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VI3BeCTHo, 'ITO 6op o6n8A8eT 6onbll!Oi!: rrornom8JOWelt cnoco6HOCTb!O no 

OTHOll!eHH!O K Hei!:TpOH8M HH3KHX 9HeprHi!:. nornomeHHe 9THX Hei!:TpOHOB RAp8-

MH MaTepH8na 38WHTbl IIpHBOAHT K o6p830B8HH!O 38XB8THOI"'O I'8MM8-H3ny

'l:eHHH, KOTOpoe B pRAe cny'l:8eB onpenenReT MOillHOCTb A03bl 38 38WHTOl!: • . 

CnenoB8TenbHO, sseneuHe 6opHhiX no68BOK s 38WHTY Mo>KeT npHBeCTH K no

A8BneHH!O 38XB8THOI'O I'8MM8-H3nyqeHHSI H yMeHbll!eHH!O CyMM8pHOi!: MOWHO

CTH A03bl 38 381llHTOl!:. 

8 H8CTOHWee BpeMH HMeeTCSI AOCT8TO'IHO IIOnHaH HH~OpM8UHH 0 uene

coo6p83HOCTH Be.QeHHSI 6opHbiX A068BOK B 38WHTy RAepHbiX pe8KTOpOB ( CM., 

H8IIpHMep,fl, 2/) • B pe3ynbT8Te HCCnenosaHHH 6binO IIOK838HO, 'ITO M8KCHM8nb

Hoe coKp8meuHe TonmHHbi 38WHTbi 38 C'l~T sseneHHH 6opHbiX no68BOK Mo>KeT 

AOCTHI'8Tb 27%. 

K CO>K8neHH!O, HH~OpM8UHH 06 9<j><jleKTHBHOCTH 6opHbiX A068BOK B 38-

IIIHTe ycKOpHTenefi Bb!COKHX 9HeprHfi IIp8KTH'leCKH OTCyTCTByeT H OI"'p8HH'leH8 

p8CCMOTpeHHeM BOIIpOC8 0 B03MO>KHOCTH HCIIOnb30B8HHR 6opHbiX A068BOK AnR 

yMeHbll!eHHSI cTerreHH 8KTHB8UHH rrosepxuoCTH 38WHThi/3-5/. 0AH8KO, K8K rroK8-

38nH pe3ynbT8Tbi p8C'l~TOB H 9KCIIepHMeHTOB/ 6-8/ t BKn8A 38XB8THOI'O I'8MM8-

H3ny'leHHR B CYMM8pHy!O MOWHOCTb A03bl B 38WHTe OT p8CCeRHHOI'O H3ny

qeHHR YCKOpHTenel!: AOBOnbHO cymeCTBeHeH. T8K, H8IIpHMep_, .ctnR 'MHI'KOro' 

crreKTp8 p8cceHHHoro H3ny'leHHH CHHxpoUHKnoTpoua OVI.HVI BKn8A 38XB8THoro 

I'8MM8-H3nyqeHHSI B CyMM8pHy!O MOWHOCTb A03bl 38 38WHTOfi TOnWHHO!O 140 CM 

COCT8BnSieT 80%/6/ • 

3 



B aaHHOH pa6oTe npoBeaeHo aKcnepnMeHTanhHoe nccneaoBaHne a~~eK 

THBHOCTH 6opHbiX A068BOK B U6bi'IHOM 6eTOHe An5l: ABYX cny"'aeB : 8) HCnO.'lh-

30B8HHe 6opocoa~pMawero noKp~THH c paanH"'H~M coaepMaHHeM 6opa Ha no

BepxHoCTH 38lUHTbl H 6)BB8A8HHe 6opa B 38WHTY B KO.'IH"'eCTBe 15 KrfM3. ilnH 

HCC.'l8AOB3HHH 3~8KTHBHOCTH 6opOCOA8pM8lUHX noKpbiTH~ HCnOnh30B8.'18Cb 3K

cnepHM8HT8.'lbH8H ycTaHOBKa, o nncaHne KOTopoH aaHo B pa6oTe/8 / . Ha n oBepx

HOCTH 3TOH YCT8HOBKH, H8XOAHBlli8HCH B ycnoBHHX "MeCTKOro" cneKTpa pacce 

HHHOrO nany"'eHnH, pacnonaranocb 6opocoaepMamee noKpbiTHe, naroToBneHHoe 

nyTeM BB8A8HHH K8p6HA8 6opa B nOl!HBHHH.'l8U8T8THbl~ CnO~ H8 apeBeCHO-BO

.'IOKHHCTOH OCHOBe. B Ta6n. 1 A8H XHMH"'8CKH~ COCT8B 6opocoaepM8WHX no

Kp~THH anH Tpex paanw"'H~x KOHueHTpaunA 6opa . Ha pnc. 1 npnBeaeHo pac 

npeaeneHne nOTOKOB H8HTpOHOB HH3KHX 3HeprnA H MOil!HOCTH A03bl 38XB8T

HOrO raMM8-H3.'lY"'8HHSl: B 06bi"'HOM 6eTOH8 C 6opOCOA8pM8lUHM nOKpb!THeM 

H8 noBepXHOCTH . ilnH Cp8BH8HHH npHBeQeH~ T8KMe 3KCnepHM8HT8.'lhH~e Q8H -

Hbie no pacnpeaeneHH!O noTOKOB H3.'IY"'8HHA YK838 HHbiX rpynn B 06bi"'HOM 6e 

TOH8 6ea 6opocoaepMawero noKp~THH. XapaKTepncTHKH aeTeKTopoB , ncnonh

aoBaHHhiX B onhiTax, aaHbi B pa6oTe/9/ . Hanw"!He 6opocoaepMa~ero noKpbi-

THH H8 n o BepXHOCTH 38WHTbi npHBOAHT K H8KOTOpOMY YM8Hblli8HHIO MOIUHOCTH 

A03bi 38XB8THOrO raMM8 -H3.'lY"'8HHH . ilnSI noKpbiTHSl: C COA8pM8HH8M 6opa 

2 , 4 Kr / M2 MOWHOCTb ll03bl 38XB8THOro raMM8 - H3liY"'8HHH H8 T O.'IWHHe 38WHTbl ) 

npeBbiW8JOW8H 40 CM,Y M8 Hblll8eTCH npH6l!H3HT8.'lbHO B 2 p838 no Cp8BHeHHJO C MOU!

HOCTbJO LI03hi aaxBaTHoro raMMa -Hany"'eHHH B aamn Te 6ea 6opocoaepMamero 

Ta6nnua 1 
XnMH"'eCKHA c ocTaB 6opocoaepMawnx noKphlTHA 

TonwwHa CoaepMaHne aneMeHT OB, Kr/M2 

llOKpbiTIHI, 
nonHBHHHn- lln6yTnn- llpeBe -

Kr / M2 Boa a K ap6na 5opa 
aueTaT !jJTonaT CHHB xx/ 

(C4H602)x/ ( c 6 H22 o • l x/ 

7,5 3, 1 0,5 2,7 0,8 0,5 
15,5 8 ,3 1,0 5 ,4 1,2 1,5 
24,0 9 ,4 1,5 8 , I 1,8 3,0 

x/ 
!jJOpMyna BTOMHOrO COCT8B8 

xx/ 
co£TaB cyxoH apeBecwJ-<hi: yrnepoa - 4 9 ,4% , KHcnopoa 44, 1%, Boao-

poa 6 ,3% , npo•me MnHepanbHbre BewecTBa - 0,2% 1 111. 
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Puc . 1. O c no6ne Hl!e pacceHHJIOro 11311)"!eHIIH B u eToHe ( p ~ 2,35 r lcM3) 
c 6opoconepi+<8WJI :-.t noKpbiTH e M. 0 - pacn pe.aene Hu e noToKa pe3o -
Hai-ICHbiX HeiiTpO HO B ( E o::o 1,44 3B) npn 6opoco.aep>K a JUeM noK pbiTHH 

c co.aep>KEl HI! e~ t 6o pa 0 ,4 Kr 1 M2, • - TO >Ke rrpu con ep>K BHJJII 

6opa 1, 2 Krll\1 2 , a - To >Ke npw c onep >Ka HIIH 6opa 2 ,4 Kr lr..t2 , 
f - TO >Ke Ge3 6opoconep>KaP!er o noKpbtTHSI , 0 - pac npenP..1e tme 

JT OTOKB TennO Bhl X He f1Tp0HOB ITpl-1 60pOCO.O ep >K8Uler-. l llOKpb!Tifll C CO 

nep>Kll HII e!~ l 6opa 0 ,4 Kr / M2 , 6 - TO >Ke np11 conep >!W l-llllf 6opa 
1, 2 Kr!M 2 , CJ - TO >Ke npn c onep >Kll HJJH 6opa 2 ,4 xr /M 2, ()- - TO >J<e 

6e3 6opoconep>Kamer o noKp bi TIIst , Y - pacnpeaeneHJJe :\lOUl HOCTJI 

no3~>J r aM:o.. Ja -11 3ny ye unH ( M r: p/cex) np11 6opoco .1ep>KB!lle~·t noKpLITIIH 
c conep*a ll ner-..1 6opll 0 ,4 Kr /l\.t2 , 'l - To tKe n p11 c o .aep:rKaHHn 6opa 
1, 2 xr/:\1 2, '[!- To :rKe npu co.ae p >Ka HJIII 6 o pa 2,4 Kr /;..,2 , ··0 - TO >:< e 

6e3 6opoco.'lepma1uero no~ pb!Tl Hl . 
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IIOKpb!THH, 3TOT a¢<jleKT MOlKHO 06'bHCHHTh TeM , 'iTO 6opoCOLleplKatnee IIOKpbl 

THe B OCHOBHOM rrornoma eT ll8Ll810tnHe Heli:TpOHbl HH3K03HepreTH'ieCKOll: 'i8CTH 

CIIeKTpa HeHTpOHOB 0 IIpH 38MeLtneHHH H IIOCneLtyJOtneM 38XB8Te KOTOpblX B 38-

lUHTe o6pa3yeTCH r a MMa-H3ny'ieHHe, 

finH OIIpeLteneHHH a¢<jleKTHBHOCTH 60pHblX Ll068BOK 0 pacrrpeueneHHb!X B 

381UHTe , 6binO IIpOBeLleHO 3 KCIIepHMeHT8nbHOe HCCneLlOB8HHe ocna6neHHH IIOTO

KOB paCCeHHHblX Heli:TpOHOB pa3nH'tfHbiX 3HepreTH'ieCKHX rpyrrrr B KOMII03HUHH 

6opocoueplKamHll: 6eTOH + o6 bi'iHbi H 6eToH. B aKcrrepHMeHTanhHoii ycTaHOBKe, 

OIIHC8HHe KOTOpOii IIpHBeLleHO B pa6oTe/7/, BepxHHJi cnolf 06bi'iHOI'O 6eTOH8 

TOntnHHOIO 40 CM 6bin 38MeHeH 6opOCOLteplK81UHM 6eTOHOM C COLleplK8HHeM 

6opa 15 KriM3. XHMH'ieCKHll: coc TaB aToro 6eToHa uaH B Ta6n, 2. Ha pHc,2 

Ta6nHua 2 

XHMH'ieCKHJi COCT8B 06bi'iHOI'O 6eTOHax/ C Ll068BK8MH Kap6HLl8 6opa 

nnoTHOCTb 0 

KI'fM3 

H B 

CoueplKaHHe aneMeHTOB, KriM3 

0 C · Mg AI Si s Ca Fe 

.. 2250 15 15 1110 130 90 50 350 10 470 2,0 

x l 
TO'tfHOCTh ±_5%, 

npo'iHe 
(Na, Mn u ap) 

.. 8 

rrpHseueao pacrrpeueneHHe rroTOKOB pacceHHHbiX aeli:TpoHoB pa3nH'iHbiX aaepre

TH'ieCKHx rpyrrrr H MOIUHOCTH Ll03bl 38XB8THOI'O I'8MM8-H3nyqeHHH B KOMII0-

3HUHH 60pOCOLleplK81UHH 6eTOH + 06bi'iHhlll: 6eTOH, finSI Cp8BHeHHSI H8 3TOM 

lKe pHcyHKe rrpHseueao pacnpeueneaHe rroToKoB pacceHHHoro H 3 nyqeHHSI B 

06bl'iHOM 6eTOHe, 

BseueaHe sepxaero cnoH 6opocoueplKamero 6eToHa TonmHHO ID 40 eM 

B 381UHTY H3 06bi'iHOI'O 6eTOH8 llpHBOLlHT K IIpHMepHO LleCHTHKpaTHOMY yMeHh-

WeHHIO MOIUHOCTH Ll03bl 38XB8 THOI'O I'8MM8 - H3ny'ieHHSI Ha I!OcneLty!OlUHX TOn -

IUHH8X 38lUHTbl ITO Cp8BHeHHIO C MOmHOCThiD Ll03bl 38XB8 T HOI'O I'8MM8- H3ny

'ieHHSI B 3atnHTe H3 o6bi'iHoro 6eToaa. Cornacao MeTOLlHKe pac'i~Ta 3axsaT

aoro I'8MM8-H3nyqeHHSI 0 rrpeLtnOlKeHHOH B pa6 oTe/8/ , M8KCHM8nhHOe yMeHh 

weHHe MOIUHOCTH Ll03bl 38XB8THOI'O I'8MM8- H3ny'ieHHSI 38 C'i~T BBeLleHHSI B 

3amHTY 6opHbiX uo6asoK oueHHBaeTcSI npH61IH3HTenhHo B 12 pa3 , Cneuosa 

Tenbao, uanhaell:wee ysenH'ieHHe cnoH 6 opocoueplKamero 6e T oHa ae rrpHse

ueT K 38MeTHOMY yMeHbWeHHIO MOIUHOCTH Ll03bl 38XB8THOI'O I'8MM8-H3nyqeHHH, 
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Pu c . 2. Ocna6neuue pacceSIHHoro n any'leH IISI B KOMnoaiiUIIH 6opocon• 

6eToH ( c conep~<a tJII eM 6opa 15 KrfM3) + o6bi4Hbiii 6eToH. 

npeneneu11e n oToK a u eilTpo u oa BbiCOKoil 3 11epr11n ( F:> 20 M3B 

T OK<l 5b:C T pb1 X ll€1lTpOH OB, • - nOTOKa p€30HaHCHbiX H€ HT}: 

(I·; u 1,44 3 B) , • - noTOKa p€30IWHC HbiX HeiiT pOHOB (F. u 

0 06 h14HO ~I 6 TOne, 0 - IIOTOKa T e nnOBbiX H€HTpOHOB, 0 -
T €fi,JOBbiX n e iiTpOIIOB B 06bl4110~ 1 6eTOH€ , .. - MOUIHOCTII 110 

11 3ny4€ 1111SI ( >.!Kp/ceK) , Y - MOUIIJOCTIJ II03bl raMMa - nany'le 

B Of.!IPIH0\.1 6eTOf-le . 
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Puc. 2. Ocna6nenue paccesumoro n3 ny'!eHIISI B KOMII03 11UIIH 6opoc onep)i(atrrn ii 

6eTo H ( c conep~<a nll eM 6 opa 15 KrfM3) + o6bt'IHbtil 6eTon . e- pac
npenenenue no~oKa neiiTponoo Bt..tcoKoii 3 nepru n ( F:> 20 M 3 o) A -no

T aKa 5b:C Tp bi X ne ilTpOIIOB, • - llOTOKa pe30HaiiCIIb1X ne iiTpOHOB 

( 1-: ~ 1,44 3B), • - IIOTOKB pe30 IIDHCHbiX neiiTpOHOB (F.~ 1,44 3B ) 

0 06 1oi'IIIO~I 6 TOne , 0 - IIOTOKa TellnOBbiX neiiTpOIIOB, ~ - IIOTOKa 

TeJI .. IOI"'\IoiX Hei'tTJJOIIOU B oGt..I l..III0'\1 6eTOHe , .... - MOill lfOCTif ll03bl ra~n .. ta..!. 

113ny•!ellllll ( >.!Kp/ CeK ) , Y - MOUUIOCTII IID3bl raMMB -11 3ny'ICHIISI ( MKp/ CeK) 
n oG! ,Jlfii0\1 6eToHe . 
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MHrKoro* cneKTpa pacceHHHOrO H3ny'leHHH CHHXpOUHKnOTpoHa 

OI·HUf /6/ coKpaweaHe TOnWHHbi aaWHTbi, aeo6xoLIHMOA' LinSI CHH)I{eHHH ypoBHSI 

Hany'leHHA' LlO npeLienbHO LioaycTHMOA' B o6cny)I{HBaeMOM noMeweHHH 
1101, aa 

C'I~T BBelleHHH 40 CM 6opOCOLlep)l{aiUero 6eTOna COCTaBnHeT npH6nH3HTenbHO 

25%. EcnH B o6weM noToKe pacceHHHoro HanyqeHHH OT ycKopHTeneA' LIOnH 

6biCTpbiX aeA'TpoHoB H aeA'TpoHoB BbiCOKHX aaeprHA' ( E > 20 M :as) npeae6pe

)I{HMO Mana, TO BbiHrpbpU B TOnWHHe 3aiUHTbl MO)I{eT 6biTb LlOBelleH LlO 40 CM 

o6bi'IHoro 6eToHa. 

0nHaKO rrpH HCITOnb30BaHHH 6opoconep)l{aiUero 6eTOHa yMeHbWeHHe TOniUH-

Hbl 3aWHTbl 0 ITO-BHL1HMOMY 0 He KOMneHCHpyeT B03pacTaHHe CTOHMOCTH 381UHTbl 

H ,TaKHM o6pa30M-, BOITpOC 0 ITpHMeHeHHH 6opOCOLlep)l{alUHX 6eTOHOB B 3aWHTe 

oT pacceHHHoro Hany'leHHSI ycKopHTeneA' cneLiyeT paccMaTpHBaTb TOnhKO B 

cnyqaHX 0 KOrlla Ha pa3Mepbl Tpe6yeMOA' 3aWHTbl HaKnallbiB810TCH )l{eCTKHe 

orpaHH'IeHHHo 
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