH MacChl [eTalH

J= X J,. (I111.3)
Onpenenum  Ko3QOULHEHTEl KecTKOCTH (B Jadbnefilem OGyaem
Has3biBATh JKECTKOCTHH) HEKOTOPhIX HauGojee PACIpPOCTPAHEHHBIX

3J1eMEHTOB. gl
ITpodoabras HecmKoctite CTePAKHS
= EFJI, (11L.4)

rie £ — Mopysb DPOAOJLHOH YyNpYrocTH MmaTepuada; F — mjomanb
NOTIEPEYHOTO ceyenHsi; [ — AJnHA CTEPXKHS .
BE‘JIHLIHHH, OGPBTHHH KEeCTKOCTH, HAa3biBAaeTCd MNOJaTJHBOCTLIO!

e = ljc = I/(EF). (IT1.5)
JKecTKocTh npyXKHHBI CKATHA (PACTAMKEHHS)
Gd4

rie G — MOAyAb YOPYTOCTH TPH cABHre; d — JUAMETP HPOBOJOKI;
D — cpeguuit quaMeTpP NPYMKHHBI, 2 — YHCJIO PaGOYHX BHTKOB.

Honepeunas acecmrocmy. JKecTKOCTH GalloK 3aBHCAT OT Crocoba
3aKpenJieHHsi M TPHBEIEHE B KYypPCaX COMPOTHBJEHHS MaTePHAaJOB.
Hanpumep, »ecTKOCTb KOHCOMBLHOH Galku

g = 3BT, (TIT1.7)
rie [ — sKBaTOpHAJbHBIH MOMEHT HHeplHH ceueHHs Oaaku, cm’.
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Kpymuaenas secmxocme. Kos(x|iient ®ecTkocTn ¢ npn Kpyue-
HHH — prTﬂﬂ.U'llI MOMCHT "}ljl:j.n jj;{]{].]}"l]llBalomliﬁ Ba.a Ha yroa ¢ =
= | pag, T. e.

€= Myp/9. (111.8)
JKecTkoeTs Kpyraoro Bagda
¢ = Gl (I11.9)

rae I, — nonapubiii MOMEHT HHepUHH CCUEHIIS Bana, paBHBI md?/32
(3nece d — pwamerp Bana); [ — ATHHA 3aKPyyiBAGMOro yuacTka
BaJa.

[Ipn nocnenoBareasnom coeauneHHn Aetaneiil ympyrof cHcTembl
of6l1as KBHBAJCHTHAST TOJATIHBOCTD paBlia cymMme nonartJvausocrefl

%wzgq. (111.10)

[Ipu napanaensHoM coeguueHHH YOPYTHX  3JEMEHTOB nponie
onpexensTh OOy KEeCTKOCTh, KOTOPAA OYJeT paBHa CyMMe OTIellb-
HLIX 2KeCTKOCTel:

Cog = E] ;. (I1L.11)
inl napanyiefibHO-noc/ae10BaTenhHOM COoeJJHHEeHHH
_ (et ea)e
C= m ' (11112)
€6y
= e, (111.13)

[Ipn wanuuuu B npusofe nepega¥ (PeAyKTOPOB) KECTKOCTH npu-
BOJSITCA K OAHOMY H3 Ba0B (yaile BCerQ K BajdaMm JBHTAaTeNds HJAH
paboueii MaLIHHbL), AHAJOTHYHO nNPHBEIEHHIO MacC HJIH MOMEHTOB
HHEeDITHH:
cy = ¢ (05/mg)?, (IT1.14)
Tle ¢; — JKECTKOCTL COOTBETCTBYIOMNX JIHHUIH Nepefiay, BpamaiouHxcs
C YIVIOBOH CKOPOCTBIO ;] @, — YIJ0BAA CKOPOCTb Bala, K KOTOPOMY
MPHBOJAHTCS CHCTEMA.

[TpuBesenie MOMENTOB HHEPUHH MACC C YUETOM K. M. [.

%:L%%Q{%' (I11.15)

2. THHAMHYECKHE HATPY3KHM B MAIWUMHAX

Has camoil npocToff By XMaccoBoi 3KBHBAJIEHTHON CXeMbl MEXAHH3MA
(puc. I11.1) auddeperunanbubie ypapHeHUs IBHKEHHS Mace B nepe-
XO[HBIH MEPHOA MOMKHO NPELNCTABHTL B CJAEIVIOLWIEM BHIE:

Jq %JF Cra (g1 — q2) = My; (111.16)

&
Ja%;z_ C12 (91 — o) = — My, (IT1.17)
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M, rae J, — MOMEHT HHEPIIMH NepBOH Macchl
P npueoaa; J, — MOMEHT HHEpPUWH BTOpOM
Macchi MeXalii3ma, NPHBEeJeHHLIH K Baly
BJIEKTPOABHIATENS;  Cpy — [PHBEIEHHAS
e HEeCTKOCTL JIMHMH  [epejay [pPHBOJA;
- 1% t— Bpemsa; @, ¢y — YIJIOBLE nepeMe-
Y meHus mace, pan, M; — MOMEHT JBHra-
Puc. 111.1. Jisyxmaccosas B3SK- .

puBANCHTHAR cxema wexammama TEIS; My — MOMEHT TEXHO/IOTMYECKOTO
conpoTuBJaennss pabouel MalIHHBL, TPH-

BEJEHHBIH K  Bajly SJMeKTPOABHTATe s (CO 3HAKOM MHHYC).

B vpaerenusnx (I11.16) u (I11.17) neppble caaraemeie — MOMEHTEBI
CHJT HHEDLHH COOTBRTCTBYIOLUIEX MAce, BTOPEIE — MOMEHThI CHI YIIpY-
rOCTH B CBSI3H NPHBOAA; B NpaBofl yacTH ypaBHEHHH — MOMeHTH
BHEIIHUX CHJ COOTBETCTBEHHO JBHIATENS! H TEXHOJOTHYECKHX CO-
NPOTHBAEHHH Ha paboyeM 3BeHE MeXaHH3Ma.

XapakTtep JHHAMHYECKHX [IPOLIECCOB H BEJAHYHHBL AMILIUTY]
KoneGaHuH 3aBHCAT OT [APAMETDPCR CHCTEMbl, 3a4KOHA HAarpyXeHHH
NPHBOJ2 CHJAMH TEXHOJOTHYECKOrD conpoTuBIeHHd M, u gelcTBHA
neurarens M. Cuilbl conpoTHBJCHUS B pabOYHX MALIMHAX METALIyp-
THYECKOT0 TMPOH3BOACTBA ONPEeNSIOTCA CHeUU(pHKOH HX TeXHOJOIH-
yeCKOro HasHAYSHHS.

PaccmoTpum HekoTophle HanfoJee 4acTo BCTpedamoUlHecs Caydau
HATPYIKEHUS] MeTaJIypPruYecKHX MallHH CHJIaMH TeXHOJOTHYECKOTo
COTIPOTHBJICHHSI.

BausHue xapakrepa NPUJICKEHHS TeXHOJOTHUECKHX Harpy30K Ha
WHTEHCHBHOCTL JAMHAMHYECKHX HATCpy30K MPOCAeIHM HA mNpHMepe
IBYXMACCOBOH 3SKBUBaneHTHOH Mojend wmawun. Mues sBugy, urto
MOMEHT CHJl VOPYIOCTH B cBA3AX Mexay l—2 maccamu paeeH

My, = c1p (91 — 92), (I11.18)

nubdepennuanpubie ypasaenusa (I111.16)—(I11.17) wmoxkuo 3anucats
B BHIE

d*M M M
d’E;.z LMy, = (J_ll il T:l) C1s (I11.19)

a. MrHoBenHOe TMPHIOMKEHHE MOMEHTAa TeXHOJOTHYeCKOro COMpo-
THUBJIEHHA K CHCTeMe TNpH JeHCTBHH NOCTOSHHOIO MOMEHTa 3JIEKTpPO-
asurarens. Pewnp audpepeninansHoe ypasHenue (II1.19) npu

HYJNeBHIX HAYaJLHEX ycaoBusX T = 0; M, = 0; -Er‘—‘z = 0, mnoay-
YliM BBIPAXEHHE U5 MOMENTA CHJl YIPYTOCTH B NPHBOJE B BHJE
M2 = M, (1 — cos 01), (IT1.20)

Tje ;'H,l — (_‘YMMaprIfl MOMEHT OT CHJI CTaTHYECKOTO COIPOTHBJEHHA
H MHepPLHH BTOPOH MAaCCHI,

J1M2+J‘2Ml . b .
M, = 7 7 = M; +&Jg; (111.21)
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Ko, Juia & — CpejiHee YIJIOBOE YCKOpEHHE;
- M; —
I E = ———1 Mg ;
Ji 4y
¥ — gacTora cOGCTBEHHBIX KOJe-
BGauuit cHcteMmul, l/c;
c(J J
1 8= [/—% (111.22)
L & ‘ ive
P . e ITepruop koseGanuii, c,
B T = 2n/9.
Puc. TI1.2. JIuuetinméi (A), sxecno-
(Flg;mnam,mm {B) n nepuogHYecKuii ,U,JIH XapaKTEPHCTHKH JHHa-
jaK 2
Al o e MHUUYECKHX HATPY30K YAaCTO MNOJb-
@ — TpaduK narpyxenns: 6 — Kosfp- 3yIoTCA  KO3()OhHLIHEHTOM AHHA-

ICRT AHmETNOETE MHYHOCTH, PaBHBIM OTHOLICHHIO

MAKCHMa/IbHOI0 3HAYEHHH [HHAMMYECKOH HATPY3KH K TNOCTOAHHOH
(MIH  craTHYecKOH) Harpyske:

Mmay My
kn — -] MHOC — M—lu. (III-QB}

W3 puipaxennit (111.20) u (I11.23) cneayer, uto B cayuae Harpy-
HKEeHHsl JBYXMAacCOBOH CHCTeMB MOCTOSIHHBIMH MOMEHTamMH Ko3ddu-
[IMeHT AHHAMHYHOCTH paBeH 2. BeseACTBHe TPeHHS H paCCesHHA
3HepPrHu KoJiefaHus CO BpeMEeHeM 3aTyXaioT.

Kosppuryent AMHAMHYHOCTH 3aBHCHT OT BHAA OYHKUHH CHA
Harpy»XeHus, CKOPOCTH HX HAapacTaHHd, HANHYHMA 3a30POB B COElH-
HEHHAX H JAPYTHX (aKTOpOB.

6. TexHonoruyeckud MOMEHT HapacTaeT [0 JHHEHHOMY 3aKOHY,

a 3areM ocraercs noctoaHHuM (pue. I11.2, A):

M, = M, % opH T < Ty (111.24)

0 My, = M, npu T > Ty,
rae To — MNPOJAOJIXKHTEIbHOCTh HapacTaHHS HarpyskKH.




JunaMuyeckie Harpyskn B ynpyrofl cBS3H paBHBI

Mgy = My + M 222 0 (97 ), (111.25)

rae My -— mocrosinHas cocraBisomas MomeHToB My = M J/(Jy +
+ J.); ¥ — dazoBulii yroa.
KoaddHpenT IHHAMHYHOCTH

k,= 1 - (sin wA)/md, (I11.26)

rae A = T,/T — oOTHOUleHHe BpeMeHH HapacTaHHs HACPY3KH K Iie-
pHOLY COOGCTBEHHLIX KOjeGaHHA CHCTEMBI.

Has cayuas Ty > 0,5T ¢ HeKOTOPHIM AONYLIEHHEM MOXHO 3allH-
caTh
ky =1+ 1/zmA. (111.27)

Ha puc. I11.2, A 3s1a kpuBas (OKA3aHA TYHKTHPOM.

C yBeiuueHueM A KO3pOHUHEHT IHHAMMYHOCTH YMeHbIUAETCH
¥ npH A > 5 OH BCEro Ha HECKOJbLKO TPOLEeHTOB GoJsibllie eJHHHILb,
B 3TOM CJyuyae JHHAMHYECKHMH Harpy3KaMH MOXKHO IpeHeGpeyb.

B. Texnosoruueckasi HACPY3KA HAPACTAET MO 3KCHOHEHUHAJIbHOMY
sakony (pmc. 111.2, 5)

My= M. (1 —e4), (111.28)

rae A — noxasare/b 3KCHOHEHTHL.
[lpu HyJAeBbIX HAYaJbHBIX YCJAOBHAX YPABHEHHE MOMEHTOB CHJI
yIPYTrocTH B NPHBOLHON JNHHHM HMEET BUJ

1 — | A —1/A
M1,2= M, *mMESIH(ﬂT—F‘V) .AFM’I;_‘J;@E WAy (IIIQQ)
rze A = ©A; y = arctg (—2).
KosdthuuuenT THHAMHYHOCTH

ST " T S D 11.30
=T ey VT @Ay ey

Uem MeHbile MOKa3aTedb SKCIOHEHTH HAPACTaHusi HarpyskH A
(puc. 111.2, B), Tem Bosblle JMHAMHYECKOE BO3LEHCTBHE Ha YIPYTYIo
cucremy npusoja. Ipn Ad > 10 xoagdunuenT IHHAMHYHOCTH MpPak-
THYECKH MaJjio OTJHuYaeTcs OT €IMHHIBI, T. €. MOXHO CYMTATh, 4TO
Ha MAILMHY JefCTBYIOT TOJBKO CTAaTHYECKHE HATPY3KH.

r. Ilepuonuueckoe uarpyxenue (puc. I11.2, B). Tlepuopuueckoe
neficTBHE BO3MYILAIOWIEH CHJBL, KPOMe 3aTYXalomuX COOCTBeHHBIX
KosefaHull, BHIBEIBAET MOCTOSIHHO NEHCTBYIOLLIHe BHIHYKIEHHbIE KOJe-
fauus.

PaccvoTpum KoseGarefbHEI MPOLECC ¢ yYeToM BA3KOro COTPO-
THBJEHNMS, NPONOPUHOHANEHOIO CKOPOCTH ABHXKEHHA KoJeGmouleics
macchl (pafouero 3pena). YpaBHeHHE JBHAKEeHHA pabouero 3peHa

J@!-{-c(q}ﬁ—cpl)—% a%=McSiﬂ€0T, (111.31)

dtd

rie a — Koshduunent aemnguporanusn, H.M.c.
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¥Yron nopopota potopa BHIPA3uM B (DYHKUMHM BpeMEHN ¢, = GT.
Ofwee peiueHHe ypaBHeHHs COCTOMT H3 DEIICHHS OJHOPOLHOTO
YPaBHEHHSI W UACTHOTO PElICHHS:
—A i
@y = e [Aysin 8t - B, cos 1] -~ 0t —
Mo (8 — w?)
J [(ﬂzim'-’)e-ffi‘-m?}

sin @t 4
g2
. M aw cos 0T aw
o 5 T R
J? [(ﬂ-- — o) 4 7 0 J
rae A = a/(2J).
MoMeHT cus YyNpyrocTH B CBA3H
My =c(py — o) = e [—Asindt — Beosdt] +

+ =

(111.32)

i am
M, [(13*2 — o) sin 0T — —— cos m] —+ aw,

(92 — @2)? JL: ©?
(111.33)
WM -
My, = e 7 (—Asin @t -- Bcosdr) 4-aw L
M, L ;
]/'f — )3 == sin (@t ), (I1L.34)
7 ( —% ) T
o am
rae = arctg T —eh
Kos(hduiigentT 1MHAMHIHOCTH
(I11.35)

I
& ,/ 1L @Y 7 a T/ 0N?
( +5) T(.fﬁ) (T)
[lepeoe caaraemoe B ypasuenun (I11.34) xapakrtepusyer saryxa-
folHe CBOGoAHbIE KOMeGaHHs C 9acTOTOH ), NOC/eNHee — BEIHYMKLEH-
Hble KOJIe0aHus TMOJ JeiiCTBHEM BOSMYIIAIOUIH CHJABI C YacTOTOH .

Temn saryxanus KoneGaHWHA XapaKTePH3YeTCs JOTAPHOMIIECKHM
IeKpeMeHToM KoJebanmii

6 = In (Ay/Ap,a),

rae A, U Ay, — 3HaueHHs COCENHHX aMIIHTY] Koaebamui.

Jlorapudmuyeckiit JeKPEMEHT cocTaBseT 06bLIYHO OT HECKOAbKHX
COTHIX IO AeCATBIX AoJeH eJMHHILL, NMPH CPaBHHTENbHO GoJbLIOM
3aTyXaHHM, Korja Kagad CJAefyiollas aMILIHTyja BABOe MeHble
npenpaywei, § = In 2 = 0,693,

B ciryyae coBnazgenns 4acToT coGCTBEHHBIX M BLIHYXKIEHHBIX KOJe-
Ganuit B cHcTeMeé MOABHTCA PE3OHAHCHBIN PEXKHM, NPH KOTOPOM Mo-
MEHTBI CHJl YOPYTOCTH B TpHBOAe GYIYT MMETh OrpaHHuYeHHYIO am-
MJANTYAY B peay/ibTare AefCTBHA AHCCHNIATHBHBEIX CHJI COTIPOTHBJ/ICHHS
(pue. I11.2, B). CnegoBatenbHo, ‘Ko3(pHIHEHT AMHAMUUHOCTH B CH-
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Piz) creMax ¢ jgeMmndupoBaHMeM 3aBHCHT OT 3HEp-
reTH4eckoil xapaktepueruxku a/(J{#). Mak-

7 | 5 CHMalbHOe 3HaueHHe Ko(pdHIHeHTa JHHAMH-

Py e T - , UYHOCTH HMEET MeCTO NpH pesoHaHce (w/¥ =

= 1) u paBHo &, = JO/a.

L. Umnynbchoe pefictBHe cua. Meraa-
| s JIyprHYecKHe MallHHLl HepeiKo Harpyxa-
iy ' 10TCA CHJaMH THHA HMmnyabca (puc. I11.3).
1 =] Ouenky AMHAMHYHOCTH AeHCTBUS BO3MYyIla-

~

el cuabl Ha YHOPYryw cHeremMy B obmeMm
Bufe pan axagemuk A. H. Kpwouos. [lpu
JeHCTBHH Ha cHCTeMy cHabl P (t), Kpome
CTaTHYECKOH Harpy3Ku, BO3HHKaer JIHHaMH-
gecKas COCTaBJAIOMAS, KOTOPAs 3aBHCHT OT
. - cropocru mapacTanus chabl P (T) u nepuona
4 cobcTBeHHBIX KosieGanumii  cucremnl. Koraa
J | KpHBas BO3MYINAKIlell CHAB HMEET OJHH
a6 s makeuMym u P (0) = TO, COTJIacHO
A. H. KpruioBy, MOXHO 3amucaTh

Puc, 111.3. UMnynbcHoe Ha-
rpy:xeHue: -
a — NPAMOYTroNibHEIA HM~ -

nyanc; 6 — mOAYCHHYCOR- *J- P () cos O (t—my) dy|<C
JanbHbli HMOYALC; 8 — Ko3d-

GHUHEHTH JAHHAMHYHOCTH IS 0

VKasaHHuX (a, 6) HMOYJABCOBR

M (111.36)

rje T, — nepeMeHHasi, H3aMeHsuascsa ot 0
10 T, 10 KOTOpoH Bejercsi HHTerpHpoBanue; 7T — NEpHOI CBO-
b6oaHbIXx KoseOaHHH cHcTemu. B npaBolt wactu Buipamenus (111.36)
TNpeiCTaBIeHO MAKCHMAJBHO BO3MOXKHOE MNpHpalleHHe BO3MYyIla-
omefi CcHABL 33 BpeMm#sl NOJAynepHoaa CBOGOAHBIX  KOJeGaHHil,
Husamuueckufl 3¢dext oOUEHHBAETCSH COOTHOIIEHHEM Nepuoaa cob-
CTBEHHBIX KoneDaHuil ynpyro#i cucrembl T H NpOJO/IKHTENbHOCTH
defictBus Buewnux cud 0. Ecau npoxoskurenbHOCTh N€HCTBUSI CHJIBI
Be/lHKa M0 CPaBHEHHIO ¢ MepHojoM CoOcTBeHHBIX Konebamuii T, To
JYHAMHYECKHE HArPy3KH B CHCTeMe OYAYT Madbl H HMH MOXHO Mpe-
neGpeub; NPaKTHYECKH CHCTEMA HATPYIKAeTCsl CTATHIECKHMH CHJAMH.
[pu aeficTBHH OLICTPO HCUE3AMOUIHX CHJI, KOTJA MPOLOJIKHTEILHOCTD
HX gefictBus O Maja no cpaBHEHHIO C MEPHOOM COOCTBEHHHIX KoJeba-
Hull 7T, JuHaMHueckasi Harpyska OyIeT onpegeisiTbesi OTHOLIe-
nuem 0/7.

[Tycth Ha cHcTeMy JAGHCTBYIOT BEChbMa KPAaTKOBPEMEHHO BO3MYyIla-
IOIHe CHJIBI TIO NIPSIMOYTOJBHOMY U TOJNYCHHYCOMAATbHOMY 3aKOHAM
(puc. IIL.3, a, 6). Ina HyJeBHX HaualbHBEIX YCJAOBHH B YOpYToi
CBA3M A/ NEPBOTO 3aKOHA HATPYXKeHHsi npu T > 0 nuHaMHdYecKue
YCHJIHSI PaBHH

P_ﬁf sin 0 (1 — 1) dt, = 2P s ( _g_) (T11.37)
0

80 el

O6osuauns 40/2 = nb/T =

eHTa AHHAMHYHOCTH
L= 2 sin mA,

rae A — mapaMerp HarpyXeHHs.

[paduk naMenenuss xoadduIHeHTa AHHAMHYHOCTH B (YHKUHH
nmapameTpa Harpy:keHus nokasad Ha puc. I11.3, 6. M3 rpaduka Bunno,
4TO eC/H CHJa HAefiCTBYET B TeueHHe MaJoH A0JAH NepHOla COOCTBEHHBIX
koJebanuii, To sdderT TaKo# cuabl Man ¥ Jaxe JedcTBHe OOJbIION
Harpy3ku He MPeACTaBAseT JJs YIPYroH CHCTEMBI ONMAacHOCTH.

Ilpu BecbMma KPaTKOBPEMEHHOM HArpYKEHHH CHCTEMHl (8 < T/2)
MaKCHMAJBLHBIN IUHAMHUecKHH 3bdeKT nposBAsieTcss yxe mnochae
HCUE3HOBEHHS BHEIUHHX CHJI.

[lpu HeACTBHM KPaTKOBPEMEHHBIX CHJ KO3(dHIHEHT JAHHAMHY-
HOCTH 33BHCHT HE TOJBKO OT COOTHOIIEHHS MePHOAOB JeHCTBHS CHJI
¥ coGCTBEHHBIX KonefGaHHH CHCTEMB, HO H OT QYHKIHM HarpyKeHwus.
HarpyxXeHusi, OTAHYHBE OT TPSAMOYTOJBHOTO HMIY/IbCA, CMATYAIOT
nunamugeckuit addexrr (cm. puc. I111.3, 6).

NONY4YHM 3HauyeHHe KoaQpHIH-

(111.38)

3. IMHAMHYECKHUE HATPY3KH OT YIAPOB B 3A30PAX

B npuBozax MeTal/ypruH4ecKHX MAmHH, KaK MNPaBHJIO, HMEITCs
foJibIIHE 3a30pHLI B COeWHeHHsX (B 3yfuarwiX MydTax M lepemauax,
VHHBEPCAJBHEIX INNHHAENAX W 4p.). B mepHon HeycTaHOBHBIIErocs
IBHYKEHHA MAMIHHEI B MOMEHT YIPYroro 3aMbIKAHHS 3330POB B IMpH-
BOJOHBIX JHHHSX BO3HHKAIOT GONbITHE AWHAMHYECKHE HATPY3KH.

OnpejejuM JuHAMHYIECKHE HATPY3KH NJs JBYXMACCOBOH CHCTEMEI
c 3asopoM (puc. I11.4). Porop saexkrTpoiBuraresss HayHHAeT MOBOpa-
yuBaThCs, BTOPAs Macca OCTAeTCA ellle HeKOTOPOe BpPeMsi HEeMOIBHK-
HOff, MOKa He BLIOpaH 3a30p. YpaBHeHHe JBIKEHAA POTOpA

Jrl(.].}l = ‘MI!

rge M, — TYCKOBOH MOMEHT 3JIeKTPOJIBHTATEJIS .
[Tp# Hy/MeBBIX HAYaNbHBIX YCJOBHAX H IOCTOSIHHOM MYCKOBOM
MOMEHTE perieHHe HMeeT BHI

P, = Mt%2J,.

[Tpy paBHOMEPHO YCKODEHHOM BpAIEHHH POTOPa €ro CKOPOCTh
B KOHIE Bhifopa 3a3opa paBHa

e =V 2M8/J;. (111.40)

[Tocne saMbIKaHHS 3a30pa CHCTeMa NpeBpalllaeTcst B ABYXMacco-
Bywo. Jubdepenunansuoe ypaBHeHHEe ABHXKEHHS Macc

d?
J1T;pzl_ + e — @2) = My; ]

d®
528 (g pe) = —My, |
rie M, — MOMEHT CONpPOTHBJEHNA, MPHJIOXKeHHL K pafoueMy 3BeHy.
81

(TIT.39)

: (I11.41)




My My Yrabl 3aKpyunBaHHs Macc
i
‘ _ : Ma .
5 , 1 =4 cosdt —[—BsmﬂrTTj—z—, (111.42)
a D e 067t Ma
T @ Y (.4 Cos 1‘}1:+Bsmﬁr—.—m—),
"4
(I11.43)
rae
JoMy -+ I M
M s 2i¥1] 1/¥a .
E % Ji+4 s
£ Hauanbuble ycaoBus aas nyckoboro
i - nepuojaa
il

Puc. 111.4. ¥npyruft ynap n 3a- T — 0, Pr=0,=0, do,/dt= w,. (11144)
30pax:

¢ — ABYXMAaccoBasl CXeMa ¢ 3a-
3o0poM; 6 — rpadMK 3aBHCHMOCTH
Koadbduunenta

OT BEJHYHHE Sasog:uﬂuuqﬂocrn A= _ME/J{&E; B = mnllﬂ‘. (III45)

[TocTosinHble HHTErpHPOBAHHA

[Toncrasus snavenns nocrosuusix A u B B ypapuenusnx (I111.42)
u (111.43), nosyuum

M, 0y _.

V1 =T (1 -- cosd) - —ﬁf]—- sin i1, 1
! I11.46)

_ 4 M | [ (
Py = 7 T (1 — cos 91).

YTJ0Bbie CKOPOCTH JBHIKEHHSI MacC IIpH YNPYIOM yaape B 3a3ope
H3MEHSAIOTCH [0 TdPMOHHYECKHM 3aKOHAM:
IJsi potopa

Wy = % sin Bt - w cos ¥y, ’ {111.47)

ASs BTOPOH MacChl

Mg .
@ == ~— —-5-sin . (II1.48)

CKO[)OCTH ABYIMEHWA Mace NOoCAe yaapa — pasiuuibLie 10 Beal-
YHHE M XapakTepy H3MEHEHHs: YeM MeHbIle MOMEHT HHEPILUHH MacCel
[IpH MNpPpOYKHX paBHBIX YCJAOBHAX, TEM Bosplie ee CKOpOCTB.

MomeHT cua YOPYroCTH B IlpHBO,ELHOE?l JIHHHH B MEPHOJ, CoylapeHus
Macc

1 et
My o= M, (I — costr) - {;’ sin 9. (I11.49)

3neck nepBoe cJaraeMoe ABJSETCH MOMEHTOM CHJI YIPYTOCTH
B JHHHH OT [efICTBHA HATPY’KEHHS CHCTeMEl BHEIIHHMH MOMEHTaMH,
BTOpOE — JOMOJHHTETbHLIMH Harpy3KaMu, BLI3BAHHBIMI  YAapaMmu
B COGAHHEHNAX JleTanell ¢ 3a30pamu.

= s Jra—— ra

IlepBas cocTaBasiiomas HArpy3KH HE 3aBHCHT OT 3a430P0OB B CH-
cTeMe, [O3TOMY PAaCCMOTPHM JIOHOJHHTEIBHYIO COCTABASIONYIO OT
yIpyroro yzapa B 3asopax:

Wy

M, = 5 sin 0.

IloncTaBuB 3HaueHue CKOPOCTH POTOpA ®p H 4YacTOThl KoJebaHui,
nonyyaem

M, — ]/ 9M,Bc (ﬁ) sin 0. (111.50)

Tak Kak »ecTKoCTh M OTHOLIEHHe Macc A/ JaHHOH MAallMHBI 1B-
AT BEAWUMHAMH TIOCTOSHHLIMH, TO AONOAHHTELHBIE HAaTPY3KH
OT yAapa B 3a30pax [pH mycke npusoja 6yLyT onpeienATbCs 3Haue-
HHAMH NYCKOBBIX MOMEHTOB 3JIEKTPOIBHraTess M BeJHYHHAMH 3330-
pOB B COeIHHEHHAX. AMIJHTYIB JIONOJIHHTEIbHEIX JHHAMHUECKHX
HArpy30K OT YIPYroro yiapa B 3a30paX HapacTaioT B 3aBHCHMOCTH
OT BeJIHYHHLI 3230p0B Mo napabonndeckoit Kpusol (cm. puc. 111.4, 6).

[Ons ABYXMAcCOBGH CHCTEMBI € 3230poM KO3pHUMEHT AuHAMHY-
HOCTH IpPH JeHCTBHH IOCTOAHHBIX BHEIUHHX Harpysok Bcerha Gyier
Goablie IBYX; €ro 3HauUeHHe MOXKHO NOJAYUHTL Mo hopmyse

Kn=1+]/1+(11;":g)2=1 Fl/1+(2—’fl;§i)e, (111.51)

thae n, = Jo/(Jy 1+ J).

Ha npakTuke ymeHbuieHHE AMHAMHYECKHX HArpy3oK OT YI4apoB
B 3a30pax MOMKHO AOCTHUb KadeCTBEHHBIM H3TOTOBJEHHEM JeTalel
i MOHT@)KOM MAIlUHH, NPHMEHEHHEM ClelHalbHbLIX YCTPOHCTB, pery-
JUPYIOMHX W/IH HCK/IIOUAIIHX 3a30pbl, BBELEHHEM B HEKOTODHIX
NPHUBOAAX TPeANYCKOBLIX CTYME€HEH CONPOTHBJEHHH IBHTaTeNd, CHU-
AKX CKOPOCT: Bumlopa 2230pa U Ip.

HccnegoBauust MeTanlypru4ecKHX MalliH, BHIIOJHEHHLIE B [1POH3-
BOJACTBEHHBIX YCJOBHAX NMPH PAa3JHYHEIX peHuMax pafoThi, NOKasbl-
BAIOT, YTO JMHAMHYCCKHE HArPY3KH HOCAT KoJebaTelbHLIH XapakTep
¥ BO MHOTHX CJAY4asiX AOCTHIAIOT JOBOJLHO OOJIBLIHX 3HAYEHHH.

AHasoryuHeIX NPUMEPOB AHHAMHKH MAlIMH LOMEHHHX H cTale-
MIaBUIBHHX [IEX0B MOMKHO MPHBECTH MHOIO, OJHAKO M 3TOTO AOCTA-
TOYHO, yTOOGBI NOK&3aTh, YTO OCHOBHBIMH HAarpyskaMH BO MHOTHX
METaJMIyPTHUeCKHX Malunax SBJASIOTCS JHHAMHYECKHE HAarpyskH
KoJefaTe/ bHOTO Xapakrepa, onpeensiolue NPOUHOCTE H HALEXKHOCTh
ux paboTwl.

4. MAPAMETPHYECKHE KOJIEBAHHA

[Tapaverpuueckne KoiebaHHs BO3HMKAIOT B MallHHAX OPH NEPHOIH-
4ecKOM H3MEeHEeHHH HX NapaMeTpPoB — KecTKOCTeH u Macc. B npaktuke
fnepeMeHHON BeJHYHHOH Yallle BCETO SABJSETCH KeCTKOCTh, 4 B KPHBO-
IIATTHBIX MEXaHH3MaX MepPeMeHHBIMH SIBJIS OTCS MOMEHTBI HHEpPUHH
macc.
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[TepeMenHast xecTKOCTb HabJaIofaeTcsi B CHCTEMaX ¢ BajaMi 1ie-
OAHHAKOBOHl KECTKOCTH B PAa3/JIHYHBIX HANPaBJIEHHAX (HCKPYTJILIMH
BasaMi, BaJaMH C BBID€3aMH, KapJaHHLIMH MepellayaMH, cnapHHKaMH
H Jp.).

IlycTb ecTKOCTh H3MEHsSeTCs IO TapMOHHYECKOMY 3aKOHY

¢ (T) = ¢y + ¢; cos or. (111.52)
Torpa ypaBuenue ABHMKEHHSI B OOLLEM BHIE MOXHO 3aMHCATb:

d2

- (% + <L cos m) =, (111.53)

[lonyununu nunefinoe AnddepeHLHaIbHOE ypaBHEHHE C TepeMeH-
HBIMH KO3gguunentamu. Beens obosnavenne 6e3pasMepHOro BpeMeHH
X = OT/2, NOJyYHM M3BECTHOE ypaBHeHHe Matbe:

&’y |
i (@ +2gcos2x) 9 =0, (I111.54)
rne
4 ¢ \2, 2 % )2
a=8 =4 (T) . g =k =2 (“51‘) : (111.55)

KosdduuuenT a xapakTepH3yeT OTHOMIEHHE COGCTBEHHOH YacTOTHI
KosjeOaHui CHCTeMLl NPH CpPejHeM 3HaueHWM HapaMeTpa ¢, K 4acroTe
H3MEHeHHs Mnapamerpa; Koa(QUIHeHT ¢ XapakTepH3yeT CTeleHb
H3MeHeHHs1 NapaMmerpa.

OnpenennMm ycJaoBHA YCTOHUHBOCTH KoJeOGaHHH, ONHCLIBAEMBIX
ypaBHenneM Matbe. 1ol yCTORUNBEIME KOMeBaHHAMH [OJDasyMeBaioT
TaKHe, KOTJAa aMILIHTYAbl HX C TEUeHHEM BPEMEHH NIOCTENEHHD HCYe3aioT
(3aTyxaloT) HJAH COXPAHAIOT CBOIO BEJHYHHY; MPH HEYCTOHUYHBOM
JBHMKEHHH aMIUIHTYIBLl CO BpeMeHeM BO3PacTaloT ¢ BO3MOMKHLEIM BOS3-
HUKHOBEHHEM I1apaMeTPHUYECKOr0 pe3oHaHca.

3HayeHHs @ U § MOJHOCTLIO ONPEJeNAT YCTORUMBOCTD JABHIKEHHA.
Tun obiero pelleHHsl YpaBHeHHA MaTbe 3aBHCHT OT YacTHHIX 3HAuUe-
HUH [apaMeTpoB ¢ H ¢, IPEJCTaBJEHHBIX Juarpammoil Afimca —
Crperra (puc. II1.5) minm KapToii ycroiiunmBOCTH ypaBHeHHs Martbe.
[lnockocTn a, g pasje/eHbl KPHBHIMH Ha 00JacTH YCTOHYHBOrO (3a-
MITPHXOBAHHLIE) H HEYCTOHUHBOIO JIBHIKEHHH.

I ycraHoBeHHs YCTOHYHBOCTH JBHXKEHHSI JOCTAaTOYHO Ompe-
JeNHTb KO3(PMHUHEHTHl @ ¥ ¢ ¥ HAHECTH TOYKH Ha JHArpammy.

[Ipn H3MeHeHHH 4acTOTHl BOSMYLIEHHS () CHCTEMa MOXKET IONajaTh
nocJe0BaTeNbHO TO B YCTOHYHBYIO, TO B HEYCTOHUHBYK 06/1acTH.
Mejiennoe M3MEHEHHE MKECTKOCTH C YacTOTOH @ COOTBETCTBYET TOu-
KaM, JiexaluM Jajeko OoT Havasa koopauHar 0; npu GhicTpoM H3Mme-
HEHHH YKeCTKOCTH TOYKH OYAYT HaXoJuThCs BOIH3H (.

Insi aHaJMH3a yCTOHYHBOCTH CHCTEMBl TIPH H3MEHEHHH 4ACTOTH BO3-
OyKfeHdsi @ NpPOBeleM H3 Hayaja KoopAMHAT Jayd (cM. pue. II1.5).
C yBennueHHEM JaCTOTH @ TOYKA NOCJE/0BATENbHO NONAAAeT B YCTOH-
yuBble pe30HAHCHBIE o6jactH. CHcTeMa OKa3bBaeTcs HeyCTOMYHBOM
mpH - 3aHaueHHsiX napamerpa a =4 (Ye)* =1, 4; 9, ..., 1. e. npu
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P e

cootnomennsx uacror o = 0,5
Ly L5y 2

Ilpyu nycke MauIHHBL NApaMeTpPH-
yeCcKHe CHCTEMBl [OCJEAOBATENBHO - y
NPOXOAAT Yepes COCTOSHHE Dpeso- /
HaHca Kak raashoro (e = U), Tak |
1 cy6rapmoHnyeckoro. [IpakTHYeCKH
nanboJiee OMacHLIMH SIBJSIOTCA OC-
HoBHOi1 pesonanc (8/0 = 1) n cy6-
rapmonnueckuii (i/@ = 0,5). Cy6-

{ 1
e ;j'_'//;?fj/,)!,f{ .~','/?,;‘F’

6 & B 1Za

" - Puc. 111.5. AuarpamMma odmacteit  ye-
I‘apMDHH‘-IECKHH [JESOHEIHC, XBpﬂK TOHYHBOCTH napaMeTPICCKHX Konela-
TEprIﬁ JJIA HapEMETpHQECKHX CH- Hu#

CTeM, He NpOfABAAETCS B JHHEHHBIX
cHCTeMax npH AeHCTBHH HA HHX BO3MYIIAMWIIHX NEPHOAHYECKHX CHJ.
B KpHBOWMMHBIX MEXaHH3MAX MpPH TOCTOAHHOH JKECTKOCTH Oyner
fMepeMeHHbIM IPHBEJECHHEIH MOMEHT HHEpPIHH MAacc. Maremamqecxasj
MOJe/b TpH 3TOM AHAJOTHUHA PACCMOTPEHHOH MOJSJH MEpPEMEHHOH
yOpyrocTH ¥ TMOCTOAHHOH MacCel.

Of1acTh KPUTHHECKHX CKOPOCTEH OyJer Torja, korja cobcTBeH-
pasi wactoTa KodeGauuii pasma 0,5; 1; 1,0 u 2 yacroTaM H3aMeHeHHS
Macent. OCHOBHAS 4acTOTA M3MEHeHHs Macchl B 2 pasa GoJsiblie yrvio-
BO/i CKOPOCTH MAILUKHEI, NOTOMY KPHTHUECKHE CKOPOCTH NOSIB/IIOTCA
npH OAiHOIL, ABYX M TPeX 4aCTOTaX BPALIEHHHA BaJa MALIHHEL.

[Tapamerpuueckne KoJeGaHHS MOTYT BO30yHAaThCs TAKKe B pe-
JYKTOPHEIX TNPABOAAX BCJIEACTBHE TOTPELIHOCTH SANCIICHHH, Je-
(popmarun 3y6beB, IKCUEHTPHCHTETA 3y0uaTeiX KoJec, Jedekra Ipo-
duas sauengenus u Ap. IIpaKTHueckd BCe syGuatble nepefadu 10
NpHUMHE OTPAaHHYCHHOH TOUHOCTH H3rOTOBJEHHA ob/1aJlalT olpese-
TenHON cTeleHpio KuHemaThueckoit norpemsoctu. Ilepenarousoe or-
HOLIeHMEe B 3TOM CJyyae He OCTaeTCs TOCTOAHHBIM, a MepHOAHYECKH
H3MEHSIeTCS OTHOCHTEBHO CPEJHEro 3HAUEHHs C HaCTOTaMH ®; H 0
i = iy (1 + Ai sin 0% + Ai, sin ©,7), (I11.56)
rae Ai; = ARy/Ry; Aiy = ARy/R, — NOTrpeuinocTH 3AUCTICHAS.

Harpyska B NPHBOJE TAKXKe H3MEHACTCS C YACTOTOH H3MEHEHHs
nepesaTouHOro YHCa. AmnauTyaa KoneGaHHH yBeIMUHBACTCS C NOBH-
lIeHMeM CKOPOCTH BpAlleHHsi MPHBOJAA, MOMEHTA MHEPUHH MacC Ch-
CTEMBI H CTENeHH NOrperHoCTH 3auereHus.

Owmubxa 3anenneHuil 3y04arLX KoJeC H SKCIEHTPHCHTETH nepe-
a1 CYMMHPYIOTCSI TEOMETPHYECKH H CO3MAIOT BOSMYLIEHHS C 9acTo-
TOfi, paBHOil 9YacToTe BpAlleHHs JAHHOrO Baja.

KoneGamns, B03Gyx/laemMble H3MEHEHHEM MNEpEIaTOYHOro 4HCIa
BCJIECTBHE HETOYHOCTH H3TOTOBJEHHS 3alleNeHHH, ONUCHIBAIOTCS
Takke ypaBHenneMm Matbe.

5. ABTOKOJNEBAHHA

ApToKo/e6aTe bHEIE HJIH CaMOBO30YXK[AIOIHECS MNPOUECCH OYeHb
[UPOKO PACTPOCTPAHEHEl B NMPHPOIE H TEXHHKE H ABJAIOTCS BEChMa
yCTORYMBHIMU: 3BYK CKPHIKH, CKPHMEI [BEpH, 3aTBOPOB MJOTHH,
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TpAMBAEB HA MOBOPOTE, TOPMO30B, «TaJONHpPOBaHHey JHHHA 3JEKTPO-
nepenay, sABjeHust (aarTepa B cAMOJETAX H MOABECHBIX MOCTAX OT
JEHCTBHS a9POAHHAMHYECKHX CHJI, BJCUNE «IUHMMH» B KOJMecax aBro-
MoOuas; aBToko/e0aHnsl B NOAWMIHUKAX H MOANATHUKAX MHOTHX
MallKH, aBTOKOJe6anus B METAMIOPEXYIUX CTAHKaX M B APYTHX Ma-
HIHHAX, B TOM YHCJE H MeTaJTyprHuecKHX.

JluHamMu4eckHe HATPY3KH OT aBTOKOJeGAHHI B METAaNAYPrHYECKHX
MAmHBaX, KAk NOKasLIBAIOT HCCAELOBAHHS, MOTYT AOCTHTAThL OOJIb-
IIHX 3HAYEHHH H MX CJeAYeT YUUTLIBATD MPH pacuere AeTaeil NpHRBo-
0B Ha OPOYHOCTb M BBIHOCAHBOCTL. Harpysku npu aBrokogebanisx
ONACHBEl e TOMbKO (M HE CTONbLKO) OOJBLUINMH aMIJAHTYAaAMH, HO I
T€M, 4TO OHH NMPOXOAAT 4Yepe3 HYJEBbIe 3HAYEHHS H BJAeKyT 3a coboil
paspelB KUHeMaTHUYecKHX Lelefi B 3aszopax (3yfuaTelXx mnepelayvax,
Mydrax, YHHBepCa/JbHBIX WAPHUPAX H JIP.) C NOCAENYIOUHM HX 3aMbl-
KAHHEM C YIPYIHMH YJapaMu H pe3KdM noBHLIeHHeM obleil Hanps-
JKEHHOCTH NPHBOJHbBIX JMHHH.

B ppaxTuke 3KCITyaralluH MallHH dalle Beero HabiopalTes Cay-
uaH paspylleHus BaJIOB, nepejiad, WNHHAeAEH H ApYyTrux Aetatell npu-
BOJla HMEHHO B MEPHOJ] HAPYUIEHHA YCTOHYHBOIO NpOLEcca I BO3HHK-
HOBeHHS OYKCOBAHHA BA/JNKOB NPOKAaTHBIX CTAHOB, XOJ0OBBIX KOJEC
KpaHOB H Jpyrux pabouuX opraHeB MamuH. JLOBOJIBHO HHTEHCHBHBIE
aBTOKO/MeGaHuA BO3OYXKIAIOTCS B MEXaHU3MAX NEPe/IBUKEHHS KPAHOB,
TeJleKeK, leperpymareneif, 3arpy30uHbIX MalllMH, B MPOKATHBIX CTa-
Hax, B TWJax AJds De3KH MeTanna, MaHUIYJAATOpax, NedHuX TOJKA-
Teqax H Ap. ABTokojeGanus GbIBAOT rapMOHHYECKHE H PeslakCcallioH-
Hble WJH PA3PLIBHEIE C NEPHOAOM, OOMbLUINM COOCTRBEHHBIX KOMeOaHui.

SKCnepHMEHTHI, NPOBENCHHLIE ABTO-

paMH Ha MHOMHX MAalWHHAX, MOKAa3H-

BalT, YTO 3HAYEHHS AMILIHTY] aBTO-

Konefanuil OTHOCHTENLHO CTATHIeCKHX

HAarpy3oK  COCTABJIAIOT MM, =

— =0,2+1,5, a yacToThl W nNepHOAH
KoMeGannit COOTBETCTBEHHO HAaXOJATCS

i .

Puc. I11.6. AsToKonefaHuA B MAIIHHAX:
0 — xXaPaKTEePHUTHKA CHA TPeHES B HYHKINN CKOPOLTH cKodbMennsn, 6 — oCHMAAOTpammu

aBToKOoMefaHnil B PelbCOBbIX MeXaHMaMaXx (npH GYKcoBauwuH): M — MOMEHT cua ynpyrocTh
B npuroafHoil JHHHH; ) — uacToTa Bpallekns MPHBOAE; ¢ — B NPOKaTHHEX CTAHAX ONPH € yKCo-
Bauuu BajkoB, M — MOMEUT CHJ YNDYrocTn p wrnuujene; Py, P. — ycuans npokaTku
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B npenenax =6 —200 l/c, T = 0,031 c. [lpupoxa Bo3GYy:x-
JeHus MeXaHuUecKMX aBTokogebanuil JOBOJBHO CJ0}HA. B onHO#
43 Haunbosiee YacTo MNPHMEHsiEMBIX TeOpHH cUHTaeTca HeoOXoiu-
MBIM YCJOBHEM — HaNHUHe Tnajawlell XapakTepHCTHKH CHJ TPeHHA
(kospuuHenTa TPeHMsi 1) B (PYHKUHH CKOPOCTH CKOJIbXKeHUs (V)
(puc. II1.6, a). MomeHT cua conmpoTHBJAeHHH B paGouefl MalHHe
npu aBTOKOJeOaHHSIX MOMeT ObiTh annpoOKCHMHPOBAaH KyOWuecKofl
napabonoii Bujla

dps ; P
M, (%) — mp — Mm@ - map3, (I11.57)
rae My, MMy, Mg — NOCTOAHHBIE KOID(UIHEHTLI, ¢y — YIVIOBas CKO-
pocTe pafoyero 3BeHa.
JI751 NBYXMACCOBOI SKBHBANEHTHOH CXEMbl NPHBOAA MALIHHBI TMb-
(epeHHanbHLIe YpABHEHHA JBHXKEHHA Macc B o0lleM BHIE

daz P
Jy d"rzl +c(p— @)= My —a dfP; ;

(111.58)

d? ] A d(P
I T8 —e(pn— ) = —M. (G ),

rije a — yriaoBofi Ko3(puLueHT XapaxTepHCTHKH 3AeKTPOABUTA-
Tems.

Onyckas CJA0XKHBIE MaTeMATHYCCKHE PeLIeHHs HeAHHEHHBIX AHd-
(hepeHIHANBHBIX YpaBHeHUH, HANNIIEM BhHIPaKeHHe LIS MOMEHTA CHJI
YOPYrocTH B MPHBOAHOI JHHHM B TAKOM BHIE:

My = 2J,0 l/w — u? sin O,

3y

(111.59)

rje u — YrJoBas CKOPOCTb JBHTATe/si, BbI3BAHHASI €r0 H3BBITOYHBIM
MOMEHTOM.

Kak BuIHO, MOMEHTHl CHJ YNPYTOCTH NPH aBTOKOJIeDaHHAX H3Me-
HAIOTCS 10 TAPMOHMYECKOMY 3aKOHY. AMNIHTYAa aBTOKoJeOaHuH 3a-
BHCHT OT COOTHOINEHHS KO3(HIHEHTOB, OMpeleJsIOmHX XapakTe-
PHCTHKY TpeHHsI B QVHKLUHH CKOPOCTH CKOJbXKEHUs (f1,/Mg), 4acToThl
KoneGanui ¥ 1 MOMEHTA HHepUHH pafouero 3BeHa MalHHLI J,, 4 TAKKe
yIJa HAKJOHA XapaKTepPHCTHKH IBHTATessd.

Ha puc. I11.6, 6, 6 npuBeieHBl OCLHIIOTPAMME! PaboTLL HEKOTOPhIX
METAJITYPTHUECKHX MalliH, e XOPOomo BHIHE aBTOKoJeOaTelbHble
HpOLEcCH B TIPHBOAAX, 6/M3KHE M0 XapAKTEPY K TdpMOHHYECKHM.

Bonbuiie u yeTofunBee aMnanTyY bl ROJACOAHNI BAHSIOT HE TOMbKO
HA NMPOYHOCTH H BBIHOC/HBOCTHL JeTaqedl npuBogoB. OHU TaKke Mo-
TYT OTPHUATENLHO BJAHATh HA TeXHOJOTHUECKHE TIPOLECCHl U TOYHOCTh
pasMepoB MpoKaTa 0coOCHHO B JIMCTOBLIX H TPYOHBIX CraHax.

6. CHUWKEHUE JHHAMHHYECKHX HATIPY30K

MeTannypraueckie MalHHbl PaboTalT B KpaliHe THAKENbIX YCalo-
BHSIX IHHAMHYECKOro narpy:xenns. Ecan yuecTs, uTo MHOTHE MallHHbBI
W arperatsl siBASIOTCA YHUKAJBHBIMH H J10POTOCTOSIUINMI, TO MOXKHO
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NpeICTaBHThL, HACKOMBKO aKTyadbHa npobvieMa CHIXeHHA JHHAMHOe-
CKHX HArpY30K B MalMHAaX H NOBBIIEHHS HX HAJEHHOCTH H AOJATOBEU-
HOCTH, :

Pemenns 3To# CI0XHOA RpoGieMbl MOMKHO JA0GHMTLCS KOMILIEKC-
HEIM IyTeM — HCCAEJOBAHHEM (HM3MYECKHX NpPONECCOB M HArpy3oK
B MauIKHAX, BLIOOPOM ONTHMAJIbHAEIX NAPAMETPOB KOHCTPYKIUH, yaAyY-
IIEHHEM KayecTBa H3TOTOBMNEHHR MALIHH, YCTAHOBKOH AeMNdupyio-
ILHX YCTPOHCTB W Ap.

He paccmaTpupas leTannHO BCeX CMOCOGOB, BEAYIIHX K CHMXMe-
HUIO JMHAMHYECKHX HAFPY30K, VKAMEM HA TJIABHRE H3 HHX:

BHIOOD PANMOHAILHEIX KHHEMATHUECKHX CXEM MeXaHHW3MOB 6e3
TIACCHBHRIX CBA3el;

YCTaHOBJIEHHE JeHCTBHTENLHOH KapPTHHH (QH3HYECKHX liporec-
COB, NPOHCXOAAIIMX B MAIMHAX C YYETOM JKECTKOCTH jJeranel, 3a-
30pPOB B COENHHEHHAX H XapakTePHCTHKM ABHIraTesNs, B PasNHUHBIX
PeKHMaxX SKCIIyaTalHH;

onpefgfieHHe ONTHMAJBHEX KHHEeMATHYeCKMX H AMHAMHUECKHX
TapamMeTpoB MAILMH emMe B cTaliH NPOEKTHROBAHHA TyTEeM MOIeJHDO-
BaHNA W pacdeTa Ha 9BM u ABM;

YAYdIICHHE AHHAMHYCCKHX XapaKTePHCTHK MAIIMH NyTeM pacyerd
ONTHMANLHOTO COOTHOWIEHHA PACIPENeNICHHA MAaCC JKeCTKoCTefl CH-
cTeM, 00ecTeuHBAIOMHX MHHHMAJALHLE AMHAMHUECKHe HATPY3KH H
6LICTpOE HX 3aTyXaHHe;

NOBHINEHKE KAYeCTBA MATEPHANIOB H TEXHOJOTHH H3TOTOBJIEHHMS
JeTanef, TOUHOCTH 06paGoTKH M MOHTAXK2 MANIMH, YMeHbIUeHWe 3a-
30p0OB B COEAHHEHHAX;

CO3JafMe KOHCTPYKUHH MAIIHH ¢ PAHOHAJBHBIM DacloONoKeHHEM
NPHBOACB B MexaHuzMax 6e3 JAMHHLIX W CJHOXKHBIX TpaHcMuCCHR;
MPUMeHEHHE NMHAMBEAYANbHEIX NPWBOJOE HA KamIuH MeXaHH3M;
YCTAHOBKZ B THMEIHe MAWHEB MHOTFOIBHFPATEARHEX NPHBOICB, 2
TaKxke Ge3pelVKTOPHBX H I'MAPABIHYECKAX NMPHBOLOE, 0OJaiafomiix
AYHIOHMY  AHHAMHYECKHMH XapaKTepHCTHKAMH;

BBEJeHNEe B MAMKHY AeMNdWMDYIOMHX YCTPOHCTB, NOTVIOWMANMIEX
SHEPTHIO KoJebauus — ynpyro-ledopMHDYIOIIHX MYy(r ¢ HeAHHER-
HBIMH XApaKTePHCTHKAMM, THAPABIHUIECKHX AMOPTH3ATOPOB € HHC-
KpPeTHO-MeHAIMWedcs XapakTepHCTHKOH,;

CO3NaHHE CNENHANLHLEIX yeTpoHicTs 1is BRIOCDA 3430pOB B coefli-
Heuusix, MCKJIOUZIOMMX YIapHOe 3aMbIKaNwe MCXaHH3MOB, NpHMe-
HeHHE yPABHOBELIWBAOUIHX YCTPOHCTE B MEXaHH3Max NHKIAHYECKOTO
AeHeTBUA,

Ifpumenenne sToro KoMmnjeKca Mep NPAaKTHYECKH HE HCRJ0YEeT
ONMACHEIX Meperpysok MeTaNNyPrRYeCKHX MAWMHH, oOCOBCHHO TIpH
BO3HHKHOBEHHH CcAYYAAHBIX HArPy3OK, HE MOLIAIONIHXCA TeopeTHye-
CKUM pacueTaM. B 3THX cayudasx cAeAyeT YCTAHABAWBATE HANEKHEIE
MEXAHRYECKHE 3alIWTHEIE YCTPOHCTBA OT aBapHAHMLIX INOJOMOK Ma-
UIHH.

8

e

7. PACHET JAETAJIER MALIHH

HA OrPAHHUYEHHYH) A0NFOBEYHOCTE

,H,HHBMHLIECKHE HArpy3XH MOrYT CYIMECTBCHRO CHHIKATh LOJTroBEY-
HOCTE }I.ETaJIEﬁ, eCJIH BO3HHKAWIGHE TIPH 3TOM HANOpAMEHHHA NpEBH-
wawoT npefes BBIHOCAHBOCTH O_; ILJH HHX. B Tex cayuanax, Koria
MAaKCHMAJAbHEE HANDSIKEHHA Omyy HE NPEeBRINAKT O_;, pacuer JerTa-

" J_3
JeH BeIyT C Oﬂpeﬂe.ﬂe}IHEM 3anaca npodHoOCTH ny = O i f KOTOpHﬁ

IoJKeH OLITh BHILIE o60CcHOBAHHO YCTAHABNHBAEMOTQ JOIYCKaeMoro )

sanaca NPOYHOCTH Myen. X
[Ipr NuHAMHYECKHX HAIPY3KRax Ha [LeTalb JEHCTBYIOT acHMMe-
TPHYECKHE IHKJE HANPAKEHHE Gpjy = Omy + Oppis TAC Omj — CPEA-
HHE M Ogj — aMIVIUTYJAbi HANPAKEHHH UMKJA.
Bo3sMoHEIE HHKJ/B M3MEHEHHA HaNpPsiKeHWH NpPeACTaBAEHH Ha

puc. II1.7. )
OnuuM H3 METoloP pacyeTa JeraJsed Ha OrpaHvuyeHHYIO JOJroBed-

. HOCTh MNpPH HECTAUHOHAPHBIX ACUMMETPHYHBIX HHKJaX HATpYMEHHSR

ABASeTCS NpHBENCHHME 5THX LHKJIO0B K cHMMerpuuHmM. [lostomy cua-
yajd pacCMOTpPMM CJaydalfi pacuyeTa NPH CHMMETDHYHHIX MHKJaX
HaTpyKeHHA.

PacueT sipH HeCTal{HOHAPHBIX
CHMMETPHYHBIX LBHMKJAX HArpyMeHus

1. Pacuer jeranefi Ha orpaHd4YeHHYI0 MAOJIOBEUHOCTh OCHOBAH HA
ypaBHeHHH KPUBO# YCTaA0CTH B NOJYJIOrap HYMHIECKHX KOOpAHHATAX
(puc. I11.8), Koropasi CTPOMTCH 110 peay/aLTaTaM HCNHTAHHH MPH CHM-
METPHUHLIX TUHKJIAX HANPAKEHHH

o; -+ klgN; =0+ klg Ny = const (111.60)
HJIH .
10%/*§; = 10°-"* {7, = const, (111.61)

Pre. 111.7. LiMKAK HaMeHEHHER HANPAAEHHN DO BPeMens:
a — CRMMEeTDHILBM; 6 — DCHMMeTpHUHNI 3HAKONEPEMEHRELIA & —

nyascupyomiil (o7 uyaesofi aps ¢, = 0) ¢ -~ aCHMMETPHUHBIY
3HAKONOCTOAN BB .
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rie 0; — HaNpsKeHHe CHM-
MeTpHUHOTO ungna; N; —
COOTBETCTBYIOIIHE — HAaMpH-
JKEHHIO O; UHCJO LHKJOB
0 paspyiuenus; k=tg o —

YroJl HaKIOHa KPHBOH yc-
TaJOCTH; O_; — MpeJea Bbi-
HOCJHBOCTH; Ny — uHcao0
UHKJOB, COOTBETCTBYIOLICE
TOYKe IepejioMa KpHBoii yc-
TaNOCTH.

féiﬁdﬁ&&p}éﬁﬁfﬁx );t‘_[l”a_.uocl'lei noayAorapKdmu- 2. U3 ypaprenus (111.60)
b e vl ienc}nﬁgm’ﬁfepaﬂﬁg;: uan (111.61) uncno nmkKaoOB

HEeHH (UJ. Oy -on Gi) H COOTBETCTBYIOIIHE HM YuCaa 0 pagpy]_ueHHH
UHKJAOR [0 Pa3apyIlIeHEHH (Nl, N2 Ni)’ pacueTHne

Hanpsax . an ¥ 0 paapy- — 1 O —0

vt gy O g % s S aepesns 1g Ny =1l fEIII 62)

HJTH ’
0'_1711,-_

Ny=Ng- 107 ¢

H HaNpsKeHHe

0t =01+ k(lgNo —IgNy). (I11.63)

3. Hcnonb3yst ypaBHeHHe KPHBOIT yCTANOCTH H YCAOBHE JHHEHHOTO
CYMMHDOBAHHS IIOBpeXIEHHHE NPH JAeHCTBUH TEPEMEHHBIX HArpPy3o0K

n;
B BHJIE Eﬁ = 1, rlie n; — 4YHCJI0 HMKJIOB ACHCTBHS HANpPAXKEHHS O,

o,k o
mocjie ymHOxKeHns ero na 10°¢/* u npeoGpasosanuii, moayunm aus

3afanHOTG CO¥eTanust o; u N; OPUBEEHHOE K YHCNY LHKIOB 1V,
HafpiKeHHe

G-jk.

i 10°¢

Oup = ke Ig (5 10%/%n,) — k1g Ny = & lgEN—O”‘. (111.64)
t. CpaBHHB 0_; 1 0, DOMYYHM 3amac MPOYHOCTH N0 HATIPSIKEHHSIM

By = g;; e, (111.65)

5. 3a eNMHHIY M3MEPEHHS BPEMEHH CJAELyeT MPUHUMATL TAKOMH
€ro OTPe30K Ty (Hanmpumep, Mecsil, rofi), B TeYEHHE KOTOPOrO NPOHC-
XOIHT J0CTATOYHO® ycpeJHEHHE NAHHBIX MO YCAOBHAM HArpyKeHus,
T. e. MOJYYAIOT NPeJCTaBUTENbHYIO BEGOPKY. B mpemenax storo Bpe-
MeHH JeTajlb HCILITLIBAET fr, LHKJOB HaNpsKeHHH O; ¢ 4MCJIOM LHK-
JIOB Nqyy T. €. Ngy = Zn,,. TorAa cooTHOMIEHHE YHCEJ NHKJOB A5

= n e,
3THX HANPAXKEHHH Gyuer C; = ": 7 By = n:z u 1. 1. OueBHIHO,
i} 1]
yro 2C; = C,+ C, +... + C; = 1.
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napaMerp, onpejeasiomMui

6. DkpupanentHoe (obimee) uncaA0 mukAoB N, KOTopoe MOmeT
BbIIEpK2TH JeTalb 10 PaspyleHHs Mpy 3alaHHOM pexuMe Harpy-
KeHUS , ONpPeIeaaeTcs 3 yC/IOBHA JHHEHHOro CyMMHPOBAHHST MOBPEX-

JeHUi B BHIE Z%}—: 1 u cooTHOweHHs n,, = N,C;, 7. e.
1 1

- = ; I111.66

h=~xa ~T . & . o (I11.66)
d N Ny TNy N

7. DKBHBANIEHTHAS  aMIUINTYNd HATpPSKEHHH, COOTBETCTBYIO-
mas N,, no ypasHenuwo (I11.63)
o, =0_, 1 k(lgNy,— 1ghNy). (I11.67)

8. HOJ’[Y‘IEHH]}]E 3aBHCHMOCTH TMO3BOJIAIOT ONPENeJHUTL AaA CJIy-
yasg CHMMETPHYHBIX [HKJOB HaHpH}KeHHﬁ AnA 3adaHHOTO CpOK4d

cayxOoer T
a. 3anac JOJTOBEYHOCTH IO YHCAY IMKJOB HATPYKEHHH
Ny Ny
Ty == = pol T I11.68
N ”r‘,Ta Mot IOIL ( )

TIE g = Mgl s = Zfg; — OOLIEe YHCIO LHKIOB HArpyxeHus sa
3aJlaHHLIH CPOK cAyx6BI AeTaJH.

6. Cpox cayx6bl feTajy OPH TMOJTHOM HCIONbL30BAHHH TPOYHOCT-
HBIX CBOHCTB MaTepHana (1o paspylIeHHs) ¢ YYETOM AOMYyCKaeMoro
3anaca AOJrOBEYHOCTH Mgom.z

N,
Ty =amie > T (111.69)
u bes yuera
T =22 —nyT. (I11.70)

Ta
B. [locne npeoGpasoBanus ypasHenus (I111.64) nonyuyum npuse-
JNeHHOe HalpsiKeHHe B BHie, yAOOHOM AJA BLINOJHEHHS DPACYETOB

iy G~ Ji | B (I11.71)
Tor,ua 3anac ﬂpO‘{HOCTH npu CHMMETPH‘IHIJIX LHERJax Harpy}{(EHHH
(IT1.72)

e B a_;y o T_1
¢ Ogy 65 —klgng "

Pacyer NpH HECTALHOHADHBIX
ACHMMETPHUYHBIX LHKJaX HarpymeHus

JAa BHIIOJHEHHST PACUYETOB NPH HECTANMOHAPHBIX ACHMMETPHYHEIX
UMKJIaX HanpsiKeHHH Heo6XOHMO COOTBeTCTBYIOUHM 06pasom o6pabo-
TATh KCTEPHMEHTAJIbHBE JaHnble. B 3THx caydasx npHMeHHM ABYX-
napamMeTpHYeCKHI METOJ, YYHTBHIBAIOUIHI OCOBGEHHOCTH 3aKOHA H3Me-
HEHHSI CPelHUX Op,; H aMIUIMTYI Opy; HANPAKEHHI .

a1
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7, genist

Puc. II1.9. CxeMn K 06padoTKe OOBLITHRX NaHHHIX NPH HECTALHMOHAPHEIX ACHMMeTDHUYHBIX
UHKJaX H3MeHeHHA HaNpPHaXeHHH:

d, 6 — ONBITHBHIE JaHHBIe, 5, 2 — CHCTEMATH3HPOB&HHEIE

YCJIOBHs HATPYIKEHMsI JIeTald NPH ACHMMETPHUYHHIX NHKJAX Xa-
pakrepusywr (puc. 111.9):

a. OCHOBHBIMH CDEIHHMH GOp; H AaMIUIHTYAAMH O,z HIH O,
HATPIXKEHHAMH.

6. ,U,Ol'lOiIHHTEJ’IbHHMPI (Hanpumep AHHAMHYECKHMH) aMIUIHTYLAMH
HANPSXKEHHH Ogqji.

B. HHCJIOM WHMKIOB MEHCTBHA HANPAKEHHH  Onj, Ouji, Ogoji
HJIH anj;_.

BOSMO}KHE] Pa3JauuHbie COYeTAHHA ij, Uaji.: Uanji HJTH Uﬂqﬁ'
B cnydyae, npepcrapnensmom wa puc. I11.9, a, HaupsameHHs 0,
COYETAITCA C Oqj;; B caydae puc. 111.9, 8 nononuurensro Ha nanps-
HEHHUS Oy,;; HAKNANLIBAIOTCA HATIPSKEHHS Ogqj;-

YcraHaBAHBAIOT NBa HE3aBHCUMHIX IIEHTPA IPyMNHpoBaHus (pas-
psiAd) AN Oy U Ogj. NS Oy OIPHHHMAIOT OCHOBHHE MEHTPH TPYII-
nuposanus (UT0); B mpezenax kamporo [[I'O aaa o,; BHGHpaOT
AOMOJNHHTeNIbHEIC LeHTPH rpynmupoBanus (LITI); ans HanpsiKe-
HHH Opj H Ogj; HIIH Ogj; TIONCYHTHIBAIOT YHC/IO LHKJIOB HArPYIKEHHH n;
u nj; coorBercTBeHHo (puc. II1.9, 6, &).

B ofmem cayyae uanpsikenue oy (puc. I11.9, 2) ue pasno

Oaoji T Oagjz  (00BITHO  Memblue), T.e€. Ouy = [ (Oaosi + Gupsi);
NPHHHMAA  Oujy = Oguj; - Oan;; BKJAIOYAKOT B pacyeT 3aBHILICHHBIE
3HAYEHHUA HaNPSXKEHHH.
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Puc. 111,10, AcHMMerTpHYHBEIC LHKIL BATPYMEHRRA:

@ — C MHOrOKpPaTHbIM H3MEHEHHEM OJHHaKoBhIX HJJH.JHHX AC DEJHUHHE aMITVIHTY ] Hanpﬂ)ﬂe}mﬂ
ANAa OAHOrO H TOrO e cpejHerc HanpskKeHHsd; — ¢ OJHOKPAaTHHIM H3MECHEHHEM pa3lHX No
BEJHYHHE aMILIHTYR HanpA#EeHHH I8 KaXJ0ro cpeqHero HalpikeHHs; 6 — € MHOFOKPaTHRIM
H3iMeHeuHWeM OJAHHAKOEGLIX MO BeJNUYHHE AMNJAHTY[ HanpsiKeHdH; ¢ — C OJHOKPATHBIM HIMe-
HeHneM AMIJIHTYJ] HanpsxeHni

B pesyubTate 06paboTKH H CHCTEMaTH3ALHH 3KCMEPHMEHTANBHBIX
JAHHBEIX 10 HATPY3KAM MOMKHO IOJYYHThL UeThipe XapaKTepHHIX coue-
TAHMH Op; ¥ O,;; (puc. 111.10) B cOOTBeTCTBHHM C KOTOPHIMH BEAYT pac-
yerhl AeTanefl Ha OrpaHHYeHHYIO JOATOBEUHOCThL NPH ACHMMETPHUHbIX
LUKJAX.

Paccemorpum mepsole (I, 11) obumime cayuyan pacuera. OcranpHbie
cayuau (111, IV) aBnstorca yacTHbIMH, Gosiee IPOCTHIMH H. OTJIHYAIOTCH
TOMLKO B Hayaae, Tak Kaxk MepBblli cayyall MOXHO CBECTH K HEM.

B ofiem cayuae pacuera HanpsKeHus: NPeCTaB/eHbl B BHAE MHOTO-
KPaTHHIX ACHMMETPHUYHBIX IHKJOB C DA3/HYHLIM COYETAHHEM NEpEMEeH-
HBIX aMIIHTYJL HATPSAXEHHH Ogj; A/ KaXKJOTO CPEJHEro Hanpsike-
Hus O,,; (puc. 111.10, a, 6).

Pacuer BepyT ¢ NpHBeieHHEM ACHMMETPHYHOTrO HHKJIA K CHMMe-
TPHYHOMY B TakoH MOCAEA0BATENLHOCTH.
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1. Hanpsixkenus DpelcTaBleHBl B BHJE ACHMMETDHUHBIX IMKJIOB
Orji = Omj ’I’ Tajis (11173)

TAE Opj; €CTh BeJIMYHHbI NEPEMEHHBIE NJIsi KaMAOrO O,,;.

3anaHo MIM M3BECTHO COOTHOIIEHHE YHCJAA LHKAOB A CPeHHX
Hanpsixenid XC; = 1. Kaxnoll aMnauTyze o,;; COOTBETCTBYET YHCO
LUKJIOB Harpyxenus n;; (cM. puc. I111.10, a) unu ona meficreyer oxnso-
kpaTHo (puc. I11.10, 6). Obuee 4uc/I0 WHKIOB HATPYKEHHs] OT BCeX
AMIVIATY/ TS KAaX/0T0 CPEAHETO HANDPAKEHHA O,,; Oyner Z; = Zn;;.
(dast cnyuas, mokasaHHoro Ha puc. 111.10, 6: Z; = fi,» T. e. paBHO
KOJIHUECTBY YPOBHeH HanpsiKeHui).

2. CooTHomlenne YHCeN UHKJAOB [Jsi aMIUIHTY] O,;; B TpeAenax
NaHHOTO Oy,; AJIst clydas, nokasagHoro Ha puc. I11.10, a onpezressior
kak C; = ny/Z;. Torma

s
Ve :Z-ZJ_;: . (111.74)

3. CooTHOweHHe YHCIA LUKJOB AJs aMIJIHTYA BCeX CPeAHHX Ha-

NPAXKEHHH ONpPelensioT Kak

2\ Cn= Y g1 (111.75)

4. Ilpu uncne UMKIOB HAIPYIKEHHA M5 CPEAHHX HANPAKeHHH nc
38 MepHOX Tg, B TEUEHHE KOTOPOrO MPOHCXOAHT AOCTATOUYHOE YCpesHe-
HHE JIaHHBIX 10 YCJIOBHSIM HAarpyeHHs, NPHHUMAEMbIH 34 e€IHHHILY
M3MEpPEHHs BpeMeHH (MecAileB, JieT) H 3aJaHHOM CpoKe CayxO6bl Je-
Tami T, B T€X e eHHHIAX BPEMEHH Ty, YHCJO LHKJOB HArpy KeHHH
IS aMILIuTy) Gyner:

33 MepHoL T,

e, = 2 nCiZy = n. ¥ C;Z;. (111.76)
3a 3allaHHEI CPOK CAYXKOB fetasnn T,
Mo, a = ntaTn = n.T, E CjZi- (“177)

5. [ Kamao# aMINHTYABl HANPSIAKEHHS Oyj; THCAO LHKJIOB J0
paspywenusa mo (I11.66):

U—l_o‘aji
Noji = No- 10 &, (111.78)

6. DKBUBANEHTHOE KOTHYECTBO LHKJIOB /0 Pa3pyIeHHs OT aMILIH-
TYA Ogj; C YHCJAOM HX TepeMeH Z; NJIi KaKAOr0 CPEJHEero Hampsze-
HHSL Op; OlpelensoT no ypaeHenuwo (I11.66):

a. mo cxeme, npupeleHHOd na puc. I11.10, @ npu cooTHOWEHUH
quesa WHKIOB C; = nylZ,

o
N([:}j = :

SR TR 1179
Z flji/Naﬁ ( ¢ )
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6. mo cxeme, npupefennoit na puc. 111.10, 6 npu cooTHOWEHNN
uncsa unkaos C; = 1/fi, rae j; ecTb KOAHUECTBO YPOBHeH Hanpske-
HHH O,; (KaXiad aMmiuprylna JefcTByeT ofHoKpatHo u 2C; =

=¥ E-1

Neo, (I11.80)

SN  —
E I/Naji
Unesmry UMKAOB J0 paspymeHHs Ng,; COOTBETCTBYET Halpsiie-

HHE O,,; B COOTBETCTBHH CO CXeMo#, npuBelenHolt Ha puc. [11.10, 8,

T. e. pacuer csefied K caydaio 111 pacuera. [Ipn onHOKpaTHOM H3Me-

HEHHM aMIVIUTYA uHanpsxkeuuii Oyzer cayua#i IV pacuera (puc.

111.10, ).
Coraacuo (I11.63)

Oaoj = 0_1 + k(Ig Ny — 18 Ngy))- (I11.81)

7. CyMMapHOe 3KBHBaJEHTHOE YHCJO [HKJIOB, KOTOPOE MOMKeT
BHIJEPKUBATD JleTalb N0 paspylleHust NpH JefCTBHH BCEX aMILIHTY],
C yYeToM HOBOTO COOTHOMEHHs udcnaa mukaoB Cj;; mo (I11.66)

Nyp=—1 (111.82)
Cji
Naaj
8. CyMmapHas 5KBHBaJIeHTHAA aMIUIHT , Aa nanpaxeHus no (111.67)
Gae = 0.y + £ (IgNo — 1gNao). (I11.83)

9. DkBHUBaNEHTHOE CpefiHee HaNpsKeHHe, KAK H SKBHBAJEHTHAad
aMIINTY[@ HANpsKeHHs, omlpeje/serca NPHHEMAA MPAMYIO ero 3a-
BHCHMOCTh OT COOTHOIIGHHs UHCEN UHKJ0B C; A KamAoro Opmj,
T. 8,

Omp == 2 ijcj = O'mlcl i‘ Umzcz i ‘l‘ Umjc_i- (111‘84)

10. DkBHBaNeHTHOE npHBEIEHHOE K CHMMETPHYHOMY ILHKJIY
HANpPSAKEHHEe ACHMMETPHYHOTO IHK/IA, KOTOPOE MO CBOEMY paspymiai-
ueMy AeHCTBHIO pPABHOLEHHO BCEM ACHMMETDHYHBIM IHKJaM NpH pa-
foTe Jneranu Jo paspylUueHHd

Oy, up — Oue + WoOmm (III85)
rae §, — KOppHIHERT BAHAHUS aCHMMETpHY 1HKJIa. OpHEeHTHPOBOY-
HO MOXeT OBITh OnpelefieH no popmyae

T L . (111.86)
¢ GU

0, — npejies BEIHOCJHBOCTH A5 NyJbcHpYouero uukaa. Jlnga crane
npH uarube u pacTsaXeHiHd B 3aBUCHMOCTH OT BpeMEHHOI'0 COIMpPOTHB-
JIeHHd 0, KoxbdHUHEHT P, paBeH:

gy, MIDa . . . 350—550  550—750  750—I1000 1000—1200 1200—1400
Vo o oo 0,00 0,05 0,10 0,20 0.25
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11. CoorBercTByOUEE HANPSKEHHIO O, ,, 3IKBHBAJEHTHOE UHC/IO
IMKJIO0B, KOTOPOE MOXKET BhlAep:kaTh Aeranb npu paboTe 1o paspy-
wrenust no (111.62)

1%, np

Nogp=No- 107 F . (111.87)

12. 3anac A0roBeYHOCTH MO UYMCAY LHKJIOB HArpyMeHHH A/
3aflaHHOI0 CpOKa CJAYKOBE IeTanu

e Piuige (111.88)

_ Namp
Noom. a

13. Cpok cayx6r gerasu:

a. Bes yuera ponyckaemoro samaca JOArOBEYHOCTH

nNr

T=tom (111.89)
Ta
6. C yyeToM JonmycKaeMoro 3amaca AOJIOBEYHOCTH yon.p
T e nr_ﬁ;?; < T (111.90)

14. 3anac nMpOYHOCTH MO HaNpPSKEHHAM

0, a_1
Mar = oot = ——flga— > Maom (111.91)

B pesynbrate 06paGoTkH GOJBIIOTQ UHC/AA 3KCIEPHMEHTAMbHBIX JAHHEIX noJay-
ueHbl 3ABHCHMOCTH, MO3BOJSIOMHE OMPEReNaTh A/ CTajed napamMeTpbl KPHBLHIX YCTa-
JIOCTH O_y, # = tg ¢ © Ny MO H3BECTHHIM CTaTHUECKHM MEX2HHUYECKHM XapakTepH-
CTHKAM: Op — MpPEJely MNPOYHOCTH; Og — Ipefeay TeKyu4ecTH,

Ilpexen BerHOCAHBOCTH 0_; B Mlla:

—— YrJepoJHCTHE CTaJH

1= 0,290; + 79,2; (I11.92)
a_y = 0,456, + 95,4 (111.93)
— JlerHpoBaHHEIe CTANH NpH Op << 500 MITa:
o_; = 0,3505 4 53,0 (111.94)
_, = 0,490, + 79,5 (111.95)
npu g, > 500 MIla
o_; = 0,130, 4 27,9. (111.96)

[Tapamerp, onpeAetAOMHUl Yroa HAKIOHa KPHBON yetanoctH k= tg o B Mlla.
Han yearepoducmori cmaau:

k= 0,040, + 33,2; (111.97)
kE=0,170, + 4,2. (111.98)
Has ne2uposarHol crmaau

k = 0,09805 + 7.5; (111.99)
k= 0,090, + 33,9. (111.100)

Yueao HKI0B, COOTBETCTBYIOMEE TOUKE MepeioMa KpHBO# ycTasocTH Ny oBhvHO
aaa craned Haxonutcsa B npenenax (0,8+4,0) -10% guknos. HauGojiee BepoaTHOE
anauedne N, = 2,1-10%, kotopoe MOXHO MpHHHMATL NpH BHITOJHEHHH pPacyeToB.
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[Mpu BuIMOJAHEHHH pacyeTa KOHKperTHoil JAeTain HeoOXOLHMO RIf Hee yCTaHaBAH-
BaTh MApPAaMeTpsl KPHBOH YCTANOCTH € QUEHKOH BAHAHHA Pa3nHYHBIX (axTopoB (KOH-
UEHTpAlMK HanpaxeHull, MmaciuraGa, ynpouwHeHHs H Ap.) H ofo3nauaTh: Gy, k=
= tg a, N,.

Jlanuble 0o OUEHKE BAHAHHA pasMHUHBX (AKTOPOB Ha NapaMeTpel KPHBLIX yCTa-
JIOCTH, @ TaKXKe IpYrHe BONPOCH pacyera JeTatefl MAallHH HA OTPaHHYEHHYIO A0ATO-
BEYHOCTb, DPaCcCMAaTPHMBAIOTCA B CreUHaJbHOH JuTepartype (nanpHmep, B paborax
B. M. I'peGensxka, JI. B. Konosanosa, C. B. Cepencena u p.).

B kauecTBe npumepa pacCMOTPHM pacyeT IWIMHHAENS GIIOMHHIa PeIbcoBaN0THOro
CTaHa, BHJIKH H JONACTH KOTOPOr0 HeCMOTPS Ha GoJblIHE CTATHYECKHE 3anackl mpod-
HOCTH (GoJee MATH) paspymamTed. 1o 06bACHAETCA TEM, YTO [PH NPOKATKE INMHH-
JeMH Harpy»aotcs GOJbIIHM YHCJOM LHK/I0B OCHOBHLIX HArPYy30K H JIONOJHHTENb-
HHIMH MePeMEeHHBIMH MO BeTHYHHE NHHAMHTECKHMH Harpys3kamH, ocolelino 3HauHTeN -
HBEIMH B MOMEHTH NOAA4YH H NPOGYKCOBKH CJAHTKA B BAJKaX.

IMosTomy AHHAMHYECKHE HArpY3KH B MEPHOAL HEYCTAHOBHBIUHXCA TNPOLECCOB
npokatkd (pHe. II1.11) AOMKHBL yuHTHIBATLCS NPH pacyeTe YHHBEPCANbHBIX LITHH-
Aeaell, Kax H APYrHx Jeraiell, HCHnTHBAIOMEX TaKHe Harpy3xH. B nexoTophlx cay-
yaAX OHH MPHMEPHO B Ba pasa NPEeBOCXOJAT HArPY3KH YCTaHOBHBILNErocs Ipolecca.

PacueTn, BHNOJHEHHLE MO npefeNy BHHOCIHBOCTH, OKAa3aJH, uTO IPH onpefe-
JIEHHHX HAarpy3Kax 3amackl MPOYHOCTH CYIIECTBEHHO HHXKE €JHHHIIH, T. €. BHILE Npe-
jena BuHOcAHBOCTH. C/eloBaTeNLHO, 3JeMeHTH IIMHHAeAa paboTaloT B o6AacTH
OrpaHHYeHHOH JOJATOBEYHOCTH, YTO TpeGyeT pacyera HX C Orpefe/ieHHeM 3amaca JoJro-
BEYHOCTH H CpPOKa CJHYMHOGHL.

JIns BHIMOMHEHHA DAacYeTOB HEOOXOAMMH JAHHBIE, ONpENeNAIOIHE YCTaNOCTHHIE
XapaKTepHCTHKH H YCJOBHS HAUDYIKeHHH IITHHJIENA,

YcTaHOBJEHO, YTO /IS INNHHAEIs, H3TOTOBJEHHOTO H3 CTajiH 45 npejiell BhIHOCIH-
BocTH O_y pamex 220 MITa; past nyancHpyiomero nHKAa 0y = 0_;-1,56 =220-1,6 =
= 330 MI'[a Torna KoapdHIHEHT BIHAHHA aCHMMETPHH LIHKJA

2.220 — 330
Yo 330 0,33. (I11.101)
[Napamerp £ = 60 MIla 1 Ny = 107,

Ha crame npoxaThsaioT 3a roj (np) 2-10° ciamTkos. JlanHeie no Harpyakam H
nporpamma pa6oTa CTaHAa MPH NPOKAaTKe CAHTKOB cTaJell pasJTHIHEIX MapOK MO3BOMHIH
YCTA@HOBHTh, UTO HANpsXKeHH#, npepuimatomue 220 MIla (meperpysounble Hanpse-
HMA), BO3HHKaIOT npH npokatke 40 % scex cantkos (f = 0,4) B 5 nponyckax (Z = 5).
s paccMaTpHBAEMOrO cTaHa HeoGXONHMELR (3aMaHHLIH) CPOK CAYKOH IMHHAe/S Goll
npusar 6 ger (7 = 6 ser). Torna ofmee YHCAO UHKIOB ncperpysox YUHTEIBACMELX
NPH pacuere, COCTABHT

fogm = Y i = MPZT3 = nyTy=2.10°-0,4-5-6 = 4.105-6 = 2,4-10° uuxos,

rne ny = 4-10°% — yHCJIO meperpysok B rof.
B pesyarrare o6paGoTkr ocuuigorpamm (cM. pre. I11.11) ¢ yueTom pexuMoB
paGoTE GJNIOMHHTA YCTAHOB/GHH BENHYHHE MAKCHMAJLHEIX MEPErpy30uHhIX Hanpﬂ-
WEHHH 0, j; ACHMMETDHYHHX LHKJOB H AMIJIHTYNL HANPAKEHHH LIS HHX Ogj, A
TAKKE COOTHOWIEHHS UHC/Ia UHKAOB JJA CPefHHX nanpsxennéf C; u UHCIO MepeMeH
AMIVIATYA HAOpsKeHHH j;.
B pesyabraTe moayuYHJH TaKHe JaHHBIE:
. Op = 330 MIla; 045, = 160 MIla; C, = 0,10; j; =
. Opgy = 310 MIla; 040y = 140 MIla; Cy = 0,15; jfg
. Opg = 290 MIla; 0g5y = 130 MIla; Cy = 0,25; jg
ary; = 260 MIla; 044 = 110 MIla; Cy = 0,30; j,
. Opp = 230 MIla; 045 = 90 MIla; C; = 0,20; j; =1

3akonpl yOuBAHHA AMOMHFYA HAnpsIKEUHi BhIpaKen B BHIE TeOMETpHUecKof
NpPOrpeccH Oqj; = Og; gy ST npe AekpemenTte satyxauusa At = 0,3.
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Prc.I11.11. OcunanorpamMmel KpyTAIAX MOMeHTOB M B 9acTOTh BDAWEHHA N HA TyaBHOM

Bany GNIOMHHIa pesbcoGAMIOYHOTO CTAHA IPH NPOKATKe peabcobodt cTanu (Macca cnATKa 4,6 1)
URGPEH B KPYHKaXx — HOMEPEZ NPONYCcKOB)., YKaB3aWhW HeYeTHHIE NPOMYCKIN.

JLna cpaBHeHHs pacdeT BHITOJHEH B IBYX BapHaHTax: C YYETOM 3aKOHA H3IMEHeHHA
BEJHIHH aMILIHTYR HaNpPAMEHHA H yHCJAA LHKJIOB HX JAeHCTBHS, a TaKXKE TOJAbLKO 10
MAKCHMAJIbHEM HANDAXKEHHAM, T. e, 06e3 yyeTa 3aTyXaiomHX AMIUIHTYJ HANpsKeHHH
H YHCJA DHKIOB MX HelCTBHA,

Bapuanm [ — pacuer ¢ yueroM 3aTyXaiomux aMIUIHTYA HanpsKeHHH H wHcaa
UHKIOB HX fiedicTeua (caywadi [l pacuwera, cm, puc. I1I, 10, @).

1. BenHuHHa aMNUIHTYJ HanpAXKeHHH Ogj; NNA NMATH CPEIHHX HANMDPRKEHHH Op;
C y4eToM YCTAHOBJIEHHOTO 3aKOHA HX H3MeHewus (B MIla):

a. Oqy = 150; 0a10 = 1115 Ogy3 = 82; 0gyy = 61; 0gy5 = 45:

6. g9y = 140; Ogep = 104; 0y = 77; Oqgq = 57;
98
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B. Ogqp = 130; Ogae = 96; Ogas = T71;
r. Ogqy = 1105 Ggyp = 82; n. 0g = 90.
9. JTHM HAMDSKEHHSM COOTBETCTBYIOT YHCIA NHKJOB [0 PaspyuleHHs onpepe-
asemple no ypasuenuio (I11.78):
a. Q’%‘IE 1,6-108; Ngpp = 7,1-108; Ngjg = 2,10-10% Nayy = 4,8-10% Nogy =

6. Nggy = 2,3-108; Nggp = 9,3-10%; Nggs = 2,6-10% Ngyy = 5,6-10%;
B. Nggi = 3,4-108; Nigap = 1,3:10% Nggy = 3,3-10%;
r. Nggp = 7,4 108, Ngg = 2,1-10%
A Ngs: = 1,6-10°,

3. CooTHOWEHHe YHCEJN WHKJIOB Jif AMIUIHTYN Hanpsxenuwit npu I Cjj; =
= 0,10-5+ 0,15-4 4 0,25-3 4 0,30-2 + 0,20-1 = 2,65 coraacno (II1.75)
Gyner

0,50 0,60 0,75 0,60 0,20
cll+c‘32+cﬂﬂ+cd&+c55 = 2 65 + 965 + 2 65 + 2,65 + 2,65 -

=0,19+0,224+ 0,29 + 0,22 4 0,08 = 1,00.

4, Unc/io HHKIOB HATPYMXEHHH IJs aMIIMTYA Hanpsokewndi 3a rop no (111.76)
Ry, =ng ¥ Cjii = 4-10°-2,65 = 1,06-108%;

Oee 3a 3afaHHuil CpOK CAYKOH wnusgens no (I111.77)
No6uy, a = R, Tz = 1,06-108-6 = 6,36-10¢.

5. IKBHBANEHTHOE UHC/AO IUK/IOB A0 PASPYIIEHHS OT aMILIUTY]l HAMPSKEsHi O ;
JJs Kamjoro cpefuero nanpsaxenus mo (I111.80)

Nom = 5,9-108; Nage = 6,7-10%; Ngps = 7,5-10%;
Ngsg = 1,1-10%; Noai— Lg- 10,

6. CyMMapHOE 9KBHBAJEHTHOE YHCJIO IHKOB 10 Pa3pyILeHHs 0T aMIINTY I HANDH -
wenuii no (I11.82) npm HoBOM cooTHOomesuH umcen nHKAOB Cj;

Nge =7,8-108 nan  lg Ny = 8,89,
7. CyMMapHas 3KBHBaJeHTHAs aMnaHTyAa Hanpsi:kenus mo (I11.83)
Oge = 0_y + & (lg Ny — 1g Nge) = 220 + 60 (7 — 8,89) = 105 MIla.

8. DKBHBANCHTHO® 3HAUEHHE CPENHETr0 HANPSMEHHA (MPH Op; = 0.5 — Ugj;
i COOTBETCTBYIOWIHX HM 3Hauenusnx Cj;) no qopmyne (I11.84)

Tma = ¥ 0miCs = 180-0,10 + 170.0,15 4 160-0,25 -+ 150-0,30 +
+ 140.0,20 = 157 MITa.

9. DKBHBANEHTHOE MPHBEIEHHOE K CHMMETPHUHOMY LHKAY HanpsaKeHHe acHuM-
meTpuuatoro nuxaa no (I11.85)

Oa.1p = Oac + PoOma = 105 + 0,33-157 = 159 MlTa.
[0. 3xpaBaMEHTHOE YHCAO UHKIOB J0 paapywenus no ([11.87)
U-—i—o

9. mp 220—159
Ny, np = No- 10 £ = 10710 8 —1,08.108.
11. 3anac LOJAroBeYHOCTH MO YHCJAY MHKJACB Harpymxenuii no (I11.88)
n o Nomp _ 108108
NT T fgGm.e | 6,36-108
3necs NoMycKaeMelil sanac RONroBeuHOCTH NpH fp,n = [,50
m(c_l/re) (=1 /Mpon) __ 10(220/60) (1—1/1,5)

= 17> fgon = 16,6.

fNpon, o = = 16,6.
4% 99




12. Cpox cayxGm mnuuge
P FIILQU)Y IG5 C YUeTOM AOTYCTHMOTO 3aMaca I0/ATOBEYHOCTH

Na mp 1,08-108

10

T;= — -
R g fpon 1,06-108.16,6 — 6,15 rona > Ty =6 .er.
13. 3anac npounoctn no nanpseunsm (111.91)
gy = O _ 220 _q
o, —klgn, ~—220—601gl7 .51 > nyop = 1,50.

Xamrf:f?;nmnu{r] —"PacteT N0 MAKCHMAJbHLIM HANpPFKCHHsIM, T. €. Ge3 yuera sary-
VI HanpPRMXKeHH H yHCJIA L[HKIO0B HX JeicTB ?
cm. pae. II1.10, g). A us (cayuaii 111 pacuera,

L. L]HCJIO IHKJOB 10 paapy IIEHHHA y
- /I MAaKCHMAaJbHBIX AMIJHT
; pit llﬂﬂpH}KeHH[’!

Nagy = 1,6-108;
Nﬂ‘l = 7,4' 105,

Naay = 2,3-108;
Nas1 = 1,6-100.

Nogs = 3,4-108;

2. CymmMapHOe 3KBHBANEHTH
\ 0e UHCIO TIHK/AOB A0 pPa3pyLIeHHs
3aaAHOM COOTHOIIGHHH YHCEJ LHKIOB paspy H0 (LSS ap

Nge=3,9-108 uwmn lg Nye = 8,59,
3. Cymmapnas 3KBMBAJICHTHAS aMILIHTYAA HanpsukeHHs no dopmyae (I11.83)
Oge =0_3 +k(IgNg—1g Nyo) = 220 4 60 (7 — 8,59) = 124 MIla.

4 SKBHBaﬂeHTH Cp TH Har Yy acyera
. (8] 5] €, ee pH}KEH“e KaK H B CJ ae I Bapua

» P HT4 3

5. 3KBHE&JIEHIHGE NpHBeAEHHOE K CHMMET pB'-IHUMY IHKJAY HaNnpsAXeHHEe o (II] 85)

Oa. mp = Tac + PoOma = 124 +0,33-157 = 177 Mlla.
6. DKBHBANEHTHOE YHCJIO LHK/IOB 10 paspymenns no (I111.87)
Ny, gp = 5,4-107.
7. 3anac ROJTOBEYHOCTH MO YHCAY LHKJIOB HATDYMKEHHS M0 (1]1.88}
o Na. mp _ 5,4-107
Nr No6m  2,4-108
8. Cpok caymOul wWnHEIeIsn 111.90
R y b no (I111.90) ¢ yweroM RoTyckaemoro sanaca LOJTO-
Na. up _ 54-107
fefgon  4-105.16,6
9. 3anmac npounocTs Ha Hanpaxennsm no (I11.91)
e — O_z _ 220
o_,—klgn, ~— 220—601g22,4

= 22,4 > fyon 5 = 16,6,

Tp= = 8,1 roga > T, =6 ner.

= 1,59 > ngen = 1,50.

TMoayuedunft no BapHanty [ pacuera cpox cayKOnl LINHHAGAS H3 CTAAH 45 Giu-
30K K HaGmofaemoMmy Ha 3aBofie. OOuiuHO 06pasopaHHe TPEULHH HJH TIOJOMKH MPOHC-
XORAT HECKOJABKO paHBINE, YeM 3TO CJACAYET H3 pacuera.

CpaBrenHe NPHBEAEHHEIX JBY X BADHAHTOB PACUETa C YUETOM H 03 yuera 3aryxaio-
UHX aMIVIHTYJ HanpsikeHHH, BOSHMKAIOMHX NPH AHHAMHUYECKHX Harpy3kax H yHcha
HX UHMKJOB, MOKA3BIBAET, YTO YYET S5THX AOMOJHHTENLHLIX HampsMeHHH MOXET OKa-
SHBaTh CYNIECTBEHHOE BJIHSIHHE Ha OnMpejeiseMule 3anac IPOYHOCTH, 3amac MoJroney-
HOCTH H CPOK CIYXKOH, CHMMKAA HX.

[MepBulfi BapHaHT pacdeTa COOTBETCTBYET PealihHHM YCAOBHAM HATPYKEHHA
WMAHAEAS H NPHMEHHM JI8 AHAJOTHIHLIX pACYETOB APYCHX AeTanell MamuH.
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Oco6eHHOCTIO pacyeTa Ha OTPaBUYEHHYIO JOJATOBEYHOCTH sB-
JsieTcs] 3aBUCHMOCTb ONpeieseMblX 3amacoB MPOUYHOCTH H 3aracoB
JO/IFOBEYHOCTH OT 3a[AHHOTO CPOKA CIyKObl MM 33J1aHHOrO HHCIa
LHKJOB HATpyennus Aeranedi. [Tosromy onmpeje/se€MEle 3arnac npod-
HOCTH M 3anac JOJTOBEYHOCTH COOTBETCTBYIOT TOJIbKO OAHOMY, 3allan-
HOMY CPOKY CJyx0ul jeranu. Hamenss 3a/aHHBIA CPOK CIyxKOH Je-
TAMH MOMKHO MOMYYaTh AJs Hee pasHble (BLICOKHE HJH HHU3Kue) 3Ha-
yeHHs 3aMacoB MPOYHOCTH H JONTOBETHOCTH. Bamio, 4To onpejedse-
MBI (pacueTnbiil) CPOK CayzObl HE 3aBHCHT OT 331aHHOTO CpOKa CJIY¥K-
GBI eTady, a 3aBHCHT OT 3aKOHOMEPHOCTEH HarpyMeHHus H ycTajaocT-
HBIX XapakTepucTHK jaeTamu. [losTomy B caydae pacdera Jeraned Ha
OrpaBMUEHHYI0 JOJTOBEYHOCTh OCHOBHBIM  SIBJACTCA onpefe/ieHHe

AN HHX cpoka cayxKOwel (pecypca).

FTnmasa IV
OCHOBHBIE THIIbl NMPOKATHbBIX CTAHOB

1. OB)XMMHEIE ¥ 3ATOTOBOYHbBIE CTAHBbI

7 M3 cranennaBH/ALHBX I€X0B B NPOKATHEIE METAJA NoCTynaeT B BHAE

CJUTKOB, OTJIHTHIX' B H3JIOXKHMILI, HJIH 3arOTOBOK, MOJY4YEHHBIX HA
MAIMHAX HelpepeBHOIO JIHTLA.

Ha 6osblIMHCTBe MeTadJyprHuecKHX 34BOJOB TOJIOBHBIM TpOKAT-
HEIM CTAHOM SBJASETCA OGKHUMHOH CTAH — CAAGHHT HIIH GJIIOMUHT,
TIpeNHA3HAYEHALI 1 06KaTHs KPYIHBIX CATKOB B UEPHOBHIC Saro-
TOBKH — TOMYTIPOAYKT, M3 KOTOPOro Ha NOCJENYIUHX NPOKATHLIX
cTaHax MNONY4YaioT TOTOBYIO TPOAYKIHIO (TMCTOBOI H COPTOBOH MpO-
KaT) 1o CJIeYIONHM TeXHOJOTHIECKHM CXEMaM: 1) cisiGUHT — MHPOKO-
[OMOCOBO# CTAH TOpsuel MPOKATKH WJIH CJAAGHHT — IIHPOKOMOJIOCO-
Boji CTaH ropsigeil MPOKATKH — JHCTOBHIE CTAHBI XOJIOJIHOH NPOKATKH;
2) cAsGHHT — TOJCTOMMCTOBOH cTal; 3) OMOMHHT — 3aroTOBOYHKIH
CTaH — COPTOBHIE CTAHBI (CpeHe- HiTH MENKOCOPTHbIH, UM NPOBOJIOY-
HBIft, WIH ITPHUICOBHIH); 4) GMIOMMHT — CTaH IS UHPOKONOIOUHLIX
6as0K; 5) 6MOMHHT — pesbcobanounbtit cran; 6) GoMiHr — KpynHO-
copTHBIH cTaH; 7) OMOMHHT — Tpy603aroToBoYHbIH cTaH — TpyGo-
TIPOKATHBIE CTAHBL.

ITpu ycTaHOBKe B CTANENIABHJBHOM IleXe MAIHH HENpEephIBHOrO
JUTbSL OTJIHTHIE 3ATOTOBKH [NPSMOYTOJMBHOTO JHGO KBajgpaTrHOro ce-
yenusi (a uHOTAA (JACOHHOTO CEYEHHSA) TMOCTYMAIOT HEMOCPECTBEHHO
HA CTaHB ToToBOHl NMPOAYKUHMH: JHCTOBbIE (LIHPOKOMOJNOCOBHE rops-
yefl TIPOKATKA HJH TOJICTOMHMCTOBbIE) H COPTOBHE PA3THYHOTO THIA.

O6GHKHMHbIE CTAHBI

Tliockash uepHOBAsl 3aroTOBKA, [POKAaTAHHAT M3 CJHTKa Ha CJi-
Gunre (auGo yacTHYHO Ha GMIOMHHIE), HA3bIBAETCH CIAGOM 1t XapakTe-
pH3yeTcs NPAMOYTOJBHBIM CeYeHHeM C 3aKpYIVIEHHBIMH YrIami Tol-
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muroft 100—300 mm (uHorza o 500—600 mm) w wupuHOA 600—
2300 mM.

UepHoBasi 3aroToBKa, NPOKAaTaHHAd H3 CJAMTKA Ha OJIOMHHTE,
HasbpBaeTcsa GJIOMOM, AJsi KOTOPOTO XapakTepHo KBaJpaTHoe cedeHHe
¢ 3akpyraennsivi yraamu 100 x 100—400 < 400 MM 111 6AH3KOE K HEMY
ceuenne (Hanpumep, 340450 mm).

«Boporamu» O0GKMMHLIX CTAHOB SIBJSETCSH OT/e/IeHHe Harpesa-
TeJLHBIX KOJOAIEB, B KOTOPOM CJIHTKH, TOCTYHAKILHE H3 CTpHINep-
HOTO OTZHEJEHHS CTANENIABHALHOrO Iexa, MoJOrpeBalnTCa Nepej npo-
Katkoii. [Las 3Tofl meJMM NPHMEHSIOT HarpeBaTe/bHBIE YCTPOHCTBA
B BHE KOJOJIEB (Kamep), B KOTOPHIE CJIHTKH KOJOALECBLIM KPaHOM
KJIEIeBOro THIA 3aTPYKAlOT B BePTHKAJIBHOM N0J0KeHHH, 6aaroaaps
yeMy JOCTHTAIOT PABHOMEDHOrO HArpeBa MeTa/ija W ofecneunBaioT
BO3MOKHOCTb BLITPY3KH CJAHTKOB H3 KOJOAILEB TeM K€ KOJ/OALEBbIM
KpAaHOM. )

O6BuHO [Ba KOJIOMAIA PACIOJOMXKEeHHl MO OjlHOH OCH TOMEpeK 3ia-
HHs 1exa u o6pasyior ofny rpynny. IIpuMensioT Takxke U OAHHADHBIE
KOAOAIL! BOJbLIHX PAa3MepOB M IPYHNE KOJOJIER TIO UETHIPE KAMEphI
B KamJoH.

B 06MHMHBIX 1leXaX NPUMEHSIOT peKynepaTHBHEE KoJIOAUbl (cai-

koit 100—200 T) ¢ HHXHUM HJH BepXHHM MOLNOIPEBOM, OTanauBae-:

MBIE CMENIAHHBEIM rasoM (JIOMEHHBEIM € KOKCOBHIM) € TEINIOTOH cropa-
Hua 5H900-: 8380 xIIx.

JL15 SKOHOMUH TONJIEBA HeOGX0IHMO B KOJMOALLI 3aTPYKarb CINTKH
¢ remneparypoii 800—900 °C. [I,1a JOMOMHHTEJLHOTO MOJOrPEBA HX
a0 temmeparypsl 1260—1360 °C u BbizepKKH (TOMJIEHHS) NpH 3TOH
temnepatype norpebyerca 2,5—3,5 4. Ec/IH 3Ke B KOMOJILI 3aTPyHKAaTh
XoMonusle cautkn (¢ Temneparypoit 200—300 °C), To nas Harpepa
ux norpefyercs Bpems B 2—2.5 pasa GoJbine.

VieapHas NPOU3BOAHTENLHOCTL KOJIOALA NPH HArpeBe CJAMTKOB
H3 CpelHeYTJIepoIHCTOH cTanM (no TNPakTHYECKHUM JaHHBIM) COCTAB-
nser 15—I18 1/a nas ropsiunx u 8—10 T/u An7 XOJOAHBIX CJAHTKOB.

Harpesarennuele KOMOAIB CBEpXY TePMETHUECKH (Yepes Jecounble
3aTBOPbI) 3aKPHIBAIOT KPHIIKAMH, TNPEJCTaBASIONIHME COG0i CBOJ,
H3 OTrHEYNOpPHOTO KHpTNHua, HaGpaHHOTO B METANJIHYECKOM KapKace,

s nmocajiki CJHTKA B KOJOJEll M BhIEMKH ero M3 KoJoiina Heofl-
XOJHMO MPHNOAHATL KPHILKY H OTBECTH €€ B CTOPOHY. ITH onepanuu
BBINOMHAIT HANOJNLHBIMH KPAaHAMK ABYX THIOB: NEPEABHIAMUMHICS
60 BAOML (POHTA KOMOAUEB, JHGO MOMEPEK Hero.

CHATHE TOPAYMX C/IHTKOB C JKEJE3HOJOPOMHEIX NaaThopM, mMo-
AAQHHBIX M3 CTPHNMEPHOTO OTAEJMEHHS, NMOCAIKY HX B HATPEBATENbHbIE
KOJIOALBL, BLIEMKY H3 KOMOMIEB W MOCAAKY B CJAHTKOBO3 BRITOJHAIOT
COenHaMbHBIE MOCTOBBIC (KJ/elleBhle) KpaHbl TPy30N0ALEMHOCThIO
o 50 T,

CoBpeVMeHHBIMH OGXHMHBIMH CTaHAMH SBJSIOTCH CJSAGHHTH, GJIio-
MHHTH I GIIOMHHIH-CJAGHHTH ¢ TOPH3OHTANLHLIMU TIPOKATHBIMH BaJ-
kamu aunamerpom 1150—1500 MM mpon3BoaHTEILHOCTLIO 10 3—6 MaIH. T
B rof. Ha oTHX® OJHOK/IETEBEIX PEBEPCHBHBEIX CTAHAX CKOPOCTH Mpo-
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Puc. IV. |. CxeMa pacnojokeHusa oGopyaobanus cnabuara 1250 Knuc-rpy:mﬂﬁ HEKM3:
! — marpeBaTenbHbie KOJNOAUM; 2 — KoJbUeBas CAUTKONONAYA, J — MpPHEMHB poJbrasr,;

4 — Bechl AJifl CAHTKOB; § — MaHRNyaAsTop; 6 — YHHBepcanbHan paboyvan Kaersk 1250 ¢ raas-
HEIM APHBOOOM; 7 — MALIHHA OCHEBOM 34YHCTKH, & — HOXKHHUE YCHJAHeM pesaHus 28 MH;
9 — HourpBeflep yO6opKH o6pe3koB; [0 — KaeliMOBOUH&® MamuHa; [l — secw Jas chaGos;
12 — ycTpo#ficTea ans yOopkH casdos

KaTKH JocTHraer 5—6 M/c, a Macca NPOKaTHIBAEMBIX CJAHTKOB 10—
22 1 y 6moMuHroB H 40—45 T y c/IAGHHTOB U G/UOMHHIOB-CIAOMHTOB.

CxeMEl pacnosioxeHHs 0B0pyHOBaHHA CJSAOHHTOB H GJIOMHHIOB
B OCHOBHOM MJEHTHYHLI; TOJAbKO y CAAOHHIOB BMecTO padouel IBYyX-
BaJKOBOH KJeTH (Kak y OJIOMHHTA) YCTaHAB/IMBAIOT YHHBEPCAJILHYIO
pabouyio IBYXBAaJAKOBYIO KNeTh, 8 KOHCTPYKIHH 000PYLOBAHHS OTJIH-
HalOTCHA IJaBHBIM 0Opa3oM CBOHMH pa3MepaMH M TeXHHUYECKHMH Xa-
PAaKTEPHCTHKAMH.

Cna6HHIH NPHMEHSAIOT TOJABKO AAS IPOKATKH CAAGOB, NO3TOMY
FOPH30HTAJIbHLIE BaJKH paboueH KJETH BBIIOJHSIOT TJAalKuMH (UH-
JuHApHUecKuMH). [Las noJyyeHHs UIMPOKHX CASGOB NpPAaBHJIBLHOTO
NPAMOYTOALHOTO CEYEHHs! ¢ POBHBIMH OOKOBBIMH I'DAaHAMH B paGouei
KJeTH cJAOGHHTa, KpPOMe TOpH30HTAJIbHBIX BaJKOB, MNpPEeLyCMOTpEHH!
ele BePTHKa/JbHBIE BAaJKH (paclosioXkeHHBle Nepel HJH 33 I'OPU30H-
TaJbHBIMH), 0ITOMY TAKYIO KJIETh HA3BIBAIOT YHHBEPCATBLHOH.

Ha puc. IV.] npeacraBneHa cxema pacnoJoxeHus o6opypoBa-
Hus casbunra 1250 koncrpykuun HKM3, npennasnadeHHoro aas
npokatku casibos rtommuuoi 150—300 MM, mupuHo#E 750—1850 MM
u jaauHoi 2500—10 500 mM (Maccoit jo 32 T) M3 CJAHTKOB Maccoil
17,4—37,7 T co ckopocThio 1o 5 M/c.

B cocras crama BXOAOAT KOJbLeBas CJAHTKONOLAYa, [PHEMHBIH
pOJbralr ¢ BecaMH IJf CJAHTKOB, YHHMBepcajipHasa pabouas KJeThb
1250 ¢ manumynsTOpamHi, KaHTOBATeJeM H paGo4HMH pOJbLTAHTAMH,
MallHHa [JisT OTHEBOH 3a4YMCTKH, HOMHHIBI TOpsiyefl peskH yCcHJ/HEM
pesanus 28 MH ¢ kouBefiepom y6opKH 06pe3KoB, Bechl JJis CJs00B,
KJIeHMHTENb H YCTpOHCTBa A4 YOOPKH caAA00B Ha CKJIaJ H nepefayn
K HenpepblBHOMY mHpokonoaocoBoMy crady 2000 ropsiyedl nmpoKaTKH.

Texnonorudeckuit npouecc NpoKaTku Ha casbuure 1250 u xapakre-
pHCTHKA 000pYIOBaHHS CTaHa CJELYIOLIHE.

CnuTKH 3arpyaloT KOJIOIUEBEIMH KpaHaMH B KOJOAUBL AJA Ha-
rpeBa no temnepatypsl 1250—1280 °C u 3ateM C MOMOINKIO TeX e
KOJIOMIUEBLIX KPAHOB CJHTKH BBIHHMAIOT H3 KOJOAIER H 3arpyrKaior
Ha OJMH M3 CAHTKOBO30B, KOTODHIH MO KOJBIEBOMY IYTH TpPaHCMIOp-
THPYeT ropsa4uil CAUTOK K NPHEMHOMY POJIBIAHTY CTaHA CO CKOPOCTBIO
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Zo & wmic. Tlocse ocTaloBKH CJAHTKOBO3a Y NPHEMHOTO pOJLIaHra
CANTOK B TOPH3OHTAAbHOM LOJOKEHHI CTANKHBAKT Ha POJbIAHT.
Ilpenycmorpena Takike BO3MOMXKHOCTb MOJA4H CJAHTKOB K CTaHy Ko-
JIOAUEBBIM KPAHOM. B 39TOM c/ay4ae CAHTOK YCTaHaBAHBAT B JIOABKY
CTalOHAPHOTO ONpPOKH/ILIBATE/s, PACNONIOKEHHOIO Nepes NPHEMHBIM
poabranroMm. Bpems onpokHALBAHAA JIOABKH 8 c.

C npHeMHOro poJbranra CJHTOK NepefaloT co CKOpPocThio o 1,2 m/c
Ha BECOBOH pOJIbTAHT, Ifle METa/I B3BEIIHBAIOT U NPH HeoOXOAHMOCTH
nosopauuBaior Ha 180° (aas 3agaun caANTKA B BAJKH KJETH Y3KHM
KOHIGM) B TOPH30HTAMbHOH INJOCKOCTH. MeXaHu3M B3BelHBaHHs H
MOBOPOTA CJHTKA pAClOJOMEH HAJ POJbTaHroM. [pysonopseMHOCTH
BecoB 40 T, AAHTENBHOCTs HHK/AA B3BEWWBAHUS 1 [OBOPOTS CJAHTKA
ua 180° ceeraBaser-25 c.

[To posbranry cauTox noctynaer K pabouel KJACTH B IOJOMKEHUH
«Ha pe6po» /15 NONy4eHNs NPH NPOKATKE B FOPH30HTAJbHLIX BaJkax
HeOOXOAHMOH IUMPHHbI C/86a W yAAJEHHA OKANHWHBI C IHPOKHX rpa-
HeH cAuTKa. 3areM CJAMTOK KauTyloT Ha 90° u BelyT MPOKATKY NpH
34/laHHOM DpexkuMe TeMnepatyprr (B uareprage 1250—1000 °C), o6-
)K;Tn;?i )(110 70—80 mMm 3a npomyck) M cpeiHeii ckopocrd (ot 2,0 1o
4,2 m/c).

[lpokarRa Bejercs Kak 1O ONHOMY, TaK W TO JIBA CJAHTKA OJHO-

BPEMEHHO: PHTM LPOKATKH B [I€PBOM Caydae cocTabJjser okonao 100—
140 ¢, Bo Bropom 150—200 c. -

Pa6oyas K/JeTh HMeeT TOPH3OHTAJIbHbIE BAJMKH JiHaMeTpom 1250 mm
U AauHo# Goukn 2400 MM; KaxabH BaJOK NPHBOJMTCS BO BpALIEHHE
OT MHAUBHIYAJILHOIO ABYXBbAKOPHOTO 3JIEKTPOJABUTATENA IOCTOAHHOTO

TOKa MomHocThIO 2 X 3750 kBT ¢ uacTorol Bpamenus 45—80 o6/mMun;

pacreop Bankos 1o 2100 mm. Beprukanbubie Bankn gnamerpom 1000 mm
¥ AnuHoH Gouxkn 2300 MM pacnonoeHbl 38 TOPH3OHTANLHBIMH (110
XONY IPOKATKM) M EMEIOT TAKMKE HHINBHIYAILHHH INPHBOL OT ABYX
JIEKTPOJBUraTeNIel MOCTOSHHOIO TOKA BEPTUKAJILHOTO HCTOAHEHHS
Momuocteio 2500 kBt 1 wacroroit Bpamenns 60/110 ob/mMin KaKawii;
pacTeBop BaJKOB KoJebaercss B nperenax 750—2400 mm.

[To ofe cToponsl pabodeli KneTH yCTaHOBJeHb pafouke W packar-
HHIE pONbranrH ¢ AuamerpoM posnkos 600 mm n marom 900—950 u
800 MM CcOOTBETCTBEHHO, OBecHeyHBAIOUIHE CKOPOCTBIO IIPOKATKH J0
5 m/c. IIpuBoA Bcex POJHKOB paBOouMHX POJNBLAHTOB OCYIIECTBIAETCA
OT WHAMBHIYaJbHOTO 3JIEKTPOLBHTaTens depes 3y0uaTyio MydTy.
IlpuBox packaTHBIX POJBLTAHTOB I'PYNHOBOH —— Yepes TPaHCMHCCHOH-
HYIO KOHHUECKYH mNepefady.

Manunynatop cHaGXeH YeThIpbMs JHIeHKaMH H3 CTANBHOTO JTHTb,
pacrofoKeHHbMH nepej pabodefi KaeTpfo M 3a Hed. Kamuas ns ge-
THIPEX JIHHEeK HMEeT JBe INTAHTH, KOTOPbE OMHPAKTCH CO CTOPOHH
pPONbranra Ha ONOPHBIE POJHMKH, a ¢ Apyrofl cTopoHE — Ha GaHIax
mecteped npuBoja. CHHXDOHH3ALMS JHHEEK Tepeil H 3a KJEThIo
MeXaHHYeCcKas, TOoCPEJICTBOM MpPOMEeXyTOUYHOro Baja ¢ 3yOGuarbiMu
mydramu. PactBop nuHeek cocrasasier 750—3300 mm, a ckopocTth
nepensuxenna ux 0,6—1,2 m/c.
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KanToBaTeJih yCTAHOBJEH TOJNBKO 33 BEPTHKAJNBHOH KJETHIO H
[ipe/iHa3HaueH IS KaHToBKY clurka Ha 90° BOKpYT ero npoponbHoH
OCH C TIOMOLILIO YeThIpeX KPIOKOB, BMOHTHDOBAHHEIX - B JIHHEHKY
MaHHTyAATOpa. Bpems nofiweMa KplokoB 2 c.

[Toc/ie MpoKaTKu packaT MOAAIOT K MAILIHHE JJ5i OTHEBOH 3aYHCTKH
ropsAYero Meranja B NMOTOKe CTaHA, B KOTOPOH MOTYT OBITh 3auMIIEHB!
au60o Bce 4eTHIpe MpoAOJbHBIE MPanH, Au00 ABe LIHPOKHE WJH IBE Y3-
KHe (B 34BHCHMOCTH OT COCTOSIHHSI MOBepXHOCTH Meranna). Temnepa-
Typa aauunjaemoro Meramia 950—1150 °C, ray6una sauncrku 0,8—
3 MM 1 ckopocTs 0,256—1,0 M/c. MammiHa nepeBUKHAA H MOXeT OuITh
BeIBesena 3a 50 ¢ u3 JHHWK cTaHAa (32 NepHOJ NPOXOXK/IEHHS packara,
He TpeOylomero 3aYHCcTKH, WJIH JJIS PEMOHTA) B NMEPNEHAHKYJSIPHOM
HATIPABJEHHH; TIPH 3TOM HAa MECTO MAMHHBl yCTAHABJIMBAIOT HENpH-
BOAHOH POJHK. . £

3aunmennpi pacKaT no pPOJbTaHry IOCTYNAaeT K HOXHHIAM
ropsueii peskd, Ha KOTOPHIX 0Ope3alT KOHIBI PACKATOB, a TAKKe
OCYIIECTBJSIOT PE3Ky pPackarTa Ha Mephble casbbul. HoxHMLE! IKCIeH-
TPHKOBOTQ THNA C MapaJieJbHEIMH HOXAMH H € HHXXHHM DE30OM YCH-
auem 28 MH umetor nnuuy nomedt 2100 mM, xon moxedn 4500 mm;
MAKCHMAJIBIOE YHC/Io pe3oB B MuHYTY 5—8. [IpHBOL HOXKHHIL OCY-
IMECTBJAAETCA OT ABYX 3JEKTpoJABHTaTenel MomHocTeI0 1875 KBT Kax-
nui#i W wactoroit Bpamenns 25/30 of/MuH uepes UHJIHHAPHYECKHH pe-
IYKTOpP ¥ YHHBEPCAJLHEIH INTHMHAENb, COEAMHAIIUHCA C BEPXHHM
IKCUEHTPHKOBBIM BajoM. HomHHIB 060pYAOBaHBl CTANTKHBATENEM
OGPe3KOB; OTOJBHMrAONHMCA POJBTAHrOM; CKPeSKOBLIM HAKJIOHHBIM
KOHBefiepom s yBopkH obpeskoB famno# o 700 mM, maccoit no
2 1 (ckopocts TpamcnoprHpoBanus Ao 0,1 M/c); mepexBHMKHBIM ymO-
POM, YCTAHOBJEHHEIM 32 HOMXHHIAMH ¥ MPeAHA3HAUEHHBIM /ISl OCTa-
HOBKH packaTa, mepeMemaioierocsi ¢o ckopoersio 0,5 M/c, npu mo-
peske ero ua wmepusie aauHbl (2500-—10 500 mm).

3a moXKHULIAMH CJsg0H KAeHMAT B €ro nepefHiolo TOPLOBYIO IPaHb
KAK ¢ OCTAHOBKOH, Tak H 0e3 OCTaHOBKY casifa. YCTpoficTBO COCTOHT
M3 JABYX KjefiMHTeNel, pacrnoJOMEHHHIX Ha ofliel njaolanke Haj
poasraurom. Yucao knefimenuit 10 B MHHYTY; MaKCHMAJTLHOE YHCJIO
kaeiim B KoMmmaekrte 12. Cwmena wne#m pyuuas.

Mocne kneitmenns roToBeie caA6bl B3BENIHBAIT HA PHIUAMKHEIX Be-
cax BePXHEro MCMoJHEeHHs rpysonoabemuocTeio 40 T (uncso B3Benin-
BaHu#t o 300 B gac) B MepelaloT Mo POJNLranTy K yGopOYHLIM yCTPOi-
cTBaM, rie caa6kl CTANKHBATENEM ¢ POJIBIAHTA CTANIKHBAIOT HA WTabe-
JUPYIOIUH CTOM A8 YKNaiK¥ cisGOB B TMaKeT, a 3aTeM TeJeXKOH
rpyzonofgbeMuocThio 120 T naker canGoB nepefainT B MONEPEYHOM
Hanpap/ieHHu HA cKJAl caaGoB N OXJMAXKIEHHS, OCMOTPA H BbibO-
pOYHOH 3aYHMCTKH, JHOO K 3arpy30uUHOMY YCTPORCTBY HAarpeBaTelsb-
HbIX neuell HeNMpepHBHOrO IIMPOKOMOJOCOBOTO CTAHA ropsuedl mnpo-
KaTKH.

Cnsn6ul 10 POJABTAHTY MOTYT Tpascnoprupoparbcs (6e3 npo-
MeKYTOYHOTO TONOrPEBA) H HEMmOCPENCTBEHHO K UYePHOBHIM KJRTAM
[MHPOKONONOCOBOTO CTaHA.
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Ha cnabunre npenycMoTpeHl cpeicTBa A YGOPKH CKpana H
okaauuel. Cran 06opy/loBaH TaKKe CHCTeMaMH CMasKH H OXJaKIeHHs
MeXaHHM3MOB H MAlIHH, THAPO- U THEBMOYCTPOHCTBAMH, 3J€KTPONPHBO-
IaMH M CHCTEMaMH KOMIJIEKCHOH aBTOMAaTH3allHH M0 OTAe/NbHEIM yua-
CTKaM.

[IpoekTuas mnpousBoiuTeNbHOCTh cas6urra 1250 cocraBaser
6 MJIH. T B PO (110 CJOHTKAM), MACCA MEXAHHUYECKOT0 TEXHOJIOTHUECKOTO
ofopyznosanus 8850 T 1 cyMMapHasi yCTaHOBJEHHAS MOILHOCTE 3JEKTPO-
oBopyaosanna 40 400 xBr.

BJIlOMHHTH TIPHMEHSIOT M5 NPOKAaTKH GAIOMOB H YacTHYHO CJif-
6o (a0 20—30 % or Bcero copramenrta), MoITOMY FOPH3OHTAJILHLIE
BAJKH pabouell KJETH BHINOJMHAIT KaJHOPOBAHHBIMH C HECKOJbKHMH
KanubpamH, H3 KOTOPHIX OAMH ([HpPOKKH Kanubp) AJas NPOKATKH CJiA-
6oB pacrnonaraloT mnocepeliiHe GOUYKH BaJKOB.

Ha puc. 1V.2 nokasana cxema pacnoqnoxenns ofopyjoBanus 6.io-
muura 1300 konerpykuun ¥Y3TM, npejnasHaueHHOro AJA NPOKATKH
omomoB cegennem 300 300—350x450 Mm 1 caados (zo 10—15 %
or obulero obbema copraMenta) toamuHoH 100—200 MM H wHpHHOH
700—1000 MM u3 cauTKoB Maccoit 8—13 T co ckopocTeio 1o 6 wm/c,

B otnenenun HarpeBaTe/bHBIX KOJOAIEB NpelycMOTpeHsl 12 rpynn
KOJI0ALEB (peKyneparnBHOTO THIIA ¢ BEPXHHM NOLOTPEBOM) MO 4YeThipe
Kamepn! (AueHKH) B Kaxnoil. [IpoH3BOAHTENBHOCTH ONHOH KaMmephl
120—150 ThIC.T/TOA NpH 3arpyake CJAHTKOB ¢ Temneparypoi 800—
900 °C.

Ilas ofecreueHdsi pHTMA NPOKATKH CAHTKOB NPeLyCMOTPeHa KOJib-
neBas CAWHTKOMOAAuYa OT KOJAOMUEB K TNpHeMHOMY poasranry. Ilo
3aMKHYTOMY KOJBIIEBOMY NyTH ABMXKYTCA MO 33aJaHHOH Tporpamme
CO CKOpOCThIO 10 5,4 M/c 4YeThipe CIHTKOBO3a C TOPH30HTANBHBIMH
naathopMaMu IJsi CAHTKOB.

CoutkH, Harpetsie fo Temmeparypsl 1300 °C, BbIHHMAOT H3 KO-
JIOALIEB NIPH MOMOIIY KOJOAUEBLIX KpaHoB. Kaxapit 13 CAHTKOBO30B,
MONYYHB QUEPELHOH CAHTOK, OCTABJAET ero K TIPHEeMHOMY POJIbTaHTY.
CnuTKOBO3 aBTOMATHYECKH OCTaHaBiHBaercsi cOOKYy Y NPHEMHOTO
pPOJIbTaHra M CAHTOK CTAJKHBAETCA C HETO HA POJIbTAHT TPH MOMOIIH
CTALLHOHAPHOTO CTAJKIBATeNs.

BspemnBanne u noBopor cantka Ha 180° ocymecTsasiores Be-
caMH, pacroJoXeHHEMH Hajl poJsranroM. Kanrosareb, HaXoAAWHACH
C mepelHel CTOpPOHLI pafouel K/eTH, M JHHEHKH MAHHNYJATOpAa, pac-
MOMOXKEeHHEIE ¢ 00eHX CTOPOH KJeTH, paboTaioT 1o 3aJaHHOH [1po-
rpaMme of:KaTHH DPH NPOKAaTKe, B 3aBHCHMOCTH OT MACCHl C/IUTKA M
ceueHus GJIOMA OCYIIECTBJSETCH PEeBEPCHBHAA MPOKATKA KaxKAoro
CAHTKA B OTAEJABHOCTH MJIH I0C/JAE10BATeNbHO ABYX C/AHTKOB.

HOuaverp Bankos Guiomuura 1300 mm (no Gypram KaamGpoB) H
anuna 6ok 2800 mm. Kaxaniit paGounit Barok cHa0XeH HHAMBHAY aJlb-
HbLIM TIDHBOJOM OT 3JIeKTPOJIBHTaTe/Is MNOCTOSHHOTO TOKA MOLIHOCTBIO
6800 kBT, 0—60—90 o6/MuH, ¢ HoMHHAALHEIM MomenToM 1,1 MH-wm.

O6karHe cJIMTKA ocymecTBasiercs 38 9—13 peBepcHBHHIX TIPOXO-
noB. Jlas nonydeHus OGMIOMOB NPHMEHSIOT CJAHTKH KBaApaTHOTO (HJH
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Puc. 1V.2. Baiomuar 1300 KodceTpykumun Y3TM:
1 — oTaedeHWe HarpeBaTedAbHHX Kosojuer; 11 — mposer crana; 111 — snekTpomallHHUBIA

san: [V — cxpansof npoaet: V — ckiag GnoMoB; [ — HarpesaTenblbie KONOAUBR; 2 — CAHT-
KOoBO3B; 4 — NpHeMHREII poJRramr: 4 — cTanKNBaTeadb CJANTKOB; 6 — pech: 6 — paGouasn
KJeTb GNIOMHHra, 7 — MAHHUNYasTOop: § — MAllllHbl AJA OrHEnol 3a4YHCTKH] 9 — HOMHHIE,
10 — woupeflep gux yOopKHM 0Opeskok oFf HomuHW: [! — cpeacrna ana yOopku GaioMos;
12 —yceTpolicTra AAA CMeNbl BAJKOB
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GAM3KOTO K HeMY) CeUeHHs H B npouecce ofKaTuil CANTKA ero neprojii-
yeckn kautyloT Ha 90°. Tak Kak KaHTOBatTe/b pacnoJaraiT Ha JH-
Hefilke MAHHMyJASTOpa C mepejHell CTOPOHbI CTaHa, TO KAaHTOBKY
OCymIeCTBASAIT depes 2—4 nponycka, T. €. NOCIe HYeTHHIX MNpo-
XOJIOB.

[Ipn mpoKaTKe Ha OGKHMHBIX CTAHAX C LeJIbi0 yBeJAHIeHHS NpOH3-
BOJMTENBLHOCTH CTPEMATCA NPHUMEHSATb MAaKCHMalbHhE 06xaTusi 3a
kaxnmeiit nponyck (90—120 mm). Oamako MakcHMaabHOE obxarne
npu TPOKATKe OrPaHHYMBAETCS MAKCHMaJbHBIM YIJOM 3axBara.

JLnsi 3a9HCTKH NMOBEPXHOCTH TopsiunX G10MOB 1 c/fb0B (yAaIeHHs]
TpelHH, 3aKATOB OKAJHHE! H [IJ1aKa H T. M1.) B NOTOKe MeTaJa 34 pa-
foueil KJAETbIO B JHHWH POJbraHra ycTaHoBJeHa MallMHa JUJIF OrHe-
BOH 34aYMCTKH. DTa Maunina mpejHasHadeHa JJIs 3a9HCTKM Ha XOIy
GmoMoB ceuenneM 1o 380450 mm u canGos wupuHoi a0 1000 MM
Y COCTOHT H3 JBYX KAPETOK, KOTOpHIE MOTYT MepeMelaTbCs Ha KaTKax
Mo peabcaM NEPIeH/MKY/AAPHO HANPABIEHHIO JBHKEHHA MeTalia.
Ha kapeTkax yCTaHOBJIEHbl Ta3opexyline TOJOBKH C TOpPeJKaMH.

IIpu nBwkeHHH OJOKOB ¢ FOPeJKaMH K METa/ly BKJIOYAETCs No-
Jlaua KHCJIOPO/a M TOpIOYero rasa (aueru/eHa HaM NPHPOAHOro rasa),
3aropalomuxcst OT ropsuero Meranna. Ha moBepXHOCTH MeTaull
ONJIABJSAETCS H B 3TOT MOMEHT BKJIIOHAeTCs MOAAYa KHCAOPOAA, B pe-
3yJIpTaTe 4Ero OCYIIECTB/IsIETCs CIVIOLIHAs OTHEBasd 34YHCTKA MeTa/lla
co Bcex ueThpex cTOpoH. OMHOBPEMEHHO BKJIOYAETCS CHCTEMA JUIA
rugpoc6uBa ofpasylolleroca liAaKa BOAOH  BBICOKOTO  JABJEHHS
(3000 kIla). Tasopexymiue rofloBKH CHAGKEHbI EJIEBHAHLIME JIETKO-
3aMeHSIeMBIMH TOPENTKAaMH, DACHONOMEHHBIMH NOA yriom 257 K mo-
BEPXHOCTH MeTajina. Ec/u [ocJje MPOKaTKH 3auucTKa 6J10MOB H CJIsI-
GoB He TpeGyercsi, 06e KapeTKH OTBOAATCS OT POJbTaHra B MpOTHBO-
[OJI0KHBIE CTOPOHBl MPH TNOMOLIH LHJIHHAPOB. )

Pexum paboThl MamHHbL aBToMaTn3nposad. [Ipu oruesoil 2a-
qHCTKE CHKHTAeTcsl IOBepXHOCTHBIH cJofi Meranna TonmmuHoil 1,5—
2.5 MM; noTepH MeTajla COCTaBJAIOT 1—2.5 %.

CrejiyeT OTMETHTb, YTO Ha HEKOTOPHX OMIOMHHTaX 32 pybexom,
MPOKATHIBAIOMHAX CHTKH U3 JIETHPOBAHHOH CTAJH, BMECTO MALIHHEL I/iA
OrHEeBOl 3aUHCTKH YCTAHOBJEHH (pesepHble MHOTODE3NOBHIE CTAHKH
LI MeXaHHuecKOH 3auHCTKH (CHATHS CTPYKKH) ropsiuHx OGJOMOB.

3a MAIHHON /s OrHeBOil 3a4HCTKH OJIOMOB M CJSIGOB yCTAHOB-
JeHbl HOXHMILB ¢ HHIKHAM pesoM ycuanem 12 MH. YUro6bl yMEHLILIUTh
4HCO0 HeMepHHX OGpesKoB NpH pe3anHnu G/IOMOB H CIAGOB HA Mep-
uste AauEs (1200—6000 MM), HOXKHHIB ynpasastworcea IBM nocpen-
CTBOM JATYHKOB H3MepeHHf oOuled AJHHLL -[OJOCH 0 pe3aHHs.

Ipu pesanui HOXHHUAMH OJMIOMOB W C/1760B Ha MEpHELIE JUIHHEI
o6pesku OT HX TOJIOBHOH H XBOCTOBOH WacTeil COCTABMIAIOT 10—15 %
(no macce). IIpH MPOM3BOAUTENLHOCTH Gaomunra 450—600 T/4 ot
HOMHHIL HeoBxoauMo yéupath 50—80 1/u o6peskoB. ¥ GopKa OCYILECTB-
nsieTcd KOHBefiepoM C HenpepuiBHOH 3arpy3koil 0OpPe3KOB B NeNbHC-
MeTAJTHUECKHAE JKEJe3HOA0POKHbIe NAaTQOpPMbl TPY30NOAHEMHOCTHIO

po 100 T.
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ITenunofi cxpeGKOBHIT KOoHBefiep pacnofoxeH MONepeKk CTAHOBOrO
Il CKPAMHOTO 0poJeToB. TIpienMuas 4acTh KolBellepa HAXOAUTCs! B 1ep-
BOM TpOJIETE HHIKE YPOBHSI MoJia lexa, a pasrpysouHas HaKAoHHAs
4acTh KOHBEHEpa — B CKpaniioM IpoJiete ¢ KeJe3HOROPOXHbIM Ny-
tTem AN naargopm. [lo HakaoHHOMY Kefoby y HOMHHIL 06pe3kH ma-
ZA10T BHH3 H NOMafaioT Ha MpHeMHYyIo niauty. CkpeGKH, NpHKpenieH-
HBEIE K 3BeHbAM GOKOBBIX Ilenef, nepeMewiaror ropsadyse obpesku mac-
coit 1o 1,5 T KaxALIH N0 NPOMEKYTOYHBIM IIJIHTAM K Pa3rpy304HOMY
®eaoby, ¢ KoToporo o6pe3KH NajaloT HeNOCPeACTBEHHO B NOJYy3a-
KPHITYIO THWIATQOPMY.

Kaeiimenue 6J10MOB H c15160B B TOpell MOCJe Pe3KH Ha HOXKHULAX
OCYINECTBASIETCH HAa XOLY ABTOMATHYECKHM PLIYAXKHBIM KJefMUTeaeM
¢ JHCTAHIIHOHHOH CMEHOH KJIefim.

Tak kKak oTxoibl (00pe3Kil) OT TrOJOBHOH I XBOCTOBOH uvacreil
GaoMoB 1 casbos coctapasior 500—1000 rtwic.T/roa, To pasiedeHue
HX 10 MapKaMm CTalH Tepel OTNPaBKOH B CTajJeNJaBH/LHBIL 1eX
Ha TepenyiaBKy TNPeACTaBAseT CJHOKHYIO H TPYLOEMKYIO 3ajady.
Ha muorsx 6MiOMHHTAX Onepaluio KJIeHMeHHs1 00pe3KoB BBHILY TPVI-
HOCTEM ee MeXaHH3alWi OCYIecTBAAIOT BpyuHyio. Ha GmomuHre
1300 onepamms kJaeliMenus aBTOMaTH3HpoBaHa. s 3Toro nepen
HOMKHHLIAMH YCTAHOBJIEH JMCKOBBIH KJAEHMHTeNb, KOTOPHIH Hernpe-
PHIBHO HAHOCHT KJeHiMa Ha MNOBePXHOCTh JBHKYIIHXCH GJIOMOB
uan cJga60B Ha OmpefesieHHOM OTpe3Ke HX TOJIOBHOH H XBOCTOBOH
qgacTed.

INoc/e nope3skH Ha HOXHHLAX H HX KJefMeHHs GJIOMBI IO POJib-
raHry HANPABJAIOTCA HA JanbHeHIIYlo NMPOKaTky (HA HenpepbiBHLIH
saroToBouHEi ctan 900/700/500), a ciisibbl (B KOJHYECTBE, COCTABJSAIO-
mem okoJo 10—15 % ot obuieil NpOH3BOAHTENLHOCTH CTAHA) CTANKH-
BAIOTCS TOJKAaTeNileM Ha wWTabeNnPYIHA CTOJM H 3aTeM IMepefalnTcsi
TEAEKKOA HAH KPpaHOM Ha cKMAaj AMA OXNauKAeHHS W 3a4ucTKH. Jlaa
obcayxKuBaHHS pafoueil KJAeTH B CT2HOBOM TPOJIETe YCTAHOBJEH MO-
CTOBOH KpaH TAMXENOro THHA TPY30NOABeMHOCTRIO 125 T.

[TpoekTHaa mpouaBojuTesbHocTe Giaiomusra 1300 cocraeniser
6,0 MmH. T B roj; mMacca MexaHHyeckoro obopyjgoBanus 5500 T u o6-
Uiasi MOIIHOCTb TJIABHBEIX 3JEKTpoABHraTteneii crama 13 600 xBr.

Ha ozHom H3 MeTaJIyprHYeCKHX 34BOJOB CTPAaHBl B KOMILJIEKCE
¢ yHHBepcaJbHEIM 0aJIOYHBIM CTAHOM YCTAHOBJIEH peBepcHBHHIA GJIi0-
munr 1500 konerpykund ¥Y3TM. On npejnasHadeH A/ npoH3BOJACTBA
6aomoB ceuenHeM 250 x 2560 — 400400 MM # pauHo# 3,6—11,4 m
u cnabos ceyendem no 200 < 1600 MM u aaunoi 2,0—3,4 M, a Takxke
thacoHHBIX GaNOUHLIX 3aroToBOK cedeHHeM OT 185x450 mo 450 x
x 1225 MM u3 caurkoB maccot 9,7—21,8 1 (puc. 1V.3).

OpnoknereBoil peBepcHBHBIH GmoMHHT 1500 BhImosHeH no cxeme
pacmnoJiokeHHa o6opyloBaHus, aHalorHuHOH Gmomuury 1300, ¢ or-
IefleHHeM HarpeBaTeJbHHIX KOJOJUEB H KOJBIEBOH CJAWTKONOZAaued.

['napHasi MHEKA OJIOMHHTA BKJIOYaeT paGouyio KJeTh C AHAMETPOM
BankoB 1500 mm (no 6ypTam) u AauHO#N GoukH BaakoB-3550 MM ¢ npu-
BOJOM OT JABYX HHIHBHIYAJbHBIX 3JeKTPOJBHTATeN]ell NOCTOSHHOTO
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Puc. IV.,4. Tlnam paconosoxeuus oO6OPYJOBaHHA HENPepLIBHOTO 8aroTeBoTHOr0 CTaHa
900/700/500 komcrpykuud BHHHMMermam — IO¥M3: [ 1 111 — pposerw craua; 11 — cxpan-
wolt nposet; 1V — MamuAHEWA 3an; V — nomewenue gas TpancGopMaTopos; / — poabrasr;
2 — uephophble ABYXBajaKoBbeie KaeTH 9003 1300; 3 — KaHToBatedkb; 4, 5 — nmepmBaR Henpe-

pHBHas (uePHOBAas) TPYNNa H3 YeThHPEeX FOPH3OHTANBHBIX H ABYX BEDTHKAMbHBIX KJeTeil;
¢ — ynop; 7 — oTBojsmKit posbraHr; 8 -— GokoBo# ponabrasr; 9 — mnennep: /00 — ynop;
I{ — sevyuave ManTREKOBHE HOWEuHB, [2 — ganvomatenn; {3, 14 — sTopax HenDepHEBHaAsR
(4HCTOBAR) FPYNNA H3 TPEX BEPTHKAJbLHBIX H TPeX FOPHAOHTAJbHLIX Knetefi; 16—17, 20, 23 —
poabramr; /6 — HOMHHUB C HHXMHHM Pesom; /§ — jeTyuse GBICTPOXOJHKE HOXHHIBL [9 —
Tpaucnoptep obpeskon; 2/ — nakeTupyoWuii poasranr; 22 — wmaennep; 24 — XOJOAHILHAK,
25 — reapdep; 26 — ama AJas OKaAHHB =

~ Ha 3THX craHax M3 yKasaHHBIX ONIOMOB MOMHO TaKKe MpPOKAThL-
BATL KPYyT/ble TPYyGHLIE 3arOTOBKH, 8 H3 NPAMOYTOJbHEIX  GJIOMOB —
NPSIMOYTOJBHEIE M [IJIOCKHE 3d4r0TOBKH.

HenpephiBHbiii 3aroToBouHb ctan 900/700/500 cocrout 13 14 1By x-
BaJKOBLIX KJeTeH, Pacrnofio’)KeHHLIX B Tpex rpynmax: 1epBod us
ABYX KI€TeH C HOMHHAMbHBIM JuameTpoM BaakoB 900 mm (no mex-
OCEBOMY PAacCTOSTHAIO IIECTEPEHHOH KJETH), BTOPOH — HenpephIBHOM
(depHoBO¥) H3 mectH KJered (ogHa kaetb 900 u maATh kjered 700)
H TpeTbeH — HenpepuiBHOH (UHCTOBOH) M3 IIECTH KJeTel ¢ HOMHHA/Ib-
HBIM Amamerpom Bauakos 500 mm (puc. IV.4).

OcHOBHas OTJHYHTENbHAA OCOBEHHOCTH ITOr0 CTaHa — YepeaoBa-
HHe KJeTell ¢ BepTHKaNbHBIMH H TFOPH30HTAMLHBIMH BajKaMu B He-
NMpepHBHBIX Ipynnax.

ITocne pe3xn HA MepHHE IAHHbLL ropaude OJOMLL ceuenHeM 370 X
» 370 MM 1oeTynaioT no podaeraury I (0es N0MoJHHTeALHOTO HOA0TDe-
Ba) co ckopocTsio okoao 0,2 M/c B nepsyio kaers 900. [Tpu neo6xo-
AHMOCTH MOKHC GJIIOM NMOBepHYTL Ha 180° B ropH30HTANLHON MI0CKO-
cTH s sagadn ero B kiaeth 900 koHioMm, B KOTOPOM HET MPH3HAKOB
ycaAouuoil pLiXJA0CTH.

[Mepeble aBe ket ¢ Baakamu 9001300 mm 2 ycraHoBaeHbl OT-
JeJBHO; PACCTOSIHME OT BTOPOH KJeTH 3TOH rpymniibl JO NepBof KJeTH
BTOPOH TpYNikl NO3BOJACT OCYIIeCTBAATE CBOGOIHYIO KaHTOBKY GJloMa
NpH NOMOLIM KaHTOBaTels J, PAcNoJIOXKEHHOro Ha POJIbTaHTre MEexAy
STHMH TpPYNIaMH KJeTei.

IlepBas HempephIBHAs rpylna cOCTOHT H3 AByX KJaereit 900 X 1300
(ananoruYHOM KOHCTPYKLUMH C KJETAMH NepBOiH IPYIMIb) H YeThipex
kaereil ¢ Bankamu 73031300 Mm; u3 3THX ueTHIpeX KJered B nepBoi
1 Tpethell (MATOH N CeABMOIT 110 NOPRAKY KAETAN CTaHa) Mpenycmo-
TpeHsl BCPTHKAABHBIE BaNKH. [TpH npokaTke Bo BTOPOIl rpynmne MOXHO
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nojilydathk 3arotoBrH ceuennem 2003200, 170170 u 150 x 150 mm
(COOTBETCTBEHHO H3 "4eTBepTOil, 1IecTod W BochMOH KJerH). Kpynuee
3aroToBKH ceyeHHeM Gouee 150 % 150 MM ¢ oTBOAsiero poasranra 7
npH NOMOMIM NONepeyHoro TpaHcrnoprepa 9 HampapaAwTcA Ha GOKo-
BOH POJIBraHr 8 ¢ KOHIEBHIM CTAllHOHAPHEIM ynopoM 6; najee 3TH 3a-
TOTOBKH poJbraurom /& mogaioTcd K HOMKHHLAM /6 ¢ HHKHHUM DPE3OM
yeunuem 10 MH, pazpesaiotes ua MepHble ANMHL B npefenax 6—8 um
¥ 1o poapradram I7 u 23 HanpaBafioTCs Ha XOJOAHJBHHKH 24.
3arotoBkH ceveHHeM 150150 MM, BHIXOISIIHE CO CKOPOCTBIO MO
2,3 m/c, no pOJLraHry 7 HanpaBJASIOTCA KO BTOPOH HeNpepsBHOMH
rpynne s RanbHefimiefi MpPOKAaTKH.

Bropas menpepelBHasi rpynna COCTOHT H3 WIECTH YEPELYIOUIHXCSH
knereft 530 X900 mMm ¢ BepTHKaJAbHBIMH /3 H TOPH3OHTAALHBIMH 14
Baikamu. [IpH npokaTke B 3TOH rpyle MOXKHO NMOJYYaTh 3ar0TOBKH
cegenuem 120120, 100100 u 80x80 mM (coorBercrBenno u3 10,
12 u 14-#i kpern). \ns Toro urobu B AEBATYIO K/ETh 3alaBaTh 34TO-
TOBKY C MNOCTOSHHOH TemMmepaTypo#, Hd MPOMEXYTOYHOM pOJIibTaHTE
3arOTOBKY OCTAHABJIHBAIOT MOJHHMAICIIHMCS yropoMm [0 u BuIIEp:KH-
BalOT HEKOTOPOe BpeMs Ha poapradre. [lepeIHWii HEepPOBHBIT KOHel
3aTOTOBKH 00PEe3al0T MAATHUKOBLIMH JNETYUHMH HOWHHUAMH [/ ycu-
nueM 1.5 MH. B cayuae Heo6xoaumocT (M0 YCJAOBHAM KaJHGPOBKH
BaJIKOB) 3aroToBKa KaHTyeTcs KaHToBaresem [2.

Ilo BHIXo#e M3 mocAefHell KJETH 3aroTOBKY cedeHdeMm jo 80 %
%80 MM pazpesaroT JeTYVIHMH NAAHETapHLIMH HOXHHLAMH 8 HA Mep-
HEE JJHHE 8—12 M; paspesaHnble 3aroToBKH COGMPAIOTCA B NAYKH
Ha NaKeTHPyloweM podsranre 2] u mo poJsranram 23 HanpaBafiOTCS
Ha XOMOAHNLHUKH 24,

H3 Bropofi HENpepbIBHON TPYIMILI BEAAIOTCS 3aTOTOBKH CEUSHHEM:
u3 10-% xaern — 120 x 120 mM co cropoetsio 3,5 m/e, u3 12-fi knetn —
100 % 100 MM co ckopoeThio okoJio 5 M/c 1 u3 14-fi knetu — 80 x 80 MM
CO CKOPOCTBIO 0KoJ0 7 wm/c. JleTyuue maaHeTapHbie HOMHHIB! YCH-
aueM 1.5 MH paspesaiet 3arotoBKH, JABIKYIIHECS ¢ YKA3AHHEIMH CKO-
POCTAMH. 3JECh e OCYHIECTRASETCA MX KJIeHmeuwe.

Bce TexnoJsloruueckie onepamnuy Ha CTaHe MEXAHH3HPOBAHE 1T 4BTO-
maruszupoBanel. Ha crane mpumerensr: 1) MEXAHHAMB T KOMILIEKT-
HOH CMEeHLI BAJIKOB H TIePeIBIDKEHHS TOPH3OHTANBHLIX M BEPTHKAb-
HBIX KJerell (MPH mepexofe Ha NpOKaTKy B cocenHem kaanbpe); 2) ynu-
BepcadbHple INHHIEAH C UIAPHMPAMH HA TNOAMHMTHAKAX Kauemnwus,
3) MeXaHHu3pOBaHHas CKHNOBas yOOpKa 06PE3KOB OT HOKHHIL, 4) Mec-
J03bl U H3MEDEHHA YCHJIHS MPOKATKH H HATSMKEHHs 3aroTOBKH MPH
npoKaTke; 5) BOAOOXJa)KAaeMble POJIMKH POJIBTAHTOB C NPHBOAOM OT
IBUratesiel © NOAHM Banom; 6) aBRTOMaTHuYecKoe KAeHMenHe 3aro-
ToBKH; 7) OBM nna ynpasnenua paGorofi crama.

Cranbl paaHa/bHO-CABMIOBOA NPOKATKH

C pasBuTHeM HENPEPHBHOH PpA3AHBKH CTalH, BHEIDEHHEM HOBBIX
CAOYKHOJIErHPOBAHHBIX CIJIABOB, MOBHILIEHHEM TpeGoBaHHE K 3KOHO-
MITH H KauecTBY MeTanloB nprobperaer ocofoe 3HadeHHe npobJaema
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Puc. IV.5. Cxema ouara gedopmaunn
CTaHa paJHanbHO-cABKrosofl npoKaTku(a,
) W nonepeuHoe ceuense ouara (a)

cozsaHus 30OeKTHBHBIX, IKOHOMHYHBIX CTOcOBOB HehopPMHPOBAHHS
CAUTKOB H 3aroTOBOK.

B MOCKOBCKOM MHCTHTYTE ¢TaJH H CIOJAaBOB 110JI PYKOBOACTBOM
[1. U. Tlonyxuna u M. H. TToranosa cos3jal NpHHUHNHAILHO HOBBIH
npoiecc paiHaNbHO-CABHIOBOM (BUHTOBOH) NPOKATKH, COYETAIOLIHH
NPeHMYIIECTBA HENPEPHBHOTO H UHKIHYECKOro AeOpMHPOBAHUS.
HoBy1o TeXHOJOTHIO MOXKHO OTHECTH K NpOIeccy BHHTOBOH MPOKATKH
¢ BLICOKMMH eJIHHMUYHEIMH ofzkaTusiMu, obecneuHBaiomemy Godbluoe
pajualbioe 06KATHe MPH MHTEHCHBHBIX CABHTOBHIX JedopMamusix.
L SXHOJIOTHYECKYI0 OCHOBY OpOIECCA COCTABJAKT GOJbINHE YI/Bl NO-
jaun B BaJKOB B COYETaHHH CO CTENHaJbHOH reoMeTpued odara fe-
(opMallii, B KOTOPOM peaNiH3yiTCs yHHKaJbHbIE YCJIOBHA MAACTH-
yecKoro OPMOH3MEHEHHS, 1MO3BOJAIONIHE NPOKATEIBATL NPAKTHUECKH
Bee nedopMHpyeMble MeTa/lIHdecKHe MaTepHAJBl ¢ YCTPAHEHHEM BHY-
TPEHHHX H TNOBePXHOCTHhIX JedexToB. Cxema ouara JedopMalHn
npegctaBiesa Ha puc. IV.5.

K BaKHBIM MOKa3zaTedsM IJACTHUECKOrO Te4YeHHA MEeTaJjjia OTHO-
esiTesl BHA M JIJIHHA TpaekTopuH AedopMaunnH. AHaNH3 noKasnisaer,
4TO LHKJAHYeCKHE XapakTep Bo3feficTBHA JeQOpPMHPYIOUIHX YCHIHH
0 reJuKoHjaJdbHOE nepeMeilenie MeTajsna o0ycJOBIHBAOT BechMa
crienHdHUECKHA H CJIOXKHBI BUJ TPAaeKTOPUH JedopMalHH B Tpoliecce
pajMaibHO-CABHIOBOl npokaTtkd. Tpaekropus jeopmannu pacro-
JIOXKEH4 HE B NJOCKOCTH, a npejcTaBiaseT co60H 00beMHYIO KPHBYIO,
yTo Tpelonpenesser 3HauxTeNbHO Oodee Bhicokue (B 6—10 pas)
3HAYeHHA ee JNJIHHDBI (HaKOnJIEHHOI—I crenedH JedopMaluH) Mo cpaBne—
HHIO C MPOA0JIBHOH MPOKAaTKOH HJH 1PECCOBaHHEM.

HoBasi TeXHOMNOTHsT BCeCTOpOHHE HccJefoBaHa NPH MPOKATKE He-
NpepLIBHOMHTHIX, KATAHKIX M KOBAaHLIX 3arOTOBOK H3 CTajel H cuia-
BOB pPa3yIMYHBIX KJaCCOB: VIVIEDOIMCTBIX, MOANIMIHHKOBBEIX, KOp-
PO3HOHHOCTORKHX, HHCTPYMEHTAJNbLHBIX, ObICTPOPEKYLUIHX, BHICOKOJIE-
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HPOBAHHBLIX CINIABOB, THTAHOBBIX, MeAHHIX, 0cofo TpyauosedopMi-
PYCMBIX KADOIPOUHLIX CIIABOB HA NHKEJACBOIH OCHOBE, 3ar0TOBOK 113
MOPOLIKOBOIrO MaTepuand Ha OCHOBe MoaubleHa, xKenlesa, GLICTpope-
AYILei CTA/MH, 4 TAKXKE 3ar0TOBOK M3 GeJ0ro UyryHa ¢ COTEepKaHHEM
yraepoza zo 3.0 %.

Bricokne Koa(puiunenTH BHITAKKA 3a Npoxoj (4--25) coBMmecTHO
CO 3HAUNTeNBLHOH HAKOM/IEHHOH cTeneHnio JefopMaluuud o0ecnednBanT
3peKTHBHYIO NpopaboOTKy CTPYKTVPH MeTalljla H IIOBBLIIEHUE ero
(DU3MKO-MEXAHHUECKHX M 3KCMAYaTAllNOHHBIX CBOHCTB. B uacrnocty,
KapOuanas (aza B OGBICTPOPEXKYIIHX CTANAX INOCAe pajualbHo-
CABHTOBOH TPOKATKH MMEET BHJ paBHOMEPHOH MeIKOJHCIEPCHOM
ceTku. [TonyunTh Takoe cTpoeHue KapOHIOB He YIaeTCs TPaAHLHOH-
HBIMH MeTOJaMH (KOBKOJH, NPOJOJALHON NpoKaTKO) Naxe npH 3HauH-
TedbHO 60Jiee BbICOKHX KOo3(duunentax BuITAKKH. CTOHKOCTh HH-
CTPYMeHTa, M3TOTOBAEHHOTO H3 CTaJH NOocide pajnalbHO-CABHTOBORH
npokaTkH B 1,8=-3,0 pa3a Bblllle CTOHKOCTH HHCTPYMEHTA H3 CEpHE-
HOH OBICTpPOpExYLLeH CcTajH.

Cxema nedopmanun B 3TOM npouecce, Gaarogapst NPOTAMKEHHOMY
KaJHOPYIOEMy y4acTKy, [03BOJISIeT yCTOHYHBO MOJYYaTh COPTOBOMH
npoKar, B 2—5 pas mpeBLIWAKIHKHA M0 TOYHOCTH pasmepoB Tpebosa-
nusi TOCToB u TV.

HoBas TexHOJOrHs peajusyercsi Ha ClelHaNbHO pa3paboTaHHbIX
[0 «danexrpocranprsikmamy ¥ MHCHC craHax paamanbHo-caBHTO-
BOH TPOKATKH, NO3BOJNAKMHAX AeOPMHPOBATL CAMTKH H 3arOTOBKH
aunamerpom ot 30 o 500 MM. ITH CTaHBl OTAMYAKTCH MaJOil 3HEpro-
eMKOCTbIO, KOMMAKTHEI, aBTOMATH3HPOBAHLI, HAJEXKHHI B 3KCIJAyaTa-
UHH, 0064a7al0T BOJBMON TEXHOMIOTHYECKOH MaHeBPEHHOCTHIO, 4YTQ:
No3BOMSET YCNEeIIHO HCMOJL30BAaTh WX MNPH  PEKOHCTPYRUMH jpeift-
CTBYIONIETO TIPOH3BOACTBA H CO3JI@HHM HOBBIX 1IEXOB H KOMIJIEKCOB.

Brenpenne HOBOH TEXHOJIOTHH H HOBOTO OGOPYAOBaHHA Haer
HanGoabmHA 3hdeKkT B CAeAYIIHX caydasx:

1. Ilpu peKOHCTPYKUHMH NEHCTBYIOMHX COPTONPOKATHHIX CTAHOB
IJIfl yBeJIHYeHHsl MPOH3BOJAHTENbHOCTH, MNOBHIMIEHHS] KAYecTBa Mpo-
KaTa H BHIXOA4 TOJHOTO, YAYYINEHHS YCJAOBHH TpPyIa.

2. Ilpu nedopMHPOBAHHH HENPEPLIBHO-JIMTOTO MeTAJNa, Mpej-
HA3HAYEHHOrO JIJIsi MPOH3BOJACTBA COPTOBBIX OpodhHIeH.

3. Ilpn npousBojcTBE COPTOBHIX npopuAeH H3 TPyaHOJehOpPMH-
pPyeMbIX H MaJONJacTHYHBIX CTanleHd (B3aMeH KOBKH, MPEeccOBAaHHA H
MPOAOJABHOH MPOKATKH).

4. Tlpn NIPOM3BOJICTBE GLICTPOPEeXYIeH CTaJH s HHCTPYMEHTA
TOBBIIIEHHOH H3HOCOCTORKOCTH HA METAJNTYPrHYECKHX M HA KPYMHBIX
MAIIHHOCTPOUTENLHBIX 3aBOJAX.

5. Ilpn nosyueHHH 3arOTOBOK € pa3MepaMmu, GJH3KHMH K pasmepy
u3NeMHi, Ha MalIMHOCTDOHTENLHBIX 3aBOIAX.

6. IIpu IPOM3BOJICTEE BHICOKOKAYECTBEHHBIX COPTOBLIX 3aT0TOBOK
M3 TOPOIIKOBEIX MATEPHAIOB.

7. Tlpu Mpon3BOACTBE COPTOBOYD NPOKATA W3 PA3NHYHBIX 1BETHBIX
MEeTAaJI0B.
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OdpdhexTHBHOE HCMOML30BAHKE 3TOH TEXHOJOTHH nefecooipasno
Tak:e B [POKATHLIX lexXax 34p0J0B Madol MOLHOCTH.

CpeaHaa NpOH3BOAUTENBHOCTE cTaHa 7H00 T/4; Macca mexdaHuude-
ckoro oBopylnoBaHus 10 500 T.

2. JIUCTOBBIE CTAHbI TOPAYEWR NMPOKATKH

Cnoco6om ropsidedf MpoKATKH MNOJYYAlOT IUMPOKHE TNOJOCH (MHCTbI)
MHHUMAALHOH ToMmuuod 1—1,2 MM (B HCKIIOUMTENbHBIX CJAyUasX
0,8—0,9 mM) 1 MakcumanbHO# TomumHOM 1o 120—200 (B HeKoTOPHIX
cayuyaax nautel Jo 400 MM v wHpuEoH ot 500—600 mm no 4600—
5000 mm). o Toninmre mosockl (MCTHI) pazAedsioT Lia JiBe TPYIlIbL
TOJACTLIE —- TOJINIHON 4 MM 1 Bblille # TOHKHE — TOJIYHHOH MeHee
4 vy, Ho Jeaenie jquetoB Ha TOJCTBIE 1 TOHKNE YCJAOBHO; HAPUMEDR,
HA COBPCMENOM HenpepblBHOM CTale NPOKATHIBAIOT KAK 1HpOKHE
TOHKHE, TaK H WHPOKHE TOJCTBE LOJOCH], MO3TOMY €r0 Ha3bIBAIOT He
TOJICTO- MJIH TOUKOJTHCTOBEIM, & UIHPOKONOJOCOBBIM CTAHOM.

C wespio NOBHILEHHSI KAYECTRBA TOTOBOIl MPOLYKINH TOJOCH Mpo-
KaThIBAIOT He H3 CJAHTKOR, a N3 clA00B Maccod A0 3—45 T, noayuae-
MBIX CO CASIBHHTA HaH GUICMHHIA-CAAGHHTa, 00 ¢ MALIHH HEelpPepbiB-
Horo JuThs cAf60B. Ocobo tonactaie (100—400 mm) 1 mupoxrue (3000—
5000 mMm) JHCTHI NPOKATHIBAIOT H3 KPYNHBIX CAHTKOB Maccoi 50—
100 T Ha cneLHaIM3HPOBAHHBIX TOJCTONNCTOBRIX CTAHAX.

- OCHOBHBIM MAaPaMETPOM JIHCTOBOTO H MOJOCOBOTO CTAHOB IBJIAETCS
JaHHa 60YKH BaJgoB paboued KJeTH (B HENPEPLIBHBIX CTaHax NO-
caepuei kmerh), Hamensiomasnca or 50—100 MM (Y MHOroBalKoBLIX
JENTOYHBIX CTaHoB) g0 5000-—5500 MM (v TOMCTOMHCTOBEIX CTAHOB).

Insi npou3sBOMCTBA JMCTOBOH TOpsAYeKATAHOH CTann NpHMEHSIOT
CAenyIGIe OCHOBHBIE THTIB JIICTOBBIX CTAHOR ropsueil MPOKATKH:
1) yenpepHBHHE IHPOKONOJIOCOBHE ¢ IIHHOHA 604K BaaxoB o 1420—
1450 mo 2285—2500 mm (c ZBYMA rpynmnamu KJerell — nocJefoBa-
TeTLHOH YepPHOBOH W HempephIBHOH YHCTOBOII), 3TO CaMble BRICOKOCKO-
poctrbie (20 20—30 m/c) H BBHICOKONMPOH3BOAHTENLHEE (10 3,5—
6 MJIH. T/TOJl) CTaHbI JJiA IPOH3BOJCTBA TrOPsiYeKATAHON JIMCTOBOM mpo-
AYKLHH B PYJOHax; 2) OIHO- H ABYXKJIETEBLIE PEBEPCHBHHIE TOJICTO-
JHCTOBBIE CTAHHI C QJHHON GoukH BaakoB ot 2000—2300 no 5000 mm
0 GoJiee (C BepTHKaJbHOH KJETLIO Brepe]H TOPH30HTANMbHBIX KJeTe
HIH 0e3 Hee) JUId NPOKATKH TOJCTHIX JIMCTOB MEPHOH AJIHHBEI, HHOrI4
HA 3THX CTaHaX TPOKATHIBAIOT 113 CJHTKOB, KPOME JHCTOB, H CJSIObI.
Takue cTanpl Ha3pBalOTCA KOMOMHHPOBAHHBIMH  TOJICTOJNHCTOBBIMH
cranami; 3) TOJYHenpepbiBHEIE MIHPOKONOJOCOBLIE C JJHHOE GOUKH
BaJIKOB B GHCTOBOH rpynme Khaeredl ot 800—1200 ao 2700—3050 mm,
ganie Bcero 1700—2000 MM (c 0fHOH-IBYMSA peBepPCHBHBIMH YePHOBBIMH
KJIeTMH ¥ HeNpepniBHOH UepHOBOH rpynmoH KJjereil). ITH CTaHbI
MeHee NPOM3BOIMTENLHH (10 2—2,5 MJAH. T/TOR), YeM HenpepbiBHbLIE.
Ckopoctb npokatku gocruraer 10—20 m/c. Ha 31HX cTanax noayuaior
KAaK MOJOCOBY!O DPOAYKLUHIO B DYJOHAX, TAaK H JHCTOBYIO MEpHOH
JJITTHBL.
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Kpome OCHOBHBIX THMNOB JHCTONPOKATHHIX CTaHOB, B NpPaKTHKE
JICTOTIPOKATHOTO NPOH3BOACTBA CYLIECTBYIOT PEBEPCHBHEBIE YeThipex-
BAJIKOBLIE CTAHEI 1t [JIAHETAPHBIE CTAHHl JUIS Topsueil IpoKaTKH TOH-
KX [OJI0C TOJMOHHOR 1—4 MM 1 mspugost go 1000 mm.

Ins ropadell Npokarkil TOHKHX NOJOC H3 3JEKTPOTEX HHYECKHX
craneil (MuHaMHOil M TpaHCchOpMATOPHOH), cofepxkamux 2—3,56 % Si,
TIPHMEHSIOT PEBEPCHBHEIE YETHLIPEX BAJKOBEIE CTAHE C MOTAJIKAMM B Ie-
uax (remneparypa B meun okoJao 1000 °C).

[px peBepcHBHOH npoKaTKe NOJOCY MOOYEPESHO CMATHIBAIOT B PY-
JOHL MOTAJKAMH, pPacmo/oxKeHHbBIMH (Ha pacctosHuu 5500 wmwm)
B neyax nepel KJeTblo u 3a Hefl. Takum o6pasom, remneparypa npo-
KATHIBAEMOIl TMOJOCK NOAJEPIKUBAETCS MOCTOAHIONH B TpeGyemoM y3-
KOM IHTEpPBaJie, YTO HeoOXOAHMO NPH JdediopMalii YKa3aHHbIX CTAJed.
Kpome Tore, B XOJAOJAHOM COCTOAHHUH 3TH CTaJAH MaJONJACTHYHbLI H
a5 noayyenisi ToHKo# (0,5—1 MM) nosocwl npu ee XomogHoH npo-
KaTKe u3 nojxarta (ToawuHoH 4—6 Mm) Tpefyercs HECKOJLKO ore-
panuii npoMexyToutoro orkura. [1ostomy nosydenne nojgkata MHHH-
MaJILHO BO3MOXKHOH Toamubbl (1,5—2,5 MMm) B peayabrare ropsueil
NMPOKATKH BeCbMa LLQJ]ECDOﬁpaSHO I COKpaIleHHs onepal[ﬂﬁ npH
XOJMOAHOH NPOKATKE.

UernipexBankoBbili ctan 1200 1a# ropsiveil 1poKaTKH 3JeKTPOTEX"
Huueckux cralefi konctpykuun HKM3 cocronT M3 nByx Raerei:
4epHOBOH IBYXBaJKOBOH (yHHBEpPCANLHOH) M UYHCTOBOH YeTHIpeXBaJ-
KoBoH 62071250 % 1200 ¢ moTtankaMu B negax. McexonHoi saroToBkol
AIBAsiloTCA AHTHE casnbul 130 % 1000 X900 MM maccoit 10 3 T, noJayden-
HBIE ¢ MALIHH HenpepeBHOTO JHTbA CAs0O0B.

ITpousBoautenpuocts craia 1200 npu npokratke NOJOCH TOJIH-
Hoit 2—3 mm u mupuHoit 1000 MM cocrasasier 40—50 1/4, uau B cpen-
nem 300 roic.T/ron. Macca mexannveckoro obopyAOBaHHA CTaHA OKOJO
3000 T.

HOnsi ropsivyedi TNPOKATKH OTHOCHTeNBHO Y3KOH mnoJockl (400—
1000 mm) oy pHON 1—4 MM NpHMEHSioT HHOT/AA [IAHETAPHEIE CTAHH,
1a KOTOPLIX 3aroTOBKH 00KHMAaloT MHOrOYHCJEHHBIMH pabounMy (11/1a=
HEeTAPHBIMH) BAMKAMH, BPAllalOIlHMHCA BMECTE CO CBOHWMH BOKOBLIMH
cenapaTopHEIMK KOJbIAMH BOKPYT NPHBOAHBIX OIOPHBIX BaJKOB.
3arotoBka ToqmuHOA 1o 100 MM NpPOKATHIBAETCS KAXK/I0H MApOH naaHe-
TAPHEIX BAJKOB C oYeHb HeBoJsbiunM ofikatiem (0,3—0,5 mm), onHako
B pesynmbTaTe CyMMmapHOH nedopMaluyu MeTajdJa MHOIHMH Napami
BankoB obmee oOxatne casnba moxer gocrurate 90—95 % npu Bhi-
TsKKe, paBuoi 10—20. ‘

CrefyeT T4KMe OTMEeTHThb, YT0 OJarogaps 6oJblION cTemenH o6-
JKaTHsi NPH NPOKATKe Ha NJAaHETapHOM CTaHEe TeMIlepaTypa NpOKaTh-
BAEMOTO MeTaJlla He MOHHKaeTcs (Haxe noBmmaercs na 40—60°),
UTO N03BOJseT MPOKAThIBATL Ha 3TOM CTAHE CHENHAJbHLIE CIJABHL,
XapakTepu3yioUHeca Y3KHM TeMIePATypHLIM HHTEPBAJOM IJAACTH-
yeckoii AepopMalHH; ONHAKO KOHCTPYKUHS [JIAHETAPHOIO CTaHa
CAOMHE.
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CoBpeMeHHBIMH LIIPOKOMNOJMOCOBEIMH €TaHaMH Topavell npoKartki,
patoraiourimy B CCCP 11 3a py0eKom, ABAA0TCS HellpephlBHbE MHOTO-
kaerteBrie (13—15 kaerel ¢ OKaJHHOJOMATRAAMH) CTaHBl ¢ AJMHON
6ouku Bankos 1700—2500 MM, MpoH3BOAHTENBHOCTRIO A0 4—6 MJIH.
T/TOJ; Ha 3THX CTaHAX NPOKATHIBAIOT noJaocy Toduwuuod ot 1,2 mo
16—25 mM u wHprHOH J0 2300 MM ¢ npoekTHOH CKOpOCThIO 10 25—
30 m/c B pysnoHax maccoit o 40—45 T 13 casn60B paaMepamu: TOJLILH-
no# 1o 300, wupruoit no 2300 n gaunoil g0 15 000 MM (Ha HEKOTOPBIX
cTanax npeiycMoTpela NpOKaTKa MOJIOC ¢ MAHHMAMLHON TOJLHHOIL,
pasuoil 0,8—1,0 mwm). _

K coBpeMeHHBIM TOJICTOIMCTOBBIM CTAHAM MOXKHO OTHECTH IBYX-
knereBule ctaHbl 4000—5500 A7 NMPOKATKY TOJCTLEIX JHCTOB TOJLLH-
Ho#t or 4—6 po 120—200 mwm, wupuuoid o B000 MM u Gonee u AMu-

IV — nowme-
30 — npome-

4

3441,
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¢ guamerpom BaakoB 1200 mm u annHo#i 6ouxkn 650 MM ¢ npuBoJOM OT
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20 — noBoPoOTHMI cTOa Aas pyacHos, 2/ y— TedAemKa 1nas
9 — poxbraur uepHoBO{l rpyuns Kiaereil:

37 — Tpaucnoprepsl PYJOHOR; 34 — nepeflaTOYHBE TENeXKH 484 — HarpesaTeldn-

pexKJeTeBas NOATDYNN:# HEPHOBBIX YHHBepcalbHBIX Knerteil; 6—/3,— HenmpeprBHadA
OKaNHHB; 36 — YCTPOHCTBO AA KOMNJEKCHOH cMeHbl BaJKOB YHCTOBRMX pal0uHX KaeTefl

119




[J4BHOTO 3J€KTpoABHrarens (momuocTsio 630 kBT, 365 06/mun)
yepes pelyKTOp (CKOpocTs mpokatkH | m/c), mpeiHa3HauyeHHbIA Ans
B6okoBoro 00KaTHA caA60B H paspylleHHs CJOS OKaJHHEL, TOPH30H-
TaJbHOH ABYXBanKopo#l kjerd Ne | ¢ Baakamu 14002000 mm 1 ye-
THIpEX YHHMBepcaJbHbIX YeTHIpeXBaJKOBHIX KJaeTei Ne 2—5 ¢ ropu-
30HTaMbHBIMH Balkamu 1180/1600 <2000 MM H BepTHKaJbHEIMH BaJ-
kamu 1000 X470 MM, H3 KOTOPHIX TPH mochaeiHne OObeIHHEeHEl B He-
npepuBHYI0 MOATpynmny Kaerefi. OGKaTHA B YEPHOBHIX KJETAX CO-
craBasioT oT 20 1o 60 MM 3a POXOJ; CKOPOCTh NPOKATKH B MOCJefHeH
yepHOBOH KJeTH 2—5 m/c. OGbefHHenHe TpeX KieTeli B Hernpephs-
HYIO MOATPYIIY NO3BOJAET COKPATHTh YEPHOBYIO IPYNNY M NOBHICHThH
TeMnepatypy nojkara Toauuzoi 25—50 MM, MOCTYNalwILero B YHCTO-
BbIE KJIETH.

Kpome paGounx kJeref, B cOCTaB YepPHOBOH IPYMNNbI BXOJASAT yCT-
poficTBa AJS THAPABJAHYECKOTO COMBA OKA/IHHLEL C MOBEPXHOCTH TMO-
JIoehl BOJOH BhIcOKOTo AaBaenus (11—13 MIla), paGodue posbraHri,
HanpapJsgiomye JHHEHKH W DPOMEKYTOYHBIH POJLTaHT €O cBpachiBa-
TeJleM MOAKATa ¢ JMHHHU cTaHa (B ciAydae NMOHHMKEHHOM TeMmepaTyphl
MeTaJa).

UncToBas Tpynna COCTOHT W3 POJHKOBOTO ABY XBAJKOBOIO OKAJIHHO-
JoMaTenas ¢ poHKamu puamerpoM 500 MM i ceMH YeTHIPeXBAJTKOBHIX
kaereit 800/1600 2000 (npeAycMOTPEHO MecTO AJs YCTAHOBKH BOCh-
moii xJetn). OTHOCHTeNbHBHE OGXKATHS B YHCTOBBIX KJETAX COCTaB-
asor 10—50 % 3a nMpoxXoj; CKOPOCTh NPOKATKH B NOC/AelHeld YHCTOROH
gaetH 20 m/c (NP CeMH KJETSX).

[Tepes YHCTOBBIM OKa/JIHHOJOMATEJIEM YCTAHOBJIEHDI JETYIHE HOXK-
HHIb! JJIsT OOPE3KH nepeiHerc H 3ajHero KOHIOB ITOJKATA TOJILHHOH
95—50 MM H mHpHHOH Ko 1850 mMm mpu temmeparype 950—1150 °C;
ckopocts pesanus 0,4—2 wm/c, ycuane pesanua 3000 kH. Mexny
9HCTOBBIMH KJETAMH PaCMOJIOKEHbl [eTJIeepiKaTenu, oGeciednBaio-
[IHe HATAXKEeHHE MOJIOCH B IIPOLecce NPoKaTKH; YCTPOHCTRA A THIPO-
cfiBa OKAJHHBI, KOTOPhIE HCMOMBL3YIOT H AJIs IOHHAKEHHS TeMIIepaTy pbl
NpH MpoKaTke TOJCTBIX TMOJOC, & TaKKe HaNpaB/sioulie JHHeHKH
ripoBoAKy. [ BRIPABHABAHHS TEMIEDATYpPBl O JTHHE NMOJOCH HPO-
KaTKy B 9HCTOBOIl rpynne BeXyT ¢ YCKOPeHHEM.

[locne mpokaTKu B 4HCTOBOH rpymne KJered nosoca mocTynaer
Ha OTBOAALIMII POJLraHr, rAe B Npolecce TPAHCOOPTHPOBALHA ee
[0/IBEPTAIOT OXJAK/IEHHIO BOJON CBEPXY H CHM3Y H3 AYUIHPYIOUIHX
yCTPORCTB, d 3aTeM CMaTHIBAIOT B PYJOH OLHOH M3 MOTaJIOK, H N0 KOH-
Beliepy pYJOHB TNOCTYNAlOT B OT/AeNeHHE OTASAKH TOpayeKaTaHOH
NPORYKLHH.

Y6opourasi rpynna o6opyA0BaHHA BKJIOYAET JABe CPyinbl MOTa-
JIOK: [epBas B COCTABe TpeX MOTa/iOK NpejHasHavyeHa JANA CMOTKH
nosoc ToMmuHof 1,2—8 mm 1 mupuHoii 900—1850 Mm; BTOpas B co-
cTaBe [BYX MOTAJOK — JJIsi CMOTKH MOJIOC TOJILHHOH 4T16 MM H
mmpuHoi TaKxe 900--1850 mm. MakCHMaIbHLIA HAPYMHBIH AHAMETD
pynona gocruraet 2300 mm, macca 36 1. [Nonoca saxBaThBaeTcss Mo-
TAJKOH €O CKOpOCThIO He GoJjee 10 m/c, a 3aTeM cMaTEIBaeTCs ¢ MaKc-
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MaJbHOH CKOPOCThIO NPOKATKH (B 3aBUCHMOCTH OT TOJULHHBL NOJIOCH)
npH remneparype 550—650 °C. -

M pedyemas remaeparypa HOAOCH DPH CMOTKe obecleydBaercs
yCKOpeHHBIM OXJAXKIeHHeM MeTaljlia BOJOH. Huas sTolt uenu cucrema
0XJ1ax[A€HHS COCTOMT H3 ABYX Y4CTeH: BepXHeH — JIAMHHAPHOTO THIA,
pacnoylXKeHHOH Haj OTBOJAUIHM pOJIBIAHIOM MEXAY MOCHeRHeH uu-
CTOBO#H paboyeii KJeTbIO H IEPBOH MOTANKOHA H MEXAY ABYMS TPYIINaMH
MOTaJIOK; HUXXHeH — CTPYeBOro THIA, KOJIJIEKTOPE! KOTOPO#l pa3MeleHl
MEX]Y POJIMKAMH OTBOAfALLEro poibraHra. KonuuecTBo BOAbI peryJu-
pyercs B 3aBHCHMOCTH OT CEUEHHS, TeMIepaTyphl, CKOPOCTH JBHKEHHS
H MapKH CTa/H NpOKaTaHHOH nosocel. CHCTeMa paCCYHTAHA HA MaKCH-
MaJbHBIR pacxop Boasl 12 000 m%/y.

OxsaxIerHyio BOMOCY, CMOTaHHYIO B PYJIOH, KaHTOBAaTeleM py-
JIOHA KAHTYIOT B BePTHKA/bHOE MOJIOXKEHHEe H MEepeflaioT OT MOTAJKH
Ha KOHBeHep PYJIOHOB, Ha KOTOPOM pYJIOHBI B3BELIHBAIOT, MAPKHPYIOT
H TPAHCHOPTHPYIOT co ckopocThbio 0,1—0,4 M/c 19 nanbHeiiero nepe-
JleJia B LieX XOJIONHOH MPOKATKH MM B OTJeJNeHHe OTAEJKH ropsye-
KaTaHBIX DYJIOHOB.

Bee TexHoNormyeckwe omepanuH Ha CT4HE MEXaHHSHPOBAHB H
aBTOMaTH3HPOBAHBI, NPHMEHEH DSAJl HOBHIX TEXHHYECKHX pelleHHuii:
1) BnepBele B MHpOBOIl MPAKTHKE YCTAHOBJAEHA HENpPEPLIBHAS YepHO-
Bas NMOArPynna u3 Tpex pafoyHx KJerefi, KOTOpas NO3BOJHJA YAyY-
IIHThL TEMNEPATYPHbIH DEXHM NPOKATKH 33 CYET COKPAINEHHS IJIHHEI
YePHOBOH TPYIIbl, a TAKXKe CHH3HTh KANHTAJbHEE 3aTpaThl HA CTPOH-
TeNbCTBO LeXa; 2) yCTAaHOBJEHH IBe IPYIbl MOTAMOK, obecrneynsalo-
e nudgepeHHpoBaHHYI0 CMOTKY {10JI0C 1O TOJIIMHEE; 3) CTaH OCHa-
IIEH CPeACTBAMH H CHCTEMAMH aBTOMaTH3alHH TEXHOJIOTHYECKOTO MPo-
uecca npoxarkd u paboThl MAIHH W MEXaHH3AMOB C HCMOJbL30BAaHHEM
YBM, B ToM yHcsle cHCTEMaMH aBTOMATHYECKOTO PEryJIHPOBAHHSA TOJ-
IHHBL NOJIOCDH], HATAXKEHHS MOJOCH, TEMNEPAaTyPHOTO PEXHMa H CKO-
POCTH NPOKaTKH, 006eCHeYHBaIOUIHMH BBEICOKYIO TOYHOCTh H TpefyeMmbie
MeXaHHYEeCKHe CBOHCTBA roOpsYeKaTaHOH TMOJIOCHL.

[IpoexTHasi NPOU3BOAMTENLHOCTh HENPEPLHIBHONO UIHPOKONOJOCO-
Boro crada 2000 ropsigefi IPOKAaTKH COCTABJSET OKOJIO 6 MAH. T B TOJ,
Macca MexaHuyeckoro obopypoBanas okoso 40 000 T ¥ MOMmHOCTE
BCEX 3JIEKTpoJABHTaTesefi crana oxkoao 200 000 xBr.

ToacToaHcTOBBIE CTAHbI

Ha puc. IV.7 upeacraBner naan pacnosioxkenusi o6opynoBaHus
TOJICTOTHCTOBOTO crana 3600, cO3NaHHOTO MO TeXHHYECKOMY 3aflaHHI0
YxpI'MITPOME3a.

CraH npelHasnaden 1/ ropsiuell NPOKaTKH TOJACTHX JHCTOB TOJ-
munoft 5—50 MM, umpunoi 2000—3200 MM M AMHHOH 6—28 M H3
51608 Maccofi 20 16 T 1 numT Tomnuno# 51—200 MM, mupuroi 2000—
3200 mm 1 LuHOH 10 12 M U3 CAHTKOB Maccoit A0 37 T U3 yI/IepOLHCTHX
KOHCTPYKIHOHHEIX, HH3KOJIETHPOBAHHBIX M JAPYCHX Mapok crajeii ¢

IpefesioM NPOYHOCTH (B XOJOAHOM coctosiiuH) o 1200 MITa.




Prc. 1V. 7. llyas pacnofozennsi 00OPYLOBAHHA TOJCTONHCTOBOTO cTana 3600:

I — ckaax caaGop: II — meuwno# nporer; 111 — craposwmiéi npodieT; 1V — MaluneHbA 32
V — ckaajn roTonoll nponykuuu; | — HarpepaTenbHHE KONOAUN; ? — KOJNOALEBRLIl KJewl,eBol
KpPaKE TIpyaonofbeMRocTh0 50 T, 3 — cTammoHapHsii ONPOKHABIBATENb: 4 — NOBOPOTHGE
yCTpOHCTBO ¢ BecaMu: 5 — PONBraHTy § — BepTHKalbHAS KieTb; 7/—/2, 32 — nepepaToutbie
TeJaexKH; § — DeBepcHBHas UepHOBad Kiaeth 1130/1800x 3600 MM, 9 — JuHeliky MaHHOYAA-
topa; [0 — cTanKEBaTenb AKT;, // — NogbeMEo-oNycKalomuics CTOM AR NanT; 13, 14, 54 —
CTEeHBL . ;s OTHERoA 3avHCTKH; /§ — KaMepHmIe MedyH C PHABHKHBM nojom; /6 — MOCTOBHle
KpaHm; /7 — Tesexka Aas casbop; I8 — MonneMHO-ONYCKAaWOWHACH CTOA AAs cnabop; 19,
4f) — 3arpysounbie PoAbTaHrE: 20 — BCTPOEHHHE BecH; 21 — neulple TonKartenn; 22 — MeTo-
nMYecKue neud; 23 — crennamu; 24 — renexka; 25,— peBePCHBHAA YACTOBaA UeTHpexBak-
Horasa k.aets 1050/1800X 3600 Mm; 26 — ponuKoBad 3aKaJiouHas Maliuua; 27 — KaHTOBaTesb

. nHMETOR: 24 T HOMHHIA nomepeuHoit pesku (Ne 1—5); 29 — Ttpamcnoprep oGpeskos; 30, 3§,
49, 51 — waennepn; 3/, §3 — Kapmauw; 33, 35, 39, 35, &7, 58 npaBHJibHEE MallHHN,
34 = XOJONHABHHK; #6 — YCTPOHCTBO AJIA OXJaMAeHHS JHCTOB; g-—? — HOPMAaJH34IHOHHbIe
neun; 47/, 45 — HHCNEKUHOHHBIE CTeNNaXH; 42 — yAbTpasByKoso#dl fAedexkTockon; 43 — pas-
MeTouHad Malnsua; 44 — TpaucnopTep aas oT6opa npo6; 46 - NMCKOBHE HOMHHIM Aas 06-
pesksn GOKOBBIX KPOMOK: 47 y- KPOMKOOGpeanble HOMHHIUB GapaGaunHoro Tuna, 48 — Kaeldmo-
BOYHHE H MADKHDOBOWHHE YCTpoO#CTRa; 50 — neun AJs TepMHuecKof oGpabGOTKH JHMCTOB;
52 — po iprair-pechl; 96 — HOMHHOBL ¢ MOJEM «TCYCHHBX LIeeKs.

B coctaB ‘cTaHa BXOAAT YYacTOK HarpeBaTteJbHbIX Meded (m/s
cnaboB) W KoJoAueB (V1 CAHTKOB) C COOTBETCTBYIOUHM 060pYLOBa-
HHEM, y4acToK pabouHX KJ/eTeHll B COCTaBe BePTHKAJbHOH JBYXBaJKO-
poii KaerH 9001400, uepHoBOH peBepCHBHOM HeThIPEXBAaJKOBOH
kJery 1130/1800 x 3600—3400 u unCTOBOH peBepCcHBHON YETHIPEXBaA-
koBoii kaetu 1030/1800 « 3600—3400 mas npOKATKH JHCTOB H IIHT
M y4aCTKa OTAENKH JHCTOB H [JIHT.

TexHoJorHYeCKHIT npolecc NPOKATKH TOJCTBIX JHCTOB  C/ejy-
FOL U,
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Casael €O CKJIala TPAHCNIOPTHPYIOT TeNeXKOH /5 K CTaHY H MOIb-
EMHO-OTIyCKalomuMes ctoyiom /8 co cTasKkuBaTesneM 3arpy:KamoT Ha
NeqHOH posbranr /9, 3aTeM B3BEUIMBAIOT HA BCTPOEHHBIX Becax 20
H Tonkatenamu 21 (ycunuem 2> 2500 kH u xomom po 5100 mm) 3a-
TPYyXKawT B MeTogHuecKHe neun 22. Cnabwl, Harpersie B neyax 10 TEM-
neparypel 1180—1280 °C, poabranroMm 5 TpaHCHOPTHPYIOT K BEpTH-
Ka/lbHOH KJeTH (0TOpakoBaHHbIE OC/IE HarpeBa Cas0bl yAAASIOT ¢ POJib-
raHra § na cresnax 23 u jajee TeJeXKoi 24 BO3BPAILAIOT HA CKJAJ).

Ilpu peBepcHBHOA MpoKaTKe c1sa0a B BEPTHKANLHONH KJETH B3PHIX-
JAIT €T0 OKAAHHY H KanubpyioT no wupaHe. [lepen npokaTkoit B gep-
HOBOH KJieTH cas6 (A1uHOk He Gosee 3400 MM) pOJILraHIOM € KOHHUYe-
CKMMH pOJIHKAMH KaHTYKT B TOPU30HTAJBHOH nJjockoctd Ha 90°
M Be/lyT MOMEepPeYHyIo NPOKATKY (C Leapio YBeJHYEeHHs [MHPHHEL casba
no Tpefyemofi UIHPHHBI JIHCTa); OCJE ITOTO CasA6 CHOBA KAHTYIOT Ha
90° M OCYIIECTBAAIOT YKE NPOLOJABHYIO NPoKatky. [Ipu pesepcHBHOM
NpoKaTKe c/A0a B YePHOBOH YeTHIPEeXBAJKOBOH KJETH (C NepHOIHYe-
CKHM of:xaTHeM OOKOBLIX rpaHeii casfa B BepTHKaJAbHOH KJeTH)
o CKOpOCThIO 10 4,4 M/c nosyyarT packat ToamuHONE 20—75 MM, KO-
TOpHIH POJBraHTOM [OJAOT K YHCTOBON YETLIPEXBAIKOGOH KJeTH |
packaTblBaoT 10 TOJLHHbI IHCTd D—50 MM 38 HEeCKQIbKO peBepCHBHBIX
NpoXoJ0B NpH Temnepatype He HHxe 1050—830 °C co ckopocThio 10
6 wmlc.

BeprukasbHas KNeTh BLINOMHEHA C TPHBOJIOM OT ABYX 3JeKTPOABH-
ratejeit tina 21-100-7-K wmownocrsio 1800 kBT Kamapli 0 4acToToil
Bpaenns 0—60—120 06/Mun, obecncunBaoUHMu CKOPOCTDL MPOKATKH
1o 3,5 m/c; pactBop BasKOB 1000—3600 MMm.
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UepHoBas (ropH30HTaJNbHAasi) YeThlpeXxBalkoBas KJaerb 3600 umeer
HHJAMBHAYAMbHEIH NPHBOJ KaxIoro paGouero Balka OT eKTPOILBHTa-
Tens nocrosHuoro Toka tuna 2I1 24/115—3,5 momuoctsio 6320 kBT,
0—40—80 o6/muH; MaKcHMalbHbH pacTBop Baakos 1000 mm; ycuine
npoxkatky jocrturaer 45 MH.

UncroBaa (ropH30HTalbHas) YeThHpexBaJkoBas KJjaeTh 3600 Taxxke
BHLIMOJIHEHA € HHAHBHAYaIbHLIM IPHBOAOM KaXKAOTO BaJAKa OT 3JIeKTpo-
JABHTATENS TOCTOSHHOTO TOKa wMommuoctelo 8800 kBrt, 0—70—
140 o6/MHH; MaKcHMaJbHasl BhICOTA MOABEMA BepXHEro Baaka 160 mu;
yCHJIHE TIPOKATKH JocTHraer 45 MH.

[Tocne nmpokaTKH NMOJOCA MO POJLraHry NOCTyNaeT K HOXKHHIAM
Ne 1 ¢ BepxHuMm pezom 28 ycuauem 19 MH nns o6peskH nepeiHero
3aJlHero KOHIIA M NpH HeoOXOAMMOCTH Pe3KH MoJIoC TOMIHHOH 5—
50 MM ¥ utrpuHoi 2150—3450 Mm Ha MepHEIR JJIHHEL NDH TEMIIepaType
300—900 °C. Mexay YACTOBOH KJIETbIO 25 M HOXHHIAMH 28 nipejycmo-
TPEHO MeCTO I/ YCTAHOBKH POJIMKOBOH 3axaJloYHOH MalluHbl 26,
MpeAHA3HAYEHHOH AJA 32KaJKH TOJCTHIX JHCTOB C MPOKATHOrO Ha-
rpeBa WJH JJIs OXJIaXKAeHHS NMHCTOB TomuuHOK 5—10 MM 10 Temmepa-
Typet 550 °C, wuanpaBssieMBlX B JalbHeflleM Ha HOPMaJH3alHIo.

3a HokHHLaMH Ne | METaj1 HanpapJfioT MO OJHOMY H3 CJeAyIo-
WHX 9eThIPEX TEXHOJOTHYECKHX MapmpyToB: 1) JHCTH ¢ KOpoBoBaTOR
NOBEPXHOCTBIO MOJBEPTAIOT Topsiuefi NpaBKe [PH TeMIEpaType OKOJO
500 °C (a/1s ynpoyHeHHsl JHCTOB) HAa DPOJHKOBOH MNPaBH/bHOI Ma-
mune 33 (Ne 1) u nanee no poasrasry 40 HanpasJAsiOT Ha JalbHEH Y0
OTAeAKY; 2) MHCTH ToMmEHOK 20—50 MM YacTHYHO OXJaXjanT Ha
IMCKOBOM XOJoJuAbHHKe 34 (mepBasi CeKLUHA) H NPaBAT HA NPaBHIbL-
Hoii Mamwne 35 (Ne 2); B 9TOM caydae MpaBH/IbHAA MAlIHHA 33 CABH-
raercsi ¢ JHHHH POJIbTAHTA H 3aMeHAeTCH NePENBUXKHON CeKIlHed poJib-
ragra; fajgee JHCTH oxJaxpiatlor Ao 100—200 °C Ha XOJMO[HALHHKE
(ropast u Tpetbs cekuun) H 1o 50—100 °C sonoit B oXJaxkjaionieM
ycrpoiierse 36; 3) aucTL ToMmuHOK 5—20 MM no wiennepy 30 mo-
cTynaioT B HopmajusanuoHube neun 37 (NeNe 1, 2, 3); nocne HopMa-
AN3aIHK JHCTH UIIennepoM 38 mojaioT IJsl NpaBKH K MPABHJILHOH
mamuHe 39 (Ne 3), 3aTeM NOABepraloT OXJaxKIEHHIO Ha XOJOLH/b-
Huke 34 (BTOpasi, TPeTbsi U UETBEPTaA CEKIUH) H MEpelaloT Ha OCHOB-
HO# poabradr 40 B JHHHK CTaHa; 4) 3aKaJIeHHEIE HA POJIHKOBOI 3aKa-
NouHO# Mamupe 26 nuctel ¢ Tpefyemoii NJIAHMIETHOCTHIO MO Iu/Ien-
nepy 80 noctynaior B KapMmaubl 3/ H Jiajiee TeJIeXKKOH nepefaiotcs
B MPOJIET OTAEJKI.

JineTsl (¢ MapmpyToB 1—3) no poasraury 40 HanpasJasioT HA HH-
CneKuHOHHLIH creqnaxk 4/ (Ne 1) (Aa8 KOHTPOJIsT KAYeCTBA NOBEpXHOCTH
H MapKHPOBKH), 3aTeM I[O/BepraioT YJAbTPa3BYKOBOH JedeKTOCKO-
nuy, OTGHPAKT OT JAHCTOB npobu (43, 28, 44), 3auHmaoT JepeKTH Ha
HHCIIEKIITHOHHOM cToJie 45 Ne 2 u mepefaloT Ha J(Be JHHHH IJIA pac-
Kposi JHCTOB ToJuiuHOH 5—20 u 20—50 MM Ha 3ajaHHBIE DA3MEpH
(46—48).

[Moc/te 37010 JHCTB UIAENnepoM 49 neperaiorT Ha AONONHHTENLHY IO
tepMoo6pabotky B nedn 50 (Ne 4, 5, 6 u 7) HaAH HA OKOHYATENLHYIO
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sayucTky na wennepax 5/, [Npoweamne OTK aucTsl HanpaBasior:
rojiibie — Ha NPaBYIO 94CTh JIMHUH, TJIe MX B3BELIHBAIOT, YKJIaAbIBAIOT
B NAKeTH 1 Tp., U JeeKTHbIC — HA JIEBYIO0 Y4CTh JHHHH AJs AOTION-
HHTeJLHOH 3aYMCTKH, NPABKH, PE3KH.

TexHoJorH49ecKHil Nporece NPOKATKH H OTAEJAKH TMJHT BKJIICYACT
caelyloliHe onepanHy: 1) Harpee CUTKOB B HArpeBaTelbHLIX KOJMOL-
uax ! u nepepaya HX KpaHoM 2 B CTAUHOHAPHON ONPOKHIbIBaTeNb 3,
KOTOPBIH yKJaJblBAET CIUTOK HA POJBraHr § B JIHHHH CTaHa; 2) npo-
KaTKY C/IMTKOB B BEPTHKAJILHOK KJIETH H Y4ePHOBOI KJETH B MJHTH TOJ-
wHHO# 51—200 MM (c pa3s6uBKOH CAHTKOB MO0 LIHPHHE W MCMOAL30BA-
HUEM THApocOuBa OKaMuHb noj Aabjaennem 1,50 xH/mMm?); 3) kaeiime-
HHE NIHT ¥ yKJIaJblBaHHE TJIHT B naker (2—8 wryk Maccoil jo 90 1)
Ha wrabemupyouem crote //; 4) nepegauyy nakera nJIuT TeNexKoi /2
B NPOJAeThl 3aMe[IeHHOTO OXJaMKAEHHA s orueBoil pesku 13, sa-
YHCTKH [4 (npu HEOOGXONMMOCTH TUTHTH NOJBEPTaiOT TepMoobpaboTke
B KaMepHbIX Nedax 15 ¢ BBIBHKHBIM HONOM).

[IpoekTHas NPOH3BOUHUTENBHOCTH TOJCTOJHCTOBOrO craHa 3600
cocrapisier 1,75 MIH. T MJIHT W JIECTOB B TOA; Macca MeXaHHYeCKOro
oBopyaoBanusi Gogee 60 000 T.

Ha JKnawosckom wmerammyprudeckom xomGuuare nm. HWiabuua
B 1983 rony mymen cran 3000 (puc. IV.8), npeanasnauerHBil /s
IIDOH3BOACTBA JIHCTOB TOonmuHON 8—25 MM, mupunoit gzo 2700 mm
10 TeXHOJOrHH KOHTPOJIMpYeMOil NPOKATKH, a TaK¥Ke TOJIMHON 5—
25 MM 1O OBGEIYHON TEXHOJOTHH.

Hcxonnolt 3aroToBKOA J/18 NpPOM3BOACTBA JIHCTOB CAyKaT JHUThe
cast6ul TonmuHON 200—315 MM, mmpuHo# 1250—1900 MM, TaHHON
2500—2800 mm, maccoit 4,9—13 T u KaTausie caa6s ToAmuHON 100—
240 mm, wmpnnoit 1100—1550 mm, amunol 2500—2800 mM, Maccoi
2,1—8,5 T.

CraH umeer 4epHOBYIO M YHCTOBYIO YETHIPEXBAJIKOBEIE KJIETH C HH-
AHBHIYaNbHBIM NPHBOLOM PabOuHX BAJKOB.

IlpuBeneM XapakTepHCTHKM OCHOBHOTO OGOpPYAOBAHHS F/ABHBIX
AHH¥E crana 3000:

BRI 26 s 2 5 8 8 8 2 v v v oo oo . . . . UeprmoBag  Yucropas
Inaverp Gouxi BanKoB, MM:
paGouero . . . . . . . . . . . . .. ... . .. 0940=1000 940—1000
OTOPHOIO . C e e e e e e e e ww e oo.. 1950—2100  1950—2100
Ilnuna GOUKH BaJKOB, MM:
paBodero . . . . . .. . ... L. 3100 3100
OMOPHOTO . . 2980 2980

[Tpusognof nenratens kmxgoro paGouero Baska:
XapaKTepHCTHKA . . . . . . . . . . . . Onuosxop- OByxn-

HBIH SAKOPHBIH
MOmHOCTh, KBT . . . . . . . . . L. .. ... 8000 2X 6300 =
= 12 600
yacrora BpaimeHus, o6/mMud . . . . . . . . . . . . 0—50—80 0—90—125
Kpyramuit moment ua Baqy kaxpuoro gsuratens, MH-m:
HOMHHAJMLMBIR . . . . . . . . . . . . . . . . .. 1,63 1,33
JOMYCTHMEIE . & 5 & = = « « 4 © 5 & & 5 % v » . 27 27

1 TMogmunuukn paGoudx BaNKOB — KaueHus, onopumx — IDKT,
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cpaGaTblBAHHA TOKOBOH 3amuTel . @ . ., . . . . . 3,15
OTKAQ¥AloOMWMlE . . . . . . . L
JHonycrumoe ycuane npoxatku, MH:
apu AHaMeTpe onopuore Banxa 1950 mm . . . . . . 49 49
npu auamerpe onopHoro Baaka 2100 mm . 69 69

3,15 3,15

B unCTOBOH KJIETH CTyneHYaThIM H3MEHEHHEeM JABJEHHS MKHIKOCTH
B cHcTeMe npoTHBOH3rubGa pabouyux BalKoOB (cooTBeTcTBeHHO 18, 28,
36 u 46 MIla) npenycMoTpeHO yeTHIpe YPOBHSA YCHIHI NpHKaTHa pa6o-
YHX BaJlIKOB K onopHuM (cootBercrsento 1,83; 3,02; 3,91 u 5,05 MH)
T. €. ueThipe cTyMeHH NnpoTHBon3ruba pabouux BAJKOB 1151 Bo3jefi-
cTBHA Ha (OpMY HX aKTHBHO#l ofpasyoluefi.

IlpokaTky B 4epHOBOH KJeTH BeIYT II0 MNONEPEyHO-NPOL0.IbHOM
cxeme. IIpH nonepeuHof npoxarke nNosy4yarT 3a0aHHYIO WHPHHY JHCTA
¢ MpUNycKoMm Ha 6oKOBYIO o6pe3n (He Gosee 150 MM), mocse pasBopoTa
caffa nosyyaior TpebyeMylo TOJIHHY NOAKAaTa (Kak NpaBHJo, He
MeHee TPeXKPaTHOH TOJUIMHLL TOTOBOTO Jucrta). TeMmnepaTypHeri
WHTEpPBaJ Hauyala YEPHOBOH NpPOKaTKH cocrabaser 1100—1200 °C,
a TeMmIepatypa KOHI@ uyepHOBOH mnpokatk# 900—950 °C.

PerynupoBaHue TemMnepaTyphl Hayaja OPOKATKH B UHCTOBON KJeTH
(ne souue 900 °C) noctiraetcst BRIIEPKHBAHHEM PacKaTa Ha OOBOJHOM
OXJIAaXKIA0IEM YCTPOHCTBE MeXAY YePHOBOH M UHCTOBOH KJETSIMH,
a gouua npoxkatku (700—740 °C) — cKOPOCTBIO NPOKATKH H HPOLOJI-
MKHTENbHOCTBIO NAY3 MeXJy NPONYyCKaMu.

TeMmnepaTypHBIH HHTEPBAJ KOHTPOJHPYEMOI NPOKATKH B dYepHo-
BOH KJETH COOTBETCTBYET HHMKHeMy mnpeneny obniuHofi (BhICOKOTEM-
mepaTypHOH) MPOKATKH, TOTAa KaK B YHCTOBOH KJIETH OTJHYHE TeM-
neparyphl cymectBeHHO (Huxke Ha 200 °C n 6o/ee), BCAeACTBHE Uero
pe3Ko IMOBHILIAETCS CONDOTHBJeHHe AePOPMAUHH MeTaa.

Jluctot 15,7x2195x 11 760 MM w3 crann 100205 mpoxartwBawt
H3 HeNnpephIBHONUTHIX ca60B 250 % 1550 X 2550 MM, HarpeThiX B meuu
no temrneparypsl 1150 °C. TTpokaTky B 4epHOBOH KjerH BenyT 3a 10,
12 u 14 mponyckoB ¢ KOHEUHOIl Temmepatypoil metania 940—970 °C.
Yecunue npokarkd cocrtaBiaser 43 MH, T. e. pesepB 1o ycHaH0 npo-
KaTKH (OT ee HauMeHbIIEro AOMYyCTHMOro 3HaueHua) coctasua 7,0 MH,
TOr/la K4K 3arpy3Ka CTaHa 10 MOMeHTY NPOKaTKH JocTuraet 5,3 MH- M,
T. e. BeJIHUMHEI, GJH3KOH K JOMycTUMONl Ha JIBa ABHTaTens (paBHOH
2x2,7 = 5,4 MH.wm).

[TogKaThl W3 4EPHOBOH KJeTH TOMIMHOH 47—50 MM moacTyKuBann
Ha OOBOJHOM OXJIaK[IAwoIleM yCcTpPOHCTBE H MOABOLAIIEM pOJbTAaHIE
B teuenyue 260—360 c. Bpems noneryxHBaHHs 3aBHCHT B OCHOBHOM OT
TemIiepaTypbl KOHIA NMPOKATKH B YEDHOBOH K/JETH W TeMNepatyphl Ha-
yajia MPOKATKH B YHCTOBOH.

Jiuctel 15,7 % 2195 mm u3 craau 10T20D5 npokaTeiBalOT B UHCTOBOM
KJEeTH 3a IIeCTh NPOMYCKOB M 3aKaHYMBAIOT NPOKATKy InpuH 720—
740 °C.

Ha HMixopckom 3asoge B 1985 r. nyieH TOJNCTONAHCTOBOIl cTan
5000 g5 npokatkd JgHCTOB ToamuHol 20—450 MM, wHpHHOHd 1700—
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8 — HomHMUB N: |-
13 — cpBoeHHbBIe:

17 — crennam

~KJelMHETENb;

CTeNNAaX;
20 — npae¥nbAad Mamluua Ne 2 21 —

5 — po/NHKOBaf 3aKaJloMHAsA MAIIHHa; 26 — ‘Tpancnoprep ¢ Kap-

12 — HHCMEeRLHOHHBIH
22; 29 — MapKHMpOBLIHK

7 — npaBWNbHAA MamlEHa Ne |}

16;
-pa3rpysouHoe ycTpolcreo;

npo6;

9

Anst
@5 u Ne6;

JATOTOBKH 3aroTOBOK
yeTpoHcTBO ¢ Kapmamom: 19, 30 — sarpysousmo

oc6HEBa OKaJIHHb, 3 — YeDHOBAs YETHPEXBAJKOBAs KJeTb: 4 — YCTPOHCTBO 4191 OXJaxjeHda
28 — poxHHIB N 8;

PeXBaJKOBas KZeTk, 6 — YCTPOACTBO ANA OXJamAeHHA JHCTOB,
HOH 3aYHCTKH; 24 — KaHTOBaTellb JIHCTOR,

@ 2, !l — arperar no
31 Ne 4; 14 — pedrexTockon; J§ — HOXMHEIE

Puc. IV.8. Tlnan pacnosnomenns oGoOpYA0BaHNA ToACTOABRCTOROrO crana 3000:
2 — Kamepa rajp
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4800 mm u annuoil 15—30 M. TexHHueckasa XapakTepHCTHKE YHCTO-
BOH - YeTbIPeXBAAKOBOH KJeTH CTaHd CJelylolLasn:

JlyinHa GOUKH BajikoB, MM:

PAOOYUX o = = s i e s M B W % W R B R 8 F # % oW W 5000

OOOPHEX : o & » o @ o %0 oo oo o s @ % & m o % % 3 % w W 4800
Jnramerp GOUKH BaJIKOB, MM:

PAGONRE & = « s mom s mmmn o 8 = 0 # o ¢ & # = » » = JO0Q==1120

OHOPHBIX o v + o o o o om womw s woe e g w n v on oo n o« 2200—2360
MakcuMalbHO AoNycTHMOe ycwaue npexartkn, MH . . . . . . .. 90
MaxkcuMalbuuiii KpyTAmMuil MoMeHT Ha paGovem Banke, MH-m . . . 3,0
MakcuMalbHasi CKOPOCTh MPOKATKH, M/C . . . . . . . . . . . . . 4,5
Mogynb xectkoern kaern, MH/mmM . . . . . . . . . L 6,85
MagcAMaJbHEIE pacTBOP BalKOB, MM . . . . . . « « . . - . - . . 1100
MomHuocTh TABHRX aABurareted, kBr . . . . . . . . . . . . .. 2> 6300
Jasmenue Boabl B cHereme ruipoc6msa, Mila . . . . . . . . .. 18

3. COPTOBBIE CTAHbI TOPAYEH NPOKATKH

[1pou3BOJICTBO COPTOBOIO MpPOKATa XapaKTepH3yercsi BecbMa ILHHPO-
KAM COPTAMEHTOM TOTOBOH NPOAYKIMH KakK 1o (opMe H pasMepam npo-
duneil (kpyraas cranbk gHamerpom 5—350 mM, yrsoBas crasb € LIH-
punoit noaku 20—250 MM, wBesIepsl BeicoTol 20—450 MM, WHPOKO-
nosiounsle 6anku Beicotoit jgo 1000—1100 MM, peabchbl Maccoil Ao
75 Kr/M, y3KHe NOJIOCHL H Jp.), TAK H [0 KayecTBy MPOKaThIBAEMOTro
MeTanna (Mapkam craJeil, TOUHOCFH Tpodu/ell, MEXaHHYECKHM CBOH-
CTBaM, CTPYKTYpP€ METalNa NpH NPHMEHEeHHH PasJHUYHBIX BHAOB TEPMO-
06paBoTKH), 4T0 OOYCJIOBHIO CO3jaHHe GOALIIOrO YHC/Ia CTAHOB pas-
JHYHOH KOHCTPYKIHH (MO COCTaBy H PAaClOJIONKEHHIO 060pyn0BaHHUSA
H TeXHHYECKHM NlapaMeTpaM), KOTOphIe 10 CBOEMY Ha3HAYEHHIO YCA0BHO
MOpasielsioT Ha peiabcobanouHble H OaJouHbie, KPYNHO-, CpPelHe-
H MeJTKOCODTHHIE, [POBOJIOYHEE, Y3KOMNOJOCOBble  (IITPHICOBLIE);
KOMOHHHDOBaHHLIE (CpellHe-MeJKOCOPTHBIE, MEJKOCOPTHO-IIPOBOJIOY-
HEle H Jp.).

Yacto cOpTONpOKATHBIE LEeXH OOBENHHAIOT B CBOEM COCTaBe He-
CKOJBLKO NPOKATHHEIX CTaHOB, 00pasys Ha MeTajlJlypru4eckoM 3aBoje
COpTOBOil MPOKATHHH 610K, HanpuMep Ha KpHBOPOKCKOM MeTasLlyp-
rHYecKoM KOMOHHATE B COCTAB COPTOBOTO 6JI0Ka BXOJST PAA MEJAKOCOPT-
HBIX H MPOBOJOYHBIX CTAHOB H INTPHNCOBBIH cTaH. OCHOBHEIM arpera-
TOM 3TOrO 6JI0Ka, KaK IPABHJO, ABJSAIOTCS OJIOMHHTH C HENpPEephiB-
HbIMM 3aroTOBOYHLIMHM CTaHAMH; B HEKOTOPHIX CJAy4Yaxs — MalllHHbI
HENpepLIBHOTO JIUTbSi COPTOBBIX 3arotoBoK. PeabcoGanounbie u Ga-
nouHble (fJsi NPOU3BOACTBA WHPOKOMOJOYHBIX 6GaMoK) CTaibl Mpel-
cTaBiAl0T cob0H CaMOCTOATENbHbIE IEXH.

[To pacnosoxeHHio paboynX KJeTell COPTOBbIE CTaHBEl Pasie/aloT
Ha JHHelHble, NOWIeLOBATE/IbHEIE, TOJYHENpephiBHbIE W HEIpepPbIB-
uble. PaGoune KJeTH BBHUIOJHSIOT MO THOY TPeX- H JBYXBalKOBBIX
(M TONBKO B COCTABE IUTPHUIICOBOTO CTaHA UETHIPEXBAJKOBbIE KJETH);
JJI51 IOBLIMIEHHs] KA4€CTBA COPTOBOIO NPOKaTa NPHUMEHSIOT KJIeTH ¢ Bep-
THKATbHBLIMH BAaNKaMH H YHHBEPCAJBHOTO THMa (HanmpuMep JJs mpo-
KaTKH UWIHPOKOTOJIOYHEIX 0asloK), a Takxe OJOKH YHCTOBBIX KJaerel
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(ana npoxaTkn Katanku). UHclO KjeTefl Ha COPTOBOM CTane H3Me-
Hsietcss OoT 2—4 (Y KPYNHOCOPTHO-3aTOTOBOUHOTO, PeabcobalouHoro
u ap.) a0 40—60 (y npoBosoyHOro ¢ GJIOKAaMHM UYMCTOBHIX KJETed).

OCHOBHBIM [1apaMETPOM COPTOBOTO CTaHa ABJSAETCH JHAMETP
OoukH BanKOB padouell K/aeTH (B MHOTOKJETEBHIX CTaHaX-IOCTeLHefl
KJleTH), H3MeHsomumiics ot 150—250 MM (y mpoBosmoyHoro crana) o
1070—1370 mM (y cTaHa /15 NPOU3BOACTBA LIHPOKONOJOYHEIX 6aJI0K).

K nanbosee coBepIeHHLIM PebCOOANOYHBLIM CTaHAM CJEAYeT Of-
HECTH CTaHb! JIHHEHHOr0 THIA ¢ YHCTOBOH JIBYXBAJAKOBOH KJeThio 800 —
850, mpokaTbiBaiolHe pe/bchl Maccolt A0 75 Kr/M u apyrue npodHIH
CO CKOpOCTbiO 10 4 M/c; NpOH3BOAMTENBHOCTh cTana Gonee 1 MaH. T
B TOA.

M3 kpynHOCOPTHHIX CTAaHOB cJjeiyeT OoTMeTHTB cTadH 600 moayne-
NPePLIBHOrO THMA, OOecrieyHBaIOUMH NPOKATKY COPTOBHIX NpoduJei
(kpyrao# craan auameTpoM 10 120 mM, 6anok Beicotoli no 200 mm
H JIp.) co CKopocTbio 10 10 M/c; Mpon3BOAUTENLHOCTL CTaHA COCTABASET
6onee 1,0 Mmas. T B romu.

Jl7s1 COBpeMeHHBIX CpefHe- H MeJKOCOPTHBIX CTAHOB XapaKTepPHO
HCTIOMIb30BaHHE NPHHIHIA HENPePHIBHON MPOKATKH ¢ BKJOYEHHEM
B COPTAaMeHT SKOHOMHYHBIX (PACOHHBIX Npoduaell BLICOKOrO KayecTBa:
TOHKOCTeHHBIX (oG/ieryeHHbX) 6a/loK, LIBEJAJIEPOB, YIJAOBOH CTAaJH
u Ap. Ha HenpephBHLIX CPeIHECOPTHBEIX CTAHAX C XKECTKHMH YHCTO-
BBIMH JIByXBa/JKOBbIMH KaerTsamu 350—450 (nanpsikeHHOro Tuma)
CKOPOCTb NMPOKATKH goctHraer 12—15 M/c, npousBogurensHoets 1,0—
1,b MiH. T B rof, a Ha MeakocopTHEIX 250—330 COOTBETCTBEHHO
20 m/c u 800 Thic. T/TOA.

BHICOKONPOU3BOAHTEILHEIE COBPEMEHHBIE MPOBOJOYHEIE CTAHBI
B GOJILUIMHCTBE C/yYaeB CTPOAT ¢ GJOKAaMH YHCTOBBIX KJeTell M JIu-
HHAMH COPOGHTH3ALMH KaTaHKH. 3a pyGexkoM IIHPOKOE paclpocTpa-
HEHHe MOJYYHJH OJIOKH C JABYXBaJKOBBIMH KJETSAMH (B COCTaRe 8—
12 knerell C KOHCONBHEIMH BankaMu AuamerpoM 150—200*MM) KOH-
crpyknun  ¢upmer «Morgan» (CILA), ofecneunBaioune npoKaTKy
KaTaHK# AHaMeTpoM5—5,5 MM B GyHTax Maecoii o 1,2—2 T ¢ npoekT-
HOH CKOpoCTbI0 A0 50—75 m/c M Gojee, H JHHMSIMH COpPOHTH3ALHH
KaTaHKH KoHeTpyKuuH (upm «Steel Co of Canada» (Kaunana) u «Mor-
gam» (CILA), paboTaloHMH 10 NPHHUHIY «CTHIAMOD-IPOLECCay,
T. €. OXJIaX/EeHHS PacHylleHHbIX OYHTOB KATaHKH.

B CCCP noctpoeno Gosbinoe 4ie/io COPTONPOKATHLIX CTAHOB pas-
JIHYHOTO HA3HAYEHHA, B TOM UHCJ/Ie IHHef Hble peabeobanounsiil 950/800,
KpYTHOCOPTHO-3aroToBo4HbI 950/800/850 u yHuBepcanbHui 6anoy-
HBIfl KoHeTpykuun Y3TM, nuneiiHbi#i KpynHOCOPTHEI cTaH 650 KOH-
crpykunn 1O «3nerrpocranbTaKmary i MoJyHenpepeBHbE KpyTHO-
COPTHHIH cTaH KOHCTPYKLHH Hikopckoro 3aBoja, noayHenpephIBHBIH
Cpennecoprpiil cran 350 kouerpykunn BHHMMmermama — 3aBopa
«SKET» (TIP)  HenpepuBHbilii cpenmecopTHsii cran 400, Henpephis-
HBIC MenKOoCOpPTHBIE M MPOBOJIOYHBIE cTaHbl 250, HenpepbIBHELI WTPUI-
COBulM cran 300 xkoHerpykunun BHWMmermama. Tloctapiensl Takxe
PasHBIe TUTEI COPTOBBIX CTAHOB B 3apy0exHbie CTPaHbI.

5 3akas 294 129




PenbcoGanounbie u Ganounple CTAHbLI

PesbcoGanoynble cTadbl BRIIYCKAIOT B OCHOBHOM JKEJIG3HOAOPOMKHBIE
pesbChl THMKeNoro THna (B TepMoofpaGoTaHHOM BHAE) H TaBPOBLIE
6anku KpymHOTO ceyeHusi. Ha craHax MpOKaTHBAIOT TakKXe U APyrue
KPyNHEE COPTOBbie MpO(uJH: IUBENJepHl, YTOJKH, WNYHTH A5 M-
APOCOOpYKEeHHH, KPYIJYIO 3aroTOBKY H T. A. [l MpOH3BOJCTBA 5THX
npodH/Ier B 1eXe ycTaHOBJEHBI TAKMKe COOTBETCTBYIOLIHE MEUH H YCT-
poficTBa jisi TepMHUECKOH 00pafoTKH H 3aKajKH DPEeJLCoB.

Ha puc. IV.9 npeacrasiaeH nyan pacnonoxkeHHst oGOpyAOBaHHs
JHHeHHOro pesabcoGanounoro craHa 950/800 kouerpykuun ¥Y3TM,
[peAHasHaueHnoroe A8 NPoKaTKH H TepMuueckoit o6paboTku penbcos
Taxenoro tHna (50, 65 u 75 Kr/M) craHgaptHOl AAMHOR 25 M; AAf
IIPOKATKH ILIHPOKONOJOYHLIX ABYTaBpoBHX 6anok (Belicorod fo 600 mm
¢ WHpHHOE mosok go 250 mM), weemnepos BeicoTol 300—400 mM,
yroikoB 180X 180—230x 230 MM; wnyHTOBHIX npoduaell AJHHOH
6—24 m, a Takxke KpyrJjoili 3aroToBku jgHamerpoM 120—350 MM u
onuHoi 5—8 M. B KauecTBe HCXOLROH 3arOTOBKH /I8 LUPOKATKH ITHX
npodunell npumeHswT OmOMH ceyeHueM A0 350 350 mMm, AauHOH

12 — xono-

1

MamuHa,

CBEPAHALHBIE CTaHKN
20 — nHCKOBaw MHaa Tpe-

H

7 — AB€ TpexBaJKoeble Kaetn 8003 1900;
1! — rubounasn

TITTIITT

17 — dpesephpe

19 — NHCTIEKUHOHHBE CTENAaMN;

23 — dHomHHUL, 24 — MOCTOBBIE KPaHKI

T

BaaKi  PPAsCeI
—
2% N==="
50/800 KoueTpykunn ¥3TM

TPeXBaJIKOBEIX KaeTefl;

AHCKOBBIE NHJAW; [0 — kKJeliMaoBouyHas Mallpua;

OXJIZKJBHHS penbcoB; /4 — HOPMaJH3AUHOEHHeE neund; 15,

18 — npagia

3—6M n maccoir 2—6 T, |
Ort Gnromunra 1150 GaoMbl [IENepoM MOAAIOT K HArpeBarTe/hHbIM &’.’é’:-i

negam. Ecain 6/110MBI TOCTYNAIOT CO CKAaAa, TO HX KPaHOM 3arpyamioT S ]

Ha TIpHEMHBIE DelmeTKH H ¢ HHX — Ha 3arpy3ouHulfl (mevHoi) poJb- === g

raHr pesnbcoGa/lOUHOrO CTAHA. g
PesibcoGanoynniii cran 950/800 — nuHeAROro THNA, HMEET YETLIPE -

KJIETH, pacfo/IOXeHHbe B JiBe JHHHW: 1) mepBas JHHHS COCTOHT H3
peBepCHBHOM ABYXBaiKoBoH KaeTH 950 X 2350 ¢ npHBOJLOM OT 3JI€KTpPO-
JIIBHTaTeN s NOCTOSHHOro ToKa MoHocThio D000k BT, 0—70—110 06/MuH,
gepe3 3yGuaTyio mydry, wecrepeHryo Kiaets (4 = 1000 mm) H yHu-
BepcaibHEle MNHHASNH; 2) BTOpas JHHHS COCTOMT H3 JBYX 4ePHOBBIX
TpexBaJKoBeiX Kaerefi 800 W oaHOH UMCTOBOH ABYXBAaNKOBOH KJIETH
850 (uepHoBhle TpexpaikoBbie Kiaern 800X 1900 MM upuBopsaTea oT
ORHOTO 3JeKTpoABHTaTe]s NMOCTOTHHOrO TOKa Momuocthio 8100 xBr,
110—200 o6/Mun, a uucroBasi AByXBajakoBas KaeTb 850x 1200 mm —
OT OTZEJBHOTO 3JIEKTPOABHTaTeasi MoluHocThio 2100 xBt, 100—220
06/MHH).

Harperbie B neun GmioMbl BLLLAIOT HA MOABOASIIHA poJbranr ob-
KuMHOH kjetd 950. 3aroToBKY, Kak NpaBHao, 3a 5 NMPOMycKoB pac-
K4TBIBAIOT B rpy6onpodu/HPOBAHHYIO Tonocy AJauHOi 9—12 M,
1nocJ/ie Yero 1oJiocy poJiblaHTaMi ToAaloT K nepsoil paGoueit TpexpaJ-
KoBoH kyetH 800 uepnoBOH JHHHH, rae ee 3a 3—4 TMponycKa packa-
THIBAKOT B Gojlee TOUHO [POQMIHPOBAHHYIO Mojocy Aaunoit 12—30 m.
[To Buixose M3 nepBofi KJETH NOJOCY POJbFAHTaMH H IeNHLIMH ULIen-
mepamu MOAAOT KO BTOPOH KJeTH 3Tofl ke nuHuH. Bo Bropoli patoueh

3 — HarpesaTelpHhie fieud; 4 — 9YePHOBam ADYXBANKORAN KiaeTh 950X 2350 mm) 5 —

aloU{Hecs CTOJB Y

bHbIE MALIHHB AJ7
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=
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2 — POJIBLAKT;
pasibHan MalWluwa gas Gadok;

22 —

nofoxeHus oGopyROBaHHSA NHHEHHOID PeabLCOGANOTHONO cTaHa 9i

| — sarpysounas pelleTka nas OJaMOB;

pa ¥ BBICPY3KH OK&AHHL; 6 — NMOXbEMHO-Kad

— UHCTOBAS ABYXBaNKOBAS KJeTb 850X 1200 mm; 9 —

13 — KoJnoauel 3aMmeilesloro
Hulé JTHHHHW OTAeNKH PesibCoR;

1V.9, IMaax pa

T

aqHA; 2! — npasdasustit npecc;

TpexBaakoBoit kJjetH 800 mosocy 3a 3—4 mpomycka pacKaTbBalOT 8
10 cedenus Heobxoxumoro npoduis aaunofi no 100 M, sareM poJb- — ce.b
raHTaMy H LeMHLIMH ILTeNNnepaMu IepefaioT K pabodeii ABYXBa/lKOBOH . ' | BEER
Knetn 850, TAe 3a OAMH MPOMYCK ee OKOHYaTeJNbHO NPOQHIHPYIOT. — E z15]

W00 B~

130 5* 131




IlporaTautiyio B pabouuX KJETAX NOJOCY B 3aBHCHMOCTH OT Ha3Ha-
geHist npoduaa o6pabaTeBAIOT 110 OJHOMY M3 CJASLYIOLIHX TEXHOMOTH-
YeCKHX MNPOLECcoB.

ITpoxamrka pearscoa

[Mocae BeIXoAa H3 pabouefll nByxBankoBoli kaetH 850 nojocy podib-
raHramMH N0J2KT K MiTaM ropsuefl peskH MeTaldna Ajs paspeskn ee
Ha MepHble AnHHE (25 M). Bo BpeMs pesa pesbe 32KPENVIAKT 3aKHUMaMH
YCTAHOBJACHHBIMH ¥ [EPBHIX Tpex M/, NDH 3TOM 3aKHMBEI HAHOCAT Ha
peilbChl HX [OPSAKOBLIA HOMep B GTHTKe. 3aTeM pa3pe3aHHble Ha Mep-
UblE J/1HHEl PeIBCEL NPOXOAAT YEPed WTeMNeNbHYI0 MAllHRY, KOTOpas
aBTOMATHYECKH HAHOCHT HA HHX HOMEpP I[L1aBKH, W NMOCTYNAKT B TH-
BOUHYKY MAIIHHY A5 u3rdda #X B CTOPOHY TONOIIBH (¢ IleAblo NoJay-
UeHHH pebeoB, OMH3KKMX K NPAMBIM, MOCIe OXJaXEEHHS HX Ha XOJ0-
puapunke). [lo BRIXOZe penbcoB H3 rHOOYHOH MAILHHBL WX POJBTaH-
raMi 4 ILIeNiepaMy NepejalT 1a XOJNOAEJbHHK A OXJIaKAeHHs 0
temneparypb 20—50 “C.

Jna NMOBbIEHHS KauecTBa PedbcoB IPEIYCMOTPEHA HX TepMHue-
ckas 06paboTKA — H30TepMHYeCKas BBLIEPXKEKA B KOJIOANAX 3amel-
JNEHHOTO OXJAXAEHHA W HOPMAJH3aLHsl B NMPOXOAHLIX Tedax.

TMocae oxnamaeHna peabCHl POIBIAHIaMH H IJENNEpaMH [OAAK0T
K OAHOH M3 ABYX POJHKONPABHALHEIX MAUIAH M 331al0T B HEe C NOMO-
B [OABEMHREIX POJHKOB, BCTPOEHHHIX B NOJABOAAILINE DOJBTAHTH.

34 oAlH TPOXOJ 4epes POJWKONPABHAbHYK MAIIHHY PEabChHl BhI-
NpaBAsioT B OAHON TIOCKOCTH M 110 BEIXOAE H3 MAIIHHLI aBTOMaTHYECKH
KAHTYIOT KAHTOBATEJNIMH € TOJOIIBLL Ha 60K, Moc/e 4ero poJibranramu
H ULTENTNepaMy NojaT K OJHOMY H3 TPEX BePTHKAJbHBIX NPABH/IbHEIX
NPeccoB A OKOHUaTeNbHOH NPaBKH.

OKoHYATEALHO BLINPABJAEHHBIE PEMbCEE POILFAHTaMH M KaHaTHBIMM
ULIeTNepaMH NIOAAI0T Ha CTeNaKH NOTOYHHX aBTOMaTHYECKHX JIHHHA
OTHENKH PEJBCOB, 3aTeM DEeTHHIMH LLJIENIepaMH, BCTPOEHHBIMH B 3TH
CTENNaXH, TIePealoT K (PPe3epHbIM, CBEDIHJIbHBIM H 3aKaA0UHEIM CTal-
KaM A5 ()pe3epOBAHHS TOPIOE, CBEepJIeHHs OTREPCTHH H 3aKaJjKH I0-
BEDPXHOCTH TQJOBOK HA KOHLAX PEJNhCOB.

TTocse BRIX0 A H3 MOTOYHBIX ABTOMATHUECKAX JIHHHI DeJbCH NOCTY-
AT HA AUCIEKTOPCKUE CTOJBL I8 OCMOTPA, IPHEMEKH H HePeRayd HX
HA CKJIaI TOTOBOH NPOAYKILHH.

3afpakoBaHHble HA WHCIEKTOPCKHX CTOJAAX PeibChl OTGPAaKOBOY-
HbiM POJBTAHIOM HJIH KpaHaMH NepejaloT Ha CTeANa) Mepel BepTH-
KaJbHEIM [PaBHALHEIM NPECcoM H € NOMOILLIO [pecca H MCXaHH3MOB
OTAEJNOYHOH JUHHH HCHDAaBJsIIOT.

Henpitanns opod, B3sThiX OT PeJibCOB, NPOBOAST B OTAGJCHNH,
06OpyAOBAHHOM KOMPOM i peabcosomareneM. I[Ipobr a5 HCOBITaAHMA
peqbCOB BRIPE3AIOT MepBofi casaszKoBofl MHA0A H CTAJKHBAOT B KADMaH,
OTKyAa KPaHOM NepeialT Ha CTeIax Aas oxJaaxzaenus. OcThiBiine
npobul TONKATEREM CTAAKABAIT CO CTEANaKa HAa HAKJOHHBIH pPOJb-
rayr, B KOHIE KOTOPOTrO Tak:e TOJKareneM IIX CTaJKHBAOT U3 1a-
KINOHHHH KOHBEHEep, a 3areM MOAAT K KONDY H PEIbCOIOMATETIO.
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llpoxamrka Jsymaspossix U magpogsly Gaiok,
[HBEARCPOE U Yenosol cmaau

[Tocne BrIXona M3 pafouell ABYXBanKoBof Kaetd 850 mpokaramybie
npoduaH (1ByTaspoBuie SalKH, WBEJJIEPH H YIVIOBYIO CTAlb) NOAANOT
poabranraMi K IiHNaM AJA Pa3peskd Ha MepHue JiHHH (10 24 M),
noc/ae Hero paspes’adHHe DPOQHIH TPOXOAAT Uepe3 ITEeMMenbHYIo
MAIUMHY, HAHOCALLYIO Ha HHX HOMED IJAaBKH. 3aTeM, MHHYS THOOUHYIO
MALUMHY, TIPOPHIN MOCTYMAT Ha XOAOLHJbHHK IAf OXJaKICHHHA.
JLi1A TOBLIIIeHHsI KayecTBa OXJAK/IEHUst NPOKATA XOJOAMILHHE 060-
PYAOBaH B Haua/le H KOHUE KAHTOBATEJNAMH JJsl KAHTOBKH MPOMH.Ib-
woro npoxara. [locne oxnaxienns npodHId PpoJRTAHTAMH H LIJEINIIE-
paMH MOJAOT K POMHKOTPABUJIbHOH MalluHe, Tae 3a OJHMH NPonyck
WX BLINPABAAIOT B OxHOH N/AOCKOCTH H Janee POJbTaHTaM# ¥ LLNen-
nepaMi IOJAT K ABYM TOPH3CHTAJbHEIM NPaBHABLHLIM Hpeccam AJs
OKOHuaTeJbHORL TNpaBku. BBINpaBAeHHH NPOKAT TPaHCIOPTHDYIOT
poJIbTasraMH H IJIeNNepaMH Ha CTeaXkH AJds pasOpakoBKH W I0-
caeayiolmlefl Nepejavd TOAHBIX IOJOC HA CKJAAX TOTOBOH NPOIYKIHH
HIH Ke K HOMHHIAM XOJOAHOH pe3xH NpodhHILHOrO NpOKaTa nis
pPa3pe3xkd Ha MeHbllHe MepPHHE JUTHHBL M NOCAE 3TOro Ha CTeJ/IamH
s pa3bpaKkoBKM.

Jag BeIpe3kH OpAKOBAHHBIX YYacTKOB B TNPOGHIBHOM NpPOKATE
B 0aJKOOTAENOYHOM NOMEILIEHHH YCTaHOBJICHA ITHJIA XOJOJHOH DE3KH.

Has npokaTEH Ha cTase TaBpoBelX Gasnok (Beicotot g0 610 mwm)
¢ IIHPOKHMH Hapa/ieJbHLIMH [oJKaMH (WHpHHCH a0 250 mM) npex-
YCMOTDEHA 3a1acHasn YHHBEPCAMbHAR KAETh. ITY KJIETh YCTAHABIHBAOT
Ha MECTO YMCTOBOH IBYXBAJKOBOH KJETH H 4epe3 Hee MOJIOCY NPOHYC-
KA10T TOJMIBKO ONHH pa3 (YHCTOBCH MPONYCK) AJAd TOJAVUEHHA Gaok
¢ NapajeNbHEIMH NOAKAMH. B xaeTH, KpoMe oOkUHBIX TOPH30HTAML-
HEIX MPHBOAHLIX BaakoB 100X 600 MM, eCTh W BEpTHKAMLHBIE XOJOCTHE
Banaky 800:< 300 MM, pacnonoXeHHEE B OJAHOH IJIGCKOCTH € T'OpH30H-
TaNbHbIMH,

C 1eNbi0 MOBLILIEHUST TOUHOCTH PA3MEPOB LIHPOKONONOYHBIX TORKO-
CTeHHEIX 0anoK Ha HEKOTOPDHIX CTaHaX NPHMEHAIOT YHHBEpCa/bHEE
KJETH HAanpsXeHHOTO THOA.

Hporamra wupokonosoussix a0k

[IprveHeHHe LIMPOKONOJIOYHEIX GANOK C NMapa/je/bHEIMH TOJKAMH
BMECTO OGBIYHBIX JIBYTABPOBEIX §a/OK MO3BOISET YMEHBILHTH Maccy
METaTJOKOHCTPYKUMA M caKoHOMNTb 10 7—10 % Meranna Gaaropaps
foaee paUNOHANLHOMY PACNpele/Iel 0 METANIa 110 CEUEHHIO, A TAKIKe
COKPATHTD 34TPaThl H2 H3FOTOBJCHHE H MOHTAX CTPOHTENbLHEIX H3AeIHIT,

3a pybexoM uIHpoKonosounsse 6aNMKH BbicoTol 1o 1000—1100 mm
H ITHPHHOA Moa0K A0 400—490 »MM H3rOTABIHBAIOT B HACTOSIILEE BPEMs
Ha YHHBepCadbHbX 6aN0YHLIX CTAHAX B COCTABE TPEX-BOCBMH paBounx
KJeTell CHelHaaH3HpOBAHHOTO (TOJMBKO /5l MPOKATKH HEHPOKONOA0Y-
HEIX Ganok) uau KoMOUHHPOBAHHOTO (ANA MPOKATKH 0anok, KpYIHO-
COPTHHIX npodunef ® JAp.) THIOB, KOTOPHE YCTAHABJNHBAIOT 32 Cle-
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HalbHbIMH peBepcuBHbIME Oaiomuuramu 1270—1500. B coctaB psua
6anouHLIX CTAaHOB BXOJIAT YHHBepcaJbHble paboyHe KJEeTH C NPHBOI-
HEIMH TOPH30HTaJbHBIMH H XOJOCTHIMH BeDPTHKAJBHEIMH BaJKaMmi,
pACTIOJIONKEHHBIMH B OJHOH BepTHKaJbHOH MJIOCKOCTH.

Haubosee coBpeMeHHbIMH 0a/lOUHBIMM CTaHAMH SIBJASIOTCA CTaHBI
¢ IMaMeTpoOM ropH30HTaJbHBIX Bankos 1070—1370 mm, npoussoau-
TeqbHOCTBb g0 H500—1000 Thic. T B roa.

B cepenune 70-x ronoB ha Huxkne-TaruibckoM Merannyprude-
cKoM KoMOuHare OblT yCTaHOBJIEH YHHBEPCaJbHBIA OaNOYHBIH IIECTH-
KjaereBoll cran KoHcTpykuun Y3TM B xommaerce ¢ 6momuarom 1500
MPOH3BOAHTENbHOCTEIO 3,0 MIH., T B rOfi, PACCUHTAHHBLIM HA [IPOH3BOI-
CTBO TaKkke M (PaCOHHBIX 3aroTOBOK cedeHueMm o 450> 1225 mm u
maccoit 1o 21,8 T a4 nocaenylomel NPOKAaTKH HX Ha 6al0YHOM CTaHe.

B ocHoBHO# copramenT OanouHoro cTaHa BXOAST JBYTaBPOBbIe
G6anku Bricotoit 100—1000 mm, mupuno#t nomox 200—420 MM u
anusoit ot 6 no 30 M.

B cocras crana BxoaaT (puc. 1V.10): yuacTOK HarpeBaTesbHbIX
nevel (TPH NeYH C IIATAIOMHMH GalKaMH ¢ NPONYCKHOM cnocofHOCTbIO
no 170 T/u kamnan); of:KUMHasi peBepCHBHAsl IBYXBalKOBasd KJeTb
13002800 ¢ nmpuBOAOM BaJKOB OT ABYX 3JeKTPOJBurarejell obiiei
mouHoeThio 10 500 kBT, nBe peBepcuBHBEIE yHHBEpCA/bHbIC HalouHbIe
TPYNMNEL KJeTell, Kamkaaa i3 KOTOPEIX COCTOMT H3 YHHRepCaALHOH ABY X-
BAJIKOBOH KJeTH ¢ TropH3OHTa#bHBiMH Baaxamu 1800x 1000 MM
BePTHKa/JIbHRIMH BankaMu JuamerpoM 1100 MM B BenomorarenbHOH
IBYXBAJKOBOIl KJIETH C TOPH3OHTAJbHBIMH BalKaMH [HAMETPOM
1250 1300 mM; opua uuCcTOBas HepeBepCHBHASA YHHBepca/bHas JBYX-
BalKOBasi KJeTb C TOPH3OHTaAbHEIMH Baikami 15001000 mm u

BepPTHKANbHpIMH AHameTpoM 1100 MM, a Taxkxe Y4YacTKH UM/ ropsided
PE3KH, XOJOAHIbHHKOB, TPABHJLHLIX MallMH H OTIeJKH 6aJoK.

Texnonoruueckuii npouece npoxkaTku 6al0OK Ha CTaHe HaYHHAETCH
C Harpepa 3arOTOBOK B Ieax ¢ maraiolliMH T0A0M, H3 KOTOPBIX 3aro-
TOBKH CMellua/JbHbiMH ycTpoHcTBamMu Ge3 yjaapa H3BJeKawT H YKJa-
ABIBAIOT HA NPHEMHBI POJBTanr crana. Harperble 3aroTOBKH 110 POJib-
raHry NojaloT K peBepCcHBHOH o6xKnMHoil aByxBaiakopoil kaern 1300,
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ropaveit peskH; 4 — XOJNOAHJABHHKH; &
cTeNAaMH FOTOBOH NpPONYKUHH

1]

Puc. 1V.10. Tlnan pacnonoxenus oGopy
I — craapn Gaomos; 11 — ornenesse marpe
V1 — ornesediie  otgenkn  OGanok, VI —

noc/jge 3TOro MPOKATKY pacKaTta OCYUIECTBJSIIOT [10CJAeA0BATEIbLHO 33
8—12 nponyckoB B IBYX yHUBEpCa/bHO-0al04YHbBIX rpynnax Kjered u
32 OMAMH MpONYCK — B YHCTOBOH KJjern. [lepen kiersMu okamuuy
COMBAIOT C MOBEPXHOCTH packara BOAOH MNOJ BHICOKHM Ja-
BJICHHEM.

3areM packarsl AHHOI 40 100 M MOJAKT POJAbraHTaMH HA Y4acTOK
i (WECTh MHJ ropsvell peskH), TAe 3a ABa-TPH npieMa paspesaior
HX HA MepHble AnHHbl. [Tocae sToro 6anku KAEHMST U HANPABASIOT Ha
XOJIOJHJIBHUKH (TPH XOJIOAWTBHHKA C LUArAOWUMH 6ankamu). OCThIB-
wHe 6alkH MO ABYM TOTOKAM NePeiaioT JJis NPABKH HAa POJHKOBbIE
MAlIHHBL ¥ HHCTIRKILIHOHHOTO OCMOTPA B TIOTOKE JIHHKH, 4 3aTeM BEILAIOT
no CreylaxaMm Ha CKMaj Wwid Ha yvacTku Ganakootigenku. [oToBeie
NPOQUIH ¢ NMOCAEAHHX HHCIEKTOPCKHX CTE/Iaxeil IPY3AT Herocpes-
CTBEHHO B BaroHkL

TexnonoruyecknMu 0COGEHHOCTAMH MPOH3BOACTBA GaJOK HA HOBOM
yHUBEpCanbHOM 6aJIOYHOM CTaHe ABAsAIOTCH: 1) nocnesoBatensHas npo-
KaTKa npogu/iell B KIETAX, PacloNOKeHHEX B OLHY JHHHIO, 6e3 NpH-
MEHEHHUsS] pPacKaTHBIX MOJieH H IMONEePeyHOro INEePEeMEIleHHsS MeTalla;
2) MHOTONH/BbHAA Pe3Ka pacKarta Ha MEpHBHIE AJHHHL C NpHMEHEeHHEM
NEPE/IBHAKHLIX MU H CpeAcTB Ge3ymopHOil OCTaHOBKH Npokarta IJs
peskH; 3) npaBka 6anOK Ha POJHKOBHX MaIIMHAX B JBYX B3AHMHO
MepHeHHKYNAPHBIX TIJIOCKOCTSAX; 4) HHCMEKIHOHHEI ocMOTp 6ajoK
B MOTOKE MaIllHH.

YHuBepcanbHblil GaJIOYHBIA CTAH OCHAlEH CHCTEMAaMH aBTOMATHYe-
CKOro ympasJieHHsi ODOPYJOBaHHEM YyYacTKa HarpeBaTeJbHHIX Teueii
T/IaBHBIX JIHHHE CTAHA, MUJaMH TOPsAYell PE3KH H XOJOAH/IbHHKAMH,
a8 TAKMKE CHCTeMaMH PpalHOHAJLHOTO PacKpos MeTanka Ha MHJIax,
c6opa H 06paGOTKH TEXHOJIOTHYECKOR HHGPOpMALHH.
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AOBAHHS YHHBEPCAaNLHOTD GaNMOWHOTO cTaga KOHCTPYKmkm Y3TM:

BATEJNLHLX neuefi; JIl — cTamoBmA nponer;

IV — ckpannoil nposer; V — mamupumft san;

ﬁl;}-::ﬁ.ﬂzl‘iroaoﬂ npo,uy_xunu; I — parpesatenbusle neum; 2 — paloune KjetH crana; § — MEJAMW
BIE MAIlWHE; 6 — YYaCTOK HHCTNEKUHOHHOrO OCMOTDA; 7 — yuacTok OTHENKE: & —
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ITpoexTHas TNpPOM3BOAHTENRHOCTE CTaHa cocraBager 1,5 MaH. T
B ron; ofiias Macca MexaHuyeckoro obopynoBannd 34500 T u obuias
MOLLHOCTL TVIABHBIX NpHBOAOB cra”a 37200 BkBr.

B nocnejpnue roawt 3a pybexom (B CIIA, Anowun, UiBeunn, Hra-
JHH H APYTHX CTpaHax) CO3[laHbl CTAHBL JJs NPOH3BOJCTBA CBapHBIX
[IHPOKONOJ/OYHHEX BAaM0K, COCTOAIMMX M3 TpeX TMOJOCOBBIX 3JEMEHTOB,
¢ NpHMEeHeHHeM BBICOKOYACTOTHOH cBapkH, He Tpebywowed ¢iocos
H 3JIeKTPOJOB.

Bonpuioe pacrnpocTpaHeHde MOJYYHIH CTaHBI, cO3AaHHble (GHPMO
«AMF Termatool» (CIHA). Onuu M3 cTaHOB KOHCTPYKIHH 3TOH (DUPMBL
npejHa3Haded JJA CBAPKH WIHDPOKONOJIOYHEIX [BYTaBPOBEIX OaliOK
BEICOTON 150—406 MM u wHpuHoil nosok 50—150 MM (npu BepTHKAb-
HOM PAcMoJIOKeHHH CTeHKH 6ajKi) CO CKOPOCThIo cBapKH 9—46 M/MuH.
Cran coCTOHT M3 yYacTKa pasMarthkiBaTesell, Ha KOTOPBIX YCTaHOBJ/EHE
TPH DYJIOHA TI0JIOC: OJHH C BEPTHKAJLHOH OCHI0 PAa3MOTKH -— JJIA
0o6pa3oBaHus CTEHKH GANKH M [Ba C TOPH30HTAJbHOH OCbIO PA3MOTKH —
Ajisa oOpa3oBaHHus NOJOK Oa/lku; MallHH NpeiBapHTeIbHoH 06paboTKH
noJoc Tepej cBapKoii — MPaBKH PYJIOHHOTO NMPOKAaTa Ha POJHKOBBIX
NPaBHABHBIX MallHHAX, OCAfIKH KPOMOK Y MoJoc, HAYLIIHX Ha obpa3o-
BAHHE CTEHKH (C HeNbi0 yBeJHYeHHsI MPOYHOCTH CBAapPHOTO COeluHe-
HHS KPOMKH MOJIOCH yrommatores Ha 25—30 %) Ha MHOropoJHKoBO#
MAaIllHHe, W NMPeABapHTeNLHON MHOKH MoJioc, HAYIIHX Ha ofpa3oBaHHe
MOJIOC; CBApOUHOI MAIIMHEL — OCHOBHOrO arperara craHa, ofecrey-
BAIOIIEro HENPEPEIBHYID CBapKy [ABYX NPOLOJbHBIX LIBOB; YCTPOHCTB
JJIS 3aYMCTEH H OXJAXKIEHHA CBAPHOTO IIBA M MAallHHBL AJ OTAENKH
TOTOROH MPOAYKIMH — TPaBKH CTEHOK M TOJOK Ganku, pe3KH JeTy-
ueil MHJAOH Ha MepHhe ITHHBI.

Cransl 1151 cBapKH 04JI0K C BEPTHKAALHBIM PACTOJIOKEHHeM CTeHKH
OTIHYAIOTCA GoJee TPOCTEIMH CPEACTBAMH MOLAYH 3J1eEMEHTOB NPOohHIs,
HX YCTAHOBKH H CBAPKH (110 CPABHEHHIO CO CTaHaMH, ofecnedHBalomaMH
CBApKY TPeX MOJIOC C TOPU3OHTANbHBIM PACIoN0KeHHEM CTEHKH); KpoMme
Toro, obJjerueda paGora oneparopa, TaK KaK OH HMEET BO3MOXKHOCTb
Habawlath 3a CRBapKOH JIBYX IUBOB OJHOBpeMEeHHO.
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Puc. IV.11. Ilnaw pacnojoxkedHs oGOPYAOBaHHS NOJYHENPEPbLIBHOTO KDPYIHOCOPTHOTO CTaHa
I — cTennax 3aUHCTKH; 2 - 3arpysouHoe yerpofictBo; § — Bechl; 4 — HarpepaTesbHHE [eYH;

§ — puivamublil TONMKaTenk; [0 — nepegsmkian AHCKoeas nHaa; 1! — kaefimurens; 12 —
nRJa XonoaHOH pesku, J[6 — KapMaHn: I7 — COPTOYKA&AuuK; J§ — yuacToK AOTONHHTENHOM
TpyGHO#i 3aroToBKH € MPaBiAbHONR MallNHofi M CTaHKaMH ANS OCBEeTJNeHHA N (ppeiepoBaHus,
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prnuo-, cpeaHe- H MEJKOCOPTHBIE CTAaHbI

[MonyHenpepblBHbIH KpynHocopTHe cTran 600 kowcrpykuuu Hxop-
ckoro 3asopa (puc. IV.11) mpepHasHaveH mJisi NNPOKATKH IIHMPOKOrO
coptamenTa npoduneii: 1ByTaBpoBbiX 6anok Ne 10—20, yranoso#i craau
Ne 8—16, kpyruofi cranu guamerpom 50—120 MM, KBaapaTHOH cTanu
ceyenneM 50 x50—100> 100 mmM, noaoc TommuHOf 15—5B0 MM H
wrpurofi 100—200 MM, penscoB Maccoit 10 24 Kr/m, pauHol 6—24 M
13 6momoB onnoro cedenus 3003300 MM u AnuHON 6 M CO CKOPOCTHIO
no 10 wm/c.

Crau cocrouT u3 17 pabouux KJeTell, pacnosoXkeHHHX B Tpex
napajJieNbHEX JIHHHAX, COCAHHEHHBIX MeXAY COGOH NATHIO ILIemnIe-
paMH, 9TO MO3BOJISIeT BECTH MaHEBPEHHYIO TPOKATKY (IPH MeHbILIeM
gHcse MPONyCKOB, YeM YHcA0 paGouux KaeTefl), MUHYs HeKOTOpBIE
KJIETH M MOJOTPEeBaTeIbHYIO Nedb, COKpallas TeM CAMBIM BO3MOXKHBIE
npocTon craHa. JIHHHA TPOKATKH HA CTaHE MOCTOSHHAS, a KJETH
BBLINOJIHEHLI TEPelBHKHEIMH (/151 COBMEIUEeHHs TPeGyeMBIX Kaaubpos
BaJKOB C JIMHHEH TPOKATKH).

JInsi KauTOBKH TOJIOCH TIpH Npokarke Ha 45 u 90° ycraHoBiAeHH
KaHTOBATENH, TNPH 3TOM OChb TIOJIOCHE TTPH KAHTOBKE MOMKET JHOO cMe-
WATbCSA OTHOCHTEJALHO CBOErO MOJNOMKEeHHs (10 KaHTOoBKH), aubo ocra-
BATbCH HCH3MEHHOH.

TlepBuie aBe waetu (Ne 1 m 2) — ropusaoHTaNbHLIE IBYXBAaJKOBLIE
850, nocnenywouye ceMb ropusoHtanbuux (Ne 4, 6, 7, 9—12) u Tpm
BepTHKanbHbIX (Ne 3, b n 8) — nByxBankopeie 730 u nocaefHue NATH
(Ne 13—17) — ropH30HTaJBHBIE JIBYXBaJKOBhE 530, npHYeM KJETh
Ne 17 moxeT GHITh ¥ YHHBepcaJbHOH. Bocemb KyeTeil mepBoll JHUHHH
cTaHa 00BEANHEHBl B [BE HENPEpPLIBHEIE MPYIINL: NepBasg — B COCTaBe
nstu (Ne 2T, 3B, 4T, 5B u 61') 1 Bropas — B cocraBe Tpex (Ne 8B, 9T
i 10T); ocra/bHble KJAeTH PACHOJOMKEHB NOCAeJ0BATELHO H B INAX-
MAaTHOM TOpsiIKe.
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600 koueTpykuuu MHixopckoro aamsopa:

2 — KautopaTens: § — Wjennep; 7 — NPOXOZHAA TNOJOTpEBATENbHAS Tedb; & — HOMHHIL;
XOMOAHABLHHK; I3 - cTanMOHAPHAA JHCKOBAA nHja; /{4 — poJHKonpaBHALHAA MamuHa; 15 —
OTQENKH npoKaTa ¢ nuaoft XonogHoft peaky o BEPTHKAMNBHBIM [peccom; 19 — y4acToK oOTAeNKH
20 — y4acTOK OTAeNKH PeNbCOR C BePTHKAJNLHBIM MNPasiibHBIM npeccom
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NpepHBHOTO CPeflHECOPTHOrO cTaHa 450:

Puc. 1V.12. MNnan pacnpaoxenns olopylopanks He-

-

I — cknajn 3aroToBok; 11 — oTHeseHMe HATDepaTe LHEX
neuedl; 111 — crano®ui nposet; IV —ckpanuo#t nposer;
— MawuAHHNA 3a0; VI — ckiaag FOTOBOA NPOAYKIHE;

! — HarpesaTespHBle Neuw; 2 — HOMHUUW N% OOPE3KH
flepenyero Konua; d—uepuosas rpynna paGoymx Knertefl; 4—Jeryuse apapHfinkie HOKHHLS, § —

Jlnsi noBeuLeHNs KayecTBa npokaTa neped Kaersmu 1T u 7T ycra-
HOBJIEHBI YCTPOIiCTBA V1A riAPOcGHBA OKAMTHHBL BOAOH 10/ AaBJeHHEM
12 MIla.

Xapaxtepmi’t 0COGEHHOCTBIO CTaHA SIBASETCS TMpPHMEHeHue paGo-
YHX KJETeH C BePTHKANbHBIMH Ba/JiKaMH, NPHBOJHMBIMH BO BpalleHHE
4epes LH/HHIDHYECKHE 3yOuaThie Nepefauyl OT YETHIPEX 3JEKTPOIBH-
raresiefi BEPTHKANbHOTO HCNOMHEHHs MOMmHOCTbI0 300 KBT Kamupii u
yacroroll Bpawenus 750/1000 o6/mumn.

Ha ocobennocreit KoHctpykiui TPAHCTIOPTHPYIOMIUX CPEINCTB He-
00XOJHMO OTMETHTb PONBTAHTH € FPYNMOBHM MPUBOAOM YepPe3 LHJIHH-
Ipuyeckne 3y0uarble mepefay, obecnevynBaloliye MOBBILEHHE CKO-
POCTH TpPaHCMOPTHPOBaHHsA MeTajana B 1,5—2 pasa (no cpaBHenuio
C POJIbFaHFaMH C KOHHYeCKHMH 3yGyaThIMH NepeaauaMmi).

Ha crane pemena onna u3 coxuefimux npobreM — peska packara
1o ONHOH WTYKe GosbUIOH AJMKHEL (10 96 M) NPH MajOM UHKJTe pesKu
(12 c) ¢ momolIBI0 AeCATH AHCKOBBIX MHJ Nepe/IBHKHOIO THIA M BCIO-
MOraTe/JlbHOro oGopyioBanus, oGecrneqyBalOMHX COBMEIIEHHE BO Bpe-
MeHH ONepalyuy TPAHCIOPTHPOBAaHHSA H Pe3KH packara.

Xomoznas OTaenKa MPoOKaTa OCYIIECTBASETC B 4eTHIPEX JIHHHAX,
0GOpYNOBAaHHBIX MPABH/ILHEIMH MAuIMHAMH, MUJIaMH, LIIENTEpPaMH,
KAaHTOBATENSIMH IUBENJIEPOB, YKJIaA4NKaMH H KapMaHAMH; B uexe
HMEIOTCS TaK#e y4acTKH AJIsl AOTOJHHTENbHOH npaBKH INPOKara BHE
NOTOKa.

Ha crane npumeHeHel JIOKajdbHLIe CHCTEMbl aBTOMATH3AMH MO
TPAHCNOPTHPOBAHHIO, B3BEIIMBAHHIO, KAHTOBAHMIO, PE3KE, KiefiMe-
HHIO, [AKETHPOBAHHIO NpoKaTa H Jp.

[IpoekTHas NPOM3BOANTENLHOCTH MONYHENPEPLIBHOIO KPYIHOCOPT-
Horo crata 600 cocraBasier 1,6 M. T B I'Of, Macca MEXaHHYIECKOro
obopynoBanusi [8 000 r ¥ MoOWwHOCTs 3/MeKTPOABHTATENell TJIaBHBIX
npuBogoB crana 37 000 kBr.
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YyHcTOBAR FPYNna paGounx Kiaetefi; § —neryyne HOMHHIH, 7 — XONOZHIBHHK; § —y9yacTOK OTHEAKH

HoBhifi inHelHbIH YeThIPeXKIeTeBOi KPYNHOCOPTHO-3ar0TOBOYHEIR
cran 950/800/850 koncrpykumn Y3TM, cosganubii B OCHOBHOM MO
THIY OTe4ecTBEHHOrD penbcobanoynoro crana 950/800, paccunrtan nHa
NPOKATKY KPyrJioH crann puamerpom 120—350 MM, AByTaBpOBHIX
OOBIYHBIX U [IHPOKONOJOYHBIX 6anok BhicoTolt 10 600 MM, wBensiepoB
BhICOTOH 10 450 MM, penscoB Tsxkesoro tuna Maccoil 50, 65 u 75 Kr/m
H ApYr#X npoduaell u3 6awoMoB ceyeruem A0 380 %400 MM u maccoi
no 6T co ckopocThio g0 5 m/c.

Cran 950/800/850 umeeT cieaylolmMe OTIHYUTENbHEIE KOHCTPYK-
THBHBIE OcODeHHOCTH: 1) 0G:kuMMHas pabouas JBYXBaJKOBas KJeTh
950 oBopynoBaHa HaMKHMHBIM MEXaHH3MOM BEPXHEro Bajlka C IIPHBO-
JIOM OT JBYX 3JIEKTPOABHTraTesed BePTHKaJbHOTO HUCNOMHEHHA; 2) ABe
yepHOBble TpeXBaiKoBhle KaeTH 800 H YHCTOBAas ABYXBaJKoBasi KJAeTh
850, HecMOTps Ha NPHMEHEHHE CTAHHH OTKPBITOTO THIA, XapaKTepH-
3ylOTCA BBICOKOH KeCTKOCTbIO 0J1arojapa yCTAHOBKE CIRIHAMBHOrO
KJHHOBOTO COEJMHEHHs CTaHHH C KPHBIIKaMH; 3) MOILHOCTEL TJaBHBIX
3MeKTpoBHrartenell yBeauyeHa Ha 30—80 % mo cpasmenunio ¢ Mo
HOCTBIO peJsibcobanounuix craHoB 900/800 w cocrasaser 1500 xBr;
4) ycTanoBAeHbl AENHTE/bHBIE HOMKHHIB HOBOH KOHCTPYKIHH YCHIHEM
pesanus 5 MH ¢ ruipasinyeckum npuBojoM; 5) paspaGorana opH-
rHHa/lbHas CHCTeMa Pe3KM DAcKara Ha MepHBle MJIHHB ¢ MOMOILBIO
YCOBEPIIEHCTBOBAHHBIX JHCKOBHIX MHJ; 6) co3naHa HOBAS KOHCTPYK-
4l XOJOZM/ILHHKA, OCHOBAHHAS HA NpPUHLHKNE TNepeHoca MeTalna
HajJl TOBEPXHOCTBIO CTenna)ka; 7) NpenycMoTpeHa NOTOYHAS OTAE]Ka
H TepMHueckass 06paboTka penbcoB.

[IpoekTnas NpOH3BOLHTENLHOCTh JHHEH HOIO KPYNHOCOPTHO-3ar0TO-
BouHoro ctana 950/800/850 cocrarasier 1,4 MIH. T B roj, Macca Mexa-
HUYeckoro obopynoBanus 3600 T u o6mas MOMHOCTb TJIABHBIX NpPH-
BogoB craHa 15100 kBr.

HenpepuiBueiii cpennecopthbiil ctan 450 B cocrase 16 pabounx
gjaereit (pue. 1V.12) npeanasHayen pas BEIMyCKAa Kpyraoit Craju
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anavietpov 32—60 MM, KBaapatHo# cTanu co crtopoHoil 30-—53 mu,
noJocoBoll cranu ¢ pasmepami 9—22 < 125—200 mm, yriaoBolt craru
75 % 75—125X 125 MM, OOBIUHBIX NBYTABPOBHIX 6aJ0K M LIBENIEDOB
BoicoTol 100—180 MM, a Tak:Ke TOHKOCTEHHBIX ABYTaBPOBHIX 0ajoK
i wBeanepoB (06/erveHHOro THIA ¢ MapajuiehHbIME [OJKaMH) BLICO-
Toft 160—300 MM u3 3aroroBok ceyenmem 150150, 200« 200 u
200 X 250 mM, Aauno#t 4—12 M u maccoit g0 4,7 T co CKOPOCTBIO Mpo-
kaTeH 4—12 M/c.

3aroToBKH OT HeNpephIBHOrO 3arotoBounoro crana 850/700/500
WJIH CO CKJI3[a 3aroTOBOK mocjde WX ocMoTpa H peMOHTa MOCTYNAoT
Ji1a HarpeBa K [IBYM HarpeBaTeJbHLIM MeuaM ¢ LIATAIOUHM [100M
Mpon3BOAHTeAbHOCTBIO M0 170 T/4 Kaxknas. Harpersie 10 TeMneparypl
NPOKATKH 3aFOTOBKH BELAAIOT HA MPHEMHBII pOJbranr CTaHa, Mo KoTo-
POMY METasJl MOCTYNAaeT K HOXHHIAM ropsivell pesku (ycmanem 4 MH)
4151 00pe3ky KOHIOB H Jialee K KAHTOBATe0 H YCTPOHCTBY A5l THIpo-
cOuBa oxanunn. [locae 3Tore mMerans no poabranry ROCTYNaer K He-
npepeIBHON 4€PHOBOH Tpynne pafounx KjaeTed cTaHa, CocTosillelr M3
HeBATH JIBYXBaAKoBHX KaeTeil 630 < 1000: mectun (Ne 1, 3,4, 6,7 u 9)
C TOPH30HTANbHLIMH BanKamu ¥ Tpex (Ne 2, 5 u 8) — KombGunupoBan-
HOrO THMA, KOTOPEE MOTyT ObITh KaK € TOPH3OHTAJNbHEIMH, TaK 1
BepTHKANBHLIMH Bankamu. Kamkznas KieTb NPHBOAHTCS OT 3JIEKTpO-
gsurartens momHocteio 2000 kBt u wacroroii Bpamenus 120/230/375
06/ MUH.

JleBaTh K/aeTeil CrpynmupoBaHel B TPH MNOATPYNNBI 1O TpH
KJAETH B KaMKAOH — € JBYMSl TOPH3OHTaJAbHBEIMH H OAHOH KoMOHHH-
pOBaHHOH MEXIY HUMH.

[o npoMexKyTOUHOMY POJBLTaHTy PAcKar HANPAaBAAKT K Herpepbis-
HOA udcTOBOM Tpyne paBouyHX KJaereil craHa, COCTOALUEH H3 CeMH
kaereit: Tpex (Ne 10, 13 u 15) — romOunuaEpoBaHHOro THna 530 X630 u
wetmipex (Mo 11, 12, 14 u 16) — yuuBepcaabHOrO THIA ¢ TOPH30OH-
TanpHbiME BankKami 530X 630 MM H BepTHKANbHHEIMH  (XOJOCTHIMH)
BagkaMu 900 x 600 mm.

Ipu npoxkaTke Gal0K, WBeJJEPOB H WITPUACOB NPUMEHRIOT KOMOH-
HUPOBAHHBIE KJ/eTH ¢ TFOPH3OHTAJbHLIMH BaJKaMmH H NPOKaTKY 3a-
KauuyHBalOT B YHHBepcalbHoH Kjaerd. IIpm npokarTke yrjoBoi cTamu
HCHOMb3YIOT KOMOHHHPOBAHHKLIE KJIETH TaK e, KaK OPH3OHTaJbHEIE,
Bee npoduau npoxatbiBaiot 6es kantosku Ha 90°. Kaetu ¢ ropuaon-
TaJbHBIMH BaJKaMH MOXHO TNepeMellaTh B TOPH30HTANBHOH MJIOCKO-
CTH, 4 C BepTHKaJbHHIMH — B BePTHKAJIbLHOH.

[lepen uuCTOBOH TPYNNOH KJjeTefl yCTaHaBJAHBAIOT JETYUHE HOK-
HANE ycuaueM pesanua 1,3 MH ana obpe3ku KOHLOB, & 3a 3T0H IPyn-
nof — JeTydHe HOXHHIBL ycuaneMm pesanust 0,63 MH nna peskn
packaTa Ha MepHble JJTHHBL. '

[Tocie mpOKaTKu METAAM MO POJLTAHTY HANPABJSIIOT HA IBYCTO-
POHHHH XOJONHJBHHK. 3a XOJOJHJbHHKOM YCTaHaB/JHBAKT COPTO-
npaBiJbHble MAUHHLL, HHALL A1 pe3kH GaqoK H IUBe/JiepOoB U HOX-
HUIEI A5 Pe3KH YIJIOBOH CTa/JlH H NPOCTHIX NMpoduiel, MaHHbL 415
KJIeiiMeHHs1, MADKHPOBKH H yOODKH roTOBOH MpOAYKIIHH.
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OTanutenpioil ocobenno-
CTLIO CTana sBJSeTcs TO, UTo
npenycMOTpeHa TeXHOJIOorHYec-
Kas  CXeMa  IPOH3BOACTBA
CTPOUTENLHBIX Npoduael, NPy
KOTOPOH OXJaxIeHNe i paBKa
HX OCYUIeCTBIAIOTCA B JJAHH-
HHIX TPYTKaX, a peaka— HOX-
HUIIAMH B XOJIOQHOM COCTOAHHH
B HECKOJIBKO IHTOK. Takas Tex-
HOJIOTHYECKasl cXeMa yBeaHun-
BaeT NPONYCKHYIO CnocodHoCTh
ofopyaoBaHNsAs M yJaydluaer
YCJ0BHS TPYZAA.

Bee TexHoJsorudeckKue ofe-
pauuH Ha CTaHe MEeXaHH3HPO-
BaHbl H 2aBTOMATH3HPOBAHLI,
MpH 3TOM BCE OTAEJOUHHE OTle-
paliy BKJOUEHBl B &JHHBIHR
BRICOKOMPOH3BOAUTENb HBIH [10-
TOK, 4YTO pPe3K0 COKpallaer
AJIHTeNLHOCTE NPOH3BOACTBEH-
HOrO LMKJAA M 3KCILTyaTallHoR-
HEE pACXOIHl, A4 TakKe TI0-
BBILIAET TPOH3BOJAMTENbHOCTD
TPyIa.

[TpoeKTHas NPOU3BOAUTENE-
HOCTh HEMPEPHIBHOTO CpejHe-
copraoro craHa 450 cocrag-
nser 1,95 Man. T B roj;, macca
MOJHOTO KOMIJIeKCa MeXaHH-
yeckoro ofGopyjOBaHus CTaHa
(skatouas orgenounoe) 23100 T,
a MOILIHOCTh TJAaBHBIX NPHBO-
o 32000 xBr.

IOns  obecrieyeHusa LEXOB
4yeTBEpPTOTO Mepejena TMCAKa-
TOM [N KaaubpoOBKM H XO-
JIOJIHON BBICAIKH Ha OLHOM H3
MeTaNNypPrudecKHx  3aBOJIOB
CTpaHH NOCTPOEH CHendany-

SHPOBAaHHBIA  METKOCOPTHBEH |

cran 250 3apoga «SKET» (CAP)
(puc. IV.13).

JtoT HenpepHBHbI OXHOHH-
TOUHBIN CTaH NTpeiHa3HaueH 117
MPOU3BOJACTBA COPTOBBIX IIPO-
dbusefi B Taxelbix OyHTax
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paboune KNeTH cTaHa;

3 — CHCTeMa YCKODEHHOID OXJaMKACHKS TPOKaTa; 4 — MOTaNKH

a7

nenpepHBHOTO MENTKOCOD THOTD

11 — oTpeaenie oTAenKH aarotopok: 111 — cTanoebiil npo-

IV.13, Tlnan pacnoaokenust oGopygoBains

crana 250 aasoga «SKET» (TAP):
aet; 1V — Mawmmunstfi 3aa: /| — parpesatensnias nevs;

I — CKfap 3aroToOBROW.
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Maccoit 10 2,1 T, KOTOphIe XapaKkTEePH3YIOTCA TNOBHIIENHEIM Kaue-
CTBOM [0 TOYHOCTH HPOQHJIsl, YUCTOTE OBEPXHOCTH H BeJHuHHE 00e3-
yraiepokeHHoro cios. Mcxoanolt nponykuueli crana siBisoTca KBaj-
paTHbie 3arOTOBKH cedeHnem 150X 150 mmM u mansolt 12 M. B cop-
TaMEHT CTa®a BXOAST NPOQHJIH KDYIJIOro CeyeHHs agHameTpoM 14—
42 mm, kBanpaTHOro 14x14—36xX36 MM ¥ MIeCTHIpaHHOrO M3 Kaue-
CTBEHHOH YIVIEPOAHCTON, HH3KOJerHpoOBaHHON | JIETHPOBAHHOM cTasedl.
B cocrap crana BxopaT 20 depenyiowuxcst padounx kJeTeil ¢ ro-
PH30OHTANBHBIMH H BePTHKANbHBIMH BalkaMH, OOBEIHHEHHEIX B TpH
HelpepLIBHbIE TPYMNbl. 3ar0TOBKH HATPEBAIOT B OJHOM Meul ¢ [arawo-
UM TI0JOM TNpOH3BOAHTENbHOCTEIO 200 T/rol.

ITponece mpoKAaTKH OCYUIECTBAAIOT B JKECTKHX pabouUX KJeTsx
B O/IHY HUTKY, 0e3 CKpPYYHBAHHA MeTa/l/a MeX1y Kaetamu u 6e3 Hars-
HEeHHf C [OMOMIbIO I[eTieoOpasosaresefi U aBTOMATH3MPOBAHHOIO
37MeKTPONpHBona, 6Jaroflaps ueMy HOCTHrAeTCSl BHICOKOE KauecTBO
BhINYCKaeMOH TPOIYKIHH.

[IpokaTanubit MeTana cMaThiBaeTcss B OYHTbI Ha TpPeX MOTalKax.
[Tepen cMOTKOH NpOKaT NONBEPraeTCss YCKOPEHHOMY OXJaMICHHIO
B [POBOJKOBLIX TPYOKaX B0JI0fl BLICOKOrO AaBJEHHS, a T0OC]E CMOTKH —
BOJLO-BO3LYIIHOH CMEChIO.

B oraeniennH OTJENKH HCXOAHOH 3aroTOBKH MPEIYCMOTPEHA aBTo-
Mardgeckan Ae(EKTOCKONHSA H COPTHPOBKA MeTajqla 110 BHYTPEHHHM
H HapyXHbIM JedeKTaM Ha NOTOYHOH JIMHHH KOHTPOJA W abpasuBHan
334YHCTKA 3ar0TOBKH Ha MEXaHM3UPOBAHHLIX arperaTax. Bce onepauun
Ha CTaHe MEXaHH3MPOBAHBI H aBTOMATH3HpPOBaHbl. IlAs aBTOMATH3H-
POBAHHOTO YNpaBJIEHHA TeXHOJIOTHUECKHM IPONEeccoM M NPOH3IBOI-
CTBOM HCNOJb3yIOT ¥YBM,

TpoBoso4Hble CTAHBI

HenpepbiBHbIH 4YeTHIPEXHHTOYHBI NPOBOJOYHEE cTaH 250 KOHCTpPYK-
wun 3aBoga «SKET» (IIP) npexanasnaued Aas1 NPOKATKH KaTaHKH
aunamerpoM 6—10 MM H3 YrIepoaucToif W HH3KOJETHPOBAHHON CTaIH
H3 3aroToBKi oauoro ceyenusa 80<80 mM, maunoit 12 M © Maccoit
600 kr co cxopocthio a0 40 m/c (pue. 1V.14).

CraH COCTOHT H3 TPHAIIATH CeMH ABYXBaJKOBHIX KJeTell: B UepHO-
BOH rpymnne (neBsTh Kijereir, H3 HUX cemb 450 u aBe 370) u B nepeoi
NpOMEXYTOUHOH rpynne (4ereipe KjaeTH 320) MeTaaa NPOKATHIBAIOT
OJIHOBPEMEHHO B YeThIPE HHTKH; B JBYX BTOPBIX MPOMENKYTOUHEIX
rpynnax (no gersipe Knetd 320) — B JiBe HHTKH, B YeTHIPEX YHCTOBHIX
rpynnax (no uversipe Kiaetd 270, nBe BepTHKalbHBE H JIBE TOPH3OH-
TajbHBe) — B OfHY HHTKY. T. e. Kamnas HHTKa MeTanjia NpoKaTbi-
Baerca B 21 wkaneru (9 + 4 - 4 - 4),

B Eam[0{i YHCTOBOH TOPH3OHTANBHOIl KJETH NPHBOAHTCS OIHH
paGouuil BaJOK HENOCPEJCTBEHHO OT 3IJEKTPOLBHIaTe]sl MOLIHOCTHIO
600 kBT, a B xamxn0# YHUCTOBOH BEepPTHKaJbHOH KJIETH — MOIUIHOCTEIO
364 xBr. BTopoii BaJoK NPHBOANTCS HeGOJBINEM 3J€KTPOJIBHTATEIeM
momnocTeio 35 KBT ¢ wacrortoit Bpamenus 4000 o6/MuH, uTOOB cHH-
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XPOHU3HPOBATb  CKOPOCTH
ofoux BaJOB B MOMEHT 3a-
xBara Metanna. Ilpu wryu-
HOH 4eTHIPEXHHTOUHOH mpo-
KaTkKe 3arOTOBKH HarpeBaloT
no 1150 °C B nByx meuax
¢ waramomuM Togom. Hs
Kaxaoi [e4d [ocTynawt
IBE HHTKH 3aroTOBOK.

Ha crane npeaycMorpena
BO3MOKHOCTE TaK Ha3hIBae-
Mo#t «GecKOHEeYHOR» MpoKaT-
Ki. B 3TtoM ciyuae B mep-
BBIX JBYX Ile4axX 3aroTOBKH
IOJIXKHEL ~ HarpeBaTbesi 10
900—1000 °C, 3areM mnopg-
BeprathCsi CBapKe BCTHIK
NpH MOMOIM  3JIeKTPOCBa-
pPOUHBIX MAIIHH H JOTOJ-
HHTEJAbHO NOJOTPEBAThCs B
HHIYKUMOHHHEIX INeyax 1o
1150 °C. Ilepen nepsoi gep-
HOBOH KJ/IETBIO YCTAHOBJIEHE
JBOE JIETYYHX KPHBOLIHITHBIX
HOMHHI A oOpe3ku me-
PELHETO KOHIA@ 3arOTOBKH
H aBapHHHOH peskH ee,
a 3a nocsaegHell UepHOBOM
KJIeTBI0 — JIeTy4ne pPhuaxK-
HO-KPHBOILHMHBIE HOMXKHHILBI
TOro ke Hasnauewus. Ka-
TaHKY CMaThbBalT B OYHTHL
IBYMA TPYTNAMH  MOTA/OK;
6yHTH 00Bsi3BEIBAIOT HA OYH-
TOBfI3aJbHBIX MalIMHAX H
HAMPaBASIOT K KPIOKOBEIM
KOHBeilepaM 1Jisl OXJazKje-
Hus, panee GYHThl Haupas-
JAIOT Ha CKJaj TOTOBOH
NPOIYKILHH.

MakcumanbHas  [OpoH3-
BOJIHTENbLHOCTL cTaHa (B cay-
yae NPOKATKH KATaHKH jAHa-
meTpom 6—I10 MM cO ckopo-
cteio  40—20 w/c):  npu
WITYYHOH HEMPePRIBHOH IPO-

(katke 90—160 T/u, mpH

gHeCcKOHeUHOY npokarke

1l — ama-

neteR; /1§ — uu-
19 — KploKOBHE

I — aarpysounbie

Pe3KH BO3BpaTa; 6 — CTH=
KJeTH;

YTOUHAA Tpynna K

10 — veprOBBIE
— TPaHCnopTepsl GYHTOB;

5 — MAWHHL A9 OrHEBORN

9 — HONCHHIBI;
4 — BTODAA nNpOMewx

newm;
!

13 — neTneBHKH;

ore ctaha ¥90 KOHCTPYKUHE saBojga <«SKET» (COAP):
{7— OGYHTOR®3ANbHbIE MALIHHEL, [§

eBaTeNiblipie neym.

2] — fepenarciBan TedewKa

4 — Ha
HIBE pogorpesaTelibible

Jd — negHn

§ — HHAYKL

NPOMEIKYTONHAS TpYNNa KaeTei;
¢ — CBCMHHKH H (aKeTHpPOBILHKY OYVHTOB;

— nernaenble siMbl,

2

7

Mnan pacnososkena o0opPYAOHBANHS HeNpPepblBHOTG NPOBOJIO
12 — nepuas

CEADOYHBIE MaluHHbI;
pHilHBe HOMKHHUBL:

PeWeTkr; 2 — pa3rpyacdHbie PEIIeTKH 05 BO3BDaTa;
UTOBAS HENPEPBLIBHAA FPYNNa KaeTefl; /6 — MOTANKH A0 KaTaHKH:

Puc, 1V.14.
KOHBEHepsl A8 GYHTOR:

K

—
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93—170 1/u. Cpennsasa 1POU3BOAMTEJNLHOCTL C€TAaHA M0 roTOBOMY
npokaty 700—800 Thic. T/rox; oflmass Macca MeXaHHYecKoro obopy-
joBaHus ctada 5200 T; ofulas MOLIHOCTD IVIABHHIX 3/JIEKTPOABHraTenes
Bcex kJjeren 20 200 kBr. B wHacrosmlee BpeMs 3KCOAyaTHPYIOTCA
HenpepuiBible NPOBOMNOYHLIE CTalHbi C YHCTOBLHIMH OJIOKaMM, paccu-
TaHHBIE HA CKOPOCTH TIpoKaTku Jo 80—100 m/c.

4. JIACTOBBIE CTAHbI XOJIOAHOWETMPOKATKH

[Mpouecc xoa0HOH NPOKAaTKH MeTajlsa B BHIE MOJOC H JIHCTOB TOJ-
uHHoit ot 2—6 mm o 0,8—0,1 mm u menee (1o 0,001 mm) moaygua
GoJblioe pacnpocTpanenne 6aarofaps MOJYUEHHIO FOTOBOH XOJMOIHO-
KaTaHoit MPOAYKUHMH IIMPOKOTO COPTAMEHTa W BRICOKOTO KauecTRa,
XapaxkTepH3yiolerocs BHICOKOH CTeNeHbI0 TQUHOCTH TEOMETPHUYECKHX
pasmMepoB, MJIOCKOCTHOCTH H YHCTOTHI MOBEPXHOCTH, a TAK¥Ke TOBLILIEH-
HBIMH MeXaHHYECKHMH CBOHCTBaMH MeTaJia (BpeMeHHEIM CONpPOTHB-
JIeHHEM, Tpeje/loM TeKyuecTH, TRephoctsio u ap.). MexonHo#t nponyk-
mHell st XOJ0LHOR MPOKATKH CJAYMKAT PYJIOHBl ropsiuekaTaHod Io-
nocel TommuHol 1,5—6 MM, mocrynawiiHe ¢ HIBPOKOTIONOCOBEIX CTa-
HOB ropsiyefi MpPOKaTKH.

Taxk Kak Ha NOBEPXHOCTH rOPAYEKaTAHOMN NOJOCH 06pasyeTcs Caoi
OKA/JHHBL, TO TEPBOH oOlepaliuell liexa XOJONHOH MPOKAaTKH ABJsETCS
TpaBJeHHe 3Tof N0M0Ch B KHCJOTHHIX (CEPHOM HJIM COJNAHOM) pacTBO-
paX. JIs NOBBILEHHS NPOU3BOJHTENbHOCTH HENpPepbIBHLIX TPaBHJb-
HEIX arperaToB JKeJiaTelbHO CO CTAHOB ropsiuell MPOKaTKH MOJAYYaTh
PYJIOHBL MAaKCHMAlbHO BO3MOXKHOA Maccw (10 40—45 T u Bblme).
B 3tux ke arperatax OCYUIECTBJAETCH H YKPYIHeHHe PYJIOHOB (Mo
Macce) NYTEM CBapKH; TMPH STOM T0AOCA ABMMKeTcs Oe30CTaHOBOYHO
yepe3 BAHHHI € KHCIOTHRIM pacTBOPOM, 4TO JOCTHTAeTcs CTHIKOBOH
CBAPKO# KOHIOB NOJOC KaXXAblX ABYX PYJOHOB. PyJIOHEI NPOTpaB/eH-
HOHM MOJIOCH TPOKaThIBAIOT HAa CTaHe XOJOAHOH NPOKAaTKH.

Hutsi cHATHS BHYTPEHHUX HANPAMKeHUA B HAKIENAHHOM XOJOJHO-
KATAHOM MaTepyasje MoJockl, MoAydeHHA Tpebyemoil CTPYKTYpHl Me-
Talaa H HeoGXOJUMLIX MeXaHHUeCKHX CBOHCTB NOcae XOJOAHOH Ipo-
KaTKH TPHMEHAIOT OTXKHT (PYJIOHOB WJIM JIHCTOB). B HEKOTOPHIX Cay-
gasX (T/1aBiibiv 00PA30M AAS TOHKHUX JIHCTOB ¥ JKECTH) AJA NOAYYeHUs
BEICOKOKAUECTBEHHOI MOBEPXHOCTH Nepej OTKHTOM MOJ0CY HCMOJb-
3YIOT 3EKTPOTHTHYECKYIO OYHCTKY B NIEJOYHBIX pacTBOpax (nas1 yna-
JIEHHS OCTATKOB Mac/aa H 3arPA3HEHHI Ha MOBEPXHOCTH INOCJE XOJOI-
HOM TpokaTku). s mosydeHHs TajKoOH NOBEPXHOCTH, HOBLIIEHHA
MeXaHHYECKHX CBOHCTE H YJAYYLIEHHA WTAMIIYEMOCTH OTOXKKEHHBIE
noJoce (B pyJoHax) W JHCTH [04BepPraioT JpeccHpoBKe (XOJI04HOM
npokaTtke ¢ HefGOJbILHM o0KaTHem H Ge3 CMa3KH).

Tlocsie ApeCcCHPOBKA PYJOHE TOCTYNAIOT Ha ATPerathi Pe3kH NOMOCH
Ha JIACTH MepHOH [JHHBI WJH Ha arperaTtel MOKPBITHS.

CoBpeMeHHBLIM €Ioco60M NOMYHEHHS XOJOLHOKATAHOH NPOLYKIHH
ABJAACTCA PYJOHHHI cnocob, KoTOphi obecneuynBaeT BLICOKYIO TpO-
113BOAHTEALHOCTE KAK COGCTBEHHO NMPOKATHBEIX CTAHOB, TaK I pasjanu-
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HbIX TeXHOJOrHYeCcKHX arperaTtoB — TpaBJ/leHHdA, OTKHra, }lpECCH-
POBKH, HAHeCeHHS TOKDPLITHHA, Pe3KH U AP., YCTAHOBJAEHHBIX B liexe
XOJMOAHOA TPOKATKH, a TakXke yBelMueHHe BbIXoja roguoro. Onepa-
1HS PE3KH PYJOHHO!l NMOJOCH Ha JHCTHI MEDHOH JNHHLI SBAAETCS Of-
HOIT H3 MOoCJenHeH B TEXHOJOTHYECKOM LHKJIe LleXa XOJoAHOH mpo-
KaTKu.

OCHOBHBIM ArperaToM IieXa XOJIOZHOH NMPOKATKH, ONpere/lsTioniim
ero COPTaMeHT, KauecTBO NPOAYKIHH H NPOH3BOLHTRNLHOCTE, ABJIETCS
cTan XOJONHOM TTPOKATKH. B HacTosllee BpeMsi K COBPEMEHHBIM THIIAM
CTAHOB XOJIOAHOH MPOKATKH OTHOCATCS: HETPEPbIBHbIE UeTHLIPEX-, MATH-
i 1IeCTHK/EeTeBble H peBepCHBHEBIE, Hallleé BCEro OJHOKJETeRLIE, UETEH-
pexBaJKOBble H MHOrOBaJKOBBHIe (IJaBHBIM 06pasoM IBajLaTHBAIKO-
BhIE).

“HenpephiBHble cTalbl X0I04HOH NPOKATKH YCTAHABIHBAIOT B lIeXax
60JIBbIUOH NPOH3BOJHTENLHOCTH AJIsI BEIMYCKA MOJOC H JHCTOB CrelHa-
JIM3HPOBAHHOrO COpTaMeHTa. HenpepreiBHBIE CTaHBI OTJAMYATCS OT
pebepcUBHBEIX GOJibiliefi CTeNeHDIO MEXaHH3ami# W ABTOMATH3ANMH M
OoJiee BRICOKHMH TeXHHYECKHMMH NapaMeTpaMH 110 Macce pyJoHa, CKo-
POCTH MPOKATKH, MOIMHOCTH IVIABHOTO NPHBOJA; MPOH3BOIHTEIHHOCTE
ITHX CTAHOB BhILIE, YeM Y pPeBepPCHBHBIX.

HenpepoiBhple 4eTHIPEXKJAETEBbIE YETHIPeXBANKOBLIC CTAHBI [PH-
MEHSIOT ISl XOJOJHOH NPOKaTKH TOHKHX MOJOC (MHHHMAJbHOHR TOJ-
muHoi 0,22—0,25 mm) mupunroi 1370—2350 MM u Maccoli go 30—
35 T; TOTOBas MPOAYKUHUA B BHAE JHCTOB NMPEIHAZHAYAETCH B OCHOBHOM
A% aBTOMOGHABHOR NPOMLININEHHOCTH. B cooreercerBuy ¢ Tpefyemof
LWIHPHHON TNOJOCH AIHHY GOYKH BAJKOB CTAZHOB TMPHHHUMAIOT paBHOH
1526—2500 MM; cKOpOCTb MpoKaTKH jgocturaer 20—25 m/c.

HenpeprBHEIE MATHKIETEBHIE YeTHIPEXBANKOBBIE CTAHBI [TPHMEHAIOT
Kak JJIs1 MPOKAaTKH TOHKHX I10JI0C (/11 aBTOJHCTOB H JP.) MHHHMAJb-
Hofi TommuHOH 0,17—0,23 MM, mHpHHOA mo 2150 MM W Maccoft 1o
40—60 T co cropocthio 10 25—30 M/c npH A1HHE GOYKH BAaJKOB [0
2000—2200 MM, TaK H AJS NMPOKATKH JKECTH H MOJOC H3 3JEKTpPoTex-
Hugecko# (rpancdopMaToOpHOR ¥ IUHAMHOR) CTANKM MUHHMAJALHOR
tronmuHol 0,15—0,18 mm, mupunroit ao 1300 MM u maccofi o 15T
co cKopocTei0 g0 30—37 M/c npu anaubHe GouykH Baakos g0 1200—
1420 mm.

HenpeprlBHEIE UIECTHKJIETEBLIE UETBIPEXBAJNKOBBIE CTAHEI HCNOJb-
3YIOT AN MPOKATKH TOHKOH Kectd ToqauyiHoi 0,08—1,0 mM, mupu-
Ho# 500—1300 mm u maccoit 1o 30—46 T (110 NPOERTY) CO CKOPOCThIO
no 30—40 m/c (mauna Goukn BankoB—u0 1320—1450 mm). Toukyio
KecTh [PUMEHSIOT B [POMBIIEHHOCTH KakK TOTOBYI0 NPOAYKIHIO
(B KOHCEpBHOH, XHMHYECKOH 1 APYIHX OTPacjAAX NPOMBILIIEHHOCTH)
H/AM K4K TOJKaT JJf NOJAYYEHHS oCo00 TOHKOH KECTH TOJLIHHOMN
0,04—0,075 mm. [lpon3aBoauTeNbHOCTL HENpEPHIBHLIX CTAHOB  AJA
XOJIOAHOH NPOKAaTKH TOHKHX Todoc gocTeraer 1,5—2.5 man. T B rox,
a jaa npoxkatkd xkectH 0,7—I1,0 Mau. t/rox.

Jlas nonyueHHs MpH XOJM0AHONH NMPOKATKE TOHKHX NOJOC C IMAfKoN
MOBEPXHOCTBIO H TOYHBIMH pasMepaMil ToJALLHHb (10 IIHPHHE H JJHHe
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noJockH) BalKy H padoyasr KAeTh JNOJXKHLI XapaKTePH30BATLCS 3HAUH-
TebHOH ecTKoCTbi0. C 3TOH Ilesiblo NPHMEHAIOT YeTHPeXBaJKOBLIe
CTaHE! C ONOPHLIMH BalKaMH GOMBLIOTO JHAMETPA H CTAHHHAMH 32KPHI-
Toro THna. [l BO3MOMKHOCTH «BHIKATKHY TOHKHX NOJIOC BAJNKH JOJKHEI
HMETb MHHHMAJbHO BO3MOMKHHIH JHaMeTD, ONpeIesafaeMBlfi IIpou-
HOCThIO INeHKH MPOKATHOrO Bajika NpH Teperaye KPYyTAUETO Mo-
MEeHTa.

PaBoule W onopHble BaJKH H3TOTOBJAIOT H3 KOBAHOH JIETHPOBAH-
HOft cTramu co uudoBanHBMIMH Goukamu. Teeppocte (nmo Ilopy)
6ouku BasikoB: pabounx 95—105 u onopuuix 50—60. Pa6oune kjieru
B HempepeiBHOM CTaHe pacnojaralor Ha paccrosHuM 4500—5000 mm.
PaGoune Bank# Ka)K[10H KJeTH cHa0XKeHBI NPHBOAOM OT 3JEKTPOABH-
raresisi (OLHOTO WM JIBYX) MOCTOSIHHOTO TOKA MOLIHOCTRIO 3—35 Thic. KBT
C Pery/JHpPOBaHHEM CKOPDOCTH B HOIMPOKHX Ipejeaax yepe3 LIECTEPEH-
HYIO KJaeThb (41 Ge3 Hee) U yHHBepcalbHLE LUMHHAEIH.

PynoHs npoTpas/eHHOH [0JOCH YCTAHABJAHBAIOT NPH [OMOLLH
MOCTOBOI'0 KPaHa HJIH 3JEKTPOKapa (C PLuaXKHbIM 3aXBaTOM) Ha TpaHc-
noprep H MNOOUYEPEJHO MOJAIT HX K PasMaThiBaTesllo craHa. Banku
BCEX KJjeTefl BHayajie BpaILaloTcsl ¢ 3anpaBouyHoit ckopocthbio (0,5—
1 m/c). Ilepennuii xomen noJiockl Ha pyJaoHe OTrHGawT (MarHHTHLIM
HJIH CKpeGKOBLIM oTriHaTenem), yepe3 npoBOLKOBLI (POJIMKOBBIH HIN
NMIOCKHH) CTOJI NMOJAIOT MOCAeA0BATeNbHO B BaJKH KaXKAOH KJAeTH H
sanpaeadior Ha OGapaban moTanku. IIpH NpoKaTKe TOHKOH MOJIOCH!
(a0 0,5 MM) KoHell 3ampaBJ/iflOT He B Ienb GapafaHa, a HaMaTHBAlOT
Ha Gapafan (nepBele 2—3 BUTKA)} NpH NOMOLLH DPEMEHHOTO 3aXJ/eCThl-
BaTes.

C nenpio aBTOMATHUECKOIO PEryJIHPOBAHHSI TOJIMHHBE NOJOCH
MEeXy KAETSMH YCTAHOBJEHBI DPOJNHKH JJIST H3MEPEHHST HaTSIMKCHHS
MOJIOCH H JIETYYHE MHKPOMETPH! (TOMIIHHOMEPH 3a NEPBO{l H NocenHed
KaeTsiMH). Mexay mnociefHeH KJIeTblo M MOTANKOH TIpelycMOTpeH
HAMpaBJIstoOIiHi poaHK. [lociie 3ampaBKH MEpefHero KOHUA MOJ0CH!
Ha GapafaH MOTaJKH CKOPOCTL BA/JAKOB BCEX KJETeH YBeIWUYHBAaIOT
J0 MakcHMaabHOH paGoueir ckopoctH. [Ipouecc npokaTku pynona
npogonxkaerca 5—10 MuH u Gomee B 3aBHCHMOCTH OT MACCHl pyJOHa.
[lepen okonuanueM NPOKATKH CKOPOCTh BANKOB YMEHBINAIOT; PYJOH
NPOKATAHHOI NMONOCK CTaNKIBaloT ¢ 6apabana MOTalKH W HANMpaBJAAoT
HA OTHKHT HJH 3JEKTPONHTHHECKYIO OYHCTKY.

Jnsi yMEHbUIEHHST YCHJIHA TPOKATKH I BO3MOMKHOCTH &BLIKATKHY
TOHKOH MOJOCHI B BaJKaX OTHOCHTENbHO GOJBHIOTO JuaMeTpa B Npo-
1ecce MPOKATKH HA MOJOCY NMOJAl0T CMasKy (MpH OPOKATKE KEeCTH —
NaJbMOBOE MAC/0 HJIll €ro 3aMEeHHTENH, NpH NpoKaTke GoJee TOJCTLIX
HOJI0C — MAacCAsSHYIO 3MYJIbLCHIO).

Kax npaBm10, npokaTxy mnoJockl Ha HeNpepbiBHOM CTaHe ocy-
ILeCTBJSIOT 32 OJHH NpPoxoA. B HeKoTophX cayuasx (HanmpHMEp, NpH
[IPOKATKE KPEMHHCTOH 3/MeKTPOTeXHHYeCKOH cTanu) ANA NOAYUEHHS
TpebyeMBIX TOJUHHLE TOTOBOH INOJOCH H ee CBOHCTB (MarHMTHLIX,
MeXaHHYeCcKHX) NocJie MepBOro Mpoxoia PYJAOH MOABEPTalT OTHKHIY
H 3aTeM MPOKATHIBAIOT BTOPHUHO HA 3TOM ¥Ke CTaHe,
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OJHOKJIeTEBLIE peBepPCHBHBIE YeTLIPEXBAJNKOBHIE CTAHB (pexe —
JBYKJIETEBLIE) MO KOHCTPYKIMH aHAJOTHYHbl HENPepHBHLIM. [Ipokarky
Ha STHX CTaHaX OCYMIECTBAAIKT B HECKOJIBKO PEBEPCHBHEIX POXOJOB,
MOSTOMY Ha BBIXORHOH CTOPOHE CTAHA YCTAHABIMBAIOT MOTaJKY, a Ha
BXOJZHOH, — KpOMe pa3MaThIBaTe/s, €lle H BTOPYIO MOTAlKYy.

PeBepCUBHBIE CTaHBl XOJOAHOH NPOKATKH YCTAHABJIHBAKT B LEXaX
npi HebospmoM ofbeme npousBofctBa (50—I120 Teic, T/rog) ¢ mHpo-
KHM COPTAMEHTOM INOJIOC H3 MaJOyrNepoAHuCTLIX, JIETHPOBAHHBIX H
3/MIEKTPOTEXHHYECKHX cTaneli. B psajge cayuaes peBepcHBHEIE CTaHEI
YCTaHABIHBAIOT B UEXaX XOJOXHGH NPOKaTKH GOMbINOH NPOH3BORH-
TENbHOCTH B JIOTIONIHEHHE K HENpephiBHLIM cTaHaM. [To KOHCTpyKIuH
peBepCHBHHIC CTAHBI MOJAPASHENAT HAa CTAaHBI C NPUBOJAOM Yepes
pabBoune BalKH H Yepe3 ONOPHLIE BAJKH.

PeBepcuBHbIE YeTHIPEXBAJIKOBBIE CTaHbl H3roTaBNHBAKT B OCHOB-
HOM C AJHHOH 60ukH Baakos ot 1000—1200 no 2000—2300 MM, koTo-
prie ofecrneynBalOT NPOKATKY IOJOC C OTHOLIEHHEM €€ HMIHDHHB K TOJ-
mrne 6000 u Gosee; macca pynoHos 30—45 T M CKOPOCTh MPOKATKH
a0 10—20 m/c.

Jlns npokaTki ToHKOH (no 0,2 MM) u y3Koil (10 500 mm) nosock!
NPHMEHAIOT TAKME PEBEPCHBHBIE UETHIPEXBANKOBBIE CTAHBLI, HO C He-
GonbiiuM auaMeTpoM pa6oynx BankoB (80—100 mm). Tak xak npu-
BOJHLIMH TaKHe BaJKH CLeNnaTb TPYJAHO (BBHAY HENOCTATOUHOH IIpou-
HOCTH Ha KDy4€HHE LIEK BAaJKOB), TO NPHBOJL HX OCYIIECTBJSAIOT YEpes
QNOpPHEIE BAJKH.

B cBsAzu ¢ GOJIBIUMM CIIPOCOM PA3JIHYHBIX OTPACHEH TPOMBIILIEH-
HOCTH Ha TOHKYIO (TomuuHo# 0,1—0,5 Mm) u ToHuaiimyio (g0 1,0 Mk)
noaocy (MeHTY H GoNbry) H3 TPYAHOACPOPMHDPYEMBIX CIJIABOB, B TOM
YHCJIe H3 BHICOKOYTVIEPOAMCTEIX H KOPPO3UOHHOCTOHKHX cTaseill mo-
BLIINIEHHOH TBEPJOCTH, IIHPOKOE PACHPOCTPAHEHHE NOMYYHIH MHGrO-
BaJKOBble pepepcHBHBE cTaHh. OCHOBHBEIM [IPEHMYIIECTBOM 3STHX
CTaHOB ABASETCS MaJbld aHaMerp pabouux BandkoB (3—50 mm), Gna-
rofaps 4emy CHHxKaeTcd Tpebyemoe YCHJHE NMPOKATKH H MOSBJASETCH
BO3MOXXHOCTb JOCTHIHYTb OGOJIBIIOTO 0GXKATHS 33 OQMH NPOXOJ —
no 40—50 % u cymmapHoro ofxatus (6e3 NPOMEXYTOUHOH TepMmo-
o6pabotkn) a0 90 %.

IMocKONLKY MHOTOBAMKOBbIE (ABEHAANATH- W IBajUATHBAJKOBbIE)
KJIETH CHa6KeHbl paGoyHMH BalKaMH HeBOJBIUIOr0 AMAMETPA, ONHPAIO-
UIHMHCS HAa HECKOJIbLKO PAAOB ONOPHBIX BaJKOB M ONOPHBIX POJHKOB,
TO TPHBOJ CTaHa yepe3 pabouue BaJKH OCYIIECTBHTb NPAaKTHUECKH
HEBO3MOMKHO, TO3TOMY NPHBOAHLIMH Je/3i0T YETHIPE ONOPHBIX BAaJKa
JABYX NPOMEKYTOYHBIX psimoB. CraHHHa pabouefi KJETH npejncrasisieT
cofloii MacCHBHBIA CTAJIhHOH MOHOGJOK ¢ DOJMBIIOH kecTKOcThiO. Ha-
npsizKeHHe B CTAHHHE [IPH IIPOKaTKe JomycKaercs He Goaee 2,5 MITa,
T. e. B 20--30 pa3 MeHblle, 4eM B CTAHHHAX YETHIPEXBAJKOBOIH KJ/ETH.
[IpuMeHenue pabounX BaJKOB MHHHMAJLHOTO AHAMETDA H BHICOKASA Ke-
CTKOCTh BaJIKOBOH CHCTEMbI H CTAaHHHBI 06ECTEYHBAIOT BO3MOXKHOCTD X0~
JofHOM NPOKATKH Ha 3THX CTAHAX TOHKOH H TOHYaRINel BRICOKOIPOYHON
nosocsl (npH GOJbIIOM HATAKEHHH €€ MoTankamu o 300—400 xH).
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JBannaTiBaqKoBele KAETH € JAAHHON 6oukn BadkoB 1o 2300 mwm
HCIONMB3YIOT WISl NPOKATKN TOHKMX roJioc MHpHHOA jo 2200 wmwM,
a4 ¢ MeHbUIeH JMHHOH GOUKH — IJsT NMPOKATKH TOHUAHIIHX [IOJIOC 1H-
punoit o 100 mM; macca pysaonos pocruraer 15T, a cKopocTs mpo-
KaTKH cocraBasger |—15 m/c.

Crienyer oTMeTHTB mpeiKje BCEro LIHPOKOE CTPOHTENbCTBO CTAHOB
C YeThIPEXBAJKOBBIMH KJASTAMM HENpPEpPhBHOTO THNA B COCTAaBe Ye-
THIPEX W NATH KJeTell 1158 NPOH3BOACTBA MOJOC H NATH M IIECTH KJIeTeH
A8 nponsBoicTBa kecTH. HanBosee CcoBeplIEHHLIMII SBJISHOTCA
NATHKAeTeBpie AucToBie cransl 1700—2200, paccunTtaHHble hHa npo-
KaTKy noJio¢ B pyJonax maccoli o 45-—60 T co ckopocrhio 10 30 m/c
H UIECTHKETeBRIE KecTeKaTalbHhlie UeThIPeXBaJKoBbie cTaHbl 1320—
1450, paccunTanible Ha MPOKATKY JKECTH B pyJoHaX Maccof jo 33—
46 T co ckopocTbio 10 38—40 m/c; Bnepsoie B Miipe B 1971 r. Ha (pupme
«Nippon Kokan» (fnouus) BBenen B cTpofi MOMHOCTBIO aBTOMATH3H-
DOBAHHLIH HeNpepelBHBIN NATHKAeTeBoil ctran 1420 c ynpamnenuem
or DBM mas «beckoneyHOR» NPOKATKH xecTH Toamuuoi 0,15—1,6 Mm
co ckopocteio 10 30,5 m/c.

B o6nacti peBepcHBHBIX CTAHOB XOJOIHOH TPOKATKH 38 PyGemoM
IIHPOKO TNPHMEHSIOT MHOrGBaJIKOBEIE (IBailaTHBAJKOBBIE) CTaHH.
[Ipumensitor Takxe crann Tina MKW kouerpykuun ¢upmer «Schloé-
mann — Siemag» (PPI') ¢ paGounmu Bankamu HeGOABIIOrG AHAMETPA
(125—250 MM), CMEMIEHHEIMH TIO OTHOIIEHHI K BEPTHKAJIbLHOH OCH
OTIOPHBLIX BAaJKOB H ONHPAIUIHMHCA JONOJHHTENBHO HA GOKOBbLIE NOJ-
NOPHBIE BAJKH, H ¢ NPHBOLOM 4Y€pe3 OMOPHEIE BaJKH.

B CCCP nocTpoeHsl pas/IHYHLIE THIH COBPEMEHHBIX CTAHOB XO0J01-
HOH MPOKATKM: HenpepbiBHbIE YeThipexk/aereBble THna 2500 u 1700;
natukneressie 1700 n 1200, a Takke peBepcHBHBIE YeTHIPEXBAJIKOBLIE
H MHOroBankoBhle. B nocieinue roipl nyweHsl 1eXH XOMOJIHOH Npo-
KaTKH C HenpepLIBHEIM MATHKAETeBbiM craHoM 2030 aas npokaTku
NOJOC H3 YIVIePOJHCTOH CTald H ¢ HEeNpephIBHBIM IIECTHKJETeBRIM
craiom 1400 pna TNPOKATKH ecTH. ITH CTaHBH XapaKTEPH3YIOTCA
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Puc. IV.15. IMnan uexa xononuofi NPOKATKH C HeNPePLIBHLIM TYeTHIPEXKJAETEBLIM CTaRoM 2500 xon

2 — cTHKOCBapowHHfl arperat; 4, 4 — HenpepsiBHBIE
CTaH
{15 —

1 — KoHpeilep ropA4YeKaTalblX DVJIOHOR,
pexknaeresoft cram 2500 7 — xosnnakobmle neun AAA OTHKHra; & — JPeCCHPOBOYnBI
AonbHOR peskn: /3 — arperatsi COPTHPOBKH JANCTOB; /4 — JHHHMH PacKpPod MNHCTOB]
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BBICOKHMH TEXHHYECKHMI NapaMeTpaMi; BeChMa BaHOH TeXHOJOTH-
YeCcKoil 0COOEHHOCTBIO 3TIX CTAHOB ABJASETCA NPHMEHEHIe mpolecca
«BECKOHEUHOH» NPOKATKH MOJIOC.

Llexu masi MpPOH3BOACTBA ABTOMOOMJBHBIX
H KOHCTPYKLHOHHBIX JHCTOB H M0JOC

llex xonofHOH NPOKATKH C HENpPEepPHIBHBIM UEThIPEXKJIETEBLIM CTAHOM
2500 xouncrpykunn BHHHmermamr — HKM3 (pue. IV.15) mnpen-
Haznauex JAMA NPOU3BOJACTBA XOJNOJHOKATAHBIX JHCTOB TOMMIHHOMN
0,6—2,5 mm, mupuuoi 1000—2300 mm » aaxHoi 1,5—6 M (B maukax)
u nojoc ¢ pasmepamu 0,6—2,5:<1000—2300 MM B pyJoHax maccoi
A0 25 T U3 YrAepoAHCTOl CTanH, XapaKkTepH3yeMoil BpeMeHHEIM Copo-
tiBaenneM 1o 500 MIla u npegenom tekyuectn go 300 Mlla; nexon-
HOH NpPOAYKIHEll ABJIAIOTCH ropAYeKaTaHble ITOJ0CH TOMILHHON 1,5—
5,0 MM u mupunoii 1050—2350 MM, mocTymaiouiHe ¢ HENPEepHIBHOTO
MHPOKONoa0coBora craHa 2500 ropaueil npoxkarku.

B cocraB ocHOBHOrO oGopyloBaHHsi 1l€Xa BXOAST: KOHBeiep ro-
psiYeKaTaHBIX PYJIOHOB; CTBIKOCBAPOUHbLIH arperar; 1Ba HENPEDPBIBHBIX
TPaBHJBHLIX arperara; HeNpPEPLIBHLI UETHIPEXK/IETEBOH CTAH C YeThl-
pexBanaxoBeiMH kaertsimi 2500; KodnmakoBble neud JAJsl OTHKHTA PYJIO-
HOB M JHCTOB; TPH JPECCHPOBOYHHIX CTAHA € YEThIPEXBAJTKOBEIMH
Kaeramu: 2500 — jgasa pynoHos, 2500 — gasi auctos H 1700 — nas
PYJIOHOB; NATL arperaToB PE3KH: TPH — A5 MONEPEYHOH Pe3KH NoJocC
Ha JHCTH AanHoH 1,6—6 M u ykAajkH HX B cTomnel Maccoi ao 10T,
[Ba — JJisi TPOAOJbHOH DPE3KH ITHPOKHX MOJOC Ha Y3KHE MOJOCH
arperat COPTHPOBKH JIHCTOR NOBRINEHHOTO KadecTBa. Kpowme Toro,
B IIéXe YyCTaHOBJEHBI: aTPeraT NonepedHol Pe3kH ropsiYeKkaTaHbix moaoc
TOMMKHOH 2,5—6 MM (HemocpeicTBEHHO MOCAe TPABAEHHS), arperar
OPOAONIBHOH PE3KH (PACKPOS) JHCTOB, HOMKHHIB JAA Pasjenku npod,
KOHBefiep ¢ KaHTOBaTe/eM, NAaKeTHPNpecc, BeCH H MepeaTOuYHbIe
TENEXKKH TPY30lolbeMHocTbio oT 20 g0 120 7.

B HenpepuIBHBIX TpaBHJIBHBIX arperatax C CEPHOKHCJAOTHEIM pac-
TBOPOM CKOPOCTh [ABH:KeHHd mosocsl cocrasaser ot 0,5 m/c (3anpasou-

I

cTpyRuun BHIIHmermaw — FIKM3:

TPaBHMblKe arperaT Me 1 # 2, § — arperaTel nonepeunofi pesks (1,5 X 2350 mMMm); 6 — ueTu-
2500; 9 — To ke, 1700; 10, 1/ — arperatel Nonepeunolt peake Ne | m 2; /2 — arperatsl Tpo-
nepegaTouroe ycTpoficTRO AJASA PYAOHOB
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Pue. 1V.16. Henpepusueifi ueTmpexxnerepofl uernipexsamkonuft cran 2500:

WD RN 8 AT B ST il P B S b T2, A

I — paGouan ueTHPEXBAJIKOBA# KJAeTh; 2 — npopopkosnil cton: 4 — geryunit MHKPOMETP;

Has) mo 7,5 m/c (paGouas Ha y4acTke JO Nepmo# NEeTACROR sMH);
AJIA JIOMKH H DAa3pLIXJIEHHS OKaNHHbl B KaXKJOM arperare HMelTrcs
10 OJHOM JPECCHPOBOYHON YETHIPEXBANKOBOH KIETH 500/1400 < 2500.
Cpenusisi NPOH3BOAHTENBHOCTb arperara TpaBJeHHs 1,2 MaH. T B roj;
Macca Mexauuueckoro ofopynoBanus arperata okoso 2200 T.

Ilas nodyueHHs PYJIOHOB TOPSiY€KaTaHOH MOJOCH Go.nbmoﬁumaccm
(10 15—25 1) 32 arperaTamH TpaBJIeHHsl yCTaHOBJIEH CBAPOUHBIH arpe-
raT jjsi CBApKH BCTHIK MOJIOC JBYX-TpeX pyJonos Maccor 5—10T.

HenpepuiBaeiit cran 2500 (puc. IV.16) cocrout H3 ueThpexBas-
koBhx kaereli 500> 15002500 MM, pacnoJoKeHHBIX MOCJAEL0Ba-
TeNbHO OfHA 3a Apyroit Ha paccrosnud 5000 mM. Kaxnaeli paGouni
BAJIOK KJETH MPHBOIHTCA OT JABYXBAKOPHOTO 3JIEKTPOABHTATENs MOIIL-
HocThio 2% 1800 kBt u uacrortoil Bpaimenus 200—465 o6/Muu uepes
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4 — Ten3zoMeTp; § — MoTanKa

peIyKTOp N YyHHBepcalbHHl MNHHIeAb. [lepenatounnie uHcaa pe-
AYKTOPOB COOTBETCTBEHHO HOoMepaM Kiered (o1 Ne 1 mo Ne 4) paBHHI:
1,16; 1,32; 1,48 n 1,61. Haubonbinee ycuane npokarki AOCTHTAET
35 MH, a ckopocTh NpOKAaTKH Ha BEIXOJE W3 noc/enued kaetn 21 m/e.

[lepen nepBoil KJ€TLbIO YCTAHOBJEHBI pPas3MaThiBAaTeNb CO CKpeOKo-
BbIM OTrHOaTesieM KOHLA pYJIOHA, MPABHABHO-TAHYIHE PONHKH H
POJIIKOBBIH MPOBOJKOBBIA CTOJI; MEXJY KJETSIMH PacioJioKeHkl TEH30-
METPHl HaTAMKEHHA NOJOCH 118 aBTOMATHYECKOrO Pery/aupoBaHHs TOJ-
LIMHBL MOJIOCH W JIETyyHe GeCKOHTAKTHhlE MHKPOMETpHl I/ Hempe-
PHIBHOTO H3MepeHHS TOJIIHMHBI NOJOCH; 3a mocaeiaHel KJAEThbIO HaxXo-
IATCH MOTAJKH H CHHMAaredb DYJOHa.

Ha arperarte nomepeuno#i pe3ku mnosocul TomuuHol 0,6—2,6 Mm
W mupuHoi 1050—2350 MM pexyT Ha naucThl MepHoil AauHE 1,6—6 MM
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JETYYHMH HOXKHHUAMH. CKOPOCTH ABMIKEHHT MOJOCHI MEpel HOMKHH-
uamu 1,6--6,4 m/c, a ancros 3a Homuunamu 1,9—7,6 m/c. Cpenusis
IPOH3BOJIMTENIBHOCT arperata ronepeyHofl pesku 160 T/u, wHuH
850 ThiCc. T B rox; Macca arperata 1250 T.

Ha arperare npogonsuoft peskn ocymectBasior 06pesky 60KoBHIX
KPOMOK BC&X MoJIOC H POCHYyCK NOJOC HpHHOK 10 1800 MM Ha mojock
WHPHHOK no 100 MM (4HCIO OHOBpeMEHHO paspesaeMbIX NOMOC —
20 9 Wr. npu Tonmune 2—2,5 MM H a0 15 WT. NpH TOMLHHE N010CH
MeHee 2 MM) co CKopocTbio pesatus 1,6—6,4 m/c, Macca arperara
npofoarHOl peskn 500 T,

Llex xonoanoil MPOKATKH C HENPEPLIBHEIM YETHIPEXKJETEBHLIM CTa-
HoM 2000 xoncrpykuus Y3TM, nocrapjeHHEM Iis 3aBojaa «Bokapo»
(Mupus), npennasnader il NPOM3BOACTBA XOMOAHOKATAHBIX JIHCTOB
(B maukax) u momoc (B pymoHax) TonmuHoft 0,4—2 MM, LWIHPHHOH 10
1850 MM H3 ropsiueKaTaHBIX YIIEPOAMCTEIX MOJMOC TOIHHON 1,8 —
6 MM, wHpuHo# 900—I1850 MM B pyJsionax maccofi go 35 T, NoCTynaio-
KX C HENpepelBHOTO WIHPOKONON0ocoBoro crava 2000 ropsueii npo-
KaTKH.

XoaoaHoKaTaHas NPOLYKIHS MPOM3BOJHTCA NO CASAYIOUIEMY TeX-
HOJIOTHYECKOMY NMPONECCY: TPABJIEHHE rOPAYEKATAHBIX NOJIOC B HEmpe-
PBIBHOM TPaBHIBHOM arperare, XOJIOAHAas NMPOKATKa HA HENPEPEIBHOM
CTaHe, CBETJIBIH OTXKHI XOJOJHOKATAHEIX DYJOHOB B KOJINAKOBbIX
nevax, APECCHPOBKA MOJIOC HA OAHOKJIETEBOM JIPECCHPOBOYHOM CTaHe,
peska nosioc Ha JIMCTEL B arperarax nonepeuHol pesku (M/IH Ha y3KHe
MOJIOCEL B arperaTtax NPOAOJBHOH Pe3KH), yMaKkoBKa roTOBOH NpPoAyK-
LUHH B YNaKOBOYHLIX arperarax.

TpaBnienne nonmockl (B cpemmell YacTH arperata) oCyIIECTBJsETCH
B 14—25 %-noM pacTBope cepHOH KHCJOTH IpH remneparype 90—
95 °C. CkopoCTb [IBHIKEHHS MNOJOCHl B TOJOBHOY 4YacTH arperara
cocraBasier 90—600 m/mun u B XBocToBoH wactH 45—300 m/MuH.
B cocraB ofopynoBaHHA 3TOr0 arperata BXOIST CTHIKOCBApoyHas
MallHH& A7 CBAPDKH KOHIOB (YKPYITHEHHSI) PYJIOHOB, a TAKXKe riaB-
Has JIHHHA paGoyed NBYXBalKOBOM KJETH JJis MPOKATKH MOJOC C He-
GoMbIUHMH  oGKaTHAMH (10 5 %), obecneunBalOmMMH Pa3pyIueHHe
OKaTUHBl Ha ee MOBEDPXHOCTH H, CJEJOBATeNbHO, HHTEHCHOMKAIIHIO
TIpOLIECCa TpaBAEHUS B KHC/JOTHBIX BaHHAaX.

CoGerBenno HenpepuiHbiil cTal 2000 COCTOHT Ha YeTHIPEX YeTHpeX-
BanKOBEIX Kieredi 600 1600 % 2000 mm; nanGoabliee ycHIHe TPOKATKH
nocruraer 30 MH, a ckopocTb NpoKaTkH Ha BhIXOge H3 nocjeHei
kaerit 20 m/c. Cran obopysoBal CHCTEMOf DEryaHpOBAaHHS TOJIIHHEI
10JI0Ckl, OBGecrneuHBaollefl NPOH3BOJCTBO NPOAYKLHH BLICOKOMH TOY-
HOCTH.

Py10HEl X00AHOKATAHBIX OJIOC IPOXOJAT B Aa/bHEHIEM CBETbI
OTKHI' B KOINAKOBBIX Meyax ¢ 3aliuTHOoH atMoctepoi. [Tocne orkura
MOJIOCK! B Py/IOHAX MOCTYynaoT Ha ApeccHpoBouHmi cran 2000, pato-
yasl KJI€Tb KOTOPOIO NOJHOCTBIO YHH(HIHPOBAHA C KOHCTPYKIHEH
paGoueii kneru craHa. Ha npeccuposousoM cTame momoca NMpoKaTh-
Baerca ¢ oGxkaruem 10 5 % . ITofBEpruyThie APECCHPOBKE MOJOCH pe-
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Pue. 1V.17. CxeMa wenpepwnsoro naruKjgerepora ctana 2000 xojopHol «Geckoneuroii» npo-
kKaTKE dupmbl «Schloémann — Siemags (®PI):

!/ -~ npa pasmaTHBaTean (AA8 PpenHMa <OGecKOHeYHOH® NpPOKAaTKNH): 2 — CTHIKOCBAPOuYHAaR
MalllHHa; § — HAaKONMHTEsb NONOCH (C MeT/NeBHIMHE TeJIeXMKaMu); § — ABYXNOAHIHOHULIR pa3Ma-
ThiBaTeNb (415 NOPYAOHHOTO PeAHMA NPOKATKH); § — paboune KNeTH; 6 — JNeTyuyHe HOMHHIE]
7 — JBe MOTaJKH

JKYT Ha arperaTte npojo/bHOH pPe3KH JHCKOBEIMH HOMHHIAMH CO CKO-
pocteio 10 6 M/c Ha GoJsiee y3kHe TOJNOCH HNH Ha ABYX arperarax
nonepeyno#t pesku 0,4—1,2x 1850 u 0,6—2< 1850 neryuumu 6apa-
GaHHLIMH HOXHHIJAMH CO CKOPOCTBIO J10 b M/c (¢ 0IHOBpeMenHOH obpes-
KOH GOKOBBIX KPOMOK) Ha JHcThl MepHOH anuubl (1—6 Mm).

Ha HopoaunenxoM MeTaqnypruueckoM KOMOHHAaTe NOCTPOEH LEX
XOJIOAHOH NPOKATKH YIJIEPOLHCTHIX CTaJIel ¢ COBPEMEHHBIM HeNpepPhIB-
HEIM NATHKAETEBRIM 4eThIpexBankoBeiM cranom 2030 «GeckoHeuHOH»
npokaTk® notocu (prc. IV.17).

Cran npefHazHayeH IJd NPOH3BOACTBA XOJONHOKATAHEIX MOJOC
ronuuHof 0,4—3,5 MM 1 mupunofi 900—1850 MM B pynoHax Maccof
Jo 45 T pasAMYHOro Ha3HauYeHHs H3 YIJIEPOAHCTHIX cTageli OOHKHO-
BEHHOrO Ka4ecTBa, a TAKME KAYeCTBEHHBIX KOHCTPYKUHOHHEIX CTafleH.
HcxonHofi nponykumei cTana sBASIOTCH ToOpsiYeKATAHBIE TPOTPABJIEH-
HhEIE 1oJ0ck ToNUHHOH 2—6 MM 1 mmpuuol 900—1850 MM B pyJnonax
Maccofi 10 45 T, npoeKTHasA CKOPOCTh NPOKATKH HA BEIXOJE H3 NoCieN-
Hel (nsTol) Knerw jgocTHraer 33 m/c.

OcHOBHBIM OTIHIHEM COCTABA MEXaHHUECKOTro 060pYLOBAHAA CTaHa
¢ «BecKOHEYHBIM» NPOLECCOM INPOKATKH OT OOBLIUHOTO HEMNpPephIBHOTO
CTaHa #BJAETCS] ycTaHOBKAa nepel pabOUHMH KAETAMH CTaIlHOHADHOH
CTLIKOCBapOYHOR MAallHHBI H NETACHAKONHTENA ¢ HATAMHBIMH TENeH-
KaMu (3amac nosockl B merdenakonuresne 800 M), ofecneyHBaoupX
MOJHOCTBIO HETPephIBHYIO («0eCKOHEYHYIO») TPOKATKY CBapeHHBIX
BCThIK FOpAYEKATAHBEIX TMOJOC (e3 3alpaBoK B CTaH NepefHuX KOHIOB
Kay(ioro pyJ/J0OHAa H Nay3 MeMXAy NPOKATHIBAGMBIMH PYJOHAMH.

Ha BXoIHOIl cTOpOHEe cTaHA YCTAHOBJEHH [BA pAa3MATHIBATENH
KOHCOJIBHOTO THNa As «OECKOHEUHOH» MPOKATKH H ONHH [IBYXIO3H-
IIHOHHBIH pasMaThiBaTeNb /18 0OLIMHOA NOPYJIOHHOH NPOKATKH (B Cay-
dage pemoHTa of0opynoBaHH#A, ofecneyHBalomero «DeCKOHEUHYIO MpO-
Karxy»). B npouecce cBapKH noJioc HaTSAKHble TeJIeXKKH NepeMellaTes
(cnpaBa HaneBo) M BEIZAIOT 3apac NETJAH B cTaH Ge3 ero OCTaHOBKH;
KOTjia npolecC CBApPKH 3aKaHYHBAETCS, BHOBb OCYILNECTBJASETCS HAG0p
NETIH 34 CYET MepeMelleHHs TenexeK (cJeBa HAMparo).

Pafoune KnerH 4YeTHIpeXBaJKoBhe, HMeouHe Baaku 615x 1600 x
X 2000 MM ¢ HHIHBHAYAJTbHBIMH NPHBONAMH, MaKCHMAalNbHOE YCHAHE
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Prc. IV.18. HenpepuEBHbilt NaTHKIETEBON CTAR C TeTHPEXBAJKOBHMHA KaeTamu 1700 KOHCTPYKIHH

1, 9 — mepenaTouYHBe TeAEKKH, 2 — nogawmuil TpaHcnoprep; J — orrubaTesb  KOHLOB

1 Y3TM:
KOBafA KJeTh; 7 — MoTaaka; 8§, /0 — uennsle Tpancnoprepnl Ne | ® 2; /1 — pecw; /2 — cau-

nogiockl; 4 — PA3MATHIBATEAB: § — [PABBALHO-TAHYIlAR MallHHa; 6 — pafouasn YeTHPEeXBas-
MaTeab PYJOHOR

npokarku 30 MH, a cymmapHas moutHocTs npuBojoB crana 48500 kBr.
Kietn 060pynoBanbl IHAPAaBIHYECKHMH HAXKHMHBIMH YCTPOHCTBAMH,
obecneyHBAIOHMH: BBICOKOE GHICTPOAEHCTBHE; MOBHIIEHHe W IIOHH-
JKEHHE JKeCTKOCTH KJIETH B LIHPOKHX NpeJesax; YCKODEHHe pasBese-
HHf Ba/lKOB MPH I€PeBajKaX Ha CTaHe; YMEHbIIEHHE IHHAMHKH TPO-
Lecca NMPOKATKH NMPH BXOJE INMOJOCH B KJETH M BLIXOJE €e H3 KJeTell
H ap. Uncroe mamuuHOe BpeMs npH «GeCKOHEYHOH» MPOKATKE COCTAB-
aser 90 %, B To BpeMms KaK IpH NMOPYJOHHOH NpPOKaTKe He NPeBbl-
waer 78 %. 3a cuer NOBHIMIEHHS] CPOKA CAYKObl BAJIKOB YHCJIO Mepe-
BaJIOK COKpaiaercs npHMepHo B 5 pas. Ilpesentl IoOycKOB 1O ToJ-
IHHE MOJOCHI IOCJIE XOJOAHOH NPOKATKH COCTaBJSAIOT (IO HPOEKTY)
0,006—0,035 MM, nonyckaeMule OTKIOHEHHS 110 [MIaHIIETHOCTH 2—4 MM

Ha BrIxofHOl CTOpOHE CTaHa PACTONOXKEHB JIETYYHe ‘HOMKHHIEI
AJfl PE3KH MOJIOCH Ha XONY NPH 3aMefJeHHH CKOPOCTH NPOKATKH J0
5 M/c. 3a HOXHHIAMH YCTAaHOBJIEHBl HBE MOTAJAKH C DEMeHHbIMH 3a-
XJNEeCThHIBATENAMH H 060pyAOBaHHE JMA IIONEPEMEHHOH 3aJauH T0JIOCH
Ha MOTaJKH, a TaKXe TPaHCMOPTHPOBKH, OOBA3KH H B3BEIIHBAHHS
pymnoHoB. Hapyxublii auamerp pyaonos 2100—2200 mwm.

[IpoekTHas NMPOH3BOJAHTENLHOCTb CTAHA COCTaBAsAeT 2,5 MJH. T/I'OA.

Llex xomogHOH NMPOKATKH C HENPEPHIBHBIM NATHKAETEBLIMH CTAHOM
1700 xouctpykuuu Y3TM npegHasHaueH 1 NPOKATKH JHCTOB H
noJjoc (B pyJaoHax) ToamuHoH 0,4—2 mm u wupuuoir 700—1550 mm
M3 YTJIEPOAHCTOH H HHU3KOJIErHPOBAaHHOH CTalM C BPEMEHHBIM CONPO-
tusaennem 10 650 MITa (B ToM yic/e KOHCTPYKUHOHHOH YIJI€POAHCTOR
CTaJjH), a TAKXKe YNaKoBOYHOMH JenTs! Touuuoi 0,4—1,0 MM u wupu-
Holt 20—60 MM (mocne mpoAOABHON pe3KH); HCXOAHOH NpOAyKIHeH
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ABaAETCs TOpsAYeKaTaHas noJaoca TOMIHHOH 2—6 MM, K PHHOH
700—1550 MM 1 Macco#t o 23 T, MOCTyHAWas B IeX N0 MEXIEXOBOMY
KOHBefiepy ¢ HENpephBHOrO IIHPOKONONOCHOrO CTaHa 1700 ropsaue#
NPOKAaTKH.

X 0JIOIHOKAaTaHyl0 TNPOAYKIHIO MPOH3BOAAT B OCHOBHOM IO TOMY
JKe TeXHOJOTHYECKOMY IIPOLeCcCy, YTO H NPOAYKIHMIO B UeXe ¢ Hempe-
PEIBHBIM YETHIPEXKJIETEBHIM YeThIPeXBANKOBBIM CTAHOM 1700; xapaxkrep-
HOfi OCOGEHHOCTRIO MpOLecca SABJSETCs NPHMEHEHHe onepauHH Mexa-
HH3HPOBAHHON YIAaKOBKH HPOAYKUHH.

K HenpepeiBHOMY TPABHJIbHOMY arperary ropsiueKaTaHbIC MoJIOCHl
MOCTYyNalT B PYJOHAX C HAPYXKHBHIM JAHAMETPOM 1550—2200 MM H
Maccoil 70 23 T, a BRIXOAST H3 Hero (mocjie YKpynHeHHs Ha CThIKOCBA-
pOUHOil MallHHe) B PYJOHAX C HapYXHHIM AHAMETPOM J0 2700 MM H
Maccoli 0 45 T; CKOpOCTh JIBHXKEHHS MOJIOCH B TOJOBHOM 4acCTH arpe-
rara cocrasnaser 90—550 m/MuH. ArperaT B CBOEM COCTaBe HMEET
TakXe 1Ba MeT/IeBLX YCTPOHCTBA MOPH3OHTA/JbHOrO THIA — MEpel H
34 TeXHOJIOTHUECKOH 9acThbiO arperata, IPecCHPOBOUHYIO K/ETb C Ha-
TAKHLIMH TATHPOJHKOBBLIMH YCTPONCTBAMH H JIB& MOTAJIKH C «I/1aBalo-
wuMi» GapaGaHami H HaTSXKHBIM  JBYXPOJHKOBBHIM  yCTPOHCTBOM
(mepesi MOTANKaMH).

HenpepbBHELH NATHKIETEBOR CTAaH C YETLIPEXBATKOBLIMH KJICTAMH
1700 (puc. IV.18) Buimo/nHEH ¢ BaAKaMH 600 x 1500 < 1700 MM, npH-
BOAMMBIMH BO BpAlieHHEe HHIHBHIYaJbHLIMH TJaBHLIMH NPHBOLAMH
obmeit momuocThio 44 200 kBT; paGoune KJIeTH pacCUMTaHHl Ha YCH-
nue npokatku Ao 25 MH, ckopocTh npoKaTkH Ha BEIXO/I€ H3 [OC/IC/HEN
kJeTd crana 25 M/c. [lepen cTaHOM ycTaHOBJIEH pasMaThIBATE/b (c pas-
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:aMH) ¢ juameTpoM Gapabana 750 MM, a 338 cTAHOM —
rpoM Gapabana 600 MM; MOWHOCTb NPHBOAA MOTAIKH
) kBT. TIpoBOAKOBHIE CTOMBI CTAHA MAaKCHMAIBLHO
abOYHM BalkaM H HMEIOT BEPTHKAJIbHBIE DOJIHKH L5
I0TOCHl TIpH 3anaue ee B cTad. B orBogsmuit Tpamc-
rPOEHBl BeChl IPy30noABeMHOCTbIO 50 1. [IpokaTHbe
0T ABYMST MaluWHAMH JIEHTOH B pajHaJbHOM Hampas-
YHHOCTH.
H CHCTeMaMH aBTOMaTH3alHH 110 CONPOBOXKIAEHUIO
OJIIIHHBLL TIOJOCHI, TOYHOH OCTAHOBKH KOHLA NOJOCH
€, KOHTPO/S paclpele/leHHa HaTAXKEHHs MO INHPHHE
151 npouas pabouHX BaJKOB H IPOTHBOH3THOA
PerynupoBaHisl TOJIHHBI TMOJOCE B NPOAOJILHOM
TaKXKE TpPeMs CHCTEMAMH MPHTOTOBJICHHA H II0JIAYH
2 HJIH 3MYJbCHH Ha TIOJOCY B TPOLECCe XOJJOAHON
1 NPOM3BOJHTENBHOCTE cHeTeM 32 000 s1/mMuH) #
MOIOIero pacTBOpa Ha BCe KJETH CTaHa (IPOH3BO-
remMbl 1000 J1/mMun).
[OBJIEH TaKxKe OJHOKJIETeBOH JPeccHPOBOYHBIN CTaH
15001700 MM H TrIaBHEIM NPHBOIOM MOLIHOCTBIO
YHBAIOIHH IPECCHPOBKY nojoc pasmepamu 0,4—2 %
>0 CKOPOCTBIO 10 25 M/C npH HaTAXKeHWH Ha pasMa-
H u Ha moranxe no 60 xH; Mowrocrs npusona pas-
OTaJlkH COOTBETCTBeHHO paBHa 2000 u 2100 xBr;
HHA ctada 1550 1. s nopeskH XoaofHOKATAHOMR
CTEI HHOH 1—6 M M 115 IPOAONBHOM PesKH H poc-
*X€ YCTaHOBJIGHBI [[BA arperara NONEPEYHOH Pe3KH M
VIONMBHOH pe3kH. ITaukm JaucroB mimnHoH 10 2 H 4 M
H pyaouel mapHHOR 2—80, 80—300 1 700—1500 Mm
Thb arperaroB yNakoBKH H jJajiee Ha CKJaj TOTOBOM

SOACTBA MECTH H SJIEKTPOTEXHHHECKOﬁ CTaJik

ACTBA KECTH H COCTaB OGOPYIOBAHUA LieXa HecTH
THYHBl OMHCAHHBIM BhIlLIE MPOLECCAM NPOU3BOACTBA
[YME€ 3aK/0YAeTCs B TOM, YTO MOCJE JPECcCHPOBKH
(aTaHOH MOJIOCEI NOCTYNAlOT Ha arperarbl JAYzKeHUs
M) H JIAKHPOBAHHA.

HMHCKOM MeTallyprHyecKoM KOMOHHATE NOCTPOEH
TeMbHBIH [EX KeCTH C HerpPEepPLIBHBLIM ILeCTIiKJeTe-
'THIPEXBANIKOBBIMH  KJeTtaMu 1400 1 aByKJeTeBbiMu
H MPOKATHO-APECCHPOBOYHBIM CTAHAMH C YETHIPEX-
vin 1400 xonerpykuun Y3TM. Llex skectu (puc. 1V.19)
f TIDOM3BOJCTBA TOTOBOH MPOAYKLUHH OCHOBHOIO
Ho# 700—1200 MM B yiucTax M pyJaoHAX, a HMEHHO!
weetd Tomunoi 0,1-—0,36 MM, XpoMIIpOBaHHOH H
i xecti ronwunoi 0,08—0,32 muM, uepHofi noMHpo-
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Pynors
Puc. 1V.91. Ilnas nexa #HecTH ¢ 1 LIECTHK/ETE R H——— ¢ TCEhIM cTaHoM | 400 GecKOHeUHOH NPoKaTKH KOR-
cTpykunn Y3TM: ) . —
I — HenpepbiBHEE TPapuAbHbB ar—perar; 2 — H=————=——=2 — HENPEPHEHHI} WEeCTHRACTERON 1eTH -
B |r:'rm}{:| IHIOEJ; 3 ~parperaTb1 3¢ g TDOJHTHYECEH THYECKOR OYHCTKH Noe |—3; 4 — Kojnakosbie _neuu
HJisl OTAHCA, § — HenpepuBHBIEe al rperaTel 0TI 1 oT:Hra Ne | | 2; 6 — ;[nylme-r_esoﬁ NpPOKATHO-
aApeccHpPoBOUHBEl cTan 1400; 7 — [ qpyxKjeTeno/ e TeB0{ IpecCHPOBOUHLIA CTaH HDD.I & — arperaThl
NOAFOTUBKHA pynoton Ne 1—3; § ————— arperaThl 3=————====aThl 37CKTPONNTHUCCKOTO NYHCHHA, 1“0 = arperar
FJAEKTPOJHTHYECKOT0 XPOMHPOBARNE==——m—==7l. /] — arpe=———=—— arperaTh Nonepeynoi poakn Ne 1—4; 12 — arpe-
FaThl YIAKOBKH NMAuer MeCTH No | —————————4; /] — Q0] se———— arperaT yOAKOBKH pYyJoOHOB; 14 — arperats cop-
THpoBKH Ne 1—3; 15 — arperat pa—————KYYMHOI0 all—_—_—————_——ro aJIOMEHEpPOBauun; (6 — lIDN\HHiLhI,rJI — nechl;
/8 — cTeHabl gns OXJaKAEHUA DY. JIOHOB nocne 10CAe OTSKHTA, /9 — nonepeunsie TelexKH

BaHHON KecTH (6e3 NOKPb———=—ITH) ToAI_——— ToJunHoi 0,08—0,36 MM XOJIO/IHOKa-
TaHBIX JIHCTOB H PYJIOHODmmmmm—— i3 KOHCT_——<OHCTPYKUHOHHOA, ACKANHPOBAHHOH H
KpOBeJbHOfl cTand roame———mxHol 0,25 0,25—0,6 mMm. HMcxoaHoH 3aroToBKOH

I XOJOJHOH [POKAaTKH SABIISIOTCS————JOTCs TOPAYEKATAHbIE [OJIOCH TO/ILLH-
Ho#l 1,8—3 MM, WHpHHOH 700—125(we—_] 250 MM B pyJoHax Macco#i 1o 23 T,
MOCTYNAIouHe B 1eX KeCT ' [0 MeX___——MeXUEXOBOMY TPAHCIOPTEPY C Hempe-
PBIBHOTO IITHPOKONOJIOCOS (e () CTala rana 1700 ropsueil npokarku, pacno-
JIOXKEHHOTO B COCELHEM LI exe KOMOH————oMGHHaTa.

TopsAyekaTanyw NOJOC—————y BHauyaJ—_—————au4a/e¢ NOABEpPraloT TPaBJEHHID B pac-
TBOPE COJISTHOH KHCJIOTHI B Hempe|___ —NpephiBHOM TPAaBHJILHOM arperare H
VKpYMHsT pydon (Macc oii go 30 )y 30 T1). )

XomoaHyio NpoKaTtky weetH To—————i tovimHHoi 0,1—0,6 MM H3 mOJOCH
TOMUUHOR 1,8—3 MM OCYy—————MeCTBAAIC_——_BJAT HAa HENpPephiBHOM IlIeCTHKJETe-
BoM crane 600/1400X40C__ ) ¢ MakCH=———aKCHMaJbHHIM YCHJIHEM [POKaTKH IO
20 MH npu npoexTHoil Ck {OPOCTH JIC—————TH J0 25—‘140 m/c. Bee mects pafiounx
KJIeTeli — UeThIPEXBA/KOD e——ble, O/IHHE=——==HHAKOBOH KOHCTPYKILHH, MMEIT HH-
JAUBHAYaMLHEI NPHBOA pi=——==i00uuX Ba. X BaJIKOB OT JBYXBAKOPHHIX JEKTPO-
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Puc. 1V.20. Cxema uenpe
: -2, BIBHOTO IIECTHKJIETEBOT
KORCTPYKUHE Y3TM: pep Boro ctaka 1400 BeckoHeYHON NPOKaTKH MeCTH

;:a—n—pg::n;amruh::?;g;: K'..? —'sanelc'rpoc-ruxocnapouﬂan MalllHHa; J — HATAMHBIE PONHKH; 4 —
HKH] 5 — MeTjeBoe YCTPOHCTBO, 6§ — MNOJAWLIHE POJIHKH; '

L1 AION : KH; 7 — pa3MaThl-

::a-reeﬂ:;;ein Gﬁna?r‘g;g;nﬁiaonomnm}?. 9 — nposojkosbiil cton, [0 — paGoune qerﬁpgxnanﬁw
MM — HATSAXKHBIE DONHKH, [2 — JeTyuHe HOW H

1 v H HHBUB, 13 —
moTankn; /4 H3IMEPHTENb TOMLIMHB MOJOCH; [5— HAMEPHTENb HATHMEHHA nonuj'cm.

ABHrarened MoiHocThio 2X 2000 kBt (kaete Ne 1), 23000 kBt
(kmerb Ne 2) m 2Xx4000 kBt (kaern Ne 3—6) u yacroroii BpameHus
190/500, 285/500 u 400/800 06/MHH COOTBETCTBEHHO Yepe3 PeayKTOPHI
¢ nepepatoyHniM uyuciaoMm 1,57; 1,32; 1,26; 1,045; 0,785 u 0,625.

Ha HENPEPHIBHOM LuecTHKaeTeBoM cTaHe 1400 mapsny ¢ obwmmOf
(nopyJsionHo#i) MPOKATKOH MpPEeIycMOTPEHA NPOKaTKa «GeCKOHEeuHOfl»
TIOJIOCHL CO CKOPOCTBIO 0 25 M/c, KoTopas ofecrneyHBaercss 3a CUeT
YCTAHOBKH COOTBETCTBYIOMIEr0 0GOPYAOBaHHA: Ha BXOJHOH CTOpOHE
CTaHa — JIByX pasMmarsiBare/eHd, CTalHOHAPHOH CTHIKOCBADOUHOH Ma-
IIHHBl, TETJEBOr0 YCTPOHCTBa (HAKONHTE/IS), a TaKXKe POJHKO-
BolX HATAMNKHBIX YCTPOHCTB M Ha BBIXOJHOH CTOPOHE — POJIHKOBO-
IO HaTSAXKHOTO YCTPOHCTBA, JIETYYHX HOXKHHII, a TAKKe IBYX MOTAJOK
(puc. IV.20). /IBa pasmarbiBate]si H CTHIKOCBApOYHAas MalllHHa, CBa-
PHBAKOIIAA 3aHHI KOHEL, MOJOCH OJHOTO PYJAOHA C NEpelHHM KOHLOM
TOJIOCE! IPYrOro pyJOHA, CO3ZAIOT YCHOBHs I/ MOJMYueHHS «Gecko-
HEUHOH» TNOJOCHl, KOoTOopas, o6pasys NeTJeBOH HAaKOMHTENb (mepej,
CTaHOM), 3a[aeTcsi B CTAH M 3aTeM Ha OOHY H3 MoTalok. Korpma HeoG-
XOJHMO OCYIIECTBHTb MOCNENYIOIMYI) CBAaDKy HEMNOABHMKHLIX KOHLOB
NOJIOCE! JBYX PYJIOHOB, TeJeXKYy IeTJeBOr0 YCTPOHACTBA NepeMemalor
Bliepe] (N0 HANpaBAeHHIO K PaGOYHMM KJETAM CTaHa) H BHIAAKT 3arac
MOJOCH! B CTaH, HE [IpeKpaias npouecca npoxkatku. ITocie okoHuaHus
CBapKII MOJIOC TEJIEXKKY BHOBb BO3BPAIAIDT B HCXOLHOE NOJOKEHHE AJ51
CO3/aHMA 3alaca Noj CJenyIouyio onepauxio ceapku. [Tocae Toro kax
Ha OJHOH H3 MOTAJOK CMOTAH PYJOH TpeGyeMOH MacCH, YCTAHOBJEH-
Hbl€ 33 T0C/AeAHeH KJIEThI0 CTaHa JIeTYy4He HOMKHHILEBI PEXYT 10J0Ccy
«Had XOIy», I0C/I€ Yero moJocy 3anpaBjsioT Ha APYryl0 MOTalKy.

[Iponecc «BecKOHEYHOH» MPOKATKH MO3BOJISET MOBBICHTb Kaue-
CTBO IIPOKATHLIBAEMOH NOJIOCH (T. €. YMEHBIIHTh DPA3HOTOJMHHHOCTD
10 JIHHEe 13-3a CTaOHABLHOCTH npouecca NPoKaTki) H BLIXOA TOAHOTO,
COKPATHTh PACXoll BaJKOB (10 H3LOCY) M YNCJHO TPYLOEMKHX Omnepa-
IHH TI0 3a0paBKe [0JOCbl B CTAH H BCJEGICTBHE 3ITOTO YBEAUUNTD
NPOH3BOJHTENBHOCTL CTAHA, TAK K4K MPOKATKY MOJI0CHI BEAYT € 110~
CTOSHHOH CKOPOCTBIO M HElIPEPLIBHO, CHHXKAIOT €€ TOJBKO NPH Mpo-
KaTKe CBapHBIX WUIBOB i MPH pe3Ke Ha JeTyuHX HOKHHIAX,

Ha nenpepsiBHOM LIECTHK/IETEROM yeTbipexBaikoBoM crane 1400
NPOKAaTHIBaOT KecTk To/wuHoH g0 0,1—0,6 mm. [Tocae ormura B He-
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[pepLIBHOM arperare »ecTb MOJBEPraioT JAPECCHPOBKE C YCHJHEM [0
90 MH Ha BYKJIETEBOM ueThipexBankosoM cTane 600 X 1400 > 1400 mm
C MpPOEKTHO# CKOPOCTBIO N0 40 M/c M TOKDBITHIO OJIOBOM, XPOMOM
WK aMIOMHHHEM B COOTBETCTBYIOIIHX arperarax.

Bo/iee TOHKYIO JKECTb [OJYYaloT MyTeM JBYKPATHOH MPOKATKH:
puayase Ha mecrukaeresoM crane 1400 Qo TOMIHHE 0,14—0,3 mm
§ 3aTeM Ha JBYKJETEeBOM IPOKaTHO-JPECCHPOBOYHOM CTaHE 600X
% 1400 ¢ 1400 mm mo Tonwnusl 0,08—0,16 MM B pyJsoHax mMaccoi 10
30 T co CKOpocTEIO Tpokark o 26—40 m/c; B JlaNbHeHIIeM 3TY HKeCTh |
HAMIPABJAIOT B PyJOHAX Ha arperarbl NOKPHITHA. ‘

JI/Ist NOKPEITHA W OTAENKH rOTOBOH NPOAYKIHH B I€XE KEeCTH Npe/-
[oJ4raeTcsi YyCTAHOBHTb TPH arperara IPOJOJNLHOH DPE3KH H NOAro-
TOBKH PYJIOHOB K NOKPEITHIO, TPH arperara SJEKTPOJIMTHUCCKOrO
JyMEHHS, arperar 3JeKTPOMHTHYECKOTO XDPOMHpOBAHWS, arperar
BAKYYMHOTO aJlIOMHHHPOBAHHS, YeTHpe arperara NoIepeyHoi Pe3kH,
TPH arperara NpPOAOJIbHOH PEe3KH, arperar COPTHPOBKH XKECTH H MATH
arperaTtoB YNaKOBKH NadyeK JIHCTOB H PYJIOHOB.

Ilasi moJayuyeHHsl NMPOAYKLHH BLICOKOIO KauecTsa B NMPOEKTE Lexa
HKECTH 3a/I03KeHbl CPENCTBAa KOMIIEKCHOH MEXaHH3allHM H_aBTOMAaTH-
34l TEXHOJNOTHYECKHX IPOLECCOB NPOKATKH M OTAeNKH. IpoekTHas
[POH3BOAMTENBHOCTD 1€Xa MKECTH C HeNpephiBHHIM ILUECTHKICTERHM
cradom 1400 cocrasasiior 750 ThiC. T B TOA.

M3 3apy6exHbIX CTaHOB JJIA NPOKATKH JKECTH CJEAYeT OTMETHTDL
HenpepLIBHLI wecTHKIeTenol cran 1450 pupMbl «Rasselstein» (®PT).
Cran paccuuTaH Ha NPOKATKY Geaoit skeeru Tonmuuoi 0,15—1,0 MM,
mwrpuuoit 600—1300 MM €O CKOPOCTBIO J0 40,1 m/c. HMcxoauoit npo-
AYKLHE CTaHa ABJIAKTCA FOpsiYeKaTaHbie MoJ0CkH roauuuoi 1,5—
3,5 MM, mupuHoii 600—1300 MM B pyJsoHax Maccoil M0 46 T (mo
NPOEKTY).

PaGouie KJeTH crana umeioT Baaku (615—565)x (1450—1300) X
% 1450 MM ¢ HHAHBHAYaJbHLIMH NPHBOAAMH: KaeTb Ne I — oT ABYX
3JIEKTPOJIBUraTe/Nell NOCTOSHHOTO TOKa (MOM(HOCTBIO IIO 1560 kBT,
0—200—600 06/MuH) uepes PEYKTOp C NepeaaToyHbLM ducaoMm 1,759;
kaerb Ne 2 — or JAByX JBHTaresed (MOLIHOCTBIO TIO 2540 BT,
0—250 —600 o6/mun) wepes penykrop ¢ i = 1,353; knerb No 3 —
OT AByX ABHrareneil (MomHocTslo no 2540 kBr, 0—250—600 06/MHH)
yepea peaykrop ¢ i = 1,0; kaers Ne 4 — oT ABYyX ABurarteneil (Moul-
HocThio mo 2540 kBr, 0—200—450/600 o6/MuH) uepe3 PeLyKTOP
¢ i= 1,353; kaetb Ne 5 — oT ueThipex JBUraresedl (MOLHOCTBIO
no 1560 kBr, 0—200—450/600 06/Mun) Ge3peLyKTOPHBIM TNPHBOJOM
Ha onopHbie BaJKH; KaeTh Ne 6 — oT yerhipex npuratesneil (MOLLHO-
crbio no 1560 kBr, 0—200—530/600 o6/mun) ¢ ©Oe3pelyKTOPHBIM
NPHBOAOM HAa OTOPHBLIE BAJKH.

ITepes mepBoil KJEThIO YCTAHOBJIEHbI ABA PasMarthiBaTe/is C MPHBO-
JOM OT ABYX ABHraresefl MOCTOAHHOTO TOKA KaiKIblH MOIHOCTBIO 110
390 kBrt; nuamerp GapaGana paseH 710 MM, HapyHbIi JAHameTp py-
JaoHa gocruraer 2800 mM. 3a nocsefHeH K/IETbIO YCTaHOBJAEHA MOTANKa
C TPHBOZOM OT TPEX JABHraTeNell MOCTOSHHOTO TOKA MOIUHOCTBIO MO
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Puc. IV.21. Odomuit Az pepepcHBnore 20-pankomoro craka 1200 xoretpyxkunn BHMHmer-

I — npuaemusift cTon: 2, 6, 8— morasnkm; 3 — pasmarteiBaTens; 4 — nogawwHi TpaHcnoptrep;

Tpancnoprep; /0 — cHHMaTeNb PYJNOHOB

465 kBt; nuamerp Gapabana Moranku 610—450 MM, HADYMHBIH jHa-
merp pyJdona 2200 mm. [IpoekTtHasi mpoH3BojuTeNbHOCTL cTaHa 1450
cocraBaser 720 TeIC. T B TOX.

Oco6ofi pa3HOBHAHOCTRIO CTAHOB XOJOAHOH TNPOKATKH ABASKTCA
MHOT'OBAJKOBBIE CTaHBI, H3 KOTOPHIX HAHOOJbIIEE PACIPOCTpaHEeHHEe
B MHpe TMOJYYHJAH pEBePCHBHBIC ABAJUATHBAJKOBLIE IS MPOKATKH
TOHKOH JIEHTH H3 JIETHPOBAHHBIX CTajeH M TPyAHOIedOPMHPYyeMBIX
ciiiaBoB. B psife cayuaeB 3TH CTaHBl NMPUMEHSIOT AAS XOJOAHOH Mpo-
KaTKH TOHKOH moJjockl M JeHTh mHpuHoi 1000—2200 MM, a Taxxe
doaery ¢ MuHHManbHO#R TtosumHoi 0,001—0,003 MM.

B CCCP pna npousBoacTBa JeHTouHoH npoaykunn BHHKHmer-
mameM H CKM3 co3gaHbl coBpeMeHHLIE peBepCHBHBIE JABAALATHBAJ-
KOBHIE€ CTaHHI C JHaMeTpoM paboudx BaJkoB 3—55 MM H IJHHOH GOUKH
no 1500 mM, otnnyaonpecsd GONBIIOH KECTKOCTbIO pabounx KJereil H
ofecneyuBaromiye  BBICOKYI0 TOUHOCTh  MPOKATEIBAEMOH  IOJIOCHI
=+ (0,0025—0,0030) mM. 3a pyGexoM LIKPOKOE NPHUMEHEHHE O YYHIIH
aHaJoruuHee craHsl THia «Sendzimirs (CHIA). B fnonnu na meran-
qyprudeckom 3aBofie B CioHaHe 3KCOMyaTHPYeTcsl MHOrOBaJKOBLIH
CTaH C YeThiPbMS HeNpepbiBHLIMH ABaIUATHBAJIKOBBIMH KJIEGTAMH AJI5
XOJIOAHON MPOKAaTKH TOAOC ToMWHHOHA 1,5 MM 1 tHpHHOE 10 1270 MM
co ckopocTbio mo 10 M/c.
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mam — CKM3:
5 — npasiiAbHaf MaIllHHA ¢ THHYUEME pojlHKame;, 7 — paBoyan KAeTh, 9 — oTBOAMIEHA

MuoroBaskoBLe CTaHel pafoTalOT KaK CaMOCTOATEJNbHO, TaK H
COBMECTHO C YeTHIPeX-MATHKIEeTEREIMH HEIIPephIBHBIMH CTAHAMH B IieXax
XOJIOLHOH IPOKAaTKH.

Ha puc. IV.2] pan ofwuii BHJ peBepPCHBHOIO JBaJlaTHBAMKOBOTO
crama 1200 xomcrpykuun BHIImermaw — CKM3, npeaxasHages-
HOTO JJIfi IeXa XOJIOAHOH NPOKATKH TOHKOH MOJIOCHl H3 3JEKTpPOoTex-
HHYECKOH KDeMHHCTOH craldu ¢ mnpefesoM TekydectH o 500 MIla.
Ha crane npokarmBatoT mojocy Tonmubol 0,1—0,5 MM H ImHpHHOR
no 1000 mm (H3 HCXoAHOM moOJOCH TOaUHHOH 1—3,56 MM) B pyJoHe
macco#t o 15 T co cKopoctbio jo 7,5 M/c.

B cocras pafodell KJETH CTAaHOB BXOJAT CTAHHHA, BaJKOBBIH
y3eJs, cocTosui U3 IBYX (BepxHeH M HHXKHeH) BaJKOBHIX NMHPaMHI,
HaXKHMHOE YCTPOHCTBO, MEXAHH3M KOMIEHCAHH H3HOca, NpoduIHpo-
BaH{ H YpaBHOBELIMBaHHA BaJKOB H OMNOPHRIX pOJHKOB, MNpH-
BOJL BAJKOB, I[POBOJIKH, CHCTEMB CMasKH H OXJaXJeHHA, CPEICTB
KOHTPOJIA ~ TEXHOJOTHUECKHX  NapaMeTrpoB M ABTOMAaTH3alHH
cTaHa H Jp.

PaGoune KJETH COBPEMEHHHIX MHOTOBAJIKOBEIX CTaHOB MO KOH-
CTPYKTHBHOMY HCIIOJHEHHWIO CTAHHHBI H MEeXaHHW3Ma DEeryJHpOBaHHA
MEeKBAaJKOBOrO 3a30pa MOAPA3JENAIOT HA JIBe TPYIIB CO CTAHHHAMH
B BHJE EQHHOTO MOHOJMTHOTO GJIOKAa H C pasbeMHbIMH CTaHHHaMH,
COCTOSINIMMH W3 JIBYX YacTeH.
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1ACCHUBHYIO CTAHHHY O60JhLION
moHoGsoka (puc. 1V.22, a).
<H) pacnosoxedo 20 BaJKOB
| X HETTP HBOJJHBIX  IHAMETPOM
Y i1 X [)OMOBOJTb()PaMOBOH CTa/H
eThIpe (2 X 2) NpoMex yTOUHEBIX
' 0 mM; mecTsb (2 X 3) npomexy-
H3 KOTOPHIX KpaiHHe 4YeTHpe
1 IPHBOJHBIMH; BoceMb (2 X 4)
OTOPBIX LIECT> NPeLH3HOHHBIX
Esssssss—s————————n () MM, mHpuHOH no 200 MM
poJukamu. Hersipe NpHBOI-
A OT IIBYX 3/MeKTPOABUTaTE]eH
DT KaxAul, 190/415 06/MHHE
LecTepeHHyo Kaeth (i = 0,5)
Maxcumanrubpli KpYTHALHA
1eM, paBeH 30 KH: M.
iMe TMOBbIIeH 0# JedopMallHi
. e pacrpenesieHne feGopManHH

e 2\ TEIBAEMOH  JIEHTHI.
Essssssssensnnesnnnmmn [ {Ha CTaAHHHLBI HMEWOT Cl)OpMy
' He CKOCOB B HHXHEH H BepX-

HAET NONEPEIHYI pPasHOTOMd-

BOTO y3Ja A3JAfeTcs TO, 4TO
cBobofHo, §e3 onop no KpaaMm
| YCHJ'IHE ﬂpOKaTKH oT paGO-

ro4fkle BaJIKH NepelaeTcs Ha

He uepe3 GPHKIHOHHYIO Tepe-
yTOUYHBIX BalKOB, CnocofHBIX
T npu OOJBNIHX CKOPOCTHX.
2T co6ofi Habop cnenHaJbHBIX

BIMH KOJBLAMH H ONIOD MEXAY
e ocax (puc. 1V.22, 6). Ilog-
— | M 2 [OT HAarpy3Ky OT BTOPBIX
e, OTIOP B TIEPEJAIOT €€ HA HECT-
IKTHYECKH HCK/AYaeT nporub
HOMEPHLIE KECTKHE HONYCKH

)a3opa MexAy pabouHMH BaJ-
e 14fl IPOKATKH H cOOpPKH BaJ-
. HCIOAB3YIOT IKCHEHTPHUHYIO
JBKY Oceft ONOPHBIX POJIHKOB.
IOpPHEIX POJIHKOB yCTaHAaBJH-
. 3a30p, a TaKxe nepenaercs

IX POJHKOB H COOTBETCTBEHHO

HO yBeJHYHBaeT JehopManHio
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Puc. 1V.22, Pafoyas kaeTh (a) W Yaen onopHoro posiuka (6) 20-sankosoro crana 1200 xom-
crpykin BHIMIMermamr — CKM3:

I — crannita; 2 — onopune DOJAKH H BajKH; § — nposojKa; 4 — paloune Banku: 5
JKUMHOE MexXaruaM; ( — Hapy/AHOe KOJblIO POJHKA; 7 — omnopa

— HZ-
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ycumaue npokatku. Huxuuil paGounii BalOK yCTaHaBAHBAIOT Ha ypo-
BEHL NMPOKATKH M0OBOPOTOM OCei HUXKHHX CPEIHHX ONOPHHIX POJHKOB
BanKkoB. KoMmeHcauus nepetouek BaJKOB B CGOPKH BAJKOB MHPAMH
OCYILECTBJAAIOTCA BpallleHHeM Oceidl KpafiHUX OMNODPHHX pPOJHKOB.

IloBopoT cpeannx (BepXHUX M HHXKHHX) ONIOPHBIX POJHKOB [POH3-
BOJHTCA C NOMOILLIO 3aKPellJIeHHBX Ha KpasX ocedl 3y64aThiX cerMeH-
TOB HJIH LUECTEPEH H peek, JKECTKO CBABAHHBIX C INIYHXXePaMH FHAPaB-
JIHYECKHX LHIWHJPOB, YCTAHOBAGHHEIX B BepXHell H HH)XKHeH uacTax
knetH. LIunuHApH, nepeMemalomue pefiKH, yIpaBAfioTCS THADABJH-
UeCKUMH CepPBOMeXaHH3MaMH, KOTOphIe (HKCHPYIOT BEeJHUHHY MEK-
BaJIKOBOTO 3a30pa M MOAAEPKHBAIOT €€ IOCTOSTHHO B IPOIECCE Mpo-
KaTKH. YCH/IHe MeTalsla Ha BaJIKH PETHCTPHPYETCA THAPABJIHYECKOL
Mec/1030H, MO3BOJIAIOIIEH MOC/Te 3aMEHB OLHOTO M3 pPaGOuHX BAaJKOB
HE3aBHCHMO OT €ro AHAMETPa YCTAHOBHTh NPEXHHH MEXBaJKOBBIH
3a30p.

. Kpaiinue onopuble poIHKH HMEIOT MONAPHKLH, CHMMETPHYHLI OTHO-
CHTEJIbHO BEPTHKAILHOH OCH NIPHBOJ OT PELYKTOPOB 4epes YepBAYHLIe
HaH 3y6uateie napul. C nenbio ofecredeHHs] pABHOMEPHOTO paciipefe-
JIEHUs HATPY3KH 10 JJHHE GOYKH BAJKOB BCe 3JIEMEHTHI ONOPHHIX PO-
JIMKOB H DAaCTOYKH CTAaHHHBEl H3IOTOBJAIOT C BBICOKOH TOYHOCTBIO.

[Ipu mpokaTke Mac/I0 MOJAOT B 30HY AehOpMAlMK MeTaua gepes
OTBEPCTHH B NPOBOAKAX, TAKOE K€ MACJO MOJAIOT HA BAJNKH M B PO-
JHKOBEIE NONMHITHHKH. M3 pabodelt KJAeTH OHO CaMOTEKOM NOCTymaeT
B BaK-OTCTOHHUK LHPKYJISLHOHHON CHCTEMEL.

C ofenx cTopon pabodell KJIeTH PacrnoJIOXKeHb POJHKH JJS H3Me-
PEHMA HATSKEHMA MOJNOCH ¥ MOTaJKH. Kaxknas MoTalika NpHBOJAKTCS
OT JBYX 3JIeKTpoJABHraTeJed wmownoctelo mo 1000 kBt kamapii,
190/480 o6/mMrH uepes pexyxtop (i — 3,68). MakcumaabHoe HATs-
wenue noJsocsl 0,25 MH. Ilpu npokaTtke y3ko#i NO/OCH ¢ HeGOMBLUIHM
HATsKEHHEM Kax[as MOTa/IKa NPHBOLUTCS ONHHM ABHTaTeJNeM (BTOpoi
OTKJIIYAIOT NPH NOMOLIH pacuenHoft 3y69atoli MydTh).

[Iponssoaurensrocers crana 10—20 T/4 (B 3aBHCHMOCTH OT TOJI-
IHHBl 10JIOCHL W CKOPOCTH IIPOKATKH).

Cpeny MHOTOBANIKOBLIX CTAHOB C KJIETSIMH, MMEIOIHMH Pa3beMHELE
CTAaHHHBI, HauGOJee pacmpocTPaHEHH CTAHH KOHCTPYKUHH (HPMbI
«Sundwig» (®PT).

CraHuHBl ABaJaTHBAMKOBON KJeTH 5Tof ¢upMm (puc. IV.23)
BLIIOJIHEHBl B BHJE JBYX OTAE/JbHBIX GJIOKOB, COENHHEHHBIX MEXILY
co60¥ YeTHIpbMsl KOJIOHHAMH, KOTOpPHIE OHOBPEMEHHO BHINOJHAIOT
QYHKIHH HanpaBJsIONHX H HAXKHMHOTO ycTpoiictBa. Bepxuuii mo-
ABHXHOH GJIOK € BaJKOBOH NMHPaMHAOA MOKer nepeMeniaThbCcig OTHO-
CHTEJIEHO HHXKHEro HeNoJBHXKHOTO G/I0Ka. 3TO MO3BOJSIET CYIIECT-
BEHHO YBeJHYHTh IHANA30H H3MEHEHHS AHaMeTPOB PaGOuHX H MepBHIX
NPOMEXKYTOYHBIX BAJKOB M 3HAYHTEJNLHO pAacClIMPSET TEXHOJOTHYe-
CKHE BO3MOMHOCTH 0GOpYAOBaHHS.

D/IeKTPOMeX aHHYECKHIl IPHBOJ HAXKHMHOTO YCTPOMCTBA MO3BOJISAET
OXHOBPEMEHHO M B OTAEMbHOCTH Ha KAXAOA H3 YEeTHIPEX KOJMOHH BKJIO-
yaTh MeXaHH3MBl YCTAHOBKH BaJIKOB, 4TO AaeT BO3MOXKHOCTb MpH JIIO-
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Gom mnpodusie NoAKATa MNOMYYATh
JeHTY ¢ MUHHMaJbHOH MNONEepeqHoH
pa3HOTOJIHHHOCTLIO. TOHKOE pery-
JupoBaHHe npoduas pabouero Badg-
Ka B TPOLECCe NPOKATKH OCyIle-
CTBAAIOT npoHAHpOBaHHEM KpaH-
HUX OIOPHBIX POJIHKOB, AJIfi 3TOTO
HCTIOJL3YIOT SKCLEHTPHKOBBIE BTYJI-
KH MJH KJIHHOBBIE MEeXaHH3ME,
HMEIOLIHE THAPaBAHYECKHH TIPHBOJ.

C uenpio obecnmeyeHHss DAapBHO-
mepHOH JedopMalHH 4YeTHIpeX Ko-
JIOHH, BOCMPHHHMAIOMHX OCHOBHYIO
HATPY3Ky B [pollecce HPOKATKH,
HX H3rOTABIHBAIOT H3 BBICOKOKAa-
yecTBEHHOH CTaJu OJHOH NJIABKH.
310 MO3BOJSIET HCMOJAL30BATH TOY-
HBEIE H3MEPHTENLHBIE YCTPORCTBA /14
KOHTPOJISi YCHJIHSI TPOKaTKH (TeH-
30MeTpHYeCKHe NAaTUHKH BCTPOEHBI
HENOCPEJCTBEHHO B  KOJIOHHBI) H
B copokymHuers ¢ _Xomcrpyxumen Puc. 1V.23. PaGouas kjeth 20-Banako-

ONOPHBIX POJIHKOB OGECHeYHTb BEI- DPht. 1V.23. Pasoras wiet 20 aapwu
COKYI0  TMONEPEYHYI0  IKECTKOCTb  <Sundwigs (®PT): e .
KJAeTH M MHHHMAJbHBE JOMYCKH [ 3 — GIOKH cramims: 2 — Konomisi:
npokara. IlpeflycMoTpeHa BO3MOXK- )
HOCTE OCHAUGHHS OTHeNbHHEIX 3JIeMEHTOB H BCeH KAETH B Ie-
JOM pasJHYHEIMH MeXaHH3MaMH TPelBapHTENbHOIO HANPSKEHHS.
Onmoii pasHOBHAHOCTBIO MHOTOBAJIKOBEIX CTaHOB fABJSETCA CTaH
¢ HecTHBAJKOBO#A paboued kaerhio THna f/C, paspaboranubid B fno-
uuu. B paGoueil KJeTH Mexay pabouHMM H OTMOPHBLIMH Ba/JIKaMH ycTa-
HOBJIEHEI [[Ba JONOJHHTEJALHEIX IIPOMEXYTOUHEIX Banka (puc. 1V.24).
INepememnasn NPOMEXYTOUHHE BAaJKH B OCEBOM HANPaBNEHHH OTHO-
CHTeNLHO KPOMOK TIOJIOCH, MOMKHO aKTHBHO BO3/IEHCTBOBATh HA IOINe-
peunsii mpoduap mnosock. BepxHmit W HHXHHH DPOMEXYTOYHEIE
BaJKH MepeMellanTcs C MOMOIBI0 THADOLHAHHAPOB B NPOTHBONO-
JIOXKHBIX HAlNpaBJIEHHSAX TaKHM o06pasoM, 4YTOObl PaccCTOSIHHE MEXKAY
HauaJoM KOHHYECKHX (acoK NPOMEKYTOYHHIX BaJKOB OBLIO PaBHO
wupuHe nojoce. ITpu mpokartke GoJsee y3KOH MOJOCH NPOMEXKyTOY-
Hble BaJKH BBIABHTAIOT H3 KJIETH, NPH NpOKaTKe 6oJiee WHPOKOH
BIBHTAlOT B KJeTh. B ueThpexBa/JKOBBX KJETAX AHAMETp 60!11{{1
pabounx BankoB cocrabasier ot 0,35 o 0,5 WHPHHEL NPOKAThIBAEMOH
TI0JIOCH], B IIECTHBAJKOBHIX Juamerp GoukH pabounx BaJKOB GoJbile
uau paBed 0,2 IIHPHHBI MOJOCH, 4TO OJArONpPHATHO BAHsET Ha ee
nJaHmeTHoCTh. TBeplocTs GOYKH paGouMx BajKoB cocraBiger 95,
npomexxyToyHEX 75—80 u onoprex 60—65 epunun no Illopy.

B 1mecTHBAaJAKOBOH KJETH NpPeiycMOTPeH NPOTHBOH3rHG pabodHux
BaJKoB. [lo cpaBHeHHIO C UeTHIPEXBaJKOBLIMH KJETAMH nonepevHas
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PA3HOTOMUIHHHOCTE NPOKAaTa,
[IOJNYYEHHOTO B [UeCTHBAJKO-
BOi KseTH, Ha 50 % MeHbiue.
PerynupoBanne npojaosbHO#
Pa3sHOTOJMIIIHHHOCTH  [OJIOCH
OCYILECTBJASIOT C [OMOLLLIO
THAPAaBJIHYECKOT0 HaXKHMHOIO
yerpoiicTa. IlepeBanky pato-
UHX U IPOMEXYTOUHLIX BAJIKOB
(oTJesIbHO OT ONOPHBEIX) OCY-
LIECTBJIAIOT C HNOMOLLBIO Tepe-
JBHXHOH naTgopMbl C ABYMS

ol
ﬂapaMH pEJ'IhCOBb]X HanpaE.ﬂH'

IOMHX, a4 ONOpHLIE BaJlKH Ie-

Puc. 1V.24. Uecrunankonas palodan kneTs  DEBAJHBAIOT KPaHOM € ITOMO-

crtana XoJofHoH npokatkn tHna HC: o
! — cranHHa; 2 — CcNoOpHWit Bsanok; § — npo- HIb1O C-OﬁpaSHOH CKOﬁbI‘

MM YTOUHBH Banok: 4 — pabGounii BajoK: & — B  wHacroguiee BpeMa B
NPOKATHBAEMAR MOJOCE; 6 — NAYHwepsl YCT-
poiicTBa M NPOTHBOM3rHGa Paboynx BAJIKOB SInonnu IKCNNYaTHPYIOTCA

IIeCTHBAJNKOBbIE CTAHRl THIA
HC ¢ pabounmn  kaersMd  100—440/130—510/300—1420
% 400—1420 MM, Ha KOTOPHIX BEJETCH XOJOZHAA NMPOKATKA CTaNbHEIX
HAHM aJIOMHHHEBBIX NOJ0C co cKopocthlo 3,4—20,0 m/c. Tam mpose-
JeHa TaKxkKe PeKOHCTPYKIHA pafla IHPOKONOJIOCOBRIX CTaHOB ropsadei
NPOKATKH C NIPHMEHEHHEeM LUeCTHBAAKOBBIX KJeTeH B YHCTOBBIX TpYII-
nax.

5. CTAHbl CHNEUHWAJIbHOrO HA3HAYEHUS

K cranam 3ToH Tpynmbl OTHOCAT CTaHLI, CJAYMKaIlHE AJ5 NPOKATKH
Konec, Ganpaxed, THYTHIX npodumneil, MHCTOB # npoduneil nepeves-
HOTO CEYeHMs, LIapOB, BHHTOB, LIeCTEpeH, YepBAKOB, cBepJ, dacou-
HBIX NpoduJell BLICOKOA TOYHOCTH, THNA TYPOMHHBIX JONATOK H Mp.,
YacTh M3 KOTOPHIX (KOJIeco-, oce- H LIAPOIPOKATHLIE, 8 TAKMKe Ipodue-
ru6oyHble) YCTAHABAHBAKIT HAa META/NyPTHYECKUX 3aBojaX, a APYryio
yactb (CTaHbl JJIs NPOKAaTKH BHHTOB, PeOpPHCTHIX TpyO, WIECTEpeH,
YepPBAKOB, CBEPJ M Jp.) — Ha MAIRHOCTPOUTENLHHIX 3aBOAax. Paf
CTAHOB COENHMAJbHOrO HA3HAYEHHS Pa3MellaloT KaK Ha MeTajlJyprH-
YeCKHX, TAK H Ha MAWIHHOCTPOUTENLHBIX 3aB0J1aX (HanpuMep, npodue-
ruGouHbie, LAPONPOKATHBIe, /ISl MPOKATKH TOYHBIX (DACOHHEIX TNpO-
tduseis 1 np.).

[Iproputer B o6aacTi co3aHns H IWHPOKOTO BHeAPEHAS B MPOMBILL-
JIEHHOCTb HOBBIX TEXHOJIOTHYECKHX MPOLECCOB NPOKATKH NP HHALIEKHT
BHHWHmermaw. 3xeck BnepBbie B MHPOBOH NpakTHKe pa3paboTaHbl
HOBBIE MPOIECCH NPOKATKH H KOHCTPYKIHH CTaHOB CHENHAJLHOrO
HasHaYeHHsd MJA MONYYeHHS 3KOHOMHYHBIX npodusedi H MU3Lenuii
MalIHHOCTPOCHHY UIHPOKOTO COPTAMEHTA.
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Mpodnraerndounbie arperatbl

ToukocTenHue npodHau CACKHOH (acoHHO KoubHTypauHu, B TOM
yyc/ae H NYCTOTe/Ible, MOJAYYHTh Fopaded HJAH XOJOLHOH NPOKATKOI
BO MHOTHX CJAy4YasiX HEBO3MOXKHO. 3HAYHTeJIbHO 3KOHOMHUYHEE H3ro-
TOBJIEHHE TAKHX Npoduaei cnocofom reb6kH (T. e. NpopUIHPOBAHHEM)
noJiockl Ha npodHaeru60YHLIX arperarax.

I'nyteie npoguau 8B CCCP u 3a pyGexom Hawiad GOJbIIOE pacnpo-
CTpaHeHHe B Pa3/IHYHBIX OTPACAAX MAIIHHOCTPOEHHA (aBTOTPAaKTOPO-
CTPOEHHH, aBHACTPOEHHH, TPAHCTIOPTHOM MAlUHHOCTPOCHHH), a TaKxe
JI/IS H3TOTOBJIEHHS CTPOHTENbHBIX KOHCTPYKHHI M H3AEAHH [MIHPOKOTO
notpebeHHs.

[IpuMeHeHHe THYTEIX Npoduel B CTPOHTENALCTBE H MALIHHOCTPOE-
HHH B3aMEH TOPAYCKATAHBLIX CHHXKAET pacxoj MeTajlja B CPeAHEeM Ha
25 %. B paje cayyaeB OlHH THYTHH NPOQHIL MOMXKET 3AMEHHTL y3el
KOHCTPYKIHH, COCTOSIHHA H3 HECKONBKHX KaTAHBIX 3JEMEHTOB, COeJiH-
HEeHHEIX CBApKOH, KJENKOH H np.

Crnenyer OTMETHTbL, YTO HpOLECC NPO(QHIHPOBAHHS HeJb35 OTOX-
JecTBJAATb C NpOUeccoM MPOKaTKH: NPH NPOKaTKe B KamKJOH KJeTH
H3MeHAeTCs He TOJIbKO (POpMa IOJIOCHl, HO U ee MONepedHoe ceueHHe
(ymenbiuaercsa Tomuuna), a 1pH GOpMOBKe H NPodHAHPOBAHUH NOCJIE-
JOBaTeJIbHO H3MEHAeTCA TOJNLKO (POpMa NONepeyHoro CeYeHHs NOMOCH,
a TOJIMHA HOJOCKL OCTAETCH NNOCTOAHHOHA. BamHBIM NpeHmyliecTBoM
3TOTO Mpollecca sfBAAETCA TAKKe H TO, YTO B pe3yJ/bTare XOJOAHOrO
npoduIEpOBaHUA MeTaA/l YNpPOUHAETCs, 970 HOBOJAALT YMEHLUIUTH
Maccy MeTaJJIOKOHCTPYKLHH ¥ Jeralefl, H3TOTOBMAEHHBIX H3 THYTHIX
npopuneii. B kaxao# nape BaaKoB KJeTH (GOpPMY CEHEHHS MOJOCH
MOXHO H3MEHHTh HE3HAUHTE/NbHO, MO3TOMY JJI5 NMOJMYYEHHS CJ0XKHOTO
npodu/ia HeoOXOZHMO NPHMeHATb THOKY moJsoch (npoduanpoBanue)
BO MHOTHX Mapax BaJKOB, T. €. HCNOJb30BATh MHOTOKJIETEBbie Hempe-
phiBHEIE TpodHaeruboynbpie arperatel B coctase 10 20 u 6osee Kaerei.
B Hacrosiliee BpeMsl HAa TAKHX arperatax M3roTaBJHBAOT NPOQHIH H3
nojiocsl TomuuHOR 0,5—20 MM H wHpHHOH A0 2000 MM.

Bo Bcex sTux arperaTax NpoQHIHPOBAHHE JIHCTOB HJIH [OJIOCHL
OCYIIECTBJAIOT B MHOTOKJ/JETEBOM HENpepEIBHOM arperare ¢ FOpH30H-
TalbHBIMH H BEPTHKaJbHBIMH Ballkamu. Baaxku sTux K/ereii o6pasyior
KaJHOGpbl AJS MOCJEf0BaTeNILHOrO H3ru6a JucTa (MOJIOCH]) H MOJy4e-
HHS COOTBETCTBYIOLIETO OTKPBITOTO HJH 3aKPEITOTO [OTOBOTO npoduis
(puc. IV.25). Ilpu mocnhemoBaresibHOM H3rHGe MaTepHaa JHCTOB H
TOJIOCH HUCTIHITRIBART HaNPsAKeHusd, OJIH3KHe K npefleNly TeKydecTH He
10 BCEMY CEeUYeHHIO, a TOJ/IbKO Ha yuyacTKaX Noc/enoBaTeanHOH Aedop-
MalHH. YCHIHS Ha BaJKH, BO3HHKAlOUlMe [PH TMOCAeA0BATeNbHBIX
uarubax, HeGoJipIlMe, MO3TOMY KOHCTPYKUHS KJeTedl HenpephlBHOTO
cTaHa npocrta 4 Jerka. Ha cranax aas npoduiupoBaHua y3KHX JHCTOB
M M0JIOC BaJIKH (POJIMKH) B KJETIX yCTAHABJIHBAIOT KOHCOMBHO. B cra-
Hax A/ NpOQHAHPOBAHKA HPOKOH MOJOCH MPHMEHAT KJETH C IBYX-
ONOPHLIM PACTOJOXEHHEM BAaJKOB MeXIYy CTAHHHAMH OTKPBHITOrO
THMA.
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CkopocTh opPMOBKH BLIGHPAIOT ¢ yUeTOM
Matepiianad, TOJIULIHB o IUHPHHBL JIHCTOB
U MOJIOCEHL, CJOXKHOCTH Tpodm/isi, Ka4ecTRa
BaaKoB (MX H3HOca) 0 T. . OGBIYHO CKOPOCTp
$opMOBKH TNpHHHMAaOT paBuo#i 0,5—3 Mm/c.
Hns obneruyeHHs ycJaoBuii AedopManuu Me-
Ta/lJla ¥ yMeHbIIeHHS H3HOCA BasNKOB (mpo-
(UAMPOBAHHLIX DPOJIHKOB) TPH (GOPMOBKe
npuMensiorT cmas3ry (5—10 %-Has MacasHag
IMYJbCHS, MBLIbHEIE PacTBOPHL H T. I.).
Toakue mnomocer MoxHO opmoBaTh Ge3
CMAa3KH.

Has npoduanpoBans HCNOAL3YIOT TaK-
7K€ JIHCTH 1 MOJIOCH OIHHKOBAHHBIE, JIyHe-
Hble M MOKpPHITHE NyactHkamu. [lepen dop-
MOBKOH B JIHCTAX H IM0JIOCE NPH IOMOMIH
CIENHANbHEIX YCTPOHCTB, BCTPOEHHBIX B MO-
TOYHYIO JIHHHIO, MOKHO TNpOGHBATL OTBeEp-
CTHA, y30pHl W Op., T. €. H3rOTaBJHBaThL
nepopHPOBaHHEIE TTPODHIH.

Jns npobuaupoBaHHs ropAYeKaTaAHBIX H
XOJIOAHOKATAHEIX MOJIOC TIPHMEHSIOT arpe-
raTel NOIITYYHOTO H HENPEPEIBHOTO NPOdK-
JIHDOBAHHS.

B CCCP maun6ojee cOBpeMeHHBIMH IPO-
(uernb09HBIMH arperaTaMi SABJAKTCA ar-
peratel THna 2—8 x 100—600 u 1—4 < 50—
300 xoucrpyknun BHMHmermam — CKM3.

Ha puc. IV.26 npexncraBiena cxema pac-
noJjioxeHHs o6opynoBanua npoduaeruboy-
Horo arperara 2—8 X 100—600, mpegmasima-
YEHHOrO JUIA M3rOTOBJEHHS THYTBIX NpO(K-
Jeil BeicoToH mo 180 MM ® asnmHOE 5—12 M
Puc. IV.25. Kann6posxa pan-  (TOC/IE MEDHOH De3KH) CO CKOPOCTBIO MpO-
Xon suis nosyuenus ruymex  uauposanus 0,5—2,5 m/c Hs ropsuekara-
poduue#t oTKpuTOrO (@) B 33 o
KpuToro (6) THnos: HBLX TOJIOC TOJIILHHOH 2—8 MM H INHPHHOH
I~ vepxume samcwi 2— 100—600 MM (c npenesoM  MPOYHOCTH

Ao 650 MIIa) B pymonax maccoii a0 5 T.

B koMmmiekc o0OpyIOBaHHS arperara

BXOJAT COGCTBEHHO HENPEepPHBHBIA (YOPMOBOYHLIH (npodHaern60IHbI)
CTaH H MalIHHBEl TOJIOBHOH H XBOCTOBOH dactel, npelHasHauYeHHLIe
AJiA NOATOTOBKH 10JIOCH K NPO(QHIHPOBAHHIO, Pe3Ke, OTAeNKe U y6op-
Ke TOTOBOH NpONYKIWH. MaliHHAL, BXOAAIHE B COCTAB arperata, Bbl-
NOJIHEHB ¢ yueToM ofecneyeHHs HeMPepBHOCTH rpolecca, MaKCH-
Ma/JbHOH MeXaHH3AIlHH H ABTOMAaTH3alHH TEXHOJIOTHYECKHX ONepaIuii,
Co cknaja 3aroTOBOK PYJIOHEI MapTHAMH KPaHOM MOAAIOT HA 3arpy-
304UHbLIe YCTPOHCTBA JJIs NOCTaBKH TO OJHOMY K ABYXMO3HIHOHHOMY
pasMmarelBaTeNl0. PYJOH LEHTPHPYIOT Ha pa3kUMHOM KOHCOJBHOM

HEXoGHEs RORGLE
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r"‘ﬂ*ﬂ AR

v R R
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Punc. 1V.26. Cxema pacnonoxenusn obopynosaHas npodgumeruGounoro arperarta 2—8x100—
600 MM koHerpykuun BHHHvermam— CKM3:

! — ABYXDO3HOHOHHHH pasMiTHBATENBb: 2, 6§ — NPaBiJbHLIE MAallMHEB, 3 — HOMHHUB C HHIK-
EHM DE30M; 4 — CTHIKOCBapO'HAafd MallHHA; § —- MeT/aeoGpasoBaTeb; 7 — JeTyuHe HOMHHIME]
§ — HenpepeIBHEHA (QOpPMOBOYHBEIN cTadH B cocTape 14 Kaerteit; 9 — ycTpoiicTBo ans caysa
IMYJIbCHH; /O ~— YYacTOK HHMeKNHH: [/ — mawwHa AJs NpoMac/nBaHus PHYTEX npodunefl;
12 — yyactok HaGopa pagor npoduneit; I3 — poawranr: /4 — yknaguuk

Bpawmaromemcss GapabaHe, npudeM nokKa Ha OAHOI MO3HIHH pa3MaThl-
BaTeNs NEePBHIH PYJACH pa3MaTHIBAlOT, APYrof BTOPOHR pyJOH MOJ-
rOTABJAMBAIOT K pPAa3MOTKe, T. €. €ro ycraHoeke Gapaban H orrufa-
HHIO KoHIA moJiockl. [Tocse 3TOTO mMoJiocy nepBoro pyJoHa 3alaioT
B IeBATHPOJIHKOBYIO NPaBHJALHYIO MAaIIKHEY, 33T€M HaNpaBJsloT K HOXK-
HHLAM NOTIepPeYHOH peskH i 00pesxku rnepejiHero W 3aJlHer0 KOHLOB
MOJIOCE! NOJ CJAEAYIOMYIO ONepanHuio CBapKH MeTOIOM ONJaBlIeHH:d
Ha CTHIKOCBAPOUHOH MAIMHE CO BCTPOEHHBIM B Hee TpaTOCHHMATEedeM
AJIst 3AYHCTKHE rpata. [ co3nanus 3anaca moJocs (IHHof 10 236 mMm),
o0ecneuHBalOUero HelpephlBHY paboTy arperata BO BpeMms 00Ope3KkH
M CBapKH KOHLOB IOJOCHI, B arperate (B TyHHeJe MNOJ CTAHOM) ycTa-
HOBJeH meTyeoGpasosaTesb. JleTyune HOXKHHLBL nepen GOoPMOBOUHBIM
CTaHOM NO3BOJIAIOT BECTH Npolece NpodHIHPOBAHHSA C MAKCHMAJLHOM
ckopocteio (10 2,5 mic).

[To npome:kyTouHOMY pOJIbTAHTY MHOJOCY H3 neTJeoOpasoBarens
nojatT B (GOPMOBOYHLIH CTaH, coCcTOAUIMA H3 14-TH KJIerel (IecATH
NBYXBAJNKOBBIX H 4YeThIpeX YeThIPeXBaJKOBLIX C TOPH3OHTAJNBHBIMH
[IPHBOJHBIMH BaJkaMmu). Bee KAeTH HMEOT rpynnoBsoi nNpuBoK C ABYMA
3JIeKTPOJBHTAaTENAMH nocTossHHoro Toxra. [locte xaxuoi xmetn ycra-
HOBJIEHB BEPTHKAJLHME XOJMOCTHIE POMHKIL, YAepAKHBaOWHE 1podu-
JHPYEMYI0 [OJIOCY Mo OCH NPOKAaTKH. 3a nocdefinedl KJeTbio CTala
pacro/ioxena npaBHIbHO-KaJHOPOBOUHAA KJeTh JJisi HarpaBJeHHs
BO3MOAKHOTO CKPYYHBIHHIA roToBoro mpodnas. Yucao kaerei, yuact-
BYIOLIHX B rpoiecce 1podHANPOBAHNA, H CKOPOCTHOH pexiiM paboThl
cTaHa ONpelensiioT B 31BHCHMOCTH OT CJ0KHOCTH H PasMepoB Npogus,
MeXaHHYeCKHX CBOMCTE MeTa/lna H TpeboBaHuil K KadecTBY MOBepX-
HocTH. [lpomecc npobHAMpPOBAaHHUA BeleTcHA ¢ lOJayeidl 3MYJAbLCHH.

3a PoPMOBOUHLIM (TAHOM IPENYCMOTPEHO MECTO /IS IETyUei MblIH,
npefHa3sHAYEHHOH JJI1 DPe3KH 3aKPHITHIX H CJOXKHBEIX Mpoduied co
ckopocteio fo 1,2 m/c. Tlope3anHnlie Ha MepHble JJIHHBL FOTOBbBIE
Npo(HIH NMOCTYNAKT HA BLIXOJAHOH DPOJBTaHT, a 3aTeM K YCTPOHCTBY
Ui yAAMEeHHS 3MYJBCHH C NMpodHMAA CKATEIM BO3LYXOM.

TonoBHEEe NPOPHIH NPOXOAAT BRIGOPOUHHEIH KOHTPOJb HA HHCMEK-
UHOHHOM YydYacTKe, NPOMACAHBaHHE B npoMac/uBaiomeii MamHHe 1
Aafee [OCTynaloT Ha y4acToK Habopa pfAJ0B, KOTOpHE Iepefaior
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K yiaaguuky. C yKaAafuuga naxer maccoll npoduneit 1o 5 T kpauom
TPAHCMNOPTHPYIOT HA CKJAaj roToBOH IPOAYKIIHH.

[Tpou3BoguTeIbHOCTH NpoduaernGouHoro arperara 2—8 > 100—600
cocrasasier 150—200 teiC. T B roi, Macca MeXaHHYecKoTo 060pyIoBa-
Hua 1350 T, ofuas MOUIHOCTR TJIABHBIX MPHBOAOB (OPMOBOYHOTO
crana 1000 kBr.

ITpoduneruGounnisi arperar |—4 x50—300 npenHasnauen nas
H3rOTOBJEHUS] THYTHIX npocduael BeicoTol o 120 MM co cKopocThlio
npobuarEpoBanus A0 2,5 M/c U3 noso¢ TOMMHHON 1—4 MM U LIHDPHHOI
50—300 mm.

@OpPMOBOYHLIH CTaH arperarta COCTONT N3 UeTHLIPHANNATH OCHOBHBIX
H TPeX JAONOJHHUTENLHBIY NBYXBAJKOBBIX KJeTeH ¢ IOpH30HTAJJbHBIMH
NMPHBOAHLIMH Badkamu. Mexkiy 3THMH KJIETAMH PACHOJOKEHb BepTH-
KajdbHble HaNpaBidiomiye XOA0CTHR poauku. Bee cemuanparts Kaetel
cHabKeHBl T'PYNMNOBEIM NPHBOZOM OT JBYX 3JeKTpPOABHTaTesnedl Moy
HoCThIO Mo 140 kBT Kaxawii u uactoToil Bpamehns 640 o6/mMuH Yyepes
MWIHHAPHYECKHE PeLYKTOPBI, TPAHCMHCCHOHHBIE BaJlbl ¢ KOHHYECKHMH
uwiecTepHAMY, KOMOHHHPOBaHHBIE KOHITHECKO-UHJAHIJIpHYeCKHe LlecTe-
peHHble KJAeTH M YHHBepcalpHple WMHHAendn. Uncao kaereif, yuacr-
BYWIIHX B npoHIHPOBaHHK, 3aBHCHT OT pPa3sMepoB H CA0XKHOCTH
(opMbl Mpoduas. 32 MOCAETHHMHE KJCTAMN VCTAHOBJEHB POJHKOBHIE
0B0HMBEL ¢ TOPH30HTAALHBIMH W BEPTHKAILHEIMH POJHKAMH, MPeAHA3-
HAueHHLIC NJA TOYHOH KaauGpOBKH NpOpHIA.

YacoBast TpoH3BOAHTENLHOCTL Npoduerubounoro arperara I—4
% B50—300 cocrasasier 10 v/4, Macca MexaHHYecKoro oGOPYIOBAHHSA
500 T.

JeranenpokaTHble CTaHbI

Cmanet das npokamsu Kpyeaewx nepuoduteckux npoguaed. s pas-
JIWUHBEIX OTpac/ell MaulmHocTpoeHus TpeGynTes B GOMBIIOM KOJNHYe-
CTBE 3aTOTOBKH — KpPVTIvible npodu/n ¢ mepeMeHHBIM 10 JJIHHE JHa-
METPOM (AJNsT W3rOTOBJEHHS mnojdyoceid aBToMoOHAeH., KOHHUECKHX H
CTYMEeHYaTHIX BaJIOB H T. 11.). 2DTH 3aroTOBKH H3TOTOBJAAT KOBKOH
H ITaMIOBKOf, OJHAKO NpH 3TOM TepserTcs OOJLLIOE KOJHYCCTBO
MeTaMna Ha o060 H NPHIYCKH Ha NOCAEAYIOUIYI0 MeXaHn4ecKyi
o6paGorky. Bosee IKOHOMHYHBIM H BRICOKOTPOH3BOIHTRNLHLIM CTIO-
coBOM H3TOTOB/AEHHA TAKHX 3ar0TOBOK fBJAETCH M0IepeYHO-BHHTOBAA
NpOKaTKa HAa TpeXBaJKOBHIX cTaHax KoHcTpykuun BHHHmMermam
(puc. IV.27).

Tpu paGounx Bajka craHa (OCH KOTOpHIX cMemensl Ha 3—6° mo
OTHOIIEHHIO K MJIOCKOCTH, NPOXOAsAulel uepe3 OCh 3arOTOBKH) KOHH-
YeCKOH HAW BUCKOoOOpPa3HOR GopMEl TPHBOAAT BO BRaUlEHHE OT 3JEKTPO-
JIBHTATENIS NPH MNOMOILM TpeX VHHBepCaJpHEIX WnuHjeled. Kpyrayio
3aroToOBKY, Harpetyio no 900—1000 °C, o6xHMaioT BalKaMH H OIHO-
BPEMEHHO epeMelldloT B HarpaBJ/IeHHH CBOef OCH, T. €, OCYIIeCTBASIOT
mpolLece NOnepeyHo-BHHTOBOH NPOKATKH, MOITOMY Uepes 30HY nedop-
maiuil B BaJKax TNOCJAEADBATENLHO NMPOXOIAT BCE CeYeHHS 3ar0TOBKH
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Pue. 1V.27. Cxema mponecca (@) nonepevHO-BHHTOBON NPOKATKH KPYTAHX NePHOZHYECKHX
npothnaed (6) s TpeXBaNKOBOM CTaHe ¢ KOHAYeCKAMH BaNKaMH:

! — rugponpusoy cOAHMERHA BaNKOBR; 2 — BankH: & — roToBeill npodunb; 4 — JHHeliKa—
KOTMHP; § — 3amuMHOl maTpoH; 6 — THAPOUHJIHHIP AJA OCEBOTO HATAMEHHN 3alOTOBKH np
npoKaTKe; 7 — maHHAe H

no jgauHe. uppaBauvecKie HaKHMHBIE YCTPOHCTBA H3MEHSIOT MOJIO-
eHue BAJIKOB, CHHXPOHHO npubJAMKad HX K OCH 3arOTOBKH HJH yJa-
JAAd OT Hee NOCPENCTBOM JHHEHKH — KomHpa, Npogmiab KoTopo#
CoOTBeTCTBYeT Npoduio TpefyeMoro Hizenust. 3aroToBKY HPOKATAL-
BAIOT NPH OJHOBDEMEHHOM OCEBOM DACTSXKEHHH ee THApaBJHYeCKHM
NaTpoHOM, 4YTO YJYUIIAeT ycJaoBUA JleQopMmalldH MeTalna BalKaMH
H cnocoBCTByeT NOJYUYEHHIO GoJiee MAOTHOH ero CTPYKTYpHL.

[Mony4daemsie nonepevHo-BHHTOBOH NMPOKATKOH NpOQHJIN NepeMeH-
HOrO 1o AJIHHE CEUYEeHHS XapaKTepH3YHTCA BeCbMa TOUHBIMH pa3Me-
paMH ¢ HeGoJbIIMM NPHIYCKOM NOJ MOCAEAYIOULYI0 MeXaHHYecKylo
ofpaboTky. TIpOH3BOOHTENLHOCTH CTAHA ONPENeNsAeTcs CKOPOCThID
OCEBOT0 NepeMelenns 2aroToBKH, KOTOpPYID NpHHUMAOT pasuoi
2—10 m/Mun.
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Prc. IV.28. Mnan pacnonoxenHs oGOPYAOBAHHA LeXa C TPexBaJKOBHM cTadom 120 gas
NPOH3BOJACTEE KPYTJLX NEPHONHYELKHX npodunefi:

[ — peMounTHO-Me&XaHHYecKas mactepckKasn: 11 — Mawmnuwit 2an; 111 — MacasHlt oognan:
IV — nacocHO-aKKyMYJIATOPHARA CTaRUKH, V — CKJAaf 3aroToBoK; V1 — npoder cTaua; V11 —
CKJAAR roToBofi NPOAYKUHH: | — CcTelllaxy AAN 3ar0TOBOK, 2 — 3aTpy3cWHas pelietka; 3§ —
npecC-HOXNBULE; 4 — HHAYKTOPH AJfl Harpeea 3aroToBOK; § — DOJLTaKT; 6 — rAzZBHBEE 3JeK-
TpoXBHTaTeNH NPHEOJA BAaNKOE; 7 — paGovas kjieTb cTana 120; § — xoA0QuNBHHK, § — Waen-
nepwl; /0 — ¢dpeseprO-oTpesnodi cTaHoK; [I] — Kapman; /2 — teneKa: 13 — npabianHBA
npecc; /4 — pecwl; /5§ — cTeanamx ANA 33aYHCTKH; 16 — CTeHN Ansi o0BA3KH H YNaKOBKH:
17 — cTaHKR pAna pesku npobduned; 18 — MocToBOR Kpah; 19 — xelesHofopoMHHHA NYTb:
2@ — Kojnogely ANA OKanBHB

TunoeiMu craHamMu koHcrpykuuu BHMMMermawa sasaswores
crann 10, 20, 50, 70, 80, 100, 150, 250 (no avameTpy npoxaThBaeMof
3aroToBkn). Ha HEX NpOKaTEIBAIOT 2aTOTOBKH JUTHHOH 10 6 M.

B CCCP Ha MerTalypru4ecKHx 3aBojaxX MNOCTPOeHBI LEXH C KPyI-
HEIMH TpPeXBaJIKOBBIMH cTaHamu 150 u 250 mas nomyueHuss Kpyrimx
npobusaeil nepeMeHHOro cedeHus nuamerpoM H50—250 mu.

Ha puc. 1V.28 npeacrasien njaH pacmofioxeHHs 060pyAOBaHUA
uexa ¢ TpexBaakoBhIM craHoM 120. Co ckJajla 3aroToBKH KPaHOM
NOJAIOT Ha 3aTPY30UHLIE PEIIeTKH ¥ N[O OfHOH HaNpaBAAOT NO POb-
raiury K HOXHHIAM AJs 06pe3KH nepejHero KOHUA.

Harperylo B HHAYKTOpe 3aroTOBKY AJHHOH A0 4 M TpPOKATHIBAIOT
Ha crade 120 ¢ TpeMsl KOHMYECKHMH BajiKaMH AuameTpoM 160 MM, ripu-
BOAMMBIMI BO BpalleHHe HHIMBHLYAJILHEIMH 3JIEKTPONBHraTeNAMH
MOCTOSHHOTO TOKa MONiHOCThIO 1o 180 kBT Kaxawlii W uactortofi Bpa-
menus 800/1100 o6/MuH yepe3 PeAyKTOPHl M YHHBepCaJbHBIE MIMTHH-
nenu. HaumGonpwee ycunne upoxkatku cocrarnaser 300 xH, a ycunue
natsikenus sarotoskH 200 kH. CkopocTh npokaTKy (BhIXoaa npoduis
U3 BaJKOB) paBHa 3—6 M/MHH; Macca KJIeTH C [JIABHHIM HPHBOAOM
40 T.

Tocste mpokaTKH Kpyrike npodu/in 0XJaxAaloT Ha XOMOAUILHHKE
H HaNpaBJAlOT 1160 B KapMaH, Mubo ITennepaMy nofanoT K QpesepHo-
OTPE3HOMY CTaHKy AJsl OTPE3KH IepeJlHero M 3aJHero KOHIQB —
HepokatoB. [Ipu HeoOXoauMmocTH npoduiu NPaBAT Ha Tpecce, 3a4u-
MaloT Ha CTeH/e, B3BEIIHBAIOT HA BecaX, pa3pesaloT Ha MepHbe AJHHL
Ha CTaHKaxX, OOBS3bIBAIOT B MAYKH HA CTEHJEe H KPAHOM FOTOBHIE PO~
(huMH 3arpyaloT B BaroHH.

Ha JinenpoBcKoM MeTaJnypruieckeM KoMOHHaTe sxcmyarnpyemﬂ
Iex ¢ TPeXBaJKOBRIM cTaHoM 250 1/i8 MpOH3BOACTBA KPYIHBIX 3aro-
TOBOK OCEH JKeJe3HOJOPOXKHOTO TPaHCIOPTA IIHPOKOH KOJeH
(puc. 1V.29). Cran paccuntaH Ha NMPOKATKy 3arOTOBOK OCEH AHAMET-
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Puc. 1V.29. Tpexsankosbifi cran 250 19 npoKaTKH KpYFJHX 3ar0TOBOK oceil XKeJesHOZOPOK-
HOTO TPaRCNOPTa’' KoRcTPYRunR - BHHWMMeiMam — 11O «3aeRTPOCTaAbTAKMAN>

pom 140—250 MM u gmurol 2200—2600 MM H3 HCXOJAHBIX KPYTJbIX
3arotoBok amaMerpom 230—300 mm u aauHoi 800—2000 mM.

Arperar pasMelleH B KOpnyce ¢ NPOJETaMM mupnﬂoﬁ 30M u
BKJIIOUAET CJEAyIoHue OTAeNeHHd:

1) mOArOTOBKM 3aroTOBOK, B cOCTaB 0OBOpYyAOBaHHA KOTOPOIO
BXOAAT CTAHKH JJISl Pe3KH 3ar0TOBOK Ha MePHBIe AJIMHEI H CTAHKH AJif
3AUKMCTKH HAPYIKHOH MOBEPXHOCTH HCXOMHBIX 3arOTOBOK, HMEIOMIHX
Hapyxkuple JedeKTH; 2) IPOKaTHOE ¢ Tas0BOH Meunio I Harpesa
34TOTOBOK, MANIMHOH 17151 THAPOcOHBA OKaJMHbl, TPEXBaJKOBEIM CTa-
oM 250, nuAOH AAA OTPE3KW KOHUOB ¥ Mamuuofl Afn KAeHMeHus;
3) TepMEYecKoe ¢ KOJbUEBOH nedblo IMsi HOpMaJaH3allHH oceHl U XoJIo-
IHABHHKAMH; 4) OTAeqKH ocell, B KOTOPOH YCTaHOBJEHH MpPecchl JJIs
ropsde NPOKaTKH OCeH, XOJOAN/AbHUKH, 000pyL0BaHHE /IS OYHCTKH,
KOHTPOJISi H PEMOHTa TOTOBOrO NpPOKATa, 4 TAKXKe /i YNAaKOBKH M
OTTPY3KH.

OnuiT paGoTel OCENPOKATHOrO LieXa N0Ka3aJ NpaBHALHOCTE 3aJI0-
YKeHHBIX B TPOEXT TEXHOJOTHUECKHUX MAapAMETPOB W HANEKHOCTH KOH-
CTPYKTHBHEIX peIleHHH.

Ha ocHOBe moJly4eHHbIX pe3yJibTATOB MOAHO CAENaTh ClelyiouiHe
BHIBOJBI O TIPEHMYIILECTBAX [POH3BOACTBA OCeH BMHTOBOH NPOKATKOIA:

1) ofecneynBaercss 3HAYMTENbHAS SKOHOMHS MeTaasa HCXOLHOH
3aTOTOBKH, KOTOPAsl MOKET COCTaBJIATh 15—20 KT /51 YHCTOBO# OCH
¢ Maccoii 415 kr;

2) yMEeHBLIUAIOTCA ChEM CTPYMXKK TPH Mexauuueckoit ofpaGotke
KaxJoft ocH Tex e pasmepoB Ha 40—60 Kr ¥ nmoTepu Merasa TpH
nocJenyleM ee Nepenase;

3) cokpamaercss mMapK Ky3He4HO-npeccoBoro o60pyAOBaHHA HJIH
JOPOTOCTOSNIHX PaiHajbHO-KOBOYHBIX MAIIHH;
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4) 3HAYNTEHHO YMEHBIIAETCS CTAHOY-
HLIl NapK W COOTBETCTBEHHO YHCAO pa-
BOYMX-CTAHOUHHKOB,;

5) moBBILAETCA CTOHKOCTh PENKYIILErO
HHCTpyMeHTa 1pu  of6paGoTKe CTpOro
HUJAMHPHUECKHX NPOKATAHHLIX 3aTOTOBOK;

6) moctHraetcsi 3KOHOMHA B TpaH-
CTIOPTHBIX Pacxojiax;

7) 1o Tipeneny BBIHOCJHBOCTH IHEEK
YHCTOBLIE KaTaHble OCH, YIPOUHEHHbIE Me-
TOAOM HAKATHIBAHHA Ha CHENHaJbHOM
yerpofictBe KoHCTpykunn BHWMMHwmerma-
da, NPeBoCXOAAT OCH, HAKaTaHHBIE CTa-
UHOHAPHBIM  POJHKOM C mocAenylolel
M H(OBKOH.

C BBOJAOM 3TOrO liexa BIEPBHIE B MHpe

Npu 3arpysKe Macchl a-
POBE BO Bpallaloluica
HapabaH ¥ MX NepeKaTthl-
BaHHH.

CraHbl KOHCTPYKIUHH
BHHHMmermama 15—30,
25650, 40—80, 80—
125 (no nuamerpy mpo-
KaThIBAEMBIX IIAPOB, MM)
ABJISIIOTCHA THIIOBRIMH (ec-
JIH B KauecTBe 3ar0TOBKH
npumensaTs Tpy6Gy, TO Ha
CTaHe ¢ BHHTOBEIMH Ka-
nubpamMyd MOMKHO MOJY-
YaTh AJHHHbIE 3aTOTOBKH,
cocToflliHe U3 psAla Ko-
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d — poJbraHra; 4 —

1V — orpeneHue 1aa TepMoolpaloTKE

§ — IecTepeHHbe KJAETH; 9 — IIMHHJENH;
(Buu3y ua pucynxe); /! — noroporusill 6yuKep;

GyHKep AJA 34rPYSKH I1IAPOB B BaroHk;

5

OCYILLECTBJ/IEHO [IOTOYHOE ABTOMATH3HPO-

2 JEL-BTYJO0K HHAHHAPHYE-
BaHHOE NPOH3BOJCTBO 3aroTOBOK OCEH HO-

CKOro WJIH [epEMEHHOro ;

J

5 —

Puc. IV.30. Cxema npouecca no-
nepeusofl NpPOKATKH WapoB Ha
ABYXBAJKOBOM CT2HE ¢ BHHTORBI-

BbIM METOJOM.
Cmanst 045 npokamgy wapos. J1ns MHO-

THX OTpac/ell MPOMBIIIIEHHOCTH B 60 bLIIOM
koauuectBe (mo 500—600 Teic. T B ron)
TpedYIOTCA cTaqlbHble Waphl Auamerpom 25—125 Mm (aisi nomona

MH KanuOGpaMmn

&
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PyAel, YIVIA H LUEMEHTA B IAPOBLIX ME.HI)HHU.HX) H IIapHKH JHAMETPOM KHX 3aBOfax CTPaHHI 110~ é g( E
25—50 MM (a1 NONIMIHHKOB KadyeHHs ). M3roToBeHHe KpPYMHBIX CTPOEHBI CIELHATHIHPO- g E25
1apoB KOBKOH MJIM OT/NHBKOH H LIAaPHKOB KOBKOM (Ha mpeccax WM BAHHBEIE II€XH C BBICOKO- p-3-1 3o
MOJI0OTaX) MaJONpPOH3BOJHTE/NLHO ¥ CONPOBOXKIAETCA 3HAYHTEJb- NPOH3BOANTENLHEIMH Lia- g a oo
HOA DoTepel MeTanda (NpM pas3iuBKe CrajH, Ha o6JOH mpu KOBKE). PONPOKATHEIMH CTAHAMH g58day
Crnoco6 monydeHHs IDapoB TMOMEPeYHOH TPOKATKOH M3  KPyraok 15 IPOHU3BOACTBA 1IAPOB ““ g8Sang
3aTOTOBKH 3KOHOMHYeH. OH omIHuaetcss OOMBIIOH TPOH3BOAHTENB- IHaMeTPOM CBhllle 25 MM. N Tni
HOCTBIO Gslarofapsi BO3MOMKHOCTH €T0 OCYLIECTBJEHHMS HA HENpepHIB- Ha puc. 1V.31 npex- P TWJ’E
HbIX MOJHOCTHIO ABTOMATH3HPOBAHHLIX arperarax, B COCTAB KOTOPBIX CTABJMEH [UlaH PACIOMNO0- g :5535
BXOJMT JBYXBaJIKOBBIH WapONPOKATHLIH CTaH HONEPEYHOH NpOKATKH MeHnsi 06OpyLOBaHHs C ¥ 2gEs
koucrpykuun BHHMMermaiia, B KOTOPOM BaJKH BBEIOOJHEHbI ¢ BMH- TPEMSI  [BYXBAJKOBHIMH 2 ggggl
TOBbIMH KaJuGpaMH [€peMeHHOro liara, BpallalollHecs B OFHOM Ha- IAPONPOKATHRIMI CTaHa- N
npasiennn (puc. 1V.30). mi  25—50, 40—80 u BE=300
HcxonHoil 3aroTOBKOH ABJAIOTCA UHJHHIPHUYECKHE NPYTKH JHa- 80—125 xaasm  BEIIyCKa ~ B S'ajgga
METpOM Ha 2—4 MM MeHblUe JHaMeTPa NPOKATHIBAEMEIX 11APOB H JJIH- CTa/bHBIX LIAPOB AHAMET- 5 §§§E§
HO# 3—35 M. 3aroroBkH HarpeBaiotT 2o 950—1000 °C B wHAy KuHOHHOMH pom 25—125 MM 3 yrie- E I 2288
neud M TOJKATeJNeM 3aJaloT B BaJKH CO CTOPOHBI mpuBoAa. [IpyTOK poaucthix (6oaee 0,4 % C) S E| S
3aXBaThiBAIOT BaJIKaMH, BpallawT HMH H OJHOBPEMEHHO NPOABHTaOT H JIeTHPOBAHHBLIX CTaJei. g 5%"‘5:—.‘:
BLOJIb ero ocH. Daaromaps Tomy, 4To BEICOTa TpefHel KaauHGpa mo- B coctaB mexa BXONAT |- s 53555;
CTEMEHHO YyBeNHYHBaeTCsi, TpeOHH 3aXBaThIBAIOT MeTals, pa3pesaioT TPH HenpepLBHEE aBTO- e = gg:gzg
IITAHTY HA KYCKH, N0 o0beMy paBHble o6beMy wapa, o6XHMAaOT Me- MaTH3HPOBAHHLIE JIHHHH S ESE ES
TaJJ M NpHAAlT KyckKaMm (opMmy mapa. 3a Kaxielii o60opoT BaniKOB ¢ IIApONPOKATHBIMH CTa- 3] gead
NPOKATHIBAIOT OAHH lIap; 4acToTa BpauneHus BaakoB 60—150 o6/muH, HAMH COOTBETCTBYIOLIETO o g:%gég
npousBofiuTeNbHocTh ctana 60—150 mapoB B MuHyTy. ¥ TOTOBHIX Ha3HAUeHHSI, T. €. MPOH3- megE T E
11aPOB OCTalOTCA HeGOJblIHEe NMEepPeMbluKi, KOTOpble JIerKo yAa/IsioTes BOJCTBA MIAPOB JAHAMET- _J Eldssng
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NpohuAsT; MOKHO TaKKe
NPOKATLIBATL LHJHHIPH-
4ecKHe M IHJIAHAPO-KO-
HHYECKHE AEeTANH).

Ha wmerannypruayec-

7 — peiyKTOpH;

poe; /

PHaS H BalbUellNHpOBaAbHAA MaCcTePCKasn;
— npecc AJA NpPaBKH 3arcToBOK; 2 — 3arpy3acyHuie YCTDOHCTBE;

0 (eBepxy Ha pHCYHKe); 40—80 u 80—12

/ — CTaHKH Ans o6paboTKu KanuGpor pankos: /§ — MocTosble Kpagk; /9 — xeNe3HOROPOMHEIR NYTh
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pom 25—50, 40—80 u 80— 125 MM N0 OZHOMY TEXHOJOTHYECKOMY IMpPO-
uecey. Co cknafa 3arotoBKH (KpPYTJIYIO CTaJb B IPYTKAaX) KPaHOM MO-
JIA0T HA 3arPY304HYIO PEIIETKY ¢ JO3aTOPOM H 3aTeM HampaBJsioT 10
poibraHry M 3arpy3kd (B TPH HHTKH) B rasoByIo NPOXORHYIO Medb,
B KOTODO# TNPOHCXOAUT HArpes 3aroToBOK 1o Temnepartypul 1000—
1100 °C. M3 meuy 3aroTOBKH MOIITYYHO BHIJAIOT HA HAKIOHHYIO pe-
IIETKY ¥ B ¥KeJ0B, pacnoJoxKeHHEIH MEKIY TUNHHAENSMH CTaHa, H3
KOTOPOTO IHeBMATHYECKHM TOJKATEJeM 3aroTOBKH 3aJaloT B BaJKu
crana. [Ipokaranusie mwapbl Ha BHIXOJle H3 BaJIKOB 10 HAKJIOHHOMY XKe-
Jo6y MonajaioT B BaHHY C BOAOH AJAfA 3aKaiKH. M3 BaHHBI IIapn aje-
BAaTOPOM NOAHHMAIOT BBEPX H TMO HAK/JIOHHOMY eJ06y HanpasJsioT
B OyHKepa, M3 KOTOPHIX 3/JeKTPOMarHHTHBIM KPaHOM IIaphl BHITPY-
JKAI0T B BATOHHI,

IlpumepHO cpepusisi TOAOBAs MPOH3BONHTEJIBHOCTh TPeX JHHHH
¢ IIapONPOKATHEIMKM CTAHAMH (OJHHAKOBOH KOHCTPYKUHH, HO PasJiHy-
HBIX NO TEXHHYECKHM XapaKTEPHCTHKaM H pa3mepaMm) THna 25—50,
40—80 n 80—125 coorBerctBenno papua: 10 Thic. T (oKoso 50 MiR.
ITYK OpH cpeineii macce opxoro mapa 0,21 kr), 50 teic. T (0oKoJoO
50 msH. WTYK npu macce omporo mapa 1,0 xr) u 140 Thic. T (0KOMO
50 mMaH. WTYK NpH Macce ofHoro mapa 3—>5 kr), T. e. ofmas mpous-
BOJHTENLHOCTE [leXa ¢ TPeMs HIaPOOPOKATHBIMH CTAHAMM COCTABJAET
200 Teic. T BaH akoso 150 maH. wapos B rof. Bee oSopyjosanue paa-
MeLleHO B 3JaHUH ¢ upuHOi nponera 30 M H AAHHOH 228 M; Macca
MeXaHHYeCcKoro ofopyJoBaHHsA nexa paBHa okoao 2,0 Twic. T.

Cmanet 022 npoxkamku pebpucmerx mpy6. JlJs H3rOTOBIEHHA Te-
NJI1006MEHHHKOB DasJH4YHOT0 BHAA NPHMEHSIOT peGpHCTHE TPYyOLl Co
CIHPaJBLHLEIME H KoJibleBbIMH peGpayvu. Opebpenne TpyOnl BEIOOJHAIOT
HABHBKOH H CHAfiKOil TOHKO# nosockl ¢ Tpy6of. JroT cmocob mano-
NPOH3BOJAHTENIEH K He 0fecneuHBaeT AOCTATOUHOH NPOYHOCTH CTEIKOBBIX
IIBOB MexIy peGpams u Tpyboii. Bo BHMHmermaume paspaGoran

HOBHIl TEXHOJIOTHYECKHH MpOIece H3rOTOBAEHHS peOPHCTHIX TPYO |

nyTeM TPOKaTku GeclloBHOH
(puc. 1V.32).

@opmoBKY (HakaThiBanne peGep) pebpucToil TPYOBl OCYUIECTBAAIOT
npokatkoi OeciioBHol TPy6Gb Ha OMpaBKe TPeMsl NPHBOLHBIMH BaJ-
KaMH, OCH KOTODPLIX HAKJOHEHB K OcH TPyOBl Ha HEKOTOPBLIH yroJ,
HA3kIBAEMbIH YTUIOM MOJa4H, PaBHbIH yriy ToAbeMa BHHTOBOH MO-
BepXHOCTH pebep no cpegHemy HX Anamerpy. YToOhl YHIPOCTHTH
H3IOTOB/IEHHE BAJKOB, HX BBEIMOJHAIOT HAOOPHBIMH H3 AHUCKOB pai-
JHYHOH TOJUIHHBL TI0 OKPYIKHOCTH Pas/HYHOrO jAHameTrpa. Bcece Tpu
Ba/lKa BPalaloT B OJJHOM HalpaBJeHMH, 3aXBaTbIBAIOT HMH 3aTOTOBKY-
Tpy6y H coobulaiT el BpalleHHe H oceBoe nepememenHe. IIpuH sTOM
MPOHCXOMHT IMOCTeneHHoe oOpaszoBanue pebep 3ajaHHOrO mNpobH/IA
H CHSITHE TOTOBOH TpyOLI C ONpPaBKH.

Ilnsi nporaTku peGpucThiX TPYO NpHMeHsiloT HabopHble (M3 HHC-
KOB) Ba/JKH JBYX BHUIOB: C KOJbIIEBEIMH H BHHTOBbIMH KajiinOpaMH.

Banku € KOJbLUEBLIMH KannGpaMu MCMOJB3YIOT AAS TNPOKaTKH
Tpy6 ¢ ONHO3aXOXHLIMH WJIH MHOTO3aXOJHBIMH pe6paMH OOALLIOH Bht-
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TpyOhl B TPeXBaJKOBOM CTaHe

Puc. 1V.32. CxeMa npouecca nonepevyHo-BHATopON NPOKaTKH PeGPRCTRIX TPYO Ha TPEXBAJKO-
BOM CTaHe:

1 — BanoK; ? — onpabKa; § — peGpHcTas TpyGa

coThl. BalKH ¢ BHHTOBBIMH KalHOpaMH NPHMEHSIOT A MOJYYEHHS
Tpy6 C KONBLEBBIMH H BHHTOBLIMH pefpaMH C IDaroMm > 5 MM.

PeGpuctoie TpyObl B TOPAYEM COCTOSIHHH MPOKATHIBAIOT H3 CTATH
U crelHa/bHBIX TPYAHOIEPOPMHPYEMbIX CNIaBOB, 4 pebpHucThie TPYOH
B XOJOJIHOM COCTOSHHH INPOKAaTHIEAIOT H3 AJIOMHHHS, MEIH H OHME-
TaJJIOB! CTaJlb—AaJIOMHHHH, aTIOMHHHH—AATYHb H JP.

TunoBeiMH cTaHamMH KOHCTPYkuuH BHHHMmermama sasasiorcs
cTaHbl (C HOMHHA/JbHBIM BHYTPEHHHM AuameTpoM TpyGhl B mM): 12—
20 mm payiunol 5 M; 20—40 MM pnHEO#R 6 M; 6—12 MM HeorpaHUYEHHOH
JHHBL (IJaHeTapHLIA CTaH IJ1A NpPOKATKH HCXONHOH TPYGBI, CBEPHY-
tofi B OGyHT). IIpOM3BONHTENPHOCTL cTAaHOB cocraBiser 1—6 m/MuH.

Cmanbt 045 HAKAMKL KPYNHOU pesvbpr. TIDH H3roTOBJIEHHH KPENEeK-
HBIX JeTasiedi (BHHTOB, GOJITOB, IINKIEK) ¢ MENKOH pe3nboil (¢ marom
JI0 5 MM) IIHPOKO NPHMEHAIOT CNOCO6 HAKATKH pe3bbbl. OIHaKo JeTanu
¢ Goslee KpynHO# pe3n00i H3TOTOBJAIOT HA CTAHKAX, NPH 3TOM B CTPY-
JKKY Tepsercs OoJiblIOE KOJIHY€CTBO Meraisaa. OT npHMEHsieMbIX
panee cnoco60B HAaKaTKH MeNKol pe3nbbl crnocol, pas3paGoTaHHblil
BHHHWmeTmaluem, oTiHuaercsi TeM, 4To TNpOKAaTKa pesbBbl OCYILECT-
BJSIETCA He cpasy Mo BceHl IJIHHE 3aroTOBKH, a MNOCJAeJ0BATEILHO-
HenpepHIBHEIM HaKaTHIBAHHEM OJHOTO BHTKA 3a APYTMM. Baaromaps
3TOMY yMEHbLIAETCHA YCHJHE NPH HAaKATLIBAHHM Pe3bObl M, KPOME TOTO,
MOXKHO HaKaTklBaThb Pe3b0y Ha 3aroToBKe, MMEIOMIEH HEOTPaHHIEHHYIO
JJIHHY .

Hakatky pe3b0bl OCYILIECTBJASAIOT HA JIBYXBaJKOBOM HJH TPeXBaJ-
KOBOM CTaHaX NONepeYyHO-BHHTOBOH npokaTku (puc. 1V.35), ocu BaJ-
KOB KOTOPHIX HAKJ/JIOHEHLI K OCH 3aTOTOBKH MOJ HEGOJBIIHM YIVIOM
(3—6°), paBHBIM PasHOCTH YIVIOB BHHTOBOTO mpodu/s Ha BajlKe H
Ha TOTOBOM H3JeJHH.

Criocof HempepLIBHO# NPOKAaTKH NPHMEHSIOT I/ HAKATKH BHHTOB
aBToMOOHJILHEIX JIOMKPAaTOB, XONOBHIX BHHTOB JJI CTAHKOB, YepBAY-
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HbIX (ppe3, 4epBAKOB A8 pEAYK-
TopoB H T. N. Ilpokarky pesnOnl
C wWwaroM 10 8 MM OCYU[ECTBJSIIOT
B XOJOJHOM COCTOAHHM, 4 CBBILIE
8 MM —B TOpAYEM COCTOSTHHH.
Pesnby BhIMOMHAIT ¢ Tpebyemoil no
(\ T'OCT TOYHOCTBIO W MOBBILIEHHOM
MeXaHHYeCKOH [OpOuHOCThEIO (TaK
KAaK NIPH HAKATHIBAHHH BOJIOKHA Me-
Tanna He nepepesaiorcs). [Ipousso-
(\ JMTeNBHOCTD  CTAHOB  COCTABJAET
0,56—1,2 m/MuH, T. €. 0OHa BO MHOTO
pas OGonbure, 4eM IIpH Hape3aHHH
pe3bbbl HA CTAHKAaX.
T —— Cmanet  0aa  npoxamiru  3y6bes
BHNUTOROI NPOKATKH H3fenuit ¢ BHHTOBO diecmepe . HPH 06pa(50'n<e SY6I:!EB
;"’if";-‘ﬂ‘f‘]‘;?"'f; i lecrepen ¥ 3yb4aThIX KOJec Ha Me-
e TaJAAOPEKRYUIHX CTaHKax Goablioe
B KOJIHYECTBO MeTa/ia pacXoayercs
Ha OOpasoBaHHe cTpyxKH. 3amena o6paGOTKH MeTalja pesaHHEM
00paGoTKO# JlaB/IeHHeM — BechbMa aKTyaabHas 3agaia. Bo BHUMWMet-
Malue paspaboTaHbl HBa cnoco6a M COOTBETCTBYIOUIME NPOKATHBIE
CTaHBl JIs1 NPOKAaTKH 3y0ObeB Ha HarpetoiX 3arotoskax (puc. 1V.34).
ITo neppoMy cnocofy 3yGbsti  (GOPMYIOT OCEBbLIM NeEpEMELieHHEM
AJMHHOH 3aroTOBKW (WTaHTH MAH HaGopa Kojel) Mexay paboudm
HHCTPYME@HTOM, COCTOSLIHM H3 JBYX BpauwlarUuXcs 3yOuaThiX Le-
CTEPEH, MEKUEHTPOBOE PACCTOAHHE KOTOPHIX SIBJSETCA NOCTOSHHLIM.
Harperyio B BhICOKOWACTOTHOM MHIYKTOpE 3aroTOBKY Bpamator Gna-
rolapsa KHHeMAaTHYeCKOH CBA3H NPUBOAHOH JEJNHTEILHOH IlHeCTepHH
C PEIYKTOPOM NpHBOAA 3y6UaThiX BAJKOB Palo4ero MHCTPYMEHTa.
Hnsi oBneryenus BXola 3aroTOBKH B BaJKH NPeyCMOTPeHa KOHHYECKast
HX (opma Ha BXORHOH cTopoHe. [HaMeTp 3aroToBKH paseH cpejHeMy
fHaMeTpy 3yOb€B TIOTOBOrO H3JAENHS. ITHM CHOCOGOM HAKATHIBAIOT
3y0bs ¢ MoiyJem M0 4 MM Ha 3aroTopkax Amamerpom go 200 MM,
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),/' Puc. 1V.34. Cxembl npouecca npokaTKH 3yGuaTelx Kojec:
@ — ¢ oceso# nogavefi sarotopku; § — ¢ pagnansHoft mogauef
7 _L_ BaJAKOB, | — aaroToska; 2 — umpykrtop: § — ayGuaThle Ba-

b AKHL 4 — npokaTeinaemoe ayGuaToe Koseco; 5 — oNpanku

[To Bropomy cnocoGy HArperyio MHJIHHIPHUECKYIO 3aroTOBKY 1
MCIIAKOT MENKAY JBYM# BpaimanouipMuca 3y0datoiMi Badkami ([
GOYHM HHCTPYMEHTOM). 3aroToBKe coo0LldeTCd NPUHYAHTeIbHOE BP
leHHe, TIpHY4eM CKOpPOCTh €e COOTBETCTBYET I[epeJaTOuHOMY YHC.
MEXIY IuectepHedi ¥ Baakamu. [Ipu BpalleHHH liecTepHH pabGod
BaJAKU nocreneHHo cOamxaior. [lpu stom 3ybbs Bankos yrayousi
B HarpeTyio 3aroTOBKY, BCJAEJCTBHE Yero Ha Hel ofpasyroTcsd BIAaJMI
ot 3y6bes. BriTecHsiemblil MeTa sl o6pasyeT rOJ0BKH 3y0beB ¢ 3BOJ
BEHTHBIM npo@iieM. ITHM cnocofoM [IPOKAThIBAIOT 3y0uaThie K
neca puamerpoM a0 1000 mm c mogymaem ao 10 mm n 3vbuaThie 3B¢
JNOUKH ¢ warom jgo 254 MM sl ceNBCKOX03ARCTBEHHBIX KoMBaHHC

CraHbi fasi npoKaTKu (acoHHbix npoduneil BLHICOKOA TOYHOCTH

CrnennansHsie (pacOHHbIE NPOQHJAH BLICOKOH TOUIIOCTH NOCTOAHHO
ceyenns ¢ nuowansio 100—10000 mm® xapakTepusyiorTcs Becbma I
POKHM cOpTaMeHTOM 10 (opMe cedeHHs M Mapkam craid. IJTH 0O
(hHAH, KdK SKOHOMHUHBIE 3arOTOBKH ¢ (hopMofl cedeHus, OAH3K
K (opMe TOTOBOTO H3JENus, MOJydYeHHBle cnocofamu ropsvyed W 3
JIOLHOH TNpOKaTKH, ropAdYell NpPOKATKH H BOJOYEHHSH, a TaKKe CI
cofaMi ropsAdYero H XOJOJHOTO MpeccoOBaHHs, MOTYT ObITb HCIOS
30BaHBl BO BceX 03 HCKAKYeHHs OTPacJfX HapoJHOTO XO3sHCTE
cnocoBCTBYA 3HAYHTEJNLHOH 3KOHOMHMH METajlqa MpH H3TOTOBJIEH
U3 HHX TOTOBBIX JeTajell MamuH M coopvixkeHud. Ilocae xonopH
JedopMauMH TOUHOCTH TeOMETPHUECKHX pPa3MepoB (hacOHHOLO np
¢uaa nocruraer 6—9 xksanurero (I'OCT 8051—81) m mepoxos
TocTh momepxuoctH Ra = 0,32 — 2,5 mxm (I'OCT 2789—73).

B CCCP nocTpoeH psill LEXOB MO MPOH3BOACTBY TOUHBIX (haCOHHE
npoduaeii, o6OpyLOBaHHLIX CreUHANH3HPOBAHHLIMH CTAHAMH TOD
gyell ¥ XOJOLHOH MPOKATKH, BOJOUMJLHBIMH CTAHAMH, & TAKMKE [PE
COBEIM 0BOPYJIOBAHIEM.

3a pybGexom GacoHHBIE NPOGHUIH BHICOKOH TOYHOCTH NPOH3BOJA
B pasJHuyHBX cTpaHax mupa (CIIA, fHnonuu, ®PI, ®panuunn, M
JHH H Jp.) Ha cTaHax ropsAuyell MpoKaTKy (HenmpepelBHOrO, MOCJeEl
BATENbHOr0 H JHHEHHOro THIIOB) ¥ Ha CTaHaxX XOJMOMHOH NpPOKAT
(B OCHOBHOM OAHOKJ/ETEBHIX), a TaKxKe Ha BONOUHJBHBIX CTanax
npeccax (rupaB/AHYeCKOro THOA).

@upmoi «Schloémanns (OPT) Gbiii cO31aHbL cNelHalH3HPOBAHH
MasnorafapuTHBIE CTAHBL IS MOJYYeHUs TopAuekataHblX (hacoHHI
npoduneii Heboaspnioro cedenust ¢ gomyckoM +0,25 MM U3 Kpyrna
cranu Anamerpom ot 5 jo 30 mm B OyHTax 3a OAMH-JABa MPOXoja
ckopoctbio 0,1—0,3 m/c. Cran (puc. IV.35) umeer pasmatbiBaTes
NIpaBHJbHOE YCTPOHCTBO, YCTPOHCTBO JAJISl 3JIEKTPOKOHTAKTHOTO B
rpepa, e pafoune ABYXBa/ikoBbie KJeri 150 (¢ ropraoHTaNbHBN
M BEPTHKaJbHBIMH BaJIKaMH); HOXKHHUB OapafanHoro Tuma, MOTal
H XOloAuJbpHHK. Ha HOBLIX craHax npepycMoTpeHa ycTaHOBKa CT
KOCBAapOYHOH MAllHHbI, CO3Jalas YyCIoBHA npolecca «HecKoHEUHao
NPOKATKM ¥ TOBHLILIAMIAS BBIXOH rojnoro ¢ 95 go 98—99 % .




Puc. TV.35. Cxema pacnoncmeny
1 8. 151 OfOPYIOBARNA ADYXKIET
K4TKH daconunx npoduell KOHCTPYKIHK QJ:lpr{A«gchlsén?:r?;g {cgifl‘j):lso ropssel npo-

1 — pasmat i 2 — ! i

3aro1-rgmm<; ??nggbian }:Ef;:?ﬁ:ﬁﬁﬁﬁfﬁggBé“f — YCTPOHCTRO 415 KCHTAKTHOTO Harpena

i Kow OPH3OHTA/bHbIMI BAAKAME, 5 — :
CTh C BEPTHKAJNbLHLIMH BadKaMi; 6 — MOTLAKN. 7 — JeTyune nmicn‘nuh:: & — yc-r?a;::m:ig

YGOPKN I'oTOBEX npodrgei

[IpoussoguTensnocTs crana cocrasiaser 1500 t B rox; npoua-

6. BOJIOYHJIBHBIE U KAJIMBPOBOYHBIE CTAHBI

BonouunsabivMu cranamu Hasbisaores MalllHHEL, CAyKauiHe 18 BOJO-
HEHHSI METAJVIOB H CIJIABOB, T. €. NPOTATHBAHHS KATAHLIX HJIH npec-
COBaHHbIX 34rOTOBOK Yepes OTBEPCTHs pabodero HHCTPYMeHTA (Bos10KH)
PAasMEphl KOTODEIX MEHblUE Da3MePOB CEYeHHSA 3arOTOBOK HCXONHOLO
L&ﬁ;epﬁgﬁzﬁﬂiTgaromBox, NoABeprawimuxcs 06:aTHIO NPH BOJOYe-
, A 1o
T HaSRTE PodH/Ib H pasMepsl MONePeYHOro cedenus u yBe-
B nacrosmee spems npumensior cranbi Bapabannoro tuna (¢ Ha-
MaThiBaHHeM 06pabaThiBaeMOro Meranna Ha GapabaH W craHbl JH-
::;;1;;2).11“1&1 C UPAMONIMHEHHBIM ABHXKEHMEM HDOTATHBAEMOrO Ma-
Crannl 6apabaunoro Tuna HCTIOJILb3YIOT B OCHOBHOM /A BOJOYe-
HHA NPOBONOKH, HEKOTODHIX BHAOB CHELHANbHLIX npodunell u TPy O
HeGOMbIIOro AuameTpa. B saBHCHMOCTH OT umesa G6apaGaHOB u xa-
PaKTepa HX paboThl CTaHHl ITOTO THNA MOAPA3LEAAIOTCH Ha CHIeAYIONL e
BHJIBI: OJHOKPATHBIC; MHOTOKPATHBIE, PABOTAIONIHE CO CKOJDIKEHUEM:
MHOPOKp aTHble, paboTaiomue Ge3 CKOJLKEHHS; MHOIOKDATHbBIE paj
GoTawlie ¢ NPOTHBOHATSKEHHEM. ’
OIHOKDATHBIMH BOJIOYH/ILHEIMH CTAHAMH HA3BIBAIOT CTAHKI B KO-
TOPBIX BOJIOYEHHE OCYUIECTBJSETCS B OAMH MPOXOL, a Mﬂofoxpar-
HBIMH — CTAHBEI, B KOTOPEIX BOJIOYEHHE BLINOJHSETCH B HECKOAbKO
pOXONlOB  4EPE3 PAN MOCAENOBATENLHO YCTAHOBJAEHHBIX BOJIOK
Cransl ¢ npsMOJIMHE HHEIM IBHIKeHHeM o6pabaTeiBaeMoro Ma're;;H—
a1a CIykar JJ1s BOJNOUCHHS (KalHOPOBKH) NPYTKOB, TPy6 M pasnmny-
HBIX (DACOHHBIX npoduIeii us HEPHBIX H LBETHHIX MeTa/lioB. OCHOB-
HOC KOHCTDYKTHBHOE DasJiHUHe STHX CTAHOB OTHOCHTCA K THIY npH-
BOAA TEeNEXKH CTaHa.
B coBpemenHBIX KOHCTPYKUMSIX TEJIEKKY COENHHAIOT ¢ TAHyIeH
HENbIO KPIOKA TOMBKO VI COBEpIleHHst pabOyero Xofa, T. €. TONBKO
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Ha BpeMs BOJOYeHHs. Y CKOPeHHEIH BO3BpaT TeIeXKH s c/elyiouero
Xofla copepluaercsi APYTMM ycTpoiictBoM. IlenHbie cTaHbl ¢ KPIOKOBOMH
TeNeXKOH nmoayuuad HanGosee MIHPOKOE paclipoCTPaHeHHe.

CoBpeMeHHEIE BOJIOUH/ILHEIE LIeXH MPeJCcTaBIfaT co60H KOMIIEKC,
COCTOSIIEH W3 arperatoB, OGecneyHBAIOULHX BCE CTAJHH TEXHOJOTH-
YeCKOro NpoLecca H3TOTOBJEHHS NPOBONOKH H3 HH3KOYIJIEPOAHCTHIX,
BBICOKOYTVIEPOJHCTEIX M JIETHPOBAHHBIX MAapoK CTaJlH.

B npomecce mOArOTOBKH NOBEPXHOCTH NPOBOJOKH K BOJIOYEHHIO
NPOBOAAT DA OMepaiiii: TpaBleHHe, TOPsAYyl H XOJOXHYH MNpo-
MBEIBKY, eJTeHHe, H3BECTKOBAHHE WJH MNOKPBITHE MXHAKHM CTEKJ/IOM,
cyinky. Jns yBenuuenus NPOH3BOJAMTENLHOCTH ArpPeraToB, CJyXa-
IMX AJS BBIMOJHEHHs 3THX omnepanuii, co31aloT HenpephiBHbIE JIH-
Hui. Ha HenpephBHBIX JHHHAX COBMEILAIOT Psiil ONEpauHii, B TOM
YHCJE TEPMHYECKYI o6paGoTKy H NOATOTOBKY MNOBEPXHOCTH IPOBO-
JIOKH K BOJIOYEHHIO, TPABJEHHE H HAHeCeHHe 3allMTHLIX MOKPHITHH.
[Nocsie MOArOTOBKH NPOBOJOKH K BOJOYEHHIO €€ MEPEJAloT B BOJO-
YUILHOE OTHEJEHHe LeXa, TAe TPOBOAHTCH COOGCTBEHHO BOJOYEHHE.
B 3aBHCHMOCTH OT HAa3HAYEHHS NPOBOJIOKH ee 10C/e BOJOYEHHH MOJL-
BeprainT TepMuyeckoli o6paCoTKe HJAH NpPOMAC/IUBaHHIO, YBA3Ke H
yNakoBKe, €CJH OHa NpeJHasHadaeTca K OTHpaBKe NOTPeSHTENIO
B HAaKJENaHHOM COCTOSHMM. EcaH 9acTh TNPOBOJOKH HCHIOJb3YIOT
IPYTHE I€XH 3aBOJA, HANPHMED KaHATHBIE WM TBO3JAHJbHREE, TO
NPOBOJIOKY TEPENAIOT B 3TH LeXH Ha Katylukax. [lnan pacnosoxenuns
060pyNOBaHHSA CTAJENpOBOJOYHOrO Iexa mokasaH Ha puc. IV.36.
OfopyoBaHHE 3aHUMAET LIECTD NIPOJNETOB MHPHHOH 24, IAHHOH 327 M.

B coBpemeHHBIX KaJHOGPOBOYHHIX IleXax ycraHaBauBawT 15—20
CTAHOB PAa3JHYHOH MOINIHOCTH H PasHOoOOpasHOE OTAENIOYHOE H BCIO-
MorarenpHoe obopyloBaHue. B 1exe HECKONbKO MOTOYHLIX JIMHHH.
[Mnan pacnosoxeHuss 0GOpYAOBaHHM KaJHOPOBOUHOrO LEXa I0KasaH
Ha puc. IV.37.

Cosgianue arperatHbiX JIHHHH CHOCOGCTBYET COBMEIEHHIO pas3jind-
HHIX Oonepauuii B OfHY HenpepuBHYIO JAuHMIO. Tak, npu obpaborke
LBETHHIX METaJJIOB COBMEILAIOT BOJIOUeHHe, OTHKHTL, JYMKEHHe H NpO-
lecc HaHeCeHHA H30JsALHMHM Ha TpoBoJokKy. Onepauud npoBOJAT Ha
BLICOKHX CKOPOCTSIX M HENpPEPHIBHO Ha arperatax, CHaOXKeHHBIX pas-
MAaThIBAIOLIHMH H HAMATHIBAIOUIHMH YCTPOHCTBAaMH, 00ecneYHBaolHMH
HenpepLIBHYIO [0fayy B arperat H CheM € arperara rotoBod NpoBoO-
JOKH 0e3 ero OCTAHOBKH.

Kamxpnaa ¥3 arperatHbiX JIMHHH COCTOHT H3 OCHOBHOIO H BCIIOMO-
ratejbHOro oBopyloBanusi. K OCHOBHOMY 060pPYJNOBaHHIO OTHOCST
MANIHHBl H YCTAHOBKH, HA KOTOPEIX OCYLIECTBJfAETCS ONepaiHd BOJO-
yeHHsl, 4 K BCMOMOTaTelbHOMY — YCTPOHCTBA JAJNA DasMaTbIBAHHA,
HAMATHLIBAHHA H OCTPEHHSI TPOBOJOKM, CMa3KH H yNaKOBKH GyHTOB,
ofpeskH H CBapKH MNPOBOJOKH H Jp.

OcHOBHEIM BHAOM 0GOPYJOBaHHS BOJOYH/LHEIX LEXOB SIBASIOTCA
BOJIOYHJIbHBEIE CTAHBI, ¥ KOTOpPBIX oOpabaThiBaeMhlil MarepHasn Hama-
ThIBaeTcsl Ha GapabaH. HesaBHcuMO OT KPaTHOCTH BKJIOUEHHs H THIA
craHa Bee GapaGaHHBIE BOJIOYHJIbLHBIE CTAHBI COCTOSIT H3 CJAEAYIOMHX
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Pue, 1V.36. Iaan pacnonoxenns o6opynoBanus CTANENPOBOJNIOYHOrO Hexa:

I — CKJiajm Katanku; [l — TpaBHNbHAsA YycTaHoBKa; III — ar perata aaa NaTeHTHPOBAHHA;
I{HHKOBAHH A, VII — ar perar gasa IIHJKOIEMHepaTypHOIU OTTTYCKa; VIIT — ABYXKaMepHEIe

sefiep; X1 — coprHpopouHan nnomafs; XII — cknag rorosoif TNPOLYKUHH

OCHOBHbBIX y3JI0B: TNIPOT/ATHBAIOUlEro 6GapaGaHa; peayKrTopa, wuepes
KOTOpBIH BpalleHue oT ABMraTesst nepenaercs OGapabany: IBHraTeNs
TIOCTOAHHOIO HJIH NIEPEMEHHOTO TOKa (€CJH NpHMEHSIoT !f;H,E[HBH,D,yaﬂb-
HbIE JBHTATENH — Ha KaxAbiH GapabaH) WM. IPYNIOBOTO IBHTATENS
B coueTaHud ¢ ofwmeil TpaucmuccHed s OpHUBEIeHHA B OeHcTBHE
BceXx OapabanoB crana.

B saBucuMocTH OT HasHaueHus u YCIOBHH 3KCIIYyATaLUH BOJO-
HWILHBIX MAUIHH OHM MOTYT OBITE YHMBePCAIbHOTO MJIM CHEelHasIH-
SHPOBaHHOrO TUna. Ilist LEXOB H 3aBONOB GOIBLINOfN MOILHOCTH C y3-
KHM COPTAMEHTOM MNPOAYKUHH LEJIeco06pasHo MpUMEHATS CTIeLHa -
3HPOBaHHOE OGOPYLOBaHHE, a A LEXOB ¢ IIHPOKHM COPTAMEHTOM
nesecoofpasHee HCNOIB30BATH TaKiKe YCT4HOBKH YHHBEpCAIbHOTO
THNA.

Ha puc. 1V.38 npencrapiena KOHCTPYKIHSI Becner/ieBoro npsimo-
TOYHOTO CTaHA MHOTOKPATHOTO BOJIOYEHHS C NPOTHBOHATHIKEHHEM
Cran mpenHasHa4eH 118 BOJIOYEHHS BEICOKOYT/1epOIHCTOH nposo.qom.
BapaGausl crana umeror MHHBUHAYaNbLHE IPHBOA OT ABHTaTelell mo-
CTOAHHOTO TOKA, TMOCAENOBRATENLHO COCTHHEHHBIX MeXAY coboil.
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IV — Bosouumabusie CcTaHe; V — pasmMoTouHbie  yorpoiictsa; VI — arperatr gaas  ropsauero
waxTtiusle nedd; [ X — KolpBeffepnl UeNHBe NAACTHHYaTkie, X — KPOKOBOH TIoABecHONl  Kon-

[Tutanue ABHraTesqed NOCTOAHHOrO TOKA OCYULECTBJASETCA OT TeHe-
paToOp-ABHTaTeNLHOH WIM PTYTHOH BBEIOPSIMHTENBHOH YCTAHOBKH.

Ha »rom crane Ha Kaxawiii 6apabaH HamartwBaiorca 6-—10 But-
KOB, 4TO JOCTATOYHO AJs1 CO3aHiisi HeOOXO/AHMOH CHJIbI TPEHHA MEeXIy
fapaGaHoM M TIPOROJIOKOH, 4TO0B MOKHO ObLIO NPOTATHBATE NPOBO-
JoKy Ge3a nmpockann3viBanua na Oapabane. TIpososoka nanpasisiercst
¢ opnoro GapabaHa HenocpeicTBeNIo K APYromMy uepes BOJOKy 6ea
nerjeoGpasyolMX W HanpapJsAOMMX poauKkoB. Takoe Hanpap/ienue
NMPOBOJOKH HCK/IOUAeT BO3MOXKHOCTL €8 CKPYYHBAHHA TPH nepexoie
¢ oxnoro Gapafana ua Apyroi.

Ha netneBblX cTanax [POTHBOHATSZKEHHE CO3JACTCH NPYHKHHAMH,
YCTAHOB/JEHHBIMH Ha pPeryasrtopax ckopoctd. Beanunna u npefennl
peryaupoBaHHa TIPOTHBOHATHAXMKEHHA NPH MOMOMIH NPYXKHH OrpaHH-
yensl. Ha crane paccmaTpHBaemMoll KOHCTPYKIIHHM NMPOTHBOHATAKEHHE
CO3/4eTCH IBUTaTe/IAMH CTaHa, 9T0 IO3BOJIAST MPUMEHATEL oJiee 3HAYH-
TeLHBIE MPOTHBOHATAMKEHHS H Pery.IupoBaTh HX BeJaHUHHY B Gosee
mmpokux npegetax. OrcyTerBHe Ha 3TOM CTaHe PasIHYHBIX HATANK-

*HEIX W HanpasJdiolHX POAHROB obneryaer 3anpaBKy CTaHa npH BO-
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Puc. 1V.37. Iuan pacnofoxennn o6opyAoBalNS KanHOPOBOYHOTO HeX4:

I — cknan nmoakara; 1] — oGopymoBaHHe TpaBRABLHONO oTaeneuns; 111 — KanuiposovyHNEe
VI — nesn TeMmHOTO orTxura; VII — notounne nunuy mandosxs: VIII — NoToumnuic JuHER

Has JHHHS MPaBKM H HenblTawas mertadnaa; XII — ckmag retonoil npogykoun

JOYEHHH TOJICTOH BHICOKONPOYHOH nposonoku. Menoas3oBauue mpo-
THBOHATSXEHHs! OCOBEHRO 3(XPEKTHBIO TPH BOJOYEHHH HEKOTOPLIX
BHIOB NMPOBOJOKH, HE AONYCKAOIHX TPHMEHEeH s DOJLITHX 00KATIH .
Boawlioe sagmee narsenue, pocturaiomee 20—30 % or YCHATSA
BOJIOYEHHS!, MOXKET ObiTb NPUMEHEHO IIPH BOJOYEHHH MPOBONOKH H3
Hepxaepewueld cranu. 1A MacCoBBIX COPTOB NMPOBOJOKH H3 HH3KO-
M BBEICOKOYIJIEDOAMCTOH CTalH MNPHUMEHSIEMbIE TPOTHBOHATAMKEHHUSA
e npeseimaior 10—15 % ot ycuwaua Bodouenus.

Ha npaMOTOYHBEIX CTaHAX CKOPOCTb YCTAHABJHBAIOT TOJBKO Ha
yuctoBom Gapabane. Ha ocrajbHbix GapaGaHax cKOpPOCTb yCTaHAB-
JTHBAETCSl aBTOMATHYECKH B 3aBHCHMOCTH OT CKOPOCTH BpallleHHs] YH-
croBoro Gapafana M OCyIeCTBJsIEMBIX OGXKaTHH B KaX10# BOJOKe.
Bo Bpemsi 3anpaBKi cTaHa KaXKIbill JBHTaTe/lb PEryJiHPYIOT 10 Tex
nop, MoKa ero MOMeHT He GyJeT NOCTATOYHLIM IJIH TOTO, YTOGH Mpo-
TAHYTH MPOBOJIOKY Y€pe3 BOJOKY H pas3BuTb B Hell HeGoJblioe 10-
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ctapn; 1V = MOTOYHAA JAENHS SAaYHCTKH MecTHHX pedt V ~— meurm cp OTXET2
ornenku; 1X — ynakopounas wmamuns; K = cTanm OATHOrC BOJIOYeH) — HOTOY,

NONHHUTELHOE HATAMEHHe, MOMOTalolieoBepHyTh MNAYLIHA
fapaban, T. €. CO3JalOLiee 3ajHee HATAXK. Hanuuue ero uHa-
TAXEHHs] YMEHBIIAET JaBJeHH: M TPEHHE NOKe, a TaKx Harpe-
panue. MeHblnee HarpeBaHHe BOJOKH mosieT paborai GoJib-
WHX CKOPOCTAX, YeM 3TO MOXHO Ocyluech Ha cranaiforaio-
mux Ge3 sajmero Harsxenusa. Ha tagomae 6apabGaHBONOKH
OXJIaXKIAI0T BOJOK, a NPOBOJICKa, HaxoisAa Gapabanaiaxna-
eTcsi MOTOKOM BO3LyXa, UTO CHHAKAET TeMTypy NpPOBO H CIO-
cO6CTBYET MNOBHILIEHHIO €€ Npejesa MNpPCTH.

Ha puc. 1V.39 npesicrasieia KOHCTPY] BOJIOYHJILHIEINHOTO
cTaHa. BHICOKAas TMPOH3BOAHTENBHOCTL ) CTaHA OEJAETCA
OIHOBPEMeHHO# POTSKKOI TpeX NPy TKOBLNKE Bo/10Ye),3 MH,
MOIIHOCTh 3JeKTpoiBHrarens 115 kBT, ycmoTpeHa Has pe-
ryJHpOBKa cKopocTH AsHrateis ot 0 go un~t. CraH3onuTCA
B [BHXKEHHe yepes ABYXCTyNeHuarThlli [rTOop. B BealbHhIE
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Pue. 1V.38. Becneranenoft NpAMOTOYHHA CTaH MHOTOKPAaTHOTO BOJOYeHHS:

I — xponwreiin; 2 — lianpasasio '
| ;2 I{HA PONEBK; 3 — BEHTHAATOP: 4 — MLIIBHHOS CT
GapaGaHa: § — 3aTurinaomue Knemy; 6 — GJok GapaGaua ¢ PEAYKTODOM: ‘.’LL c.a’;;i%ﬂaﬁrﬁ

nesdaTbif; 8§ — Mbinbhga: 9 — GaphepHeill BuKJUaTenb; [0 — HoxEON 6apeep; [I -~

Gapafan n D2 = F:
pu];m.:ﬁ Kppﬁoﬁuemyroquuﬁ. 12 Oapafan YHCTOBOM: /3 — CBEMHREK NpoBoNoKH; /4 — nopo-

nasel CTOHKH I Berapasior 610K ¢ HaGopoM Book. Ha KapeTke ycTa-
HABAHAAILT OMOK ¢ 4HCIOM 34XBATOB, COOTBETCTBYIOULAM JHCAY
BOJIOK . Ha konue crammuet 2 ycranasausaior 610K c BOIOKaMH 3
(B croiike 1) M HenpuBoAHYIO 3BE3JI0YKY 4, Ha APYTOM KOHIE — MpH=
BONHYIO 3BE3NOYKYy 5. Mexay NpHBOAHON M HeNPHBOIHON 3Be3fOU-
KaMH HATAHYTA GecKoHeunas LeNb 6, BepXHSSA 4ACTb KOTOPOH ABH-
HKETCSH 110 HANDPABJIEHHIO OT BOJIOKH K NMPHBOAHO 3Be3louKe.
JBHXeHHe Leny OCYIIECTBISIETCH BpAalleH HeM NPUBOAHOH 3Be3-
JOUKH & ¢ 3IeKTPogBuraTenem 7 qepes BYXCTYMeHYaTlll penykTop &.
Kpennenne 610Kos ¢ 3axBatamy YCTPOEGHO BechbMa MPOCTO, MOITOMY
TIEPEXON OT ONMHAPHOTO BOJNOYEHHS K ABOHHOMY WJH TPOHHOMY Tpe-
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Oye1 3aTpaThl HECKOIbKHX MHHYT. Pemyxrop 8 — 2akphiTOro THOA,
¢ MOALIMIHHKAMH KaueHus. Bexylias 3pe3fouka § pacnosiokeHa BHE
KopoOGKKM pefyKTOopa. Bo3Bpar TenemKH OCYIIECTBIAsfeTcs MeXaHH-
3MPOBAaHHLEIM MPHBOAOM. KapeTku coBpeMeHHBIX [EeNHBIX CTAHOB
€ KJeleBLIMH H [J1aIIKOBLIMH 3aXBaTaMK cHa0KaloTCs aBTOMATHYeCKHM
3aXBAaTOM NPYTKAa H IENH.

B nacrosmee sBpema Bce GoJplnee pacnpocTpaHeHHe HaXoOZAT
BOJIGYHILHEIE CTAUBI C ABYMA OOKOBBIMH HENAMH H C YCHIHEM BOJO-
yenus ot 80 go 1000 xH. 210 cBfAzano ¢ 3KCMAYaTAHOHHBIMHA NPEH-
MYLIECTBaMH JAHHOH KOHCTPYKLMH CTAHOB MO CPABHEHHMIO CO CTAaHAMH
00bIuHON KOHCTPYKUHH. ¥ OOBIYHEIX BOJOUMJIBLHBIX CTAHOB OCb BOJO-
YeHHA HaXOLHTCHA HAJl OChbK, TPOXONAIIEH YepPe3 IEHTP TIMKECTH CTa-
HUHBEL BOJOYM/JBLHOTO CTaHd. YCHJAHE BOJOUEHHS Yyepes TAHYLLYIO
Lenb NepelaeTcs Ha TeJeXKY TakKe skcienTpHuno. [TosTomy cranuHa
BOCITPHHHMAET 3HAUUTEJbHYIO H3rHOAOUIYI0 HATPY3KY. Boao4uib-
HYH LeNnb pacnojiaranT MocepelHHe CTAHHHLL BOJOYHJILHOTO CTaHa,
YTO HCKJIYAeT BO3MOMKHOCTb YAAJeHHs CO CTaHa TOTOBLIX H3JGNHH
cBOOOJHLIM najenvem BHH3. [lo3TOMy Ha HOBHIX CTaHAX TPHMEHAIOT
yeTpoiicTBa Ans cheMa TOTOBBIX H3Jequii W mojayd HX B cOOpHHIE
KapMaHbI.

ITomumo 4YacThIX HemoJafoK YeTpolcTB asasi cOpachlBaHWA 3aro-
TOBOK, OHH MOTYT NOBPEXJATh MOBEPXHOCTb TOTOBBIX m3fennfi. Oco-
OenHC HexeNaTelbHbl 3TH NOBPEXJAEHHS NPH BOJOYEHHH BLICOKO-
KayecTBeHHOro Marepuana. Cnoco6 coelHHEHHs U pacCOoeiuHeHHs
TENeKKH ¢ THHYIEH Ienblo Ha 0OblYHEIX CTAHAX TAKXKE HEJOCTATOUHO
COBepIlleHeH H HajekeH, YTO 3aTPyIHfAET aBTOMATH3amuio pabor Ha
3THX cTaHax. Bce stH HefoCTATKH, TpHCYyLLHe crTaHaMm OGBIYHLIX KOH-
CTPYKILHH, OTCYTCTBYIOT B CTaHaX ¢ asymsl GokoBhmu nensamu. Ocb
BOJIOYEHHS] COBIAJ@eT C OCbio cTaha. Kpome TOro, roToBLle H3MEIHA
cBOOOAHO NajalT B KapMaHEL.

Ilpn kKanuOpoBKe NPYTKOB B MOTOUHBLIX JIHHHSIX COBMEILAOTCA
onepanuy KanuGpPOBKY, NPABKH, PE3KH HA MepHble JIHHLL, TIOMTHPOBKH,
onpejie/leHHA MAPKH MaTepHala, oTOpakKoBKH JieeKTHBIX TNPYTKOB,
NpoMac/IUBaHuA H yYBA3KH B makeThi. HauGosee BHICOKYIO MPOH3BOIH-
TENLHOCT HA TAKMX JHHHAX MOXHO MOJIY4HTh, KOTJa Mpollecc Mpo-
TEKAeT HenpephlBHO, §e3 BCAKHX ay3 MeXAY NpyTKaMu Uiy OYHTAMH.

IMoroynrle nMuHuM, npeguasHadeHuble AJA BoJoUeHust U3 OyHTa,
OOBIYHO COCTOAT M3 CAERYICIIHX OCHOBHBIX MEXaHH3MOB: CABOEHHOIO
pasmaThlBaTe/s I[IOBOPOTHOrO THNA ¢ AByMs (HTypam#, YCTAHOB-
JEHHBIMH Ha NPOTHBOMOJMOXKHBIX KOHIAX NepeBopauHBatoliencs mnaar-
thopMbl, NMOAAIOUIHX POJHKOB, POMHKOBOH MAIIHHEI NpeABAPHTENbHON
NpaBKH, BOJOYHJILHOTO CTAHA, NPABHABLHOH MAlMHLI OKOHYATeJbHOH
OpaBKH, JETYUYHX HOMHHL, NPaBHABHO-MOJHPOBANbHON MallMHB, HH-
CNEKIHOHHBIX CTOJIOB C JepeKTOCKONaMH, POMACAHBAIOIIHX YCTPOHCTB
H NaKeTOBSKYIIUX MaLIWH.

Ha puc. 1V.40 nokazana notoypas aunusa J18 o0paboTKH 0OpyT-
KOB fuamerpoM 6—16 mm n3 Oynra. Hanuuune ABYXNO3HIUIOHHOTO pas-
MarbiBaTeNsi JdeT BO3MOXKHOCTh NOAroTaB/HBATH K BOJOUCHHIO H YC-
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Pac. 1V.39. Boanouysabsmfi nenuofi cran

F

TaHaBJIHBATb MOCAEAYOUHA GYHT HA BTOPYIO (PHTYPKY BO BpeMa pas-
MaThiBaHHsA MepBoro GyHTa ¢ neppoil durypku. ¥ Kammoh durypku
YCTaHOBJI€Hbl OTrHOATeJH KOHUOB GYHTa, KOTODHIE 3aXKHMalOT HX H
NOAAIT K TAHYWHM poJHKaMm. Kak TONbKO TSHYIIHE POJIMKH 3aXBa-
THJH KOHel[ 6yHra, orrubate/is ocBOGoOXKaeTCs H BO3BpallaeTcs B HC-
X0AHOE nojoKeHue. TRHYWME PONTMKK HAYWHAKOT PASMATHIBATL GYHT,
a NepelHHA KOHell ero 3aTaJKHBAOUIHMH DOJHKAMH 3aJaercs B BO-
JIOKY 6e3 npenBapHTe/IbHOTO OCTPEHHS KOHIA.

3a BOJIOKOH NMPYTOK NMOMajaeT B 3aKHMbl TAHYUHX LeneH cTaHa.
Ileny HempepHBHO NepeMellaloTCs, 103TOMY NPOLECC BOJOYSHHS TaAKKe
NPOTEKaeT HempepuBHO. TaK KAaK POJMKH 3aTaJAKHBAIOUIETO YCTPOIi-
CTBa NOAAIOT MPOBOJIOKY B BOJIOKH ¢ TOH 2Ke CKOPOCTBIO, ¢ KOTOPOi
NPOU3BOAST BOJIOUEHHE, TO MeXIy OyHTamu GOJBLIOrO pa3phiBa HET.
[Jocne BOMOUHIBHOTO CTaHA NPOBOJOKA MOCTYMAET B NPaBHJBHYIO
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MallMHY C BEePTHKAJBHBHIMH H TOPHU30HTANbHBIMH MPAaBHJALHEIMH DPO-
NHKaMA. 3aTeM JeTyuuMH HOXKHHIAMH ee Da3pesaioT Ha MEePHEIE J/HHEL .
HoxHHIE MMEIOT [Be pexyUIHe TOJIOBKH, YKDEIJeHHbIe Ha Hempe-
PHIBHO IBHXKYUIHXCS CO CKOPOCTBIO BONMOYeHHs uensx. Paccrosinue
MEXAY PeXYIIHMH TCJOBKaMH peryJHpyerca B 3aBHCHMOCTH OT Tpe-
Gyemoil ANIMHEL OTPE3AHHOTO TIPYTKa. Ilocne Pe3ku NPyTKH NPOBEPRIOT
Ha HaJHYHe TOBePXHOCTHRIX Je(eKTOB; rOAHEIE MPYTKH HANPaBJsIOTCA
HAa HAK/JIOHHLIH CTe/lJaxK, a CO CTesyieka — B KOHBEHepHBIH Kenob

Puc. I1V.40. TloTounan JHHHA A48 o6paGoTkH NPYTKOB H3 GYHTa C ryceHHYHBIM TAHYUHM YCT-
poACTBOM:

I — pasMmoTouHHeE YCcTpoiicTa; 2 — ortrudaTesb Komua; J — NpPOTJIKHEAIOWAE PONHKH:
4 — TApymHe ycTpoficTBa; 5, 6 — pepTHKAJbHAR H TODH3OHTaJlbHas NPaBiJbHHE MAllHHEL,
7 — nposmacaHpawinee yerpoficTro; 8§ — NMeTydHe HOKHHIB; 9 — CTeNJaH: i0 — KoHzefiep
naketop; /] — MakeToBA3a/bHan MallHHAa

ompelesieHHOfl €MKOCTH. 3aTeM NPYTKH H3 XKenofa KOHBefepa nepe-
MellalT K YCTPOHCTBY YBA3KH HX B NaKeTHl.
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Tnmasa V
PABOYHE KJETHU U HUX TNPHBOJ

1. IPOKATHBIE BAJIKH
OcHoBHBIE pa3Mepbl BAJKOB

OcHoBHbIE Da3Mepsl BalKOB — AHAMeTP M IJHHA GOYKH. Huamerp
GOuKH BaIKOB ONPEAENSIOT MCXOAS U3 COPTAMEHTA poKaTa, yCc/a0BHH
€CTECTBEHHOr0 3axBaTa METa/l/Ja BajJKaMM, MX IPOYHOCTH H IKEecT-
KOCTH C TeM, 4T0Gbl 06ecnednTh YCTOHUHMBBIH pPeXHM paboThl U Heol-
XOJHMYIO TOYHOCTb Pa3MEPOB Mpodu.s.

Las 0GKHMHBIX, COPTOBBIX, TOJCTOJNHCTOBBIX CTAHOB, a TaKXKe
LJIsl UEPHOBBIX KJ/eTell IIMPOKOMOJOCOBLIX CTAHOB rOpsiYeil NPOKATKH
1pH BeiGOpe AHAMETPOB BAJIKOB NPHHHMAIOT BO BHHMAHHE AONYCTHMBIE
(TpejienbHLIE) YIJIBI 3aXBaTta, ONpefe/seMble BeAHUHHOM KO-
€HTa KOHTAKTHOrO TPEHHSA, HCXOMAS H3 M3BECTHOTO COOTHOLICHHS:

Ah A
D= r o SR 9 AKe, (V.1)

T T—cosa ~ Zsin®(w2) - g

rae Ah — a6conioTHOe OGXKaTHe; o — yron 3axpara, paj.

Hust ofecneyennst NpH NPOKATKE «ECTECTBEHHOrO» 3aXBaTa Me-
Ta/lla BanKaMH (6e3 NpHHYAHTEILHOrO 3aTalKHBAHU S METa/1a B BaJ-
KH) HEOOXOAMMO cOG/IOeHHE CJIeIYIONEero yCJIOBHA:

tgo~a < pr, ; (V.2)

T. €. Yroa saxsaTa (B pajHaHaX) HODKeH ObiTh MeHbIle KoadxpHIH-
eHTa KOHTAKTHOTO TPEHHS |i.

Hs ypasnennit (V.1) u (V.2) noayuum

AR/R < p2. (V.3)

rie R — pajuyc Baska.

[pu ropsiuell npoKaTKe CAHTKOB Ha OGMHUMHBIX CTAHAX (BroMuH-
rax H c:mﬁHHrax) NPHMEHAIOT CTajlbHble BalKH C HaCceukKoH WJH
HaBAPKOH IIBOB HA HX MOBEPXHOCTH (UJisi yJYYIUIEHHS YCJAOBHHA 3aX-
Bata Metaua). [To3ToMy MOXHO CYHTATH, YTO KOIDDUIHEHT TPEHHs
npu 3aXBaTe sIBJASETCS MaKCHMalAbHEIM W, = 0,5-+0,6 (B 3aBUCHMOCTH
OT TEMIIEPATYPBI IPOKATHIBAEMOro MeTaana). B 3tom ciydae, coraacHo
cootHowenuo (V.3), mnomyuum AA/R = 0,25:0,36 npu  Cupax =
= 28-:-34°,

IIpu ropsiueit nmpokaTke copToBOrO MeTanna M TOJNCTBIX JHCTOB
HCIIOAb3YIOT CTANbHBIE WJIH YYTYHHBIE BAJKH C XOPOIIHM KayecTBOM
MOBEPXHOCTH. MO3TOMY KO3MOHIIHEHT KOHTAKTHOIO TPeHHSi B 3THX
clydaax Membiue: p, = 0,3+-0,45 u AR/R = 0,1-0,2 npu o =
= 16+18°,

Hasi oBecnievenust Heo6XoAUMO# NPOH3BOANTENBLHOCTH TPOKATHOTO
CTana KeJlaTe/lbHO MPUMEHATL MOBHILEHIHbe ofmarua Merandna Ah
38 KaxKAbIH TMPOXOoJ ero yepes BajkH. ONHAKO BeNHYHHA MaKCHMaJb-

190

HOrO AOMYCTHMOTO OOKATHS 3aBMCHT OT MHOrO (DaKTOPOB: KayecrBa
(XHMMYECKOTO COCTABA M MEXaHHUECKHX CBOHCTB) NPOKATBIBAEMOrO
MeTaJJsa, YCHIHs NPOKATKH, NPOYHOCTH BAJKOB, MOLULHOCTH TJEBHOTO
ngurartens W T. n. [ToaToMy B KasJOM KOHKDETHOM CJydae Jjisi CTaHa
JAHHOTO THNA W HasHadeHHs mocte Bhbopa AMamerpa Baakos (D =
— 2R), HCXOAS M3 MX MMPOYHOCTH, PACCYHTHIBAIOT OGXKATHS, COTJIACHO
dopmyaam (V.1) u (V.3) ¢ yueroM yKa3aHHHIX Bbillle cOOGpaxeHuH.

Iast cTaHOB XOJOZHOM NPOKATKH (ABYX-, YeTHIPEX- H MHOTOBAJKO-
BEIX) YCJOBHE ECTECTBEHHOIO 3aXBaTa MeTajna BadkamH (ot < Wg)
He ABJSETCS JHMHTHDYIOIHM, TAK KAK MPaKTHYECKH MPH NMPOKAaTKe
TOHKHX JIHCTOB YroJ 3aXBaTa o BCerja 3HAYHTENbHO MEeHbIle Ko3dpH-
nuenta Tpenus (W, = 0,1). OcuoBueivi haKkTopamMH 31eck ABJAITCA
NPOYHOCTh H FKECTKOCTh BAJKOB, & TAKKE BO3MOXKHOCTL NpPOKaTKH
JMCTOB (MOJIOCH]) MHHHMA/bHOH TOJILIHHBL.

Ilpu xosopHO# NpoKaTKe TOHKHX mojoc ' u ocofeHHo npu mpo-
KaTKe MeTa/ljia C BBICOKHM INpeJejoM TEKyYeCTH NPOHCXOIHT 3Ha4H-
TeJbHOE YOpYroe CXKaTHe BaJlKOB NIPH KOHTaKTe ¢ noJocod. Beau-
UHHA PaJiHaJbHOTO YIPYTOrO CXKATHA BajJKa MOXET CTATh COH3MepH-
MOIi ¢ TOMIHHEOH IPOKAaTbIBAEMOH NoJock. CyllecTByeT onpejae/enHblH
npefen TOJMHHBL TOJNOCH Apper;, KOTOPas MOXKeT OpiTb [pOKaTaHa
H3 JAHHOTO MaTepHaja Ha BajKaxX 3afaHHOTO JHAMETPA H B JaHHBIX
YCJIOBHAX.

CllefoBaTelbHO, BO3MOMXKHOCTb HPOKATKH MOJOCH MHHHMa/IbHOM
TOMMUEB Ay 3@BHCHT OT YOPYIOTO KOHTAKTHOTO CXKaTHA pabodux
BaJKOB B ouare jedopMauuu. B 3ToM caydae guamerp Bajika D mo-
xeT OwbITh onpejened, Hanpumep, no ¢opmyae A. A. Kopoaesa:

hnpe,u, =— hmln = 11546 (kcp - Q'cp) DPT! (V4)

roie k= 1,15 [(04y + 04)/2] — cpepnuii mnpegen TeKydecTH Me-
Tanna, YHPOYHAIOWIErocss MpH TNpoOKatke (Op — MPeles TeKy4YecTH
MEeTa/Jla Ha BXofle B ouar nedbopMallu; O, — TO JKe, Ha BHIXOE);
gep = (g0 + 1)/2 — cpennee ynenvHOe HATAXKEHHe MONOCH (g, —
3ajHee HaTAKEHHe; ¢, — nepeauee); |, — KOIQPHUIHEHT TPEHHH;
C =8 [(1 —v3)/nE;].

J1/s cTAMbHEX BaJAKOB (M3 YIJEPOLHCTOH HJIH JIerHPOBaHHOMH CTAMH)
MOXHO TIpHHATH Koa(duitient Ilyaccona vy, = 0,3 ¥ MOLyJb ynpy-
roct nepporo poaa E, — 21,5-10* M[1a *. Torma C = 1,08 X
X 1078 MIla,

hmln = 1,66-107° (ka _ qcp) D“Ti (V5)

rae Rep M gop Bepaxenot B MIla, a D n h — B mMm.

1 B page cayuaes H NpH TopAdeldl NPOKaTKe B NOCASIHHX YHCTOBHIX KJIETAX LIHPO-
KONOMOCOBHIX CTAHOB WJH B TOCTEIHHX NPOXONAX HA DEBEPCHBHEIX CTaHaX.

* Jinst uyryna Eg = 1-108 MITa, aas TBepawix cnuaBoB (Ha ocHOse KapOHIOB
sodbdpama) Ey = 6,5- 108 MIla.
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Inuna GoyKH BaJKOB JIHCTOBOTO CTAHA ONpPELENsercs [pemje
BCEr0 MAKCHMaJbHOH 1IMPUHOH npoKaThiBaemMoro Jicra (10J0cChl)
Dinax:

L= by + a, (V.6)

rle @ — Pa3jUYHO B 3aBUCHMOCTH OT LIMPHHBI JHcTa (IpH b =
= 400 — 1200 mMma ~ 100 mm; npu b > 1200 MM a = 200 —
—400 mmM).

JliiHa GOYKH BaJKOB OGKHMHBLIX H COPTOBBIX CTAHOB 3aBHCHT
rJ1aBHEIM 06pasoM oT YcJMOBHA KasHOPOBKHM M IUMPHHEI packard.

OpnHolt H3 BaXKHEIX XapaKTEPHCTHK NPOKATHLIX BA/JKOB ABJAETCS
OTHOIIeHHe JnuHbl Goukk L K ee guamerpy D. Ilpu BmiGope palHo-
HalbHBIX OTHoweHHH L/D cnenyer cTpeMuTbes K 00CHEYEHHIO BhICO-
KO#l IPOYHOCTH BalKOB NPH MX MHHHMaJbHOR ynpyroil aedhopmailuH.

a5 npOKATHHIX CTAHOB Pa3JHYHOTO Ha3HAUeHHS NPAKTHKOH ycTa-
HOBJIEHH! CJIeAyIollHe COOTHOIUEHHS MEXAY MJHHOH O0YKH BAJKOB H €e
tuamerpoMm (L/D): na o6xumueix 2,2—2,7; Ha coproBux 1,6—2,5;
Ha TosicToAHCTOBRIX 2,0—2,8; Ha ueThipeXBaJKOBRHIX: A/ paboyHX
BaJIKOB 3—D5; A omopHeX Bajkos (,9—2,5.

Jlnamerp mefiKH BaAKOB C TIOAMWHTHHKAMH CKOJbXKEHHA OTKpPHI-
TOTO THNA BLIOHPAIOT B 3aBHCHMOCTH OT JHameTpa OOY9KH BaJKa:
IJsisi O6MHMHBIX H COPTOBBIX CTaHoB dy = (0,55-+-0,63) D, pns Ju-
CTOBHX dp = (0,7-+-0,75) D.

Jnuny mefiku o6BMHO NPHHUMAIOT PaBHOH ee guameTpy. Inamerp
IefKH BaJKOB C MOJUIHMHHKAMH KA9eHHA 4 NONUIHIHWKAMH CKOJb-
WEHHA 3aKPHITOTC THNA NPHHHMAIOT, HCXOAR U3 KOHCTPYKTUBHHX
coobpa)ceHH#, 2 B NEPBOM CJydae — H B 3aBHCHMOCTH OT rafapHTOB
NOAIIHIHHKOB KaueHHH.

[Mocne onpefeneHus OCHOBHHX PasMEpPOB BAaJKOB MO MPHBEJEH-
HBIM BEIUIe GOPMYJlaM HX OKOHYAaTeJbHEE pa3Mepsl He06XOJAHMO cora-
coBaTth ¢ JaHHEMH o TOCT 5399—69 u sateM npoBectdH mpoBepod-
HbIH pacyeT BANKOB HA MPOYHOCTE U JAedopMailuio.

Baiku o0OMHMHBIX H COPTOBBIX CTaHOB

Banku OGKHMHBIX M COPTOBHIX NPOKATHRIX CTAHOB KJacCHQHLHPYIOT
N0 HasHAYEHHIO, MaTepHaly, TBePIOCTH H H3MeHeHHI0 (crmajpy) TBep-
IOCTH II0 NOMEPEeYHOMY CedeHHIO Bajka.

ITo Hasnawenuio B coorBercreuu ¢ [OCT 9487—70 coproBnie
BaJIKH MOXHO NOApasfiesiuth Ha: 1) Baiky GJIIOMHHTOBR, CASGHHIOB
H 3arOTOBOYHBIX CTaHOB; 2) PebcoOAJOYHBIX H KPYIHOCOPTHHIX CTa-
HOB; 3) CPEIHECOPTHHIX CTAaHOB; 4) MEJNKOCOPTHEIX CTaHOB; 5) mpo-
BOJIOYHBIX CTAHOB; 6) INTPHNCOBHIX CTAHOB.

OcHOBHOH XapaKTepHCTHKOH CODTOBHIX BAJKOB SIBJSAIOTCS HOMH-
HantbHbIf (cpenuuil) auamerp Dy u Aauna Gouru L. Ecnu cram co-
CTOHT H3 HECKOJbKHX pabouuX KJeTed ¢ BaldKaMH DasJHyHbIX Nua-
METPOB, TO ONpeAeNnIOMUM SBIsercs HOMHHAJAbHBIA JHAMETD BaJKOB
YHCTOBOH KJIETH.
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Puc. V.1. BaauMocnfzb JQHAMETPOB NpPOKATHBIX
H lecTEpeHHLIX BalKOR

>
Pue. V.2, Mertananueckan topMa Aa5 OTIAHBKE
YYTYHHBX BajKkoB € OTOeJeHHLIM IOBSDXHO-
CTHRIM cJI0eM

ITockONBKY BCJERCTBHE H3HOCA
B INpOLEcce 3SKCIIyaTaUHH H 10-
CNAELYIOMHX  [ePeToueK  JHaMeTrp
BAJKOB H3MEHseTCH, pasMep COPTo-
NPOKATHOTO CTaHA HMHOTAA Xapakre-
pPU3YIOT AMAMETPOM LIECTEpPEHHBIX
BAJKOB WJ/JIH PpAacCTOSHHEM MEXIy
ux ocamu Dy, Tipun nopmansuom
MOJIOKEHHH BAJNKOB HOMHHAJBHELH
muamerp Dy paBeH paccTOSHHIO
MEXMAY OCHAMH IUeCTEPEHHBIX Bal-
koB D, (puc. V.1).

HomuHaneuwift anamerp Dy cop-
TOBOTO Banka Oonwie padouero
anamerpa D, H3MepeHHOro mo AHy pyubs (cm puc. 1.5, 6), mo Ko-
TOPOMY TPOHCXOJHT CONPHKOCHOBEHHE C NPOKATLIBAEMBIM METAJIOM.
OO0BYHO OTHOIIEHHE HOMHHAJLHOTO IHamerpa K paloueMy, xapakre-

- pu3ylomee ryOUHY Bpe3a pyubs, BO H30eXKaHHEe upe3MepHOro ocjad-

JIeHHs! TIOTIEPEYHOTO CeUeHH sl BalKa NPUHUMAIOT paBubiM Dy/Dy < 1,4,

Pa6oyuii 1uamMeTp BaTKa ONPEENsIOT C YYETOM JOMYCTHMOrO yria
3axBara, Hcnoab3ysa cootnomenude (IV.1).

[Io matepuasy COpPTOBLIE BAJNKH NOAPAsfelsiOT Ha crajbHble (KO-
BaHBIE WJIH JHTBHIE) H YYTYHHBIE.

CranbHble BaJKH, 0COGeHHO KOBaHble, 00JajaloT BLICOKOH npoy-
HOCTBIO, TMO3TOMY HX [IHPOKO NPHMEHAIT NpPEXie BCero Ha OMIOMHH-
rax, cnsa6HHTaX, 3aroTOBOUHEIX CTaHAX, B YEDHOBBIX KJETAX COPTO-
BhIX crtanoB. CraibHBIE BaJKH HMeEOT MNOBBILICHHBIH KOI(DOHIHEHT
TPEHHS B KOHTAKTE C MPOKATHIBAEMBIM METAIOM, UYTO TAKMKE MOJIOXKH-
TeNbHO CKA3bIBAETCH MPH WX MPHMEHEHHU Ha KJETHX, TJe OCYLIeCTB-
JISIOTCH BLICOKHE OOXKATHS.

Yyrynnbie BAJNKH XapaKTePH3YIOTCH TOHHMKEHHOH IpPOYHOCTHIO,
HO BBHICOKOH H3HOCOCTOHKOCTBIO, MO3TOMY HX IPHMEHSIOT TIJIaBHLIM
ofpasoM Ha NMPeIYHCTOBLIX H YHCTOBLIX KJ/€TSX, a HHOTJA ¥ B MpoMe-
KYTOUHBEIX TPYNNAX KJETeH.

Banky Ans pAla cOPTOBEIX CT4HOB OTJIHBAKT B META/LTHYECKHX
¢opmax . (puc. V.2) ¢ uyepHOBHIMH KanuGpamu, nNpHGIHKAIOUEMACS
no opMme K KOHQHTYpalK pyybeB GyAyIWHX Kaanopos. Takne BalKH
ocobedno wnejiecoo6pasHO OTNIWBATBL H3 4YYryHa, TaK Kak Torga No
BCceMy pyubio GyleT ONpeleneHHasi TOMIMHHA OTOeNeHHOro CJOM.
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Bpes pyunsn B HenpoduaupoBaHHYK GOYKY Ba/iKa MPHBOAHT K CHR-
THIO HanOoJee H3HOCOCTOHKOrO CJOS MaTepHala BalKa BLICOKOH
TBEPJIOCTH.

B 3aBucMMOCTH OT HasHaueHHs BaJKH OGKHMHBIX H COPTOBBIX
CTAHOB H3TOTOBJSAIOT U3 CTajell pasJHYHBIX MapokK:

Mapra cmaau Cmanse (rasHoxenue 8aaxos)

IMokoBKkH
50, b5, 55X, 50XH u 60XH BaoMuHTH, CASOGHHIH H 3aTOTOBOYHBIE CTaRhl
50, 55, 55X, 40XH, 50XH, Peabcobanountle H KpPyHMHOCOPTHHE
60XH, 9X u 9X&

50, 55, 55X u BOXH CpennecopTHbie
50, 55, 556X u 60Xl Menkocopranie
50, 9X, 9X® u 9X2MD TTpoBosouHEle
50, 60XT HlItprncosbie
Jluthe
150X HM HenpepnBHO-3aroTOBOYHEE, CPENHECOPTHbLE,

MEJIKOCOPTHBI®, IUTPHICOBLIE H NPOBOJIOYHLIE

Banky NOCTaBJAIOTCA NMPOKATHHIM IEXaM TepMHYecKH o6paboran-
HEIMH. VX MeXaHWueckue CBOfCTBA M TBEPIOCTb PErJaMeHTHPYIOTCS,
Taxk, Banku H3 crand Mapku 9X @ fo/kHel HMeTh TBepiocts HB241-—
—=-285; ua yraepouucroil cranu 55—HB215-+-255, a BaJku H3 cTanu
9X2M9P — HB352 ~—429.

Banku yyrysssle A COPTOBBIX CTAHOB TOpsiveil MPOKATKH H3ro-
TaBJHBAIOT U3 WYT'yHa PasIHYHBIX MapOK U COOTBETCTBYIOLWMX TPYIIIL.
Ipumensior Bankn u3 HeaernpoBanHoro (CIT, CII), a rtakxke ns
ageruposannoro (CIIXH, CIOXH) uyryna.

Byksa C o3nagaer, 4TO BaJKH INpejHA3HAYEHBl 17 COPTOBRIX
cranoB: II u III — o3HauawT CTPYKRTYPY rpadura (MIaCTHHYATLI
Hau waposuAHuH); XH — merupyrompe sneMeHTH — XPOM H HHu-

Kemb (MHGO ApyrHe sieMeHTH). Tak, HampuHMep, BadKH METKOCOPT-

HhIX H CpeJHeCOPTHHX CTAaHOB H3TOTOBASIOT W3 UYryHa Mapku
CITXH-60 (xumuueckuit cocraB, %: C 3,9; Si 0,7, Mn 0,8; P 0,5;
Cr 0,16; Ni 0,4—1,0; Mo 0,6—1,2) ¢ TBepjocTeio pabogero cmios mo
lopy 60—70.

Marepran npokaTHBHIX BaJKOB EMeeT 60JbIOE 3HAYEHHE [M15i
ofecrnieyeHnsi HeOOGXOJMMOTO KadyecTBa NPOKATad, 3aJaHHBIX DPeKHMOB
06xaTHil 3arOTOBKH M BBICOKOH CTOHKOCTH Ba/lKOB. Marepuas Banikos
BHIOHPAIOT B KaXKJI0M KOHKPETHOM CJyuae ¢ y4eToM QakTHUECKHX YCa0-
Bufi 3kcmnyartanud. O6LYHO AAf OOKHMHBIX H YEPHOBBIX KJETEf
BaJKH M3TOTABJIHBAIOT H3 CTA/H (MHTHIE HJIH KOBaHHE), 115 MTPOMEKY-
TOYHHIX — H3 TNOJYTBEPAOr0 YyryHa H [IJsi YHCTOBLHIX — H3 TOJY-
TBEpIOr0 HJIH 3aKaleHHOTO YYIyHa.

Ha coBpeMeHHBIX COPTOBBIX CTaHAX, XaPAKTEPHIYIOMMUXCH BHICO-
KHM TEMIIOM NPOKaTKH, AJs obecreyeHus 3aAaHHOH TOYHOCTH TNpO-
KaTa [0 JONYCKaM H KayecTBY NOBEPXHOCTH TIPHMEHSIOT NPOKATHhe
BaJIKH TIOBBIIIEHHOH IPOYHOCTH M H3HOCOCTOHKOCTH, H3TOTOBJieHHble
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U3 3a3BTEKTOHIHOH CTaju (BMECTO CTAJbHBIX KOBAaHBIX H JHTHIX Uy-
I'VHHBIX Ba/lKOB).

Cnepyer OTMETHTb, 4TO B NpakTHKe paboThl 3apyGeKHBIX MeTal-
JYPruYecKHX 3aBOJOB KOBAaHHE BaJKH Ha COPTOBBLIX CTaHaX ropauvei
MPOKATKH HCNOJIB3YIOT MaJ0; IMPHMEHSOT JHThe BalKH B OCHOBHOM
H3 3a3BTEKTOHJHBIX (TAK HA3LIBAEMBIX aJaMHTOBEIX) MapoK crajei.
B pame cayuyaeB cTaJbHBIE JIMTHE BalKH NPHMEHAIOT Aaxke Ha O.io-
MHHTaX M casbHHrax.

SdheK THBHLIM HanpaBjeHHeM INOBLIIIEHHsS CTOHKOCTH IMPOKAaTHBIX
Ba/JKOB fBJSETCs IpHMeHeHHe TeXHOJOTHYeCKHX CMasoK MpH IIpo-
KaTKe; H3HOCOCTOHKOCTE BaJIKOB NoOBHIaercs B 1,5—2 pa3sa.

Ilo TBepmocTH (KadecTBY) COPTONPOKATHEIE BaJKH MOJDAsAeNsioOT
Ha MATKHE, MOJYTBepAbie, TBEPIAHe H CBepXTBepAbIe.

Msrkue Banku c TBeprocThio Huke HB 270 npHMeHSIOT B OCHOB-
HOM Ha O0XKHMHBIX CTaHaX, B O0XKHMHBIX KJeTAX M B pfAjJe clyuaeB
B YEPHOBHLIX KJETSIX COPTOBEIX CTAHOB. MX H3roTaBJIHBAIOT H3 KOBaHOH
u autoi cranu. Jaa rmoBbineHus crofikoctH pafoude NOBEpPXHOCTH
MATKHX BaJKOB OGBIYHO NOABEPraloT HalJiaBKe BLICOKONPOUHBIMH Ma-
tepuanamu (3X2B8, ‘18T'CA u np.).

Jaisi uepHOBLIX KJeTell NpH HeDOJbIIHX HArpy3Kax MATKHE BalKH
MOryT ObITh H3rOTOBJEHH YYTYHHEIMH C HEPJHTO-rpadhHTHEIM pabouum
CJI0EM. )

IMoayrteeparie Banku ¢ TBeppoctbio HB 270-+-420 npumensaioT Ha
UHCTOBLIX, HPEAUMCTOBEIX M 4YEPHOBHIX KJETX COPTOBHIX CT4HOB.
370 0CHOBHOH THN BaJKOB pelbco0alOYHBIX H KPYIHOCOPTHHIX CTa-
HOB. Kpome Toro, mosyTBepAbie BAJKH [IHPOKO IPHMEHAIOT HA CpejHe-
COPTHEIX H YEPHOBHIX KJI€TAX MEJKOCOPTHBHIX H IIPOBOJIOYHBIX CTAHOB,
Takne BanKM H3TOTaBJHBAIOT W3 MOJOBHHYAaTOro YyryHa, a Takxe
H3 343BTEKTOHAHOH CTalH.

Trepable Banku ¢ TBepjocThio HB 420600 npuMeHAOT Ha YHCTO-
BHIX H DPEXYHCTOBEIX KJAETAX NPOBOJIOUHEIX H MEJIKOCOPTHHIX CTAHOB.
Hx u3roToBnsI0T H3 0TOE/NEHHOTO YYTYHA OAHOCAOHHBIMH H [BYXCJOH-
HBIMH. '

CeepxTBepasie Banku c¢ TBepfocteio mo Illopy Gomee 100 uaro-
TOBJSIOT H3 METa/NJIOKepAMHUeCKHX CIJIaBOB HAa OCHOBEe KapOuna
Bosib()paMa. TakHe BaaKH B psje CAydaeB NPHMEHSIOT HA YHCTOBBIX
KJeTSAX TPOBOJOYHHIX cTaHOB. CTOHKOCTb BAaJKOB M3 METadJOKepa-
MHYECKHX CIIJIaBOB B HECKONBKO JecsiTKOB pa3 BhbllIe CTOHKOCTH Bail-
KOB H3 OTOeNeHHOro 4yryHa.

B npouecce sKCNAyartaudd KaaHODHl COPTOBHIX IPOKATHHIX BaJ-
KOB m3HammBatoTrcs. Ilpu BepaboTke (M3HOce) KanHODOB BAJKOB Hapy-
MIaeTcsl PACUETHEIH PeKHM 0OXKATHA H YXyIIIaeTcs KadecTBO NOBEPX-
HoctH npokarta. [ToaTromy BeipabGoTaHHbBIE BaJKH NOABEPTalOT NEPeTOYKE
Ha CHOENHANBHBIX Ba/jbLOETOKAPDHHIX CTaHKax.

Yuc/io mepeTcdYeK COPTOBEIX BajlKOB 3aBHCHT OT THIA CTaHa,
KayecTBa BaJKOB H YCJIOBHH HX JKCIJIyaTalHH 1 KO/1ebJeTcs B INHPOKHX
npegenax (ot 3—4 no 8—9 u Gonee). B pesynbraTe MHOrOKPaTHBIX
nepeToyek BAJKOB HMX MCXOLHHH (MakcHMalbHBI) AuaMeTp Dy
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TaG6aunma V.. Xamuuecknil cocTas cTanu Jis BATKOB JHCTOBBIX CTAHOB, %

S P
MauapKa cranu & Mn Si Cr
He GoJlee
5XHM 0,40—0,50 | 0,50—0,80 | 0,17—0,37 | 0,040 | 0,040 | 1,30—1,70
055065 | 050--0RK0 | 0,17—0,37 0401 060-0.90
90X M 0.80—0 ,930 0,20—0,45 | U.20—0.30 | 0,040 | 0,040 | 1,40—T707

150X HM 1,40—1,60 [ 0,50—0,80 | 0,25—0,50 {0,040 0,040 0,90—1,25
75XM 0,70—0,80 | 0,15—0,45 | 0,25—,60 |0,040 {0,040 | 1,40—1,70
46X2CB2M® | 0,40—0,50 | 0,40—0,60 | 0,40—0,60 | 0,035|0,035 | 2,00—2,50

YMEHbIIEETCA 100 MHHMMaJbHOTO D ... Beanunna, wam Aonycrumsbii
KO3Q(QULHEHT NEPeTOUKH, ONpENesieTcs CAeJYIOIHM COOTHOLIEHHEM:

K= (Dmnx - Dmin)fDu- (V?)

Has o0KuMHBIX cTaHOB (GJIOMHHIOB) AOMYCTHMBIH KOI(DMHLIHEHT
neperouku K = 0,10+0,16; nas coproewix cranos K = 0,08--0,10;
Al IpoBosioyHbIX cTaHoB K = 0,05-+-0,08. Ecnu ucxoauth H3 yeao-
BHsl PABHOTO TMepeKoca IINHHAe el 11 HoBuiX (D..) H MHOTOKpAaTHO
neperoueHHbX (Dy,;,) BalKOB, TO MX CpejHee 3HAuYeHHE JOJKHO OHTh
PaBHO HOMHHAJBHOMY JHAMETDY BankoB Dy MJH PACCTOSHHIO MEHAY
OCSIMH 1lIeCTEPeHHHIX BaJkoB Dg:

(Dmax ‘I“' Dmln)/‘2 = DH‘ (VS)

_ Benuuunst Doy v Doy, ONpegensiioTess #3 COBMECTHOTO PEUICHHS
ypaBHeuuii (V.7) u (V.8) orHocutensuo D, ¥ Dy

Dmax = Dy [l + (K/2)); Do = Dy [1 — (K/2)].
BajkA JAHCTOBLIX CTAHOB ropsidefi NMpoKATKH

IlpoxaTtka nucTOB, XapakTepusyercs GONLIUHMH YCHJAMAMH M 3Ha-
YHTENbHEIMH TEPMHYECKHMH BO3JIeACTBHAMH HAa BaJkKH. B 3THX ycao-
BHAX TNPeALABJAIOTCA BHICOKHE TpeOOBaHHA K KauyecTBY [POKATHBIX
BAJIKOB — M0 MeXaHHYeCKHM CBOHCTBaM, CTPYKTYpe, H3HOCOCTOI-
KOCTH, KaYecTBY INOBEPXHOCTH M TBepiocTH. UeMm Bhlmle CTOHKOCTb
BAJIKOB, TeM MeHBIIIE MPOCTOEB NPH NepeBalike BaJKOB H, CJel0Ba-
TeNbHO, TEM BHIIE TPOH3BOAMTEIbHOCTE CTaHa, MeHbILE PAacXol BaJ-
KOB H Jyullle TeXHUKO-3KOHOMHYECKHE TOKa3aTeJH [POU3BOICTRA.

[IupokHii cOpTaMeHT JHCTOB M0 TOJIHHE H LIHPHHE, 3HAUNTENbHOE
YHCJAOQ JHCTOBHIX CTAaHOB, OTIHYAIOLINXCH MO PAacHONOMEHHIO, YHCAY
H KOHCTPYKUHH paGouynx KJeTefl, npenonpemelisiior GOJbIIOE YHCI0
pasMepoB BaJIKOB H COOTBETCTByIOIHEe TpeboBaHuH#A, NpelbaBaseMble
K HX KauecTBy.

B 3aBucuMOCTH OT ycJI0BHIl IPOKATKH, COPTaMeHTa W TpebOBaHHiA,
npelbaBIsAeMBIX K Ka4eCTBY TOTOBOrO JKHCTOBOTO MPOKaTa, NPOKATHLIE
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BaJKH 474 JAHCTOBBIX CTaHOB

H3rOTOBJSIIOT CTAJbHBIMH HJH
YYrYHHBIMH.

Pafoune BalKHM H3roTOB-
JAKT UeIbHOKOBAHHBIMH HJH

Ni Mo Adpyrue

JIHTBIMH, a8 OIIOPDHBIE — LE&J/Ib-

1,20—1,60 | 0,10—0,20 s HOKOBAHHbIMH, JIHTBIMH HJH

1.00—1,50 - — 5
S — T30 50020V COCTAaBHBIMH — € KOBAHBIM HJIH
0.80—1.20 0,10—0,30 _ JATHIM 6aHOaxoM M KOBAHOM
no 0,30 0,20—0,30 — OCh10.
— 0,80—2,50 1,80—2,5 W, B saBucumocTH oT HasHa-
0,60—0,80 V

YeHHs M YCJAOBHMH 3KCILiyaTta-

WK BAJAKH H3TOTOBJAIOT H3 CTa-
Jefi pasHBIX Mapok (Taba. V.1).
Jas ctainy KaxkJ0id MapKH H BaJKOB KaKJ0T0 pasMmepa CTaHAapTOM
NpeAiyCMOTPEHBl COOTBETCTBYIOLINE BHIALL TepMuueckKod o6pafoTku.
UyrydHsle BaJKH AJs JHCTOBBIX CTAHOB ropsaued NPOKAaTKH H3ro-
TOBJSAOT JUTRIME (HHAEKC J1) H3 HeJerHpoBaHHOTO YyryHa ¢ MJIacTHH-
yateiM rpacputom (JIT1), ¥3 HelernpoBaHHOrO ¢ IAPOBHAHBIM Tpadu-
Tom (JIII) m M3 JerHpoBaHHOrO UYTyHa C IJACTHHUATHIM rpaduTOoM
(JITIXH). O6o3anaueHns JerHpyIOLKX 3JIEMEHTOB CTABAT NOCJae NEPBHIX
1Byx O6ykB. Ecan uyryH qernpoBaH MOJAHOAEHOM HJAH TOAbKO HHKeJIeM,
TO Mocde TepBhiX ABYX OYKB HAYT o603HaueHMA cooTBeTcTBeHHO M
uan H. O6o3HaueHHe JBYXCJOHHBEIX BAJNKOB, H3TOTOBJEHHBIX C CEpA-
1eBHHOH 13 HH3KOJETHPDOBAHHOTO MJH HeNAerHPOBAHHOTO WYYTYHA,
JAOTIONIHAETCS HHAeKCOM «i», Hanpumep JITIXHu.

Teepmocts moBepXHoCTH O0ueK BaJkoB, TAyOHHA OTOeIEHHOTO
(pafouero) cjios M XMMHYECKHH COCTAaB SIBJASIOTCA OCHOBHBIMH NOKa-
3ATENAMH KAauecTBAa YYTYHHHIX BaJKOB, ONpPEIeNsIOIHMH 3KCIyara-
IHOHHYIO CTORKOCTh BaJAKOB B padorte. TU TpeboBaHUS € YYETOM YCAO-
Buil paGoThl, COPTAMEHTA M HArpy30K Ha BaJKH OroBapHBAWOTEH CIie-
LHa/lbHBIMH CTAHAAPTAMH WJIH TEXHHYECKHMH yCaoBusiMu (Tada. V.2),

Ta6auua V.2, Teeprocrs, rayGuna paboyero cios
W XMMHYECKHH COCTaB HEKOTOPBIX THIOB HYIYHHBIX BaJIKOB

0 8 i XuMmuueckuii cocras, %
Bg | gE*
THnlll{:Hn“cé'lon- g% ;;ué' P 5
BaJNKOB Eéi ";:i%: G Si Mn | Apyrue
Eéﬁc g E E He GoJiee
JIIXHMn77(77—88(10—30| 3,0—3,4| 0,5—1,0| 0,3—1,0/ 0,10 [ 0,10 | 1,4—1,8Cr;
4,2—4.8 Ni;
0,3—0,5 Mo
JITI57 57—65|10—25| 2,7—3,4| 0,4—0,7| 0,2—0,5| 0,50 | 0,1 -
JIIM58  |58—65(12—32] 2,9—3,4| 0,4—1,0| 0,3—0,9| 0,20 | 0,02 | 0,3—0,5 Mo
JIII57 57—65(12—32| 2,9—3,4| 0,4—1,0{ 0,3—0,9 0,40 | 0,02 =
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Ludper nocte 6yKBeHHBIX 0603HaYeHMi THNA M HCIOJTHEHHS Ba-
KOB 03Ha4awT npeﬂenm TBEPJIOC’I‘H JJ5 BAJKOB B COCTOSAHHH INOCTABKH.
Ha BaJlKax J'IHCTOHpOKElTHI:IX CTaHOB TBepJZLOCTb B COOTBETCTBHH C Tpe-
GosanuaMH ['OCT onpegensierca ma ray6uHe OT NMOBEPXHOCTH BOUKH
5 u 10 mmM.

BaJIKH JHCTOEBIX CTAHOB XOJOAHON DPOKATKH

Banky JHCTOBBIX CTAHOB XOJOAHON MPOKATKH N0 Ha3sHAUEHHIO JAeJATCS
Ha JBe rpynne: paGouwe H omopHee (puc. V.3).

Juamerp Banka BoIGHPAIOT 110 pe3y JbTaTaM PACYETOB, NPH KOTOPLIX
VYHTHIBAIOT COPTAMEHT NPOKATa (MpeX/le BCEro €ro TONIMMHY), YCio-
BHSl SKCI/IyaTaluH, MeXaHHIeCKHe CBOMCTBA MaTepHana, MaKCHMAalb-
HEIE YCH/HS, 00XKaTHf H KOHCTPYKIHIO CTaHa.

Hnuna 6ouku pabouux BaJKOB 3aBHCHT OT LUHPUHBI NPOKaThIBae-
MBIX TOJIOC, JIHCTA, JIEHTHI.

OfrgHO NpUBOAHLIME siBAAOTCS paGoune Banku. B Kaerax c or-
HOIIEHHEM JIMHE OOYKM Ba/JKa K JZHAMETPY, PaBHHIM HJaH 0OJbire

5 :1, npeaHasHadeHHBIX AJs1 NTPOKATKH TOHYaHIUeH JIEHTLI M3 JIeru-
pOBaHHOA CTa/IH, @ Takke B MHOrOBaJKOBHIX CTAHaxX NPHBOIHBIMH
BBHINOJIHAIOT ONOPHEIE BAJIKH.

¥ paakoB, paoTaromux Ha HONIHNHHKAX KaueHHA, IeHKH HHOIa
BHINOJHSAIOT CTYMEHYAaThIMH; B CTaHAX C MOJIHNHHKAMH CKOJbIKEHHs
eAKH BAaJKOB, KakK NpaBui0, raagkue. [ljisi CHHIKEHHS JAaBJICHHUS
Ha MONWHMHHKY U NOBHILEHHS [IPOYHOCTH llieeK BANKOB, paboTarwimux

4200
1700

% 600

T

Puc. V.3. PaGounfi (@) B nenpHOKOBaHWA onopHu# (6) BanKH 4weTbpexnankesoit
Kaern 1700
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Puc. V.4, Bangawt (a) # ocb (6) COCTABHOTO ONODHOTO Balka veTNpeXbanxobof
wiaern 1680

Ha NOAIHNHUKAX KUAKOCTHOTO TPEHHSA, WeHKH HMET MaKCHMaJbHhEE
JidaMeTphHl, 4 MecTa nepexofa meHKH B Gouky — 3akpyriaeHsue. Pa-
anyc sakpyriesna R, = (0,05=-0,12) d.

B pa6ounx Baakax c Gouxoft muamerpom cBpie 160 MM uacro
BBINOJHSAIOT CKBO3HEIE OCEBhHIE KaHalbl. B KPYNHEIX Bajkax 3TH Ka-
HAJEL B 30He 6OUKY MepeX0AT B TAK Ha3biBaeMble KaMephl ¢ JHaMETPOM,
3HAUNTEIbHO OOJbIUIUM, YeM BXOLHBle OTBepCTHA. [IpH BhHINOJHEHHH
OCEBRIX KaHa/I0B YAANAIOT MOPHCTYIO JHKBAIMOHHYIO 30HY CJIHTKA,
KOTOpaA MOKeT SIBHTbCS HCTOYHMKOM KOHLEHTDATOPOB HAMPSKEHMI
npH 3aKalke H SKCIMyaTaluH Bajka.

OceBpie KanaJbl HCOOMAb3YIOT TaKe 1Jid OXJaJeHHS LEeHTPafb-
HOH 30HH BaJiKa NPH 3aKadke;, 370 obecneudBaeT NOABJAEHAE HANPA-
JKEHHW{l C)KaTHA Ha NOBEPXHOCTH OCEBOro Kanaga. JlomoannTelbHoe
oxJaxjenne pabouux BaJKOB 4Yepe3 OCEBOH KaHas B Mpoliecce 3KCII-
Jyarandi MOXeT crnoco6CcTBOBATh CO3AAHHIO CTabHJIBHOTO TEMmJ0BOro
pemumMa M INOBHIIEHHIO CTOHKOCTH BaJKOB.

OnopHbe BaJKH H3rOTOBASIOT LEeMbHOKOBAHBIMHE (cM. puc. V.3, 6),
JATEIMH B OaugaxupoBanubiMu (puc. V.4). K kauecrBy o6paboTku
ONOPHHIX BaJKOB TpelbsiBJSIOT BHICOKHe TpeGOBaHHS, Tak Kax One-
Hite G0YKH OIOPHOrO BAJNKA OTHOCHTENBHO LIeEK B 3HAUHTENLHOH Mepe
OTIpENeNsieT PasHOTOAUHHHOCTD NpPOKaTHiBaeMoll mnosoch. Haubois-
uree gonyctuMoe GxeHHe G0UKH OTHOCHTEJLHO IIEEK BAJKa JHAMETPOM
1500 mm pasro 0,03 mm.

Banku a8 cTaHOB XOJOLHON NPOKATKH H3TOTABJIHBAIOT H3 BHICO-
KOKAauecTBeHHBIX CcTaJjefi, COJlepiKAlHX MHHHMA/JbHOE KOJAHYECTBO
BpelHbiX npHMeceil (taba. V.3). Kpome MexaHHueckuX CBOHCTB B Tep-
MHUECKH 00pafoTaHHOM COCTOAHHH, 3TH CTaJH OUEHHBAIOT [0 TEX-
HOJIOTHUECKHM XapaKTepHCTHKaM — 3aKaJHBAaeMOCTH, IpOKaJHBae-
MOCTH, CKJOHHOCTH K TIeperpeBy, UYBCTBUTENLHOCTH K JehopMalHH
NpH 3akanke, obpabaTeiBaeMocTd, mWan(yeMoOcTA W Ap.

BaxueAmHMH XapakTepUCTHKAMH cTaleH, NpHUMEHseMBIX JIJ9
H3FOTOBJIEHHS BAJKOB, HBJSIOTCA TBEPAOCTh H INPOKANHBAEMOCTh.
Teepnocte cranm Mapkn 9X B 3aKaNneHHOM COCTOSIHHH JOCTHUTAeT
100 eauunn mo I[Hopy.
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Ta6auupa V.3. Xumuueckuil cocTas cranefi, npuMeHseMbIX
AJiSl H3rOTOBJIEHUA PAGOHHX BAJNKOB Il CTAHOB XOJONHOH NPOKATKA

Copnepxanue, %
Mapka
CTaMH
. C Mn Si Cr Mo W v
9Xx 0,80—0,95 (0,2—0,35| 0,26—0,45 |1,4—1.7| — = —
9X2 0,86—0,95 | 0,2—0,35 0,26—0,45 | 1,7—2,1 — — —
9X D 0,85—0,95 |0,2—0,35| 0,25—0,45 |1 4—1,7| — — |0, 12“5_
; 0,
9X2MP 0,85—0,95 | 0,2—0,35| 0,25—0,45 | 1,7—2,1| 0,2— — 0,]2—
0,3 0,
9X2B 0,85—0,95 |0,2—0,35| 0,25—0,45 | 1,7—2,1 —_ 03— —
0,6
§gX2CB¢® | 0,65—0,95 (0,2—0,35( 1,3—1,6 1,7—2,1 — 0,3— [ 0, [2—
0,6 0,
60X2CM® | 0,67—0,65 | 0,2—0,40[ 1,1—1,3 1,8—2,1(0,25—| — [0,1—
0,35 0,2

TIpreMenadne. BoBcex NMpUBEJEHHKX MAPKAaX CTaJH CofepxaHHe cepsl H hocdopa
re Gonee wem mo 0,03 %.

PaBoyue Banku MHorosankopmeXx craHoB B CCCP, kak npasuio,
uarorosasior H3 craan Mapok 9X m 9X@. 3a pybexoMm Ans ux
H3TOTOBJEHHA WCIOJBL3YIOT MHCTPYMEHTa/JbHbIE, CpelHeserHpoBak-
Hble H GHicTpopexymye cranu. Treprocts pafouell NOBep XHOCTH TocAe
tepMHueckoii o0paborku Jocthraer HRC 61—66.

B nmocnenHue rodel Bee GoJspllee pacnpocTpaHeHue IMOJYy4aroT
paouue Ba/JKH H3 METalJIOKEDaMH4YeCKHMX TBEpALIX CIJ1aBOB Ha OC-
HOBe KapOupaa Boabgpama. MarotoBnenue BaJKOB M3 TBEPABIX CILIa-
BOB OCYINECTBJAAIOT, KAK NMPABH/I0, TOPAYHM MPECcCOBaHHEM HJH cle-
KaHHeM IiacTH(HIMPOBAHHBIX 3aroToBokK. KouauuectBo k06anbTO-
BOrO mHopomka OOLIYHO NpHHHMalT paBHeM 8-=-15 % (ocrasbHoe
WQC).

H3HococTORKOCTb BAJKOB H3 TBepAHX cmiaBoB B 30—50 pa3s Brie,
ueM BaJdKOB H3 JIErHPOBaHHOH cramu. Kpome 3TOro, mpH INpOKaTke
B TaKHX BaJKaX MOXHO NOMYYHTb HaHBBICUIMH KJacc IIepOX0BaTo-
CTH MOBEPXHOCTH MPOKATHIBAEGMOH JIEHTHI.

Basnky H3 TBepABIX CIJIAaBOB H3TOTORJSIIOT 1EbHLIMH H COCTABHEIMH.
B xawecTBe paouyux Ba/JKOB MHOTOBANKOBHIX CTAHOB, KAK MPaBHJO,
MPUMEHSAIOT NebHbIE MeTalloKepamuyeckue Banku. [lpn paspaGorke
KOHCTPYKUMI Ba/JKOB H3 TBEDJOrO CIJiaBa Mpexie BCEero YYHTHBAOT
onpeje/eHHbIe COOTHOMIEHHA THAMETPoB mefiky B 6ouxu (He menee 0,6)
H guamerpa U IJIHHBEI 60UKH (He Gousee 4).

OCHOBHEIM HENOTTATKOM METalJIOKEPaMHYECKHX BaJKOB ABJAAETCH
MOBBIMIEHHAS! XPYNKOCTb, YTO HCKJIOYAET BO3MOMKHOCTD 3KCIIYaTallHH
HX TIpH HaJHYHH TOJUYKOB, yAapos, Oonplux nporuGos. Ilpu ycra-
HOBKE BAaJKOB B KJeTb HeoOXOIHMO MOJIHOCTBI) YCTPaHHTh IEepPeKocH,
BJAUAMHEe HA KauecTBO MPOKATHIBAEMOro MeTaJla.
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Onopuble BaldK{ AJs CTAHOB XOJNOLHONH NPOKATKH OGBIYHO H3TO-
TaBJIHBAOT H3 cTaju Mapok 9X2, 9X &, 76XM, 66X HM. B nocaennne
rogel craib Mapkd 75XM pas H3rOTOBJHMS IEeJbHOKOBAHHBIX ONOP-
HBIX BAJKOB TOJAy4u/iIa Haubojee ITMPOKOE PacHpOCTpaHEHHE.

Ocu cocTaBHBEIX (Ganja’kMPOBaHHBIX) ONOPHBIX BAJKOB MalbIX H
CpeNHHX pasMepoB H3rOTABIHBAKOT M3 cTajeill Mapok 40XHMA, 55X,
50XT u craau 70; Ans M3TOTOBJEHHS] OCEH KPYMHBIX OMOPHBIX BAJ-
KOB TsAXKE/JIOHAIPYKEHHLIX CTZHOB NPHMeHsI0T cranu Mmapok 45XHB
n 45XHM.

Banpaxi COCTABHBIX OMOPHEIX BAJKOB H3rOTAB/JHBAIOT M3 CTalH
mapok 9X, 9X®, 75XH, 9X2, 9X2d u 9X2B (cm. Taba. V.3).
TeepaocTh TOBepPXHOCTH Oanjakeil noc/e OKOHYATENbHOH TepMHYe-
ckoii obpabotku 60—85 enunun mo Iopy.

Lleaecoobpa3Ho NpPHMEHSTE JHTBIC ONOPHBIC BaiKH, TAK KK OHH
JelleB/e KOBAHHIX H B GOJBIIHHCTBE ciyuaeB o6/1anaroT 3HAUHTENBLHO
6oJplUel H3HOCOCTOHKOCThIO. KpyNHBIE JHTHE OMOPHBIE BAJKH H3TO-
TABAMBAKOT H3 XPOMOHHMKEJNbMOJHOIEHOBEIX M XPOMOMapraHIeBo-
Moaubmenosnix cranefi. Tak, ¢gupma «Alan Wood Steely (CIIA) ua-
FOTOBJAET ONMOPHBEIE BaJky ¥3 cranu tHna 656 XHMJI, xotoprie nocie
TepMuueckoil 06paborku nmeT TBepaoctb 45—60 exunnu no llopy.

Onopuble BalKH MHOTOB3JIKOBLIX CTAHOB M3TOTABJIHBAIOT, Kak
NpaBu0, M3 MHCTPyMeHTanbHOH crtanm, cofepxamefi 1,56 % C u
12 % Cr; TBepZocTe mnocie Tepmuuyeckoit obpaGorkm HRC 56—62.

Yopyras aedopmanus H NMPOYHOCTh JBYXBAJKOBOH CHCTEMBI

M pozué saarce

IMon Bo3neiicTBHeM GoMBIIHX ycuJuii NPOKATKM Bajaku nporubarworcs,
[I03TOMY TOJIIHHA MPOKATHBAEMOTO MeTaJ/a HepaBHOMEpHAa MO IUH-
pube. BausHue nporu6a BanKoB HeOOXOLHMO YUMTEIBATH, OCOGEHHO
NpH TPOKaTKe TOHKHX JHCTOB H I10J0C, TaK KaK B 3TOM Clyyae IO
T'OCTy nonyckaercst HeGoJbiIasi HX PA3HOTOJNIIMHHOCTh MO HIHPHHE.

Hauboupweil nporut BaJKOB TNPOHCXOIHT IMo[ AeHCTBHEM H3TH-
faomux MoMeHTOB. OfHAKO, TaK KakK JHaMeTp BAaJKOB 10 CPABHEHHI)
¢ JUIHHOH GOUKH OTHOCHTeabHo Bequk (D/L = 0,4-=-1), 10 HeobGXo-
IHMO TAKKe€ YUHTHIBATH MPOTHG, BOSHHKAIOMHI NOJ AeHCTBHEM Iepe-
PE3BIBAOMKX CHJ, BLI3LIBAIOLINX HEpAaBHOMEDHLIC KacaTe/bHHE Ha-
NPAMXKEHHS B TIONEPEUHLIX CEYEHHSIX BaJKa H OTHOCHTEIBHBIA CHBHUI -
ux. Takum o6pazoMm, cymvapHbil nporu6 Banka B J1000M CeueHHH
Ha paccTOAHHH X OT omopHl (puc. V.5) pasen

Ys = Ys1 T Ynas (Vg)
Tle y,; — NpPorud B pesyabrarTe JeficTBUA H3THOAIOMMX MOMEHTOB;
Yyo — TIPOTHO BCJAEACTBHE NEHCTBHSI TOMNEPEUHBIX CHJIL.

M3 Kypca CONPOTHBJIEHHs MaTepHATOB H3BECTHO, UTO TPOTHOH
6anox, corsacHo teopeme KacTHaBAHO, MOMKHO OMNpEAeIHTh H3 Cie-
AYIWHX ypaBHEHHH:

1 [y oMy , 1 0Q
Ya1 = ﬁ.l-f"fn -ﬁfdx‘ Yua "‘G_FJ dexa (V'IO)
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rae M, — usrubaiomuit Moment; Py —
(HKTHBHAA COCPeJOTOYEHHAA Harpyska
B MeCTe ONpeJe/eHHs nporuda, COOTBET-
cTByOIIAas 3TOMY nporu6y; Q — nepepe-
3BIBAKOINAS CHJA.
Onpenenum nporu6 B cepefnHe GOYKH
Ba/iKa OTHOCHTEJbBHO TOYEK, B KOTODBIX
NpHJIOXKEHE PABHOAEHCTBYIOMHE peaklUuy
onop. IIpH paBHOMEpHOH Harpyske Baika
gy (TIpOKaTKa JHCTa WHpHHOH B) B cepe-
%-_ JHHE €r0 HeT COCPeJOTOYEHHOH HATPY3KH,
7
Ll
7
£
|7
=

NpH H3MeHeHHH Harpysku (1. e. dM/dP)
MOXKHO ONpeleNHTh, €cJH HPHHATB, 4TO
B cepefHHe BalKa NPHIIOKeHA GeCKOHEUHO
Majiasg (HKTHBHas cuaa Pg, jAaouas
GUKTHBHYIO peakmuio Qg = Py/2. Dra
OeCKOHEYHO MaJas CuJia He H3MeHHT
BeMMUHHy mnporuba or JeHCTBHTENLHOMH
. pPaBHOMEPHOH HATPY3KH, HO MO3BOJHT
My onpene/HTh (PUKTHBHBEII MOMEHT B ceye-
g ‘ HuH x: M= (Pp/2) x, a Takxe dM,/dPy—
= x/2 u dQ/dPg = 1/2. TloacraBnss 3TH
3HaueHus B ypapHeHHe (V.10), momyumm

I 1
HYm = SET J- MEde; Ypo — SGF j Qd)«.
(V.11)
O"pE,U.E.HHM 3TH l'IpOl"HﬁH B CcepeiHHE BaJKa, YUHThIBAA Pa3/IHYHBIE

3HaueHHsas M, npu usmeHeHud ¥ oT 0 10 a/2 H CHMMETPHYHOCTH Ha-
IPY3KH OTHOCHTEIbHO TOYKH x = a/2 (npu P = ¢,B):

AS= I T

|
—
|

Puc. V.5, K pacuery ynpyro# ge-
hopManuu H NPOYHOCTH JBYXBaJ-
KOBOHf CHCTeMB:

a — pyuseBoft Banok; 6 — numcTo-
BOfl BanoOK

a—B
1 [P R
yBl_gEij—z—.\xdx—}—MJ I 2xxdx+
0 ¢
i % B
r — a—B 1
+ 357, J [2x'q“(xH 2 )(x— 2 )T]xdx,
a—B8
2
a—B
c 2

OHAKO CKOpPOCThH H3MEeHeHHd MOMEHTa

-l a2

T

oA

- a G Al .

B pe3yabTare HHTerpHpoBaHus mnonyuum qopmysast A. M. Ile-
JIHKOBA:

[8a3—4aB’~’+B3—J,—64c3 (‘}Iﬁ— 1)}; (V.12)

P
Y21 = 33T,
P B b2
22 = 68 [a_ 2 +2€(d?u - 1”

rie E w G — MoOAyauM yOPYTrOCTH W CABHMra JJig MaTepHaja BaJjKoOB;
J, = nD'/64 — MOMeHT HHepIMH ceueHHs OOUKH Baiaka; Jp =
= md} /64 — MOMEHT HHEpPIMH CeYeHHS LIEHKH BaJKa.

JlocTOMHCTBOM 3THX (OPMYJ sIBASETcs TO, 4TO B HHX YUTEHO
BJAHSIHAE eHKH Bajka, JHAaMeTP KOTOPOH MeHbIe gHameTpa GOuKH,
a TaKKe paclo/oXKEeHHE HAUPYSKH (,, KOTOpas pacnpeielieHa He
no BceH nauHe BOUKH.

INopcraBnas @ = B = L u ¢ = 0, nonyyum U3BecTHble M3 Kypca
COTIPOTHBJIEHHS MaTepHaloB (GOPMYJE [Js JABYXOMOPHOH 6Gajku
C pacnpefieleHHOH Harpy3kod Mo BceHl JJIHMHE:

5 pLt, 1 PL
Y = 385 E7 Y2 =g GF *

O6euHO Ygy = (0,1=-0,4) yp-

Jlns Komneuncanuy TNporuba JIMCTOBBIX BajJKOB OOYKY HX 4acTo
JlenaioT BRINYKJIOH npu IIH(OBKe Ha CTaHKe CO ClIelHaJbHBIM KONE-
pPOBalbHBEIM TMPHCIOCOGTIEHHEM.

OzHako BO MHOTHX cJaydax (mas npopuanpoBkH 60ukH) Hac
HHTEpPECYeT He CcyMMapHbii mnporu6 B cepemiuHe GOYKH BaJKa,
a4 pPa3HOCTh MEXJAY CYMMapHHIM NporHfoM B cepellHHe M CYMMapHHIM
nporu6om y Kpas Jaucra (Ha paccroaHun B/2 oT cepennnm). PasHocTh
nporu6oB NPHBOJHMT K IIOJYYEHHIO JIHCTA HEOJHHAKOBOH TOJLIHHEL
(mo ero mmpuue) npu npoxarke. Bo usbGemanue 3TOro HeoOXOZHMO
npu man(oOBKe BaNKOB NPHAATh GOYKE TAKYH BBIIYKJOCTb, YTOOEL
NpH JJIHHE ee, PaBHOH IIHPHHE JHCTA, 3Ta BHIMYKJOCTh KOMIEHCHDPO-
Baja YKasaHHYI0 BHIIE Da3HOCTh NPOrH6oB, BO3HHKAIOOYIO IIpH
IPOKaTKe.

[TporuGsl cepenuHul 60UYKH BaJKa OTHOCHTENbHO Kpasi NpOKAaThiBae-
MOrO JIMCT@, BO3HHMKAIOMIUE MOA JelcTBHeM HAru0aioHX MOMEHTOB
Ayy1 W TOmepeuHHIX CHA  Ayy,, ONPERENAOT M0 CJAEAYIOMHM (op-
MyJaam:

(V.13)

(V.14)

Ays = g (12aB? — 7B3); (V.15)
P B
Ayni = nGD? T- (VIG)

MozkHO NpHHHMATBL A8 CcTanbHEIX Baakos E = 2,15.10% MIla
H G =~ 3/8E = 0,82.105 MITa.

[loacraBiias 3TH 3HAUYECHHS B BhlllelpHBeAeHHLE (OPMYJH], MOIY-
UM cyMMapHbifi Iporu cepeluHEl GOYKH OTHOCHTENBHO Kpas NpoKa-
THIBAEMOTO JIHCTA:

Ayy = Alsy + AYss- (V.17)
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[Mporu6 cepenwHB GOYKH BalNKa OTHOCHTENBHO ee Kpas (mporut
Ha JJiHHe 60%1{) MOXKHO ONpejenuTh Mo gopMyaam

Yor = mm (12aL?® — 8L3 + B%); (V.18)
L 2 B
vso = gpr (L—5)- (V.19)

Cmamuseckas npovHoCHMs 8AAK08
Hanpsaxenue wu3rnbGa B Gouke BalKa ONpelenswT no dopmy.e

Oyp.6 = MH. 6./Wﬁ = Mn. 6If0r]-D3'l (VQO)

rae My s — uarubawomuii MOMeHT, ZeficTBYIOULHH B paccMaTpHBaeMoM
cedeHnn Goukn Banka; Wz — MOMEHT CONpPOTHB/AEHHS MONEPEYHOr0
ceueHHn OGOUYKHM BaJKa Ha H3ruo.

Hanpsaxxenne KpydyeHust B G0UKe Ba/jKa He MOJCYMTHIBAIOT BBHAY
ero He3HaunTelbHOH BeJHUYMHLI IO CPABHEHHIO C HANPSKEHHEM M3-
ruba.

Ilpu pacuere pyubeBhIX BaikoB B (opmyay (V.20) nazo nogcras-
JNATH 3HaueHHE MAKCUMAJBHOTO H3THOAOLIEro MOMEHTA, IJId UEero
HEOOXOAUMO ONpPENe/HTh H3THOAIIIHE MOMEHTHI, JeHCTBYIOIHE TpH
MpoKaTKe B pasiWyHBIX Kanubpax (cm. puc. V.5, @), mo dopmyae

My, 6 =P = (a — x), (V.21)

rage P — ycuime MpOKATKH B JAHHOM Kanaudpe.
IlJist JTHCTOBHIX JIBYXBAJKOBBIX CTAHOB MaKCHMAJbHBIH H3rubaro-
uuit MomeHt GyneT B cepenmHe 6oukH Banka (cm. puc. V.5, 0)

Myo=4 4552 =2 (a—35), (V.22)

rage P — MakCHMalbHOe YCH/IHe IMPOKaTKH.
ITlefiky BaJKa DACCYHTHIBAIOT HA H3rub ceveHus [—I u prqemie
(npunuman ¢ ~ L/2) mo caexyiomuMm gopmynam:

P Iy
G '7M“_m_T2 Pl
WL ™= W sy Q:1d3 0,4d3 °’ s (VQS)
T m = My = My w/0,2du,

Wy, m

roe Iy v dy — AJHHA ¥ AuaMeTp wmefkH; My m — KPYyTAILIHA
MOMEHT, NPHKJ3IBIBaeMblii K BalkKy (mmefike) cO CTOPOHbI NPHBOAA.
M PesyabTHpYIOLIEE HANPsKEHHE ONpeeasior no dQopmynaam:
-1 CTaJbHBIX Ba/IKOB —1o 4-H TEOpHH MPOYHOCTH

Opes = ¥ 0% + 37k (V.24)
IJ5 UyTryHHBIX Ba/lKOB — Ha OCHOBaHHHM Teopur Mopa:
Gpes = 0,3750, + 0,625 1/ 0% - 475 (V.25)
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PesyabTHpyiolllee HaNpsiKeHHE, ONpPELENeHHOe TAKHM pacueToM
(Ha MakcHMajbHBIE CTaTHYECKHE YCHJHA), HE JOJIKHO I[PEBLILIAThH
JONYCTHMOTO A5 AaHHBIX BaJKOB.

JlonyeTHMple HaNpsAXKEeHHsT B BajqKaX NMPHHHMAIOT, HCXOAA 13 TsITI-
KPaTHOTO 3allaca NPOYHOCTH HX, T. €.

I.G] = GB/51

rie O, — BPCMEHHOE CONPOTHBJIEHHE MaTepnana Bajdka Ha H3THG.
Ha ocHoBanui M3NOXKEHHOTO JONYCKaeMOe HAalpsKEeHHEe MOMXKHO
NPHHUMATE CJey FOLLHM:
L7151 KOBAHBIX BAJNKOB W3 JETHPOBAHHON CTald, HMEIOLIeH
s = 700—=-750 MIla;
[6] = 140+-150 MIIa;
AN KOBaphIX BAJKOB M3 VIJIEDOAMCTON CTajH, HMEIoIei
0, = 600650 MTla,
[o] = 120130 MIla;
A7 BaNKOB H3 CTaNbHOTO YIVIEPOAHCTOrG JIHThS, HMEIOILEro
» = 500600 MIla;
[c] = 100120 MIIa;
A7 UYTYHHBIX BAJKOB, HMEOIHX 0, — 350400 MIla
6] = 7080 MIIa.

Yopyras JAedopmanusi H MPOYHOCTh YEThIPEXBANKOBON CHCTeMbi'

Meacsarrosoe dagaerite

XapakTepHOA 0COOEHHOCTRIO UETHIPEXBaJKOBOA cHCTeMbl (Kak
M00i Apyroff MHOTOBaJKOBOIl CHCTeMBl) ABJISETCS HepaBHOMepHoe
pacnpefeneHue TOTrOHHOH Harpy3kH (Me:KBANKOBOTO JABJEHH:A) [0
OJHHE KOHTAKTa BaJKOB.

JKcrnepHMeHTaNbHEIE HCCJAeI0BaHMs, NpopeleHHEble B MockoBckoM
HHCTHTYTE CTAJH M CIJIABOB C TOMOWLIO NOJAPH3ALHOHHO-ONMTHYE-
CKOTO MeToZa M (PH3HUYecKOro MOJe]HpOBaHMs, TMO3BOJHJIH BCKDPHITH
XapakTep B3auMOJleficTBHA Ba/lKOB YeTLIPEXBaJKOBOH cHcTeMsl. Tak,
B UETHIPEXBAJKOBLIX CTaHAX C LHIHHIPDHYECKHMH pafouuMH H ONOP-
HBIMH Bankamu (puc. V.6) npu ManbiX ssaueHHAX D,,e/Doq  (uin
B/L) sniopa MexBanKOBOro JaBJeHHsl MMeeT MaKCHMYM IlocepednHe
OoukH, a npu GOJBLIUMX — MakCHMalbHBIE 3HAYEHHs1 N0 KpasM Go-
YKH; B YACTHOCTH, NMPH ONTHMANbHBIX 3HAaueHHSIX Dyae/Doy (HH
B/L) MEKBaJIKOBOE [aBJeHHe pacnpelensiercs paBHOMepHo no AJuHe
6oukn BaakoB (puc. V.7).

DKcnepHMeHTaNbHbIE HCCAEJOBAHHA I03BOJAHAN O0OCHOBAHHO IO-
NOHTH K pa3paboTKe HHMKEeHePHOH pacyeTHOH MeTONHKH JJs Olpese-
JIEHHST MEXBAJKOBOTO JaBmeHus. [Ipexje Bcero, crago sCHO, 4TO
SMIOPEI MEXKBAJKOBOTO AaBJIEHHA MOTYT OBITh B OOJBIIHHCTBE CJAYYAEB
—— e Ay

1 3}18(1}: ¢opmynu E‘[EY&HH'{ECKHE XapaKTeDHCTHKH NMDHBEAEHDLI B METPHEEECKOH
CHCTeMe, TAK Kak BXoAAmHe B GopMmy/isl KoahHIHEHTH onpelenenbl B 3TOH CHCTEME.
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ONKCAHEl TOJHHOMOM BTODPOH
crenenn (mapaGousoit) '. Bouto
YCTAaHOBJIEHO TaKIKe, UTO pa-
Gouuii BaJOK TNO CXeMme Ha-
rpy»eHus u jpedopMaunuu no-
nobeH Oajake, Jexaileii Ha
ynpyroM OCHOBaHHH.

Yuer cnenudHueCKHX OCO-
GenHoctell ynpyro# iedopma-
LMK BaJIKOB UeTLIPEXBANKOBOIO
CTaHa MyTeM SKCIepUMeHTalb-
HOTO Onpele/NeHus BeJHYHH,

f 7 XapakTepH3YIOIIHX XKeCTKOCTh
BaJIKOB, MO3BOMHJ HOJYUHTh
Puc. V.6. K pacueTy meKBaJKOBOTO JABNeHHS H

ynp}-’roh ',qedmpuauun YeTHIPEXBANKOBOH  cHe- qJOPMY‘HH: TIpHEMJIEMEIE  1Jid

" |
Dan

TeMn HHXXeHepHHX pacuetoB. Pac-
yeTHas CXeMa [0Ka3aHa Ha
puc. V.6; u3 cxemm wumeem [, + Iy = L; I, — Iy = B.

@®opmyast B. T1. [lonyxuua, KoTopele NpMBeNeHBbl HMMKE, HaHLI I8
NOJIOBHHLL JJIHHE GOYKH BaJKOB [B gaHHOM cayuae (cM. puc. V.6) —
I JeBOH NOJOBHHE ], MOCKOJAbKY paccMaTpHBAaeM CHCTEMY BaJIKOB,
CHMMETPHYHYIO OTHOCHTEIBHO CepeAHILl G6ouku., Ilpu atom x H3Me-
usierca ot 0 mo L/2.

B npakTHYecKHX pacueTax yno6HO MOJIb30BaThCs Ge3pasMepHLIMH
BEMHUHHEAMH:

tE = x/L — npuBepenHas aberucca nepeMellaniieincs TOUKH; Py =
= /L — npHBejeHHOE PAcCTOSHHE OT JEeBOTO KoHuna GajKH 1o Ha-
yana pacnpeneneﬂﬂoﬁ Harpysku; P; = /L — 1O XKe, 10 KOHLA pac-
Npefie/IeHHOA HarpyskH.

MeXBaJKOBOe NaBjeHHe Gy (x) [mau g, (E) ] B Touke ¢ nponsBob-
HOil kKoopaunartoi x (E) ompenensem 10 (opmyae:

In () =Gu @) =0+ 72 (* —5) =+ 42, E— 057  (V.20)

M3 dopmynu (V.26) BHIHO, uTO Me:KBAJKOBOE JaBJieHHE MO ce-
penune GOuKH BankoB ¢y (E = 0,5) = a,, Ha xpawo Gouku g, (8 =
= 0) = ay -+ a,.

ITapaMeTpul a, u @, onpeienseM no ¢Gopmynam:

(8252 — 34a) gy, cp — 13 4408500 |
13440 F 29 ’ (V.27)
a=3 (QM cp aa):

TAE Gu.cp = P/L;
Bo= -1 (8% — B3) — 1 (B — Bu) — 20,5 — Bu)"; (V.28)

1 Yga3aHHOE COpaBelJHBO LIS CTAHOB ¢ KOPOTKOR Goukoil BalKOB, a TakKe
aaa cranos THna 1200, 1400, 1700, 2000 u gp., ¥ KoTophix oTHomenue L/Dgy << 2,0.
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Cepedura dovri

Prc. V.7. Pacnpefenesne Me X BaJKOBOTO laBJeHER A gy TPH PASITHYAHYX OTHOLICHHAX
5 .
Dpﬂﬁ/Don M B/L 18 yeTHpPeXBaJKOBMX CTAHOB!

a — 1200 (soMuHansnoe ornowenne Dpa6/Don = 0,31); 6 — 1700 (0,52); ¢ —
2000(0,5); { — B/L =0,5; 2 —B/L=107, 3— B/L=10,9

= PIB;
a:—ll__% zou [ (3260 5 — 385) (e )’
— (5830 pr— — 127) 30 - (2300 51— — 183) | (V.29)

3nech Gpag U Epag, Voo M Eon — Kosbduunentsr ITyaccona u
MOAYJNH YNPYTOCTH MarepHaJoB COOTBETCTBEHHO pabodyero H OMOPHOro
BAJIKOB.

[TokasaTenb O MOMKHO 3alHCATh B JAPYTOM BHJE, €CIH JKeCTKOCTh
OIOPHOTO BaJKa OLEHHBAThb He TOJNbKO OTHomeHHeM L/Dg,, a ydecTs
TaKXe DAacCTOSTHHE MeXJy TOYKAMH TNpHIOXKEHHS peakuuii onop a
(uan PACCTOSIHHE MEXy OCAMH HaXHMHBIX BHHTOB), T. e. BBecTH GoJee
yHUBEpcalbHbii GeapasMepHHIA NOKasatelb dg,L/Diy.

Torga

1—¥6 E L D
. pa6 om ﬂon pab )° _
o= T [(878 £ 1480) (e )

(1440 Aoul +2350) Dpas —|—(618 Goul | 885)]

Idcno.nbsys npuBeaeHHbie (POPMYJIb, MOMKHO PaccyHTaTh MEKBaJ-
KOBOe 1aBJeHHe AJf LHJIHHAPHYECKHX pabouuX H ONOPHHIX BaJKOB,
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OTH (POPMYJBI MOXKHO HCHOJIBL30BATL TAKXKE NPH PACYETAX MEXK-
BaJTKOBOTO AA4BJEHHS B c/ydae, KOIAa MeX1y eHKaMH paGoyux
BAIKOB TPU/IOKEHBl YCHAUS Q, MPHHYAHTEIbHOrO H3ruba (IpoTHBO-
usruba) ankos (puc. V.6). Toraa
. (8252 — 34) g7, ., — 1344080 ]

13 440 + 29c ’

) , (V.30)
@ = 3 (g ep — i) |
' 2Q .
TAE Gu. cp = Q. cp Lp ;
: Qe
By = Bo + -ﬁ;

Q, — ycuaMe UPHHYAHTeJLHOTO u3ruba, NeHCTByIOmEe Ha MEHKY
pabouero BanKa; g — IVIedo NPHAOKEHUS yeuausa Q (cMm. puc. V.6).

Buano, yro npu @, = 0 dopmyast (V.30) o6pawaiores B HopmMyasl
(V.27).

ComnocTapJeHHe PacueTHBIX 3MIOP MEXKBaAKOBOIO JAABJEHHS ¢ IK-
CHepHUMEHTANbHBEIMH [I0KA33J0 XOpOIlee HX COBH2JSHHUE H IHOJATBEp-
IMa0 npuMeHuMocTs gopmya (V.26)—(V.30) aas BbiNOJAHEHHA HE-
JKeHepHHIX PAacueToB.

Cnenyet oTMeTHTb, 4To (opMyasl (V.30) MOryT GHITh HCIIOIBL30BAHLL
C HEeKOTOphIM NPHOJNHMKEHHEM H JJIS PACYETOB MEXBAJIKOBOIO JaB-
JIEHHSI, KOTJa YCHAMs Q, NPHACKEHB MexAy MeHKaMH pabounx
M ONOPHBIX BAJKOB. B 3TOM ciyyae cienyer noMeHaTh sHak @, Ha
GMHHYC.

BakHO YUHTLIBATL BJIHSHHE Ha paclpele/cHHE MEXKBAJKOBOLO
JLABRJEHHS JeHCTBHTEILHOrO npodHaa BaAKOB C YUeTOM HX HaualbHOMH
NpodHIHPOBKH, TENJIOBOTQ PAaclIHPEHHS H H3HOCA.

Cunutast, uTo abCOMIOTHBIE BEMHYHHBL NpOQHJIHPOBRKH (HaualbHOH
H TEIVIOBOH) HJH M3HOCA BAJTKA HECOH3MEPHMO Mafbl 10 CPABHEHHIO
C ero pajHycoM, H MOJb3ysCh NPHHLHMIOM CYNEPNO3HIHH, pellaeM
3Ty 3afady cjaelylomuM ofpasoM.

PasfupaeM BaJOK N0 IJHHE Ha M 4acTeii, paBHux Ax = L/n,
H pemiaeM cHayaja BcroMorareabnylo 3agauy. Crpoum rpaduk 3a-
BHCHMOCTH  {y. memom = | (8), HCHOAMB3YA mis pacyera jJedopmaiiun
cxatun (cOMmKeHHsa ocefl) COMPHMKACAONHXCA UHAHHADPOB (BAJTKOB)
OJHO M3 W3BeCTHHIX peureHuii, Hanpumep pemenue b. C. Kosanb-
CKOTO:

o= (158 (0 2 o) +

1—83 2R,

2 (n 2+ 0,407) ],
(V.31)

rie 8 — nedopmaunsa cikarus (cOMHKEHHEe Ocell) COMPHKACAIOUIHXCS

LWHJIHHAPOB (BalKOB); b — NOJYUIHPHHA NJIOIAJKH KOHTAKTa BAJTKOB,

onpefenseMas no gopmyne

= ng.. —FRiRa .

b=1,128 ]/ ngw 2R (V.32)
—9 , 1—8

g=Az% 128 (v.33)
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3aecs O, u O, E; u Es, R, u R; — co0TBeTCTBEHHO Ko3(du-
uueHTsl [lyaccona, MOAYJNH YNPYroCTH U PaJHYChl COMPUKACAIOIIHXCA
HHIHHAPOB (BATKOB); gy — HATPY3KA HA €IHHHIY AJHHBL LHIHHIPOB
(P/L).

ITox & B mannoMm cayuae noHuMaeMm aGCOJIOTHBIE BeAHUHIIBI MPO-
(UAMPOBKM WJIH H3HOca OOYKH Bajka B KaxkAof dYacth n, T. e. Te
BeJHUHHBI, HA KOTOPbIe HaA0 cOMH3HTL OCH BAJKOB, 4TCOBI OHH COTMPH-
KOCHY/HCh 10 Bcell JiuHe Gouku. Torga ms rpaduka 3aBHCHMOCTH
Ga. memone = [ (8) TMOaydaeM 3HayeHUd MeXBAJKOBOro JaBJeHHA
Que. semon IS KAXKAOH 4acTH 1.

Hanee yMeHbllaeM yCH/Me TPOKATKH Ha BENHYHHY YCHIHA, Heob-
XOAHMOrO 15 cOJMHMKEeHHs] BaJKOB J0 CONPHKOCHOBEHHS HX IO BeeH
naune GOuKH (MJIOILAAb 3THOPBI §u. gemon)- L1OCJAE 3TOTO HAXOLUM
MEXBAJTKOBOE JABJEHHE (y AAA HHIHHIAPHYECKHX BaJKOB H KOppPeK-
THPYEM TOJY4eHHEIe 3HAUEHHS §, (1) B KaXI0H 9acTH 7 HaJloKeHHeM
G (M) U Gy pemow- L1OyHaEM 3MOPY MeKBATKOBOTO JaBNEHHT AN
JEeHCTBHTE/NLHOTO 1IPOQUIA BATKOB,

Ynpyeas deopmayus

PaccMOTpUM CcoOCTaBJsIIOUIHE YIPYTrol AedopMalli BaslKOB 4eThIpeXx-
BaJIKOBBIX cTaHoB. [Ipex/e Bcero crienyeT OTMETHTD, yTo AedopMariy
BaJKOBOTO y3/a B 3HAUHTE/]bHOH CTeNeHH BJAHAIOT Ha KauyecTBO [pPO-
KaTa: Ha ero MOoNepeyHyio H MPOJOJBHYK Pa3HOTOJNIIHHHOCTE H ILIO-
CKOCTHOCTb.

3uech u B pasbpueiiiieM 6yleM passnyarh CJAeAYIOUIME COCTaBJAN-
e ynpyro# neopManHH BaJKOB 4eThIpeXBAJKOBbIX H MHOTOBAa/IKO-
BEIX cHCcTeM (puc. V.8):

Oporué OCH ONMOPHOrO BaldKa Yo (4ia. Ybn — CTPena mporuda
cepenuHbl OOYKH COOTBETCTBEHHO OTHOCHTEJbHO JIHHHH JEeHCTBHA
peakuuil onopsl 4 Kpas GoukH, 1. €. Ha RAHHe BOYKu BajgKal

COBMECTHOE YIPYroe ciaTHe paGouero H ONOPHOTro BaikoB O
(A§ — cTpena HepaBHOMEPHOI'O COBMECTHOTO CXKATHA BalKoB; O, —
CXKAaTHE TIPH DPABHOMEDHOM paclpeleseHHH MEeXBaJKOBOTO JaBJeHHd
Iu — P/L)’

nporu6 ocu paboyero BalKa Ypap bttt y‘gaﬁ ~— COOTBETCTBEHHO
crpena mporufa Ha JiHHe OOYKH W Ha IIMPHHE TNOJOCEHL);

ynpyroe cxkatie paouero Bajika B KOHTaKTe € NOJOCOH Opap
Ab,a5 — CTPela HEepaBHOMEPHOTO CXKaTHf; 8506, — C3KaTHE TIpH
PaBHOMEDHOM paclpefe/eHHH [OTOHHOI HArpysKu, ¢, = P/B).

CoBMecTHOe ynpyroe c:karhe pafouero W OMOPHOro BaJKoOB B 06-
uleM CJyyae HepaBHOMEpHO 10 AJjuHe DOYKH H KauyecTBEHHO COOTBET-
CTBYET XapakTepy paclpeleieHuss MexBajkosoro jnasienus. Cxa-
THe pafouerc BajiKa B KOHTAKTe ¢ M0/J0COH Takxe B obuleMm cayuae
HEepaBHOMEPHO.

[pojosbHasi Pa3sHOTOANIMHHOCTL TMOJOCHLL ONpenessieTcs TEMH
COCTAaBJAIOMWNME YIPYTro# AedopManun, KOTOPHE BBI3LIBAKT (NPH H3-
MEHEHHH YCHJIMs TPOKATKH) CMellleHHe pafouero BajKa Kak KECT-
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Puc. V.8, Ynpyraa pedopMalns deTeipexXBasKosoll CHOTeME

KOTO TeJa OT NepBOHAvYaJbHOTO ero INOJOXNKEHHS, T. €. OINHHAKOEoe
CMellleHHe KPaeB H cepeluHbl O0YKH BaJKka, K TaRHM COCTABISIOMINM
OTHOCATCH: NPOCEJaHHe ONMOPHOIO BaNKa (Yypgc. op — MPOrHG Kpas
60uKH ONOPHOTO Ba/JKa OTHOCHTENLHO JIHHHH A€HCTBHSA peakiuil onop),
paBHOMEDHAs COCTaBJAOMAS 3SMOPsl cOiHKeHHst ocell paBogero u
OMOPHOTO BaNkoB 6, B pPaBHOMEDHAs COCTABJSAIOLAT YNPYIrOro Cia-
THA pabovero Banka B KOHTAKTE C NOJOCOH 8pag.p- DB3aHMHBIM Ha-
JIOKCHHEM YKasaHHBIX TpPEX COCTABJISIOWHX ¥ ONPEIeNseTcs cMe-
enre padoyero BajKa Kak XKecTKOro Tena. 3to cmemleHue (B ofuieM
Cay4yae) MoxeT ObIThb CKOMINEHCHDPOBAHO NPH O/[HOBPEMEHHOH CHHX-

pOHHOIl pafoTe MpPaBOTO M JIEBOTO HAXKHMHBEIX BUHTOB MNPOKATHON

HJTETH.
Ha nonepeunyio pasHOTOMIIHHHOCTE MOJIOCKH, BAHSIOT HepaBHOMED-

Hple 10 JiuHe G0YKH BajKa (MM 1O INMPHHE II0JIOCH) COCTABSAIOMMUE.

ynpyroit gegopManky BajgxkoB. B3aHMHOe HAJMOKEHHE 3THX COCTABJfA-
omux (puc. V.9) u onpefensier npogu/b enu MeXAy Baakamu (npo-
duab akTHBHBIX obpasyromux paounx Bankos). Crpena nporufa ocu
pabouero BaJjKa OTHOCHTEIbHO Kpas GOYKH onpefenseTcs HaJIoxe-
HHeM JABYX COCTaBJAIOIIHX:

y)‘;'aﬁ = ygn + AS. (V.34)

Hanoxennem Ha nporu6 ocu pa6ouero Baika CTPeNnl HepaBHO-
MepHOTO C}KaTHs BajllKa B KOHTaKTe C I0Jocoil onpejensiercsa cTpena
aKTHBHOH OOpasylolleHl BaJka Ha MIHPHHE [OJOCHL:

Aa. B = ygaﬁ s o Aapad- (V.35)

Ipuyem AS,,5 Moxer mubo yBeanyuBate cTpeny nporuba (Koraa
Ab, .6 ONHOTO 3HAKA C Ypa6), 1100, KAK NPABUIO, YACTHYHO KOMIEHCH-
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ey

poBaTh Ypac- Ha puc. V.8 1 V.9 cxe- Gepeduna dams

MaTHYHO TOKA3aHBl 3TH COCTaBJifA- e l‘ o
jomue fAedopmauny, Korga nporud T .
pabouero Bajka Ha WHPUHE TOJOCH!

YaCTHYHO KOMIEHCHPYETCs Hepas- FY.
HOMEDHHIM ~ COBMECTHHIM CXKATHEM N 3| A s
BaTKa B KOHTAKTe C NOJOCOH, T. e. N f,dd;w

Korja cnpaseJJIHBO COOTHOLIEHHE
atr A
B
Ay o= Ypas — Aﬁpaﬁ- (V.SG)

H Puc V.9. BsauwmogeHcTeue cocTasnalo-
Ananua YOpyroK ,[LEClJOpMBlI,HPI wExX ynpyrofi jedopManEH BaJqKOB, BIHA-

BaJgKOB 4YeTbipeXBaMKOBLIX CTAHOB  romux Ha TMONepedHY0 pa3nOTONLIHH-
T03BOJIIET CAENATh CAENYIOWH Bhl-  Fompn monocH (2. O ey Tonan oopa-
BOJ: B OOBLIYHHIX YCJOBHAX NpO-

Katku (B/L = 0,6~0,7) nporu6 paGoueroc BajKa 3aBHCHT HE TOJBKO
oT nporufa ONOPHOro BajiKa, HO H OT HX HEPABHOMEPHOTO COBMECTHOTO
cxarusa. BenepctBue 3Toro, Hanpumep, nporud NHJIHHAPHYECKOTO
pabouero Baiaka Goubmle mporuba onopuoro B crane 1200 B 4 pasa,
B craHe 1700 — B 2,5 pasa u B crane 2800 — B 2 pa3a (npH OXHHAKOBREIX
anaueHuAX B/L u Dp,/D ).

PaccMOTpUM HEKOTODbI® PACYETHRIE METONHKH [/ OupejleleHus
OTAEeMBHLIX COCTABASIONIMX yOpyroii JedopManuy BajkoB (cM.
puc. V.8). _

Pacuer nporu6a OcH ONOPHOTO BaJKa MOXeT ObiTb BHINOJHEH
¢ HCHoJb30BaHHeM HauboJ/iee pacnpOCTPaHEHHOTO pelleHHs, NPenIo-
xeunoro A. M. [enuxobM [dopmynst (V.12), (V.13), (V.18) u
(V.19)] *.

CoBMecTHOe ynpyroe cxartve pafouero W OMOPHOTO BAaJKOB C J0-

CTOYHOH M5 NPAKTHKM TOYHOCTBIO paccyuThLBaeTcs Mo GopMyaam
B. C. Kosannsckoro (V.31) u (V.32). Tounwifi pacuer gedopmanuy cos-
MECTHOTQ CIKATHA BAJKOB MOXKET OBITh BHINIOJHEH ¢ HCNOJ/b30BAHHEM
YHCAEHHBIX MeTojoB H 3IBM. :
" B. Il. TTonyxuusiM OGpl1a pasdpaboTaHa HHXKEHEPHAS METOLHKA
pacuera nporuGa paGouero BaJiKa YeTHPeXBa/JKOBOro crana. Pacuer-
Has cxXeMa oka3aHa xa puc. V.6, HekoTopble 0COOEHHOCTH MOJY4YeH-
HOI'O pelleHHsl OMHCAHH BHILIE.

ITporu6 ocm pabouero BaJKa OTHOCHTENBHO Kpas OOUKH MOKET
6biTh paccuntad no Qopmyne

- _Tﬂ_!_ (2} 42092 k 5{12 2 |
Ypag = % [3[ —(W-i-—g'!—-l-®+—6r)-]—'z@§ ‘

+ ﬂ‘.+_128_k£’1 B — % B — %(E —0,5)% 4- Fﬂﬂ %‘(g — [3}1)4:[’ (V.37)

Ynpyeue ﬁewpﬁm/aw

* B pa6orax M. M. Meeposrua 1 B. A. PoMamenko MoKa3aHo, 4to B paAfe Cay-
uaeB TMpH pacyeTe Mporu6a ONMOPHOro BaJKa OKA3BIBAGTCH HEOGXONHMBIM YUHTHBATH
CMeluieHHe TOYKH IDHJI0KEHHS PaBHOIeHCTBYlonell peakiHy ONOPH OT OCH HAaXKHMHOTO
BAHTa B CTOPOHY GOUKH BajKa,
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= i e

rae BCIOMOTATEeNbHBIE UYJNEeHH ONpeleNdArTCa H3 Bblpa}l(EHHﬁ

I — B — (1 — B

@ =2 ((1 Pl — (I — Pull:
PBH = 1,0 opu £ Pus FBH =0 mpr E< B

ITapameTpsl @y u a, omnpegeasior no ¢opmyaam (V.27)—(V.29).
INokasatens rubkocrn o (cM?/Tc) HAXOAAT Mo POPMYJIaM, IOMYYeH-
Hbrg ga ocHoBe 0B00LIEHNA SKCIEPAMEHTATbHBIX JaHHEIX (Apu L/D ;=
= 0,9-+-2,0):

o =~ b6 _Fon [(27.9 5~ —18,9) (B )’ —

T T8, Epas
— (41,1 DLOH %28,8)%1;?{3—%(15,4%“ 11,3) ] (V.38)

HJIH C YUeTOM DACCTOAHHSA MEXKAY TOUKAMH IIDHIONKEHHA DABHOASHCT-
BYWUIHX DEAKIHH ONOP &gy {(cM. pue. V.6)

1 —92 E ¢ L D 2
o = ___Pf_ﬁ _Ffom opl ( paf ) _
L —8, Epas [ (7,53 D8 5.89 Don

. goel Dpas ol

(10,1 5525 — 9,66) 2% + (4,16 G025 — 4,08)]. (v.39)

HeoGxonuvo ofparute BHMMaHKHe Ha Pa3MEPHOCTh JIOKA3aTens
ru0KOoCTH @', KOTOPYIO C/IeIYeT YUMTLIBATL NPH PACHETE 1o PopMy.ne
(V.37). :

Hacto npu pacuere ynpyrux jeopmannii pabouux BaJKOB ompe-
Aeasor nporn$ cepegunbl 009KH BaJKa OTHOCHTENBHO €€ Kpas (CTpena
nporaGa Bankaj, T. €. OUPENENAIOT Ypag NPH X = L/2 (wau npu § =
= (,9). B atom cayuae dopmyna (V.37) HeCKOJBKO YNPOLIAETCS,
TAK KakK OJHH ee uleH, colepxkamui coMHoxurens (E — 0,5), ofpa-
maercss B Hyab. IIpy onpeseneRun crpessl nporuba Ha [MHPHHE TIPo-
KaTHBaeMoOH IIOJMOCH H3 nporuba pafouero panua B cepeanHe GOUKH
{#e=0,5) BLITHTAETCH OPOrHG era Ha KPal NOJAOCH, T. €. {fpag FPH

-

3aMeTHM, UTO MPoTHO paboyero Bajika, PACCYHTAHHBIL 110 GOPMYIe
(V.37), Bkiosaer B cebg NPOTHO ONOPHOIO H HEPABHOMEDHOE COB-
MECTHOE C)kaThe pafouero M ONOPHOIro BaJKOB.

Jlasi pacuera HepaBHOMEPHOTO YHPYroro cxaTHa paboverc Bajdka
B KOHTaKTe ¢ NoJocod HeoOXOAMMO 3HAThb XapakTep pacnpeneieHHs
HACPY3KH (JaBJEHUSI NIPOKATKH) 110 [MHPHHE noaochl. MsBecTHs! pa-
GoTbl, B KOTOPHIX TDeIOKEHEl METOAH H C/leJaHa NOMBITKA aHAAHTH-
HeCKOI'0 pelieHHs OfheMHOH 3aRauM TIPOKATKH TOHKOH TOJOCHL

B npakruueckux pacuyerax sazaya of ynpyrom cmxaruu pabouero
BajJKd B KOHTAKTE C TOROCOH OBBIYHO pelaeTcsd NpHOAHKEHHO; NpH-
HHMAETCH, YT0 HArpys3Ka N0 IMIMPHHE [OJOCH PACTIPEesieHa pPAaBHO-
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MEpHO (HMHTEHCHBHOCTb HArpPY3KH ¢, = P/B), H 3aTeM pacCuMTHBa-
eTcs ynpyroe cxkathe Bajka. IloHaTHO, 4TO paccuMTaHuas TaKWMM
06pasoM BeaHuHHa Oh,s p B OOIEM cayyae TpeBwllaeT Opag, p.
(eM. puc. V.8); 370 oBCTOATENLCTEO CAEAYET YYHTHIBATE NPH aHATH3E
JKECTKOCTH KJRTH B LEI0M.

Haa npufinmesnoro pacuera 8p.¢. p MOXKHO HCIOJAL30BATE GOP-

MYJNy XHUYKOKa:
. , 16P0La6R has
6paﬁ. P — Rpaé — Rpaﬁ = _'Bp_aAFL; . (V40)

rie Rpss H Rpag — COOTBETCTBEEHO PaJAHYCH palouerc Banka nocie
AeopMauny H 10 Hee; AA — aGconoTHoe 0GKaTHE MOSoCh], Bpap =
= (1 — O3}/ (WE pag), 3aech  Up,5 ¥ Epig — COOTBETCTBEHHO KO3(-
dunrent [lyaccona n MoAyab YIpyrocTa Marepuana pabouerc Bajixa.

Momxnuo 66110 6Bl NPHBECTH W JPYrHe HHMKeHepHble pelteHud (Ha-
npumep, pemenune B. C. KoBaabckoro s UMJIHHAPA H IJIOCKOCTH),
OJHAKO KaKIOe TAKOE Pellleliue JaeT pe3ydbTarel, OAH3KHE K JeHcT-
BHTeNbHLIM, JIHUIL NpPE OMpPEJeJeHHLIX YCJAOBHAX NPOKAaTKH.

Touuplft pacyer HepaBHOMEPHOrO YNPYroro cxarus padouero
BaJKa B KOHTAKTE € 110,10C0H MOMXeT OuhTh YCHEMIHO BHITOJAHEH /b
Ha OCHOBE COEMECTHOrO AHATH3A NNACTHUECKOH JedOpMALHE [OJ0CH
H ympyroit jedopManuu BalkoBs (¢ DpHMeHeHueM 3BM).

Pacuer NPOKATHLIX BAJKOB HA LHKJAMHECKYH) APOUHOCTh

ITporaTHkIe BAAKH B npouecce paBoThl HCABTLIBAIT MJHTENbHOE BO3--
LEHCTBHE MepeMeHHBIX BO BpeMeHH Harpysok. Ecad nukinuecKHe
HANpSKEeHUs, BO3HUKAIOUHE B BajlKe OT STHX RarpysoK, IPEeBbIIIAIT
onpefeJeHHE YPOBeHb, TGO B MarepHalle BAJKOB Yepe3 onpejesieHtoe
YMCA0 IHKJI0B HAYHHAKT HOABJASTLCA MHKPOTPEIHHLE, KOTOpHE, IOo-
CTENEHHO Pa3BHBAACH, BLI3LIBAIOT B HTOTE OLICTPO NMpOTeKaiollee pas-
DYWeRre, 3TD HBJEHHE HA3BANO YCTAJOCTHHM DA3PYIICHHEM.

B So/BIIMHCTBE C€/1Y48€B BEJAHUHHA IHKJIHYCCKHX HaNpPSXKEHHE,
OpH KOTOPHX BO3HHKAET YCTAJOCTHOE pa3pylUeHHe, 3HAYMTENbHO
MEHbLIe BPEMEHHOTO CONPOTHBJEHHA Marepuana Banaka. Ilostomy,
K[pOoMe pacuera BaJKOB HA CTATHYECKYIO IIPOYHOCTb, HEOGXOAMMO OpO-
BOJMTL pacueT HX Ha UHKJHUECKYIO TPOYHOCTH HJH BHIHOCAUBOCTH.

Pacuer HA BBIHOCAHBOCTH OGWYHO TIPHBOAAT B QOPME NPOBEPKH
xoaipuienTa 3anaca NTPOYHOCTH.

Ilpn coBmecTHOM JeficTBHH Waru6a M Kpyuenud ofLidi 3anac
TPOYHOCTH ONpeleasoT no cienyiomel dopmyne:

1= nofe/V ng 1 ni (V.41).
rie n, " Mg — ¥acTHule Ko3(phHIHeHTH 3amaca IPOYHOCTH MO HOP-
MdJdbHEIM HANDPAMXKEHHAM IIDH uwarpbe H KacaTedbHEIM HaMpsKEeHHAM
NpH KPY4YeHHH:

ny=aa f( ;.;: Oa + Vo0 ) _ | - (V.42)
= 1:_1/( ;311 T, + IIFTTm) . (V.43)-
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Tatauna V.4, 3nauvende Maclutabunix (GAKTOPOB NMPH PA3JIHUABX
JAHAMeTPax BAJKA

3HadueHHA EU H E'T npH AHaMeTpe, MM

Hanpamennoe cocroaine
{(MaTepuan)

50 70 100 200 300 400 500

Harn6 (yraepopucras crans) | 0,81 0,76 | 0,70 | 0,64 | 0,63 | 0,62 | 0,61
Haru6 (BHCOKONpPOYHAR JEeTH-
POBAHHAA CTAND); KpYUeHe —
BCE CTAMH . . . . . . . . 0,70 0,66 | 0,62 ) 0,57 | 0,55 | 0,54 | 0,53

IlTpuMeganue. Ong gaameTpor >500 MM L 0,5 — 0,4.

Tat6auuya V.5 IddexruBupie kodhdHUNEHTH KOHIEHTPALUH
(no 1. H. PewmeTosy) npH cTyMeHYaToM mepexofe IUeHKH Bajika B GOuky
(cM. puc. V.10)

)

TIpd oTHOWEHHH r/fdp,
Hanpsxen- G,
soe cocros- | B
HHe 0,01 0,02 | 0,03 | 0,05 | 0,10 |f 0,01 | 0,02 | 0,03 | 0,05
Harnb (kg) Ofr=1 8fr=2
500 )1,35 | 1,45 |1,65] 1,6 | 1,45 | 1,658]| 1,8 1,8 1,75
700 (1,4 (1,6 [I1,7 1,7 | 1,65 | 1,6 1,9 1,95( 1.9
900 | 1,45 | 1,65 (1,8 | 1,8 [ 1,656 1,656 2,0 | 2,05] 2,0
1200 | 1,6 [1,6 [1,9 1,9 11,8 1,7 | 2,15] 2,25| 2,2
br=23 b/lr=25
500 11,9 1,95 |1,95| — 2,1 | 2,156 — —
700 (2,0 2,1 (2,1 - — 225( 2,3 - —
900 |2,1 |22 |2256| — — | 235 245 — —
1200 12,2 |24 |245| — — 250] 265 — —
8jr=1 8r=2
Kpyuenne 700 (1,3 (1,85 (1,45 1,45 | 1.4 1; 1,6 I 1,6 1,6
(kz) 1200 ! 1,3 I 1,4 I 1,5 | 1,65 | 1,6 145 1,7 | 1,7 l 1,75
8/r=23 8/r=25
500 | 1,55 11,6 |165| — — 22 | 21 - —
700 11,6 | 1,7 |17 — — | 23 | 2,15 —
900 | 1,65 | 1,75 [ 1,75 — - 24 | 225| — —
1200 | 1,75 (1,85 (1,9 — = 26 | 24 — s

3necb G_; H T_; — npeiensl BEIHOCAHBOCTH COOTBETCTBEHHO MpPH
H3rube M KPYYeHHH C CHMMETDHYHHIM LIMKJIOM H3MEHEHHs HampsiKe-
HHH A4 rJ1ajkux o6pasuoB. BelHYyuHE 0_; ¥ T_; MOXHO ONpee/HTh
H3 crepyoomux coorrowenudi (mo A. H. HenuxoBy #H B. B. Cmup-
HOBY): 0 = (0,45-+0,55) 0,; 7., = 0,60_,. MeHbIUHE 3HaueHHSA
OTHOCATCA K BASKUM CTanaM, OOJbiiMe — K TBEpAHIM H XpYnKuM;
0O, H T, — aMILUIHTYAbl LHK/A2 HanpsKeHHA NpH u3ru6e H KPYyueHHH;

214

Y
- 98 73 3,%,.____
1 oA
. 7é1—
S ] ol | 5 T
—) a0 00 dop 1000 1200 #4400
;‘ 6. Ma

Puc. V.10, Crynmemuarmft  Pue. V.11, 3aBHcuMOCTb KOS(OHIHEHTa Ka4CCTRA NOBEPXROCTH 3
nepexon WeHKH BalKa B ot cnocofa MexanK1IecKoll o6pafoTkn H BPEMEHHOrO CONPOTHBIIE-
GouRy HufA O, MaTepHand BajKa:
| — nosmposka; 2 — ToHKoe wandoBanHe; 3 — TOHKOE oGTa-~
yuBaHMe; 4 — rpyboe obraumpanne; 5 — HeobpaborayHasi TO-

BEPXHOCTh ¢ OKaJHHOR

Om W Ty — CPelHHE HANPSKeHHs LMKIA NpH H3rHGe M KPyHeHHH;
g, H &, — MaciuTabuple HakTopel NpH H3THGE M KPYYCHMM, YUHTHI-
BalomMe BAHSIHHE pa3MepoB ceueHHsl Badka (rab6n. V.4); &, u ki —
s(exTHBHEE KO3((HLHMEHTE KOHIEHTPALHH HAlpPSXKEHHi NpH H3-
rube W KPY4eHMu B CTYNEHYAaTOM MEPEXONie LIEHKH BajKa B 60UKY
(trabn. V.5 u puc. V.10); Pg ¥ P, — KO3QPUUHEHTE, XapaKTepH3yro-
IIHe YyBCTBHTENLHOCTb MaTepHata K aCHMMETPHH IHK/a Hanpske-
Huit. OGHYHO NPHHHMAIOT AN YrAE€POIMCTHIX cTanedt P, = 0,1--0,2;
¢ = 0--0,1; nas merupoBanubix P, = 0,2-+-0,3 B P, = 0,1--0,15;
f — kosduiHenT kauectBa 06pafOTKH MOBEPXHOCTH (PHC. V.11).

3anacH TPOYHOCTH IS BAJKOB HA OCHOBE BhIPANEHHIl (V.41)—
(V.43) onpeaeasioT B ONACHHIX CEUEHHSX 1O CJAEAYIOMHM (hopMy/TaM.

B cewenut no 6o4ke ONOPHO20 6aAK@ (OTCYTCTBHE KpY4€eHHU)

n = Pe,0_1/Omaxs . (V.44)

I'l€ Ogax — MAKCHMajbHOE HamnpsixeHHE LHKJIa MPH usrube.
B ceueruu no werike ONOPHOZ0 6a4Ka B Mecte mepexona B GOUKY
(oTcyTcTBHE KpYYeHHA) -

n = Pe,0_1/£sCmax- (V.45)

B ceuenuu. mo wedke Banka:
npu pesepcusHol pabome cmara (HanpsKeHHS Haruba ¥ KpydYeHHH

M3MEHAIOTCA TIO CHMMETPHYHOMY ILHKIY) )
ng= (ﬁs-to-—l)f(kuo'max); Ny = (ﬁatr—l)f(ktrmax): (V.46)
npu Hepesepcusnold pabome cmana (HanpsKeHHs: H3rHGa H3Me-

HAKTCA N0 CHMMETPHYHOMY IHKIY, 8 HalpsiKeHHs KpPyuyeHua — Mo
NyJaAbLCHP YIOLIEMY)

€40 T
S : : (V.4T)

kgOmax ke L ) Tmax

il N 2

[A€ Ty — MAKCHMAJAbHOE Hamps)KeHHe LHKJa MPH KpyJeHHH.

B ceueHHH TpPHBOAHOIO KOHLA BaIKa:
npu pegepcusHotl pabome cmana

n= ﬁE:T-lfk':Tmax;

(V.48)
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npu HepegepcusHol pabome cmada

n=1,4 / ( ;;T + q-.,) s (V.49)

3anac NpoYHOCTH 17151 YYI'YHHBEIX BaJKOB TAKMKE MOKHO ONPEAGTHTD
no cdopmyne (V.41), o ¢ ywerom xosppunnenra K,

o Nghy
ne K —ater, _ (V.50)
rae. K, ~ 0,85--1,0 — KoadxpullHeHT, 3aBHCALIHH OT OTHOIIEHHH
O_3/T_y H Tmax/Omax (m0 C. B. Cepenceny).

_ INockoibky 4YyryHHbIE BAJIKH Man0 YyBCTBHTEIbHH K Halpe3aM
H KadecTBY MOBEPXHOCTH, s HUX nmpuHHMaT K, = K; = B = 1.

Boiuycneuunle 1o ykazayueM QopMynaM 2amachl NPOUHOCTH HE
JIOJDKHBL TIPEBBIMIATE MHHHUMAJBHO JOMYCTHMBIX 3aMacoB IPOYHOCTH
Mmin- !

Jlns BANKOB MOMKHO TPHHATE Mgy, = 1,3—-2,5 (me C. B. Cepesn-
CeHY); mpPH 3TOM MEHbUIHE 3HAYEHHsI BBHIGHDAIOT NPH BHICOKOH JOCTO-
BEDHOCTH OTIpeNe/IeHus HANPsKEHHH W MeXaHHYeCKHX XapaKTePHCTHK
Marepuana, a TAKHKe npi ero oAHOPOJHOCTH, GoJbITHE — IPH MOHH-
FKEHHOH TOYHOCTH pAacyera, OpHEeHTHPOBOYHOH OLEeHKe MeXaHHYeCKHX
‘CBOHCTB, TOHHIKEHHOR OJHODOJIHOCTH MaTepHana (JAHTbE) H IJIA
BaJqgoB AHamerpoM 500 wmwM.

KoHTakTHBIE HaOpsiKeHHs B BaJKax

ITpoxaTHbe BaaKH paBoTaloT B YCJIOBHHAX COBMECTHOTO AEHCTBHSA OCTa-
“TOYHBIX, KOHTAKTHBIX, H3THOAIOMIHX HANDSKEHHHA, TENA0OBHIX Harpy-
30K M KPYTAmMEro MoMeHTa.

Tm.quﬂ/]ﬂ’
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Puc, V.12. Pacnpege/leNne MakKCHMATLHHX Ka-
«CATE/IbHRIX HaNpszKeHHH - (B ceuenusuXx Ha-

nGONBLUIX 3HAYEHAA Ty, ) B KOHTaKTe padouero

BaJKa ¢ N0J10COH (/) ¥ C onoplbiM BadKomM (2) npH 2 ™~
X0JMomHOH NMPOKaTKe CTanH UBKHOE neproit KJIeTH b%y : ! /
yeTHpexnajJKoBoro c¢rana 1700 (50031300

X 1700 wm) e/

Puc. V.13. Cxema KonTtakra palbouero u ono
. V.13. PHOTO BEJKOB JNA ODPeNe/eHHs [aBJje
WHpHHE NJACIATKH KOlTEKT2 BaJKOB . L RABTERREL 1D
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HanpsixkeHnss B Bankax MOMHO pas-
JeNHTE Ha JIBE IPYyNNBL

1) BO3HHKAIOIHE B IPOIeCcce H3TOTOB-
JeHHs BaNKOB TJaBHEIM o6pasoM B peé-
3yabTate TepMpueckoi oOpadoTku (oc-
TATOUHBIE HaNpsMXKEeHHs);

2) BosHHKalolHe B TNpONecce 3IKC-
miyaTanuu., DT HaNpsizKeHHA BHI3BaHbI
IBYMsi haKTOpaMH: CIJIOBBIM (YCHJIHE NpO- .

KATKH, HATSKEHHe NOJMOCHI, KpYTALIHE D v T ino nao-
MOMEHT) M TENJOBBIM (HArpeB BAKOB 33  WaAKE KOHTAKTA palouero i oro-
cuer Temsd, BRUIENSIOUIErocsi B mpoiuecce  HOTC P

miaactThueckoll geopMailHH IMPOKAThIBA-

eMOr0 MeTafia, W oxXmaxgenns ux Bopoi). Hsrub BaNKOBOH
CHCTEMBI, OOYCNOBJAEHHBI — yCHAWEM IIPOKaTK4, KaK mnpaBuao,
OKa3LBaeT BAuAHHE Ha [POYHOCTL OOYeK M INEEK ONOPHBIX
pankos. Ha croiikocTh paounx BaAKoB HAHOOJbLIee BIHAHHE
OKA3LIBAIOT KOHTAKTHBIE HAINDSKEHHs, KOTOpBIE OCOOEHHO BEIHKH
NpH X0/J0AHOH npoKaTKe (HHOT/a OHH IOCTHUraloT Mpejesna YCTANOCTHOH
NMPOYHOCTH MarepHana Bajka). B aroM u 3akmiodaercs IJaBHAA
npHUMHA HH3KOH CTOMKOCTH pabovyHX BaakKOB H BHIXOA HX M3 CTPO:
B pe3ysbTaTe MOBEPXHOCTHBIX paspyluenuil. MakcHMaabHhle KOHTAKT-
HbE HANPAMKEHHS Tmex BO3HHKAIOT, KAK MPABWJO, HE B 30HE B3AHMO-
HEHCTRHS BajlKa ¢ TPOKATHIBAEMbIM METAJIOM, 8 Y NOBEPXHOCTH KOH-
TakTa paboyero # ONOPHOTO BAJKOB, TAK KaK Npi OAHHAKOBOM YCH-
UM TJIOILATE KOHTAaKTa Mexay pabGounM ¥ ONOPHLIM BajJKaMH 3HA-
YHTeNLHO MEHbIIe IIouaad KOHT2KTa pabouero BaJKa ¢ MPOKaThl-
paeMbM MeTannoM B 3ome nedopmauun (puc. V.12). O6parnas Kap-
THHA HaGIOLAeTcs JHINh MPH TPOKATKE [OJOCH, MMHPHHA KOTOPOR
3gaUHTENbHO MeHbIIe IJHHE GOYKH BaJKOB.

Jlis npHGAMKEHHOTO PacyeTa KOHTAKTHHIX HANPSMEHHH HCIONb-
ayioT Teoprio I'epna—BesseBa o cxaruu JByX MNIaJKHX IHIHHADOB
6eCKOHEYHOH JJIHHBI.

[Mpy mnepBoHauaJbHOM KOHTAKTE BaJKOB [0 JIHHHH (o Bced
JIMHE 60YKH) 1noj AefCTBHEM YCHJAWS NPOKATKH NPOUCXOUANT ynpyroe
cxaTHe BAJKOB M TOAB/ISIETCS TMOJOCA KOHTAaKTa LUMpHHOH 20
(puc. V.13), KOTOPYIO paccuuTHIBAIOT NO QopMmyJe (V.32) u (V.33).

Smiopa pacnpefe/ieHus JaBIeHU{ N0 WHPHHE WIOMALKH KOHTAKTa
paGoyero H ONMOPHOro BaJKOB MPHHATA (MO Tepuy—DBeasiesy) 3m/un-
tuueckol (cM. puc. V.13). MakcumanbHOe JaBJeHHEe HAXOIUTCH B CE-
pellHe MJOWALKH H PaBHO

2 Gn 2P

CypraeM, YTo AJHHA TUIOMAJKH KOHTAaKTa OECKOHEYHa; B 3TOM
cAydyae HanpsiKeHHs] He 3aBHCAT OT OCEBOH KOOPJHHATHL 2.

MaxkcuManbHple HAamnpsiKeHHss BO3HHKAIOT B TOYKAX, JeKallHX
B maockocTH x—y (pue. V.14), B Kotopoift JefCTByeT MakcHMAaJAbHOE
nasjienne p, (npu y = 0).
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Jlnst 3THX TOWEK 3HaueHHA HANPSIKEHHHA DACCYHTHIBAIOT 1o Gop-
MyJam:

R 1 .

Oy = pﬂym/b—)-z)

o JA20myp o ox].

LA 0[V1+(x/b)3 2*’]’ (V.52)

0; = —pp2p [VT(X/W — %] ;

Ty = Ty = Tz = Ty = Ty = Tzy =0.

CnegoBarenbHO, A TOYEK, JIEKAUHX B IJIOCKOCTH CHMMETPHH
JBYX CONPHKACAMOWHUXCA UHIAHHIPOB, Oy, Oy, 0, ABIAIOTCA INTABHBIMH
HOPMAaJIbHEIMH HAnpsaXeHUAMH. YToGH onpele/NHTh 3anac mpoyHOCTH,
HeOGXONHMO HAHTH SKBHBANEHTHOE HANPAMXKEHHE, BOCIHOJb30BABIIHCEH
OJIHOH H3 TEOPHH NPOYHOCTH. B NaHHOM CJyyae MOMKHO NPHMEHHTD
TPETbI0 TEOPHIO MPOYHOCTH, T. €. TEOPHI0 MAKCHMAJbHEIX KaCATeNh-
HbIX HanpsiKeHHf, COIIaCHO KOTOPOH SKBHBAJEHTHOE HANDAXKEHHE
OmnpefeNnsercd Kak PasHOCTh MAKCHMAaJBHOI'O O; H MHHHMAJIBHOTO Oy
IVIABHBEIX HOPMAJbHBIX HaNPSAKEHHH: Oapp = 07 — Os.

Hs puc. V.15 BupHo, 4To HamGoAbLIAs DPa3HOCTh IMIABHEIX HOP-
MaNbHEIX HAMPSXKEHHH HAXONHTCH HE Ha TOBEPXHOCTH BajKa, a Ha
HEKOTOpPOH IJyOHHE OT Hee, Ie MaKCHMAJILHEIM ABJAETCH OKPYIKHOE
HampsidKeHHe Oy, MHHHMAJbHBIM — pajgHaJbHOE HANPSKEHHE O,.
Pacuersl ¢ HCIOMb30BaHHEM TEOPHH MAKCHMAJbHEIX KacaTeJbHBIX
HaMpsiXKEeHHH II0KAa3LIBalOT, YTO KOOP/HHATA HauGoJiee HaNpsAKEHHON
Toukn x = 0,786.

[logcraBuB 3TO 3Hauenue x¥ B ypaBneHus (V.52), noaydum

a, = —0,78p, = a3;
o, =—0,18p, = 0y; (V.53)
g, = —0,288p, = o,

OTKyla
Oogpg = 01 — 03 = Osﬁpo-

MaKCHMaJIbHOE KacareJibHOe HalpAXKEeHHE
Tmax == (Txy)max = Uam:.'"2 == 0.3;’)0-

U3 cucremur ypasrenuit (V.52) BHAHO, UTO HanpsKeHHOE COCTOS-
HHe HauGoJiee HarpyKeHHEIX TOYEK 30HBI KOHTA4KTa BaJKOB — TPex-
ocHoe cxkaTie. Oco6eHHOCTb TAKOTO HANPSKEHHOrO COCTOSHHSA 3aKJIIO-
4aercs B TOM, 4TO €CAHM abCo/OTHAas BEJIHUHHA CXKHUMAIOUIEro Hanps-
JKeHHSl 0y = 0y CTaHer GoJblle Moj ACHCTBHEM KaKOTo-lHGO Apyroro
(pakTOpa (HampUMep, OT TEMIEPATYPHHIX W/IH OCTATOYHHIX HamnpsKe-
HHIi), TO Pa3HOCTb O — O3 HJIH HKBHBAJIEHTHOE HANPSKEHHE, YMEHb-
IIATCA, B pPe3yJbTaTe 4Yero BO3PacTeT 3alac YCTaJOCTHOH HPOYHOCTH
NOBEPXHOCTHOTO CJIOSl BaJKa.
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Ipu BwBoge ¢opmya Iepua— Tmax=030
Bensepa GBUIH MPHHATH C/EAYOLHE 2
JIONTYIIEHHs: JUTHHA TUIOMAAKH KOH- m
TaKTa ABYX LHJIHHAPOB OECKOHEYHA: Y Py 95, ey
yCH/IHE TIO €e JUIHHE He MEHSIeTCH H =
KacaTelbHble CHJBl TPEHHH B 30HE
KOHTaKTa OTCYTCTBYIOT. B peainb- = b s
HEIX YCJOBHSIX TPH TNPOKaTKe Ha 6y 5
YeTHIPEXBAJKOBOM HJIH MHOTOBAJKO- 5 55
BOM CTaHE MEMJYy OMOPHBIM H pa- 6:

GounM BaJKaMH JeficTBYIOT Kaca- 7y |

TenbHBIE CHJIEl TPEHHA H, KpPOMe
TOTO, COBMECTHOE JEHCTBHE  H3- .
ru6a W YNPYroro cxKaTHs BaJIKOB L 4p
NPUBOAHT K HEPaBHOMEDHOMY pac-
NpejIesIeHHI0 MeXBaJKOBOTO JaBJe-
HHS 0O JJIHMHE HX KOHTAKTa.

Banande KacaTeNbHBIX CHJ Tpe- )
S Ba HATPMNGHHOC COCTOSHNE  Ent, Vo, PRrRCicionse, ISmtins
BaJIKOB BRIpAX>KaeTcsi B IIpHﬁ.TIH}KE' GuHe BalKa
HHH TOYKH € HauGOJLIIAM Kaca-
TeJILHEIM HATIPSYKEHHEM U3 TIYGHHBI K TI0BEPXHOCTH CONPHKACAIOMHUXCA
Tell ¥ B BO3PACTAHHMH BENHYHHB 3TOTO HAMPAXKEHHs C YBEIHIEHHEM
kosdunmenta Tperns p (puc. V.16). MakcumanabHOE MEKBAIKOBOE
NaBAeHHe MOMKET MPeBLIIATh CPEHEe B 1,56 paza u Gonee.

CrenoBaTelbHO, TPH ONpEAENEHHH P N0 (opmy./ie (V.51) u mo
dopmyae (V.32) Heo6X0AMMO OPHEHTHPOBATHCA HA MAKCHMAJbHLIE
3HAYEHHS Gy MO JIHHEe GOYKH (C y4eToM AEHCTBHTENLHOIO npoduas
KOHTAKTHPYIOLIHX BAaJKOB). )

C yueroM 3THX MNONPaBOK M YTOYHEHWH NpHMEHEHHWE TEOpHH
I'epua—Dbensesa Aas MpakTHYECKHX PAcyeToB B GO/BIIHHCTBE CJIY-

gaeB OnpaBraHo.

A

Timax, Md .
70 350 200 250

Paccmasuie om nobeprroemi
fanra
%
Ed

ﬂ,m‘ﬁ i

YHHY H XaPaKTep

Pue. V.16. Bananne Kosdduunenta TpeHHs |1 Ha BEJH .

pacnpefeneHus T, B CEHEHHAX HaHGOMLWHX 3HAYEHHH T, (ycao
BHA NPOKaTKH Te Xe, 4TC H 1AfA PHC. V.12)
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TaGauua V.6 Jonyckaemsie KOHTAKTHbIE HANDAXEHHA B 3aBHCHMOCTH
OT TEEPAOCTH MOEEPXHOCTH GO4KH ONOPHOro BAajKa

TeepaocTs Jonyckaemoe Jonyckaemoe

MaKCcHMa bHOE SKBHBAJCHTHO®

AaBaeHne HaMpAXEHne

no Bpuuenmo no HOlopy | no Pokpeady [po]. MIla [Caup] MIla
170 30 17 1600 950
250 40 28 2000 1200
350 60 39 2200 1300
5560 85 57 2400 1450

Kowurakruple HanpsiKenHs IOMKHB ObITh He OoJblie IONyCcKae-
MBEIX, KOTOPbie BHIGHPAIOT ¢ y4YeTOM MaTepuana W TBepJOCTH BaNKOB.

Ha ocHoBauuM TpakTHUECKHX JaHHHIX (TaGa. V.6) MoxHo, Ha-
npuMep, BLIOpATh JONYCKaeMble HAMNpAMEHHA B 3ABHCHMOCTH OT
TBEPAOCTH TOBEPXHOCTH GOYKH ONOPHOro BajkKa.

Panee 6piia oTMeueHa OCOOEHHOCTh HANPSAMEHHOTO COCTOSHHSA
B KOHTAKTHOI 30HE MPOKAaTHOIO BalKd, KOTOPas 3aKJOYaercs B TOM,
YTO eC/H CHKHMAIOLLee HarnpsiKeHue 0, YBeJHYHBAeTcsl Mo abCoMoTHOMH
BeJIHUHHE noj jeHcTBHEM Kakoro-iaubo Qakropa (HampHMep, OT TeM-
NepaTypHEIX HampsKeHHH), TO Pas3HOCTb O; — Oy (HJH SKBHBA/EHT-
HOE Hanpsi’KeHHe) YMEHBIHTCS, B pe3yJbTaTe 4ero Bo3PacTaer 3anac
YCTAJMOCTHOR NPOUYHOCTH MOBEPXHOCTHOTO CJOA.

ITpu u3MeHeHHH SHaKa NOBEDXHOCTHEIX HaNpsiKeHHH H yMeHb-
1eHHH abCcoMIOTHOH BEJIHYHHEL 0; 3a0aC YCTAMOCTHOH MPOYHOCTH MOMKET
ymenbmnTes, TakuM ofpa3oM, ReHCTBHE NOMOMHHTENbHBIX Temmepa-
TYPHBIX HANPHAMKEHHH MOMKET 0Ka3aThCsl PelualomuM IS NPOYHOCTH
BaJIKOB, Jla)Ke€ ecqM 3TH HafpsiKeHHs B CPaBHEHUH C KOHTAKTHBHIMH
HEBeJHKH. DKBHBA/JAEHTHOE HAMDSMEHHE MOMKET MPEBbICHTL Hpejen
YCTaT0CTHOH NPOYHOCTH MATEPHAJIOB BAJIKOB, UTO NPHBEAET K Mpemje-

BPEMEHHOMY MX PaspyIUeHHIO (BHIKPALUMBaHHIO, TPENIHHAM, OTKOMAaM) .

M BBIXOLY M3 cTpOf.

Ecnu remnepaTypHbie HAaNPsSYKEHHS B MNOBEPXHOCTHOM CJIOE CXKH-
Maillie, TO OHM OKasuBawoT O1aronpHATHOE BO3AeHCTBHE Ha MpoY-
HOCTb BaJKOB. M Hanmporue, €clH OHM DAacCTATHBAIOUIHE, TO 3KBHBa-
JIEHTHOE HampfXKEHHe BO3PACTaeT, & 3anac YCTaMOCTHOH HPOYHOCTH
CHHMKAeTCH.

Ha cranax ropsdYeil MpoKaTKH KOHTAKTHLIE HaNpsKeHHA OOBITHO
MEHbIIe, 4eM Ha CcTaHaX XOJOJHOH MPOKATKH, H3-3a MEHbIIEro Compo-
THUBJEHHA MeTalJa njacTuyeckod neopMalHy NpPH BBICOKHX TEMMe-
patypax. OnHako B cBA3H ¢ 6OMLUIOH TeMIEpaTypoil MPOKATEIBAEMOr0
MeTa/JIa H MOBEPXHOCTH GOUKH H 60J€€ 3HAYHTENbHEIMH KONeOaHHAMHU
TeMmepaTypsl B IepHoj paboThl TeMMepaTypHele YCAOBHA pafoThl
BaJKOB 3THX CTaHOB OoJiee HanpsiKeHHbie,

TemnepaTypHele HaNpsKEHHs] BOZHUKAIOT B BalKax MNOJ AeHCTBHEM
HEPaBHOMEPHOTO 10 CeYeHHI0 BaJKa TemneparypHoro moas. Tew-
neparypa B JoG0H TOYKe NPOKAaTHOTO BajiKa MOMET OBITb paccyn-
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Tama B peayabTare pemeHus AudhepeHuHanbHOro ypaBHeHHS TEIIO-
NPOBOAHOCTH.

HccseloBaHHA MOKa3alH, YTO 33 HCKJIOYEHHEM IOBEPXHOCTHOTO
cnost tommunoit <1 % or pajmyca GOYKM, OCHOBHAas 30HA BaJaKa
HMeeT oCecHMMETDHUYHOe TEMIepPaTypHoe IoJe.

[TostoMy OCOGEHHOCTh PEIEHHs An(p(epeHIHaIbHOTO ypaBHEHHHA
TEIMIONPOBOAHOCTH IS 3TOTO CHyYas 3aK/IOYAETCd B TOM, 4TO pe-
IIeHHe NPEACTABJSIOT B BHAE CYMMBI JIBYX COCTaB/SIOUHX: OCECHM-
METPHUHOR U HEOCEeCUMMETPHIHOH. OcecuMMeTpHYHOE TeMIeparypHoe
1oJIe 3aBHCHT OT PHTMA NPOKATKH, PexHMa H Crnocoba oXJamieHHd
BAJIKOB, a HEOCeCHMMETPHYHOE — OT 4YacTOThl BpAalleHHA Banka H
Xapakrepa IPaHHYHBIX yc;nom{ﬁ: YIJ0B YCTaHOBKH IIPOBOJOK, IJIO-
Imajax KOHTaKTa ¢ I10JI0COH H T. X.

2. MONWMITHUKH MNPOKATHBIX BAJIKOB

TlofuMNHAKK ONOp BaldKOB NPOKATHHIX CTAHOB TNepefaioT YCHJHs,
BO3HHUKAOIMe NpH AepopMalHH METalna, T BaJKOB Ha CTaHHHY H
Ipyrue ya/ael paboueil K/eTH H YIepMKHBAIOT BAJIKH B 3a]aHHOM MMOJIO-
JKEHUHU.

OcoGeHHOCTbI0 paBoThi ITHX TOAMWIHIHHKOB SIBJISETCH BBICOKAS
yAenbHas Harpyska (B HECKOJBKO pas mnpeBhlllalomas Harpysky
NOAMKMIHAKOB 06IEero HasHauyeHHd), KoTopas of6ycaoBJAeHa CpABHH-
TeJbHO MaJLMH rafapHTaMH IUEHKH Bajka H OOJBIIHMH YCHIHAMH
npokark. K Be6OpY MaTepHaId MOMLUHITHHKOB NPOKATHLIX BAJKOB H
MX KOHCTPYKIHH NpelbsBJAlOT ocobme TpeboBanns. B Hacrosmee
BpeMsi /11 IPOKATHLIX BAMKOB MPAKTHYECKH NPUMEHSAIOT NOJIUHIHHKH
TpPeX THIMOB: NONUHIIHHKH CKOJBXEHHS C HEMETaJJIHIeCKHMH BKJIA-
npmavy, nomuanHuke xuakoctHoro Tpenus (IDKT) u moamunHHKH
KayeHHs.

MoxniMNHHEKE CKONbXeHH# OTKpPLITOro THNA

Mo KOHCTPYKTHBHOMY HCIOJIHEHHIO - IONUIMIHHKE CKOMbKEHHS G-
BaloT ABYX BHIOB: OTKphiThe  3akpuireie (IDKT). BriGop nogmHnuu-
KOB TOTO HJAH HHOTO BHIA 32BHCHT OT KOHCTPYKUHH KJETH, YCHIHH
npoKaTkH, TpeGyeMoH TOYHOCTH Pa3MepOB MPOKAaTa H PHAjd 3KOHOMH-
yecKHX (PaKTOpOB.

Pafoyell u4acTblo MOMIUHITHHKOB CKOJbXEHHS OTKPHITOTO THIA
sBJIsI0TCA BRIagbuH. Brifop MaTepHana JJiA BKJAABIIA 3aBHCHT OT
HATPY3KH HA NOMANIHIHHK H KOHCTPYKTHBHHIX OCOGEHHOCTEH CTaHa.

Jl1s M3rOTOBJIEHHS HEMETaJJIHUECKHX BKJIAIHIICH NOAUIHMHHKOB
NPHMEHSAIOT TEKCTOMHT, JHTHO(GOAL HIH JIHTHOCTOH.

[ToAIIMIHUKHE CKOJb)XEHHA OTKPLITOrO THNA BBHIMOJHAIOT B BHiE
HaGopHHIX BKJAajblllled HJIH NelbHOIUTaMNOBaHHBIMA. HOI[H.IHHHHIEH
CKOJIbIKEHHS ¢ HEeMeTa/MIHIeCKHMH BKJAaABIIAMH OXJaxJIalT BOJIOH.
Koshhuunent TpeHHs TEKCTONHTOBHIX MOAWHIHUKOB PaBeH 0,004—
0,006.
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OcHOBHEIM HEJIOCTATKOM NOJIIHITHHKOB CKOJBIKEHHS C HEMETAIH-
YeCKHMH BKJa/pllllaMH SIBASIETCH HX BbICOKAas ynpyras aedhopMaiis
H HH3KHE AONYCTHMBIE YAedbHbE faBjaeHus. Ilostomy OHH HaXoAsT
NpHMEHEHHE B CcTaHaX ¢ HeGOMBIIMMH YCHJIHAMH IPOKATKH U HEBhI-
COKOH TOYHOCTBIO NPOKATHIBaeMBIX MNpOpHIeil.

MNopmMNHUKH CKOMbXEHHSA 3aKpbITOr0 THRA —
NONIUHTMHHKH HAKOCTHOTO TpEHHA

IDKT B nocaexnue rojpl IHPOKO NPHMEHSIOT B MPOKATHBIX CTaHAX.
Oco6eHHOCTBI0 3THX NOAMIHNHHKOB SBJSETCA TO, YTO HE3aBUCHMO OT
ycaoBHH paboTel (IPH HEGOMBLIMX YJIeNbHLIX JaBJAeHHAX H Jaxe He-
GOMbIIMX CKOPOCTAX CKOMLMKEHHS INeHKH B NOMMIHIHHKE) MeXAY
TEIOM IIeHKH H MaTepHanoM NOIIIHITHHKA BCErAa COXpaHAeTca (He
BBIJABJAHBAETCS) Mac/AsHas IVIeHKa, B pe3yJbTaTe 4ero Inelika kak Onl
nnasaer B nojmunuEnke. CocTosiHHE KHAKOQCTHOTO TpeHHA ofecne-
YHBAETCA B HTHX NMOAIIHNHHKAX OJiarojaps THIATENLHOH (3epKanbHOMH)
o6paboTKe TPylluxcA JeTalei H COBEPINEHHO 3aKPHITOH (FepMETHY-
HOH) KOHCTPYKUMH caMoro nogmunuuka. [Ipu Bpamenuy eHKu BajlKa
B TAKHX MOAMMIIHHKAX el NIPUXOJMUTCH NPEOJoJIeBaTh He3HAUHTENbHOe
TPEHHE B Mac/AsHOH NJeHKe, 3aBHCsIIEE OT BA3KOCTH Macia.

HanGonee pacnpocrpanenubiMd [DKT npokaTHEIX CTaHOB $iB-
JAIOTCA NOAWHIHHKH THAPOAMHAMHAYECKOro tuna. bBaaropgaps Bbico-
KO# TOYHOCTH 06paboTKH H MaJjoH 1epoXoBaTOCTH NOBEPXHOCTH BKJa-
JBIIIA H Nandbl, a Tak:Ke XOpoIeH O4YHCTKE Macja TPYIIHecHd HOBepx-
HOCTH B NOJNIMNHHKE BCETAA pasjieNeHEl TOHKHM cjoeM cmaskd. Conpo-
THBJIEHHE BpaleHHI0 Landel OKasHBaeT TONBKC BHYTPEHHEE TpeHHe
(Bsi3KocTb) camoro Macaa, nosToMy Koaddumuent Ttpenus [DKT
pecbMa HesHauurtesnen (0,001—0,005, T. e. MeHpIe, 4eM B DPOJTHKOBBIX
NOIIMIHAKAX), a H3HOCA TPYIIHXCA [OBEPXHOCTEH MPAKTHYECKH
Her. IlpH npaBuiabHOR 3Kcnayatauny goaroseqrocts IDKT cocraBaser
10—20 net, T. e. BO MHOTO pa3 GoJiblle, 4eM POJHKOBHIX MOJIURMHH-
KOB KaueHHs. '

CyuiecTBeHHHM TNPEHMYLIECTBOM Nepel IOCAERHHMH HBJISETCH
takxke U 10, uTo IDKT ocoGenno xopomo paGoralOT NPH BRICOKHX
yacToTax BpamenHus uandb, TaKk KaK ¢ YBEJHYEHHEM YacToThl BO3-
pacraeT MX Hecymas cnocoGHocTe [cM. dopmyny (V.54) 1.

PaccmMoTpum npHHIHOHANBHYIO H pacyetHylo cxemu IDKT
(puc. V.17). Hdas obecrnevenusi cBoOOJHOTQ BpalleHHs nande ee
auamerp d, JAenaloT MeHblle NHaMeTpa BTYJKH — BKJAajuiua d, Ha Be-
JAHYHHY ABYX pajuatbHBIX 3a30poB 28mxkr, T.e. dy — dy = 20nxr
(puc. V.17). :

B nonoxenun noxkos nanda, HarpymeHuas BHemrHel cuJyofi Y,
JIEXHT BO BKJaajbillle; UEeHTp nandgel CMelleH BHH3 Ha BEJHUHHY pa-
JHaJbHOTO 3a30pa OSpyr = rp, — ryy. [pH Bpamenun nandul cMaska,
nojaBaemasi noj pasienuneM 10—20 H/cm®?, sarsaruBaercsi B CYXKH-
BalOIIMACH 3a30p Mexay uandoi H BKAagsiuem. Maclo Harmeraercs
B 00pasylouiHicA Mac/AsHbIH K/IHH; [aBJeHHE B KJAHHE C YBEeIHYECHHEM
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Puc. V.17. TlpuHnunuanbHas ¥ pacuerHas cXeumu IIDKT:

a — nanda ne ppamaercs; 6 — uanda spamaercs; ! — MacaaHH# XaHH, 2 — 3NWOpA

pajiHanbHBX JaBjieHni
CKOPOCTH MNOBHINAETCA (THAPOAMHAMHYeCKHHA 3(deKT) H, npeojoner
BHEIIHIOW Harpy3Ky Y, sacraBuT uandy CMeCTHTbCS BJeBO (10 Ha-
TNpaB/JeHHI0 BPAWleHHs]) MO OTHOLIEHHIO K BEPTHKAJIbHOH OCH, MpO-
XoJdllell yepes ILEeHTP BKjaaiwlua. JMopa pajHalbHLIX JABJEHHH py
B MacJsHOM KJHHE OyIer uMeTb KynoaooOpasHuH BHI C MAKCHMYMOM,
nocturatomuM 1000—2000 H/em? u pacmosio:KeHHBIM MeXKAY BEpTH-
KalbHOH OCbI0 MOJIUHIHHKA H MHHHMAaJbHBIM pALHAJLHEIM 3a30P0OM
(BepiinHOf MaCJsIHOTO KJIHHA), B KOTOPOM TOJIHHA MAacJsHOro CJI0s
paBHa Ay, (pue. V.17, 6).

CorsiacHO 3aKOHY TeueHHsi Bf3Koi KuikocTH Hpiorona—Pei-
HOMBJCA TPajAMeHT laBjeHus (TaHTeHC yria HAKJIOHA KacaTelbHOH
K KPHBOH p;) BO3pacTaeT ¢ yBeIHYEHHEM BA3KOCTH Macja H 4acTOTH
BpalleHnsi H ¢ YMEeHbUIEHHEM TOJIIMHE cMa304Horo cjost. O4eBHIHO,
YTO CyMMa BEPTHKANLHBEIX MPOEKUHH pPajHANbHEIX JaBJEHHH pg
Oyner ypaBHOBElIMBATL BHEIIHIOW Harpysky Ha mandy Y.

B pesyabrare CyMMHpOBAHHS (HHTErDHDOBaHHA) H IOCJE HEKO-
TopeiXx ynpomenuit aas IDKT ¢ paGouefi mauHoéi [ W OTHOLIEHHEM
ljd = 0,7=1,0 noayuum

h —=],
~ 0,41’]0)12d (BI'DKT/ mln)

s : (V.54)
51’1)!("{'

@
Y =pudd =1 J Pg COS @r dg
0

rjle py — CcpeiHee JaBjeHuHe B MOAUIMIHHKE (0 OPOEKIHH €ro JHa-
Merpa; d — HOMHHAJNBHBLIA JHAaMeTpP NOAUIMMHKKA (PaBHHH dp); M —
BA3KOCTh (abcosiloTHAA, AHHAMHYECKas) Mac/aa; « — YacToTa Bpa-
IeHua  1angsl.
AHau3Mpys 3TO ypaBHEHHE, MOXKHO CIe]aTh CJAEYIOUIHE BLIBOBI:
1) mecymasi crmocoGHOCTb MAacCAfHOrO KJHHA (HJAH Tpy30NOXbEM-
Hocte TDDKT, paBuas V) yBelHUHBaeTCsd € YBE/NHYCHHEM BA3KOCTH
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Macjia, uYacTOTHl BpAalleHusa, [AJWHHEL H JIHaMeTpa NOAMHIHHKA;

2) pnst IDKT, H3TOTOBJEHHOTO C ONPEASNeHHHIM HOMHHAJbHBIM
panHaibHBEIM 3a30poM Opky, TPY3ONONBEMHOCTh MAC/sIHOTO KJAHHA
YBEJIHUHBAETCA C YMEHbIIEHHEM MHHHMa/JbHOH TOJLIHHBl Mac/sHOro
cnost  Agg.

[Tpu TeopernyeckoM OTHOIIEHHH Omyr/Amn = 2, COOTBETCTBYIO-
IEM MaKCHMalbHOH TPY30MOILEMHOCTH Y, OTHOCHTENbHBIH 3IKCIEH-
TpHcHTeT nandsl e, = e/8nxr = 0,5. OpHako aas nperoTBpalieHHst
Bubpanun nangsl KeaaTenbHo, 9TOOBl Spywr/fimn = 2 u ¢, > 0,5.
[TpakTHyeckd NPHHHMAOT Omyt/Amn = 3--15, mpH KoTOpOoM €, =
= (,67--0,93 (4eM BHIlIe YaCcTOTa BpameHus Uandbl, TeM COILIIE &;).

[Tpu xoucrpyupoBanun H pacdere [DKT ofbiyHO BHELIHsAS Ha-
rpyska ra nangy Y (KOTOpyIO J0JZKEH BhIAEPIKaTh MacsSHBIH KJHH),
pasmeps nommunHEAKa [ H d, a TakKe 9acTOTa BpalleHHA Nandh @
saganel. TakuMm oGpa3oM, sagaua CBOAHTCS K BRIOOpY copTa Macaa
(ero Bsiakoeru npu paboyedl Temneparype 50—60 °C) # HOMHHAJBHOTO
pannalbHoro 3a3opa Opyr, HEOOXOAHMOrO IJIS1 ONpEleNeHHs HOMH-
HaJbHOTO AMAMETPa W NpaBuJbHOH pacToukH BkJaagwina. [das TDKT
NPOKATHLIX CTAHOB NPHMEHSIIOT Maclo ABYX CopToB: TypOHHHOe ¥'T
¢ MaJol BSI3KOCTBIO H chenuasbHoe IpokaTHoe [1-28 (6paiiTcTOK)
¢ noBuinenHo# (B 8—10 pas no cpaBrenuto ¢ ¥YT) BA3KOCTBIO.

Koncmpyxmusnsie saemenmer TT)KT

[MoJAMMIHAK COCTOMT H3 ABYX OCHOBHBIX Aeranedi (puc. V.18, a):
1) cmenHo#l BTyJAKH-Uangel 5, HacaXeHHOH (Ha IIMOHKe) HA KO-
HHYECKYIO IIEHKY BaJKa H Bpamamlinefics BMecTe ¢ HUM. Hapyubii

/\FMD’JL? cMazay
8 9\‘\‘

Oesfoi IL360 A=A
i - .
5
e E I, : i 2
7 iz /
,17—_r @ 7 08803 crazry
§ oz a/-—éét mou pelescebuod  §
/ ST pademe
a iy
Omédod craswu SRR
= RN
a

Puc. V.18, Komcrpykuus TIXKT:
@ — NPHHUMIHAJbHAA cXema; 6 — CMeuleHHEe HEeHTPOB PacTOYKH BTYJKH-DRIa[WIDa
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AnaMeTpuandis sABaAsercd HOMHHANLHBIM JIHAMETPOM MOJUIHIHHKA.
CoryacHo HOpMaJNsiM  3aBOAOB  THIKENIOTO MAlIHHOCTPOSHHSA I
FOCT 7999—70, npenycMOTpeHO H3TOTOBJEHHE MOAIIHIHHKOB JHA-
merpom 0,14—1,18 M npu orHomenuu l/d, pasuom 0,6 u 0,75. ITocne
00paloTKH € NpEeAeNbHBIM OTK/JIOHEeHHeM —18—45 MKM pabouass no-
BE€PXHOCTb BTYJKH-LAN(pE CTAHOBHTCA 3€PKAJLHOH, CPEAHSA BHICOTA
MUKpoHepoBHOCTEH He Gonee 0,25 mxm no I'OCT 2789—73.

2) BTYJKH-BKJajpua / ¢ 3aJHBKOH (LeHTPoGeXHLIM crIocoGom)
TOMUHHONA 3—5 MM, H3roTOBJEHHOH H3 BLICOKOOJOBSHHCTOrO 6a66uTa
mapkn B83 (83 % Sun; 6 % Cu; 1 % Sb). INosepxuoctt 6aGGUTOBOH
3aMMBKH 00pabaTeiBaloT fo wepoxoBatocTH Ra < 0,8 MM, u nocie
npHpaGoTKH B NOAIUIMNHMKE OHA TakKmKe npuobperaer 3epKalbHBIH
Buj. HomMunanbuuit BHyTpeHHHN AHaMerp BTYAKH dp = dy + 28nxr,
rie 8pxr — palualbHE 3a30D B NOALIMIHAKE; OOBIYHO NPHHHMAIOT
Okt = 100+200 MEM.

s nepejadd OCeBBIX YCHJHH OT Bajtka 3 Ha KOpPOyC MOJYIIKH
(sakpenyieHHOH B cTaHuHe 4) HA BTYJKe-nande 5 npeaycMoTpeH KOJb-
ueBo# 6ypT, ONHPAIOIKACH C OJHOH CTOPOHBI Ha KOJbIo 9 (13 ABYX
NOMYKOJeN), ¢ APYroH — Ha KoJMbUO-KPBIUKY 8. Topiel 3THX KOJel
TaK:;Ke BBINOJHEHH ¢ 6ab0utoBol 3anuBKoi. [ns npepoxpaHeHus oOT
OCEBOTI'O CMEIeHHsA BTyJKa-uanda s3akpenyeHa Ha uange pesbGOBHIM
KOJBLOM 6 ¢ noaykodbiiamu 7. Jlna ofecmeyenusi NoJiHOM repMeTHY-
HOCTH pabouux MNOBEPXHOCTEH H HCK/IIOUCHHS NPOHHKHOBEHHA MhIIH
H BJIard IPeLyCMOTPEHBl HAJEXKHBIE YIJIOTHEHHS B TOPIOBHIX KpHILL-
kax 8 u 10.

Jlns yayyineHHs YCJAOBHI MOJAYM M «3aTACHBAHUA» Macjia B Mac-
JAHBIH KJHH BO BTYJKe-BKJajbllle NPEAYCMOTPEHBl MaclafHBIE Kap-
MaHnu 2 (Ha gauHe ~0,8]) ¢ 06eHx CTOPOH (AJs BOSMOXKHOCTH DeBep-
CHBHOTO BpalleHHsA Hander), ofpasyeMble DPACTOUKOH BKAAiBa H3
OEHTPOB, CMEIEHHBIX HA BedHuHHy A; = 15-:-25 mm. Cmaska noj
nasnennem 0,1-—0,3 MIla (u36BITOYHBIM) HOCTYHAET B MACHSHBIE
KapMaHEL 4epes OTBEPCTHA BO BTYJKE, COGIHHEHHBIE ¢ KOJbIEBHIMH
NOJIOCTAMH B KOPNyCe NOAYLIKH; K TOPLY NOCHAEeNHel cMa3Kka nojaercs
[0 MacJONpOBOAY H3 UUPKYJAAUHOHHOH CMa30YHOH CHCTEMBI NOCJE
TIATENBHON (TOHKOH) ouKcTKH B (pmibTpax. M3 moguMmHHKa Macao
Yansgercss B OCEBOM HanpaBjieHHH BKJANLIIA Ha ydacTKe C MaKCH-
MaJbHEIM PajHaNbHBIM 3330POM, T. €. CO CTOPOHEI, TPOTHBOMNOJIOXKHOH
MacIAHOMY KJHHY.

Hns yBennyeHus rpysonogbeMHOCTH MACASHOrO KJIMHA JKeqla-
TENBHO, YTOObl 3HAYEHHA iy, OBLTH HaHMeHbInMMH (MeHee 10 MKM).
Onnako upesvepHEIE yMEHBIIEHHA iy, NpH paGoTe HENOMYCTHMBI,
TdK Kak MPH 3TOM MOXKeT BOZHHKHYTh KOHTAKT HEPOBHOCTEIl MOBEPX-
HOCTEH TPEHHA H HAPYINEHHE PEXHMA XKHIKoCcTHOro tTpenus. [losromy
0o/iee palMOHATBHBIM SIBJASETCS YMEHBIUEHHE pPajHaJbHOTO 3a30pa
Okt = ry — ry B OGNACTH TPEHHS, /sl Y€ro IPHXOLHTCS YCIOXK-
HAThL TEXHOJOTHIO 06paBOTKH BTYJKM, MpHMeHss oOpaboTKy ee H3
CMEIIEHHBIX [0 BEPTHKAJH LEHTPOB Ha BeauyrHy A, = 100-+-400 MEM
(213 nogmnnrikoB ¢ d > 0,3 M), Kak nokazaHo Ha puc. V.18, 6.
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| MO-20,MK-22
QS(1SJVJF AmBnd maras
04 Puc. V.19. KaHalu noABoza H OTBOJAA Macya
’ MAL T 8 [IKT () u saBHCHMOCTh abconloTHONA (AH-
7 HaMHYeCcKOH) BASKOCTH Mace/ OT TeMIIepaTypsl
N, ¥ (6). Mapku macen: ¥T — typOGEEEoe; M3C,
42 N i MC-20, MK-22 — apHallHOHHOE] MallHHHOE
Q& {MAII 1); I1-28 — nporaTHOe

o - = [Tpu 3TOM 3a30p MO JHAMETPY B He-
o w6 8Le HATPYCHHOM 30HE GyJeT 3Hauu-
¢ TeNbHBIM, UTO HEOGXOLMMO 1JIs
ofecrneueHust AyUIIeH NPOKAYKH MAac/a Yepes NOJUIHIHHK H HHTEeHCHB-
HOTO er0 OXJAAXKACHHS, T. €. JJIsi TOr0, YTo0H IpefyNpeinTh NOBLILIEHHEe
pa6ouell TeMnmepatrypsl H MOHHXKEHHe BASKOCTH Macjia, a 3HauHT, H [10-
HHIKEeHHE FPY30I0AbEMHOCTH MacaaHoro KauHa [em. dopmyany (V.59) 1.
[Mpn cobuioneHHH TIPHBEJEHHBIX BBHIIIE TEXHOJIOTHYECKHX Tpebosa-
HHH 110 M3rOTORJEHHIO IIOAIIHIHHKOB H HpaBHﬂbHOﬁ HX 3KCIIyaTauHH
(BBICOKOKAUECTBEHHAs] OYHCTKA Macjia JABOHHBIM TOHKHM (HJIBTPOBa-
HHeM, TLiaTebHbIE TOPLEBLIE VIVIOTHEHHS H T. [I.) HOAIHIHHKH OyIyT
paboTaTh B YCIOBHSIX JKHIKOCTHOrO TPEHHs, T. €. NMPAKTHUECKH 63
usnoca. Cpok cyKObl TAKOro MoAmANHUKA coctasasier 50—100 Toic. 4
u Gonee. IIpn cMeHe BaJKOB y3es MOAIIHIHHKOB HE Hajo pPasbHpaTh.
OH ocTaercs repMeTHYHBIM. PeBHausi (ocMOTp moBepXHOCTeH TPeHH:)
OCYIIECTBASETCH B CINELHAJLHEIX MOMEIIeHHAX He yalle OJHOro pasa
B 2—3 rojaa.

M3 ckasanHoro CJAENYET, UTO FPYSOIIO,B,'EGMHOCTB MacJsaHOro KJHHa
JIOCTHTAETCS B PE3yJabTaTe ruapoiuHamuyeckoro sbdexra (T. €. npu
3aTAruBaHHH Macqaa Bpamawniefcs nandof). ITosTomy mepen mycKoM
CTaHa 3HAUMTEJIbHAs BHELIHAS HArpys3Ka Ha nangsl (mpejBapuTenbHoe
O/KaTHE BAJKOB) HEJOMYCTHMA, TAK KaK IPH 3TOM MAacjo BhIIABIH-
BaeTcs W3-Tof namngsl B MOMEHT MycKa W pasroHa CTaHa NOAUIMI-
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HHKH pafoTaloT B YCJAOBHSIX NOJYMKHAKOCTHOTO TPEHHSH, YTO BJEYET
3a cobofi H3HOC TPYIIHXCSl TMOBEPXHOCTEH H yXyIlNeHHE B JajbHei-
mieM YCJIOBHH paboThl B pexHMe KHAKOCTHOrO TpeHHsl (CHHXKEHHE
TPY30NOLBEMHOCTH MacAsHOTO KJAHHA BBHAY VBENHYEHHS BRICOTHI
MHKDOHEPOBHOCTEH H fiyy).

Ha puc. V.19, a nokasansl KaHajlbl NOABOJA M OTBOZA MacJa
B NONIUHIHHKE, M3 nojpBoasiiux MacjonpoBoAOB (BBEPXY H cJeBa
BHH3Y) Macl0 [OCTYylaeT B TNOJNYKOJbLUEBHE pPacTOYKH B KOpPIyce
NOAYIIKH, 2 U3 HHX Yepes pajHajbHble OTBEPCTHS [ONANAET B Maclis-
Hbie KapMaHbl B 6a66uroroi zannBke. IIpH BpaluleHHH 1IeHKH C KO-
HUYECKOH BTYJNKOH Maclio «3aTATHBAeTcs» (HarHeTaeTcd) M KOHHYe-
cKasl BTYJKa OKasblBdeTcsl Kak OHl MIaBaloliell B Mac/siHOH IJIGHKe.
Maco YyXOAHT BAOJb MOMUIHNIHHKA H Ha KOHIAX 6a60MTOBOH 3a/MHBKH
MONajaeT B KOJbIIEBLIE MOJOCTH, H3 KOTOPBIX OHO OTBOAHTCH B TPYGY
GOJBIIOrO AHAMeTPa (TaK KaK MAc/0 BHIXOJIHT H3 MOAIIHIHHKA CaMO-
TEKOM, a l€ TOoJ JLaBJEeHHEM).

[llefiky BaNIKOB H3TrOTOBISIOT KOHHYECKHMH MO CJEAYIOMHM CO-
obpaeHHAM:

1) ans Toro yToOH Jierko GBIIO CHATHL NONIIHNHEKH C HIEHKH BaJka,
Ha KOTOPYIO MOABOJMTCS CMasKa Mo HeOOMbIIHM paauadbHBIM OT-
BEPCTHSIM;

2) KoHWyeckas ILeHKa B CeYeHHH OKOJO GOYKH BajKa MpoYHee
LUHIHHIPHYECKOH, TaK Kak jJuameTp ee GoJblie.

Bennuuna xoatduuueHTa TpPeHHA B MONLUMIHHKE 3aBHCHT OT
BA3KOCTH Macna (puc. V.19, 6). B GoJbIIHHCTBE CAyuaeB AJA TAXe-
JIOHarpyKeHHbIX MNOANIMIHAKOB NPOKATHBIX CTAHOB NPHMEHSIOT XO-
poio oYHILEHHOe BA3koe macho [1-28 (6paliTcTok); Maciasinas mieHKa
B MNOAIIMMHHKE crocofHa BRIEPKHUBATE AaBleHue no 25 MIIa. Jns
BLICOKOCKODOCTHEIX H JIETKOHATPYXEHHBIX MOANIMIHHKOB MOMKHO
NpHMEHSATL MeHee Bsakoe TypOuHHOEe Macjo mapkH Y T.

Has TDKT ycranasauBalOT OTHAENBHYIO Mac/sHYIO CHCTEMY.

s BaNKOB MPOKATHBIX CTAHOB IPHMEHSIOT MONIUHIHHKH MKH/-
KOCTHOTO TPeHHfl ABYX THIOB — TOPH3OHTANbHHIE H BePTHKANbHBIE,
OPHYEM VIS BOCHDHATHA BO3MOKHBIX OCEBHIX YCHJAHH OHH HMEIOT HA
KOHIAaX UIeeK paguaJbHO-YIIOPHEIE IIAPHKOBHIE (ANA HEGONBUIHX
IDKT) unu pagyanbHO-ynopHbE POJHKOBEE KOHHUECKHE (VIS CPEIHUX
u KpynHeiX IDKT) nopmmnnuKkH.

Ilpumenenne ynopumx ysnos B IDKT (pue. V.20 u V.21) kpaiine
HeOOXOJHMO Ha BBICOKOCKOPOCTHHIX PaGOuYHX KJersix. B npoTHBHOM
Clyuae, KaK npasuJio, Habaofaercs cuibHbii pasorpes IDKT c nore-
PEeH HX Hecylell criocoGHOCTH, a TaKiKe PasorpeB KpaeB GOYeK OImop-
HEIX BA/JIKOB, YTO MPHBOJAUT K HECTAOH/JLHOCTH HX TEMJIOBOTO
npoduns.

IDKT, coGpaunnii B moaymke, Jerko MOHTHPYETCA Ha LIeHKYy
BaJIKa — BHYTDEHHss BTYJKa-Hanpa HMeeT NINOHOUHOEe COelHHEHHE
C KOHHYECKOHl lueHKof Ba/Ka W BPalldaeTcs B HAPYMKHOH [HIHHApHUE-
CKOM BTYJIKe-BKJajbllue, yMelomeii 6a66HTOBYIO 3aJHBKY 10 BHYTPEH-
HeH nosepxHocti. Jlnsg ofneryeHus JeMOHTaXKa MOAIIHIHHKA Ha
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Pue. V.20, TIDKT konctpyKumu I10 «3nexTPOCTANbTAKMALS AHAMETPOM 140—400 mm:

] — pTyaga-sknajem; 2 — pryaKa-uanba, 3§ — ynophsifi yseq WAapAKOTOZIIHONNKOB; 4 —
rafiKa 078 YCTAHOBKH MaKCHMaJIbHOTO OCEBOrO 3a30Pa B NOAMWNIHHKE, 5 — pesnloBhIe NOJY-
Konbla: 6§ — rafika aasa GHKcal i KOHYCHOH BTYJIKH Ha BAJIKe; 7 — yaen nonepeyHoil KpHMKH
¢ MaHMETAMM YOIOTHEeUHA: § — KOJbLO-HACaAKa; 9 — ysen sanneil KPHIOKH ¢ pajnajibHBIME
(MaHXeTUBM) ¥ TOPUCELIM (TEKCTONHTORBIM) YTMOTHEHHAMHE; 10 — UnoHKa

compsAraeMbie 1o NINOHKE KOHHYECKHE TOBEPXHOCTH NOJACTCA CMA3KA
yepes OTBEPCTHE B KOHYCHOH BTYJIKE.

Co croponsl G60YKH BalKa Ha BTYJKe-BK/ablle HMEETCH CMEHHOE
KOJIbIIO-Hacajika s (UKCALHH PE3WHOBLLX yniorhenuii (puc. V.20).

Panmanbphasi Harpyska BocnpHHHMaercs Ga0OHTOBOH 3AJMHUBKOH
(MakcumanbHoe xasienne 20 MITa) u nepefaercs Ha NOAYIIKY; oce-
Bas HArpy3Ka — PafHANBHO-YIOPHBIMH [OJNUHMIHHKAMH KaUEHHS,
HapyKHble KOJIbIla, KOTOPHX (HKCHPYIOTCH pe3nB0BEIM  KOJBIOM —
rafikoil. [ToAMIHITHUK MOJHOCTBI) TepMeTH3HPOBAH C nepeaHed H 3az-
Hefl CTOpPOHBl YIVIOTHEHHSMH, KOTOpHIE He JOMyCKaloT MPOHHKHOBEHHA
BJIATH, TBUTH M BbiTeKaHus macia, Ha kouue wweiikH Baika THKT
UKCHpPYeTCS TPH MOMOIIH Pe3bOOBEIX NMOTYKOMEL M TaiKH.

B kpynmbix IDKT (cm. puc. V.21) ABYXPsHBIH KOHHYECKHH PO-
JMKOTOMIIMIHAK CBOHM BHYTPEHHHM KOJBIIOM YCTaHOBJIEH HA BTY/KE,
onmupatoleiicss BHICOKHM (raniieM B TOPeIl BTYJKH-BKAA/bIINIA € 6aboH-
TOBOH 3AaJMBKOIl; MO Hapy»HBIM KOJbIldM POJHKONOAMHIHHK yCTa~
HOBJEH B CIHENHaNbHOM CTakKaHe, [peJHA3HAUCHHOM Jyis Mepelaun
OCEeBHIX YCHJHI Ha NEPeHIO KPLILUKY H 3aTe€M Ha NOAYIIKY, sadHKCH-
POBAHHYIO B OKHE CTAHIHBEI YNOPHBIMH TIIAHKAMH.
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Ppc. V.21, TIKT xonctpysund 10 «3aeKTPOCTANBTHAXKMAIY AuaMeTpoM 450—1320 mMM:

(I: ;a;;ggl[;(::xnanmm; 2 — pryaka-namnda: 3 — Koablo-Hacanka; 4 — y3ea zanueii KPHILTKH
: ponmi“oﬂa (Ma::{);iﬁ;{l[:lg;()ﬂ: TOPULOBKM (TEKCTONHTOBLIM) YOJNOTHEHHAMY, § — YIOpHHI
BIM NoJIIHENHAKOM; 6 — cTakaH; 7 — dHKCHpyOWAasn K 3

e HE ! LUK &
fu x‘dzllazmﬂpyzomaﬂ raftKa; 9‘— Konbna; [0 — pazbemubie NONyKoapua; /I — xpuiﬁl{a-xo:
VXi — nepeausist Hacaaka; 13 — ysed nepenueii KpMIIKY; /¢ —|nrynka; /5, /6§ — WNOHKA

OCHOBH“I:I_MH napamerpamu IDKT gBasiores jpuamerp 4 JiHHA
6ab6uToBoi 3amuBkH (d X [). Ilna ycTpaHeHHsi BJIHAHHS HOporu6a
Banka Ha pabory IDKT nonymxn ¢ IDKT BBepxy u BHHSY omupaiorcs
Ha cdepudeckne noansTHUKH (puc. V.22).

Tudpodunamuueckue I1)KT obecneynBalor KHIKOCTHOE TPeHHE
Mexy BTYJAKOH M Hamngoil NPH BHICOKHX CKOPOCTAX, KOI[a Bpallaio-
wasicst ¢ GoJbIIOH CKOPOCTLIO Handa yBaekaer 3a cofoH CMasKy
1 obpasyercs Mac/asAHbIE KJIHH, JaBJI€HHE B KOTOPOM ypPaBHOBEIIHBAET
BHEITHIOW Harpysky. B mnepexoiHbix pexuMax paoTsl NPOKATHOTO
CTaHa (MpH Nycke, peBepce, NIPH 3aNPaBOYHON CKOPOCTH MOJ MOJHLIM
VCHIIHEM NPOKATKH) XHJKOCTHOE TPeHHE He 0GeCcTeuHBaeTCs, YBeaH-
:l;lliae'rca MOMEHT TPEHHS B MOAIIHNHUKAX 1 3aTPYAHACTCS HX IKCIIYa-

Hsl,

Ilpn msMeHeHHHM YacTOTHI BpALIEHHS BAJKOB M YCHJHA NPOKATKH
H3MEHARTCS TONIHHA CMA309HONO CJI0S B MOANIHIHHKAX H BCAEICTBHE

3TOr0 TOJMIIHHA TIPOKATHIBAEMOH [OJOCH
1 (o6pasyercs HOTOJI-
IHHROCTD) 1, (o6pasy PAa3HOTOI

' Cu. o, IV, n, 7 (1. 3, l-e mag., 1981 r.).
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Tudpocmamuueckue I[1)KT (Ges
oBpa3oBaHUA MacJsgHOTO K.TIH!'I.B) st
ypaBHOBEIIWBAHHA  BHEIUHEH Ha-
rPpy3kH TpeBGyloT NOCTOAHHOTO BLI-
COKOr0 JaBJeHHs CMas3kKH B Clle-
[HaJbHBIX KapMaHax BO BTYJKe
moamununka. Oauako obecneuyeHue
HAlIeKHOH H HempephiBHOH paboTwr
CJIOKHOH CHCTEMBI CMaskKH TNMpH Bhl-
COKOM /laBNEHHH NpPaKTHYECKH He-
BO3MOMKHO, TTO3TOMY 3TH NOAIIHIIHE-

' I KH B OMODPHHIX BaJKax TMPOKATHHIX
CTAHOB HE IPHMEHSIOT.

N Tudpocmamoduranmuueckue [1)KT

N Vo \ SBAAIOTCA MONUIHNHUKAMH KOMOH-

\ %\}ﬂ\\?;_ﬁ: HHPOBAHHOTO THNA: CMa3Ka Mo]

ALY, '“’4\:\\ BLICOKHM [aBJIeHHEM NOJaeTcs B M-

=" j\ IIHTHHK TOMBKO B MEPHOJ NMEPexon-

HBIX PEKHMOB PaGoThl cTaHa (Mpu
A nycKe, TOPMOXEHWH u mpH paGore

s SR Ha HeGOJDLIHX CKOPOCTAX); MPH Yc-
Puc. V.22. no,uﬂﬂ‘rllglﬂ ANA CaMOYyCTa- TaHOBHBILEMCS PEKHME paﬁorm CTaua
HOBKH BepxHeil (z) B REXKHuEH (§) nopyuex (Hp!{ BONBIIHX CKO[}OCTHX) Hacoc,
R obecrieyHBalOmuil  BHICOKOE [JaBlie-
HHE CMA3KH, ABTOMATHYECKH BLIKJOUAETCH H MKHIKOCTHOE TPEHHE B

NOMIIHIHUKE 06ecTedHBaeTCs MACTAHBIM THAPOIH HAMHUECKHM KIHHOM,
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Pue, V.23, Cxemsl rHZpocTaToduramuueckoro TIKT ¥ monosianTeNibHOM CHCTEML! IILAPOCTATI-
4YecKOro moanopa:
I — yanda Basnka; 2 — BTYJAKa NOAIIHENHNKA; § — KOpOYC ODOZWHOHHKA (noaAymKa BanKa);

4 — nyrorne y3KHe KapMaHul; 5 — KanHAJaspHele TPYGKH: 6 — CTMBHBHE KapMaRh 7 — npe-

ROXDaHETeNbLEBL KaanaH, & — madomeTp; 9 — obparTHblii Kaamau, 10 — wacoe BHCOKOro
Aashenns; /1 — sneKTPOABNTATENb - .

0o6pa3yIolUMCH TIPH BLICOKHX YacTOTAX BpPAIIEHHS LAangsl H OpPH MO-
naue cMasku noX obeuHeIM A [DKT nasmenuem 0,1—0,15 MIla.
Cxemnsl ruapocratopanamugeckoro IDKT u  gomomnutennHOH cH-
CTEMBI I'HJIPOCTaTHYECKOrO MOANOpa NoKasaHel Ha puc. V.23. Ha paGo-
uell (HIXKHE!) NOBEPXHOCTH BTYJIKH HMEIOTCH UeTHIpe YrayGJaeHHs
(kapMaHa), B KOTOpBIE€ [PH NEPeXOAHHIX peXuMax MOJaercs cMasKa
nop nasnerunem 50 MIla. KapMaHbl BHIIOMTHEHE B BHAE Y3KMX KaHaBOK
Ha Ayre okoao 40°, 4To He3HAYHTENLHO YMEHbUIAET PaBOUyI0 ONOPHYIO
NJI0ILAAk BRAAABIIIA, BOCHIPHHHMAIONLYIO BHELIHIOW HATPY3KY; PacXoj
CMasKH Ha OIOHH MONIIHIHHK — OKoJIo 8 J/MHH.

PacnpegeneHne CMa3KE MeXIYy KapMaHAMH OCYIUECTBJAETCA Ka-
NH/AAAPHLIME TPYyGOUKAMH, NPEAOTBPALIAOMIHMH YTEUKY MacJja yepes
KaKOH-Mu60 ONHH KapMaH TNpH NepeKoce MOAIIANTHHKA,

O6biynas cucrema cmasku IDKT uMeer JOMONHHTENBHYIO CHCTEMY
BHICOKOTO JaBJeHusi: Hacoc, oOpaTHHIA KaanaH ® maHoMeTp. Hacoc
BKJ/IOYAETCA ABTOMATHYECKH, KOT[a CKOPOCTh NPOKATKH CHHXKAETCH
N0 onpenenenHof BedqHuMHH (2—3 M/c); NMHTaHHe Hacoca — OT MoJ-
LIMITHHKA 10 o6LieMy ciauBHoMY Tpy6onpoBony. Hacoc BEIKIIORaeTCs
TaKKe aBTOMAaTHYECKH, KOra CKOPOCTh LAIDEl 0Ka3LIBAETCS JOCTATOY-
HOH [Jif CO3JaHus THAPONHHAMHYECKOTO DEeXHMa moJuHnHuka (ob-
pazoBaHHsA MacJAsHOTO KJIHHA).

MopHNHHKH KadyeHHH

IMoMIHNHEKA KayeHusl IUHPOKO IPHMEHSAIOT B JHCTOBHIX YeThIPeX-
BAJIKOBHIX CTaHax ropAded W XOJIOAHOH NPOKaTKH, a TaK¥Ke B TOHKO-
JIUCTOBBIX [BYXBaJIKOBBIX, 3arOTOBOYHBIX H COPTOBHIX cTaHax. [lnsa
BAMKOB 3THX CTAHOB MPHMEHHIOT HCK/IIYHTEIBHO POJHKOBBIE MO~
[IHIHHKH C KOHMYECKHMH POJHKAMH (IBYXPANHLIE H YeTHIPEXPSi-
HEIE), TaK KaK OHH XOpPOIIO CaMOYCTAHABAHBAIOTCA H CMOCOGHEI BOC-
npuHuMAaTh GONBINHE OCEBHIE HATDY3KH.

PonMuKoBbIE TOAMIMOHHKHE A5 [POKATHBIX BAJNKOB H3TOTOBJSIOT
Ha TOAIIHIHHKOBLEIX 3aBOJaX MO CHNEUHaJbHbIM 3aKa3aM, TaK KaK OHH
JOJIKHBEL COOTBETCTBOBATL CHENH(HYECKHM TPeGOBAHHAM: BLIIEPIKH-
BaTh GOJbIUHE HATPY3KH [PH TNPOKATKe H HMETh MaJikle TaGapHTel,
HEOOXOAHMEE I MOHTaXa HX B MOAYIIKAX BAaJKOB.

Hanpumep, aas 60JbBIIMX YETHIPEXBAJKOBHIX CTAHOB XOJOXHOMH
NPOKATKH OAHH MOAIIHIIHHK NOJ/IKEH BLAED)KHBaATh yCHIHE g0 15—
20 MH. Hapyxnpii quaMeTp TaKOro MOAUIMNHHKA COCTaBasmer Gosee
1 M u Macca ero npesbumaer 3 T.

B uerThipexBa/kOBHIX cTaHaxX ropsidell H XOJOJHOH MPOKATKH MOJ-
IMHNHAKH XKuggocTHoro TpeHHs (IDKT) ycraHaBiuBalOT TOJABKO Ha
OMOPHBIX BalKax; HA paGOYHX BAJKAaX BCJ/EICTBHE CPABHUTENBHO He-
GO/IBLIOrO yCHIMA Ha WIeHKe W OrPAHHYEHHOCTH raGapHTOB MOANIAMN-
HHUKH JKHJKOCTHOrO TpPEHHS NPHMEHSIOT BechbMa pejKo, BMEcTo HHX
YCTaHaB/JIHBAIOT KOHHUECKHE POJHKOBbIE MOAUIHIHEHKH.

Ha puc. V.24, a nokasana ycTaHOBKa pafouero BajKa YeTHIpEX-
BaakoBoro crana 2800 Ha pOMHMKOBBIX KOHHYECKHX MOMIIHTHHKAX
(wefixa Banka muaHHApHYECKAs).
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Puc. V.24. ¥Yc¢raHoBka paGovero (a) R omopHoro (9} sankoB YeTh PexXpalKoBoro

crafa 2800 Ua POTHMKOBBIX KOHUYECKHX HORIIHMHEKEX

Ha kampoll mefike pabodero Balka yCTaHOBJIEH UCTLIPeXpSIHbLI
KOHHYECKHH POJMKOBHI nommuunuuk. CMaska nOANIHNHHKOB OCYyIe-
CTBIAETCH OT ABTOMATHYECKON LERTPATH3OBAKHON CHCTEMBI IyCTOi
CMAa3KH.

Ha puc. V.24, 6 noxazana ycraHoBKa OMOPHOTO Bajka TOTO e
crana. YeTnlpexpaauuii KoHHYECKHHT PONHKONOAUIMIHHK 3aKpElIeH
Ha MOAYWKE HAPYXKHLIM YHODPHBIM / H BHYTPEHHUM PACIOPHLIM KOJb-
uoM 2. Pacnopnoe KoMbIo NPHXKHMAETCS K BHYTPEHHEMY KOJbIly
POMHKOTOAIWHITHIKA APYTHM KOJABUOM &, HABHHYMBAEMBIM Hd TOJY-
KoJpla 4, YKpPenJeHHbIe B pPacTOUKe Ha KOHMe BaaKd.

Ilns NpeloXpaHeHHs MOAUIHMHMKA OT ObUIH C O6eHX CTOpON
B IonVIIKE NPefyCMOTDEHLI CEeBAHUTOBLIE VIIOTHEHUS.
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[Tpu yCTAaHOBKE OTAEALHBIX 3/EMCHTOB NMOAMHIHHKA Ha LIEHKE it
B KOpNyce HeoOXOAMMO COGMIONATh MOPALOK PACNOJOKeHHS AeTasei
NOAIUKINNUEKA cOrJacHO MapKuPOBKe. B cayuae, ecsii JHCTaHUHOHHEIE
KoJblla He OYAyT NOCTaBJAeHbl Ha CBOH MecTa, MOABHTCHA «0OCeBas
Urpa» MeXJy OTIeNbHBIMH PAJAaMH POJIHKOB H HApYIUMTCA YCJIOBHE
PABHOMEPHOrO pacnpefelTeHua HATPY3KH Mex]Y YeThpbMa DajaMH
PONHKOB.

Ins ofNMeryeHHA MOHTAXKA W JeMOHTaxa TMONIIHMIHHKOBHIX Y3J0B
H TIOBBIUIEHHS OPOYHOCTH IeeK pafoduX BaNKOB UYEThIPEXBANKOBHIX
CT4HOB B NOCJAENHHE T'ofbl CTa/AH MPHMEHSTb PONHKOBbIE KOHHYECKHE
DOMIIUONAKYE ¢ BHYTPEHHEH KOHHYECKOH NOCAIOYHOH MOBEPXHOCTLIO.

Tak Kak BalKd BCJEACTBHE HX H3HOCA HeoOXOJHMO 4acTO MeHATh
H nepeurtupoBLIBATE MM NepeTaunBaTh Ha CTaHKe, TO ¢ HENblo yxo6-
CTBA MOHTAXKa H JAEMOHTaXa DOJHKOBBEE [OJHNHUKH OOBYHO Ye-
TAHABMHBAKT C TapAaHTHPOBAHHBIM [OCAJNOMHEIM  3a30pOM  (CM.
puc. V.24, 6). TlpH,ycTaHOBKE MOJIIHIHMKA €ro BHYTpPeHHEe OTBep-
crue U [edKy BalKa CMasblBalOT TOHKHM CJOEM TycTOH cMa3ku.
Onuako npu padoTe BHYTpeHHHE KOAbLa TMOAIHITHAKA 4aCTO IIPOBOPA-
YUBAIOTCH, YTO NPHBOAHT K 3aJHPaM H H3HOCY NOCATOYHBIX TOBEPX-
HocTell, ocofeHHO lIeek Baaka. s yMEHBINEHHs H3HOCA ITHX IO-
BepXHOCTeH K HHM TOJBOAAT CMAasKy (M3 OCeBOTO Kauajia-pesepByapa
OT TOpUa HIEHKH) C Pa3jaMYHBIMH TpHcajkamK (rpadur, CEpHUCTHIH
MoauGIeH), eMal0T BUHTOBBIE KaHaBKH Ha MOCAJOYHBIX TOBEpX-
HocTAX H T. II.

Muoeopadusie noduunnukll ¢ UAUHIDULECKUMI POALKAMI AMEIOT
BHYTPEHHHE KOJ/bIA, B3aHMO3aMeHAEMBIE M0 HAPYKHOMY ZHAMETDY,
T. e. oOpaborauuble ¢ GOJbIIOH TOYHOCTBIO. BHYTpennue Koubna
MOHTHPYIOTCH Ha LIEHKHM BaJKOB MO [OCajKe C HATHrOM: NPH CMeHe
BaJKOB BHYTPEHHHe KOJblla 0OCTAIOTCA Ha Wefikax paaxkoB. [lpx
nepeToyke M nepenningoBke GOUKH BaJOK YCTAHAB/AMBAIOT B JIOHe-
TaX CTaHKA N0 HaPYyMKHOMY (BecbMa TOUHOMY) JHAMETPY BHYTPEHHHX
KOJIel, [0ITOMY 3KCHEHTPHYHOCTh GOUKH Basdka MoxeT_OBITh HOJ-
HOCTBIO HCKJIOUEHA, YTO B PE3yJILTATE NOBHILAET TOYHOCTh NPOKATA
(ymeHblnaercs pasHOTOMIHHHOCTL TNoJOCH). Jleranu mnojAuHnHUKA
(UUITHHADAYECKHE POJHKH H BHYTPEHHHe KOJbIA) HMEIOT BeckMa
NPOCTYI0 KOHPUTIYPANHUIO, NO3TOMY HX MOXHO 06padaTeiBaTh C BBICO-
KOH TOYHOCTHIO.

YKazaHHple JOCTOUHCTBA TO3BOJAIOT MPHMEHSTH MHOPODSIHEE
NOJIIHIHHKN C UHJAHHIPHYECKUMH DOJIHKAMH B OTNOPHHIX BaJKaX IpH
Goabiinx cropocrax npokatkd (30—40 M/¢) HA JTHCTOBBIX, COPTOBBIX
H MOPOBOJIOYHBIX CTAHAX.

Kak wnssecrno, nogmmnudku tana IDKT nveor cymectsennblii
HEOCTATOK: MpH H3MEHEHHUH YACTOTHL BPAILEHHA Landsl HIMEHsETcH
TOJIIHHA MacAaHOro K/JAHHA, YTO OTPHUATENLHO BJAHSET HA TOYHOCTb
IpoKard (HM3MeHfAeTCs TOMULIHA ToJochl)). ToY4HO H3roTOBJCHHEIE
(MpenusnoHHpe) NOAUIMTHEKY € HUJIHHAPHYECKHMH pOJHKaMHM He
HMEIT 3TOro HEeJOCTATKa, NOSTOMY Ha CTaHax ropsyefi ¥ XOJOZHOMH
IPOKATKN TOHKOH mosocel MHoraa Bmecto TIDKT ycrauaBnupawT moj-
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Pamc. V.25, @uxcn
e Mgk Pyoomasnj on
posmcaun (mef Wasn] onopa BanAKa Ha YeThPexPAAHOM NoAMHIHEKE ¢ UHJAHEADHYSCKHM B

Ka BalKa KOHHue
500—950 mu) CKafg WM URTHHADHYECKAs C JHAMETPOM MOJ MOJUWHNHEK

IUHOHHKH KaueHHS ¢ LHJIHHAD
HYECKHMH POJIHKAMH He T
ﬁoqu BallKaX, HO H Ha ONOPHEIX. P PR
maonanfgx?ﬁ ;I(I)II;I;I.LUHEHHS{ HarpysoyHOH CHOCOGHOCTH M yJyYIeHHs
MHHKH Ka4eHHS! HEOGXOAHMO o,
9 g 1aBaTh KHAKYIO
2 ;{; I"I}‘ICT):O CMagKy. Becbma pannoHanbHOM ABMAseTCs cMaska Mac}.;lﬂz
BSTOMXM HOM; 10Aa4a pacHbNVIEHHOTO BO3AYXOM Macsaa (TymaHa)
A | é:};qzspcg:ymecmﬂnefrca CIeNHATbHLIME HacajKaMH, CMOHTHPO-
yCe NOAIIHIHHKA H HMeIo
e B mwu OTBEPCTHS ONpeJe/ieH-
(o ,Egﬁgpizgpﬁgggg OCEB)I:IX YCHIHA B (PHKCHPYIOWHX ONOpPax BaJKOB
aNKu) PSIOM C MHOIOPSAHBIM
U IONIIHIHHKAMH
(c UMMMHADHYECKHMH pOJHKaMH)
( YCTaHABJAHBAWOT IIADHKOBEIE HIH
Elzﬁigo(l;ble PaauasbHO-YNOPHbIE MOAMHIHHKE (pHC. ‘5'.25). B He-
meﬁxepngﬁﬁgupxﬂ gﬁagammnx) onopax AJs yAep3KaHHS NMOAVIIKH Ha
MHOTOPSIHBIM MOJUIHITHHKOM (C
CKHMH DOJHKAMH) YCTAHABJIHE EHEE g
alT ofH

ckInI P JHODAJHBIE pPaJlHANbHEIE IOA-
HenIc;IEL HI){I?:HX BBICOKOCKOPOCTHBEIX MpPOKATHBIX CTaHAX [PUMEHSIOT
ncmﬂ YO TOCaaKy PpOJIHKOBOTO MOAIIMMHHKA Ha WEHKY, uTo

Io9aeT H3HOC MOCAJ0YHBIX TMOBepXHOcTeH. JIerkocTh MOHTAMXKA |
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Ha pa-

Je OHTAKa TONUIMTIHHKA OGECTeynBaercsi NpHMEHEHHeM rHjpopac-
mopa, MpH KOTOPOM PacrlpeccoBKa HEMOJABHMKHLIX coeluHEeHHH ocyLIe-
CTBJIAETCSA NPH MOMOILH Mac/a, TOAaBaEMOro NMOJ BEICOKHUM AaBJIEHHEM
(50—100 MIIa). Crenyer, 0flHaKO, yKasaTh, 4T0 3TOT cnocob addexrTH-
BEH TOJBKO JJ5 HANpPeccOBKH H PaclpeccOBKH COeJIMHEHHH C KOHYC-
HBIMH I10CAJOYHEIMH MOBEPXHOCTSIMH H DaclpecCcoBKH (nemonTaKAa)
IHJAKHAPHIECKHX coenMHeHHHA; HalpeCccoBKY (MOHTA&K) MNOCJEIHHX

o

Jierye BCero OCYILECTBHTE MOCAAKOH Ha LHIHHAPHUECKYIO_LIEHKY Tpei-
BapHTENbHO HArperoro (1o 80—90}°C) momumunuHKa ¢ LHJIHHAPHYE-
CKHM BHYTPEHHHM OTBEpPCTHEM.

CMa3ka nojHIHHKOBBIX Y3JI0B

JLA CMa3Ky MpOKaTHOrO 06OPYLOBAHHA, B TOM HIeIC H NOALIKIIHHKOBHX Y3/10B, MpH-
MEHSIOT MHHEpabHBle (HC DACTHTEbHBIE M He JKHBOTHBHIE, KOTOPHE OfEHD LOPOTrH)
mac/ia, nojyuaemse npd mepepaborke nedru. [locne BOSTOHKH GensuHa H Kepocuha
npu mepepafoTke HEQTH OCTAETCH MasyT, ABJIFIOMUNACA HCXOLHEIM ChIPbeM JYIA TO-
JYueHHs Da3AMYHBIX Macel.

JKunkme macaa (mpokarnue mapku [1-28 min Gpa#iTCToX, CHENBANOPLI 2200 u
2900, mmamwgposoe 24, asrorpaxtopHoe AK-10 Typ6unnoe Mapke ¥T) OXHOBpE-
MEHHO CAYMAT H I/ OXJIaKAECHHS TPYIMHXCT nopepxuocteii. [10 CPABHEHHIO € TYCTRIMU
cMA3KAMH OHH HMEIOT PAf MPeHMYIecTB: Z0nycKaoT Gojee BHCOKHE 4acTOThl Bpalle-
WIS BAJKOB, GOJee BHICOKAE TEMIIEPaTypul BHYTPH NOMUHMHHKA, JyHule paGoTaioT
B yCJAOBHAX HH3KHX TeMreparyp (ryCThie CMAasKH 3arycrenaior H BHI3HBAIOT HAMHIIHHH
pacxopn smepriu Ha Tpenne). [loxaua JKHIKOH CMasky K y3jam TpeHHA H BO3BpAT ee
JIsL OUACTKM H ONJNKJISHHS OCYHIECTBJIACTCA WHPKYJSIHORHLIMA ABTOMATHIECKHMH
CHCTEMAMH.

TycThe KOHCHCTEHTHHIE CMA3KH (MasH) TIONY4AIOT B pesyJibTaTe CMEIHBAHHA
JKHAKEX MAHEPATLHBIX MACET C 3aryCTHTENsiMH (KaMHCBLIE LA COMTHAOIOB W HaTpHe-
Bhle Mbw1a). ['yCThie CMA3KM Mo CPABHEHHMIO C MKHAKHMH MacHaMi MPHMEHAIOT pEeme.
[IpenMyniecTBo IyCTHX CM430K B TOM, 4TO OHH HE Tpe6yIoT CJOMHBIX YTIOTHEHHH
M CaMH SBASAIOTCA VIWIOTHEHWSIMH, 34lHINAs TPYUIHEC NOBEPXIOCTH (NOAIHMIHHKH
Kavewws) OT NONAAAHHS NEUTH, TPA3H U BofEl. TaK KaK OCYECTBIICHHE HUPKYJIALHA
IYCTHIX CMa3oK HEBOSMOXKIIO, TO Tycras CMaska, MojaBacmasn B NOMIUHTHHKOBEIE Y3JIH
TpeHHs, pacxopyercs G(e3BO3BPATHO. A 3THX Y3JOB NPHMEHSIOT CNEUAANBHYIO
rycryio cmasky HI1-1, nepHOIHUECKH NOJABAEMYIO aBTOMATHHECKHMI nenTpaiH30BaH-
HBIMH CTAHIHAMH.

UToBLl KHAKAS CMA3KA HE BLITEKana H3 Y3JIOB TDEnHs, a TAaKKe [/l MPELoxpa-
HeHHs HX OT BOMb, TEJH W OKATHHH, NPHMEHSIOT CHEUHANLHBIC YIJIOTHHTENLHELE
KOMbIA U3 MACJOCTOKoI pesiiitl. Pe3uHOBbE MAHKETHEE YIINIOTHEHAA (roapua) Gosee
CTOITKH, 4eM KOAKAHBe, nocHefHHe OGbICTPO H3HANIHBAIOTCA H KpOLIATCA. PeauHOBDIE
VIOTHERHS NPHMEHTIOT JBYX THIOS: GECKApKACHEE H C METAJJIHUECKHM pacnopHLIM
Konbiton. [1epBriM CBOACTBERHA MEHBINARA HECTKOCTh, YeM BTOPHIM. TMocTosiHNHOE IABIE-
HHe Ha Baj, OGECHEYMBAIOMEE [EPMETHUHOCTbL YIUIOTHEHHS, CO3JaeTci 1pH TOMOIIH
CTaibHOf BHTOH MPYHHL! (6paciiera), CORIHHEHHOH 3aMKOM B KOMDILO. Ecau B noj-
IIMITHHKOBOM y37a¢ H3GuTOYHOE JaBJeHHEe Mac/a npeshlnact 100 xTla, To Aast Mpejo-
TBpAIIEHNS NporuGa PesHHOBONl MAHMETH MPHMEHHIOT AONONHHTEIbHOE NoAJIePHH=
Bamoee MTAMIOBAHHOE METANJIHUECKOE KOALLO.

3. MEXAHHU3MBI AJII YCTAHOBKH H VPABHOBEILMBAHUA BAJIKOB

Urobbl npolecc NPOKATKM NPOTEKak HOPMalbHO, BANKH JIOJIKHBI
3aHEMarh B pafouell KJeTH onpeleNeHHOe MNOJOXKEHHE. na sroro
B Ka)o# paGouell KJIETH NpelycMOTPeHBl MEXaHH3MbI H yCTPOHCTBA
ANsi  BEPTHKANbHOH YCTAHOBKH BAJKOB (HazKHMHEIE MeXaHH3MEI),
OCEBO{1,yCTAHOBKH BAalIKOB H YPABHOBEIIHBAHHS BEPXHEr0 BaJKa.
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HaxuMHble MeXaHH3MBI

YcranoBka BamkoB B BepTHKABHOH IIOCKOCTH HA GOMBIIHHCTBE
CTaHOB OCYIIECTBJIAETCS TPH [OMOILH CHEIHAIbHOrO MeXaHH3Ma
C Ha*KHMHBIMH BWHTaMH.

Ha Bcex MHCTOBLIX, NMOMOCOBBIX M OOKHUMHBIX CTaHAX MOJIOMKEHHE
HHXKHETO BaJiKa ¢ TNOAYWEKAMM M NOAMIHIHHKAMH B pafouell KJeru
nocrosiiio. [losToMy pacTBOpP MeKAy BajKaMH PEryJAHPYETCsl nepe-
MEIeHHeM TOJIbKO BepXHero BaldKa MPH TNOMOMM HaXKHMHOTO Mexa-
HH3Ma.

Ha ueTkIpexBalKoBLIX CTaHaX, NPOKATHIBAIOWMX JJIHHHEE TIOJOCH,
AJs NMOJTYYeHHA 3a1aHHOH TOJILIHHBI IOJOCH KOPPEKTHPOBKA 00XKAaTHA
OCYIIECTBAACTCH B NPOIECCE IIPOKATKY, NMOSTOMY HAMKMMHOH MeXaHH3M
BEPXHETO BaJiKka NOMXKEH OBITh pACCYHTAH Ha [PECJOJCHHE Mak-
CHMAMbLHOTO YCHIHA, [eHCTBYIIEro Ha BaJKH B MPOIECCE Mpo-
KaTKH.

Ha copToBRIX JBYX- H TPeXBaJIKOBHIX CTaHAX NOJOKEHHE Ba/JIKOB
NpH NpoKaTKe He H3MEHSIETCs; He0OXOLHMOE PacCTOSHHE MEXY HHMH,
onpefenisieMoe KaiuOpOBKOK BalKoB, yCTaHABIHBAIOT 3apaHee, NpH
HacTpoHKe craHa.

Ha copToBbiX IBYXBaJNKOBEIX CTAHAX /Il COXPAHEHHS JHHUM TIPO-
KaTKH Ha MOCTOAHHOM YpOBHE He0OXOIMMOE PACCTOSHHE MEMIY BaJ-
KaMH [PH NPOKAaTKE 3a/laHHOTO NPO(HIS YCTAHABIMBAKOT lEpeMele-
HHEM BEPXHEro M HUMKHETO BAJKOB.

Ha coproBbix TpexBalKOBEIX cTaHaX CpEIHHH BaJOK YCTaHABJIH-
BalOT HCMOJBHIKHO, & HACTPOHKY OCYLIECTBJASIIOT MepeMeIieHuem
BePXHEro H HHIKHEr0 BaJIKOB.

Ha rtex cramax, rje nmomoxenne BepXHEro BaJKa, NOJIKHO H3Me-
HATBCS MOCAE KaXKIOro npoxoja MeTajja depes Bajdku (OJIOMHHTH,
PEBCPCHBHBIE YETHIPEXBAJIKOBEIE CTAHBEI M T. [.), 3TO MEpPEMEIeHHE
NPOHCXOJHT BO BPEMsl Nay3 MexIy NPOXQTaMi.

OueBngHO, 4YTO VIS YBEeJHYEHHS [POM3BOJMTENbHOCTH CTaHa
BpeMsd, 3aTpauyHBaeMOe€ Ha YCTAHOBKY BEPXHETO BaJKa, JOJKHO OLIThL
MHHHUMaALHEIM. [lo3TOMY nepeMemieHHe BEpPXHEro BajKa JOJKHO
MPOHCXOAHTL ¢ BOJBIIOH CKOPOCTBIO (HANPHMEpP, Ha GJAIOMHHTAX 3Ta
ckopocth gocruraer 250 mm/c). OnHako Ha HEKOTOPHIX CTaHax, MNpo-
KaTBIBAIOIMX TOHKHE JIHCTH M IOJOCH], CKOPOCTh NepeMelleHHsT Bepx-
HEro Ba/IKa OTPaHH4YHBAETCA HeOBXOAMMOH TOYHOCTLI0 YCTAHOBKH Baj-
KOB B ONpEIENEHHOM MOJOMKEHHH, MOITOMY 3Ta CKOPOCTL A0MKHA GEITh
OYeHb HeGOJIbIIOH (HAa TOHKOJNHCTOBLIX UYETBIPEXBATKOBEIX CTaHaX
XOJIOJHOH MpOKaTKH OHa cocrasaser ~0,1 mM/c).

Kpome T0ro, cKOpocTb NepeMeleHHs HaXKHMHBIX BHHTOB 3aBHCHT
TaKXe OT JJIHHBl NYTH, KOTOPLIA AOMKEH TPOHTH HaXKUMHOR BHHT
TNpH YCTaHOBKE Ba/iKa. DTOT MyTb HA OOKHMHBIX CTAHAX BO MHOIO pas
Gonbiie, 4eM Ha JIHCTOBBIX M TOHKOJMHCTOBHIX. [l03TOMY € LEJABIO
BO3MOKHOTO COKDAILEHHS Mays pH NPOKATKe CKOPOCTh TEPeMElIeHUS
HaXXHMHBIX BHHTOB Y O0XKHMHBIX CTAHOB NpHHEMAaeTca GoJblieli, yem,
HallpUMep, V JIHCTOBBIX CTAHOB.

-
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Ha COPTOBBIX CTaHAaX, rje BaJKH ycTaHaB/AUBAKT TOJ’Inga;IE:};
HaCTpOﬁKE ¢TaHa, CKOpOCTb nepeMenieHtA BaJIKOB orpamitxu

[ ; HKH.
TpebveMoll TOUHOCTBIO HX HACTPOMK .
p' I-%[a MpaKTHKE MPHMEHSIOT CJeAYIoMHe CKOPOCTH nepemened

(ycTaHOBKH) BEPXHEro Bajka, MM/cC:

—250
DIAIOMHETH « « » = o o o o « o = o & o o o = o = = %88—150
CHSBHETH  + « - = = » &+ o o+ o o o o 0 o= s b
TOJCTOMHCTOBBIE CTAHLL . - - = = « = =« = = = .-
CopToBBlE CTAMEI ABYX- H TPEXBAMKOBEIC. . . . - -« - .

TOHKOJHCTOBEIE UQTLIPEeXBaJKOBbIE CTaHbI

Ha GaioMHHTaX, CISOHHTAX H TOHKOJIMCTOBBLIX CTaHaX nepersﬁeé
jiie BepXHEro Bajika MPOMCXOJHT MOC/Ie KamIoro IpONyCcKa Mtral T
yepes BaJKH, NOSTOMY € IEJbI0 COKpalEHH nay3sl ]ge}xfyoxopmme
JaMH JJISi YCTAHOBKHM BEPXHEro Baika NpHMEHAIOT BICTD réBbe
HAMKUMHLIE MEXAHM3Mbl C MPHBOJAOM OT BEPTHKAIBHBIX chnann
9JeKTPOABHrareneli yepes IHIHHIPHICCKHE MIECTEPHH. I

Ha puc. V.26, a npuBejeHEl KHHEMATHIECKHE CXEMBI S
mexannamon 1 u 11 Tunos, a Ha puc. V.26, 6 — oOIIHiH B}wé’[l{“%mﬂmoﬁ
mexannama 11 Tuna aas GmomuHra 1150 KOHCTPYKUHH Y i
cTaabHOM Koprnyc I sakpenJie Ha CTaHHHAX patGouei K.ne'q)"u gcuo npce
pOBaH C HEMH C TMOMOMIbIO ABYX YCTaHOBOUHBIX koaern 2. B K ep a¥{a
pasMelleHa TOpH30HTaIbHAs Koco3ybas LHAHHAPHYECKAT NE€P ﬂa.ub:
COCTOAILAS H3 CeMH 3y0uarhiX KoJec H MpHBOAUMAst NBYyMs Bepﬂ::; -
HbIMH (JIAHHEBLIMH 3JIEKTPOIBHTraTeNAMH J, cmomnponag:gﬂm ne
BepxHeii uacti Kopnyca /. [lecrepun 4 (puc. V.26, ua) Hac et me
MOCPEACTBEHHO HA KOHILI BAJIOB SJEKTPOABHTATEJEH I cIy Lo
¢ NapasHTHBIMH KOJecaMu &5, KOTOpHE B CBOIO OUYEPEIb T guﬁm :
ppameHye 3y6uaThiM BeHlAM 7, TOCAMKEHHBEIM Ha BI:ICOK;IE c?; A
¢ KBajpaTHLIMH OTBepcTHsAMH. [IpH BpalEHHH KOJEC Hg nynom‘y-
OCYILECTBISETCS BpalleHHe BHHTOB B Haﬁggﬁ}f raiikax

eJIbHOE IIePEMEIeHHEe HAXKHMHEIX BH .
HaTCOEILI[HHTeE')leaH mectepHs 6 cBOOOAHO TIOCAXKEHA HA ocbi,q elf:?;?);
pas OjJHOBPEMEHHO fBJSETCHA IIYHIKEPOM Il pByYX rrmparn;ﬁcma .
IMARHAPOB /2, BMOHTHPOBAHHBEIX B KOpHyCrHa}KHMHOI‘O yc[;;I) ficrsa
IpelHa3HAYEHHLIX [JIs BHIBOAA INECTEPER o H3 3AUCIICHE HEH ok
06X0[HMOCTH Da3lenbHol paboThl BHHTOB (oHOTO HpaBOFOa ML e
goro). Ilpu pafore craHa MOJNOCTH BEPXHHX OHJIHHAPOB 3 anen
MacJIOM, BLIXO KOTOPOTO H3 HHX MEPEKPHIT, @ N3 HHAMHX LI ,upe
MacJo BLITECHEHO B 0aK, YCTAaHOBJEHHBIH CBEpXY HA rmom.a,ru'zHé
[pakTHKa KcmiIyaTannu OMIOMHHIOB MOKasana, HTo, HECMOTg;IBHH“
HAJMYHe TOPMO3OB HA 3JEKTPOABHTATENsAX, MPOHCXOLHT camo o
YHBAHHE HAJKUMHLIX BHHTOB BCJeEJCTBHE GONBLIMX JHHAMHHYECKHX e
rpy3oK Ha HHX np# npokarke. C Ie/bio NpeloxXpaHeHHs oT CaMOOTHHHe
UUBAHHS Ha KOHIAX HAXHMHBIX BHHTOB CJIEJaHbBI Cd)epIHECKBe_
NATE /4 yBEJNHUEHHOTO JHaMETpa, B pe3yJbTare uero HECKO.HI;!;%OY o
JAMYMBAETCH MOMEHT TpeHus B nste. Jns yro6cTsa cOOpKU H P no?zs e

MATY IeJA0T OTHEMHOH H 3aKPemJIAioT Ha HAXKMMHOM BHHTE TOP
mmonkoii /3 u ckBosHEIM mTH(TOM [5. .
[
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Prc. V.26, ButTpoxoanele HamHMHEbe Mexanusmsl GaiomMmura 1150 Kouerpykumn ¥3TM

YKasarelb OGXKAaTHH NPHCOEAHMHEH K HAXKHMHOMY YCTPOMCTBY
yepes NPOMEXYTOUYHYI0 KOHHYECKYIO nepejauy I6.

HaxumHoe yCTPOHCTBO HMeET NMPHBOJ OT ABYX 3JEKTPOjBHrare-
Jefi BepTHKaJbHOro THma Mowmuoctelo [80—270 kBt (1 = 500--
—-750/1000 o6/mun). Cmaska xuakasi UHpKyaaunonHas. Hapyxumiii
juamerp Haxumuoro BHHTa 440 MM, pesnba omHo3axoiHasA, Liar
48 MM, nHaMerp nATH 550 MM, nepefaTOYHOe OTHOLIEHHE OT JEKTPO-
ABUraTeNs K HaXHMHOMY BHHTY 4,5; CKOPOCTh NepeMemeHHs BHHTOB
no 250 mm/c.

TuxoXxolHble HaxKUMHBIe MeXaHH3Mbl (puc. V.27) ¢ mpHBOAOM OT
SJIeKTPOJBHIaTe s Yepes IJ0GOH/HEIE YepBAUHLIE Nepeiavull [pHMe-
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Puc, V.27. TrxoxofZEH{l HaXHMHOHK
MEXaHH3M YeTHpPeXBaJIKOBOrO CTaHa
2500 xonogHOl NPOKAaTKH KOHCTPYK-
uda HKM3

HAIOT Ha TOJCTONHCTOBHIX,
TOHKOMHCTOBBIX H IOJOCO- ) i i
BBlX UETHPEXBAJKOBBIX CTaHax TropA4YeH H XOJIOIHOH [P oo H-_
rJ€ CKOpOCTb [epeMelleHHsl BajJKoB HEBEIHKA (BBHOY HEO ncﬁ:)
MOCTH  TOYHOfi  pEryJIApOBKH  TOJIUHHBEL  JHCTOB M no .
Ha puc. V.27, a npuBeieHa KHHeMarndeckas cxeMa, a Ha
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puc. V.27, 6 — ofugnii BHI MeXaHHSMAa JUIN YCTAHOBKH BEPXHHX
BankoB paboueli KjeTn uersipexBaikoBoro crana 2500 X0J01HOM
npokatku KoHCTpykunn HKM3. TIpHBoj HAXKUMHBIX BHHTOB OCYIILE-
CTBASIETCH OT ABYX aJjekrpoxpurarened 2 tuna MII-82 momuoctbio 1o
115 kBt vacroroi spamenus 500 o6/mun npu 100 % TIB. dsuraremn
YCTAHOBJCHBl HA OLAHON OCH H coefHHeHbI MEXAY co00H SJeKTpoMa-
PHHTHOH My(ro#i I, paccuuTaHHOH Ha KpPyTAUHE MOMEHT, paBHBI
3 kH.m. Bpawmenue or snexTpojsurateneii K HaXKUMHHIM BHUHTAM 6
mepenaercs 4epes 3youarele MydTe S H UepBsigHbIE TMIOGOHIHbBIE pe-
AykTopel 4, 5, Ofulee nepegaroyHoe YHCJIO OT ABHTaTelds K HAMKHUM-
HOMY BHHTY { == 1122; CKOpPOCTb mNepeMelleHHs HAKMMHOTO BHHTA
0,11-—-0,22 mwm/c,

Huamerp maxumuoro suHTa pasen 560 mu, war pesnbu 12 MM,
Pepykropnl Ha:KHMHOrO MeXaHH3Ma CMOHTHPOBAHEI B OT/JeMbHBEIX
KOpNycaxX, yCTaHOBJIEHHBIX Ha BepXy CTaHHHBL. Memxny peiyKTopamu
YCTaHOBJEH THAPOUWAHHLP YypaBHOBellnBauus Bankos /. Kpalinee
BepxHee [0JIOXKEHHE HAaXKMMHOrO BHHTA (Xox BHHTa 530 MM) (ukcH-
pyerca KomaupoanmaparoM I0, coeIMHEHHHIM CO CTYHHIEH yepBsu-
HOI'o KoJeca yepes KOHHYECKYIO INEeCTePeHHYIO meperady 7 M0 pe-
AVKTOp &.

VY 3TOro HaMHMHOrO ycrpofictea Her nudeptnara na camoil cra-
HHHE H [NOJIOKEHHE BAJKOB KOHTPOJHDYETCH CeNbCHHOM-NaTYyHKOM 9,
nepefalomuM HMOYJbC Ha CEJIbCHH-MOTOp, VCTAHOBJEHHHIH Ha
OyJabTe VIpaBaeHHsd U CHaOKeHABIH [IHCKOM ¢ UUGPOBBIMH Aene-
HHAMH.

Tlpusoj cenbCHHa-naTUHKa' aHANOTHYEH TIPUBOAY KOMaujoanna-

para. Ilpu Heo6xomuMocTH pabGoTHl OAHHUM HAMKHMHBLIM BHHTOM (1J8
HACTPOHKH BaJNKOB) 3JEKTPOMATHATHAA MY(Ta BLIK/JIIO4aercs.

B orAuuue OT COPTOBEIX NPOKATHHIX CTAHOB Ha JIMCTOBHX CTaHaX
NpPH MPOKATKE TOHKHX JIHCTOB H 10JI0CHI BepXHHH BaJIOK 4acCTo MpH-
XOMUTCS YCTAHABJNMBATL, KOIAAd MeTalJ HaXOAHTCS MEXKAY BaJKaMi,
YyTO HEeoOXOAMMO /IS BHIPABHHBAHHA TOJOIMHBEL [POKATLIBAEMOMH
TOJIOCH.

Taxum ofpazom, MeXaHH3MBl NPUBOJAA HAXKHMHLIX BHHTOB JOJXKHHI
ObITh PAacCYHTAHBl Ha MaKCHMa/JbHOEe YCHJHE, BOZHHKAIONIEEe IpH
NpoKaTKe. B JaHHOM cJlyyae STOT MEXaHH3M DACCYHTAH HA YCHJIHE
npoxkarky 35 MH (na o6a Ha)kumHBIX BUHTA). Bonencraue npumesenus
B MPHBOJE KAXKJOT0 BHHTA JABYX UYEPBAUHBIX TEpefay K. 0. J. TAKHX
HaKHMHBIX MEXaHH3MOB 3HAYHTEJNbHO HIHKE, YeM K. II. J|. HaKHMHBIX
MeXaHH3MOB OJIOMHHT@, y KOTOPOrO B NIPHBOAE BHHTOB NPeLycMo-
TPEHBl UHAHHApHYeCKHe mecTepHH. C NeJbl0 NOBBILIEHHA K. [1. 1.
NpHBOAA NPUMEHSIOT TA0GONAHBIE YEPBAUHLIE DPEIYKTODPH.

s noBeiwienHs GBICTPOTH B TOYHOCTH YCTAHOBKH BaJKOB Ha He-
KOTOPBIX CTAHAX [PUMEHRAIOT HAKHMHEIE MEXAHH3MBI C UEPBSYHO-IH-
JUHIPHYECKHM TPHBOJAOM, [BYXCKOPOCTHBIE W KOMOHHUpPOBAHHLIE
(ruapovMexaHHyecKHe).

/

e i 4 A

Tudpasauueckue u 2udpomexanudeckue
HANCUMHBLE  MEXAHUIMbL

B npouecce NPOKATKH TOJIUNHA BBIXOJSINEH H3 BaJKOB 110J0CH
HENpPEPbIBHO W3MEHSIETCH BCJAENCTBHE HEMOCTOAHCTBA TOAUMHBL NOJ-
Kara npH BXOj€ B Ba/KH, MeXaHHYeCKHX CBOHCTB MOJOCHI 1O AJIIHE
pYJ0HA, YCAOBHA CMa3Kn BaJKOB H mOJOCHE i T. 1. [lns onpejeiaexus
TOMUIHHBLL MOAOCH W ee HWaMeHeHusl (Pa3HOTOMIUHHOCTH) Ha CTaHe
nepej H 3a BaJIKaMH YCTaHaBIHBAIOT JeTyYHe MHKPOMETPhl (KOHTaKT-
Hble 1 OECKOHTAKTHBIE TOJMNIHNHOMEpPH) pasaIuuyHoro tina (IHIYKTHE-
Hpl€, PEHTTEHOBCKHe M Jp.). MaMmeHeune TOMILLMHBI 110JOCH MOZKHO
TaKKe (PUKCHPOBATL KOCBEHHBLIM CHOCOGOM NyTeM H3MepeHHUf YCHIHSA
TPOKATKI MECH03aM#, YCTAHOBJEHHBIMM O] HaXKUMHBIE BHHTHL (H/AH
Non NMOAYIUKH HHXKHEro Bajka).

[Mokazaansa (3AEKTPHYECKHE CHTHA/IB NATUYHKOB H3MEPEHHA TOJ-
UIMHE]) 3THX NPUGOPOBR MOMKHO HCIQJAL30BATh B CHCTEMAaX aBTOMAaTH-
tyeckoro peryanpoBanus tomnuusl (CAPT) nosocel B npouecce mpo-
KATKH C 1eNbI0 CHIKEHHS IPOJOJAbHOH M NOTNEpeYHOH pasHOTOMIMMNH-
HOCTH.

B HaUMHBIX MEXaHHU3MaX IEKTPOMeXayHdeCKoro THna, B KOTO-
PLIX HAKHMHBLICE BUHTH NPHBOJATCA OT 3JCKTPOABUraTenedl (cM.
puc. V.26 1 V.27), 3TH CHTHAJB HCHOJNB3YIOT AJsi BKJIOYEHHS (Bbi-
KJIIOYEHMsI) 3JIEKTPOJABHraTe]eH, T.e. AJs BpallleHHs HaXHMHBIX
BHHTOB H M3MEHEHUs 00XKATHH MOJOCHL B mpolecce npokarkd. IIpak-
THKa nokazeiBaer, uto CAPT ¢ ucnonb3oBaHHEM HAXKHMHLIX BHHTOB
¢ 3NEeKTPONPHBOAOM HMEET CYMECTBEHHBIH HEAOCTATOK — 3anasibl-
BAHHE PEryJHpOBaHusl PA3HOTOMUIMHHOCTH BCJEACTBIE HHEPHHOH-
HOCTH 3JIEKTPOMEXaHHYECKOTO MPHBOLA HAMKHMHBIX BHHTOB (BKJIOUE-
HHE 3AEKTPOABHraTeNefi 0T MMNYAbCOB W3MEPHTEALHLIX NpUGOpoB U
pasroH PelyKTOPHOTO MPIBOjia HAXKHUMHEIX BHHTOB Tpebyior 0,5—1 ¢;
3a 3TOT MepHoJ NpH ckopocTH npokatku 10—30 m/c nosoca npofiger
nyte 5—30 m).

B 'HexkortopeiX cayuasx paGora CAPT npu HalH4YHH 3JeKTpOMEXa-
HUYECKHX HAXKHMHBIX MEXaHM3MOB BooOmle Mano 3(pdexTunHa BeRAen-
CTBHE 4pe3BblYallHO MHTEHCHBHOTO H3HOCA PE3bOOBOH Mapel HaXKHM-
HOH BHHT-T4HKAa.

C uenpio nopbinenus Guicrponeficteng CAPT (uto ocofenHo BaXKHO
NPH BBICOKHX CKOPOCTAIX UPOKATKH) B nocJelHHe ToJbl I10JyTHIH
pacrnpocTpaHenue rHEpaBaHdeckue (He3 HaxKMMHBIX BHHTOB H HX
3JIEKTPONPHBOJA) M KOMOGHHHDOBaHHBIE (IHAPOMEXaHHYECKHe) Ha-
JMHMHBIE MeXaHH3Mbl, oOJajaloliie 3HAYHTeNLHO MeHbllell HHep-
HHOHHOCTBIO.

Ha puc. V.28, @ nokasaH rujipab/iHYeCKHH HaXUMHOH MEXaHH3M
yeTeipexsanxoBoro crana 1200 Xo/04HOH NPOKAaTKH TOHKOH MOJOCHI
xouerpywuuy BHHHMmermama — HKM3.

Ycuane npokaTKI HEMOCPEACTBEHHO BOCHPHHHMAKT FHApaBiInye-
cKHe LWHJHHApel / (BMECTO HaXKHMHEIX BHHTOB, cM. puc. V.27); noa
nopurHH 2 oT aKKyMYJATOpa Mojaercst pabodast KHAKOCTH (Macao)
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BAJKOB (MPH OTHOCHTENBHO GO/bIIOM BEPTHKAAbLHOM MEpEMEICHHN
HAUMHEIX BHHTOB);

2) (YHKIHIO TJAyHxKepa (MOPLIHsA) THAPABIHYECKOro MHIHHAPAE,
ONHpAIOLIErocst Ha CTaHHHY; B 3TOM CJaydae MpH I0Aadc upaﬁeueﬂ
MHAKOCTH (Macia) B HOJOCTb MEXIY 3al/IieYHKOM BHYTPEHHEH TanKH-
MJIYHKepa W BHEILIHHM I[HIHHAPOM raifKa-TUIyHKep (BMecTe ¢ HaMKHM-
HLIM BHHTOM) MOXMKET NepeMelaTbesi MO BEPTHKAMH (na 1—4 Mm)
B IHApaBIHYecKoM HuaHHApe 4 (A TOYHOH HACTPOHKH BAJIKOB IIPH
PEryJHPOBAHHH PA3HOTOJIMHHOCTH mosock). K Toplly HaKHMHOTO
BHHTA 2 MpHKPENJeH KHHEMaTHYeCKHI WTOK-BHHT 5, Ha KOTODPBIH
OmMHpaeTcs ABYNJeuui phlYar 6, COCAMHEHHBIH € THAPOPACHPEASI-
Tenem 7, 3aiaTyHKoM 8 W INaroBBIM 3JIEKTPOJBHTATENEM 9. 9’1;3 CHCTEMA
BBINONHSET (YHKIHIO 0OparHOH CBA3HM TepeMelleHust ranKH-IIyH-
JKepa B COOTBETCTBHM C BKJIOYEHHEM WIArOBOTO 3JEKTPOIABHIATE]S H
nepeMerneieM 30J0THHKA THAPOPACHPEAETHTE/. OnucaHHBIH Ha-
SKIMHOH MEXaHH3M NPHMEHSIETCsS B UHCTOBBIX KJIETAX HEMPEpLIBHOTO
LIHPOKOMOJIOCOBOTO CTaHa TOpsYel MNPOKaTKH MOJOCH TO/ULHHOH
Gomee 2 MM. I=

Cenyer OTMETHTDb, YTO TOYHOCTH PAGOTHL HAXHUMHBLIX MEXaHHIMOB
B CAPT B 3HAUHTENBHOI CTENEHH OMPEIeJaserTcs TOUHOCThIO W HANEH-
HOCTLIO NPHOOPOB, NPHMEHSEMBIX IS NMPAMOro (TOIILIHOMEPBI) HITH
KOCBEHHOTO (MECHO3bl) H3MEPEeHHS TOJMIIHMHBL 1 PAa3HOTOIILHHHOCTH
NpPOKaThIBaeMOH TIOJIOCHL.

Hascumnble sunms, 4 20iiky

HakuMHOH BHHT BOCMPHHHMAeT YCHAME, NPHXONAUIEECs Ha OLHY
LiefiKy BadKa TPH NPOKATKe, H MepelaeT ero Uepes HaAXKHMHYIO raiky
cragune. [ToBepXHOCTH TPEHHS (nfTe HAXHMHOTO BHHTA) NpHJaHa
cheprueckast opma s JyUiIei caMOyCTaHOBKH MOLYIIKH C O
HHKOM IO OCH HaXXUMHOTO BHHTZ.

Ha GaioMuHrax, cAsiGHHrax H YEPHOBBIX KJETHX TOJICTOMHCTOBBIX

cTaHOB gHaMerp cepHUecKHX MOANATHHKOB ARMAI0T HoJblne AHa- -

merpa Bunta. IlpakTKa moxasplBaeT, 4TO, HECMOTP Ha HeDOoJIBIIOH
yroJl mogbeMa BHHTOBoH muuuu (He Gonee 2° 30°) H TEOPETHUECKH Ca-
MOTOPMO3SIIYIOCs Napy BHHT-TaiKa, MpH JAWHAMHUYECKHX HarpyskaX
HaBJI0IAeTCs «OTXO» (CaMOOTBHHYHBAHHE) HAXKHMHBIX BHHTOB. Ilpu
VBEeJNUCHHH AMaMeTpa NOANATHHKA U NPHMEHEHHH TYCTOH CMasKH
pe3b6bi (BMECTO JKHJIKOH) BO3pacTaeT MOMEHT TPEeHHHA, T. €. yMeHb-
[MIaeTcsi BOSMOMKHOCTH CAMOOTBHHUHBAHHA BHHTOB (CM. DHC. V.26).
Jlasi JHCTOBLIX CTAHOB HAXKHMHBIE BHHTH JEMIAIOT C MEIKOH pe3b6oH
1 HeGOAbIIKM YIaoM mogbeMa (Menee 1°), mosToMy CamOOTBHHU4MBA-
HHe MX He MPOMCXOAWT; IJIsi YMeHBLIUeHHsI NoTeph Ha TpeHHe mpH Bpa-
UIEHHH BHHTA TOJX CchepHUECKYH MATY NOABOAAT IYCTYIO CMA3Ky.
Tafiky HAMKHMHEIX BHHTOB — HauGosee OLICTPOH3HAIIHBAIOUIINECH
netani. VX H3TOTOBIAIOT W3 JuTOfi Gpomsel Mapok BpAJK9-4 m
BpAKMi10-3-1,5. B
Jlnsi 3KOHOMHH GpOH3H Leecoo6pasHo fenaTh HaKHMHBIC raiku
cocTaBHEIMA. HapyHele GaHAaxXH H3TOTOBJSIOT H3 BbICOKOTIPOUHOTO
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PrHe, V.29, CocraBHble HamKHMHARC i
ra#ik 1 HOPMH BepXHero KoHlla na-
JHEMHOrO BHHTAD

4 — GaHJaMHPOBAHHAS C TOJOCTBIO
IJIs BOOSIHOTO DXJamAeHus (chera) o
C BHYTpeH:HeH OGPOH30BOM 3aJHBKON
(cmpana); 6 — xBajpaTHEIT KOHEL, Ha-
JKEMHOTO BHMTA € HAOPasJIAOMHMA
MAOCKOCTAMH H3 GPOH3OBLHIX NJAAHOK
BAH OpOHA0BBIX HANMIABOK H KOHEI [
HAXHEMHOTO BHHTA CO ULTHIAMH it

yyryHa (puc. V.29, @, cnepa), HHOTAZ TIPHMENAIOT 3aJHBRY OpPOH3LI
B CTaJbHOH cTyneHYaToid Ganmam (puc. V.29, @, cnpasa). Oxaaxue-
HHe BONOH OaHJa)KHPOBAHHLIX TaeK 3HAUUTEILHO YMEHBILAET H3HOC
HX pe3bObl. [IpakTHKOH yCTAaHOBAEHO TaKKe, 4TO NPH XHAKOH cMaske
napel HaXKHMHOH BHHT-Taftka H3HOC HX pesbOul B 1,5—2 pasa menbuie,
yeM npH rycrofi. OgHako BO MHOTHX CJAyd4asX nNpPHMEHEHHEe KHIKOi
CM43KH HaKHMHOH TafiKi HexXenaTeNbHO, TAK KaK MPH 3TOM MOKET
BO3HHKATh CAMOOTBHHUHBAHHE HAMKHMHLIX BHHTOB.

s npenoTBpanieHust IPOBOPAYHBAHUA B PACTOUKE CTAHU LI TAHKY
KDENAT CHH3Y MPH [OMOIIH TOPIOBBIX IIJIANOK, KaK MOKa3aHo Ha
puc. V.27.

HaxuMHOl BHHT Bpamaercs CTymumeH HeHTpasabHoli niecTepiiu
HJIH YePBAUHOIO KOJleca U [epeMellaercs B Hel mo BepTHKanu. Bepx-
HUH KOHeIl Ha:KUMHOIO BHHTA [eJalOT KBAaApaTHBIM (Y OGXKHMHBIX
CTAHOB) MM LHHAHHAPHUECKHMH €O ILIHIAMH (Y JIHCTOBBIX CTAHOB,
puc. V.29, 6). Ilns yMeHLIICHHS TPEHHUS (B GBICTPOXOIHBIX HAMHMHBIX
MeXaHH3MaX) Ha KBaJADaTHOM KOHIE HMHOTJA TPeIyCMaTpPHBAIOT Ha-
NpaBJdoNIye, HanJapissd GPOH3Y WM NPUKPENJIsSs BHHTAMH OpoH-
3OBLIE MJIAHKH; B 3TOM CAYyYae CTYMHILA MOMKET OLITh OTJIHTa H3 CTaJM.

Pesp6a Ha)KHMHBIX BHHTOB M TI'aeK OJHO3aXOIHAS YINOPHAs WJIH
Tpaneueuantuas. TpanenenjanbHbiii npoduis (kak Gosee NpoYHLL)
OPHMEHSIOT [/ HaXKHMHBIX BHHTOB H TdeK TOHKOJHCTOBBIX CTAHOB
XOJIOMHOH NPOKATKH, TaK KaK B 3THX CTaHaX BHHTHI H TaHKH npH
NPOKATKe BOCNPHHHMAIOT OOALINHE YCHAHA. B GRICTPOXOIHEIX Ha-
HHMHBIX MeXaHH3Max OJIOMHHTOB HHOT/JA HCIOAb3YIOT IBYX3aXoi-
HYIO pe3bby.

JlnameTp HaXHMHOTO BHHTA ONPEAENsiioT B 3aBHCHMOCTH OT MAKCH-
ManbHOro” yCHJHA, AefiCTBYIONEro Ha HEro TNPH NPOKATKE Ve

dy = 1/4Ylﬂﬂ>¢/n [0 = 14131 ¥ max/[0]5) (V,SS)

rle d; — BHYTPeHHHH aumaMeTp pe3n0bl HaXKHMHOrO BHHTA; |0, —
AonycKaeMoe HanpsiKeHHe Ha CiaTHe BHHTA.

HazkumHble BHHTBL H3TOTOBJSIOT H3 KOBaHOH cramu Mapok Cr.5,
40X 1 40XH c npenenom npowsoctn o, = 600-:-750 MIIa. Hexoas
U3 NATHKPATHOTO 3amaca NPOYHOCTH, JONYCKAEMOE HANpSIKEeHHe Ha
cxkatHe Mmatepuana BuHTa [0, MomHO npuHuMare paBHbiM 120
—=150 MIla. OmnpenenenHblii pacueTroM AHAMETp HaKHMHOTO BHHTA
HeoGxoaumo coraacoBark 3ateM ¢ 'OCTowm.
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Junamerp HaKUMHOH raiiku D, u BricotTy ee H 00bYHO omnpeje-
JAI0T H3 caefylomux cooTHomenmi: D, = (1,5-+1,8) dy;  Hy =
= (0,95—+1,1) D,, rae d, — HapyXKHBIH AHAMETP pe3bObl HaXKUMHOTO
BHHTA.

J11a BpalleHHs Ha:KUMHOTO BHHTA, KOIJla Ha HEro (mo I0BepXHOCTH
OATH) JeHCTBYeT ycHaHe Y, K BepXHeMy KOHIY HaxUMHOTO BHHTA
Heo6X0AUMO NPHJIOKHTD ONMpeNe/eHHbIH KPYTsAUHi MOMEHT, KOTOPBIH
MOMKHO paccuurarb no (opmyse

d

My — ¥ [t - SR g (o +00)| (V.56)
rie dy — JAMaMeTp MNATH HAXKHMHOIO BHHTA; g — KO3(QHIHEHT
TpeHus B nATte; dop — CPEAHHH AuameTp pe3blbl HAXKHMHOIO BHHTA,
o, — yroa noxbema pesnOul (tg ooy, = zPp/ndgp, 3a€ch 2 — UHCIO
3axo10B; P, — war pesbOLl); ¢, — YroJ TpeHus B pesnbe (tg oy =
= lp, 31€Ch W, — KO3(HUHEHT TPEHHS B pe3pbe MEXKAY HaXKHMHOH
raiikoii ¥ BHHTOM; OOBIUHO, NPH HOPMAaJbHOH cMas3Ke pesbObl, NPHHH-
maior w, = 0,1, Torna ¢, = 5° 40°).

Vennue Y, neicrByioniee Ha HaXKMMHOH BHHT, ONpPELeNAIOT MM
PA3HEIX CTAHOB NO-PA3HOMY:

1. Korza Ha:uUMHOW BHHT [epeMelNaerca TOJbKO BO BPEMA Nayskl
MEX/Y NPOXOJaMH (Ha G/IIOMHHIAX, TOJCTONHCTOBHIX CTaHax) Ha HEro
He jeficTByeT ycuaue npoxkarkH. OgHako B 3TO BpPeMs Ha HEro JAeH-
CTBYET YCHJIME CO CTOPOHHI YCTPOHCTBA JI/Isi YPABHOBEIIHBAHHA BEPX-
HEro Balka. O1o ycusane o6piuHo GuiBaer Ha 20—40 % Ooublie Macchl
ypaBHOBellHBaeMbIX IeTaJlel.

Taxkum o6pasom: Y = Q — G/2 = (0,2-0,4) G/2, rne Q — ycu-
JHe Ha OJHY MOAYLUIKY BajKa CO CTOPOHbI MeXaHH3Ma YpPaBHOBELIH-
Banus; G — Macca ypaBHOBelIMBaeMBIX jeTanefi (BepXHEro pafka,
€ro mojyileKk M HaXKHMHHIX BHHTOB).

2. Korza HaXXHMHOH BHHT [epeMellaeTcs BO BpeMA [ponecca

TIPOKaTKH (B TOHKOJNMCTOBHX CTaHAaX), Ha HEro NEHCTBYET YCHIHE,
paBHOE MOJOBHHE YCHJIHSI NPOKATKH, T. €. Y = P/2. )
Onpezenus no dopmyne (V.56) kpyramuii MOMEHT, TPeGyONHHCS
NSl BpallleHHsi HAXKHMHOTO BHHTAa, MOMKHO 3aTeM OMPEAEeNuTh H MOLL-
HOCTh JBHrareis, HeoOXOIHMYIO M NPHBOJA BCEro YCTAHOBOUHOrO
MexaHusMa. TaK Kak CKODPOCTb MepeMelleHHs HaXKHMHOIO BHHTA
3ajaHa, TO KPYTAIHA MOMEHT IBHrarTe/s JJisi MPUBOJAA BHHTA MOMKHO
ONpEeNeNuTh MO CJelyHoleH (opMyie:
Mz = M/, (V.57)
rje i — MepejaTouyHoe YHCJAO NMPUBOAA OT ABHrareds K BHHTY; 1 —
K. M. A. Nepelayd OT ABUraTens K BHHTY.
Mottoers aBurarens, KBr:

Nas = "Mnumml (V.58)

rne Mgy — KPYTSUHHA MOMEHT OBIHraress, H.M; @yp — yriaoBas

qacToTa, s — /30N, 3A€Ch g — YACTOTA BPAUICHHA JBHTa-

Teadg, MHH L
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CooTBeTcTByIOLIHE THN H XapakKTEPHCTHKY ABHTaTeJas MOAGHPAIOT
10 Karaloram.

[na  ycTaHOBOWHBIX MEXaHH3MOB, paGoTAlOIHX B NOBTOPHO-
KDATKOBPEMEHHOM pexHuMe (Ha GMIOMHMHrax, cAs6HHrax, O6MKHMHBIX
KJIETAX penbcoBa/ouyHBIX CTAHOB M T.A.), MOIIHOCTH M MOMEHT JBHTa-
TeNIs HeoOXOAMMO ONpeieNdTh H3 YCJAOBHA HArpeBa ABHIATENAS 110
CPelHEKBAJDATHYHOH CHJIE TOKA, a TAKXKe H3 YCJIOBHA ofecrneueHHsn
HOCTATOYHO GBICTPOro pasroHa ABHTATe/st, YTOObI NPOIOJAKHTETLHOCTE
YCTaHOBKH Ba/JKOB ObljIa MHHHMANLHOH. B 3TOM cayuae npu ompe-
JeJEHHH MOMEHTAa [BHraTe/s Hal0 YYHTHIBATL JHHAMHYECKYIO Ha-
IPY3KY, BO3HHKAWIYK NPH YCKOPEHHH BpPAIEHHST fAeTaged B TIpH-
BOJIe OT JBHTraTeJis A0 HaHMHOTO BHHTa, N0 cJenyioued dopmyme:

Mz = Mer + Mo (V.59)

rae M., — craTHyecKHii MOMEH1 Ha BaJy ABHTATENs, ONpeNe/seMblil

mo dopmyne (V.57), H-M; My — AMHAMHYECKHIT MOMEHT Ha Bady
aurareas, H.wm:

a

. d mD3
Mugn = J - = Jegy = —S ey, J (V.60)

3fecb J — MOMEHT MHEDPIHH MACCHl BCEX BpalIAIOUMXCH jeTaJeit
NpHBOLA, TIPHBENEHHHIH K Bajy JBHrarens, kr-m%: J = mR} =
= mD}/4; ez, — YrJIOBOE YCKOpPeHHe NpHBOZA NpH pasrome, 1/c2,
paBHoe dw/di.

YCcTpoACTBO OCEBOH YCTAHOBKH BAJKOB

Jaist coBmenienus ocefi KaTHGPOB BAJIKOB IPH HACTPOITKE COPTOBOTO CTAHA BAAKH yeTa-
HABJHBAIOT B OCEBOM HAMpPABJIEHHH.

B 3aBHCHMOCTH OT 4ACTOTH! NOALEMA BEPXHEro Ba/jKa, THNA MONUHIAHKOB BAIKOB
H ApyraX (aKTOpOB NPHMEHSIOT HECKONLKO CrocoGOB OCEBON DPEryJHPOBKH BAJIKOB.

Ha HenpepuBHEIX COPTOBBIX CTAHAX [JIA OCEBOM YCTAHOBKH BAJNKOB HCIOMb3YIOT
peruaxnoe yerpoiicto (puc. V.30). Ilpu Bpammenun raiixu ! pessGoswie TarH 2 # I
(onHa ¢ sreBoit pespGofi, Ipyras ¢ NPaBOf) PAABHTAIOTCH WM, HAOGOPOT, CMBIKAIOTCH
H NOBOPAUHBAIOT pHYark 4. Puiuard 4 nanavu yIepXHBAIOT NOAyWIKY § 3a 3aNJednKH
H TIpH Bpamel iy NepemMemtaioT ee B TpeGyvemom HampaBaennu. [Ipeen peryanposanns
BAJIKA B OCEBOM HamnpasjaeHuu =410 mm. '

Pgﬁoqﬂi‘i BalOK (PHKCHPYIOT YCTAHOBOUHbLIM MEXAaHH3MOM TOJLKO C OJHOH HenpH-
BOAHOI CTOPOMLI, DA€ HMEeTCAd A0CTyn K Mexaruamy. Co CTOpoHH TpHEOA KJeTH
M@XaHu3M OCEBOH DeryJiHpPOBKH HE YCTAHABJIHBAIOT.

YerpofictBo 449 0CeBOH Pery/HpOBKH BANKa CNADEHHOE: OLHO NpeJHAIHATEHO
L5t CMEIIEHHS BAJIKa B OAHOM HalpaB/eHUH, HANPHMEp B CTOPOHY NPHBOJA, IPyroe —
B o0parhoM, Ocepasi pery.IMPOBKA BaJKOB OCYIIECTB/SETCS HA CTEHIe 1pH HacTpoHkKe
K/ETH, a TaKMe B IHAHA NPOKATKH, KOTAA N0 KAKHM-1HG0 NpHuAHAaM (HepaBHOMEpHAS

BEPaGoTKA KaqH6POB BAJLKOB, MPOM3BOMLIOE CMEIIEHHe BAJIKOB) HAPYIIEHO 3aJaHHOe
CONPSKEHHE pyYpes.
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Pue. V.30. Pouwaicaoe yeTpolicTBO 0CEBOil YCTauOBKH BajKon

MexaHu3Mbl YpaBHOBEIUHBAHHUS BaJKOB

Ecau TeM nan HHEIM Crnioce8OM NOAVILKH BEepPXHEro Bajka ObLIH Gbl
NOJIBEIEHb] K KOHIAM HaKHMHBIX BHHTOB H YCTAHOBKA BEDXHETO Balika
npoHcxoiMaa Obl TONBKO NepeMelleHHeM BHHTCB BBEpPX H BHH3, TO
BO3HHK/IH Obl ClAeylolHe OTPUIATE bHbIE SBJICHH:

1) npu xomocToM Xofe craHa [OJ JEHCTBHEM MacChl BepXHero
BaJKa H €ro MOAYLIEK MEKAY TOPIAMH HaMKHMHBIX BHHTOB H HX NOI-
NATHHKOB, a TAKXKe B pesb0e HaXKMMHOH rafiki obssarenbHO obpaso-
Baquchk Obl 3a3ope. [1pu nocnenywoinefi 3agaue Meranna B BajKH Bo3-
HHUKaan Obl JHHAMHYeCKHe HArPY3KH Ha IIeHKH BalKa H Ha HaXKHMHBIe
BHHTBI, KOTODEIC COMPOBOMAANHCE Obl CUABHBIMIL YIAPaMH;

2) pacTBOp MexKIy BalKaMH HHKOTJA4 HE COOTBETCTBOBAM Obl Tpe-
GyeMomy 00KaTi}0 BCJEACTBHE HEH3BECTHOH BeJIMYHHLI YKa3aHHBIX
3430D0B.

Bo usGexanne 3THX OTPHUATENHHBIX fABAEHHHA y BceX padoupx
K7eTeil, TPe1yCMOTPEeHBl ClelHadbHele YCTPOACTBA AMd YPaBHOBELIH-
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BaHisl BEPXHEro BaJka H €ro mojy-
ex. TIpH MoMOLM TAKHX YCTPOHCTB
noAyIIKH BePXHEro Baika BCeT]a
MJIOTHO TIPHKATHl K TopllaM HarKHM-
HbIX BHHTOB H 3430Dhl B COCJHHe-
HISX [MefKH BaJKd ¢ HaKHMHOH
rafikoil we ofpasyiorcs.

Jna ypaBHOBEIMBAHHS BEPX-
Hero BalKa C NOLYMKAMH IIpHMe-
HAIOT TpPYy30BbIe, THAPABIHUYECKHE g
H TNpYXHHHBIE YCTPOHCTBA. 5 I N T2

I'py3oBoe ypaBHOBeIHBaHHE [IPH- ]EE[ N2
MEHSIOT NpPH TMepeMelleHHH BepX- ] N7
Hero BaAKa Ha 6OJIbHIYVIO BRICOTY (1o :
2000 mm Ha GaoMHHrax H cAsGuH- RN
rax); KOHCTPYKIHSI 3TOTO YCTPOIi- 1
CTBa NPOCTAa M OHO HAIEXKHO B 3KC-
nayaranuu. B To ke Bpems rpyso-

BOMY VPABHOBEIIHBAHUIO CBOHCTBEH-

HEL CJeylollHe HeJOCTaTKH: HHep- '
LK KOHTPTPY30B GONBIIOH MAacchl :
'BEI3BIBAET JHHAMHUECKHE HATDY3KH

B CHCTEME; pacrnofioxKeHie 6oJbLIIX
pLIYarOB ¢ KOHTPrpysamu Tpebyer }

yrayOnenis u yclOkHeHuws QyHia- [iv, VAL, erhenors riapsme

NN

S
j |
-

MenTa noj pafoueil KJIEThbIO; HEBO3-
MOMKHO OCYIIECTBIATEH NEpeMelleHne
BaJKd HE3ABHCUIMO OT HAXKHMHOTO

ONOPLOro BaJKa ¢ MoAYIIKaMH (4eThIpex-
BaJiKoBolrg craua 2500 KoHCTpYKULHE
HKM3) nips noMoni o{HOrC BEPXHEro LWH-
Juuapa

MeXaHH3Ma.

Tudpnesndeckoe YpapHoseriusan e IPAMERSIOT KaKk Tpy DOJLIIOM
XoJle BepXHEro BajKa (Ha OOKHMHLIX CTaHAX), TAK H MPH HeGOMb1IOM
pacTBoOpe BaJKOB (Ha JHCTOBBIX cTaHaX). OHO He 06/1a1aeT YKa3auHHBIMH
Bhillle HENOCTATKAM#, CBOHCTBEHHBIMH [IPY30BOMY YpaBHOBEIIHBA-
Huio, paGoraer GeciymMHo H 6e3 TOJMYKOB, uMeeT, HeGoIbiine rabapuThl
H JIeTKO ynpasJsieMo pu paboTe cTana. B xadecTBe paGoueii XKUIKOCTH
MPUMEHAIOT MACI0-BOASHYIO SMYJIbCHIO HJH BepeTeHHOEe Maclo (B 3a-
BUCHMOCTH OT KJHMATHYECKHX YCJAOBIH paloHa, B KOTOPOM pPAacroo-
JKeH 3aB0I).

HenocratkoMm 310 CHCTEMBI  SIBJAsSITCss TO, uTO A [H-
TaHuA LUHJAHIJIPOB ypaBHOBEIIHBAHNA HeoOXOAHMA YCTaHOBKa Ha-
COCHO-akKyMyaaTopHoli cranmun. OAHAKO BO MHOTHX OPOKATHBIX
Iexax Takie CTaHLUN HMEITCA HE3aBHCUMO OT NPHMEHEHHS CHCTEME!
THAPaBAHUECKOr0 yPaBHOBeWHBAHHA (HanmpuMmep, AXs THEPONPHBOIA
CMEHb! BANKOB), MOSTOMY YKAa3aHHBLIH BBINIE HELOCTATOK He SIBJAsEeTCA
CYILECTBeHHBIM.

Ha puc. V.31 npusejeHo ycTpoHCTBO THAPABJINYECKOTO YpaB-
HOBEIHBAHNS BePXHEr0 ONOPHOr0 BAalKa YeThHIPEeXBAJKOBOIO CTaHa
2500 roucrpyxunn HEKM3.
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f;{:.][\g.ggfmgﬁxmuﬁ BHJ ycTpoflcTBa ans ru,upamn?qﬁ:xom YPaBHOBEWIHBAHESA BepxHUX pabo-
B2JIKOB YeThHIPeXBaJKOROTO CTaHa | TPH MNOMOIH p -
S o op p IH NJAYHKePOB MEXAY nogym

I — mopyllxa onopHOro Baaka; 2 — noJyliKa pafodero sajika; 3 — TFHAPABAHYECKHN MIy-

#ep YPaBHOBEWIHBAHHA BEPXHEro OmopHOro BaJka; 4 — TO e, BepXHero paboyero BaJKa
4§ — THAPaBJHMECKHH UHJAMEAP: 6 — 3amenxka A8 oceRoll (HEcaluu NOAYWKH paBouero
BanKa B HENPaBJARIWHX NOAYIIKH 0NopPHOTO BajKa

Tuppasanveckuit nuaunap I pacnonozxen na sepxy paboueit Kaetn
H CMOHTHPOBAaH B Tpapepce, coeiuHAwiled cTannnnl. K BepxHeil uactu
nJyHXepa 2 mapHUPHO NpHKPenJeHa TpaBepea 3, K KOHIAM KOTOpOil
nojBemeHsl 1Be TArn 4. C 3TUMH TSIFaMH IIaPHEPHO COSTHHEHE! [OMe-
peunble 6ajJKy §, KOHEUHBE YIACTKH KOTODPHIX BXOJAT B OKHA CTAHHH
H BOCOPHHHMAIOT MAacCy NOAYIIEK H BaAKOB. ¥ MOAYIIEK BAJIKOB NpH
ITOH CHCTEME ypaBHOBELIMBAHMS HaBepXy cienausl I-ofpasuele npu-
JIUBEL 6, KOTOPBIMH OHH OLMpAIOTCS HA KOHIEBHE YUacTKH MOMepey-
HEIX 6amoK.

HeobxonnMoe naBnenne Macaa B DHJIMHAPE MHAPABAHYECKOTO YpaB-
HOBEUIHBAHHS p, ONPEIeNsIoT M0 dopMy.e:

nd?,

T = 1,2+ 1,4)G,

Py =F
4(1,2+-1,4
OTKyla py = "—("@'i ’ (IV.61)
1T

rje G — macca ypaBHOBeIHBAGMBIX AeTajell, T; dy — BHYTPEHHHIl
IHaMeTp UuIHHApa, MM; 1,2--1,4 — KosdduineHT «nepeypaBHOBEILH-
BAHHA?, HPHHHMHEI\&II‘:I C LeJibIO obecreyeHus NpHMXKATHA MOAYINEK
K HAXKHMHBIM BHHTaMm. OGBIYHO NPHHHMAWT py = 5--10 MIIa.
IIpu cMeHe NOJHOTO KOMIIJIEKTA OTIOPHEIX M PaGoynX BaJKOB BMECTe
C MOAYIIKAaMH BeCh 3TOT KOMIJIEKT MOJHHMAETCST Ha HEKOTOPYIO BRICOTY
ruApaBJHYECKHM YpPaBHOBEIUMBAIONIMM YCTPOHCTBOM JJsI BBEIEHHSI
noj TMOAYIIKY HHIKHEro ONOpPHOTO Ba/JIKA HanpasasiomHX OpycheB.
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Puec. V.33. CxemMa ruApaB/IHYeCcKOTO YPaDHOBEIIHBALHA BEpX-
AHX pao4¥HX B ONOPHLIX BAJKOB MPHl NOMOUH &KKYMYNATOPOB:

a — rpyaosoro; 6 — Bo3agyUIHOTO

G xomnpeccopa
N "

e [ p———

Yoodess nana
C— i

| a7 sacoce

=
&

2

[locsie 3TOro KOMIIEKT BaJKOB M IOAYIIEK OIYCKAeTCs Ha 3TH Ha-
npasisiomae 6pyces H BHTATHBAaeTcs W3 paboueil KJETH CrenHasb-
HBIM MeXaHH3MOM.

Jasnenye Macia B FHAPABAUYECKOM DHIMHApPE NPH KOMIJCKTHOM
CMeHe BaJKOB [0JKHO ObTh yBeauueno jo 15-=-16 MIla.

[lpu ypaBHOBEIHBAaHHH BEPXHEro OIOPHOrO BaJKa ONHCAHHBIM
criocofom BepxXHuH pabouuit BaJlOK YPABHOBEHIHBAETCH CAMOCTOSs-
TeJILHBIMH THAPABIMYECKHMH IIYHKEPaMH, pPaclofiOKEHHbIMI B 10-
NYIMKaxX HHXHero pafoyero Basika.

Ha puc. V.32 npusenen obWui BHJ yCTPOHCTBA AJIA THAPABIHYE-
CKOTO YpaBHOBEIIHBAHHA BePXHHX pPaboyuX M ONOPHBEIX BAJKOB 4e-
TEIpeXBaJKoBoro crana 1700 npu noMoiny MAyHXepoB MeKIy MOoAyIl-
KaMH BaJKoB. B 3TOM c/yuae ypaBHOBEIIMBAHHE OMOPHBLIX H pabounx
BAJKOB OCYIIECTB/SAETCS C IOMOIMIbIO THAPABAHYECKHX IJIYHKEPOB,
PACTIONIOMKEHHBIX MeXAY MOAYIIKAMH OMOPHBHIX H PaGounX BaJKOB.
IujpaB/iudecKHe UHJHHAPBL I 3THX TMJYHXKEPOB BMOHTHPOBAHBL
B CaMHX [OJYymKaX BaJKOB.

BoicoKoe AaBleHHe B TMApPAaBJIHYeCKHX NUJHHAPAX CO31aeTcs Crie-
NHANBHEIM TPY30BLIM HJH BO3AYIUIHBEIM akKymyJasTopoMm (puc. V.33),
YCTAHOBJEHHBIM MOGJH30CTH OT pabouynmX KJjeTeH CTaHa.

TpeGyemasi Macca rpysa B rPy30BOM @KKyMYJSiTOPe 3HAYHTENBHO
MeHbIIEe MAcCH YPaBHOBEIIHBAEMbIX JeTajledl, TaK Kak AHaMeTp MJyH-
Kepa AKKyMyJsTopa OObIMHO JeJaloT MEeHblle AHaMerpa [IyHKepa
THAPABIHYECKOro UuJHHApPA. JlJisi MONONHEHHs IIOTEPb Mac/ia B CH-
cTeMe BCJEICTBHE €ro YTedKH yYepe3 YILIOTHEHHS AKKyMyJsATOpPHYIO
cHcreMy cHaOxawT HacocoM. [lonojHeHHe Macsa OCYILECTBJSETCS
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Npu pasrpyzxkeHHod cucreme. B Bos-
AYIUHOM aKKYMYJSTOpE JABAEHHE
paouell JKHAKOCTH B Ga//IOHE CO3-
JlAeTCs CXKATHEM BO3jyxa, NojaBa-
eMOT0  TIePHOJAMYECKH KOMIIPECCo-
pPOM; HACOC BKJ/IOYAETCS TaKKe Iie-
PHOJIHYECKH VIS BOCIIOJHEHHS yTey-
KU macna 4yepes ymJoTHenus. [pu
ONYCKaHHM BepXHero Baaka (npH
LIOMOLLIl HEaXKHMHBIX BHHTOB) 2KHJI-
KOCTb BBITECHSIETCA H3 IHJIHHAPA
B (a/VIOH BO3AYIUHOTO AKKYMYJIATO-
pa. Tlpn Xole HaKHMHLIX BHHTOB
BBEPX JKHAKOCTL MOA JAeHCTBHEM j(a-
BJIeHHA BO3AyXa B 0aljioHe MOJHU-
MAET NJYHMKEP H TPHMKHMAET To-
JAYUIKY BEPXHEro Bajaka K cthepnue-
CKMM TOpLaM HaXKHMHBEIX BHHTOB.
Urobhl [aBJIeHHE B CHCTEME H3Me-
HAJ0CE HE3HAUHTENbHO, O6HEM BLITE-
! CHAEMOH KHJIKOCTH He JIOJIKEH H3Me-
Pue. V.34, ¥YerpoiicTEO npyaununoro HeETh ypOBeHb B Oﬁ'bEM BOS,[[YXE]
YDaKHOUSWNBANS DEPXHErC RANKa kae- B Gamnnone Gosee uem ma 10 %.
i 530 HenpepsInHOro 3arOTOBOYHOTO CTa- r .
s 6p1g3013ble AKKYMYJAATOPEL  He
Tpe C2KATOTO B
oun GesonacHw B pafore; Her HeoﬁxgunMocm H B ﬁ:fgcﬁahgﬁfﬁ
A4BJIEHHA, TAK KaK BOCHOJHEHHE YTeUYKH JKUJKOCTH OCYLIeCTBJSETCS
OOBIMHBIM HACOCOM [PH pPasrpyxeHHoH cucreMe., OfHaKO Tpy30BHIM
AKKYMYJ/IATOpaM CBOfICTBEHHLI CJEAYIOMHE HEIOCTATKH: M3MEHEHHE
JABJEHHST B CHCTEME BO3SMOXKHO TOJNBKO B De3yJbTaTe H3MEHEHUS
Macchl KOHTPTPY30B; NpH paboTe BO3HHKAIOT rHAPABIHIECKHE YAAPH
BBI3EIBACMEIE HHEPIIMEH TIpyS0B; YMIOTHEHHs MJIYHKepa ]_[PIJ'IHHI_lpE;
AKKyMyadaTopa TpefyIoT MOCTOSHHOTO HabJIOIeHHs.

BosaymHele akKyMyJaaTopbl CBOGOJHBI OT 3THX HEJOCTATKOB M
KpOME& TOro, I03BOMANT JerKo pPeryaupoBaTs NABJeHHE B cucTeme
nyTeMm BEINYCKA 4acTd Bo3Ayxa u3 Oamtosa. OqHako Aas WX paGoThl
TpefyeTcss yCTAHOBKA KOMIIpECCOpa H HAacoca BLICOKOTO JABJEHHS.

I pyacunroe yempodicmeo 1 ypaBHOBENIHBAHHS BEPXHEr0 BAJIKa
ABJseTcs Gosiee MPOCTHIM. ETo mpuMenaor B ToM ciayuae, ecau rnepe-
MellleHHe BaJIKOB M Macca yPaBHOBELIHBAEMbLIX JeTajell HeBelHKH
(Ha 3aroToBOYHLIX, COPTOBBIX, MPOBOMOYHBIX H JIHCTOBHIX ABYX-
H TpPEXBAJKOBBIX H JIEHTOYHBEIX UeTHIPEXBANKOBHIX cTaHax). Ha
puc. V.34 noxasano yCTPOHCTBO NPYXKHHHOTO YypPaBHOBELIHBAHHS
BepXHero Baika KJeTH 530 HenpepeIBHOTO 34roTOBOYHOTO CTaHa
700/500.

Bepxuuit Balok ypaBHOBENIMBAETCH NPH MOMOIH YETHIPEX Tpy-
MHH, ONHPAMILHXCA HA TPaBepCy, COEIHHAIOILYI0 BBEpPXy ABe CTa-
nuuel. [Tpy»xunam coobiiaercs npeiBapuTe/bHAs 3aTAKKA C OMOILBIO

252

raek, NpelycMOTPEHHBIX Ha KOHIAX ABYX Tar. K KoHIam STHX Tl
wapHHPHO NpPHKpeIIeHa TpPaBepca, COeJMHAIMAACA C NOAYLIKAMH
BEPXHETrO BaJKa.

[Ipu BepXHeM NOJOXKEHHH Ba/JKa NPYKHHbL MOAKATEl HACTOJLKO,
4gTO OGecneunBAaloT TOTHOE MOAKATHE NOAYIICK K TOpLAM HaXKHMHbBIX
BUHTOB ¢ KO3(UIleHTOM TNepeypaBHOBEIIHBAHHMS, PABHLIM 1,05.
[Tpu MakcHMAaJbHOH NEPETOUYKe BaKa (c uembi0 coXpaHeHHs JMHHHH
NPOKATKH MOCTOAHHOMH) ero BMecTe C NOJylKaMmu Heo6XoAuMO OIy-
CTHTDb Ha ONpeJeeHHYIO BeJHUHHY [P MOMOLIH HAXHMHOTO yCTPOH-
crea. [Ipu 3TOM NPYXKHHBI OYAYT CXKATHL MOYTH 0 CONPHKOCHOBEHHA
BHTKOB ¥ KO3(QhHIHEHT NepeypaBHOBEIIHBAHNA YBEJAHIHTCS 10 1,65.

[IpyXHHHOE YPABHOBEIIMBAHHE MPHMEHAIOT TAKKE Ha HETBIPEX-
BAIKOBEIX KJETAX ¢ HeGOMBLMM NepeMellleHHeM BajKkoB (Hanpumep,
HA JPECCHPOBOUHHIX CTaHAX).

4. CTAHUHBI PABOYMX KJIETEHW

XapakTepHCTHKA CTaHHH

Crannbl paboueii KJeTH — caMble OTBETCTBEHHLIE /€Tanu IpoKart-
HOTO CTaHa. B HHX MOHTHDYIOT NOAYLIKH BaJKOB CTaHa, a TAKKE Apy-
rEe yCTpPOHCTBA H MEXaHH3MBI, 06ecTeyHBalOlHe 3aJaHHYI0 TOYHOCTD
IPOKATKH M MPOH3BOAHTENbHOCTL cTaHa. Bce ycmane npoxark Boc-
npuHHMaeTCsA cTannHaMu. [103TOMY NPH KOHCTPYHPOBAHHH H H3TOTOB-
JeHUM CTaHHH ocofoe BHHMAHHE YAeNAETCs HX TNPOYHOCTH H
JKECTKOCTH.

[To KOHCTPYKIMH CTAHMHBL JIeIAT Ha JiBe TPYNNBL: 3aKPHITOTO U
OTKPBLITOTO THIA *.

Cmanuna 3aKpbimozo muna MPEACTaBAsAeT co0ol JHTYI0 MACCHBHYIO
KECTKYIO pamy; B CepeluHe ee CIeJaHO OKHO /il YCTAHOBKH B HEM
1I0YIEK BANKOB, BHH3Y CTAHHHA HMEET MPHUJHBEI (nanet). B npuanBax
NpPeiyCMOTPEHEL OTBEPCTHA AAA OOJITOB, KOTOPHIMH CTAaHHHY Kpenar
K [JHTOBHHAM.

CTaHHHE 3TOTO THNA, KAk GoJjee NPOUHLIE H KECTKHE, NPHMEHSIT
B pabounx KJETAX GMIOMHHTOB, C/siOHHTOB, TOHKOJMCTOBBIX CTaHOB
ropsueii ¥ X0JOAHOH NPOKATKH H MHOTA 3aTOTOBOTHEIX H COPTOBLIX
CTAHOB.

Cmanuna omKpsimozo0 muna COCTOHT H3 JIBYX uacTeii: cOGCTBEHHO
CTAHUHB U KpLIWKH. KPBILKY CKPENNIAIOT CO CTAHHHOM GoaramMu 1
KJHHBSIMH, YCTAaHABIHBAEMBIMH C 3aTSKKOI.

DTy CTAHWHBI XaPAKTEPH3YIOTCA MEHbIIeH KEeCTKOCTbIO M0 cpaBHe-
HHI0 CO CTAHHHAMH 3aKPHITOTO THIA, OJHAKO OHH JEIlEBJ]e B H3TOTOB-
JeHHH M TIO3BOJIAIT OCYUIECTBAATb MEPEBATKY BaJKOB HENOCPen-
cTBenHO KpaHoM (BBepX) mpu CHfTOH Kpblnke. CTaHdHbl 3TOrO THIA
NPHMEHSIOT B KJETSX COPTOBBIX H PeIbCOGANOYHBIX CTAHOB.

! Cranpipl paGouHX KieTell MHOTOBAMKOBEIX CTAHOB CYUIECTBENHO OTIHHAIOTCA
oT paccmatpHBaeMBIX 3leck (cm. Ta. V, m. 4).
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Puc. V.35, ¥sen crauun paGovell weTHpexsankorcli KNeTH cTapsa 2500 koncTpyknEr?HKM3

Pasmepsl cranuu onpemensiorcs  Bo3MOMKHOCTBIO pasMemenus
B OKHE CTAHHHBI MIOAYIIEK BATKOB H KOHIIA HAKUMHOIO BHHTA, & TAKKE
TpebyeMoll NPOYHOCTHI0 M IKECTKOCTBIO.

BepxHIOI0 H HHIKHIO YACTH CTAHHH HA3BIBAIOT nonepedHHamMu (B
CTAHHHAX OTKPRITOrO THNA BEPXHEH NonepednHofi ABISETCH KPHIIKa)
a GOKOBLlE — CTOHKaMH. ’

Ceqemie CTOEK JeNaloT OGBIYHO ABYTABPOBEIM HJIH MPAMOYTOJb-
HeiM. CTOHKH MPSIMOYTO/ILHOTO CEYeHHS JErYe OTIHBATEH, BCASICTBHE
4Ero HX vame NMPHMEHSIOT, 0COGEHHO IS YeTHIPeXBaJKOBbIX CTAHOB.

Ha puc. V.35 nokasan ysea cramnn paboueir 4eTEIPeXBAJTKOBO
KJCTH CTaHa 2500 xoncrpykuun HKM3. Ceuenne cToex cTaniu nps-
MOYTO/IbHOH (QopMEl. CTaHHHEI — 3aKPHITOrO THIA, COETHHEHBI MeX Y
coboil TpaBepcamu BHH3Y H BBepxy. C BHYTPEHHEH CTOPOHBI CTOEK
CTAHHHBL NPHKPENJEHE! HANPAB/SIOMHE IVIAHKH JIIs TOAYMIEK OMOp-
HBIX BalkoB. Macca kaxnoi crammusr 130 1. O6mas Macca CTaHHH
B cBope ¢ MINTOBHHAMH M TpaBepcamu 312 1. B BEepPXHHUX NONepeyHHax
CTAHHH CAeJIaHBI PACTOYKH /LISl YCTAHOBKH GPOH30BEIX IaeK HAMKHMHBIX
BHHTOB. g

Jluamerp GOJITOB, CKPeNVISIOMHX CTAHHHEL C NJHTOBHHAMH H [L/IH-
TOBHHBl C (YHIAMEHTOM, OGEIYHO ONpENeNsIOT H3 COOTHOLIEHIHS
dy. o = (0,09--0,15) Dpos + 10 MM, e D .5 — nuamerp paGounx
BaJNKOB, MM.
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Pacuer cTaHHHLI 3aKPbITOr0 THOA HA NPOYHOCTHL H MECTKOCTb

BBHJy CJAOKHOCTH KOH(HIYpAnuH CTAHMHB NPOKATHEIX CTaHOB HE
OOJJAIOTCA TOYHOMY pacdery; AJs OLEHKH HANPSAMKEHHOTO COCTOSHHA
CTaHHHBl CJAOXKHOM KOH(pHIYDAUHH NMPHMEHSIOT 3JIEKTPOTEH3OMETPHIO
HAH TONASpU3aNHOHHO-onTHYecKnH MeTof. OfHAKO BHIMOJNHEHHE pac-
YeTOB, XOTS A0 HEKOTOPOH CTENeHH M NPHOAMMKEHHBIX, HEOOXOAHMO
IS TOro, 4To0B OhITh YBEPEHHHIM, YTO MPHHATHIE NPH KOHCTPYHPO-
BaHWH pasMephbl CTAHHHHI OGecHedHBAIOT €e NMPOUYHOCTh H KEeCTKOCTh.

CraHMHE PAaCCYHTEIBAIOT HAa MaKCHMalbHOE BEPTHKAJIbHOE YCHJHE,
JelicTByIOIlee TIpH TNPOKATKe Ha IUeHKY Baska.

FOpH30OHTANLHEIMH YCHJAHAMH, AeHCTBYIONHMH Ha BaJKH H CTa-
HHHY B MOMEHT 3aXBaTa M NPH MPOKATKe C HaTaKeHueM, OGHIYHO
npeHe6GperaiT, TaK Kak N0 CPABHEHHIO C BEPTHKAJBHBIM YCHIHEM HX
BeJIHUHHA HEe3HAUUTEJbHA.

st ynpoileHus pacdeTa CTAHHHY 3aKPBITOTO THIA NPEACTABJAAIOT
B BHJE XKECTKOf NpPAMOYTrOMbHOH pambl (MJM C 3aKPyrJeHUAMH 1O
yriiam), cocTosillell H3 ABYX OJHHAKOBBIX CTOEK H ABYX OJHHAKOBBEIX
nonepeuns (puc. V.36).

Co cTopoHBl HUXHeH MOAYINKHM Ha HHIKHIOK TONEpPeYHHY H CO
CTOPOHBl HAXKMMHOIO BHHTA HA BepXHIOI) TOTEepPeYHHy CTAHHHLI Jei-
CTBYIOT BePTHKANLHBIE CHJEl Y, paBHble MaKCHMAJLHOMY YCHJHIO,
BOCIIPHHHMAEMOMY IIeHKO# BalKa NpH NpokaTke. B JIMCTOBHIX cTaHaX
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Ppc. V.36. K pacuery CTAHHHB 32KPHTOr0 THNA
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3TO YCUJIHE PABHO MOJOBHHE MAKCHMAJALHOIO YCHJIHA NPOKATKH, T. €.
Y = Pua/2. B coproBeix M 0GXKHMHBIX CTaHax Y = R, rie R —
MaKcHMaJbHOE ycuaHe, JeHcTBymollee Ha MmeHKy Baaka (R >
> Pl 2),

[Toa jeficTBHEM CHJBI ¥ B yrylax »KeCcTKOH paMbl BO3HHKHYT CTa-
THCTHYECKH HEOTpeleqnMbie MOMEHTH M, HanpaBleHHble, KAK MOKa-
3aHO Ha puc. V.36, 6. 3T MOMEHTHl M3rubaioT cTOHKH BHYTPb OKHA
CTAHHHEI, a MONepeunHsl — MpoTiB AejficTBus cun Y. Ha puc. V.36
NoKasaHbl HEHTpaJbHbIE JUHHH CEUeHUIl MOTIePedHH U CTOeK CTAHHMHHI,
NPOBEJIEHHEIEC Yepe3 LEHTPH TSAMKECTH CeYyeHHH, I HX H3MeHEeHHe MpH
dedopmainiy CTaHMHbL.

Kaxknass crofika cTaHHHBI PacTArksaeTCs 0L AeHCTBHEM CHJIBI
Y/2 u usrubaercs nocTosHHBIM 10 Beeil crofike momentoM M,. Hanps-
JKEHHe pacTskenust B JoGOM CeueHHH NO BHICOTE CTOHKH PaBHO
o = (Y/2) (Fy), tne F, — miomajns ceueHus CTOHKI.

[Ton nmeficrBuem usrubatomero momenta M, HapymxHas CTOpoHA
CTOHKH OyIeT HCTBITHIBATL HANDPSIKEHHS CXKATHS, a BHYTDEHHASN —
HaNpsAXKeHHsl PAacTsDKEHHs. JTO pacTATHBAloLlee HanpsiKeHHe OT
usrnba ogp = My/W,, tne W, — MOMEHT CONDOTHBJEHHHT CEMEHHSA
CTONKH.

Hanpsxeune pacrsixeHHs OT H3ruba Ogr CKJIAILIBAETCS C Ha-
MPAMEHHEM PaCTSKEHHSI Ocr OT JeficTBHA cuanl Y/2 u cymmaphoe
HaNpsKeHHe pacTaXeHHss Ha BHYTPeHHHX TOBEPXHOCTAX CTOEK
(Touxa A co CTOpOHEI OKHA CTAHHHbI) paBHO

Omax = Y/2F, + My/'W,. (V.62)

Crarngeckd HEONpeNeNHMbIH MOMEHT M, HAXOAHM CJeAyoluM obpa-
soM. [IpencrasiseM KecTKyI0 paMy paspe3aHHoi B yraax H o0pasyio-
wel yeTeipe cBOOOAHELE ABY XonopHEIe Ganku (puc. V.36, 6). as yuera
BJAUSHHA 2KECTKHX YIJVIOB B COSJMHEHHSX TONEpeyHH CO CTOHKAMH
NPUAOKHM K OTpe3anubiM Ganxam B onopax moMentsl M,. Taxum
obpasoM, cHCTeMa cTajda CTAaTHYECKH ONpenenuMoil, H MBI MOMKeM
PacCYHTLIBATL €€ H3BECTHBIMH CHOCOOaMH.

PaccmorpuM, yeMy paBHBI YTJIbI MOBOPOTA MONEPEuHHB H CTOHKH
npy nsruGe. Ilonepeunna usrubaercs wapyxy cumoii ¥ W BHYyTpb
MoMeHToM My, T. e. JeficTBHe HX TNpoTHBONOJOXKHO. CTofika H3TH-
GaeTcs BHYTpPL pPambl MoMeHTOM M.

Hs kypca «ConpoTneiaenne MarepHanoB» M3BECTHO, 9TO yroJa Ha-
k7IoHa O kacaTelpHOH K H30THYTOI OCH B TOUKE OMOPBI PABEH ONMOPHOI
peakuun Rg OT (QUKTHBHOA MOMEHTHOH HAarpysku, NeTeHHOH Ha
KeCTKOCTh Oanku EJy, T.e. 0 = Ry/EJ/,.

ITpu narube AByXonopHOH GalKu COCPENOTOUEHHOH CHIOH MOMEHT-
Hasg Harpyska OyleT paBma TJIOMANH 3IIOPLI MOMeHTOB Y [,/4-1,/2,
a (UKTHBHAA PEaKuUus Ha ONOpe — [0JIOBHHE MOMEHTHOH HArpysKH,
T. e. Ry = Y{}/16. Takum o6pazom, yroa moBopora ocH Gaikn Ha
onope pasen 0 = YI/I6E/J,.

Ecmn 6anka usrubaercs He cujioit ¥V, a Mmomentom M,, NpUJONKeH-
HLIM Ha oTiopaX, TO IVIOWIalb MOPL! MOMEHTOB paBHa Myly; bukTusHas
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onopuas peaxuus Ry = Myl,/2, a yron naknoHa ocn BhIpaMaeTcs
dopmynoin 8" = Ml,/2EJ,.

[Mporu6Gel Oaaku or AeiicTBHs CHJBl Y H MOMEHTOB Ha oHopax
HanpaB/JeHsl B Pa3Hble CTOPOHHI, TO3TOMY De3YJAbTHPYIOWHH Yrod
noBopora pased 0, = YI/I6EJ; — Mol /2EJ,.

[lo aHamoruu ¢ OpefbAYILHM CAydaeM yTod MOBOPOTA CTOHKH BH-
coro#t I,, usrubaemMoir MomeHTamMH M,, TpPHJOMEHHHMH Ha OmNOpax,
paBen 0, = Myl,/2EJ,.

Tak Kak B JKEeCTKOH pame ONOpH B yraax NpHHAJJeXKAT nonepe-
upHe (THHOH /1) ¥ cToHKe (LMHHOH [,), To HX YIJbl NOBOPOTA JOJKHbI
ObiTh paBHEI MeXAY coboli. [IpupaBuuBas 6, = 8,, noayasm dopMyay
A5 TIOJICUETa CTATHYECKH HeomnpeleauMoro MomeHnTa M,:

Yi, 1

4 L J :
21422 2L)
Sl
Eciu y cTaHHHBI YIVIbl COSJMHEHHA MOMNEpPeuHH co cTOHKaMu 3Ha-
UdTeNbHO 3aKpyIyeHw (cM. puc. V.41, a), To MomeHT M, paccuuTh-
salor no dgopmyae A. WM. Uenukosa: -

13 r* T ) Iyir
1 e ol —=_1 =L .
55, T, ( 3 B,

I {y ar
FE R _
M3 anaausa dopmyaer (V.69) Buauo, uto ecau r — 0, To oHa aHa-
gorHdHa c¢opmyae (V.68).
Kaxpass nonepeurHa CraHHHBI TOABEpraerca TOJBKO H3THOY oT
JedictBua cunel Y u momenta M,. PeartusHblii moment M,, npuio-
KEHHBIH B yTJIaX CTaHMHBL, OyleT yMeHblATH uarubaiowee IefcTBue

cunpl Y. B pesyisbrate MakCHMaJibHLIH MOMEHT B cepejliHe Tomepe-
YHHBI onpejenum 1no dopmyae

Yh M, (V.65)

H MakKCHMalbHOE pAacTATHBalomee (MJH CcKHMallee) HanpsKeHHe
B CepelHHe MONepeynHbl, BO3HHKAoWee B pe3ybTarTe JefCTBHA H3TH-
fammuX MOMEHTOB, PaBHO

0y = My W,, (V.66)

rie W, — MOMEHT COTPOTHBJIEHHS CEUEHHS MONEepPeuHHBI.

B TOHKOMHCTOBBIX W MOJIOCOBEIX CTAHAX TOpsived W ocoBeHHO Xo-
JOIHOH NpOKAaTKH HMeeT 3HaYeHHe He TOJbKO MPOYHOCTH CTAHHH
(xapakTepusyemasl BeJTHYHHOH BO3HHKAIOMMX B HHX HAaNpPAKEHHH),
HO H HX MKEeCTKOCTb, T. e, BeJHUMHA JedopMaluH NPH OPOKATKe,

Iedpopmanusi OT pacTsiKeHHsl CTORKH CTaHHHBI cujiod Y/2 paBma

8, = Y1,/2EF,, : (V.67)

rie £ — mMoiy/e yNpyrocTH MarepHajia CTaHMHBI, S CTaMbHOrQ
Jutba (£ = 2-10° MIla).
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M, =

(V.63)

My =Y : (V.64)

My =




[Mporn6 B cepeinHe KamAoH NoTepedHHbI (nByxoriopHOH 6ankn)
ot uaruba cujoil Y paBeH pasHOCTH MOMEHTOB OT (HMKTHBHBEIX HATpPY-
30K R 1t Py/2 (N0/I0BHHA NJIOMAH MOMEHTOB), IeIEHHOH Ha XECTKOCTh
OanKH

Yi; 1 Yi; . o - 2 F
(Py =" =4 R—Pq,,QfY!./lfi).

4 3
. Mg 1 h Pq,(L_ti_”: v
= Eil, EJ; {RT— 2 \3 2 48EJ,
[Iporu6 B cepefHe KAXKAOH NONEPedHHbl OT H3rHGa MOMEHTaMH My,
[PHAOKEHHEIMH HA OMNOPax, ONpeie/HM aHAJTOTHYHBIM crioco6oM.
Tak kak Galka (monepeynHa) Ha Bced AnuuHe [; HArpy’keHa Io-
CTOSIHHEIM MoMeHToM M, TO (HKTHBHAs peakiHs OT MOMEHTHOH Ha-
rpy3ru Py (n7oulajiy npsMoyrojbHoH amopr paBia R = Myl,/2 =
= Py/2. Warubawouuii MoMeHT OT (PHKTHBHOH MOMEHTHOH HArpy3kH
B cepemine Ganki pasen (npu x = I/2)

RA _Pe b Ml

My=R5~— 7 =8 >
| = Mg/EJ, = M,l,/8EJ,.
mg@aﬁogb npofﬁﬁonl B cepoe;mHe ;ia}xuoﬁ ONepeyHHsl OT H3rHba
cuqoft Y u momenramu M,
B8 8= 8—é131—(wl — My). (V.68)
Tak Kak nonepednHa HmeeT GOJIBIUYIO TOJIHHY MO CpaBHEHHIO
¢ AAHHOH [;, TO HEOGXOLHMO TaKke yuecTb JAedopManuio B CepeliHe
KaXKIOH MONepPedyrHsl OT AGHCTBUS TMONEPEevHbIX (nepepe3biBaIOLIHX)
CHJI COFJIACHO M3BECTHOH K3 Kypca COINPOTHB/AEHHA MaTepHa/loB
dopmyne 8 = & (M/GFy), rae G — MOAyJb CiBHra (AN CTaJAbHOrO
autb G = 3/3E = 0,75-10° MIla).

MakcuMapHbii MOMEHT Mocepe/ldHe MONepPeuHHbl OT H3ruba cH-

nofi Y pasen M = YI,/4, nosTomy nonayium

Byt 5 (V.69)
s = & GF; *
/s NPSMOYTONBHOTO CeUeHHs KOS(pUIHEHT (POPMBI CEUEHHS MOMKHO

npuHuMate k& = 1,2 ]
CymmapHasi BepTHKalbHas AepOPMAlLlMs CTAHHHBI pABHA DACTSINE
HHIO CTOHKH H JedOpManMaM BEePXHEH W HHIKHEH NOMepeuHH:

Ser = 8, + 2 (5, + b3). (V.70)

Kaxk npaBusi0, CTAHHHEI H3TOTOBJAIOT H3 CTAJbHOIO yrJepoaucToro
IUTbsA. MexaHuuyecKHe CBOMCTRA CTa/d CJelylouiHe. BPEMEHHOE cep~
npotuBienne oy = 500600 Mlla, yanuHenne 8 = 12+IE(35 % .
Ilns MeNKOCOPTHHIX H CPEJHECOPTHBIX CTAHOB CTAHHHLI MOPYT OBITH
W3roTOBJEHL H3 BBICOKOINPOYHOTO YyryHa, cojlepKallero [HapoBH /-

HEIH IpadHT.
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CranuHy cliefyeT BHIMOMAHATH ¢ GOJBLIMM 3anacoM npouHocT . [TH:
MOJIOMKE BATKOB MaTepual CTAHHH HE AOJIKEH NaBaTh OCTATOMH[®
HAMP SKEHHH. =

Ecnu 105 BankoB Ko3pdHUHMEHT 3amaca CTaTHYECKOH NpPOYHOC ep
NPHHEMAT >5, TO ANA CTAHHH 3TOT KO3(pQHIHEHT JoJKeH Guia™
>10. Takum o6pasoM, AAs CTAJIbHOTO JHTBA JONyCKaemoe p
IpsiXeHHe B CTaHHHAX NPHHHMAKT paBHEM [0],, = B50-+-60MI,,
Jlisi CTaHHH W3 BLICOKOMPOYHOrO YYTryHA C NIAPOBHAHLIM FpadHTs
nonyckaemoe Hanpskenne [ol,, = 40=50 MIla.
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5. NPOBOOKH

IlpoBoaxk (BaJKoBas apMaTypa) AOMKHEL YNOBAETBOPATE CACAYIOLIHM Tpe6oBaHH P
GecnpeniTCTBEHHO NepelaBaTh PACKAT M3 KAETH B K/IETh, YCTORMHBO YHOEPHKME .
packat B TpeSyemom NOJOMEHHH, HMETh BHICOKYIO H3HOCOCTOMKOCTb, OBECTeuny v
XOpolee KayecTBO MOBEPXHOCTH Npokarta. Kautyromas BankoBas apmartypa, norﬂ
MEPEYHCICHHBIX YCIOBHH, IOMKHA 0OeCeYHBaTh TOUHYIO KAHTOBKY NOJIOCH. ‘

[No HagHaweHHIO TPOBOAKH DPA3NeNAIOT HA BBOINHHE H BHBOLHME, HenGXON (T
TaKKe apMaTypa AA Nepefau NoJOCH H3 K/IETH B KJAETh (IPOMEXYTOUHHE CTO
wenoba). \

Mo pony TpeHHs BaiKOBYK apMaTypy MOApPAsieasiOT HA apMatypy CKOJbiKel Ia
H KaueuHs. SHAYHTeILHO® PACHPOCTDAHEHHE TIOMY A ADMATYpa KaueHns, nMeior, Ol
PANL NPEHMYUIECTB MO CPABHEHHIO C apMaTypoOH CHOJBMKEHHS. l])

Ha KpynHHEX CTaHaX, NPOKATLIBAIOMAX GMIOME, CHSGH H TONCTHIE JHCTH, MET!
8aJla€TCil B BATKH DPOJMKAMH POJBIAHTa M BHIXOJMT H3 BAJTKOB TOXE HA POJHKH PO
raurop. CrnenualpHEIX TPOBOJOK Ha 3THX
CTaHax HET, TAK KaK MeTaJsl Hanpaeasercs
B BallKH pOJBraHrOM HJIH C NOOMOIIBIO
JHHEEK ManHnyaaTopa. Yrole 3anmoiHHThH
MPOCTPAHCTBO MeXAY BaJKaMH H NEPBEIMH
POMTHKAMH pOJNIbIEHTOB, Ha O3THX CTaHax
YCTaHABJAHBAIOT HANPAaBAAOMHE 6Gpychd,
KOTOpLIE TPENOoXPaHAOT POJHKH OT yjapa
O HHX MEepPEeNHEro KOHIA TpPOKATHIBAEMO
HOOCH.

Ha ppyrux craHax (COpPTOBHX, moJo-
COBRIX) /I HANpaBJeHHA METalJa B BaJKH
YCTAaHABJIHBAKT CrHelHaIbHEE TPOBOAKH, a
Ha JIHCTOBHX CTaHAX — TaK HAa3LBaeMble
IPOBOAKOBEE CTOJMBI.

HE
a
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TIpoBOAKH JHCTOBBIX CTaHOB

Ha puc. V.37 nokasannl NpoBOZKH YHCTO-
BOH YeTLIPEXBAJIKOBOH KJETH TOJACTONHCTO-
Boro crana 2800, nmpepnasHavennple 1d
HanpaBJeHHs TOJCTOH NOJOCH B BANKH H
NpHEMa €e H3 BaJKOB [PH PEBEPCHBHOM Npo-
Karke. [Iposoaky / Ha priyarax 6 npHMH-
MaKTCH K BepxHeMmy paGouemy BajiKy Ipu
TOMOIH THAPABIHYECKHX UHIHHAPOB, MY H- 7500
JHEDEl KOTOPHIX COBNHHEHH! C 3yGyaTo pefi- - ;

koil 3. Humnne npoBoakH 4 OJHAM KOHLOM { i X
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OnHpaTes Ha GOYKY Baaka, a ApYTHM —
Ha monepeunnie Gpycba & MEXAY CTAHHHAMH.

“ Pue. V.37. Ipoeoaku uuctosoft pesy]
1pg POKAaTKE NONOCH B UHCTOBOH CHBHOH YETLIPEXBAJKOBOi KJETH TOJC
TPYNme HempepHBHBEIX IIHPOKOMOJOCOBHX  sgucToBoro craHa 2800
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Prc. V.38, IIposoakH, HanpagasilollkEe JHHEHAKH H PONBKOBRI neTidenepiraTelib MEKAY YHCTO®
BHIMH KJeTAMH HeNnpepuBHOrG WMPOKonoJocoBoro ctada 1700 ropsvelfl NpoKaTKH KOHCTPYXK-
our HKM3

CT2HOB BCJIECTBHE HECOTJIACOBAHMS CKOPOCTEH NPOKATKH MexJy KAeTAMH ofpasyerca
nerid metamia. Mg DOLAEpKaHHA TIETVIH NOX HEKOTODHIM HATAMKEHHEM MEXIY Kie-
TAMH YCTaHABJIWBAIOT net/iefepxarens (pac. V.38).

ITpr moMoIH BLIBOAHBIX NPOBOACK /, GOKOBLIX JHHEEK § ¥ BBOAHBIX NPOBOLOK 6
no/10ca, BHIXORAMAN M3 TIPeLIAYUICH K/AETH, HANDPABAAETCE B BaJKH nocienylomed
gJeTH. [IpH 3TOM 3JIeKTPOMAT HHTIIbIE PEryAATODH ABTOMATHYECKH BK/IOYAOT 3/1€KTPO-
IBHFATe/b, TIOBOPAYHBAIOIKN Bad 2 M puiyar S ¢ XOJIOCTHIM POJHKOM 4 HAa KOHIE.
IMocnepunit 6yNeT CTPEMHTLCH 33HATL MOJOMEHWE, TOKA3aHHOE NMYHKTHPOM, OJaro-
faps yemy BECh MEPHOJ MPOKATKH NOJ0Ca GYNET HAXONUTHCS MOJ HEKOTOPEIM (HeGo/ib-
wiM) HaTAamenueM. C UeALI0 HEROMyU(eHHS 06pasoBaHHA GOJbLUIOH NETIH MONOCH
Ha OIHOM KOHILE Bdja 2 YCTAHOBJIEH CEMbCHH-DETYJIATOP, KOTOPHHA NPH YBEIHYEHHH
yraa [opopora pudara J ¢ pofdHKoM 4 JaeT HMNyabC (KOMaHAY) Ha yMeHblieHHe (yBe-
JIMYEHHE) YaCTOTH BPAIIEHHS TJ1ABHOTO 3JeKTPOLBUrarte/is NPHBOLA BANKOB NMpPEAHNY-
mef (nocaenywowmefi) wietk, HanGoaswee yerIne Ha POJHKHE nersierepxatens 85 xH.

Ha puc. V.39, a nokaszan o6wuii BHJ POAHKOBOrO NPOBOLKOBOTO CTOJMA Mepes
nepBojl KAEThIO HETHIPEXKiIeTeBoro crana xodoxnoft mporarku 2500, ITposoaxopwiit
CTaH npejHa3HaueH IS NanpaBjiedus ¥ 3aflayd B BAJTKH TepefHEro KOHLa MoJochl,
pasMOTaHHOM H3 DPY/IOHA, H MAT CO3LAHHS 3dJHETO HATHMEHHH.
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Pue. V.39, O6Gwufi BHR
NPOBOIKOBHX CTOJIOB!
nepen
Nepsofl KJAeTpio weTHpex-
BaJIKOBOTO CTaHa XoJOJ-
HO# npokatku 2500; 6 —
CTAHOM
1200 nns NpoKaTKH weoTH
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