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BBEJAEHHUE

[ITupoko ucnosib3yemMble B HAPOJHOM XO3SIMCTBE MAIIUHBI TPEAHA3HAY €HbI
JUJISl TOJbeEMa MPOU3BOAUTEIILHOCTH TPYy/la, YBEIUUEHUS KOJIMYECTBA MPOU3-
BOJUMOM MPOJAYKIIUU U €€ YICIICBICHUS.

[Ipouiecc mpoeKTUpPOBAHUS MAIIWHBI, MPEANISCTBYIOIIEH €€ H3roToBJE-
HUIO, BKJIIOYAET CJIEAYIOIIHE CTaJuU: TEXHUYECKOE 3aJlaHue, TEXHUUYECKOe
NpeAIoKEeHNE, ICKU3HBIM MPOEKT, TEXHUYECKUN MpoeKkT. Ponb mHKeHepa-
PKOHOMUCTA B MPOIECCEe MPOCKTUPOBAHUS MAUIWHBI HATJISIHO WIUTIOCTPU-
pYyeT cxema, moka3aHHas Ha puc. 1[1].

PazpaboTka TEeXHUYECKOTO 3a1aHUs

A 4

a) TEXHUKO-3KOHOMHYECKOe 000CHOBAaHUE HEOOXOAMMOCTH Pa3padOTKU
U3JIENNSl C YKa3aHUEM €r0 JIMMUTHOU LIEHBI;

0) pa3zpaboTKa 3aaHusI 10 OCHOBHBIM MapaMeTpam U3AeINus;

B) pecypc A0 KaluTalbHOI'O0 PEMOHTA;

T') OPUEHTUPOBOYHOE KOJIMYECTBO U3JICIHM U Ap.

A 4 \ 4

TexHnueckoe npeioKEeHUE U IC- TexHU4YeCKui MPOEKT U pa3paboTKa
KH3HBIN IPOEKT paboueli JOKyMeHTaIuu
A 4 A 4
a) TEXHUKO-9KOHOMHYECKUN aHa- a) TeXHUKO-9KOHOMHUYECKUN aHAINU3 KU-
JIN3 KUHEMaTUYECKUX CXEM, KOMIIO- HEMaTHYECKHUX CXeM KOMIIOHOBKH arpe-
HOBKH; raToB M Y3JIOB;
0) TEXHUKO-9KOHOMUYECKUM aHa- 0) skoHoMuueckast 3pHeKTUBHOCTH TI0-
7U3 yHU(DUKAIMH U TPEEeMCTBEHHO- BBIIIIEHUS HAJE)KHOCTU arperaToB U y3-
CTH U JIp. JIOB;
B) TEXHUKO-2KOHOMHUYECKHI aHa- B) BBIOOp DKOHOMUYHBIX MaTEPHAIIOB;
JIN3 KOHCTPYKIUU B 1I€JIOM; I') TEXHUKO-9KOHOMUYECKUH aHaJIN3
I') KOPPEKTUPOBKA MapaMeTPOB YVHU(PUKALIUY y3]I0B U JIeTajle;
KOHCTPYKILUU U JIp. 1) aHaJIM3 TEXHOJIOTUYHOCTH;
€) YTOYHEHHBIH TEXHUKO-3KOHOMUYE-
CKU aHanM3 3P PEKTUBHOCTH U3ETHS.

Puc. 1. TeXHHKO-2KOHOMHYECCKHE BOIIPOCHI, p€IIACMbIC Ha PA3JIMYHBIX CTAAUAX TPOCKTHUPO-
BaHUA



TexXHUKO-3KOHOMUYECKUM aHAJIN3 HOBOW MAaIlIMHbI HAYMHAETCS, KaK MPAaBUJIO,
Ha CTaJUU TeXHUYEeCKOTo 3anaHus. K koHmy ¢gopMupoBaHus NpUHIHUIIAATBHON
CXEMbI MAIlIMHBI U €€ OCHOBHBIX MapaMeTpoB Mpeapemiaercs 75 % 3arpart Ha ee
M3TrOTOBJICHUS M dKCIUTyaTanuio [2]. U3BecTHBI ciydyau, KOTJa u3-3a MO3IHETO
MPOBEACHUS U HU3KOTO KAauyeCTBAa 3KOHOMMYECKOrO aHajau3a B IMPOU3BOIACTBO
NPUHUMAIUCH SKOHOMUYECKH Hed(hPEeKTUBHBIC MaIIuHbBI. [Ipu mepexome ot cTa-
I TEXHUYECKOTO 3aJlaHUSI U TEXHUYECKOTO MPEAT0KEHUS K CICAYIOIUM CTa-
UM HaKamnjauBaeTcs Bce OoJibllie MHOOPMALIMK O MaIllMHE. DTO MO3BOJSIET B
MOCJIEIYIONEM YTOYHUTh PacueThl TEXHUKO-2KOHOMHUUYECKUX MMOKa3aTeJeH.

B HacTtosmeM mocoOuu paccMOTPEHBI TEXHUKO-IKOHOMHUUYECKHE MOKa3aTelH
MaIlllMH U UX B3aUMOCBS3b, U3J10KE€HBl OCHOBHBIE SKOHOMHUUYECKHUE METO/IbI, IPHU-
MEHSEMBbIC Ha PAa3JIUYHBIX dTamax MPOCKTHUPOBAHUS: TEXHUKO-IKOHOMHUYECKUMN
aHanu3, PYHKIIMOHAJIbHO-CTOUMOCTHBIN aHaln3, MOP(OJOTHUECKUNA aHAIU3 U
Ap.

[IpuBoasiTCS METOAMKU BHIOOPA ONITUMAJILHOTO BapHaHTa KOHCTPYKIIUH, TYTH
€€ MOJICpHHU3AIUU U COBEPIIEHCTBOBAHMUS, CIIOCOOBI MPEOJOJICHUS TEXHUKO-IKO-
HOMHMYECKUX MPOTUBOPEUUM, BOSHUKAIOIINX B MPOLECCE NPOECKTUPOBAHUSI Ma-
IIHH.

Ienb xypca - GopMupoBaHUE KOMILJIEKCHBIX 3HAHUM, YMEHUM U HABBIKOB JJISI pa3-
pabOTKH TEXHUKO-IKOHOMHUYECKOT0 0OOCHOBAHMS TEXHUYECKOTO MPOSKTa



Jdexuus 1. TEXHUKO-9KOHOMUWYECKHUE CBOMCTBA MAIIIMH

1.1. TeXHUKO-PKOHOMHUUYECKHUE MMOKA3aTEIH

TeXHUKO-2KOHOMUYECKHUE CBOMCTBA MAIIMH MOTYT OBITh OXapaKTEpH30BaHbI
CIeAYIONMMH KOJIMYECTBEHHBIMU MOKa3aTensaMu (puc.2).

DKCIUTyaTallMOHHbIE KoncTpykropcko- DKOHOMHYECKHE
TEXHOJIOTHYECKHE
MorHoCTb braounocth
[TpoM3BOAUTEILHOCTD Crenens cTanapTH3a- 3arpathl Ha U3ro-
Ckopoctb LMK ¥ YHHGUKALHH TOBJICHUE
JI0JroBeYHOCTD MarepuanoeMKoCTh 3aTpathl Ha JKC-
be30Tka3HOCTh U HaJIeXk- OHEpProeMKoCTb IITyaTaluo
HOCTb TpymoeMKoCTb H3ro- Ce6eCT0HMOCUTB
PemonTompuTronHoCTH TOBJICHUS BBITIOJIHACMOH Pa-
MaHU Iy ISIHOHHbBIE GoTb1
CBOMCTBA

Puc. 1.1. TeXHUKO-PKOHOMHUYECKHE [TOKA3aTEIN MaIIUH

['maBHBIMU TIOKa3aTeNsIMU 3()P(HEKTUBHOCTH MAIIMHBI SIBISIOTCSA MOIIHOCTH
(HampuMep, IIEKTPUUYECKUE MAIlIMHbI, BUTATEIU BHYTPEHHET O CTOPAHUs U JIp.)
Y IPOU3BOJUTEIBLHOCTD (3KCKABAaTOP, MEJbHUIIA).

be30TKa3HOCTh MAIIMHBI XapaKTEPU3YETCs: pECYPCOM 10 IEPBOro OTKa3a, UH-
TEHCUBHOCTBIO OTKA30B, BEPOSITHOCThIO O€30TKa3HOM paboThl. [locnencTBus ot-
Ka3a JUIsl Pa3JUYHbIX MalliH MOTYT CHUJIBHO pa3JIMyaThCs: HAIPUMEpP, B aBUALIUU
Y BOGHHOW TEXHMKE, a TAKXKE JJIsI XUMUYECKUX alllapaToB IMOCIEACTBUS OTKA30B
3TO aBapus, KatacTtpoda, a s TEXHOJOTUYECKUX MAUIMH — 3TO MPOCTOH B pe-
MOHTE M SKOHOMUYECKui ymepo [1].

PeMOHTONPUTOIHOCTh XapaKTepU3yeTcsa TPYAOEMKOCThIO U CPEIHUM BpEM e-
HEM pEMOHTA MAIIMHBI, CTOUMOCTBIO TEXHUYECKOTO 00CIy>KUBaAHUS.

Ha MaHUNyJISIUMOHHBIE CBOMCTBA OKA3BIBAIOT BIUSIHUE Ta0apuThl U BEC U3]le-
aus, ero ¢Gopma, HAIMYKUE BRICTYNAIOUIUX U XPYNKUX YacTel. DTU CBOWCTBA Ma-
IIMH NPOSIBISAIOTCSA NPH CKIAAUPOBAHUH U TPAHCIIOPTUPOBKE.

NHTEpECHO COMOCTaBUTh PAa3JIMYHbIE TOUKU 3PEHHUS HA MAIIMHY HHXKEHEpa-
MEXaHUKa (KOHCTPYKTOpa, TEXHOJOra, dKCIJIyaTallMOHHUKA) U WHXKEHEepa-3Ko-
HOMUCTa. MeXaHUK UHTEPECYETCS B NMEPBYIO OYEPEAb, KAKOBA MOIIHOCTh, CKO-
pOCTh, MPOU3BOAUTEIBHOCTh, NPOYHOCTh, HAAEXKHOCTh. J[JI1 S3KOHOMHCTA XK€
BakHEee ce0eCTOUMOCTb, IKCINTyaTallMOHHBIE PacXobl, pecypc. O JHAKO 3TH MO-
Ka3aTeJar MalluH B3aUMOCBS3aHbl, TAK YTO U3MEHEHUE KOHCTPYKTOPCKO-TEXHO-
JOTUYECKHUX UIIH IKCILTYaTAIIMOHHBIX CBOMCTB BIUSET HA SKOHOMUYECKHUE CBOM-
cTBa U HaoOopoT. Hanmpumep, 10JT0OBEYHOCTh MAIlIMHbBI CBsi3aHA C €€ MOJIE3HOU
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OTJa4el u dKOHOMHUYecKoHr 3 pexkTuBHOCThIO. OT pecypca 3aBUCIAT PEMOHTHbIE
pacxobl, KOAPOUUHEHT MOJE3HOTO JIEHCTBUA BIUSIET HAa YHEPTOEMKOCTh JKC-
njyaTaluu, a MaTepruaJIoeMKOCTh MallluHbl — Ha ee cebecToumMocTb. KommakT-
HOCTb TEXHOJIOTUUYECKUX MAIlWH (HallpuMep, CTAHKOB) BIUSET HA pa3Mepbl MPo-
M3BOJCTBEHHBIX IJIOMIAAEH U CTOUMOCTh OCHOBHBIX (POH/IOB, a TAKXKE CBS3AHbI
C pacxoJlaMM Ha CKJIaJUPOBAHUE U TPAHCHOPTUPOBKY.

1.2.Kpurepuu KayecTBa MallUH
Kputepusim kadecTBa MammuH oTHOCAT [1] :

1. Kputepuit rabapuTHBIX pa3MepOB:

rae V — rabapuTHBINA 00bEM MalIHHBI, M>;
Q — rmaBHBIN apameTp (mokazaTeinb) 3¢ PEeKTUBHOCTH, HAIPUMEP, MOIII-

HOCTb WJIX IIPOU3BOJAUTCIIbHOCTD.

2. Kputepuit pacxona MaTe€pHaliOB:

rne G — maTepuanoeMKoCTh (Macca) MalluHbI, KT.

3. Kpurtepuit pacxona sHEpPTUN:
Esox + Euse
Ke=—————°
QT
rae Eske — pacxon sHepruu npu 3KCIlyaTaluu;
Eusr — pacxoj sHEpruu Npu U3rOTOBJICHUU;
T — nmepuoj 3KcIyaTalii MalIuHBbI.

4. Koaddumnuent nonesznoro nerctus (KI1J):

Pnones
- )

Pnoan

rae Prones — mMOJ€3HO MCITOJIL30BAHHAS MOIIIHOCTE;
Pronn - moaBegeHHass MOIIHOCTD.

Veennuenue KIIJ] mammHabl 1ocTUraeTCsl palioHaIbHBIM BEIOOPOM €€ KHHE-
MaTHYEeCKOM CXEeMBI, Ha3HaYeHHEeM HanboJiee COBEPIICHHBIX BUIOB IIepeiad, pa-
[MUOHAIBLHBIM BBIOOPOM MaTepHualioB, GOPMBI U CMa3KH TPYIIUXCS MOBEPXHO-
CTEM.

S.Kpurepuit TpyTOEMKOCTH U3TOTOBJIICHUS :

Kmp:%,



rae ty — cymMapHas Tpy10€MKOCTbh IPOEKTUPOBAHUS, U3TOTOBIIEHUS U MOATO-
TOBKHU MaIlIMHBI K AKCILTyaTallUu.
B HekoTOpbhIX ciydasx MPUMEHSIOTCS KOMIUIEKCHbIE KPUTEPUU, HAIPUMED,

KpUTEpHUM KadecTBa:

T0+Go=Co
Ki=———,
n
rae ['o, Go, Co, - OTHOCUTENIbHBIE 3HAYEHHUS radapuTa, MacChl ¥ CTOUMOCTH H3-

JACIH.



Jdexuus 2. TEXHUKO-9KOHOMUYECKH AHAJIU3
INPOEKTUPYEMbIX MAIINH

TexHuko-skoHomudyeckuit ananu3 (TDA) HOBOW MalIUHBI JOJKEH MPOBO-
JUATCS YK€ HAa CTaUU TEXHUYECKOTO 3aJaHUS U OCTEIIEHHO YTOUHATHCS Ha Clie-
nyromux craauax. [lpu npoegenun TOA comocTaBisilOT BAPUAHTHI KOHCTPYK-
MY MAIIMHBI 10 OCHOBHOMY 3KOHOMHYECKOMY KPUTEPHUIO: MAKCUMYMY 3KOHO-
MHUYeCcKON 3(P(HEKTUBHOCTH UM MUHUMYMY 3aTpaT 3a BEChb CPOK CIyXKObl Ma-
IIMHBI, T.€. D—max uiu 3—min. 9To 1eneBas GyHKIUS TEXHUKO-IKOHOMHUYE-
ckoro ananu3a. OCHOBHBIE COCTABJISIONIUE ITOU PYHKIIUU: C€0ECTOMMOCTb, IKC-
IUIyaTallMOHHBIE PACXOJIbl, IPOU3BOJUTEIBHOCTh U NIp. Cxema aaroputma npo-
BeneHuss TOA mamuH nmokasaHa Ha puc. 2.1.

VY 10BAETBOPAIOT JIX

3HAUYCHUA ITapaMCTPOB HET

Pacdyer TexHHYECKUX napaMeTpoOB IIPOCKTUPYCMBIX MallllH *—

TEXHUUYECKOMY 3a]1a-
HUIO

l

Kputepnii sxoHOMH- CpaBHUTENBHBII TEXHUKO-IKOHO-
yeckoi a3 pexTuBHO- MHYECKHN aHaIU3 MapamMeTpPOB
CTH

\ 4

[Tapamerpsr obecnieun-

BAKOT NOJYYCHHUE DKO- HET

v

HOMHUYECKOTO (-
¢bexra?

JA

Br10op BapuaHTa ¢ MaKCHMaJIbHBIM 3KOHOMHU-
gecknM dhdexTom

K cimenyromieit cragunu
Puc.2.1. CxeMa anropuTMa TEXHUKO-3KOHOMHUYECKOTO aHaIM3a Ha CTaUU MPO-
EKTHPOBAHHUSA

v



Jst BeinotHeHUs TOA CTpPOAT TEXHUKO-IPKOHOMUUYECKYIO MOJIeNIb MAIllIMHbI, B
KOTOPOH OTPaXKeHBI CBSA3M €€ KOHCTPYKTOPCKUX M IKCIJIyaTallMOHHBIX MOKa3a-
TeJael ¢ JKOHOMHUUYECKUMH. AJTEKBATHYIO JAHHOW MalllMHE TEXHUKO-3KOHOMUYE-
CKYI0 MOJIeJb B3aMMOCBS3EH TEXHHUUYECKHMX M DKOHOMHUYECKHUX IOKa3aTeliei
CTPOST MO UEPAPXUUYECKOMY MPHUHIIMITY — OT MAIIUHBI B 1IEJIOM, 10 OTACIbHBIX
ee aeranen [2].

Haunydmum OyneT BapuaHT MalllMHbI, IPU KOTOPOM CyMMa MUHUMAaJIbHA!
Ku + C+ 3 + Ks - min,
rae Kn - kanutanoBinoxeHue B MPOU3BOJICTBO;
K5 — Bi10k€HUs B 3KCIUTyaTaluuio (B pacyeTe Ha OJHY MallUHY).
Hcnonp3ytot Takxke kpurtepun Cn —min u Cs— min,

riae Cs — ce0ecTouMOCTh dKCIIyaTauu ( 9KCIIyaTallMOHHbIE 3aTPaThl B
pacueTe Ha TOJ0BOIM 00beM NPOAYKIIUH);

Cn - cebecTOMMOCTh U3TOTOBJIECHUS] MAalIWHBI, pyO/IIT.

Eciu cpaBHUBaeMble BapUAaHThl MAIIMHBI UMEIOT PAa3JIMYHYIO IPOU3BOI -
TEJIBHOCTHh WJIM MOUIHOCTbH, TO COIIOCTABJIEHUE BAPUAHTOB BEAYT B YAEJIBHOM
U3MEPEHUHU, T.€. HA €AUHULY IPOU3BOJUTEIBHOCTH UIHA MOIIHOCTH.

JInd cpaBHUTENbHOW OLEHKU 3KOHOMUYECKOU 3(D(PEKTUBHOCTH JBYX BapUaH-
TOB HCIIOJIB3YIOT TaKyto Gopmyiny [2] :

i—Caz)—EH*(Kaz—Kal*W 2

W
we (PeEn (v W2y N,

=] G Wi (PorEn) P2Ex

B atoit popmysie nHIEKCH «1» B «2» OTHOCATCSA K CPaBHUTEILHBIM BapuaH-
TaM MalluHbI,
W1 u W2 - 06beM ro0BOYM MPOAYKIIMHU, TPOU3BEICHHON KaXKT0W MAIIMHOM;
Ex - HOpMaTUBHBIN KO3 PUIIMEHT IKOHOMUUECKON 3(P(HEKTUBHOCTH KaTlH-
TaJOBJIOKCHUM, npuHuMaloT E, = 0,15;

P= - TOOOBBIX aMOPTHU3AIHNOHHBIX OT‘II/ICJ'IeHI/II‘/JI,

1

T
N — roJ0BO# BBINTYCK MaIIIUH.

B3AUMOCBS3b TEXHUKO=DKOHOMMNYECKUX ITOKA3ATEJIEN

3.1. OxoHomuueckas 3G PEeKTUBHOCTh MAIIMH U IKCILUTyaTalIHOHHBIE PACX ObI

["'ogoBoit skoHOMUUYECKUH 3(DHEKT OT padOTHI MAITUHBI OMpeensieTcs mo Ghop-
MyJie

O=W-3,



rae W — moJie3Has oTjada MalluHbl, pyo/Tom;
3 — cyMMapHBI€ 3KCIUTyaTallMOHHBIE PacXobl, pyo/ros

3=9n + Mr+ Uu + Tp +O6 + Pm + Hx + Awm,

31ech Du — pacxo/l SHEPTUH;
Mr — pacxonx marepuaia;
WNn — pacxox MHCTPYMEHTA;
Tp — pacxoabl HAa omiaTy TPyAa;
06 — pacxoabl HAa T€X. OOCIYKUBAaHUE;
Pm - pacxonsl Ha pEMOHT;
Hx - HakyagHbBIE paCcXO/Ibl;
AwM — aMOpPTHU3aLIUOHHBIE OTYUCIICHHUS.
CymMapHbIil skoHOMHYECKUH 3(DPEKT 3a BECh MEPUOJI CIYKObI MaIUHbL T
COCTAaBIISIET:
29=T*[VV—(9H+MT+HH+TP+OE+HK)]—AM—ZPM, (1)

A€ aMOPTH3aOMOHHBIC PACXOJbI 34 IICPUOA IKCIIIIyaTalluu IIPUHUMAIOT paB-
HBIMH CTOMMOCTH MAalINHBI C, a CYMMAapHbIC PEMOHTHBIC PACXOJbl HC OOJI’KHBI

W
NpCBbIIIATh CTOMMOCTH C. PeHTabeaIpHOCTh, MAIIMHBI q=? AOJIDKHa IIPCBbI-

marthl, nHaye MamuHa OyneT paboTaTh yOBITOUHO.
Cpox OKymaemMoCTH MalluHbI tox — 3TO BpeMs dKCIJyaTallud, IPU KOTOPOM
CyMMapHbI 5KOHOMUYECKUU 3P PEKT JOCTUTHET BeIUUUHBI C:
1
ZQZC:L)K*Um’n*(VV_3 )—AM,
TAC = Nuen :é{ - KO3Q(DULMEHT UCTIOIb30BAHUS MAIIMHbBI, PABHBII OTHOIIEHUIO

JOJTOBCYHOCTHU I[ K nepuoay SKCIlJIyaTalliu MAalllMHBI;

3'= 3w+ Mr+ M+ Tr + Os + Hx.
IIpu 5TOM PEMOHTHBIE PACXO/Abl HTHOPUPYIOT, T.K. B IEPBBIE TOABI IKCILIY a-
Tallkuu OHU MaAJIbIl.
AMOpTU3aLMOHHBIE OTUHCIEHHUS 38 CPOK OKYNAEMOCTH tox PABHBI

Ttox Tox + Nucn

Av=C—=C ,
T A

[Tocne moacTaHOBKM B ypaBHEHHE (2) MOJIYyUYUM

C
' C°
HCIT * -3 -——
nucit « (W zz)

tUK =

KoaddurnueHT sxcnmyaTalilmOHHBIX PacXxo10B
w23 _ I %34Pu+C
C C ’

torjaa (1) MOXHO MpPeCTaBUTh B BUJIE




20=T+*W-K=*C.

Kospduunuent K Bo3pactaeT ¢ yBelIMyeHUEM JOJTOBEUYHOCTH MalIuHbL [ u
npu 6onpmux 3HaueHusx J[ moxer gocturath 3HadeHui 50...100, cooTBeT-
CTBEHHO CHHMKAETCS J0JISI CTOUMOCTU MAlIUHBI.

[Ipu onpenelieHNH SKCIIYyaTallHOHHBIX pacXOJ0B CIEIYET UMETh B BUAY, YTO
JJIsE MalluH, KOTOphle He MOTYT (DYHKUIMOHHpOBaAThH 0e3 omepartopa (aBTOMO-
OWJIN, CTPOUTEIIbHBIE U JOPOKHBIE MAIIMHBI, CTAHKM) 3aTpaThl HA OIIATY Tpyaa
3HAYUTENbHBI. ECIIN ke MalluHbI 3KCIIyaTUpyOTCsl 0€3 onepaTtopa (aBTOMATHI,
MOJIyaBTOMAaThl, HACOChI, KOMIIPECCOPHI), TO 3aTPaThl HA OILIATY TPyJa MUHHU-
MaJbHBI. Y TEIUIOBBIX MAIWH CPEeIU SKCIUIyaTallMOHHBIX PAacXOJOB Mpeo0ia-
JaI0T 3aTPaThl HA SHEPTHUIO.

TunuyHasg omMOKa HAYWHAIONIETO KOHCTPYKTOpPA — CTPEMJICHUE K yAelIeBe-
HUIO MAIIUHBI, HAIPUMED, 32 CYET UCTOIb30BaHUs 00JI€€ NCIIEeBhIX MaTEPUATOB.
Taxas yacTHas SKOHOMHUS 0€3 yueTa BceX (akTOPOB HEPEAKO BEJIET K CHUIKEHHUIO
skoHOMHUUYeCcKO H(PpdexkTuBHocTH. OpHaKO SKOHOMUYECKAs SPPEKTUBHOCTH
ONpENENSAETCSA MOJE3HON OTAaY€l U CYMMapHBIMM 3KCILTyaTallMO HHBIMH PACXO-
JlaMU 3a BECh MEPHUOJl padOThl MAaIIMHBI, CTOUMOCTb € MaIllMHbl COCTABJSET
OYEHb HE3HAYUTEIbHYIO YaCTh BCEX PACXOJIOB.

CTOMMOCTh MAIllMHBI CYIIECTBEHHO BJIHUAET Ha dKOHOMHYECKYIO0 3(heKTH B-
HOCTh TOJILKO MIPU MaJod ee JoJroBedyHocTtu. Hanpumep, yBeaudeHue CTOUMO-
ctu B 1.5 pa3a npu JOATOBEYHOCTH MAIIUHBI 10 JIET CHUKAET €€ SKOHOMHUY ECKYIO
spdextuBnocty Ha 2.5% [3]. Takum o0Opa3om, MOBBIINIEHWE CTOUMOCTH Ma-
IIMHBI, HAMIPaBJICHHOE Ha yBEJIUYEHHUE €€ JOJTOBEYHOCTHU BIOJIHE I1€71eCc000-
pa3HO, T.K. BBIUTPHIII OT yBeIUYEHUS 3(PHEKTUBHOCTH M3-3a YAOPOKAHUS Ma-
IIUHBI.
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Jlekunus 3. CedecTONMOCTH MAIIMHBI M METO/IbI €€ oIpeae/eHus]

Ha cebecTomMocTh MamnHbl BAUSIOT MHOTHE (pakTOphl. B pacueTHyio cxemy
ce0eCTOMMOCTH BXOJAT CIEAYIOIINE CTaThH: MPOU3BOJACTBEHHBIE PACXOABI (3a-
TpaTbl HA MaTepHUaJibl, OIJIATY TPy/Ja, 3aTpaThl Ha U3TOTOBJIEHUE), PACXOJbl HA
IIPOEKTUPOBAHNE, AIMUHUCTPATUBHBIE U HAKIIaAHbIEe pacxoasl. Ha puc. 3.1. mo-
Ka3aHO, KaK U3MEHSIOTCS COCTABJISIIOIINE CE0ECTOMMOCTHU IPU YBEIUYECHUHU pa3-
MEpOB 3y04aThIX Kojec. ¥ OOJbIINX 3y0UaThiX KOJIEC 3aTpaThl Ha MaTepual co-
cTaBisoT 50...60% ceGecTouMOCTH.
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Puc. 3.1. Poct cebecTOMMOCTH M €€ COCTAaBIAIONIMX C YBEIMYECHHEM Pa3MepoB 3y04aThIxX
KoJIec.

3aTpaTsl Ha MaTepuaibl OCOOCHHO BEJIHMKH AJs KPYNMHOrabapuTHBIX, MacCH B-
HBIX HU3JIeIUN (KEJIe3HOMIOPOKHBIC BaroHbl, aBTOMOOUWIN, CTPOUTEIbLHBIC KOH-
CTPYKIIMH, CTAaHKH) W Majbl B CJy4dae BBICOKOTEXHOJOTHYHBIX M TOYHBIX
yCTPOUCTB (HampuMep, KOMIbIOTEPHI, HaChl, TPUOOPHI).

CebecTOoMMOCTh MAaIlIMHBI SABIsETCS (PYyHKIHEH CEpUWHOCTU BBINIyCKa, MPHU
YBEJIUYEHHUHU BBIMTYCKA CE0ECTOMMOCTh, YMEHBIIAETCS, T.K. CHUXKAETCS A0S MO-
CTOSIHHBIX 3aTpaT, NPUXOASAIMINXCSI HA €AUHUILY MPOAYKIIUH; MOITOMY IPU Mac-
COBOM BBINIYCKE H3JEINN ce0eCTOMMOCTh HeBednka. DPPeKTuBHBIN cmocod
CHHUXEHHUS C€0ECTOUMOCTH — COKpaIlleHue HOMEHKIATYPhl U3JeNIUH (T.€. yMEHb-
IIEHUE YKCIia TUIIOPA3MEPOB MAIlMH) MyTeM BBIOOpA palMOHAIBHOTO THIaXKa
MamuH (nmoapodHee 00 3ToM cM. pasaen 5.4).

[IporHo3upoBanue ce0ECTOMMOCTH OCYIIECTBISCTCS HA pAHHUX CTAUAX KOH-
cTpyupoBaHus. s mpeaBapuTEIbHONW OIEHKU CE0ECTOMMOCTH MCTOIb3YIOTCS
clenyrouue MeToasl [4];

1. Arperatubiii Mmeton. [loaHas ceOecTOMMOCTh MAIIMHBI YCTaHABIUBACTCS
31eCh MyTeM CyMMUpoOBaHus cebecTouMocTu C; BXOASIIUX B HEE arperaton, y3-
JIOB U JA€Tajleu:

n
C= ZCi.
i=1
1. Metoa ynenabHBIX TTOKa3aTenen
C=Ce” *G nnu C=Cr” *P,
rae Ce¥ n Cp¥* — ynenpHas ce6€CTOMMOCTD €AUHUIIBI MAaCChl MJIM MOUIHOCTH;
11



G —Mmacca;
P — MOIIHOCTH MaIIWHEI.
Pa3HOBHAHOCTH 3TOTO METO/a SABISAETCS CIIOCOO OmpeeeHust ce0eCTOMMOCTH
o ob6me u qudPepeHIIUPOBAHHON Macce MaIIUHBI:
a) mo ob6meit macce G

C=C,*K, *G+C

rae — Cy, — ynenpHas ce0eCTOMMOCTD MalINHBI,
Crox — CTOMMOCTD MOKYITHBIX KOMIUICKTYIOIIUX JETAJICH;
Ky — ko3¢ punuenT macmradba npou3BOACTBA.

0) mo nudepeHnMpoBaHHON Macce

Z n
C=K *l+—*§ - *xC . +C
M ( 100) - ql yoi

nok 1

rae — (i - Mmacca | — i geranu;
Cyni — €€ yaenbpHas ce0eCTOMMOCTD;
Z
10 3aTpaThl Ha COOPKY M YIMAaKOBKY B MPOIEHTaX K ce0CCTOMMOCTH
JIeTaJIeH.

3.Meton perpeccuoHHoro anamuza. Onpenensitor ¢dopmy QYHKIHOHATBHOU
3aBUCUMOCTH CE0ECTOMMOCTHU OT JIKCILUIyaTal[MOHHBIX MapaMEeTPOB MAIIUHBI —
MOIIIHOCTH, MPOU3BOAUTEILHOCTH W Hp. [Ipu 3TOM (PYyHKIUS MOXKET HUMETh
dbopMy mapHBIX 3aBUCUMOCTEN OT OJIHOTO Mapamerpa P, Hanmpumep:

a
C=a,+a,*P;C=a,*P* wim C=a, +——.

Ecnu ke yuduTsiBaTh JBa UJIU HECKOJbKO mapameTpoB Pi, P2 P, To mpume-
HSIOT MHOTONPO(UIIbHBIE MOACIIHN TUTIA:

C=a,+a,*P +a,*P, +......... +a, *P,
C=a,*P™*P* ...P",
TJC ap a1.as........ an — KOppEIIIIMOHHBIC KOO PUITUCHTHI.

[Tpumep: st oneHkn ce6ECTOMMOCTH KpaH-0alKu IPy30MOABEMHOCTBIO 2 T
NPUMEHSIOT JIMHEHHYO apHyto 3aBucumocth C=20.81 + 115, rae | - nnuna npo-
aera (M).Ilpu rpy3onoabeMHOCTH 5T 3aBUCHMOCTh umeeT popmy C= 20.81 +
680.

4 baniapHBIA METOI

Kaxaomy skcmiilyaTallMOHHOMY mapaMeTpyl, 2, ..., N mpUCBauBaeTCsa NyTeM
AKCTIEPTHOM OIIE€HKHU OMpPEACIICHHON YnCciI0 0aniaoB, HAIpUMeEp, do, a1, a2....an: MO-
Jy4EeHHBIC JJI KaXJ0ro mapaMeTpa JaHHOW MalluHbl 0aiabl CyMMUPYIOT. B pe-
3ynbTate cebectoumMocTh C OKa3zbpiBaeTCs OllEHEHHOU B Oaytax. 3aTteM nenar C
Ha COOTBETCTBYIONIYI0 CyMMY 0OajiJIOB W IMOJy4alOT CTOMMOCTHYIO OLIEHKY O/I-
Horo Oanna CO— HopMaTuBHBIN yAeabHbIN Tokazatens (HYII). Ero Beiaucnsior
Ha OCHOBE ce0ECTOMMOCTH paHee M3TOTOBJICHHBIX MAlIUH W HCHOJB3YIOT JJIs
OIICHKH CeOCCTOMMOCTH MPH NPOSKTUPOBaHMU HOBBIX MamuH: C= Co*(a+ a.
+...+.an).
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[Ipumep: CpaBHuM 3 BapuaHTa MalldH MO 5 mapameTpaMm (MOIIHOCTh, CKO-
pocTh sHeproeMmkocTh, KIIJ[, 6e30macHOCTh). DKCIepTHAs OI[€HKA JAeT ClIeay-
I0IMEe CyMMBI 0aylJioB [2]:

Ya, =15+15+15+15+1.0=7,
2a, =18+1.7+15+2.0+1.0=8;
Ya, =3.0+3.0+25+1.0+15=11

CebecTOMMOCTH pacCMaTpuUBACMBIX BAPHUAHTOB MAlllMH!

C, =10000y.e.,C, =15000y.e.,C, = 25000 y.e.
10000 N 15000 N 25000

C,=—" 2 11 _1860y.e.

5. IuddbepeHnupoBaHHBIN pacueT ce0ECTOMMOCTH Ha OCHOBE aHAJIOTa BHITIOJI-
HSIOT, €CJIM JJIs1 MAlIMHBI aHAJIOra U3BECTHBI 3aTPAThl HA MaTepHUalbl S'm, Ha 3ap-
niaaty S'sap ¥ T.JI. B 3TOM ciy4ae COOTBETCTBYIOIINE CTAThU PACXOJOB MPOCK-
THPYEMOU MaIlIMHBI PACCUYUTBIBAIOT O (hOpMYyIaM:

S, S*E
' G
S :S'mp*l,

3ap 1
t
rae G ut — macca u TpyA0EMKOCTh U3TOTOBICHUS MPOCKTUPYEMOM MAIINHEL;
G' u t' — Macca ¥ TPyJIOEMKOCTb MaIlIMHBI aHAJIOTA.

6. OnpeneneHue ce0ECTOUMOCTH MO COOTHOMICHUSIM MEXAY OTACIbHBIMU BU-
JlaMH 3aTpaT NPUMEHSIOT, €CJIU U3BECTHBI YCTOWYUBBIE COOTHOIICHUS MEXAY OT-
JeIbHBIMU BUJIAMHU MPOU3BOACTBEHHBIX 3aTpaT:

l+a+p
CzsmT umn C=S, (1+a+p),
rae Sm— CTOUMOCTh MAaTEpPHUAJIOB;

S;ap — cymMMa 3apaboOTHOM MIIaTHI,

a - KoOOQPUIHEHT, a = SS'“ ;
3ap

[ - COOTHOIIECHHUE MEXJIYy CYMMON BHENPOU3BOJACTBEHHBIX PAacXoJ0B U
CTOMMOCTBIO MaTepuania.

Jlexuus 4. {oarose4HocTs (pecypc) MalIuH

JlonroBeYHOCTH (pecypc) MaIIuHBI — 3TO BpeMs €€ paboThl (Yac) 10 MepBOTO
KalmMTaJlbHOTO PeMOHTAa. Jl0JrOBEYHOCTh aBTOMOOMIICH M KEIC3HOIOPOKHOTO
COCTaBa U3MEPSIOT MPOOETrOM B KM, JOJITOBEYHOCTh MIPUOOPOB — MAKCUMAIbHBIM
YHCJIOM BKJIIOYEHUH, JOJITOBEYHOCTh CEJILCKOXO03AHCTBEHHBIX MAIIMH — YHUCJIOM
ra oTpabOTaHHOU MaIIHHU.

[Teproaom 3KcrIyaTaiuu Uik CPOKOM CIY>KObI Ha3bIBAIOT AKCIIJIyaTal[My Ma-
IIMHBI 10 UCUEPIIaHUs €€ pecypca.
Honroseunocts [l u mepuos 3kcrayaTanuu T cBsi3aHbl 3aBUCUMOCTBIO
13



.
Mucn
rae 7, - Ko3QUIUEHT HCITOTB30BaHUS MAITUHBI, KOTOPBIA 3aBUCHUT OT CE30H-
HOCTHU, CMEHHOCTH pabO0Thl, pPEMOHTHBIX MPOCTOEB U APYTrUX PakTopoB. OOBIYHO
NpUHUMAIOT 77, = 0567, U J =0.567, *T,rae KO3hPUIIHEHT CMEHHOCTH 77, = 0.33

npu pabote B 1 cmeny; 0.66 — mpu pabote B 2 cmeHsl unu 1 npu padore B 3
cmenbl. Hanipumep, npu =10 net, T=18 ner (pabota B 3 cmensr), T=27 net (2
Hauboyee pacnpocTpaHeHHOro mnepuona ciayxkoel T=10....15 net pacuetrHas
nonroseyHocts paBHa 30000....50000 gacoB [3]. Y TpaHCHOPTHBIX MallWH
J1=10000....20000 gacoB, a cpoK CIIy>kObI 5..8 J€T, y CTallMOHAPHBIX MAalllUH —
opyauit JI=50000....100000 gacoB, 4yTOo Tmpu 2-CMEHHOW paboTe COCTaBIACT
cpok cayxk0b1 15-..25 net. [Ipu Takux cpokax akTyaJbHO TEXHUUECKOE ycTape-
BaHMUE.

[ToBbIlIeHHE AOJITOBEYHOCTH MAIIWH, MaJIO 3arpPy>KEHHBIX B IKCILIyaTallUH,
COINIPOBOXKAAETCS YBEJIUUYEHUEM CPOKa CIIYKObI, KOTOPBIA MPAKTUUECKU HEJb35
MCII0JIb30BATh M3-32 HACTYIJICHUS] TEXHUYECKOTO YCTPAHECHHUS.

[Ipr3Haku yCcTpaHEeHHUs: TOHUKEHHbIE TOKA3aTeNIM KauyeCcTBa NPOAYKIUH, TOY-
HOCTHU, NPOU3BOAUTEIBHOCTH, pPAcX0Ja dHEPTUHU, CTOUMOCTH TPyJa, 00CIYXKH-
BaHMS U PEMOHTOB — 10 CPABHEHHUIO C COBPEMEHHOW TEXHUKOW U B pe3yibTaTe
NOHWKEHUS peHTA0eIbHOCTh MaIuHbl. OJHAKO B OOJIBIIMHCTBE Cly4yaeB (pusu-
YEeCKUI M3HOC MAIIMHBI HACTYIAET 3aJ0JIr0 10 TEXHUYECKOrO yCTapEeBaHHUS.

Hanpumep, pecypc rpy30Boro aBTOMOOUIISI MPU UHTEHCUBHOM paboTe ucuep-
nbIBaercs 3a 5..6 jer.

CnocoObl peaynpexAeHus yCTapeBaHUs MaIllUH:

1. [ToBbIlIEHNE CTENEHU UCIIOJIb30BAHUS MAIIMHBI B KCTIJIyaTallMu (MHTEHCH-
¢ukanus ucnonp3zoBaHus). Uem B Oojee KOPOTKUM CpOK MallnHa OTpabOTaeT
3aJI0’)KEHHBIN B HEE PECYPC, TEM BEPHEE OHA 3aCTPaxOBaHa OT ycTapeBaHUs. Bbl-
COKYIO JJOJITOBEYHOCTH 11eJ1ecO00pa3Ho NpuJaBaTh MalllInHaM UHTEHCUBHOTO UC-
NIOJIb30BAHMS.

2. Co3aHMe MalIUH C pe3€pBaMU MOIIHOCTH, NPOU3BOAUTEIBHOCTH, YTO M1O3-
BOJIUT B Oyayuiem GpopcupoBaTh, MOAECPHU3UPOBATh MALIUHY.

JKOHOMHUYECKAS OLEHKA J0JITOBEYHOCTH

[ToBBICUTH pecypc MAaIlIMHBI MOKHO BCErjJa 3a CYET MPUMEHEHUs Oojee Kade-
CTBEHHBIX MaT€pUaioB, U3MEHEHHUSI KOHCTPYKLIMU, CUCTEMbI TEXHUYECKOTO 00-
ciayxuBaHus U T.1. [loBbllIeHHE AOATOBEYHOCTH C OJTHOM CTOPOHBI CBSI3aHO C
JOTOJHUTEIIBHBIMU pacXxoJaMH, a ¢ IPYroil — C MOBBIIIEHHEM 3KOHOMHUUYECKOMU
3 PEeKTUBHOCTH, YMEHbIIEHUEM PEMOHTHBIX 3aTPaT, C YCTPAHEHUEM NOTEPH OT
NpOCTOS MAIIWH.

Ha rpadwuke puc. 4.1. yuTeHbl TP OCHOBHBIX CTaThU CYMMapHOTO SKOHOMH-
yeckoro 3¢ dexrta 3aTpatsl Ha u3rotoBieHue C, SKCTIIyaTalluOHHBIC PACXOABl S
U moJjie3Has otnavya mamuHbel W.
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Puc.4.1. DxoHOoMHUYECKas OLIEHKA J0JTOBEYHOCTH MAIIMHBI:

3 — sKkcmiyaTanuoHHble 3aTpaTtel, C — ce0ecTOMMOCTh MAalIUHBI, J- 3KOHOMUYECKUH 3 -
¢dekr,

W — nonesHnas ornava

Benuuuna C mocTosiHHA, pacxoJibl S BO3pacTalOT CO BpeMeHeM, TaK Kak IMpo-
HUCXOJIUT CTapeHue aeraineil MmamuHbl. C TEUEHUEM BPEMEHU YMEHBIIAETCS POCT
otnaun W, mockoJibKy HaO10at0TCa 00Jiee YacThle MPOCTOU B PEMOHTE.

Kpuas cymmapuas s¢pdexruBHoctu Mamuubl 9=C+3+W nuMeetr MakCuMyMm u
JBa pasza rnepecekaeT och abCmucc. Haunnas ¢ momenTta Bpemenu {, MamuHa
HAa4YMHAET NPUHOCUTHh NpuOBLIL. [IpupocT s3xoHOMHUYECcKON APpdhekTuBHOCTH D
IOCTENEHHO CHM)XAeTCs N0 MOMEHTa t.,, a 3aTeM 3aTpaThl Ha 3KCIUIyaTalUIo
HAYUHAIOT MPEBBIIIATH MOJE3HYIO OT/a4y MaIllUHBI.

JnMUTEeNbHOCTh PKOHOMHYECKU I1€JIECO00pPa3HOM JKCIyaTallud HaXOJIUTCSH
MEXKIY tmax ¥ IPEAETBHBIM CPOKOM Ly

Nmeetcs elie OUH METOJ OI[EHKU ONTUMAJIBLHON JOJTOBEYHOCTU MAIIUHBI.

CebecToMMOCTh NPOAYKLIMHU, U3TOTOBJICHHON MallMHOM, paBHAa CyMMeE M OCTO-
SHHBIX PACXOJIOB (PHEPTHUs, MaTEepHUANIbl) U MEPEMEHHBIX, U3MEHSIOMMUXCI CO
BpeMeHEeM (aMopTU3aIusi, peMOHTHBIE pacxoibl). CyMMUpPOBAHUE ITUX PaACXO-
JIOB J1a€T 3aBUCUMOCTh C€0€CTOMMOCTH NPOAYyKIMU oT Bpemenu (puc. 4.2). Kpu-
Basg 3Ta UMEET MUHUMYM M COOTBETCTBYIOUIYID 3TOMY MHUHHUMYMY J0JTOBEY-
HOCTb INpeAjaraeTcs CYuTaTh ONTUMaIbHON [3].

[Ipu mpounux paBHBIX YCIOBHAX, UEM JI€IIEBJIE MAIIMHA, T€M OOJbIIE 3aTpPaT
IpU €€ JKcmayaTtanuu. boyee BbICOKas HaJE€XKHOCTh MAIIWHBI JOCTUTAaeTCs 3a
CUET JOMOJHUTEIbHBIX dKCIUTyaTallMOHHBIX pacxoA0B. [Ipu 6osee BHICOKUX Tpe-
O0OBaHUAX K 0€30TKA3HOCTH HEOOXOMMBI MOBBIIIICHHBIE 3aTPaThl HA U3T OTOBJIE-
HHUE MAIIUHBI, HO 3aTO AKCIJIyaTallMOHHBIE PACXObl CHUKAIOTCS.

CtpeMsch, Kak MPaBUJIO, K YICIICBICHUIO MAIlMHBI HE HAJIO YKaJeTh 3aTpat
Ha U3TOTOBJICHUE JETaJIei, OMPEeACNSIOIMNX €€ JOJTOBEYHOCTh U HAJEKHOCTD.
CTOMMOCTBH M3TOTOBJICHUS J€Talei, ONpeaeSOMMUX J0JITOBEYHOCTh MAIINHBI,
HE3HAYUTEJbHA [0 CPABHEHUIO CO CTOMMOCTBIO BCEM MAIIMHBI, a MOCIEIHSS, KaK
MpaBUJIO, HEBEJUKA TIO CPABHEHHIO C 00IIEeN CyMMO# 3KCIIyaTallMOHHBIX pac-
XOJI0B.

15



=8

(PO rommacrs
FOCOY KLy
/

C

|

S
3const

-

Bpemn

Puc. 4.2. 3aBucuMOCTh C€0€CTOMMOCTH MPOJYKLIHH, U3TOTOBJICHHOW MaIIMHOM, OT BpEeM eHHU
JKCILIyaTaluuu

Bansinue 10/JroBeYHOCTH HA YMCJIEHHOCTh MAIIMHHOTO MapKa
J10ATOBEYHOCTh MAIIMH CYIIECTBEHHO BIIMACT HAa YUCICHHOCTH MAIIUHHOTO
nmapka Ha 00beM BBITyCKaeMOH MpOoAyKIuH. [IporumocTpupyemM 3TO MpUMEepPOM
(puc. 4.3.)

Tads, srcanyarans
(995 1996 1997 1998 1999 2000 200/

%92
w3
1994 777 i R s

o seeimele

o 77 e
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Puc. 4.3. Biusiaue AOJITOBCYHOCTHU HAa YHUCIICHHOCTh MAIIMHHOTO ITapKa

CTaHK03aBOJ BBIIYCKAET METAJUIOPEKYIIHE CTAHKH CO CPOKOM CIYXKObI 3
roaa, rogoBoil Beinyck 100 mt. Uncno 3amTpuXxoBaHHBIX KJIETOK Ha rpaduke mo
TOPU30HTAIN — M300pakaeT MPOJOJIKUTEIbHOCTh NPEObIBAHUS MAalIUH B JKC-
nnyatanuu (3 roga). CymMMa 3alITPUXOBAHHBIX KJIETOK MO BEPTUKAIU — 3TO
YUCJIO TPYII MAallWH, OJHOBPEMEHHO HaXOoasuXcs B akcrryaranuu (i=3). O6-
11asi YUCICHHOCTh MAIIMHHOTO NapKa B Ka)K/10M rOJly COCTaBJISET:

N = 7 *n=3%100 = 300.

Hauunas ¢ 1994 roga, 10JroBe4yHocTh MallluH yBeandeHa BaBoe. [Ipomonxu-
TEJIbHOCTh NpeObIBaHUS MAIIUH B dKCIUTyaTallud CTaHEeT paBHOM 6 rogam. bna-
rojaps ’TOMY YMCIEHHOCTh MAaIIMHHOTO napka B 1998 rona Bo3pactet u B 2000
roay cranet paBHoi 600, T.k. N =7 *n=6+%100=600.
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Takum o0Opa3oM, (akTUUecKass YUCIEHHOCTh MAIIMHHOIO Mapka omnpeneis-
€TCA TOJIbKO JOJTOBEYHOCTHIO MAIIMH U Pa3ME€POM UX I'OJJOBOTO BBIITYCKA.

[Ipu sTOM Xe pa3zmep ronoBoro Boinycka MamuH (100 mTyK) ¢ yBeInYeHUEM
JNOJITOBEYHOCTHU BJABOE BO CTOJIBKO K€ BO3PAaCTET YUCICHHOCTh MAUIMHHOTO
napka N u, cienoBaTenbHo, 00beM BbllyckaeMoil mpoaykuuu. [loBsimenue 10-
TOBEYHOCTH SIBJIsIeTCS 9 PEKTUBHBIM U 9KOHOMHBIM CITIOCOOOM yBEJIUUECHHUS YHC-
JICHHOCTHU MAllWH, HAXOISIIUXCS OJHOBPEMEHHO B AKCILIyaTallUH.

CyMMapHBI 00BE€M TOJIC3HOW OTJa4M MAIIUHBI 32 TIEPUOJ €€ CIYKOBI U TO-
JOBOM 00BEM OTIA4YW TPYIEI OJHOBPEMEHHO pa0OTAIONIUX MAIIUH MMPOTOPIH-
OHAJbHBI MPOU3BEJICHUIO TOJI0OBOM OT/a4U JOJTOBEYHOCTH MaIIuH [3].

N3 3TOro MOXHO ClIeIaTh CIEAYIOIIAE BbIBObI:

1. YBennueHune AOJTrOBEYHOCTH MO3BOIAET MPONOPIHOHAIBHO COKPATUTH T'O-
JIOBOM BBINTYCK MaIIWH 0€3 CHUKEHUS 00beMa MPOAYKIIUH, IPH YMEHbBIIIEHHE 00-
1€l CTOMMOCTH U3TOTOBJIEHUS MAIIMH U 3HAYUTEIbHOM CHUKEHUM PACXOJ0B Ha
JKCILTyaTalHuIo.

2. YBenu4eHUEe JOJITOBEYHOCTH, KaK CIOCOO MOBBINIEHUS YUCICHHOCTU Ma-
IIMH U 00beMa MOJIE3HON OTJauu, HECPABHEHHO BBITOJHEE, YEM MPOCTOE yBEIIU-
YeHUE BBINNYCKAa MaluH. [Ipy yBeanyeHUH BBHINTYCKA MAIIUH WA YBEIUYEHUHU
ob0bemMa MPOAYKIIUM 32 CYET MHTCHCU(PUKAIMU JECHUCTBYIOUIUX MAIINH BO3pac-
TAOT pacxoJibl HAa U3TOTOBJICHUE MAIIWH, 4 TAKXE PACTYT 3KCIIyaTallMOHHBIC
pacxobl M3-3a YBEIMUYEHHUS YUCJIA NIEUCTBYIOIIMX MAIUH.

Ilonie3Hast oTHaya MallMH U MMYTHU €€ YBeJHUYEHUA

[lone3Has ormadya — CTOMMOCTB BBIITYCKAEMOW NPOAYKIMU A COBEPIIAEMOMU
MAaIIMHOM paboThl B eqAUHUILY BpeMeHHU. [lone3Has oraaya 3aBUCUT OT MPOU3BO-
JUTEIBHOCTH MAIAHBI.

CyniecTBYIOT CleAyloIue CrnocoObl MOBBIIMIEHUS MPOU3BOJUTEIBHOCTA Ma-
IIWH:

1. KoHneHTpanus TeXHOJOTHYECKUX JBUKECHUM B MPOCTPAHCTBE, T.€. yBEIH-
YEeHUE YHucja OJHOBPEMEHHO 00palaThiBaeMbIX H3JAEIUN WU OJHOBPEMEHHO
BBITIOJIHSAEMBIX Omeparuii. OTOT crocod peanu3yeTcs Mpu NPUMEHEHUH MHOTO0-
OINEPALMOHHBIX MAlIWH — aBTOMAaTOB, IPU OJHOBPEMEHHOW MHOTOWHCTPYMEH-
TaJbHOW 00paboTKe U3ACIIMNA U CBA3BIBAHUU MAIIUH B €IUHONW aBTOMAaTHYECKOM
JVHUU.

[TonyaBTOMATBI U ABTOMATHI SIBJASIOTCS MalllMHAMU HENIPEPBIBHOTO JEUCTBUS,
UX MEXaHHU3MBbI 1€HCTBYIOT HenpepbiBHO. Kaxxablil pabouuii HuKJI aBTOMaTa co-
CTOUT K3 COBOKYMHOCTHU IIOCJIEIOBATEIILHO MOBTOPSIOMIMUXCSA OINEpalui 3a-
rpy3Ku, 00pabOTKHU U pa3rpy3ku. B MHOroomepamuoHHBIX aBTOMAaTaX MIMUHJE-
neit. B ctankax ¢ mapauiefibHO padOTaOIUMU MIMUHICIIMHA MOXHO MOJYy4YUTh
CTOJIBKO ITOTOKOB U3ACJIUM, CKOJIBKO UMEETCS MINuHaeaeH. B MHOTrOIINUHAEIIb-
HBIX CTAHKaX NPOU3BOJUTEIBHOCTh JOCTUTAETCS 3a CUET KOJIMYECTBA IIMTUHIE-
neit. YUem Gobie mnuHaeIeH 3aHATO 00pabOTKON U YeM MEHBIIIE — 3aTPy3KOH,
pPa3rpy3Kou U TPAHCHOPTUPOBKOM, TEM BBILIE UX NPOU3BOAUTEIBHOCTb.

2. UateHcudukamnus onepanuid, COKpanieHue JUIMTSIbHOCTH padodyero MuKia
(yBenMYE€HUE CKOPOCTHU), YMEHBIIIEHUE UHTEPBAIOB BPEMEHU MEXY BBIITYCKOM
U3JeIUH. ITOT CITOCOO MOBBIIIICHUS TPOU3BOJUTEIHHOCTH MAIITUHBI MOXKET OCY-
HIECTBIATHCS ABYMS MYTSIMHU.
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a) IyTeM NPUMEHEHHUS HENPEPBIBHBIX MPOLECCOB MOJYYECHUS MNPOAYKIIUHU
(mHanmpumep, moxydeHune TpyO U3 HEMPEPHIBHOM JICHTHI, SKCTPY3HS U3ACIHH, T.C.
HENpPEpPbIBHOE BbIJABIMBAaHUE 4Yepe3 (AaCOHHBIE OTBEPCTHUS, HENPEPBIBHAS pas3-
JUBKa METAJLJIA);

0) IpU UCMOJIB30BAHUH POTOPHBIX U POTOP — KOHBEMEPHBIX aBTOMATHYECKHUX
JVHUN, TA€ BCE TPAHCIIOPTHBIE OIEpAallMU COBMEILIEHBI 110 BPEMEHU C OCHOB-
HBIMU OINl€palUsIMHU, T.€. BCE OPraHbl TPAHCHOPTHUPOBKH M M3TOTOBIIEHHS HAXO-
JATCSL B HEIPEPBIBHOM COBMECTHOM JIBU)KEHUU.

B poTopHBIX MammHax KapyceiabHOTO THIIa OJJHOBPEMEHHO 0OpabaThiBaeTCs
O0onbpiIoe yncao uzaenuid. M3nenusi ycraHaBIMBAIOTCS Ha Kapyceiab U obopada-
TBIBAIOTCS B IIPOLIECCE BpalleHUs poTopa. BrIicOKast IpOU3BOIUTENBHOCTD 3/1€CH
nocturaeTcs Onaroaaps HEMPEPHIBHOCTH PabOTHI U OJJTHOBPEMEHHOM 00paboTke
HECKOJbKUX u3aenuil. [Ipu uncne 610k0B, paBHOM 50, poTOpHasi MallnHA UMEET
IPOU3BOAUTENBHOCTh B 35 pa3 0oJjblie, 4eM MaIlIWHBI OCJIEA0BATENBHON 00-
paboTKH.

PoTopHbIE MalIMHBI XOPOLIO KOMIOHYIOTCS B aBTOMATUYECKUE JUHUH, KO-
HOMHYHBIE OJlarojapsi COKpallleHUI0 pacXoJ0B Ha TPAHCIOPTHUPOBAHUE H3Je-
nuu. [Ipu
paboTte poTOpHON JMHHUM 3arpy3Ka WU mepenada U3AeIuil OT OJHOTO poTOpa K
JPYroMy OCYIIECTBIISIETCS MOCPEACTBOM TPAHCIOPTHBIX POTOPOB.

PemMoOHTHBIE pacxoabl

PeMOHTHBIE pacxoJbl MOTYT AOCTUTAaTh OUYE€Hb OOJBIION BEJIUYUHBI, IPEpPHIBaA-
IOIIEN CTOMMOCTH MaIllWHBI B HECKOJBKO pa3 [3]. MHorma pacxoasl Ha BoccTa-
HOBUTEJbHBIA PEMOHT MOTJIOMIAIOT OOJBIIYIO YACTh MOJE3HOW OTAAYH, YTO Je-
JaeT 3KCIUTyaTalMio MalllMHbl HEPEHTA0EIbHOM.

BHauane peMOHTHBIE PAacXOJbl HEBEJIUKHU. 3aT€EM OHU BO3PACTAKOT U JOCTH-
raroT 3HAYUTEIbHON BEJIMYHUHBI, CON3MEPUMON CO CTOMMOCTBIO MAlIWHBI, KOT1a
MalllMHa MTOJABEPraeTCs KaluTaJIbHOMY peMOHTY. [lepen cnadeil B KanuTalbHBIN
PEMOHT JOJKEH OBITh PELIEH BOMPOC O 11e1eCO00Pa3HOCTH — 3TO MOMEHT, KOrJa
NpPEeACTOSAIINE PacXo bl Ha KallUTAJbHBIA PEMOHT MPUOJIUKAIOTCA K CTOUMOCTHU
HOBOI MaluHbI. Beiroguee npuoOpecTu HOBYIO MalllMHYy, YEM PECTaBPUPOBATH
CTapylo.

[Ipu pemieHnu BOMpoca O MPEKPALIEHUHM HKCIUTyaTallMd MAaIlWHbI JTOJHKHA
OBITH YUTE€HA CyMMa 3aTpaT BCEX paHee NPOBEAEHHBIX peMOHTOB. Cienyer py-
KOBOJICTBOBAThCSl MPABUJIOM: CyMMapHbI€ 3aTpaThl Ha PEMOHT 3a BECh CPOK
CAyXObl MallIMHBI HE AOJAKHBI IPEBHIIIATH €€ CTOUMOCTH.

3HAYUTEIbHON COKpaIllEeHHE PEMOHTHBIX PACXOJ0B MOXKHO MOJYYUTh MPH Te-
pexoje Ha 0€3pEMOHTHYIO AKCIJIyaTaluio, KOTopas NpeaycMaTpuBaeT:

" YCTpaHEHHUE KalmuTaJlbHbIX PEMOHTOB;

" 3aMEHY BOCCTAHOBHUTEJIBHOIO PEMOHTA KOMILIEKTAIMOHHBIM (T.€. 3aMEHa

W3HOULIEHHBIX JE€Talel MAalluH, Y3J0B, arperaTos).

" CHCTEMAaTH4YE€CKOE MPOBEACHUE NJIaHOBO-NMPEAYNPEIAUTEIbHBIX PEMOHTOB

U YCTPAHEHUE BBIHYKIEHHBIX PEMOHTOB.

175 3TOTO HEOOXOAUMO MOCTPOCHUE MAIIMHBI [0 arperaTHOMY HNPUHIUIY U
yBEJIMYEHUE CPOKOB CIYKObl H3HAIIUBAEMBIX JI€TaJeH.

TpyaoeMkocTh peMOHTA U IYTH €€ YMEHbIIEHUS
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BpCMH MpOCTOA MAIIMHbI U3-34d ! J€Taln:

A
Tp.m' ZFTi’

TJe 7;- MPOJOJDKUTEIBHOCTD (TPYIOEMKOCTh) pEMOHTa I-H JeTainu, BKI0Yas
ee cOopKy u pa3paboTKy;
Ti — cpok ciy0bl MallIMHBI 10 OTKa3a I-i JeTaju.

A

OTtHolIEHHE - MOKa3bIBa€T, CKOJIBKO pa3 B TeUeHHUe pecypca | peMoHTHpO-
i
. T T T nT
Bajiach I-1 getanb. Cymma —1+—2+....+—”=Z—',
Tl T2 Tn 1 Ti
pPYEeMBbIX JIeTajdeil MalluHbI, HA3bIBA€TCS OTHOCHUTEIbHBIMU PEMOHTHBIMU MOTE-
psmu [3].

COCTABJICHHAA OJIA PCMOHTHU-

f'%gr%é/ ‘-= - Ik —
6%,
5T |
4T, /
ol 7% |7 1 |
2r I
e "
b

/ 2 3 4 5 6
N Texyuwux pemowral

Puc. 4.4. Cxema peMOHTHOT'O IIMKJIa MAIIMHBI

OtcyTrcTBUE HH(OPMALMU O HAJIE)KHOCTHU JeTaliel (BEpOSITHOCTh 0€30TKa3HOM
paboOThl, MHTEHCUBHOCTh OTKAa30B) BEIET K HEJOHCIOJb30BAHUIO CPOKOB
CAyXObl (7151 TApaHTHUU Y3Jbl PEMOHTUPYIOT 3HAYUTEIBHO Yallle, YeM 3TO HE00-
XOJMMO) MU K MOBBIIIEHUIO BEPOSTHOCTH OTKA30B B MEKPEMOHTHBIN NEpHUOI.
W To u npyroe BeAeT K NOBBIIIEHUIO BEPOSTHOCTH K JOMOJIHUTEIBHBIM 3aTpaTaM.
[ToaTOMy JUIS Ka)X10M A€Talu M y3Jia MAIIMHBl YCTaHaBIMBAETCS, IPU KaKOM
TEKYILIEM PEMOHTE OHA JI0JHKHA PEMOHTHUPOBATHCS.

J11s mOCTpOEHUS pEMOHTHOIO [IMKJIa pa30MBaIOT BCE JE€TaIU U y3JIbl Mall MHbI
Ha TPYNIBI B 3aBUCUMOCTH OT UX CPOKOB CIYXOBI TaK, YTO A€TaNH 1-U rpymnibl
peMoHTHpYIOTCS yepe3 T, uacoB, aetanu 2-il rpynnbl — yepe3 2To- 4acoB U Tak
naee.

O603HayuM Tk — IIUTENBHOCTh PEMOHTHOTO IIUKJIA — BPEMS 0 KallUTAJIbHOTO
pEeMOHTa MaluHbl, To — MEXXPEMOHTHBIN IEPUOJ — BpeMs MEXy ABYMS IMocCe-
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JIOBAaTEJIbHO MPOBEACHHBIMU NEPUOJUUYECKUMH PEMOHTAMH, KOTJAA OJHOBpE-
MEHHO PEMOHTHUpPYETCS rpynna jaetaneid. Torga yucio NepuoguuYeCcKuX peMoH-

T
TOB B IIUKJIE OyJeT paBHO K = TK .
0

B nmpomexyTke Mexay NEPUOAUUYECKUMHU PEMOHTAMHU IMPOBOJUTCS MEKDeE-
MOHTHOE TE€XHHYECKOEe 00CIyKMBaHWE MAalIWHBI, BKJIIOYAIOIIEe OCMOTPHI, AHUa-
FHOCTHKY, CMa3Ky, peryJupoBKy. Eciiu oTka3 netaid HACTYyNHJI paHblle Nepuo-
JUYECKOT0 PEMOHTA, TO JIE€Talb 3aMEHAIOT UJIA PEMOHTUPYIOT IIPU MEXPEMOHT-
HOM T€XO0O0CIIy>KMBaHUH.

YHucno nepuoau4eCcKuX pEMOHTOB B IUKJIE U UX YEPEAOBAHUE AJId Pa3HBIX Ma-
muH pasznuuHo. Ha puc. 4.4 kpy’kKamMu OTMEYEHO, B KaKOW PEMOHT BKJIIOYEHA
JaHHas rpynmna geranei. Bce BUapl meprnoanyeckux peMOHTOB OyAyT HEOIMHAa-
KOBBI, TaK KaK BKJIIOUAIOT PEMOHT PAa3HBIX TPYIN JE€TAJIEH.

JInd KaxX10Tro KOHKPETHOTO Clly4dass MMEETCS 3HaYE€HUE MEXPEMOHTHOIO Me-
puona T,, o0ecneunBaroliee MUHUMYM TPYJA0EMKOCTH peMoHTa. g onTumusa-
MU PEMOHTHOTIO LUKJIa HEOOXOJAMMO MPOBECTH PacUeT PA3IMYHBIX BAPUAHTOB
CTPYKTYpbl LMKJIAa U YCTaHOBUTh, KaKOW M3 HUX 00ECIeYMBAET HAMMEHbILIHNE
TPYZXOEMKOCTb U PEMOHTHBIE PACXOIBI.

OnTtumanbHbll mepuof To TOT, KOTOPHIN 0OecTieuBaeT MUHUMYM PEMOHTHBIX

n

IIOTCPb ZT— 3a CYCT PAalMOHAJIIBHOTO COOTHOIICHUA MCKIAY TPYAOCMKOCTAMU
1 i

n
T.
PEMOHTA U MCKPCMOHTHOT'O 06CJIY)KI/IB3HI/IH. Bennuuna ZT—' IIprU MCKPCMOHT-
— T

HOM OOCIyXMBAaHHU BO3PACTAET C yBeauueHueM To, a Mpu NEepUOIUIECKUX pe-
MOHTax ¢ poctoM Ty oHa ymeHbmaercsa. TakuM oOpa3zoM, MaTeMaTH4YecKas 3a-
Jadya ONTUMHU3ALUHA MEXPETHOHAIBHOIO nepuoaa To CBOAUTCS K ONpPENEIEHHUIO

MUHHUMYyMa (yHKIAH [z%jM€%+(Z%JpM B 3aBUCUMOCTH OT To

1 i 1 i
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Jdexuus 5. ®YHKIIMOHAJIbHO-CTOUMOCTHBIA AHAJIN3
INPOEKTUPYMBbIX MANINH.

[Ipu nmpoeKTUPOBAHUU MAIIUH BO3MOYHBI JBa MOJAX0Ja K CHUKEHUIO CTOUMO-
CTH U3JIeJUi: NpeAMETHBIN (OH SABISIETCS TPAAUIIMOHHBIM), KOTAa UIIYT OTBETA
Ha Bomnpoc «Kak CHH3UTH 3aTpaThl HA u3nenue?» u GyHKIHUOHATBHBIN, IPU KO-
TOPOM abCTparupyroTcs OT peabHON KOHCTPYKIIUU U COCPEOTAYUBAIOT BHUMA-
HUE Ha ee QYHKIUIX.

Brigenenne QyHKIMNA yCTpOMCTBA U MOUCK (PU3UYECKUX MPUHLUIIOB JUIS UX
OCYUIECTBJICHUS MPUCYTCTBYIOT HE caMa 1o ce0e MallMHa, a Te AEeUCTBUS, KOTO-
pble OHa MPOU3BOAUT, €€ PyHKUHUU (T.€. HE JIEKTPOJABUTATENb, XOIOJUIbHHUK,
AJIEKTPOJIaMIIa, a BBIMOJHIEMbIE UMU QYHKIIUM — BpallleHUE BaJia, OXJaXKJICHUE
NPOJYKTOB, OCBEIIEHUE U T.1I.). OYHKIIMOHAIBHBIN MOAXO/ MpEnogaraeT 4eT-
KO€ ompejieeHne PyHKIUN U3JIeTUsl U BBISICHEHHE TOT0, HEOOXOJAUMBI JIU ITH
GbyHKIUHU, ¥ KaKuM Haubojiee PKOHOMUYHBIM NYTEM MOXHO HX pealu30BaTh

(puc. 5.1.).

ITocTanoBKka 3amaun

/ \

DOyHKIUU YCTPOUCTB

/ N\

1 2 3

/\

duznyeckue IMPHUHOUIIBI JJIA UX OCYIIICCTBIICHUA

Pa3zpaboTtka DIeMEHTOB Koncrpykuuu
Br16op YacTHbIx Pemenun
KomOunupoBanue
KOHCprKL|II/I$I

Puc.5.1. ®yHKIIMOHATBHBIN MOAXO0 B METOJAUKE MPOECKTUPOBAHUS

Hauunas ¢ 60-x rooB B Hamiei cTpaHe U 3a pyObeKoMm OBICTPO pacmpocTpa-
HSETCS HOBBIM METOJ CHMI)KCHHS 3aTpaT M MOBBIMICHHS KauyecTBa IPOMBIIIIICH-
HBIX U3JeNui — MeTOJl GYHKIIMOHAIBHO — CTOUMOCTHOTO aHanu3a (DCA).
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[Ipu npoBeaenun ®CA abcTparupyercs OT peaqbHON KOHCTPYKIIMH U COCpe-
n0TayMBaloT BHUMaHue Ha ee pyHkuusax. CornacuHo teopun ®CA B CTOMMOCTHU
110001 MPOMBIIIJIEHHON MPOAYKIIMM KPOME MHUHUMAJIBHBIX 3aTpaT, HE0O0XO0au-
MBIX JIJISl BBIMOJHEHUS 3aJaHHBIX (QYHKIUNA U3J€JHUs, BCeTa UMEIOTCS W3JIHII-
HHE 3aTPaThl, BBI3BAHHBIE HECOBEPIICHCTBOM KOHCTPYKIIUH.

CymnHocth ®CA cOCTOUT B HaXOXJAECHUU HaAnOOIee IKOHOMHUYHBIX CIIOCOOOB
ocymiecTBICHUs BceX GyHKIUKN n3nenus. s storo npu nposenennu ®CA BbI-
SBIISIIOT ¥ OTIPEACTSIOT QYHKIUK (Ha3HAYCHUE) DJIEMEHTOB U3/IEIUS, OICH UBAIOT
CTOMMOCTH BBITIOJTHCHUS KaXX10W (YHKIMU, BBIABISIOT BCE «HU3JIHUITHUE» 3a-
TPATHI, T.€. BBIJACISIOT «JIUIIHUEY, HEHY)KHbIC QYHKIINU U QYHKIIHU C Ype3Mep-
HBIMU 3aTpaTaMu, NPOBOJST MOUCK HOBBIX PEUICHUN C MOHWIKEHHBIMHU 3aTpa-
TaMH: MMPHU 3TOM UCKITIOYAIOT AJIEMECHTHI C HEHYKHBIMU (PYHKITUSIMH U BHIOMPAIOT
0oJiee pallMOHAJIbHBIE KOHCTPYKIIMH PJIIEMEHTOB C UpE3MEPHBIMU 3aTpaTamu[4].

PaccmoTpuMm nocinenoBaresibHO OCHOBHBIE 3Tanbl DCA.

ITocTpoeHne CTPYKTYPHO-3JIEMEHTHON MOJAEIH U3AETHs

Kax bl TeXHUYECKUH 00BEKT MOXKHO Pa3/eIUTh Ha HECKOJIbKO 2JIEMEHTOB,
KaXJ bl U3 KOTOPBIX UMEET BIOJIHE ONPEAECICHHYI0 (PYHKIIHIO IO o0ecneye-
HUIO PaOOTHI U3JIEIUs UM €TO YacTeil. B 3aBUCHUMOCTH OT BUAA U3ACIUS €r0
3JIEMEHTaMU MOTYT OBbITh YaCTh JI€TAJH, A€Talb, y3ei, OJIOK, arperar u T.1.
BpIaenstoT riaBHbIE 3JIEMEHTHI U HeAeIUMbIe 3JeMeHThl. DyHKuusa (Ha3Ha4e-
HHE) TJIaBHBIX 3JIEMEHTOB OOBIUHO COBMAJacT ¢ QYHKIMEH TEXHUYECKOTO 00 b-
ekTa. Hanmpumep, riiaBHbIi 371€MEHT dKCKaBaTopa — KOBII (€ro GyHKIUsS — 3a-
YEepIBIBAET U BHITPYKAET IPYHT), Y ABUTATENSI BHYTPEHHET 0 CTOPAHUs — 3TO
NOpIIEHb U NUIUHAPHI (PYyHKUIMSA- BpallatoT Ball).

Henenumble 31€eMEHTHI — 3TO A€Tajb UIH YacTh AETajJd C MUHUMAJbHBIM
yuciaoM GYHKIUM Mo o0ecriedeHn0 paboThl IPYTUX dJIEMEHTOB U3ACTUS; TIPH
NaJbHEUIIIEM UX JICJICHUU TOSIBISIOTCS AJIEMEHTHI, He UMEIIe PyHKIIUHA.
[IpuMep HegeNMMBIX IJIEMEHTOB: IIAPUKH B MAPUKOMOAIIUIIHUKE, TpyOa B Tpy-
O0ompoBoJie U Apyroe. Y NpaBUIbHO CIPOEKTUPOBAHHOTO U3/1€IUS HET <«JIMII-
HUX)» J€TaJECH.

BoisiBiienue u popmyaupoBka QyHKIUH

[Ipu npoBeaenun ®CA He0OXOAUMO YETKO ONpeaeauTh QYHKIUU U3ACIIHS.
PaznuuaroT ocHOBHBIE PyHKIIMHU U BcriomoraTtenabHbie. OcHoBHas GyHKus (OD)
— 9T0 (PyHKIUS, AJs BBIIOJHEHUS] KOTOPOW M CO3/1aHO U3JEIUE; ITO CBOUCTRBO,
CBS3aHHO€ C OCHOBHBIM Ha3zHaueHueM uzaenusi. Hanpumep, nius topmosza OO0 —
OCTaHABJIUBATh JBUXKECHHE;, MOPIICHb HACOCAa UMEET JIBE OCHOBHBbIC (DYHKIIUU:
npeodpa3zyeT MEXaHUYECKYIO0 SHEPTHUI0 IBUKEHUS B DHEPTHUIO CKATOrO BO3JyXa
U U30J1UpyeT pabouunit 00beM Hacoca OT aTMOC(]epHl.

Brmonaenne O® obecredynBaeTcsi COBOKYIMHOCTHIO BCIIOMOTATEIbHBIX (PYHK-
uuii BO, ocymiecTBAsIEMbIX OTJIEIbHBIMU KOHCTPYKTUBHBIMU 3JIEMEHTAMHU, BXO-
nsmuMu B usnenue. Kaxnas ynknus oOnagaet onpeaeeHHBIM YU CJIOM He3a-
BUCHMBIX KOHCTPYKTUBHBIX UcTIOTHEeHU. Hanmpumep, kopmyc kopoOku nepegay
MOJKET OBITh U3TOTOBJICH U3 PA3JIUYHBIX MATEPHUATOB HECKOJIBKUMH CIIOCOOaMH.
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B kauectBe nmpuMepa onpeaeauM GYHKIIUU 3JIEMEHTOB MAPUKOTOIIIUITHUKA.
Ero O® — yMeHbIIUTh TPEHUE MEXIY OChbl0 U cTynuiei kojeca. Chopmynu-

pPyeM U 3amuIieM BCIIOMOTAaTeIbHbIe (DYHKIIUU 3JIEMEHTOB MAPUKOMOAIIUITHUKA
(Tabmn.1).

Tabauna 1 OyHKIMK 3JIEMEHTOB MIAPUKOTOAIIMITHUKA [5]

DJIeMeHT OyHKIUSA

[Tapukn CHuxaeT TpeHHE BTYJIKH BOKPYT OCH

Hapy»xHoe Koab10 ObGecneunBaeT KaueHUE BTYJIKH Ha
apuKax

BHyTpeHHEE KOO ObGecneunBaeT KaueHUE NIAPUKOB IO
OCH KoJieca

Cemnaparop IIpenoTBpaiaeT CONPUKOCHOBEHUE
LIapUKOB IAPYT C APYTroM

Hapsiny ¢ ocHOBHBIMU U BcriomMoratesibHbIiMU pyHKIUAMU pu PCA oTaensb-
HBIX M3/IEJUIl BCTPEYAIOTCS HEHYXXHble (YHKIHUHU, MPU UCKIIOUYEHUU KOTOPBIX
KayeCTBO TEXHUYECKOro 00beKTa He yxyAmaercs. /sl ux BhISBICHUS CIEAYET
3asaThcs BonpocoM: «HeoOxoaumbl 1 3Tu PyHKIUU?». HacTh 2JIEMEHTOB U 3-
JeJINs C HEHYKHBIMU (YHKI[MSIMU BBISIBISETCS YK€ NP aHanu3e QyHKUHH, KO-
ra BO3HHUKAaeT 3aTpyAHeHHE B (popMyJHpoBKe (YHKIUM KaKOro-iaubo sie-
MeHTa. J[pyras 4yacTh 3J1€MEHTOB C HEHYKHbIMU QYHKUUAMHU OOHAPYyKUBAETCS
CpelH TeX 3JEMEHTOB, KOTOPbIE HECYT BCIlOMoTraTenbHble GyHKIUU. /{1 3Toro
IIPOBOJAAT MBICJIEHHO MOJICIIUPOBaHueE, 3a1aBas Bonpoc: «Kakue nosaBsarcs oTpu-
LATEJIbHBIEC MTOCIEACTBUS NIPU UCKIIOYEHUH ITOTO AJIEMEHTa?» .

4.3. ®yHKUUOHAJIbHAS CTPYKTYypa (MOJEIb) U3EAU

DJIEMEHTHI, U3 KOTOPBIX COCTOMUT U3JI€IUE, UMEIOT ONpeelieHHbIe (PYyHKIHO-
HAJIBHBIE CBSI3U APYT C APYroM. DTH CBSI3U 00pa3yloT PYHKIIMOHATIBHYIO CTPYK-
TYpY, NPEICTaBAAEMYIO0 B BUJAE OPUEHTHUPOBAHHOIO Irpada, BEpUIMHAMH KOTO-
pOro SBISIOTCS HAMMEHOBAHUS JIEMEHTOB, a peOpaMu — QYHKIIUHU 3TUX JIEMEH-
TOoB (puc. 4.2)

OyHKIMOHANbHAS CTPYKTYpa MO3BOJAET MOJYUYUTh OOJiee HarysiHOE Mpe -
CTaBJICHHE O TEXHUYECKOM 00beMe C PyHKUHOHAIbHONW TOYKHU 3peHus. B kaue-
CTBE IpUMeEpa pacCMOTPUM (DYHKIIMOHAJIbHYIO CTPYKTYpPY BEHTHUJIL, OCHOBHAas
GYHKIIUS KOTOPOTO — MEePEKPHIBATh TCUCHUE KHUAKOCTH (Tabi.2). DTa OCHOBHAS
(GYHKLIHMS OCYLIECTBISAETCS COBOKYIMHOCTBIO JI€Tajieil: KOpPImycoM, BEHTHIIEM,
BTYJIKOW, TAaWKOW C MPOKJIAAKOW U PYKOSATKOM, T.€. BCIOMOTATEIbHBIMH (DYHK-
HUSMU.
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Brynka koneca Ocsp

Hapyxnoe konb1o BHyTpeHHEee KOJIbLO

[Tapukn

I

Cenaparop

Puc. 5.2. ®ynkunoHanbHas CTPYKTypa MAPUKOMOAIIUITHUKA

Tabnuna 2 BcnomoratenbHbie GYHKIIUH, BBITIOJHIEMbIE JEeTAISIMU BEHTUIIS [5]

JleTanp OO6o3HaueHue Brinonnsemas byHkius
Kopnyc B® 1 OObenuHsET BCE ACTANU B €AU-
HYI0 KOHCTPYKIHIO
BO® 2 Hanpasnsier nBuXeHne BEHTUIISA
B® 3 Y aepxKuBaeT raiky KperuieHus
BEHTUJIS
B®D 4 OOGecneynBaeT NPUCOCIUHEHUE K
naTpyokam
Beuntunp B® 5 OTKpBIBAET M 3aKPBIBAET, PETYIIU-
pYET pacxo KHUIAKOCTH
B® 6 OOecneunBaeT ABUKEHUE HA KO-
HUYECKOU MMOBEPXHOCTH
Brynka B® 7 [TomxumaeT yniioTHEHHUE
B® 8 Y aepxKuBaeT BEHTUIIb B KOPIIyCE
ITpoknanka B® 9 YI0THAET KOpIYyC
l"aiika B® 10 3akpenssieT BTYJIKY
PykosTka Bo 11 Ilepenaer ycunue BKIHOUYEHUS
BEHTUIIIO

OnpeneseHne u cpaBHeHHe CTOMMOCTH PYHKIMI
[IpumeHsIoT 1Ba cioco6a OIEHKH CTOMMOCTH (PYHKIIMHA:
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1. IIpsimo#i pacueT 3aTpar MO CTOMMOCTH MaTE€pUaNOB, TPYJAOEMKOCTH U3TO-
TOBJICHUS U T.J. 3aTpaThl HA KaXAYI0 U3 BCIIOMOTATEIbHBIX QYHKIMN HU3JeTus
ONpeAensIoT 1o popmyre:

SJ :Z(SM +Ssap)+s'31<’
1=1

rae S, — CTOUMOCTh MaTepHAJIOB;
S — pacxojbl Ha 3aprmiary;
S,« — 3aTpaThl Ha coJep>KaHUEe U IKCITyaTaluo 000pya0BaHus;
N — 4HUCIIO ONEPAUN TEXHOJIOTUUECKOTO MPOIEcCa.
3aTpaThl Ha OCHOBHYIO “I”-10 QYHKIIHIO Sj €CTh CyMMa pacXoJIOB Ha BCIIOMO-
raTejabHble QYHKIIMH, 00eCleYynBalonnue OCHOBHYIO (B COOTBETCTBUU ¢ QYHKIIU-
OHAJbHOW CTPYKTYPHOU U3IEIHS):

m
S, = Z Sij,
i=1
qDyHKHI/IOHaJIBHO — H€O6XOI[HMBIG BanaTBI, T.C. BeJII/I‘{PIHy MHUWHHUMAJIBHBIX 3a-

TpaT HAa U3TOTOBJICHUE U3JCNIHA C 3aJaHHBIMU QYHKIIUSIMU OMPECIISIOT 10 Gop-
MYyJie

Sd).H. = ;Si,

r7e K — YUCJI0 OCHOBHBIX (YHKIIUM.
B kauecTBe nmpumepa B Tabi. 3 mpuBEAEHO pacHpeeeHue 3aTpaT Mo BCHO-
MOTATEJbHBIM (PYHKIUSIM BEHTUIA [S]:

Tabnuua 3 Pacnpenenenue 3aTpar Mo BCIOMOTaTeIbHBIM QYHKIUSIM

Jetanb DOyHKIUSA Pacxonpr Ha ee CymMapHbI€ 3a-
peann3anmio TpPaThI
Kopmyc BD 1 2 3,68
B® 2 0.60
B® 3 0.48
B® 4 0.60
Beutuis B®d 5 1.2 2,04
B® 6 0.84
Brynka B® 7 0.60 1.32
B® 8 0.72
ITpoknanka B® 9 0.48 0.49
l"aiixa B® 10 0.60 0.60
PykosTka BD 11 0.72 0.72

2. MeToJ AKCHEpPTHBIX CPAaBHEHUU CTOMMOCTH QYHKIUI AJIsl JAHHOTO U aHa-
noruuHoro uzaenus. [lo sTomy MeTony Aist KaxXa0W GyHKIIMHU U3enus 3a-
HNOJIHAIOT Ta0JUIy, B KOTOPOM ISl KaXKJA0T0 BapuaHTa peanu3zanuu QyHK-
MU IpUCBauBalOT O0ann (Myduemy BapuaHTy — 1, xyamemy — 5). B ta6m.
4 BapuaHT 4 U3aeNus UMEET HAUMEHBIIINE 3aTPATHI.
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Tabnuua 4 CpaBHeHUe 3aTpaT Ha peaJn3aluio QyHKIUN

BapuaHTsl 3aTpaTsl
Marepuan | Usrotosnenune | Oxcnnyarauus | DHepro3atparel | CymMma
1 3 2 4 2 11
2 1 3 3) 3) 14
3 S 4 3 1 13
4 4 1 2 3 10
5 2 5 1 4 12

[IoMMMO CTOMMOCTM OKCIEPTHBIM IIYTEM YCTaHaBJIMWBAETCS 3HAYUMOCTH
GYHKIIUH, T.€. BBIABISIETCS, HACKOJIBKO 3Ta GYHKIIMS Ba)KHA JJIsl paboTOCIOCO0-
HocTu u3aenus. [lpu aTom cymMma 3HaunMocTelt Bcex GyHKIUM u31enust IpuHU-
maeTcs paBHoil 100 %. MakcuManbHast 3HaYUMOCTh NMPUCBAUBACTCS TeM (YHK-
nusiM, 0€3 KOTOPBIX padoTa U3aeausl B MPUHIHUIIE HEBO3MOXKHA.

BoisiBiieHHEe 30H HAUOOJBIIMX 3aTPAT

C 1enpio BBISBIEHHS 30H HAMOOJBIIUX 3aTPaAT MCIOJB3YIOT CIEAYIOUIUE Me-
TOJBI.

1. ABC — ananu3. Pa30uBaroT netanu u y3Jibl TEXHHYECKOTO 00BbEKTa HA TPU
TPYIIIBL.

['pynnma A — goporoctosamue (5% neraneit), Ha KoTopble mpuxoautcs 75%
3aTpaT Ha U3TOTOBJICHUE.

['pynna B — cpeanue (20% neraneii), Ha ux goiwo npuxonutcs 20% 3aTpar.

['pynna C — snemMeHThl HU3KOU cTOUMOCTH (75%), HA KOTOpBIE pacXoayeTcs
5% 3atpar.

Hnsa nposenenuss ®CA B nepByro odepeab BHIOUPAIOT A€Talu U3 TPYINIBL A.
B 30Hy HauOoJbpmKuX 3aTpaT BOWIAYT AETaliv, KOTOPbIE BXOAAT B rpynny A u
UMEIOT HAauOOJIBIIYI0 CTOUMOCTh (DYHKITHIA.

2. ConocTaBlieHHE 3aTpaT Ha BHINOJHEHUE QYHKIIUN U UX 3HAYUMOCTb.

3HaYUMOCTh (PYHKIIUU OIEHUBAIOT 3KcnepTHHIM nyTeM ( oT 0 g0 1). Cymma
K03(ppunreHToB 3HaYMMOCTH QYHKUMHN H0KHA ObITh paBHa 1. Hanpumep, nis
BBITIOJIHEHUSI OCHOBHOW (DYHKIIUM U3JI€IUsI HEOOXOAUMO BBITIOJHUTHh 5 BCIOMO-
ratelbHBIX GyHKIHH: BO 1, BO 2, BO 3, BO 4, BO 5, 3arpatsl Ha BHINOJHCHUE
KOTOPBIX M3BECTHBI. DKCIEPUMEHTHI OIEHUJIM 3HAYUMOCTh 3TUX (QYHKIIUH TaK,
KaK Mmoka3aHo B Tabi. 5.

Tabnuna 5 3aTpaThl Ha BHINOJHEHUE U 3HAYUMOCTh QYHKIIUHT

DyHKIUS B® 1 B® 2 B® 3 B® 4 B®d 5
3aTpaThl Ha 2 8 7 3 0.5
BBINTOJIHE-
HHE, y.C.
3Hauu- 0.2 0.4 0.1 0.2 0.1
MOCTb
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Ctpoutcs quarpamMma COMOCTaBJICHUS 3aTpaT U 3HAYUMOCTH PYHKIUHU (pHUC.
5.3)
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Puc. 4.3. JlmarpaMmma conoCTaBICHUS 3aTpaT U 3HAUUMOCTH (YHKIIHH.

[Ipu 5TOM BBISIBISETCS SBHOE HECOOTBETCTBUE MEXAY 3HAUUMOCTHIO (DYHKI[UH
B® 3 u 3aTrpatramu Ha ee BbinoJgHeHUE. ClielyeT BECTU MOUCK MyTE€H CHUKEHUSA
3aTpaT Ha BblmojdHeHue pynkuuu BO 3.

3.CpaBHeHHE 110 J10JI€ U3TUIITHUX WU HEJOCTAIOMMX 3aTpaT ( IO OTHOLIEHUIO
K croumocTH uzaenus). Onpenensior pecypce Pi gyHKIUH I-TO 3JeMEHTa HU3/e-
JIUSl IO CPABHEHUIO CO CPOKOM CIYKOBI uzaenus T:

P = TiT_T %100%,

rae Ti- Cpok CirykObl i-TO DIeMEeHTa.
Hanee onpenensioT 1010 Ri U3NMUIIHUX (MOBBIMIEHHBIX) UM HEIOCTAOIINX
(MOHMKEHHBIX) 3aTpaT MO OTHOMICHUIO K CTOUMMOCTHU U3JEJIHA:

R P15

100

rae Si — OTHOCHTEJIbHBIC 3aTPAaThl HA BBIMOJHEHUE QYHKIUH I-TO 3JIEMEHTA.

HauGonbmue 3HaueHus R; COOTBETCTBYIOT 30HAM HauOOJIBIIETO COCPENOTOYE-
HHUS 3aTpar.

TBopueckuit 3Tan PCA. MopdoiornyecKknii aHaJIU3 KOHCTPYKIUHU

TBopueckuii 3Tan @PCA npeaycMmaTpuBaeT pa3pabOTKy BO3MOXKHBIX BapUaH-
TOB peleHuss NpoOJieMbl U UX MPEABAPUTEIbHYIO OLEHKY. s 3Toro mpume-
HSIFOT METOJIbl MO3TOBOM aTaku (MHTYUTUBHBIM METOJ MOUCKA PELICHUS ), UTepa-
THUBHOTO MOUCKa, MOP(POITOTUUECKOr0 aHAIU3a, aHAJIOTUH U JP.

MamuHe, Kak TEXHUUYECKOW CHCTEMe, MpUcyllla MHOTOBAPUAHTHOCTh (MOJIH-
Mop(}u3M) KaKk OCHOBHOE CHCTEMHOE CBOICTBO. B kauecTBe mpuMepoB MHOT O-
BAPUAHTHOCTU KOHCTPYKLMU MalIMHBI MOXXHO NPUBECTH TUIBI KYy30BOB JIETKO-
BBIX aBTOMOOUIEH (TUMY3UH, celaH, (adTOH, MUKAI, XATUOEK, poJacTep U Ap.) U
X KOMIIOHOBOYHBIE CXEMBbI (KJaccuuecKasi, MepeHeIPUBOTHAS U 3aTHEMOTOP-
Has).
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[IIupokoe npUuMEHEHHUE B NPAKTHKE Pa3paOOTKH HOBBIX KOHCTPYKLMH IMOJY-
4ua MOP(OJOTHYECKUA METOJ, KOTOPBIM Ha3bIBalOT METOAOM «MOp(ooruye-
cKoro smuka». llens npoBegeHuss MOpPOIOTrHUECKOro aHaIU3a 3aKJI0YaETCs B
HAaXO0XJECHUM BCEX BO3MOXXHBIX BAPUAHTOB IPOCKTUPYEMOW KOHCTPYKIIUH.
Heo0OXxonuMo BBISIBUTH MAaKCUMaJIbHO BO3MOYKHO€ YHUCJIO PEIIEHUN NpoOaeMbl
(BapMaHTOB KOHCTPYKTHUBHO-TEXHOJIOTUYECKOTO UCIIOJHEHUS) I TOTO, YTOOBI
BBIOpATh ONTHUMAIIBHOE.

JI1s mony4eHusl COBOKYITHOCTH BCEX PEIICHUI BBLACIAIOT BakHeHue QyHK-
WY WK TTapaMeTpbl TEXHUYECKOT0 00BEKTa, a 3aTeM MO KaXA0i pyHKIUU UIu
napaMeTpy yCTaHAaBJIMBAIOT BO3MOXHBIE CIOCOOBI HMX BhINOJHEHUA. Kaxnas
byHKIMA 00Ta1aeT ONpeaeICHHBIM YUCIOM “N” HE3aBUCUMBIX UCIIOJTHEHHUH, KO-
TOpbIe CBOASTCS B N — MepHYy0 Mopdonorundeckyio marpuny. CocraBisiercs
Mopdosornyeckas cxema WJIM MaTpHIla U3 BCEX BO3MOXHBIX U M3BECTHBIX IS
NaHHOU npoOisemsbl pemeHuil. Ilpu 3ToM no BepTUKanu B KpallHEM JIEBOM PALY
NOMEIAIOT MepeyeHb (PYyHKI UM, KOTOpPbIE JOJKHBI BBIMOJHATH Y3JIbl IPOEKTH-
pyeMoil MamuHbl. A KJIETKHM MOP(OJOrud4eckoi TaOJHMIbl 3aI0JHAIOT U3BECT-
HBIMH TE€XHUYECKMMU PEUICHUSIMHU, HAIIpUMEpP, BApUAHTAMU KOHCTPYKIHHU Y3-
70B. Ecnau nist kaxa0oi GyHKIUM ©MeeTcss My, M2, Ms,Mn KOHCTPYKTUBHBIX pelIe-
HUM, TO B 1E€JOM [JJi TMPOEKTUPYEMOTO HU3JAeNus - KOMOMHamus Hu3
m, *m, *Mm,....m BO3MOJHBIX pelmeHuil. llemouka, cocTaBieHHas U3 COYETAHUMN

AJIEMEHTOB, MPUHAJICKAIIUX KAXKIOMY Py TaOIUIBI, MOJEITUPYET OMpe]e-
JICHHBIM BapuaHT KOHCTPYKIUH. [Ipumep Mmopdonoruueckoro anaian3a TUIIOBOTO
NpuUBOJIa MpUBEIEH B Tabnuie 6 [6].

Tabnuna 6 Mopdonornueckuili aHaJIn3 KOHCTPYKIIMU TPUBOJIA

XapakTepUCTUKHU Bo3MoXxkHBIE BApUAHTHI
HUctounuk sHep- | PyuyHol nmpuBojg DJEeKTpOoaBUTA- I'mpponpuson
TUH TEJb
Yacrtora Bpartie- 30 1500 1000
HUS BEYIIETo
BaJjia, 1/MuH
KoncTpyktuBHoe | Pemennas nepe- OpuUKIUOHHASA 3yb6uaras nepe-
UCIIOJIHEHHE TIe- naJa nepeaaya nava
penau
bnounocts OHO00JIOYHEBIN MHOTOOJIOYHBIN MHOT00JI0YHBIA
napajajaeabHOTO | MPUBOJ MOCIEHO0-
ENCTBUS BAaTEILHOTO JIEH-
CTBUSA
Yuciio noToKOB Onun JIBa Heckonpko
nepenaBaeMou
MOIIHOCTH
[lepenaBaemas 0.2...1 1...10 10...100
MOIIIHOCTb, KBT
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Bb100op onTUMAJIBbHOT0 BAPUAHTOB KOHCTPYKIMH

Camoe TpyaHOE B MPOCKTUPOBAHUU — MOUCK CPEIM MHOXECTBA PA3IUUYHBIX
KOMOUWHAIMN ¥ BapHaHTOB u3aenus. Tak, €ciiu KOHCTPYKTOP CO3JaeT H3Jeiue
W3 JeCATH JeTaliel, a KaXXJAyI0 JeTalb MOKHO BBITIOJHUTH JECATHIO CIIOCO0aMHu,
TO ob6Iee uncio BapuanToB paBHO 1010, U3 KOTOPBIX NPOEKTUPOBIIUK JOJKEH
BBIOpaTh OJMH. VICIONIB30BABIIMMICS paHbIIE METOA P00 U OMIHUOOK» MOTUH-
HEH CYOBEKTUBHOMY (haKkTOpy. Y KaXJA0TO MPOCKTUPOBIIUKA MOTYT CYIIECTBO-
BaTh CBOU MPEJICTABIEHUS O JOCTOMHCTBAX U HENOCTATKAX OTJEJIbHBIX BapHaH-
TOB KOHCTPYKIIMH, KOTOPBIE MOJTYYAIOTCS B PE3YyJIbTATE PA3JIUUYHON OLEHKH (DaK-
TOPOB, BJIUSIONINX HA PEIICHUE.

[Ipu MCnoNB30BAHUHU TPAJTUIIMOHHBIX CIIOCOOOB MPOCKTUPOBAHUS OOBIYHO BbI-
JEJISIOT TJIaBHYI0 XapaKTEPUCTUKY oObeMa (KpUTEpHU Il CpaBHEHUS BapHaH-
TOB) U pacCMaTpUBaIOT BO3MOKHbIE KOHCTPYKTUBHBIC PEIICHUS. 3aTEM MO Kax-
JIOMY BapMaHTy YCTaHABJIMBAIOT HETOCTATKH, MBITAIOTCS YCTPAHUTh UJIA YMEHbB-
IIUTh UX U B UTOT€ MPUHUMAIOT TOT BapUAHT, KOTOPBHIH MMEET MEHbIIE HEJO0-
CTaTKOB.

OO0oCHOBaHHBIN BBIOOP KOHCTPYKIIUH, ONMTUMAIbHOM JJIs 3aJaHHBIX YCIOBUM
M3TOTOBJICHUS M DKCILTyaTalldH, JOJKEH OCYIIECTBISATHCA ¢ y4eTOM MHOTO00O-
pa3us KOHCTPYKTHBHBIX, TEXHOJOTHYECKHX M HKCIJIyaTallMOHHBIX (PaKTOPOB.
Jl11st Toro, 4TOOBI OLEHUTH BCE pEaTbHO BO3MOKHBIE BApUAHTHI UCITOJTHEHHUS MIPO-
EKTUPYEMOTO YCTPOUCTBA, €ro COOPOUYHBIX €AUHUI] U JeTale, peKOMEHIYeTCs
COCTAaBJISITh MOJIOKUTEIBHO — OTpHUIaTeNbHbIe Tabnuibl (Matpuibl). Ilocie
ATOTO OCYHIECTBISIIOT BHIOOP KOHCTPYKTHUBHOTO UCIOJHEHUS 3JIEMEHTOB KOH-
CTPYKIIMM Ha OCHOBAHUM aHaIW3a MaTPUIl, COCTABJIEHHBIX JJs Ka)KJ0OT0 BO3-
MO>KHOTO BapuaHTa [6]. PaccMOTpUM nmpUMEpPBI COCTABIEHUS MOJIOKUTEIBHO —

OTpHUILIATEIbHBIX MAaTpHUI] BAPUAHTOB peain3auuu pyHKuuu uznenus (tabi.7 u
8).

Tabnuua 7 [lonoXuTelbHO — OTpULIATEIbHAS MAaTPUIlA COCAUHEHUS TPOBOJIOB

[TpeumymecTBa Henocratku

Pa3beMHO€ IITHIPEBOE COEJIMHEHUE
Y 1106CTBO B 9KCTITyaTaIuu Heo6xonum dukcatop
YMmenbuienue oomux rabapuTon OrpannyeHoO pa3MeElIeHUE pa3bEMOB

B IPOCTPAHCTBE

PazwemHoOe pe3r00BOE COCTMHEHHE
Y no6¢TBO pacnonoxkeHus pazbeMoB | bonbiine radapuThl U3-3a HEOOXOAU-
MOCTH JOCTyIla K TallKkaM
Bo03MOXHOCTh MPUMEHEHUS CTAH- YBennueHue uncia geraicu
JApTHBIX YJIEMEHTOB
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Tabnuna 8 IlonoxkuTenbHO — OTpULIaTEIbHAS MAaTpPUIla BAPUAHTOB KOpHyca

BapuaHTBl KOHCTPYK- [IpeumymecTra Henocratku
1097051
JIutou xopnyc YMenbiieHue o0beMa YBenuueHue NInuTeNb-
06paboTku HOCTHU MU3TOTOBJICHUS
Bricokas npo4yHOCTH U Bricokas cTonMOCTh
JKECTKOCTh
Cuuxenue matepuano- | CHUXKEHHUE )KECTKOCTHU
CBapHoOU KOpITyC €MKOCTHU
KommakTHOCTB VXxyaumenue akyctu4de-
CKUX CBOWCTB

Ecnu oOmee yncio BapuaHTOB KOHCTPYKLIMU OYEHb BEJIUKO, TO IS BbIOOpa
palMOHAJIbHBIX BAapUAHTOB HCIIOJB3YIOTCS METOAbl YHOPSIJOYEHHOTO IMOUCKA.
YnopsiiouYeHHBIN MOUCK, TO3BOJISIONIAN OTBICKATh ONITUMAJIbHOE PEIIEHUE, OCY-
HIECTBJISIETCS B CleAyIOUIed mociieqoBaTenbHOCTH. Onpenensitor (pakTopsl pe-
HIEHUS, T.€. MapaMeTpbl KOHCTPYKIIMH, KOTOPbIE MPOEKTUPOBIINK MOXKET U3MeE-
HSTh; YCTAaHABIUBAIOT HE3aBUCUMBbIE IEPEMEHHBIE — ITapaMEeTPhl, HE 3aBUCHUMBIE
OT BOJIM IPOEKTUPOBILKMKA; BBIABISIOT 3aBUCUMBIE IEPEMEHHBIE (1I€JIH), T.€. Ma-
paMeTpbl, KOTOPbIE ONPEACIAIOTCS IPU IPOESKTUPOBAHUU (HANIpUMEp, TEXHUYE-
CKHE XapaKTEPUCTUKHU U3/EIHNSA); B COOTBETCTBUH C OTHOCUTEIBHON BaXXHOCTBHIO
ONpPEIEIISIIOT BEC (3HAUMMOCTh) KaKJ10# LEJNH; BBIABIAIOT 3aBUCUMOCTb MEXIY
NIEPEMEHHBIMU M HAJIOXECHHBIE HA MX 3HAYCHUs OTPAHUYCHUS; NPOTHO3ZUPYIOT
3HAYEHUs HE3aBUCUMBIX II€EPEMEHHBIX; BBIYUCISAIOT 3aBHUCHUMBIE IE€PEMEHHBIC
(menu), mpucBauBas KaXA0MYy (akTopy pEeLIEHUs] YHUCIOBbIE 3HAUYEHMS; BHIOU-
paroT Takue 3HauyeHUs PaKTOPOB PEIICHUS, IPU KOTOPBIX TOCTUTraeTCd HauOOJb-
11asi CyMMa YHUCJIOBBIX 3HAYEHUM BCEX LEJIEN C YUETOM UX BECOB. DTHU 3HAUYCHUSA
COOTBETCTBYIOT ONNITUMAJIbHOMY BAPUAHTY KOHCTPYKIUHU [6]. IIpu manom yncie
(GakTOpPOB pEeUICHUs UCIOJB3YIOT 00Jiee MPOCTON METO BbIOOpAa BAPUAHTOB pe-
HIEHUS — IOCTPOEHHUE AepeBa pelleHni (yIpoeHHbId croco0 ynopsiJ04eHHOTO
noucka). Ha puc. 4.4 nuzobpaxena cxema JepeBa pelIeHU, MOCTPOEHHAas MpPU
KOHCTPYUPOBAHUM BAJIKOBOU ApOoOUIKH [6].

Puc. 5.4. Cxema nepeBa perieHuit
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OOmiee umciI0 BO3MOXKHBIX peIIeHUM 3aech coctabiseTr 288. Ha mepBom
YPOBHE COMOCTABIAIOT, JaBas CPAaBHUTEIbHYIO OLIEHKY B Oajiax, 4eThlpe Bapu-
aHTa KUHEMaTH4YEeCKOM cxeMbl TpuBoJa. Ha BTopoM ypoBHE OLIEHMBAIOT TPU BO3-
MOYKHBIX KOHCTPYKIHUH IpOOUIIKHU ( JIUTYIO, CBAPHYIO, Pa3bEMHYIO), HA TPEThEM
- CPaBHMBAIOT YETHIPE BapUaHTAa KOHCTPYKLUHU OTIOP BAJIKOB ( C MOAUIMITHUKAMU
Ka4eHMs U NOJUIMITHUKAMU CKOJIb)KEHHUS ); Ha UETBEPTOM U MATOM YPOBHSX OlLle-
HUBAIOT MO MATUOATIBHON cUCTEeME KOHCTPYKIIUIO KperieHus: Oanaaxeit u cmo-
coOBI PEeryJlUpOBKHU 3a30pa MEXJy Balkamu. Pemenusi, HaOpaBIIMEe BHICIIYIO
OIIEHKY B 0ajiax, COeIUHSAIOT BETBSIMH JepeBa pPElICHUM; (PaKkTOpbl pelIeHus,
BXOJSIIME B 3TOT rpad, 00pa3yroT ONTUMANbHBIM BapUAHT KOHCTPY KIIHH.

KupHusle nuHUM Ha puc. 4.4 COOTBETCTBYIOT JABYM ONTHMAJIbHBIM BapuaHTaM
KOHCTPYKLHHU IPOOUIIKH, KOTOPBIE MOAJIeXAT NadbHel e npopaboTke.

JInd cpaBHUTEIBHOW OLIEHKH albTE€PHATHUBHBIX TEXHUYECKUX PEIICHUUN MpH-
MEHSIOT TAK)KE€ METO/I IOCTPOECHUS KPYTrOBOM AUAarpaMMbl, SBIISIOMMUICS 4aCThIO
aJTOPUTMUYECKON METOIMKU CUCTEMATHYECKON IBPUCTUKH. B COOTBETCTBUM C
3THUM METOJOM CTPOAT KPYrOBYIO I1MarpaMMy OLIEHKHM KauyecTBa U3JEJus, 10 Ie-
PUMETPY KOTOPOU pacIoa0kKEHbl HECKOIBKO PaJUAIBHBIX WIKAJ, CIYKAIIUX JUIS
OLIEHKH Pa3JMUYHBIX MapaMeTpoB TE€XHUUECKOU cucteMsl (puc. 4.5). Ilpu 3tom
3HAauY€HUs NapaMeTpPOB, PACIOJI0KEHHBIX Ha IIKajle OJMKe K LIEHTPY Kpyra, Cuu-
TAIOTCS JIy4llle 3Ha4€HU, OJIM3KUX K HAPYKHOMY KOHTYpY. ONTUMaNbHbIM Ba-
PUAHTOM KOHCTPYKTOPCKOIO pelieHus OyAeT TOT BapUaHT, AJs KOTOPOTO IJIO-
mab GUIypbl, OPAHUYEHHON OTPE3KAMHU MPSAMBIX, COSIUHSAIOINX 3HAYCHU S Ma-
paMeTpOB Ha CMEXHBIX ILIKajlax AuarpaMmbl, OyneT HauMmeHbliel. Kpyrosas
auarpamMma Ha puc. 4.5 HIIIOCTPUPYET CPABHUTEIBHYIO OLEHKY aBTOMaTHYe-
CKOW M PyYHOU CBapKu JAeTajied MamuH [6].

HEPrOZATPATEL
Coomonerme PLopMa JeTaneii
NEAPEMETPOB TIRg MOCTIE CRAPKU
Ckopocts Macca ceapoy
CBAPKH HOM TOOBKH
Croumocr, 3atparsr dernreckor
CBAPOYHOIT Ipvia
YCTaHORKH
Kauectso caaproro
B4

Puc.5.5. prFOBa}I AuarpamMMma OICHKH Ka4yeCTBa U3 CITUA

OKoHYaTEeNBbHBIN BHIOOpP BapUaHTa OCYIIECTBISIETCS C MOMOIIBIO TTOKA3aTEN,
YUYUTHIBAIOIIETO KAK KAYECTBEHHBIE, TAK U CTOUMOCTHBIE XapaKTEPUCTUKH CHPO-
€KTUPOBAHHOW MAaIlIMHBI.
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Jlng 5TOro BBIACNAIOT MOKa3aTeld KadecTBa (mapameTphl) U3JeNus, Hampu-
Mep, rabapuThl, METAINIOEMKOCTh, CTOUMOCTb, HaJIEAKHOCTb U JIp. [[poBOAST 3 KC-
NEePTHYI OLEHKY BapUaHTOB KOHCTPYKIIMHM B OajjaxX U BBIYUCISIOT KPUTEpUU
MHHHUMYMa 3aTpaT yCIOBHYIO €JUHUILY Ka4ueCcTBa.

SdJ.H.

>k

rae i=1..... N — mapaMmeTpsl 0TOOpa BapuanTa (rabapuThl, CTOUMOCTh, HaJleXK-
HOCTh | T.1.);

K

3K

S¢.u. — PyHKIIMOHATBHO-HEOOXOAMMBIE 3aTPAThl HA U3/IEIIUE;

Ki - skcmepTHas olleHKa BapHaHTOB I10 mapaMeTpy “i” B Oaiiax;

12
|

B. - K02bPUIIMEHT 3HAYUMOCTH Mapamerpa “I”’, onpeaeaseMblil METOJIOM JKC-

nepTUu3bl B Oannax.
OnTUMaNbHBIM CUUTAIO BAPUAHT C MUHUMAJIbHBIM 3HaueHUeM Kputepus Ky,
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Jleknus 6. IIYTU COBEPIIEHCTBOBAHUMA 1 MOJAEPHU3 AU
KOHCTPYKIIMHN

CoBeplIEHCTBOBAHME U MOJIEPHU3ALUA KOHCTPYKIUU MAalIWHbI OCYILECTBJI SI-
eTCs MO0 TPEeM HaNpaBJICHUSIM: UCKIIOUYEHUE HOCUTENIEeH Oecrnoynie3Hol QyHKINH,
yAelIeBIeHUE HOCUTeNel QYHKIIUNA ¢ HU3KOM OoT/Aaueil 3aTpat, ONTUMHU3AIUS pe-
cypcoB pyHkuuii. Ha npakTuke 3To peanusyercs nyreM pa3paboTK1 HOBOW KOH-
CTPYKLUH C MCIIOJIb30BAHUEM JIPYroro (pu3mueckoro NpuHIUNA IEHCTBUS, U3-
MEHEHHUS KOMIIOHOBKH, JIOKaJbHBIX U3MEHEHUN, ONTUMHA3ALUU Pa3MEPOB HJIH 3a-
MEHBI MaTepHuanoB. PaccMoTpuM Hanbosiee pacnpoCTpaHEHHBIE MYTH COBEPIICH-
CTBOBAHUs KOHCTPYKLMI MallIuH.

KoMnakTHOCTh MAIIMH — YyMeHbIIIEHHE MATEPHAJI0EMKOCTH U radapuToB

OIHUM U3 TPU3HAKOB pAllMOHAIBLHONW KOHCTPYKIIMU MAIIUHBI SABISETCS KOM-
MaKTHOCTb, KOTOpas JOCTUTaeTCs MPU UCIOJIb30BAaHUU PUHIIUINA MIOTHOM yma-
KOBKH. [Ipy KOHCTpYUpPOBAHUM CIEYET MAKCUMaJbHO UCHOIb30BaTh rabapuThl
JJIs pa3MeLeHUs] HauOOoJIbIIEro Yuciia padouux 3JI€EMEHTOB. DTOT NPUHLIUII, KO-
TOPBIN HA3BIBAIOT MPUHIUIIOM TJIOTHOW yIAaKOBKH, MO3BOJISIET JOOUBATHCS 3HA-
YUTEIBLHOTO BBIMTPHINIA B ra0apUTHBIX pa3Mepax U Macce KOHCTpyKuu [3].

OueHb BaXXHO JeTal COOPOYHOUN €AUHUIIBI 3aKITIOUYUTH B KOPIYC MUHUMAaJb-
HOTO Oo0beMa Tak KaK MPH ITOM pPAaCXOJYyeTCsS MEHbIIE MeTalla U CHUXKAeTCA
CTOMMOCTb €r0 M3rOoTOBJCHHUsS. UeM MeHblIe 00BbeM y3ja, NPUXOIAIIUNCS Ha
€AUHUIy IIepelaBaeMOl MOIIHOCTH, TEM COBEpIICHHEE €ro KoHcTpykuus. Ilo-
3TOMY NPU KOMIIOHOBKE y3J1a MIIYT TAKOE OTHOCUTEIBHOE PACHOJI0XKEHUE €TO
neTalied, Ipu KOTOPOM HE3aMmoJIHEHHBINM 00beM B KopIlyce MuHuManeH. Hanpu-
Mep, COOCHBIE IMJIMHAPUUECKHE 3y0UaThie nmepeaaun KOMIMakTHEE TIep e1ay, Bbl-
MOJIHEHHBIX MO pa3BepHYyTOH cxeMe. OCOOEHHO KOMMNAKTHBI JBYX- U TpeX- MO-
TOYHBIC COOCHBIC Iepenaun [3].

OO0beM MycTOro MpoCTpaHCTBa B 3yOUATOM PEAYKTOPE MOXKHO YMEHBIIHTb,
pPAacIOJIOKUB Bajlbl MEpeaay Ha pa3HbIX YpOBHAX. HakIOH MIOCKOCTH pazbema K
OCHOBAHHUIO TaKXe CHOCOOCTBYET YMEHBUICHHUIO HE3aMOJHEHHOIO0 MPOCTpaH-
CTBaA.

[IpuMepoM palMOHAIBHOTO pa3MEIIEeHUs AETalleld C LEeJIbl0 YMEHbIICHHUS Ta-
OapUTHBIX Pa3MEPOB MOXKET CIYKHUTh JABYXCTYNEHUATHIN peaykTop. Mcxoanyro
KOHCTPYKIIHIO, BBITIOJHEHHYIO MO TPEXBAJILHON CXeMe, MOXKHO clejaTrh 0ojee
KOMITAaKTHOW M JIETKOM, €Clu BeJoMoe 3y0uaToe KOJIECO YCTaHOBUTH COOCHO C
BEyIIUM BajioM. /lanpHelilllee CHUKEHHE pa3MEPOB U MACChl MOXHO OCylIe-
CTBUTh YMEHBIIICHHEM JUaMeTpa 3y0daThIX KOJIEC, MPHU yBEIWUYCHHUU JJIMHBI
3y0a, mepexo oM Ha HempsAMbIe 3y0bsi, U3TOTOBJIEHUEM KOJIeC U3 00Jee TBEPIbIX
MaTepuaaoB u T.1. [6].

Jnst pa3MenieHuss KOHCTPYKTUBHBIX 3JI€MEHTOB C I[€JIbI0 MOBBIIMIEHUS KOM-
MaKTHOCTU MOXHO MCHOJIb30BaTh CBOOOIHBIE TIIIOCKOCTU. B 3TOM hopMe npuH-
U KOMIAKTHOCTU OoJiee M3BECTEH Cpelu KOHCTPYKTOPOB M H300peTaTrenei
KaK METOJl «MaTPEelIKH», OCHOBHOM CMBICI KOTOPOTO — BIIOXKHUTh OJUH OOBEKT

BHYTpPb APYIroOro.
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Pasmepsl 1 Maccy KOHCTPYKIHMH B HEKOTOPBIX CIydyasiX MOXHO YMEHbIIUTH
COBMEIIEHUEM HECKOJbKUX (QYHKUMN B oAHOW Aeranu. Hampumep, B KOI0104-
HBIX TOPMO3aX IPy30M0AbEMHBIX MAIIUH TOPMO3HBIMU MIKKMBAMHU CIY>KAT MOJIO-
BUHBI YIPYTUX AUCKOBBIX MY(DT, COEIUHSIONMINX BaJIbl JIEKTPOJABUTATENIEH C Ba-
JaMU UCTIOJHUTEIbHBIX MEXaHU3MOB.

[IpyHIUT KOMIAKTHOCTH (IJIOTHO YIIaKOBKH) UCTIOJb3YETCS B aBTOMATU3 UPO-
BAHHOM MPOEKTUPOBAHUU TEXHUYECKUX 00BEKTOB. 171 3TOM 1[€JIN CO31aH aJiro-
PUTM pa3MELIEHUs] KOMIIOHYEMBIX JIeTaJIel cocO0aMM «CBEPTHIBAHUS» U «CKJIA-
nbiBaHus» [6]. [Tog KOMIIAKTHOCTBIO 3/1€Ch MOHUMAETCS JOCTUKEHUE TIPU 3a/1aH-
HBIX YCJIOBHUSX MHUHHUMAJIbHO BO3MOXKHOW IUIOMAAN (QUrypbl, oOpa3oBaHHON
BHEUIHUM OOTATMBAHHEM THOKON CBS3bIO CHUCTEMBl KOMIIOHYEMBIX AeTanei Ma-
IIVH.

B npouecce npoekTUpOBaHUS TEXHUUYECKOTO 00BEKTa 0053aTEIbHO MIPOU3BO-
JTUTCSI KOMIIOHOBKA — pallMOHAaJIbHOE pa3MellleHue KOMIIOHYEMBbIX YacTe B PoO-
cTpaHcTBe. IIponecc KOMIIOHOBKM NPU aBTOMAaTU3UPOBAHHOM MPOEKTUP OBAaHUU
NpPOU3BOAUTCS B JBa dTala: MEpPBOHAYAJIbHO pa3padaThIBa€TCs YEpPTEXK pas-
BEJKH, HAa KOTOPOM OCEBBIE€ JUHUU COCTABHBIX T€OMETPUUECKUX OOBEKTOB — Ba-
J0B, 3y04aThIX KOJIEC — JIE)KAT B IJIOCKOCTH YEPTEXKa, a 3aTEM YEPTEX CBEPThI-
BAEMOM KOMIIOHOBKH NMPECTABISIOMINN COOON BU B HANPaBIEHUH 3TUX OCEBBIX
auHui (puc. 6.1).
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6.1. Pa3zBepTka (a) u cBepTKa (0) KOMIOHOBKHU 3y0uaToil mepenadu

[Ton cBepkoi MOHUMAIOT YKJIAJKY B MPOCTPAHCTBE HEMEPECEKAIOIMMNXCS KpPY-
TOBBIX UJIUHAPOB (BajgoB, My(dT, 3yOUaThIX KOJIEC U AP.) C B3AUMHO Napajjieib-
HBIMU OCSIMH M 33JJaHHBIMH MEXIEHTPOBBIMU pacCTOSIHUAMU. [ monydeHus
KOMIAKTHOW KOHCTPYKLUU CTPEMSITCS MUHUMHU3UPOBATH IIOIA/Ib T€ OMETpHYE-
CKOW (GUTYpHI, ONMUCHIBAIONIEH BBIMYKIYI O00JOYKY KOMIIOHYEMOW CHUCTEMBI.
Taxoit ¢purypoit mpu pazpaboTKke TEXHHYECKUX 00BEKTOB Yallle BCETO SIBISCTCS
NPSIMOYTOJIBHUK WM OKPYKHOCTH (KOpITyca pelyKTopa WJIu KOpoOOK mepesad).
VilyduieHue yciIOBUM CBEPThIBAHUS JOCTUTAETCS IyTEM IPUMEHEHHS CXEMBI CO-

OCHOI'0 COBMECIICHUS BaJOB UJIM BapHaHTa «BaJl B Baje».
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BrimomHss 4epTex pa3BepTKH, B KAYECTBE KPUTEPHUS KOMIAKTHOCTH MPUHH-
MaroT JJUHY IPUBOJA, & IPU MOCTPOCHUM YEPTEkKa CBEPKH — JBA JPYTUX rada-
pUTHBIX pa3zMepa. KOMIakTHOCTh CBEPKH OIICHUBAIOT BEJIMUYMHAMU MMEPUMETPA U
NJIOIIAIH TE€OMETPUYECKOW (PUTYpHI IEHTPOB, BEPIIMHAMH KOTOPOTO CIyXKaT
IEHTPhl KOMIIOHYEMBIX KPYTOB, a pedpaMu — MpsIMbIE, COSTHHSAIONUE dTH I[CH-
Tpbl. ONTUMAIBHOCTD PEIICHUS 3aJa4d 3aBUCHUT OT B3aUMHOTO PaCIOI0KECHUS
KOMITOHYEMBIX JIETaJICH U CTCTICHNU UX B3AUMHOTO MEPECCUCHMUS.

IloBbIlIeHHE TEXHOJOTHYHOCTH KOHCTPYKIIUHU

CBs3b MEXY KOHCTPYKIIMEH MAIIWHBI U TEXHOJIOTHUEH €€ U3TOTOBJICHUS 5B-
JseTCsl OOIEeNpPU3HAHHOM, MO3TOMY NPHU MPOCKTUPOBAHUU MAIMHBI CIEIYET
obecneunBaTh OJJHOBPEMEHHO BBICOKME DKCILTYaTAIlHOHHBIC MOKA3aTEIU U BHI-
COKYI0 TEXHOJOTHYHOCThb. DopmMa JeTanu JOJKHA COOTBETCTBOBATH KOMITIOH O-
BOYHBIM PEIMICHUSIM COOPOYHOM €IMHUIIBI U pacdyeTa Ha MPOYHOCTb.

Kpome Toro, popma getanu goakHa ObITh IpUeMIeMON st 06padoTku. s
neTajiell TUMOBOW (OPMBI CleyeT MCIOJb30BaTh THUIIOBOW TEXHOJOTHMYECKHUHN
npoiecc. bosiee mpeANOUYTUTETbHBIM BapUAHTOM MPU U3TOTOBICHUM MOJBIX Ba-
JIOB SIBJSETCS TEXHOJIOTHUECKUM MpoIlecc, MpeaycMaTPUBAIOIINNA U3TOTOBJIEHUE
UX U3 TpyO IpU MUHUMAJILHOM 00bEeME MEXaHUYECKO 00paboOTKH.

Jlng yMeHbIIeHHs 3aTpaT Ha MEXaHUUYECKyI0 00paboTKy MpU KOHCTPYHPO Ba-
HUM JeTalel clieayeT coOloaaTh cleayrone OCHOBHBIE nmpaBuia. KoHCTpyK-
A AeTadd JTOJDKHA 00s3aTEILHO NPEeAyCMaTPUBATh BO3MOKHOCTh €€ 3aKpeIl-
JeHUs Ha CTaHKe aisi o0paboTku. B ciydae Hanuuus Ha AE€Tald yCTYIOB Cle-
JyeT TMpeayCMaTpUBaTh KaHABKH WJIHM MPOTOYKHU JJI BhIXoaa HHCTpyMeHTa. O0-
pabaTeiBaeMas AeTallb JOJKHA OBITh JOCTATOYHO >KECTKOW W yAO0OHOU s 3a-
KperuieHuss Ha ctaHke. OOpaboTaHHBIC MOBEPXHOCTH JOJIKHBI BBIACIATHCS OT
HEeoOpaOOTaHHBIX C MOMOIIBIO MIATUKOB WK O000bIIeK. [Inockue obpadaTbriBa-
€Mbl€ MTOBEPXHOCTH JKEJIATEeIbHO pacojaraTh Ha OJJHOM YPOBHE TakK, 4YTOOBI UX
MOXXHO OBLTIO 00pabaThiBaTh «3a OAWH Mpoxon». OTBepcTUs OOJBIIOTO aua-
MeTpa (THe3Ja MOAUIMITHUKOB) B JBYX WJIM 00Jiee CTEHKaX KOPIYCHOM JeTanu
Tak)kKe peKoMeHayeTcss 00pabaTsiBaTh «Ha mpoxoa». [Ipu obpaboTke «HaA TpoO-
XO0» Jierde 00eclnmeynBaeTCs TOYHOCTh B3aMMHOTO PACMHOJIOXKEHHUS MOBEPXHO-
creii. [lmomans o6pabaTsiBaeMbIX MOBEPXHOCTEH JTOJHKHA OBITH IO BO3MOYKHO-
cTH MUHUMaIbHOU. [Ipu 3TOM BCce oTBepCcTHSA (TIaIKHe U pe3b00BbIC) PEKOMEH-
JYeTCS BBITIOJHATH CKBO3HBIMH.

KoHcTpyupys nuThie AeTalu, CIEAYeT CO3AaTh YCIOBUS IS PaBHOMEPHOTO
OCTBIBAHHUS 3aJIUTOTO B (hopMy MeTayia. ITOMY CIOCOOCTBYET paBHOMEpHas
TOJIIIMHA CTCHOK OTJIMBOK, IMJIABHBIC MEPEXOAbI OT OJJHOTO CEYCHUS K APYTrOMY,
OTCYTCTBHE MECTHBIX CKOIJICHHH MeTaJa.

Pa3zpabateiBasi (hopMy reoMeTpUUECKHU CIOXKHOW JUTOW AeTanu (Hampumep,
KOpIyCcHasi JeTallb PEIYKTOpa), ciaenyeT u3berarb BEBIYYPHOCTH B OUEPTAHUSIX;
ATO YIPOIIAET U3TOTOBJICHUE U YCTAHOBKY CTEPXKHEU A1 00pa3oBaHUs My CTOT.
Jlns obGecriedyeHUs TEXHOJOTUYECKH JUTHIX JeTaliell ¢ TOUKU 3pEHHs ya00cTBa
(GOpPMOBKM U U3TOTOBIICHUSI MOJAEIBHOW OCHACTKH CIEAYET CTPEMHUTHCS, YTOObI
OYEpPTaHMS JUTHIX JeTaliell ObIIM OTPAaHUYEHBI MIOCKOCTAMU WM MOBEPXHO-
cTsiMu Bparienus. KoHCTpyKTop, pa3pabaTbeiBasi 4epTeX JUTOW AeTalu JTOJDKEH
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cTapaThcs 00eCeYuTh BO3MOKHOCTh (POPMOBKH C MUHUMAJIbHBIM YU CIIOM Pa3b-
eMoB. MakcumalibHasi MPOCTOTa KOHCTPYKIMHU 3JIEMEHTOB CBAPHBIX JEeTalel U
BO3MOXHOCTbh UX M3TOTOBJIEHUS U3 JIUTOTO MaTepuala WJIM MpOoKaTa SBISIOTCSA
OCHOBHBIMH YCJOBUSMH TE€XHOJOTHMYHOCTU KOHCTpYKIHHU. Oco0oe BHUMaHUE
pU KOHCTPYUPOBAHUM CBAPHBIX JETaleH CIeAyeT YIensiTh NOCTYMHOCTH MECT
cBapku. B kauecTBe mpumepa BHICOKOTEXHOJOTHMYHOIO U AKOHOMUYHOIO CIIO-
coba M3rOTOBJIECHUS CBAPHBIX pPE3E€pBYapoOB HAa30BEM CIOCOO PYJTOHHPOBAHUS.
JIucToBBIE KOHCTPYKIIUHU PE3EPBYyapOB — 000JIOUKH BpaIICHHS IIUIMHIPUYECKOM,
chepuueckoil i KOHUYECKOH (GOpMBI UMEET HAaWBBITOJAHEHIIYI0 KOHpHUTYpa-
LUIO IPU BO3JEHUCTBUU HA HUX HATPY30K OT )KUJKOCTHU U ra3a. OcoOEeHHOCTH JHU-
CTOBBIX KOHCTPYKIIMH, BHIMOJHSAEMBIX MTOYTH UCKIIOUUTEIBHO CBAPHBIMU - O0JIb-
masi TPOTSHKEHHOCTh CBapHBIX MBOB. [IpW M3roTOBIEHUHU pe3epBYyapoOB CIOCO-
OOM pYJIOHUPOBAHUS CTEHKH U JHHUIA CBAPUBAIOT HA 3aBOJI€ B OOJBIINE MMOJOT-
HUIIA U 3aT€M CBOpPAYMBAIOT UX B PYJIOHBI auamerpoM 2,5...3 M, KOTOpbIE
MOYKHO MEPEBO3UTH KEJIE3HOJOPOXKHBIM TpaHcnopToM. Ha mecte 3Tu pynioHsl
YCTaHaBJIMBAIOT B BEPTUKAIbHOE MOJOXKEHHUE, Pa3BEPTHIBAIOT U CBAapHUBAIOT.
Cnoco0 pylnoHUpPOBAaHUS MOKHO IPUMEHSTh IPU TOJIIIMHE CTEHKHU pE3€pBYyapoB
Y Ta3rojibaepoB 4..12 mm.

KoHCTpyKTOp 10JI>KEH YyUUTHIBATh OCHOBHBIE TPEOOBAHUS TEXHOJIOTUHU COO PKU
U pa3paboTKu: yno0CcTBO COOPKHU U PEryJIUPOBKH, yCKOPEHUE COOPKHU, YMEHbLIE-
HHUE PYYHBIX 000pPOUHBIX onepanuil. [{is ynodbcTBa cOOpKU U PEryJTUPOBKH J0JI-
X€eH ObITh 00ecIiedyeH CBOOOHBIN JOCTYI KO BCEM COOMpPAaeMbIM JI€TAISIM, B TOM
qucie KpenexHbIM. HanMeHpmuil uki cOOpKu JOCTUTAETCS B TOM ciydae, KO-
rJ1a MOXKET ObITh OPraHM30BaHa HE3aBUCUMasd NapajeiibHas cOOpKa OTAEIbHBIX
cOopouHbIX enuHull. s ynoo6cTBa cOOpKH y37I0B M30€TaI0T, €CJIM BO3MOXKHO,
COEIMHEHHUH C HATITOM, a TSXKEJIble JAETANIU CONMPATAlOT C BajaMu MOCAAKON Ha
KOHYC.

3HauuTEeNbHbIE IPOU3BOJACTBEHHbIE 3aTPYIHEHUS MIPU MOTPY3KE U pas3rpys3Ke
TSKEJIBIX U HEYTOOHBIX JJId 3aXBaTa CTPOMAaMHM U3J1eJIMi BO3HUKAIOT, €CJIU B KOH-
CTPYKLUH HE MPEIYCMOTPEHBI IPy30Bbl€ BUHTHI, KPIOKU MJIM pOyUIMHBL. Pa3pa-
00TKa CONpPSKEHHBIX JeTajiei, Miaomaab CONPUKOCHOBEHUS KOTOPBIX 3HAYU-
TeJbHA (HampuMep, KOPIMYCHBIE IETAIN), TPYAHO OCYIIeCTBUMA 0€3 O TKUMHBIX
BUHTOB. [Ipu pa3zgeneHnn takux getaneil 0e3 MPUMEHEHUs OT)KMMHBIX BUHTOB
(Hampumep, ¢ TOMOIIBIO 3yOuIia UJIM OTBEPTKHU) OHHU JIETKO MmoBpexaatoTes. [1o-
3TOMY B MOJOOHBIX CIIydasX HEOOXOAMMO MPEAyCMOTPETh pPe3b0OBBIE OTBEp-
CTHUS 71T OT)KUMHBIX BUHTOB.

Cnenyer 3apaHee NpeayCcMOTPETh Lebli psaa GakTOpoB, CBA3aHHBIX C yJ100-
CTBaMM COOPKH U pa3pabOTKHU: BO3MOXKHOCTh MOJ0OpaThCs KIHOYOM K raiike u
MOBEPHYTH €r0; BCTABUTHh U BBIHYTH OOJT U3 OTBEPCTHsS W T.N. Eciu mpu KOH-
CTPYMPOBAHUU NOJUIMITHUKOBBIX Y3JIOB HE yUT€HA HEOOXOUMOCTh MIPUMEH EHUS
ChEMHHUKA JJISI IEMOHTa)Xa MOAIIMIIHUKA KaueHUs, TO MpHu pa3paboTke Mmpume-
HAIOTCS MOJAPYUYHBIE CPEJICTBA B PE3yJIbTAaTe JAETald MOTYT OBITh MOBPEXKACHBI.
[TosToMy pekomMeHAyeTCs 3apaHee NPeayCMOTPETh B y3Jie MECTO IJIs 3aX0/1a I'y-
00K ChEMHHKA WJIM € UCIOJB30BaTh IJs AEMOHTa)Xa MOJIIUIHUKA CMEXHbIE
JeTaiu.
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[TokazaTeneM TEXHOIOTUUECKON pallHOHATBHOCTH KOHCTPYKIIMN H3IETUS MO-
KET CIYXUTb Kod(dunuent coopnoctu vyacteit uszaenus. Kospdumuent coop-
HOocTH Kc6 onpenenseTcs Kak OTHONIEHUE Yncia cOopouHbix ennuull E B n3ne-
JUH K 00IeMy YHCIYy €T0 COCTaBHBIX YacTei (COOPOYHBIX €NMHHUI] U JeTajnei)

E+]1 [6]:

_E
CE+ ]

C OECIJIbIO 06€CHC‘1€HI/I5I TCXHOJJIOTHYHOCTHU HU3OCIINSA Ha Pa3JIMYHBIX CTAAHAX
Cro MMpOCKTHUPOBAHUA paCCMATPUBACTCA BO3MOKHOCTL PAINMOHAJIIBHOTO YJICHC-
HUA KOHCTPYKIIUH HAa 4aCTHU, BOZMOJKXHOCTb HE3aBUCHUMOM HapaHHGHBHOﬁ C60pKI/I
COCTAaBHBIX YaCTEH U Ap.

e6

Cranaaprusauus u yHupukanus

Het Hukakoil HE0OX0OAUMOCTH KOHCTPYUPOBATh BHOBb, BCE DJIEMEHTHI U3Je-
JUs BIJIOTH A0 NOCJIEeJHEro BUHTa. YeM 0obliie TOTOBBIX AeTaneil 1 cOOpOYHBIX
€IMHUI] UCIOJIb3yeT KOHCTPYKTOpP NPU MPOEKTUPOBAHUM HOBBIX MAIIWH, TEM
Jy4lie, MOCKOJbKY B 3TOM CJIy4ae JIErye OCBOUTD MPOU3BOJACTBO HOBOW MallIWHBI
1 00€eCHeunTh €€ 3allaCHBIMHU YaCTAMH.

Hcrmonp30BaHre BO BHOBb MPOEKTUPYEMON KOHCTPYKIIUU OTAEIBHBIX YaCTEH,
paHee CO3/IaHHBIX JeTalieil, OCBOEHHBIX B MPOU3BOJCTBE U MPOBEPEHHBIX B IKC-
IJIyaTaluu, CYIEeCTBEHHO CHUXKAET TPYJLOEMKOCTh U3/IEINS U COKPALIAET CPOKH
€ro OCBOEHMS Ha IPOU3BOJICTBE.

MeTon B3aMMO3aMEHSIEMOCTH NIPEANOJaraeT MpUJaHUE COCTABHBIM YacTAM
U3JeNUsl CHOCOOHOCTH B3aMMHOW 3aMEHBI B TaHHOM W3JI€JIMU WM TPYyIIIe U3Je-
auil. OToT MeTon Hamboisee d3hdeKkTUBEH M AeTajeil 1 COOPOUYHBIX €AUHMUIL,
4aCcTO 3aMEHSEMBIX B IIPOIIECCE IKCILTyaTAllMK U PEMOHTA u3nenus [6].

OrpomMHO€ 3HauyeHHE B MAIMHOCTPOECHUHM MUMEET CTaHAApTH3aLusd, KOTOpas
obecneunBaeT eAMHOOOpa3ne U KayecTBO mpoAykiuu. CTaHaapTU3anus OXBa-
THIBAET OCHOBHBIE MapaMEeTPbl KOHCTPYKIIUMH, NPUCOEAUHUTEIbHbIE U radapuT-
HbI€ pa3Mepbl, MaTepHalibl, MOKa3aTe/IM KadyeCTBa, TEXHUUYECKHUE TpeOOBaHUS.
[Iupokoe HCIOJIb30BAaHUE CTAHIAAPTHBIX Y3JIOB U JleTaleld 00ecrneynBaeT BO3-
MOKHOCTh MacCOBOT'0 WJIM KPYIMHOCEPUMUHOTO MPOU3BOJACTBA CTAHAAPTHBIX J€-
TaJel; JeTKOCTh 3aMEHBI IPH PEMOHTE BBILIEAIINX U3 CTPOS JIeTaJIel; MOBbILIE-
HHUE KayeCTBa KOHCTPYKLMH; SKOHOMHUIO TpyJa HNpU KOHCTpyHpoBaHUHU. M3ro-
TOBJICHHE CHELUATbHOMN J1eTalu 0OOXOAUTCS B HECKOJBKO pa3 I0POXKe CTaHAAPT-
HOM, MO3TOMY BCIOAY, /1€ BO3MOXKHO, CIEYeT IPUMEHATh CTaHAAPTHBIE MY THI,
MNOJAIMUIHUKHA, TOPMO3a, KPEMEKHbIE JeTalu U 1p. [6].

3HAYUTENBHO YCKOPSET U yACUIEBISET NEPEBO3KY I'Py30B IPUMEHEHHUE CTAH-
JapTHBIX KOHTEMHEPOB — SINIUKOB CTAHAAPTHBIX pa3MepoB. OHU MO CYyTH SBIS-
IOTCSI KOPIIyCaM# KPBITHIX TPY30BBIX aBTOMOOUIEe. Takue KOHTEeHHEePHI TIep €BO-
35T C MOMOIIBIO aBTOTATAYEH M JIETKO MEPEerpyk arT Ha KEJIEe3HOJOPOKHYIO
miaTpopMy UM B TPIOM KOpalJisi. DTO MO3BOJISIET TPpaHCHOPTY OOMEHHUBAETCS
KOHTEHHEpaMHU, HE JTOKHUIASICh UX 3arpy3KH — pPa3rpy3Ku, OpraHM30BaTh 3CTa-
deTy, ocynecTBUTh KOMOMHUPOBAHHBIE TEPEBO3KM HA aBTOMOOUIBHOM, K €J1€3-
HOJIOPO’KHOM U BOJIHOM TpaHCHOpPTE.
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Cranaapthl pa3pabaTbhiBaIOTCS HA OCHOBE TNIyOOKHMX HCCIENOBaHUM U 0000-
HnIeHusl 00JILIIOrO ONbITA, MOATOMY CTaHIAPTHBIE JIE€TAJIU U CTAHIAAPTHBIE dJe-
MEHTBI JeTajel ABIs0TCS HanboIee COBEPIIEHHBIMH.

CrangapTtusanus — BaXXHEUIINNA TEXHUKO-9KOHOMUYECKUU (PakTOp, KOTOPHIH
obecrneunBaeT yMEHbIlIEHHE 00beMa KOHCTPYKTOPCKUX paboT Oaronaps cokpa-
HIEHUIO KOJUYECTBA BHOBb KOHCTPYUPYEMBIX Y3JIOB U JIETal€i U BBHIMOJHSIEMbBIX
pabouux yepTexeil; CHUKEHNE CPOKOB U3TOTOBJICHUSA U OOIIEH CTOMMOCTHU U3-
JeJINS 33 CUET MPUMEHEHUS CTAHAAPTHONW TEXHOJOTHH, TOTOBBIX (ITOKYITHBIX) OT-
HOCHUTEJIbHO JICHIEBBIX CTAHAAPTHHIX AeTaseil [3]. DiaeMeHTHl BBISABISIONINECS B
npolecce KOMIOHOBKHU, CIEeNyeT MHOTOKPAaTHO HCMIOJB30BaTh JJISI BCEH KOH-
CTPYKIIUH, TOOUBAsICh MAKCUMATBHOTO COKPAIICHUs HOMEHKIATYPHI.

YHupukanus uid COKpalleHHEe KOJMYECTBAa THIOPAa3MEpOB AeTaieid U OT-
JeNIbHBIX UX JIEMEHTOB BO BCEM M3/€/IMU HAIPaBJICHA HA MOBBIIICHUE TEXHHUKO-
PKOHOMHUUYECKHUX MOKa3zaTenel KOHCTpykKuuu. [IpuHiun yHudukamum pacrpo-
CTPAHSIOT U Ha MaTepHalbl ISl U3rOTOBIEeHUS Aetaneil. KoHCTpykTop moykeH
CTPEMUTHCA COONI0ONATh MPUHIIUN YHUPUKAIIUN BO BCEX CTAJIUAX MPOCKTUPOBA-
Hus [3]. OKoHYATENbHBIN aHATU3 KOHCTPYKIIUM C 1[€JIbI0 YHU(PUKAIIUU TPOBOIST
nocyie pa3paboTKu BceX COOpOUHBIX uepTexeil. [Ipu 3TOM yduUTHIBAIOT, HAMIPU-
Mep, TUIIB U pa3MepPhl MOAIMUITHUKOB Kau€HUS, MOJYJIU 3y0uaThIX Kojec 3youa-
THIX KOJIEC, KPEMeXXHbIE IeTallh, MOCaJOYHbIe pa3Mephl U Tp.

YHupukanus 3J1eMeHTOB KOHCTPYKIIUH CHUXKAET CTOMMOCTH IMPOU3BOJICTBA,
yhpouiaet o0cayKuBaHue U 3kcmiyaranuio. Hanpumep, yaudukanus Mmoaynei
3yObEB yMEHBIIAET HOMEHKJIATYypy 3yOOpEe3HOro MHCTpyMeHTa. YHudUKaius
MOCAaJOYHBIX Pa3MEPOB CHUIKACT HOMEHKJIATYPY KOHTPOJBHBIX KaduOpOB; yHU-
dbuKanus KpemexKHbIX AeTajel YMEHbIIAeT KOJUUYECTBO PEe3bOOHAPE3HOTO MH-
CTPYMEHTA M COKPAIIaeT KOMIIJIEKT IA€UHbIX KJI04eu [6].

YHUuUKAUM MoAJIekKaT pa3Mephl MOCATOUYHBIX TOBEPXHOCTEN, pe3b0bl, IITH-
[[€BbIC U MITTOHOYHBIC COCANHEHUS, KPETEKHBIE NETaIu U JIp.

CreneHnb yHU(DUKAIIUH U3EITUS OIEHUBAIOT C MOMOIILIO KO3 dunmeHTa npu-
MeHsemoctu. KoapdunueHt npumerseMocTd yHUPUIUPOBAHHBIX COCTABHBIX
yacTed B U3J€JIUU onpeaensercs no Gopmyie

_E + 0,
YO E+ ]
rne Ey — ynciao yaudumupoBaHHBIX COOPOYHBIX €IMHUII B U3ICIIHH;
Iy — uynciao yHuUIUPpOBAHHBIX JeTalielt u3/1ensl, He BOmeAmuX B Ey;
E — yncno cOOpoOYHBIX €AUHUI] B U3JCITUU;
| — ancno peraneit, ABIAIOMMXCS COCTABHBIMH YaCTSIMH U3ACINUS U HE BO-
menmux B E [6].
KosddumueHT npumMeHsIeMOCTH CTaHJApPTHBIX COCTAaBHBIX YacTeW H3AeNIusd
OTIpeaeNsAIoT Mo Gpopmyse

- ECWI + ﬂ('nl

¢ E+ 1
riae — B¢ — 4MCiI0 cTaHAapTHBIX COOPOYHBIX €AUHUIL;
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Her — 4MCO CTaHAAPTHBIX AETAJEH U3JEus, HE Bomeamux B Ecr.
DKoHOMHUYECKUM 2P PEKT OT CTaHAAPTU3AIMK CKJIAJIBIBAETCS U3 ABYX COCTaB-
JISIOMHX
1. CHuxeHure ce0eCTOUMOCTH OT yBEJIUYECHUS K0P PUIITUEHTOB MPUMEHS EMO-
CTH CTaHJIAPTHHIX U YHU(GUIUPOBAHHBIX COCTABHBIX YaCTEH MAIlIMHBI:

2, =C,+(K,+K))*K,,
rae Cs — cebecTonMOCTh 0a30BOM MOJEIH.
2. CokparnieHue 3aTpaT Ha MPOEKTHPOBAHHUE:
2,=N,*S,,
rae N, — 9uciio aHHYy IMPOBAHHBIX YEPTEKEH;
S, — 3aTpaThl Ha OJUH YEPTEK.

YMeHbIIeHHE HOMEHKJIATYPbI 00bEKTOB MPOU3BOICTBA.
llapamempuueckue psovi

OIHHUM U3 TyTEl COBEPUICHCTBOBAHUS KOHCTPYKIUI MAIIUH SABIISIETCS YMEHbB-
HIEHUE HOMEHKJIATYPbl U3JEIUN, B PE3yJbTATE YEro MOBBIIIAETCA CEPUUHOCTHU
BBIIYCKA, YBEJIIMUYUBAETCS NPOU3BOAUTEIBHOCTh, YMEHBIIAETCS CTOUMOCTD IIPO-
JTYKIHHU, 00JeryaeTcs dKCIUTyaTalus, pEMOHT U CHa0XEeHHUE 3aM4acTsIMHU.

YMeHbIIEHHE HOMEHKJIATYPbl BBIIYCKAEMBIX H3JIEIUNA OCYLIECTBISICTCS IY-
TE€M CO3/IaHUs TapaMeTPUUYECKUX PSAIOB MAIIUH C PAllHOHAIBLHOTO BHIOpaHH BIMU
MHTEpBaJaMu Mex1y HUMU. [lapameTpuueckuii psa — 3TO psAJ MAIIMH OJJUHAKO-
BOT'O Ha3HAUYCHUS (€IMHBIN TUIl MAIIWH) C U3BMEHEHUEM €€ pa3MepoB NP coxXpa-
HEHUU T€OMETPUUYECKOTrO MOoa00us.

PaccmoTpuM rpaduk mpuMeHseMOCTH TpeX(da3HbIX IJICKTPOJBUTATENICH Me-
PEMEHHOI0 TOKa U COOTBETCTBYIOIINNA eMy mapaMeTpudeckuit psaa (puc. 5.2).
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Puc. 6.2. I'padux mpuMensieMocTH (a) 1 mapaMeTpUIECKUN psiJ dJIeKTpoaBuTaTenei (0)

[TapameTpuyeckuii psa pa3pekeH B 0071acTH HAUMEHbBINEH U CTYIIEH B 00Ja-
CTH HauOOJbIIEeH NMPUMEHIEMOCTH, YTO MMO3BOJISET MOJHEE YAOBICTBOPUTH IO-
TpeOHOCTHU B DJICKTPOABUTaTENAX. [[pOOHOCTH MOIIHOCTHU IJCKTPOABUTATEICH B
yKa3zaHHOM 00JiacTh 00ecCleurBaeT MOBBIMICHUE CTEIEHU UX UCTOJb30BaHUS.

DKxoHOMHYECKUU 3P(DEeKT mapaMeTpUUYECKUX pPsJ0B OOYCIOBIEH COKpalie-
HHUEM YHucjia MOJeJiel, yBeJIUYeHHEeM MacliTada BhIMyCcKa Kaxa0i moaenu. Me-
TOJ MapaMEeTPUUYECKUX PATOB JaeT MaKCUMaIbHBIA 3PPeKxT B ciliyyae MalluH
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MacCOBOTO NPUMEHEHUs ¢ OOJBIIMM AWAaNa30HOM U3MEHEHUs Mmoka3areneil. Ba-
KEH MPHU 3TOM MPaBUIIBHBIM BHIOOP THIA MAllWH, YHUCJIA psijla U UHTEPBAJOB
MEXy HUMM.

g 5TOTO ClelyeT YUUTHIBATh CTENEHb MPUMEHSIEMOCTH PA3JIUYHBIX YJICHOB
psna. B nnanazone Hanbojee 4acTO MPUMEHIEMBIX TapaMETPOB 11eJieco00pa3Ho
YBEJIUYUTH YMCIIO YJICHOB psijia, B IMANa30He PeJKO MPUMEHSIEMbIX — PACIIUPUTH
UHTEpBaJbI [3].

OnTUuMHU3aIUA KOHCTPYKIMHA MAIIIHH

OnTuMu3aluioo KOHCTPYKIIMU PAacCCMOTPUM Ha MpUMEpax ONTUMHU3ALUNA Teo-
METpHUYECKON (POPMBI M cOCTaBa MaTepuaa JeTajleid MalluH U 000pyaOBaHMUS.

OnTUMU3AIUI0 TEOMETPUIECKON (HOPMBI U3IETUS BBITIOTHSIIOT JJISI MUHHUM U-
3alMM CTOMMOCTH ero marepuana. C 3TOW LeNIbl0, HAIPUMEDP, IPUMEHSIOT Je-
TaJIU, UMEIOIINE KOJIbIEBOE UM TOHKOCTEHHOE ceueHne. Eciau konpleBoe ceye-
HHUE TPYObl PAaBHO MO IJIOIIAU CEYECHHUIO CILIONIHOTO CTEPXKHS, U30THYTh CTEp-
KE€HBb Jierde, ueM TpyOoy.

[Tonble BaJibl C OTHOIIEHUEM JUAaMETpa BHYTPEHHET O OTBEPCTHUS K HAPYKHOMY
nuaMmeTpy, paBHbiM 0.95, uMeroT Maccy B 5 pa3 MEHbIIYI0, Y4eM Macca CILIONI-
HOTO Baja [3].

Haubironueiimee cedeHue Oajnok B (GopMe MOJOro MPSIMOYTOJIbHUKA IO
NPOYHOCTH JIUIIb HEMHOTO YCTYNaeT KOJbIEBOMY CEUEHHI0, 3Ta (hopMa UMEET
U KOHCTPYKTHUBHBIC IPEUMYIIESCTBA.

B kauecTBe mpuMepa ONTUMHU3AIHUU T€OMETPUUECKON (HOpMBI pacCMOTPUM
ra3rojbAepbl — COCYAbl JJIsl XpaHEHUs Tra3a, KOTOPble MOTYT OBITh IIAPOBBIMU
UM UMIMHApUYecKuMHU. Pacxoa MeTanna Ha U3rOTOBJIEHUE APOBOTO Ia3rojb-
nepa Ha 20 % meHble, 4yeM U HUIMHIApUYecKoro. OQHAKO OHU MEHEE pacupo-
CTpPaHEHbl M3-3a TPYJHOCTH HM3TOTOBJIEHHUS CKOPJIYI — JUCTOB JBOSIKOM KpH-
BU3HBI. CTOMMOCTH JKCILTyaTaIllUU Ta3ToJIbJEPHON CTAHIIMM YMEHBIIAECTCS MPHU
yBEJIUYEHUU 00BbeMa ra3rojipjiepa U yMeHblIeHUM ux yucia. OqHako «rabapurt-
HBIE» Ia3roJibJephl, KOTOPHIE MOKHO MEPEBO3UTH I10 KEIE3HOU AOPOre, UMEIOT
auaMeTp o 3.25 M, MO3TOMY palMOHAIbHBI HEerabapuTHBIC UJIUHAPHUUYECKUE
ra3rojpaepsl O0JLHOTO qUaMeTpa U 00beMa, U3rOTaBIMBaeMbIe Ha MECTE.

['opuzoHTaNbHBIC MUJIMHAPUUECKUE PE3EPBYAPHI IS KUAKOCTEH 00HEMOM 10
400 m3 nns yno6cTBa TPAaHCHOPTUPOBKHU LEIECO00pPa3HO U3rOTABIMBATh C JUa-
MeTpoM He Oosiee 3.25Mm. BenencTBue mosiHONW 3aBOACKOW TOTOBHOCTH 3THU pe-
3epByapbl HAKO0JIee YIKOHOMUYHHBI.

Jnst xpaHeHus: OOJBIIUX OOBEMOB KHUIAKOCTU MPUMEHSIOT «KamjJeBHUIHBIC»
pe3epByapnl (UMeOT Gopmy Jexadel Kamiad XKUAKOCTH), KOTOpbIE MpeacTaB-
JA10T c000M 000710YKM paBHOTO CONMPOTUBJICHUS PACTIAKEHUIO U U3TUOY. Takoil
pe3epByap SBISIETCS paBHOMPOYHOM M BeCbMa 3KOHOMHUYHOM MO 3aTpaTe CTalIu
KOHCTPYKIHEM.

C 1enpr0 9KOHOMUH MaTepuaja Ipu KOHCTPYUPOBAHUYU ITUITUHAPUUECKUX BEP-
THUKAJbHBIX PE3epBYapoOB BHIOMPAIOT HAMBBHITOJAHEHIINE COOTHOIICHUS BBICOTHI
H u nuamerpa D npu 3aganHom o6veme pesepByapa (mpasuiio [llyxosa) ciaeny-
oM oopazom [3].

[Ipu mepemMeHHOW TOJIIMHE CTEHKU pe3epByap MMEET MUHUMAJIbHYIO Maccy
IpU yCIOBUM, YTO 00BEM MeTajja JHUINA U KPHIIIK paBeH o0beMy MeTalia
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crenku. OnTuMansHas popma pezepByapos oobemom 10 10000 M3 gocTuraercs

D
IpU COOTHOILIEHUU ﬁzz....s.. [loncuuTano, 4YTO pacxoj CTalu Ha pe3epByap

HM3KOTO JaBJIE€HHs, yMEHBIIAETCs C YBeIMUeHHEM o0beMa pe3epByapa (Tabi. 9)
Ta6nuna 9 Pacxoj cTanyu oT 06beMa HUIMHIPUIECKOTO pe3epByapa

O6bpem, M° 200 400 1000 2000 5000
Pacxon cranu, kr/m> 38 33 24 21 20

3HAYUTENbHBIA BBIMTPHILI IPU NPOEKTUPOBAHUU MAIIUMH MOXKHO MOJYYUTH 3a
CYeT ONTUMHU3AIMHU BHIOOpPA MaTEepHUAaJIOB.

Bo MHOrux ciaydasix cKa3blBaeTcCsi JKOHOMUYECKH I1€J1IeCO00pa3HbIM MPUHH-
MaTh JJI U3TOTOBJIEHUSA JI€TajJeil KOHCTPYKIIMOHHYIO YTJIIEPOAUCTYIO UJIH JIET U-
POBAHHYIO CTajb C NOCIEAYIOUIEH [IEMEHTAaUuEeN U 3aKankoi. B pe3ynbrate us-
JeIMe OKa)XETCSI HEOTHOPOJHBIM IO CBOEMY CTPOCHHUIO. 3[I€Ch KauecTBa cep -
LEBUHBI U IOBEPXHOCTHOTO CJIOSI JOMOJHSIOT APYT ApYTa.

[Tpu BeIOOpE MaTepuana sl TSAKEIOHArPYKEHHBIX 3y0OUaThIX KOJEC UCXOMAST
U3 TOTO, YTO MOBEPXHOCTh 3yObEB JIOJKHA 00J1a1aTh BBICOKO KOHTAKTHOW BBbI-
HOCJIMBOCTHIO, a 3yObsl MIECTEPHU — JOCTATOUHOU M3TMOHON MPOYHOCTHIO. [l
BBIMIOJIHEHHSI TIepBOro TpeOOBaHUs pabdoyasi MOBEPXHOCTh 3y0a JOJKHA UMETh
BBICOKYIO TBEPJIOCTb, & JJISl BBIIIOJHEHUSI BTOPOTrO — MaTepHuall 3yObeB JOJIKEH
00nagaTh MJIACTUYHOCTHIO. TakuM 00pa3oMm, K OJHOM U TOM K€ 4YacTH JAeTalu
NpeABABISIOTCS pa3andyHble TpeOOBaHUs. PemuTh 3Ty 3a1a4y MOKHO IyTEM BBI-
Oopa COOTBETCTBYIOIIEH MapKu CTaJM U BBEJECHUS MOBEPXHOCTHOIO YNPOUHE-
Hus Matepuana. CrnocoObl peanu3aluu 1eJIeBOM MaKpOCKONHWYECKON HEOJHO-
POIHOCTH MaTepuaia U3Aeius Ciaeayolue:

Tepmoxumuueckass o006paboTka; O0OJULIOBKAa IOBEPXHOCTEH; NPUMEHEHUU
HaKJaJ0K ¥ BCTaBOK, OMMeTaIu3anus; TOHKOCIONHbIE HEMETAJNIMYECKHUE T10-
KpbITUA [6] U ap.

B kadecTBe mpuMepa OOIUIIOBKM MOBEPXHOCTEH JeTalie MOXHO MPUBECTH
byTepoBKy (00IMIIOBKY MOJMMEPHBIM MAaTEPUATOM) KaHATHBIX OJIOKOB U IIKHU-
BOB. DTOT c0CO0 ONTUMM3ALMU UCHOJB3YETCS TAKXKE JUIS MOJYy4YeHUs KOMOU-
HUPOBAHHBIX (KOMIO3UTHBIX) MAaTE€pHUaJIOB, COCTABIEHHBIX U3 HECKOJIBKHX KOM-
MOHEHTOB, COXPAHSIIOUIUX CBOU OCOOEHHOCTHU B OTJEJIbHOCTH, HO B COBOKYITHO-
CTH 00pa3ylolNX HOBBIE MaTepUasbl, OTIUYHBIE IO CBOMCTBAM OT MCXOJHBIX.
Haunbonee MaccoBbIif U CPAaBHUTEIBHO JICHIEBBIA KOMIO3UT — CTEKJIOIIACT, TJI€
apMUPYIOLIUM 3JIEMEHTOM CIIY’KaT CTEKJISHHBIE BOJOKHA, a CBSA3YIOIIUM 3JIEMEH-
TOM - CMOJIa. B HOBBIX KOMIIO3UTax B KaUE€CTBE YNPOUYHSIOIHUX 3JIEMEHTOB UC-
NOJIB3YIOT YIJIEPOJUCTBIE U OPTaHUYECKUE BOJOKHA; IEPBbIE€ KOMIO3UTHI B 4.5,
a BTOpBIE B 5.5 pa3 Jierde CTaju U CyIECTBEHHO MPOYHEE.

B npoMBIILUIEHHO pa3BUTHIX CTpaHax JOJsI MPOTPECCUBHBIX MaTEpHAOB —
KOMIIO3ULIMOHHBIX, OJUMEPHBIX, KEPAMUYECKUX CPEAU APYIUX MATEPUAIOB B
KoHCcTpykuusax MamuH aocturaetr 20...30%. IToMuMO 3KOHOMHHU JOPOrOCTO -
HIIMX METAJJIOB POCT MPUMEHEHHSI KOMIIO3UTOB MPUBOAUT K 00LIEMY CHUXKEHHIO
MaccChl MaIIMHbBI, K COKPALIEHUIO SHEPro3aTpar U roproyecMa3ouHbIX MaTepHa-
JIOB.
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Jlekuus /. TEXHUKO-9KOHOMHWYECKHUE IMTPOTUBOPEYNSA "
METO/bI UX ITPEOJOJIEHUA

CoBeplIeHCTBOBaHUE KOHCTPYKIIMHU 000 MalIuHbl UAET TJIaBHBIM 00pa3om
10 JUHWUMU YCTPAHEHUS HEJOCTATKOB M NPOTUBOPEYUS MEXKAY COBEPLIICHHOU U
HECOBEPIICHHON YacTsIMHU KOHCTpYKIuH. [IpoTuBOpeunii B 11000 TEXHUY €CKOM
CUCTEME MHOTO, BCE OHU B3aUMOCBs3aHbl U pa3HooOpa3Hbl. [IpoTuBOpEeuns Bo3-
HUKAIOT MEXIy TapaMETPAMHU U 3JI€MEHTAMU TEXHUYECKOM CUCTEMBI, MEXY Ya-
CTSIMM M CBOWCTBaMHU €€ COCTaBHBIX 3JIEMEHTOB. IIpu 3TOM 3apoxIeHUE U pas-
pellieHre MPOTUBOPEUYUM NHANEKTUYECKH B3aUMOOOYCIOBIEHO — YCTpaHEHUE
OJHOTO MPOTHUBOPEUMS COINPSIKEHO C BOSHUKHOBEHUEM APYroro. TeXHUKO-IKO-
HOMHUYECKHE NMPOTUBOPEYMS BOZHUKAIOT MEXKAY KOHCTPYKTOPCKO-TEXHOJOTUYE-
CKUMH, YKOHOMHUYECKMMHU M DKCIUIyaTAallMOHHBIMHU I1I0KAa3aTEJsIMU MAIlWHBI B
IIpOLECCE €€ MPOCKTUPOBAHU U MOJaepHuU3auuu. llpu 3TOoM, eciam HEKOTOPBIM
CIOCO0OM yJiydliaTh OJUH IapaMeTp, TO MOXKET yxyamarbes apyroil. Hampu-
MEp, IPU YMEHBUICHUHU PA3ZMEPOB U3IEIHUS C UENBIO 10 CTHKECHHSA KOMIIAKTHOCTH
MOKET CHU3UTHCS €ro HaJ€KHOCTh U BO3PACTYT PEMOHTHBIE pacxoasl. Pe3ynb-
TAaTOM Pa3pEelIeHUss TEXHUKO-3KOHOMHYECKOrO IMPOTUBOPEYUS] CTAHOBUTCS CO-
37JaHU€ KOHCTPYKIHUH, KOTOPasi MPEACTABIAET COO0M CUHTE3 3JIEMEHTOB HOBOTO
U IIPEKHET0 TEXHUYECKOI' O PELICHU.

MeToauka AJabTHIyJIJIEpa

OnHoM M3 HaydyHO OOOCHOBAHHBIX U XOPOIIO 3apE€KOMEHJOBAaBIIMX ce0s B
IIPAKTUKE IPEOJOJICHUS TEXHUUYECKUX U TEXHUKO-DKOHOMHYECKUX NPOTUBOpE-
YUl METOIHK siBisieTcss Metoauka I'.C,AnpTmysuiepa, Ha3plBaeMasi aIropuTMOM
peuieHus uzooperatenpbHbix 3aaa4y (APU3), koTopas coaepKUT Nocae10BaTENb-
HOCTb OII€palUy IO BBISABJICHUIO, YTOUHEHUIO U MPEOJOJICHUIO IIPOTUBOPEUUs
[7].

DTa METOAMKA MOXET C YCIIEXOM NPHUMEHATHCSA NMPU KOHCTPYUPOBAHUU Ma-
IIMH, TOCKOJIBKY TPYA KOHCTPYKTOpPa, KaKk U u3o0peraTelisi, UMEEeT TBOPUYECKUN
XapakTep, a B HEKOTOPBIX CIy4yasiX KOHCTPYKTOP SABISIETCA «M300peTaTesnemM Mo
noJKHOCTH». KOHCTpYKTOp M M300peTaTesib UAYT K PEUICHUI0 TBOPUYECKOU 3a-
a4y MYTEM IOMCKA, OJTHAKO IMTOMCK KOHCTPYKTOPA BEAETCSA METOAUYECKH L1 EJIE-
HampaBJIEHHO, B 00Jiee CTPOTroi Mociae10BaTeIbHOCTH.

B cooTBeTCTBHU C 3TOW METOAMKON KPUTEPHUEM COBEPIICHCTBA JIIOOOW Ma-
IIMHBl CIYXUT COOTBETCTBYIOIIAs YPOBHIO BCEX COBPEMEHHBIX TpeOOBaHUM
«uaeanpHas MallMHa», KOTOpPas UCIOJb3YETCS KaK 3TAJIOH JJs CpPaBHEHUS. AHa-
JIA3 HEJAOCTATKOB IIPOTOTUIIA C LEJIBI0 UX YCTPAHEHUS HAUYMHAETCS IIPU DTOM C
HNOMBITOK MaKCUMaJbHO MPUOIU3UTHCS K ATAIOHY. VCHONb3ys NpeanokKeHHYIO
METOAUKY, KOHCTPYKTOP JIErde HAWAET NPOTUBOPEYUE B IPOEKTUPYEMOM Ma-
IIMHE U MOJYYHUT Pe3yjbTaT Mo3TanHo, 0ojee dPPEKTUBHBIM U KOPOTKUM MY-
TE€M, YEM B ciiyyae OecrnopsiiouHoro nmoucka. OmnpeneneHmue uaeaibHOro KOHEY-
HOTO pe3yJibTaTa (3TajJoHa KOHCTPYKIHMH) IOMOTAET cpa3y BBIUTHU B 001aCTh 3(-
bexTuBHBIX pemieHui. JlanbHEeHIINH MOUCK KOHCTPYKTOpa 00Jerdyaercs BbISB-
JEHUEM TEXHUUYECKOTO MPOTUBOPEUUS U MPUMEHEHHUEM THUIIOBBIX NMPUEMOB €r0
yctpanenus (puc. 7.1).
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CdopmymupoBats 3a1aqy

y

[IpeacTtaBuTh cebe ueanbHbI KOHEYHBINA Pe3yNbTaT (ITAJIOH)

|

Onpenenutp, 4TO MEUIAET TOCTHKEHUIO pe3yJibTaTta (HalTH IPOTUBOPEUUE)

l

OnpenenuTs, oueMy MelaeT (HalTu MPUUYUHY TPOTUBOPEUHS)

A 4

Haiit ycnoBusi, mpu KOTOPBIX NPOTUBOPEYNE CHUMAETCS

Puc.7.1. Anroputm I'.C.AnpTmiynnepa

B cooTBeTCTBUM C 3TOW METOAMKOMN PEIICHUE TEXHUYECKOU 3a/1a4M CBA3AHO C
TpeMs 3TalaMu TBOPUYECKOTO nporecca. Ha mepBoM — aHaJIMTUYECKOM 3Tale Bbl-
SABJISIFOT TEXHUYECKOE UM TEXHUKO-3KOHOMHUYECKOE MPOTUBOPEUYUE B CHUCTEME.
[Ipu 3TOM KOHCTPYKTOp HJET OT CPOPMYIUPOBAHHOMN B 0OIIEM BHUJIC 3aJlaUl K
OTBICKAHHUIO COAEPIKAIIETOCA B HEM NMPOTUBOPEYUHUS, ONPEACISAET NPUUYUHY MPO-
TUBOPEUMS U HAXOJIUT YCJIOBHUS, IPU KOTOPBIX NMpoTuBOpeune cHumaeTcs. Co-
rnacHo APU3 aHanuTH4ecKoOW sTam AEJUTCS Ha 5 omepainuid: MOCTaHOBKA 3a-
Jla4yu; OMNpeJieJIeHUE UIeaTbHOT0 KOHEUHOro pe3yibTara (3TajloHa); HaX 0Xk/e-
HUE NPOTUBOPEYHS, MEIIAIOMIETO JTOCTUXKECHHUIO 3TOTO PE3yJIbTaTa; OTHICKAHUE
MPUYUHBI 3TOTO POTUBOPEYHS, BBIABICHHUE YCIOBUM, MPU KOTOPBIX OPOTUBOPE-
Yyye CHUMAaeTCH.

Ha onepaTtuBHOM 3Tamne BEAETCS MOUCK JYUYIIETO KOHCTPYKTOPCKOTO PELI €HUS
B CIIEYIOUIECH MOCIECA0BATEIBHOCTHU: MPOBEPSAIOT BO3MOKHBIE U3MEHEHHUS B Ca-
MOM T€XHHUYECKOM O0BEKTE, BOBMOXXHOCTh paCUJICHEHUsI 00bEKTAa HA HE3aBUCH-
MBIC YaCTH, a TAaK)Ke€ U3MECHCHHS BO BHEIIHEH cpejie, OKpyKaroleh 00beKT, BO3-
MOKHBIE M3MEHEHHUSI B COCEIHHMX O00BEeKTax, pabOTarIMX COBMECTHO C JIaH-
HbIMU. Pe3ynbTaTt 3TOT0 3Tana — yCTpAaHECHUE NMPUYUHBI MPOTUBOPEUYUS U IMPHU
HEO0OXOJUMOCTH BHECEHHE U3MEHEHUI B OJTHY M3 YacTei MaIIUHBI.

Ha cunTeTnueckom aTare Ipyrue 4acThu COBEPUICHCTBYEMOM MAIIUHBI TP UBO-
JSITCSL B COOTBETCTBUE C U3MEHEHHOM 4acThio. lIpeasoxkeHHbIA TOPSIIOK U MO-
CIIEIOBATEILHOCTh JEWCTBUM OPraHU3yeT MBINIJICHUE U JEATECIbHOCTh KOH-
CTPYKTOpPA B MPOLECCE PEUICHUS TEXHUYECKHUX 3ajad.

Ha puc. 7.1 npuBeneHa cxarasi cxeMa METOJUKHU PEIICHUS TEXHUUECKHUX 3a-
nay I'.C. Anptmynnepa. [Ipu nosb30BaHUM CXEMOU CIIEYET UMETh B BUIY, YTO
MpoIeCC TBOPUYECKON pabOThl KOHCTPYKTOPA, MOJYUUBIIETO TEXHUYECKOE 3a/1a-
HHUE Ha MPOEKT, OOBIYHO HAYMHAETCS CO BTOPOTO ATala.

PaccmoTpuMm npumMep, MILTIOCTPUPYIOIIUN TPUMEHEHUE MPOrPaMMHOM METO-
UKW PEUICHUS TeXHUUECKUX 3a71a4 K MPOEKTUPOBAHUIO 3yOUaTOM nmepenayu.

1. AHaIUTUYECKUI FTAll PEIICHUS:
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DTaJOHOM MPOEKTUPYEMON KOHCTPYKIUM (HUACATIbHBIM PE3yJbTaTOM) SIBIIS-
€TCsl BeCbMa KOMIMAKTHAs U JIeTKasi KOHCTPYKIIUS peayKTopa ¢ O0JbIION HArpy-
304HOM cmocoOHOCThIO. 3yOuaThie KoJjieca HM3TOTOBJIEHBI M3 JIETUPOBAHHOU
CTaJIU, MOJABEPTHYTHI IEMEHTAIIMU U UMEIOT BBICOKYIO TBEpA0OCTh. Dopma 3yOheB
— meBpoHHas. C 1enp0 CHUKEHUS Ta0apuTOB pEAYyKTOpa YMEHBIIEHO MEXKOcCe-
BOC PACCTOSIHUE 32 CUET YBEJIUUYCHUS IUPUHBI 3yObEB.

Yto MemaeT MakCUMallbHO MPHUOIU3UTHCS K 3TOMY 3TaloHy? TexHUKO-3KO-
HOMHUYECKOE MPOTHBOPEUYNE MEXKIY TPeOOBAaHMEM KOMIAKTHOCTH M CTOHUMOCTHU
npoaykuuu. [IpuMeHsist it U3roTOBJICHUS JIETUPOBAHHYIO CTallb U TepMOOOpa-
0OTKY, TOCTUTAaeT YMEHBIIECHUS radapuToB U3AENIHUs, HO IPU TOM BO3pacTaeT
TPYJIOEMKOCTbh U CTOMMOCTbD €ro U3rotoBiaeHus. Kpome 3Toro u3-3a Majaoro me-
KOCEBOTO PACCTOSIHUS MOSIBISIIOTCS TPYJHOCTU C pa3MEIlleHUEeM MOAIUITHUKOB
kaueHus. [IpyynHa npoTHUBOpEUUs] — 3HAUUTEIbHOE YMEHBIICHHE MEXKOCEBOTO
paccTosHus.

2. OnepaTUBHBIN 3Tal:

YcTpaHAOT NpUYMHY NPOTUBOPEUHS NYTEM BHECEHUS] U3MEHEHUI B OJHY U3
4acTeld KOHCTPYKUMU. B 3aBUCHMOCTH OT HCIOJIb3YEMOTO MpHUEMaA 3/1ECh BO3-
MO>KHBI HECKOJIBKO YTEW PEIICHUS:

a) IpUeM YBEJIIMYCHUS YUCIia DJIEMEHTOB TEXHUUECKOM cucTeMbl. B kaxoii u3
ONOp BEAYIIEro U BEJOMOTO BajJOB PEAYKTOpa YCTaHAaBIMBAIOT CABOECHHBIE ( C
1EJIbI0 MOJYUEHUSI HEOOXOAUMOU JUHAMUYECKON IPy30TIOAHEMHOCTH ) MO IIUII-
HUKU KadeHUs 0oJiee JIETKOW Cepuu, UMEIOIIME MEHBIIYI0 CTOUMOCTE. [Ipu aTOM
o011ee Y Cca0 NOAMMUITHUKOB B OMMOPaxX peAyKTOpa YBEIUUNBACTCH.

0) KOMIPOMHUCCHOE penieHue (MpueM yBeJIHnYeHUsl — yMeHblIeHus ). Mexoce-
BO€ PACCTOSIHME HECKOJIbKO YBEJIMYUBAIOT 10 BEJIMYUHBI, IPU KOTOPOU B OIOpaX
BAJIOB MOTYT Pa3MECTUThCS MEPBOHAYAIBHO BbIOpaHHbIE NOAMUNHUKNA. OJHAKO
IpU 3TOM HECKOJBKO yBeJIMYaTcsi rabapuTHbIE pa3Mephl peAyKTopa, T.€. yMEHb-
HIUTCSA €ro0 KOMIIAaKTHOCTb

B) IpUEM HM3MEHEHHUS AIIEMEHTOB TeXHUUYECKOU cucteMsbl. [lepeliTu B omopax
BAJIOB PEAYKTOpa OT MOAIIMIIHUKOB KauyeHUs K 0oJiee EeIIeBbIM MOAIIUITHUKAM
CKOJbXeHUA. IIpr 3TOM 3HaUUTENBHO YMEHBIIAOTCS JUAMETPAIBHBIE PA3MEPHI
MOJIIUITIHUKOBBIX THE3[, U HEOOJbIIOE MEKOCEBOE PACCTOSIHME HE OyAeT Cly-
XKUTh NPENATCTBUEM JJI pa3MEUIeHUs MOAIIUIHUKOB CKOJIbXKEHUS; TAKUM OO0-
pa3oM NpoTUBOpeUre OYyJIET YCTPAHEHO.

3. CHHTETUYECKUH ITAll PEIICHUS:

Jlng mociiefHero peueHnsl OnepaTUBHOTO 3Tana (IyHKT 2, B) BBEJIEM U3MEHe-
HUS B IpyTHE YAaCTU TEXHUUECKOU cucTeMbl. TpedyeTcss opraHu30BaTh CUCTEMY
CMa3Ku MOJIIMIHUKOB CKOJIbXEHUS WU NPUMEHUTH JUISI U3TOTOBJICHUS BKJa-
JpIel aHTU(QPUKIIMOHHBIN CaMOCMAa3bIBAIOIIUICS MaTepua [6].

Tunosbie 3BpUCTHYECKHE NIPUEMBI JJH IPEOA0JECHUA TEXHUKO-IKOHOMHU-
YeCKHUX NMPOTHBOPEYHUH

BrisiBneHue ycinoBul, IpU KOTOPBIX TEXHUKO-3KOHOMHUYECKOE TPOTUBOPEUYHE

YCTPAHSETCS U €r0 NPEOJOJCHHUIO TOMOTAET MPUMEHEHUE TUITOBBIX IBPUCTHY €-

CKHX MPUEMOB. DBPUCTUUYECKHUE IPUEMBI UJIM IPUEMBI OpTaHU3AIUU TBOPUYECTBA
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colepKaT yKazaHue npeoOpa3oBaHHUM, KOTOpbIE CleAyeT MPOBECTH B U3 EIUU
I TOoCTHXKeHUs uenu. [Ipuem oOBIYHO CONEPKUT HECKOJIBbKO 3BPUCTHY ECKHUX
npaBui. Meroj npecTaBieHusi CO00 COBOKYMTHOCTh IPUEMOB U SIBJISIETCS CIO-
co0OM IOCTHXEHUs omnpeaeseHHoN 1eau. OH colep UT 0OBIYHO OJWH HJIU He-
CKOJIBKO MMPUEMOB, U3JI0KEHHBIX C COOJIIOJICHUEM YHOPSAA0YEHHOCTHU MPEMUCHI-
Ba€MbIX JAEUCTBUH. [Ipy MpOEKTUPOBAHUYU MOTYT UCHOJb30BATHCS JIOTUUECKHUE U
ABPUCTUUYECKHE METOMBI U MpueMbl. OT YMEHHUS UCHOJIb30BaTh IBPUCTUUYECKUE
METO/bI 3aBUCAT TBOPUYECKMUE BO3MOKHOCTU KOHCTPYKTODA.

DBpPUCTUYECKUE METO bl MOBBIIIAIOT BO3MOXHOCTHU MTOUCKA U HAXOXKICHUS pe-
HICHUS B TE€X clyyasX, KOrJa OKa3blBAIOTCS HEIOCTATOYHBIMHU JIOTUUYECKUE (ali-
TOPUTMUYECKUE) METOJbl. AJITOPUTMOM HaA3bIBAIOT COBOKYITHOCTh MPaBUIJI, KO-
TOpasi €CIU €U MOCIEIOBATEIBHO PYKOBOJACTBOBATHCSA, ABTOMAaTUYECKHU ITOPOXK-
JlaeT BEPHOE peIIeHNEe. IBPUCTHIECKUE MPUEMBI 0OJIBIIIC HAITOMUHAIOT 3 MITHUPHU-
YeCcKHue npasuia. B oTandue oT allrOpuTMOB 3BPUCTUYECKHUE MMPUEMBI HE TapaH-
TUPYIOT ycliexa. DBPUCTUUECKUE METOJ UM MPUEM MO3BOJSAET COKpAIlaTh KO-
JUYECTBO BO3MOXKHBIX BapUAHTOB PEIICHUS 33aJaud UM YUCIO NPOO0, a B psjie
CIly4yaeB NPUUTHU K PEIICHUIO C MEHBIIMMU 3aTpaTaMu BPEMEH U CPEJICTB.

OBpUCTHYECKHUE TPUEMBI HAMIPABJIEHBI HA TO, YTOOBI OTPAHUYUTH MOJIE BEIOOpA
UM TIEPEUTH B JIpYroe ImnoJie BbIOOpa MM Moucka. OyHKIUS IBPUCTUYECKUX
MPUEMOB — HAMPABIATh U PETYJIUPOBATHh MOUCK. IBPUCTUUYECKHUE MPUEMBI - 3TO
IIpUEMBI CAMOHABEJACHUS Ha PEIICHUE.

MeToa KOHTPOJABHBIX BonipocoB OcdopHa

B psange meToauK MPakTHUKYETCS MOCIEA0BATEIbHOE MPUMEHEHUHU IBPUCTHY €-
CKHX IMPUEMOB K MPOCKTUPYEMOW KOHCTPYKIIMH WM TeXHUYECKOM 3anaue. C 1e-
JIbI0 AKTHUBU3AI[UU TBOPUYECKOTO NPOLECCA IPU KOHCTPYUPOBAHUH UCTIOJIb3yETCS
«METOJ KOHTPOJIbHBIX BOMIPOCOBY, I1€JIb KOTOPOTO — MPUBECTH K PELICHUIO KOH-
CTPYKTOPCKOMW 3aJlay¥ C NOMOIIBI0 HABOAAIUX BONPOCOB. B cicke KOHTPOJIb-
HBIX BOTMpocoB OcOopHA, KOTOPBIM MCMOIB3YyeTCs 3a pyOekoM, mpejsaraercs
MOCJIeIOBAaTENbHBIA TepeOop Pa3aUYHBIX IBPUCTUUYECKUX MPHUEMOB NMPUMEHU-
TEJBHO K pemaeMou 3ajaaue. [IpuBenem 3TOT nmepedyeHb B COKPaAIIEHHOM BHUJE
[6].

1. Kakoe HOBOE mpuMeHeHHe (MU CIIOCO0 MPUMEHEHHUS ) MOKHO MPEAT0XKUTh
TEXHUUYECKOMY 00BEKTY?

2. M0oXHO 74 pelnTh TEXHUUECKYIO 3a7a4y MyTeM MPUCIOCOOJIeHUs, YIIPO-
IICHUS WU COKpalleHusa? YTo HamOMUHAET NaHHBIM TeXHUYECKUN 0OBEKT, BbI-
3BIBAET JIM AaHAJOTHS HOBYIO HAet0? IMEIOT 11 aHaJTOTUYHBIE PEIIEHUS, KOTOPbIE
MOYHO MCII0Jb30BaTh? UTO MOXHO 3aMMCTBOBATH?

3. Kakue B03MOXHBI MOIUPUKAIIMA TEXHUUECKOTO 00BbekTa? Bo3moxkHa mu
MoaudUKaIKs MyTEM BpallleHUs, u3ruda, kpydeHus? Kakue BO3MOXHBI U3M €HE-
HUsl QYHKIUM, NIBUOKEHUS, POpMBI U 1Ip.?

4. YTOo MOXHO yBEJIWYUTHh B TEXHHUYECKOM OOBEKTE WJIH MPUCOCIUHHUTH K
Hemy? Bo3MoxHA M MyJIbTUILTUKAIUS pabOYMX AJIEMEHTOB HJIUM BCEro 00b-
ekTa? MOoXHO JIU YBEIHYUTH CPOK CIIY>KOBI, 4aCTOTY, pa3Mepsbl, IPOYHOCTh, TO-
BBICUTh Ka4€CTBO?

5. UTo MOXHO B TEXHHYECKOM OOBEKTE yMEHBIIUTH WU 3aMEHUTH, YIIOT-
HUTh, CKATh, YKOPOTUTh, CY3UTh, OTACIUTH, pa3IpOOUTH?
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6. UTO MOXXHO B TEXHUYECKOM 00BEKTE 3aMEHUTH, HAIIPUMEP, MaTepHua, pac-
MOJIOKEHHUE U T.1.7

7. Uto MoxkHO npeodpa3zoBaTh B JaHHOM TeXHHUUYECKOM 00bekTe? Kakue koMm-
MOHEHTHl MOXHO B3aMMHO 3aMEHHUTh, U3MEHHUTH IMOCJIEJIOBATEILHOCTh OIllepa-
Ui, CKopocTh? B3auMHO 3aMEeHUTh IPUYUHY U CIEACTBUE?

8. UTo MOXXHO B TEXHUYECKOM OOBEKTE MepeBepHYTh HaoOopoT? Henb3s nu
MOMEHSITh MECTAMHU, IPOTUBOIIOJIOKHO Pa3MEIICHHbIE 3JIEMEHTHI, TOBEPHYThH UX
3aJI0M Hamepe, NePpeBEePHYTh THOM, IOMEHSTh POJIIMHU?

9. Kakue HOBbIC KOMOMHAIIMH 3JIEMEHTOB TEXHHYESCKOT0 00BEKTa BO3MO KHBI?
MoXHO 1M coO3/1aTh HOBBIM aCCOPTUMEHT, KOMOMHHPOBATH CEKIUU, Y3JIbI,
0J10KU, arperartsl?

Jnst HaxokAeHUsT 00JacTH BO3MOXHBIX PEUICHUN PEKOMEHAYIOTCS TaKkKe
HABOJSIIHAE ONEpaluu CICAYIONETO0 THUIA: KCIOJb30BaTh MPUHLUI JIEHCTBUS
MPUPOJHBIX CUCTEM; UCTI0JIb30BaTh H3BECTHBIC KOHCTPYKIIUH ; MPUCITOCOOUTH UX
K HOBBIM YCJIOBHUIM; MOAUGHUIIMPOBATh JeHcTBUE (PYHKINIO); U3MEHUTh CXEMY
HATPY)KCHUS; YBEIUUYUTh UM YMEHBIIUTh 0071aCTh B3aUMOICUCTBHS; HCITOJIb30-
BaTh 00OpaTHOE JICUCTBHE; U3MEHUTh KOMIIOHOBKY 3JI€MEHTOB KOHCTPYKIIUH, Me-
HiIg X (QOpMy; U3MEHHTh KOMIIOHOBKY 3JIEMEHTOB KOHCTPYKIIMH, MEHSS HX
dbopMy; H3MEHHUTHh OYEPEIHOCTh B3aMMOJCHCTBHUS DJIEMEHTOB KOHCTPYKIIWH;
CTPYNIUPOBATH JIEMEHTHI B Y3JIbl; UCKIIOYUTh HEKOTOPHIE BJIEMEHTHI MYyTEM
00BbEIUHEHUS PA3TUUHBIX PYHKIIUI B OJTHOM DJIEMEHTE; pa3MECTUTh OJUH JJe-
MEHT BHYTPHU JPYTroTo; UCIOJIb30BaTh CHMMETPHUIO UJIU ACUMMETPUIO, 3aMEHUTH
OTBETCTBEHHBIC JIEMEHTHI U3BECTHBIMU MPOCTHIMH 3JIEMEHTAMHU; U CIOJIL30BaTh
KOMIICHCUPYIOIIUE 3JIEMEHTBI; YBEIMYUTh HECYIYIO CIOCOOHOCTH AJIEMEHTA IYy-
TEM COYJICHEHHUS €ro ¢ JAPYTrMMHU JeTalisiIMU; U3MEHUTh pa3Mepbl, YBEIUYUTH
YUCJIO COCTAaBHBIX YACTEW; UCKIIOYUTh YAaCTH, COCTABJSAIONINE MPUYUHBI TPY -
HOCTEH; 3aMEHUTh OJIHU JIETAJIU APYTrUMH [6].

[IpuMeHeHe OCHOBHBIX IBPUCTHUCCKUX IMPUEMOB M MX KOMOWHAIIUM JIIS 13-
MEHEHHUS MPOCKTUPYEMON KOHCTPYKIIMHU MPEACTABICHO Ha puc. 6.2.
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HekoTopsie U3 3TUX NPUEMOB CMBIKAKOTCSA APYT C APYTOM, IPOBECTHU CTPOTYIO
rpaHUIly MEXIY HUMH 3aTPYIHUTEIbHO, TO3TOMY BO3MOXHO COYETAHUE M Ma-
pannenpHOe NPUMEHEHHUE IBYX MJIM HECKOJBKUX MPHUEMOB.

PaccMoTpum nociaenoBaTelibHO OCHOBHBIE DBPUCTUUECKUE TPUEMBI, Haub oJiee
4acTO UCIIOJIb3YEMBIE B IPOLIECCE MPOEKTUPOBAHUS IS IPEOJOJIEHUS TEXHUYE-
CKHUX U TEXHUKO-3KOHOMHUYECKUX MPOTUBOPEUHH.

AHaJIOTHA M KOHCTPYKTHBHAS MPEeMCTBEHHOCTh

OCHOBY aHAJIOTUH COCTABJISIOT IPUEMBI CPAaBHEHHUS U IIEpPEHOCA JIEMEHTOB U
COOpOYHBIX €IUHHUII U3 OJHON KOHCTPYKUHUHU B APYTyI0. AHAJIOTHUS, UCIOJb3Ye-
Masi IPHU MPOCKTUPOBAHUH, MO3BOJISIET CAEIATh BBIBOJ OT CXOJCTBAa KOHCTPYK-
IUMH U OPOTOTHUNA B OJHOM K CXOJCTBY B JIPYrOM, 3aKJIOUYEHHUE IO aHAJIOTHUU
NpeACTaBIsIeT COO0N epeHoC HHPOPMAIIMK OT MPOTOTHUIIA K pa3pabaThiBaeMOn
KOHCTpyKkIuu. OJHAKO HE BCsKas aHaorusi npaBoMmepHa. IIpu ucnosib3oBanuu
aHAJIOTUU PEKOMEHIYETCS PYKOBOJACTBOBATHCS CICAYIOUIUMH MPaBUIAMU:

1. BeposATHOCTh TPaBUIBHOrO pELICHUS TEM BbIIIE, YyeM OoJjblle OO0IuX
CBOMCTB Yy IIPOTOTUIIOB U MPOECKTUPYEMOI'0 YCTPOMCTBA.

2. OCHOBHBIE MPU3HAKU MPOTOTUIIA U YCTPOUCTBA JOJKHBI OTIUYATHCS JIPYT
OT Jipyra, ObITh 00Jiee Pa3HOPOJHBIMU.

3. IlepeHocuMBIE MO aHAJIOTUU CBOWCTBA JOJKHBI OBITh TAKOTO K€ TUIMA, KaK
1 CXOJHBbIE [6].

[IpumeHeHue Npu NPOCKTUPOBAHUM MAlIUH U MEXAHU3MOB TEOPUU MOA00US
JIEJaeT BBIBOJIBI IO AHAJIOTUU BIIOJHE JOCTOBEPHBIMHU. Y CHEIIHOE HAXOXKICHUE
HOBOT'O TEXHHUYECKOTO PEUICHHUS HE BCErJa CBA3aHO JUIIb C MPUMEHEHUEM
CTPOTrO ONPEAEICHHOro nporotuna. MMHOr1a mojie3Ho uCrnoab30BaTh HECKOJIBKO
aHAJIOTUYHBIX 00BEKTOB, BBIpAXKAIOIIUX OJHY U TY e ujaeto pemenus. [Ipu ana-
JOTUPOBAHUU B TEXHUYECKOM TBOpYECTBE OOJbIIOE 3HAUCHUS UMEIOT 3HAHUE
CMEXHBIX 00J1acTeil HAYKU M TEXHUKHU, YMEHHUE MOJIb30BATHCS IPYTUX HAYK.

[Ipu mpoekTUpOBaHUM aHAJIOTHUS BHICTYyNaeT B (hopMe KOHCTPYKTHUBHOM TIpe-
€MCTBEHHOCTH, T.€. UCIOJIb30BAHUS NPHU NPOEKTUPOBAHUU IMPEAIIECTBYIOUIETO
OIIBITA, BBEJCHUS B KOHCTPYKLHUIO BCETO MOJE3HOTO, UTO €CTh B CYHIECTBY FOLIUX
MamuHax. Kaxayo Moaens MalmHbl TOCTEINEHHO COBEPIICHCTBYIOT, CHA0KAIOT
HOBBIMM Yy3JIaMU U arperataMmu, 00oraiaroT HOBBIMA KOHCTPYKTHBHBIMU peIIIe-
HUSMHU, SABISIOMUMUCS TJI0JOM TBOPUECKUX YCUIHUN U U300pEeTaTEIbHOCTU HE-
CKOJIBKMX MOKOJIEHU KOHCTPYKTOPOB.

HekoTopbhie KOHCTPYKTUBHBIC PEUICHUS C TOSIBJICHUEM 00Jiee palliOHAIbHBIX
pEUICHU, HOBBIX TEXHOJOTHYECKUX TPUEMOB, C MOBBIIIEHUEM SKCIIITyaTall MOH-
HBIX TpE€OOBAHUN OTMUPAIOT, & HEKOTOPHIE OTKA3BIBAIOTCS UCKIIOUYUTEIBHO XKU-
BYUYHMMHU U COXPAHAIOTCSA NJIUTEIbHOE BPEMS B TAKOM WJIM MOYTH TAKOM BUE,
KaKkoW MM Mpujaiud co3aateiu. B copeBHOBaHMAX MOOEXIar0T HanboJiee Mpo-
IPECCUBHBIE U )KMBYUYHE KOHCTPYKLIUH [3].

[To3TOMy KOHCTPYKTHUBHas MNPEEMCTBEHHOCTh MNpPEAyCMaTpUBAET KpUTHUUE-
CKUM MOAXO0J MPOCKTUPOBIIHUKA KaK K TEXHHYECKOMY 3aJIaHUI0, KOTOPOE OOBITHO
OPUECHTHUPYET €T0 Ha ONMPEACICHHBIM OTEUECTBEHHBIN WM 3apyOeKHBIM MPOTO-
THUII C BBICOKUMH TEXHUUYECKUMU MOKA3aTeIAMH, TAK U K MAallIUHAM — aHAJIOTaM.
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KOHCTpYKTHBHYIO NPEEMCTBEHHOCTh M3JEJIUS MOKHO KOJMYECTBEHHO OIlE-
HUTh C MMOMOIUIBIO MOKa3aTelied MPEEMCTBEHHOCTH KOHCTPYKIIMU, KOTOPBIE Xa-
PAaKTEPU3YIOT HOBU3HY U3JENUS, U3MEHSIEMOCTh U TOBTOPSEMOCTh €I0 COCTaB-
HBIX YaCTE€H, KOHCTPYKTUBHBIX 3JIEMEHTOB U MaTepuaaoB. K HUM OTHOCSTCA KO-
3¢ bUHEeHTH HOBU3HBI KOHCTPYKIIUHU, MPUMEHIEMOCTH YHUDUIIUPOBAHHBIX UIIH
CTaHJIAPTHBIX JAeTaneil, COOPOYHBIX €AUHUIl U KOHCTPYKTUBHBIX AJIEMEHTOB, 10-
BTOPSIEMOCTH COCTABHBIX YAaCTEW M3AENIHSA, €T0 KOHCTPYKTUBHBIX 3JIEMEHTOB U
MaTepHuaJiOB, TUMU3AIUI KOHCTPYKTUBHOTO UCIIOJHEHUS [6].

KoappuumeHT HOBU3HBI KOHCTPYKIIMH OMIPENENSIOT Mo hopMyJie

Ku = M )
N
rae Ny — 4nMclio HOBBIX COCTaBHBIX yHacTel (AeTajied U COOPOUYHBIX €IUHUII) B
pa3paboOTaHHON KOHCTPYKLIHU;

N — oO1ee 4uciio COCTAaBHBIX YaCcTE CIPOCKTUPOBAHHONW KOHCTPYKIIUMU.

Kosdpdunuent HoBuzHbl Ky MOXKET U3MEHSITHCA OT HYJS A0 €AUHUIIBI.

HoBu3Ha KOHCTPpYKIIUU U3/IEIHS CYIIECTBEHHO BIHSAET HA JIUTEIbHOCTD TEX-
HUYECKOW MOATOTOBKH MPOU3BOJICTBA IPU CO3JJaHUU U OCBOCHUU U3JENUS, CHH-
JKEHHE pacxojJa MaTepHaJioB Ha 3amacHble 4acTH U T.N. Ha HOBU3HY KOHCTPYK-
MU U3JeNIUsT MOXKHO BO3JICMCTBOBATh MyTEeM YHU(PUKAIUM €TO COCTABHBIX Ya-
CTeH, a TaK)X€ TUNHU3allUM KOMIIOHOBOYHOM CXEMBI [6].

NuBepcus niam odpamenue

PaznuuaroT aHanmoruu (accomuaiuu) M0 CMEXHOCTH, MO CXOACTBY M MO KOH-
TpacTy. AccolMalui MO0 KOHTPACTY U MPOTUBOIMOIO0KHOCTHU BBIMOJHIIOT 0C000
BaXXHYIO POJib, B TBOPUYECKOW YMCTBEHHOMU JESATEIBHOCTH uUejoBeKa. Accolua-
MY MO0 TPOTHUBOMOJOXKHOCTH JIETJIM B OCHOBY MHBEPCUOHHOTO MBIILJIEHUS, KO-
TOpOE€ caMo MO ceOe 3HAYUTEIbHO CJIOXKHEE, HEXKEJN aHaJOTOBOE MBIIUJICHUE.
XOTsI ”THBEPCUOHHOE MBIIJIEHUE U aHTUIIOIHO aHAJIOTOBOMY, OHO HEBO3MOKHO
0e3 MmociaemaHero.

Bot kak omnumcweiBaer meton MHBepcuHM JlukcoH: «Eciau HEKOTOPHIH OOBEKT
O00OBIYHO paccMaTPHUBACTCSA CHApPYXKHU, TO MPUMEHEHHUE METOJa MHBEPCHHU O3Ha-
4aeT, YTO Teneph OH OyAeT uccieqoBad u3HyTpu. Ecnu B ycTpoiicTBe HEKOTOpas
JeTaJlb PACIIOJOkKEHA BEPTUKAIBbHO, TO MHBEPCUS O3HAUYAET, YTO €€ IMepeBopa-
YUBAIOT BBEPX JTHOM, CTABSIT B TOPU3OHTAJIBHOE MOJIOKEHUE WJIU TOMEIIAI0T MO/
HEKOTOpHIM yrioMm. Ecium ojgHa 4acTh CHUCTEMBI JIBMUXKETCS, a JApyras HEIo-
JBUKHA, TO MHBEPCHUS 0O3HAYAET, YTO ATHU YACTU MEHAIOTCA MecTaMu» [5].

MeTonoM MHBEpPCUM WJIM OOpalleHUs] HIUPOKO MOJb3YIOTCS KOHCTPYKTOPHI,
n3obperatenu u yueHnnie. Ha 6aze metona obpamienus Qyukuuii, popm u pacro-
JIO)KEHUS AeTaliel cAeJIaHO OTPOMHOE YUCJI0 U300PETEHUM, MopaKkarIUX CBOCH
OpPUTHHAIBHOCTbIO U HEOOBIYHOW JIOTUKON paccyxaeHus. B y3max mamuH ObI-
BAa€T BHITOJHBIM MOMEHSATH JE€TAJIU POJSIMHU, HAIPUMEDP, BEAYILYIO J1€TaIbh MOKHO
clleJaTh BE1OMOM, OXBAaThIBAIOIIYIO0 — OXBATHIBAEMOW, HEMTOABUKHYIO — TOIBU K-
HOM.

[{enecoobpa3no nHOTAA MHBEPTUPOBATH GOPMBI JIeTalIei, HAIPUMED, BBITTYK-
JIYIO TOBEPXHOCTH CJI€JaTh BOTHYTOM, IEPEMECTUTh KOHCTPYKTUBHBIE 3JIE€MEHTHI
C OJHOU A€TaJd Ha APYrYyK, HAIpUMEpP, MIMOHKY — C Baja Ha ctynuny. Kaxapii
pa3 KOHCTPYKIIUS IPU 3TOM pUoOpeTaeT HOBbIe cBoMcTBa [3]. NHorna ynaercs
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NOOUTHCSA 3HAYUTEIBHOIO yCIieXa B OpraHu3alui peuIeHus] TEXHUYECKOH 3a1aun
u 0e3 100aBJIeHUSI HOBOT'O AJIEMEHTA 33 CYET OJHOTO JIUIIb U3MEHEHHUS PACIoo-
KEHHUS UMEIOIIMUXCA KOHCTPYKTUBHBIX 3JIEMEHTOB, ITYTEM U3MEHEHUS COOTHOIIIE-
HUS MEXJIY HUMH, MEPECTAHOBKUA WJIM MEPETPYNIUPOBKU HX, T.€. U3MECHEHHUS
CTPYKTYPBI.

[leperpynnupoBKa MOXKET MOBJIEYb 32 COO0 M3MEHEHUE aKI[eHTa B TOHUMa-
HHUU KOHCTPYKTOPCKOM 3a/1a4yu; IPHU 3TOM 3JIEMEHTHI U COOTHOIIEHU S, CTOS BIIIUE
710 IEpErpyNINUPOBKU HA MEPEJHEM IIJIaHE, MOTYT OTOJIBUHYTHCS Ha3al U T.II.

JloNTrOBEYHOCTh HEKOTOPBIX AE€Tajeil yJaeTcs MOBBICUTh BJABOE, MpeaycMarT-
pUBasi BO3SMOXKHOCTh UX IE€PEBEPTHIBAHUS ITOCIIE MOJOBUHBI CPOKA CIHYKOBI. ITO
OTHOCHTCS K JeTaisiM, paboTaloIuM OJHON CTOPOHON Mpodus.

IIpuemsb! yBeaunyenuss — yMmenbmeHusi. [lpocrora n
CJIO)KHOCTb KOHCTPYKUHMH

PacnpocTpaHEHHBIMU 3BPUCTUUYECKUMU NMPUEMAMHU SIBISIOTCS YBEIMYEHHUE U
YMEHBUICHUE KOHCTPYKTOPCKO-TEXHOJIOTMUYECKHUX MMOKA3aTeIe MallluH, HalpHU-
Mep, YBeJIMUYEHHUE yncia pabouux OpraHoB, pado4yux MO3ULMHN, KOJIUYECTBA OJ-
HOBPEMEHHO 00pabaThiBa€MBbIX U3AEIUN U Ap. YBEIUUEHUE U YMEHbILICHUE NIPU
3TOM CJIeAyeT MOHUMATh B CaMOM HIMPOKOM ILIaHE, KaK YBEJIWYEHUE U YMEHb-
IICHUE CKOPOCTH [BH)KEHHS, HAJACKHOCTH, FT'€OMETPUUYECKUX pPa3MepoB, Aeii-
CTBYIOIIUX yCHIIUM.

MeTonoM yBEIMYEHHUS 4acTO MOJb3YIOTCA JUIS YJIYYIIEHUS SKOHOMUYECKHX
nokaszarenei mamnH. Hanpumep, BbIroiHEE TEPEBO3UTH IPY3bl U MACCAKUPOB B
OJTHOM OOJBIIOM aBTOMOOHMIJE, cCaMOJIETE, IT0€3JIe, YeM B HECKOJIBKHX MaJcHb-
KUX.

[Tomararotr [2], yTo JNr00asi TEXHUYECKAs CHUCTEMa B MPOLIECCE PAa3BUTUSA OT
crienrain3aluuu no PyHKIMOHAIbHOMY Ha3HAUYEHUIO K YHU(PHUKALMU 3JEMEHTOB
npUHUMaeT GopMy U30JIUPOBAHHBIX JIPYT OT ApYyra yHU(PUIUPOBAHHBIX dJIEMEH-
TOB, YMCJIO U XapaKTep KOTOPHIX MOTYT BapbHUpPOBATHCS; IPU 3TOM OOLIUH pOCT
TEXHUYECKUX CUCTEM MPOUCXOAUT 3a CUET YBEJIUUYEHUS YHCia YHUPUIIUPOBAH-
HBIX 3JIEMEHTOB (I10€3[, IUXTEPOBO3, KOHTEUHEPHI U T.1.).

B cinyuasx, korzaa nenecoo0pa3Ho yMEHbIIEHUE YHUCIa IPUHATBHIX KOHCTPYK-
TUBHBIX PELICHUN U MaTEepHaJIOB, UCIOJIb3YETCA MPUEM CUMILTU(DUKALINY - OTpa-
HUYEHUS WJIH COKpAIIEHUs YuCcia TUIOPA3MEPOB BBINYCKAEMbIX M3AEIHN U UX
COCTaBHBIX YacTel, HOMEHKJIATYpPbl KOHCTPYKTUBHBIX 3JIEMEHTOB, & TAKKE COP-
TaMEHTa U MapOK MPUMEHSIEMbIX MaTEPHUAJIOB.

[Ipy nmpuMeHEHUM PANUOHAIBHBIX KOHCTPYKTHUBHBIX CXE€M C HAUMEHBIIUM
YUCJIOM JeTajel JOCTUTAITCs HauOOJIbIINE BOZMOKHOCTH YMEHBUICHUS MaCChI
u3Jenuii. YMeHbIIEHNE YUCIIa 3BEHbEB MEXaHU3Ma U YCTPAHEHUE U3JIMIIHUX Jie-
Tajed ynpouaeT KOHCTPYKIMIO M CIOCOOCTBYET 3HAYUTEIbHOMY CHUXKEHHIO
Macchl arperara.

MeTtoapl yMEHBIIEHUS U UCKIIOUYEHUS] M30BITOYHBIX 3JIEMEHTOB (MJIM CBA3EH
MEXIy HUMH) UT'PAIOT BaXXHYIO POJIb IPU COBEPLUICEHCTBOBAHUH CYIIECTBYIOIIUX
KOHCTpykIui. Ha puc 7.3 moka3zaHa cxeMaTU4eCKU KOHCTPYKIUS KOJIOJOYHOTO
TOpMO3a, 00€CTIeUMBAIOIIETO MOCTOSHHBIN TOpMO3HOM MoMeHT. Ilouck omTu-
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MaJbHOW KOHCTPYKIIMU KOJIOJOYHOTO TOPMO3a OCYIIECTBIAIOT MyTEM HCKII0Ye-
HUSI M30BITOUYHBIX 3JIEMEHTOB C HCIOJIb30BaHHWEM T'padoB OTHOIIEHUU CBsA3EH
MEXy dJIEMEHTaMU KOHCTPpYKIUH (puc. 6.3)

V4 dddd

Puc. 7.3. UckarodyeHnue U30BITOUYHBIX DJIEMEHTOB B KOHCTPYKIOHUU KOJIOAOYHOTO TOpPMO3a

Pe3ynbTaT yMEHBIIIEHUS YUCJIa 3JIEMEHTOB KOJIOJ0OYHOTO TOPMO3a MPEACTaB-
JIeH B BHUJIe rpada OTHOMICHUH CBSA3€H; HOBBIM 3]I€Ch, SABIISICTCS DJIEMEHT, MOJY-
YeHHBIN 00beauHeHneM d1eMeHToB 1 u 9 [6]. [lonmyyeHHas TakuM 0Opa3oM HO-
Basl CXe€Ma JaeT HOBYIO KOHIICTIIIUI0O KOHCTPYKIIUU TOPMO3a.

Onepupys nmpueMaM YMEHBIICHUS U yYBEJIMUYEHHUS, KOHCTPYKTOP MOXKET CY-
IIECTBEHHO MOBJIMATH HA CIIOKHOCTh KOHCTPYKIIUU WU3CIIHUS.

C0XHOCTh KOHCTPYKIIUM H3JCIUS OMpEeAeNIsieTCs YUCIOM 00pa3yroIuX Co-
CTaBHBIX YaCTeW WM KOHCTPYKTUBHBIX 3jeMeHTOB uzaenus. Kordpdumuent

KOHCTPYKTHBHOM CIIOKHOCTHU U3AENUs onpeaeseTcs mo gopmyie
K, =
N
rae N u N - COOTBETCTBEHHO YHMCJIO COCTABHBIX 4YacTel pa3pabaTbiBaeMou
KOHCTPYKIIMU U aHajora [6].

CIOXHOCTh KOHCTPYKIIUH CYIIECTBEHHO BJIHUAECT HA TPYAOEMKOCTh MPOEKTH-
PYyeMOTO HU3/IeNIHs U CPOKH €T0 OCBOCHHS B IPOU3BOJACTBE U IKCILTyaTtanuu. Kon-
CTPYKTHUBHYIO CJIOKHOCTh MOXHO YMEHBIIUTh, MPUMEHSS arperaTupoBaHue CO-
CTaBHBIX YaCTEH MyTeM OJOYHO-MOAYJIHHOTO MOCTPOCHUS CTPYKTYPHI U3ICIIHSA,
NPUMEHSS MTPUEMBl MYJIbTUILITUKAIIUKA — CUMITHGHKanuu u Ap. [Ipu aToM ympo-
1aeTcsl MPOCKTUPOBAHUE U3IENIHs, 00JETruyaroTCsl MPOILECChl €ro MOHTaXa, TeX-
00CIy>)KMBaHHS U PEMOHTA.

a
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IIpuembl 1podJeHUsI-00beAnHeHNsA. CeKIHOHUPOBAHUE
U arperaTMpoBaHue MAaIIUH

Cpenu mpueMoB, 0OJIEryaromMUX HAXOXJIEHUE TEXHUYECKUX PEIICHUN Mpu
KOHCTPYUPOBAHUM, BUJHOE MECTO 3aHUMAIOT METOAbl ApoOJieHHUS OOBEKTa,
Ha3bIBAEMbIE €Ill€ METOJlaMH CEKIIMOHUPOBAHUs, OJOYHOCTH, arperaTHOCTH,
MHOTOIMOTOYHOCTH; MPUMEPAMU TPUMEHEHUS ITOTO MPUEeMa SBJISIOTCS IIEBPOH-
HBIC KOJieca, pa3IBOCHHBIC CTYIICHH 3y0UaThIX Iepead, peMEHHBIC TIepeaadun ¢
OOJBIINM YHCJIOM MapaUIEIbHO padOTAIONINX KIMHOBBIX PEMHEH U JIp.

3HAYUTEIbHBINA BBIUTPHINI IO MAacCE€ MOKHO MOJYYUTh MPUMEHEHUEM B TIep e-
JlayaX MHOTOTMIOTOYHBIX CXEM, T.€. pa3JIeJICHUEM CUIIOBOTO MOTOKA HA HECKOJIBKO
napauiesbHbIX BeTBel. [lepenaua KpyTAero MOMEHTa 4epe3 HECKOJIbKO mapai-
JenbpHO paboTaromux 3y0UaThiX KOJeC B MHOTOCATEIUIMTHBIX TJIaHETaAPHBIX TIe-
peaadax yMEeHbIIAeT HArPy3KHU Ha 3yObsi MPOMOPIMOHAIBHO YUCITY MTOTOKOB. He-
cymiasi CmocoOHOCTb NIIMIIEBBIX COSIMHEHUM B 3-6 pa3 0oJjblie, 4eM y npusMa-
TUYECKHUX IINOHOK [3].

MeTon CEKIIMOHUPOBAHUS COCTOUT B pa3JelICHUU MAIIWHBI HA OJUHAKOBBIE
ceknuu. CeKIMOHUPOBAHUIO XOPOIIO MOJJAIOTCS MHOTHE BHUJIBI MOJABEMHO-
TPAHCIOP THBHIX YCTPOWUCTB (JICHTOUHBIE, CKPEOKOBbBIE, IIEMHBIE KOHBEHEPHI).
CekImoHUpOBaHKUE B JTAHHOM CJIydae CBOJAUTCS K TOCTPOCHHUIO KapKaca MaIll HHBI
M3 CEKIMM U COCTABJICHUIO MAIIMH PA3JIUYHON JJIMHBEI [3].

MamuHBI TPEeACTABISIIOT COO0H CIIOKHBIC TEXHUUECKHUE CUCTEMBI, COCTO SITHEC
13 OOJIBIIOTO YHMCJia B3aUMOJACHUCTBYIONIMX 3JEMEHTOB. TeXHHYecKas cucTtemMa
XapaKTepU3yeTCs CBA3HOCTHIO €€ JIEMEHTOB, H3MEHSIEMOCThIO U HEPAPXUUHO-
CThIO, T.€. BOBMOXXHOCTBIO pacUJICHEHHS HAa YPOBHHU U OTJEIbHBIE OJIOKU. DTO
MO3BOJISACT MPUMEHATh MPU MPOCKTUPOBAHUM MAIIUH OJ0YHO-HEpPAPXUICSCKUN
MOJIXO/I, pa3eJisisi CI0KHYIO MpoOeMy CO3JaHUs HOBOM TEXHUKHU Ha P MOCIe-
JIOBATEJIbHO PEIIAeMBbIX 3a/1a4 MEHBIIIEH CI0XKHOCTH.

NHTEepecHO OTMETUTH, YTO METOJ PACWICHEHHSI KaK IBPUCTUUYECKUMN MPUEM B
pelIeHUN Pa3INYHbBIX 3aaa4 Obln npesinoxeH P.JlekapToM B cieayrolieM BUE:
«PacuneHuTe Kaxayo U3y4aeMyl BaMU 3aJlauy Ha CTOJbKO YacTei, Ha CKOJIBKO
CMOJKETE U Ha CKOJIbKO MOTpedyeTcs BaM, 4TOOBI UX OBIJIO JIETKO PEmuTh» [6].

ArperaTupoBaHHe 3aKJIIOYAETCS B CO3aHUU MAIIMH MyTEM COYCTAHUS YHH-
GUIUPOBAHHBIX arperaToB, MPEACTABISIONINX cOO00W aBTOHOMHBIC Y3JIbI, yCTa-
HaBJIMBAEeMbIC B pa3TMUHOM YHCJIC U KOMOWHAIUAX HA 00IIel CTaHUIIE; dTOT Me-
To BecbMma nepcrnekTtuBeH [3]. LlenecooOpa3zHo KOHCTpYHPOBATh y3Jbl B BUIE
HE3aBUCHMBIX arperaToB, OTACIbHO COOMPAEMBIX, PETYJIUPYEMBIX U YCTaHABIIHU-
BaeMbIX B 3aKOHYEHHOM BHJ¢ Ha MallnHaX. ATperaTUpPOBaHHUE TMO3BOJISIET OCY-
IIECTBUTh MapajjiecIbHYI0 W HE3aBHUCHUMYIO COOpPKY Y3J0B MallWH, YIpOIIaeT
MOHTa)XX, 00JIeT4aeT MCIOJb30BaHNE HAa HOBBIX MAaIlllMHAX MPOBEPEHHBIX B JKC-
MJIyaTauyu KOHCTPYKIIUN U yIIPOIIaeT PEMOHT, MO3BOJISASI KOMILIEKCHO 3aMEHUTH
W3HOCHUBIIHECS y3JIbl. ATperaTUpOBaHue 1aeT OOJbIION BRIMTPHIII B OOIIEH CTO-
MMOCTH M3TOTOBJICHHS MAIlIMH, HAJI)KHOCTH M yI00CTBA DKCILTy aTaIlUH.

MeTtonbl npoOiieHuss — 0ObEIMHEHUS HAXOIAT IPUMEHEHNUE B COCTABHBIX KOH-
CTpYKIUAX. B psine ciydaeB C 1eaplo yJeIIeBICHU KOHCTPYKIIMU, 00JIeTYeHUs
MEXaHU4YEeCKOW 00pabOTKH WM YyHpoIleHus (OopMbI 3arOTOBOK I[€JI€CO00pa3HO
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€€ PACUJICHUTh, COEIMHUB COCTABHBIE YACTHU 3alIPECCOBKOM, CBAPKOW MU C MO-
MOIIIbIO KPEMEeKHbIX O0JITOB.

Pacunenenrne mo3BOJAET B HEKOTOPBIX CIy4yasX 3HAYUTEIBHO YMEHBIIUTH
TPYAOEMKOCTb U3TOTOBIIEHUS JIMTHIX KOPIYCHBIX AeTaneu. [[pumMmeHenue cocras-
HBIX KOHCTPYKIHH 0o0jerdaer co3panue aeraieil cioxxHoi popmbel. CocTaBHbBIE
KOHCTPYKIMU YaCTO MPUMEHSIOT KaK 3aMEHUTEIN MOKOBOK JUJIsl BajJoB C (hiaH-
1[aMu OOJBIIOTO JUAMETPA.

CocTaBHbIE KOHCTPYKIIMH MIMPOKO MPUMEHSIOT KaK CPEACTBO 3KOHOMHU JIe-
(GUIUTHBIX U JOPOTOCTOSIIUX MaTepuanoB. [ yMeHbIIeHU pacxoaa OpoH3HI,
HampuMep, B UepBAUHBIX NIepeaadax, NpUMeHAIOT OaHgaxxupoBanue. 13 OpoH3bI
BBIMOJIHSIOT TOJBKO BEHEL, KOTOPbI HAIPECCOBBIBAIOT HA LIEHTP KOJeca, U3ro-
TOBJICHHBIN W3 JIEIIEBOr0 MaTepuana (cTanb, yyryH). Pacxon OpoH3bI MOXKET
OBITh YMEHBIIIEH B HECKOJIBKO pa3 MO CPAaBHEHUIO C UCXOJAHOW KOHCTpYKIuei. B
3y04aThIX Kojecax 11eJ1eco000pa3HO BHIMOJHATH U3 IOPOTOCTOSIUX U JePUIUT-
HBIX MaT€PHUAJIOB TOJbKO BEHEI.

Jna pacmupenuss GyHKIIMM MalldH 4acTO MOJb3YIOTCS METOJIOM OObEUHEe-
HUS;, IPU OOBbEIMHEHUHN HECKOJbKUX (YHKIUN O0O0BEKT MpHUOOpEeTaeT CBOMCTBO
YHHUBEPCAJIbHOCTHU. Y HUBEpCAIU3aIUsl MpeciaeyeT eJlu pacuupeHus GyHKIui
MalllluH, YBEJIUYEHHUS 1MaNa30HA BBIMOJHAEMBIX UMHU ONEpaluid, YBEINYHUBAET
NPUCIIOCOOIIEMOCTh MAIIMH K TPeOOBaHUSIM MPOU3BOACTBA. Y HHUBEpCaIbHas
MallMHA 3aMEHSET HECKOJBKO CIEHUATU3UPOBAHHBIX, BBIMOJHAIOMMNX OTAENb-
Hble onepanuu. Pacmiuputh QyHKIMKU MalIUHBI MOXKHO BHEJIPEHUEM JOIOJIH U-
TEJBHBIX pabOYUX OPraHOB, CMEHHOTO 00OPYyJAOBaHUs, BHEIPEHUEM PETrYIUP O-
BaHMS TJIaBHBIX MapaMeTpoB (YaCTOTHI BpPaIll€HHs, MOIIHOCTH, IPOU3BOUTEIb-
HOCTH U 1p.) [3]. Hanpumep, nipu 00ObeIMHEHUHU KATKU, MOJIOTUJIKHU, BESJIKU U
3EpHOMNOTPY3YUKa B OJHO YCTPOUCTBO MOJYUYHIU 3€PHOYOOPOUHBIN KOMOAaMH.
MeTton komnayHAupoOBaHUs (MapauieIbHOTO COEIMHEHUS MAIllMH WU arpera-
TOB) NPUMEHSIOT C LIEJIbI0 YBEIUYECHUS 00LIe MOIIHOCTU WU NP OU3BOJUTEb-
HOCTU ycTaHOBKHU. CriapuBaeMble MAIIUHBI MOTYT OBITh MJIM YCTAHOBIICHBI PSi-
JIOM KaK HE3aBUCHUMBIC arperaThl WU KOHCTPYKTUBHO OOBbEUHEHBI B OJIMH ar-
perat. [IpumepoM oObeaMHEHHUS] TAKOTO THUIA SBISETCS MapajuiejbHas ycTa-
HOBKA MalllMH — Opyauid. Ee NIprUMeHSI0T B aBTOMAaTUYECKUX MEHSIOT B aBTOMa-
THYECKUX JHHUAX. Takas ycTaHOBKa TpeOyeT pa3JesieHus NMOTOoKa Ha JBAa WIIH
00JbIIe TOTOKOB € MOCHEAYIOUIUM COCIUHEHUEM UX B OJUH [3].

OnHako 00bEIMHEHHE IIEMEHTOB B €UHOE 1IeJ10€ 0053aTENIbHO JOJKHO BbI-
MOJIHATHCS O OMNpPENIEIEHHOMY 3aKOHY, HE KaXIbld pe3yiabTaT O00beAUHEHUS
MPUHOCUT MOJIE3HBIN 2D PEKT.

[To muenuto J.Ilo¥a [6], uzonsmnus (apobiaeHue, BbIJCICHUE) U KOMOUHAIHS
(oOBenmHEHME), JOTONHSS APYT APYra, MOTYT MPOJBUHYTH MPOIECC PEIICHUS.
N3ons11us 3JIEeMEHTOB MPUBOAUT K pacnaay 1€J0r0 Ha 4acTH, a MOoCeayrolas
KOMOWHALMS UX CHOBA O0ObEIUHSAET YaCTH B 11€J10€, OTINYAIOIIEeecs OT UCXOIHOU
KOHCTpYyKIMU. Pa3nmaras meioe Ha COCTaBHbIE YaCTH, & 3aTEM COCAUHASA UX O —
JpYroMy, Mbl 3aCTaBJIsiEM 3BOJIOLMOHUPOBATH Hallle MIOHUMAaHUE 3aJla4d U Tie-
pexoauM K 6ojee NepCcrneKTUBHON CUTYallUu.
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MeTton pa3aeneHus U 00beAMHEHHU I UCTIOJb3YETCS YacTO ISl COBEPIIEHCTBO-
BaHMS CYUIECTBYIOUIMX KOHCTpYKIUM. [IpuMeHstoTcs cienympoue neicTBUA,
UMEIOUIME LIEJbI0 pa3elieHne U 00beJUHEHUE:

1. Pa3genenue KOHCTPYKIIMM Ha OCHOBHBIE YACTH U HOBOE yHOpSJOYECHUE
ATUX YacTEH C LENbI0 MOJTyYEeHUs] MOJAECPHU3UPOBAHHON KOHCTPYKIIUM.

2. Pa3zneneHue KOHCTPYKIIMU HA AJIEMEHTHI, UX MOJAU(DUKAIUS U COCTaBJe-
HHE B NMPEKHEM MOPSIIKE.

3. Pasnenenume KOHCTPYKIIMH Ha 3JIEMEHTHI, UX MOAUDHUKAIUSI U 0ObETUHE-
HHE C LEIbI0 MOJIYYEeHUSI HOBOM KOHCTPYKLHU.

OTH nefcTBUSA MOXHO (OpPMaIM30BaTh B BUJE CIEAYIONIETO aJrOpuT™Ma KOH-
ctpykunu Kij ¢ OCHOBHBIMM ITapaMeTpaMH M CBOMCTBAMU Nj pa3aessercs Ha COo-
CTaBHBIC IJIEMEHTHI CO CBOMCTBaMu M; 3aTtemM nubO OCyIIeCTBIAAETCS MOIUDU-
Kalus 3JE€MEHTOB MPU BO3MOXHOM M3MEHEHUH UX YHUCJa C LUEJNbI0 MOJTyYECHUS
koHCcTpyKuHu Ky co cBolicTBaMu Ni; IMOO MPOU3BOAATCS U3MEHEHUS ISl TIOJTY-
YeHUsI KOHCTPYKIUM K3 ¢ HOBBIMU OCHOBHBIMU MapaMeTpaMu U CBOWCTBaMH Ny
[6].

KommniekcHble MEeTOABI COBEPIICHCTBOBAHUS KOHCTPYKIHH

K meronam npeoOGpa3oBaHUsl OCHOBHBIX MOKa3aTelell KOHCTPYKIHUHU C IIOMO-
LI IBPUCTUYECKUX MPUEMOB OTHOCUTCS METOJ JAECATUYHBIX MaTPHUIl IIOUCKA.
B cooTBeTCTBUU C 3TUM METOJAOM MOUCK HOBBIX TEXHHUYECKHX PEIICHUN BEIYT
NyTE€M CUCTEMAaTUYECKOr0 NIPUMEHEHUS psijia IPUEMOB KOHCTPYUPOBaHUS (Mpe-
€MCTBEHHOCTH, aHAJOTHHU, aJanTalud, MYJbTUIJUKAUHU, AU(depeHumnanuu,
WHTErpalli, MHBEPCUU U ApP. K KAXKJOMY U3 OCHOBHBIX MOKa3aTeJel TeXHHYe-
CKOU CHUCTEMBI.

B kayecTBe OCHOBHBIX MOKa3aTeled MPOEKTUPYEMOW KOHCTPYKIIUH BBIOU-
parT reoMEeTpUYECcCKUe pa3Mephbl, MacCy M MPOYHOCTh CBOICTBA, IHEpPreTUUe-
ckue nokazarenu (KIIJ u ap.), KOHCTPYKIIMOHHO-TEXHOJOTHYECKHE (TEXHOJO-
TUYHOCTb, CJIOXHOCTb), HaJ€XHOCTb M JOJTOBEYHOCTb, IKCIIyaTallHOHHbBIE
(IpOM3BOAUTENBHOCTh, TOUHOCTh), SKOHOMHYECKHE, CTENEHb YHU(UKAUHUU U
CTaHJapTH3alUM, YI0OCTBO dKCIUIyaTalluu U Jp. DTOT METOJ] MO3BOJSAET IO-
CTPOUTH TAOIUIY (MATPHIlY) MOUCKA B CTPOKAX 3aMKMCAaHbl OCHOBHBIE U3MEHSIE-
MbI€ IMOKa3aTen TEXHUYECKOro 00bEKTa, a B CTOJI0LaX — OCHOBHbIE IBpPUCTHYE-
ckue npuembl. Kaxxgas siueiika MaTpuLbl COOTBETCTBYET ONMPEIEICHHOMY U3Me-
HEHUIO OJTHOTO M3 OCHOBHBIX MOKa3aTtese uzaenus (tadmna. 10).

Tabnuua 10 Marpunia moucka HOBBIX TEXHOJOTUYECKUX pPEUICHUH.

N3mensemeplie noka- OBpPUCTUYECKHE MTPUEMBI
3aTelIn TeXHUuUYe- [IpeemcTBEeH- | MynbTUNIU- Huddepen- NuTterpanus NuBepcus
CKOM CHCTEeMBI HOCTB, 3aUM- Katust uamnus
CTBOBaHHE
I'eometp. popma *
Macca, npo4HOCTH *
KITJQ *
CII0O)KHOCTB, TEXHO- *
JJOTUYHOCTb
DKCIUTyaTalluOHHBIE *
CBOMCTBA
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OKOHOMUYECKHE I10- *
Ka3zarein

Crenenp, *
yHUQUKAIHU

MGTOI[ ACCATHUYHBIX MAaTPHUI ITONUCKA UCIIOJIB3YCTCA B WHTCHCUBHOM TEXHOJIO-
' MHKCHCPHOI'O TBOPYCCTBA. OT1O0T MCTOIA HAXOOAUT IIPUMCHCHHUC IIPH pa3pa-

0OTKE HOBBIX BLICOKOZ)@)CI)CKTI/IBHBIX TEXHHUYCCKHUX CUCTEM U KOMIIJICKCOB.

KoMmniekcHble METOJbl COBEPUICHCTBOBAHUS KOHCTPYKIMKA MO3BOJSAET ajro-
PUTMHU3UPOBATH MPOILECC MPOCKTUPOBAHUS, T.€. IPUBECTH €ro K popMe, JOmyc-

KalIleld NMUPOKOE NMPUMEHEHNE KOMIIBIOTEPOB.
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