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6ETOHbI

S$SemneHurù yrennxrerb lt3 HeaBToKJtaBHoro
nopo6eroHa Ane orpal(Aa xlqltx KoH crpyxqra É a4a x r ù

Tennosaulrrn sre cBofi crBa cnou-
cTbrx orpax(Aa|oqux KoHcÎpyKqr4ù c
M14HepanoBaTHbtM InI neHononxcTt4-
ponbHbrM yreflflnTeneM B npollecce
SKCnnyaTaquu He ocTarcTcg Heu3MeH-
HbrMr,,r. OHr nocreneHHo yxyAuatorcF
H3-3a HeycroùquBoro BnaxHocrHofo
pexuMa cfl ol,rcTbtx cTeH, ynnoTHeHuq,
yenaxrennn, ge$opMar..lt414 14 orcnoe-
Hrq yrenn[Teneù, TeMneparypHo-
BnaxHocrHoù oKrcnr4TenbHoù Àecr-
pyKr.{4l4 neHononficrupona n Apyrltx
npuvnr. Oco6enno HeyAaqHbtM cne-
Ayer np'13Harb yrenneHl.le +acaAoB
3AaHrù MqrK[Mr yrenrureflgMl4 c noc-
neAyouluM r4x oulTyKarypuBaHueM no
ceTKe nnoTHbtM qeMeHTHo-necqaHbtM
pacrBopoM unu o6nuqeBaHueM KupnH-
qoM BnnorHyto K yrennureno. HeAo-
cTaToqHaf, rx naponpoH14qaeMocTb
Bbr3brBaeT KoHAeHcâqurc napoB BoAbl
Ha BHyrpeHHeù noBepxHoc 4 uryKa-
rypKn t4 o6nnqoBKr4, 3aMep3aHhe KoH-
AeHc{poBaHHoù Bnaru, nocTeneHHoe
yBnaxHeHuê 14 pa3pyr.IleHue yrenfl !,t-
T e n g  u  o o n u u o B o q H b l x  c n o e B
(pvic.1,2\

Ha p|ac. 1 npeAcTaBneHbt pacnpo-
cTpaHeHHbte s xl,Jnuu.lHoM cTpouTenb-
crBe MocKBbr BapuaHrbr KoHcrpyKquù
HaplD(Hbrx creH 3Aanufi pasroù erax-
Hocn4. a Ha ouc. 2 - cxenu renno-
BnaxHocTHoro pexuMa [x B SKcnIty-
araquoHHbrf fl epnqA. TennoBnaxHoc-
THbtù pex!4M onpeAeneH no MeroÂ!,t-
xe [3] npn craHAaprHbrx ycnoBrrx
TennonepeAaqu !4 Ar4(p(pF[r4 BoAcHo-
ro napa. rqnq pacqeTa ucnorbaoBaHbl
cpeAHue napaMeTpbr so3Ayxa caMo-
ro xoIoAHoro Mecaqa 4nn Mocxau -
eHBapn ( t = - 10,2"C; <p = 83%). Be-
ponTHocTb KoHAeHcaqu[ BoA9HbX na-
poB B Tonqe cTeHU onpeAengeTct
3oHoù flepece,{eHuF rt4HrÉ MaKcu-
ManbHoË (E) n QaKr!4qecKoù (e) ynpy-
rocTer,r flapa, KoTopbre xopor.lo npo-
cMarpxBa|orcc Ha pr4c. 2, no3.A. B
oAHocnoùHoù l,,| AByxcnoùHoù cretax
(plac.2, n03.B,T) noTeHqflanbHaf, Be-
ponlHocTb KoHAeHcaqxu napoB oTcyr-
fisyer, qro noATBepxAaer nonoxe-
sue CHU['l ll-3-79, pa3peuaEu]ee He

2

F.fl.CAXAPOB, ô-p mexu. uayx, npoQ., Sacnyxeuuuù ôenment uayxu P@,
PA.KYPH5IUEB, uux. (MFCY)

onpeAengTb conpoTr,rBneHue naponpo-
HnL{aHnrc TaKfix creH 3AaHrù c cyxt4M
u HopManbHbrM pexl4MoM npu conpo-
TnBneHl.ru naponpoH14qaeMocTt4 BHyr-
peHHero cnofl Asyxcnoùssrx cren 6o-
nee 1,6 Mz ,1 na/Mr Ha puc. 2, nos.f
Rn = 2,3 > 1,6 Mz .q na/M[

KoHAeHcaquf, u 3aMep3aHue Bna-
rl4 B TOnU]e CTeHbr HapyuJarcT pac'reT-

Hble napa[4eTpbt t1 refltoBIaxHocTHbtt
pexr!M orpa)i(qeH{ù, a Talo(e HopMa-
Tr,rBHbre napaMeTpbt Mt4l{poKnu[4aTa
BHyrpu noMeuleHrù, no44epxaHue
Koropbrx rpeoyer AononHurenbHoro
pacxoAa TennoBol4 3Heprul4, a Ha Boc-
cTaHoBneHue Te nn o3a q14T H btx
cBoùcrB orpaMeHnù - npoaegelue
BHennaHoBbrx Aoporux peMoHToE.
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Ko8crpyxqxrl Hapyxisrx creH x|nnbtx 3AaHrù c KotacrpyKtlMoHHr,trrs crroeMlt

1 - m (enoeo 6emoHa; 4, 5 - nopoaemoqa D=600 Ke,h'f, D=500 Ke/M3: I - KupnuqHoù
KtaôKu;
cnouvu ymennumeneù w 2 - MuHepanbHoù eamu Rockwoo| 6 - nopo^eno\a D=200 Kdùf:
3 - o6nuUoaKa KupnugoM; 7 - wmyKamypHbtM cnoew; I - iamupt<où
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foBopr4Tb npu groM 06 oHeproc6e-
pexeHu14 oT cHl4xeHnc TennonoTepb
qepe3 cnoucTbre orpaxAa|oq14e KoH-
cTpyKr.[îx, HaprAy c HepeueHHbtMl.t
npo6neMaMu Ix yMeHbueHuc B cl4c-
reMax nHxeHepHoro ooycrpoùcTBa u
cBeTonpo3paqHbrx npoeMax, o (oTo-
pbrx MHoroKpaTHo roBoplmocb Ha KoH-
$epeHqnnx e Hl4l4COe, 6TTY uM.
B. llllJyxoaa u xoropbte ocBet4anrcb
B neqaru, MoxHo ronb(o c 6onbujof
narnxxoù [1 ,2].

Cxuxerre xe napaMerpoB KoM-
QOpTHOTO Mr,rKpOKnl,|MaTa BHyrp!t no-
Meu.leHnù BeAeT K yryAUeHu|o ycfio-
Briù xr,r3HeAecrefl bHocr[l.| 3ÂopoBbF
noAeù.

B npnnnrou B KoHqe AeKaOpc u
Bcrynl4BueM cl,|ny c 1 u|onÉ 2003 r,
@eAepanbHoM 3aKoHe (O TexHuqec-

KOM perynupoBaH!i[4) Tpe6oBaHue 3a-
l4l,lTbr xr4sHr,r ,r 3AopoBbr rpar(AaH
cTol4T Ha nepBoM MecTe, HapgAy c
oxpaHoù oKplDKa|ouleÉ cpeÂbt 14 14My-
qecrBa Bcex BlrAoB u QopM co6-
crBeHHocrr4. Taxuna o6paaou, coqu-
anbHbrù acneKr gaKoHa oKa3btsaercg
TecHo cB93aHHbtM C TeXHnqeCKUM CO-
cTogHlreM orpaxAaK)u+,rx KoHcTpyK-
r.[.rtr r,r Apyr!4x hHxeHepHbtx ct4cTeM
orannuBaeMbx 3AaHxi x cooplDKeHrù.

HeAocraro,{Han HaAexHocrb t4
AonroBe.{Hocrb 6onbuJ14HcrBa KoHcr-
pyKTr4BHbrx peueHuù cnoltcrbtx or-
pa)|(qalou+4x KoHcrpyKq[ù Ha ceroA-
HcurHr,rù AeHb He obecneqt,|Ba|or cHu-
xeH149 TenJronoTepb u Aemap]4pye-
Moù oroHoMr4r4 (4o 40o/ol rennoBoù
gHepruu B neplroA axcnnyaTaqltx
oranruBaeMbx gAaHùrù.

He cnyqaùHo KoMnneKc apxureK-
rypbr, cTpouTenbcTBa, pa3BuTr,t9 u pe-
KoHcrpyKr.$4r4 r. MocKBbt cBor,tM pac-
nopsxeHlreM oT 20 r4|oHr 2003 l Ns
51 nocraHoBl4n pa3pa6orarb Mepon-
pl4cTl,lq nO noBbltùeHurc AOnTOBeqHO-
cTr,r cTpo!ffen bHbtx MaTepuanoB, uqAe-
nxù u KoHcTpytc$4ù, npuuelneustx e
cTpowren bcTBe, npt4 peKoHcrpyKqt4t4 14
KanuTanbHoM peMoHTe 3AaHIr4 14 CO-
opyr€Huù B MocKBe. B nepBoo\lepeA-
HOM nepeqHe MaTepuanoB, AofiycKa-
eMbx K nplrMeHeHu|o B cTpolrrenbcTBe
c 1 sHBapF 2004 r c rapaHTlpoBaH-
Hoù AorroBe,{Hocrbp B npeAenax
cpoKoB cnyxoH, B pacnopexeHnn
yKa3uBaloTcg Tenno}13oI|Ftlt4oHHbte
MaTepuanH !r BbrAeng|oTci neHonna-
crH. Ao KoHqa 2003 r npeAnucaHo
pa3pa6orarb r yrBepAxrb rp€6oB€lHr4e
u MeTqAuKr4 rcnb|TaHl4t4 !1x Ha aonro-
BeqHocTb 14 f|onyqxTb cooTBeTcTByo-
u.ue ceprl,|(px tclrbt.

npo6neMaTuq Hocrb noBbtueHrq
aonroBei{HocTt4 M9rK!,tx yrennhTeneù
npeaonpe4ejrFel pacunpeHue uccfl e-
AoBaH14ù no noBbtLuerno s$$errra-
Hocrt4 yrennurenei Ha Ml,|Hepanb-
Hoù ocHoBe, B gacrHocrr4 nopo6e-
ToHa Ha ocHoBe ra3o- n neHoo6oa-
3oBaTeneù.

OnruMafl bHblM xoHcrpyKT14BHbtM
peueHt4eM nporllBops{xBoù npobne-
Mbt noBbrueHfig Tenno3aullTH btx
cBoùcrB 14 AorroBeqHocT|/l orpa(4a-
lor4r4x KoHcrpyKqrû, oqeB{AHo, FBrlF-
|orca oAHocnoùHbte creHbt u3 nopo-
6ero.Ha cpqAHei nnorHocrx 400... 500
KflM", OCOOeHHO HeaBTOKnaBHOTO eC-
TefiBeHHororBep4enrn, paspa6orar-
Horo Ha KaÉeApe crpourenbHbtx Ma-
repuafloB MfCY [21.

CreHu h3 TaKoro Marepltana o(o-
noruqecK,| oæBpeAHbt, noxapo6e3o-
nacHst, o6na4anr Heo6xoAnMoù fla-
poBosAyxon poHl.t qaeMocrbp, o6ecne-
qIBa|or4er4.ecTecTBeHHy|o BeHTr4nF-
qr4ro 14 ycloù'{r4BbtI pacqelHbtù renro-
BnaxHocrHbrù pexnu orpa4q{ou1ux
roncrpyxqnù ra noueqexrai npr\epaH-
Tt4 poBÉtHHOtt HaAexHocltr t4 aonroBeq-
Hocrr4 KoHcrpyKqur,t orpaxAeHuù s
nepuoA oxcnnyaraql4u 3AaHuù.

flonucruponberoH, AocraroqHo
uJr,rpoKo npt4MeHneMbtù B crpouTenb-
cTBe c aHanorltqHuMt4 uengMu. co-
Aepxur B cBoeM cocraBe B 6onbuoM
KOnllqecTBe feHeTIqecKu He ao KoH-
qa npeAcKa3yeMbte no BnnFHt1|o Ha
3AopoBbe nrcAeù x noBeAeH[e Mare-
plana Bo BpeMeH[ (ocooeHHo np!,|
noxapax) aneMeHTbt B Bl4Ae MenKUX
rpaHyn neHononalcrupona, o6ecnevu-
Baloqlrx cHrxeHne cpeAHeù nnorHo-
crn yrennmern. 3ro xe nossoncer c
Aonycrr4Moù creneHb|o p}1cke npuqu-
HeHl4t BpeAa oTHecTu STOT MaTept,lan
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Pxc. 2. Cxe a craqxoHapHoro renroB'|axxocrHoro pexr a Hapyxltbtx creH pa3-
nl,l\Hoi [oHcrpy[qr,rx

A - na4enb, ymenneHHas MuHepanbHoù eamoù Rockwool; E - cmeHa æ nopodemo\a
D=600 K?/tf, yneoneHHag MuHepanbHoù eamoù Rockwool u odltuqoea\Haf, Kupflu,ioM: B -
cne\a u3 nopo6emoHa D=500 KdM3, oamyKaïWe\Has c ôeyx cmopoH: f - KupnusHae
cmeHa, ymenneHHaq nory6emo4ov D=200 ky'L,t3 u owîryKamypeqqas c èeyx cmopo+



K AonroBeqHbtM. OAHaxo s coorger-
cTBr,fl4 C SaKOHOM O TeXHTqeCKOM pe-
rynupoBaH![,r 3To He 9Bn9eTc9 npe-
nqTcTBueM Ang BbrnycKa I npuMeHe-
Hfi e npoAyKr.I414 143 non!,rcTrpon6eTo-
Ha. HeobxoA,lMo lonbKo 14HQopMt4po-
earu noroebrreneù o Bo3MoxHocrt4
npl4q!,rHeHxF 14M BpeAa npI Anrïenb-
Hoù sKcnnyaraq!4u nonl4cruponoeroHa
B KOHCTpyKI.I,|IX noone npeOAOneH 9
(nopora HaKonneH!,r9> ero Bo3Aet4-
crBuù u o (paKropax, or Koropblx oror
BpeA MOXeT 3aBXCeTb.

npo6neMa ct,tHXpoH14ærr.1,tu renno-
3au.ll4THbrx cBoùcTB t4 AonToBeqHocT!4
cnoucTbrx orpaMatoulrx KoHcTpy(-
Lluù 3AaHIf (Happ(Hbtx fieH I no(pbF
ruù) Moxer 6b|Tb peueHa nfreM 3a-
[reHH MgrK X yrenn!,rTenet| xecTKx-
tulu Ha MuHepanbHoù ocHoBe co^cpeA-
Heù nnorHocrbo 180-200 rr/uJ n ue-
Hee, .{ro6ur 6uns xor.rxypeHrocnoco6-
HbrMx, HanphMep. c nopooerouou ec-
TecTBeHHOTO TBepAeHU9 C nOBbtr.UeH-
Hb \4t4 KaqecTBeHHbtMfi no(a3aTen9MH
(ra6n. 1 ).

CocraeH h rexHolof!4Ê TaKoTo
nopoberona paapa6oranu ra xaSe4-
pe crpohrenbHbtx Marepuanoa MfCY
I narenTyrorcg e PO. ïexHonoruc
npeAycMarp!4Baer BbtnycK Kanu0po-
BaHHbrx nnHT u3 nopo6eroHa cpe4teù
nrorHocfl, 180-200 Krh,rJ. vnaKoBbtBa-
eMbrx Ha noMoHax g nonusrunexo-
Byo nneHXy. flopo6eroH otnrvaercn
Bbrco(o(€r'{ecrBeHHoù MaKoonoofi cloù
crpyKrypoù, no3Bonqloqeù HcnonÉo-
BaTb ero, noMl,lMo TennoI3oncq u, B
KaqecTBe Ae(opaTuBHo-aKycT14qecKo-
ro rrarepHana. Cyqecrsexrisrru npe-
rMyqecrBoM pa3pa6oraHHoù rexHo-
norfiu 14 cocTaBoB HeaBToKnaBHoro
nopo6eroua nannrcTcq: BbtcoKai yc-
TOl4qnBOCTb TeXHOfl Orl4qecKO|O nOO-
uecca. cra6unsrocrb KaqecrBeHHbrx
no(a3areneù, Tpeu.lxHocroùKocrb,
paBHoBecHag BnaxHocTb npfi MoHTa-
xe, noHuxeHHag SHeproeMKocTb t4
cror4Mocrb n poAyKL.ll414 [4]. Marepu-
an bHae oAHopoAHocrb KoHcTpyKqfi oH-
HOrO I Tennou3orlFtll4oHHofo cnoeB
orpaMaou{,lx KoHcrpyKqr4ù ta3 nopo-
6eroHa, noasrueHHafl npoqHocrb 9{x
cqenneHr4r, ocobeHHo nph 3aBoAcKoM
u3roroBneHuu, H Bbrcokaq ycroù'rn-
BOCTb X (pOpMOr.l3[4eHeHUO CyU]e-
cTBeH HO.nOBbr[Ua|oT TennoTexHIqec-
Kylo o.qHopoAHocrb orpaxÂarcu.$,|x
xoncrpyxquù. ero no3Boneer yMeHb-
i.!14Tb Ton[qxHy Tennou3onFqqoHHoro
cnoe u orpaxAarou.lllx KoHcTpyKqr4ti B
qefloM, a Ta|o|(e ycTpaHITb unu cBec-
Tr4 K Mr4Ht4MyMy KonuqecrBo cs93eù
croeB.

B ra6n. 2 npeAcraBneHbt cpaBH{-
TenbHbre TexHIKo-SKoHoMuqecKhe no-
Ka3arenu 1 u2 uapylxxurx creH pa3-

4

no(a3arenu

CpeAHrr npoqHocrb B npoefiHoM
Bo3pacre, l\rna
OTnyc{Hai npoqHoqrb Ha cxarle, Mna
BoÂonoûrouleH[e flo o6ÈeMy, %
Cop6quoHHâe BnâxHoqrb W, e = 97Ô/o
Cop6qxoHHar BraxHocrb npu A = 75%
TennonpoBoAHocrb B cyxoM cocroe H l,r !1,
Br/(M rC)

TennonpoBoÂHocr6 Bo BnaxHoM cocaot-
H M U ( W = 9 % )
Ko3QO14q14eHr naponpoH14qaeMocrr,r,
M r / ( M . q . n a )
Bo3,qyxonpoHMqaeMocrb B cyxoM
COCIotHttt4, (r/(M . ,r . na)
Bo3AyxonpoHuqaeMocrb npu BnaxHocrI
5%, Krl(M . ,r .na)

O6qar noplcrocrb f lopo6eïoHa, %
Ta3oBaF nopxcrocrË,7o
nopucrocrb or ucnapeÉll i  BoAbt x3
qeMeHTHoao KaMHr nopo6eroHa, Yo

ABïoKnaBHU ù
rocT 25485,89
"6eroHÈt iqeIcrbte"

0,4 - 0,46

0,28
20

9,41

0,06

0,08

0,5

38,75 .  10-3

1 2 , 9 . 1 0 - 3

84

0,22 - 0,33

o,22 - O,33
1 8
1 2
8

0,06

0,08

He MeHee  0 ,3

3 3 , 6 .  1 0  3

1 1 , 2  .  1 0 3

90
79,6
10,4

Hoù KoHcrpyKr.lx14 xfirbrx 3ÀaH14ù Arn
Kr14MarhqecKnx ycroB14ù MocKBbt.
Cauuruu 4eLreasrMl,r I nerKnM , xaK
cneAyer u3 TaOnxLlbr, sBnc|orcq oA-
HocnoùHafi cTeHa 3 HeaBToKnaBHoro
nopooeroHa cpeAHeù nnorHocr[ 500
Kr/MJ r,r cflor4crbre creHbr c KoHcrpyK-
ut4oHHb ltH cnoeM u3 nooooeroHa
cpeAHer nnoTHocT[ buu Kr/M" yren-
neHHbre fl opo6eroHo-r, cpeAHei nnor-
Hocrr4 180...200 KriMJ. CnoHcrbre cre-
Hbr c KoHcTpyKr.lr,4oHHbl| cnoeM u3
xHpnuqa, yrenneHHbre nopooeroHoM,
ycrynatoT cTeHaM, yrenrreHHbrM Mqr-
(r4Mu yrennurenqMfi, oco6eHHo ne-
HOU3OflOM H npeCCOBaHHb||\,t neHOnO-
nHgrHponoM. OAHaKo Manas ux nnor-
Hocrb, noBbruJeHHas AeOopMarxB-
HOCTb 14 He.qOCTaTOqHAg AOrirOBe'r-
HOCrb B npoqecce 3i{cnnyaTaqu Ae-
narcr rx Hepenpe3emarrgsunalr. 6eg
HrlX CTOI4MOCIb CnOlCTbrX CTeH C (OH-

cTpyKt.l[oHHbrM cnoeM u3 Kupnfiqa,
yrenneHHbrx nopooeroHoM, Tao{e oka-
3btBaelcg HarMeHbujei.

,Qanureùuee noaurueHre e$$er-
Tt4BHOCTII TennoH3OnFqnOHHOrO nOpO-
beroHa cecaaHo c noHuxen{eM ero
cpeAHeù nnorHocrr,! Ao 150... 100 Krl
M" U Oonell.]eHUeM KOHCTpyKqr4OHHbtx
cnoeB cTeH t|3 KIDnhqa Tgxenofo
6erona. flonyveHre raxoro nopo6ero-
Ha Ha ra3o- u neHooopa3oBarengx
ocnoxHeHo pflAoM TpyAHocreÉ: Heyc-
ToùquBocrbto ta3o- x neHoMaccbl,
oco6eHHo npr noBsruieHHoi sucore
(popMyeMbrx MaccnBoB; HeAocTaTo'r-
HoÉ TpaHcnoprHoi 14 MoHTaxHoù npo.{-

Hocrbo,  noBbrureHHoù o6beMHoù
yca4Koù, AnurenbHoù BbtAepxKol4
x3aenI11 nocne |/l3roroBneHl49 Ao npu-
o6pererrr nopo6eroHoM ornycKHoù
npoqHocTrl.

flpoBoAnMbte Ha (a$egpe r'1ccne-
ÂoBaH c HanpaBneHbtHa ycrpaHeHt4e
3TUX HeÂOCTaTKOB, qTO nO3BOnUT pas-
peuuTb paccMalpfiBaeMyo B cTaTbe
npooneiiry, cH143l4Tb cro14t\4ocrb crpo-
uTenbclBa, noBbtcHTb KoHKypeHTocno-
co6Hofib rennou3onqqroHHoro nopo-
6etoxa n ao uHoTux cnyqagx orxa3arb-
cF oT t{MnopTa MFrKt4x yrenn Tene14
x3-3a pybexa.

6r6nrorpaSx,{ecxni cnrcox

1. no6oB O.91., AraHbeB A.14. B 3a-
u]hly oTeqecTBeHBoro crpouTenbcTBa 14
npoMbrulnehnocTl,4 cTpoliTenbHHx Malep,
anoB.//Crpo(TerbHbrù aKcnepr - Ne 10,11
- 2001 .

2. CaxapoB f.n.,  Crpenb6!rqkrù B.n.
nopo6ero! l4 TexHrt(o-ot(oHoMt4qecn4e npo-
6neMU pecypcoaHeproc6epexeHxi. Becr,
Huk 6TTY - Ne 4. 2003.

3. OoKxH K. (D. CTDo renËHaF ren-
notexHoKa orpaxAaloul lrxqacreù 3AaHuù
l/13A. 4-e nepepa6oraHHoe r AonorHeHHoe.
- M.: Capoùri3Àar, 1973.

4. CaxapoB |'n., KypH6rues P.A. Ten-
rot i3onsquoHHbtù nopoberoH HeaBlo(naB'
Horo rBepÂer{f i  r / /C6.AoKr. Vl l l  HayqHo-npaK-
rûqec(où KoFQepehqua 24-26 anpenq 2003
r (CTeH x OacaAd - aKryanbHbre npo6ne-
Mbr crpor,trenbHoù Tennoôl, |3u{x.)-M. :Hh-
l4CO. 2003 r-c.153-'156.
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Oco6enuocru crpyrfiypbr H ceoùcre rerrltx 6eroHoe
Anf MoHonlrrHoro r lrHAycrpranbHoro AoMocrpoeHyrg

06 gQSeKruBHocru npuMeHeHue
nerxux 6eroHog g MoHonlrHoM 14 14H-
Ayclpl4arbHorlr cTpol4TenbcTBe xopo-
Ljro r43BecrHo. l4x +r,i3l4Ko-MexaH!4.{ec-
KHe cBoÉcrBa u crpyKrypHbre oco6eH-
HOCTH ÂaK)T OCHOSaH149 CriHTaTb rer-

Kuù 6eroH oAHxM u3 nepcneKTt4BHbrx
crporrenbHbrx MarepuanoB. OAHaKo
npu npoBeAeHnu HaygHbrx r4ccneAo-
BaHhù BbrqBnqorcfl TaKue cBoeo6pa3-
Hocl4, yqer Koropurx 6eoycnoeno no-
3BOTXT ynyquuTb TexHonornD npoh3-
BOÂCTBa 14 SKOHOMUqeCKUe nOKa3aTe-
nI nerKl4x 6eroHoB B qenoM.

14ccfleAoBaHuq B pa3Hoe BpeMg
npoBoAunl4cb B H14l,DKEe, B MpHXeH-
crou u 3cceHcxorr,r yHIBepcurerax, B
TTy. B Ka.tecrBe ocHoBHoro rreTkoro
noD[cToro 3anonH]tTer9 nouMeHgncg
BynKaHfiqecKrlù unaK, 6onbure npt4-
poAHbre 3anacH KoToporo HaxoAgTc9
Ha AanbHeM BocroKe, B Kxrae, B 3a-
KaBKa3be, B LleHTpanbHoù EBpone, B
loxHoù AMepu(e. CxoAcrBo crpoeHt4q
t4 xt4M t4KO-t\i{Hepanof uqecKoTo cocTa-
Ba BynKaHngecKoTo tlraKa AaeT oc-
HOBaHU9 paonpOCTpaHUTb pe3ynbTaTbl
uccneAoBaHuù nerKl4x 6eroHos Ha
gTOM 3anoflHt4Tene U Ha yKa3aHHbte
perl,1oHbr.

Anî oeroHa Ha BynKaHrqecKoM
Lunaxe Rrr-20 Mfla c o6reuHoù uac-
coû, 1740 RrlMr tÂcnonb3oBanI necoK,
nony,{eHHbrù Apo6neHueM KpynHoro
ærnorHuTens c pacxoAoM MaTepuanoB
Ha 1 u3:  rue6eHu-514 Kr .  necoK-
812 Kr, BoAa - 320 n np B/Ll= 0,75
r O.K. = 4-6 cn,t..Qrn xepauuroOe-
TOHa TaKOr,r )|(e npoqHocT[ Ha KBapLle-
BoM necKe c o6beMHoù MaccoÉ
1760 xr/rr,t3 pacxoA BoAbr cocraBnsn
250 n nph B/q = 9,55.

Onpe.qenqfi t4 nocfl oùHoe Hapacra-
Hfie npoqHocrfi B nefKoberoHHbtx KoH-
crpyKllIqx nocne oAHocropoHHero u
AByxcropoHHero sneKrpoo6orpeBa no
pex[[4y 1+3+6+3 v. Bo apeun enex-
TporepMoo6pa6orKr4 r3yqânu reM ne-
parypHbre nong B nporpeBaeMbrx KoH-
crpyKqrqx [21. .qne MoAenupo8aH!,re
peanbHbrx ycnoBl14 t4ccneAoBaHut
npoBo,qxnrcb Ha QparMeHTe nerKo6e-
TOHHOT4 KOHqrpyKqnr - nnrffe pa3Me-

6

r.H.XAXYTAABI4n4, KaHô. mexH. HayK, Ôor.1. fpysuucxuù mexuuuecxuit yn-m)

paMr 100x60x15 r 100x60x40 cru. 3rr
OparMeHTbr nocne gneKTpoooorpeBa B
Bo3pacre 1 ,7 ,28 u 90 cyr pacnunh-
Banucb nocnoùHo Ha Ky6HKH 10x10x10
cM tl cnbrTbtBalucb Ha nDoqHocTb
npu cxaruu. Pacnunoexy nnur npo-
u3Bo,qunfi a geHs ucnurranlrn o6pas-
qoB Ha npoqHocrb, r11o no3Bonlno
MaKcuManbHo npr6nuarru ycnoern
raep4eHur 6erora a o6pasqax-uo4e-
ngx ( ycnoBrigM TBepAeHfig B HaTyp-
Hbtx gneMeHTax !4 nooreKaHIlo ôt43t4-
vecK[x npoqeccoB B Marepuane (ne-
pepacnpeAeneHne Bnarx, Bo3MoxHbre
crpyKrypHbre Hapyl.ueHuc, Bo3H Karc-
ulue 3-3a pa3Hocru npovHocreù cno-
eB n Ap.) .  f lpr  aununrearuu o6pas-
qoB BoAooxnaxAeHue He Icnorb3o-
Ban Bo l436exaH|4e u3MeHeHhg BoÀo-
coAepxaHre 6eroHa [4].

AHanh3 3Kcnep!4MeHTarbHbrx AaH-
Hbrx (cM. pr4cyHok) no onpeAeneHfiro
xapaKrepa HapacTaHug npoqHocfl4
6eroHa nocnoùHo B nnure ronu.$4Hoù
15 cM npx oAHocropoHHeM ooorpeBe
noKa3brBaer, !]To flocne rennoBoù 06-
pa6orK!4 no onruManbHoMy pexu[4y B
cwoqHoM Bo30acle B 30He KoHlaKTa

c rpetouleù onany6xoù npo.r Hocrb
nerxoro 6eroHa cocraBnner 12,4 I/na,
vnv 62o/0 or R2B, a neo6orpeaaeuoro
cno9 - coorBercrBeHHo 8 Mna, T.e.
c oTcTaBaHreM flo nooLtHocT[. no
cDaBHeHuto c 6eroHoM B KoHTaKTHoM
cnoe, Ha 4,4 Mfla. B ao:pacre 7 cyr
B 3oHe c rpeoqeù onany6Koù npo,j-
Hocrb nerKoro 6eroHa nocrl4raer 14
Mna, Hnl4 70% or R28, a npoqHocrb
"xonoAHoro" cnoF - 10,5 Mlla, re.
pa3pbrs coKpar[ncc Ao 3,5 Mna.

B Bo3pacre 28 cyr npo!]Hocrb
6eroHa s o6oux cnosx npo4onxaer
pacru. Pa3Hocrb nocrefleHHo coKpa-
ulaeTc9, ,l B sToM Bo3pacTe cnox nef-
Koro 6eroHa, 6nu3nexaulne x nany6e
npu o6orpeBe B rpetoule14 onany6Ke.
Me|or nDoqHocrb 19 Mna. nl495%

or R28, a "xouoAHoro" cnol - 18
Mna. npû AarbHeùueM xpaHeHuu 06-
pa3qoB (Ao 90 cyr) npoqHocn4 croeB
nerKoro 6eroHa nonHocrbro BbroaBH|,4-
Ba|orcq, I 06uja9 npoqHocrb npeBbr-
uaer MapoqHyro Ha 1-1,5 Mtla.

Ecnu npocne4urr 3a KuHeruKoù
H3MeHeHU9 npo'.lHOCTet4 CnOeB fl efKO-
ro oeroHa, noABeprHyroro oAHocro-
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orAenbHbrx cnoqx MoAenbHoro o6pa3qaHapacraHhe npoqHocrx ner(oro 6eroHa B
nosrie Jne('poo6orpeBa
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I

poHHeMy 9neKTpoooorpeBy, MoxHo
3aMeT!,tTb, r{To B HaqaflbHbtù neplo.q
u3-3a BnugH14C TeMneparypHoro saK-
TOpa pa3HocTb B npoqHocTr4 3Haq[-
TerbHag. oAHaKO npu AanbHeùueM
TEepaeHù4t4 9Ta pa3H14qa nocTeneHHo
coKpar4aeTcg 14 B r4Tore BbrpaBH14Ba-
eTcg. BMecTe c Te[4 Bt4aHo, qTo xoTg
nDoqHocTb cnoeB 6eToHa. 6nu3nexa-
lu.lr4x K rpeÉuleù onany6Ke, npr sneK-
rpoo6orpeBe noqTu Ao 90 cyr npeBbF
uaeT npoqHocTb HeooorpeTblx cnoeB,
ee HapacTaHlre y nocfleAHux npore-
KAET UHTEHC!4BHEE.

AHafi oMqHbre qBneH|4q Ha6n|oÂa-
loTcq npu AByxcropoHHeM sneKrpo-
o6orpeBe fl erKo6eroHHbtx o6pa3qoB
ronu.[4Hoù 40 cM. Peeynurarul rccne-
AoBaHuf noKa3HBa|or [2], qro reMne-
parypHbre nepenaAH B sToM cnyqae
Tao(e 3HaquTenbHb,e u AepxaTcg Aon-
roe BpeMq. B cyro,{HoM Bo3pacre noc-
ne AByxcropoHHe.o oneKrpoo6orpeBa
nerKoro oeroHa rontulHoù 40 cM
npoqHocTb B npxnefapu{r4x ( rpep-
u.14M floBepxHocrsu onany6xu cnonx
coôrâBnqer 14,5 Mna, unn72,5o/o oT
Rrr, a a qeHrpansHurx cnonx 6eroHa,
uMelou]l4x B cpeAHeM reMneparypy B
Teqenue Bcero nep!4oAa o6orpeBa
H Xe reMneparypbrrennsx soH na 15-
1 8oC, 4ocrurana 1 0,8 Mfla. Orcraea-
Hhe npoqHocTh Ha SToM STane cocTaB-
neno3,7 Mna. B 7-c}rroeHoM Bospa-
cre nocne renroaoù o6oa6orxta s so-
Hax c rpeou.lt4M14 onany6KaMu npo,{-
Hocrb nerKoro 6eroHa Bo3pacraer Ao
17 Mna, r.e. 85% or R2s, paaru{a xe
c lleHlpan bHbrM9i cnoflM14 coKpa4aeT-
cr Ao 2 Mna.

B ornuque or o6pa3qoB, noABep-
rHyrbrx oAHocropoHHeuy o6orpeay,
pa3Hocrb B npoqHocrr4 6eroHoB qeHT-
panbHbrx u npuKoHTaKTHbrx cnoeB B
28-cyrovnou Bo3pacre nocne AByx-
cropoHHero gnefipoo6orpeBa MeHb-
ue u cocraBrFer 0,5 Mna. nocne
Anfirefl bHoro BbrAepxuBeHue (90 cyr)
npoapeTor4 c AByx cTopoH nnuTbt B yc-
noBufl x nonoxuTenbHbrx ÎeMfl eparyp
(e cpe4neu 18oC) pa3Huqa B npoqHo-
cTlr [4e)KAy cjrogMr4 coKpâu]aeTc9 Ao
MxHr4ManbHoù Benu'{14Hb' 14 cocTaBfl 9-
er 22,4 Mna.

Conocraanrr 4aHtbte hccneAoB€t-
Huù x3MeHeHrt nocnoùHoù noo,{Hoc-
TU npl4 o,qHocTopoHHeM u AByxcropoH-
Heu enerrpoo6orpeee (crvr. pracyror),
MOXHO 3aMeTUTb, qTO nO XapaKTepy
3TX npoqeccbr npoTeKarcT oAuHaKoBo,
oAHaKo no gTanaM hcnb|TaHl4t B fler-
xux 6erosax 6onuujeù Mâccl,tBHocrr4

" nepeA treproù - or min Ao max, nocne qepru - npeo6naaapqre

noprnaHAqe-
MEHT

noprnaHAqe-
MEHT+BYJIKAHU.
qecKuù Llna(
noprraHAqe-

EHT

nopïtaHAqe-
MeHl+ayr(aHu-
qecK4lt uJua(

fiop-

HOBJTA)|(-

H H E

To xe

Snem-
poo6o.-
peB
to xe

(0,07-1,5y0,3'

(0 ,03-0 ,9y0 ,15

(0,06-1,2y0,25

(0,05-1y0,2

(24-320y80 '3 ,5 -10

'16-200 3,5-21

(16-180y45 50-60

F
I
i

I

np!{ rqByxcropoHHeM ooorpeBe npoq-
HocTl4 HecKonbKo Bbrue, qeM yo6pa3-
LloB. npoueAuux oAHocropoH Hx 14
060æeB.

Heo6xoAr4Mo orMerrrb, rrro or-
ÀenbHo u3roroBneHHbre o6pa3l1bt-
ry6u, raepgeauue B HopManbHbtx
ycnoBrflx, nocfle 28 cyr ÀoBonbHo
rHTeHcuBHo HaOupaor npo.{Hocrb r,r
oflepexa|or (24 Mna) npo.aHocrb 06-
pasqoB (22,4 Mna), BbrnxneHHbtx t43
nporcerbrx nnur [21.

nepeA paccMoræHueM crpyKryp-
nux ocooexxocteù nerxrx 6eroxog ra
nopucToM Byfl KaHrrqecKoM r.!fl aKe !l
nonbmKoù o6bf, cHrrrb BnucHle npore-
Kaoq x Qr43uqecKrx t! BnaroooMeH-
Hbx npoqeccoB npu raepgerru leo6-
xoÂl4Mo npuBeclu He(oTopbte pe3ynb-
rarsr ucnunaxuù o6pasqoe-6anotex
pa3MepoM 15x15x60 cu na npovrocru
Ha pacrsxeHue npu rsru6e Ro.r. [2,
41. flocne enerrpoo6orpeaa e Ëospa-
cre 3 cyr oHa cocraBuna 1,66 Mna, a
nocne SnexrpoAHoro nporpeBa B sToM
xe Bo3pacre - 1,98 Mna. npla BbF
Aepx[BaH14u B ycnos!,rcx HopManbHo-
ro xpaHeH19 [ ucnbrTaHu14 B Bo3pac-
re 28 cyr y o6pâ3qoB, npolueAuux
sneKrpooborpeB, Ro.r. = 2,18 Mfla,
nocne sfieKrpoÂHoro nporpeBa R
= 2,23 Mlla, ày o6p".qôr 6". renf,d-
Boù o6pa6orKl4 Ro.n. = 2,07 Mfla.

B nerxux 6erônax noDrcrbti 3a-
nonHrTenb, FBr99cb ruAp@Qr43r/tqec-
Kx aAcopoqroHHo 14 xr4Mr4qecK,l aK-
rlBHbrM, @pMr4pyer oKo.no cBoeù no-
BepxHocTu nrorHbrù KorfiaKrHbtù cnoù,

cpacragcb c aAcopoqù4oHHo 14 xt4Mt4-
qecKu aKrt4BHoù qeMeHTHoù Marp14-
qeù. KoHTaKrHbtù cnoù HeronbKo cno-
co6creyer ynnorreHlp ct creMbt, Ho
r BcfleAcTBue BaKyyMupoBaHrq pe3-
Ko noBbruaer ee noo,{Hocrb 14 croù-
xocrs [3].

143yqeHue KoHTâKTHoro cnoF no-
pt4cTofo 3anonHt4Tenc c ueMeHTHbtM
KaMHeM npoBoAl4nu no AByM HanpaB-
NEHIFM:

1. B3auMoAeicrBl4e r[AparHblx
HoBoo6pa3oBaH[ù qeMeHTHof o KaMHq
c Byfl KaHrqecKt.lM uJnaKOMi

2. Bnrrrre noprcroù crpyKrypbl
3anonHfiTenq Ha ueMeHTHbtù KaMeHb
I Ha xapaKTep KoHTaKTHOT4 3OHbt.

l,,lccneAoBaHIe npoBoÂl4fl t4cb Ha
pacTpoBoM I eneKTpoHHoM M ù,iKpoCKO-
nax, a Ta|o{e c ucnonb30BaH}1eM Me-
xaH!4qecK!,rx MeroAoB e H14l4XEe u
ScceHcKoM yH}lsepctrere FepuaHur
t11

.qnc MIKpocrpyKrypbt qeMeHrHo-
ro KaMHF r,r3 cMecl.l nOpTna4qeMeHTa
c BynKaHuqec(IM rlJnaKoM xapaffep-
Ha 6onbuaF creneHb Kpr4crélflI u3aqylx
ryAparHbtx HoBooopa3oBaHuù. CrpyK-
rypHbre xapaKrepltcTt4Kr,,t l4x 14 qeMeH-
THoro KaMHg a 28-cyrovnou eoepac-
Te npl4BeAeHbl B Ta6n. 1. Ecnq oa3-
Mepbr Kp14cTannlrqecKux oOpa3oBaHxÉ
r[ApaTa oKucl4 Kanbq|4g u KanbquTa B
qeMeBTHOM KaMHe Ha qICTOM nOpT-
naHAqeMeHTe He npeBbtuabr 3-10
M(, To B 3arBepAeBlueù cxcreMe qe-
MeHT+ByrKaHt4qecKur unaK r4x pa3Me-
pbr Aocrrra|or 60 MK. KaK npaBltno,
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KpynHbre KpucTannbt ruApaTa oK ct4
KanbLI4e 06pa3y|oTcg BoKpyr 3epeH
BynKaHuqecKoro cTeKna, KoTopbte, Bri-
AI4MO, B npoqeoce KpucTannl43al{ut4
rhAparHbtx HoBooopaeoaaHrÉ nann-
rcTCq "3aTpaBKaMh" An9 BO3HT4KHOBe-
Ht49 KOt4CTannOB.

CreneHb rt4Aparaqfiu qeMeHTHoro
KaMHf, C BynKaHt4qecK M unaKoM He-
cKonbKo Bbtu . le .  qeM 6eg xero
(cM.ra6r. 1). flpl4 sroM HaonrcAaercF
HeKOTOpoe yMeHbtlleHHe pa3MepoB
Knr4HKepHbtx 3epeH. B o6pasqax c ayn-
KaHuqecKfiM LllflaKOlrt OHH KOne6nnT-
cq or 20 MK Ao 240 M(, c npeo6naAa-
Hne[4 3epeH pa3MepoM 64 [4K, a Ha
qucToM nopTnaHAqeMeHTe oHU COOT-
BercrBeHHo cocraenq$T 24-320 MR tA
80 tvt x.

noBbtueH!,te creneH H rHAparaq!4y
u yMeHbueHle pa3MepoB ocTaBU.lr4x-
cs KnrHkepHbtx 3epeH roBopHT oO H-
TeHC BHOCTI4 t-tpol-leccâ ft4ApaTaq B
cIcreMax qeMeHT + aynxaxnvecxuù
LlJnaK + BoAa. 3To [,!oxHo o6ÈecHtlrb
TeM, qTO aKT[BHbte CocTaBnflou]fie
BynKaHrLlecKoTo Lxnara [1 ], csn:slaa-
ccb c rl4ApaTHbtMH HOBOO6pa3OBaHU-
FMr4 14 B nepByto ortepeAb c rHApaToM
oKt4ch KanbLlt49, noHhxaoT HX KOHqeH-
Tpaqlirc B xlAKoù ôa3e reM caMbtM
ycKopgoT npoqecc ru,qpaTaqru Kn!4H-
KepHblX l\,lUHeOa.nOB.

Bo:4eùcraue onefi poo6orpeBa
Ha 3TOT npOqecc npt4 nocneAyoqeM
An[renbHoM (28 cyr) reepAeHur4 B
HOpMar|bHbtx ycnoBu9x HecKonbKo
HHBenrpyercs. B qenou 4nr o6pas-
LloB, noABepraeMblx gneKrpo06orpe-
By, orMeqaeTcn 6onee gutcoxac cre-
neHb rl,|ApaTaquu I oAHopoAHOCTb
crpyKrypbt, xapaKÎepy3ytoqascc 0o-
nee paaHoMepHbtM pacnpeAeneH eM
KnfiHKepHblx 3epeH fi npoAytfioB rxA-
parallrr4 B rracce o6pasqa [1 ].

BTopbtM ocHoBHbtM Bon pocoM
qBnFercF Bnt4FHle nop[croù crpyKry-
pbr 3anonH[Tenq Ha qeMeHTHbtù Ka-
MeHb I Ha xapaKTep KoHTaKrHoù 30Hbt.
Ka( r3BecrHo, nopl4crblù 3anonHl,fienb
oTT9rUBaeT qacTb Bnarx u3 npfineTa-
rol4l4x cnoeB qeMeHTHOTO KaMH9, qTO
cnocoocrByer {x ynnorHeHralo B
cBoro oqepeAb, KoHTaKTHble Cr]OU Byn-
KaHl4qecKoTo unaKa Taffie npeTepne-
BarcT !43MeHeHUF. .qnr OqeHKr MHKpo-
MEXAHT'{ECKUX CBOIiCTB KOHTAKTHbIX
cnoeB qeMeHTHoro KaMH9 H 3anOflH14-
Tenq 6btn cnonb3oBaH MeToA oqeH-
Kl4 MxKporBepAocry. l4cnblraHue npo-
BoAl4nucb Ha nonupoBaHHbtx unrôax
o O p a s q o e - r y 6 u x o a  p a 3 M e p o M

I

'noA qepToù - npogHocTb npu cxar[$, nocre qeprbt - MlaKpoT8epAocTh (N4na)

124v291'* (20,2)t215 \14)t197

(41,4y408 (35,8)/303 (34,2y286

30x30x30 MM H3 qe[4eHTHoro recra, B
cepeAxHy Koropbtx noMeulan14 3epHa
BynkaHlqecKoro LUnaKa.

TaK KaK ocHoBHbte !43MeHeHfig
cTpyffypbt KoHTaKrHbtx cnoeB ueMeH-
THoro Ka[4HF cBs3aHbt c Murpaqxeù
Bnan4 B 3anonHfiTere, a cneaoBaTenb-
HO C r43MeHèHfieÀ4 B/q, TO BHaqane
obtna ycraHoBneHa 3aBlcl4Mocrb yt3-
MeHeHh9 t\4 t4 KpOlBepAOCTt4 qeMeHTHO-
TO KaMH9 Ha UCXOAHOT nOpTnaHALle-
ueHre c pa3HbrM B/q B 3-x u 28-cy-
TOr{HO[4 BO3paCTe. l4aUeteHlre npov-
HOCT npu CXaTl4u 14 MHKpOTBepAOCTT4
qeMeHTHOTO Ka[4H9 A 3aBrlcnMOCTrl OT
B/l-.1 noKa3aHo B r a6n. 2. Coeuecrxo
c H3MepeH,lg M 14 M r4l(porBepAocTt4
6snu npoae4exut ttcnbttaHHq nDoqHo-
cT[ Ha cxaThe 3Tl4x 06pa3qoB.

AHan{311pyf l  AaHHbte  ra6 f i .  2 ,
MOXHO B AeTb aHanoru|o B xapaKTe-
pe u3MeHeHrg npoqHocTl4 Ha cxaT e
14 MT4KpOTBepAOC 4: C yBenrqeH et
B/l-{ npovxocru r uxKporeepAocrb no-
HUXa|oTCg. B Aa|bHeùLUeM, nD!4 143-
[4eHeHhI M!1I(poTBepAocTH KOHTaKT-
Hbtx cnoeB qeMeHTHOTO KaMHq, [C-
nonÉyg AaHHHe 3TOù ra6nuqsr, uox-
Ho cyÂxrb oO h3MeHeHlau e tr.rx B/tl
3a cqeT MIrpalutl Bnar[ B nopficTbtù
3anonHHTenb. Tax, ultxporeepgocru
qeMeHTHoro KaMHs B 3-cyro.lHoM Bo3-
pacTe HopManbHoro TBepAeH{9 BAa-
ru or r(oHTaKTa cocTaBn9eT 207 Mfla.
B xoltarrHstx cnoqx Ha DaccrosHl4t4
He 6onee 50 rr( oT KoHTaxTa npor4cxo-
A!1r noBbtueHue MfiKporBepÂocTH Ao
286 Mfla, qro aureBaHo cHfixeHt,teM B
Hnx B/q. ComacHo 4aHrsru ra6n. 2,
a TaKXe yquTbtBag, qIo t,tcxoaHbte
B/q B o6pa3rlax 6bnn 0,3, ÀaoxHo c,l4-
TaTb, q10 B KOHTaKTHb|X CnO9X OHO nO-
Hfi3Hnocb 6onee qeM Ha 0.'1 !4 cocraB-
nser  0,18.

B 60ree no3AH{e cpoKx rBepÀe-
HrF (28 cyr) raKxe npoxcxoArr no-
BbrueHue Mt4KpoTBepAocTH B KOHTaK-
THb:X CnOFX, HO B 3Haq Te|bHO MeHb-
ueù cTeneH'|. Ecn{ MrlKpoTBepAocTb

(9.2)ta7 {8.7)/83 5 (8.3)i8O r4 8)i  -

\29,4y102 (27,1)t96 (24,8y90 (16,6)/82

qetreHTHoTo KaMHt B o6Èe[4e cocraB_
nset 276 Mfla, ro e xoHraKrHsrx cno
rx oHa noBb .laerca Ao 325 Mna, qro
cooTBeTcrByeT noHl4xeHuo B/q c 0,3
go 0,22-0,23.

flpx[4eHeH e gnefipoooofpeBa B
npoqecce TBepAeHuq npfiBoAt4T B qe-
no[4 KnoBbtuJeHfirc M KpOTBepAOCTTI
qeMeHTHoro Ka[4Hq. TaK, B oOpa3qax
3-cyroqHoro Bo3pacra [4t4KporBep-
AOCTb qeMeHTHOTO KaMHg BAanu oT
(oHTaKTa Aocrhraer 253 Mna, a B koH-
TaKïHbtx cnoqx noBhtL!aercg Ao 295
Mna. npla yBenuqeH fi nocne sneKr-
poooorpeBa cpoKoB TBepAeHIe B Hop-
ManbHbtx yc|oBt4ex 4o 28 cyr enrn-
Hue rennoBoù oopa6orK[ HeckonbKo
Hfi Ber[pyeTcg, 14 t\4r4KporBepÀocTb
LleireHTHoTo KaMHF npaKTt4qecx He
oTn fi']aeTcg 0T aHanofx\.{Hbtx oopa3qoB
6e3 TenroBoti 06paoorKu.

Ha ocHoBaHu14 n pu BeAeH H btx
Ha[rfi pe3ynbraroB r4ccneAoBâH ù [1,
2, 4l MoxHo c yBepeHHocTbo yrBep-
x(Aarb, 'rro nerkuù 6eroH 6naro4apn
cBol4M CTpyrffypHbt[,! ocooeHHocTeM r..1
cBoùcrBaM B or]hxaùuJeù nepcneKr -
Be 6e3ycnoBHo 6yAer IMerb uJ14poKoe
npt/tMeHeH eB pa3n!4qHbtx KoHcTpyx_
Llxgx MoHon THoto 14 t4HAyCTpt4anbHo-
ro Ao r\4 ocTpoe H r.t L

Er6nlorpaQnvecxni cnrcox

'1. 3eryep M.14., XaxyrauBlann f.H.
B3auMoAeùcrBxe nopucroro 3anonHMTenq
c qeMeHThblM taMHeM//ClpoxrenbHHe Ma-
replranbr u ta3Aenhr. - 1995. - Np 3_4 -
c  7 .

2. KpbtnoB F.A., Xôxyraùsrinl. |  f .H.
3neKrpoTepMoo6pa6or(a rerxux 6eToHoB
B MOHOnrlTHtrtX (OHcTpykqucx//5e-roH la xe-
re3o6eroH. - 1976 * Ne 3. - c. 30.

3 .  Ope ruxxêp  l . n .  OcooeBHoc ru
cTpyxryp6t u cBoùcrB nerkrx 6eToHoB//
6eroH n xene3o6erox. - 1998. - N9 4 -
a . 7 .

4. XaxyraûBxnr f .H., HaArpaA3e A.A.
CEoùfiBa nerkhx 6eroHoE B t43Aenhsx l , l
KoHcrpyKr.ll4rx nocne TennoBoù obpa6or{x/
/CTporrenbrble MarepFanH t u3IenÀt1. -
1997 .  -  Ne  1 -2 .  -  c . 29 .
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GpaaxrrerbHbre ncnbraHtar KpenneHt,tf, aHKepoB

ConocraBnsnacb HaAexHocrb
3aAenKu aHKepoB B cyxoM I BnaxHoM
oeroHe cocraBaMr Ha anoKct4AHoù
cMone I Ha qeMeHTe. nepBuù r,t3 yno-
MrHyrbrx cocTaBoB: AByxKoMnoHeHr-
HHù HSE 242l,nocraBnseMbtf Qrp-
uoù Hilti (CUJA). Bropoù - Ha pac-
uJnpntot4eMcF BbrcoKonpoqHoM 6btc-
rporBepAelouleM qeMeHre MaK+noy,
npoh3BoA14MoM Ha n peAn pxiTr414
OOO (CTpourenbHbre cucreMbr) B
PocO414 no r|rueH3ur,r KoMnaHnr MAC
spa (l4ranun). l.leuerr nosaonrer no-
nyqarb nnacruqHbre pacrBopbr yAo6-
Hbre Ang 3a.qenKu aHKepoE.

TlpeABap[TenbHo 6sn ssrnonHex
eran nogoopa cocraBa Ha qeMeHTHoù
ocHoBe. BapbupoBanocb coorHouje-
H e qeMeHra u necKa ôpaKquù 0,16-
0,315 !4 0,315-0,63 MM. l,lcnbraHus
noKaganr, .{To B 3-cyroqHoM Bogpac-
Te Har6onbl.lyrc npoqHocrb noKa3anu
cocTaBbt c ManbrM Koflr4qecrBoM nec-
Ka (10% o6uteù Maccbr), B 7-cyro.{-
HOM - C yBefiUqeHHblM ero KOnUqe-

crBoM (40%). .qnfl npoBeAeHue l.rc-
nsrâxuù ra augBpmBaHle aHKepoB oTe
6paHbr cocraBu N9 1,4,5, @AepKau$e
cooresrcrBexHo 10,40 u 50% neo<a.

B xoAe noAroroBKr,r K hcnb|TaHl4-
qM B 6eroH creHAa 6uno 3aAenaHo
24 e{Kepa t43 apMarypbr O18 MM ne-
pr4oAxqecKoro flpoQunn xnacca AJll
na rny6rxy 150 MM B cKBaxuHax Au-
aMerpoM 24 MM. AnA ucnbrraHfiù Bo
BnaxHoM 6eroHe npeAycMorpeHo
au6ypuaanre rpex cKBax[H peAoM,
Ha paccroFHr4r4 40 MM oAHa or Apy-
roù. CpeAHsF cnyxuna Ari 3aAenKt4
aHKepa, ÂBe Apyrue - gne yBnaxHe-
HÉs 6eroHa nepeA gaAenKoù aHKepa
I B nepuoA Ha6opa npo,rHocrr,r uc-
nonb3yeMbrx cocTaBoB.

Ponb ucnbFarenbHoro creHAa ur-
palu gae xeneoo6eroHHbte cBa ce-
.{eHuei, 300x300 tvrM. npoqHocrb 6e-
TOHa B HUX, r{3MepeHHa9 CKnepOMeT-
poM OMtll-1, oA[HaKoBa 14 coorBer-
crByer MapKe M 300. OAHa cBaF B
TeqeHue Bcero nep oAâ npoBeAeHrg
ucnb|TaH14ù nqAÂepxt,lBanacb B cyxoM
cocroflHr4r4, Apyrag Bo BflaxHoM. '12

aHKepoB 143 24 3aKpenjrFr14cb cocra-
BoM HSE 2421, B rou q!4cne 6 - B

cyxou 6erone, 6 - Bo BnaxHoM. Kax-
4utù usrex oro6paHHbrx cofiaBoB Ha
qeMeHre MaKOnoy l4cnonb3oBarcg
ÀnF 3a,qenKr AByx aHKepos Bo Bnax-
xoru 6eroxe I eu]e AByx - B cyxoM.

14cnurannn eur4epruBaHheM sbF
nonHf,nucb,lepe3 7 cyr nocne 3aAen-
M. MeroAr4Ka 3KcnepuMeHTa coorBer-
crBoBana yKa3aHnsu FOCT 8829-94.
OcpqAHeHHbe pæynbrarbr npeÂcrErB-
nenu a ra6n. 1.

O4Hoapeuenno c aaAenKoù aHKe-
poB r43 cocïaBoB, KoTopbtMr4 t4x 3aK-
pennnnr a berone creHAa, 6btnx or-
SopMoBaHH 6anoqKu pa3MepoM
4x4x16 cM, Koropbre ucnb|TbrBâflu Ha
usru6. KpoMe roro, o6paaoaaaurnecn
nocne pa3pyueHtan banovex Qpar-
MeHTbr r,rcnbraHu sa cxarue. O6a
au4a ucnuttanuù npoBoA[n,lcb B Tor
xe aeHb, qTo I r,icnbrTaH,|g aHKepoB
esr4eprueanueu. Pæynbrarbr (pa3py-
uJaoqt4e HanpixeH{r B Mna) npeA-
craBneHbr B TaOn. 2.

Pa3pyueHt,le npr BbrAeprrBaHu!r
aHKepoB, HeSaBltcuMo oT r4cnonbSo-
BaHHOTO AnC ltx 3aAenK[ COCTaBa,
npou3ouno no oAuHaxoBoù cxeMe. B
BepxHeù qacr[ aHKepa npo]tcxoAlno
pa3pyueHne (orpbrs) KoHyca oeroHa
creHAa, B Hr,rxHeù -aHKep oTpbrBan-

cn no noBeDxHocfl,r cKBaxl4Hbt. TaKoù
xapafiep pa3pyueHxe, fl o-Br4Ar4MoMy,
onpeAenqncc apMxpoBaHueM cBau.
l4Metorca HeKoroobte ornx.l4g B xa-
paKrepe pa3pyuJeHl49 BepxHero KoHy-
ca: ecnu aHKepa 3aAenbrBanlrcb qe-
MeHTHbtM COCIaBOM, KOHyC OTpbtBafl -
c9 0T MaccuBa uenl4KoM. ecflu SnoK-
cHAHbrM - oH oKa3btBancq pa3Apo6-
TEHHbIM.

f locne $opr'roeawre 14 7-cyro.{HoÉ
BbrAepxKr4 6aro,{Kx 143 cocraBa Ha
enoKcr4AHoù cMone 6btno o6Hapyxe-
HO, qTO OHa Aana 3HaqUTenbHyto ycaÂ-
Ky. AaHHoe cBoùcrao o6rscHqer He-
KOTOpbre pe3ynbTaTbr sKcflepuMeHTa.
OH floKa3an, qro cocraB HSÊ.2421
AaeT xopoujyo aAre3ulo c BIlaxHbtM
oeroHoM. Eonee roro, npoqHocrb aH-
KepoB, 3arqenaHHbtx go enaxHsrù 6e-
TOH C ero nOMOU.lbrO, OKa3anaob Bbtue,
qeM 3aAeflaHHbrx B cyxoù. eTa oco-
6eHHocrb KaK pa3 u onpeAennercc
ycaÂKoù cocraBa. B cyxou oeroxe ee
BnuqHl4e npocBunocb B nonHoù Mepe.
YcaAKa Bbr3sana pacrsruBaloUllte
HanpgxeHlin s 6eroHe creHAa, noBbt-
cr4Br![e3HaqeHr4e aBHbtxoacTFf[-
Bapu.$4x HanpgxeHt4ù npu BbtAepru-
BaHuta aHKeoa. B 6eroHe. nocrogHHo
yBIaxHf,eMoM B npoqecce gKcnepl!-
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Ha gno(cr4aHoù cMore

Ha qeMeHTe
MakQnoy: l,le1
(90 :10 )

Ne4
(60:40)

Ne5
(50:50)

CpeAHee 3HaqeHne
arr qeMeHlHbrx

cocïaBoB

7.41
1 2

npuMe,raHre. HaA qeproi yKa3aHo pa3pyuJa|oqee ycurl4e, noA qeproù - gncro o6pa3qoB,
ÂnF KOTOpOTO y{a3aHo CpeAHee 3HaqeBre 3TOrO ycnnhr.



Cocraau

Ha qeMeHre Max$noy:
lile l
(90 :10)

l'&4
(60:40)

Ne5
(50:50)

4,2
4

56,7

4,6
4,3

4,8
4 , 1

58,4
56,8
49,6

Hanp (eHxa npt,| xcnHraHlFx

Ha cxaTue

cpeAHee 3HaqeBue

Ha nplMepHo 0,5 Aonn.Kt r.e. B ceMb-
aecîT pa3 H xe.

Bo-sropbrx, cnoco6xocru qeues-
THoro beroHa ycneujHo paoorarb B
re'{eH!4e 6onee 100 rer Ao(a3aHa
npaKrnKoÉ o(cnnyaraqxx coopp(e-
Ht4ù, B To BpeMF KaKAaHHbte o cocro-
nH,|}| cocraBa HSE 2421 '{eDe3 20-
30 ner pa6orbr B oeroHe orq/TclByor.

Cne4yer orMerurb, qro HaAex-
HOCTb aHKepOB, 3aKpenneHHbtx qe-
MeHTHbTM COCTaBOM, OKa3anaCb
Bblue, xoTn noo'4HocÎb caMoro SToro
cocraBa Ha 7-e cyr o(a3anacb B ABa
pa3a Huxe, .{eM y HSE 2421. Orcto-
Aa cneflyeT, qïo npoqHocTb cKnerBa-
pu.lero aH(ep n 6etoH BeqecrBa
Bb[-ue HeKoToporo npeAena 3HaqeH|1g
He uMeër. 3aro cyqecraewyo pons
Ha'{uHa|oT 14rpaÏb co6cTBeHHbte Ae-
çopMaqult Sroro EeulecrBâ B npoqec-
ce rBep,qeHr4F n xa6opa npoqHocrl,r.
ycaAKa cHxxaet HeAo(Hocrb 3€t(pen-
neHug eHKepa, a pacu:upeaue, xao6o-
por, noBbruiaer ee. Pasee asanoru,.t-
ruÉ peaynurar 6urn nonyqeH npn r4c-
nb|TaHlru aHKepoB t43 rnaAKux cTepx-
HeÉ (cM. IM.MaprxpocoB, A.A.Jla3a-
peB, A. i KyApcBoB, 6.<D.fl eùnyncxuù.
AHKepoBKa rnaAKux crepxHet pa-
crBopoM Ha HanperaoqeM qeMeHTe/
/EeroH r,,f xeneso6erox. - 2001. -
Ne 4. - c. 27-29).

56,4
54,4
60

52,6

Ha gnoxcnAHoù cMone 9,6

38
54

'110

112

49,7

111

MeHTa, rMeno Mecro na6yxaxte, xola-
neHcrpoBaBalee ycaAKy cKnexBa|o-
uero cocTaBa.

flpovrocru axxepoa, 3a(penneH-
Hbrx B 6eroHe creHÂa cocraBoM Ha
ueMeHTHof ocHoBe. o(a3eracb He-
cKonbKo Bbrue, qeM 3aKpenneHHbtx c
noMoulbro cocraBa HSE 2421. Orco-

Aa cneAyeT oæycnoBHoe npeuMyqe-
CTBO nepBoro, nMe9 B Br,rAy cfleAy|o-
ql,le oocroerenbcrBa. Bo-nepBblx,
crouuocrs HSE 2421 cocraBnner 36
Aonn/Kr (no iqaHHblM MocKoBcKoro
npeAfiaBhlenbclBa orpMu Hilti), B
TO BpeM9 Ka( CTOT4MOCTb CyXOù CMe-
c4 qeMeHra MaxQfloy n necKa paB-
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AeôopuarlrBHocrb pacrBopoB, nponlrraHHbrx
re$renpogyKraMll

BnnqHue 11HAycrpuarbHoro Mac-
na Vl-20 Ha yca+Ky n na6yxanue 6e-
roHa paccMorpeHo B pa6ore". Hnxe
nplBqAFTcg pe3ynbTaTbr r,rccneAoBa-
Huf ycaAxu u ra6yxaxur pacrBopa,
nponnTaHHoro MlHepanbHbrM MacJroM
14-30, ronoqHbrM MasyroM, Ar,r3enbHbrM
TOnn!tBoM. ocBeTrTerbHbtM Keoocl4-
HoM u 6eH3!4HoM A-80.

.Qnn npoae4enun hccne4oBa-
Hriù l,l3 pacrBopa cocraBa 1:2 14 B/l-l =

0,5 u3roraBnnBanx o6pa3qu pasMe-
poM4x4x 16 cM c aa6eroHr4poBaH-
HbrM14 B TOpqax naryHHbrMI penepa-
Mr,,r. nocne 4-MeccqHoro TBepAeHt4q B
HOpManbHo-Bna)KHocTHbrx ycrlosl,lqx r
nocfl eAyoqero 3-MeceqHoro BbrAep-
xrBaH'lc ( Bbrcyur ù4 Ba H !,r e ) e na6opa-
TopHbrx ycnoBuf,x Ao nocTogHHoù
Maccbr o6pa3qbr pacnpeAenFnI Ha 7
naprnù,5 13 Koropbtx noMeulanM B
pa3rur{Hble eMKocTt4 Ang npon!fKl4
yKa3aHHbrM14 Bbrure HeQTenpoAyKTa-

* BacunueE H.M. BnlsHne MrHeoanb-
Hux Macer Ha Su3lr(o-MexaHvrqec(re cBoù-
crBa 6eroHa u ero 3auura. Arcc. Ha coucK.
yqeH. creneHlr KaHA. TexB. Hay(. - M.: Hl4-
t4xB, 1967.

A.A.BOPOB5EB, xauô. mexu. uayx, CAI4fl MOXAMAfl CAhff, uux. (PoccuùcKuù yH-m
ôpyxdat uapoèoe)

I

I

Mr,r, oAHa B BOAy, a OAHa XpaHlrnacb
B BO3AyUrHbrx yonoBlrgX.

flepBoHaqarbHbe 3aMepbr Ha yc-

TaHOBKe C [HA4KaTOpOM qaCOBOTO

TUna npou3BoAxnIcb nepeA npon{r-
Koù oopasqoB HeÈrenpoAyKraMx I
BoAoù, a nocneAyoullre qepe3 Kax-
4ure 30 cyr a re,rerue 9 n,tec. Pesynu-
Tarbr u3MepeHuù npl.rBeAeHbt Ha pnc.
1 ,  2 .

t43 pr1c. 1 Br,rAHo, r'{To npu BbF
AepxuBaHuu o6paoqoa B BoAe npo-
r4cxoAr4T HaoyxaHl4e, a npt,l BbrAepxu-
BaHUI B M14HeoanbHOM Maone nUHet4-
Hb|e pa3Mepbr r4x He usuernrcrcn (npr-
Mac 2). He t.rgMeHntorcq oHr.r ranKe,
ecnu nocne 4-Meca'{Horo BbrAepxù4-
BaHlrg B Macne oopasuur 3areM 6e3
yAane{u9 Macna noMecTlrTb B BoAy
(npcMae 4). OAHaKo ecnx nocne 4-Me-
cgr{Horo BbrAepxuB€lHr,rg B Macne noc-
neAHee u3 o6pa3qoB yAânnrb cHa'{a-
na nponurKoù ocBerurenbHbrM Kepo-
ct4HoM, a sareu 6exsunou, ro nplr
flocneAy0qeM noMeuleHl4]r B BoAy
oH14 cHoBa npoFBne|or AeQopMaquq
ua6yxarun (Kpr,rBac 3), re. BeAyT
ce6f, npuMepHo ra(, KaK u o6pa3llbr,

Koropbe He 6bn,l nponrraHbtMacnoM.
Ho ten,t ne ueree orHocurenbHbtx 3Ha-
qeH ù uxoHl,l HeAofinra|oT. O6bqc-
HseTc9 3TO, Bt4Ar4MO, HeAOCTaTOqHO
nonHbrM yAaneHlteM M HepaflbHoro
Macna u3 Mr4Kpo- t4 MaKponop qeMeH-
THOTO KAMH'.

Vb pnc. 2 cne4yer, qro nocne 4-
MectqHoro BbtaepxrBaHuF B MuHe-
panbHoM Macne o6pa3qbt np!4 nocne-
AyloqeM MHoroMec9qHoM BbtÂepxn-
BaHl4l4 B BO3AytùHbtX yCnOBX9X Ae-
Qopuaqrafi ycagxra ne nposBflflnr (npe-
Mar 2), rorAa KaK 06pa3tlbt, Koropbte
He noABepranlrcb nponnrKe HeôTe-
npoAyKTaMu, ux npocBnq|or (xpt4Bag
1). He6esumepecno ratol<e, 'JTo orMe-
i{eHHoe Bbruje Haon|o,qaeÎca u npu
npoflr4TKe pafiBopa TonoqHbtM MaSy-
TOM, At43TOnnt4BOM t4 OCBeI[TenbHbtM

Kepocr4HoM. CneAoBerenbHo, npt,lqu-
Ha AaHHOTO 9BneHUF COCTOI4T B TOM,
qro Bce nepequcneHHbte Bbtue HeQ-
renpoAyrfibr, 3anonHlB nopoBoe npo-
cTpaHcrBo MaTepuana 4 9Bnrgcb rlA-
poQobx3r,rpyrot4r4M14'r npaKTuqecKr
Heucnapgou.l}4Mr4ca npl1 o6btqHbtx
TeMneparypax BeqecTBaMn, ucKn|o-
qa|or BnaroooMeH npoAytfioB rllApa-
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.II,r nrer bHocrÈ BhrÂepx[BaHxr o6pa3qoB, Mec.

Pnc. l. IleQop aqfi HadyxaHxe lracraopa
1- eeoàe; 2-eMacne; 3:- e eoèe noae yôaneHus.Macna;
4 - e eoôe npo acne4qoeo pacneopa

ArurenbHofib BHAepxuBaHhr o6pa3qoB Ha ao3Ayxe, Mec.

Pnc, 2. ycaAo,{HHe Aeoopuaq]lx pacrBopa
1 - He npofluma44oeo MacnoÛ; 2 - nponumaHHoao Macnov 14-30

t l



Taquu qeMeHTa c oKpyxarcu{eù cpe-
Aoù. BcneAcrBl4e eroro npx BbtAep-
xuBaHur o6pa3qoB, nponl4TaHHbrx
HeÔrenpoAyKraMt4, B Bo3AyruHbtx yc-
noBnsx He npolcxoAt4T ycarqKa, a npr
HaxoxAeHr414 B BOAe - Ha6yxaHue.

Ane noArBepx{qeHur ororo npo-
soAunucb eneKTpoHHo-Mr,t KpocKon 14-
qecKIe H xuMt4qecKue uccfi eAoBaHl49,
Anfl qero l43 qeMeHTHofo TecTa Hop-
lrranbHoù rycToTbt ToToB[nr 06pa3llbl
pa3MepoM 1 x 1 x 3 cM. nocne 7-cy-
TOqHOTO TBepAeHU9 B HOpManbHO-
BnaKHOCTHbtx yûtOBt4gX qacTb ux noA-
Bepranacb ofl eKTpoHHO-t\,tt4KpOCKonu-
qecKuM r4ccneÂoBaHugM, a Apyfag
qacTb nepeA npoBeAêH[eM TaKUX )Ke
lccneAoBaHnI cHaqana B TeqeHhe 3
crr BbtcyuJr,,tBanacb B SKcuKaTope Ha.q
KOHqeHTpt4pOBaHHOù CepHOù (UCnO-
TOù, a 3aTeM B TeqeHHe 7 cyr BbtÂep-
xrBanacb B Ar,t3Tonn!,tBe H Bcnea 3a
HrM B TeqeHrie 30 cyr B BoÂe.

npocMorp M14KpoOororpaô[ù,
cHFTbrx c pennuK 06pa3qoB, floKa3bF
BaeT, qTo npu BbtAepxrBaHuu 06-
pa3l.loB, nponxraHHbtx Ar43TOnnXBOM,
B BoAe npu KoMHarHoù reMneparype
npoqeccbt rrÂpaTaqlJ{ qeMeHTa npaK-
TUqecKu He npoTeKa,oT. A 3TO. KaK U3-
BecïHo, Bo3MOXHO nutllb npu oTcrr-
cTBr4l4 XOHTaKTa ero C BOAOù. Harnfia-
HbrM noATBep)|{AeHueM oTMeqeHHOMy
eBneeTce cneAy|oLuee. EcnI 06pa3-
qbr nocne yAafl eHu9,qùæTonn!4Ba cHo-
Ba B reqeH!,te Mecgqa BbtlqepxaTb I
BOAe. rO B npo.qyKrax rBepAeHue qe-
MeHTa pe3KO yBenUqIBaeTcc coiqep-
xaHue HoBoo6pa3oBaHxù (rxApoKc!4-
.qa Kanbqfii, ruApocrn[KaToB I rla-
poafloMuHaToB KanbqrF) x yMeHbuJa-
erce coAepxaH$e HenpopearupoBaB-
r!14x c BoAoù '{acT[q qeMeHTa.

Hfixe npuBeÂeHbt pe3ynbrarbl
llccneAoBaHu14 no onpeAeneHl,|to co-
AepxaHl4n B npoAyKrax TBepAeHHg
LleMeHTa Xl i  M t4qec( l t  cBg3aHHOi
BOAbt. Anq oToro a43 qeMeHTHOTO Tec-
Ta HOpManbHoù rycToTbt roToBfin!,t 06-
pa3qbt pa3MepoM 1x1x3 cM, KoTopbre
nocfle 3-, 7-, 28- 14 go-cyrovtoro raep-
AeHIF B HOpManbHO-BnaxHocTHbtx
ycnoB149x nponuTbtBanucb MuHepanb-
HbrM MacnoM yl-30 Ao nonHoro Bacbt-
uleHl49, a 3aTeM CHOBa nOMel4anucb
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Pxc.3. Kortxqecrso xsMrqêct(g cBt3aHHoti BoAËt B qeMeHïHoM KaMHe B 3asrcyMoc-
Tl,t o1 anr4TenbBoclrt rBepaeHng a HopManbHbtx ycnoBrrx ao nDonliTKlt MrHeoanb-
HbIM MACNOM

1-3 cyn; 2- mo )ke, 7 cym; 3- mo xe, 28 cym: 4- mo xe, gO cym; S- MacnoM He nponumb&a_

B KaMepy HoptltanbHoro TBepAeHrt.
O6qan npo4onxrrenbHocrb xpaHe-
HfiF o6pa3qoB B TaKux ycroBr4Fx
cocraB na 9 Mec. flocne ororo Mac-
no yAaflenocb, o6pasLlsr pa3pyl.lla-
nucb H l,'r3 Hr4x opance KycoqeK Mare-
puana Maccoù oKoflo 10 r. Koropbtù
nocne 2-qacoBoro BblÀepx!4BaHHfl B
a6connrxou cnupre pacrupanH B ara-
TOBO14 CrynKe AO nOnHOfO npOXOMe-
Hue qepe3 clro N9 008. B AanbHeù-
ueM BbrcyuJeHHyro Ao nocroqHHoÉ
Maccbr npI reMneparype 105-1100 C
HaBecKy npoKanuBanx Ao nocrosHHoù
Maccbr B My$enbHoù neqfi npu reM-
neparype 10000 C.

KonHgecrBo x14M14qec{u cBg3aH-
HOH BOAbt nOACqlTblBanu K€tK oTHouJe-
HHe nolepfi Maccbt npH npoxana4BaHuh
K Macce BbrcyLleHHoù HaBecKu.

flpl4BeAeHHbte Ha pfic. 3 AaHHbte,
c oAHox cTopoHbt noKa3HBarcT, qTO
qeM no3aHee nocfle l3roToBfleHnt
o6paaqu nponuruBafi llcb MHHepanb-
HbrM MacroM, reu 6onsu:e crenesu
ruAparaLlxr,r qeMeHra, a c gpyroù cro-
poHbl, - qTo B npon,lTaHHbtx Mr4He-
panbHHM MacnoM o6pa3qax np[ noc-
ne.qyrcqeM MHoroMecgqHoM BblAep-
x{BaH14u B HopManbHo - BflaxHocT-
Hbtx ycnoB{9x KonuqecTBo xr4Mrqec-

KX CBg3aHHO|4 BOÀbt He I3[4eH9eTCg,

1e. ruAparaqus qeMeHTa He nporcxo-
AVT.

TaKHM o6pa3oM, Ha ocHoBaHr
npoBeAeHHbtx uccneAoBaHuù ycra-
HOBneHO. r.tTo pacTBop, nponuTaHHbtù
He$renpoAyKraMfi (KpoMe 6eH3uHa),
Tepger cnocobHocrb KAeOopMaq nM
ycaÂKu 14 Ha6yxaHxq. OObecHqercfl
oro reM. qro He(pTenpoAyKTU. o6na_
AaÂ 6onbuJoù npoHIKalouJeti cnoco6-
Hocrbro 1,1 sB.nFscb ru4poSo6u:rpyro-
u.lt4Mt4 u nparrt4']ecKH He]4Cnapt]ou1l4-
Mucc npu o6sr,{Hutx reMneparypax
BeqecrBaMu, t4cKnrcqarcT enaroo6-
MeH npoAyKToB TBep,qeHt49 qeMeHra
c oKpyxa0ulet4 cpe.qoù. npH eroM
l4cKrroqaerca ooegeoxugaHue !i o6-
ao4neHre cy6uuxpoKp14crannoB rere-
sr4AHOt COCTaBnCtouteù ueMeHTHoro
KaMH9, TOIIt4t4Hbt BOAHbtx nfleHox BoK-
pyr Hux oclaDTcq Heu3MeHHbtMrl.

r.{To Kacaercfl 6exsuHa ll 4pyrnx
ner(oHcnape|oU.ptxca HeQTenpoÂyK-
TOB, TO OTMEqEHHOE BbItUE t4MEET ME-
cTo ToflbKO B Cryqae l,ix HenocpeA-
cTBeHHO|O KOHTaKTa C paCTBOpOt\r,
nocxonbKy nocne ero ycTpaHeHre
Marepù,tan cHoBa npro6peraer cnocoG
Hocrb K AeSopMaquFM ycarqK!4 t4 Ha-
6yxarlrn.



APMATYPA

A.A.flA3APEB, KaHô. mexH. HayK (HrllDKE)

Tennoo6ueH Harperoù xanpnraeMoù apMarypbl
c Bo3AyutHoù cpelqoi qexa

flpu sneKrporepMnqecKoM 14 ofleK-
TporepMoMexaHu,{ecKoM cnoco6ax
HarexeHxc apMârypbt npqABapxTenb-
HO HanpgxeHHbtX r43Âen14ù, koTopbte
ur,rpoKo npuMeHgloÏcc Ha 3âBOAaX
c6opxoro xeneso6erona,,lacro rpe-
6yerc: onpegenenue BæMeHu Harpe-
BaHUA UnU OCTbtBaHrn apMarypbt l,l
noTepb renra B oKpp{a|ou.lyo cpeAy.
flpu ecex orux ,.t Apyt-r4x rexHonorn-
qecKt,,tx pacqerax rpebyercn snatre
Koo(pQIqIeHTa rennoo6ruena xarpe-
ro14 apMarypbr c Bo3AyuHoù cpe4or4
Llexa. B Hacrosu.lee BpeMq orla pac-
qerbr 3aMeHr|orcfl n pu 6fl t4xe H H btM t4
3HaneHrnMx, npuBeÀeHHsr[,|fi e ra6nu-
qax, qTo HepeAKo np BoAl4T K CHrXe-
Hr,ro oQ$eKrt4BHocrx npo[3BoAcrBa*.

Koe$Srquexru renn006MeHa
pa3Hbrx Br4AoB apMarypbt c Bo3Ayul-
Hori cpeAoù B rlJr4poKoM Ànana3oHe
TeMneparyp HarpeBa MoxHo nonyqrTb
pacqeToM no floTeprM Tenna, npt4Be-
AeHHbrM B yKa3aHHoù pa6ore (orra
noBTopeHbr B Ta6fl14qax AaHHoù cra-
rbt4). nepeAaqy renna B Bo3AyuJHyto
cpeAy 1 nor M apMarypbr MoxHo
npeAcraBurb no cneAy|oqefi Qop-
Myne

Q n  = K ( t " - t " )  S , ( 1 )

rAe K - xooQQrq[eHT TennoooMeHa apMa-
rypbr c Bo3Ayutloù cpeAoù; tâ , tc - TeMne-
parypbr floEepxHoc apMarypbt n Bo3Ayru-
Hoù cpeAbr; S - nnoqaAb noBepxHocrn ren-
noo6Me|a 1 nor. M apMarypbr.

Koeô+!rtlxeHT rennoo6MeHa ap-
Marypbr c Bo3êyUlHoù cpeAoù r43 Qop-
Mynbr (1) paBeH

* onpe4eaenne onempuqecKlrx napa-
MeTpoB ycraHoBol( AnF HarpeBa apMaTy-
p6i n pacqeT pacxoÂa sne*lpogHeprux.
H14t4X6. Py(oBoÂsulue rexHororu'{ec|(ue
MaleplranH no 3aBoAcKoMy npot43BoAcTBy
c6opHbrx npeABapurenbHo HanprxeHHbtx
xene3oberoHHbtx (o8crpyKluù (pTM75-
95), c. 214-219. M.. 1995.

K=Qn / (t" - t") S, ( 2 )

flnor4a4s xapp<noù noBepxHoc-
ru (S1) 1 nor M ceMunpoBonoqHoro
apMarypHoro €HaTa MoxHo nony{r4lb
u3 reoMeTplqecKoro noacqeTa

S ' ,  = 4 r l d " , ( 3 )

rAe / = 1 M - nprHrrar nptt pac']ere AnnHa
apMaTypbrt dH - AnaMerp npoBono(l1 Ha-
pyxHoro cnor €HaTa.

fl noqa4s noaepxHocrx apMary-
pH nepuoAuqecKoro npoeunc paBHa
nfl ou.laAu noBepxHocTl4 qrnuHApa c
ee ycnoBHblM ÂltaMeTpoM

S " = n / d . . , ( 4 )

Pe3yn braru nqAcqeroa xosS$u-
queHra rennoo6MeHa no QopMyne (2)
Anq KaHarHol4 14 npoBonoqHoÉ apMa-
rypbr nphBqAeHbt B ra6n. 1 .

KosSQuqueHrbt rennoo6uena
Kaxqoro iquaMerpa KaHara 6flu3Kl4
Me)l(Ay co6où.

nnoqaA!4 HapyxHoù noBepxHoc-
Tr4 BbrcoKon poq Ho t4 apMarypHoù
npoBonoKu no fOCT 7348-81 Kpyrnoù
(B-ll) r nepuqA!,r.{eooro n@rnr (Bpll)
nplHf,Tbr oÂt4HaKoBbtM14 BBx,qy Manoù

pa3HuLlbt Mexqy HxMt|. (no pacqery
oHa He npeBbtulaer 5%.)ïaxuu o6_
pa3oM, nnou{aAb noBepxHocT!4 noroH_
Horo Merpa npoBonoqHoù apMarypbl
onpeAencerce no SopMyne (4), no
(paKruqecKoMy ee AlaaMerpy. nony-
qeHHbre KæQ(pr4q[eHrbt rennoo6MeHa,
flpnBeAeHHbte B ra6n.1, 6nx3Kt4 K pac-
veTHuu ros$$uqreHTaM.qnc KaHar-
Hoù apMarypbr.

flnoqags ateu:xeù noaepxnocru
apMarypbt nepuoA qecKoro npoôHne
no TOCT 5781-82 noÂcqxraHa no cne-
Ayou.[4M BapuaHTaM: c npoôuneM
o6H,.{Horo Ha3HaqeHrq u KaK nnfl
rnaAKoro quÎt4HApt4qecKoro cTepxHn
AUaMeTpOM, paBHbtM HOMUHanbHOMV
AraMerpy (HoMepy) apruarypur. AH2-
n!,r3 pe3ynbraroB pacqera Koo+-
(prdlueHToB TennoooMeHa Ang c.tep-
xHeù AuaMerpoM 10, 16, 22 u 32 MM
noKa3btBaeT, qTo npl noBbtueHul4
reMneparypbt or 300 Ao 4S0oC aru
KOSQ(pul-lueHTbt yBeI|,ql,,|BapTct np9-
MOrIHe14HO C pocroM reMneparypbl
npla noAcqeTe rx HapyxHoù noBepx_
HOCTTI r-ro HOMrlHanbHoMy Al4aMeTpy.

npl4 ApyroM BapraHre onpeAene-
Hfi 9 fl noulaiqu rennobMeHa Bo3H14ka-
oT He3HaqUTenbHbte oTKnoHeHug 0T
n14HeùHoù 3aBuct Mocru. Kpoue roro,
pacqeT nnoulaÂu noBepxHocTu apMa_

T a 6 n { q a  1

AlaMerp, MM nfloqaAb
noBepxHocTl,t ,
'lO'3u2

norepn renna 1 M (Qn1o2Axdc) [ xosçqnqneHr
rennoo6MeHa (K Br/(M2; 0C)) npr rerunepârype. oC

300 350 400

on K o" K K

6 25,8
9 39,0
1 2  5 1 , 5
CpeAHue AnF KaHara

3 9,42
4 12,5
5 15,7
CpeAHue Ans npoaoroK,l

1 ,65  22 ,1  2 ,10
2,48 22,O 3,16
3,31 22,4 4,21

22,2

0,62 22,7 0,79
0,83 22,8 1,05
1,04 22,8 1 ,32

22,8

24,0
23,8
24,0
23,9

2,60
3,90

0,98
'1 ,30
1,63

25,9

25,9
25,8

26,7
26,6
26,6
26,6

24,6
24,6
24,7
24,6

r3



f a 6 l l . u q a  2

t loMuHa-
,TbHHù

AraMeTp,
taM

fhoqaab
noEepxHocll ,
noroHHoro
Melpa,
1O'3 u2

norepu renna I M (Q"lor&dc) u KooeerqueHr
rennoo6 eHa (K Br/(M2. 0C)) npr reuneparype, 0C

300 350 400
a" K Qn K Qn K

31,4
37,7
44,0
50,3

62,8
69,1
78,5
88,0
100,5

CpeAHne Arr crêpxHet

rypH no HoMlHanbHoMy AltaMerpy
npocT x Tpe6yeT M!tHt4MaI|bHbtx 3aT-
paT speMeHx, no cpaBHeH, o c Apy-
TuMx Bapl4aHraMu. floerotry a Aanu-
HenueM Anc pact{era Kos+Qr4 quel{ra
TennoooMeHa npr4HuManu nnoulaal
noBepxHocnl cTepxHeBoÉ apMarypbl
neploAr4qecKoro npo(pung, onpelqen-
HHbre no HoMr{HanbHoMy At1aMeTpy
(ra6r.2).

KooQQr4ltneHru rennooSMeHa aF
Marypbt c BosAyrljHoù cpeAoù npqMo-
nl,|HeùBo 3aBucnT oT TeMneparypbl
(cM. pucyHoK). .Qnn rrax naoryr 6urrs
nqAo6paHbt oMn!tpl,tqecKue QopMyfl bt:
Anr KaHarHoù apMarypbt K = 11,65 +
0,037 . t; Ann npoBonoqHoù K= 11,05

+ 0,0388 t r,r Ane crepxHeBoù K ='10,62 + 0,0495 . t.
KooÉQlaqnenrbt TennooOMeHa aF

Marypbr c Bo3AyuJHoù cpeAoù qexa
no3Bonc|oT onpeAennTb 3KoHoMt4to
l1nu nepepacxoA TennoBoù |,înr! SneK-
Tpr4qecKoù gHeprul 3a cqeT coKpa-
rl.leHu9 r,rI|t4 yAnuHeHuq TexHoiorrqec-
KOrO npoqecca no nepeAaqe Tenna B
BO3AyrljHyÉ CpeAy qexa Ùr ycraHoB-
Ke pa3orpeToro apMarypHoro cTepx-
H9 OT HarpeBaTeflbHoù ycTaHoBKt4 B
ynopH sopMbt (ra6n.3).

Onpe4enuu aosuoxnbte norep
TennoBoù eHeDrlt!t nOl,t r3roToBreHur
Tr4fl oBoù nnuTbt nycToTHoro HacTHna
f1K60.15-8Ar-V npr nepeAaqe u yc-

raHoaxe Harperbtx crepxHeù B sop-
My 3a 30c.

PacxoA npeABapureJrbHo Hanpq-
xeHHor4 apMarypbt, Harcr[BâeMori
SfleKrpoTepMxqecKlM cnoco6oM c
HarpeBaHleM Ao 4000c, cocraencer
1A14AT-V, / =5,98 M n 3e12Ar-V.
/=5,98 M. florepu rennoeoû sxeprur
Ha oAHoù nnl4Te paBHbt 15,8 . 5,98 +
1 3 , 3 . 3  5 , 9 8 = 3 3 3 , 1  K A x  =  0 , 1 1 3
KBr.q, rAe 15,8 14 13,3 - norepra (t([x)
no ra6n.3.

.qnq yMeHbu.ieHls norepb renra
Ha c{aAu14 HarpesaHlc crepxHer He-
obxoAl,rMo yMeHbuJt4rb Kogôôr,lt lueHr
!{x Tenroo6MeHa c BosAytxHoù cpe-
Aoù qexa Ha ycraHoBKax Afle Harpe-
Ba apMarypbl. SKoHoMhu renna Mox-
Ho Aoor{Tbca q nyreM ycrpoùcrBa Ha,q
crepxHFMr noBoporHoro napa6onx-

1 0

1 4
1 8

1 0

1 4
1 6
1 8

2,32
2,74
3,29
3,68
4,13
4,65
5,21
5,84
6,45
7,41

25,5
25,4
25,8
2s,3

25,5
26,0
25,6

25,4
25,5

2,97
3,55
4,20
4,71

5,94
6,67
7,47
8,25
9,49

27,A
27,7
28,1
27,5
27,5
27,8
28,4
28,0
27,6
27,8
27,8

3,72
4,44
5,26
5,90
6,63
7,44
8,34

't0,3
'11 ,9

30,4
30,2
30,6
30,'1
30,1
30,4
30,9
30,5
30,0
30,4

6,96

9,84
12 ,4

10,6

15,8

11,1
13,3
15,8
19,8
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qecKoro Ko3btpbKa - oTpaxaTeng ren-
floBbrx flyqeù.

TloAcq[raeM noreDr reflnoBoù
eHeprul.1 npu sneKrporepMrqecKoM
HaTf,xeH14!t apMarypbt AuaMeTpoM 1 2
MM. TpeoyeMoe yAnl4HeHue Aflr no-
nyqeHx9 npeABapnTenbHoro Halgxe-
Hnq apMarypbt nopeAKa 545 Mna c
yqeToM AonycTr4Moro oTKnoHeHug 45
Mlla u ynpyronnacrrqecKux cBoùcrB
cranu (K=1,1) npu paccronHuu Mex-
4yynopauu 6,2 u cocTaBneeT2l MM.
lnr nonyvexun raxoro yAnuHeHus
cTepxeHb Ha yqacTKe 5,8 M HarpeBa-
ercn 4o 295uC. PacxoA rennoBoù
eHeprul4 npu sToM cocraBnceT 117,3
Kqx (100%). ,QononrrrenunuÉ ra-
rpeB Ann KoMneHcaquH reMneparyp-
HOrO COKpaU.pHl49 CTepXHg npu nepe-
HocKe u yKnaÂxe B ynopbt gopMbl
npù4HuMaerce paBHbtM 0,5 MM/M, r{To
cocTaBneeT Bcero 3,1 MM. 3TO rpe6y-
er noAbeMa reMneparypbt Ha 400C I
pacxoAa 17 KAx stepruu (14o/oJ.

B npoqecce HarpeBaHue n nepe-
MeuleHuc cTepxHg Tenjro 3a cqeT
KoHBeKqt4u nepeAaerce Bo3AyUJHoù
cpeAe qexâ. 3Tu noreprl, noAcqnÏbF
BaeMbre no QopMyne (1) 3a 3 MuH,

250 300 350 400 450

Ter,rneparypa aplrarypu, "C

BnrrHxe rer.neparypH Ha (o3ôOrqreHÎ rennoo6rre8a apMarypH c Bo3AyutHoù
cpeaoÉ

1.- apMamypa nepuoôuqecKoeo npoeuns d = 1042 MM; 2 - eaco(onpogHaÈ npoaonoxa
d = 3-S uM; 3 - Ka1amnae apwamypa d = 6.12 MM

t4

T a 6 r I q a  3

noiepl4 Tenna 1 not M
apMarypbr (Kqx) 3a 30c npr
reuneparype, oC



BtÀa tt
AXaMeTp
apMary-

a6 K-7
210 A't-V
A14 Ar-V

cocraBnflror 28,4 l(Ar< Q4%). 06-
ulue noTepr4 TennoBoù SHepTufi co-
cTaBng oT 38yo oT Heo6xoA14Moro Atn
nonyqeH!49 Tpe6yeMoro yAnuHeH g.

f'lonylreHHbre pe3yfl brarbr no3Bo-
nFoT noAcq TaTb Te[,lneparypy I Bpe-
rlr9 ocTbrBaHu9 apMarypbr B BosAyrll-
HoÉ cpeAe qexa Ao 3aAaHHoÉ, Heo6-
xoAr4r\4où no TexHonof{14 npo 3BoA-

cTBa TeMneparypbr, Hanp Mep Ao
Haqana 6eroH!,rpoBaHuc (100uC) nx
AO yCTaHOBKI4 3aKnaAHbrX AeTaneù
(40uC). TeMneparypa apMarypbr noc-
ne oclbrBaHfig B uexe B TeqeHue.r c

t,= t^ - K^- (t^ -t^) Sr/ cm.
U P  ' U  U '

rAe to - reMneparypa Harperoù apMaTy-
pH; Kcp - cpeAHuù xooQ$xq[eHr rennoo6-
MeHa 3a BOeMF OCTbtBaHl4F: C - TeatnoeM-
KocTb apMaTypHoù cTanr4; m - noroHHat
Macca apMaTyp6t.

Sxcnepuuextalunbte rccneAoBa-
HUg npu HaTTXeH U KaHaTa npOBeAe-
Hbl Ha MexaHu3npoBaHHot\4 cTeHAe
H14l4XEa Ha apMarypHo-HaMoro.rHoù
r4auriHe CAHM-65404. Ha.{anu-
Has TeMnepaTypa KaHaTa Ha Bbrxo-
Ae MauJrHbr 350uC, nocne o6xoAa
KoHeqHoro ynopa creHAa.repe3 60 c

t1 = 2560C, a B cepeguHe-An Hbl
creHÀa qepe3 30 c t., = 301uC. lnr
HeKOTOpbTX BT4AOB apMarypbr Bpe[4e ee
ocrbrBaHrF nplBeAeHo s ra6n.4.

PacqerHafl cpeAHFF-TeMnepary-
pa noAnfiHe KaHara (302uC) npruep-
HO paBHa ee Te[4neparype B LleHTpe
(301uC), .lro no3BonFer 3aMepqrb ,1
KOHTpOnIpoBarb TeMneparypy B apMa-
rype no ee 3HaqeHu|o B qeHrpe An -
HbICTEHTA.

BbrBo,qbl

flonyveHrr roe$$raq14eHrbt renno-
o6uexa ctepxHeeoù, npoeonovHoÉ r,r
KaHaTHOr,4 apMarypbt c Bo3AyuHoù
cpeÂoù L{exa. OH14 no3Bo.nqlor npoBo-
Aurb pacqerH npoqeccoB Tennoo6[4e-
Ha apMarypbt c aos4yLuoù cpe4où
npu pa6ore ycraHoBox Anr HarpeBa
I apMarypHo-Hat oToqHbtx Ma[u]th.

T a 6 n r q a  4

BpeMr ocrbtBaHi4F B
M[Hyrax Ha Bo3ayxe
npx 15oC ao reMne-
parypur, oC

350 2 ,1  2 ,8
400 5,3 6,9
400 7,5 9,6

I

NPOEKTl/PO

n.M.6OP4COB, xauô. mexH. HayK, ôotl., A.3. nOnUKYTnH, um+ (BopoHexcKuù eocyôapcmleHHbtù
apx u m e Kmy pHo-c m po u men bH bt u y u-m)

I

I

llpov nocrb HaKroHHbtx ceqeHuir u3lu6aeMbtx
apMoKayToHoBbtx SneMeHToB

HaAexHocTb, AonfoBeqHocTb 14
6esonacHocrs s4aH i t coopla{eHur,
noABepraloquxcg Bo3AeùcrB14lo ar-
peccuBHbrx cpeA pa3rllqHoro xapaK-
Tepa, HanpFMyto 3aBncar oT cBoùcrB
MaTepuanoB, t43 KoTopbtx t43toToBnê-
Hbr r4x Hecyrl.lue !4 orpaMaloulue KoH-
crpyKr..[4n. KaK noKa3btBaer npaKr (a,
oQQeKTrlBHbrM!,r h nepcneKTIBHbtMt4
MarepnanaMu, Ha ocHoBe KoTopbtx
BO3MOXHO r43fOTOBneHUe KOppO3t|OH-
Hocrof K[x u3$enÂi4 14 (oHcrpyKqhù,
cBn9loTcc KoMno3uTbl Ha ocHoBe no-
ntaMepoB. flp MepoM TaKxx Ko[4no3u-
TOB MOryr Cflyxr4Tb KayroHbt - Kayqy-
KoBbre 6eroHbr, paspa6oratxsre Ha
KaôeÂpe Xene3o6eroHHbrx u KaMeH-
Hbrx KoHcTpyKquù B BopoHexcKoM
rocyAapcrBeHHoM apxlreKrypHo-
crpo[renbHoM yHl4Bepcurere [1 ]. Ka-

yloHbr - 3To coBpeMeHHbte BbtcoKo-
Kopp0314oHHocroùKue KoHcTpyKtl14oH-
Hbre 6eroHbr Ha ocHoBe KayqyKoBoro
cBF3ytoqero. oonaAaDUlue Bbtcoqaù-
uJeù x[Mu,{ecxoù croùKofi bto, 6naro-
np14fl rHblMu AeQopMaquoHHo-npoqHo-
cTHbtM no(a3aTen9Mfi,TexHonorfiq-
Hocrbro n ra [2, 3]. tl3roroBneHue h
3KCnnyaTaq 9 Hecyqux KoHcTpyKqt4ù
Ha ocHoBe HoBbtx tltaTep[anoB HeBæ-
[4oxHbr 6e3 u3yqerul pa6orsr nx Ha-
KnoHHbrx ceqeHt4ù. floaeotleoHo gro
fi AnF KoHcrpyKrlù4ù !4 3Aerruù Ha oc-
HoBe KayroHa. B cBq3x c arxM 6btnI
npoBeAeHbr 14ccneÂoBaHu9 HaKnoH-
Hbtx ceqeHfi ù 143rrOaeMblx gneMeHToB
l,|3 apMoKayroHa.

,qnF peueHuq nocraBreHHoù 3a-
Aaqu 6btnu r3roroBneHbt 06pa3qbt-
6anxu, pas4enenxbre Ha ABe rpynnbt:

K nepBoù orHocsrcq 6anK ceprù A,
5 8, Ko Bropoù - T r A. B o6pa3qax
nepBoù rpynnbr npoAonbHoe ap[414po-
BaHue cocTorno u3,qByx crepxHeù Z
12 uu xnacca A-V Bo Bropoû, - 2 A
12 Ktacca A-lll. Eanxra cepuù B !4 f
He u[4enr nonepeqHoù apMarypbt. B
o6pa3qax cepuù A u,[ e xaveclee
nonepeqHoù apMarypbt npl4[4eH9rr14
npoBonoKy O 5 Bp-l c uaroM 5 c[a. B
o6pa3qax cepfi 5 nonepe.tHyn ap-
Marypy u3 npoBo|oKr4 Bp-l Z 5 uu
craBvn!4 c uaroM 3 cM. SanK[ Kax-
Aoù cepnI tcnbFbtBanu c nFTbrc npo-
neraM cpe3a. npn oToM orHocurenb-
Hbrù nporer cpæa (a/h) cocraBlen
coorBercrBeHHo 1 ' ,1 ,5;2,2,5 A 3.

3apy)(anrl 6anM AByMr cl4MMer-
pt4rtHo pacnonoxeHHbtM14 cocpe,qoTo-
qeHHblMu Hafpy3KatM14, nocTogHHO BO3-

l 5



pacTaou.[4MU BnnoTb Ao pa3pyule-
Hxq. npn TaKoM 3arpyxeHuu 3oHa
AeùcÊ,l9 nonepeqHbrx c n pacnona-
raerce [4ex4y onopoù u rpy3oM - B
nponere cpe3a. Bennvuna nonepe,r-
Hoù chnbr Ha AaHHoM yqacTKe ocTa-
ercq nocroqHHoù, a t13r!46atoulIe [4o-
MeHTbr yBen'lq,4Baorcf, oT Hynq Ha
onope,qo MaKcu[4anbHoù Benuq Hbl
noA rpy3or\4.

B pe3ynbrare perpeccxoHHoro
aHarlI3a AaHHbrx, nonyqeHHbtx np
14cnbrraHhgx 6anoK c npoAonbHoù ap-
varypoù xnacca A-V (o6paaqsr cepr,rù
A, E r.r B) u ssrnonreHHoro npu nol4o-
uI4 3BM, BblBeAeHH cneAyloulue
ypaBHeH14fl , aÂeKBaTHO OnfiCbtBalo-
ulle pe3ynbTaTH SKcnepuMeHTa:

1. Àns 3aB[c'|Mocrri npoqHocrr4
HaKnoHHbtx ceqeHuù 3ru6aeubtx Ka-
yroHoBbrx sneMeHToB oT nponeTa cpe-

np uJafe nonepeqHorl apMarypbl
S = 50 MM (psw = 0,66 %)

O = 6.70 + 5.10r a/ \ "' .-  
, / n n  

( 1 )

npt4 uare nonepe']Hoù ap[4arypbl
s =  ? ô À , r '  1 , ,  = 1 1 o / ^ \-  - -  ' -  \È 'sw

O  = 6 . 7 9  + 6 . 4 7 r  a / ,  t ' ' . , - ) \-  
/ n , t '  

'  \ ' r

6e3  nonepeqHoù  a  p  M a rypb l
(l"r = o;

O  4 .35  +  5 .3 l (  a /  1 " '  .  / e \-  
/  n " '  '  \ r ' f

fAe ialho) - orHocxrenbHbtù nponer cpe3a;
Jrs,, !  -  npoqeHT nonepeqHoro apMltpoaaHhn.
} r sw  onpeAenre rc r  no  Qop  Myne

P  
- ; :  

^ ' 100%,  roe  A - . , -  nnou laÂr  no -, . ù
nepeqHoro ce.reH{F nonepeqHoù apMary-
pb r ;  b  -  u lMp lHa  ce , ] eHur  6an (x ;  S -ua r
nonepeqH6rx cTepxHeù.

2. Ane 3aBt,tct4Mocrfi nonepe.{Hoù
cr4flbr npl,l pa3pyuieH[14 no HaKfloHHbtM
ceqeHIqM uerr6aeusrx KayroHoBbtx
SneMeHTOB OT npOqeHTa nonepeqHo-
ro apMupoBâHhn (psw):

npu oTHocuTenbHoM nponere cpe-
3a (a/ho) = 1

8=9,65+3,27 .p" , , i (4)
np[ oTHocuTenbHoM nponeTe cpe-

3 a ( a / h o ) = 1 , 5

Q=6,96+1,33 .p" " ;
npl4 oTHoclTenbHoM nponeTe cpe_.

3aGihà=2

e = 5,88+1,40. p"*; (6)
npfi oTHoc TenbHoM npoflere cpe-

3a (a/ho) = 2,5

l 6

Q = 5,62 +1,51. p., ;  (7)
npu oTHoclTenbHo[4 nponeTe cpe-

3a (a/ho) = 3

Q=5,22+1,78 .p- , .  (8 )
3. O6u.lafl 3aB cr4Mocrb:

Q  =5 ,49+6 ,0 l  t a /  y " " " '  " "  , o ,-  
/ n o  \ v /

143 paccMorpeH r noBepxHocrl4
orKnuKa (p c. 1), nocrpoeHHoù no
MoAenr (9), BfiAHo, qro npoqHocrb
Haxfi oHHbrx ceqeHrù uccne,qoBaHHbtx
6anor g 6onsueù creneHu 3aB ct,tr or
oTHOC TenbHOTO nponeTa Cpe3a !,t B
MeHbuer4 cTeneHu oT npoqeHTa no-
nepeqHoro ap[4fipogaH g. 3ro ralfie

OrHo.1|Îen urbù
nponûcpaaa

BxAHo Ha puc. 2 u 3, rAe u3o6paxe-
Hbl 3aBucti4t\4ocTn npoqHocTu HaK'loH-
Hbrx ce'rel!4f KayroHoBbtx 6alox or
oTHOCUTenbHOTO nponeTa cpæa u npo-
qeHTa nonepeqHoTo ap[4t4poBaH c npu
+ Kcr4poBaHHo[,r 3HaqeHuu oAHoro 143
ôaKropoB.

AHan[3 MoÀeneù (1 ... 8) noxa-
3btBaeT, qTo npoqHocTb HaKfloHHbtx
ceqeHt4É u3ruOaeMbtx KayToHoBblx
SneMeHTOB C yBenUqeHneM nponeTa
cpe3a y[4eHbuJaeTc9 no ypaBHeH14rc
cTeneHHoù ôyHKquu. Pocr npovHocla
HaKnoHHbrx ceqeH ù npu noBbtueHr.|l4
npoqeHTa nonepeqHofo apMt4poBaH g
Ha6npAaerca Bo BceM uHTepaane

6 . .

I

e
E s
!

Ë 6
E
E

4

1 ,1  3

Pxc. 1. noBepxHocrb orKntKa no gKcnep[MeHry "]lccreAoBaH,|e npo!Éocrx HaKnoH"
Hbrx ce.reHrù x3 6aeMbtx KayroHoBËtx 3neMêHToB c npoAonhHoti apMarypoli xnac-

0,8
npor+rfi ron6pêqfioro
aFrrPoBrHrr, 96

CephF A !.tar nonepegHbx creoxHeù 5 cM
CepfiÊ 6- uJat rDnepeyHbx ûepxHeù 3 cM
CeprlÂ B - 6æ nonepeeHoù apMarypbr

I\

\

cqp{E 6

\

\---'----
\cep! B

1 , 0  1 . 5  2 0  2 . 5  3 . 0
u/r'

P!,c. 2. 3aaxclMocrb -crnbt npx pa3pyueHx{ no HaKnoHHbtM ceyeHrqM 6anoK çeprù
A, 6, B c npdAonbHoi apMarypoù Knacca A-V or oTHochrenbHoro nponera cpe3a

a

1 2

1 0

(5)



0,603

Ir

o

1 0

8

o

4

---4

- / h -  '

É/n = 1,s u/n= z
a /

T I
a / x =  2 . 5

\ a / n = 3

0,8  1  1 ,2
p*, %

2. ,qnc aaBucxMocru Hecyuleù
cnoco6Hocru HaxnoHHbtx ceqeHu ù
[3ruOaeMblx KafroHoBbtx oneMeHToB
or npoqeHra nonepeqHoù apMarypbt:

npn oTHoclTenbHoM nponeTe cpe-
3a (a/ho) = 1

Q=9,46+1,95 .p* t  ( i z )
npu oTHocfiTenbHoM nponeTe cpe-

ea (a/ho)  = 1,5

Q=6,71+0,61 .p ,_ ;  ( j3 )
npu oTHocuTenbHoM nponeTe cpe_

3a (a/ho) = 2

Q=4,08+\ ,20.p, , , (14)
cpe-

( 1 5 )
npu oTHocuTeflbHoM nponeTe cpe-

3a (a/ho) = 3

Q =3,45+1,28 .p" " .  (16)
3. O6qan saeucun,tocru:

e = 2.2i + 8.28. ( %..)'"'. '- "',,r,o
143 paccMorpeHue npeAcraBneH-

Hoù Ha p!|c. 4 noBepxHocr!4 orKnnKa,
nocrpoeHHoù no Mo4enu (17), aupno,
trro npoqHocrb HaKnoHHbtx ce,leHfi ù
[ccreAoBaHHbtx o6pa3qoB B 6onbueù
cTeneHrl 3aBt4cl4T oT orHocuTenbHofo
nponera cpæa I B MeHbujeù creneH
oT npoqeHTa nonepeqHoro ap[4rlpoBa-
HVq.

3ro raxxe BxAHo l.t3 pr,rc. 5 u 6,
Ha Koropbrx t43o6paxeHbt 3a8t4ct4Moc-
Tu npo']Hocrx HaxnoHHbtx ceqeHuÉ
xayroroeurx 6alox or orHocITerbHo-
ro nponeTa cpe3a r npoqeHra none-
peqHoro apMrlpoBaHu9.

AHan[3 MoAeneù (10 . . .  16)  no-
Ka3btBaeT, qTo npoqHocTb HaKnOHHbtx
ce.teHrù rsru6aeMbtx oneMeHToa c
yBe'|14qeHIeM nponeTa cpe3a yMeHb-
luaercf, no ypaBHeH[rc creneHHoù
Synxqut. Pocr npo,tHocru HaKroHHblx
ceqeH14ù npu noBbtueH!4t4 npoqeHTa
noneperHoro apMIpoBaHl4q Ha6noAa-
eTcF BO BCeM UHTepBane Bapbupye_
MOrO napatuleTpa, npfi SToM |\4OXHO
oTMeTUTb nt4He14Hylo 3aBIct4MOCTb
npoqHocTr4 HaKnoHHbrx ce.leHrù one_
MeHTOB OT npoqeHTa flonepeqHoro
apMIpoBaHuc.

AHanu3 npeAcraBneHHblx AaHHbtx
noKa3brBaer, qro B o6pagqax cepHù T
M ,q c npoAonbHoù apMarypoù Knac-
ca Alll Ha6nloAaercr ror xe xapaK-
rep 3MeHeHlag Hecyu]eti cnocooHo_
cTl4 HâKnOHHbtx CeqeHnù B 3aBHCt4MO-
fix or nponera cpe3a, ltro 14 y 6anoK

Pxc. 3, 3aBrcl.lMocrb nonepelhoù cxnbr npx pa3pyueH[, no HaxnoHHbtM ce\ieHhrM np|4 OTHOCI,4TeUbHOI  nfionefe
6anoK cep[ù A, 6, B c npoAonbHoù apMarypoù Kracca A-V or npoqetra nonepeqHo- Sa (a/ho) = 2,5
ro apMxpoBaHt. lg

Q =3'80 +\,15' P",,;

Bapb pye[4oro napaMerpa, npr sroM
MoxHo orMer[Tb nqFetHylo 3aBuct4-
MocTb npo'.]HocTl4 HaKnoHHbtx ceqeH ù
3neMeHTOB OT npOqeHTa nOnepeqHo-
ro aD[4l400BaH t.

YcraHoBneHo, ,lro 6anru ceort E
c LUaroM nonepeqHoù apMarypbt 3 cM
rMellcr 6onbuyro necyulyrrc cnoco6-
Hocrb no HaKnoHHbtM ce,leHurM (Dxc.
2). YaeruveHue ulara nonepeq H btx
crepxHeù (Ao 5 cu B 6anxax cepnu
A), T.e. yMeHhuJeHxe npoqeHTa none-
peqHoro apM!4poBaH F, np BoAt4T K
HeKoroporvry cHhxeHulo Hecyt4eù cno-
co6Hocr[ 6anoK no HaKnoHHbtM ceqe-
xuq[4. 3ro caqgaHo c reM, qro B Kpl4-
r qecKylo HaKnoHHylo rpequly (no
Koropoù npoxcxo4ur paspyLueHne)
nonaAaeT MeHbuee q cno nonepeq-
Hbrx cTepxHetl, a 3Haq|/,|T, [4eHbuee IX
qficno BKnloqaercq s pa6ory. lnaanan
xe Llenb nonepeqHbtx crepxHeù co-
cTot4T B COnpOTtlBfi eHIh pacKpbtTt4to
HaKnoHHbtx Tpeql4H u BpaqeHulo oA-
Horo yqacrKâ 6anrr ornocrtensso
Apyroro, a cneAoBaTenbHo, B npeAol-
BpaqeHI11 npexAeBpeMeHHoro pa3-
pyùeHxs 6anKl4. Orcn4a r noeuu.:e-
H e npoLrHocrl4 HaKnoHHbtx ce,{eHl4ù
np npuMeHeHux nonepeqHoù apMa-
rypbt.

f' lonyveHlure gaHHbte noATBepx-
AarcT, qro orcyTcrBue nonepeLtHoù
apMarypbr (cepuf, B) npuBoÂt4r K 3Ha-
quTenbHoMy cHfixeHu|o npoqHocT14
HaKnoHHbtx ceqeH ù r,r3rrl6aeMbx 3ne-
[4eHroB 143 KayroHa (cM.puc. 2).

Ha ocHoBaHIu nonyqeHHbtx onb|T-
Hbrx rqaHHbtx cfleAyeT, qTo nonepeq-
Has apMarypa B xayroHoeurx uoru6a-

eMbtx orleMeHTax Haq Haer paoorarb
noA Harpy3Koù TonbKo nocne Bo3HrlK-
HOBeH14r HaKnOHHbtx Tpeu..lt4H, nepe-
ceKaou]fix ery apMarypy. npn ero[,1
HanpgxeH[9 B nonepeqHbtx clepxHflx
AOCTUTaIOT npeAena TeKygecT[ npu
onpeAereHHbrxHarpy3ke npoqeHTe
nonepeqHoro ap[4t4poBaHxs. HanpF-
xeH 9, cooTBeTcT8ytou.lue npeÂeny
TeKy']ecTu B nonepeqHbtx crepxH9x,
BO3HIKaloT TOTbKO B MeCTaX nepece-
qeHuf, r4x HaKnoHHoù TpeulfiHoù. TaK,
B 6anKe A-30 nonepeqHas apMarypa,
nepeceKaeMa9 Kpt4Tt4qecKo14 HaKnoH-
Hoù TpeqxHoù, HenocpeÂcrBeHHo
nepeA pa3pyueH et4 nopBanacb, qTo
cEuAeTeflbcÏByeT o ToM, rtTo Hanpg-
xeHf ls  B Heù npeBbtcunr  npeAen
n po'{ H ocTrl .

B peaynsrare perpeccfioH Horo
aHan1434 AaHHbtx, nonyqeHHbtx nprl
rcnbFaHficx 6anoK c npoAoflbHoù ap-
Marypoù Knacca A-lll (06pa3qbt cepuù
f I A) u BbtnonHeHHoro npr noMol4r4
3BM, BblBeÂeHbt cneAypult4e ypaB-
HeHU9, aAeKBaTHO OnfiCbtBaloufie
pe3yrbTaTbt SKcnep MeHTa:

1. rqnc aaBfic14Mocru nonepeqHoù
cfinbr np[ pa3pyLleH I no HaKnoH-
HbtM ceqeHIFM 143rfi 6aeMbtx KayroHo-
Bbrx 3JleMeHToB OT nponeTa cpe3a:

np14 tuare nonepeqHoù apMarypbl
S = 50 MM (r!w = 0,66 %)

O=4.02+7.61(a /  \ " " .  ,'  /  n - '  r1o)
6 e a  n o n e p e v H ô ù  a p M a r y p b l

(u"* = 01

O=0.93+8 .6 \a /  r " "  I-  / n '  i 1 1 )
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c npoAorbHoù apMaTypoù Kracca

Ha ocHoBaH!4 aHan 3a nonyqeH-
Hbrx pe3ynbTaToB, rpaQt4qecKu npeA-
cTaBteHHbrx  Ha ouc .3  14  6 .  MoxHo
yTBepx,qarb, qro c yMeHbLxeH eM
LlaTa nonepeqHbtx crepxHer4, T.e. c
yBer qeH eM HacbruleH F nonepeq-
HOù apMarypoù HaKJroHHoro ceqeHr,19,
ero Hecyr4ag cnoco6HocTb noBbrua-
erc9. flo pe3ynbTara[4 cnb[aH!4ù o0-
pa3 l ]oB-6anoK ycTaHoBneHo, ' ]1o  c
pocTo[4 nponeTa cpe3a Hecyu]4fl cno-
co6HocTb HaKnoHHbrx ceqeHfiù 3ne-
MeHroB cH Xaercfl (cM.pr4c. 2 5).
f lpuqeM orMe,reHo, ,rro cHfixeH e
npoLrHocT npofi cxoÂ14T HepaBHorvlep-
HO: AO OnpeAereHHOfO 3HaqeHUg a
(AflF 6anoK c npoAonbHoù apMarypoù
Knacca A-V a  =  1 ,5h  . . .  1 ,75h,  a ,qnr
6anox c apuarypoù A-lll a = 2h) npo-
l4cxoar,4T 14HTeHc14BHoe naAeH e npoq-
Hocrfi HaKrloHHbrx cegeHriù !43rLt0ae-
Mbrx KayroHoBbtx oneMeHToB. Àanb-
Heùuee yBenfiqeHfie nponera cpe3a
conpoBox(AaeTcr yxe [4eHee HTeH-
ct4BHb \4 CHIXeH e[4 npOqHOCTt4 Ha-
KnoHHbtx ceqeH ù u orpaxaercg Ha
rpaQ Ke nepexo,qoM a 6oree nnae-
Hyro KprlByro. KpoMe roro, yMeHbue-
H e npoqHocTtl HaKroHHbrx ceqeHut4
e 6anxax c ap[4arypoù xnacca A-lll
(cepu t u I) 6orbue, .reM B oarKax
c npoAof lbHoù apMarypoù Kracca
A-V (cep h A. 6 B). YcraHoBneHo,
qTo cHhxeHt4e npoLlHocr HaKnoHHbrx
ce,reH ù n3T Oae[4brx KayroHoBbrx
oneMeHToB np yBen qeH|4l4 nporeTa
cpe3a Anr 6anox cocraansel: 4nn
cepur , r  A-  e 1.8 pa3a,  5-  B 1.9 pa3a.
B - B  1 , 9  p a 3 a ,  f  - 8 2 , 7  p a 3 a v A - B
2,4 pa3a. OObflcHeHfie AaHHoMy ÈaKry
MO)(HO AaTb noone 3yqeHt49 Bni49Hl,49
Knacca npoÂoflbHorl apMaTypbr Ha
npoLl HocTb HauloHHbtx ceqeHut4 Kay-
ToHoBbtx t43Tu6aeMbtx ane[4eHroB.

ÂtF onpeAeneHfiF Bn qHr4s Knac-
ca npoAonbHoù apMarypbr Ha npoq-
Hocrb HaKnoHHbrx ce,reH[ù !.{3rt46ae-
Mblx ateMeHToB, Bbtno.nHeHHbrx r,13
KayroHa.  npoBen cpaBH TenbHbrù
aHanu3 oAHorfinHsrx 6anox ceprù A,
I u B, L tpaô!4,]ecKoe oroopaxeH e
npoBeAeHHbrx 14ccne.qoBaHfi 14 npeA-
craBneHo Ha pvc .  7 ,  Ha KoropoM
cnnoll lHbtMt4 IIt4H14FM14 noKa3aHO rl3-
[i]eHeHrle n poqHocTr4 HaKnoHHblx ce-
qeHhù 6anoK c npo,AonbHoù apMary-
poù l{nacca A-ll l , nyHKrlapHbr[,rLa - c
apMarypoù Knacca A-V KaK yKa3br-
Batocb BbtuJe, c yBeI] qeH!4eM oTHo-
cuTenbHofo nDoneTa cDe3a Bent4qtlHa

3 
2'5 o."o.rr-*"û

lporgï cpo3a

a

1 1

I

7

5

3
1,0  1 ,5  2 ,0  2 ,5  3 ,0

a i .

Prc.  5.  3aBxcxMocl6 nonepe,{ t to i  c t tnr , r  nplr  pa3pyuleHxr l  no HaKnoHH| ' lM ceqeHt ' IM

6anoK ceprii f 14 A c npoAonbHoù apMarypoù Knacca Aill or orHocl{renbHoro npone_
Ta cDe3a

u " h = 1 ' 5
"ln z

-  n - ' " -4

- o  
n = 3

0,8  1  1 ,2

Ps'/' Yo

0 , 4 : -
0,8

npoLpNr nonêp€qHom 1,1
aprvrPoBaHnt, %

Pxc.4. noBepxHocrb orKtrnka no 3xcnepxMeHry "t lccneAosaHxe npoqHoclh HaKnoH-
HËrx ceqeHhù M3rr6aeMbrx KayroHoBbtx sneMeHToB c npoAonbHoù apMarypoù xnac'
ca A-l l l"

*  1 3
o

1 1

0,60,40,2

Pkc. 6.  3aBhchMocrb nonepeqHoù ctr f lbr  npr pa3pyueHxu no ÉaKnoHHblM cer leHt l tM
6ano{ cepnù f !t A c npoAonbHoi apMarypoù Knacca A-lll or npoqeHla nonepeqHoro

apMMpoBaHri l

t 8

cepri T - 6e3 nonepegnoù âpMarypbl
ceiuc A- uâf nonepe.H6x crepxHei 5 cM



pa3pyr.!arculeù Harpy3KI yMeHb[!aeT-
cF. flp 'reM naAeHue Hecyulet4 cno-
co6Hocr ,4 6anoK cep ùTuE(cnpo-
AonbHoù apMarypoù Knacca A-lll) npo-
l4cxoÂt4T 14HTeHc BHee, HalluHag co
3HaqeHug a=2h. cneayer orMerrrb,
Ltro np a < 2h Br[4gHl4e 60r]ee npoq-
HOù apMaTypbr npaKT qecK[ He cKa-
3brBaeTcF, 14 npOqHOCTb HaKTOHHbIX
ceiteH14ù 6anoK c pa3Hoù npoAonbHoù
ap[4aTypoù HaxoAuTcfl npIMepHo Ha
oEHOM ypoBHe (CHUXeH e npoqHocrtl
HaKroHHbtx ceqeH ù 6a|oK c npo-

AonbHoù apMarypoù macca A-ll l  He
npeBbrrraer 4 %). 3ro uoxxo o6tsc-
H Tb reM, L|TO npfi Manblx nponeTax
cpe:a paoora npogonbHoù apMaryPbl
B 3OHe Ael4CTBl4fl nonepeqHblx cl4n
nocne norBreHuq HaKroHHon lpeul -

Hbl CBg3aHa B OCHOBHOI\,| C BOCnPU'-
TrleM nonepeqHbrx cun (HaretbHbtù
oôQeKr), a He pacrflruBaNcu..ltlx yct4-
n!4ù. C yBentaqeHIeN4 nponera cpe3a
npoAonbHa9 apMarypa Ha'rrHaer Boc-
npl,4runrars ece 6nbu e pacreruBao-
ul e yc nfiF, np sTorll HarenbHblù

gôôeKr offa6eBaer 143-3a MeHbLleù
AeôopMar BHocru apMarypbr Knacca
A-V pa3BrlTue HaffioHHbtx rpeqrH B
Isr!46aeMutx sne[4eHTax npo cxo,qhr
rreAreHHee (np 6onbueÉ Harpy3xe
Ha 6arKy), u rxnp[Ha pacKpbtrt4t Ha-
KflOHHbtx Tpeul H hMeer [4eHbuee
3HaqeHHe.

B pe3ynbrare npoeHocrb HaK-noH-
Hbtx ce.{eHrù Ka}rroHoBbtx 6anoK c
npoAonbHoù apMarypoù Knacca A-V
Bbrue,  qeM y 6anoK c ap[rarypoù
Kracca Alll. ycraHoBneHo, Lrro naAe-
Hfie pa3pyuaoqerl Harpy3Kx npouc-
xogl4T Ao 3Ha,reH ù alh, npv6îtv3l-
TerbHo paBHbrx 2,5; Aanee c yBenu-
qeHueM nponera cpæa Hecyqan cno-
cooHocrb Bcex cepvû cra6ûnrcvpy-
ercn, npuqeùr Ann 6anox c 6onee
npoqHoù ap[4arypoù Hecyu]ae cno-
cooHocrb ocraercg Bb .!e, Hexenu y
o6paeqoa c o6br.rHoù npoAonbHoù
apr4arypo+I, np[MepHo Ha 30 %. Kpo-
Me roro, fi3 ptic. 7 BhAHo, .tro npfi a/h
> 1,75 npo.rHocrb HaKnoHHbrx ce'te-
H ù o6pa3qoB cepuu B (c npoAonb-

Hoù apMarypoù macca A-V tl 6e3 no-
nepeqHoù apMarypbr) craHoBl,lrce
Bbrue Hecyu.{eù cnoco6Hocru o6pa3-
qoe cepru ! (c npoAofibHoù apMary-
poù xnacca AJll !4 c nonepe,{Hoù ap-
[4arypoùcuaroM5cM).

flony,{eHHbre B pe3ynbrare npoBe-
AeHHbrx SKCnep14MeHToB AaHHbre Mo-
ryr 6urru ncnonssoBaHbr npu pa3pa-
6orKe I npoeKrhpoBaHuri KayroHoBblx
KOHCTpyKL$414, npeAHa3HaqeHHbrx Ang
gKcnnyaTaqufi B ycnoBur4 Bo3Aeù-
crBu9 BbtcoKoaTpeccrlBHbrx cpeÂ pa3-
nuqHoro xapaKTepa. 3ro n,Ioryr 6urs:
6arKn nepeKpbn[s I noKpbrr4F, nepe-
[rbtqKt4 ABepHbtx, oKoHHblx ttr14 Hblx
npoeuoB 3AaHtaù 14 coopyxeH ù. rAe
npr4cyrcrByoT aTpecc BHbre cpeAbr
npo!43BoAcTBeHHOrO l,lnU ApyrOrO npo-
rlcxoxAeHu9; onopbl 14 ScTaKaAbl ArF
pa3MeuleHhq rexHonoru.rec(oTo o6o-
pyÂoBaHur x l4 M 14 qecK[x npo' l3-
BoAcrB; L13r 6ae[4bre oneMeHrbr KoH-
cTpyKr.lx14 [4ocToB 14 xenæHbrx Aopor;
oneMeHTbl SyH,qaMeHToB (B qacrHo-
crr4, OyHAaMeHTHble 6anKh), gKcnny-
aT pyrorl] ecg BycnoB 9x arpecc B-
Hblx rpyHToBbrx BoA.

Su6nrorpaQuvecKrtÉ cn cor(

1. f loranoB lO.Ë., EoplcoB lO.M,, Ma-
KapoBa T.8., nhHaeB C.A. BbtcoKo3SQe'(-
TuBHbte KoMno3[Tbl Ha ocHoBe xuÂl(lrx Ka-
y,ry(oB // Marepuaflbr Me)(ayHapoaHoù Ha-
y,rHo-TexHqqecKoù KoHÔepeHqM14 (lV Akâ-
AeMrgecKre,rreHrat PAACH) "AKryanhHHe
npoEneMU crpoxrertbHoro Marepl ianoBe-
neH!rF"- neH3a. 1998. C. 16-17.

2- 6ophcoB lO.M. SQSerruBHbre (oM-

nO314Ul, lOHHble MaTe0UanH Ha OCHOBe H143-
(oMone(ynqpHoro noJiu6yraAueHoBoro on14-
roMepa cMellaHHoù Mu(pocrpymypbr nEH.

A[ccepraq[r Ba couc(aHhe yqeHoù ÇTe-
neHu xaHA. TexH. Hayk. BopoHex. 1998.230 c.

3. qMbrxoB B.A. ConporusreHue Kay-
vyKoBoro oeroHa Aeùctal i |o arpeccrBHËrx
cpeA. Axccepraqxr Ha coûcxaH!4e y,reHoù
creneHu (aHA. iexH. Hayx- Bopohex.2002.
224 c.

o
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npoaonb8ac apMarypa ûacca A-V:
cepHq A - uar nonepe.tHbx crepxHeil 5 oi;

' ceprc B - 6e3 nonepe\dori âPMaryphr'

npoaonbHaF apMa-Iypa lglacca A-lll:
_ cephc f- 6e3 nonepe.tlot apMatypht.

c€pnc A- urar nor€pe.lHb( crep(Heù 5 cMi

\  I  I  CepxFA

\
r -  \ . .

\
\

\s<: cepxF B
* _

CepxB T,/'
aepE A/

u/h

Pt c.7. Bn uÛy.e Knacca npoAonbHoù apMarypbl }|a nonepeqHyp csny nph pa3pyue_

Hu!4 no HaKnoHHËtM ce,{eHutM t43rr6aeMblx 3neMeHToB l.l3 rcfroHa B 3aBtcl,Mocrl4 or
nponeTa cpe3a

3,02,4

i

L

Yeaxaeuate .tumamenu!

C 1 anpenr xavuHaercc no4nt,tcxa Ha]rypHat "6ETOH 14 XEIIE3OEETOH" Ha eropoe notlyroAre 2004 t:

Cse.AeH n o noAniacKe coAepxarcg B O6teAunerxou xaranore (oH 3eneHofo LlBera) "npecca Poccl4t4".

noAnucHoù 1,|HAeKc 70050.

flo4nltcra npnrnn,Iaercg Bo Bcex orAeJteHuFX cBi3t4 6æ orpaH[qeHnù.

Ten. gnn cn paeor 2924205, 7 03-57 62.
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B. C.BEPEAA-4H, KaHô.mexH. HayK (Ha4uoHanbHbtù yHueepcumem "nbeiecbKa nonimexHiKa", Yxpauna)

Onpe4eneHue nporil6oe MHoronponerHbtx
xene3ooeToHHbtx 6anor c HopManbHbtM14 TpeqHHaMl4

r locne norBneHufi HopManbHbrx Tpeul4H xecTKocTb
ceqeH14ù xene3o6erotnurx 6anox no xx AnxHe nepecraer
6brrb nocroqHHoù. 3ro o6croqrenscrBo 3HaqurenbHo yc-
noxHrer npoqeAypy onpeAeneH{F nporn6oa 6anovnsrx
KoHcrpyxrl ù.

Àrs crar qeck onpeAer Mbtx 6anox raxoe ycnox-
nenure o6xo4nr, npr4MeHFF peKoMeHAyeMbtù HopMa[ru
[,1eTOA paoqeTa, cyrb KoToporo cBoAr4Tcg KToMy, r]To XeC-
TKocrb Ha KaMoM yqacrKe c o.qHo3Ha,lHoù onnpoù Mo-
MeHToB np HuMaercfl nocrogHHoù paBHoù ee [4uHr4[ranb-
HO[ry 3HaqeHhrc.

Taxoe ynpoqexue no3Bonqer Bbtg cnqrb nporui6bl
oAHonponerHbrx LlJapHupHo oneprbtx 6anox llnu KoHcorb-
nsrx 6anox rax taxoBbtx c nocroqHHoù no.qn He xecrKoc-
Tbro, cnonb3yq 143aecrtyn Sopuyny

i t \
f  - l  -  s1 ' .

"  \ , )  ( 1 )

,.o" a - r"àn""Ïi, (ooee queHr 3aBuc'rrlr,l, or cxeMbr 3arpyxe-

/ r \
Hhr; l  ;  J  

-  KpnBlr3Ha B ceqeHuu, rÂe x3rr6arcul i4ù MoMeHr MaK-

culrareH; l -  ÂnlHa 6af iKt , | .

qTo xe Kacaerca [4HoronponerHbtx 6anoK, To npuMe-
nexue nogo6noro ynpouleHtaq, Ka3ar]ocb 6bl, He npeAcraB-
n9eTcg Bo3t\4oxHbtM, nocKojlbKy Sniopbt t\rotvleHToB B npo-
neTax He 9BIt9toTcg 0ÀHoSHaqHb \flr.

Teu ue ueHee, Ka( noKa3a||,l npoBeAeHHbte aBTopot\l
uccneAoBaHu9, r4cnonb3yfl onpeAelreHHbre cKyccTBeHHbte
npreùrbr, cBF3aHHbte c rpaHcQopMaq{eù pac,{erHoù cxe-
r\irbr, orbrc(aHue nporn6oe Hepaspesubtx 6anoKTaoKe [4ox-
HO CBeCT K BblqfiCfleH O BepTuxanbHbtx u yrnoBbtx nepe-
Mer4eH ù gneMeHToB nocToFHHoù noÂn He xecTKocl4.

Ha p cyHKe noKa3aH oArlH r43 cpeAH X nponeroB (npo-
ner,) Hepa3pe3Hoù 6anK[, 14Meou]eù HopManbHbre rpe-
rl]lrHbr B nponerax n HaA onopalrll. ycnoBHo 6anKy 3arpy-
3rlM paBHoMepHo pacnpeAeneHHoù Harpy3Koù qi, xore B
o6qeu cnyvae narpy3Ka Moxer 6btru nporsaonsloù.

B ceqeH sx, rAe ,13rn6alolllfie uoMeHrbt paBHbt HynK)
(cè,{eHlaq Ha paccrosHr414 }r u r: ornêeoù onopsr), pa:-
MeqaeM ycnoBHbte L.uapH pbt 1 t 2. Ha onopax /:1 u I
6anxy sauleunneu (no3. B Ha pr,rcyHre).

BBeAeH,leycnoBHbtx uapHIpoB 3au.leMrreH ù npe-
Bpaulaer nponer B 6ano.{Ky.qnIHoù /b,1, cBoooAHo onupa-
rol4yÉcq Ha KoHcoIlbHbte 3neMeHTbt.

flpor[6 B ceqeHuh r onpeAengercF KaKcyM[4a
{  _  {  ,  ^ a
I , ^ t  =  J t , r , t +  L J ' , t '  ( 2 )

rrc Jt,G) - co6crBeHHUù npor!46 cEoooAHo onxpa|oqeùcÂ noA-
BecHoù 6anoqKl4 ot AeùcIBrr Harpy3Kx, pacnoroxeHtloù B npeAe-
nax /b I  groù 6anovxr, l ;  4/,r,  -  BepluKanbHbte nepeMeqeHrr ceqe-
È[q J 3a cqer oceAa8ur onop noABecHoù 6aro,](u (uapHxpoB
1 t/, 2).

20

Craeqerue ̂ /(,) Moxer 6brb HaùAeHo KaK

"  
J s z l - J 1 L t 1  1  \^ . / , , .  =  / , , , , + -  _  [ ) ' - r ,  , ,  / ? \

/  \ ' r  /
"  b , i

rAe /{r l)  u "/(r2) 
- Bepl[KanbHHe cMeu]eHur ycnoBHblx uapH!l-

poB, Koropse onpeAenFlorcF (aK nporuobi (oHtloÊ |eBofo !4 npa-
Boro (oHcorhHbtx aneMeHToB. [ lpI Bbt,. ]  cneH11t4 orhx npo 46oB
np{Hl,f l l laeM, qTo xaxAar u3 KoHconeù 3arpyxeHa pacnonoxeHHoù
a ee npeAenax 3aAaHHoù BHeuHeù Harpy3Koù M aepruKarbHoù co-
cpeAoro\reHHoù c[noù, npt4noxeHHoù ( cBo6oAHoMy roHt]y. Benh,
quHa cocpeAoTottetHoù cunu \.1|acteHHo coolBeTcTByeT onopHoù

pea(q,ru FoABecHoù 6aro,rKx {B HaLUeM crygae ) P =q' l^ '  '

2

BTopoù ,lneH npaBoù qacr!4 ypaBHeHt4t (3) rvroxer npul-
H MaTb KaK no|OxnTenbHble, TaK !4 oTpt4llaTenbHbte 3Ha-
qeH F B 3aBucl4Mocrl4 or rofo, KaKoù i43 npor!46o9 KoH-
conbHbrx g leMeHroB (  f  , r ,  nr4. ( , r ; )6vaerOonsule

|  ' .  l t
I p .. 

--- A,-' t . ! ic, i- !  |  tLc,L

K Bbr,{rcne}t l , | lo nporh60B Hepa3pe3Hoù xene3o6eioHHoù
6anKn

a - peanbHaq pacqem4aq cxeMa i-moeo nponema; 6 - sn@pa æêu-
5apulux MoMeHmoê e nponeme; B - ycnoe\a4 pacgem4a, cxeMa
àna onpeèeneHuq npoeu5oe; e - ôuKmueHa, pacqem]as cxeMa ôna
onpeèeneHus yenoe noeopoma cesequù

,l



TaK 14 o6pa3or4, KaK 3ro cnqAyer u3 (3) 14 (4), onpeAe-
JreHl4e BepTqKanbHoro nepet4eu.leHhF npou3BonbHoro ce-
qeHl4c, pacnonoxeHHoro B n|o6oM nponeTe Hepa3pe3Hoù
banxfi, MoxHo ceecru K Bbtq cneH llc nporu6oe cao6o4to
oneprbrx oAHonponetnsrx 6anoqer u xoHconbHblx one[ileH-
roB c ucnorb3oBaHreM QopMynbt (1).

OqeBIAHo, ueo6xo4ulao paccMorperb Bonpoc o npa-
Bo[4epHocTx BBeAeHfic ycnoBHbtx 3au]et4neHfiù no KoH-
LlaM nponera, B KoropoM onpe.qenflercn nporn6.

Hanl4ql4e 3aqeftrneHus npeAnolaraeT oTcyrcTBue no-
Bopora. B AeùcrBurenbHocru xe npogonuuat ocu 6anxu
îoBopa'ruBaercq B KaxqoM onopHoM ceqeHtr Ha KaKoù-
ro yron @,. Bbt.t cfleHug noxa3btBarcT, qro ecnu AnxHbl
nponeToB 14 14HTeHcuBHoCTb r,ix 3arpy)t(eH f, pa3nx'.rarcTc9
He3Haqr4TeflbHo (qro,laqe ecero r 6btBaer Ha npaKr Ke),
TO STOT nOBOpOT OqeHb Man eTO Bn gHreMHaBen qIHV
Beprn(anbHbtx nepeMeuleH ù fçy n furr ruroxHo npe-
HeOpe,rb.

O4naxo, ecnr orgerbHbte nponerbt no ÂnrlHe ornnqa-
orca 6onee qeM B norropa pa3a unv xe nore3Haq Ha-
rpy3xa B HeKoropbtx 143 Hfix npaKTfiqecrlr orcyrcrayer (re-
opeT[gecK Bo3MoxeH AaXe BaplaHr, (otAa Hafpy3Ka
HanpaBneHa BBepx), urHoprpoBaH e noBopora ceqeH ù
Ha onopax Moxer npuBecru l{ orJlyrruuru ou.rr6rau.

B oroM cnyqae Bepr KanbHbte nepeMeuleH F ycnoB-
Hbrx uapH!4poB Heo6xognuo onpe4ensrb Kak cyMt\ty AByx
cocTaBntloLltux

f , " , , =  f  + f  : f . , , = f  + f ' .  ( 4 \
rae J r,u -/ , , , ,  -  npou6u;ceo6oAHblx r{olrqoB neBoro t, l  npaBoro
r(orcoJlbHbrx gneMeHToB; J cr) 

u J , ,r)- BepTrxanbHHe ctueule-
Hr4r KoHr.loB {oHcoreù 3â cqer noBopora HaÂonopHbù ceqeHl4ù.

Benxq Hbt /,, tlOxno astvnCnuru xar
, :  ^  / ,  \

J . . , ,  = w ,  t x t  v  J . , , ,  = ( r / ( 1 ,  - " r 2 , .  ( 5 )

,o" rr, Q, - x, ) - anr,+rur reeoù x npaBoù KoHconeu (no3. 6 ra
pucyHKe) .

yrnbr noBopora oc 6anK B HaAonopHbtx ceqenhFX
Ha 6onee qenecoo6pa3Ho HaxoAfirb, flcno.nÉyr rpaôoa-
Han rflqecKfiù MeroÂ onpeAer]eH fl nepeMeuleH!4ù, h3Be-
crHbn4 ri3 Kypca conporfiBreHIq tv]arepuanoÊ. B coorser-
crBrl14 c 3Tn\4 MeroAoM pacc[rarp14Baeuurù nponer npuuu-

Mae[4 B B[,qe orAenbHoù oanoqKH c lJapH[pHb \r onopa_
Mt4, K KOTOpOù npUKnaAbtBaeTcs pacnpeAeneHHag ôUKTHB_
Haq Harpy3Ka B BuAe onopbl ueru6ant4nx MoMeHToB,
noAeneHHbtx Ha M[Ht4tvlanbHylo nponeTHyo xecTKocTb
(xecrxocrb B ceqeHuu, rAe nponerHb,ù [4oMeHT MaKclMa-
reH (no3. I Ha p[cyHKe).

M
-7 h.. 

A (6)

IlpI groM nonoxurenbHag no 3HaKy Harpy3Ka cq|,Ta-
eTcF HanpaBneHHoù BH113, oTpXqaTeflbHafl - BBepx.

I tonepeqHag cuna v rt, ol QvtKlt4BHOi4 Harpy3Kri B npo_
3BOnbHOM CeqeHUr4 nO BenutiuHe coBnaAaeT c yfnoM

noBopoTa SToro ceqeHug. 4fl9 ceqeHuù, KoTopbte Haxo_
AqTCC HaA OnOpaM , yrnH noBopoTa onpeAer]grcTog KaK
(pl4KTr4BHbte peaKq 4 3Tl4x onop

@, ,  = R1," , ,_r ;@, = R1i" .  (7 \
BnonHe o.teBuAHo, qro npu pacqeTe MHoronponerHbtx

6anox xer seo6xoA14Mocru onpe,qensrb [4aKcut\ranbHbte
nporu6sr eo ecex nponerax. AocraroqHo npot43Becr pac-
qeT nuub B oAHot\4-AByX t43 Hl4X, TeX, fAe 3TU npofr46bl
uoryr 6uru rau6onbuuMt4.

Tak, Ans paBHonponerHblx 6anoK AocraroqHo cpaB-
HrTb c npe,qenbHo Âonycrl4MbtMu nuuJb nporr6bt B Kpaù_
H14x nponerax (ecrecrBeHHo, ecnu KpaxHue onopbt U.Jap-
HfipHbr, a Hafpy3Kl4 B nponeTax oTn qa|cTcf, He3Haqt4renb_
Ho)

B 3aKro,leet4e Heo6xo4uuo 3aMerurb. r{To gntoobl
ta3r Oa]oult4x [roMeHTos, !4cnoflb3yeMbte Ans Bbtqlcne;ug
nporl460B Hepa3pæHbtx 6anoK crpeu]uraulr, 4onxxsr 6urrs
nocTpoeHbt c yqeTo[4 nepepacnpeAeneHl49 ycxnuù, KoTo_
poe, co6cTBeHHO, U Hall[HaeToq c norBreH[g 3rrlx TOe-
u.ll4H. MeToAbt raKoro yqera l43rroxeHbt paHee*.

3Kcnep MeHranbHag npoBepka npeAnaraeMoro Mero-
Âa BblqucneH q nporx608 ocyqecTBnsflacb aBTopoM np!1

" vcnura+wÀ 24 Hepa3pe3Hbtx 6anoK c pa3nuqHbtMl4 cxeMa_
M 3arpyxeH q. AHant4S pe3ynbTaToB t4cnb|TaHuù noATBep_
A n yAoBneTBopl4TenbHyto cxoAt4MocTb onbttHbtx u pac_
qeTHbtx 3Ha'teHfiu.

* Bepeqarrr B. C. Melo,q onpeAeneHûÊ yr3ru6arcqrx MoMeH-
ïoB B Hepa3pe3Hbrx MHoronporerHbrx 6an(ax c yqeroM f lepepac_
npeleneB r yoM|,ù // 6eroH l,! xene3o6eroH. _ 2003. - Ne4. _ c. 16_18.

I ocyAapcrBeHHoe yH!4rapHoe npeAnpun e Hayv-
HO-l4 CCn eAO BaTen bcKfi ù, npoeKrHo-KoHcTpyrropcK ù h
rexHonorfiqecK ù uHcruryr 6eroHa I xene3o6eroHa
(Hl4l4)KE) laMeer B ceo6o4roù npoAaxe cneÂyrcu]yro
n reparypy:

B.f.EarpaKoB. Mo4u$uqupoeaHrbte 6eroHbt. Te-
oprie I npaKr Ka, 1998. 143A.2-e, nepepa6oraxuoe r,t
AononHeHHoe. 06. 768 crp. Llena 250 py6.

C.A.MaAarnH. Apuarypa xeneaooeroHHbtx (oH-
crpyKrtuù, 2000. 06.256 crp. l_leHa 120 py6.

A.<D,Mlrnosaxoe. Croùxocru xenego6eroHH6tx
KoHcrpyKq ù npl4 noxape, 1968. 06.395 crp. l_lera g0
pv6.

B. l,l.Aragxa noe. Mero4uqecKt,te peKoi,teHAaq I
no onpeAeneHulo gKoHo[414']ecKoù o+een uBHocrta 3a_
u.{4rbror Koppo3.4t4 B CTpO renbcrBe, 1ggg. 06. 15crp.
lera 50 py6.

H.H.Kapnexxo. O6ulfie MoAenI MexaHuKl4 xere-
3o6eroHa, 1996. 06. 412 clp. t_leHa B0 py6.

Cnpae*u no mene$oHy: 174-7665, ûaKc 174-7776
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M. XAPYH, Maeucmp mexH. HaYK (PYEH)

Yroq xen ue oqeH Klt rpeI4lt Hocroù Kocrll xene3o6eroH H blx
KOHGTpyKq1414

CyulecrByer LUr.lPoKl4ù l{nacc co-
opyxeHn4, npeAenbHoe COCToqHt4e
r(oTopbrx u npuroAHocTb K 3KcnnyaTa-
r-lt4r,1 cBfl3aHo c oOpa3oBaHIeÀt L1 pac-
KpbrrfieM rpeuiuH. K raK,lM coopyxe-
Ht4FM OTHOCqTC9 pe3epByapbl, cl4tlo-
cbr, 6yHKepbr, aspoApoMHbte noKPbF
rr,rr, rpyOonpoeo4st u r 4.

B obuleM euAe rsrr6anq ù mo-
[4eHT Mcrc np o6pa3oBaH r rpeu] H
B 6eroHHbtx u xene3ooeroHHbrx 3fle-
ùreHrax Bbrpaxaercq (aK [5]

M., .=Wo,  Rt , ,  ( t )
rge Wpl - ynpyroflnacrrrqerKxù MoMehr
conpoTuBneHut celre8[t;  ^r7 - Hoprua-
ThaHoe conporhBreHle 6eroHa Ha pacrg_
xeHue, re. npeAen npoqHoctx 6ero8a no

BTopoMy npeAenbHoMy coclotH14rc Rbl,ser.

B coorgercrBt414 c o6ull,tMv nono-
xeH FMu reoprlrl o6pa3oBaHus rpe-
l4rH nogBreHre ux B pacTgHyro14 3oHe
oeroHa npoucxoAr,4T B Tor MoMeHl
KorAa yAnLlHeH[e KpatHux BonoKoH
pacraHyroù :orur 6eroHa Aocr!4raer
npe4enuuoù ge$opN4aqfiu npu pacre-
xèHr4l4; npu SroM pacTgfuBarcu] e
HanpexeH c paBHsr Rii t3J.

Ha OCHOBe 0KCneP,|f t i leHTafl bHblX

uccneAoBaH!4ù xenego6eroHHstx 6an-
Kax nnur B.14.Mypaues nonyvrn
gMn!4p14qecKyo 3aBuc14Mocrb t43r146a-
rculero MoMeHTa npli o6pa3oBaH[u
rperqur M"."or Rji n xos$Suquer-
ra apMtlpoBaH[q p [3]

M. ,  _ 0 . 2 9 2 _ 0 . 7 5 . a  
e )bh' R;,

a9 D, n - Ll lpl lHa I BbrCOTa CeqeH t CO-

o r a e r c r B e H H o ; O ) =  p ' ( X h t  , 3  A e c b

dht = 2d = 2' Es / Et (Fs - Moavnb

ynpyrocru apMarypbr; Eb - Ha.rarbHuù Mo-

Aynb ynpy.ocru 6eroHa).

C  y q e r o r 4  Q o p M y n  ( 1 )  t Â  ( 2 \

W,,, = (0,292+0,75.at)bh2 . 3ro reo-
peTrqecKrl AoKa3aHo LlcxoAfl r43 cxe-
M br Hanp9xeHHo-AeQopM14poBaH Hofo
cocroqH g xene3o6etoHuoro ceqeHtlg
[3]. B (2) nepBbrù qneH onpeAeneer
MoMeHT conporr4BneHur 6eroHa, a alo-
poù - Ao n or H r4Ten bH brù [,!oMeHT, Boc-
npl4H MaeMbrù apMarypoù.
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oop[ryna (2) B Hacroeu]ee Bpe-
r\49 fiCnorrb3yeTc9 Ang pacqeToB Ha-
rpy3Kx, Bbl3brBarcqeù o6paaoaatue
Tpeul!4H B ceqeH[9x c ofll,4HotlHol4
apMarypoù, a,qne pacqeroB Harpy3-
xH, suraHeaDUleù 06pa3oBaH!4e rpe-
u.ll4H B ceqeHfirx c ABoùHoù aptulary-
poù, cnorb3yerca +opMyna (3), Ko-
TOpa9 nony'leHa reoperfi qec(L4lvl 14c-
cneÂoBaHheM [3]

. .Y"-=o.ro, -0. ' r5  urr  o .o75 , r ' ,  (3)
bh' . R';,

Ae A'  = 
/ . ! '  

,A 
b|  u '  -  Ko3QÔxLt!4eBi  ap-

Mr, , lpoBaHt4i  cxaToù 3oHbl .

B (3) aropoe 3HaqeH!4e onpeAe-
rqer AonorHfi TenbHbrù [4oNteHT' Boc-
np H MaeMbrù apMarypoù pacrtHyroù
30Hbr, a rperbe - apMarypoù cxaro14
30Hbt.

flprl oAr4HaKoBoM apMxpoBaH !4 B
pacrgHyroù u cxaroù 3oHax QopMy-
ra (3) npnMer BxA

, r - = 0 . 2 9 2 + 0 . 8 2 5 . a  ( 4 )
bh"  .R; ,

flpoBeAeHHbrù HaM aHanr43 noKa-
aan, vro (2) ne noeBonser onpeAenflTb
Mcrc c Aocraro,{Hoù ToqHocrbro, TaK
KaK, BO-nepBblX, nf iHU9 HaIMeHbLll t lX

KBaAparoB, nocrpoeHHaF B. Ll.Mypa-
ueBbfl\4, HeAocraToqHo Koppenrpyer
c onbrrHbrMn AaHHbtMl4, re. (og++ -
queHT Kopperf,Lll4r R He npeBbruaer
0,5, xorr AorxeH 6btrb 6rl4xe K eA -
H14qe [2]. Bo-Bropbrx, npfi nocrpoeHuu
n H n HauMeHbull,lx KBaApaTOB B.Ll.-
MypaueBblM He yqreHo BnusH exa-
paKrepa HanpqxeHHoro cocTofl HrrF
6eroHa npfi pacrnxeHulr: 4nr 6anox
-n HeùHoe HanpflxeHHoe cocroflHfie,
a Ane nn,1T, ooonoqeK 14 T. A. - nnoc-
Koe HanpflxeH Hoe cocroflH14e [1 ].

ABTopor,/l ,qaHHoi crarbI 14ccne-
AOBaHO BnIfHUe XapaKTepa Hanp9-
xeHHofo cocTorHr4F Ha Ben q Hy
Mcrc Ha ocHoBe oflbrrHbtx AaHHbrx Ang
nflr4T I Ans 6anox. flonyreHa sunu-
p14qecKar 3aBucrlMocru nsru6aoL.qe-
ro uoueHra npu o6pa3oBaHu rpeulrlH
M"." or Àji r p 4nn 6aror npr xosg-
Sr4queHre Koppe.nqq ra R = 0.97 (p c.
1 , a )

M
.  : .  = 0 . 2 9 + 0 . 8 3  r r , '  ( 5 )

bh' R;,
u Arq nr r npu KosQQr4Ll!4eHTe Kop-
perrer.lr414 R = 0,93 (pfic. 1,6)

M
: : ;  

'  
- .  = 0 - 1 7  t  l . 2  a  ( 6 )

bh '  -R; ,

Sr pe3ynbrarbr yAanocb nony-
LltlTb 3a Cqer cnonb3oBaHl4t coBpe-
ùreHHbrx cTaT cTr4rlecKIx MeToAoB or-
ceBa rpyobrx r-rorpeuHocreù. K rpa-
Ql4Ky pMc. 1,a, Kpo[4e HauJrlx pe3yrb-
TaroB, npuBneqeHbt TaDKe ocpeAHeH-
Hbre pe3ynbrarbr rrccneAoBaHxù [3, 4,
6, 7, 8l; a K rpaôrKy pr4c. 1 ,6 - [3, 7, 9].

tlg (5) ra (6) B!4AHo, qro np!4 nr4-
HeùHoM HanpFXeHHot\4 cocrotHt4 143-
ru6anquù uouerr o6pa3oeaH F rpe-
qnu e 6eloHe aurure no cpaBHeH14K) c
n|ocKt4M HanpqxeHHb \4 cocTotH e[4.

OopMynbr (4) h (5) o,reHb noxo-
xn.  3ro noATBepx4aer reopnto
B. 14. lvlypaueBa, o4xaxo ery Qopvry-
ry cfieAyeT ucnorb3oBaTb TonbKo npr
pacqerax KoHcrpyKquù, pa6orarcq14x
npI nuHeùHoN,t HanpFXeHHor\4 cocro-
9Ht4t4.

,Qnr y4o6crea ucnonb3oBaH e (6)
MO)KHO 3anllCaTb KaK

M . , "  = (0,17 + 2,4 p.  a) .bh)  .  Ri ,  Q)

B HacroFulee BpeN4F qacro np -
MeHsercF QopMyna An9 onpeAejreHrt
r.lr4 pr4 Hbr pacKpbrTrlg Tpel4r4H acrc B
xene3o6eroHHbtx coopyxeHuqx, no-
nyqeHHa9 TeopeTuqecK!,Ivrl/r r4ccneAo-
BaH sM [3]

; ' " , .  ( 8 )
.Dr

rAe os - HanpnxeHl4e Ê apMarype: icrc
paccToFHue Mel(Ay TpeqIHaMt4.

B xene3o6eroHHbrx coopyxeH -
9X, HaXOA9ll-lt4xca nOA Ael4CTB[eM
l\ilHOroKpaTHO nOBTOpFloull4xcg Harpy-
30K, Ur4pIHa pacKpbrTr,lr Tpeu]11H Mo-
xer yBenuquBarbcfl Ao o6HaxeH q
apliraTypbr u cnoco6creoears 4ans-
HeùueMy pa3pyrueH lo Ko H cr py Kr.l r,4 14
BCneACTBUe KOppO3[r4 apMaTypbl t4

ft



BbrMbrBaHl,lc cBooo.qHoù 3BecT t43
qeMeHTHOTO KaMHc [6]. OAHaKO He
cyr!ècrByeT MeTo,q[Ku pacqeTa uJ -
pnHbl pacKpbtTt4g Tpeul H npfi MHoro-
(paTHOM nOBïOpHOl\,| HaTpyXeHIu, qTO
no3Bonr4no 6bl oqeHuTb Hecyqyrc cno-
éo6nocru xeneso6eroHHbtx cooouKe-
H ù, paoora|ou x B TaKux ycnoBuqx.

B rlccneAoBaHt4sx aBTopa qacTb
o6pa3[.loB nnl,r nocne noqBreHuF nep-

soÉ BuAhMoù Tpeu{[Hbt BTopnqHo c-
nbFaHbr MHoroKparHoù noBTopHoù Ha-
Qy3KOù npu +aKruqecKoù Harpy3Ke
nogBneHfig Tpeu.lt4H. Ha phc.2 HaHe-
ceHbr r43[4epeHHbte Benuqt4Hbt pacKpbF
rrn rpeqnr e o6pa3qax, ucnb[aHHblx
noBTopHoù Harpy3Koù, nocrpoeH
rpa(puK 3aBlcti,tMocTr4 UJt4pt4Hbt pac-
KpbFr4F TpeulhH oT 11t4cna Lll4KnoB npu-
noxeHl4q Harpy3K . 143 rpa+ Ka p c.

2 BrlAHo, .{To pacKpbtTue rpeuluH npn
MHOTOKpaTHO nOBIOpHOM HafplDKeHX
yBenuquBaercs nuHeÉHo. Ha ocHoBa-
Hu aHanu3a pt4c. 2 flonyqeHa oMn -
p qecKa9 3aBl4crl[4ocTb LLtupuHbr pac-
Kpblrr4s rpeql4H ai," ot ,tucna qu*-
noB npr4noxeHxg Harpy3K n nph Ko-
oQQuqleHre KoppenrUl4fi R = 0,99

a , . , ,  = U . U 2 4 + 6 . 1 U  "  n  ( 9 )

B (9) nepeurù qrreH o6o3Haqaer
uJrlp14Hy pacKpbtTt4q nepBoù B!,lAt4t\toù
Tpeu..[4Hbt acrc, a BTopoù - AononH -
TenbHoe pacKpbtTue Tpeql/lHbt nocne
n-oro npunoxeHl,|fl Haf py3Kr,t.

Qopftryny (9) MoxHo 3anhcarb KaK

ai,. = a",. +2,5'10-r 'a,,, n (10)

lzls (8) u (10) nonyvrarvr
ft^ / -

,:;. - Ê 1,. (l + 2.5 . 10-' n) (r)z.s
OopMynoù (11) peronaeH4yercn

nonb3oBaTbcr Anq npoBepKu KoHcT-
pyxquu, pa6oranLqeù c pacKpblrt4eM
Tpeu.lrlH, 1 e. onpeAengTb rut4pl4Hy
pacKpbtT14ff TpeulxH np MHoroKpaTHo
noBTopHor\4 Harp)â{eH14t4.
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Puc. '1. l43MeÉeH[e n3rx6arcqero MoMeHTa np, o6pâ3oBaHx[ TpeulrH B 3aBucl4Moc-
rr4 or conporrBrleHrr 6eroHâ npr pacrrxeHxx l ,  {o3ôôriqheHra apM}rpoBaHrt
(cM. SopMyry (1))
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TEOPtl f l

C. E.KP5|ITOB, KaHÔ. mexH. HayK (HUDKE)

Bonpocur crbtKoBKl,l SreMeHToB nJracrylH B pacqerHblx
cxeMax

flpu pac.rere xeneso6etosHstx xoxcrpyKqt4fr oAHoù h3
caMbrx pacnpocrpaHeHHbtx pacqerHblx MoAeneù tBnFer-
cs pacqerHan cxeMa B BHÀe roHKoù nnacrrlHK!4. B
nocneAHfie roAbr B H14I,OKE paapa6arblBaerca '{ucneHHbrÉ

[,reToA pacqeTa Ta(ux KoHsrpyKl-.ll,lli. no3Bongou.lHù Bblnon-
Hr4Tb conpFXeHuq Me4qy stleMeHTaM!4 pacqerHoù cxeMbl
c co6nrcAeHueu HenpepblBHocrtl npou3BoAHblx l4cKoMotl

OyHKqt414 Ao 3a,qaHHoro noptAKa BKnto {{TenbHo. Tlony'ia-
e[ran npI sroM ct4creMa pa3peuJarcu4x ypaBHeH!4ù orpa-
xaer KaK feoMerpuqecKue ycnoBH9 conpFxeHl49 9neMeH-
ToB. TaK I ycnoBus crar4'{ecKoro paBHoBecrg ycunnù,

AeùcrByrou..lxx Ha MexAySleMeHTHblx rpaHuLlax.
B ToM cny.{ae. KorAa floBepxHocrb nporx60B B Me-

cre conpnxeHrq qsnsercç 6ecroHe,lHo rnaÀKoù, xoA pe-
ueHus sBngercg or{eBt,t4HbtM. npv 3ToM B KaqecrBe co-
npFraeMbrx Benuqut aut6upaercn nporu6 r Hecxonuro ero
nporSBoAHbrx pa3Hblx nopqAKoB B 3aAaHHOM HanpaBne-
H14!4, oprofoHanbHoM rpaHhqe (l4nu 3anrcblBa|oTGF ycno-
B q HenpepbrBHocna 4ln nporu6a. yrna noBopora, MoMeH-
ToB H nenepeqHbrx cun). npoltsao4Hble B HanpaBneHul4
BAonb rpaHILlbr conpsrarcTcs efiecrBeHHblM o6pa3oM. B
TOM Cnytrae, KorAa Ha rpaHuqe Me{Ay sneMeHTaMu l4Me-
ercr xarar-Hn6ygu ocobeHHocru a Harpy3Kax l4fiu B S|4-
BuqecKl4x cBoùcrBax KoHcrpyKquu, ycnoBuF conptxeHue
ycfl oxHsorcg. noccHt4M cKa3aHHoe HecKonbKuMu nprlMe-
paMu.

flpegnonoxuv, .lro Ha rpaHuqe Mex(Ay sne[4eHTa-
M nl u n2 3aAaHa Harpy3xa a au4e usru6arcqero uo-
MeHTa, pacnpeAeneHHoro BAoflb rpaHuqbl. Anq onpeAe-
neHHocl4 6yAeM paccMatpuBarb rpaHuqy, napafl nenbHylo
oct4 y. PaccMarpuBaf, paBHoBecue oecKoHe'lHo Mafloto
SneMeHTa nnacT[HKl4 14 ucnorb3yc 3aBhcl4Mocrl4 Arl9 143-
nr6a|ou.$4x MoMMeHToB, l4cnon$yeMble B TeopuI nnacrr-
HOK, nOnyqIM cfleAypu]ee ycnoBue co[lpgxeHu9:

-  o l  à ' ' i , ,  r o ' ' i , ) -  ^ , ( ï : a * ' - + l
|  â" ' '  ù , , '  )  \  â , , "  ' , , , '  )

pacnpeAeneHHoro MoMeHra.

y,{hrbrBaF, qro npr conpflxeH}tI npor[6oB Ha fpa-
HXqe BCe npoh3BoAHble, Bblt{ucneHHble s HanpaBneHIn
BÀonb rpaHuLlbr, conpFraorcq ecrecrBeHHblM o0pa30M,
nonyqaeM &wn,Iayn 2=*wnx|ôYnz2 , orKyAa HaxoAxM
oKoH,{arenbHblf BhA ycnoBuF conpgxelun gnn uaru6arc-
r4rx uouenroa (4n9 BTopbtx npou3BoAHblx).

. J 'w  / J - \ a  ^
_ D - - _ _ _ r L +  D -  ̂  

L i  _ m = 0  ( 1 )
dn t  d  nz

24

OcranuHute senuquHbt conpsTalorcq o6brqHHM o6pa-
30M.

llogo6nurm cnoco6oM BbtnonHqercfl conpqxeHxe, ecn
Ha TpaH qe Mex(Ay 3ne[,leHraMu nplnoxeHa pacnpe.qe-
neHHaq nonepelrHaq Harpy3Ka nHTeHcueHocrr qo. B etou
cnyqae nonyqaeM

- t

^ d  w , ,  ^  c w a
_  L )  - - ' ' _

dnt  û , rcu , t

â l

^ o  w , :  ^  î  w u :
=q" D -----? U -' "  

ù , , '  &, .ù , ,
np!4 conpqxeHru yrna noBopora B HanpaBtleHurt oct4

x n nporu6a, noflyqaeM

fu,t_fu,,
& , 1  & , . '

- l
a - v J n l  _  _  o , f n 2 _

d"tcy,t d,z4 nz
Omy4a oxonvarenbHo Haxoiq!4M ycnoBfi e conprxeHuq

Anq nonepe,{Hoù cunst (4nn rperuux npori3BoAHblx)
^ 1  - l

_c w. " ,  ^4  w. . ,- D" .  : '  + D----! :  -  qa=o e)
d,t ûnz

Onpe4enexrste cnoxHocrn np!4 conpnxeHurl ofl eMeH-
ToB Bo3Ht4(apr B cnyltae cKa.rKooopa3Horo u3MeHeHug
xecTKocTu nnacTfiHKl4 npu nepexoAe ol oÂHoro SneMeHTa
K ApyroMy. flpr4 oroM ce,{eHue Ha rpaHuqe [cKaxaercc 14
Hopuanu 6onsue ne nBngorcs npeMblMta. Benta,{hHa yma
noBopora craHoBr4Tcg He BnonHe onpeAeneHHoù. no cyr!4
B norpaHu.rHoù obnacr,| 6yAer HaonpAarbca KpaeBoù
oôôeKr. B 9Toù o6flacru cocrosHue nracrl4HKu He Moxer
6urru crporo onucaHo o6utqnutMx ypaBHeH{flMv reoptat4
nnacruHoK. flosroMy xcrl4HHbte ycnoBxe conpqxeHuf, 6y-
Ayr HaxoAr4Tbcs B HeKolopoM nporl4Bope'l14t4 c reopueù
nnafiuHoK.

PaccMorpr,rM Ans onpeAeneHHocrll conpsxeHl4e
BAOIIb fpaHu[.lbr, napannenbHoù oct4 y, AByx sneMeHToB c
pa3Hoù u3n46Hoù xecrxocrbto. 14s reouerpuvecxux coo6-
paxenuù u tl!3 ycnoBtaù paBHoBecfi9 sneMeHTa nnoqaAx,
nexaqero Ha rpaHl4qe, nonyqaeM cne4ynquù na6op
ycnoaui, Koropbre AottxHbt BblnonHsrbcn Ha SToM yqacr-
Ke rpaH14qbl

r4e m

"fr

wn1=wn2 (3)



ycnoBl4e orcyrcrgnn u3noMa Ha rpaHuqe:
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YcroBl4e paBeHcrBa Mo[4eHToB M
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ycnoB e paBeHcrBa Kpyrqu{4x MoMeHToB:
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YcnoBl4e paBeHcrBa cun Qx
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Crcreua ycnoeuù (3) - (7) coÀepxur nport4Bopeque.
Tax us ycnoeuù (3), (6) cneAyer
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(5)

3To eBHo nporr4Bopequr ycnoBuo (4). nooroMy reo-
peTngecKu Henb3F BbtnonHnTb cTporoe conofixeH{e Mex-
,qy paccMaTp[BaeMbtMr oneMeHTaMU, O6eCneqIBapu]ee
HenpepbrBHocTb Bcex pacqelHbtx Beflxr{t4H, ocTaBagcb B
paMKaxTeopIu nnacTnHoK. oTcQAa CneAyeT, 'tTo ucnonb-
30BaHne Bcero Ha6opa ycnoBfif conpFxeHuF (3) - (7) He
yBen,|quT ToqHocTb nonyqaeMoro peueHl49, a, HanpoTr4B,
BHeCeT Henpe,qcKa3yeMbte norpeuJHocTl4.

Ocragagcu B paMKax reop|'lr nnacruHoK, MoxHo
npeAnoxnTb c'|eAy|o|l.lee np!46nt4xeHHoe pelueHue AaH-
Hoù 3a.qaqu. 143 AByx B3auMHo l4cKnto'{aloult4x ycnoBli
(4) u (8) cne4yer ocTaBnTb TonbKo ycnoB e paBeHcrBa
yrnoB noBopoÏa (4). STor floAXoA AaeT 3HaqurenbHo MeHb-
uylo norpeuHocrb (HanpIMep B cflyqae clnbHo orn ga-
rolr.ll4xcr qunuHApl4qecKux xecTKocTeù). oKOHLiaTenbHO
c cTet4a ycnoBt,|É conpgxeHue 6yAer coAepxaTb Bbtpa-
xeHur (3), (4), (5), (7). Taxoe peureHue 6yAer npr6nrxeH-
HUM. Ha rpaHulle pgiq pacqeTHbtx BenuquH 6y.qer fiMerb
pa3pbtBbt. yi{urbtBag 3To, a TaKxe To, qTo B okpecrHocTt4
paccMaTpr4BaeMol4 rpaHuLlbt Bce 3aBuct4MocTu TeopuI nIa_
cTr4HOK AatoT 3Haq UTen bHbte norpel!HocT]1, pæyn bTaTbl
BbtqucfleHuù 6yAyr npfi6nl4xaTbcg K t4cTl4HHbtM nfiUJb Ha
HeKOTOpOM yAaneH14u oT Hee.

KoppeKrHoe 3aAaHt4e ycnoBuÉ conpgxeHrs 3reMeH-
TOB nnacT!4H nO3BO|geT nOnyql4Tb 6ofiee ToqHbte aaHHbte
06 l4x HanpgxeHHo-AeQopMt4poBaHHoM cocTosHt4h, qro
9BnqeTcg aKn/anbHbtM BcBrs c BO3pOCuJr4M O6beMOM
npuMeHeHfig TaKIX KOHCrpyKquù B MoHoflr,tTHoM cTpot4TeIb-
CTBE.

e noPfllKE oEc)â+(qEHL1fi

B.C.A4POKOB, KaHô. mexH. HayK (Hl4l4XE)

Xeneso6eroHHbte rpy6bt H nepcneKrnBbl
ux npol43BoAcTBa

flpu crporren scrge nrc6slx o6rex-
TOB rpa4qaHcKoro r npo[4btujneHHo-
ro Ha3HaqeH s oAHOI U3 nepBbtx pe-
uaeTcfl 3aAa'.la BoAonoTpe6neHug u
BO,qOOrBeAeHIe c o6ycTpoùcTBoM
BOÂOnpOBOAHbtx 14 KaHaJlh3aqt4oHHbtx
ceTeù.

flocne ecTecrBeHHoro B nocre-
AHrie roAbr cnaAa B norpeoneHlar4 xe-
ne3o6eroHHbtx Tpy6 4nn eo4onponyc-
Ka ceùqac HaMeT nacbTeHAeHquq nx
Bce 6onbuero npuMeHeHuF B cr4ly

,r3BecTHbtx cBoux npexMyulecTB -
KOHKypeHTOCnOCO6HOCTU, HeAeSUqrrr-
HOCT!4, AOnroBeqHOCTI4, TeXHOfi OfUq-
Hocrrl B yxna.qKe. KpoMe Toro, AnF
rpy6 6onbuoroArlaMeTpa, HaquHan or
600 urrl, anurepHaruBbt xenæo6eToH-
uuru rpy6au npaKTxqecKr Her, oco-
6eHHo B cxcreMax KaHanu3aqur.t.

B crporrenbHoù orpacnta, B cuny
BHerqpeHu9 coBpeMeHHbtx rexHono-
rnt, HoBbtx cTpot4TenbHbtx MaTepua-
noB h noBb|LueHug KaqecTBa cTpor4-

TenbcTBa, Haqt4HaoT npeo6naAalb
6eroHbt noBbluieHHbtx nooqHocrHbrx
xapaKlepucTnK, a HaAexHocTb cTafla
TnaBHbtM QaifiopoM Bo3BOAt4MOrO
o6'beKra.

BbrcKa3aHHoe B nonHoù Mepe or-
HOCgTC9 K nOA3eMHbtM KOnneKTODaM
I rpy6onpoBoAa[,t.

3anoxeHHbte B oreqecTBeHHbtx
claHAapTax I Apyr[x Hop[4arxBHblx
AOKyMeHTaX XapafiepIcr14K4 xene30_
6erotnux 6egnanopHblx rpy6 Bo MHo-
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ro[4 pa3HflTcg B CpaBHeHn14 C 3apy-
6exHbrM onbrroM 14 cyu.lecrBy K) u.plr\r H
B HaCTOnqee BpeMg rpe6oBaHIqNrr4
oreqecTBeHHoTo cTpoxTenbcrBa. 3To
KacaeTc9 npoqHocTHbtx noKa3aTeneù.
TOqHOCTX reOMeTp qeCK!4X pa3MepOB,
An Hbt t4 TonlJ..lt4Hbt tr3Aen 14, ycnoB ù
TexHonoTuqecKoro QopMoBaH c, Kop-
po3l4oHHoù cToùKocTt4, cTeneHu Mexa-
H 3aU|4 r T.n.

K Ha!46ofiee cyulecrBeHH bru xa-
paKTep cÛ4Ka[4 oeroHa rpy6 orHocnr-
cF npoLrHocrb na cxarue. B FOCT
6482-88 3anoxeHa n poL.rHocrb Knac-
ca 825 (N4300). Or Hee paccvr,rrsrsa-
rcr apturarypy, npo.lHocrb caN4où rpy-
6br, my6 Hy 3anoxeH c. B c[ry co-
apeueHnstx rpe6oBaHuù raKas npo!r-
HocTb He 9BnqeTCg AocTaToq H oi, xoTg
6brcro.{xl4 3peH s nnotgocrr 6eroua
!{ HaÂexHocfl4 Bo3BoAr4tvloù KoHcrpyr{-
LlWt.

Eu.le paHee orMe']anficb orÂerb-
Hbre npuMepbr ncnorlb3oBaHIg cTpot4-
TengMq npI npoKnaAKe rpy6onpoBo-
4oa rpy6 c oA HapHbnir KapKacoM
np14 BbrcoKoù npo.iHocru 6eroHa - 40
unr 50 Mlla. PacqeraN,t4 Bo3Mox-
HOCTb TaKOfO np ùleHeHUg nOArBepX-
4aracs. C 4pyroù cropoHbr, 14cflonb-
3y9 MeTOAr4lry paCqeTOB OnpeÀereH 9
BepruKanbHbrx Harpy3ox Ha noA3eM-
Hbre coopyxeHhe npoô. M.M.nporo-
,qbqKoHoBa, [4oxHo nphAr K BbrBoAy,
vro nar6onee nplre[4rteMat Bent-lL.]14-
na oarny6nenus rpy6onpoao4oe, yx-
naAblBae[,tblX OTI(pblTbtM CnOCO60M,
FBflgercg Ben '.r[Ha 4 [4. [pyft4Mt4
cnoBar,fl4, 3aKpbrrb ,4 cnoco6 npoKnaA-
KH Tpyo TexHi4.recx onpaBAaH HaL-lu-
nar c rny6rHor 6onee 4 M, B To BpeMg
KaK cy L4ecT By ro u.l 14 ù craHAapr on pe-
AeneHHo opl4eHTfi poBaH Ha orKpbtTyto
npoxnaAKy Ao 6 Nl, a B HeKoropbrx
cny,rasx 6onee. OgHaxo sarpurrsrta
cnoco6 TpeOyer noBbrueHHbrx npolt-
HocrHbtx xapaKTeoucrt4K 6eroua -
Knacca 840-850 (M500-lt/600), qro
cooTaeTcTBeHHo HanaraeT onpeAefl eH-
Hbre rpeooBaHIe K cocraBaM 6eroHa
!1 MeToÀa[il ero yKr]aAK0.

Cyqecreynulrae 40 Hacroq ulero
BpeMeHI TexHonorut4 3roloBfieH 9
xere3o6eroHHbrx TpyO MeroAot\,1 qeH-
rpfi+yf poBaHue u en6pr,rposarun c
qacroroù rone6aH ù .ao 3000 Kon/MuH
o6ecne,rfi BatoT npovnocrs 6eroHa,
KaK npaBrno, 30-35 Mna tÀ B cvtny
cneLl!a+uKfi 060pyAoBaHIs xe o6ec-
neqrBaoT .aonxHoù ToLrHocTu feoMeT-
pt,rqecKhx pa3MepoB. 3To cyulecrBeH-
Hbnl oOpa3oM cKa3brBaercg Ha |/1x
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cnooce g(oHoMr4']ecKoù oeHTaoenb-
HOCTI4.

HoBoe B TpyOHoM npo 3BoAcrBe
HaNreT,4rocb nocne 3axynk pflAot\4
npeAnp!4er[ù [4noprHoro o60pyAoBa-
Hfifi Aarc(où ô pMsr "Pederehaab", g
ocHoBy KoToporo, noMr4Mo BbrcoKor,4
MexaHl43aLlH14, nor]oxeHo ynnoTHeHl4e
BbtcoKoqacrorHoù Br46paq eù xecr-
Kfix 6eroHHbrx cMeceù t4 BbtcoKaq ror.]-
HOCTb reOMeTp[qecK X pa3[4epoB pa-
crpyoHoro coeAfiHeH q, Koropag, B
cBoro o,1epe.qb, o6eôneqyBaer HaAex-
Hylo yAoOHyp Ane crpo refleù yK-
naAKy rpy6 c npuMeHeHfieNt pe3urHo-
BOrO ynnoTHf TerbHofo Korbqa.

C creMa craHKoB noÂ ooulrM
Ha3BaHueM "Bufu" t4[4eeT HecKorlbKo
pa3HoB AHocTeù lloAynbHoù cficTe-
N4br. L1x oco6eHHocrbro sBnrercF 143-
roromeH e 6eroHHutx r,r xeneso6etoH-
Hurx rpy6 iqha[4erpotvt or 100 MM] Ao
3500 tvt tvt, An Hoù, KaK npaBV'r'o,2,5-
3,0 u. Ynnorsesre 6erosHoù cuecu
ocyqecTBnFrcr np14 no[.1ot4t4 yHMBep-
caJrbHoro er6pocep4evruxa c vuc-
noM Kone6aHrlù 4500-6000 Kon/M 11H.
14MeHHo raK[e KoneOaHuF c noAnpec-
coBKoù KoH t leBbrx yvacrxoe rpy6
Aaor BecbMa nnorHb,ù 6eroH npo,.lHo-
crbo no 50-60 Mna.

C ucnonusosaHneu raKoro o6opy-
AOBaHfit  OAHOBpeMeHHO BCTaeT BOn-
poc o AfluHe rpy6, nocKonbxy crpo -
TenflN4 BaXHbt 3aTpaTbr no cTbtKoBaH14lo

HaÂexHocTt4 cTbrKoBoTo coeÂt4He-
H 9. ynoMuHaBlllaqcq BbLUe roqHocrb
reoN4eTp r,4 cTbrKoBoTo coeA HeHI9 c
ucnonb3oBaH eù1 pe3 HoBoTo t(oIlbl{a
peuaer 3roT Bonpoc c BbrcoKoù cTe-
neHbrc Ha.aexHocTt4.

HA 3TI4X XE CTAHKAX fi3fOTABNfi-
eaor rpy6sr c yronuleHHot4 creHKou,
cnonb3ye[4bre np 3aKpbrToM cnoco-

6e npoKna4xur rpy6 MeroÂo[,1 npoAaB-
rtvtBaïvte, xoropurù ece 6onuu:e npu-
BreKaeT cTpo rerex Maf cTpanbHbtx
rpy6onpoeo4oe e cfiry qer]oro pqAa
npefiMyqecrB, oco6eHHo B ycnoBU-
FX ropoAa c Hacbtu.leHHoù crpyKrypoù

HXeHepHbtx Ko tvl tvlyH u Ka L{fi 14.
Paccuoroesrurù Bbtue KoarK ù

o6sop eooppxerHocrt4 npo!43BoÀcrBa
xenego6eroHHsrx rpy6 no3BolFer
BbrcKa3alb HeKoTopbre TexH qecKl4e
coo6paxeH e.

1. Cyqecrsyoulnù IOCT 6482-
88 Ha xeneso6eroHHsre rpy6ur rpe6y-
eT cyqecTBeH Hor4 KoppefiLlpoBKt4 B
cropoHy pacurpeH e HoN4eHKnarypbl
BbrnycxaeMbrx r43Aen ù, xors B pqAe
perl4oHoB cyu]ecTByeT u npoAonxaeT

QyHKI-l14oH14poBaTb AaBHIe !4 TpaÂuqu-
oHH bte TexHorlor npou3BoACTEa
rpy6. t' lueorcn cBeAeH e o 3axynKe
Ha BocroKe crpaHbt (r 14pKyrcK) la[rnop-
THoro ooopyAoBaH s, a l4MeHHo t\4Ho-
rorHe3AHbrx lleHTpu$yn Ecnu yvecrs,
qTo B qeHTpatbHbtx peT oHax Haganl
opueHr poBaTbcg Ha npol43Bo,qcTso
TpyO Bbrcoko..racrorHsru eu6poynnor-
uetueu, na o6opyAosaHuu Koroporo
ÀeùcrByrcr 4-5 npeAnp erlae (MocK-
Ba. C-nerep6ypr H. HoBropoA u Ap.l,
xeo6xo4rua esrpa6ol€ eAuHoTo noAXo-
Aa K peu.reH14K) 3arpoHyrOù npoonetror.

2. flo-Br,4A11tvoMy. B craHAapre
cneAyeT paccM0TpeTb Bonpoc o no-
BbL!eH y npoqHocrl4 6eroHa 4nn
Tpy6, BBeAeHhe xapaKTepfi cn4K4 nnor-
Hocr 6eroHa. EcrecreeHxo, erogon-
xHo npuBecr K npoBeAeHt4rc pacL]e-
ToB npoqHocrri rpy6 c KoppeKr poB-
Koù pacxo,4a apMarypbt.

C aonpocona npoqHocrfi recHo
yen:aHa npoonen/]a Bbtnyc(a 6eroH-
Hbrx rpy6 14 ux ficnonb3oBaH s npLl
crpofi TenbcrBe rpy6onpoBoAHbtx ce-
Terl onpeAeneHHoro Ha3HaqeHLlq.

3. HeooxoÂfiMo npoBecrr pacller-
Hbrù aHant,,t3 qenecoo6pasnocru rny-
60Koro rpaHLUeùHoro cnoco6a yKnaA-
xfi Tpy6, yBq3aB pacllerbt c sKoHoMt4-
qecKoù !4 TexH qeckoù oôôeKrrBHo-
crbo. 3Aecb yMecrHo acnoMH,4Tb o
reoprl pac.rera noA3eNlHbrx Bbtpa6o-
roK, B IO|VI qucre xpyrnoro ceqeHt4g,
p a 3 p a 6 o r a H H o ù  p a H e e  n p o Q .
M. M.ll poro4srxoHoBbtM pa3Bfirot4
Aanee C.C.AaBbtAoBbt [a,  [ .  K.  Kneù-
HoM. TaKoù aHan 3 cneAyer ciqenarb,
nocKonbKy cTpot4Te| HaqL4HarcT Ufi-
poKo cnonb3oBars 6ecrpanuteùnsrr
cnoco6 yxna4xu coopyxeHt4ù Mero,
AOM npo.qaBn!4BaH 9.

4. CrèAyer pacc[4orperb Bonpoc
o Llenecoo6pa3HoÉ 4nr,rue rpy6, no-
cKonbKy oHa oKa3btBaeT cyulecTBeH-
HOE BN gHTE HA TEXHONOTUL]HOCTb '1
KaqecrBo 3roroBteHus.  ÀaHHoe
npeAnoxeHfie Heo6xo4uuo ysrearu c
lOr]HOCTbtO reOMeTp qecK!4x pa3Me-
poB cTb (oBoro coeÀhHeH F t4 nOCTe-
neHHoro ero nepexoÂa B TpyoonpoBo-
Ae Ha pe3 HoBoe ynnorHenue O4xo-
BpelieHHo creAyer peuaru eonpoc o6
yH S KaLl fi crbtKoBbtxcoeÀ HeH!4ùB
xene:o6eronu srx rpy6ax.

5. Koppo:r,roHHan croùkocrb xe-
ne3ooeToHHbrx Tpy6 orHoclrcn r o4-
Hoù 3 TIaBHbtx 3a.qalt noBb . leH g

KaqecrBa Ha4exHoc'rurpy6onposo4-
Hoù cucreN4br. oco6eHHo paooraouleù
B ycnoBr4gx ObtroBoù KaHan 3all t4

.",,**!ËÛ.



(K!4crorHar arpeccfic). t13 Bcex cyule-
cTByrolr.l x cnoco6oB 3au.lrrTbr 6eToHa
Har6onee np roAeH cnocoo u3onqqxu
BHyf peHHeri noBepxHocï4 rpy6 nonr-
3T neHOBbt[4 qextoM. BMecTe c TeM
3roT cnoco6 TpeoyeT cneqhanbHoÉ
ocHacTKl,l, rrHoroAereH B pa3nt4qHbtx
ycnoBrlflx 3afloxeHnc. Sonee AocTy-
neH cnoco6 aHTuKoppo314oH Hoù 3aLrlt4-
Tbr noBepxHocTtl xl4AXt4Mu nofl nMep-
HbI\414 KOMnayHAaMU Ha OCHOBe enOK-
ct4AHbrx,  non |43su pHbrx iqpyrnx
cMon. Ho TaK[e noKpbtTl'1g HeAonro-
BeqHbr. B nepcneKTnBe, KaK npeAno-
xeHue, Llenecoo6pa3Ha pa3pa6orKa
HOBbTX [4aTepIanoB, oonaAarcqux
uero'{hoù, T.e. coB[4ecTxMoù c 6eTo-
HO[,r, OCHOBOù Ha 6a3e nU60 non Me-
poB, ru6o cnn xaToB, nI6o Ha Kepa-
Mr4qecKoù ocHoBe. KoTopbte yAooHo

HaHOCgTCg Ha nOBepXHOCTb Tpy6 14
cnocooHbr oTBepMaTbcs B HopManb-
Hbrx TeMneparypHbtx ycnoBn9x.

B 3aKnrcqeHue cne.qyer orMerfiTb,
qro Bce BeAyulue ôltpMbt pa3Bnrbtx
esponeùcrrx crpaH B39t Ha Boopy-
xesne cnoco6 BbtcoKoqacroTHoro
su6poynnorteuun c sne[4eHraMu KoM-
6lrnupoeaHroro 4oynnorneHnr 6eto-
Ha. L1[4eHHo Ha ocHoBe ororo l4eroaa
Q pMbr cæAaor o6opygoaatne noeo-
TO nOKOneHU9, OTnUqarc|.llerOCF aBTO-
N4aT143aqueù, 3proHoMnKofr , npou3Bo-
auTenbHocTbto I TexEuKo-3KoHOMt4-
,tecKoù oôôeKr!4BHocrbro.

Ha HauJ B3rntA, paccMarp Bat
nepcneKruBy pa3Bfirrie rpy6Horo npo-
r43BOACTBa, yxe CerOAH9 HaAO npeÂ-
npuHr4[4aTb ycnnvq AnA co3ÂaHug B
cTpaHe cnequant43t4 poBaH Hofo Mau.J14-

E.A.KOPAyHOB, xaud. mexH. HayK (Hkll4CK, Kuee)

BoqHoM l4s.qaH u [3]: HapeAy c Ha-
3BaHHbtMù4 MeXrOCyAapCTBeHHbtMu,
ceùqac Ha npocropax CHT AeùcrBy-
rcT eqe 6onee 30 HauroHanbHbtx
craHAaproB x AoKyMeHToB Ty. B qac-
rHocn4, B yKpa,4He ycnoBxF BbtnycKa
nuulb crepxHeBoù apMarypbt ycra-
HOBJreHbt HaquoHanbHb \4 cTaHAapTOM
ÂCTY 3760 u ceMbb TY. KroMy xe
npe.qnprerls CHT BbtnycKaDr Ha oK-
cnopr apMarypy no HeKoTopbtM Mex-
AyHapoAHbrM I HaquoHanbHb \4 3a-
naAHbrx crpaH craH4aprana (e uaseat-
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A|4HaMn(a rcnonh3oBaHur apMarypbt HopM!4poBaHHoù touermarypu, %

O6ùeM ncnonb3o-
BaHm B.oÂy: 1950 50 10

1975  17  40
1985 18 45+5
2000 10 20+20
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Acnemsr HagexHocrr apMltpoBaHtaf,

kl3BecrHo (cM., Hanp Mep, [1], m.
lV),,rro sKcnnyaraUr|oHHyto HaÂex-
Hocrb apM!,tpoBaHxs xene3o6eroHHoù
(oHcTpyKLlx14 onpeAensoT Tprl ocHoB-
Hbre xpoHonornqecK4 nocneAoBaTenb-
Hbte cocTaBngloultle: Haqa|bHai. Tex-
Honorl4qecKaq r apeuetnar. 9ro ra-
caeTcc nocneAHet4 - np!4 SKcnnyaTa-
r-1r,4,r Ko H cTpyKt-{r1x, To 3Aecb Aaxe ox -

iqaercn noBbrrreH e Ha,qexHocr 6na-
roÂapq yMeHbueH |o KoHqeHTpaqt414
HanpflxeHuù np,| nepexoAe K "cepno-
Bl4AHor\4y" pr$neHfi rc noBepxnocrr4
fiepxHeù (cM., B riacrHocTt4 [2], pa3A.
8). nepBbre xe ABe cocraBneEu.l[e
3acnyxuBarcT oTAenbHoro paccNtoT-
peH14q.

Haqanuxas HaÀexxocrs o6ecne-
qfiBarcT TexHrqecKrle rpeooBaH g K
aprraType u npaBl4na KoHTponF xx
coon|oAeH g, a raoKe AononHlrenb-
HHù HopMt4poBaHHurù sanac. 3aMe-
fl4rvr, r.tTo AeÉcrByloulue 06qecrpo14-
TenbHue HopMbt n poeKrxpoBaHuF

CH!4n 2.03.01 npeAycMarpuBarcr uc-
nonb3oBaHIe apMarypbl, fi 3roToBreH-
Hoù no oAHoMy fi3 npuHsTbtx oKono
20-u ner Ha3aA nrru MexrocyAap-
crBeHHbrx craHAaproB. Ho 3a or roAbt
npot430unu RapAuHanbHbte t43MeHe-
HVt9.

npex(Ae Bcero HyxHo orMeTnrb
qpe3BbrqaùHyto aKruBHocTb 143foToBt4-
reneù apMarypbt B vacru grQSepex-
quaquu TexHuL{ecKlx ycnoB ùKHeù,
Koropaf, HeAaBHo obtfla HarngAHo
npeAcTaBreHa B yH[KanbHoM cnpa-

HOCTpOXTenbHOTO 3aBOAa, OCHaqeH-
HOrO COBpeMeHHblM[ fiaHKaMU C npO-
ryaMMHbrM ynpaBneHueM, Koropbtù 6br
[4or Ha 6a3e ù4Metoul4xct KoMnneKToB
o6opyAoBaH r Bunycxarb cBoe ore-
,lecrBeHHoe o6opyAoBaH,|e 14 ocHac-
rKy K HeMy, cua6xas crpourenbHyro
n po [4 br.!reH H ocrb rexHonorfisMI XXI
BEKA.

f lo BbrLuesarpoH)rIoù npo6neue
xeraTenbHo 3HaTb cy)](AeHt,te npoeK-
THblx, t4ccneAoBaTenbcKl4x opraH !43a-
Llr,414, 3aHlMarcultlxcr AaHHbtMt4 BOn-
pocaMu - Tfl "CoD3Bo,qoKaHannpo-
eKr", TYn "Moc HxnpoeKr". Ofyn
"Focerouenuoso4", "MocqHx6erox",
OAO "JleHMerporuAporpaHc" rl Apy-
f!4x, a TaoKe npot43BoAcTBeHHqKOB,
uMeloqrlx rpyoHble npo 3BoAcrBa rj
3aIHTepecoBaHHbtx B r4x pa3B]iT1411.

Knacc apMarypbl A-tl A- l
+Ar-lll

B(p)-l A(r)500C A(r)-lV A( r ) -V
u BUL!e

B(p)-l l
K-?
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3anac npo.tHocrl,t osl6(0.2)

Knacc focT
5781

rocl
6727
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10884
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3760
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HOM CnpaBOqH Ke TaKUX AOKyMeHTOB
Ha3BaHO CBblll le AeCFT(); npUqeM He
BOCTpe6OBaHHbre 3a pyoexoM ee oc-
TaTK TanKe nonaÂarcT Ha oTeqecTBeH-
Hbrù pbrHoK.

ffcnoe 4eno, raxoe pasHoo6pasue
HeBO3MOXHO yqeCTb npX npoeKTnpO-
BaHhrl r(oHcTpyKr.$4ù, 14 3To co3iqaeT
3aMerHbre 3arpyArerun norpe6ure-
nsM. TaKqro x npeAcraBurerqu cne-
AoBano 6bt npeKpar|.lTb cornacoBaHre
srrx TY

Bo-BTopbrx, B nocneAHue roAbl
3at4eTHO 143MeHl,lnaob fipyrfiypa xc-
non ÉyeMbrx xeneao6eronnulx xoncr-
pyKq ù. CeÉqac Bo3BoAer rnaBHbrM
o6pa3oM o6beKrbr xr4r r,r ul H o- rpax-
AaHCKOTO CTpOITenbCTBa CO 3HaqU-
TenbHbrM coKpaqeH eM o6teMoe
c6opHbrx u B oco6eHHocr npeABap -
TenbHo HanpqxeHHbtx KoHcTpyKLluù
(xcKnoqeHue cocraBufilor pa3Be qro
MHoronycrorHbre nfl urbD. 3To o6ycno-
BUnO n COOTBeTCTByIOUIee 13MeHeHIe
copTa[4eHTa ]4cnonb3yeMoù apMaTy-
pH, Mnnrccrpl4poBaHHoe ra6n. 1 .

flprae4euHure B ra6n. 1 cBe4e-
Hue Âns 1950 h 1975 rr - 3a[N4crBo-
BaHbr r43 [1] (pr4c.  Vl l .2) ,4ns 1985 r . ,
KOTOpOt\4y OTBeqaOT MaKCUManbHbre
o6reuur ucnonugosaHus xeneso6ero-
Ha, BKnrcqaÂ coopHbrù, - qacrrqHo
(6es A-l u A-ll) npnBeAeHbr Ha ocHo-
Be [2] (pr4c. 1 .1 n 1 .2). a Ans 2000 r.
- rBnFlorcs aBTopcKoù oqeHKoù. noc-
neAHqg yq THBaeT aKTUBHOCTb l,1C-
KntoqnrenbHo ruqt4Hofo TMK "KprBo-
poxcTanb B qacT[ BbrnycKa apMaTy-
pbr KnaccaAr-lllC Ha ocHoBe o6LU!,tp-
Horo KoMnneKca uccneAoBaHfiù [4].

B[4ecre creM, c oAHoù cropoHbt,
Ha6noAaercf, r,4HTeHcuBHoe Bb|TecHe-
H e c pbrHKa apMaTypbt np[BbrqHoro
Knacca A(r)-ll l HoBoù Ànq HacapMa-
rypoù xnacca 4500C, a c Apyroù,
cneAyer ox[Aarb, qro apMarypy
Mano BocroeboBaHHbrx KnaccoB cefr-
qac BblnycKaoT n!tLUb 3nl43oAt4qecKl4,
u 3TO He[4UHyeMO 3aTpyAH9eT peanb-
Hoe co6nrcAeH e ycTErHoBneHHbtxAng
Hee fl orpe6urenbcxnx rpe6oaanuù.

2A

B-rperbfi x, npou3ouna AeqeHTpa-
nlr:aqnr.cHa6xetxs ap[4arypbr qepe3
MHOfl4X (3aqaCTyrO He OT9rOUleHHbtX
orBercrBeHHocrbrc) nocpe4Huxoe.
3Haq!4TenbHo 3arpyAHeH Tatrlre BXoA-
Hoù KoHrponb apMarypbt y norpe6ri-
reneù - seronsxo r43-3a npeu[4yu]e-
creeHHo He6onburx no o6teuy no-
craBoK, Ho 14 BcneAcrBue Heonaron-
pugIHOrO SKOHOt\fl4qeC(OfO nOnOXeH149
[aHorhx ri3 H X (3To 3arpyAHger æa-
t4À/looTHouJeHriI c nocTaBu..l KaM ).

143BecrHo, qro ocHoBoù Haqafib-
Hoù HaAexHocrl4 cnyxur o6ecneveH-
Hoe c BepogTHocrbo He Huxe 95%
6paxoeovroe aHaqeHue npeAena re-
Kyqecr[ - +u3r4qecKoro yr unu ycfloB-
Horo oo 2 (Ha ypoBxe 0,2%-ù ocraroq-
Hoù 4e$oprvraqur,t), 0603Ha.reHHoe B
HOpMaX KaK HOp[4ar BHOe COnpOT'|B-
neHue R.,, . 3Aecb Llenecoo6pa3Ho
Hano[4Hr,1Tb, qTo AnF apMarypbt Knac-
coBA-1... A-ll l  6paKoBoqHbtù ypoBeHb

Meer noBbtuJeHHylo oOecne.{eH-
Hocrb: no FOCT 5781 oHa cocTaBnq-
er 98% (t=2), a no IOCT 10884 cHr-
xeHHoeAo 95% (t=1,64)ee 3Ha,1eH e
cKoM neHclrpoBaHo Ang apMaTypbl
Kfiacca A-lll nogs[.uerxHrry Ha 107o
6paroeovHonvru snaqeHIsMI npeAena
TeKyqecrh u BpeMeHHoro conpoTl4Bte-
Hun o". 3auetru, qro raKoe noBbt-
LleH e HaÂexHocTn He npeAycMoTpe-
Ho B ÂCTY 3760; Her ero u Anr apMa-
rypbr rltacca 4500, Koropyn aHoHct4-
pyor (cM., Hanp Mep, [5]) raxeaue-
ny xnacca A-lll.

.qononHxrenbHbtù pe3epB o6ecne-
qIBa|oT:

a) rapaHTIpoBaHHoe oTHocurenb-
Hoe y4nuHeHt,te nocne pa3pbtBa. Tpe-
6osaHrg x Heuy no4o6Hur B pa3nlq-
Hbrx HopMaThBHbtx AoKyMeHTax,

6) nycrb 14 He BcerÂa |4cnonb3ye-
Mbrù Ha npaKn4Ke 3anac npovnocru o"/
or,o.r,. OH ue oAnuaxoe a pasnuvrsx
craHAaprax fta5rt. 2\'. Ha 6onburlli
ArI9 rop9qexaTaHou t4 Ha MeHbLU ù
Anq npoBonoqHoù apMarypbt; AIF
Knacca xe A(r)500 oH ycTaHoBneH
3aMeTHO MeHbl!t4[4, qe[4,qng coceA-
Hux KraccoB. Mano roro, e CTO
ACLIM 7 ACTY 3760 AononHfirenb-
HO npêAycMoTpeHa B03MoxHocTb cHt4-
xeH|/lg 3ToTo orHoueH[q .qo 1,05.
BepoqrHo, TaKoe peueHfie npl,tHgTo no
aqanofut4 c MeMyHapoAHbtM craH-
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A(r)-l l l
Bp-l
A(r)500
A(r)-lV
A(r)-V

' 1 , 1 5
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I
r k  -  1 ,07  (d=10 -40 ) ;  rMy  - ' 1 ,1

1,1 (d=8-22); 1,15 ld=25-32)

f lprMelaH[r. HoMl4HaJrbHbri ÂuaMerp d B MM. O6o3|ageHa apMarypa; rK - roprLleka-
TaHar; TMy - lepMoMexaBxqec(l, |  ynpoltHeHHar.

MexaHr,.rec(l / te xapa{repucrxKu, H/MM2

I5l
t10l

t11l

qycoBc([ù M3 12-32
Pa3Hbre: cpeAHee 10-36

B ToM qucre 32
3an.-Cx6{pc&4ù MK 12-32
EenopyccKltù M3 10-40
"KpoBopoxcranb" 10-32
"CeBepocranb" 12-25

585,2 41.4

579,3 39,9
578,6 26,0
596,5 38,5
583,2 41,3

726,1 34,1
714,8 45,1
720,9 36,8
692,0 45,4
696,3 25,4
687,4 40,6
689,2 33,0

647
601
645

623

500
502
492
499

520
500

I

14croqHl,!r( l43roroBurenb
apMaTypbl

npeÂen reKy.tecrr BpeMeHHoe conporl, lB-
neH14e
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AaproM [6]; oAHaKo npx aroM He yq-
reHo, r.rTo 3anpoeKT poBaHHHe noeB-
poneùcKxM!4 HopMaMu Ko H cTpyKr..I4 fi
rpe6ytor 6onbuJe apMarypbr, qeM ore-
qecrBeHHbre (cM., HanpfiMep. [7]).

B KoHr.le KoHqoB, pacqerHoe co-
npoTl4BneHfie onpeAen9|oT c yqeToM
KOSQQnq eHra HaAeXHOCI4 nO apMa-
rype:  .Rr  =R", ly" .  Ero Hopuupo-
BaHHbrù ypoBeHb cnoxuncg ucropr't-
qecK nyleM nocIeneHHofo cHt4xeH[9
(ra6n.3).

Orrocnrenuso aeùcrB TenbHbtx
[4exaHrlqecKrx xapaKTeplcÏ,rK apMa-
rypbr Knacca A(r)500 nn,teercr orpa-
H!4qeHHoe'tl4cJlo cBeAeHhù, HaKonreH-
Hbrx MocxoacKurM14 norpe6nrennuu; ux
ooooqeHue nphBeAeHo s ra6n. 4.
Kcrar[ roBopq, ceurue 70% [x no-
Tpe6Hocrl4 noKpbrBaer npoÂyKr.lr,4s
"KpIBopoxcranh" (T.e. nocraBreHHag
Ha oKcnopr).

OT[4eqaercq, qro nonyqeH H bte
3HaeeHrlF S cyulecrBeHHo (B 2-3 pa3a)
NreHbue cTaHAapT 3oBaHHbrx Anfl re-
HepanbHoi coBoKynHocru. Ecn xe
oH14 orpaxaor AeùcrBr,rrerbHyto 143-
MeHquBocrb cBoùcrB apMarypbr B re-
HepanbHbrx coBorqnHocTgx, To oKa3bF
eaercn, vro e 6onslu14HcrBe cflyqaeB
MoxeT 6brTb AocT[rHyTa gïyo-Haq
oOecneqeHHocrb 6paKoBoqHoro M fi H14-
My[ila npOqHOCTHblX XapaKTepxcT14X.

OrMerxM, Lrro Hl4 oAr/H craHAapr
(reM 6onee TY) xe co4epxur o6noa-
renbHofo no npaBl,lnaM cTaHAapTu3a-
Llll npoAyKqrlfi pa3Aefla "TapaHru!4
l,13foToBuTent", a npaB[fla nocTaBK!4 He
yrÏ/lbrBalol oTMe9eHHoe BbruJe yxyA-
LueHfie ycnoB ù cHa6xeHun. Bu4uvro,
B 3IOt4 LlaCT TeXHl4qeCK e yCnOB g

nognexar4opa6orKe, BXrrc,ran (nycrb
Lr QopManbHbre - 3To BeAb nyque,
.rer,r Hr,rxaxue) rpe60eaH s r nocrag-
lLll,lKaM: KaK [,l14H14[,lyM, 4y6nuxarut
cepTrlQuKaTa npu pa3AeneH n napï,4,l.

,Qononnurenuxurù KoHrponb Bo3-
ramerc9 Ha norpe6r4Tenq. B HooMax
[8] npeAycMorpeH KoHrponb MexaHu-
qecx'lx xapafiepIcrfiK (Ha pacrgxe-
Hue v Ha A3tuO - no AByM o6pa3-
qaM). B peKoMeHAaqrrx [9], xpoue
npoBepK4 coorBercrsl4t cepTt4+!4Kary
Tpeoyerca KoHTporfi poBarb: nuHeù-
Hyrc nnorHocrb, reoMerp lo pfiôneH!4n
c Bbtli cneH eM oTHocrTe|bHoù nio-
ulaA!4 cMems noA pxôaMu; MêxaHla-
qecKl4e xapaKTepIcTt4Kfi no pe3ynbTa-
TaM UCnb|TaH 9 Ha pacTgxeHl4e nO
IOCT 12004 - no uecrr o6pa3Llarl
(KaK no fiaHAapry). HanoMHylM, Kcra-
Tr4, r]To cTaHAapTbt TexHIqecKux yc-

noBn!4 npeAycMaTprBa|or onpe,qene-
HUe HanpgxeHurl B apMarype no Ho-
MuHaflbHoù nnou]aÂu ee nonepeqHo-
ro ceqeHus: TaK qro KoHTponb nuHeù-
Hoù nnorHocTr,l, Bo3MoxHo, u He Hy-
)KEH.

Ha ocHoaaHru cKa3aHHoro Mox-
HO CAenaTb CneAyrcu..u4e BbtBoAbt:

1. Ha[6onee pacnpocrpaHeHHat
B COBpeMeHHbrX npoeKrax apMarypa
Kracca A(r)400 u AoM14H!4pyroulafl Ha
coBpeMeHHoM pbrHKe apMarypa Knac-
ca A(T)500 AonxHu 6urnu 6ur llueru
anpo6upoeaHHyn npaKruKoli Halranb-
Hy|o HaÂexHocrb: 98%-Hylo o6ecne-
qeHHocrb 6paroao,lxoro M14HuMyMa
npeAena reKylrecru (HopMart4BHoro
conpoTuBneHhfl ) !,1 AononHnrenbHbrù
10%-Hbrù 3anac B pacqerHoM conpo-
T BneHu!4 - rs=1,1 (npla 3To[a frol]He-
Hre a paeuepe 3% npeAcraBnsercg
reyuecrnuru). 3ro Moxer 6urrl eut-
nonHeHo oAH14M rs rpex cnoco6oe:

a) coorBercrBeHHo npaBuraM
KoHrpone no fOCT 5768 - noeurL]jeH-
ran 4o 98% (t=2) ooecneqeHHocrb
6paKoBo.rHbrx 3Ha,reHt,tù npeAena re-
KyqecTl,î 11 BpeMeHHoro conpolr,4Bne-
Hue n no CHufl2.03.01 xoeÔ$r,lqnenr
Ha,qexHocru 1 ,1;

6)  B cnyqae ycra HoBneH Hoù
o6ecne.reHHocrl4 Ha ypoBHe g5%
(3Aecb t=1,64) noBbrueHue Ha 10%
6paxoao.rxsrx sraqeHuù npeAena re-
KyqecTu t4 BpeMeHHoro conpoT Bne-
H e HapeAy c HopMl4poBaHHbrM Ko3(p-
ô14queHïo[,r HaAexHocTrl - oro orBe-
qaer rpe6oBaHuer\.,r TOCT 10884 Ane
apMarypbr Knacca Ar400C. B raKoM
cflyqae HyxHo yBenrvrrs 6paxoeov-
Hble 3HaqeHfiF Ans Knacca AT500C B
TOCT 10884, a raKxe Ane 4400C ri
A500C e nCTY 3760 Apyrrlx Hop-
MaTtlBHbrX AOKyr\,reHTax (CM. 1a6n. 4);

B) coxpaHlaTb ycraHoBneH H bte
6paroeovnure :HaveHuq 14 ypoBeHb nx
o6ecneqeHHocr14, Ho c oAHoBpeMeH-
HbrM noBbr.leH eu xoe$Snquenra

HaAexHocrx Ao 1 ,2.
2. ApMarypa xnacca Bp-l xe rpe-

6yer yrov neHr ù - 4nc Hee Ko3QSlLl4-
eHT HaAexHocrt4 noBbttueH B 1991 r.
(cM. 143MeHeHl4e Ne2 CHun 2.03.01).

3.,$n ruano npnueHeeMoù apMa-
Typbr 6onee BbrcoKt4x KJlaccoB qene-
coobpa3Ho 6brno 6bt ycraHoBt4Tb re-
nepb KosQQr4qreHT HaAexHocTll Ha
ypoBHe 1,3.

B 6onuuuHcree cnyqaeB !4cnonb-
30BaHl4e apMarypH y[4eHbuaeT Ha-
qafibHy|o ee HaAexHocTb, 'tTo yqrlTbt-
BaeTce èBeAeH eM KooQQl4LlueHroB
ycfioB[ù paooTbt apuarypur. 34ecs
cneAoBano 6br AononHt4TelbHo orue-
rurs4ae oco6eHHoctu.

B [12] 6btnfi npoaHanr3upoBaHbl
oco6etnocru crasAaprx3aqIu rpe60-
BaHuu K cBapKe crepxHeBoù apMary-
pbt !4 noKa3aHo, r]To cBapHoe coe,qu-
HeHUe MOXeT 3aMeTHO ycrynaTb npoq-
Hocru qenbHoro crpexHe.  IOCT
10884, ACTY 3760 r npo..r eHopMa-
lrlBHbre AOKytUeHTbt pa3peuarcT cHt4-
3l4Tb npot{HocTb cBapHoro coe,quHe-
Hrr 4o 90% Bpe[4eHHoro conporl4B-
reH e, qro He yqreHo CHul-l 2.03.01.
O|43u9ecR!4ù (nyreM cpaBHurenbHoro
HcnbrTaHhe 06pa3LloB) np!4eMoqHbrù
KOHTpOnb CBapIBae[4OCT[ ap[4arypbr
He npeÂycMorpeH.

14n$opuaLlur o ÀeùcrBt4renbHoÉ
cBapIBaeMocTt4 coBpeMeHHot4 apMa-
rypbr Becbt4a orpaHl4qeHa KacaeTce
n rrlb Knacca 4500C: [5] coAepxrlr
06ul14e cBeAeHuq o iqoBonbHo xopo-
ue14 cBapuBaeMocrh roorqeKaraHoù
apMarypbr ra3 cran[ Mapxu 20fCQ, B
[10] coo6qeHo o6 yuexuLueuuu 4o
5% ncxogroù npoqHocrfi apMarypbl,
t43ToToBIeHHoù no pa3nl4qHbtM TexHo-
notfi qM. Hara6onee AerarbHbte cBeAe-
Hrn npreegeuur e [13]. O6rerrorvr ero-
ro ccneAoBaHhe cTana Tep[4oMexa-
HfiqecKl/l ynpoqHeHHac apMaTypa Al4-
aMerpoM 10-14-16 MM. rcroroBneHHafl
"Kpr,rBopoxcranbrc" noECTy 3760 x3

OTHoc renbHaÉ

Tr4n Ha3BaHqecoeAhHeHrF

Kpecroeoer K1 - KoHTarcHoe 21

K3 - npuxBarKaMx 21

CrbrxoBoer C1 - B oexuMe 21

M C T K O M

xecr{oM 30

uzJ - BHaxllecT(y
TaBpoBoe: T2 - ÂyroBoe -

Konl,gecrEo 06pa3qoB

co 3HaqeHreM o@/o., npoqeHT

MeHee 0,9

5 0 4 5 5
6 2 3 3 5
- 2 5 5
5 5 0 3 0
10 40 50
-  14  24

70
1 5
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Tpex nnaBo( cTanu MapK cT3fnc.
OH uMen yrnepoAHbtt4 3t(B BaneHT
0,30,0 ,323 14  0 ,395%,  re .  ABa) (qb l
3a H )l{Heù fpaHfiqeù !4 B nocneÂHeM
cnyLrae B6n 3 cepeAl4Hbl craHAap-
Tr43r4pOBaHHOrO AUana3OHa. B UCXOA-
HOM COCTOflHT4|/1 apMarypy XapaKrep -

3oBanfi cpeAH[e Anq rpynn n3 16 06-
pa3qoB 3HaqeHr9:

AuaMerp crepxHs, MM 10 14 16

AuaFa3oH, [ , lna:  6-  534-541 67i-684 569_576

o. 625-646 740-774 665-673

NcnbrraH lo noABepranu coeAfi-
HeHfi9 nFTU Tl,lnOB, a KOHTaKTHb|e CTbF

Kl4 - eule u B AByx pexfiMax; nory-
tteHHbre pe3ynbrarbr 0606uleHbl B
ra6n.5.

B pe3ynbrare cAenaH BbtBoA o
TOM. qTO Ang TaKOù ap[4arypbt "Hop-
M poBaHHoe [ruHriN4anbHoe 3HaqeH14e
npoLrHocTr4" (9TOT TepMUH XenaTefi b-
Ho 6brno 6bt yrotlHllTb) cBapHblx co-
eAl4HeHUù I4OXHO npUH14rvlaTb paBHblM
550 Mna, raK KaKnrub oAtlH r43 135
oOpa3qoB (BepoerHocrb 0,993) noAo-
uen K TaKotl rpaHnqe.

3aMeruM, ,iro oror BbrBoA Mor6bl
Kacarbcg nuub ccneAoBaHHoù co-
BoKynHocrll. Xore 14 BHei,2zVo o5pa3-
qoB He oTBeqalor cTaHAapT 3oBaHHO-
My 90%-My ypoaHrc.  Mano roro,
versrpe oopasqa coeA HeHfiù Tuna
C1(M) ,r ABa runa T2 nMen npoq-
Hocrb [4eHbury]o 0,8o8. n po.tHocrb

AByx ,r3 Hr4x A al4erpoM 10 t4 16 M[,1
cocraBnsna, BepogTHo (orHocrrenbHo
BepxHet rpaH14,-lbr 14ccteAoBarenbc-
Koro Axana3oHa yB), He 60rbLUe 520
r  540 Mna. ,qononHuref lbHo cneAo-
aano 6st npuxnru Bo BHt4[4aHL4e eu]e
4sa o6ctortenuctaa:

Bo-nepBbrx, He gcHo, MoxHo n
xccneAoBaHHylo coBokynHocTb ctl 14-
TaTb xapaKTepHb||\4 npeAcTaB[Tenetul
o6ulero [4accuBa apMarypbt Knacca
A500C Ha ore.{ecraeHHou psture. 3ro
xacaercg, B qaclHocTl4, apN4arypbl
c noBbrueHHbI\4 Ao BepXHeù rpaH Llbl
3HaLreH eM ymepoAHofo 3KBl,lBareH-
TA;

Bo-BTopbrx, a 4ononHeHlte x 6pa-
KoBoqHbr[4 TpeooBaHfi e[,1, ACTy 3760
pa3pelrtaer cH!4xerne 6paxoaovHoro
ypoBH9 BpeN4eHHOrO COnpOT14B|eH!49
apMarypbr Ao 600-50=550 N4na (n.
6.1 .6 1) fi cBapHoro coeA HeHne eule
Ha 10% (n.6.1.4) .  3ro sHaqt4r ,  qro

0paKoBotrHbrù ypoBeHb npoqHocru ra-
KorO COeAUHeHUF t\4OXeT y[,leHbuJl4Tb-
ca Ao 0,9x550=495 Mna, r.e. Ao 6pa-

30

KOBOTTHOTO ypoBH9 npeAena reKyqe-
crr. AonycKarb xe npu ucnonb3oBa-
H14t4 CBapHblx coeAlrHeHr14 cHuxeHue
3anaca nporrHocr14 Ao o"/or,o,rr= 1,05
(cr\4. BbrLUe) npeAcTaBngerct 1,4 BoB-
ce onacHbtM.

3Ha,{fiTenbHyro.racrb coBpeMeH-
Hoù apMarypbr BbrnycKabr c raK Ha-
3brBaeMbrM "æpnoB AHbllvl npoÔ ne[4"
r(oHcrpyKrlr,r14 p14+r]eH!49 noBepxHocfl4,
np qeM 3BecTHo, r]To oHa uMeer xyÀ-
uee cuenneH e c oeToHoM BcpaBHe-
H 14 c apft4arypoù, Mercu]eù npuBbrtl-
Hoe "KonbqeBoe" puQreH|4e. norpe6-
HOCTb yqeTa 0Toro QaKTa noATBepx-

Aaor ùrecrHbre HopMbl [8]. C yqeroN4
pæynbraroB aHan 3a [14] o6HapoAo-
BaHHbrx B [2] rccnegoaaxrù oxasa-
nocb Bo3MoxHblll l  peK0tuleHAoBaTb
nfiub He3HaqurenbHoe - Ha 20% yro.r-
HeHUe yKa3aH14ù HOpM npOeKTUpOBa-
HAa.

BN,recre c reM, 3BecrHbr 14 Apy-
rfie npeAnoxeHfig, ocHoBaHHbte Ha

CnOIlb3OBaHfi U He3HaKONilblx nOKa
oreqecTBeHHbtM npoefi upoBl4uKaNl
eBponeùcKhx Hoptrr. Hatt6onee no4-
po6Ho (Ha 15 crp.) ra( e yKa3aHr4F
coAepxarce B peKoMeHAallrex [9].
OHh y.rHTbrBator MHoT[e Bnfis]oul e

ôaKropbr, Ho npaKT qecK HIKaK He
yBe3aHbr  co  CHul -1  2 .03 .01 .  f lpu6nn-
xeHbr K orr4M HopMa[4 yKa3aH[e 6e-
nopyccKoro npoeKra [1 5]. O6paulaer
Ha ce6q BHrltvlaH e, riro B o60L1x 3Tt4x
t4cTortHtlKax BBoAl4Tcg AOnOnH Tefi b-
Hafl aHKepoBKa p QneHurx crepxreù
nyre[4 ycrpoùcrBa KpoKoB L4 nerenb.

Tarru oOpasom, Ha:pena norpe6-
HOCTb BFteCeH|49 HeCKOnbK!4X r,43MeHe-

Hrù B AeùcrByrou.t ù CHrl 2.03.01 .
Bo-nepesrx,  nonegro 6utno 6st

o6cy4nru xeo6xoA14Mocrb AononHu-
TenbHofo BBeaeH c eule oÂHoro xo-
3ôQ!4Ll!4eHra ycnoanù po6orut: npfi
HaIr r.114r, cTbrKoBoro (BKIroqag BHax-
necrKy) cBapHoro coeÀ!4HeHuF npo-
AonbHoù pacrnHyroù crepxHeBoù
apMarypbr - 0,9 (He cnonb3yerce
B M e c r e  c  / i v  / , q ) .

Bo-BTopbrx, yqecrb Han!4lr e ap-
Marypbr c "cepnoBr4AHbrM" puQneHu-
eM.,qnr ororo HyxHo 6btno 6br:

a) ycraHoBr,rrb KoHkperHoe (no
pa3Mepy oTHoc TenbHol4 nnoulaAu
cMgTt4F 6eroHa) pa3[,lexeBaHue co-
BpeMeHHbrx KoHcrpyKq!4 ù pu+neHfi F
apMarypHbrx cTpexHe14i

6) 4nn apnrarypur c "cepnoB A-
HblM" p QreH eM yBenuqflrb Ha 20%
Hopr\4t4poBaHHble Anfl apN4aTypbl c
"KOrbqeBbrM" pt4ÔneH eM 3HaqeHUg

Anl4Hbr 3oHbr nepeAaq npeABap -
TenbHoro HanogxeH,19 [ aHKe00BKrr.

3a|(flrc,{eH].|e

BBeAeHt4e HoBbtx craHAaproB
(TOCT 10884 H flCTY 3760, a raffie
MHoroqr4cneHHbrx AoKy[4eHToB Ty Ang
crepxHeBoù apMarypbr) 3a[4erHo cH14-
3 ro ee HaqanbHyo HaAexHocTb.
Ocranocb Ao cr,1x nop Hoprvrar BHo He
yperyn poBaHHbrM [cnor]b3oBaH Lle
HoBoro Knacca apMaryphr A(r)500C.
HyxHo HanoMHr,4Tb, .iro Hop[4br 18]
op eHTupoBaHbr TorbKo Ha apturaTypy,
BbrnycKaeMyo no CTO ACqNI 7, a
peKoMeHAaLl4r4 [9] - no flCTY 3760,
T.e. He KacaDrca apt arypbr no fOCT
5781 14 IOCT 10884 (reu 6onee - no
pa3nuqHbrM TY). a ycraHoBneHH brù
l4M14 ypoBeHb Ha,qexHocT none3Ho
6brro 6br AonorH r,rrenbHo o6cyAr4Tb.
B03MoxHbr norepr rexHonorfi qecKoù
HaAexHocT[ np!4 ficnonb3oBaHu9 ap-
N4arypbr c "cepnoBrlAHoù" KoHcrpyKr.l!'1-
eù puQneulrr noBepxHocrrl, a raKxe
t43-3a HeKoHTponfi pyeN4où 3roroB14-
TengMfi C nOMOrl]bO npgMbtx CnbtTa-
Hfi ù cBap14BaeMocrfi apMarypbr. f loc-
neAHfclo Ao c x nop eqe cBfr3brBarcT
TOnbKO C Xl4tvll4qecKtlM COCTaBOU ap-
MarypHoù cran[, Ho 6e3 y,]era cno-
co6a ynpoqHeH14e.

TaxnNr o6pasoùr, npeAcraBneerce
HacroFTenbHoù nome6Hocrb oeanû3a-
r-.[4r1 cneAyou]l4x Meponp flTuù.

Bo-nepBbrx, nofie3Ho 6brro 6bl
(oHKpeTr4314poBalb I cTaHAapTr4314po-
Barb HyxHbrù norpeofiTenqM ypoBeHb
HaqarbHor4 HaAexHocT ap[4aTypbl 1,4
npaBfina BcecTopoHHeTo KoHTpone
ycraHoBreHHbrx rpeOoeaHrù. 3ry sa-
Aaqy HyxHo peuaTb c yqeTo[4 npaK-
Tfi qecKoù Bocrpe6oBaHHocr,4 KoHKper-
Hbrx KnaccoB apl4arypbr. noA,]epK-
HeM, qro ucnorb3oBaH!4e Ty Moxer
6brrb onpaBAaHHbr[4 n ub KaK Bpe-
MeHHoe. TonbKo Ha nep oA pa3pa6o--
K I Onb|THOTO np[MeHeHl4g HOBOI,î
apMarypbr c ynyqLUeuuurvu norpeon-
TerlbcKnM14 cBoùcrBaM14 (cu., HanpLl-
Mep,  ICTY 6  4 .3 .1 -6) .

Bo-BTopbrx, creAyer Haqarb npo-
qeAypy pa3pa6orKr4 14 BHeceH!4F B
CHnn 2.03.01 KoMnneKcHoro orHocr,4-
TenbHo ap[414poBaH!4fl 143N4eHeHL4fl N93
(npoeKr ero noAroroBneH aBTopoM).

B-Tperb x. Bce 6onee aKTyanb-
HbtM cTaHoBt4TCg peLUeHUe 3aAaqLl
crbrKoBaHnF apMarypHbrx crpexHeù.

a) npexAe Bcero c noMou]bro
oobr.rHoro y Hac cBapfiBaH e - Ha oc-
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HOBe COOTBeTCTByTOTJ.{4X fapaHTXtr r43-
TOTOBIITerIêù B qaCTU CBapt4BaeMOCT ;

6) BMecre c reM Llenecoo6pa3Ho
aKTUBHOe OCBOeHUe UJt4pOKOe UC-
norÉoBaHue B cTpouTenbcTBe Mexa-
H!4qecK X CnOCO6OB CTbTKOBKl4 (BUHTO-
Boù u, ocooeHHo, - c o6xaTxeM) æâ-
[4eH CBapHOrO.
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rOCT 6727-80. TlpoEonoxa 143 Hu3Koyr-
repoÂttcToù cran{ xonoAHorrHyTar Ânt
apMxpoEaH14r xere3o6eroHHbtx KoHcrpvx-
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rOCT 1088/L94. Cranb apMa.rypHar rep-
MoMexaHl4qec{}t ynpoqHeHHar AnF xene3o6e-
ToHhbrx koHcrpyKquù. TexHfiqec]ue ycnoBrE.

fOCT 12004-81. Crar6 apMarypBar.
MeroAbt [cnbFaHr4g Ha pacr'xeHt{e.

ACry 3760-98. npoxar apMarypHbrù
Anr xene3o6eToHHbtx KoHqrpyKq[ù. O6que
TexHl4qecKue ycuoBxF.

ACry 6 4,3.1-6-96. Marepranu I x3-
Aenue crpol,lrerlbHbte. noprÂoK pa3pa60r-
K4 U nOCTaHOBKU Ha npO 3AOACTBO.

CHxn 2.03.01-84*. EeroHHbte r xene-
3o6eroHtbre KoHcrpyK.lIt4.

CTO ACtIM 7-93. T'lpoKar nepIoAxqec-
xoro flpoQ[nr la3 apMarypHoù cranh. Tex-
Huqec(xe ycnoBltÎ .  -  [AccoLluaqt,tr  "t lep-
MelcraHAapr", Poccr,4t. l

MexgyHapogHaf, BbtcraBKa no npxMeHeHltto 6erona
B CTpohrerbcTBe

rro BnugHr4rc Ha pa3BuTr4e M pO-
Boû, qfiBunv3aquu t4oo6perel ue xene-
aoberota cMeno MoxHo nocraBurb B
oAr4H p9A C OTKpbrTrieM 9neKTpt4'.{ecTBa
uflu norBneHIeM aenaquu. B XX aexe
To.nbKo B Poco4r4 B crpourenoc,ree 6sno
xcnonÉoBaHo oKono 10 MnpA.Mr 6e-
ToHa u xene3ooeroHa.

Kax 4oxasureaer Mt4poBan npaK-
TfiKa, xene3o6eroH npu[4êHFercr B
cTpo TenbcTBe Bce Lxupe fi u pe.
Cyqecrayer qenblù peA [4eXAyHa-
poAHbrx opraHri3aquù no xene3oOero-
ry. Cpqgr Hux crour ynounxyru Mex-
AyHapoAHyto accoquaquo no c6opHo-
My xene3o6eroHy BIBM, roropan cy-
ulecrByer yxe oKono 40 ner u npo-

Bena B pa3nuqHblx cTpaHax oKono
1 8 ue4qyrapo4irsrx KoHf peccoB, FIB
- MelqyHapoAHyp QeAepaqulo no
xene3o6eroHy, ERMCO - EBponeùc-
Kylo opraHl43aqrrc no roBapHoÀay 6e-
ToHy, o'tepeAHoù xourpecc xoropoù
cocrorrcs a XenucuHKn neroM 2004 r

B Mocree e ceHrs6pe 2003 r. co-
ctognacu 2-c Mex(AyHapoAHar Bbtc-
TaB(a "KanuranbHoe crpo{4TenbcrBo/
Concrete Russia 2003", KoTopaF npo-
xoAIna coBMecTHo c BbtcTaBKoù
"CTpofi 14HAycrpt4e 14 ApxfireKrypa
2003" B SKcnoqenrpe ra Kpacroù
flpecHe. Oco6oe aHnMaHre Ha Bbtc-
TaBKe 6brno yAeneHo pa3Aeny "6e-
ron, qeuexl4o6aaxu u oerotnoe o6o-

pyAoBaHue". eror pa3Aen afiueHo
no4epxt,tBaer r npoABt4raer Ha 6e-
ToHHoM pbrHKe a Eepone Spuraxcxoe
Coo6uesreo SeroHa.

B TeqeH14ê nfrù4 AHeù yqacrHt4Kx
[ floceTuTen4 BbtcTaBKn Ber|t4 aKTtlB-
Hy|o pa6ory c qenbp ycraHoBneH F
HOBbIX AenOBbtX KOHTaKTOB, 3aKn|oqe-
HUC,qOTOBOpOB, nOUCKa nepcneKTuB-
Hbrx naprHepoB 14 KoMMepqecKoù 14H-
QopMaquu. Ha BbtcraBKy cbexanficb
yqeHbre, cnequanucru u 6ngHecue-
Hbr crpoxrenbHoù t4HAycrpr4l4 143 pa3-
Hbrx crpaH uupa (Fepuaruu, t{epno-
ropuy., nranuu, OpaHqsx, UlBeq 14,
I Iareru,  Pecny6nrxra Senapycu,
Ëenurur, Aecrpura, Knnpa).
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feHepanbHbl[4 cnoHcoooM Bbrc-
TaBKrl BbrcTyn!1na KpynHeùuag B Poc-
ct4l4 qeMeHTHafl xonA HfoBag KoMna-
H q OAO "EBpoqeMeHT". Ha ee 3aBo-
Aaxs2002 t.6srno npouoee4exo 6o-
nee 7 N4nH.T ueMeHta. xounanng o6-ue-
A Heer qerbrpe KpynHexuJ X 3aBoÂa
no errpa6orxe qeueura. Crpourens-
Hbrù N4rp 6brn npeAcraBneH BeAyq!4-
Mfi npeAnp gTl4qM'l ÀaHHoù orpac.n ,
cpeA Koropbrx6brnrAot\4ocrpourenb-
nure xovr6uHatsr, KoMMepqecx e u
crpor,4TenbHbre Ko[4naH u, cTpo Tenb-
HO-tVlOHTaXHbte ynpaBneHl49, aA[4tlHt4-
crpaqfifi ynpaBneH!4g no cTpo Tenb-
cTBy 14 03eneHeHulo, apx[TeKTypHbte
fi npoeKrH bre 6npo, npor:ao4rrenn
crpoùMarep anoB, o6opyAoBaH[9 t1
rA.  CornacHo coqxonor qec(o[ ry
onpocy,  npoBeAeHHoMy B paùl  Kax
BbrcraBKI KoMnaHfi eù "RTE-Moscow",
noceTl4Terlr BbrcraBKr4 npeAfiaBr]9|oT
co6oùt 89,29% KoMN4epqec(ue crpyK-
rypbr 14 rorbKo 10,71% rocy4apcraex-
Hbre. Hafioonbuflù HTepec K BbrcraB-
Ke cpeAx KoMnaHfiù yqacTH14KoB npo-
FBr4Jlfi n po !4 3 B OA t4Ten 14, OHt4 COCTaB-
nstor 51,85% o6u.lero ..rncra onpo-
l"ueHHblx. HTo xe KacaeTcg Lttlc'Ia on-
poueHHbtx noceT[Teneù, To 3Aecb
npeBan pyroT HecKonbKo Apyrue no-
Ka3aTen : npofi3BoAlTenl4 cocTaB nu
35,71%, npoeKrHbre Hcrl4Tyrbt -
16,33%, roproBbre opraH 3aq |a -
19,56%, ocranbHble - peKnaMHbte
ycnyrrl, npecca, Henporl3BoAcrBeH-
Hat coepa ,4 ylleoHble 3aBeAeH q.

B Poccr4 TaKas BbrcTaBKa npoBo-
A!4TC9 BTOpl4qHO, B TO Bpe[49 KaK Ha
3anaAe noAoOHbre Meponp rrfiF Aa-
neKo He B HoBr4HKy. Exero4Ho nposo-

Ar4TC9 Of pOMHOe KOfl t4qeCTBO CneLlrla-
n13 poBaHHbrx BbicTaBoK no 6eToHy:
"World of Concrete' . CtLlA. "Betontag ,
fepMaHlae, "Our world in Concrete
Structures", Crnranyp r gp. KpynHeù-
uag BbrcraaKa "World of Concrete ,
KOTOpag npOBOAr4TC9 nooqepeAHo B
fiac-Berace r ao Qnopu4e, co6upa-
er nopsAKa 1500 (oMnaH!4ù Ha nro-
qa4n e 700 rsrc. uz. 3ro xpynxeùruan
BbtcraBxa no 6eroHy, TexHororl4gM,
o6opyAoBaHr4ro u rexH Ke B Mrl4pe.
Poccur u4er ecneA 3a ButcraBoqHbt-
Mu r\,loHcTpaMh KpynHeùLU!4x cTpaH,
HO AOCT THyTb TaKfiX pa3N4aXOB Ha[4
npeÀcTol4T He cxopo.

Ec'If i xe cpaBH Tb Koflt4qecrBo
yLr  acrH 14 xoB Bbtc raBk "Concre te
Russia 2003", no cpaBHeHxrc c Bbtc-
TaBkoù no3anpolunoTo ToAa, To TeH-
AeHq{fl K yBen[qeH o Har]r, . lo, Ta-
KUe noKa3aTen14 He Moryr He paÂoBaTb
opraH 3aropoB BbrcraBK . f lo AaH-
HbrM cTaT cTr4LrecKofo onDoca. Lt cno
nocerfireneù cocraB ro oKoro 20
Tbrc. qenoBeK, n peAcTa Bn B ro u.ll,4 x cne-
qfi an[cToB r43 pa3ut.4r]Hbtx perfi oHoB
Poccr,ru (CaHrr-llerepoypra, EKare-
pfi H6ypra, BopoHexa, Cypryra, Carra-
pbr, SapHayra, Lle6oKcap, flnneLlKa
Ap.), AanbHero fi 6n hxHero 3apy6exbe.

Ha ceroAHeruHfiù AeHb npuMeHe-
H e oeroHa B crpofiTenbcrBe B M pe
exeToAHo npeasruraer 2 vnp4. na3 1a
Poccru 70 MnH rar1. vro Hanrxoro npe-
BOCXOATlT npOT43BOACTBO Apyf IX Bt4-
AOB npO[4brLllneHHOr4 npoAyKt-tt4t,l t4
cTpourenbHbrx r\,rarep|4arroB.,qnq ero
r43TOTOBfleH q paCXOAylOTCg COTHt4
MUnn oHoB TOHH qe[4eHTa, qe6Hq,
necKa, 9To rpeOyer cyqecrBeHHoro

3-bnTl49 ecTecTBeHHblx np poAHbtx
pecypcoB. Ll TonbKo Ang nporl3BoA-
CTBA 6ETOHA B LU|/lPOKXX MACLXTAoAX
r\4oTyT ucnonb3oBaTbcfl KpynHoToH-
HaxHble  npoMblurJ leHHble  oTxoab l
aHepfeT Kr4, MeTarrryprl vt Apyfl,4x
oTpacner.

B rexHonornu 6eroHa B nocfle-
AH14e roAbr npo 3ot!na Hacrosl4ae
peBonol$4g - np MeHeH e XU[rt4L]ec-
K X Âo6aBoK-MoAr4$uKaropoB, ToHKo-
Afi cnepcHbrx HanorlHrreneù no3BonLi-
1lI nonyL]aTb Ha peAoBblx qeMeHTax
oeroHur noo.fl-rocrbNc 100 Mna ta

- . - - - - - . ! -Bhrue. B Poco4 ooopor orpacn;-Ml
eKru4poBaHfiI, npo 3BoAcTBa np [4e-
xeH!4q 6etoFia xene3o6eroËa Moxer
6bttb oqeHeH BAeHexHotv BbtpaxeH rl
B 10 MnpA. Aonn., a ruupoeoù o6teu
exeroÂHo npeBbtLuaer 300 MnpA. Aonn.

flepcnerrteHocrs raKoù BbtcraB-
({, KaK "Kanurafl bHoe crpofi TenbcrBo/
Concrete", crara o,{eB AHoù, ,1 ocra-
erct Ha.qetrbcg, qro B 6nfixaùLUeM
oyÂyuleM Bce HoBbre poccnùcK e
npeÀnp 9Tr49, a TaKXe KpynHeûur4e
i4HocrpaHHbte npoi43BoAt4Ten OeroH-
HOl4 npoMbtlxneHHocT noMepxaT ee
i4 npu[4yr y']acT e B sToM MeMyHa-
poAHoM cneq[an 3hpoBaHHoM Me-
DOnDfi9Tt4l4.

B HbTHeLUHeM 2004 r MeMysa-
poAHaF BbrcraB(a "Concrete-Russia
npoùAer B nepuoÂ 28 ceHreops - 1
oxrn6pe a Il@K l-lCKA. TpaArlq oHHo,
s paMKax oroTo co6btl4fl, xaK Bnpo-
LunoM roAy, oyAyr n poBoAurbca
BcTpe'rfi, KOHQepeHqfit4 x ceM Hapbi.

T.nerpoaa, pyKoBoArirenb
npoeKTa "Concrete Russia".
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