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KOHCTPYKU1414

A.C.CEMLIEHKOB, A.E.CEMEqK4H, ôoxmopa mexH. HayK, E.B.fl4TBUHEHKO, 14.M.AHTOHOB,
O. f. fAfAP 14 HA, u ÆKeH epu ( Ue u mp' non n KBAPT)

pa3a. CpoK cnyxobr 3AaH,|ù 50-100
ner. nogrorvy qepe3 20-40 ner norpe-
6yerca,4ononHr|renbHoe yrenneH!4e
MHoTocnoùHbtx creH unh norlHag 3a-
ÀreHa raKoTo frennxrenq. B pe3ynb-
TaTe BMeCTO 3anraHrpoEaHHOrO -3KO-

rourvecxoro e$Serra" 3a cqer cnlr-
xeHfifl 3aTpaT Ha oTonneHxe 3AaHt4t4
creAyeT oxhAaTb orpoMHbrx Àonor-
Hl4TerbHbrx 3aTpaT Ha peMoHT 14 yren-
rlEHfiE CTEH.

flpuuereHue caHAB q-naHenel4
3 sHeproSQQeKrxBHbrx yrenn Teneù

An9 HappxHbrx creHoBbrx orpa(AeH!4ù
B [4HOrOKBapT]lpHbrx 3AaHUtX C qeHT-
panbHbrM oTonneHfieM B ycnoB 9x
Poccnu ue4onycruMo, TaK KaK B cny-
qae aBapfix r43-3a 6brcrporo naAeHuF
TeMneparypbr B no[4et4eHn9x neTKo
3aMopo3rlTb BoAy e rpy6ax u ua4on-
fo BbtBecTH ct4cTeMy oTonneHIg !13
crpon. Cne4oaarerbHo, TenroBat
hHepq q SHepræQQeKTxBHblx orpax-
AeHl4r4 AOnXHa HOpMXpOBaTbCg 14
6urru, ovear4ro, He [4eHbue, qeM AnF
AepeBa.

flo14 coeeouJeHcrgoBaH!4t4 KoHcr-
pyKquù HapyxHbrx creHoBbtx oTpax-
AeHnù Ane ycnoB ù Poccfi Heo6xo-
Ar4À,!O r4cKrrcqr4Tb nphMeHeH e HeSKo-
Hot\fl4qHbtx, HeSKOnOTn']Hbtx, HeAOI]rO-
BeqHbrx raK Ha3btBaeMsrx "sôôerr e-
Hbrx" non r4MepHbtx t4 BonoKHr4cTbtx
rreflnl,tTener,i He TorbKo B kaqeclBe
ocHoBHoro yrennfiTen9, Ho fiAng yren-
neHug MocTt4KoB XOnO4a B MeCTaX
TennonpoBoAHbtx xene3o6eroHHblx
B(nloqeHnù oT nnur nepeKpbtr É, Ko-
rloHH 14 cTeH, a Ta0{e no nepx[4eTpy
oKoHHhlx npoeMoB, 3aMeHfiB r4X Ha
Il333H.QT rvrnHepanbHbte Marep14anbt.

n o s r o M y  B  l - . l e H r p e ' n O I L l -
KBAPT" uccne4oaausr, paspa6oraHsr
u BHeAprroTcg oÀHo-, AByx- 14 Tpex-
cnoùHbre creHbr (p c. 1)u3JI333HAT
rlrhHepaJlhHbtx [4aTepIanoB, TaKlx KaK
rennol43onsLlt4oHHble (T) H KoHcrpyx-
qfioHHo - Tennofi3onF LltloHHbte (KT)

9!ret4crbre u reTKue 6etoHrr uapxra no
nnornocrr D < 500, MoDo3ocroùKocT|,l
F > 25 u Knaccot\,1 no npoqHocrt4
B > 1, a ra(xe neHocreKro nnorHoc-
Tbro D = 150-250. B [4ecrax Mocr[-
KOB XOnOAa Aonyo(aeTcr npl4[reHeHue
AonroBeqHbtx oTeqecTBeHHbtx oodoeK-
TrlBHbtx nonuÀrepHbtx yrenn!4Teneù:
xecrKoro neHononlyperaHa (nnY)K),
neHonon or reHa (nn3) H oKcrpy3l4-
oHHoro neHononIcrlpona (3nnC) c
rs = 0,02S - 0,035 Br/(rr,t oC) r D >
35. !Byx- la rpexcnoùHbte creHbt cHa-
pyxrl oTAenbrBapTcc nuLleBbtM K'|pn!4-
qoM, a r3Hfrpu K!4pn!4.to[4 un 6oree
geu:eeurur 6erousrur,t 6noralau c npu-
BeAeHHoù uaproù no nrotnocru D >
600 u xnaccou no npoqHocr[ B > 3,5.

Hafi6onee o Ko Ho t\,1t4r.t H btM t4 creHa-
M14 9BIIFIOTCS OÀHOCnOl4Hbte MOHOn T-
Hbre !43 Tenrou3ongLUoHHoro (T) s,{e-
ncroro n nerxoro oeroHa !4ni4 flflyxc
ocraBnFe[4où onany6Koù (prac.1, r) 3
AOnroBeqHbtx fl t4cToBblx nI KraAog-
Hbrx Marepl4anoB. K coxaneH!4to. Ta-
Kle cTeHbr Bce eule He nonylt nq
LlJ14pOKOrO np lileHeHl4F tl3-3a npOAOn-
xHTenbHoTo xouoAHofo nep oAa !4
HeyMeHhfl crpo!4Teneù opraHu:oearu

3roToBJleHfie HapyxHbtx cTeH c yqe-
TOM Ce3oHHOCTtl KJ.'] t4t\rlaTa. floerouy
cero4Hn xar6onee u!4poKo nDtaMeHF-
eMbI\4t4 9BnrloTog tvlOHTI4pye[4bte Kpyf-
nbrrl aoA oAHocroùHure creHrr (prc.1 ,
a, 6) rs nvelrcro6eroHHbtx 6noKoB 1-ù
u 2-it xateropnu Knacca no npoqHoc-
T|.1 He Hlxe B1 fi Mopo3ocloùKocrbto
F > 25 unu ue nerrfix TlflC OeroHHbrx
6noxoe, sroraen BaeÀlbtx no rexHo-
noruu H14l4XEa. fleHononucrupon6e-
roH (lnCE) 143-3a npficyrcrByrou.ll4x
B Hei/ nonl4cTt4ponbHbtx rpaHyrl B He-
norlHor4 [4epe orBeqaerrpeooBaHhf, M,
npeAbeBnFeMbtM ( I l333HIT Mare-
p!lanaM no AofiroBeqH0cTt4 t4 foproqe-
cTt4, oAHaKO, Ka( noKa3btBaeT onbtT,
Aaxe nocne BbtfopaHr4g tpaByn qntr',
ux pa3pyr.l leH q B pe3ynbTaTe cTape-

llporpecchBHbre HeHecyulne creHoBbte orpil(Aetuf,
Ha ocHoBe MhHepaflbHbrx MaTephanoB

B Hacronqee BpeMr B Poccr4r,l
pa3B TUe CTpOUTenbHOù !4HAyCTprl14 14
KoMr\4yHanbHoTo xo3FùcTBa HanpaBng-
eTcs perynripyeTce3KoHoMuqecKH-
MU, SHepreT qecKn\4t4 t4 SKOrOrUqec-
KnÀr!4 KpH3ucaMu. B 3Tux ycrroBt4qx
Heo6xoAl4Mo ujl4poKo npuMeHqrb ner-
Kre sKoHorvrfirrHbre sHeprog(pQeKr B-
Hbte SKonoruLrHbte Heropnqfi e Âonro-
BeqHbte rexHoI]of 14rlHbte (I333HAT)
cTDOrTenbHbte [4aTe0rafl bt.

B 80-e ro4ur np!4[4eHqnfi oAHo-
cnoùHbre creHbr r43 Kl4pn qa 3 ner-
Koro 6eroHa Ha nop croM 3anonH Te-
ne, Koropbte 6utnu eneproeuxulru e
npou3BoAcrBe I ManoSQQèKrIBHbfl\,|4
KaK yrennurefl . flooroMy nnaHfipoBa-
nocb MHoroKpaTHo yBeJl r{4rb BbtnycK
fi 3Âenuù !43 nerKoro oHepro3ôôeKrl4B-
Hoto g,1e|4croTo 6eroHa, AoBeAF ero
o6'beÂ.4 K 1990 t: 4o 8-10 unH. u3, a x
1995 [ - Ao 40-45 unr. u3 e rog.

K coxareHrto, B nep oA nepe-
crpoùK 3Tr4 nnaHbr 6btn copBaHbt.
HecÀrorpfl Ha sro rpe6osaHrs xren-
nonoTep9M np 3(cnnyaTall[t4 3AaHt4t4
B 1995 r 6brn yxecroqeHbtB 3,5 pa3a
[1, 2]. B pe3ynbrare purHox Poccuu
6srn Haao4HeH 4opor!4Mr,i r HeAonro-
BeqHbr[4,| 3apy6exHbrM nornvlepHbF
r\414 14 BoroKHr4crbn 14 "oôôeKrlBHbtMr"
rrenn TengMr|, KoTopbte t4cnon$yloT
B KoHcrpyKql4nx AByx- 14 rpexcnoùHbtx
HappxHux cren c6opHbtx t.i MoHonr4T-
Hbrx MHorooTaxHbtx 3AaH[É. L13-3a
6onbuoro Konfi qecrBa HeoAHopoAHbtx
[4erann qecKhx lr xenego6erosHutx
T e n n o n p o B o A H b t x  B K r o q e H u ù  n o
nono nep Merpy MHorocnoÉHbtx
cTeHoBbrx orpa)K,AeH ù x npl4BeAeH-
HOe Tep[4r,4qecKoe conpoTl4BneHue cH -
xaercn a 1,5-2 pasa, vro rpe6yer sua-
qrrenbHoro yBenu..reHuf, o6'beMa yc-
TaHaBI]UBae[4OrO AOpOrOCTOgqerO
yrennr4Terg. CpoK ero roAHocrx co-
craBnter '1 0-15 ner, nocre qero ero
Tenno3au..[4THbre cBoHcTBa B pe3yrb-
rare crapeH q cH XarcTcF B 1,5-2
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Pxc. 1. HeHecyqre cleHoBËre orpaxÀe8xr c rennot3onqq' lei nepexp6rrhù

a - oôHocnoùHaq cmeHa c ymenne\HbtM ôeiopMaquoHHbM ueoM; 6- oôHocnoùHas cne4a c ôeyMB mepMooKpaHaMu: a - ôeyxcnoùHaa
cme\a c mepMoeKJlaôbtweM; e - ôeyxcnoùHaF cmeqa c mepMosKpa4oM; è- HaeecHaa æHôeus-naqenb: e - mpexcJloùHau cmeHa c
mepMoSKpaHoM u mepMoeKtaôbtweM
1-RtaèKaæBqeucmbx6noKoe;2-nnumanepe\pumuq:3-umyKamypKa;4-èe$opMauuo\Hhtùwoe;5-mepMo3KpaHwgb&eKûue-
Hoeo yùtennumeng: 6 - mepMookpêH u3 gqeucûoeo 6eûoHa; 7 - KnaèKa B o6nuLloaoeHoeo Kupnusa; I - mepMoeknaèbtu);9 - rulaôKa u3
Kupnuga unu neeKux 5emoHHr,N 6noKoe; 10 - MoqonumHbtù 3ÔûeKmùeHhtù ymennumenb; 11 - ocmaenreMas onany6Ka

Huq 9qeficTa9 cTpyrfiypa r3 qeMeHT-
HOTO KaMHF COXpaHgeTCg t4 MOXeT
n poAonxaTb BbrnonH9Tb Tenro3au..[4T-
Hbre 14 npoqHocrHbre ÔyHKr-{4u. nosTo-
My B OAHOCflOùHbrx CreHax (p!4C.1 , a,
0) cneAyer np À4eHflTb 6noKl4 r13
nnCE Kracca no npo\'{Hocr[ He Hr4xe
81 [ F>35, KaK ororo rpeoyor Hopr\,rbl
no 6eroHHbrM u xere3o6eroHHbrM KoH-
crpyKqr4e M.

l43BecrHo. ,rro B Hop[aax [1]o(c-
nnyaTaLl oHHa9 BnaxHocTb B 9Lreuc-
Tbrx. neTKl4x 6eroHax u B neHocreKrIe
c nbHo 3aBbt[JeHa, qïo cAenano nx
HeKoHKypeHTocnocoOHbr[414 c "oQ+eK-
T|4BHbrM[" yren-r] TeflFM{. O,qHaKo 3a-
pyoexHbre nocneAH14e oreqecrBeH-

Hbte [ccneAoBaH 9 noKa3brBalol, ']To
ycTaHoBt4BUJagCF BnaXHOCTb B Ha-
p)4KHbtx creHax 3 tqe!4croro 6eroHa
An9 ycnoBl4ù 5 cocraenser [4exee 5%
npor.4B 12olo B HopMax. flooroMy Toc-
crpoù PO u l\ilocexcneprusa nprunnu
oeueHtie o Bo3MoxHocTr4 n0tlMeHe-
H 9 B npoeKTax Koe$QrqueHroe ren-
nonpoBoAHocTl4, nonyqeHHbrx Ha oc-
HoBaHfi |/l ricnbrraHtF 06pa3qoB [4are-
pIana B cepr ô!4qrpoeannurx na6o-
parop[f,x. Taru4e fi cnb|TaHfi q qlieficro-
6eroHHblx 6noKoB, 143ToraBn BaeMbtx
Ha 3aBoAe OAO "3a6yÂoBa" B 6ero-
pyccr,ru, 6urnr 3aKa3aHbr l-.leHrpo[,1
"flonuxaapr" r Mocrpa4aHnpoeKTot\4
B HN14COe (cN4. ra6nuLty). KpoMeroro,

B Ta6nIqe yqreHbr pe3ynbrarbt Icnbt-
TaHUt4, npeAcTaBteHHbte 3aBoAat4 -
lr aroroa uren I nlt u. ,[nq nerKofo nf'lCE
TenronpoBoÂHocrb np H9Ta no AaH-
HbrM H14t4XEa.

OcHoeuteaqcu Ha oreqecrBeHHoM
onblTe, MaKcrMarlbHa9 Tonu.lhHa oA-
HocroùHbrx creH 6e3 yqera lxrykaryp-
KU He AOnXHa npeBblt!aTb Tont4uHbl
KnaAK B 2-2,5 Kupn qa (51-64 cM); B
TO )l(e Bpe[49 MtlHfiMarlbHafl TOn|1'lt4Ha
He Ao.nxHa 6btrb MeHee oAHoro Kt4p-
n qa (25 cM)Arfl HaAexHoro Kpenfle-
H,tfl creH Ha ycroùqfiBocrb or Berpo-
Boù Harpy3Kr4.

HeloclaTKa[4u 3Tt{x cTeH 9Bn9$T-
c9 noTepq renna qepe3 [!Bbt KnaAKrl,



Ivlarepuanbl XaparrepucruKa Map{a no nnorHocrl,4, KrlM3

150 200 250 300 350 400 450 500

TennonpoBoAHocrb, 1,6,
Bnt/(M 'C)

Knacc firn Mapka no
nPOqHOCTl,l Ha CXaTle
MapKa no Mopo3ocroù-
xocï1,|

0.11 0 . 1 2 0.13 0.14 0.15

F,reucrbtù
6eroH

80.5-80 .75  80 .75  B1-81.5  81-B2 81  -82 .5
- 8 1

TenronpoBoAHocrb, 1"6,
B r / (M 'C )
Knacc hnr Mapka no
npoqHoqT[ Ha cxaTre
MapKa no Mopo3ocroi-
l(OCTl,l

0.06 0.07 0.08 0.095

M2 -M2.5 M2 -M5 M3.5-t 7.5 80.5 -80.75

HIH F25 - F35 F25 - F50 F25 - F50

80.5  -81  80 .75-81.5  B1 -81 .5  81  .5  -82 .5

F35 - F50 F35 - F75 F35 - F75 F35 - F100

0 . 1 1  0 . 1 2 5 0.  t4 0 .155

fleHononIc-
Trpon6eroH

TenronpoBoaHocrb, l,E, 0,065
Br/(M "C)

neHocreKro Knacc unu Map(a no M15
npoqHocTr4 Ha cxaTue
Map€ no Mopo3ocroù- F25-F50
KOCT14

0,070

M20

i l5-r3u

0,080

M25

F25-F50

nepeMbrqr{4 n no nep[Merpy orpax-
AeHUù B MeCTaX TennOnpOBOAHbrX
BKnrcqeHnù or nepeKpblruù, KonoHH,
n noHoB l,t noneoeqHbtx cTeH. a TaK-
xe ycTaHoBKa AononHurenbHoro yren-
neH q no nepuMeTpy oKoH Anr npe-
AOTBpar4eHX9 BbrnaAeHU9 KOHAeHCa-

npuBeAeHHoe conporhBneHxe
TennonepeAaqe Taxvx HeoAHopoAHbrx
HapyxHbrx cTeH onpeAengeTcg Ha
ocHoBaHIu pacqeTa TeMneparypHbrx
noreù, npeAclaBncloqero cnoxHyro
o6'beMHyro 3aAaqy. npr peuieH[ 14
ucnorlbsoBafi c9 MeToÀ 3nefi poTenfl o-
BOù aHanornu, B pe3ynbTaTe nprMe-
HeH14r KOTOOOTO CTDOXTeTbHaC KOHCT-
pyKqqq npeobpa3yeTcn B sneKTpl4qec-
rqD cxeMy (ooreuuyo cerxy). flpo-
rpaMMbr aBToMaTn314poBaHHoro pac-
qeTa 3neKTDt4i{ecKIX cxeM no3Bont-
rcT noflyr'[4Tb noTeHqnanbr y3noB, Ko-
TOpbre 9BnrloTcg aHanoraMlr TeMnepa-
ryp B cooTBeTcTByrou.[4x ToqKax cTpo-
r4TenbHoù KoH crpyKr.ll,r l4. flo nonyqeH-
HoMy o6ËeMHoMy nonlo TeMnepaTyp
Bblqucfl 9toTc9 Tenfl oBbte noToKn Mex-
Ay pa3nuliHbrMr,r y3naMy o6'beMHoÉ
ceTK[, a TapKe TennoTexHuqecKue
napaMelpbr, s qacTHocrx, KosQonqu-
eHT TenrorexHrqeckoi oAHopoAHo-
cT14.

CaMo co6or pa3yMeercr, rrro
pacqer 06ÈeMHoro reMneparypHofo
nonc MeToAoM SneKrporeflnoBot aHa-
noru ffru n|o6uM ApyruM cnoco6oM
BO3MO)KeH TOnbKO npU 3aAaHHbtx rpa-

4

Hr4rrHbtx ycnoBl4nx Ha noBepxHocTnx
QparMeHTa l4ccneAyeMoù crpourenb-
Hoù KoHcrpyKqru. fpaHu,{Hbre ycno-
81,19 MOryr 6brTb 3aAaHbr B OAHOM r43
cneAy|olr.$4x Br4AoB:

1 - re[4neparypa Ha noBepxHoô-
Tr4i

2 - 3Ha,{eHle rennoBoro noroKa
qepe3 noBepxHocTb;

3 - reMneparypa o(pyxapuleù
cpe4u (o6urvHo ero reMneparypa Ha-
pyxHoro fi BHyrpeHHero Bo3Ayxa) l,l
KoeQ$t4queHrrennoolAaq noBepxHG
cTl4 c yqeToM KoHBeKTnBHOTO I nyq14-
croro renflooOMeHa.

14g-3a Heo6xoAr4Mocrrir 3aAaHl49
rpaHl4qHbrx ycnoBuù qacro np[xoÂl4T-
c9 yBenrql,lBaTb pa3Mep uccneAye-
Moro o6Èerra Ao rex nop, noKa Ha
BCeX ero noBepxHocrsx He 6yAyr rorl-
HO 3aÂaHbr rpaHnqHbre ycnoBu9 B oA-
HOr\4 r43 Bb[leyKa3atnsrx eu4oe. B
nplrMeHeHnlr K Hacronqeù pa6ore oro
o3Haqaro, qro ra6apurHbre pa3Mepbr
yqacTKoB TnnoBoro QparueHra (oHcr-
pyKql4u BbropaHbr He MeHee 1 M, xoTe
uiuDuHa xeneso6eroHHoÉ KonoHHbl

. t4n14 nepeKpbrr],|F o6brqHo 6brBaer no-
prgra 0,2 u.

npoBeAeHHbre pao{erbr noxagan ,
qro B KnaAKe u3 F,{eficrooeroHHbrx
6noKoB D400-D600 2-ù KaTerooun Ha
qeMeHTHO-necqaHoM pacTBope Ton-
rql4Hoù 12 MM r À6 = 0,93 Br/(n."C)
Kæ(pQ14ql4eHT TennorexHuqecKoù oA-
Hopo.qHocru paBeï r,= 0,71-0,77 , à B
Kna.qKe u3 6noKoB 1-ù Kfieropnu Ha

Kneo co uBaMi4 Torr4rHoÉ 3M[a n ],r
= 0,64 Br/(M "C) - rk = 0,94-0,96
(pr4c.2). CneAoBarenbHo, npta oAIHa-
KOBOM TepMt4qeCKOM COnpOTUBneHXU
Toru.lr,4Ha KnaAKr4 143 6noKoB 2-F Kare-
ropvv Ha25-32Vo oonbue rofiu.lt Hbl
KnaAKrl r,i3 onoKoB 1-ù Karefopu , Ho
crouuocrs creH 6yger npfiMepHo oAt4-
HaKoBa, TaK KaK 6norr 2-ù xareropru
4eLueane ra 30%

B Hacronqee BpeMs 3aBoAbt ,13-
roToBnf,rcT nepeMblqKu l43 9qeucToro
6eroHa uapru D700, y xoroporo xo-
3QQLILUeHT TennOnpOBOAHOCTI4 B ABa
pa3a 6onb[ue, qeM y KnaAK HaKneto
ta3 6noKoB D400 1-ù xareropuu. ,[nr
cH[xeH 9 TennofloTepb Me](Ay nepe-
MbrqKaMI AononHl4TenbHo ycTaHaBfl ,t-
Bator oQÈeKrtaBHbrù Heroprcquù yren-
nuTenb 3 xecTKoù MuHeoan bHoù
Barbr, cpoK cnp1(6br Koropoù HeAocra-
To'{eH. flo3roMy B l-leHTpe "nonu-
KBapr" pa3pa6oraHbr Aofi roBeqHble
nepeMbtr{Kr4 143 cqeracrofo KT 6eroHa
M a p K u D 4 0 0 u F > 2 5 .

,qnq cHhxeHxq Tennonorepb qe-
pe3 nnnrbr nepeKpbrr[ù (puc. 1), Ko-
roHHbr, nunoHbt I nonepeqHble cTeHbl
t,t3 Tqxenoro xere3o6eroHa B Hux yc-
TpauBa|oT npepbr B14cTbte TepMoBKna-
Abtult4 t4flt4 KpengT K Ht4M cnnouHbte
TepM03KpaHbr 143 gQ(peKTUBHOTO AOn-
roBeqHoro yrenn rene (50-100 ner),
He yxyAuraDqero cBox Tenno3aul T-
Hbte cBoùcrBa Bo BpeMeHl,l. B or!4x
cnyqatx B rnyxnx cTeHoBbrx orpax-
rqeHuqx r43 KnaAoK 6noxalau 1-ù Kare-
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Pxc. 2. Kog$QrqxeHr rennorex8[lec|(où oAHopoAHocrr KnaA|(l{ arercro6eroHHbtx
6no(oB MapKn nnoïrocrl,Kr D400...D600

a - Ha qeÛeHmHo-necgaH\oM paanaope nnom4octnbto 1800 Ke/L't3; 6 - Ha Knee9oit cMecu
nnomHocmhto 1400 Ke/#

ropur rlrapKu D400 pasuepou 3,3 x
4,5 rvr xogôôuqueHr rennorexHrqec-
Koù oAHopoAHocfl4 cocraBrFer r =
0,81-0,91 B 3€rsr4o4Mocn4 or KoHcrpyK-
rI4r,r repMosKpaHa. TaKt4e xe pe3ynb-
TaTbr nonyqabTcg npl,t oAuHa(oBoM
Tep[4l4qecKoM conpoThBneHu]t orpax-
AeHUB r43 KnaAKl4 6noxaur 2-ù xare-
fopl4u. npn Hanu\]t4r4 oKoHHbrx npo-
e[,roB Da3MeOaMu 150x150 cM l4nu
1 50)240 cM Koaôôt,lqueHrbr TennoÎex-
Hl4qecKoù oAHopoAHocTt4 creHoBoro
orpaMeHl4F cHr4xaorca Ao r = 0,90-
0,77. KoeSSt.ltlneHrbr r AnF ,qByx- 14
TpexcnoùHbrx cTeH BcerAa Huxe, '4eM

Ann oAHocnoùHbrx [1 , 3], ,rro yKa3br-
BaeT Ha ux MeHee yAaqHoe B Tenno-
3al4nTHOM OTHOIxeHUù,1 KOHCTpyKTI4B-
HOe peueHt,le.

BaxHbrM oneMeHroM AnÂ o6ecflë-
qeHuF Tenno3au.ll4rbr u gHeproo(p$eK-
Tr4BHOCTr,r 3AaHnF 9BnnloTcg CBeTOn-
po3pêi{Hble orpaMeHl4n c rpor,tHbtM
ocTeKneHueM, conpoTIBneHue Tenfl o-
nepeAaqe y {oropbrx (Ro = 0,56 -
0,81) B 4-6 pa3 MeHbtle, qeM y creH
[11. B cBcau c BbrcoKoù repMer[qHo-
cTbo HoBbrx oKoH npoBeTp[BaHle no-
Meu.leHttù ocyulecrBncercc \repe3

Qoprovxy nnu xnanaH. KaK noKa3uBa-

eT onbrr, Anc MocKoBcKl4x ycnoBuù
qenecoo6pa3Hbr AepeBeHHbre uupo-
Kre (>12cM) oKoHHbre 6noxu c pas-
AenbHbrMu nepenneraMt,t. B raK!4x oK-
Hax Koo(p(pl4qleHT yqera Brl4sH14î
Bcrpe'{Horo renroBoro noToKa k = 0,8
BMecro k = 1 npl,! oAù4HapHbtx nepe-
nnerax [21. SnaroAapc 6onbuoù uu-
pnHe AepeBsHHbrx onoKoB pyccKyx
oKoH B Hr4x 3Haqurensno euue Ro y
Henpo3pa'rHor4 qacTu oKoH, 14 Hâ Hl4x
He BbrnaAaeT KoHAeHcaT npu Hop-
MarbHoù BnaxHocru BHyrp[ noMeu]e-
H149.

.qonroBeqHocrb cBnserct Bax-
Heù[uuM noKa3arereM Marep[ana Ha-
pyxHbrx creH. K coxaneHt4rc HaKon-
J]eHHbtx AaHHbtx o aonfoBeqHocTt4
gqei4croro beToHa B Poccr,il4 oqeHb
Mano u3-34 ero peAKoro npt4MeHeHu9
Ao BOB, e flerKuù nnc6 noeBltnca
TonbKo B 60-70-e ro4ur npounoro

B xonqe 90-x ro4oB npu peKoHcr-
pyxr.lxx rexHonoruvecxoro qexa AùC-
Ol4fl14 B noKpbtrl4n u nepeKpbtrr4rx
6utn ecxpsrr uoHonlrHbtù gqel4cTUù
6eroH, cnyx BLUIù frennl4TeneM.
flocne 65 fler gKcnnyaraquI B TÊxe-
nbtx ycloB4f,x xonoAhnbHIKa c TeM-
neparypoù BHyrpeHHero Bo3Ayxa B
xauepax4o -18 'C a.{eucrbtù 6eroH
coxpaHln npoqHocTb, KoTopag cocTa-
Btana or 8 Ao 25 Kr/cu2 4nl nno+toc-
reù D2100 - D600, ero AnF crapoù rex-
Honorlru 3roroBneHuc neHo6eroHa B
30-e ro4sr rennercg xopouJt4tlt noKa-
3areneM. 143BecrHo,,iro HeaBToKnaB-
Hbtù q.{e|4crbrù 6eroH co BpeMeHeM
HecKonbKo yBent4qnsaeT cBoo npoq-
HOCTb.

Are 3aul[Tbi BHyrpeHnefi ta Habpr-
Hoù noBeoxHocreù creH or 6btroBoù
anarr r aruoc$epHbtx oca4koB ycr-
pa!,rBa|or o6nl4qoBKy unn unyKarypKy,
oKpacxy BoAoycToùq !4 B btM rl cocraBa-
M14 t4 T.n. C yqeToM MaTep!,tafla yren-
nuTeng, ycnoBx14 sKcnnyaraquu I Tpe-
6oaaxuù nopuaruBHbtx AoKyMeHroB.

CneAyer orMernrb, qro 3at4nra
OacaAoB o6nuqoeroù rs nycroreno-
ro Klpnuqa He qBnFeTca AoflroBeqHoti
!{3-34 nocTof,HHoro floAcoca Brlar|4
KfipnuqoM u3 6onee BnaxHoro Kna-
AOqHOTO pacTBOpa, KOTOpOTO pacxo-
Ayercq oqeHb MHoro (Ao 40%), u3-3a
nonaAaHlc ero B nycTorbl. nooroMy
npuMeHeH|4e cHapy)t(/ cnequanbHbtx
uJryKarypHbtx noKpbtrl4ù HaMHoTo Ae-
ueBne, MeHee rpyAoeMKo l,l 6onee
AonroBeqHo. CoBpeMeHHble cocraBbl
ToHKl4x MHoroc'loùHbtx ulTyKarypoK,
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raKHX KaK cMecb Ne 301,  315,  316
(OAO "3a6yAoBa") [4, 5], tlarpeHb
(CaHKr-nerep6ypf), ÂpanBhr (C[IA) u
,qpyrHX, rapaHrupylor 20 rer sKcnry-
aTauuH.

HapyxHbrù uryKarypHbrù cnoù
AOnXeH XOpOUTO nponyCKaTb nap u
oTTanKHBaTb BOAy, a BHyrpeHHrù CflOù
AOnXeH nnoxo nponycKarb nap, qro-
6H oH He cunbHo HaKannrBaflcn B
KflaAKe B 3UMHe-BeCeHHhù nepIOA r,4
oco6eHHo y HapyxHoù noBepxHocn4,
r{To cHhr(aeT Mopo3ocTot KocTb noKpbF
r r [4]. no3rorry ceùqac pa3pa6ora-
Ha fi npl4MeHgeTcg HOBa9 MeTOAhKa
l4cnbrTaH,|9 gqeufioro 6eToHa Ha Mo-
po3ocroùKocrb. oHa npou3BoAr4Tcg Ha
o6pa3qax BMecre co urryKarypHbtM
noKpbrTreM, noSToMy BnaxHocTb r4c-
nbrrbrBaeMbrx Fqeucro6eroHHbrx 06-
pa3qoB nonyqaerce 3,5-4%.

BbrBoAbl

1. Pa3pa6oraHbr nporpeccuBHbre
KOHCTpyKr]l414 OAHO- |/l AByXCIOXHbtx
HaplDrfiblxcreH c yrennuTeneM B Bl4Ae
KnaAKr AOnfoBeqHbI\4n 6noKaM[ u3
KOHCTpyKqT4OHHO-TennO|/l3OnBql4OHHbtX
nOe3HAT MIHepanbHbrx Marepua-
noB c roHKr4Mr4 (2-3 MM) KreeBbrMl4 t4
o6br..rHbrM14 (10-12[,rM) qeMeHTHo-nec-

qaHbrM14 urBaMu. flepel,rrurvxn aunon-
H9IOTC9 143 MaTeprana, OAUHaKOBOTO
no nnorHocrt4 c 6noKaMI KnaAKl4.

2. CreHoaure orpa44eHun us 6no-
KoB nnorHosrbn D400 - D500 HaMHo-
ro AeueBne MHorocnoùHbrx c "3+seK-
Tr4BHbtMH" nOnHMeOHblMUM BOnOKHT4-
cTbtMu HeAonroBeqHbtM14 ylennHTen9-
Mu 6naroAap9 AonroBeqHocr[ He Me-
Hee 50 ner u 6onee BblcoKoMy 3Haqe-
H14ro Ko3QQr4q eHTa TennoTexHuqec-
KOù OAHOpOAHOCT14.

3. ÂanbHeùuJee cHuxeHHe Mâc-
cbt t4 Tonq Hbt oAHocnoùHbrx orpax-
AeHIi, OCO6eHHO B MHOrOKBaprupHbrx
3AaHUtX C qeHTpanbHb \4 BOAFHbTM
oTonreHIeM, B ycnoBfi9x xonoAHoro
|(rl Mara Poccl4r4 onacHo r43-3a 6brcr-
poro oxnaxAeHufl noMeuleHHù npfi
aBapuu oTonneHxg, a Talo|(e 3-34 Bo3-
MOXHOCTI OnpOKHAbrBaH r CTeH npfi
AeùcrBr4[ BerpoBbrx Harpy3oK.

4. ,qne xonoAHbrx ycnoBnù Poc-
cr4r4 cfl eAyeT npuMeHgTb.qepeBFHHbre
pyccKr4e uupoKue (>1 20[4M) oKoHHbre
6noKu c AByxcnoùHbtM creKnonaKe-
TOM 14 OTAerbHbrM CTeKIOM, yCTa-
HaBnHBaeMbrMt4 B pa3AenbHbre nepe-
nneTbt.

5. l4cnbrraH e Ha Mopo3ocroù-
KOCTb grteICTOTO 6eTOHa Anq Hapyx-
Hbrx cTeH cneAyeT npou3BoAl4Tb nph

ycTaHoB14BUeùcF BnaxHocrH MeHee
57o r rannquu na o6paaqax or4eno,l-
HOI-O CnOq.

O pêa H u sa qu I p a spa6 a m u eae m
no doeoeopa u sQQe K m u e H bÊ

oeoaxôeuun dnn sôanuù
(men.504-4115).

Er6nrorpaQn.recKt.tù cnxcoK

1. CHnn ll-3.79*. CrpolTenbHar refl-
no.rexHx(a / M[Hcrpoù Poccn . - M.: fn Unn,
1995. - 20 c.

2, MfCH 2.01.99. SHeproc6eoexeHqe
B 3Aa8Xf,X. flopMaûBbt nO lenJlo3autrTe X Ten-
noEoAo3neKrpocHa6r'€Hxto. - ir.1999. - 78 c.

3. npxMeHeHre oonerveHHbtx r. teu-
cTooeToHHbrx 6no(oa Anr Hapfitbtx creH
3AaHuù c noEbrueHHori TenroBoù 3auI[Toi
( l l  gran BHeApeHHr AnF crpol4TenbcrBâ B
rop. MocKBe nocre 2000 roAa) / TexHx.tec-
kre peueHrr // - OAO l-lHl4 3n xrrnura.
t . '1996. - 7r c.

4. YpeqKar E., JlnorHxxosa E., Ko-
HrouhK I, l .  Oco6eHHocrtr rexHororuu or-
AetKl,t  KoHcrpyKqxù u3 rqercroto 6eroHa.
TeMar[,]ec(oe npuroxeHle K oe{raMHo-0H-
QopMaqhoHHoMy 6|onrereHrc "Senopyc-
ckxù f ipourenbHHù pbrHoK', ABTo|(naBHbti
r,reucrbrù 6eroH: npon3aoAcrBo, npoeKT|,|-
poBaHue, clpol{TeIbcrÊo, 6n3Hec (c6opHl,tK
crareù). 2003. 36 - 38 c.

5. l4|crpyKqnr no MoHTaxy, TpaHc-
f loprl , !poa(e x SKcnnyaraquu u3Aenuù 3
lge rc ro ro  oe roHa  OAO "3a6yAoBa" .  /
r ' l r icrb, 2001. - 44c.
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H.F.MATKOB, KaHô. mexH. HayK (HU|4XE); e.A.6AIllOLlUK, KaHô. mexH. HayK (UHUUC); B.H.ry6hH,
?eH. ôupeKmop Supuu 

'Cnpym"; A.E.PYEEHKO, en. uHxeHep MO-90 Mocmompecma;
A.B.YilPTUHOB, en. uÆKeHep AOOT "6emuap-22"

erca HecBapHoù o6xr, vrxoù rpy6varurù
crsrx. Tax, eo MHorrx crpaHax M!4pa -
C[XA, OPI , KaHage, Kurae, Be.nuxo6-
p[TaH u 14Ap. npu Bo3BeAeH[u oTBeT-
cTBeHHbrx coopyxeHHù npeuMyqe-
CTBeHHO npHMeHgot CTbll( I  TaKOTO
runa [1,2] .

B oreqecreeHHot\r crDo retbcrBe
erorr n crbrKa 6brr npaKT[qecKx Bbt-
TecHeH noBceMecTHbrM npuMeHeHue[4

cBapHbrx crblKoB npu MaccoBoM c6op-
HoM crpo{TerbcrBe c 1955 no 1995 n
3rhr,t o6tscHsercq orcyrsrBt,le uccne-
AoBaHuù onbtra BHeApeHufl o6xr4M-
Hhtx HecBaDHbtx cTbtKoB. t4 To'|bKo C
BO3pO4qeHlieM B nOCneAHue roabl
MOHOTHTHOTO AOt\4OCTpOeHy9, t\,tOCTO-
fipoeHh9 r,4 ToHHenecTpoeHuf, Bo3Ht,tK-
ua HeornoxHag norpeoHocTb B STxx
3KOHOM14qeCK 14 oKOnOrUqeCK ueIe-

Heceapnure o6x[MHbre crbtKh apMarypbl
B Xene3o6erour urx KoHcTpyKql,tf,x

OAHoù t43 nepcneKTuBHblx Hayq-
Hurx paspaborox, npeAHa3HaqeHHbtx
Aflfl COeAIHeHUr apMarypbl nepuoAx-
qecKoro npoÈunF e c6opnurx, uoHo-
nfiTHbrx I npeAHanpf,xeHHbx xene3o-
6eroHHurx KoHcrpyKLlugx Kapxacoe
3AaH ù hcoopyxeH ù (MocTax, roH-
Henflx L1 Ap.), npeArioxeHHoù æaMeH
TpyAoeMKux 14 Ao porocrog rJ.l r4x cBap-
Hbtx HaxlecTor.{HbtxcTbtKoB, 9Bn9-

6

-.rrft-



_L-j

Pnc. 1. KoHcrpyKqxn xecBapHErx o6xr.iMHLrx crbrKoB apMarypbr (|('|accb| A-ll,..Ar-Vl)

1- uunuqàpuqecKag Myùma: 2 - ehnycKu cmepxHeù:3 - Konbueaoù 3a3op; 4- Mecma ]KuÛoe wmaMnaMu

^ L

I

coo6pa3Hbtx cTbtKax. IloM!,rMo xopo-
r!{x 9KoHoM14qecKux u TexHonoruqec-
KUX noKa3arereù, HecBapHor crbrK
ucKnoqaer xpynKoe paspyueHue 3a
cr{er BbrcoKoù nracrui{Hocru 14 DeKo-
MeHAOBaH An9 npUMeHeHIr B CeùC-
MXqecKl4x oaùoHax.

B crarbe nprBeAeHbt ocHoBHbre
pæynbTaTbr HoBbrx sKcnepIMeHTafl b-
H O-TeO peTUr{eCKuX l4CCfleAOBaHUù He-
cBapHbrx TpyoqaTbrx cTbrKoB apMary-
pbr (ds=18...36) MM no npoqHocrt4 t' l
AeÉopMaruBHocrI npu pacrexeHu]i.
06pasqur crbrKoB 016t,,|panu nph BbF
nonHeH I nnur u ôBaù MocroBbtx
onop, a ranre 6anoqHbrx oneMeHToB
Ha pa3Hbrx crpotlTenbHHX o6beKrax
MocKBbr. OAHoBpeMeHHo 6bnu u3ro-
roBneHbr HarypHbre obpa3qbr- xene-
3o6eroHHbre npt43Mbr 14 npeAHanpn-
xeHHue 6anxu. nocneAypu.lee rx
!,rcnbrraHfie Ha cxart,le u usru6 npo-
lr3Benu B npeccax u cr4floBbx creHAax
Coro?AopHr4r4 14 Hl4 l-l "Mo6-rbf ' l-lH l4Llca.

KoHcrpyxqr4q o6xnrr,tsoro crulxa
AOCTaTOqHO npOCTa h COCTOr,rr r43 CO-
eAl4HhrenbHoù MyQTbr co BcraBfleH-
Hb rfl4 B Hee AByMC BbrflycKaMr CTbt-
KyeMbrx apMarypHbrx crepxHeù nepn-
o,q 'recKoro npoQt4nf,. (prc.1). Co-
6paxryo cucreuy "ruyQra-crepxnra"
obxuManI Ha nepeHocHbrx ycraHoB-
Kax oreqecrBeHHbrx Qr4pM 

'Cnpyr"

(MoAenb CH-1) la "BH14uMerMaul" (Mo-
4enr BH-1), a ranKe ShpMbl "Eap-
Cnnaùc" MoAenI BG-750M nocneÀo-
BaTeflbHo noBTopF rolLlt4 M t4c9 xuMaMh
(n=4...17) no .qnnHe my$rur c nepe-

xnecraMn. HanpasneHt4e xuMoB - or
qeHTpa MyQrbt K ee (paeM. MaKcu-
ManbHbte nonepeqHbre yc nug B ne-
peHocHbrx ycraHoBKax Âocrnranu
80...85 rc - B 3aBxcr4Mocn4 or Aua-
Merpa cTepxHei. Ha 3aBoAax "Serl4-
ap-22"  u Ne18 crbrKr , r  apMarypbr
(ds=18...28 tvttvt) o6xuMator Ha cneqh-
anbHbx npeccax 3a oAuH - ABa npl4-
eMa B cnnouHbtx riJTaMnax. flone-
peqHoe ycunre Aocruraer 300 Tc
(puc.2) .

143yqeHue noBe,qeHlin HecBapHbrx
o6xrunux rpy6varbrx crbtKoB Bbrnojr-
Hcnn B ABe craÂuu. Ha nepBoù onpe-
AeJrflnI AnuHy 30Hbr aHKepoBK[ apMa-
rypsr a ray$rax npta pacrnruBapu.l4x
ycunxnx; Ha BTopoÉ r43yqann HanpF-
xenno-ge@opulrpoBaHHoe cocrorH{e
B CXaTbrX SfleMeHraX. flDtr3rvtst ugro-
TaBfl14Barr B naooparopHbtx |4 3aBoA-
cK,lx vcnoBtlix 14 t4cnb|TbrBaru Ha BHe-

qeHTpeHBoe cxaTfie. bafiKu c npeA-
Hanpf, xeHHoù âpMerypoù 143roraBn14-
Ban u B ycroBr4sx s aB,o Aa " E,er u ap-22"
u ucnbrrbrBanu Ha fi3rn6 B Corc3,qop-
Htll4 no yrsepMeHHoù nporpaMMe
H14l4XE n PernaMeHry cocraBneHHo-
My Anr 3aBoAa.

B cruKax apMarypbr npx pacrF-
xeHuu u npu3Max flpx BHeqeHTpeHHoM
cxÉlTt4h nplMeHsnn B ocHoBHoM ropq-
qeKaraHylo apMarypy nepnoAuqecKo-
ro npo$unF Knacca 4400 (A{ll) u3
cran[ Mapo( 35fC u 25f2C guauer
PoM ds=18...36 MM, a B nPeAHanPn-
xeHHbtx 6anKax - BbrcoxonpovHyto
apMarypy 4800c (Ar-V) AraMerpoM
ds=18 MM no rOCT 10884-94. CpeA-
Hlre MexaHuqecKlre xapaKTepucTxKr4
npuMeHeHHoù apMarypbr no npoqHo-
crr Ha pacrnxeHne: AnF Knacca 4400
- or(o0.2)=410 Mna, 08=630 Mna,
ôs=10,5 %; Ane Knacca A800 -

i- - - -'.!!o -'- -- -i

Prc. 2. nonepe,tHoe ceqeHre HecBap{oro rpy6qaroro crËtKa c npeAHanprxeHHbrMh
qreprorrl|lr dt = 18 MM !r Bbrnyc{a r nonepggHoù apMarypbl

1 u 2 - yeacmKu KpueotuqeùHoù &opMbt oxamoù Myômu; LL - yônuHe4ue: m - eanuK:
B - Kpu^onuHeùHaf, ûopMa Myùmd e nnaHe (wupuHa nocne o6xamuq)
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oo .o2=815  Mna ,  oB=1100  Mna ,
ôs=11,6 % [3] .

CoeA HlrenbHbte MyQrbr Bbrflon-
HFnlr B Bt4Ae OTpe3KOB "paC'.{eTHOù
An14Hbr" H3 oecuoBHbrx qenbHoTnHy-
rbrx 3aBoAcKt4x Tpy6. Marepuan rpy6
- cranb fpynnbr "8" MapoK 10, 15, 20
uflr4 cT.s c HopMr4poBaH eM MexaHu-
qecKxx cBoÉcTB t4 xt4M[qecKoro co-
craBa no TOCT 1050, 4543, 380 (CTO
ACqM 7-93) u rOCT 19281 . npu u3-
roToBneHru npnMeHtnn ropFqeAe-
+opM14poBaHHbre (rOCT 8731, 8732)
n rennoAesopM14poBaHHbre (rocT
8733, 8734) rpy6br. Enn npeAHanpe-
xeHHoù apMarypbr AlaMerpoM ds=18
MM np MeHgnn ToqeHbte MyQTU t43
Kpyrnoù npyrKoBoù cran[ no rocT
2590-71 (ra6apnrbr MyQr: L=80 MM,
A"=40 vu, fl"=22 ttM, rontj.lt4Ha creH-
Kl4 I MM). Hape3Ky r4cnon$yeMbrx

8

l c x l 0

3aBOACr(!,rX Tpy6 BbrnorHcnu rorbKo
MexaHlrqecKlrM 14HcTpweHToM. Topqbr
Hap€aHHbrx Mys[o6pa6arbrBanl4 Hax-
,qaqHbrM ù4HcTpyMeHroM.

klcnbnaHuf, arperarHbx 06pa3qoB
Tpy6 14 cTbrKoB apMarypbr Ha pacre-
xeHue BbrnonHgru Ha MauJuHe MO-
150 no FOCT 1 .497-84 c asroirar[qec-
Koù 3anxcblo 'q'|arpaMM AeQopM14po-
BaHuf, (pnc.3). AnnHa o6pa3qoB L=700
MM, pa6oqaF 3oHa L=500 uu. ,[nn
ooecneqeHù4F HaAexHoù aHKepoBKr4
Tpy6qaTbrx o6pa3qoB B 3axBaTax l4c-
nbfiaTerbHoù MauJl4Hbr B rpy6Kr4 yc-
TaHaBn'lBanu cranbHbre npo6Kt4 An14-
Hoù no 100 MM c Ka){AoÉ cropoHbl.

MHoro,{ucneHHbrM}1 l4ccneAoBa-
Hr.r9MU AnUHa aHKepOBKr An9 CTepX-
Heù KpynHbrx AxaMerpoB (ds=22...36
MM) B MyQrax ycraHoBneHa paBHoù
(c oAHoro KoHqe): Lo6x=3,5 x ds+

1 , x 1 0

+ 1/2 ds,qne crepxHeù Knacca A-lll, a
Anc A-lV (4600) 14 Ar (Ar800c) -
Lo6*=4,5 x ds+1/2 ds (1/2 dsAaercn
Ha HepoBHocTb Topr.loB cTepxHeù npu
!,rx pæKe). npr o6xarux cTepxHeù
pa3Hbrx AuaMerpoB nphMeHrnu nepe-
xo4Hsre lay$rur c TeMu xe .qfluHaM
aHKepoBKg! 4ds l,| 5d", a 3aeucuuocrn
oT npnMeHneMbtx KnaccoB apMalypbt.

Ctutxyeuure crepxH[ Ha AnrHe
ooxarbrx MyQT Lo I np!,tHcTbtx Aua-
Merpax (HappKHoM AH 14 BHyrpeHHeM
A") c ronqnxoù creHK!4 t paccqurbF
Banu l43 ycnoBur paBHonpoqHocTrl
(KaK np!4 oAHoM At4aMerpe BstnycKoB
cTepxHeù, ycraHoanenHsrx a rayQru,
TaK U npt4 pa3Hbtx r4x AlaMerpax B
nepexoAHbrx MyQrax). Crepxnu eeo-
AFr B My(prbr Ha paBHHe AnuHbt oT
cepeA14Hbr, c 3a3opoM Mex(qy lopqa-
Mu He 6onee 1/10 ux nonHoro Auâ-

1000 1200

Prq. 3. Ilxarpar.Mbr pacrrxeHrr onÈ|rHbrx recBap]rHx o6xnMHÈrx crbrKoB apMarypbr d, = 32 MM (C1, C2, C3) Macca A-lll (A400),
o6xarbx a MySTax B nepeHocHoù ycraHoBxe npx Bo3BeAeHrr xene3o6eroHHoù onopbr AHApeeBc(oro Mocra Ha neBoM 6epery
p. Moc|(Bbr, x A[arpanirbr Ae$opMrpoBaHxa npx3ri c x]rcxo.qttql,tMr BerBrMlt

a - ucnbrmaH4ue Ha pdcmuxeHue cmbtKu c odxamueM wmaMnaMu c Kaxôoù cmopoHbt Myômu om ee cepeôuHbt (xuMu om uevmpa
MyûmH, c Kaxdoù cmopoq4 no 5-6, c êunycKaMu cmepxHeû, ycmauoeneuuttx no LpHmpy Myëmbù; 6 - àuaepaMMbt èe$opMupoea\us
xene3oaemoHHhtx nprcM c Hucxoôsuluvu eemeaMu npu ucnblmaHuu ux Ha eKamue; e - npoLle4m nonepeq\oeo apMupoeaHug p,y= 2,9%
npu eo= 0 u ps= 1,6%



Merpa d1. BHyrpeHHuù A[aMerp My+r
aonxeH o6ecnequBaTb cBo6oAHhrù
npoxoA crbrKyeMbrx cTepxHeù c Aua-
MerpanbHbrM (xonuqeauru) :aaopou
no oxpyxHocrfi pe6ep (pr4+oB) apMa-
rypbr ô3<1 ,5 MM. 3ror He6onsu:où sa-
30p OnpeAen9eT nflacT[qecKoe Teqe-
Hhe cranI iryÈTbl, nnorHo oxBarbtBaF
cTbrKyeMbre cTepxHfi, 3anorH99 BbF
AaBnnBaeMbI\4 MeTanfl oM npoMe)|qfi-
Ku Mex(qy pHQaMh apMarypbr. npu
3Tor\4 Ha noBepxHocrrx MyôT B none-
peqHbrx ceqeHtaflx ra rny6uny, paa-
Hyn 0,1t, or Bo3AeùcrBr4s r.uraMnoB
o6xr4MHoro cunoBoro ycrpoùcrBa 06-
pa3ylorcf, no 6 A14aMerpanbHo pacno-
noxeHHbrx npFMoyfonbHbrx oTneriaT-
KoB ul4or4Hoù B.

Orne.{arK[ Dacnonaralorcq oaBHo-
MepHo Ha Ant4He rv]ysl Haq Hag or
qeHTpa, rAe o6pa3yeTca nnoulaAKa
uJ,rpr,4Hoù d, c qHTepBafloM 3...4,5 [,tM
npa warc 112 Lm, o6pa3ye Ha KoHqax
u cepeAuHe [,ryQr ropqeBbre Ban K!4
Ul4or4Hoù m=1.5. . .2  [ rM.

EfluHbt My+T nocne tax coBMecr-
Horo o6xarun co crepxHqMr,l Bo3pac-
Ta|oT Ha Benrqt4Hbt ^L, cocTaBnglo-
L! e He MeHee 10% ol neoBoHaqanb-
Hbrx An H L (MyST B 3aroroBKe). 3ra
Benrql4Ha coB[4ecTHoro yAn HeHug
ooxaroi [,ryQTbr co crepxHqMr,r gBng-
nacb ocHoBHbrM KpxTeprieM npu npo-
T43BOACTBeHHOM KOHTpOne npo'rHOCI[4
cTbrKa apMaTypbr, qTo noATBepxAeHo
ra(xe onbrraMu 3apy6exHbrx S14pM
[1,2]  u  eueceno B HopMbr Mnort , tx

HeceapHsre o6xur.ltHbre crbtKu ap-
uarypur e 6eronnpyeMbrx KoHfipyKr.44-
nx Heo6xo4uuo pacnonararb B pa3-
6exKy B nnaHe xfiu no Beprl4Kanu AflF
KoHcrpyKqrù, pa6oraoqnx a pacrr-
HyTbrx, BHelleHTpeHHo cxaTbtx t4 t43-
rr6aeuurx gneuenrax. 9tacno crsrroe
B O,qHOM paCqeTHOM CeqeHl4n 3ne-
MeHra (B npeAerax yqacrKa AnlHoù,
paBHoù 15 dJ HeAoJlxHo npeBbr[!arb
40% or o6qero xonuqecrBa apMary-
pbr B pafiqHyToù 3oHe ceqeH!4f,, o6ec-
nequeag npx erou ceo6o4Hurù 4oc-
Tyn K crbrKaM c|/1noBoù ronoBKu nepe-
nocuoro o6xuuHoro ycrpoùcrBa.

Iy'ccne4oaaHun ra KoHcrpyKqt4sx
c HecBapHb \4t4 cTbtKaMu BbtnonH9nu
B na6oparopHbrx ycnoBugx Ha BHeL{eH-
TpeHHo cxarbx xere3o6eroHHbtx nph-
3MaX Ce,leHl4e[,! 20x20 Cu, xonouHax
ceqeH[eM 40x40 cM I npeAHanpe-
xeHHurx 6anxax ceqerneu 96x60 cu.
B nponsao4creeHHbrx ycnoBuqx fic-
cneAoBaH 9 npoBoAunucb npfi peKoH-

crpyKrlxH AHApeeBcKoro I ynbeHoB-
cKoro MocroB. croonrenbcrBe Fara-
pr,rHcKoro ToHHenF u nyrenpoBoAa Ha
24 KM JleHuHrpaAcroro uocce. Apur,r-
poBaHue npl4gM, KonoHH 14 6anoK Bbr-
nonHqnh 4-MF, 12-o 14 '18-|o crepxHB-
M 1 4  d s = 1 8 . . . 3 6  M M ,  K n a c c o B  A - l l l
(4a00) r \-V (A800). CrbrKu pa6o-
,1eù apirarypbt BbrnonHqrfi c np Me-
HeHUeM nepeHocHbtx t4 cTaqt4oHapHbrx
o6xt4MHbtx ycraHoBoK (B 3aBucLlMoc-
T[ OT pacnOnO)|{eHh9 U ryCTOTbt ap[4t4-
poBaHun KoFrcrpyKq14ù).

Ha saao4e "6eruap-22" npu u3-
roroBneHuu npellHanpnxennurx 6arox
AnuHoù 16 u 4nr o6xarun ctsrxoe
6srna npruerera craLl!,roHapHaq yc-
TaHOBKa C HenOÀBt4XHbtMI CnnOLjlHbF
Mt4 uJTaMnaMu. 6anKu BbtnonHgnncb
no npoeKry + pMbr"KoMnneKc crpoù-
ycnyr" !4 KoHcTpyKTopcKo-TexHonoru-
qecKoMy pernaMeHry H14l4XEa. OHx
apMupoBanucb 12- lo  crepxHgMt4
ds=18 MM B rpex ypoBHrx. B c6opHo-
MOHOnITHOM BapUaHTe t43 BepXHefO
norca ycTpaIBann neTneBbre Bbrnyc-
Kn nonepeqHoù apuarypsr 4nn o6ec-
neqeHrg coBMecrHoù pa6oTbt 6anKu
ri nnl4Tbr nepeKpbrrhs np!4 nonHoù Ha-
rpy3Ke. HarFxeHue apMarypbr Bbrnon-
HFnl4 MexaHuqecK u cnoco6ou cyno-
poÀr Ha cnapeHHy|o +opMy Ann AByx
6anoK. Ycunl4s HarâxeHuF ÂononH -
Tefl bHo KoHTponrpoBanI c noMoU.lbto
npuoopa 14HK-2. KoHrponb rcMepeHuq
HanpcxeH14ù npI HarrxeHuI apMary-
pbr AnF Ka){Aoù 6anru surnonHsn
ABax(Abr. KoHTpon14pyeMoe Hanprxe-
Hhe npu HarexeHu apMarypbr nepeA
6etonupoearueu nepBoù 6anKr co-
craBneno 402 Mna, a Afin Bropot4
5anKvi - 445 Mna. SaMepbr creneHh
HarFxeHur ap[4aTypbl npou3BoAt4nI
Ha ynopax ôopM nepeA 6eroHt4poBa-
rrela 6anox, 14 K oroMy BpeMeHu npo-
9BnFnucb norepu HanpnxeHuù orAe-
QopMaqhu (poptur 14 \lacrnqHo or pe-
naKcar.1414. B pacvere eru norepu cyu-
MapHo onpeAenexsr a npeAenax 94
Mna.

flepe4 ornycrou apMarypbt 6blno
ucnbrraHo 6 Ky6oB; no pesynbraraM
xcnblTaHuli r4x cpeAHgc npoqHocrb
cocraBuna 36 Mfla.

14cnblraHHbre xene3o6eroHHble
npu3Mbr (RB=29 Mf la)  paauepora
20x20x80 cla 6urnI apMLlpoBaHH no-
nepeqHbrMr,r ceTK€rM14 14 qeTblpbM9 npo-
AonbHbrMr,r crepxHci 4 c o6xr4irHsrrvtu
cTbrKaMu, pac non oxe H H bI\ 4 B cpeA-
Heùqacru. 3arpyrxeH|4e npL.r3M BHnon-
HgnI npeccoM no cneLluanbHo pa3pa-

6oraHsoù ueroarKe coBMecrHo c o4-
noBbtM ycTpoùcrBoM, ocHauleHHbtM
Tap!4poBaHHblM14 cToùKaMu 3 cnnaBa
(fl -1 6T), ynpyrue 4eQopMaqura Koro-
poro 3HaqulenbHo npeBbtuJanu Ae-
QopMaqx OeroHa npu3M [4,5,61. KoH-
rponb 3a nepepacnpeAeneHueM Beru-
qr,rHbl Harpy3K[ Ha npu3My npou3Bo-
Atat!4 Al4HaMoMerpou. flo4xnnveHre
croeK B pa6ory Bceù cficreMbt npx
3afplD{eHuu BbrnonHFnu npl4 ypoBHâx
Hafpy3Ku 0,85...0,90 N I oa3o. Tlph3Mbl
3arpyxanr no cryneH,{aroù MeToA14-
Ke, np Herori B Hl4,DKEe,4o ypoeHn
0,85 N I o""o. c eurAepxKori Ha Ka4oùl
3rane,qo 5 Mr4H. flpr erou $uxcrpo-
Banq ynpyrfie (€v) q nnacr[qecKhe
(enr) AeQopuaqr,rû.

3xcnepnueHranrHo-TeoperIqec-
Kne pe3ynbTaTbr r4ccneAoBaHnr4 no
Ae+op[4aqi49rlr 14 HarpyxeHuqM npu3M
npeAcra8reHbr B B Ae AuarpaMM Ae-
QOpMr4pOBaHUn CXaTfir C H[4CXOA9-
u.lr,4M yqacrKoM (pr,rc.3). luarpauua
Ae(popMr4poBaH n Ann 6eroxturx
npu3M Ha BocxoÂFuleù BerB14 flMena
orHocurenbHo xpyroù yKnoH. Ane
np|43[4 c nonepeqHbtM I npoAonhHbtM
ap[414poBaHheM AuarpaMMa AeQop-
r\4t4poBaHu9 uMena eqe 6onee Kpyroù
yKnoH Ha HaqanbHoM yqacTKe I Ho-
c na npornxeHHbrù u nnaBHbtù xapaK-
Tep co 3Haq!4Tenbxo 6onuuuuu 4e-
Sopuaqrrur  B KoHqe (prc.3,6.8) .
Kpoue aopuaruaHblx pacqeroB no
npoqHocTu SneMeHToB, npeAnoxeH I
,qtaarpaMMHbri MeroA pacqera c yqe-
rou [4].

Onsrlrsre 4uarpauusr 4e$oplrr-
poBaHue oeroHa (M300...M600) nony-
qeHbr np!,r ucnb|TâH14u apMupoBaHHbtx
npu3M Ha ycraHoBKe Ht4l4XEa [5,6],
ocHauleHHoù AucraHquoHHoù cHcre-
Moù r3MepeHue Ae$opMaqnù ù4 Harpy-
3OK BO BpeMeHU Ha BCeM AUana3oHe
aBToMarfiLtecKoù 3an cu, nocpeA-
cTBoM AByx KoopAuHaTHlKoB c (pr4K-
caqfieù HanpqxeHrg B 6eroHe c no-
MOl4bro BHyrpeHHl4x AaTqUKOB AaBne-
nna [3]. tlonylenst raffe napaMerpu-
qecKr{e ToqKu nonepe.tHoù AeSopMa-
t - l t lx  u=e2le, |  u  npupaqeH laq
^u=^t2+Att, KoTopbte HaXoAqTcc B
npeAeflax 0,25...0,45, a ra${e ocHoB-
Hbre napaMerpbt o6'beMHbtx r,r3MeHe-
Htaù 6eroxturx sneMeHToB B npoqec-
ce ux 3arpyxeHl49.

C yeenrlelueu AnurenbHocru
nplnoxeHt,ts Harpy3Kt,t B 6eroHe one-
[4eHToB pa38uBa|orca AeôopMaqu!4
non3yqecTn, KoTopbte npfiBoAsT K yBe-
nnqeHu|o nonHbtxAe$opMallt4ù, 6onb-



t :
Lllag gacTb r,r3 KOTOpbTX - nnacTfiqec-
KHE.

OnucblBag onbrHbte AuarpaMMbl
AeÔopM14poBaHuc c H !4cxoAF u.l 14 M 14
BeTBqMr no ynpoqeHHbrMu 3aBuct4-
MOCT9M14, HaMU peKOMeHAOBaH nOA-
xoA pacqera c yqeroM pa6or [4,5,61.

nocne psAa MareMaruqecKlrx
npeo6pa3oBaHuù yAenbHae êHepf re
pa3pyueHu9 gneMeHTa onpeAenurce
AUarpaMMoù Ae(popM14poBaHlrf r1 BbF
pa3 TcF 3aBUCt4MOfibK)

3  =  R" * (a ,9 i  +a ,p ' |+a .p ' : . . . 1 ,-'* ,' .)
tae 41, 42, a3 - KosQQ9lqueErH, onpeAe-
reHHbre no MeToÂy Nal4MeHbur4x KBaapa-
roB, coorBerqraeBHo paBHbr 2,5; -2, u 0,5.

B gaKr|oqeHIe orMer!4M Heooxo-
A!4Mocrb orpaHlqeHug H14cxoÀsu.leù
BerBlr AuarpaMMbr oeroHa 6a3oBbtMt4
ToqKaMu, Q !4Kcl4 pyrou.[4 M u pacreTHbe
3HaqeHuc c qenblo onpeAeneHue npe-
AenbHoro yc!4nue [4,6].
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ABTOMATI4 IAA NPOil3BOCTBA

Mogepnn3aqlrf, cncreMbr ynpaBneHxf,
6eroxon plr roroBrren bH bt M y3noM

Ocrpar norpe6Hosrb B MaccoBoM
npou3BoAcrBe xene3o6eroHHbrx
unan B HauJeù crpaHe Bo3HqKna cpaB-
HrrerbHo HeAaBHo, oKono 40 ner Ha-
3aA. ,qo groro ucnonb3oBan!4cb ronb-
KO AepeBgHHbre Uflanbt, KoTopbte yl(e
aaBHo He cooTBeTcTBoBanu Bce Bo3-
pacraou.l4M rpe6oeaxlrnrr,t MflC. B
Ha.{ane 60-x roAoB nocB ncq yHr,i-
BepcanbHb|l4 3aMeHrTenb AepeBcH-
Hbrx uJnan! BbrurpbtBa}oql4ù B Ha,qex-
Hocl4 , cpoKe cnlD(6br r qeHe no cpaB-
HeHU|o CO CBOT4M -npeAUieCTBeHHU-

KoM" - sro xefle3oberoxgule urnansr

0K6ul), !4cnonb3oBaHt4e Koropbtx Bo3-
MOXHO npaKTh'{eCK[ BO BCeX KnnMa-
TIqec(ux 30Hax 3a ncKnpqeHneM
KpaùHero ceBepa.

nepBbrù B CCCP 3aBoA no npo-
r43BoAcrBy X6tll noeB nci 38 n€r
Ha3aA B fopoAe Lly4oao Hosropo4c-
Koù o6nacru. B nacronqee apeun,
HecMoTpq Ha axT[BHoe pa3BUThe OT-
pacnr, B sKcnnyaralur4 HaxoAr4TcF

t 0

A.B.3EPHOBA, unx. (OOO'HtlO Paxypc")

oKono 40 % X6Ul or o6uero o6'ueua
uJnafl. TaK!4M o6paeoM, 6onee nono-
Br4Hbr ynoxeHHbrx uJnan HyxAaoTcg
B 3aMeHe. Cero4rn e Poccur npo-
r43BoAr4Tcr oKono 11 MnH. LuryKXSUI
B roA, riro cocraBnqernuuJb 80% or
orpacneaurx norpe6HocreÉ.

B csF3r4 c reM, qro cnpoc He co-
oTBeTCTSyeT npeAIOXeHIO, nogBr,l-
nacb norpe6Hocrb B noucKax HoBbtx
nyreù noBbtlueHIq npou3BoAuTenbHo-
cTx u ynyqueHu9 KaqecTBa BbtnycKa-
eMoù npoAyKr.$4!4. OAHIM t43 cnoco-
6oa peu.enur sroù npobneuul ua npqg-
npuf,Tr4r4 gBn9eTcr BHeApeHxe coBpe-
MeHHblx aBTOMaTI3l,lOOBaHHblx Cl4C-
TeM ynpaBneHu9 TexHonoTl4qecKuMt4
npoqeccaMu u o6opy4oaatueru. t{y-

AoBcKuù 3aBoA no n pou3BoAcrBy
XELll, oAHo r43 crapeùuJt4x npeAnp!.t-
rrr4ù orpacnt4, nepBbrM oco3Hano He-
o6xo4nuocrs u qenecoo6paslocru
Taxoro peuJeHfir. Huxe npnBegeHo
onncaHue BHeApeHHoù Ha oroM npe,q-

npurl414 cr4creMbt ynpaanetur 6ero-
HOnpufoToBuTenbHbtM y3noM.

HoBae MuKponpoLlêccopHas ct4c-
TeMa ynpaBIeHlF 6eroHonpnroroB14-
TenbHbtM y3norr, Koropbtù cocrot4t u3
AByX KOrlrnneKTOB AO3aTOpOB MaTep!4-
anoB u rpex 6eroHocMecurerbHbtx
Mault,tH, BbtnonHeHa Ha 6a3e nporpaM-
MIpyeMoro fl orfi '.]ecKoro KoHTponne-
pa I AByx nporpaMMupyeMbrx naHe-
ne!i oneparopa. Bce KoMnneKrypu.Ue
- cpeAcTBa npoMb .lneHHot4 aBToMa-
ru3aquu QhpMbr OMRON (ffnoHun).

{Dynrqrn crcreubr ynpaBneHxs:

aABTOMaTH']eCKUù KOHTpOnb u yn-
paBneHfie Ao3HpoBaHIeM CXOAHbtX
MaTepIanoB

aynpaBneHxe MexaHu3MaMu 3ar-
py3Kr4 B BeCOBbte AO3aTOpbt, æBeuu-
BaHl4e, 3arpy3Ka B 6eroHocMecurenb-
Hbte MauuHbr, nepe[4euuBaHne MaTe-
planoB no rexHonor qeckoMy LluKny

, f t



I

nynbl onepalopa clncreMbr ynpaBneHxq

u Bbrrpy3Ka B npoMe)qrroqHbre 6yHKe-
pa B aBToMaïuqeckoM, pyqHoM u Ha-
naÂo'{HoM pexuMax

aKoHrpoflb pâ6orbr t4 Br43yanusa-
ur,lF cocTof,Hr4F Bcex MexaHu3MoB 6e-
TOHOnpUfOTOBUTenbHOTO y3na Ha OK-
paHe NT-repMuHana (naHenb onepa-
ropa)

aKopperrupoera no BnaKHocrr4 t4
3acopeHHocTx 14cxoAHbx MaTepuanoB
c aBToMaru3r4poBaHHoù KoppeKLlueù
no ornycKaeMoMy Becy MarepIanoB

aKoHTponb paoorbr sneKTpoABr4-
rareneù 6eroHoMeuaroK c sbrAaqeù
npeAynpeAnrefl bHoù h aBapuùHoù
c fHanfi3aulrn. a TaoKe sbrnonHeHue
aBapuùHoro ocraHoBa np!4 npeBbtuJe-
Hr 3aAaHHoù cunbrro(a

aKoHTponb Aocr!4xeHun aBapuù-
HOrO HxxHero ypoBHf, B pacxo.qHbx
oyHKepax c BbrAa.reù npeAynpeAn-
TenbHoF cnrHanfi3aq!,ru Ha nynbr one-
paropa;

aABToMaruqecKuù KoHTDonb co-
cToFHl4C BCeX MeXaH[3MOg C BbrAa-
,{el npeAyfl peAurenbHoù, aBaptaùHoù
cuf Hann3aql4vl u AvtarHocTr4qecKlx co-
o6ueHrù

aKoppeKrupoBKa peqenroB npurc-
ToBneHun 6eroHHoù cMecr c yAaneH-
HO|-O KOMnbloTepa

aBeAeHue nporoKonoB paoorbt,
co3AaHue apxl,îBa 3a 3aAaHHbrf nepF
oA, BbrBoA oTqeToB

aMHoroypoBHeBaF cucreMâ Ao-
cryna K HacrpoùKaM cncreMbt ynpaB-
neHue 14 KopperrnpoBK[ peqenroB

aPâ3,qeneHHoe ynpaBneHhe no
AByM CIOpOHaM AO3aTOpOB.

Cucreua ynpasneHrc codour ua
cneAyro1414x ocHosHbrx KoMnoHeHToB:

lUxaQ ynpaenenue-c xoHrponre-
poM CS1 r KoMMyrlrpyroulaF annapa-
rypa

0nynbr oneparopa NT631C, Ha
KOTOpOM 3aAaOTCF TeXHOnOTUqeCKUe
napaMeTpbr cucTeMbr npurcToBneH'|c
oeroHa n Bbrol4patorcf, pexr4Mbr ynpaB-
NEHT9

0flynsr pyvroro ynpaBneHuF,qo-
3aropaMn NT600, npeAHa3HaqeHHHù
Ann npoBepKu r,r HanaAKn Ao3aïopoB
KOMNOHEHTOB 6ETOHHOù CMEC'T

Inynuru pyr{Horo ynpasfleHus
6eronoueuanxauu Ans HanaAKx t4
peMoHTa MexaHu3MoB 6eroHoMeua-
noK

aHeo6xoA14Moe q14cno Aaret4KoB,
o6ecnequBa|o4ux paoory cucreM B
aBroMaTuqecKoM 14 pyqHoM pexl4Max.

CTpyrcypHan cxeMa clrcreMbt yn-
paBneHxs y3na n p!4rorognenrs 6erox-
Hoù cMecu npIBe.qeHa Ha pxcyHKe.

Aerouaruvecxufi pexlrM pa6orbl
o6ecner{t4Baer aBToMarlqeo(oe np|,1-
roroanexre 6eroHa no BHbpaHHoMy
oneparopoM peqenry. Oneparop ur'ae-
er Bo3MoxHocTb onepaTuBHo KoppeK-
TnpoBaTb peqenT B 3aBnclMocTt4 oT
cocïof, Ht4F lrcxoAHbrx xoMnoHeHToB,
t,lx B3anMHoù "3acooeHHocr[" r BnaK-
nocru. flporpauua Bbrqr4crner Konr-
qecrBo soAbt B necKe I u{e6He Ha
ocHoBe AaHHbrx o BnaxHocTr4, BBe-

AeHHbtx B eKpaHe HacrpoeK âBToMa-
TI4KU, t4 BbtqUTaeT ero u3 KoIlt4qecTBa
Bo,qbr, TpeoyeMoro no peqenry. Kop-
peKqr,r9 peqenTa MoxeT ocyulecTB-
nqTbcg rl ArrcTaH[.[4oHHo c yAaIeHHo-
ro KoMnbrcTepa.

Kponae nprroroaneHt,tc 6eroHa no
3aAaHHOMy peqenTy, uMeeTcn Bo3-
MOXHOCTb, He npepbtBaF aBTOMaTU-
qecKofo pexuMa, oTrpyxaTb 3aAaH-
Hoe Kon[qecrBo u.le6Hs u necxa.

B cncreue npegycMorpeHbr Bo3-
MoxHocrn HacrpoùKu u npoBepKl4 cr4-
cle[4br aBToMaT[Kt4 c gKpaHoB nynb-
ToB, 9To obnerqaer pa6ory o6cnyxu-
BaDqero nepcoHana npu peMoHTâx
u aBapu9x.

HoBae MrKponpoqe6opHaq cuc-
TeMa ynpaBneHnF 6eroHocMecurenb-
HbrM y3noM Bbrro,qHo oTn[qaeTcg oT
npeAbrAyqeù. Ona urueer BbtcoKyo
nagexxocrs, y4o6Ha B o(cnnyaraqnt4
I o6cn)pxuBaHu],t, 3aH]iMaer MeHbue
Mecra fi o6ecnequBaer 6onburyto
BU3yann3aqI|o onepaTopaMu caMoro
npoqecca. 3a cqer BHeApeHue cÆBpe-
MeHHoù aBToMaruKr4 B ABa pa3a yBe-
nuqunacb n pou3BoAt4Tefl bHocTb BTo-
poù cTopoHbt, cocTogu{ei 13 KoMn-
neKra AæaropoB (srur.) u AByx 6ero-
HocMecurerbHbtx MauuH. OcraHoBHB
nepsyro cTopoHy, ,lMeeTcg Bo3MoX-
HOCTb OoecneqrTb npox3BoAcrBo 6e-
rora e rpe6yeuoM o6beMe.

PyKoBoAcrBo LlyAoBcKoro 3x6lll
BbtcoKo ot.pHt4no cTeneHb B3auMoAeù-
crBr4e 3aBo,qa c Hfl<D "Paxypc", oco-
6eHHo noAqepxHya 6urcrpory pearu-
poBaHnÊ Ha sce Bo3Hr4(aloull4e npo-
6neÀ,tut g xoAe BbrnonHeHxq pa6or.
HanpuMep. B npoqecce HanaÂKn cr-
creMbt BbnBl4nlcb Hey4obcraa pa6o-
Tbt onepaTopa c o4nuu NT-replarna-
noM. LlTo6bl pâ3Aenxrb ynpaBneHue

AByMF nxHurMr4 a xpanaùuue cpo-
Ku, cnetlt4anlacraMu "PaKypce" 6btn
Aopa6oraH npoeKr u ycraHoBneH eule
oAt,tH nynbr oneparopa.

B Hacroeulee BpeMe BeAyrcfi
neperoBopbl 06 aBToMart,t3aqltu ren-
noBfi axHoù o6oa6orxn xeneso6€rox-
Hbtx unar Ha tlyAoBcKoM 3aBoAe
XE1U.

Eonee noôpodnue ceeôeuus
tutoxHo norryeumb e ooo "Hno Pa-
Kypc" no men.252-4390.

I
I
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A.UBAHOB, KaHô. mexH. HayK (Hl4l4XG)

Pacqer KoHcrpytffuBHbtx cl,tcreM KapxacHbtx MoHonrrHbtx
3AaHyil,r MeTOAOM 3aMeHf,rcqltx paM

Ani KapKacHbtx 3AaHxù c nnocxxMh nepekpbtrr4sMt4
peryflnpHoù l4fi14 6fln3Kofi K Heù KoHcrpyKruBHoù cucreMbl
MOXeT ycneUJHO npl4MeH9TbCF paoqeT no TaK Ha3btBae-
MbrM 3aMeHcpu.lt4t\4 paMaM, Koropbtf BecbMa yAo6eH npu
npaKTfi'{ecKoM npoeKrl4poBaH14]t, TaK KaK no3BOICeT IC-
nonb3oBaTb npocrbte yl t43BecTHbte An9 uHXeHepa npeA-
cTaBneHuf, o pacqeTe cTepxHeBbtx paMHbtx cr4cTeM.

3aMeHeoulue paMbt o6pa3ybrcs B AByx B3a[MHo
nepneHAl4KynFpHbtx HanpaBneHrnx nyreM pacceqeHun
KapKaca EepTxkânbHbtMH nnocKocTiMu, npoxoAgt4t4Mt4
napannenbHo ocgM KoJIoHH qepe3 Cepe.quHbt cMexHbtx
nonepeqHbrx nponeroB (BHyrpeHHux n xpaùnnx). B pæynb-
TaTe 3aMeHg|ou]t4e paMbt no'|yqarcTcg B BnAe pnAa Ko-
noHH, coeAuHeHHbtx ycnoBHbtMt4 puren9Mu, coclogu.lr4Mt4
u3 nonocbt nnurbt ru14pt4Hoù, paBHoù paccTosH14|o MeXAy
cepeAlrHaMx AByx nonepeqHbtx cMexHbtx nponeToB, nph-
MbrKalol4ux K coorBercrBylouleMy pn4y xonoxt (puc. 1).

3auernnque paubt pacc'{r4TUBator Ha AeùcrBxe Bep-
TuKanbHbrx r.r ropt,t3oHTarbHbtx Harpy3oK. Beprnxansuan
Harpy3Ka pacnonaraeTcf B npeAenax nnoqaAx ycnoBHo-
ro p rern. Topu3oHTanbHan Harpy3(a nepeAaercq Ha 3a-
MeH9|or{ue paMbt nph paMHoù KoHCTpyKr!4AHOù CXeMe U

Ha BeprukanbHbte creHosure sneuetrur (4ua+parMbt, sApa)
np{ paMHo-cBF3eBoù KoHcrpyKrr4BHoù cxeMe. flpo4onu-
Hbre I nonepegHbte 3âMeHCrcqUe paMbt pacc'{t4THBaloT
He3aBucr,fMo Apyr or Apyra. OnpeAeneHue ycnntÂi4, Aef,-
cTBytou.$4x B SneMeHTax 3aMeH9rct4UX paM, npo13BoAcT
no o6q!4M npaBr4naM pacqera paM KaK ynpyr[x cr4creM.
Pacqer 3aMeHrlou.ll4x paM npo"3BoAqr (ak crcreM c xe-
cTKt4Ml4 y3flaMu B MeCTaX COeAnHeHUg KOnOHH C yCnOB_
HbrM14 pufenrMlt. Xecrxocrs npu usru6e KonoHH 14 ycnoB-
Hbrx pxreneù Ans pacqera 3aMeHFrct4ux paM onpeAene-
|or KaK Ane ynpyrux sneMeHroB 6es rpequH. B eroM cny-
trae t,t3rfi6atoqhe [4oMeHTbt B ycnoBHoM prfene no AruHe
3aMeHFpqeù paMbt pacnpeAens|orcn KaK B o6br,{Hbtx
cTepxHeBbrx KoHcTpyKt lfi nx.

lzleru6arcque uolaenru, 4eùcreynqt4e B HanpaBfl e-
H1414 OCn paMbt, no uupfiHe ycnoBHoro purene pacnpeAe_
nF|oTcc, r4cxoAf, t43 ToqHoro peLxeHh9 no TeopLlI ynpyrux
ceroK, npxMepHo no 3aKoHy Kocr4Hyca (puc. 2).

MoxHo BrAerb,.{To ugr 6aoq e MoMeHTbl no u}iol4-
He ycnoBHofo pt4fen9 pacnpeAenrtorce HepaBHoMepHO: B
cepeAlrHe ycnoBHoro pxrefir (no ocl4 KofloHH) oH14 r,tMelor
MaKol4ManbHbte 3HaqeHl4n, a y Kpan ycnoBHoro pureng

Prc. 1. Pa3AeneH[è Kiap(aca Ha 3aMeHrpt{!{e pa bl
1 - saweqppque paMH: 2,3 - ocu sa/y,dHsroutux DaM coomeem-
cmee\Ho a flpoèonbHov u nonepe//HoM HdnpaeneHuu nepeKpbmur;
4 - HadKonoflHbre nonynonocÉr: 5 - MexKonoHHÉE nonynonocbt

t 2

P|,|c,2. PacnpeAeneHre r3rr6a|oq]tx MoMeHroB no urpl,|He
ycnoBHoro prrent 3aMe8t|oqeù paMbl
a - e onopHoM ceeHuu d-a (puc. 1); 6 - e nponemHov cæeHuu 6.6
(puc. 1); 1 - pacnpeèeneHue oâqeeo MoMeHma e saue4sr/u&ù paMe
Hd HaèKonoHHue u MaKKonoHHue nonynonocbt; 2 - ocb KonoHHbl

t



(Mex(qy KofloHHaM14) oH14 UMeOT M14HnManbHble 3HaqeHuF.
nph sroM B onopHoM ce,{eHfi[ (a-a) pacnpeAeneHue u3ru-
oa|oLqù,|x MoMeHToB no uJ14plHe ycnoBHoTo purenF 6onee
HepaBHoMepHo (pt4c. 2a), a B nponerHoM ce,reHfiH (6-6) -
6onee crnaxexno (puc. 26\.

.qnr npaKruqecKux pacqeroB ycfloBHbtù purenb no
r.lr,rpnHe pa3,qensoT Ha ABe nonocbt - HaAKonoHHylo t1
MexKonoHHylo. HaA,{onoHHaF nonoca ycnoBHofo p14fenî
BKnpqaeT ero y'lacToK no u.ll4pl4He, cocroc!4uù u3 AByx
cMexHbtx nonynonoc, pacnoroxeHHbtx no o6enM cropo_
HaM oct4 ycnoBHoro purens (ocu 3aMeHqlouleù paMbt), a
MexKonoHHas nonoca BKnoqaer ocraBUJueca KpaùHIe
y\{acTK[ no uup14He ycnoBHoro purenr !4 cocToxT t43 AByX
nonynonoc c Kax(Aoù cTopoHbt ocl4 3aMeHeEU]eù paMbl
(puc.  1) .

ll}ip14Hy HaAKofl oHHbtx nonynonoc (u, coorBercrBeH-
Ho, [4exKonoHHbtx nonynonoc), pâcnoroxeHHbtx no o,qHy
cTopoHy oT ocr4 gaMeHs|ouleù paMbt, onpeAenq|oT B 3a_
B14Ct4MOCTI4 OT l'tlafa 3aMeH9|ot{t4x paM B paccMalpuBae_
MoM 12 tA nepneHAhKynepHo[,t 1l HanpaBneHunx. f' lpr4
lz >lt U.lupÂHa HaAKonoHHbtx nonynonoc npnHuMaercq

b t .
paBHoù 

; ,  
a  npv,  l2>\  -paaHoù 

f .
[4cxoAr t13 o6qero pacnpeAenetus naru6arcr4ux

MOMeHTOB nO |'llfip He yonoBHoro pL1rcnF, ang HaA(otoH_
Hoù r,r MexKonoHHoù nonoc npuHuua|or cpeAHne 3Haqe-
Hrls MoMeHToB, AeùcrBytol4r4x B orux noiocax.

MoMeHTbt B HaAKo|oHHblx u MexKonoHHbtx nonynono-
cax MH u M M onpe4enqpr no +opMyne

M H ( M M ) = M . K p

3HaK"nnrcc" npIHt4MâtoTAni HaAKOnOHHOù nOnOCbt,
3HaK "M!4Hyc" - AnF MexKonoHHoù.

Anc BHyrpeHH!4x onop I nponeroB 3HaqeHue KoeOô[_
qxeHTa pacnpeAeneHr9 onopHbtx t!!oMeHToB nO OCr4 KO_
noHH MexAy HaAKOnOHHbtMr4 t4 MexKo.noHHblMt4 nonocaM!4

.. M:" .- M:-
"  p  = i -  (K p=i7= )Ane npaKr lqecKf ix  pacqeroB

npuHt4MaoT coorBeTcrBeHHo paBHbtMta 0,75 u 0,25, a 3Ha_
,{eHus KæôQrqueHTa pacnpeAeneHur nponerHbtx t!!otJeH-

^ , 1 H  ^ , J  M

roB B cepeArHe A nuayt purena K p ="# é, -'l?l
'  'nP " '  np

Me4qy HaAKOITOHHbtMt4 u MexKonoHHbjMU nOfiOCaMU nplt-
HuMarcT coorBercrBeHHo paBHbtMfi 0,6 ,r 0,4.

Afir BHeulHt4x onop (KpaùHxe onopbl 3aMeHr|ol]. leù
paMbt) 3HaqeHue (oeQQraqraerra pacnpegeneHur onopHbtx
MOMeHTOB Me4Ay HaAKOnOHHbtM14 t4 tlrexKonoHHbtMu no-
nocaMu npr.tHuMarcT B 3aEUCfiMOCTr OT COOTHOT.IIeHu9 xe_
crKocru Ha KpyqeHue nonepeururx 6anoK, pacnoroxeH_
Hbrx Me)|(Ay (paùHuM14 KonoHHaMU paccMarpuBaeMoù 14
coceAHxt\,t14 3at4eH9rcU. 4Mt4 paMaMX, I XeCTKOCT|{ Ha !{3_
ru6 nnuTbt ycfloBHoro pHrenq 3aMeHgnuleù paMbt. flpu
orcyrcTBl4u nonepeqHbtx 6aroK Becb u3rn6anquù MoMeHT
ycnoBHoro pIrenc nepeaaeTcF Ha HaAKOnOHHy|o nonocy
!,r 3HaqeHl4F KogQ(puqreHTa pacnpeAeneHuF onopHbtx Mo_
MeHTOB MeXAy HaAKOnOHHbtMt4 U MeXKOnOHHbtMl4 nono-
câM14 ycnoBHoro pureng npl4HxMa|1rT cooTBeTcrBeHHO paB-
HbrMr4 1,0 14 0.

npfi HeperynffpHoM pacnonoxeHuu orAenbHbtx KonoHH
MOXHO pyKOBOACTBOBaTbCF CneAyK)u-ll4M$ npaBltnaM14.

flpu cMeu.leHuu qeHTpa orAenbHoù KonoHHbt orHocr|_
TenbHo ocll 3aMeHsrcqeù paMbt He 6onee.{eM Ha 10%
(no oTHor.ueHu|o K paccTogHun Mex(Ay ocgMl AByX CO_
ceAHrx 3aMeHnoqux pau).r,loxto npnH!lMarb nonoxe_
Hue 9Toù KonoHHbt no ocu saMeHcpt4eÉ paMbt !4 pacqeT
npol43BoAHrb KaK Anr perynâpHoù cr4creMbt.

np!,t cMeuleHur Llerrpa or4enuxoù xonoHHbt orHocr4_
renbHo oct4 3aMeHspqeù paMbt Ao 30% MoxHo npuHr4_
MaTb nonoxeHue 01où KonoHHbt no oct4 3aMeH9rcqeù
paMbt, Ho c ycnoBHo yBen14qeHHbtM paccrocHueM (npone-
roM) no ocu paMbl go coce4HeÈ xonoHHbl paccMaTpuBae_
Morl saMeHs|oqeù paMbt, paBHbtM SaKruqecKoMy paccro_
nH|4K) Me)KAy KO,IIOHHaMt4 .

flpu talurnr gononHhrefl bHbtx KonoHH, pacnonoxeH-
Hbrx Mex(Ay Kpat4Ht4Mt4 KOnOHHaMU 3aMeHgpt4l4x paM,
BnItHUe gTUX AOt-lOIHr,tTenbHbtx KonoHH MOXHO ytlr4THBaTb
nfreM yBent4qeHus xecrKocn4 Ha u3rx6 ocHoBHbtx Kpaù_
Hr4X KO'TOHH 3aMeH9pl4t4x paM, pacnpeAengg xecTKocTr4
npoMexyrogHbtx KpaùHux KoroHH Mexqy coceAHn! 4 oc_
HoBHbtM14 KonoHHaMI 06parHo nponopq{oHanbHo paccro-
FHt4lo MeX(qy npOMexyroqH$M14 tt OCtOeXgrrrrt4 XOaùHn[,tt4
KOTIOHHAMU.

npn Hafluqt414 AByx coceAHhx napaflf lenbHbtx 3aMe_
HqK)qux peM, hMe|oqlx pa3Hbte noAnuHe nponeTbt Mex_
Ay KonoHHaMr, BnueHr4e HepâBHouepHoro 4eSopur,rpoaa-
HrF B o6u.lei cpeAHeù (MexKononHoù) nonoce r,,|e>44y
paMaMu MoxHo y'ltlIbtBaTb, npuHuMag flporeTHbte u onoD_
Hbre [4oMeHTbr B oroù nonoce Ha yqacr*", r4" parut ,rè_
loT pa3H6te npor]eTbr, paBHbtMt4 COOTBeTCTBeHHO CVMMe
nponeTHbtx 4 onopHbrx t\,toMeHToB, AeùCreyrcr4rx e épe4_

rAe M - o6qrù MoMeHT B ycnoBHoM pl,trene, nony,taeMuù M3
pacqera 3aMeHrDu{eù paMbr: Âp - (o3oeuqreHT, onpeAenrlo_
quù pacnpeaeneHue o6qero MoMeHTa M Me.r,aly HaA(onoHHblMU
I MexKoJfoHHurMI nonocaMta ycltoBHoro purenal 121 i 12.2 _ pac,_
croFHue Mex(Ay ocFMli paccMaTp[BaeMoù 3aMeHrroqer DaMbt l , t
coceÂHxMlf c (alqoi ee cropoBbt: l\i - paçcroaHue 12.1 unu 12.2
a 3aBrcl4Mocru or nonoxeHrF paccMarpxBaeMoù nonvno., locbl
ycioBHoro purent 3aMeHtloLqeù paMbl

,Qonrc cpe4nux 3HaqeHuù uaruoarct4ero MoMeHTa B
HaAKofloHHorl I MexKonoHHoù nonocax (nonynonocax) or
o6qero ueru6anqero MoMeHTa B ycnoBHoM purene 3a-
MeHsoqeù paMU B nn6oM ero nonepeqHoM ceqeHhu no
AnrHe paMbt onpeAene|or no (popMyne:

Mi  =Mr

.Ae Mtr - u3rl,l6a}ou]|4ù MoMeHT, npr|xoAetquùcq Ha Bco
rul4pr4Hy HaAKonoHHoù nonocbl; M! - ti.3rv5atouJui4 Mo_
MeHT, npuxoAgr.Llt4t4cs Ha Bc|o ujt4pr4Hy MexKotoHHoù no_
nocbt', Mx - rsruoaoul,rù MoMeHT B yCnOBHOM pfirene
3a[,reHsrcqeù paMbt; r - paccroFHue or cepeAuHbt yc-
noBHoro purenF BAonb 3aMeHrotqeù paMbt Ao paccMar_
puBaeMoro ceqeHl4g c MoMeHTOM M- ; AnF CeqeHl4g a-a

t-
no ocr4 KonoHHbr (pr4c. 1) r = -' .

l"
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Hnx nonynonocax coceAHlx 3aMeHFÉt4l4X paM C COOT-
BeTCTByIOt{r4MU npOneTaM14, n pacnpocTpaHgc 3Tt/l MoMêH-
rH Ha BClo UJrlp!4Hy O6u.leù CpeAHeù (MexKonoHHofi) no-
nocbr.

flpu Hanx,l14!4 6onbuioro orBepcrr49 B npeÀeflax yqac-
TKa, OrpaHnqeHHoro ocFMt4 SaMeHF|oU.ll4X paM, CneAyp-
u.[4x B AByX B3aIMHO nepneHAU(ynFpHbtx HanpaBneHr.t-
cx, KoTopoe He nepecercleT nonHocTbp HaAKonoHHy|o no-
nocy (orBepcTxe pacnonoxeHo no oAHy cropoHy oT ocl4
3aMeHflrcqeù paMbÙ, B pacqeTe 3aMeHe|olrler paMH He
yqnTbrBa|oT qacTI nnnTbt ycnoBHoro pureng, npt4MbtKa|o-
u.l[e K oTBepcTt4to ]t pacnofloxeHHbte B npeAenax yKa3aH-
HO|O BbrUJe yqacTKa. [Ipx sToM Harpy3Ky, nplxoAFt{ylocfl
Ha gTU He y'.tt4TbtBaeMbte '{acTh nn}tTbt, npuHnMa|oT Bo BHt4-
MaHle npI pac'{ere 3aMeHeoqeù paMbt.

B Tex cnyqaqx, KorAa 3aMeHc|oulue peMbt l4Meor B
npqAenax TeMneparypHoro 6noKa pa3nrtlHoe KonuqecrBo
nponeroB (B 3aBucHMoca oT KoHQurypaqt4n 3AaHuc B nna-
He), pacqeT Ha ropn3oHTanbHy'o Harpy3Ky npon3BoAl4rce,
npIHuMag BO BH14MaHUe paooTy XeCTKOTO Ar4CKa nepeKpbl-
fl,rù, KaK eAIHOù yCnOBHOù paMbt, cocTonu]eù n3 oTÂenb-
Hbtx 3aMeH9ou.[4x paM oAHofo HanpaaneHuc, BXoAgl4t4x
B paccMarpuBaeMbtù reMnepalypHbtù 6noK, nocnqAoBa-
TenbHo uapHlpHo coeAltHeHHbtx Mex(Ay co6or B ypoBHe
ycnoBHoro pI|.enc. ropu3oHranbHyto Harpy3Ky AnF raKoù
ycnoBHof i  paMbi  npxHuMaoT paBHoù Bceù Harpy3Ke,
AeùcrByrou{eù B npeAenax reMneparypHoro 6noxa

Pacver npovnocrr nnocKr,lx (6es6ano,.{Hbx) nepeKpbt-
Tuù KapKacHbrx aAaH14ù no MeroÀy saMeHr]ot4]4x paM npo-
u3BoArr He AefcrBt4e l43ru6a|ou.lt4x MoMeHToB no Hop-
MarbHbrM ceqeHncM l,i Ha AeùcrBne nonepeqHbtx cun no
HAKNOHHbIM CEqEHIFM.

Pacqer npo,{Hocr!4 Ha AeùcrBl4e rctrbaÉqux MoMeH-
TOB nO HOpManbHbtM CeqeH19M npou3BoAnT oTAenbHo Ant
HaAkonoHHoù r,r tuexxonoxxoÉ nonoc SaMeHf ,ou.lt4x paM!
pacnonoxeHHbrx Bo 83alMHo nepneHAIKynipHbx HanpaB-
neHuf, x, no coorBercrBytoqr4M 3Havetunna rsru6ant4rx
MOMeHroB, nonyqeHHblx I pe3ynbTare pacnpeAeneH[F
o6qero laouerra B saMeHFtouleù paMe Ha HarqKonoHHyto
I MexKoIoHHyE nonocy, no onopHbtM ]1 flpone.rHbtM Hop-
ManbHbtM ceqeH9rcM .

B cooreetcrgt4lr c grnM pecqeroM ycraHaBn[BarcT
npoAonbHylo apMarypy B ycnoBHbtx pnrerFx oproroHanb-
Hbtx 3aMeH9pr4r,rx paM paBHoMepHo B HaAKOnOHHbtX t4
MexKonoHHbrx nonocax, B nponeTe n y onop ycloBHblx
pureneù.

Pac.{er npo,{Hocru Ha AeùcrBue nonepeqHbtx c n no
HaKnoHHbtM ceqeHnFM npoltSBoA9T TaOKe OTAenbHO Ang
Ha4KOIIOHHOÉ U MeXKOI|OHHOù nOflOC AaMeHF|oqeù paMbl
no cooTBeTcïBytot4r,tM 3HaqeH19M nonepeqHbtx curl B 3Tt4X
nonocax, 06r.qee eHaqeHue nonepeqHbx cr4n B ycnoBHbtx
p{renrx onpe.qenîpT 143 pac'{era 3aMeHcpu{4x paM, a
pacfl peAeneHue nonepeqHblx ct/tjl Me)r.Ay HaAKonoHHbtMgi
u MexKoIoHHbtMt4 nonocaMI npnHuMaÉT aHaIorl4'{HbtM
pacnpeAeneHt,lto 14oru6aoqtx laouertroa.

B xavecrae npnraepa paccMorpeH QparT\4eHT nepeKpbt-
TUF KapKacHoro 3AaHrc, BKntoqarcu{nù I KonoHH c oAuHa-
KOBbTM UarOM B AByX B3aXMHO nepneHiquKynFpHbtx Ha-
npaBfleHnrx (pr4c. 3), 3arplDKeHHbtù paBHoMepHo pacnpe-
AeneHHoù BepruKanbHoù Harpy3Koù. [lJar xonoxt npuunr
paBHbrM / =6 M, pa3Mepbt KoroHÉ 40x40 cM, Tonu.l[Ha
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Prc. 3. nepe(p6|1xe c BhtAeneH|{oi 3aMeHrpqeù paMoù Ann-
H o ù L r u n p t H o ù B

d - HaèKonoHHaE nonoca 3aMe4spuleù pauu; 6 - MexKonoHHue
twtynonocH 3aMeHerguleù paMu; 1-1, 2-2, 13 - pacqemHue ce.te_

flnuru nepeKpblrr4c 20 cM, paBHoMepHo pacnpeAeneHHae
Harpy3(a 500 Krc/Mz.

,Qnr pacvera 6urna BbtAeneHa paMa no ocn 2 4nnxoù
L c ul,rpntoù ycnoBHoro pt,trenc ô = /, pa3AeneHHoro Ha
HaA(onoHHyro nonocy !.ll4pr,tHoù, paauoÉ 0,bb r,t MexKo-
noHHyo noflocy, cocroeu.{yto na 4ayx nonynonoc,.c o6_
uleù uup14Hoù 0,5b.

Snopa ueru6aoqrx MoMeHToB no AnuHe 3aMeBFlo-
qeù paMbt no ocn 2 cuun,terprqHa orHocurenbHo oo4 E.
nosrouy na pnc, 4 noKagaHa onrcpa MoMeHToB Ha nono-
Bt,tHe AnnHbt paMbt Ao oc]l ct4MMerpun. pasueptoctr rs_
rroarct4nx uolaeuroB - KTc.M Ha 1 noroHHbtù Merp LUt4pt4-
Hbt nn rbt. PacnpeAeneHne h3ru6aoulnx MoMeHToB flo
uJlpnHe ycnoBHoro purenn B HaAKonoHHoù u MexKonoH_
Hoù nonocax BbtnonHeHo c noMolLlblo Koe$euq!4eHToB

Pxc.4.3niopa x3r1r6alo|tlxx MoMeflroB ((rc.M) E 3aMeHrrcqeù
paMe no ocr 2

t



-2482.5

Pxc.5. PacnpeÂeneHlre r3r]r6ax)q,|x MoMeHloB (|(rc'M] no
unplrxe nnxrrr ycnos8oro pxrent

a - e cercHuu 1-1; 6 - e cæeHuu 3-3

pacnpeAeneHrlg Anq onopHbrx MoMeHToB K=0,75 ,! K=0,25,
a Ane nponerHbrx MoMeHroB - K=0,6 14 K=0,4.

OnopHble MoMeHTbr B ycnoBHoM p[rene 3aMeHFlou]eù
paMH (Ha Bceù ero uupuHe b=6 M) B ce'{eHnu no oct4
KonoHHbr (1-1) paBHbr M=9930 xrc.M, B ceqeHt,lu no rpaHu
KonoHHbr (2-2) M=8100 Krc.M. l43rl46a|oq!re MoMeHrbl (Ha
'1 M r!npr4Hbr nonoc) B HaAKonoHHoù nonoce coorBercrBeH-
Ho pasHbr M=2482,5 Krc.M (pt4c. 5a) x M=2025 Kfc.M, B
MexKonoHHoù nonoce coorBercTBeHHo M=827,5 Krc.M 14
M=675 Krc.M. nponerBbre MaKcuManbHbte MoMeHTbl B
ycnoBHoM plrere 3aMeHg|orl.leù paMbr (Ha Bcei ero LUl4-
praHe b=6 M) paBHbr M=5130 Krc.M. 143r!46alou.ll,|e MoMeH-
Tbr (Ha 1 M uupr4Hbr nonoc) paBHbr: B Ha,4KonoHHoi noflo-
ce M=1026 Krc.M, B MexKonoHHoù nonoce M=684 rrc.u
(pnc.56) .

PacnpeAeneHue nonepeqHbrx cun Ha HaAKonoHHyro 14
MexKonoHHylo nonocbl npon3Be,qeHo aHanoflrqHo pacnpe-
AeneH!4o 143|-n6arculrlx MoMeHToB.

MaKcnManbHoe 3HaqeHue nonepeqHoù cl4nbt Ha Bceù
ur,4puHe ycnoBHoro pl4renF B ceqeHuu 1-1 cocraBnser
Q=8910 Krc Ha 1 Merp urr4pr4Hbr purenfl, B HaAKonoHHoÉ
nonoce B roM xe cege1Âvt Q=2227,6 Krc Ha 1 MeTp ull,l-
pr4Hbl HaAKonoHHoù nonocur, B ceqeHfl4 2-2 - Q=2077 ,6
xrc, aB MexKonoHHoù nonoce coorBercrBeHHo Q=724,5
rrc  u Q=692,5xrc.

CneAyer orMernrb, qro npu (popMnpoBaHIu 3aMe-
HglOr4r4X paM HaAKOnOHHan nOnOCa yCflOBHOTO prrenc
IMeer 3HaqnrenbHyto txt4pr4Hy, B npeÂenax Koropoù paB-
HOMepHO pacnpeAenFolcc u3r balou.lue MoMeHTbl !4 no-
nepeqHbre ct4nbr. nogToMy , y,{r4TbrBaq peanbHyto KoHqeH-
rpaqno ycunuù oKono KonoHHbr, Tpe6yercr raore npous-
BOAt4Tb pacqeT Ha npoAaBfluBâHl,le oKono KorloHHH Ha
AeùcrBue cocpeAoroqeHHoù HopManbHoù crnbl u cocpe-

AOTOqeHHOTO MOMeHTa. o,qHaKO An9 COXpaHeHl49 paoqer-
Hoi crepxHeBoù cucreMbr MoxHo 6brno 6br BMecro pac-
qeTa Ha npoAaBnrlBaHue BbrAenurb AononH!!TenbHo nono-
cyBnfi Te BAonb ocr,,r 3aMeHq|oulei paMbr, crpaHhqaMH,
pacnonoxeHHbrMu Ha paccToqHuu, paBHoM pa6oqeù Bbr-
ôore nnrTbt ho B Kaxqyp cropoHy or coorBercrByrolr.lrlx
rpaHeù xonoHHur (Te. unphHoi, paBloft q+zho,t4e a
- r.!l4pr,,iHa ceqeHuq KofloHHbr), Ha KoTopyp AeùcTByor 143-
ru6aor4ue uouenrbt !4 nonepeqHbre cnrbr, cocraBnqlou.ue
oKono 30% or Bennvursr uaru6aoul|,x MoMeHToB u none-
peqHbrx cun, npl4xoAru]uxc9 Ha HaAKonoHHyp nonocy.
Ha AeùcrBl4e 9Tt4x MoMeHToB u nonepeqHbrx cr4n npou3-
BOA9T paoqer AOnOnHrTenbHOt4 norOCbt no npaB,4naM KaK
AnF nhHeùHbrx gneMeHToB u onpeAenqor Heo6xoA14Moe
KOfl qecrso B Heù npoAonbHoù '1 nonepeqHoù apMarypbr.

OnpeAeneHxe yct4nuù flpl4 pacqere no MeroAy 3a-
MeHCpUlr4X paM npou3BoAtT, KaK npaB[no, npuMeHng
xecTKocTH bte xapaKTeprcTt4K!4 SneMeHToB KaKAng cnrout-
Horo ynpyroro rena. 3To cBf,3aHo B ocHoBHoM c Aocra-
TOTJHO yonOBHbrM BbrpaBHUBaH,leM MO[4eHTOB nO UIpIHe
(nonepeK) HaAKonoHHoù u MexKonoHHoù nonoc. TeM He
ueuee uoxer 6srb AonyuleHo nepepacnpeAeneHue u3-
rt46arcu.[,rx MoMeHToB BAonb HaAKonoHHoù r MexKonoH-
Hoù nonoc no oOuluM npaBl4naM pacqera n]rHeùHbrx paM-
Hbrx cl4creM, coxpaHgg coorHor.JeHue Mex(qy usru6afioLtlt4M
MOMeHTaMU B HaAKOnOHHOt,t t4 MeXKOflOHHOt nOrOCaX nO

rur4puHe ycnoBHoro pl,lren9.
Pac,{er npor!46o8 |'1 pacKpbrrù4s HopMaflbHbrx rpe-

u.luH npofi3BoAcr no o6quM npaBlnaM pacqera xene3o-
6eroHHbtx nIHeùHbrx gneMeHToB. Pacqer no pacKpbrTt4ro
HaKIOHHbtx TpequH MOXHO He npOU3BOAl4Tb, yqr4TbrBag,
,{To Han6onbujee ux pacKpbrrue (onpeAengeMoe pacire-
ToM) npolrcxoAr.rr B npeAenâx ronu.ll4Hbt nnl4lbr I He Bbrxo-
AUT Ha ee 60KOBbre rpaH14.

CneAyer orMerurb, qro pacqer no MeroAy 3aMeHq-
rou.I4x paM npou3BoAtr Ha AeùcrBue nonHor4 Hafpy3Kr4 B
AByx æaù4MHo nepneHAuKynf,pHbrx Hanpaenennnx. 3ro a
!43BêCTHOù CTeneH n KOM neHCU pyer OTCyTCTBUe pacqeTa
yc'|oBHoro p!4renc Ha AeùcrBue Kpyrrull4x MoMeHToB, xo-
Topbre npucyrcrByor B nnocKnx nnl,rrax nepeKpbrrrù.

Yeaxaenue qumamenu!

C I ceHrs6pq HaqnHaerce noAnucKa Ha
xypHan "Eerox u xene3o6eÏoH" Ha l -e
noflyroAHe 2004 r

Caegernr o noAnr4cKe coAepxarcs B
obreAunexuor,,r KaTafl ore (or seneroro
qBera) "npecca Poccun"

floAnncxoù rngexc 70050.
noAnnc | (a  nphHMMaercF  Bo  Bcex

orAefleHuFX cB93h 6e3 orpaHIqeHhù.
Ten. Ans cnpaBoK 292-6205, 703-9762.
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Mero,q on peAene nua ugrmdarctqrx MoMeHToB
B Hepa3pe3Hbtx MHoronporerHbtx 6anxax c yqeroM
nepepacnpeAeneHilA ycunuu

Aeùcrsyroulfie Hoprvrbr peKoMeHAyor npu pacqere cra-
T qec( HeonpeAen Mblx MHoTonponernulx 6anox c qe-
flbro 3KoHoM14fi apMarypbr yvl4TblBarb nepepacnpeAeneH e
ycvn\u.

O,qHaKo nonbrrKl4 TaKoro yqera qacro Haran(uBarcTôfl
Ha 3Haq renbHbte rpyAHocrt4. CBq3aHo 3To c re[l, .]To Bce
cyqecrByroque [.4ero4br onpeAeneHun rsru6aoqrx uo-
MeHToB c yLreroM nepepacnpeAeneHuF ycfin ù HecBo6o,4-
HbI OT TEX TII14 14HbIX HEÂOCTATKOB,

TaK, MeroA npeAenbHoro paBHoBecue [1], xorfl u npx-
roAeH Ans 6anoK c flto6Hu Kort4qecrBoru nponeroB t4 c
rrc6où cxeMoù 3arpyaeHfiq, Ho n03Bonser oqeHurb nIub
xoHeqHblr,r pæynbTaT nepepacnpeAeneH 9, He AaBaq Bo3-
t\4oxHocTt4 npocrleAfiTb Becb ero xoA, Haq!4Hafl c notBne-
H F nepBblx HopManbHbrx TpeulrlH.

Bffi€,reHHbrÉ B HopMaruBHbre AoKyr\4eHTbt, MeroA A.A.
fBo3ÂeBa [2] npeAcraenner co6où ynpou]êHHblù npaKrH-
qecx!4ù cnoco6 onpeAeneHhf, uarr6arculux t\4oMeHToB c
noMoulbto nonpaBoLlHblx KoSQQl4l-ll4eHToB x, Ha KoTopble
yMHOXa|oTCfl OnopHbre MOMeHTbr, Bbrq cneHHHe H3 ynpy-
roro pacqera. Mero,q npuro4eH nuub Ans MHoronponer-
Hurx 6anor c paaHbrMu nporeraMfi, garpyxeHHbrMu onpe-
4enennsru o6paso[4 (paBHo[4epHo pacnpeAeneHHat Ha-
rpy3Ka finI Harpy3Ka B BuAe oAHoù cocpeÂoroqeHHoù cunbl
B cepeAnHe KaxAoro nponera). KaK x N,leroA npeAenbHo-
ro paBHoBecrg, rvreroA, r43noxeHHbtù B [2], He no3BotFer
npOCneA14Tb BeCb XOA nepepacnpeAeneHV'A yCVnViV'.

BbrroAHo ornxqaercq or Apytrx MeroA nocneAoBarenb-
Hsrx npn6nrxeHrù [3]. npt,t pacqere no sror\4y MeroAy
Hepa3pæHas 6anKa, uMerculas rpequHbr, cHaqana pac-
cMarpuBaercfl KaK ynpyrac KoHcrpyKqufl. flo HaÉAeHHbtM
u:ry6arculull trlotteHTaM Bbtqucnqrcrcn xecrxocru B, ot-
AenbHbrx yqacrKoB (Ka)|çqbrù nponer pa36uBaercq Ha 10-
20 paBHbrx no An He yqacrKoB). Aanee BbtnonHcrcr no-
stopHsrù ctalavecKuù pac.{er KoHcrpyKUù,|14 c yqeroM Haù-
AeHHbtx xecrKocreù [ nonyqa}or HoBbte, 6onee ro.tHbte
gHa,{ext,lg t,t:ru6atou]r4x rroMeHToB. flo stuu yrovtettunit
3HaqeHt4cM rdoMeHToB BHOBb OnpeAen9|oT xecTKocTl,,! Bcex
yqacrKoB I eqë pa3 npou3Bo,qgr crarr.{ecKfiÙ pac,]er
chcreMbr. Onurr [3] noxasutaaer, qro yxe Bropoe npr6nn-
xeH!4e iqaer AocraroqHo ToqHble pe3yn brarbl.

MeroA nocneAoBarerunutx npu6nrxeHHù AaëT Bo3-
MoxHocrb onpeAenFTb ù43r|,16arcu.lue MoMeHTbt c yqerotul
nepepacnpeAeneHr{e ycunhù Arfl npou3BonbHo 3arpyxeH-
Hurx 6anox c nrc6srM KonuqecrBo[4 npouëToB 14 Ha n|060ù
craA|,114 3arpyxeHxg. EAhHcrBeHHbrM, Ho cyu]ecrseHHbtM
HeAocrarKoM cBnnerca rpyAoëMKocrb Bbt,{ucneHHù.

flonbrraeMca orbrcKarb eulè o,qlH MeroA onpeAene-
nnn uern6aoqux MoMeHToB 4nn 6anox c rpeuluHaMfi,
Koropbrù obnaAan 6br raKoù xe yHIBepcanbHocrblo, qro t4
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B.C. BEPELIJA.UH, xauÔ. mexH. HayK (Hat4uouantuuù yHueepcumem "llaeiecaxa nonimexuixa",
Yxpauua)

[ieroA nocneAoBarenbHblx npt6nnxeHutl, Ho, B[recre c
Te[4, 6brn 6brr uJeH ero HeAocrarKoB.

PaccMorp14[r Hepa3pe3Hyro 6anxy c npouseonsrurr,r
Kon!4qecrBoM n nponèToB. CoorHouJeH[eAn H nponëToB
Moxer 6b|Tb ro6brM. Onopbr 6anKu o6o3Ha.]eHbr l"lr+pa[4[
or  0 Ao n (pr4c.  1) .

Tlpi4 r|060ù cxeMe 3arpyxeH F, He3aB[o4rro or Hanu-
L{49 Tpeu.$4H B TeX hrl14 '1Hblx nponeTax, cooTHoureHue onop-
autx r:ru6aoulnx uouerroa uoxer 6urrb 3an!4caHo B BrAe

P  P  B " '
M , ' . M r . . . . M , , = " -  

' i . . . .  
,  t 1 )

tt fz f,_l

rÂe M1, Ir2 u r.A. - x3rB6alou]r4e MoMeBTu Ha onopax 1, 2 u rA.; Br
u 11 - xecrKocrb I paAuyc KplrBM3Hbr B ceqeHlirx HaA onopori 1 14
T.Â,

B cnyqae, ecn14 Ha KpaùHfix onopax (onopbr 0 !4 n)
6anKa 3aqeMneHa, ypaBHeH!.le (1)np'.|H MaerBfiA

p p B,
M o ' . M , . . . : M , - : ! ' . " t - . .  (  1 a )

fo tt rn

flo nonanexun nepBbrxrpeqIH, KorAa 6anKa pa6ora-
er KaK ynpyraq c!4creMa, orHotleHfic r\4oMeHToB (M1 : M2
... r'r r.A.) ocralorca nocrorHHbtMt4 (np ycnoBu!4, Liro Bce
Harpy3Kr,l Bo3pacraor nponopqIoHanbHo oAHoMy napaMer-
py). flocne aosHnxHoBeH!4F rpeqrH pocr Harpy3oK conpo-
Bo4qaercg nepepacnpeAereHue[4 ycunuù, Koropoe npo-
qensercr B HenpepbrBHoM r43MeHeHuu xecrxocreù B;(eep-
Hee, coorHouJeHrlù erux xecrxocreù)

l43MeHeprca c pocroM Harpy3oK 14 Kp!4Br43Hbr (t.t 14

rA.). OAHaKo Ha orHouJeHne 3rt46atou.I4x t\,!oMeHToB oro
n3MeHeHfie He sr 9er. ,qeno B ToM, .rro (Ka[noKa3an!4 npo-

' 9i " ?'')- '

Pxc. 1. Hepa3pe38ar 6anxa c npoh3BonÈHoi narpy3Koi

a - cxeMa 6anx[; 6 - 3nppa x3r[6arcqux MoMeHroB; B - cxeMa
,3noMaHHoù ocx no c.M. Kpb|noBy



BeAeHHbre HaM{ !4CCneAOBaHng) nOCne nOFBneH}t9 Tpe-
l 1  I

l4r4H OrHOr.|JeHt4e ; '; ^ 
" 

C pOCTOM Harpy3oK (npl4 yc-

noBur,r, r{To 3ToT pocT oAHonapaMeTp[qeH) ocTarcTct npaK-
THqecKt4 nocTogHHbl[,r14. TeopeTuqecK npaBoMepHocTbTa-
KOrO npeAnonoxeHln MoxHo AoKa3aTb, paccMaTpuBag, B
cooTBeTcTB!4!4 C npeAnonoxeH eM c.M. KpbtnoBa, Hepa3-
pe3Hylo 6anKy nocne noqBfleHut B Heù HopManbHbtx Tpe-
q H KaK CUCTeMy XeCTKT4X AI4CKOB, CBg3aHHbtX B MeCTaX,
rAe n3ru6arcul!4e MoMeHTbr AocTl4rz oT MaKcuManbHbtx 3Ha-
qeHnù, nnacTuqecKhM14 uapHBpaMu (pnc. 1 B).

Ornou. :esrs yrnoB [3noMa ocf i  6anrv
eo:eo;  ie t . . . :e , ,  KaK noKa3an C.M. Kpbt f loB [3,  4 ] ,
onpeAennercc reoMerpl4qecKuMt4 coorHouieHt4iM14 (AnB-
HaMI nponeroB t4 cxeMoù 3arpyxeHt4c) [ npla oAHonapa-
MeTp qecKoM pocTe cun ocTarcTcg nocToqHHbt[4l4.

flocrosrnuruu, no yrBep4qeHI|o C.M. KpbtnoBa, Mox-
HO CqHTaTb fi OTHOUJeHI,i9 Ant4H yqaCT(OB C Tpel4UHaMn

Llo..r: A,lr,r...Llr,_r;_,. A rax KaK Kpr,tBt43Ha ocu K {Aoro

|  @ ,
nnacTuqecKoro y'racTKa onpeAenÂeÎcq KaK ;= LL, to

orHouJeHus êTr4x Kpt4Bt43H c pocroM Harpy3Kr4 ranxe 6y-
Ayr ocraaarbcs nocrolHHbtMl4 n o6ycnaenrearscn reo-
Merp qecKoù cxe[4où 6anKx.

flpoBeAeHHbte aBTopoM oKcnep MeHrbt [6j (ucnbtraHo
23 Hepa3pe3Hbrx 6anxu c pasnuvrutMt4 cxeMaMn 3arpy-
xeHl4n) He ronbKo noATBep,qunl4, L{To nocne noqBneHHg

1 1 1
Tpeu..lr4H orHoueHug Kpr4Br43H ; 

,; '. 
" 

ocTaloTcg npaK-
' \  ' 2

T qecKu nocTogHHbfllru BnnoTb Ao lrc,tepnaH 9 Hecyqeù
cnoco6Hocrr4 6ânKr|, Ho I noKa3an14, qro oHu (orHolueHun)
[iraro oTrr4qaoTci oT 3HaqeH14il, cooTBeTcTByot4xx ynpy-
roù craAu paooTbr KoHcrpyKLlt4t4.

3ro AaëT Bo3MoxHocrb c,qocraroqHoù Ann uHXeHep-
Hbrx pacqeToB ToqHocTbo npfiHBTb, rtTo Ha Bcex 3Tanax
paoorbr Hepa3pæHoù 6anKu orHouleH e Kpl4Bt43H MoxHo
c\][TaTb nocTogHHbtM]4 h paBHbtMu TeM, KOTOpbte cooTBeT-
crByror yn pyroM pacqery.

Ecnl4 6anxa !,tMeer nocroFHHoe no Bceù AnuHe ceqe-
H14e, To HaqaIlbHbre xecrKocTt4 Bcex ceqeHrù npafit4qec-
KH OAfiHaKOBbt 14

1  , t  . . .  1  = u ( , M i '
ft fz f,-l

. . . :  M"'-, ,  (2)

rge M,el - u:ru6anqIe MoMeHTbt, coorBercrBy|oullae pacqery
6an|(r (aK ynpyroù cl4creMbr.

yq!4rbrBae (2), nepenfiuJeM (1) B BuAe

M, :  M. , . . . :  M,  =  BrMi '  :  BrMi t . . . :B i t_ r .  (3 )
3ro r,i ecru ocr-roeHoe ypaBHeHue flpeAnaraeMoro HaMu

ueto4a. Oruetun npHHLltan{anbHbte oco6eHHocr!4 groro
ypaBHeHl,l9:

1. Ypaanerue npù4MeHlMo Anf, Bcex craAuù pa6orbl
6anKn. ÀnF ynpyroù cragnu, KorAa Bce xecrxocrù4 BioAr4-
HaKoBbr no BenuqIHe, oBo o6pau.laercn e ro44ecrao.

2. ypaBHeHue Aaèr Bo3MoxHocrb onpeAengTb orHo-
ureHnn uaru6ant4ux MoMeHToB (BepHee, orHotueHl,,tF 14x
MoAyfl eù). Ans BbrqrcneH,le AeÉcrBurerbHbtx 3Ha,]eH!,tù

M, xeo6xoguuo AononHl,lTenbHo 3anucarb ycnos F paB-
HoBecur An9 oiqHoro us xpaÉnux (nep8oro llnH nocneAHe-
ro) noonëToB.

3. B ypaBHeHle (3) MoxHo BKnoqarb flo6oe Kon ,ie-
crBo qreHoB. Hanpuuep, ecnlr iraM Heo6xoAl4Mo onpeAe-
nnrb rotbKo t\4o[4eHTbl Ha onopax 1 u n -1, To ero (ypaBHe_

H!4e) MoxHo 3anficarb B BfiÂe Mr: M, , = BrMi' : BT' ,.
ypaBHeHue Moxer coAepxâTb t4 qneHbt, coorBsrcrBytoul[e
nponèTHbrM l43rh6aoqxM MoMeHTaM (4nr celeHtù, r4e
êTr4 MoMeHTbt MaKc ManbHbt), HanpriMep

Mo,,:  M,:  Mr. . .= Bo_rM"l_r:  B,Mit  :  BrMl . . .

4. Kax,qoe ro npo!43BeAeH[ù B,Mit a npaaoiauacru
(3) Heo6xoÀt4Mo Bocnp!4H14Marb KaK oA.4H oTAenbHbtù qneH
ypaBHeH e. Benuqusur Mi' urpaot ponb nocrocHHbtx
KooQ(puLlueHToB, nocKojtbKy BMecro peanbHbtx 3HaqeHMfr
ynpyrlrx MoMeHToB AocTaToqHo B39Tb t4X OTHOtlleH g.

5. flpr Hanuvrn nopManbHbrx rpeulux xecrroclr B,
14 l,,rx olHoueH q c pocTotlt Harpy3r{r4 BenpepblBHo MeHi-
lorca. no3ToMy Ane peueHnr ypaBHeHxF (3) Heo6xoAl4-
Mo ucnon$oBarb cnoco6 nocneAoBarenbHbtx np{6nfixe-
Htt'|.

Pac.{er BeAercq Anc (aKoro-nu60 KoHKperHoro 3Ha-
qeHx9 Harpy3Kr4 (Hanpu[4ep, Ane oKcnnyaraqtonHoro). Ha
nepBor\4 arane npxHuMaeM, vro nsru6anqre MoMeHrbl
cooTBelcTBytoT ynpyroMy pacqery x no 3Tt,1M 3HaqeH!4FM
onpeAenneM xecrrocrr B, xa4onopxurx cevexuù. flo4-
craBuB aru xëcrkoôTr4 B (3), naxo4uu noesle, 6oflee roq-
Hble orHouJeH[F M., :  Mr. . . :M,_,  onopHsrx uoMeHToB,
a Aafiee, u3 ycnoBus paBHoBect4c KpaùHxx npoflëToB,
AeùcrBfiTenbHbte 3HaqeHuF srrlx t\4oMeHroe. nD Heo6xo-
A14Mocru raKrM xe 06pa30M AenêeM eqë oAHo-ABa np!4-
6nlrxesus.

Ha npnMepe 6anKh, noKa3aHHoù Ha prc. 1, npo4euon-
cTpr4pyeM, KaK, 3HaF OTHO|.UeHt4e OnopHblx MoMeHToB.
MoxHo ù43 ycnoBln paBHoBecxi oAHoro no çaùxrx npo-
nèToB onpeAenuru uctunnsre ux (uor'leltoa) ataveHun.

Anr KpaùHefo fleBoro nponèTa MoxHo sanncars (cu.
puc.2 \

M o_, - Roa 6\

M., = Rolo-r - Pb. (s)

Kpolle uouetroa Mo-i 14 Mt He[3BecrHa 14 onopHac
peaKqxF R0. nooroMy Heo6xoAt4Mo eu.lë oAHo, Tperbe
ypaBHeHfie. B KaqecrBe raKoro ypaBHeHuF Bo3bMëM or-
HOtlleHUe

Mo-r: M, -- Bo_.,M[!_., : BrMit . (6)

Peuue (6) cnoco6oM nocneAoBarenbHbtx npu6nlxe-
Hxù, 6yAeM uMerb

M o _ , ' . M r = C ,  0 \

rAe C - HaùAeHHar nocrorHHaa Benuq[Ha.

Otnouesue Mo_r:M,  MoxHo HaùTu u gapaHee,
BKnro'tt4B rlroMeHT,M0_l 14 coorBercrByoqee eMy npou3-
BeAeHve Bo_tM ";_, B o6utee ypaBHeHhe (3)
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, Ilpu peuexrr cxcreMbt ypaBHeH nù (4), (S) u (7) cne-AyeT l4Merb B BHAy, vro orlonJl
Hr'rr 101 eonro nîrii 

"Jo"l;;"J'u 
"oMeHroB 

B vpaBHe-
nprHrrb B BuAe M o_, : M, = lftto"v 171 Heo6xoAt4Mo

yrcrr4HHbre 3HaqeH!,rc aèex ocransHurx onopHbrx Mo_tu"l|"_jY_i: M3, . ., Mn-1) HaxoAr4M r43 (3).
^_.AHanoru,iHo peuaercF 3aAaqa no orbtcKaHr|o Aeù_crer,irenbHbrx 3HaqeHrù MoMeHToB npn nroOof apyrof?xe_Me 3arplDkeHxe KpaùH',x nDonëroB. È"n, 

"" 
*friir* onà_

33x lanxa aarleuneria, rô xeoôxoAl4Mo peurarb o4creMvx3 ,{erbrpëx ypaBHearù. B raqecree 
""rlep-ro vËà"TËr_Bre oepërcr pxe xaùÀeunoe n^, 

" tï o- i ii,'' =' o'"i fr7 :.';,i;n^.' " 
-" ̂ 'H ( 3 ) orH oue-

_-.. y]reAy?r t4Meru aer4y, vio nocne nonBneHuc rpeu]uHnoHnTl4e xêcT(ocTt4 craHoBr4Tc,n ee qenecoo.pàor;,,ùffi ;iJ"ï##r'#"::;:ffi ;:
^ M .  lo,-i, ,o" P, =-. Ilpu raxoM noAXoAe Bbtr{rcneHne

3lÎLÎYi.-B-:"*.Ar4rce ( onpeAeneHurc xpueusn. Heo6-xoAxMo, ,{To6bt +yHxqnh, Koropbre lcnonssytorcc Ane
I

oTbrcKaHnr 
t, 

yAoBneTEOpltrenbHo oTpaxanx peanbHyo
KapruHy r4x (KpuBl43H) l43MeHeHuc Ha Bcex sranax paoorbloanKu, Bnnorb Ao l4cqepnaHhn eë HecyqeÈ 

"noioo"ï"1I1._lp.1."tou oqeHb BaxHo, ,roo", +vr*qr, 
"Ë"ri,"îîf^.!,":o Ha,BcëM uHrepBane hx onpeAeneHl4F, rHa,{eurepaquoHHbtù npoqecc, Icnonb3

Moxer He coùrù4cb. 
yeMblù npl4 peuJeH {(3),

_.- 
no Ha-ueMy MHeHl4lo, BceM firM TpeooBaHt4rM Han_nyvuurr,' obpason,' orseqaer cnoco6 es,ir;;;;;; *#;ï,ocHoBaHHbrù Hâ r4cnonbsoBaH!4ta 6roqrol rrroaenr,r ié69p_Mr4poBaHl4q [51.

l:c. 
2. K onpeÀeneltrc n3rrr6aloqtx MoMeHïoB ro {x 0160_

A Tlw o t  :  M t . . .  =  BouM"s:_1 :  B,M i t . . . (3a)

lLê"n""", "pr"rypbt 
reM nu uHbru cnoco6on yxe pe_

^-..::9_orBercrB14l4 c npuHFïbtMlr HopMaMq [2] nnoqaAbapMarypH € nponërax r HaA onopaM, 
"",rr"lrioi no'il-MeHTaM, BenuqlHe Koropbtx nonyqaerc" 4oOa"ne"r-er-*

lgeaM M, orBeqapqr4M ynpyroMy pacqery, AononH!,t_
:,:l:Hbrx 

rp€yroflbxurx ennp c nporerono"r,r, ï"aànop-fibrM14 MoMeHraM{. 3aa,leHus an4x x"aonop"r," ùàr"I_roBn-o46r4pat.crcn raxtau o6pasou, vroo"r oàn*a nprrËirr-
:1'l?9: I paBHonpo,lHori, re. qroour ræa"""riiJ"i""_Hbrer nponërHhre MoMeHrbr no Bo3M"ilo&; ;;;;;;;;Ë;no aoconorHoù Ben4,{uHe. TaKoli cno*6 ilË;#il;;
::l?:$r, MoMeHroB npu noA6ope 

"pr"ryir, 
.n"*à,npu3Harb yAaqHbrn,', noc*on"ry oa br";;;;;;;;"#;

AaëT o|4yrhMylo oxoHouro ap"arypsr.
._ n qennx oKcnepnnaenranstoù npoBepKu nprroAHocll

IpaBHeHre 
(3) AnF npaKrrriecKofo nprrb"""ir" 

"ilop-o,obln14 h3roToBneHbt l,t a4cnbtraHU Ao pagpyuJeHt,te Z4Ëpa3pe3Hbte 6anKh c pa3rnJHbtM14 cx"r"", a"rpp,."rri.lrHaflu3 pesynbraroB ucnbnaHuù nqArBenarn nocÉrix-no 
"*

pollyro cxoAl4Mocrb Ha Bcex eranax oarpp,er,,a" onin"ioMoMeHToB c MoMeHTaM , Bbtri|4cneHHbtMt4 c noMol4bto (3).

BbtBoAbr

_- 
IlpeAnaraercn nprHqun anbHo Hoauù ,rrero4 onpe4e_neHfiFr3r{6atoul14x MoMeHToB B Hep"ap*a"r,* r"oanf,o_nerHbtx xene3o6eroHHbtx 6anK

Aenelvtlyct4naù. 
ax c ytlëToM nepepacnpe-

^^^I:I:l glnrr"erce yHuBepcanbHocrbro, npocroroù 14AocraroqHoù To.{Hocr6o. OH npxroAeH AnF pac,rera 6a_noK C npo43BOJIbHbtM KOn[qecTBoM l,t AnhHoù nponëTOB 'rn|oool,| cxeMoli 3arDVXeH q
Mero4 4aêr eostr,|oxHocrb n

npeAeneHlc ycnn*û Ha 
""u" 

,oo"n"o"t 
*oA nepepac-

annoru 4o ucvepn" 
"r, ;t;;;r;Ëf :il":Ê?"Jî*"-

.... 
r13.cyqecrByp,r.lr* ruroAoÉ r"*rMu xe AocrordHcrBa_

Tl:_T9 , np"an"r"eMbrù, oonaAaer nrub MeroA nocne_AoBarenbHbtx npu6nuxeHrù. Ograxo ronuvecrBo Bbtqa4c_reHa4ù np!4 !4CnOnbsoaa",,,|, npe4r"raeMoro MeToAa Ha 1_
^znopraKa MeHbut_e, qeM npn pacqeTe no ,"roay noan"_AoBarefi bHbtx npn 5nnxenuû

Ell6ntorpa$rvecKrù cnrco{

,..." l.- f:.o.O"" A.A. pacqer Hecyuteû cnocooHocrx (oFtcrpyr(_
i#rl: T;J"j, 

npe4enbHoro p"e"o"ecn". - M.: roccrpoùn3aar
2. PyroBoacïBo no pac,{erv cri*"" *"0":à", ",1 -"";;-,ïr" ; il fiii iliffi ,|.Êï i #li- 

B 3axnrcgeH[e Heo6xo4lrrvro orueThTb, r]To npe4nafa_eMbtùraMI MeroA onpeAeneHuâ 143rrrOa,o,arx ML#H;He AaëT B03MoxHocrH Bbrrtucngî

I:lï1'oïeo-6]oA",;t;;;;""f iliiiiiiirlxif,"l
xepaapeoxoù 6anKt,t. eTo BnonHe ecrecrBeHHo, nocKonb-
yl_ery:TpeAejteH14eycunrrico6cr""""or'."*l.',iJ"à_
e:cfl B-npr4cnoco6netnu uert6aoqr" 

"or"rro" 
* ynà_

T::.t?1_1p_r"typ". Ilepepacnpe4eneHhe cqrraercq non_
lo]y_lorA" MoMeHrbt Mi Bo Bc"* ."r""rr* 

"oor""r.r"y_::lryi-e_l: 
H6r M ( paapyûa or4r u ) r4x g Ha.{ex }ac Àa. no;e

::::lr-e!ne HopManuxurx rpeqru M, rorn o",ii r,ài;a""r]ToJrbKo npI ycnoBru, vro sa4ara o ionr,trecrae,rrrou p"c-

t8

, 3. Kp6|noa C.M., IKpaMoB C. K6eroHHbrx Hepa3pe3H"" ài^-ï rin)"""pocy 
o pacqë'e xene30-

*d t, c.a *i,t,7i iuiià:.:",ffi:iJiî"fi-peaeneH,' yc,,'-
,r. t{pbt'|oa C.M.,3aùt1eB tO.B. I

Ae,,e'ûa yc,nui4 B Hepa3pe3Hbrx *"nl:::l^0t"","-nepepacnpe-
Hayq. rp. Ht4qX6 - rbôi" - gii"^i'"tooeroHHbrx 6anKax ll c6.

o. ÉèpeulaarH B.C. hcnonb3oBêH
yi*"":jl" a," onp"r"n",," ïi"iii;::,:iï::*ïl:liHl!i.t"" 

: 
rllli:.a, // _6eroH ,r xene3o6eroH. _ zoo2. - Ne3.

. .-- .o. 
EeperqarlH B.C. O nepepacnpeAeneHxu ycrnrù B crarx_qeck[ HeonpeÂenuMbt" npeÂE"ourun"i

:"1:::1T""". 0",""" 7-Ë""iii,îi::"::ï:Jî:ï,i"::ïï,ï
Èronpoc6t coBpeMeHHoao crpolrenbcrBa. _ fSeO. - Nrf l .  C. aà_s1.



TEOPl/fl

C.6. KPbnOB KaHô. mexH. HayK (HUWI<6)

tlncnexxoe hccfle4oBaHlte non3yqecru 6eroHa
B CTepxHeBbtx r3ru6aeMbtx KoHcTpyKqr4flx c Tpe|JlrHaMll

OAHn[,r 3 BaxHeùLUnx cBoùcrB oeroHa sBngercF non-
3yqecrb. ypaBHeHug coBpeMeHHbtx pa3HoBxAHocreù Teo-
pu non3yqecT[ co3AaBan cb npeuMyqecTBeHHo Ha oc-
HoBaH onb|ToB co cxarueM oeroHHbtx np 3t\4. Ho non3y-
qecrb B 6eroHHbtx 06pa3qax, HaxoAnU.ll4xcq B ycnoBusx
oAHOOCHOTO paBHOMepHOfO CXaTUC, pa3BhBaeTCi C 3aMeT-
HbrMti oTnriqrcMl4 oT non3y,{emu oeÎoHa a figruoaeMoù xoH-
cTpyKt"ll414, KorAa pa3Hbte cnou MaTepxaj]a, IMe|oqle pa3-
Hbre HopMaflbHble HanpsxeHus, B3a Mo4eùcrBylor tuex-
Ay co6où. Curyaqun ycyry6neerce Hafl qt,tet4 B [4arep!4a-
ne rpeuluH, apMarypbt l,t ApyMX Heo4ropopHocreù. O6srvxo
sro nBneHue unu ocraercfl 6€ BHrMaHus n!,1 npo6neua paepe.
luaercr nyreM BBe.AeH|/îs nonpaBoiHofo t{ooe+uq!4eHË.

!pyruu cepuesHutM BonpocoM FBneercF KoppeKrHoe
ucnorlb3oBaHue B pacqeTHbtx ypaBHeHugX f,Aep nOn3y-
qecrfi u penaKcaq (KaKSyHKquù Bn[flHue) npt,t 3MeHe-
Hr4x cBoùcrB BonoKoH Mareprana. fleno B ToM, r{To np
pacvere Hel,ts6exHo ocpeAHeH[e cBoùcrB BonoKHa Ha
HeKoTopoM orpe3Ke AnuHbt. 14 ecI]H MeXAy BpeMeHeM 3ar-
pyxeHfic r,l BpeMeHeM HaontoAeHuq Ha AaHHoM orpe3Ke
o6pasoeanacs rpeqriHa Inu npot43otxn14 Àpyrue Hen!4Heù-
Hbre l43MeHeHfi9, To cnor]b3oBaH e oobF]Horo FApa, no_
crpoeHHoroAo r43MeHeHnù (unu nocne u3MeHeH14ù) 6yAer
re eepHuru. To ecrb, tApoAonxHo yq,|TbtBarb q3MeHeH]|e
cBoùcrB MareDrana.

B r4ccfleAoBaHu!4 g 4x FBneHuù, npoBeAeHHoM B
Hl,lkDK6, 6bn ucnonb3oBaH crporuù noAXoA B paMkax Me-
xaHuKl4 crepxHeBbtx cl4creM. B KaqecrBe pacqerHbtx Ao-
nyuleHIt4 npuHfiManucb cTaHAapTHHe npeAnocbtnK o
cnpaBeAn14Bocrr4 3akoHa flnocKrlx ceqeH ù crepxHeBoro
gneMeHTa I o npe4craBneHxn xene3o6eroHa B BIAê yn_
pyfo-non3yqero Mareprana. EcnI saxoH nnocKr4x ceqe-
Huù c HeKoropbtMH oroBopKaMI Moxer 6rrru nprHnr 4nn
scex sranoe pa6orbt KoHcrpyxqr414, To npeAcraBneHue xe_
neso6erota e xaqecrBe ynpyro-non3yqefo rena cnpaBeA-
nuBo n ulb Ha oTAenbHbtx l4HTepBanax u3MeHeHut oTHo_
uieHl4s !43r 6a]ou.lero MoMeHTa KKpl4Bt43He (HanpuMep, or
Har{ana HarpyxeHur u 4o o6pasoeaxrn rpequHbl Ha AaH_
nou yvactxe; or o6pa3oBaHun rpeqnHbt t,1 Ao cneAytoqe_
ro 3a[4erHoro u3MeHeH|,1t xecrKocrt4 14 TaKAanee). flooro_
My BHaqane Bce pacqeTHHe nOCTpOeHt49 BHnOnHFnICb
nnub AnF oTAenbHbtx 3TanoB, B npeAenax KoTopbtx pac_
qerHbre AonyuleHus 6btnu cnpaBeArrsbt.

npx BbtBoAe ypaBHeHuB l43fu6a xene3o6eroHHoro
fiepxHg, B KaqecTBe (pu3t4qecKoro cooTHollJeHl49 t4cnonb_
3oBanacb 3aBIct4Mocrb HanpFXeHuf or orHoc[Ter]bHblx
AeQopMaLl[É, nprHf,TaF B nuHeÉHoù Teopuu non3vqefil4.
B o6uleru cnyqae He Aenanocb ruxaxux 4onyqêHuù o
TOM, KaKylO KOHKpeTHyto pa3HoBt4AHOCTb TeOpu|o non3y_
qecru cfleAyer np[Herb. TaKXe npu BbtBoAe ypaBHeH[fl
u3r!46a Aeflanocb Aonyl4eHue o roM, r{To c VqeToM orMe_

,{eHHbtx ocooeHHocreù, 3aBficri[4ocrb Me)|(qy HanprxeH14-
rur n geSopruaqusMr4 or4enbHofo BoloKHa B cocraBe
cererun QopruanbHo 6y,qer Merb 06bt.lHbtù AnF Teopurl
non3yqefiu Bt4A, Ho crpoeHue rApa penaKcaLl!4r4 6yAer
tlHbrM. nooro[ayAflF gÀpa penaKcaqun ycunufi e eonoxne
B cocraBe ceqeHuq 6bno BBeAeHo cnequaluroe o6osna-
qeHle RS. C y,{eroM nepeqrcneHHbtx pacqerHbrx Aony-
u.{eH14ù, ypaBHeHue ngru6a uoxxo npeAcraBl4Tb B B[Ae:

.  ^ .  - ' ,  . --1 . ( t )K( t )J  +  E( t )J  l t< ( r )RS( r , r )d r=-M n t
t,,

Cnegynquu gTanoM uccne4oBaHur 6utno nocrpoe-
Hue FApa penaKcaqxu HanpexeHut B aonoxte, paoorarc-
qero B cocraBe ceqeH!4q. PagHcx!4BaeMoe rApo penaK_
caqur 4onxno o6naAarb cne.Aytou.l4Mrl cBoùcrBaMx. OHo
,qonxHo ocHoBbtBarbcr Ha oAHoù 13 Teopl,|ù non3vqecrt4
6erota. Oxo 4onxHo onucbtBarb penaxcaqun tanprxe-
H ù , no KpaùHeù Mepe, or HyneBota Hafpy3Kl,l ,1 Ao pac_
qerHoù. 3aBucl4Mocrb Me)|(Ay xpuen:HoË crepxHeBofo
oreueHTa I u3r!46atou]l4M MoMeHToM, AeùcrByloull,tM B
ceqeH[x, 3aAaBaeMa9 9ApOM penaKcaqll4, AonxHa co-
rnacoBbtBarbcF c t438ecrHbtMt4 (Knlo'teBbtMt4) 3aBuct4Moc_
T9MI An9 0Tt4X BengquH t4It4 ô SKCnepUMeHTanbHbtMu 3a-
Br4cr4MocrgMr Ans 3aAaHHbtx t4cropriù HarplD(eHuc.

flpu npoBeAeHIu ,lr,lcfleHHbtx xccreAoBaH14fi B Ka,{e-
cree Krrcqesutx 6stnn npuHFTbt 3aB[cl4Mocr[ Me>tçqy Kpt4_
Bl43Hoù 14 u3ru6a|oqrM [4oMeHTotlt CHun KaK.qng gTana
pa6orbr 6e3 Tpeu.ll4H Ha AaHHot\4 yqacrKe crepxHn, TaK t4
An9 erana nocne o6pa3oBaHtag Tper4uH. Bce rccneAoea,
H F npoBoA[nucb npu pa3rluqHbtx cooTHotljeHugx noo_
AonbHbtx cl4n fi3fl46aoqux MoMeHToB u npu pa3Hbtx Ko_
o+Qr4q eHrax apMnpoBaHue. yqurbtBafl 4eftcreyoque
craHAaprbt u MeroA14Kr4 ucnbtraH s xene3o6eroHnbtx KoH_
crpyKqt4ù, KnloqeBbte 3aBlcr,tMocTt4 3anucblBanlcb Àn,
6eroHa e Bo3pâcre 28 cyr. npl4 orot\4 np!,rHuManocb, rjro
Kn|oreBoe KpaTKOBpeMeHHOe HarpyxeHIe ocyu.{ecTBnqer-
cl ourcrpuu npunoxeHl4eM Harpy3Kr4 c BbtAepxKoù B Te_
.{eHt414 15 M14H, a Kn|oqeBoe,qnurenbHoe HarpyxeHt4e ocy_
ulecrBnrerct 6srcrpsrtr,t npnnoxeHueM Hafpy3Kl! c noc_
ne4ytoqer4 asr4epxroù B reqeHue 365 cyr. TaKrM o6pa_
30M, npfi cAenaHHbrx AonyqeHunX Ann pacclrtaTprBae_
Mbtx Kr.|oqeBbtx ,lcropuù HaryyxeHht 3aBuÛ4Mocrb Kp14-
g[axH k or taerrbatou]ero Mot\,renTa M 4nn pasroro ebe_
MeHI BbtAepxKt4 t 6y.qer onhcbtBarbct HeKoToDoù Hen],1-
HeùHoù noBeoxHocrbto

k =f(MJ) e\
3ry noBepxHocrb Moxno pas6uru na HecKonbxo qac-

reù 14 Kax(Ayto qacrb paccMarpuBarb c HeKoropbtM np!4-
onnxeHfieM B KaqecrBe (pyHKt.luu, nuHeùHoù no HanDaB_
neHH|o oc!4 M HenIHeÉHoù no nanpaenexrrc ocu t. Ànn

^--.rflËIib-
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Kax(qoù raKoù qacT!4 oOu.leù noBepxHocTt4 ltccneAoBaracb
Be.n14qIHa

D onhn= A'1/A<=const(t) .
l-lpr nocrpoerrr $ynxqru Dono,.(t) nepeonavansHo

IMetorcn TonbKo rpr4 Tor1rl4. 04na n: Hux cootBercrByer
Harpy3Ke, paBHol4 Hyrfo, a ABe Apyr e nonyqarcTcg c t-to-
Mou1bn AByx npuHsrbtx xntoqeBbtx 3aB cl4ftrocreù. fio
grr4M TpeM ToqKaM BbrnorHflnocb nocrpoeH'le SyHKLlt4t4
Don",.(t) Anr 28 < t < 365+28 cyroK c r,lcnorb3oBaH e[,!
oKcnoHeHq anbHbtx annpoKcl4 Mt4pynq x+yHkq ù, nph-
[4eHseMbrx BTeopr non3y,lecru OeroHa. TaKag onbtrHan
Qyrrqnn Dono,r(t) crpounacb AnF K (Aoro yqacrKa, Ha
roropere paa6usanacb 06ulaq no8epxHocrb (2). TaKar xe
reoper14eecKaq Qynxqur D."oo(t) crpoxnacb Ha ocHoBa-
HI14 nonyqeHHoro ypasrenns dsrn6a. f]p,4 noMou.lfi t43Me-
HeHU9 napaMeIpoB, BXOAglLlt4x B flApO penaKoallfi14 H,
coorBercrBeHHo, B Dreoe(t), Aenanacu nonsrxa 4o6uracr
Ha rIyltuero abtnonHeH[fl paBeHcTBa

D."orft)=Dono,rft)
Ha Ka)(AO[,| r43 y']aCTKOB Ha BCeù nOBepXHOCT'4 B qenot4.
fipu npoee4eHrr gT|4x 14cc.r]eAoBaHuù 14cnonb3oBarfi cb
tApa penaKcaqu , cooTBeTcT8yloi{[e Teopfir4 HacneA-
crBeHHocrr4, Teopl4l4 crapeH[c u reopt4 ynpyro-non3yqe-
rc Tena. B pæynbrare 6bno ycraHoBfleHo, qro !4cnons:oBa-
HletApa penaKcal{uI An9 Bororua B cocTaBe ceqeHug Bfiaa

RS,(t,t)= B R(t,r) ,
(Ae R(t,t) - cApo pe']aKcaqriù, cooTBercrBytoqee oAHoù li3 reo-
puù non3yqecrr, B - nocloFHHbtù MHoxhlenb. I  -  HoMep yvacr(a
noBepxHocrl, l  {2)) He n03BonFer A06xrbcF yAoanerBopurenbtoro
BbrnonHeHue paaeHcrÊa (3) Bo Bcex ioqKax uHTepBana 28 < f s
365+28 cfroK. f lpu.rxHoù rÈnrercr aecbMa MeAneHHoe Bo3pac-
rarre D,"oo(l) (AnF rApa AaHHoro BnAa) no cpâBHeHulo c Donur(t)
np[ HeoonbuJxx 3HaqeHtqx f. flocne MHoro,]l,rcneHHbtx r,tcnbtTaH|{ù
6bfio yciaHoBneHo, qro HarryquJt4M o6pa3oM pa8eHcrBo (3) Bbr-
nonHreTcg Arrr rapa BxAa

RS,(t",t,r) = B R(t, c) + Ci 6(t,0 + Ai 6( t-,t")
3Aecb B,Ai,Ci- nocroflHHble MHoxt4renu, 6(t,0 u q t.,t-\ -
Aenbra-QyHKLll414, f- HeKoropoe npou3BonbHoe ôfi Kct4po-
BaHHOe 3HaqeHUe l43 paCCÀ4aTpIBaeMOfO BpeMeHHOTO nH-
repBana. HecKonbKo ycfloBHoe usoopaxenue QyHKLll4la (4)
ri cpaBHeH!4e ee c 06btr.tHbtM qApoM penaKcaqt4[ noKa3a-
HO Ha pncyHKe.

BBeAeHue Aenbra-+yH Kt14 r n03Bonrer o6ecngruru
Heo6xo4uuoe pesxoe BæpacraHue ôyHxqtaH Dr"oo(Q nocne
Bbrq cneHre Bcex uHTerpanoB I AooxrbcF xopoûero Bbt-
nonHeHuq paBeHcrBa (3) Bo Bcex ror]Kax paccMarpuBae-
MOrO BpeMeHHOTO HHTepBana.

flpfi nocrpoeHl,tx qAep (4) Ane pa3Hbtx yqacrKoB
noBepxHocr (2) 6btno 3aMeqeHo, r.1To 3HaqeHtls MHox!4-
Tefleù Ai C, sHavutensHo MeHg|orcs npl,l nepexoAe or
o4Hofo yqacrKa K ApyroMy. 3Ha.leH e uxoxurenn B npr
3ToM ocraercs npaKTfiqecKu He[3MeHHblM. 3To no3Boflfl-
er Icnorb3oBarb BApo pênaKcaquI B eopMe (4) Ha Bcex
yqacrKax noBepxHocrr4 (2). nocne noAcraHoBXr4 f,Apa (4)
B ypaBHeH!1e ta3rt,t6a (1), Bbt,{ucneHur Heo6xo4ulaurx uH-
TerpanoB, 3aMeHbl Kpr4Bt43H npor|3BoAHbr[fl4 oT npor|46a u
nepexoAa K ypaBHeHx}o qeTBepTOrO flopcAKa ypaBHeHIe
npfiMer BnA (5).

ô a v ( t , x  ' 1  
, ,  ^ ' f ô o v ( '  ' t

^  4  ( l - 1 , ) - B  1 - - - - l : 1 R 1 r . r ) d r -dx-
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o6cr.rauù er4 $yur:1an R(t, r)

norl:urÏ
npo Me)içyTo K
ûHTerpHpoÈaHrr_s(3)

BpeMr rlepexoqâ
ua i-ïi nyLueùuafr
y"acro* "*-M"

(4)

,! rr
c , .ô ( r ,  t )  +  B  .R ( t ,  / )

tApa pena(caqx, R x

B .  R( t ,  r )

RS

ô a  v ( t o , x )
(5)

ox E( t  )  J  ôxz
B pn4e sagav aosuoxHo raKXe ficnorb3oBaHue ypaB-

HeHug 143rr6a BToporo nopcAKa orHocrllenbHo neDe[,teH-
Hoù X. B groM BbtpaxeH I co6crBeHHo FBneH e norr3ylle-
crfi 6yAer BbtpaxeHo cnaraeMb \4, coAepxaqIM BR(t,t).
Cnaraeusre, coAepxaulue A, r,r C,, 6y4yr aurpaxarb Ae-
QopM14poBaHhe, npoTeKapqee npaKThqecKh "MTHOBeHHO",
ro ecrb no cBoei cxopocrl4 nprbnuxarcqeecq K ynpyro-
MyAeQopM14poBaHHrc. TaKt4M o6pa3oM, nonyqeHHoe ypaB-
HeHue AeQopMrlpoBâH14c crepxHeBoro xefl e3o6eroHHoro
9neMeHTa coAepxur ABe rpynnbt cnaraeusrx. Ogna rpyn-
fla onl4cbrBaeT 9EneHHe not3yqecT t4 9BngeTcc He!43MeH-
HOI Ha BCeX paCCMaTpUBaeû/lblx 3Tanax pa6otur crepxns.
,[pyrar rpynna orpaxaer ynpyr e !,1 np!46nlxaou] eca K
HUM no cKopocr[ AeQopMaq(u !4 t 3MeHqerct c pocroM
n3n46apulero MoMeHTa B npoLlecce o6pasoaaHun rpequt
14 Apyfl4x HenuHeùHurx ceneH14ù. Taxoe crpoeHIe ypaBHe_
H14C nO3BOnCeT OCyqecTBt4Tb KoppeKTHoe, c ToqKr4 3peHug
MexaHuKr, onucaHtae Ae+opÀaaq 14 non3ytlecru. Koropble
Haqnfi pa3BuBarbcs, HanpxMep, Ao o6pa:oaariun rpeqrH,
a 3aKoHrlfint4cb nocne, B cTporo[4 cooTBeTcTBt4r.t co ct\rbtc_
noM 9Apa pe|aKcaquI KaK QyHKLlt411 BfiuqH11e.

,[nr nonyveunoro fi Hrerpo-4rQ$epeHLlr4aj]bHoro ypaB-
HeHus u3rfi6a (5) 6btro nocrpoeHo roqHoe peLxeH e Anq
cnyqat orcyTcTB14r npo4onuHoù clrnbt.,qrc cny.{ae, (of-
Aa npoAonbHaî cl4na He paBHa Hyn|o, npeÂfioxeH Bap{_
aHT nocrpoeHut npu6n xextoro peLleunr.

R ( r , , )

4 . .  ô ( t I  r x ) + C , . ô ( t , r ) +  B .  R ( r ,  z )



B NOM 3ABO CKI/M IIASOPATOPLIRM

C. M. tlrlIlUKOB, B. E KUP14LIHUKOB (HayqHo - uccneôoeamentcxuù
u KoHCmpyKmopcKuù r.pHmp ucnbtmamenbHbx MawuH, e. Apuaeup)

O rtrerponorhr{ecKoM o6ecneveHhh MexaHhqecxytx
ucnbrraHuù oeronoB B naoopaTopHbtx ycnoBrfx

flo r4sBecrHb \,r np,4qt4Ha[r rexHo-
noT qecKoe o6opy4oaaxr,re lr cpe4-
cTBa KOHTpon9 (aqeCTBa EbtnycKae-
Moù npoAyKr-lrih Ha poccrùcxfix npe4-
np!4rrxsx, B ToM qncne I crpoùi4HAy-
cTpfi14, B nocneAH e roAbt npaKTfiqec-
ru He o6Hoensnucb. Jla6oparopl4rl
MexaHuqecKt4x r,icn brraH|4ù npeAnpr-
Arvtù u HVll4 ocHaLIeHbr Ha 80 [ 60-
nee npoqeHToB [cnbfiarenbHoù TexH -

Koù, BbrnyuleHHoù 25-50 ner Ha3aA.
K rlrcny raxux Ma[!!4H orHocgTcfl
npeccbr r noa 2nF, nCY fi n, npeA-
Ha3HaqeHHbte B ocHoBHot4.arlq IcnbF
raHfie oeroHoB no FOCT 1 0180. 3rr
MauuHbt ocHau.leHbt tvlexaHuqecKl4 M t4
cunou3MepuTen9MI x pyr]HbrM14 ycT-
pol4cTBa[4 ynpaBneHut HarpyxeHue[,j
o0pa3LloB.

y(a3aHHbte rfinbt noeccoB !4iite|or
cyqecTBeHHbre HeAocTaTKm, He nO-
3BOnC|oq e npoBoAr4Tb cnbtTaHug B
coorBercrBr4 c TOCT 10180, pema-
NreHTt,rpyK)r4xM TpeooBaH i K Mero-
AaM onpe,qeneHuq npoqHocrn 6eroHoB
no KoHTponbHbI\4 o6pa3qa[4 14 He co-
orBercrBylor rpe6oBaH!,tsM TOCT
28840 xa uaunnur Àns ncnb|TaHuF Ha
CXATfiE.

tl3BecrHo, .]To K qIcny SaKropoB,
onpeAenff |ou.[4x AocToBepHocTb pe-
3ynbraroB a4cnbrraHuù, orHocarca: To9-
HOCTb 143MepeH[9 Harpy3Kr4, TOr{HOCrb
3aAaHÂA r4 noMepxaH c sa4aHtoù
cKopocr!4 HarpyxeH!4r, o6ecne,leH e
paBHoMepHocTfi pâcnpeAeneHu9 Ha-
npcxeHuù no ce'.retuo o6pasqa, aoe-
Moxnocrb cy6rerruaxoro BntaqHrn
onepaTopa Ha p$ynbTarbt cnb|TaHuù,
coorBercrB|4e rpe6oaanrnu HT,Q ta
MeToÂbr ucnb|TaHnù.

PaccMorpl4M, HacKonbKo Aocro-
BepHbrMrl MoxHo cq[TaTb pe3ynbTaTbl

ucnbrraH|4ù, nonyqeHHbre Ha AaHHblx
T nax nDeccoB.

To.rHocrb r43MepeHfig Harpy3K Ha
cTapbrx npeccax xapaKTep!43yeTce
norpeluHocrbn, cocraBrff fcqeù t 2%,
r.rTo B.qBoe xyxe, qeM y nocneAyrc-
qfix MoAenen npeccos MC u l4fl.
KpoMe roro, cTapbre npeccbt [Meor
y3Klaù Alana30H r,13[,!epeH!aù Harpy3-
K4, B KOTOpOM fapaHTUpyeTcg yfiaHOB-
neHHaç ToqHocTb ee 3MepeH 9.

143 Bcex nepequcneHHbtx ôaKro-
po8, Bru9K)ulxx Ha AocToBepHocTb,
TOTIHOCTb r/3MepeH 9 Hafpy3Kl4 gBnq-

eTcF eA HCrBeHHbtM noKa3aTene[4.
KoropbrÉ KoHTponupyercs opraHaMI
focHaA3opa, Ho, KaK 6yAer noKa3aHo

Aanee, ToqHocTb 143MepeHu9 Harpy3-
x He rBrqeTcg pellaloLJ.$4M ycnoBu-

eM noflyqeHfiF AocToBepHbtx pe3ynb-
ratoe flcnutraH!4ù 6eroHoa.

Ll38ecrHo, qro xa D a KTe o t4 crt4 K!1
MexaH qecKfix cBoùcrB Mareoranos
cyulecTBeHHo 3aBucgT oT CKOpOCT!4
HarpyxeHus. l lpeccsr 2fl l f lCl l- l
ocHauleH bt npocrel4u.[4Mr4 ycrpoù-

cTBaMli Ân9 perynupoBaHufl cKopoc-
TH HarpyxeHur o6pa3qoB, KaK[x -

n16o usuepureneù t,lnu uHAHKaropoB
cKopocTtl HarpyxeHrc Ha sTrx npec-
cax Her. flooToMy Bocnpox3Becr pe-
xnM HarplD(eH!49 06pa3qa B coorBer-
creuu c rpeooear[suu rOCT 101 80
npaKTuqecKx HeBo3uoxto. Teru 6onee
Heeoa[4oxno o6ecnequrb noBTooqe-
r\rocTb Bocn po1438eAe HUF cKOpOC-
Tu HarpyxeHug 4nn napruu o6par-
qoB.

HH3Kai fl poAonbHas xecrKocrb
c noBol4 pa[4br Harpyxapu.l!4x ycr-
por4crB npecco8 crapbtx MoAeneù
BHOCT,4T CyqeCTBeH H He nOf peuJHOCTt4
B pe3ynbrarbr [cnbtraHuù B cB93 c

TeM, ' ]TO nOTeHLlHanbHaF 3Heprug,
HaKOnrleHHafl paMo14, oKa3blBaeT 3Ha-
q TerrbHoe BnugHre Ha npollecc pa3-
pyueH s o6pa3qa. Oco6euHo ero
npoflBnf,eTcc Ha npeccax c npeAenb-
Hoù Harpy3Koù 100 u 500 KH, rAe npo-

AOfl bHa9 XeCTKOCTb paMbt OnpeAenF-
erca c noBoù qenbrc c nocneaoBa-
TenbHo coeA!4HeHHbtM14 yCTaHOBOq-
Hbtlr BI4HTOM, Ha KOTOpOM 3aKpenne-
Ha BeAyulag nnfiTa, I AByM9 KOnOH-
Ha[4U.

Bo3[4oxHocrb cy6'uexruetoro
enurHun na6opatra Ha pe3ynbrarbl
ficnbrTaH 14 npaKTHt{ecx[ HeoTDaHfi-
geHHa U [MeeTCq Ha BCeX STanaX npo-
qecca t4cn brraHrq. Bo-nepaurx, nplr
ycraHoBKe oOpa3qoa, xor4a re o6ec-
neq Baerce coBnaÂeHre oceù oOpa3-
qa r cunoBoù paMbt; Bo-BTopbtx, npt4
3aAAHVVI V nOAAepXaHfit,î 3aAaHH btx
pexfiMoB HafplDi{eH c; B-TpeTbfix, npfi
cql,lTbtaaHuu noKa3aHxt4 oTcqeTHoro
ycTpor,4cTBa L!Kafl bt Hafpy3o(i B-qeT-
Beplbtx, npu BbtqucneHuu xapaKTepl4-
cTl4K.

Cy6beKr[BHoMy BJIl4qHt4D Ha pe-
3ynbrarbr ucnbtraHrù cnoco6crsyer r
To o6cTogrenbfiBo, qro AaHHbte npec-
cbr r43HaqanbHo n peAHa3Haqanucb
Ang ucnbrraHHF He tonsro 6erotog,
Ho 14 Kt,tpnuqa, acQanuro6erona, qe-
MeHTa 14 Apyr[x cTpot4TenbHbtx [4aTe-
puanoa. Orcyrcrare +yHKqlaoHanbHoù
cneql4a'lu3aqur Harp]DKaoqux, yn-
paBnqDU.l14X 14 t43l\,lepuTenbHbtX Cr4c-
TeÀ'l yCTapeBL.llt4X MOAenet4 npeccoB
npaKTfiqec(tl He no3Bor]9eT Bbtnon-
Hsrb HopMarfiBHbre rpeooeaHus ua
r,reroAbt r,4cnb|TaHfi ù, uMeou]ue cyqe-
cTBeHHbte pa3jlr4qH9 An9 pa3Hbtx Ma-
repuanoe. O4xaxo xau6onsu.:ee anu-
qHue Ha pe3ynbrarH cnbtraHt4ù oKa-

t , .
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3brBaeT cTeneHb paBHot epHocTfi pac-
npeAeneH c HanpqxeHrù no ceqepuro
o6pa3lla np np noxeH I hcnbtra-
TenbHoù Harpy3Kt4.

Ha npeccax 2nf, flCY r,r fl, nue-
oul4x npaKT qecKrl AeHTfi'.lHyro KoH-
crpyKL$4ro Harpyxarculero ycrporl-
cTBa, cTeneHb HepaBHoMepHocTfi pac-
npeAefleH s HanpFXeH[ù Ha cnbtTbt-
aaeuou o6pa:qe Aocrutaer 3Haq!4-
TerbHoù Befluqt4Hbr. 06 oroM cBt4Ae-
renbcTByroT pe3ynbTaTbt cnell aibHbtx
ficnblraH{!4 npeccoB n-10, n-50,n-
125, n-250 u fl-500, npoee,qeHHbre
HaM14 COBMeCTHO CO CneqUanHCTaMl,l
l-lH l4l,1CK. l4cnsrraHtaq npoBoAlanh c
nououlurc Ha6opa npucnoco6neH ù,
cocTogr4t4x 143 AByx MeTarnfi qecKrlx
(annMuHueBbrx unu cranbHbtx) nr]ac-
r H KBarqparHoù SopMH c pa3Mepa-
Mr,l CTOpOH, paBHbrMt4 pa3taepaM 06-
pa3qoB, x pacnonoxeHHblM [rexqy
Hl4M[ CenapaTopot\4, uMeou]l4t\4 oT-
BepcT|4r, paBHorlrepHo pacnpeAeneH-
Hbre no ero nnou.laA[, An9 pa3Meu-{e-
Ht4c B Ht4x Kanu6poBaHHbtx cralbHbtx
LrJâp14 KoB.

PaBHoMepHocrb pacnpeAeleHIe
HanpFXeH!4ù oqeHueanr no rny6ute
oTneqaTKa uapuKa B ycrroB14sx crpo-
ro qexrpanuHoù ycraHoBKH np cno-
co6neriun u npu rapyuJeHHu t-.leHTpt4q-
HOCTfi Ha BenIq!4Hy, cooTseTcTByto-
r4yro Bo3MoxHoù ou 6Ke oneparopa
npta ycraHoBKe o6pa3qa (Ao 4 MM).
Àaxe npu qeHTpanbHoù ycraHoBKe
npncnoco6neHns Ha npeccax HeKoro-
pbrx runopa3MêpoB Ha6nrc4anacu eua-
q[TejrbHag HepaBHoMepHocrb pacnpe-

iqefieHne Harpy3K[ (ao 30%). f1pr,r
cMeuleH !4!4 npucnoco6neH !49 orHoct4-
TenbHo qeHTpanbHot4 ocu npecca B
HanpaBneHuu,  nepneHAuKyngpHoM
nrocKocTr4, npoxoAîqer4 qepe3 ocl4
KOnOHHbi, HepaBHotltepHofi b AocTufa-
na 50%. 3Ha.{urenbHae HepaBHoMep-
HOCTb paonpeAeneH[9 Ha Tpy3Kr4
o6'ugcHcercg psAoM HeAocrarKo8
curoBofi pa[4bl npeccoB yKa3aHHbtx
Tl4noB.

SneNreHru cunoaoù pa[,tbt - oc-
HOBaHr4e, TpaBepca, KonoHHbt, a Ha
npeccax c npeAenbHoù Hafpy3Koù
100 t4 500KH ù4 ycraHoBotlHbtù BuHT He
06pa3yror xecrKyo cunoBylo KoHcr-
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pyxqro. 3ro o6ycnoBneHo HeAocrar-
KaM,l KOHCTpyKtpll4 COeAl4HeH 9 3Tt4X

3neÀreHroB r\,re4qy co6où. B npoqec-
ce HarpyxeH[q o6pa3qoB B Taxoù
paMe He o6ecnellr4aaercs nocrot H-
clBO COBrVleUleH[r reoMeTpuqecK X
oceù cl4noBoù paMsr r.l o6pasqa. Bsa-
hMHoe pacnonoxeHHe oceù Moxer
[3MeHFTbC9, npr.t STOM npoficxoAt4T
nepepacnpeÂeneHIe HanpFxeHuù no
cevexurc o6paeqa.

3HaqurenbHoe Bn qHhe Ha pe-
3ynbTaTbt ncnhlTaHI11 oKa3btBaeT Ton-
lr.l Ha onopHbtx nrl4T, nepeAaou.ll4x
Harpy3Ky Ha o6pa3eq. npeccur 2fl1,
flCY n I M eer H eÂocraroq Hyo ron u]H -
Hy nrrnT, BBr4Ay eToro HarpyxeHHble
nnlrrur ugru6anrcc, rlro npl4BoAt4T K
He paBHoMep HoMy pacn peÂeneH r,t lo
Harpy3K!4. KpoMe roro, nn!4Tbt cocro-
sT r43 AByX qaoTet4, OAHa l43 KOTOpbIX
(HapyxHae) Meer Heo6xoAf iMyo
reep4ocrs gnn o6ecneqeHus l43Hoco-
croùKocrt4. O.qnaxo ora nnlrra nueer
orHoc!4TenbHo He6onbuyto ronull4Hy,
a conpsxeHue nnur te scer4a o6ec-
ne.ruBaerca c rpe6ye[4où To.lHocrbto,
u nooroMy HaplDliHbte nnurbt npor[6a-
rcTca, He o6ecneL{t4Bat paBHoMepHoe
HafppKeHrae o6pa3qa no ceveturc. flo
,qaHHbrM 3apyoexHb \r uccreÂoBare-
neù, xenaTerbHo, qToobt ronu.l Ha
nnt4T cocraBnFra 80% 4nuxsr cropo-
riur o6pasqa. l,lccnegoeaHun, npose-
.qeHHbre Ha npeccax runa fl c noMo-
u]brc npucnocooneH r ù,1 Mero,quKu,
onucaHHbtx Bblljle, TaKxe noKa3anh
B.nn9Hrie noAaTnfiBocT nnl4T Ha paB-
HOMepHOCTb pacnpeAeneHug Ha-
rpy3K14.

Apyroù npnqraHoù cyqecreeraoù
HepaBHoMepHocru HarpyxeHur o6-
pa3r.loB 9Bnf, eTct HecoBepLueHcTBo
KOHCTpyKtlt414 LiJapH pHoro y3na Bep-
xHeù onopHoù nnurbl npeccoB yka3aH-
Hbtx runoB. 3HaqurenbHoe rpeH e B
conpnxen uru cÈeprLtecK4x noBepxHo-
cTe14, HepaBHOMepHOe np neraH!4e
noBepxHocTeù l,| Apyrue HeÂocrarK
He o6ecne.{t.tBator ca[4oycraHoBKy
nn,1Tbt Ang ooecneqeHuq norHoTo no[-
nefaHlaq pa6oqeù ee noBepxHocrrj K
nnocxoctr,r o6pasqa !4 ô[Ko4poBaHt4e
ee B êTor\,r nonoxeHul4 B npoqecce
Harpy)KeHtF 06pa3qa.

ËcfleAcTBre Bn 9H,l9 yKa3aHHbtx
HeAOCTaTKOB Ha pe3ynbTaTbi r4ccneAo-
BaHt414, npoBeAeHHbtx cnequan cTaM14
cprpusr "l-larx", or.un6xa npu onpe4e-
reHuh npeAena npoqHocTl4 [4oxeT
AoxoAr4Tb Ao 20%, ,rro Ha nopqAoK
6onsure, qeu or norpeLuHocr!4 !43tvte-
peH 9 c nbl.

Bonpoc "O rexxtvecKo[4 cocroc-
HXU nap(a Maul HAngMeXaH qecKux
lcnbrraHHù crpo!4TenbHbtx Marep!4a-
.noB 14 [4eTanr]oB" paccMaTpfiBancg Ha
3aceAaHI Hay,]HO-TexH6qec(Où Ko-
tvlt4cct4u no MeTponoTlt4 t4 t43[4eD Tenb-
Hoù TexHuKe foccraHAapra Pocc
(nporoKor Ne 20 or 13.12.94..). Ha
3Tor\r 3aceAaHur norpeonrensu Dexo-
i i leHAOBaHO npOH3BeCTh B TeqeHhe

1995-1997 roAoB 3aMeHy Mau[H
fCl\4, |1, nCY, tPM, yl\4M n P ua 6o-
flee coBepuJeHHbte.

Ha MHor x npeAnpl4srl49x crpoÉ-
,rHAycTpl4l4 3TU peKOMeHAaLl[[ He
BbrnonHeHbl. B pe3ynbrare MexaHu-
qecKue tacnb[aHuq 6eronoe npoeognr-
c9 ô HapyuJeHue[4 focyAapcTBeHHbtx
cTaHAapToB, He o6ecnelluBaeTcF no-
nyqeHue AocToBepHbtx pe3ynhTaToB
[cnblTaHul4, 'tTo BeaeT K 3HaqhTetb-
Hb \4 3KOHOM qeCKUM nOTepgM.

B Hacrosulee BpeMs oreqecrBeH-
HOt4 npoMbttufleHHocTbto ocBoeHo B
nporl3BoAcTBe HOBOe nOKOneHHe Ma-
u:lru rrna "Ml,lC" 4nn !4cnbttaHt,ts Ha
cxar!4e 6eroHoB Ha npeAenbHbte Ha-
fpy3Kr4 '100, 500, 1000, 2000 kH. Ho-
Bbte MauhHbl oTnuqa|oTcg 0T OaHee
BbrnycKaeMbtx cneLlIatru3aql4eù no
Ha3HaqeH!4to, ocHauleHbt aBToMaTU314-
poBaHHbtMrl KOMnb€TepHbtM14 cucTe_
[4aM14 h3MepeHrF U ynpaBneHt4q, t\,tO-
ryr npeAcTaBnqTb pe3ynbTaTbt ucnbr_
TaH ù B BuAe nporoKona 14 rpaol4,{ec-
Ku oro6paxarb npoqecc HarpyxeHuF.
Korcrpyxqnn xarplD{aoulero ycrpoù-
crea o6ecne.tueaer BbtcoKyto creneHb
paBHoMepHOCT14 paCnpeAeneHur Ha_
rpy3K no ceqeHh|o o6pa3qa. Ha 3r!4x
npeccax npaKTlqecKh 14cKnloqeHo
cy6-serrnanoe enusHl4e oneparopa Ha
pe3ynbTaTbt fi cnb|TaHIq.

noApooHac uHôopMaqus o HoBotvl
IcnbrrarerbHot\,t ooopyAoBaHuH co-
Aepxurce B l4HrepHere Ha caùre H14K-
uLll\4 wwwniktsim.ru.



BOnPOCbt oKOHOMI/Kl/

e${erruBHocrb xr4M}rqecKrx 4o6aeor e 6eroHax

XapaKrepHoù oco6eHHocrbro coBpeMeHHoù crpolnenb-
Hoù TexHonorl4u gBnqerc9 L!14poKoe npuMeHeHne xIMu-
,recxux 4o6aeox 4nF AocruxeHug Heo6xo,qnMbtx cBoficrB
6eroHa, cHuxeH|,,1t pacxoAa Marept4anbHbrx 14 gHepreru-
qecKl4x pecypcoB npu u3roToBreHu SToro MaTepnana I
np!4 npuMeHeH |/lu ero Ans npo]r3Bo,qcTBa KoHcrpyKqr4ù, Bo3-
Be,qeHug 3AaHnù u coopyxeHuù. B nacrorqee epeun
npeAnpr9Tlc no l,i3roroBfleH!4|o 6eroHa, {3Aenr4ù u KoHcr-
pyKquù Ha ero ocHoBe HapeAy co cpaBH[TenbHo Aeue-
BbrM14 Ao6aBKaMl4, nonyqaeMbtMu qacro ug npoMbtuJneH-
Hbrx oTXoAoB, Bce urpe npIMeH9|oT cnequanbHo cr,rHïe-
3r4pyèMbre AoOaBKu Ha ocHoBe Aopororo xuMt4qecKoro
csrprn. Tarue go6aaxu-uqguQuxaropsr noseonnnr o6ec-
neqlrb BbtcoKoe Ka.{ecrBo 6eroHa n B ulpoKoM Ataana3o-
He peryn[poBarb ero cBoùcrBa, oAHaKo npx oqeHKe qe-
necoo6paoHocru nx BBeAeHtaq, 3aMeHbr 14M14 Tpe4uqt,toH-
Hbrx AeueBbtx Ao6aBoK npnxoAt4Tcq AocruraeMbtù TexH,|-
qecKuù g*QeKr cou:ueprru c HeooxoA14MbrMr,l ,qononHr-
TenbHbrMx 3aTpaTaM14.

3+QeKruBHocrb no6brx rexHriqecK4x peueH14ù, B ToM
qucne u BBeAeHhfl xulruvecxnx 4o6aaor a 6erox, 4onx-
Ha onpeAenerbce oKoHoMr4,{ecKl4M g+ôeKroM (3) H Ko36-
+xqueHroM a$+eKrnBHocrh 3arpar (K"). flocneAuù npeg-
craBnfler co6où orHottleHvle gKoHoMu,{ecKoro oÉSeKra k
earparau, neo6xo4r,rMbrM Anc ero nonyqeHuc. 3arparbr Ha
4o6aary (3o) npu nonyvenuu 6erora rerKo paccqlrbrBa-
ÉTCn

3,  =coÀ+3 i " ,  (1 )

rAe Cr - clolrMocrb Ao6aBK[ Ha 'l u3 6etora c yretom Heo6xoAl4-
Mbrx rpaHcnopTHbrx pacxoAoB; A - yÂerbHbtù pacxoA Âo6aBKx;
3lon - yaen""",e pacxoabr, cBr3aHHbre c AonorHurenbHoi o6pa-
6orKoù AooaB|(|,l, ee xpaHeHreM, Ao3rpoEaHl.eM, u3MeHeHreM co-
craBa EeroHHoù cMecn u Ap.

,qocruraeMbri 3KoHoMr4'{ecxuù gQQefi or BBeAeHrn
4o6aaxu (er) uoxer 6unu peanrsoear KaK npt4 npon3BoA-
cree 6eroxâ, regenuù, KoHcrpyKqhù 14 coop!ry(eHuù Ha ero
ocHoBe, TaK u npl l.rx SxcnnyaTaql4t4 B cooTBeTcTBl4n c npo-
ercrou. flonruri exoHoMr4qecKuù sSSeKr or BBeAeHus Ao-
6agru s 6eroHur sBnFercg cMeuaHHbtM, pacqer ero Aoc-
TaroqHo cnoxeH u Ha nparruxe o6utvHo He BbtnonHnercn.

Ane npo[3BoAmeneù 6erola (6erontoù cMecu, t43Ae-
nxù u KoHcrpyKr.$4ù) BexHo A}lSQepeHqtapoBarb gKoHoM]t-
,recKrù oQQeKr, o6ecne,{rBaeMbrù AooaBKoù 3a cqer 3Ko-
HoMr4r,r Apyfr4x pecypcoB B npoqecce npouaaogcraa (3r1),
fi oQQefi, AocruraeMHù npI nphMeHeruu 6eroua (eo2).
nepBbrÉ HenocpeAcrBeHHo cxâ3btBaercs xa ce6ecronlio-
cr[ 6eroHa, BTopoù AonxeH y'{r4TbrBarbcn npu Hâ3Haqe-
Ht4t qeHbt Ha Hero. KaK 3Â1, TaK u 3!2 .{epeg [3MeHeH|4e

ce6ecror4Mocl4 14 ueHbr Ha 6eroH ÂolxHbr aKr[BHo BnrÊTb
ra npr6srns u peHra6enorocru npegnpxnTrÉ-fl pol43BoArl-
Teneù. AnF noræ6ffiefleù 6erona oQ$eKruBHocrb l4cnorb-
3oBaHtac Ao6aBoK onpeAeneercF BefluqnHoù 3Â2. B 3aBu-
ct4MocTt4 oT qeneBoù ycraHoBKr,,t BBeAeH!4e oAHoù 14 ToÉ
xe Ao6aBKu Moxer 6b|Tb HanpaBneHo npeuMyqecrBeHHo
Ha AocrhxeHne e+Qerra 3o1 unu 3or. l4saecrno, uanpn-
uep, vro 4o6asxn-nnacrnQr,rraropui Moryr 6brb ucnorrb-
3oBaHbr nu Anq 3KoHoMt4r4 qeMeHTa 6e3 yxyAtùeHrF
cBoùcrB 6eroHa, !{nu AnF noBb .leHrn nnacrrqsocru 6e-
ToHHoù cMecu u ooneFreHIc ee yKnaAKn.

B oOuleM cny.1ae, He yql4TbrBaF yAeflbHbre Kan|/lTanb-
Hbre BnoxeHuc, oKoHoMt4qecK!4ù 3(pQeKr or npxMeHeHt4g
go6aeox noxuo xaùTl4 no ÈopMyne

3 o = C u . o - C u . o ,

rAe C6r I C6o - cror,lMocrb 6eroHa (6e'roH8où cMecu, r3Aeruù |,
(oHcrpy&.luù) coorBercrBeHBo c Âo6aB(où r 6e3 Hee.

Ha craAufi h3roroBneHus 6eroHa BBe,qeHt4e AooaBKu
no3Bonser y4eueBfiTb ero rnaBHbrM o6pasou sa cver
yMeHbtueH$n cTo14MocTr4 neo6xo4urvrurx MaTept4anbHbtx
pecypcoB, HanpuMep B pæyflbTarè cHt4xeHug pacxoAa
qeMeHla, nepexoAa Ha,qpyrue ero BIAU ,|nI MapK{ t4 Ap.
Heyqer, oAHaKo, AononHureflbHbtx 3arpar He AooaBKy 14

y.e./ur

Urt[ Il.l U,
xv!r

Pxc. l. Bo3ito)t(Hb|e BapxaHTbr rr3MeHeHrÂ croxMocrr 6€ToHa
npt,| BBeAeHl .| xnMr,{ecxoi Ao6aBKtr
I - cmouMocmb 6emoHa 6a3 èo6a1Ku; ll u lll - cmouwocmb 6emo-
Ha c ôo6êexoù

O.n..EBOPKUH, KaHô. mexH. HayK,
xoss ùcmea u npupoôonon bsoeaH u fl ,

ôor.t. (Yxpauncxuù eocyôapcmeeuuuù yuueepcumem BoôHozo
?.PoeHo)

(2)

II
I

ru
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HepaquoHanbHocTb TexHonoruqecKLlx peueH!4ù MoxeT He
no3Bon Tb cHr,43r4Tb cTor,4MocTb 6eToHa. Ha D|4c. 1 nD Be-
AeHbr A'19 np Mepa Bo3MoxHbre BapuaHTbr r43MeHeH[q
o$$eKfl4BHocrH BBeAeH F Ao6aBKr B 6eroHHyro cMecb.

nycrb Hop[r,4pyeMbre cBoùcrBa 6eroHa o6ecnequBa-
rorcn 6es go6aaxfi npu pacxoAe qeMeHra Ll3 (1, puc. 1).
np!4 BBeAeH uAo6aexu MoxHo o6ecnevrru neo6xo4ulrste
cBoùcrBa oeroHa npu pacxoAe qeMeHra l-li (ll, p!4c. 1), Ho
aro 6yper H eesrrogHo, T K. cror4 rlrocrb 6ero r a 6yger s ut Lue,
veu 6eroxa 6es gooaexH. Y[4eHsLul4g pacxoA Ao6aBK (lll,
Dr4c. 1) MoxHo obecne.ruru Heo6xoa Mble cBoùcrBa 6ero-
Ha npr4 KoMnpoMr4ccHoM pacxo.qe qeMeHTa, 3To 6yAer
caMurù asrroAHsrù eapuarn flo4o6parb onruManbHbrù pac-
xoA Ao6aBKt4 B AaHHOM Cnyqae MOXHO nepe6opOM Bap14-
aHToB, ocHoBbrBascb Ha pe3ynbrarax noAoopoB cocraBoB
hnu npu rcnonb3oBaH{t4 sMnt4pIqecK14x 3aBIct1MocTe14,
cBg3brBa|oU.$4X HOpM14pyeMbre noKa3aTenu cBor,4cTB c pac-
xoAoM Ao6aB(t,l A ApyruMA napauerpaMn cocrala11,2l.

3arparu ua 4obaexy (3o) flp npou3BoAcrBe 6eroH-
Hoù cMecu oKa3brBatorcs oiiDaBÀaHHblM14. ecnr co6np-
AaeTcg ycnoBt4e

3 o  < 3 ,  + 3 , !  - 3 :  - 3 ; ,

r4e 3" ra 3'" - 3arparbr Ha ucxoaHbre Marepxanbr 6eloHloù cMecfi
6e3 aoGaaxh u c Ao6aBxoù: 3no u 3- - npovne 3arparu Ha npon3-

BoÂcrao 6eroHHoù cMecl4 6e3 Ao6aaxu u c Ao6aB(où.

np!4 BbrnonHeHfi14 ycroBuF (3) npeiqnonaraerce, qro
noKa3arenù4 cBoùcrB 6eroHHoù cMecu ciIo6aBKoù He Ht4xe
noxaeareneù 6es,qobaeru.

AHanorl4,{Ho MoxHo paccqfiTarb Aonycrl4Mbre 3arpa-
Tbr np14 npor3BoAcrBe u3Aenuù, KoHcrpyKqr4ù u Bo3BeAe-
HLfl4 coopyxeHuù, yqrF AononHl4TerbHo cror4Mocrb apMa-
Typbr, TennoBoù 3Hepruu, crpo'|TeflbHerx pa6or

e+QeKr{BHocrb 3arpar Ha Ao6aBKy, c nosnquù sxo-

HOM14|4 peCypCOB, MOXHO Bbrpa3[Tb Kogs+r4queHrOM Kl

l l p  > S p r )

rAe C. o - crouuocrb cgxoHoMneHHurx pecypcoa;lr

ra lpi' -AocruraeMbre npu BBeAeHuu 4o6aexr u Hopur,r-
pyeMbre noKa3arenu cBoùcro 6eroHa.

Hecr'aorpr Ha 3HaqeHue Kf ann pnaa npeAnp ertaù
npfi cnoxHocTFX, cBF3aHHblx c nocTaBKoù qeMeHTa, Ton-
nrBa, napa, Ha nepBbrù nnaH MoxeT BbrABlraTbcc oQSeKr
ôr43r4,{ecKoù sKoHoM1414 coorBercTBy}ot{r4x pecypcoB npl4
aae4eruu go6aeox B 6eroH.

AnF norpeorrefl eù 6eroHa cAo6aBKaMI npueMneMocTb
ypoBHc qeHbr Ha Hero BbtTeKaeT 13 ycfloBr49

A C - = K c C
o 3 9.p'

(Kc > 1)' 3

rae ACU - pa3locrb qeHu Ha 6eroH c Ao6a8(où u 6ea ree; K! -
(oo+Suq!4eHr gQ(SeKrnBHocrx qeHH Ha 6eroH c Âo6aB(où.

KaqesrBeHHble npel4MyuecrBa 6eroroe c 4o6aexauu
B KoHKperHbrx ycnoBucx np[MeHeH s oeroHa Moryr uc-
nonb3oBaÈct c pa3fluvHoù qenuo. Tax, noBb .lleHhe npo{-
nocrr 6eroxa laoxer 6btrb ficnoflb3oBaHo ÂnF u3MeHeHnF

24
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P|c.2, l 3MeHeHy.e Benltll|HÈt K*. Ant pa3nh,{Hbrx nnactroh-
qllpyKlr{r4x aooaaoK

ceqeHue KoHcrpyKq ù, y[4eHbrxeHus pacxoAa apMarypbt,
ycxopeHuF BBoAa crpourenbHbtx o6ÈeKToB B sKcnnyara-
rlro u rg. CooraercrBeHHo r43MeHsercn crot4Mocrb csKo-
HoMneHHbx pecypcoB u BenHquHa KooSQnL{ueHTa 3SSeK-
Tt4BHOCTt4.

,qns HenocpeAcrBeHHoù oqeHKu gôQerruaHocru us-
MeHeHnq rex l4nfi ceoùcre oeroua c nolaoqurc 4o6aaxr,1
np nocrosHHbrx noKa3arennx Apyrux cBoùcrB h.nr napa-
MeTpoB cocraBa MoxeT cnlDKnTb cooTHouleHt4e

D I D

K I  = ' '  ' '
? ' ( 6 )

rae Pi r't P, -cpaBlhBaeMoe cBoùclBo 6eroHa c Ao6asKoù 14 6e3
Ao6aB{x; KK3 = (OK-OKoy(Ca!), rAe OK 14 OKo - ocaÂ(a (oHyca

6eroHHoù cMec!,r c ÂoOaBKaMr4 l,l 6e3 Ao6aBo( (OKo = 2 cM).

KoeQQnqnenr eQSeKrltBHocr KaL{ecrBeHHbrx norc3a-
Teneù 6eroHa Ki noseonrer xe npocro yKa3arb Ha onpe-
.qefleHHbrù rexH!4qecK!4ù s+SeKr BBe4enun 4o6aarur (nna-
cTu$nqtapyrouluù, yôKoprror4r4ù rBepAeHre, aHTrlMop03-
Hbrù 14 r.A.), Ho I onpeAent4rb "qeHy" TaKoro oQôeKra. B
He(oropbtx ctyqagx oHa Moxer 6bffb raKoù, r{To rpa,qlqu-
oHHbre cpaBH!4TenbHo AeLxeBble Ao6aBK[ Moryr oKa3arb-
cr sQSeKr BHee, qeM HoBeù[!ue "cynep4o6aaxr" (pnc.2).
OAHaKo raKoù BbtBoA qBflFercF cnpaBeAnuBHM nuu.tb Kor-
Aa He o6nsareflbHa, npu cpaBHeHult pasn qHbxAo6âBoK,
np{MepHat o,quHaKoBocTb BenuquHbt AocTuraeMoro Tex-
HuqecKoro 3+QeKra. B nocfleAHeM cny'{ae, r.e. npu
Pi -P, -+const, oqeHoqHbrM KphrepneM np cpaBHeHrltl
paanuvHsrx 4o6aaoK qBnircTca He06xoAt4Mbte yAenbHbte
3aTpaTbt Ha Hnx.
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BONPOCbI KAL{ECTBA

A.B.AHUUSO] unK. (HUI4XE); Pn.CEPbtX, ô-p mexu. HayK, npoe. MMU)

llpo6nerubt KoHTponr KaqecrBa uryrarypHbtx r KnaAoqHbtx
pacrBopoB

flpuuerneuute a reqeHue nocne-
AHUX HeCKO']bKl4X neT B CTpor,tTenb-
cree MerKo3epHxcrbte 6eroHbt (uJry-
KarypHbre cuecn) n crponreltbHbte
(KnaAoqHbre) pasrBopbt, MoAr4+,,|[.l11po-
BaHHbre pa3nnqHbtM14 Ao6aBKaM14 (B
TOt\4 'rUCne CyXUe CTpO[TenbHbte cMe-
cl,r), o6na4anr pn4oM orrl4qurenbHbtx
cBot4crB oT lpaAHL[4OHHbtX paCTBOpOB
u 6ercinoe, nprvexFeMbtx paHee. OH14
o6na4ator noBbtulêHHbtM BoAoyAep-
xaHrM, noHuxeHHoù BoAonorpe6Ho-
cTbo, perynupyeMHMt4 cpoKaMu cxa-
TbrBaHu9, 14HTeHcuBHocrblo Ha60pa
npoqHocr!4 !4 Ap. nony.{aeMbtù oô-
QeKr: yBenfi .reHl4e sQSerrnexocru
npIMeHeH149 MaTepnanoB, yny'{ue-
H e KaqecTBa ToroBoro 'npoAyKra",

noBbrr.lJeHfi e Aor|roBeqHocTl4, Bo3MOX-
HOCTb BapbUpOBaTb ocTeT,tècKr,,tù
o6nux npunaeHreMbtx (B ocHoBHoM
orAenoqHbrx) xor'lnoeuquù. O4Haxo
BCerAa n AocTufa|oTcc noKa3aTen
Ka'{ecTBa u3Aenuù, KoTopbte 3anoxe-
Hbr I npoeKre, obecne,lù4Barcu.lle
ox AaeMbrù cpoK oxcnnyaraqru?,lnr
3Toro 6btno 6bt qenecoobpa3Ho npo-
aHan!4311poBaTb cxeMbt peanu3aqurl
cTpoxTenbHbrx npoeKToB.

OqeBlAHo, ,{ro npn npoeKrnpoBa-
Hhn unyKarypHbtx noxpsruù (unu na-
3HaqeHrH MapK KraAoqHofo pacTBo-
pa) onupalorca Ha re rexHfi'{ecKyre
napaMeTpbr IcnoI|b3yeMbtx MaTepIa-
noB, KoTopbte onpeAeneHbl nacnopT-
Hbl\4 xapaKTepncTfi KaMu: npoqHocTb
sa usru6, Benuq Ha aAre3[uv1,ycaA-
Ka [4arep4afla u Apy e, cpeAr KoTo-
pbrx AaneKo He nocneAHeù rBngercÂ
npo'{Hocrb pacreopa Ha cxarue. eTor
nora3areflb aBnqercr nau6onee 4oc-
TynHbtM t4 pacnpocrpaHëHHbtM Anc
KOHTpOfl F KaqeCTBa 3aTBepAeB|.Uero
[raTep ana.

YcnoBHo oqeH(y xaqecrBa pa-
CTBOpOB B KnaAKe U B UJTyKaTpHOM
noKpbrTr414 MoxHo pa3AenuTb Ha ABa
HanpaBneHue: '1 - onpeAefleHrle co-
orBeTcTBxs KaqecTea uarepua_na (pa-

cTBOpa) 3a.qaHHbtM npoeKrHUM xapaK-
repxcr6KaM (MapKa pacrBopa) noAeÉ-
cTByou.lxM HopMaTIBHO-TeXHIqecK!4M
4oxyruexrau (|OCT 28013-98, TOCT
5802-86); 2 -onpe4eneuue r oqex-
Ka ocHoBHbtx napaMeTpoB pacTBopa,
o6ecneqIBalou.[4x oxuAaeMy|o Aon-
roBeqHocrb KoHclpyKqfi14 npu 3Kcnny-
arauuvi.

O6a xanpaaneurn Ha ceroAHquJ-
H!4ù AeHb npuo6peraor aoapacrao-
u.lyrc aKryanbHocru. 3ro cne4yer u:
TOrO, qTO Ho[4eHKnarypa npt4MeHge-
Mbrx B cTpouTenbcTBe MaTepuanoB
(pasroo6paaxsre creHoab|e Marepua-
fibr, pa3nuqHbte Bl44sr 6erotoa, ouny-
KarypIBaeMbte Teflnou3on9qIoHHbte
MarepIanbt u 4p.) eecuua pastoo6-
pa3Ha no cBor4M cBoùcTBaM. n. uc-
nonbsyf, pacTBop on peAenëHHoro
BXAa I COCTaBa B pa3Hbtx coqeTaH[-
rx, B r4Tore nonyqarcl pa3Hbte no Me-
xaH14qecKuM cBoùcrBaM MaTepuanbl
(uJryKarypHbtù cnoù, KnaAoqHbtù uJoB
n rn.). He nocneAHoo ponb 3Aecb
[rpa]oT ycfloBuF np,|MeHeHufl [ Aaflb-
Herruero BblAepxfiBaHt49 pacTBopa B
KoHcrpyKqu|,1, TeM 6onee yql4TbtBag
BbrcoKnù MoAynb KoHraKrHoÉ (oco-
oeHHo y KnaAoqHbtx pacrBopoB) u or-
Kpb|Tofi noBepxHocru. KToMyxe flpo-
r,r3BoArrenb crpo4Tefi bHæTAenoqH bx
pa6or He BcerAa npt,tAepxt,tBaercF
npaB!4fi yxoAa 3a TBepAeou.ll4M pa-
CTBOpOM.

npu cyqecrBytot { t4x cxeMax
opraH[3aqu crpo TenbcrBa (3aKa3-
'tIK- reHfl oApsAquK - cy6noApeA'ruK)
o6F3arenbHoù FBneercs npoqeAypa
np eMo{AaTogHOrO KOHTDOn9 Bbtnon-
HêHHbx pa6or KaK npaB[no, koHTponb
ocyqecTBn9eTc9 fl puBneKaeMbtM t4
cneql,lanbHbtMt4 crporrenbHbtMt4 fl a6e
paToptlgMt , n ecnt4 KoHTponbHbte 06_
pa3qbr He 6bnu u3roroBneHbt nDol43-
BoA[TeneM pa6or (unu He coorBer-
craynr rpe6oaatIqM ynoMeHyrbtx
paHee HopMarIBHbtx AoKyMeHroB), To
npoqeAypa cyulecrBeHHo ycnoxHgeT-

cn. Kax yxe oruevaflocb abtuJe, Aaxe
npu xecoonrc4elnr ycnoBxù xpaHe-
H14r oopa3[.loB onpeAeneeMbte Mexa-
Hu'{ecK!4e napaMerpur 6ygyr ornuvnsr
Mr oT MaTepuana B KoHcTpyKqu!4

no ,{acr!4 nepBoro o6ogtaqeHto-
ro HanpaBneHue clegyer o6parurscn
x FOCT 5802-86 PacTBopH crponrenb-
Hbre. MeroAbt ucnuttaHuù. OcxogNas
ponb sAecb np onpeAeneHfi, npoq_
HOCTU Ha CXaTt4e, pacTgxeHue npt4
u3rnbe I pacKanbtBaHl4e, a ra|o(e Mo-
po3ocroùKocT14 orBoA14TcF KoHr-
ponbHbt[,t o6pa3qaM, rorAa (aK onpe-
Aer|eHUe 3TUX XapaKTeprcTt4K B rOTO-
BOM t43AenUh npaKTr'{ecKu He noou3-
BoAl4Tcs. [4cKnrcqeH e cocraBnfler
or6op, tororoeneHr4e u ucnbtraHre
uanorabapmrstx rorrponuxslx o6pas-
LloB r43 (naAK[ (TOCT 5802-86, npu-
fioxeHre 1), r.rro caùto no ce6e rpy-
.qoêMKo t4 He ÂOCTaTOqHO AOCTOBep-
HO 143-3a BepotTHofo noBpe'(AeHHg
crpyKrypbt ufryKarypHofo pacrBopa B
npoqecce o16opa (o6srvro augar6nu-
BaHue). 6ofl ee AocroBepHbre pe3ynb-
TaTbt 14, BepoFTHO, C MeHbUl[M pa3-
6pocoM 3Ha,{eHxù MoxHo nonyqurb,
ecn11, ù,tcnonb3y9 aIMa3Sbte KopoHKl,t,
BblcBepnuBarb q nuHApbt 440 MM.
Tak[M o6pa3oM, nph ronu.l He ury-
KarypHoro noKpbrrr4n 20 lau uoxro
cKne[Tb x3 ÀByx qacTefi qufl!,lHApt4-
vecxuù o6paeeq c orHouleHt4e[a h/Z
paBHUM npuMepHo 1 . flpu erorvr rpy-
AoëMKuù npoqecc noÂroHKr4 pa3Me-
poB nnacTnHoK rlcKn|oqaeTcn, a ficnbF
TaHU9 Ha CXaTUe Ocyu.lecTBnr|oTcg
BCerAa B HanpaBneHt414 HOpManI K no_
BepxHocl4 noKpbtr,|F. TaK KaK qau]e
BCeTO nOKpbtTue cocTot4T !43 HeCKOnb_
Kux cnoêB, To npr4 ucnbrraHhFX 6yAfr
(pr4Kct4poBaTbcg 3HalleHuq HaHMeHee
npoqHofo cnofl.

PaccMarphBaeMoe nepBoe Ha-
npaBneH e o6ecneqeHo 3Haqhrenb-
Hoù HopMarfiBHoù 6a3où no npaBl4naM
u MeToAaM KOHTpOnC MexaHl4qecKHX
xapaKrepucTl4K rBepAercqero 6eroHa

25



B MOHOnUTHbTX KOHCTpyKtlXgX. 3AeCb
tlroxHo cocnarbce Ha TOCT 10180-90
SeroHbr. MeroAbt onpeAeneHHq npoq-
HOCTI nO KOHTpOrbHbn O6pa3qa[4;
fOCT 22690-88 6eroHbr. OnpeAele-
Hfi e npoqHocT14 MexaHuqecKfi Mt4 [4e-
TOAarru Hepa3pyrualoulero KoHTponc;
IOCT 26134-84 EeroHbt. yrbrpasBy-
KOBOT4 MeTOA OnpeAeneHt49 MOpO3O-
crofiKocrr4; fOCT 17624-87 Ynbrpa-
3ByKoBoù MeroÂ onpeAeneH!4f, npoq-
Hocr!4 oeroHai FOCT 18105-86 Sero-
Hu. flpaBuna KoHTponH npoltHocT!4.

B To xe BpeMq Ha 3ToM QoHe
[4erqAonoMe rOCT 5802-86 BHmeAl4r
BecbMa orpaHxqensoù.  Koteq Ho,
MOXHO BO3pa3 Tb, qTO napaMeTp
npoqHocr[ Ha oKar!4e Anq 6eroHa, KaK
An9 KOHCTpyKTI4OHHOTO MaTep ana,
6onee gaxeH, ,{eÀ4 Anr crpor4TenbHo-
ro pacTBopa, Ho o6parfiMcq K rocT
2801 3-98 PacrBopbt crpor,lrefl bHbte.
06que rexH!,rqecxue ycnoBuq. B Hè[4
npoqHocTb pacTBopa Ha cxaT e npl4-
HCTa 3a OAIH t43 OCHOBHbTX nOKa3âTe-
neù Ka,aecrBa (Hapaare c uoposocroù-
Kocrbro lr nnorHocrb|o), l.t ocyulecrB-
neHa Knacc|.lôuKalluq crpolrenbHbtx
p a c r B o p o B  n o  M a p K a M :  M 4 ,
M 1 0 , . . . . . . . . . ,  M 2 0 0 .  n o o r o M y  a n p u o -
pu cpe,qcTBa, 3aIpaquBaeMbte Ha ne-
peycrpoùcrBo un BoccraHoBleHlte
ao3HHxa|oql4x co BpeMeHeM HeÀO-
CTATKOB, CB93AHHbIX C OTKT]OHEH{EM
3aAaHHbrx noKa3areneù KaL{ecrBa,
Bbtr]14Baorcq B 3HaqhMbte OIHaHco-

KnaAo'{Hbrù r1nx uryKaTypHbrù
pacrBop B HacroFt4ee BpeM9, KaK
npaBnno, foToBr4TcF HenocpeAcTBeH-
HO Ha MeCTe ero npu[4eHeHun, 14 3aT-
BOp9eMb \4 COCTaBOM qBngeTCf, rOTO-
Baq cyxag cùrecb 3aBoAcKofo l,t3ro-
roBreHhe. B 4pyrux cnyvanx pacraop
flonyqa|or B ManoeMKux 6eÏoHocMe-
cuTenax Anu npocTbtx eMKocTgx, r43
KoMnoHeHroB c He06ecne,leHHbtM on-
Tfi ManbHbrM rpaHynoMeTpl4qecKl4M H
xrlMt4qecKuM cocraBoM. ffcHo, .{To
rapaHTupoEaTb 3aAaHHbte SKcnnyaTa-
qr4oHHbre xapaKTep!4cTuKl,t B SToM Cny-
qae He npeAcTaBIceTcF BO3MOXHbtM.
Bap14aHToM peueH14F npo6neMbt t\4o-
xeT cTaTb KoHKpeT[3aqug, coBepuJeH-
crBoBaHt4e, orpaoorKa I pernaMeHT!4-
poBaHfi e AononHITenbHbtx MeToAoB
KoHTponq MexaHI'tecKfi x cBoùcTB 3aT-
BepAeBUJr4X paCruOpOB B KOHCTpyKqt414.

OreqectseHHure pa3oa6or.{rlKt4 x
npo 3BoAuTen!4 o6opyAoBaHhe Ane
onpeAeneFtHc npoqHocTHblx cBoùcrB
cTpo14Ter bHblx MaTepuanoB nocTo9H-
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HO COBêpUeHCTByIOT H pacul4pqloT
accopruruexr npr60poB, ocHoBaHHbtx
Ha pa3Hbtx npuHqHnax AeHcrBHc !4
4MeloLqxx pa3Hbte auana3oHbt t43Me-
peruù. OgHaxo ocHoBHoe !4x HanpaB-
neHl4e - KoHcrpyKr-+4oHHbtù 6eroH.
Eonuui[Hcrao t-ls srfix no 6oooa se-
n9|oTcc KocBeHHbtM14 t43[4eOt4Ter]9 M t4
HpxHbrx xapaKrepucTr4K pacTBopoB, a
coorBercTBeH Ho rpe6y|or ra p !4 poBKr4 t4
BbrnonHeH[9 qefl oro pg,qa eAHHt4r.tHbtx
u3MepeHuù ArF op[eHrlpoBaH qHa
KaxAUù AocroBepHbtù pe3ynbrar.
MoxHo npueecru 4nn npr,lnaepa: 14flC-
Mf4 (oqeHuBapq!4ù sHepr D yAap-
HOrO Mnynbca) 14 eTo MoAl4QuKaqxu,
ynbrpa3ByKoBoù recrep yK-1 401, cna-
60nMnynbcHbtù cKnepoMerp MaFTHt4-
KoBoro rhna uBeùqapcKoÉ ôupMbl
Shmidt, laonorox KauJKapoBa co cne-
q14anbHbrM HaKoHeqHuKoM.

Paccuarpuaar KoHKperHo Kax-
Abrù fi3 on4x npu6opoe, cneAyer or-
MeTUTb X HeAOCTaTKI HOrpaH[qeH-
HOCTb npfiMeHuTenbHo An9 pacrBo-
poB pa3Hbrx B!4AoB. hnC-Mf4 no3Bo-
nqeT onpeAenflTb AoBor]bHo HH3KXe
noKa3aHur npo'lHocTr.l, Ho ang 9TO|O
rpe6yercn o6ecneqewre nnocxoù nno-
qaAKla A[aMerpo[,] oKono 7-10 c[,] B
KoruqecTBe 10-15 uryK Ane oAHoro
onpeÂeneHl4f, npoqHocr!,i.,qnF pa-
CTBOpOB B (na,qKe 9TO OqeHb rpyAo-
ëMKo. Tlpr,r60pbr MacrHHKoBoro rrna

Me|oT npt4[4epHo Te xe HeAocTaTku.
ynbrpasByKoBbre noBepxHocrHbte re-
crepbt ,qoBorbHo yHuBepcanbHbt B
cBoeM npnMeHeHr't14, Ho AIana3oH t4x
r{yBcTBllTenbHocTI He oxBaTblBaeT
nonHoro Auana3oHa MapoK pacTBo-
poB. K ToMy xe Ha noKa3aHHF npu6o-
pa no pacTBopy Bo3MoxHo oKa3btBa-
el BnugHHe MaTepuan noAnoxKll rn
ùrarepuan KnaAKu. 14o npu6opoe pas-
pyua|oulero AeÉcrst49 orMerfi M np!4-
6opsr, ocroeaHHste Ha MeroAax: cKa-
flbrBaHrn pe6pa (Ane 6eroHa); orpbF
Ba co cKarbrBaHlaetr (4nn 6eroHa);
oïpbtBa npuKnexBae[4blx cTanbHbtx
Ar,rcKoB (onpeAeneH!4e Ben14Llt.tHbt aA-
re3uu) la Apyrle.

OqeHrean ueroAllKn npoBeAeH!4H
cnbtraHuù pa3H b \ , !14 cnoco6aMH,

r\roxHo yrBepMaTb, 'tTo t43Mep Tetb-
uute npn6opsr pa3pytuatoLqero Ae14-
cTBr4F CTOCT Ha CTyneHb Bblue np'l-
6opoe uepaspyulatoulero KoHTponq,
TaK KaK oH!4 nauoonee 6nu:xr x nos-
t\4btM 3tltepeHu9t\4 MexaHhqecKl4x xa-
paKrepfi cl,4K Marêpfi ana. floorot\,ty
npla pa3pa6orKe [4eroAoB onpeÂene-
Hr4n npoqHocTHbtx noKa3aTener4 pa-

CTBOpOB npeAnoqTnTenbHo op[eHT -
poBaTbcr uMeHHo B gToM HanpaBne-
Hh14. flpeAcraBncer !4HTepec, Hanpr-
Mep, MeToAuKa U3fOTOBneH 9 Mano-
ra6apurHbrx KoHTponbHbtx 06pa3qoB
HenocpeAcrBeH8o Ha KOHCTpy(q t4
(uryKarypHoM cnoe nnv KnaAoqHo[4
uBe) |.1 nocrreAyrcqero ux ucnblraHfiÂ
Ha cxarr4e, cKanbtBaHue I T.n. Ilng
oqeHKu oTAenbHbtx xapaKrepucuK pa-
crBopoB (rpeqlaHocroùKocrH, [,topo-
3ocroriKocrfi !4 HeKoropurx4pyrux) eos-
MOXHO OnpeiqeleHfie !4 4CnOr]b3OBa-
Hre cooTHouJeHuf, pe3ynbTaToB AByX
n 6onee pa3pyuarculrx u (!4nu) He-
pa3pylxarcu..[4x tlteroAoB t4cnbtraHuù.

Eulë oA H tlreroA r4g[4epeHrfl
npogHocrl4 moxer 6a:upoaarucr Ha
+!aKcaqIH npoHxKHoBeHIs t4H.qeHTopa
B Teno 3aTBepAeBUJerO pacTBopa np|,1
onpeAenèHHoM ycxnlh. Sror MeroÂ
yxe 6srn anpo6r,rpoBaH, B qacrHocl4,
e qqeHcrstx 6eroHax. AnF a.qanraq[r
ero npl4MeHlireJrbHo K pacrBopy Heo6-
xoA Mo npoBecTu SKcneplMeHTanb-
Hylo pa6ory Ans BbteBneHur "y3Kt4x"
[4ecT MeTOAa fi B Cnyqae Bo3[4oxHoc-
TU efo peanx3aLl u onTIM143!4pOBaTb
MelOAr4Ky ICnb|TaH t4.

PaccMorp14M Bropoe HanpaBne-
Hr4e, ynoMeHyloe paHee, - oqeHKy
MexaH!4qecKrlx xapaKTept4cT K npfi Me-
HèHHbrx pacTBopoB Anq onpe,qeneHrF
Aor roBe.r Hocrt4 KoHcrpyKq u. Heo6xo-
Al4l\,lOCTb B STOIV MOXeT BO3H KaTb KaK
Hefl ocpeAcrBeHHo nepeA cAa,reù 3Aa-
Hrlt B SKcnnyaTaql4|o, TaK I AJtg OqeH-
Ku ocTaloi{Hoù AonroBeqHocrr4 oTcny-
xxBr.ur4x onpeAenëHHbti nepuo,q KoH-
crpyKr.tt,tù. 6btno 6bt qenecoo6pa3Ho
Bbrpa6orarb eAuHoe MHeH e o rot\4,
r€K e MexaHuqecMe xa paKreoficTt4 Kt4
eBnqrcTcq onpeAencrcq Mu ,q,nr o6ec-
neqeHug Heo6xoAl4uoro cpoxa cnpxbsr.

flo MHeH lo HeMeuKl,lx ficnbtrare-
neù, B,{acrHocrt4 Ant KnaAoqHbtx pa-
crBopoB, KyoxKoBan npoqHocrb Ha
cxarfie (B Pocc1414 onpeAenFe[4aq no
IOCT 5802-86) He qBfleerce Henoc-
peAcrBeHHo peuJaloulei xapaKTepr-
fir,rKoù npx oqeHKe xecyqeù cnoco6-
Hocrfi KaMeHHoù Kna,qxu. 3ro o6tsc-
HqeTcg Hecopa3MepHocTbto yBen qe-
H g Ky6r4KoBoù u raK Ha3btBaeMoù
"nnacrfiHqaroù" npoqHocru pacrsopa
(rorga ronulrana pacrBopa He3Haqt4-
TeJrbHa no cpaBHeHrlo c ero foprl3oH-
TarbHblMl4 pa3MepaMu). l4cxoAc r,13
ororo Hecyulag cnocobHocrs xan,|en-
Hbx KnaAoK t43MeHreTCF HeCOpa3Mep-
HO yBetxqeHu|o npoqHocTt4 Kfl aAoqHO-
fo pacrBopa. B ro xe epeur pa6orsr



oTeqecTBeHHbtx 14ccneaoBaTeuet4 Ilo-
Ka3anri, r{1o.qfl I Kna,qoqHoTo pacTBo-
pa oAHxr\4 r,43 ocHoBHbtx TexHuqec(t4x
napa[4eTpoB. onpeAencrc1414x Hecy-
rlyD cnoco6HocTb KnaAKu, 9Bfl9eTc9
cTeneHb aAre3[u pacTBopa rl KnaAoq-
HOrO MaTepuana. c na cqenneHur
Ta0Ke hrpaeT peuaDqy|{) ponb Ang
xa paKTe pl4 cTt4 Kr4 AonfoBeqHocTl4 uJTy-
KarypHbrx no(pbtrHù. KpoMe roro, He
pa3 noATBeplqanocb onbtTaM!t, rlTo
yBenfiqeHue npoqHocTt4 Ha cxaTt4e
pacTBopoB He 06g3aTenbHO AOfiXHO
np[BoAl4Tb K noBbluJeH |o aATe3[t4.

Bonpoc o6 arryanbHocrr4 HoptvlH-
poBaHufl cxnbr ct-'lenneHx9 Anc cTpo-
uTenbHbtx pacTBopoB noAHfiManc9
MHOrO pas, HO nOqeMy-TO He nonyqan
AOnXHOTO pa3BITut npu AononHu-
rensHoù npopaoorxe topuaruaHoù
AoKyMeHTaqu!4. Bo3MoxHo, Bo3pacra-
rculee BHt4MaHue K cToo[TenbHbtM

pacTBopaM, npeAcTaBneHHbtM B Cy-
xoM BuAe (c)4(uM crpourenbHbtM c[4e-
cFM), 6yAer cnoco6crBoBarb 3MeHe-
Hr4ro ycrosBrlJl4xca crepeorfinoB 06
ooÈeKruBHocn4 noxa3arenq npoqHoc-
T Ha CXaTUe npfi OUeHKe KaqecTBa
roToBbrx tllTyKârypHbtx noKpbtTl4ù unu
KnaAoqHbrx pacTBopoB.

KaK yxe roBopunocb BHaqane,
6onee urupoxoe BHeApeHue cyxt4x
cMeceù, a Ta|o]{e rexHonofus ux npo-
r43BoAcrBa orKpbtnu o6r.r.tupnsre aos-
r\4oxHocT[ nonyqeHIF cocTaBoB c
BecbMa y3KoHanpaBneHHbtMI xapaK-
TepucruKaMu. flooroMy cneÂyer c
6onsulrr,r uttepecou oOpaqarucn xo
MHOTIM eBponel4CKl4M CTaH,qapTaM, a
Ta0Ke K HeMeqKxM DlN, npeAnl4cbtBa-
bu.ll4M MeroAr,| Kl4 l4cnbtraHuù pa3nuq-
Hbrx BxAoB cTpoxTenbHbtx pacTBopoB
c yr{ëToM cneLlu(bt4Kr4 |4x l4cnon$oBa-
Hfic. TeHAeHq e B pa3pa6orKe HopMa-

Tl4BHor,,r iqoKyMeHraq!4u B Poccl14, KaK
I B pFAe Apyr x crpaH, HanpaBneHa
Ha rapMoHu3aLuto TexHIqecK XTpe-
6oBaH!4ù K pa3n .tHbtM BIAaM crpolr-
TenbHbrx MarepfianoB. BogHuKa|oq e
np oroM npo6neMbt rpyAHo peuJae-
tttu 6es comacosaHrr eÂ[HOÉ Krac-
cnQnxaquu or4enoqHbx t4 crpo renb-
Hbtx pacrBopoB (KaK B roroBoM, TaK I
B cyxoM BrAe). Cnegyer orMer rb,
.{ro paooTbt HaA co3Aanneu noAooxulx
o6qnx nopuarnaHo-TexHuqecKtax Ao-
KyMeHroB yxe AaBHo BeÂyrca. 3+-
QeKTIBHOCTb STI4X.qOKyMeHTOB npO-
9Bt4ïC9 CO BpeMeHeM Ha npaKTnKe.
TeÀ,| xe Mexee, sonpoc pa3pa6orKt4 unu
Bbr60pa MeroAoB KoHTpong orAenb-
Hbrx ocHoBHbx xapafiepficTnK npIMe-
HeHHOTO MaTepIana B KoHcTpyKqt4t4,
Koropbre 6yAyr 3aAaHbt B HoBbtx fiaH-
Aaprax Ha crpot4TenbHbte pacTBopbt,
noKa oAHo3HaqHo He onpeAenëH.

ôqonroBEr{HocTb

M. H. KOKOEB, KaHô. oKoH. HayK, ôoq. (Ka1apôuno-EanxapcKuù eocyHueepcumem)

Ka p6on ur aquf, a pM o6eroHa gneKTpocrarh qec Ko ro
Sopuoaanrn

C qerbE gKoHoMt4u ueMeHTa co-
AepxaH[e BoAbt B 6eroHHoù cMecn
cTpeMgTCC yMeHbUJt4Tb AO BO3MOXHO-
ro npqAena. TeoperuqecKn Anr rBep-
AeHUn pacnpocTpaHeHHbtx TunoB ue-
uerroa rpe6yerc n 12-20 o/o Boniat oI
Maccbr Bqxyqero. OAHaKo AnF no-
sbrueH uF y4o6oyxnagsleaeraocru
6eroxa ao4oqeueHTHoe orlouJeHtae
(B/Ll) qacro yBefl nquBa|orAo 0,5{,65.
3To cHuxaer npo.lxocrs rotogoro 6e-
roHa, n1460, flpù4 paBHoÉ npo,{Hocrn,
noBbrluaeT pacxoA qeMeHTa.

3rcnepruetranuHo ycraHoBne-
HO, '{TO qeM Bbtue pacxoA BoAbt, TeM
c nbHee non3yqect'b 6eroHa u, coor-
BercTBeHHO, HU)|(e ero npoqHocTb.
HeKoropbre !4ccnqAoBarefl h orMe{apr
[1], uro nonoyvecrb r npaKrrlqecxx
MèHFercq, KaK KBaApar B/q, no Mac-
ce, re. e= k ( B/l-l )2, r4e k-xoeQgr-

LlneHT nponopllt4oHanuHocru. Taç npu
u3MeHeHuta B/l-l c 0,45 (xanprarr,|ep,
400 Kr qeMeHra Ha 180 n ao4ur) 4o
0,65 (300 xr qeMeHra Ha 195 n BoAbt)
nonsyqecrb oeroHa yABa Baerca, u
cooTBeTcrBeHHO naAaeT npo'{HocTb.

Ecnr4 Ant aKoHoMrit4 qeMeHTa cHlt-
xa|or Benuril4Hy B/l_1, ro Bospecrao-
r4ylo np!,r groll xecrxoctu 6eroxnoù
cMecr crpeMtTcg yMeHbLul4Tb BBeAe-
HueM B cocraB pa3nxqHbtx nnagrt4el4.
KaTOpOB, nOBepxHocTHo-aKruBHbtx
BeqecrB u t'n. Xectran cMecb nno-
xo 3anonHqer SopMy, nofloMy yKnaA-
xy raxnx cueceù npoBoAtr c t,tcnorb-
3OBaH eM IHTeHC BHOTO ynnoTHeHng
c np!4MeHeHueM en6paropoa. O4xa-
Ko 9Tr Mepbt Bce xe He Moryr u36a-
Br4Tb or H eo6xgA r,t t\4 ocTu noBb .rarb
BenxquHy B/l-l B 6eroHe cyulecrBeH-
Ho Bbtuje reoperuqecKl4 HeobxoAx-

Moù. TaKxM o6pa3oM, crpeMneHue K
cHhxeHu|o Maccbt t43Aer!,rù t4 pacxo-
Aa qeMeHTa 3a CqeT yMeHbujeH[9
B/l-l B oeroHHbtx cMecflx BXoAl,lT B
npoTr.rBopeqle c cyqecTBytot4l4Mt4
of paHlqeHl4qMu TexHojlornqecKoro
noprAKa.

B pa3pa6oraH Hoù Hoaoù rextono-
run.qfl I I3roToBneHU9 TOHKOCTeHHbtx
usgenut u coopp(eHt4ù us apmo6e-
ToHa B BuAe roHKoctetsutx o6onoqex
npeAnaraeTcF ucnonb3oBaTb MeToll
nocnoùHoro 3neKTpocraTuqecKoro
HaHeceHut cyxux nopouJKoBbtx KoM-
noHeHroB 6eroHHoù cuecu na ôoouo-
06pa3ylotquù apMarypHo-cerortHb[4
KapKac n3Aennc c oAHoBpeMeHHbtM
l'lnu nepnoA[qecK!4M yBnaxHeH e[4
HaHOCr4Mbtx ù10e8 TOHKOpaCnblneH-
Hoù BoAoù, coAepxaqeù noBepxHo-
crHo-aKTuBHbte BeqecrBa [2].

I
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HaHeceHxe Ao3!4poBaH HoTo Kofi 11-
qecTBa BoAbr Ha noKpbrBaeMbrù 6eTo-
Horlr ceToqHb[4 KapKac coopyxeH c
npo 3Bo,qeT pacnbrlr rene[r, Koropbrù
perynfipylor TaK, qToobr ooecnev rb
MaKC MaTbHO TOHKr4rl paonbrn BOÀbr.
B 3aBoAcKrlx ycnoB ex perynflpye-
[4Oe yBnaxHeHue cMecu MoxHo npo-
BOAr4Tb BOA9HbI\4 napOM, npU STOrlr
BO3l\,lOXHO COBMe|]leHle yBnaXHeH149
c repMoo6pa6orKoù 6eroHa. ,qaHHae
TexHoIIoT 9 no3BongeT nOnyqaTb Bo-

AOqeMeHTHOe OTHOUeHIe B 6eTOHe
Becb[4a 6n[3Kt M K TeopeT[qecKoMy
3HaLreHH}o, npX STOM npeAenbHO rlra-
.nar Ber qrlHa B/l-l He sarpyAHser
npoLlecc (popMoBa'{vs trcAenvt1 vnv
coopyxeHus c Manoù TonuluHoù cre-
Hor cnoxroi ronQ14rypaqux.

OcHoBHbtifl4 cp04[414 Kot\,lnoHeHTa-
MX CMeCU Ant 3neKTpOCTaTUqeCKOfO
HaHeceHrg 6eroHa Ha cêToqHbrù Kap-
Kac 9BngrcTcF qeMeHT, TOHKfi14 neCOK,
ynpoq HFrcu.lHe BonoKHa (0a3anbTo-
Bbre, ac6ecroBbre, rs 6opocnnuxarHo-
fo cTeKfl a, yrnepoAHbre, BonuMepHbre

Ap.). KpoMe roro, noKpoBHbrÉ cnoù
[4OXer COAepXarb AO6aBK , npfiAao-
que 6eroxy cneqrarbHbre cBoùcrBa.
TexHonof g gneffipocrarlqecKoro

ôopMoBaH!4s np MeHr4Ma AnF [3ro-
TOBneHIq TOHKOCTeHHbtX apMtlpOBaH-
Hbrx Aeraneù, a raKxe pa3n|4'.tHbtx
o6onoqeK I noKpbrrriÉ cnoxHoù Qop-
MH u3 apMuDoBaHHoro 6eroHa. Ha
ocHoBe AaHHoro cnoco6a pa3pa6arbF
BaÉTCF HOBbte CTDOITe.r]bHbte TeXHO-
norru [3,4].

O4uH rs sonpocoB, rpeoynul ù
oco6oro BHuMaHus B HoBofi TexHono-
r!4!4 QopMoBaH s r43Aen!4ù, - oro Kop-
po3r4oHHag cToùKocTb apMaTypbr B
6eroHe, TaK KaK,qn9 u3Aenr4ù, npeA-
Ha3HaqeHHbx Ang u3foToBneHn9 sneK-
TpocTaTuqecKuM (popMoBaHueM, xa-
paKrepHa Maflac ront4una cnor 6ero-
Hâ, 3au.$4!.laEu.lero cranb oT Koppo-
3Ut4.

Bsr6op uuxuuanuHoù Tonu.l4Hbl
3au..lu1THoTo cnog 6eroHa 3aBuct4T or
MHOrl4X QaKTOpOB: X14M14qeCKOrO CO-
cTaBa qeMeHTa u Tl4na 3anonHfiTe']9,
flnorHocl4 6eroxa, or BnaxHocl4 t4
xt4M qecKoro cocTaBa oKpyxarcu.leù
cpeAbr.  reMf leparypHbrx ycnoB[  ù,
xapaKrepa l,1uHTeHcvBHocTn MexaH -
qecKux Hafpy3oK, TpeoyeMoù crene-
Hn HaAexHofit4 H AonfoBeqHocTt4 KoH-
crpyKrl 14 n r A. B oouleM cnyqae
pexoraeir4yrcr 6parb ronuluHy 3aqhr-
xoro cnoq 6eroHa He NreHee 20 M[r.

l43BecrHo, qro 6eroH, HaxoAs-
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Lr.'ll4ùcr B KoHTaKTe c ar[4oc$epoù,
6onee unr ueHee 6blcrDo Kao6oH!4314-
pyercc. Kap6oH 3aque npuBo4r4r K
ùleareHHor\4y r/3MeHeH lo cTpyKTypbl
Marepfiafla. 3ro ssneH[e [4eet no-
tox[TenbHbte u oTp uaTenbHbte cTo-
poHbr. TloKa Kap6oHu3aqhe He AoLllna
4o rny6oxrx cnoeg 6erona. xoHrar-
Trlpyrcul x c noBepxHocTbro crarbHoù
apMarypbr, - oHa firpaeT noroxr4-
TenbHylo ponb, TaK KaK BcrleAcTBfie
Kap6oHu3aq noBbrrllaercs nnor-
Hocrb, TBepAocrb r nporroctu 6eto-
Ha. OTpxqarenbHbre nocreAcrBr,4F [ry-
6oKo npoH14KLUeù Kap6oHu3aL'lfi 14 cBF-
3aHbl co cHIxeH{4e[,t ocHoBHofih 6e-
TOHa. T.e. C nOH XeHUeM ero UieflOll-
Hocn4 u norepeù oeroHoM xr4Mr4,{ec-
Kux cBoùcrB, n peAorBpa u-la oulr4x
Koppo314r0 craJrbHoù apMarypbl

ffi Apar{poBaHHble qeMeHTbr co-
Aepxar x3Becrb Ca(OH)2, c r Karbr,
anloMhHaTbt Kanbuug, a TaKXe HeKo-
Topoe KonIqeclBo qenoveù NaOH n
KOH. 3r KoMnoHeHTbr Moryr Haxo-
Ar4TbC9 B COCTaBe qeMeHTa B pa3HOr\4
KOnUqecTBe B 3aBUCt4MOCTI4 OT XapaK-
Tepa Bsxyu.lero. OAHaKo no npoule-
cTBl4n onpeAeneHHoro BpeMeHfi noqTu
BCe nporhApaT[poBaBU e KoMnoHeH-
rur cuoryr xap6oHn30Barbcs, xorq c
pa3Hoù cKopocrb|o. Onpe,qeneHHo
r\4oxHo cKa3arb, 6brcrpee Bcex noA-
BepraK)rcq Kap6oH 3aLlr14 AByx- t,l
rpexKanbl l  eBbre c r  KaTbl
(2CaO SiO, u 3CaO SiOr) noprnaH-
AqeMeHTOB, B pe3ynbTaTe qero nony-
qaercg yrneKficnbrÉ Kanbqfi ù.

B peeynsrare xap6oHuoaqur qe-
MeHTOB yBen[qUBaeTCfl r4X MaCCa.
Florennrcqancn B npoqecce xrMt4-
qecKr4x peakq!4ù BoÂa caMa sBnfleT-
cc Karat[3aropoM Kap6oHu3aql4fi .
KDoMe roro. noBbrueHHaq Bna(Hocrb
oKpy)t€loqero Bo3Ayxa u KoneOaH e
reMneparypbr cnocoocrBypr noeBne-
H14ro B Kanunnqpax 6erota eo4ut, vro
TaD(e ycKopfl er npoqecc Kap6oH,43a-
qrr. Taxuu o6pasorr, Kap6oHu3all t
nporyecc!4pyeT c nOBepXHOCTLl Brny6b
6eroHa, Bbr3brBas HeùTpanfi3aqfi rc
ulenoqHocr!4 qe[4eHTa. npoqecc u,qer
reu 6srcrpee, veu BbluJe nopucrocrb
MaTepLrana.

,[nn xaparrepncruKu xuMl4qecKoù
affflBHOCTT4 CpeAbr qacro rcnor]b3y-
ror "BoAopoAHbrù noraeatens", o6o-
3Ha,raeMbrù KaK pH. Bo4opo4nsrù no-
Ka3aTenb - oTo AecFTr4.rHbrù.norapuô[4
KOH LleHTpa Lll414 BOAOpOplstX tlOlOA H*,
B3srbrù c  o6parHsru 3HaxoM, T.e.
pH = -  lg  [H+] .  HanphMep,  qncrae

Bo.qa uMeer pH = 7.  PacrBopcpH<
< 7 - Kucrbti/' a c pH > 7 - ulenoqHoù.
AnF xapaKTepflfi 14Kr4 xl4Mt4qecKoro co-
croqHHs 6eroHa raKXe cnonb3ylor
BeruquHy pH.

B pesynsrare rap6oHt,t3aL]x!4 3Ha-
veHue pH oeroHa cHuxaercc c 12,6
4o 10 (4nr yr.neK cnoro KanbLlae) fi
naAaer Hfixe 10 Ans c[4ecu yrneK c-
roro KanblUq c 6!ixap6oxarou xanu-
qrn Ca(HCO3).  MHorue ccneAoBa-
Te'] ycfloBHo cqr.llaloï, qTo Ka(TorIb-
xo pH 6eroHa na4aeT H!,1xe 10, oH re-
pqer cnoco6Hocrb HaAexHo 3au..pi-
ularb aplrarypy or xopposr,rr. 8oo6-
ule, MuHuManbHbtM (prlTl4qecKuM 3Ha-
,reHleM pH ArF 6eroHa c,1['raloT Be-
nu.  rHy 11 ,8.

l43Becrb, o6pa3youlaqca B pe-
3ynbraTe rfiAponfi3a BFxyulero, pa-
cTBOpteTcF B BOAe HacbtUleHU9 14
qepe3 [4rlKponopbr BbrHocr4TcF Ha flo-
BepxHocrb 6eroHa. flpn xone6aHrrx
BraxHocTr4 fi TeMneparypbr BoAa t,1c-
nap9eTcn, a 143BecTb oTKnaAbrBaeTce

Kap6oH[314pyerca noA AeùcrBreM
Ar4oKc!4Aa yrnepoAa Bo34yxa. Ha no-
BepxHosr[ 6eroHa oOpa3ylorcr 6eno-
BaTbre "Bbrconbt" yrneKl4cno[o Kanb-
qt4F. TaK [a o6pa3oùr, BbtconbtcB[Ae-
TenbcrByNcr o HeAocraToqHoù nrorHo-
crr 6erora, re. o 60rblloù HacbruleH-
HOCTI ero Kan nrqoaMu. a TaKXe o
Hr43KoM pacxoAe anxyqero. B ceoo
oqepeAb, KaK oT[4eqanocb BbtLUe, Ha-
cbrqeHHocrb 6eroHa Kan!4n'|qpaM14
ecTb cne.acTB e 3aBbtueHHoù Benu-
q14Hbr B/q. qepe3 HecKorbKo MecsqeB
cKopocrb Kap6oHu3aqu!4 craHoBt4Tcn
oOparno nponopqroHanbHoù my6uHe
npoLueAueù Kap6oHr3aq 14, TaK KaK
BepxH ù croù 06pa3oBaBueroca yr-
neKucnoro Kanbq 9 npen9TcTByeT
AanbHeùuJe[4y npoHIKaH14rc yrneKr4c-
noTbt.

HeKoropbte ccneAoBaren [, pac-
cMarpIBai noA M14xpocxonou npo6st
3arBepAeB[!ero 6eroHa c paKoBlHa-
Mu tjnI BKtltOqeHl4Cl\,!l.l ny3blpbKOB BO3-
Ayxa, oT[4eqanfi, qTo 3Tu nycToTbt3a-
6urur xpucrannauu KanbLlhra [11. 143
ororo cAenaH HenpaBunbHbtÉ BbtBoA
o ToM, qTo 3TO CBl4AeTenbCTByeT O
BHyrpeHHeù Kap60H!43aqr.tn r ApaTa
oKr4cn Kanbqur, Bcryna4qelo B KoH-
TaKT C yrneK cnbrM ra3o[4, coAepxa-
l4xMcg B COCTaBe BOBneqeHHOrO BO3-
AYXA,

Mutcvrraela, vro 4nF nporeKaHr4c
yKa3aHHOrO npoqecca HaxoAgu.leroct
e nycrorax 6erora yrneK cnoro ra3a
coBeplleHHo HeAosraro'.rHo. f lpeAno-



' l

noxriM, r.rTo r4ccne,qyercg oLlèHb Kpyn-
Hafl nopa, Hanpu[4ep, o6'beMoM B 1
cMr. B HopManbHoù arMoc$epe co-
AepxaHne yrreK cnofo ra3a paBHo
0,03 %. CrreAoBarenbHo, B yKa3aH-
HoM o6"beMe Bo3Ayxa BHyrpu nopbl
coAepxuTc9 oqeHb Mafloe Korltlqe-
CTBO AT4OKCUAa yfnepOAa - He 6Onee
0,0006 Mn C yvacrueu eroro xonuve-
crea CO" Moxer o6pa3oBarbcq Bcero
nrus 0,ô011 rur CaCOr. nflorHocrb
Kp cTann qecKoro Kanbq Ta paBHa
2,71 rlcur, cregoBarenbHo o6reM
oOpa3oBaBUeroca Kpucranna paBeH
0,0004 mÀ,1r. Ecnt,t npeAnonox rb,.iro
oOpa3oBa.nca poM6oegpnrecxrù xpu-
crann, To eTo nonepe.rHbrù pa3Mep
oyAer paBHbr[4 npfiÀrepHo 0,075 tvlM.
TaKoù Kpricratn Kanbqxra BHytpt4
KpynHoù nopbr 6eroHa 6yAeT pa3rr-
qfiM TOnbKO B CUfibHyo nyny.

Ha ca[4oM Aere nopbr B 6e'roHe
3anonH9NcTcg Kpt4cTanna[4t4 KanbL]t4Ta,
xoropsre o6pa:yrcTcl c yqacrtae[4 ar-
MocQepHoro yrne(!4cnoro Ta3a, Koro-
pb[4 MeAneHHo, Ho HenpepbtBHo B Te-
{reHre An L4TenbHoro Bpet4eH nocry-
naer B 6eroH 3a clrer A +ôy3t,t!.{ ar-
uocQepHoro Bo3Âyxa. CneÀyer npu-
3xaru. qro a6connrHo HenpoH14qae-
r\,!b||\,i Ang ra3a 6eToH HHKorÀa He 6bt-
aaer floetouy laoxHo roBoprrrb Ilt4ulb
o 6oflbueÉ fir MeHbLUeù npoHuqae-
[4ocr[ 6eroHa.

Mero4 enerrpocraruvecxoro $op-
MoBaHHq [34en[ù ]r3 apMo6eroHa
no3Bonfl eT co34aBaTb [.4 Horoc.r]o14Hyto
crpyKrypy 6eroHHoro noKpbtT!4e apMa-
rypHo-ceroqHoTo KapKaca. TeM caMbnil
notBIl9eTcq Bo3MoxHocTb nonyqaTb
BHyrpeHH ù cnoù 6eroHa c noBbtljleH-
Hoù flnorHocrbto fi ocHoBHocrbn raK,
qro6ur oH nyque 3au..lrqan apMary-
py oT Koppo3r,414 HecMoTpg Ha cBoto
rranyp ronu..lr,4Hy. C sroù qenurc 4nn
HaHeceHl4s Ha apMarypHo-ceroqHbtù
Kapxac nepBoro ctog 6eroHa qeteco-
o6pasHo 14cnorsgoBarb ueMeHT c no-
BbrueHHbrM coAepxaHIeM ulenoqHbtx
KoMnoHeHToB, xenarenbHo 6e3 rxnco-
Bbrx n nyqo.nnaHoeux 4o6aeor. Kpo-
Me roro, npu SopMl4poBaH t,.t sroro
cllog B COCTaB CyXOt4 CMeCI U pac-
nbtflqe[ioù eo4sr r,roTyr 6srrs sae4e-
Hbr uHÛi6fi pylou.lue r ynnorHqtoul[e
Âo6aBKt4.

Ant noBbrlueHxq nnorHocr!4 3a-
u..p4THoro cltot 6eroga neo6xoÀra r,ao
rlpoBoArlTb yBnaxHeHhe HaHeceHHbtx
cyxt4x KoMnoHeHToe oeroHa raxfiM
(onrr{ecrBoM ao4ut, tro6st o6ecne-
qr4Tb Ben[q]4Hy B/l-1, 6rr43Kyro K reo-

peTuqecKo[4y 3HaqeHl,l}o AnF AaHHO-
roTfina Ller,reHTa. AnF nyqueù 3aq -
Tbr apMarypHo-ceToqHofo KapKaca or
KOppO314tt BO3l\ilOXHO UCnOI1b3OBaHl4e
cneq anbHbrx noKpbrTr414, nphMeHge-
Mbrx B crpourenbHoù npaKT!4Ke. B ,la-
crHocrH, nepBbrù cnoù 6eroHa. HaHo-
crMbrù Ha xapxac, qenecooopasuo
yBnaxHgTb BoAoù c AoOaBKoù BoAo-
pacrBopHr\4brx non MepoB (non BuHl4-
naqeTaTHor4 3rvlynbchfi , HeKoropblx
Br4AoB cl4or !4 r. A.). flocne4y-
tor4ue cnor 6erora uoryr 6urru o6urq-
Horo r na, cocraB Koropbrx Bbt6npa-
eTcg ficxoAc t 3 Ha3HaqeH 9l43.qen 9
r3 aDMoOeroHa.

npfi TpaAuquoHHo[,r cnoco6e yK-
nagxu 6eroHa npuHuMatol lrepbt, npe-
Aynpexqa|ou-ue npexAeBpeùleHHoe
BbrcbrxaHue 6eroHa. B npolleHoir
cryqae nocte ero yKnaAKr Ha6r]oAa-
ercs 6onee Hu3KaF creneHb r{Apara-
qur qeueHra. o6pa3oBaH e cern4 Tpe-
lr..[4H Ha noBepxHocTt4, noflBneHfie yca-
,qoLrHbrx Tpeu..[4H Ao cxBaTbtBaHIe 14,
KaK CneACTBUe, nOBbltlJeHHa9 nOpuc-
rocrb 6eroHa [5]. B 6eroHe sneKrpo-
craruLrecxoro +opMoBaHus o6pa3o-
BaH L{e ycaAoqHbtx Tpel4fiH MoxHo
x36exarb 3-3a [4anoù Tont4taHbl cre-
HOK U3nen t4.

CreneHb noo crocr!4 6eroHa Br -
fler Ha c(opocrb KapooH 3aq .,qns
noBbtuleHtlfl KaqecrBa 6eroHa, B ToM
rlr4cre cH XeH g ero nopucrocru,6e-
ToH nocne 3arBopeHIF ÂonxeH 6btrb
saulriuleH HeKoropoe epevq or 6srcr-
poro cnapeHfifl coAepxauleùcr B
Heiil BOAbt. B TeXHOnOrU 3neKrpocTa-
T!4qecKoTo 6erona saqura ero or
npexqeBpeMeHHofi noTepI BoAbt oco-
6eHHo BaxHa no creÂymqxtl np tll4-
HAM:

r3ÂenIfl t4 coopyxeHfig t43 SneKT-
pocrarrvecxoro 6eroHa h[rercT ù1aryrc
Tonul,rHy creHoK, T.e. fiMelor 6oree
BblCOKl4t4 [,tOAyItb nOBepXHOCTI4, qTO
ycl(oprer cnapeHue eogst n o6e:eo-
x BaHre 6eroHa;

B noouecce 3roToB.neHhg He uc-
norb3yrorcq onary6Kr4 rinu QopMbt,
no3Tor\4y BoAa uoxer cao6o4Ho t.lc-
nap9Tbcr co Bcet4 noBepxHocTH r43Ae-
nvtn;

npu o6btqHoù yKnaAKe 6eroHa
BOAa 3aTBOpeH[t B CMeC BCeTAa
npucyrcrByer B !436b[Ke. B HoBoù Tex-
HOnOrt414 yBraxHeHue sneKTpocTaT -
qecKoro 6eroHa npoBoAr4Tcr Ao3t4po-
BaHHb \4 KOJ1l4qeCTBO|\il BOAbt C yqeTo[4

o6ecneqeHfi s [4t4tiruanuuoù genlrqr-
Hbr Bil-.I. 3ro cyulecrBeHHoe npehMy-

ulecrBo sn eKTpocrar[!] ecKoro ôoptulo-
BaHrs, Ho oHo rpe6yer rcxlrcveHtr
HeKOHTpOnfi pyeMOH norep[ BoAbt tloc-
ne ôooÀaoaanfis 6eroxa.

nooroMy B TexHonorfih oneKTpo-
crarIqecKoro 6eroHa 3aBepuaou-laq
cTaÂut aonxHa BKnrcqaTb HaHeceHue
Ha ocaxAeHHbtù 6eroH 3au.lHTHoro
cnoq, npeAorBpaularcu.{ero cnape-
H e BOAbr C noBepxHocTl4 u3qenûq,.
,fun eroro uoryr 6btrb t4cflonb3oBaHbl
I3BeCTHbte 3aqfiTHbte noKpbtTn9 Ha
ocHoBec[4ofl, BocKoB finr napaô HoB
B BoAHbrx sr\,lynbc sx. KpoMe roro,
COCTaBbT Ant flOKpblTl4F ft,loryr 6btTb
np(roToBneHbt l43 nplpoAHbtx ur
cuHTeThqecK X ct\40n c cnonb30Ba-
H eM cneLlfiarbHsrx HeÔrnHurx pa-
crBopfiTeneù. B orAenbHbtx cfiyqasx
porb yxpbtBorlHofo N4aTepl4ara iroxeT
BbtnonHgrb cnequanbHo HaHeceHHbtù
noKpoBHbrù cnoù, Koropbtù oAHoBpe-
MeHHo BbtnonHcer 6onee ÀorroBpe-
[reHHyo !4 BaxHyro ÈyHKqrD, Hanpq-
Mep coo6qaer 6eroHy BnaroHenpoH14-
qaeN,rocTb, fl oBb .!eHHylo Koppo314oH-
Hyro cToùKocTb rqp.

HaHeceHre 3aultiTHoro c|or, npe-
AOTBpaqarculero !4cnapeHl4e BoAbr 143
6eroHa, ygo6uo npoBogt4Tb c no[4o-
rlblo Tex xe pacnbln[Teneù r Bcno-
MoTarenbHoro o0opyAoBaHxc, KaK e
np14tu1eHsrcT Arlt yBfiaxHeHuq 6eroHa
B npoqecce npor43BoÂcrBa H3Aen ù
3neKTpocrar[qecK[[,] cnoco6ot .

fiprlaeHetre paccMorpeHHbix rex-
HOnOf fi qec(nx npfi eMoB 3nefi pocTa-
T qecKoTo ôop[4oBaH s 6eroHa no-
:eonqr o6ecnequrb He06xoAxMyto
3aulxTy oT t(opp03t414 apMarypHo-ce-
TOqHOTO XapKaca nprl oTHoctlIeJlbHO
He6onbLloù TonuluHe creHox u3Aenrù
14 coopyxeH!4 ù.
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3APy6EXHbtil Onbrr

l4cnurraure 6erorrurx o6pasqoB Ha
BogoHenpoHhqneMocrb no eBpocraHgapry EN1 2390-8

EBpocraHAapr EN 12390 "14cnur-
TaHuq 3arBepAeBulero 6eroHa" 6srn
pa3pa6oraH TexHuqecKuM KoMfileroM
EBponeùcKoro KoM Tera no craHAap-
rl43aqu CEN/TC 104 "6eroH". AaH-
HbrÉ craHAapr 6brn yrBepXAeH B an-
pene 2001 T. x BBeAêH B AeùcrBtae.
Ao AeKa6pe 2003 r. oH AorxeH crarb
ocHoBHbrÀ4 Ans crpaH-,{neHos EC, aa-
MeH e co6où coorBercrByroulfie Ha-
quoHafl bHbre craH,qapTbr.

CraHAapr EN 12390 cocrol4r l43 8
qacreù:

1 -rpe6oeaurn xonsrHsru o6pas-
qau lr Sopmau 4ns nx [3roroBneHr4l;

2- 3roroBneH e BbtAepxnBa-
xue o6paeqoa AnF ncnbrraHun Ha
npoqHocTb;

3 - ucnbraHue Ha npoqHocrb npfi
cxaru14;

4 - rpe6oearun K npeccaM npu
l4cnb|TaHnI Ha npoqHocTb;

5 - !4cnb[aH e Ha pacrsxeHue nps
143ru46e;

6 - ucnb[aH]4e Ha pacrixeHue npfi
oacKanbrBaHu!4:

7 - onpeAeneH|4e nnorHocru 6e-
TOHA;

8 - ucnbrraHue 6eroHa Ha Bo.ao-
HenpoHt4qaeMocrb.

Eapocraxgapr EN 12390-8 pa3pa-
6orau ua 6age crargapra MexçqyHa-
poÂHoù opraHn3aqrI no craHAaprn-
3alltafi -lSO -7031 "EeroH. MeroA on-
peÂeneH F npoHr4qaeMocTr4 BoÀbr noA
AaBneHre[4". B TepMaH[u oH uMeer
0603Ha,reHrie DIN EN 12390-8.

Crau4apr coAepxl4T onncaHne
MeTOAù4Kfi OnpeAeneHUC npOHt4KHOBe-
H14i BoAbr B 6eroHHbrù o6pa3eq. AaB-
neHle BoAbt nprKnaAbrBaeTct c oA-
Hoù cropoHbr o6pa3qa. EN 12390-8
peKoMeHAyer Icnonb30Barb 06pa3qbF
Ky6r4Kfi pa3Meparrr 150 x 150 x 120
M M ,  1 5 0  x  1 5 0  x  1 5 0 M M . 2 0 0 x 2 0 0 x
'120 MM unn qunuHApbt AfiaMerpot\l
150 urvr. f1o npouecrBl4!4 HexoropoTo
epenlteuu o6paseq pacKanbtBaercs, 14

30

I4OXUM @EI4EPXEPET, enaeHhrù ueueôxep Qupuar TESTING [epMaHun)

no rpaHuqe BnaxHo14 30Hbr oqeHhBa-
ercF cnoco6Hocrb 6eroHa conpon4B-
ngTbcc npoHrKHoBeHnto BoAbt. BoAa
noAaercq floA AâBneHl4eM 500150
xPa s reqeHre 72 q. npeAenbHoe
,qaBneHue, KoTopoe pa3BnBaeT ycTa-
HoBKa TESTING, cocraenner I 6ap
(arM). ÀnF 6onee BbrcoKoro AaBneHut
cneAyer ycraHoBr4ru 6onee npolture
Ql4Tl4HTl,1 14 COeAuHtlTenbHble UJIIaHTU.
PeKo[,!eHAyercF qAHoBpeMeHHo rcnbr-
rsraars rpu o6pasqa c ucnonb3oBaH!4-
e[4 BoAbr x3 BoAonpoBoAa. Ecnu Ha
npol4BononoxHoÉ cropoxe o6pasqa
notBUnocb r\,roKpoe ngTHo, 14cnbtra-
H|4e ocraHaBnuBaercn u 6erou or6pa-
KOBbtBaeTCg.

O H p M a  T E S T I N G  B l u h m  &
Feuetherdt GmbH (6epn H) c8ncer-
cc KpynHeùunM npou3BoAuTeneM
na6oparopuoro ucnbrrarenbHoro 060-
pyAoBaHu9 Ane crpourenbHor4 npo-
MbtuneHHofit .

Anq oAHoBpeMeHHoro 14cnbtraHuf,
or 3 Ao 6 o6pa3qoB repMaHcKafl +up-
ua TESTING pa3pa6orana cneq!4anb-
Hbrf creHA (puc. 1).

Pxc. 1. l , lcn hFaren ÈH btù
TESTING

l4cnbffarenbHbrù creHA no3Bont-
eT HacTpor,lTb !4cnbtraHug "c" un!4
"6es" usn,tepexun xon!4qecrBa npoH14-
Ka|oqeù BoAbt, xors craHAapr Kofl[-
qecTBeHHoe u3MeDeHle nooHuKarc-
uleù BoAbr He rpe6yer.

,qaBneHt,te eoAst Ha o6pageq co-
3AaeTCg C nO[4Ot4bo AaBneHUC BO3-
Ayxa Ha BoAy B nnacrMaccoBoù rpy-
6e, u yxe a revenue ucnbraHtal Mox-
Ho Ha6npAarb, KaK npoucxoAur npo-
H,4KaHue Boltbt. Taran gogtutoxxocrs
HenocpeAcrBeHHoro Ha6noAeHug 3a
BoAonornou..teHueM oco6o nureDecHa
Ane na6oparopHbrx pa6or B crpolt-
TenbHbrx By3ax u yHuBepc[TeTax
,qns y,{e6Hbrx qeneù.CryAeHraM Mox-
HO Harn9AHO nOKa3aTb BOAOnofnoule-
Hue pasnux 6erosoB B 3aBl4cuMocfll
oT t4x cocTaBa.

l,'lcnsrraxus npoBoAer Ha 06pa3-
qax B Bæpacre He MeHee 28 cyr, Bpe-
Mt HaxoMeHus oOpa3qa B l4cnbtTa-
TenbHoù ycraHoBxe cocraBnqer 72 t
2 q npu AaBneHu!4 BoAbt 500 Kna unn
5 6ap (p c .  2) .

nocne 72 v npoeo4nrcr o6cne-
AoBaHl4e o6pa3qa Ha rnyouty npo-
Hr4KHoBeH[q eo4ur. ,Qnn eroro o6pa-
3eq pacKanbtBa|oT BepT[KanbHO nOCe-
peAuHe. Ha pacKonoroù noBepxHoc-
Tr4 B!4AHa rpaBfi qa BOAOnOfnouleHx9.
B nporoxone ucnstraHxF Qr4Kcr4pytor
rny6rHy BoAonornou.leHrn c roqHoc-
Tbrc Ao 1 MM.

l4cnuraslre 6erotoB Ha BoAoHen-
poHr4qaeMocTb no 3Haq[MocTl4 14 Ko-
nnqecrBy t4cnb|TaH ù 3aHuMaer B Tep-
MaH U BTOpOe MeCTO nOCfle honbtTa-
HUC Ha nDOqHOCrb.

EBponeùcKuù crargapr Ha 6eroH
ËN 206-1 : 2000 "EeroH. O6ulue rex-
riuvecxue tpe6oaaHur, npota3BoAcrao
14 KOHTpOnb KaqecTBa" xoTg t4
npe.q'bsBnqer rpe6oBaHue K 3arBep-
AeBueMy 6eroHy no BoAoHenpoHxqa-
eMocTr4, oAHaKo He co.qepxlrT KoHK-
peTHbrx npeAenbHbtx 3Ha,leHnù. nprl

cTeHA (pltpMSl
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PNc .2 .  CxeMa  ncnË t raH tù  6e toxno ro
(y6a Ha BoAoHenpoHnqaeMocTb

1- npoKnaèKu; 2 - eepMemu3upytould4
npoKnaôKa; 3, 6 - onopqas nnuma: 4 - co-
eÔuHumenbnbrc 6onmd; 5 - nDu|taôbrsae-
MOe ÔaeneHue

oToM cTaHAapT ccbnaeTcg Ha oTcyr-
cTBUe eAIHOù MeTOAr4Kl4 UCnblTaHllg
6eroHoB Ha BoAoHenpoH14qaeMocrb t4
TpeoyeT cornacoBaHue MeloAa onpe-
AeneHu9 u rpaHlqHoro 3HaqeHug Bo-
.qoHenpoHa4qaeMocT!4 6eTOHa C I3rO-
TOBITENEM.

C +eBpane 2001 r B TepMaHur4
Haqan np MeHnTbcf cTaHAapT EN
1 2390 " 14cnsrrasuF 3arBepAeB[!ero
6eroHa", B ToM qlcne qacru 8 - crax-
Aapr, Ha oTcrrcrBtle Koroporo ccbtna-
erce EN 206-'1 :2000.

B Hacroru{ee BpeMn B npoeKTe
AxpeKTuBbt "Bo4oxenpotuqaelaue
coopryeHuq na 6eropa" Hen,leqroro
KO r\4 UTeTa nO Xeneao6eronv
(Deutscher Ausschup fûr Stahlbeton,
geBpanb 2003 r) npeAycMarplBalor-
c9 KOHKpeTHble OrpaHuqeHug Bent4q}|-
HH npoHuKaHug BoAbt noA AaBneHu-
eM AnF BoAoHenponuqaeuux 6ero-
HoB (He 6onee 50 MM).

B Fepuanuu Anc KoHcrpyKtuù,
SKonnyaTnpyrcr4uxcc npt4 EbtcoKoM
ypoBHe rpyHroBbtx BoA nu npr
onacHocT[ HaBo.qHeHrF, a TaKXe B

rpa(AaHcKoM ltnI uHXeHepHoM CTpO-
merbcrBe [cnonb3ytorxene3o6eroH-
Hbre KoHcTpyKtlt414 6e3 iqononH[Tenb-
Hoù rlApori3ofl qq u, BoAoHenpoHr4qa-
eMocrb Koropbtx o6ecne,leta cair t\4
KaqecTBoM MaleoIana.

B SeprruHe - ropoAe, "nocrpoèH-
HOM Ha BOAe", Îe. pacnonoxeHHoM B
AonlHe peK lllnpee u XaBeflb, BoAo-
HenpoH14qaeMocTb IMeeT orpoMHoè
3HaqeHIe Anr 3arny6neHHbtx coopy-
xeHxù, Koropbte B coBpeMeHHbtx 3Aa-
HUnX UCnOnb3ytoT AnF pa3MeuleHl,|9
IHXeHepHbtx cnyx6, noA3eMHbtx ra-
paxeù u Ap. TaK, HanpuMep, nnura
ocHoBaH!4i KOMnfi eKCa, COOpyXeHHO-
ro HenocpeAcTBeHHO Ha bepery peK,4
lllnpee, B caMoM t.leHTpe craporo 6ep-
nl4Ha, nexm Ha I [4 Hl4xe ypoBHq rpyH-
TOBbTX BOA. El4e 6onee SKcTpeManb-
Hbre ycnoB19 BcTpeTUnUCb npu cTpo-
l4lenbcTBe noA3eMHoù qacTu HoBofo
qeHTpalbHoro BoKsana Sepnuta, co-
opyxeHHoro qacTuqHo HenocpeA-
cTBeHHo noÂ peKoù ulnpee, nn[Ta
ocHoBaHIq KOTOpOTO paCnonoxeHa
6onee qeu ua 18 u Huxe ypoenn rpyH-
TOBbtX BOA.

B HeMeqKoù crpol4renbHoù npaK- .
Tl4Ke KonuqecrBo t4cnblTaHuù Ha BoÂo-
HenpoHfi qaeMocTb ang 6eroHHbtx
o6pa3qoB onpeAennrcr o6srvxo a npo-
eKre un B AoroBope noApgÂa. TaK,
Hanp[Mep, Ang crpouTeIbcTBa MOC-
ToB B Tep[aaHfifi OeAepanbHoe MIH!4-
crepcTBo TpaHcnopTa B cBol4x TexHu-
qecKux ycrloBr49x Anf, '{HXêHepHbtx
coopyxeHhù Tpe6yer, qro6bt npu 6e-
TOH14pOBaHlU BOAOHenpOH14qaeMbtx
qacTeù MofioB o6pa3l.lbt r43 STofO Xe
6erora 4.nn t,tcnbtraHuù Ha BoaoHen-
poHnqaeMocrb oOF3aTenbHo r,r3roroB-
rgnu He pexe oAHoro paSa B AeHb.
KaK npaBlno, l4cnbraHuF no BoAoHen-
poH14qaeMocTu npoBoAgT t43 paCqeTa
3 o6pasqa Ha KaXAbte 500 n,t3 yxna-
AbrBaeMoro 6eroHa. TaKaF cerKa tac-
nblraHuù oKa3anacb AocraroqHo oe-
(peKr[BHoù Anf, koHTponr BoAoHenpo-
H14qaeMocr!4 6eroHa npu crpol4Terb-
crBe noÂBanbHbtx noMeueHuù Bcex
HoBbrx gÂaHuù B qeHTpanbHoù qacrtl
SepnIHa: f'lorcAaMcKoù H Jleùnqurc-
Koù nnoulaAeù, B npaBrTeJtbcrBeH-
Hbrx 3AaH tx Bo(pyr u oKono peùx_
cTafa, noABanbt Koropbtx 6bnu Bbt-
nonHeHbt, KaK npâB|4no, u3 MoHOnl4r-
Horo xefle3o6eroxa 6es aononHu-
Tefl bHoù ru.qpou3onFLll414. f'loBctoAy
Anq ucnbraHuù 6eroHa Ha BoAoHen-
poH!4qaeMocrb 6btn14 rcnonb3oBaHbl
crengsr gupusr TESTING.

Sonee no4po6Ho c npr6opauu r
060py.qoBaHueM gr,rprvrsr TESTING
MOXHO O3HAKOMI,,ITbC9 HA BbICTABKE
CONCRETE RUSSIA - Crpoù14HAyc-
rpr4e u Apx{refiypa - 2003. Ona
npoùAer 8-12 ceHrc6oq 2003 r e Ox-
cnoqeHrpe Ha KpacHoù FlpecHe a
Mocxee.

Aôpec: TESTING Bluhm and
Feuerherdt Gmbf,, Genestrasse 5-6
D- 10829, Berlin, Germany.

Fax: 49 30 755 90 98

Or pegarqtr

Ha ycraHo8Ke TESTING rvroxno
gecru ucnsnatns 6eroHa Ha BoaoHen-
poHuqaeMocrb no MeroAr4Ke poccuù_
croro FOCT 12730.5. B ornuqhe or
oreqecrBeHHoù, oTa ycraHoB(a no3Bo-
nFer [cnonb3oBarb .qnn cnbFaHt4ù
xax ry6rxll, tax u q fiuHppbt.

MeroAr4Ka onpeAeneHut Mapk no
BoAoHenpoHuqaeMocru oerona no rpa-
HUqe npoHuKaHUq BOAbt, aHâfloruqHo
ycraHoBKe TESTING, yxa:ana e ul-
crpyKr..lx 14 no nonb3oBaHurc pocc{ùc-
Kofo npuoopa "Araua". Osa npuueHs-
eTcF B Cnyqae, ecnn B npoqecce c_
nbrraHrF He 6urno 4ocrurtyro nors-
neHue "MoKporo n9THa" Ha nOBepxHo-
crl4 ucnbtrbtBaeMoro o6pasqa. Tor4a
14HcrpyKtll4e K np146opy pe(oMeHAyer
npu[,!eHsrb ôopMyny nepecqera, uc-
nofl b3y9 AaHHbte BenuqIHbt npoH14(-
HoBeHl4fl BoAbt no rpaHuqe BuA14Moù
Ha noBepxHocTl4 pâcKonoToro nono-
naM o6pa3qa (r.e. raK xe, KaK peKo-
MeHAyer eBpocraHÂapr EN 12390-g).

Ecflh, HanpfiMep, ucnb|TbtBarb 06-
pa3qbr 6æ nepeo6opyAoBaHuf, ycra-
Hoexu TESTING xa AaBneH!4e BoAbt B
I 6ap, npunoxewoe x o6paaqy a re-
verne 72 v, u nonyvrarb B o6pa3qe rny-
6uly nponurauun Bo.qbt S0 MM npn
sbrcoTe o6pa3qa 150 uu, ro srn gat-
nure 6y4yr coorBercrBoBarb MapKe
6eroxa no BoAoHenpoHIuaeMocrt4
W14, r e. Bbtue npe4enbHoro 3Ha-
qeH 9 AnC MapoK no BoAoHenpoHl4_
qaeMocru (W1 2), ycraHaBnuBaeMoro
TOnbKO qTO yrBepMeHHbtM oTeqe_
cTBeHHHM CHfin 5241 'Xenæo6eroH-

Hbre KoHcTpyKqut4".
.qne [cnblraHnù 6eroHa ao W20

no fOCT 26633-91 ycraHoBKy cneAy-
er nepeo6opy4oearb, KaK yKa3aHo B

O.C. Bonroe, KaHA. TexH. HayK
(H14rDK6)

3 t
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Flausru M. M.XonunHcxoro

13 nltas 2003 f. yulen 3 xr:Hn xpynnurù

yvexurù, hseecrFrutù cneqhan[cr a o6nacru

6eroxa n xeneso6etoHa, Aofiop rexH qec-

K!4x HayK, npoQeccop, 4eùcranrenunsrù vneH

Huro-ùopxcxoù aKaAeMuL',t HayK H nocroFHHbrù

aBTop Hauero xypHana Mapx Morceeeuv

Xonurxcru ù.
OH pognncn e 1919 r, oKoHqhn MVICVI u

acnrpaHrypy Ml4Cl4 (no raSegpe "Crpou-

Tef lbHaq uexaHrra")  noA pyKoBoAcrBoM

' r f l eHoB-KoppecnoHAeHroB AH CCCP

B.3.Bnacosa n 14.M. Pa6uHoetaqa. Yqacrso-
gan g Benuxoù OreqecrBeHHoù BoùHe, ABax-

Abr paHeH, Harpax4eH qeTbtpbMe opAeHaM .

Mxorne4ecnrrr fier M.M. XonunHcruù or-

gan nnbnvoù npo$eccuu. B xpyr ero unre-

pecoB BXoAnnh pasuoo6pasxeùluhe Bonpocbl

reopun 6eroua n xenego6eroxa, a raffie Me-

xaHnKn cnnolJHbrx cpe4. B ceohx hccneAoBa-

H14 tx  oH  3anoxu f l  ocHoBb t  c14cTeMHofo

nocrpoeHnr reopn xene3o6eroxa c yrerour

cTaThcrr4t lecKoI npupoAbt conpoThBneHfi t

oeroHa n 3aKoHoMepHocreù ero B3auMoAeù-

crB14f, c apMarypoù, pa:pa6oran rexHhqecKyto

reophro cqenreHnfi apMarypbt c 6eroHoN4 h

pacKpbln ee KOHcTpyKTlilBHble BO3MOXHoCTI

npn peueHhh ocHoBHbtx 3aAa'.t pacqeTa xene-

3o6erour.rurx gneMeHroB. Ero nepy nphHa4ne-

xar oKol lo 150 ony6nnroaaHHbtx HayqHbtx

pa6o1 a roM q cne verurpe vouorpa$rn,

a raoKe MHoTo'+4cleHHbte ny6nnqncrrvecxre

u HayqHo-nonynFpHbre cTaTbh v KHtÀfA.

Mapr Monceeah. l  6urn oAHoBperreHHo

nprHqtanhanbHbtM 14 oqeHb 4o6poxenarelu-
HbtM qenogeKoM. Csernas naMFTb o HeM co-

xpaHurcq cpeAh ero Apy3eù h Konner

PeAa(quoHHae  (on re r | 19 :  l 3 .M .6axeHoB,  B . lEa rpaKoB ,  B .M .6oHAapeHKo ,  lO .C .Bo r (oB .
B.B.fpaHeB, B.f.AoBXl,|K, A.14.3Be3AoB, E.h.KopMunuquH, K.B.MlaxaùnoB, B.A.paxMaHoB;
t4.O.PyAeH(o, PJl.Cepbrx (nraBHuù penarrop), A.ITaMpa3rH B.pOanuKMaH, lO.f.Xa|orxH,

A.A.t l lnbt(oB (3aM.rnaBHoro peAaKropa), E.H.l4ep6aKoB
floAnuca8o B neqarb 25.07.03, OopMâr 60x881/s. neqatu otbcerHar. EyMara oôcerHaq Nc l

Ycn.ne,r.n 4.0 3a(a3 Nc I l20
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