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STATIC-DYNAMIC LOOSENING OF FROZEN ROCKS

Puxnenns mepsznux nopio ma rpynmis € 0OHuM i3 HAUOLIbUW CKIAOHUX, MPYOOEMHUX MA
EeKOHOMIYHO 3aMPAMHUX MEXHOL02IYHUX NPOYECI8 8 2IPDHUYO-eHeP2emUYHOMY Ma GilicbKOBOMY
Komnjaekcax, 0y0ieHUYmMEI a8MOULIAXI8 Mma NPOMUCIOBUX 00 €KMIB, NPOKIAOAHHI KAHALS,
Mmeniopayii ma iHWUX eany3ax nPOMUCIOBOCHII.

3 ycix po3puxniosadis, wo mMaroms Mexariyti 3acoou pyuHy8aHHs Mep3aux eipCbKux nopio
ma IPyHmis, nepesaxtcHi 2iOponHeeMamuyHi yOapHi incmpymenmu. Bonu pytinytoms mep3ni
NnOpoOU 3HAYHUMU OUHAMIYHUMU HA8aHmadceHHAMU. [ioponneemamuuni yoapui mexamizmu
Xapaxkmepuszyromscs 8UCOKOI NUMOMOIO eHep2Ii€lo, a8MOHOMHICMIO N00ayi, KOMNAKMHICMIO,
HU3bKOI0 MemanoEMHICMIO, NPOCMOMOI0 KOHCMPYKYIi ma ynpaeniHuam 6 pooomi. Taxooic
3HAX00SIMb 6ce OiNbule BUHAHHS PO3PUXTIOBAY] 3 KOMOIHOBAHUMU CHROCOOAMU DPO3POOKU
8u060i8.

V yiti cmammi npedcmaseneni pezynomamu nNpaKmuyHux OOCHIONHCEHb PO3INYULYBAHHS
Mep3aux 2IpCoKux nopio ma IpyHmie. BcmanoeneHo 3aneicHoCcmi 3MiHU  WBUOKOCH
anmugazHozo po3nyuryeada 2ioponHeeMamuyHo20 MoIOmMKa, eHepaii ma yacmomu yoapis.

Bubpani ma obrpynmysanni poboui napamempu akmugHo20 po3puxaroeaia 3 AaHmugpasHum
pobouum opeanom. Ilpomucnosumu eunpoOysanHaMu niOMEepoO’CceHo, WO ONMUMATbHUM
PEANCUMOM AKMUBHO2O PUXTIEHHS NOPOOHO20 MACUBY 3 yuciom yoapie winbHomipa JopHI
C=100...110 € pexcum npu cepeduii weuokocmi pyxy 6azoeoi mawunu 0,88 m/c i
axmusizayii 3y6a yoapamu euepeieto 7,5 klloc 3 wacmomoro 2,0 I'y. OnmumanvHicms yb020
pedcumy niomeepodceHa MIHIMAIbHOW NUMOMOW eHepeoemHicmio 1282 kIore/m®, npu
npooykmusnocmi 0,175 e

Hamypni eunpobysanns axmuenoeo po3puxiuiosaya npo8ooUNUCs 8 3uMOosull nepioo Ha
nonieoni cenuwya I openuui Kuigcoxoi oonacmi. Ilpomepszanus tpynmy docsaeano 1,1 m. Bnuus
2NUOUHU PUXTIEHHA HA WEUOKICMb PUXIEHHS AKMUBHO20 pPO3PUXTIOBAYd BUBYABCS NPU
msenosux 3ycunnax 6azoeoi mawunu 0,16 i 0,24 MH. Axmusene puxienHs 6edemvbcs npu
Koegiyienmi 3uenyienHs 6a3060i MawiuHu 3 nogepxuero ckiaoanu ionosiono 0,4 i 0,6. 3mina
WBUOKOCMI 3 POCMOM 2NUOUHU PUXTIEHHA HOCUMb HEeNHIUHUL xapakmep. 3i 30inbuleHHAM
enubunu 6i0 0,4 0o 0,5 m weuokicme puxienus snusxcyemocs ¢ 1,83; 1,72; i 1,74 pazu npu
eHnepeii yoapy eionosiono 6,0; 7,0 i 8,0 kl{oc. I[Ipu 3pocmanni enubunu puxienns 6io 0,5 0o
0,6 m inmencusHicmb 3HUICEHHA WBUOKOCMI 3MEHUWYEMbCA. B yvomy eunaoky weuoxicmo
3HUMCYEMBCA 8i0n06IOH0 6 1,52; 1,45 i 1,74 pazu. 30invwenns enubunu puxienus 6io 0.6 0o
0.7 m 8ede 00 3HUINCEHHS UWBUOKOCMI puXiieHHs 8i0nosiono y 1.29, 1,23 i 1.56 pazu.

Knwuosi cnoea: wmep3nuili IpyHm, Ccnocobu  puxieHHs, aKmueHi po3puxioeadi,
NPOOYKMUBHICMb, NUMOMA eHEePOEMHICb PUXIEHHS]
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BCTYII

3 yciX pO3pHXJIIOBayiB 3 MEXaHIYHMM CIOcOOOM pyHHYBaHHS TiepeBara HaJICKHUTh
PO3pUXITIOBaYaM 3 TiIPOMHEBMOYIAPHUMH BUKOHABUYMMH OpraHaMu. BoHu pyiiHYIOTh BUOiH
3HaYHMMHU JUHAMIYHAMU HaBaHTOKEHHSAMH. [ iIpormHeBMOyIapHi MEXaHI3MU BIAPI3HAIOTHCS
BEIIUKOIO TTUTOMOIO €HEProo30pOEHICTHI0, aBTOHOMHICTIO YKMBJICHHS, KOMIIAKTHICTIO, MaJIOIO
MUTOMOIO METAJIOEMHICTIO Ta KOHCTPYKTHBHOIO MPOCTOTOI0. B TemepimHild 4ac 3HAXOIATH
BCe OUTBINIE BU3HAHHS PO3PHUXITIOBAYI 3 KOMOIHOBAaHUMH CIIOCOOAMHU HaBaHTa)XEHHS BUOOIB [ 1, 2].

BigminHicTIO TpUITHATOT KiTacuBikallii po3puxJII0BaviB Bifl BITOMHX, € CHHTE3 BUKOHABUMX
OpradiB, K OJHOYaCHOTO TaK 1 TIOCTIJOBHOTO pYHHYBaHHS BHOOI KOMOIHOBaHUM
HAaBaHTAaXXEHHSAMM pI3HOTO BHIy. Takuil cuHTe3 mnpoBeaeHuil Bnepiie. Kiacugikaris
JI03BOJIMJIA CUCTEMATU3yBAaTH IMONIYK 1 BUOIp TEXHIYHUX pINIEHb KOMOIHOBAaHUX BHUKOHABUUX
OprasiB aKTUBHOTO PUXJICHHS PI3HUX MOPOJHUX MacHuBIB [3, 4].

CrHTe3 MOXJIMBUX BapiaHTIB KOMOIHOBAaHHMX BHMKOHAaBUMX OpraHiB JJs aKTUBHOTO
PUXJICHHSI MEP3JIMX Ta HAIMIBCKEIIBHUX I'PYHTIB MPOBEICHO HA OCHOBI Teopii rpadis (puc. 1).
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Pucynok 1 — Cunmes mMoxcnueux 6apianmie KOMOIHOBAHUX UKOHAGUUX OP2AHIE 014
AKMUGHO20 PUXIIEHHA MEP3/IUX MA HANIBCKENbHUX [PYHMIE

CuHTe3 KOMOIHOBaHMX BHMKOHABUYMX OPraHiB PO3PHUXJIOBAYIB MPOBEACHO 32 JOINOMOTOIO
teopii rpadis. II’'atukyTHuit opienroBanuii rpad IlonTpsarina - KypaToBChbKOro 103BOJIHB
orpumatu 10 BapiaHTiB KOMOIHOBAaHOTO OJHOYACHO JBOX CIOCIOHOTO HaBaHTA)XEHHS BHOOIO
[5, 6]. A 3a 1OMOMOTOI0 I’ATUKYTHOTO OPIEHTOBAHOIO rpady 3 HE CTPOTO MapajelbHUMH
ayramup  otpuMaHo 20 BapiaHTIB KOMOIHOBAHOTO TIOCHIJJOBHO pYWHYBAaHHS OKPEMHUMHM
cnocobamu. Bara kokHOi nyrum 1poro rpady mno3Hayae OJHY KOMOIHAIIO JBOX PIZHHUX
crnocoOiB pyHHYBaHHS MOpoAHOro MacuBy. KomOiHalis BM3HaueHa JBOMa BEpUIMHAMHU, IO
3B’s13aH1 MDK 00010 ofHier0 ayroo. Ilepexia 1o NiTepHUX MO3HAYEHb HA/JaB MOJKJIMBICTH
noOyyBaTH KBagpaTHUHy MaTpuiio 20 MopsaKy, a TaKOK BEPXHIO JTiarOHaJbHY MaTpUILIO,
10 BXOJMTH B MEpILY.
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3a I0TIOMOT00 MaTPHIlb OTPUMAHO BiAMOBIAHO 294 TUMIB aKTUBHUX BUKOHABYMX OpPraHiB
3 MOCHIZJOBHUM Ta 147 3 0THOYACHUM JBOX CMOCIOHUM pyiHYBaHHSM BUOOI0. BukopuctanHs
JIBOX aHAJIOTIYHUX CIOCOOIB pyiiHYBaHHS HE ypaxoByBasocs. ToMy 10 MaTpuilb He BBIHIILIH
106 KOMOIHOBaHMX BHKOHABUYMX OPraHiB 3 IMOCTINIOBHMM Ta 63 BHKOHAaBYMX OpraHa 3
KOMOIHOBaHMM OJJHOYAaCHUM, CIIOCOOOM pyHHYBaHHA. [0 HMX yBIMIUIM aKTHBHI BUKOHaBYI
Opranu, 00 3[IMCHIOIOTH BiOMI crmocoOu pyidHYBaHHS BHOOIB. Y BIANOBIAHOCTI 3
KOHCTPYKTUBHUMH O3HAKaM{ aKTHBI3aTOPIB PO3PUXIIOBAUiB, 3TiHO Kiacuikarii, Mo
MIPONIOHYETHCSI, TOPSIIOK KBAIPATUYHOI MATPHIN BIAMOBINAE YHCITY aKTUBHUX BHUKOHABUYMX
OpraHiB, IO BIJPI3HSAIOTHCS 32 KOHCTPYKTUBHUMH O3Hakamu. HamaraHas peamnisyBaTu
CTaTUKO-TUHAMIUHUN CMOCci0 PUXJIEHHS PI3HUX MAacUBIB HE Jajld MOTPIOHHUX pe3yJbTaTiB.
[IpyurHOIO € HHM3bKAa NMHUTOMa E€HEProo30pOo€HICTh Ta Mana ix HaniiHicTh [7]. Tomy Bce
OuTpIIa yBara NpUUISETHCS TIAPABIIYHUM Ta TIPOMHEBMATUYHUM YIAPHUM MPUCTPOSM IS
pyMHYBaHHS MIIHUX MacuBiB. BoHU 3a0e3medyloTh MOJKIIMBICTh HAKOTHYEHHS BEIMKUX

eHepriii B Manux rabapurax mMamuHd. HasBHICTH y TiApONHEBMOYAApHUKaX BOYIOBAaHOTO
[MHEBMATUYHOTO aKyMYJIATOpa Bipi3HSE

iX BiA TiIpaBIIYHUX YJAPHUX MPUCTPOIB.
[THeBMaTHyHI akymynsTopu 3a0e3NeuyloTh IJIaBHY 1 B IIMPOKUX MeXax 3MIHY eHeprii
yaapis. Lle 103BoMIO MIATPUMYBATH HEOOXIAHI PEXUMH POOOTH B KOHKPETHUX TIPHUYUX
ymoBax. ['iipormHeBMOYIapHi BY3JU PO3PUXITIOBAYIB 3/1aTHI PO3BUBATH €HEPTiI0 OJMHUYHOTO
yaapy Bix 1 mo 10 x> mpu wactoTi yaapis Bix 1 mo 10 I'm.

[lopanpiie 30UTbIIEHHS BHUCOKHMX EHEPreTUYHHMX IMOKA3HUKIB 3B’S13aHO 13 3POCTaHHIM
PEaKTUBHUX 3yCWJb, K1 JIIOTh IIKIIJIMBO HAa KOHCTPYKIIIIO MallMHU Ta omeparopa. s
YCYHEHHS IIbOTO HEOJIKa B 3alPOIIOHOBAHIN KOHCTPYKIlIT akTUBHOTO po3puxitoBada (AC Ne
749118, E 02 f 5/30) BUKOpHCTAHO TPHUHIMI TPOTH PYXy YAapHUX Mac. BTUICHHS 1IbOTO
MPUHLUIY JOCATHYTO BCTAHOBJICHHSM JIBOX T'IPOITHEBMOYJAPHUKIB, L0 MPALIOIOTh y IPOTH

da3i 3a 3aMKHEHWM M[HKJIOM. [1ApaBiIiuyHy CXeMy JAWHAMIYHOTO BYy3ja PO3PHUXJIIOBava
MOKa3aHoO Ha pUcC 2.

| |
| |

Pucynok 2 - I'iopaeniuna cxema OuHamiuno2o 8y31a AKMUEHO20 PO3PUXI0eayd’
1 — 6ax 3 pobouoro piounor, 2 — zioponacoc, 3 — NHEBMOAKYMYAAMOp, 4 — HUNCHIl
2I0pONHEBMOYOapHUK, 5 — 8epXHill 2I0PONHEEMOYOAPHUK,
6, 7 — ciopoposnodinbruxu,; 8 — 3010mMHUK YNpasinHa
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Y cxemi mependayeHO HasBHICTh 3B’S3aHUX MDK CO000 poOOYMX BY3JIIB i3
TpyOompoBogamu. HamipHa marictpaib BEpPXHHOIO OCHOBHOTO YyAAapHHMKA ITIIKIIOYEHA 0
rizpocucreMu 06a30BOT MALIMHM, a 3JMBHA MaricTpajib 3B’s3aHa Yepe3 BUHECEHUH 30JI0THUK
YIIPaBIIIHHS 3 HAIMIPHOIO MAariCTPaUII0 HIYKHBOTO TiIPOMTHEBMOYIApHUKA. 3TMBHA MaricTpalb
LbOTO y/IapHUKa 3B’s13aHa 3 0akoM 0a30BOi MAIIMHHU.

[Tomaua pobodoi pimmHU HacocoMm 0a30BOi MalIMHH 3a0e3Medye B3BEACHHS OCHOBHOTO
ynapauka. llpm npomy 3a0e3nedyeTbcsi CTUCHEHHS Ta3y B ITHEBMOAKyMYJSATOpi Ta
HaKOTIMYYBaHHS eHeprii. B KiHIII mporiecy B3BeIEHHs CHpaIbOBYE KIHIIEBUHA BHUMHKAY 1
BUJIAE€THCSI KOMaH/Ia Ha 30J0THHUK yrpaBimiHHsA. Ilicns crnpanboByBaHHS 30JI0THHKA piivdHA 3
MOPOYKHIUHM B3BEACHHS OCHOBHOTO YIApHUKA TMOIAETHCS y TOPOKHUHY B3BEICHHS JIPYTrOTO
yIapHUKa 1 BiH 3BOIUThCS. [Ipy 1bOMy OCHOBHHI yAapHUK BUKOHYE pOOOUNH X1J1 1 HAHOCUTh
yaap 1o KoBamil «3yba» po3puxitoBava. [lo 3akiHUEHHIO B3BEICHHS OE3KOHTAKTHHI
KIHIIEBUH TepeMUKad YIPaBIIHHS TEPEeMUKAae BEPXHIO IMOPOKHUHY 3BEJCHHS Ha 3JIMB.
JIonmoMDKHUN yIapHUK BUKOHYE yliap 10 CBOEMY KOBaJUTy Ha «3y0i» po3puxitoBada. Hamaimi
ITUKJT IOBTOPIOETHCS.

B sxocTi 6a30B0i BUKOPUCTaHO MallIMHY siKa 3abe3neunia Tarose 3ycuiuis Bin 0,16 mo 0,24
MH, mo npu mBuaKocTi moaadi 1,5 m/c BimmoBimae croxxuBanid moTyxHOCTI 230 xkBt. Li
MOKa3HUKH Oulbllle HDK y TPU pPa3d MEPEeBULIYIOTH BIIOMI PO3PUXIIIOBaul MEp3JIHX Ta
HaITIBCKEILHUX MacuBiB. BkazaHi moka3HukH 3a0e3ne4rii MpoayKTUBHICTH 10 0,167 me.

Merto10 10caifKeHHsI € BCTAHOBJICHHS 3aKOHOMIPHOCTEN 3MIHM LIBUJKOCTI aHTU()A3ZHOTO
pO3puXITIOBava Bl IITUOWMHU PO3PUXIICHHS, €HEPTii Ta YaCTOTH yIapiB.

3agauero A0CaiIKeHHs € OOTPYHTYBaHHS pOOOUYHX MapaMeTpiB aKTUBHOTO PO3PHUXITIOBaYa
3 aHTU(a3HUM BUKOHABYUM OPraHOM.

Jlst mpoBeICHHS HATYPHHUX BUIMIPOOYBaHb CTBOPEHO MOBHO PO3MIPHUN BUIIPOOYBaTBHUMN
cteH (puc. 3), AKUi € MOBHOPO3MIPHUM 3pa3KOM aKTHBHOTO PO3PHUXJIIOBAYA.
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Pucynok 3 — Iloenopo3mipnuit 6unpooysanvruii cmeHo akKmugHo20 po3puUxXIeaa:
1 — menzomempuuni oamuuxu; 2 — 3y6 pospuxniosaua; 3 — 2iOpoOnHe8MOyOapHuKu, 4 —
2idpocucmema ynpasiiHus
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OCHOBHA YACTHUHA

Pe3yabTaT Ta o6ropopenns. [Ipu BunpoOyBaHHIX MOBHOBHUMIPHHUNA CTEH/I MiIKIIOYaBCS
70 aKciadbHO-TLTyHKepHOTO Hacocy tumy 210.25.12.20. Hacoc 3abe3nedyBaB poOOUuii THCK
15,58 MIla npu npoxykrusHocTi 2,5°10° M*/c. B stkocti poGodoi piniHN BUKOPHCTAHO Macio
BepereHHe AY. PerysnroBaHHs MOYaTKOBUX THCKIB Ta3y B MTHEBMO akymysstopax Bix 0,9 mo
2,1 MIla mis monomikaoro i Big 4,0 go 4,8 MIla mist ocHoBHOrO. 1le 103BOJISIIO 3MIHIOBATH
eHeprito yaapis BiamosinHo Bix 1,0 no 2,2 x/Ix i Big 4,0 mo 8,0 xIx. [Ipy iboMy MIBUAKICTH
yIapHUX Mac KonuBaiack Bix 4,0 mo 8,7 m/c, wacrora ynapis 3MintoBaniacs Bin 1,0 1o 2,5 I'n.

[TompoBi BUIIPOOYBaHHA aKTUBHOTO PO3PHXJIIOBaYa MPOBOAWIHMCA B 3UMOBHH Tepioa Ha
notirodi cenuia ['opennui KuiBebkoi o0nacti. [Ipomep3anns rpyHty nocsrano 1,1 M. Bimus
TIMOMHN PHUXJICHHS HAa MIBUJAKICT PUXJICHHS AaKTHMBHOTO pO3PHUXIIIOBaYa BHBYABCS NpPHU
TATJIOBUX 3yclwIIsix 6a30Boi Mamuuu 0,16 1 0,24 MH. 111 3nauenns oOpani 3 po3paxyHKy, 110
aKTUBHE PUXJIEHHS BEIEThCSA MpU Koe(dilleHT1 34erieHHs 0a30BOi MaIIMHHU 3 TOBEPXHEIO
cknaganu BiamoBimHo 0,4 1 0,6. Ha puc. 4 mokasaHo 3aJeXHICTh IIBHUIAKOCTI aKTUBHOTO
po3puxiitoBaya Bif rMOuHU puxjeHHs Mmepsnoro rpyHTy VIII kateropii 3a xnacudikaiiiero
rpynTiB H/I «bynnuisxmann» npu eHeprii oIMHUYHOTO yaapy Bix 6,0 o 8,0 xJ[x.
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Pucynok 4 — 3anexcnicmes wisuOKoCmi aKmueHo20 po3puxioeaua
610 enudunU puxienns mepsnozo rpynmy VIII.
1, 2, 3 — npu enepeii oounuuroeo yoapy sionosioro 6,0; 7,0; 8,0 x/c

[TonboBi BunpoOyBaHHs MOKa3aiH, IO 3MiHA MIBUIKOCTI 3 POCTOM TIMOWHU PUXIICHHS
HOCUTh HENIHIMHMEN Xapakrep. 31 30utbmeHHsaM ruobuam Bim 0,4 mo 0,5 M MBHAKICTH
puxienHs 3Hmwxyetbess B 1,83; 1,72 1 1,74 pasu npu eneprii ynapy BiamosigHo 6,0; 7,0 i
8,0 x/Ix. Ilpu 3pocranni rimmbunu puxieHHs Bix 0,5 g0 0,6 M IHTEHCHBHICTHh 3HM)KCHHS
IIBUKOCTI 3MEHIIYEThCS. B 1IbOMy BUTIQAKY HIBUIKICTH 3HIKYETHCS BiamoBigHo B 1,52; 1,45
11,74 pa3u. 36i1b1meHHs rauOunmn puxieHHs Big 0,6 1o 0,7 M Besie 10 3HWKEHHS NIPUBEJIO 10
3HIDKEHHSI IIBUAKOCTI puxieHHs BimmoBimno y 1,29; 1,23 1 1,56 pasu. 3meHIIeHHS
IHTEHCUBHOCTI MAaJliIHHS MIBHJIKOCTI OOYMOBJIEHO THUM, IO y 00JIAcTi KPUTUYHUX TSI JAHOL
KOHCTPYKIIi 3y0a TIHMOMH MiBUIIYETbCA €(QEKTHUBHICTh BUKOPUCTAHHS JUHAMIYHOTO
HAaBaHTAXXEHHS TMOPOJHOTO MacuBy. HalOuTbmIMK BIUIMB Ha MIATPUMAHHS IIBHJKOCTI
pUXJIEHHS JocATHyTO npH eHeprii ynapis 7,0 x/[x. Ilpu mpoMy croctepiranocsi HaliMeHIIe
3HWKEHHS MIBUJIKOCTI MpU 30UTbIIeHHI rIMOMHN puxieHHs. Ha puc. 5 mokasaHi 3aJ1e)HOCT1
MIBUJKOCTI aKTUBHOTO PO3pUXJItOBada V, B €HEprii yaapy A% a - PUXJICHHSI Ha TTHOUHY
0,4 (1); 0,5 (2) m; 6 — ipu rimbuHI puxienus 0,6 (1); 0,7 (6)10,8 (3) m.
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Pucynok 5 - 3anexcnocmi wieuoKocmi akmugHo2o po3puxiiosaya eio enepeii yoapy:
a) —V, npu puxnenni na enubuny 0,4 (1); 0,5 (2) m;
0) — V, npu enubuni puxnenns 0,6 (1); 0,7 (2); 0,8 3) m

[Ipu 30uIbIIEH] €Heprii yAapiB MBUIKICTE aKTUBHOTO PO3PUXJIIOBayYa 3MIHIOETHCS J1HIMHO
Ha rmouHax 0,4; 0,6; 0,8 M. JIiHiliHE 3pOCTaHHS MIBUIKOCTI MMOSCHIOETHCS THM, IO PUXIICHHS
Ha rauouHy 0,4 M MOXJIMBO Ha MIIBUIICHUX IMIBHAKOCTSX, 1 IMHAMIUYHI HAaBAaHTKEHHS TPH
IbOMY IOBHICTIO BHTPAYalOTbCS HAa CTBOPEHHS HAINPYXKEHOTO0 CTaHy BHOOI Ta HOTro
pyiinyBaHHs. [Ipu rimuOunax puxienss 0,7 ta 0,8 M qUHaMIYHI HaBaHTaXXEHHS Y CYKYIHOCTI
3 TATJIOBUM 3YCUJUISIM BUTpAvaeTecsl Ha MOJOJIAHHS CUII Omopy puxieHHs. [Ipu puxieHHi Ha
rmbuny 0,5 M 1 akTHBI3aMii 3yda yaapamu 3 eHeprieto 9,0 K/ TATII0OBE 3yCHIUIS 3HIKYETHCS
3 0,24 mo 0,16 MH. Ilum mosicHIOE€TBCS 3pOCTaHHs MBUAKOCTI puxieHHs. [Ipu rmubuni 0,6 M
3poctanHs eHeprii Oueie HiK 8,0 kJ[k BHKIMKae HENHIMHY 3MIHY MBHUAKOCTI. B 1bomy
BHUIAJKy YacTHMHA CHEprii BUTPAYAEThCs HA TMEpPErnoApiOHEHHS NPOAYKTIB pyHHYBaHHS 1
MIIBUIIECHHS IIBUIKOCTI 1X eBakyallii Big BHOOr. Taka BTpaTa eHEeprii HE € palioHaJIbHUM,
TOMY ITiIBUIICHHS eHeprii yaapy Oinbmre Hix 8,0 kJ[x nmpu puxienHi Ha riubuHax 0,6 — 0,7 m
HenotiibHe s 1pyHTIB VIII Kareropii 3 uncinom yaapis ynapauka JopHJII [8].

Ha puc. 6 nmoka3zaHi 3aieXHOCTI IIBUJKOCTI aKTUBHOTO PO3PHUXJIIOBAYa BiJl YaCTOTH IMPHU
po3podii mopoaHoro MmacuBy C=100 Ha rmubuny 0,4 m.
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Pucynok 6 — 3anesxcnicmo wiguOKOCmMi AKMUBHO20 PUXAEHHA NOPOOHO20 MACUBY
C=100 na 2nuouny 0,4 m 6i0 wacmomu yoapie: 1, 2, 3, 4 — npu enepeii yoapis
gionogiono 6,0; 7,0; 8,0; 9,0 x/lowc i maenosomy 3ycunni 0,16 MH

Tsrnose 3ycumnsa 6a3oBoi mamuHu O6yno 0,16 MH. 3 pucyHka BUIHO, IO MPH EHEPTiAX
ynapy 8,0 ta 9,0 x/[>x i 3poctanni yactotu yaapiB Bit 1,0 mo 5,0 'y mBUAKICT pUXICHHS
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3pocTae Maibke JiHIHO Bix 2,7 mo 2,9 1 Bim 2,31 go 2,93 wm/c. IlpuumHOIO 3pOCTaHHS
IIBUJKOCTI € 30UIBIICHHS MPOMDKKIB 4acy MK MOBTOPHMMH YAapaMH 1 HEOOXITHICTIO
OUIbIIOT yAapHOi MOTYXKHOCTI JJIi CTBOPEHHS HEOOXITHOTO [Uisi PYHHYBaHHS MAacUBY
Hampy)XCHOTO0 CTaHy oOcCTaHHbOTO. Ilpm eHeprisx ymapy 6,0 ta 7,0 /K MIBHUIKICTH
po3puxiitoBava 3pocrana 3i 30utbmenHsM yactotu Bif 1,0 mo 3,0 I'u. IToganmeine 3pocTaHHs
gactoTu ynapis Bix 3,0 mo 5,0 BUKJIMKAIO 3MEHIIICHHS IHTCHCHUBHOCTI 3pOCTaHHSI IIIBUIKOCTI.
[TprunHOIO 1HOTO € 3MEHIICHHS E€(PEKTHBHOCTI BUKOPUCTAHHS YIAPHOTO HABAaHTAKCHHS
aKTHUBHOTO po3puxitoBava. [Ipu gacrorax Outemmx HiK 3,0 I'l yacThHA ii BUTpavaeTbes Ha
MIIBUIIEHHS BUAKOCTI BUJAJICHHS MPOAYKTIB pyHHYBaHHS 13 BUOOIO [7].

[TonboBi BUMpPOOyBaHHS MPOBOAMINCSA y 3UMOBHUM Mepiod. PuxieHHIo mijyirand mepsii
cymicku 1 mimHH. Omip pyHHYBAaHHIO BHU3HAYaBCS 3a YHCJIOM YAAapiB JTUHAMIYHOTO
urineHocTemipa JJlopH/II. Bin konuBaBcs Big 57 no 70 yaapiB Juisl CyMicKiB pU TeMIIEparypi
rpynty 271 — 272 K 1 Bix 69 no 110 ynapis mns riun npu temnepatypi 270- 269 K. I'nmubuna
npomep3anHs 3miHoBanack Bin 0,8 1o 1,0 m.

AKTHBHE PUXJICHHS TPOBOJWJIOCH TPH aKTHBI3alii 3yda eHepriero ymapiB Bim 5,0 1o
9,0k/lx mpu wacrori 2,0...2,5T1u. BunpoOyBanHsMH mependavanocs TOPIBHIHHS
MMOKa3HUKIB CTATUYHOTO 1 aKTUBHOTO PUXJIEHHS, OL[IHIOBAHHS MPalEe3JaTHOCTI 1 € eKTUBHOCTI
PUXJICHHS] CTaTUKOJMHAMIYHUM CIIOCOOOM, MOPIBHSIHHS 32 KEPOBAHICTIO 0A30BOI0 MAIIMHOIO
3 MPAIIOI0YO0I0 1 BAMKHEHOIO IMHAMIYHOIO MTPUCTABKOIO.

B pe3ynbrari BCTaHOBIICHO, IO NMPU AKTUBHOMY 1 CTATHYHOMY PUXJIEHHI (hOpMU mepepi3y
OOPO3H CKIAAIOTHCA 3 JIBOX XapaKTePHUX YaCTHH — BEPXHBOI Ta HWKHBOI. HrkHI yacTHHY ,
SIK JJIS CTaTUYHOTO TakK 1 Il CTATUKOJMHAMIYHOTO PHUXJICHHS OJM3BKI 0 JI0OOBOI MOBEPXHI
3yba. @opma mepepizy BEpXHbOT YACTHHU OOPO3HHM aKTHMBHOTO PHUXJICHHS MOJMI0HA MPOEKIIii
chepuYHOr0 CETMEHTY Ha BepTUKaIbHY Bich. llepepis BepxHBOI dYacTUHH OOPO3HHU
CTATUYHOTO PUXJICHHS HaraJlyBaB piBHOOIYHY Tparmerlito.

3mina (Gopmu OOpO3HH Tl Yac CTATUKOJIMHAMIYHOTO PHUXJEHHs 3abesmeuwnio 3,7...3,9
pa3oBe MIOBUUICHHS MPOAYKTUBHOCTI IOHAJ CTaTUYHUM puxieHHAM. [IpoIyKTHBHICTD
nmocsrana 0,111 Mle.

B BunpoOyBaHHSIX BUKOPHUCTAHO CEPIMHMI CTaTUYHUN pO3pUXIIIOBad. BimHOIICHHS Macu
yaapHHKa 70 Macu 3yba He Oyino ontuManbHuM, a ckiaagano 350/190. Ilpu Takomy
CHIBBIIHOIIEHHI  Koe(ilieHT mepenadi eHeprii ymapy y BuOid neap mocsraB 0,3.
BcranoBneHo e(eKTHBHICTh ABOXPA30BOIO 3HIDKCHHS BilJadi MpuU CyMICHIH poOOTI JBOX
TiAPOMTHEBMOY/IApHUKIB Y TTpoTHda3i. PUXIeHHS 3 BIAKIIOYEHUMH TiPOITHEBMOYIApHUKAMHU
CYIIPOBOJIKYBAJIOCS BIIXUJICHHSAM pPyXy 0a30BOi MallMHU Yy TOPU3OHTAJbHIA IJIOLIMHI Ha
+0,1 M y oOuaBI CTOPOHH Bifl 33JaHOTO MPSIMOJIHIHOTO HAampsAMKY pyxy. IIpu BriIrodeHHi
TiIIPOMHEBMOYIAPHUKIB PyX MAIIWHU Yy TNPSAMOJIHIMHOMY HampsMKy OyB CTIHKHIA,
MOJIETIIUIIOCS KEPYBaHHS 0a30BOI0 MAIIIMHOIO.

Hpyruit eTan MOJILOBUX BUIIPOOYBaHb IIPOBOIUBCS Ha 00’exTax
«YkprpomOyiekckaBallisi». PUXJIEHHS MpOBOIMIIOCS MEP3JIOTO MOpOAHOTO MacuBy [V-VI
kareropii. ['nmubuna npomep3anns ckiagana 0,4...0,8 M.  3pocraHHs eHeprii yaapy
OCHOBHOT'O yJapHHMKa CIIOCTEpIranocsi NpU 3MEHIIEHHI TUCKY B ITHEBMOAKyMYJSATOPI
JOMOMDKHOTO y/AapHHUKA 1 30UIbIIEHI THUCKY B IHEBMOAKYMYNIATOPI OCHOBHOTO YAAapHHKA.
IIpu BunpoOyBaHHAX (ikcyBasacs IMIBHUAKICTh pyXy 0a30BOi MAaIllMHHU; YacTOTa yHapiB
T'JIPONTHEBMOY/JApPHUKIB IIPU PYYHOMY 1 aBTOMAaTHYHOMY PeXUMax poOOTH; HIMPUHA PO3BAILY
1 rMOMHAa PUXJIEHHS B CTaTUYHOMY 1 CTATHUKO-IMHAMIYHOMY peXKuMax poOoTH. 3a mepion
BHIIPOGYBaHb po3puXIeH0 Oitst 20 THcsa M° Mep3nmoro IpyHTy. ITomKompkeHb 6a30BOi
MaIlMHU 1 JMHAMIYHOT NPUCTaBKUM He BiaMivanoch. [llupuHa po3Basly Oopo3HM TpHU
cTatuyHOMY puxieHHi ckmanamna 0,14...0,25 M, npu cratuko-guHamiyHomy — 0,5...1,2 M,
rOuHa puxiieHHs craHoBwia BiamosimHo 0,20...0,40 m 1 0,5...0,8 m. IIpoayKTHBHICTH
aKTUBHOTO PpUXJEHHA MpU TepepaxyHKy Ha TOJUHHY MEpEeBUIIMIA TNPOIYKTUBHICTD
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. 3
CTaTMYHOTO puxJeHHs B 4,5 pasu 1 ckiajgana it ymoB BumpoOyBamas 0,175 wm/c.
BcranoBieHO 3a1€KHICT IMIBUAKOCTI pO3pUXITIOBaYa BiJ eHEprii ynapis, (puc 7).

Vp,mic Vp, m/c

b - o il
/ 10/}/
16 0.645,/ %4
2 |
10 7 0.2 — 1

60 7.0 8.0 A Kx 60 7.0 8.0 A kx
a) 0)

PucyHnoxk 7 — 3asexHicTh IIBUAKOCTI AKTHBHOI0 PO3PUXJIIOBAaYa BiJ eHeprii yaapy:
a - npu puxnenni Ha eauouny 0,4 m (1) i 0,5 m (2);
0 — npu puxnenni na enuouny 0,6 m (1), 0,7 m (2) i 0,8 m (3)

2.2

3 oTpUMaHUX 3aJICKHOCTEH BUIHO, IO MPU aKTUBHOMY pUXJICHHI Ha Timbuny 0,6 1 0,7 M
3poctaHHs eHeprii ymapy Bix 6,0 no 9,0 x/[>x BUKJIMKANO JiHIMHE 3POCTAaHHS IIBUIKOCTI
pospuxitoBava B 1,9 pasu Bimmosinuno Big 0,32 mo 0,61 1 Bixg 0,54 mo 1,3 m/c. JliHiiHICTB
3pOCTaHHs IMIBUAKOCTI MPH PUXJIECHHI Ha IO TVIMOWHY TOSCHIOETHCS THM, IO CYKYITHICTB
CTAaHMYHUX HaBaHTa)XE€Hb BiJ 0a30BOI MAIIMHUA 1 AUHAMIYHUX Bil aKTUBHOI'O BUKOHABYOI'O
opraHy IMOBHICTIO BUTpayajgach Ha pyWHYBaHHS IMOPOJHOTO MAcHBY. 3 3arjuOJICHHSIM 3y0a Ha
0,6 M miniitHa 3MiHa mBUAKOCTI B 1,5 pasu Bix 0,72 no 1,08 M 3abe3nedyeHa npu eHeprii yaapy
Bix 0,6 mo 8,0 k. Ilomanwine 3pocranns eneprii yaapy a0 9,0 x>k BUKIMKAIO HEJIHIAHY
3MiHy IIBUAKOCTI 6a3oBoi Mammuu B 1,1 pasm Big 1,08 mo 1,2 m/c ymapi. 3HMKEHHS
IHTEHCUBHOCTI 3pOCTaHHsI IBUAKOCTI MPH JIii YAApHUX HaBaHTa)XKeHb OOYMOBJICHO THM IIIO Ha
MaJIuX TJIMOWHAX PUXJICHHS Peakilisi BHOOK Ha MepeMileHHs 3y0a 3piBHIOBAJIACS 3 TATJIOBUM
3ycmiisiM 6a3oBoi MamuHu. [Ipu akTuBHOMY puxiieHH1 Ha raubuny 0,6 M eHepris ynapy He
noBuHHa nepeBunryBatu 8,0 k/x. 3 3anypenHsm 3yb6a o 0,5 M miHiiiHA OUIBHUIS 3MIHU
mBuakocti Big 1,08 mo 1,28 mM/c cmoctepiranacs mpu 3pocTaHHsl eHeprii yaapy Bin 6,0 mo
7,0 xIx. Tloganeiie 3poctanns eneprii yaapy o 8,0 k/[>k nmpuBoAWUTH 0 HEpaLiOHATBHUX
€HEePreTUYHUX BUTPAT aKTUBHOT'O BUKOHABYOTO OpraHa po3puxitoBada [9].

[Tixg yac mpoMuUCIOBUX BUIIPOOYBAaHb BCTAHOBJICHI 3aJI€KHOCTI MPOAYKTUBHOCT1 aKTUBHOTO
puxieHHs Bif eHeprii ynapy: 1,2,3,4 1 5 — npu pUXJIEHHI MOPOJHOTO MAacHUBY IIUIBHICTIO
100...110 ynapiB auHAMiyHOTO UITBHOCTEMIpa BiamoBigHo Ha rnubuny 0,4; 0,5; 0,6; 0,7 1
0,8 M. AHani3 3aiexxHocTel, siKi oTpuMadi, (puc. 8), IoKa3aB, 110 IPU PUXJIIEHHI HA TITUOUHY
0,4 m 1 3miHi eneprii ynapy Bin 6,0 no 7,0 x>k 30i1blIye TPOAYKTUBHICTh PUXIICHHS Bif
0,173 mo 0,201 M/c. Ile mosicHIOETBCST THM, 1110 TIpH 30uLTbIIeH] eHeprii yaapy a0 7,0 xJlx
30UIbLIYyBaNack IJOLIA Nepepidy BEpXHbOI YaCTMHHU OOpPO3HM, 3a PAaXyHOK BIIJIUIEHHS BiJ
MacHBY OUTBIIMX IIMAaTKIB ripcbkoi MacH. 31 301nbIIeHHsAM eHeprii yaapy Bix 7,0 mo 8,0 xJ{x
MPOIYKTUBHICTh 3HMXKYBamacs 3 0,201 mo 0,199 M/c, a npu eHeprii ymapy 9,0 xJx
IPOAYKTHBHICTH cTanoBma 0,193 M>/c. 3HIKEHHS MPOAYKTUBHOCTI IPH 3POCTAHHI eHeprii
ynapy oinbiie 7,0 k[ MosSiCHIOEThCS THM, 10 TMONHa puxiieHHsa 0,4 M HE € KPUTHUYHOIO 1
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H/JTUILIOK HEpPTii yapy MPUBOAUTH 10 30UIbIIEHHS BIIHOIMIEHHS MK HH)KHBOIO 1 BEpXHBOIO
YacTUHAMH OOPO3HU PUXIICHHS.
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Pucynok 8 — 3anexicnocmi npooykmuenocmi Pucynok 9 — 3anexncnocmi numomor
AKMUBHO20 PUXJIEHHA 810 eHepeii yoapy: E€HEP20EMHOCI 610 2NUOUHU PUXTIEHHA
1, 2, 3, 4i 5 — npu puxnenHi nopooHo20 Macugy npu pizHuUX enepeiax yoapy no 3yoy:
winouicmio 100...110 yoapie ounamiunozo 1, 2, 3, 4 gionogiono 6,0; 7,0; 801 9,0
winbHocmemipa 8ionogiono Ha aaudouny 0,4; K/l

0,5;0,6:0,77 0,8 m

[Tpu eneprii yaapy 9,0 xJI>x puxieHHs BeJIOCs Ha APYrid mepenadi 31 mBUAKICTIO 2,1 M/c.
Tsarnose 3ycwmis 6azooi mamuuu gocsraino 0,15 MH. MakcumanbHa TpOTyKTUBHICTH
aKTUBHOTO pUXJICHHs Ha Tnmubuny 0,5 M mocsrana 0,197 M°/c. HagBHicTh Takoro MaKCUMyMa
JT03BOJIJIO BHOpPAaTH ONTHMAJIbHE CITIBBIAHOIICHHS MDK Iepepi3aMyu BEPXHBOI 1 HIDKHBOT
yacTHHAMU OOPO3HU 1 3a0€3MEYNTH ONTUMATLHUN PEXUM pOOOTH aKTUBHOTO PO3PUXITIOBAYA.
MakcuMyM MpOIyKTUBHOCTI HAa KpuTW4HIN rimbuHi 0,6 M ctanoBus 0,175 M/c i IOCSTaBCs
MpU MIBHAKOCTI 0a30BOi MammHM Ha nepmid nepemadi 0,88 wm/c, TArIOBOMY 3yCcHILTI
0,252 MH 1 aktuBizamiero 3yoa ynapamu eneprieto 7,0 k/[x. 30impleHHs eHeprii yuapy 10
9,0 k/[>x mpu3BOAMIIO 10 3HIWKEHHS NpoayKTUBHOCTI 10 0,160 M/c. Take He3Ha4yHE
3HW)KEHHS TMPOAYKTUBHOCTI Ha KPUTHYHIA TJIMOWHI PUXJICHHS CBITYUTH IIPO 3MEHIICHI
BUTpATH €HEprii, [0 BUTPAYa€ThbCAd HA MepeApoOIeHHs] NPOAYKTIB pYHHYBAHHS MOPOJHOTO
MacHBY Ta HaJlaHHA iM OUIBINOI IMIBUIKOCTI posnitaHHsa. Takum yumHOM TyimOunHa 0,6 M €
rIMOMHO0, Ha fAKil 30UIblIeHHs eHeprii yaapy Bin 7,0 k[ He mpuU3BOIUTH IO 3pOCTaHHS
MPOTYKTUBHOCTI.

Ha puc. 9 moka3zaHi 3aJ1€XHOCTI MUTOMOI €HEPrOEMHOCTI BiJ TJIUOMHU PUXJICHHS TPH
pI3HUX eHeprifix ymapy mo 3yOy pospuximtoBaua, (1, 2, 3, 4 simmosigao 6,0;.7,0; 8,0 i
9,0 x/Ix). Ix anai3 mokasas, IO I KOKHOTO 3HAYCHHS eHeprii yaapy € cBOsl ONTUMaIbHA
rIMOMHA PUXJICHHS, TPU SKI MUTOMI €HEeProBUTPAaTHU MiHIMaNIbHI. 3pOCTaHHs €HEeprii ynapy
Bix 6,0 1o 7,0 x> 703BOJMIO 30UTBIIUTH ONITUMANBHY TTUOUHY puxieHHs Big 0,5 1o 0,6 M i
3HU3UTH MUTOMY €HeproeMHicTh Ha 13,2 % 31 1485 no 1312 KI[)K/M3. INoganbine 30UIbIIIEHHS
e”eprii yaapy a0 8,0 k/[x , xoua i 3011bIIy€e TIHOMHY aKTUBHOTO PUXJICHHS 3 MIHIMAJIbHOIO
MUTOMOIO eHeproemHicTio 10 7,0 M, mpu upomy Ha 5,2 % BHIe, HDK akTHBi3alis 3y0a
enepriero ynapy 7,0 kJlx. Ile cBimunTts, mo i podoTtu Ha raubuni Outbiie 0,6 M HEOOXiTHO
30utbIeHHs eHeprii ynapy Buie 10 x/lx [10].

3aneXHOCTI MUTOMOI €HePrOEMHOCTI Bill €Heprii ylapy aKTHBHOTO BUKOHABYOTO OPraHy
nokazano Ha puc. 10. 3pocranns rnubuH Big 0,4 1o 0,5 M B 30HI A0 KPUTUYHUX TIHUOWH
3HU3WIIO TUTOMY eHeproeMHictb 3 1590 mo 1440 KK/ M IpU 3pOCTaHHI MPOJYKTUBHOCTI
aktuBHOTO puxienHs Bix 0,185 go 0,197 Mm/c. Lle nosicHIOETBCA TUM, IO HA JOKPUTHUYHUX
IIIMOMHAX CUJIM OTOpY MEPEMIIIeHHI0 3y0a Mali 1 103BOJISIOTh PUXJIUTH MOPOTHUI MAacuB Ha
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poOounx MBHUAKOCTIX BiamoBimHo 2,18 1 1,28 M/c mpu MEHIIUX TATJIOBHX 3YCHIUIAX.
Puxnenns B 1iboMy BUIIAJKY Benocs Ha riaubuny 0,4 M Ha 1pyriit nepenadi 6a30Boi MainHM.
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Pucynok 10 — 3anesxscnicmv numomoi eHepzocmMHOCMi AKMUBHO20 PUXTIEHHA 610 eHep2il
yoapy: 1, 2, 3, 4i 5 — npu puxnenni na enubuny sionosiono 0,4; 0,5; 0,6; 0,7 i 0,8 m

OmyckanHs 3y0a Ha 3a KpuTuuHi rmuouan Ha 0,7 a6o Ha 0,8 M TpU3BENO 70 3HWKEHHS
IIBUIKOCT] PUXJICHHS 32 PaXyHOK 3pOCTaHHS CHJI OTIopy. [IMTOMa eHeproeEMHICTh MPU EOMY
cranoBmia BignosigHo 1380 1 1540 KH)K/Ms, npoaykruBHicth — 0,135 1 0,089 v’/c. B
3aKpUTHUYHIA 30HI 3 POCTOM TIJIMOMHU NMHUTOMa E€HEPrOEMHICTh 3pOCTasia, MPUYMHOI0 TOMY
Oyll0 mepeBaHTaKEeHHS ABUT'YHA 0a30BOT MAIIMHU. J{J151 aKTUBHOTO PUXJICHHS HAa 3aKPUTHUHUX
rMUOWHAX, TIPH SKUX MIHIMYM MTHUTOMOI €HEprii 3MIIIyeThCs HAa TUONHY Outbiry HiK 0,75 M
HeoOXiHO 3pocTaHHs eHeprii yaapy mo 10 xJbx. Anamiz 3anexHocrei 2, 3 1 4, (puc. 10),
MOKa3as, M0 MUTOMa €HEProeMHICTh 3HIKYBanacs 3 1312 no1282 kJx/m> pu 30UTBIICHH]
rmbuan Big 0.5 1o 0.6 M muUTOMa €HEProeMHICTH 3pocTtana jno 1484 KI[)K/M3 Ha TIMOuHI
0,8 M. Ile nmo3Bosisie BBakaTH, MO MPH 30UTBIIIEHH] CHEPrii yAapy Ajs 3MEHIIEHHS MUTOMOI
CHEPrOEMHOCTI aKTHBHOI'O PUXJICHHS JOIUILHO 3arinOIeHHs 3y0a 10 3akpuTryHOi 30HH [10].

Ha puc.11 nokaszani G0po3HHM PUXJICHHS: a) CTaTUYHOTO; 0) CTAaTUKO-AMHaMiuHOro. Ha
puc. 12 nokazaHo AMHAMIYHY IMPUCTABKY 10 CTATUYHOTO PO3PUXIIIOBaja

Pucynok 11 - bopo3nu puxnenna: a) — cmamuunoeo, 6) Cmamuxo-OuHamMi4Ho20
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Pucynok 12 — /lunamiuna npucmagka 00 CmamuuHo20 po3puxioeaua

[IpakTH4Hi Ta MPOMUCIOBI JOCIIIKEHHS 1 OTPUMaH1 pe3yslbTaTH MIATBEPAUIU BUCOKY
e(EeKTUBHICT, pPYHHYBAaHHS MEp3JUX TIPYHTIB Ta HAMIBCKEIbHUX TIPCHKUX TMOPIT 3a
JI0IIOMOT'0}0 PO3POOJIEHOT0 AKTUBHOTO PO3PUXIIOBAYA.

BHUCHOBKHA

1. CykymnHiCTh CTaTUYHUX 1 JTUHAMIYHMX HaBaHTaK€Hb MOPOJHOTO MAacUBY J03BOJIMIA
30UTBIIUTH KPUTUYHY TIMOWHY puxieHHs B 1,6...2,4 pasu mo 0,7 M B MOpIiBHSAHHI 31
CTaTUYHUM puxjeHHsIM. KpuThuna rimOMHA pUXJIICHHS 3 aKTHBi3aliclo 3yba ymapamu
enepriero Big 6,0 1o 9,0 x>k 3HaxXoaAMIMCA B IHTEpBaITi 3aHypeHHs 3y0a Bix 0,5 1o 0,7 m

2. IligBumenus eneprii ymapy Bim 5,0 mo 7,5 x/[x crnpusia 3pocTaHHIO ONTHUMATBHOT
rbuan puxieHHs Big 0,5 10 0,6 M 1 3HWKEHHST TTUTOMOI eHeproeMHocTti Ha 13,2 % Binx 1485
10 1312 xJx/m®

3. BigHomeHHS IIMOUHKM PUXJIEHHS 10 IMUPUHHM PLKYY0T KPOMKH 3y0a pO3pHUXIIIOBava,
MIPHU SIKOMY JIOCSITaBCSl MIHIMYM MUTOMHUX €HEProBUTpAT JUIsl JaHOI KOHCTPYKIIii 3y0a 3pociio
no 4,7...6,2.

4. OnTtuManbHUM PEKUMOM aKTUBHOTO PUXJICHHS MOPOJHOTO MAcHBY 3 UMCIIOM YJIapiB
urineHoMipa JJopH/II C=100...110 € pexum npu cepenHiil LIBUAKOCTI pyXy 6a30BOi MalltuHu
0,88 m/c 1 aktuBizanii 3yda ynapamu eHepriero 7,5 k/x 3 yactororo 2,0 ['u. OnTuManpHICTh
BOTO PEXKUMY MIATBEp/DKEHA MIHIMAIBHOIO MUTOMOKO €Heproemuictio 1282 kJx/m3, mpu
npoayktuBHocTti 0,175 M/c.

5. Jificauii oOcAr aKTHMBHOTO PUXJIEHHS Ha JIPYrOMY eTani BHPOOHUYUX BUIPOOYBaHB
pocsir 20 THesY M° Mep3i0ro nopoanoro macuy V... VI kareropii.
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