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NMPEAUCIOBHE

B OCHOBHBIX HANPAaBJAEHHAX SKOHOMHUECKOrO H COUMANBHOTOG PasBH-
tia CCCP na 1986—1990 roaer u Ha nepuof e 2000 roga yka-
33HO, 9T0 BhICHIeH HeNnblo OOL[eCTBEHHOTO NMPOH3BOACTBA HPH COLHA-
JIH3IMe fABASeTCS HEYKJOHHOE IIOBLIIIeHHEe MATEePHaJLHOTO H KYJb-
TYPHOI'G YPOBHS XKH3HM Hapoaa.

KomnaekcHoii nporpaMmoft pasBuTHA TPOHM3BOJCTBA TOBApOB
Hapoauoro norpeGnenus H chepn ycayr na 1986—2000 roaw npes-
YCMOTPEHO pacliipedHe W oOHOBJIeHHe TOBAPGE HaPOAHOIO NOTpel-
JeHiis, yNydlIeRse HX KAUecTBa, BHNYCK HOBEX 0c0060 MOAHBIX H3je-
Juil, co3gaHHe HAYYHHX OCHOB KOMTJIEKCHOTO HCI0B30BAHHA CLIPBA,
pecypco- ¥ sHeprocfeperalouiinx TeXHOJOrHH.

CpeAd TOBAPOB HapOIHOTO MOTpeC/eHHs BaXHas POJIL NpHHAX-
JEXKHT H3AEAHAM H3 KOXH — O6YBH M KOMTalaHTEepeHHLIM H3-
Jdesusm.

K 1990 r. Bunyck ofyBsH noien ObiTh noBefed a0 900 man nap,
a k 2000 r. — mo 1015 wman nap. [das obecmeueHns Buimycka OOGYBH
BLICOKOrQ Ka4yecTBa B YKa3daHHBX ofbeMax HeoOXOAHMBI BEICOKOKBA-
JHQHUHEPOBAHHEBIE KaAPH, NOArOTOBKOH KOTOPHX 3aHHMAIOTCH BY3H
JIETKOH NPOMBIILIIEHHOCTH.

Yuebuug «TexHoJorHa HM3AeNuB u3 KOXKH» OArOTOBJIEH 110 NpoO-
rpaMMe OAHOHMEHHOI'O Kypca IAfl CTYAEHTOB TEXHOJOIHYECKHX BY-
30B JErKoil npOMHILIIEHHOCTH.

[py Hanucauuu yueHHHKA GHT YUTEH ONBIT PaHEe H3AABABIINXCA
yuefHEIX nocobu#t u ydyebuura (19751.) nog penakuuedt o-pa Texu.
Hayx, npod. 0. [1. 3n6una. B csasu ¢ BospocwiM noToxom nudOP-
MalHH B yueOHHKe 3HAUHTeNbHO OGHOBJEH MaTepHaJl N0 BCEM pas-
fenaM, HO OCTaBJIeHH OCHOBH TEXHOJOTHH H3AEAH{ H3 KOMKH, 3aA0-
JKEHHEIE TEOPETHUYECKHMH H SKCTIEPHMCHTAMLHLIMY HCCASL0BAHHAMY
I0. II. 3bi6uua, M. JI. Hlycropoenua, B. H. llBeTkoBa H ApYyrux
YUEHHIX. :

YueGHHK COCTOMT H3 ABYXx uacrefi. B uwacrun 1 ganu Bmemenue
B TeXHOJIOTHIO H3ZEJNHA M3 KOXH, (pH3HUEeCKHE H MeXaHHYECKHE OC-
HOBBL TeXHOJ/JOTHIECKHX MPOLLECCOB, DCHOBHBIE TIQJIOMKEIIHsT CTaHaap-
TH3alud. Yacre Il nocsflleHa XUMHYECKHM OCHOBAM TEXHOJOTHH
H NPOSKTHPOBAHUIQ TEXHOJOTHYECKOTQ [POLeccy.



YuefHUK HanHcaR KOMAeKTHBOM ABRTOPOR, IIPEACTABAAIIIHX
Hay4yHble WKoAe Mockosckoro opaena Tpynosoro Kpachoro 3Ha-
MEHH TEXHOJOTHUECKOTO HMHCTHTYTR JMETKOH [pOMBIIACHHOCTH,
Kaysacckoro noJuTeXHHUeCKOro HHCTHTYTA M. A. CHeuryca u Ku-
€BCKOTO TEXHOJOTHYECKOr0 HHCTHTYTA Jerkofl NPOMHIILIEHHOCTH,

Pazaean 1.1, 2.1—2.4, 3, 6 HanHcaHB! A-POM TexH. HayK, Hpod.
B. A. ®ykuHuM, pasgeawm 2.5, 4.1, 7.1—7.4 — 1-poM TeXH. HAYK
A. H. Kanurtoft, pazteno 1.2, 42— 1g-pom Texn. nayk, npod.
B. I1. HecrepoBbiM, pasaen 7.5 — kana. rexn. nayk T. T. @ovuno#,
pasnen 5-— copMecTHO A-pom TexH. Hayk A. H., Kanmroit u xauu.
TexH. HayK C. M. Kno6yKoBHIM.

Yacers 1 yuefHHKa HAMKCAHA [I-pOM TeXH. HaVK, npod. B. J1. Pag-
nKkacom H a-poM TexH. Hayk, npod. B. [1. HecrepoBuim.

ABTOpPH BHIpaX 20T TMYGOKYID NPUIHATENBHOCTh PEUEH3EHTAM:
KOJMJEeKTHRY KadeApH TeXHOJOTHH KOMKH, MeXa M M3JIeJHi H3 KOXH
B3UTJ/II u 3as. kadenpoft, a-py TexH. HavK, npod. K. M. 3ypa-
6sly, a Takike A-py TeXH. Hayk, mpod. B. A, CkartepHomy 3a no-
Je3Hble 3aMEeUAHHA, CHeNANHHE NPY PeNEH3MPOBAHHH PYKONHCH.

Bee kpuTHueckHe 3aMedaunsa Oyayr ¢ 6J1aroqapHOCTRI) NPHHATH
ABTOPAMM H HCNOJNL30BAHH 18 NAJsHEHIIer0 COBSPUIEHCTBOBAHHA
KYypCca TeXHOJOTHH W3JAEMHA H3 KOWH. '

OT3piBE K MOKEJIAHHA HAanpaRAaTe no aapecy: 113035, Mockea,
[-i Kanawepckuit nep., 12, usl-Bo «Jlerkas NpOMBIIIEHHOCTL W
6HITOBOe 00CaY:KHBaHHE»,



1. BBELEHHE B TEXHOJOTHIO
U3AEJHE U3 KOXKH

1.1. ONPEAENEHHE TEXHOJOrHH H3ITOTOBJEHHA
H3JEJNHA H3 KOXKH

K wuagejuam M3 KOMM OTHOCAT B OCHOBHOM IIPeJMETH JHYHOIO
norpe6aeHns (06yBb, CYMKH, TepYaTKH, PEMHHM H T.IL), KOTOpbIe
J0 Hauajda [ocJeJHero CTOJETHS W3TOTOBJAAJH M3 HaTypaldbHOH
KOXH. B HacTosmmee BpeMA KOXKY B TAKHX H3JeAUAX Bee Gojbiue
3aMCHAIOT TKAHBIO, HCKYCCTBEHHBIMH H CHHTETHYECKHMH KOMXAMHY.

[poueccsl NpOHM3BOACTBA M3AeNHH H3 KOXH, HeCMOTPS Ha 3HA-
YHTeJbHOE Pa3/HiHe KOHCTPYKUHH, MMEHT MHOro ofimero, ompene-
JAfeMOro Mpexcle BCCTC XAPAKTGPHBIMH CBOHCTBAMH MaTepHajoB,
KOTOphle 06MaNaloT Majol JKeCTKOCTBIO H OGOJbIIMM YAJHHEHHEM.
BoABIWIHHCTBO MaTepHasoB NOCTymaeT Ha OGYBHble H KOXKrafdaHTe-
peliitle $abpHKH B JHCTOBOM BHAE: AJAHHA M MHPHHA HX 3HAYH-
TEILHO MPeRBILIAET TOJINHHY. Majoe CONPOTHB/JIEHHE DE3aHHI0 H
MPOKAJBIBAHHIO MaTepPHaNoB NO3BOJNET NPHMEHSTL B NPOU3BOACTBE
06YEH H KOMraJaHTepeu OJHOTHIHLE MAUTHHB AJA PACKpPOd, BHPaB-
HHBAaHHS TOMNWHH M MeXaHHUYECKOrO CKpenJieHHS. BOJBIIHHCTBO
MartepHanoB Xopollo ¢opMycTcd H coXpaHfeT NpPHAAHHYIO (OpMY.

O6uiue cBolicTBa, a TaKkxKe He(OoMbIINe pPa3MepH M3JeJHH MO3BO-
JIAIOT OCYINECTBAATH NPOH3BOACTBO MO OJH3KHM OPTAHHIAIHOHHBIM
H TeXHOJNOTHYECKHM CXeMaM.

ITon TexHoJOTHEH MOAPA3YMEBAIOT COBOKYIIHOCTEL TPHEMOB H CHO-
coboB noayueHHfl, o6paboTKH HAH mepepalbOTKH CHPbHA, MaTepHa-
JIOB, MoAyHabpHKATOB HAX H3Jedull, OCYILECTBARCMEIX B PA3IHUHEIX
OTPacAXx NPOMBIUIIEHHOCTH.

TexnonorHeH, HAM TeXHOJOTHUECKHMH NpOUECcaMH, Ha3wBaloT
TaKxKe caMu onepaunun o6paboTku, nepepaloTKH, TPAHCNOPTHPORA-
HHfl, CKN1aIHPOBaHHA, XPAHEHHA, KOTODble HBAAITCA OCHOBHOR
YacThIO TPOH3BOJCTBCHHOTO MpOIlecca.

TTpoU3BOACTBEHHAA ONCPAUHA ABJARTCA COCTABIEIM 3JEMEHTOM
NPOH3IBOIACTBEHHOrO NPOLECCa H XapPAKTepH3YeTcd HEH3MEHHOCTBIO
Tpyaa pabowux-1enoaHuTenc 1 npuMensemoro obopyrosannga. Pas-
JHYAOT OCHOBHBIC — TEXHOJOT'HHECKHE, BCIOMOraTeJbHbIE H OGCJ'IY'
XHBAWILHE IPOHIBOACTBEHHEIE OTIepalliy.

TexHonOrHUecKHe onepaiyy nNpelcrasastoT cobofl npenHaMepeH-
HOoe H3MeHeHHe (OPME], pasMepoB, COCTOAHHS CHPbA HAH noayda-
OpHEATOB, HX CTPYKTYPBL, (PH3HKO-MEXaHWUECKHX H APYrUX CBOHCTB,
OHH BHIIOJHAWTCA Ha ONHOM paboueM MecTe Had OOHHM HJH
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HECKONMbKHMH coBMecTHOe oOpafaTHIBaeMEIMH JCTaNnfAMH HJAH H3fe-
JHAMH,

TexuosorAveckue onepaniy MOryT OHTL PYYHBIMH, MaLIHHHO-
PYUYHBIMH, MANIHHHBIMH, MOJYaBTOMATHYECKHMH, ABTOMATHYECKHMH.

TexHoJMOrHYeCKREe ONepanHu ABAKI0TCA OOBEKTOM IIPOEKTHPOBA-
HHA, OPTaHHM3alHK H TJIAHAPOBaHHS TNPOH3BOJACTBA M 3arpy3kH
obopynoBadua. [IpHMeCHHTENBHO K OCHOBHBIM OmNepalHaM paspata-
THIBAIOT HOPMEI 3aTPaT MAaTepHAJOB, 3HEpruH, TPyZLa, TapHHIHA-
PYIOT H OIIAUHBAKOT TPYZ HCNOJHHTEACH, OCYIHECTBASKOT TEXHH-
YecKHJ] KOHTPOJb KayecTBa (MOOMepaudOHHEI).

BCcrnoMOraTebHBIMH ONEpauMaMH 1IPelyCMaTPHBACTCH H3TOTOBE-
HAe TEeXHOJOTHYECKOH OCHZCTKH, HHCTPYMEHTA, PeMOHT 06opyao-
BAHHA H T. I '

OéGcayxnABaomue onepanuu o6ecliedHBAIOT OCHOBHLE H BCIOMO-
raTenbHBHE TPOH3BOJACTBEHHEE NpOLeccH MaTepHataMu, moayda-
6purkaTtaMH, sHepruefl, BEIMOMHEHHe KOHTPONBHHIX, JaGOpaTOPHHX
H HcCaefoBaTeABCKUX pabBoT.

TexHosnorHst — 370 ¥ HayuHas OHCLHMAHHA, paspalaTeBaan
H COBepIIeHCTBYIOMAn npHeMbl H cnocobLl noayyeHus, o6paboTku
MaTcpHaloB H H3AeNHi.

Janauelt TeXHOJIOTHH Kag HayKd SABASeTCH BoisiBacHue ¢uau-
YeCcKUX, XHMHYECKHX, MEXaHAYECKHX H JIPYIHX 32KOHOMepHOCTel ¢
UeNBK ONpeflesIeHns U HCHOJMR30oBaHus HauGonee 3dPeKTHBHEIX M
JKOHOMHUHBIX TPOH3BOACTEEHHHIX TPOLeCCOB, TPeBYOIHX HaHMEHb-
IUIHX 3aTPAT BPEMEHH, MaTepHANBHHX H TPYAOBHX PCCYPCOB.

Boapwoe BauAnue Ha pa3BHTHE TCXHOJNOTHH U3NENHS M3 KOXKH
Kak Hay4soi p yueGHOH AMCOHNJHHLI OKa3aJq [-P TeXH.Hayk, npod.
10, I1. 3nibuu. MM co3naHe OCHOBH yueGHOrO Kypca TeXHOJOTHH
H3AEJHil M3 KOXM AJA BY3OB JIETKOH NpoMBHNLIeHHOCTH. Tpyaamu
Q. I1. 3nfuHa U ero HAYYHON UIKOMH KYpPe MoJyuda gaibHedmec
pasBHTHE MO Pa3jHYHBIM HalpaBACHARM.

1.2. CXEMA TEXHOJOTHYECKOTO NMPOLLECCA

VKpynHeynasa ¢XCMa Ipouccca B OCHOBIOM OAHHAKOBA NPH MPOH3-
BogcTBe 0OysH GOJLIIHHCTBA KOHCTPYKIHMIL

TIponecc HaunnaeTcss Ha ckaagax (puc. 1.1}, rae marepuaan
TPYNOHPYIOT N0 BUAaM, COPTaM, TOJUIHHE, MJOIAAH H APYTHM
npuanaxkaM. Tam e BHOOPOUHO NPOBEPAKT COOTBETCTBHE HX
CBOWCTS TPeGOBAHHAM TOCYNAPCTBCHHBIX CTaH1apTOR. VIpH Ranruny
MOJTHOTO KOMILICKTA BCEX MATEPHANOB MoA0GpaHHBIE HX TMAPTHH
IepCAAlOT B MOATOTOBHTEALHEIE LeXa: PacKpofiHblii M BHIPYBOUHEIA.
3aeck xe, oBHuHO Nocae pasdpyba AeTadn HMpeiBapHTesabHO obpa-
Gateigalor. Hasec B cOOPOUHEIX 1eXaxX HIrOTOBNAKOT 3arOTOBKY
Bepxa, QOPMYIOT ee, CKPelNNAIT ¢ JeTaAsMH HH3a H OTIeNBIBAIOT
o6ysk. Tlpn m3rorosaennn o6VBH cTelHPHUHBIX KOHCTPYKIHR {Ha-
npuMep, ueJAbHOANTONH) CXeMa NPOH3BONCTBA W3IMEHHTCH: MUKBHAK-
pYIOTCH  ONepatiiy 1m0 NOAroTOBKe TaKHX JAeTadeli HM3a, Kak

8



Py

Puc. l.l. YKpymHeluHas cxeMa TpoO-
necca NPOH3BOACTBA OOYBH:
M| —marepuansl Zas B3z obyed; My
BCIIOMOraTeRbHbEe MaTepHantl (Kael, HHTKH 11}
H AD.); Mg--marepHalihl Ans Bepxa oGYBH} M II
CM—cmanm MaTepnanos; I — Bwpy- M, 1 Hr
Soutbli UeX; I — packpoleblll uex; 7 —ebo- M 3 M 7
POuHBE UeXH MNe 1, 2, ..., 125 Cn—cmanm 2 C 2 1%, c
rotomoft mpoaykuan; J, ¥ J, —ysan (Ae- M M n e
TANH) HH3A M Bepxa COyRH a_’..;.. Ms‘ .Hu
3

MOJAOINBH. JTO 03Hayaer, 4TO CXeMa NpoUecca AHHAMHYHA H NPH
COBEPIUEHCTBOBAHMH TEXHHKH M TEXHQJUOrHH BO3MOXHEI €€ [IPHH-
HUOHANBNBE U3MeHEHH,

Bouee noapo6Ho cxemy mpouecca NPOH3BOJACTBA NPHHATO Xapak-
TePH30BaTL C MOMOMIBI) CTPYKTYPHOH, (PYHKUHOHAJBHOH H HHDOP-
manpoHHOH Mofenchi. CrpyKTypHag MOJedh CHCTEMH OOYBHOrO
DPOM3BOACTBA OTpaxaer CTPYKTYPY Ipollecca NPOHSBOJCTBA, N03BO-
JigeT BHIABUTL COCTAB LOJACHCTEM, CTaAHAHOCTL HX [TPOSKTHPOBAHHA,
a Takxe ODOIIYiC NMOCJAeNOBATENBHOCT: paboTH noAcHeTeM. B 3Toft
MOLeAH OnpeieseH KPyr 3aZay, KOTODble HAJ0 PeLIHTh JJIS ONTH-
MaJIbHOTO YHKUMOHHPOBAHHA NPOH3BOACTBA, MOKa3aHa B3aHMO-
CBA3b 5JEMEHTOB, paccMAaTPHBAaeMEIX KaK eZWHoe Lejoe. Moaenb
CIAYXHT OCHOBOH JWIA COrJIACOBAHHA MaTepHalbHBIX H HHbOpMa-
UHOHHBIX [OTOKOB, YTO HO3BOJIAET YJYULIHTbL CHCTEMY YIPaBJICHUSA
NPOU3SBOLCTBOM.

Ha ocuoBe u3syuerust paboTH pffa KDPYOHBIX MNpefnpusaTui,
a4 TaKxe C YUCTOM HMMEIOIIHXCA ceTeBHX rpadHKOB BHeXpeHHS
HOBHIX 00pastoB 06YBE K APYTHX HAYYHO-HCC/IEZGBATEABCKHX pabor
6bl1H cocTaBieHBl CTPYKTYPHBle MOneJau OOYBHOrQ NPOH3BOACTBA
(puc. 1.2, 1.3). B Hmx B npaAmoyroapitkax (6/40Kax) 3anHCaHb
dopMupylomue Bo3AeficTBHA HA HH(OPMALHIO B KaXJIOM 3JeMeHTe
nojcucTeMul. B 7neBoM BepxHeM yIy Kaxjoro €JoKa CTOHT €ro
HOPHIKOBEE HOMeEp, NOKa3bIBAWIIHE MNOCASAOBATENBHOCTE BHITOI-
HeHus pabor. BiokH coeauHeHW cTpesKaMH, BO3Je KOTOPEIX YKa-
3aHbl HX MOpARKCBHe HOMepa. CTpenka BMecTe ¢ HOMEPOM MOKa3hl-
Baer, Kakad HHQpOpMalkd, OTKyla M KyAa mnepenaercd. Ecin
CTpeJKH INepeceKaloTcd M Ha IIEePeceueHHH He CTOHT TOUKA, 3T0
O3Aayaer, YTO NOTOKH HHPOPMALHH He COEJHHHIOTCHA, eC/H TOUKA
CTOHT, TO OHH CJAMBAIOTCS.

Bes undopMmanus, uMeomascs B cHCTéMe, pa3fic/ieHa Ha ABe
YaCTH.

PuMckumu uudpaMu o6osHaveHa MHPOpPMAuHd, NOCTYHAKOLLast
H3BHE, He QopMmupylomanca B cHcTeMe. ApaGeknmu nudpamu obo-
3yaveHa mHopMalus, obpasywlnadaca B CHCTeMe,
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Mlepeuens HHBOPMANHH, NOCTYNAIOIER H3IBHE:

1. TexHHKC-IKOHOMHYECKHE YCAOBHA Ha IpocKTHpoBaHue. Ha-
NpHMep, 3afaHHe BHIIIECTOSIILEA OpPrallH3alMH Ha H3rOTOBJEHHE
o6yBu, auddepeHIHPOBAHHOE N0 POJAM, BHJIAM H HANPAaBACHHIO
MOIbl, cpoc Ha O6YBb U AD. :

II. TocypapcTBeHEHC CTAaHZAPTH Ha 00yBb

1{I. TocynapcTBeHHBle CTaHAapPTH M . TeXHHYECKHe YC/OBHA
Ha MaTepHalsl

IV. CBepeHus 06 3KOHOMHKe MPOH3BOACTBA

V. Ceesnenna o6 ofopyloBaHMH H TeXHOJOTHUECKHX IpoNeccax

VI. Kputepun OleRKH TEXHOMOTHIHOCTH KOHCTPYKOMH 08YyBH

Vi{. TunoBue TeXHOJOTHYECKHE NpPOLEcch

Viil. Hopmy BpeMeHH Ha usroroBieHue 100 map o6ysu

IX. CBefieHHs1 0 MPOH3BOAHTENRHOCTH OGOpPYACBAHHA

X. CBesenus o GajgaHce BpeMeHH NOTOKA

XI. Metoguka pacueta norpebuoctu B pabounx

X1I. Meroauka pacuera HeoGXxoAHMOI0O YHcjaa eQAHHAL 060pyAO-
BaHHA

X{II. Ceefenus 0 HaJanHuHy o6OpPYROBaHHA

X1V. HopMul pacxofa Marepuanoe Ha 100 nap obyen

XV. Mertoguka pacuera noTpe6HOrO KOMHYECTBA MaTepuagOB

XVI. Meronuka pacuera cebecTOUMOCTH 00yBH

XVII. CpegerHnsa 00 ONTOBLHIX H PO3HHYHHIX ILleHAX HA MaTePHaJbL
H 06YBBb

XVilI. Tlaan Benycka ofyBH 0 BHAAM H poAaM

XIX. Metox pacuera ONTAMANBLHOTO aCCOPTHMEHTa OGYBH

XX. Ceenennda o eunycke o6yeu $HaGpHKOH, TOTOKOM

XXI. Crnpoc ua o6yBn u Jp.

XX1I. Metopuka pacuera 3apaBoTHOf MIATH

XXIII. Meroanka pacueTa 3anacoB MaTePHAJOB H AeTanch

XXIV. MeroauKa pacyeTa HCIONB30BaHHA MaTepHAJOB

XXV. Meronuka pacdera npHOBJIH NPeNNpHATHSA

XXVI. Cpenends o BO3Bpate OOYBH, MNOHHXXEHHW B COpTe,
wrpadax
lNepevens Hudpopmaumy, obpaszywowmeiics B cucTeMe:

!. CBeicHHR O TOTGBBIX Mofenax obyBu

2. Ceesnennst o pole u BHAe 06YyBH, MeTOAe Kpemaerus, (acoue
KOJIOJKH, HAJHUHE MaTepyuaton aas o6pasnos, KoTopue HEOGXoAHMA
paspaborats

d. CReneHns o pofie u BHue 00yBHM, Merojie Kpemaenns, dacone
KOJIONKH W JAP., KOTOpHe HeoGxomnMo pa3paboTaTh CBEpPX TOTOBHIX,
HMCIONHXCA B apXHUBe

4. CBegenns 0 pHCYHKe 0GYBH

5. CpeneHus 0 HOBH3HE PHCYHKA, COOTBETCTBHH MOJIe H AP.

6. Csepenust 0 KosMduecTse aeTated

7. CreleHAs O KOHTYPAX BetalH, cpeiHel XKONHH KOJAOAKH

8. Cpenennst 0 3aNPOEKTHPOBAHHHX JeTANAX, HX MJAOIIARH
u Ap.
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Puc. 1.3. CrpyskrypHaa MoZeNib TNONCHCTEM NNaHHPOBAHHA, YUeTa H Peryd

9. Ceegenus 006 H3MEHEHHH MW KOPPEKTHPOBKE AeTa/ell nmochae
HX npoekTHpoBanua H usrorosjenus (I, II v I11 npoba)

10. CBeXcHHS O TOTOBBIX AeTansx (HampHMep, MOACHIBAX, CTe/b-
KaX AJS KOMOIKH TOTO ¥e pacona), xpanstuiecs B apXHBe

!1. Ceefenns O HeTansix, COOTBETCTBYIOMIHX IOCYAapCTBEHHOMY
CTAHIAPTY, ¥ Pe3yNbTATH NPOBEPKH HA TEXHONOrHYHOCThL

12. Cenenus o mabnoHax AeTanell, KOTOPHE nepelaoTes B IKC-
nepUMeHTAJBHBI 1IeX

13. CpelleHns o6 ucnbiTaHUH 06pasla H ero H3rOTOBJEHHH

14. CpeleHus 0 KOPPEKTHPOBKe pasMepas getaJell
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HPOBAHHUA NPOH3BOACTBA OﬁyBH

15. Cpenenus o NMOATOTOBAEHHOM ofpasue (macnoprt, mabJoHH
JleTanei BCex pa3MepoB H Ip.)

16, MudiopMannusi 0 pesylbTaTax HCOBITAHHS H aHaln3a olpas-
ifo):

I7. KoHCTPpYKTOPCKAaA ROKYMeEHTAILHA, NpeICTaBlsdeMas Ha Xy-
LOMECTECHHBI COBET

18. Cpenenns of YTBePKJeHHBIX o0pasnax

18. Cpefenns o mepBoM 3Tane BLIGOPA TEXHOJNOTHUECKOTO NMPO-
iecea

20. Ceeaenus o notpednoM uncae pabounx



2. Ceeacuusi 0 apumenseMom o60pyRoBanuh

22, CeejeHus 00 HCNOJIb3yeMbiX MaTepHajiax

23. CeepeHHA 0 HeOOXOAMMBEIX MaTepHanax, TPYAOBHX 3aTpa-
Tax H Ap. _

24, CpefieHHa O panec NPHMEHABIIEMCH TEXHOJNOCHYECKOM OpoO-
necce

25. Texnonornueckufi npoitece 0pou3BoAcTBa 0GyBH JAaHHOCO
obpasna

26. Ceelleyusi 0 TpynoeMKocTtd ofpasna

27. CeefieHHa 0 MarepHa/OeMKOCTH obpa3ua

28. Ceefenus o ccfecroumocTii 00yBH

29. CeeacHus 06 ofpa3uax, No KOTOPHM Da3padoTad TeXHodo-
riueckHii mpouecc

30. Cpegeuns o6 OGTHMAJBHOM accoOpTHMeHTe 00YBH Ha rof

31. Ceefenna o npojaxe oGyBH Ha ONTOBOH ApMapke

32. Cpefienua 06 accoptuMenTe 06GyBH Ha rog

33. Cpepenus © KoJgudecTBe BHINYCcKaeMoli 00yBM KaXIOro
o0pasita, TEXHOJOTHH NPOU3BOACTBA, 060OPYIOBAHYH

3. Ceenennsa o norpeGHOM uyche efudHl 060pPYAOBAHHA

35. Ceesensa of M3roTOBNEHHH 06Pa3LOB B NMPOH3BOACTBEHHHX
YCAOBHAX

36. Csenennsi o6 H3MEHEHHH H YTOUYHEHHH TEXHOJOPRYECKOro
npotecca

37. NudopMauus o HOJOKNTEALHOM pe3yAbTaTe H3TOTOBJEHHS
ofpasiia B NPOH3BOJACTBCHHHIX YCJAOBHSX, TCXHOJOTHYECKOM MpO-
ecce, IpHMeHAeMoM 000PYIOBaHHH H AD.

38. CpelleHns 0 HeoOXOOHMOH TEXHOJOrHIECKO) OCHACTKe

39. TlpoekTHpOBaHNE OCHACTKH

4¢. CeBegenuss o6 HCOBITAHHY OCHACTKH M €€ TOTOBHOCTH H Ap.

41, Csepeunsi o norpeGHOM  KoallvecTBe AeTaldefl JNJAA BHIION-
HeHHS IJ1aHa

42, Curenenua of B3MEeREHUM KOHCTPYKLHH 0GYBH

43. CeeficHHR © [AeTadsX, I[OJY4aeMbIX MJIH OTOPABASAEMBIX
10 KOOMepPaTHBHHIM I[IOCTABKAM

44. Texuoqorupyeckass JOKYMEHTAaLHA

45. Komerpyktopckass ROKYMCHTaLLHS

46. Cpenenns o paforax, BHMOJAHACMEIX Ha habpHke

47. Cee/IcHHSA 0 KOJHUECTBE geTanell, NPOH3BOAUMBIX Ha dabpuxe

48. Cpenenns o donge pabouero BpeMeHH

49, Cpepmenust o moTpe6HOCTH B MaTepHarax [0 KaJdeHAADHOMY
MJIany

50. Cpenenust 0 KOJHYECTBe H NEPUOAHYHOCTH KOONEPHPOBAH-
HHIX NOCTABOK

51. Crpegernus 06 obuicft notpeSHOCTH B MaTepHANZX € Y4eTOM
3aMacoB

52. Csepenua o norpebHofi 3apaboTHOA MaaTe

53. CpefeHus 0 KoJAWYecTBe feTajefl, H3rOTOBJIEHHHIX B NOATG-
TOBHTEABHOM LCXe
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54. CBenennf o KOJHUYecTBe M KayecTBe JLeTajeld, H3rOTOBJIEH-
HhIX Ha KaxjaoM pafouem Mecrte

55, CeeeHus ¢ KOJHYeCTBe M MOC/EA0BATENBHOCTH S3aNycKa
MaTepHAJOBR M JeTasel

56. Cpejendst 0 3amacax H NJAAaHe BHNycKa feTalel

57. CpefieHns 06 HMeIOLUMXCA MaTepHanax

58, CeeacHHA © KOJHUeCTBE M IEPHOAHYHOCTI HOCTYNJIEHHS
MaTepHaIoB

59. Ceejlenisst 0 KOJHYECTBE MATEPHANOB, ROCTYNAKNINX B 1OA-
rOTOBHTEAbLHHE NEXH

60, Cpeflenusd 0 KOJNHYECTBe H KauecTBe 006YBH, H3TOTOBACHHON
Ha NOTOKe H KaxALIM pafodnm

61. CBefleHHS O KOJHUECTBC H3PACXOJOBAHHBLIX IeTajel

62, Tlnan usroToRJeHAsT o0yBH Kamaoro ofpasua (KoauyecTBo
B IeHb # 00beM BBIUIYCKA)

63. CpeleyHa 00 H3MeHCHHM o0beMa IPOM3BOACTBA 00YBHU

64, CeejleHus 0 MOCTYNAIOMHUX OETanfx

65. CeegeHHsd 0 HeODXOAWMOM KOJIHYECTBE JETa/ICH A% NpPOH3-
BojgcTBa 00yBiH

66. Cpepenus o6 HCHOJB30OBAHMH MAaTePHAN0B B Gpurale H Ha
Kax oM paboueM Mecte

67. CeelicHH © KOJAHYECTBE MaTEpHAa/OB, BHAanHoM Opuraze
H KamaoMy pafoueMy /1A BHIIGIHEHHA JHEBHOrO 33j3HHA

68. Ceegenus 06 SKOHOMUM MY Tepepacxofe MaTepuaos

69. Cpepenns 0 CTOHMOCTH MaTepHaJ/o0B

70. Pacxoapl Ha 3apafornyio maary

71, IlnanoBpte pacxoHl Ha IPOHU3BOACTBO

72, Orger B BBIIECTOAULYK opranusauukr of MTorax paforh
npelnpHITHS

73. [lpepnomenna MO HIMEHEHRHIO TEXHOJOTHH [POH3BOJICTEA
Mocae H3TOTOBJAEHHS ¥ HCALITAHHS TEXHOJOTHTEeCKOH OCHACTKH

74. CBelieHuA O KauecTBe jeraleii H 0GyBH

TipuBenennan Ha puc. 1.3 MoZeab HMeeT CJAONKHYIO CTPYKTYDY.
B cBA3H ¢ TPYAHOCTSMH, BOSHAKAIOUUMHA NPH CO3TAHUH HMAH COBEp-
LIEHCTBOBAHNH BCEHl CHCTEMBI YIpaBJieHNd, NPUHATO pasieiisllb ee
HA MOJCHCTEME!, BHAEJATh 34/a49d H pelllaTh cHavaga npoliieMy
yNpaBJeHuss Ha YPOBHe OTAGNBHEIX 3aKau, a4 34TE€M UOACHCTEM,
Takoe coOBepLICHCTBOBAHHE BO3MOMHO, €CJAH KAXAWH BapHaHT
paGoTEl [OACHCTEMEI OAHO3HAUYHO OXAPAaKTepH30BaTh HabopoM
KaKux-ubo ToKazarenelf, o0be HHEHHBIX B [eJH e¢ QYHKUHOHH-
poBanud. [loka3zareanm uUeJell NOACHCTEM TaKke JOMKHB OGHThb
peajin3OBaHLEl B TOKa3aTeJfdX UeJIH CHCTEMH,

Cdopmyanpyem uens GOYHKIHOHHPOBAHHMA NOACHCTEMEL TEXHO-
JOTHYECKOH MOATOTOBKH MPOH3BOJACTBA H JAAHM OMNpefe/eHHe Tep-
MHHA «T€XHOJIOTHYecKas MOLTOTOBKA NPOH3BOACTRAY.

Ilon TepMHHOM <«TeXHOJOrAYecKass NOATOTOBKA IIPOH3BOICTBA»
oOHTHO NOHHMAIOT HOPMHDPOBaHHe HeoGxo uMoH uHbOPMAaLHK O NO-
CHeJ0BATENIBHOCTH H cOACPKaBlu pafor nmo ofecneveduwy mpoHs-
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BOJICTBA H3[eAlH 3aAaHHOID YPOBHA KAUECTBA NIPH YCTAlOBIEHHBIX
cpokax, ofbeMax BEIIYCKA M 3aTpatax.

Lens GyHKUMOHHPOBAHHS MOACHCTEMBl TeXHOJIOMHYECKOH NOArO-
TOBKH 3akai0daeTcid B pa3paboTke BCeH TeXHOJOTHUECKOH JOKyMeH-
T4alUY O [NOCAel0BATEJIBHOCTH W COJepXaHHH paloT [0 H3roTOBJC-
HHIO 06YBH B KOJM4CCTBE H aCCOPTUMCHTE, ONPEAe]IeHHOM Ha OITO-
BOil fpMapKe, NPH MIHHMAaJbHO BO3MOKHHX 3aTpaTax Ha ee
H3TOTOBJIEHHE B YCTAHOBJAEHHBIE CPOKIL.

B adrepatype oOnHCaHa [OCAeA0BATRJbHOCTh BbLIEASHHA H3
CTPYKTYPHOH WMoJenu aOGYBHOIO I[IPOH3BOJCTBA MOJCHCTEMH KOH-
CTPYKTOpCcKOH moAroToBKH. OHa BKJaouaeT B ceffA eBATbh OJOKOB,
uMeeT 4Yerko 0003HAYEHHYI0 Ledb GYHKUHOHHPOBAHHS MOJCH-
CTeMLl — H3TOTOBJAEHHEe BceH KOHCTPYKTOPCKOH AokyMmeHtamuu [1].

Brixoanana uu(OpMallid NOACHCTEMH B BHAE KOHCTPYKTODCKHX
HOKYMEHTOB Ha o00pasnbl, IMAalJOHE H T. T. #BARKETCS BXOJIHOH
uugopMannell ana  cleayiomed MOACHCTEMEl — TexHOJIOCHYECKAd
NOArOTOBKA NPOM3BOJCTBA, HAYAJI0 KOTOPOH TaK JKe YeTKO onpeje-
JeHo, Kak 3agaua [0 (cMm. cxemy 1.2)— BHOOp TEXHOJOTHYECKOTO
npojecca NMPOH3BDACTBA 06pasuos obyBa.

B cooTtBeTcTBHH C OnpeAcacHHOW BHILIE NCAbIO (GYHELUOHHPO-
BAHHA MOACHCTEMBl TEXHOJOCHYECKOfl NOArOTOBKH TNIPOH3BOACTBA
Aajiee caexyer cOpPMHpPOBaTh HHPOpPMALMIO O 1OTPeGHOM HHCJe
pabounx, eIHHHL O0OPYNOBAHHA W KOJAMYeCTBe MaTepHad0B (3a-
naun 1i—-13).

B cooTtBercTBHM ¢ Tpe6OoBaHHMeM MHHHMH3alHH 3aTpar, TakKxe
YKa3aHHBIM B UEeAdX MOJCHCTEMB, CJAEAYCT MOJYYHTh BTOPHUHYIO
uudopMauuw o cefecroumoctd ofpasna (3amaua I4). Hanee mas
BEIMOJIHEHHS 1ACTH 1edH $YHKUHOHHPOBAHHS NOLCHCTEMB — BBITYCK
obpaszuoe 06yBH HeOOXOAMMOrO acCOPTHMEHTA ¢ MHHHMAaJbHBIMH
saTpaTaMH — CHe/yeT MPOM3BECTH OINTHMH3alLHMOHHBIH pacyeT rofo-
BOI'0 4CCOPTUMEHTA M 3aKJKUHTh JAOFOBOP ¢ TOPrOBEIMH OPTaHH3a-
UMSMH Ha NpPOH3BOACTBO oCyBH (3apauu 18—17). [dnsa obecneueHus
YacTH 1eld¥ PYHKUHOHHPOBAHWA NOACHCTCMBl — NOATOTOBKA Beell
TEXHONOTHIGCKOH JOKYMEHTAUHH — HeoOXOJHUMO ONpoboBaTh TEXHO-
JOTHYeCKHA Npoliecc B NPOK3BOACTBEHHHX YCIOBHAX, 4 TaKXe MOAro-
TOBHTEL BCIO TeXHOJOTHYECKYIo JIOKYMEHTALMIO, B TOM YHCAe Ha oc-
H4CTKY: pPe3aKH, wWraMmnbl, npecc-popMsl u Ap. (3asaum [5—21).

Takum obpa3zoM, macTaBiaeHHas Uedb GYHKLUHOHHDOBAHUSA TOACH-
cTeMBl TEXHOJOTHUECKOH NOATOTOBKH TNPOH3BOACTBA OYAET MOCTHT-
HyTa [pH pelreHHH samau f0—21.

Tak, ¢ NOMOLIBIO CHCTEMHOrO allalli3a CTPYKTYPHOH MOJenH
00yBHOTO MPOH3BOJCTBA OlpexeteHH [epedeHb M LOCAeL0BATENb-
HOCTH paGoT, BHNOJHAEMEX [PH TeXHOJOTHYECKOH NOATOTOBKE IIPO-
M3BOACTBA, ¥ TeM caMblM ofocuoBad Halop 3ajad, pellaeMHX B
3TOR NOACHCTEME.

Hanpueiilias 9actb CTPYKTypHOR Mojenu (6nokw 22—42) otHo-
CUTCA K [JAHHPOBAHHIO, YOeTy H PeTYJIHDOBAHUIO NPOUECCA POHS-
poacTBa o0ysu. B Heit 6ok 32 coorBercTByeT 60Ky Cy yKPYIIHEH-
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HOft cxeMbl mpollecca NPOU3ROACTBA (cM, cXeMy 1.1), 6nox 35 — co-
oTBeTcTReHHO Biokam I u 3, 6mok 86 — 6noky 11y, .., n, 600K 87 —
Ba0ky Cy. ‘

B crpyxrypro# moaenn ocHoBHHe O6j0KH 35, 36, 37 (cM.
puc. 1.3) cHeTeMH «npollece TPOHSBOACTBA» MOKA3aHB YKPYIHEHHO,
B ofuieM BHIE, OITOMY ANA MX JETANLHOTO PACCMOTPEHHS HCMOMR-
3yeM MeTOJ MOCJejJ0BATENLHOrO aHaJu3a BHITOJHEHHA TeXHOJIOrH-
yecKoro mnpouecea (OTAENBHBIX TEXHOJOTHYECKHX IIPOILECCOB).

Hepapxuueckoe (B3aHMOMOAUHHEHHOE) CTPOEHHE CTPYKTYDHO!
cxeMsl (pHc. 1.4) mpeacTaBHM B BHIE NIATH YPOBHelH: [ — npolecch
H3TOTOBJCHHA Aerasnell o6yBH H ocHAacTKH; [/ — npoueccs o6pabor-
KH ¥ HOJNroToBkH nera’ielt ofyen K cbopke; [/ —cbopka yanos
obysu; [V — cbopka obyBn; V — kpennenne HH3a H OTHeNKa 06YsH,
CK/laipOBAHHE.

CrpyxkTypHaf cxeMa npoM3BOUCTEA OGYBH KJEEBOTO MeETOLA
KPellJIeHHs cocTaBAeHa H3 pijta 0J0Kos, MOMKHO LONOJAHATL H pac-
WHPSTE CXeMy NMPOLECCaMH, KOTOPHE CBA3AaHLI CO CrelHdHKOH apy-
FHX METOROB. "

Pumeckre mudpn B IpaBoM BepxHeM yray 6iaoka ofo3nadaior
VYPOBeHb HepapxHH, apaGckie — NOPSAJAKOBHEN HaMmep 6Moxa B 5TOM
ypoBue. 1A YOPOUIEHHs UTEHUA CTPYKTYPHOH CXeMbl BXOALI BHYT-
peHHHX cBfA3ed oOosHaueHn! HOMepoMm Toro 6J0Ka, OTKYA2 OHH
HCXOIAT.

Brewrre Bxoaul (CB#3H) CHCTEMB! B OKPY#AlOULYIO CPELY NOKa-
3aHsl GyxBaMH pycckoro aatgpasnta: A — obypusie Matepnann; 5 —
noxynaeMete usfenus; B — xumukatr; I” — roTosue neTtanu o0yBH.

KamaHi# y3 TeXHOJOTMYECKHX lipouneccos, o6o3nadennnx B G-
Ke, ABJISEeTCH NMOACHCTEMOH M TpH JajsHefillelf AeTANMUIAIHH MOMKET
pPACCMATPHUBATECH KaK CAMOCTOATETRHAN €IHHHIA,

HudopMaunonnas MoJelk OMHCHBAET, Kak TNpeofipaszyercss HH-
opMalHg B KaMAGH NOACHCTEME M CBA3H MEXAY TWMH.

MudopManuonHas MoLenh YUHTHBAET KAK CMBICJOBYIO CTODOHY,
TAK H KOJHYUECTBEHHYIO XapaKTePHCTHKY HHMDODPMALHH, cOfepxka-
meficss s cucteMe. C ee NMOMOIIBLIO MOKHO TaKXKe ONpeIlefiuTh N0CTa-
TOMHOCTL WA W3GHTOUHOCTL uHbopManuy, neobxoaumoli anga dyHK-
IHOHHPOBAHUA BCefl CHCT@MBI MJH NOIACHCTEM, BLIIBUTH OCHOBHEE
3JeMeHTH MOACHCTEM, B KOTODPLIX HAKANMHBaeTcs W mnpeolpasyeTcs
HHPOPMALHA, CKOOPEHHAPOBATL MOTOKH HHPOPMALNH H yCTAHOBHTE
ux ofLeM, YCTPaluTh 1yBanpoBanHe H TEM CAMBIM YIVUIIHTL YIIPaB-
JeHne TPOHIBOJCTBOM,

TIpy 3TOM TJIaBHEIM jJlojed OHITL KpHTEpHH, OOYCJAOBNEHHHIN
KOHeTHOH UeNbl0 yipaBaeHns. JLIs 1oCTHXKeNHS 3ToH 1enu Heobxo-
IMMO M3YUYHTh HH(OPMAIHOHHBEIE NMOTOKH BO BPEMEHH W JOTHKY HX
npeoGpa3oBaHHA, a 3aT€M COCTABHTL MPOrPaMMHDPOBAHHHIN crnocob
pellienns 3afau. DTO MOXKHO CLenaTs, eCH NOCIeI0BATEJNBHO pac-
CMOTPETH CHavaja CBA3H MeXIy IPYNNaMP 3a1ay KaXKIOH noi-
CHCTEMB! (TeXHOJNOTNHUeCKaH NOATOTOBKA NPOH3BoAcTBA M ap.). Ha-
Jee HeoGXOZHMO BLIABUTL TOTOKH MEWNIY OTAeNBHHIMH 3alauaMu B
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S Tat6am ma l.1. Kaprouka yuera AOKyMeHTa
> : ! -5 O6neM Audopma-
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rpynie, oTHocsuleficd K TEXHOJOTHYeCKOR NOJArOTOBKEe, H H3YYUTh
NOTOKH HHDOPMANHY MeXAY 3JeMeHTADHLIMH ONMepalHAMH BHYTPH
3ajad, T. €. COCTABHTL AJTOPHTMBl HX pelleHHA.

Ilpr n3yvyeHnn cBsized MeXJy rpynnamH 3ajay JOCTaTOYHO
HMETh CTPYKTYPHYIO MOAeAL cHcTeMBl (CM. pHc. 1.3), nOcTpoenuyio
¢ HOMOUIBIO KAKOro-Aub0 AeAYKTHPOBAHHOMO MET04a, HANPHMED I0-
CJEN0BATENLHOI0 AaHAJH3A 3a/lad YIPABJASHHA,

Ha cnenyomeM ypoBHe HPH H3y4YeHHH HOTOKOR HHQopMauuu
MEXNIY 3a5a4aMH NPHUMeHAJNCA MaTPMUHLIE MeTOM MOJENHPOBAHHSA
nponeccor. B aToM cayuae npu HeKPyNnHBIX 3JAeMeHTax (THMA 3ajgad)
ecllle He NPOCTYMAeT TAK ABHO OCHOBHOH HEIOCTATOK METOJa — BHICO-
Kasg TPYAOEMKOCTb.

Ilo npunaroMy MeToAY COCTaB/AeHHs HHPOPMAUHONHOH Mojenu
pekoMetgyercd (IPHIEPRHBATHCA COCTaBa H MNOCJAENOBATENbHOCTH
pabor no caeaymomeit cxeme. Ha nepsoM stame paspaGarsiBaercst
Kaprouka yuera NOkymentos (tadn. 1.1). Ilpu 3TOM NpPHHAT eauHbIH
nopsAoK WNGPOBAHUA NOKYMEHTOB: ABA TePBLIX paspsana — HOMep
nexa, ornena (raba. 1.2), nanee tpeTHii paspsi — HOMep Y4acTKa
(nnn cnyx6u) B LEXe H TPH MOCACAHHX —— €r0 MOPAIKOBHIA HOMED.
B ratn. 1.1 uMemTCs NPOMEXKYTOUHBIE PE3yJALTATH, T. e. nepepao-
TAHHKE HCXOJHBE NAHHBIE, KOTOPHI€ HCHOJIL3YIOTCA IMNA BCIOMOra-
TeJAbHHIX BLIMHCACHHH, HO CaMH M3 CHCTEMB He BHUMAlOTeA. B cryan
c GoabmMM HX oGbeMOM BeA TAGJAHIIA He DPHBOAMTCS, & AAETCA
TONbKO e Q)parMeHT.

Bo ¢pparmente taba. 1.3 npuBelleHH nokasavedH, XapaKTepH-
sywotnue poxyment. [Indpht Ax cocTaBaAfgoT Mo cHElHAAbHOR cXeme.

Tadnuoa L2 INupp RoKyMeHTa

IIudrp 1 nazeanne

1lndp 11 wazbaHne nexa, MOAPAIALNEHUS DHYTPH Mopaakosuit KoMep
OTALAd B LOKYMEHTE - Hexa, ornena ANKYMEHTa B Uexe, OTIe.Je
{aba paspana) {onnH paspra} (rpu paapana)

Lenrpasbuan Gyxranre- PacderHwii oTmest
pus
44 0 201
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Ta6auna 1.3, [Mupp noxasareneh oTaena nOZroToskd npomascacrsa (OMIM)

Wadp Bxosunoit Buxogao#l

JLOKyMCHT noxazareJt wnhp Lndp
mokymenta@| AoxymenTa

3akaau Jnadoparopnx

HA pe3akH 2427702 — 24277 —02
na nepdopatopu 24277—02 380661 910681
ITrcbMa-3aaBKY APYCHM OPraHH3ALHAM 24277 —02 — —

Ha KOJOAKH, KaGAYKH, MOMOLIBH, pe-

BuRY H T. 1.

Joknaname
OT OTAENA MATEpPHAJIBHO-TEXHHUEC- 42279—04 — 79277 —07
XOro cHaGmxedus

Bropoit stan naunnaerca ¢ pazpaboTKU CXeMH CYIECTBYIOMIEro
IOKyMeHToO00pOTa npeinpHATHA B BHIe MaTpuun (rabn. 1.4).
B atom dparmenTe MaTpHUB, COCTaBIeHHOH AJS IEXOB HIH OT/e-
JIOB, YKA3aHH WMHPPH KaKAOTO CTPYKTYPHOLO 3JeMEeHTa NpeinpHs-
THA U RoKyMenTos. Hanpumep, B npuBesennom ¢parMenTe MaTpHILE
(BCH oHA BechbMa BeJHKA) HA HepeceueHHH cTporH 82 u cronbua 02
npeactraBied mudp Aokymenta 020731, D710 ozHavaer, UTO AOKY-
MeHT H3 cKnaia 82 uanpasasercsa B packpofinbiii nex 02, na yua-
crok (7 nexa, nopanxoseii HoMep poxkymenta 31.

Hanee npu paspaborke undopMaunouno#t Mogean (puc. 1.5)
ONpeNeqsioT B3AHMO3aBHCHMOCTh MEXKIY [OKA3ATENAMH, a TaKkXKe
MEXJY TOKA3aTeNAMH H JROkyMeHTaMu, HayueHue Mopmenut mnosBo-
JfleT BHIACHUTH, KakK 006pasyloTcs NMoKasaTeld, B KAKHX JIOKYMEHTax
OHH (PHKCHDPYIOTCH, KTO HX COCTABJAET H KY[a OTNPABJSET.

IMocae cocTaBneHus mepeuHs DOKYMEHTOR H Nokaszatenelt, dop-
MHpPYEMHX B NOADPA3JAeS€HHH CHCTEME, NPOBOJHTCA OMTHMH3ALHA
noryMertooGopora. [Tpu sToM npoucxoauT HeroTopoe alicTparupo-

Ta6auna 14 Marprua moxymenrooSopora

Of’”“““;l‘;‘;f’ T agp | 44 30 , 9 ol 02 82 80

Lenrpassrag 6yx- 44 010715 020725
raJITepHs
Bneumue opranu- 30 020727
SargHu 020717
PackpofiMnii nex 02 440719 480728 020718
440723 480729 020720
480730 020721 820716

800732
020724
020735
020734
Crnagst 82 010701 020731
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Henowayeman v opMaig Dopmup yemas
HOpPMATHBHAA UaHoeBaA ydeTHad uHbOopMauns
Hnermud kaTopsl
nokKaia- AOoKyMeH- HoKa3a- NOKYMEH- MnokKaia- OJOKYMEH- ToKala- HNOKYMCH-
teneit . TuB Tenci Tog reeft ToB Tenedt Ton
1 2 3 4 5 6 7 8 G 10 11 12
010704,010717 0101303 300001
44365 - 04 4436504
480730 020183
010705,010708 0101804 0101305
43365 04 010711,8207 4336504 0101306 0202334
, 18 13 §
BOGT03 0101302
4416504 44165--04
800732 0201382

Pre. 1.5. Monens undopmanHonHofl cBA3M



BAHHE OT MAJO3HAYHTE/NBHBIX CONYTCTBYIONLHX HHOOPMALHOHHBIX M0-
TOKOB, JOKYMEHTOB H CIPaBOYHBIX MaTepHa/ioB, 4TO J&eT BO3MOXK-
HOCTE CHHTE3HPOBATh MOJENhL allapara ynpaB/eHHs ONTHMAaJbHOH
CTPYKTYPH H AOCTHYL NIABHOH Held yOpaBfieHHs — NMOAYYHTL HH-
dopmanuio o6 OTK/IOHeHHH BeJMUMH NoKasaTesled 0T 3aJlaHHOrD
YPOBHA, ONPeAENHTh NPHYHAHHE OTKJOHEHHA, 000CHOBaTh NpHHATHE
YNPAaBJIAIOIEre pelleHHs N0 KOPPEKTHPOBKE IPOH3BOJNCTBEHHONH CH-
creMbt (B kubepHeTHKe 3TO CBOACTBO roMeocrasa).

OpadospeMerHo anpefleasercs 06beM HHDOPMALHA, HHPKYLHPYR-
Iie# Ha npeanpustTHH. 3a roj Ha ofyBHOH (QadpHKe NPOXOLHT NPH-
MepHo 2-10¢ snakoB undopMalkH, B TOM uHcsae uudposeix 0,9-10°
u OykseHHHX 1,1-10° (KpoMe ¢TredaTaHHbIX THROrpadiCKHM CIOCO-
6omM). IDTH CReleHHT NOMOraloT NPaBHABHO pacnpelenHTh BCeX pa-
6oTalomWKuX No cAyX0aM YHPABJIEHYECKOH CHCTEME.

Taxum o6pa3oM, HHOOPMALHOHHAA MOILedb NOMOraeT JOCTHYD
FJIABHOH Leau TeXHOJOrHUYECKOro ynpabJdeHHf O0YBHBIM Npeanpus-
THeM 1 ofecneynBaeT MHHHMH3ALHK 3aTPAT 1id ynpasjaelue NyTeM
HCKJIOYeHHA NYGJIHPOBAHHA U ONTHMM3AUMK NOTOKOB HHQOPMAIKHY,
OOBIUHO ¢ ee TOMOLBIO A5 PellleHHd 3aAay YIPaBJACHHS CO3AAI0TCA
MaTeMaTHUeCKHe MOMAe/H BCeHA CHCTeMH M JOKaAbHHX 3aAad, fajdee
aJropHTME H nporpaMMul pafothl ZBM no pacdeTy KOHKPEeTHHX
3ajla4y yOPaBJAEHHA NPOH3BOJACTBOM.

Tperpbst, GyukUHOHAIBHAA MOA&Ib BKIIOYaeT B ceba Joruueckue
BJIOKM, KOTOpDble HOKa3biBalT AeHCTBHA BCEH CHCTeMBl N ee yacTefl,
C noMoibio »T0H MOLENH OMHCHBASTCH JOTHYECKAs CXeMa B3aiMo-
JeliCTBHSA 3JeMeHTOB NOACHCTEMH H MOACHCTEM MeXAy cobol, ycra-
HARJHBAIOTCA Ha3Ha4YeHHE H IOCTeJ0BaTeNbHOCTE (DYHKIMOHHPOBA-
HHA HHQOPMAIHOHHEIX TOTOKOB HAa MNPOH3BOACTBe. Mogeie mnpen-
Ha3HayeHa TaKXe AMs AHand3a CcHTyauuu, BHopa kakoro-nuboe
BapHaHTa (aJbTEPHATHBLL), HAKONNEHHA OMHITA B CHCTEME.

INpu eeinOAHennd pafot, CBAIAHIAIX ¢ TEXHOJAOTHYECKOH MOATO-
TOBKOH DIPOH3BOACTBA Psfia KPYUHHX ofyBHHIX npeinpusitaii, mna
cocraBfieda QyHKUHOHAAbHAA MOAENb MOACHCTEMHl (pHe. 1.6).

B ¢yHrmHOHANBIOR MOJesad HMMeeTcss SRa Ritia OnmoxoB. B 6.o-
KaX NepBOTO BHAa — KBAaJADATHBIX — B JeBOH BepxHeHl uacTH yka-
3aHB HOMepa, OJHHAKOBLIE ¢ HOMePaMH OJIOKOB CTPYKTYPHOH MO-
pend. B atHx 610KaX yka3aHo, kakue paloTh HeoGXOZHMO BHIOJ-
HUTBH NOPH TEXHOJOCHYeckoH ToArOTOBKe NpPoH3BoJcTsa. B Oaokax
BTOpPOrQ BHOA — pomOoBHAibix (6e3 ioMepa}— 3alucaHO, KaKHe
ROATrOTOBHTE/AbHEE PpaloTHl JQ/KHE OHTh BHITOMHEHH AJNA pelle-
HUS KPYTHHIX 32744, YKa3aHHEX B OMOKax [EPBOTG BHAA, H, KPOMe
TOTO, TIPHBEAEHHE! JIQPHYeCKHe YCJIOBHS BLINOJTHEHHA KaikKAOro BHLA
pa6oT.

Ha dyHKIUOHANLHOK MOAENH XOPOLIO BHAHBI OYHKTHL, roe ofpa-
GatroiBaerTcd MAGOPMAUHA B CHCTEME, OT KaKMX YCJAOBHH 3aBUCHT
NOCAENOBATENHHOCTL PYHKUHOHHPOBAHHA DIOACHCTEMB!, KakHe NOJ-
neny HeoBXOAHMO HAOCTHYbL HA KaXJOM 3Tare TeXHOJOTHYECKOoR moj-
rOTOBKH NPOHM3BOACTBA.
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09 10 IpockTuposanue
alTaHa
Homrotoska | | BHG0p TexHonoru- Pa:;%aﬁ : H 6"" HeT| o pmimmanshod
HCXoIHoN 4£CKOXo mponecca funz obpasia oOyni €XeMBI TEXHOIIOTH-
& MATEMATHUECKAS
HHPOPMALHK NpPON3BOACTRA HECKOT'0 npouecca
op. MOEIb TEXHONOTH- p
o obpasyam Kaxfiero obpasia H ONCPAUMOHHON
of YecKoTo Npouecca?
YBH TeXHONOHH
]
Itz Ja § 1
11
CocTapieHpe TeXHo- Pacter Pacuet Hmetores
MOTHYECKOTO TPG- notpebroro HOpMEL
1e0ca C toMatLbio “ncia paGounx spemeny  |HeTf Y HODMEI Bpe-
MATeMATHYCCKOR AnA HareToR- Meti Ha peirlomicrne
Moiend Ha 3BM NieHUA 06- oncpai;
paluos
oByBH
Het J
1 Her
i [ ¥
MoxHo nr
12 npHobGpecTn 13 MOXHO 1
Pacuer HITH HMEeRTCR T Pacver npuoGpecTr
norpeGuoro Ha dabpure ofiopy- noTpeSuoCcTH UITH HMeEloTCH
oBopyRosatig AOBaHHE B NO- * | B MaTepuastax Ha drabpuke
TpeGHOM MoTpebHBIC
KONHYe- MarepHanbt?
cTpe?
Her
1
LoCTHTRYT T 15 PeHTaGe- 14
Her} sannanwpopaMHBiH o] Pacver orrumanstoro ner ofipa- Pacuer cefiecTonmocTh
YPOBEHE [IPHORIH ACCOPTHMENTa 0By Bk el WL obpajua s npubsIIH
Ha FpefnpHAaThy ? Her? OT CTQ POaKH
16-42
BnoxH ocTankHof
Y4CTH TEXHONOIHYC-
CKOHi MOAroTOBKHY

Piuc, 1.6, dynkunouaapHan MOAENs HOACHOTEME! TEXHOAOFHYECKOHl NOATOTOBKH
00YBHOTQ NPOH3IBOACTBA

Tlpa paspalorTke ynpamasionled CHCTEMH HeOOXOAHMO YETKO
OJIpeAeJHTh TAK Ha3blBaeMble KOHTPOJbHBIE MYHKTH, 4TOGH mpa-
BHJLIO COCTABUTh MNOTOKH HHOpopMauuH (ONTHMH3HPOBATL HX).
B 3THX NYHKTAX 3aNHCAHO, UTO HHIKeHep NPHHHMAET MPOMEXKYTOY-
HEle pelleHdd N0 peryJaHpoBKe npousaeojcrsa. OT npasuabHOro pac-
npeleackus MPOMEXYTOYHHX pelleHHH M BHIABJASHHA BeeX NYHKTOB
3aBHCAT HAJEXHNOCTh H PaboTocmocOfHOCTh cHCTeMBl. OJHOBpPEMeH-
HO OompejenaseTcs, xkakasg HH(oOpPMaUua HYXHA [OJs NepexcRa x Mo-
CAeAYIOUIEMY 3Tany YNPaBJEHHA CHCTEMOH.

Kaxpaas ynpaB]fAOmMAas CHCTEMa HMeeT HepapXHueckylo (mon-
UHHEHHYI0) CTPYKTYPY KOHTDPOJIbHBIX RYHKTOB, COOTBETCTBYIO-
IyK) TPAAHUHOHHO CJOMKHBIleACA CTPYKTYPe NORYHHEHHOCTH Ha
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npeanpHATAH, OnNRT pa3zpabOTKH yNPaBASIOUIHX CUCTEM MOKA3hH-
BAET, YTO CTPYKTYPa NOJYMHEHHOCTH HA NPeANPHATHH He BCETHA J0-
CTATOYHO YAa4YHA H 5KOHOMHYHA. YJKe H4 CTAIUH COCTABJEHHS MO-
JAeaqd pekoMeHIyeTcs YJaydlllaTb M COBEPIUEHCTBOBATH CHCTEMY
ynpasieuns. Tak, B HalueM cayuae npu sHGOPe TEXHOJOrHYECKOFD
npoliecca (Bnok 10) HeoOXOJHMO Npex/e BCeTo ONPeAeNHTh, paspa-
GoTawa sin MaTeMaThHdeCKasi Mojenb n nporpamma aaa DBM, 1. e
MOMHO JH BHOpPATh NPoLece ¢ MOMOIEbI0 ABTOMATH3IHPOBAHHOH CH-
CTEMbl ynpaBJieHHA HAH HeoOXOAHMO BMellaTeJbCTBO HHMKEHePA.

[lpn sunonuexnus pafor, 3anscaibix B 6a0ke [J, Hajgo Hcxo-
OHTb H3 oO6beMa HMelolteics HHGOPMALHH H NOJTOTOBHTL CBEJeHHs
0 HOPMaX BpeMeHH.

Ilpu sumno/HeHuH paloT, 3a0UCAHHEX B YIPaBAAWIIHX Ga0KaX,
uegoBek mAM IBM npunumaer undopmanuio, ob6paGaTviBaer ee u
Ha 3TOH OCHOBE NPHHHMaer peulenue. Peaklnus Ha BO3JLEHCTBHE
BHelllHefl cpedbl {HampuMep, 3ajepXKH B [OCTABKE MaTEPHAJOR)
npossisercd B (YHKIHOHAJLHOH MoAeJd B BHAe ordeToB <«Jlay,
«Her» 1a BompocHl, nocrasJaeHHEe B JorHueckux O6gokax. Tax, ecan
HeT MaTepHancB H o60pyJoBaHHusA, HEODXOAHMEIX ANA NPOUIBOACTEA
o0yBH, BHOPAHHOH i1a SIpMapKe TOPrYIOLHMH OPraHH3auMsMH, TO
OAHHBIH ACCOPTHMEHT HE NPHHHMAGTCH, ¥ NPEeINPHUATHE BLILBUraer
BeTpeyHHl BapuaHT. Ilpd oxobpednu (orsBer «[la») cocraBiasgercs
ONTHMAaJAbHE rOA0BOR acCOPTHMENT.

IIpeacrarnenHas GQyHKUUOHAALHAA MOJAENb CHCTEMHB TEXHQUIOIH-
qecKOoH MOJATOTOBKH TNPOH3BOJCTBA B ZadbHelillleM BMecTe C WHDOP-
MALHOHHOH, CTPYKTYPHOR H MaTeMaTHUecKOil MOAE/1fAMH SBAAETCHA
OCHOBOH AJs [OCTPOEHHH ONTHMH3ALHOHHOH YIPaBJAMIEH CHCTe-
MBl, HO3BOASIONIEH NIONYYHTE NPorpaMMupyemnie pelitenns. Ilostomy
BAXKHO OlpelefdTs BCe NYHKTH NDOMEMYTOYHOI'O DPeryJHDPOBaHHWA
NPOU3ROACTBA H TPEAYCMOTPETh COCTABJAEHHC aJATOPHTMOB M TIPO-
rpaMM GYHKUHOHHPOBAHHA KAXKAQTO H3 HHX.

Axanus GYUKLHOHATBHON MOJENH MOACHCTEME! TEXHOAOTHUECKOH
HOATOTOBKH 00YBHOTO IIPOH3BOJACTBA I[OKAZLIBAET, UTO AJA AOCTH-
HMenus uesH yinpasienusa Heo0xoguMo paspaboTats nPorpaMMbl No
COCTABMEHHIO TEXHONOFHYECKOTO Npoliecca; BEIOODPY THNA H pacdery
norpeGuoro oGopyROBAHHA, PacyeTy HOPM BpeMmeHH, moTpebHOTO
uyncsa pabousx, NOTPebGHOTO KOJHYECTBa MaTepHanos, cebecToH-
MOCTH TPOAYKUHH, NPHOBITH OT peaaHaaldd 0OyBH, ONTHMAaJBHOTO
ACCOPTHMeHTa 0O0YBH, a TAKXE N0 COBMEILeHHIo 3THX paboT B eaH-
HYIO CHCTEMY.

[Ipu TakOM anaMU3E OCTAHYTCS HEYYTEHHBIMH HEKOTOpHE 3aadu
(#ampuMep, 0o pacdery cfipoca Ha o6yBb H AP.), XKOTOpHe ByAyT
BHSIBJIEHBl [03Xe, NPH COCTaBJGHHH MaTeMaTHUeCKHX Mojenef Jo-
KaJbHHX 3ajau. TOMBKO NPH BLINOJHEHHH BCEX yKasaHHHX pabor
MOXHO OMHJAATL HalJeXHOro QYHKUHOUHDOBAHHA NOACHCTEMEl TEX-
HOAOrUYecKol noAroToBkH. [locne 3TOrO NOABUTCH BO3MOMKHOCTD
nepexoia OT pelllelisl OTASABHBIX 3a/a4 K NOJHOMY NpPOrpaMMupo-
BAHHOMY, ONTHMH3HPOBAHHOMY peILIeHHIO BCeX 3a37ad NOACHCTEMEI
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TEXHOAOTHYECKOH MOATOTOBKH MPOU3BOACTBA, YTO TNO3BOJAHT MOJY-
uNTh CHHepreTHueckuil (GoJibllle, yeM mpoctaf cyMMa) sddekr oT
HX BHEAPEHHA.

Bmecre crpykTypHas, OyHKUHOHANRHAR M HHDOPMalHOHHAA
MoJleny (MX elle HA3WBAKOT KHGepHeTHUecKoH MOJENbId CHCTEMH)
06pasyioT AJNTOPHTM B3AHMOJEHCTBHA KaK IOACHCTEM, TakK H dJe-
MEHTOB BHYTPH mojacHcTeM. C HX NOMOIIBICO B AajbHefllleM COCTaB-
JAeTCA MaTeMaTHYeCKasa MoAenb, a TakiKe BbIﬁPI])aK)TCH ONTHMalb-
HHE mapaMeTpbl GYHKUHOHHPOBAHHA CHCTEMBI.

PaccmoTpennse MoOfien NO3BOARKIOT CO3XATH ONTHMALBHYIO CH-
CTEMY YNPABJEHUS, ¢ MOMONIBIO KOTOPOH MOMXKHO YMEHbUIHTh KOJIH-
yecTBO AyGaHpoBakiof HHhOPMATHE U CPOKH TEXHOJOTHYECKON NMOM-
rOTOBKH 00YRHOTO NPOH3BROACTERA, BHOPATE ONTHMAaJBHBIE pellleHHsd
3aflay MOACHCTEMH M TeM CaMHM YAYYHNIATE NOKasaTeld pPadoThl
npernpHATHA.

2. PASMEUWLEHHE JETAJIERA
NPH PACKPOE MATEPHAJOB,
HOPMHPOBAHHE HX HCNOJb30BAHHA

B upuuarex XXVII evesgom KIICC pemneHusx ykasmBacTcs Ha
HeOGXOAUMOCTb CO3JlaHHA ManooTXOAHOR U Ge30TXoAHON TexHoJOo-
r'dH, PallHOHAJbHOTO HCNQJIb30BAHHA B [IPOH3BOLACTBE MaTEPHANBHAIX
pecypcoB, H3bICKAHHA HONOJHHUTE/AbHBIX HCTOUHHKOB YBeJTHYECHHA BhHI-
nycka TPOLYKHHH U CHUXKEHHS ee cefecTOHMOCTH.

OcHoBHyI0 a0y10 B cefecToUMOCTH OOGYBH COCTABIAIOT 3ATPaTH
Ha matepuasel. OHH Ha ceroausiumgufi gexbL pasus 42—87 %. Ecau
npyd packpoe kaxjaolfi napwe jeraneift Bepxa O0OYBH 3KOHOMHS
G6yner pasHa 1%, wnu 0,15—0,25 nm?, 1o mist o6yBHOro mpen-
MPUATHA MOLIHOCTHIY D MAH Wap B roj 370 Oyder o3HauaTh AQWOJNI-
HUTeNBHEIH BEMyck B0 Tele. map o6yBH Oe3 3aTpat Ha MaTePHaNH
Bepxa.

DKOHOMHST MaTepHaJ0B INPH DPACKPOE K&K OJHO H3 BaXKHHX
CPENCTB CHUMKEHHA MATEPHATIOEMKOCTH NIPOH3BOACTBA HARASETCA Ae-
JoM OoaplIod rocyfapcrRennoi paxuocTH. CuaelfoBaTeNLHO, 3KO-
HOMHOE HCTIOMIL30BANYEE OCHOBHHX MAaTepHAJOB B O0YRHOM NpPOH3-
ROJcTBE TIpHOGpeTaer sce GoJbillee 3HaYeHHe, 0COOEHHO eCjin yuecTh
OrPAHHYEHHBIE DecypPCcH I/ H3TOTOBJEHHS HEKOTOPHIX H3 HHX.
Tlpexie Bcerc sSTO KacaeTcs HaTypanbHofi KoOXKHM, KOTOpAam, He-
CMOTDPH Ha MCIpPEpBIBIIO BO3pacralilee NpUMeHeHHe MCKYCCTBEH-
HHX W CHHTETHYECKHX MaTepHAJIOB, IPOACJIKAET OCTABATHCH OCHOB-
HEIM  KOHCTPYRUHOHHBIM . maTepdanoM oOypnofi MpOMHIILIEH-
HOCTH.

B cBsisn ¢ yrazaHHHM GoJblIoe aHaYeHHe HMeeT HayuHasi ofo-
CHOBAHHOCTE HOPM PAacXoia KOXH, paspaboTaHHEIX Ha OCHOBe 06b-
eKTHBHEIX XAPDaKTEePHCTHK €€ CBOCTR.
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2.1. PAKTOPHI, ONPEAENAIOWMNE PALLHOHAJDBHOQE
HCHOJNIb3OBAHHE MATEPHANOB NPH PACKPOE

UIlpu uaroroBnenHn 06yBH H-KOXKFPaAaiTepeHHLIX H3ACIHH pacKpau-
BaeTCA OOJblI0e KOJHYECTBO HATYPAABHBIX M HCKYCCTBEHHEIX Ma-
tepuasnos. Ha pesyabrarel packpos BO MHOIOM BJHSIOT CBOHCTBA
MaTepHaNoOR, K KOTOPHM OTHOCATCH pasMep W KOH(pUTypanud, Toi-
H{HHa, IJIOTHOCTb, KayecTBO, PasauvaioTcs nmo niomajiH, KoHHry-
PaUHH ¥ TeXHOJOTHYecKHM TpeGOBAHMAM H AetanH Hijennil. [lepe-
YHCJAEHHLIEe CBORCTBA MaTepHaJoB H 0COOEHHOCTH BHIKPAHBAEMHX
Aeranedl ONPENeNAOT CJAOMKHOCTS 3aLafdH IKOHOMHUHOLQ PAacKpOS.

3aja4ya ONTHMAJNLHOrO HCHNOJMB3OBAHHA [IPH PACKPOE HATYpadb-
HON KOXH fABJAeTcH Hanbonee CAOKHOA, ITO ¥ Heupapu/JIbHAH reo-
MeTpuueckad GopMa, HepaBROMEPHOCThH PacnipejiesieHda Mo NJAoLIanH
cpoiicte. KpoMe Toro, Heo6xoaHMo 00eCeUHTh BRICOKOE HCIOJB30-
BAHHE KOXH HE TOJLKO MO MAOWAAH, HO W OTAE]LHHIX ee 30H N0
LEJIEBOMY HA3HAYEHRIO,,

Takum o6pasoMm, APH pacxkpoe MaTepHadaoB Ha JeTajH obyBu
HJIR KOWKTCAJAATEPeHHBIX H3JeNHH, KaK NPaBH/IO, HEJMb3A AOGHTRCH
ux 100 %-ro ncnoneaopanud. 10. [1. 3uéuuuiM, M. JI. Ulycroposs-
uem, . A. MopexonorumM u Ap. OuiH pazpaboTaubl H 0606LIEHEL
OCHOBHBIe TEOPETHUECKHE MNOJI0MKEHHS PACKPOd MATEPHAJOB Ha fe-
rand ofyBH H KoXraaauTepefinbix usfenudl [3]. HMa-3a cneundu-
veckoll GopMbl neranefi W martepuasos, TpeGoBaHul K (H3HKO-Me-
XaHHYECKHM CBOHCTBAM IIPH packpoe maTepHaioB HedsledHo obpa-
3yloTca  OoTxoAn  marepuaisos  (puc. 2.1). HeranwHOoe u3yyeHue
dbaxTopoB, BJIHAIINX Ha HX HOSBJIEHHE, TIPelonpejlenseT PailHo-

HAaJRHOE HCMOJNB30BAHHE MaTepHaJoB,

MeKmaGAOHHLIMH Ha3HIBAIOT OT-
X0JH, 06pasyIOlIHec MEMAY COCEn-
HUMH malloHaMH JgeTajgedl npH HX
PasMelleHHH Ha MAaTepHaJae.

Kpaeppimu HasbiBaoT OTXOAHI, 00-
pasylmruecsi N0 KpadM TNIPH HECOB-
NajleHHH KOHTYPOR MaTepHala H
mabnona H3-3a HEKPAaTHOCTH WX pas-
MepoB,

Mexma6nonnsle MoOCTHKH — OT-
X0[bl B MECTax CTHIKa fleTadel, obpa-
3ylotHecs H3-32 HEBO3MOKHOCTH Pas3-
MECTHTh MAOJOHREI BRJIOTHYIO OLHH K
npyromy.

O6o3znauuB naAcmaibL MatepHaaz
yepes A, MOXKHO HAMHCATHL CJEAyKOLLEe

Puc. 2.1. Orxonw npm packpoe  PABEHCTBO:
MATEPHANOB!

n
J—me 8 7 2— 6101~
e MOCTHRN: § e KbBeaNE T Fe ROPOK A=Y a,+S+T+V+0Q, (2.1)
i=1

MaTepHana
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roe @ — NAoDlafb BHKpoENHLX aeTanelt (wabronos). S, T u V- mwiewans
COOTBCTCTBCHHO MeAKIIAGIOHHLIX U KPAEBHIX OTXOJ0B, MexIAOJMONHBIX MOCTHKOB,
@ —— mromaj, NOPOKOB MaTepHana.

Ecnu W3 MaTepualia BEIKPAMBAeTCA OAHA H Ta XKe jeraib NJo-
MIaABI0 ¢ HAH KOMILIeRT JeTaJsefl MIolaAbio @, H cpelHeB3BelleH-
HOH MAOMEAABI0 OJAHOH merann @, To

n
Y a;=na= na=na, (2.2)
i=1

rae f— YHCIQ BLIKDOCHHLIX ReTaneh; 1] =— 9HCJIO0 KOMIIEKTOB Aeraned.

Ecan N ofoanaydTh pacxoi MaTepuana Ha OAHY Reranab (KOMI-
JeKT), TO

N=Ah=a+ S+ T+V)n=a+s+t+ov+g (2.3
N=A=a.+S+T+Viin=a,+s+t+0v 44" (2.4)

rme §, f, v W §— COOTBETCTBYIOIHE OTXOAH Ha OAHY gmetanb; s, ¢, v/ v ¢ —
COOTBETCTBYIOIHE OTXOAL HA KOMIIJACKT Aetaneii.

DKOHOMHYHOCTL HCMOJIb30BAHHA MaTepHaja NPH packpoe Xxa-
pakTepH3yercsi NokasaTeleM P, BHIpaXKaeMHM B MNPOLEHTaX, HJIH
ko3ppuuruestom p. Ha oCHOBaHHM TNpPHBEAEHHHIX ONpeneneHHi

MOXHO HANMHCATh:
n

5o

— i-l [
P = y 100; (2.5)
p= I; af4;
P="100;
A (2.6)
p==na/A.

Benuuuna, oGpaTHas MOKA3ATEN0 HCIOJB30BAHHSA B IPOUEHTAX,
XapAaKTEpHAYeT PACXO[ MAaTepHaja Ha eNHHHUY YHCTOH IJoulajl H
HA3RIBAETCS HOPMHPOBOUULIM KO3 dHUHEHTOM:

R = 100/P. 2.7)
Ha ocxorauuu ypasHernit (2.3)—(2.6) MoXKHO nanucathb
N =-2% 100, (2.8)

Takum oGpazom, pacxon MaTepHaia N 3aBUCHT OT YHCTON TLJI0-
WaaH perajedl WIH KOMINeKTa Jerajed, NpelHa3zHAYEHHBIX A8

- QTIpeleNICHHOTO BHAA H3eJHA, a TaKKe MoKasaTeJs HCIOJAb30BAUHA

(B TpomeHTax) MIOLIAAHN pacKpaNBaeMbIX MaTEPHANOB,
26



YpaBHeude (2.5) MoxHO npeofpaszoBaTh CJAELYIOUIHM 00pa3oM.
Ha papencresa (2.1) uaBectHo, 4TO

Sa=A—S8S—T—V—-Q.

i=1

INoperaBnaa sTo 3Hadenre B ypasHende (2.5), moiyuaem

p=A=S=1=V =8 g,
P=100—-0,— 0, —~0,,— 0y 2 o (2.9)
rae O, = % 100 — otHocuTeARBL Mexinalronguil oTxoa, Y%; Ox= % 100 —
- . vV "
OTHOCHTE/BHEIR KpaepoHR o0Tx04, %; Ou uw = — 100 — oTHOCHTEABHWA OTX0X Ha

A
MeXwadaoHnsle MOCTHRH, Y%; Oy.a.c= % 100 — oTHOCHTEABHEE OTXOA, CBR3AHHELI

€ COPTHOCTBI) MaTepuana.

Pacemorpum hakTophl, BAMAIOHINE HA BeJIHYHHY OTXO[OB.

Mexwadnonnsie orxognl. Ha MexumaGnoHHue 0TX0AL 6€30THO-
CHTENhHO K CBOHCTBAM MATEpHAJa BJAHAKT KoubHrypanus H CH-
cTeMa pasmeitenns wabaouos. Kondurypauua mabnaoHor jperadei,
NPpHMeHAEeMBIX I/ PACKPOS MatepHanos, pasnudlia. MexuiaGnon-
HEHlE OTXOJBEl OTCYTCTBYIOT, €CAH KOUTYPH WalJcHa ¥ npaAMO- HJIH
KPUBOJHHeHHbE KOHTYPRl AeTaled IOJHOCTHIO CORMafanT, B 6oJk-
LIHHCTBE e ciydaes WabuoHbl fAeTajel HMeT CJI0XKHHHA KOHTYp
H COBMECTHTE HX €3 OTX0/A0B HEBOG3MOXKIO,

Mexima6aoHible OTXOAB MOXHO PacCMaTpPHRATE TOMLKO IpH
YCJIOBHH IOJHOTO UCKJIOUEHHS KPAeBhIX OTXOA0B H MeIaGaoHHBIX
MOCTHKOB. JTO JONYyCTHMO, €CJIH MATepHaJt, H3 KOTOPOr¢ BHEKpaH-
BAWT JeTaJii, HMeeT AOCTATOWHO OoJbliyiy ILiollazb. l1Ipu sTOM
cleayer NPeANOJOXKHTb, 4TQO JAerajJH BHKpansaT Ges 3asopa B
MECT4X CTHKA, UTHOCHTE/bHEE KpaeBre oTX0NH O GJH3KH K HYJIO,
a oTHOCHTenbhpie Memniabnoniinie MocTHEH Oy, paBHEH HYJAWO.
Toraa ofGpa3sywTcs TOIBKO MeXLIaOJOHHBE OTXOAHL.

CHcTeMa pasMellleHHs H1aGJIOHOB JOJNKHa YIOBJIGTBOPATL Cie-
AYHUHM TPeGoBAHHAM:

OHTL JerkoBOCHPOH3IBOAHMOI, B NPOTHBHOM CJyuae NpHMeHeHHe
ce Oy/eT orpaHHyeHo;

A2BaTth BO3MOXKHOCTD JnabOpPATOPHON OleHKH 3SKOHOMHYHOCTH
TOTO MJIH HIIOTO BAPHAHTA COBMeLLelHs1 Mo JauHoi cucTeMe (6es
npoBeJeHHs MACCOBHIX PACKDOEB);

CHUXATDL 10 MHHUMYMa MeXINalaoHibie OTXOA.

I1u TpeGoBaHHA MQXKHO BEIOOJMHHTH, pasMemlas abJoHEl 110
npeanoxenvol 0. Il. 3ubusnM npamoanHefino-nocTynaTeabHoh
cucreme. Crporas NapaJieNbHOCT: PSAOE H NOCTYNATEJbHOE Hepe-
MelleHHe madjoua B KaXA0M DALY ABJASKTCA OCHOBOW ZAHHOH CH-
CTEMEL.
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Puc. 2.2. Cxemu (a, 6} npsaMoanHeiHO-HOCTYNATEALHOr0 PAIMELMEHHS W aGNCHOB
NCACIHIB -

Kak Bugto 63 puc. 2.2, npn takom cnocofe pasMelleHHs NOJY-
YAIOTCH ABE CHCTeMbl B3AHMIIO NlePeCceKaloIHXC NapaJsie/bHBX JIH-
HHH, BAOJDL KOTOPHIX NOCTYNATENbHO nepeveiaoTes wabsionnl. Ecan
OUYEPTHTD HEKOTOPOS 4YHCR0 IHabA0HOB KOHTYDPOM, TO NIPH packpoe
ouepyeHHOH naoIaAH 06pasoBajiHch Obl KAk MexIlIaGJoHHBIE, Tak
H KpaeBule OTXORH. [1pd 3TOoM KoadOHUHEHT MCNOABIOBAHHA 1A0-
mMAaAd MaTepHa a He NMO3BOJHJ OB CYAHTh O BelHUHHe MexIIaOJoH-
HEIX OTXOJ0B, TAK KaK Ha Hee NOBAHAAH OBl caydaliHLie Kpaebble
orxoabl. Uem MeHbiue wabioHOE OY4epueHO KCHTYPOM, TeM Ooabille
BJAHSIHHE KPAEBHX OTX0JA0B Ha KO3(¢QHIUHEHT HCHONB3OBAHHA, H Ha-
obopor. Ecan npeanonoXuTh, 4TO 0J0WAAL MATePHANA CTPEMHTCH
K feckoHeuHo OOABIIOR BeMMYUHe, NPH pasMelieHUn MWaGAOHOB OT-
HOCHTENRHHHE kKpaesolt OTX0A CTPEMHTCA K HYJIO,

Takum ofpa3oM, IpH pasMelleHud NrabJoHOB NG NPAMONHHEHHO-
HOCTYNATEeNbHOH cHeTeMe Ha GecKoHeuHo GonbiloR nmaocuragu obpa-
3yl0TcA TOJAbKO Mexabaounble orxoxel. Has ompenenenus mex-
WabN0HHBIX OTXO/A0B HAa NMOLIAAH BHAEASETCH 3JeMeHT. Takofi sae-
MEHT JETKO MOJYYHTb, MPOBOAS Yepe3 OJHH K Te #e Touku wabno-
HOB NPSAMEIE JHHHH B ABYX HanpawJdenuax. M3 puc. 2.2 u 2.3 puauo,
YTO 3TH JHAWM SBIAIOTCA NHAHAMHA pasMenleHHs paaoR wabJio-
HOB H JeNST BCWO NJAOLLaAb Ha paBHBIE Y4ACTH, uMeloutHe dopmy

Puc. 23. Cxemnl pasMeureHin
cowsok (a), sasmuox (6), Ha-
foex (8) ¢ mnosoporom madno-
HOB Ha ONpeieNieHHLIl yron

7



napaajaenorpaMMoB, IJIOTHO NMPHJEraloWKX OAHH K ApyroMy. B kax-
ABIf ¥3 fmapaJsnieorpaMmos offisaTespHo Nonajaer oAMH WafoH,
Tak KaK OAHA CTOPOHA NapaJjJejJorpaMma OTCeKAeT YacThb OJHOTO
wabaoHa, Apyras — Takylo e 4acTb cMexHoro. Kpome ma6aoHos,
B KaXIHH napanejorpaMM BXOIAT MeXINAOGJNOHHBIE OTXOJE, OAH-
HaKoBbie A8 J1060r0 DapainelorpaMma, KOTOPHE NPeRCTABIAIT
coboli Ty yacTh MeXINAOGJOHHEX OTX0JMOB S, KOTOPAR MPUXOUHTCA
a OAMH WALMOH MPH JAHHOM BaPHAHTE COBMELIEHHS,
OrHotllenne miaowafl mabioHa ¢ K MVOWIAAH NapaslielorpaMma
M paBHO k03 dHUHEHTY HCIONH30BAHUS ILIOWAAN TAaHHOTO Tapas-
JenorpaMmMa:
p=alM. {2.10)

[Macwans napaasensorpaMMa M == a + S.

OueBngHo, K03PDHUHEHT HCNONBL3OBAHHUSA NAOUANH MAPAAAEAO-
rpaMMa ana ma6joHa MIOWIAALE) g 3aBHCHT TOJBKO OT IVIOLIAJH
Mexna6JaoHHEIX OTXOAO0B S, TaK Kak

p=af{a + S).

CrefoBaTeablio, NIPH PA3JHYHBIX BAPHAHTAX COBMELEHHS OJHHX
H Tex Xe WalJoHOB N0 NPAMOAHHERHO-NOCTYMATEILHON CHCTeMe
MOXKHO TOAYYHTh MapajienorpaMMel  GoJblllel MM MednlUeh
TLJIOLLA OH.

[Mla6oHB HAa MaTepHajJe MOMHO COBMEUIATB MO HECKOABKHM
BaPHAHTAM JAaHHOH CHCTEMH, IQ3TOMY - ONPEReddloT TJIOTHOCTD
YKJIAAKH 1a6JI0HOB NMPH PasHBIX BAPHAHTAX COBMELIEHHA H HAXOLAT
miomank HauMedblllere napaJajenaorpaMmMa. Hpﬂ HauMeHblIell nJjo-
Iage napaJaaenorpaMMa COOTBETCTBYIOLUCE COBMEILCHHE 11a6J10HOB
ABJAAETCHA ONTHMAJbHBIM, TAK K4dK JaeT MHHHMAJbHBIE Mex1a Bt oH-
HEIE OTXOXHL.

Ornoulepe nACIaAH mabnoHa a K NJA0MAAH OOTHMAJBHOTO
napannenorpaMma M B NDOUEHTAX HA3HBAIOT YKNaAKBAEMOCTHIO &
urab/oHa.

V= % 100. (2.11)

Boillle paccMoTpeHa CHCTEMA [PAMOJHHEHHO-IOCTYMATENLHOTO
pasMelnenusa mabaouos Ges nosopora. Pasmemenne mabacuos Oes
MOBOPOTA He BCerla JAaeT Hamiydlluii peayabraT. B psje cayuaen
NJOTHOE pazMelleHHe WAGICIIOB NOJAYyYyaeTcAd NPH COBMEUIEHHH HX
noa yraom Ha 180, 90 n 60° so Bropom paay (cm. puc. 2.3). B pane
cJyuaeR ONTHMAJbHLIH YTOJ NOBOPOTA LIAGAOHOB MOMET ObITh APY-
I'HM, N03TOMY, MOBEPHYB MAGJOH Ha oNpeleNeHHBH Yrost BO BTO-
pOM DALY H YCTAHOBUB, UTO YroJ SBJAETCS PALHOHAABHEIM, HeoOl-
XOAHMO TPHAEPHHBATHCA TaKOTO K€ COBMEIleHHA CJIeAYIOUHX
CMeXXHBHIX 113 G60HOB.

TIpakTHKa NOKA3LIBAET, YTO B HEKOTOPBIX caAyuasx Hauboaee pa-
LHOHAJARHO BHIKPAWBaTh JB€ OIHOHMeHHKE Aetand. B xomOuuauuio
MOCYT BXOAHTh H pPazHOMMeHHBle [eTajH, KOTODHE MOXHO BL-
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KpaKBaTk HX OLHOTO H TOrO JXe MaTepHafa WJH ero yuacrka. [Ips-
MeHeHHe BceX 3THX KoMOHHAUMAi He NMPOTHBOPEUHT TOMY, UTO OBLIO
VCTAHOBNEHO BHIIle AJA ONHOTO WAaljoHa, PA3MEIAeMOTo MPIMOo-
nHuefiHo-nocTynatelbHo Ges mosopora.

[TpH coBMelIeHHH OAHHX H Tex Xe IaGJOHOB MOA YIVIOM JPYT
K APYTY WJH PasiUuHBIX MIaGJIOHOB ¢ NOBOPOTOM HJH §e3 moBopora
YHCAO MabA0HOS, BKANUAEMBIX B JEMEHTAPHBEIN YY4aCTOK, 3aBHCHT
oT OpHHATOH koMOunauuu, CAeaoBaTeNbHO, B MAPANJIEIOIPAMM B
TAKAR CaIydaax OVeT BXOJIHTE He OJHH IMaffoH, a ux KOMOHHAIHS,
DTy KOMOWHALHK HA3BIBAIOT THE3AOM. ['He3/0 pacCMATPHBASTCH KAK
OAHO UeNoe, YKAAIEBaeMoe NTwfice YHCA0 pas U pa3MeliaeMoe nps-
MOJHHEHHO-ToCTYIaTeNLHO 6e3 noBopoTos Ha Geckonewno G0bLIDIH
TAOILAXH,

TMoap3ysach NpAMONHHEAHO-TOCTYIATENBROH CHCTEMOR pasMelne-
HEA LAa6/IOHOB, MOXKHO NOJAYYHTH 4dpe3BHuaiiio Ooablloe YHCAO
romOBuHanuii, M3 Hux Halo BHOHpATh ONTHMAJBHYIO, KOTOPAs IpPH
HEeCMOXKHOCTH pasMelleNus MalJOHOR 1 JErkOCTH BOCTIPOU3RENEHAS
fasaja 6B HAHMEHbUINE MeXINabJoHHbE 0TX0Ab. Yallle BCero npx-
MEHSIOT VK/IAJKY OJIHOH AeTand 6e3 MOBOPOTA HIH C NMOBOPOTOM Ha
180° JIns onpedeneHus YKIAALIBAEMOCTH NIPH pa3MelieHuH He3 mo-
BOpOTA HeoOX0AMMO OUEDTHTb TPU WaboHa, a IPH PasMeleHHH
C TMOBCPOTOM H2 HEKOTOPHIH yros -- HaTh WalbaoHoB.

OTxoagbl, noayyaemble apH pasMeliednd oAHONMenHHX MWabioHos
00 NpAMOJHHEAHO-NOCTYNATeNBHOR CHCTEME, HA3BBANT HOPMAJb-
HEIMH MEXIAGTOHHbIMHE,

0, ,=100—¥. (2.12)

Tagum ob6pasom, HOPMAJbIILIe MeXINaGJOHHSME OTXOLbL TIPH PAa3-
MeUleHHH WMWaGg0HOB MO NPSMOJMHHEAHO-MOCTYNATENbHOA CHCTeMe
6e30THOCHTENBHO K CBOACTBAM MAaTEpHANa, a TAKXKe MPH OTCYTCTBHU
KpaeBHX OTXOAOBR M MeXMaBJOHHEX MOCTHKOB 33aBHCAT TONBKO OT
konHurypannu mafJoHOB W BAPHAHTA WX COBMEIUEHHA (B3aWMHOTO
pacnonoXennn),

HopwManbHhe MexmablioHHBe OTXOH ABASIOTCA HaHOGOJBIIHMH
H3 BCEX BHAOR OTXOAOB IPH packpoe Matepuanos. [Tostomy maa
PANHOHAJNBHOTO HCIOJL30BAHHA MaTEPHAJIOB BAXKHO NPOEKTHPOBATD
KOHCTPYRUHN OGYBH HAH KOXTranauTepeHHuIX #3AenHH, KOHDHUrypa-
Iua geranefi KoTOpHX O0eCHedHBaeT XOPOMIYID YRIAAHBASMOCTh,
He BHIXOASIUIYIO 33 MpeleNbl HODMHEDPYEMEIX MOoKasaTesed.

PaceMoTpeHHEe OCHOBHHX cAyuaes o0pasoB2HHs KPaeBHIX OTXO-
JIOB NpeAnoaaraeT 0IHHAKOBOCTL CBOHCTB MaTepHana mo Beefl mio-
MAAH U OTCYTCTBHE JIPYFHX OTXOMOB.

Kpaessie 0TX0AL, DoAyuaembie M3-34 HEKPATHOCTH pa3Mepos
wabnoHoe W mMarepuana. PaccMoTpuM cayuail, Korza KpaeBoil oT-
X0 ofpasyercs TOMLKO Mo AJHHe Martepuana (puc. 2.4, a).

" KoshdHuNeHT HCHOMB3OBAHHA MAQUIAAN MATEPHANa B JTaHHOM
CyUae MOXHQ NPeINCTABHTL TAK:

p=In/L=ln[ln, + ).
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Ipu {,—1

. _ 1!’!1 _ m _ i i
mp= =T = T {2.13)

rae ! — aquHa wabioHa; A —4qucAe WAGAOHOB, VKAAAHBAEMHX MO [AJHHE B
oaHom pApy; L — AAHHA PACKPaHBaeMOro MavepHana; lx — mMHDHHA KPAaesoro
OTXOAA.

Ecau xpaeBble OTXO[A OOAYHAKTCH 00 [JHHE H LIMPHHE
(puc. 24,6}, To ypapHenue (2.13) npuHHMaer BHA
1

1 1
l+n—l+‘m—[+

lin p= e (2.14)

mnm,

rae m, — Yucio wadnoHoBs, YKAQARBAEMBWX IO WHPHHE B OLHOM paaY.

Ypapuenue (2.14) nokaseBaeT, uToO KpaeBble OTXOAL YMeHb-
aorcsd NPH YReMu4yeHHH 4MCia jeraiell, BHKPauBaeMHX B 06OUX
HampapJeHHsX.

Ilpeacragum, uto, HMesa MAaGAQH onpefeAeHHON AJHHBI, MH VBe-
JHUHBaeM AJHHY HacTHJIa MaTepHada (HampumMep, TKaHd) H pac-
CYHTHIBAEM p, P mpu camoil HeONaronpHATHOH YKJIaldKe, KOUAA [y
G6an3ko K /. PeaynpraTh noacuera npHpefient B Taba. 2.1,

Hannete taba. 2.1 n puc. 2.5 M0KaspIBAIOT, YTO HMEETCS OLTH-
MaAbHBIH Npefes] yBeJlHYEHHS JJANHH MAaTepPHaa: BHIKPAHBAHHE M0
AJiMHe MmaTepuaga Gornee 70 jgervaseli He3HAYHTEJNLHO yMeHblIaer
KpaeBble OTX0Abl, Tak, NPH yBelHYeHHH uKcAa fetanedl or 100 jo
1000 ucnosbp3oBaHKe HJOWIALH MaTepHaAa NOBLIWIZeTCA TOJbLKO Ha
0,9 %, B o BpeMa Kak yBeJdHUYEHHE yHcaa jeranei ot 10 go 100 —
Ha 9 0/0. .

IIpn Haauuuy HeGoNBLIOrO uHcIa JeTallefi MEHLINEr'd pasMmepa,
ueM OCHOBHHIE JeTalid, T. €. HMeIOWHX pa3MepHl paBHBIE HJIH MEHb-
hive, ueM lIMPHIlA KPAEBOr0 YYacTKa, HMH MOJXHO 3aNOJHHTh 3TH
YYACTKH, YTO 3HAYHTE]bHO MOBBLILIAET NMPOILEHT HCMOAB30OBAHHA MJO-
maan marepuana. Yem Goablile ZONOAHHTEALHEIX AeTajiell PasHBIX
pPa3MepoB, TEM INOJHee HCNOJAb3Yercis Ioulalb MarepHana no
Kpasm.
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Puc. 24. CxevBl Kpaeporo ©OTXoMa OT HEKPATHOCTH [a3vepoR nps-
MOYTOABHEIX WAGACHOR H PACKPAHBAEMOTC MATEpHATH
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FTaGmuauwa 2.1. 3aBucAMOCTE MeXAY My, p u P

(uo aaunemM KO, Il 3piGuna)

n p A L] P P, %
1 0,500 50 55 0,981 98,1
2 0,666 66,6 99 0,990 99

5 0,833 83,3 999 0,999 99,9
9 0,900 90 9999 0,9999 99,99

Kpaesbie orxonpl, noayyaemble H3-3a HeCOBNAJEHHA KOHTYPOB
iwadnoHoB 4 MarepHaaa. B OoublUHHCTBE cayddeB KOHTypBl 1al-
JOHOB K MarepHaJja He COBHalaloT, 4TC NPHBOAHT K 00pasoBaHHIO
KpaeBHYX OTXCGAOB. BO3MOMHAEL ¢IyHad BOINHKHOBEHHS KPaeBhX OT-
x0/10B 6e3 MeXINaGJOHHEX IIPH PACKpoe MarepHaja no mabaoHaM
C KPHBROJHHEHRHHMH KOHTypaMmH. OAHaKO TakWe CIYYaH SBASIOTCA
HCKJIIOUEHHEM.

[TpennonoxuM, uTo MaTepHas uMeeT GopMy mapasiesorpamma,

" a wabnoH — NOCTORHHYIO HOpMY TUIOmEaALI0 a. COOTHOIUGHHE MeX-

Ay pasMepaMH JeTajJd H MaTepHaja NPHHHMaeM TaKuM, NPH KOTO-
poM BCSI [LIOIANL 3aloJHAeTcs 1WaGOHaMH, NPHYEM KpaHHue Ka-
caloTcl KOHTYpa MaTepHasa. Ilo kpasm MaTepHaJja oGpasyercs
KpaepoHd orxod 7, cOCTOAIME M3 CYMMBI 3/IeMEHTapHHEIX OTX0NOB f
IQIHAABIO Ngf.

BygeM H3MeHsTh NJaolaAb A MAaTepHAlad W MIOWAAL @ AeTanu
TaK, 4TOGE CONPHKOCHOBEHHe AeTasel ¢ KOHTYPOM MaTepHalta Co-
xpausioch u coboaanocs nojobue. Yeenuuum miaowmann A Mare-
pHaJa, COXPaHHE HEH3MeHHOH mJjollaib @ JeTajn. Kpaesoit 0TX0A
fyaer, oueBHAHO, TeM GoJibille, weM GoJabllle cTaHeT MaoWaAs A,
MOTOMY 4TO C BO3PACTAHHEM IVIOWANH YBE/HYHBAETCH MEPHMETD
MaTtepHasna.

OlHako ¢ yBeJHYeHHeM IVIOIIAAH MATEPHA A OTHOCHTEIbHAA Be-
JIHUHIA KPaeBOrO OTXOAa HA OJAHY JAeTanawb f=T/n yMeHblllaeTcs.
Tak, ecad naomajes yBenuuuTs B X pas, TO MEPHMETD MaTepHana

yBenuuutca B A/X pas. IIpn 3TOM WHCAO BHIKPOEHHHX JeTased
BO3pacTer Takke B X pas, abcoioTiias ke BeAHYHHa KPAaesBoro oT-

xona —B /X paz (Ty =T +/X). Kpaenoit 0Tx01 {5, HPHXOAALIHACS

LY P ——
29
%
Gu
83
- Puc. 2.5, Juarpamma csasn xosbduunes- g‘; 299
Ta Yyka#anpBaemoctd P uneia wadio- S P S N S S
ROB n; NPH NOCTOAHHOH [QHPHHE W repe- - 1¢ e 1000
MEHHOR A/HHe maTepuana . ! n;
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Ha O,T.lHy AeTann, yMEHbU.lHTCH B '\/)—( paa no CpaBHEHHI{) C HCXO,H.HOI‘:I,
YTO BHAHO U3 pPaBeHCTRa
TvX ¢t
nX 4\/_ ’
STD HOOKA3bBIBAET, YTQ IIPH YBEJHYCHHH OJIOLAAH MaTepHaJa B

X pas Kpacsofi OTXOX Ha OfHy ACTANb yMemblitaeTes B 4/ X pas.
CaepoBatenbHo, BesauuHHa ! o6paTHO HPOMOPUHOHANBHA 101LA
MaTepHana B 4/ A pas. _

3HAYHT, HEM Gonbiue naomanr A MarepHana nO CPaBHEHHIO ¢
NNOIAAbI0 @ AeTalid, TeM MeHblle KPAEBOH OTXOM, HPHXOAALLHHCS
Ha 0AHY AeTanb f. CiueA0BaTENbHO, KPAEBOH OTXOL 3aBHCHT OT CO-
OTHOMIEHHA HJomazedl MaTepHaha u geranu Afa =W, xoropoe
naspaHo M. JI. Illycroposudem ¢akTopoM niaowamgH,

Ecng npocnepuys 32 H3MeHeHHeM BeNHUYHHB Iy ¢ YMeHbLIeHHeM
Ilollajy a JeTalu TIPH 3aNOJHEHHH BCell NAOIAAH A, MOXKHO YBH-
ZeTh, YTO ¢ YMEHBLICHHEM IJIOIAAH JeTaan B X pa3 uHCAO Heranel,
pasMellaeMHX 110 KOITYPY, yBenuuutcs B A/ X pas (g = ne V/X).
Bo cTo/bko Ke pas yBEJHYHTCS M YUCA0 3/JEMEHTAPHHIX YYACTKOB
Kpaesuix OTXOROB. BMecTe ¢ TeM naouials [ 3AeMelNTapHOro y4acTka
YMeHBIIHTCA B X pas:

fx=FX.

Torpa maomage Bcero ¥KpaeBoro OTXoja, IPEACTAB/sIOIera co-
60# CyMMY 3J1€MeHTAPHEIX KPAEBBIX OTX0A0B,

Ty =frAX[X =T[VX.

Takum o6Gpaszom, ¢ yMeHnbllleHHeM IJoHlafu lerand B X pas al-

COJIIOTHEI KPAEBOH OTXOJ COKpallaercs B »\/X paa.
OTHocHTeNBHHA KPaeBofl OTX04 fy, NPHXOAALUINACA HA OOHY [le-

Taap, ¢ YMCHLIUEHHEM e¢ IJACLIaAH B X pa3 yMeHnnlaercsa BX'\/X
pas, 4YTO BHAHO H3 CJAeAYIOLLEro BHBOIA.

Ly ==Tx/ny,

a Tak Kak Ty =T/A/X n ngy—=nX, 10
" T t-
XTUXNX . XAE

3HaTHT, ¢ YMeHbUIEHHeM MJIOUWAaAM @ derann B X pas [ yMeHb-
mures B X A/ X paz. C/leaoBaTenbHO, BETHUHEA f TPONOPUHOHANBHA

NAOHlady AeTaNyd B aq/a pas.
Bullite 6HI0 NOKa3aHo, YTO BEJIHYHHA { o6pPaTHO TNPONOPUHO-

HadbHa A/ A, caenoBaTesrHo,

t=F "3{: (2.15)

ty=
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" rae  E — Ko3GUUHEHT NpPONOPLKOHANBHOCTH, 3aBHCAMAE 0T  KoHHFypaHH
LwalGaoHOR B MaTepuana M Apyrux GakTopos.

310 ofiiee BupaXKeHHe LIS ONpeeaeHuA KPAEBOro oTX0Nd OhlIo
noayueno A. JI. Cyxo6okoBuM u C. M. Cokoa0BHM H npeofpaso-
Bano IO. TI. 3nGHHBIM.

HMapecTHO, 4TO

na
=

OTKYAAa -
n=pdla u I =T/n.
Hoacrasnasasa stH 3Hauedus B opmyay (1.15), nonydaem
_ aqa . Aa+/a . Ao . A
T=En VA == Ep >y =FEp /A _EPT”W?'

OTHocHTeAbHBE KpaeBok orxoR, %,

T
Ov=- 100,
CaefopaTefbHo,

O.=Ep- 100 X%
P VE
O6oanaunB Ep-100 = E,, nonysaem

1
O —_ E =2 2.16
K 1 VW ( )
rae E[ OCTAETCA HEH3BOCTHRIM.

DMIHPHYECKOE BLIpaMeHHe CBA3H KPAeBOr0 0TX0JAa C IJIOIRAAbI0
a ferand H naomanbio A xoxu nodydeno M. JI. lyeroporyueM Ha
OCHOBAHHH SKCIIEPHMEHTAJNLHOIO PacKpos pasJHUYHEIX KOX Ha Je-
TajH PA3HOH KOH(HIYypalHH H pa3Mepa. YCTaHOBJIEHO, YTO HA Kpae-
BHE OTXOAbl B OCHOBHOM BJAHfeT COOTHOLIEHHE JjOLafed KOXK H
zeraneit — W. Benuunna xpaesoro orxona (Jx 3aBHCHT OT COOTHO-
tlleHHs uJiolitafedi getaie

d mnouagell KOX A Bepxa o6yBH

1
= 50 —=;
O 7
¥ MJowajeil genpakos AAsA HH3a oOyBH
1
Oy 77

[pathuyecku 31 3aBHCHMOCTH HPelCTaB/JeHH Ha pHc. 2.6, Teo-
peTHUEeCKHEe KPHBHlE (CMAOWHbIE) OJH3KH K SMIOHPHUECKHM (MyHK-
THPHKIM). TakuM o6pasoM, 28 u 50 — suavenun xosd¢unuenrta £,
AHAJHTHYECKH OMPEEeHTh KOTO pa-
URH KOXKH H Ieranelt u GoJpilor pasno@pa@ﬂmwpoa noKa
HEBO3MOXKHO.

L
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Pue. 26, 3apueumocto
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Mexmabaonnuble monmoaHnTeAbHBEe oTXoAabl. [IpH RekpaTHOCTH
naguiaan wabJaoHoB H NACLLAAM MaTepHANa [0 KOHTYPY NocJel-
HErd OCTAETCs HeHCNOJb3OBAHHHE YyacTOK, HashiBaeMBIH 06JacThio
MPOH3BOJbLHOrO pazMenieHus. UTo6uw pacKpoOHTL €0, HA40 H3MEHUTH
CHCTEMY pasMelleHuss MAGJOHOB HJH BHKPOHTh H3 HEro LeTaqH
JIpyrax pasmMepoB HAH GOpM.

. XapakTepHEIM TpPHMeDPOM #ABJAETCA KOXa, CBOHCTBA LEHTPasb-
HO# uyacTH KoTopolt GoJee WM MeHee OJHOPOIHB, a cBOiCcTBA NOJ,
Jall, BOPOTKA H Ory3Ka pAa3/HUYHL B PA3HBIX HanPaBJeHHAX.

[IpoussosabHoe paszMeulende mabiOHOB MPHXOANTCA NPHMEHATH,
Koria mJjoilaib @ WabJgoHa OTHOCHTeABHO BeJHKa N0 CPaBHEHHIO
¢ naoumansio A mMatepuana. B 3aBucHMOCTH OT dopM MaTepHa a M
JeTany HHOrAa pauHOHAJLHO OTCTYIHTL OT (PAMOJHHEHHOro pas-
MetlleHHs MalJOHOB, NPHMEHHB B KaKAIOM OTAeNBHOM CcJAy4ae
0co0yl0 CHCTEMY, HTO HECKOIbLKO VBeAHYMBAeT MeXWabaoHike
OTXO/BI.

DO YCTAHOBJEHO, YTO NPH OLHOBPEMEHHOM pa3MelleHHH OLHO-
THNHBIX [aBJOHOB HECKOJNLKHX Pa3MepOB MeXINAGAOHHBIE OTXOAH
TaK#e noay4arorca Oosislle HopMadbublX. Tak#e oTXoNb HA3HIBA-
1OTCA MeXmaGnoHHBIMH AonoaHUTeAbHbIMH Oy 5. M. JI. lllycropo-
BHY 3KCMEPHMEHTANBHO J0KA3ad, YT0 UX BeJHUMH2 B 3HAYKTEJbHOH
cTeneHy 3asHCHT oT akTtopa minomain W. Tak kak Tot ke gakTop
BJAHAET H Ha Kpaepbie oTXoab O, oH O0belWHAN HX H Aaa ofwyo
IMIHDPHYECKYIO 3ABUCHMOCTD

! (2.17)

O+ OM,:}, = E‘IW'
Jasg kows ans sepxa ofyBH 3Ta 3aBHCHMOCTh HMeeT BHJ
Ou + Oy = 39——. (2.18)
AW
AAs o ouiBeilsibix H CTEﬂe‘{HbEX ‘ieﬂpHKOB
O+ Oy =25 —— (2.19)

v
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. Kax BuaHo u3 Boipaxeuuit (2.18) u (2.19), koapduunenr E,
E an8 kox s sepxa oOysH pased 39, AAd NOJOMIBEHHBIX M creney-
HEIX yenpaxop — 25,

Kpaesnle B MeXIAa6/J0HHbIe AONOJIHHTENbHbIE OTXOAbl YBE/NHYH-
" BAIOTCH COOTBeTCTBeHHo HA 4 H 6 % A4S ROPOTKOB H NOJ, TAK KAK
- (opMa HX IHAYHUTETbHO OTJAHYAETCH OT POPMBI yenpaka.
J1a BOPOTKOB M IHHPOKHX [ON

. 1
OK + OM.J!._" 25 {/W + 4: (2'20)

A YAKHX 1041

OK+ OM.1=25 (2.21)

1

e

BaHAHHe KauecTBA MaTepHana HAa UcnoJbioBauue. OGBIUHO KOKH
MMEIOT MECTHBIe TOPOKH, He AONYCKAlOUIHE HCNO/J1b30BaHHA COOT-
BETCTBYICIIHX YUaCTKOB Ha JeTajd. [akHe yuacTKH B HOpolecce
packposi 0OGXORAT, 4TO CHHKaeT NPOLEHT HCMNOJAB3IGBAHHS MaTe-
puana.

. B reueHue paaa jer AesaJHCh NONBITKH YCTAHOBHTH CBA3E MeX-
Ay BeJHYHMHON, uHCcAOM u pasbpoCcaHHOCTLK} MOPOKOB MO KoXe,
€ OAHOH CTOPOHHI, H 3¢PEKTHBHOCTRIO €€ HCNQNBL30BANMA, ¢ APYroH.
Ceast MeXAy yKA3aWHLIMH NpH3HakaMH ycrasoBiaeda M. JL Ily-
cTopoBHYeM. HaiieHHasi UM 3aKOHOMEPHOCTH NOJOKEHa B OCHOBY
pacyeTa HCOOJB3OBAHHH KOX, HUMEKIIHX PAIJMKIHYI0 COPTHOCTH,
T. €. NOpPaKeHHOCTh NOPOKAMH.

K nmopokam, HamepsieMuM 10 TJONIAJH, OTHOCAT TaKHE, KOTOphIE
NOpaMalT YYACTOK KOMXH, 4 TaKXKe [OPOKH, OTCTOSIIHEe APYr OT
Apyra Ha paccTosiHHH He GoJiee 7 ¢M.

- K JHHeAHKIM TTOPOKAM OTHOCAT TAKHE, ¥ KOTOPBIX MeHbIUAS CTO-
poHa NPAMOYroJibHHKA paBHA HJIM MeHee 2 cM. B 3toM cayuae
DAHHY NMOPOKA H3MePHIOT o HaxnOoAblle# CTOPOHE NPAMOYTOJIBHHKA
B CaHTHMeTpax.

DKcnepHMeHTaMBHO YCTAHOBAEHO, 4TO OTXOJH Memmaﬁnormue
ZQOMNOJHHTENbHbIE, CBA3aHHbIe ¢ COPTOM MaTepHaaa O, p ., BHpA-
¥KeHHHE B HpolenTax OT IVIONIaAu pacKpaHBaeMoR KOXKH, Iponop-
ILHOHA/MBHHW cyMMe IJIOLIANel BCeX NOPOKOB X() Ha KOXe, KOpHIO

KBaJApaTHOMY H3 UHC/IA MOPOKOB 4/7 H O6GPATHO HPOIOPUHOHAIBHH

W (puc. 2.7}:
Y Qvn
B A

O ne= Eq (2»22)

Kosppnuuent E; nag Kom passnuHEX
BHIOB

Koxu nasa pepxa ofysH 45
Koxu ang un3a o6ysH
MOLOLIREHHEE H CTEJISYHHE YeTDAKH 25
BOPOTKH : 35
nons 45

e 35
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Puc. 2.7. 3asucumoctn Teope- Pue. 2.8, CxeMel o06pa3oBaHHs MeXinabaon-

Tuueckas (/) M >SMoHpHueckad  HOro MOCTHK2 (&) IIpH packpoe MATEPHANOR
{2) wemay paccensaemocteio  (6)

NOpOKOB = W/(EQ ‘\/n) H OT-
xozaMH Oy . ¢

O6wyo niomwans Bcex NOPOKOB ONPEeAOT N0 YPaBHEHHID

ZQ = ZQ1 + ZQ& (2.23)
rn% 2Q: — nopoxm, naMepsemMe No maomaAM, iM% ZQ; — JunefHHE NOPOKH,
M2,

3 Q,=0,03L,

rae 0,03 — kospduuuent nepesoia IVHRb, CM, B MMOWLAND, am? L - panva
JHHERHBIX TOPOKOB, CM,

2Q= (—Z—Q—‘}Z& 100) + Qu

rae Qu — OIUEHKA HEHIMEPAEMBIX NO IAOIAAH Topokos, %.

KoK HH3KHX CODTOB pallHOHAJbHEE MUCIOIB3OBATL Ha JETajH
MeHblIeH NJACMAIH, TAK KAK B 3TOM cjy4ae npoige o6oHTH NOPOKH,
109TOMY VAYULIAETCA MOKa3aTelb HCHOJAb3OBAHHA MJOMIALH KOMKH.

Mexuwabnonupe AONOIHHTENBHBE OTXOAb, CBA3AHHLIE C COPT-
HOCTBI0 TeKCTHJIBHEIX MATEPHAJIOB, BRIYHCJAANT N0 YDaBHEHHIO

Ou.n.c=Ed Va, (2.24)

rae Fy -~ Ko3pHUHEHT [PONCPUHOHANBHOCTH; b -— cpeiHee uucao §anaaos, Xa-
PAKTEPH3VIOWEE COPT MATEpHANA; ¢ — [IJoank JeTaqu, }],M2

JINA TeKCTHABHHIX MaTepHa 0B KosdHuHeHT l'lpf‘Tl"pI.lHOHaJlb-
HOCTH E;=1/9.

OTxoan Ha MexmaGAOHHBIA MocTHK. [1pM packpoe MHOTHX Ma-
TEePHAJIOR B MECTaX CTHKOB IIAGJIOHOB 1.eofX0JHMO OCTABJIATL He-
Goablilde 3a30PH, BCAEACTBHE Yero noJAyYaercs MONOJHHATENbHEH
OTXOA, Ha3HBaeMuil MeXiuaGNoHHLIM MocTHKOM (puc. 2.8,a). Pac-
CMOTPHM BJHAHHE MeXUAOJOHHHX MOCTHKOB Ha HCIO/JL30BAHHE
MaTepHanra MPH ero packpoe Ha NPAMOYTOJbEHEE IeTall ¢ OTXGHAMH
Ha MexmalaoHERE MocTHK winpunofl 8. Ylpencrasum ciyyafl, korna
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Kpaesble | Mexm26J0HHbE OTXOAM OTCYTCTBywoT (puc. 2.8,6). Ko-
shdHIHEHT HCNOJIL30OBAHHA MaTepHana B JaHHOM CJAy4ae MOKIO

npe;‘.‘(CTaBHTb TaK:
(L =3 (I — dmy)

= LH '

rae L — nauna marepHaaa; H — wmpHHa MATepHAna: A, A1 — Y4HCAD HMA6JI0HOS,
YKNaIMBEACMbLIX B OAHOM PRAY COOTBETCTBEHHO NO JIHHE M IUHPHHE MaTepnaia.

310 Bblpa)!{eﬂm\i MOMKHO TPEACTABHTb B CJAEAYIONIEM BHAE:
) dn, b&m, + B, dn, ‘

p=i——T ——fF t—Ix
OTxoa Ha MeXIabJOHHHH MOCTHK B NPOLEHTAX
_ 6.’1[ 6!11; Gmbmt
Oun= (1= + - — 253 ) 100, (2.25)

Taxkum o6pasoM, oTX04 Ha MeXIIa0AOHHBIA MOCTHK 33BUCHT OT
WHPHHLL MOCTHKa §, @ TaKXKe OT 4Uuc/a MIAa6JI0HOB, YKIAABBAEMblX
no gAnHe ¥ WHpHHE MaTepHana.

UluprHa MeXWa6JAOHHOTO MOCTHKA 3aBHCHT OT TOJUIMHBI MaTe-
pHANa, a NPR pacKpoe TKaHe# — 0T yncsa caces. Tak, npu packpoe
KOX AnA HHza oOyBH IMHPHHA MeXiualJOHHOrO MOCTHKA paBHA
0,3—1,7 MM, npu packpoe Tkaue# —- 1,5-—2,5 mm. Uem TOsIIE MaTe-
puaga, Tem Goubite MIHPpHHA Mexuabnondoro moctka, OnHako 3Ta
38BHCHMOCTh He npamo uponopuroHansHa. [IpH packpoe Kok Aas
Bepxa o0yeu TosuuHed 0,6—1.6 MM oTxomaMu Ha MexmalJaoHHLe
MOCTHKH NpeHefperaioT BCASACTBHE HX MAJOH BEAHUYHHM.

Kpome Toro, Ha wHpHHY MexMIaGJOHHOIG MOCTHKA BJHAET H
yroa satouxy pesaka. YeM Goablie yrosl 34TOUKM, BeJHYHHA 33-
TYRJMEHHA pe3aka, HIHOC BHIPYGOWHON MORYIIKH, TEM LIHPE MEeXMOo-
AeJbHEE OTXOAH.

Beanuniy Mexmab/lOHHBIX OTXOAOB MOMHO YMEHBIIHTb, COBED-
WICHCTBYS METOAB H TEXHHKY packpos. Tak, JpHMeleHue COBMe-
WeHHHEIX Pe3akoB, BEIPYDAIOIIHX OJHOBPEMEHHD HECKOJLKO feTasel,
ycTpansieT MeXmabJaoHHBIE OTXOAH Ha HX cThlkaX. McnoabsopaHHe
HOBBIX METO/0B PACKPOA ¢ NOMOLILI0O BOAAHOH CTPYH, Jyda nasepa
0Ka3LBaeT MHHHMAaJAbHOE AARJeHHe HA MaTepHal, uTo YCTpaHseT
MeXIabaoHHble oTXonbl. B cpesneM niMpHHY MOCTHKA 8§ AAs cTe-
MeYHHX ¥ NOOUIASHHHX KOX NpHAMMaoT papuon 1 mM. Banseue
MeXutaGaoHHOrD MocTHKAa Haubosiee aHAYHTENBHO TIPH BolKpanBa-
HHR aetaneil maaok naowanu. Tak, npu BuKpaupaduu Haboex AR
MeHckoll 00yBH OTXORH Ha MEXINAGMOHHHE MOCTHK paBuHb 5 %
RAoWAAH Halolikd, npu BHKpanBanuu cteldek — 1,8—1,9 %. IIpu
lblxlqansarma NOJACLIB 3TH MOTEPH elle MeHblle,

peanaraercd IpH HEKOMIJIEKTHOM pa3pyGe KOXK HAa pa3JIHUHbIE
llerann HH3a oOyBH NPHHHMATL CPEIHHH OTXON Ha MeXIMaGAOHHBINA
MocTHK Oy v = 1,5 %. D1y BeJnunny 1 HeoBXOAHMO YYHTHEBATD NPH
YCTAHOBJIEHHH NMPOLUEHTA HCMNQJAL3OBAHARA NMJCILAAH MaTepHana,

W



[Tpu packpoe MIOrOC/HOHHEX HACTHAOB TEKCTHAbHBIX MaTepHa-
JIOB JAEHTOTHBIM HOMOM LIHPHHA MeXUIaOJOHHOIO MOCTHKA 33BHCHT
OT WUPHUB JEHTOUHOFD HOXAa H KOHTypa Aeraqan. B aroM ecayuae
ana pacuera O, o PeKOMeHAyeTcA MNPHHMMAThL WIAPMHY MOCTHKA
2,5 mM. I'lpu BHKpanBaHuH geTaJstell H3 TKaHell Ha npeccax IIKMpHHA
MeXma6A0HHOTO MOCTHKA NPHHHMAETCA paBHOH 2 MM.

Bausinue «paaudukauku padouero Ha HCNOJb3OBAHHE MaTe-
puasaa. TpyaHocTn packpos Kox OBBACHAIOTCA CAOKHOH KOHOHIY-
pauded u pasHoobpasznem neranefi, pas3aAYIHLIMH  CBOHCTB2MH
YUACTKOB KDXKH, HEeONpeleieHHOCThIO KOJIHUECTRA H PA3Mellets 110-
pokos, Packpofiugax 10/Kel YYHTHBATE yKasaHHbe (haKTOPE, HaMe-
4aTh NJ3I11 PACKPOSA M OCYILECTRBIATE €r¢ BOAVOXHO OolcTpee, Htobui
XOpOUID BLMOJHATL JAAaHHYIC Paboly, PAcKPOHLIHK AOJAXKEH HMETb
BLICORYIO KBaJHdHKauuio. C pocToM KBaJdH(HKALKH pacKpoHLIMKa
yBedudBaercl KO pHUKEHT HCIOAB3CBAHHA MATEePHA/d, ROBBL-
LWIAETCH NPOH3IBOAHTEABHOCTE TPYAa H YJIYUIIAETCA KAUECTBO Bbl-
KpaHBaeMLix getanefi.

Kak oTtpamaercs KBaJuHKALHd PACKPOHIIHKA B YpPaBHCHHAX
{2.16)—(2.24)? Bnite 6nl10 MOKA34HO, YTO BO BCEX IMIHPHHMECKHX
YPaBHEHUAX HMeTCH KOIQGHITHEHTH, KOTOPhIE YUHTHBAOT BJAHAHUE
arTOpOB pacKpof,, He NOILAIIUHXCA TOYHOMY AHAJUTHUIECKOMY
ONMHCAHHIO H He 0OHADYKHUBAWIIHX B3AHMHOH (PYHKIHOHANBHOH
caa3u. Benuuunel xo3GdHIHEHTOR 3aBHCAT OF KOHTYPOR JeTand M
MaTePHAJOB, CBOHCTB MaTEPHAJOB, 4 TakKXkKe OT KBANUQHKAULHH pa-
fouero. Kospduurentn Tem HMMKe, yeM Bhille KBaJHGHURALHR pa-
fouerc M, cleloBATENLHO, 60abklie KO3(DPHUHEHT HCHOIb30BAHUA
MaTepuana.

Hecrenosauue paspyba ko aias nusa ofyBH nokazano, dTo
BJAHAHHE KBaAH(DHKALHH pabodero-BHPYSIIHKA HA CTENEHb HCUOJb-
30BaHHA MATepHAJJ0B N0 MIOWIAAH MOAYHHAETCA 34KOHY HOPMAJb-
HOTO pacrnpefe/edua. JT0 A3J0 BO3IMOMHOCTL OLEHUBATH KBAAN(IH-
KAIHI0 BHIpYOIUIHKA CPEIHHM NPOLEHTOM HCHOJIb3OBAHHA KOMXH MO
MIOULAAH H CPe/lHeKBALPaTHYHRIM OTKAOHeHHeM, OUEHHBATL KBaJU-
dHKalHIo BEIPYOGUIMKE MOXKHO TaKKe M APYFUMH NMOKA3aTeNSIMH —
BeJIMYHHAMH KpaeBLIX OTXOMOB, OTXOLOB Ha MeXWaOAOHHHIH MO-
CTHK, YFJIOBEIMH OTK/NOREHHSMH OT NPHHATOTO HaNPaBJAEHHA ocei
JeTaseil NpH CACTEMHOM packpoe.

22. BIYUCJAEHHE NMPOUEHTA
. ACIOJB30BAHHA TJICIMARH MATEPHAJIA
Jl.ﬂﬂ BEPXA W HH3A OBYBH

Ha occuore ckasandoro Bhlle TIPHXOAHM K ChaeAyiouleill obuied 3a-
BHCHMOCTH [UIA ONPELeNERHS - npoueHTa MCTIONb3OBAHHA TLIONLAAHN
MaTepHasa

P=100~0y—Opi—Og—Ognec—Opre  (2.26)
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- M3 ypapuenna (2.12) caeayer, uto
Y =100 —~ Ou, w

[Moacrapasas 8 GopMyay 3HAYEHHA OTXOLOB, MOJYYaEM BHpaKe-
HHE JJf BHIYHCJEHHS NPOLEeHTA HCINOJb30BAHHA IMOLEAJH MaTe-
puaja:

P=Y —(0x+ Our)— O nc — Ounc

[nfa onpedeneHusl NOKAzaTeTd HCNOJALIOBAHHA MJOMLAAH KO
s Bepxa 06yBH NMOMYYEHO CJeAyIOULee ypaBHelHe:

— 39 153 Qv
P=Y——— — 2
AW 14
Qakrop MIOMEARH SJAd KOMItekTa feTadedl BRIYUCASIOT HCXOAS

M3 CpejlHeB3BeleHHOH NJIOWALH OLHOH IeTAJAH KOMILIEKTa, KOTopaf
onpeaenAercd MO ypaBHEHHIO

(2.27)

a=ua,n,
Tjle gy — uucrasd naoulaib ﬂETa.‘]eﬁ KOMILIEKTd, # — YHCIO aeranelt 8 KoMmILIcekTe.

9. A Turosa u I'. A, Mopexoaoce [2] npeaac:ku.u HOBoe ypas-
lelHe LIS ONpeAe/leHUs IIOKA3ATENS] HCUOMLIOBANMA NJOUIAIH KOXK
A gepxa obyRU H TOAKJIAJKH

¥y, 4y Qvn
P:ya..._. OK g0 ZW , _ (2.28)

TEe ¥, -— 3KCTePHMCHTANBHAR YKIAALIBAEMGCThH ABYX KOMIUIEKTOB feTasdcil Bepxa
odysn, Y%; O, — Kpaessle poXoab, %. -

Jlas onpenesenns 3KCNePHMEHTANbHOR YKIaABBAEMOCTH CTPOAT
SKCNEePHMEHTANLHYIO  MONETbHYIO LKany 0DH CcOBMeNIeHHH JBYX
ROMILTEKTOB JeTajefl Bepxa OGyBH. DKCHepPHMEHTANbHAas MOIE/b-
Has lUIKajda OTpaHHYHBAeTCA KOHTYPaMH KpalHHX Jeraned. IJKcnce-
PHMEHTANLHYI0 YKIAABIBACMOCTh /IBYX KOMNJCKTOB feTaneli RepXa
00yBH BBIUHCARKT 0 YPABHUCHHIO

n

23

i

| ygz‘—;,*s— 100,

R .

rie Z @i — miomwans Aetatefi xomnaexta; M, - maomwanb SKCNepPUMeEHTAJBIOH
fe=1 . .

MOJAGALHOH LIKAAH, BXJANOYAIOMEH COBMEIUEHHHE JeTajH [BYX KOMIIEKTOB Bepxa

o0yBH, NM2

- KpaeBhie OTXORH ONpeAeNA0T 0 YPABHEHHUIO
Og=11,8~0,105 A+ 7,40, ,+ 0,7 a, — 0,0237 Aa, , —
— 2,54, .4, + 0,0004 42 4 q,,
a9



rae A-— naowann KOXHA, ,‘J.ME', Qy. o — CPEANARA NACINAAE OoAHONl MeHee OTBeT-

CTBEHHO® J[eTaiAH KOMILIEKTa, AM% @y — OJOILAAbL MEJKHX JeTaleil B KOMIAeK:
2

TE, AM*

¥pasHenue (2.28) ofecnednBaer GoJsiee BHICOKYI0 COIJacOBaH-
HOCTb pacdeTHOro H (AKTHYECKOTO MNCKa3aTelded HCMNOJb3OBAHHSA
KOX [pDH ONKWTHOM pPACKpoe M0 CPABHEHHI ¢ ypapBHeHneM {2.27).

K. T. PeBenlBuiin ycTaHOBHJ, 4TO ONpeAe/eHHe NIOKA3aTeqas HC-
HOMB30BAHHS WWICINANH NOJKNAAOUHHEX KOX IO ypaBHeHHio (2.27),
npegnoxentomy M. JI. [llycropoBHueM AJfl pacueTa noKasaTes
HCNOJB30BAHHA IJIOLIAAH KOX J78 Bepxa 0OYBH, HeJOCTATOUHO
TOYHO Xapakrepusyer (akTHyeckve pesyabTaTth. Jlan pacuera no-
KasaTens MCHOab30BaHNA MICIIafu nofkaajnounnlx xkox JK. T. Pe-
BEUIBHIH NPEAJI0XKHU] CIAyllee yPARHEHHE:

P=38,7+0,3655 + 8,58 4/A — 30 - 41,74 a, — 1,75 4y, —
—1,54a, — 0,92.Q — 20,18 K,

rge y——cpenﬂesaaemem{aa yknanuaaemocm OTBETCTREHHLIX ,u,eTaﬂeﬁ KOMNJAek-
Ta, %; du — IVIOILAAbL MesKHX JeTatell B KoMInIekTe, AM?, d,-— CpelneB3Belleh-
HarR [I0Mafk OZHOW OTBETCTBEHHON JeTaaHd KoMmanaexkra, Mm% EQ — naowazas
BCEX MOPOKOB, HENONYCTHMHX B JETaNdX KOMXaHoH nograaaky, %; K --umcio
NOPCKOB HA | mM? KOXKM.

Jomo naoulaiy MeAkHx ferankeid B obwell nonomwagu geraded
KOMNJIEKTA BHYHCIAAIT [0 YPaBRKEeHHIO

= 3. a,jay.

M nOBHINEHHA TIPOLEHTd HCNOAB3OBAHUA IIOWALH KOXK AJIS
Bepxa OOYBH HX HeoOXOJHMO pacCKpaHBaTb HA JAETaJH JBYX pas-
JIHYHBIX KOMIJIEKTOB, TAK KAaK PacKpoil TONbKO Ha HLTaJH OAHOIO
pasMepa u momend, nmo AanpbiM [THHMHUKII, wa 1—2,5 % mMeHee BH-
rofleH, YeM DACKPON Ha AeTalH JBYX pPasMepoB OAHOK MOMENH HIH
ABYX MoAene#l ofHoro pasMepa, JoGaBiaeRde K OCHOBHHM LiaGJjo-
HaM 1WabJoHOR feTafel APYrHX pasMepoB H KOHOMHUTYDPALHH, K KO-
TOPEIM IDEABABRAAIOTCS HHEIE TEXHOJNOTHYECKHe TPeOOBAHUA, YMEHh-
WaeT OTXOAH, CIel0BATENbHO, YBETHYHBACT HPOLEHT HCNOIb30BaHHA
OI0MEAAH KOXK.

{ Crenyer kOMGMHHPOBATH KOMILIEKTH JfeTanefl 6OMbIIHX B MaJHX
pasMepoB KakK B Npefejax OJHOTO DPOJA, TaK H B Hpedenax ABYX
poaoB H rpynn oGyBH (MyMCKas — MaJbuMHKOBAf, MKeHCKaf —
HIKOABHAA UJ% MaJIbUHKOB M AeBOYEK H T. [I.).

B npouecce NpoHsBOACTBA M HOCKH OO0YBH JeTallH BepXxa HCHH-
THRAIOT Pa3NHIHEe BO3AeHCTBHA, [TOSTOMY OTBETCTBEHHHE AeTaJsi
KOMIJeKTa (HOCKH, COIO3KH, Mepefa} BHIKPAaHBAaIOT H3 LEHTPaAbHOH
YACTH KOXKH, 4 MeHee OTBETCTBEHHHe (3a,£LHHKH GepuH 4 Ap.)— M3
nepHpepHEHHEX yacTed.

HuXe npuseneHa yielbHas NJAOMAAb OTBETCTBEHHHX H MeHee
OTBETCTBEHHHX jJeTanell Bepxa B 3aroTopKax Bepxa o6yBH pasHHIX
KOHCTDYKOUH. M3 aTHX AaHHHX BHAHO, YTC YAEAbHAA IIOLULAAEL OT-
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- BeTCTBeHHEIX OeTaJjel xoMnjaekTa cocrabader 20—85 % B 3aBHCH-

MOCTH OT BHIA H KOHCTDYKUHMH 33aTOTOBKH Bepxa.

¥neasHan naomans,” %, merase# mepxa B SATOTOBKAX
PA3NHYHBIXy KOHCTPYKUKA

Herann
. OTEETCTBEHHIE Menee
Fhea ot QTHETCTREHHbIE

Canordt KoXaHsle 20 80
BOTHHKH KeHCKHe C OTpPEe3HEIMH ZeTa- 30 70
JAMH
TMoaycanors (6OTHHKH C BepXoM H3 30 70
rodTH)
Tydas meHcKHe Ha CPeRHeM Xabayxe

¢ o6TAMKKON 30 70

Ge3 o0TAXEKH 35 65
BoTHHKH MYXCKHE ¢ OTpesHBMH ze- 35 65
TaNAMH
TyQaH MeHCKHe HA BHCOKOM Kafayke

¢ ofTamKol 35 65

6e3 oBTAXKKY 40 60
HNoay6otueks 45 55
Tydar ¢ peqoli Cow3IKOR HA HA3KOM 50 50
kabayke
BOTHHKE ¢ GepumaMy H3 HCKYCCTBCH- 55 45
HHX KOX
Canorn ¢ TONeHHIAMH ¥3 HCKYCCTBEH- 60 40
HEIX KOX
TToaycanoru ¢ fepuamMM M3 HCKYCCTEEH- 60 40
HBIX KOX
Typaa-nogouku 85 15

B ycnoBHAX KOMIJIEKTHOTO Packpos KOX Ha [eTalH Bepxa
0GYBH yenpax MoxKeT OBHThb HCIONB30BAH MO OCHOBHOMY HAa3HAWEHHIO
TOJNBKO NPH BHIKDAHBAHUHM KOMMJEKTOB € NOYTH OAHHAKOBBIMH
yIelbHHMH 3HAYEHHAMH Maollajelf QTBETCTBEHHHIX H MeERee OTBET-
CTBEHHBIX AeTadell, TAK KaK yAe/bHOe 3HAUEHHe IJIOWIAAM Uenpaxa
paero 0,45—0,55 B 3aBHCHMOCTH OT COPTHOCTH XoxH. TIpH packpoe
KOXKH Ha fAeTaNi Bepxa (HanpHMeD, GOTHHOK HJH Canor ¢ KOQXa-
HBIMH TONeHHIlaMH)}, VIenbHafd NJOULALb OTBeTCTBEHHHX [AeTased
KOTOPHX Menblle 0.5, Yenpak KOXKH HeNPABHIBHO HCIOOMB3YETCH MO
HA3NAUeHHW), TaK KaK HeKOTOPHE MeHee OTBeTCTBeHHHE IEeTasH
(Gepubl, 3aIHHKH, IOJIEHHINA) HeH36eXHO OYAYT BHIKPAHBAThCH H3
yernpaka. :

OnruManbioe COOTHOIUIEHHE KOMIJIEKTOB ,EleTaJ'ieﬁ 3aroToBOK
pepxa of6yBH pasiAHuYHHX BuZoe OHuo onpefedaeHo B. M. [lume-
HOBEIM. ’

CooTHolleHHe nap o6yBH, 0GECIeYHBAIOUIHX BHICOKO® HCIANB30-
paHHE Yenpaka KOXKHM [0 HasHAUYeHHIO, OMPelesiioT No YpaBHeHH!O

i"—2= 2y Zal '

n
rae Tt’—--omomeﬂﬂe uqcna nap oGyBH MepBOTC H BTOPOLO KOMMASKTOB, 2y,
2

m_ 2 N (2.29)

2y — yAedpifas nJolmianb AeTaznell OOYBH COOTBETCTBEHHO HEPBOrO M BTOPOLO
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KOMIJIEKTAa, Xﬂ.h Eagun*lomam; aetanei OGYBH COOTBETCTBEHHO nepnom H
BTOPOro KOMILIEKTA. :

[Tpu 31oM

. u—=38,
. BT TS
rae {t — cpeiHAs yeabHan NJAOWAAL dempaxa KoKH (g = 0,5); 5, Sp— yaenn-
HaAsT [OA0ULAZE OTBCTCTBEHHLIX ,'IeTa-’TCl‘j{ COOTBETCTBEHHO B TNEPBOM H BTOPOM
KOMILIEKTE OOYBH.

B. JI. Enen npeaso:ena Sonee npocrax dopMyna Aas onpeje-

JEeHHsT COOTHOIIeHHA @ap OpH KOMGHHHPOB&HHH OBYX MO,[I.EJ'IEI:I
o0ysu:

e ] —

nl Za2 82 _ (2.30)
Z“l ”'_SJ ‘

[Ipn KOMGHHHpOBaHHH Tpex mofernefl COOTHOUIeHHE map

- (B —5) +ny 3y (r—5,) ‘n
’ . 2.%2(S;—») >

rae np = |; 1y BHUHCIAKT 00 Beipaxenmio (2.29):; ni 3agaercs.

Ipu koMOuHHPOBAHNOM PACKPOe KOX A% Bepxa o0yBd ApouedT
IICMOAB30BAKHA HeOOXOAHMO ONPeletdaTh ¢ YUYETOM YAEJIBHOTO Bhi-
X0/a MAoIand jgeTajqell KOMILIEKTOB, BXOUSLUIHX B KOMGHHAIHIO

CpenHeBJBLLUeHHble K03PPHIMEHTL! YRNAZBIBAEMOCTH H nnomam“l
actadcit B KOMGUHANNH ONPEALITIOT MO CIEAYIOUIMM YPABHCHHIM:

(2.31)

ﬂl:n2:n

Yo =121 + ¥ozsi - (2.32)

- 1 ’ :

Qeows = 7, (2.33)
)

rae ¥, ¥;— cpentenssementnil koahduugentT ykmapnBaeMOCTH nerasedl CooT-
BETCTBEHHO NEPBOTO U BTOPOTO KOMMIEKTA; d), ¢z — CPEAHCB3BEIICHHAR IVIOMIAAE
AeTaviell COOTBETCTBEHHO NMEPBOTG H BTOPOLD KOMILIEKTA.

TIpOUEHT HCNOAB30BAHMA DAOWAAN KOXK JAJA. HH3A . obyBu Bul-
YHCASIOT 0. CASAYIOUWHM YpaBHEHHAM:

A YEnpakoB
— 25 25 Y QR
P=Y o e — 2
4/u'/ W
AAA BOPOTKOB H LIHPOKHX 1o
- 25
P=Yy — ( V_

AN Y3KMX 10J

pP—¥— (.____ )_ “ZQ‘/" — 15, (2.36)

— 1,5 O (2.34)

X |
—%@—@ L5 (2.35)
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Puc. 2.9, Kaprorpammn pacnpenene-
HHA  TOJWKNE  Yenpaxkos  (a), Bo-
poTkoB (6} W nmoa (8) KOX AJA HH3a
olybu

J 1067 5o

170 pee
W Boins

Monmunna kox AJA HH3a ofysu 3nauuTedAbHo koaebierca e
TONBKO ¥ PA3AHYHEIX BUJAOB, HO H Y OJHOH ROXKH.

"Tak Kak BblKpauBaeMbie AETAIH AOJKHL HMEThL ofpeleleHHyIo
TOJIIMHY, NPABHJBHOC HCNOAbL3OBAHHE KOX AAf HH3a o6ysH IO
TOJUINHE LOBOJBHO CJ0XKHO. [I13 3TOoro Heo6xoAHMO AeTalbHO 3HATH
ronorpadiio koxdy M. M. Bepruireitn Ha kaprorpaMmmax nokasad,
YTO YempaKu KOXK LJf HH3a o0yBH HMeEIOT JOCTATQYHO YCTOHYHBYIO
Tonorpaduio (puc. 2.9,a). B »THX KapTOrpaMMax NaHO OTHOCHTE/Nb-
HOE OTKJIOHEHKe TOJNIUMHB Yenpaka, BOPOTKA i MOJ OT cPeiAHeH To.I-
WHHB KOXH M 3AUITPHXOBAHHB 30HBI, OTAHYAIOLWIHCCA 110 TOJLIHHE
na 0,1 Mmm. TonorpadHa BOPOTKA XapakTEPU3YETCH APKO BHPAXKeH-
HO#W TajHelt M yMeHbBUIEHHEM TOJLIHNLI K CpeflHed JHHHH
{puc. 2.9,6), TOALIHHA NOJBl YMEHbUIAETCA OT 3ajHed A4nbl K Me-
peaned (puc. 2.9, 4).

B oHOH KOMe XxapakTep TOROrpa@HYECcKOro pacnpefeneHus Mo-
MKET IHAYKTETbHO OTKJAOHATHCA B TY HAH Apyrylo ctopony. Ho s
napTHH KoX (He MeHee 15 WIT.) oAHOH cpeAHefi TOJIIMHBI NPOAB-
JAAeTCd yKasaHiasd Bbillle 3aKOHOMepHOcTh. TaK Kak BbIPYyOIHKaM
o0uuH0 BRIAAeTCH MapTuA B 20 KOXK, 3TY 32KOUOMEDHOCTb MOMKHO
XOPOIIO HCNOJAB30BAaThL NPH packpoe.

Pacnpegenenne 30H no TodliHHe Oe3 yuera TomorpadHueckoro
MONOXKEeHHS HX B YENPAKe PASJAHMHBIX KOX NOJAYHHACTCA 3aKOHOMep-



Puc. 2.10. @axTHyeckue

L AHATPAMMBL H TeopeTHYE
A 11 CKHE KPpHBBlE pacupeaedne-
i \ HHA TOJIMHA B YETpaKe:
/ a -+ #A0BkM: 1 rpynnma 31—
/ 3,5 md, 0=038 um; Il rpyn-
na 3,6-3.8 mm, ¢ =0,33 MM
LY ra

[RE rpynna 39—4 MM, 0=
_ 74 =0,35 MM; 6--Onyuun: 1 rpyn-
na 32—-38 MM, O =035 wMM;

A

=1
B~
BRI

Ao il yenoaas %
T a3 R

&R rpynna  3,9—4 M, 0=
I By 1k ] 0,57 s T rpyniia 1
= 20t \ e 4,2 MM, 0=034 MM

Yol .

S

; 'l ’

R 2

&

TR uRa fm‘f R :MWEJIM&’ &’J m-v

HOCTH, BHpaXaeMmol KpHBOH HOPMaJLHOTO pacnpejenenus (puc.2.10
u taba. 2.2).

Takoe Xe pacupefedeinse TOJAWHHM HabamoaaeTcs B moJjax H
BOPOTKAX. 3uafl CPeAHIOI0 TOJLUIHHY KOXK B NAPTHH H CPEIHEKBa-
APaTHYHOS OTKJIOHEHHE ¢, MOXKHO, HCHOJb3YA 34KOH HOPMAaJbHOrQ
pacnpeaencuns B Auddepenunansioil gopme (puc. 2.11,a), pac-
CUHTATH TUIOWAAbL YYACTKA ONpPEfeseHHOr0 HHTEPRAJAA TOJUHHBI
(301y) AdsT naHHOH ODAPTHH KOXK. DTO Tak¥e MOMKHO CAeJaThb, MC-
NnoJib3yR 3aKOH HOPMAJbHOrG pachnpeieleHuss B HHTErpaJbHON dop-
Me (puc. 2.11,6). PacnpepefienHe TOJIIHHK Yenpaka OHMHHE,
HMEWULero CpeAHon TOMIHHY 3,5 MM # o ==0,36 MM, noKa3zaHo B
taba. 2.3.

Ta6auua 22. PacopeaedcHHe 30H MO TOAMHAHE KOXK

TO.’[II_'l-lII)Kl].l[):.I,aMM ToawHKa, MM . MM TOHEF,{,:';?MM Tonusna, Mm G, MM
AnoeKa Branha

I 3,1--3,5 0,38 1 3238 0,35

II 3,6—3,8 0,33 11 3.9—4 0,37

I 3,94 035 1M1 41—4,2 0,34

TaGauwna 2.3. Pacnpeneienne, %, TOMUHHN Yenpaka GuuwHu

Tonugana KOXKA, MM PopMa BRPAMCHHA PACMpeReReHitA TOMU[HHE
cpeanns B HHTEpBaJC nrrdepenumanban HHTErpasbHAA
26 2,46—2,75 1 1
2.9 2.76—3,05 8 9
3,2 3.06—3,35 24 33
3,05 3,36-3,65 34 67
3,08 3,66—3.95 2 o1
4,1 3,96—4,25 8 99
44 4,26—4,44 1 100




Puc. 2.11. 3axou wop- vt
MallbHOTG  pacrpeiene- Ks 7L
HAA  TOJAMIMHH  KOM §§ rgg
B auddepennuanbHol S o
(a) u mHHTerpaTbHOH % gE Sal
{(6) dopmax & 47 §E i
A0 5 4, J7
< 2 e
§ w E’}; 0
§ 20 27 42 35 48 &7 4% N ZE9IR5I840
Toai s, rird d_fmagw.?, pre

[To mauubiM tabia. 2.3 MOXHO OHCTPO YCTAllOBHTh, KAKOH Tpo-
uent Oy/eT COCTABAATHL T4 MM MHAH 30HA OT ILIOLLAJH KOXKH. 3Has
COOTHOILEHHE 30H, MOXHO TOUHO IJIANHPOBATh, KakHe JeraldH H
B KAKOM KOJHUYeCTBe CJCAYyeT BLIKPAWBATh H3 JAHHOTO MaTepHaJa.

Ha puc. 2.12 npusefeHbt 3kcuepHMEHTaNbHbE TOYKH H TEOPETH-
YeCKHe KPHBElE HHTEPAJbHONO pacnpeieseHHs KOX IO TOMLHHE B
naprad, OueBuAHO, NPH ORHOH # TOH iKe ¢ XapakTep KPHBHX
OCT2eTCH MOCTOAHHBIM, HO OHH CHBHIAIOTCH BIPARC HJH BJIEBO.

PaGoraMn KHeBCKOro TEXil0JAOTHYECKOTO HHCTHTYTA JIETKOH Npo-
mutiiennocty (KTHJIII) u HayuHo-HccleAoBaTeNLCKOI'O HHCTH-
TYyTa KOXeBeHno-06yBHOK npoMuunieHHoctd (YkpHUHKII) yera-
{OBJIEHA 3ABHCHMOCTb MEXIY CpElHeKBAJLPATHYHLIM OTKJOHEHHEM
0 W cpedHed TonuwHHOR KoM, [loaroMy B koMax pas3Hblx MeTOAOB
ayGJeHHsI NPH OJHHAKOBOH cpeAHel TONIHHEe yAeNbHBHIE 3HAUECHHA
IoUlaAH 30H MOrYT GBITb Pa3JHYHEIME. /1A KOX, nojsepraeMbix
IBOEHHIO H CTPOraHHIo, CpedHeKBAAPATHUHOE OTK/IOHEHHE G MeHbile
{0 =0,18—0,21 MM), ueM cpelHeKBa[PATHYHOE OTK/IOHEHHE ¢ AJH
KOX, HE/IBOEHHX H HecTporauulx {¢=0,33—0,38 mMm).

KoXu 148 HHza ofyBH TPYIIHPYIOT KO KATENOPHAM TOJILHHEL,
KOTOpPBIE OTHYaKTCA HA3HAadeHHeM, KiaccHHUMpPOBATh, KAK NMOKA-
zano M. M. DepumteiinoMm, BanGoJee uenecooGpasHo No cpedHefi
ToamHye Kox, QMHAKO TPYAHOCTL ONPCRENCHHA CPpeiHell TOJIUHHH
o0yc/loBR/JIA HMpPHMeHeHHe KOCBeHHMX  [OKasaTeJel —— TOJIHHDB
KO¥H B CTadnapTHo#l Touke M Toduke cOGexucroctH. IIpu Tonulune
MeHbIE YCTAHOBJEHHON Yenpakn OTHOCAT Kk HH3lell kateropuu. Ha
OCHOB2HHH 3AKOHOMEDHOCTEH YCTAaHaBJHBAKT YAelbHHE 3IHAUEHHSA
z MACHIAfAEH 300 B OlpefAe]eHHOM HHTEPBAJE TOJIUHHBL.
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%E i Puc. 2.12. Kpugne nH-
Eg\]ﬁ TErPafdbHOTO pacnpe,ac-
¥ NeHHA TONWHHB Yern-
SR 5 - paxa Qa8 paznHYHONH
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TTponeHT HCMONB3OBAHHUA KOXK LA HH3a 0fyBH HeoOXoANMO pac-
CUHTHEBATH C YUETOM TOJUHHE AeTanell 0 kox. Tak kak B kaxunoi
rpynne KoxX A.11 HH3a o0yBH TOJINHHA Pa3/JHYHEIX YIACTKOB HEOJH-
HAKOB4, HeoOXOAHMMO MpeZBapHTeNLHO YCTAHOBHTL YIeNLHblE 3HA-
yeyHd NNOWAJAeH 30H B NPOLEHTAaX B HHTEpBa/je TOAUNH, NPHIOA-
HEIX AJA BHPYBaHHA ONpeAeNeHHEX AeTadelf. 3aTeM BBIYHCJ/ISAIOT
cpelLHeB3BelleHHBH KOo3(dHIMeHT YKaaguRaeMocTH, Y:

o ¥izy 4= ¥Vazo + V32

y: l!"l‘ 22+ 33. (2'37)
2t 22+ 2,

rae ¥y, ¥y ¥3 — yrAaaniBaeMocTb OTAENBHHX feTanefdt 1M3a, 2, 2z 23— YAEdb-

HEle 3HAYEHHS ITAoLIajed 30H, H3 KOTODPHIX Bb[pyﬁalOT COOTBETCTBYIOULHE J€-

TaJH. !

Tagum afpasoM, cpeAHeB3pellleHHad YKAafHBAeMOCTh 3aBHCHT
He TOJIBKO OT YKJAAKBAEMOCTH KaKAOH NeTalH, HO H OT IJIOLIAAH
30ibl, NPUroAHON a8 paapyfa Ha JeTasu AaHHOH TOJIHHBL.

CpenneB3BetieAHy0 NAOMIAAL OAHOW NeTaNH ONPEeZeNdaT 1o
YPaBHEHHIO

100 :
z z 2y 8
AR L R (2.38)

a, 5] ag

a=

erH HOCKE OJHH JNeTanu Huza o0yBH paGoTalOT HA MHOTOKpAaT-
HHIH H3rHO H HCTHPAaHHE, IPYTHE TOJbKO HZ HCTHPaHHe, TPeTbH (Ha-
npHMep, (UIHKH) KpPoMe JaBNeHHS He HCNLITHIBAIOT HHKAKOrO BO3-
JOeHCTBUA, NO3TOMY AeTa]d OOYBH BHIKDAHBAKOT H3 PA3HHX BHIOB
H Pa3NHVHBIX YYaCTKOB KOXKH) Myxckas 00yBb [0 CPABHEHHIO C
JKEHCKOH uarorosasieTcd H3 (oJiee MJIOTHOTO H TOJCTOFO MaTepHaa.
UeM GoJibllte OTBETCTHEHHEIX JeTaMel BHIKPOEHD H3 MAaTepHana, reM
palHOHAaJbHee ero HcHoJb3oBasHe. UToOB OTPa3suTh 3TO B 3KOHO-
MHYHOCTH MCHOJb3OBAHHA MaTepHaaoB, HeoOXOAHMC BBeCTH B pa-
CYET UEeHHOCTHHE KO3(PPHUHeaTHL.

{Tlo MHHMMAJbBHO ZOMyCKaeMoH MO HOPMATHBHO-TEXHHUECKOH A0-
KYMEHTAHU TOJILIHHE jJeTaJel, YKJIaAbIBAeMOCTH, JIOTHOCTH H J0-
GpoKavecTBEHHOCTH (BJHAHHIO HEIONMYCTHMEIX B JAETANAAX NOPOKOB
Ha uenoJbp3oBaine koxu) LIHHHUKIT paapaGoran nennocTHhe Ko-
3 QUIHeHTH HA [eTaJH HH3a 0OYBH.

HanbBonee ueHiold derTanbio HH3a ABJAAETCH NOLOLIBA MYMKCKOH
00yBH, KOTOpad A0/MKHA HMeTh HauDOJBUIVIO TOJIMHHY H MHHHMAJb-
HOE YHCJIO TIOPOKOB, BHIKPAHBATHCA M3 JY4ITHX YYACTKOB KOXKH.
HennoetHud Ko3pHuUHEHT 3TOH MOAOLIBEl MDHHHEMARTCA DABHEIM
eannuie, [Nogowss o6yBH IPYTHX BHAOB H OCTAJAbHLIE JETATH MEHhb-
ulefi TOJMIHHE CYHTAOTCSl MeHee UeHHBIMH. OHH MOryT BHEKpaH-
BATBCH H3 XYAIIKX YY4CTKOB KOMH H HMeTh OTHOCHTeNbHO Gosblliee
YHCO0 TOPOKOB. :

3a ueHHOCTHHH Ko3hdHLHEHT no ToAlWHe K, NpHHHMAaeTCHd OT-
HoUleHue MHEHUMAJABHOH TONUIRHE AeTaAu noche paspyla K MHHH-
MaJbHOH ToauluHe (4,2 MM) nomomBH MyxXckoil oOyBH. [Ips BH-
KPaHBaHHU JeTajell, HMEIOIIHX BLICOKYIO YK/IaALIBAEMOCTh, NOJY-
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QaeTcd JAyullee HCIOJAb30BaHHE INIOMIAAH KOXK, YeM IpH BHKpaHBa-
HHE JeTanedl, MMEOLUKX HH3KY0 YKIaAHBaeMOCTb. UToOBL yuecTh
310, BBOAAT Ko3dduunent K, KOTOpHH TeM 60Jblle, 9eM MeHbllle
yRJIalbpiBaeMocTb. Ky npeicraBiadeT cOGOH OTHOMIEHHe YKJajbBae-
MOCTH, IpHHATON 3a Hexomuyw (95 %), K YRAafLHBaeMOCTH AaHHOM
Zeraay.

BanAHHe NNOTHOCTH JeTaliedl YYHATHBAaeT LEeHHOCTHHI KoabbH-
uyedT K3, npeicrasiagomuil coboil 0THOWEHHE NTOTHOCTH MAaTepHa-
Ja ALaHHOK JeTaiu K TMPHHHMaeMOHR 3a eIHHHIUY MJIOTHOCTH Mare-
pHaia NOACUIBEL MYXKcKOH 00YBH, BHKDAHBAEMOH H2 4YeNpaKa KOXKH.
MeHee OTBeTCTBEHHHIE AeTAaAH (HanpHMep, CTeldbKH) MOryT HMETh
Oosee 3nauuTeNbHble HedeKTH, HeM NOAOIIBHL, NMO3TOMY H3 MaTe-
puana c GospbliumME JedeKraMa Gostee OTBeTCTBEHHEIX JeTalell Mo-
JYYAlOT MeHblile, YeM MeHee OTBeTCTBEHHHX. Mcxofs u3 sToro yera-
HABJHBAIOT 1IeHHOCTHWH Kos(pduuuenTt Ki, YUHTHEBAOLIHH BJIHANHE
Ha HCTIONB3OBAHME MATEpHAa NOPOKOB.

O6mui iedHocTHHE Koapduunent K, xapakTepusyIOmHE gaH-
HYIO AeTanb, ONPefeJdOT KaK NPOH3BeJeHHe NePeuHC/]eHHBIX BhlIe
JACTHBIX KO3(QDHIIHEHTOB:
‘ K = K|K2K3K4- (239)

ITpakTHYecKH yCTAHOBJIEHO, UTQ HHOTEA NPH HENPABHJBHOM HC-
MOJIb30BAHHH KOXH [0 HazHaueHHI0 (BHIPYOAalOT CTEJbKH BMECTO
NOJXOWB, ASTCKYH NONOIIBY BMECTO JKeHCKOH) rnoBmulaercsi oGIIHE
NPOLIEHT HCMOJL3CBAHHA NJAQGMIAAH KOXKH, Mexiy TteMm geficTBH-
TeIbHO BHCOKOTD MPOLEHTA LEHHOCTHOrO HCNOJAb30BAHHA MOKHO
AOCTHYb JIHIIEL APH IPABHJIBHOM Paspyle KoK [0 HA3HAYEHHIO ¥ APH
COXPAHEHHH HJ/H YBeJHueHHH oOGUIero mokKasaTeis HCNONb3OBAHHA.
[MosroMy pexoMenayercsi MPHMEHATh NOKA3aTelb LEHHOCTHOLD HC-
MOJNb30RAHHA HEe TOJBKO AJA aHAJH32 Pe3yNbTaTOB pPatorHl BHpY-
OOYHLIX LEXOB, HO H AJS COCTABJEHHA KaJBKYJIAUHH ccOecTOMMOCTH
detajedl HH32 H IPeMAPOBAHHA pabOUHUX 32 IKOHOMHUIO KOMKH.

[TpouenT weHHOCTHOrO HCMOJLIDBAHHA KOXKH ONPeldedlT Kak
CYMMY IPOH3BEJeHHHA BHXO/0B JNeTanefl HH3a Ha HX LEHHOCTHHIE
KO3 (PHIHEHTH:

'
P,=PK{+PK:+ ... +P.K:, (2.40)
rae P, P;, ..., Po— BHiXoAb geranelfl HH3a oO0YBM MO rpynnaM ToAWHHB, %
K{, K;, ..., K}, —uennocraste xo3thdHUMEHTH AeTaAed HA34.

BHXO.D. OﬂpeKEHHPOT HCXOOf H3 NJa0oUlail 30H, H3 KOTOPHK BEI-
KPpaHBawT COOTBETCTBy]OHIHe AETaln, H HpOIUeHTa HCOOJbL30BaHHA
OJA0IaAH MaTepHasia:
' P1=21T€ﬁ?’hp2=22‘£%
H T H.

"pOIleHT HCNONB3OBAHKA NaoOagH MHOrOCJOHHBX HACTHJAOB
TKaHeH BHUYHCAFIOT 10 CASAYIOLIEMY BRIDAKEHHID!

p— fuma __ bya (2.41)
LHE ’
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L Puc, 2,13, Cxema ompe-

il L AeneHust JIHHeAHEX 3d-
i &y dexToR  OT COBMRIIEHHS
{ wabJoHOE 7O AAHHE WH
WHPHHE TKAHH
?’ L — e TN P
b N
=] L ]
i

TAg My, g-— YHCHQ Aeraﬂeﬁ, pasMelaeMuEX COOQTBETCTBENHO MO MIHPHNE I:[
OJHHE HACTHIA; & — HAOIIAAL NeTa/IH UJIH CPeAHeB3BEeleHHAA ILIOWAAb IeTaqnef
koMmnnexkta;, L w H — mawHa W ippmAa HACTHAA TKaHWM, CM, b — cpeanee umene
640108 33 KauecTmo TKaHH.

TIpy coBmemnenrHn fAetajel No IJHHE HACTHJAA BO3HHKaeT AJIHH-
HOTHHIfl JuHefiutift sddexT, 2 Npr COBMEIEHHH MO LIHPHHE — IIH-
potHH#. CyMMapHas ANuHA ABYX Aetajdell 6e3 COBMEILEHHR pas-
wa 21

JIuneliutifi sbdext (pue. 2.13) or copMeuleHHA No AnHHe Ha-
CTUNa BTOporo WalbnoHa ¢ nepBeIlM

Sl = 2! - ll.
vae | — aauHa mabacHa; [ — AJIHHE ABYX COBMELIEHHLIX WalNoH0B.
Jlunefinmit 3bdext oT coMellenHs TpeThero WalgoHa CoO BTO-
pHIM
Sz = ll -+ [~ 12»
tae lz— AMHAA TPEX COBMEUIeHHEIX 11abAoHOR.

CyMMmapuniit juHeliibii 3ddext S no AnHHE HacTHAZ 3aBHCHT
OT YHCTa WalAoHOR U MHHeHAHHX sddexTos S; n Se.
[Tpu HeveTHOM uucsie mWaGROHOB

S=221(8+ 5y,

OPH YeTHOM Yuc/ae WabJoHOB
n—2

S=%£8+25"8,.

TaxuMm e oGpasoM onpegensor JuHeRHHH s derT S or coB-
MelleHHd gerael no WHPHHE HACTHIA,

ITo mapuue ¥ AJIHHE TKaHH BO3IHWKAIT MOTEPH, KOTOPHE CKJa-
ABIBAIOTCA H3 NOTEDDb TPEX BHIOB!

AR = Ah, 4 Ahy -+ Ahg;
SN =Al 4 Ay AL,
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rie Ah; — AOTEPH M3-34 PasHON WIMPKHLL W HepoprocTedl cioes Txand (0,015 M),
Alj — OTEPH MO JJHHE Y JHHHE mepernGoB cioes Thaunm (0,01 M); Ahe, Al —
noTepn Ha meIa0ioHHble MOCTHKH COOTBETCTBEHHO NO IIHPHHE H AJiHHEe TKaHH,
AR, Al; — moTepH ©T HeKpaTHOCTH pa3MePOB MaTepHana H IMAGJIOHOB COOTBET-
CTBEHHO RO IMYPHHE H JJHHE THKAHH.

3HAYUTEABHO BJIMAIOT HAa HCHOJL30BAHHE MHOTOCAOHHOTO HACTH-
Ja TKaHu Mexwabnonuele MocTugy. lIupHaa mexiadiounoro Mo-
CTHKA MPH Packpoe TKAHH Ha JAEHTOUALIX MALIHHAX DaBHA 2,0 MM,
a upH packpoe Ha npeccax —2 MM. [Torepu Ha MewinaG/JoHHHIe
MOCTHKH HPH pacKpoe MHOFPOCJAOWHHIX HACTHIOB 3HAYNTENbHO BHINIE,
yeM Opd paspyfe Kox AN HU3a 00YBH. ITO abbACHAETCA B NePBYKW
ouepefp GONbIIeii MIHPHHOA MOCTHRKAa Mexny mwabroHaMu NpH G0Jb-
Woil TONMUIIKHHEe HACTHAA, a TakKXe pasMelleuHeM 3HAYHTEIbHOTD
ypeia wabMoHOB MO ero AJHHe H UIApPHHE.

TMoTepn mo lmApuAe ¥ AJAHHEe TKAHM Ha MeXINabjaoHHble MOCTHKH

Ahy=(n, — 1)
A!zi(nn— 1)6,
fne 6-—1]1“13[/[}{3 MeXafaounoro MOCTHKA, CM,
H—8h L=l
a0 0 AT T8
rae hn H ln—paauepht napanaenorpaMmMa COCTBETCTECHHG OO IUNPHHE H INHHE
HACTHMA HA OAHY AETalb,
3Haa cyMMapHble JHHeiiHble 3 @ekTH 10 WHPHIE n TAHHE Ha-
CTH/IA, ONPEAeNdlOT NOTEPH OT HEKPATHOCTH pa3MepoB MaTepHala
H Wal/J0HOB 110 yPaBHEHASM
My = H, — (n,h — S');
Aly ==L, —{ngl — 8),
rae H, = H— Ahy — Ahy — nonesHas  WHPHHa  HacTHJA TKAHH; Ly =
= L — Al; — Al; —noneznan aJWHa HaCTHNA TKAHH.
CJaenoBaTeNbHO, uTOOBL ONPENENHTb NPOLENT HCHOAb30BAHHSA
MHOrOC/J0fiHOrQ HACTHAA TK2aHH, HeoOXO/HMO 3HATD!
OJHHY | 1 NHPARY h WaGa0Ha;
OCHOBAailHe H BHICOTY Tapajiienorpamma;
JuHefiHbe 3¢dexTh OT coBMelleHHs WAGJOHOB NO WIHPHHE H
JJIHHE HacTHAA;
anney L u wupuay H MHOroc/JoHHOrO HACTHAA;
YHeaQ geraneii, pa3MelllaeMBlx Q0 JAJHHE W UIMDHHE HACTH.JA.
JTH ToKasaTeAH YycraHasauBaer nabopatopHsi $abpHKH A1
Bcex Mogenell o6yBH H MaTepHaJOB.

f,=—

2.3. YCTAHOBJIEHHE HOPM PACXOIA
H NMOTPEBHOTO KOJHYECTBA
OCHOBHBIX MATEPHAJOB

Hopwma pacxoaa N, M?, OCHOBHHX MaTepHaJoB npejctapianer cobol
OTHOIIEHHE CPeAHeB3BeIleHHEIX Naomaled AeTa el KOMTJAeKTa dg
(n1a Bepxa oGYBH, NMOAKNAAKI) HAH feTadedt @ (AJNa nnza obymw,
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BCMOMOTATe/NbHEX AeTajiedl) K cpelHeB3BelIeHHOMY HCNOJbL30BAHUIO
naouiaiy mateprasta P, yMuokensoe na 100

= dy
N= Pes 100
HJIH
a
N= 2 100

ffDaﬁpH‘-IHble HOPME Pacxola OCHOBHHX OOYBHHIX MAaTEpPHAJOB,
M2 (AM?), YCTaHABIHBAIOT:

a) KOX AJA BepXa Ha OAHY napy oO6YBH AJfA NAAZHHPOBAHHA MO
BHAAM M poXaM 3arOTGBOK C Pa3/JHYHHEIMH KOHCTPYKTHBHEIMH 0CO-
GEeHHOCTAMH C yKasalHeM NJOMIAJH ACTAJEH 3arOTOBKH CPelieB3Be-
WIEHHOrO Pasmepa No cpeideB3BeINEHHOMY COPTY MapTHH KOXK;

6) TkaHelt AR BepXa H NOARAAAKY Ha oAuy mapy oByBH # Ha
OTHe/lbHbE I€TA/MH, COCTARIAICIIHE AOAKAAAKY, ANA MJIaHHPOBAHKA
N0 BHIAM, POJAM H KOHCTPYKTHBHBIM OCOOEHHOCTAM € yKasaHHeM
nJomMakH feTajell 3aTOTOBKH BepXa CPellHeB3BellleHHOrD pasMepa H
NPoUeHTA HCMONB3OBAHUA TKAHH | cOpPTa ¢ yueTOM ee ILHPHHYI,

B) HCKYCCTBEHHBEIX KO H4 OBHY napy ofyBH A/1s NNaHHPOBaHHA
Mo ponaM, BHIaM MATEPHANOB, OTAENbHEIM JeTaaaM (raJeHMLa,
3SaHHKH, TIOJHOCKH, CTeJAbKH, NIOJOLIBBL ¥ AP.) C YKA3aHHeEM I10-
MmanK KaxXAOH JderTaiu 34aroTOBKH BEpXa CPelHeB3BeIeHHOro pas-
Mepa M NPOHEHTa HCNOJL30BAHMA MaTepHasta l copra;

r) X0 AJd HH3& HA OAHY mapy oDYBW JLiS TJIAHUPOBAHHA MO
pojgaM H BHZAM, METOAaM KPenJeHHS ¢ BLIRETEHHEM OCHOBHEIX je-
Tased (MOZOLIB, CTeJeK, 3aIUHKOB H IP.} W yKasaHHeM IJOLIanu
KaMIoH AeTaau 3aroTOBKH CpeAHeB3BelIeHHOro pasMepa. [Ipouent
HCNOIB30BANHA NMPHHHMAETCA MO KOXKe CPelHeB3BeIleHHOTO COpTa
OT/eNbHO MO0 BHXOJAaM KPYIHWX H MeJKHX AeTael.

CpenHeB3BellleHHYI0 MO ALL NETAJIe! KOMNAGKTA MOXHO Ompe-
OeJHTh ABYMSt CHOCOOAMH:

1) nmo mAoImaisM, YCTAHORJEHHEM AJNA KaXKAOTO pasMepa, BHAA,
pozna, dbacoHa u Modedau o6yBH ¢ yUeTOM Pa3MepHOTO ACCOPTHMEHTA;

2) o nIoUEAAH HCXOAHOTO {YCJOBHO NMPHHATOrO)} pazMepa oby-
BH JAHHO{l rpynnsl ¢ monpaBkod Ha PasHHLY MeXAY HCXOIHBIM H
cpelHeB3BellieRRBIM DA3MEPAMH,(

HanGosiee Toved nepBH#t cnocof, mpoule BTOpPoH, Tak Kak He
Hajo 3HaTh NAoMIafed geTasnell BCETO PasMepPHOTO ACCOPTHMEHTA,
Bropoli cnocol pexoMeHAyeTCs AAs pacuera NOTPeGHOCTH B Marve-
puadax A9 pabpukH, oOBeIHHEHHA, pecnyOAHKH H MPOMEIUIIEH-
HOCTH B LI@JOM.

Pacuer cpenneB3BelleKHOH MJAOMIALH feTated Bepxa MEHCKHX
JeTHHX Tydedb ¢ YYeTOM pPa3sMepHOre acCOPTHMEHTZ N[O HepPBOMYy
cnocoGy npeacraenen s Taba. 2.4.

IIas onpeneneHus CpeZHEBR3BeLIeHHOH NMQIANX IeTaned no
BTOPOMY c¢nocofy PpacCUHTHBAIOT CpeflHeB3BelleHHbLiH  pasMep:
2432,5/100 = 24,3, 7. e. oH HaXOAUTCA MeXay pasMepamu 240—245.
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Tatauuwa 2.4. Pacuer cpefiHes3acmeHHoN 110MaAH AeTanell
BepXa KEHCKHUX JEeTHHX Ty(deab

: Yucras Yaensnoe Ypcras [TponapenenHe
Paasep obysh, mnowaib 3HaTeHNe n/oWans pasmepa 0GYBH
MM netaneh PasMepoR neTanedt, LM, Ha ero yaeabHoe
Ha papy o6yRy H3 accopTh- SHANCHHE
afysH, aAm? B aCCOPTHMEHTE MeHT
216 8,86 0.5 4,430 10,75
220 9,15 0.5 4,575 11
225 9,45 1 9,450 22,5
230 9,69 12 116,280 276
235 9,98 15 149,700 352,5
240 10,28 16 164,480 384
245 10,60 18 190,800 441
250 13,85 24 260,400 600
255 11,24 10 112,400 255
260 11,37 i 11,370 26
265 11,62 1 11,620 26,5
270 11,83 0,5 5915 13,5
275 12,04 0,5 6,020 13,75
Hroro 100 1047,44 2432,5

Toraa cpenHepsrelilleHHad Miomalb Aeraned obypu paaMepa 243
Gyner pasHa 104744 nm2

Te e pe3yibTaTel MUMKHO NOJYUHTh, 3HAA MJAOWAAL AeTancH
KOMILTEKTa HCXOAHOTO pazMepa ayx. s {(Hanpumep, 240) » cpeanessse-
LWieHHBI paamep feradefi KOMNNEKTA, [0 34BUCHMOCTH, CBS3LIBAIO-
weh naoliann Aetasdell o0yBH CMEXKHEIX pa3mepoB, NPellosKeHHOH
10. T1, 3u6UHBIM:

= aen (1 3= ny) (1 = nB), (2.42)

'

TAe 7 -— YHCAO PasMepOB B CepuH; Y, B — K0shpHUHEHTB OTHOCHTENRHOTO ODH-

E: paufeHna no JJMHE W ITHpHHe o6YBH (3aBHesT OT pofa o6yew, Tada, 2.5).

: .

M Ta6anua 25 KoappHuueHTH OTHOCHTEABHOTC NPHPAMEHHA

. AAA pacdeTa HCXOMHWX pasmepor o6yed (FOCT 26165—84)

i

i Mo pawuue [To wnphte Mo obxsary

. Pox oSysk

v B )

Myxckas 00160 0,1025 0;0250
Manbugropas 0,0182 0,0132 0,0264
HKeuckas 0,0176 0,0136 0,0272
HeBnubsn 0,0188 0,0140 0,0280
[Ukonsras 0,0197 0,0143 0,0286
JeTckas 0,0230 0,0159 0,0316
TouKoRLHAS 0,0264 0,0175 0,0850
T'ycapukn 0,0315 0.0196 0,0392
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Tadanuwa 2.6. (lorpcGHOCTE B NAOIAAH MO [PYNNAM TOMLMHEL
H_BHQY MaTepuaaa

Tpynna Munnmansuan ITorpeSuncrs
TONLHKA TOMIOHHA AeTadd | UHCTOA MJomiamd Marepnan
noc.Jae paspyﬁa MaTepHana HeTTo

1 hy 2a, Yenpax
2 kg 2(’12 >
3 hs Zas Yenpak ¥ BROPOTOK
4 hy Ya, Boporox B nona
5 hﬁ zﬂ5 » » »

Hroro

It pPHMEYaRHE. prnnb{ TOMNIMHER PACNOAAraloT B NopPAIKe yMeHbUIelHA.

[loTpefHocTh B KOMAX ANMA Bepxa O0YBH, TKAHAX H HCKYCCTBEH-
HBIX KOXKAX PAacCHHTEIBANOT N0 HOPMAaM pacxoda Ha oJHY mapy, pas-
paGaTeiBaeMBbIM TIO CpeflHeR3RellleHHOMY pasMepy H cpefiHen3BelleH-
HOMY [pOLEHTY HCHOJMb30BAHHSA MaTepHana I KaJoro BHAA H
poia oOyBH C YYETOM ee KOHCTPYKTHBHBIX ocobeHHocTedl. Hanpu-
Mep, moTpeGHOCTL B BHIpOCTKE XpoMoBoro AyOaenusi na 1000 nap

. MYMKCKHX TNOJYOOTHIOK PaHTOBOTO MeTOJa KpPelvieHHs ¢ LeJhIMH
AeTaaaMi, 06paboTaHHHMY B 06XKHr, NIPH CpPelHeB3BellleHHOM pas-
Mepe o00yBH 265, cpelHeB3BelUSHHCOM TMPOLEHTE HCIONAL3OBAHHA
70,5 % u HopMe pacxola Ha ozny napy 17,89 nm2-1000=17 890 nm?

Pacuer notpeGHocTH B KoXax /Uit Hu3a obysu GoJee c/OXKeH,
T4K KAK HOPME pacxo/ja Ha JeTajH HH3a 3aBUCAT OT BHJAA H KarTe-
rOpPHH Matepuana (TOJUIMHEI), RO3TOMY NOTPeGHOCTL PACCYHTHBAIOT
M0 CpPeIHeB3BEIUEHHBIM UHCTBIM NJOLIAAAM JeTajledl ¢ YueroM HX
BLIXOJAOB IO TPYNNaM TOJUIHAE H3 KOXX omnpelenenHoro BHAaa. ns
3aAaHHOTO ACCOPTHMEHTA ONpelendlT YHCTYH NJOMIaib KOXAHBIX
Jlerasied HU3a 00YBH ¢ yKa3auHeM BH/[A MaTepHala H YYaCTKOB, H3
KOTOPHX BHpy.faercd getalb B COOTBETCTBHH ¢ TPeGOBAHHAMH rocy-
A2PCTBEHHLIX CTAHJIADPTOB H TexHHYecKHX ycioBuil. [TorpebHocTh B
MaTepHaJe 10 BHIAM H TOJAUIMHAM CYMMHPYIOT H onpeleasioT ol-
Y0 YHCTYIO nAomaib ierto (rada. 2.6),

Haubonee OTBeTCTEREHHLIMH AeTAJAMH ABJHIOTCH JeTaly NMepBoH
CPYNOE ¢ MUHHMAMBHOH TOJLLHHOH nocse paspy6a hy. TloTpebHocTh
B HHX cocTaBasieT Za;. Ilas oBecrmevenns ¢aGpuky meTajaMH nep-
Bofl rpynnHE TOAMMAHLE MJaHHpYeM Yenpak KaTeropuu A, HeXoAs H3
norpeGuoctd Ea, w obmell norpebHocti Za; IloTpe6HocTs B ven-
paxke karteropuu A, m?, NpH BhiX0Je HdeTanlell mepBOf I'PYNNbl TOJ-
UIHHBL P, COCTaBHT:

Fa= Z}f‘ 100,

M3 310t Ke NAOMAAH HeNpakoB MOMXHO [OJYHYHTbL LeT&JH BTO-
poii, Tperbedt W T. . TPYNN TOJUIHHE B 3aBHCHMOCTH OT acCOPTH-
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MeHTd KOMAHBIX naﬂe.nm“{ H 3an.r[a[mpo1aam{oﬁ KaTeropHi yenpaka:
, _
> a4y == FAP,/100,
r
Das=FaPy/100 B T. 1.

Ecan pasuocts Za; — Za, = Aa, NoJoxuTeNbHasA, To (adpuka
fyner ofecrnedeHa AeTajJAMH BTOPOH Tpynnbl Toawuusl. Maaulike
He NJ0mMaAH Yenpaka TOJINMHONR fi, HCMOJAL3YIOT HAa NMOKPHITHE 0O-
TpebHOCTH B MeTanax MeHblleH TONIMHHBE hs. Ecap pasgocrs oTpH-
pareibHad, To ¢pabpuka Gyder He TOAHOCTLIO ofecrneueHa deTaJaAMH
BTOPO# rpynmel TOJALIKMHEL, OcTaBlleecsd KOJHYECTBO BHIPYyOarmT Ha
Yefpaka Katerophu B.

[TorpetHocTe B Uenpake Kareropuu B upH BHXOAe AeTajefl BTO-
pOii rpynnnl TOJMMHL P, COCTABHT

_ Aag
Fo =7 100.

M3 370l e NJOUMIAAH UelNpaKa KAaTCTOPHH D MOMKHO TakKe NO-
JYUHTL AeTanaH TpeTbe#l, ueTBepTOR H T. A. M'PYNN TOIILHMEL. Pacuet
MPOH3BOLAT X0 TexX mop, noka ¢adpuka He Oyaer ofecneyeHa pe-
TAAAMH CaMOH MeHblIeH# TOJIMIHHEL.

[Tpumep. TpefllonoXHM, YTO AJMA BHIOAHENHR AHEBHGH mporpammul ¢ad-
E:gﬁ 2(0761,emmeumo) TpefYIOTCH AETATH HH3a OOYRH, KOTOpHE MNpPHBEJeHE B

CaMple OTBeTCTBEHHEIE JeTadH HMelOT TOAIIMHY Nocie paapyba 4,2 M-

HorpeSuocTe B MIowAAH fgeTaneit 3Tolt TOMUMHE pasHa 230 m?% T. e. cocTae-
ager oxoao 10 Y% obuwedi. CaenopatenbHo, 11T HEOOXOQWMOCTH B HCMOPAKE BLHI-
cokoll karteropue. Jas yxkazaHwwx JeTadell mojofineT uenpak wareropuu 41—
4,5 MM. YC/I0BHO [IPEANOJATAEM, YTC CPe/IHEB3BELICHHLIA NPOUBHT HCNOAb30BAIUH
KOX LA HHza ©OOYBH COOTBETCTBYET TNPOUEHTY HCMOJB3GBAHMA MarepHa’a
1] copra, 2 BLIXOA MEJKHX JeTaaeli — NOTPEOHOCTH B WHX {pacieT Medxnx Jle-
tanefl He npoussoanM). Buxom jertanedt TomumHoMt 4,2 Mwm pasen 23 %. Cae-
ROBATeNbiO, Ang  ofecmevemnst  QabpHKH  IeTaJAMH  1e0BXOAHMO  HMCTh

230
>3 100 = 1000 m? uenpakon.
H3 paunoli niomagm MOMKHO MOJNYYHTL AETAAN BTOPoil M TpeTeeH rpymi

TOAWMNHE. BhiXxoa Aeragelt B8Topofi rpynnu Toamwnd Pp = 43 %, a rpereelt

Tatarma 2.7, Horpe6HocTh dabPHKH B KOMAHKX AeTaasx

MunnMaaLHas FlorpediocTs
Aeransn TOMLIHA AeTANR | B SHcTok maowand Matepuaa
mocae paapyfia, MM HeTTO, M?

I 42 230 Uenpax

2 3.6 400 »

3 2,7 745 Yenpax 1 sopoTox

4 2, 450 Bopotok u nona
Hroro 1825

53



P; = 10 %, uro o3uavaet BO3MOMKIOCTS lHoAyuenys 1000 IiOlO— =430 M2 y 1000
10 o -

XW= 100 m? venpaxop. TlorpeGrocts B uMCTOR OJOILAAK A4 fetadell BTO-

poit rpynnel cocraraser 400 MZ MOSTOMY ee W3JAHIEK HCTIONB3YIT H& TOKPHITHE
MoTpeSHOCTH B NJOLIAAH Jevaneil TpeTbeil Ipynmul.

* TotpebHocTy B MJOLaAH JAeTanell TpeTbefi rpymou 745 m2% He xparaer
745 — 100 — 30 = 615 ~2 Ocra@myoca HoTpedllocTs B JIETANAX MOMEO ofec:
MeYsTh H3 BOpoTKa Kateropun 3,6—4 wmm, Boixog sertaned ToMHHOR 3 MM
paed 40 % (uz marepuana Il copra). Toraa nortpefHocTe B HHX COCTABHT

615 - - . "
100 = 1500 M2 M3 sroll nurollaad MoXHO ROAYYHTH ACTAIH YeTBepPTAil

41
CPYNOLL TOJMIHHAN 2,1 MM ¢ ofnleit uiculafvio mpH Buixoae Py=29 % (l500)<
X%= 145 M’) npu notpebuoctn 450 w2 OcTapwiywes norpebuoctn 450 —

— 145 = 305 M? voxo o0eCOeudTh HCNOAL3OBAHKEM GoA KaTeropun 3,1—3,5 um.
Buwxon aetaaelt rtoawneod 2,1 wmsm cocrabaser 61 %, T 0. BOPOTOK [0JHOCTLIO
HCTIONB3YETCA Ha AeTalH HeTBEePToll rpYyNNkl TOAMHLI.
Toraa NorpebHOCTL B 104X COCTABHT
305

B peayinTare NOTPeGyercd CJeAYILLHI ACCOPTHMEHT KOM A8 HK3a OOVBH:

IToTpeGHocTh,
ME
Yenpar 4,1—4,5 mm 1000
Boporox 3,6--4 mm 1500
Hoawt 3,1--3,5 vm 500
Hroro 3000

2.4, PASBMEILEHHE [IABNOHOB
IPU PACKPOE MATEPHAJOR

rIIpu packpoe HATYPAJbHOM W HCKYCCTBEHHBIX KO, a TakXke TKaHefl
HEOBXOLHMO HCIIOJB30BATh TAKYH) CHCTEMY pasMemleHUs abiaonon
{pesakoB), xoTopad ofecneyHpBaaa OB MAKCHMAAbHOE HCMOAL3OBA-
ilHe NAOIIAAH MATEPHANA H BLICOKOE KavecTBO jeTtadeil.

Ha npumetienue ToH HAM HIOW CHCTEMBl NPH DACKPOE BJAHAIT
cBolcTBa W nAoWAafb Matepuana, TpeboBaHus, TpelbABIAEMblE K
AetaanM. TpeGoBAHHA K JLeTd 1AM 8epXa H Hu3a obysH, K JeTanam
KOMTadaHTepefliitiX H3eAnl yCTANABINBAIOT HA OCHOBAHUY CcBOACTR
MaTtepHadd, jJlAaHHNX ¢ paboTe jeTaded [PH 3KCOJAYATALHH H BO3-
AefCTBHUSIX i1d HHX B Npolecce mpon3BoAcTBA. CI0MKHOCTD packKpos
BO MHOTOM OnpeleiseTcs H3IMeUuHBOCTRIO HOKazaTeaed QH3UKO-Me-
X4iIHYEeCKHX CBOHCTB MaTepHaJsIoB Ne MJOILAAH H B pAa3HbIX Ha-
npasJetusx. ‘

‘B cBsi3H ¢ 3THM BCe DACKpaHBaeMEle MaTepHanbl NOApasiessor
Ha TPH TPYNnbL

1) u30TpONHO-0AIOpPOAHBIEe (pe3Hllbl, HCKYCCTBEeHHBle KOXH Ha
HeTKanol ocHOBE H IP.};
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2) 2HU30TPONHO-DAHOPOAHBIE (TKAHH, HCKYCCTBEHIIBIE KOXH HA
TKaHeBOH OCHOBe H JIP.); ‘

3) ‘aHH30TPOMHO-HEOAHOPOAHLIE (HATYPAaJbHLIE KOMKH).

[TepBast wacrp TepMHHA O3HAYACT H3MEHUUBOCTb (MM IIOCTOSH-
CTBO} MOKasaTesell (pH3HKO-MEXaHHYeCKHX CBOHCTB B PAa3HHX Ha-
npaB/JeHHAX, 4 BTOpas — [10 NJOLIALH.

B cBA3H c H3/10KeHHBIM pacKpoil KasIOro MaTepHaia HMeeT
cBou ecofenHocTH, Haubosee CaoXKeH PACKPOR MaTEPHAN0B TPEThel
0]

CucTembl pasMelieHHs m;’;ﬁnouos TIPH PACKPOE KOX Ha JeTaju
Bepxa H noakaanku olGysr. Ilpm packpoe Kox I Bepxa o0yBH
VUHTBHIBAIOT B OCHOBHOM TOJLIHHY, [JIOTHOCT, YIJAHHEeHHe H Kaue-
CTBO JIHUEBOIO CJ10A. YANUHeHUst KOX Anas Bepxa o0yBH B IPOAOJb-
HOM W MCllepeyHOM HANpaBJeHHsX HeQAHHAaKOBH: 0OBIYHO B TIpO-
JOJBHOM * HAMPABJACHHH YIJHHCHHe MEHbIUE, UYeM B NONEPevHOM.
YanuHeHHe LEHTPANbHON 4aCcTH KOMKH BO BCEX HampaBieHHsx Gogee
HJAH MeHee OJJHHAKOBO. ,

JavHa peranu noMXHa COBNAAaTh ¢ HANPAB/JIEHHEM HaHMeHbIel
TAI'YYECTH.

¥YaonudeHne noa H ocobGeHHO Jall B [POAOJbHOM M IONepeuHoM
HAMPAaBJAEHHAX OTJNHYAaeTCH 3HauuTelbHO. Ilonbl onofika, BHIPOCTKA,
CBHHEIX KO¥ KpOMe [IPOL0JALHOrO HMEKT H BTOPOe HanpasJeHde
HaHuMeHblUero yaauneyus — noa yriom 45° (npHONH3HTeLHO Ta-
pannenpHo 3ajlHAM nanaM). KpoMe nonepedHoro HanpaBienHs Hau-
foablled TAFYYeCTH HMeeTcd BTOpPOe HATPaBJeHHE — MeA YIIOM
135°.

naBHBIM HampaBJieHHeM HaUMeHbIUEH TATYYECTH BOPOTKA ABJISA-
eTcA HanipasJaecHHe noid yraom 135° Kk xpebroBoft suuun, Hanpasae-
HHS HAHMEHBUIEH THArYY4ECTH KOX A1 BepXxa ofyBH NOKA3aHEl Ha
puc, 2.14.

"Oco6oe BHHMaHHe HAZO YAETATL BHENIHeMY BHAY jeTajiell, mo-

9TOMY IpPH packpoe HeoOXOAHUMO YUHTH-
BaTh X4PaKTepP JHIEBOIO CJI0f MaTepHa-
na. deHTpancHas uacTh KO¥H 0GHIYHO
6a'staeT coBeplieRHo raagkefi, Ha Bo-
DPOTKE MUMEKTCA MOJOTIHHE NOJOCH, HAY-
uHe nomepex xpebra; ua noJax, Jamax
H BODOTKe BCTPEYAIOTCA HepasraaikKel-
Hole MecTa. LIlBer u TOH NHLleBoro ¢Jod
Ha PasHBIX YYACTKAX XOXKH HEOJHHAKO-
BH, Mepea TakkKe paannyua, [lostomy
ZeTaaH, BXOASUIKE B KOMIIEKT OJHOH
napu ob6yBH, Hafo pa3MellaTh, YUHThl-
Bag Mepero.

IMpu packpoe MaGAOHE PACOONAraloT
B CIIeyIOMEM NOPAIKE: COISKH, HOCKH [ o o
M mnepela, T. e OTBETCTBEHHBIE jeTa- L S PABJCTIHA HaH-

- MEHBIIEH THTYYECTH KOXK /147
JH, —Ha UEeHTPAJIbHOH UYacTH KOXH;  pepxa Oﬁ\wy
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Gepubl, 3aAHHKH, FOJICHHLLA, T. €. MéHee OTBETCTREHHBle AeTaNH, —
Ha BOPOTKax, noJax u Janax. [LJas aydyllero HCHOJAL3OBAHHA MO
Ha3HA4YeHWIp BCexX TONMOTPadHYECKHX YYaCTROB KOXH CJlaefyeT KOM-
OHHHPOBATE BHAKW W PasMEpPH KOMMIEKTOB ¢ DA3HHMH YAEJTBHBIMH
MJACHIARAME OTRETCTBEHHHX JeTalell, a TakKXKe JeTaJH OoJAbIIOH H
MaJaoll naomand,

O6wenpuuatoll ABANETCH NPAMOJIKHERHO-NOCTYNATENBHAR CH-
creMa (cHcTeMa napadae]orpaMma), NpHMeHsieMas ‘npH packpoe
KOX Anf Bepxa ofyBu cpefHeidl M OGogbllof miomagx. Oxa ue-
NONbAYETCH  HPeHMYyIUeCTBEHHO TIPH  pPAacKPOe YenpaKa sJIOBKH,
NONYKOMHHKA, BHPOCTKA, ONOHKA, CBHHMX M KOHCKHX KOX.

HauuHatoT packpofi oT cepedHHB Ory3aka WJAH OT mopoka. [le-
TaJgH N0 YKa3aHHOH CHCTeMe AOJ/KHBEI COBMELaThCd N0 ONTHMAalb-
HOMY BAPHaHTY, ONpele/HAEMOMY HPH HOCTPOSHHH MONEAbHOH IUKa-
Jbl. ITO 03HAYAET, UTO COW3ZKH ¢ COIO3KAMH, HOCKH ¢ HOCKAMH Clie-
AyeT coBMewaTs HauboJee IOTHO HA denpake XoxH. Kpaeenie xe
Y4aCTKH KOX pAacKPaHBaKT ¢ HEKOTOPHMH OTKJOHEHHAMH OT IpH-
MOJIHHEeHHO-moCcTynaTe bHONH CHCTeMHE!, cOOMI0Aas OCHOBHbLIE IPAaBHIIA
VKJIAJKH Jertajed W YUHTHIBAs HaNPaBJeHuWs HAHUMEHbIleH THry-
YECTH.

KoxX# nus pepxa o6yBH ¢ GOJbUIMM YHCJIOM NOPOKOB, a TaKKe

"KOXH OTHOCHTEJLHO MaJol nJjolwalH o CPABHEHHID C ILIQILAABID

BHKPAUBAEMBIX AeTatell packpanpaioT He3 ONpelelNeHHOH CHCTEME,
YTQ 3HAYHTENbHO VXYALIAET HX HCNOJb30BaHHE.

Bce BapuadTthl conMeliedus geTa/defl MOXKHG DA3JENHMTL HA ye-
THIpE CPYMIL:

1) coBMenieRue B OXHY CTOPOHY, T. €. BCe AeTanu /—6 Bo BCex
pAAax opHenTupoBaiH B oAHy cropoHy (pHc. 2.15,a). Hanpumep,
Aetalu Ty(enb-l10X0UeK, AeTadH MOAKNAJAKE H T, A.;

Puc. 2.15. Cxemun coBMe-
WEHAST  Jeranefi  Bepxa
06YBH

i

2 Erl'\n\\ L
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2) copMeuieHHe B pasHble CTOPOHB!, T. €. AeTaJdd OAIIOro psHLa
1, 2 yKaanniBalT B OIHY cTOPOHy, a Aeratu 3, 4 cMeXuoro — B nMpo-
THBONDI0XKHYI0 nepeBoMy (puc. 2.15,0) u 1. A. Haupumep, cowosxu
BOTHHOK, NOAYGOTHHOK ¢ HACTPOUHBIMH OepuaMu, Tydein-1040YeK,
GeplH, 3a3UWHKH U T. I.;

3) coBMelleHde MOX YIVIOM, T. €. TIOCAeAylomas feTalb pacnono-
JeHa B IPOTHBOMOJIONKHOM HalpaBieHHH HJH TOJ YIJOM K Npe/b-
nywedt geraau (puc. 2.15,8,2). Hanpumep, colskH noayBoTHIOK ¢
HACTPOUHBIMH OepLUaMH H OTPE3HLIM HOCKOM, COIO3KH NOJyGOTHHOK,
Oepun H ApyrHe HeTanw,;

4) coBMellleHHe <«THEe3O», T. . HECKOJBKO pPasHblX jgeraJel
KOMIJIEKTA, COBMemasacs, obpasywr «ruesios (puc. 2.15,d). Takoe
«rHE3[0» COBMCIIACTCA C JAPYTHM <«rHe3loM» no A6oMy W3 mepe-
YHCAeHHHX BapuauToB, [IIMpoKO HCeMoAb3yeTcs NPH PAacKPoe KOM HA
EETann MoAedsHol oBYBH, KOTAa BAXMHC NONYYHTL KPOH BHICOKOTO
KayecTBa (MO NJOTHOCTH, TOJUI¥He, OTTeHKaM H JAPYTHM TIpPH-
3HAKAM)

Ha puc. 2.16, a—oc mpuBeleHsl cXeMbl PacKPOsA pas3/IMuHBIX KOX
Ha JeTann Bepxa o0yBH N0 NPAMOJHEERHO-NOCTYNATENLHON CHCTEME
¢ MCNOAB30BAHHEM BCEX YETHIPEX BADHAHTOB COBMEULEHHA AeTanel.

CucreMbl pasMewendsa wWaG/JoHOB OPH pacKkpoe TKaHeil M CHH-
TETHYECKHX KOM Ha JIETanm BepXa, MOAKJIAAKH H BCIOMOraTelbHble
Jetann oGysH. MHorociolHble HacTHIB OOYBHBIX TKaHel W CHHTe-
THUECKHX KOM CJeRyeT PacKpaWBaThb IO NPAMOAHHeHHO-mocTyna-
TeJLHOH CHCTeMe, COBMellas JeradH NoJ HENMPAMHM H IDAMDEM
yraamu. [IpH Manoit winpuHe Mareprana W GOJbIINX AHHEAHbIX pas-
mMepax uiau GonbuIof MIoIALM AeTafell 4aCTO YKJAAAKA NMOJ Henps-
MHM YIIOM HEBBHITOAHA, TAK KaK, 1eCMOTPS Ha IJIOTHOe COBMeleHHe
JdeTalell, BH3HBALT 3HAYHTEAbHLIE KPaeBHe oTX0AHW. B sroM cayuae
ReTajH cliedyeT COBMEINATh HOA NPAMEM yIJaoM (LeTanu NOZKAALKH
Gorusiok u Ap.). [Toa HenpsMuIM yrjoM COBMELIAKT JHIUL JHeTaJtH
MaJblX JYHEeHHBIX Pa3MepOB HAH HeGONbINOH Iouaay (IeTaju noi-
KJAJKH NOJ COX3KY NONyOOTHHOK H Tydenn, HOCKH, Gepusl 1 T. 1.).

Ipu Brifiope cHCTEMEl pacKpos PYJOHHEX MaTepHa/oB HeoOXo-
JHMO YUHTHIBATE KX YAJHHEHHe B IOPOJOJBHOM H MOMEPEYHOM Ha-
npaBJeHuAX (nas TKaHeHd OO OCHOBE H YTKY). EciH yAJNHHEHHe B
OPOLOJNLHOM HANpaBJeHHH MeHblle, YeéM B INONepPeYHOM, JeTaJlH
BepXa H MeXNOJKNAAKKH HeoBXONHMO BHXpaHBaTb CJeIOM B Hpe-
JOJbHOM HAMNpaBJeHHH, JeTajH NOJKJIAAKH — B NonepeusoM, [Ipu
NPHMEPHO PABHHX YIJHHEHHHX ZETajdH MOXKHO pacflojlaraTh KaK B
NPOAOJNLHOM, TAK H B [IONEPENHOM HANPABJEHHH.

Ina o6yRHHX TKaHedl W PYJIOHHBIX CHHTETHYECKHX KOX HCKJI0-
4ATENbHOE 3HAYEHHe HMeeT MIMPHHA, TAK Kak N0 IIHpHHe ueoDXo-
OHMO YJOXKHMTh Le10e YHCAC COBMeIleHHHX Aeranell 6e3 moTepb B
BH/l& HEHCNOJL3YEMHEX MOJ0COK. IIpH OTCYTCTBHH MaTepHaia OUTH-
ManbHOH WHPHHEH o0f3aTenbHO KOMOGHHHPOBAHHE Mojlielell Mo pas-
MepaM, BHJaM U HAa3HAYEHHI0 B Nperenax AefCTBYUIEro HA Npef-
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Puc. 2.16. Cxemm packpos mespo
(a), comHOfi koxkE (6), BoIpOCTKA
(8}, nonykoxuuKa {(2), KyJaToB B
OpOAofBHOM HanpasfAenun (@) u
noy yraom (e}, iodrH (#x) Ba nme-
TajaH Bepxa ofyBH

IPHATHH AcCOPTHMEHTA LA NOJHOIO HCNOAB3OBAHUWA MATEpHAJIA 110

IMHDHHE, :
[Ipu packpoe MHOIQCMONHONO HACTHJA TKaHU HA JETANH MYX-
CKHX ToJyDOTHHOK coBMewlarorcs coloskd 1, 2 (pue. 2.17,a) ¢ co-
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IIpu packpoe MHOroc/OHHOro HACTHJA TKAIH HA JLeTajll MYK-
CKHX N0JyGOTHHOR coBMeinatoTes cowska [ (pHc. 2.17,6) ¢ Gepua-
mu 2 g 3 ¢ nosoporom Ha I80° u Gepum 2 u 3 ¢ HockoMm 4.

ITpu packpoe MATepHaJIOB HA JeTaJH NOAKJALKH GOTHHOK ¢ NpH-
MOYTOAbHOH yKJAajaKo#l (puc. 2.17,8) HeueTHoe uucAo jeTaqedl B
PALY YBEJNHYHBAET KpPAaeBble OTXOABl H CHHXKAET NMPOLEHT UCHOJMAb30-
BAHHS MaTepHaNa 00 CPABHEHHIO C UPOLEHTOM HCNOJIbINBAHHA
TKAHH, WHPHEA KOTOPO# M03BOMsteT BHIKPAHBATL UYETHOE YHC.IO Ae-
Taaedt {puc. 2.17,2)..

ITpu packpoe MHOTOCJAOHHOTO HACTHJA TKAUM AETATH IOLKIALKH
noayGOTHIIOK COBMEIaioTesi NoA nenpAMeM yraoMm (puc, 2.17,0).

HckycerBennble MaTepraJaul AhA Bepxa oOYyBHM U O0IKIAJKH
PACKPAHBAIOT B OCHOBHOM AaHAJOTHUHG DPACKPOK OOGVBHLIX TKaHeH.
[1pu packpoe HA roJeHHILA BCEX POLOB NPHMEHAIOT HX NPAMOVIOJb-
HOe coBMelllenHe ¢ nosopoToM Ha 180° (prc. 2.18, a). Tlpu wiprue
MaTepuasaa 84—87 cM GoJbllle ABYX IOJeHHIL BLIKPOHTh HEBO3IMOXK-
Ho. [1py HecoOTEETCTBHH IIHPHHLI MaTepHajaa IHPHHE COBMEILeH-
HBIX ZeTaJell ocTaeTcs y3Kafd ToJocKa WHPHHOR 3—4 oM, CHHKAD-
UIaf MPOLEHT HCNOAB30OBAHHA.

Ha puc. 2.18,6 nana cxeMa packpos 0OyBHOH BHHHAHCKOXKH — T
Ha JeTaNH JKeHCKHX Tydenb.

CucreMbl pazmenleHHsl mWaG/l0HOB NPH PACKPOe KOXK Ha JETalH
HH3a 06yeM. Koy a8 Hu3a 00yBM AeMATCH Ha KOMH AAA BHHTO-
BOT'O, HHTOUHBIX H KJIEEBBIX Merojos KpenJenus. KoXM nocTynaiwor
Ha (PalpHKy B OCHOBHOM B BHAE YeNpaKOB, BOPOTKOE M mnoa. TIpu
packpoe KoX Jhd Huza oOGYBH HeoOXOJHMO YUYHTHIBATBR HX JKecT-
KOCTb, MIOTHOCTE ¥ TOJIIHHY.

Pa3.HualoT TpH OCHOBHbLIE CHCTEMB! paipy6a — mpAMOJIHHefiHO-
NOCTYNATENLHYIO, «eJ0UKY» ¥ Aenloednyo. Haunyulllelt apnsercs
NpAMOJHHEHHO-NOCTyTIaTeNAbHas cHCTeMa pa3pyDda, rak kak oHa obec-
neynpaer HanbGoIee MIOTHOE COBMeIeHHe AeTateH, neboabline MeX-
WAabJOHHRE OTXOAH H BEICOKHE NPOILEHT HCMOJb30BAHHS MMJIOULATH
ko¥. OZHAKO He BCA IICILALL KOXH MOMeT GHThL paspyl.ieHa no
NPAMOJHHEHHO-oCTynaTebHON  cueTeMe, uacTh nnowtagn (30—
40 %) paspy6alor Ha pa3JHYHEIE JIETAJN HH3A HE MO CHCTEMeE, &
¢ cobmojleHneM JIHIIL OCHOBHBIX TIPABHJ pa3MelleHHst JAeraJtefl.
[Tmomans pa3pyfa KoxH DO CHCTEMe 3aBHCHT OT BAPDHAHTA COBMe-
UeHHA DeTajded, BHAA W KATErOPHH KOMH, KBAJHQHKALNE PACKDOH-
IIHK A,

Haubomnee yacTo NPHMEHAKT TPH BAPDHAHTA COBMEILEHHA NMOAOIIB
W CTejeK — MyYKaMH, DATOYMHLIMH YacTAMH, B OAHY ctopony. Ilpa
COBMeULeHHH MO nepBoMy Bapuanty (puc. 2.19, a) BHyTpedHHe NVYKH
getaneli MakKCHMANbHO COJHMKAIOT, MEXAY HUMH OCTAKTCH MUHH-
MaabHble Mexumalb/ouuble oTXoAL. [IpH coBMellenHy no BTOPOMY
Bapuauty (pdc. 2.19, 4} nsTGUHYIO YacTh OAHOW AeTANH COBMEIAIoT
¢ myuxkaMmu apyroél aeraqd. Ilpu coBMeuleHHH TO TpeTheMy BapH-
auty (puec. 2.19, 8) Bce neTaNH HAMpaBJ/JeHB HOCOUHBIMM H MATOY-
HBIMH YacTsIMH B OAHY CTODOHY, [IPH 3TOM HAPYKHHlE NYYKH [era-
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Puc. 2.18. Cxewmb! packpoa BH-
HHJIHCKOKH — T ia geTantu
pepxa 0OYBH

-

nefl, CMeXKHBIX 10 BEPTHKA-
JIH, Ma3KCHMAaJbHO cOIHKA-
0T ¢ BHYTPEHHHMH nyukKa-
MH, a4 HOCOuUHbIE 4acTH fe-
TaJded, CMeXIBX TQ TOpH-
30HTaNH, COBMEILAIOT C MR-
TOUHBIMH.

Kpome 37ux Tpex BapH-
AHTOB NPHMEHANT BapHaH-
TH COBMeUIEHHS NOJOLIB H
cTedeK BCTHK (pHe. 2.19,2)
u nox yraom (puc. 2.19,9).
Ilnoutans packpos KOXH
o cACTeMe TeM BHILIe, ueM
0/HOPOJHee ee TJIOTHOCTDL

Ymox

Ocnola

I

il

(L

i TOJIHHA (HOPMAJbhHAs HAM Madax cOexHCTOCTh) H uem Gouablue
maomans 4 BHIUE COPT. HOSTOMY HpﬂMOJ]HHeﬁHO-l‘IOCTynaTeJleaﬂ
CHCTEMa pPEKOMeHAYeTCA TNPEeHMYUIeCTBeHHO Aas paspyfa KoxX
I u Il copros 60JBUIMX H CPEIHHX MJOIMlAAeH H HOPMaJabuo# cle-

JKHCTOCTH.
Boasllloe spadenue Jas

NPAMOJHHEAHO-TOCTYNATENABHON “CUCTE-

MH uMeeT BelGOp MCXOJHOH JHHHH M Haua’la paspy6a. Ilpu pas-
pyGe uenpakoB HCXONHBIMYM MOTYT OHTL Ju¥HW XpebTa, noasl K

BOPOTKA.
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Puc. 2.19, Cxempl COBMEHICHHA AeTAACH HH3A 06YBH

Pazpy6 HauuHaOT B OCHOBHOM € TpeX CAEAYIOIIHX MecT:

OT CepelSHHbl Ory3Ka BAo.b xpebroBoil JuHnE (pnuc. 2.20,a);

OT cepeflHHbl BOPOTKa (OT JMHHHH pe3a BOPOTKa) BAOAb xpebTo-
Bo#i sauHuu (puc. 2.20,6);

OT JIMHHH pe3a BOPOTKA BAOJDL JHHHH pe3a moawl (puc. 2.20, 6).

Beifop mecTa, ¢ KOTOPOro HAUHHAOT Paspyl, 3aBUCHUT OT MA0-
ULaJH, KATErOPHH H COEMHCTOCTH UenpPaka H ACCOPTHMeNTa JeTajel
HH3a.

Yenpaxn Gonbulod naowaiud uedecoobpasHee paspybats oT
xpe6TOBOHl JAHHHHK, NoJy4as HanGojee LleHHble AETAaAH H3 ero UeH-
TPaJbHOH 4acTH H Nepexois K paspyly nepHdepHlHBIX YYACTKOB Ha
MeHee ueHHBle Aerand. Pazpy6 wenpaxkos neboasmol naomann
{80—110 am?) cneAyer HAYHHATH OT HPHBOPOTKOBCGH YACTH BJOJb
JIHHHA pe3a noJdu. [Tpy 3HauuTeNbHOM MOPAMKEHHH IIOHIAAM KOMKH
nopoxkaMu, ocobeHHo ee xpefToBoill uactH, paspyld pexoMmenmgyercs
HAYHHATh OT XpelGTOBOH JHHHH K JHHHH pe3a noasnl. [lopa:keHnHwue
YYACTKHE KOXH paszpy6alor TakumM oOpasom, YTA6H NOPOKYU NONARAMH
Ha Te YACTH JeTajel, B KOTOPLIX OHH JONYCKAalOTCA (Hanpumep, Ha
NATOUHYH) YacTh NOLOLUBH).

[Inomane paspyfa Yenpakor Majiol MACWAAY H TIOBHILICHHOM
COEKHCTOCTH N0 MPAMONHHEHHO-TIOCTYATEABHOR CHCTEME OUeHb He-
GoJsplias, T. e. §0/bIIAA YACThL KOXH pa3py0aercs He MO CHCTEME,
4TO 3HAYHTEJbHO YBeJHYHBAET MeXIMabJoHHbIE Ii KpaeBbie OTXOAH.
Jis TAKHX YenpakoB PEKOMEHAYETCA Pa3pyb Mo CHCTEMAM <«eJI0YRa»
H JeJoXKeqHas.

CHeTeMa «esiOYKA» XapDAKTEPHBYETCH DACHONOXKEHHEM JeTaleil
nonepek k0Xg G6oJiee HIH MeHee YeTKO BHPaKeHHEIMH NPOJOAbBHEMH
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Pue. 2,20, Cxempl pazpyGa uelpakoe MO
IPAMOJHHEHHD-IOCTYATENbIO] CHETeMe

pafamu, B npenenax kaXioro pa-
Ia HOCOUHEE UACTH BCex JeraJneil
HAnpaBJeHs B ONHY cropoHy. Ho-
COYHble YACTH ZeTakeft ofdoro pa-
Ba COBMelNalT ¢ HOCOUHEIMH Ya-
CTAMH JleTalell CMeXKHOro psja,
NpHUYEM B TepBOM paay (caesa H
copasa) Bce JAeTalH HalpasJedbl
NATOYHEIMHM T4CTAMHM K JIHHHH pe3a
TIOJIEL,

Breillne «enodka» MNOX0¥a HA
NPSIMOJIHIEHHO-TIOCTYNATEIBHYIO CH-
cTeMy COBMeIleHHA IOJ YIJOM, HO
yrabl HAKJIOHA JeTajeidl passiHiHH
B HavaJe W KOoHIe paspyGa. B pe-
ayabraTte paspyfa no 3T0H cHCTeMe
OCT2I0TCA OTXORH, IIOXOXKHE Ha
«EJIOUKY>.

[Tpu paspy6Ge 4empakoB IO CHCTEME «eJ0YKa» HCXOAHBIMH JIH-
MOTYT OBITE JHHHE pe3a BOPOTKA, JNHHHA pPe3a  NOJ.
{prc. 2.21,8) u xpeGroBas nuuua (puc. 2.21,6).

Iipu paapyGe no nepsoMy BAapHAHTY NOAYYalOT MO ABA NapHHX
psAia feTaqefl {crpasa H CHeBa), a4 H3 CepPeAHHH ueNpaKa BHPY-
faloT pa3JIMuHLIE LeTaJtH.

. Ilpu paspyGe no BTOpPOMY BAPHAHTY [NETaJR PACNOJAAraloT ni-
TOYHBIMH uacTdMH K xpefToBoli sauuHH 1o obe ee croponn. Uz
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Puc. 2.2). Cxemn paspyfia uenpaxos
0o cucTeMaM <edoudka» (a, 6} 1 ae-
JoxeqHod (8)

yenpaka MoJay4aloT HeTnpe psaia
deranell, a H3 KpaeBulX uacTedt
BIpy0aioT [erasd COOTBETCT-
BYIOLLEr0 paiMmepa.

Henwxeydaa cHcTeMa Xa-
paKTepH3yeTCA pPaCHOJ0MeHHEeM
Jeraselt BRoJb KOXH GoJsee HAH
MeHee YeTKO BhlpaXeHHBIMH 4e-
ThiPbMS -NATHLIO MonepesHbBIMH
pAfaMH, HAMOMHHAKULHMK Je-
JEOHKH, XOTH NPelBapHTEIbHO KOXH Ha JEJIKKH He pa3pe3aior.

[Ipu pazpybe no 3TOH cuCTeMe HCXOAHBIMH MOTYT ORITh JAHHHUSA
pesa BopoTKa (puc. 2.21,8) WJH cepefldHa Ory3Ka.

ITpu pa3pybe BOPOTKOR 3a MCXOAHYIO JHHHIO, KAK NPABHJQ, NPH-
HUMAIOT JHHHIO pe3a BopoTka (puc. 2.22). Pa3py6 HauwHawT ¢
npasoro (puc. 2.22,a) unn nesoro yraa (puc. 2.22,6) soportka. [e-
tanu HeoBxonumo BHpYyOath nomepek xpebGToBOA auHMU, Ilpn pas-
pybe noa HcxoAHOHW AMHueH sIBNAercHd  JIHHHA  pesa  Nodn
{puc. 2,22, 8),

CucremMbl pasMmellenn WalAoHOB HPH pa3pyde HCKYCCTREHHBIX
MATEpHANOB Ha HETAAH HHM3a o0yBu. McKyccTBEeHHHE MaTepHAaJIHI
15 deraJjiell Hu3a o0yBH HMEWT OLHOPOJHEIE (DH3HKO-MEXaHHUeCKHe
csoficTBAa DO NiowWafHd B COOTBETCTBYIOIIMX HANPABACHHAX, onpele-
JeHHble pasMepel H ¢opMy. Bece »To mestaer paspyG MartepHadoB
MeHee CHOXHBIM [0 CPABHEHHIO ¢ pPaspyfoM KOX.

MarTepuanni, NIOWAAbL ¥ JHHeAHLe DPAIMEDH KOTOPHX OTHOCH-
TeJbHO BEJIHKH N0 CPABHEHHIO C IJIOMANLI0 H JIHHeHHBHIMH pazme-
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Pne. 2.22. Cxemn paapy6a
sopoTka (4, 6) ® moa (&}
N0 NPAMOJAHIENHO-TIOCTYNA-
TellbHOH CHCTEME

J

paMH BHIKpaHBaeMblX H3 HHX AeTased, pa3py0daloT no NpaMosHHER-
' ‘Ho-mocTynatenbiofi cucreMe. s JAyuyllero HCNONb3OBAHHA [J10-
WaAd MaTepHaJa Ha TKAHeBOil OCllOBe feTalbk NPH BHIKPaHBAHUH
3aJiHAKA OPHEHTUPYIOT [OJHHOH [0 OCHOBE, BHICOTOIl MO YTKY
(puc. 2.23,a). Tak xe BupyGalor nofHockH (puc. 2.23,6). Cxema
pazpy6a o6yBHOro KkaprTolua lia NOANATOYHHUKH H NPOCTHAKH 110 NpA-
MOJHHeHHO-IOCTYNaTeNbHO! cHCTeMe nokasaHa Ha puc. 2.24,
«HckyccTeibie MaTepHabl, IOWEALb H JHHeHHEE pa3Mepsl KO-
TOPbIX OTHOCHTEABHO MaJjibl N0 CPABIEHHIO C NJOWAABI0 W JIHHEH-
HGIMH Pa3MepaMH BHIKPaHBaeMmblx feraself, paspy6awT no gear-
Keuuoi cucTeMe (pesHHY — Ha MNOJOWBH, OOYBHOH KapTOH — Ha
crensku). Ilpn 3TOM MeXinabJOHHBE OTXOAB H3-33 HEMJIOTHOrO
COBMEILIEHUSl JeTajiell HeCKONbKO YBeJNHUUHBAIOTCHA, a KpaeBhe OT-
XOABl PEe3KO YMeHbIIAaloTcsl MO CPaBHEHHIO ¢ KPaeBBIMH OTXOJAMH,
KOTOpHE NOJYYaloTCA NPH PACKPOe MO NPAMOJHHEAHO-TIOCTYNATE b-

- Jenosn —

Pue. 2.23. CxedMnl paspyba mHoTocnoiiHoro €acThia oGyDHOM HATPOHCKOXH—T na
3aQHHKH N0 [PAMOAHNENN0-IOCTYNATeAbHOH CHCTeMe
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Puc. 2.24. Cxemun paapyfa ofys-
HOTO KapPTOHA HA NOANATOMHHEKR
(a) u npocTunku (6) o npaMo-
NUHEAHO-NOCTYIATeNBHOH CHCTeMe

HOl cHCTeMe MaTePHAJ0B HeGOJNBLIHX pasMepoB. Hedwxeudasa CH-
cremMa pa3pyba pe3HHOBHIX NJacTHH KBajapaTHOH dopMbl HeGONb-
1uloro pasMepa HA MOJAOIIBH MOKasana Ha pHC. 2.25.

Y CHCcTembl pasMelleHHS WAGACHOB NPH PACKPee KO HA JAETANH
KOXraJjanTepeiinux Msfenuii. IasantepeliHnie KOXHM pacKpaHsaior
Ha JeTaad B KoMillekTe. JleTasH woMmIeKTa AQJIKHH HMEThH OAH-
HAKOBYK) TOJILHHY, INIOTHOCTH, Mepewr M oTTeHok. llataone mera-
Jgeit Manoi naomain pasMellaior no HpHMOJIHHeﬁHO-HOCTyHaTEJlb-
HOH CHCTEeME, yxﬂa,abmaemocu JIETaJIEI:I O4YeHbh BHICOKAaA, TAK KakK
OHHM HMEIT HECJAOXHYI (QopMy (HPAMOYrOAbHHK, TPaneuus) Io
CpaBHEeHHIO ¢ OOyBHHIMH fetansamH, IIpu pasmemeHHn mab;0H0B
YUHTHIBAKT TPeGOBAHHA K JeTajaM H3JAelHdA, & TaK:Ke HeORHOPOA-
HOCTb TOJUIHHBL, IVIOTHOCTH M TACYyYUECTH TOHOI‘pB.(Il)H‘lECKI/IX ydacr-
KOB KOX. ,HUIH JAYUIIerg HCNOJAb30BaHHA TOHOFPQLPHHECKHX yyacrtkon
KOXH N0 HAa3HAYCHHIO KOM6HHHPYI'OT H3Ie/JIUA IO BHIAAM.

HlopHo-ceaenbuyi0 KOKY packpaHBamT Ha DEMHH BO BCIO &e
JJIHHY MJIH [0 PAa3aMePaM peMHA, npelBapuTelbHO 0TPesas BOPOTOK
H ory3ok. OTXOAHl PACKPAMBAKT la AETAJR APYTHX H3JesH.

¥ Packpoil TKaHeld M MCKYCCTBEHHEIX KOX Ha JeTajy KOmKranaHTe-
peﬁHle HS}],EJ]P[ﬁ. HpH p4aCKpoOe TKaHed H HCKYCCTBCHHBIX KOM He-
06XO,EL}{M0 YUHTHIBATh HX YAJMHHEHHC¢ 0O OCHOBE H YTKY. ,H,ETaJTI/I
KOpPpOycoB, KJaldHbl, NCPEropoiKH, KAHHYHKH KOJ’KI‘&HHHTCQCP[HHX
M3/le/ Il KeCTKON KOHCTPYKUMH PACKPAHBAIOT M0 OCHOBE, T. €. Ha-
npas/jende HauOQAbLIEH TATY4eCTH MaTepHana coBrRajaer C IIHDPH-
HOi u3fenus. Takue zgeradu, KaK PYUYKH, OKaHTOBKH, Kejep, pac-
KpaHBawT MO yTKY, T. €. HAllpABJICHHE nanQoablieH TAry4eCTn Ma-
TepHa/la COBIajaeT . JJ.JIHHO]':i JeTalJH. ILETaJlPI H3ile/Hh MATKOH
KOHCTPYKLUHH MOXHO PACKPaHBaTh, He co(/1i0as 3TH NpaBHAa,
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25. TIPHMEHEHWE 3BM TNPH PACKPOE MATEPHAJIOB

JIo cHX TOP CYIIECTBYIOIIHE MerTojbl PAacKpos MATEpHAJIOB AJS H3-
JeJHi H3 KOXH OCHOBAIH {18 BEINOJNHEHHH OJHHM PaGOTHHKOM JIBYX
rpynn omepauuit — pasMenledne mabaoHoB ¥ BepyOaHie (Bnipesa-
nue) aeradeii. [IpH 3TOM MPOH3BOANTEIBHOCTh TPY/AA H PALHOHAND-
HOE -HCIOJIb30BAHHE MATEPHAJOB B 3HAYHTEMIDBIIOH CTENeHH 3aBHUCAT
OoT cy(0beKTHBHMX KAYECTB KaKAQro wucnoguuTens. IlosbilllenHe
NPOH3BOLHTENBIIOCTH TPYAA OrpaHuYABaeTCa (PHIHICCKHMH BO3MOM-
HOCTAMH patoyere H NMOCJAeLOBATENBHEIM CTOCO0OM pacKpos.

CoBpeMeHHBIe MaTeMaTHYECKHE METOLL H BEIYHCJIHTENbIAT TeX-
HHKA [O3BOJAT PEllaTh 3a4aYH ONTHMAJBLIOIO pasMelleHHs jlera-
Jel Ha MaTepuale, onpefejdars NPOrpecCHBHHE HOPMElL HCMOMAB30-
BaHus M noTpebIocTh B CRIPBE.

Has 3T0r0 COCTABAAIOTCH CASAVIOUIHE 3a4aUH:

1) mocTpoeHHe ONTHMAJNBHLIX MOLEdBHHX MIKaJ (pacueT ko3ph-
¢UnHEeHT2 YKAdABBAEMOCTH);

2) ¢opvHpoBaHUE cXeM pa3MellleHHA jerated;

3) onmTHMH3AIH PA3MePOB MaTepHasa;

4) pacuer OATHMAJBHLIX KOMOHHATHA MOJAenel AMT COBMECTHOTO
DACKPOS;

5) pacuer oNTHMAJLHOTO BAPHAHTA 34KA34 MATEPHANIOB (KOMKH,
HCKYCCTBEHHEIE M CHHTETHYECKHE KOQXKH), 1ecBX0JHMOre Aad BH-
Mycka 3aJadioro ACCOPTHMeHTa JeTadeldl W BHOODA ONTHMAaJLHBIX
BAPHAHTOB CXeM Da3MelleHus;

6) OOTHMH3AIHA LETEBOTO HCMOJb30OBAHHA MarTepHanos ANA Je-
rajelt HH3a 06YBH;

7) pacuer norpefHOCTH B MAaTEpHANaX Ha 3Tafle TOATOTOBKH
MPOH3BOJCTBA.

Boaburodi 8kaa B pelleHHe yKazaHHBIX 3afay BHecan KO, T1. 36I-
6uun [3], T. T1. Mcnupsan, C. M. Cmuproe, B. A. Ckatepro#i 1 1p.

QOcnosuoe BHUMaHHe B paBoTax, CBA3aHHBIX € JIPHMelelHeM
3BM npu packpoe MATEPHAJOB, YAENAETCH ONTHMH3AUHH CXeM
PACKpPOs, TAK KaK OT [HX 3aBHCAT HOPMBl HCNOJL30BAHHA H HOTpel-
HOCTL B cupbe [2].

[Tpono/skenHeM u passBuTHeM PaboT MO ONTHMH3ALHH CXEM pac-
KPOSt MATEPHAJOR ¢ MpuMeHeHHeM ZBM gaBuaack merolukKa noJyye-
HUS MHOMECTBA JKOHOMHUHMIX BADHAITOB CXEM DPACKPOS JHCTOBHIX
MATEPHAJOB HA Jeranu Huza obysH, paspaborantad B MTHJIII u
HHHUHKIT u B nacrofilnee BpeMs BHeApsAeMas B 0OYBHOE NPOH3-
BOJICTBO.

MeToHKA COCTOHT M3 MOCJEIOBATE/AblIEX yposHed [—V [4, 5]:

I — mocTpoeiiHe MH(XKECTBA BapHAHTOB Pa3MCIICHHA H B3AHM-
HOrO COBMeIUeHHd aGeTpakTubX GJIOKOB;

[1 — oTceB NMONYYEHHLIX HepealbHHX pa3MellieHuil abCTPaKTHHIX
GMI0KOB, 1€ OTBeYAIIUX TPeDOBAHNAM paUHOHANLHOrO PACKDPOA;

11T — noayyedde MHOMECTRA TPOCKTHRIX CXEM Ha OCHOBE BLIAB-
MeIIIX PeathbHBIX cOBMellenu abeTpakTabIX 0J0K0B;
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" fA0Ka QNpenensioTes KOJMYECTBOM Jeranefl, HX
pasMepamu, TIPHHATEIM yrioM Hakjaona ocefl. lous-

IV -—— BHI6OD SKOHOMHUHLIX BADMAHTOB CXeM pas3-
MelllenHsa ferajedt 3a2JaHHOTO PasMEPHOTO ACCOPTH-
MeHTa B pe3yJbTaTe RaphHPOBaHHA AeTanedl paz-
JUYHBIX PA3MEPOB H HX KOJHYECTBA BHYTPH MPOEKT-
HLIX CXeM;

V --- N0oJyuyeHHe MHOMKeCTBA IKOHOMHUHBIX BapH-
AHTOB CXeM pa3MelleHHs JeTafell ¢ ROMOULK Baph-
ApoBAHUA fleratell, oTIHYAIOINXCA Pa3MepaMH, KO-
JHUECTBOM M YTJIOM HAKJIOHA B HCXOZHBIX OJ/0KAX
OTHOCHTENBIIO Kpaes Marepnana (puc. 2.26).

llpn coafannH 3KOHOMHYHBIX BApHAHTOB CXeM
pasMelleHHs HCIONb3yercH OJouHad cucTeMa. [loa
6JOKOM TIOHHMAEM COBDKYNHOCTH ZeTascl oJHOTO P=250 17
pasMepa, Haufolee [JOTHO pa3MeUICHHBIX B  F=258 7<7pd5"
3aaHHOH NPAMOYroabHOH OOJACTH WO ONHOR H3 ¢
OPAMOJIHHENHO-NOCTYIATENBHEY  cXeM. PaaMepn

U

=225 =7

D S BN Snill S

5

THe «GTOK» HCIONE3YETCs Ha KAMIOM YPOBHE METO-
r— P-250,<7, 990"

OnpenendyM rMousTHe <abeTpakThiiit Ga0k» 1 1 Pue. 2.96. Cxe-
Il yposreit MeToaukH. D10 06AACTh ¢ HeONPeJeNeH- Ma  noayteHus
thMH raGapHTHEIMH pasMepaMH, KOTOpasi XapaK-  MHOMECTBA  Ba-
TEPH3YeTCA MECTOM, 3aHHMaeMbIM B MaTpHIlE, H Ha-  PHAHTOB  pac-

KpoA MATEpDHAJAA
npasicHueM (BEPTHKAJABHOE HJH TODH3OHTAJILHOE)
ocefl meraJjedl, pa3MelleHHBIX B Hefl.

Ha III yposHe npuMeHSeTCs TePMHH «ripOekTHBIH 6J0K>, D10
06macTb ¢ HeonpeleleHHBIMH raGapHTHHIMH pasMepaMH, KoTopas
XaPaKTePH3yeTCA MeCTOM, 3AHAMAaeMbLiM Ha JHCTOROM MaTepHane, W
pacnoJokeliHeM oced AeTaslell B BepTHKAJLHOM HJIH TOPH3OHTaMb-
HOM HampaBJjeHUH.

B IV ypoBHE HCXOXHLIA peasibHBIH GIOK ONpeIeTaeTcs PacIono-
JEeHHeM Jerafefl Ha JHCTOBOM MaTepHaje U XAPaKTEPH3YeTcd ra-
OApHTHEIMH pasMepaMH, KOJHUECTBOM H PasMePaMH pasMelleHHBIX
Jerattefi, UX opHueHTAITHEH,

B V ypoBHC BMXOZHOH OJ0K OIpCAciadeTcst TAK e, KaK H HC-
XOJHEH, TOMONHHTEILHO OPHENTHPOBAHHEIM Pa3MelleHHeM aeranei
BHYTpH Oq0K4, T. e. DHKCHPORAHNHKIM YIJIOM HAKJIONIA ocelfl OTHOCH-
TEJBHO KPaeR MaTepHaJd.

TIpy pellfeHun 337124 MOHCKA SKOHOMHUHEIX BAPHAHTOB CXeM pac-
KpOsl TepMHH <«HCXOIHHH O670K» MoXKeT OHThH 3aMeHeH TepMHHOM
«BBIXOLHON D.10K>».

Ilog DpPOeKTHBIMH cxXemamMH NOHHMaeM ofaacTb §e3 3aJaHHEIX
rpaHull, HO ¢ YKasaHHeM pa3MeNleHHsl NpoekTHHX Giokos. [Tpoexr-
HEle CXeMH XaPaKTepH3VIOTCA UHCI0M pas3MellleHHbX 6/J0KOB, a Tak-
¥e HUX OpHCHTALHed.

[log 2xOHOMHYHBIMM CXEMAMH, ¥ KOTOPHX MPOHCHT HCIONB30BA-
HUA BHUI¢ HOPMATHBHOIQ, NOHUMAEM KQHKPETHHIA BapHaHT pasaMe-
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IIEHHA C YKAa3aHHEM pa3aMepoB JHCTOBOrO MarepHana, KoJHYeCcTRa
pPasMelIEHHBIX jJeTalell, HX pa3MepoB. 3 SKOHOMHYHLIX CXEMax pa3s-
MepDHBIH acCOPTHMEHT He colMopaeTes.

Ha [ ypoBHe Meroadku 0e3 ydera TPaHHI NMPAMOYroabHOH oO-
JAacTH CO34aeTCA MHOXMECTBO BADHAHTOB PA3MEINEHHA 36CTpaKTHbIX
GJIOKOB ¢ Y49eTOM HX B32HMHOIMO COBMCULCHHA.

Ma.c= {Rﬁ Rg'. Caeey R;}

Ha Il yposHe MeTORMKH NPOH3BOLHTCA OTCER HEKOTOPHIX BapHaH-
TOB COBMCUIcHHA 3.6CTpaKTHbIX 6JI0KOB C TOYKH SPGHHH TCXHGJAOTH-
qecKHX TPeGoBaHHH K CO3LaBAaeMELIM BMOCAEICTBHH CXeMaM pasme-
LEHHs AeTanell HAa AHCTOBOM MatepHane. Ha »ToM yposHe uz M, .
BHIENAETCHA NOAMHOXKECTBO peafibHblX BADHAHTOR COBMelleHHA ab-
CTPAKTHHX GJIOKOB.

Mp.a = {R;’ R;; R Rl}; Ma.c = Mp.a'

Ha IIl ypoBue opranuayercst nepexof oT MHOMKECTBA PeatbHblX
couetaHuil abGcrpakTHwWX 040KOB Mp ; KO MHOMKECTBY NPOEKTHBIX

CXeM, T. €. Ha
M,= {Ql; Qa - .. Qr}; Mp-a =M,

Ka)KAOro pealJbHOro CcoBMelleduss al0cTPakTHbX G/0KOB CTPOHTCA
HpOEKTHAA CXeMa pa3MelleHun

Qr'”_; {qu}-

Ha ocHome MHOXeCTBa NPOEKTHHX cxeM M, noayuaercsi MHO-
eCTBO IKOHOMHYHLIX BAPDHAHTOB HCXOJHHX CXEM pacKpod RyTeM
[POEEPKH BCEX BO3MOMKHBIX COUETAHHH JeTajed Pa3HHX pasmepos
B NMPOEKTHbIX GJOKaxX H BbIfBJEHHA cOYeTaHHH HCXOAHHX 6J0KOB
¢ yauboJee NAGTHHMH YyraIaakamu. Kpurtepwii orGopa — nponeur
HCNGJAB30BAHAA JHCTOROTO MaTepHana. [lo kaxaoit npoextHofd cxe-
Me Q,= (qij} CTPOMTCA MHOMXKECTBO KOHKPETHHIX HCXORHBIX CXeM

pazMeulends
Muc={opus ops ... 054}

Ha caeayiomteM ypoBine MeTOZHKH OTOUPAKTCA UCXOHBIE GJOKH
C MaJBM TIPOIEHTOM HCOOAB3OBaHHA Racmaimn 6Gaoxa. I[lpousso-
auTCs mokex Godee YAayHOTO HEMOJb30OBAHHA MJOLIANH KaxKA0ro
HCXOAHOro G10Ka MyreM paaMelleHus gertanchi Goaoutero pasMepa
¢ moafopoM onTHMaJbHOTO Yria Hakjaoua Aeranaefi. Ha ocHoBe o
CTPOAITCA YJIyuIlIeHHEIC CXeMBl 0, MHOXKECTBO KOTODHIX

I . o
Mnc={afl’ Tpgr =i UJ’K}

SIBJS1eTCA OKOHYATEAbHEIM Pe3yJbTaToM MPHMEHeHHS METOAHKH.
Ipennaraemas MeTOAHKA HampaBJieHA HA MOJYY€HHE MAKCHMANb-
HOTO MPOLEHTa HCMOABIOBAHNHSA JTHCTOBOTO MAaTePHAaJ a NPH 3a4aHHBX

Pa3MepPHOM acCOPTHMEHTe jeraJqedl W raGapuTHHX pasMepax JIHCTA,
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T. €, MAaKCUMH3HpYeTcy PYHKIUOHAN BHIA

100 &
P= 1S
S:ntg.r 8y ;Msizl U=ip

rae S,,g, — oflllas niouafZbk maTephajga; Ms — MHOMECTEO cXeM Da3MelleHHA
aetanelt Ha fgaHHoft MaowWamy; ny — yHCAO jeraneff B j-M GJoke Q- cXeMul;
Sij — naomwaae Aeranei B j-m Gaoxe i-it cxemul.

Oco0eHHOCTBI0 METOIHKH NMOKCKA SKOHOMHUYHKX BaPHAHTOB CXEM
pPAcKposA SBJASETCH IOHCK JYYIIEFO pa3MellieHHs ReTaJsel, oCcyHlecT-
BJAAEMOrQ B JBA 3Tama:

|) pasMenieHHe aGCTpakTHLIX 6/0KOB HA NJOCKOCTH 0e3 Kakux-
JAHG0 KOHKPeTHHX Pa3MepoB;

2) noHck NJOTHHX COBMeEINeHWH jeTasefl Ha JIUCTOBOM MaTe-
praje ¢ y1eToM HX pa3Mepos.

Ha neprom stane peanusyiorca [—IIl ypoBHH MeTOLHKH, Ha
BropoM — IV u V. ¥poeuu I, IV, V Bulno/HswTCA a2BTOMATHIHPO-

' BaHHO ¢ npuMeHeHuem 3BM, yporsu II u III Bpyunyo.

[Ipennoxennas MeToAHKA rapaHTHPYeT NOMydeHHe MHOXKecTBa
BO3MOMHWX KOHOMHYHBIX BADHAHTOB CXeM DACKPOSl JHCTOBHX Ma-
TEPHAJIOB Ha AeTaNy HH3a OGYBH,

PaccmoTpuM pellleHse 3ajaui 0 TPEM YPORHAM NpPeAJONeHHOM
MeTOAHKH NOJYYEHHS MHOMNECTBA IKOHOMHUHLIX BapHaHTOB CXEM
PacKpost IECTOBRIX MaTepHAMAOB Ha Aeradd Huza o0yBH.

1. CosiaHle MHOXECTBA BAPHAHTOB PAIMELIEHHA H B3AHMHOIO
COBMeIleHHsI a6CTPAKTHBIX GJIOKOB:

Ma={R;; Ry ...; R}

IT. OTceB paaMeuieHuil Aeranel, He OTBeUalOUIHX TPeCOBAHHAM
PALlHOHAMBLHOTO PACKPOA MaTepHana:

M,={R}; Ry ...; R}}.

III. IMpencrapieline MHOXKECTBA BHIEAEHHBIX COBMeELIEHHH me-
Tajefl aGCTPAaKTHEIX GIOKOB B BHAE NPOEKTHHX CXeM:

My = {Ql; Qo o s Qr}

+  OmnpenenuM ycjosus 3afaun no I ypoBHIO MeTORHKH.

3amano HeKOTOpoe 4YHCJa0 abCTPAaKTHHIX GJOKOB, JAeTald B KO-
TOPHEIX pasMEHIeHHl FOPH3OHTAJABHO, a TAKXE HEKOTOpoe yucao al-
CTpaKTHEIX OJIOKOB, NETAJH B KOTODHIX pa3MeilleHH BepPTHKAaJLHO.
ObJacTs pa3MellieHHA NPeACTaBJIeHA B BUIE NPAMOYTOJbHOR MaTpH-
HE pasMepHOCTRIC 6 X 6 KIeToK.

TpeGyercs NOAYyYHTH BCe MHOMECTBO BO3MOMKHEX pazMme-
UleHHH H B3AMMHOIO NOJOMXKeHHS (BePTHEKaJBRHBIX H TFOPU3OHTAJb-
HHX) abCcTpakTHHX GJ0KOB B HoJle 3afauHO#R MaTpHILE.

Hcxoasn M3 NpelnosoieHHH, YTO KOJHYECTEO BAapPHAHTOB pas-
Melienpli alicTPaKTHBHIX OJ0KOB B roJe 3aJdHHOA MAaTPHULl ecTb
KOHEUHOE MHOMXKECTBD, IPH BECACHHH OIPAaHHYCHHA Ha 4Hca0 GJOKCB
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100000 C@oooooo
000000 oMloo000c0

MOXKHO QOPMANH30BATL 34144y
WX NOHCKA M LOJYYHTL pelleHxe

000000 00000000 ¢ nomouplw 3BM.
aogoo0o0o 00000000 Ananus  NPOH3BOJACTHEHHKIX
060000 Q00QQ00(Q CXeM pasMelleHHS AeTaned, He-
000000 000000 0@ UOIb3YEMHX MOCKOBCKHM NPOH3-
BONCTECHHBM OODBEIHHEliHeM IO
a 8 g 8 g 8 8 gg Bbliycxy Aeranaei ﬂ}maa obyBH
5 «[lponerapuii», noxasal, uTo

KOJIHUeCTBO AelioxkeK (6aokos),
NOMellaolEXCsl HA OAHOM JHCTe
IJACTHHE H OTJIHUAICLIHXCA pas-
MepaMH Aerafiel, MX KOJIHUECTBOM H YIVIOM DaCIOJOXeHHs DTHOCH-
TeJbHO JIPyr JApyra, Kak npasuio, He Gojee natd. HMcnonssys sty
JaHHble, BBeleM orpalkdyenne: 4ucio adcrpakrublx OJ0KOB, pasMe-
MEeHHEX OJHOBPEMEHHO B COIHOR MATPHLE, HE HOJMKHO NIPEBbUIaThL
wectd. CxeMH, uMennne QoJblLIee YHCTO PasMelleHHHEX OJIOKOB,
TPYAHOPEAJIH3YEeMH HCIMOJHHTENAMHK B TPOIecce Packpos H, Kak
OPABHJAO, He OPUMEHSIOTCH U3-33 HX CJOKHOCTH.

Pellenre 3agaul NOJAyYeHHS MHOMECTBA PasMeilleHUH U B3aHM-
HOrO coBMelleHusl aGCcTPakTHBIX OJOKOB OCHOBAHO HA TEOPHH rpa-
thOBRIX IpaMMAaTHK,

BrifiBJieHHe MHOXeCTBA pasMelllelHii alcTpakTHEIX GJIOKOB 3a-
KJAgaeTcd B ciaefylileM, Kaxiooe Bo3MoOXKHOoe coBMeuieiiHe ab-
cTpakTHEX OJokoB Oyiler 3ajaHo MaTpHuUed pazMepHoctbio 6X 6
KJAeTOK, KOTOpas 3anofHeHa saeMenramu: 0; —1; +1, rae 0 —ny-
croe Mecro; -1, —1 — alcrpaxrunie 0/40KH OLHOTHNHHEX Jeratiefi,
pPacnoJoXeHHHX COOTBETCTREHHO TOPH3OHTAJABHO H RePTHKAJLHO,

ITpuMeM, 4TO NepRas HCXOAHAA MATPHIA COCTOHT H3 OJHOIO
6a0ka ¢ efHnHueli B JeBoM BepxuHeM yray (puc. 2.27,a). Hs Hee
CTPOHM BCE BO3MOMHBIE MATPHLBI c AobasjeHdem ojiioro OJoKa
(+1 uau —1). daa zroro paccMaTpusaeM Marpruny Sogbliero pas-
Mepa (82< 8 kAeTOK), B eHTPe KOTOpol NoMelllaeM HCXOJHYIO Ma-
TpuLy (pasmepom 6 X 6 gjaerok) (pue. 2.27,6). B Goavue# ma-
TPHIE MOOYepeAHO MeHAeM OAHH M3 HYJ€H Ha 3JeMeHTHl, HCIOodb-
3yA cAelymilye NpaBHaa. JaMeHa paspellaercd Torja, Korda Ha
OHY KJACTKY BBEpPX, BYHH3, BIPABO HJAH BJEBO OT 3aMeHsIEMOrQ
HYJAfl HAXOMUTCH OTIHYHBEA OT HyJAd 3JeMeHT. 3TO CYIeCTBeHHO
MEHseT MaTpHuy. JaTeM NOJYYeHHYI0 MaTpHIYy CpABHHBaeM CO
BCeMH NpeamAymuMHd. Ecin oHa HOBas, To ee 3anHchiBaeM B 00-
MR MACCHB BO3MOXKHBIX MATPHL, NPEeJBAPHTEILHO BHASIHB 3HA-
uamue 3JeMEHTH B loje meHblieHl matpuun (6 X 6 Kietox).

Hafing Bce BosMOMKHBIE BAPHAHTH Pa3MelieHHA H- COBMEILEHHS
ABYX abOCTpPAKTHEIX GJOKOB, CHOBA BHIOHpaeM HOEYIO 3TaJOHHYIO
Marpuuy y#ke ¢ 1ByMa aOCTpakTHEIMH OJIOKaMB H DPOH3BOJAHM aHa-
JIOTHYHYIO JOCTPOAKY elle ogHoro OJoka.

ITouck HOBHIX MATDHL, pasMenleilna alcTpaxrionx GJ0KOB Hpe-

-Kpallaercs TOrKa, KOraa uncao aGeTpaxTHEIX GJI0KOB, pasMelleHHEK

Puc. 2.27. Ucxonnan maTpuna
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| 1 |BB0II:R1,’1'3 =1; »n =T’ N
Puc, 2.28. Baok-cxema aaropuima no-
1| 7= r;, : Ayyenuss abcTPakTHEIX §A0KOB
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POXPYT nenenna) nonywae Ty Lo
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a
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Puc. 2.29. TlpoexTHasa cxema pasMe-
uwednd  peradefi Ha - AMCTOBOM  Mare-
puaie

B OJHOH MATPHIE, HAYAHAET Npe-
BBITATE HIECTh, T. € KOCA4 IIe-
peGpaHnl BCe BO3MOXKHEIE BapH-

m Ry =T; _] AUTHL pa23MEILeHHA.
T Ilpu npuusATOM OrpaHHICHHH
- [11] Devars R, | npeJoXKenHass MeTOOUKA rapaH-
THPYeT [ONYYEHHE BCETrQ MHO-
[12] =1+ J #ECTBA BAPHAHTOB COBMeELLEHHH

afcTparTHbX GJI0KOB B NOJE 3a-

Ha pauuwoit Matpunsl. Ha ocHoma-
‘E HHH ONHCAHHON METOLHKH pas-

Het pafoTad a’aroputrM, 6J0K-cxema
P4‘ iy =iy 41 | KOTOPOTO MpPHBENEHa lla pHC.
T 228 AjropurM peaJH30oBaH B

nporpaMmy Ha a3nke Poprpan
Ana 2BM EC-1020. BpeMa srnonHeHus nporpaMmul na 23BM co-
cTaBuao |H MHH.

Ilas peasnzauii AONYUEHHOTO MHOMKECTEA MATPHL B NPOEKTHOIE
cxemBl pasMeldenrya pazpaboTaddl npaBuaa, NpeRoTBpallaiouinte
YMelnbluene UHCAA BO3MOMXKHRIX INpPOeKTHHIX CXeM pPa3MEIeHNs,
APeACTaB/ISTIONIHX NPAKTHYECKHA HHTEpec. DTH NpaBHAa HanpasJe-
HEl Ha 34TN0JHEHHEe NYCTHX MECT B MATPHIE TPH peanus3aluH ee B

TIPOEKTHYIO cxeMy pasmemenus. IlpaBuia sakawyawrcd B che-

AVIONIEM.

1. Fopusonrtanbue HanpasJaeduole abcrpakTHble Gaokd {41)
MOTYT PACOPOCTPalATbC W 2aNOJNATL NYCTbIE MecTa MaTPHIEL
TOJBLKO B BEPTHKAJLIIOM HANPABJASHHH,

2, BepruxasbHO Hanpas/jaeHHHe abcrpakTHEe 6ok (—1) Mo-
FYT DACNPOCTPAHATLCH M 3AMOMHATL NYCTLE MECTa MATPHILE TONBKO
B TOPHU3OHTAALHOM HANPABJIEHHH.
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3. IMepeceuenrie ¥ HakJAaJKa Pa3JHYIBIX abCTPakTHRIX 6JI0KOB
OpH 3a0QJMHEHHH MYCTHX MeCcT HEZOMYCTHMH.

[Mpr npHMeHeHHH YCTAHOBJEHHHX NPABHJI PeaNH3alusd MaTPHILL
(puc. 2.29,2) B NpPOEKTHYI0 cXeMy pasMeIleHHA INOKazafHa Ha
puc. 2.29, 6.

9BM npouasonut nepeGop Bcex BOSMOXKHEX COYETaHHi, nepe-
cTaHOBOK aJjementoB --1; —I1; 0, nostoMy moayuamoTcsa Takue Ma-
TPHIEB, KOTOPHIE NO YCTAHOBJIEHHLIM NDaBHIAM He MOTYT OHITL pea-
JM430BaHH B TIPOSKTHLIE CXEMEI Pa3MellleHHls], 4 TaKXKe Lalomue oJHH
H TOT Xe PesyabraT (CUMMETPHYHO NOBTOPeHH). Bce 3TH MaTPHIIEL
oT6pacuBawTCca. { TEXHONOTHYECKOH TOYKM 3PEHHS PeasbHBIH HHTE-
pec npenctasasoT 135 MPOEKTHHX ¢XeM pa3MelleHH.

Taxum o6pa3oM, BHJIEIEH0 KOHeYHOe YHCAD BO3MOKHLIX BApHAH-
TOB NMPOEKTHHIX CXEM pasMelleHHs Jeraself Ha JHCTOBOM MaTepHane
NpH TPHHATOM orpaHudeHud. IlosydeHHEIe Pe3YJbTATH HCIOJb3Y-
IOTCA KAK HCXOJIHHIE JAHHLIE B CJAeAYOUled mporpaMme Mo pacuery
SKOHOMHUHHX BADHAHTOB CXeM pasMellleHHs NeTanell Ha JHCTOBOM
MarepHaJe.

PaccMoTpuM 4eTBepTHIH YPOBEHb MEeTOJHMKH TOJVUEeHUS 3KOHO-
MHYHHIX BADHAHTOB CXeM PACKPOS JHCTOBBIX MATePHANOB HA JeTaJH
HH3a ofyBH,

Chopmyaupyvem 3anauy. meerca npamoyroasnas obnacte Q c
3aJAHHHMH ralapHTHHIMH pasMepami. 3a1aH0 MHOXKECTRO HPOEKT-
HEIX CXeM m,, Mg, ..., Mz, TPHYEM KaXJasl M3 HHX COCTOHT H3 7
Sa0xoB onHOTHANHEIX Aetanefi. Ina pacemarpuBaeMmoro dacoHa ae-
Tanelt Huza oOyem 3ajaercs pasMepHuit accoprumert K, K, ...
..., K, Heo6xojinmo, HCMOMB3YS 3a0aHHLIE MPOEKTHLIE CXEMEl Pas3-
MeIeHns: fmy, Mo, ..., Hl;, DPeajH3IOBaThb pPa3MepPHHI ACCOPTHMEHT
K., K, ..., Ky ¢ MakcuMaJpHbIM HCIOJL30BAHHEM MaTePHAJIOB.
Jagaua Gyner pewarthcl nyreM nepefopa pasiHYRBIX KOMOuHanUi
Aerajiefi B IPOEKTHHIX CXeMaX Da3MellleHHs.

PaszpafoTad aJropHTM [OJYVYeHHS SKOHOMHYHHIX BapHAHTOB
CXeM pa3MeNeHHs, YKPyNHeHHaA OJOK-CXeMa KOTOPOTO MNpPeICTaR-
JeHa ua puc. 2.30,a. Beegem ycnoBHHe 0603HAUeHHA: @; — HOMEp
netanu, pazMeiieHHoR B i-m Gioke; r—unedo Omokos; A u B—
COOTBETCTBEHHO IJMHA W IMHPHHA JHCTOBOTO MaTepuaJa; [ u k-— co-
OTBETCTBEHHO NJHHA H MIHPHHA AETaNH «) 7; — YUCJIO Aeradied, pas-
MeILeHHBIX B {-M GJjoKe; § — MemalbJIoHuBIi MOCTHK; S — uHcTas
nnouans neranu; Hy 0 H; — cooTBeTCTBEHHO MEPBHIET H RTOPOH Jau-
neiinbifi 3hdekT oT coBRMemieRHs Aeratelt mo mHpHHe; P, — ycra-
HORJIEHHR{ TOPOrORHIA MPOLEHT HCHOMAL3OBAHAN; ¢ — YroJ HAKJIOHA
NMPOACABHON OCH JeTalH.

OzHaKoMHUMCH C MPHHIIATAMH, 320K EHHHIMH B NPENCTABNEHHBIA
anroput™. B kauecTBe HCXOOHOH WHGOPMAUHH HCMOABL3YIOTCH rala-
PHTHHE pa3Mepbl JHCTOBOTO MarepHaja M JeTajeii pasMepHOro
ACCOPTHMERTA, UHCTHE NJonians jgetaned, anvefinue sdupexTo ot
COBMEIUEHHA, a4 TakXKe MHOMKECTBO NPOEKTHHX CXEM PailMelleHus,
3aaBAeMBIX B BHJe NpAMoyroabHoft matpuie Q, = {gi/}, B KOTO-
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1 | Brou NR, L h, A, B H,, H,, Py, Mp. &
I

2 | Bubop nNpoeKTHOM cxembl @ = [g,;,-}
1

—»I 3 | Beifop HoMepa ncpearo pasmepa NR;

I

_lj Bnon, {Xl,)ﬁ v e X Ymp
tky. ky NR, A, B, Py, My, b

4 | Beifop itomMena BTOpoTo pasMepa NR;
I

7 | Onpenenenne yuacTuA 6nokos B CTPO-
KaX BeeleHHOH NMPOCKTHOH CXeMbE
(L) V(Il.)
Vai’ Vi

5 | Pacuet @, Hy,, ; N

BRI 41 P
OnA nepeoro paiMepa

\il Pacuer g, Hy,. H,, i, j -
AIIS BTOPOTo pa3Mepa

8 | OnpemencHde yuacTuf Gnokos B cTonb-
LAX BBEJEHHOH npocKTHOK CXeMET

f1 i1
A, o4

11

9 ’ Paccrasorka BeIGpaHHBIX HOMEPOB
{pasMepoB) o Groxam ApPCEeKTHOH
CXeMBI

1

11| PacyeT orpaHMieHHit ONA CTPOK NIPOEKT-
Hot CXeMEl TIo JAHHe MaTeprana A

1

12 | Pacyer orpanmvenuti ins cronGuon
HPOSKTHOM CXeMBl No uIKpHHE Mare.
puana 8

14

2] Hepe6op BOIMOKHBIX COYETaHMIT HOMe-
poB (pasMcpon) Hderaned C yueToM
OTPaHHYeHHA B TOPHIOHTANBHBIX H
BePTHKANBHBEIX GrioKax

14| Pacyet MpOHEHTA HCMOMBICBAHKA Pr
Ans TOPRIOHTANBHEIX G10KOB

15 | Pacyer npouenTa nenomb3osalua Py
LIS BepTHKANEHBIX GNIOKOB

Her Iposepka pedy b

TaTa Ha TOPOTOROE 3HAUcHHe
Pp< Pr Py

101 Buibop onTHMansHoro 3Ha-
HYCHHA Yoy

Il']l Tleyars NR, n, P

17

Tleuats NR, n, ¢, P J

a

a

Pec. 2.30. Drok-cxema aJIropHTMa NOJAYUEHHA 3KOHOMHYHHIX BAPHAHTOR CXeM

paA3MEILeHns FeTanei
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poll 31eMeHT g nO MOAY.JII0 pPaBeH HOMepy 0J0Ka, KOTOPOMY OH LpH-
HAAJEeXHUT, 2 erg 3HAK XapaKTePH3YeT OPHEeHTALHIO JeTajled B CO-
OTBeTCTBYI¢leM Giaoke («-+» — ropuUsoNTaMbiOe, «—»— BePTH-
KalLHoe).

KonkperHaa npoekTHaa cXeMa spiOHpaeTcs BO BTOpPoM BJ0xe
aAropHT™Ma. B COOTBETCTBHM € NPHHATHIM OrpaAHHYeHHeM CUHTAeEM,
UTO B KAXK/I0H KOHKPETHOH CXeMe pacKpos y4acTBYIOT ASTaiH He Go-
Jace ABYX pasmepoB. BoiGop mapnl pasmepoB peralefi /s BHNOJie-
HUS PACUETOB MPOHCXOAHT B TPEThEM-4eTBePTOM OJOKAX ajJrOpHTMA.

AnropuT™ OCHOBaH Ha TOM, YTO MO KaXKAOMY CTOAOLY H CTPOKE
Mmartpuun @, = {g:;;} CTPOAT OTpaHHUEeHHs HA CBOGO/IbIE TAPAMETPbI
A H a; MOJETH, 3aTEM ONpefeasercs HX ONTHMAJNbHOE 3HAUEHHE.

B 6aokax 2—4 BHIOHpaOTCH cXeMHl pa3MELIEHUA H PA3MepOB
AeTasefi.

B 6noke 7 aaroputMa no BeIOpanuoii mMaTpuue @ Taxxe onpele-
asorea Bexropul VD n VD pasMepHOCThIO r, XapakTepHsYIOLLMde

yuacrae HMerUInXcsH 6a0KOB B CTPOK4AX MaTpHILHL <D0pmaano 5TO
34ANMHLIeTCH Tak:

P f, ecin ecte g;;=—1i;;
0 B nporueHOM cayuae;
pan _ 1, ecau ecth gyp= i
0 B NpoTHBHOM cJayuae,

Anajordano B 6GJoke 8 anropurMa ONpPeIeqsioTess BEKTOPHI
of,f}) u o, xapaktepuayionne yyacTue 610k0B B j-M croabie npo-
EKTHO% CXEMH:
any I, ecan ects g = +1i;;

0 B NMPOTHBHOM CJAYHAC;
S I, ecnw ectv gy = —i;
o 0 B npoTHBHOM CJyuae.

Onpegenus zanoganenue 0J0KaMH cTOAO0OB H CTPOK BHIGPAHHOR
npoektdoll cxeMbl pasmetiedust, 610K 9 aATOpUTMA HPOHIBOIHT pac-
CTAalOBKY BBHIGPAIILIX PA3MepoB Aeradedl 10 GAOKAM.

Cunenyiouinii sTam — pacueT OTPaHUUeHHH Ha paaMellleHHe jgera-
Jefl B 3agauHo# obaacti— Gaoku [/l w 12 anropur™a. Has -k
CTPOKH

Mo AJHHE MaTephana

>0+ Z VD (g + 8)+ 3 VD[ (hey, +0)

fi=1 i=1

(5o, + [ )]
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no HWHPHHEE MaTepHaaa Aas j-ro croabua

B2+ Y o) (lay+0)+ 3 of [ (he,, +8)
h=l

fi=1

S e e LA

3aj4ua cOCTOUT B TOM, UTOOH HaliTH pazMepsl @; YHc/aa JleTaned
7;, KOTOpPEIE YIOBJETBOPAAH BObl NPUBEASUHHM BHIIE YCJIOBHAM H
MAKCHMH3HDOBANH [IPOUEHT HCHOJB3OBAHHA MATEpHa A
r
Z n;S;
_ =l
P——"Sm 100.
B dnoxe 13 maer nepefop BO3MOXKHBIX COMETAaHHMH pasMepoB Jie-
TaJel ¢ y4eTom OrpaHuyelHf.
B 6nokax 14 w I) DPOHCXOAMUT pacueT NPOLEHTOB HCHOJAL3DBaA-

' HHSR MartepHaJda COQTBETCTBEHHO AJA TOpPH3OHTAJABHBIX Pr K BEPTH-

KanbHHX P, Gnoxoe. [locie npoBepkH MOJYyYeHHOro pe3y/abTara Ha
YCTAHOBJEUIICE NOPOTOBOE 3HAUEHNE

Py+ P> Py

BHAAeTCH Ha neuatk (§aok [7 anroputma). PesyqbTar colep:kaT
HOMED MpOeKTHOH CXeMBl pa3Mellenius, N06.101HOE Pa3MelleHHe HO-
MepoB AeTaslel, NPOLEHT HCHOABICBAIINA JAHCTOROIG MaTepHaia.

ANropHTM peasH30BaH B NpOrpaMMmy ua sfsnike @oprpaH Aas
3BM cepuu EC. Ilporpamma npopepella Ha accOpPTHMEHTe geraJeit,
BEIMYCKAEMBIX MOCKOBCKHM ©0O0DBeAHHEHUEM [0 NPOM3BOJCTBY jlera-
aefl nusa obyeu <«[lposerapmity ana mogoliB MycKoi 06yBH
@©-7912261. Pasmenelne npOM3BOAMAOCE HA CTaHRAPTHOM JHCTE
pasmepoM 800X 600 mm. Tak, upoAcAXKHTEILHOCTh paBoTHl IBM
EC-1020 no BHINOJHEHHIO TIPOTpaMM NOHCKA 3IKOHOMHUYHBIX CXeM
pasMelenns konebaerca ot 1 1o 4 MHH H 3aBHCHT OT uHcaa 6J0KOB
BBeeHHOH NPOEKTHOH CXeMbl.

Ha nstoM ypoBHe METOAHKH IPOH3BOAMTCS NOHCK MilOXKecTBa
BO3MOIKHBIX KOHOMHYHBEIX BAPHaHTOB cxeM packpos. [locranoska
3ajlayf WO 3ITOMY YPOBHIO TOYHO TaKas Ke, Kak OpeALAyILaf,
TOJAbKO AcOaBiadercss NMOHCK ONTHMAJNBHOLQ Yrja HarjoHa geTajefi
B Oaokax ¢ noabOpPOM COOTBETCTRYIOWLEIO pasMepa jeTaqell, uTo
[O3BOJISIET NOBBICHTH MCNOABL30BAHHe MJoMmLaiy OJoKa. ANroput™
Aaf pellileHHs 3474344 B 3TOH NOCTAl0BHE H3oOpaXKen ua puc. 2.30,6
¢ nobasneunem Onokos I, 5, 6, 10, 17°. Beor (6aox I’ anroppr-
Ma) — MacCHBbl KOODAHHAT CPe/HETe pa3Mepa, KO3 HIHEHTH NpH-
palleHHus To AJHHE W IIHpPHHe NIPH TNepexojie OoF HOMepa K HOMepy,
3aAaHHBE Imar mepe6opa YIVIOE HAKJIOHA, rafapuTHEIE pasMepul
JIUCTOBOrC MaTepHaJia, MeXIalJOHHBIH MOCTHK, NMOPOrOBLIH Ipo-
LEHT HCIONB30BAINSA, 4 TAKXKE NPOEKTILIE CXeMbl PA3MEllelHA.
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3 B 6aokax 5 u 6 aaropaTMa paccud-
7 TEIBAJOTCA rafapuTHHe paaMepH fera-
Jdel, THHefHue 3(b¢erTH 0T COBMelleHNS
J Jerajefl B 3aBHCHMOCTH OT H3MeHEeHUS
yrlla HakJAOHA AJs BHOpAHHHEX NepBOro
z H BTOPOTO PasMepoRB.

B 6Gnoke J0 aaroputMa UPOHCXOAHT
nepebop Yyrj0B Hakaona jeTantefi B Hc-
Pue. 231, Ilpoektnas cxema  XOAHBIX OJ0KaX C [eABID TOJYHeHHSA
Grokos I—3 ONTHMaJIbHBEIX KOJIMYECTB JeTajell u pas-

Mepos. Ha nmeuarh BHAAWOTCH NOJYUEH-
HEle 3HAYEHUS: NPOUEHT MCIOJL30BAHUA, YHCAO AeTajell B KaxKAOM
6/0Ke, pasMepH H YroJl Hak/oHa jera’efl B KakaoM O.J0Ke.

AJIrOPHTM peaJIH30BAH B TNporpaMMy Ha s3uke Qoprpad ajas
IBM cepuu EC. Pabora nporpaMML IPOBEPEHA HA TeX e ARTAAAX
dacona ©-7912261. IlpogoaxurenbHocTe paGoTEH nporpamMmel no
MIOMCKY MHOXKEeCTBA YKOIOMHYHBIX BAPHAHTOB CXe€M PacKpos koJjed-
nercsa or 10 go 12 MEH B 3aBHCHMOCTH OT 4HcJa OJ0OKOBR BBeAEHHOH
NPOEKTHOH CXEMEL

PaceMOTpHM NpuUMep MPHMEHCHHS MPOrPAMME! NOJIYYCHHA IKOHO-
MHYHBIX BADHAHTOB CXeM pasMelleHus perasell Hu3a olyBH HA JIK-
CTOBHIX MaTepHalax IO 4deTBePTOMY YDOBHIO MeToAHxH, 3a4aHd
npoextuass cxema (pHc. 2.31) pasmelerHs Aderadeii @-7912261.
Pasmep aucra 600> 800 mm. HopMaTHBHEE NpPOLEHT HCIONL3OBA-
HUust 76.

B pezyabTaTe cueTa NIpOrpaMMbl UYHCJAO BAPHAHTOB-cOYETaHUH
PA3MepOR, LAIOLUIHX Pe3yJbTAT Bbllle HOPMATHBIOFO, COCTaBHJIO 18.
MakcuManbruii TpoHeHT ucnoansopanms (83,78} mocTHraercs mpu
TAKOM pasMmenlendn: 6J0k I, pasmep 260 — nate geranefi; 6ok 2,
pasmep 260 — stk Aeragedt; 6a0x J, pasMep 245 — iuecTh geraned.

PaccMOTpEM NpUMep NpPHMEeHEeHHS NPOrpaMMEL OJYYCHHA MHO-
RECTBA HKOHOMHYHHX BAPHAHTOB CXEM PasMelleHUd IO HATOMY
YPORHIO METOAMKH. 3ajaHa NpPoexkTH&R cxeMa. PasMmelnaemble fe-
raan @-7912261, Pasmep nucra 600 > 800 mM. HopMaTuBHBA IpO-
LCHT HCIOJR30BAHHA — 76.

B pesyJibrare cyera TPOrpaMMBl UYHCJO BAPHAHTOR-cOMETAHMA
pa3MepoB feraeil, MalOUX Pe3yJbTAaT BHIIe HOPMATHBHOIO, COCTA-
puiio 27. MakcuMaabublii mpoueHT HcmosabzoBaHus (84,98} mocti-
raeTca NpH TAKOM pazMeinenuu: 610k I, pasmep 260, yroa HaknoHa
0° — nate metanel; Giok 2, pasmep 260, yrosa HakioHa 0° — nsTh
perancit; 6aok 3, pasmep 250, yroa nakaona 10° — mecth fetased.

WMes MHOXKECTBO NPOEKTHHX CXeM pasMelleHHd

My.= {Ql; Qo s Q‘(}’

MOXKHO N0 KaXI0H NPOEKTHOR ¢xeMe MOJYYHTb 1 3KOHOMHYHBLIX Ba-
puanTtos. [Iycrs M{Q:)— MHOXeCTBO SKOHOMHTHLIX BaDHANTOB, MO-
JYUEHHBIX U3 OAHON MPOeKTHOH cXeMH (B,

M(QI) = {Ri, PR Rﬁi}
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Torna MHOXKECTBO 3KOHOMHYHEIX BapHAHTOB CXeM pa3MelieHHs
MOXHO NRpeACTABHTL TAK.

Ms.a.c == t@' M(Q) = {Rl; el Rt}o

Mpumenm caeaylomue ycaobhule 06o3uadenua:

i — pasmep pasMeltaemofi aerady;
j — HOMED SKOHOMHUHOMC BAPHANTA PacKpow;
X — weussectHas, ofoaHaqalOmad, KAKOE KOJHYECTBO TLTACTHH Reobxo-
JHMO PacKpPOHTH MO j-MY IKOHOMHYEOMY BapPHAHTY;
g¢ — KoauuecTso L feranefl, aafanHoe pa3MepHHIM ACCOPTHMEHTOM;
r — YHCJIO paaMepos, BXOASWIHX B PasMepHHll acCOPTHMENMT;
fs — UMCJIO S3KOHOMHMYHHX BapHAHTOB CXEM Dackpos;
§j - uncran naowaps Aetalell, BXOAAMHX B j-fi SKOHOMMUHHE BAPHAHT
CXeMEl pacKpos;
S; — Mnowams AeTanM i-To pasMepa;
‘miy— KOMMYECTBO Map i-ro pasMepa, BEIKPAUBAEMEIX H3 ONHOH MIACTHHH
no j-my BAPHANTY,
W; — usburok jgeraied [-ro pasMepa NPH J&HHOM Hafape cxem pasue-
LIEHU,
S, — nnowais OZHOTO AHCTA MatepHana;

F — YHCNO HCHOABIYCMEIX JTHCTOB;
V‘—EEQROCTaTOK ,ue*raneu {-ro pasmepa MnOpH }.'[aHHOM Haﬁope cXeM pas-
MEIeHNs.

PaccMOTPEM OCHOBHE YCJOBHS M OPPAHHUCHHA MaTeMaTHuecKoh
MO AEITH.

l. KosnkvecTeo pasMelieHHBIX B CXeMax JeTaleil JOJMHO COOT-
BETCTBOBAThH 3aAAHHOMY Da3MEPHOMY acCOpTHMeHTy. Pellenune
JOJIKHG OCHOBBIBATBCA Ha YCJAOBHH 3aMEHAEMOCTH JeTaltell.

f
jz:vlmthf+Xt+i+l"—Xf+£=g;. i=1;2; .. t—1. (2.43)

Jna geraqu HanOOJBUICrO0 HOMEpa B PaIMEPHOM acCOPTHMEHTE
ycaoeue, ofecneunsaioliee HOTPeBHOCTL B 3alaHHOM KOJHYECTBE,
Gyner c/eaylolmHMm:

¢
E! myX; — Xepe = ge (2.44)

2. [MonyueHHwle pelleHHR OYAYT HEOTPHUATENbHBIMH NpPH
' X;20; X0, (2.45)

3. B xauectBe neneBoli GyHxUHU 3a7aud BEIOHDAaeM [POLEHT HC-
NOAb30OBAHAA MaTepHana

P=

100,

WM

rie Sy —cyMMapHas WICIANL heTanell, PA3MeNICHHBIX HA MAaTepHate; S’y . —
CYMMapnas RAOUIAAR HCOOJB3YEMOro MarepHana,
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[Tose3nyo mIoWAAL pA3MEleHHEX feTatell MOXHO TPeACTABMTh
B BHJE

4 r
S, == }; X;S7 -+ tEl X4 (S — i)
t

rRe Z X,;S7 - cymMapHas nojesHas naOmaib AETasel, PasMElleHHHX B cxemax
i=1
P .
fea yueTa 3aMen; Z L ony (S‘-_1 — Si) — cyMMapHaA paroniadb nOTephL MartepHa-
i-l
Ja NpH NPOBeAEHAH 3amMcl.

Hexona us yenosut (2.43)—(2.45) u coorHoulenns
r
S; = El m”S{,
i=

XAPAKTEPHIVIOUIEre YHCTYI0 HAOHIaAb JeTaliell, BXOAAUIHX B |-
IKOHOMUY LB BapHanuT, CYMMAapUYIO IJIOWAalb pa3Mellellblx 1eTa-
Jefl MOMKHO 3aMHCATh B CJelylouleM BUie;

Sn= Z 2:S:.

Takum obpasom, Sy ABIAETCH NOCTOSHHOH BENHUHHOH, IIOITOMY
3a)dya MaKCHMH3AUHH NPOLUENTA HCOOAB30BAHHA P CBOAHTCA K MH-
HHMH340HH CYMMAPHOH {JIOILaAM HCHOAB3YEMOro MaTepHaJa:

t
Suw= 2, XS5

=1

B peayabTaTe ofcy#AeHa BOIMOMHOCTL NPHMEHEHHS MATEMATH-
vyeckoR Mofiedd [3] AnA pacdera cXeM pasmelleHus Jerajell HH3a
o0yBH Ha JMCTOBOM MaTepHaJde C YYeTOM 3aJaltHOTO PasMepHoro
accopTAMenta. Pelllende gannoi 3a1a4u 0CHOBAHO HA 3aMeHAEMOCTH
fderanedl. McxonHaa dHOpPMAUUA — SKOHOMUYHEE BAPHAHTH CXeM
pasMelleHHs AeTanell NOAyYeHH ¢ NOMOILBIO METORUKH.

Hapagy ¢ 3THM HMeeTCA BO3MOXKHOCTDL PeLIeHHS MOCTARAEHHOH
330a4M APYTHM MeToAoM. PacCMOTPHM MaTeMaTHUeCKHe MOLETH Mo-
JYYEHHA ONTHMAJBHBIX CXeM PACKPOR lleTalcl Hu3a ofyBH U3 JH-
CTOBOrO MaTepHand, oTAHUaoUIRXCH OT NpeInAyUIHX Modenel TeM,
4TQ BBOAHATCH AONOJHHTEJbLHOE pasMellleHHe, KOTOPOE NMO3BOJHT H3-
fexaTh MOTEpb MATEPHAJOB NPH 3aMeHe.

Martemarnyeckas mogeab ¢ H3ObITKOM jgetaneit. Onpelenaum H
chopMynHPyeM OrpaHUYEHHA, 3AJ0MeHHbe B MOAe/b.

I. Konuuecrso pasMenienHHX B cXxeMax JeTadedl ZOJKID COOT-
BETCTBOBATL 341@LHOMY DA3MEDHOMY acCOPTHMEHTY:

;
Zm,-]-X,—HW,-zgl, i=1,2, ..., r.

=1
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2. TlonydeHnble pellenda OyAyT HEOTPUUATENBIHIMH NpH
X!:?to; W(}O; f=l, 2,..., t,l'::!, 2,...,".
3. B kauecrBe ileneBofl hyHxkuud Budupaem oOLIYI MJOLIALE

MaTepHasa, 3aHHMAEMOro NpH pasMelieHdd BCEro accopTHMeHTa Je-
Tajed:

t r
a = Z] X‘S? _— Zl S,’W",
i= P=

r
rae Z SiW; — cymMapdas niomane H3OMTOYHUX AeTaneil.
i=1l

eaeras ¢yuxuusa nprMer BHML

14
P = —p——— — max,

ZX]S;[

ye={
~HJH

s ucnoassoBauns foJiee NPOCTHX METOJOB peliieHus 3a4ay Ha

IBM neobxoAUMO NPHBECTH lLeaeBY0 PYHKUUID K AMielHOMY BHAY.
Jlns 3Toro npeacTaBHM

-
S; = [Zl mUS‘-',

t r r r t s
;Z‘;.Xf;_; m”S, _fgt SiW = ‘gl S{ (i;] m”X, — W;) = i; S;g,.

Toraa nenemast dyukuud

P= f; X, - min.
3zfaua HOJAYYCUHs CXeMBl PACKPOS € Y4€TOM 3aAaliQro accop-
THMEHTa COCTOHT B MAKCHMH3IAUHH HCNORB3CBANHA MATepHaaa IIPH

32/1a1iHOM Pa3MepiloM acCOPTHMeNTe, T. e. AJs pelleHns 3a4auH Tpe-
fyercs MAaKCHMH3HPOBaTh GyHKUHOHAN

i=1
p = t 3
XSy
/=1
r t
rae 2 2:8; — uHeTan NAGWALb PAa3MEmMEHHHX AeTanei; Z XjSi— NEToak3ye-
i=1 1=1
Mas 341 PasMCLIEHHS NN0ULalb.
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Ta6auia 2.8. MaremMaTndecKas MoAedab C HaGMTKoM geraned

£ Xy Xf xts W, | W, . wil... | ¥,
Koaunectso
B neTaned,
Jl.::;';g gaa;;:;:?;l‘u Bapranter packnafox JLonoHUTE MbHKE mepeMeRble
accopTH-
MEHTOM
1 2 . ! ts 1 2 vee ‘ i . r
1 I myy Mg my mts —1 0 0 0
2 L2 Moy Migg gy malsy 0 —1 0 Q
i gi My Mje nmijy mifs 0 0 —1 0
r £gr e Mpo et mets 0O 0 0 —1
Llene- F [ 1 1 i 4} 0 0 0
Bafd R
dyux-
DHA

Hcexoas W3 TOrO 4TO WHCAMTENh (YHKIHOHANA P B CHAY TIOCTO-

r
SHCTBA ), £,5, GyIer Toxe MOCTOSHeH, MAKCHMH3ANUA P, xapaxTe-
i=1

pH3yOLIaAd 06111,88 YHCJIO JIHCTOB HCIMOJBb3YEMBIX MATEPHANOB, IKBH-
BaJeHTHAZ MHHHMH3ALUHH

!
P= Z Xj.
=1

Ilanuas Mogenb npuBeaeHa B tabi. 2.8, [Ipu peuleHny sagavn
no aTofi Mopend onpelelsercs pauuOHaNbHHEA Halop cxeM pazMme-
HIeHHA fNerasnedl Hu3za o0yBM Ha JMCTOBHIX MaTepuanax, obecreuu-
BAOIKX 3aAalHYI0 NOTPeGHOCTL B JIETAJSX PA3/IHUHEIX pasMepoB
MPH MaKCHMaJbHOM HCTIONL3OBAHHA JHCTORBOTO MaTepHana. Peule-
HHE OCYLIeCTBJAAETCA NYyTeM NPAMOro BHOOpa cXeM DacKAaiOK H3
MHOJKECTBA 3KOHOMHUHBIX BADHAHTOB, BKJIOYEHNBIX B Mozedab. [lo-
JyueHHOe pelleHne GYJeT COLepKaTh [[e3HAUHTENbHBIH H30BITOK Ae-
tafdell, a BuOpaHObleé CXeMB ¢ pa3MeUIeHHLIMM B HHX JeTaJfMH
O6YIYT COOTBETCTBOBATE 33aHHOMY Pa3MepHOMY accopruMenty. On-
HHM OHHCAHHBIM BAPHAHTOM MOJeiH OTpaHHUHBATLCH HeT HeoOxo-
IHMOCTH, TAK K4K BCTPeualoTcs eue Gosee CJA0KHBE CHTYALHH.

MaremaTHyeckas MOAEJab € HepocTAaTKOM paeranei. Onumem .
OTPAHHYEHHA MOLEAH H YCJOBHA ee NPHMEHEHHS,

. ¥oroese coGA0AeHHA 3aJaHHOTC ACCOPTHMEHTa HeraJjef:

¢
1'5-:1 muX;+V,=g;.
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TaG6aunga 2.9 Maremarngeckas MoJenb ¢ HefOCTATKOM jgeTatedl

X, X, ... Xi ng Vil Ve]... Vy v,
KoaxuecTeo
neraneft,
PaaMep | 3aaHHKIX
HeTANR | pasMepRbM PapHauThl packJafok JIONONHHTEAbHEE NepeMenakie
accopTH-
MEHTOM
1 9 ’ i t 11 2 . ‘ i r
1 2 My e myf m,fs 1 0 0 0
2 ga ntay Mgy Maj mofy 0 1 0 0
{ g Mgy Mz myj mjtg 0 0 1 0
r or Mel Mg Mpj metys, 00 0 1
[eae- L 0 0 0 0 S 8 S; Se
© Bas
byHK-
LHA

2. ¥YcaoBue HEOTPHUATEADBHOCTH [OJAYYEHHOro pelUeHHs:
X;>0; V,>0.

3. UeneByw GYHKLHIO MOXHO NPEJACTABHTL B BHIE
r .
a= 2. 8,V min.
i=1

Henepas GYHKUHA oTpaxKaer pelleHHe MHHHMH3AIHH IJIOMALH,
3AHHMAEMOA JIeTATAMH LiPA HX pasMeleHHH ¢ HeAoCTAaTKoM. [laH-
Had MOfedb npHBedeHa B Taba. 2.9.

CyTb MOAend 3akjaouaercd B caenylomeM. CHauana Bufupalorcs
SKOHOMHUYHLIC CXeMhl PasMeLIeHHS ¢ YHC/AOM geTajeH, KOTOpbe co-
OTBETCTBYIOT PA3MEPHOMY ACCOPTHMEHTY HIM HAXOJATCH B HeNo-
CcTaTKe N0 OTHOIIeHHI0 K Hemy. ONpefleius HEROCTATOK fAeTanell (HO-
Mep H KOJHYECTBO), PA3MelLal0T HX Ha JIHCTE ¢ [OBTOPHEIM TTIOHCKOM
QOUTHMAABLHOQ BapuaHTa, IlonyueHHHH TakHM ofpasoM Habop cxeM
¢ pasMelleHHBIME Aera’JdaMu OyleT cOOTBeTCTBOBATE 32LaHHOH IHoO-
TpebHOCTH B JeTanfx.

3. PESAHHE MATEPHAJ/IOB

TMpoueccsl pesanust UIHPOKO HCNOJB3YIOTCA B 06yBHOH M KOXranam-
TepeiiHoff TPOMHILIGHHOCTH TNPH pPACKPAHBAHHH MaTepHAaJOB Ha
gerand, MPHAAHHH HM onpeiejcHHoA ¢GOpPMB, TONMIHHLL, NOArO-
TOBKE TOBEPXHOCTH Aerasted IJs CKpelyieHHR H oTienkd. Bee atn
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Mamepuan onepauul BHNOJNHSIOTCA Ha
crejiHaabHbIX MalldHax
Pa3JHYHBIMH  PeXYIIUMH
HUCTPYMEHTAMH.

[To meroazy ofpaboTku
pas/inyaioT pesande napaJ-
JAellbHOE, NOCAefoBaTelNlb-
HOe H MapaniedbHo-nochie-
AOBATEALHOE.

Puc. 3.1. CnocoGnt pezanns [lo BuRy nedopmamuu
MaTepHaJa BCe oOnepanHH
pesaHHA MOXKHO YCNOBHO Da3fe/IiTh Ha TPH OCHOBHBIE TPYIIK:
cnocol noxa (puc. 3.1, a)— pexymHii HHCTPYMEHT HJH MaTepualn
JBHXKETCH B HaOpaBJCHHK pe3aHusa (pHpyGaHHe, BHPABHHRAHHE
TOIIHER, (pesepoBanune o 1p.); cmoco6 nmuaet (pue. 3.1, 6)— pe-
KYUWHHA HHCTPYMEHT COBEpIIAeT ABHXKEHHE, CXOJHOE ¢ ABHKeHHeM
NHUAH, T. € BAOJb JHHHH pe3a NPH OANHOBPEMEHHOM [BHXKEHHH Ma-
TepHajJa Ha Je3BHe HOXKa B HaNpapJeHHH pe3aHAs (packpoH, aAsoe-
HMe H cIlycKaHHe Kpaek JeTalell W3 MaTepHaJ0B Maioll KecTKo-
cr); cnoco® unoKudn  (pHc. 3.1,8)— peaaHue OQcyIIeCTRAASTCSA
ABYM# PeNYIIMMH HHCTPYMEHTAMH, ABHKVIIHMHCH HaBCTpevy ADYT
Apyry. :
KaxaHil U3 yxkasaHHHX cnocob0B OCHOBAH Ha ONpejleseHlbX
lepopManHAX paspesaeMoro MarepHasa H NPUMEHsIeTCS B 33BHCH-
MOCTH OT €ro CBOMCTB.

3.1. BBIPYBAHHE AETAJNEHA H3OEJHHA H3 KOXH

MoaroToBuTeNbHOE NPOM3BOACTBO OTHOCHTCA K HauOO/N€e BaXKHDLIM
y4acTKaM NPOU3BOACTBA H3AEAHA H3 KOXKH, CYIECTBEHHO BIHAIOMIAM
Ha TeXHHKO-IKOHOMHYeCKHe HOKAa3aTeqaH roToBOH APOAYKIMA.
OreuecTBeHHBe 3/eKkTporuapasjAveckie npeccel T1BI-18-1-0O u
[1BI-18-2-O npuMensaor nas BepYOaHUsT AeTaneii W3 KOXKH, Kap-
TOHA, HCKYCCTBEHHEIX H CHHTETHUECKHX KOX PE€3aKaMH € 3IJeKTpo-

Tat6auwa 3.1. TexHHYecKaa XAPAKTEPHCTHKA NPECCOB

MokasaTeah MoTr-40 NnTC-160 TITK-25 TTOTT-20-1600

MagcuManbHOR  yCHJIME 400 1600 245 196

Bppydanus, kH
Patouve pasmeph Tpa- 16003650 160031600 5503550  16003x520

pepcil (yIapHuKa), MM

Yetanopaenaas MOl 5,55 22 4,25 5,1

HoCTh, KBT

TaGapurupie pazmepst, MM 25003¢22003< 655025003 2450718107 228052000
> 1760 1940 w2142 ¥ 1760

Macca, kr 3196 20 000 2000 2470

NMpuomeqanne, Xon yraphnka npeccon [TKI-10 u TIBI-§-2-0 0-30 MM, npecca MKI-16—
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H3OMANHOHHBEIM TOKPHTHEM, MPHTYNJIEHHEIME JE3BHAMH Ha Meran-
JHYECKOH IJIHTE, a TaKXKe AJ5 BHPYOauuA Jlevaneil U3 pesuHl, Tek-
CTH/ILHEIX H HCKYCCTBEHHHIX MATEpPHANIOB pe3aKaMH C OCTPEIMH J€3-
BUAMM HA HeMeTaJJudecKHx MNAuTax. Jina BupyGanua peraneit
Bepxa 00yBH H KOXraJjauTepefHBIX H3Jeluli HCNOJNB3YIOT TakXe
npecce I1BI'-8-2-0, TIKI1-10, [TKII-16 (ta6a. 3.1).

Jlnf packpos UIOPHO-CEJeNRbHRX KOX H JHCTOBBEX NOJRHMEPHHIX
MaTepHanos Ha JeTalH BJOCHOELHHX Cefle NPHMEHAMT TaKxe
TpapepcHsle mpeccw [OTI-20-1600, umemmue wwupuny pabouero
npoxoia 1600 mM 1 ycunue npopybanuns 180—250 xH.

Mawnny PJI[-300 xoucoJabhoro Tuma ¢ AMCKOBHIMH HOMaMH HC-
NOJIB3YIOT ANA PACKPOS KO HAa PeMHH.

Ha xoxraganrepedHEX OpPeANPHATHAX KCMJIYATHPYIOT B OCHOB-
HoM TpaBepcHble npeccht [TOTI-40, sunyckaemule OpaoBcKHM Ma-
HIVHOCTPOHTEBHLIM 3aBOJOM HMeHH MeasezeBa, u npecckl 2054 u
6020 dupmu «Ulens (PPL). Ipeccs [TOTT-40 u 6020 npesinasna-
qeHbl JJIS PAcKpos MHOrOCJIONHBIX HACcTHAOB HCKYCCTBEHHHIX KOX
H DNIEHOK Ha JleTaadd XeHCKHX CYMOK, paniles, noprdened v ap. Ha

" mpeccax 2054 pacKpauBalOT MarepHanbl Ra LeTand KpynHorabapHT-

HBIX H3JeNHH (YeMOIAIl0B, JOPOKHBIX H XO3AHCTBEHHHX CYMOK).

[Tpece TITC-160 nopHUIeHiOR MOIUIOCTH ¢ BHARHMKHOK NAXTOR
H YCTPOMCTBOM /LAl PYJIOHHOI'O NHTAHHA ApejHasHaueH AA packpos
MaTepHAaIOB KPYMHOraGapHTHHIMH KOMOHHHPOBaHHBIMH pe3aKaMH.

Jns packposi pyJaOHHLIX MaTEPHANOB OJHHOYHEIMH H Majora-
OapHTHLIMH IPYNNOBMMH pe3akaMd Ha LeTanu Nepyarok, GyTaspos
M APYTHX MaJaora0apHTHLIX H3Je Ui MPHMEHSIOT TpaBepcHble mpec-
ce TTTK-25 u TTOTI-20-1600.

HanGonee nepcmekTHBeH pacKpoH MHOTOCJAOHHEIX HACTHJIOB
TPYNNOBLIMH pe3akaMH. BripyGounble npecchl B 3T0M CJyu1ae MOLYT
OLITH C NENCABHXHBIM W NOJNBHHBIM peszakoM (puHc. 3.2).

Buipybaune Jeranefl HeNOABMXHBIM TIPYyONOBHM pesakoMm [
{puc, 3.2, @) ¥3 MHOTOCJONHOrD HacTH.Ia 2 MOMKET OCYLULeCTBASThCA
34 CYeT BO3BPATHO-NIOCTYIATENBHOr0 ABHAEHHA BLHPYOOYROH TMJANTH
3 npn HenpepuBHOH NMOAAUe HACTHAA CO CKOPOCTBIO U, HJM 32 CUET

11BT-18-2-0 6020 2034 TIBT-8-2.0 TNKII-10 MMKT-16
176,5 1000 1300 100 100 160
160035400 16003850 160031300 3503500 350500 550600
3,85 15 18,5 1,37 2 3
14012803
8255¢ 2060 10005 2470 62007325007 270310605 11751080 1580
1900 %1750 * 2500 1470 1463 1500
1850 5100 10 000 1100 1100
8—50 MM.

)
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Puc. 3.2, CxeMsl BOSMOXHOIO ABHIMKEHVHA CPYIIOBOrO PE3aka

OonycKadua KaTka 4 (puc. 3.2,5) H HAKATHIBAHHA €0 N0 DPAa3JoXeH-
HOMY HacTAay 2 OTHOCHTE/BHO Pe3aka ] ¢ HeKoTOPO# CKOPOCTBIC Ux.

[ToaBuxHO# rpynnoBo# pesak MOXKeT COBePlIATH BO3BPATHO-TIO-
CTYyNaTeN bHOE, BPallaTeNbHOE H CIOXHOe ABAXKeHHS. B nepaoM cay-
yae BHpYOaHHE Aeranedl MOXKET OCYIIECTRAATHCA ABHMKEHHEM TPyI-
MOBOTO pe3aka | BHH3Z-BBEPX NPH HemoABHKHOHK BRIpyOouHO# njuTe
3 (cM. puc. 3.2,a) HIH ABMIKEHHEM BNPABO-BJAEBO FPYNNOBOTO pe-
3aka ! ¢ Hactuaom 2 oTHocHTeablo katka 4 (puc. 3.2, 8). Ilpu Bpa-
IATEeAbHOM [ABHMKEHHH Tpynnosoro pesaka I (puc. 3.2,2) ¢ yrioBo#
CKOPOCTRIO m HACTHJ 2 HelPephiBHA I0AAeTCs €O CKOPOCThLIO vy. [Ipn
CAQKHOM JBHIKEHHH TPYNMOBONO pe3aka AeTaJH H3 HemoIRHKHOTO
HacTHAZ (vq==10) BupyGaioTCcst B pesyjbTarte €ro BPALLATEABNOrO
ABHIKEHHH C YIJIOBOH CKOPOCTBIO @ H MOCTYNATEIRLOro ¢ JuHefno#
CKOPOCTBIO Up.

Ilpu BHpyOaHnn JeTasell HA Opeccax MaTepHasa KJaAyT HA onop-
Hylo naury I (puc. 3.3, @), yCTaHaB/JIHBAOT pesak 4, OMYCKAaKwT Ha
Hero yZAPHYI IUTHTY 3 M BAABJHBAIOT QCTPHe pesaka B MaTepHal
2. TIpu onycKaHHH pe3aka, HMeloUIero B cededHH ¢GopMy KJAHHA, IO-

Ji

L — |

e /

a g

Puc. 3.3. CxeMnl BeipyOaHnsa peraieffl Ha npecce () v aedopmMalliK BBCOKO-
SJMACTHYHOTC MaTepHaaa IpH pesauun (6—a)
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Puc. 3.4. Cxema cun,
NefCTBYIOMIHX Ha pesax
npH BuPyOauuuy (@) ©
H3MEHEHHE peayALTHPYIO-

mefl CHJALL NPH IOCpyxe- A
HHH pesaka B MaTepHan
4] o
{6) C )
f

7y
BEPXHOCTh MaTepHaJsa cierka nporubaercs, TnoJL Je3sHeM obpasyer-
ca Bnaausa. [Ipu aroM obaacre pacnpocTpaHeHHs AedopMalHH 3a-
BHCHT OT CTRPYKTYPH H CBOACTB MaTepHaja, peXHMa DesaHHf H
uHcTpyMeHnTa. [lo Mepe morpyxennd pesaka jedbopmanus MaTe-
pHana yeeauuMBaeTcA. Korja cMmATHE H PacTAXKEHHE AOCTHFAIOT
npefejabiod BeJHYMHBI, [OOBEPXHOCTHHIH CJOH H44HHAET Paspy-
IIaThCA H pesak NpoHMKaer B Marepdan (pac. 3.3,6). [Ipuw nads-
HeflilleM NOrpy»KeHHH CJa0H MaTepHaga, NPHIEraIiHe K CpaHAM
pesaKa, 3aTATHBAIOTCS BIIHZ H OTOJIBHIalOTCH B CTOPOHY, UTO BLISH-
BaeT HX CIIPeCCORBIBAHHE, YIJIOTHeHHe (puc. 3.3,8) H Paspnis HHX-
Hero c¢aoa (puc. 3.3,2).

HYCTB pesak C yrJiOM 3a6CTPEHHA ¢ BHEAPSIETCA B MaTepHan
TOJIIHHOH kA Ha raybudy ko (puc. 3.4,a). IIpu srpyGaunun ou mpe-
0J0JIEBAET COTIPOTHBJEHHE Marepuasa R CMATHIO Ne3BHeM pe3aka,
COTPOTHBJIEHHE MaTepHasa N, N, DasABUranHio KJHIOM H CONPO-
THBJEHHe TpeHua F, F|, BO3HHKAIOLLETO BCaIeAICTBHE CKOJILIXEHHA pe-
33aKa IO MaTepHany.

COpoeKTUPOBAB Bee CHALL CONPOTHBJIEHHS HA HANpPABJEHUE NBU-
JKeHHuA pesaka, NnoJgydaeM cHJIy

V=R4+F 4+ Nsina+ Fcosa.
Tak kak F=Nf u F| = N,f, rae [ — xosdduuuedr rpenns,

TG
V=R--NJ--Nsina+4 Nfcosa.

CHpoeKTHPOBAR BCE CHJIRI CONPOTHBAEHHS HA TJIOCKOCTh OMOPHI,
nmoJiydaeM cHay '

H=Ncoso— Nfsina— N,.

PeayanTupytoilas cujia pesalus
S=+VILH.
- V13 ypaBuends BHINO, UTO Pe3y/bTHPYIOIAA cHia AeHCTBYeT B
IIOCKOCTH Pe3aHusl TOAbKO NpH yehosuud  =0.
Harpyska pacnpefensiercss HEPABHOMEPHO MeXIY HARJOHHOW
H BepTHKaJjbHOH rpaHAMH pe3zaka. OCHOBHAS 4acTh HarPy3KH mepe-

laercd na HAKJAOHHYK TpaHb Pe3aka, B Pe3yaLTaTe Yerc pe3yvibTH-

pyIOLIas CHJA CONPOTHBJIEHHA PE3AHHA HE COBNAZAET C MIOCKOCTHIO
pesawus.
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YeTAHOBHTH YAENbHEIA Bec KaXKAoh cOCTABAAONIed H, cieloBa-
TEMbHO, Pe3YJABTHPYIOLUYIO CHAY S OYeHb TPYIHO, HO TAKOA HOXXON
K PaccMOTPEHHI0 CHJI pe3aHHs AaeT BO3SMOXKHOCTh BEIABHTb (ak-
TODH, BJAHSIIOIIHE HA CONPOTHB/JIEHHE PE3AHHIO H TOMHOCTh 00paboTKH
MaTtepuaJa.

Hccnefonanns nokasaniy, yTo MHTEHCHBHBIA pocT cHabl V npouc-
XOAMT NPH NOrpyXeHHH pe3aka Ha [AyOHHY, PABHYI0 NPUMEpHO
HOMOBHHE TOAMIMHEL MaTeprana h—ydactok AB (puc. 3.4,6), u
DOCTHraeT MakcumMyma B Touke C (80 % TOMILHHH), a 34TeM oHA
yMeHhHIaeTCH.

ITpu norpy:Kendd peaakd B MATEPHAN HACTYMAET TAKOH MOMEHT,
KOrZa pacKAHHHBAaOLIee YCHAHe, NPHMOXKEHHOE K HenepepesaHHoMy
€010, DOCTATOUHO BeJHKO, YToOH pasopeaTh ero (touka D). Ecau
JK€ VCJOBHA NPOIECcCa Pe3aHHs TaKOBH, 4TO HHXKHHE ciaofi maTte-
pHana He pa3pHIBAETCA, TO NPOHCXOLHT €ro yianauHenue, Ho Bcerna,
KOTId pe3aHHe MarepHana LOXOAMT go Toukd C, no Mmepe zanvHef-
Lilero NOrpyXeHus pe3aka B MaTepHAJ] HAarpys3ka najnaer.

Yros 3a0CTPEHHS pe3aKa 3HAYMTENbHO BJUSET 1a CONPOTHRJE-
HHe MaTepHana pesaHuio. [Ipy morpyxedus B MaTepHaa noclaeadni
pPasIBHraeTcd pe3akoM, UTO IHAUHTENBHO AedOpPMHUPYET MaTepHad
Gez paspylllenns. C yBeJHUEHHEM YIJia 330CTPEHUA M TOJUIMHHE Ma-
Teprasjd BOIPACTAET JedopMauMs H, CISA0BATENbHO, CONPOTHBACHHE
pasaBuaranuio Martepuana. o marmuim M. M. Kanyeruga, yeesuye-
uHe yraa saoctpewdd ¢ 10 1o 30° nopniraer conporHBiente peaa-
nuo V B 1,8 pasa. TIpu mano#t Tonmune 1k GoNbIIOH BOJOKHHCTOCTH
MaTepHasa yroJ 3a0CTPeHUsl Pe3dxa HesHAYHTeJLHO BJAHAET HA MPO-
uecc pezaHus. Uro6s! YMeHBUINTE CONPOTHBJIEHHE PEIAHHIC TOMCTHX
H KeCTKUX MaTepualloB, Yron 3a0CTpeHHs noaKeH OblTh KaK MOKHO
MeHblle. Ho NpH yMeHbIUEHHMH yIa 3a20CTPEHHMA CHHKAWOTCA CTOH-
KOCTb H AOJCOBEYHOCTh JIE3BHA Pe3aKa, 3aTPYAHAETCa BHTACKHBAHHE
ero H3 KOJIOAH!, BCAEJICTBHE Yero NOBHIIAETCH YTOMAAEMOCTh H CHH-
}aeTcs NPOHIBOLHTENbLHOCTE pabouero.

C ypenuuenueM yriia 3a0CTPeHHA o YCHJIHSA, PA3phIBAIOlLAE MaTe-
pHaJ, NMOABNAIOTCH paHblle, TO3ITOMY Kpal AeTatyw npu paspyde
nonyyaerca MeHee yHCTHIM. Kpome rtore, nocle BRpyGaHHA perany
MaTepHan Tepser yacThb AedopMauuH, KOTOPYIO OH TOAYYHA OT ro-
PH3OHTANLHCH CHJIH, BCJAENCTBHe ero ynpyrocTH. Ilo stoil npuunne
He TOJy4aeTcss BepTHKasNbioTo cpesa peranu (puc. 3.5,a¢). Has
MOJNyYeHUs BEPTHKANBHOrO Cpe3a NeTalH pPexoMewiyerca HpH pas-
pyfe xox A4 Husa o0YBH NPUMEHATH PE3aKK ¢ ABYCTOpoHHef 3a-
roukoli (pue. 3.5, 6). Coornoumenne BIYTPEHHEr0 o, ¥ HapYXHOLO
0tz YIJIOB 3aTOYKH J0JKHO GHITH 1: 3.

Ha cuity pezauust F BAusieT cTeNeHb 3aTYIJIEHHS Je3BHA pe3aka.
Yeranosnena nuHefiHAS 3aBUCHMOCTL CHJIHI PE3AHUA OT CTENEHH 3a-
TYRJNeHHA ne3Bua pesaka (puc. 3.6). Ipu yeenHuenun WMIHPHHEL b
2aTynaeHua ne3sHd pezaka ot 0,1 no 0.5 MM cHna pezaHns yeeau-
unsaercd B 3—3,5 paza, No3TOMY OYeHB BaXKNO COXPAHATH Je3nHA
Pe33aKOR OCTPHIMH H CBOEEPEMElHO HX 3aTAYHBATH.
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Prc. 3.5. Kpait gerann mocie paspy-  Pre. 3.6, 3asuchMocTh Mexiy ycH-
6a (g) ¥ cxema pesaka ¢ NBYCTOPON-  jiHEM pe3aHWs F H CcTemesblo 3aTyn-
Heill saToukoll (6) NEHHA Je3BHA pesaxa b

[Mpu npofBHKEHHH De3aKa BO3IHMKaeT TPeHde ero NoBepxHocTel
o marepuas. Koad¢uurenr TpeHHT 3aBHCHT OT BHAA TPYIMUXCA MO-
BepxuocTefl u CBOACTB MatepHasa, BinsuHe TpeHHA 0cOOEHHO CHJb-
HO NpOABASETCA NPH pa3pyde TONCTHIX H MECTKHX MaTepHAJIOB, 2
TaKxe MHOTOCIOHHEIX HACTHAOB.

[Tpouecc pasapy6a MHOrOCJHOHHOTO HACTHJA HCKYCCTBEHHBIX KOXK
XapaKTepH3yeTCA TpeMsl CTASHAMH B3aHMOReliCTBHA pesaHa c MarTe-
pHa/JoM: CXKaTHeM HACTHAA, pe3aHHeM CJIOCB HACTHJAA, KaCaHHEM
H/IH BHEADEHHEM JIe3BMSl pe3aKa B MAHTY npecca [6].

[lpH cKarwh HacTHIA Je3BHE pe3aka YacTHYHO BHeApseTcs
(Ge3 paspyuieHns cioes) B Marepnal. Ha KpoMKe H rpansx pesaka
BO3HHKAIOT NPEHMYILECTBEHHO CHJIbl, HANPAaBJeHHLIE MO HOPMAaJH
K JIHHWAM KOHTaKT2. B HavannLpbli MOMeNT CXaTHf Ha HACTHJA [ed-
CTBYIOT JB€ PaBHEIE H NPOTHBOHOJOXKIO HANPaBJCHHEE CHJH: CHJIa
HaxaTua yRapHuka upecca P (prc. 3.7,a) u cuJa CONPOTHBJEHMA
MaTepHana CHATHIO Rox. w, T. € cOBMIOL2ETCA CHMMETPUA B3aHMO-
geficTBHA TpaHeil jesBHsi ¢ MaTepHasnoM. [Ipu paspybe ua Jespue
pezaka (puc. 3.7,6) AedictBYOT cuabl Py, Reywr Npe ¥ Nea,

¥ P

a I”.':)K.N ALY
Puc. 3.7. VaMenenne cud pesaHHs TKAHH, YJIOMEHHOH B HECKOALKO CJI0EB
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Pazaoxuy cunml Ny v Ngy, Ha BepTHKaJALHHE COCTABJIAMILIHE
Roc n’:R"d'n W rOpu3OHTadBHbE Rec, Rea, . B cuay cummerpuu

paBenctBa cia Ny H Neq, OyRyT cOGMOAATECA PABEHCTBA Rpe, =
=Rea,, H Roc,==Rea,,.
QueByAino, 9TO B 3TOM Cjayyae

Py = QRch + Rew.ne

[Tposo/aKuTEIBHOCTS PABHOBECHOrO COCTOAAHHS Pe3aKa 3aBUCHT
OT BRHCOTH HacTHAA (YHCJA ¢/I0eB) H (PH3IHKO-MeXaHHUeCKHX CBOHCTB
packpanBaeMoro Marepuanaa. [lpu paspyGe mamocroiiHoro wacruna
M3 MAaTepHaJOB NOBHIUEHHOH MKECTKOCTH DPaBEHCTBO Roe = Red
Haﬁmonae'r(:ﬂ Ha NMPOTAXREHHH BCed cTaluH CXHAaTHHA, a TaKXKe MO-
KeT HMeTb MeCTO NpH paspyle BepXHHX CJO€B.

Ilpu paspy6Ge MHOTOCJIOHHOrO HACTH/A H3 MATEPHAJOB NOHHXKEH-
HOH KeCTKOCTH JedopMalus CXKaTHA 3HAYHTENBHO YBEJHYHBAETCH,
4yTO 06YCJIOBJAHBAeT HECHMMETPHUHOE pacnpeieieHHe YCHIHH B Me-

' CTé KOHTAKTA Marepuana C JesBHeM, T. e. bc+=cd (puc. 3.7,8).

TI'opusonTaabnas cocrapasmolias cui, AefcTBylOllas Ha TPanb
¢d, 6Gonbllie TOPH3OHTANBHOA CoCTaBaAlOLled, AedCTBYIOLLER Ha
rpaie be. B pesynbrate HX C/l0XKeHHS MOJAyYaercA cHAa Ry, KOTO-
pas obpasyer MmoMmedt M = R,/ u gedopmupyer (uaruGaer) .Je3aBHe
peaaxa.

Bropas cramua npouecca paspy6a HAcTHAA HAYHHAETCH C MO-
MeHTa, Karja HanpsiKeHHe cKaTHA BePXHEro CJosl MaTepHaaa KPoM-
KON /Ie3BHS [OCTHraerT npejeia NPOYHOCTH Npu cxaThH. Peaanne
BePXHero c/Iof CONpOBOMKIAercs HHTEHCHBHHIM POCTOM HOPMAJAbHBEIX
CHJI M CHN TPeHnAd, NeACTBYIOLUX Ha rpand JezBHA. 1lo Mepe mo-
IPpy#eHusl Je3BHs pe3aKa B MaTePHAJ HeCHMMETPHYHOCTH HAIPY30K
Ha erp rpaHfAx yBeJHUHBAETCH, YTQ Be/leT K POCTY TOPHIOHTAABIION
cocrapagwmiell R, v AedopMannu HoXel & (puc. 3.7,2). C MoMeHTa
OKOHYAHHA Pa3pylleHns (pa3puBa) CJACA HACTHJA COCTABJAKIEHE
YCHJIHA R. H R; HeCKOJbKO YMEHLIIAIOTCHA, a NpH paspybe ciaenyrw-
HIEro ciofd R H R, YBeJHUHBAIOTCA, NOCTHradA MAKCHMAJBHEIX YCH-
Jauil paspy6a mepBoro €J0s MJAH NPEBHIMIAS HX B 3aBHCHMOCTH OT
(H3HKQO-MexaHHUeCKHX CBOHACTE MaTePHala H YCIOBHA pesaHHd.
Ananornuno mpoTexaer mpouecc paszpyba CAeAYIOIIHX CJI0EB Ha-
criia. Ha ocHoBe exeMbl cuui, JeHCTBYIOUHX HA HOX pesaka, mo-
JYIHM

Pmax == Ry 4 Nf cos .+ Nof cos a + Naf cos B+ Nof + Nsf =
=Ry -+ FI(Ny 4+ Ny)cosa + Nycos  + Ny + Ny (3.1)
Rimax = Rz + Rz + Ns‘— Ry - Ny (32)

N3 ypassenus (3.2} Buaho, uto Rr =0 npu Ry + Res + Ns =
=Ry + Ny.

B srom cayuae noX pesaka ypasHomeliedH H AedopMaliHs ero
oTcyTcTsyeT. TakuMm o6pasoM, MpH NpPOeKTHPOBAHHH pPe3akop Heol-
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Puc. 3.8. Hamenenue ropuzouransuodt  Puc. 3.9. Pesaku nas sulpyDauus jpe-
(/) wu peprHkajiibHoil {2) coctasasw-  Taneil HU3a oByBH

LIMX CaJ Pe3aHHst mUOroc10MHOre Ha-

CTUMAA TKaHH

XOOHMO YUHTHIBATE pasMellieHHe HX Ha HACTHIC H PACCTOAHHE MEeXK-
Ay CMeXHBIMH HOXAMH. Maase cbacxﬂ JI€3BHA A0JKHbl B3aUMO-
IeficTBOBATD NpPK pa3pyde ¢ YYacTKOM HACTHAA, UMELHM 00/bllee
CONMPOTHBJICHHE CABHTY B FOPH3OHTAJALHON MJAOCKOCTH.

Bropas crajus Ipouecca paspy0a HacTHIA 3aKAHYHBARTCHA B MO-
MEHT pa3pyUIeHHA MNOCJAEMHEro CJI0A H KAcaHHA KPOMKOH J/e3BHA
pe3aka NMOBEPXHOCTH TJIHTHI.

Tpersst cTafgua npouecca paspyfa xapakTepH3yercs BHeApeHHeM
Jie3BHs pe3aKa B MJHTY, KOTOPOE 3aBHCHT OT KaYecTBa HACTPOHKH
HpECCE, TOYHOCTH €ro paGOTbl, P43HOBBICOTHOCTH H Ka9eCTBA H3TrO-
TOBJIEHUSA pEBaKOB'. SKCHepHMeHTaJlebIe HCCNTeA0BaHHA ITOKa3aJHu,
4TQO HHTEHCHBHOE BHEApDEHHE PEC3aKOB B l'IJlHTy BeJleT K MHOrOKpAarT-
{[OMY YBEJHUEHNIO HAIPY3KH Ha HX aneMmenTn (puc. 3.8). Hedopma-
IHH H MOAOMKY Pe3akoB B OOJBUIAHCTBE C/ydYaeB BRIZBAHBI 3THMH
Harpy3KaMH.

CKODOCTH Pe3aHHSl TAKXKe BJMAET HA CONPOTHBJEHHE pPe3aHHIo,
Yem pHilIe CKOPOCTL pe3aHHsA, TeM Goabllle CONPOTHBJICHHE YNpPyro-
BS3KOr0 MaTepuana paspyweHHio. OlHAKo OpH CKOPOCTH BHIpYOa-
nug 0,1—0,4 M/c ycunus pe3aHusl H3MeHAOTCH odeHb MaJto. Cie-
LOBATEJbHO, BIOJIIIE BO3MOXKIBE CKOPOCTHHE DEXKHME BHPyGaHus
HA Npeccax CYUIeCTBYIONLHX KOHCTPYKUHA 6e3 yBeNHUeHHS pa3MepoB
jgetaself, coafaomux Harpysxy.

[ Jerann o6yBH BLIpy6alOT Ha mpeccax pesakamu Ra BolpyGOUHEIX
nMauTax HJH KO0J0JaX. PeszakaMd Ha3bIBAKOT q)aCOHHI;lC CTaJbHEBIC
HOMK# ompedeseHHoro npoguas, ¢opMa H PasMepH KOTOPHX COOT-
BETCTBYIOT KOHQHTYpaund BHPyOaeMmuX neraseil. BepxHiolo wacTb
pe3aka Ha3hBawT OOYXOM, HUXKHIOI — PeXYLIHM ne3pHeM. Pesakn
NPH H3TOTORJIEHWH 3aTayHBAIOT ¢ HapyXHol cToponnl. Ha BHyTpen-
Hell CTOpOHE pe3akoB LenaioT HeGoablune dackn 17151 NOJYUEHHS He-
Tanell ¢ BEPTHKANBHBIM cpe3oM. Pezax B ceueHHH HMeeT (opMy
ONIIOCTOPOHHEr0 KAHHE.

Pezaku nns pupyOanna Aerasiell 03 KOXKH H3TOTOBJAIOT K3 Ipo-
¢dunupoBaHHOf nonocosoft cranu Mapku Y7 win Y8, Jlespua pesa-
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Tab6nuua 3.2 XapakTepHCTHKA NPHMEHAEMEX PE3AKOR

Peaak ans BulpySanua Pazpy8aembiti Bucota, Tonwska, | ¥roJa 3a0CTPeHHS,
Aerajef matepuat MM MM rpaa
Bepxa ob6yst n Koma 22, 32 6 30—-32
KOXTATaHTePeHHEIX H 48
UBLEJHH
Bepxa oG6ysn Muorocaoiinne 32 n 48 5—6 20—23
HACTHAY TKAHEH
Husza obyen Koxu pans  Hmsa
oGYBH, pesuHa, Kap-
TOH g 48 7 98 _ 1° 30" — 3°
Koxrasanrepehuux [lopuo-cepensnasn (pasman) *
u31eaud KOXa W HCKyCeT-

BEHHBIE MATEDHANL

* Paianan goawed HAYHHATHCA Ha BHcoTe 8—10 MM 0T pexsyiuiek XpoMKW ne3snd.

KOB Ha BHICOTY § MM NOJBEPraioT TepMHUCCKOH oﬁpaéome Lo TBEp-
noctH HR 52—56 Pesaky pna BeipyGaHus getadqel HH3a o6yBH TIO-
Ka3aHol HA pHC. 3{1 XapakTepHCTHKA pe3akoB gaHa B Taba. 3.2.

B zaBucuMocTH 0T MaTepHasaa BHPyOOUHOH NOAYMIKH (OocHOBA-
HHA) NPHMEHAOT Pe3aKH TPEX THIOB:

 OAHOJEe3BHHHHE ¢ OCTPOR peXyllled KPOMKOW — Ha NOAYLIKAX M3
ApeBecHHbl, KAPTOHA HJIH NIACTHKOB {puc. 3.10,a);

O/IHO/IE3BHIHEIE C NPUTYMJIEHHOH pexylled KPOMKOH, HMelowuled
dbacky wHpnruo# 0,2—0,3 MM, — 11a MeTajHYecKo#d noayllke c pe-
SNHOTEKCTHJLHEIM  aMODTH3aTOPpOM Wa VIapHuKe nipecca (pHC.
3.10,6);

IBYXJe3pHilible ¢ ABYMSI MPHTYIJIEHHBIMH DeMYIUHMH KPOMKAMH'
mHpHuo# 0,2—0,3 MM and BLIpyGaHus napHuX (MpaBoll H JeBoH)
Aeranen (puc. 3.10,8) —Ha MeTannnuecKoH MOAYUIKE ¢ PC3UHOTEK-
CTHJABHBIM aMOPTH3ATOPOM Ha YAAPHHKE Tpecca, 3alUUIICHHBHIM

* ¢TanbHOM Haknaakol ToumuHol 3—5 MM,
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Puc. 3.10. Tpoduray pexymux xPOMOK Pe33KOB

92



Jlerann Bepxa o00yEn BHIpYGalOT H TOHKOCTEHUHIMH Pe3aKaMH
PAa3JHYAON BLICOTH M TOJLIHHBI, H3FOTOBASAEMLIMH METOLOM XQJ0A-
Hol TubKM M3 TOUKOH mojocosoit crasu (pue. 3.10,2)}, npeasapu-
TeJAbHO TepMHYeckH o6paboTandod u 3arouenuoil. Pezakn obpaba-
THIBAIOT HA CIEUHAARHBIX CTAHKAX ¢ HaBGOPOM NYyaHCOHOB Pa3JHUHBIX
thopm. :

IOna euipyGaHus peraded Bepxa oOyRH C LeJabi0 mosellllends
NPOH3IBOLHTEABIIOCTH TPYAA H 3IKCHOMUH MaTepHAlla NPHMEHSAIOT
COBMeLIeHLREe Pezaky (ABO¥iHble, TPOHHHE), a TakXe PA3OMKHYTHIEC
(pTRpHITEE ¢ OMI0H cTOpoHK ). PasoMkHYTLIC pe3akn ofecmeuliBaloT
packpoif matepuana 6e3 MexwWabIOHHBIX OTXOMOB HA yYacTKe OT-
CYTCTBHA JI€3BHA BCAEACTBHE NPAMOAWHENHOCTH KOUTYPOB jeTaiell
UM COBNAIELHS CHOKHBX KOHTYPOB.

YMeHnllleHHe OTXO0B H ([OBBILEHHE TIPOH3BOAHTRILHOCTH TPYAA
maer NpAMeHEHHe KPYHHOra0apHTHEX H KOMOHHHPOBANHHIX PE3AKOB.
Taxue pezaky ocobeHHO WHPOKO NPHMEHSWT B KoXKrajtaHrepefnoh
IPOMBILITEHHOCTH LA PACKPOsA UCKYCCTBEHHBIX M TEKCTHJABHBIX Ma-
TEPHAJIOB. |

Bandtite uHCcaa cnoes HacTHAA ha ycwaue BhpyGanusi onpene-
nfeTcAa GUIHKO-MeXAHHYECKUMH CBOHCTBAMM MaTepHaJa H B3aHM-
HEIM pACHOOJIOXKeHHeM Je3BHi pe3axa. [Ipu ydenblllendn paccroaaus
MEeXAY CMEeXHBIMH NesBHAMH pe3aka yCH/IHe BhipyGauds Jerasel
U3 MATEPHAJOB NORBILIEHHOR IKECTKOCTH, KAaK MPaBUAO, YBEAH4YH-
Baercs. MaMeHeHne yncna caoeB ot 8 mo 12 (4To xapakTepHo AAf
MPOU3BOACTBEHHBLIX YCJOBHH) CYIIECTBEHLUO HE BJKAET Ha YCH/IHE
spipyGauus [7].

B 33BHCHMOCTH OT MECTKOCTH H TOJIIMHHBEL NMOJOTEH B HACTHIE
yeustne suipySanuns nsmensercs ot 30 xo 75 H/mu.,

MeToaHKa pacyeTa NapaMeTPOB MpPOLECcca BHPYOAHHS IPeRycMa-
TPHBAET ONpefe/]eHHe MAKCHMAaJBLHOTO NepHMeTpa KOMGHHHDPOBAH-
HOTO pe3aKa B COOTBETCTBHH C yCHJAueM BuPyOallus npecca, MaKcH-

‘MaJBHOMO YHCHA CJ0eB B HACTHIE, NPpOU3BOAHTEIBHOCTH TTpecca HJIH

3aTpaT BpeMCili Ha BHpyBaHHe OJHOrO KOMIJICKTAa RETateH, 3arpys-
KU npecca H Ko3(hhMUEHeHTOR 3arpy3KH nmpecca.

flapamerptl  paccuuTHBalOT B TaKOH  DOCAENOBATENb-
LIOCTH:

1) MakcuMmasLubléi nepuMerp xoMGHHNPOBAHHOTO Pe3axa

Sp = N/(PK]KQK;;),

-rre N — makcumadabtoe ycuade mnpeccd; P — yeunue RulpyGavus  {(onpeiensioT

IKCAEPHMEHTAIBHO 11 OepyT H3 COPABOYHUKDB: MR UCKYCCTREHHBIX KR P =
= 3070 kH/m); K, —rosQdbHIHEHT, VYHTHIRADIING 3aTYOJSIHE PC3AKOB ¥
Blicapesae ux B onephvoe naury (K, = 1,1 ... 1.3}); K»— koapdnuwent, yun-
THBAUIHA  JONOJAHATENBII0E CONPOTHRAEHHE BLIPYSANHIO B MECTaX CONpsxeHud
noxel pezaka (Kp = 1,05 ... L1); K;-—xosdpbuument, yauTesalomuil gomo.-
HUTENLEOE COTNPOTHBJCHHe BLIPYOAHHIO HA YYACTKAX CMEKHHX HoXell KoMOHBH-
roranHoro pesaka; {(Ks = 1,1 ... 1,35 B 2aBHCHMOCTH OT QTEOUICHHS NepuMeTpa
CMEKHLIX fiomel kK ofimeMy nepumerpy peszaka. Ilpn mmpyGannp geraneli oaw-
UOMITHIMHE  HAH TPYRMNOBEMIL NCALHOCBAPHWMIL PedakaMd  xoapdmmment K e
YURTHBAIOT);
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_ 2) MakCHMaJ/IbHOE YHCNIO C/I0EB B HACTHJAE DACKPAHBAEMOTO Ma-
TepHAJa
A=A
Z - F) KCI

rae h— noaesuad - (paGoyas) BEICOTA pesaka; A — TayGuHa BHEAPEHUR pPe3aka
B IHTY (A = 0,515 MM B 34BHCHMOCTH OT KayecTBa IWIHTH, 33TOUKH pe3a-
KOB # TOYHOCTH pafioTm mpecca); O -— TOAUMEA OAHOrO €0A packpanBaeMoro
matvepuana; K. — kospduiueRT cxumaemocTH HactHaa (Ke==11 ... 1,3 5 aa-
BHCHMOCTH OT ECTKOCTH MaTepuana);

3) NpOoH3BOLHTENLHOCTH Tpecca, YHCJO BHPYGAEHHBIX KOMIJeK-
TOB ,D.eTaJIE‘.Il;l B CMEHY, 3aBHCHT OT KOMIIJICKTHOCTH ILETHJIEI':I, TEXHO-
JIOTHH PECKPOA M OPraHH3aLMH TPYAa:

a) npe BHpyOaHHH [etatell OAHOrC THNOpPA3MEpa OAHHOYHKIM

pesakoM
= TcuZ/(tu. ettt tann)!

rie T.w — RPOZOAKUTEALHOCTD CMEHY; fu. s fw. m fsny — COOTBETCTREHHO RPeMst
IHKJQ, BpeMsA Ha WAroBYH NOAady MaTepHala H BPeMsi Ha DBHEUHKJIOBHC 3a-
TPETH, UPHXOARNINCCA HA OIAMH LMK BHpYOGaHus;

6) npu BHpyDanuH Reratedl OfHOrO THRHOPA3Mepa CPYRIOBHIM
(MHOTORETANBHEM) pe3akoM
II= Tcmznp/(tu. B + fnan)r

rie fp —ydcaQ Aetanedl  (OJMHOYHBIX DPE3aKOB) B IPYNNOBOM peaake; Iy 5 —
BpeMs HHKJAA BHPYGaHHA ¢ YyYeToMm warosofl Mogayy MaTepuana;

tu.n=ty.p+tc.p+tc.x’

ree fy.p o p fe x — OUPERENfieMBIE METONOM XPOHOMETDAKA 3ATPATH BPEMEHH
COOTBETCTBEHHD Ha YCTAHOBKY H CHhCM Pe3AKOB ¢ Npecta H KOMIMIEKTOBAHHE

KDoA,
tu n=1b/(vB),

rae I, b, v, B-—coOTBETCTBEHAC lUAr MOA4YM, WHPHHA pe3akd, CKOPOCTE NOAATH
¥ LHPHHEA MATepHANA;

tu.sz.tn +ty.p +ta + tc.p + fows

rie fq = {fu —3aTpaTil BpeMeHH 1ia IaroByi0 TNOLady MaTepuana, fa — BpeMsa
BEIpYGaHus {MallHHHOE BpPeMA)}, KOoTOpoe OepeTcd H3 macmopTa mpecca;

B) TMpH BHPYGaHMH 32 OAHH LHKJ MOJHOTO KOMIUIEKTa HeraJef
KOMOUHUPOBAHHKM HJH CPYNNOBHM pe3axKaM, NepeKpPHRAICHIHM
BCK UIHPHHY MaTepHana,

nm= TCMZ/(tLl- st tBHlJ.);

r) Opu BHpPYGaHUH 33 HECKOABKO UHKIOE NOJHOMO KOMIJIEKTA
Jerdjeft HEKOMILIEKTHRIMH PesaKaMH

1= TCM‘Z/(tLl- ufly + tmiu)i

rae fu.u — BPEMA ILHKJA Bb]PyﬁaHHH HEKOMTIJIEKTHEIMY pe3aKaMi C Yuetaom Bpe-
MEHH [LOZaYH MaTepHaJaa; /My — YHCHO UHKIOE, HeaOXoAHMOe OAf BblpyﬁaHl‘lﬂ
ROJHGIO KOMIASKTA AE€TaNell HEKOMIJEKTHRIME pesaKaMH.
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Eesin M3BeCcTHH yepeAlleHHAas Njomlafb KOMOHHKHPOBAHHOTQ pe-
3aKa Sp.. H mMIOMAAb KOMHOJAEKTa JAeTaded Sk, p, MOXKHO HCNOJB30-
Bate cledywuyo GopMyay: :

[T =T Z 8. oty s+ foun) Sk. x-

Ecnu packnafxa COCTOMT H3 HeCKOJbKHX KOMIWVIEKTOB Jerajief,

H=T,Zn, .n/(tu;- why.p + tsﬂu)’

A8 7y a— YHCAO KOMIUIGKTOB JeTaned B PACKAAAKe; fly. p — YHCAQ LHKJOB,
HeoOxoAHMOE AJA packpod OAHON pacKnafjku Leranei,

4) sarpyska npecca 0o BPeMeHH AJSl BLIMOAHEHHR 3aNJaHHPO-
BAHHOH NporpaMMbl BRIpyGaHHA Aeradeit

T=01.T./1,
rae f1x — nAanupyeroe YHCAO KOMTNEKTOB AeTanel;
5) KoxbhGHUKEHTH 3arpys3KH Npecca COOTBETCTBEHHO NO YCHJHIO

TO

' Ky, paGoueii njoumaix TpaBepcu K, ¥ Temny padotH K,

Ky=Nn/Nn; anFp/F'r; Krztuﬁn.m

rie N, —cpegnee Ycu/aHe pupy6aina geranell sa ofut wuka;, Np— makcamanb-
HOoe ycuaHe npeccd; Fp — ycpellelHasn niolaxb MaTepHana, NepekpuBaemas pe-
3akaMH TpH BHpYOAHMH petanefl 3a ogumH umka; F, — pafoqag naoilane Tpa-
BEpCLl Tpecca; fy — MALUHHHOE BPeMA; f, ; — BPEMA UWKNA BEHpyOanud aeranei.

Tlpu MakcHMa/bHO#A 3arpyske npecca KosdpdHuHeHTH Ky H K,
paBHBl HJAH npubAHAKAOTCH K efuHHLE. B HA€AaNbHOM cayuae Kax-

- BEI U3 Tpex kosdduauueHToB papeH einnuue, [IpakTHYeCKH MOXKHO

JOCTHUb MaKCHMaJbHON 3arPy3KH Mpecca 0 OAHOMY, a MHOTAa H
no apyMm nokasatenam. Kospdnunent K, Bcerga menblle eIHHHLD,
T2K KaK MPAKTHYECKH HEBO3MONIO COBMECTHTE BO BPEMeHH BBINOJ-
HeHHe OCcHOBHOR (BBIpyOaixe) H BCIOMOTATENIbHBLIX ONepalHii.

_ DPesaxku, umetomue nepuMerp nespus Gonee 800 MM, Aad yMmeHb-
IieHHs AedopManii B NpeaynpexJeHHa H3MeHeHHd KOHQHIypalKH
Je3BHs CHAGKAIOT CTHMKAMH HJIH PacTiOPKAMH H3 CTAJH, COCAMIeH-
HEIMH C OCHOBHO 4ACThIO pPe3aKka 3/eKTPOoCBapPKOH.

Hacro pesakH HMEIOT ClelHAAbHble YCTPOHCTBA HJH NPHCIOCOG-
nennn. Tak, anga ojHospemeHHoro BHpyGaHus M nepdopHpOBAHHA
Aerajefl B pesakax KpensT npoceukH. [Ias oGneryeHds U noswle-
HHA TouHOcTH cOopky JeTanell Bepxa of6yBYM H KOXKralaHTepeHHBIX
H3feanil pe3akM MMEIOT lIAKOJNKH, KOTOpHE NMPH BRPYOaHHH OCTaB-
JIAIOT KOHTPOJLHBIE METKH, JHHHH CTPOYEK H KEKOPATHBIIOrD THCHE-
ais (prc. 3.11). C atofl xe ue/bto Ha pe3akax AenawoT roppe {(Je3-
BHe pe3aKa HIOTHYTO B ONPeJeleHHOM MecTe}, KOTOopble o6pazylor
Ha Kpaax Jeranefi BNajiuHL ocTpokolieddoli (opME, ABAAKIHECS
OPHEHTHPOM ANA HaNOKelHA Aeranelr npx cbopke, Fodpel cayxar
TakXe AJA yCJI0BHOTO oGo3nawends pasmepoB AeTajef.

Pesaku sHcoToil 98 MM JOJXHH HMETb 3alHTHBlE KO3HIPHKH,
RpefynOpeXIaoUIHe BO3MOXKHOCTE NIONAAZHHA TAJNLIEB PYK MEXKIy
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82-3%
Puc. 3.11. Cxema pesaka ¢ Ha-  Puc. 3.12. Pesaku ¢ ynpyrEMy pe3nHOBEIMH
KONKaMH BTYJKAMH

YAAPHAKOM npecca H o0yxoM pe3aka. KO3RPBKH H3[OTOBAAOT H3
NMOPHCTOH pe3sHHB! ToamAHOH 16—2( MM HJM JIACTOBOH CTalH TOJ-
muroit 1,2—1,5 MM 1 pacnonarawt takuM obpaszoM, yro0sl HHXHAA
NOBEPXHOCTh KOSHPBKA HaXojujach Ha BecOoTe 90 MM oT pexyilef
KPOMKH JIe3BHS.

Pesakn nas soipyGanuna aerasieil Hu3a o6yBH HA METAJMHYECKOH
IJIHTE HMEIT eKTPOH3OAAUMHOHHOE TOKPHTHE H KOHTaKTHblE NpY-
KHHH, [TokphITHe H3 MOJHITH/IEHA TOJIINHOA He Melee 5D MM HaHO-
CAT Ha BCIO OOKOBYIO HapyXHYIO HOBePXHOCTh Pe3aka A0 KO3BIPbKa.
HuxHas gacts pesaka (A0 BHICOTH 15 MM) He HOJKHA HMeTb
HNOKDHITHS,

Has BupyGanua AeTaRell HH3a OGYBH XOPOMO 3apPCKOMEHIO-
Basiu ceba pesakH, H3TOTOBJSIEMEBIC H3 IIOJOCOBOH OTOMOKEeHHOH
cTaly Mapku ¥7 MeroAom xosoaHol rubru. O6aerucuue npoduas
NpOKaTa Pe3avHofl noJocH H HOCTABKA €C B OTOMIKEHHOM COCTOf-
HHH [O3BOJHJIH MeXaHH3UPOBAaTh pYYHBIE ONEpPALNH H3TOTOBJASHHHA
Pe34KOB, NMOBEICHTE IPOH3BOJAHTEALHOCTE TPYAa, cOecneudTr OBICT-
pyio cMeHY accOPTHMeHTa BHNyckaeMofi oGYBH H YAYUIIHTh YCJIO-
BHA paboTH BHPYOILHKOB, TAK KAK MACCA pe3aKOB CHHIKCHa Ha
35—40%. ‘

Jasi nmpepoTBpailleHHs] TOBpeXAeHHS - AHUEBOH MOBEPXHOCTH
KOXH ¥ BHTAJKHBAHAA AeTajelf pesak PAOTIa HMEeT YNpPYyTHE pe-
3HHOBBIE BTYJKH, BLICTYNAlIHE HAj OMOPHOH NOBEPXHOCTLID €ro
pexyuteli kpomkn {puc. 3.12).

Pezaku JoMaXHBEl HMETH:

Xopomywr 3aTouky 6e3 3a3y6pHH, 3aYCEHUEB, TPELLHH, BMATHH
H 1epOPMHPOBAHHEIX YIACTKOB,

3430p MeXJAYy pemyIlAM JIe3BHeM pe3aka H MAHTOH He Gonee
0.1 MM IIpH npoBepKe HA KOHTPOJLHOH TJIHTE;

oTKJ0oHeHHe 0,15 MM napaJe/ibHOCTH INIOCKOCTeH 00yXa H Je3-
BHSl PC3aKOB, NPHMeHsIeMBIX [/ BHPYOAHHA Ha MeTaJdJaHyecKol
naure, 1 0,3 MM — pe3axoB, HCNOJNbB3YEMBEIX AJs BEIpyOaHUS Ha He-
MeTaNJMHYeCKUX MAHTAX ITH KOJOAaX;
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pasHoOCTh MO BRICOTE B KOMMIACKTe He Oosee 0,5 MM npu srpy-
GAHHH HA HEMETAJMJIHYECKHX AJNHTAX;

DABHOMEPHOE NPUTYILJIeHHe JIE3RUHA [0 BCeMY IIePHMETpY, pam-
Hoe (0,2—0,3 MM npu pazpyfe KOoX Ha MeTaJJIMYecKHX OAHTAX Oea
H30JHPYHOIIEH NJIeHKH;

gaefiMente uudpaMuy n 6ykRamd, KoTopele 006030A4AI0T pasMep,
dacon ofiyBH, Ha HapyxuoH GOKOBOH NOREDXIQCTH HA PACCTOSHHE
2—3 MM oT 0fiyXa pesaxa.

Ilepen Haunanom paGoOThl HYXHO IPOBEPATh HAPAMETPH KaM-
Oore pesaka no beicoTe. Pesaxn ciacayeT npefoXpanaTh oT no-
BpeXKIAEHHHA, 1e IOTycKaTh 1IX XPaHeHHA Ha MeTaTHUeCKHX Mo-
BEDPXHOCTAX M CKAajnpoBanns ojun ua gppyrod. Heobxogumo cu-
CTEMATHYSCKH H TINATEJBHO KOHTPOJHPOBATE COCTOAHHE PeMyllel
KPOMKHI PC33aKOB, TAK KaK NPH YBeJdHUYEHHH ce WHpHHE oT 0,1 jo
0,5 MM YycuaHe pe3aHua BospacTaeT GoJce ueM B TPH pasa.

Pesakn xpaHAT B crneuna’lpnoll Kaagobol, ofieceuuBas KOH-
TPOJAbL 3a MX cocTosiuvem. [IpaBUsbllasg 3KCAAYATANME TIpecca U
BRIPYGQUHOR TLIUTH, HX HCIPaBHOE COCTOsHUE VIJMHAKT CPOK
cayxOs pe3aKoB.

Hetanu HH3a u Bepxa ofyBH BHIpYSAalOT Ha BHIPYOOUHBIX NJH-
TaX UJIH KOJAGLAX U3 MeTajaa, IMIACTMACCH!, ADEBECHHB H KAPTOHA.

Buipyfounble TOPIOBHE KOJOJB H3TOTOBJAAKT H3 TBCPABX IIO-
pon fAepeBbeB — Oyka, Ay6a uan rpabfa. Kojopy co0upaior u
© CKAAAHBAIOT H3 ODYCKOB OAHMHAKOBOH THEPAOCTH H MJIOTHOCTH
(pue. 3.13).

Topuoshie kos0ib H3 Apesecunbl (puc. 3.13,a) aia npegoxpa-
'HGHHS OT PACKaJLIBAHHA CTACHBAIOT [0 MOePUMETPY MeTaJJIHYe-
CKHMH PaMaMH, CTEPMHAMH HJAH 08pyuamu., 3BeHbs paMbl, pac-
NONOXKEHHBE N0 JWUIHHHON cTopoHe Kookl (Gojee 550 mMm), cTsaru-

1
Tz 4 2

Puc. 3.13. Bupyiounsle KOMOAN H3 PAIMUYHHX MATEPHANTOB
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BatoT DlonmepeunbiMii cTepikHAMH ¢ pe3hOOH Npoxoaaliniu iepeld
OTBePCTHA B OPYCKAaX W NPOAOJBHEX 3BEHbAX.

OcHoBHOE yC/IOBHE NpaBHIbHOH padoTol Ha JAepeBAHHOH KO-
Jojge — napajaeabHocts pafouell NJIOCKOCTH YiapHHKa W pabo-
uell MOBEPXHOCTH KOJOJHI, HO3TOMY paGouaf MOBEPXHOCTh KOJMOAB!
JoJKHA OHTH npodpeseposana uau nmpocrporana. Henmapadaens-
HOCTL 3THX MOBEPXHOCTEH lie AoJKHA npeBbwaTh 1 MM Ha 500 MM
Anutbl. Béabwasg HenapaanenbHOCTh MOXKET JIPHBECTH K TOJIOMKe
pecca H Pe3akKos.

Jlna ymeHbweHns H3HOCA KOJOAB €¢ paboyyiy MOBCPXHOCTD
ACPHOAHYECKM CMa3biBAXOT MHHEPaJLHBIM = MacJoM, 1To obecne-
YHMBAET 3MACTHYHOCTH BOJOKOH.

PeMOHT K pecTanpailg KOJOL M3 LpPeBecHHBl cBoasaTca K (pe-
3ePOBAHHIO MJIH CTPOTAHHIO TOPUOBHX NAPANJNENBHBIY HJOCKOCTeR
KOJIO/l H NOATATHBAHHIO FaeK Ha CTEPKHAX.

BripyGouHsie TOpPIOBHE KOJOAH H3 KapToHa (pHc. 3.13,0) co-
6UpalT, CKNeHBas NPelBAPHTENLHO CIHPECCOBAHHHE MIACTHHE
CREKapTOHA.

IltacTine cofuparoT Ha MeTaJIHYECKHX CTEPHKHAX ¢ pe3pbod,
cTArHBas uX rafikamy. UroOnl n3dexaTs KopoOaenHs OPH CKAEHBA-
HHH W 3¥CIAYATALHM KOJOA, NMOA rafiky NOAKAAAHBARIOT CTaJbHblE
IAACTHHBL U JepeBsiuble Gpyckn. Komogw H3 kaproHa H3roTOB-
JRAKOT TAKHX XKe PASMEPOB, Kak H KOAOAH H3 JpeBecHHEL.

Bripy6ouHEHE MOAYIIKH W3 NJACTHKOB MOMHO H3TOTOBJSATD
JAHTEEM TEPMOMAZCTHYECKOR KOMMO3uUHM 3THANeamoao3n TJK-2
B (OPMH MWJAH NpeccOBaHHEM H3 cMeceil Ha OCHOBE BHHHJAOBBIX
cMOoJT.

KpynoeorabapuTtHeie NOAYIIKM B OCHOBHOM  AAS  NPeccoB
TIBI'-18-2-0 n ApyrHx H3rOTOBAAIOT JAHTheM KoMmoskuun TJIK-I
(puc. 3.13,8). [Noaywiks HeGOMBIWIMX PasMEPOB H3 NJAACTHKOB AJIA
npeccos [IBI-8, TIB-10, [1B-17, BI1B, 06004/P1, 06005/P3 1 ap.
MOKHO H3TOTOBJATE NpeccOBaHHeM H3 CMecell HA OCHOBE BHHRAJO-
BHX cMon  (puc. 3.13,2). TaGaputunie pasMmeps noayiiex
500 > 350 < 30 mM.

OHHAKO HENOCTATOYHO XOpOlllee KAaYecTBO (JHT NPHMBOAHT K MX
OBICTPOMY H3HOCY, YTO OTFPaHHYHBAET WX NPHMeHEHHe H YMeHb-
maeT aQHheRTHBHOCTD ncnonbsolaaﬂuz Ha npakTtuke ypofnee us-
MepATH He HRHOC IJIHT, & H3HOCOCTOHKOCTE.

HM340COCTOMKOCTE XapaKTEPHAyeTcsi BPeMeHeM CAYXObl IIHTH
A0 KPHTHYECKOTO H3HOCA, DPH KOTOPOM HajnHefduwIni paspyG npo-
H3BOAHTE HeneJecoo6pasHo.

Tlo TV 1205—74 «IlauTH NOAUBHHHAXIOPHAHBIE pACKPOHHHIE»
MOKa3aTeeM KadecTBa NAHT CUHTAIOT TBCPAOCTh, H3MEPEHHYIO HA
npuGope THP pas onpezejeHusi TBEPAOCTH Pe3HH HrOAbYATHIM
uHgHKaTopoM. MccnenoBanua 1noKasaid, 4YTO TBePAOCTH — BEJH-
uyHHa, U3MeHsLagca B weGoaslioM adanasone (ot 90 mo 100 yca.
eA.) M NpakTH9ecKH GaH3Kas K moctosinHoi Beauunde. Ho sro He
XapakKTepu3yeT KayecTBO (M3HOCOCTOHKOCThL} BHINMYCKAEMBIX TMJAHT.
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HenpuMeHuMocTs MeTOAAa NOATBEPKAACTCH W JIPH HCCABAOBAHHAX
APYTHX MOJHMEPOB.

[IpepnaraeMuil kputcpuii KauecTBa OCHOBAH Ha ONpeJeJCHHH
teepaoctd HB (no Dpuneadio) oauT BaaBAMBAHHEM WADHKA [OX
3ajanHod Harpyzkolt [8,9]. C uoMoleip KPHTEpPHS OLEHHBAAOCH
KauecTBO IJHT Pa3fNuuHLIX cepuil U 3aBogos. B pesyaprare ycra-
HOBJEHA B3aMMOCBH3hL €r0 CO CPOKOM cAyxOu IJAHT. JTO NO3BO-
JAAeT OUEHHBAThL KAYECTBO IJIHT [IPH  HW3TOTOBJEHHH M TPOrHO-
3HPOBAThP HMX HIHOCOCTOHKOCTB, B YeM COCTOMT HPHHUHMIHAJABHOE
OTAHYME npeAaaraeMoro KPUTepHs OT MPUMeHAEMOro. ¥Be/uueHHe
TBepRocTH HB naur Baeder za coboil yBenHYeHHE H3HOCOCTOUKOCTH
(1Iox TBEpAOCTHID MOHMMAETCHA UAaCTHOE OT AeJeHHd MOCTOSHHOH Ha-
IPY3KH HAa MJAOUIAAR OTHEYATKA WHASHTOpA-IIAPHKA ueped § MUH
nocJae npuAcKeHHs HArpy3ku). IlpHuAThifl 8-MunyTHHH nepHol Ha-
rpyxedHuss o(bSICHACTCA TeM, YTO KPMBLIE TBEPAOCTH NPHOOpPETAIOT
K 2TOMY BpeMeHH YCTAHOBHBLIHNCA XapakTep.

Ha ocHoBe uccrefosatus BeIpyGouynbix I1BX-mauT npeanoxen
METOJ, U3MEPEHHS MX H3IHOCOCTONHKOCTH.

HM3H0coCTORKOCTE MOMKHO OX2PAKTEPH3OBATh COBMECTHHIM Refi-
cTBHEM ABYX (HaKTOPOB: YHCAOM YIAPOB PE3aKOB MO IJIMTE H CYM-
Mol nmepuMerpoe pesakos. CPox CAyXGB MJAXTH, T. €. H3HOCOCTOH-
KOCTh, MOXHO M3IMepaATh B pafodux cmenax nexos, Oauako sToT
KPDHTEPHH HEACCTATOUHO OTpaXKaeT NeHCTBHTENBHYIO H3HOCOCTOH-
KOCTb, TAK KAK KOJHYECTBO BHIPYOMEHHWX getanefi B cMeHy kose-
JIETCS OT HEeCKOJBLKHX cOTeH g0 mwecTd Thicay. CaenosarensHo, Go-
Aee M3HOCOCTOHKHE MMWTH MOIYT OKA3aTbCsd B pas3psje HeKade-
CTBEHHBIX, H pnaobopor. ExlHHIeH H3MepeHHA H3HDCOCTOHKOCTH
MOJKET CAVIKHTb YCJAOBHAS CMeHa, T. €. BPeMsd, B TeUeHHE KOTOPOTo
npousBoauTcs 3000 yaapoB MmO [JIHTE DPE33aKOM CcpefHero TepH-
merpa (0,46 M). HauHu moka3zaTenb NO3BOJIAET H3YYHTL BJHSHHE
pana dakropos ((Pu3lNKo-MeXanHYecKHe CBOACTBA H TEOMETPHUe-

CKH€ XaPAKTEPHCTHKH IJIHT, QHIHKO-MeXdlHYyecKHe CBOACTBA KOXK,

34TYNJEHHe Je3BHs M raAy0WHA BHeJADeHHA pesaka B IJHTY) Ha
H3HOCOCTORKOCTh ¢ IeNsl0 BHOOPA ONTHMAJBHHX XaPAKTEPHUCTHK
IJIHT.

Mceragnnueckne BHpyOGOUHBIC OJHTLL OTJAHBAKT H3  UyryHa
mapkn CUY18-36. Pafoune naockocTn TakHX WJIHT IS NOBHIIE-
HUs HX CTOHKOCTH 3allHIAIT CTAARHBIMH TCpMuueckKy ofpabaTaH-
ueiMi no TBeproctH HR 40—50 (mo Pokeeany) Hakaaggkamu Tom-
munoft 12—20 mm. TaGaputHeie paaMepws TAaKHX NANT RJAA TIpec-
coB ITBT-8-2-0 — 500 > 350 X 60 mm.

Bripyfande Ha MeTaJaHYeckNX IAMTaxX Pe3akaMH ¢ HPUTYI-
JEHHHM JIe3BHeM B CPABHEHHH ¢ BHIDYOGAHHEM HA HEMETAMIHYe-
CKHUX KONOJaX XapakTepHayercd GoJece BHICOKHM KaueCTBOM JeTa-
Jel, OTCYTCTBHEM Bpe3aHHs Pe33aKOB B IIHTY H HX 34CTPEBAHUA,
BO3MOXKHOCTLIO MCNOAb30BANHA Pe3aK0B DA3JNHYHOH BHICOTHL.

B nponzBoactTeEe NPHMEHAIOT adiOMUHieBHe wanTul AJI-9 ¢ Hzo-
aupyiomefi nneHkod. TkaHh, Ha TNOBEPXHOCTb KOTOPON HaHeceH
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JaTeKc, HaKAEHBAIOT Ha NJKTY. Buipyfadne NMpOH3BOAAT OCTPHIMH
TOHKOCTEHHRIMH pe3akawmi. Jlessue pesaka, nupapyfast MaTepHad,
npopybaer 1 nAeHky, ofecmeuuBas BoipyGaHue AETAJH 1O BCEMY
KOHTYDY.

Ilpu pabore Ha BRIPYOOUHBIX Npeccax HeoBXOAHMO CoBGMWIATDH
' fesonacuble mpHeMsl Tpyna. Bo Bpems pa6oTH Ha Tpecce He pas-
peHIaeTcss KJAcTb HA BHPySOUYHYIO IIHTY NOCTOPOHHHE NPeIMETHI,
MOJAb30BATECH JeDOPMHPOBAHHLIME Pe3aKAMH, BKJAWYATL Npecc
10 TOM0N VCTAHOBKH YAAPHHKA, padoTaTh Ha Npecee ¢ HEHCNPaBs-
HOH CHTHAJABHOR amnmapaTypof, ¢O CHATHIMH OTPaXISUHIMH THAPO-
MPHUBOAA, ¢ HEMPABUJILHO YCTAHOBAGHHOH WAH NJI0X0 3aKPelfiedliol
BHIpYGOUHOH TNANTOH, HEHCMPaBHOH HAHM 3arpA3HCHHON CHCTemOl
CMa3KH, HEHCIIPABHLIM 3JEKTPOOGOPYAOBAHKEM.

Tlpu oGHapyXeHHWH HEHCIPABHOCTH B paboTe npecca HEOOXO-
JHMO HEMCAJIeHHO OTK/JIIUYHTE MNHTAHHE, COOBIIHTh OO 3TOM Ma-
CTepy U BH3BATL PEMCOHTHHKA. [Ipecch MOOMMHEL COACPHKATLCH B
yacroTe. UHeTKa MamHHb # IIOIALKH BOKPYr Hee ofs3aTenbHa
nocjde oOKoHYamMs Kampuoft cmensl. He nonyckaercs pasauparh
MACTO0 OKOJO npeccoB. Hensssa ocTarasaTh mpecc ¢ pafoTamoIunM
3JeKTPOABHraTenem €3 TPHCMOTPA.

B nacrosmee Bpemsa B CCCP u 3a pyfeom BegyTes Mceeno-
BAHUS W MONYUYEHH IONOXKHTCAbLHLIE De3yJbpTaTh npH obpaforke
MaTePHAJIOB MOCTOAHHBIM PEXKYIUIHM HHCTPYMEHTOM, TaKHM, Kak
Jasep H BOAAHAA CTPYH.

Bo BHHM/Itekmame pazpaboTana ABYXKOOPAHHATHAS Ja3ep-
nag ycraHopra JIYPM-1600 ¢ uync/0BEIM TIPOrpaAMMHEIM VIIpaBae-
HHEM, TMOCTPOEGHHAS N0 ATPETATIOMY NPHHIHIY H3 CCPHHHO HAro-
raBaaBaeMBIX y3m0B [10]. YcranoBka cHabmxena cpeicTBaMH aBTO-
MATHUECKOH MOOAYH MATepHala ¥3 PYNOHA H THEBMOCBEMHHKOM,
0f6ecNeunBaloMMM TIEPEHOC KPOA HA KOMIJIEKTOBOYHBIE CTOJ.

TexHHYECKAd XAPAKTEPHCTHRAE ycTaHOBKA JIYPM-1600

Maxcumaneueie pasmepel  obpafaTeiBaeMEx  Mate- 1300 % 1600

pHAMOB, MM

FauuMaeMas NPOMIBOACTREHHAS NAOWMAAL, M2 50

Tatpefasemas MoumocTs, kBT 10

JudeRaa cKopocTh PE3aHHT, M/c 0,4

lfar mo xoopAHHATE, MM 0,1

Tun yerpoficrea UITY H-22-1M(H-33)

Tun npupoma noxaun 3-32-T'-18-23

Koa nporpaMMHpORAHUA 1luo0

Tunt paETepONANHY Jlunefino-xpyropoH

TouHOCTh BLIKPOBHHEIX IETateil, MM / +

JlAnea BOJMEl J1A3EPHOTD M3AYVUEHMH, MKM 10,6

MourocTy nazeproro uzAyyeHua B MHoroMozomom 800

HenpepuiBHOM PEXUME reHepHpoRanHs, Bt

VeTanoBaeHHas MOLUIHGCTh, KBT 35,5

Uneno TeXHOIOTHYECKHX KOMAH, Jlo 20

BeoJj BxojHol HHbopMaHy TTo wanaay cBA3H
HAM € BOCHMHAO-
poxeunofi  nepdro-
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Ilanpsxcane nuraius or tpexdasnoft cetu nepe- 380

MeHHoTo Toka, B

TaGapuTHbE Pa3MepLl, MM 1120 3¢ 5400 3 1800
Macca, Kr 4500

Ha vycranoBke JI¥YPM-1600 wmoxkHO packpausaThL [OYTH BCe
BHAB MATCPHAJIOB, MPHMEHSCMEIX B JICTKOfl NPOMBIULZIEHHOCTH (32
HCKJIIOUEHHEeM HeGoJblIofl Tpynnnl MaTepHatoB, KOTOpHE Henbasd
packpauBaTh TemJOBHIM MeTogoMm). Kpas nertanedi u3 CHHTeTHUe-
CKHX MAaTepHaJoB ONA4BJASIOTCH, YTO NPEAOTBPALIAET HX pacmy-
ckanHe, Uerkne KOHTYpH ToJydaeMBlX AeTadell  OO3BOJAKT
OCYILECTRAATE ABTOMATHUECKYI0 cOOPKY H3AenHl. YCTaHOBKY Liefe-
co06pazHe HCMOAb3OBATH NPH PACKPOC JCTKOAEPOPMHPYEMBIX Ma- .
TEPHAJOB, ANA MOJYUEHHA AeTanefl, CPe3hl KOTOPBIX AOJIKHE GHThH
omnaBaens. B nacrosimee pems Bo BHHHMJItekmame paspaGo-
TaHa ycranoka JI¥PM-1600-1 ¢ ofpaGaThBaiollUM CTOJIOM 60Jb-
mux pasmepos, UITY-2C85 u 0oJsee KOMNAKTHO Pa3MEUICHHBEIM 0060-
PyAOBaHHEM,

®upma «Xpopx Diipkpadry (CHIA) u3roTomisger nporpamMMHo-
ypaBJaseMble JNa3ePHBIE YCTAHOBKY A5 PACKPOA MATEPHANOB, KO-
TOPHIE XAPAKTEPH3YIOTCH BLICOKOH CKOPOCTLIO pe3auid H TOodU-
HOCTBIO.

Dupmamu  «Kamcko» {cucrema «IpazamaTuk»), «Tepfep» u
«/Tekrpa» (CIIA) pa3paBoTaHbl CHCTEME!, B KOTOPHYX € HOMOLIBIO
NPOrpaMMHOre OGCCMCUEHHA OCYLIECTBASCTCS TpajiHpoBaHue 6a30-
BBIX IIa6MOHOB AcTajel 10 pasMepam, a 3aTem MaGIOHLI H3 Kap-
TOHA BHpe3awT JaazepoM MouHocTeio 50 Br. [lepBonavannuo 3TH
CHCTEMBI GLINHM MPeA/J0XKEHHE AJMA WBEHHOA NPOMBILJIEHIEOCTH.

Hna usroroBaeHus wabnoHos B o0yBHOH  OPOMBIULTIEHHOCTH
tdupma «/TekTpa» cHavaja NpHMeHsJIa Jazepsl MOIIHOCTRI 160 B,
B HACTOAIIEE BpeMs OHH gocTiraioT MoimHoctH 400 Bt (ma-
muna E-24).

[lpn packpoe JHCTOBHX H PYJIOHHBIX MATEPHANOB HCHOJALIVIOTCS
packpofiEEe MALUHHBL ¢ NPOrpaMMHEM obecnedeHneM, MNO3BOJSIO-
KM pa3Meliath MWAGJAOHE ABTOMATHYECKH HAN B ILHAJOTOBOM pe-
#uMe, HMcexonnas wHdopmanns o ¢opme BHIKpaHBaeMBIX AeTatel
BEBOJHTCH B IHDPOBOM BUJE.

B 1976—1980 rr. ¢upmaMn «Xblomk dipxpadrs (CIIA) n
«Buarcny (@panHuua) nNpeasoKeHL CHCTEMBL At PACKPOA HATY-
pajpiBlX KOX ¢ novMomplo IDDBM. Huxe nOpPHBOAHTCS KOMIJIEKC
pafor, NPOBOAHMEIX B CHCTEMAX:

a) samuch B UHGPOBOM BHAE PasMepoB WaGJ0HOB 0a3oBOH
moacan. llo cnemnansuoii mporpamMmc BBEINOJHSJAOCH TPajupOBaHHE
11a6JIOHOB;

6) ocMOTp pacKpORIIHEOM NHpeflla3HAYEHHHX K PACKPOK KOXK
¢ oTMeTKOR NeeKTHRIX YJ9ACTKOB U JAPYTHX OocobeluHocTeH, BIAHAID-
ImuX Ha pacKkpoi;

-B) BBOJ, uudpoBoii HHOOPMAUHH O KOHTYPAX PACKPAHBAEMLIX
KOXK H JedexTHHX yuacTkOB. [loyueHHe IIEHTPANBHEIM NPOLECCOPOM
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NAHHBIX, KACAIOUIHXCA KOHTYPOB KOX H HX XapaKTepHCTHK, H CBe-
AeHdHil 0 BEIKPAHBAaeMblX [eTagfx, 3aKOHAX rpajUpPOBaHHA H T. A,

I') pasMelleHHe IeTajJel B pemHnMe JHAJOra UeJOBEKA C Ma-
IDHHOH H aBTOMATHUYECKOE.

B pemume Jnajnora B BepxHefl yacTH 3KpaHA, CBAR3AHHOIO C
HEHTPAALHEIM TIpoleccopoM, HaeTcd H3olpamende WAOJOHOB, B
HHXKHeA YacTH — KOHTYPOB KOXKH H ee xapaktepHcTHka. Onepa-
TOp pa3MeliaeT HA Kome WAGAOHH ¢ yueToM AedeKTHHIX YYacTKoB
o fianpaBienus packposn. Yucao mabaonoB, KOTOPHIC CAGAYET pas-
MecTHTh (YMC0 3TO 3anpOrpaMMHpPOBAHO), 0003HAYAETCA HA 3K-
paHe, B mwGofi MOMeHT omepaTop 3HAaeT, CKOJLKO LIAGJIOHOB €My
ocTajoch pasMectuth. OnepaTtop MOMKET H3MEHHTH IJaH pasMelle-
HUSA, €CJH MOJE3HEIH NMPOUCHT HCAOJIB3OBAHHS MATEpHaAa, O KOTO-
poM emy Takxe coollnaer IBM, okamerca HepocTaToyHEIM. Ecan
OlepaTop VAOBJETBOPeH pa3MellleHHeM HabJoHOB, TO [polueccop
upeofpasyer 3Ty HHOPMANH0 B LHOPOBYIO AAA NOCJACAYIOILErO
© yOpaBJeHHsT packpoeM Ha pacKpoftHom crone chetemul. [Ipoueccop
BHIGHDPAECT KOXH, KOTOPHLIC [HOJIKHE MOCTYIHTL Ha pPacKpofiHBI}
CTOJ,

I) packpoR nasepoM mouHocThio 500 Br. TlepeMmeluenue conna,
bOKyCHPYIOIIEro JyY, MPOHCXOAUT MO KOMaHIaM mponeccopa, Ko-
TOPHH B CBOW OUepelnb YNpaBJseTcs rJaBHHM NpoleccopoMm, OTpa-
6aTHBAOIIYM HHGODMAUHIO, OTHOCAIIYIOCA K pacKpaHBaeMoOH Ha
CTONIe KOWe, 32JI0CHHYIO B KacceTy BO BpPeMs pasMelleHHs a6-
J0HOB. KON YKJIaABIBAIOTCA HAa PacKPOHHBIA CTON BPYYHYIO, BSHI-
pe3aHHBle BeTanH CHUMAIOTCH TaKiKe BPYYHYIO.

OaHAKO CHCTEMH IiC HAIIJIH IIMPOKOTO PAcnpoCTPaHeHHs N3-3a
CA0KHOrO nporpaMMuoro ofiecneuenns, Goaslioro ofbeMa obpada-
THBaeMOH HHPOPMAUHH, TPOACJKHTETbHOCTH BHIUHCJIEHHH, HeBH- -
COKOHl TNPOH3BORHTEALHOCTH MalIHHE. Kpome TOro, KOXH Iefo-
CTATOUHO TNJOCKHe, 2 (OKycHpPYIOlUlee COMO, nepeMemasich na-
pPANieNBHO TeOoPeTHUecKOoH NJOCKOCTH PAacKpos, HE IMO03BOJAAJIO
TIPOH3BOAUTE [OJHHH packPoH JydoM mgazepa.

B 1983 r. B Tlapuxe dupma «AHpep» (DPpanunsa) aeMoHCTPH-
poBaAa MalWHY AJA ABTOMATHYECKOTO PACKPOS, COCTOAINYI H3
croqa pasvepoM 1500 > 2500 MM (dupma «JIEMOXK mpecHanoH:»)
H Nazepa MomHuocTeio 1000 Br (dupma «Cunazs).

Jasa komnnekca paspafaTbiBaeTcs RpPOrpaMMa ONTHMH3AIHH
pasmellenns WabJoHOB Ha PYJCHHBIX CHHTETHUECKWX MaTepHalax.
Pasioolpasue BO3MOMXHBIX CJAydaeB IPHMEHEHHH 3TOH MaIHHHI
N03BOJIIET HAJENThCs, YTO MPAKTHUCCKH OYAeT BO3MOMKEH aBTOMa-
THUeCKHH pacKpofl HaTypaJbHOH KOXKH.

B ycranoBkax AAA PacKpos MaTeprasia CTPye#l BOAW HCNOJB-
ayercs 2BM, Tak, B CIIA npuMersAnTes ABa THIA TAKUX CHCTEM:
dupme  «Kamcko» u «Mak Kapruu», Cucremn ¢upmMe «Mak
KapTHH» OCHOBAHE HA ONTHYECKOM CJIEXeHHH 3JIeKTPOHHO-CBETO-
BLIM HHEHKATOPOM 34 KOHTYpOM BoIKpauBaemolt aetaan. OaHago
HH3Kas TPOH3BOJHTENBLHOCTE CHCTEM NPENATCTBYET HX IIUPOKOMY
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pacupoctpanenio. HanoOoabuiee TNpPHMeIleHNE HalM  CHCTEME
dupmer «Max Kaptens, Packpoll ocyuiecrsiasetest [0 3apasec
paspafoTaunoft uporpamme. Bona BmGpachBaercs n0jJ AABJIEHHCM
210 MIla uepes muxriep anamerpom 0,25 MM Ha paccTostHHH 2 cM
OT packpaHBaeMoro MartepHana. CKOpPOCTb NePeMELEHHS CTPYH
Hap MmaTtepuanaoMm 0,5—1 m/c.

Hecnepopanne sb(peKTHBHOCTH 3TOH TEXHOMOrHH pacKpos Io-
Ka3LIBA€T, YTO MNOABJAHETCH BO3MOXHOCTL 3AMEHHTH TPH BHPyHOU-
HRX [0JyasToMaTHuecKnx mnpecca npH 5 %-#i sxodoMHH MaTe-
puaJa.

QupMa «Aaton Goke Goapzr Ko» (CHIA} wucnoanzoBana auas
packposi BoLy ¢ gofaBiaeHHeM HOJdHMepPa, cilocoGcTBYlollero obpa-
3oBaHiio (osiee BA3KOrC KOHUEHTPHPOBAHHOIO [OTOKA KHIKOCTH,
4TQ MOBBILI&ET KAYECTBEHHBIE MapaMeTpsl IpoLeced.

HayuHo-uccnezorateanckoil  accounauueii «Cartpa» (Bexuxo-
OpuTaHHA) HCOLITAHA CHCTEMa PACKPOS CTpyell BOALI, HMEIQiLAast
TPH PAcKPOHHEIC [OJCOBKH. MarepHasa pacKpaHBaeTcA B BOCCMb
CAOEE TIPH TPOM3BOAHTENBLHOCTH 5§ THIC. NAP 34rOTOBOK Bepxa B
qac.
[poBoasaTcs ONBTH DO PAcKpol MaTepHajioB € MOMOLILIO
mi1asMel  {rasa aproda), packaleHHOH TIPOBOJOKH, NPOCEKAHHEM
HIJIOH, 3JexTpo3posuef.

3.2. PESAHHE C HOJAYEH MATEPHANA
HA HEMOABH)XHBIA HOXK

Pezanne ¢ mogaueil maTepuana Ha HENOABHMKHHNA KAHHOBWAHLIH
HOX NpHMCHAeTCHd NPH KBOSHHM JAeTajdefd N3 KECTKHX MaTepHAAOB,
peske KO Ha PauTH # BHPABHHBAHMH TOJINUHH PaHTa, peM-
Hefl 1 T. T

ITo mecTy NpHNOXKEHHA CHJ, cOOOGMANWHY JABHIKEHHe MaTe-
pHaay, ollepalldy MOXKHO Pa3AeJHTb HA JLBE CPYIOLL:

1) mBHXKYII&S CHJIA MpPHJAAraeTcs IIepef HOXKOM, MaTepHan
CKMMaeTca MeXIy TpaHcnop-
THPYIOUIHM YCTPOHCTBOM H HO-
WOM;

2) mBMKymlas cHIa [IpHAA-
raeTcsi 3a HOMOM, MATEpHA
pacTarunaeTcs MexIy TpaHc-
NOPTHPYILIEM  YeTPOHCTBOM H
HOXKOM,

K omepauusaM nepeoit rpym-
bl OTHOCATCR ABOEHHE H CNYCKA-
HHe Kpaes jgeTajlell, K onepanu-
AM BTOPOH TPYNNH — pe3Ka KoK
Ha PafThl I BLIPABHABAHME TOM-  p. 514 Cxeya pesanHa MaTepHana

wuHe panTa. Jas mepsof TPYD- jenoppumHerM HomOM Ha Mawmne as
oe paudosee  XapaKTepHOH  pgoeunns
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Puc. 3.15. Cxeva cul, ACICTBYIOUEX [PH PC3AHHH MaTepHana HeMOABHIKHMM
noKoM (@), ¥ onpefcaenHe PacCTOAHAH OT HOMA A0 UCHTpa Bajkoe (6)

onepainefl ABaderca ABoenHe. MallWHa 179 ABCEHHS HMeEET JBa
TPaHCLOPTUPYIOLKX Banaka (puc. 3.14), HOZaOUIHX MarepHat ua
ox. Banok 4 nox AaBnenHeM NpyXKHH 3 NPHXKUMAET MATEpUan
K Baaky . Marepuaa ckuMmaercs M mojaertca Ha Hox 2. B ce-
elHnH, APOXOAAINleM 4Yepes OCH, CJAaTHe MakCHMaJabHO, [lo Mepe
BHIXOZAa M3-TIOJ LEHTPOB CKATHe MaTepHaga cHHxkaercs. Tonuiuua
oGpaBoTanliol  AeTanud  3aBHCHT O©OT PACCTOAHHA MeXAy ILIo-
CKOCTBIO PE3alHs H NapaJJeabplofl el IJIOCKOCThlO, KacaTebHOH
K OKeCTKO 3akpenJeHHOMY BaJy, H OT CTENeHH CXKATHd Mare-
puana.

Leutpaasipfi yron {(ZAOB = 2¢) nasplB4OT YIVIOM 3aXBaTa
(puc. 3.15,a). Ou orpaHHueH ABYMA paAHYCAMH, HCXOASLIHMH H3
TOYEK KacallMsg MaTepHalta ¢ IIORepXHOCTHH Bajdka. Tak Kak
AHaMeTpel ©00OHX BAJKOB OJIRIAKOBHE, H3 TpeyroabHika AQC
HMEeM:

cosp=0C/OA= (0D — DC)JOA=(R — DCYR=(1 — DCYR,

Ho DC = (hy — Ay = L""—m’o’ﬂ — ehy/2,

24k
rjae  &--—- OTHOCHTENLHOE C/KATHC Matepiana; fp— Hadyajblas TONIIHHA  MaTe-

puana, M; ho-e paccToadie MOewKay BaNKaMyi, M.

Torza
cosp=1—sehyD,

rise D — nmavierp sanka, m.
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Otkyaa cacayer, 4to
(p:arccosl_—uh".

H3 3toro pabeHCTBA cAeLYeT, UTO ¢ YBEJHYEHHCM e H Ay TDH
nocrossHEOM I yroa ¢ yBejuuuBaercs, Clef0BatTefAbHO, AJHHA AYIH
KOHTaKTa Bo3pacraeT, C yMenpweHuem [ npu nocrosiHeTse & 1 Ag
yroa @ takxe Bospactaer [l1].

OGpaGaTbiBaeMpili MaTcpHa/Jl NOSAETCH Ha HOX CHJOH TpPeHHsH
MeXAY BalKaMil H MaTepuaaoM., Kak npM TpaucnopTHPOBAMNM, TAK
H TOPH pPe3aHWH NPOHUCXOLHT CJOXKHEIH Hponece 1eGOpMHPOBAHHA
MaTepHana, ocobeHHO B HavaJe H Kollle ofpaborku. Hatankueasco
Ha Je3BHe HOXKa, MaTepHAN AchOpMHPYeTCH H TCPAST CKOPOCTD
H3-32 CHJIBHOTO TOPMOXEHHS, a OCHOBHOH ofibeM MaTepwana, lc-
OBITHIBAS BO3pacTaloliee AABJACHHC CO CTOPOHH BAJKOB, NCpeMe-
waerca gagaslie. IloBepxuocTs KOHTakra wmarepuana ¢ TCPpaHsmMi
HOXAa BO3pACTaeT, cHAAa BHEMINEr) TPeHIA YBEJHUNBAETCH, B pe-
3yJbTaT€ MATEPHaJ CMellaeTcss OTHACHTEJBIG 3aTOPMOMKEHHOTO
(rpaHHYHOTO) CJOS, IIPEOAOICBAS CONPOTHRJACHIC BHYTPEHHETO
TpeHndA, I'paHuuHBIA cJI0A MaTepuasa HAXOAHTCA [OJ BJHTHHEM
JBUKYIIHX CHA €O CTOPOHBl BAJKOB, BHYTPCHHCIO TPEHHS, BHEL-
HEero TPCHUA MATEPHAJa O NOBEPXHOCTH HOMXKA, LARJILHHA CO CTO-
POHBL IIOBEPXHOCTEA TPANCHOPTHPYIOUIHX BaJKOB H HOMXA.

[Tpouecc pesaHua cocTOUT U3 CAERYIOUIHX 3TANOB:

3aToOpMaXHBaHHe MaTcpHala B IUIOCKOCTH De3aHls;

actopMaiig MaTepHasa,

CMEILEHHC MAaTepHata OTHOCHTEALHO 3ATOPMOKCHHOLO CJO08;

paspylieHHe 3JeMCHTAPHBIX YACTHI 3aTOPMOXEHHOID CJ0S.

B npomecce pesaHHs HOXK OPEOLCJEBAET COMPOTHBJICHUC Ma-
Tepuasa R CMATHIO Je3BMEM, COUPOTHBAeHWe MaTepHana N, u N
PA3ABHIAHNIO KAHHOM, CONMPOTHBJEeHUC BHEIIHEro TpcHHA Fion Fa.

ConpoTHBACHHE PE3aHUID 3aBHCHT OT yrja 3a0CTPCHHA HOMKA,
CTEMEeHH 3aTyNJEeHHd Ne3BHA, NoKasaTedeHd (H3HKO-MeXaHHUeCKHX
CBOHCTB paspesaeMoro MaTepHasa, CHA TPCIHS H Dexiva pe-
3aHIIA.

ITpu aBOenHH TAK e, KaK 1T MPH BHPYfanun aeraftelt na npec-
cax, rpany HOMA narTpyxaoTcd HepaBHOMcpHo. B naunpasaeHun
ABHXEHHs Marepiala BO3HHKaeT cHaIa conportuBacuus . Urodu
NPOMCXOLNI0 pe3anne, HeolX0AHMO

Q=(i+H>H [.>F,

rae @ — gapaciue €O CTOPOHL TPAUCAGPTHPYIONUX BaJKOR Ha Martcpuan; [y —
K03 HIlMEHT TPEHUA MEMAY BEePXUHM BAJKOM [ MaTePHAJAOM; fs — KOIPPHIKHCIT
TPeHls MOKAY LHHKHHM BAJKOM H MaTeplasIoM.

Tlpu Q{f| + fo) << H pesanus ne OpoHCXOANT, BAJKH CKOJb3AT
no HenoAaBuxHOMY wmarepuany. [lpu Q(fi -+ f2) > H ymemuuarcs
NOTEPH MOIGHOCTH HAa TPEeHHE.

Kpome Toro, npy MOBHLICHHH NABJACHHS yBCAHUWTCs pedopma-
Uus MaTepuasa W, CAeHOBATENBHO, CHH3HTCH TOTHOCTL 0GpaboTKH,
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He Menee Bamiioe siayenne 0PIl ABOEHHH MaTepHas a HMeeT
paccrosiHue oT KOHLA Jde3Bus HOXa J0  JHHUM, COeRHHAWLIeN
MeHTPH BAJKOB, T. e, BenuunHa a (puc. 3.15,6). Martepuan Ha
9TOM yHacTKe paGoTaeT Ha CXKATHe H NMPOAOABLHBIN uarué. Ecan co-
MPOTHRJICHHE De3aHulo O0JbLIe COMPOTHRICHUA CHMATHIO, De3aHMs
Iie TPOHCXOAUT, YYacTOK MaTepuaja uarabaerca, aedopMmupyercd
H 3a00JHSAET NMPOCTPANCTRO MEXAY HMKOM v Baaxamu, Ilpu pocTu-
MeHun OnpeaesieHHOrO HanpsKeHMA MaTepHasa HaunHaeTcs Opo-
mece paspesauna. Ho Tak xak a0 paspesaHus Martepuan Obla
cHARHO AeOPMHPOBAH, HA MOBEPXHOCTH PE3AHHA OONYYAIOTCH
BHIXBATEl, YTO NPHBOAHT K Opaky. TagruM obpa3oM, MOKHO CIeNaTh
BBIBOX, 4TO paccTOfHHE ¢ MeXAY UeHTpPaMH BaJk0OB H HOXKOM
HLOMKHO ObITh MHEHMAJMBHBEIM, OHO I0MWHO ObITh TAKHM, UTODE
MaTepua) TOCA€ Pe3aHHA He 3aKJAMHUBAJCH MeXJAy HOXOM H No-
BEPXHOCTRIY Bajaka. Jas storo Heofxomumo, urobu BC = A, rae
A — paccTofiHHE MCXIY NJACCKOCTLIO PE33aHHd U napajlefbHOR el
TIOCKOCTBIO, KACATEJIDHOH K IKECTKO 3aKPemIeHHOMY BaJjlKy.

M3 puec. 3.15 Bumno, yro TtpeyroavHukM ODA =AOC npn
BC=A. ¥roa DOC =a/2, cnepopateibho, yrog DOA = a./4.

Torna

a=((R+Mtg 7.

Paccrognue

e == hy — hfhy,

rge Ag— TOAMEHA JeTaan 1008 BLX0;1a M3 MalUHBE!, & — OTHOCHTENBHOE CHa-
THE MATEPHAJIA.

TToatomy
a=[R+A(l—e)tg T

C opunofi cTOpPOHB, NMPH YBEJHUYCHHH YIJia 3a0CTPEHHA HoXa o
paccTosiHHe @ yBeJHWUBAETCA, ¢ APYroft CTOPOHEHL, YEM dodabie A,
TeM ‘GoJblie g, [Ipy ABOEHHH ACTAJH H3 MaTeépHana MajacH Xe-
CTKOCTH g GoJplle H, CAESAOBATENBHO, @ IOKHO OBITH MeHbIIe.
Jna pe3nHul ep Ooabhle, YeM AJS KOMH ¢ [PH OJHOM H TOM e
JAABJCHHH BaJ/JJKOB HA MATepHaJda N NpH O,[IMHaKOBOﬁ-TOJ'IU.IHHe pas-
pe3aeMblx MartepHasnos, CHefoBaTeNbHO, DACCTOAHHE @ JOJMHHO
GLITL MeHbLIe. ;J

KOHCTPYKHHH HOXa AnAa ABOEHHA OHpeJIEJIHETCH yrJjoMm SaOCTpe-
HITH, ,II.HH P€3aHNA KOXH Yroa 340CTPEHHA AOJKEH OBITh PaBeH
18—35° wamc ou papen 20—25° anst HOxA ¢ OJHO- HIH JBYCTOPOH-
Hell 3aTtoukod. Eciad B BajdKe ¢ IIeNOJBHAKHOH OCBIO CHENATH
BBICMKY, COOTBCTCTRYKILYW NO (opMe KOHTYDY JAeTANH, B IAyOUHY
2e MCeHHATL B COOTBESTCTBHNI € TOI[].H.HHOﬁ OTAENBHBEIX YYACTKOB raTo-
BOf‘l JAeTaad, MOXKHO ITIOJYY4aTh CPE3nl paSJIHT{HOﬁ TOJIL[]!HHblr
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3.3. PESAHIHE C NMORBAYEH MATEPHAJIA
HA OOABUMHOH HOMN

Pesanwe matepuasos, ofgagamiiuX OTHOCHTEAbHO MaJIOH JKeCT-
KOCTbi0 (HATYpaJdbHas ¥ HMCKYCCTBEHHAS KOMH, TKAHH IJsI Bepxa
06yBH H HAP.), OCYLIECTRJSIOT Ha MALIMHAX C NOABHMHBIM HOXOM,
K rakuM MamWMHaM OTHOCATCH DPAacKpOHHBIE ¢ JICHTOYHBIMH
(puc. 3.16,a), mgacTunuaTeiMH (pHc. 3.16,6) H [IHCKOBEIMH
(puc. 3.16, 8) noxamu.

AR k]
:,f\

Puc. 3.16. Cxemsr pesanns marepuana {/) MogBREEEM HOXKOM (2)

Malyabl ¢ JASHTOUHBIMH HOMAMH JAAA BLIKDaHBaHHA AeTajell
VCTAHABAHBAOT CTARHHOHAPHO. MalMHEl ¢ NJAACTHHYATBIMH H JH-
CKOBBIMH HOMAMH SIBJAAIOTCH NEPEABHMAKIBIMA 11 HCNOJb3YIOTCH MPH
pPaspe3aHuH HACTH/IOB W BEINOJHEHHI! HEKOTODHIX BCHOMOrATEJLHBIX
onepauui.

Pezattye MaTepuancs ! ABIKYLUIMCH HOMOM 2 OTHOCHTCHA X IIH-
AANIEMY PE3aHKIO, KOTOPOE HO3BOJISET NOAYUHTh UHCTHIA Cpe3 mpH
BLICOKHX CKOPOCTSX MOJAYH MaTepHa/la Ha HOX Il HeGOAbUIMX yCH-
JIHSIX pesaHus, DTo oOBACHAETCH TeM, 4TO paGouMf yron peizanus
Mellbllle KOHCTPYKTHBHOIO YIVIa 3a0CTPEHHS HOMXKaA.

Tlpy mogade mMarepuasa Ha HOX CO CKOPOCTBIO U; H ABMMKEHUN
HOXa €O CKOPOCThIO Uz 32 Bpemsi A/ Touka A MaTepnaaa mepeme-
CTHTCH OTHOCHTENBHO HOMA B TOUKY B, (pHc. 3.17}).

B stom eayuaetg oy = BC/AC u tga = B,C,/AC; BC = B\Cy;
tga =1tg o cos g, T. e. ¢ yBEIHYCHHEM YIVIA (¢ YMCHBINAGTCA yroa
pe3aHus o [PH IOCTOSHHOM CKOPOCTH NORAUM H3AGTHA @) H CKO-
POCTH HOXKA Us.

OGo3HAYHM OTHOIUEHHE Uyfv, ==

=K. Torna tga=tga,—$-;_?.

Hs ypaBHeHHf BHAHO, YTO ueM
OoJibllle CKOPOCTb ABHXEHHA HOMXA
[0 OTHOILEHHID K CKOPOCTH MOLAYH.
TeM Meublile yroa pesauus a. Hau
foablllee uH3MeHeHHe yrja peaa-
waad uabmopaerca npy K<<20 5. 5.0 Crema onpexcaciun pa-
(puc. 3.18,a). Godero yrna pesamns &
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Puc. 3.18. Kpusbie, xa-

R i
4, & : PaKTEPHIYIOUHE  BIHFHHUE
® 25 COOTUOMIEHHS  CKopocTe
{g’a 3 pe3aHun ua pabounit yrou
E;Z [a) n cuay pesanua (6):
’ . Z 1—Py: 2—P: 3P,
¢ 20 40 &1 SO K 28 Wi‘i [

a

Ontumanbibll yrol oo LOAOHPAIOT B 3aBHCHMOCTH OT Tpebye-
MOH YMCTOTLI pedanua MaTepHa/na. Ecan yBeNMUHTL CKOPOCTL JNBH-
HMCHUA HOMKA Uy, TO Oe3 yXyAlIcHHA KauecTBa 00pabOTKH MOKHO
VBEAHYHTD TAKKE H CKOPOCTDL MeAauH v, YTO YBENNYHT HPOH3BOMH-

TEJABHOCTS MALIUHLL
PesyapTHpyioliast cuaa pesadds Pp coBmajaer ¢ Hanpabie-

HHEM CKOPOCTH De3aHH# tp, H OHA OYACT YMEHBIIATHCA € YBeJuye-
Huem K, TaK Kax yMCHbIIaeTcsa yroa pedauud o (pic. 3.18,6).
CocraBisiiollgie Pe3yAbTHPYIOWE CHIB Pe3aus

Pi=P,cosq. Py=P,sinqg.

IMogcrapnp 3HaucHHe £ o, HAXOAHM
1

Pe=b e
p 1

=P

ITpu ypenunuenun K cuna P, yMenwluaercss HHTCLUCHBHe@ YMCHb-
metinst ¢, a ciia Py cHauaga yBEJIHYMBAELTCH, 4 3aTEM YMCHDL-
waeTcd. _

Taknm o6pasoM, npu pe3aHWH MaTeprafa c mogadell Ha NOABHX-
HOH HOXK CHNIa PC3aHHA N0 CPABHCHHIO € CHAOH pe3auHs HeNoi-
BHXHEIM HOXOM YMEHBIHAETCH H H3MEeHHAeTCH eée HanpaBjleHHe: OHO
CTAHOBHTCA MOYTH NCPHENAHKYJISPHHIM Hanpas/IeHHi0 NMORAYH Ma-
TepHaZia, [03TOMY HCYe3alorT CHJB, H3rHOAIIIHE MaTepHald NpH
nogade. CHABl pesaHda AcHCTBYIOT Ha HeOOALUICH y4acTOK pa3pe-
3aemMoro MaTcprana, compukacailufics c JAc3pueM Hoxa, llpu
BoJbIMOA CKOPOCTH NPHAOKEIHA HACPY3KH yKasauHBIH <Ol mMaTe-
puana HauyHiaeT PadoTaTh Kak ynpyroe Teldo, 4To DPHCYILE BhCo-
KOTIOJHMEPHBIM MATEPUAJTAM.

Jaxe OTIMYNO 3ATOYCHIBIC HOXKH HMEIOT Ha Ne3BHAX HepOoB-
HOCTH M 3aYCeHIH, KOTQFHE TPH ABHIKEHHI HOMKa [0 MaTCPHATy
AeHCTBYROT Kak 3yObA MHJAL, PA3PHIBAS OTACBHLIC BOJOKHA B Me-
CTax HX CONPHKOCHOBEHHA ¢ DeXyIHM# KpoMmKamin. [lostomy Ha
MamMHax ¢ nojadefl Ha (OABMIRION HOK MOMXKHO Des3aTh Mare-
pPHANBl OTHOCHTEILHO MadoR xectkoeTH, JlenTounnas mawnna PJI-1
HMCET CTOJ, HA KOTODHH MOMEWAT MATCPHAaJ W MGAROAAT €ro
BPYUYHYIO K JCHTOWIOMY HOXY. DeCKOHCUHBIN JIeHTOUHHRIE HOXK H3-
roTOBJSIIOT M3 TojocoBoll cramu YBA Tonmunoi 0,5 MM u mHpu-
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no#t 10 mM, cpapnupas Konlpl HJI CIAMBAA HX MeALIO. YToJa 3a-
ocTpenus Homa 20°, ckopocTh ABLKEHHS HOXa v = 20 Mm/c.

Torpa npu ckopoeTH mnofaud oy ==0,20 M/c OTHOLIeHHe
v vy == K =100. ‘

Mawuua gas pBoeHHa jeralefi Uz IOHTH M KOXK XPOMOBOLO
ayGAeHHs HMeeT GeCKOHEUHBIA JIGHTOUHHH HOX ToiumuHoN 0,8 MM
# wupnuok 60 mMm. Yroa saocTpeHus Homa 14°, CROpOCTD ABHKE-
HHS HOKA v =3 M/cC.

ITpn ckopoctit nopaun 0,12—0,14 m/c oruomenne vy:uy &
~ 21 ... 25,

Mamuns 04211/P6, 01146/P5 aas cnyckawusg xpaes Aeradeit
Bepxa HMelT yaineofpasHulf HOXK., OKpyXKHas CKOPOCTb HOXa Ha
MAMKH2X JErKoTo THNa vy = 15 ... 22 m/c. Ilpu ckopocTH mogayn
v =0,7 ... 1,7 M/c oTHowente vy: v, = 25 ... 30.

OxpyXHas CKOPOCTh HOMKa Ha MAUNHAX THMHKEJN0ro TiNa vg==
=6 ... 8 m/fc. [Ipu cxopoctu pojmaun v =1 wM/C OTHOWEHHE
veiU; =6 ... 8.

Hnas obecnevenns 6e3onacHofi pafoThl HA MaUlHHE C MOABHMK-
HBIM HOXOM He Paspemaercd CHHMaTh OMPaXKieHHdA H NPHBOAHBE
peMHH BO BpeMsi paBOiBl, YHCTHTb, PEMOHTHROBATH, HAJMaKHBATh
U PEryJlPOBATE MALIMHY HA XOAV.

3.4. PPE3EPOBAHHE

OpesepoBande 10L0WB B 1AYKAX HAH NOWITYYHO H KaGNyKOR nipo-
BOJAT LAS TIPHAAHHH M COOTBETCTBYIOIUEH (OPMEI H TJIAAKOCTH.
Onepanus BwnoAssacTess dpesaMu  Ha  CHRLHAJNBHBIX MANIHHAX.
B nmauku moafupaioT MOLOILMBEL QKHOCO pasMepa, ¢acoHa H 1BeTa,
IlenTPHPOBAHHYIO MAYKy NOACLIB YCTAHAB/JAUBAIOT Ha MALIHHY AJS
¢pesepoBannd ypesa OKII-O. Uueno nopows B mauxe 3aBHCHT OT
BLICOTH (pe3bl B TOJUMHB [IOEOLIB I MOMKeT cocTapastL 18 map.
¥pes ¢pesepyerca B Nporecce nepeMelieHHd NAaykH [0J0MA OTHO-
CHTEABHO Bpamlalomedica @pe3wel, Tark (pe3epyrores  OAOUIBEH,
uMelowne ypes npaMol dopmsl. TlogoliBe ¢ MOAYKPYDAEM HIH
GUTYPHBIM YPe3oM, NOAOLBH ¢ KadaykoM BeicoToli mo 30 mm dpe-
3CPYIOT lapaMl, NoAOWIBH ¢ KabJaykoM Eeicotofl Goaee 30 Mm —
noOJYNaPaMH.

O6uuno dpesa nMeeT HeckodbKo HOXCR (3yfepew), cocTaBasio-
ILMX OAHO IieJoe ¢ IHJIHHAPOM, B HEHTPE KOTOPOTO HMeeTcsl OT-
BepCTie AN HaacBaHusd ¢pes3nl HA Basd MawwHe {(puc. 3.19,a).

CYLIHOCTL ONEPALHU COCTOUT B TOM, YTO OCTPEIMH KJIHHOBHJ-
HBIMII HOXKaMHK Bpamaiwniedics ¢ §oabuioh cxopoctpio (pessl cpe-
34107 TOHKHE CTPYXKW ¢ TODLOBOH nHOBepxXHOCTH ofpabareBaemoi
geTaqad. 3y0 (pe3n BHauajc BAABIHBAETCS B MaTepHaJt, He pas-
pywas ero, llpn 3T0M NOBePXHOCTHBIA CJAOH MaTepuasa pacTATH-
BAETCH, 4 CJ0H, JeXallHe HeCKOJbKO raylxe, cAaBAHBAIOTCA,
Janeuefiimec asikeHHe ()pe3sl BH3BBAST Da3PbiB BePXHETO CJ0A
i pesausc Marepuana. Yem MeHbLIe MOAYAB YNPYiOCTH MaTeplana
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Parc. 3.19. O6wund sun pesam pAa obpaloTkM ypeda JAeTanedl HHza ob6yBR (a)
M CHALL, AefiCTRYIOIMHE Ha marcpuan npy dpesepopanun (6)

H 4eM Tymee pexyllias KpoMka 3y6a (Qpesbl, Tem G0JblIe BAABIH-
BaeTca (ppe3a B MATCPHAJ Neped HAYaJIOM PE3aHHA.

Ecan Matepunan miacreved, to yrayfjeHHe, cosjlaHHoe 3yGoM
NPpH BAABJIMBAHHH, TOJHOCTHIO coXpaHgerca. Ecan ke martepran
o06NajlaeT yupyrocrsio, T0 ero gedopMalMsA, BLISBAHHAA CMATHEM
H pacTameHneM Ge3 paspyuienHs, Hcuezaer. Popma BoccTaHaBJH-
Baercd OuYeHb GHICTPO, CPasy nocie NPOXOKIAEHHA Jhe3BHA 3y6a,
nosToMy NPH (PPe3ePOBAHHY BO3IHHUKAST TPEHUE MEHLY YOPYTuM
MaTepHaaoM d 3aignell noBepXHOCTHIO 3yHa.

H3pecTHO, YTO ynpyroBA3kHe Tena NpH GOJbINOH CKOPOCTH MPH-
JOYKEHHSA HarPysKH MOTYT BecTH cebs KAk ynpyrue. YuuwTeBa#, 4To
Kaxjaa CTpy:xKa cpesaerca 3yGom 3a 0,0003—0,0005 c, mMoxsHO
NpeAncaaraTb, YTo KOXa H pe3lna BeAyT celd npH (pesepoBaHuM
B HEKOTOPOI CTeNCHH KaK YNpyTHe TeJa.

Tlpn pesaHHM 4ACTh CHAR TPATHTCH HA Pa3pPYieHHE MATEpHANA,
apyrasg — Ha M3ru6 u cMATHe orgenseMoil crpyxku. Towuo yera-
HOBUTBb JOAI0 KAXIOH cocTaBisiolllefi CHJB pe3anus TPyAHO.
O6p9H0 onpefessiioT HopMalbhylo V M KacateawHyw H cuasl npu
¢pesepoBanun (puc. 3.19,6).

Pesyabrupylomas caaa

S=+/V?+ H2

Ha cuanl pesanus 3HAYHTRNABHO BJMSET reoMeTpus 3y6a ¢pess.
Pexyillee Je3BHe 3yGa obpasyercs nepeceyeHHeM ero mepeawed u
sapHed rpadefl. ¥roaq o (puc. 3.20) Mexny
HHMH — yroJl 340CTPeHHA (3aTOukH}, B H
v — OepedHuit K 3aJIHHE Yrae, § — yroa pe-

3AHHA.
/3 Henatenvho, yrobu yros pesauns & u
yroj 3aocTpeHHs o 3y6peR (pean OHAM
Kak MoxuHo Meublle. [IpH TaxoM ycJaoBHH
MeHBIIE CHJa pe3aHdst H yHile obpabo-
TaHHaA MOBEPXHOCTh, ¥Troa pesasus § 3a-
BHCHT OT flepeiHero yraa f: deMm GoJblie
yroa B, TeM MeHbUle yroa pesanus, Yee-

{
i

Pue. 3.20. Teomertpus 3¥-
Ga ¢pess
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JHUHTD YLOJ B MOXIO, JHUIbL yMeHbLIZs ToATHHY 3y6a, uTO CHH-
XKaeT ero npoulactb. [losToMy yroa pesadua § oOblMHO paBel
78-—80°. '

3axuuit yroa y sasucur orT cpoficTE ()pesepyeMoro Marepuaja.
Ilpu ¢rpesepoBanMH noCHKe HPOXOXACHUA Je3BHA dopMa maTepuana
BOCCTAHABJIUBAETCH, YTO MOIKET NPHBECTH K Ero CONPHKOCHOBEHHIO
¢ TeIBHOW vacrhio ¢pest. CozpaeTcas BpeiHoe TpeHHe, KATOPoOe
BLI3HEAeT HarpeBaHWe 3y6a, HaMeHenue cpofcTB Merasia H 6Bl
cTpoe 3atynienue ¢pesn. ¥roa nporuba, T. €. yroJ HaKJOHa Kaca-
TenLHOR K JUHHM Mporufa Marepuana, LOCTéraer npu Gpeseposa-
uuu pesuupl 20°. Tlpemnaraercs JenaTe 3agHnfi yroJa 3aTOHKH
¢pesnt asa  ¢pesepoBaHwa Koxawwx nogoms 10° pe3anHOBHIX
20°. 3aarelt rpaHu ¢pe3bl PeKOMEHLyeTcA OpHAABATL (OPMY J10-
rapudmudeckofl KpHBOH, Gaarofaps deMy coxpaHsercs yroa pesa-
HHA [P 33TOUKE.

Tpu pesawku MaTepHaJoB B pPeaynbTaTe COMAH(OBHIBAHNS
YACTHI MeTajia peXyllue KPOoMKH 3y6heR (pesbl H3HAIIHBAKTCA.
Kak mokasblBawT ONHITH, H3HOC Je3BHA CONPOBOWIAETCA 3aKPYr-
JEHHEM DPeXYIUHX KPOMOK. 3aTynjeHHe peXyliefi XKPOMKH IpPOHC-
XOAHWT MHTEICHBHEe B Hayame paGoTH ocTporc HHcTpymenra. Cre-
NeHy 3aTYOJEHHS Je3BMA 3ABHCHT 0T Bpemenu pafoTel H yrja
zaocTpeHus $peanl. CreneHs 3aTyNAeHnsl Je3BHS KPOMe IeOMeTpHH
{pe3nl 3aBHCHT OT CBOHCTB 00pabaThiBaeMbIX MaTepHaloB B MarTe-
pHana HHCTPYMEeHTA,

Ha cuny pesanust w 4HcroTy O6pPaGOTKH, KPOME TOTO, BJHSAIOT
ygcao 3y6beB M OKPYIKHAs CKOPOCTh (hpesbl, CKOPOCTL MOAAYH
uzpenus, Uucrora ofpaboTaHHOH NOBEPXHOCTH NOBHINAETCA C
VBeIUUeHHEM UHCcaa 3Y0neB, OKPYMHOA CHKOPOCTH M C MOHHXKeHHeM
CKOPOCTH TIOAAUH.

Ilpr ¢peseporaBHH pesnuoBof nmoaomesl 16-aybo#t ¢pesoh no-
cJenHdd CWIbHO Harperaetcs, Temyo OT Hee nepejaeTcs pPe3HHO-
BOH CTPYXKE H KpOUIKE, KOTOPHE CTAHOBATCA HACTOMBKC JHIKHMH,
uTo 3a0HBAIOT NPOMEXRYTKH Mexay 3ySoamu ¢pesn. Manpuefimee

‘(bpesepoBaHHEe MOAOIMIBHI CTAHOBHTCA HeBO3MOXKHBIM. [ToatoMy pe-

3HHOBYIO noZoinny dpesepywor 8-3yGofi ¢pesohi Toro e guamerpa,
HMemolledl paccTosiHHe MeXIy 3y0bAMH B ABa pasa Gonabllee, yeM
v 16-3yGoit dipessl.

ITpu yMeHbUICHHHW fHaMeTpa (peskl pa3Mephl 3y6LEeB H PacCTOH-
HHSl MEMXAY HUMH YMeHBUIAIOTCH, NO3TOMY AJSA (ppe3epoBaHHS Jaxe
KOMAaHBX nogoms npuMeHsior 8-3y6yio dpesy.

Huamerpsl dpez saBucAT OT HX Hazuaderus., Tak, ans ofpa-
60TKH ypesa MOOIMEeTOYHOH uYacTH WOAOUIBH npHMensior ¢pess
auamerpomM 45—60 MM, aaa o6paboTkd reJIeHOYHOH YaCTH — AHA-
merpom 30 MM, a1 o6paGOTKH NHTOYHOM YAaCTH CTeJAbKH H I10-

_pouebl — 70—160 mm.

Bosnu, ofipasywolndecs Ha NOBEPXHOCTH H3jeausa npu ¢pese-
POBaHUYN ¢ MEXAaHHUECKOH nojaauell, He BCErIa 3aMETHM JaKe ToA
mukpockonoM co {00-kpatueim ysemiuenvem, Ilpu dpeseposanun

1



1234

[
et a i ﬂ

i

Puc. 3.21. Kpupax zasncumoct cuin  Puc. 3.22. Cxemu npodwitefi dpeswr
®peacposanna Py o1 YacToTH spaiie-
uug dpesnt n

e ¢ nogadeli BPYUHYI MOJIYUAIOTCHA BOAHBL TAyGHHOH Ho 1 H gan-
HOM 3—4 MM, Oud BOSHHKAKT, BUAKMO, OT APOXKaHHS PYyK pabo-
ycro mpH viapax 3y0bpeB o mMoRepxHocihk ofpaGaTeiBaeMoro Hsfe-
Jaus. BoJHH yBeqHYHBaOTCA € YMeHbIeHHeM dYHCAA 3y0heB, 4a-
CTOTH BpalleHHuss (PC3bl W Bo3pacTanieM TIYOHHHE pedanuda. IIpu
(bpesepoBannn 4-3y6oil dpe3oli ¢ wactotofi Bpamenna 110 ¢! u
ckopoctbio nogaun 0,1—0,2 m/c BpyuHyI0 BOJNBE 3aMETHH OYEHB
CHJILHO.

Cpennss cuna ¢pesepoBansa Py ymenpHiaerca ¢ yBeJHUSHHEM
YaCTOTHE Bpaluenuss ¢pe3si TPH HEH3MEHHOH CKODOCTH TOJauH
(pre. 3.21). C ymenvueHuem nochegHed chiaa dpe3spoBaHHA BO3-
pacTaeT, YMeHblleHNe CKOPOCTH TONAYH i YBCJAHYEHHE YacTOTh
ppamcHAa ¢pessl 06JcTYa0T pafoTy H YAYSLUIAOT YHUCTOTY MNO-
BEPXHOCTH.

Hasa nonyuenus uucto o6paBoTAHHOA HOBEPXHOCTH KOXY 1 pe-
AMHY pekOMeHAyeTcsl (pe3epiRaTh OPH YACTOTE BPANIEHUS (PpPein
110 c=! u cropocty nomaun 0,2 m/c; nopHCTYIO pesuny — NpH
ckopocth nogayn 0,1—1,5 m/c.

Ha mammnax ©VII ans ¢pesepoBaHud ypesa NMOJA0MIBH (pesa
Bpamaercs ¢ yactoTod oxojgo 200 c~!. ITo sHaudTeNBHO obNIer-
yacT ppe3epoBaHHe H YIAYUILACT YHCTOTY o6paboTKu.

Hast nonyuenns tpebyeymoit popMbl ypesa NogoWBH H KabJyka
npuMensiioT dpessl coorTBercTBYOmere npoduas (puc. 3.22,a, 6).
TTpodmare ¢pesn onpepensiercs GopModt noidky § o neppes [ u 4,
3y6bs (pe3nl 00LUHO UMEIOT KAHABKH 2 AJAf 0GPA30BAHHA KHJIOK
Mo KpasAM ypesa fgeTadH, 3y6ea pe3w AAd o6pabGOTKH reficHOU-
moil yactu (puc. 3.22,8) uMmeior Gogaec caoxHb npoduas. Takas
dpesa ¢ oanNM TEPOM ANA MOAPABHHBAHWA NOBEPXNHOCTH TOAOLIBLIL,
ofpallennofl Kk Bepxy, 0O0YBH, NPHA4ET ype3y oBaiblyio dopmy.

OaBIYHO IOACILBA zmee'r HEKOTOPYI0 HePaBHOMERHOCTE MO TOJ-
muse, Jag BolpaBHUBAHWA TOMEMHBEL TOPLUA CJAYKHT GOJBLIOE
nepo 4, Majoe mepo / NOApPaBHUBACT KPad MOLOWIBH CO CTOPOHE!
pauta. Iloaka dpesw genaerca WHPHHON oT 2 a0 12 mm aas dpe-
3epoBaHHA TOPHa MOAOMBL, oT 24,3 a0 39,3 MM Aaa ¢pescpoBaHus
KaGayKoB, '
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Tlo kaaccuduxain Bee odypupic Gpesws nmMeioT HoMepa, B za-
BHCHMOCTH QT H[POMHAS  PCKYIIHX KPOMOK Gpessl  AeJadar Ha
14 rpynum.

®pessl H3roTOBJAAIOT W3 crasnu mapox 10, 15 1 20 ¢ memenra-
uuelt Ha ray6udy 0,3—0,5 MM HJIH © nHaudpoBaHHEM HA UAYGHHY
0,2—0,25 MM H Aocaeaywowel 32KaAKOH H OTIVCKOM.

Cpeansia crofikocTs pe3 BolpaxkaeTces YHcAoM nap o6yBH, 00-
padaToiBacMOH MeXAY IBYMA €€ 3aTOUKaMH, T COCTABJSIET OpH
(pesepoannyn koxu 15—20 map, pesunn 10—15 map. Cpepuss
¢ToliROCTe pe3 MOBEIIAGTCH HPH  HAHECEHHH LOMOJHHTEABHOTO
XpoMHpOBaHHOTO ciog ToauruuHo# 20—25 mkm. [lpw arom uuncao
nap ofysu, obpabaTbiBacMOR RO ouepefinof  3aTOUKH, YBEJAHYH-
BaeTcsl NMpH ¢pezepoBaHuu kol a0 120 nap, pesuust — jo 90—
420 map.

Jas ysenuueHHst CTOHKOCTH PeXYILHX KPOMOK 0GyBHLIE (pesnl
H3roTOBAAIT W3 TBepAblXx c¢naasos. M3 MeTaaaumueckHx Teepiao-
CIJABHRIX MOPOIIKOB TOJYHaiOT (POPMOBaHHEIE (pe3nl JBYX KOH-
CTDYKUHH MPEccOoBanHeM M ClieKaHHeM.

O6yBHBEE NPEANPHATHA NPHMEHSAOT (pe3hl ¢ PeRYUER KpoM-
Koif U3 TBepAOrO CmjaBa Ha ocHoBe Kap6una soJsibhpaMa. ITH
¢hpessl npejpHasHAUeHB! HJA KPYrosoii oOpaboOTKH MOJAOINB ¢ npA-
MbiM ypesoM. B unactostiiee BpeMsi Buinyckawrca $pesw 320T,
325T w 340T-1. CrofikocTs aTHX pe3 BhuUe craiabPHX B 50 pas
1 Gonee.

Haa paspaGorkoit u BHeapeHuem ¢pes M3 TBEPAMX CIIABOR
ana obpatGoTkit obyeH paGoraeT HMHCTHTYT CBepXTBEPALIX MaTo-
puaiaoB Axaizemun Hayk ¥YCCP. Ilo paszpaBoTkam wmHceTnTyra Ka-
meren-IlTofoabcKHi 3aBOJ  AEPEeBOPCKVIHETD HHCTPYMEHTA MMEHH
I'. H. Metposckoro Bunyckaer ¢pesw 1110, 1115, 1120, 1125, 1130,
1135, T47 n T49, npeinasHayeHHHC 178 TeX Ke onepamHf, uTO H
(Pppeawt 320T, 325T u 340T-1.

3.5, HNIH®OBAHHE

B ofyBHOH NPOMBIIJIEHHOCTH APHMEHSIOT PA3JNHYHBIE BWAB MIJIH-
tosanna: wandosanue nepudepnell aaMaznore HHCTPYMEHTa HAH
IHOBATBHOR MWIKYPKOH (WIHdOBaHKE NMOAOHIE ¢ HEXOLOBOGH CTO-
pOHtb, CTCJAEK, ypeza MoJoWB H KaGayKOB); HIAUQOBAHHE TOPIOM
aMA3HOTO HOCTPYMEHTA HJH LIIH(GOBaJbLHOH LWIKYPKOH ¢ lojayeh
AeTajau uu3a o0YyBH B IIOCKOCTH, NEPIEHAUKYASPHOR OCH HHCTPY-
MeHTa (mudoraHue MO (EPUMeTPY credieK, (POPMOBAHHEIX TOAOIIB
H T. 1.); WAHGOBAHHE TOPIOM aJMa3(0ro MHUCTPYMCHTA WM IMAN-
¢dosanpHOod INKYPKOH NPH MNOCTOSHHOM YCHJHM, HaOPaBACHHOM
BAOJL OCH HHCTPYMeHTa (wnudoBaHHe EATOUYHOH YacrH [MOLOWE W
MecT non pekBHauTH) [11].

IlupoxkoMy npuMmeHeHHw abpa3uBHOH oOpaGoTkM  getaned
CmocoGeTBORBAMO  BHEAPEHHE KJEEBOr0  MCTOAA KPeILICHHs HH3a
obyeH,
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langosanne MaTepHasoB W AeTaqaell HH3a o0yBH BHITIOJHsETCH
Ha MAUIMHAX PA3JHYHBIX KOHCTPYKITH.

Has wmaudoRasua HEeXOMOBOH NMOBEPXHOCTH TNOJOWIB M CTCIEK
nepes cJeHBaHpeM scnmonb3yor Mamunwe  [ITH-1-O orevecTsen-
HOTO npousBofcTBa, Mawnue (44127/P10, 04163/P3 (UCCP), 343T
u 347 ¢upmel «Curmas (Mramns).

Ona mnubosanus ypesa MOROMIB H OOKOBOH NOBEPXHOCTH Kab-
aykos npumensior maummuel CKIT w MHIIK-1-O orewecrBeHHOT0
nponsBoxctea u 04105/P6 u 04311/P3 (HCCP).

UlnudoBanke nNATOYHOH YacTH NJVIOCKHX TONOLIB BHIIOJHAIOT
Ha mamuHax [IfH-1-O (CCCP) u 04127/P10 (UCCP), GT6 dupmn
«bomGenan» (Hranua) n 1852 dupmw UCMA (Mranusa).

Tlpu nemxkeHHU MAUGYOIETO HHCTPYMEHTAa OCTPHS 3€peH oc-
TABJAOT Ha MaTepuajie uapanuHel. Tak Kak paccTodHle MeXnay
3epHaMHU MaJo, MaPalHHH NPOXOAAT HACTOABKO GJHM3KO OXHA OT
LPYrof, 4TO TMNOAPe3aAHHBE TOHKHE CJIOH MaTepHala OTA&JAIOTCH.
Fny6uua pe3auns 3aBHCHT OT pasmepa sepua. Ilo mepe sartynie-
HHA TpaHe# 3epHa CONPOTHB/AGHHE pPEe3AHWI0 BO3PACTAET, KOrAA
OHO CTAHOBHTCH GOJBIIE CHAEl, YAEPXKRBaowel 3epHO, TocAcAHee
OTPEIBAETCA OT CBA3ZKH, OTKPHIBAg CJON 3€DeH, WMEWIIHX OCTpHE
rpaun. ITosTomy wandoBaiciRe HHCTPYMEHTH 4BJSIOTCH Camosa-
TaUHBAIOUIHMHCH.

AGpasHBHHE MaTepHaabl, DPHMeHAEMBlE [IAH HSCOTOBJEHHSA
wantboBaALHOre HHCTPYMEHTa, AeAST HA eCTCCTBEHHBIE M HCKYC-
CTBEHHEIE, _

K ecTecTBeHHHIM MATEPHAAAM OTHOCAT MUHEDAJH: OPHPOAHBIR
aAMa3, KOPYHH, HAMAAK W KPeMeHb, K HCKYCCTBEHHEIM — 3JEKTPO-
KODYHR, KapOHA KpeMuHS, xap6uj Gopa, CHHTeTHUecKHA anwmas,
kybuueckuit Hutput Gopa (KHB) u pasaunuMble KoMnosupuu Ha
HUX.

Hausricmefi TBepAOCTHIO H3 HCKYCCTBEHHBIX IIIH(OBANBLHBIX Ma-
TepHan10B 00JaJ2I0T CHHTETHUeCKHe ajaMasH. CHHTeTHUecKHe aJ-
Ma3bl HMeT foJjee UIEPOXOBATYIO NMOBEPXHOCTHL H MEHBIINE Yl
320CTPEHHS PEKYHUIHX KPOMOK W BepIUHH, YeM MPHPOJHBIE AJMAa3H,
noaToMy GoJiee NPHTOAHH B KauyecTBe ULTH(DOBAJBHBEIX HHCTPY-
MEHTOB.

g mKypox npuMensoT abpasuse 3epuucTocTsio 125, 100, 80.
63, 50, 40, 32, 25, 20, 16, 12, 10, 8, 6, 5.

TeephnocTh 3epeH afpasHBOB HAXORAT N0 IIKaJie TBEPAOCTH MH-
HepaJoe: oHa OGauska K 9 (mo sTofl HmIKane TBepAOCTh alMasa
paena 10}, _

Hlandoranbupe ™ WIKYPKH, HCNOAL3YEMBHIE B OBYBHON H KOMXKra-
nantepefiHoll NPOMBIULJIEHHOCTH, HpeAcTaBagwr colofl  TKadoe
MOJOTHO {OCHOBY) ¢ HaHCCEHHLIM CJOeM 3epHHMCTOro alpasMBa, 3a-
KpenscHHEIM KieeM, IInuoranpuble IMKYPKH W3FOTOBJAAOT PYJIOH-
HBIMH W JTHCTOBHIMH, B KauecTBe OCHOBBI IS MIIH(MOBAaJBHBIX LHIKY-
POK MOTYT GHIThH MCMONBIOBAHB PasfHUHbe CApXU: Jerkag XJoi-
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Puc. 3.23, KoncTpykuuy paboudX HHCTPYMEHTOB MAlBHMHE AAF MLIkgOsanus

yarobymamuaa (CJ1), cpemnaa (CC), yraxeneanan (CY), cme-
uunanaeHas (CIT).

KauectBo mwiaudoBanbHOA IIKYPKH 3aBHCHT OT MPOUHOCTH TKAIIH,
KauecTBa abOpasuBHHX * 3ePeH W Kaeda. Hewm OpouHee TKaHb, TEM
poaroseudee mikypka. lllkypka poBONbHO OBICTPO BHIXOAHT H3
CTpOd BCJEACTBHE BEIKPAIUMBAHWA 3ePeH uad HX 3acanusanus. Ilo-
8TOMY TKaHbL nojpfuparT Tak, yrofe oHa paspylladace npuGu-
3HTEJBHO K TOMY BpeMeHH, KOrja WKypKa Tepser 3HayHTEJbHOE
KOJIHUECTBO aGpasHBHAIX 3ePeH.

Boablioe gHaugHHe HMeeT KJeeBofi cnofl. Afpasupubifi cioff
A0M¥eH ObITh TPOYHO CKJACGH C TKAaHOH OCHOBOH Me3JAPOBHM HJH
KOCTHBIM KaeeM. Uem OoJplie aaresds kied K TKAHH U 3epHAM,
TeM AYYIIe Ka4eCTBO WKYPKH.

B Gonpliu#CcTBE CAYYaeB MOBEPXHOCTh HMIIHGYIOT He 3a OAMH,
a sa ABa-Tpu npuema. Ilpy nepBoM rpyGoM IaHQOBaHHH CHHMAIOT
onplioll ca0# MaTepHasa WIAX(QOBaAbHEMH LIKYPKAMH 3€pHH-
cTocThio 120—32, npH BTOpoM LMHGOBAHHMY -— IIKYPKOH 3epHH-
crocreio 32—10 H upn TpeTbeM (AN IPUIAHMA rAAAKOH (IOREpX-
HOCTH ) — WKypKOH 3epruCcTOCTRIO 10,

UInugoransnas wkypka I (puc. 3.23) HapmeBaeTcsi HA BaJHK,
mwaiiby uan goanayox. PaGouas NIOBEPXHOCTHL BaJHKa HAH LIAHGH
ofTATHRAETCS ILIOTHOKATAHBIM TEXHHYECKHM BOHJOKOM 2 TOJILIH-
Ho#i [8—20 mm. Takam ToauIHHA HeoOXOLMMA MJIA JAWKBHIANHH
AaMC HE3HAYHTENBHOTO 3KCHeHTPHCUTeTa maffu uap paauka. [log-
KI4aJKa H3 BOAAOKA CAYKHUT AJA pachnpeieseHHs JaBleHHusd, OTCYT-
CTBHE €€ IPHBOAHT K 3aMEeTHHM L2DanHHAM Ha JeTaJfx.

Hcenenosanne npouecca maHGpoBaHAA OOYBHEX MAaTepHaJoB
aJMA3HBEIM MHCTPYMEHTOM JI03BOJIMJIO YCTAHOBHTL BJHSIHHE CKO-
poctH WAHGOBAHHA U CKOPOCTH IOJauH, TOJNIUHHK LETAJH HA TOJ-
UHHY MaTepnana, CHHMaeMoro npu mandosanun [11].

IMpu HeciegoBaHHH BJHAHHA CKOPOCTH IMAHGQOBAHHS Ha TOJ-

“muHy COWARGOBAHKOIO MaTepHata CKOPOCTb WJIHGOBAHHSA HPHHH-

Masachk paBuo# 19,626—40,745 M/c npu pgamerpe aaMasHOrO HH-
crpymenta 125 mm sepructocThio 400/315 n 250/200. 3aBucuMOCT
TOJLIMHEL CHATOTO HPH WAHGOBAHHH CJIOA OT CKOPOCTH WandoBanHA
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Uwy MOPHUCTOH YepHOH pe3HHB MapxH
B anmazueimM uHCTpYMenTOoM 400/315
NpuBedeHa Ha pHC. 3.24.

Mexny ToqmHHON CHHMAaeMmoro
CIOH ¢ ¥ CKOPOCTLIO WIIHGOBAHNUS Vg
CYIlecTBYeT JHHEeAHAA 32BHCHMOCTh
Bl AA

Y —V=a(X—X).

Jannuwie* ana noaydenus Taxoi
FARMCAMOCTH NPH UiHGOBAHHK TODH-
cToft depHol pesunnl Mapku b ¢ no-

ot R CTOAHHOM CKODOCTBIO 1oJa4H
man A WM;E 0,417 m/c npuseneys B Taba, 3.3,
“ st PHBELEHHOTO cayuas

Puc, 3.24. 3anscaMocTh TOMIH- UMeeM:
HLl cacd {, CHATOIO Tp#d waH- '

¢doBavuH MOpHCTOR YepHo# pe- Y—v. —116 632/4 = 29,158;
awnn Mmapku B, oT cxopoctn L ! ! !
HIRDOBAIHS Uy, M/C: X =29 36/4 — 0,59;
1—0,167; 2--0,334; I—04T; 4—0,5; ’ B
5—0.583; 60867 a = 8,67954/253,10432 = 0,034.

Beaegersue storo

{ — 0,59 = 0,034 (v,,, — 29,158),
HIH
f=0,034v,, — 0,41.

JlavHble gad poJyuelps MAaTeMATHUYeCKOH 3ABHCHMOCTH TOJ-
UIMHHE CJ10%, CHHMAeMOorQ npH INA4(OBAHHM UYePHOro KOMKBOJOHA,
OT CKOPOCTH HLIIGOBaHus NPH cKopocTH nojaun 0,447 m/c npuse-
OeHE B Ta6ua, 3.4.

HMenutranus nokasadli, 4TO ¢ YMEHLIMEHHEM 3€PHHCTOCTH TDH
NPOYHX PaBHLIX YCJOBHAX YMeHLINAETCH TOJLUHHA CJI0H, CHHMae-

Tacauga 3.3, Jlauusie gas onpeReneHds 3aBHCHMOCTH TOJNM{HHL
. CHHMAEMOTO CJI0H f OT CKOPOCTH ILTHGORAHMH U TOPHCTOR

yepHOil pe3uHu MapkeE b

Tppar M {, um v (v, -3)? -1 (o,—u) (t;—1)

19,626 0,26 --9,532 90,859024 —0,33 3,14566
24,532 0,44 ~4,626 21,399876 —0,15 0,6939
31,729 0,67 2,571 6,610041 0,08 0,20568
H0,745 0,99 11,686 134,23539 0,4 4,6344
Z=1[16632 Z=236 ¢ 2=12563,10432 X =8,67954

4,
* DwcnepHMcHTaMblibie Aalible 06pafoTaHm TO MeToAy HAaHMENbIIHX KBaa-
paTos.
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Tadnuuwa 3.4. Naunbie Aaa oppefefeHua 3aBUCHMOCTH TOMIHHB
CHHMAEMOT 0 CXOH { OT CKOPOCTH MaHpoBauua v

YepPHOTO KOXKAOAOHA

0,0 e Mic ! um ﬂi._z (u‘.752 (ti—t') (viﬁ;) (t‘-—f)
19,626 0,11 —0,632 90,859024 --0,0775 0,73873
24,532 0,i6 —4,626 21,399876 —0,0275 0,127215
31,729 0,20 2,571 6,610041 0,0125 0,0321375
40,745 0,28 11,586 134,2353% 0,0925 1,071705

E~=116632 X2=075 Z == D53,10432 Z == 19697875

MOro OpH WJAHGOBAHHM; C MOBHIHEHHEM CKOPOCTH OHA BO3PACTAET
H MaTeMATHYeCKH fBJsercs jiiefiHoil GyHKuueR ckopoctn ULIH(O-
BaHun (¥ = AX 4+ B), npuuem xosdpdunucut A 3aBHCHT oT ¢#-
3UKO-MEeXaHHYeCKHX CBOHCTE MIAMQYEeMBX MaTepHaJOB M 3€PHH-
CTOCTH a4JMAa3HOT0 HHCTPYMEeHTAa, HO He 3aBHCHT QT CKOPOCTH MO-
Layl, TOLAA KaK KO3(Q@HUHeHT B 3aBHCHT OT CKOPOCTH HOJav,
3ePHUCTOCTH HHCTPYMEHTA 11 (H3HKO-MeXallNyecKHX CBOHCTB WULIH-
dhyeMBIX MaTePHaJIoB.

Tomuigea cowINOBARHOTG €108 { NPH HOCTOSHHOH CKOPOCTH
wangosanud  (puc. 3.25,a) ¢ yMeHBUIEHIICM CKOPOCTH IOLAauH
Pe3aKo BO3PACTAET, NMPHYEM OHA YBeJIUYMUBACTCH TMO Mepe TOBHIIIe-
HHA CKOPOCTH ULIAHGBOBAHHA.

[MonyueHa 3aBHCHUMOCTh, OTOOPAKAMIIAT AHAJHTHUECKYIO CBA3b
MEMLY TOJUBIOH COWAX(OBAHHOID CJOS M CKOPOCTLIO NOHAYH:

t= (Avn + B)/(Cﬂn + D)a
rae kosbpduunente A, O, C, D zaBHcAT Kak oT §HIHKO-MEXAHHUECKUX CBOHCTB
UIAHhyeMblX MaTepHANCD, TAK H OT CKOPOCTH WHGOBARHA.

Humxe npefacrapiedel kosdguuuentss A, B, € u D jana nopu-
cTofl uepHo#l pesunb MapkiH B W 4epHOroO KOMBOJOHA IPH CKOPOCTH
mauagposanus 24,632 m/c n sepructocTin 400/3135.

A B c b
Mopucras uepran pesuwa —1,47 5,18 12 5
wapgu b
UepHbA KOMBOJAUH —0,45 0,52 3 1

ITpy mAnGOBAHHE aMMa3HLIM HHCTPYMCHTOM MOJHMEPHMWX Ma-
TepHalOB HHW3a 0OGYBH NPH NOCTOSHHOM 3a30pPC MeXAY uLIHdyio-
KM 6apafancM H MOAAIOWNM BaJ0M CYILECTBEHHD BAHAET HA TOJ-
IUHY ¢JI0H, CHHMAEMOro 1IPH IIHGOBAHHH, CKOPOCTh IIHGOBAHHSA
H CKODOCThb MOAA4H, MPHYEM ¢ YBEJMHEHHEM NOCJeaHeH TOJIIHHA
CHHMAEMOTO CJI051 YMGHBIUAGTCH, 4TO OOBACHACTCS YMeHLUIEHHEM
yHcaa mAndYONIHX  3ePeH, YVUacTBYIOILHX B NPONECce pesaHHd.
[lpu mocToAHHOM 3a30p€ MOMKHO CHHMATb Pa3JHUHEIA MO TOJIHHE
C0H MaTepHa/a, TPHUEM 3Ta BeAHYHHA 34BHCHT [€ TOJBKO OT
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Puc. 3.25. 3apHCHMOCTS TOMIIHHEL €10 !, CHATOrC NPH WIKGOBAHHH YEPHOrO
KOXBOJOHA {4} ¥ cTHpoHHNA {0}, OT CKOPOCTH MOAATH ¥, H TOJIHHH AeTaIn T
MPH CKOPOCTH UINHGQUBAKHA Ui, M/C

1—40,745; 2 —31,729; 3— 24,532 4— 9,626

CKOPOCTH pe3aHHs H I10Za4yH, HO H OT (PH3HKO-MEXAHHYECKHX
CBOHCTB ulH$yeMblX MATEPHAJOB.

OTtMeyeno, uTo Ha TOJIIMHY CAOSA, CHHMAaeMOro npd Huindosa-
HHH, BJAHsieT rtojmuna feraad (puc. 3.25,6), a rakme 3asop Me-
KAy aJAMa3HeIM 6apaGaHoM H NOLAJONIHM BAJOM,

HafineHEl aHAAWTHYECKHC 3aBHCHMOCTH TOJILIHHLI CHHMAEMOro
€10 OT CKODOCTH TOAAYH TPH MOCTOAHHOM 3430pe H CKOPOCTH
wandoBanug, KoTopas Bupaxaerca ¢opmynoft (= AT -+ B, rae
T — ronmmua o6pasua, mM. Kospduurentst A n B 3aBHcAT Kax
0T (hPHIUKO-MEXAHNYECKHX CBOHCTB UNTHODYEMBIX MarepyajoB, Tak
H OT CKOpOCTell pezaHus M NOZauH,

B rtafa. 3.5 npHBeseHEl AAHHEIC AJA OIpeJesieHHS MAaTeMaTH-
HecKOH 3aBHCUMOCTH TOJIUHHB ¢JIOf, CHHMAEMOTO OpPH ULIH(pOBA-
HNY fgeTasted HuH3a OOYBH H3 TOPHCTOH UBETHOH pe3nHnl Mapkd B,
OT HX TOJINHHE NPH ROCTOARHOM 3asope (6,34 MM) Mexay aamas-
HeIM OapabaHom 3epHucrocTeio 400/315 u nogammum BaaoM H
ckopocTH nadgosanus 19,626 m/c. [las ganmHoro cayyas HMeeM,
uto 1 =0,167 — 0,92.

CxopocTe peszanus (WandoBaHHA) ¢ NOMOIUBK maii6é H BadH-
xoB paBHa 10--25 m/c npu cxopocTi noaauu usgenus 0,1—0,3 m/jc.

1A OKOHYATeJpHOTO (TOHKOro) MIHGOBaHMS MOLOIIB MpPHMC-
HAIOT WUIHGpOBaJbHEE WIKYPKH 3epHHcTOCTRIO 16—10. Paa npu-
YMH — OBICTPHHA H3HOC IUKYPKH, YacTad CMEHAa M HEBO3MOXKHOCTb
NOJB30BATLCS H3HOLIEHHOH MKYPKOH, NIOTPeGROCTh B 3HAYHTEJIbHOM
YBeJAHYEHHH JacTOTH BPAalleHHd Waldul Uax BaJHKa — 3aCTABIAET
HCKATb HHCTPYMEHT LPYrore THIA M, B YACTHOCTH, TEPeXOJHTh H4
06paboTRY WIHGOBAJLHEIMU KPYraMH.
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Tadauuwa 35 JlaHdune OAA OUPeXe/iCHHA 3ABHCHMOCTH TOAUHHL
CHAMAEMOr0 CJI0S OT TOMEAHW 06pazua nopucrofl
ureTHOR peauuw mapkm B npw a=const n v, == const

T, MM £, MM r,—T (r;-7)7 1~ (7, ~T){t,—%)
7,06 0,21 —0,44 0,1936 0,07 0,0308
7,14 0,22 —0,36 0,1296 —40,06 0,0216
7,26 0,24 —0,24 0,0576 —0,04 0,0096
7.35 0,26 —0,15 0,0225 —0,02 0,0030
7,44 0,27 —0,06 0,0036 —0,01 0,0006
7,54 0,29 0,04 0,0016 0,01 0,0004
7,65 03 0,15 0,0228 0,022 0,0030
7,75 0,32 0,25 0,0625 0,04 0,0100
7,86 0,34 0,36 0,1296 0,06 0,0216
7,95 0,35 0,45 0,2025 0,07 0,0315

=75 Z2=28 2 ==0,8256 2=0,1321

UlaudosaapHele KPYru NOJAYHAKT CKJICHBAHHEM 3ePEH CBA3YIO-
KM MaTepuajiioM, MOTOMY KAMCCTHO HX 3ABHMCHT HC TOJbBKO OT
TBEPAOCTH H pa3MepoB 3epeH, HO H OT poxa cBA3kd. Haubosee
pacrnpocTpaHeHsl KepaMuycckad, GaKCJAHTOBadg H BYJKAaHHTOBAA
(peanmkoBasn) cBA3KH.

Kak noxkasanu onsiTel, WAH(DOBAALHLIE KPYIH #ABJAAIOTCA AYyY-
UHMH HHCTPYMEHTAMHE JJst OTAedKkd pe3Hubl. OHH COXpaHAT
pexylmylo cnocofHOCTE  A0ABLIE, 4veM LiAn(oBaNbHHE IHIKYP-
KH, He 3acaiauparorcs. HIkypkm wuz-3a 3aTynAeHHA H BHKpaUIH-
BAHHA 3eped TPHXOAHTCA MeHATH nocle obpaborku 6—8 mnap
00yBH.

[Tpu GoabUIHNX OKPYXKHBIX CKOPOCTAX H3HOC KPYra H BO3MOX-
HOCTh €r0 34CAJHBAHHA YMEHBIUAKTCH, 4 KauecTBo HNIH(pOBAHMSA
YAYULIARTCA.

Yeranosiieno, 970 npu mWAHDOBAHAH KpPyraMu Ha KepaMuye-
CKOfl CBA3KE NOBCPXHOCTH PE3HHH toJyuaeTcsd mrepoxosatofl, Kpyru
Ha 6aKenUTOBOI CBA3Ke AT JYUIIHE PC3YJBTATHI,

Ulnudoranvubie KPyru LIHPOKO NPHMEHAIOT AaA uanAdosanus
ypesa NMOAOWIBHI K3 Pe3nHsl, ocoberno nopucroi. IlpeapapurensHo
noaouipy ppesepywor 8-3yGoit dpesok, a sarem wandyor. [pea-
BAPHTEeIbHOE NITH(GOBAHHE PEKOMEHAYETCAd NPOBOANTH KPYraMH
3ePHHCTOCTRIO 25—20 Ha GakeAHTOBOH WIH KepaMHYECKOH CBA3Ke
npu OKpyXKHoH ckopoctH 12—I15 Mm/c; oxomuartenbHOE LLIHGDOBA-
HMe — KpyraMmu 3epancroctoio 8—6 Ha xepammieckoil wi Hake-
AUTOBOH CBA3KE TPH OKPYXHOH cxopoctH 18—20 m/c. Boawmxe
HaAHWKY wmareppana (Goaee 1—1.6 mM) no nepumeTpy KaGmyka
HeoOX0AUMO cHHMaTe 8-3yb6o#i ¢pesofi fpu uvacToTe Bpallenus
133—167 L.

3acaqnpawliecs Wad BUGpupyrounie (U3-3a HEYPaBHOBEINESH-
HOCTH, RBI3BIBAEMOH HEPaBHOMEPHBIM H3HOCOM) KPYIH mIpaBsiT
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Wapowxof co 38e30000pa3HEIMH AHCKAMH HJIH C BBAPEHIOH B ILHCKH
noGefHTOBOH KPOLIKOI,

Ilpun orpenke ciaepa noOmOWIBH U HaGOHKN HAHAYYLIHE Pe3y.ab-
TATE BOCTHrawTCA NpH WAKGOBaHHH HX BYJKAHHTOBHIMH KpyraMu
H3 MATKOH pPe3dnnb, MHHHMAaJbLHO HacHUIeHHOH 3epHaMH kKapbo-
PYHAA, KBAapua, CTeKJAHHON NBJAH 3epHHCTOCTbIO 25—12. Huamerp
kpyroB 100—150 mm, pafouad [MOBEPXHOCTL AOMKHA ObITh GOJbUIE
WIHPYHH NYY4KOBOH Y4acTH NOAOWBH Ha 2--3 cM.

3.6. B3AbEPOUIMBAHHE

BanepolinBaHHe He TOJBKO OYHINAeT, HO M YBEJNHYHBAET HOBEPX-
HOCTL KOHTAKTA KJCHA CO CKAEHBAeMOHl MoBepXHOCThI0. Onepapms
OTCYTCTBYET, €CJAH 3aroTOBKH BCPXa O6YBH H3TOTOBJIEHB M3 CHHTe-
THYECKHX H HCKYccTBeHHBIX Ko#k. Ilocie BanepownBanna o6pabo-
TaHHAS OOBEPAHOCTb AMNIKHA HMEThH KOPOTKHE BOJIOKHA, MPOUYHO
CBA3AHHHE C CAMHM MarepHaiaoM. [las BybepolIUBaHHS TOBEPX-
HOCTH NPHMEHAT MeTaJ/UIHYecKHe WIeTKH, IIAaPOUIKH, HI0JbYaThle
JICHTH, HIIKG(OBAAbHBIE HIKYPKH H KPYTH ¢ 3epHaMu alpa3usa
Goasinoro pasMepa.

B saBHCHMOCTH OT Ha3HAaUeHHA pAa3THUAIOT MeTaJJHUYECCKHE
IEeTKH AJS MaTepua/oB NOJOIIBLL H Bepxa obyBu (Taéa. 3.6).

HMeercst 11eCK0OJIBKO KONCTPYKOHA MeTajnuuecKux werok. Hau-
6onee  pacunpocTpaHeHa KOHCTPYKOHA, NPCACTABRIAKNIAA  cobo#
HYYKH CTAJARHOH MPOBOJOKH, 3a)KaThle MeXAY CTaJdbHBIMHI Lak-
bamu (prc. 3.26,a), Takxe xopouro paBoTaT MeTaJJHYecKHE
LHIETKH U3 CTAABHOH HPOBOJOKH, TIYYKH KOTOPBIX 33BY/JAKAHH3OBAHEI
B pC3HHE H CMOHTHDOBAHE Ha BTyJke (puc. 3.26,6).

Koxu gaa sepxa o6yBH o6palaThBAlOT NPH OKPYIKHHX CKOpO-
ctax wmetkd 8—10 m/c, nogowBeHHble MaTepHaaw — 15—16 m/c.

TaGanuga 3.6, WleTku MeTaNNHYECKHEe H3 BOJHHCTONH NMpPOBOJOKH AAA
B3LEPONIMBANNA 3ATAKHON KPOMKH 3aTOTOBKH Bepxa oGyem

B meTku Paamep Juamerp JauHa MarepHnaa
(ecTKoCTB) WeTKH, | NPOBOAOKH,| MPOBOJIOKH, Bepxa Yuacrok oSpaboTkH
MM MM MM {HeeTKOCTL)
Markas
y3Kas 116 X 20 leaenoudnlii
WHPOKasA 110 ¢ 50 0,14 30 Manan Ben sataxuad
KpOMKa, KpoMme re-
ACHOYHOT O
Cpennss, . .
yaKasn 110 3 20 eNeHouHBL
BIHPOKAS 110550 f %2 30 Cpennas gio sarmmmuan
KpOMKa, KpoMme re-
JEHOUHOrD
HKectras 110 X 50 0,47 35 Bonewas Besn sarsmmuan
KpOoMKa
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Puc. 3.26. Cremu Merajasdeckolt Dietku (@) W INETKH, 3aBYJAKAHH30BAHHOH
B peauHe (0)

Has ray6oxoro B3hepDOLIHBAHMS Pe3HHOBHX M KOMAHEBIX NOACLUB
B MOCACJIHEE BPeMsl BCC YalUIC TIPUMEHSIOT CHCUHANbHBIE LIAPOLIKH
B Buae 3yOuarteix wa#f. 10—15 mT, rakux waid HacamHBAIOT HA
OCb TaK, 4TOOBI OHI MOIJH CBOGUAHO MepeMellarhcst B BEPTHKAMb-
HOH mAockocTH. Kpome Toro, mwapolike coobliaeTcs HPHHYILH-
TeAbHOE JBHMEHHEe B TODHIOHTAJBHOH TaOCKoCTH. B peayaprate
CJDXKHOTO JBHKeHHA 3y0UaThiX a6 NMOBePXHOCTb AETAJNH B3hepo-
wusaerca. Tako# xe pesynbTat paocruraercs npxH o6paboTKe mare-
pHAaJa HUAHHADHYECKHMH INAPOMIKAMH ¢ HacedgkaMH Ha BGOKOBOH
MOBEPXHOCTH, cBOGOAND ABHKYIHNMHCS B BCPTHKAABLHOHR MJACCKOCTH
H OPHHYLMTEABIO B TOPH30HTAJBHOMH.

[lepeunciennsle BHIIE pafoude HUCTPYMEHTH He o0ecnedinBaioT
PABHOMEPHYIO LIEDOXOBATOCTb [OBEPXHOCTH 34 OIWH I[IPOXOJ, 4TO
CHHXKAeT MPOH3BOAUTENbHOCTE Tpyaa. Ilpeanoxen cnocob ygapHo-
abpasuBHOiM 06pafoTkl AcTajtcH, nmpH KoTopoMm (OPMHPOBaHHE MHK-
popeapeda MPOMCXOAMT 3a CUeT yAapa © HOBEPXHOCThL MaTepHaJga
aGPasuBHBIX YACTHL, Pa3OTHANLBIX CKATHM BO3iyxoM. Haubouas-
Hiee RBJHSIHAE HA LIEPOXOBATOCTh IIOBEPXHOCTH W OPOH3BOLMTENh-
HOCTE [poLecca yaapuo-adpazuBHofi o0pafoTKH, KAK TOKAa3anH
ueesmenopanus  [12], okaswiBaeT BpeMs 06paBOoOTKIL, 3CPHHCTOCTh
afpasuBa, AJHHA CTPYH H [JaBJeHHE CXKATOrO BO3AYXA, YILoJ
«ataku». Hcnonpaopanue Ttakoro cnocofa obpaborkn obecneun-
Baer TpefyeMylo IIEPOXORATOCTE 3a OAMH ITPOX0J. YrpanrieHue Hpo-
LECCOM BO3MOXKHO MYTeM PeryiaupoBaHHd pa3Mepos adpasmBHOTO
3epHa M CKOPOCTH ero nojaun, JlJsi MOBEIUIEHHA [POH3BOJLHTENb-
HOCTH YAapHO-a6pa3suBHOR o06paboTky HelccooGpasHO HCMOJB30-
BATL MO BO3MOMKHOCTH OoJibliee paccTOfAHHe A0 06pabaTniBaeMoi
MOBEPXHOCTH H MCHBIUHH YroJ «aTaKH».

llpu peanusamuu mansoro cnocofa BO3MO¥HHE [JBa Hanpas-
JICiIHA:
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I) cozpauite GeciiblyibHbiX YCTAHOBOK ¢ MHIKHM orpamxgeHiiem
obpadaThiBacMOrG Y4acTka ¥ MCCTHBIM OTCACOM,;

2) paspaboTia repMeTHYHHX pPabUUHX KaMep ¢ CHCTEMAMH BeH-
THISALHH ¥ PeUUpKyasauyy abpazuca.

3.7. PEBAHHE MATEPHAJIOB BHBPHPYIOIIHM HOXOM

O6pa6oTKy BHOPHPYIOUNM HOXKOM I(IPHMEHSIOT B PaAe OTpaciel
HPOMBILIEHHOCTH [AJist Pe3saHHs Pa3luuHBEIX MartepHanos. Bwmecte
¢ TCM B 00YBHOH H KOMIraJdaHTePelHOH OTPAC/HSIX MPOMBILJIEHHOCTH
OH4 ellle¢ He HALLIA IUMPOKOTO NPHMEHEHHH,

3aMeHa MalHH A5 (pPe3epOBAHHS MaWHHaMH ¢ BHOPHPYIO-
LIHM HOMOM HMeEET CcJeAyolHe NPeHMYIIecTBa:

YAyuINAIOTCH YCJAOBHA PaboTh (MalIHHE ¢ BHGPHPYOIIHM HO-
MOM He SBJAKTCS HCTOYHUKAMH BBIAEJEHHS IIBIM), IIOSBJISETCS
BOAMOMKHOCTE 00paboTKH MaTepHanoB, nAoxo ¢pesepyioluxca
{ype3 nopomBLl U3 0GJerdYeHHON MOPHCTOH De3NHH, BOHJNOKA, HATy-
PaJBHOTO Kayuyka H Jp.};

HCRIIOUAOTCA TakHe onepauuy, kak obpybanmnme u wmaudona-
HHE NOJOIIB;

NOBHINALTCA KadecTBO 06pabdoTantol NOBEPXHOCTH;

YMEHBIIAETCHA CONPOTHUBACHHE De3aHHIO,

CkopocTh AepOPMHPOBAHH NPHMBIKAIOWHX K JE3BHI0 HOXA
C/I0€B MaTepHajga 3HauYWTeJbHO BhiLle, YeM CKOPOCTb AedhopMHPO-
BadHHA NPH CTaTHYCCKOM PE3aHHH ¢ OAHHAKOBOH CKOPOCTBIO 1MO-
Aauk. Biusnue cropocTH AaedOPMHDCBAHHS Ha IpOLeCC pesaHHs
HATypajbHOH H HCKYCCTBEHHOH KOM OIpeJe/seTcd COOTHOIUEHHEM
ckopocTefl pacnpocrpasesus gedopmannfi, IIpu cokpaliesun 30HH
OCTaTOYHEIX AedopManuil B 6oJipliel Mepe MPoABAAIOTCS CBOHCTBA,
[PHCYILHE YOPYTOMY TEJIY, UeM CBOKCTBA BHCOKONOJIHMEPHOTO Ma-
TepHasa,

HceaenoBanuaMi  yCTaHOBJAEGHA ILeJecoofpasHocTh 06paboTKH
KOXKH H De3sHHH BHODHPYIOUIHM HOXOM. PesaHHe MoXeT IPOH3BO-
JUTBCA BHOPHPYIOIIMM HOXKOM, COBEpIIAIIUMM KoAcOaHHA BAOJb
H [OTEepeK HanpaBJeHHs NOAAYMH MaTCPHAAA,

Ha cuay pesanua u KauecTBo o6palorky marepdana BuGpu-
pYIOUIMM HOMKOM BJHSIOT vacTora K AMINIETYAAa KoJeBaHuf,
yrol 3aTOYKH M MaTepHaN HOXE, CKOPOCTH TPAHCIOPTHPOBA-
HHSl H3Jenusi, CBOMCTBA MaTepHasa M TOJIIMHA CHHMAaeMOro
cJ101l.

IIpu pmBoeHuu HeTafnell M3 DPe3UHBl MaJ0f KECTKOCTH LEJECo-
06passa rnozdava HX HAa 10X, BHOPHPYIOWUH NONepeK HanpaBNeHHH
nofaun ¢ vacroropt 40—60 T'u, ammanrymodt 1,6—2,5 MM, cko-
pocteio 0,02 m/c. ()});o.n satoukn HoXa 18° Ilpu sTom HabawogawT-
cl MMHMMAJBHAA CHJAa De3aHHA H JAyullee KauecTBO 06pafoTKu.
BoanooOpasyule BHXBaTH B HauajJe H KOHIe o6pafoTk# 3HAUH-
TEJBHO YMEHBINAIOTCH, & HHOTAa H BOBCE OTCYTCTBYIOT.
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[Ipu ofpafoTke ype3a MOAOWBL BHOPHPYIOLMM HOXKOM ¢ yBe-
nHYeHxeM 9acTOTH  KoseBanui . Hoxa ot 35 mo 130 Tu cunaa
pesauus [OACIUBR M3 HOPHCTOH pe3nubl  yMeHbINAeTCA Ha
809%, a w3 ko —mna 60 %. Donee HHTEHCHBHO CHJIA pe3AHHA
cHHKaeTcs TpH 00paGoTKe pe3HHBl MeHbIIe# JIOTHOCTH H TBEp-
JOCTH,

C yBeaHveHHeM AMIVIETYIW KoJdeGauuii HOXa ¢ 1,0 mo 2,5 MM
CHJAA pec3aHHA yMeHeimaerca Ha 40—45 9%, npn ysenawueHHM ee
c3 005 mMM— na 75100 9%.

[Tpu yeemuuennn yria 3atouxd Homa ¢ 10 mo 25° cuna. pesa-
HUf Bo3pacTraer B 1,5—3 pa3za B 3aBHCHMOCTH OT 3XECTKOCTH Ma-
tepraga. [lostomy ypes nedecoocOpasso 06pabaTLiBATh HOKOM C
OMHOCTOPOHHUM YIJaoM 3aToukH [0° W pacnoioxeHHEM pexyHIHX
KPOMOK moa yrjaoMm 45—b5H5° x HanpaB/ieHHI0 NOA3YH MaTepHaJa,
[IpakTUKA NOKA3BEIBAGT, UTO CHJA PE3aHHSA U KauecTBO OO6PaboTKH
BO MHOTOM 3aBHCAT OT CTENEHH 3aTYIJIEHUs! JIe3BHE HOMXKA, KOTOpOe
IPOHCXOAHT H3-3a comaudOBLBAHHA vacTHL MeTaqana. Haubonnb-
nrel ¢crofiKocTh) O0MafAI0T HOXKH H3 TBEpAHX cmiaBoB BK-6 u
BK-6M,

[Tpn ypeanyeHHH CcKOpocTH mnogaud warepuana c 0,017 mpo
0,06 M/¢c ¢unrnl pe3anus NOPHCTOR M MOHOJITHOR pPe3HHH BO3pac-
raor Ha 90—160 %. BoJsluoe BiansiHHe Ha CHJIY Pe3aHHS OKa3bl-
BAaeT TOJAUIMHA CHUMAacMoro caod. [IpH M3MEHEeHHH TOJILIMHBI CHH-
MaeMoro cios or 2,5 1o 6,5 MKM cuaa pesaHMd TIOPHCTOR Pe3HHE
yBenuuuBaercs B 2 paza, MOHOJIUTION — B 3,4 pasa.

Ilpu ofpafoTKe ypesa MOACINBE BHOPHPYIOUIHM HOMOM, COBEp-
MAKUAM KoJAeGaHUs NoNepek HANpaB/IeHHS NORAYH, TONYYAeTCs
npaMoil ypes, UTO ¢ TeXHOJOTHYECKOH, a MHOrIa M 3CTETHUECKOH
TOUCK 3DeHHs He Bceraa jgonycTiumo. Heobxonumelit npodunn ypesa
MOMKHO TOJYYHTh, NepeMelllass GUCYpHHEA HOM B HANPaBJEHHH T10-
Na4d Marepuasa.

Ypes KOoXKaHBHX [ogoMB o6paGaThBaTe BHODHPYIOILAM  HO-
JKOM  BAOJbL HATpAaBJeHHs] [OZAUPg MAaTepHala peKoMeHayertcs
upH vactote 250—450 Tu uw ammaaryie 125—500 MxMm. ITo0
VMEHBUIAET CHMAY pe3aHuss B 5—8 pas no CpaBHEHHK C CHAOH pe-
sauus npu He3pubpaUHOHHOM METOAE H yJayululaeT kKauecTBo obpa-
GOTKH,

UHcTOTA MOBEPXHOCTH MpH PC3aHUH BHOPHDYIOULMM HOMOM BLI-
COKafi: CpellHAA BeIcOoTa HeposHocTed Hop komebuercs or 19,1 nmo
544 MXM B 3aBHCHMOCTH OT YacTOTHl KOJeGaHHH HOXKAa H BHJA
Marepuana, B TO BpeMsa Kak noulie umugosadus Hp = 17, 2...
. 96,4 MxM,

B Hacrodilee Bpemsi mpuMeHAercsa Mawmmea [0732/P3 Gupmm
«CBuTy ¢ BHGDHPYIOIUHM HOXKOM 17 0OpaBoTKM KpPOKyAd 1o-
JAOUIBE], COBEpUIAIOINNM MABHIKEHHe MONePeK HanpaBJeHHs NOLAYH
gerann. Uuejgo KoaeGauuit poxa 2775 B munyry (46 T'n), amoun-
Tynaa KoneGaunfi 2,4 MM,

123



4. YBJAXHEHHE H CYWKA
3ATOTOBOK BEPXA H JIETAJIEH OBYBH

4.1. ¥BJTAJ)KHEHHE 3ATOTOBOK BEPXA
H IDETAJIER OBYBH

O6yBp B mpouecce NPOH3BOACTBA, XPaHEHHA H HOCKH [OABEPTacTes
BO3ZeHCTBHIO Temaa, Napa H xHAKocTeH, B pesynprare 3THX BO3-
HAeficTBHH cBOficTBa OOYBHEIX MATCPHAJIOB MOTYT MEHATHCA B IUHPO-
KHX mpepnenax. HauGoapmufi uHTepec I8 o8yBHON 1POMBIILJIEH-
HOCTH MPefcTaB/AIT BO3ASHCTBHA Telad H BOASHOCO mapa (CHUrpo-
TepMuueckast obpafoTka), a Takke BO3AeHCTBUA Temfla H BOLB
(ruaporepmuueckan obpaboTka).

Bausiure Bnaru Ha cBoiicTsa 00yBHBIX MaTepHaaos, CnocoOHOCTh
BJary MeHATH CBOHCTBA MATEPHAJIOB IIHMPOKO HCIOOAB3YeTCS B TeX-
HOJIOTHH IPOH3BOACTEA OOYBM, I'Zle HACYHTHIBaerTcs OKoao 30 one-
paumuil, KOTODHM NpeAIIeCTBYeT yBAaKHeHHe AeTaqefl.

OcuoBHas Uenb YBJAXKIUEHHS — YMeHBbIIENHe YCHJAWA 0OpH Je-
dopMaun MaTepHalia H IOBHILEHHE HOPMOYCTOHUHBOCTH H3ILEJHS,
¥YBaaxHeHHe 3aroToBOK Bepxa O6YBH mepel OGTAXKHO-3aTSKHBIME
CMepalHAME CHOCOGCTBYET YBeAWYeHHI0 KoahOdHINEHTA Tomeped-
HOrO COXKpallenys MaTepuana npu pacTamenun.f Coriactio pado-
tamM JO. Il. 3nibuna xoadduHuPenT ONEPEYHOIO COKPAUIEHHH KOXK
XPOMOBOrO NYOGJAEHHS YBEIHUMBAETCS NPH OTHOCHTEJNRHOH BJIaxK-
HocTH 22--24 % B 2—3 pasa B CPaBHEHUH C BO3AYIUNHO-CYXHM CO-
CTOAHHEM, 3TC no3Boager yMeHblIHTeE Ha 10—30 9% ycnaue Bu-
TAXKH MATCpHaNa, Heofxoaumoe 1AJsA (OPMOBAHHMA  3arOTOBOK
Bepxa O0yBH Ha KOJDJKE.

VBJaKHEHHE NOBBIIAET CNOCOOHOCTL KOXKH K YIMHHEHHIO NIPH
Harpyakax. [lo ganumm H. M, Wlanosana u M. II, Kynopusuosa,
IPH YBEJHYEHHH alCOMIOTHON BAaYKHOCTH MOJYKOKHHKA XPOMOBOIQ
ayGieHua H TepMmoycTofunBod wodTuH a0 25—30 % yBeawuyuBaetcs
Ko OOHUHEHT yAJMHHERHS, RabalofaeTcs MakCcHMaNLHBIH pocT ocTa-
TOYHOH JedopMalin H MaKCHMaAbHOE 10 HHTEHCHBUOCTH CHH¥Ke-
HUe HANpPAKeHWd, YBeJHYeHHMe YAJMHEHHS OPH DAcTAMEHHH Jaer
BO3MOMKHOCTh YMEHBUIHTH NPHOYCK Ha 3aTAMHYH KDPOMKY 3aro-
TOBKH Bepxa.

[Tpouece penaxcamull HAnpAMeHHss B BO3AVIUHO-CYXOH KoxKe
NpoTeKaeT OYeHh MEAJeHHO: 3a 7 U HanpsXeHHe YMeHbIIaercs
Beero Ha 17,4 %. Tlo paunmim H. A. lecrakosofi, nanGosee HHTEH-
CHBHO HJAET HPOLECC PENAKCAHH NPH YBENMHCHHH BJAMXKHOCTH KOXH
o 50 %.

B ypaamdenHoM ofpasue uepe3 3 4 HANPSKEHME NagdeT Ha
35—40 %, a ocratounas gedopmaunus, no saHHeM M. A, Pafitn-
IMIEHKO, TIoC/Ie MATKCYTOYHOro XpaHesus jgocturaer 75 %. Sta
BeNNYHHA ocTaTouHOR Aedopmalni obecnevynBaer (HOPMOYCTOHUH-
BOCTh I0TOBOHA 08yBH. Taknm ofpasoM, KpOMe TOro, 4TO NOBHILIE-
HHE BJI4XHOCTH KOXKH CHHXaeT gedopMHUpyIOllee YCHIUE M YCKO-
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pAET IPOIECe pellakcamuid B KOMC, OO YBeJHHYUBAeT OCTATOUYHYIO
AchopManuo KoxkH B 2,5 paza.

dopmel cBA3M BJATH ¢ Marepuanom. Ha unameHenune croficTs
0o0yBHEIX MATepHa/oB [PH YBJIAKHEHHH CYLICCTBEHHO BJAHACT HOP-
Ma CBA3KW BJArM ¢ MaTepHa/joM. Boe BiaakHble MaTepHaJ bl B 3a-
BUCHMOCTH OT MX OCHOBHBEIX KOJANOHIHO-PH3UUCCKHX CBOHCTB MOKUO
pa3aenuth Ha Tpu Buga [13]:

1. Konjponguele Tena, mpelcrapasiouic cof0i 3JacTHYHEE Te-
JeTHCHEPCHOHHBIE CHCTEMBI € KUAKOH HJIM ras3oo0pasHOi AHCHep-
CHOHHON cpegoH M offagamliie HEKOTOPHIMH CBOHCTBAMH TBEPAHX
TEN: CMOCOOHOCTRIO COXPAHATE (POPMY, NPOUHOCTRIO, YOPYLOCTLIO,
NAACTHYHOCTLIO. ITH CBOHCTBA 06YCJIOBAEHBl CTPYKTYpPHOH ceTKOH
(kapkacoM}, ofpazoBanHON HaCcTHIAMH [AMCOCPcHOH §assl, KOTO-
phle CBA3anbl MeXIy COGOH MOJEKYNAPHHMM CHJIAMH DPasju4HOHA
npupoas. IIpr mordollenHH H yAaJeHHH BJIArd 3JaCTHYHEE CeJu
3HAYHTENBHO H3MEHAT CBOHM pPasMephl, 1O COXPAHANT 3JACTHUHBIR
cBoficTRa, K THUMHYUHHIM KOJJOWIHHM TejJaM OTHOCATCHA XKEJATHH,
arap-arap, NpeccoBaHHOE MYHYHOE TECTO.

2, KanuajaapHo-NOPUCTHE Tead, HJIH XPYIOKHE Tedd,— Mare-
PHAJE, KOTOpPHE TIPH YBJ@KHECHHH [OYTH HE U3MEUSIOT CBOI pas-
MEPH, 4 NPH YRAJEHUH BJATH CTAHOBATCH XPYNKHMH M MOryT OHTh
HpeBpallieHsl B Nopomtok, K HUM OTHOCATCA ApeBecHHIR yroJs,
KBApHEeBHHA NecoK, caafoob0KiKeHHBIE KepaMHYeCKHe MaTepHAJHL

3. Koanouguule KanuaJIAPHO-MOPHCTHe Teda, o004a13011He
CBOHCTBAMH JABYX NepPBhiX Tedy CTeNKH HX KANHJIAPOB 3JaCTHYHE
H NPH OOFJIGUIEHHH BJATH BHAOH3IMEHAKTCA H MEHFT CBOH pas-
smepel. Kpome topga, 3epua, xiaeba K 3ITOMY BMAY MAaTepHaJOB
OTHOCHTCS M KOMA, M3MCHeHHUE CBOHCTB M DAasMepoB KoTopofl npH
VBIAXHEHHH OyAeT Hac HHTepecoBaTh. LIPH YAANEHHH BJAaTH B Npo-
{IECCe CYIUIKH PA3PYLIAOTCA CBA3H BJATH ¢ MATePHAJIOM, HA 4TO 3a-
TPAUHBAETCH ONpeAeNcHNas SHeprus.

ITo npMHHMNY MHTEHCHBHOCTH SHEPrHH CBA3HW BJATH ¢ MaTepHa-
JoMm mocrpoeHa cxema akag. I1. A. Pebumiepa, cormacHo KoTopol
CBA3H JCAATCH HA XHMHUeCKHE, (HIHKO-XUHMHUYECKHe H (QPH3HKO-Me-
XalH4ecKue,

Xumuveckas cBs3bL OueHh NPOYHAH H HapYWAaeT(s TOJBKO NpPH
XUMHYCCKOM BO3JCHCTBMM WJH NPOKAJHBAHHU. ITy (GOpPpMy CBAIM
paccMaTpHBATh He OyAeM.

Du3UKO-XMMUYCCKAa CBA3bL BKJWUAET B cebsa ancopbilHOHHYIO,
OCMOTHHECKYIO M CTPYKTYPHYIO.

AncopGuuonHas CBA3L BJAATH ¢ MaTepHAAOM BO3HHMKAET B pe-

3yapTaTe aJCOPOUHE MOJEKYa BOAB MOJIeKYJaMy BHeUIHeH H BHYT-

peHHell MOBEPXHOCTH MHUENI Tesd. AKTHBHBIMH LEHTPAMH ancopi-
nun Asasiores moaspueie rpynmet NHi, COOH™, a tawme rpyn-
ol — NH — 5 -~CO-nenTHAHBX cBs3eldl rJaBHHX IIeNel MOJEKY,
Dra BNAra 3aNOJNHAEST CAMEIC MEJKHE NPOCTPAHCTBA, O0YC/OBJICH-
HBIE HENJOTHBIM COEJHHEHHEM OCHOBHBIX uened OGenka, H pas-
ABNraerT HX B ONHOM HanpaBjAeHWH Ha OTHOCHTEJALHO GOJblOoe
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paccTosiHAe B Pe3yJibTaTe BLIMPAMJICHHA H30THYTHX OelkoBHIX Ue-
nefi. ApcopOuuoHHasa Bjara NOrjaouUiaeTcst ¢ BbidedeHHeM OOJbILOTO
KOJAHUECTBA TEMJIa, YTO CBUIETENLCTBYET O 3HAUHTEILHOH IHEPTHH
CBA3H €C C MaTepHajoM, NO3TOMY aAcopBUUOHHYIO BJAAry 4acTo
HA3RIBAKT BJAAroH rHIpaTauuu. CHAA CBI3H BJATH THAPATAULMH ¢
MaTEPHAJOM HAcTOABKO 3SHaudTeabHa, YTo IepecraeT ofnamaTh
cBoHCTBAMHE XUAKOH {halbl: He YYACTBYeT B PACTBOPEHHH BELIECTE,
He 3aMepzaeT, MeHsuer CBOM »JeKipudeckde cBoficTsa. TouHoe KO-
JHUECTBO ee B KOMe OTPEAeNHTh TPYAHO, TAK KAK HET APKC BLIPA-
XKeHHOH TpaHMUB MeXAy Hefi W Kanuaaapuoit snaroit [14].

Ha caeagywueit cTagnn NOMVIOHIEHHA BJIATH MATEDHAAOM MoJe-
KYNH BOIM IPOHHKAIOT B MATEPHAJ BCJASACTBHE MX MOJERVJSPHO-
KHHEeTHYECKOTO ABHXeHHH, 06yCa0BASHHOI0 siBJeHueM ocMmoca. Bea-
KOe KOJJIOWIHOE TE&JO COCTOHT HEe M3 OAHOPOAHBIX YacTHIl, a H3
cMecH (PakHME PA3THYHOH MOJeKynspHoH Macchl, PpPaxkUHH BhI-
COKOH MOJIeKYNSPHOR Macchl HepacTBOPUMHL B BOAe, 4 HH3KOH
DACTBOPHMBI,

Koanoupgroe Teso mpeiacrapaseT coboR CKeneT M3 3aMKHYTHIX

‘ KJIETOK, CTEHKH KOTODHIX COCTOAT H3 (paKkuuft BLICOKOH MOJNexy-

agpHofl maccH. B kaeTkax HaxonauTcs pacrBopuMas dpaxius, He-
cnoco0HAs NPORTH Yepe3 MX CTeHKH, OHA IOMAaAAeT BHYTDh KJACTHH
B npouecce ¢opMoBaHus reas. Ho uepe3 CTeHKH KJIETKH MOXeT
TPOHHKAThL BOJAA, T. €. CTEHKH KJETKH NPeicTaBafAioT cobofi noay-
ApoHHIAEMYI0 06onouky. PactBopuMmas (paxkuua reas HaxoLHTCR
He TOJNBLKO BHYTPH KJETKH, HO H BHe ee, KoHueuTpauus pacTBODH-
MO#l ppaknmHH BHYTPH GoJsblle, yeM BHe KJIETKH, B Pe3yJbTaTe derq
BOZ2 [POHHKAET B KAeTKy nyTeM HsbHpaTeJbHol auddysnu
(ocmoca) uepes ee CTEHKH.

Takum 06pasoM, 3aMKHYTad KJeTKa fBJAeTcA KaK OB OCMOTHYe-
cKOH siuefikofl W ABHKeHHe BOAbl OGYCJIORIEHO PA3HOCTBIO OCMOTH-
uUeCKHX RaBjaedMH pacrBopuMmbix (pakukfi. DTa Biara HasbBaeTcs
OCMOTHYECKOH.

IMoraoimenye XUAKOCTH B JAHHOM CXyvyae HE COMPOBOXKIAETCH
TennOBHM 3(¢ekToM, HO BH2HBAET 3HAUHTEJLHOE YBeJHYeHHE
o6beMa W HaMeHeHHe JaBJCHHA HaCyXaHH4.

K ocMOTHYeCKH CBAZAHHOM MKHAKQCTH HAA0 OTHECTH H KHI-
KOCTh, HAXOASUIYIOCA BHYTPH KJETKH H 3aXBaueHHVIO €0 mpH 06-
pasoBaHHK refst (CTPYKTYpPHas Baara no kiacchpuxanuu [1. A Pe-
fuupepa).

Bnara, uMerrnlas GUIHKO-MEXaHHUECKYK) CBA3L C MATepHasoM,
Moxer OHTH pasflefeHa HA KaNMAMAPHYW M BJIATY CMauuBaHHA.
Kax noaaraer npod. 0. JI. Kaskasos [13], oGBoxHenne B paHHOM
cayyae TMPONCXOAMT GAarofapsi KOHICHCAUHHM HJH BCACACTBHE Ka-
THISPHOTO BCACHBAHHA B Pe3y/lbTaTe CMAYHUBAHHA BOAOH CTEHOK
Kaniusipos o JJ,GI?CTBHH NOBEPXHOCTHHIX CHJL

MexannaM KamuAAApPHOTO BCaceBaHHg caegyioutui. Ecan ka-
NUJANAPHYI0 TPYOGKY NOrPy3HT: B CMAYHMBAWOIIYIO CTEHKH KamHJ-
AApa KHUAKOCTh, NMOCAefHAR NOANHMAeTcs MO TPpyOke B CHAY THA-
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Puc. 4.1. CxeMu mexanns-

s
Ma Kanw.ansapluero Beach- ___y |
BaHu#a (0, 0) W Kam- i 8'“ | 2 |
AAPHOM KOHJERCALHR (8) <3 | 1
Pboe
£
e —

a4

POCTATHUECKOTO JAABJCHHS, OOpas3ysi Ha MNOBEPXHOCTH BOTHYTHIH
mennck (puc. 4.1,a). Bryrpeknee MoJekyAspHOE JaBieHHe MHI-
KOCTH BOrHYTOH nOBEPXROCTH Fuor MeHblIE, 4YeM TAOCKOH P, Ha
BeJHYHHY KanuAJaspHOIO AaBJcHHA (pHe. 4.1,6):

Py = 20/fp,

rge g — pagHyC KPHBH3HR BOI‘HYTOﬁ MOBEDXHOCTH; O — TOBEPXHOCTHOE HATH-
HEHHe,

Torga Peor= Pun— Po. Tlogbem xunxocTH B TpyOke Oyner
IPOHCXOAHTH RO TeX HOP, f0Ka KamHAAAPHOe AaBjieHHe He Oyact
YPaBHOBELICHO THAPOCTATHIECKHM, DABHLIM

hg (Y — Vo),

rie h — BHCOTA NOABEMA XHIAKOCTH, g — YCKOPeHMe CBOGOLHOTO NAMEHHH, Y
H Yo — MJOTHOCTE CAOTBETCTBENHO XHUAKOCTH M &€ Napos.

Hexoas u3 paBeHCTBa THUAPOCTATHYECKOTNO M KANHAJIAPHOTO
AaB/JeHHS W YYTH,uTO IVIOTHOCTH Mapa MaJa [10 CPaBHEIHI0 ¢ MIOT-
IOCTBIO JKHIKOCTH, MOMKHO ONPEAENHTL BLICOTY NOAHATHA KHI-
ROCTH B KaMHJ/JAADE:

h=20cos8f(rgv.),

TAS r — paguyc Kanuanapa; § — kpaesoll yron cMadHBallng.

H3 dopMyns BHIHO, YTO YeM MeHbIe PAAHYC KanMAAApa, TeM
fonble BeICOTA MOABEMA XKHAKOCTH,

Hhave 0OGBOAHAIOTCH KOJNOHAHBE KaMHIJAAPHO-TIOPHCTEE TeJa
BO BJaXHOM Bosjyxe, [TorowaTh BAary M3 BO3AyXa CNOCODHH
KanuJNapH onpejefeHHOrO pasMepa, B KOTOPBIX MOJKET [IPOHCAO-
AMTh KanMAIApHasa KOHAeHcanud. PaccMOTPHM MeXaHM3M Kanuj-
JpHOH KOHAeHCAallHM Ha caeaymolieM npumepe. [lomecTHM Kanui-
JSp, CTEHKH KOTOPOrQ CMauyHBAIOTCH BOJOH, BO BJANHHIE BO3LYX
treMnepatypofi f=20°C wu c mnapuHaJAbHBIM JaBJCHHCM napa
Pp,=21328 Ila. lipu sto#i TeMuepaType HaBJeHHe HACHIEHHOTO
napa P, =2332,6 Tla. Cremku xanuaaapa aicopGHPYIOT nap H
NOKPHIBAKOTCA choem BJjard tonwuHoii 8. Ha gne kamunaspa
(puc. 4.1,8) obpasyercAa BorHyTHii Menuck. Ilpeamonoxum, urto
paouyc kanunnapa =102 wmxm. HsBecTHo, uTO HaBnReHHe

127



HacHlenHoro napa jss Menucka P, takoro paguyca cocrasut 0,9
OT jlapaedua HACHIIGHHOIO Uapa OKPYKalUero BO3AYyXa, T. €.

P, = @P,=0,9-2332,6 =2120T]a,
AL (p — OTHOCHTCILHAR BJAAMHOCTR BO3AyXa.

ChenoBatenbo, 11ap B OKPYMKAIOWIEM NPocTpaHcTBe npH P, =
=2132,8 I1a 6yper nepcHacHUICHHEIM B MCHHCKE KanHangapa, npo-
H30HACT €r0 KOHIACHCAHMUS,

Toamuna apcopfBipyeMors cTCHKaMll KamUAAAPa CJA0Of BAATH
COTJIACHO MUOTOMHCJACHHLIM 3KCIePHMEHTAJbLHBIM HCCASLOBAHHAM
cocrasiger 10-% cm gas ruapoPuABAEX noBepxuocTel. Tarkum 06-
pasoM, ecJH KanuIJdp CKBO3HOW (6e3 ZHa), TO BJIHAHHE alcopOu-
POBAHHHIX ILIGHOK JKHAKOCTH MOKET NPOH30HTH B TOM chAyvac,
ecAH pajuyc KanuanApa B nhanbonee y3roM mecte OymeT pased
uiay Mmenswe 10-% cm. Ecan paguyc xanuanaapa Godawwe 10-° cm,
KOHAZEHCAUNA Hapa NeBOIMOXKHA M TAaKOH KalWJJIsAp 3amoJHseTcs
BJAATOH TOJBKO JIPH HIOTPYRKCHHH ero B XHUIKYIO Cpeay.

Kanunasape!, pagHyc KOTOpPLIX MCHDIIe WAH papeH 10 MKM H
KOTOpBHIE CHOCOOHMW 1IOTJOL(ATh BJary H3 BAaXKHOTO BO3IyXa, Ha-
3LIBAIOT MHKPOKanWaaapamn. Kanuaaspel, pajglyc KOTOPHX INDPEBHI-
waer 10~5 ¢M, HAZKIBAIOT MAKPOKANHANAPEMH, a4 BJATA, 3ANOJHSIIO-
uiast X — MaKpPOKanHANAPHO#H, WK BAAroil cMaunsanuda, O6a3aTennb-
HEIM YCJIOBHEM TIPHCYTCTBHsL €€ B MaTepHasde SIBJASETCSl HalHuHe
MHAKOCTH W NOp, He 3aMOJHENHBIX KanMaasapHolt KOHAcHCA-
uHe, :

Mcexaunnyeckasi ¢cBA3bL BJaTU ¢ MATEPHANOM BechbMa HenpouHasd,
0cOBCHHO BAATH CMauHBaHHHA, KOTOpas elle MeHee MDOUHO, YeM
KAMUANAPHASA, YAEPKHUBACTCA THAPOQHIbHOH MOBEPXHOCTBIO TeJa,
W BAUsHHE CUJIRl cBOGOAHOTO Najends B 3TOM cJjydae Ha TOJALIMHY
IWTeHKH KUJIKOCTH 3HATATEABHO,

Hcexona us ypaBHeHHa ToMmcoHa

r— 20Yq ccpSB1 )
Pyyxg In (fp)

3aBUCHMOCTE  MCKIAY PAAHYCOM KATMIAPOB H YOPYTOCTLIO
napa B HHX MOXHO paccuntaTh, [Ipn ynpyroctu napa 40 % npouc-
XOJMT KanmuIigpHad KOHAeHCANMUA BJary B MHKpoxanuaaapax. Ko-
JHUCCTBO BAATH B KOXe 3aBHCHT OT IapaMeTpPOB OKPYKAIIIETO
Bo3ayxa. Uem }an.ue OTHOCHTEJIbHAA BJIAaXHOCTD H HHIKE TeMIepa-
TYpa BO3AYXa, TeM GoJiee KPYIHEE KANWAAAPH 3afQNHATCA BAA-
rof, Tem DoJkille KanHAASPHON BJarH 1 BJATH CMaYHBAHHA B KOXKE.
Ho onmelTel mOKa3BBAIOT, YTO JaKe TPH NOJAHOM HACBIULICHHHM BO3-
Jyxa BJaarofl KamUAJApHas KOUJSHCALHS OCYLICCTBJACTCH TOJBKO
B KanWwuiapax, pajg¥yc KOTOpPHEX He npepwmaer [0 cwm. Bojee
KPYNHBE. KaNWUIAPH, Laxe nPelBAPHTeJLHO 3anoJHeHHble KUA-
KOH BIIaToH, TepsilOT €C NPpH 3THX YCIOBHAX HONHOCTBIO.
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Mrak, aasn npoiecca yBaaxkuenus 1 cymkn ofyBHHX MaTepHa-
A0B H 00YBM HMEWT 3HaueHMC 4JcOPOLHOHHAast, OCMOTHYecKaa H
CTPYKTYPHAs CBA3H, 4 TaKxe CBA3b B MHKPC- H MAKPOKaMuJdpax.

Biufinne pasnuunblX @opM cBA3M BAATH ¢ MATEPHAJNOM HA M3-
MeHeHHE HX GUIHKO-MEXaHHYECKHX cBOHCTE, [IpH H3TOTOBJIEHWH
06yBH HeoGXOAHMO YYMTBIBATH H3MCHEHHE CBOACTR Marepuaja.
B cBsisu ¢ 3TuM ¥ Xapaktep oOBOZHEHWA MaTepHada 0JKeH OHThb
Da3JHUHLIM, TAK KAK BHAEJEHHBIE HaMH OCHOBHHC (OPMEI CBA3H
BJAATH TNO‘PASHOMY H3MENSOT Te HJIM HUHble CBOHCTBa MaTepHadfa.

3naunTesbHO HIMEHHET Pa3MEPH KOXH BJara THApaTauHu Gaa-
rORApA YBeJHYEHWH) PACCTOSHUSA MCHLY OCHOBULIMH IOJAHTIENTHI-
HBEIMH HelsiMu.

Ha passcphl KOMXH CYNIECTBCHHO BJMAET NPHCYTCTEHE B HeH
BAATH MUKPOKanHMAJASPOB: H3-3a pacKJHHHBamollerocs aeficTBus
TOHKHX CJ10eB KanHMIAPHOH BNArH NJOIAKL H ToJIIHHA o6pasuoB
KOMKH CTAHOBATCA OoJpule, Baara HaMOKAaHHA TOUTH HC H3MEHAET
pasmepoR KoKW, EcaH KOXy, NOJNHOCTBIO HACHILEHHYID MHKPOKAa-
NW/ISApHOH BAAaro#, NoMecTHTh B BOAY, TO pa3Mepnl e He HiMe-
Harca (puc. 4.2), XoTa BAara HaMOKaHUS TNOrJOUlAeTCs B 3HAUH-
TeJALHOM KOJHUECTEE,

Paamepnl KOX XpPOMOBOTO AYOJEHMSt B 3aBHCHMOCTH OT BJaX-
HOCTH H3MeHA0TCa BoJee 3HAYHTCABHO, UEM Pa3Mepbl KOX TaHHHA-
HOIG 2VOJeHuUsA.

B. HoasikoM, nCcCJIegoBaBIIMM BAHAHHE OTHOCHTCALHOH BJIaX-
HOCTR BO3Ayxa Ha JedopManuoWlpie CBOHCTBa KOXI TNPH pacTa-
WEHHK, VCTAHORJIEHO, 4T0 MAKCHMAJABHOC H3IMCHEeHHe OCTATOYHBIX
H yupyrux aedopmaniii KOX XPoMOBOTO Ay6aelns OpH yRJAaKHe-
Hiy copbuuefi BAATH H3 BO3AYXAa NPOHCXOAMT JHIUE B TOM cJyuae,
€CAH BJAXKHOCTL HX IOOCTHMAeT DABIOBECHS € BJAaXHOCTLI Tapa,
yopyrocts xoToporo pashHa 97 %, T, e. B MOMEHT HacTYMJIGHHHA
MaccOBOH KOHAEHCATIHN BJAATH B KAlMATIPAX,

CieloBatvenbHo, CYIECTBEHHO BJAHAeT HA AedopManHOHHELE
cBOHCTEBA KON Bjara THIpaTaldd H MHKpORanuanspos. Pamuye
5THX KamWAAApos cordacino dopmynse ToMmcoHa pasen 16 mum,

[Tog RansnpeM BJAarn MHKPOKAUWAASDPOB M3MEeHSIOTCH U APYrue
MeXaHHueckue cBoficTBa koxH npu pactsimenuu, [ I'. TloBaphru-

HBIM YCTaHOBJCHO, YTO TOJbe H KOXd | e COpAgs

TaHHHJAHOTO JyOMEeHHA HKMEIOT MAakKcH- o HIMORaHIE
MAABUYI0 TIPOYHOCTL HPH YBNAXKHEHHH B o0 oo
BO3JyXe, VOPYrOCTh Iapa  KOTOPOTO I

Gauaka 100 9%. H. A. Boraasos nogreep- e’

IMT JalHoe MoJoXKeude I KoK Xpo-
MOBOTO M XPOMTaHHHAHOrO AYOJCHHA W . . .
YCTAHOBWJ, 4YTO B ATOT XKe MOMEHT Ha- & s & W0
CTYHaeT MaxkCHMYM VAJHHEHHA KOMKH Pos
IpH paspbiBe. _ )

Wnaue Befer cefs Koka OpH CxKa- 5;;?1‘” 4;{20'5;“”?':2?0?520‘%2:
THH. YBJaXXHEHHEe CHHXKAaeT NPOYHOCTE HOH BJAKHOCTH (Pag
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KOKI NPH  CKATHH. D10 0GbACHAETCS
TeM, YTO PaspylleHHe OPOHCXOAHT B TOH-
KOH CTPYKTYPe KOXHM, a Rlara IHApaTa-
[HH, OCAaONgA CBA3h MEXIY LenAMH.
00yC/iIOBIHBAET YMEHBLIEHHE COIPOTHE-
JIEHHs MaTepHaga cxaTuio. Takum 06-
pa3oM, Ha H3MeHeilHe CBONCTB KOMKH NpH
CHATHH CYLLECTBEHHO BJIMAET BJAAra rH-
... J‘paraunn.
W & 80 Bsara naMokaHM$f [MOYTH He H3Me-
¢ % HAer 3(QQeKT, LOCTHCHYTHH NOTJAOILEHH-
Puc. 43. Papnosecyus paax. €M Kanuaaapuod saard. b. Iloasik u
nocts kox xpomosora (/) A, Cyxo60KOB yCTAHOBHJM, 4TO TUPH YB-
H XpoMTaHmugHoro (2) we- jamuenun no 11,59 KoxaHWX 344HU-
TOA0B Ky GAeHHs KOB ans 0GyBH ¢ BepXoM u3 bTH copb-
LHeld H3 BO3MIyXA YCHJAHe NPOKOJA HIVIOH
ymeubiaercd Ha 24 Y, a npu yBAaMKHCHHH KHAKOA BJaroii 1o
25 0/0 — Ha 27 0/0.

PagnopecHas BAaMHOCTh KOKM., BJaXXHOCTh OLHOIO H TOTO Ke
MaTePHa/a MOMXeT H3IMEHSATHCA B SHAYHTENbHHX npefenax. OaHako
nocJe OpoaOJIKUTEIBHOrO NpeSHBAHUS MATEPHAJA C NPOH3BOJBHOH
HAa9aJbHOH BJAAXKHOCTLIO B JAHHKHX METEOPOJOTHUECKHX YCJIOBHAX
BJAMHOCTh BTO CTPEMUTCA K H3BECTHOMY Npeleny, M0 AOCTHKEHUH
KOTOPOT'O OCTAeTCSl MOCTOAHHOH. DTy YCTOHUHBYIO BJIaMKHOCTL Ma-
TepHaJa Ha3blBAIOT PABHOBECHOMH.

PaBHOBecHasi BAaXKHOCTH 34BHCHT OT Xapakrepa MarcpuaJa,
OTHOCHTEJABHOH BJAXKHOCTH OKPYXAKWIEre Bo3fyxa (uem oua
GoJaple, TeM BEILE PABHOBECHA; BJAAKHOCTH) H TCMOEPATYPH BO3-
KyXxa (OpH OZMHAKOBOH OTHOCHTEALHOH BAaKHOCTH BO3AYXa C TO-
BBIILIEHHEM E€r0 TEeMIIeDATYPH PaBHOBECHas BAAXIOCTL CHUMAETCd).
BandHHe TeMIlepaType BO3JyXa Ha pPaBHOBECHYID BJAXXHOCTh Ma-
TePHaJa MCHee 3HAUHTEJBbHO, 4eM BJHSIHHe OTHOCHTEJBHOH BJamK-
HOCTH, MIO3TOMY 3THM BJHSHHEM YacTO TMpeHefperalor.

KpuBad, u3obpaxkalolian 3aBUHCHMOCTh CTENEeHH BJAAMHOCTH Ma-
TEpHANA OT OTHOCHTENHHOH BJIAZKHOCTH BO3Ayxa (MJH OT yOpy-
rOCTH HAPOB B HEM) NPH onpefedeHHON TeMnepaTtype, HAa3HBACTCH
H30TepMoOi, Hid KpHBOil paBROBECHOW BaaKHOCTH (pHc. 4.3).

Ecsiu uaBecTHa KpHBafs PABHOBECHON BJAYKHOCTH, MOXKHO ycTa-
HOBHThL 3apaHee, Kak OYAeT liZMEHATHCA BAAXKHOCTL MaTepuada
B KOHKPETHpX YCNOBHAX H, CACLOBATENbHO, PEXHMEl YRAAKHENHA
0 XpaHeHud.

Kak sugHo u3 puc. 4.3, xapaktep kpupofi paBHOBECHOH BIax-
HOCTH KOX XPOMOBOTO M XPOMTAaHHHIHOTO AYOJeHHsT OAHHAKOB, HO
paBHOBeCNAS BJAAXKHOCTE KOX XPOMOBOTO AYDJeHHA BHUIE, YCM
XPOMTAHHHAHOrO NPH OJHHAKOBHIX METEOPOJNOTHUYECKHX YCJIOBHAX.
IIpr waMeHeHHn OTHOCHTeNbHORK BaaxHocTH Bosayxa ot 0 mo 40 %
BAAXKHOCTL MaTepHajda OucTpo Boapacraer, a ot 40 mo 70 % —
NOYTH He MeHsieTcsl. DTO 3HAUNT, MTO B JAHHBIX yc/JoBusax (GH3HKO-
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MeXauuyeckHe CcBoHCTBA KOXKH NMOCTOSHHE, C POCTOM OTHOCHTEAD-
HOH BIaXHOCTH BO3AyXa oT 70 mo 97—100 % BaamHOCTh MaTepHa-
NOB pe3KOo YBeAHUHBACTCH B CBSISH C HACTYIJCHHEM MAaccoBofl Ka-
NHAJTAPHOH KOHIEHCAUHY.

PagHOBecHAd BARAKHOCTE MaTepRada fpd NOAHOM HACHILEHHH
BO3AYXa BAarofi, T. €. NPH OTHOCHTEJIbHOH BJIAXKHOCTH, PaBHOH
100 %, HasLIBaeTCH FMIPOCKONHYECKOH BAAKHOCTLIO.

[urpockonuueckas BAAKHOCTh XaDaKTEPH3YeT MNpeles BJaAaK-
HOCTH MAaTepHAaJ/a, IpH KOTOPOM YIPYrocTb NAPOB ¥ €r¢ NMOBEPXHO-
CTH paBHa YOPVIOCTH HACBILIEHHOTo napa. I1pH MeHbLUcH BJaXKHO-
CTH YNpyrocTh MAapoB Y NOBEPXHOCTH MarepHaja HHMKe YIPYrocTH
HACHIHIEHHOrO Napa H CHHKAETCH ¢ YMEHbUIEHHEM BJHKHOCTH Ma-
Teprand.

Bisiara nordaoiaeTcs MAaTEPHAJOM CBepX MaKCHMAJBHOTO THI-
POCKOTIHUECKOTO BJAATOCOAEPKAHHS JHUIb MPH HenocpelcTBeHUOM
COTIPHKOCHOBCHHH €ro ¢ MHAKOCTHIO,

OCHOBHBIE UOJOKEHHR TEOPHU NepeMeUuleHHsl BAArH B KOJA0MI-
HBIX M KAMAJAPHO-NOPUCTHIX TedaX. B KONNOUAHBIX H KANHAIAPHO-
MOPHCTHIX TeMaX BJIAra MOMKET IepeMCUIaTheA B BHIAE XKAAKOCTH WM
napa. YacTHUE 3aK/JII0UeHHOHR B MAaTepHaJ/ie KUAKOCTH Haxojdrcs
B paBHOBECHH TIPH pPABHOMEpPHOM pacipefeseHHd BJAard 1o BCeMY
o6beMy MaTepHasd WIH NPH paBeHCTBC TEMNepatyp B [rasHUHLIX
TOUKaX MaTCcpHAaJTa.

Hapymiene ofHoro M3z 3THX ycnoBHH BieweT 3a coboll Soaee
1AM MeHee MHTEHCHUBHOE MepeMelleline BAard B Matepuase. MHBMu
CAOBAMH, OCHOBHBIMH (baKTOpaMu nepeMelleHyst BaarH B MaTepHase
ABJSAIOTCH PA3HHLIA (TPajHEHT) BJAAMHOCTH H TEMIEPATYP.

Tlpy HapylieHHH PABHOMEPHOTO PacOpeieneHus BJard mo
ofbeMy MaTepuaaa, T. € NPH HaJANYHH FpajiHeHTa BJa*KHOCTH, OHA
mepeMelaeTcss M3 MecT ¢ GoJbllefl ce KOHLEHTpaukned B Mecra ¢
MCHBIICH KOHIGHTPAIHCH.

B goamouaHEIX Temax NpH HAPYLIEHHHM paBeHCTBA TeMIepaTyp
B PazJUUHBIX TOUKAX ([P HAJIHYHH TEMNEPaTypHOrQ rpagneHta)
BJara nepeMenlaercsi OT (OBEPXHoCTeH ¢ BRICOKOH TeMmepatypofi
K TOBEPXHOCTAM ¢ fojec Hu3KOA Temnepartypof. IIpr HeGoabirom
nepenaje TeMIeparyp BJaara JepeMcliaeTcsi B BHAE XHIKOCTH.
Ecnu nepenag rtemmoeparyp GoJbilol, TO BJara HepeMelaeTcd B
martepuane B Buje mapa. Topofuoe nepeMellleHHE BJIATH B TEJE
[0 HAMpAaBJCHHI) TOTOKA TellJla HA3LIBAETCH TepMOEH(pdy3Hei.

B kanunaapHO-NOPHCTHIX TENaX BJara B BHJC XKHAKOCTH mepe-
MCUIACTCS [0 HATMPaBAEHHID TeMJIOBOTO NOTOKA HE TOABKO B pe-
syabrarte audpysny.

PaceMOTPHM Kanuamap co cTOADHKOM HKHIKOCTH, OTPaHRYeH-
HBM ABYMS BOCHYTHIMH MenHckamu (puc. 4.4,a). C noBrIeHHeM
TeMNepaTyphl MHJIKOCTH NOREPXHOCTHOE HATHMKEHHE 0 YMeHbIHaer-
CH, T. . €ClU {1} > fg, TO 0y >> ¢, Tak Kak EanuaJApHOE 1aBJeHHe
P, mpsAMo MPOMOPIIHOHAJLHO IMOBEPXHOCTHOMY HATSMKEHNI) H pas-
HO 20/p, TO P\ < P, T. e KANHJAAAPHLIE [OTeIIHaa Harperoi
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Puc. 4.4. Cxembl wmexa-

IIH3M0B  TEPMOBJarcupo-
BOAHOCTH KaMHANAPHO-NO-
pucroro Telda (4) M oT-
HOCHTeMbHOR  TepMaand-
(by)e.pm fapa H BO3AyXa

NOBEPXHOCTH YMeHbIIAETCH, MHAKOCTh NepeMellaerca oT MecT Go-
Jee HArPeTHX K MecTaM MeHee HarpeThM. Jlng ynpollleHusa 3ajauH
pagHychl KPHBH3HBI MCHHCKOB XKMAKOCTH CYHTAKT OJHHAKOBLIMH.

JIBHMeHue XUAKOCTH NO HANPABAEUHIO TENJOBOrO MOTOKA Ha-
3BIBACTCH TEPMOBAArONPOBOAHOCTRI0 KAOWIJZAPHO-IIOPHCTOND Tela.

TepMoBAATONPOBCAHOCTD B KANMJIAPHO-MOPHCTOM TEAE MOXKeT
OBITh BBHI3BAHA W APYroH npHYIHHOH -— HAJMHYHEM <«3aLieMJeHHOIO»
BO3AYXa, He COOOMIAWLIETOCH ¢ HAPYKHEIM (pHc. 4.4, 6},

AKugkoeTs B KanuaAAape MOXKeT NPOTANKHBATLCA BO3LYXOM B
CTOPOHY CJIOEB MaTepHasja, HMEWMUX MeUbIIYI0 TeMOEPaTypy. IT0
ABJACHHE HA3BIBAETCA OTHOCHTeNbHOH TepMoiuddyaunen napa u Bo3-
Ayxd.

B XOJIMOHAHLIX KaNHIJSPHO-NOPHCTEHIX TEAAX TepMOBJIAroNpo-
BOJHOCTh caraercs H3 TepMoZudyauy MKHUAKOCTH H Napa, KanMi-
JAPHOH  TePMOBJATONPUBOIHOCTH, OTHOCHTENBHOH TepMoanddyaun
napa ¥ BozAyxa. Ilpu »ToM CKOPOCTL liepeMelueHHs BJACH NPAMO
[POMOPUHOHANEHA llepenaly TCMIepaTyp.

Haanurve H BJaMHOCTHOTO, H TEMICPATYPHOI'O IPARHEHTOB B
MaTepuane MNOBHILAeT CKOPOCTL VBAAMKHEHHS, ec/JH lanpaB]eHue
MOTOKOB COBIAA4CT, HAH CHHMAET CKOPOCTh IpOUCCCa, CCAH Ha-
npapJjeHHe NOTOKOB HE COBMAJAET,

YenaxdHende marepuanos upu nponasoacree odysu, lia oaer-
YeHH MeXaHHuecKo# ¢OpaloTKM KOXH H JeTajed K3 Hee B KaK-
ZOM OTAENIBHOM CJIyuae HeoOXOAMMO YCTaHapJIHBaTh, Kakas H3
(opM CBSI3W BJArH ¢ MaTepHasiom oKameTcs Haubondee athdexTus-
HO#l, 1 B 3aBHCHMOCTH OT 3TOP0 BHIGHDPaTh cnocol mpeasapuTeb-
HOrO yBJIAXHEHHS.

B npouspojcTBe 06yBH NPHMEHSIOT HECKOJBKO CIOCOG0B YBJIAK-
HelHs: B MHUAKOH pasc, copbuHeH BJAaTH H3 BJAAXKHOTO BO3AYX4,
TepMOAHGPY3HOHNBIA (KOUTAKTHRI).

YpiaxcHeHHe B XKHAKOH dasze MOKUO BHIIOJHATL NPH aTMacdep-
HOM JaBJeHHH, IO JaBJeHHeM Il B BAKYyyMe.

¥YBnaxHcHHe B HAKON ¢ase npu aTMochepHOM JABJEHHH OCY-
NIECTBAACTCS OYTEM HAMOKAaHHST H KPATKOBPEMEHHOro MOTpYyMXKeHHSA
B BOLY C MOCJAEAYIOMCH MPOICHKOR,;

[Mpu ypmdixHeHHH HAMOKAHMEM KOXKA HIH JeTalb, NOPPYHEH-
Hble B BOAY, HAMNOAISIOTCS €10 10X BAdAudeM paia (axTopoB.
B oOHUHHX YCAOBMSIX npeofaanaloiliiM BHAOM ABHMKeHHs BJArd
B TOJILY KOXH SBIAETCH KaOWLIsApHOE BeachBaHHe, CKOPOCTh Ka-
MHAAAPIOTO BCACHIBAHHA BJAATH OPOOOPIHOKAJEHA PAaJNYCYy nop,
HO3TOMY B NCPBYIO OYepPelb 3AMOJHSIOTCH HauboJMeC KPYMHHC Ka-
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OHAADHE, T, €. KOXKA [OTJOII4eT TOALKO BJAFY HaMOKaHud. 3aTeM
BA4ra U3 KPYNHHX NOP HAUKHAGT NMepeMellaThci B Oojee MeNrHe,
O6umit 06beM KpyOHHX Kanwaasapos B 10 pas npessimaer ofbeM
MCJKHX, B CBR3W € 4YeM 3NMa4YHTEJbHAs dYacTh BOAB OCTaeTcs B
NEPBLIX U OKaswBaeTcs GANNACTOM, TAK KAK OHA He H3MEHAET Me-
XAaHHYECKHX cBOMCTE KoM, OTAencHBle TONOrpadMuiecKHe yIacTKH
KOXH OOBOAHAKTCA HEOAUHAKOBO BCJEJCTBHE HEpaBHOMEDHOrOD
pacrpeenents Mo mAolALH KOXW KPYUHHX nop (MoJaBl X BOPOTKH
MOTJOUIAKOT BAATH GOJMKIIE, YeM Yenpak H Ory3oK).

Baara, mogHpManch MO XanuAAApaM, PacTBOPAET N 3ACTaBASET
MHTPHPOBATH BMecTC ¢ cofofi pacTBOPHMEIE B KOXe XPOMTaHHHA-
HOTO AyGJeHHs BEHICCTBA, BBI3LIBAET WX CKOILIEHHE B OTAENbHEIX
MecraX, MOATEKH M HePABHOMEPHYIO okKpacky. KoupedTpauust B
JHLEBOM €08 BOLOPACTBOPHMEIX BCLICCTB HPHBOAHT K €ro JIOM-
KoeTil, JIpe 3TOM MeTOAe YBAAXKHCHUA YXYIUIAETCH BHEUIHHE BHA
3ar0TOBOK BEPXa 0OYBI 1i3 KOMK XPOMOBOTO AYOJEHHA,

[Tpu opuUMeHeHHH TNOBEPXHOCTHO-akTUBHHX BemecTs (JTAB)
CKOPOCTh YBJAAXKHEHHA KOXK, 0COOEHHO WQTH, NOBHIIAETCH, HO Bbl-
MBIBAHHE KHPOB H Hajanude octaTkoB [IAB cHuxawor ee BoAoCTOM-
KOCTE,

Tpu yeXaKHenHH HAMOKAUHEeM HAPAAY ¢ KATTUJAADHBIM BCACH-
BaHHEM BJAFA JBHIKETCS NOJA BAMAHUEM FPAJHEHTA BJIAXHOCTH B
Tonuy Matepuaad, Kornma TemMuepaTypa BOAH BHIIUE TEMIEPaTypH
YBAZKHAESMOIO MATEPHANA, NPONECE TEPEMCIHIEHHE BNArH OCJI0XK-
usetcss emte repmoauddysnouneiMu aBiaeHuaMY, [lpH Hamoranuu
BCECZA UMeeTcst H3OGBITOK BNArd, ABMIKElHe ee B KOXKY IIOCHT CTa-
HUOUADHBEIA  XapakTep ¥ 3aBepUlaeTcs HACTYNJEHHEM paBHOBeC-
HOTQ COCTOSTHUS cHeTeMbl. [Ipu HM3MEHEeHHM YCAOBUH HAMOKAHHS
{(HanpHMep, CHALHOC VBEeJUYEHHC THCPOCTATHUECKOrO [ABJAEHH:)
npeofaagaloliuM MOMKET OKA2aThed HE KANH/JIAPHOE BCACHIBAHHE,
a IBHIKEHHE BJAry moa AeHCTBHEM 3TOTO AaBJeHHHA,

Hauanuuas cragesi upouecca yBJNaXKHEHHA RPH KPaTKOBPEMEH-
HOM NOTPYMCHIE B BOAY C nocjefylollefi uposaexkofi nporekaer
TAK e, KAaK HPH HaMOKaHNHH Bo BpeMsl HPONCIKKM Xapakrep me-
peMelleHusi BaarH B Marepuane Meusertcs, Haxnune Baard orpa-
HWYEHO KOAMYECTBOM, KOTOPOE YCNENW NOrJIOTUTh HADYHKHEE CIOH
KOXKH IPH NOTPYKEHHA B BOAY, NOITOMY NpO-
HHK@HHe ee BHYTPh KOXKH Ve He HOCHT CTa- 7
LHOHAPHOTO XapakTepa. Baara HepapHOMEpHO
pacnpeeseia Mo  TOALMHe  Matepuana: | ¢ I
HAPYKHEE CJOH COZEPIMAT MaKCHMAaJbHOE
KOJHUECTBO BJATrM, CPelHHe CAOM MHHHU-
Maapioe (pHc. 4.5). Urobm Biara pasupo- PHe 4.5, Kpieue pac-
MEPHO paclpefefsnach N0 TONMAHE MaTe- LFoncieHnd BIare no

TOJWHRE  KOXH  hg
puHamna, TPHMEHAKT TPOJEXKKY. Hpone}KKa—— [IOCNE KPATKOBPEMEH-
npouecc paurensush. Hanpumep, KoXauble Horo norpymenun of-
3aJHAKH TOABePraloT NpoJeXKe B Teduenue  Pasia B Body:

I — na npoaexru; 2—moclie
1,5—2 q. AP IICIKRI !

T

!

Koravecnbo Snazy %
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[loa napJacHHCM H B BaKyyMe YBJAZKHAKT JeTajd HU3a o0ysu
nepes ux npurpennesdem. Ilpy yBraeeHHH 1o Jas/JeHHEM BOAQ,
HAXOASWAACH 1104 A4B/JICHHEM MOPINHA, CKHMAeT BO3IAYVX B Kanuwi-
ASPAX KOMXH, ObICTPO 3aMOJHSACT HX Ha 3HAUHTEJbHYID [AYOHUY H
afncopbupyercss Goabiiol NMOBePXHOCTBIO Kanuaaspos. Iloche cHa-
THA BHELIHETO LABJMEHHA CKATHIL BO3AYX paclIMpseTcd H BuOpa-
CHBAET M3JHIIKH BOIL. ¥YBJIaXKHeHHHE JeTaJAH lie cogepxat 6aua-
JACTHOH BOJRHL

[Ton map/jenHeM KOMXAHBE ACTANH YBAAKHAKTCA DaBHOMEPHO
no tonumHe w maowami. Oanake npu 3ToM cnocofe BHIMBIBAIOTCA
TAHHHUJLL H COJIH,

YBAaXKHAS KOMaHBIE AeTail B BaKYYMC, MOMKHO NMOBLICHTH HX
BaaXuocte A0 30—45 9 B nepecuere Ha Maccy BJAANKHBIX A€Ta-
ach. Taroft a¢hekt gocTHraeTca B PesyaLTATE TOrO, YTO IIPH RHI-
Jep&KKe AcTadell B BaKyyMe AaBjeNle B Kanu/AasApax KOXH CTauo-
ByTCs Hixe atMmocdeproro. TIpu morpywennu aeraje#t B BOLY OHA
OBLICTPO 3ANOJHACT KANHAIAPHL H AJCOPOHPYETCST HX MOBCPXHOCTHO.

HeaocratroM cniocofa ABAASTCH 3HAUATCNRHOE KOMNYecTBO Gad-
JNACTIOH BOAH, KOTOpash OCTACTCA B KPYNHBEIX II0pPax KOMXKH, 4TO
YBEJAHYIBAET MPOAOMKHTCALHOCTE CYIIKH. YBJIaXKHCHHE AeTalel
oGyBN HAMOKAHHEM H OKYHaHHEM ¢ NOCIEAYIOUIEH NMpOJIeXKOH e
npeperapiser ocolfulx sarpyanenni. Koraa copgepianue BJaru He
AOJAHO OBTh CHHIUKOM BCJIHKO W MHIPalMs BOZOPACTBOPHMBIX
BCLICCTB He MOXET IPHHECTH CYIISCTBEHHOTO BpEAa, PalHOHAJNLHO
yBJa¥HcHHe HamoKauueM. Cnocofl nmpuMesseTcs IJs YBAaXHEHHSN
AeTadgel #u3a H 0HTCBBEIX 3aTOTOBOK.

| ¥BAaxncune maTeprana norJoUCHHEM BAATH H3 BO3AYXa IpHu-
UHIHAALHO OTJAHYAET s OT YBJIAHEHHS B MuAKoN ¢ase. B nepshiit
MOMEHT copOiHH BJary U3 BO3Ayxa HaHOOJMbIIee KOJAWYECTBO mapa
MorJollaeTcd MOBEPXHOCTHEIMH CJ10AMH KOXH, Kak oTMeuanocs pa-
Hee, B ppolecce copfuUMM Tapa H3 BO3AYXAa BBUEJACTCH Tendao,
N03TOMY TeMAepaTypa MOBEPXHOCTHBIX CJI0E€B noBmIIaerca., Koraa
HOBEPXHOCTHLIE CJIOM OOBOAHHAHCD, MAKCHMYM MOIVIOUIEHHA Tiepe-
ABHr4eTCA K LUEHTPY, BBI3bIBAA MepeMelleine TeMOepaTyPHOTO MakK-
CHMYMa, uCMy CNOCOSCTBYET M VCHJAHBUIAACHE TEIJOOTZZ4Y4a NOBEpX-
HOCTHHIX C/I0€B B CBA3H ¢ WX nosulideRnod teMneparypoi. C Mo-
MeNTd, KOTJa TOJIMHA aAcOpGHPOBAaHHOTO CJOA  CTAHOBRTCA
paeno#t 10-5 ¢cM, ancopGHpOBaHHLIA Nap KOHAGHCHPYeETCH B KallH/IA-
Pax NOBCPXHOCTHBIX CJOSB KOXH, CO3LABAR TPALHEHT BAAXKHOCTH
Hnoauddysun KHIKOCTH B TOMILY YBAAXKUACMOFO MaTepHuaia Ha-
psay ¢ mapom. TaxuM 06pasoM, IpH LNORIOWCHWH BJA4rH H3 BO3-
AyXa RoHAeHCALHA e€¢ HAYHHARTCS B CAMBIX MEAKHX KADHMLIAPAX,
AHAMeTp KOTOPBIX He npephiwaer 1073 oM, 1. e. 0OBOAHAOTCH Te
NOPH, BJAra KOTOPEIX MEHseT CNOCOOHOCTB KOXKH K AcdopMamuu
npH pacTsxKeHnd, Tak Kak Ha mpolecc cOpSIHU BJATII MAKPOCTPYK-
Typa KOXH HC BJAHfCT, NPH YBJAaXHEeHHH copbuucfi Tonorpagus
KOXKIl He MOKCT §IMeTh CYMICCTBCHHOrO 3uauctus, LocToHucTBoM
cnocofa ABAALTCA TaxKe H TO, 4O B OTAHINHE OT YBJIaXKHEHHA
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8 wmuAxo# $hazc de NPOUCKOAUT PACTBOPEHHS W MUIPAHMNi BOAO-
pacTBOPHMBIX BelecTB,

Taxkum of6pasoMm, MOXKHO CHEAATL BHLIBOMA, UTC 45 KOMXKAHEIX 3a-
rOTOBOK Bepxa o6yBH, OCOGEHHO UBETHBIX, LaHOMee DalUOHAaJeH
cnocol yBJaKHeHHs cOpOuyed Baaru U3 BO3Ayxa.f

Jng mpaBusLHOTO MOCTPOEHHS NpOIecca YBIaXKHeHHS copbuned
BJACH H3 Ro3ayxa Heodxoaumo colmofaTe psa TpefoBaHuil. On-
HIiM 113 OCHOBHBIX fIBAACTCH BLICOKAA NHACHIHENHOCTD YBAAKHA-
mero Bo3ayxa (He HMxe 97 %), B NIDOTHBHOM cayuae ne Oyger
MacCcoBOH KanudanAapHON Kouaencauny, YToGH 00ECNCYHUTL TAKOE
GoNBLIOE ACHILIEHHE BO3JYXA BJATOH B YBJAMHHTEJLHOH KaMmepe,
NOCNe AN AO/KHA ObiTh JOCTATOUHO TepMeTHUHOH. ITo ofecne-
YUTE TPYLHO, TAK KaK HeoOXOLHMd HeMpPCPLIBHAY 3a4Trpy3ka H Bhi-
rpyaka yBAZXKHAeMEIX geTajel. OZHC U3 PALHOHAABHEIX PeIICHHE
34j1a41l — KOHCTPYKTHBHOE BLIMOJIHEHHC KaMepbl B Buge T-abpas-
HOro KapKaca, B KOTOPOM 3arpysoyHoe OTBeDCTHC pasMellaelcs
B BEPTHKAJILHOR uacTH, a pabouas 30HA — B TOPH3OHTAJLHOH, pac-
noyoxkenHoft mog notonxom. Torpa nogorperbifi BAaMKHBIH BO3AYX,
KOTOPHH Jlerde aTMocgepHore, He OyIeT ONYyCKATLCA K 3aTpPysou-
HOMY OTBepCTHIO, fnarogapa uemy pabouas 3oHa OyIeT JoCTa-
TOYHO FepPMEeTHYHOH.

Las yckopenuss npouecca yBJAAMKHCHHA HeOBXOAHMO CO3AATL
ABHXKeHHe NapoBo3gyuiHofl cMecd B Kamepe, JIBHiKcHHe BO3AyXa
crocobeTByeT AHGPY3HE MOJEKY1 mapa Hepe3 ero TorpaHuvHbE
ciofl, MpHJEralIHi K [OBEPXHOCTH KOMH.

HnrencueHoeTs cop6UHH BAarH M3 BO3JAyXa OCOBCHHO BO3pac-
TaeT TPH YBeMHUeHHH CKOPOCTH ABHKeHUs Bozgyxa oT 0 fo
0,5 M/c, mpu panpHeHINEM MNOBHILEHHH CKODOCTH NapPOBO3AYVHIHON
emecH aeHcersie aToro daxropa ocnafiasercd, Takoe sSBACHHE CBA-
33HO ¢ TeM, YTO MOBBIUIEHHE CKOPOCTH COPOLUMHM YBERWYHBAET TEM-
nepaTtypy KOxkH H TEILI00THAYy OT Hee B BO3AYX, mpuueMm kKoabhu-
uuent Auddyann soipacraeT MemieHHee xkosddHuKenta Tenno-
oraaud. IIpH ABuXKeHHH BoO3Ayxa co cROpocThio Gonxee 056 M/c
NOBHILICHHE TeMMepaTypHl KOXH 3aMeANdercd, UTO 3aMednser
CKOpOCTh copOuun. YumTHpBas OHosbllioe CONPOTHRIEHHE, KOTODOe
OKa3HBAalOT ABHKEHNIO BO3AYXa HaxOJAlIHecH] B KaMepe JeTaNH Hiy
34r0TOBKH Bepxa oO0yBH, peKOMeH/yeTCA CKOPOCTh ABHXKEHHA Napo-
BO3AYWHOH cmecH B paboueh 3oHe kamepu 1—2 M/c.

Boafyx gposmen naceaThed BJATOH HC MPHUMENIMBAHHEM K
HEMY TOTOBOTO Napa, a wcnapendem pacnbiiennod siaark. [lpu na-
CHILIENHH BO3AYXH IMAPOM H3JAHIUKH ero, KOHACHCHPYACH HA MOBEPX-
HOCTH YBJA4MHAEMEIX NPE/METOB, BL3LIBAKT IIOATEKH H HIMEHSAIT
okpacky. IIpu yBnaxneHun BO3AyXa paclbliennofi Bojo#l KOHAEH-
CAUHH {le [IPOHCXOAHT. PacnuisaTe BORY MOXKHO (QOpCyHKaMH JIIO-
6oft cucreMn. Ias wcnapeHus BaarH HeoGXOZHUMO TEMIG, KOTOPOe
PAUMHOHAJBHO NOABOMITL ¢ HCIApAaeMoH BOZOH, NOJOTPeTOH A0 TCM-
nepatypel 80—90°C,
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YCKOPHTL MpOUece NOracuientis paa-
I H3 BO3AYXA MQOXKHO NOJOTPEBOM TOTO-
BOli  napoBosuywiofl  cmecu., Oauaxo
31AYHTEABHOE NOBHILEHHE TeMnepaTypel
CMEeCH 3aTPYRHRET TNOAYYEeHHE [CIHOTO
HACHIIIEHHSl BO3JAyXa NapoM, Tak K4k C
YBEHUCHHMCM TCMTIEPATypLl ero OTHOCH-
TeAbHad BJAAXKIOCTL cHMmaeTcs. Kpome
TOTO, NMOAOTPEB BAANKIOIG BO3AYXa 10
Puc. 46. Kpuswe sanasna  temnepatypu 060—65°C npusoaur K TO-
flANpaBaetid ABEKENNA BAd- vy yrg prragane copblkn TeMnepaTypa
rH U3 CKOPOCTL MOTJIQILEeHHY
e wOMol: NOBEPXIOCTR  KOMKH 32 CHEeT TelJoThl
copbumn 6yxer Ha 15—17°C Buuie TeMm-

l—orT o6oxoporo pPesa K leunrpy
KOMH, 2-— 0T GAXTAPMANOIL UoepX-  manATypRE YBJAAKUAICILETD BO3LYXA, T, €,

RosepriocT & S apwmmoh o 75.—82°C,  MTO MOXKe! OTPHLATETLHO

NOBAHATL Ha e€e Kauccrso. [lps Taxod
TeMnepaType yBJAAXKHSIETO BOZAYXa TEMOCPATYPA KOXKH K Konny
yBaamHenua Oyaer Gauska k 60°C. Korga fgeralu MAW 3aTOTOBKH
Bepxa OYAYT BBIHYTH H3 YBJIAXKHUTENBHOH KaMepbl i fOMeUieHhl
B aTMocthepy HapykHoro Bosayxa (f =18—20°C), B cBdau ¢
BoJIblIMM [CPEmafioM TCMICPaTyp Baara Oyfer OHCTPO MepeMme-
waTrbca TepMoanbddyzved H3 BHYTPEHHUX CJIOEB K DNOBEPXHOCTH
MarepHana H GLICTPO HCTAPATHCA.

PekoMerRAyeTcs B YBAAKHUTEALHYIO KAMEPY NOAABATL Mapo-
BO3AYVIIHYI CMeCh, NOAOrPeTYIo A0 TeMnepaTyps 35—45°C,

Ha ckopooTh HOMAOIMEHHS BJIATH KOMEH Un ax OPH BCEX CROCO-
fax yRaa¥ueHus: GOJBIICC BAMMHHE OKa3blBAeT HalpaBJeHHe ee
norora, JBHEenue BAAarH OT JHIEBOH MOBEPXHOCTH K JaxTapMs-
HOH TpPOMCXOAHT MeAJcHIEe, YCM B NPOTHBONOJOXHOM HANPaBJE-
uud (puc. 4.6).

OcofedHo pesko CKOPOCTh NOTVIOULEHHS BJAATH NOBHILAETCS NPH
JBHKEHHM €e CO CTOPOHLI OOKOBOTO pe3a K LeHTPY KOXKH,

Bonee 6eicTpoe nepemelenne BJATH OT HaXTapMsiHof K JIH-
IeBOR NOBCPXHOCTH KOKH OOGbACHARTCH UBYMA NpHUHHAMH. Bo-
gepBuIX, OoJec TecHOC TepemfeTeHHe BOJOKOH JHICBOTY CJOA CY-
#aetr kanunasape, [lpn xopomedl cMauiBacMOCTH CTEHOK KailHilJjs-
POB 3TO BRI3BIBAET AOMOJHUTEALHOC ABHMKEHHE BJATH B CTODPOHY
CYXKeHHOH 4acTH, T. €. K JuueBoll mopepxuoctit. H Bo-BrOpHIX, Gax-
TapMsaHBI cacl Gogelle HaOyxaer, 4eM JHLEBof, H B HeMm 3aicp-
KupaeTca HOALIIE BOH,

Pazanuuasa CKOPOCTb ABMKCHHSL BJA4ATH CKBO3L TOULY KOXKH H
BIOJL CC ngnepxmcm yepesz GoOkOBOH cpes o6yCNoBAeHA TeM, UTO
CTChEHL lePellleTeHHsl BOJOKOH B TOPH3OHTAABHOM HaNpaB/eHHH
BHIE, YeM B BePrHKaAbuoM. JIBHMeUHC BJard BAOAL MOBEPXIOCTH
KOXKH [POUCXOAHT TJABHEIM oOfpa3oM 10 CHCTEME KaltuJAnApoB
foflee UAIl MCHee oOAWHAKOBOTO CedyeHWsd HA BCEM I[IPOTIHEHWH.
JBIGKCHAID BAarn CKBO3b TOJULY KOXi OKasbiBawT 3HAYHTCIBHOE
CONPOTHBJICHHE IVIOTHLIC NepenJereHns BOAOKOoH. Hu oxawn us ne-
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PEUHCACHHEIX CrnocofoB He AacT BO3MOMKHOCTH OBICTPO H TPOCTO
VBAAKHATE KON, ACTAAH M 3aroTOBKI BEPXa, a NPH YBAAKHEHHI
YACTO HC AOCTHIEeTcs HenOXOJMMas BJAAXKHOCTh MaTepuaia.

TepmoanddysuorsEf (KOHTAKTHBIA) cmocol§ yBIaMHeHWs TPHH-
uplﬁ'pfanmro OTJIHY2ETCR OT JABYX HepBLiX. B paccMOTpeHHBIX ¢mD-
cofax yBaaXKHeHHs BJara /[BHMIKETCT B OCLOBHOM 104 ieRcTBHEM
rpajueHTa BAAXKHOCTH H TOJBKO NPH YBIAXHeHHH copOinell 3 Bo3-
AyXa nefojplIoc 3HAUYEHHE 1IMeeT [epenaj TeMIOepaTyp, BL3HBAK-
wui TepMoaudpdyaHio BAATH.

Ilpn xonraktooM cnocole TPAgHEMT TEMIEDPATYPH HMCET pe-
wailiee 3HauCHHE, TAK KaK OBLIYHO OH OBLIBAET 3HAUNHTEJBHEIM,
HKugkocts 8 HanpaBJeHdH TelJOBOTG NOTOKA IIefeMeltaeTcH 3a
CUET BCCX TPeX BHAOB TePMOBJRArOMPOBOAHOCTH (TepMoAnbGY3HH,
KaNHIAPHOH TEPMOBJNArONPOBOJHOCTH W OTHOCHTEABHOH TepMo-
AnrpQy3nn mapa H BO3JyXa), B De3yJbTATe YEro CKOPOCTH YBJAAK-
HeHHs noBbimiaercd.j [pajiHeHT BJAXHOCTH B 3TOM c/ydae TaKke
UrpaerT [IONOXKHTENBUYH) POJb: YCKOPAST yBAAKHEHHE H COBlajAe-
HHE HaNPAaBJCHHH BJAXKHOCTHOTO H TEMOCPATYPHOTO TPafHEHTOB.)

KontaxkThelfi ciocof  yBaasKkKHeHHa Ko OB paspafoTadH H
apeanoxen C. B. Ap6ysosem u H. B. ConoBbeBHM, OCHOBH KOH-
TAKTHOIQ cnocofa yBJNaXKHEHHUS 3aroTOBOK Bepxa oGVBH, NpeAcTaB-
Aolx cofol cHeTeMy Marepuajob, paspalorTansl n04 PYKOBO-
creoM npod. I0. TI. 3mbiuna.

Iipn yBAZKHEHUH MATEpHAJOB KOHTAKTHBIM COOCOOOM YBJIAK-
ngeMblii MaTepuad YRJaALIBAKT JUIEBOR TOBCPXIOCTHIO HA XOJ0A-
Hylo 1auty. Bepxuss mauta HarpeBaercs AC TeMnepatypwm 75—
125°C. Baara nogaercs Ha §aXTapMAHYIO CTOPOHY zeraned.

Boaeiolt mepenaj TeMneparyp no ci0sM KOXKH BhI3EIBAeT JH(-
(y3auo Braru oT ropadeil NOBEPXHOCTH K XOJOAHOH, 4TO NPHBOJIHT
K e DABHOMEPHOMY H ObCTPOMY YRJAaxmHedHio. Kpome Toro, cko-
pPOCTe YBJAAIKHEHHs HOBBIWASTCS B DE3y/ARTATE TOFO, YTO YacTh
BOABI, HAXOAAMANCK Ha NOBEPXHOCTH KOXH, NEpPCXOANT B Tapood-
pasHoe coctosuuce, Ilap, crpeMsichk BHHATH HADYIKY, YCKODACT AH-
tby3iI0 BIACH 11, OPOXOAA MO KAMIAAPAM BIYTPH KOXKMH, KOHAEHCH-
pyerca p fosee XONOAHLIX ee CAOHX B MHKPOKAMUAIAPAX, HTO CIO-
cofCcTBYeT YCKOPENUID TPOHECCA YBAAMKHEHHs [ PABHOMCDHOMY
pACHpefeneniiy BAATH [0 TOAUIMHE, YBJAKHCHHC 10 HJIOWIALH
TAKXKC PABHOMEPHO,

Kak puaHo ns puc. 4.7, uMeerca fABHAA 3aBHCHMOCTL MEXIy
KOJIHY4ECTBOM MOMJIOUICHHOH BJATI p,, TEMIEPATYPOR HarpesaTens
t (Bepxuefl MAMTH) H BpeMelleM yBJIaXKHeHHs T. 4eM Bplitie TeMmite-
paTypa HarpesaTeas i BpeMsl BHIAEPKKH, TeM JoJblUe BJarH nepe-
XOIHT H3 TKaHU (BAATOHOCHTeNd) B KoMy, OZHAKO DeXKHM YBIAXK-
IEHHA TPKW KOHTAKTHOM crnocofc Hano BHOHPATL OCTOPOMKIO, TaK
KAK U3BECTHO, UTO TCNAOBOE BO3ASHCTBIIE HA KOXKY IPH BHCOKOH
TeMIepaType I BAAKHOCTH CHHXKABT KAYeCTBO KOMH, IDTO CHuXe-
Hile (PHINKO-MCXALUUECKHX CBOHCTR KOMKH NPOHCXOANT H3-32 TOTO,
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Pre. 4.7. 3aBHCHMOCTE  KOJHYECTBA TNordollaemoil Raark womell 0T  spemedu
ypJaaxcHeunA (a) H Temneparyps pepxuell mantul ¢, °C {6):
I —-75, 2--100; 93— 125

UTO BOAG TNPH BO3AEHCTBHH TEMAEPATYPHl BH3BIBAET THADOJAWTHYE-
CKOe pacliensieHhe GelKoB.

Iipn TcmnepaTtype Bepxnefl nautel 125°C ¢xopocTh 1OTOKa Ha-
CTONBbKO BCJAHKA, 4TO yxe uepesd 10—20 ¢ B OCHOBHOM Befl BJjara
MePEXOINT B YBJAAKHACMYK CHCTCMY M JdajbHCHUIAR BHJIEDKKA
ofipasua B Mpecce MOUTH HC YBRIHYMBACT CYMMAapHYIH B/AAXHOCTS,
NPOHCXOAHT JHAIL NEPEPACIPLEALIHE BIATH [0 CHOAM.

Tlpu teMueparype reittodocutean 1256°C unarpemauue paxe s
Tcuenne 10 ¢ cHimxaer TemMmnepaTypy CBapHBaHUST KoXM Ha 22°C,
B teucHite 60 ¢ —na 37°C, 4To CBUAETEALCTBYCT 00 YXYALNEHHH
(PHIHKO-MEXaHKUYECKIIX CBOHCTB KOXKH.

TIpn  yRAAKIEHHM KOHTAKTHLIM CIIOCOGOM  TCPMOYCTOAYHBOR
0QTH ONTHMaNBROH TeMIepaTypoil ropsyel winThl sviagercs 70—
90°C. Temnepatypa ropauelfl niauwTh Huke 70°C szamepisier 1po-
Lecce NOTMIOUEeHHUST BAArd Koskel, temnepatypa Bwuiuie 90°C npueo-
JHT K WHTEHCHMBHOH NOTCPe BAari AeTanaMH OO0yBH NOCJe YBIaxK-
nennst. DTH motepu TeM GoJAbLIC, YeM BBILE TEMICPATypa ropAveH
e, TIpH noBbiled:nl TeMOepaTypel XOJMOLHON IJWTLI ClIMMKAeT-
¢ abcoaoTuasi BAAMHOCTh JHHeBOro ciios. CJaemoBATENIBHO, XO-
NOMHAA TJAHTA A0JKHA WMEeTh CTAGHIBHYIC TCMTEPAaTypy, ANs Yero
ee OXJI4XKAAWT. B npoTHBHOM ciayyae BO3MOMHO OCPCCYUIHBAHIE
JHUEBOTO CHOH HPH YBAAMKHEIHH I ero ¢a,Ka OPH (POPMOBAHHY.

Crenenb yBIaXoeuls 3aroTOBKH Bepxa O0OYBH 34BHCHT OT
GIOTHOCTH CTPYKTYPHE MAaTepvana, ero NOKPLITHH, PA3HOCTH TeM-
mep4ryp, C031aBaeMblXx B MaTepHAME B NEPUON YBIAAKHEHHS, H
BpPeMCHH YBJaXHeHIS. KoJHuCccTBO BJAri, BBOAHMOH B KOXKY MpH
YBJAAMHEHHH, BO3DACTACT B H3BECTHBIX MOPEREeNax ¢ YBeJUYeHReM
[HAPONPOHHILAEMOCTH [IOKPHTHA I KOXYU, PAa3HOCTH TCMIepaTyp M
BPEMEHH YBYIAXKHEHHS, @ TaKKe TPH yMeHbHIEHHH 1I0THOCTH CTPYK-
TYPH MaTepHaja.

[ ¥cTaHOBKM AR YBARAMHEHMA 3aroTOBOK BepXa H AeTadeil Huza
o0yed, A ypaasKneHHda 3arOTOBOK Bepxa 00yBH copOumell Baaru
13 BO3AYXa HMEWTCH YCTaHOBKH, pafoTa KOTOPHIX OCHOBRaHa Ha
CAeAYIOWHX MPHHLHNAX!
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HCIAPCHHE MoAOrpeTo BoABl cO CBODOAHOH NOBEPXBOCTH;

pacnbiyieHHe GOPCyHKaMH ucliapieMol BOAHI,

nogavya napa, NpONylIeHHOTO Yepe3 BOAy B pabouyce NPoCTpPaH-
CTBO;

pacnpiaeniie BoAB (oOpcyHKaMIl H o6pasoBanue TyMaHa B pa-
6oucil kamepe;

npeABapUTEeIbHOR BAKYYMHPOBAHHE 3aroTOBOK BepXa o6YBH.

HwmcwTrea Takdie yeTaHOBKH, ABJsIIOUINEcsT koMOHHanded yka-
3aHNEIX BHILIC,

Bee sTil yBaaXKHUTebIIBIE YCTAHOBKH MOTYT pafoTtaTth npi pas-
JHYHBIX PeXUMax:

a} npu BHICOKOH TeMNepaType BJAAMHOTG BO3/YXa, 3HAYHTEALNO
OTAHUAWIIEHCH OT TEMUEPATYPH OKPYRAWLWEH CPCAB I MaJja0
OT llee OTJiMatoUeHCs;

6) ¢ npHHYANTeNLHWM ABLKeHHew Boaayxa (ckopocern 0,5—
[,b M/¢c wiu uUpH upesBHIYaf{iHO MaJOH CKOPOCTH €ro JBHKEHHH,
00YCAOBJAEHNION PAa3HOH MJOTHOCTRIO BO3AYXa B PA3MHYHBIX wacTAX
YCTAHOBKH) ;

B) HENPEPHIBHOM HJIH OEPHOLIUECKOM.

PaccMmoTpiiMm NDHHIHM PaGOTH BCeX THIOB YCTAHOBOK NPH pas-
HbIX peXHMax.

YeratosKe ¢ iicHaperiesm BOAK €0 cB060AHON mosepxnocTn fHe3
APHHYAHTCALHOrO ABINKEHHA BO3AYXa, PpafoTawllie NpeHMyIle-
CTBEHIIQ IPH  BBRICOKOH TEMIIEPATYPC BAAMKIOID BO31YXAad, OUEHL
MPOCTHE N0 KOHCTPYKIUK U Aellesbt B sxcadyaranud.(Ho oun umelor
PSLA CYWECTBCHHBIX HEJOCTATKOB.

H3-3a pazHuibl TCMUEPATYP 3ar0TOBOK BCpxa OOYRIL, 3arpyen-
HBIX B KaMepy, M BJAMKHOTD BO3AYXa BJara KOHACHCHPyeTcH NHa
NOBEPXHOCTH 3ATOTOBOK, 00pa3sysd TOHKIN cA0fl BOAE, 3aKpHIBai0-
WHA JOCTYN BJAAXIOro BO3AyXa K KallAIAPAaM Kokl YBamHenHe
B JIAHHOM cJayyae CBOAMTCH TOJBKO K MedJeHnol Aigdysun saaru
H3 3TOrO ¢J0s B TOJIY KOXH, 3aroTOBKK BepXa f0AydamwTcy BJaxK-
HbIMU Ha OLLYflb, HO BHYTPEHHHE CJIOH KOMKH OCTAKTCH HeYBJAaX-
HCHHBIMH. ¥YBCJHYUCIHE BHAEPKKH 3arOTOBORK BEPXA B KaMepe Majo
BJIHAET HA ONPHPOCT BJACH, H JAXEe NTPH TPEXYACOBOM YBJIAXHCHUH
npHpocT Baarn cocrasaser okoae 2 Y%. Boga, kodaencupypomascs
Ha NIOBEPXIOCTH 3arOTOBOK BePXa, BHI3bIBAaeT UX 3arpssdenne. KoH-
JeHCauMs BJard HabamoiaeTcs He TONBKO HA NOBEPXHOCTH 3aroTo-
BOK BEDXa, HO H Ha TNOTOJAKC H CTEHKAaX KaMephb!, OCOGEHHO B MO-
MEHTHl 3aTPy3KiH H BHIIPY3KH 3aroTOBDK.

, K 3tOoMy THIY YCTaHOBOK OTHOCHTCH YCTAHOBKA [PEeANPUSATHSI
«CBuT» nepuoandeckoro aeficteus (puc. 4.8). Pabouas kamepa [
BMewaer okodo 20 nap 3aroTOBOK Bepxa OOYBH, KOTOPLIE YKJa-
RZHBaloT Ha noakd 2. Bo3gyx yBiaamHAETCs B peE3YAbTATE JICHA-
peHust BAari co cBOGONHOH MOBEPXHOCTH BOABI, HATPCBASMOH 3J€K-
TPHUECKHM BOJoiarpepartedeM 3 A0 temnepatypm 70—80°C. Tem-
nepatypa paaxHoro Bosayxa 50°C. Bak 4 ¢ nogorpeBaemoii Bogo#
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pasMellaetcs B uMXKHed yacTu padoved kamepol, Llupxkynsuus na-
POBO3AYUIHONK CMECH eCTeCTBCHHASY

TeXHHYeCKAN XAPAKTEPHCTHKA YCTAHOBKH NpeAnpuaTHA «CBRAT

Bpeuma ysiaxcHelss, Mt 30—45
ITpueee saary, % 2—3
HotpebnocTs B 9MCKTPOINEPTHH, kBT
1a NMepsoNavalblioe HarpeBaine Bolll 2
Ha MOAJIEPIKAHHE TEMNEPATYPLl BOADI 1,4
TaBapHTHEE PA3MCDE], MM 845 7451270

Tark Kak BJara B OCHOBHOM HAXOAHTCA Ha TOBCPXHOCTH 3aro-
TOBKM BepXa, YacTL ec Henapscres cue go aartskku, OuesBHilno,
YTO TAKOC YBIAMHCHHC MAJ0 H3MeHder QUIHKO-MeXaliueckue cBoil-
CIBA KOMH, HO TCM lié MEHEEC HECKOJLKO VBEAHYMBART yAJITHEHIC
aope pacrakedny {(1—2% apn o= 10 Mlia}, yro cnocodeTtByer
VCTPAHEHWIO TPCUIHH JHLEBOIo CAOA H TOPHIBOB NPH (HOPMOBAIHM.
K HemocraTkam  yBAAXHMTEALHLX YCTAHOBOK CJ/ACAYST OTHeECTI
TAKKE MaJdyH BMCCTHMOCTL, UeSoabplIol Texuoaoryucckiull agdert,
3HAYHUTENLIBIE TENO- W BJATOBBIISJAEHHS B Ue€X 4epe3 3arpysod-
HOE OTBEPCTHL,

B ycraHoskax, paboTAawIHX 6€3 [PUHYIHTCABHOTO ABHMKCHHA
BO3AYXa [PH HA3KHX TeMIlepaTypax, TAe Boja HCnapsAeTca cO CBO-
G0AHOR TOBEPXHOCTH, KOHZEHCAUMHN BJard Ha 3aroroBKAX Bepxa
00yBY HEe TPOHCXOAHMT, HO LAXKC NPH MOJHOM HACHILLENUMH BO3LYXa
yeaAaxilenne uact xpaifine Mmepaenuno. OOGbscHsieTcad 3TO TeM, 4TO
NPH HH3KHX TeMnepaTypax NpoHece cOPGIMN HMCRT MAJVI0 CKO-
pocte. KpoMe Toro, NpH HEMOABHIKHOM BO3AYXe ¥V MOBEPXHOCTH
yBAZXKHseMOrs maTephiana ofpasyercs norpanHudelil choft Bo3-

AyXa, MeéHCe HACHINEeHHKLIH BOJSIHBIMHE I1a-

paMH, TaK K4k 4aCTh HX Y& ROraolie-

o |7 Ha matcpHajoM. Temno KoHIZeHCAUHH H
’ copOUMH NOBHILACT TEMNepaTypy morpa-
HHYHOI'O CJ0f BO3JAyXa, AOHOJHHTENLHO
CHHAf €ro OTHOCHTENbHYIO BJANHOCTB.
Bece 3to sarpyaHsier mpouecc ympaaXKite-

T T S |

T S P PN

PR unf. [IpH JIBHIKEHHH T[APOBO3AYLIHON
PR 7Y CMCCH B KaMepe YBJaXHCUHe MACT Cpap-
- Huteysio Owerpo. Ho utober poGHTbCR

A PN A PN P P PN e P | o
o s L7 jouHOTO nachlllenusl Bo3jiyXa BJAFOH,

1e08x0AAM0 uMeTh OGOoNLLIYIC TOBepX-
1IOCTL  HCOApeHHd, T. e yBeSUYeHHBIE
pazMepnl KaMephl.

Llyuite HaceliaeTcs BO3AYX BJIArOH
B YCT4HOBKAX, Ije pacnoblletnas ¢op-
CYHKAMH BOJa LICRAPAETCT B CTpye JBH-
HKyllerocs BO3AyXa TNPH OTHOCHTENBHO
Puc. 4.8 Cxema ycralOBRE  jypapafi TeMIepaTtype.

BPEATPEATHR «CBHT> T VCTAlOBKE TOF0 THIIA W3TOTOBJSIOT-

yBAaxHueHNgd 3aroToeCK BeEp- .
Xa o6vBH CAl 3JI@BATOPHBIMH HJIH DOTOPHBIMH He-
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Puc. 4.9. Cxema sJue- A
BATOPHOR  YCTAHOBKH . &
AN YBIAWHCHHA  3a- — | =
rOTOBOK Bepxa OGYBH T ; R

BAZKHBIM BO3AYXOM — T T T T

NPepLIBHOIQ HAH TIEPHOAHYECKOTD ,ueﬁc*rsu&) Kamepa § aaxesatop-
HOH ycraHoskH (puc. 4.9) pazfeneHa Ha padouvio 30HY 5 H pelMp-
Ky AauHoHHBIH Kanan 2. BuyTpy kxapkac § KaMepsl OGIUHT JH-
CTOBRIM amoMHHHeM. J[JA TpaHCOOPTHPOBAHHUA 3arQTOBOK Bepxa
ofysn B paboded 30He HMeeTcsd 3J1€BaTOP, K KOTOPOMY NpPHKpen-
Jensl JMIOAbKH 7 WJAH NIecTH. 3arpyska W BBIIPY3Ka 3arOTOBOK
Bepxa 00YBH OCYHIECTBJAIOTCH Uepes 3arpy3ouHoe okHo 4, KoTopoe
3aKpPLIBAETCS ABEPUAMH HJM 33 IBHMKKOH,

LIHpryAsinHsa BO3/MyXa OCYIMECTBJATETCH BEHTHIAATOPOM 3, KOTO-
pEIi oTcacuBaeT oTpafoT4BIIYI) NMapoBO3AYUIHYID cMech H3 pado-
ueH 30HBI M MOA4eT B PEIUPKYAANHOHHEH Kanad. B penlpry.s-
UHOHHBIH kKaHan pas6puarusaercAd ¢opeyAkamH [ BOZa, KoTopas
HCMapgeTcad B CTPye  ABHMIKYUeHCA HaBCTpeuy MNapOBO3AVIIHOM
CMecH,

Boaa moxer pasGpblariBaThes CXKATHM BO3AYXOM AU MOA
JNIAaBJSHHEM BOJOINPOBOAHON CeTH,
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Aast noioro nacLilleHfs BOsAyXa Baarofl 1 ofecnCucHuA Cro
HarpeBanHd Ao oupeleieHHOR TeMnepaTypel NPHMEHACTCR fap.
[Tap MomxkeT MoAaBATLCA B PEIUpKYAARAOHHRHA XKaHaa nag pado-
Uy 30HY YCTAHOBKH 1o nepdopupoBanHoHd TpyGe, npoxousiged
uepes MOLROH, 3anoaHeHHBld Bogoil. Ilogaua mapa aBroMaTHYecKH
PCTYNHPYETCH B 3aBHCHMOCTH OT TEMIEPATYPHl BJAAMHOTO BO3LYXd.

YanamHenBEuiA ROZAYX N0LaeTcs B pabnuyr 30HY ucpes cend-
partop, B KOTOpPOM oun oceofoxjaeTcs OT Kafedab BoAnl. Bopa, we
HCIAPTBIIAACA 8 DPCUHPRYJASILIOHNHOM KaHajJe H CKOHAEICHPOBAR-
wanca B pabouci 300C, MEPC3 NOLAOH CTCKAGT B K3NANH331HID.

B kaMepe BO3AYX OTAACT YACTHUHG TeIJIO I BJAry yBJjaaxnsae-
MBIM 34r0TOBKAM Bepxa olysH,

TeXHHYECKAA XAPAKTEPHCTHKA SJEBATOPHOIN YCTAHOBKH

Temmncpatypa. “C
BOLEL B HAYAJEe KaMephl 37—38
BO3AYXA 35—386
OTHOCHTEABHAS BJAMKHCGCTE BO3AYXa B padodell zoine, 97
%, He meHee

CropocTt ABHKEIs BOIAYXE, M/ 0,56—1
BMecTHMOCTR, AP 2aroTOBOK RepXa 200—25¢
IlpuapocT BAary B 3aroTonkax bepxa, % 8—10
Bpemsa yBITasKHEHHA, 4, 3aTOTOBOK BepNa
H3 IIEBpo 1—15
U3 BHPOCTKA A OnoiKa 1,56—2,5

Taxkoe yanaKHEHiie YBEIHYIBAeT YAJNHHEHHE KOXKH TNIPH © =
= 10 MIla wa 8—12 %, uTo macT BO3MOMKUOCTb YMENBIUMTH MphL-
MYCK Ha 3aTAXKKY W cakoHoMHTL 2% wmartepuana sepxa. @opma
U pasMepbl OGYBH, U3rOTOBJEHHOH [PH TaKOM clocode YBJIAMXKHE-
HHsI 3arOTOBOK BEPX&, XOPOUIO COXPAHAIOTCS.

[HeaoctaTkamis TaKHX YBJIAKHHTCABHBIX YCTAHOBOK SIBJIAKOTCA
rPOMO3AKOCTE ([ CHAOHIIOCTh KOHCTPYKUHMH, AJHTENbHOCTH MPOLEcca
YBJANHEHHA.

B poropHux yeranopkax (koncTpykuwn LIKB Munnernmpoma
PCOCP) yenaxuarwT 3aroToBrY pepxa ofyBil nepes dopMOBaHHEM
Ha koaoaxe (puc. 4.10).

Ycranoska paloraeT B aBTOMaTHYECKOM, NOJYABTOMATHUCCKOM
H PYYHOM perkaAMe

BayTpH yTemseHHOTO Kapkaca ! HAXOIWUTCS DOTOPp 2, pasieNeH-
HH BCPTHKAJLHBIMI TEeperopoAkaMi J Ha BOCeMb OTcekoB. B kax-
IOM OTCEKE B 4eThipe fipyca 3aKpCIVIEHO BOCEMb WITHPEeH nas mom-
BeINWBAUHA 3aroToBOK 1epxa o0yBH. Portop 2 cwmonTupoBan Ha
tpyfe W BpaulaeTcid Ha nojdok ocu 8. Bosayx yejaxusercs B
cMecHTeabpHol Kamepe 4 BOLOM, pacnuijenHoft dopeyHramu 5. Boxa
Ha pachhIeHHe JiofaeTcsl HacocoM M3 §aka uepes TeNmJOOGMEHHHK,
B KOTOPOM OHa harpepaercsi 40 Temmeparypu 60 + 5°C. YVeaax-
HeHHBIl BO3AYX BEHTHIATOpOM 6 uepes cemaparop 7, MOJYO ocCh &,
HIDKHIOW KOJBIEBYIO DACIPeleHTeNbAYID Kamepy ! W OTBepeTHst
B AHE Ka:KAOro oTceka porapa 2 mopaetca B paGouyio 30HY ycrTa-
HOBKIl 1f OTCACKLIBACTCH uePes OTBEPCTHS B MOTOJKE H BEPXHIOK Ka-
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Puc. 4.10. Cxe-
Ma POTOPHOH
YCTanoBKR I
VBJIAXKHEHHA 32-
roToBoK Bepxa
00yBI

Mepy (kuanextop) 9. HononuuTenbHoe yBAAXKHEHHE BO3AyXa Ipo-
H3BOANTCS B cMecnTebHOR [] U HUMKHel pacnpenedHTeqpHOH Ka-
MCpax TmapoM, NOJAaBAEMBIM H3 KOTEALHOH WJAW NaporeHeparopoM.
YecraHoBka paboTaeT IPH NOJMHOH DEHUPKYJAIAM BJIAXKHOCC BO3-
Ayxa, CKOHAEMCHPOBABIIAACS BOJA2 U3 BepXHCH KaMcphl H paboucH
30HE ¥ HEWCHAPHBHIAACH BOAA H3 CMecHTede#d kaMepnl CaiBaercs
B 6ak ¢ ycpe3 GWABTPH MOAACTCH Ha NOBTOPHOE DacHblJIenHe.
Portop ucpes !/; ofoporTa aBTOMATHUYECK!T OCTAHABANBALTCH.
OTcer, HaxoAAHUHCA nepel 3aTPy3cdHOH ABEDPLIO, H30JHDYETCH
OT Bcell ycTanoBky neperopoikamy [0 ¢ NAOCKHMH DC3HHOBBIMH

143



g/

- Z
7
4 Puc. 4.11. Cxeva
e YCTAHOBKH AJSA YBJA K-
° 2 HEHHH 3aroTORDK BEP-
%/‘5’ xa  00YBH  BOJAHBIM
TYMAHOM

KAaimaHaMu W winbepoM. MaMeHenne u peryaHpoBaHue napaMmerpos
VBJIAXKHCHUS B YCTAHOBKE QCYLIECTBASIOTCH aBTOMATHYCCKH.

OCHOBHLIMII HCLOCTATKAMI 3T0# YCTAHOBKH TaK 3Ke, KaK 1l yCTa-
HOBOK npeanpuatHa «CBUT», ABAAKTCA HEDABHOMEpHUE YBAAKDE-
HHC 3aTOTOBOK BepXa, PAacNOJOMXKeHHBLIX Ha pas3soll BbIcoTe, | 3HAa-
YUTEJABHBIE PA3MEPB! KAMCPHL.

TexHHYeCKAns XapaKTePHCTHKA POTOPHOR yCTAHORKM AAA
YBALKHEHHS 34roTOBOK Bepxa OoGyRH

Ipupocr paard, %, B 3aroTonkax, HAXOASLIMXCH HA

fApyce
Hepnom 10
0CTaABNBEIX 4—6
BpeMa yBIasHeHus 3ar0TOBOK BEPXa H3 KOXK APOMD- 1,5
gore AyGacund, 4
BMecTIIMOCTE, NIAap 3aroTOBOK 288---320
Huamerp, M 1,5
BricoTa, M 3.3

YevanoBki, B KOTOPHX Paciuiendan Qopcylikami poga obpa-
3ycT TyMan B pafoucm npoCTpancrBe, NPHMEHAOT AAH YBJAaKHE-
HUsl 3aroTOBOK Bepxa 0O0YBH, HO MOTYT 6HITH HCNOJBL30BAHH AJIS
YBIaxHCHHA acTanacil Husa ncpen gopmosanneMm (puc, 4.11). Kop-
nyc ¥crancBky sbinoAned B gopme nuianaapa J. BHyTpu kopnyca
HMeeTcs UeHTpadbliasd MeTalsIHYecKas Bpamalotasca Tpyba 2, Ha
KOTOPOH YKpelNNeHH YeThipe pAfa KPOHINTENHOB J [0 WECTh B KaX-
AoMm paay. B wwwHell wacT Koprnyca pacnofioxeH nopaoH 4, b Ko-
Topwifi 3anuBaeTes Bofa (Ha 2—3 oM HHXe KPbUIKH 7 NOAROHA)
remnepatypoii 18—20°C. Tlon ycTaHoBkoH nofBellleH KOMIpeccop
5, xoTOpRIE mogaer Bo3Ayx B Tpy6y 2. Boma 113 nogmoHa pachbl-
ASeTca CKATHIM BO3AYXOM uepe3 (opcyHKY &, Haxogaulyloca B
HHKHEHR yacTh TpyOul. Pacnujednad Bofa nopaercs Ha 3aroTOBKH
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pepxa o6yBH HAacoCOM 6, MOJBCLUCHHEIM K HOTOMKY H HMEKUWHM KY-
nogoobpasuyo Gopmy. KpynHble Kaniau oAl To TpyfHe CTeRawT
B NOJAOH Il BHOBb MOAAIOTCH Ha pacnbuierue. CTemeHb pacoblie-
HHSl BOJIbI PETYJHPYETCH aBJEHHEM CXKATOTO BO3AYXA.]3aroTOBKH
H3 KOX XPOMQOBOTO AYOMJEHHS ¢ Ka3GHHOBHIM MOKDHITHEM YBJIAMK-
HATb B 3THX YCTAHOBKAX HE PEKOMEHAVETCA,

TexHudecKas XAPAKTEPHCTHKA YCTAMOBKH NI YRIAKHEHAN
3Ar0TOROK Bepxa OGYHH BOMAHLIM TYMAHOM

[Mpupoct saaru, % 5-7
Bpema yBJa)KHEHHA 3arOTOBOK BepXa afysu us keX xpo- L,D
MOBOTO AyOneHH:, 4
BmectaMocTh, 11ap 3aroTOSOK Bepxa
Tydedh H NOAYGOTRHOK 240
GOTHHOK H [0NYCANCKEK 120

Haa yckoperus mpouecca yBJIaKHElMs 3arOTOBKH Bepxa o0yBH
npelBapUTeNbHO BAKYYMHAPYIOT, B Pe3ynbTaTe UYEro M3 NOP KOMH
YAAARETCA BO3AYX, NPENATCTBYIOWIHH NPOHHKAHUIO BJAri.)

Crocof HATeHCHHKALUN OPOUECcCa  yBJAXKHEHHS 3ara10BOK
Bepxa o0yBH B BaKyyMe OBLI peastH3oBal B yCTPOACTBC, NPHHIH-
nHajdbHAasl CXeMa KOTOParo npuBcieHa HA pHe, 4.12.

YeTpoficTBO COZEPIKUT BAKYYyMHBle Kamephl [ 1 15, 3arpysouHo-
BRIFPY304iBld oTcek 20, kphIKy /8 ¢ OpHBOAOM OT HHEBMOLH-
aniapos I7, akyyMmuwfi Hacoc 7, naporeHeparop 4, RaKyyMHDO-
BAHHLC ueA0CcTH 10, HuzkoreMmuepaTypHue HarpesaTtenan 2{ n cu-
cTEMY asTOMATHYECKOrQ ynpasjaeHusa [4, [Mocenuast coCTouT o3
KJ1anaHa OTCeUKH 5 BepxHel BAaKYyMitofl KaMephl / OT BAKyyMHOTO
Hacoca 7, RJAanaHa OTCeukn 9 HHKHell BAKYYMHOH KaMepul [5 ot
BAKYVMHOIO Hacoca 7, KNamaHoB HanmycKa Boaiyxa 2 u I3, kia-
traHa 6 Ao3atopa NOLaud BOALL B NaporeHepatop 4, Iepexaoua-
Teas 11 coobmenys naporedeparopa 4 ¢ BaKyyYMHBIMH KaMmepaMu [
¥ [5, kiaamana oTceukn /2 mimkHeHl Rakyymuo# kamepwm I3 oT Ba-
KYYMIIPOBaHHOH nodocT [0, kaamana oTceykn & BAKYYMHPOBAaHHOH
nojocTi {0 OT BAKYYMHOI'Q Hacoca 7.

Yerpo#ictro pabotaer cacaywium obpasom. Ha pepwarenw [9,
HAXOASALUCCA B 3arpy30UlO-BRIPy30utaM  oTceke 2, Beuwawr
CHHAKIL 3ar0TOROK Bepxa ofyeu 6. Hamumawr JRYMA pykamu
KHOIKII, 1I KPHIIKA I8 BMecre ¢ 3aTOTORKaMIl Repxa MepeMelaercs
NHEBMONMANHAPAMH [7 B BepxHee NOJOXKeHd!e, 3aroTOBKH Bepxa
00YBH NOCTYNAIOT B BCPXHIOK BAKYYMHYIO KaMepy f.

OaHoBpeMEHHO C NepeMelleHHeM NOABIKHOA KPBIUKH 118 Tep-
MeTH3aUHH KaMep nNepewsaodartess [ coegnnser naporedeparop 4
¢ KaMepo# [, a kAanad Hanycka BodAyxa [3 B HHWHIOW BAKYYM-
Hywo Kamepy 4 saxpoiBaercs. [Tocne repmerusanuu Bepxuedl Ba-
KYYMHOK Kavepbl | OTKpPHIBAKITCA KA4AN4H 5, COSAMHAIOIMME ec ¢
HacocoMm 7, KaamnaH J, coefHHAWIIHE Kamepy ! ¢ BaKyyMHPOBaH-
itoft monoctoio [0, W 3akpuiBaercs KJIanaH &, COeAHHAIWOUIHA Bakyy-
MHPOBaHHEYI0 T0J0cTe 10 ¢ nacocom 7. TIponcxonuT Bakyymnposa-
Hue BepxHed kamepn, [Tocle TOCTHMCHHH HeoBXOMMMOTO BAKYyMA
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Puc. 4.12. Cxema yertpaiicTra sl YBIAKNCHHA 3aroTOBOK Bcpxa ofyhr B 8a-
KyyMe

KAanai 5 orcekaer BepxH1ow kamepy / oT nacoca 7, kjamau 3
OTCERA®T BCPXHIOI KaMepy I OT BaKyyMHPOBaHHOH noJjocTu [0,
waanad & coeAHHAET BAKYYMHPOBaHHYI0 HodocTh /O ¢ nacocom 7.
BrawvyacTes K/IanaH A03ATopa MOLaud Boabl 6 B naporeseparop 4.
[Tap noctynagT B BePXHWI BAKYYMHYIO KAMEpY uepes LISNH, HMEIO-
Heca B ee gteuax. HaBjenne napa B KaMepe MNOCTENEHHO MOBH-
maeTcH A0 ONPeAeNeHHOrQ YPOBHA B TeYeHHe 3aJAaHHOrQ BPEeMeHH,
[Toche RocTHXEHHA 33JAHHOTC AABJEHHA NMapa B BepxHe#t Kamepe |
OTKJIIOUAETCS KJalaH H03aTopa MOJaud BOABl 6 B naporeuepartope
4. Tlocae ucreyeHus YCTAaHOBJEHHOTO TEXHOJOTHUEGCKOrD BPeMEHH
YBNAKHEHAT BKJAKYACTCA KJANal HanycKa BO3ZyXa 2 B BEPXHIOQ
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Pue. 4.13. CxeMmel ycTa-
HOBOK AR  YBAAMHCHUHA
3aTOTOBOK Bepra abysh 4
KOHTAKTHLIM cnocofbom:
I—yopasan maura; 2—uarpe- N
BATEAb; J— X0J0AHAR MAHTA; A A A 7
4-—Koma; §F—rKane; 6 — nepdo- ' - ARy
PAUHOHAAA ILINTA} 7— BOMA a

2 ¢ s
R
o R

)

kaMmepy. [amiewne B Bepxuell kamepe [ ypapluyBaercd C arMmo-
chepHbin.

TMoxa 1 Bepxiefl BakyyMHoA KaMepe  MPOHCXOINT YBAAMHCIIC
3arOTOBOK BCPXa, Ha Aepkatenn 19, naxoaswuecst ¢ ApYyrod cro-
PONEL HOABIKIOK KPLILIKH /8 3arpy30ulio-BuIPy30110To oTcexa 20,
HaBCIUWBAIOT HOBLIC CBH3IKH 34roTOBOK BEpXA. ITo seTCUeHHH JTOJ4-
HOro OHKAIa YB/JAZKHCHHEA BHOBb RHaMHAMAIOT Hd KHONKH, H KPLIUKa
18 pas repMeTn3aIlin KaMep MepeMellaeTcs NHeBMOMHABKAPaMy 17
B HHKIIEC TIOJOXKCITHE,

TIpy »T0M B HHKHIOIO BAKYYMilyio Kamepy I35 pBogarca saro-
TOBKH REpXa AAs YBIAXIIEHWs, a U3 Bepxiiell BakyyMHoH Kamepol [
BuIXQAAT YBJAAXKIICHUBIC 3arOTOBKN B 33pr301lHO-Bhll‘py30'-lHbllui or-
cex 20.

YeraHoBKa NO3BOJIIT JAOCTHYE BAAXKHOCTH KO XPpOMOBOIO ﬂyﬁ‘
gderns 26 % 3a & mun [15].

TMpoMullwtenise yeTaHOBKH Aaf KouTakTHOro (repmonnddy-
BHOHHOI‘()) cnocofia VRMAKUCHHA H3TOTOBAAIOT ABYX THNOB.

YeranoBka mepeoro tena (puc. 4.13,a) cocToNT M3 BAarOHOCH-
TeJisl BAAMKHON TKAHH M JABYX [JHT: OAHA HAarpemaertcsi, BTOpasd,
XoJgoalan, JiTa B e lllia(t)pal'MbI Wi OXJaXKaaceTed, U uMeer
TeMNepaTypy MOMCLICHNA. 3aTOTOBKA Bepxa O0YBH HOCOUHO-NYYKO-
BOH 44CThi0 KAAACTCA HA BAaMKNYID TKaHb, XOJOAH2HA NANTA NPH-
HHUMACT 3aTOTOBKY K TKAHH H l"Ole«leﬁ nJAHuTe,

B yeranoexkax Broporo tuna (puc. 4.13,6) Biara B Buae napa
nogaercd uepes mepdopHpoBaHHYI0 MIHTY HENOCPEACTBEHHO Ha
GaxTapMaHYIO CTOPOHY 3aroToBkM nepxa. [lap B ycrauobke odpa-
ayeTci npH noROrpeBalnldi BOAB! RO KIIICHHA HJAH IIOJacTcd H3BHE.
XOJ’JOILHE]H OJHTA BBIMOANACSTCHA B BHAE ECTKOrO MNPHXHMA HJAH
pesuHoBOil auadparmel, obxuMaiowed 3aroToBky Bepxa 1o dopme
ropsaucH nJANTH,

4.2, CYLHIKA

Tpn WsroTOBRACHUH OOYBH H KOXKKranautTepeHRHelx H3AeHH ILHPOKO
NMPHMEHACTCH CYUIK2 PaA3JHYHBIX Kpacox, aNnpeTyp, KJIeeB, a8 TaKXKC
OBYBHEIX MaTepHaos.

B ¢cBasu ¢ GonpmwnM pasHooOpasieM NPOLECCOB CYWIKH 11 BHAOB
BHICYIIMBAEMEIX MAaTEPHAJOB DAa3/HUaOT Kak MedH CYIWKH, Tak H
ee cnocobu. Llenwie mpouecca CyMKd KpacoK, KJees, ammnperyp
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ABASeTcA GOPMHPORAlINE 112 [OBEPXUOCTH JAeradell u3ienifl Tonkoi
MJACHKH NYTeM Hclapenus KEIKoH cpeabl. [1pu yaancHuwu Baard
U3 CAMOro MaTcpHanaa o6LIUHO AOGHBAOTCST KPOMC TPHBEJCHIA B
paBHoBeCHe RJAAMHOCTH H3ZeJHS I OHPYMXKAKILEH cpein emwe H
3aKpervienns npuLanioil o6yBH GOPMH, peiakcauui (yMeHbLIEHHS
BO BPCMCHH) HAnpsexensfi Buytpn AeopMupoBaHibx jgeraJqaef, co-
KpaUleHHd mepemaja BJAAKHOCTH [0 CJACHM Marepdana Ads Npef-
OTBPallleHusa ero KOPOOJCHES.

. OcnoBofl MPOLCCCOB CYMIKH SBJASETCA TCOPHS TEMJIO- H Maccood-

_McHa, paspaborannag [0, JI. Kaskazonbm, A. B, JlukoBbiv,

I0. A, Muxaiinosom, Tl A, PeGunaepon, B, M. Yecynoshim 1 apy-
THMIL reenefoBaTeasamu, Mvn naydeins siBJACHHS TOARBOAA TenAa H
yaanennst BJarw A3 o0yBH, HMCOICH MHOroclORHBIC AeTanu, ¢
YHCTOM CTPYKTVPBl MATCPLAJOB, PCKOMEHLOBAHB KOHCTPYKILHH CY-
WIIOK, TIPCAJOMKCHA OMTHMH3AUNA NPOLHOCCA ¢ MHUIMAABUBIMI 32-
TpaTaMH BpeMelH H  3HEPrHH,

Ilpu stoM nokazano, 4ro BO Bpewms CYIIKH BJAXKHOMO marTe-
pUaga TPONCXOAAT OJHOBPOMEHHO ABa TIpolecca: TCPCHOC Teflna
(Tennou6uen) u uenapenne saarn (Maccoobmen). Cacayer vuiu-
THBaTh, 4To ©fa Dponecca LPONCXOAAT KaK BIYTPH Marcpuana
(Tak HazpiBaemas RHYTpeHIIss 3a1a4a), TAK M B OKpyKalolledl Ma-
TepHas cpede (BHCmnAs 3afauda). Pe3ynsTaThl CYNIKH 3aRICAT OT
COOTHOWEHNE [HTEHCHBHOCTH [EPEHOCA BAATH KAaK BHYTPH MaTe-
puaJia, TAK I BO BHCUIHCH cpeac.

Pacecmorpum cpavaja BHelHOK 3aiayqy.. I1yeth BJAKHOCTL H
TCMICPATYPa MaTepHasa HAXO/sITCd B PABHDBECHH €O CBOHCTBAMH
okpyxawomniel cpepbl. Cyillka MaTepHaJ a HauHHAaeTcd TOTL4, KOCAA
K HeMy MOZBENH TemJID, 4Yallle BCero KOHBEKUHeH, TeNIomnpoBoj-
NOCTRI) K JyYEHCHYCKAHHEM. VYidieHHe BJalH H3 MaTepHana
(cyuIka) uzaugercss M B TOM caydae, eCjH NOMECTHThL €0 B Meuee
BJIA¥HYIO CPey.

OcofenHocTr nepeioca Temyia 3aBHCSAT OT MHOMX $HaKTopos:
PasMCpoB  TeNMa, cOCTOSIHS [0BEPXHOCTH, CBOHCTE CpPeAM 1 Ap.,
KOTCPBle OIINCLIBAIOTCA CHCTCMOH  TpyaHopeniaeMelx aHddepeH-
HHANBEHBIX YDABHCHHE TETJONCPCHOCA BU BJAKHOM TCJIC, OCADK-
HEHHOM MaCCOOOMCIIOM.

B ofueM sune peulende cHcereMbl Au(ppepennMaibiblx ypas-
HeHWH Tenvionepenoca B KpHTCPHANbHOR QOpMe 3amMChiBAIOT TaK!

Nu = f(Fo, Pr, Re, Gr),

rae [ —-sHak oynxuxs; Fo, Pr, Re, Gr-— kputepuu cooTtsercTieliiio ®ypLe,
TTpauaraa, Peiinonsaca, Fpacroda.

Bropaa uacTe BHewHeH 3a1aud COCTOHT B ONUCAHHH Tponecca
MaccnoOMera, TIpu ee peIICHHIT CACAYCT YUYNTHLIBATH, YTO NEpPCHOC
TCMJIa W Macchl 4acTo NPOMCXONHT HaBeTpeuy Apyr aApyry. [lpw
ONWHAKOBOM KX HAMPaBACHHH ARHKCHHC BJAACH YCHJIWBACTCH, OPU
NPOTHROMOVIOKHOM — 3aMCIJSIETCS.
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B ofuwesm BuAe KPHTEPHAJbHOE YPaBHEHHe MacConcpesoca -
34MICEIBAIOT TAK: T B
Nu,, = f(Re,,, Pr,. Fo_).

B KOHKPeTlBIX CayYasax 3aBHCHMOCTh MOXeT OBITh Hogaee NOpo-
croif, Tak, saBHCHUMOCTb cramHoHapHOTo (6e3 kKputepus Dypoe)
MpoHecca  MAacConepeHoca MPH CYLIKe MaTepHada ONUCHIBASTCH

VPaBHEIHEM
Num = f (Re:m prm)-

[Ipn cywke raz ofTcKaeT TBCPAOE TCA0, H JAAA MacCONCPEHOCA
XapakTepHa cJeAyollad Kapriia. BOausw moBepXHOCTH TBEPAOTO
TCAA  BOsilHKaet OWQGYINCUUBH TNOCPauuylbIi  caoft, KOTopbli
MOXKHO YCJAOBHO PA3LeNdTh MU TOJAIMHE Ha TPH dactu. Ha BHYT-
peaHefl rpannge {ra3 — TBCPABI MaTepnajs) lePeHOC BCLIeCTba
B HaNpAaBJACHHH, NCPNCRANKY/JIAPHOM JABHAKEHHIO Ias3a, OCYLIecTB-
JAAETCH NYTCM MOJeKyaspHol -angdysnu, B cpelici yacry norpa-
HIYHOTO CJI0% — MoJeKyaspiod auddy3uy M Ha BuewHed rpa-
HHle — TypOyJenTHol auddyann, TlaotHocT, NOTOKa MaccH Be-
LeeTBa paccudThiBamT N0 yparHeHuio Ulykapera

. ac
]:_ 'E:*ﬁc(cu_'"cg):

dg
rae ) — koybdunuent subdysuu, H—rpamten’r H3MEHCeHMH KOHIEHTPATlHN

BellecTBa B OOTOKC; Pe-— Kodpduuuent Maccootaadn; Cn, O — xonuenrpanus
BCIleCTBA Ha rpalHile pasziacna @33 H aipa MOTOKA ra3sa.

MMocae ouncaung TelJOMACCONEPEHOCa B CPCAe, OKPYMKAOLICH
Marepnas, copMyHpPYEM BHYTPEHHIGIS 3ajzady, T. € 3aKOHOMEP-
HOCTH Depenoca Tenna W MacCcH BHYTpH wmarepuana. [IpH 3toM
cllelyeT YYMTHBATh, 4TC, KAK M B NpPeARAvIIef 3ajaue, HanpabJe-
HHA [ABHXKCHHS TCIJAA M BAaTH MOTYT OLITh OJHHAKOBLIMH H Pas-
AMUlbIMA. 1IpH OZHHAKOBOM HANMpaBAeHHI IPagHellTOB BJIAXKHOCTH
H TeMIepaTypbl JABHMKEHHE BJATH YCHJIWBAETCH, [PH MPOTHBOING-
JOWHOM — 3aMeAseTCH.

CyuraeTcsi, 4TO BJArTa B TBCPABIX TeNadX MePCHOCHTCS 3a cuer
TCPMOAHPQYIHIT NpH Meperaac TemMuepatyp, H3nTCPMHYecKoH Audg-
$ry3HH TIpI nepenane BaarocoAcpxKanui, Hapoiuddysuu upuH Ie-
penazc papiciud. IIpy BO3ZeHCTBUE HA MaTepHaJ 3JIEKTPUUECKOTO
0AsT MOMXKHO JOCGHTECS HEPeHoca BJAarH saexkTpoandbysneli, a npu
HCHOABIDBAHIM MATHHTHOTQ LION# — MarHuToaugpysuci, 3101 no-
NOMHUTeABHEH 2Q@eKT nepeHoca ofBACHseTCs TeM, UTO GOABILMH-
¢TBO OBYBHBIX MAaTEPHANOR NpPEICTARAACT Ccob0H MOMAPH3OBAHIIBIE
CHCTCMDBI, pCAarHpyIOLIe WA 3JEKTPHUYECKIlEe M MAarHMTHBE MOJH,
OPHEHTHUPYIOMUIECS B HUX [10 HATNPABICHHIO Nous (MOJIOCOB),

BoabiuupcTBO 00YBHBHIX MaTEPHAJIOB HMEET MNOPHCTYIO CTPVYK-
TYPY, KOTOPasi TAKXKe BJHAET Ha Temaomacconepexoc. Ilpu stom
CYIULECTBCHIO COOTHOIIRHHE KaMHJLIAPHOIO MOTCHINAJd € NOTEH-
LHAMOM [QJ% TAMXKECTH: OHU COMSMEPHMBI HAH IOTEHIHAT MNOJ%

149



TAKECTH 3lladuTeasHo Menblie. Ha nepenoc BAHSAIOT Ul TAKHE reoMe-
TPHMECKHE XapaKTePHCTHKYU 110D, KAK AHAMETP, PasMep MaTcpHana,
TonepeyHoe CeYeHHe KaHaJoB, M3BHJAKCTOCTL K aAp. [lostomy upn
PACCMOTPEHHH ABIMKEHHA BJACH B NOPHCTOM TC/Me HCOOXOAMMO YYH-
THIBATH KaNWIAHPHBIE nepenoc, nosepxuoctuyio auddysuio B 0o-
pax, TepM(}Kal]HﬂﬂHpH()Q TCUEHHE B NHX KHAKOCTH, IpajiiclT pac-
KAUHHUBAIOUIETO AaBJeHNd TJACHKH H APYIrHe (DaKTOPpbl

-Tlpw pacevoTpenn Maccouepenoca HeolGXnAAMO TAKAKC YVYNThH-
BaTh, UT0 BJATd B MATEpHAJEe LIEPCMENacTes B Bige ABYX $Hasz:
AHIKOCTE 1 mapa. Maccomepenoe BJAary © BHAC napa 3aBlCHT
nupexjae Bcero nT HopmanpHoft anddysnn, Tepmo- n Gaposnddy-
3HH, KuyAcenoBckol Auddysiuy B uopax, creanoBckoro notoka,
LHPKYJSILNE [aPOrasQBoifl CMCCIL B [OPAX, TCILICBOTO CKObLKCIHA
B HHX, KOUBEKTHBHO-DU/ALTPaUHOINOTD Mepedoca.

+ Kak pnano, Macconepeuoc Baarg (#uaxocTi 1 mapa) u3 Biy-
TPEHHHX CJOEB K TOBCPXHOCTH 3&BHCHT OT MHOTHX TPYAHOYUHTbI-
pacMbix (axtopor. OAHAKC cYMTAETCH, 49TQ NMPH JAOCTATOYHO BhI-
COKOH BAAKHOCTH MaTepuaJa Haubonblilee RAHANME OKa3LiBAIOT
KANWJAJSPHEIE CHJAR BCacbiBaHWA, ofecleynBaioliie KalHIIADHBLIR
nepeHoc.

flocae toro xak cojepKadne BJarn B MaTCpHate YMeHbLU-
70cb, B 0OIlEM MACCOMEpPEeHOCe COKPAIASTCH A0 KanHAASPHOrO
NePEHOCE W YBEAHYHBACTCA POJL NMOBEPXHOCTHOH Aupdysnn mapo-
BOAAHOTO H TLICHOYHOrO MOTOKOB, JKCOEpPUMeHNTAJbHBIC [aHHbIE
NOKA3BIBAIOT, UTO B KPYNHDIX KANUAAsIpax BA4Ta IEPSHOCHTCH B
OCHOBIIOM B BHIE IIap4, 44CTO Uepes NOJOCTH CTEHKH BUJOKON, He
3all0NHEHIBIE KUAKOCTEIO, T. €. lEPeHOC 3aBUCUT OT TpaaHenta
BaBACHISI

ITo Muxpoxanuiaspam paanycoM A0 1 MKM MOKeT Takixe npo-
XOAHTL MOJCKYJSIPHLIE NOTOK wapa (KuyaceHoBckas audipysus),
B 0oJee KPYMUBX (OPaX HMeeT MeCTo # MOJAApHBIN IepeHOC NpH
dHALTPALNY mapa.

Kosddunuenr anddpysnu 3asucut ot Gopmbl CBA3H BJATH ¢ Ma-
TepHaoM. DKCIUCPHMCHTE OKASBIBAIOT, 4TO B HAYAJLHEIH IICPHOA
CYLIKH MPH BEICOKOH BAAXNOCTH H3deRHu kospduunent anddysun
umecT crafuinayio Beanyuny (D = const), yaaasercs dmzuko-me-
XalHuueckH CBS3dHHA® BAard, T. ¢. Haxoadllasacd B MHKPOKaINWAAA-
pax (pasmep cpiue 0,1 Mkm). Baara uaiie Bcero g BHAC XKHAKOCTH
epeiBUraerTcss X 30He iCMapeHis, TaM npeapallaercas B Rap I
yaeryyupaercsd. Ilocae yzaneHus 3Toft Brarn kospduuueHt Aud-
Qy3ld yMeHbLIAeTCs, TaK KaK HAYHHAET YAadAThCS THAPATAILHOH-
nasi (rUTpOCKOIHYecKas) BJara (CBA3aHHAad C MaTepuasoMm} ua
mugponop pasmepoM meree 0,1 mxMm. Toraa xosdpdunbent auddy-
3MM BHOBbL CTAHOBUTCH CTAGHJILHHKM, HO VKe MeHBIUeH BCAWYHHE,
Bnara, 6oqce Mpouno cBsi3aHnas ¢ MartepuajoM (PH3HKO-XUMH-
yeckne (DOPMBL CBA3H), yAafeTCq Halle Beero B BHAC napa, ofpa-
3y10llerocst lipH ero HarpeBanHn,
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DTH faHHBE TOKA3KBAIOT, YTQ NOBepXHOCTHAs Aubdysus npo-
XOAUT B MOPAX BCeX PasMepoB, a TaKMXe [0 BCell NOBEPXHOCTH,
Tlpu TeMmnepaTypaxX BHYTDH MaTepHala BBIle TCMICPAaTYpbl KHNe-
HHS BOABl KJAH IIpH COBINAAEHHH HanpasieHHil TPAAMCHTOB TCIJIO-
H Madccouepenoca HaBJeHHe [apa BHYTPH MATePHana HPeBhINaeT
pHeuriiee gasaexne, Toraa map dugsTpyerest n3 marepHana 113-3a
pazpupbl pasgendft, CuutaeTcesd, uTO BO BCeX YKA3AHHLIX CAYUAAX
MOMKHO MACCOMCPCHOC 0XaPaKTEPH30BaTh YPaBHeHHEM

j: - ampﬂAW:

rae  am — ko3QHHLUHEHT MACCOMPOBOAHOCTH MAaTepHaNd, 3aBHCAWME  oT  ¢ro
cBolCcTE B YCAOBHN  CYLIKH, g — IVMIOTHOCTh aGCOMIOTHO CYXOTO  MaTepHana,
KM% AW — rpajienT BAAKHOCTH MO TOJLHHE MaTepuana, %.

CnocoGul cywrki. B 3apHCUMOCTH OT MeXaHH3MAa NOABOIAA TelJa,
BHAA TeMJOHOCHTENH Pa3JIMNAIT CJACAYOLHE CI0COOH CYLIKH:

KOHBEKTHBHBIH — TeIIo MaTepHaJy coofulaercss OTOKOM Harpe-
TOrO TERACHOCHTENH {BO3AYXA);

KOHTAKTHLI — TENJO MATepHaJy Tepenaercs TPH  Hellocpei-
CTBCHHOM KOHTaKTe ¢ HarpeTofl MOBepPXHOCTLI);

TEPMOpPAJHAUMOHABIR (WHPPAKPACHBIMH JIYYaMH) —TEIIQ MATE-
PiAa NOAYYaeT TEIIOBBIM H3JY4eNMeM OT HArpeToro teja Hea He-
NOCPEACTRERHOrG KOHTAKTA ¢ HAM (HANPHMCP, OT HATPeTLIX ChK-
paded, raMm ® Jp.);

JHITEKTPHUSCKHA (BLICOKOUACTOTHEIR) — Teuso BLIACTACTCH PaB-
HOMCDHO NO Bcell TOAIIMHE MATEPLANA NPH ACHCTBUI HA HCIC [1e-
peMelnioro noad Toka BrCOKOH vactotm (TBY). Tenmo BosHukact
H3-3d MHOIOKPATHOH OPHEHTALKMH MOJSPH3OBAHHBIX MOJCKYM Mare-
pHuada 1o HalpaBAeHHO H3MEHSIOUEerocs Mo,

BAKYYMHBH — BJara yia/JfcTcs B pe3yJbrarc PAZHOTO A4BJe-
HilA 1Mapa, rasoBoil cMec!l BHYTPH I CHAPYMKU MaTepuasa,

cyOIMMALMOHHBIE — Baara B MaTCpHaJse 3aMOpamuBaeTes, 3arcM
NOABOUTCH Tenno (KOHTAKTHEIM cinacofoM, OeCKOHTAKTHLIM BO3-
perictruem TBY, wndparpacieim Haayueiliiem), jgajdce jej ficma-
psCTCsT, MILHY S WIIKO® COCTOSHNC;

% KOMOHHHAPORAHHBIE; KOHBEKTHBHO-DALHANMOHHNII, KOHBEKTHRHO-
KOHTAKTHLIA, P2IHAIIOINO-BAKYYMUBIE H ZD.

Pacemorpim 3111 ¢nocofs cylksd, [Ipu KoHBexTHBRHOM cnocobe
U34eHe HarPeBaeTed TENJOHOCHTENCM, 8JAXHOCTh MATEPHAAA [10-
mikaetes, [IpH 40CTaTOUHOM BpeMeHH CYIIKM BJAAMKHOCTH Mate-
pHana H cpefbl BEIpABUHBAIOTCH,

Pazanvamor KOUBEKTHBHYIO CYHIKY B €CTECTBEIHBIX YCJAOBHAX H
npH H3MeHEHHHIX llapaMeTPpax OKpyxawllel cpeabl (GoJbliel Tem-
nepaType, MCHbIUEH BAAXKHOCTH). JLOCTOMHCTBO KONBCKTHBHOM cyml-
KM: OTHOCHTGJABHO HEAGpOoroe i npocroe obopyacsanue. K nenocrar-
KaM OTHOCATCS BCTPeUYHBIe HANpaBJeHHA NOTOKOB TeILIo- M Macco-
ofMeHa M, KaK clelcTBHe, CPABHUTEIbHO HH3Kad MIUTEHCHBIOCTh H
fonabinas JHTEILHOCTE CYIIKH,
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Brifop onruManbHEIX NapaMeTpoR
CYLUKH OCJdOMHEH TeM, UTO HepAHHA-
KOBA BJAaAHOCTbL Aerdnell 3aroTOBKH
Bepxa o0yBu (3a2lHUKa, NOAKJIAAKH,
Bepxa), npHyeM naubonee BJaaxHbule
(UM HachILIEHHREIE PacTBOPHTeNIEM)
Puc. 414, Hanpasiewge rpa- PACTOJOXKEHH BO BHYTPEHHHX CI0SX
MMENTOB RJAXKHOCTH W Teémme- 3ACOTOBKH BepXa. B npoyecce Cyukn
PaTYpBl TPH KOHBEKTHBHOM CIO-  OJHOBPEMEHRD  yA&ISIOTCH  paslible
cobe cymkn KUAKOCTH (PacTBOPHTENDL KJes, BOMA

H Ap.), OTAHYAWLIHecH Temneparypoi
KMHEHHHA, KQTOPHe HaJ0 CYLIHTbL MPH PA3JHYHBX NapaMmerpax Ipo-
uecca. [Ipn 2ToM cnocofe Kak Temio MNOABOAHTCS OZHOCTODOHHE,
TAK ¥ XHIKOCTbL YXOAWT W3 MaTepHana oanocroponse. [Ipu onn-
CAHHH 3THX OCOOEHHOCTEeH TOJB3YIOTCA CJAEIYIOUIHMH YIOUSTHAMH
{puc. 4.14):

rpanHenNT RJAAMHOCTH [p— BJara TNepeMellaeTcs 0T MCECT ¢
Bospiiefi ee KeoHLIeHTpanueH K MeHee BJAANHLIM YUactKam MaTe-
pHaaa;

pagHCHT TeMNepaTypr ['r — paaiHuHag TeMliepaTypa o cJ/10HM
MartcpHana. Baara mepemeinactest oT GoJce HarpCTHX CJAGEB K MC-
vee HarperbiM. Ecau Temmepatypa Bo3ayxa f. 6GoJblie TeMmoepa-
TYPLl KOJOAKH [y, TO TPaAHeHTH TEMMACPATYPH H BAaXKHOCTH Aeil-
CTBYIOT HABCTPEMY ADPYLI APYLY H MHTEHCHBHOCTH YAAJEHHS HUKO-
CTH yMeHpluaeTcs. Hanpuwmep, HenpepbslBHOC HCMapeHHe BAATH C
NOBEPXHOCTH MPHBOAHT K TIOCTOAHHOMY IICPCMELIEHWWy ¢e K 3TOR
NOREPXHOCTH W3 BLICYIIHBaeMoro MaTtepuata. B cBolo ouepeih
HEpPaBEHCTBO TEMIMEePaTyp pasHBIX YUacTKOB MaTepHala TakXKe BJe-
yeT 34 coGofi nepemelierue Baarn oT Gonee K MeHee HarpeThM
30HaM {rpajiHeHT Temneparypsl). EcaH cyniecTryioT 06a rpajueHTa,
T0o 06a Gyayr AciicTBOBAThL HAa nepeMcllleHHe Baard. HuaeanbHee
YCJ0BHA, Koraa oba daxkTopa AeHCTBYIOT B OLHOM HANDABAeHHH,

PaccMmoTpuM kuHeTdky npouecca (puc. 4.15} cymxd, Havane-
HblH MEpHOA CYITKH XapakTtepHayeTcs oTpeakom 5B, napansenn-
HeM ocH abciec. 31O NOKA3MBAET, "NTO DOCHe HATPEBAHHH MATC-
pHaza B CYNIWIKe W JOCTHXe-
HHS  MAKCHMAJABHOW  CKOPOCTIL o
wermapenus (otpesok AB), oua t:.|§§
CTAHOBHUTCH nocrodnHoll {oTpe-
30k BB) /0 onpefeNeHHOro MO-
metrta, 3ateM (B Touke B) Ha-
CTYIAeT IIEPeNOMHBIH MOMEHT,
CKODOCTb - CYHIKH  yMeHpUIa-
eTesl.

B nepuon ot Touku 4 go Tou-
kit B comepxanue paaru ot Wy
CHIDKAETCH Ha MAaKCHMARLHYIO
seanunmiy (70—80%). C no-  Puc. 415 Kprsaa ckopocti cymky
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" BepXHOCTHU Marepuajia, & TaKKe M3 KPyHUBIX NOp H KAUKLNAPOB,
3aN0JHEHIBIX BOAOH, yiagsdeTcd Bjara Hamokauus. Ha stoMm stane
IPOLECe NOJYALNETCA 3aKOHAM HCRAPeHHs! XHJAKOCTH B BO3AYX CO
cBOBOHOA 110BEPXHOCTH, NOTOMY 1PH cTabH/bHRIX BHEUWHHX YC/O-
BUAX CKOPOCTH CYLIKH Ha oTpeske 5B nocroanna. Koraa xoan4ecTso
BAarH B NOBEPXHOCTHOM <08 MAaTepHak2 CTAHOBHTCA OAH3KHM
K copOUHMOHHOH eMKOCTH, ACTapedHve BJATH 3aMelNd¢ICH B CBH3H
C TeM, YTQ CKOPACTh NOJAYH ee K NOBEPXHOCTH MEeHblle, deM
ckopocTh ncnapeuns. Hacrynaer BTopoli sTan cylikd (0T Touku B
AC TOMKHW [')— MCMapeHHe BJACH C HEHACHIEHNHOA MOBEPXHOCTH.
Ilocne ucnapenua Bcelf BJIATH M3 MAKPONOP ONATH HACTYNAET Ie-
peaomunlii Moment (Touka ), H CKOPOCTL CYWKH elle Gosbule
najaer.

Ha rpeTnem sTane cywku (ot rouxu I’ no J) ucnapsiercs CHi-
parauuoHHas (TUrpocKonuueckad) eaara W,, Kortopas CBs3aHa ¢
MarepuanoMm. PaccmoTpHM  uaMcHenHe  (HH3HKO-MeXaHHYECKHX
CBOHCTB MaTepHaaa Ha 3THX BTallax CYUIKH.

B nepsmit nepyuoj npu HCMapeHHU BJArM HAMOKAaMHst MeXaHH-
yecKHe CBOHCTBA MaTepHaNa HC HaMEHAWTCA, YMeHLIIAeTCHA TOJbKD
€r0 Macca B CBA3M C YAaJcHHEM BOIHL

Ha sropoM sTane HcmapeHHs BJArH C HEHACLILIEHHOW MOBepX-
HOCTH, T. C. ¢ MOMEHTA MCHAPEHHS KANWIJIAPHOH Baaru W, Hayu-
HAIOT U3IMEHATHCH TMAOWAJL H 0GbeM KOXH. EciH HenpasuIbHO
nojao6paHy TapaMeTpH CYIWIKH, NOBEPXHOCTHHE cloi Marepuaga
nepecyuleH, & BHYTPeHHHUH, HANpHMep 3ajiHAK, elie He OTAAN H30bLl-
TOUHYIO BAary, TC Nocjae cheMa OOYBH ¢ KOJOJKM BJAXHOCTb IO
CI0AM HAYHRAET BhIPaBHHBATbcA. BHyTpennue neTasnH OTAAIOT H3-
GHTOUHYK BJIATY, COKPAMIAIOTEH B pasMepaX, Hapy:KHHe jepecy-
LICHHBIC €104 ee 3abHpaT, HX pasMephl YBETHUHBAIOTCS, 4TO [PH-
BOJHT K KOpPOOJeHHIO geTalel, oﬁpasoBaHHm MOPIIMH W CKAAJ0K
Ha 3aroToBKe Bepxa oGYBH.

v [asa ycTpaHcHHS STHX HEAOCTaTKOB cJeAyeT NMOAGHPaTb ONTH-
MaJbHEIE DaPaAMETPHl CYLIKH,

A. B. J/IHKOBHM YCTaHOBJICHO, YTO MeXKAY TPajMeHTOM BJaX-

HOCTA W PEeXMUMOM CYINIKH HMeeTCH 3aRHCHMOCTh

— A(P,— P,)/D, (4.1)

ol
rAe —5o- = IPAAMENT BAZXHOCTH MATePHA’a, T. €. MEPEnam BIArOCOAepHKaHHH
Ha eAMHHIY ero ToAAHL;, A — Ko3(QdHUHEHT, 3aBHCALIMA OT CKOPOCTH ABHIKe-

HHA Boaxyxa Haj MartepuanoMm; D — koshduumenr muddysuu; P, -— aasneHue
mapa y NoBepxHOCTH MaTepuana; Pg'—,[[aBJ'.leHHE napa B BO3AYXeE.

Ilpu onTuManeHOH cyiKe, T. e. JJs NOJYISHHS B KOHIE Tipo-
mecca DPABHOMEPHO BHICYIIEGHHOro wMmartepuasna, tpebyeres, 4TOGH
rpajxenT BJaXKHOCTH Oul HeOOALWIHM. (POPMATLHO 3TO O3HAYAET,
9TQ UHMCJIHTENb ypaBHenns (4.1) noaxen GHTH MeHblle, a 3HaAMe)a-
Tesb pobr Gonplie. B yucantene pasuocts (Py — P.) yMeusilaercs
OpH YCACBHH HCHOJAL30BAHHA BO3AYXa HH3KOR TeMuepaTypsl W
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T, Puc. 4.16. Kpupas cywkH

CPABHHTEJNBHO CMJBLO HacHUienHoro sjaaro#l. CrOpOCTb [ABHXKe-
HuA Bo3Ayxa (B Toyke A) moiKHa GHTE ToXe epeaHka. Ho
YKa3aHHHE YCAOBHS BCTYNAIOT B NPOTHROpeune c TpeloBanHeM
ypeaH4yeHHa Kosbduuuenta muddyIun, KOTOPHHA 3aBHCHT OT TeM-
IepaTypel W BAAXKHOCTH MATEpHAJA: YeM OHM BHIe, TeMm OoJbIle
xospduunenr, CrefoBaTeNblo, 3TO KOMOPOMHCCHAS 3ajadya ¢ TNpo-
THBOpPEMHBBIMH TpeOOBaHHAME M KamIbH pas TpefyeTcs HCKATh
ONTHMYM NAapaMeTPOB NPOLEcca CYLIKH, KOTOPHIE OyAer H3MeHATD-
¢A B 3aBHCHMOCTH OT CBOHCTB MaTepuasa,

B o0yBu Haubojee BiaKHEIMH SBISIOTCA BHYTPEHHHE [eTanu
(W=235 ... 40%). HapyxHble HeTalH 3arOTOBKH Bepxa OGBIYHO
COAEPMAT BJACH 3HAUUTENBHO MeHblue. [IpH OTCYTCTBHH ON€pallHH
YBJAAMHeHUs] BJAXHOCTD jeTajeil 3ar0TOBKH Bepxd OGBIYHO He npe-
BeimiaeT 16—18 %.

CooTHOWeHHe MeXay OCHOBHBIMH [apaMeTpaMH mpollecca:
BJAAKHOCTBIO MaTepHaja, TeMOepaTypol okpy:KawmeHd cpelsl H
BpeMeHeM HarpeBaHMst MOKA3kIBAET KpHBas CywkH (puc. 4.16).

Jo pavana CyHIKH MaTepHasJ HMen BJAAKHOCTE Wy (Touka I
na xpusoit [I) u remnepatypy 7. (Touka I’ Ha kpusoi [). 3arem
B' IIpOLLCCCe HATPEBAHMA MaTepHala ero TeMIepatrypa JOCTHRAer
sHavenust Ty U ocraercs cTaGHAEHOH A0 TOYRH J’, TAK KAK B 9TO
BpeMsl CKOPOCTb CYIUKH (HCIapeHHs!) HOCTHrAeT CBOENQ MAaKCH-
MYMa, BJara yEaasieTcd C OTKPBITON MOBePXHOCTH H3 KPYMHBIX NOD
H JIMUEBOTO 0§ MaTepuana. BaaKHOCTh M3feHS YMeHbillaeTcs
oT "HauanvHo#t W, mo wanuaampHo# Wy (toukm [, 2, 3). 3areM xa-
YHHAET MCUADATLCA THTPOCKOTMYeckas Bjaara, AHddysus Biaaru
M3 BHYTPEHHHX CJOEB He YCMeBaeT 3a HCIapeHHeM BJAAard ¢ OTKpH-
Toff moBepxHocTH (yuacrox 3—4). Temneparypa marepuasa mpo-
MoMKaeT MOBHuATheA (yuacTok 8'—47). Tlpn nanbHefimem Harpe-
BaHuu {yuacTok 4'—5’) ypaasietrca copbunonras Baara (Wi —
— W), mpouno cea3aHHad ¢ MaTtepHasoM. IIpH paBeHCTBe TeM-
NepaTyp H BAAXKHOCTH MATEpHAId W BO3AyXa B cyuuake T, =T,
H Wy = Wy= W, nacrynaer paBHOBEeCHOE¢ COCTOAHHE, CYLIKa 3a-
KOHUEHA.

Boabiioe BAMsiHHE HA JAMTENBLHOCTL CYLIKH KpOME TeMnepa-
TYPB! HMeeT CKOpPOCTL ABUXeHWA Bosayxa (puc. 4.17). CxopocTs
IBHKEHHS BO3AyXa B CyUIJKax obblUHO cocrasiaser 2—3 M/c. Uem
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BHIILIE CKOPOCTbL JABHKEHHA BO3AYyXa,
TeM OGodblle BJAArH YAAAdeTcA 3a
ONMH M TOT Xe ilepHod BpeMeny. FMe-
€T 3HaUeHHE TAKIKE B3aUMHOE HANPAB-
Jedye NBH¥eHH: BO3Ayxa H obysu:
npAMOTOYHOe -— 00yBb U BO3AYX HBH-
KYTCA B GIHOM HAfpaBJ/ICHHH, NPOTH-
BOTO4YHOE — O06yBr M BO3AYX JBH-
JKyTCA HABCTpeuy Apyr Apyry. Yaiue
BCErQ HCMOJB3YIOTCH CMeIlaHHBie CH-
creMbl: o0yBb nonafaeTr B 30HY
OXJAXKAEHICro BO3/yXa, 3aTeM Harpe-
TOMO BO3[YXd, ONATH B 30HY OXJAXK-
JleHHoro Bo3ayxa. [lepByio MOAOBHHY
NyTH B 30HE HArperoro Bo3ayxa o6yBb
OPOXOLHT 10 NPOTHBOTOUHONR cHCTEME,

a BTOPYI0 DOJOBHHY — 0O MNPAMO-
TOYHOH.
Has  cywgd o0yBH, uMeollef

YBJAaXHEHHBIE deTalH H3 KOXK HU3KO#

i A i
150 Jd &35
T, #ic

Puc. 4.17. 3aBHCHMOCTH BpeMe-
HH CYWIKW TIPH  TeMRnepaType
T=055°C wn oTHOCHTENBHOH
BaxHocTH @ = 30 % ot cxo-
POCTH  ABHKEHHA BO3YXa OT-
HOCHTE/IBHO MaTepiada, m/c:
1—05: 2—2 3—3 4—4

TeMIllepaTypsl CBAPHBAHHA, PEKOMEH-
RyeTcst NMPAMOTOMHAA CHCTEMA, 1A% OCTaJAbHOH O0YBH — IPOTHEBO-
TOYHAH.
s cymkH no NpsMOTOYHOH CHCTCME TeMiepaTtypa ofysu
AokHa 6pith 40-—50°C. Tlpu nporuBoTouHoli cHcTeMe TeMnepa-
o Q
TYpa BXoAsniero Bozayxa 66—70°C, suixoasuiero 50—>»55°C.
BpeMs cyYIIKH HCKOTOPHX BHAOB 00YBH NOKa3aHO HHXKe.

Bpewma

CYIIKK, Y
Jlerkan 3
MogeapHan Ho 24
C KOMAHBIMH 3a(HHKAMH B IIOTHOCKAMH 5,5—9
C 3agHHKaMyu 43 O6VBHON HATpOHCKOxuH — T 3—6,5
C KOMKAPTOHHLIMH 3aAHHKAMH 2—4
C pepxoM H3 WOPTH H ABYXCAONHLIMH KoXauwmu 10—12
sannukamy {7 = 50°C})
C BEPXOM H3 TEKCTHJALHLIX MAaTEPHaNoB 2,5—4

C Bepxom W3 JaKa W KOXKARBIMH 3248nKaMA W moj- 24
HOCKAMH

Hs eme npHMeHAIOLUIMXCA KOHBEKTHBHLIX CYLIHJAOK H3BECTHLI
CNeYIOILHe KOHCTPYKLUH.

B cymunke ¢ cocpefoTOYEHHBHIM TNOABOAOM Tenaa (puc. 4.18)
CBEXHMH BO3AYX, NOCTYNamMMi Yepes OKHO AJS 3arpy3ki H Bbl-
TPY3KH H3JeJHd, HeCKOABKO oXxnaxkjaaeT oGyeb. IlpaMoTounoe asu-
JKelnde KOMOHHHRPYETCS C MPOTHBOTOYHBIM.

JKeKTOPHAA CcywHaka upeicrasisct coboil Kopol, pasiedes-
Hetfl BAOJL KaMana ropH3OHTANBHOH neperopofkoit 4 10 38e310-
ueK 5 TpaHcnopTHpyloned Lenu (puc. 4.19).

Bentnaatopom ! uepes kanopHdep 2 n 3xexkrop 3 {cyKuBaio-
wrficA KaHan JAAA TOBBIUEHHS CKOPOCTH JABHIKCHHsI BO3LyXa)
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2 7 Puc. 4.18. Cxema cymma-
KH C COCPEA0TOYCHHLIM
nauBoIOM Tenna uepes
KaJlopudep:

1 — peUHpKy NAUHORHHIA KaHadT,

4 CBA3AHHBIA C BEHTHAATOPOM;
2— Kaaopndep; 4 — BeHTHAA-
TOp; 4—BHXJ0nHan Tpy6Ga; § —
006BORHON KAaHAN, COeTHHEeHHL
uepes Kaaopkdep ¢ BeHTHAN-
TOROM; 6 —OKHO HAA 3arDy3KH
H BhIrpyaku o6yBH

nojaercs BO3AYX ¢ GOJBLION CKOPOCTBIO B BEPXHHH KaHas CYUIHJIKH
Ha/| meperopofkoii 6. BejeleTBHE 3TOrG YacTh YXKE HCMOJb30OBAH-
HOTO BO3AYX2a H3 HHIKHEro Kanana BAOAL TOPLUOBOA CTeHKH 7 BHI-
TATHBACTCH B BCPXHHH KaHAJ BMECTe C HEKOTOPOH Mopuued Xoaoj-
HOTO BO31yXa.

ITpu koHTaKTHOM (KOHOYKTHBHOM) cnocofe CYWIKH TEM/IO K H3-
Jle M0 MOABOJAHTCA NMPH €ro CONpPHKOCHOBEHHMH ¢ HarpeToH NoOBepx-
HOCTBIO, Halle BCEro MeTAaNJHYeCKOH (HAmpHMEp, HAPPeTHM YTH-
rom), ofaajtawueil BHCOKOH TemnonpoBogHocTthio. [Ipu 3tom cmo-
cofie MOMHO NepesaTsh Cpa3y HOAbLIOE KOJAHYECTBD TeIVla, KoTopoe
33aBHCHT OT TeMNePATYphl NOBEPXHOCTH IWIMTH H MATEpPHANA, €rq
TeNACHPOBOAHOCTH, CHAB NMPHXKATHA W pealbHOR NAONAAH KOH-
TaKTa nosepxuoctci. B 0OYBHOH NpOMBILJIEHHOCTH KOHTAKTHHIE
CYWHJAKH NPHMEHSIOT OTPAHHYEHHO, HO M3BECTEH PAML IpelaoXeHHH
nojaun Teusna K o0yYBH OT HArpeBaeMBlX KOJIOACK, B TOM YHCJIe H
noaslx. B 3ToM cayyae rpajAMeHTH TEMIEpParypnl W BJAAXKHOCTH
HaflpaBielsl B OAHY CTOPOHY (HapyXy), WTO NO3BOJASET CO3/laTh
HHTEHCHBHBI Npollecc CYLIKH.

K nepoctatkaMm 3toro cnocofia OTHGCATCS HEKOTOpoe YXyaille-
Hue cBOfCTR MaTepHa a, KOHTAKTHPYIOWEro C HAarpeTod moOBEpX-
HOCTbIy, MeTAJJI0EMKOCTh H CAOXKHOCTL COOPYAOBAHMA, HEepHOLHY-
HOCTh ero JACHCTBHA.

B nocnepnce BpeMmst B ITPOMBILULICHHOCTH CTaJH UIHPOKO NpUMe-
HATL TEPMOPANHAUMHOHHYIO CYHWIKY NYYUCTOH aHeprueil (MHdppakpac-
HpIMH JyyaMu). [Ipapoaa uHppaxkpacHbX Jgydeli Ta Ke, UTO U BH-
JHMOTO CBETa, pasHHLA TOJARKO B JIHHe BOJHHL. JlJMHHA BOJHBI
enaumeoro cesera 0,4—0,75 MEM, uH(pakpacHbX Jyuell 0,756—

Ny

Puc. 4.19. Cxema sXek- i
TOPHOW CYIIHAKE
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350 mkM. Y uHbpakpacHHX ayueft QCHOBHAEA 4acTh U3JyuyeHUs Ha-
XOANTCA Ha YUacTKe CNekTpa ¢ AanHol Boanuw 0,8—5,3 Mkm. B Ha-
PpeTHX Tedax, MeTasJHyecKHX HOBEPXHOCTAX HCTOUYHHKaMH HH-
¢pakpacHuX Ayded MOI'YT OniTb aTOMUL H MOJGKYJL, B KOTOPBIX
U3MEHSIETCA 9YHEpPreTHYeCKOe COCTOSHHE 3JEKTPOHOB (MepexoidT ¢
nanpHefl cramuoHapHoH opOuTtel Ha GamkHioo). HMHdpakpacHee
JaMibl BHIAeAAIOT 3—5 9% cBeroBnXx H 95—97 % pHOpakpacHuX
ayucii. OO6bluHast JaMna HakaluBaHWs pxaeT 15 9% CcBeTOBHX H
85 ¢ nubpaxpacHHX gyued.

Cywxka Jy4ncTofl sueprueil ocHOBaHa Ha HHTEHCHBHOM TEMJO-
BOM HeHCTBHU, OGVCJIOBACHHOM BLICOKHM KO3bODHUUCHTOM Tello-
norJomelua. TemitoBele JyYH NOMafaloT B HOpPH TeNa, nocle MHO-
FOKpPaTHBLIX OTPaMKEeHWH OT HX CTCHOK NOYTH HOJNHOCTLIE HOIMOo-
W1aloTCsl, T. €. JYUHCTA4S SHeprHA NCPeXoJIHT B TEIIOBYH- TakHM
06pa3oM, NOBEPXHOCTH [IOPHCTEIX Tejl SABJATCA KaK OH yda-
cTKaMH aBcoqi0THO YepHOro Teaa.

Has aydulero TOTJOLleHHs ayded HCOOXoLWMO HaNpasBHTb HX
IepneHIUKyaaplio obayuaeMoll NoOBepXHOCTH, TAK K4K Ha HHTEH-
CHBHOCTb HArpeBalus BJANSIOT YIAL NajeHHA U OTpaXkeHnsa ayued.
liMeeT 3HaucHHe W paccTGAHUE OT JaMIl A0 H3JICAHA: HeJaTeabHO
YCTAaHaBJAHBATL HX GillKe K 0OYBHU.

B Hactosumlee BpeMs OpHMEHHAIOT CBCTAbBIE N TCMIIBIE H3JaYua-
TeNH: CBOTABE 3¢pKafnLbHpie AaMnp! THna 30, TeMHble TpybuaTole
aaekTponarpesatean (TDH). OranvawTesd oHH W pas3Hoil AauHOM
BU/HBL: CReTJBIC M3,jyUaloT B AHAMA3CHe MJMH BOJH Ao 1,5 MEM,
a KpHBAf CHNCKTPaJpHON WHTCHCHBHOCTH TeMHOro uaiydarens TOH
HMeeT He3HAYHTEeJbHO BHIPAMKEHHDLI MAKCHMYM IIPH J/JHMHE BOJHBI
3—4 msM. B 33aBHCHMOCTH OT STOr0 HX NpOHHKamlas crnocob-
HOCTL B MaTepHaJ pasaHuHa: ¥ CBCTJALIX M3ayuaTedel oHa Ooablie.
ITosTOoMy AAM yAAMeHHA BJIATM ¢ [OBEPXHOCTH (CcylUKa anlpetyp,
KACA H T. 0.) PEeKOMeHAYIOTCH TeMHWe Haaydartead. s yviajucHus
BOJALL, PACTBOPHTe el W3 BHYTPCHHHX cjJoeB (HampHMEp, IIpPH CyII-
Ke TIO/IHOCKOB) MNPUMEHAIOT CBETHLIe HaJydaTenH c Hojee KOpot-
KIMH BOJHAaMH.

IIpy KOHBEKTHBHOM chocofie CcaMyw) BHICOKYIO TEMICPAaTypy
HMeeT NOBePXHOCTL H3JACHHS, NOSTOMY NMPOUHKAHWIO BJArd M3 BHYT-
pPeHHHX CJI0EB K IOBEPXHOCTH MellaeT TeMNepaTypHBIA TpajIHEeHT,
JKenaTeabHO CO3AaTh ONTHMAJbHEIC YCJIOBHA CYLIKH ¢ MaKCHMalb-
HOfl TeMncpaTypoli B cepeanHe KOMXW, TOTA@ YYHTHIBACTCH TepMO-
AHd@ysHoNHBIE 2PdeKT — Baara ABHKETCH 0T ropsdeidl nmosepx-
HOCTH K X0.a0/Hofl. KBapiesrie H3nyuaTelH JAKT KOPOTKHC BOJHL,
YTO TIO3BOJAET GHICTPO MOJAHATL TeMIEpPATYpY RHYTPH MaTepHana
H B pC3yabTaTe 3TOro cymuth Koy 6—10 mua. KoHewHo, Ha cko-
pOCTh CYWKH BJAKSNIOT W JApyrue DakTODH: UBET KOMXH, CTOPOHA
KOXH, 1l0/iBepraeMasi ofaydennoo (juuesas u HaxtapMsaHada), o ap.
Kak npeuMyluiecTBo HH(ppakpacHoro cmocofa caclkyeT OTMEeTHTh
CaMOperyJupoBanue TpoUecca CYMKH, TAK KaK OApelc]eHo, UuTo
ueM 0oJbliie BIAXKHOCTbL KOMKH, TéM OOJbINE OHA MOMXKeT NOIMIOTHTD
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nyuedi. [lpesenpHas CKOPOCTh CYIIKH B3aBHCHT OT BO3MOMKHOTO
MaKCHMYMAa TeMIepaTypel HarpepaeMoOH mnoBepxHocTH 06e3 ee I1O-
BpeXK/AeHHA. ¥YiKe cCefiuac MOAHOCOK H 3afAHukK cymar 10—15 MmuH.

OueHb BaXXHO NPABHILHO NOAOGpaTh HCTOYHHKH: PeKOMEHAyeT
cq npumelsats TOH c temneparypoil nosepxuoctu 700°C ang mpo-
rpeBaHus IJieHoK, a THHa 3C ¢ HoJee KOPOTKHMH RONHAMHU, XOPOLIO
NPOHHKAKIIUMHE BHYTPh, HCIIQAL3CRATH JJISl CYLIKH BCEX CJAOER Ma-
Tepuana. _

Hudpaxpacrnoe H3IyYeHHe NPHMEHSOT NPH OCHOBHOR CYIUKe
o6yBH, a TaKxKe KpACOK, KJeeBHIX MIeHOK. IAaxeHHe (YTIOXKKY)
MOXHO Ta4KXKe 3aMeHHTh HarpepanHeM HHOPAKPACHBIMH JyuaMH —
HOBePXHOCTh KOMKH IJMacTHOHLHPYETCH 34 CYET TeIJICBOTO ABHXKe-
HEsa Bjari. llpumensierca uudpaxpacuoe obaydenue H nepen o6-
TSKKOH 3aTOTOBKH Bepxa AAs naacTHHKAUMH KoX. Bentunagnon-
Hele ycraHoeku 18018/P3 nas cywike jetanefi W oBYRH moche
OKPACKH H YBJAMHEHHS NMOLAKT HA COOTBETCTBYIOIHE YUACTEM [M0-
Jorperuil Bosayx (T =50°C) coBmectHO ¢ HHbpaxpacHHM 0BJy-
YeHHeM.

Jnsi nidbpaxpacHof CyulKH MallMHOCTPOMTEAbHHI 3aBoa «Bne-
pen» (Jleaunrpan) sunyckaer noayasromar APC. O8yeb ykaanui-
B4WOT B CeKUWH GapabaHa caeloM BBepx. Bapafan spamaercs,
nepemeriaer 06yBb oA HHMPakpacHHIMH uanydatensmn T3IHa
(IHXPOMOBLIE CIIHPAJIH).

Texnnueckan xapakTepHCTHKA noayaBromara APC

[TpouseoautencHocTs, nap ofysn B uac 88
Bpemst CyIKH, MHH 10—12
FaBapuTHEe pasMepnl, MM 1740 3 1240 X 1700

Xopowo 3apekeMeHaoBana cefs pagHalHOHHO-KOHREKTHBHAS
cymiika Gapabaunoro THna APKC-O ¢ kepaMHyeckKHMH H3zxyya-
rejqsiMu [ 16].

CepHHHO H3roTOBJAAETCA H pagHalHOHHO-KOHBEKTHBHAA yCTAa-
moeka [IPKC-O, npeiHasHaueHHas AJs1 COBMeLIEHHOrQ BbIRO.IHE-
HUsI OCHOBHOH CYIIKH 00YBH H KieeBOR NJASHKH, HAaHeCeHHOH na 3a-
TAXKHYH KDOMKY 3arOTOBKM Bepxa. B Hell npumeHsawT KoMOGHHa-
nuu w3 TeMHplx (TOH) u ceernmix (xBapuesse KH-220-100TP)
HaJyuaTenei-

Bce juupe pacnpocTpalfioTcs TePMOpPaAHALHOHHBIE CYIIHAKH
PKCO-152 u T3PC-O. TMocnenasss umeer tpyGuatoie pedaextop-
HHe MeKTpUYecKHe HanyuaTend, 00yBb B Hell MepeABUraeTcs Nynb-
CHPYIOUIMM KOHBeliepoM.

TexHuueckas XapaKTepHCTHKA
cymugkn TIPC-0O

Temneparypa posayxa, °C T0—80
Bpemsa cyurxy, mni 30
BmectamocTh, nap 3aroTosok ofynn 96

Hast vaTeHcHdHKanuu cyuwkd (¢ axutespHocThio A0 40 MuH)

- B pajMallAOHHO-KOHBeKTHBHOH ycraHoBKe [IPKC-O-M ucnonmsyior
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goMOnuauno u3 remunx (TOH) n cser- T
anx (KHM-220-100TP) usnygarteneti. ITpen- Al
HazHayeHa YCTAHOBKA JJs1 COBMECTHOH
OCHOBHOH CYWIKH N yAaJ1eHHs DaCTBOPH- 7 Ay
TeNd H3 KjaeeBofl NJeHKH, HAHECEHHOH Ha  ~

3aTAXKNYI0  KPOMKY  3arOTOBKH  Bepxa -
06yBH, N

OcBellleHilble 44CTH 3aroTOBKH Bepxa
NOJAYYAIOT TEMAO 3a CYET JYYHCTOH 3HepP- Pye. 4.20. Cxema CywWkH
i, a Haxgpsaujecsa B TeHH — KOHNBEKTHB- 3ar0TOBOX Bepxa oOyEH
HHIM CMOCOGOM OT HATPETOFO BO3JAyXa Cy-  TOKaMH BHCOKOM TacToThl
HIHJAKHY.

Cxema cywrku TBY nokasana Ha puc. 4.20. Hs saextpocetn /
nepeMeHHBIH TOK IPOXOAHT 4Yepe3 reHepaTop TOKOB BHICOKOH Ya-
CTOTH 2 H 10AaeTCH Ha IAACTHHH KOHJeHCAaTOpa 3, MexAy KOTO-
pPLIMH Ha CTOJIe TIOMeIlleH BHICYWIHBAeMElll Matepnan 4. Bea yera-
HOBKA MOMelleHa B KaMepy &, HMeIMlyIo BHITHMKHYI0 BEHTHJIALHIO.
HemocraTkamu, mnpensaTcTRYOMWHMH BHeApeduw cyuka TBU, saB-
JAm0Tca GoJbIIOR pacXoA 3JeKTPOSHEPrHH HA ydaJleHHe BJarH, oT-
HOCHT@JIbHas CJAOMHOCTL KOHCTPYKUHH YCTAaHOBKH, 3aTpylHenHs
¢ moaGoOpOM OFHOTQ peXuMa CYWKH 00ysH, cocTodllled M3 pasHO-
POIHBIX MaTepHaloB, B TOM UHC/e W YacTC HMeIoHleH MeTajauie-
CKHe JeTadd (BJ0UYKY, NPAMKY H 4p.).

CyO6naManHoHHBIA crnocof CYLIKM MaTepHaNa OCYLIECTBJAAETCH
NpH HHSKCH TeMmiepaType H B BakyyMe. 3aMOpoXeHHas BJara IipH
3TOM HCHApsieTcs, MHHYA KHAKoe coctosHHe. Ins aToro cnocoba
XapaKTepHBl TPH CTalHH:

1) mpeamapuTencHoe 3aMopaKHBAHHE B CYWIHJBHOH Kamepe
NpH [OHHMEHHOM [OaBJaeHH#d — yiandcTea 1o 20 Y saary;

2) cyGuuMauus — yaanasiercd ewe Ao 60 % Baard 1IpH MOCTOAH-
HOA (HH3KOH) TeMmmepaType. B 3To BpeMs B BakyyMe X 3amopo-
KeHHOMY MarepHaay NOJABOAHMTCH TEMJAO OAHHM M3 cnocofoB (KOH-
raktHeiM, TBUY, pagmaumnonneiM). Tenno pacxopyercsa Ha Hcnape-
HEe JbJa, MATEPHAN NOYTH He HarpeBaeTcs;

3) yunajieHde B BakKyyMe oCTaTo4HOR Baard-—jao 209%. Ilpo-
Hece cyGJaMMauHe 3aMefNsHercd, NPOACXOAHT oObuHAN BaKyyMHas
CYWIKd, MaTepuat HarpeBaeTcss A0 KOHeUHOH TeMIepaTypHL

Hegocratkn cyGAUMAauHoOHHOrO  cnocoba — GONLIION  pacxof
9HEPrHH, HQ MeHbIIHH, YeMm npx cywke TBY, caomuocTs yeranopky,
VXYRIIEHHE HEKOTOPHX THrHeHHYeCcKHX CBOHCTB MAaTePHAJOB (BJArC-
NpPOBOJHOCTh, BAATOEMKOCTD H AP.).

CepuiiHble NpPOMBIIIAEHHEE YCTAHOBKH ZAH YBJAAZMKHEHHHA, CYIl-
KW, BJAXKHO-TENNOBOH H Tennopoll o6paloTKH 0OVBH B CCHOBHOM
paspabarnBamTcs LleluTpasbHbiM  NTPOEKTHO-KOHCTPYKTODCKHM H
TeXHOJMOTHYIecKuM Opopo Jerkodl npoMbilienHocTH MuHuernpoMa
PCOCP (UIIKTBaernpom) # CnennajbHHM KOHCTPYKTODCKHM
Gopo KoxeBeHHO-00yBHRX MawiH (CKB KOM). Hanpumep, po-
TOPUAR  YCTANOBKA AJf  YBJAAXKHEHHA 3aTOTOBOK Bepxa o0ysh
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¥¥3-0, yeranoska ans tepModurcaudd dopmul obysn ¥Td-1-0,
YUTEHOBKA jLisl BAAKHO-TENNOBOIL 00paGOTKH 3aTAHYTOH 0O0yBHM
3BTO-O.

Baaxko-rensosas o6padorka obysu. B nocaejuie rojiel Upoko
BHEApAETCA BjaxKHO-TemjoBas obpaloTka H Tennosas obpaboTka
38roToBKH Bepxa of6yeH. Heas onepauuit cocToUT B QHKCALHH
thopMur obysM AN TOBHWIIEHHS (OPMOYCTOHUHBOCTH, CHHIKEHHS
YPOBHA BHYTPeNNnHX vanpsxeinuit B aedopMHpPOBAIIHKMX NPH 34-
TAXKe HeTansx.

TTpu Baawio-Ten1o0sol 06paloTKe cHAuUAla BBOAUTCH He3HAUH-
TesbHOe KonuuecTBo Baard (2 %) B nopepxHocTHBIA crnoft maTe-
pHAJIA 3ATOTOBKU BEPXad BO BJAXHOH 30U€ YCTAHOBKH (TeMmnepa-
Typa Bosayxa 6G0—70°C, spems olpaGorkn 1,6 mnn). 3atem B
TCIJIOBOH 30HE 3arOTOBKH BepXa HATPEeBAIOTCH (M3 KOMH NpH TeM-
nepatype 120—130°C B TeuenHe 3,5 MHH, H3 MCKYCCTBEHHEIX M
CHHTETHUCCKHX KO npu TeMnepatype 90—100°C okono 5,5 mun).
H3 3aroToRkd Bepxa yaaascrcss 2% saard. MHTeHcHBHOE Temio-
Boe BO3JeHCTRHC B NPHCYTCTBHI BJATH MaTepHak uaacTudHLHpYeT,
HaGMIOAAIOTCH M HEKOTOpHE CTPYKTYpHLI@ H3MeHeHHH. Tak, cHH-
ATOTCH TEMNCpaTYpa CBApHBAHUN KOXMH H PA3NHYHA MeX[y HoKa-
3aTeNdAMH MeXalH4ecKHX CBOHCTB NPH NOABACHHH TPEIIMII JHIEBOH
NOBEPXIOCTH KOKH W IIPH ¢C paspuiBe. Ecay npasuibHO BHOGpaHa
TeMillepatypa npouecca, To JJIACTHOHUHPYETCS W 3drQTOBKA Bepxa
O0yBH W3 MCKYCCTBEUHBIX H CHHTETHUECKHX MAaTepHaJOB, KOTOpHIE
nepeBOAATCA 1IpH BJAAXKHO-TennoBolff o6paGoTKe #u3 3acTeKMoBaH-
HOro COCTOAHHA B BBICOKO3JgacTHUHOe, [IpH TOM yMcHbLILAeTCA Ha-
UPAMKCHHC, HCOOXOAHMMOC AN PACTHIKCIIHA 34rOTOBKH Bepxa, YBe-
JHYHBAKOTCA CKOPOCTh pejtakcalHd UANPMxKeHHH H (QOpMOYCTOH-
YHBOCTb H3/€JIHA.

B o8yBH HPOKO NPHMEHAIOT 3JIACTHYHLIE H TEPMOIJIACTHUHEIG
(opMoBaHHBIE 1I0AHOCKH H 3aIHHKH, GHICTPOCOXHYINME KiaeH. B pe-
3YABTATC U3MEHAETCA POIb OCUOBHOH CYUIKH, TAK KaK HeT GOABLIHX
KOJAHYeCTB Baard H pacTBOpHTenell BO BHYTPCHHHMX ¢i0aX. [losasu-
JHChL MPCANOCHIIKE LIHPOKOTO TPHMEHEHHs BJaXHO-TEMIOBOH H
TensioBok o6pabotki. IlocnenosateavHocTh 06paborkn 06yBH nocie
3aTsHKKH 1okasaHa Ha pie. 4.21

fIpH BiaxHO-TCUACBOA oBpafoTke (KpuBas [) oT HauwanbHOH
touku H 10 Touku I’ 3aroTOBKH Bepxa oOpabaThiBAaiOT TeNJIBIM
BAAMHLIM Bodayxom (TBB), uanpskeHue B MaTepHaNe CHHKACTCH

Puc.  4.21.  Hauvcnenue
BUYTPEIUHAX  [1aNPSKEHHH
pacTaHYTOTG  MaTepuada
BO BpeMelH [pH BJIaMXHO-
tenaosoil (f) u TemnoBoit
(I} o6pabotke
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H3-3a YBEJIHYEHHsl Pa3sMepoB 3arOTOBKH Bepxa. 3aTeM OT TOYKH [’
A0 TouKH 2’ mogator ropsunil cyxofi Bozayx (ICB), KOTOpHIH Bbi-
cywueaer MarepHan. IIpu 3ToM HaopAxeHHS HeCKOJNLKO BO3pac-
taoT. OX1aXIal0T H3eJHe HAa ydacTKe KpHBO# ot 2/ Ao 3 Xo-
JOoAHBIM cyXuM Bozayxom (XCB), nanmpameHHe najaer, Tak Kak
MPOHCXOANT HeKoTOpoe YyBJAaXKHeHHe- Ilocde cHATHA ¢ KOJNOJAKH
0o6yBL coXpaHseT npuiaHuyw el GopMy.

Tlpu tennosofi ofpafoTke 3aroToBKy Bepxa ofyeH oOpabarh-
BAKOT TOPAYHM CYXMM BO3AYXOM, a Ha IOCJedHeM 3Tamne Ha
Hee BO3AEHCTBYIOT XOJOAHHM Bo3ayxoM. Hanpsikeune nedop-
MalMH CHUKaeTcsl M3-3a COpOHMH BJAarH M3 Bosayxa. Hcernepno-
BaHudA [0Ka3ajdd, UTO [OCAeJOBaTe/NbHHIE UHKIAHYECKHE BO3-
JeHCTBHS TemaoM H XOJ0A0M NOBHIIIAKT (HOPMOYCTORYHBOCTL Ha-
Jeqaui.

HauGonee 4acTo NMpHMeHAeMBble PCXKHMHEL BJIAKHO-TEMJIOBOH 06-
paBoTku c6yEH AaHB B TabaHIe.

PexRHMH BAaxHo-Tennosoll c6paborxm obyex

. BpemA, MdaH, no BapHaHTaM
lemnepa-

Bapunant Typa, *C Bosayx
| 2 3
1 60—70 Tenast# BAaKHHH 1,5 2 3
2 120—130 Topsaunit cyxof 3,5 — —
90—100 » » — 5,5 -
80—90 » » - - 7
a 15—20 XonomHu# cyxol 1 1,5 12
Mroro 6 9 22

PaspaBoranbl yeTaHOBKH AaA  BJaXHo-TemltoBofl obpabor-
KIf  PASHEIX THNOB: pOTaUHOHHHeE (KapycelbHHe), N[POXOAHEIE
(rYHNe/IbHEIE), 3JeBaTopHeie (¢ BepPTHKANBHEIM KopoboM), Ka-
sepiible, )

B poranuonHofi ycraHoeke BTO-O B noso#t Tpy6e BpamaoTes
YHMOPKH ¢ 12 ceXuMAMH, HMeIOLIHE MO TPH NOJKH B KaXA0H A/S
ofipROATEIBAEMBIX 3aTOTOBOK BepXa OOGYBH. 3aroTOBKH H3 HCKYC-
¢ THEHRAIX KOX ¢ MONUBHHHAXIODHAHEIM HNOKpBITHEM 06palaTLiBalorT
N4 TeMneparype 80—90°C, ¢ noauyperanHoBuM — npu 100—120°C
I reyerde 5—20 mun.

flpamensiercs n kapycennHas yeranoeka YTOUK c peryampye-
Mot 01 70 mo 130°C Temnepatypofi. M3BecTeH MeTOHL TensioBoft
uOpABOTKE B 30He NIYGOKOTO OXJIaMKAEHHS (TeMmieparypa A0 MH-
nyd $0*C) 3aTAHYTOH 3arOTOBKH BepXa NOCHAE HArPEeBAHHS e¢ 10
yarypul 60—70°C ¢ mocieaywoluM HarpeBaHHeM A0 KOMHAT-
NepaType, YTO NO3BOJAET TOBHCHTE (POPMOYCTOHYHBOCTD
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5. @OPMOBAHHE NETAJEH OBYBH
H KOKFAJTAHTEPEHHBIX U3AEJHH

Onepanun OPMOBaHHA MAaTEpHANOB OTHOCATCA K OCHOBHHIM TIPO-
LeccaM TEXHOJOrHH OOYBIIOIO H KOMKTanaHTepeHHOro NpOH3BOACTBA.

[o cnocoby o6paboTkm QopMOBaHHe MOMHO pa3feNHTb Ha a-
panfelibHOe, NOCTelIOBATEARHOE H NapaLieqbHO-NOCTEL0RATEb-
Hoe. B HacTosdillee BPeMsi B OCHOBHOM NPHMEHSTIOT BBICQKOTPOH3-
BOOMTe/NbHRe TNapajeldbHulf H mapanienbHO-NoCNeA0BaTe bRbIH
cnocofu popMOBAHHS.

[To pupy nedopmauwu neranefi onepauny (pOPMOBaHHA MOMKHO
BHIMOJHATh H3rHOaHHeM, pacTsKedHeM H cXKaTheM. O6bYHO NpH
dopMmosanuy aeraqael o6ysu Habawonaerca jgedopmaunuss Tpex BH-
0B, HO MNpeBaNHpyeT nedopMaliua Kakoro-nubo ofHOro BHA.

Cnoco6HOCTh OOYBHEIX MaTepHalos HedOpMApOBAThHCS B 3Ha-
YHTEJBHBIX MNpefenax 0Oe3 YXY/AMEHHT CBOHCTB ONpefensieTcd WX
CEeTUATLIM CTpoeHHeM. JNA NpaBHILHOTO HPOBeJeHHS TeXHOJOTHHe-
CKOI'0 mpouecca (POPMOBAHNSA, YCTAHOBASHHS ONTHMANBHHX Aedop-
MauHid HeoOXOAHMO YYHTHIBATH BO3MOMKHBIE HeoOpaTHMEE CTPYK-
TYPHEE W3MEHeHHA KO, Pe3K0 CHHIKaIoUlWe HX NPOYHOCTHHE CBOii-
CTBA.

5.1. CTP¥KTYPHBIE H3IMEHEHHA KOXH
nrH $OPMOBAHHH 3AFOTOBKH BEPXA OBYBH

Ilpr GopMOBAHHH CTPYKTYpPA KOXKH MOXKET 3HaYHTENbHO H3MEHATDb-
cA B pesyabTaTe Aedopmanuil pacTsaskeHHd H H3rHOa,

MayuenneM CTPYKTYPH KOMH [pPH pACTAXeHHH 3aHHMaJHCh
MHOTrHe HCCacaAoBaTeH. yCTaHOBJIeHO, UTO NYYKH BOJOKCH KOMXH
crnocoGHE OpPHEHTHPOBATLCA MO AeHCTBHEM pacTATHBAKIIHUX Ha-
IPY30K W YOpYro H3arnOaThes. BhiBeleHa MaTeMaTHYeCKas 3aBHCH-
MOCTb MeXAy HanpsKeHHeM B [IYYKaxX BOJOKOH H YIVIOM MeXAYy
HanpasJeHHeM NPHAONKEHHOH CHIbI M HanpaBjeHHeM IIyUKOB, KO-
TOpas MOXeT GbITh NpeACTAB/eHA B BHIE CHRYCOHIH.

B nocnealdHe roaAb! H3MEHCHHC CTPYKTYPBI KOXKH MDH DAaCTHAMC-
HUH HCCNeAOBANOChL METOJaMH MHKDOCKONRY, DTYTHOH NOpPOMETPHH,
KOHTAKTHOH MuKpOopeHTreHorpadmu [3].

Has Hceleg0BaHUA CTPYKTYPH KOXKH MeTOAOM MHKpOCKOHHH
npeNBapHTENLHO H3COTOBJAKT CPe3bl KOXKH H NPOBOAAT MHKPO-
droTorpapHpoBaHHe B OTPAXKEHHOM  cBeTe TOPUOB  CceveHHH
cpesos.

METOIL MHKDOCKONIHH TNO3BOJIHA YCTAHOBHThL, YTO IZBYXOCHaH
cpeansia AedopMalMa BHIPOCTKA XpOMOBOTO AYOJIeHHs, NPEBHINAIO-
wan 20 %, NpHBOAMT K DPAcCHAHBAHHIO CETYATOTO H COCOYKOBOIO
¢l0eB, UTO ABJASETCA NPHYMHOR cHHMeHHs (OpMOYCTOHUYHBOCTH H
u3HococTofikocTH 0O6yBU. JIAf YTOUHEHHS MpefeJOB DPACTAXKEHHA
06pasuoB OB npHMeHeH foJee UYYBCTEHTEABHBIH METOH PTYTHOH
NOpOMEeTPHH HX CTDYKTYPERI, TAK KaK METOL MHKDOCKOIHH ne ﬂOBBO'
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JHA YCTAHOBHTL IpaHHIlLt JedopMannii pacTAMXeHHs, TIPH KOTOPHX
OPOHCXOANT paccaaMpaHue.

[Tpu uccneg0BaHNKH CTPYKTYPH KOMH NPH IBYXOCHOM pacts-
HEHHH METOROM KOHTAaKTHOH MHKpOpeHTrenorpaiu nonyuanoT peHT-
TeHOBCKHME CHUMKH ¢ 00LEKTa B HATypanbHyid BedHYHHY Ha (oOTOo-
YYBCTBHTEJLHON ILIEHKe W 3aTeM NpPOeKUHOHHO YBeJHUHBAKOT H30-
Opamenne o6beKTa.

MHKPOPEHTTeHOCHUMKH KOXH  [O3BOJSAIOT ou;eHﬂTb CTPYKTYD-
Hble H3MeHeHHHA, MPOHCXOLAIIHe B Hefl MPH ABYXOCHOM CHMMETpHY-
HoM pacraxenun Ha 0—20 %. YcraHoBaeHo, 4TO CTPYKTYypHBIE 3Je-
MEHTH MNpH ABYXOCHOM CHMMETPHUHOM pACTAXEHHH CMeIlAoTCH
6ojlee HHTeHCHBHO INpH pacTixesnu Ha 12—16 % . Ias xoxu xa-
pPaXTepHO TO, UTO, HeCMOTPs Ha CHMMETPHYHOE BQ BceX HAIPAB-
JEHH#X PAacTACMBaloliee YCHIHe, ee CTPYKTYPHBHIE 3JeMeHTHl CMe-
IWAKTCH B CTOPOHY Haufonbief TATydecTH KOXKH, T. e. K 6ojee
pEIxmofl cTpyKType. UMeuleHHe TeM OGoNblle, YeM 3HAYHTE/IbHEe
HeQIHOPOAHOCTh KOXH. I1pu pactsxennu Gonee 16 % nabmiomaer-
csl HEKOTOpOe COEpatieHue (cMeluedHe KOHTPOJLHBIX CTepHHEd,
yeaaka) KOXH, UTO MOMKHO OOBSICHHTD HAYHHANIHMCS Pa3pHBOM
HauboJee HANPSKEHHHIX NYYKOB BOJOKOH, T. e. ofpasel KOXH Kak
OB Teyer.

Takum 06pazoM, B pesyJabTaTe aHAaNH3Z H3MEHEHHA CTPYKTYPH
KOXH NpPH OBYXOCHOM PA4CTAXEHHH YCTAHOBJEHO, YTO MAKCHMaJlb-
Has AedopMains ee npH GOPMOBAHHH HE HOJKHA npeBuulats 20 %.

5.2, ®OPMOBAHHE H3THEAHHUEM

HMaru6anmem ¢opMyOT B OCHOBHOM KOXTraJlaHTepefiHHe H3jenud,
uernonb2ysa cthepHyeckre, NHIMHAPHYECKHE M KOHHUeCKHe (OPMHL
Jnsi Gosee kKavecTBeHHOTO (GOPMOBAHHA NPHMEHAIOT H CIELHANbL-
( Hele npecc-(popMul. [IpocTpaHcTBennyio ¢GopMy H3 MJIOCCKOTO MaTe-

pHana MOXHO NONYYMTb ¢ TOMONIBIC Aetadell COOTBETCTBYIOUIETO
kpos. Harpumep, craBHTcE 3ajava NOKPHITh KOKel WM TKaHbIO
nonycepuueckyo noeBepxHoctb {puc. 5.1, a,6) paguycom r 6ea
ckaanok. O4WeBHAHO, YTO, BHIPE3AB H3 MaTepuana Kpyr pPajHycoM
R=2nr/4=nr/2 u noaoxus ero Ha cdeprueckyo dopmy,
Hesbasl, He YMeHBLIHB IJOIGANH KPYra TyTeM YAAJeHHS YYacTKOB
KJIHHOBHAHOH (OpMBbI ¢ OcHOBAaHHM Af (pHuc. 5.1,8), HONYUHTL NPH

47

Pue. 5.1, ®opmMobanue Ma- \, /--\ . af

Tepuana waruSanHeM Ha R
MOBEPXHOCTH -oAYedepn! - - a : 7 . .
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