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[MPEANCJ/IOBUE

Hedrerazosbrii komiiekc Poccum 1o mpaBy cuMTaercss JIOKOMOTHBOM
9KOHOMUKHU CTpaHbl. KpymHbINl HApOAHOXO03sIiicTBEHHDBIN a((PeKT cHUMaercs
B €ro 3aBepHIaloIuX nepejgenax — Hedgrexumun u Hedrenepepaborke. OHa-
KO 3HAYUTEJIbHDbIE BAJTIOTHBIE ITOCTYIJIEHUS OT 3KCHOpTa HepTU M ra3a BbIBO-
JIIT Ha TepBBIi TJIAaH S9KOHOMHKH TPo6eMbl HedTeJoOBIBAIONIETO TTIPOU3BOI-
ctBa. CuTyalio B 3TOM CEKTOpe KOMILJIEKCA CJe/yeT NMPU3HATh KaK KpaiiHe
caoxkuyio. Herennuii mepuo/; ctaa Kak 6bl COCPEIOTOYEHIEM HAKOMUBIIIX-
cs B TIPE/bIIYINE TO/IbI HETATUBHBIX TEHEHINH, YacTh U3 KOTOPDIX SABJSAET-
Cs CJICICTBUEM €CTECTBEHHBIX TOPHO-TEOJIOTMYECKMX U TEXHOJOTMYECKUX
3aKOHOMEPHOCTE}, HO 6OJIbINAs YacTh, (GE3yCJOBHO, CBSI3aHA C HEY/OBJETBO-
PUTEJbHBIM PYKOBOJICTBOM 3TOI BaXKHOI OTPACJIbIO HAPOJHOTO XO35HCTBA.

OTH TEHJEHIMH PaHbIIE BCETO NPOSBJSAIOTCS B PaJUKaJIbHOM HU3MEHe-
HHUH CTPYKTYpPbI 3anacoB Hedtu. Yike Gojee 35 % 3alacoB OTHOCSTCS K
KaTeTOpPUH TPYIHOW3BJIEKAEMBIX, TPEOYIOT Pa3paGOTK! HOBBIX TEXHOJIOTUI 1
060pYy/ZI0BaHUsI, KPYIHBIX (PUHAHCOBBIX M TPY/JOBBIX  3aTpar. YXy/lIeHue
KaueCTBa 3alacoB BbI3BAJIO CHIDKEHHE CPEJHUX AeOUTOB HOBBIX CKBAKUH.
Tosbko 3a mocaexnue 10—15 ser cpenHue Ae6UTHI CHU3HJIUCH TIO Pa3HBIM
paiionam B 2—4 pasa. Tenepb s co3gaHusi pPaBHBIX HedTeA00BIBAIONINX
MOIITHOCTeH Heo6X0oAnMO GypUTb BMECTO OMHOH [0 4-X CKBXKHWH. A ecJu
YUYeCTb, UTO B mepuoj 6ypHoro “pedopMupoBanusi” ObLIO COKpaiieHo 6oJjiee
MOJIOBUHBI OYPOBBIX GPUTAJ, CTAHOBUTCS NMOHSTHBIM CHIKEHHE BO3MOXKHOC-
Teil M0 CO3/IaHUI0 HOBBIX MOIIHOCTEI.

PaGora 1m0 HapaluBaHHWIO HOBBIX, >KEJIAaTEJbHO “TOJBMKHBIX”, 3amacoB
HAXO/IUTCS HAa CaMOM HU3KOM YDOBHE. Y’Ke /IaBHO Mbl ‘‘lpoegaeM’ 3ama-
cbl, 106biBast HedTH U3 HUX GOJIbINE, YeM MPUPAIIIBAEM.

Baxno oTMeTHTD, Y4TO IKCILIyaTHpyeMble KDPYIHbIE MECTOPOXK/EHUS, OIl-
penensiioniie  “UI0” OTpacu, HAXOMATCS B IMO3[HEH CTajuu pa3pabOTKu
(Pomamkuno, CamotJiop, MyxanoBo, MamonToBckoe, TyliMazunckoe 1 ap.)
B CBS3U CO 3HAUMTEJbHBIM HcuyepliaHueM 3aracoB. K coskajeHuio, aHajoruy-
HBIX MECTODOK/JEHUN YK€ JaBHO He OTKPBIBAETCS, XOTS Te0JIOTHYeCKue
TIPE/IIOCHIIKH [IJIsT 9TOTO, 6€3yCJIOBHO, MMEIOTCS.

Uro kacaercss “Ha3eMHOr0” He(TSIHOrO XO03SHCTBAa, TO OHO HYKIAETCS B
Cepbe3HOIl PEKOHCTPYKIMU U MojiepHH3alu. V3HomeHHOCTh TPyOOIIPOBOIOB
U TPOMBICJIOBOTO O6OPYZIOBAHUS 110 PA3JIUYHBIM paiionam coctasisier ot 50
1o 80 %. HamexxHoctp oGopymoBanusi — HuaKas. YacTbl aBapud, IIPUBOJIS-
HiMe K CepPbe3HbIM HKOJOTHYECKUM MOCJe/cTBUSIM. KauecTBO n HOMEHKJIATypa
BBIIMYCKAEMBIX OTEYECTBEHHBIMU 3aBojaMu TPyO, o6OpyIoBaHus M  arpera-
TOB HE OTBeYaeT CJIOXKHOCTH HOBBIX TEXHOJOTMYECKUX M IKOHOMHYECKUX
TpeOOBaHUII.

Mo6usmuck or Tocaymbr Poccuiickoit @enepannu (PD) BrIOUEHUS B



3axon o Coramenuu pasnena npoaykiun (CPIT) MoM0KeHUs 0 TOCTaBKax
70 % co6cTBeHHOTO 0GOPYMOBAHMS HAa MECTOPOXKIEHHsSI, pa3pabdarbiBaeMble
Ha OCHOBE 3TOT0 3aKOHA, YacTb HAIINX IPOM3BOAMTeJel IpoAyKuuu HedTs-
HOTO MAIIUHOCTPOEHHST YIYCKAIOT U3 BHUIA HEOOXOAMMOCTb PAIUKATBHOTO
VIIyUIIeHNsT Ka4ecTBa CBOEH MPOLYKIINH.

OrtiesIbHO cyle/lyeT CKaszaTb O COBEPIIEHHO HEY/IOBJIETBOPUTEJBHOM CO-
CTOSTHUU OTPACJIeBOW M aKaJeMUYecKoil Hayku, paboraionieil B 06JacTu reo-
JIOTUHU U pa3paGoTKU HeTSIHBIX MecTOpoxkaeHuil. Jaxe To, 4To OT Hee ocTa-
JIOCh, Pa300IEeHO 110 KOMIAHWAM, W OOIIeil CTpaTernu pasBUTUS HAYKH U
TexXHUKN 10 HedTH HeT. B paBHOII Mepe 9TO Kacaercst M COCTOSIHUSI CpeJlHe-
TEeXHIYECKOTO ¥ BBICIIETO OOPA30BaHUs. Y3Ke CETOJHS OIIYIAeTCs OCTPBI
HE/IOCTATOK B Kajpax /sl HeTSHBIX MPEeIIpPUSTHIl. YPOBEHb OCHAIEHUS
saboparopuil U y4eOHBIX IMPOM3BOJACTB B He(MTAHBIX By3aX He HIET HU B
KaKoe CpaBHEHHE C T€M, 4YTO MPUXOAUTCS BUIETb B BEAYIINX YHUBEPCHUTETAX
MUpA.

Benyume yuenbie crpaHbl, pa6oTaioniie B - 06JACTH  TOILIUBHO-
smeprermyeckoro kommaekca (TIK), mo samammio Mummcrpa TOIIMBa M
aHepretukun PMD B.M. KamoxkHoro paszpaboTasu BapuaHT CTPATErnu pPa3Bu-
s TOK, B ToM uncie n nHedre06bIBAIONIETO TPOU3BOJCTBA. B 11€10M BbI-
COKO OIleHMBAsI 3HAYeHHe 3TONH pPaGOThI, HeJIb3s1 He OOpATUTh BHUMAHHE HA
KpaiiHe BbICOKHE TOTpeOHbIe KAlUTAJbHbIE BJIOKEHUS, MacCHITaObl KOTOPBIX
HAa PEKOHCTPYKIIMIO U PA3BUTUE TOJBKO He(MTETOOBIYM BBIXOAAT AAJEKO 32
PaMKH BO3MOKHOCTE CTpaHBbI.

Boixon u3 cosmasmerocst noJsioskeHus crermaianctol 1 yuenoie OAO PU-
TOK (Poccuiickass MHHOBAIMOHHASI TOIJIUBHO-IHEPTETUYECKAST KOMITAHYS)
BUJSIT B BO3MOKHOCTSIX TEXHHYECKOro Iporpecca, pa3BUTUH HHHOBaIU-
OHHO /1esATeIbHOCTH.

ITpoBeneniibie pacyeTbl W OIEHKU MO3BOJISIOT YTBEPXKIATb, YTO HUCHOJb-
30BaHMeE YK€ U3BECTHBIX 1 YACTHYHO OCBOEHHBIX HOBBIX TEXHOJIOTHH U 060-
PY/IOBaHUS 1O3BOJISIET IIPUMEPHO HAIIOJIOBUHY COKPATUTH MOTPEOHbIE HA TIep-
crektuBy wunBectuimu. OG OMHOM W3 TaKUX HANPABJIEHUI TOBOPUTCS B
TIpe/iJIaraeMoii YnuTaTessIM KHUTE — TI0 MPUHIUIAM MUHUMHU3AINN KOJIMYEeCTBA
CKBOKMH HAa MHOTOILIACTOBBIX MECTOPOXK/IEHUSX, YTO TII03BOJISET KPATHO
COKPATUTD KAIUTAJbHBIE BJOXKEHHS Ha Oypenue u 06yCTPOICTBO MpU COXpa-
HEHU! ONTHMAJBHOTO YPOBHS AOOBIMH HeTH. ITH IPUHIUNGI (DaKTHIECKH
peanusytorcst Ha MectopokieHnssix OAO PUTOK, uro nossosmio obecre-
YUTh JOCTATOYHDII YPOBEHDb peHTabebHOCTU HedTe[0ObIBAIOIIETO TTPOU3BOI-
CTBA, TOT/Ia KAK OCBOEHNE 9THX MECTOPOKIEHUH Ha OOIIENPHHSTHIX IIPHHITH-
1ax 3KOHOMHYECKUX IIEPCIIEKTUB HE UMEJIO.

Mo:HO yKazaTb HA Psii APYTHX HANPABJIEHUIT WHHOBAI[MOHHON J€STeNb-
HOCTH, KOTOpbIe peaJbHO OTKPOIOT /I He(MTSHBIX IPEeIIPUATHIl HOBBIE
(poHTBI paGoT U MO3BOJAT B TOH MJM MHOH Mepe M3MEHHUTb IOJIOKEHUE B
nedre06bIUe K JTyUIIEMY .

B mepByio ouepesp MMeOTCS B BHAY paGOTBHI MO ONTHMHU3AINN pa3paboT-
KM MECTOPOXK/IEHUI U IIOBBIINIEHUI0 HedTeoTAauu ILJIACTOB. 3HaueHHe 3TOTO
HATIPABJIEHUS] TPYZHO IMEPEOIEHUTh, TTOCKOJIbKY OHO IO3BOJISIET PA3BEPHYTDH
MIIpOKOMAacIITabHble Pa0OThl Ha JEHCTBYIOMNX MECTOPOKIAEHUSIX C HMeo-
muMKIcsS 06yCTPOICTBOM, WH(MPACTPYKTYPOH U TPYAOBBIM KOJIJIEKTHBOM.
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Xotesoch Gbl, €CTECTBEHHO, MPEIOCTEPEYb OT YNPOIIEHYECTBA B PeEIleHUN
9TOI TPOOGJIEMBI, UTO 3a4acTyI0 CETOJHSI MMEeT MeCTO, KOTJa YKe KaiKIbli
3HAET, YTO B HE/PaX OCTAETCS MHOTO HedTH, M HEIO0yMEBAeT, Ky/Aa TOJbKO
3TH IPOCTAKU-HE(PTIHUKN CMOTPSIT.

IMoaxom k pemenuto aToil Mpo6JeMbl TpeOyeT CEepPbe3HOTO IepecMoTpa
CJIOKUBIINXCS HOPM W TIPaBWJI, TaK HA3bIBAEMBIX “OCHOBOMOJATAONNX
TIPUHITMIIOB ¥ TEXHOJOTMYECKUX PersaMeHToB. IIpenctout obecreynTb Cepb-
€3HOe pasBUTHE ITPOMBICJIOBON TeoPU3NKU, CO3AaHIE TeOJOTHYECKUX MOjie-
Jieil  MEeCTOPOXK/EHUIl, OIEPATUBHBIX KOMIIBIOTEPHBIX CHCTEM YIPABJIECHUS
Pa3paboTKOii, UCIOJIb30BaHNE HOBbIX M HOBEHIINX TEXHOJIOTHH BO3/EHCTBUS
Ha TUIACT W TIPU3a0OHHYI0 30HY CKBA)KWH, COBEPIIEHCTBOBAHUE TEXHOJIOTHH
BCKPBITHA HeTsHOTO mtacTa (BK/IOYast pa3palOTKy U TPOM3BOJACTBO 3a60ii-
HOTO 060PY/IOBAHUS, TIO3BOJISIONIETO BECTU IKCILIYyaTAIUI0 MHOTOIIACTOBBIX
3aseskeit). OJHUM U3 OCHOBOIOJATAIONINX TPHUHIUIIOB 3TOI TIPOTPAMMbI
JIOJIZKHO CTaTh CO3/IaHUE apXUBa HOBBIX TE€XHOJIOTHI, B KOTOPbBIN BOILIN Obl
BCE JIOCTIIKEHUSI OTCYECTBEHHOH M MUPOBOH HAYKU M TEXHUKH C OIIpeJesICH-
HBIM MEXaHHM3MOM JIOCTYIIa K 9THM MaTepHajaM, 3allUIIaioNM HHTePechl
aBTOPOB — IATEHTOOOJIa/laTe e

OcoO6biit paszroBop — mnpo6Jembl HedTsHOrO MamuHocTpoenus. Hemo-
CTATKH B 9TOH 06GJIACTH MPAKTHYECKU CBEJH HAa HET JOCTIDKEHUS Hallell Hayd-
HOIl MbIC/I B 00JIACTU TIEPeNOBbIX TexHojoruii. [IpuMepoM MOKET SIBUTHCS
TEXHOJIOTUS TH/paBandeckoro paspbiBa riacta (TPII), paspaGortanHas B
Poccun. Eme B 50-X rogaX MbI Hayaju TPUMEHEHHE 3TOTO BBICOKOA(DDEK-
tuBHOrO Metoza. Oxnako obopyznoBanue i1 I'PII tak u He ObLIO CO3maHO,
U BOT Telepb TMOKymaercs 3apy6exkubiii “duor” TPII wm Tpatsitcs orpom-
HbIe JIEHbTH 32 CEPBUC 3apYOEKHbIX KOMITAaHHI.

TakoBa ke cynb6a TOPU3OHTAIBHOTO OyPEHUsl, T/ie Mbl MOTEPSIM UIE0
BMecCTe C aBTOPOM; ra3iura, MpeJIoKEHHOTO €Ille B IIPOILJIOM BeKe HHXKe-
HepoM IyXoBbIM; TYpOMHHBIX ABUTaTeJell U Ap. ['OpbKO W OOMIHO BCe 3TO
nepevncsaTb. Pajyer, 4To ecTb OOHAEKUBAIOINIME POCTKH — HOBbIE BBICOKO-
KJIACCHBIE MAIIMHOCTPOUTEJbHBIE 3aBO/JbI HETIHOTO TIPOodUJIs MOSBUINCH B
W:xescke, Bynaname, Okta6pbckom (Pecrry6imka BamkoprocTan).

Haneemcs, uto mnpejcraBisieMass Ha Cy[ yYEHBIX M WHXKEHEPOB-HedTsI-
HUKOB KHUTA XOTS1 Obl B HEGOJIBINON CTENeHU MOCTYKUT JeJay Pa3BUTHS Ha-
1el oTpac/Iu.



I'nasa 1

NHHOBAIIMOHHASI CHCTEMA PASPABOTKU
HEOTAHBIX MECTOPOKAEHNU

1.1. SODEKTUBHAA PASPABOTKA .
MAJIOIIPOAYKTUBHbBIX HE®TAHbIX MECTOPOKIAEHNU

B Poccun mmerorcs MuJmapabl TOHH TPYAHOM3BJIEKAEMBIX 3a-
macoB HedTH, yXKe pa3BelaHHBIX, HO ellle He BBEJIEHHBIX B IPO-
MBIIIJIEHHYI0 pa3paboTky. [aBHbIN MPU3HAK TPYAHOM3BJIEKAEMbIX
3amacoB HeddTH — sKOHOMHUUYecKas Hea(PDEKTUBHOCTb UX WU3BJeEYe-
HUS TIpU TOPUMEHSEMON TIPUBBIYHON CTAHJAPTHONH TEXHOJIOTHH.
[lpyroil cymecTBeHHBII HPH3HAK — CKBAKWHBI, NMPOOYpeHHbBIE Ha
Takme HeTSHBbIE TIACTBI, 06JAJAl0T KpaiiHe HU3KUMHU K03 duim-
€HTaMM TIPOJyKTHBHOCTH.

Bce wusBectHble HedTAHbIE TIJIACTBI MOXHO KJacCU(pUIUPO-
BaTh — PAas3/JeJUThb HA BOCEMb KJACCOB IO cpeaHeMy Koaddurimnen-
Ty TPOAYKTUBHOCTU CKBAXKMH: TEPBBII KJacc — HeTSHBbIE TJIACTHI
THTIEPBBICOKOI MPOAYKTHBHOCTH — CPeAHUN K03(PUIINEHT IPOAYK-
tuBHOCTH MO Hedtn Gosee 100 1,/ (cyT-ar); BTOpOil KiMacc — Hed-
TSIHBIE TIJIACTBI YJIbTPABBICOKON IMPOJAYKTUBHOCTH — CPEHUI K0ad-
dunent npoayktusHoct no wedrtu or 30 mo 100 1/ (cyr-ar),
OpUMepaMy TaKUX IJ1ACTOB ObLIM OCHOBHBIE IJIACTBl CaMOTIOPCKO-
TO MECTOPOXKJEHWUsI, C KOTOPbIX HauyMHAJTach pPa3pabOTKa MeCTo-
POXXIEHUs; TpeTuit KJyacc — HedTSHBIE ILIACTBI BBICOKOH TNPOAYK-
TUBHOCTH — CpeAHWH K03((UINEHT TPOAYKTUBHOCTH CKBAa’KUHBI
no wedpru or 10 1o 30 1/ (cyT-ar), NPUMEPOM TaKOTO Iaacta Gbui
JIEBOHCKWI TOPU30HT U3BECTHOTO DaBIMHCKOrO MeCTOPOKIEHUS;
YeTBEPTBIil KJAcC — He(TSIHbIe IJIACTBI IMOBBIINIEHHONW MPOAYKTUB-
HOCTH — CpefHUNl K03 UIMEHT MPOAYKTHBHOCTH CKBAKHHBI OT 3
1o 10 t/(cyr-ar), mpuMepoM TakKoro Iiacta OblI J€BOHCKUII ropH-
30HT Ha IIEHTPAJbHBIX ILIOMAJAX M JYUMHX yYacTKaX HEKOTOPBIX
JIpyTUX TJIoma/ieil POMalIKMHCKOTO MeCTOpPOXK/EHUs; CJeLyIonuit,
nATBI Kjaace — HedTsHble MJIACTBI CPeJHEll IPOAYKTUBHOCTH, Y
KOTOPBIX CPeIHUl K03 UIMEHT MPOAYKTUBHOCTH CKBAJKMHBI TIO
wedr or 1 1o 3 1/ (cyT-ar), Takue MIacTbl GbLIM HA OCTAJbHBIX
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IJIOTAAX POMAIIKMHCKOTO MECTOPOXK/IEHUS, HAa MHOTUX JaBHO
paspabarbiBaeMbIX He Jy4lnX HeMTAHBIX MECTOPOXKIEHUIX 3a-
najaHoit Cubupw; mecToit Kaacc — HeTSAHbIE MIACTbI MOHUKEHHON
OPOAYKTUBHOCTH — CpeIHuil KO3(UINEHT TPOAYKTHBHOCTU
ckBaxunbl ot 0,3 10 1 1/ (cyr-ar), Takwe maactel ObLIM U €CTh Ha
pa3pabaTbiBaeMbIX MAJONPOIYKTUBHBIX HE(MTSIHBIX MECTOPOKIEHU-
sax 3anaanoit Cubupu n Tarapcrana; ceqpMoii kjaacc — HedTsIHbIE
IJIACTBl HU3KOH TIPOJAYKTUBHOCTH — cpeaHuil KoauIimeHTt mpo-
AYKTUBHOCTH cKBaxkuHbl 110 Hedprtu or 0,1 no 0,3 1/(cyrar), B
6OJIBIIMHCTBE CBOEM TaKWe ILIACTBI TIOKA He pa3pabaTbiBAIOTCS;
BOCbMOW KJiacc — HedTSHbIE TJIACTBI YJbTPAHW3KOH TPOMLYKTUBHO-
cTH — cpegHUl K03((UIMEHT TPOAYKTHBHOCTH CKBAKWHBI IO
nedrun menee 0,1 T/ (cyr-ar), takne HedTsHbIE ILIACTBI TOKa, 32
HeOOJIBIIIUM HCKJIIOUeHHEM, He pa3padaThIBAIOTC.

[Inactel 7-ro 1 8-TO KJaIacca — HU3KOH M YJIbTPAHU3KON MPOLYK-
TUBHOCTH — TI0 CBOE€H TNPOJYKTUBHOCTH Xy’K€ OCHOBHBIX IIJTACTOB
Camorsopckoro mecroposkaernst B 100—1000 pas, Xyske [1€BOHCKOTO
ropudoHTa PoMmamkumHcKkoTro Mectopoxaerus B 10—100 pas.

[lpyrue cyiiecTBeHHble TTPU3HAKM TPYAHOU3BJIEKAEMbBIX 3aI1aCcOB
HedTu:

1. Bbicokas 30HATbHAS HEOJHOPOAHOCTH IO ITPOHUIIAEMOCTH U
IPEPBIBUCTOCTD HEPTAHBIX TIacToB. bosbmioe orimune obmieit
TOJIIUHBI OT 3(P(PEKTUBHON TOJNIIMHBI — yMEHbIIEHHAs W MaJjas
noss 3¢ dEeKTUBHON MPOHUIAeMOH HePTSHOW TOJIUHLI B 0OIIEH
TOJIIIUHE, MHOTOCJOWHOCTD — HaJMYie MHOTHX IMPOHUIAEMBIX CJIO-
€B 1 WX Pa3/eJIionnX HEIPOHUIAEMbIX MPOCJIOEB.

Takasg MHOTOCJOITHOCTD HE(TSAHBIX IJIACTOB NPU 3HAYUTEJTbHOU
nosie HeaPEKTUBHOW TOJNIIMHBI B WX OOIIEHl TOJIIHHE PE3KO
yMeHbInaeT 3OEKTUBHOCTh TOPU3OHTAJBHBIX CKBAKWH U 3aKauKd
TETJIOHOCUTEJISI B HarHeTaTeJbHble CKBAKUHBI.

2. Bopicokas pacuerHas IOCJOHHAs HEOJIHOPOIHOCTb, KOTOpas
YUUTBIBAET IMOCJOIHYIO HEOJHOPOIHOCTb IO MPOHHUIIAEMOCTU BCeX
He(TIHBIX MJACTOB, OOBEJUHIEMBIX B OJMH OOIINI 9KCILIyaTalli-
OHHBIl OOBEKT, ¥ TeOMETPUYECKYI0 HeOAHOPoJAHOCTh (Hepas-
HOMEPHOCTH) JIBUKEHUSI BBITECHAIONENH BOJBI B IIPEAEIaX OT/E]b-
HOTO  OJHOPOJHOTO CJI0SI, OOYCJOBJEHHYIO TeoMeTpuell CceTKu
CKBQ)KHMH, CXeMOW B3aWMHOTO PACIIOJIOMKEHUs J0ObIBAIOIIUX ¥ Ha-
PHETATEJIbHBIX ¥ TOYEYHOCTHIO (MaJOCThIO) CaMUX CKBaKUH IO
CPaBHEHUIO C pasMepaMu IKCILTyaTUPYEMBIX He(TSHBIX IJIOIIa-
neii. Ilpu o6bequHeHNN HEPTSHBIX TLIACTOB B 9KCILIYaTAITMOHHBIH
O0OBEKT W3-32 WX PaA3JIUYHUSI 10 Y/IeJbHOH TPOAYKTHBHOCTH Ha
eqmHUTTY 3P @ekTuBHON TOJMMWHBI 001asg HEPaBHOMEPHOCTH BbI-
TecHeHUs He(dTH 3aKAUYNBAEMO BOJIOH YBEJUYHMBAECTCS, COOTBETCT-
BEHHO yMEHDBIIAETCS CPEJHss 10Jid B CYMMapHOM OTGOpe SKUKOCTU.
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O0benuHeHne MIACTOB ONPABAAHO, €CJH NPU ITOM NPOHM3BeEe-
HHE HAYaJbHOTO MAKCHUMAJBHOTO (aMILIMTYAHOrO) nebura HedTH
U cpenHeil 10/M He(PTH B CyMMapHOM OTOGOpe KHIKOCTH YBEJIH-
yuBaercsl. 3HAYWT, NPH HEW3MEHHOM CpeJHeM YHCJe CKBasKUH,
KaK /I OJHOTO TIJIAcTa, TIPU YCJOBUUM H3BJECUEHUS] YTBEPSKIEHHBIX
U3BJEKAEMBIX 3aIIaCOB BCeX OODBEJUHSIEMBIX IJIACTOB UX OOBEAMHE-
HU€ He TOJHKO 3HAYNUTEJbHO YBEJIMYMBACT HAYAJBHBIN MaKCUMAJb-
uplii (aMmuTyanbIii) ae6uT HedpTH, HO TaKKe YBEJIUYMBAET CPEJ-
Hell ne6but HedTH.

3. lloHm:keHHass W HHU3Kasg HadaJbHas He(TEHACHIIIEHHOCTD
IJIACTOB, M3-3a 4Yero NpPH 3aBOJHEHWN ObIBaeT HU3KUI Koadduim-
eHT BBITeCHeHUsS HedTH BOAOH M eme Gojee HU3KHIT Koaddurm-
eHT HedTeOTHAYN ILIACTOB, MPENCTABJSAIONHI cO60U IpOU3Be/e-
Hue koadduimenTa BbITeCHEHUS HedTU BOJOW B MHUKPOOOBEME
njacta u koadduimenta oxBaTa IJIACTOB BBITECHEHHEM.

4. Manple pasMepbl 4HCTO HePTSIHBIX ILJIOMAJeil M y4acTKOB —
CJIOXKHOCTb OTIpeIeIeHNsI WX TPAHUI[, PUCK PasMecTUTb U TIpo6y-
PUTH TIPOEKTHBIE CKBAKUHBI 3a IpeJeIaMW 3THX TPaHUIL.

ITo MOTYT ObITb BOAOHe(TsSHbIE ITAcTbl — He(Th B BHUAE OCT-
POBOB B MOpe BO/ibl; HepTh HAXOJAUTCS B KymosiaX u ObiBaer 3a-
MIUIIeHA CHHU3Y OT BOABI HEMPOHUIAEMBIMHU IPOCJIOSIMU U HEMPO-
OYKTUBHBIME TLIACTAMIU.

ITo MOTyT 6bITh ra3oHeMTSHbIE IIACTBI, TAe HedTb HAXOIUTCS
B MOHIKEHHBIX 30HaX. HedTp MokeT ObITH 3ammiieHa CBepxy OT
ra3a U CHHM3y OT BOJbI HEIIPOHUIIAEMBIMU ITPOCJOSIMU U TLJIACTAMH.

dddektuBnasg pa3paboTKa BO3MOXKHA TOJBKO 3al[UIIEHHON
HedTH, MMEIOMIeNl eCTeCTBEHHYIO IMPUPOJHYIO 3aIlUTy B BHIE He-
MPOHUIIAEMOI TTOPOJBI CBEPXY OT Ta3a M CHHU3Y OT BOJBI.

5. bamsoctp maBijeHNs HAcbhIeHWST HePTH Ta30M K HAYAJbHOMY
IJIACTOBOMY JIaBJIEHUIO ILTIIOC 3aMeTHOe WM JaXke 3HAYNTeJIbHOe
colepxkane B He(dTH TBEPABIX KOMIIOHEHTOB — ac(aJbTeHOB,
cMos 1 napaduuoB. OrpaHWYEeHHOCTb Jlelipeccuu Ha HedTIHble
NJIACTBI TIPU CHUZKEHUU 3a60IHOTO [JaBjeHUs JOOBIBAIOIINX CKBa-
SKUH TOJIbKO /10 JaBJIEHUS HACBIIIEHUS M OMACHOCTb 3HAYMTEJbHOTO
CHIDKeHNST Koa(uimenaTa NTPOAYKTUBHOCTH TIO HedTH TIPH CHH-
JKEHUN 3a00MHOTO MaBJICHUS HIDKE [JaBJEHIST HACBIEHWs — CHH-
skeuust B 2, 3 m paxke B 10 pas. Ilocre Hawama oOBOJHEHUS CKBa-
JKUHBI TaKOe CHUKEHUE IIPOAYKTUBHOCTU 10 HedTU PABHOCUJIBHO
3HAYNTEIBHOMY YBEJUYEHUIO BSI3KOCTH HedTH CO BCEMHU CJIEAYIO-
MIAMHI OTCIOZIa OTPUIATEJTBHBIMY MOCJIEICTBUSIMU.

Bonpmioit 6emoii MoskeT 06EpPHYTHCSI BBICOKOE Ta30COJep KaHNe
HeTH W HU3Koe 3a60ifHOe maBJyeHne (POHTAHWPOBAHWS, HAMHOTO
6osee HM3KOe, YeM JaBJeHHe HacblmeHus. Torjga mpu oTCyTCTBUU
MOCTOAHHOTO KOHTPOJII ¥ SKECTKOro — peryJjupoBanus (paiuo-
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HaJIbHOTO TMOBBINIEHUS C MOMOIIBIO MITYIEPa YCTbEBOTO U 3a00WHO-
ro gasjenus (OHTAHMPOBAHUSA) NPOUCXOJAUT CAMONPOU3BOJIbHOE
CHIKeHWe 3a00iHOTO [aBJIeHWS HUMKe [aBJIEHUS HACBIIIEHUS U
COOTBETCTBEHHO pe3Koe majeHrne KoaP@UuIneHTa ITPOAYKTHBHOCTH
u nebuta HedTH.

6. Boicokas BsA3kocTbh HedTH, B JIECATKH U COTHU pa3 MPeBOC-
XOJATIAS BA3KOCTb BOJIBI.

[Ipy HEBBICOKOW MPOHUIAEMOCTH M HEBLICOKOW 3(hdeKTUBHON
TOJIIUHE HePTAHDBIX ILJIACTOB WX YJIbTPaHU3Kas MPOAYKTHUBHOCTDH
o6pasyeTcs M3-3a BBICOKOH BSIBKOCTH He(TH. A TIpU BBICOKOW BSI3-
KOCTH HedTH BO3HUKAET BBICOKOE COOTHOIIEHWE TIOJ[BUIKHOCTEN
BBITeCHSOMIEH Boabl U HedTH. IloaTOMY TOCTE TPOPBLIBA BBHITECHS-
IoIel BOABI B 106BIBAOIIE CKBAKWHBI 110 HEOOJIBINONW YacTu Hed-
TaHBIX 11acToB (110 HamGoJiee TPOHUIIAEMBIM CJIOSIM M JIUHUAM TO-
Ka) MPOUCXOAUT GBICTPBIA POCT OOGBOAHEHHOCTH OTGHPAEMON KU/
KOCTH, OBICTpOe CHUIKeHWe nebuta HedpTH W Tpoiecc pa3paboTKu
3aBepIaeTcsl HEBBICOKOHW HedTeoTnauell TIacToB, GJU3KOH K 6e3-
BOAHOU HedTeoTHaue U MpuMepHO pasHoit 10—20 %.

g TakuxX HePTAHBIX IJIACTOB C TPYJAHOU3BJIEKAEMBIMHU 3aria-
camu HedTH U yJabTpaHuskoil npoaykTuBHocTbio PUTIKom 6biia
3aIIPOEKTUPOBAHA U YK€ OCYIIeCTBJSETCS WHHOBAIIMOHHAS CHUCTE-
Ma pa3paboTKH, BKJIOYAOIIAs TaKue KOMIIOHEHTBI:

1. Pauuonanvuas maxcumaivnas Oenpeccusi Hd Hepmsnbvle
naacmol 6 dobvieaiowux ckeaxunax. Ilpu atom 3a0oitHoe paBJIe-
Hue TPUOJIMKAETCST K JABJEHUIO HACbIeHus HedTH ras3oM, IJac-
TOBOE JlaBJieHUE 110 BO3MOKHOCTH IIOBBIIIAETCS BbIIIE II€PBOHA-
YaJIbHOTO YPOBHS, HO TaK, YTOOBI MOOBIBAIOIINE CKBASKUHBI dKPAHU-
pOBaJM BO3JEHCTBUE BHYTPUKOHTYDHOH 3aKayKuW BOJIBI, YTOOBI Ha
JIMHUM KpailHUX Tepu@epuiiHpIX J0OBIBAIONINX CKBAXKUH TLJIACTO-
BO€ JlaBJieHHE ObLJIO PAaBHO TEPBOHAYAJLHOMY 3aKOHTYPHOMY U HeE
BO3HUKAJa OMACHOCTb OTTOKA M TOTEPU YaCTU 3amacoB HePTU BO
BHEIIHEN BOJOHOCHON 06JacTH. DTO — KOHTPOJHMPYEMOe M  YIpaB-
JigeMoe MOBBIIIeHNE MJIACTOBOTO JaBJIEHNUS.

Payuonanvuas maxcumanivuas penpeccus Ha Hepmsanvie nia-
cmul 8 HaznHemameavHulx ckeaxunax. Ilpm atom 3a6oitHoe TaBJe-
HUE MaKCUMAaJbHO BO3MOXKHO TIOBBINIAETCS, HO OCTAeTCS HUMKE [[aB-
JIEHUs TUApOopa3pbiBa Imacta. Takoe BbICOKOe 3a00iHOE J[aBJieHUE
HarHeTaHUs MPU TIOCTOSSHHON 3aKauke W TEPUOUYECKON ITUKJIU-
YecKoll 3aKauke obecriednBaeT OOBHEM 3aKAYMBAEMOW BOJBI, CTPOTO
COOTBETCTBYIONHUIT 06beMy oT6upaeMoii xuakoctu. Ho cosmanue
palMoOHAJbHOW MaKCUMaJbHON JIeNpecCUd W PaIlMOHAJbHON Mak-
CUMAJBHOM permpeccu — HENpPOCToe Jesio, Tpebyloliee omnpese-
JIEHHBIX TEXHWYECKUX PENIEHUNd U CHEeIUaJbHOTO O60PYIOBAHU.
Bce neob6xomanmoe s atoro umeercs y PUTIKa.
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2. Ha HOBBIX BBOAMMDBIX B pa3palboTKy HeMTSHBIX MECTOPOXK/[e-
HUSX IPUMEHSIETCS aJanTHBHAs cucTeMa paspaGOTKH, I03BOJISIO-
masi COYeTaTb MPOMBINIJIEHHBIH Tporiecc M06bYM HeTH ¥ 3aKAYKU
BOJABI C JOPa3BEAKOHl TeOJOTHYECKOTO CTPOEHWS  HeTSHBIX
MLJIaCTOB.

ApanTuBHAS CcHUCTEMa TIO3BOJISET ONEPATHBHO HAa OCHOBE WH-
opmaru, mosyueHHON npu OypeHUU U UCCIEAOBAHUU CKBAXKUH,
U3MEHSTb U COBEPIIEHCTBOBATH CETKY pPa3OypuUBaHUS CKBAXKUH U
CXeMy pa3MelleHust AOObIBAIONINX U HArHETATEJbHBIX, MEPEXOIUTh
OT PacyeTHOTO IJIONIAHOTO 3aBOAHEHUS K M36MpaTeNbHOMY 3aBO/-
HEHWIO.

YcraHoBJIeHHAS O TEXHOJOTHYECKUM W HKOHOMUYECKWM pacye-
TaM CeTKa CKBAXWH PAIMOHATbHON TIJIOTHOCTH, KOTOpPas MOKET
6bITh 110601, (OpMUPYETCS U3 KBAJAPATHBIX CETOK CTAHIAPTHOTO
JUXOTOMUYECKOTO psifa. IJTOT Psil KBAaIPATHBIX CETOK o6pasyercs
MyTeM YABOEHW IJIONAAM HA CKBUKWHY U BKJIOYAET IJIOTHOCTH:
1, 2, 4, 8, 16, 32, 64, 128 u 256 ra,/ckB. Ecam mo pacyeram TmoJry-
YaeTcsd, 4YTO pallMOHAJbHAs IJIOTHOCTD CETKM CKBaXXWH paBHA
25 ra/CKB., TO TaKyl0 CETKYy COCTaBJSIOT U3 JBYX CeTOK 32 u
16 ra/ckB., npuuem 32 ra,/ckB. Oyjer Ha 72 % HedTAHON ILIOIIA-
1 C TIOHWXeHHON 3(PPEKTUBHON TOJMUHON HEePTIHBIX IJIACTOB,
a 16 ra/ckB. GymeT Ha OCTaJbHBIX 28 % HedTSHOW IJIOMAId C
MOBBITIEHHON 2((HEKTUBHON TOJNIMHONW HeMTAHBIX IJIACTOB; U Ha-
YUHATD MOXKHO Oy/eT ¢ MJIOTHOCTH 32 Ta,/CKB., TTPU HEOOGXOIUMOC-
tn Ge3 mpomemienus crymas g0 16 ra/cks. Pasz6ypubanue ned-
TSIHOW TLJIOIIAJY OCYIIECTBJISETCS [0 HAIPABJEHUIO OT M3BECTHOTO
K HEM3BECTHOMY: OT IIEHTPa K Tepudepun CcHavajga 1O IJIOTHOCTU
256 u 128 r/ckB. (370 GyjeT MIOTHOCTH KYCTOB — IMJIOTHOCTH TI€p-
BBIX BEPTHKAJHHBIX CKBA)XWUH KYyCTOB IPHU KyCTOBOM OypeHuu
CKBQJKMH), 3aTeM TpHU TOATBepxkAeHnu 3(bexTuBHOil HedTIHOI
TOJIIIUHBI TLJIACTOB CTyHIaeTcs /10 NJaoTHocTu 64, 32 m 16 ta/cks.
[Ipu pacyerHoli palMOHAJBHONU MJOTHOCTU CETKU CKBAa)KUH 25 ra/
cKB. Gmkaiimas 6ojee TycTas ceTKa CTAHAAPTHOTO JAMXOTOMUYEC-
Koro pszga 16 ta,/ckB. sBisercss 6a30BOil; BCe MPOEKTHBIE CKBaXKU-
HBI PacCcMaTPUBAEMOr0 OOBEKTA MOTYT Pa3MeNiaTbCs TOJHKO B TOY-
Kax 0a30BOH CETKH.

[Tpu Bbiesenny AByX u GoJjiee KCILIYATAIMOHHBIX 0OBEKTOB T10
KaKJOMy M3 HUX OIlpejensercsd 6a30Basi CETKA W 3TH CETKHU TaK
CMEIAIOTCsI OTHOCHUTEJBHO [PYT ApPyTra, 4TOObI BCe BMeECTE IO MeC-
TOPOK/IEHNI0 06pa3oBaji MaKCHMaJbHO BO3MOXKHO PaBHOMEDHYIO
OOIIYIO CETKY.

[Ipu Ttakoii oO6leit ceTKe Te CKBaKUHBbI, KOTOPbIE OKa3aJUCh
HEHYKHBIMU HA CBOUX IIPOEKTHBIX JKCIJIYaTAlMOHHBIX OObEKTaX
(Harmpumep, TONAIM B 30HBI HEKOJJIEKTOPA), MEPeBOJATCS Ha Jpy-
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rue 3IKCIIyaTallMOHHbIe OODBEKTBI W TaM OKa3bIBAIOTCS IOJHOIICH-
HBIMU CKBRJKMHAMU.

[Ipn apmantuBHOI cucTeMe pas3paGOTKU [JOBOJBHO IIPOCTO OCY-
MIECTBJISIETCST pas3fie/leHne OJHOI CeTKM Ha HEeCKoJbKo 6oJiee pel-
KX CaMOCTOSITEJIbHBIX CETOK W, HaoO0pOoT, 0ObeAMHEHNe HECKOJIb-
KUX CETOK B OJHY 6oJjiee TYCTYI0; pasfejeHue 3KCIIyaTallmoOHHOTO
00beKTa HA HECKOJIbKO JKCILIYyaTAIMOHHBIX OOBEKTOB U, HAO6OPOT,
o6benuHeHle HECKOJIbKUX 9KCILIYaTAllMOHHBIX OOBEKTOB B OJMH
IKCILTYyaTAIIMOHHBINH O6DBEKT.

3. PannonanpHOoe oO6bennHeHNe HEMTIHBIX IIJACTOB HU3KOH U
VJIbTPAHU3KON MPOAYKTUBHOCTU B OJWH OOIIUI JKCILIyaTAIlMOHHBIN
0GBEKT YBEJMYMBAET HE TOJBKO AMILIUTY/IHBINH (HAYaJbHbIA MaKCH-
ManbHbI) ne6ut HedTH, HO W cpeaHuit ne6ut HedTH HOOBIBaIO-
1iell CKBAJKMHBI 32 BpeMs J00bIYM YTBEPIKJIEHHDbIX U3BJIEKAEMbIX
3amacoB. bes Takoro o6benuHEHMS IIJIACTBI YJIBTPAHU3KON TMPOLYK-
TUBHOCTH BOOOIIEe Heslb3s BBOAWTH B pa3pa6orky. llpm Bcex Haso-
TOBBIX JIbTOTaX, WPUHATBIX MPaBUTEJIbCTBOM TaTapcraHa, TMpu
aMIIATYIHOM febuTe HedTH AOO6BIBAONIEll CKBAXUHBI MEHee
9 t/cyT sKoHOMUYECKH yOBITOYHO pas3lypuBaThb U BBOJUTH B Pas-
pa6oTKy HedTsSHbIE IJIACTBI, TOTJA KAK aMILIUTYIHbIA 1e6uT 106bI-
Balollell CKBAKMHBI MO ILJIACTAM YJIbTPAHU3KON TIPOAYKTHBHOCTU
MerHee 6 T/cyr. Bompoc crout Tak: sm60 06beIUHATL U paspaba-
ThIBaTh, MO0 He 0ObEJUHATh U He pa3padaTbiBaTh.

OTBJEKasICh OT MPOOJEMbl 3KOHOMHYECKOW HepeHTaOeJbHOCTH,
paccMoTpuM, B YeM IPEUMYIIECTBO PasebHOU pas3paboTku Hed-
TSHBIX IJIACTOB CAMOCTOSITEJIbHBIMU CEeTKaMU [0ObIBAIONIMX U Ha-
THETATEJTbHBIX CKBAXKUH. ['OBOPSAT, B MPOCTOTE KOHTPOJS — CPasy
BIJHO: TJle U CKOJbKO OTOMparoT HedTH, KyJa W CKOJBKO 3aKauu-
BaloT Boabl. Ho miacTbl 06J1a/Jal0T 30HAJTBHOW W TIOCJOWHOW HEOH-
HOPO/JITHOCTBIO TIO TTPOHUIIAEMOCTH, COCTOSIT W3 MHOTUX TpOHUIIae-
MBIX CJIOEB W HEITPOHUIIAEMBIX MPOCJOEB; U TO3ITOMY HE IMOJIy4aeT-
Csl TIPOCTOTA KOHTPOJIA. ['OBOPSIT, HA OCHOBE KOHTDPOJISI MOXHO YII-
PaBJIATH MPOILECCOM Pa3paboOTKU HEePTSIHBIX IJIACTOB: MO0 KAKUM-TO
OTZEJbHBIM JOOLIBAIONINM CKBA)KMHAM MOKHO YMEHBIIATh [erpec-
cui0 Ha HedTSHBIE TJIACTBI 10 CPAaBHEHUIO C MaKCUMaJbHO BO3-
MOKHOH, a M0 KaKWM-TO OT/EJbHBIM HATHETATEJbHBIM CKBa)KUHAM
MOKHO YMEHBIIATh PeNpeccuio Ha HedTSHbIE IJIACTBI MO CpaBHE-
HUI0O € MakcuMaJbHO Bo3MoxkHOU. Ho Beab paccmaTpuBaemble
HedTSIHDbIE TMJIACTBI 06JIANAI0T YJIbTPAHU3KOH MPOTYKTUBHOCTBIO, U
caMmble JyYlliie CKB)KWHBI, TPOBeeHHbIE Ha AT ILJIACTBI, SBJISIOT-
¢S MaJoeOUTHBIMU, B JIy4IlleM CJIy4ae — CpeAHeJeOUTHBIMU W TOT-
Ja pafot ae6ut HepTH 3a MHOTHE Apyrue TPOOYpEeHHbIEe CKBaXKUHDI!
[To ornesbHBIM TIacTaM W3-3a WX MPEPBIBUCTOCTH YaCThb CKBAXKHUH
HoIajaeT B 30HbI HEKOJIEKTOPa (30HBI HENPOMAYKTUBHON ITOPO/IBI)
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u BOOOIE HUYETO HE [aeT; M3-3a BBICOKON 30HAJBHONH HEOTHOPO/I-
HOCTHM ILJIACTOB YacTh CKBAXXWUH TIOMAaJaeT B 30HbLI TaKOW HU3KOH
OPOAYKTUBHOCTH ¥ JaeT TaKoWl HU3KUN ae6UT HepTH, YTO daxke
IKCIIyaTHPOBAaTh M OCYHIECTBJIATL TEKyIe 3SKOHOMUYECKHE 3a-
TPaThl OKAa3bIBAETCS 9KOHOMUYECKU HEIPPEKTUBHO.

Kak u3BecTHO, 4TOOBI YIPABJSATDH MPOIECCOM, HAMAO UMETh HEKO-
TOPBINI Pe3epB MPOU3BOAMTENBHOCTH; TOTAA, YTOOBI YIPABJATL pa-
60TOIl CKBA)KMHBI — YMEHbBINATh WJHU YBEJUYUBATD MX IPOU3BO/U-
TEJIbHOCTD, HAJI0 MMETh HEKOTOPbBI pe3epB ITPOU3BOUTETHHOCTH,
3HAYWT, TPOEKTHAS MPOU3BOJUTEIBHOCTh JOJIKHA OBITh 3aMETHO
HUJKE MaKCUMAaJbHO BO3MOXKHOU TpousBojuTesbHOcTH. Ho Takoro
pesepBa Her! Taxkum o6pas3oMm, MOTy4daeTcs, YTO BLIIEJEHUE TLJAC-
TOB yJbTPAHU3KOW MPOAYKTHUBHOCTU B OT/JEJbHBIE JKCILIyaTAI[HOH-
Hble OODBEKTHI He JaeT KaKUX-JuO0 MAOMOJHUTEJbHBIX TEXHOJOTH-
YeCKUX BO3MOXKHOCTEH U ITPEHMYIIECTB.

[Ipu o6beaHEHN HECKOJBKUX IMOJOGHBIX HEPTSIHBIX TIJIACTOB
B OAWH OOMUIl 3KCIJIyaTallnOHHBIN OOBEKT MO JT0OBIBAIOIINM CKBa-
JKUHAM OJWHAKOBO Ha BCE TJACTBI OyIyT TPUMEHSTHCS PAIUOHAID-
Hble MAKCUMaJIbHbIE JIETIPECCUU, a 110 HATHETATEJbHBIM CKBAXKU-
HAM — palMOHAJbHbIE MAaKCUMaJIbHble pelpeccuu. B HavaJbHBIN
nepuoJi pa3paboTKU COBMecTHas pa3paboTKa HeMTSHBIX MJIaCTOB
JI0JKHA OBITh HE XYXKe, a Jiydllle pasjesbHoil. B ckBakmuHax rmiac-
TBI OYAyT paboTaTb B COOTBETCTBUM CO CBOEH IPHUPOIHON 30HAJb-
HOWl HEONHOPOJHOCTBIO M TMPEPBIBUCTOCTHIO: CKOJBKO TIO TLIOIMAIN
pacIpoCcTpaHeHus] TJACTOB WMEETCS MeHee NPOJYKTUBHBIX 30H M
30H HEKOJIJIEKTOPA, CTOJbKO ITI0 CKBaXKMHAM B IpejiesiaX 3IKCILIya-
TallMOHHOTO 00BeKTa OyneT caabo paboTalolnux U HepaGoTANNX
MLJIACTOB.

[Ipu o6beuHEHNN TLTACTOB B OJWH OOIIUN JKCILIyaTAIlMOHHBIN
O0DBEKT CEPHE3HBIMU CTAHOBATCS BOTPOCHI WX BKJIIOUEHUS B paboTy
U BBIKJIIOYEHUsT U3 PaGOTHI.

[lns BKJIIOUEHUS] BCeX IJIACTOB B IOJHOIEHHYIO PaboOTy Ipery-
CMOTpeHO GypeHHe CKBAKMH B TpelesaX MPOAYKTUBHBIX IJIACTOB
Ha paBHOBECWH W JIETIPECCHU; a TIOCJE CITyCKAa 3KCIIyaTallMOHHON
KOJIOHHBI W I[eMEHTUPOBAHUS 3aKOJOHHOTO MPOCTPAHCTBA — OCYIIe-
CTBJIEHWE WHTEHCUBHOW TJuy6okol mepdoparuu ¢ TayOWHON Tep-
doparmmonnbix kanagoB 30—100 c¢M, TPOHU3BIBAIOIINX 3aCOPEHHYIO
npu 6ypeHuu ¥ [EMEHTUPOBAHUM MPUCKBAKUHHYIO 30HY.

J171s1 BBIKJIIOYEHUST B CKBAKWHAX OTAEIbHBIX HE(MPTIHBIX CJI0EB U
MJIACTOB  MOKHO TIPUMEHSTH TIJIACTONMEPEKPBIBATENN, KOTOPBIE
B/IABJWBAIOT B 9KCIJIyaTallUOHHbIE KOJIOHHBI, HE YMEHbINAs WX
BHYTPEHHWH aAuaMeTp, 6Jarojaps 4eMy B OJHOH W TOW Ke CKBAKH-
He WX MOKHO IIPUMEHSTb MHOTOKPATHO IPOTUB Pa3HbIX CJIOEB U
ILJIACTOB.
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Uro6br 3 dEKTUBHO BBIKIIOYATD CJOW U ILJIACTBI, HAJA0 3HATH
ux paboTy U TeKylllee COCTOSIHUE.

Uro6bl 1O CKBaXMHAM IO HEPTSHBIM CJOSIM M TLIACTaM pETy-
JITPHO KOHTPOJMPOBATL 1e6uT HedTH, AeOUT KUIKOCTH W OOGBOJ-
HEHHOCTb, B HHMX Ha0 CIlycKaTh IayOunHbIe Tpubopsl (Ipexme
BCEro TIyGMHHBIE PACXOJAOMEPBI), 06Jafaionye HeOOXOAUMON BbI-
COKOH 4YyBCTBUTEJBbHOCTHIO U TOYHOCTBHIO.

4. O6s3aTesnbHOe OCYIECTBIEHUE HUCKYCCTBEHHOTO IO/IEPIKA-
HUS U MOBBIIIEHUS TJIACTOBOTO JABJIEHUS MYTeM BHYTPUKOHTYPHOIO
paccpenoroueHHoro (II0MagHoOro U M36GMPATETbHOTO) 3aBOIHEHMSI
7 TIpUKOHTYPHOTO M36MpaTeJbHOTO 3aBoAHEHHUs. OcyIlecTBIEHIE
TUTYH>XEPHBIMU HacocaMu YWUTJAU-Y paj WHAWBUAYATbHON 3aKayKu
BOJIbI B HarHeTaTeJbHbIE CKBAaKUHBI ¢ HEOOXOUMBIM BBICOKUM [IAB-
JgenueM HarHeranus (HO HU)Ke [aBJeHHs TMAPOPa3pbiBa I1IacTa)
U TIPOU3BOJAUTEIBHOCTDIO, COOTBETCTBYIOIIEH IPOU3BOAUTEIbHOCTI
(0T60pPY KUAKOCTH) OKPYKAIOMUX A0OBIBAIOIINX CKBaXKUH. [Ipn
HAJIMYUW Pe3epBa MPOU3BOAMTEIHHOCTH HATHETATEJbHBIX CKBAKUH
3aKavKa BOJBI OCYIIECTBJSETCS IUKJINYECKN C IIEJbI0 YMEHDIICHUS
HEPAaBHOMEPHOCTH BbITeCHEHUSA HeMTH BOAOH — C IEJbI0 YMEHb-
IIeHNs1 OTPUIIATENBHOTO BJMSHUS IIOCJOMHONH HEO[HOPOJHOCTH
He(TIHBIX IJACTOB IO MPOHUIIAEMOCTH HA MPOIECC UX OOGBOHE-
HUS M KOHEYHYIO HeTeoTnauy IMJIacTOB.

Ha nedTaHbIX TacTax HU3KOW M YJIBTPAHW3KOH TPOMAYKTUBHO-
CTH, HO COJEp’Kall[IX MAJOBSA3KYI He(Tb, € IEJbI0 yBETMIEHUS
K02 UINEHTOB TPUEMUCTOCTA ¥ YMEHDBIIEHUS YHCJIa HarHeTa-
TEJbHBIX CKBXXUH B /Ba U 60Jiee pasa B HarHeTaTeJbHblE CKBa-
SKMHBI 3aKauuMBaeTcd XMMUYECKHH peareHT NOJHUCHJI IO IaTeHTY
PUTOKa.

[To HedTAHBIM MIacTaM HU3KOW W YJIBTPAHW3KOH TPOMYKTUBHO-
CTH, COZEPKAIIUM MAJIOBA3KYI0 HeDTh, HO OOGJAJAIONNUM TOHWKEH-
HOHl HayaJbHON He(TEHACBHINEHHOCTBI0O U COOTBETCTBEHHO HU3KOMN
HedTeoTavell TpPU 3aBOJHEHUHU, C II€JIbI0 PE3KOT0 yBeJUYEHUS
HedTeoTau ¥ 3HAYUTEJbHOTO YBEJWYEHUS YTIJIeBOAOPOJOOTAAYN
11e71eco06pasHo MPOEKTHPOBATh Ta30BOEe 3aBOJHEHUE, MPH KOTOPOM
BCJeJ 32 LIMPOKOH OTOPOYKOI rasa 3akauuBaeTcs BOAa U OCylile-
CTBJISIETCSI UepefloBaHME 3aKaukW rasa u Bogbl. lIpm rasosoM 3a-
BOJHEHWW B TIEPHUOJBI 3aKAYKM ra3a MOXKET 3HAUUTEJbHO YBEJUYH-
Barbcs Tekymias ao6brua Hedru. Ho ms ocyriecTBieHus Ta30BOro
3aBOJHEHUS HEOOXOJUMBI NMPUPOJHBIN Ta3 € MPUPOAHBIM JOCTATOY-
HO BBICOKUM ILJIACTOBBIM JIaBJIEHMEM, TOIJla He HaJ0 yCTaHABJIUBATb
TPOMO3/IKHE€ MHOTOCTYIIeHYaTbhle KOMIIPECCOPBI; II03TOMY TO06JM30C-
TH HEOOXOJNMO MMeTh I'TyO0KO 3ajeraionfie Ta30HOCHBIE ILIACTBHI C
JIOCTAaTOYHBIMH 3allacaMy rasa.

[Io wedTsaHBIM mJIACTAM YJIbTPAHU3KONH MPOJYKTUBHOCTH, CO-
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JIeP>KaIlIM BBICOKOBSI3KYI0O He(Tb, ¢ O(PUIHAJBHO YTBEPKACHHOH
HU3KOW uJu HeBBICOKOH Hedreormaueir 10+20 %, ¢ 1eblo 3HAYH-
TeJbHOTO yBesmdenus: Hedreornaun 10 30 % U BbIlIE 3AIPOEKTH-
POBAHO TIPUMEHEHUE IUKJMYECKON 3aKaYK{ BOJbBI, & MOCJE IPOPbI-
Ba BOZABI B OKpY’Kalouie 100bIBAfOIIe CKBAKMHBI — OCYIIeCTBJIe-
HIe B HargeTaTeJbHble CKBKWHBI-OOBOJHUTEJNBHUIBI UYepeayio-
mieiicsi 3aKauku Bozbl U HeGoJbmoln yactu (0KoJg0 5 %) 106BITON
BBICOKOBA3KOH HedTH. ITO HE TOJHKO YBEJMYUT KOHEUHYyIo HedrTe-
OT/la4y TIJIACTOB, HO M TEKYyNIyIo J06bIuy HedTH.

[IpencraBnenHble 3/eChb TEXHOJOTHN yBeJHYeHUs HedTeOTAaun
IJIACTOB 3aIINIIEHbl HaTeHTaMHu.

B Poccun yxxe pasBemanbl OrpoMHbBIE 3amachl HeDTH B TIJaacTax
HU3KOW W YJbTPAHU3KOH MPOAYKTUBHOCTU. IJTH 3amnacbl HedTH B
OCHOBHOM IIOKAa He BBeJeHbl B IPOMBINLIEHHYIO paspaborky. [Ipu
OOBIYHOI CTAaHJAPTHOW TEXHOJIOTHM pa3paboTKa JTUX 3aracoB
He(TH SKOHOMUYECKN HepeHTabeJbHa.

Ho PUTOKomMm yxe o60cHOBaHA WHHOBAIIMOHHAS CHCTEMa pas-
paboOTKM, MO3BOJISIONIAS Takue 3amachl HedTH pa3pabaTbiBaTh KO-
HoMuueckr 3(QexTuBHO. ITa UHHOBAIMOHHAS CHCTEMa YXKe 3a-
MIPOEKTUPOBAHA M OCYIIECTBJSETCS HAa HEPTIHBIX MECTOPOKIEHUSIX
PUTSKa; ona s3amumiena MuoruMu marenramu Poccuiickoit Deje-
panuu.

1.2. ”HHOBAIITMOHHASI CUCTEMA PASPABOTKH |
MAJIOITIPOAYKTUBHBIX HEDOTAHBIX MECTOPOKAEHNU

JTa cucreMa UMeeT CJEAYIOIIe 3BEHbS:

1. PannonanmbHoe o6bennHeHHe HEMTSIHBIX IJIACTOB B OOIIWI
9KCILIyaTAllMOHHBIN 0OBEKT, YTO MOBBINIAET 3KOHOMHUYECKYI0 PEeHTa-
6eJbHOCTD A0ObIYM HePTH, PE3KO YMEHbIIAET KalUTAaJbHbIE 3aTpa-
Tbl Ha Pa3pabOTKy MeCTOPOXKIEHUs, YBeJuduBaeT pa36ypuBaeMyio
HeTAHYIO TJIOMIAIb U BOBJEKAeMble B Pa3pabGOTKy TeOJOTUYECKUe
3armacel HeTH.

Baaromapss aToMy CTaHOBUTCS 3KOHOMUYECKHW peHTabeJbHO BO-
BJIEKaThb B pa3pabOTKy MaJIONPOAYKTHBHBIE MHOTOILJIACTOBBIE Mec-
TOPOSK/ICHHST BBICOKOBSI3KON He(TH.

Iomenyuanvuo eo3moxnviii appexm na mecmopoxdenusx AO
PUTOK: yBennuenue mpeburta CKBAXUH B 2—3 pasa, yBeJIHMYEHUE
miomau paséypuBanus HePTSHBIX 1IactoB B 1,2—1,5 pasa.
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2. IlpuMeHeHUe aJaNTUBHONW CHUCTEMbl Pa3paboOTKN HeTAHBIX
MeCTOPOKJIEHUH, BKJIIOYAIOIell HCIOJb30BaHUE PaBHOMEDPHOU KBa-
JIPATHOM CETKM pa3MelleHus CKBAXUH CTAHAAPTHOTO IWXOTOMHYEC-
KOTO ps/ila KBAJPATHBIX CETOK M  O6GpalieHHOH 9-TOYeyHOIl cXeMbl
IIJIOIAQTHOTO 3aBO/IHEHUSI, IO3BOJISIONIEl OIEepaTHBHO CIYIIATh U
pa3peskarb CeTKy CKBaXUH W BUIOM3MEHSTh CHCTEMY 3aBOJHEHNS,
¢ yueToM mHOOpPMAIMH, MOJIYYeHHOW Tpu OypeHUu U UCCJIeI0Ba-
HUU CKBAa)KUH, Peajn30BbIBATH MPUHIUN U3OUPATENBHOCTH U OT
PaBHOMEPHOTO IJIONAJHOTO 3aBOAHEHUS MEPEXOAUTb K INPUKOHTYP-
HOMY M36MpaTeJbHOMY U M36MpATeTHbHOMY 3aBOTHEHUIO.

AnmanTuBHas cucteMa — HamboJiee TIOIXOASNAS B YCJIOBHUIX Jie-
¢pumura wHbDOpMAMM W IS ydueTa TOCTyHaIel WHOOpMAIN.
N3sbuparesphast afanTHBHAS CHCTEMA IO3BOJISIET COYETATbH MPOMBbI-
LIJIEHHYI0 Pa3paGoTKy U J0pa3BeiiKy HeMTSIHBIX IJIACTOB.

Iomenyuanrono 603MOXHVIL Ihchexm: yMeHbIIEHUE [TOJIU He-
addekTHBHBIX cKkBaxkuH Ha 50 % W yCKOpeHHe BBOJA HeTIHOTO
MECTOPO’K/I€HHSI B IIPOMBINILIEHHYO0 pa3paboTky Ha 1—2 roxa.

3. [IpumeHeHne TJIYH)KEPHBIX HACOCOB YWTJIH-YpaJs, pacrnosa-
raeMbIX Ha KyCTaX CKBaKWH PSJIOM C HarHeTaTeJbHBIMH CKBAKH-
HaMu, JJIS1 OCYIIECTBJICHUS WHIAMBUIYATbHONW 3aKaYKU BOJbI B COOT-
BETCTBUM ¢ JAe6uTaMn He(TH OKPYKAMKUX JOOBIBAOIINX CKBa-
skuH. [IpuMeHeHNe TOBBINIEHHOTO [ABJEHWUSI HAarHeTaHust, OJII3KOTO
K JaBJEHWIO THIPOPa3pbiBa ILTACTa, AJS AOCTIKEHUS KOHTPOJIMPY-
€MOTO TIOBBINIEHNS ILTACTOBOTO JABJICHUS BbINIe IepPBOHAYATBHON
BEJIMYWHDI, yBeJWYeHUs Jebuta HedTH U OCYIIECTBJIECHUS IUKJIH-
YEeCKOTO 3aBOJHEHHUS.

Iomenyuanrono 603MOXHVIU 3hchexm: peanusanuss pexRUMa
HoJ/IepoKaHusl IJIACTOBOIO [JIaBJIEHUS BMECTO peXXuMa HCTOLeHUs
IJIACTOBOH 3HEPTUH, YTO PE3KO YBeJMUNBaeT HeTeoTAauy Iaac-
TOB; 32 CYET IOBBLIINIEHHOTO MJIACTOBOTO JABJIEHUS — JOMOJTHUTEJIb-
HOe yBeJndeHue ge6uTa CKBaXUHBI B 1,2 pasa, 3a cueT IMUKJIUKH —
noBblenne Hedreornaun miactoB B 1,2 pasa.

4. llocne wavama OOGBOJHEHUSI OKPYXKAIONUX JJTOOBIBAIONIIX
CKBa)XMH IIepeBO/l HarHeTaTeJbHBIX CKBaXKMH € IIMKJIUYECKOH 3a-
KauKW BOJIBI HA UepeIyIoNIyiocsl 3aKayKy BOJBI M HeOGOJIBIION dacTh
(5 %) MOGBITOl BBICOKOBAZKON HedTH.

Iomenyuanrono 603MoXHBIL 3Ihhexm:  pe3Koe yMeHbIeHIe
XOJIOCTOI TIPOKAYKKM BOJbI, YBeJIUYEHHE TEeKyIuxX JAe6UTOB HepTH
OOBOJHSIONNXCSI CKBAKMH ¥ JOMOJHUTENIbHOE YBeJanueHue HedTte-
otjavm 1ractoB B 1,5—2 pasa.

5. Dypenme ckBaXMH Ha paBHOBECHN M [JeIPECCHN H3HOCO-
CTOMKUME JOJOTaMH HA Ka4eCTBEHHOM OYpPOBOM pacTBOPE C IIEJbIO
COXPAHEHUS €CTECTBEHHBIX KOJIJIEKTOPCKUX CBOWCTB NMPU3a60NHBIX
30H He(TAHBIX IJACTOB.
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B Hacrosmee BpeMs Havyaau NpUMEHSTH cuctemy Kopasa. Ilpu-
MeHeHUe cucreMbl Kopas HCKJIOYaeT IeMeHTHPOBaHue HedTIHBIX
NJIACTOB U 3aCOPeHUe WX MPU I[EMEHTHPOBAHUU, ITO3BOJISIET IIyTEM
BKJIIOUEHHS U BBIKJTIOYEHUSI DPETyJNpOBATh pa3paboTKy HeTSIHBIX
IJIACTOB, TO3BOJISIET OINPENENATh WX WHAWBUAYaJTbHbIE JIeOUTHI
HedTH, OOBOMAHEHHOCTH, 3a00WHbBIC W TIJACTOBBIE MABJEHUS W WH-
JIIBUIYAJbHO BBIKJIIOYATh U3 PabOTHI.

[Ipu npumenenuu cucteMbl Kopasa oCyIIecTBJISIETCSI CBOs CIlie-
[IIATbHAsT KOHCTPYKIIMS CKBAKMHDBI, ¥ TIOITOMY HET HeOOXOIUMOCTU
B TJIy60oKO# Tepdopannuu HePTAHBIX MJIACTOB.

Iomenyuanono 603MmoxHvLU Ihhexkm: NCKIOUEHNE CHUKEHUS
MPUPOIHON TPOIYKTUBHOCTH TacToB B 1,2—1,5 pa3a.

6. IlpuMeHeHUe Ha BceX CKBAKMHAX O6-AI0MMOBBIX 3KCILITyaTa-
IIUOHHBIX KOJIOHH, YTO IIOBBINIAET [OJTOBEYHOCTh CKBAXKUH U Ha-
JEKHOCTh CUCTEMBI Pa3pabOTKH, CYIIECTBEHHO IIOBbIMAeT HedTe-
OTAaduy MJIacToB. B ciydyae MHOTOKpDATHOH MOTEPH T€PMETUYHOCTH B
CKBaKUHY MOJKHO CIIyCTUTb W 3aIl[€MEHTUPOBATDH 4-TI0NMOBYIO JKC-
IUIyaTallMOHHYI0 KOJOHHY W MPOJOJDKATh YCIENTHYI0 SKCILTyaTa-
nuio. OTKa3 oT 3-A0HMOBBIX U IpUMeHeHHe 6-TI0HMOBBIX 3KCILTya-
TAI[MOHHBIX KOJIOHH YBEJUYUBAET KANUTAJbHbIE 3aTPAThl IIPUMEp-
HO Ha 2 %, 4TO cpasy ’Ke KOMIIEHCHpYeT yBesnuenue pebuta Hed-
T GoJsiee yeM Ha 2 %.

Iomenyuanvno 6o3moxuvlii aghghexm: yBeJTMIeHHE [OJTOBEY-
HOCTH CKBa)XWH B 2 pa3a, yBeJWYeHUE HAJEKHOCTH CHCTEMBI pas-
pabOTKN W WMCKJIOYEHUE CHIKEHWS M3BJIEKAEMBIX 3armacoB HeTH B
1,2—1,5 paza.

7. Ilpumenenue ray60Koil mepdopaiuy Mmocae0BaTeTbHO Cpasy
BCeX HE(TSAHBIX IIJIACTOB C TJIyOMHOH Tep(OpPAIMOHHBIX KaHAJIOB
50—-100 cM ¢ mesb0 YCKOPEHHWSI W TOBBINIEHNS 3(h(EeKTHBHOCTH
OCBOEHUS HEPTIHBIX TLIACTOB.

Homenyuanrono 603MoXHIU Ihchexm: NONMOTHUTETHHOE YBEJIU-
yeHue aebuta ckBakuH B 1,2 pasa.

8. OcBoenne CcKBaXXMH HMMeOUMMHUCS Ha Boopyskenne AO PU-
TOK coBpeMeHHBIMU cBabaMU M 2’KEKTOPHBIMHI HACOCAMH.

Iomenyuanono 603moxHvll Ihghexm: NCKIOUEHNE CHUKEHUS
MPUPOHON TMPOYKTUBHOCTH TiacToB B 1,2 pa3sa.

9. IlpomMbIBKa CKBa)XWH MUCTUJLISITOM WM TPHUMEHEHHE CTaIlUo-
HAPHOTO 3JIEKTPONPOrpeBa HEMTIHBIX IJIACTOB C IEJbIO YAAJTeHUs
acdasprocMosonapadUHOBBIX OTJOKEHUH, TporpeBa OJusKaiieit
npu3aboiiHOi 30HBI HE(MTIHBIX MJACTOB ¥ TOBBIMIEHNE MTPOU3BO/IN-
TEJLHOCTU CKBAaYKWH.

Iomenyuarvno 603MOXHbII IGhghexm: NONOJHUTETHHOE YBEJN-
yeHre aebuTta ckBakwH B 1,2 pasa.

10. ITocTosgHHDBIN peryJspHBbIE KOHTPOJb 3a paboToil 106bIBaiO-
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IUX CKBUKUH — 3a ux gebutoMm HedTH, 06BOJHEHHOCTHIO, 3a60ii-
HBIM W TLJIACTOBBIM JIaBJEHHEM C I€JbI0 ONTHUMHU3AIMH PEXUMa pa-
60T TIyOMHHBIX HACOCOB.

Bo BpeMsi eKerofHbIX MPOPUIAKTUIECKUX PEMOHTOB CKBAKHH —
orpejiesieHe YyBCTBUTENbHBIM TJyOUHHBIM PACXOIAOMEPOM HH/UBU-
JIyaJbHBIX [eOUTOB HEePTAHBIX IJIACTOB W WX yYacTusi B 0OmIeM
neburte, TakKe omnpejeseHre OOBOAHEHUS CJIOEB M IIACTOB.

Iomenyuanrono 603MoXHLU Ihchexm: NONONTHUTETHHOE YBEJU-
yeHue ae6uTa CKBakuH B 1,2 pasa.

11. IlpuMeHeHME TJIACTOTIEPEKPBIBATENEN [/ 3alUThI MTPOOY-
PEHHBIX HEMTSAHBIX IJIACTOB OT 3aCOPEHUS W [ U30JSAIUU 00-
BOJHEHHBIX 060COGJEHHBIX He(TIHBIX CJOEB W TJIACTOB.

Homenyuanrvno 6o3moxnwvLii aghghexm: ymenbineHne orbopa Io-
myTHOH Bozbl B 1,5 pasa.

12. Tloanepskanue 3a60itHOrO NaBjeHUsT AOOBIBAIONNX CKBAKUH
Ha YpOBHE /IaBJICHUS HACBINEHUS HEDTH Ta3oM.

HomenyuanroHo 603MOXHBIU Ihhexm: UCKIIOUEHNE CHUKEHUS
MPOAYKTUBHOCTH HedTAHBIX miactoB B 1,2—1,5 pa3a.

JOIIOJHUTEJBHBIE 3JJEMEHTbI HHHOBAIIMOHHOM CUCTEMBI
CHEIUAJBHO AJS1 MAJIONIPOAYKTUBHBIX MECTOPOKIEHUII
MAJIOBS3KOII HE®THU 3ANIAITHOM CUBUPU

Co3gaHne Ha yCTbe HATHETATEJbHBIX CKBAKUH C IMOMOIIBIO
IJIYHXKEPHBIX HacocoB aaBieHus 250—350 aT; MOTeHIMAJbHO BO3-
MOKHBIN 2 dEKT: yBeJIudeHne Pa3HOCTH 3a60WHBIX JaBJEHHUN Ha-
THEeTAaTeJbHBIX ¥ A0ObIBAIONNX CKBakuH B 1,3—1,5 pasa, yBesnde-
Hue ne6bura vedtu B 1,3—1,5 pasa;

MpUMEHEHWE XUMHUYECKOTO PpeareHTa TIOJUCHJI; TOTEHITNAJIbHO
BO3MOKHBIH 3 dekT: yBeandeHne Koa(pUIHUEHTA HTPUEMUCTOCTH
HArHETAaTeJbHbIX CKBAKMH B 2 pasa, UCIO0Jb30BaHHE CIKOHOMJIEH-
HBIX HATHETATEJbHBIX CKBAXKUH B KavyecTBe JOOBIBAIOIINX, YBEJU-
yenue obiero ne6ura Hedtu B 1,3 pasa.

OCYIIECTBJIEHNE  TEXHOJIOTUM  IKCIJIyaTallud  JOOBIBAIOIITIX
CKBayXWH, TpeJoTBpamaoieii o6pazoBanne HePTETHIPATOB W
MPEXK/IEBPEMEHHDBIN BBIXO/] CKBa)KUH W3 CTPOSI WM BBINIQJIEHUE W3-
BJIEKaeMbIX 3arnacoB HepTH u3 Pas3pabOTKU; 3Ta TEXHOJOTHUS
BKJIIOYAET B ce6s1 pPa3JuvYHble TEXHUYECKHE U XUMHYECKUE CPEICT-
Ba, B TOM YHCJE MEPUOAMYECKUI 3JEKTPOHATDEB HACOCHO-KOMIIPEC-
COPHBIX TPYO.

B apcenase unnoBanuonnsix Meto0B PUTOK umeiorcs:

MPUMEHEHNE Ta30BOTO 3aBOJHEHUS, T.€. 3aBOJHEHUS C Ta30BBIMU
OTOPOYKAME PAIMOHAJBHBIX PA3MEPOB; IOTEHIIMATHHO BO3MOXKHBIN
apexr: yBenmmuenue ne6uToB HepTHM MW HedTEOTHAYM IJIACTOB B
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1,3-1,5 paza, ocobenno B 3anajanoit Cubupu 10 IJacTaM MOHU-
JKeHHOW HedTeHACBIIeHHOCTH;

NpUMeHEeHUEe CKBAXKUH-€JIOK, T.e. JONOJHEHHe BePTHKATIbHBIX
CKBaKMH TOPM30HTAIbHBIMU KaHanamu (BerBsamu) aiamHoit 20—50 wm;
TTOTEHITNATHHO BO3MOXKHBIH 3¢ ¢dexT: yBeqndeHne ae6ura HedTH B
2—-3 pasa.

[IpencraBiennass 3/ech WHHOBAIMOHHAS CHUCTeMa pa3paboTKu
HeTAHBIX MECTOPOXK/EHWH C TPYIHOU3BJIEKAEMBIME 3alacaMu
Hedtu, upeanoxennags AO PUTOK, npenycmarpuBaeT BcecTo-
POHHIOIO ONTHMHU3AINIO TIpollecca A06brYM HePTH. ITa CHCTEMa
MMOCTOSTHHO COBEPIIEHCTBYETCSI € YY€TOM JOCTVKEHUN HAayKu U
TEXHUKU W TIPAKTHUYECKW OCYIIECTBJSETCS Ha HEDTSIHBIX MecTo-
poxknenusx AO PUTOK B Tarapcrane n 3amaanoit Cubupu.

1.3. AJAIITUBHASI CHCTEMA PASPABOTKU
HE®TAHDBIX MECTOPOKJIEHNN

[Iporecc pa3paboTku HEePTIHOTO MECTOPOXK/JIEHUS MOXKHO Xa-
paKTepu3oBaTb HEMHOTMMM IIapaMeTpaMH: IIPeK/ie BCEro IIPOYK-
TUBHOCTHIO (aMIIMTYHBIM [e6UTOM Ha TIPOEKTHYIO CKBasKUHY,
cpeannuM  Ko03(p@PUIMEHTOM NPOAYKTUBHOCTH CKBAsKUHBI), 3aTeM
eMKoCThI0 (06BHEMOM T€O0JIOTMYECKNX 3amacoB HedTH, a TpU u3Be-
CTHOM BBITECHSIIONEM areHTe — 3aKauyuBaeMoll Bojie 0OBEMOM Te0JIO-
TUYECKUX 3alacoB, yYMHOXKEHHBIM Ha KO3(Q(UIIMEHT BbITECHEHUS
HedTu BOJOH) U HEOAHOPOAHOCTHIO (3oHabHON W TIOCJIOIHON He-
OJTHOPOJTHOCTBIO TI0 TPOHUIAEMOCTH M CKOPOCTH BbITeCcHeHus Hed-
TH BOJOI M IPEPBIBUCTOCTHIO).

[TonHoTa M3BJEUeHUST 3amacoB HePTU W BBIHYKAEHHBIN OTOOD
BMecTe ¢ He(TbI0 6OJBIINX O00BEMOB MOIYTHOH BOABI MPSMO CBSI-
3aHbl C HEOJHOPOJAHOCTHIO. A HEOAHOPOAHOCTH (HEPABHOMEPHOCTD)
ObIBaeT CO3/aHHAs TPHUPOJAOA M co3qaHHast 4yesoBekoM. I[locienmsis
6bIBaeT OOYCJIOBJIEHA TOYEYHOCTBIO PACIIOJOXKEHUS HCTOYHUKOB U
CTOKOB — HarHeTaTeJbHBIX M JOOBIBAIONINX CKBAKUH W HEPABHO-
MEPHOCTBIO CETKW CKBAXXWH. B MMpoKo TpuMeHseMOW HaIieid Me-
TOJIUKE TPOEKTUPOBAHUS Pa3pabOTKN HEMTAHBIX MECTOPOKICHUN
YUCJIEHHBIE 3HAYEHUS HEOAHOPOAHOCTH (HEPABHOMEPHOCTH) JIETKO
MIePeCYNTHIBAIOTCS B IIOTEPU M3BJIEKAEMbIX 3aacoB HedTH U CHHU-
JKEHUsT cpefHero ne6uta HePTH HA CKBAKHHY. 3/€Ch XOTEJOCH Obl
o6paTuTh BHUMaHWE Ha TO, YTO 4eJOBeYeCKWil (akTop mpu paspa-
60TKe He(TSIHLIX MECTOPOKJEHUN MOXKET OBbITh W HEPEIKO ObIBAET
MocCuJbHEEe W TIoOMacHee MPUpoAHOTO (akTopa. MCKycCTBEHHO CO-
3/JaHHAs YEJIOBEKOM HEOJHOPOJAHOCTh (HEpaBHOMEPHOCTH) MOYKET
6bITD OOJIbIIIE TIPUPOHON HEOJHOPOAHOCTH. IDTa JOMOJHUTETbHAS
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HEOHOPOHOCTh (HEPaBHOMEPHOCTb) 06pasyeTcsi: M3-3a MPOEKTHU-
pOBaHUS He Jydlllell CeTKU pa3MelleHusi CKBAXKWH, MPOCTO Hepas-
HOMEDPHOIl WJM TepPBOHAYAJBHO PABHOMEDPHOIl, HO He o6Jaaaoliei
YCTOWYNBOW BO BPEMEHH DAaBHOMEDHOCTHIO; M3-32 HEKAYeCTBEHHOTO
OypeHUsI M1 OCBOEHUS CKBAXKWH, Korja (haKTUIECKOe PaCIOJOKeHNe
3a60€B CKBAXWH XAOTHYECKUM O0OPa30M 3HAUYHUTEJNBHO OTKJIOHSETCS
OT TIPOEKTHOTrO pacrnosoxkenuss Ha 50 M u Gosee (nmpu paccrosgHUN
Mexay cocenumu ckBaxkunamu 300—400 M), KOTZa 4acTb Hedr4-
HBIX CJIOEB OKAa3bIBAETCSI HEOCBOEHHOI M He BBEJEHHOH B paspa-
60TKy, ¥ TIO 3THM CJOSIM TIPOW3OIILIO XAOTHUECKOe paspekeHne
CETKM CKBAXKWH, XyJIlee U3 BO3MOXHBIX Pa3peKeHUil; M3-3a orpa-
HUYEHHON JOJITOBEYHOCTH CKBAJKWH, XAOTHYECKOTO WX BBIXOJA W3
CTPOSI M BBIMA/IEHUST U3 Pa3pabOTKU MX ellle HeOTOOPAHHBIX M3BJIe-
KaeMbIX 3amnacoB HedTU; M3-32 OTCYTCTBUS Y/OBJETBOPUTETIBHOTO
10 TOYHOCTH KOHTPOJIS 3a paboToil ckBakuH (3a WX 3aKadyKoii BO-
IBl, 32 UX Je6UTOM >KHUIKOCTH, OOBOJHEHHOCTbIO, Ae6UTOM HePTH
n 3a60WHBIM JaBJEHUEM), TIO3BOJIAIONIET0 MO KaKAOH CKBAKUHE B
OTJIEJIbHOCTH TIPUHUMATh WHXKEHEPHbIE peNIeHns, B YaCTHOCTH,
MPU JTOCTHKEHUU MPeNeJbHON OOGBOJHEHHOCTH >KUIKOCTH I00bIBa-
I0IlMe CKBA’KUHBI MMOPO3Hb BBIKJIIOYATh U3 paborel. [locienanee 006-
CTOSITEJIbCTBO SIBJISIETCS O4YeHb cepbe3HbiM. OHO NMPUBOAMUT K 06be-
JUHEHWI0 OOJIbIINX TPYNI Pa3HOPOJHBIX CKBAXKUH, pPabOTAONINX
Ha o6mue cOOpHbIE pe3epByapbl, B YKPYIHEHHbIE CKBaXXUHBI C KO-
JIOCCAJbHO  BO3pOCIEll HEPABHOMEPHOCTHIO BBITeCHEHUS HedTH
BO/IOH, 3HAYMUTEJbHBIM yBeJWYeHHEeM OTOOpa IOMYTHOH BOABI M
cumkenneM HedTeornaun 1iactos. Ilo HameMmy mpeacTaBeHUIO,
UMEHHO TocJieflHee OOCTOSITEIbCTBO SIBJISIETCSI TJIABHON MPUYMHON
HE/IOCTIIKEHNUsT YTBEP:KAEeHHOH HedTeoTJaun IIJACTOB Jake B OT-
HOCHUTEJNBHO GJIArONOJyYHbIX He(PTeAOObIBAIOIINX palioHaX.

ApmanTuBHag cucTeMa Pa3paboOTKU HePTSHBIX MECTOPOKACHWH —
3TO CPEJCTBO TPOTHB BO3HUKHOBEHUS [OMOJHUTEJIbHON HEOMIHO-
poanoctu (HepaBHOMEPHOCTH); TpaB/a, CPEACTBO He aGCOMIOTHOE,
a YacTUYHOe, He KOMIIEHCUPYIOlllee HeKayecTBeHHOe OypeHue
CKBXUH U OTCYTCTBHE WHIMBHUIYAJTbHOTO YIOBJETBOPUTEJIBHOTO
M0 TOYHOCTHU KOHTPOJIS 32 UX aeburamu HedTH.

ApantuBHas cucteMa pa3paboTKu HeMTAHBIX MeCTOPOKIEHUI
BO3HUKJIA U3 OIbITA NMPOEKTUPOBAHUS U OCYIIECTBJIEHUsS Pa3paborT-
Kku Mectopoxaennii Tatapum (mpexae Bcero 3anesxkn GOOGPUKOB-
CKOTO TOPHM30HTa BaBJIMHCKOTO MecToposkaenusi), 3anaanoii Cubu-
pu (28 HanmeHee pas3BeJaHHbIX U HaUMeHee MPOAYKTUBHBIX Mec-
topoxaennii  Tiomenckoit m  Tomckoii o6aacreit), Kasaxcrana
(MuorOomMacToBeix Mecropoxaennii Kamamxac, Kymkosb, Axmaly-
aak) u Amkupa (kpynneiinero mecroposkaenust Xaccu-Maccay)
U HAGJIIO/IEHNS] TIPUMEHSIEMbBIX CETOK CKBAJKMH HA MECTOPOXKIEHUSX
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B CIIIA. ApantuBHasi cucreMa — 3TO TpucocabiuBacMasi CUCTEMA,
KOTOPYIO Jierde Bcero mnpucrnoco6uth (agantuposaTb) K OTKPbIB-
mreficst mocsie 6ypeHus] HOBbIX CKBJKMH HOBOW KapTHHE TeoJioThye-
CKOTO CTPOEHUST HEe(PTSHBIX IIACTOB. MHOTOJETHUI OIBIT MTOKA3bI-
BaeT, UTO AJANTHBHYIO CHCTeMy pa3paboTKu Iiesecoo6pasHo MpH-
MEHSTh HE TOJIbKO Ha CJIa00pa3BEIaHHBIX W MAJOMPOAYKTUBHBIX,
HO ¥ Ha Y/JOBJETBOPUTEJbHO PA3BEIAHHBIX BBICOKOIPOLYKTHUBHBIX
KPYIHBIX U KPYIHEHMUX HeDTIHBIX MeCTOPONKIEHUSX U MHOro-
MJACTOBBIX MECTOPOKAEHUSAX. IJTO CBI3aHO C MPAKTHKOW IpuUMe-
HEHWS OYEHb PEeJKNX CETOK PAa3BEJOYHBIX CKBAXUH U JOBOJBHO
PEeIKNX CeTOK Pa3pabGoTUeCKUX CKBAKUH, a TakKe C YacTo Ha6JIio-
JlaeMOH BBICOKOH 30HAJBHON HEOJHOPOHOCTBIO 1O TTPOYKTUBHOCTH
U MPEPBIBUCTOCTBIO HEMTIHBIX IJACTOB.

OOGbIuHBIA TOPS/IOK BbIGOPA CHCTEMBI M TOPSIKA Pa3pabOTKu
He(TIHOTO MECTOPOKAEHUS BKJIIOUAET CJEAYIOIIUE ATATIBI:

1. Boibop zeomempuu cemxu CKGAKUH.

Ecin orcyrcTByer WM IIOKa OCTA€TCSl HEYCTAHOBJIEHHON aHMU-
30TPONNUST KOJIJIEKTOPCKUX CBOUCTB HETSHBIX IJIACTOB IO ILIOIIA-
1 WX PACIPOCTPAHEHUs, TO JIydllle BCEro MPUMEHITb PaBHOMEp-
HYI0O CETKY CKBAKMH. TaKOBBIMHU SIBJISIIOTCSI TPEYTOJIbHAST M KBajl-
parHas. A eciM TIO PeIKO PACIOJIOXKEHHBIM pPa3BeIOYHBIM CKBaXKU-
HaM TeoJIOTHYeCKOe CTPOEHHe TILIACTOB YCTAaHOBJEHO HETOYHO U
[PH HKCIIYaTAIlMOHHOM Pa30ypUBAHUU >KeJATeJbHA KOPPEKTUPOB-
Ka CeTKN CKBAXXWH, TO NEPBOHAYATIbHAS CETKA Hy’>XHA PaBHOMEpHAas
KBaJIPaTHAsI, KOTOPYIO IPOIle BCETO pPaspexkarb U Crymarb B 2—4
pasa. KBajpatHag cetka — HaumboJiee YCTOHYMBAs BO BpeMeHU
paBHOMEpHAsI CeTKa.

2. Buibop cxemvl 3ago0nenus u COOmMHoulenus 000bl8aUuUxr u
HAZHeMAMeAbHbIX CKEAXKUMN.

I[To dopmyne (yHKIHE OTHOCUTEILHON MPOU3BOAUTEILHOCTH
CKB)KMHBI BUJHO, YTO JKEJATETHHO BCe AOOBIBAIONINE CKBAMKUHBI
pasMecTuTh Ha IEePBBIX OPOUTAX OTHOCUTENIbHO HArHETATeTbHBIX
ckBasknH (M Bce HarHeTareJbHbIe — Ha IE€PBbIX OPOUTAX OTHOCHU-
TEJIbHO J0OBIBAIONINX )

¢= 1 1 , m—>m,

1 1 1+m

Xyl X, cmy

rjae @ — (yHKINS OTHOCHTENBHOW MPOM3BOAUTENTBHOCTH CKBAKIHBI
(BMecTe HarHeTaTeslbHBIE M AOGBIBAIOIINE); X, W X, — OTHOCHTEJb-
Hble KO duimenTsr npoaykTuBHocTH (B J0JISX cpeHero Koad-
dunmenTa nPOAYKTHBHOCTH) CKBaKMHbBI, BHIOPAHHOI MO HarHera-
HME BOJbI, U CKBA’KMHbBI, OCTAaBJEHHON [J0OBIBAIONIEH; W, — COOTHO-
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IIeHue HO/I[BI/I)KHOCTCfI BbITeCHHIOHlefl BO/JIbl "N H(:'!(I)TI/I B IIJIaCTOBBIX
YCJIOBUAX; ™y — Cpe/Hee Yncjo 00BIBAIOIINAX CKBAKUH HA nepBoi
Opél/ITQ HaFHeTaTeﬂbHOﬁ CKBaXUHbBI, m — cpeaHee 4ucJo Z[OébIBa-
IOIMNX CKBaXKMUH, MNPpUXOAANIUXCA Ha O/JHY HarHeTaTeJbHYIO CKBa-
skuny. [lpu crpemienun m K m, QYHKIUS OTHOCUTEJHHOW TPOU3-
BOANTEIBHOCTH CKBKHMHBI (p BO3PACTAET; MAKCUMYM 3TOH (PYHKIIH
6bIBaeT HpI/I BIIOJIHE OHpe/IeJIeHHOM COOTHOLIEHNU L[OébIBaIOHlI/IX nu
Har"derarteJbHbIX CKBa’XHWH

Ty [

¢ = max Ipu m = —4/U,.
X

El

3. Bwidenenue IKCNAYamayuoHnblx 06sexmos.

Pa]_[I/IOHaJH)HOG BbIJI€JICHIE IKCILITyaTalTHOHHDbIX 00BEKTOB
(pasz:LeJIeHI/Ie HeTAHBIX ILJIACTOB Ha 06bEKTbI) MOJKHO C/IeJIaTh B
COOTBETCTBUH CO CJIEAYIONIMM TEXHOJOTMYECKUM KPUTEPHEM, KOTO-
pBIil IIpefycMaTpuUBaeT IOJydeHHE MaKCUMyMa CpeJHero je6uTa
HeTH Ha IPOEKTHYIO CKBAKUHY 3a BpeMs JOCTIDKEHHS 3aJaHHOM
HedTeoTIaYN TIACTOB!

a K5 _ max,
FZ

rie qé — aMnuTyAHbIA (HayaJ bHBIA MaKCHMaJabHbI) AeOUT HedTH

Ha OJHY IPOEKTHYI0 CKBaKMHY; K3 u F, — HayajbHble U3BJEKae-
Mble 3armacbl HeTH M SKHJKOCTH B JOJAX IOABIKHBIX 3aIllacoB
HedTH.

4. Onpedenenue payuoHasbHOU NAOMHOCTRU NPOEKMHOU CemKu
CKBAKUH

B HemaBHeMm mpoILIOM paluoHAaAbHAd TJOTHOCTb ITPOEKTHOU
CeTKU CKBKUH OIpeJe/slach 10 YCJOBUIO JOCTHXKEHUS MaKCHUMY-
Ma HapO/HOXO3SHCTBEHHOTO 3KOHOMMYeckoro addexra. Pammo-

HasbHAasA HedTAHAS IJIONAJb HA CKBAXKUHY S;) MoJy4yaJaachb IIpH

JOCTIKEHNHN MaKCHMyMa SKOHOMHYecKoro addexra J = max. Te-
Iepb BMECTO HAPOAHOXO3SHCTBEHHON 5KOHOMUYECKOH 3¢ ¢eKTuBs-
HOCTH ollpejiesisieTcss akoHoMuyeckas 3ddeKTuBHOCTD s HedTe-
JNOOGBIBAIONIETO MPENPHUATHS Ha MecTe n06bran Hedru. Ilpm atom
BMECTO IleHbl He)TH Ha MHPOBOM pPBbIHKe Gepercs IieHa HedTH Ha
MecTe ee 00BN 32 BBIYETOM BCEX HAJIOTOB.

5. Buibop nanpasienus pasbypusanus u co30amus Cucmemol
paspadbomxu MecmopoxoeHus.

PannonasbHoe HamnpaBjeHHe OT IIEHTPA MECTOPOXKIEHUS K €ro
nepudepnn — oT 6oJiee U3BECTHOTO GoJsiee MPOAYKTUBHOTO U 6oJee
Ha/Ie’KHOTO K MeHee WH3BECTHOMY MeHee IPOJYKTHBHOMY U MeHee

24



Hajzexknomy. B mportecce OypeHust TPOEKTHBIX pPa3paboOTUECKHX
CKBQ)XMH OCYIIECTBJISIETCS [IOPa3Be/IKa TeOJOrMYeCKOr0 CTPOEHMUS
HedTaHBIX MaacToB. [loaToMy ceTka cKBaKuH, cHayasja B 2—4 pasa
60Jee peaKasi, MOCTETIEHHO CTYIIAeTCs JO0 MPOEKTHOH IMJIOTHOCTH.

[IpuBeeHHOMY TOPSIIKY BbIGOpA CHCTEMBbI pa3pabOTKu HedTs-
HOTO MECTOPOK/EHHUSI BIIOJIHE COOTBETCTBYET aJalTHBHASI CHUCTEMA,
HO y Hee eCcTb CBOU OCOOEHHOCTH:

1. Bce mpakTuvecku BO3MOJKHbBIE ITPOEKTHbIE CETKU Pa3MeIleHust
CKBXWH COCTABJISTIOTCSI U3 CETOK CTAaHAAPTHOTO IUXOTOMUYECKOTO
psAla KBaJPaTHBIX CETOK, KOTOPBIN HAYMHAETCsS C KBAaJApPaTHON ceT-
kn 100x100 M mm 0,01 kM® = 1 ra Ha CKBaKMHY M IIPOJOJKAETCS
IyTeM TI0CJIeI0BATEIbHOTO Pa3peskeHust B 2 pasa.

St 1,2, 4,8, 16, 32, 64 u 128 ra/cks.

2. O6ocHOBaHHAS clrielimaJibHbIMU  TEXHHUKO-39KOHOMMWYECCKNMU
pacdueTaMu [1JIA paCCManI/IBaeMOfI Heq)THHOfI 3aJieK  palluOHaJIb-

Hasl TLJIOTHOCTh CETKW CKBaXKUH S; BBITIOJTHSIETCSI TIPU COCTABJIEHUN
paL[I/IOHaJIbHOfI CeTn U3 [ABYX CETOK CTAaHAaPTHOIO0 AUXOTOMUYECKO-
ro psma: oxHoil Gimkaiimeir  Gosee tycroir ¢ S! m apyroit 6su-

sKaiieit 6osee peakoi S !

EER

KOTOPbIE MEKAY coboit Ppa3JMvaioTCAa B

2 pasa: S), =2S,. S! < S, <S.; nons nedrsnoii nuomau, samHs-

#

Tas 6ojee TycToil ceTkoil ¢ S!, o6o3HayaeTcs A; TPH 3TOM Cpe-

Hee YWCJIO CKBAXWUH B Tpefesax eIWHUIbI HePTSHOW ILI0Iagn
paBHO

1 A 1-A A 1-A

syoshooshoshooas)

)

OTCIO/la olpejiessieTcs M0 HedTIHOU Tomaan ¢ 6oJee TyCTOM
CEeTKOM

_ 28!
1
s,

A -1.

Bosiee peaxas ceTka CKBakKMH ¢ S), HasbiBaeTcs crapToBOii, a

Gostee Tycras cetka ¢ S! HaspiBaercst GasoBoil. IlocsiefHsist maer
TOYKM BO3MOKHOTO pa3MellleHus CKBaXWH. Ho melicTBUTENbHBIN
1epexo/i OT CTapTOBOW CeTKM K 6a30BOU CETKE COBEPINAETCS TOJIb-
KO Ha 4Yactu HedTsAHOU 1iomaau ¢ 6ojiee BBICOKON 3 PeKTuBHOIM
TOJIIUHON He(TAHBIX TJIACTOB, I0JIS 3TOW YacTh paBHA A.

3. C y4yeroM 6a30BBIX CETOK OTAENbHBIX IKCILIYyaTAIIMOHHBIX TO-
pusonToB (HedTAHBIX 3ajexeil) omnpegeasercss G6GaszoBas CeTKa
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CKBaJKMH B II€JIOM BCEro paccMaTpmuBaeMoro He(l)THHOI‘O MECTOPOXK-
JeHusA, KOTOpasda TOXe 6epeTc,q n3 CTaHAapTHOI'O0 /[AUXOTOMHUYECKOTIO

psla CeToK M Toxe Kak Oimmkaitmias Gosiee rycras ¢ S’ :
P

t_ 1,1 1
1 1 + 1 1
ssoslosos

rae S;, 5*12, S*‘S,... — 6a30Bble CETKN CKBaXWH 1-ro, 2-T0, 3-T0 M

T.Jl. BKCILJIyaTallMOHHBIX TOPU30HTOB.

YcraHoBJeHHasT TaKUM  00pa3oM 06a30Basi CETKA CKBa’KMH BCETO
MECTOPOK/IEHUST COMEPKUT B cebe 6a30Bble CETKM BCEX IKCILIyaTa-
IIMOHHBIX TOPU3OHTOB. Tak, ToJydyaercs MaKCHMaJbHO BO3MOKHO
paBHOMEpHAs CeTKa pa3MelleHWs CKBAKUH B IEJOM TI0 MeCTO-
POKAECHUIO W OTAEJTbHO TO KAKJAOMY IKCILIyaTAIlMOHHOMY TOPH-
30HTY.

4. CxkBaxuHbl 06CKUBAIOT 6-II0MIMOBOI 9KCILIyaTAIIMOHHON KO-
JIOHHOH ¥ 6ypsAT Ha IIyOUHY HECKOJbKUX WJIM a’ke BCEX JKCILIY-
aTallMOHHBIX TOPU30HTOB.

baaroapst 3ToMy CKBa)KMHBI, 110 TOW WJIM WHOH INPUYNUHE OKa-
3aBHIMECS HEHYKHBIMU 110 CBOUM IIPOEKTHBIM TOpH30HTaM (BMECTO
MPOAYKTUBHON TMOPOABI BCTPETUJW HEMPOAYKTUBHYIO HETPOHHUIAe-
Myto Topony, BMecTo 3(hheKTUBHON HeTIHONW TOJIUHBI BCTPETH-
JIN BOJSHYIO TOJIIMHY WU YKe OTOOpaJu H3BJIEKaeMble 3aIlachl
HeTH ¥ BBINOJHUIN TaM CBOIO TEXHOJOTHYECKYIO 3ajady), Hepe-
BOJISIT HA JPYrUe SKCIJIyaTallMOHHbIE TOPU30HTBHI M TaM OKa3biBa-
IOTCSI TIOJTHOIIEHHBIMU W PaBHOIPABHBIMEU C YK€ CYIIECTBYIONUMHU
ckBakuHamu. Ilo cpaBHeHWIO € [IPYTUMHU HEAQMANTUBHBIMU CHUCTE-
MaMH Pa3palOTKH HEMTSIHBIX MeCTOPOXJAeHUH 3(deKTuBHOCTD
IepeBojia CKBAJKMH HA J[PYrie TOPU30HTHI OKA3bIBAETCS BBIIIE B /IBA
¢ JIMIHUM pasa.

B kauecTBe HAYaJbHOTO 3aBOJHEHHS IMPOEKTUPYETCS TLIOIIAI-
HOE 3aBOJIHEHHE IO OOpalIeHHON [EBATUTOYEYHOU CcXeMe TpU CO-
OTHOIIEHWH [OOBIBAIOIIMX W HArHETATEJbHBIX CKBAKWH, PaBHOM
m = 3. A B HAaYaJIbHbBII IE€PHUOJ] COOTHOIIEHNE MAOOBIBAIOIIUX U Ha-
THETATEebHBIX CKBKHH MOJKET ObITh eile GOJibllie, paBHbIM m = 7.
OT Takoro Ha4YaJbHOTO 3aBOJHEHUS TIPOIIE BCErO MepPelTH K KaKo-
My-TO [IpDyTOMYy 3aBOJHEHUIO, HampuMep K u3bupaTesbHOMY. ITO
MOJKeT OBbITh CJ/IEJIAHO IO XOJy pPadOypUBAHUS HKCIIYATAIIMOHHBIX
TOPU30HTOB C YUYETOM T€O0JIOTO-(PU3NIECKOI XapaKTEPUCTUKHU ILjac-
TOB, YCTAHOBJIEHHOW 1O TMPOOYPEHHBIM W WCCJEIOBAHHBIM CKBAKH-
nam. Paz6ypuBanue ujier 10 HANPABJIEHUIO OT I[EHTPA MECTOPOXK-
JleHus K ero nepudepuu; ¥ M0 IKCILIyaTAIIMOHHBIM TOPU30HTAM B
UX TPUKOHTYpHOUW  o6sactu o06s13aTeqbHO OyAeT TPUKOHTYPHOE
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o [ ] [ J [ J
[ ) [ J
L 4 L
64 ra 32ra 16 ra 8ra
— — —

Puc. 1.1. Cxema aUXOTOMHYECKOIO
paAa KBa/JIpaTHbIX CE€TOK — MHOIO-
KpaTHO€ MOocC.Je10BaTeJbHOE Yy/ABOC-
4 ra 2 ra HHE YHCJIa CKBaKUH
u3bupaTesibHOE 3aBOJHEHNE UYepe3 CKBA)KMHbBI, OKA3aBIINECS C TIO-
BBIIIEHHON BOJSTHOM TOJIIIUHOM MO MPOAYKTUBHBIM IIJaCTaM.

[IpuBenennbie puc. 1.1, 1.2, 1.3 u 1.4 uATIOCTPUPYIOT pPa3Hble
CTOPOHBI TIPOOJEMbI TIPUMEHEHUST Ha HEPTIHBIX MECTOPOXKIEHUSIX
aJIalITUBHON CHCTEMBI Pa3pabOTKH.

Ha puc. 1.1 mokazaHa dYacTb AWNXOTOMHUYECKOTO Psifa KBaapaT-
HBIX CETOK — MHOTOKPATHOE TIOCJIe/IOBATeJIbHOE Y/BOECHHWE YHhcJja
CKBAKUH.

Ha puc. 1.2 nmoka3aHo CJIOKeHUE HECKOJbKUX  O/IMHAKOBBIX
KBa/JIPaTHBIX CETOK CKBakuH (ABYX, TpeX, deThipex). BujaHo, uro
MPU CJOKEHUU TPEX CETOK CKBAXKUH OOMAs CETKA OKa3bIBAeTCs
JIOCTaTOYHO PaBHOMEPHOM.

Ha puc. 1.3 mokasano, kKak m3 JByX PaBHOMEPHBIX KB/IPATHBIX
CeTok, HO pasHbiX 1o miaotHoctu (S''= 25 u S' = 16 ra/cks), 06-
pasyercs o6miasg HepaBHOMEPHAsl CETKAa CKBAXKUH.

Ha puc. 1.4 nokasano, kak Ha MeCTOPOXK/JEHWM TIO HaIpaBJe-
HUIO pa3OypUBaHUSI IOCTETIEHHO CTYIAETCS CETKA CKBAKUH W
MPOMBIIIJIEHHOE pa30ypUBaHUE COYETAETCS C JTOPA3BEIAKOI.

[Ipu TpoYMX paBHBIX YCJOBUSX aJalTUBHAS cHCTeMa pa3paboT-

A

Puc. 1.2. Cxema cjoXXeHHSI HECKOJBbKUX O/MHAKOBBIX KBa/JPAaTHBIX CETOK CKBaKHH
(aByx, Tpex, yYeThIpex)
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Puc. 1.3. O6mas HepaBHOMEpHAs CETKAa CKBAaXKUH

\ 4

Puc. 1.4. CxeMa CrynieHUs! CETKH CKBAKUH 110 HANPABJIEHUIO Pa30ypUBaHUs

KU HeTSHBIX MECTOPOXKIEHUIl sBJisiercss 6oJiee MOOUJIBHON: OHA
no3BosisieT OBICTpee BBOAMTH B pa3paboTKy 3amachl HedTH
(OTHEe/IPHBIMU yYACTKAMHU M Jlaske sveiikaMu CKBaKUH 6e3 Bpela
JUISL COCEIHUX YYacTKOB) M ObICTpee HapamuBath [00biay HedTH;
TTO3BOJISIET TIPOMBINIJIEHHYIO Pa3palbOTKy OJHUX YYACTKOB COYETaTh
C [IOPa3BEJIKOW JPYTUX COCEJHUX YYacTKOB; ofecnedmBaeT O6oJiee
MOJTHBIM OXBaT pa30ypuBaHuEM M Pa3pabOTKON TreoJOTHYECKUX 3a-
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nacoB HepTu u Gosiee BbICOKMi KoauimeHT HedTEOTAAYMN IJIAC-
ToB; Gosiee 3(PPEKTUBHO WCIOJIb3YeT KAIUTAJIbHbIE BJIOMKEHUS,
IIPON3BE/JICHHbIE B CTPOMTEIbCTBO CKBaXWH. [loaToMy Ha HOBBIX
He(TAHBIX MECTOPOXK/IECHUAX PEKOMEH/IyeTcs IPOEKTHPOBATL IIPH-
MeHeHHe aJallTUBHON CHCTEMBI pa3palbOoTKH.

Qa,o%o

Ha cra6opasBelaHHBIX ¥ CJIOKHOTIOCTPOEHHBIX HEPTSIHBIX U
HeTEra30BbIX MECTOPOK/IEHUSIX, B YCJOBUSIX HEONPEIeJeHHOCTH
HCXO,Z[HOﬁ I/IH(l)OpMaL[I/H/I O TeoJIOTMYECKOM CTpO€HUN Heq)THHbIX
MJIaCTOB M O I[eHaX Ha J00biBaeMyio HedTb, 11eec006pa3Ho Mpo-
eKTUPOBATh AJANTHBHYIO CHCTEMY pa3pabOTKH, COYETAIONIYIO IIPO-
MBIILJIEHHYTO Pa3paboTKy U [0pa3Be/iky HedTSAHDBIX IJACTOB M 1103-
BOJISTIONIYIO0 OMEPATUBHO YYHUTBIBATD W3MEHEHUS TEOJIOTHYECKOW U
HKOHOMHUYECKOIT 0OCTAHOBKU.

1.4. Ob O9OOEKTUBHOCTHA IPUMEHEHUA ITIOJIMCHUJIA
B HATHETATEJIbHbIX CKBAKHMHAX

[Ipu orpomMHOM pasHOOOpa3nu pa3BeJaHHBIX W paspabarbiBae-
MBbIX He(TSIHBIX MECTOPOXK/JEHUN M uX HedTell MOoJIe3HBIMH MOTYT
ObITh pa3JMYHble XMMUYECKIE BEIIeCTBA C PA3HON HANPaBJIEHHOC-
THIO JICHCTBU.

B AO PUTOK co3gaHo XMMHWYECKOE BEIECTBO TOJHUCHJI pas-
HbIX Moaudukaiuii. Ilpu mpumeHeHWN TUAPODOOHOTO MOJHCHIA
M0 CTHeNWaJbHON TEXHOJIOTUM B HATHETATEJHHBIX CKBAaXKMHAX TPO-
UCXOAWUT 3HAYUTEJTbHOE yBeJauvyeHue uxX KoaddUIueHTa MNpueMuc-
tocTH. IJTOT (DAKT MOATBEP)KAEH 10 GOJBIIOMY YHUCJIY HarHeTa-
TeJabHBIX CKBaxkMH (6osiee 150 HarHeTaTebHBIX) Ha MECTOPOXKIe-
HUSX pasJuyHbIX HedTeqo0bBaonmx paiionoB Poccum u Kwuras.
Cpennee yBesnueHue kKoadduImeHTa TpueMUCTOCTH — B 2—5 pas.
A Ha omHOM n3 MectopoxaeHnii Poccunm okoso 20 g0 Toro He pa-
6OTABITNX HArHETATEJbHBIX CKBAKUH CTAJIM HOPMaJbHO paboTaTh,
T.e. TPOU3OILJIO yBeJWdYeHre HUX IMPUEMUCTOCTH C HyJsd B GecKo-
HEYHOE YHUCJO Pas.

Ine ocobenno a3ddexkTnBHO TpPUMEHEHWe B HATHETATEJbHBIX
CKBaXMHAaX ruapodobHoro mosmcuna? Ilpeskne Bcero Ha HedTs-
HBIX ILIACTaX IOHIDKEHHOW, HU3KOUM M yJAbTPAaHU3KOU IIPOAYKTHUB-
HOCTH, Ha KOTOPBIX PaJii JOCTHKEHHS 3KOHOMUYECKON peHTabeJib-
HOCTU HeOGXOMMO 3HAYUTETBHO YBEJIUYUTH N06bIMy HedpTH U CO-
OTBETCTBEHHO YBEJMYUTb 3aKauKy BO/bl, BBITECHAIONIEH HeDTDh;
0co6eHHO Ha He(PTSIHBIX IJAacTax, CoJAep:KamuX HedTH HUBKOH 1
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cpefHeil BSI3KOCTH, Ha KOTOPBIX TPW HEM3MEHHOM OOIIEM YHCJIE
CKBA)XMH yBeJUYEHHE JI0JI1 HATHETATEJbHBbIX IPUBOAUT HE TOJbKO
K YBEJMYEHUIO HAYAJIbHOU M06bIYU HePTH, HO M K CHIDKEHWIO KO-
HEYHON HedTeoTHauu IJIacTOB. B 3THX yCJIOBUSAX MaKCHUMaJbHBIN
Hava bHbI (aMOIMTYAHBIA) Ae6uT HedTH [OCTUTAeTCs NPU HM3Be-
CTHOW OS-TOUYEYHOU cXeMe IJIONMAHOTO 3aBOJHEHUS, TA€ Ha OJHY
HarHeTaTeJTbHYIO CKBAKMHY TPUXOJUTCSA O/HA Jo0biBatomas m = 1
U Bce A00BIBAOIINE CKBAKHUHDBI SIBJISIOTCS CTATHBAIOIMMU, K KaK-
JIoll U3 HUX (DPOHT BBITECHSIONIEH BOJBI TOIXOAUT C YEThIPEX pPa3-
HBIX CTOPOH C Pa3Jn4yHOll ckopocTbio. [Ipm mpumeHeHWM BMeECTO
5-TOYEYHOI cXeMbl O0OpalleHHONH 9-TOUewyHOll CXeMbl ILJIOINA/[HOTO
3aBOJIHEHUS YWCJO HATHETATEJbHBIX CKBAKUH YMEHBITAeTCsS B
2 pasa, 4ncjao M0OBIBAOIINX CKBAKWH yBeaunuuBaercs B 1,5 pasa,
COOTHOIIIEHNE JIOOBIBAIONIMX M HATHETATEJbHBIX CTAHOBUTCS PaB-
HBIM m = 3 W B 2 pa3a yMeHbBINAeTcs J0Js 3amacoB HedTu cTaru-
BaIOINX JOOBIBAIOIINX CKBAYKIH.

[To xKoHKpeTHOMY paccMaTpuBaeMoMy He(TSIHOMY MeCTOPOK/e-
HUIO TIPU 5-TOYEYHOM cXeMe TJIONIAJHOTO 3aBOJHEHUS yBeJUYeHUe
K02 dUIMEeHTa MPUEMUCTOCTH HATHETATEJbHBIX CKBAXXUH B V =
= 2 pasa yBesnuuBaer o6uuii ne6ut ckBaxuu B 1,42 pasa, a yse-
Juvyenue B v = 3 pasa yBeauumBaer o6uiuii me6ut B 1,64 pasa.

[IpuMenenre oO6palleHHOH 9-TOYEUHOU CXEMBbI IJIOHIAJHOTO 3a-
BOJIHEHUSI BMECTO S-TOUYEUHOW IO3BOJISIET YBEJWYUTL W3BJIEKAEMbIE
3anacel Hepty B 1,08 pasa.

Ho 6e3 ysesnmueHus KoaduImeHTa NPUEMUCTOCTH HarHeTa-
TEJIbHBIX CKBAXKHUH TIIepexo/l K 9-ToueyHOil cxeMe MPUBOJUT K
YMEHBIIIEHNI0 0611ero ne6uta ckBaxuH B 1,45 pasa.

A yBenuuenue Kos(pduIMEHTa TPUEMHUCTOCTH HArHETATEJTbHBIX
CKBAKWH B vV = 2 pa3a He TOJBKO KOMIEHCUPYET CHIKeHUe oOIe-
ro ge6uTa, HO Ja)Ke JOMOJHWUTEJbHO YBEJTWUUBAeT OONMil aAeOUT B
1,16 pasa; aHaJIOTHYHO yBeJgudeHHe KO03((UIMEHTA MPUEMUCTOCTH
B v = 3 pasa, KpoMe YyBeJMYEHUS W3BJIEKAEMbIX 3amacoB HedTH,
JIOTIOJTHUTEIBHO yBesnuuBaer obmuii ne6ut B 1,44 pasa.

[To paccmarpuBaeMoMy HePTSIHOMY MECTOPOKIEHHIO TIPU TIPUMe-
HEHMM S-TOYEYHOI CXeMbl ILJIOIIA/HOrO 3aBOJAHEHHsSI, HO 6e3 IpuMe-
HeHNS B HaTHETATEJbHBIX CKBAKMHAX XMUMHUYECKOTO BEIECTBa IIO-
JIUCWJI, aMIJTUTYAHDIH neOuT HedTn Ha 1 TPOEKTHYIO CKBAKUHY
pasen 14,7 t/cyr u 4851,0 T/rox, obiee 4KCI0 TTPOEKTHBIX CKBa-
skt — 100, B Tom yncae S0 po6bBatoniux u S50 HarHeTaTeJIbHBIX,
HauaJbHble W3BJeKaeMble 3amackl HedTu cocraBastioT 10 muaH. T.
[Ipu mpuMeHeHuM oO6palleHHONW 9-TOUEYHOU CXeMbl W MPUMEHEHUH
B HArHeTaTeJbHBIX CKBAKMHAX XWMHUUYECKOTO BEIIECTBA ITOJHCHII
aAMILIATYIHBIA 1ebut HedT Ha 1 NPOEKTHYIO CKBAXKUHY pPaBeH
17,06 t/cyT u 5629,8 T,/roz, o6liee YNCIO MPOEKTHBIX CKBAXKUH —
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100, B ToM umciie 75 moObIBaOIUX W 25 HArHeTaTeJbHbIX, HadaJlb-
Hble uW3BJeKaeMble 3anachl HedTu cocrasisior 10,8 MuH. T.

[l paccMaTpuBaeMoro HeTSHOTO MECTOPOXK/IEHUS U €ro reo-
JIOTO-(PU3UYECKUX TTapaMeTPOB ObLJIN C/IeJIaHbl PACUETbI JBYX BapH-
AHTOB pa3pabOTKU.

Bapuant 1: 6e3 npuMeHeHuUs B HarHeTaTEJbHBIX CKBasKMHAX
XUMUYECKOTO BEIeCTBa MOJUCUJ; TPU OCYHIECTBJICHUU S-TOYEUHON
CX€eMbI ILJIOIAHOTO HABO/HEHMUSI.

Bapuwant 2: ¢ mpuMeHeHWEM B HarHeTaTEJbHBIX CKBa)KHUHAX
XUMHWYECKOTO BEIIECTBA TIOJUCUJ; TIPU OCYIIECTBJIEHUN O6GpaIleH-
HO# 9-TOYeTHOI CXeMBbI ILJIOIAHOTO 3aBOJHEHMUS.

[To »TuM BapwaHTaM MO KaXAOMY TOMYy PacCMAaTPUBAEMOTO
10-netHero mepuoga ObLIN paccUyUTaHbl OTOOPHI HedTU U IKHUIKOC-
TH W JIPyTUEe TEXHOJIOTUYECKHEe MOKa3aTesJu, a TaKXKe MPOU3BOU-
Mble SKOHOMUYECKHE 3aTpPaThbl W JOCTUTAeMble 3KOHOMUYECKHE 3]-
dexToI.

Ilena wedrtn Obuia mpunsTa daxtuueckas, pasuas 204 $/T.
Bce Buapr HamoroB m orumciaeHUil aktudeckne. HopmaTwsel Ka-
MUATAJBHBIX W TEKYNIMX 3KOHOMHYECKWX 3aTpaT ObLIM HTPUHATHI 10
(akTuvyeckuM JAHHBIM AHAJOTHYHBIX HEPTSHBIX MECTOPOXKIAEHUN
3anaznoir Cubupmu.

[lonosiHUTEIBHBIE  3aTpaThl Ha 0OpPabOTKY HarHeTaTeJbHBIX
CKBKMH XHUMUYECKHM BEIeCTBOM IOJUCUJ ObLIM PaCCUUTAHbI
caenyomuM 06pa3oM:

CTOMMOCTH 1 KI' XUMUYECKOTO BelecTBa mosucua pasHa 20 $ /kr;

Ha ofHy 06paboTKy 1 M ToJIuHbl HedTAHOTO MacTa Haao 1,5 Kr;

cpenHsss HedTAHAS TOJIMMHA SKCILIYaTallMOHHOTO 00BEKTa pPaB-
Ha 10 M.

[Toatomy Ha oHY 06paGOTKY OJHON HArHETaTeJbHOW CKBAKHHBI
Heo6xoauMo 15 KT U Ha ofHY 00pabOTKy 25 HarHeTaTeJbHBIX CKBa-
JKMH HeOOXOUMO COOTBETCTBEHHO 15:25 = 375 Kr.

YKe BKCIEepPUMEHTATbHO YCTAHOBJIEHO, 4YTO 3(PPEeKTUBHOCTD
06pabOTKM HarHeTaTeJbHOW CKBa)KUHBI coXpaHsercs 6ojee Toja.
[TostoMy ¢ HEOGXOAMMBIM 3amacoM HpouHocTH (BO3MOKHO, CO
CINIIKOM OOJBIINM 3allacoM ITPOYHOCTH!) IPHHUMaeM, 4To oOpa-
6OTKM HaTrHETATeJbHBIX CKBaXKUH TPOU3BOJIAT €KEro[HO WJIH
10 pa3 3a 10-setHuit mepuop. COOTBETCTBEHHO /JiI 3TOTO HEOOXO-
quMo 375-10 = 3750 Kr XUMHYECKOTO BeIlecTBa IOJIUCUJ, YTO CTOUT
3750-20 = 75000 = 75 Thic. $. 3arparbl Ha caMO BEIIECTBO IIOJIH-
cus cocrapistior 0,1 Bcex 3arpar Ha 0O6pabOTKM HArHETATEJTbHBIX
CKBa’KMH, C YYE€TOM 3TOTO BCE 3aTpaTbl Ha OOPAOOTKH COCTABJISIOT
7510 = 750 ToIC. $, wom 0,75 muH. $.

Pe3ynbTaThl BceX pacueToB B KOMIIAKTHOM BH/IE TPE/ICTABJIEHDBI
B Taba. 1.1.
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Tabauya 1.1
A deKrTHBHOCTD NPUMEHEHHs] XMMUYECKOro BelecTsa noucn 3a 10 jer

Bapuanr 1 | Bapmanr 2 c
[Toxasatesn 6es npume- npuMene- [Tpupoct
HEHUs TOJH- | HUEM IOJIH-
cuia cuia
[lo6brua medTH, THIC. T 3842 4387 545
O6beM KalUTaJbHBIX  BJIOJKEHUIT, 120 120 0
maH. $
IloTok HaJMuHBIX AeHer, MJH.$ 107,7 142,4 34,7
NVP, HakomjieHHbId [JUCKOHTUPO- 37,3 60,3 23,0
BaHHBIH TMOTOK HAJWYHBIX JICHET,
v, $
IRR, % T010BBIX 20,5 28,8 8,3
[Teprog oxymaeMoCTH TPOEKTA, TO/bI 5 4 -1
[lepnos oxymaeMocTH TIpOEKTa ¢ 6 B) -1
YUYETOM JIMCKOHTHPOBAHUS, TOJIbI
Hausorosbie MOCTYILJICHUS rocy- 244,5 282,2 37,7
JapcTBy, MuH. $
Heo6xoauMblii 06beM WHBECTUIHIA, 88,1 82,4 =5,7
mad. $
OrmeparioHubie pacxojbl, MJaH. $ 74,9 75,6 0,75

Veeauuenue Onepayuonnoix pacxodos na 0,75 man. $ enewem 3a coboii yeenuue-
Hue nomoxa naruunocmu na 34,7 man. §, amo oznauaem, wmo Ha 00uUM 610KEHHbLU
donaap noryuaem 46,3 $ wucmoti npubvLiu.

ITo maHHBIM 3TO# TAGMWIIBGI BUAHO, YTO TI0 BApHAHTy 2 BCe TEX-
HOJIOTMYECKUe U 3KOHOMUYecKue IIoKaszaTenu Jyuue. Ilpupocrty
OIEPALMOHHBIX PacXof0B (TEKYIMX SKOHOMHMYECKHX 3aTpar) B
0,75 w™aH. $ CcOOTBETCTByeT TPUPOCT TIOTOKA HAJTUYHOCTH
34,7 maH. $; aro 3Haumt, 4yro Ha 1 $ [ONOJHUTENBHBIX 3aTpar

npuxoautcs addexT B % = 46,3 $. IloBropsiem: Ha 1 $ 3aTpar

d

mosryuaercs 46,3 $ uucroit npubbLim.

Ha wMecropoxienusx HedTH HU3KOH U CpeJHEH BS3KOCTH,
uMelonuxX HedTIHbIE TIACTbI MOHMKEHHOW, HU3KOH M yJIbTpaHU3-
KOW TPOAYKTUBHOCTH, T/le NPUMEHAETCS BHYTPUKOHTYPHOE 3aBOJ-
Henne (PSIIHOE-MHOTOPSIIHOE WJIH PACCPEJOTOUYEHHOE: IIIOM[[HOE
uian  us3bupareabHoe), BBICOKOI(DHEKTUBHO B HarHeTaTEJbHBIX
CKBaXXMHAX 00pabaTpiBaTh He(TSHBIE IJIACTBI XUMIYECKUM Belle-
CTBOM HOJHUCHJI. ITO yBeIHMUUBaeT K03(PPUINEHT ITPUEMUCTOCTU
HarHeTaTeJbHBIX CKBAXXMH B 2—3 pasa, CYyIIEeCTBEHHO WJU 3HAYM-
TEJTHHO YBEJIUYMBAET TEKYI[yI0 A06bIYy HeddTH U 3aMeTHO YBeJu-
uynBaer Hedreornady miaactoB. Ha 1 $ gonosmurepbHbIX 3aTpart [o-
MOJIHUTEJIBHBIN TIPUPOCT YUCTON TPUOLLIN coctaisieT okoso 50 $.



I'nasa 2

BBIIEJIEHUE IKCIIVIYATAIIMOHHBIX
OBBEKTOB HA MHOTOIIVIACTOBbIX
MECTOPOKAEHUAX

2.1. O PAHUOHAJIbHOM OBBbEIMHEHNN IIIACTOB
B OKCINIVATAIITMOHHBINN OBBEKT

[TpoexTupoBanue painuoHaIbHOU pa3paboTKu HeMTSIHOro Mec-
TOPO’K/EHUS BKJIOYaeT B ceOd LeJbli psy maros (3BeHbEB); B HX
qucJje PpalUoOHAJbHOE BbIJEJIEHHE 3SKCIIYyaTAIMOHHBIX OOGBEKTOB
WA palMoHaJbHOe O6be[uHeHne HeMTAHBIX IJIACTOB B 9KCILIya-
TallMOHHbIE OGbEKTHI.

Hepenko MHOroOmacToBoCcTb HEe(TSIHBIX MECTOPOXKIECHUN Tpej-
CTaBJISIOT KaK HEJIOCTATOK, KAaK JOMOJHUTENIBHYIO CJIOXKHOCTH, KO-
TOpas TOYTH HABEPHSKA MPUBOAUT K JAOMOJHUTEJbHBIM TIOTEPSIM.
ITO JEUCTBUTEJNBHO MOKET OBITh TAaK MPU HEBBICOKOW KBasuQuKa-
nuu  OYPOBWKOB, PEMOHTHUKOB U  9KCILIyaTAIlMOHHUKOB-HEMTSI-
HUKOB, TIPU TIJIOXOi opraHusaiuu paborT.

Ho Ta ’Xe MHOTrOMIACTOBOCTH MOJKET OBITh GOJBIIUM GJATOM.
Ecan nedranbie miactbl 067a/a10T HU3KOH U YJIbTPAHU3KOH IIPO-
JIyKTUBHOCTHIO, MPEPBIBUCTOCTBIO U BBICOKOH 30HAJIBHOI HEOMIHO-
POMHOCTBIO 110 IPOAYKTUBHOCTH (3HAYMT, BBICOKOH CTENEHBIO PUC-
Ka), T0O PpaspabaTblBaTh UX II0 OTAEJbHOCTH 5KOHOMUYECKH HEPEH-
TabeTbHO; W TI03TOMY BBOAWTbL WX B Pa3pabOTKy BOOOIIE HEIbL3S.
A eciM TaKWX IJIACTOB HECKOJBKO W HMX MOKHO OODBEANHUTH B
OJIMH OOIIMI IKCILIYaTAIIMOHHBI OOBEKT; TEM CaMbIM JOCTUTHYTb
CyMMapHOW, B HECKOJbKO pa3 OoJiee BBICOKO, IPOAYKTUBHOCTH,
O/IHOBPEMEHHO C 3THM YMEHBIIUTHh WJU Ja’Ke UCKJIIOYUTb PUCK He-
yIauu, TO TaKhe TJIACThl MOKHO BBOJWTH B 3KOHOMUYECKH PEHTa-
6eJIbHYI0 TPOMBITIIEHHYIO pa3paboTrky. [lonstHO, 4TO OYypuTh W1
3KCIJIyaTUPOBATh TaKWe MHOTOILJIACTOBbIE BEPTUKAJIbHBIC CKBAKH-
Hbl OyleT HAMHOTO CJIOJKHEE, 4YeM O/HOIJACTOBbIE BEPTUKAJIb-
Hble CKBa)KMHDBI; OJHAKO HE CJOKHEe, YeM TOPHM30HTAJbHbIE CKBa-
SKUHBI.
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[Ipu 3-5 HedTAHBIX MIacTaxX, paCIOJOXKEHHBIX Ha OJU3KUX
ray6uHax U MMEIONUX OJUHAKOBOe Wi 6JU3KOe JaBJieHHe HAChI-
meHuss HedTH Ta30M, Je6UT MHOTOILIACTOBBIX BEPTHKAJIHHBIX
CKB)XMH TI0 CPAaBHEHUIO C OJHOILIACTOBBIMH BEPTHKAJbHBIMH YBe-
JMYnBaeTcsl B 3—5 pas, TorAa Kak Je6UT OJHOIIJIACTOBBIX TOPU30H-
TAJbHBIX CKBAKWH MO CPABHEHWIO C OHOIJIACTOBBIMU BEPTUKAJb-
HbIMU yBesauumBaercs B 2—3 pasa. Takoe yBenuuenue ge6ura ro-
PHM3OHTAJNbHBIX CKBAXXUH B cpe/liHeM B 2—3 pasa, a He B 4—5 pa3s
OODSICHSIETCST TEM, UYTO OOBIYHO He(dTSIHbIE TMJIACTBI HE SBJISIOTCS
MOHOJINTHBIMH, YTO WX O6IIasl TOJIIMHA ObIBAeT 3aMETHO WJN Ja’kKe
sHaunTeabHO  Gosbmre  addexktusHoit  Tommmubl  (Gosbmie B
1,5-2 pasa m gaxe B 3—4 pasa); 0Ob4HO HedTAHBIE TIACTBI CO-
CTOST M3 HECKOJDbKUX IMPOHUIAEMBIX CJIOEB M COOTBETCTBEHHO He-
CKOJIbKUX PAa3JeJiAioNnX HElPOHUIIAEMBbIX I[pocjoeB. B Takmx
MJACTaX TOPHU30HTAJbHBIE CKBAXXUHBI OOBIYHO [€JAI0T AHATOHAJb-
HO-TOPU30HTATBHBIMY, YTOOBI TIO JMATOHAJU Iepeceyb Bce HeTs-
HbIE CJIOW W BCE OXBATUTHh Pa3pabOTKOil, 4TOOBI OT/EJbHBIE CJIOU
BMecTe ¢ WX 3anacamMu HedTH He BbIagu U3 paspaborku. Ecan
TaKk He Jeiatb ¥ OypUTb TOPU30HTAJBHYIO CKBAXKUHY, KOTOpas
MPOW/JET MO OIHOMY U3 HECKOJbKUX HeTSIHBIX CJIOEB, TO, KPOME
OJTHOTO, BCE OCTAJbHBbIE HE(MTSIHBIE CJIOU BBIMAAYT U3 pa3pabOTKI.

[Tpumep: HepTSIHON TIACT COCTOMT U3 5 CJIOEB, TOPHU3OHTAJD-
Hasg CKBa)XMHA IPOILJIA 10 OJHOMY M3 HHUX, Je6UT MO 3TOMY CJIOIO
YBEJMYUJICS B 5 pa3, a B IIeJIOM II0 TOPU3OHTAJBHON CKBaKMHE He
VBEJUYHJICS, OCTAJICS PABHBIM [eOUTYy BEPTUKAJBHONH CKBAXKUHBI,
aKCIIyaTupylomnleil Bce S cuoeB HedrTgHoro miacta. Ho npu atom
paspabarbiBaeMble U3BJIEKAEMble 3amacbl He(MTH YMEHBIIUJIUCH B
S5 pas, 4,/5 U3BJEKaeMbIX 3aMacoB HeTU MOTEPSIUCH!

B nanHoOli cuTyanuu TpuUMeHEHHWE [MaroHaJbHO-TOPU30HTAIHHON
CKBaKHWHBI HE TMPUBOAUT K MOTepe 4,/ 5 M3BJIEKAEMBIX 3aMacoB Hed-
TH, TIOCKOJIbKY TOPU3OHTAJbHAS JJWHA CKBAXUHBI MPOXOIUT Yepe3
BCe IIpOHUIaeMble HeMTsIHbIe CJIOM W BCE pasjessiolue HelpOHU-
naemble Tpociou. [loHATHO, 4YTO B TIpefesax HENPOHUIIAEMBIX
IPOCJIOEB TOPM30HTAJNbHAS [JIMHA CKBAKUHBI SBJsETCS Headdexk-
TUBHOH, a B TpejesiaX TPOHUIAEMBIX CJOeB siBJsgeTcs 3(PpeKTns-
HOHM, OJHAKO pas/ieIeHHOW Ha 5 vacTeil, TUAPOJUHAMUYECKOE JIEii-
crBue KOTOpbix He cymmupyercs! IToatomy (mipu o6uiedl TosmuHe
HedrsaHoro miacra B 2 pasa Gosbiie 5(PGEKTUBHON TOIMIUHDI)
OCHOBHOH pacyer JeJsaeTcs [JisI OTAEJbHOTO MPOHUIAeMOTO HedTs-
HOTO CJIOST JIJIs1 TOPU3OHTAJbHON JJIMHBI TOPU30HTAJbHOH CKBAXKU-
HbI, yMeHbleHHOW B 2:5 = 10 pas. Ilocsie dYero pesysbTaTbl OT-
JIEJbHBIX CJIOEB CYMMUPYIOTCS WJIHM, TO-APYyTrOMY, pe3yJbTaT oOT-
JIeJTbHOTO C¢JIosl yBesqnmuuBaetrcs B O pa3d. llosydaercs, 4rto cymMMmu-
pyiorcst 3pdeKTUBHbIE TOJIIMHBI CJOEB, HO HE CYMMUPYIOTCSI OT-
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JenpHble 3 PEeKTUBHBIE TOPU3OHTATbHBIE AJUHDBI CKBaxXunbl! Ilo-
9TOMYy J1e6UT TOPU3OHTAJIbHOU CKBAKMHBI OKa3bIBaeTcsi GOJIbIie [ie-
6WTa BEPTUKAJIHHON CKBA)KUHBI HE B 4—5 pas, a TOJIbKO B 2—3 pasa.

OtMeTnM, 4YTO W3 TIOHNMAHUS 3TOTO SBJEHWSI BO3HHUKJA WIes
CKBa)KUHBI-€JIKA ¢ KOPOTKUMH TOPU3OHTAJIbHBIMH CTBOJIAMU JIJTMHON
10—20 M, HO BO Bce HedTsIHBIE cJjonm 6e3 mmpomycka. Takas CKBa-
JKMHA B MHOTOCJOWHOM ILJIaCTE 10 HAadyaJdbHOMY je6uty Oyner He
Xy’Ke JIMaroHaJbHO-TOPU30HTAJbHOU CKBAXKUHBI, HO 3aTO JIydlle
KOHTPOJIMpyeMasi M peryJupyemas, MeHee PHCKOBaHHAas U, B KO-
HEYHOM cyeTe, JIydllle 0 [e6uTy M HedTeoTHaue IJIACTOB.

Wtak, moBTOpsieM: MHOTOIJIACTOBOCTD HE(MTSIHBIX TIJIACTOB MO-
JKeT OBbITb OOJbIUM GJIATOM; MHOTOTLTACTOBBIE BEPTHKAJIHHBIE
CKBKHHBI MOTyT ObITb 3(p(PeKTuBHEe OHOIJIACTOBBIX T'OPU30H-
TAJbHBIX CKBAXKUH 1O 1e6uty HedTH, 1O BO3MOKHOCTH HX KOH-
TPOJIUPOBATh M PETYJUPOBATH, MO [TOJTOBEYHOCTH U, B KOHEUHOM
cueTe, IO HedTeOTAaUEe TLIACTOB.

Temepp aTy mpo6seMy palnOHAJIBHOTO OObEeINHEHWS] HECKOJb-
KUX He(TSIHBIX MJIACTOB B OAWH OOMIWI 3KCILTyaTAI[MOHHBIH OODBEKT
6yzseM paccMarpuBaTh Ha (QoOpMyJax W Ha pe3yJbTaraX pacyeToB
1o atuM (opmy.Jiam.

[Ipu stoM 6ymeM  WCIOJIH30BATH YACTO HAMU TIPUMEHSIEMbIN
TEeXHOJIOTHUECKUIT KPUTEPHUIl PaIMOHAJbHOCTH, CYThb KOTOPOTO CO-
CTOUT B CJEAYIOIMIEM: PAIOHAJbHBIM CUUTAETCsS TaKoe [efCTBHe
(Takoe TEXHMYECKOE MEpOINpPUSATHE), KOTOPoe MHph 006s3aTeTbHOM
JOCTHKEHNH 3a/laHHON  (yTBEpIKAEHHOI) HedTeoT/aun  I1aCTOB,
yBeJM4MBaeT CpeHUi (umeHHO cpeiHuUii, a He HaYaJbHbIM MaKCH-
MaJIbHBIl WJIM aMIUIATYHbIN) 1e6uT HeTH Ha OJHY HPOEKTHYIO
cKkBKMHY. OTMETHM, YTO B TPOEKTHBIX pacueTax WCIOJb3yeTcs
napamerp (HOpPMATHB) KamUTaJbHBIX 3aTPaT Ha OAHY HPOEKTHYIO
CKBaXKWHY, 3HAYUT, YBEJUYEHWE CpeAHETO MebuTa HedTH Ha OIHYy
MPOEKTHYIO CKBAXUHY IPUMEPHO COOTBETCTBYET YBEJUUYEHUIO
cpenHero ae6WTa Ha 3a/laHHble KAWTAJbHbIE 3aTPaTbl. TaKKe OT-
METUM, UYTO OTOT TEXHOJOTUYECKUI KpUTEPHUil TpexIe YyKe uc-
MOJIb30BAJICS TIPU BBIOOpPE PAIMOHATIBHOTO COOTHOIIEHWS JOOBbIBA-
IOMUX W HAarHETATEJbHBIX CKBAXKWH MPOEKTHOHN CETKH, MpHU BBIGOPE
PAIlMOHAJIBHOTO CHMKEHUsT 3a00WHOTO JlaBJieHUsT  JT0OBIBAIOIINX
CKBayKMH HVJKE YPOBHsSI jaBjeHus Hacbimenuss (Hedtn rtasom) c
YUETOM MPOUCXOJSINEr0 CHUKeHUsT uX Koadduimenra mnpoayKTus-
HOCTHU TI0 HedTH.

Wrak, xpurtepuil panuoHaJbHOCTH
qip — max,

cpenHuii 1e6UT HedTH TPOEKTHON CKBAKMHBI BBIPAXKAETCS Ue-
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pes Q) — amMmauTyaHbli (HayaabHBIT MakCHMaJabHbI) ae6UT Hed-

TH TPOEKTHOW CKBaKUHBI 1O OTAEJIbHOMY HeDTSHOMY IJIACTy, OC-
PEHEHHBIl 0 BCEM paccMaTpPUBAEMbIM IJIacTaM; N — YHCJO pac-
CMaTpHuBa€MbIX Heq)THHbIX I1J1aCTOB, Oé’be[[PIHHCMbIX B OAMH J3KC-
miyaranuonnsiit o6vext; (1 — A,) — cpegniono gomo HedtH B
PACYETHOM CYMMApHOM OTOOpE SKUAKOCTH;

g, =0-n- - A,)—> max.

Bennunna qé — aMIIUTYAHOTO e6uTa HedTH CKBAKMHBI IIPO-

eKTHON CETKHW TI0 OT/AEJbHOMY HE(MTSHOMY TIJIACTy CUYUTAETCS 3a-
Jnanuoil nmocrostnuoit. Oua 60 y)Ke ompejeseHa (y;Ke omnpejeJie-
HBI: TIapaMeTpbl HeMTSHOTO TIIacTa, palMoOHAJbHAS CXeMa pas3Me-
HeHus: JOGBIBAIONIMX M HATHETATEJbHBIX CKBAKWH W WX Palvo-
HaJIbHOE COOTHOIIEHNE, PalOHaJbHbIE WJIU IIPe/eJibHble 3HAYEHUS
nx 3aGONHBIX AaBJeHui), MM60 0HO3HAYHO Gy/IET ONPe/IeIeHa.

BenvunHa N MeHbIle WM paBHA OOIIEMY YUCJHY OT/EJbHBIX
HeTAHBIX IJIACTOB HA PACCMATPUBAEMOM MECTOPOXKJIEHUM WUJIH
OT/IEJIBHOM €ro ILJIOI[AIN.

B wunrepBaJsie 3Havenmit K; — KoadduimeHTa MCMoJb30BaHUSA
MOABWKHBIX 3amnacoB Hedtu ot 0,7 mo 0,9 mons wedptm B pacuer-
HOM CyMMapHO OTGOpE KUJIKOCTH OTpeesseTcss Mo CcJeayioren

(opmy.e:
—av? —a+Vv?)
(1_Acp)=eot =e+ot‘ea+ ,

rje moctosHubl kosdduument o = (1,25-K;)?%; pemmumna K, as-
JisieTcsl 3alaHHON TpW 3ajaHHoi BesununHe K., — koadduimenra
Hedreoraun, mockoabky Ky — KoadduitmeHT nCMOIb30BaHUS TI0-
JIBIDKHBIX 3aTaCOB HePTU SBJSETCS OJHUM W3 COMHOMKWTEJEH, 06-
pasyiommux K. Pacuernmasg mocsoiiHas HeOAHOPOAHOCTH V2 110
MPOHUIIAEMOCTU PACCMATPUBAEMOTO JKCILJIYATAIMOHHOTO OObeKTa
olnpejesiercd 1o cuaeaylomnieil popmye:
A+VH=0U+VHU+VHU+V),

seokok

rae \/*2 — pacdeTHad MoCJI0MHAS HEOAHOPOJHOCTD II0 MPOHUIIAEMO-

CTH OTAEJIbHOI'O HerTﬂHOFO IlJ1aCTa, KOTOpas YYUTBIBAET €TI0 Jlel-
CTBUTEJIbHYIO HOCJIOIL/'IHYIO HEOJHOPOJHOCTDb IIO MPOHUIIAEMOCTU U
T€OMETPUYIECCKYIO HEPABHOMEPHOCTD, OéyC]IOBJIeHHyIO pa3MenieHneM
CKBaKMH M KOTOpad (HOCKOJIbe pacCMaTpUBA€ETCA Oé’be]lI/IHeHI/Ie

HJIaCTOB) CUUTaETCA BaﬂaHHOfI; \/*3 — MEXIIJIaCTOBasd HEOJHOPOI-

HOCTb 110 ITPpOHHUIAEMOCTH, KOTOpPad 3aBUCHUT OT \/32 — 30HAJBHON
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HEOHOPOAHOCTH IO TPOHUIIAEMOCTH OTAEJbHOTO HeTSIHOro IJac-
Ta ¥ N — YKUCJIa [JIaCTOB B AKCILIyaTalnoHHOoM o6bekte (taba. 2.1)

2)_ 1+V;s2 .
A+V2)=—=5

1+—2
n

V2, — MeXIIacToBas HEOJHOPOJHOCTb IO IMPOHUIAEMOCTH, 06yc-
JIOBJIEHHAs] Pa3MYdeM TJACTOB 10 WX CpeAHell TMPOHUIIAEMOCTH
1pu ofMHAKOBOI apdekTuBHOU TosIMHe, HAGMIOMaeMast y paccMma-
TPUBAEMOTO ps/ia TLIACTOB, TJ€e CPEIHSsI TTPOHHUIIAEMOCTb: ¥ BTOPOTO
mjacta 6oJibllie, YeM y MEPBOTO IJIACTa, B V Pa3; y TPEThETro Ijaac-
Ta GOJIbIIIE, YEM y NEPBOro, B v’ pa3; y N-ro miacra 6OJbIle, 4eM y
nepsoro, B V"' paz (taba. 2.2); npu atom

5 Vil vt
(1 +\/***)= n- —
vi_q v+l
P17t 21
VA 3uavenns (1 +V.2) upn n
1 2 3 4 B)
0,5 1 1,200 1,286 1,333 1,364
1,0 1 1,333 1,500 1,600 1,667
2,0 1 1,500 1,800 2,000 2,272
it-T1E°f 22
v 3nauenus (1 +V2,) npu N
1 2 3 4 B
1,1 1 1,0023 1,0060 1,0113 1,0181
1,2 1 1,0083 1,0220 1,0411 1,0654
1,5 1 1,0400 1,1053 1,1938 1,3033
2,0 1 1,111 1,2857 1,5111 1,7742

dopmyna cpepnero ge6ura HedTH HA OJHY CKBAXKUHY ITPOEKT-
HOH CETKM IO 3KCILIyaTallMOHHOMY OOBEKTY, COCTOAIIEeMy U3 N
HeTAHBIX ITIJIACTOB, MMEET BUJ

2
qip - q(1) -n-et - e—ot(1+V ) _ c-u,

14V, Vet vt
—Z.n- .

n y
V, v -1 v+l
1+—n

A+VH)=1+VHU+VOHU+VE)=1+V?)-

sk

0 — nocroanHblii Ko3ppuIMenT; U — (QyHKIUA CpeaHero ae6uta
He(pTH CKBAKWHbBI IIPOEKTHON CETKHU.
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Io aroii opmyse cHavana S 3aaHHBIX 3HaueHnit V.°, V7, v

U N GbLaM Ompeje/eHbl 3HaYeHNsS V° — pacueTHoil moc/IoiHOH He-
OTHOPOJHOCTH, a 3aTeM JIJis 3HaueHus Koa@uiMmeHTa HCIO0JTb30-
BaHUA NMOABWXHBIX 3arnacoB Hedtun K; = 0,8 u koadpdunuenrta o =
= (1,25:0,8)" = 1 6bLH cHenaHbI pacderbl 3HAYeHUH U — DYHKIMUH
cpenHero ae6uTa HedTH CKBAKUHBI NMPOEKTHOH ceTku. llosyden-
HbIe pPe3yJibTaThl MPUBEAEHBI B Taba. 2.3 u 2.4.

it-1E°t 23

Onpenenenue V % pacueTHoii TIOCIOHHON HEOIHOPOHOCTH
IKCILTyaTallHOHHOTO O0GbEKTa

RV V2 , Buauenns (1+V?2) =H;1H+ r\]/,?)(1 +VIHa+V2E)
1 2 3 4 5

1,25 0,5 1,1 1,25 | 1,5035 | 1,6171 | 1,6851 | 1,7359

1,2 1,25 | 1,5125 | 1,6429 | 1,7347 | 1,8165

1,5 1,25 | 1,5600 | 1,7768 | 1,9892 | 2,2221

2,0 1,25 | 1,6667 | 1,9428 | 2,5179 | 3,0250

1,0 1,1 1,25 | 1,6701 | 1,8863 | 2,0023 | 2,1215

1,2 1,25 | 1,6801 | 1,9163 | 2,0822 | 2,2200

1,5 1,25 | 1,7329 | 2,0724 | 2,3876 | 2,7158

2,0 1,25 | 1,8514 | 2,4107 | 3,0222 | 3,6970

2,0 1,1 1,25 | 1,8793 | 2,2638 | 2,5283 | 3,4088

1,2 1,25 | 1,8906 | 2,2995 | 2,6028 | 3,6317

1,5 1,25 | 1,9500 | 2,4869 | 2,9845 | 4,4426

2,0 1,25 | 2,0833 | 2,8928 | 3,7778 | 6,0478

1,50 0,5 1,1 1,5 1,8041 | 1,9406 | 2,0221 | 2,0830

1,2 1,5 1,8149 | 1,9714 | 2,0817 | 2,1798

1,5 1,5 1,8720 | 2,1321 | 2,3871 | 2,6666

2,0 1,5 | 2,0000 | 2,4801 | 3,0214 | 3,6300

1,0 1,1 1,5 | 2,0041 | 2,2635 | 2,4271 | 2,5458

1,2 1,5 | 2,0161 | 2,2995 | 2,4986 | 2,6640

1,5 1,5 | 2,0795 | 2,4869 | 2,8651 | 3,2589

2,0 1,5 | 22216 | 2,8928 | 3,6266 | 4,4364

2,0 1,1 1,5 | 22552 | 2,7162 | 3,0339 | 4,1645

1,2 1,5 | 22687 | 2,7594 | 3,1233 | 4,3580

1,5 1,5 | 2,3400 | 2,9843 | 3,5814 | 5,3311

2,0 1,5 | 2,5000 | 3,4714 | 4,5333 | 7,2574
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it-TE"f 24
OnruMusanus 10 cpeaneMy ae6ury nedpru

3HaveHuss U — QyHKIUU cpegHero jgebura Hedtn

A+Vv2) Vf v IPOEKTHOH CKBa)KMHBI TIPU N
1 2 3 4 5
1,25 0,5 1,1 0,2866 | 0,4447 | 0,5954 | 0,7417 | 0,8812

1,2 0,2866 | 0,4407 | 0,5803 | 0,7058 | 0,8130
1,5 0,2866 | 0,4203 | 0,5075 | 0,5472 | 0,5419
2,0 0,2866 | 0,3777 | 0,4299 | 0,3225 | 0,2428
1,0 1,1 0,2866 | 0,3765 | 0,4549 | 0,5401 | 0,5993
1,2 0,2866 | 0,3727 | 0,4415 | 0,4986 | 0,5430
1,5 0,2866 | 0,3535 | 0,3776 | 0,3674 | 0,3308
2,0 0,2866 | 0,3140 | 0,2693 | 0,1948 | 0,1240
2,0 1,1 0,2866 | 0,3054 | 0,3119 | 0,3192 | 0,1654
1,2 0,2866 | 0,3020 | 0,3009 | 0,2963 | 0,1324
1,5 0,2866 | 0,2845 | 0,2495 | 0,2023 | 0,0588
2,0 0,2866 | 0,2490 | 0,1663 | 0,0915 | 0,0188

1,50 0,5 1,1 0,2231 | 0,3292 | 0,4309 | 0,5295 | 0,6228
1,2 0,2231 | 0,3257 | 0,4178 | 0,4989 | 0,5653
1,5 0,2231 | 0,3076 | 0,3558 | 0,3676 | 0,3475
2,0 0,2231 | 0,2707 | 0,2512 | 0,1949 | 0,1326
1,0 1,1 0,2231 | 0,2696 | 0,3120 | 0,3532 | 0,3921
1,2 0,2231 | 0,2663 | 0,3009 | 0,3288 | 0,3483
1,5 0,2231 | 0,2500 | 0,2495 | 0,2279 | 0,1922
2,0 0,2231 | 0,2169 | 0,1663 | 0,1064 | 0,0592
2,0 1,1 0,2231 | 0,2097 | 0,1984 | 0,1925 | 0,0777
1,2 0,2231 | 0,2069 | 0,1900 | 0,1760 | 0,0640
1,5 0,2231 | 0,1927 | 0,1517 | 0,113 | 0,0242
2,0 0,2231 | 0,1642 | 0,0932 | 0,0430 | 0,0035

B utoroBoii Tabuuile 3uaveHunit U — (GYHKIUU CpepHEro nebura
HeTH TPOEKTHON CKBAKMHDBI BbljieJieHbl 006JacTu, riae oObejuHe-
HUe HeTSHBIX IIJACTOB B 9KCILIyaTallMOHHbIE OOBEKTBI HEPaIno-
HAJbHO W Hellesecoo6pasHo. ITU Ke 06JIacTH BBIJETEHBI B Ta6JI.
2.3 sHavennii V? — pacyeTHoil IIOCJOIHON HEOZHOPOJHOCTH DKC-
TIyaTalMOHHOTO 00beKkTa. BumHo, 4T0 00DbeAWHEHHWE TIJIACTOB He-
paIlMOHATIBHO U Helleecoo6pa3Ho TPU BO3HUKHOBEHUU 3HAYEHMUIT
pacueTHO#l MOCJIOWHON HEOIHOPOHOCTH V2 prme 1,0-1,5.
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Ho Hajgo y4yuthiBaTh, 4TO 3TU PACUYETHI 110 ONPEJEJTEHUIO PallU-
OHAJBHOCTU OOGbEIUHEHUS ILIACTOB B OAMH OOIIUI DKCILIyaTally-
OHHBIIT O6BEKT OBLIN BBITIOJHEHBI MPHU YCJIOBUU, YTO ILJACTBI OCTa-
10TCs O6bEIMHEHHBIMU JIO CAMOTO KOHIIA M BBIKJIOYAETCS U3 pasdpa-
GOTKM B TI€JIOM BECh IKCILIYATAIMOHHBIN OODBEKT.

[Ipu sToM Hambosiee TpoHWIIaeMble HeMTSHBIE TJIACTBI OTAIOT
cBOIO He()Th B MEPBYIO OYEPeb U IOCJE TIOJHOTO OOBOJIHEHUS B
o61uil 1e6UT JKUJKOCTU IKCILIYyaTAIIMOHHOTO O6beKTa JAI0T BOLY,
BXOJIOCTYIO TPOIMYyCKas uepe3 cels 3aKaunBaeMylo BO.Y.

Ho npunsitoe yciaoBue coBMecTHO# paboOThl BceX 00bEIMHEHHBIX
He(TAHDBIX TLJTACTOB HE SBJSETCS COBEPINEHHO O0S3aTeNbHBIM U
Hemokone6uMbiM. Hambosiee mpoHuIaeMble He@TSHbIE MJIACTBHI IO-
cjie UX OOBOJHEHUST BIOJHE BO3MOKHO OTKJIIOYaTh 6e3 Bpema s
pa6oTbl OCTaJbHBIX HEMTAHBIX IAacTOB. Ho 4TOGBI 3TH Olepamnuu
OCYIIECTBJISIIUCh HE TIO OTHEJbHBIM CKBAXXUHAM B JKCIIEPUMEH-
TaJbHOM TIOPSI/IKE, a 110 BCEM CKBa)KMHAM B IPOMBIIIJIEHHOM Mac-
mrabe, HAZO B MPOEKTe pa3pabOTKn HEDTIHOTO MECTOPOKIEHUS
3TO TpeAycMOTpeTh. KOHKpeTHO, HAl0 3alpOEKTUPOBATh MpPHUMEHE-
Hue 6—7-II0IMOBBIX IKCILIyaTAllMOHHBIX 06CAMHBIX KOJIOHH. Hesma-
YUTEJbHOE yBEJUYEHHE HKOHOMUYECKUX 3ATPAT HA CTPOUTETHCTBO
CKB)KMH JAHHOW KOHCTPYKIMHM cpasy OyIeT KOMIEHCHPOBAHO He-
KOTOPBIM yBeJWYEHHEM WX TpousBojautTesbHoctu. Ho, riaBHoe,
YBEJUYNUBAIOTCS BO3MOXKHOCTD #  9(h(GEKTUBHOCTD KAMUTAJbHBIX
PEMOHTOB, [OJTOBEYHOCTh CKBAKMH WM HedTeoTmaua maactoB. /[luas
a(ppexTnBHON M30/A1UN OOBOJHEHHBIX HE(MTSIHBIX IJIACTOB MOXKHO
U HYXKHO MCIIOJIb30BATH CIIEIIUAJBHO CO3/IaHHbIE MJIACTOIEPEKPDI-
Bareu. V30/41Ms TaKUMU TIJIACTOTIEPEKPBIBATENSIMU  OCYTIECTBIIS-
eTcss 6e3 yMEHbBIIEHUS JAMaMeTpa CKBAXKUHBI W TI0ITOMY MOXKET
MTPOM3BOUTHCS MHOTOKpATHO. IIpu aTOM ueM 6oJiblile 0OBOJHEHHBIN
HeTIHOW TIJIACT OTJWYAETCS MO TTPOHUIIAEMOCTH OT JIPYTUX MeHee
O0OBO/IHEHHBIX, MaJOOOBOJHEHHBIX W HEOOBOJHEHHBIX He(PTIHBIX
MJIACTOB, TEM IIPOIIE €r0 BBIAEIUTh W H30JUPOBATh. TaKUM CIIOCO-
60M YMEHbIAeTCsT WM [Jake CHIMAETCS PEe3Koe BJIUSHUE TIPe-
CTABJIEHHOTO 3/IeChb KPUTEPUS PAIMOHATBHOCTH OGbeNUHEHUST Hed-
TSHBIX ILJIACTOB M PACIIUPSAIOTCS IIPeesbl palliOHAJbHOIO 00be-
JUHEHUS I1J1aCTOB.

KcraTtit, cTOMMOCTD TEPEKPBITUS OJHOTO OOBOJHEHHOTO HedTs-
HOro ILjIacTa ILIacTollepeKpbiBaTesieM cocTaBiser mpumepHo 10 %
OT BCEX 3aTpaT Ha CTPOUTEIbCTBO M OOGOPYAOBAHUE CKBAKITHBI.
[Toatomy TOCJIeIOBATETbHOE TEPEKPBITHE 4 W3 S IJIaCTOB yBEJU-
YUT 3aTpaThl HA CKBAa)XKWHY MeHee yeM B 1,5 pasa.

Ho mpu atoM M0/KHO OBITH SICHO, YTO NMPUMEHEHME MHOTOILIAC-
TOBBIX BEPTUKAJbHBIX CKBAXUH TpeOyeT 0cO60r0 KOHTPOJSI 3a UX
pa6oToit — 3a ux Ae6UTOM SKUIKOCTH, Ae6UTOM HedTH, 3a60IHBIM U
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IJIACTOBBIM [IABJIEHUSAMU; TPeOyeT PeryJisipHbIX TJyOMHHBIX HCCJIe-
JIOBAHWI ILJIACTOB — OINpeJeseHus HMX HUHAUBUIYAIbHBIX J1e6UTOB
SKMIIKOCTH U HedTH.

W B Hacrosiiee BpeMsi cepbe3HEHIIyil0 TpoOJeMy COCTaBJSET
oTpejieIeHUe C yIAOBJETBOPUTEJIBHON TOYHOCTHIO WHIMBUIYAJbHBIX
Kpaliie HU3KUX AeOUTOB JKUAKOCTH M HedTH OODEeIMHEHHBIX IJac-
TOB, O006JQAONNX HU3KOW U YJbTPAHU3KOH TPOAYKTUBHOCTDHIO,
KOTOpYI0 Heo6X0oauMo Gy/eT B Kpardaiiliiiie CPOKU PEIINTD.

Tenepp yuTeM [apyrue peajbHOCTH Pa3pabOTKU MHOTOILJIACTO-
BBIX HE(PTSIHBIX MECTOPOKIEHUI.

1. O6bryno HedTsHBIE TIACTBI 06J1a1AI0T 3HAYUTEIBHON 30HAIBHOM
HEOJHOPOJHOCTBIO TI0 MPOAYKTHBHOCTH ¥ TPEPBIBUCTOCTHIO, KOTIA
HEKOTOpas 4acTb 30H 06JIaJlaeT HYyJEBOW MPOIYyKTUBHOCTBIO. [l0JT10
30H HYJIEBOW TPOJAYKTUBHOCTH O0O3HAYMM W U OyJieM MUMEeHOBaTh
MpepPBIBUCTOCTIO. Elle HedTsAHBIE TIACTHI MMEIOT MAJOMPOMYK-
THBHbBIE 30HBI, KOTOPBIE MPU MPUMEHEHUN OJHOIJIACTOBBIX BEPTH-
KaJbHBIX CKBAKHUH Ja)Ke IKCIJIYaTHPOBATb SKOHOMHUYECKU Hedd-
dextuHo. /losio Takux 30H o6o3HauMM W,. Takum o6pas3oMm, mpu
MPUMEHEHUN OJHOIJIACTOBBIX BEPTUKAJbHBIX CKBAXKUH JIOJISI CKBa-
JKUH, KOTOPbIE M3-32 OTCYTCTBHS ITPOJYKTUBHOCTH U KpaiiHe HU3KO
npoayKTuBHOCTH He Oyayr paborarth, pasHa (W + + w,). Ilpwm
MPUMEHEHUH MHOTOILJIACTOBBIX BEPTUKAJIBHBIX CKBAXKUH, IKCILIya-
TUPYIONIMX [0 N HedTIHBIX IJIACTOB, A0JSI NPOOYPEHHBIX Hepabo-
TalOMUX CKBaKUH yMenbmiaercsas o (W + w,)". Hampumep: poms
(w+w,) =1(0,3+0,2) =0,5, um 50 %, ymenbinaerca npu n = 4
no (0,3 +0,2)* = 0,0626, umm 6,25 %, T1.e. ponsgadpdexTusHO pado-

1-0,0625 _
TaIoIUX CKBasKUH YBEJTMUNBAETCS B o5 =
= 1,875 pasa, wim na 87,5 %.

2. MDakTnyecku HA HePTAHBIX MECTOPONKIEHUSIX BCEr/Ia MMEETCs
HEKOTOPAs [0Jii CKBAJKWH, MOIMABIINX B IMPOJAYKTUBHbIE 30HbBI, HO
aBapuiiHO BBLIOGBIBABINIUX U3 IKCILTyatanuu. /oo Takmx CKBasKUH
o6osnaunM A. I[lpumem, 4to yeM GOJIbINE IJIACTOB HKCIIYATUPYIOT
BEPTUKAJbHBIE CKBAKMHBI, TeM OGOJbIIe WX aBapuiHOCTH. Ilpn
o6benuHeHnN N HeMTIHBIX TJIACTOB aBapUITHOCTh paBHa A, = 1 —
- (1 = A)". Hanpumep: aBapuiiHOCTb OJIHOTIJIACTOBBIX BEPTHKAJIb-
HbIX cKBaskuH paBHa A = 0,1, uian 10 %, Torga aBapuilHOCTb MHO-
TOTLJTACTOBBIX BEPTUKAJbHBIX CKBAJKWMH, SKCILIYATHUPYIOMUX cpa3y 4
Hedraubix 1maacta, 6yger A, =1 — (1 = 0,1)* = 0,344, wmn 34,4 %;
a ecJm aBapMUHOCTH OJHOIIIACTOBBIX CKBaXXWH paBHaA A = 0,2, nim
20 %, TO aBApPUHHOCTH MHOTOILTACTOBBIX CKBAXKWH, SKCILIYyaTHPY-
fomux 4 miacra, 6yzer A, = 1 — (1 = 0,2)* = 0,590, i 59 %.
Takum 06pasoM, Tepexoa OT OJHOILIACTOBBIX K  MHOTOILJIACTOBBIM
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CKBaKMHAM yBejumuuBaer aBapuitnocts ¢ 10-20 % mo 34,4-59 %,
win Ha 24,4-39 %. DBe3 ay6aupoBaHus aBapUilHO BbIOBIBIINX
CKBAJKUH ABAPUIHOCTD COOTBETCTBYET [0JI€ TEPSIEMbIX W3BJIEKae-
MbIX (TEXHOJIOrMYECKH [OCTYIHbIX WM3BJIECYEHUIO) 3aracoB HedTH.
be3 ny6iupoBanus aBapuiiHO BBIOBIBIINX CKBAKUMH MEPEXOM OT
OJTHOTLJIACTOBBIX K MHOTOILJIACTOBBIM CKBaKUHAM JIOTOJHUTETHHO
1-0,1

——= = 1,372 paza u B
1-0,344

yMeHblIaeT HedTeoTAauy ILJIACTOB B

1-0,25
1-0,59
40 % ymenbmaer na 40(0,344 — 0,1) = 9,8 % u 40(0,59 — 0,2) =
=15,6 %.

[Ipu ocymiectBiennn Ay6IMPOBaHUSA aBapUIAHO  BBHIOBIBIINX
CKBQ)KMH IIPM NPUMEHEHUU OJIHOILIACTOBBIX CKBAsKUH 00mmii oz

= 1,951 paza uiu UpHU TPOEKTHOU HedTeoTHAUe IJIACTOB

CKBa’XVH YBEJUYNBACTCA B

1

pa3, a TpuW TPUMEHEHWH MHOTO-

1-2)
. 1
IJIACTOBBIX CKBAXXUH OOImuil (oHJ yBeluyuBaercs B ——— pas.
a-m"

Hanpumep: mpu OMHOTIIACTOBBIX CKBakmHax mpu A = 0,1 yBesu-
YUBaeTCS B ﬁ = 1,111 paza u npu A = 0,2 yBesu4ynBaercs B

—L1_ = 1,25 pasa; npH MHOTOILIACTOBBIX CKBXKHHAX N = 4 1pu

1-0,2

A=0,1-8 ! =1,524pa3aI/IHpI/IA:0,2—B;=
a-0n" 1-02"

= 2,441 pa3a, TeM He MeHee =0t 1,372 n =02 _ 1,953

a-o* 1-0,2)%
3Ha4YUTeJbHO MEHbIIIe, YeM n = 4
Tenepb HaM Ha/J0 BCE€ I11ocJjieagHnmne HOJIy‘-IeHHI)Ie pe3yanaTbI
Oé’bellI/IHI/ITb 158 yCTaHOBI/ITb HpI/I 06'b€'lII/IH€‘HI/H/I n He(pTHHbIX Irjac-
TOB, BO CKOJIbKO pa3 IIOBbINIAETCA SQ)Q)GKTHBHOCTB paéOTbI CKBa-

JKHUH

A =M - ww)”
A=A 1-ww,)

Hanpumep: npu n =4, A=0,2 u (w +w,) = (0,3 + 0,2) a¢p-
(PEKTHBHOCTh CKBasKMHBI MOBBIIIACTCS B

(1-02)" 1-(03+0,2)"

V=402 T30

=384 pasa.

M3znoxennbie 31ech Hay4YHO-TEXHUYECKUE HAE€N YK€ BOILJIOMIIA-
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I0TCSI B JKU3HDb HAa HE(MTAHBIX MECTOPOXK/CHUSAX, KOTOPbie pa3pala-
ThiBaeT Poccuiickasi WHHOBAIMOHHAS TOIJUBHO-3HEpPreTUuYecKas
kommanust (PUTIK).

ITH MeCTOPOXKJEHUsI, KpaliHe MaJIONPOJAYKTHBHbBIE, ObLIN pa3Be-
JIaHBI OYEHDb JIaBHO, B Hadase 60-X To;oB; OYEeHb JOJTO HE BBOIU-
JUCh B pa3paboOTKy W3-3a SIBHOU 3KOHOMUYECKON HeaddeKTuBHOC-
TH; HaKoHel], B HayaJie 80-X T010B ObLIM BBEEHbI, HO JOBOJIBHO
CKOpO, uyepe3 2—3 roja, ne6utbl HeTH IKCILTYaTHPYEMbBIX CKBKUH
PEe3KO0 yIaju TOYTH [0 HYJSd, U MECTOPOXKAEHUs ObLIH BBIBEIEHBI
u3 paspaboTrku. HoOBbBINI BBOA MeCTODPOKIEHWI COBCEM HENAaBHO, C
1997-1998 romoB ocymectBager PUTOK. Pe3skoe cHukeHue 1eHbI
HedTH Ha MUPOBOM PBIHKE W 3KOHOMUYecKuil kpusuc B 1998-m romy
BHECJIU Cepbe3Hble MoMexu B Xoj pabor. Tem He MeHee oripeje-
JIEHHDbIE yCIIeXHW Y>Ke J[AOCTUTHYTbl. Ha 3THX MaJsonpoayKTHBHBIX
MHOT'OIIJIACTOBBIX MECTOPOXKIAEHUAX UHUCJI0 HEePTAHBIX I1JIACTOB [0-
XOMUT 710 4—5, cpegHee uwmcyao miactoB 2—3. llpu ob6beamHeHHN
He(TAHDLIX TLTACTOB B OJUH OONIMIT 3KCILIyaTallMOHHLIH O0O0BEKT
MPUMEPHO B 2 pasa yBeJUYUIcs AeOUT HedTH MTOOLIBAIONINX CKBa-
SKMH, COOTBETCTBEHHO BO CTOJIBKO K€ pa3 yMEHbBIINJIOCh YHUCJIO
CKBAKMH M BEJMYMHA KalWUTAJbHBIX 3aTpaT Ha CTPOUTEJILCTBO H
06YCTPONCTBO CKBAXKUH.

Ho o6maskmiuchk mpo6aeMbl KOHTPOJISI W PETYJUPOBAHUS paspa-
GOTKM OTJEJbHBIX HEPTSHBIX TJIACTOB: T€OMU3UKUA HE MOTYT CITyC-
KaTb TJYOMHHBIN PacXo/lOMep MO KOJBIIEBOMY MPOCTPAHCTBY MEXIY
HacocHo-KoMnpeccopubiMu TpyGamu (HKT) u obcaauoii sxcniya-
TAIIMOHHOW KOJIOHHOU Ha 3a060i CKBA’KWHbI; U3BECTHBIE B IIPOMbI-
MIJIEHHOCTH OTEYEeCTBEHHbIE M WMIIOPTHbIE TJyOUHHBIE PACXOI0Me-
pBI He 06J1aal0T HeoOXOAMMOIl BBICOKOH UYBCTBUTEIHHOCTBIO, 4UTO-
Obl ONpenensatb Ne6uTbl HedTU OTAEJbHO IO MaJOMPOAYKTHBHBIM
mractaM, TeM 6oJiee 1O 000COGJIEHHBIM CJIOSM B Tpefesax 3TUX
IJIACTOB. A 3TO O4YEHb BaXXHO, IIOCKOJIbKY PEryJsIpHBbIH KOHTPOJIb
J1e6UTOB IO CJIOSM IO3BOJISIET OINPeNessaTb UX OOBOJHEHHE U CBOe-
BPEMEHHO M30JIMPOBATh.

C nesipio penienust BO3HUKIIMX 1pobyeM PUTIOK 6buta cosznana
MepeBUKHAS KOMITPECCOPHAast YCTAaHOBKA [IJII KOMIIPECCOPHON 3KC-
TIyaTalid CKBaKUH B TIEPWOJ] WX WCCJEIOBAHUS TIYOWHHBIM pac-
X0/IOMepoM; ObLa OpraHu30BaHa paboTa MO CO3JAHUI0 TIyOUHHOTO
pacxozioMepa BBICOKOH 4yBCTBUTEJIbHOCTH.

[Ipu menocpencreennom yudactun PUTIK 6b11 mocTpoeH 3aBoj
10 IIPOU3BOJCTBY ILJIacTOllepeKpbiBaTesiell W HayaT HUX IIPOMbIII-
JIEHHBIX BBITYCK.

Ho cymiecTByIOT U [pyTue TPyAHOCTH, KOTOPBIE emie Hamao Oyaer
MIPEOJIOJIETD.

Heo6xomuMo OTMETUTDH, 4YTO TIPEJJIONKEHHAsT U peajusyemas
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NPUHIIUIINAJBHO HOBas TEXHOJIOTHUS 3allluilleHa mnaTteHTamMu Poc-
cuiickoii Denepanuiu.

B 3akmiouenue oTMeTuM:

1. CymiecTByIoT BIOJIHE OIpe/ie/IeHHbIe YCJOBUS PAllMOHAJIbHOTO
0o0beITNHEHNsT HeCKOJIbKIX He(TSIHBIX TIJIACTOB B OAWH OOIIUIl 3KC-
TTyaTAIMOHHBI OOBEKT, YUUTHIBAONIMI WX pa3Judue 1o cpeaHei
MPOJAYKTUBHOCTH, IO BeJMYMHE 30HAJbHOW U IOCJONHON HEOoIHO-
poanoctu. Ho aTO Tak, ecau He IpeaycMOTpeHa HM30JAIus HedTs-
HBIX IJIACTOB, €cJau HeT 3(dexkTuBHOro cpeacTBa s U3OJIAINUU
MJIACTOB B IMUPOKUX IPOMBINIIEHHBIX MacImTabax.

2. Ho Takoe cpeJCcTBO y’Ke CO3[aHO; 9TO — cllelliabHble I1J1ac-
TolepeKkpbiBartesu. VX mpuMeHeHue 3HAUUTEJbHO pacLINpseT BO3-
MOXKHOCTH OO0beIMHEeHNUs] He(TSIHBIX IJIACTOB B 3KCILIyaTAIIMOHHbBIE
0ODEKTBI.

3. TlpuMeHeHHe MHOTOIMJIACTOBBIX BEPTHKAJbHBIX CKBaskuH (Min
MHOTOIJIACTOBBIX HAKJOHHBIX TMPH KYyCTOBOM OYPEHHU CKBAKUH)
TpejicTaBsieT co60i KPYIHBINH IIar Ha MyTH HAYYHO-TEXHUIECKOTO
poTrpecca, TO3BOJSONNN  3HAUUTENbHO YBEJUYUTDH 100619y Hed-
TH W YMEHBIIUTb KANUTAJbHbIC 3aTPaTbl, BBECTH B 3KOHOMHYECKU
apdextuBnyio paszpaboTKy HedTsSHbIE MJIACTBI HU3KOW U YJIbTpa-
HU3KOH NPOAYKTUBHOCTH.

2.2. KIACCU®UKANINA HEDOTAHDBIX IIJIACTOB
110 CPEAHEMY KO®OOUIUEHTY ITIPOAYKTHUBHOCTHU
CKBAKIIH

BMmecte wim pasmesbHO Hamo pa3pabaTbiBaThb HedTSHbBIE TLac-
ThI Ha MHOTOILJIACTOBOM HE(TSHOM MECTOPOKICHUN?

Ha sTor npocToii Bonpoc He CyIlecTByeT IPOCTOr0 OTBETA.

HauneM ¢ Ttoro, 4To OrpoMHOE MHOKECTBO HE(MTSIHBIX MJACTOB,
3ajekeil M MeCTOPOKAEHNN OTJIMYAeTCs] KOJOCCATBbHBIM pasHoo6-
pasueM. Bce ato pasHOoo6paswe HAMO KaK-TO YHOPSIIOYNTL M KJac-
cupummpoBatb. Ham KaxeTcs odeHb BaXHBIM M TOJIE3HBIM KJac-
cudunupoBarth He@TAHbIE ILIACTBI MO CPeAHEeMY KO3 dUIneHTy
MPOJYKTUBHOCTH CKBAJKWUH, MPOOYPEHHBIX HA 9TU IJIACTBI, WJH II0
BeJIUYUHE TUIPONPOBOTHOCTH, OIpEIeJeHHOW IO CpeaHeMy KO03(d-
umnmenty mnpoayxkTuBHOCTH. HecoMHeHHO, UTO € TPAKTUYECKON
TOYKN 3PEHNs 3TO BAKHEWIMIT mapaMeTp He(MTSIHBIX IJIACTOB, HO
HaM XOTeJa0Ch OBl TTOAYEPKHYTh MWHBAPMAHTHOCTH (HE3aBUCUMOCTD)
9TOr0 TapaMeTpa OTHOCHTEJNbHO TJAyOWHbI 3ajieranus HedTIHbIX
miactoB. /leiictButesbHO uyeM GoJibie Tiay6uHA IJIACTOB, TEM [0-
pO’Ke CKBR)KHMHBI, TeM OOJIbllle KalUTAJIbHbIE 3aTpaThl HA paspa-
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60TKy HeTSHBIX ILJIACTOB; HO OJHOBPEMEHHO 4YeM GoJiblile rIyOuHA
CKBQ)KHMH, TeM [PU IIPOYUX PABHBIX YCJIOBUSX GOJIbIIE [EIPECCHs
Ha HedTsAHbIE MaACTBl, GoJblne Ae6UT HedTH U GOJIbIIE IKOHOMU-
yeckuii apdext ot nobbrum u peanusanuu Hedrtu. Ilomygaercs,
YTO KAlWTAJbHBIE 3aTPAThl W JKOHOMHUYECKHil a(hdEKT OT mJ00bIYH
HedTH OJMHAKOBO IMPOIOPIIMOHAJNBHBI TJyOUHE 3ajIeraHus I11acTOB.

Urak, npemioxkena kjaaccudukanug HeDTIHX TJIACTOB  TI0
cpenHeMy 3HaveHuio Koadduimenta MPOAYKTUBHOCTU JOOBIBAIO-
el CKBaKMHBI 10 HedTH, TpeacTaBieHHass B Tabu. 2.5.

it-TE°t 25
Kiaccuduxanys HeTSIHbIX IJIACTOB 1O NPOLYKTUBHOCTH
[ToTennuaabHbIil A6UT
Kopgurenr | e toommareit
Kiace XapakTrepucTuka HIPOIYKTUBHOCTH 1), P (r/ T)] 11
1/ (cyr-at) ) B (r/cyr) npu
Pa3HOCTU MJIACTOBOTO W
3a60MHOTO JaBJIEHUI
or §ie} (P, — PJ =100 ar
1 I'mmepnpoayKTHB- =100 =10 000
HOCTD
2 Y IbTpanpoayKTUB- 30 100 3000 — 10 000
HOCTD
3 Boicokas nmpoaykTus- 10 30 1000 — 3000
HOCTH 3 10 300—1000
4 [ToBbIeHHast IPOYK- 1 3 100 — 300
TUBHOCTH
5 CpeiHsisi TPOJYKTUB-
HOCTD
6 [Tonn:xenHasi MpoayK- 0,3 1 30 — 100
THUBHOCTD
7 Huskas npomyKTus- 0,1 0,3 10 — 30
HOCTD
8 YiabTpanuskas mpo- <0,1 <10
JYKTUBHOCTh

B nepBbiii Kaacc oTHeceHbI HeDTSHBIE TIACTBI, O6JaJA0NINE
TUTNIEPIIPOAYKTUBHOCTBIO, CO CPEJIHMM 3HavyeHueM KoadduimeHTa
npoayktuHoct 1o Hedtu Goaee 100 1,/ (cyr-ar); BO BTOpOID
KJIACC OTHECeHbl HeTAHbIE TIACTbI, 00JaJaiole YIbTPAPOLYK-
TUBHOCTBIO, CO CPEJHUM 3HaueHHeM Ko3(h@UIMEHTa TIPOLYKTUBHO-
crm or 30 1/(cyrar) mo 100 T/(cyr-ar); B Tpermii Kjgacc —
He(TAHDbIE TIACTBI BBICOKOI MPOAYKTUBHOCTH CO CPEJHUM 3Haue-
HueM Koaddunuenta upopykrusuoctn or 10 1/ (cyr-ar) g0
30 v/ (cyr-ar); B 4erBepThIii Kjacc — HedTAHBIE IIACTHI MOBbI-
IEHHON MPOAYKTUBHOCTH CO CPEAHUM 3HaueHneM Koaduimenra
npoayktusaoctu or 3 1/ (cyr-ar) go 10 t/(cyr-ar); B narbiii
KJAcC — TJIACThl CPeJAHell TPOAYKTUBHOCTH CO CPEIHUM 3Haue-
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HueM Koaddunuenta tupopykrusuoctn or 1 t1/(cyrar) g0
3 1/(cyr-ar); B 1IECTOH KJacc — IJIACTBI MOHUKEHHOW IPOLYK-
TUBHOCTU CO CPEJHUM 3HaueHueM K03 @UuIMeHTa TpOAYKTHBHOCTH
or 0,3 1/ (cyr-ar) mo 1 t/(cyr-ar); B ceabMoii Kjaacc — IJIAaCTbI
HU3KOW TPOMYKTUBHOCTH CO CPEJIHWM 3HaueHWeM KoadduimeHTa
npoxykrusroctu or 0,1 1/(cyr-ar) mo 0,3 1v/(cyrar) m B mo-
cJe/iHUil BOCbMOI KJacC — ILJIACThl yJIbTPAHU3KOU IIPOLYKTUBHOCTU
CO cpelHUM 3HaueHueM KoadduIMeHTa MPOAYKTUBHOCTH MeHee
0,1 v/ (cyrar).

Urobbl kIaccuduranys HeTSIHBIX IJIACTOB MO TPOAYKTHBHOCTU
craja 6oJiee OCsS3aeMOI W TMOHSATHOM, OT K0a(h(UIMEHTa MPOIYK-
TUBHOCTU JOOBIBAIONIEN CKBaXXUHBI TlepeliieM K ee ne6uty HedTH.
IIpu tay6une ckBakmHbl okoso 2000 M, T.e. TpW TUApOCTATHYEC-
KOM ILIacTOBOM jgaBjeHun okoJio 200 ar, Bo3MOKHasg cosjaBaeMast
nernpeccusi Ha Hedrauble miactel coctasager 100 ar. Ilpoussene-
HUe K03(pduIlMeHTa NPOAYKTHBHOCTH W BO3MOXKHON CO3/1aBaeMoil
nenpeccun B 100 at mpexacraBisier co60i BO3MOXKHBIA CyTOYHBIN
ne6utr HedTH J0ODLIBaiOIEl CKBaXXUHDLI. VIMeHHO Takue aeOUTHI
HedTH TIOKa3aHbl B IIPUBE/IEHHOI Tabi. 2.5.

O6paTurte BHUMAaHUE, YTO [0 HePTAHBIM ILTaCTaM S5-TO KJacca,
06IaaloIUM CpeiHell MPOAYKTHBHOCTBIO, BO3MOJKHBIH CYTOUHBIN
ne6ut HedTH M06BIBAfONIEH CKBA’KMHBI OKA3BIBAETCS B IMpefesax OT
100 T/cyt mo 300 T,/cyT, COOTBETCTBEHHO C yUeTOM K03 uiineHTa
skerryaranuu (B rogy u3 365 cyTok B cpeHeM PaGOuMME SIBJISIIOT-
cst 330 cyt) Bo3MOKHas rojoBasi n06blda  HeTH OKA3bIBAeTCs B
npenesax ot 100-330 = 33000 T = 33 toic. T 10 300-330 = 99 000 T =
= 99 TpIc. T; a MO HePTIHBIM TJACTAM 3-TO KJjacca, O06JAAAIoIINM
BBICOKOW TIPOJlyKTUBHOCTHIO, BO3MOKHBI CYTOUHBIN J1e6UT HEPTHU
Jo6bIBatoIell CKBaKMHBI OKasbiBaeTcs B mpezesax ot 1000 T/ cyT
70 3000 T/cyT, a ee BO3MOKHas rofioBas AOObIMa He(TH OKa3bIBa-
ercs B mpexnenax or 1000-330 = 330 000 T = 330 TBIC. T 1O
3000-330 = 990 000 T = 990 TpIic. T. Kak BUAHO, MOJy4YalOTCS OYEHb
60JIbIlIE W KpaiiHe GOJbIINE BEJTMYUHDI.

C yuyeToM BCEro 3TOTO MPOAHATM3UPYEM MPEACTABIEHHYI0 B
taba. 2.5 KaaccudUKAIMIO HEMTAHBIX IJIACTOB IO MPOAYKTHB-
HOCTH.

Bo-nepBbix, HedTaHbie MaacThl Kpaiinux KaaccoB (1-ro u 8-ro)
110 CBOEMY CaMOMYy TJIABHOMY IapaMeTpy — 10 Ko3(hdUIMeHTy mnpo-
NYKTUBHOCTH OOBIBAIONIEN CKBAJKMHBI pas3inyaiorcss 6oJiee UeM B
1000 pas; miacThl ABYX COCEHUX KJACCOB Pa3anNYaloTCs B Cpe.l-
HeM B 3 pasa; a /IBYX KJAacCOB, pas3jeJeHHbIX BCETO OJHUM IIpOMe-
JKYTOYHBIM KJIaCCOM, pasjnyaiorcs B cpefaHeM B 10 pas.

Bo-BTOpBIX, BCeM HAM M3BECTHbI He(TSHBIE IJIACTBI — IPeCTa-
BUTEJIN BCEX BOCHMHU BBIJI€JEHHDBIX KJACCOB.
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Tak, Hampumep, KO 2-My KJAacCy YJbTPAIPOAYKTUBHOCTH OTHO-
CUJNCh OcCHOBHbIe HedTsAHbIle macTbl CaMOTJIOPCKOro HedTAHOTO
MECTOPOXK/JEHNUSI, ¢ KOTOPBIX HAUYMHAJACh TPOMBIIIJIEHHAS pas3pa-
60TKa MECTOPOKIEHUS.

K 3-my ksaccy oTHOCmJCS J€BOHCKUN TOPU3OHT DBaBiamHCKOTO
HE(MTSIHOTO MECTOPOXKACHNUS.

K 4-my kslaccy OTHOCHJICS JIEBOHCKUII TOPM3OHT Ha HauboJee
MPOJAYKTUBHBIX IIEHTPAJbHBIX ILJIOMAAAX Pomamikunckoro medTs-
HOTO MECTOPOKIEHNUS.

K 5-My kjaccy OTHOCWJICS JE€BOHCKUI TOPU3OHT IOYTH HAa BCEX
OCTAJBHBIX ILIOWAAAX POMAIIKMHCKOTO MeCTOpoXaeHus (Kpome
HEeHTpaNbHbIX Tmomaneii). K atomy ke Kjgaccy OTHOCHMIMCH pas-
pabarbiBaemble HedTsHbIE ILIACTBI HA MHOTUX He(DTSIHBIX MeCTO-
poxkaenusix 3anaanoit Cubupu.

K 6-My u 7-mMy kjaccaM OTHOCATCS MHOTrHe HeTSIHbIe I1JacTbl
Ha pa3pabaTbiBaeMbIX MAaJONPOJAYKTUBHBIX HE(PTSIHBIX MECTOPOXK-
JICHUAX.

K 7-my u 8-My kmaccam oTHocSTcS HedTSHbBIE TJIACTBI MHOTHUX
pas3BelaHHbIX, HO MOKa He pa3pabaTbhiBaeMbiX He(DTIHBIX MeCTO-
POKJIEHUI.

IIpu TakoM moutu OecripefebHOM pasHOOOPa3un peasbHbIX
He(TSAHBIX IJIACTOB IO WX CAMOMY TJIABHOMY I[apaMeTrpy — IO
cpenaeMy K03 UITMEHTY MPOAYKTUBHOCTU TOOBIBAIONIENH CKBaXKU-
HBI TPYJIHO W YPEBATO OMACHOCTBIO WMEIONIMIICS YCIENTHDbIH OTIBIT
paspaboTku HedTIHBIX [JIACTOB OJHOTO KJjacca Mo IabjoHy mepe-
HOCUTb HAa He(TSAHbIE IIJIACTBl JIPYrMX KJACCOB, OTJUYAIOIIUXCS
ropasao MeHbIel TMTPOAYKTHBHOCTHIO.

B-Tperbux, npuBeJeHHBIE 3/1eCh OYEHb BBICOKME BO3MOMKHBIE CY-
TOYHBIE JeOUTHl He(TH U BO3MOXKHBIE TO/IOBBIE OTOGOPHI HEePTU TIO
JIOOBIBATONTM CKBAKUHAM, JKCILIyaTUPYIONUM He(TSIHbIE TIJIACThI
5-TO KJjacca, B JKM3HU TMPAKTUYECKHW TMOYTH HE HaOJI0JAINCh; TEM
6osiee He Ha6moganuch B 10 pas 6oJiee BbICOKHE CyTOUHBbIE [€OUTHI
U TOOBBIE OTGOPBI HEDTU MO CKBAXKMHAM, IKCILIYATHPYIOUIUM ILJa-
CTBI 3-TO KJIacca.

Bosnukaer pesonsbiii Bompoc: mouemy? Ilpeskae Bcero, motomy
YTO 3TUM JebutaM U OTOOpPaM COOTBETCTBYIOT CJIAIITKOM BBICOKHE
rO/IOBble TeMITbI OTOGOpPA M3BJIEKAEMbIX 3amacoB HedTH; HAIPUMEP,
[0 CKBAXKMHAM, IKCIIYAaTUPYIOUIMM HeTsSHbIE ILIACTBI 5-TO KJjac-
ca, teMn or6opa 3amacoB MoKeT ObITh OK0Ji0 30 % B rom;, a 1o
CKBa)KMHAM, 9KCIIyaTHPYIOIIMM TJIACTbI 3-TO KJjacca, TeMI oT6opa
MoXxeT GbIThb Gosnee 20 % B Mecarn. Ho mo6bIBamonime CKBAKUHBI —
3TO TOJIBKO 4YacCTh, OT/JEJbHOE IIEPBOE 3BEHO TIOCJeI0BATENbHO
1lenu, B KOTOPYIO BXOAAT cucTeMa cOopa W TOATOTOBKU HedTH,
cucteMa 3aBOJIHEHUs, BHelHuHe KomMMmyHukanun (HedTenpoBoibl,

47



JOPOTH, BJIEKTPOIMHUNA U JUHUM CBSI3U), TOPOJA, MOCTPOEHHBIE
JUISL SKU3HHU cTpouTesiell 1 HedTIHUKOB, HedTenepepabaTbiBaio-
mue 3aBOABI U Ipyrue 3BeHbs. [lo6bruy HedTH mo miractaMm 3—5-To
KJaccoB, TeM 6ojiee 1—2-ro KJIacCOB, OTPAHMYMBAIOT HE J0OBIBAIO-
e CKBaKWHBI, a JPyTrUe 3BeHbsI MocJjenoBatesibHOl 1emu. Kcra-
TH, elfe OoJjiee 3HAYWTEJbHbIE OTPAHWYEHHS MOTEHIMAJIBHO BO3-
MOKHOU MPOU3BOJUTENBHOCTA UMEIOT MECTO TpU pa3paboTKe ras3o-
BBIX MeCTOpoOKJeHuii. IloaToMy CTAHOBHUTCS IIOHSATHO, IIOYEMY B
TaKON CUTyanuu AOOBIBAIONINE CKBAKUHBI PAaGOTAIOT HE B PEXXKUME
TEXHOJIOTMYECKN PAIMOHAJIbHON MaKCHUMAJbHOW Jlerpeccuy Ha Hed-
TSTHBIE TIJIACTHI, 2 B PEKUME 33/[aHHBIX OIPAaHUYEHHBIX /1e6UTOB Hed-
TU pAIMOHAJBHBIX B KaKOM-TO MHOM OTHOIIEHWUM, HAIIPUMEP B WH-
Tepecax KPYIMHBIX XO035HCTBEHHO-TIPOU3BO/ICTBEHHBIX KOMILJIEKCOB.

Takag curyaruss u36bITOYHOU MOTEHIMAJBHO BO3MOXKHON IIPO-
M3BOJAUTENHHOCTH HEMTSHBIX TJIACTOB B JAEHCTBUTENBHOCTH BCTpE-
YaeTcsl JOBOJIbHO YacTO, HO OCOGEHHO 4YacTO BCTpPEYaJach IPEXKIE,
KorJla B pa3paboTKe HAaXOAUJIUCh HedTsHbIe IIacThl 6ojiee BBICO-
Ko# mpoaykTuBHOCTH. HO ecam 3To Tak, TO TMOYeMy Takue CHUTya-
UM He SABJAIOTCA JIETKO 3aMeTHbIMH? Kak yxoaunam mpexje u
YXO/AT B HACTOsIee BpeMsl OT Takux curyanuit? Kakum o6pasom
axkTuueckue ne6uThl HePTH OKA3BIBATNCH U OKA3BIBAIOTCS BO MHO-
ro pa3 MeHbIEe TOTEHIUAJTHHO BO3MOMKHBIX MAKCHUMAJBHBIX? ITO
MPOMCXO/IUT, TIPEK/Ie BCETO, MYTEeM NPUMEHEHUS MHOTOPSIHBIX CH-
CTEM PAaCIOJIOKEeHHUS JTOOBIBAIONIMX CKBA)KWH, KOTJAA JA00BIBAIOIINE
PSIIBI, PACTIONOKEHHBIE TTO3a/M MEPBBIX JOOBIBAIOIINX PSIO0B, OUYEHDb
MaJO BJUSIOT HA CHIDKeHHe o061iero MuIbTPaluOHHOTO COIPOTUB-
JIEHWsT ¥ COOTBETCTBEHHO Ha yBeJudyeHue OoOIeil MOTEeHIIHAIbHO
BO3MOKHOW ITPOU3BOAMTENBHOCTH; TIOJYYaeTCs, YTO YBeJUYeHue
OO0IIIero YucJjia CKBaXKUH ITPOUCXOMUT MOUTH 6Ge3 yBeJudeHus: oO1eit
MOTEHITNAIBbHO BO3MOYKHOW MPOU3BOAUTENBHOCTH TP YMEHbBIIEHUN
MOTEHIIMATbHO BO3MOXKHON ITTPOU3BOJAUTEIbHOCTH HAa OJHY CKBAKU-
Hy, TaKXe IyTeM pe3KOro CHIDKeHHS Jelpeccun Ha HedTsIHbIe
niactel. Kpome Toro, m3-3a HepamuoHAJbHOW 3JKCILTyaTaluu W3-
6bITOYHOTO (DOHJIA CKBAKWH, KOT/Ia B TEPBBIA MEpUOJ Pa3paboTKu
HeTAHOI 3aJeKN TOJBKO YacTb MPOOYpeHHOTO (GOHAA CKBAXKUH
HY’KHA JIJIS BBITIOJIHEHUS 3allIaHUPOBAHHON m06bun HedTH, a He-
HY’KHbIE CKBAXXUHBI ILJIOXO 3KCILIYaTUPYIOT W PEMOHTHPYIOT, OHU
MOCTETIEHHO BBIXOJAT M3 CTPOSI M BMECTE C HUMHU BBINMAJAIOT M3
pa3paboTKn WX elle HeOTOOpaHHbIe W3BJEKaeMble 3aracbl HedTH.
[Tonosxkenune CUJIBHO YXYJIIEHO M3-32 MPUMEHEHUS B  CKBaKMHAX
S-IIOMIMOBBIX AKCILTYaTAIlMOHHBIX KOJOHH, B KOTOpPbIE MIPU HAJTUINHU
HECKOJBKUX MeCT HETepMETUYHOCTH Y3Ke HeJab3sd CIYyCTUTh 4-
JIIONMOBYIO 3KCILTyaTalluOHHYI0 KOJIOHHY, 3alleMEHTUPOBATh U IPO-
JIOJDKATh HOPMAJIBHYIO KCILTYaTAIHIO.
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K coxanenuio, OObIYHO TIPU PACCMOTPEHMHM U YTBEPKICHUU
BApHUAHTOB Pa3paboTKu HeTSIHBIX IJIACTOB CPEIHEN, TOBBIIIEHHO
U BBICOKOI MPOAYKTHUBHOCTU, KOT/la CTAHOBUTCS SICHON Heo6X01Iu-
MOCTb DPE3epPBUPOBAHMS YacTH W3OBITOYHON IPOM3BOAUTETHHOCTH,
BapHUaHTBI TPEJCTABIAIOTCS B PEXHUME 3aJaHHBIX 3a00WHDLIX J[aB-
JIEHWH € KaKUM-TO CyTyO60 MCKYCCTBEHHBIM TEXHOJOTHYECKUM 000C-
HOBAHMEM PAlMOHATBHOCTU TOHWIKEHHOW [erpeccuu B 100bIBAIO-
IMX CKBAKMHAX U IOHM)KEHHOI pernpeccuu B HArHETATEJbHBIX,
6e3 BbIJIEJIEHNST 3aPE3ePBUPOBAHHON YACTU TPOU3BOJUTETHHOCTH U
6e3 TPOEKTHPOBAHUSI PA3yMHOTO HCIIOJb30BAHWS pe3epBa B J1aJb-
HelleM pajau yBeJndyeHus HedTeoTAauyw TJIacTOoB. B uacTHOCTH,
pe3epB TTPOU3BOAUTETHHOCTA MOMKET OBITh WCIOJB30BAaH TPHU OCY-
MIECTBJICHUH ITUKJINYECKOTO 3aBOJHEHM. Diaromaps MUKJINYECKOMY
I00YEPETHOMY OCYIIIECTBJIEHUIO  3aMKHYTO-YIIPYrOrOo peKuMa
¢uabTpanun npm 3akauke BoAbl M 0oT60pe HedTH YMeHbIIaercs
HEPaBHOMEPHOCTDb BbITeCHEHUSI He(TH 3aKaunBaeMON BOJOW M yBe-
JuyuBaercs HedTeoTaava.

OnHako BO3MOKHA pa3paboTka HeTSHBIX 3aJiexeir 6e3 KaKoro-
Jan6o OrpaHuvYeHus: MPOU3BOAMTENBHOCTH MPOOYPEHHBIX U BBEIEH-
HbIX B padory ckBakuH. I[IpoMbIic/iOBOE XO3SiICTBO U BHEIIHIE
KOMMYHUKAIIMU Cpa3y CTPOSAT B pacyeTe HA 3aIIAHUPOBAHHYIO
CTa6IIIbHYIO 106BIYy HedTH, a 3ajekb pa3bypuBaiOT MOCTENEHHO,
JIeJITHKaMU, 10 Mepe HeoOxXoauMocTu. CKBaXUHBI OGypsT, o6ycTpau-
BAalOT W WHTEHCUBHO 3SKCIIyaTUPYIOT Toouepenno. Ilockoapky Ha
KXKI0i JensdHKe BpeMs n00brdn Hedtu OyJeT HAMHOTO MeHbIIe
JIOJITOBEYHOCTH CKBAJKHMH, TO II0 9TOW MPUYUHE YBEJIUYUBAETCS
HedTeoTHaua TJIACTOB, a PE3KOEe YMEHBIIeHUEe YHCJa 9KCILIYyaTHpy-
eMBIX CKBRJKMH YMEHBINAaeT TeKyIIHe 3KOHOMHUUYeckue 3arpartbl. Ho
SICHO, UTO TaKas IoouyepedHas WHTEHCHBHAS SKCILTyaTalus CKBa-
KUH TpeGyeT COBEPIIEHHO WHOTO, 3HAYUTENBHO JYUIIero KOHTPOJIS
3a ux paboToil U GBICTPOU ONEPATHBHON ONTUMHU3ANUU UX PEXKU-
MOB paborbl. IIpu Takoili MHTEHCUBHOI 3KCILIyaTaluu ObICTPO 06-
HapykuBaercs: adekTuBHOCTD nan Hed(PHEKTUBHOCTD HMPUMEHS-
eMOil TeXHOJIOTUU ¥ 6e3 TPOMEIJEHUS OCYIIECTBJSIETCS YCOBEp-
MIEHCTBOBAHUE TEXHOJIOTUU.

[MogpITOKMM TIpEeBIAYIEe U3TOXKEHHE.

Hedrsanble miaacTsl pas3BelaHHBIX, BBOAUMBIX B pPa3paGoTKy,
paspabarbiBaeMbIX U yyKe Pa3pabOTAHHBIX MECTOPOXKIEHWIT OTJIu-
qaioTcss 6e3TpaHUYHBIM pasHoo6pasmeM, W HET YHHUBEPCAJbHOTO
OTIbITA U YHUBEPCAJIbHON TEXHOJIOTUU MX Pa3pabOTKH.

[To omuuM HedTAHBIM TJIACTaM MOTEHIIMAJTbHO BO3MOMKHAS
MaKCUMaJbHasl TMPOU3BOAMTENBHOCTD HE JIOCTHTAET HKOHOMIYEC-
KU peHTabesybHOTO YPOBHS W UX pa3pabarbiBaTh pas/ejbHO IPO-
CTO-HAIIPOCTO HEJb3sl; UX PaszpaboTKa HauYMHAETCS € O06benute-
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HUST HECKOJIbKUX IJIACTOB B OAUH OOUIMI 9KCILIyaTaIllHOHHBIH
0ODBEKT.

[To apyrum HedTIHBIM IJIacTaM IOTEHIMAJbHO BO3MOXKHAS MaK-
CHMasbHas [POW3BOANTENbHOCTD 06ECTIeYNBaeT IKOHOMHYECKYIO
pPeHTa6eTbHOCTh M BO3MOXKHOCTD pellaTh CJIEAYIONYI0 3a/1ady yBe-
JIMYEHNST 3KOHOMHMYECKOH pPEeHTAa0eJbHOCTH 3a C4YeT OObeAMHEHUS
IJIACTOB B OJUH IKCILIyaTAIIMOHHBIN OOBEKT.

I[Io TperbuM HedTAHBIM IJIACTAM MOTEHIIMAJIbHO BO3MOKHAS
MaKCUMaJbHas MPOU3BOJUTEIbHOCTb CKBAXKUH CJUIIKOM BeJUKa, U
ee 3HAYNTEJbHYIO YacTb 06s3aTebHO HaJA0 6yAeT pe3epBHUPOBATH
W JyMaTtb, Kak B JlaJbHEWIeM 3ape3epBUPOBAHHYIO YacTb palyo-
HaJbHO WMCII0JIb30BaTh.

[lacxke B HacTosIlee BpeMs, KOTJa CHJIBHO MCYEPIIaHbI HM3BJEKA-
eMble 3aracbl HeTH BBICOKONPOAYKTUBHBIX, YJIbTPAIPOAYKTUBHBIX
U TUNEPIPOAYKTUBHBIX IIJACTOB, HEMTIHBIX IJACTOB C U3OBITOY-
HO} IIOTEHIMaJbHON IPOM3BOAUTEIBHOCTBIO CKBAXKUH OKa3blBaeTCs
JTOBOJTBHO MHOTO. JTO BH/IHO TIO0 3alPOEKTHPOBAHHOMY MHOTOPSITHO-
My PacCIOJIOKEHUIO CKBa’KUH, UCKYCCTBEHHOMY OIPAHUYEHHUIO BO3-
JleficTBUsS Ha HedTsAHbIE TLIACTBI B JIOOBIBAIOIIUX W HArHETATEJb-
HBbIX CKBR)KMHAX, MO uU36BITOYHOMY (DOHIY CKBAXKUH, €ro ILJIOXOMY
COCTOSIHMIO M HeXBaTKe CPEACTB Ha IOA3EMHLIH M KalUTaJIbHBIN
PEMOHT CKBaKUH.

[ToryTHO OTMETHM, YTO 1O TAaKWUM HE(PTSIHBIM TLIacTaM C U30bI-
TOYHOW MaKCUMAJbHO BO3MOKHON TPOM3BOJAUTENBHOCTHIO OOBIYHBIX
BEPTUKAJbHBIX CKBAKWH SBHO HE HY)XHDBI TOPU30HTAJIbHBIE CKBa-
SKUHBI, CIIOCOGHbIE [OMOJHUTEIBHO YMEHBIIUTb (QUIbTPALMOHHOE
COTIPOTUBJICHHE W YBEJUYUTb NPOM3BOJUTEJBHOCTb IPU OIHOBPE-
MEHHOM BO3MOJKHOM CYIIECTBEHHOM CHIDKEHUN HedTeoTmaum Iac-
TOB W3-32 HE3HAHWS Ha OOJIBIIOM yAaJeHWH JeHCTBUTEBHOTO Teo-
JIOTUYECKOTO CTPOEHNS HEeMTSAHBIX TJACTOB, M3-32 BO3HUKHOBEHWS
B MHOTOCJIOWHBIX IIJacTaX 3HAUYUTEJIbHONH TeoMeTpUuYecKOoil Hepas-
HOMEPHOCTHU BBITECHEHMSI 3aKauMBaeMON BOJOH, M3-3a YPE3MEPHBIX
TPYIHOCTEl yTpaBieHust paboTON TaKMX CKBAKIH.

C yueToM 3TOTO 3/leChb MPH PACCMOTPEHUU MPO6IeMbl 00beIN-
HeHus HeTAHBIX IJIACTOB B OAWH OOIINN 9KCILIyaTallMOHHBIN
00BEKT HE PACCMATPUBAIOTCS TIIACTBI ¢ M3OBITOYHON MOTEHIIHAD-
HO BO3MOKHON MaKCHMAaJIbHOW IPOM3BOJUTENbHOCTHIO TPU OOBIY-
HBbIX BEPTUKAJIbHBIX [OOBIBAIONINX CKBAJKMHAX.



2.3. KPUTEPUI PAIIMOHAJIbBHOCTU OB BbEJIVTHEHUS
HE®TAHBIX I[IJIACTOB B O/IUH OBIIUIA
AKCIJIVATAIIMOHHBINT OBBEKT

[lJisT TIOJIOKUTENLHOTO pelieHus: npo6JeMbl 06beuHeHnst Hed-
TSHBIX TIJACTOB HEOOXOANMO yBEJWYEHWE HE TOJbKO HAYATHHOTO
MaKCHMaJbHOro (aMILIUTYTHOT0), HO TaKKe cpejiHero aebuta Hed-
TH HA TPOEKTHYIO CKBKUHY HPHU YCJIOBUU 06SI3aTETBHOTO IOCTHU-
JKEHUST YTBEPKIEHHON HedTeoTAauu TJIACTOB.

BaxHBIMI KOMITIOHEHTaMH  OOIIell XapaKTepUCTUKN HeMTSIHBIX
ILIACTOB, KPOME V)., — CPEeJHero 3HadeHus Kos(p@uiuenTa IPOLyK-
TUBHOCTU CKBaJKWHBI, SBJSIOTCS: N — YHCJIO CKBAKWH, MO KOTO-
pPbIM ObLIW ONpe/leIeHbl 3HAYeHWsT 1) — Koadduiimenta mPOILYKTUB-
HOCTH, CpejiHee 3HaueHWe KBajpara KoadduimeHnta IMPOAYKTUBHO-
cru (n®),,, 1OKasarejb HEOJHOPOJAHOCTH COBOKYIIHOCTH 3HAYeHMUIl
Koa(pPuImenTa MPOAYKTUBHOCTH CKBXXMH — KBaapar Koadduim-

(%) . A
Cl; -1, a TakXke XapaKTepHBIN JUHEHHbIN

eHta Bapuanum V' =

Mep)
pasMep d — mar XaoTWYecKoil M3MEHSIeMOCTH, TpaBja, MOCJeIHUN
mapaMeTp MOKHO OTPENEJUTh JUIb MPU JTOCTATOYHO TYCTOH CeTKe
CKBaXXWH, KOTJIa 20 — PACCTOSHUE MEX/Y COCEHUMH CKBa’KMHAMH,
JIaBIIUMU 3HauYeHUus 1 — Koadduimenta mpoayKTUBHOCTH, 3aMETHO
MeHbIIle JIHeHoro pasMepa 20 < d; mpu OTCYTCTBUU TYCTO# ceT-
KM CKBQXUH JUHEHHBIH pasMep d NPUXOIUTCS ONpenessATb o
JIPYyTUM JIaBHO pa3pabaThiBaeMbIM HEMTSIHBIM MECTOPOKIEHUSM C
TYCTOH CeTKOW CKBa)KWH, YYWTBIBAs aHAJOTUI0 B 0OOpa30BaHUU
HePTAHBIX TJACTOB B JAJieKNe T'e0JIOTHYeCKHne BpPEeMEeHa.

[lpyroii BaxKHOU KOMIIOHEHTOIl 001Ieil XapakTepucTuku nHedtsi-
HBIX IIJIACTOB SBJISIETCSI MX pacyeTHas IOCJIOWHAs HEOJHOPOAHOCTH
no nponunaemoctu V2 Kortopas yske BKJIIO4aeT B cebsa V7P —
JIEHCTBUTEJNBHYIO TIOCJOMHYI0O HEOJHOPOJIHOCTL MO MPOHUIIAEMOCTH
mwroc V7 — reoMeTpuvecKyio HeoJHOPOAHOCTh (HepaBHOMEPHOCTD)
BbITeCHEeHUsT He(PTH 3aKAYAHHOU BOIOU, OOYCJOBJIEHHYIO PACIOJIO-
JKEeHHEM TOYEeYHBIX MCTOYHMKOB U CTOKOB, T.€. HATHETATEJbHBIX U
JNO6BIBAIOIINX CKBAYKUH.

KoadduimeHTsbl IPOAYKTUBHOCTH CKBaXKMH (MM THAPOIPOBO/I-
HOCTH SKCILTyaTUPYEMbIX CKBaKMHAMHU HE(TSHBIX ILJIACTOB) IIPSAMO
MPONIOPIIMOHAJNBHBI  UX Je6utam HedTH, a nepdOopUPOBaHHBIE
TOJIIIUHBI HePTIHDBIX TLIACTOB MPSAMO ITPOMOPIIMOHATBHBI 3KCILIya-
TUPYEMbIM 3TUMM CKBAXKMHAMM MOJBMKHBIM 3amacaM HedTH; U OT-
HollleHne Koa(@uimeHTa TPOAYKTUBHOCTH K 3(PPEKTUBHON TOJI-
nHe npejacTaisier co6oii yaenbubiii (Ha exununiy addekTuBHOl
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TOJITIITHBI ) K03 UIMEHT TPOAYKTUBHOCTU % rae M — koaddu-
IIUEHT TPOAYKTUBHOCTH M h — addexTBHAS ToMIMMHA HEPTSIHBIX
MJIACTOB, KOTOPBIN TPSIMO IPOMOPIIMOHAJTIEH TeMIly oT6opa Io-
JIBIDKHBIX 3alacoB HedTH.

Bonpoc o6benunenus uaud, HA060pOT, HeoObeAWHEHUS HedTs-
HBIX TIJIACTOB, KOTJA@ OH ocoGeHHo akTtyasteH (korza HedTsHbIE
IJIACTBI 06JIAIAI0T MOHMKEHHOUW, HU3KOH U yJIbTPAHU3KOU IIPOIYK-
TUBHOCTBIO W J€OUTHI CKBaKUH MO TJIACTaM SIBHO He SIBJSIIOTCS
BBICOKHUMH ), BIIOJHE MOKHO PENINTh KOJMYECTBEHHO Y€TKO M OIpe-
JIeJIEHHO.

Cravama OyneM paccMaTpuBaThb JIOBOJIBHO TIPOCTOH  cJiIydail:
o6benuHenne IByX OJU3KO PACIOJOKEHHBIX He(MTAHBIX I1J1aCTOB
BO MHOTUX OTHOIIEHUSIX OJMHAKOBBIX — 10 3(P(PeKTUBHOI TOJIIHIHE
U 9KCILIyaTHPYEMBbIM MOJBI)KHBIM 3amacaM HedTH, IO BeJHYnHEe
V? — pacuyeTHoii TOC/I0iTHOI HEOAHOPOJHOCTH IO MPOHUIIAEMOCTH,
HO Pa3JIMYHBIX IO CpeHEell MPOHWIAEMOCTH WJH IO YyAEJbHOMY
K09 (PUIMEHTY TIPOAYKTUBHOCTH B & pas.

[l peurenuss BOTpoca OObBEAWHSTh WJANW He OOBEAWHSITD 3TH
HedTsAHbIE JACTBI B OAMH OOIIUI IKCIJIYATAMOHHBIA OODBEKT C
eJIMHON CEeTKOI MOOBIBAIONINX W HATHETATEJbHBIX CKBAKHUH MOXKHO
MPUMEHUTb KPUTEPUN PAITMOHAJTLHOCTH — MAKCUMyM CPEIHETO Jie-
6uta HeTH HA MPOEKTHYIO CKBAXWHY 3a BpeMs W3BJIECUEHHS 3a-
nanubiX (yTBEPIKIEHHDBIX) M3BJEKAEMBIX 3amMacoB HedTH

a1 - A,) = as % — max,

rjie g, — aMIJIUTY/HbIH J1e6UT Ha TPOEKTHYIO CKBaXKUHY, IIPU 00b-
eIMHEHNUN [IByX TILJIACTOB aMILIUTYAHbIE [EeOUTHI CYMMUPYIOTCS;
Acp — cpennsa o arenra u (1 — Acp) — cpenssisi goJst HeTH B
pacderHoM cymmapHoM ot6ope xuakroctu; Ky — cymMmapHbiii ot60op
HedTu; F — pacueTHbINl CyMMapHBII OT60P KUAKOCTH B [OJISIX TIO-
JBIDKHBIX 3aMacoB HedTH.

B wunrepBaJsie 3navenmii K; — KoadduimeHTa MCMOJIb30BAHUS
MOABMKHBIX 3amnacoB Hedtn ot K; = 0,7 mo Ky = 0,9 nmpumenuma
caenymomiasa npocras dopmyaa cpefaHeil noam HedTH:

(1 - Acp) = e_quy

rje \VARE pacHeTHada MOCJI0MHAS HEOJAHOPOJHOCTb OSKCILIIyaTallMOH-

HOTO 00beKTa; o — KoadUIMEHT, omnpeaenseMbiii 1o GdopMmyie
a = (1,25K)"

Ky... 07 08 09

a..... 0,586 1 1,602
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OTMeTnM, 4TO TIpU pacyere HedTEOTAAYM TMOPO3Hb JBYX pac-
CMATPUBAEMbIX HePTSHBIX IJIACTOB 1O (dopMmye

Ko = KirKy Ky Ky

MOJIYYNJIOCh TIpou3BeieHre AByX Koadduinumentos (koaddunnenra
cetku K, um xoadduimenta HaAEKHOCTU CUCTEMBI pPaspaboOTKU
K,), pasnoe KK, = 0,5, koapdunment Boitecnenuss nedptu Bomoil
okazasncs paBHbIM K, = 0,6 u koaduImeHT nCHOJb30BaHUSA TIO-
JBIDKHBIX 3amacoB HedTm pasBHbIM K3 = 0,7, 1 B me1oM Koadpdu-
IUEHT HedTeoTAaun PaBHBIM

K, = 0,59:0,60,7 = 0,21.

C yueroMm atoro ¢dopmyJsa cpeaHeil goau HedTH TPUHUMAET
BUJL

~0,586v2
(1-A,)=e™",

Bynem paccMarpuBaTh M CpaBHMBATL /[Ba BapUaHTa: IIEPBBI,
KOTJ[a TLJIacThl OOBEAMHAIOTCS M pa3pabaTbiBAIOTCS €IMHON CETKOM
CKBA)KMH; BTOPOH, KOrja ILIacTbl pa3pabarTbiBAlOTCS pas/esbHO
CBOUMHU COOCTBEHHBIMH CETKaMU CKBaKIH.

B mepBoM BapuaHTe aMILIUTYIHBIA [1eOUT CKBAKUHBI BIIBOE
60JIbllle CPEHEro aMILTUTYAHOrO 1e6uTa BO BTOPOM BapHaHTE; HO B
MEepPBOM BapuUaHTe TakKe OOJIbIle pacyeTHasl MOCJONHAs HEOIHO-
POMHOCTD 3KCIIYaTaIlTMOHHOTO OGBEKTA, YBEJHYEHUE IPOUCXOJUT
n3-32 pasanmuusd o0beJUHIEMbIX IIJIACTOB B & Pas:

2
1-ii Bapumanr......... 2:q8; (V2+1) (M) +1
M +1

2-if BapMaHT......... as; V2+1)

YcaoBue panuonansbHocTH 1-ro BapuaHTa

2

(M-1) +1
LM+1J

-o,sxs[(vz +1)

—0,586{(V2+1)—1} .

-1
2-q;-e Lq&-e ;

II0OCJIE COKpalleHnAa O/JIMHaKOBbIX YJIEHOB

2
+1

-0,586(V2+1)
2-e

M-1)
M+1)

(
\

> e—O,SSG(V2+1) :

nocJie JorapugMupoBaHus JIEBOH 1M NPABOH YacTH HEpaBeHCTBA U
HEKOTOPBIX aJre6pamdecKux Ipeo6pa3oBaHMil
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2

In2 - 0,586 - (V2 + 1) - ("’“1) +1] > -0,586 - (V2 +1):
M+ 1
2
In2 > 0,586 - (V2 + 1)- [M=1] .
M +1
z | In2 >M—1.

= |
= | El
10,586-(V2+1) M+l

1+2

> M.

1-2

bynem 3amaBaTh BeJIMUNHY V2 u onpeneaarb BEJUUUHY Z U

1+2z
TPaHUuYHyI0 BeqnunHy M = :
1-2

v?.... 0,333 0,667 1,000 1,333 1,667 2,000

Z...... 0,942 0,842 0,769 0,712 0,666 0,628

a... 33,48 11,69 7,66 5,95 4,99 4,38

Kak Buano, B IMpPOKOM amanas3oHe sHauennii V? — pacuerHoii
TOCJIONHOI HEOHOPOAHOCTH — pasJjndie OOBETUHSIEMBbIX HedTs-
HBIX ILJIACTOB 10 YAEJbHOMY KO3(QUIMEHTY HPOAYKTUBHOCTH MO-
xKeT GbITh B 4 m Gosee pas, & > 4.

Jlanee GyeM paccMaTpuUBATh CYHIECTBEHHO GoJiee CIOXKHYIO CH-
TyaIMio, KOrja He OJUH CJydail, a MHOXECTBO CJy4aeB, KOrja He
O/IHA CKBaKMHA, a GOJIBIIAS COBOKYIHOCTb CKBAJKUH, M Y HTUX
CKBKWH TOXKE [Ba HeTSIHBIX TJIACTa, AT TLIACTHI Pa3JINYAiOTCS
1o yjeabHoMy Ko3¢@UIMeHTy TpOAYKTHBHOCTH B & pas, HO HE B
KQKI0H CKBAJKMHE, a B CPEJHEM MO BCEM CKBAaXKMHAM OJMH TLIACT
(ckaxem, BepxHHUii) orauyaercs or apyroro tiacra  (coor-
BETCTBEHHO HIKHET0) B & pa3. IJTU ILIACThI emle 06/1aJaioT Xao-
TUYECKOH 30HAJIbHON HEOIHOPOJHOCTBIO MO Y/eJdbHOMY Ko3adduiim-
€HTY MPOAYKTHBHOCTH, KOJMYECTBEHHO XapaKTepPU3yeMOW KBajpa-

ToM Ko3(ddUIMeHTa Bapualu \/32, B CUJIy AeHcTBUS KOTOpOHl IpH

o6beuHEeHNN [[BYX He(MTIHBIX IJACTOB JIOIOJHUTENbHO yBEJIMYU-
BaeTCsl pacyeTHas MOCJOWHAS HEOJHOPOJAHOCTH HKCILIYATAIMOHHOTO
o6beKTa:

2
1-ii Bapuanr ........ 2-q8; (V2+1)~V“2+1 (M_1) +1

V,

—2 41

2-if Bapuamr........ ae; V241
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YcaoBue parnmonasbHOCTH 1-TO BapuaHTa

2
0,586 (v2+1)~V-‘,z—+
v,
2

2-q) -e

1
+1

2

M-1)

(
kM+1 +

-1

IIocJie COKpalleHnsa OJMHAaKOBbIX YJIEHOB

-0,586(V2+1)

2-e

V2

2

\ 2
(M1

\
LMHJ

2
fl

+1

+1

s (/2
> e—(),a&y(\/ +1) :

> q(1) . e—O,SSG{(V“+1)—1);

mocje JorapuMUPOBAHUS JIEBON W MPaBOil yacTeill HepaBeHCTBA W
HEKOTOPBIX ajre6pamdecKkux npeoOpasoBaHmil

[n2 - 0,586 - (V? + 1) - —=— > —0,586 -

2

+ 2

3

V) + 2

\/32 +2

In2

V2

3

V4D (M-t
M +1

s M-1.

“

1+Z>|\/|.

1-z

20241 0,586-(v2+1) 2:(v2+1) M+t

)2;

Bynem 3azaBaTh BesMUuHYy Viu V? u omnpenensarb BEeJIMUMHY Z

W TpaHuYHylo Bequunny M = 1+ 2 (tabn. 2.6).
-z
T-TE71 26
IToxasaresb V2
0,333 0667 | 1,0 [ 1333 1,667 2,0
vi=0
z 0,942 0,842 | 0,769 ‘ 0,712 0,666 0,628
M 33,48 11,69 7,66 3,95 4,99 4,38
VS =05
z 0,757 0,652 | 0,571 ‘ 0,506 0,450 0,402
M 7,22 4,74 3,66 3,05 2,64 2,35
V2 =1,0
z 0,645 0,531 | 0,440 ‘ 0,361 0,287 0,214
M 4,63 3,27 2,57 2,13 1,81 1,54
vi=1,5
z 0,567 0,444 0,338 0,234 0,102 -
M 3,62 2,59 2,02 1,61 1,23 -
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N3 tabna. 2.6 BUAHO, YTO NMpPU OYEHb BBICOKOU pPACUYETHOH I10-
CJIONTHO¥ HEOHOPOIHOCTHU (V? =2,0) u oueHb BbBICOKOI 30HAJIbHOIL
neoguopoanoctu (V2 = 1,5) ob6beaunenne HePTAHBIX IJIACTOB
OKAa3bIBAETCS HEPAIMOHAJbHBIM; IPU MEHee BBICOKOH pacyeTHON
nocaoitnoit neognopoanoctu (V? = 1,0) BO3MOXKHO O6beUHEHUE
He(TAHBIX IJIACTOB, PA3JUYAONINXCA B CPeAHEM MO Y/EJIbHOMY
KoaddunmeHTy MpoAyKTUBHOCTH B M = 2+3 pasa.

[laiee OyneM paccMaTpuBaTh CJEAYIONIYIO CHTyalluio: Ha OT-
JIeJTBHOYM YacTH TLIOIMAAN HePTSHOTO MECTOPOKICHUS TPUCYTCTBY-
eT N HedTAHBIX IJIACTOB, B CPEIHEM ILTACT MMeeT N, HedTIHBIX
CJIOEB, TIpUYEM CJIOM OT/EJIEHbI JPYr OT Jpyra HEINpPOHUIAeMbIMU
POCJIOSIMU; KOKIBIH CJI0M 06J1ajJaeT 30HATHHON HEOIHOPOMHOCTHIO
[0 IIPOHUIIAEMOCTH ¥ BHYTPUCJONHONW HEOJAHOPOIHOCTHIO, CBS3aH-
HOHW TIpek/ie BCEro € PA3JUYHON JJWHON JUHUU TOKA, WAYIUX OT
UCTOYHUKOB K CTOKaM — OT HArHETATEJbHBIX CKBAXKWH K JIOOBIBAIO-
UM CKBOKWHAM, T.€. CBA3aHHOW € TOYEYHOCTHIO WCTOYHUKOB U
CTOKOB M MX PAacCIIOJIOXKeHNeM, KOTOPOe HepelKo ObIBaeT OYeHb He-
PaBHOMEPHBIM.

PacueTrHas mocsoiiHas HEOZHOPOTHOCTb HEeTSHBIX ILIACTOB 00-
pasyercs, MpeX/Je BCETO, 3a CYET 30HAJBHON HEOJHOPOIHOCTH
He(DTSAHBIX CJI0EB W WX BHYTPUCJIOWHOW HeopHOpoaHocTH (HEpas-
HoMepHOCTH). HedrTsaHble TacThl pasauyaioTcs MeKay co6oil 1mo
cpefiHeil BesuyuHE YyAEJbHOTO Koa(dduimenTa mTPOLYKTUBHOCTU
CKBaXKMHBI.

Kak u mpexne, penraercss BoOIpoc: OObEAWHATb WM HE 00b-
eVHATD HedTSAHbIE IJIACTBI B OAMH OONUI 3KCIJIyaTAllMOHHBIN
0OBEKT C eINHON CeTKON [JOOBIBAIOIINX M HArHETATEJbHBIX CKBa-
JKUH.

[Ipumem, 4TO 1O OTAETBHOCTH BCE CJOU BceX HEMTAHBIX TLac-
TOB 00JIa[Jal0T OJWHAKOBON CpeIHEH BETMYMHON 30HAJIbHOW HEOMI-
HOPOJIHOCTH, KOTOPYIO KOJWUYECTBEHHO XapaKTepU3yeT KBaJpaT KO-

sbdunnenta Bapuanuu V7 ciaon Takxke 00JaMAI0T OJMHAKOBOIL

3
BHYTPHUCJOHHON HEOTHOPOJHOCTHIO, KOTOPYIO IPE/JCTaBJISIeT KBajl-
par koadpdunmenta Bapuanmu V72; a HEOAHOPOAHOCTH OGBEIMHSE-
MBbIX HE(TSHBIX ILJIACTOB MO CPEIHEN BEJIWYWHE YIETHHOTO K0a(h-
(unrenTa TPOAYKTUBHOCTU CKBAKMHBI ITPEACTABJSET KBAAPAT KO-
adppunmenta Bapuanun V2.

[IpoBomuTCcs cpaBHeHWE J[ABYX BapHaHTOB: MO 1-My Bapuanty
BBIJICISETCSA OJIMH SKCILIyaTAIlMOHHBIH OOBEKT, KOTOPBI BKJIOYAET
B cebst N HedTAHBIX IJIACTOB U NN, HedTIHBIX CJIOEB, AMILIUTY/I-
HBI J1e6UT KOTOPOTO B N pa3 BbIle, YeM T0 2-My BapHaHTy; IO
2-My BapHWaHTy BBIJEJSETCS N HKCILIyaTAIlMOHHBIX OOBEKTOB, KaK-
JIbIii W3 KOTOPBIX COCTOUT W3 OJHOTO He(MTSAHOTO Tmacta u N,
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He(MTSIHBIX CJOEB, a aMIUIUTYAHBIH Ae6UT OKasbIBaeTcs B N pas
HUXKe, 4eM 1o 1-My Bapuanry.

Ilo 1-my BapumanTy pacyeTHas TOCJOHHAsA HEOJHOPOJTHOCTD
paBHA

2

\VAE) P L \VE R S
V,

V2 1) =0 gl

nCJ'[

YcnoBue parnuoHaJbHOCTH 1-TO BapuaHTa TpEACTaBJISIETCS CJie-
JIyTOIIM 00Pa30oM:

+1 V2l

-1

2
-0,586- J(V2 +1)- V;
\Y/

(V2 +D-1 -0,586- J (V2 +1) -

+1 —+1
n-n

n- qé.e e > qg).e [

IIOCJIE€ COKpalleHnAa O/JJMHaKOBbIX YJIEHOB B JIEBOH 1 HpaBOfI qJacTAax
HEPABCHCTBa MOJYy4Ya€TCsA

2 2
20586240t a2 0586 (V2 e et
§ vz ; s

3 3

+1 +1

n-e n-ng, >e Nea ,

nocJie Jorapu@MUPOBaHUS JIEBOH M TIPaBOil yacTeil HepaBeHCTBA U
HEKOTOPBIX aJre6pamdecKnux IpeoOpa3oBaHNil IOJIydaeTcs

2 V2+1 2 2 V2+1

Inn-0,586- (V2 + 1) —2——- (V] + 1> -0,586 - (V2 + 1) —=——;
1 Y

n-n n. +1

cJI CcJI

{n\./j +1)-]nn

cJr

V2 ~(1-i)
.lon L >Vr12!['

(\/32 + 1)'(VC%I +1) 0,586 \/32 +Ney
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HIpumep
a0xO%lsh %t11sA:
VvV’ =20, V2 =0,16; n = 4; n_, = 4.

CJI

Byzem onpeaensith rpaHuuHylo BeaumunHy V.’ — HeOJIHOPOIHOC-

TN COBOKYITHOCTHU He(bTHHbIX IJIaCTOB 110 CpE€AHUM 3HAUYEHUAM HUX
YACJIbHBIX KOE)(I)(l)I/IHI/IeHTOB IIPOAYKTUBHOCTHU CKBasKMH — MaKCHU-
MaJIbHYIO JOIIYCTHUMYIO BE€JUYUHY IIpU Oé’be]lI/IHeHI/II/I I1J1aCTOB

[ 2

Vs +1\ 2. 1
L”'” J v (1-1

2 _ o ._Inn n/ _

1 -

= —
(\/32 +1)- (Vc%'[ +1) 0,586 \/32 +Ney

(2 ) 2.1 1)
L4'4 J In4 L 4}
= . - =0,515.
Q2+1D-(0,16+1) 0,586 2+4

Bennunna Takoit HeEOMHOPOAHOCTH OObENUHSIEMBIX HEDTAHBIX
IJIACTOB OmpezesseTcs nocyaenyiomeii popmy.e:

r[2n = (HQ)CP -1
(ncp)2

B wactHocTH, Ipu ogMHAaKOBOW 3 deKkTUBHON TOJMIMHE HedTs-
HBIX IJTACTOB ¥ CJIEAYIONIEM COOTHOIIECHWM WX CPEAHUX KO3aPhu-
IIIEHTOB IIPOJYKTUBHOCTI

Nz, = 1:2:3:4
3Ta HEOJAHOPOJAHOCTb PaBHA

2,2, 2. 2 202 a2 2
V2 = (m+n2+n3+n4)2_1=4‘(1 +27+3 +§ ) _1=02,
My +My+M3+my) (1+2+3+4)

4TO 3HAYUTEJNBHO MEHbINE TpaHwuHoii Beamuwubl V2 = 0,515 wu,
3HAUUT, 06beJUHEeHNEe HEePTSIHBIX IMJACTOB B OAUH OOUIMIl JKCILTya-
TAI[MOHHBI OOBEKT PAIMOHATIHHO.

[IpuBenenHbIit TTpUMepP OJM3KO COOTBETCTBYET PEAJLHBIM YCJO-
BUSIM KOHKDETHOTO He(MTSHOTO MecTOpokaeHus. MoKHO NpPUBECTH
MHOTO [JIpYTMX HPUMEPOB [IJII MHOTUX [JIPYTHUX MeCTOPOKJIeHUN.
Baxno, uto Bompoc o6beautenus uau HeoGbeAuHeHUsT HePTIHBIX
IJIACTOB MOXKHO pellaTh He MO MHTYUIMH, & PACYETHBIM ITyTEM.

[Tockonbky cpaBHeHHEe 3()P(OEKTUBHOCTH MHOTOIJIACTOBOTO U Of-
HOTLJIACTOBBIX OOBEKTOB JIeJA€TCSI B pacueTe Ha OJHY MPOEKTHYIO
CKBa)KMHY, TO TapaMeTpbl OJHOIJIACTOBBIX OOBEKTOB ITPUXOIUTCS
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ocpenusaTb. M ocpeaHenus OKa3bIBAIOTCSI BAXKHBIMU 3BEHBbSIMEH 00-
nrero peienus. BooG6iie-To MOXXHO He OCpenHsTb, HO TOr/A pelie-
HUsT 6yIyT OYeHb TPOMO3JIKIMHU, OHU TMOTEPSIOT HarasagaHoctb. [Ipu-
YeM CyTb peIleHWil OT 3TOTO He M3MEHUTCS.

BaxkxHO TOMYEpKHYTb, UTO CaMU peIIeHNs PaccMaTPUBAEMOTo
BOIIPOCa B TaKOH KOMIIAKTHOH (popMe CTalIm BO3MOKHBI OJaromaps
MPUMEHEHUIO aJreOpbl HEOJHOPOJAHOCTEH — 3Toro 3¢¢dEeKTUBHOTO
PACYeTHOr0 MEeTO/[a, BIIOJIHE KOPPEKTHOIO C MATEMATHYECKOW TOYKH
3peHus, y>Ke MHOTOKPATHO WCIIOJb30BAHHOTO IIPU DENIeHUH IIPO-
6sleM TEOpHH W TIPOEKTUPOBAHWM CHUCTEM pPa3paboTKH HeTSIHBIX
MecTopokaenuii. Heo6XoauMo OTMETUTH, 4TO GJjarojiaps MpuMeHe-
HIIO anre6pbl HEOJHOPOAHOCTEHl TOXKe B KOMIIAKTHOH aHATHTHYEC-
Kol opme ObLIN MOJYYEHBI PENeHNs] MHOTUX CJIOKHBIX MPoJjeM
pa3paboTKu HePTAHBIX MECTOPOXKIAEHUN, TAKUX KAaK: [POEKTHPOBA-
HUe W36MPATeSbHOTO 3aBOJHEHHS HE(MTIHBIX IJIACTOB, IUKJIIMYEC-
KOTO W TIOJMMEPHOTO 3aBOJHEHWs, 3aBOJHEHUS C (DPOHTAIbHON
OTOpOYKOI Ta3za, depeayonieiicss 3aKauKky BOJBI U HeGOJBIION YacTh
JOOBITON BBICOKOBSI3KOH He(TH, 3aKAUKH TEIJIOHOCHUTEJS B ILJIACTHI
BBICOKOBSI3KOH HedTH, OypeHWUs TOPU30HTAJbHBIX CKBAXXUH U MHO-
TUX JPYTUX.

O6wuii 6v1600

Hedranbple muacTsl mpejaraetcss KiaacCH(UINPOBATh MO Cpeji-
HEMy 3HAUEHUIO KO03((UIMeHTa NPOIYKTUBHOCTH CKBUKHMHBI. Cy-
LIIECTBYET OTPOMHOE pasHoo6pasue HePTAHBIX IJIACTOB, pPa3jnya-
IOIUXCS TI0 cpefiHeMy K03(hUINEHTY MPOIYKTUBHOCTH B JECSITKH,
COTHH W Jaxke TohIcsuu pa3. CylecTBYIOT HedTSHBIE IJIACTBI YJIbT-
PaHMU3KOH MPOAYKTUBHOCTH, KOTOPBIE, €CJN UX He OODbeAWHSTH, TO
BOOOIIe HeTb3sT pa3pabaTblBaTh W3-32 IKOHOMHUYECKON HepeHTa-
6enpHOCTH. CyIIecTBYIOT HeTSAHBIE IJIACTBI, KOTOpPbIE 3KOHOMUYE-
CKM peHTabebHO pas3pabarbiBaTh KaK MPU OObEIWNHEHWU, TaK W
6e3 o0beIMHEHNS; ¥ TOTJA HAMO UCKATb PAIMOHAJbHbIE BapPUAHTHI
BBIJIEJIEHIST 9KCILTYaTallMOHHBIX 00BeKTOB. CyIIecTBYIOT HeTsSHBbIE
IJIACTBI TOBBIMIEHHOH W BBICOKOH ITIPOAYKTUBHOCTH, IO KOTOPBIM
HEJIb3s1 BOCIIOTb30BATBHCSI TJABHBIM 3(PpPeKToM 0ObeAMHEHNs — Io-
BBIMIEHNEM ITPOU3BOIUTETHbHOCTH CKBAXKUH.

Bomnipoc o6benunenust uian HeoObeauHeHUsT HEDTSIHBIX IJACTOB
HA/I0 pellaTb He ITI0 WHTYUIUW, a4 PACYEeTHBIM IIyTeM; [JIs 3TOrO
IpelJIo’keH HeoOXOMUMBIN pAacUeTHBIN MeTox, 6Ga3upyromuiics Ha
MCHOJb30BAaHNH anre6pbl HeoxHOpoaHOocTell. llpoBemeHHbIe pacue-
TBI TTOKA3aJM, YTO B OOJDBIIMHCTBE PACCMOTPEHHBIX CJIy4YaeB MpH
MOHMIKEHHOM IPOJAYKTUBHOCTH IJIACTOB OO0beJUHEHNE HeMTSIHbIX
IJIACTOB SIBJISETCS PAIMOHAJBHBIM.
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2.4. YUYET IPEPBIBUCTOCTU HE®TIHBIX IIJIACTOB
" ABAPUIMTHOCTU CKBAKHUH
IIPU OFbEMHEHUU IIJIACTOB

Hecmomps na ceou Kpaiine Mmaivie pasmepv. d3mom pasoe
3ampazusdaem oueHb BAXNHYIO NPOOIeMYy: 00veduHeHUe HEeCKOb-
KUX HePmMAHLLX NAACMO8 8 IKCNAYAMAUUOHHBLU 006eKMm 8 YCA0-
BUAX paxmuueckol 3aMemHou U CYueCmeeHHoU Aagapulinocmi,
Kozda obvedunenue 3HAUUMENLHO YGeaUdUSAEM dASAPUTUHOCNL U
mem camvim cozdaem yzpo3y nomepu wacmu 3anacoe negpmu. Ho
amo npoucxodum npu omcymcmeuu OYOAUPOSANUSL ABAPUUNDLY
(evruedwux u3 cmpos us-3a asapuu) cxkeaxun. A ecau ocyuie-
cmeasemcs Oybaupoganue, mo Kpome CAY4aeé Kpaine 6blCOKOU
aABaAPUIHOCIU COXPAHACMCS. A6HOE NPEeUMYULecmeo 00sedurHenus
nAACMO8. MO NPEUMYUEeCcmMEo OONOIHUMEALHO YCUNUGACMNCS U3-
OupamenvHocmolo 0YyoUPOGAHUS, M.e. YUemOM YxKe 00HAPYKeH-
HO20 2€0J102UUeCK020 CMPOCHUS HePMAHVIX NAACTOG.

Ho, necomnenno, nado yayuwams mexHoiozuio Oypenus u oc-
BOCHUSL CKBAXUH U NPUMEHAMb makKue memoovl 00pabomku npu-
3a00UHOU 30HbL He(hMAHBIX NAACMO8, KOMOpvie 001a0aom MuHu-
MALLHOU A8aAPUIIHOCMbIO.

Bbicokast aBapHifHOCTb CKBasKHH MPOTHBOPEYUT 0O'beHHEHHIO
HECKOJIbKMX He(TAHBIX IJACTOB B OOIUIl 3KCILIyaTallMOHHbIH
o0bexT. Be3 ny6impoBanusi BbIOBIBIIMX CKBAXKHH 10 MHOTOILIAC-
TOBBIM OO0DBEKTaM BO3MOKHbI 3HAYHTEJbHbIE MOTEPH 3aNacoB
Hepru. OxHako npu OypeHHH CKBaKHH-Ay0JIEPOB COXpaHsIETCS
3HAYUTEJbHOE MPEUMYNIECTBO MHOTOIJIACTOBBIX O00BEKTOB.

IIpu wHanuuuu mo miacraM 0OJBINOH 0JH HENPOAYKTHBHBIX H
KpaiiHe HHU3KO NPOAYKTHBHBIX 30H O0beAUHEHHE ILIACTOB B 06-
Wi 9KCIUTyaTalHOHHbI 00beKT 0c00eHHO 3D deKTHBHO.

Yoxe pasBesaHHble MHOTOYMCJIEHHbBIE MaJIONPO/YKTHBHBIE MHO-
TOTJIACTOBBIE MECTOPOXK/ICHHUA COJep:KaT 3HAYNTEJbHBbIE MO BEJIH-
ypHe 3amacpl Hedtun. C IeIbI0 OCYNIECTBJICHNUS 3SKOHOMHYECKH
peHTabebHOTO 0TOOpa 3THUX 3alacoB IPUXOANTCS HedTSHBbIE ILIa-
CTBI OOBEAWHSITL B 3KCIJIyaTallMOHHBIE 0O0BeKThbl. IIpm  ocyiecTs-
JleHUH OObe/MHEeHNsT HeTAHbIX IJIACTOB HEOOXO/IMMO YUYUTBHIBATDH
BCe 3aMETHO BJIMAIOIINE II0JIOKUTEIbHBIE W OTpPUIATEJbHbIE (aK-
topbl. OfHUM n3 Takux (aAKTOPOB SABJIAETCS KadecTBO OypeHus
CKBKMH M OCBOEGHHUSA HE(MTAHBIX IJIACTOB, JOIyCKAeMbIIl MPH 3TOM
6pak. Bmosme JsormuHO, yeM 6oJIbIlle IJTACTOB B OOIIEM 3KCILIyaTa-
IIMOHHOM O06BEKTe, TeM 3HAaUWTeJbHee JOJST CKBAKUH, NMOTEPSIHHBIX
u3-3a aBapuil. MaJonpoAyKTUBHBIE KapOOHATHbIe HedTSIHbIE ILIaC-
Tbl, YaCTOE W He Bcerjla 000CHOBAHHOE WU pallMOHAJIbHOE IIPOBejie-
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HIE COJITHOKMCJOTHBIX 06pa6oTOK KapOOHATHBIX IJACTOB IIJIIOC
BBICOKOBSI3Kasl He(Th YBEJIMUNBAIOT aBAapUHHOCTb CKBaKWH. Jlo-
THYHO BCTaeT BOINPOC: IPHU KAaKOW aBapHIlHOCTH CKBa’KUH OKa3bIBa-
eTcss GecCMBbICJIEHHBIM U BPEAHBIM OObe/uHeHue MHOTUX HedTs-
HBIX TIJIACTOB B OJWH OOIIHIT 9KCIJIyaTaIMOHHBIH 06BEKT?

[Ipu mocraTouno GoJbIIOH aBapuiiHOCTH TpPH 06bEeIUHEHUN
MHOTHX He(TSIHBIX IIJACTOB B OJUH SKCILJIYaTallHOHHBIX OOBEKT
pPesKo, MOXKHO CKa3aTb, KaTaCTPOMUUECKN YBEJIWUMBACTCS UUCJIO
CKBQ)KWMH, BBINIEANNX U3 CTPOS U3-3a aBapuil; sTo MOXeT Hapy-
IIMTh CaMy CHUCTeMY Pa3paGOTKU MECTOPOXK/IEHUS, B3aUMOJENCTBIE
JNOO6BIBAIOIINX M HATHETATEJTbHBIX CKBaXKUH. IIpu aTOM [M0JIsT BbI-
NaBIIMX U3 Pa3pabOTKN M3BJEKAEMBIX 3alacoB He(dTH OKa3bIBaeT-
csl TIpUMEPHO paBHOH [oJie BBIOBIBIINX W3-3a aBapHil CKBa’kWH
MPOEKTHOHN CETKU, NMOCKOJbKY BO3HHKAET XAOTHUECKOE Pa3peKeHUe
MPOEKTHOI CeTKU. ITO OOCTOATENBCTBO MOXKET ObITb OYEHb CepPb-
€3HbIM, eci pa3bypuBaHue MECTOPONKIEHUS OCYIIEeCTBJISIETCS Ofl-
HOKPaTHO, 6e3 TIOBTOPHOTO OypeHUsT HOBBIX CKBaXXUH-AY6JIEepPOB
BMECTO aBapHUIHO BBIOBIBIIUX CKBAKWH.

ABapuiiHoctb ckBakuH (10/11 BBIOBIBIIMX W3-3a aBapuii CKBa-
JKUH) TIPDH BBIZEJTECHUHN OHOMJIACTOBBIX IKCILIyaTAllMOHHBIX OObEK-
TOB 0603HAYNM @; Torja Koa(P(UINEHT HAJEKHOCTH CUCTEMBI pas-
pa6orkn (HAZEKHOCTH CUCTEMbBI JAOGBIBAIONINX W HATCHETATEJbHBIX
ckBasknH) Gymer 8 = 1—a. COOTBETCTBEHHO TIPU BBIAEJIEHUN MHO-
TOIJIACTOBBIX JKCILIYaTAI[MOHHBIX OOBEKTOB, KaXKABIH M3 KOTOPBIX
COCTOUT W3 N HePTAHBIX TJIaCTOB, KO3(PPUIMEHT HaJEeKHOC-

TH CHCTEMBI OKasbIBaeTcs pasubiM O, = (1 — @)", a unrterpa/b-
Hasl aBapuUUHOCTb CKBa)KUH OKasblBaeTcsl paBHoil @, =1 —9, =1 —
-1 -a

Kousb ckopo cucrema pa3paGoTKH BbIJEJEHHBIX 39KCILIyaTallu-
OHHBIX OOBEKTOB, TeM 60Jiee MHOTOILIACTOBBIX OOBEKTOB, 06JagaeT
aBapHUITHOCTHIO M Jla)Ke 3HAYMTEJbHOH aBapUUHOCTHIO, TO HEOOXO-
JIIMO TIPEeJOTBPATHUTH IMOTEPIO U3BJEKAEMBIX 3amacoB HedTH. ITO
MOKHO cjeath OypeHueM CKBaKUH-IyOJEepOB BMECTO aBapUNHO
BBIOBIBIIUX CKBaKUH. IIpu aToM mnpowusoiifer yBesundeHnue OOIIETO
YUCJa CKBAKWH MO CPABHEHUIO C YHCJOM CKBAKUH IO MPOEKTHOMN
CETKE BO CTOJIbKO Pa3:

T _ 1 _ 1
1—61,7 1_(1_611) (1—61)”.

TOFZIa npun ycCJjJOBUHA OZII/IHaKOBOfI IIJIOTHOCTHU CE€TKM CKBaXWH
oémee YNCJIO CKBaXNH 6y,ZICT IpAMO IIPOIMOPIIMOHAJIBHO!

TIpyu BbIACJECHUN 7 OJHOIJIACTOBBIX IJKCIJIYaTallMOHHBIX 00b-
€KTOB
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1
1-a’

MpU  BBIJEJEHUH OJHOTO MHOTOILIACTOBOTO 9KCILIyaTAI[MOHHOTO
00beKTa, COCTOLAIEro U3 7 IJ1aCTOB,
1
a-a"

C YY€TOM I9TOrO IIpU BBIAECJEHUN MHOTOIIJIACTOBOI'O o6beKTa 00-
iee 4ncJjo CKBaKUH YMEHDBIIAECTCA BO CTOJIbKO pas3:

V.= (-a) =0~ )",
1-a

I/IHTepeCHO y(ZTaHOBI/ITb, Korjia mnmpm KaKOfI aBapI/IIL/,IHOCTI/I BbI/lEe-
JIEHWe MHOTOIJIACTOBBIX OODBEKTOB HE JaeT MOJOXKUTEJLHOTO 3h-
dexra? Korma xoadduiment v, paben 1?

v.=n-01-a)"" <1

%

az=1- 11 ;
n(n—1)
Novnnnn. 2 3 4 5 6
A.oonnnn. 0,5 0,42 0,37 0,33 0,3

Kpome nedexToB, cO3/laHHBIX 4YEJTOBEKOM Npu OYypEHUM M 3KC-
IUTyaTallul CKBAXXWH, ecThb AedeKTbl, co3jaHHble Ipupopoil. Tak,
110 OJ{HOILIACTOBBIM HKCILIYATAIIMOHHBIM OO0DBEKTAM KaKasi-TO 4acTb
npo6ypeHHBbIX 6e3 edeKTOB CKBAaXKWH TOMAIaeT B 30HBI OTCYTCT-
BUA I1JIACTAa-KOJIJIEKTOpa HWJIM B 30HDBI IlJlaCTa C OYE€Hb HU3KHUMHU
KOJUJIEKTOPCKUMU CBOWCTBAMM, U 3TU CKBA)KUHBI He OyIyT 9KCILIY-
aTHpOBaTh, JM6O TOTOMY YTO OHH BoOOIIe He gaoT HedTb, JH60
JlafoT, HO O4YeHb MaJo, U WX HeJb3sd IKOHOMHYECKH peHTa6eIbHO
IKCIIyaTUpOBaTh. HOHHTHO, 4YTO IIpU BbLJAEJIEHNN MHOI'OIIJIACTOBbIX
00BEKTOB YKAa3aHHBIN [MeeKT MOTHOCTBbI0O WM B 3HAUYUTETHHON
Mepe yCTpaHseTcs.

Ecnu obmiast mosist HEMPOAYKTUBHBIX OT IIPUPOJbI U cj1abo Ipo-
JQYKTUBHBIX 3KOHOMHYECKN HEPEHTA0eJbHBIX CKBKUH MO O/HOILIA-
CTOBOMY 9KCILIyaTallMOHHOMY OOBEKTy paBHa A, TO MO MHOTOILIAC-
TOBOMY OODBEKTY, COCTOSIIIEMY W3 7 IJAacTOB, 3Ta [0S paBHA
(naxxe menbie) A”. [109TOMYy O MHOTOIJIACTOBOMY 3KCILIyaTaI[H-
OHHOMY OOBEKTY /10JIs1 PEHTA0eJbHO PAGOTAIONINX CKBAKHH 6O0JIbIIe

X 1- A"
BO CTOJIBKO pa3: Vv,, = -
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Tabauya 2.7

Bq)d)eKTl/IBHOCTb BBI/ICJICHUSI MHOTOILTACTOBBIX IKCILTyaTallHOHHBIX 00BEKTOB V B 3aBHCHMOCTH
OT N — YucJa NJacToB, a — aBapP[ﬁ]-IOCTH CKBa’XMH U A — 10m HENMPOAYKTUBHBIX CKBa*KUH

OGiee yBenndeHne 3(hQGEKTUBHOCTH CKBAKUH 110 BAPUAHTY

YMenblenue n
1-A
Yuco OOGiiee 9ICa0 CKBAKIH OOIIEro YMCIa|  onoro 06beKTa v = V.oV, = v, IIpH 33/aHHDBIX
miaac- | ABapuitHOCTh CKBa)XKUH TI0 1ZA
TOB CKBayKUH d BapHaHTy 3HAYEHMSIX JIOJIN HEPEHTAOEIbHBIX CKBAXKUH A
n 10 BapUaHTy | 110 BaphaHTy OJTHOTO
7 OJHOILIAC- | OZHOTO 0ObEK- | O6bEKTa Vv, A=0,1 A=0,2 A=0,3 A=0,4
TOBBIX 00BEK- Ta U3 N
TOB MJIaCTOB
2 v,, = 1,1 v,, = 1,2 v,, = 1,3 v,, = 1,4
0,1 222 123 1,8 1,98 2,16 2,34 2,52
0,2 250 156 1,6 1,76 1,92 2,08 2,24
0,3 286 204 1,4 1,54 1,68 1,82 1,96
0,4 333 278 1,2 1,32 1,44 1,56 1,68
0,5 400 400 1,0 1,10 1,20 1,30 1,40
3 v,, = 1,11 v,, = 1,24 v,, = 1,39 v,, = 1,56
0,1 333 137 2,43 2,70 3,01 3,38 3,79
0,2 375 195 1,92 2,13 2,38 2,67 3,00
0,3 429 292 1,47 1,63 1,82 2,04 2,29
0,4 500 463 1,08 1,20 1,34 1,50 1,68
0,5 600 800 0,75 0,83 0,93 1,04 1,17




ITpodonsxenue maba. 2.7

OoGuee yBenndeHne 3(G@PEKTUBHOCTH CKBAXKUH 110 BApUAHTY

YMenbuienue 1= A"
Yucso . O6uiee 4nCIO CKBaXUH o61ero uucia| OAHOTO OOBEKTA V=1V, ' V,, = V, - pY 3alaHHBIX
mrac- | ABapHIHOCTD CKBKUH IO 1-A
TOB CKBOXHUH a BapUaHTy 3HAUEHUAX JOJU HePeHTAGeNbHBIX CKBAXKHH A
n 110 BApUAHTY | 110 BapHaHTY OJTHOTO
7 OAHOILIAC- | OAHOTO 0ODBEK- | 06beKTa Vv, A=0,1 A=0,2 A=0,3 A=0,4
TOBBIX OObEK- Ta U3 N
TOB MJIaCTOB
4 v,, = 1,111 v,, = 1,248 v,, = 1,417 v,, = 1,624
0,1 444 152 2,92 3,24 3,64 4,14 4,74
0,2 500 244 2,05 2,28 2,56 2,90 3,33
0,3 571 416 1,37 1,52 1,71 1,94 2,22
0,4 667 772 0,86 0,96 1,07 1,22 1,40
0,5 800 1600 0,50 0,56 0,62 0,71 0,81

- Hea(bq)eKTI/IBHOCTb BbIJeJeHNUA MHOI'OIIJIACTOBBIX 06BEKTOB.




UtoroBopiii moKasaTesb OTHOCUTENbHONW 3((EKTUBHOCTH CKBa-
SKUH [IPU BbIJIEJIEHUN MHOTOILIACTOBOTO 3KCILJIYaTallMOHHOTO OGbeK-
Ta Oyner

n

1-A

v=v, v, =n1-a)"": )
1-A

PesynbTaTtbl pacuetoB 3¢(eKTUBHOCTH BBII€JE€HUS MHOTOILIAC-
TOBBIX 9KCILIYATAIMOHHBIX O0BEKTOB (B 3aBUCHMOCTH OT 7 — YHC-
Ja 06beINHSIEMBIX TIJIACTOB, @ — aBapPWIHOCTH CKBaXXUH W A — 1o-
JIM 30H HEKOJUIEKTOPA M HKOHOMHYECKH HEPEHTAGEeTbHOTO KOJLIEeK-
Topa) TmpeacraBjaeHbl B Tabma. 2.7. [las ymo6cTBa paccMaTpUBAICS
YYaCTOK, COJAEPSKAIIHil 110 OJHOMY IKCILTyaTAIIMOHHOMY OGBEKTY 110
npoekTHOi cetke 100 ckBaskuH.

Bs,0%

1. Ilpu BbIJIeSIEHUH MHOTOILJIACTOBBIX OOGBEKTOB 006s13aTETbHO Ha-
[0 YUYUTBIBATh: d — aBapUMHOCTb CKBAXUH W A — J0JIO HEIpPOIyK-
TUBHBIX CKBAKUH MPUMEHUTENBHO K OJHOIJIACTOBBIM OGBEKTAM.

Ha paspa6arbiBaeMbIx He(TIHBIX MECTOPOXK/IEHUSAX 3TU BEJH-
uuHbl IpuMepHO paBHbl: @ = 0,10 (3T0 He TPOTHBOPEYHUT TOMY, YTO
npu oObeUHEHUN TpPeX IJIACTOB B OAWH OOHmUI OGBEKT obIias
aBapmitHOCTh mocturaer ds = 0,27) m A = 0,3.

2. Ilpm 3aMeTHOHM W 3HAYNTEJBHOU aBAPUHHOCTH CKBAXUH OOS-
3aTeJIbHO HA/O OCYIIECTBJATh OypeHue CKBaXKUH-Iy6JepOB.

[Ipu ycnoBum ay6aMpoBaHMS ABAPUNHO BBIOBIBIINX CKBAKIH,
HECOMHEHHO, CKa3bIBAeTCS TIPEUMYIIECTBO BbIIEJEHUS MHOTOILIAC-
TOBBIX 00DbeKTOB. lIpuueM addeKTHBHOCTD BBIJAETEHUST TaKUX O00D-
extoB (npu daktuyecknx ¢ = 0,10 m A = 0,3) maxke TPEBOCXOAUT
Ty, KOTOpas pacCuuThiBaeTcs 6e3 ydeTa aBapUHHOCTH W HETPOIYK-
TUBHOCTU CKBAKUH.

2.5. VYET OTPAHUYEHHOI JOJTOBEYHOCTH
CKBAKIIH

ABapuiiHoe BbBIOBITHE CKBAXKUH, (HAKTUUECKU ITTPOUCXOJSIIee
npu paspaboTke HePTSIHBIX MECTOPOKIEHMI, 006s3aTeJbHO HAJI0
VUHUTBIBATD TIPW ITTPOEKTUPOBAHMUU WX pa3paboOTKu, TIPU BbIGOpE
PaIOHAJbHOH CHCTEMBI Pa3paboOTKU.

[To TeM wam WHBIM OOBEKTUBHBIM M CYODEKTHBHBIM IMPUYMHAM,
ObIBaeT, IIPOEKTUPYIOT HU3KUE TeMIbl O0TOGOpA M3BJEKAEMBIX 3alia-
coB HedTH B TpelesaxX y:Ke padObypeHHOH IKCILTyaTHpyeMOil 4acTu
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HeTAHBIX MECTOPOXKIEHUN, HO MPU ITOM HE YUUTHIBAIOT (DaKTHU-
YecKoe OrpaHMYeHHOe BpPEeMs CYIIeCTBOBAHUS CKBAXKUH — WX Orpa-
HUYEHHYIO [0JTOBEYHOCTb, COOTBETCTBEHHO XAOTHYECKHUI XapakTep
aBapuiTHOTO BBIOBITUSI CKBAXKUH MO TLJIOMIAAN HE(MTIHBIX MECTOPOK-
JIEHUN.

[Ipu HU3KOM TeMmIile OTOOpPa W3BJEKAEMBIX 3amacoB HedTH, Ha-
mpumep 0,01 w1 % B rox, cpenHee Bpemsi 106brun HedTu Oymer

oueHb OOJIBIIMM, HATIPUMED ﬁ = 100 ser, a Bce BpeMs or6opa

U3BJIEKAEMBIX 3amacoB HedTu Oymer B 2—3 pasda 6OJIbIIE, COOTBET-
creeduo 200—300 Jser. Be3 kakux-sm60 0COOBIX LOKA3aTEJIbCTB II0-
HSTHO, YTO TaK JOJTO MPOCYIIEeCTBOBATh CKBaXKUHBI He MoryT. Crie-
IMAJTHHO TIPOBE/IEHHBIE M0 Py KPYIMHBIX HE(DTSIHBIX MECTOPOKIe-
HUW WCCJeOBAHUSA TOKA3aJM, YTO CpeJHee BpeMs CyIleCTBOBAHUS
CKBKHMHBI [0 HEOOXOAMMOCTH IIEPBOTO KANUTAJIBHOIO PEMOHTA CO-
craBasier 30 Jer. Ilocse mepBOro KamuTaJabHOTO PEMOHTA YaCTO
MOJIyJaeTcss  CKBAKUHA-WHBAJU, TOTEPSIBIIAS  IIPOMBIILIEHHYIO
IIEHHOCTh — TIOTEPSBIIAS JKOHOMUYECKW pPeHTa6eJ bHbIH 1e6uT
HedTH, KOTOPYIO BBITOJHEE JUKBUINPOBATH, Ye€M HKCILIyaTHPOBATD,
a BMecTO Hee TPOGYPUTH HOBYIO CKBaxuuy-xy6aep. 3a 100—
200 mer upumercss 3—5 pa3 u 6ojee MPOAYyOJUPOBATD CKBAMKUHBI
MPOEKTHOI CETKH, COOTBETCTBEHHO B 3—5 Pa3 yBEJIHYUTH IO CPaB-
HEHWIO C TePBOHAYAJbHBIMH KalHUTaJbHBIE 3aTPAThl B Pa3paboTKy
HePTSIHBIX MECTOPOKAeHuil. K coskajeHuio, ToKa OYeHb YacTo Mpu
MPOEKTUPOBAHNYN Pa3paboTKN HEe(PTIHBIX MECTOPOXKIECHUN OTMe-
yeHHOE 06CTOATENHCTBO (OrpaHUYEHHYIO JOJTOBEYHOCTD CKBAKUH W
HeoOXOMMOCTD TIPU HU3KOM TeMmile OT6opa 3alacoB HEOIHOKPATHO
Ay6IUpPOBaTh CKBa)KUHbI) HE YUUTHIBAIOT.

OpmHako, ecau Takoe HEOJAHOKpaTHOoe Ay6aupoBaHUE (HaKTHUECKU
BBIOBIBITUX CKBAXKUH HE OCYHIECTBJISTH, TO MPOUCXOJUT XAaOTHYeC-
KOe paspeskeHne CeTKH [JOODLIBAIOINX W HArHeTaTeJIbHBIX CKBa-
SKMH — TIPOUCXOJMT Pa3pylIeHWe CHUCTEMbl Pa3paboOTKH MECTOPOK-
JleHus, 4To 06s13aTeIbHO TIPUBOJMUT K HOTEPe 3HAYUTEJbHON 4YacTH
MOTEHINATbHO M3BJEKAEMBIX 3aMacoB He(TH.

OpHOit W3 NPUYMH  OTpaHMYEHHOIT  josroBedHoCcTH  (OKOJIO
30 smer) B Hamedl cTpaHe SBJISETCS TPAAUIMOHHOE NPHMEHEHWE B
HePTIHBIX CKBUKMHAX J-AIONMOBBIX OOCAHBIX 3KCILIYyaTAITMOHHBIX
KOJIOHH BMECTO He0OXO0uMbIX 6—7-moiiMoBbIX. Hukakoil peanbHON
9KOHOMUM KAIMTAJbHBIX 3aTPAT IMpPUMEHEHHE S-AI0MMOBBIX KOJOHH
BMeCTO 6-1I0MOBBIX He faeT (yMeHbIeHHe HaYaJbHBIX KallUTallb-
HBIX 3aTPaT BCEro Ha 2 % NPH O/JHOBPEMEHHOM YMEHbBIIEHUU Ha-
YaJIbHOW NMPOU3BOAUTENBHOCTH Ha 2 %) NPU PE3KOM yMEHbUIEHUH
HAJIEKHOCTH W JIOJITOBEYHOCTH CKBAKUH WM BCEH CUCTEMBI pa3pa-
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6orku. Tak, pu MoTepe TePMETUYHOCTU B HECKOJBKUX MECTaX B
S-ITOWMOBOI KOJIOHHE HEJb3s1 MOMECTUTb HOBYIO 3KCILIyaTallOH-
HYIO KOJIOHHY, 3alleMEHTHUPOBATb €€, BHYTPb Hee CIYCTUTb 3KC-
MJIyaTaluOHHbie TPYOKW W MPOJOJIKATH HOPMAJBHYIO JKCILIyaTa-
Mo B TeueHue caeayiomero cpoka (20-30 ser); a B 6-a10iMOBOM,
TeM 6oJiee B 7-IIOWMOBOH 3KCIJIYyaTAIlMOHHON KOJIOHHE 3TO MOKHO
CIeJaTh.

Jlpyroii npuunnoil peskoro cHmxenus gosaroseynoctu (¢ 30 ser
10 10—-20 seT) 3HAYUTEJBHONH YacTH CKBAaXKHH, 9KCIJIYaTUPYIOIINX
BBICOKOIIPO/IyKTUBHbBIE HEe(TSIHbIE TLIACTBI, MOKET ObITh NpPUMEHE-
HUE€ CJUIIKOM TYCTON CETKH CKBa)KWH, BO3HUKHOBEHWE OTPOMHON
U30bITOYHON  TPOU3BOJAUTENBHOCTH U BO3MOXKHOCTH B TeUYeHUE
MHOTHX JieT OGecIedynBaTh IJIAHOBYIO A00biay HedTH HEOOIbINO
4acThl0 TPOOYPEHHBIX CKBAXKUH M COOTBETCTBEHHO (BpemeHHas )
HEHYKHOCTb OCTAJIbHOW OOJIBIION YaCTH CKBAKUH, HEIOCTATOUHOE
BHUMAaHNE K TEKYIIEMY W KallMTaJbHOMY PEMOHTY 3THX CKBA)KWH, a
B MTOre — HUX IIPEXK/EBPEMEHHOE aBapUITHOE BbIOBITHE.

[lanee HeOOXOAUMO OCTAHOBUThL BHUMAHWE HA AHAJTUTHYECKOM
y4yeTe OrpaHUYeHHOH [IOJTOBEYHOCTH CKBAKMH. Takoil yd4er J0Jro-
BEUHOCTH OCYIIECTBJISIETCSI B IIPUMEHsSeMOl Halllell MeToaHuKe IIPO-
eKTUPOBAaHUS Pa3pabOTKN He(PTSIHBIX MECTOPOKICHUII.

BBenem caenyiomue 0003HAYEHMS: PACCMATPUBAEMBIH TEKYIINI
MoMeHT BpeMenn (OTCUeT BpeMeHHM OT Hadaja Iporecca) 0603Ha-
ynM ¢, rogbl (JIeT); CpesHIon AOJITOBEYHOCT CKBAYKMHBI 0003HAYNM
T,, roapt (srer); texkymuii ne6ut HedpTu paccMarpuBaeMoi HeTA-
Hoit 3anexkn (Mau AOCTATOUHO GOJBIIOHN COBOKYITHOCTH COBMECTHO
pa6oTaomux A00bIBAOIMX M HAarHETATEJbHbIX CKBa)XKMH) 0603Ha-
4uM ¢, T,/TOA; aMILINTYAHbIH (HayaJbHBIH MaKCHMaJbHBIA) 3TOM
ske HepraHON 3anesxku (COBOKYNMHOCTM CKBakuH) Gymer ¢,, T,/ TO.
¥ HavaJbHbIE M3BJEKaeMble 3amachl HedTH 3anexu — Qy, T; ny U
n — HayaJbHOE W TeKylllee YUCJI0 paboTaiomux CcKBaxkuH; Ky —
cymmapubplit or6op uedbtu u F — pacyeTHbIii cymMMapHbIii 0TGOp
SKMJIKOCTH 32 BpeMsT pa3paGoTKu HeTSHON 3ajexu B JOJSIX ee
MOJIBVDKHBIX 3a11acoB HedTH.

Bynem paccmarpuBath (UKCHPOBAHHBIE YCJOBUS pPaszpabOTKu
HeTAHOW 3aJeku, Korja Bce A00bIBAOIINE W HarHeTaTeJbHbIe
CKBa)KMHBI B HAYaJ bHBIF MOMeHT BpeMeHH t = (0 ObLIN OJHOBpE-
MEHHO BBe/IeHbI B paboTy 1 3aTeM paboTaju C MOCTOSIHHBIM 3a60ii-
HBIM faBjenueM (go6bIBaloONIME CKBAXKMHBI C 3a00HHBIM JaBJEHUEM
P_,, KOTOpOE PaBHO WJIU BBIIIE JaBJEHUS HACBINEHUS HEMDTH TazoM
P, = P,,; HarHeTaTeJ bHbIe CKBAXXUHBI ¢ 3a60WHBIM /1aBjeHUEM P,
KOTOpOE HIDKE [aBJIeHNs THApopaspbiBa miaacta P, < P..); kax-
Jast qoObIBafoIass cTabuabHO paboTaeT [0 JOCTHKEHUS 3aJaHHON
npeebHO 0OBOJAHEHHOCTH JKU/KOCTHU, IMOCJE Yero ee BBIKJII0YaioT
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u3 paboThl; Takxke CTaGUJIbHO PAaBGOTAIOT HATHETATEJbHbIE, KOTOPbIE
BBIKJTIOYAIOT U3 PAGOTHI I0CJE BLIKIIOUEHUST X J0ObIBaonmnX. [Ipu
sroM (mpu cTabuIbHON pasHoCTH 3a60iiHbIX AaBieHuil P, — P, =
= const) auHamuka [00brun HedTH paccMaTpuBaeMoil HeTIHOI
3aJIe5KM 3aBUCHUT TOJBKO OT 30HAJIbHOI HeoaHopogaHocTn (HaGJI0-
JAIOIIENCS MEKY CKBAKMHAMEM W WX HKCIIYaTHPYEMBIMH 30HAMU)
1 mocJaoiHoi Heomnopoguoctu (Habmogalomelicsa M0 CKBaKUHAM U
B Tpejesiax UX 30H) HeTAHBIX IJIACTOB; MOKa Ge3 yuyera OrpaHu-
YEHHOIT  JI0JITOBEYHOCTH CKBaxkKMH (Ipeanosiaras JI0JTOBEYHOCTD
CKBaKHH HEOIPAHWYEHHO GOJIBINON), XaOTHYECKOTO MX BBIGBITHS 1
HEOJIHOPOJTHOCTU CKBAKUH TI0 CJIYYHBINENCS TPOAOKUTENLHOCTH
paboThI.

[Ipu takux (GUKCUPOBAHHBIX YCJIOBUIX Pa3paboTKu HedTSIHON
3ajnexxku ee n1e6uT HedTU ¢ B MOMEHT BpPEMEHU ¢ IIPe/CTABJISIETCS
caenyionieir popMyJIoii:

Lo,
q=qye ” ;
ee TeKylee Yucjao pabOoTANNX CKBAKWH IpeAcTaBsgeTcs (hopmy-
Joit

G, Ky
n=ngye Qo 2
B atux ycaoBusx ¢dopmysia uncjga BBIOBIBITUX CKBAJKWH, BbI-
MOJHUBIINX CBOIO TEXHOJOTUYECKYIO 3a/1ady [0 OCHOBHOMY 3KC-
IJIyaTallMOHHOMY OODBEKTY, KOTOPble MOXKHO KCIIOJIb30BaTh ISt
pa3paboTKU [IPYroro BHIMIEJEKAIET0 BO3BPATHOTO 3IKCILIYaTAIHOH-
HOTO 00BEKTa, MUMeeT CJeTyIONIIi BII:

_qi.t,K3

An = no—n=n0-L1—e & 2FJ.

[Ipu y4ere orpaHnyeHHOH [OJTOBEYHOCTH CKBaXWH T, J0JS CO-
XpaHeHusl Tekyuero jge6ura HedTH W TEKyIero 4ucja paboraio-
IIUX CKBAKWH IPEJCTaBJgeTCs caenyiomieii popmy.ioii:

'ri‘t
o=e

C yueroM 3TO#l [0/iM MOJydYaloTcss (POPMYJIbI TEKYIEro ae6uta
HeTH W TEKyIlero 4mcsiaa paboTaloNMX CKBAXUH paccMaTpHBae-
Moii HedTsiHOM 3asexn (OCHOBHOrO 9KCILJIyaTaliOHHOrO 0GBEKTa)

Q0 a1 (4, 0 )
q=qy-¢€ 2 0=, e o, TJ=C/0'€ o Mz,
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b, K (G, K, t) _ G0, [Ks, Q)

e @ 2F‘0,=n0'e Lo, " 2r ZJ=n0,e o, or qe'ﬂ-);

n=ng

Ipn 3TOM 4YMCJIO BbI6bIBH_H/IX n3 paéOTbI CKBaXUH (HO OCHOBHOMY
o6bexTy) Gyaer

[ (K, 00
no—n=n0'L1—e o o ) J

’

HO YUCJIO CKBaXKWUH, TIPUTOMHBIX IS TaJTbHEHIIETO MCIOJb30BAHUS
(na mepeBosa Ha BO3BpATHBIA 06BEKT), GyJeT ropas[o MeHbIIe,
MMOCKOJIbKY M3 OOIIEro BBIOBITHS CKBAXKUH HAJAO0 UCKJIIOYATDL aBa-
puiiHoe BbIOBITHE, JI0JII KOTOPOTO paBHA

N3, <0
2:F qoT,

C YYeTOM 3TOTO YHWCJA CKBAXKWH, TTPUTOMAHBIX /I aJbHEUIEero ¥c-
nosb3oBanus (18 epeBoa Ha BO3BPATHBIN 00BEKT), Gyer

A A L
An0= 1_q0—TC Ny 1-e Q 2F  qyT;
Ky . Qo
2-F qO'TC

( _‘LU.[/.(&+ Q \\
o, ot gm)

1
=—o o W 1-e
140

qy'T. K3

[l moHMMaHusS CyTH Tpollecca BBOJA B Pa3pabOTKy BO3BpaT-
HOTO JKCILIyaTal[MOHHOrO OODbEKTa 3a CueT OCBOOOIUBIIMXCS CKBa-
SKUH OCHOBHOTO 3KCILIYaTal[MOHHOTO O6beKTa HeoOXOAUMO PacCMO-
TPEeTb Pe3yJbTaThbl PACYETOB /IS 4aCTO HAGJIOJAIONIUXCS YCJIOBHI,
KOT/la pacueTHas A0JsI He(pTH B CYMMapHOM OTOOpe SKUAKOCTH paB-

K.
Ha —2=0,5. B atux pacuerax ObLIM HCIOJb30BAHBI (POPMYJIBI OT-

HOCHUTEJBHOTO Jle6uTa HedTH TI0 OCHOBHOMY OOBEKTY

o f g D)
q _ o ")

qo

=e
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u dopMyaa M0MU CKBAKUH OCHOBHOTO OODBEKTa, MAOCTYIHBIX [IJist
IepeBo/la HA BO3BPATHBIA OOGDBEKT

[ _a (1,01

ﬂ= 1 - Qy k‘i f]n'Tr)
oo Q0 y
qO-Tc

Pacuersl o atuMm dopmysiaM ObLIW BBITIOJHEHBI /IS HECKOJIb-
KUX 3HAYCHUHW [OJTOBEYHOCTH CKBAXKWH 1., HAYAJIBHOTO TOIOBOTO

TeMna or6opa M3BJIEKAEMbIX 3amacoB HedTH Qi

0
paboTKu t; pe3yJibTaThl PACUeTOB IIPeJCTaBJeHbl B Taba. 2.8.

U BpeMeHHW pas-

Tabruua 2.8
3HayeHusi OTHOCUTEJIBHOTO /Je6uTta HepTH 0 OCHOBHOMY 3KCILIYATALHOHHOMY

06’beKTy U A0JI1 CKBaKUH, NJOCTYIIHBIX [JI N€PEeBOJa Ha BOSBpaTHBlI‘/'I

@/Ano
9o 1

JKCILTyaTAIIMOHHbIA 0GBEKT

t, ron G0/ Qg 1/TO0
(ner) 0,01 0,03 ] 0,10 \ 0,30
T. = o jer
10 0,9048 /0,0247 0,7408 /0,0723 0,3679,/0,2212 0,0498 70,5276
30 0,7408 /70,0723 0,4066,/0,2015 0,0498 /0,5276 0,0001 70,6667
100 0,3679,/0,2212 0,0498 70,5276 0,00005,70,9179 | 0,0000,/0,9994
T.= 50 ner
10 0,7408 /70,0224 0,6065,/0,0656 0,3012,70,2013 0,0408 ,/0,4842
30 0,4066 ,/0,0545 0,2231,/0,1532 0,0273,/0,4116 0,0001,/0,7438
100 0,0498 70,0994 0,0067 /0,2553 0,0000,0,5494 0,0000,/0,7894
T, =30 ner
10 0,6486,0,0210 0,5310,/0,0616 0,2637 /0,1894 0,0357 /0,4580
30 0,2728 /70,0460 0,1497 /0,1297 0,0183,/0,3541 0,00005,/0,6655
100 0,0132,/0,0678 0,0018 /70,1806 0,0000,0,4273 0,0000,0,6923

be3 my6supoBanust aBapuilHO BBIOBIBIIMX CKBAJKUH ITPe/€JbHAs
JI0JIs1  WCIIOJIb30BAHMUS IIOTEHIIMAJIbHO BO3MOKHBIX HU3BJIEKAEMBbIX
3amacoB HedTH paBHA

Ap= o
14—0
q0°Te
IpeaejibHad  O0JiA  IIepeBoga CKBaXUH OCHOBHOTO IKCILTya-

TAI[MOHHOTO OOBEKTA HA BO3BPATHBIN JKCILJIYyATAIIMOHHBIH OODBEKT
paBHa
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1
An= Q )
1+ 0 2F
qoT. K3

2F
B paCcCMaTpUBa€MbIX KOHKPETHBIX YCJIOBUAX IIpU K_ =4
3

qo°T.

PesyabraThl pacueToB 10 mocjaeanuM GopMyJsaM IIPUBEIEHBI B
Ttaba. 2.9.

Tabauya 2.9

3HaveHnst J0JM TNOTEHIUAJIbHBIX M3BJEKAEMBIX 3amacoB HeTH
H 0N TepeBoja CKBaXKHH Ha BO3BPATHBIH OKCILIYaTAIMOHHBIH 06BEKT A /A,

T, Ton qy/ Qy, 1/TON

(ner) 0,01 0,03 0,10 0,30
o 1,0,/1,0 1,0,/1,0 1,0,/1,0 1,0,/1,0
100 1,350/0.20 0,7500/0.4286 | 0,9091/0.7143 | 0,9677/0.8824
50 | 0,3333/01111 | 0,60,0,3727 | 0.8333/0.5556 | 0.9375/0.7895
30 | 0.2308/0.0698 | 0,4737,0,1837 | 0,750,0,4286 |  0,90,/0,6923
20 | 0.1667/0.0476 | 0.3750/0.1304 | 0,6667,/0,3333 | 0.8571,0,60

AHanu3 pe3yJbTaToOB, TPEICTABJIEHHBIX B TaOJUIAX, TTOKA3bIBa-
€T, YTO TMPU HHU3KOM TOJOBOM TeMIle OTOOpa M3BJEKAEMBIX 3aracoB
HeTH M0 OCHOBHOMY 3KCILTyaTalioHHOMY 06bekty (Menbie 3 % B
o/, gsO,OBL) HeJIb3s TIJIAHUPOBATh TOCJEAYIONee HCIO0Jb30-

0 TOZ
BaHWEe CKBAXMUH 3TOTO OOBEKTAa JMJsI Pa3pabOTKM BBINIEJEKAINX
MAaJIOTPOAYKTUBHBIX HE(MTSIHBIX TJIACTOB, BBIAEJSS 3TU ILJIACTBI B
BO3BPATHBIN 9KCILJIyaTAllMOHHBIH 0OBEKT, JUO0 BO3BPAT OKa3biBa-
eTCs TPAKTUYECKH HEBO3MOKHBIM.

AHanu3 pe3yJsbTaTOB TaKKe TTOKA3bIBAET, YTO IS JOCTHKCHUS
YVIOBJETBOPUTEJIBbHON HedTeoTHaun TJIACTOB HEOOXOAUMO 3Ha-
YUTEJbHOE YBEeJUYEHUE J[IOJTOBEYHOCTH CKBAJKMH WJIM HEOJHOKDAT-
HOe AyO6JMpPOBaHUE aBAPUIHO BBIOBIBITUX CKBAXKUH.

OnuuM u3 3(PPEKTUBHBIX CPEACTB YBEJTMYEHUS J[OJTOBEYHOCTU
CKBaKWH SBJISIETCS TPUMeHeHWe 6—7-TIoiMOBBIX OOCA/IHBIX JKCILIY-
ATAI[MOHHBIX KOJIOHH BMECTO TPAAMIIMOHHO MPUMEHSEMBIX B Hamrei
CTpaHe 5-II0MOBBIX KOJIOHH.

[pyrum ad@deKTUBHBIM CPENCTBOM YBEJIHMUYEHUS [[OJTOBEYHOCTU
CKBAKUH SIBJISIETCS TTOCTOSTHHAS ONITUMU3AIUS UX PEKUMOB pabOThI,
HEJIONYIIeHNEe HEONTUMAJbHBIX KPAalHUX aBapUWHBIX PEKUMOB.
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HO, HaBEpPHOE, CaMbIM TJIaBHbIM CPE€ACTBOM YBEJAUWYECHUA [OOJTO-
BE€UYHOCTH CKBaXMH 6y/1€T IIOBbIIIEHNE KadeCTBa UX 6ypeHI/IH n oc-
BOEHUA.

HpI/I 3alIpPOEKTUPOBAHHOM TO/IOBOM TEMIIE 0T60pa N3BJEKa€MbIX

3amacoB HedTH g

0
paboOTbI CKBaKUHBI PABHO

TEXHOJOTHYECKN HEOOXOIUMOE Cpe/lHee BpeMsi

Qy 2F
Tcp =0 -
q0 Kz

[Ipu daxTrueckoit cpeaHeil [OATOBEYHOCTH CKBaXXUHBI T, o6liee
YHCJIO0 CKBAJKHMH, KOTOPOe Tpuiaercss mpoOyputb Ha HedTsIHON 3a-
saexu, 6yner GOJblle 72, — YUCJIA CKBAXKUH 10 IIPOEKTHOIl CeTKe He
MeHee, 4eM BO CTOJIbKO pas'

v =lo _ Qo . 2F
n
T, qo-T. K3

Ho 4T0o6b1 paguKaibHO YMEHBITUTH OGypeHue CKBasKWH-IyOJIEPOB,
9TOOBI KOI(PPUINEHT V, CTAT PAaBHBIM eAMHHIE, (DAKTHUECKAsT J0J-
rOBEYHOCTb CKBAKHMH JIOJUKHA ObITh paBHA

7, = Q.2
q0 Kz

HalpuMep, B KOHKPETHBIX PACCMOTPEHHBIX YCJOBUSAX OJIKHA OBITH
paBHa

npu

! Tlo namemy MueHuio, uMeHHO (AKTHYECKOI OrpaHUYEHHON J0JTOBEYHOCTHIO
CKBOXMH B COYETAHNM C HEBBICOKUM M CPEHUM TOJOBBIM TEMIIOM OTOOPA M3BJIEKA-
eMbIX 3alacoB HedTH MOXKHO OGBSICHUTH TOT (akr, 4ro 3HayutTenpHoe (B 2-3 pa-
3a) CrylleHHE MPOEKTHOIN CETKH CKBAXKWH, HPOM3BEIECHHOE 110 MHOTUM XOPOILIO
pa3pabaTbIBaeMbIM HEePTSIHBIM MECTOPOKJECHHUSAM, He JaJ0 3aMETHOTO YBEJNYCHUS
HedreoTnaun 1maactoB. Ilo aTHM MecTOpOXIEHHSM AONOJIHUTENbHO IIPOOYpEeHHbIE
CKBXXMHDI (PAaKTHYECKU BBIOJHHUIN POJb CKBAXHUH-Ay6JIepOB; OHM 3aMEHUJIH Iie-
pecrasume 3(pdexTHBHO paboTaTh paHee NMPOOYPEHHbIE CKBAXHUHBI. IIpmMepHo Tax
npousonino mo Pomamkunckomy nedranomy mectopoxzaenuio B Tarapuu. ITo stomy
MECTOPO’K/IEHHIO OTHOCHUTEJIbHO HEBBICOKHIl TOJOBOI TeMI 0T6Opa M3BJIEKAEMbIX
3ammacoB Hedr (0K0JIO 5 % B TO/) OGDBSCHSETCS OTHOCHTENBHO HEBBICOKOH IMPO-
AYKTHBHOCTBIO [IEBOHCKHX He(TsHbIX uiacto (kotopas npumepHo B 10 pas Huke
MIPOLYKTUBHOCT! OCHOBHBIX HE(MTSAHBIX ILJIACTOB M3BeCTHOro CaMOTIIOPCKOIO Mec-
TOPOXK/EHHSI) U TPEXPSAHOCTBIO-MHOTOPSITHOCTBIO — Pas3MeEIeHNst  JOGBIBAIOIIHX
CKBasKMH.
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G -001 L T,=400 ner;
O rox

npu

G010 L T.=40 ger

0 rof

WM TIPU 33JaHHOH (DaKTHIeCKOH /O0JTOBEYHOCTH CKBXKUH T, 0J-
JKeH OBbITb COOTBETCTBYIONIUI TOMOBOW TeMIl 0T60pa WM3BJIEKAEMbBIX
3amacoB HedTH

90 2F

Qy Ky T,

c

B KOHKPETHDbIX PaCCMATPUBAEMbIX YCJOBUAX

G 4,
Qo TC
npu
T,=30 mer  10-01333 -L;
Qo oz
npu

T, = 50 zer G0 -0,08 L,
)

0 roa

Ecm ne yAaeTcsa AOCTUTHYTDb HeOéXOlH/IMI)IX IIOBbBIIIEHHDBIX M
BbICOKHX BE€JHMYMH TIO/J0BOIo TEMIIa 0T60pa N3BJIEKAEMbIX 3allaCOB

HedTH g U JOJTOBEYHOCTH CKBaXUH T, TO HAJ0 MPOEKTHUPOBATD
o

6yp6HI/I€ CKBa)KHH-IIyﬁ]IepOB, JUIA HY€ro €KerogHo IMpOu3BOJAUTH HeE-

o6XoanMble aMOPTH3alMOHHbIE oTuncaenns (B pasmepe Ti-SK, rze
C

T. — MOJATOBEYHOCTH CKBaKWHBI, 3, — KaIlMTaJbHbIe 3aTpaTbl Ha

CTPOUTEIBCTBO CKBAXUH TPOEKTHOW CETKHW, YHMCJO KOTOPBIX PaBHO

7,) U HAKAILIMBATh MX B HAJEKHBIX GaHKaX.

B sakJjiouenue HAJ0 cAenath CAeAYIOIIUE 8bl800bL!

1. Tlpu mnpoextupoBanuu pPas3paboTKU HePTIHBIX MECTOPOXK-
JleHu#l 00s13aTeJIbHO HAJI0 OIEHWBATh M YUYUTBIBATh aBAapUHHOE BbI-
ObITHE U CPEIHIOI0 JOJITOBEYHOCTh CKBAKUH.

2. Opuum u3 Haubojiee BaKHBIX TEXHUUYECKUX CPEJICTB IO

YMEHDbIIECHUTO 06H_[I/IX IKOHOMUYECKUX 3aTparT, IO YMEHbIIECHUIO Ka-
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MUTAJbHBIX 3aTPAT 32 c4YeT OOOCHOBAHHOTO yMeHbleHus OypeHus
CKBaKUH-yOJIE€POB U YBEJUMUEHUIO He(TEOTAUN IIJIACTOB SIBJISIETCS
paIoHATbHOE yBEJIUYEHHE TOJOBOTO TeMIa OTGOpa M3BJIEKAEMBIX
3amacoB HedTH.

2.6. KOIrJA OBbEJJMUHEHUE IIJIACTOB
BJIATOIIPUATHO BO BCEX OTHOIIEHUAX

OO6bIuHO cuuTaeTcs, 4To 0ObeAMHEHHE HePTAHBIX ILIACTOB B
oJluH OOIUIl HKCILIYyaTAIIMOHHBIHI OOBEKT MMEET ILTIOChI U MUHYCHI.
Xopolo, 4To yBEJIMYNUBAETCS aMILINTYAHbIA (HayaJbHbBIA MaKCcH-
MaJIbHbBIIT) ge6ur HedTH [A06BIBalOMMX CKBakKMH. Ho 110X0, 4TO
yYBeJMUNBAETCSI HEPAaBHOMEPHOCTh BBITECHEHHS HedTH 3aKaunBae-
MOt BOAOH B [10OBIBAIOMINE CKBAKWHBI M HPH JOCTIDKEHUH 3aJaH-
HOWl KOHEe4YHOIl HeTeoTJaun IJACTOB 3a CYET yBeJWYeHHs 0T6Opa
BO/IbI 3aMETHO WJIM 3HAYUTEJbHO YBEJUYMBAETCS CYMMApHBII 0TGOD
skugkoctu. [lomydaercs, 4To mpu yBeTMYEHUN aMILUIHTYIHOTO ae6u-
Ta CKBOKHWH 3aMETHO WJIM 3HAYUTENbHO YMEHBINAETCS CPEeIHSs [0-
g HepTH B CyMMapHOM OTGOpE KUJIKOCTH WM COOTBETCTBEHHO B
nebute KUAKOCTH. lIpomsBeneHne aMIIMTYAHOTO AeOUTa HA Cpe.-
HIOIO joJi0 HedTH gaer cpenHuil ge6utr HedTH JOOBIBAIOIINX
CKB)KMH. PalnoHaJbHBIMU CUUTAIOTCS TaKue TEXHUYECKHe MepOo-
OPUATHS, B YaCTHOCTHU, TaKue OObeIuHEHUS He(MTIHBIX IIJACTOB B
IKCILTyaTAI[MOHHBIE OOBEKTHI, KOTOPbIE YBEJIWYMBAIOT CpEIHUI [e-
6uT HedTH, KOTOpble O0GECIeYMBAIOT MaKCHMyM CpeIHEro ne6uTa.
Taxkum 06pasoM, YyUNTBIBAIOTCS ILJIOCHI M MUHYCBHI M OTBICKHBAETCS
WX paIlMOHATbHOE COYETAHMWE.

O/HaKO BCTpPEYAIOTCA CUTYallK, Korja oObeanHeHne HeTIHBIX
NJIACTOB B OJWH OOIIMI SKCILIYyaTAIIMOHHBIH OGBEKT 6JIAronpusiTHO
BO BCEX OTHOIIEHUSX: HE TOJBbKO YBEJMUYNBAET AMILIUTYAHBIN me-
6ut HeTH, HO OMHOBPEMEHHO yMEHLINAeT HEPAaBHOMEPHOCTDH BBI-
TeCHEeHUsT HeTH 3aKaumBaeMoil BOJO.

Bynem paccMmarpuBaTh cHTyaluioo, KOTJa K OCHOBHOMY Hed-
TSHOMY ILJIACTY WJIM 39KCILIyaTallMOHHOMY OGBEKTY [106aBJIsIeTCs
MeHee 3HAUMTEJbHBIIH TIIacT.

OcHoBHOII HedTAHOI TIacT (9KCIIyaTAIMOHHDBIH OGBEKT) KO-
JIMYECTBEHHO XapaKTepU3yeTca: CpejHell MpOHHIaeMOCTbIo R,
a(pdexTuBHON TOMMUHONW /i U HEPABHOMEPHOCTHIO BBITECHEHUS
Hedtn — KBajgpaToM K0a(ddUIMEHTa BapUalllu V2. Jlo6aBiseMblit
-l HeTAHON IJIACT TOXE KOJUYECTBEHHO XapaKTepu3yeTcs:
cpefHeil TPOHUIIAEMOCTBIO R;,, cpeaHeil addekTuBHON TOMIUHON

icp?

h; 1 HepAaBHOMEPHOCTBIO BBITECHEHUS He(PTH — KBaJIpaToM Ko3a(p-
durnmenTta Bapuaruu V32,
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Taxum o006pa3oM, paccMaTpHBAaeTCsl CHUTyalusi, KOI/la Hepas-
HOMEPHOCTb BbITECHEHUS 110 OCHOBHOMY ILJIACTY 6OJIbHIe, yeM II0
JBYM ILJIacTaM BMecTe. IJTO YCJOBHE U OIpejiesieHre HepaBHOMEp-
HOCTH! IO JIBYM IlJIacTaM BMECTe IIPE/CTaBJseTcs caeayomeil dhop-
MYJIOM:

1+V?) ll+1h.‘ (1+V2)(kcp)'l”(“Viz)(kzx-p)z~hi]
+ > i _
é'(k ek h)?
(e " 1 liep i
1

VD) A= D) + A+ V) A

icp
[y (= ) + by -]

_ A+VHU-N+UA+VH)x-A
(A-A+x-A)? .

2
Orciofa ToJy4aercs :

1+V
Ha4daJIbHbIM OéOSHa‘IeHI/IHM

2
>(1—A)-(i—1), BO3BpalaeMcs K

2
vEvE oo (ke ) '
1+V2  hth; Lkicp J

IIpu atom
22 ( \2
Vo=V k.
(V2-VD>0; V2>V 1s———lsz 2=t g1
14V h=h, kkicp )
B ta6a. 2.10 nmpuBeneM 3HAYEHUs z A PA3JUUHBIX 3HAUYEHUN
ﬂ kicp
ko ke
Tabruua 2.10
hy 3HaueHus 2z 1pu Zip.
h cp

0,6 0,7 0,8 1,2 1,5 2,0 3,0

0,1 0,404 0,167 0,057 0,025 0,101 0,227 0,404
0,3 0,342 0,141 0,048 0,021 0,085 0,192 0,342
0,5 0,296 0,123 0,042 0,019 0,074 0,167 0,296
0,7 0,261 0,108 0,037 0,016 0,065 0,147 0,261
0,9 0,234 0,097 0,033 0,015 0,058 0,132 0,234

(6}



2 2 . p -
U3 ycaosus % >z caegyer V-1 +V?)-z>V? Tlpn
1+V

V?=11wuz= 0,404 nomxuo 66t V7 < 0,192.

1

Takum 06pa3oM, 371echb ObLIN OIpe/leJieHbl T€ YCJIOBUS, KOTAA JI0-
6aBsienue K mnepBoMy HedTSHOMY ILJIACTY BTOPOro HeTSHOTO ILIa-
CTa TIPUBOAMT K TOMY, UYTO HEPABHOMEDHOCTb BBITECHEHUS HePTHU
3aKauMBaeMOil BOJIOW IO JBYM TJIACTAaM BMECTE€ OKa3bIBAETCS MEHb-
Ire, 4eM 110 TepBoMy HedTsHoMy miacTy. IIpm atoMm 6bplLia0 TOKasa-
HO, YTO HEPaBHOMEPHOCTb BBITECHEHWS HedTu 1Mo BTOpoMy HedTs-
HOMY ILJAacTy [OJKHA OBbIThb MeHbIlle, YeM 110 TIepBOMY He(TsIHOMY
IJIACTY, ¥ HA CKOJIbKO MEHbIIIE.

2.7. PACYET TEXHOJIOTHYECKOI1
1 DKOHOMUYECKOI1 9®®EKTUBHOCTHI
OBBE/IMHEHUS IJIACTOB

20-30 ner Hazazx 6bLI0 BpeMsi 6e3ydepsKHOTO 6e30TISIAHOTO 06D-
envHeHNsT HeTSHBIX TJIACTOB B OOIIHE IKCILIyaTalluOHHbIE OGBEK-
TBI ¢ 00mieil ceTKON MO6BIBAOIMMX W HaTHETATEJIbHBIX CKBAJKHUH.
Torma Ha MHOTOILTIACTOBBIX HE(DTSIHBIX MECTOPOKIEHUSX BBIIEJISAIIH
MUHUMAJbHOE YUCJIO JKCILIyaTaluOHHBIX 00bekToB. C ruapoanHa-
MHYECKOI TOYKM 3PEHUs] BIIOJIHE TOHSITHO, YTO BCSIKOE YKPYITHEHHE
SKCILTyaTallMOHHBIX 00beKTOB (yBeamdyeHue 4mc/ia HeTAHBIX ILIa-
CTOB) NPHMBOJAUT K YBEJIMYEHMIO HAYAJbHOTO MaKCHMAJbHOTO
(ammmuryanoro) me6ura Hedtn Ha ckBaxuHy. OJHAKO NMPH 5TOM
MIPOUCXOIUT YBEJUYEHUE CJIOKHOCTH OODBEKTOB, yBeJIUUYEHUE He-
DABHOMEPHOCTU  BBITeCHeHUsSI HeMTH  BBITECHSIONIUM  areHTOM
(06BbIUHO 3aKAUMBAEMOIi BOJIOII) M COOTBETCTBEHHO CHUIKEHUE J0JIU
Hebtn B cymmapHoM orGope KHIKOCTH. I[Ipu HeparnoHaJbHOM
o6benHEeHNN He(MPTAHBIX IJ1aCTOB CHUIKEHHE [J0Ju HedTH B CyM-
MapHOM OTOOpPE JKHIKOCTH IIPEBOCXOJWT HAYaJbHOE yBEJNYEeHUE
aMILIUTYTHOTO Je6uTa HeTH HA CKBaxXuHy. Torna cpemHwil maeOuT
HedTH HA CKBOXUHY MPU MHOTUX HE(PTSHBIX ILJIACTaX OKA3bIBAeT-
Cs1 MeHbIIle, YeM IIPU HEMHOTHX ¥ €[MHUYHBIX HePTSIHBIX IJACTAX.

Kak cpesctBo TPOTUBOCTOSIHUST GE3rPaHUYHOMY YKPYITHEHUIO
AKCILTyaTAIMOHHBIX OGBEKTOB HAMH B TO BpeMsi ObLI MPEIJI0KEH
TEXHOJIOTHYECKUiT Kputepuii 3(hHeKTUBHOCTH.

Ho 10—20 set Ha3ag cuTyanus KOPEHHBIM 00pa3oM M3MEHWUJIACD,
U BO3HMKJIO MAaCCOBOe [BIDKEHHE 32 PAa3yKPYIHEHHe JKCILTyaTalu-
OHHBIX OODBEKTOB, 3a BBbIJIEJIEHUE B OKCILIyaTAIIMOHHBIE OOGBEKTHI
HEMHOTUX U JaKe eIMHUYHBIX HeTSIHBIX I[JACTOB, HeB3Wpas Ha
BO3HUKAIONUE TEXHOJOTHYECKHE M dKOHOMHYECKUE MPOOJIEMBI.
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OnHako B Halle BpeMs HeJb3sl ObITb 3aBEJOMO 32 WJIU IIPOTHUB
YKPYITHEHUST 9KCILIyaTAIIMOHHBIX OGBEKTOB; KAXKBI pa3 10 KaxkK-
JIOMY MHOTOILJIACTOBOMY MECTOPOXKJEHWIO HAJ0 IIPOBOJUTH PACUETHI
U HA OCHOBE TIOJYYEHHBIX Pe3yJbTATOB IPUHUMATDL peEIeHHeE.

K stomy MOkHO 106aBUTH, YTO TaKWe pacyeThbl MO CaMOl CBOei
CYyTH JOBOJBLHO CJIOKHBI, MOCKOJBbKY Ba’KHEHIIMM TApaMETPOM SIB-
JISETCS  Pe3yJbTUPYIOIAs HEPABHOMEPHOCTh  (HEOAHOPOIHOCTD)
BbITeCHEHUST He(PTU B J0OBIBAIOIINE CKBAMKUHDI.

Kaxk ussectno [8 (c. 112)], uMeercss TeXHOJOTMYECKHH KpHU-
Tepuil 3(PHEKTUBHOCTH TPOBEAEHUS TE€X WJIU WHBIX TEXHUYECKUX
MEPOTIPUATHIl TIpu pa3pabotke HedTIHOTO MecToposkaeHus. Ilo
3TOMY KPUTEPHUIO TPOBEJCHWE PACCMATPUBAEMOTO TEXHUUYECKOTO
MepOnpuATUsi cuntaercs 3(Gp@PeKTUBHbIM, ecau 3a BpeMs pas3pabor-
KU MEeCTOPOXKIEHUsI, IMPU YCJOBUM OO6I3aTeJbHOrO 0b6ecredeHust
YTBEPKIEHHON KOHEUYHOI HedTeoTAaun NJIACTOB, JOCTHTAETCS yBe-
JMYeHne cpefHero ne6urta HePTH HA NPOGYPEHHYIO CKBAXKUHY.

[TonsiTHO, YTO yCTaHOBJEHHAS 1O TEXHOJOTUYECKOMY KPHUTEPHUIO
3P HEKTUBHOCTD TEXHUYECKOTO MEPOTPUSTUS 3aTeM IOJUKHA TOJI-
TBEPIKJATbCS /I€TAJbHBIMU pacueTaMy UHAMUKHU TEXHOJOTHYECKUX
U 9KOHOMHUYECKHUX IOKa3aTeJel.

Nmenno Ttakoii mopsimok o6ocHoBaHUS 3hGEKTUBHOCTH 06be-
JUHEeHNs HeMTIHBIX IIJIACTOB B OAWH OONIMI 9KCILIyaTAITMOHHBIH
OODBEKT TIPUBOJMTCS 3/IECh.

Bynem paccMarpuBaTh OTAENBbHYIO TJIOMAAh HeMTIHOTO Mec-
TOPOXK/ICHUS, B IIpeesaX KOTOPOH MOBCEMECTHO HaxomsaTcss 4 Hed-
TSHBIX TLTACTA.

Bynem paccMarpuBaTh cienyioiiie 3 BapUaHTa BbBIJAEJEHUS IKC-
MIyaTalMOHHBIX OOBEKTOB.

BapuwanT 1. Boigenstorcs 4 sKCIIyaTalluOHHBIX 06bekTa. CKo-
JBKO He(PTIHBIX TIJIACTOB, CTOJBKO OO0BEeKTOB. KaXabrii 00BEKT
UMeeT CBOI0 CAMOCTOSITENbHYIO CETKY JO0ObIBAIONUX W HarHeTa-
TEJbHBIX CKBAKIH.

Bapuant 2. Boipensiorcss 2 aKcITyaTalimoHHBIX o6bekta. Kask-
JIbIiT 06BEKT COCTOUT U3 2 HeTIHBIX IJIACTOB.

Bapuwant 3. Bbimesnsercs 1 arcryaTallMoHHBIH 0O0BeKT. Bcee
4 HeTAHBIX myIacta OObeAWHEHBI B OJAWH OOMNH 3KCIIyaTAIIOH-
HbIT OOBEKT.

Paau mpoctoTsl Bce OODBEKTbI MMEIOT OJUHAKOBBIE CETKH J00bI-
BAIOIINX M HATHETATEJbHBIX CKBAKMH C OJMHAKOBOI TJIOMIAJbI0 Ha
CKBKHMHY, C OJMHAKOBOW CXeMOM IMJIOMaHOro 3aBoaHeHus (¢ omu-
HAaKOBBIM COOTHOIIIEHUEM JIOOBIBAIOIINX W HArHETaTeJbHBIX CKBa-
KWUH), C OAMHAKOBOI Pa3HOCTBIO 3a00MHBIX JaBJIEHUII HarHeTa-
TEJbHBIX U OOBIBAIONIUX CKBAYKWH.

Pagu mpocrorpl mpuHUMaeM, 4TO y BceX HeDTSIHBIX IJIACTOB
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OJIMHAKOBasl BBICOKOBsI3Kasl He(Th U OAMHAKOBBIA Ko3(uuueHt
passiuunsa (uU3nYeCKUX CBONCTB HeMTH U BBITECHSIONIETO areHTa,
paBHbIi pw, = 21.

Pacyer OCHOBHBIX TEXHOJIOTMYECKUX IIapAMETPOB II0 BapuaHTaM
1, 2 m 3 1MOYTH MOJHOCTBIO IpejcTaBiaeH B taba. 2.11.

Ha paccmarpuBaemoii HeTSHON TJIOMAAN 4YeTbipe HeTIHBIX
IJIacTa OJIMHAKOBOM TOJIIWMHBI PA3JUYAIOTCS 110 CPe/HEl MpOoHuIa-
emoctu. CoOTHOIIEHNE WX CPEJHUX IPOHUIAEMOCTEN cJeayloliee:
1:1,8:2,2:3. Paznauune 10 cpeaHeill MPOHUIIAEMOCTH HauboJee TMpo-
HUIIAEMOr0 ¥ HauMeHee IIpoHUIlaeMoro mjactoB B 3 pasa. CoBo-
kynHocTh 3Havenuu 1, 1,8, 2,2 m 3 xapaxrepmuayercsi KBaJpaToM

koadduimenta Bapuamuu V2, = 0,130. Takylo A0NOJHUTEIbHYIO

e
HEO/THOPOJHOCTb HAJ0 YYUTBIBATH MPU OObEIUHEHUN B OJUH OOl
IKCILITYaTAI[MOHHBI OOBEKT 4-X IJIACTOB, PA3JMYHBIX IO CpeaHed
NpOHUIIAeMOCTU. [Ipu BbIeJIeHUN 2-X IKCILIYaTAllHOHHBIX OOBEK-
TOB, KaXIbI 1O 2 TacTa, TaKas IOMOJHUTEJbHAS HEOTHOPO-

sk

MPOHUIAEMOCTH OObEINHSIEMBIX IJIACTOB MM OTKa3e OT O6beanHe-

noctb pasHa V2, = 0,053. IToHATHO, 4TO TIPH OJWHAKOBOI cpeHeil

HHUS TIIACTOB TaKas HeOJZHOPOAHOCTb pasHa myso V.2, = 0,000.
Omnpenenenne Koa(pPUINEHTOB KOPPEKTHPOBKH VvV MJI Hada-
JBHBIX W3BJEKAEMBIX 3allacoB He(PTH W Vv, [JIA pacuyeTHBIX Ha-
JaTbHBIX U3BJEKAEMBIX 3allacOB KUJIKOCTHU:
Ha OcHOBe (DOPMYJIbI [IJIsI TeKylero aebuta Hedtn

q=%'eQO°'L=%-(1—QQ—”)=%‘(1—&)

0 Qpo'v

u (POPMYJIbI /IJiI PACYETHOTO TEKYIIETO Me6UTa KUIAKOCTH

ot ( Qm\_q A Op )

e = e =q0'L1_QF0J_ ’ L1 QFOO'VFJ

I MOMEHTa JOCTuKeHusi A — pacueTHOU TIpeleTbHOU O
areHTa W 3aBeplieHus pa3paboTKu HedTIHOU 3ajiesku MOJTy4aercs

{ 1
q Ty 1-A)-v
(1—A)=_]=—V; Vi =;7
ar 1 1-A-v
VE
Ha OcHOBe (OpMYyJ JJIs HAKOIJIEHHOTO or6opa HedTH H pac-
YETHOI'O HaKOIIJIEHHOTI'O 0T60pa KUAKOCTU U UX HpeOﬁpaBOBaHI/IH
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(1) -l foay et
Lol I Lo I
a 4-M) v F

(A ) aea )
Y ) N SRRy S

mosiygyeHa Heo6xoamMas ¢opMyJsa, pacyeTbl MO KOTOPOI TIpo-
BOJISATCS UTEPAITMOHHBIM TIYTEM,

(B+C-v)
1
(1—A)=(1——) ,
v
FJIeB=1—LI/IC= A —&;
a-A)-F a-A) F

npu 3aJaHHBIX 3HaveHusiX A, K; m F OTbICKMBaeTcs BeJUYMHA
vV, a 3areM olpeJeJdercss BeJIuuyuHa vy 10 (QopmyJe

_(1—A)~v
Ay

B rta6i. 2.11 BHOCATCS BEJMYMHBI V U Vg, 3aTeM BeJMuuHbl Q)=
1 1 1
=Q, K;vu Qry=0, Fv,, 3aTeM BeJUYNHBI TO/IOBBIX TeMIIOB (HH-
TEHCHBHOCTEH) 0T6OPOB M3BJIEKAEMBIX 3a11aCOB He(TH U PACYETHBIX
1 1
q 4
1 . 1 Ip= 1 . 1’
Qo+0,5 g9 Oro+0.5:q9
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2-0}
TaK)Ke  BEJUYUHBI N&:@ uly=

q0

qyunucJjia paéOTaKHHHX CKBa’sKMH.

Tabauya 2.11

Z‘Q}O+O,5~qg)

%

[IJId YpaBHEHUA

PacyeT OCHOBHBIX TEXHOJIOTHYECKHX napaMeTpoOB Npu 061)elll/IHeHl/II/[

Heq)TSIHbIX IJIACTOB B 9KCILTyaTallHOHHbIE 06bEKTBI

BapuaHuTtsl pa3zpaboTKi MHOTOILTACTOBOTO MECTO-
[Tapametpbl POXKACHUA

1 2 3
Uncao 9KCIJIyaTallMOHHbBIX 4 2 1
06BEKTOB
Uucno mjaacToB B 9KCILIyaTa- 1 2 4
IIHOHHOM OOBEKTE 7,
Yucso coeB B 06beKTe 7, 2 4 8
Buyrpucioiinas 30HaJIbHAS 1,4 1,4 1,4
HEOJHOPOJJHOCTD Vﬁ:
P o 1 - 2 2 2

acueT ME}K2CJIOI/IHOI/I HEOTHO Vn; 1 120412 V,;» +1 120778 V;; 1, 1043
poanoctu V5, £+1 Yae 4y Yae g
nt.’! (& ()
BuyTtpucioiiHas  HeojHOPOJI- 0,25 0,25 0,25
HOCTh (HEPaBHOMEPHOCTD)
V2
MesxnacToBasi ~ HEOJHOPOJ- 0,000 0,053 0,130
HOCTb TI0 WX CpeaHeil Tpo-
HUIAEMOCTHU V*Z**
Pacuernas mocioitnas Heoj- 0,769 1,340 1,886
HOPO/HOCTH
Vi=(V2+D)(WV2+D)(V2 +1)-1
K, 0,226 0,146 0,110
K, 0,875 0,778 0,703
AK; =K, - K,, 0,650 0,632 0,593
BecoBasi mpenesnbHas 06BOA- 0,9
HeHHOCTDb A,
Koadppunuent PEENIEIE 21 21 21
(pusmueckux cBOICTB W,
Pacuetnas mpepmenpHas  06- 0,3
BO/IHEHHOCTb A
Koaddumuent  ucrosab3osa- 0,422 0,422 0,422
HUS ~ TIOABIDKHBIX — 3aIacoB
Hept K4
Ormpesesienue pacyeTHOI 0,3 0,437 0,525
npeebHOil  0OGBOIHEHHOCTH
A= 0,422 - K,
KSK - KsH




IIpodonskenue maba. 2.11

BapuanTtbl pa3pabOTKU MHOTOILJIACTOBOTO MeCTO-
[TapameTtpsr POKACHUA
1 2 3
OmnpenesieHne pacyeTHOro Ha- 0,4585 0,5091 0,5522
KOIJIEHHOTO 0T6Opa JKHIKOCTI
B JOJIIX IOJBUIKHBIX 3aIlacOB
F = Ksu - (st - I<3“)'1I1(1 -
-A)
Ompenenenne BecoBOTO Ha- 1,1881 2,2511 3,1482
KOI-JIEHHOTO O0T6Opa KUIKOC-
TH B [J0JAX  TOABUIKHBIX
3amacoB Heptu F, = Ky +
+ (F = Ky)y,
BecoBast nmons HedptH B Ha- 0,3552 0,1875 0,1340
KOIJIEHHOM OTGOpE KUIKOCTH
K
F,
Kpurepuit  pannoHaJbHOCTH 0,9204 <1,6578< 3,0569
M0 pacueTHoil [one HePpTH
n K
jIN FZ
Kpurepuit  parnuonaisbHocTn 0,3552 <0,375< 0,536
10 BecoBOil josne HedTn
K
nll.,'l ._3
F,
Ammutyneiit - nebut nedrtu 1,25 2,5 5,0
Ha MPOOGYPEHHYI0 CKBaXKUHY
{ TBIC. T
b —
rox
[logBmwknpie 3amacel  HedTH 25 50 100
Ha TIPOOYPEHHYIO CKBa)KHHY
Qf[, TBIC. T
v 1,016 1,0857 1,136
Vi 1,023 1,1631 1,337
1 10,719 22,908 47,939
Qo
1 11,726 29,607 73,829
Oro
A1 18,762 23,686 29,532
1 2:Opg
qo
TomoBoit Temn ot6opa u3BJie- 0,1102 0,1035 0,0991
KaeMbIxX 3amacoB Hedtu [
TomoBoit Temn or6opa pacdet- 0,1012 0,0810 0,0665
HBIX W3BJEKAEMbBIX 3aIllacoB
sKuAKoCTH [ f
lFomoBoit TeMnm  wWcUepmaHUs 0,0529 0,0413 0,0333
3araca CKBaKHHO-JIeT paboTbl
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IIpodonskenue maba. 2.11

BapuaHTbl paspabOTKH MHOTOILJIACTOBOIO MECTO-

[TapameTtpsr POXKIEHUA
1 2 3
Vpasuenue 106brun HedTH G = 0,1102x q® =0,1035x | g =0,0991x
_1( Eq(ﬂ) x(1o,719-ng“ - x(22,908-ng) x(47,939-nff) -
t-1 . t-1 . t-1 .
0] ) 0]
-Eq') _qu) -EQ’)
i= =1 i=
yf;;““e“”e “06(:‘*“ TOIOCTIL | i = 0,1012¢ | g = 0,0810x | gff = 0,0655x
ar2=q" +(qr’ - q") u, ( ( o ( o
( 1 X 11,7260 - | x129,607-n - | x73829-7 -
IO D =S gD k L L
—FLOFO 21%} ) . »
= t- (=1 . 1.
) 0] )
—Eqﬁ) —Ef/F) —Ec/F)
i=1 i=1 i=1
YpaBuenue IeiCTBYIONIETO n¥ =0,0519x n” = 0,0413x n® = 0,0333x
qyucJia CKBaXUH ( ( (
( IR xL18,762~ng> xL23,686 P - XL29,532'nf,“ -
® =Iy .LNU n® _ Eq(z)J
=1 ) =) o
-2 X =24
i=1 i=1 i=1
IJKOHOMHYECKHE BEJIHYUHDI:
BBIpYYKa B t-M TOLy
Ceq™ = 150-g oIC. $;

C

TBIC. T;

KalluTaJbHbIE 3aTpaTbl B t-M rogy

3" An’=500-An;

ThIC. $

=500

CKB.

<= 130 % — mena 1 1 neprn; ¢ — ronosas moGbrua HepTH B

— KanuTajbHbIe 3aTpaThl Ha 1 ckBaxumy; Anl’ -

YHCJO CKBAJKWH, NTPOOGYPEHHBIX U BBEJEHHBIX B JelicTBUe B t-M

To11y;

TEKYIIHUE 3aTpaTbl B t-M roay

35 -

+ 3** . q(t)

10 - »

t) @).
+2,59°qp5;

3; = 10 teic. $ — rozoBble TeKylMe 3aTpaThl HA IKCILIyaTAIUIO

1 cxBakunbr; 1"’
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— YHCJO AEWCTBYIOUINX CKBAXWH; 37 =25 T




TeKylue 3aTparbl Ha 1 T JKUAKOCTH; qff; — BECOBON ZeOUT KUIKO-

CTH B TBIC. T B {-M TOLY;
¢opmysia TIOTOKA HATUYHBIX JeHET B {-M TOIY

) ) 1 ) w(6) we ()
I =C-q" -3.-Any=-3;-n" =37 qp, =

=150-¢“ =500+ An~10-#” -2,5-¢%);
HaKOH]IeHHbeI IIOTOK HaJIMYHbIX /[I€HET

EH(I:).

i=1
,[[I/ICKOHTI/IPOB&HHbeI IIOTOK HaJIMYHBIX JCHET B t-Mm roay

n®© o

- . . -,

A+t gt
HaKOHJIeHHbel I[I/ICKOHTI/IPOB&HHBIﬁ IIOTOK HAJIMYHDBIX JICHET
S g ti 7o
“+n At

[To mpexacraBienHpiM (opMmyJaM paccuuTaHa UHAMUKA TeX-
HOJIOTHYECKUX M HKOHOMHYECKUX ITOKA3aTesell 10 TpeM BapHaHTaM
pa3paboTku HePTAHOH TIJIOMAAN C PA3JIUIHBIM OGbeIMHEHNEM
HeTAHDBIX TJTACTOB B OKCILIyaTallMOHHbIE OOBEKTbI. Pe3ybrarsh
pacuetoB 1o Bapuantam 1, 2 u 3 npexacraBiaenbl B Taba. 2.12, 2.13
u 2.14.

AHanu3 MOJy4YeHHbIX Pe3yJbTaTOB IIOKA3bIBAET, YTO IO paccMa-
TpUBaeMoil HeTIHON MJIONIAAM, KAK 1O TEXHOJOTUYECKOMY KpHTe-
puIo, TaK ¥ 10 MHTETPAJbHOMY 3KOHOMHUYECKOMY MOKAa3aTeJio, Hau-
6oJiee 3P HEKTUBHBIM SBJSETCS BapuaHT 3 ¢ OObeIWHEHWEM BCEX
He(MTSIHBIX TJIACTOB B OAWH OO 3KCILIYaTallMOHHBIH OOBEKT.

Takum 06pas3oM, 37eCh AOBOJBHO TOAPOOHO OBILI MTOKA3aH pacyeT
TEXHOJOTMYECKOW M HKOHOMHYECKON 3hdeKTHBHOCTH O6beaMHEHUs
He(TIHBIX MJACTOB B OJUH OOMUIWIl KCILTYaTAI[MOHHBI O6BEKT Ha
npuMepe OTJEeJTbHON TJIONAAN MHOTOIIJIACTOBOTO HE(PTSIHOTO MECTO-
POXIEHUS s YCJIOBUH, OIM3KUX K pPeaJbHBIM, KOT/a ITOBBIIIEH-
HbIe W BBICOKWE BEJUUYUHBI TMOCTOMHON W 30HAJTLHOW HEOTHOPOIHO-
CTell TJIacToB, HU3KAs MPOAYKTUBHOCTb HEMTSAHBIX MJIACTOB W BbI-
COoKass BSI3KOCTb mactoBoii mnedtu (Bsaskocts Hedtn B 80 pas
BBIIIIE BSA3KOCTH BOJDbI), COBPEMEHHBIE BEJMYUHBI HKOHOMUYECKUX
napaMeTpoB — IIeHbI HedTH, KalWTaJbHBIX U TEKyIIHX 3aTpart,
koapdunmenTa AuCcKOHTHPOBaHUsI. Ho moCKoIbKy omeHnBaercst 06-
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Tf-TE7t 2,12
Bapuanut 1 pasapaGoTki MHOIOILIACTOBOIO MECTOPOXKACHHUSI

TAXTOTO,E~AOTEA E

) ®, © ® it ey a0
e A [ by | A oty O % oo | oo s S8, Us0.8 11, zliu—{
oo G O Us0. $| Us0. $
1 40 20 23,623 23,734 | 19,482 | 25,9647 9 28,327 |-16716,36| -16716,36 -16716,36| —16716,36
2 40 60 68,265 68,800 | 57,436 | 79,5039 14 86,330 |—-10533,42| —27249,78 |-9575,84|-26292,20
3 40 100 107,988 | 109,304 | 93,418 | 135,6327 20 146,431 —5075,12| —32324,90 |—4194,31|-30486,51
4 40 140 143,334 | 145,708 | 127,532 | 193,2064 26 207,540 —258,31 —32583,20 | —194,07 | —-30680,58
5 40 180 174,785 | 178,428 | 159,874 | 251,2935 30 268,772 3990,73 —28592,48 2725,72 | —27954,86
6 40 220 202,770 | 207,836 | 190,537 | 309,1434 34 329,420 7737,31 —20855,17 4804,26 | —-23150,60
7 40 260 227,672 | 234,267 | 219,607 | 366,1584 38 388,926 11039,34| —9815,83 6231,42 | —16919,18
8 40 300 249,830 | 258,022 | 247,168 | 421,8697 41 446,853 13948,13 4132,30 7157,60 | —9761,50
9 40 340 269,546 | 279,373 | 273,297 | 475,9170 43 502,872 16509,17 20641,47 7701,65 | —2059,94
10 40 380 287,090 | 298,563 | 298,070 | 528,0307 46 556,740 18762,72 39404,19 7957,23 | 5897,29
11 0 400 279,078 | 292,077 | 302,074 | 552,0521 49 579,960 37460,84 76865,03 14442,78 | 20340,07
12 0 400 248,326 | 262,513 | 286,387 | 546,2400 55 571,073 33019,50 109884,53 | 11573,13 | 31913,20
13 0 400 220,963 | 235,941 | 271,515 | 535,4994 59 557,596 29090,61 | 138975,14 9269,16 | 41182,36
14 0 400 196,615 | 212,059 | 257,415 | 520,9369 62 540,598 25615,82 | 164590,95 7419,99 | 48602,35
15 0 400 174,950 | 190,595 | 244,048 | 503,4805 65 520,976 22543,38 187134,33 5936,38 | 54538,73
16 0 400 155,673 | 171,303 | 231,374 | 483,9043 68 499,472 19827,38 | 206961,72 4746,52 | 59285,25
17 0 400 138,519 | 153,963 | 219,359 | 462,8512 70 476,703 17427,14 | 224388,85 3792,65 | 63077,90
18 0 400 123,256 | 138,379 | 207,968 | 440,8517 72 453,177 15306,54 239695,39 3028,32 | 66106,22
19 0 400 109,674 | 124,372 | 197,168 | 418,3407 74 429,308 13433,58 | 253128,97 2416,15 | 68522,36
20 0 400 97,589 | 111,784 | 186,929 | 395,6718 75 405,431 11779,89 | 264908,86 1926,11 | 70448,47
21 0 400 86,836 100,469 | 177,222 | 373,1294 7 381,813 10320,32 275229,18 1534,05 | 71982,52
22 0 400 77,267 90,299 | 168,019 | 350,9396 78 358,666 9032,56 284261,75 1220,58 | 73203,10
23 0 400 68,753 81,159 | 159,293 | 329,2792 79 336,155 7896,85 292158,60 970,10 | 74173,19




24
25
26
27
28
29
30
31
32
33

35
36
37
38
39

41
alT-
T

[eNelNeNeoloNolNolNolNolNolNolNolNoNolNolNolNolNo)

400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400

61,177
54,436
48,438
43,100
38,351
34,125
30,365
27,019
24,042
21,393
19,035
16,938
15,072
13,411
11,933
10,618
9,448
8,407
4219,711

72,944
65,561
58,925
52,960
47,600
42,782
38,451
34,559
31,061
27,917
25,001
22,552
20,269
18,217
16,373
14,716
13,227
11,888

151,021
143,179
135,743
128,694
122,011
115,675
109,668
103,973
98,574
93,455
88,602
84,001
79,638
75,503
71,582
67,885
64,341
60,999

308,2839
288,0546
268,6636
250,1592
232,5703
215,9098
200,1775
185,3630
171,4478
158,4070
146,2109
134,8264
124,2179
114,3484
105,1799
96,6744
88,7939
81,5012
11870,687

80
81
82

R

85
86
86
87
87
88
88
89
89
89
90

314,402
293,498
273,507
254,469
236,405
219,322
203,214
188,065
173,852
160,546
148,114
136,520
125,725
115,689
106,373
97,736

89,739

82,342

12292,658

6895,67
6013,50
5236,59
4552,73
3951,15
3422,27
2957,63
2549,73
2191,93
1878,34
1603,77
1363,62
1153,80
970,72
811,19
672,39
551,83
447,31

299054,27
305067,78
310304,36
314857,09
318808,24
322230,52
325188,15
327737,88
329929,81
331808,15
333411,92
334775,54
335929,34
336900,06
337711,26
338383,65
338935,48
339382,79

770,10
610,52
483,32
382,00
301,38
237,31
186,45
146,12
114,20
88,96
69,05
53,38
41,06
31,40
23,86
17,98
13,41
9,88

74943,29
75553,81
76037,13
76419,13
76720,51
76957,83
77144,27
77290,39
77404,59
77493,55
77562,61
77615,98
77657,04
77688,44
77712,30
77730,27
77743,69
77753,57




TAXTOTO,E~AOTEA E

T-TETF 213
Bapuaut2 pa3paGoTKH MHOIOILIACTOBOTO MECTOPOKACHHS

yIOTOTE-AOTEA OOT1ATUATE

iy A © q© q awm é(tt){ ey
EO~ | An n, | V0. U/ © n aa 2 % |, A 2’ ity O 1,1+, i1
L g U0, 07,06 G.” lUc. 3 1,0q USO. 8| Z€P, UL § i &é,é.é
1 | 20 | 10 | 23,707 | 23,987 | 9,794 | 29,5673 | 20 | 31,938 | —661573| —661573 | —6615,73 —6615,73
2 | 20 | 30 | 68,669 | 70017 | 28,976 | 969707 | 29 | 103,838 | —231,84 | —6847.57 | —210,76 —6826.49
3 | 20 | 50 | 108,977 | 113,318 | 47,365 | 179,1381 | 39 | 190,036 | 542511 | —1422.46 | 4483,46 | —2342.93
4 | 20 | 70 | 145114 | 151194  64.994 | 2727806 | 47 | 287.292 | 1043525 | 9012,79 | 7840.16 | 5497,23
5 | 20 | 90 | 177,511 | 186.920 | 81.895 | 3750925 | 53 | 392,844 | 14870,03 | 23882,82 | 10156,43| 15653,66
6 | 20 | 110 | 206,556 | 219753 | 98,097 | 483.6893 | 57 | 504,345 | 1879317 |  42676.00 | 11669.08| 27322.74
7 | 20 | 130 | 232,504 | 249,926 | 113,628 | 5965540 | 61 | 610,813 | 2226147 | 64937.47 | 12566,02| 39888.76
8 | 20 | 150 | 255.938 | 277.655 | 128518 | 711,887 | 64 | 737.582 | 2532555 | 90263.02 | 12996,01  52884.77
9 | 20 | 170 | 276,866 | 303.138 | 142,793 | 8285732 | 67 | 856,260 | 28030,54 | 11820356 | 13076.45 65961.23
10 | 20 | 190 | 295.628 | 326,557 | 156,477 | 945,1278 | 60 | 974601 | 30416.63 | 148710.19 | 12899.62| 78860.85
11 | 0 | 200 | 288741 | 324,092 | 150,802 | 1031,1133 | 72 | 1059,987 | 39135.36 | 187845.55 | 15088.38| 93949.23
12 | 0 | 200 | 258850 | 207.841 | 153,195 | 1077,4680 | 76 | 1103.355 | 34603.26 = 222448,81 | 12128.23| 10607746
13 | 0 | 200 | 232,070 | 273,716 | 146,862 | 1106.6288 | 79 | 1129836 | 30575.20 | 253024.10 | 9742,23 | 115819.69
4 | 0 | 200 | 208,053 | 251,545 | 140,791 | 1121.3769 | 81 | 1142.182 | 26996,60 = 280020.70 | 781995 | 12363964
15 | 0 | 200 | 186,522 | 231,160 | 134,971 | 1124.1276 | 83 | 1142780 | 23818.21 | 30383891 | 6272,08 | 12091172
16 | O | 200 | 167.218 | 212,445 | 120,301 | 1116.9707 | 85 | 1133.603 | 20996,43 = 324835.35 | 5026.38 | 134938,10
17 | 0 | 200 | 149,913 | 195237 | 124,042 | 1101.7109 | 86 | 1116702 | 18492.26 | 343327.60 | 402445 | 138962,55
18 | 0 | 200 | 134300 | 179,423 | 118,914 | 1079.9032 | 88 | 1093343 | 16270,88 | 359598.48 | 3210.11 | 14218166
19 | 0 | 200 | 120,490 | 164,880 | 113,998 | 1052,8835 | 89 | 1064.932 | 1430125  373899.74 | 2572,21 | 144753.86
20 | 0 | 200 | 108,020 | 151,533 | 100,285 | 1021.7962 | 89 | 1032598 | 12555.68 | 366455.41 | 2052,95 | 146806,82
21 | 0 | 200 | 96,841 | 139,250 | 104,768 | 987,6182 | 90 | 997,302 | 1100945  307464.86 | 163648 | 148443,30
22 | 0 | 200 | 86819 | 127,079 | 100,437 | 9511802 | 91 | 950.862 | 9640,54 | 407105.41 | 130273 | 149746.03
23 | 0 | 200 | 77.834 | 117.613 | 96,284 | 913,1858 | 91 | 920,969 | 8429,31 | 41553472 | 103551 | 150781,54
24 | 0 | 200 | 69,779 | 108,086 | 92,304 | 8742276 | 92 | 881206 | 735825 | 422892.97 | 821,76 | 15160330
25 | 0 | 200 | 62558 | 99,331 | 88.488 | 834.8018 | 93 | 841,058 | 641176 | 429304.74 | 650,96 | 152254,26
26 | O | 200 | 56,084 | 91285 | 84,830 | 795.3213 | 93 | 800,930 | 557593 | 434880.67 | 514.64 | 152768,89
27 | 0 | 200 | 50279 | 83:891 | 81,323 | 756,1266 | 93 | 761.155 | 4838.37 | 439719.04 | 40597 | 15317486
28 | 0 | 200 | 45076 | 77.096 | 77.961 | 7174961 | 94 | 722,004 | 4188,05 | 443007.00 | 319,46 | 15349431
29 | 0 | 200 | 40411 | 70,851 | 74738 | 679.6541 | 94 | 683.695 | 361515 | 447522,24 | 250,69 | 153745,00
&0TTE 4231,528 22863,074 23286,227




Bapuaut 3 paspaGoTki MHOIOILIACTOBOIO MECTOPOXACHHUS
TAXTOTO,E~AOTEA E

T$-TE7t 214

. 9@, © : o) q.© am é("){ Saby
< © IF2 3 1 L NG [ f
EO% Ano Ny Uo0. i u/ [oh n® 00 U/,, B, % a0 ]‘3/,,0%0 Us0. $ Ze(l)' Us0. § l:l , ,1’]:'_1'
N3 Usl. $| (a0. $

1 10 5 23,761 24,183 4,917 32,6172 27 34,993 -1566,57 —1566,57 —-1566,57| —1566,57
2 10 15 68,927 70,964 14,587 | 111,6916 38 118,584 4914,02 3347,45 4467,29 | 2900,72
3 10 25 109,617 | 114,680 | 23,936 | 215,9558 49 226,918 10663,25 14010,70 8812,60 | 11713,32
4 10 35 146,272 | 155,533 | 32,973 | 340,7491 57 355,376 15759,24 29769,94 11840,15| 23553,47
5 10 45 179,294 | 193,709 | 41,709 | 482,0144 63 499,944 20272,01 50041,95 13846,06| 37399,53
6 10 55 209,043 | 229,385 | 50,154 | 636,2294 67 657,134 24264,30 74306,25 15066,22 | 52465,75
7 10 65 235,842 | 262,723 | 58,318 | 800,3447 71 823,929 27792,30 102098,54 15688,03| 68153,78
8 10 75 259,985 | 293,878 | 66,210 | 971,7287 73 997,727 30906,35 133004,90 | 15859,84| 84013,62
9 10 85 281,735 | 322,991 | 73,839 |1148,1191| 75 1176,293 | 33651,52 166656,42 | 15698,68| 99712,31
10 10 95 301,328 | 350,197 | 81,214 | 1327,5786 7 1357,711 36068,16 202724,58 15296,42 | 115008,73
11 0 100 | 295,219 | 351,439 | 83,427 | 1475,8392 | 80 1505,361 | 39758,92 242483,50 | 15328,79| 130337,51
12 0 100 | 265,954 | 328,416 | 80,649 | 1577,6620 | 83 1604,257 | 35142,40 277625,90 | 12317,20| 142654,71
13 0 100 239,590 | 306,901 | 77,963 | 1653,1365| 86 1677,095 31025,97 308651,87 9885,83 | 152540,54
14 0 100 | 215,839 | 286,796 | 75,367 | 1705,9396 | 87 1727,523 | 27357,34 336009,21 7924,45 | 160464,99
15 0 100 | 194,443 | 268,008 | 72,857 | 1739,3137 | 89 1758,758 | 24089,59 360098,80 6343,54 | 166808,53
16 0 100 175,168 | 250,451 | 70,431 | 1756,1147 90 1773,631 21180,58 381279,38 5070,46 | 171878,99
17 0 100 | 157,803 | 234,044 | 68,086 | 1758,8545| 91 1774,635 | 18592,52 399871,90 4046,27 | 175925,26
18 0 100 | 142,160 | 218,712 | 65,818 | 1749,7389 | 92 1763,955 | 16291,53 416163,42 3223,19 | 179148,46
19 0 100 128,068 | 204,384 | 63,627 | 1730,7022 93 1743,509 14247,18 430410,61 2562,48 | 181710,94
20 0 100 115,373 | 190,995 | 61,508 | 1703,4368 93 1714,974 12432,23 442842,83 2032,77 | 183743,70
21 0 100 | 103,936 | 178,483 | 59,460 | 1669,4212 | 94 1679,815 | 10822,21 453665,05 1608,65 | 185352,36
22 0 100 93,633 166,790 | 57,480 | 1629,9438 94 1639,307 9395,23 463060,28 1269,58 | 186621,94
23 0 100 84,351 | 155,864 | 55,566 | 1586,1248 | 95 1594,560 8131,65 471191,93 998,94 | 187620,88
24 0 100 75,989 | 145,653 | 53,715 | 1538,9352 | 95 1546,534 7013,88 478205,81 783,30 | 188404,18
25 0 100 68,456 136,111 | 51,926 | 1489,2146 95 1496,060 6026,14 484231,95 611,81 | 189015,99
26 0 100 61,670 | 127,195 | 50,197 | 1437,6862 | 96 1443,853 5154,35 489386,30 475,73 | 189491,71

euT- 4233,456 32269,093 32692,438

1t




mas axonomuueckas 3ddextuBHoCTh 00bBEAMHEHUS IJACTOB, TO
MIOTOK HAJIMYHBIX JIEHEr He pasJesisieTcsl Ha JBe YacTu — ToCyaap-
CTBY U WUHBECTOPY.

HaxomieHHBINT TOTOK HAJIWYHBIX JEHEeT 1o BapuaHTy 1 mocrura-
er 339,4 mum. $, mo Bapmauty 2 — 447,5 muH. $ uw mo BapumaHty
3 - 489,4 man. 3,

JIMCKOHTUPOBAHHBIN HAKOIJIEHHBI ITOTOK HAJWUYHBIX JeHer IIo
Bapuanty 1 mocrturaer 77,8 mun. $, mo Bapuanty 2 — 153,7 mun. $
1 1o Bapuanty 3 — 189,5 mun. $.

[Ipu atoM 6bLTO y4YTeHO, YTO TPHU CyMMapHOM oT6ope HedTH,
O/IMHAKOBOM TIO0 BCEM TPEM BapWaHTaM W PaBHOM 4,22 MJH. T, CyM-
MapHbIil 0T6Op XKuAKocTH 1o Bapuanty 1 cocrasasger 11,9 mun. T,
mo Bapuauty 2 — 22,9 MuH. T U 1o Bapuauty 3 — 32,7 MJH. T.

Wrak, 3gech A1 KOHKPETHBIX PEATbHBIX OOCTOSATETbCTB OblLiIa
noxaszana 3 dexTuBHOCTD 06DbEAMHEHUST YETbIpeX HePTSIHBIX ILTa-
CTOB B OJMH OO 3KCILTyaTAI[MOHHBIN OOBEKT.

3nech ObLIT TPEJNCTABJIEH METOA pacueTa TEXHOJOTHYECKOH U
aKOHOMUYECKOH apdexkTnBHOCTH 06BeAHEHNST He(DTSIHBIX TIJIACTOB
B 9KCILIyaTal[MOHHbIe OOBEKThI, KOTOPbIII MOXKET OBbITb HMCIIOJIb30BAH
IPU TIPOEKTUPOBAHUK Pa3pabOTKU HeTSIHBIX MECTOPOKIEHUI.

2.8. 9O@®EKTUBHOCTb OGBbE/JMHEHNA HEDTAHDBIX
IIVIACTOB B 9KCIINIYATAIMOHHbIN OB bEKT
HA EHOPYCCKHHCKOM MECTOPOK/IEHNN

['maBHBIM apTyMeHTOM B MOJIb3Y OOBEAMHEHNS HECKOJIbKUX Hed-
TSHBIX IJIACTOB B OJMH OOIMIl 3KCILJIYaTallMOHHBIH OOBEKT € 06-
meil ceTkoil J06bIBAIOINX M HArHETATeJIbHBIX CKBAXUH SBJSETCS
YMEHbBIIICHNE KAIHUTAJbHBIX 3aTPaT — yMEHbIICHNWE OCTPOil morpe6-
HOCTH B KpPEANTaX B HAYaJbHBIH IKOHOMUYECKM CAMBIH TPYIHBIN
epuoj pa3paboTKH He(TSIHOTO MECTOPOXKIAEHUS.

Ecmm HedTsaHbIe macThl 00Ja7af0T HU3KOH W YJIbBTPAHU3KOH
IPOAYKTUBHOCTb M pa3dpaboTKa KaXKJOr0 M3 HUX B OTJAEJIbHOCTH
CaMOCTOSATEJIBHONH CETKON JIOGBIBAIONIMX M HATHETATeJIbHBIX CKBa-
JKUH OKa3bIBaeTCsl SKOHOMWYECKM HEPEHTAGeJbHOH U  IO3TOMY
IPAKTHYECKH HEBO3MOKHOI, TO MHOTOIJIACTOBOCTb MECTOPOXK/ICHHS
HAJ0 CYUTATh OOJBIINM 6JaroM, ITOCKOJbKY OHA JaeT IMAHC IyTeM
o0beinHeHNsT He(PTAHBIX IJIACTOB B OAWH OOIMHNH 3KCIIyaTAIlHOH-
HbIi OOBEKT IOJIYYUTb Ipolecc [J06blYM He(TH HKOHOMUYECKH
peHTabesIbHbIN U TI03TOMY IIPAKTUYECKU BO3MOXKHbBIN. Takum o6pa-
30M, yJaercs c/lesaTh HYKHBIMH M BBECTH B IIPOMBIILIEHHOE ¥C-
HoJb30BaHue OGoJbINe 3armacbl HeTH, WMCYUCAAEMble MHOTUMUI
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MUJITMOHAMY TOHH, JABHBIM-/IaBHO pa3Bej/laHHblie, u3BecTHbie 10, 20
u gaxe 40 et w 10 TOro GbIBIINE HEHY>KHBIMHU.

OaHako HamO SCHO TOHUMATb, YTO TEXHOJOTHS 3JKCILIyaTalluu
MHOTOILJIACTOBBIX CKBA)KUH HECPABHEHHO CJIOJKHEE TEXHOJOIUU
AKCIIyaTalliyl  OJTHOTLIACTOBBIX CKBa)KWH, TIOTOMY UYTO aBapwii-
HOCTb, Majio3aMeTHasi y OJHOTIJTACTOBBIX CKBAXKWH, HAIPUMEpP, PaB-
Hast 10 %, y MHOTOILJIACTOBBIX CTAHOBUTCS SIBHO 3aMETHOM, JIOCTH-
rasi y 4eThIPEXILIACTOBBIX CKBUKUH 35 %. IIpuMeHeHIe MHOTrOILIA-
CTOBBIX CKBJKMH TpeOyeT TMOBBINIEHUS KBaTH(MUKAIUN paboTaio-
muX B OypeHWM, OCBOEHWUU W 3KCIJIyaTallii CKBayXWH; Tpebyer
MMOCTOSTHHOTO KOHTPOJIA 32 paGoTOil W PeTyJSPHBIX HCCJIeT0BAHUN
ckBaXuH. Ho Ha MHOTOMJIACTOBBIX MECTOPOKIAEHUSX C MHOTOCJOMN-
HBIMU ILJIACTAMU, PACUYJEHEHHBIMM HENPOHUIIAEMBIMHU ITPOCJOSIMU,
MpUMeHEeHNe MHOTOILJIACTOBBIX CKBA’KUH MOJKET OBbITh 3HAYUTEJIbHO
addeKTuBHEE TPUMEHEHNsT TOPU3OHTAJbHBIX CKBAKMH. B Takmx
YCJIOBUSIX MHOTOILIACTOBBIE CKBAKUHBI TPEBOCXOIAT TOPU3OHTAJb-
Hble 1O 1e6uty HedTH; K TOMY K€ OHHU IpOINe KOHTPOJHUPYEMBIE,
peryJupyeMble U PEMOHTHUPYEMBIE.

Enopycckunckoe HedTsHOE MeCTOPOXK/JAeHUE OBLIO OTKPBHITO B
1962 r. B 1984 r. 8 pa3Be/0OYHBIX CKBA)KWH 3TOTO MECTOPOKIEHUS
ObLIM BBEJEHBI B JKCILJIYaTAIMIO, KOTOpas MPOJOJDKANACh 7 JeT,
Brmouasgs 1990 rtox. Pesysabrarel akcnyatalium - pa3BeIOYHBIX
CKBQ)KUH IIpejicTaBjieHbl B Tab. 2.15.

3a mepBbie 4 Toma A06bITO HedTH 26 726 T TIpM cpemxHEM Ie6uTe
CKBaXXUHBI 2,69 T,/ CyT.

it-TE7t 215

Pe3yibraThl 3KCITyaTallui pa3BeJOYHBIX CKBAKHH
Ha Enopycckunckom nedrsinom mecropoxaenun B 1984—1990 rr.

Howmep TonoBas no6b4a HedpTH, T,/ YUCI0 PabOUNX AHEl B rofy Mo rojam
CKBaKIHbI
[Tnacr 1984 1985 1986 1987 1988 1989 1990

53 Bepeit | 939,121 243 /365 [1442,/360| 848 /365 | 147 /366 | 103 /365 | 102 /364
54 Tyna 1017 /217 214 /365 | 698 /361 (1090 /365| 116,/185 {1002 /356 291 /364
82 Tyna 1362 /3452048 /3365|4273 / 355|1335,/365| 169,/366 | 90,318 | 102 /364
84 bobpux | 777 /199 | 180,/364 [1264 /3631201 /365| 169,/366 | 617 /244 | 367 /364
158 Bepeii | 496,201 | 130,365 | 469,365 | 685,365 | 135,/366 | 89,320 | 103,364
188 Bepeit | 609,195 151 /364 | 704 /364 | 848 /365 | 147 /366 | 102,361 | 103 /364

192 Bam- 2161,/362| 36,363 | 848,365 | 147 /366 | 167 /365 | 246 /364
KHUp

196 Bepeit | 103,90 | 166,207 | 24,365 | 365,341 | 62,366 | 36,365 | 36,364
Cymma 5303/ | 5293/ | 8910/ | 7220/ 1092/ | 2206/ 1350 /

1368 2757 2898 2896 2747 2703 2912

Cpenuuii 3,88 1,92 3,07 2,49 0,40 0,82 0,46
nebur
CKBa)KUHBI,
T,/ CyT
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B 1996 r. PUTOK noxyuynn juiieHsuio Ha pa3paboTky EHOpyc-
CKWHCKOTO MECTOPOKICHUS.

7 OBIBIINX Pa3BeJOYHBIX CKBXKUH B OKTsa6pe 1996 r. mamu ned-
™ 1905 T npu cpeanem gebute ckBakuHbol 8,8 T,/ cyT, 9 ObIBIINX
pa3BeOYHbIX CKBaXXWH B guBape 1997 t. mamm 2998 T medtn mnpm
cpenneM gaebute ckBakwubl 10,7 T/cyr m B Mae 1997 r. manm
Heprtu 3862 T mpu cpeaHem aebute ckBaxkuHbl 12,8 T/cyr, 10
Pa3BEJIOYHBIX CKBaXKUH B OKTA6pe 1997 t. mamm 3591 T mHedTn mpu
cpeneM jge6bute ckBakuubl 10,5 T,/cyT, Te Ke CKBa)KUHBI B SIH-
Bape 1998 r. manu 3043 T wedru npu cpenuem neébure 8,9 T,/ cyT,
11 O6bIBHIMX Pa3BeTOYHBIX CKBKMH B Mae 1998 r. mamm 3008 T
Hedtn Tpu cpenneM aeburte 7,5 T,/cyT, 12 OBIBIIMX pPa3BelOYHBIX
ckBakuH B oKTs6pe 1998 r. mamm 3402 T Hedptu mpu cpeaHeM Je-
6ure 7,8 T/cyr u B guBape 1999 r. mamm 3079 T HedTH TPHU
cpenneM gpebute 7,1 T,/cyT.

C cepeaunnt 1996 r. g0 suBapst 1998 r. Mo ObIBUIUM pa3BeOy-
HBIM CKBa)KMHaM ObL10 oToO6pano Hedtu 91 529 T, 6bLI0 OoTpabora-
HO 304 CKBa)KMHO-MecsIa, CpeAHuil 1e6uT HedTH OHOM CKBAKUHBI
coctaBua 9,87 T/ cyT.

C sauBaps 1999 r. no miors 2000 r. cpennnit gebut HedTH HA
1 pab6oraioinryio ObIBIIYI0 Pa3BeOYHYI0 CKBAXKUHY CHHU3UJICSI C
7,1 1/cyT no 3,9 t/cyr.

3a 4 rtoma, ¢ cepenunabt 1996 r. no cepeamnbr 2000 T., Korma
paspaborka EHOPYCCKMHCKOTO MECTOPOXKAEHUS OCYIIECTBJISIACH
PUTOK, cpennuii ne6ut HeddTH Ha OMHY OBIBIIYIO Pa3BEIOYHYIO
CKBaXXHMHY cocTaBuJ 8,6 T,/cyT. DTOT nebut HeTH B 3 € JHUITHUM
pasa 6oJbliie TOro, uyto O6bi1 B 1984—1987 rr., Korja 2T CKBa’KUHBI
akcnyatuposaio HILY Hypaataedrs.

Bce sxcnmyatupyembie HI'ZITY Hypaatanedts na Enopycckun-
CKOM MECTOPOJKJEHWNN ObIBIINE Pa3BeOYHbIE CKBAKUHBI OBLIN O
HOTLJIACTOBBIE, T.€. B HUX ObLIT 1MepdOpPUPOBAH OJWH IIPENTOTOMKH-
TeJTbHO caMbIfl Jydmmii HeTAHON TIacT, Kak 3TO IOKAa3aHO B
tabiu. 2.15. ITo ogHON M3 3TUX CKBa)KWH, a UMEHHO, 110 CKBaKMHE
196, HI'LY TarPUTOKuedTps yKPYHHUIO 3SKCILIyaTallMOHHBIH
00BEKT — B CKBRJKHMHE JIOMOJHUTENbHO K BEPEHCKOMY MJacTy 6bLiu
nepdopupoBanbl GANIKUPCKUI W TYpHEHCKUI He(TsSHbIE IJIACTHI.
Baarogapst stomy k 01.07.2000 T. HakomeHHas A06bYA TIO0 Bepero
nocturaa 5788 T, mo 6amkupy 9244 T u mo TypHe — 14 745 T, T.e.
5788+9244+14 745=5’145 pas.

5788

B 1997-1999 rr. B mrcturyre TatTHWIIWHEPTL rpynmoit nccie-
JoBareseil Bo riase ¢ usBecTHbIM yuenbiM M.D. ImyMoBbIM MeTo-
oM criekTpodoroMerpun 10 mpo6aM, OTOOPAHHBIM HA CKBAKMHAX
EHOPYCCKHHCKOTO MeCTOPOXK/EHUsI, OIPEeessaJach I0Jsd y4acTus B

yBeJinunJjacb B
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o6mem ge6ute miaactob CK — cpexmero kap6ona (Bepeda m Galuku-

pa) w mmactoB HK — m#wxkwero xkapGona (ryabi, 6GoGpuka
u TypHe). PesysbTarThl 9TUX ONpPEAEJECHUH TPEACTABJIEHBI B
tabu. 2.16.

Tabauya 2.16

Onpe/iesienne M0 CKBaXKMHAM JI0JH yYacTusi B 100brue Hedru
maactoB CK u HK — cpeauero u umskuero kapGouna

Homep ot mo6brun | Jlost o6bram Cpeie-
Homep CKBa- Tomb YHucao | wedru nmac- | medpru miac- KBaJ[paTIIHOE
170 | N [ 1npo6 | TOB cpeaHero | TOB HIDKHETO OTKJIOHEHHE
kap6ona CK | xap6ona HK
1 196 97 23 0,13 0,87 0,174
98 10 0,13 0,87 0,092
99 6 0,17 0.83 0.169
39 0,14 0,86 0,153
2 303 99 6 0,22 0,78 0,139
3 305 99 6 0,97 0,03 0,031
4 307 98 6 0,36 0,64 0,233
5 1275 99 4 0,21 0,79 0,103
6 1293 97 2 0,49 0,51 -
98 9 0,36 0,64 0,286
99 6 0,45 0,55 0,252
17 0,41 0,59 0,252
7 1298 97 5 0,29 0,71 0,203
98 S 0,67 0.33 0,349
10 0,48 0,52 0,349
1304 98 2 0,77 0,23
1305 97 5 0,07 0,93 0,054
98 S 0,10 0.90 0.094
10 0,08 0,92 0,074
10 1306 98 7 0,34 0,66 0,208
99 6 0,58 0,42 0,221
13 0,45 0,55 0,240
11 1308 97 2 0,50 0,50 -
98 6 0,37 0,63 0,267
99 6 0,35 0.65 0,259
14 0,38 0,62 0,236
12 1309 97 13 0,35 0,65 0,233
98 8 0,23 0,77 0,189
99 6 0,50 0.50 0,223
27 0,35 0,65 0,232
13 1310 97 9 0,59 0,41 0,103
98 7 0,65 0,35 0,247
99 6 0,46 0.54 0,279
22 0,57 0,43 0,214
14 1313 97 23 0,07 0,93 0,104
98 15 0,05 0,95 0,076
99 1 0,13 0,87 -
39 0,06 0,94 0,093
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IIpodosrxenue maba. 2.16

[losist mo6bram

Monst no6bran

Homep Pi(;l\;;:p Tombt I?;)CO”GO Hedtu miaac- | HedpTH IIAC- KB&%Z?Eﬁ;{OE
n/1 TOB CPEJHEro | TOB HUYKHETO
FHHDT kap6ona CK | xap6ona HK OTHJIOTEHHIE
15 1315 97 24 0,56 0,44 0,250
98 15 0,60 0,44 0,308
99 5 0.83 0.17 0,138
44 0,61 0,39 0,270
16 1316 97 14 0,57 0,43 0,198
98 5 0,50 0,50 0,218
99 3 0,71 0,29 0,217
22 0,57 0,43 0,204
17 1317 97 20 0,13 0,87 0,106
98 12 0,13 0,87 0,123
99 6 0,30 0,70 0,285
38 0,15 0,85 0,159
18 1321 99 3 0,96 0,04 0,075
19 1324 99 5 0,59 0,41 0,172
20 1330 97 3 1,00 0,00 -
98 1 0,00 1,00 -
99 S5 0.14 0,86 0,208
9 0,41 0,59 0,467
21 1342 98 1 0,58 0,42 -
99 6 0,68 0,32 0,244
7 0,67 0,33 0,227
22 1368 98 2 0,25 0,75 0,353
23 1370 99 5 0,20 0,80 0,188
24 1376 98 1 0,16 0,84 -
99 S 0,26 0,74 0.133
6 0,24 0,76 0,109
25 1377 98 1 0,93 0,07 -
99 6 0,94 0,06 0,062
7 0,94 0,06 0,057
26 1379 98 1 1,00 0,00 -
9 5 0,93 0,07 0,121
6 0,94 0,06 0,112
27 1383 99 5 0,98 0,02 0,036
28 3607 97 16 0,70 0,30 0,160
98 5 0,74 0,26 0,168
99 6 0.83 0.17 0,184
27 0,73 0,27 0,169
29 3606 97 12 0,77 0,23 0,180
30 3827 98 1 0,64 0,36 -
99 6 0,69 0.31 0.169
7 0,69 0,32 0,155
Cpennue 3uavenust mo 30 CKBaKu- 0,505 0,495
HaM
Ecnmu or6bpocuth 7 CKBaKUH, Tie 0,444 0,556

no 5 ckBaxkunam y CK Goubuie 0,9
u o 2 ckBaxunam y HK Gosbire
0,9, To TorHmA CcpemHVie 3HAYEHUST

1Mo 23 CKBasKMHAM
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CrenaeM aHaJu3 TMPEACTaBJIECHHBIX B Tabu. 2.16 pe3yabTaroB.

B nesom mo Bcem 30 cKBaKMHAM CpegHSS A0Js B Aeb6ute HepTH
maactoB CK (cpexamero kap6oma) pasaa 50,5 % u maacrop HK
(amxuero kap6ona) 49,5 %. Ipudem poas B nebute nedru Gosee
90 % y nmacroB CK no 5 ckBakunam u y miactoB HK mo 2 cksa-
skuHaM. [losig CKBaXKWH, y KOTOPBIX OJHA M3 YacTell JKCIIyaTalu-
oHHOro o0bekra gaer Gosee 90 % obmiero ge6ura HedTH, COCTAB-

5+ 2

JIser 100 % = 23,3 %. ITy [0 MOXKHO OOBSICHUTH JIO-

BOJIBHO BBICOKOU 30HAJIBHOI HEOJHOPOJHOCTHIO He(PTSIHBIX IJACTOB
10 MPOHUIAEMOCTH.

Jlagum aTOMY YTBEPIKJIEHUIO KPATKOE TeOopeTHYecKoe 0OO0CHOBa-
HUE C TO3UIMI y4YeTa XaOTHUYECKOHW 30HAJbHOW HEOTHOPOIHOCTH
He(TAHBIX TTACTOB MO TPOLYKTHBHOCTH.

[Ipu atom Oynem ucmoJb3oBaTh [8].

ITycth 30HANbHAS HEOJHOPOJHOCTH IO MPOJYKTHBHOCTH BCEX
BMecTe HeTAHBIX IactoB cpegnero kap6ona (CK) m Bcex BMec-
Te HeTAHBIX ILTacTOB HuzkHero kap6ona (HK) ssaserca ommma-
KOBOI U KOJIMYECTBEHHO XapaKTEePU3YeTcs KBaapatoM Koddhduim-
eHra Bapuannu V..

ITo Y(n) — dyHKIMu pacupejeneHns 3HAYeHUil HTPOAYKTHBHO-
cru y maactoB CK n y muacros HK nam Hano onpeneauts Y(z) —
GYHKIMIO pacripeiesieHusl OTHOIIEHUs TIPOAYKTUBHOCTE MJIaCTOB
CK u HK, ma6aiomaeMoro B CKBakMHaX,

n 3ateM 1o QyHkuuu Y (z) onpenesuTb A0JI0 CAyYaeB, KOTAA JIH-
60 nactel CK, sm6o numactet HK uMeioT 1010 B IpOAYKTUBHOCTU

ckBaxuH 6oJiee 90 %, Korga z = L 0,1111 nim z > 9.
9

[Tockoabky 3HadeHus mpoayKTuBHOCTel miaactoB CK u miacTos
HK Bsaumno Hesasucumbl, To V;” — KBajaparT kosdduimenta Ba-

puanyy, KOJUYECTBEHHO XapaKTepU3YIOUIMI HEoJHOPOJHOCTb CO-
BOKYIIHOCTH 3HAUEHWN z, OmpefesseM Tocienyfomieil dpopmy.ie:

V2D =V DO+ = (V7 + 1

V= (V2 +1) -1,

[lo monyuennomy snadenuio V) B Tabi. 1-12 ynomsuyToii KHu-
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ru GepeM coorBercTByIomyio Gyukumio Y(z). Ipu Vn2 = Vnzu = Vn2 =

= 0,667 moJsyuaercs VZ2 = 1,779, Gepem tabmumy 11 mus VZ2
= 1,667, Torma nuckomas JI0Jis TOJy4aeTcsl paBHOM
[Y(z<0,1111) +1 -Y(z>9)] =

—0,1821+(0,2709—0,1821)-21111=0.089) Ly 998702131,
(0,167 - 0,083)

nin 21,3 %.
lpn V=V =V,

2 _ 2 _
g v = 1 nonyuaerca V” = 3, Gepem Tabm. 12

JLISE Vf = 2,5, TOTJIa UCKOMAs JIOJIS TIOJIy4YaeTcsl PaBHOM

[Yz<0,1111) +1 - Y(z>9)] =

=0,3352-0’1—“51+1—0,9968=0,3011, v 30,1 %.

)

Kaxk Buzno, nomyuyennsie gonn 21,3 % u 30,1 % Bmosme corua-
cytorest ¢ (pakrudeckoil gosei caydaes 23,3 %.

Ecsm ati 7 CKBaXKWH WCKJIOYUTD U3 PACCMOTPEHHUS, TO TIO OC-
TaJbHBIM 23 CKBa)KWHAM CPEIHSS A0S B ne6uTe HePTH CKBAKUH
no miacrtam CK paBha 44,4 % u no maacrtam HK pasHa 55,5 %.

B 1999 r. rpynna uccaenosareneit Bo raase ¢ .M. I'mymoBbiM
yCOBEPIIEHCTBOBAJA CBOWH MeTO/ CIeKTPO(OTOMETPUM M CTaJia OIl-
pefesATh 00 yY9acTusl B Ae6UTe CKBAXKUH OTJAETbHO KasKIOTO M3
natu maactos (Bepes, Gamkupa, TyJbl, 606pUKa U TypHE), BXOs-
mMUX B OANH OOMHUIN 3KCIIyaTallMOHHBINH 00beKT. Pe3yabTaThl 3THUX
oTipejie/icHN puBe/icHbl B Taba. 2.17.

[IpuBemeM KpaTKuii aHAJIN3 TPUBEAEHHBIX B Tabsa. 2.17 TaHHBIX.

Bcero paccMmoTpeno 24 cKBaKWHBI.

B 20 ckBaxkunax nepdopupoBan 1miact Bepeil. CpemHsiss N0Js
Hedtu artoro maacta B geburax 20 ckBakuH paBHa 0,434, a B
nebutax Bcex 24 ckBakuH pasna 0,361.

B 22 ckBaxkunax nepdopupoBan miact Gamkup. Ero cpennss
0751 B nmebutax aTux cKBakuu paBHa 0,174, a B meburtax Bcex 24
ckBaxkuH pasHa 0,159.

B 10 ckBaxxmnax mepdopupoBaH miact tyJsa. Ero cpemssis no-
g B geburax atux ckBakuH paBHa 0,302, a B meburtax Bcex 24
ckBakmH paBHa 0,129.

B 5 ckBaxunax mepdopupoBan maact 6obpuk. Ero cpenmsis
0751 B ebutax aTuX cKBakuH paBHa 0,462, a B meburtax Bcex 24
ckBaxkuH pasua 0,096.
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Tabauya 2.17
Onpezesenne no cksaxxunam 1o npo6am 1999 r. o yyacrus
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IIpodosrsxenue maba. 2.17

[[OJII/I B Z[Oébl‘{e IIeCt)TI/I CKBaXMHBI II0 ILJIacTaM

Howmep Howmep JlaTa
n/m CKBaKIHBI Bepeil | Gamikup | TyJa 60OpUK | TypHE
9 1310 22.02 0,00 0,24 0,46 0,30
02.08 0,25 0,44 0,17 0,14
25.08 0,17 0,17 0,31 0,35
11.10 0,00 0,07 0,42 0,51
19.10 0,62 0,14 0,16 0,08
15.11 0.44 0.20 0.32 0.04
0,25 0,21 0,30 0,24
10 1310 22.02 0,05 0,08 0,87
1 1315 22.02 0,57 0,27 0,16
02.08 0,65 0,19 0,16
25.08 0,60 0,00 0,40
11.10 0,85 0,12 0,03
19.10 0.74 0.15 0.11
0,68 0,15 0,17
12 1316 22.02 0,35 0,32 0,33
02.08 0,51 0,00 0,49
25.08 0.60 0.34 0.06
0,49 0,22 0,29
13 1317 22.02 0,01 0,00 0,99
02.08 0,19 0,09 0,72
25.08 0,00 0,00 1,00
11.10 0,27 0,29 0,44
19.10 0,12 0,12 0,76
15.11 0.23 0.47 0.30
0,14 0,16 0,70
14 1321 07.03 0,58 0,42 0,00
02.08 0,62 0,25 0,13
11.10 0.87 0.13 0.00
0,69 0,27 0,04
15 1324 02.08 0,52 0,17 0,31
25.08 0,32 0,15 0,53
11.10 0,57 0,22 0,21
19.10 0,35 0,28 0,37
15.11 0,00 0,36 0,64
0,35 0,24 0,41
16 1330 22.02 0,04 0,04 0,92
02.08 0,00 0,00 1,00
25.08 0,38 0,12 0,50
19.10 0,00 0,00 1,00
15.11 0.03 0.10 0.87
0,09 0,05 0,84
17 1342 22.02 0,27 0,73 0,00 0,00
02.08 0,00 0,43 0,43 0,14
25.08 0,00 0,41 0,48 0,11
11.10 0,00 0,80 0,20 0,00
19.10 0,00 0,58 0,22 0,20
15.11 0.00 0.84 013 0.00
0,05 0,64 0,24 0,07
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IIpodosrsxenue maba. 2.17

HOJII/I B [1061)1‘16 HeCI)TI/I CKBaXMHDBI II0 ILJIacTaM

Homep Homep [Hara
mn/m CKBasKIHbBI Bepeil | Gamkup | TyJa 606pUK | TypHE
18 1370 22.02 0,02 0,00 0,08 0,90
02.08 0,04 0,03 0,43 0,50
11.10 0,29 0,18 0,41 0,12
22.10 0,17 0,15 0,23 0,45
15.11 0,00 0,13 0,87 0.00
0,10 0,10 0,40 0,40
19 1376 22.02 0,16 0,84
02.08 0,13 0,87
25.08 0,41 0,59
19.10 0,30 0,70
15.11 0,28 0,72
0,26 0,74
20 1377 22.02 0,58 0,32 0,10
02.08 0,90 0,05 0,05
25.08 0,89 0,11 0,00
11.10 1,00 0,00 0,00
21.10 0,91 0,05 0,04
15.11 0,66 0,18 0.16
0,82 0,12 0,06
21 1379 02.08 0,53 0,19 0,28
25.08 0,60 0,32 0,08
11.10 1,00 0,00 0,00
19.10 1,00 0,00 0,00
25.11 1.00 0,00 0,00
0,83 0,10 0,07
22 1383 02.08 0,72 0,20 0,08
25.08 1,00 0,00 0,00
11.10 1,00 0,00 0,00
21.10 0,94 0,06 0,00
15.11 1.00 0.00 0.00
0,93 0,05 0,02
23 3607 22.02 0,70 0,30
02.08 0,63 0,37
25.08 0,99 0,01
11.10 1,00 0,00
19.10 0,66 0,34
15.11 1,00 0,00
0,83 0,17
24 3827 22.02 0,31 0,23 0,46
02.08 0,40 0,13 0,47
25.08 0,58 0,02 0,40
11.10 0,74 0,18 0,08
19.10 0,57 0,09 0,34
15.11 0,67 0,20 0.13
0,55 0,14 0,31
Yucso cBOMX CKBasKMH 20 22 10 S5 15
Jlosisg B 0011EeM UYKCIe CKasKUH 0,833 0,917 0,417 0,208 0,625
Cpennsisi oyisi B jie6uTe CBOUX 0,434 0,174 0,302 0,462 0,409
CKBayKHH
Cpenusist noyist B 1e6UTE BCEX 0,361 0,159 0,129 0,096 0,255

CKBaXHUH
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B 15 ckBaxkmnax mepdopupoBan Iiact TypHe. Ero cpenHss
noJag B geburax Bcex 24 ckBakuu — 0,255.

Cpennee uYuca0 HePTIHBIX ILJIACTOB, OOBEIWHEHHBIX B OJUH
061Ul sKCIIyaTanuoHHblil 06beKT, paBuo 3. B ocHoBHOM, 06be-
JTHEHBI TIJIACTBI Bepeil, GalTkup 1 TypHE.

B paccMmorpenHbIx 24 CKBaKMHaxX Bce nepdopupoBaHHbIE Hed-
TsIHbIE IJIACThl paboTaioT!

[To mnacram mosis ciydaeB, KOT[a [IOJS TITacta B JIeOWTe CKBa-
SKMHBI MeHblie 15 %, cocraBiser: 110 Bepeto okoJo 30 %, 1mo Gaiiku-
py okosio 40 %, mo tyae 20 %, no 606puky 20 % u no typue 20 %.

Paznmuume cKBakKMH 10 J0Jie TJIACTOB B WX Je6UTe BIIOJIHE
0ODBSICHIMO 30HAJBHOI HEOJHOPOJHOCTBIO IIJIACTOB MO TMPOHUIIAe-
MOCTH.

3a mpoimeaniie TOAbI MPUMEPHO Yy TIOJOBUHBI [TOOBIBAIOIINX
CKB)XMH EHOPYCCKMHCKOTO MECTOPOK/IEHUS C TIOMOIIBIO TJIyOuH-
HBIX PACXO/IOMEPOB HUCCJIe0BaHA COBMecTHAas pabora HepTIHBIX
niactoB. Ha 3a60e CKBaKMH TJIyOMHHBIE PACXOJOMEPBI CITYyCKAJIU
M0 KOJIBIIEBOMY MPOCTPAHCTBY MEXKIY IKCILTyaTAIIMOHHON 06camHOM
KOJIOHHOW M HACOCHO-KOMIIPECCOPHBIMU TPyGaMu.

N3-32 HU3KUX [JeOUTOB CKBAXUH W HEJOCTATOYHOW YYBCTBH-
TEJHHOCTU TJAYOHMHHBIX PACXOJOMEPOB TOJBKO B IIOJOBHHE CJIyYaeB
MOJIy4Y€eHbl KOJIMYEeCTBEHHbIE OIIPe/le/leHHble OTBETbI — JeOUThI ILIa-
CTOB B % OT [eOMTOB CKBAJKUH; B [PYTO# MOJIOBUHE CJIyYaeB MOJY-
YeHbI KaueCTBEHHbIE OTBETBHI: IJIACT OTHAaeT, cjgabo oTaaer, ciaabo
paboraet, paboraer, paboTaeT HEPaBHOMEDPHO, He PabOTaeT U TOMY
mogo6Hoe. Y 40 % cKBakuH OGHApY’KEHBI 3aKOJOHHBIE MEPETOKU
BO/IBI.

KosnvectBenible pe3yibTaTbl TaKUX MCCJAEJAOBAHUN MO MSITH
JNOGBIBAIONINM CKBAXKMHAM, XapaKTepPU3YIOIINe COBMECTHYIO paboTy
HeTAHBIX MJ1ACTOB, MpeacTaBieHbl B Taba. 2.18.

Kak BuJHO, yTBEP:K/IEHUS OINIMOHEHTOB — TPOTUBHUKOB OODBEIH-
HeHUS He(TAHBIX TLIACTOB B KCIJIyaTAITMOHHbIE OOBEKTBI — O TOM,

Tabauya 2.18
Pacnpenenenne ne6ura HepTH B CKBasKMHAX 110 IUIACTaM, J0JH

Hedrsinbie maacTbt

};O}/Iﬁp Cxpaxuna CPCHH(I/E‘;IKI){apéoH Huwxkunit kap6on (HK)
Bepeit Bamkup Tyna Bo6pux Typue
1 303 0,135 0,865
2 1308 0,109 0,281 0,145 0,465
3 1370 0,250 0,750
4 1379 0,230 0,090 0,680
) 1391 0,260 0,300 0,440
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410 OGBE/MHEHHDbIE B 9KCILJIyaTAllMOHHBIE OOBEKTHI IJIACTBI He Oy-
IyT BMecTe paboTaTb, HE TMOATBEPIKIAIOTC.

C ydeTroM orfpejiesieHUS TPOAYKTUBHOCTH OT/JEJbHBIX IIJTACTOB
MpU UX TOCJEJOBATETHHOM OCBOEHHH B CKBAaKMHAX, a TaKXe OIl-
pezesieHmit MX Ae6UTOB IIyOMHHBIMH PACXOJOMEPAMU U OJHU ILJa-
CTOB B 00OmeM Je6uTe CKBAXKWUH, YCTAHOBJEHHON TIO Pa3JIMYuIo
CBOHCTB HedTell cpeHETO W HUWKHETO KapOoHa, B OMUIMATbHON
OTYETHOCTH TO CKBAKMHAM OTAEJHHO TIO TIIACTaM JaHbl TEKyIlue W
HaKOILJIEHHbIE OTGOPBI HedTH.

Itu QakTuvyecKre JaHHbIe UCIIOJb30BaHbI B Tabma. 2.19.

Ananu3 (daKTHUeCKUX [IaHHBIX, MPEJICTAaBJIeHHBIX B Ta6sa. 2.19,
ITOKa3bIBaET:

1o 26 106bIBAIONINM CKBa)KMHAM CpeJ[HEe YMCJO COBMECTHO 3KC-

76
MJIyaTUPYEeMbIX TJIACTOB paBHO — = 2,923 = 3;
26

JIYUYIIUMH B 9KCILTyaTallUOHHOM OOBEKTe OBLIU IJIACTHI:

Bepeil — 4 caydast u3 21 BO3MOKHOTO;

G6amkup — 6 cayvyaeB u3 23 BO3MOXKHDBIX;

Tynaa — 9 cayuaeB u3 14 BO3MOXKHBIX;

TypHe — 7 ciaydaeB u3 14 BO3MOXKHDIX;

OTCIO/Ia MOKHO 3aKJIOUUTb O BBICOKOW 30HAJbHOU HEOIHOPO/I-
HOCTH K)K/IOTO M3 HeTSIHBIX IJIaCTOB;

€CJIM BBIIEJINTD JIyulliiie HedTsSHbIEe TJIACThl B OOBEKTAX W IIPO-
CyMMHUPOBATb WX HAKOIJIEHHbIE OTOOPBI HE(TU, TO ITO COCTABJISET
95 551 T, wm 60,5 % OT BCEro CyMMapHOTO HaKOILJIEHHOTO OTGOpa
paccmarpuBaeMbix 26 ckBakuH, paBHoro 157 937 T, uWTo BIIOJIHE
COOTBETCTBYeT HAOJI0/JaeMOil XaOTHUYECKOIl BBICOKOI 30HATBHOU
HEOHOPOJHOCTH HE(MTAHBIX IJIACTOB;

armpuopu BbIOpATh JYYIINE TJIACTBI B AKCIIYATAllMOHHBIX O6D-
eKTaX MPaKTUYECKH HEBO3MOXKHO; SICHO, 4YTO 0O0sS3aTeJbHO HAI0
BCKpBIBaTh W niepdopupoBaTh HedTAHBIE MIAACTBI HUMKHETO KapOo-
Ha (tyna, 606puk, TypHe);

oTCIofIa cJeayeT, 4To 6Jarofaps COBMeCTHOIl paspaboTke Hed-
TSHBIX TJIACTOB OTGOp He(PTH HA CKBAXKUHY YK€ YBEJTHUYUJICS B
2,923 pasa mw B cymMme mo 26 CKBaXMHAM yBeJUYWJCS Ha

157 937-222=1_103 904
2,923

WJIM KaluTaJbHble 3aTpaTbl yMeHblleHol B 2,923 pasa, a 1pu
KalUTaJbHBIX 3aTpaTrax B pacueTe Ha 1 CKBaXXWHY, PpaBHBIX
0,5 maH. $, skonomuuecknit apdext cocrasaser 0,5:26:(2,923 — 1)
== 25 muH. $.

K m3noxenHoMy MOKHO N00aBUTh, UTO Ha cocelHUX ¢ EHOpyc-
CKUHCKUM MECTOPOKIEHUSAX, Toxe paspabarsiBaembix PUTIK,
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Tabauya 2.19

HakonuieHnsie oTGopst HeTH 1O IUIACTaM 1o 26 CKBaXKHHAM
Enopycckunckoro Mecropoxaenus Ha 01.07.2000 r.

Howmep | Homep Haxonennpie or6opnr HedTH, T Yyeno
n/ )ﬁ‘;ﬁﬁﬂ Bepeit | Bamkup| Tyna | Bo6puk | Typue | Cymma IUTI(?E
1 303 - 2065 - - 8309 10374 2
2 1275 - 1793 - - 403 2196 2
3 1293 1229 159 4191 - 1065 6644 4
4 1298 700 346 336 - 83 1465 4
S5 1302 - - 1291 - 11417 12708 2
6 1303 689 1637 - - - 2326 2
7 1306 907 206 1089 475 - 2677 4
8 1308 538 247 4365 - 1505 6655 4
9 1309 1122 980 - - 2383 4485 3
10 1310 1590 1652 2659 - 1378 7279 4
1 1313 570 624 3508 - 4573 9275 4
12 1315 4032 417 - - 1207 5656 3
13 1316 569 569 2378 - - 3516 3
14 1317 1330 1345 7238 - - 9913 3
15 1321 405 405 3786 - - 4596 3
16 1328 2425 4060 1181 - - 7666 3
17 1330 5300 4216 - 2046 - 11562 3
18 1342 - 1019 - - 1654 2673 2
19 1343 2002 2002 - - - 4004 2
20 1366 - - 9104 5676 - 14780 2
21 1368 113 305 - - - 418 2
22 1369 859 2231 - - - 3090 2
23 1370 785 976 1249 - 867 3877 4
24 1377 1233 1507 2527 - 3120 8387 4
25 1379 2108 3485 - - - 5593 2
26 3607 1397 - - 2234 2491 6122 3
Wroro: 29903 32246 44902 10431 40455 157937 76

% 18,93 20,42 28,43 6,60 25,62

TaKKe OCYIIECTBJISIETCS COBMECTHAS JKCILTyartamusi HeTIHBIX
maacToB: Ha KUS3JMHCKOM MecTOpOXAeHWW 1o 23 CKBaXMHAM, Ha
MenbHUKOBCKOM — TI0 12 CKBa)kWHAM, B CyMMe MO 35 CKBa)KUHAM;
YICJI0O COBMECTHO IKCILIyaTHPYEMBbIM ILJIACTOB OT 2 JI0 4 U B Cpel-
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HeM paBHO 2,5. Ha sTuX ABYX MECTOPOXAEHUAX YK€ CIKOHOMJIEHO
35(2,5 = 1) = 52,5 CKBa)KUHbI UM IIPU KalUTaJbHBIX 3aTparax B
pacuere Ha 1 ckBaxxuny 0,5 mun. $ 0,5-52,5 = 26 muH. $.

B cymme 1o TpeM MecTOPOXKAECHHAM 3KOHOMUS KAlNTAJIbHBIX 3a-
Tpar yxe cocrapasier 25 + 26 = 51 mun. 3.

[IpuBeseHHDBIE pE3yJbTATBl ITTOKA3bIBAET BBICOKYIO 3KOHOMMIYEC-
Kky1o apdexTuBHOCTD 06bEUHEHUST HEPTSIHBIX IJIACTOB B JKCILIya-
TAI[MOHHBIN OOBEKT ¢ OOIIell CeTKOi M06BIBAIONIMX U IKCILIyaTalu-
OHHBIX CKBXMH. Ho mpm aTOoM cieayerT IOAYEPKHYTb, YTO 6OJIb-
IOe COKpalieHne OOIIero YHCaa CKBAKUH IIOBBINIAET 3HAYMMOCTD
KaXJ0H OTIeTbHON 3ampOeKTHPOBAHHON CKBAKWHBI, W TI03TOMY
HeoOXOAMMO TIOBBINIEHHOE KadecTBO OypeHHs ¥ 3IKCILIyaTalluh
CKBaYKUH.

2.9. BOBMOKHAS YTEYKA HE®TU 3A IIPE/EJIbI
HEBOJIbIIION HE®TIHOM 3AJEXHU

Bynem paccMmarpuBarh paGoTy SYEHKN CKBOKWH € TIEHTPAJTbHON
HarHETATEJbHOU CKBAXKWHOW M OKPYXKAOUMMH TOOLIBAIOIIUMH, KO-
TOpas HAXOJUTCA B mpejenax HeGosbiioln HedTsaHoit 3amexu. bBy-
JIEM OTIpe/IesIITh yTeuKy HedTH 3a Tpeesbl SYeKu M 3a TMpeaesibl
HeTSHOU 3aJIeXKN.

[IpencraBum cxeMy pacmosioskeHus CKBaKMH Ha puc. 2.1.
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Puc. 2.1. Cxema pacnosioxkeHusi CKBa>KHH
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Puc. 2.2. PacyetHas cxema
Pacuernas cxema uszobpaskena Ha puc. 2.2, rae P, P, P,,, P, 1

P, — COOTBETCTBEHHO 3a60ifHOE [aBJcHNE HATHETATEJbHON CKBa-
JKUHDBI, 3a00HHOe [aBjeHue [0ObIBAOIIEH CKBAYKUHDI, IIJIACTOBOE
JlaBJieHre BHYTPH STYElKM CKBA)KHMH, ILJIACTOBOE JaBJieHHWe Ha Jiu-
HUU pa3Melienusi JOObIBAIONINX CKBAKWH M TIEPBOHAYAJIbHOE TIJac-
TOBOE /IaBJCHUE Ha rpaHulle HePTAHOI 3anexn: o,, Q, 0 u Q —
(usbpTpaoHHble CONPOTUBJEHUS COOTBETCTBEHHO: 30HBI HaTHE-
TaTeJbHOU CKBAKWHBI, BHeElNTHee — OOJIACTH MEX/y 30HON HarHera-
TEJTHHON CKBKMHBI U JIMHUENH [JOOBIBAIOIIUX CKBAXKUH, BHYTPEH-
Hee — m J06BIBAIOIIUX CKBAXKWUH, BHEIIHee — 06JAacTH MEXIy Jiu-
HUel NOOBIBAIOIINX CKBAKWUH W TpaHuUIlell HeTSIHOW 3ajexu, rie
MepBOHAYAJIbHOE I[IJIACTOBOE JaBJjieHue. IIpu BBICOKOW BSI3KOCTH
HedTH B Tpefesax HePTIHOW 3ajekKM W HHU3KOH BSA3ZKOCTH BOJIBI
3a TpejesiaMi 9TOW 3ajieKu TPUHATOE MOJIeJIMPOBAaHUE TIE€PBOHA-
YaJIbHOTO TIACTOBOTO JaBierus (P,,) Ha IPaHUIE 3aJeKU MOKET
ObITH BIIOJIHE Y/IOBJETBOPHUTEIbHBIM.
[Tpu atom ypaBHeHUe 3aKayKu BOABI GyIeT

P -P
cH LK . .
qH = = x1 (pCH - })HJIK)’
W, +Q
COOTBETCTBEHHO ypaBHeHNe 106bran HedTn
p_-P
_ ik c _ . _
- =X (PI'IJ[]( I)c)
w
U ypaBHEHHE yTE€YKU HedTH

B = Puno
qy =M=X3'(P”m< _P””O)'
y
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[Ipu paBencTBe 3aKauku BOJAbI cyMMe M0ObYU HEPTH U yTEUKH
Hedru

4w =4+ 4y

x1'(Pc11 - P ) = x2'(an< - Pc) + xS'(anc - PI'IJ'[O)

TJIK

IOJIy41a€TCAa (i)OpMy]Ia IIJIAaCTOBOIO [JaBJIEHHWA Ha JIMHHUN ]IO6bIBaIO-
X CKBaXUH

Pcn'x1+Pc'x2+PrmO.x3

P =

IJIK

X+ X9+ X3
ITpu aroM ypaBHeHHE 3aKa4Kh BOABI Gyaer

q =x1.[P _Pcn'x1+Pc'x2+Pnn0'x3\= XXy (P
H o

X+ X9+ X3 X1+ Xy + X3 o

_PL‘,)+

+L(P - PrmO);

CH
X+ Xy + X3
COOTBETCTBEHHO ypaBHEHHE [00bIYM HedTH

_(Pcn'x1 + P xy + Py X3

q =% L | _pc)= S ’(PCH—PC)+

X1+ Xy + X3 X1+ Xy + X3
X1 X3
" (PIIJIO _PC)7
X1+ Xy + X3
U ypaBHEHHE YTeUuKN HedTH

[P -2y + P, -x9+ Py x \ T x
Qy=x3.k - X = 3_})I'UIO =#'(PCH_PHHQ)_

X1+ Xy + X3 X1+ X9+ X3

_&.(pHHO -P).

X1+ Xy + X3

B anasornyHOM Bu/le TpeicTaBuM (DOPMYJy TLIACTOBOTO JIaBJie-
HUSI HA JIMHUU PACHOJIOXKEHUsT JOOBIBAIOIINX CKBAYKUH

P

MK

X X X
=P, - 1 +P. - 2 +P o —= .
.?C1+X2+.9C3 X1+JC2+]C3 X1+X2+XS

Tenepnb ompenenuM BeJUYUHY (PUIBTPAIMOHHBIX COMPOTHBJIE-
HUIl:
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30HBI HATHETATeJbHOW CKBa’KMHbBI

1

(’OH = ’

Ny~ W
rae n, — Koa(b(bmuMeHT NIPOJlyKTUBHOCTI HarHeTaTeJbHON CKBaXu-
HBI /10 HayajJa 3aKauyKu BOJbI; W, — COOTHOIIEHWE IOABUKHOCTEN
3aKaYMBaeMoil BOABI M He(MTH B IJIACTOBBIX YCJIOBHIAX; M, W, — KO-
3(:1)(1)I/IL[I/IQHT IIPpUEMUCTOCTU HarHeTaTeJJbHOM CKBa’XKNHDbI,

MOJIOCHl MEK/Iy 30HOW HarHeTaTeJbHOW CKBAXMHBI W JUHUEH

pacroJjioykenus: JOObIBAIOIINX CKBAXKUH
1.L
kb 1T
w

kh
rie ~—— — TUAPOIPOBOJHOCTL HE(MTSHOTO IIacTa, KOTOpas olpeje-
u
JaseTcs depe3 | — K0a(OUIMEHT MPOAYKTUBHOCTA CKBAXUHDI; 7, —
paamyc camMoil CKBaXXMHbI M R, — paauyc ee 30HBI JPEHUPO-
BaHUsI, B COOTBETCTBUH CO CXEMOIl pACIIOJIOKEHUS CKBAKIH

2 : 20
n- R} =(0)’, R, =-—; L ull — COOTBETCTBEHHO CPEHsIs [IMHA

NE
n Cpe[[HI/II;JI TIEPpUMETP MOJIOCbI, B KOHKPETHOM CJIydae E=~_=_;

C YY€TOM BCETO ITOTO IOJYyYa€TCA
21 1

Q== .
26 12

n-In
Ton
OKpYKalolnux lIOébIBaIOHII/IX CKBa’XKMH

20 20 20
In

i. 2 . 2mer, =ll
h 21 m 20 27 m m 20

I . 21, \/;.rc

rie m — YUCJO OKPYKAIONUX [T00BIBAIONINX CKBAXKUH;
06J1acTU MeXKIy JMHHUENl PpAaCIoJOoXKeHHs JAOObIBAIONINX CKBAKUH
u rpaHuleil HepTAHOU 3asexu

Q =Y

y

1 L,
1

=

k
— y
u

rae L, w [1, — cpeanas NJuHa M CPEJHUI MepuMerp paccMaTpuBa-
€MOHl IT0JIOChI, B KOHKPETHOM CJIy4yae
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C y4eToM 3TOro

Janee cpemaeM pacyerbl S CJAEAYIONNX ycnom/m N, =
=0,2 v’ /(cyrar), m =

30 arT, PIUIO -

[Ipu atom

x; = 1,898; x,

X+ x,tag=

12 =0,2857; =0,5452;
X+ Xy + X3 Xy + X9+ X3
Y _0,5423, =1,0347;
Xy+Xy+X3 X+ Xy + X3

Hy 4:6-0 24
1
Qy 2n2 1
n-In o 24
2 7,
1 _ 1 .
o, +Q 1 . 27 1
Mete g2 12
V“‘nwc
2
In ho
x2=l=m'n‘ Vn.rcy
[0} 20
In
2m -7,
ty=—aqLn_20_.24.
Q, 2 LA

8, u, =

=3,207; x3 =

11,224;

X1+ X9+ X3

=1,7485;

X+ X9+ X3

25, 20 = 400 M, 7,
100 aT u pas3juuHbIX 3HauveHuit P,
JIaBJICHKS] HArHETaTeJbHON CKBasKMHBI.
JIUM BeJIUYUHbI ¢, ¢, ¢, 1 P, —
CTOBOTO [IaBJIEHUS] Ha JIMHUU JAOOBIBAIOIINX CKBAKHIH.

B atux pacuerax ompejae-
3aKayKu, AOOBIYU, YTEUKH W TIa-

6,119;

=0,1691;

=0,0075 m, P



G, = 0,5423-(P,, — P,) + 1,0347-(P,, — P,.);

cH CH

g =0,5423-(P,, — P) + 1,7485:(P,,, — P.);

q, = 1,0347-(P,, — P,,0) — 1,7485(P,,, — P);

P,, = P.:0,1691 + P.0,2857 + P, ,0,5452;

. = 0,5423-(P,, — 30) + 1,0347-(P,, — 100) = 1,577-P,, — 119,739;

q = 0,5423-(P,, — 30) + 1,7485-(100 — 30) = 0,5423-P,, + 106,126;

CH

q, = 1,0347-(P,, — 100) — 1,7485-(100 — 30) =

= 1,0347-P,, —225,865;

P,, = P.-0,1691 + 63,091.

TLIK

Ananu3 3TMX (OPMYJ MOKA3bIBaeT: IIPU OTCYTCTBUU yTeu-
ku g, = 0 3a60ifHOe JaBJjieHe HATHETATEJbHOW CKBAXKUHBI PaBHO
P, = 218,29 ar, NPy 3TOM JlaBJieHWEe Ha JWHWK J0ObIBAIO-
mux ckpaxuu P, = 100 ar, t.e. npu P, = P, q, = 0

TUTK TUTK

n P,= 218,29 ar. PesysbTaThl pacueToB TIPeACTaBJEHbl B
taba. 2.20.
Tabauya 2.20
P, ar q,, M/ cyT q, M3/ cyr qy» M3/ ey P, ., ar
150 116,81 187,47 —70,66 88,46
170 148,35 198,32 —49,97 91,84
190 179,89 209,16 —29,27 95,22
210 211,43 220,01 —-8,58 98,60
230 242,97 230,85 12,12 101,98
Ipn P, = 220 ar P, = 100,29 ar, 3akauka BOABI ¢, =

= 227,20 »’/cyr, no6brua medrn g = 225,43 M°/cyr um yreuxa
HedTHn q, = 1,77 Mj/CyT, wiu 0,78 % or mo6brun HedTH.

A ecim uYncao JOGBIBAIOIIUX CKBAJKMH BJBOE MEHBIIE, T.€.
m = 47

Torna

x, = 1,604, x; + x, + 23 = 1,898 + 1,604 + 6,119 = 9,621;

g, = 0,3164-(P,, — P.) + 1,2071-(P,, — P,,,) = 1,5235-P,, — 130,20;
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g = 0,3164-(P,, — P,) + 1,0202-(P,,, — P.) = 0,3164-P,, + 61,92;

gy = 1,2071:(P,, = P.p) = 1,0202:(Po — P) = 1,2071-P,,, — 192,12;

P, = P.:0,1973 + P.0,1667 + P,,;0,6360 = P,,-0,1973 + 68,60.

Vreuka wedru pasna uymio (g, = 0) nupu 3a60HHOM [AaBIeHUN
HarHeTaTeJbHON CKBa)KWHbBI, paBHoM P, = 159,16 ar u P, =
=100 ar.

Pesysibrathl pacueToB TpejicTaBieHbl B Taba. 2.21.

Tabauya 2.21
P, ar q,, M*/cyt q, M/ cyT qy, M /cyr P, ar
150 98,33 109,38 -11,05 98,50
170 128,80 115,71 13,09 102,44
190 159,27 122,04 37,23 106,39
210 189,74 128,36 61,37 110,33
Illpu P, = 160 ar P, = 100,17 ar, 3akauka BOJbI ¢, =

= 113,56 M’ /cyT, mo6prua nedpru g = 112,54 m*/cyr, yreuka mned-
™ q, = 1,02 M* /cyr nim 0,90 % or n06brum HedTH.

A ecqu BOIM3M TpPaHUIBI 3aj€KH — BOMU3U €€ BOAOHE(PTSIHOTO
konrakta (BHK) — Bsaskocth HedTH OKas3blBaeTCA 3HAUYUTENBHO
BbIillle U (PUJIBTPAIMOHHOE CONPOTUBJeHUEe mnepudepuiinoii obiac-
™ (Q,) yBesuumBaercs B Tpu pasa, To toraa: x; = 1,898; x, =
=1,604; x; = 2,040;

X+ xy + 1y = 1,808 + 1,604 + 2,040 = 5,542;

M 20,34248;

X+ Xy + X3

% _0,28943 — 1 _-0,36810;

X1+ Xy + X3 X1+ X9+ X3

MY _(,54934;, —1F8 _ (),69866;

X1+ Xy + X3 X1+ Xy + X3

2% _0,59043;

X+ Xy + X3

q, = 0,54934-(P,, — P.) + 0,69866-(P,, — P,,,) = 1,248-P,, — 86,35;
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g = 0,54934-(P,, — P.) + 0,59043-(P,,, — P.) = 0,54934-P,, +

CH

+ 24,85;

gy = 0,69866-(P,, = P,.0) — 0,59043:(P,.,, — P,) = 0,69866-P,,
~ 111,20;

P, = P,-0,34248 + P,0,28943 + P,,0,36810 = P,,-0,34248 +
+ 45,49.

Pesysibrathl pacyeToB Tpe/CcTaBJeHbI B Taba. 2.22.

Tabauua 2.22
p,, ar q,, M*/cyr q, M/ cyT q,, M/ cyT P, .. ar
150 100,85 107,25 —6,40 96,86
170 125,81 118,24 7,57 103,71
190 150,77 129,22 21,55 110,56
210 175,73 140,21 35,22 117,56

Kak m B mpepiaymux pacuerax, HamboJblnee 3a6oitHOe 1aBJe-
HU€ HaTHETATeJbHONW CKBAKWHBI, MPU KOTOPOM eIlle OTCYTCTBYET
yTeuka HedTH, paBHo P, = 139,16 ar. Ilpu Gosee BbicokOM 3a60ii-
HOM [IaBJEHUM HATHETATEJbHOW CKBAXXUHDI I[POUCXOJUT YTEUKa
Hedtn, Ho oHa B 1,73 pasa MeHbIle, 4YeM TIPEXK/IE.

YcaoBue orcyrctBust yreuku wedtu P, = P, Torma momxHo

OBITH
kh
WL
P..-P,, : i
- ,,do=wH+Q= Ny W, 11 =me]1,2 +0,08\,
Pao-P. © 1.1, 20  nowm )

m 2w 2mre

OTCIola IOJYyYa€eTCA H806XOZ[I/IMOG YUCJIO OKpYKaloluunux lIOéI)IBaIO-
IIMUX CKBaXMNH

ZPCH_PHJIO. 1 )
Pio-P. nl2 +0.8
Mo "M

Ha wmHoTroOmmacroBbix HG(I)THHI)IX MECTOPOK/IECHUAX BbICOKOBA3-
KOIt He(bTI/I nipn O6'I)€}II/IH€HI/II/I HECKOJIbKHUX He(l)T}IHI)IX I1J1IaCTOB B
3KCH]IyaTaHPIOHHbeI 00BEKT KpOM€ MnX pa3janiusd 110 IPOJYKTUBHOC-
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TH, 3(PPeKTUBHON TOMIUHE W YAEJTbHOW TPOIYKTUBHOCTU, KPOME
WX 30HAJbHOH M IMOCJOHHON HEOJHOPOJAHOCTH HAJ0 YUUTHIBATb UX
BO3MO3KHbIe He6oJble HedTsaHble maomanu. Eciu HedTsHble 3a-
JIeKU He 3amedaTaHbl NMPUKOHTYPHOH OKHUCJIEHHOH HedThio, TO Ha
3(ddEKTUBHOCTD WX OODBEIUHEHUS B OKCILIyaTAllMOHHBIH OO0BEKT
Cepbe3HO BJMSIOT UX HeOoJbImie HedTsSHbIe IJIOMAIN, yTpo3a M3-
OBITOYHOTO POCTA TLIACTOBOTO JIABJEHUS W yTeUyKW HedTU B 3aKOH-
TYpHYIO BomoHOcHYyI0O o6Jactb. IlpaBma, mpu ue6osblinx HedTs-
HBIX IJIONMAASIX U XOPOIel THAPABINYECKON CBSI3M C 3aKOHTYPHOU
BOJIOHOCHOII 06JIaCThI0O HET CMBICJIa OPTAHU30BLIBATH BHYTPUKOH-
TYpHOe 3aBOJHEHWe, T.e. He BO BceX He(TIHBIX 3ajeikax, o6bean-
HEHHBIX B 9KCIIyaTAllMOHHBIH O6DBEKT, Hajo mepdopupoBaTh Ha-
rHeTaTeJbHbIe CKBAKUHDI.

CpezactBoM 60pb6bI ¢ yTeukoil HedTu MOKeT ObITb OTKa3 OT II0-
CTOSIHHOW 3aKa4yK! BOJABI U TI€PEXOJ] K TIePUOJUYECKON MJIU  IHK-
JIMIecKoll 3akauke Bofbl. Torma mepwoabl pabGoTbl HarHeTaTeJIbHOM
CKB)KIHBI YepeAyIOTCS ¢ IMepruolaMil OCTaHOBKHU. B mepnon paboTh!
HarHeTaTeJbHOH CKBKWHBI y Hee TIOAJEP:KIBAETCS BBICOKOE 3a-
6oitHOe naBieHUe, HO 00bEM 3aKAUKU BOJALI COOTBETCTBYET O0BEeMy
no6brun HeddTH TPU OTCYTCTBUU yTeuku HedTH: QakTuyeckun c
YUETOM TMEePUOIOB OCTAHOBKHU peasnayeTcs: 6oJiee HU3Koe Ge3ormac-
Hoe cpeJHee 3a60ITHOe /1aBJIeHNE HATHETATEJbHOH CKBAKUHDI.

B mepwonpl OCTAaHOBKM HATHETATEJbHOH CKBRKWHBI 4Uepe3 ee
32600 Bojla W3 TJIAcTOB ¢ 0oJiee BBICOKUM JIaBJeHUEM OyIeT Tepe-
TeKaTb B IJIACTBI ¢ 0oJiee HU3KUM JABJEHUEM, CHUMas BO3HUKAIO-
1Iyio 1po6JieMy BBICOKOTO ILIACTOBOTO JABJIEHUS.

Cﬁ ,O%n

[Ipn o6beauHennn HeTSIHBIX TJIACTOB B OJUH OOIIUI IKCILIya-
TAI[MOHHBII O6BEKT ¢ OO6IIell CeTKOW CKBa)KWH, HAPSAY C APYTHMH
ITapaM€TpaMi, Ha/l0 YYUTbIBATb pa3Me€pPbl UX Heq)THHbIX l'IJIOI_T_IaJICI‘/JIy
KOTOpbIE€ MOTYT OBITH H€60JII)]_HI/IMI/I, n UX TUAPABJUYECKYIO CBA3b C
3aKOHTYPHOII BOJOHOCHOI 06.J1aCThIO.

2.10. O OEJIECOOBPA3HOCTH OFbEIMHEHUA IIJIACTOB

Uto Takoe o6benuHeHWE HEPTSIHLIX TLIACTOB B OJUH OOIIWiA
3KCIIyaTAIMOHHBIH OODBEKT?

B 1pou3BoicTBEHHOM CMBICJE 3TO — OCYIIEeCTBJIEHUE B CKBAYKU-
HaX, TPOBEJEHHBIX Ha OAUH HePTIHON IIACT, JAOMOJHUTETHHOU
nepdopannu (ocrpesa) APyrux HeTSHBIX IJIACTOB.
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A B cMbIcsie 00Pa30BaHMST MaTeMaTHYECKOH MOJeNN paccMaTpH-
BaeMOro mpoiecca pa3paboTku HeMTIHBIX ILJIACTOB 3TO — 0Obeau-
HeHue WX K03 UIMEHTOB NPOAYKTUBHOCTH, UX 3PPEKTUBHBIX
TOJIIUH, WX CPEJIHWX ITPOHUIIAEMOCTENl W WX IMOCJIOWHBIX HEOIHO-
POHOCTEl 10 MPOHUIAEMOCTH U TEOMETPUYECKUX HePaBHOMEPHOC-
Teil (MX pacyeTHBIX TMOCHOWHBIX HEOJHOPOMHOCTE).

Kaskercsa oueBHAHBIM, 4YTO OObeJMHEHHE HECKOJbKUX I1JACTOB
yBeJUMYUBaeT OOIIYI0 HEPABHOMEDPHOCTb BbiTecHeHUs1 HedTH 3aKa-
yuBaeMoil Bojoii. HaBepHoe, B cpeaHeM 3TO CIIpaBelJinBO, HO B
KOHKPETHBIX CJIy4asiX MOKeT ObITb Hao60pOT W o6masi HepaBHO-
MEPHOCTb MOXKET YMEHbBINATHCS.

[Ipu o6beanHeHNn HEMTSAHBIX IJIACTOB B 3JKCILIyaTAITMOHHBIN
0OBEKT C TIOMOIIbI0 MAaTEMAaTHYECKUX METOJI0B TEOPUU BEPOSITHOC-
Tell MOKHO /IOBOJIBHO TOYHO PACCUUTATH OOIIYI0 HEPABHOMEPHOCTD
BbITecHeHUs1 HeTu. [l 9TOrO HE HY)KHBI MOJHbIE COBOKYITHOCTH
MUCXOJHBIX JIAHHBIX, BIIOJHE JOCTATOYHBIMH SBJISIIOTCS TIPEACTaBU-
TeJbHbIE BBIOOPDKU M3 9TUX COBOKymHOcTeil. [Ipw mpumeneHun wus-
BECTHBIX JI€TEPMUHUPOBAHHBIX MATEMATUYECKUX MOJIEJIENl pacyeThbl
110 TIPEJCTABUTEJBHBIM BbIGOPKAM TPUHIIUIMAJIBHO HEBO3MOKHBI.

[ns  [1eTepMUHUPOBAHHBIX MATEMATUYECKUX MOJIEIell HYKHbI
TIOJIHBIE COBOKYITHOCTH MCXO/HBIX [AaHHBIX, & UMEHHO HYXKHBI: H[e-
aJIbHAs KOPPEJAIUsS HeMPTSIHBIX IMJIaCTOB U 060COOJEHHBIX HeDTS-
HBIX CJIOEB, KO3(pUIMEHTHl NPOAYKTUBHOCTH U 3(hDEKTUBHbBIE
TOJIITUHBI WHANBUAYAJBHO 1O BCEM CKBa)KMHAM U BceM 0060CO0JIeH-
HBIM CJIOSIM.

[Tpu 3nauutesbnom gedunure HeoOXOAUMON MUCXOAHON undoOp-
Maruu (110 060CO6JEHHBIM CJIOSIM, 110 TJIACTaM M Ja’ke 110 CKBAXKH-
HaM) TOYHOCTb JIETEPMHHUPOBAHHBIX MaTEeMaTHMYECKUX MOJe/el
KaTtacTpoWUecKN TaJaeT; TOPA3UTEJbHO, YTO OHH CTAHOBSATCS
3HAYNATEJHBHO MeHee TOYHBIMH, 3HAUYUTEJIbHO O6oJjee OmMOGOUHBIMI
M0 CPaBHEHWIO € OOBIYHO MPUMEHSEMOI MaTeMAaTHYECKOH MOJIEJbIo
pa3paboTK MOCJOUHO M 30HAJBHO HEOJHOPOAHBIX HEMTIHBIX ILJa-
cTOB. DBoJIbIioi rpex JeTepMUHUPOBAHHBIX MaTeMAaTHYECKUX MOJle-
neii cocroutr B Heydere (B 3HauMTeIbHOM HeydeTe) (haKTHUECKOI
30HAJIBHOW W TIOCJOWHOW HEOJHOPOJHOCTENH HEe(MTAHBIX IJ1aCTOB.
OxasbIBaeTcs, CHIXAETCS MOJeJupyeMas HeOJHOPOJHOCTh U COOT-
BETCTBEHHO CHUJKAETCS OTPUIlATEJIbHOE BJIUSHUE 3TOW HEOIHOPO/I-
HOCTU HA TeMI J100bluu HedTH u HedTEOTAAuy IJIACTOB.

OnHaKo 3TO cepbe3HOe MaTeMaTHYecKoe OOGCTOSATENbCTBO CO-
BEpIIEHHO HE TOHMMAIOT T€, KTO HACTAaWBaeT Ha CO3/JaHUU JIeTep-
MUHMPOBAHHBIX MaTeMaTHYeCKUX MoOJieJieil Mpu HbIHENIHEM I1jaa-
YEeBHOM COCTOSIHUM JIeJ1 B OOJIACTU KOHTPOJisi paboOThl M TUAPOIUHA-
MHYECKUX MCCJEJLOBAHUI CKBa)KUH, a TakyKe UX ILJIacTOB U 000-
cOOJIEHHBIX CJIOEB.
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Hanmo mmerp B BUy, YTO YHCJO CO3/IaHHBIX JIETEPMUHUPOBAH-
HBIX MaTeMaTU4eCKuX Mojeseil HeTIHBIX ILIONIA/IENH, UX OTHeNb-
HBIX YYACTKOB M KYIIOJIOB, OMIMOGOYHO MPEACTABISIONINX T'e0JOoTHYe-
CKOE€ CTpPOEHME U IIPOJAYKTUBHOCTb HE(MTAHBIX IIJIACTOB U IIPUBO-
JAMHUX K ONMMOOYHBIM TPAKTHYECKUM DPEKOMEHJAINSIM, YiKe J0cTa-
TOYHO BEJIHMKO.

B pamkax apyroil, IpMHIMIINAJbHO WHOW aJallTUBHOW Marema-
TUYECKO# Mojienn pa3paboTKi HeMTSIHBIX IJIACTOB, UMEETCS TeX-
HOJIOTHYECKUN KPUTEPHUHl PpaIMOHAJbHOCTH OObeAuHeHnsT HedTs-
HbIX TactoB. Ilo atomy kputepuio obbemHeHUEe HePTSHBIX TLTA-
CTOB SIBJIIETCSI PAllMOHAJBHBIM, €CJIH CpeAHuil ne6uT HePTH 3a
BpeMs OTOOpa yTBEP:KIECHHLIX W3BJIEKAEMBIX 3aracoB HedTu yBe-
JINYUBAETCSI, TO eCTb cpemauuii nebut uedTH Ha HPOOYPEHHYIO
CKB)XMHY Npu 00benuHeHHoll pa3paborke Oyner 60Jibliie, 4eM IIpU
pasgenbHOIl pa3pa6oTKe HEDTSIHBIX MJIACTOB.

[IpeacraBum atoT kputepuit dpopmystaMu.

Kputepuii pamuoHadbHOCTH — [JAOCTH)KEHHWE MaKCHUMAJIbHOTO
cpemHero e6uta HedTHM HA CKBAXKWUHY MPOEKTHOU CETKU

6/:,p =qy-(1- Acp) = qé ceeV max,

riae qé — aMIUIUTY[HbII [1e6UT HAa CKBAKUHY IIPOEKTHON CETKU;
A, — pacueTHas Cpe/Hsis [0/ BBITECHSIONIETO areHTa B CyMMap-
HOM ot6ope skuakoct; (1 — A.) — COOTBETCTBEHHO pacyeTHast
cpeanss jons HedTH B cymMMapHOM oT6ope skuakoctu; V? — pac-
YyeTHas MOCJIONHHAs HEOZHOPOJHOCTb HEe(TSHOrO IJIACTa IO MPOHU-
naemoctu; nocroguHasg o = (K;1,25)  mpu 0,7 = Ky < 0,9; Ky —
K05 (PUINEHT WMCIOIP30BAHUS TMOABUMKHBIX 3amacoB HedTH; s
ompejiesieHnst MOcTosiHHON mpuMeM K; = 0,7 m Torga MOCTOsTHHAs
pasua a = (0,7-1,25)" = 0,586 = —.
1,706
Vcnosue nenecoo6pasHoctd oObefAuHeHns 7 HePTAHBIX ILIac-
TOB B OJUH OOIIMIl SKCILIYaTAllMOHHBIH OOBEKT HMEEeT CJie/Ly LMl
BUJL:
1 1

qcp” > qcp’y

1 -o V*Z* 1 —-a *Vf .

Gy " € >q, e’

1
q e (V2 V2
01 >'ecx(‘ﬁ VJ;
dy
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1
Lo IS 2oV = (2 ) - (V2 4 D

o qy
1 2
1 o Vo +1)
————In q% +1> 2
a- (V. +1 dy W, +1
rae ¢y. — AMIUIMTYAHbIA Ae6UT Ha NMPOEKTHYIO CKBaXKHHY 10 IKC-

IJIyaTaluoOHHOMY OOBEKTY, 00beIUHSIONEMY 7 He(TSIHBIX I1JIACTOB;
q:r — CpeIHUN aMIUINTYAHBIN JeOUT Ha MPOEKTHYIO CKBAKUHY TIO
sk

BBITECHEHIS He(TH areHToM B JOOBIBAIONIYI0 CKBAKHHY IO 3KC-
IJIyaTallnOHHOMY OOBeKTY, 00be/IMHSIONEeMy 12 He(TSIHBIX IJIACTOB;

orzenbHOMy HedTaHOMY mmacty; V72 — o6masg HepaBHOMEPHOCTD

V? — o61as HepaBHOMEPHOCTb BbITECHEHHS HeTH MO OTAeSbHOMY
He(pTAHOMY ILJIACTY.

OO611y0 HepaBHOMEPHOCTb BBITECHEHNS He(TH B TO0OBIBAIONIYIO
CKBOXHUHY IO OT/AEIbHOMY HedTSHOMY ILIACTYy, COCTOAILIEMY U3 71,

CJIOEB, MOJKHO IIPEACTaBUTb C Y4YE€TOM ‘/12 — HEPaBHOMEPHOCTU BbI-

TecHeHnss HepTH B HpeaetaxX OTAEIbHOTO cjiosi; V.. — 30HAJbHOI

3C

HEOJHOPO/JHOCTHU B IIpe/iesax CJOA U 1, — YucCJa CJIOEB

V2= 41 Lt

OO611y10 HepaBHOMEPHOCTb BbiTeCHeHUs HedTH B IT0OBIBAIONIYIO
CKBOKHMHY [0 9KCILIyaTAIlMOHHOMY OOBEKTY, COCTOSIIEMY U3 7
NJACTOB W 72,7 CJIOEB, MOXHO TPEICTABUTH C YYETOM BCETO TIpe-

moirymero (Vi?, V2, n.), aTakxke ¢ yuetom V> — 30HaJbHON HEOM-

3c?

HOPOJIHOCTH TJIACTA, 1 — YHCJIA MIACTOB U V' — MEKILTaCTOBOI HeoJ-
HOPOJIHOCTH T10 IIPOHUIIAEMOCTH WJIM 10 CKOPOCTU (PUJIbTPAINH

: P V2+1 .
V2 + D=V + D) —2— (V7 +1)=
—X— 41
nc'n
2
=41
2 n v 2 2 V2+1 5
=V ) —— (7 + D=V "+ D) =2—(V +1.

V. V.

— 41 — 41

n.-n n
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(V,j+1)_ V32+1

UARS I
T St

OrTciofa moJsyvyaercs -(V?+1). C yueroM 3TOTO yCJIO-

BHE HeJIeC006p3.3HOCTI/I Oébe,Z[I/IHeHI/IH n He(l)THHbIX IJ1IaCTOB IIpU-
HUMaET BHU[

2

1 Vi
1 oy +1 )
—2'IHL1+1 ”2—>(VH +1).
o (V. +1) 9 V. +1

A VH2 — MEKILJIACTOBYIO HEOJHOPOJAHOCTh 110 CpefiHell MpOoHUIla-
€MOCTHU ILJIACTOB MOKHO OIIPEIeJIUTh CJIEeIYIONIM 06pasoM:

rae m; u h; — cpeauuii K09bGUIUEHT TPOAYKTUBHOCTA WM CPEIHSIS
n;

addexTuBHAS TOJMNUHA 1-TO HEMTSHOTO TIIACTA;
h

— yZAeJbHBIN
i

K02 UIMEHT TPOAYKTUBHOCTUH Ha eAMHUIY 3(@eKTuBHON TOJI-
HIMHBI, NIPSIMO IPOIOPHUOHAJBHBIN CpejHedl IPOHUIIAEMOCTH I-TO
macta. MeXIJIacTOBYI0 HEOIHOPOJHOCTb MOXKHO BBIPA3WTh depe3

cpenaue MeOUTHl HE(PTAHBIX TLJIACTOB

V2+1)= L =

Hpumep pacuema

Hcxonnble nanHbie:

Mioeennnnns, 1 0,5 02 01 S8
i

Do 5 2 2 1 210
i

Ny 0,2 025 01 0,1

2/l 02 0125 002 001 035
i
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OTCIOZIB. IIO0JIy4a€TCAaA BeJINYNHaA VH2 — MEXXILIAaCTOBOM HEOJHO-
POAHOCTHN

(V241)=2319_1 096, 12 =0,096.
1,8

1
IIpu L 1,706, (V2 +1D)=1,5, V’=1u qo_:* =4 ycnoBue 1eaecoo6-

o (]*
0
pasHoctu o6benuHeHUsT HePTAHBIX ILIACTOB NTPUOOPETAET KOH-
KPeTHBbIN BUn

l+1

(ﬂ‘ln4+1)‘ 4
1,5 141

=1,610>1,096.

TaxkuM o6pasoM, ycJIOBHe I1e1ecO00Pa3HOCTH  OO0beTnHEHHs
He(MTSIHBIX IJIACTOB B OAWH OOIMUI SKCILIyaTallMOHHBIN OOBEKT
BBITIOJTHSIETCS.

[lajee yCJIOXKHUM HMCXOJ/HBbIE [AHHDIE: Y4TEM, UTO MEXKIY JBYyMs
nmapamMu  HeTSAHBIX MJIacTOB paccrosaue (Mo Tay6uHE) OKOJIO
300 M m mTacToBBIEe JaBJeHUS pasandatorcsa mpuMmMepHo Ha 30 aT;
YTO JaBJIEHUS HACBIIEHUS He(TU TAa30M He CBS3aHBI TPSMOJIMHEH-
HO ¢ TJyOWHOU 3ajeTaHus TJIACTOB, a 3a00WHbBIE [aBJCHUS TI0
IJIACTAM JIOJUKHBI ObITh PaBHBI wju GOJbllle WX JAaBJIEHWUN HACHI-
HIeHUs:

P 121 120 91 90

Priae o eeeeeeeeeeeeeeee, 36 60 31 30

Py=Por i 85 60 60 60

Piy=Por i 60 60 60 60

ot +eeeeeeeeeneeenenenenns 8 30 12 6 Z138 gy .=345
1

(oot +eveeeeeneneienenennns 60 30 12 6 T8 " _gzq3
qu*

3mecy P, — P» — pempeccust Ha HeTAHOH ILTaCT TIPU pas-
nenbHOit paspabotke; P, — P. — Jempeccus HpPH COBMECTHOM
pa3paboTKe;

1 =l. \ (p _p*)
q[);) n Enz I 7

=1
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1 n
Gor = Y M;* (B, = Pos)

Gioeeeeee 60 30 12 6 108
/ST 5 2 2 1 310
g/ b 12 15 6 6
q?/h; ... 720 450 72 36 21278
Orciofia ToJiyyaetcss BelwunHa V]’ — MeXKILIACTOBOH HeOIHO-

poaHoCTH

(V2 +1)=12810_1 096; V7 =0,096.
108

1

Ipn +=1706, (V2+1)=15, V=11 % _313 ycrosue uemeco-
o

1

qo*
o6pasHocTH OObeMHEHNsST HePTSIHBIX IJIACTOB NMPHOOPETAET KOH-
KPETHBLIN BUJ

1

—+1
(ﬂ-1n3,13+1)- 4

1,5 1+1

=1,436>1,096.

Takum o6pasoM, ToJay4aercsi, 4To OOBEAWHSATb YEThIpe IIJIacTa
u pas3pabarbiBaTh WX OJHOW CETKOW CKBAKWH JIydllle, YeM de-
ThIpe IL7acta paspabaTbiBaTh pas/ielbHO YeTbIPbMSI CETKaMU
CKBa KUH.

Eme pa3 wusMenuM wucxomHble JaHHBIE, KOHKPETHO, HW3MEHUM
JlaBJieHre HACBINEHUs] W COOTBETCTBEHHO 3a60iiHOe [aBieHue y
BTOPOTO CHU3Y HEe(TSIHOTO IJIACTA:

P 121 120 91 90
P 36 35 31 30
Py =Po . 85 85 60 60
Py =P 60 60 60 60
gl 85 425 12 6 $145,5 ¢! , =36,375
05 02
q1
gl 60 30 12 6 2108 01— = 2,969

9o

Itn w3MeHeHuss HecymiecrBenunl: In3,13 = 1,141 > In2,969 =
= 1,088, u ycJsoBue 1enrecoo6pasHOCTH OODbEeIMHEHNST HeMPTIHBIX
ILIACTOB MMEET BUJL
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1

—+1
(1,706 .1n2,969+1). i _1,399>1,096,
1’5 141

T.e. BBIJEJIEHUE OJHOTO 3KCILIYaTAI[IOHHOTO OOBEKTa Jy4lle, YeM
BBI/[eJIEHUE YeThIpeX.

Ho MOXHO 3aMeTHTh, YTO BMeCTE /IBa HIDKHWX IJIACTa JIAfoT Jie-
6ur uedtu 85 + 42,5 = 127,5 Gosbiiie, 4eM BMeCTe BCe YeTbIpe
miacta 60 + 30 + 12 + 6 = 108. Ilostomy HaumHaTh pas3paboOTKy
HA/I0 C [BYX HIDKHUX IJIACTOB W IO Mepe BBITIOJHEHHS 3aJaHHOU
TEXHOJOTHYeCKOl (DYHKIIMK 10 HIDKHUM IJACTaM CKBAJKWHBI GyIyT
MepEBOJUTHCS Ha JIBa BEPXHUX ILTacta. Bce paBHO BMECTO 4YeThI-
pex CeTOK CKBaXWH Oy/JeT IMpHMeHeHa OfHA.

[MoabiToKUM: 3/1€ch OBLI JJaH KPUTEPUN 11ejiecoo6pa3HocT 06b-
efuHeHnsT HeTIHBIX IJACTOB B OJWH OOl 3KCILIyaTallMOHHbIN
00BEKT. ITOT KPUTEPUI MMEET JOBOJBHO yHUBEpCAJbHBIA BuI. OH
YUUTBIBAET:

1 — BHYTpPHCJIOWHYIO HEPAaBHOMEDHOCTb BBITECHEHHS HeDTH,
BKJIIOYAsT CIO/Ia TEOMETPUYECKYI0 HEPABHOMEDHOCTb BBITCCHEHHUS;
2 — MEXCJOWHYI0O HepaBHOMEPHOCTh BbiTecHenusi Hedrtu (n

MEXKILJIACTOBYIO TOXKeE), OOGYCJIOBJIEHHYIO XaOTHYECKO# 30HAJbHOI
HEOHOPOJHOCTBIO CJIOEB 110 IPOHUIAEMOCTH;

3 — TakXKe YYHMTbIBaeT YCTOMYMBYIO HEOJHOPOJHOCTb CJIOEB U
IJTACTOB MO WX CPEeJHEell TMPOHUIIAEMOCTH.

[laHHBINT KpuUTepWii OTBeYaeT Ha BOIMPOC: I€JeCO06Pa3HO WU
HET TPEeJCTABJEHHYIO rpyHny HeMTSIHBIX ILJIACTOB OObBEIUHSATH B
OMH OOIIMI 3JKCILIyaTAIMOHHBI OOBEKT. A BbIJeJEHUE CAMHUX
TPYIIl IIJIACTOB — 3TO [JPYroil BOIPOC, KOTOPBIH HA/l0 PEUIUTh [0
[IpUMEHEHUsI KpUTepus.

[laHHbIl KPUTEPUT JOBOJBHO MPOCT, MO3TOMY NPUMEHUM B JIO-
BOJIBHO CJIOXKHBIX CHUTYyalMsiX.



“T£,1 3

eéelhadao eAaeAldéraa
cOTTucoT abeféeéeUNOcgaa

0}
Q
M
o

3.1. £280N0E0GA0 TOTCEAEA60ES
UTTOaTaCcéeia Adeéesaniaa

Ha paccmatpuBaeMoM HedTSHOM MeCTOPOKIEHUU IO TOAAM W3-
BeCTHA [AWHAMWKa GypeHUs ¥ BBOJA B IKCILIyaTAllMI0 CKBAXKUH,
J00bIYN HePTU U SKUAKOCTH, YHCJa paboTaoNnX CKBaXkuH. Takue
(paxkTUUIeCcKMe AaHHBIE MMEIOTCS Kak [0 TPOBECHUS MepONPUATHI
0 yBEJWYEHUIO A00bru He(TH U HedTeoTAauu ILIACTOB, TaK U
1ocJie UX MPOBE/eHMUs.

Kak Ha ocHoBe 3TMX (HaKTUUECKWX JJaHHBIX BBLIIBUTH 3ddexT
JIOTIOTHUTETbHO TPOBEJAEHHBIX MEPONPHUATHI M KaK BBISBJICHHBIH
obmmwmii 3pdext pazmaenutb MeKAY OTAETHHBIMUA MEPOIPUSTUSIME ?

Ho mpesxkzme Bcero Heo6X0AuMO OMEHUTH 3(P@PEKTUBHOCTD OCY-
MIECTBJEHHDBIX TPOEKTHBIX MEPONPUATUN, YTOOBI 3aTeM OIEHUTD
3 dHEeKTUBHOCTD JIOTIOJHUTENbHBIX MEPOIPUSITHUH.

[ng  mocTu:KeHWS TIOCTaBJEHHOW I[eJW  HAAO0 WCIOJIb30BaTh
ypaBHEHUsI pa3paboTKN HePTSHOIN 3asexKn.

CaMpIM BaXHBIM CpeN HUX SBJSIETCS ypaBHEHWE 00BN
HeTH

@)
@) @) (1 _ Op

L R

riue q(") — nebut nedTu paspabarbiBaeMOil 3ajieXu B t-ii MOMEHT

BpeMeHn mau B t-M rogy (Ha cepeamHy t-ro TOAa); qé‘) — aMILIu-

Tyambii ge6ut B t-M rogy; QY —makomrennbii orGop medTH K

cepennne t-ro roga; Q) — BBeenmbie B paszpaGoTKy HauasibHbIe

N3BJIEKaEMbI€ 3allaChbl Heq_)TI/I TOXE K cepeanHe t-ro roja.

AMIIUTYIHBINH Ie0UT B CBOIO OYepe/ib 3aBUCUT OT 1M, — CpejHe-

ro Ko3(puIMenTa NPOAYKTUBHOCTH CKBAXHH, OT 1y’ — duciaa
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npo6ypPEHHBIX M BBEJEHHBIX B JKCILTyaTanuio cKBaxkuH u (P, —
— P.) — pasnoctn 3a60MHBIX [MABJICHUHA HATHETATENbHBIX M J00bI-
BAIOMUX CKBaXXWH, OT @ — (DYHKIUHM OTHOCUTETbHOW TPOU3BOIM-
TEJHHOCTH ITPOEKTHOU CKBAJKUHBI U APYTUX (PaKTOPOB

q(()t) =T'ncp'ng)'(Pcn —PCD)'CP'E,

rjie HoBble OGO3HAUYEHUST: T — YHCJI0 JHEH paboThbl CKBa’KUHBI B TO-
oy; § — TONpaBOYHBIM NOHMXKAIOMWE KO3 PUIMEHT, YYUTbIBAIO-
I OTpUIlaTeTbHOE BJINSHUE 30HAJIbHOM HEOJHOPOMIHOCTH IIJjac-
TOB 1 Heo6XouMocTh obecredenuss 90%-HOH HaJeKHOCTU IIPOEKT-
HOU n06bran HeddTH. DYHKINSA OTHOCHUTEJNBHOW ITPOU3BOIUTETHHO-
CTU CKBa’)KUHbI MOKeT MMeTb Takoil Buj (XOTs OHa MOKeT ObITb
3HAUYUTENBHO GOJjiee CJIO0KHON YHUBEPCAJIbHO!):

11
1 4 A+m

e W, — COOTHONIEHUS TOJBMKHOCTEW BBITECHSIIONIETO areHTa u
HeTH B IJIACTOBBIX YCJOBUSAX; 7 — COOTHOIIEHWE JOOBIBAIOIIUX W
HaTrHETATeJbHBIX CKBAXKUH; /M; — COOTHOIIEHHWE JTOGBIBAIOIINX
CKBaKMH TEPBOIl OPOMTHI M HArHETATEJbHBIX CKBAKWH, MPUUYEM
my < m.

ClieIyfoluM M0 Ba)KHOCTU SBJISETCS ypaBHEHWE [TOObIYM KUJI-
KOCTH

amr =4 +(q =)y

®
© o [ ok
qr = 9o 'L1_ (:))’
Oro
rze q(rtz u q;f) — BECOBOIl M pacyeTHbIl MeOUTHI JKUAKOCTU B t-i

MOMEHT BpEMEHU WJIH B (-M TOAy; W, — KO3 (PUIUEHT pasziudus
dusnveckux cpoiicts (ydyer pasauums IJIOTHOCTH M HOABHMKHOC-

i) HedpTH W BHITecHsiomero arenta; QY u QY — coorserct-

BEHHO PACYETHBIN HAKOIJIEHHBI OTOOP KUJKOCTU U BBEJ€HHDIE B
pa3paboTKy pacyeTHble HavdaIbHBbIE WM3BJEKAeMbIe 3alachl SKHIKOC-
TH K CepeJuHe {-ro roja.

BBenennbie B pa3paGoTKy HadyaJbHbie W3BJIEKaeMble 3aIachl
HedTH Qé” U pacyeTHbIC HadaJbHbIC M3BJEKACMbIC 3aIlachbl KN[-

KOCTH Ql("t(; BbIpa’XalOTCA 4Y€pe3 BeJINYUHY I10ABUKHBIX 3allaCOB

neprn QY
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) @)
( Q;r[ : I<3y

® _ O . .

FO0O — Qn F’
Ky — KO3(1)(1)I/IHI/IeHT HNCIIOJIb30BAaHUA ITO/IBMJKHBIX 3allacoB Heq)TI/I
fo); F - pacquHbeI CyMMaprIﬁ 0T60p JKUJIKOCTU B JI0JIAX II0-

JIBUJKHBIX 3armacoB HedTH QT([‘);
cJIeAyIOmUM 06pa3oM:
K; =K, + (K,

BesinunHbl K3 n I onpenengiorcs

K Ksu)Ay

F=K, +(K, -K,) In——;
1-A

F-K

an

K3 = K, - (K3K - I<3H) ’ eKHK_Km ;

3K

- 1 S K = 1 .
2442V % 0954025V
e=K3H=0,95+0,25~V2_ V2 0,95-1,2-9 .
Ky 1v2+4‘2'v2 ’ 4,2'9—0,25,
A,

(1—A2)'MO+A2’

rme A m A, — COOTBETCTBEHHO pacyeTHas TpeaeTbHAS W BecoBas
npe/iesbHas JIOJU areHta B Ae0uTe KUJIKOCTU JOOBIBAIOIIEH CKBa-
skunbl; Ky, u K, — aT0, mpexjae Bcero, mapaMeTpbl JUHENHON 3a-
BUCUMOCTH TeKylero ae6ura HedTH OT HAKOIJIEHHOTO oT6opa
HedTH Tpu (GUKCUPOBAHHBIX YCJOBUSX SKCILIyaTAllMM CKBAKUHbI
(IpM  TOCTOSIHCTBE PA3HOCTH ILJIACTOBOTO M 3aGOMHOrO JaBJeHUI
P, — P, = const U TOCTOSHCTBE 3IKCILTyaTUpyeMoro oObemMa Hed-
TSHBIX TIJIACTOB, TO €CTh IIPU IMOCTOSHCTBE PabOThl COCEIHUX [0-
ObIBAIOMIMX U HAaTrHETAaTeIbHBIX CKBakuu); K, — mois or6opa mo-
JBIDKHBIX 3amacoB HedTu 3a G6e3Boinblil  (moutu Ge3BOAHBIN) Ire-
PUOJ JKCIJIyaTallud TUIIUYHOW cpe/lHell JTOObIBAIOIIEN CKBAKUHBI;
K, — MOTeHIMaTbHO BO3MOKHAS JIOJIST OTOOPA MOJBKHBIX 3aITacoOB
HedTH TIO TOH >Ke MOOBIBAIONIEH CKBa)KMHE, OIpe/esseMas MyTeM
KCTPANOJSANNNA JUHEHHOTO OTpe3Ka [0 MepecevYeHus C OChbI0 Ha-
KoIieHHoro or6opa nedgru; V? — nokasareab pacuyeTHOii MOCION-
HOM HEOJHOPOJHOCTH 3KCIJIYaTHUPYEMbIX He(MTAHBIX IJIACTOB HJHU
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MoKa3aTesb O0Iell HEPABHOMEPHOCTU BBITECHEHWS He(PTH areHToM

3H

B lIOébIBaIOHIYIO CKBAKUHY; 0= — TOJK€ IIOKa3aTeJib HE€paBHO-

3K
MEPHOCTH BbBITeCHEeHUsS HedTH, omnpezenseMblii M0 (HhaKTHIECKOMY
06BOJITHEHUIO HECKOJIBKUX JAOOLIBAIOIIUX CKBAKUH.

OGparure BHUMaHWe, 4TO camasi TJlaBHas 3aBucuMocTb (K; —
Tekymell Aoau oT6éopa MOABHMIKHBIX 3armacoB He(PTH OT BEJTHUYNHBI
A — Tekyniefl pacyeTHOM JOJIM areHTa) yCTAHABJIMBAETCSH HMH/INBU-
QYaJbHO 1O OT/JeJbHBIM JOOBIBAIONINM CKBKMHAM, a 3aTeM OCpe[-
HSeTCS W TPUCBAMBAETCS TUIUYHON cpeHel MOObIBAIOIIEl CKBa-
JKITHE.

[Moxemxubie 3amachr meprn QY ompegensores 1o Gamanco-

BBIM reosormyecknym samacam medru QF ¢ yuerom tpex koaddu-

muentoB K, K, n K.

[lepsbiit u3 HUX K; Ha3pBaeTcsad K03 UIMEHTOM CETKU U y4H-
TbIBaeT BJIMSHME IJOTHOCTU IPOEKTHOH CeTKH CKBaKUH Ha (oHe
30HAJBHON HEOJHOPOJHOCTH W MHPEPLIBUCTOCTH HeTAHBIX IJIac-
TOB W TIPEACTABJIAETCA CleAylomnieil hopMyJIoit:

@ s

2
K=e® |

rie @ — TPEPBIBUCTOCTb WJM [JOJS HEKOJJIEKTOpa II0 ILIOIAIn
pacrpoctpanenuss 060CO6JEHHBIX He(PTSHBIX CJI0EB U ILJIACTOB;
d — XapakTepHBIl JUHEHHBII pasMep WM AT XaOTHYECKO# u3-
Mensemoct; S' — HedTAHAA TIOMAAb, TPUXOJAMAACA Ha OJIHY
CKBKUHY.

Uem GoJsbllle TPEPBIBUCTOCTD CJIOEB W ILIACTOB, 4UeM OOJIbIIE
IJIOTA/Ib HA CKBAKUHY W YeM MeEHbINE IMar XaoTUYeCKON H3MeHse-
MOCTH, TeM HUKe K03(hPUIMEHT CeTKH, TeM OO0JIbIlle MOTepsl 3ala-
cos nedpru. Tak, ectm w = 0,3, d = 0,5 km u S' = 16 ra =
= 0,16 xkm?, T0 KOa(pPunUenT ceTku pasen K, = 0,944; a ecau 1wLI0-
a b Ha CKBa)KMHY B 4eTbIpe pasa Gosbure u pasHa S' = 64 ra =
= 0,64 xM?, o KOs punment cerkn pasen K, = 0,794.

Bropoit xoaddumment K, HaspiBaeTcss K03(p@PUIMEHTOM BbITEC-
HEHUs, OIpejessercs B JaGOpaTOPHBIX YCJOBUSAX Ha o6pasiax
nopoanl HedTaHBIX TmactoB. IIpu BoiTecHenuu nHedTn Bomoit K,
o6br9HO  6bIBaeT B mpenesax ot 0,5 mo 0,8. Ilo meBoHCcKOMY TOpH-
30HTYy Pomamxmackoro HedTssHOTO MecTtopoxkaeHust K, 6bLT paBeH
0,68. CoBOKYIMHOCTb yCTAHOBJICHHBIX 3HAUeHWH 3TOro Koadduiu-
€HTa 10 KaKOMY-JM0OO 9KCILIyaTallMOHHOMY OOBEKTY OObIYHO 06Jia-
JlaeT CyIleCTBEHHOI HeoJHOpOoAHOCTbIO. [loaTtoMy /71 onpejeneHus
CPeIHEero 3HAYeHUs] 3TOTO K0d(dPUINEHTA C YAOBJIETBOPUTETHHOU
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TOYHOCTBIO HAJ0 WHCCJIEJ0BATh IIPEACTABUTENbHYI0 U JOCTATOUHO
GOJILIIYI0 COBOKYIHOCTh OOPAa3IOB KEepHA, WCYUCISIEMYI0 MHOTUMHU
JeCATKAMU U JJaKe COTHSMU.

UetBeptoiit koadduiment K, nasbiBaercsa koad UIMEHTOM Ha-
JNEXKHOCTH CUCTEMBI pa3paboTKu HePTSHON 3aleXu, YYUTHIBAET
OTPAHWYEHHYIO J0JTOBEYHOCTh M XAOTUYHOCTH aBAPHIHOTO BBIXO/A
u3 cTposi ckBakuH. Ilpm orcyrcTBuM AyGJUPOBAHUSI ABAPUNHO
BBIOBIBIITUX CKBAKUH 3TOT KOI(PQPUIMEHT TIPENCTABIAECTCS CIEIy-
Ioliell o4eHb MpocToil hopMyIoii:

1
Q0
qo .TC

K) =

1+

ITo aroit bopMyJie BUAHO, YTO YeM Jyulle C/eJaHbl CKBASKUHDI

— uyeM 6o0JIbllle UX JOJTOBeYHOCTb 1., 4eM O6OoJblle MX aMILIUTY/-

HBII e6UT G, U TeMI oT6Opa NMOTEHIINAJbHBIX H3BJIECKAEMbBIX 3alla-

coB HeTH g, YeM MeHbIIle  cpeJHee BpeMs oTOOpa 3THX 3ama-
0

coB He(pTH Tq,=%, teM Bbime K{ — K0a(DHUIMEHT HAAEKHOCTH
0
CHCTEMBI.
Yucnoeoii npumep. llyctb Temnm oT6opa 3amacoB He(TH paBeH
g=0,1 L kauecrBo crpouTenbcTBA M OKCILIYATAIMM CKBAXKHH
0 o/
BIIOJIHE Y/IOBJETBOPUTEIbHOE W WX [IOJATOBEYHOCTb paBHAa T, =
= 50 Jet, Torna koaOUIMEHT HAJEKHOCTH CHCTEMbI Pa3pabOTKN
3aJIeKN OKA3bIBAETCSI PABHBIM

K} = —= 0,833.

1+

0,1-50

[IpousBenenne NpUBEJEHHBIX TpeX KO3(PPUIMEHTOB IPHU ILJIO-
a1 Ha CKBAXKUHY MTPOEKTHOW CEeTKHN S'=16ta=0,16 x> u npu
OTCYTCTBUU AYOJIMPOBAHMS aBAPUITHO BBIOBIBIINX CKBAKWH TIOJY-
YaeTcsl PaBHBIM

KKy K9 = 0,944-0,68-0,833 = 0,535.

[Tpu pacyerHoii MOCJIOWHOI HEOTHOPOJHOCTH SKCILTYaTHPYEMbBIX
nHedranbix 1aacro V? = 0,667, npu BecoBoil mpemeabHOR 06BOA-
HEHHOCTH oOT6upaemoii xuakoctu A, = 0,95 u koaddummnenre
pazanunsi PU3NIECKUX CBOWCTB He(TH W BBITECHSIOMENH BOABI W,
= = 3 IOJydaoTcs CJeLyIOU[e BeJIUIHHDI:
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pacdeTHad 1peaejibHad /J0JiA areHra

A= A - 09 _o864
(-A)-pug+Ay  0,053+0,95

napamMerpbl Ko3(pPUIUEHTa MCIIOIb30BAHUS IMOJBUKHBIX 3ara-
coB HedTH

I<3H= ! = 1 =O,25,
1,2+4,2-V> 12+42:0667

Ry=—t L0895
0,95+0,25-v2  095+0,25-0,667

II0OKa3aTeJib HEOJHOPOAHOCTH He(l)THHbIX IIJIaCTOB 11O (paKTI/I‘{eC-
KOMYy 06BOJIH6HI/HO CKBaKXNH

caM K03 PUIMEHT UCIOJb30BAHMS MOABUKHBIX 3amacoB HedTH
K;=K, = (K, - K,)-A=0,25+ (0,895 — 0,25)-0,864 = 0,807;

PACUYETHBIH OTHOCHUTENBbHBIH OTOOP KUAKOCTH B JIOJSX TOIBUXK-
HBIX 3aracoB HedTH

d

F=K, +(K, -1<3H)-1nﬁ=o,25 +(0,895 —0,25)-ln;64=1,537;

BECOBOIl OTHOCHUTEJbHBIN OTGOP JKUAKOCTH B JIOJISIX MOJBUMKHBIX
3armacoB HedTH

F,=K, + (F - K,))-u, = 0,807 + (1,537 — 0,807)-3 = 2,997;

COOTHOIIIEHNE BECOBbLIX CyMMapHbBIX OT60pOB KUIKOCTH U HeCpTI/I

L 2997 _ 3714
K, 0807

CpeaHAaA BeCoBasdA M0JIA He(l.)TI/I B CyMMapHOM 0T60pe JKNJKOCTH

Ks 0807 _ 969
F 2997

Koaddunuenr wnedreornaun sKCIIyaTHpyeMbIX HeTSIHBIX
IJIACTOB TIPEZICTaBJsIeT co00i Mpou3BeleHNe YeTbIpeX Koap@uiu-
€HTOB

K, = K;-K,yK4K) = 0,944:0,68-0,807-0,833 = 0,432.
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3710 GBLIO PACCUMTAHO TPU ILJIOTHOCTH IIPOEKTHOH CETKH CKBa-
x&uu S' = 16 ra,/CKB.; a €ClM CeTKy CKBaKMH Pa3peIuTh BIBOE C
S!' =16 ra/ckB. 10 S' = 32 Ta/CKB. W COOTBETCTBEHHO BJBOE
yMeHbH_[I/ITb TEeMII 0T60pa IIOTEHIINAJIbHO HN3BJIEKa€MbIX 3allaCOB
HedTn c M=O,1O L 5o M=O,OS L 10 xoadppunuent ned-

0 ron Qo ron
TEOTAAUYN CTAHOBUTCA PaBHBIM

K, = KKyK;K] = 0,891:0,68:0,807-0,714 = 0,349

HO

WJIA YMEHBIIUTCS B % = 1,238 pas3a.

[lns TONHOTBI paccMaTpuBaeMoil KapTHUHBI OIpeiesJuM 3Hadve-
HIA TepBoro u uerseproro koadduumentos K, u K npu pas-
JIMYHBIX 3HAYEHMAX IJIOTHOCTH IPOEKTHOW CEeTKH CKBaKWH S,
9 mo.

i
TaKkxke OIpeJesnM 3HaueHus KoadduimenTa HedTeOTAAYN TLIAC-

ToB K,, P YCJOBUHU, YTO BTOPOU W TpeTwii K03 UIMEHTBI OC-
taforca HeudmenubiMu K, K5 = 0,68:0,807 = 0,5488.

o011[eTO YKCJa CKBAXUH 1), U TeMIa oT6opa 3amacos HedTu

Tabuya 3.1

1
St D 3navenns —i- mpu T,
ra / "o K1 QU K HO ¢
CKB. 1,/Ton 20 30 40 30 60 70

64 | 200 | 0,794 |0,0125] 0.2 0.2727 | 0.333 | 0.3846 | 0.4286 | 0.4667

0,0871 | 0,1188 | 0,1452 | 0,1676 | 0,1867 | 0,2033

0,0250| 0.3333 | 0.4286 0.5 0,5556 0.6 0,6364

0,1452 | 0,1867 | 0,2179 | 0,2421 | 0,2614 | 0,2773

32 | 400 | 0,891 |0,0375| 0.4286 | 0.5294 0.6 0,6522 | 0.6933 | 0,7241
0,2096 | 0,2588 | 0,2934 | 0,3189 | 0,3385 | 0,354

0,050 0.5 0.6 0.6667 | 0.7143 | 0.75 0.7778

0,2744 | 0,2934 | 0,326 | 0,3494 | 0,3667 | 0,3803

16 | 800 | 0,944 | 0,075 0.6 0,6923 0.75 0.7895 | 0.8182 0,84

3108 | 0,3586 | 0,3885 | 0,409 | 0,4239 | 0,4351
1,000 | 0.6667 0.75 0.8 0.8333 | 0.8571 | 0.875
0,3454 | 0,3883 | 0,4144 | 0,4317 | 0,444 | 0,4533

[TpencraBnennbie B Ta6a. 3.1 pe3yabTaTbl pacueTa KOHEYHON
He(TeoTAaun TJIACTOB, BO-TIEPBBIX, COOTBETCTBYIOT MHOTHM Deasb-
HbIM paSpaéaTbIBathIM He(i)THHbIM 3aJie;KaM N MECTOPOKIAECHUAM,
BO-BTOPBIX, SIBJSIOTCS KOJWYECTBEHHOW WJJIOCTPAllell pasJny-
HBIX CTOPOH PAacCMATPUBAEMOI [OBOJBHO CJIOKHOI MPOGJIEMbI OIl-
peaesieHnsa BeJMYNHbI KOHEYHOU He(bTeOTI[a‘{I/I 1 BbIABJICHUA BO3-
MOJKHBIX TIyTeil ee yBeJIUYeHUs.
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AHanu3 TPUBEJEHHBIX PE3YJbTATOB IMOKA3bIBAET, YTO TPHU OT-
CYTCTBUM AyOJIUPOBAHUS aBAPWITHO BBIOBIBIINX CKBAKWH KOHEYHAS
HedTeoT/[aya TJIACTOB OYEHb CUJIBHO 3aBHCHT OT OTPaHUYEHHON
JIOJITOBEYHOCTH CKBaKMH. TOJIBKO TI0 3TOHM TpUYMHE IPU yBeJnuYe-
HUU JoJroBeyHocTn ckBakuH ¢ 20 mo 70 jer, wam B 3,5 pasa,
HedreoTaua MokeT yBeaumuntbess Ha 10+15 %, wim B 1,3+
2,3 pasa. Bumsaue orpaHWYeHHON JOJTOBEYHOCTH MOXKHO KOMIIEH-
CUPOBATh YMEHBIIEHUEM CPEeHETO BpeMeHHW oTOopa 3amacoB HedTn
WM yBEJWYEHUEM WHTEHCHUBHOCTH OTOOpa 3amacoB HedTH: Mpu

YBEIMYEHMH TOJOBOrO Temma or6opa samacos ¢ 0,0125-L 1o
ron

0,1000 1, wau B 8 pas, HedreoTmaua yBennuuBaercss Ha 25 Y%,
TOJL

wm B 2,2+4,0 pasa. YBejnueHHe IJIOTHOCTU ITPOEKTHOU CETKU
ckBaxkMH B 4 pasa ¢ S' = 64 ra mo S''=16 ra yBesanyuBaer K, —
ko3 dunment cetku B 1,2 pasa, a koadpduimet wHedTeoTIAUH —
na 18+20 %, wau B 1,6+2,4 pasa!

OTciofla cienyeT MPaKTUYECKWIl BBIBOA O I1eJeco00pPasHOCTI
YJIYUIIeHUs KOHCTPYKITUMH, TOBBINIEHNS KAuyeCTBA CTPOUTEJNbCTBA U
IKCILIyaTAllMi CKBAKUH DAy 3HAUYUTETHHOTO yBEJMYEHUS UX JO0JI-
TOBEYHOCTH; TaK:Ke CJeIyeT IPAKTUYeCKHil BBIBOZA O Iejiecoo6pas-
HOCTH MaKCHMaJIbHOW pallMOHATbHON WHTeHcHUKauu oTtéopa
3amacoB HedTH, TeM O6o0Jiee WCIIOJIb30BAHNS BCEX HNMEIONTNXCS
MPUPOJHBIX W TEXHUUYECKUX BO3MOXKHOCTEH WHTEHCH(DUKAIIN.

[To mpuBeseHHBIM pe3yJbTaTaM pacyeTa HedTEOTAaud IIITACTOB
BH/IHO, YTO OI'DOMHBII pe3epB yBeJuueHUs HePTeOTNau CBSI3aH CO
BTOpPbIM KO3 duimentoM K, — K03PHUINEHTOM BBITECHEHUS, KO-
TOPBIH TTOTEHIIMAJbHO BO3MOXKHO yBem4yuTh B 1,5 pasa. Ho ato He
TaK TIPOCTO c/esaThb. BapWaHToOM peasnsaliu 3TOTO pe3epBa Mo-
’KeT OBITb MPUMEHEHUEe TPEeAJOKeHHOTO HAMU Ta30BOTO 3aBOJIHE-
HUS, NPA KOTOPOM B HaTHETATeJbHbIE CKBAKWHBI CHAYaJIa 3aKadl-
BAIOT ra3, a MOTOM 3aKAYMBAIOT BOJY; Ieped (POHTOM BOIbI 06pa-
3yeTcs MUPOKast Ta3oBas OTOpouka. ['a3oBoe 3aBOHEHUE CO3/aeTcs
C IeJbl0 00beIUHEHHUS JOCTOMHCTB Tra3a M BOJBI: BBICOKHUII, 6Jn3-
KUl K equHUIE, KO3(PUINEHT BBITECHEHNS He(PTH Ta30M M BBICO-
Kuit K0a(hOUIMEHT oXBaTa BHITECHEHUEM MPHU 3aKayKe BOJDI.

3aMeTHBIN pe3epB yBeJUYeHUST He(TEOTAAuyM TIIACTOB CBSI3aH C
yBeJqnyeHneM Tperbero koadgdumnmenta K; — koadduimenrta wuc-
NOJIb30BAHMS TOJBIIKHBIX 3amacoB HedTw; TeM G6Gojee 3TO Tak,
MIOCKOJIBKY yoKe TIpUBEJeHHBbIe pPe3yJbTaThl OBLIM TOJYYEHBI JIs
6osee GJATOTPUATHBIX yCJOBUN 3asiexell HeTH cpegHeil BsI3KOC-
i (koapdurment pasanuus GU3NYECKUX CBOHCTB HedTH U BbI-
TECHSIIONEr0 areHTa Obll paBeH W, = 3), TOrJa Kak 10 3aJjeskam
He(TH MOBBINIEHHON, BBICOKOI M O4Y€HDb BBICOKOH Bsaskoctu (Koad-
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dunmenT pasnnunsa (PU3MYECKUX CBOWCTB W, pasen 10, 30 u 100)
Bce Topasio xy:Ke. Ilpw BecoBoi TpenesbHON /0Jie areHTa B Je6u-
Te JKUJAKOCTH, paBHOU A, = 0,95, mosydeHbl cjeayonue pe3yJib-
TaThI:

Woovnnns 1 3 10 30 100

Ao 0,950 0,864 0,665 0,388 0,160
K;..... 0,863 0,807 0,672 0,500 0,353
K,..... 0,462 0,432 0,360 0,268 0,189

Heo6xonnmo o6paTuTh BHUMaHWE, YTO pasjndne (HU3NIECKUX
CBOHCTB He(PTH ¥ BBITECHSIOIIETO areHTa, IPe/CTaBJseMoe BeJIu-
IMHON W, [eiicTByeT Ha (POHEe HEOJHOPOJHOCTH ILIAcToB. UeM
GoJblie BeqmunHa V2 — pacdyeTHOll MOCJAOHHON HEOAHOPOIHOCTH,
TeM MeHblle BenuuunHa K,, — JoJu oT60Opa IMOJABMKHBIX 3aIlacoB
HepTH 3a HAYAJbHBIN 6E3BOJHBIN MEPHOJ SKCIIyaTall CKBAXKWH,
TeM 6oJsblile 0TOOpP MOJBIDKHBIX 3amacoB HedTH 3aBuUcHT oT A —
pacueTHONl [A/in areHTa B Je6uTe KUAKOCTH, KOTOpas 3aBUCHUT
or A, — BecoBOH 10U areHTa U JOBOJbHO CUJIBHO 3aBUCUT OT
BEJUYMHBI W, — Koa(ddumumenta pasanuus (USHIECKUX CBOUCTB,
KOTOPBIHl B CBOIO O4Yepe/ib 3aBUCUT OT W, — COOTHOIICHHS IIO/IBUXK-
HOCTell BBITECHSIIONIETO areHTta M HedTH M Yy, — Beca areHra s
3aMelleHns eJAMHUILI Beca TOBApHOW HedTU B ILIACTOBBIX YCJO-
BUSX

1
Mo=5'(1+M*)'Y*-

YBeanuntp Tperuil kKosadduuuent K; U COOTBETCTBEHHO KO-
acppuiment Hedreornaun K,, MOKHO PA3TMYHBIMU ITyTIMU.

[TepBoIit yTh — OCylIecTBIeHNE pa3pabOTKH HeMTSIHBIX IIJIac-
TOB (3aKauKu BBITECHSIONIETO areHTa B HATHETATEJbHBIX CKBaXKH-
Hax u oT6op HedTH B AOGBIBAIOIINX CKBaKMHAX) IPU HECTAINO-
HAapHOM 3aMKHYTO-YIIPYIOM pekuMe (OUIbTPAlUK, 4YTO B 3HAUU-
TeJIbHON Mepe yMeHbIIaeT OTpHUIlaTeIbHOe BJIMSHUE II0CIOUHOM
HEOJHOPOJHOCTH 110 IPOHUI[AEMOCTH.

Bropoit myTb — yMeHbIIeHWe BeJIWYMHBI W, — Koa(pduImeHTa
pazmmuns (PU3MIECKUX CBOICTB 3a CYeT YMEHBIIEHUS W, — COOT-
HOIIEHUSI MOJBMKHOCTEH BBITECHSIONETO areHTa u HedTH, Ha-
IpUMep, 3a c4YeT IOBBIINICHUSI BSI3KOCTH 3aKayMBaeMoOll BOJBI pac-
TBOpeHueM B Heil He6osbiioro Koamdecrsa (0,1+0,2 %) mosmmepa
WM 4YepeJoBaHMEM 3aKauku BOABI M HeGoabmoi wactu (5+10 %)
JO6BITOI BBICOKOBSI3KON HedTH.

Tperuii myTh — yMeHbIIEHHE BEJMYMHBI V? — pacyeTHOH Io-
CJIOHHON HEOJAHOPOAHOCTU HEe(TSAHBIX IJIACTOB IO IIPOHUIAEMOCTH,
KOTOpPast yYUTHIBAET HEOJHOPOJHOCTb MeKAy 060CO6JeHHbIME Hed-
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TAHBIMU CJIOAMU U IIJIaCTaMU II0 UX cpez[HefI IIPOHUILAEMOCTH n
HEOHOPOIHOCTh BHYTPHU ITUX CJOEB U ILJIACTOB.
O603HauYuM HEOTHOPOAHOCTb BHYTPU OOOCOOJIEHHBIX CJIOEB WU

maacToB uepes V) U MeXAy 060COGIEHHBIMH CJIOSAMH M TLIACTAMH
yepes V2. 3aBucumoctb V? — pacdyeTHOH MOCJIOIHOI HEOIHOPO/I-

HOCTH OT Vf — BHYTPHUCJONHHOH HEOJHOPOAHOCTH W V2 — MeX-
CJIOMHON HEOJHOPOAHOCTH IPEACTABJALETC caeaylolein GopMyJioii:

A+VH=0U+VH U+ V>,
1% =(1+V*2)'(1+V,j)—1.

[TocremoBarempHass addeKTHBHAS  WU30JASAIHUSI  OOBOJHEHHBIX
He(MTSIHBIX CJIO0EB W IJIACTOB MO3BOJISIET UCKJIIOYUTH OTPHUIIATENb-

HOe BJuHsiHHE V.© — MeXCJOIHOIL HeosHOpoHOCTH Ha K3 — KOad-

¢unment ucrnosb30BaHuA MOABIDKHBIX 3amacoB Hedrtn u Ha K, —
K03 PUIEeHT HePTeOTJauN IJACTOB.

Paccmotpum uucaoeou npumep.

PaspabaTbiBaeMblil  3KCIIyaTallMOHHBIN OOGBEKT COCTOUT U3 S
060Cc06JIeHHbIX HEeTSHbIX CJI0EB, OJMHAKOBBIX MO 3P EKTUBHON
TOJIIMHE U [OJBIXKHBIM 3aracaM HedTH, HO Pa3JIM4YHBIX 110 Cpejl-
neil nponunaemoct (ra6u. 3.2).

Tabauya 3.2
Jlong ciost
Homep cuos CpeaHss npoHu- B OOIINX MO/~
1[A€MOCTD CJIOST BIDKHBIX 3amacax B 0011eM jebure
HedTH
1 3 0,2 0,2000
2 4 0,2 0,2667
3 2 0,2 0,1333
4 5 0,2 0,3333
) 1 0,2 0,0667
Cp.3 21,0 1,0

Cpeands NpOHMIAEMOCTb PaBHA X, 3, cpennuii KBajapar
nponntaemMoctn pasen (1), = 11, Mexc/oiiHas HEOLHOPOJHOCTD
10 MPOHUIAEMOCTH pPaBHA

[Ipn pacuerHoil mocjoitHOW HeogHopoaHoctn V? = 0,667 u
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ME3KCJIOMHOW HEOHOPOIHOCTH Vi = 0,222 BHyTpHUCJOWHAs HEO-
HOPOJ/IHOCTb OKa3bIBAETCS PaBHON

2
V=1V (L8674 364.
1+ 1,222

Bymem paccmatpuBaTh pa3pabOTKy B IIEJOM BCET0 IKCILIyara-
IIMOHHOTO 00BEKTA W TapaJlIeJbHO OTAeJbHO HanboJjee MPOHHUIAE-
MOTO CJIOSI U BTOPOTO 10 MPOHUIAEMOCTH CJIOSI, [TPOHUIIAEMOCTD Y

. 3 4
KOTOPBIX BbINIE cpejHell 1m0 o0bekTy B — = 1,667 paza u B — =
B) 3

= 1,333 pasa.

B 1enomM 1o sKcCIIyataliuoHHOMY OOBEKTY JJis 3aJaHHBIX 3HA-
yeHuit F — pacuyeTHOro OTHOCHTEJBHOTO OTOOpA KUAKOCTH B JOJISIX
MOJBMIKHBIX 3a1acoB HeTn (MM OTHOCHUTEJBHOTO BpPEMEHH IIPH
YCJIOBUM TOCTOSTHHOW JIETTPECCUM — TOCTOSIHHON Pa3HOCTU TLJIACTO-
BOrO ¥ 3a60IHOTO [IaBJIEHWIl y paccMaTpuBaeMoil mo6bIBaoIIei
cxkBaxkunsl (P,, — P.) = const) ompegemrsem (1 — A) — orHOCH-
TeJabHBIA Jebut HedTH B J0JAX HAYAJBHOTO Je6HuTa, TaKiKe

A-A)+ A- 2 — orHOCUTEMbHDITT O6DEMHDIH AOUT KIIKOCTH B
Y*

JoJiIX HadaspHoro ne6ura wedbtu u Ky — oo or6opa ITOABUK-
HBbIX 3a1aCOB HedTU IIPU CJAEAYIONUX JAHHDIX:

V2 =0,667; K,, = 0,25; K, = 0,895; (K, — K,,) = 0,645u ¢ =3
Y*

o cyaeAyonmM GopMyJiam;

__F-K, _F-025
K,-K. 5
(1-A)=e KK _p 0685,

Vo ==+ A2 (- A)+ A-3=3-2-(1- A);
‘ Ve

K,=K,, + (K, - K,)A=K, - (K, - K,)(1—-A4)=0,895 —

- 0,645(1 — A).

OT/[ebHO TI0 [BYM PAacCMATPUBAEMBIM He(MTSIHBIM CJIOSIM OIIpe-
JlesisieM UX WHAMBUAYAJbHBIH BKJIAJ B TEKyUIUil 1e6UT HePTH 1 -

-A)u (1 - A,), B Tekymuii 06beMHbINH 1e6UT KUIAKOCTH Vyp U

Vi, U B oT60p TOABMIKHBIX 3amacoB Hedptn Ks, u Ky, .
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Y Kaxaoro HePTSHOTO CJOS BHYTPUCJTOWHAS HEOHOPOIHOCTD
pasua V> = 0,364 u coorserctBenno K,, = 0,366; K,, = 0,961 u
(K,.— K,,) =0,595.

Haun6onee mponuitaempiii HeTSAHON CJIOW WMeeT OO0 B Ha-
YaJbHOM 00I1IeM Je6uTe HedTH IKCIIYyaTallMOHHOTO OOBEKTa, paB-
nyio 0,3333, o0 B HaYaJbHBIX MOJBMKHBIX 3amacax HeTH 3TO-
ro oObekta, paBHylo 0,2, W o6gazaeT MPOHUIIAEMOCTHIO BBIIIIE
cpefHeil mpoHuiaeMocTu oObekta B 1,667 pasa. C ydetom 3TOTO
pacudertble HOPMYJIbl IPUHUMAIOT CJIEAYIONIMNA BU:

_ 1,667-F-0,366 _ F-0,220

(1-A4,)=0,3333-¢ %% =0,3333-¢ ¥ ;

v =(-A)+[0,3333-(1-4)]-*0 -
Yo

=(1-A,)+[0,3333-(1-A4,]-3=1-2-(1-A);

I<3+ = 0’2 ch - (ch - Ksn) (- A+)
0,3333

4

a-4)
0,3333

=0,2- [0,961 -0,595-

= 0,192 — 0,357-(1 — A)).

Bropoit mo nponuraemoctu He(dTSIHOW CJOH UMeeT 0TI B
HavyaJbHOM Je6uTe HePTU IKCIIyaTAIMOHHOTO OOBEKTa, PaBHYIO
0,2667, momo B HaYaJbHBIX TOJBWIKHBIX 3amacax HePTH 3TOTO
o6bekTa, paBayio 0,2, U o6JaZaeT TPOHUIIAEMOCTBIO BBINIE CPEl-
Heil mponuitaemoctu o6bekta B 1,333 pasza. C yderom 3TOro pac-
yeTHbIe (DOPMYJIbI TTPUHUMAIOT CJIEAYIOMUN BII:

_1333F-0366 _F-0275

(1-A4,,)=02667-¢ %% =0,2667-¢ °45;

V. =(1-A,)+[0,2667-(1-A4,,)]- -
; "

=(1-A4_)+[0,2667-(1-A,,)]-3=0,8-2-(1-4,);

a-4,0]

a-4,)
) 0,2667

I<3++ = 0’2 : I<31< - (KSK - KBH)‘

=0,2- [0,961 -0,595-
=0,192 — 0,446-(1 — A.)).

Pe3ynbTaThl TPOBEIEHHOTO pacyeTa MPeCTaBJeHbl B Taba. 3.3.
[Ipoanasusupyem 3TH pe3yJbTaThbl.
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Tt-TET1 3.3
Pacuer npouecca sKcIuIyaTaiuu A00biBaonieii CKBasKHHBI

Ho | g TlepBbiii 0 TPOHI- IKCITyaTallMOHHbIH Bropoii 1o mpomwuIa- IKCILTyaTalluOHHbIi
Me LeNOM SKCILIYATAIMOH- | 11 ovoery nedTsiHOM 06beKT 6e3 mepBoro eMOCTH HedTAHO 06DbeKT 6e3 mepBoro 1
P HbIil 06BEKT o 10 IPOHUIIAEMOCTU , BTOPOTO IO HPOHHIIAE-
frepmo- cron HeTSHOTO CJI0sT cron MOCTH He(TSHBIX CJIOEB
Ja Bpe-
“no (1-A)- Var = (A Vam = | i
- \Y 1=A)— 95 -(1- ] - - | -K, -
HOIIZ;UI F|(-A) Vqlz1 K3 (1_A+) aF. K3+ —(1—A+ _VqFH Ka_K3+(1_A++) Vq':|++ K3++ *A+) _:)}un) _}Té;'++
aF..

0 1 1 0 10,3333/ 0,3333 0 10,6667 0,6667 0 10,2667|0,2667 0 0,4 0,4 0
0,41 0,7925|1,41500,3838] 0,2013|0,5974| 0,12010,5912| 0,8176| 0,2637 | 0,2015| 0,3970| 0,1021|0,3970| 0,4206 |0,1616
0,61 0,58121,8376|0,5201| 0,1150| 0,7701| 0,1510 0,4662 | 1,0675| 0,3691 | 0,1287| 0,5426 | 0,1346| 0,3375| 0,5249 |0,2345
0,81 0,4263|2,1475| 0,6201| 0,0657 | 0,8687 | 0,1686| 0,3606 | 1,2788| 0,4515|0,0822| 0,6356 | 0,1553|0,2784| 0,6432 |0,2962
1,0] 0,3126 | 2,3748| 0,6934| 0,0375|0,9250| 0,1786 | 0,2751 | 1,4498| 0,5148| 0,0525| 0,6950| 0,1686| 0,2226| 0,7548 |0,3462
5 1,21 0,2293| 2,5415]0,7471] 0,0214 | 0,9572 0,1844 | 0,2079 | 1,5843| 0,5627 | 0,0335| 0,7330| 0,1717|0,1744| 0,8513 |0,3910
6 1,41 0,1681 2,6637 | 0,7865| 0,0122|0,9755| 0,1876 | 0,1559 | 1,6882| 0,5989 | 0,0214|0,7572| 0,1825|0,1345| 0,9310 |0,4164
7 1,6] 0,1233|2,7534| 0,8155| 0,0070| 0,9860| 0,1895|0,1163| 1,7674| 0,6260| 0,0137| 0,7727| 0,1859{0,1026| 0,9947 |0,4401
8 1,81 0,0904 | 2,81910,8367 | 0,0040|0,9921 0,1906 | 0,0864 | 1,8270| 0,6461 | 0,0087|0,7825| 0,1881|0,0777| 1,0445 |0,4580
2,01 0,0663|2,8673|0,8522| 0,0028 | 0,9954| 0,1912|0,0635| 1,8719| 0,6610| 0,0056 | 0,7888 | 0,1895|0,0579| 1,0831 |0,4715
2,21 0,0486 | 2,9027 | 0,8636| 0,0013|0,9974| 0,1915| 0,0473| 1,9053| 0,6721|0,0036|0,7929| 0,1904| 0,0437 | 1,1124 |0,4817
11 | 2,4]0,03572,9200{ 0,8720 | 0,0007 | 0,9985| 0,1917| 0,0350| 0,9215| 0,6803| 0,0023|0,7955| 0,1910| 0,0327 | 1,1260 |0,4893




CHavajia paccMOTPUM OOBIYHYIO BKCILIyaTalMio 100bIBAIOIIEH
CKBaKUHDBI G€3 MPOBEJEHUS] M30JSIUE BBICOKOOOBOJHEHHBIX HaMbG0-
Jiee TIPOHUIAEMBIX 060c0o6/eHHbIX HedTIHBbIX cyaoeB. Torma ckpa-
SKMHY TIPHUJIETCS BBIKJIIOYATh U3 PaGOThl B KOHIIE 7-TO TIEpHOJA TIPHU
JIOCTUKEHUM pAcYeTHON [0/ areHra B jgeburte skujakoctu A = 1 —
- 0,1233 = 0,8767. IIpu atom oObemHasi [0JsI areHTa B aeOuTe
0,1233
2,7534
HBIX 3amacoB Hedtn Oyaer K; = 0,8155 mpm pacyeTHOM OTHOCHU-
TeJbHOM OTOOpe kuarocth F = 1,6 u 06BEMHOM OTHOCHTENIHHOM
oT60Ope JKUAKOCTH B IOJSX TOJBUKHBIX 3a1acoB HedTH

skugkoctu Oymer A, = 1 — = 0,9552, nosis orbopa MO/BHXK-

F =K, +(F-K,) £ -0,8155+ (1,6 - 0,8155)- 3 = 3,169.
Y*

Ho ecaum B 3TOT MOMEHT BpeMeHH [JOOBIBAIONIYI0 CKBAKUHY HeE
BbBIKJIIOUATb U3 pa6OTbI IIOJIHOCTbIO, a I/ISOJII/IpOBaTb y HEee /IBa BbI-
COKOOOBOJIHEHHBIX HamboJiee TPOHUIAEMBIX 000COGJEHHBIX CJIOS,
TO TOT/Ja €e OTHOCHTENbHbIH ae6ut Hedpru ymenbmurcsac (1 — A) =
=0,1233 10 [(1 —A) - (1 -4) -1 -A,)]=0,1233 - 0,0070 —
— 0,0137 = 0,1026, 3aT0 OTHOCUTETbHBIN AEOUT KUAKOCTH YMEHb-
UIAETCS € V= 2,7534 no

[Vor = Ve = Vor. 1=2,7534 — 0,9860 —0,7727 = 0,947,

COOTBETCTBEHHO yMEHBIIUTCS OObeMHAs JO0Js areHTa B jeburte
suakoctn ¢ A, =1 — 2233 = 09552 104, =1 — %1926 — ( g969
27534 0,9947
Ho rak Gymer mpm OTCYTCTBUM OTpaHWYEHWs] HA IPOU3BO-
JIATETBHOCTD 3aKAYKW BBITECHAIONIEro arenTta (areHTa JI0CTaTOYHO
U pe3epB MPOM3BOJUTEIBHOCTH 3aKAUYKU WMEETCS) W IMPOM3BOIN-
TEJbHOCTU TJIyOMHHOrO HAacoca 0OBIBAIOIIEN CKBA)KUHBI, €CJH C
Havyasjga JKCILIyaTallMu JOOBbIBAIONIEN CKBAJKMHBI HPOU3BOIUTEb-
HOCTb 3aKaYKM YBEJUUYUJACh B 2,7534 pasa W TPOU3BOAUTETHHOCTH
rJyOMHHOTO Hacoca yBeJuyujach B 2,7534 pasza. A ecau ecTb oOr-
pPaHWYEHUE IO MPOM3BOAUTENBHOCTH 3aKAYKU U OHA COXPAaHUJIACh
HEM3MEHHOHW Ha TepBOHAYAJBLHOM YPOBHE, TO TOT/IA 3HAYUTEJIbHOE
yBeJUYeHNe OTHOCUTEJbHOTO OOBEMHOrO Me6uTa KUAKOCTH B Jeii-
CTBUTEJBHOCTH O3HAYAET [ONOJHUTEJbHOE 3HAUUTEJbHOE CHIKe-
nue pebura medpru ¢ (1 — A) = 0,1233 g0 a-4_01233 _ 0,0448.
Vor, 27534

Torga wm3osAnuMs ABYX BbICOKOOOBOJHEHHBIX HamboJjee TpOHUIIAe-
MbIX 060COOJIEHHBIX HePTAHBIX CJOEB O3HavaeT (haKTUIECKoe
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yBejuueHne gebuta HedTH C a-4) _ 01233 _ 0,0448 no

Vo 27534
~A)-(U- -(1- - - 102
A-A)-U-4)-0-4,) _ 01233-0,0070-0,0137 _ 01026 _ 01031, w5
Vg = VqF, ~VqF.. 27534-0,9860-0,7727 0,9947
01031 = 5 3024 = 2,3 pasal
0,0448

OOGBIYHO OrpaHUYeHUs TTPOU3BOAUTENBHOCTH 3aKayKW W ITPOU3-
BOJMTEJbHOCTU TJYOHHHOTO Hacoca J00BIBAIONIEl CKBAKUHBI Obl-
BaIOT TOPa3/0 MEHbIEe, TeM He MeHee OOBIYHO M30JISIINsT O6BO/HEH-
HBIX HEe(TSHBIX CJ0EB HE TOJBKO YMeHbIIaeT OT6Op >KUAKOCTU U
XOJIOCTYIO TPOKAYKYy BBITECHSIONIETO areHTa, IMO3BOJISET MPOJIOJI-
SKUTh 9KCIIyaTaluio W yBEJWYUTb He(TeoTAady TJIACTOB, HO TaK-
JKe yBemwmuuBaeT Tekymwit ne6ut Hedptu! Ilpw HemsMeHHOW MpOU3-
BOJMTEJbHOCTU TJYOMHHOTO HACOCA 3HAYUTETHHOE yMeHbIIEHNE
06BOJTHEHHOCTU OTOUPAEMOIl JKUIKOCTH MOXKET MPUBECTUH K YBEJH-
yenuio ae6urta Hedru!

[Tocne wuzonsmuu JIBYX BBICOKOOOBOJHEHHBIX HEMTAHBIX CJIOEB
JoObIBafoIast CKBaXkKuHa Oyner paborarb 0 KoHIa 9-ro mepuoa,
KOrjla pacueTHasl JOJisI areHta B jebute Kujakoctu craHer 1 —

00579 _ 0,8553 u o6beMHag jgoJis areHra crader 1 — 0.0579

04 1,0831
= 0,9463. 3a arto BpeMs 3a cueT pabOThl HEM3OJMPOBAHHBIX Hed-
TSHBIX CJIOEB JIOJIS WCIOJb30BaHUS TMOJBUKHBIX 3amacoB HedTH
yeesmuntest Ha (0,4715 — 0,4401) = 0,0314 ¢ K5 = 0,8155 mo K5 =
= 0,8155 + 0,0314 = 0,84469.

Ho ecmm wum30711M10  BBICOKOOOBOJHEHHBIX HE(MTSIHBIX CJIOEB
MPOM3BO/IUTh HE B TMOCJEIHUN MOMEHT PabOThl JOOBIBAIOIIEH CKBa-
SKMHBI TIPW JTOCTVKEHUN TIPEJEeTbHOM [OJM areHta B JeOUTe KuI-
koctu A = 0,8767 u A; = 0,9552, Korja ee HaJ0 OCTAHABJIMBATH, a
paHbllle, HarpuMmep, Hawbojee TIPOHUIAEMbII HeDTIHOU cJoi
W30JIMPOBATh B KOHIIE 4-TO MepHOJia, a BTOPOW 10 MPOHUIAEMOCTH
HedTaAHON ci0l — B KoHIe 5-ro nepuozga (Korjga ux coGCTBEHHbIE

pacquHbIe HpelleJIbeIe A0JIN arediTa B lIeéI/ITe KNAKOCTHU 1_ g’gg;g =
=1-0,1125= 0,8875 w1 — 20335 — | _ 01256 = 0,8744 6mmsKu K

0,2667
pacueTHOH IpeieJbHON /0Je MO SKCILTyaTalHOHHOMY O0beKkTy A =
= 0,8767), To 3a 5-i, 6-ift u 7-if mepuoabl 0OBEMHBIA OTGOP KUAKO-
CTH yMeHblaercsi B 2,3 pasa, or6op Hedprtu ymenbinaercs B 1,2 pa-
3a, HO oO6beMHas 70sd HepTH B OTOGOpE KUIKOCTH YBEJINYUBAETCS
B 1,93 paza. IIpu nocrosHHOM 06bEMHOM /1€6UTE KUIKOCTH OTKJIIO-
JeHWe BBICOKOOOBOTHEHHBIX HE(MTSIHBIX CJI0EB YBeJINIMBAET AeOUT
Heptn B 1,93 pasa; HO TPH OTCYTCTBUHM OTPAHUYEHUS POCTA

131



0o6beMHOTO  Jie6uTa JKUAKOCTH Je6UT HeTH YMEHbIIAeTCS B
1,2 pa3sa.

N3-3a Gosee paHHETO OTKJIIOYEHUS JBYX BBICOKOOOBOJHEHHBIX
HeTAHBIX CJIOEB JA0Js OT6Opa MOABMXKHBIX 3aracoB HeTH yMe-
HBIIIAETCS

AK; = AK, + AK,. =0,1786 - 0,1895 + 0,1717 - 0,1859 = -0,0251

U YMEHBIIAETCS OOBEMHBIN OTOOP JKUIKOCTH B [IOJISIX TMOABUKHBIX
3anacoB HedTn Ha Beamunmny AF, = —0,8798 ¢ F, = 3,1690 no
F, = 3,1690 — 0,8797 = 2,2883, win B 2220 = 1,385 pasa.
22883

Kak 6b110 0OTMEYEHO, TPOJOJIKEHUWE SKCIIYaTallud OCTAJbHBIX
He(MTSAHBIX CJIOEB TIOCJEe 7-TO TEepHuoja /10 KOHIA 9-ro mepuopa Jo-
o or6opa MOABKIKHBIX 3amacoB HedTH yBeamuunBaer Ha AK; =
= 0,0314 n xommencupyetr notepio AK; = —0,0251, octaercsi He-
6ospmioit Berpbim AK; = 0,0314—0,0251 = 0,0063; Takske yBesu-
yuBaeT o6beMHbII 0T6OD KuAKOCTH Ha Beaumuuny AF = 0,6362, no
BCE-TaKM OCTAETCs CHUKeHUE OOBEMHOTO OT6Opa KUAKOCTH AF =
= —-0,8797 + 0,6362 = —0,2425; HO TJIaBHbIi pe3yJbTaT — CHUMKEHUE
TEKyIero o6beMHOTO Je6UTa KUJIKOCTH € KOHIA 4-TO TEepHoja Jio
KoHIa 9-ro nepuoga B 1,5+2,7 pa3sa.

KopoTko mpezncraBUM 6mopoil 4ucio80t npumep.

[lo6biBatoniasi CKBAXKUHA IKCILIyaTHUPYeT OOBEKT, COCTOSIIUN 13
YeThipeX 060COOJEHHBIX HeMTSIHBIX CJ0EB, OAUHAKOBBIX IO TOJ-
IMHE, HO Pa3JU4HbIX 110 mpoHunaemoctu (taba. 3.4).

Tabauya 3.4
Jlong ciost
Homep ciost Cpennssi npoHuna- B OOIINX MO/~
eMOCTD CJIOSE BIDKHBIX 3aracax B 0011eM jebure
HedTH
1 4 0,25 0,2667
2 2 0,25 0,1333
3 8 0,25 0,5333
4 1 0,25 0,0667
Cp. 3,75 21,0 1,0000

Kak u B mepBoM 4HCJIOBOM I[pUMepe BHYTPUCJIONHYIO HEOMHO-
POJHOCTD TIpUHUMaeM paBHoi V. = 0,364. MecIoiiHyo HeoaHo-
POZHOCTD OIIpe/iesIsieM 110 MPUBEJACHHBIM JTaHHDBIM

X, = b _37s. (x*),, = 5 21,05,
4 4
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2
. 21,2
vie e gl 2B 45111,
() (3,75)

[To BHyTpHUCJOWHOW U MEXCJONHON HEOJHOPOIHOCTSM OIIpe-
JleisieM pacueTHYIO MOCJOWHYI0 HEOAHOPOJHOCTb B IEJIOM JJIsI BCe-
TO 3KCILIyaTallmOHHOTO OOBEeKTa

Ve (+VHUA+V?)-1=1,364-15111-1=1,061.

ITo akcmyaraiuonnoMy o6bekty npu V2 = 1,061 K,, = 0,177,
K, =0,823, (K, — K,,) = 0,646,
F-0,177

(1-A)=e 0616 ;

—l-A)+A- 2 _(-A)+A-3=23-2-(1-A):
Y*

Var

K;=0,823 — 0,646-(1 — A).

[To ornenpHOMYy Hambosee TMPOHUIIAEMOMY He(DTIHOMY CJIOTO,

8
MIPOHUIIAEMOCTb KOTOPOTO BbINie cpeaHeit B —— = 2,1333 pasa,
3,75
HpH BHYTPHUC/IOiHO# HeomHopoanoctn V. = 0,364 K,, = 0,366,
K, =0,961, (K, — K,,) = 0,595,
_ 2,1333-F-0,366 _F-0716

a- A+) =0,5333:¢ 0,595 =0,5333-¢ 0% .

V(IF1+

—(1-A4)+[0,5333-(1-A)]- 20 =16-2-U-A,);
Y*

a-4,)

K, =025[K, -(K, -K, I
0,5333

=0,2403-0,2789-(1-A,).

[To atum opmynam ObLT clean pacueT, pe3yJabTaTbl KOTOPOrO
npejacraBiaenbl B Tabsa. 3.5. Ha ocHoBe aHa/m3a JaHHBIX U JIOMOJ-
HUTEJBHBIX IMOJICYETOB MOKHO YCTAaHOBUTDL CJIEIYIOIIEE.

[Ipu o6bruHOl sKcILTyaTtanuu, 6e3 MPUMEHEHUS] M30JISIINH BBICO-
KOOGBOJIHEHHOTO He(TSIHOTO CJI0s, J00bIBafoNas CKBaXWHA Oyaer
BBIKJIIOUE€HA U3 PpaboThl B KOHIlE 7-TO TepUojia TPU JOCTUIKEHUU
pacdeTHOi g0y ¥ OOBEMHOW [OJM areHTa B TeKylleM je6ure
skugkoctn coorBercrBenno A = 1 — 0,1105 = 0,8895 u A, = 1 —
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11-TE"£35
Pacuer nponecca KCILIyatamui 100bIBAIOMIE CKBAsKHHbI

nlggll;d()ega B mesom mo akcmryatanmonnoMy o6bekTy | HamGosee mpommijaembrii ciioit 3;;;&%?;:%E)(gﬁ;bigeﬁgﬁggﬂg23
BpEMeHI AV (f_ Ve —
1o T0- F A=A | Vg K, (-A) | Ve, Kk, | U _A/)\ )(1 o KK,
Ay ) “VaR+
0 0 1 1 0 0,5333 0,5333 0 0,4667 0,4667 0
1 0,4 0,7081 1,5838 0,3656 0,2351 1,1297 0,1747 0,4730 0,4541 0,1909
2 0,6 0,5195 1,9609 0,4874 0,1147 1,3704 0,2083 0,4048 0,5905 0,2791
3 0,8 0,3812 2,2376 0,5767 0,0560 1,4879 0,2247 0,3252 0,7497 0,3520
4 1,0 0,2797 2,4406 0,6423 0,0274 1,5453 0,2327 0,2523 0,8953 0,4096
5 1,2 0,2052 2,5895 0,6904 0,0134 1,5733 0,2366 0,1918 1,0162 0,4538
6 1,4 0,1506 2,6988 0,7257 0,0065 1,5870 0,2385 0,1441 1,1118 0,4872
7 1,6 0,1105 2,7790 0,7516 0,0032 1,5936 0,2494 0,1073 1,1854 0,5022
8 1,8 0,0811 2,8379 0,7706 0,0016 1,5969 0,2399 0,0795 1,2410 0,5307
9 2,0 0,0595 2,8810 0,7846 0,0008 1,5985 0,2401 0,0587 1,2825 0,6445
10 2,2 0,0464 2,9127 0,7948 0,0004 1,5993 0,2402 0,0460 1,3134 0,5546
11 2,4 0,0320 2,9359 0,8023 0,0002 1,5996 0,2402 0,0318 1,3363 0,5621




0,105

2779
SKMJIKOCTH B JIOJIAX HA4YaJbHOTO e6uTa HeTH [OCTUTAET BEJUYH-
HBl V. = 2,779 u poss 0160pa NOABMXKHBIX 3amacoB HepTH cra-

0,9602. Tlpu aromM OOBEMHBIH OTHOCUTEJNBHBIN 1eOUT

HoBUTCS paBHOU K5 = 0,7516.

Ho ecsim B KoHIIe 7-TO Tlepno/ia JOOBIBAIONIYI0 CKBAKWHY HE BbI-
KJIIOYaTh U3 PaGoThl, a TOJBKO M30JUPOBATH BBICOKOOGBOIHEHHBIN
He(TSIHON CJ0H, TO OTHOCHTEJBHBIN [eOUT He(TH CHIDKAETCS He-
sHauynteabHo ¢ (1 — A) =0,1105 0o (1 — A) — (1 — A,) = 0,1105 —
- 0,0032 = 0,1073, a 06beMHbII OTHOCUTENbHBIN [AeOUT KUAKOCTU

CHUJKAETCST 3HAYMTENBHO C V. = 2,779 1o Vor = Ver, = 2,779 —

- 1,5936 = 1,1854, uan B 2779 2,3444 pasa, pacuyeTHasd OOJS U

d

06beMHAs A0JIA areHra B TEKyUlEM ]I€6I/ITC JKUAKOCTH CHUMIKAETCA 10

1 1
01073 — 07701 u 1 — 2197 — 0,9095; u nosromy n0GbIBAIO-
0,4667 1,1854
MYI0 CKBAKWHY MOXKHO TMPOJOJIKATh SKCILIYyaTHPOBATh /10 KOHIA
9-ro nmepuojsa, /0 pacuerHoil jpoJu arenra 1 % = 0,8742 n
. 0,0587 _ .
00beMHOI joy aredra 1 — o8 0,9542. 3a cuer gaJbHeilniei

IKCILTyaTalUl HEeM30JUPOBAHHBIX HePTIHBIX CJI0EB [0JisT 0TOOpa
MOJBIXKHBIX 3amacoB Hedtu Bospacter Ha 0,5445 — 0,5022 = 0,0423
n pocrurner Besumuywnbl 0,7516 + 0,0423 = 0,7937. [Ipu stom 00b-
eMHBII OTOOP JKUAKOCTU B JIOJISIX TMOJABUKHBIX 3aMacoB HedTH BO3-
pacter Ha Besuunny 0,4950 u mocruraer 3,2968 + 0,4950 = 3,7918.

A ecyin M30JSIIKMIO BBICOKOOOBOJIHEHHOTO HanboJjiee IPOHUIIAE-
MOTO HEe(TSHOTO CJIOS OCYIIECTBUTbL HE B KOHIE 7-TO TEpPHOJa, a
paHbliie, B KOHIIE 3-TO TEpHOJa, KOT/la y 3TOro cJ0os cOOCTBEHHAs
0,0560
0,5333
o0beMHasl JI0Ji areHTa B TeKylleM JebuTe SKUAKOCTH paBHa 1 —
10,0560

1,4879
i yMmenbmutcsas Ha Beauuuny 0,2494—0,2247 = 0,0247 u craner
pasuoii 0,7939 — 0,0247 = 0,7692, Ho 3aTO OO6BEMHBIN OTOOD KUMI-
KOCTH B JIOJISIX MOABWKHBIX 3aTacoB He(TH YMEHBITUTCS HA BeJIH-
ynay 1,2493 m cramer pasHbIM 3,7918 — 1,2493 = 2,5425, T.e.
37918 _ 1,4914 pas3a.

425
TakuM 06pa3oM, MOJYy4YaeTcsl, 9YTO CBOEBPEMEHHAS WM30JIAINS BbI-

pacuerHas moJisg areHta paBHa 1 — = 0,8910 u co6cTBeHHast

= 0,9624, To TorAa m0JsT 0TOOpA MOJBHMKHBIX 3alacoB Hed-

YMEHDbIIUTCA B
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COKOOGBOJIHEHHOTO ~ 060COGJIEHHOTO HEeTSHOTO CJI0SI YBEJNYMBAET
JoJio orb6opa ToABMKHBIX 3amacoB uedbtu ¢ 0,7516 go 0,7516 +
+ 0,0423 — 0,0247 = 0,7692, nnu B 1,0234 pasa, u yMmeHblaer o6b-
eMHBIA OTOOP KUJAKOCTH B JIOJAX TOJBHXKHBIX 3armacoB HepTH C
3,2968 mo 3,2968 + 0,4950 — 1,2493 = 2,5425, nau B 1,2967 pasa.

Eme pa3 o6paijaeM BHUMaHWe, 4YTO TPU TOM HWJIU HHOM OTrpa-
HUYEHUN TPOU3BOAUTENBHOCTH 3aKauYKM W TPOU3BOAUTENBHOCTH
ray6UHHOTO  Hacoca  MOOBIBAIONIEN  CKBAYKMHBI  [IPOU3BOJUMOE
(6maromapst nsosauMu O6GBOAHEHHOrO HEe(TSIHOIO CJOs) COKpalle-
HUe TeKyIiero o6beMHoro nebura kuakoctu B 2,2—3,0 paza mpuBo-
JIIT K 3aMETHOMY WJIM 3HAYWTEJbHOMY YBEJUYEHWIO TEKYIIETO Jie-
6ura HeTH.

[IpesncraBientbie pe3yabTaTbl YKe IIOKA3aJdHM, YTO YeM BbIIIE
ME)KCJIOIHAST HEO[HOPONHOCTh Y PACCMATPUBAEMOrO 3KCILTyaTalU-
OHHOTO OObEKTa, TeM BbIIIE TOTPEOHOCTDL U 3PDEKTUBHOCTD HU30-
JISITUU  BBICOKOOOBOJIHEHHBIX 60Jiee TMPOHUIAEMBIX 060COOJIEHHBIX
He(MTSIHBIX CJIOEB.

Tpemuii wucaoeou npumep.

PaccmaTpuBaeMblil 9KCIIyaTallUOHHBIH OOBEKT BO BCEM, KPOMeE
O/IHOTO, TO0J06eH TOMY, 4YTO ObLT BO BTOPOM YHCJOBOM IpPUMEPE.
OTanune cOCTOUT B BeJaudmHe W, — Koadgduimenta paszanaust bu-
3UYECKUX CBOUCTB HeMTU U BBITECHAIONIEr0 areHta: TaM ObLIO

R0 =3 4 3mecp 20 = 10. Beauuuna *O
Y. Y. V.

= 3 MOKEeT COOTBETCTBO-

Ma =
MB

BAaTb COOTHOIIEHHIO BSI3KOCTeH He(TH M BBITECHSIONIEH BOJBI

Yo
Y*

= 5+10, a BesmuuHa = 10 cooTBeTCTBYeT COOTHOIIEHNIO BSI3KO-

creit Yo = 20+40.
M‘B
o
.
00BEKTA, COCTOSINETO M3 YeThbIpeX 000COOGJEHHBIX HEMTSIHBIX CJIO-
€B, OIMHAKOBBIX 110 3(MDMEKTUBHONW TOJIIMHE, HO PA3JIUIHBIX MO
MIPOHUIIAEMOCTH, TTPUHUMAIOT CJEAYIONUI BUI:

[Ipn = 10 pacuerHbie (HOPMYJDBI AJS IKCILIYATAITMOHHOTO

F-K,, _F-0177

TK,-K 546
(A-A)=¢ KK _ g 0616 .

Vo == A+ A5 =10-9-(1 - A);
Ve

K,=K, — (K, - K,)(1 - A) =0,823 — 0,646:(1 — A);

3H
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pacuerubie GOpMYJbI 151 060c06€HHOr0 HanboJiee MTPOHUIAEMOTO
HePTAHOTO CJI0S TPUHUMAIOT TaKOW BUIL:

_ 21333 F-0,366 _F-01716

(1-A4,)=0,5333-¢ 0,595 =0,5333-¢ 0789 .

Vo =1 -A4,)+[0,5333- (1~ 4,)]- %2 =0,5333-10 - 9- (1 - A4,);
Y*

1-4
K, =0,25- [0,961 —O,SQSu =0,2403-0,2789-(1- A, ).

0,5333

PesynbraThl, paccunTaHHbie 10 3TUM (POPMYJIaM, MPeICTABICHBI
B TabJ. 3.6.

ITo mpuBemeHHBIM pe3yJbTaTaM BUIHO, YTO MPHU OOGBIYHON 3IKC-
miyatanuu, O6e3 TPUMEHEHUS W3O0JSIUU  BBICOKOOGBOIHEHHOTO
HeTSIHOTO C€JIos, AOOBIBAIOINIYI0 CKBAXKUHY HAJ0 OCTAHABIUBATD B
KOHIIe 6-T0 mepuoja 1npu oObeMHON /10Jie BBITECHSIONIEr0 areHTa B
0,4450

5,9947
JBICKHBIX 3armacoB Hedtn Ky = 0,5355 m 06beMHOM OTOOpPE SKHUIKO-
CTH B [IOJISIX MOABICKHBIX 3amacoB HedTH

jgebure Kuakoctu A, = = 0,928, npu none orbopa rmo-

F =K, + (F- K2 20,5355 + (0,7 - 0,5355) - 10 = 2,1805,
Y*

F-K
mnpu cpejaHeM 06beMHOM BOgoHedTsIHOM (baKTOpe < 3 =3,072.
3
Ho ecim B «xomie 6-To mepmoma W30JMPOBATH  BBICOKO-
O0OBOZIHEHHDBIN He(TIHOU CJOH, TO MOKHO MPOAOJIKUTD 3KCILIyaTa-
1uio 0GBIBAIONIEl CKBKMHBI. B MOMEHT W30JIMKU BbICOKOOGBO/I-
HEHHOTO CJIOSI OODBEMHBIIl OTHOCUTENbHBIN He6UT SKUIKOCTH CPasy

CHIDKAETCSI HA BEIHYUHY Vg = 4,6112 ¢ Vor = 5,9947 nmo 5,9947 —
5,9947

1,3835
CKBAXXMHY MOXKHO 3KCILIyaTHPOBaTh /10 KoHIa 11-ro mepmoja, Korma

0,1918
o0beMHasl JI0Ji BBITECHSAIONIETO areHTa jgocturaer 1 — —— =

2,9401
= 0,9348. TIpu artom 3a cyeT 3KCIJIyaTallMy OCTAJbHBIX HEW3O0JIH-
POBAaHHBIX He(PTSIHBIX CJOEB J0JsS OTOOpa TIOJABMIKHBIX 3amacoB
Hedgtn yBesmuuBaercsa Ha 0,4538 — 0,3176 = 0,1362 u gocturaer
Besanunnbl 0,5355 + 0,1362 = 0,6717. Ho aro Tpebyer yBesuue-
HUSI O6BbEMHOTO OTHOCHTEJBHOTO OTOOpA KUAKOCTH HA BEJTUYMHY
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1t-TE"£ 3.6
Pacuer nponecca sKCILIyaTamui J00bIBAIOMEH CKBAasKHHbI

HE}?II/\EOCE&\ B 1mesioM 10 3KCIIyaTalimoOHHOMY OGBEKTY Hawub6osiee mpomuiaemprii cioit 3;{;;51 OyﬂaCT Ca Lg:)OO};{HHbLIg C;?)?SK;HSE?’
BpeMeHU Ve —
1o mo- F 1-A) Var Ky a-A) VaF, K. (1_?;(1_ o Ks=Ks,
PAAKY " “VaR+
0 0 1 1 0 0,5333 0,5333 0 0,4667 0,4667 0
1 0,2 0,9650 1,3148 0,1996 0,4817 0,9980 0,1060 0,4833 0,3168 0,0936
2 0,3 0,8266 2,5604 0,2890 0,3365 2,3042 0,1464 0,4901 0,2562 0,1426
3 0,4 0,7081 3,6273 0,3656 0,2351 3,2168 0,1747 0,4730 0,4105 0,1909
4 0,5 0,6065 4,5412 0,4318 0,1643 3,8544 0,1945 0,4422 0,6868 0,2373
5 0,6 0,5195 5,3241 0,4874 0,1148 4,2999 0,2083 0,4047 1,0242 0,2791
6 0,7 0,4450 5,9947 0,5355 0,0802 4,6112 0,2179 0,3648 1,3835 0,3176
7 0,8 0,3812 6,5691 0,5767 0,0560 4,8287 0,2247 0,3252 1,7404 0,3520
8 0,9 0,3265 7,0611 0,6121 0,0391 4,9807 0,2294 0,2874 2,0804 0,3827
9 1,0 0,2797 7,4826 0,6423 0,0214 5,0868 0,2327 0,2523 2,3958 0,4096
10 1,1 0,2396 7,8436 0,6682 0,0191 5,1610 0,2350 0,2205 2,6826 0,4332
11 1,2 0,2052 8,1529 0,6904 0,0134 5,2128 0,2366 0,1918 2,9401 0,4538




2,9401)

(1386 | = 1061

0,1

+1,7404 + 2,0804 + 2,3958 + 2,6826 +

o 2,1805 + 1,1061 = 3,2866, npu 3TOM CpeHUil 06BEMHBINH BOJO-

3,2866 - 0,6717 _ 3,8930.

0,6717

A ecam BbICOKOOGBO/HEHHDBIII HeTSAHON CJIOI H30MPOBATH M
BBIKJIIOYATh 13 paboTbl HE B KOHIle 6-ro nepuoja, a ropasjio pa-
HbIIle, B KOHIE 3-TO MepHo/a, KOTJa Mo JaHHOMY CJI0I0 COOCTBEHHAs
06beMHas [JI0JI1 BBITECHAIONIETO areHTa B TEKyIleM AeOuTe >KHUIKOC-
TH COCTaBJIAET

HedTIHON (PAKTOP COCTABUT

(A

VqF’1+

0,2351
3,2168

=0,9269,

TO TIPOU3OIieT yMeHbllleHWe [0Ju OT6Opa IOABMIKHBIX 3aIIacoB
nebtn na 0,2179 — 0,1747 = 0,0432, u B wrore ara A0Js CTAHET
pasuoii 0,5355 + 0,1362 — 0,0432 = 0,6285, uro TeM He MeHee BbI-
e, 4yeM Tpu OOBbIYHOW 3KCITyatanuu 6e3 M30JISIIH BBICOKOOGBO/I-

0,6285
HeHHOro cjos, B —— = 1,1737 pasa, HO 3aTo CYIIECTBEHHO

0,5355
YMEeHbIIAeTcs OODbEMHBINl OTHOCUTEIbHBIA OT6OP KUAKOCTH, €ro
CHU)KEHUE COCTABUT

4,6112)

(32188 o osia 42099 + ) 1,2069
2

0,1 L

U B uTOre OObEMHBIN OTHOCUTEIBHBIX OTOOP KUIKOCTH IIOJIYYAETCS
paBabiM 2,1805 + 1,1061 — 1,2069 = 2,0797. 3amerum, UTO MpHU
OOBIYHON 3KCILIyaTauu 6e3 M30JSAIUN JJIsT JOCTHXKEHUST TaKOW ke
Join 0T6opa TOJBHIKHBIX 3armacoB HedTu, paBhoil 0,6285, o6beM-
HBIIl OTHOCHUTEJNBHBIA OTOOP KUJIKOCTH [OJuKeH Obith 0,6285 +
+ (0,9545 — 0,6285)-10 = 3,8885, uTO BbINIE, YeM MPHU IKCIIyaTa-

58885 _ 1,8697 = 1,87 pasa.
2,0797

Takum 06pasoM TOJyYaeTcsi, 4TO MO IKCILIYATAI[MOHHBIM OGBEK-
TaMm (HeTAHBIM 3aseskaM) € HECKOJbKUMHU WJIM MHOTUMEH 060C00-
JICHHbIMU He(i)THHbIMI/I CJIOAMHU (HJIaCTaMI/I) nmpu BBICOKOIl MeXK-
CJIONHOH HEOJHOPOJHOCTH MO TPOHUIIAEMOCTH, TPU TMOBBIIIEHHON U
BBICOKOII BSI3KOCTH He(PTH OCYIIECTBJEHNE W3O0JSIIUN BBICOKOOO-
BOJHEHHDbBIX HeCl)THHbIX CJIOEB IIO3BOJIAET IIPpU OJHOM M TOM K€ OT-
60pe JKUIKOCTU YBEJWYHUTH M3BJIeKaeMble 3amachl Heptu B 1,2 pa-
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3a, WIN IPHU OJAHOH U TOW ’Xe HedTeoT[aue IJACTOB YMEHBIINTD
oT6Op JKUIKOCTH B 2 pasa.

3aBepmmM paccMoTpeHue 3(PHEeKTUBHOCTH KAaYeCTBEHHOW W30-
JISTUU  BBICOKOOGBOJIHEHHBIX ~ 060COOJIEHHBIX ~HE(PTSIHBIX  CJIOEB
(mactoB) caeayiomenl NpeeabHONR OIEHKOW, HpeaIoaramwmei
MOJTHOE  WCKJIOYEHNE OTPUIATEJbHOTO BJIUSHUS MEXKCJIOWHOU He-
OJTHOPOTHOCTH.

[ToBTOpstEM, YTO pacueTHasT TIOCJOWHAS HEOJHOPOMIHOCTh 3JKC-
IIyaTallMoHHOro 06bekTa V2 3aBUCHT OT BHYTpHCJIOiiHO# (BHYTpH-

IJIACTOBOI) HeogHOpOAHOCTH V. M MeXCJI0iHO# (MeKIIacToBOi)

HeOL[HOpOLIHOCTI/I \/i
Vi=(1+ V) -A+V2)-1.

B PaCCMOTPEHHBIX YHNCJOBBIX IIpUMEpax ObLIN 4YMCJIEHHbIE 3Ha-
yeHnuma

VZ=(1+0,364)-(1 +0,222) — 1 = 0,667;

V?=(1+0,364)-(1 +0,511) — 1 = 1,061.

K atomy ente mo6aBumM
V2 =(1+0,364)-(1 +0,774) — 1 = 1,420.

JToTr caydaii coorBercTByer 5 caosiM (maactam) ¢ COOTHOLIEHHEM
X cpefHUX TpoHuiaemocteit 1:2:4:8:16.

[IpnMeM BeMUWHY TIpeeTbHON BECOBOIl OOGBOJHEHHOCTH IIPO-
JYKIUK CKBakKMHbl paBHOHl A, = 0,95 u npu 3aJaHHBIX Pa3HbIX
3HAYEHUWSAX W, — Koadduimenta paszamuus (HU3MIECKUX CBOWCTB
He(TH ¥ BBITECHSIONIETO areHTa OIpeJeSNM PACYETHYIO Tpe/leib-
HYIO JIOJIIO areHra

- Ay
A=A g+ A,

[l 3aaHHBIX 3HAUYEHWH PaCcYeTHOW IOCJONWHON  HEOIHO-
poarocTn V2 1 pacueTHONH IpeaeabHON g0 areHta A mosydaercs
KO3 PUINEHT WCIOTH30BAHUS TOABWKHBIX 3amacoB Heptn Kj,
IPsIMO IIPONIOPUMOHAIBHBIN Koa(dunueHTy HedTeoTaaun,

K3 = Kan + (KJK - KJII)A’

1 _ 1

Ky=—— K=
1,2+ 4,2-V 0,95+ 0,25-V

3H 3K
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ITpu sTOM BecoBOW OT6OP sKUAKOCTH B A0JsXx (eauHuUIax) moA-
BIJKHBIX 3amacoB HeTH COCTaBJIsIeT

Fy = Ky + (F = Kyw;
1
1-A

F=K,+(K,-K,)In

3H

PaccuntanHble BeJTWYHUHBI TIPE/ICTABIEHBI B Talba. 3.7.

1674 3.7
\% 0,364 0,667 1,061 1,420
V2 0,364 0,364 0,364 0,364
V2 0 0,222 0,511 0,774
K., 0,366 0,250 0,177 0,140
K 0,961 0,895 0,823 0,766
Snavenus K,
u,=1 A=10,95 0,931 0,863 0,791 0,735
u, =3 A=0,864 0,880 0,808 0,735 0,681
u, =10 A=10,655 0,756 0,673 0,600 0,550
u, =30 A=0,388 0,597 0,500 0,427 0,383
3navenusa F
u,=1 A=0,95 2,148 2,148 2,112 2,017
u, =3 A=10,864 1,553 1,538 1,466 1,390
u, =10 A=10,655 0,999 0,936 0,864 0,807
u, =30 A=0,388 0,658 0,567 0,494 0,447
3nauenusa F,
u,=1 A=0,9 2,148 2,184 2,112 2,017
u, =3 A=0,864 2,898 2,998 2,927 2,808
u, =10 A=10,655 3,189 3,314 3,244 3,115
u, =30 A=0,388 2,435 2,496 2,424 2,320
VQ, ~ YMCHDBUICHHE M3BJEKAEMbIX 3aIIacOB
HedrTH
u,=1 A=10,95 1 1,079 1,177 1,267
u, =3 A=0,864 1 1,089 1,197 1,292
u, =10 A=10,655 1 1,123 1,260 1,375
u, =30 A=0,388 1 1,194 1,398 1,539

Ananus mnpeiactaBieHHbIX B Tab6a. 3.7 pe3yJbTaTOB SICHO IIOKA-
3BIBAET, UTO CBOEBPEMEHHAS M KAaueCTBEHHAs M30JISAIHS BbICOKOOG-
BOJIHEHHBIX 00Jiee TTPOHUIIAEMBIX 0060COOJIEHHBIX HE(PTSIHBIX CJI0EB
(n1acToB) MO3BOJISIET YBEJMYUTb W3BJEKaeMbie 3anacbl HedTH B
1,1-1,6 paza. Ho camoe rmaBHoe — mpu Haamanu 3GOEKTUBHON
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TEXHOJIOTUU WM30JIAIUN BbICOKOOéBOﬂHeHHbIX HerTSIHbIX CJIOEB 1"
IIJIaCTOB HET CTpaXa IIepe/] Oé'be,[[I/IHeHI/IeM MHOTUX MaJIOIIPOJAYK-
THUBHBIX CJOEB U IJACTOB MHOTOILJIACTOBBIX HE(DTSIHBIX MECTOPOK-
JIEHUl B KPYIIHbIE HKCILJIYaTAI[MOHHbIE OOBEKTDbI, YTO 3HAUYUTEJIbHO
YMEHDbHIAET KallUTaJbHbIE M TEKYIINE SKOHOMMHNYECKHE 3aTpaTbl Ha
uX pas3paboTKy.

3.2. IOTEPU N3-3A ITPOMEAJIEHUA

Hedraubie miacTbl HU3KOH W yJIbTPAHU3KONH MPOAYKTHBHOCTU
006J1a1a10T CBOEOOPA3HBIM HENPUBBIYHBIM CBONCTBOM — B ITUX ILTa-
CTaX O4YeHb MEJJEHHO IPOUCXO/JAT W3MEHeHUs KAaK B CTOPOHY
VXYAIIEeHNus, TaK U B CTOPOHY YJIyullleHus: 60JIe3Hb MPUXOIUT MeJl-
JIEHHO, ee JI0JTO He 3aMeyaloT, K Hell MPUBBIKAOT, Kak K OOBIYHOMY
JlesTy; BBI3ZIOPOBJIEHHE TOXKE HACTYNaeT MeJJIeHHO, O6JIaronpusTHbIE
MpU3HAKKA OOGHAPYKUBAIOTCA € OOJBINON 3a/E€pXKKO W CcHavaJa
O4YeHb HeyeTKOo; 6GoJiee TOrO, /I BBI3JOPOBJEHUS ObIBaeT HY’KHA
ouenb GoJie3HEHHAsT OIepalusi, KOrja B TedeHHe KAKOTO-TO BPeMeHU
ObIBaeT ele Xy’ke, 4yeM TpHu 60JIe3HHU.

CBoeo6pasue TaKWX ITACTOB TIPH UX pas3paboTKe HAIO0 TaKiKe
YyBCTBOBATb, KaK TPHU YIIPABJEHUU aBTOMANIMHON HAJI0 YYBCTBO-
BaThb ee rafapUTbl U €€ CKOPOCTHBIE BO3MOXKHOCTH, 4TOOBI HE OKa-
3aTbCS B aBapui.

[lns npuobGperenuss TaKOro YyBCTBA MPUBEJEM YHCJIOBbIE IPU-
MepBDI.

[Tyctp paccMmarpuBaeMble HeTsSHbBIE TJIACTBI HU3KOH W yJIbTpa-
HU3KOH MPOAYKTUBHOCTH 00JIafaf0T CpeHell BeTMYNHON HavYaJbHO-
ro Ko duireHTa TPOAYKTUBHOCTH CKBAKWHBI 1O He(TH, PaBHON
Ny = 0,1 t/(cyr-ar). Ipu genpeccun Ha HedTAHON MJjacr, pas-
ot Aé = (P, — P.,) = (95 — 30) = 65 ar, rae P, = 95 ar —
HavaJbHOE TJIacToBoe maBJyenue u P, = 30 ar — 3a6oiiHoe naBiie-
HUe M0ObIBafolell CKBAKUHBI, PaBHOE [AaBJEHUIO HACBHIEHUS Hed-
™ raszoM P,,. = 30 ar, ammmuryaubii (Ha4agbHBI MaKCUMaJIbHBIN)
ne6ut HedTH MOOBIBAOIIEH CKBAKUHBI OKA3bIBAETCS PABHBIM

d, = Mo (P, = P.)=0,1-(95-30) = 6,5 1/cyr.

11

[Ipu 3ampoeKTHPOBAHHON cucTeMe Ppa3paboOTKH paccMaTpuBae-
MOl HeTAHOW 3ajJeku ¢ TIPUMEHEHHEM 3aBOJHEHUS Ha YeTbIpe
JNoO6bIBAIOIINE CKBAXKUHBI TIPUXOIUTCS OJHA HAarHeTaTeJbHas CKBa-

n, .
kuHa m = —2 = 4. [lpu arom aMmauTyaupiii 1e6ut nedTu Ha OIHY
n

H
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NPOEKTHYIO CKBaskuHy (BMecTe 0ObIBAIONIME M HaTHETATeJbHbIE
CKBa’KMHbI) PaBeH

_m _ L4
A+m A +4)

1 1
Ay = Yo, * =5,2 T/CyT.

[Ipu HedTAHON TJIOMAAN, TPUXOAAIIENCS HA OJHY MPOEKTHYIO
ckBaxkuHy, paBHoii S' = 16 ra = 16:10* M%*, u cpeaneil sdpdexrus-
HOil Tonmuue HedTAHOro Taacta h,, = 5 M o6beM HedTAHOro
IJIaCTa Ha OJIHY IIPOEKTHYIO CKBAaKUHY paBeH

S'h,, = 16:10"5 = 8:10° m°.

[Ipu koadPuuumente ynpyroemoctu maacrta B, = 3107 1/ar un
penpeccnn Ha miact A€ = (P, — P,,) = 65 ar yupyruii 3amnac
HeTH, MPUXOJAMMNICT Ha OJHY NMPOEKTHYIO CKBAKUHY, PaBeH

S'h,, B A& = 810%3-10765 = 1560 m°.

[Ipu mopucrTocTd M HavyaJbHON He(dTEHACHINIEHHOCTH HeTIHO-
ro miacta f3, = 0,15 u p, = 0,667 reosornyeckue 3amacbl HepTH HAa
OJIHY TPOEKTHYI0 CKBOKMHY PAaBHBI

Sty BB, = 8:10%0,15:0,667 = 810" a7,
a C y‘IeTOM IIJIOTHOCTH Heq)TI/I B IIJTAaCTOBBIX YCJIOBI/IHX
\F

T
Y. =-—=0,9 — reosoruueckne 3anacpl HeTH Ha Oy MPOEKT-
b M

HYI0 CKBa)XUHY DaBHBI
S"h,y BBy, = 810%0,15-0,6670,9 = 72-10° .

[Ipu mpoexkTHOM KO3 duUIMEeHTe HedTeoTnaun miaactoB K,, =
= 0,25 HavaJbHBIE W3BJEKaeMble 3amachl HePTU HA OAHY MPOEKT-
HYIO CKBRJKMHY PaBHBI

810%0,25 = 20-10° »* nam Q; = 20-10*0,9 = 18-10° .

Taxum o6pa3oM, HauaJbHBIH YIOPYTHH 3amac HeTH MeHbIIe Ha-

20 000 _
YaJIbHBIX W3BJIEKAEMbIX 3anacoB HedTH B o 12,8 pasa u
1
cocraBasger — = 0,078, win 7,8 % or mux. Ilpu B aBa pasa Go-

Jiee BbICOKOM Koaddummente HedTeornaun K,, = 0,5 ynpyrwmii 3a-
mac HeTH COCTABUT TOJBKO 3,9 % OT HAYaJbHBIX H3BJEKAEMBIX
3amacoB HedTH. A eciii BMECTO 3aIIPOEKTUPOBAHHOTO PEXKMMA 3a-
BOJHEHUST HE(DTAHBIX IJACTOB OyM€T OCYIIECTBJEH PEKUM HUCTO-
IEHNsT TIJIACTOBOM SHEPTUM TIPHU CHISKEHUH ILJIACTOBOTO JABJIEHHS
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JI0 JIaBJIEHNS HACBINIEHNsI, TO KOHeUHasd HedTeoT/aua IJIACTOB BMe-
cro 25 % Gymer 1,95 = 2 %.

Vupyruii 3anmac HeTH, KOTOPbIi B OCHOBHOM HaXOJUTCS
B GmsKaiimeldl OKpecTHOCTH J0GBbIBAIONIEH CKBAKMHBI M MCYEPIIbI-
BaeTcs B IEPBBIA TNEPHOJ €€ HKCIUTyaTallud, IOKa BOPOHKA Jle-
MPECCUH  PACTIPOCTPAHSACTCA JIO TPAHMIBI APEHUPYEMOTO yYaCT-
Ka, BOCIIOJIHSETCS IPH OCTAHOBKE CKBAJKUHBI U BOCCTAHOBJIEHHN
ee 3a00HHOrO [aBjeHHs [0 YPOBHS ILJIACTOBOTO JaBJIEHUS, CO-

rnacio dopmyne B.H. IlenkaueBa, B 15,44 pa3sa (2-ln%=

=1In =
75‘0,12

16-10"
—15,44J MeHbIIle HAYaJbHOTO YIPYTOTO 3a-

Imaca He(l)TI/I n  COCTaBJIAET

D%~ 01 o?, mam 0,9-101 = 90,9 1
15,44
371ech I, — pajiiyC CKBasKMHBI; 7T-I. — TLJIONIA/Ab TONEPEeYHOr0 cede-
HUSl CKBa’KUHDI.
[Ipu ocTanoBKe MO6GBIBAONIEH CKBAKUHBI TTPOUCXOMUT YMEHbIIE-
HUE ee TeKyIlel gempeccuu Ha TaacT A€@ 1o cpaBHEHWIO € Ha-
YaJbHOU Jlenpeccueii A&, 1o M3BECTHOMY IOKA3aTEJbHOMY 3aKOHY

-
_% 15,44:6,5 65

Qyos T 0,9156 h
—e v _ g 091560 _ o 909

AP
AR,

)

rae t — BpeMm:A, Ipolieguiee 1mocje OCTaHOBKU CKBayKUHDbI, CYT.
Z[JIH pacCMaTpuBa€eMbIX KOHKPETHDbIX YC]IOBI/Iﬁ ITIOKaKEM YMEHb-
nrenmne TeKyH.IefI JleIIpecCun B A0JIAX HavaJabHON JIE€IIpeccun.

BoccranoBiieHne jaBieHUs] B OCTAaHOBJICHHOIT A00bIBAaIONIell CKBaXKHHE

toeyr.o 0,03125 0,0625 0,125 0,25
t, MUH .............. 5,625 11,25 22,5 45 90 180 360
AP

s 0,9997  0,9994  0,9989 0,9978 0,996 0,991 0,982

0,5 1 2 4 8 16 32 64

0,965 0,931 0,867 0,751 0,564 0,319 0,101 0,010

Kaxk BU/IHO, B paCCMAaTPUBA€MbIX YCJOBUAX IIOYTHU IIOJIHOE BOC-
CTaHOBJIEHNE [JaBJIECHHUA B [[OéI)IBaIOHIeﬁ CKBa)XMHE€ TPOUCXOJUT 3a
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64 cyt. Torma Texymas penpeccusi Aé 1Mo cpaBHEHWIO € HAaYaJbHON
nenpeccueii A€, ymenbuiaercst Ha 99 %.

A ecau 6b1 KO3(PPUIMEHT TPOAYKTUBHOCTU NOOBIBAIOIIEN CKBA-
>KUHBI GbLI B 64 pasa Goabine, T.e. BMecto Mo = 0,1 1,/ (cyr-ar)
6b11 6,4 1,/ (cyT-aT), TO BOCCTAHOBJIEHHE AABJEHUS MPOHU3OILIO GBI
He 3a 64 cyT, a 3a 1 cyr! Kerarn, xoap¢unueHT TPOAYKTHBHOCTH
ckBakuHbl 6,4 T,/ (cyT-aT) MO W3BECTHOH KJACCU(DUKAIUU COOT-
BETCTBYeT He(MTSIHBIM I[LJIACTAM IOBBIIIEHHOW IIPOAYKTUBHOCTH, a
koapunment npoaykrusoctu 0,1 1/(cyr-ar) cooTBeTCTBYET
He(TSIHBIM IJIACTAM HU3KOW WM YJIbTPAHU3KOH MPOAYKTHBHOCTH.

[Ipu mpoMenJieHUN C CO3/JAaHWEM CHCTEMBI 3aBOJHEHUS BMECTO
3aMPOEKTHPOBAHHOTO PeKUMa 3aBogHeHus (pexuMa MoAAepIKaHus
[JIACTOBOTO  JIABJIEHUS) JCHCTBYET PEXKUM HCTOIIEHUS MJIACTOBOM
sHeprun (pexuM ucuepHaHus OYeHb MAaJjoro yIpyroro samaca
nedprn)'. Ilpn pexkume ucromenus ge6uT HedTH AOGBIBAIONIET
CKBa)XMHBI, €CTECTBEHHO, BO BPEMEHHM HEYKJOHHO CHMIKAETCS.

[l paccMaTpUBaeMbIX KOHKDPETHBIX YCJOBHU TIOKAXKeM JMHA-
MUKY CHIDKeHHs AeOnTa HeTH AOOBIBAIOMIEH CKBAXXUHBI; IIPH 3TOM
TeKyImuil ne6ut HedTU BBIPA3UM B 0JISX HAYAJBHOTO MAKCHUMAJIb-
Horo (ammnmryaHoro) aebura

1
1 _%.t 6530
q Qyos 09156 -0139-t
5 =e 0. =e 091560 =

)

rae t — BpeMA SKCITyaTallul CKBayKMHDI, MEC.

CHizkenue e6ura He)TH IPU PEKNME MCTOIEHUST

t, Mec....... 1 2 4 8 6 3
1

qTa ........ 0,870 0,757 0,574 0,329 0,108 0,012
q03

Kak Bugmno, mpu pexume wucroinenus ne6ut nedrtu mg006bIBAIO-
el CKBasKUHBI 3a 32 Mec., WU 3a 2,7 roga, CHUXKAETCS IOYTH [0
Hyss; 32 6 Mec., WM mosroga, Ae6UT HepTH CHUXKaeTcs B 2,3 pa-
3a, a 3a OJUH ToJ cHIKaercs B 5,3 pasa. Orciofa MOHATHA HEOO-
XOJUMOCTh CKOPEHIIero co3/[aHusl CUCTEMbI 3aBO/{HEHMUS.

[IpaBma, B peasibHBIX CJOKHBIX YCJIOBHSIX HEOJHOPOMHBIX Hed-

! Hauanbublii ynpyruii sanac nedptu mo paccMaTpuBaeMbiM J06BIBAIONIMM CKBa-
SKMHAM B TIpeJiesiaX aKCILTyaTHupyeMoil HedTsSHO# Tromagum MoxeT ObITb OTpaHu-
YeH: THIPOJAMHAMHYECKH — COCEAHUMH PAOOTAIONIMMU CKBAKMHAME, JHTOJOTHYEC-
KU — HEIPOHUI[AEMBIMHU IOpPOAaMu ¥ (DU3MYECKH — HA 3aJ€)KaX BBICOKOBS3KOMN
He(TH CBEPXBBICOKOI BS3KOCTHIO He(TH Ha KOHTAKTE C BOJOI Ha IPaHUIle C BHeII-
Hell BOJOHOCHOH 06J1acTbIO.

145



TSHBIX TJACTOB, IPU BCEll HEOOXOIUMOW CPOYHOCTH CO3/IAHUSI CHC-
TeMbl 3aBOJHEHUS, HEJb3d 3Ty CHCTEMY CO3/laBaTb II0 IMPOCTOMY
reoMeTpUYeCKOMY IIPUHIIMIY ¥ Has3HauyaTb HarHeraresbHbIe CKBa-
SKMHBI paHblile UX OypeHUus, OCBOEHUS W WCCJE0oBaHUsI, T.e. 6e3
ucrnosb3oBanus ahderrta n36UpaTesbHOCTH.

[Ipu HewsmMeHHOM 3a00IHOM [aBJIEHUHM, PABHOM JIaBJIEHUIO Ha-
CBINIEHNSI, B KOHKPETHBIX ycjaoBusx ato P, = P,. = 30 ar, cHu-

Hac
JKEHUIO TeKyllero jge6ura HeTH (! COOTBETCTBYET CHIDKEHUE Te-

KyHiero yrnpyroro 3aliaca He(pTI/I n CHHJKEHHE IIJIaCTOBOI'O [JdaBJjie-
oA

_ q(h -t

Prm _ Pca - q_; =e Qi _ e—0,139't

>
— ) npu P, =P,
a0 [&] q()3

Hac?

oTciojia nosydaercs: opMyIa TEKyIIero IJIACTOBOIO JaBJIEHUS

1
_ Y%

Qs .
Prm = Pca + (PrmO - Pca) € ’
B paCcCMaTpUBA€MbIX KOHKPETHDBIX YCJIOBUAX

P, = 30 + 65€ %" ar,

jins

CHIDKEHHE TIaCTOBOTO /AQBJICHUS IIPH pE€KUME UCTOLEHUS

t, Mec....... 1 2 4 8 16 32
P, ar.... 88,6 792 673 51,4 370 31,1

Kak BuaHO, 32 KOpPOTKOE BpEMsI MPOUCXOAUT KPYTOe MaJeHue
IJIACTOBOTO JIABJIEHUST OT HAYaJbHOU Besaumuuubl P, o = 95 ar moutu
Jo pasiaenus Hacoimenus P, = 30 ar.

OO6bIYHO, OCYIIEeCTBJISIA Pa3paboTKy HePTSIHBIX IJIACTOB IIPU
peXuMe WCTOINEHWS, CTPEMSTCS He YMEHbBIIATb TEOPEeTHYECKYIO
POU3BOAUTEBHOCTh (ONpPEAEIAeMyIO 110 BOJE) INTAHTOBOTO TJIy-
6unnoro Hacoca (IITH), crymeHHOr0 B AOGBIBAIOIIYIO CKBAKUHY.
Jrta TeopeTHyecKas IPOU3BOMUTETHHOCTh TJIYOHHHOTO HAcOCa CO-
XpaHseTcs MOCTOSHHON

1

Oy = 22 _ cosnt.

Y«

Ho mpu 3TOM TpPOMCXOAUT CHWKEHUE TIJIACTOBOTO JIaBJEHUS
P., < P, M, COOTBETCTBEHHO, CHI)KEHUE 3a00WHOTO JaBJ€HUS HU-
’ke naBJieHns Hacblmenuss P, < P .. A aTo BbI3bIBaeT CHUXKeHHE
ko3 duImenTa MpOAYKTUBHOCTH 1O HedTH T HUXKE €ro IepBOHA-
YaJIbHOM BEJMYUHBI 1), B COOTBETCTBUU €O cJeayiolieil (opmy.ioii:
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LIECRS

Mo

P.)

B paccMarpuBaeMbIX KOHKPETHBIX yCJOBHAX 3Ta (hopMyJia MpH-
HUMaeT BH/[L

M| o 004G0-R)
Mo
[To aroii dhopmysie 6bLIN ClIeNAHBI TTOJACYETHI.

Cuisxenne ko3¢ duiieHTa NPOAYKTHUBHOCTH CKBAsKHHBI
npu 3260/HOM JaBJIEHNH HIDKE /ABJIEHUS HACHILEHUS

ar...... 30 20 10 5 2

— . 1 0,670 0,449 0,368 0,326

B paccmaTpuBaeMBIX YCJOBHUSIX HavdadbHOE razocojepxkanue 1 T
wedpru pasio G, = 5 M°/T u 1 M’ maacrosoit HedTH pasHO
7..Gy = 0,95 = 4,5 »®/M®. Tlpu cumxkenuu 3a60HHOrO JaBJeHHs
€., HIDKe YPOBHSA JAaBJjeHWS HacblleHus P, 13 HedTH BbIIEIACT-
cs Ta3, MPONCXOJNT ycajka HedTH, HO yBEJUYMBAETCA OOBEM CMe-
cu He(dTH W BBIIEJUBINETOCS Ta3a.

[Ipn ycnoBum, 49To TJIYOMHHBIN Hacoc cIymeH g0 32605 CKBa-
JKUHBI, KO3(M@UIIMEHT yBeanueHuss o6beMa HedTH U BbIIEJUBIIETO-
cs rasa npejcTaBJsgercsd cuaemyionieil popMyoii:

P, Pr - P.
'V='Y*+(1—’\{*)~ () +'Y*'G0' Hac o _
Hac HaC. ca
G 1- -G
=Y*'(1——0)+—Y*'P(D+—Y* 2
Hac Hac P(;;)

KOTOpass B PAacCMAaTPUBAEMBIX KOHKPETHBIX YCJOBUAX IMPUHUMAET
BU/L

P +%5=0,75+0,003333-Pm+4;5.

v=09-{1-2) ;1209
|""30) " a0

ca
ca ca

[Moacuetst Mo aToll hopMysie mamy CIACAYIONINE PE3yJIbTaThI.

VBemuenne oGbeMa HedpTH U M raza
[PU ABJIECHUH HIDKE IABJIEHHS] HACHIIEHUS

P, ar....... 30 25 2 5 10 5 2
v 1,000 1,013 1,042 1,100 1,233 1,667 3,007
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[lng cpaBHeHHMsT ObLIM CHIEJAHDBI TIOJCYETBI TTPU HEU3MEHHBIX
mapaMerpax, kpome ByXx Y, = 0,85 u G, = 10, xoropbie jaju cie-
JyIOIie Pe3yJIbTaThl:

P, ar....... 30 25 20 15 10 5 2
Vo 1,000 1,032 1,092 1,208 1,467 2,292 4,827

[Ipu ycnoBum, 4YTO TMOCTE TEPBOTO TEPUOA IKCILIyaTaluu
(korpa meficTBOBa yIpPyruil pexkMM W BOPOHKA JENPECCHU pac-
MPOCTPAHIACH OT 326051 CKBA’KUHBI JIO0 IPAHUIBI APEHUPYEMOTO €10
y4acTKa), B Te€YeHHe BTOPOro Tepuojpa sKcmayataiuu (Korga jeii-
CTBYET 3aMKHYTO-YIPYTHIl PEKHM) TeKyllee IJIAaCTOBOE [IaBJIeHHe
P, HEYKJOHHO CHMIKAETCS, HO OCTAETCS BDBINIE JaBJEHUS HACBIIIe-
wusg P, > P,,., a Tekymee 3a6oiitHoe naBienue P, cHuskaercs HU-
’ke gaBJyieHus Hacbimenus P, < P, BeJWYWHY TEKYIIETO TJIaCTO-
BOTO faBjenusi P,, MOXHO OIlpejiesuThb 4Yepe3 HAYaJbHOE IJACTO-
Boe napienHue P, W JaBjeHwe HacbimeHus P,,, a Takike uepes
TEKYIIyIo JIOJI0 ellle HeOTOOPAHHOTO HAYaJbHOTO YIPYroTo 3amaca
HedTH BTOpOro mepmoja sKciryaranuun (M3 o6mIero ympyroro 3sa-
maca He(TH BBIYTEH yUPYTuil 3amac HedTH, OTOOpAaHHBIH B mep-
BbIH TIE€PUO/| HKCILIyaTaIun):

1
Pur — Phiac =1- 2 9
P

w0 ~ Pﬂac { \

Y*'Skhscb‘ﬁ*l(PnflO_PHac). 1-

P - >

it w0 .
( \

IIpu 3amaHHON TTOCTOSHHOW TEOPETUUYECKON TPOU3BOAUTETHHOC-
TH TJYOGMHHOTO HACOCA, ONpeessieMOll MO BO/e, MOJydYaeTcs pa-
BEHCTBO

1
%, _ Mo .
q'“"“ = = (PIIJIO - Pﬂac) = ConSta
Y Y
1 1
S _ % .y~ const;
Vs Y
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Mo . _ Mo | q-aP-R,) | cv =
- (PrmO - Pﬂac) =—"¢€ (Prm - Pca) Vo=
Y* Y*
1
=m.e—a(Pﬂac—Pca). PrmO_ qu _Pcs X
' ( \
1
Y*‘S1'ha¢'5*' 1_71
S
In
e
P.. P.. - P.
(rrtor Loy g Bante)
Paac nac ' ca

[Tocme nmeneHws mTpaBofi YacTH paBeHCTBA Ha JIEBYIO YacTb
PaBEHCTBA M HEKOTOPBIX HECJOKHBIX TIPeoOpasoBaHUil TOJyda-

€TCcAa

Pes 1
1= e+0t @ . PquO _ E % - P(‘,a X
e+“ “Prac PrmO - Pnac ( \ PrmO - Pnac
1 1
YeS 'h:)(h'ﬁ*'(Pnf[O_Pnac)' 1- 1
In
LA

/{ _Y*'GO\ 1_Y* . Y*G()\
) HY* Priac J+ Priac Pw+ Pes )’

rnocJse/inee paBeHCTBO IIpEACTaBUM CJEAYIONUM 06pa30M:

WP | a p.l/. &)
1=ff—- 92—2..—3—79 kes +@& [P +T7},
Cy €, e, é
+aP - PI'IJ'IO .
rae C =, Cy= ————;
PIUIO - PHac
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CS =Y. .81 'halb .B* ‘(PHJIO - Pnac)' 1-

S
T I’C2
G 1-vy,
C/1=(Prm()_PHaC); CS=Y*'( __0\’ C6= Y*;
Pﬂac P}-mc

C, =v..G,.

[TpaByio wactp paBeHCTBa IpeAcTaBUM (DYHKIMEH 1 0603HAYUM

I PN . S N p <)
f= c ch . C4) kC5+C6 P°3+P;)

1
U IS 33JJaHHBIX 3HAUYEHWH E& OylleT OTBICKMBATH TO 3HAYEHHE
€3
TeKymiero 3a6oifHoro naBienus P, mpu KoTopoM (PyHKIHS CTaHO-
BUTCS paBHOU emunuie f = 1.
[Tocne ompenesenusi TeKylero 3HaueHus 3a60UHOrO aBJIEHUS
No6bIBaIOIIEell CKBOKUHBI P, ompenessieM Tekylee 3HaueHue ae6u-
Ta HePTU 3TON CKBAKUHDBI

+a-P, 1
q =L.c4.(cz _ an__i\‘

’ C1 é3 C4 J

" TEKyIlIlee 3HaY€HHNE IJIACTOBOTO JaBJICHUSA
/ 1

p -c-lc, 2%}
L é; J

11

PaccmarpuBaemblili BTOpOHl Iepuoji dKCILIyaTallud IIPOIOJIsKAeT-
cA 10 TeX IOp, IMOKa IIJIacTOBOE [aBJieHHE OCTAeTCs BbIIIE JaBJe-
HUS HacbllleHus HedTU Ta3oM.

B paccmarpuBaeMbIX KOHKPETHBIX YCJOBUSX HMEIOTCS CJIeayIO-
mue ucxoaunle Aanubie: o = 0,04 1 /ar, €, , =95 at, &, = 30 ar,
v. =09 71/m, S'=16ra = 1610 M* h,y, =5 M, G, = 5 M’ /T,
no = 0,1 t/(cyrar).

Tpn otom &, = e™%% = 332012, C, = —2 = 1,46154, &, =
95 0
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= 0,01610453107(95 — 30)-{1-—) = 13131, &, = (95
\" " s,44)
B . [, 5)_ .01 .
- 30) = 65, &5 =091-—|= 075 é,=— = 0,003333, &, =
L 30) 30
=0,9-5=4,5.
1
ﬂHH ATUX YCJIOBI/Iﬁ N pa3JIMYHbIX 3HaquI/II'71 'zi — A0JIn OT-

€3

6opa ympyroro 3amaca HedTH MO TPWBEACHHBIM 3/eCh (opMysiaMm
ObLIM C/IeJIaHbI PACYeThl U TIOJyYeHbl pedyJbrarbl (tabi. 3.8).

AHa/iM3 TOJyYeHHBIX PE3yJIbTATOB SICHO [OKA3bIBAET, 4YTO B
paccMaTpUBAEMbIX YCJOBUSX OTKA3 OT PAIMOHAJBHOTO CHUMKEHUS
TEOPETUYECKOH TPOU3BOAUTENBHOCTH TJTyGHHHOIO HACOCA, ITPOBO-
JIIMOTO C I[eJIBI0 COXPaHeHust 3a60fHOr0 [aBJe€HUs] HA yYPOBHE [IaB-
JIEHUSI HaCBIIEHUs, MPUBOAUT K peskomy (mpumepno B 2 pasa)
cHIDKeHUIo jgebura Hedtn gobbiatonieil ckpaxuubl! [losyvaercs:
xoTesn GoJIbllie — MOJYYHIN MeHbIIe!

JToT Xe camblii pacdyer Obli TPOBENEH TPU YCJIOBUU Yy, =
=0,851/M u Gy, = 10 M® /1. Ilpu 9TOM COOTBETCTBEHHO M3MEHU-

Juchb Hekoropble Koaddunuentor: C; = 0,85-/ —2) = 0,56667,
30

c, =2 = 0,005 u &, =0,8510 = 8,5.
30

Pacder man pesyJsbraThl, TpUBeJeHHBIE B TaOJ. 3.9.

ITU pe3yJbTaThl B OCHOBHOM COBIIAJAIOT C HPebIAYIIUMEI, HO
6arogapst GoJiee BBICOKOMY HadaJbHOMY Tasocogaepxkannio (G, =
= 10 »® /1 BMecTO mpeskueil Beqmunmubl G, = 5 M°/T) HECKOJIbKO
MEHBIIIE pe3Koe CHIDKEHUEe 3a60WHOTO JaBJjieHus u Je6urta HedTH
JIOOBIBAIOIIEN CKBAYKIHBI.

Ternepbp HaM HAJO PACCMOTPETh 3aTO3/IAJIbIl TEPEX0]l OT PEeXKU-
Ma UCTOIEHMS K PeKUMY 3aBOJHEHUsi. JTOT Iiepexoj Tpebyer He-
MaJIbIX 9KOHOMUYECKMX 3aTpaT W YCHJIUU W CBSI3aH C OIIPeJeJieH-
HBIMH HAYaJbHBIMU TOTEPSIMU.

Bo-niepBbix, Haj0 M3 uucaa paboTamIuX A0O0bIBAIOIIUX CKBa-
JKUH BBIJICTUTH OYAyIIe HarHeTaTeJbHble W TI0O HUM ITPEKPATHTHh
10064y HeTH; BO-BTOPBIX, K KyCTaM CKBa)KMH', T/ie JOJOKHBI ObITh
O/IHA WJIU HECKOJHKO HATHETATEJHHBIX, HAAO IPOJOKUTH BOJOBOIBI

!'B 3anaanoii Cubupu, Tatapuu u apyrux uHedTeao6blBaOmUX paiioHax IO
pasHbiM mpuunHaM (paaM 9KOHOMUHM KANUTAJIbHBIX M TEKYNIMX 3aTpar, cOepexe-
HUSI JIECOB M CEJAbXO3YTOAMN) IHPOKO TPUMEHSIETCS KYCTOBOE GypeHHe CKBasKUH.
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it-TE"t 3.8

HNamenenne ae6ura HedyT, 3a60HHOTO U ILIACTOBOTO JABJIEHHI TIPH HEH3MEHHOIT
TeOpeTHYECKOil MPOU3BO/UTENLHOCTH IIyGUHHOTO HACOCA M CHIDKEHHH 3a60ifHOro JaBJieHust
HU3Ke JaBjenns Hacbimenns npu v, = 0,9 t/mM%, G, = 5 M* /1

1.
ITokasaresb 2 G, /€5
0,000 0,001 0,005 0,01 0,02 0,05 0,1 0,2 0,4 0,6 0,8
é., ar 30 3,49 3,487 3,44 3,40 3,26 3,05 2,67 2,03 1,51 1,077
q1 /¢yt 6,50 3,167 3,156 3,142 3,116 3,037 2,908 2,659 2,188 1,743 1,318
59
e, ar 95,0 94,94 94,68 94,35 93,70 91,75 88,50 82,0 69,0 56,0 43,0
0,99999 1,0002 | 1,00045 | 0,99945 | 1,00028 | 1,00004 | 0,99976 | 1,00080 | 1,00031 | 1,00025
n, 1/ (cyrar) 0,1 0,0346 | 0,0346 | 0,0346 | 0,0345 | 0,0343 | 0,0340 0,0335 0,0328 | 0,0320 | 0,0314
Jlsist cpaBHeHust q;, 6,50 6,494 6,468 6,435 6,370 6,175 5,850 5,20 3,90 2,60 1,30

T/cyr upu €, =
= 30 ar B pamnuo-
HaJIbHOM CHIIKeE-
HUM  TeopeThyec-
KOII IIPOU3BOUTEIb-
HOCTH  TJIyOMHHOTO
Hacoca




Teopemtlecxoﬁ IPpON3BOAUTEJIBHOCTH l'le6Pl'HHOI‘O Hacoca ¥ CHIDKEHHH 3aGoiHOro JAaBJICHUS

T1-TETE 3.9

Hamenenne ne6uta nedru, 3a60IHOrO U MJIACTOBOTO JABJIEHHI NPU HEU3MEHHON

HIDKe /laBenust Hacbimenust npu vy, = 0,85 /m%, G, = 10 M® /T

1, .
[Tokasaresb E 9, /€

0,000 0,005 0,01 0,02 0,05 0,1 0,2 0,4 0,6 0,8
é,, ar 30 6,65 6,60 6,49 6,20 5,76 4,99 3,76 2,79 1,99
qg, T/CyT 6,50 3,459 3,441 3,405 3,302 3,138 2,831 2,284 1,792 1,337
€, ar 95,0 94,68 94,35 93,70 91,75 88,50 82,0 69,0 56,0 43,0

0,9999 0,9995 0,99938 | 1,00002 | 1,00006 | 1,99983 | 0,99989 | 1,00004 | 1,00076 | 0,99975
Jlnst cpaBHEHUST q.ly 6,50 6,468 6,435 6,370 6,175 5,850 5,20 3,90 2,60 1,30
T/cyTr npu &, =
=&, =30ar
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YU TOJATb BOAY /IS 3aKauyKW; HAa 3TUX KycTaX BOJU3W Haruera-
TeJbHBIX CKBAKMH HA/I0 YCTAHOBUTb HACOCHI [/ WHAMBUILYAJTHHON
3aKaYKM BOJbBI, HAIPUMEP HACOCHI YWUTAU-Ypaja, obJasaiorniie
HY>KHOH TPOM3BOAUTETBHOCTBI0 U 06eCIeynBaIIne HY>KHOE aB-
JIeHWe HarHeTaHWs.

[Tocsie Hawanma 3akaukyW BOJABI B HE(TSIHON MJIACT TPOUCXOIUT
MOBBIIIIEHNE TLJIACTOBOTO JaBjeHusi. OObIYHO MOABMKHOCTD 3aKayuu-
BaeMoOil BOJIbI BbIllle MOABMKHOCTH TLMacToBOi Hedrtu. Ecaum HedTb
MOBDBIIEHHON U BBICOKOH BA3KOCTH, TO TOJABMKHOCTb 3aKauWBaeMOI
BO/IbI BO MHOTO pa3 Bblllle. B paccMaTpuBaeMbIX KOHKPETHBIX YCJIO-
BUSIX MOJBUKHOCTH BOAbI Bbime mpuMmepHo B 30 pa3. Iloatomy
MPOU3BOANTENHHOCTD 3aKAYKW BOJBI OKA3bIBAETCS BO MHOTO pa3
BBIIIIE TIPOU3BOJAUTENBHOCTH A06bIYM HedTH U TIPOUCXOAUT JIOBOJIb-
HO ObICTpPOE TIOBBINIEHNE IIacToBoro nasienusi. Ho BoccranosJe-
HUE MEePBOHAYAJBHOIO IIJIACTOBOTO JAaBJEHUS IPOUCXOAUT 3HAUU-
TeJbHO OBICTpee, UeM BOCCTAHOBJIEHNE MEPBOHAYATBHON IIPOIYK-
TUBHOCTH He(TSIHOTO IJacTa.

Hagepnoe, 110 (hakTHIeCKUM JAHHBIM MOKHO OINPEIETUTH BpEMS
3ama3/[bIBaHIsI BOCCTAHOBJIEHUSI KO3((PUINeHTa NPOLYKTUBHOCTH.
Ho moka mpumeM, 4TO Ha KaKoe-TO KOPOTKOE BpeMsl CHMKEHHDIH
K02 dUIMEHT TPOAYKTUBHOCTU OCTAETCSI HEM3MEHHDBIM, XOTS ILJIa-
CTOBOE J/laBJICHUE 3HAUYUTEJBHO IIOBBICUJIOCD.

B pacuerax 6ysieM MCIOJb30BaTh JaHHBIE TabJa. 3.8.

[TycTp mmacroBoe maBJjieHne MoBbIicUJIOCH ¢ P, = 56 at mo P, =
= 100 ar, Torma TpPW HEW3MEHHOM CHIZKEHHOM KoaddumnmenTe
IPOJAYKTUBHOCTH Ae6uT Hedtn yBeamuutces ¢ 1,741 t/cyr mnpu-
100 -1, 51
56 -1,51
TakoM Jebute HedTH W HEM3MEHHON TeOopeTHYeCcKOoW IMPOAYKTUBHO-
CTH TJIyOMHHOTO Hacoca 3a60iHOe JaBJieHHe JO0JIKHO ObITh He P, =
= 1,51 ar, a P, = 3,45 ar, cooTBeTcTBeHHO nae6UT Hedtu Oymer

100 - 3,45
1,741 - ————
56 -1, 51
te HedTH 3aboiiHoe naBieHue paBHo P, = 3,35 ar, TOrma CHOBA
100 - 3,35

56 -1,51
ne6ura wedtu 3,085 T/cyr m 3,088 T,/cyT mouTH COBHAJAIOT,
1I03TOMY TIpEKpaTHUM UTepallmoHHbIH pacyer. Ilpu mnosbimenun
3aboiinoro maBaenus ¢ P, = 1,51 ar mo P, = 3,35 ar koaddu-

1,741
OUCHT IIPOAYKTMBHOCTM CKBAa)XMHbI BO3pacTaeT € ——— =

56 -1,51

MepHO 10 1,741- = 3,147 v/cyr; no (mo Tabm. 3,8) npm

= 3,085 1/cyT; Ho (10 Taba. 3.8) npu takom mebu-

yrounum jaebutr wedbtu 1,741 = 3,088 T/cyr. 3HavyeHud
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3,088
100 - 3,35
1,085 pasa Bmecro yseawdenus a0 0,10 1/ (cyr-ar) wmu B 3,130
pasal

WNuTepecHo ycTaHOBUTH Ty 60Jiee BBICOKYIO BEJIMUUHY ILIACTOBO-
ro JIaBJieHUusI, NMPU KOTOPOU He BO3HUKAET 3aJePrKKa C TIOBBINIEHU-
eM 3a60IHOTO [aBJIeHUs U BOCCTAHOBJIeHHEM K03 duimeHTa Impo-
JNYKTUBHOCTU JOGBIBAIOIIEN CKBAYKUHBI.

OG603HauNM MCKOMOE TIIACTOBOE JaBjenue P, ,; TmpeaebHbIi Jie-
6utr HedbTH W TpelesbHOE 3a00HHOE JaBjeHHe JOObIBAIOIIEN CKBa-
SKMHBI B PACCMATPUBAEMBIX YCJOBUSX TIPU PEKUME HCTOIIEHUS W
3aJITaHHOM TEeOPETHYECKON TPOU3BOAUTETHHOCTH TIyOMHHOTO Hacoca

= 0,0320 1/ (cyTar) mo = 0,0347 1/(cyr-ar) numm B

o6o3HaunM ¢. ¥ P, COOTBETCTBEHHO 1e6UT HedTH, MIaCTOBOE U
3a60iiHOe JlaBJieHus 9TOH CKBaKUHBI B HCXOJHOM COCTOSHHUM 060-
sHauuMm ¢., P u P

w1 "
HpI/I COXpaHEHUN CHHUKXEHHOTIO KOB(i)(l)I/IHI/IeHTa TIPOAYKTHUBHOC-
T, COOTBETCTBYIOIETO MCXOAHOMY COCTOAHUIO,

q',

N, = R E—
* ’
PMA - Pca,

HNCKOMOE IIJIaCTOBOE€ /JaBJIEHHE [JOJIZKHO o6ecIeynTh Z[eéI/IT HE(bTH
BbIIIE€ ITPEACTIDBHOTO

n* : (PI'UI - PCHK) > ql](;

1 1
P =P, +de_p I (p _p)

11 CaK CaK 1 &)

* 5

Takum o6pasoM, mosydyenHbie B Ta6sa. 3.10 pe3ysbTaTbl MOKA3bI-
BalOT, YTO IIPOLIECC CHUMKEHUS ILJIaCTOBOIO JIaBJeHUS M IIPoliecc
TOBBINIEHUST TIJIACTOBOTO /IABJEHUS CYIIECTBEHHO pa3JNdaloTcs;

Tabauua 3.10

3HayeHHs1 HUCKOMOrO IUIACTOBOTO JaBjeHust € .,
[P KOTOPOM HAYMHAETCS MOBBIIIEHNE 3200HHOTO /aBJIECHHS
U BOCCTaHOBJIeHHE K03 duInenTa NPOLYKTUBHOCTH J0GBIBAIONIEH CKBAsKUHDBI

1
ITokasarenb Eq‘”‘/CS
0,1 0,2 0,4 0,6 0,8
P, ar 3,05 2,67 2,03 1,51 1,077
q;, T/CyT 2,908 2,659 2,188 1,743 1,318
P, ar 97,5 99,0 101,4 103,5 105,3
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uMeeT MeCTO sIBJeHHe THUCTepesnuca — IOBbIMIeHHe 3a00WHOTO JaB-
JleHuss U Kod(pPUIueHTa TPOAYKTUBHOCTH JOOBIBAIOIIEN CKBAYKUHBI
IPOUCXOAAT TIpu 6oJjiee BHICOKOM ILIACTOBOM [IaBJIEHUM.

CHmkeHre KoadduimenTa MpoIyKTUBHOCTH CKBAKIHBI ITPOMC-
XOMWUT TIPU CHIJKEHUM ee 3a60WHOTO JaBJEHUS HUXKE [aBJIeHUS
HACBINIIEHUS W BbBIJEJCHUN W3 HePTH Ta3a W TBEPAbIX YACTHI[ aC-
¢anbrenoB, cMos u napadUHOB, KOTOPbIE HAKAILIMBAIOTCS B MPHU-
3a60iHO} 30HE IJACTa M B CaMOll CKBa)XKMHE HA €€ CTEHKaX.

Coszanue BBICOKOTO IJIACTOBOTO [IaBJEHUS, HE [OIyCKAIOIIero
3a/IepKKY TIOBBIMIEHUST 3a60HOTO [aBjieHUsT W Koad@uineHTta
TIPOAYKTHBHOCTH JOOBIBAIONIENl CKBa)XMHBI, BOBCE HE O3HAYaeT NX
6bICTpOE TOBBINIEHNE, a TOJBKO TO, YTO YCTpaHeHa 3aJep:KKa IO-
BBIIIIEHUS, YTO Tpollecc MOBbImeHus moiresa. Co/eficTBOBaTb yCKO-
peHuio aToro mpoiecca OyJeT OCTaHOBKA JOOBIBAIONIEN CKBAXKUHBI,
ee TIPOMbIBKA Topsyeil HedTbIO M YCTAaHOBKA B CKBAKMHE Ha TJIy-
6une HedrsaHoro mimacra (BHU3Y HeDTAHOTO IIacTa) CTAI[MOHAP-
HOTO 3JIeKTPOHATpeBaTeJIs.

Ha wedTsanbIxX maacTax HU3KOM W YJIbTPAHW3KOU TPOAYKTUBHO-
CTH, C IleJibl0 yBeanueHus: ne6uta HedTH AOOBIBAIOINX CKBAXKUH,
[0 9TUM CKBXMHAM MOXKeT ObITb 3alpPOeKTUpOBaHa TJIyGOKast
nepdopaiys co CAeIyIONMMH TTapaMerpaMu: riay6uHa nepdopaim-
oHHBIX KanasoB 50—100 cM, nquamerp nep@OparmoHHOTO OTBEPCTUS
oxosio 1 cM, umcyao orBepctuii Ha 1 M 3¢ PEKTUBHON TOJIUHBI Ta-
Koe 3Ke, KaK y OObIYHOH mepdoparumu.

[ny6okas mepdopaiiusg He3aCOPEHHOTO HEe(TIHOTO TJACTa WJIH,
HA060POT, PABHOMEPHO 3aCOPEHHOro Ha GOJbIIYI0 Tiy6uHy B He-
CKOJIbKO METPOB MOXKET YMEHbIIUTb (DUIbTPAIMOHHOE CONPOTUB-
JeHue Iacta npumepHo B 1,2 pasa. Ilpu coxpanenuun mnpexxknei
JeTpeccun Ha HeTSIHOH IJIACT 3TO YBEJWYHUT AeOUT HePTH COOT-
BeTcTBeHHO B 1,2 pasa.

A ecnu HedTsHOU MractT 6bln 3acoped Ha raybuny o 50 cM u
B TPUCKBAXKWHHOW 3aCOPEHHON 30HE IMPOHHUIIAEMOCTH  Oblia
yMmenbiiena B 10 pa3, mpu atom obiiee (PUIbTPAIMOHHOE COMPO-
TUBJIEHNEe OBLJIO YBeJINYeHO MPUMepHO B 3 pasa, TO NpHUMEHEHHe
ray6okoil mepdopanun yMeHbBIINT (QUIbTPAIMOHHOE COIPOTHUBJIE-
Hue B 3—4 pasa. llpm coxpamenun mnpexkHeil nenpeccun Ha Hed-
TAHOU MJACT 3TO yBeIWYUT JeOUT HedTH COOTBETCTBEHHO B 3—
4 pasa.

C roil ke nesblo yBeawueHust ge6uta HedpTH Ha HePTIHBIX
NJACTaX HHU3KOW ¥ YJbTPAHU3KOH TNPOTYKTUBHOCTH MOXKeT OBITh
TIpUMeHeH TUAPABJIMYECKHUN pas3pbIB. Y HE3aCOPEHHOTO HEPTSHOTO
IJIACTa 3TO YMEHBIINT (DUIBTPAIMOHHOE CONPOTHBJIeHWEe B 1,5—
2 pa3a; ¥ TpU COXPAHEHUU TIPEXKHEH [eNpecCuu YBEJTWYUT JAeOUT
B 1,5-2 pa3za. Y HedTAHOro IJacrta, 3aCOPeHHOr0 Ha TIyOuHY [0
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50 cM, 3TO yMEHBIUT (PUIBTPAIIMOHHOE CONPOTUBJIEHUE B 4—
6 pas; u IpU COXPAHEHUU IIPEKHEN JeNnpeccuu yBeTUYuT 1e6UT B
4—6 pas. Y miacra, 3acopeHHOro Ha GOJbIIyI0 TIy6UHY B He-
CKOJIBKO METPOB, 9TO YMEHBIIHUT (PUJIBTPAIMOHHOE COIPOTUBJIEHHE
B 10—12 pa3; u npu coxXpaHeHWHW TIPeXHEH [empeccuu yBeJTUIUT
nebut B 10—12 pas.

B ycioBUSIX HMCKYCCTBEHHOTO 3aBOJIHEHUS He(PTIHOTO TjacTa
JUIsl yBesqnveHusi ae6uta HeoOXOAMMO COOTBETCTBEHHO YBEJUYHUTD
3aKauKy BO/IBI.

Kpome Toro, Hajao yuurbiBath uHTepdeperuuio  (Bzaumo-
JleficTBre) CKBasKMH. Beap 1pu yBeanmdeHuu aeOuTa paccMaTpuBa-
eMOlt T0OBIBAIONIEN CKBAKUHBI MOXKET BO3PACTH €€ dKpaHUpyolee
JeficTBue Ha cocennue NOOBIBAIOIINE CKBAKUHBI M CHU3UTh UX [le-
6WT; COOTBETCTBEHHO TPHUPOCT OOIIEro ae6uTa MOMKET OKa3aTbCs
MeHbIIle TTPUPOCTa [e6UTa OAHOI CKBAKWHBI, I/e ObLIT THIPaBJIITYe-
CKUI pa3pbIB.

Heo6xommmMo 0co60 OTMETHTH KpaifHe BaskHOE OGCTOSITETbCTBO:
rIy6oKyIo mepdopannuio W THAPABIMYECKUN paspblB IJIAcTa IfeJie-
co006pa3HO TPOBOJUTH TOJBKO B TeX MOOBIBAOIIUX CKBAKUHAX, TIe
3a60iiHoe naBjenue BIpeab OyJeT MOANEPKUBATbCSI HA YPOBHE WU
BbIIlIE [IaBJIEHUSI HACHINEHWS; B MPOTUBHOM CJIy4ae IIOJIOKHUTEb-
HBII pe3ysbTarT GyAeT 3aHIKEHHBIM W KPAaTKOBPDEMEHHBIM, W uYepes3
KOPOTKOE BpeMs TIOJIO)KEHUE CTaHeT elle Xyske — JeOuT cTaHer
ele HUXKe, 4eM ObLT /10 UX TIPOBEJACHUS, MOCKOJbKY MPUCKBAKUH-
Hble 3aCOPEHHBbIE 30HbI HE(MTAHOTO TIacTa CTAHYT emle OOJbIIIe.
CrenoBaresibHO, cHAYaa JOJIKHO ObITh MOJJEPIKAHUE IJACTOBOrO
u 3a60ITHOTO [MaBJIEHUII WMJM TapaHTUs CBOEBPEMEHHOTO WX TIO[-
Jep’)KaHus IyTeM CO3/aHWS CHCTEMBl 3aBOJHEHUs, a YK 3aTeM
npoBe/ieHue Tuay6okoll mepdopalun WM THAPABJINYECKOTO pas-
pBIBa.

HakoHer, HaJl0 y4YuTbIBATb, YTO PEXUM HUCTOMEHUs (PEKUM
CHUKEHHMSI TLJIACTOBOTO JIABJIEHUSA) M PeXUM 3aBopHeHust (pesxum
MO//IepsKAaHNsl M MOBBINIEHUS] [IIACTOBOTO JIaBJeHHs1) 10 CBOEH CyTH
SIBJISTIOTCST TIPOTHUBOTIOJIOKHBIMU. U ecam B KOHIle KOHIIOB 6yneT
OCYIIIECTBJIEH 3alIPOEKTUPOBAHHBIN PEXUM 3aBOJHEHMS, TO CHaya-
Ja HeoOXoamMO OyleT BepHYTb B He(PTAHON TJIacT TOT YIPYTHH
3amac JKUIKOCTH, KOTOPBIA ObLI OTOOpAH IIPU PEXXUMe HUCTOIIEHUS.
Oka3blBaeTcs, 4TO PEXUM HCTOUIEHUsS — ITO MOJydYeHue B JOJT,
KOTOPBIN HaZo GyleT BEPHYTbD.

Ca,0h

1. Ilpu TpPOEKTUPOBAHUU CETOK pa3MelNleHNs CKBAXKWH C TLJIOT-
noctbio 16—32 ra,/ckB. ynpyruii 3anac HedTu Ha OJHY 106bBIBAIO-
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HIYI0 CKBKMHY OKA3bIBAETCS CJUIIKOM MAJEHbKUM, IIPUMEPHO
paBabiM 1—2 TbIC. T/CKB. Bypenue um akciayaranusi HTPOEKTHBIX
CKB)XMH TPH PEXUME UCTOUIEHNUS OKAa3bIBAIOTCSI JKOHOMUYECKU
Hea(DHEeKTHBHBIMU.

2. UccnepoBanue 106BIBAIOIINX CKBAKUH 110 METO/LY BOCCTAHOB-
JieHust X 3a60WHOrO [JaBJIEHUs] [0 YPOBHS ILJACTOBOTO [aBJIEHUS
npu (paKkTUUeCKOl HU3KON M yJIbTPAHU3KONH TPOIYKTUBHOCTH Hed-
TSHBIX ILJIACTOB OKA3bIBAETCS CJIMIIKOM JJTUTEIbHBIM, MPOJOJIKAET-
ca 10 2 Mec u 6oJee.

3. Ilpu npoekTHOI ceTke ckBaxkuH 16—32 ra,/ckB. ynpyruil 3a-
nac HedTH Ha OJHY JOGBIBAIONIYI0 CKBAJKUHY OKA3BIBAETCS CJIHII-
KOM MaJIEHbKUM, U IOITOMY IPOMEIJEHNE C CO3[JaHUEM CHCTEMBI
3aBO/JIHEHUsI, TO €CTb C IEPEXOJOM OT PEXKUMa WCTOLIEHUS K pe-
JKUMY 3aBOJ[HEHUsI, MPUBOJUT K [OBOJIBHO OBICTPOMY CHUKEHUIO
MJIACTOBOTO JIABJEHHS U 3aKOHOMEPHOMY OBICTPOMY CHIKEHWIO JIe-
6uta HedTH.

4. Tlpu peskuMe HUCTOIEHUSI OTKAa3 OT HEOOXO[UMOIO YIIPEK/a-
IOIETO CHUDKEHUS ae6uTa HeTu MyTeM CHIDKEHUS TeOPEeTHYeCKOu
POU3BOIUTENBHOCTH — INTAHTOBOrO TJy6mHHOro Hacoca (IITH)
NPUBOAUT K elle Gosiee ObICTPOMY, KaTtacTpOUUECKOMY I1ajeHHIO
ne6uta HedTu mOGBIBaOmIell CKBAKMHDBI, K 3HAUUTETHHOMY TIaje-
HUIO ee KoadduimenTa MpoAYKTUBHOCTH 1O HEDTH.

5. Tlocsie peskuma ucrolieHusi € KatacTpoUYECKUM IaJeHueM
naebuta HedTH TIPH TOCJEAYIONEM Iepexo/ie Ha PEeKUM 3aBOJIHE-
HUSI, TOJBKO YTOObI HAYaJOCh BOCCTAaHOBJeHUE KodbduimenHTa
MPOJYKTUBHOCTU 10 HePTU [0 €ro IepBOHAYATIBHON BEJIUYMHDI,
HEOOXOJMMO CO3[]JaHNe BBICOKOTO IIJIACTOBOTO [ABJIEHWS, 3aMETHO
WM 3HAYUTEJbHO IMPEBBINIAIONIETO TTEPBOHAYAIBHOE.

6. Ilpu cHmwkennu 3a60WHOrO [aBjeHHUs y JOOBIBAIOIINX CKBa-
JKUH HIJKE JIaBJIEHWsS HACBIIEHUs 10 HUM I1eJieco00PasHo IPOBO-
quTh Tay6oKyio Tepdopanuio u ruipaBindeckuii paspoiB. CHavasa
HA/JI0 BOCCTAHOBHUTb HUX 3a060WHOe [aBjieHue [0 JaBJeHUs HACbhI-
MIEHUS.

B(’i,o%n

[Tpomepsienne u HapylleHue TOPSAKA OCYIIECTBJIEHUS 3aIPOEK-
TUPOBAHHOI CUCTEMbI pPa3pabGoOTKu HePTSHBIX I1JIACTOB HU3KOH U
YJIbTPAHU3KON MPOJYKTUBHOCTU TPUBOAMUT K 3HAYUTEJNBHOH TOTEpe
B UX TeKylleil go6brue HedTH U KOHEYHOU HedTeoTaaue.



3.3. O IEBUTE HE®TAHOIO IIJIACTA HU3KOMN
HPOJAYKTUBHOCTU U BBICOKOI 30HAJBHOI
HEOHOPO/IHOCTHU

3nech OyZeM paccMaTpuBaTh CHUTyalmio, GJU3KYI0 K TOH, KOTO-
pas CyIIecTBYeT B PeaTbHOCTH Ha OJHOM He6OoJbIIOM He(TSIHOM
Mectoposkaennn B 3amnagaoit Cubupu. IloHSTHO, YTO WHTEpEC BbI-
3bIBaeT HEe TO MAJI0O3aMEeTHOE MECTOPOK/EeHHe, a paccMaTpuBaeMast
npoéﬂeMa n IoJydaiomueca IIpd 3TOM BbIBO/bI, KOTOpPbIE MOIYT
Kacatbcsg OYeHb MHOTMX HEMTSIHBIX MECTOPOXKIEHUN, WMEIOINX
HeTSHDBIE TIJIACTBI HU3KOH MPOAYKTHUBHOCTH M BBICOKOH 30HATHHON
HEOJHOPOJAHOCTHU 110 IIPOAYKTUBHOCTH.

Urtak, 6ymeM paccMaTpUBaTh OTIEJbHYIO HEOOTBITYI0 HEe(PTIHYIO
3aJieKb, Ha KOTOpPOW B opMe Kape S5xd paCIOJIOKEHBI 25 CKBa-
JKHMH, U3 KOTOPbIX 4 YTJ0BbIE ABJIAIOTCA HarHeTaTe€JIbHbIMHU, a OC-
TajgpHble 21 ABJSIOTCS AOOBIBAIOIINMI.

Kax Bcerga, HedpTsHON miacT o6sajaeT 30HATBHON HEOTHOPO-

k-
HOCTBIO TI0 THAPOIPOBOAHOCTH ——= (rge k — mpoHHUIIaeMOCTb u /i —
u

acdexkTuBHAA TOMIIHA HeTAHOTO IJIACTA; W — BA3KOCTb KUIKOC-
TH B TJACTOBBIX YCJOBHSX; W, — BSIBKOCTb He(PTH, U, — BSI3KOCTD
BBITECHSIIONET0 areHTa) M BCEe CKBAaXKMHBI PA3JNYAIOTCS MEK/IY CO-
6oit mo Besmuuue v — Koadpduimenta npopykruHoctu (popmyna

ke
R,

aToro Koadduimenra 1= , The R. — paauyc 30HDBI

H

JIPEHUPOBAHUST CKBAKUHbBI, a 7, — PaAuyc camoil ckBakuubl). Ho
0COGEHHO CHUJIBHO OT BCEX OCTAJTbHBIX CKBAKMH OTJUYAOTCS 3
IeHTpaJibHbIe JJOObIBAOIINE CKBAXKUHBI. B 9TOM Besl coab paccma-
TPUBAEMOI CUTYyaluu.

Tak, npu cpenneMm KoadduimenTe NIPOAYKTUBHOCTH Bcex 25
CKBaXHUH, paBHOM 1., = 0,6 1/(cyrar), cpeauuii xoadduunuent
OPOAYKTUBHOCTH 3-X IEHTPAJbHBIX [JOOBIBAOIINX CKBAKMH DPaBeH
N> = 3 v/(cyrar), a n. — cpeanuii KoapPUIUEHT IIPOLYKTUBHOC-
TH OCTaJbHBIX 22 CKBa)XKUH paBeH

_Mep PN _ 06:25-3-3 _ _
n. - 3 0272727 1/ (cyr-ar).

<

Cpennuii Koap@uIueHT MPOAYKTUBHOCTH 3-X IEHTPAJbHBIX JIO-
OBIBAIOTNX CKBAJKWH BBINIE, YeM CPeIHUN KOOI UIMEHT MPOIyK-
TUBHOCTH y BCEX OCTAJTbHBIX 22 CKBaXKUH B

Nl 3 _qy pas.

n. 0272727
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KosmuecTBeHHO HEOAHOPOJHOCTh XapPaKTEPU3YETCs KBaJpaToM
koa(uimenTa Bapualuu, KOTOPbI OIpeaessercs Yepes CpeaHuil
kBajpar 3uadenust (x*),, u kBajgpar cpeanero suadenust (x,,)’

ve o &a g
(x)?

KommonenTa o61eil HEOAHOPOAHOCTH W3-32 PE3KOTO Pa3JIMUUs
o cpefHell BesnynmHe KoapUIMEeHTa MPOJAYKTHBHOCTA CKBAXKUH
JIBYX TPYII paBHA

2, 2 2. 2.
V*2=(n>) n>v+(n<) 123 3+(O,27'2727) 22—1=2,181818.
Mep)? 0,6)2-25

[Tpu obrieit HEOTHOPOAHOCTH BCeil COBOKYIHOCTH CKBRJKHH II0
Be/munHe Koa(duimenta MpoAyKTHBHOCTH, paBHoil V> = 3,33,
NP 3aBUCUMOCTU 3TOW OO6IIel HEOTHOPOJHOCTH OT JBYX KOMIIO-
nent (V2 — HEOAHOPOAHOCTH M3-3a Pas3Jjuuus ABYX rpynm u V2 —
HEOJHOPOJHOCTH BHYTPHU TPYIIIL)

A+V)=U+VHU+ VD)
II0JIy4a€eTCsl HEOAHOPOAHOCTh BHYTPU TPYIIIL

a+v?)
2 P g 133 4 361.
aA+v?) 1+2,181818

sk

Koneuno, sTa HEOMHOPOAHOCTD, HAGIOMAIONIASCS BHYTPU TPYIII
CKBaKWH, JOCTATOYHO BEJWKA, HO OHA BO MHOTO pa3 MEHbLINE HEOJ-
HOPO/JIHOCTU W3-3a PA3JMYUS TPYIIT CKBAKWH.

Ha puc. 3.1, @ cxeMaruyHo MokaszaHa paccMarpuBaeMas HedTs-
Hasl 3aJeXb C PACIOJOXKEHWEM 4-X YIJIOBBIX HarHeTaTeJbHBIX
CKkBaXVH 1 21 goObIBatonieil CKBa’KUHBI, C BbIAEJIEHHEM 3-X II€HT-
PaJIbHBIX GoJiee MPOAYKTHBHBIX JOOBIBAIOIIAX CKBAaXKUH. IJTO OC-
HOBHOH (PaKTWUUECKW OCYIIECTBJISIEMbI BapwaHT pa3paboTKu Hed-
TSHOM 3aJIesKu, KOTOpbIii o6o3naynm 1-m. Ha creayiomux puc. 3.1,
b, ¢, d 1 e mOKa3aHbl [Pyrue BO3MOXKHbIE BApUAHTBI PaspaboOTKU
3aJieku: 2-it Bapuant Ha puc. 3.1, d, mpu KOTOpOM 3 TE€HTPAaJb-
Hble 60Jiee MTPOAYKTHBHBIE AOOBIBAIOIINE CKBAKHHDBI BBIKJIIOUEHBI U3
pa6oThr; 3-if Bapuant Ha puc. 3.1, ¢, IpU KOTOPOM, HAO60OPOT, B
paboTe OCTaBJEHBI 3 IEHTpaJbHBIe OoJiee MPOAYKTHBHBIE OOLIBA-
IOMMe CKBAKWHBI, & BCE OCTAJbHbIE [JOOLIBAIOIIAE CKBAYKUHDBI BbI-
KJIOUeHbl U3 paboThl; 4-if Bapmant Ha puc. 3.1, d, mpu KOTOpOM
BCE CKBAXKMHBI pabOTAIOT, HO 2 MAJONPOAYKTUBHBIE JTOOLIBAIOIIIE

160



20

A 4

o
7 ° 2
#7 -
Tl o[- U
7/
OO/OO
@|o|o|lo|®

Puc. 3.1. BoaMoskHble BapHaHTbl pa3pabOTKH 3aJ€Ku:
1 — Har"eraTesibHas CKBaskuHa; 2 — jo00bIBaionias CKBa)kuHA; 3 — 30Ha 060Jjiee BBICO-
KOW MPOAYKTHBHOCTH; 20 — PACCTOSIHHE MEXK/Y CKBaXMHAMHU W CTOPOHA KBaJpaT-
HOI 30HBI



CKBA)KUHBI [IOTIOJHUTEJIbHO TIPEBPAllleHbl B HarHeTaTteJbHbIE, Te-
nepb 6 HarHeTaTebHBIX CKBaKWH, 19 MOOBIBAIOIINX, B TOM YHCJIE
3 neHTpasbHble 6oJiee TIPOAYKTUBHBIE, S5-I BapuaHT Ha puc. 3.1, e,
IpU KOTOPOM BCe CKBaKHMHBI paboraioT, HO 1 meHTpasdbHas Gojee
MPOAYKTUBHAS JNOOBIBAIOIIAS CKBA)KUHA JOMOJHUTEJHHO IpeBpale-
Ha B HaTHETATeJbHYIO, Telepb S HarHeTaTeJbHBIX CKBaXuH, 20
JN06BIBAIOIINX, B TOM YHCJe 2 IleHTpasbHble 60Jiee MPOIyKTUBHBIE.

Pacuernl 1e6UTOB psIOB CKBAXKUH Gy/I€EM BBINOJHATH 110 U3BECT-
HbpiM ypaBHeruam lO.I1. Bopucosa a1 TUHENHBIX DPSIOB CKBAXUH,
HO TIPM Halllefl cXeMaTW3aluy [AJs 3aJeXu HedTH cJ0XHOU dop-
MbI [7], corimacHo KOTOpO¥l Tpu pacdere BHEIHUX (DUIbTPAIMOH-
HBIX COTIPOTUBJEHUN BMECTO OTHOIIEHUS [JIUHLI K NIMPUHE Y4YacT-
ka Hedranoro miacra (kak goJskHO 6biTh o 10.I1. Bopucosy) Ha-
Jo 6paTh OTHOIIEHWE CPeJHell JJUHBI K CPelHell IMUpUHE WU OT-
HOIIIEHWEe TJIOMAAN y4yacTKa HedTSHOTO IJacTa K KBaApaTy ero
cpenHell IMUPUHDI.

Wcnosb3yeMble B pacueTax MapaMeTpbl paccMaTpuBaeMoil Hed-
TSHOW 3aJie)KW W CUCTEMbI CKBAXWH: HedTSIHAs TJIOMA/b, TPUXO-
JA11asicsl Ha O/IHY CKBa)KMHY IIPOEKTHOH ceTKu, paBHa S '=32ra =
= 0,32 km*> = 32:10* ™%, ¢ yuerom S' = ;- R’ paamyc 30HbI JApeHH-
poBaHus cKBaxkuHBI paBeH R, = 0,319154 &M = 319,154 ™; paauyc
caMoil ckBakuHBbI paseH 7, = 0,1 M.

FeomeTpudeckoe (UIBTPAIIMOHHOE COMPOTUBJICHUE OTIEJbHON
CKBa’KHHbI

LR Z 1084,

2n T,
KoaddummerT mpoayKTUBHOCTH CKBaYKWHDBI

n=(k~h\, 1 (k-B\ . 1

W) 1R L) 128d

2m 7.

Orcroga Toy4aeTcs TUAPOIPOBOJHOCTD HEMTSIHOTO ITacTa B
3aBUCUMOCTH OT KO3(uImenta TpoayKTUBHOCTI

(k"l) = n-1,284.
Wy

[[aJIee KOHKPETHDbIC 3HaAUY€HUA T'MAPOIPOBOAHOCTH

(M) 1. 1,284 =0,272727-1,284 = 0,3502 1/ (cyr-ar);
Wy /o

(M) =, 1,284=3-1,284=3852 1/ (cyr-ar);

Wy
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(k.h) =MNep -1,284=0,6-1,284=0,7704 T/(CyT'aT)-
M ) o

CoOoTHOIIIEHNE TOBWKHOCTEN BBITECHSIONIETO areHTa W HedTH B
TJIACTOBBIX YCJOBUSX PAaBHO W, = 2.

Pasnoctp 3a60IHBIX [JaBJEHUI HarHETaTEJbHBIX U JOOBIBAIO-
MUX CKBAXKUH pPaBHA

(P

1-it sapuanm.
YpaBHenus 71e6UTOB PSOB CKBasKUH

(Pcn - Pca) = (U‘)II - 91) : (ql + C/z) + 031'671;
(Pca - Pca) = 0 = 7wy gy + (QZ + (02)'672§

~ P_) =500 — 100 = 400 ar.

CH

Wy .
9 =G —
Q) + o,y
(Pcn _Pm)
q1= ( - \ )
1
(wH+§21)L +Qz+w)+m1

rgpe w, — BHYTPEHHEEC (pI/IJII)TpaHI/IOHHOG COIIpOTUBJIEHNE HarHeTa-
TEJbHbBIX CKBaXHWH

20 1 1 400‘\/5=

1 1 11
W, = NI Y =21 .1y
n, We (k-h) 2n 27, 4 2 0,3502 2m 2m-0,1
Vi )
11 1
=—-— -1,082691=0,386454;
4 20,3502
Q, — BHemrHee (PUIBTPAIMOHHOE COMPOTUBJIEHHWE TEPBOI IMOJIOCHI

HedTsIHOTO TIacTa

2
Q=1 L_.ZC0 _ 0,356939;
ny, .

<

®; — BHyTpeHHee (UIbTPAIMOHHOE COMPOTUBJIEHUE TMEPBOTO Ps/ia
NOOBIBAIOIINX CKBAKUH

R 20 11
= 4.

n =—
n (k-h)Y 2m  2m-7, 12 0,3502
L ).

-1,082691=10,257636;
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Q, — BHelTHee (PUIBTPAIMOHHOE CONPOTUBJEHHE BTOPOH IMOJIOCHI
HeTIHOrO IJIACTa, KOTOPOE COCTOUT W3 [JBYX IIOCJIEI0BATEJIbHBIX

yacteil Q, = Q) + Q}, 1puueM BTOpasg 4acTb B CBOIO ouepelb M3
JBYX IlapaJlIeJbHbIX YacTedl pas3/MuHOll ruJpONpOBOLHOCTH

KOHKPETHbIE YMCJIEHHBIE 3HAYECHUA

. 2
Q- TG 1 L _(401983
(k-h\  (14-20)> 03502 28
My )
oL .9 L .1 _0118980:

2T (kn) 1220 03502 2
LMHJ

<

"o _ 1 o 3

o

0 3 10021634
(k-h) 620 3852 12

L,

>

- ;1 -0,018306:

Q" + Q"
o P

Q,=Q,+Q7=0,101983+0,018306 =0,120289,

®, — BHyTpeHHee (UIbTPAMOHHOE COMPOTHUBJIEHUE BTOPOTO Psijia
JIOOBIBAIOIITIX CKBAa)KWH, OHO TOXKE COCTOWUT W3 JBYX IMapasiebHBIX
JacTen

1 .

1,082691=0,515275;

164



W=t p 20 11 4082691=0,093691;
2 M /ﬂ\ 2 2, 3 3,852
kMHL
W, = ! — =0,079276;

1
0,515275 * 0,93691

CyMMa BHEHNIHETO MW BHYTPEHHEIO (pHJIpraHI/IOHHbIX COIIpOTHUBJIE-
HUI AJII BTOPOTro pAafa [[OébIBaIOH_[I/IX CKBaK1H

Q, + o, = 0,120289 + 0,079276 = 0,199565.

C yueroMm 3TOTO 1e6UT BTOPOTO pPsifia MOOBIBAOIINX CKBUKUH B
JOJISIX 71e6uTa TMEPBOro psifa A0OBIBAIOINX CKBaKUH

_ o __ 0257636 _ )
T= N Q,+0, N 0199565 7 1.29099;

21661/IT IIEpBOro pAazaa ]IOébIBaIOH.II/IX CKBa’KNH

_ (P(tu _P(ts) =
Q1_(wH+Q1).(1+ (QF] \+U)1
L QZ +(.02J
400 =204,004 U/000;

~ (0,386454+0,356939)-(L+ 1, 29099) + 0, 257636
ne6uT BTOPOTO psiaa g, = ¢,-1,29099 = 263,368 T,/cyT; cymMMapHBbIil
ne6uT HeTAHOU 3aJieKn

gs = q; + g, = 204,004 + 263,368 = 467,372 1/ cyT;

pacripejienienrie je6uta BTOPOTrO psna Mexay 6-10 MeHee IIPOIYK-
TUBHBIMH JTOOBIBAIONUMY CKBOKUHAME U 3-Ms 6oJiee TPOJYyKTUBHBI-
MU JOOBIBAION[IMU CKBAKIMHAMU

Gy =Gy + Gy = 263,368 T/ cyT;

qf —g, O o - 263,368 0,093691

0 v, 0,515275+ 0,093691

=40,520 t/cyT;

(e = o = Gy = 263,368 — 40,520 = 222,848 1/ cyT.
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2-U eapuanm.

W3 pa6GoTbl BBIKJIIOUEHBI 3 6oJiee TIPOAYKTUBHBIE [100LIBAIOIINE
CKBasKUHBI.

[Ipu sTOM BHemHee W BHYyTpeHHee QUIBTPAIMOHHBIE COIMPO-
TUBJIEHUSI BTOPOTO psifa OYAayT

Q) +w, =, +Q% +0, = 0,101983 + 0,118980 +
+0,515275=0,736238.

C ydeToM 3TOro fe6UT BTOPOro J06bIBAIONIEro psfa B J0JAX je-
6UTa MepBOro J0ObIBAIONIETO Psjia
w 0, 257636
G, =G -——=q, = 0,349936
Q, + o, 0,736238

21661/IT IIEpBOro ]IOébIBaIOH.[eFO pAda CKBaKUH paBE€H

400
" (0,386454+0,356939)-(1+ 0,349936) + 0,257636

G, = q,:0,349936 = 110,988 1/ cyT;
ds = q: + g, = 428,154 1/cyr.

i =317,166 1/ cyT;

Bapuanm 2a.

Kpome 3-x 6osiee TPOAYKTUBHBIX JOOBIBAIOIINX CKBAXKUH, W3
pa6oThl BBIKJIIOUEHBI elle 6 MeHee TPOAYKTUBHBIX [JOOBIBAIOIINX
CKBaKMH, HO TOKE PACIOJOKEHHBIX BO 2-M paxy (Ha 2-i op6ure)
OTHOCHUTEJIbHO HarHeTaTeJbHbIX CKBa)KMH. B paGore ocraiorcs 12
MeHee TPOAYKTUBHBIX [JOOBIBAIOIINX CKBAJKUH, PACIIOJIOKEHHBIX B
1-m psny. Ilpu atom nebut HedTSHOI 3aseKu paBeH

(P, -P,) 400

CH

w, +Q +o;  0,386454 + 0,356939 + 0, 257636

= 399,589 T/ cyT.

3-ii eapuanm.

W3 paboTp! BBIKJIIOUEHBI Bce MeHee MPOAYKTHBHbBIE IT0OBIBAIOIINE
CKBKHMHBI MEPBOTO M BTOPOTO PSIOB, B paboTe ocTaiuch 3 6ojee
MPOAYKTUBHBIE JOOBIBAIOIINE CKBAXKUHBI BTOPOTO PS/a.

[Ipu atoMm gebut HedTSAHON 3aeku paBeH

(PCH - P(a) .

= )

0w, +Q +Q"+o

YacTb YHUCJEHHBIX 3HAaYeHUK (pI/IJIpraLlI/IOHHI)IX COHpOTI/IBJIGHI/Iﬁ
BO3bMEM U3 MPEABIAYIINX BapUaHTOB

o, = 0,386454; Q"=Q(, =0,021634 w=0_, =0,093691
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1 CHOBa paCCUUTAa€EM OCHOBHOE€ BHEIIHEE Cl)I/IJH)TpaL[I/IOHHOG COIIPO-
THUBJIEHHNE

(25-4-%-3}-(20)2

_/@\ '[(2.2+2_1+4.ﬁ).20]2

Uu /),

=0,441307;

B UTOTE ITOJYyYa€eTCsa Z[eéI/IT 3aJieKn

400

= = 424,140 t/cyrT,
0,386454 + 0,441307 + 0,021634 + 0,093691

q

a €CJIM BCe€ 3HadeHHuA (bI/IJIpraHI/IOHHbIX COHpOTI/IBJleHI/Iﬁ B34ATb 13
IpeAbIAYIINX BapUAHTOB, TO TOTJa IIOJY4Ya€TCA

= (P(:H_pcs)
W, +Q+Q5 +Q;** +O

400
B 0,386454 + 0,356939+ 0,101983 + 0,021634 + 0,093691

=416,363 1/ cyT;

KaK BH/IHO, OTJWYME Ppe3yJbTaTa IOCJEIHETO YIIPOIIEHHOTO pacye-
Ta OT Pe3yJibTaTa IMPEeAbIAYINero 60Jiee TOUHOTO PAacyeTa HEBEJHUKO,
cocrasJiger MeHee 2 %.

4-1i sapuanm.

B norosinenne K 4 HarHeTaTeJbHbIM CKBakMHaM 2 MeHee IIpo-
JyKTUBHBIE MOOBIBAIONINE CKBAKWHBI IPEBPAIIEHbl B HATHETATEJb-
uple. Takum o6pa3oM, Ha HedTSHON 3aneku 6 HarHeTaTeIbHBIX
cKBakuH, 17 MOOBIBAIONINX CKBUKWH 1-r0 psima u 2 J06BIBAIOIINE
CKBaXXUHBI 2-T0 psiga. Ilpuuem cpemu 17 pobbiBaiomux 1-ro psiga
14 MeHee TIPOMYKTUBHBIX CKBAXUH M 3 6oJiee NMPOJYKTHBHBIE CKBa-
SKUHBI.

Bce ckBasKWHBI pas/ieJiuM Ha /IBe TPYTIIIBI.

B nepByto rpynmy BXOJAT 4 YIJIOBble HarHETATeJbHBIE CKBAKH-
HbI, OKpYysKaiomue ux 12 no6biBaomux cKBakuH 1-ro psima u 2 1o-
ObIBaONNE CKBAKWHBI 2-TO PS/IA.

Bo Bropylo Trpymmy BXOASAT OCTajibHble 2 HarHeTaTeJbHbBIE
CKBaXKWHBI 1 OJjmkaiiiue K HUM 3 6oJiee NPOAYKTHBHBIE 0OLIBA-
ToIe CKBAYKWHBI.

[le6UT CKBaXXWH MEPBOM T'PYIIIIbI

.=+,

(PCH _pcs)

( o,
(wH* +Q1*)~L1+ Q

qx=
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®
q2*=q1* Q. +0,
2 P
Jle6UT CKBa)KMH BTOPOI TPYIIIIBI

C/** = q1** + qf*;

q = (PCH_PCS) .
1** / Q**+UJ** \ ,

" Q 2** + 2** 1

ka* +U)1**
C] o q** B r—
2 1 QZ** +(D2**

Psan uucieHHBIX 3HaueHUN (UIBTPAIMOHHBIX COTMPOTUBJICHUN
MOXHO B35iTb U3 1-TO BapuaHTa

w . =0,386454; Q, =0,356939; o, =0,257636;

2
Q= B0 L1 _g713878
M (k~h) (20)" 4 0,3502

Wy <
W=t L 22 L L 082691=1,545818;
2(k.h) 2 2mer 20,3502
Wy <
o= L gy 20 LT T 082691-0,772909;
N MW, (kh) 2t 2wy, 2 20,3502
Wy
Q=20 _1427756;
nﬂ** M 20
)
e =1,545818;
1 o 1 o
QZ**= °
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=0,713878 + 0,021634 = 0,735512;

. =t T2 1T 1082691 =0,093691.
2 s(k.;l) 2 2mer, 3 3,852

Yy

Uucnennas BesnynHa e6UTa CKBOKWH TEPBON TPYIIIBI

(1, o )
Cl.*=q1*+q2*=q1*'k + )=
QZ* + (1)2*
400
= X
( 0,257636 ) +0,257636

(0,386454 + 0, 356939>'k1 * 0,713878 + 1,545818)
'y + ’

x (140257636} _ 410,399 1 /cyr.
| " 0,713878+1,545818)

Uucnennas BesnvYnHa [eOWTA CKBAKWH BTOPOW TPYMIIBI

92** + 0)2**

400
= X

0,772909- (1 + w\ +1,427756 +1,545818
L 0,735512+ 0, 09369}

(1427756 +1,545818)
X [ 14—

=281,432 1/ cyT.
0,735512+ 0,093691

CyMMapHbIil 1e6UT CKBaKUH HEDTSIHOM 3aJIeKn
q+q.+q.=410,399 + 281,432 = 691,831 t/cyT.

5-1t eapuanm.

B asToM BapmaHTe K 4 YIJIOBBIM MeHee TPOAYKTHBHBIM HarHeTa-
TeJTbHBIM CKBa)KWHaM Job6aByeHa 1 meHTpasbHas 6ojee MPOAYKTUB-
Has HarHeTaTeJbHas CBa’KWHA.

Taxkum o6pasoM, Ha HedTIHOU 3aJjieKn 5 HaTHeTAaTeJbHBIX W 20
no6biBaomux cKBakuH. Cpenn A0OBIBAIOIINX CKBAKUH 16 CKBaKIH
1-ro psja u 4 cKBasKMHbBI 2-TO psja.

Bce ckBaskMHBI pa3iequM HA IBe TPYIIIHI.
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B nepByio rpynmy BKJIOYUM 4 YIJOBble MeHee IPOJYKTHBHbBIE
HarHeTareJbHble CKBUKMHBI U OKpysKaiomiume uX 12 n06bIBAIOIINX
CKBQ)KWMH, PACIIOJIOKEHHBIX B TIEpBOM psAxy. [e6UT CKBaKMH 2TOMU
rpynnel GbLT ONpe/ieJieH B BapHaHTe 2a:

q= 400
0, 386454 + 0, 356939 + 0, 257636

= 399,589 T/ cyT.

Bo Bropyio rpymmy BkaIounM 1 IeHTpadbHyI0 O6oJiee HTPOIYK-
TUBHYIO HarHeTaTeJbHYIO CKBAXUHY, OKpyXaiomue 4 JoObIBalolue
CKBOXWHBI 1-TO psAja, 2 U3 KOTOPLIX 6oJjiee MPOSYKTUBHBIE, a 2 Me-
Hee NPOXYKTHBHBIE, U 4 m0OBIBAIONINE MEHee IPOJYKTHBHBIE CKBa-
SKUHBI 2-TO psja.

YpaBHeHUs 1eOUTOB PSIIOB CKBAXKUH:!

P -P)=(0,+QD)(q. +q, +q. +q,)+QL (g, +q, )+, q,;

0=-Q1 (g, +q,)-0,q, +QL (q. +q.)+0 . q.;
0= _(D1* .q1* +(QZ* +(1)2*)'q2*;
0 = _('01** : qu + (92** +(l)2**)' qz** ’

OTCI0la MOJIy4al0TCA COOTHOMIEHUWA L[eél/ITOB

@ @ e
. 1 . — . 1 .
qz* = q1* I qz** = q1** -
QQ* + 0 92** + @
®
Q" ~(1+7'*\ +o
1 Qz* O, 1
6]1** = q1* . / \ )
QL 1+L +m
ok o
1 L 92** +(D2**J 1

YuCJeHHble 3HaYeHUuA (bI/IJIpraHI/IOHHbIX COHpOTI/IB.)IeHI/If/)I

Lt g2 L 4082691=0,140536:;
W (kB 2 2r 2 3852

Vi)

H

>

Q-1 .o 1 .1_¢64901;
(k-h) 220 3852 4

Vi )
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Q. = Q) =0,064901;

Q. = 1 . O 1
! (k- h)
L ).

- 1 _0,713878;
2-20 33502 4

. 41 _.© =0,064901+0,713878=0,778779;
k-h\ 220 (M\ 2-20

(
bl )

1 o
Q, =

<

Q=1 % 1427756

(k-h\ 220
).
w, =41 . 1n 20 _0140536;
U2 (kb)Y 2 2mer
s )
Waet g 20 L1 4082691=1761517:

k-h) 2n 2nr 2 03502

W, =W =m1**=1,761517.

o P

C yyeTroM 4YMCJEHHBIX 3HauyeHUN (DUAbTPALIMOHHBIX COIIPOTUB-
JIEHUH TI0 TIPUBEEHHBIM (OPMYyJIaM TIOJyYaeTCs

T =4, -0,072840; 9, =4, -0,055323; Do = o -0,552326;

400
(0,140536 + 0,064901 + 0,064901) -1,055323 + 0,140536 +

—

%*

= =
+(0,140536 + 0,064901) -1, 552326 - 0,072840
= 890,752 1/ cyT;

G = 64,882 1 /cyrT;

Gy = 49,279 1/ cyr;
Gy = 35,836 1/ cyrT;
Getq, +qu = 1040,749 1/ cyT.
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A ecnmu WCKJIOUUTD W3 PACCMOTPEHUS WJM BBIKJIOYUTL U3 pa-
6OTBI CKBAXKUHBI 2-TO Ps/la, TO TOT/A MOJYYAETCs

(P, -P)=(v, +Q +Q1 +(u1*)-q* +(o, +Q))q..;

0=-(Q\ +w:) g+, +Q) q.,;
Q. +w,
g =0 g =0,082992-q,;
w, + Q)
_ 400
(0,140536 + 0,064901) - 1, 082992 + (0,140536 + 0, 064901)

q.. = 77,576 t/cyrt; q, +q,, = 1012,326 T/ cyT.

q. =934 t/cyT;

A eciu MCKJIIOYUTb M3 PACCMOTPEHMS HMJU BBIKJIIOYUTbD U3 pa-
60TBI 2 MeHee TTPOAYKTUBHBIE CKBAKMHBI 1-TO psima, TO TOrAa IOJY-
yaercs

q-= 400
0,140536 + 0,064901 + 0,140536 + 0, 064901

= 973,534 1/ cyT.

Takum o6pasom, 00U [1eOUT CKBaKUH TIEPBOW ¥ BTOPOI
rpymi, T.e. obmmil nebuTt HedTIHON 3aeku MO S-My BAPUAHTY
paBeH

q = 399,589 + 1040,749 = 1440,338 T/ cyT.

[To aromy BapmaHTy OTHOCHTEJBHO GbICTPO OYIAyT OTOOpaHbBI M3-
BJIeKaeMble 3amacel HedTH 3-X 6oJiee TPOAYKTUBHBIX 30H. [locie
aToro 3 6oJiee MPOAYKTHBHbBIC CKBA)KUHBI MOXKHO IPEBPATUTh B Ha-
rHetaTeabHble. Torga ne6uT paccmaTpuBaeMoil HeTAHOH 3aJieKu
6yzieT CIeAyIomuM:

[0 CKBaXMHAM TIEPBOH TPyNNbBI, I7ie 4 HarHeTaTeJbHBIE CKBa-
JKUHBI ¥ 6 106bIBAIOIINX CKBAJKUH,

q-= 400
0, 386454 + 0, 356939 + 0, 515272

= 317,797 1 /cyr;

M0 CKBa)XKWHAM BTOPOH Tpymmbl, rae 3 6ojee TPOIYyKTUBHbBIE Ha-
THETATEeJbHBIX CKBUKUHBI U 12 J0OBIBAIOIINX CKBAXKUH,

q-= 400
0,046845 + 0,021634 + 0,178469 + 0, 257636

=792,732 t/cyr;

B L[EJIOM IO 3aJIe)Ku
q = 317,797 + 792,732 = 1110,529 1 /cyT.
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Tabauya 3.11
CpaBHenne BapuanToB pa3paGoTku HedTsAHOI 3aexu

Tapamerpsi Bapuanrnt

1 2 3 4 H) Sa
Yucao HarHeTaTebHbBIX 4 4 4 6. 4.+ 1, 4.+ 3.
CKBKUH
Yucao mo6bIBAIONIIX 18.+3. 18- 3. 1643, | 18.+2, 18,
CKBaKIH
O61iee 41CJI0 CKBAXKMH 25 22 7 25 25 25
O6mmit gebur, T,/CyT 467,4 428,2 416,4 691,8 | 1440,3 | 1110,5
[ebut ua 1 npoOypeHHyIO 18,7 19,5 59,5 27,7 57,6 44,4
CKBXHHY, T,/ CYT

AHa/M3 TOJY4YeHHBIX M NPEJCTaBJIEHHBbIX B Taba. 3.11 pesy.ib-
TATOB IIOKA3bIBAET, YTO HA He6GOoJbIIoN HedTIHOU 3ajexu B Hed-
TSHOM TLITacTe, 06J1a/IaloleM HU3KOH MPOAYKTHBHOCTBIO M BBICOKON
30HAJIbHOI HEOJHOPOJHOCTbIO, B TOM CJiydae, KOTJa pajd yBeJuue-
HISI 3KOHOMUYECKOH peHTabeJbHOCTH HeOOXONMO yBeJIMueHHe -
6uta HepTH W TeMIla OTOGOPA WM3BJEKAEMBIX 3amacoB HedTH, TO
IPUKOHTYPHOE 3aBOJHEHME 4Yepe3 CKBAKUHBI HM3KOH IPOAYKTUB-
HOCTH OKa3bIBaeTcsl Mano3((EKTUBHBIM, a JONOTHUTEJIbHOE BHYT-
PUKOHTYDHOE 3aBOJHEHME uepe3 IEeHTPaJbHYI0 CKBA’KMHY IOBbI-
IEHHOH TMPOAYKTUBHOCTH OKa3bIBaeTCS BBICOKO3(M(EKTUBHBIM, MO-
CKOJIbKY [IOTIOJTHUTEBHO yBEJIWYMBAeT 1eOUT W TeMIl oT6opa 3ama-
coB He(pt! B 2—3 pasa.

atita~AIEA

1. Ilo mpuumHe o0c060if BaKHOCTH MOAPOGHO MPEACTABJIEHBI
pacyerbl ge6uTa He(TIHON 3aJeKW MPU Pa3JUIHBIX CXEMaxX pas-
MeleHus MTOOBIBAIONINX W HATHETATEJbHBIX CKBAKWH.

2. Pacderpl ToOKazaju He3HAYUTENbHYIO 3(PPEKTUBHOCTD CKBa-
JKUH 2-TO psiia JIa’ke TOr[a, KOTZA 39TU CKBAKUHBI 06J1aJal0T BO
MHOTO pa3 6oJiee BBICOKON NMPOMYKTUBHOCTBHIO, B KOHKPETHOI CHTY-
anuu 6oJiee BBICOKOH B 11 pas.

3. IlpeBpainenue oHOW W3 IEHTPATbHBIX 00Jiee TTPOXYKTUBHBIX
JOOBIBAIOIAX CKBAKWH B HarHeTaTebHYIO yBEJUYUBAET JeOUT
HeTsIHON 3amexu B 2—3 pasa.

4. BospaxeHue NpPOTUB OPraHU3allMd 3aKAuKU BOJbI B IIEHT-
pasbHyio 06oJiee TPOAYKTUBHYIO CKBAXXKUHY ¥ JOMOJHUTEJIBHOTO
yBeJmueHus neburta HedTSAHOH 3ajexu B 2—3 pa3a ONMOHEHTHI
00OCHOBBIBAIOT YK€ JOCTUTHYTBIM JOCTATOYHO BBICOKUM TEMIIOM
oT60pa W3BJIEKAEMBIX 3aIacoB He(TH.
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Torza BO3HUKAeT MPEAJOXKEHUE: B OKPECTHOCTH 3HAYUTEIHHO
60Jiee TIPONYKTUBHBIX CKBXXKMH UMeTb B 2—4 pasa 6ojiee peNKyio
CeTKY CKBa’KHH, 4TOOBI TIPU yBeJUUeHWH o6iiero ae6ura B 2—3 pa-
3a JOCTHTaThb HEOOXOAWMBIN TeMI OT60pa WM3BJEKAEMBIX 3aracoB
HedTH.

IIpeanaraemsprii mpuHOUN: 4yTOOLI HE OTPAHWYUBATH JEOUT MOOBI-
BAIOININX CKBAJKWH TOBBIIEHHON U BBICOKOU MPOIYKTUBHOCTH, HAJIO
YBEJUYUTh HEPTAHYIO ILJIOMIA[b U COOTBETCTBEHHO HAYaJbHbIE U3-
BJIEKaeMble 3amachl HeTH, MPUXOSAIINECS HA TU CKBAKUHBI; JJIS
yero BOJIU3M ITUX CKBAKUH HAJ0 WMeTbh 60Jiee PEIKYIO CETKY pas-
MeTeHNs] CKBaKIH.

3.4. OIIPEAEJEHUE ITPOAYKTHUBOCTHU
MAJIOIIPOAYKTHUBHbBIX IIJIACTOB

Omnpezesnenyie TPOAYKTUBHOCTH MAaJIONIPOAYKTUBHBIX He(TIHDBIX
NJIACTOB TIPU MCCJEOBAHUM JOOBIBAIOMINX CKBAXKUH — 3TO OJHA U3
TPYAHBIX MPOGJEeM Pa3paGoTKH MaJIOMPOAYKTUBHBIX HEPTIHBIX Me-
CTOPOKJIEHUIT, Tpebyiomas CIeUaJbHOTO BHUMAHUS U CKOPEHIIero
peleHus.

B paspa6orke HedTAHBIX MECTOPOXKIEHUU CaMOIl TJIABHOW SIB-
JITeTCsT peasbHas ONTUMU3ANUsS PEXUMOB pPaGOTbl CKBaKWH. [lJis
Yero HeoOXOJMMBI: MCXOJHAsT WH(MOPMAINs, MaTeMaTHIeCKWil MeTOJ
MOJIyYeHWST PelieHrs], TeXHWYECKNe CPEe/CTBA OCYUIECTBJEHUS TI0-
JIYIEHHOTO PEIIEeHNsS W METOJ] OIEHKU JOCTUTHYTOH 3(hdeKTHBHOC-
ti. Ho mpu paspaboTke MayONPOIYyKTUBHBIX He(TSHBIX ILJIACTOB,
Korjia oco6eHHO HeOOXOJMMa OITUMU3AIUSI, CEPbe3Hble TPYIHOCTH
BO3HMKAIOT B CaMOM HayaJjie ee OCYIIECTBJEHUS IIPHU IOJyYeHUN
UCXOAHOIN WHMOPMAIN — TIPU OTNpeJeJeHUN BeJUIUHBI Koa(pdu-
HEeHTa TPOJYKTUBHOCTU y TPOOYPEHHBIX CKBAKWH IO METOMLY YC-
TAHOBUBIIUXCS OTOOPOB, TaK KaK OYEHb MEIJEHHO BO3HUKAIOT YC-
TaHOBUBIIHeECs cocTosiHug. [IpeososieHnIo OTMEUeHHBIX TPYAHOCTEN
MoCBsINIEHa JaHHast paboTa.

1. Ha paspabatbiBaemoii HepTsIHON 3asexu, paddypeHHOil 1po-
eKTHOH CeTKOH CKBa)KMH, IIPU MCCJEJOBAHUU CKBAXXMHBI Ha HeCTa-
[IMOHAPHOM PEKNMe MPUXOIUTCS MPUMEHSITh (DOPMYJIbI YIPYTOro u
3aMKHYTO-YIIPYTOTO PEXUMOB (PUILTPAIUN.

Dopmysa nebuTta CKBAKUHBI TIPU YIPYTOM U 3aMKHYTO-YIPYTOM
pexxuMax GuUIbTPAlUM Takasdg >Ke, KaK IIPH KECTKOM pexKuMme
(uabTpay; TOJBKO MPU YIPYTOM PEXUME IOCTOSTHHO YBEJUYU-
Baercsa R, — pajuyc 30HBI BO3/JEHCTBUS CKBAXKUHbBI; IPU 3aMKHYTO-
VIPYTOM PEXUME 3TOT PAJAUYC YK€ JOCTUT CBOETO Tpejesa — JiH-
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TOJIOTUYECKON WM TUAPOJUHAMUYECKON TPAHUIIBI U B JajbHeHIneM
OCTaeTCs] HeM3MeHHbIM, a u3MeHsiercss P, ILJIACTOBOE JaBJIeHUe
Ha 3TOH TpaHMIile; IPHU >KECTKOM peXKHMMe U PAJAMYC 30HBI BO3Eii-
CTBUSI CKBAKWHBI, W TIJIACTOBOE /laBJIEHWE Ha TPAHUIE 30HBI OCTa-
IOTCS HEN3MEHHBIMHU, MOCKOJBbKY MOTOK Yepe3 TPAHUILY 30HBI TOYHO
COOTBETCTBYET NPOM3BOJUTETHHOCTH CKBAKUHDI.

Dopmyna meburta CKBAKMHBI UMEET CJIeIYIONINA BI/IL:

g=n-(P _P)=MMY_H=MMY_H
11 C b

rae g — nebut ckBaxuubl, T,/ cyt; P, u P, — mmnacroBoe u 3a6oii-

k- h
HO€ AaBJIEHUA CKBAaXWHBI, aT; —— — T'HAPONPOBOJHOCTD He(l)THHOI‘O
n

nyacra (9KCITyaTallmoHHOTO O6beKTa); k — MPOHWIAEMOCTD IIac-
ta; i — addexTHBHAA TONINIMHA IMJacTa, M; W — BI3KOCTb HedTH;
Y, — IUIOTHOCTH He(dTH B NMOBEPXHOCTHBIX YCJAOBUAX, T,/M’; b —
00beMHBINT  KO3(D(DUITIEHT, MOKA3bIBAIOIINI yMEHbIIeHne oObeMa
HedTH TpHU Nepexoje U3 IJIACTOBBIX YCJAOBHH B IIOBEPXHOCTHBIE U
BblJleJieHnNn 13 HedTH PaCcTBOPEHHOro Tasa; R, — paauyc 30HbBI
BO3/IEHCTBUS CKBAKUHDBI, M.

[Tpu ympyrom pexxmMe (PuIbTparuu MPU YCJIOBUH MOCTOSHCTBA
nebuTta CKBOKHMHBI ¢ = const mpmbiamskenHas dopMya paanyca
30HBI Bo3zeiicTBus, moayuenHast M.A. Uapuabim ipu R, > 287, =
= 28-0,1 = 2,8 M, uMeeT cJaeAYIONI BU:

R, =2k N4kt

r7le K Mbe30NPOBOAHOCTD TLacTa, M’/ CyT; ¢ — BpeMms, CyT.
[lns aTHX 3Ke yCJOBHI g = const B OCHOBHOH (opMyJse ympyro-
ro pexuma GUIbTpaIun

PP =" I 57724

4ok h rc2
(el ol eV |
+(4'K tJ_ZL4KtJ +EL4~K tJ I

=T8I 2K 05772 - TR 22T
4-k-h r? 4dr-k-h r?
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(opmysia paauyca 30HDBI BO3/IEHCTBUS UMEET BUJL
R =7+v225x"t.
[Ipu ympyrom peskume IpHU YCJOBUU TIOCTOSTHCTBA Pa3HOCTH

maacToBoro u 3a6oiinoro gasienuit (P,, — P.) = const cupasemiu-
Ba ToyHasa ¢dopmysa I.b. Uekamoka:

R =7 +\m-k-t.

YuutbiBast, 4Tto 3Ta (OpMyJa 3aHMMAET IIPOMEXKYTOUHOE I0JIO-
JKeHue

Vact sAlmocet > 2,25k ¢,
Oy/leM CYMTATh €€ YHUBEPCAJbHOMN, CIpPaBe/JINBOI, KaK B cjydae

(PHJ[ - PC)

const, g = var,
Tak M B cJydae

(P, — P, = var, g = const,
U B IIPOMEKYTOUYHBIX CJIydasX

(plm - P(-) = var, q = var.

B atux ¢dopmynax K — Ibe30MPOBOJHOCTb HePTIHOTO IJIACTA,
M?/cyT; oHa onpesessgerca 1o (hopMy.ie

k1

K=——,

woB.

rae R w u — yKe Ha3BaHHbBIE MMPOHUIIAEMOCTh HEMTSIHOTO TIacTa u
BSI3KOCTb He(PTH B IJIACTOBBIX YCJOBHSX; [, — YHIPYTOEMKOCTb ILIa-

cTa, mpuMepHO paBHas B, = 3-107° -i.
aT

I'maponpoBogHOCTD TIIACTA LA BBIPA3NM depe3 Koaduiment
w

IPOJYKTUBHOCTH 1), @ INbE30IPOBOJHOCTh ILJIACTA BLIPA3UM UYepe3
K03 UIMEHT NPOAYKTUBHOCTH M U 3(D(DEKTUBHYIO TOJIIUHY I1J1a-
cra h.

[Ipu xecTkOoM pexkuMe (QUIBTPAIMN IIPU PABHOMEPHOH KBaj-
paTHON ceTKe CKBaKMH € ILUIOMAAbI0 Ha ckBaxuny S' = 16 ra =
= 160 000 M* paauyc 30HBI BO3/EIHCTBUS PABEH:
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1
R - \/S— = 225,7 »;

T

npun pajaunyce CKBaKUHbI 7, = 0,1 M HOJIy4a€eTcsa cJaeaylomada 3aBu-
CHUMOCTb KOS(l)(l)I/IHI/IeHTa INPOAYKTUBHOCTN CKBaXWUH T OT THAPO-

k-h
IMpOBOJAHOCTN — !

u
gk _keh g 437
Yu w 1 Rc w
LR
rC
kb by 009,
u Yu

A ecsm mmomanab Ha ckBakmuy He S' = 16 ra, a BaBoe GoJbe,
TO TOTJA

k- b
Lom = -1,284;
u Y
a ecJIM TIoIAb Ha CKBakuHy He S' = 16 ra, a BABOE MeHbIIE, TO
TOTJa
k- b
Lo 1,174
u Yu

Oco60 oTMeTUM TIOJYYEHHDIII OYeHb BAKHBIN Pe3yJbTaT:
1,174 = 1,229 - 0,055; 1,284 = 1,299 + 0,055;

OKa3bIBAETCsI, YTO TPH W3MEHEHW! ILIONIAAN, TNPUXOJAIIelica Ha
CKBUKMHY, B 2 pasa, YHCJCHHBIH KO3((UIMEHT H3MEeHseTCs Ha
0,055, uu Bcero Ha 4,5 %.

C yd4eToM NOJY4YEHHOH 3aBUCHMOCTH IIOJIy4aeTCs 3aBHUCHMOCTD
JLTST TTbe30TIPOBO/IHOCTH

K=£i=ﬂi1,229iy
woBe  hovy

*

T
11 EHOPYCCKUHCKOTO HEPTSHOTO MECTOPOXKAEHUS TIpU %H =09—
M

up, =310 L IOJTy9aeTcs
aT
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2 2
« =%.L.1,229. 10 = 1:4,552:101 2,

CyT

C Y4Y€TOM ITOTO IIOJYYaA€TCA (l)OpMyJIa paanyca BOSZ[GIL/'ICTBI/IH
CKBQ)KMHBI IIPU YIIPYTOM PEKUME
I
12.14,3-10" -t

R =+vmx-t=
Vx

Pannyc 30HbBI BO3/IeficTBUSI CKBAa)KMHBI JJOCTUTAeT CBOErO IIpejie-
Ja

R = 114,3-10" -t =2257 m3a t = 10,356 cyr
Vh n
npu addexrusHoii Toammue maacra h (8 M) u xoaddunmente
npoaykrusnoctu n (8 T/ (cyr-ar)).
IIpu h =10 m u = 0,1 7/ (cyr-ar) paanyc 30HbI BO3AEHCTBUS

10
JIOCTUTHET cBoero mnpejena 3a t=—-0,356 = 35,6 cyr.

2. 3a BpeMs pacrpoCTpPaHEHUs] 30HbI BO3/EHCTBUS JOOBIBAIOIIEi
CKBKMHBI 3Ta CKBAKUHA OTOMPAET YaCTh YIPYroro 3amaca K-
KOCTU ¥ €O3/1aeT BOPOHKY Jemnpeccuu. Or6upaemas /10y yIpyroro
3anaca skugakoctu 1o ¢opmysae B.H. HlenkaueBa

1
Qe 1

y T R
Qyo 2-ln&

fe

[Moacuetst M0 aTOl hopMysie mamu CIACAYIONINE PE3yJIbTAThI:

Shra....... 8 16 32
Ry, M........ 159,6 225,7 319,2
Ay 0,069 0,065 0,062

......... 14,7 15,4 16,1

ITonyuennble pe3yJbTaTbl II0KAa3blBAIOT, 4YTO YIPYIHil 3arac
SKHJIKOCTH, OTOWpAaeMblil 1pu 06pa30BaHWM BOPOHKHU JENPECCUH,
npuMepHO B 15—16 pa3 MeHbIle BCETo YNMPYTOro 3amaca XUIKOCTH
30HBI BO3/IENCTBUS JAOOBIBAIOINIEN CKBAYKUHBI.

dopmysa ynpyroro peskuMa, IIpUHMMaeMas B KadyeCTBE OCHOB-
HO} yHHMBEPCAJbHON, B paccMaTpPUBAEMbIX KOHKPETHBIX YCJIOBUAX
npuo6peTaeT CJAeAYIOIUN BUA:

p _p-an 1 mxt =H-i-/1nﬂ+lnt\ =
B . ‘h 4n ( r2 J

C

=
=
IS
~
=
IS
a
~
no
~
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= 9V L i(lnn—nb.ylnt\:
nb 1,229 4n L r2-hy, B J
4.1 {ln +16 27+lnt\
n 17,16 | )

C momompio 3TOH (OPMYJIBI MOKHO OTPENeTHTh K0a(DOUINEHT
MPOAYKTUBHOCTH CKBAXXUHBI 1. C 3TON Iesbio OyJeM paccMaTpu-
BaThb CUTYyaIMIO, KOrja A0ObIBAIOIAs CKBaAKMHA paboTaeT ¢ IOCTO-
SHHBIM /1e6uTOM ( = const, a ee 3a6oliHOe /aBjeHUue M3MEHIETC,
HO OCTaeTcsl BbIIIE [JaBJEHHWS HacblllleHus HedTH rasoMm &, >
> P, W T03TOMY ee KO3(Q@UINEHT TIPOAYKTUBHOCTU TOXKE OCTa-
eTCsl IIOCTOAHHBbIM 1 = const. 3a KOPOTKOe BpeMs IIPOBeJeHusl Ha-
6MIOZIeHNsT 32 CKBAKMHOH ee IIJIACTOBOE [aBJIEHWE CYUTAETCS TO-
crosuubiM € = const. bepem sBa mMomenta Bpemenu t; u t, u 1o
3HaueHUsIM 3a60MHOTO /ABJIEHUS B 3T MOMEHTbI Bpemenu €. u &,
WM [0 3HAYEHWSIM TJIyOWHBI AWHaAMU4Yeckoro yposHs |, wu |, om-
peznessseM K02 PUINEHT TPOAYKTUBHOCTH CKBAKIHBI:

(PHJI - PC2) - (Prm - Pc1) = (PC1 - PCZ) = (IB2 - |a1) : ﬁ =

=%‘ﬁ‘(lnt2—lnt1);

n=—39_ . 1 p__9 0. 1 4;b

Py - Py 17,16 o -1y v, 1716 Y
IIpencrasnennas ¢opMysia COOTBETCTBYET HMPOSBICHHIO YIPYTO-
ro pexuma. /{o6biBaonias CKBakKWHA IIylleHa B paGoTy C MOCTOSH-
HbIM /1e6UTOM, IIOCTOSIHCTBO KOTOPOrO 00eCIeuMBaeTCs 3a/laHHOM
MOCTOSTHHOHN TPOM3BOAMTEIHHOCTBIO MITAHTOBOTO T'JTyOMHHOTO HACO-
ca (IIITH). 3a6oiiHoe jaaBjeHHEe HEYKJIOHHO CHHIKAETCS, HO elle
He JOCTUIJIO JaBJEHUS HACBIMEHWS 1 TeM 6ojiee He IMEPENLIo de-
pe3 3Ty rpanb. Paamyc 30HBI BO3ZEHCTBHA CKBAKUHBI MOCTOSHHO
BO3pAacTaeT, HO ellfe He JOCTUT CBOETO Ipejesa — CBOEH THAPOAU-
HAMWYECKOW T'PAaHUIIbI; M YIPYTHil pekuM (QUIbTPALMU elle He
mepemies B OKECTKMH peskuM  (PUIbTpAIMM WM B 3aMKHYTO-

YIPYTHHA.

IIpumep

Omnpeznenennie KoadgduimenTa MNPOAYKTUBHOCTA TIPU  IIyCKe
CKBXUHBI C ITOCTOSTHHBIM JIc6UTOM.
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a0x0klsA %illsA:

T

Je6UT CKBakWHBI paBeH ( = 10 —; uepe3 t;, = 1 cytr P, =
cyT
= 90 art, uepe3 t, = 6 cyr &, = 80 art;
n=—2_._' .n8_0104——.
90-80 17,16 1 cyT-at

JTo 6BLIO HCCJeloBaHNe T00bIBafoNIell CKBAKUHBI, IIYIIEHHONH B
paboTy ¢ TOCTOSHHBIM JeONTOM HedTH, 4uTo obecHneuymBaeTcsl TMO-
CTOSTHHOI IPOM3BO/INTEJNBHOCTBIO TJIYOMHHOIO Hacoca.

3. A Temnepb paccMOTPUM UCCJIE[OBAHUE OCTAHOBJEHHOU J06BI-
BAIOIIEil CKBAYKUHDI, Y KOTOPOH BBIKJIIOUMJIN U3 PAGOTDI IJIyOUHHbIH
Hacoc. Ho B OCTAHOBJIEHHYIO CKBaKMHY IIPOJOJIKAET IPHUTEKATD
Hedrb. [Ipu HU3KOM ncxomHoM (T.e. 10 OCTaHOBKM) Ae6uTE CKBa-
JKUHBI TyCTOH 00beM caMOH CKBKMHBI MOXKET IIPEJCTaBJSTHCS
JIOCTATOYHO OGOJIBIIUM, U HPHUTOK HE(MTH, MOCTEIIEHHO 3aMe/lJISsCh,
MOJKeT OBITb JO0BOJBHO TTPOIOKHUTENDHDBIM.

IIputok HedTH B OCTAHOBJEHHYIO NOOBIBAIOIIYIO CKBAXKHUHY U
IIOCTEIIEHHOE IIOBbIIIEHNE ee 3a00iHOr0 JaBJIEeHHS XapaKTepPU3YIOT
IPUTOK He(TU B 30HY BO3/JEHCTBHUS ITOH CKBAKUHBI U I[TOCTEIEH-
HOE BOCIIOJTHEHHE TOH 4acTH YNPYroro 3amaca >XKHIKOCTH, KOTOpas
6bl1a oTOGpaHa Npesk/e Bcero npu 06Pa3oBaHUM BOPOHKH JleNpec-
cun. BynmeMm cuuTtaTh, UTO IJIACTOBOE [ABJeEHHe HA TI'DAHUIIE 30HBI
BO3/IEHICTBUS OCTAeTCsl HEU3MEHHDBIM, XOTSl B JIE€HCTBUTEIbHOCTH
IIPU HEJOCTATOYHOIl 3aKauKe BOJbI OHO MOXKET HECKOJBKO IIOHU-
JKAThCs, a IPH U30bITOYHOW 3aKauyKe BOJBI — HECKOJBKO IOBbI-
marbca (3a OrpaHMYeHHOE BpeMd HUCCAENOBAHMA CKBAsKHHBI).
IIpuHUMast TOCTOSTHCTBO IIJIACTOBOTO JIABJICHUSI, TOCTPOUM (HOpPMY-
Jy Tekymiero ge6uta (Uau IPUTOKA) B OCTAHOBJIEHHYIO CKBASKHHY
B 3aBUCHMOCTH OT ee HCXOAHOro (/10 ocTaHOBKHM) Ae6uTa W BeJu-
YUHBI YACTH YIPYroro 3anaca >KUJKOCTH, KOTOPYI0 HA/J0 KOMIIEH-
CHPOBATh:

a9y

Q.
=9,
rjae
b i-l, v. b Ly = 1o,
= .(PHJ[_P(' )._= Lol (SR 5 S I S} CI;
di=m g, L v . N
b 1, -1,
q1=n.(Pnﬂ_Pc)._=T|. : =3
Y 10

QL. =is-si-h-s*-<Pm—Pc>;
; 1
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q __15mb .
1 of ’
ch ST -hBuvy
I, u l,, — roy6UHDBI, COOTBETCTBEHHO, HAYaJbHOTO U TEKYIEro u-
a a1

HaMH4Y€CKOIro ypOBHEI‘/JI; ICT - I‘JIyéI/IHa CTaTU4YECKOTO YPOBHI.
C YUYE€TOM I3TOI'O ITOJIyYaeTCA:

__15mb 1
& - Ial - ICT =e s"-h-g, v, '
q -l
B MOMEHT BpeMeHu
I, -1 15-m-b
In 22— ler _ 5:m t1,

B MOMEHT Bpemenu t,

l, -1, 15-m-b .
lIl 9 [o) - - 't2,
I62 _Ic'r S heByyy
In Iy =l L
lgg —ler =t_2. Ia_ICT =(|6_ICT\t1.
) )
In Ia - ICT t1 Iaz - ICT LIM - ICT)
Lyt~ o,

t .
npu == 2 (Ia1 - ICT )Z = (Ia - I(‘T).(IBZ - Icr)’
Y
OTCI0la ITOJy4Ya€TCA

2
- Iy lop =151 .
o +1yg =215
IpH YCTAaHOBJEHHOM CTaTWdecKoM ypoBHe |, Jerxko ompenenutsb
K03(P(PUITMEHT NPOLYKTUBHOCTU CKBAKUHDI:
q-10-b

n= (Ia _ICT)'YH '

IIpumep
aoxOhish KTTisA:
S'=1610" M5 h=10m; B, =310° 1:n=0,104 ——;

)
aT CyT-aT
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T 1
120,951, =700 ; 1, =100 M; q=5,616—.
b M cyT
Pacyer wu3MeHeHUS AMHAMUYECKOTO YPOBHS B OCTAHOBJIEHHOM
100BIBAIOIIENl CKBasKUHE:
15nb 1

L, —1. " S'hp -
a1l — “cr =e S hf,y,
I -1

1

’

d  ‘cr
150104
g - 100 _ g 1610710310709
)
700 - 100

1o =100 o036t

)

600
t, CyToeii 0 1 2 4 8 16
% ......... 1,0 0,96453 0,93032 0,86550 0,74910 0,56114
o ~ler
Iy Moo 700 678,72 658,19 619,30 549,46 436,68

Pacuer cratmueckoro ypoBHS U K03 UIMEHTa NPOAYKTHBHOC-
TH CKBR)KWHDBI BBITIOJIHEH TI0 M3BECTHBIM 3HAYEHUSM JUHAMHYECKOTO
VPOBHS I 3aIaHHBIX MOMEHTOB BpPEMEHHU 110 Gopmy.Jie

2
_ |a '|az —Im

cr T
ly +159 —2+15

npu yeaoBui, uto 2 =2 (ta6n. 3.12).

t
it-TE7F 312

t, cyr l,, m |, M l,, m I, M I, m I, M
0 700 - 700 - 700 -
1 678,72 - 678,7 - 679 -
2 658,19 96,2 658,2 132,9 658 458
4 619,30 101,3 619,3 97,5 619 112
8 549,46 103,4 549,5 102,5 549 104
16 436,68 99,8 436,7 99,2 437 15

IIpumem, uto paccMarpuBaeMas /06bIBAalOIIAs CKBAXWUHA BbI-
KJII04eHa M3 paboTbhl Ha 4YeTBepo cyTok t = 4 cyT, uro Tiy6mHa
CTaTUYeCKOTO YPOBHS olpefesneHa paBHOH 112 M, Torma xoaddu-
IIEHT TMPOAYKTHBHOCTH
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q-10-b _ 561610 -0,106 T
ay -1g)-y, (700-112)-0,9 cyr-ar

[IpennoskeHHbiil 3/1echb MeTOJ| OIlIpejiesieHus HEeU3BECTHOW IJIy-
O6UHBI cTaTMyeckoro yposus |, m koadduimenta mpoayKTHBHOCTH
CKBOKUHBI 1] ObLT HMPAKTHYECKH MHPUMEHEH MO MATH CKBAKHHAM
EnopycckuHckoro HedTsHOTO MecTOpokAeHus. B suBape 1998 T.
Ha 3TOM MECTOPO’K/[eHUM B TE€UCHUE TPeX CYTOK IPOM30ILIO ofIiee
OTKJIIOUEHHUE 3JIEKTPO3HEPIHH. B 3TOT mepuoj IO CKBAKMHAM He-
CKOJIbKO Pa3 OIpPe/esslIn TEeKYIlylo IIyOuHy JUHAMUYECKOTO YPOB-
Ha l,. I[IpaBra, MOMEHTBI oIpe/ie/ieHus He COOTBETCTBOBAJN 3aJ[aH-

T]:

HOMY COOTHOIIIEHUIO i—2=2. dakTnvecKkne COOTHOINEHUS BEJUYUH
1

3HAUEHNH BpEMEHU IIOCJEe OCTAHOBKHM CKBUKWH ObLH 160 He-
t, <

CKOJIBKO OoJiblile, JIOO HECKOJIbKO MEHbIIle t2—>2. daxkruueckue
1

3aMepeHHble BEJWYUHBI BMECT€ C OCHOBHBIMHU pe3yJbTaTaMU pac-

vyetoB (3Hauenus |, m 7)) 1O PaCcCMOTPEHHBIM CKBaKMHAM TIPEJ-

cTaBJieHbl B Tabs. 3.13.

B ta6a. 3.14 mokasaH caMm Xoj pacyera u ocpeaHenuns. Tak:xke
MOKAa3aH IOTEHIINAJbHO BO3MOXKHBII [1e6UT HePTH B YCJIOBUSIX
MO/IEPsKAHNUS TIJIACTOBOTO [JaBJIEHU, KOTJa TJIyO6uHA CTAaTHYECKOTO
YPOBHSI CTaHOBHUTCS paBHOU HyJo |, = 0.

ITo aBym cxBaskmHam 1305 m 307 HaMedeHO OCYIIECTBJSITDH 3a-
Kauyky Bozbl. IIpu aTOM 1O OcTasbHBIM TpeM ckBaxkuHam 1293, 1302
u 1304 ge6utr nedbrtu Bozpacrer ¢ 21,6 T/cyr mo 38,3 T/cyr unu
B 1,773 pa3za u craner G6OJbllle, YeM B HACTOSINEE BPEMS IO BCEM
nsaTi ckBakunam, 38,3 > 37,7 T/cyT.

W3 Bcero mpeabiAyliero cjaeayeT OAWH TPaKTUYeCKH OYeHb
Ba)KHBbIl BbIBOJ: Ha MaJIONPOAYKTUBHOHM 3a/eXU BbICOKOBA3KON
HepTH omnpenensaTb TIIyOUHY CTATHYECKOTO YPOBHS, ILIACTOBOE
Jnapienne u K03bUIUEHT NPOAYKTUBHOCTU [TOOBIBAIOIIEN CKBa-
skuHBI MokHO He 3a 30—40 mu, a B 5—10 pa3 ObicTpee, 3a 4—6 1H.

4. Temiepb Ha/I0 OCTAHOBUTLCA HAa KOHTPOJie OGBOJHEHHOCTH JIO-
ObIBAIOTENl CKBAKWHBI M IHKCILIyaTUPYEMbIX €f0 He(TSIHBIX TLIac-
TOB U CJIOEB.

[lpn wHanmuIMM HECKOJIBKUX MAJOIPOAYKTUBHBIX HEDTIHBIX
MJ1IaCTOB Paju 06ecleyeHrns UX SKOHOMHMUYECKH pPeHTabeJbHON Ipo-
MBIIIIEHHON pPa3paGOTKU 3TH TLIACTBI IIPUXOAUTCS OOBEJUHSITH B
OWH OOIMI 3KCILTYyaTAIMOHHBIH 06BbeKT. OGBIYHO 3TO 3aMETHO
YBEJWYNBAET PACUYETHYIO IOCTOWHYI0 HEOJHOPOAHOCTh MO TTPOHHU-
1IaeMOCTH ¥ YBEJWMYHUBAET MOTPEOGHOCTh B KOHTPOJIE 32 OOBOHEH-
HOCTBIO JOOBIBAIONINX CKBAXKUH, WX ILJIACTOB U cJoeB. Takas Imo-
TpebHocTh elle 6ojiee YBEJUYUBAETCS HA MECTOPOXKIEHUSIX BBICO-

183



it-1E°f 313

Homep q n
CKBa- X l;, M t, u I, m t,u I, m t,u I, M t,u I, m t,u l,, M .
. T/cyT 1/ (cyr-ar)
307 10,6 867 0 819 5,08 533 16,50 455 40,50 370 63,83 382 0,243
1293 8,8 798 0 740 5,33 405 17,67 222 41,66 181 63,67 169 0,155
1302 6,6 687 0 603 5,33 333 19,50 226 43,50 176 63,67 182 0,145
1304 6,2 833 0 722 5,50 631 19,60 3564 42,60 529 62,60 333 0,230
1305 5,5 768 0 705 5,67 594 19,33 403 43,33 303 63,50 184 0,104
S 37,7
it-TEf 3.14
Homep * * ok wox |
CKBa- L oy 15, M 12 Uil I, M Iﬂ I, M 9 T/CXT
* * #k #k 92 cr Ipu I(_T =0
SKUHDI 1§ 135 I 175 F)
307 40.5 353 410 63.83 455 348 504 382 18,9
16,5 455 40,5 370 413
1293 41,66 405 63 63.67 222 178 313 169 1,1
17,67 222 41,66 181 211
1302 43,50 333 180 63.67 226 170 280 182 9,0
19,50 226 43,50 176 201
1304 42,60 631 330 62.60 564 523 598 533 17,2
19,60 564 42,60 529 547
1305 43.33 294 2549 63.50 403 269 498 184 7,2
19,33 403 43,33 303 353

> 63,4




KoBsi3koii HedTu. Beap orpuitaTesbHOe JeliCTBUE BBICOKOW BS3KO-
cTH HedTH — BBICOKOTO COOTHONIEHMS TIOJBUSKHOCTEN BBITECHSIO-
meir BoAbI M HedTU B NJIACTOBBLIX YCJAOBHUAX — IPOUCXOAUT Ha
¢one 1moc0NHHON HEOAHOPOJHOCTH IJIACTOB 110 IPOHUIAEMOCTH MU
reoMeTpUYeCcKOil HepaBHOMepHOCTH (HEOJHOPOAHOCTH) BBITECHEHUS
HedTH: U 4eM 6OJIbIIE HEOTHOPOAHOCTH, TeM OOJIbIE OTPUIIATEJb-
HOE [IeiCTBUE BBICOKOU BSA3KOCTH.

Ha MecTopok/ieHun BbICOKOBA3KOW HedTH KOHTPOJbL 3a IOB-
JIEHWEM U POCTOM OGBOJHEHHOCTH JOOBIBAIONIEN CKBASKMHBI MOXKHO
OCYIIECTBJIATh [JOBOJIBHO [IPOCTO € IIOMOIIbI0 COBPEMEHHOI'O 3X0JIO-
Ta, HAGII0/Iasi B YCJOBUSX HEM3MEHHOUW 3aJaHHON MPOU3BOJUTEJb-
HOCTM mTaHroBoro Tiay6uaHoro macoca (IIITH) GbicTpoiii mogbem
JIMHaMuyeckoro ypoBHsi. IIoHATHO, YTO 3TO He OTMEHSIeT IepUO/u-
JecKue OIpejiesieHus M0 KaXK/JO0W 106bIBaIollell CKBaKUHe [1e6uta
SKUIKOCTH U OOBOJHEHHOCTH Ha TPYIIIOBOM COOPHOM ITYHKTE.

PaccmorpuM cuTyaiunio, BO3HHKAION[YI0 HAa JOOGBIBAIONIEH CKBa-
SKMHE TIpU OOBO/IHEHUH.

IIpumep

ITyctp cooTHOIIEHME TIOABHMKHOCTEN BBITECHSIONIENH BOABI U
He(TH B IJACTOBBIX YCJOBHSX paBHO 20.

[Iyctp 3ajjanHHast cyTOYHast IPOM3BOJAUTENBHOCTb TJIyGMHHOTO
nacoca (IIITH) B nepuon G6e3BoaHoil A06bram  HedTH paBHA
20 T/cyT npu AMHAMUYECKOM YPOBHE 725 M M CTATUYECKOM YPOB-
He 100 M.

ITyctp 06BOziHEHNE CKBAsKUHBI MIPOUCXOUT 110 OTEJIbHOMY Hau-
6oJiee TPOHWIIAEMOMY HE(PTSHOMY CJIOI0, KOTOPbIi B Ge3BOIHBIN
nepuog gaer 0,10, man 10 %, NPOM3BOAUTENBHOCTH CKBAYKUHbI,
T.e. 2 M°/CyT.

[Ipu  coxpaHeHum  HEU3MEHHBIM  3a60MHOTO  JaBJICHUS
(AMHAMHYECKOTO YPOBHsI) OT/EJIbHbBIA OGBOJAHEHHBIN HeDTAHOI
caoii BMecto 2 M°/cyr medtn Gyzer masarb 2-:20 = 40 m° /cyT BO-
Ibl, a oOmuil ae6UT >KUAKOCTH JOOBIBAOIEl CKBAa)KUHBI CTAHET
20 — 2 + 220 = 58 M’ /cyT, uau BO3pacTeT IO CPaBHEHUIO C 6e3-

BOJ/IHBIM TIEPHOJIOM B % = 2,9 pasa. /lnsg yero meob6xomumo B 2,9

pasa yBEJUYHUTH MPOU3BOJUTENBLHOCTD I'JTIyOMHHOTO Hacoca.

HpI/I COXpaHeHI/II/I HeI/ISMeHHOfI HpOI/ISBO]II/ITeJIbHOCTI/I F]IyéI/IHHO-
ro Hacoca, pasHoil 20 m®/ CyT, COOTBETCTBEHHO B 2,9 pasa [1oJikHA
YMEHBIIUTHCS Jlenpeccust Ha HedTsHbie 1aactel (B M cTOI6a KU/

koct) ¢ (725 — 100) = 625 M 10 w = 215,5 M, COOTBETCT-

9

BEHHO [pU HeM3MeHHOM craruyeckoM yposHe 100 M nunamuveckuii
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YPOBEHb [OJUKEH TOAHAThCS € raybuHbl 725 M g0 ray6umsr 100 +
+ 215,5 = 315,5 M.

[TonaTHo, YTO TaKOIl TOABEM AMHAMUYECKOTO YPOBHS Ha 725 —
= 315,5= 409,5 M He TPOU30IJIET MITHOBEHHO, a MOTPe6yeT HEKOTO-
poro BpeMeHH t. DTO MPOM3OIIET MPU 3aMKHYTO-YIIPYTOM PEXKUME.

3a ato BpeMs t yacTWuHO OyAeT BOCIOJHEH YIPYTUil 3armac
JKUJKOCTH, Tpeje OTOOPAHHBIN MpU CO3[AHUKM BOPOHKHU Jlenpec-
CHM, TOCKOJIbKY IOIHUMETCSI JAUHAMUYECKUN yDPOBEHDb, YBEJIUYUTCS
3a60iiHOe JaBJeHUE U YMEHBIIUTCS ITyOMHA BOPOHKHU IETIPECCHH.

Kak moxHno 3amerutb no aebuty nedpru 20 m°/cyr, y paccmar-
puBaeMoil NOOBbIBAIONIEH CKBaKUHBI KOI(MOUIMEHT TPOIyKTUBHOCTH
no HepTn CcymectBeHHo Bbime (BTpoe), 4eM y CKBaKMH B TIPE/IbI-
JYIUX [MpUMepax, HO oTHoleHue KoabduimenTa mpoayKTHBHOCTH
K addexTuBHON TOJNIMHE HEDTAHBIX IJIACTOB oJuHaKoBoe. Ilo-
9TOMY MOXKHO BOCITOJIb30BATbCS (POPMYJIOH M3 TIOCJETHETO IIpHUMe-
pa, HO TOJBKO HA/I0 YYECTb JBA CJEAYIOMHNX OO6CTOSTENbCTBA: IIO-
cJie Havasja OOBOJHEHHS CKBAKUHBI ee KOI(PPUIMEHT TTPOIAYKTUB-
HOCTH TIO KM/IKOCTH JOMOJHUTEJbHO yBeawdeH B 2,9 pasa; m pac-
CMaTPUBAETCS TMPOIlece TMobeMa JMHAMUYECKOTO YPOBHS € TJIyOUHDI
725 M fo tay6unbt 315,35 M.

C yderoM atoro opMyJia U3MEHEHUS IUHAMUYECKOTO YPOBHS BO
BpEMEHU TPUHUMAET CJeIyIONNi BUI:

g =3155 _ 29003611t _ g-010472¢
725-3155 '
Pacuern! 1o atoii dopmyse gaau cienyiomue pe3yJabTaThl:

0 1 2 4 8 16 32
725 684,3 647,6 584,7 492,77 392,2 329,9

Ecmm 3a 4—8 nH y:xe o6Hapy:XeHa 3aKOHOMEPHOCTb, TO pacdeT-
HBIM MyTeM MOKHO OTIPe/eJiuTh, 4To OyaeT Ha 32—64 meHb, Kakas
6yzeT ray6uHa AUHAMUYIECKOTO YPOBHS.

B paccmarpuBaemoii g06bIBafoNIeil CKBaKMHE 0 W TIOCJ€E Hadva-
Ja ee OOBOJIHEHWS TIPUMEHSIETCS TIyOUHHBINA pacxofoMep, KOTOPLI
1o OGBOJHEHHOMY He(TSHOMY CJOI0 (UKCHUPYET PE3KOe yBesmue-
HHe TPOU3BO/UTENTHHOCTH W Pe3KOe yBeJWYeHWe J[I0JIM B IPOM3BO-
0,10-20

—————— = 0,69, umm c
0,10-20+ (1-0,10)

pureabHoctd ckBaxkuabl ¢ 0,10 mo

10 mo 69 %.

drtoro GymeT BIOJHE [AOCTATOYHO JJisI YETKOTO BBIJETEHUST 00-
BOJIHEHHOTO He(MTSIHOTO CJIOS.

[Tocne atoro o6ocobJieHHBI OOBOAHEHHBIH HedTAHON cy0i
MOKHO Oy/leT 3aKpbiTh IJACTOTIEPEKPbIBATESIEM U  IMPOJOJIKUTH
6e3BOHYIO IKCILIyaTAIUIO JOOBIBAIOIIEN CKBAKUHDI.
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Buwvieoo

[lns TpyaHBIX ycaoBUIl pa3pabOTKH MaJONPOAYKTUBHBIX MECTO-
POK/IEHUI BBICOKOBSI3KOW HedTH MOXKHO 60Jiee OLICTPO OTIPEETUTH
0 0OBIBAIOINM CKBKMHAM KO3(P(PUIMEHT ITIPOAYKTUBHOCTH IO
HeTH, HayaJo M POCT OOBOJHEHMS U OOBOJHEHHbIE HeMTSIHbIE
IJIACTBl ¥ CJIOM.

3.5. O IPUMEHEHUU XUMNYECKOI'O PEATEHTA
MNOJMCNJ B HATHETATEJIbHBIX CKBAYKNHAX

IKCIepUMEHTAIbHO YCTAHOBJIEHO, UTO NpPHUMEHEHHNe XHMHYEeCcKOo-
ro peareHTa TOJUCWJ B HATHETATEJbHBIX CKBAKUHAX JIOMOJHU-
TEJBbHO YBEJIWYUBAET WX KO3 UIIMEHT NPUEMHCTOCTH B V Ppas,
KOHKDETHO B 2—3 pasa.

I'me mpumeHeHue peareHTa MOJUCHI OCOOEHHO HEOOXOIUMO U
KaKOBBI BCE TOCJIEICTBUS 3TOTO TIPUMEHEHUS?

B 3amagnoit Cubupu wumeiorcss HedTSIHbIE MECTOPOKICHUS C
HePTAHBIMUA  IJIACTAMU TOHVKEHHOW, HU3KOW W YJbTPAHU3KON
MPOAYKTUBHOCTH, KOTOPBbIE 06JIafaioT TOBBINIEHHON 30HAJBLHOU U
TOCJIOHHON HEOJHOPOJHOCTHIO 110 TPOHUIAEMOCTH, IOHMXEHHON
HAYaJIbHOU He(dTEHACBIEHHOCTBIO M COOTBETCTBEHHO IIOHUIKEH-
HBIM KO3 UIMEHTOM BBITECHEHUS, CO/lepKaT HedTh TOHMKEHHOH
BSI3KOCTH, 6JIM3KOI K BA3KOCTH BOAbI. Ha Takux HePTAHBIX MeCTo-
POKJEHUSIX IOJBIKHOCTD 3aKaunBaeMoi BoJbl ObIBaeT OJM3Ka 1
HUZKe TOJBIKHOCTH TacToBoit Hedtu. [lpm atoM /g yBeandeHUS
HAYaJbHOTO MakcuMaJbHoro (ammauryaHoro) neburta HedTH IKC-
IJIyaTallMOHHOTO 00beKkTa TpebyeTcs yBeJudYeHUEe JOJU HarHera-
TEJbHBIX CKBAKMH B 0O0IeM 4YmcJje cKBaXuH. Ho BMecTo yBesmue-
HUS O W YHCJa HAaTHETATEJIbHBIX CKBAXKUH MOXKHO MPUMEHUTH
XUMUYECKUNl peareHT IMOJUCUJI U YBEJUYUTh KOOI UIMEHT TpH-
eMICTOCTH.

PaccmarpuBarp aty npo6iaemy 6yaeM Ha IpUMepe KOHKPETHOrO
HeTAHOTO MECTOPOXKIEHUS, y KOTOPOTo: cpeanHuii Koadduiment
NPOAYKTHBHOCTH CKBAXXUHBI paBeH M, = 0,3 T/ (cyrar), akcmaya-
TAlMOHHBIN TOpu3oHT (I71aCT) COCTOUT M3 TPeX  060COGJIEHHBIX
He(MTSIHBIX CJIOEB, 30HAJbHAs HEOZHOPOTHOCTb OTAENBHOTO CJIOS TI0
npoayktusHocT (mponunaemoct) pasia V2= 1,5, cOOTBETCTBEH-
HO 30HaJIbHAs HEOJHOPOJHOCTb MO TMPOJYKTUBHOCTH B I€JOM 0O6D-

2
ekra (macra) paBHa \/32=%=£=0,5, BSI3KOCTb HE(PTHU B TJIACTOBBIX
C

ycaoBusix paBua w, = 1 clI3, Bga3koctp Bogwl paBHa w, = 0,5 clIs,
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k03(p(puUINeHT BBITECHEHUS He(PTH 3aKaunBaeMoil Bojoil paBen K, =
= 0,5, COOTBETCTBEHHO COOTHOIIIEHUE MOJABUKHOCTEH BOAbI U Hed-
TH B IIJTACTOBBIX YCJOBUSX PaBHO

My es_ g5
u, =—2-Kj 03 0,5*=0,707.

Wa

IKCILTyaTallMOHHBIH 00DBeKT 3aJsieraer Ha Taybmne 2500 m. Ilep-
BOHAYaJbHOE TJIACTOBOE JaBjienue paBHo P, = 250 ar, nassenue
naceinenus nedprtu razom pasuo P, = 100 ar. 3a6oiinoe naie-
HUe HarHeTaTeJbHbIX CcKBaXWH paBHo 500 ar. C ydveroM morepu
JIaBJIEHUS] HAa TpeHUWe JlaBJeHue Ha YCTbe HarHeTaTeJbHbIX CKBa-
SKMH HeCKOJIbKO GoJbiiie 250 at. C yd4eToM JaBJieHUS HACBHIMIEHUS
3a60iiHOE MaBJieHUe AOOBIBAIOINX CKBaXKWH paBHO €. = 100 ar.

BausiHue 30HaJbHON HEOJHOPOJHOCTH CJIOEB Ha CHUXKEHUE
MPOHUIIAEMOCTU /i (PUJIBTPAIMOHHOIO IIOTOKA OTPAXKAET CJEIy-
IONUN TTOHVKAIOMWH K03 PUITNEHT:

E- ! L _0592.

T1423.02V2 14230215

CpenHuii aMILTUTYHBIH 1e6UT HePTH HA OMHY CKBaKHHY IPO-
eKTHON CEeTKHW ompejiesisieTcss 1o caenyionieir popmy.ie:

q(1) = T]Lp : (PCII - PCS)‘CP ‘E’

rae ¢ — (bYHKHI/IH OTHOCUTEJTbHOM NIpoOn3BOAUTEJIDHOCTU CKBAasKMHBI

M — cooTHoIeHNe AOOBIBAIONINX ¥ HaTHETATEJbHBIX CKBAKUH,
npuyeM Bce AOOBIBAIONINE CKBAKWHBI PACMOJOXKEHBI Ha TIEPBBIX
op6UTaX OTHOCUTEJHHO HATHETATEJbHBIX.

Ecnu >xe Ha mepBbIX OopOHUTAX PACIOJIOXKEHA TOJBKO YacTb [I0-
6BIBAIOIINX CKBAXXUH U COOTHOIIEHWE 3TUX JOOBIBAIOIINX W HaTHe-
TaTEJbHbIX CKBAXXUH PaBHO M, T.e. 3TO COOTHOLIEHUE MEHbIlle
0061IIero COOTHOMIEHNsT My < M, TO (QYHKIUS OTHOCHUTEJbHOH TIpO-
W3BOJIUTENHHOCTH CKBAKWHBI WMEET CJEAYIOMH BUI:

CMmbIca 3T0# (OPMYJIbI: TTOKa PaGOTAIOT CKBAKUHBI TEPBOH Op-
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OUTBI, CKBOKMHBI BTOPOU W TIOCJTEIYIONNX OPOUT TPAKTUYECKH He
BAUAIOT Ha ofliee (pUIbTPAIMOHHOE CONPOTUBJIEHUE U HA OOIMil
eOUT JKUIKOCTH.

[To npuBeneHHbIM (GOPMYJIaM MPU MPUHATHIX MUCXOIHBIX JAHHBIX
JUIST pa3JIMYHBIX 3HAYEHWHA M — COOTHOINEHWs JOOBIBAIOIINX M Ha-
THETATeJbHBIX CKBAJKWH OIMpPEIeSNM aMILUIUTYAHbIN 1e6uT HedTH
MIPOEKTHOHU CKBa>KMHBI

ql = 0,3- (500 - 100) - ¢ - 0,592;

q)— 1 . 1 .
1 1 1+m’
ot
0,707 m
Moo 1 2 3 4 5
@ 0,207 0,174 0,143 0,120 0,103
o, T/CyT.... 14,70 12,36 10,15 853 7,32

Ho ecm mo HarHeraTeTbHBIM CKBRJKMHAM HPUMEHSIETCS XUMMU-
YeCKUU peareHT TOJIUCUAJI U CPeIHuH Ko PUIMEeHT TPUEeMUCTOC-
TH yBeJWYMBAETCS B v = 2 pasza, TO (QyHKIHUS OTHOCUTEJIbHON
MPOU3BOJMTENBHOCTH CKBAKWHBI W aAMILIUTYAHBIN 1e6uT HedTn
MIPOEKTHOM CKBaXKUHBI OYIYyT

Q= = ;
1 1 1+m 1 1 1+m
+ — + —
w, v m 1,414 m
Mo 1 2 3 4 5
O B 0,293 0,276 0,240 0,209 0,184
q(i), T/CyT...... 20,81 19,62 17,06 14,84 13,05

A ecan cpepHmit K03((UIUEHT MPUEMUCTOCTH HarHeTaTeJIbHON
CKBRJKMHB! yBeJMYMBAaeTcs B v = 3 pas3a, TO (DYHKIUS OTHOCUTEJb-
HOH TIPOM3BOJUTEIBHOCTH CKBAXWHBI M aMILIUTYIHBIN 1e6uT Hed-
TH TIPOEKTHOH CKBAXUHBI OyayT

=
1 1 1+m
,—
2,121 m
M., 1 2 3 4 5
Qe 0,340 0,343 0,311 0,277 0,248
q('), T/CyT...... 24,16 24,37 21,17 19,68 17,63

189



ITo mpesncTaBieHHBIM pe3yJbTaTaM BU/JHO, YTO YBEJUYEHHE KO-
adduimenTa TPUEMUCTOCTH HArHeTaTeJbHBIX CKBAXXWUH B v = 2
pasa TPHUBOAUT K yBEJIMYEHHWIO aMILTUTYyAHOrO aebuta HepTH U
temrna ot6opa 3amnacoB Hedptn B 1,4—1,8 pasa, a yBeJuvyeHHWE KO-
apPuimenTa MPUEMUCTOCTH B Vv = 3 pasda NPUBOANT K yBeJHUe-
HUIO fe6uTa M TeMna oT6opa 3amacoB Hedgtn B 1,6—2,4 pasa.

ITo mpesncraBieHHBIM pe3yabTaTaM TaKKe BUAHA TEHACHIUS K
YBEJUYEHUIO COOTHONIEHUsT JO0OBIBAIOIUX ¥  HArHeTaTeJbHBIX
CKBKWMH: TIPU YBeJUYEeHUU K0d(DPUIMEHTA MPUEMHUCTOCTH B V =
= 3 pasa aMIIUTYIHBIA Je6uT HedTH [OCTUTAeT MaKCUMyMa IIpHU
yBeJMYEHNN COOTHOMIEHNs ¢ M =1 qo m = 2.

Ecmm BMecTe ¢ mpuUMeHEHHEM XHMMHUECKOTO PeareHTa MOJMCHUII
U yBeJUUYEHHEM KO3((UIIeHTa NPUEMUCTOCTH HarHeTaTeIbHBIX
CKB)XMH B V = 2 Pa3a yMEHBIIUTb [[0JII0 HAIHETATEJIbHBIX BJIBOE,
T.e. OT COOTHOIIEHHS JOOBIBAIOIINX W HATHETATEJIbHBIX M = 1 me-
peliTi K COOTHOIIEHUIO M = 3, TO aMIJINTYIHBIN TeOUT YBEJTUUHTCS

17,06
B 4=

14,70
HedTn 3akaunBaemoil Bojoil. Ilocsesnee 06CTOATENBCTBO CBS3aHO
C yMeHbIIeHHEM [OJH CTATUBAIOMUX JJOOBIBAIONINX CKBAXKUH C

= 1,16 pa3da 1 yMEHbHIUTCSA HEPABHOMEPHOCTb BBITECHEHUA

2 _ 2 4 Jifo) 2 _ 2 - 0,5.
1+m 1+1 1+m 1+3
Pacuer Besmumnbl V? — pe3yJbTHpYIOIEd HEPaBHOMEPHOCTH

BBITECHEHIS HEe(PTH 3aKaumBaeMoil BOAON B TUINYHYIO CPEAHION
JOOGBIBAIONIYI0 CKBJKMHY HA PACCMATPUBAEMOM OODBEKTE BbINOJIHS-
eTcs 1o caenyionein popmye:

2

1+m

2

V4 D=V +1)-V +1D)-( +1)- +(\/12+1)-(1—1 m)

Vel g Mt 2 Vet (g 2
Li ,V732 1+4m Vi?”L 1+m)
n 4

+1 +1

C C

[l KOHKPETHBIX YCJOBUII paccMaTpuBaeMoro HeTSHOTO Mec-
TOPOKJEHNsT 3Ta (opMyJia TPUHUMAET CJIEIYIONNH KOHKPETHBIH
BH/I:

V2 )odBt g 0541 2 15+t (4 2 )
1505 tem 15 [ 1em)
3 4 3

24442 +1667-{1-—2_) 21,667+0778—2_:
1+m k J 1+m

2
1+m

190



V2 20,667 + 0,778 - —— .

1+m
Kpome stoit popmyssr Heob6xomumbr: popmyna Ky — koadduim-
eHTa WHCIIOJNb30BaHMsA TOABWKHBIX 3anacoB Hedtn (cyMMapHOTo
or6opa HedTH B JOJISX TOABWIKHBIX 3amacoB) n (opmyaa F —
cyMMapHOro ot6opa JKUAKOCTH B JOJSX TMOABIKHBIX 3amacoB Hed-
TH, KOTOPbIE UMEIOT CJIeIYIONIMi BI/I:
K3 = K3H + (KJK - K )Ar

3H

F = K311 + (KJK - Kan)‘lnL’
1-A

1 1 .
; A — pacueTHada mpejgeabHasd

1,24 4,2V 0,95+0,25-v>’
posist arenta (Bojbl) B jieGuTe SKUAKOCTU JOOBIBAIOIIENH CKBAKUHBI,
B ganHoM ciaydae (mpu w, = 0,707 u Kosapduumente pasaudus
dbusnyeckux cBOHCTB HedTU U BBITECHSIONIErO areHTa Wy = 1) 370
BecoBasi TpejiesibHast [10Jisi arenta (BOJIb).

[To mpuBeneHHBIM (bOpPMyTaM /I PAa3IMIHBIX 3HAUeHHH M Obl-
KSH

rae K3H = 3K

M cpetanbl pacuerbl Besmunn VK Ko, K; u F npn
3K
A =0,95 (ta6a. 3.15).
it-1E~ 3.15
m V2 Ko Tipn A = 0,95
KSH K3K K3K
Ky F

1 1,444 0,138 0,763 0,181 0,732 2,010
2 1,185 0,162 0,802 0,202 0,770 2,079
3 1,056 0,177 0,824 0,215 0,792 2,115
4 0,978 0,188 0,837 0,225 0,805 2,132
B} 0,926 0,196 0,846 0,232 0,814 2,143

Kak Buzgno, mpu m =3 u v = 2 o cpaBHeHuio ¢ m = 1 u v

0,792
= | koHeuHas HedTeoTJaya ILJTACTOB CTAHOBUTCS BBINIE B =
0,732

= 1,082 = 1,08 pasa.

Takum 06pa3oM B KOHKDPETHBIX YCJOBUSIX PAaCCMATPUBAEMOTO
HEeDTIHOrO MECTOPOXK/EeHUsT MPUMeHEeHUe XUMHYECKOrO peareHTa
MOJIUCUJT TIO3BOJISIET TEPEUTH OT S-TOUYEUHON CXEMbI TLIOTIALHOTO
3aBOJIHEHUS K OOpalleHHON 9-TOuevyHOll cXeme, MPHU ITOM YBEJHU-
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YUTb AMILIUTYIHBIA 1e6uT mpoeKTHbIX cKkBaskuH B 1,16 pasa u us-
BJaekaemble 3anacol HedpTn B 1,08 pasa.

Hagepnoe, g wmamoctparuu  aO@eKTUBHOCTH TPUMEHEHUS
XUMHWYECKOTO peareHTa TOJHCHJ 11eJ1ecO06pa3HO CPaBHUTH [[BA
BapuaHTa pa3pabOTKN 9KCIIyaTaIlMOHHOTO OObeKTa: 1-ii BapuaHt —
6e3 TpuMeHeHUs, 2-ii BapuaHT ¢ TpuMeHeHWeM. B o6oux BapmaHn-
tax 100 mpoeKkTHBIX CKBakMH. B 1-M BapmaHTe Tro/I0BOI aMILIUTY/I-

HbII ge6ut pasen 14,7 T .100-330 9T = 485100 L =
cyT ron roz
= 485,1 2T = 0,485 M1 3pech 330 — wmcsno ameii paGoThHI
TOoT Toq

CKB)KMHBI B TOY; BO 2-M BapHaHTe TOJOBOI aMIUTUTYAHbIH 1e6uT
paser 17,06-100-330 = 562 980 — = 562,98 -1 = 0,563 .
TOJ roj To/J1

[To 1-my BapuwaHTy HavaJbHbIE U3BJEKaeMble 3a1Tachl He(DTH PABHBI
10 maH. T, 10 2-My Bapuanty — 10,8 man. 1. Ilo 1-My BapmanTy Ha-
YaJbHbIe M3BJIEKaeMble 3amachl >KUAKOCTH paBHbl 20,1 MJH. T, TO
2-my Bapuanry — 21,15 mun. 1. [Iunamuxa go6prau HedTH U KU[I-
KoCcTH B TeyeHue nepBbIX 10 jser mo 1-My m 2-My BapuaHTaM IIpeli-
craBieHa B Taba. 3.16.

3a 10 metr pa3pabOTKH paccMaTpHBAeMOTO JKCILIYaTAIlMOHHOTO
0o0beKTa TIO0 BapUaHTy C TPUMEHEHWEM XWMUYECKOTO peareHTa IIo-
4,387

Jgucua a06bpr4a HeTH YBEJIMYUBAETCS B = 1,142 paza, uan

it-TE°t 3.16

AP eKTHBHOCTD IPUMEHEHHUST TTOJIUCHJIA.
Cpasnenne 1-ro u 2-r0 BApHaHTOB Pa3paGoOTKU IKCILIyaTAIIMOHHOIO OGbEKTa.
[unamuka 100b1uM HePTH U SKUIKOCTH

1-it Bapmant 2-it BapmaHT
Jle6ur Ile6bur | O6Box-| Jle6ur Jle6ur | O6BOS- HPHPO,CT
Tozor HedpTH, |XuAKOCTH,| HeH- | HedTH, | KUAKOC- | HEH- AeGura
MJTH. MJIH. HOCTb, | MJH. | TH, MJH.| HOCTb, Hedru,
T,/TON T,/TON % T,/ TON T,/ TOJ % MJIIL. T/ TOJL
1 0,473 0,479 1,3 0,549 0,556 1,3 0,076
2 0,451 0,468 3,6 0,521 0,541 3,7 0,070
3 0,430 0,457 5,8 0,494 0,528 6,2 0,064
4 0,409 0,446 8,2 0,469 0,513 8,6 0,060
5 0,390 0,435 10,4 0,445 0,499 10,9 0,055
6 0,371 0,425 12,6 0,423 0,486 13,0 0,052
7 0,354 0,415 14,6 0,401 0,474 15,3 0,047
8 0,337 0,405 16,7 0,381 0,461 17,4 0,044
9 0,321 0,395 18,7 0,361 0,449 19,6 0,040
10 0,306 0,386 20,7 0,343 0,437 21,5 0,037
Cymma 3,842 4,311 4,387 4,944 0,545
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Ha 0,545 MaH. T = 545 TbIc. T. Ilpm atoM oOTGOP MOMYTHOH BOJBI
4,944-4,387 0,557 _
YBEJNYMBACTCS B = = 1,188 pasa, nim Ha 88 TbIC. T.
4,311-3842 0,469
IIpu 1ene 1 t go6bitoit HedDTH A HedTETOOBIBAIONIETO TPE-
npusituss B 100 $ sxonomuueckuit addekrt or HUpUMEHEHUs XH-
MuYeckoro peareHTta mnosumcua 3a 10 jger cocraBua 100-0,545 =

= 54,5 muH. $.

3.6. TEXHOJ/JIOTUYECKAA OODOEKTUBHOCTD
N30/ OBBOAHEHHBIX HEOTAHBIX CJIOEB
N NNJIACTOB XUMHNYECKHUM PEATEHTOM

Hamm crenumanucTtel A U301 OGBOJHEHHBIX 060CO6JIEH-
HBIX He(TAHBIX CJOEB W ILJIACTOB CO3/laJli XUMUYECKUN peareHrT,
KOTOPBI 10 CBOWM CBOHCTBAM IIPEBOCXOJUT AaHAJOTHYHBIH WM-
TIOPTHBIH.

ITOT peareHT 00JaJaeT BBICOKOW HAYaJbHOW IMOABUKHOCTDHIO,
6/M3KOI K TMOJBUKHOCTU BOJBI, U COOTBETCTBEHHO BBICOKOW TIPO-
HUKafomleil crnoco6HocTbio. llocsie 3acThIBaHUS peareHT o6ecrevi-
BaeT MPOYHYIO W TEePMETHYHYIO u30JsAmmio. PeareHt He o6sanaer
U36MPATETbHOCTLIO AEUCTBUS W OAWHAKOBO TTPOYHO HM30JUPYET KaK
BOJIOHACBIINIEHHDbIE, TaK U He(MTEHACHINEHHDbIE TOJIIUHDLI TIJTACTOB.
Takasi Hem36UPATeNbHOCTD JEUCTBUSI BOBCE HE SIBJISIETCS HEO0CTAT-
KOM peareHTa, HallpOTHUB, SIBJISIETCSI €rO IOCTOMHCTBOM.

[Tosacuum Ha npumepe.

IIpu pasubix (usnueckux cpoiicTBax Hedtu (pasHON OABHK-
HOCTH ¥ IJIOTHOCTH), T.e. IPU PasHBbIX 3HaYeHus W, — Koahdu-
IMEeHTa pa3anuus (PU3NYecKuX CBOWCTB HE(MTH UM BBITECHSIONIETO
areHta, HO IPHU OJHON M TOHU >Ke pacyeTHONH NOCJONHHOI HEOIHO-
poaHocTH He(TAHBIX ILIACTOB, KOJUYECTBEHHO XapaKTepusyeMoi
KBagpaToM Koddduuuenta Bapuanuu, pasubiMm V? = 0,333, npu
BECOBOU TpeeIbHON OGBOIHEHHOCTH [eOUTa KUIKOCTU JT0OBIBAIO-
el CKBaKUHBI, PaBHOU A2 = 0,95, T.e. B caMblil IOCJAETHUNA MO-
MeHT PaboThbl 3TOH CKBAKUHbBI, BeJanunHa Y — [0Jid elle He OOBOJI-
HeHHON 3(@eKTUBHON TOMIMHDBI 3KCIJIYaTUPYeMbIX HeTIHBIX
MJIacTOB, 06Ja/faloNIell MepBOHAYAJbHOW He(TEeHACHIIEHHOCTDIO,
oTHIOAb He paBHa Hymo uau 0,05 ¢ yuetom (1 — A,) = 0,05, ona
ropas[o Bbllle; II0JAy4YaloTcs pasHble 3HadeHuss A — pacueTHOi
ImpefeNbHOl mom arenta um coorsBercTBenno (cm. Ttaba. 9 [9])
pasHble 3HayeHus Y:

10 30 100

40,655 0,388 0,160
0,56 0,79 0,93
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[Ipu wusbuparenbHOM [elCTBUU peareHTa, T.e. NPU HU30JSAIUU
tobko B npezgenax (1 — Y) — goau 06BOJHEHHOH TOJIUHEL Hed-
TSHBIX TLJIACTOB, B Tipefenax Y — J0Ju HeOOBOIHEHHON TOJIIHHBI
He(TAHBIX [JIACTOB € TIEPBOHAYATIbHON HeDTEHACHIIEHHOCTHIO
BoOOIe He OblI0 Obl M30JSIIMK M BCKOpe He ObLI0 Obl M30JISIIHU
BCETO JKCIIyaTAIlMOHHOTO 00beKkTa. Kak 3TO MPOMCXOAUT, cXeMa-
TUYHO TIOKA3aHO Ha puc. 3.2.

I/
1=— 3
2

W/

b
o D222/
1 >3
2
7
742/
3

7

Puc. 3.2. Cxema 06BOAHEHUS:
1 — o nposenenus usossuuu; b — cpasy nocie nposejeHus U30JA1KUU; C — BCKO-
pe mocie TpoBedeHust usossiuu; 1 — Boga; 2 — HedpTb; 3 — HeEHMpPOHHIIAEMbIE
npocJon; 4 — M30JsIust

194



Buano, 4to B MoHOJIMTHOM cJoe (maacte) BCKOPe MOCJe TPOBe-
JleHUsI M30JIA1UU BoJla 00OW/IeT Mperpajy u B IpeXHell Mpornopuun
6yZeT TOCTynaTb B CKBAXXUHY, TOJBKO YMEHBIIUTCS Ae6UT HeDTH.
3amuToil OT BOJABI MOXKET OBITb TOJDBKO TOJHAS W3OJAIUS CJOS
(mmacra) OT OJHOTO Pa3JENAIONErO HEMPOHUIAEMOTO IIPOCJOS 0
JIPYTOTO TaKOTO TIPOCJIOS.

[lasee mo MeTOAMKE TPOEKTUPOBAHUS Pa3pabOTKU HeTIHBIX
Mectopoxaenuit [8, 9] mus TUNMYHBIX 31€MEHTOB HeMTSIHBIX 3a-
Jexxeil ObLIM CIeJaHbl PAacyeThbl XapaKTEPUCTUKU HCIOJb30BAHUS
IIO/IBYYKHBIX 3aMacoB HeTH: B 3aBUCUMOCTH OT A, — BECOBOH mpe-
JIEJIbHOM JIOJIW BBITECHSIONIETO areHTa B JleOUTe SKUIKOCTH J00bI-
BalOIEN CKBAXXWUHBI M OT W, — KoadduimenTa pasanuyus ¢pusmdec-
KX CBOHCTB He(TH M BBITECHSIONIETO areHTa OBbLIM OIpe/leIeHbI
3HaveHusT A — pacyeTHON Tpe/leTbHON [OJM areHta; B 3aBUCUMOC-
™ or V? — pacueTHoii TOCJIOIHON HEOJHOPOJHOCTH HKCILIyaTalu-
OHHOTO 00beKTa M A — pacuyeTHOil TpeaesbHON [0 areHTa GbLIn
onpenesensl 3Hadennsa K; — kosddunuenra (goam) mcrnoab3osa-
HUS TOABW)XHBIX 3amacoB HedTn m F — pacuerHoro or6opa >Ku-
KOCTU B JIOJIIX TMOJBWKHBIX 3amacoB HedTH; 3aTeM C Y4YETOM W, —
koadduimenta paznauung (HU3NYECKUX CBOUCTB HePTH M areHra
OT 3HavueHW!l F — pacyeTHBIX OTHOCUTEIBHBIX OTGOPOB >KUIKOCTU
nepenIn K 3HauYeHUsIM F, — BecOBBIX OTHOCHUTETbHBIX OT6OPOB
SKHJIKOCTU B JIOJISIX TOJBYIKHBIX 3ammacoB HeTH, 3aTeM OIpeeiu-
Jm % — COOTHOIIIEHUE BECOBBIX CYMMAapHBIX OTOOPOB XUJKOCTH U

3

Hedgru. [lpw 3TOM HEpaBHOMEPHOCTHb BBITECHEHHS He(TH areHToOM
B npejenax cjost (mmacra) Gblia 3ajaHa KBaApaToM KO3 UITHEH-
ta Bapuamuu V? = 0,333. BbLiu paccMOTpeHbl TPU BapuUaHTa, pas-
JIMYHbIe 10 Beawunue V? — pacyeTHoi MOCJaOHOII HEOaHOPOAHOC-
. B mepsom u3 Hux Bce cion (I1acTbl) OJMHAKOBBI 110 CpPeAHEN
NPOHMUI[AEMOCTH M IIOITOMY B LIEJIOM y Tpex cJjaoeB (maactoB) ta-
Kas K€ pacyeTHasl MOCJONHAs HEOJHOPOAHOCTDH, KAaK Yy OTIEJTbHOTO
cnosg, pasHag V? = 0,333. Bo BTOpoM BapHaHTe COOTHOIICHHE
cpeaHux nponunaemocreil caoes (miaactoB) caemyiomee: 1:2:4; u
MI09TOMY B II€JIOM y Tpex cjoeB (IacToB) pacueTHast MOCJAOIHas
HeoZHOPoAHOCTh paBHa V2 = 0,714. B TperbeM BapuaHTe COOTHO-
HIeHWe CpeJHMX IIPpOHHUIlaeMocTell caoeB (IIacToB) creaylomiee:
1:3:9; n mostomy B nesoM y Tpex caoeB (maactoB) pacueTHas Mmo-
caoiiHas HEOHOPOAHOCTD paBHa VZ = 1,782,

PesysbraThl  NpPOBENEHHBIX  PACYETOB  IPEACTABJIEHBI B
Tabn. 3.17.

Buarogapst uzossiiun 06BoAHEHHBIX HePTAHBIX cy10eB (I171acTOB),
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it-TE°t 317

Xapalc'repucmxa HU3BJICYCHUA TTO/IBUKHBIX 3aI1lacoB HerTI/l r:gu paBJII/I‘lHOﬁ BECOBOI r[pezle.m;ﬂoﬁ OﬁBOZIHeHHOCTl/l

JIOGBIBAIONIMX CKBAYKHH, PA3JIMYHBIX

H3MYECKUX CBOicTBaX HedpTH

(k03¢ drument pasmynst GH3NIECKUX CBOICTB HepTH U BBITECHSIONIEIT BOJBI (1))
U Pa3/IMYHOM COOTHOLICHUH MPOHHIIAEMOCTEN TpexX cJIoeB (ILIACTOB)

Bee Tpu caos (miacta) ofMHAKOBBI
M0 TPOM3BOIUTENBHOCTH U Cpe/Heit

Bce Tpu CJa0A (HJIaCTa) OMHAKOBBI TI0 MPOU3BOJAUTEJIBHOCTU, HO Pa3JIN4d-

leOl'le/lLLaeMOCTM HBbI II0 cpe/_LHef/i MNPOHUI[AEMOCTH

) Toka- V?*=0,333

A, 3aTe- mn Cootnomenne nponnnaemocteii: 1:2:4| CooTHomenne nponunaemocteii: 1:3:9

T 0 V0= 0,714 V2 =1,782
Yo Yo
1 3 101 30 ) 100 | 4 3 10 | 30 | 100 1 3 10 | 30 | 100

0,98 A 0,980 | 0,942 | 0,831 | 0,620 | 0,329 | 0,980 | 0,942 | 0,831 | 0,620 | 0,329 | 0,980 | 0,942 | 0,831 | 0,620 | 0,329
0,95 0,950 | 0,864 | 0,655 | 0,388 | 0,160 | 0,950 | 0,864 | 0,655 | 0,388 | 0,160 | 0,950 | 0,864 | 0,655 | 0,388 | 0,160
0,90 0,900 | 0,750 | 0,474 | 0,231 | 0,083 | 0,900 | 0,750 | 0,474 | 0,231 | 0,083 | 0,900 | 0,750 | 0,474 | 0,231 | 0,083
0,98 K, 0,956 | 0,934 | 0,869 | 0,746 | 0,577 | 0,873 | 0,848 | 0,776 | 0,640 | 0,451 | 0,705 | 0,682 | 0,615 | 0,488 | 0,313
0,95 0,939 | 0,889 | 0,767 | 0,611 | 0,478 | 0,854 | 0,798 | 0,662 | 0,489 | 0,342 | 0,687 | 0,635 | 0,509 | 0,349 | 0,211
0,90 0,910 | 0,882 | 0,661 | 0,520 | 0,433 | 0,821 | 0,724 | 0,545 | 0,388 | 0,292 | 0,657 | 0,567 | 0,400 | 0,254 | 0,165
0,98 F 2,666 | 2,045 | 1,421 0,949 | 0,618 | 2,773 | 2,083 | 1,390 | 0,865 | 0,497 | 2,470 | 1,829 | 1,185 | 0,697 | 0,355
0,95 2,132 | 1,548 | 1,005 | 0,671 | 0,487 | 2,179 | 1,531 | 0,928 | 0,556 | 0,351 | 1,918 | 1,316 | 0,756 | 0,411 | 0,220
0,90 1,727 | 1,193 | 0,760 | 0,538 | 0,436 | 1,730 | 1,136 | 0,654 | 0,408 | 0,294 | 1,501 | 0,950 | 0,502 | 0,273 | 0,167
0,98 F, 2,666 | 4,267 | 6,390 | 6,826 | 4,657 | 2,773 | 4,553 | 6,910 | 7,930 | 5,051 | 2,470 | 4,123 | 6,315 | 9,314 | 4,526
0,95 2,132 | 2,867 | 3,153 | 2,413 | 1,315 | 2,176 | 2,997 | 3,322 | 2,499 | 1,242 | 1,918 | 2,667 | 2,973 | 2,209 | 1,075
0,90 1,727 | 1,935 | 1,643 | 1,073 | 0,646 | 1,730 | 1,960 | 1,635 | 0,988 | 0,492 | 1,501 | 1,716 | 1,414 | 0,826 | 0,385
0,98 F, 2,789 | 4,567 | 7,349 | 9,144 | 8,074 | 3,176 | 5,369 | 8,912 | 11,500| 11,200 3,504 | 6,045 | 10,264 | 23,266 | 14,459
0,95 | —= | 2,271 | 3,226 | 4,111 | 3,948 | 2,750 | 2,548 | 3,756 | 5,618 | 5,110 | 3,630 | 2,793 | 4,216 | 5,837 | 6,338 | 5,089
0,90 Ks 1,898 | 2,353 | 2,485 | 2,066 | 1,491 | 2,107 | 2,707 | 3,000 | 2,550 | 1,680 | 2,286 | 3,029 | 3,533 | 3,251 | 2,331
0,98 K 1 1 1 1 1 1,095 | 1,101 | 1,120 | 1,166 | 1,279 | 1,356 | 1,370 | 1,413 | 1,529 | 1,843
0,95 | y=—3 1 1 1 1 1 1,100 | 1,114 | 1,159 | 1,249 | 1,398 | 1,367 | 1,400 | 1,507 | 1,751 | 2,265
0,90 Ks 1 1 1 1 1 1,108 | 1,135 | 1,213 | 1,340 | 1,483 | 1,385 | 1,450 | 1,653 | 2,047 | 2,624




JIOCTUTIINX 33aJ[aHHON TIpe/leJIbHOI OOBOJIHEHHOCTH, BTOPOW U Tpe-
TUI BapUaHTbI 110 CBOMM HHTETPAJbHBIM ITOKA3ATENsIM IIePEXO/ST
(mpeBpamaTcs) B NepBblii BapuaHT.

CyMMapHBIi 0T60D KHAKOCTH CUJIBHO 3aBUCHT OT W, — K03d-
unmenra pazsuuns GU3NYECKWX CBOICTB HeTH W areHTa, HO
HECUJIBHO 3aBUCHUT OT V? — ofllell pacueTHOW IIOCJOHHOI HeomHO-
POJHOCTH.

CyMMapublii ot60p HedTH TaKKe 3aBUCUT OT W, — Koadduim-
eHTa pasanuus (GU3NIECKUX CBOUCTB He(PTH U areHta, HO TaKKe
CHUJIBHO 3aBUCUT OT V? — pacueTHOil TOCTONHON HEOJHOPOIHOCTH.
[Toatomy B Tab6a. 3.17 mpuBeieHBI 3HAUEHUS V — OTHOCHUTEIBHOTO
YMEHbBIIEHNSI CyMMapHOTO oT6opa HedpTn TpH yBeamuennu or V? —
pacueTHON IOCJOHHONH HEOJAHOPOJHOCTH, HO ITIPU MPOUYUX PABHBIX
YCJIOBUSIX.

[Ipu mepexoze OT BTOPOTO W TPETHETO BAPUAHTOB K MEPBOMY
BApUaHTyY 3TOT K03(pUIIMEHT TIOKA3bIBAET yBeJIMYEHIEe CYMMapHO-
ro or6opa HedTH.

Bugno, 9To TIepexoi OT TPEThbero BaphMaHTa K TEPBOMY BapuaH-
Ty (or V? = 1,782 x V? = 0,333) yBeqmuuBaer CyMMapHbIii OTGOP
HedTH: npu cpeaHeil u nopbimenHoi Bsaskoctu HedtH (W or 1 710
10) B 1,4—1,6 pasa, npu BBICOKOIl, CBEPXBBICOKOH M yJbTPaBbICO-
koii Bsiskoct (u, or 30 go 100) B 1,6-2,6 pasa. Paccmorpenmbie
3/1eCh BApHaHTBl 3KCIIYaTAllMOHHBIX OOGBEKTOB SIBJSIOTCS €CTeCT-
BEHHBIMH, CO3JaHHBIMH Tnpupofoit. [las ompenenenus s¢pgeKTus-
HOCTU W3OJIAIMKU B YUCTOM BHUje OyJeM CUUTATh ITU IKCILIyaTalu-
OHHbIE OGDBEKTHI OJAMHAKOBBIME 10 BeeMy Apyromy (110 HadaJbHOMY
MaKCUMAJTbHOMY Je6UTy HedTH U HAYAJbHBIM IOJBMKHBIM 3amacam
HedTH), KPOME MEKCAONHON (MEKIIACTOBOII) HEOJHOPOAHOCTH TI0
nporuiaeMocTH. IloouepeHas n3osa1ns 60ee TPOHNIIAEMBIX CJIOEB
(nmacToB) He yMeHbINAeT HAdYaJIbHBIA MaKCUMaJbHbIH (aMrmTy-
HBIA) e6UT, TOJBKO YMEHbBIIAET MOMYTHBIH OTGOP BBITECHSIOIIETO
areHTa, XOJIOCTYIO IIPOKAYKY BBITECHSIONIErO areHTta, Mpo/JieBaer
ot6op HedpTH M yBesnuMBaeT HedTEOTAAUYy IJIACTOB.

[lamee obpatmMcs K CHTyallul C HUCKYCCTBEHHO CO3JaHHBIMU
06bEKTaMU, KOT/a M3 HECKOJbKUX TIacTOB (KOHKPETHO, M3 Tpex)
6611 06pa30BaH OOIUI SKCILIyaTAIMOHHBIN 00beKT. Ilpu pemennn
Bomipoca 00 0OPa30BaHUM W3 HECKOJbKUX HEe(MTSIHLIX IJACTOB Ofl-
HOrO OGIIEr0 IKCILIYATAI[MOHHOTO 0ObEKTa [OJKEH ObITh IIPUMeHEH
HaIll KpUTepuii pamnuoHaabHocTn [2]. BaxxHo oTMeTuth, 4TO TIpHU
06beINHEHNH TIJIACTOB YHCJIO CAMOCTOSITETbHBIX CETOK CKBAXKUH U
COOTBETCTBEHHO O0O6IIee YHCJI0 CKBAKIMH YMEHBINATCS B HECKOJIb-
KO pas.

KopoTko, cyTb 3TOro KpuTepus PpalMoHAJbHOCTH COCTOUT B
TOM, 4TO OGbe/fiHeHle HECKOJIbKUX HeTSHbIX I1JIACTOB CUUTAETCS
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1eJIeco00pa3HbIM, €CAu TpH  00s3aTETBHOM OTOOPE  3aJaHHBIX
(yTBEpIK/IEHHBIX) M3BJEKAeMbIX 3amacoB HepTH IPOMCXOAUT YyBe-
JnveHne cpeinero ae6ura HedTU HA TPOEKTHYIO CKBAJKHHY, KOTO-
pbIil npejcTaBisier co6oil TTPOU3BE/eHNE HAYAJbHOTO MaKCUMAaJIb-
Horo (ammurygHoro) ae6ura m cpeaneil noam HedpTH B CyMMap-
HOM oT6ope XuaKoctu. [Ipu oObeMHEHNN HECKOJTBKUX He(TIHBIX
IJIACTOB OOBIYHO YBEJIUYHBAETCS WX OOIIas HEPABHOMEDPHOCTb BbI-
TecHenus HeTH — yBeJAMYMBaeTCs BeauunHa V? — pacyeTHoii 1o-
CJIOHOI HEOJHOPOJHOCTH 10 ImpoHunaeMoctu (B MepBOM BapHaHTE
He YBEJUYHMBAETCS, & BO BTOPOM M TPETbeM BapUaHTaX YBEJIUYNBA-
ercst). COOTBETCTBEHHO YMEHBUIAETCSI CPeAHSs A0S HeTH B pac-
YeTHOM CYMMapHOM OT6Ope >KUIKOCTH

—aVv?
(1 - Acp) =€ )

rre o = (1,25:K;)* npu yeaosuu, uto Ky — saganupiii koaddunn-
€HT WCIIOJIb30BAHUST MOJBUKHBIX 3amacoB HepTH paBeH WJIN
6osibiie 0,7 u paBen uau Mmenbiie 0,9.

Ecnau nedrsnple miacTel He OTIMYAIOTCS WM MAJO OTJUYAIOT-
Cs1 TI0 BeJIMYWHE PENPECCHH U JIENPECCUH, TO KPUTEPHUI PAIHOHAb-

o N 2 : n
HOCTH TIpMHEMMaeT ciaexyiommii sua: In—=>o-V2-V?), rie == —
n

* rL
COOTHOIICHNE YHCJIa He(l)THHbIX IIJIaCTOB — COOTHOIIEHUE aMIIJIn-

TYAHBIX ZeOMTOB 110 [[BYM YPaBHUBAEMbIM BapHaHTaM, Vf* u \/*2 -

3HaUYeHMsT OOIIEl pPaCcYeTHOW TIIOCJOWHON HEOJHOPOJHOCTH IO TeM
’ke BapuanTaMm. Ecau  BbINOJIHSETCS YCJIOBUE KPUTEPUS Paluo-
HaJIbHOCTH, TO NPUHUMAETCS BapUaHT C YUCJOM HeTSIHBIX ILJIac-
TOB N,

[lo nanHOMY KPUTEPUIO PAlMOHAILHOCTU TPHU

Koo 07 08 09
o 0,586 1,000 1,602

BTOPOI BapuaHT o6beJWHEHus TPeX ILIaCTOB
In3 = 1,099 > (0,714 — 0,333) = 0,381
BO BCEX PACCMOTPEHHBIX CJAyYasdAX ABJACTCA PAllMOHAJbHBIM
1,099 > 0,586-0,381 = 0,223;
1,099 > 1,000-0,381 = 0,381;
1,099 > 1,602-0,381 = 0,610,
TOT/Jla KaK TPETHi BapuaHT OObeJAMHEHUS TPeX ILJIACTOB
In3 = 1,099 > (1,782 - 0,333) = a-1,449
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BO MHOTHX PACCMOTPEHHBIX CJIyYasx He SIBJSETCS PAIUOHAJbHBIM
U He ObLT ObI PEKOMEH/IOBAH

1,099 > 0,586-1,449 = 0,849;
1,099 < 1,000-1,449 = 1,449;
1,099 < 1,602-1,449 = 2,322.

OpHako 6Jarofiaps CO3[aHHOMY XWUMHWYECKOMY pPEareHTy M I0-
ABUBIIEICSA BO3MOYKHOCTA KA4eCTBEHHON W30JAIMN OOBOJHEHHbIX
060c061eHHbIX HEDTSHBIX CJIOEB U IJIACTOB [AXKe B YCJIOBHUIX Tpe-
THEr0 BapuaHTa C O4YeHb BBICOKOH MeKCJIOWHOH (MekILTacToBOl)
HEOJHOPOJHOCTBIO MO IIpoHuiaeMoctu (pasauume 1O CcpemHeil
IMPOHUIIAEMOCTH B 3—9 pa3) BO3MOKHO OO0beJUWHEHHE IIJIACTOB B
OJIMH OOTIUH IKCTIYaTAITMOHHBII OOBEKT W COOTBETCTBEHHO 3HAUU-
TEJbHOE yMeHbllleHne OOIIero 4Yhcjaa MPOEKTHBIX  CKBAKHIH
(KOHKPETHO B TPETbeM BapuaHTe B 3 pasa).

Ecnu ydecTb, 94TO 9KOHOMHYECKHME 3aTPAThl HA XUMHUYECKUU pe-
areHT W TPOBEJIEHUE PEMOHTHO-U3OJSAIMOHHBIX PabOT IO CKBAXKHU-
HaM MHUHUMAaJIbHbIE, COCTABJISIOT BCEr0 €IWHUIIbI IIPOIEHTOB CTOHU-
MOCTH CaMO# CKBa)KMHbBI, TO SICHO, UYTO W3OJIAINIO0 OOBOLHEHHBIX
060c061eHHbIX HeDTIHBIX CJ0EB U ILJACTOB HAA0 OCYIIECTBJSATH B
60JbIINX MacliTabaX, IIOYTU I[IOBCEMECTHO, II0 BCEM CKBasKUHAM,
rle BO3HHKAeT B 9TOM Heo6xommmocTb. Ho asisg atoro Hazo ymerb
6e30MMO60YHO BBIIEISITh OOBOJHEHHBbIE 000cO6JeHHbIE He(TIHbIE
CJIOW W TLIACTBI, ONPEAENSITb WX WHIWBHIYAJbHbIE IeOUTHI JKHU/KO-
CTH U OOBOJHEHHOCTH.

Takum o6pa3om, 3/ech Oblaa MOKa3aHa BBICOKAST TEXHOJOTHYEC-
kasg (a moroMy u aKoHOMHYECKass) 3PPEKTUBHOCTD U3OJANMU 060-
co0JIeHHBIX HEe(TSIHBIX CJOEB W IJIACTOB, B TIEPBYIO OYEpEeab [I0-
CTUTIIUX WHIWBUAYAJTHHONU TIPE/IeJIbHO BBICOKOW OGBOIHEHHOCTH,
YTOOBI TTPOJIOJIKATH YCHEITHYI0 9KCIIyaTaluio OCTAJbHBIX MeHee
OOBOIHEHHBIX W HEOOBOJTHEHHBIX HE(TIHBIX CJOEB W TMJIAacTOB. Ta-
KYIO M30JISAIHUIO MOXKHO OCYIIECTBJSATh B GOJBIINX MacmiTabax Mod-
TH TI0 BCEM CKBAJKUHAM, IKCILTyaTHPYIOUMM MHOTO HEMTIHBIX CJIO-
€B ¥ IJIACTOB. IDTO pacimpsier mnpeaesbl 3¢ dekTuBHOrO nmpumene-
HYS MHOTOILJIACTOBBIX CKBa’KUH.



I'naBa 4

PACYET PASPABOTKU .
HEDTAHbIX MECTOPORKAEHNN

4.1. PACYET PASPABOTKHN HE®TAHDBIX IIJIACTOB
BEPTUKAJIbHBIMH U TOPU30OHTAJIbHBIMUI

[Iporecc u3BJyeueHus: 3amacoB HedTH U3 HEePTIHBIX IJTACTOB
XapaKTEePU3yeTcs YEeThIPbMS TapaMeTpaMu: o6mmM ae6utoM HedTH
Bceil cHCTeMbl CKBaXKWH, MOJABIKHBIMU 3amacaMu HedTH, ToKasa-
TeJieM HEPAaBHOMEPHOCTU BBITECHEHUS He(TH areHTOM B Ipejesax
tunmunoro (cpeanero) ssementa HeTAHON 3azsesku u Koabdu-
IUEHTOM pa3anuust GU3MUECKUX CBOWCTB HE(DTH M BBITECHSIONETO

CKBAKMHAMU

areHta, KoTopble 0603HauuM 0, Q,, V* u u,.

Ecau st ITapaMe€Tpbl HW3BECTHDI,

HUS Pa3paboTKu HePTIHON 3aJeKu, MOXKHO PACCUYUTATD:
JIMHAMUKY J100bruu HedTn

q(t) - LQ(t) E q(l)J

© . &
Q 2

JIMHAMWKY TOOBIYHU SKUIKOCTH

)
qFZ

) \
q
qt +(q<Ft> q(t))'uo; q<Ft>_ o (t) Eq(t)J
o 1 (t)
Qry *

U JUHAMUKY 4YuCJa paéOTaIOHII/IX CKBasK1MH

® (5. Q(Fto)

n® = Y% (t) n(.)
(t)

2. Q(t) (t)

a TaKJyKe€ TOJ0BYIO HOTpeéHOCTb B TEKYIIUX PEMOHTAX CKBaXWH
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An® =L .n®©
Tr

1 B KallUTaJIbHbIX pEMOHTax WJIN I_Iy6JII/IpOBaHI/II/I CKBaXnH

An®=_L.no
T

C
B srux dopmynsax: Q¥ — HavanbHble uM3BJIEKaeMble 3amachl
HedTH; Q,(:tO> — pacueTHble HaYaJbHbIE M3BJIEKAEMbIE 3aaChl KH/I-
KOCTH, KOTOpPBIE OIpe/eJisTioTcsl depe3 HadaJbHble IOBIKHBIE 3a-

Imachbl He(bTI/I Qf(rt) C Y4YE€TOM IIOKa3aTeJssd HE€PaBHOMEPHOCTU

(HeO/I[HOpO]j[HOCTI/I) Vig A - pacyeTHOW TIpe/lebHONU JOJU BBITEC-
HAOIEr0 areHTra B [eOUTe JSKUAKOCTH JOOBIBAIONIEll CKBasKUHBI,
KOTOpas MpsIMO CBsi3aHa ¢ A, — TIpeIeTbHON BECOBOM Jl0Jiell areHTa
B BECOBOM JIeOUTe SKUIKOCTH HOOBIBAIONIEH CKBAYKITHDI

e B
(1= A1+ A,

(()t) — Q](Et) . |,<3y Q'(%) — Q:;t) . F,

K3 = Kan + (K:nc - Ksu) : A’

FiK'ﬂl
! KoK
F = K:sn + (K;m - K3”) ° hl _— 1_ A=e i ™ Ran ;
1-A
— _Km

KSI(__ Kq =€ K=K _F — K? = ln KSK - K3H .

’ ’
K31( - K3H K31( - KBH K3K - }(,3
K, _t K 1

o 2; 31<=—2'
1,2+42-V 0,95+0,25-V

[Ipu nmpoektupoBanuy pa3pabOTKN HEMTSAHBIX 3aJeKell Hepe-

KO BIONHE BO3MOXHO GbiBaeT mpuuath P =gy n?; QY=

=Q}-nY; Q,(%) =Q,1:0-ng). Torpa ypasnenuss paspaboTkn HedTAHOI

3aJIeKM IMTPpUHUMAIOT BU

\

1 t-1
® Yo 1, A® (ORN
_—'QO'nO _qu)y

=1

Q
|
—
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o =0 + (o -4 ) -

)

1
) 9 1 (t) ®
g ——JL—-k qu 3
1 4

2

Qy+ %
1 /2 Q -1
n® Yo K R . r.|(t))
1
9 QFO e qé CIO =1

Harmomuum, 4T0 B MPUBEJEHHBIX ypaBHEHUsAX paspaborku Hed-
Ny, Q, m Qp Gepyrca Ha cepeiumy
paccmatpuBaeMoro t-ro roga paspaéoTKH, 4TO BeanYMHA KO3 Pu-
OUEHTa pPa3andunud (bl/ISI/IquKI/IX CBOP’ICTB He(bTI/I 1N BbITECHAIOIIETO

areHTa OoIpeJessieTcs MO Hee TOUeYHO COCPENOTOUEHHBIX (DUIbT-
PAIMOHHBIX CONPOTUBJEHUN 1O ciaeaymomeit dopmy.e:

TAHON 3aJIe)KU BEJNYUHbBI

u0=%-(1+u*)-v*,

rje W, — COOTHOUIEHWE IIOJIBUKHOCTEl BBITECHSIONIEr0 areHra u
HeTH B IJTACTOBBIX YCJOBHAX; Y, — BEC areHTa, 3aMelaloniero
eauanity Beca Hedpru (Ge3 yuera Beca pacTBOPEHHOTO B Heil rasa)
B TIJIACTOBBIX YCJOBHAX; uTO Q. — TOABIDKHBIE 3amachl HedTH,
paBHBIe OOIINM TeOoJOTHYeCKNM 3amacaM HedTn Qa, YMHOXEHHBIM
Ha koapdunuent ceru K, xoadpdumnuent soitecuenus K, u ko-

spunuent nagexnoctn K, eciu TOJIbKO He OCYIIECTBJISETCS

Ny6IpoBaHNe aBapHUITHO BBIOBIBIINX CKBAJKWH:
npu ay6JIMpoOBaHUT

Q.= Qa KKy
6e3 ay6upOBAHMS

Qn:QA'KWKz’Kz?-

Bemmunabr Q, — moABMKHBIX 3amacoB HedhTH u W, — Koaphu-
IHeHTa pa3anuus (PU3NIecKuX CBOWCTB HE(TH ¥ BBITECHSIONIETO
areHTa, He 3aBUCAININEe WJIN cjJafo 3aBHCANHE OT BUAA CKBAaKHUH
(BepTuKaJbHbIE OHW WMJM TOPU3OHTAJBHBIE), ONPENENAITCA W3Be-
CTHBIM TYTEM U 3/1eCh CUUTAIOTCS TTOCTOSIHHBIMU.
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3/ech ompenessioTCs Ba)KHEHINWe IapaMeTphbl, CHJBHO 3aBHU-
cAlMe OT BUAA CKBaKMH (BEPTHKANbHBIE WJIM TOPU3OHTAJIBHBIE), a
UMEHHO: (], — aMIUIUTYAHBIA Ae6ur ckBaxkuH (KpoMe BJIUSAHUS 30-
HAJIbHOM HEOJHOPOJHOCTH 0 HPOHUI[AEMOCTU CJIOEB U ILJIACTOB Ha
CHIKEHNE CpelHell MPOHUIAEMOCTH [JisI (PUIBTPAIIMOHHOTO TOTO-
Ka ¥ BJMSHUS MaJOTO YHCJa WCCJIEIOBAHHBIX CKBAXXUH Ha HAJIEX-
HOCTD OIpejie/leHns AuHaMUuKK 106 Hedptn) u V? — ofmas He-
PaBHOMEPHOCTDb BBITeCHeHHs HedTn areHtoM. /lemaercss ato s
PA3JIMYHBIX CXEM Pa3MENICHUS BEPTUKAJbHBIX U TOPU30HTAJbHbBIX,
JOOBIBAIONINX U HATHETATEIbHBIX CKBAXKUH.

Ha puc. 4.1 mnzo6paskeHbl cXeMbl pa3MelIeHUus BEPTUKAJbHBIX
CKBaKIH.

Ha puc. 4.2, ¥ opHopsgHas, po6bIBafoIas TOPU30HTAJbHAS
CKBa)XKMHA 3aMeHseT OJHy BepTUKajdbHyl. Ha puc. 4.2, b omxo-
psAnHasA, A0OBIBAIOIAS TOPM30HTAJbHAS CKBAXKUHA 3aMEHSIET [IBE
Bep-TukasbHble. Cxema puc. 4.2, ¢ aHajoruyHa cxeme puc. 4.2, b,
HO

a b c d

20 20 20
l Lad l Ll il Lad
A A A ./ J
-~ -~
R < ~
Py A 4 O O
A 7 A 7 A
N [al
~ ~
o Y Y — D Va
\J 7
o o~
~ ~ e
O A O
Y ~7 y A4
o -~
) )
oY A 4
A NS
[l
~
O
Y \~4
-
~ o1
- o2

Puc. 4.1. CxeMbl pa3MelnieHHs] BEPTHKAIbHBIX CKBa’KUH:
1 — maruplhuas; b — tpexplhuas; ¢ — omnoplhuas; d — maomazHas S5-Toueunas;
e — miomaanas obpamiennas 9-roueunasi; 1 — BepTUKaibHas JOOBIBAIONIAsT CKBAKII-
Ha; 2 — BepTUKaJbHAsl HarHEeTaTejibHas CKBa)KMHA
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20 _ 20 20
A L= 0 T | = — A
~ X
Yl o oo ® ~ &
\ 4
— —t— —t— —t— A 4
—7 @2
a b Puc. 4.2. Cxembl pa3MelieHHSI BepTH-
20 2c KQJbHBIX M TOPH3OHTAJBHBIX CKBaXKMH:
< > < > 1 — ropusoHTaJbHAS JOOBIBAIOIIAS CKBa-
1 l JKMHA; 2 — BepTHKaJbHAas HarHeTaTesb-
|4_>| I<—>| Hasl CKBa)KHHA
2 [ — T ¥
- —
Puc. 4.3. Cxemsl pa3MenieHnsi TOPHU30H-
TAJIbHBIX CKBaXKMH:
— —r—— 1 — ropmsoHTasJbHas J0OBIBAIONAS CKBA-
JKMHA; 2 — TOPU30HTAJIbHAs HarHera-
=7 =—) TeJbHAsT CKBAKUHA

B/IBOE COKpAIIeHO YHUCJO HarHeTaTeJbHbIX BEPTUKAJIbHBIX CKBa-
sk, Ha puc. 4.2, d mnuomaanas 1o0bIBaoNas TOPHU30HTAIbHAS
CKBa)KMHA 3aMeHsIeT TOJITOPBI J06bIBAIONINE CKBAKUHBI.

Ha puc. 4.3 uso6pakeHbl cXeMbl pa3MeIleHus] TOPU30HTAJIbHBIX
CKBAKUH: OJIHOPSI/IHAS TOPM30HTAJbHAS CKBAKUHA 3aMEHSIET OJHY
BepTUKaAbHYI0 cKBakmny (puc. 4.3, @) m OAHOPSAHAS TOPU3OH-
TaJgbHas CKBAKMHA 3aMEHSIET [BE BEPTHKAJbHbBIE CKBAKHUHBI (puC.
4.3, b), miomaab Ha CKBAXKMHY yBeJMUEHA BJBOE.

ONPEAEJEHHUE OBHIETO JEBUTA CKBAKHUH

Bepmuxanvhvie cxeaxunsl
Mmnozopsionoe pacnososxenue 000bl8aOUUX CKEAKUN

PaccmaTtpuBaeM 6osbinyio HeTSHYIO TJIONAAb, KOTOpas paspe-
3aI0IUMU HATHETATEJbHBIMU PSAJIAMU pa3pe3aHa Ha IMUPOKHUE TOo-
Jocel. Boigessiem onHy u3 noJsoc. B npejesax aToil 1MOJIOCHI MEKLy
JIByMsI TTapaJlieTbHBIMUA pPa3pe3afoluMi HATHETATEJIbHBIMU DPs/ITaMu
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HAXOJUTCS HECKOJbKO MapajiiesbHbIX JAOOBIBAIONINX PSA0B. Dynem
paccMaTpuBaTh S-PAAHYIO IOJOCY C S-10 JOOBIBAIOIUMU DPSIIAMH.
Bynem mpumensts upennoxkennyio IO.I1. BopucoBbiM pacueTnyio
CXEeMY 3KBHBAJIEHTHBIX (DUJIbTPAIIMOHHBIX COMPOTHUBJEHUN C BbI-
JleJIeHneM BHYTPEHHUX (UIbTPAIMOHHBIX COMPOTUBJIEHUI PSIIOB
CKBXMH U BHEIIHUX (UJIbTPAIMOHHBIX COMPOTHUBJIEHUN II0JIOC
HeMTSAHBIX IJIACTOB, PACHOJOKEHHBIX IEePe]] PIAaMU CKBAXKUH [0
MPEAbIAYIIUX PSIOB; S-PSHAS [0J0CA C CUMMETPUYHBIM PACIIOJIO-
JKEHMEM PSIIOB CKBAKUH COAEPKMT JBa 1-X psana, ABa 2-X psaaa u
onuu 3-ii psan. Mopmyny nebuta 3amumieM U OJHON CUMMETPHUY-
HOUl TIOJIOBMHBI S-PSAHON TIOJIOCKI, KOTOPAs COJEPKUT IOJIOBUHY
paspesaioniero HarHeTaTeJqbHOTo psiga (IOTOMY YTO HATHETATesb-
HbIT psifi paGoTaeT Ha /JBe CTOPOHBI, a Mbl PACCMATPUBAEM OJHY
cropony), oaun 1-ii gobbiBaiomuii psa (HoMepa AOOBIBAIOMINX Psi-
JIOB 10 TIOPSAKY MO Mepe yAajJeHusl OT HarHeTaTeJbHOTO Psza),
OJIMH 2-W JOOBIBAIONIUI PSAJl U TIOJIOBUHY 3-TO Psifia, KOTOPbIi pabo-
TaeT Ha JB€ CUMMETPHUYHBIE MOJOBHUHBI IOJOCHI, HAa3bIBAETCS CTsI-
TUBAIONMM U, KOrJa GyIyT BBIKJIIOYEHBI U3 paboThl 1-e u 2-e psimbpi,
OyieT CTATUBATH C JBYX CTOPOH (DPOHTHI BBITECHSIONIEN BOJIBI.
Dopmyay samnmiieM s Caydas, KOTJAa y BCeX HarHeTaTeJbHBIX
CKBKWMH OJMHAKOBOe 3a6oitHoe maBJjenune P, U y BceX J06BIBAIO-
HIMX CKBAKMH OJMHAKOBOe 3a00iiHoe paBJieHue P
@_ PCH_P(‘,n

W4

(2~wn+£21+0)1)—w1~
-
(01 +Qy+m9) — 0y 2
e 2 (09 +Q3+2-03)
rae g, — oOmmii ae6uT Bcell paccMaTpPUBAEMON  S-PSAHON  TI0-
Jocel HedTsHOU mnomaau; P, u P, — 3a6oiinble JaBjeHus HarHe-
TaTEeJbHBIX U JOOBIBAIONINX CKBAJKWH; ), — BHyTpeHHee (UIbTpa-

IIMOHHOE COIIPOTUBJIEHNE Pa3pe€3alollero HarneTtaTeJbHOIO pAlda

1 1 20
(,()H=_.L._-1n H ;
n, k-h 2n 2n -7,
91 — BHeEIIHEe (bI/IJIpraHI/IOHHOG COIIPOTUBJICHUE I10JIOCBI MEXKAY
HarHeTaTeJbHbIM U 1-M ZIOébIBaIOHII/IM pAfLaMU; w, — BHYTpPEHHEE

uabTpannoHHOe COMPOTUBJIEHNE 1-TO TOOBIBAIONIETO PSa,

u L . 1w 20,

. y (D1 ~i‘
k-h 20 n n k-h 2n 27,

c

’

Q, — BHemHee (PUABTPAIMOHHOE COMPOTUBJIEHUE TOJOCHI MEXKITY
1-M u 2-M JOOBIBAIOIUMU DPSIaMi; M, — BHyTpeHHee GUIbTPAIU-
OHHOE COIIPOTHUBJIEHUE 2-TO [0OBIBAIOINIETO PSIA,
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Q-4 _L . 1.
k-h 202'7’!2 Ny

Q; — BHelrHee (PUABTPAIMOHHOE CONPOTUBJICHUE MOJOCHI MEXILY
2-M u 3-M AOOBIBAIONIMMU PSIAaMK; W3 — BHyTpeHHee (UJIbTpallu-
OHHOE COIpOTUBJEeHNEe 3-TO JOOBIBAIOIIETO Psia,

L 1 1 205

3 . u -In 3 .

P M, ;

357 7

u
k-h 20503 3 ng k-h 2m 2n -7,

Cc

k-h
— — TUAPOIIPOBOJHOCTDb He(bTHHI)IX IJ1acToB, n,, Ny, Ny, N3
w

4lCcJa CKBaKUH COOTBETCTBEHHO B HarHerarejbHoOM, 1-M, 2-M u 3-M
no6pIBaloImuX psgax; 20,, 20,, 20,, 20, — pPaccTOSHHE MEX/1Ly CO-
CeJHUMHN CKBa)KMHAMHU COOTBETCTBEHHO B HarHeraTeJbHOM, 1-M, 2-M
u 3-M pobwiBatomux psigax; Ly, L,, L, — IITpUHA TOJOCHI COOTBET-
CTBEHHO MEXK/y HaTrHeTaTeJbHbIM U 1-M [0ODLIBAIONUM PS/IaMH,
Mexay 1-M m 2-M [O0OGBIBAIOIIUME PSAAMU, MEXAYy 2-M U 3-M 106bI-
BAIONUMHU PSIJIAaMU; ¥, — PAJNYC CKBASKUHBI.

s wimroctparum 3o GopMyJibI IPUBEIEM YNCJIOBOW TPUMED.

[IycTh rUAPOTPOBOAHOCTD HE(MTAHBIX IJIACTOB PaBHA LA 1,

n

U pa3HoCTh 3a6OMHBIX [ABJEHUI HATHETATEJbHBIX U JOOBIBAIOIIUX
cKkBakuH paBHa P, — P, = 100; ceTka pa3MelieHnsi CKBaKUH PaB-
HOMepHas KBajparHas: 20, = 20, = 20, =203 =400m u L, = L, =
= L; = 400 M, yaesbHad IJI0MIA/Ib HA CKBAKUHY S'= 20+ L =400 x

x 400 = 160 000 m> = 16 ra. [Ipu ob6iem yuciae CKBaKUH n0=n—2“+

+n1+n2+n3+n2+n1+n—2“=%+100+100+100+100+100+% =600 u

pa-auyce ckBaxkuHBI ¥, = 0,1 M momyuaercs

o =1L 1 0275-0,0102720,01,
100 27 2n-0,1 100
400
anasornyno w; = 0,01, w, = 0,01, w3 = 0,01; Q, =1-— =
400 - 100
= 0,01; amamormuyno Q, = 0,01; Q; = 0,01;
LI 100 =2750;

2 0,01

(2:0,01+0,01+0,01)-0,01-
0,01

(0,01+0,01+0,0D-001" ————————
(0,01+0,01+2-0,01)

o = 5500.
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A ecau ucKmounTh 3-it mo6biBaromuil pag (IPUHATD w5 = ©) U OT
S-PSAAHON TOJIOCHI TiepeiiTu K 4-psiHoll moJioce, TO Oyaer

D 190 272727, q,=54545.
(2:0,01+0,01+0,0D-0,01 ————————
(0,01+0,01+ 0,01

600 _
Busno, uTo o6iilee YUCIO CKBAYKMH YMEHDIIAeTCs B 00 1,2 pasa,
o 5500
a o6muit 1e6UT yMeHbIIaeTcs B 54545=1,0083 pasa. WckiounM

OJIMH U3 2-X JOOBIBAIOIIUX PSIIOB U OT 4-pSIAHON TOJIOCHI TIepeiiieM
K 3-psamgHOIl TIoJI0Ce

@ _ 100 =2666,67; q,=5333,33.

2 (2:0,01+0,01+ 0,01)—0,01-$
(0,01+0,01+2-0,00

600 _
Buto, uto o6liee YnCI0 CKBAXKMH yMEHbBIIAETCS B 00 1,5 pasa,
o 5500
a o0muil 1e6UT yMEHDbIIAETCsS B m=1,0113 pasa. Hckirounm

2-it mo6bBaromuit psax (IpuMeM w, = ©) U OT 3-pAgHON MOJOCHI
nepeiizieM K 2-psjHON moJoce

W0 s

600
Bugno, 4to obmiee 4MCA0 CKBa)KUH YMEHBIIAETCS B %=2pasa, a

o 5500
o61uil 1e6UT yMeHbIIaeTcsl B =000 = 1,1 pasza. Hakonell, uckaioyum

onuH u3 1-X JOOBIBAIOIINX PSIIOB U OT 2-PSIAHON TIOJIOCHI TIEepeiiieM
K 1-psmHOi mMoJIoCe

9 - 100 =2000; ¢, =4000.
2 (2:0,01+0,01+2-0,01) 0
600
Bugno, uto ofliee 4MCJIO CKBAKUH YMEHBITAETCS B 200~ 3 pa-
o 5500
3a, a OOl 7eOUT yMEHbINAETCS B M=1’375 pasa, ciaenoBa-

TEJbHO, Y/JEeJbHbIH Je6UT Ha CKBAKMHY YBEJIWYMBAETCA B

i=2,181852,2 pasa.
1,375
Takum 06pa3oM, NMpH TPOYMX PABHBIX YCJOBUSX IEPEXOJ OT

3-pSAHON TOJIOCHI K S-PSTHON MPAKTUYECKU HE yBEJWYUBAET OOUIUil
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ne6utr (ysenmnuusaer B 1,0313 pasa, HO mpU 3TOM elle HE YYTEHO
OTPUIIATENbHOE BJAUAHNE 30HAJIBHON HEOJHOPOAHOCTU ILIACTOB),
OJTHOBPEMEHHO yMEHbIaeT [Ae6UT Ha TPOOYPEHHYIO CKBAKUHY
(BMecTe Gepem moGbiBaroliue M HarHeratesbHbie) B 1,4545 pasa.
Hamportus, mepexon ot 3-psaHoil mojockl K 1-psgHOil  mosoce
yMeHbImaeT obmuit ge6utr B 1,3333 pasa m yBeamumBaeT AeOUT Ha
poOypeHHyIo cKBaKuHy B 1,5 pasa.

[Monyyaercs Tak, 4TO yBeJW4YeHWE YUCJIA JOOBIBAIONIUX PSJIOB B
[I0JI0Ce MEXK/y ABYMS Pa3pe3aloluMi HATHETATEJbHBIMU DSJIaMU C
3 10 5 M ganee TPAaKTHYECKW He YBeJMUMBAET OOmMi Ae6UT, HO
PE3KO CHIDKAeT JeOUT Ha TPOOYPEHHYIO CKBAKHHY. IJTO 00CTOS-
TEJBCTBO OODBACHSET (PaKTUUECKOE JOBOJHHO GOJBINOE TPUMEHEHNE
3-pAIHBIX TOJOC Ha pa3pabaTbiBaeMbIX HE(MTSIHBIX MECTOPOKIEHU-
ax. IlpeumymectBo 3-psAnHON MOJOCHI Tepes 2-PAAHON MOJOCOH B
TOM, YTO HUMeEETCS] IEeHTPAJbHBIH CTATHBAIONIUN JTOOBIBAIOIIN PSIT;
HO 06Ut 1e6uT 3-psAHOIN ToJ0Chl 60Jble Ae6uTa 2-PSAAHON T0JI0-
col Bcero B 1,0666 pasa, Torma Kak oflee YUCJIO CKBaKUH 6OJIbIIE
B 1,3333 pasa, a uncjo A00bIBAONNX CKBaKUH OoJibiie B 1,5 pasa,
¥ JOTOJTHUTENbHBINH AeOUT Ha [OTIOJHUTEJbHYIO CKBAKUHY MEHbBIIE

0,3333

0,0666

=5 pa3, a [IONOJHUTEJbHBIN JAeOUT Ha [ONOJHUTEJbHYIO

0,5
0,0666
pacyerax ObLIO TPUHATO TPUOJINKEHHOE IPABUJIO, YTO I10ObIBAIO-
HIMe CKBA)KUHBI, PACIIOJOXXEHHblE OTHOCUTEJbHO HarHeTaTeJbHbIX
CKBXXWH Ha 2-fl M Hocjexyonmx opOWTax, He BJIMIIT Ha OOIIyIO
06619y HeTH.

Tor ¢akt, yTo mepexon OT 3-PSAHBIX TOJOC K 1-pSAHBIM yBe-
JuuuBaetr e6uT Ha NpoOypeHHYI0 CKBakKMHY B 1,5 pas3a, a Ha BBO-
MMBbIX B pa3paboTKy HePTSHbIX MECTOPOXK/IEHHSIX TaKoil mepe-
XOJl TIOUTH HHUKOT/Aa He [eJaloT U OObIYHO NPUMEHSIOT 3-psii-
Hble, S>-psIHBIE W Ja’ke 7-psSAHbIE TOJOCHI, TOBOPDHT O pE3epPBH-
POBaHUM 3HAYUTEJIbHOM 4YacTM IIOTEHI[MAJbHO BO3MOKHOI IIpO-
U3BOANTEIbHOCTH He(TSIHBIX IJIACTOB. B KaKUX-TO CHTyaIusx
TAKOE pE3ePBUPOBAHUE IPOU3BOJAUTEIBHOCTH ObIBAET 11€J71€C000-
pasHo, B JPYrHX CHUTyalUsiX — HET; OCOOeHHO, ecju HedTIHbIe
MJIacTbl 06J1aJJal0T MOHWIKEHHON, HU3KOH W yJIbTPAHU3KON TNPOLYK-
TUBHOCTDIO.

OTMeTHM, 4TO BO3MOKHbI MHBIE IIyTH PE3e€PBUPOBAHUS IIPOU3-
BOAWNTEJbHOCTH He(TSIHBIX ILTACTOB, HAIPUMep IIOBBINIEHWEM 3a-
60IHOTO JaBJeHNS MOOBIBAIONINX CKBAXXUH U TOHIDKEHNEM 3a60ii-
HOT'O [aBJIeHMS HarHeTaTeJbHbIX CKBaXKUH OTHOCHUTEJIbHO IIOTEHIIU-
aJIbHO BO3MOXKHBIX YpOBHeil. /[pyroil mpuMep pesepBUpOBaHUS: IO

JOOGBIBAIONIYIO CKBKMHY MEHBINE B =75 pasa. Iloatomy B
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MHOTODSIIHBIM TI0JIOCAM  OCYIIECTBJISIIOT BbIPABHUBAHUE CPEJHUX
J1e6UTOB JOOBIBAIOIINX CKBAXKUH BCEX PSJOB 32 CYET IOBBIIMIEHUS
3a60iHOrO JaBJieHUs AOOBIBAIONINX CKBAXKUH TIEPBBIX PSIIOB.

Hagephoe, 6b1y10 61 TTPaBUJIBHO BCSIKOE PE3epPBUPOBaHUE U36BI-
TOYHOU TIPOM3BOUTENLHOCTH HE(MTSIHBIX TJACTOB TPATHTh Ha OJa-
TYIO 1IeJib TOBBIIEHNS HedTeoTAaun — OCYIIECTBJIATb MHOTOYNC-
JIeHHbIe Pa3HOOOpa3Hble TUAPOJUHAMUYECKUE WUCCJEIOBAHUS CKBa-
SKMH, MPOBOJUTD IIUKJIMYECKYI0 M 3HAKOIEPEMEHHYIO 3aKauKy BO/IbI
U MHOTO€ JIpyTroe.

Topusonmanvrnvie ckeaumvl
Odnopsionoe pacnonosxenue 000bi8AIOUUX CKEAKUH

Bompoc: B ueM NPUHIMIINAJBHOE OTJIUYUE OIPeeeHus OO6IIero
nebuta HedTSIHOU IJIOMIAMU HPU ITIPUMEHEHWH TOPU30HTAJIbHBIX
CKBQXHWH 10 CPAaBHEHMIO C NPUMEHEHHEM BEPTUKAJIbHBIX CKBa-
SKUH?

OTBeT: B OINpe/leJieHnd BHYTPEHHUX (UIBTPAIMOHHBIX COIPO-
TUBJIEHWH PSI0OB CKBA)XMH B COOTBETCTBUM C PACUETHOW CXeMOU
3KBUBAJEHTHBIX (UAbTpannoHHbIX conpotuBienuii [O.I1. Bopu-
coBa.

Tak, mpu NpPUMEHEHMM BEPTUKAJbHBIX CKBaXXMH BHYTpEHHee
(puabTpalMoOHHOE COIPOTUBJIEHUE PAJa OIlpeJesercs 10 CJAeLy-
forteir popmy.e:

1 n 1 In 20

W kel o mer,

a [pHU NPUMEHEHUH TOPU3OHTAJIBHBIX CKBAXKUH — TI0 CJEAYIOIIEN
dopmye:

B oTUX (opMyJax: 7 — UHCTIO CKBAXUH PACCMATPHUBAEMOTO PSIfIa;

k-h .

=~ = rHAPONPOBOAHOCTb HedTIHOro Mmiaacrta; 2 — addexTuBHAS

w

TOJIIUHA 3TOTO IJIACTA; 20 — PACCTOSIHUE MEX/y COCeJIHUMHU

CKBOKMHAMU Ps/ia; ¥, — PAJUYyC CKBAXWHDBI, [ — TOPU3OHTAIbHAS

JJTMHA TOPU3OHTAJIbHOI CKBAKMHBI B Ipejesax HeTSIHOTO Iacra.
OO6bIMHO Yy HePTAHDBIX ILTACTOB OINPEENAIOT JIBE TOJIIMHBL: 06-

myio u 3deKTHBHY0; mprudyeM o6mas 6bIBaeT 3aMeTHO WJIN 3Ha-

YUTEeMbHO O0Jibliie 3(PPeKTUBHOMN, MTOCKOMBKY o6mias, kpome 3d¢-
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exTuBHOI, BKIOUaeT B ce6s HeadpdekTuBHYO TOMIKUHY. OGBIMHO
HedTSIHbIE MJIACTBI COCTOSAT U3 HECKOJbKUX WJU MHOTUX ITPOHUIIA-
eMbIx HedTAHbIX caoeB (970 — addexTHBHAS TONMUHA) W HX
paszeISIoIMX HENPOHUIIaeMbIX mpocaoeB (310 — HeaddekTuBHAs
ToslMHA). DBbIBaer, 4YTO TOJIIMHA Pa3AESONMX  TPOCJIOEB
(HeaddexTnBHAS TOMMUHA) B ABA-TPU pasa MPEBOCXOIUT TOJIIH-
Hy nponuiaeMbix ciaoeB (acddexrusuyto toaumuy). Tak, Hampu-
Mmep, o XIII u XIV ropusoHTamM — OCHOBHBIM He(TSHBIM ILTACTaM
U3BECTHOTO OYEHb KPYITHOrO HEPTSHOTO MECTOPOXKIEHUS Y 3€Hb.
OG603HAYNM YHCJO TIPOHUIIAEMBIX HE(MTSIHBIX CJO0EB Yy paccMart-
pUBaeMoro He(PTSIHOTO TJIacTa 4Yepe3 n,, OOUIYI0 TOJNMHY HedTs-
HOTO TIacTa 4epes /., 9hGEeKTUBHYIO TOJMMUHY HedTSHOTO IJIac-

ta h, 3PPEKTUBHYIO TOJIIUHY OT/JEJbHOTO CJOS IJIACTa i, 06-
nCJ’[

IyI0 TOPU3OHTAJNbHYIO JJUHY TOPU3OHTAJBHON CKBaXUHBI B IIpe-

Jgenax HedTAHOro IJacTa [, TOPHU3OHTANBHYIO [JIUHY TOPH30H-

TAJbHON CKBAXUHBI B TIPEEax OTAEJbHOTO HE(TSIHOTO CJIOS

l'. .
hoﬁ en

C yueToM BCero sTOro MPH MHOTOCJIOHHOM He(dTSHOM IJIacTe
BHyTpeHHee (DUJIbTPAIIMOHHOE CONPOTHUBJIEHNE PsiZa TOPU30HTAJb-
HBIX CKBQKMH MMeeT BH/[L

o 1'(1n20'h06'”m hoé.
k-h 2n I-h A 2y |

T7ie 77 — YUCJO TOPU3OHTAJBHBIX CKBAXKUH B PAacCMaTpPUBAEMOM psi-
ny (Mm paccMaTpuBaeMbIX PSAAX); M., — YHCIO CJA0EB HePTSIHOTO

ILJIACTA; LAl THJPOIIPOBO/IHOCTD; figs 1 hi — o6miast u addexrus-
w

Hasl TOJIIUHBI 3TOTO HEMTSIHOTO MJIACTA; 7, — PAAUYC CKBAKUHBI.

[Ipu arom cdopmysa obiiero gebuta HedTAHON IJIOMAAN C Ye-
peloBaHUEeM IapaJijieJIbHbIX JIMHEHHbIX HarHeTaTeJbHbIX M J00bI-
BaIOIINX PsII0OB BEPTUKAJbHBIX CKBaKUH OyIET

P, -P

— CH (&) =
Go=—"71
0, +— QL+
2
= PCH_PCS
5 )
LA -i-ln Iu +l w L +l L -i-ln 20

n, k-h 2m 2n-7, 2 k-h 20-n n k-h 2n 27,
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rae n, — 4uUCJO HarHeTaTe/JbHbIX CKBaXMH; 77 — YMCJIO [[OébIBaIO-
MUX CKBAKUH; 20, — PACCTOSIHHE MEXJy COCEHUMHU CKBOKUHAMU
B HArHETATEJIBHOM Psifly; 20 — PACCTOSHHE MEXIY COCEeJHUMU
CKBa)KMHAMK B J0OBIBaioIieM psiy; L — paccrosHue MexIy HarHe-
TaTeJIbHbIMU U ZIOébIBaIOHII/IMI/I palaMu.

Dopmyna obiero ae6uta HedTAHON TJIOMAAN C YepeTOBAHUEM
IMapaJijieJIbHbIX JINHENHBIX PAAOB HarneTtaTeJbHbIX U Z[OébIBaIOH_[I/IX
TOPU30OHTaJIbHbIX CKBaXUH HMEET BU

= PCH _Pca =
q, 1
0y + - Q+w
= PLH_Pca —
B | 20, hogn., g In h
n, k-h 2m I-h I Ny 27,
—
o Lo w1 ohegney  hos b
2 kh 200m n kh 2n L I-h I ncﬂ~2m'c)

Dopmyna obiero ae6uta HedTAHON TJIONAAN C YepeTOBAHUEM
IMapaJjeJabHbIX JUHENHBIX PAAOB HarHeTaTEeJbHbIX BEPTUKAJbHbBIX
CKBa’XUH U I[OébIBaIOH_[I/IX TOPU30OHTAJbHDbIX CKBaXUH

qo = PCH PC3
W, +— QL+
P -P
= cH c3 —

(

N IDZO-hDﬁ'nCH I og h

-In ) .

I-h I Moy 2107,

[To mpuBeneHHEBIM (hOpPMyJIaM C/IeJaeM PACUETDI.

k-
[IycTth rUAPONPOBOJHOCTD IlJIacTa paBHA =1 a addexk-

u
THBHAasT 00IIast M TOJIIMHBI 3TOTO IJacTa paBHbl 2 = 10 M u A, =
= 20 M. Paguyc ckBaskunbl paBeH 7, = 0,1 M. PagHocth 3a60MHBIX
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JIaBJIEHNII HATHETATEJbHBIX U JOOBIBAIOIINX CKBaXXWH P, — P =
= 100. Cerka cKBa)XMH paBHOMepHas KBajparHas 20, = 20 = L =
= 400 M. OO6uiee 4ymca0 HarHeTaTeJabHbIX CKBaxkuH 7, = 100 u 06-
nee uncyao JgobbiBaiomux ckBakuH n = 100. OG6ias ropu3oHTaIb-
Hasg JJIMHA TOPW3O0HTAJbHON ckBakmHbI [, = 200 M. A umca0o Tpo-
HUIIAEMBIX He(PTAHBIX CJI0EB MOXKET OBITh 7.,: 2, 4 nwin 8.

Cuavasa onpezeaum oOuuii 1e6ut HedTIHON IJIOMAIN [ Ba-
pHUaHTa BEPTUKAJBHBIX CKBAYKUH.

DuabTpalmoHHble COTTPOTUBJIEHUS

. 400 _ 1 40275=0,01;
100 21 20,1 100

g=—tote 100 ____ 400,
0 o 0,01+ 0,005+ 0,01

Tenepnb omnpegemnm o6muii Ae6UT HeTAHON TJIOMAIN IS Ba-
pUAHTA TOPU3OHTAJBHBIX CKBAXKUH.
DuabTPAIMOHHBIE CONPOTUBJIECHUS

LL(IH QOH'hoﬁ'ncdvl + hoﬁ h \_
k-h 2m Lh L n ~2n-7}

T (o8 C

1
w =—
oy

141 ‘/1 40020 | 20 1, 10 20 \

n +lnn,, +—In nn,,
100 2nk 200-10 =200 2n-01 200 .

=L L(1,3863+02767+0,9-In7,,)=0,002647+0,001432 Inn,.;
100 2n .

©=0,002647+0,001432-1nn,; @=L _1._19__¢01.
k-h 20°n 100-400

OO6mwmit nebut HedTIHON TIOMIAAN

q0= PCH_Pca =

(V)

1
H+E-£2+u)
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100
" 0,002647 +0,001432-In7,, + 0,005+ 0,002647 + 0,001432-In7n,,,

_ 100
0,010294+0,002864-Inn,,

My oo 2 4 8

Go oo 8144 7010 6154

Kak BugHO, Ha  paccMarpuBaeMoll HeTSHOW TIJIOMAIN TIPHU
IIpOYrUX PaBHbIX YCJOBUAX NPUMEHEHUE TOPU3OHTAJIbHbIX CKBaYXXWH
BMECTO BE€PTHUKAJbHDBIX CKBAaKUH HNPUBOJAUT K YBEJIUYECHUIO oémero

neéuta B 1,539+2,036 pa3a.
A ecsm 661 HedTAHOW TTaCT GBI MOHOJUTHBIM /2 = l,g= 10 M 1

N, = 1, To GUIBTPAIIMOHHBIE CONPOTUBJECHUS ObLIN ObI
2 l/
w om0, kg b
"on, keh 20 L L L 2mr
1 (1 400 10 10 )
=L Mo )

420, 19 10 _0,001323;
100 2¢ 200 200 2701

o = 0,001323; Q@ = 0,01, a o6muii xe6uT HedTAHON TMJIOIAAN
OBLI OBl

= PCH - Pca =
q, -
0y + - Q+w
2
- 100 ~12 663,

0,001323+ 0,005+ 0,001323

qTo BBIIIIEC, yeM 10 BapuaHTy BEPTUKAJTBHDIX CKBaXH B
12663 _ 3 1658 pasa.
4000

A ecau 6bI TOPU3OHTAJIbHAS JJWHA TOPU3OHTATHHOW CKBAKWHBI
6bl1a ObI paBHA PACCTOSHUIO MEXKAY COCEJIHHMU CKBAKMHAMU B
pany [. = 20, = 20 = 400 M, TO ToOrma oOmumit mebut HedTIHON
roniagau Obi Obl

_ 100
0,00011+ 0,005+ 0,00011

9o =19 156,

4YTO BbIIIE, 4YeM IIO BapuaHTy BEPTUKAJbHDIX CKBa’XKHH B

19156 = 4,7891 pasa.
4000
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A ecsim 6b TOPU3OHTAIBHAS [JUHA TOPU3OHTAJBHOU CKBAKUHBI
6b1y1a 661 BTpoe Goabiie [, = 3-:400 = 1200 M, HO CKBaKUH OBLIO ObI
BTPOE MEHbBIE, TO JAeOUT TOPU3OHTAIBHOW CKBAXKUHBI JOTOJHU-

TEJIHHO YBeJu4usics Obl BTPOE C %=191,56 no 191,563 =

100

= 574,68.

IIpu sTOM [e6UT TOPU3OHTAJIBHON CKBAKMHBI CTaJ OblI BbIIIE
Je6uTa BEepTUKATbHOU CKBasKMHBI B 4,7891-3 = 14,3673 = 14,4 pa3a.

Takum o6pa3oM, ObLIO TOKA3aHO, KOT/IA, B KaKUX YCJOBUSX JIe-
OUT TOPU3OHTAJIBHON CKBaKWHBI ObIBaeT Bbille [eO6UTa BEPTUKAJb-
HOHN CKBa)kuHbI Bcero B 1,5+2 pasa, Korja B 3,2+4,8 pasa u maxe B
14,4 pasa. IlomuepkHeM, UTO 3HAuMTEJbHOE IPEBOCXO/ICTBO IO JIe-
6UTY TOPU30HTAJbHBIX CKBXMH MO CPABHEHUIO C BEPTUKAJbHBIMU
CKBa)XUHAMU HAGJIOAETCS IO MOHOJUTHBIM HEMTSIHBIM IJACTAM.

Tenepb BepHEMCS K MHOTOCJOWHOMY He(PTSHOMY TJIACTy € 06-
nreit TosmuHon fi,, = 20 M u adpdexTuBHON ToMmMMHON £ = 10 M, K
PaBHOMEPHOHN KBaJpaTHOU CeTKe CKBaXXWH 20, = 20 = L = 400 ™
Npu pajuyce CKBaXuHbI 7, = 0,1 M.

Ompenenum o6iuuit ae6UT HePTAHON ILIOMAAM [JII BapHaHTA
BEPTUKAJbHBIX HATHETATEJIbHBIX CKBAXKWH M TOPU3OHTAJbHBIX JIO-
OBIBAIONUX CKBAKWH C TOPU3OHTAJbHOW asmHON [, = 200 M:

= Pcn - P(:a — 100 .
D 1 0,01+0,005+0,002647 + 0,001432-1nn, , ’
W, + 5 Q+w
[/ 2 4 8
Qo ovveennnnnn 5364 5094 4849

Kak BugHO, 3aMeHa TOJIBKO MOJIOBHHBI BEPTHKAJIHHBIX CKBAKUH
TOPU3OHTAJHHBIMU YBEJIMUUBAET OOMMi Ae6UT HePTIHONW TIOMAaN
B 1,2121+1,3413 pasa; okasbIiBaeTcs, YTO yMEHbINEHNE TTPUMEHEHUS
TOPU30HTAIbHBIX CKBAXXMH B 2 pasa IPUBOJAMUT K CHIKEHUIO 3¢-
6154 - 4000
——— =25371

(I)eKTa OoT HuX IIpUMEHEHUA B
4849 - 4000

pasa u

8144 - 4000 _ 3 381 pasa.
5364 - 4000

TakuM 0o6pa3oM, TIOJIydyaeTcsl, YTO COYETAHWE BEPTUKAJBHBIX U
TOPU30HTAJIbHBIX CKBAKMH He yBEJIMYHBAET, a, HA060POT, yMeHb-
HIaeT OTHOCUTEJbHYIO 3(PPEKTUBHOCTb TOPU3OHTAJIBHBIX CKBAXKUH.

[lanee paccMOoTpuM ApPYroil BapuaHT HeTSIHOW TJIOMAIN C IpY-
UM COYETAHWEM TOPU3OHTAJBHBIX JOOBIBAIONINX W BEPTUKAJbHBIX
HaTrHeTaTeJbHBIX CKBAKUH.

[lokaxkem pasMelieHre TOPU3OHTAJbHBIX U  BEPTUKAJIbHbBIX
CKBaXWH Ha cXeMe, U300paKeHHOW Ha puc. 4.4.
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Puc. 4.4. Cxema pa3mMenieHusi BePTHKAJbHBIX HArHETAaTeJbHbIX M FOPH3OHTAJIBHBIX
JOGBIBAIONINX CKBaXKHH

JTa cxeMa HWMeeT CXOJICTBO C M3BECTHOU oOpalieHHoit 9-touyey-
HOM cXeMoi IIomaaHoro 3aBogHeHns. Ho Tam Bce BepTHKaJibHBIE
CKBa)XUHBI, U B SYEHKY CETKU CKBAKWH BXOJST YETbIpE YETBEPTU U
YeTbIpe MOJIOBHHBI J0OBIBAIOINX CKBAXXUH U OJHA IEHTPAJbHAs
HaTHETaTeJbHAas CKBAKWUHA. A 3/1eChb B IIEHTPE KBAJPATHOI SYeiiku
O[JHA BEePTUKAJIbHAS HArHeTaTeJTbHAas CKBAKWHA M IO CTOPOHAM
KBaJl[paTa 4eTbIpe TOJIOBUHBI TOPU3OHTAJHHBIX TOOBIBAIOIINX CKBa-
JKUH.

O6uuit 1e6ut HedTAHON IJIOMAAN C CETKON TOPU3OHTAJBHBIX
U BEPTUKAJIbHBIX CKBAKUH OIpeJessdercs Mo cJjeayioiieir ¢op-
MyJIe:

2
w =t p % ho Qo _ w1
"okeh 2n 2mer, Eeh (4-26) k-h 4
(2
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(D=Li(1n 20-1106.71(:]1 +h_06.1n

k-h 2n L-h I Moy 2107,

Ilpu ny =n, + n =67 + 133 = 200, P, — =100, =1, hy=
u

=20™M, h =10 ™M, 20 =400 M, 7. = 0,1 M, [, = 200 m

=11 1n2% 210, @=1-1-0,25;
21 2101 4

ety 40020 20 1 1020 )

. +Inn, +—
2 | 2010 T 200 20t 200 e

=0,2206 + 0,0440 + 0,1432 - In n,;

200 100 _ 20 000
T~ 73 10+0,25+ 01323+ 0,0716-Tnn,, _ 41469+ 0,2148In7,,

e 2 4 8
To oo 4656 4500 4354

Kak BuAHO 1O 3TOi cXxeMe pa3MelleHHus] BEPTUKAJbHBIX Harte-
TaTeJbHBIX W TOPU3OHTATBHBIX JOOBIBAIONIMX CKBAJKWH, IO CPaB-
HEHUIO ¢ Ipeabiaynieil cxemoi (4epemoBanme JMHEHAHBIX HarHera-
TENTBHBIX U JOOBIBAIOMINX PSAAOB CKBAKMH) IPH BCEX MPOYUX OJU-
HAKOBBIX YCJIOBHUSIX HMPOUCXOJUT yMeHbllenue obiiero nebura ued-

4849 5364
TSIHOU ILJIOIIAJHN B yreTie 1,1137 paza u B 2656~ 1,1521 pa3za, xorsg
COOTHOIIIEHNE TOPUBOHTAJBHBIX U BEPTUKAJIbHBIX CKBAKUH YBEJIHU-

100 133
yuBaeTcsl B 2 paza ¢ — =1 10 —=2.
100 67

Vuem pasiudus nodeusxmnocmer BblMeCHANULLZ0 dzeHmda
u Hecﬁmu 6 NJAACMOBbLX YCAOBUAX

Takoii yuer oco6eHHO HEOOXOIUM IMPU 3aMETHOM U 3HAYUTEJb-
HOM pas/Muuy HOABMKHOCTEH BbITeCHAMOMEro areHra (3aka-
4YuBaeMoiil Bofbl) M HeTH B IJACTOBBIX YCJOBUSAX M NPUMEHEHHH
BEPTUKAJIBHBIX HATHETATEJHHBIX CKBAKUH, WMes] B BHIY KOJOC-
CAJBHYI0 COCPENOTOYEHHOCTh (DUIBTPANMOHHOTO COIPOTHBJIEHUS B
UX Mpu3a00WHBIX 30HAX.

Y:xe mnpuBejenuble 31ech (HOPMYJIbI, TIOKA HE YUYHUTHIBAIOIIUE
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pasJyinune TOJBUKHOCTEH, BIIOJHE TPUMEHUMbBI Ha 3aJeXaX U Mec-
TOPOXK/IEHUSAX MAJIOBA3KON HedTH, Trie pasjnyus MOJABUKHOCTEN
HET WJIM OHO HeBeJWKo. Takux 3ajeskeil W MeCTOPOXKAEHUH [0-
BOJIbHO MHOTO B 3amajgHoii Cubupu, HO UMEIOTCS W B APYTuUX Hed-
TeJOObIBAIONINX PalOHAX.

Ydyer pazsndus MOABUKHOCTEH COCTOUT B TOM, 4TO B (hopMyJie
obriero ne6uta HedTAHOU TJIONAAN BHyTpeHHee (DUIbTPAIMOHHOE
COTIPOTUBJIEHNE HATHETATEJIbHBIX CKBA’KMH YMEHDIIAETCS [leJIeHuEM
Ha BEJUYMHY W, — COOTHOIIEHMS NOJABMXXHOCTEH BBITECHSIONIETO
arenTa (3aKaunmBaeMoil BO/bI) U HedTH.

[Ipu dyepenoBaHWUM JWMHEHHBIX HATHETATEJBHBIX U JTOOLIBAIOIIAX
PSIIOB

q,= P =P

0

Ony Qv
we 2

B KOHKpeTHBIX PacCMOTPEHHBIX YCJOBMSIX, KOIJla BCE CKBAaXKU-
Hbl BEepPTHKaJbHbIE, 3Ta (OpMyJa NPUHUMAET BUJL

g = 100
0 P
001 4,005+0,01
Wy
THR 1 3 10 30 100
To o 4000 5455 6250 6522 6623

Korza Bce CKBaskMHBI TOpPU30HTAJIbHBIE, 3Ta (OpMyJaa IPUHHU-
MaeT BU[

100

4= . ;
0002647+ 0,001432:In"es ¢ 054 0,002647 + 0,001432- Inn,
W,

Py oo 2 4 8
0,002647+0,001432-In n,, ....... 0,003640  0,004632  0,005625

3HaveHus ¢, IpuBeJeHbl B Tabmd. 4.1.

Tabnuya 4.1
nm qO HPH M*
1 3 10 30 100
2 8144 10149 11106 11414 11526
4 7010 8948 9906 10218 10332
8 6154 8000 8939 9249 9362

Korma BepTuKa/ibHble HaTrHeTaTeJbHBIE CKBAKUHBI U TOPHU30H-
TaJibHble J06bIBAIOIINE CKBAXKUHbBI, dopmyna obiiero meburta Hed-
TAHOM IJIONAJAN TTPUHUMAET BUJI
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100

%="501 :
S0 0,005+ 0002647 +0,001432 17,

W

3HaueHus ¢, 1Js1 ATOrO cjydas IpuBefieHbl B Tabu. 4.2.

Tabuua 4.2
ncn qO npum W,
1 3 10 30 100
2 5364 8352 10373 11144 11442
4 5094 7713 9406 10035 10275
8 4849 7164 8602 9125 9324

IIpu pasmeliennu BepTUKAJbHBIX HAaTrHETAaTeJbHBIX U TOPHU30H-
TAJTBHBIX JOOBIBAIOIINX CKBAKUH B BUJIE STYEEK, KOT/A B KAKIOW
siuefiKe MEeHTPAJbHYIO BEPTHKAJIbHYIO HACHETATEJIbHYIO CKBAKHUHY C
Y4eThipeX CTOPOH OKPYIKAIOT FOPU3OHTAJbHbIE J00bIBAIOIUE, OOIIHIA
ne6ut HedTSHOU TJIONMAAN OIpeessercs To ciaenyiomein ¢op-
My.JI€:

q =ﬂ. PCH_Pca
o .
3 Ou,0, @

2

B KOHKpPETHBIX paccMaTpUBAEMbIX yCJOBHAX 3Ta (opMyJia MpH-
HUMaeT BH/[L

200 100

D 3 10

W,

+0,3823+0,0716-Inn,,

3HaveHus ¢, IpuBeaeHbl B Tabu. 4.3.

Tabruua 4.3
nrn QO npu W,
1 3 10 30 100
2 4656 8712 12533 14329 15085
4 4500 8181 11463 12948 13562
8 4354 7711 10562 11809 12319

JTa cXeMa pa3MellleHHs] BEPTUKAJbHBIX HarHeTaTeJbHbIX U TO-
PU3OHTANbHBIX J00bIBAIOIMX CKBaskuH (COOTHOLIEHHE TIOPU3OH-
TaJbHBIX U BEPTUKAJIHHBIX, HAOOBIBAIONINX M HArHETATEJTbHBIX paB-
HO m = 2) NP PasJM4YMU MOJBMKHOCTE BBITECHSIONIETO areHTa u
HedtH paBHOM Myu OoJiblie w, = 3 obecriednBaeT 6oJiee BBICOKUN
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obmuii 1e6UT HedTAHON IJIOMAIN, YeM CXeMa C 4YepelOBaHueM
JINHEHHBIX PSIOB BEPTUKATIBHBIX HATHETATEJNbHBIX U TOPU3OHTAJIb-
HbIX J00BIBAIONMX CKBaXUH (COOTHOIIEHNE TOPUBOHTAJNBHBIX U
BEPTUKAJIbHBIX, JA0OBIBAIONIMX M HATHETATEJbHBIX paBHO m = 1), a
MpY pas3jMuuy MOJBYKHOCTEN, paBHOM wWuu GoJbmie w, = 10, obec-
neywBaeT 6oJiee BBICOKMIT OOIMU AeOUT, 4eM cXeMa C YepeIOBaHU-
eM JIMHENHBIX HATHETATEJbHBIX U JOOBIBAIOIINX PSIJI0B TOPU30H-
TAJIbHBIX CKBAKMH.

ONPEAEJEHUE HEPABHOMEPHOCTH BBITECHEHHA HEDTU

ITokasarenb HEPABHOMEPHOCTU BbITECHEHUA He(l)TI/I areiToMm B
THIUYHYIO CPeAHIO AOOBIBAIONIYI0 CKBaKMHYy o6Go3Hadaercss V2.
STOT IIOKa3aTeJib AJO0J/IKE€H OXBaTUTb [[efICTBI/Ie BC€X OCHOBHbBIX U
CYIIECTBEHHBIX (DAKTOPOB, IPEXKJ/E BCErO MOCJIONHYIO HEOIHOPO/I-
HOCTb TIO0 TPOHHUIAeMOCTH He(TAHBIX ILIACTOB, MOKA3aTeNlb KOTO-

poii o6o3HauaeTcs Vf; 3aTeM HEePaBHOMEPHOCTb CTATWBAHUSA

(poHTa BBITECHEHWSI K paccMaTpuBaeMoil J0O6bIBaioNIell CKBasKMHE
C Pa3HBIX CTOPOH OT Pa3HbIX HATHETATEJbHBIX CKBAKWH, KOTOPas
3aBHCHT OT 30HAJLHOW HEOJHOPOMAHOCTH HEQPTIHBIX ILIACTOB IO
MPOAYKTUBHOCTU ¥ YyJEJbHONH MPOAYKTUBHOCTH Ha enuHuily ad-

dbexrupHoil ToMMMEBL 1 0603HavaeTcs V', 3aTeM IeOMETPHUYECKYIO

HEPaBHOMEPHOCTb BbITECHEHUA He(bTI/I areHToM, HaéﬂIO[[aeMyIO B
npejgenax OAHOPOAHOTO CJIOA, KOTOpadA 3aBUCUT OT CXEMbl B3aMMHO-
T'O pPaCIlOJIOJKEHUA lIO6bIBaIOH_II/IX N Harb"deraTteJbHbIX CKBaXMH, OT
TOro, KakKue€ 39ThU CKBaKMHbI — BEPTHUKAJIbHbIC WJIMW TOPU3OHTAJIb-

Hble, 1 0603HAYaeTCA Vf. Kpome Toro, MOTyT 6bITH U JPyrHe BUIIBI

HepaBHOMepHOCTH  (HEOJHOPOAHOCTH), HANpPUMEP, BJIUSHWE Ha-
YaJbHOTO TOPU3OHTAJIBHOTO TIOJIOKEHNST BOAOHE(PTSIHOTO KOHTAKTA
(BHK) B HakKJOHHOM HedTIHOM 1LIAcTe, Kak OyATO [0 Hayasa
paspa6oTki HeTSHOTO MJIacTa MPOU3OIIJIO BHEJPEHHE KJINHA 3a-
BOJIHEHUSI.

Bonpoc AOMOMHUTENBHOTO y4YeTa 3TOr0 M BO3MOMKHBIX JAPYTUX
(axTopoB sABJIsgETCS CYyry60 KOJMYECTBEHHBIM: Ja, UX CJEAYeT y4u-
TBIBATH, €CJIU M3-32 HUX MPOMCXOAUT 3aMETHOE yBeJaudeHue obiei
HEPaBHOMEPHOCTU BBITECHEHUSI HeTH.

PesyabTupyionuii MmoKasaTeJ b HEPABHOMEPHOCTH BBITECHEHUS
ompefiessieTcst Mo caeayiomeit hopmy.e:

A+V)=U+V)-U+V)-U+ V).
Tpy/iHee BCETO yCTAHABIMBACTCS nepeas Komnowenma V? —

219



noxazamesav MNOCAOUHOU HEOOHOPOOHOCU NO  NPOHUUAEMOCTRU
IKCNAYAMUPYEMBIX HEPMAHBLX NAACOE, TIOTOMY YTO 3TO — IIOKa-
3aTesJib MaJION3BECTHOTO BHYTPEHHErO CTPOEHUs ILIACTOB, M TIO-
HACTOSIIIIEMY €T0 MOKHO OIpeNeJUTh JHIIb Iocje OOBOJHEHUS
HpeﬂCTaBHTeJIbHOﬁ I'PYIIIIbI BEPTUKAJbHDIX IIO6bIBaIOH_II/IX CKBa’K1NH
Ha paccMaTpuBaeMoil HedTSHON TJIONMAAM; elle MOKHO OIlpeje-
JIUTHb II0 aHaJIOTUM| IIO d)aKTI/II{GCKOMy 06BO£[H€HI/HO Z[OébIBaIOHlI/IX
CKBa’XMH Ha APYIruX CXOJAHDbIX IIO I'€O0JIOr'MY€CKOMY CTPOECHUIO He(p-
TSIHBIX TLJIOIAISAX, TIPU 3TOM MOXKHO OCYIIECTBJSTh KOPPEKTUPOBKY
oTipefiesisIeMOll TIOCJIOIHON HEOJHOPOJHOCTH C YYETOM pasJndus
TOJNIWH U YHcaa 060COOJEHHBIX HEePTSHBIX CJ0eB y HePTIHBIX
mractoB. OGBIYHO MOKA3aTeNb TOCJOWHON HEOMHOPOAHOCTH OBIBAaET

B IIpejesax OT Vf =0,333 o V12 =0,667.

Bmopas xomnonenma V) — HepacHOMEPHOCMb CMAZUCAHUS
Gpponma evimecHenus ¢ pPA3HLLX CMOPOH OM PA3HLIX HAZHEMA-

MEeALHLIX CKGAXUH — YCTAHABJIMBAETCS C ydeToM V72 — 30HAJbHON
HEOJHOPOJHOCTH  HedTAHBIX  IIJIACTOB 110  IIPOJAYKTUBHOCTH
(yIesbHOI MTPOLYKTUBHOCTH), HAGI0aeMOIl 10 CKBasKMHAM, U 7, —
qrICc/Ia BO3/eHCTBYIOMNX HATHETATEJbHBIX CKBAXKUH IO CJEAyIoIei

(opmy.e:

2
fey2=ttV

2 2

1+—=2-

1y

KOTOpasi IPUMEHNMA TPH OOBIYHBIX BEPTHUKAJBHBIX CKBAXXMHAX U
20 — pACCTOSIHUU MEXK/y COCEHUMH CKBa’KHHAMH, MPUMEPHO paB-
HOM WJju GoJibiiie d — 1Iara XaoTHYeCKON M3MEHSIeMOCTH, KOTOPDIH,
CyJsl IO OIPe/eJIEHUsIM MO IJIacTaM MHOTMX HeTSHBIX MECTOPOIK-
Jenuii, 6piBaer B mpegenax ot 300 M g0 500 M.

Hamnpumep, 1pu IpUMEHEHUH BEPTUKAJBHBIX CKBAXKUH IIPU W3-
BECTHOU 5-TOUYEUYHOW cXeMe, KOrja y BCeX JAOOBIBAIONINX CKBAsKUH
cTsirnBaHue (POHTA BBITECHEHUS] POMCXOJUT C YETBIPEX CTOPOH
OT YeThIpeX pa3HbIX HArHEeTATEJbHBIX CKBAKUH, IIPH 30HATHHON

HEOHOPOJHOCTH HE(MTAHBIX TJIACTOB TI0 MPOAYKTHBHOCTH V2 = 1
HEPABHOMEPHOCTb CTITUBAaHMS (PPOHTA BBITECHEHUSI [OJIYYAeTCs
paBHOIA
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[Ipu Takoii ke 30HAJBbHOU HEOJAHOPOIHOCTH HE(MTAHBIX IIJIACTOB

MO0 TMPOAYKTUBHOCTH V72=1 mpu JWHEHHOM 3aBOJHEHUH C Yepeso-
BaHNEM JIMHEHHBIX HArHETATETbHBIX M IOOBIBAIONINX PSZOB Y BCEX
JIOOBIBAIONINX CKBAXKWH CTATHBaHUE (PPOHTA BBITECHEHUS IMPOUCXO-
JUT ¢ JABYX CTOPOH ¥ TO3TOMY HEPABHOMEDPHOCTH CTSTUBAHUS
(¢poHTa BBITECHEHUS paBHA

2
1+v22=%=%=1,333; V2 =0,333.
142 1+5

OGpatuM BHUMaHWE, YTO W3BECTHYIO S-TOUEYHYIO CXEMY ILJIO-
[AJHOTO 3aBO/{HEHUSI TOXKE MOYKHO IIpe/CTaBUTb cebe B BHJE JIHU-
HEWHOro 3aBOJHEHUS C 4YepeOBAHMEM HaTrHeTaTeJbHbIX U JI00bIBa-
IOIUX PSI/JIOB, €CJU Ps/ibl IPOBOJUTH HE 110 CTOPOHAM, a 10 JIharo-
HaJISIM KBajipatHoil ceTku. Ho mpu atoM paccTosiHiie MeXKIy psija-
M GyJleT BABOE MEHbIIE, YeM MeK1y CKBasKMHAMU B psgax (Meskmy
COCEHUMM CKBa)KMHaAMKM Jjo6biBaoniero (MM HarHeTaTeJbHOTO)

pana paccrosuue Gyner \(20)* + Qo)® = «/5 20, a MEeXIy Cocel-

HUMHN I[OébIBaIOHII/IMI/I N HarbderaTeJbHbIMU pPAJaMU PaCCTOAHUE

l\/ (20)? + (20)2 =2 -20), y BCeX JA06GBIBAIOMINX CKBA)KMH CTATHBA-
2

une (GpoHTa BbBITeCHeHWS OyAeT C YeThIPEX CTOPOH, W HEPaBHO-
MEPHOCTb CTsATMBaHUs (POHTA BbITeCHeHUs OyneT 3HAYUTETbHO
BbIllie! DTO MBI OTMETUJIM C SIBHBIM YMBICJIOM, BE€/lb HEPEJKO MpHU
O/IMHAKOBBIX PACCTOSIHUSX MEXKAY JUHEHHBIMHU PSaMu U MEKIY
CKBaJKMHAMHU B psifiax L = 20 psifibl CMEIAoT Ha BEJIUYUHY O —
MTOJIOBUHBI PACCTOSIHUS MEXKAY CKBAKUHAMHU, TIPU ITOM JIOMAETCS
paBHOMEpPHAsT KBaJpaTHAst CETKAa pas3MeIeHNs] CKBaKWH; eJaeTCs
9T0 ¢ 6JIaroil 1[e/IbI0 YMEHBIIEHUsI HEPABHOMEPHOCTH BBITECHEHUS
HedTH, HO MPH 3TOM YBEJIUYMBAETCS YHCJIO CTOPOH IOJXOJA
(bpoHTa BBITECHEHUS W B CHJIy 30HAJIBHOW HEOJHOPOAHOCTH TLIAC-
TOB YBEJNYMBAETCS HEPABHOMEPHOCTb BbITecHeHUs1. OKasbIBaercs,
TO, YTO XOPOIIO B YCJOBHIX 30HAJbHO OJHOPOIHOTO ILJIACTA, B yC-
JIOBUSX 30HAJBHO HEOAHOPOIHOTO MOJKET OBITH HEXOPOIIO!

IIpy mnpuMeHEHHWH TOPH3OHTAJbHBIX CKBaXKHH C He OYEeHb
GOJIBIIION TOPU3OHTAJBHON AJUHOW [, KOrJa KaskJas TOPU30HTAJIb-
Hasl 3aMEHSIeT OJIHY BEPTUKAJBHYIO CKBaXKUHY, PAacyeT BeJMYHHDBI

Vf — HEPaBHOMEPHOCTU CTATUBAHUS (DPOHTOB BBHITECHEHUS MOKET

OBITH TIPEKHUM.
[TosicHuM Ha YUCJIOBOM IPHUMEPE.
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Ha nedranoii momaan — uepegoBaHHe JUHEHHBIX HarHeTa-
TEJbHBIX U JOOBIBAIOIIUX PSIOB, COCTOSIIUX TOJBKO U3 TOPU3OH-
TaJbHBIX CKBaXKMH. PaccTOSHUS MEXAY pANaMU M MEXAY CKBAKH-
HaMU B pgjax OJAWHAKOBBI U paBHbl L = 20 = 400 M, TOpM30HTAD-
Hasd JJIMHA y TOPU3OHTAJBHBIX CKBakuH paBHa [, = 200 M. Ioaxon
(ppoHTA BBITECHEHWSI MPOUCXOAUT C JBYX CTOPOH, M HepaBHOMEp-

HOCTb 3TOr0 IOAXO[A IPH 30HAJbHOW HeogHOpomHocTH V72 = 1
paBHa

) 14V . 2
1+V. =—32=1,333, V; =0,333.

2

1+

2
Ho ecnn KaK/iasd TOpU30HTaJ/JbHadA CKBa)KMHa 3aMEHACT /[/IB€ U
60.J1ee BEPTUKAJIbHbIX CKBa’XUH (SaMeHHeT V BEPTHUKAJIbHBIX CKBa-
JKMH) M 00CJTyKUBAET yYacTOK psijia JUIMHON vV - 20, TO CTATUBaHUE
q)pOHTa BbITECHEHNA IIPOUCXOJUT C ABYX CTOPOH, HO HE€ 4Y€pE3 /[BE
pa3JnuHbl€ 30HDbI, a YE€peE3 HYETbIpE u 60JI€€, n COOTBETCTBEHHO
YBEJANYNBAECTCA HEPABHOMEPHOCTD CTATUBAHUA Cl)pOHTa BbIT€ECHEHUA

2
1+V, 2:v-1
1+V22=L; VE=v2 ¥
2 2v+V?
1+—V3 ’
2-v

3HavyeHus V; NIpU TPUMEHEHUN TOPU30HTAJbHOH CKBAKUHDI
BMECTO V BEPTUKAJIHHBIX CKBAKUH MPUBENEHBI B TabJI. 4.4.

Tabauya 4.4
2 V2
V; 5 1pH Vv
1 2 3
0,5 0,200 0,333 0,385
1,0 0,333 0,600 0,714
1,5 0,429 0,818 1,000

Taksxe 6szeM OIpe/iesidaTb, Korja ZIOébIBaIOHII/Ie CKBa’>XHUHbI TOpu-
30HTaJIbHbIE, a HAarHeraTe/JbHbl€ CKBasKMHbI BEPTHUKAJIbHbBIEC.

Tpemva xomnonenwma V! — zeomempuueckas Hepasmomep-

HOCMb 6blMeCHeHUA Hed)mu azenmom, KOTopad YUYUTbIBAET CXEMY
B3aMMHOTO PaCIOJIOKEHUA [[OébIBaIOH_II/IX 1 HarberaTe/JbHbIX CKBa-
JKMH, MX BU/J — BEpPTUKaJbHbIE€ OHU WJIM TOPU3OHTaJbHbIE — U, €C-
JIN TOPU3OHTaJIbHbIE, TO CJOUCTOCTH IIJIACTOB, HaJU4YUE ITPOHUIAC-
MbIX CJIOEB 1 pa3/ICJAIINNX HEIIPOHUIIAEMbBIX ITPOCJIOEB.

222



Irta HepaBHOMEPHOCTH (HEOJHOPOAHOCTb) XapaKTePU3yeT COBO-
KyIHOCTb TPYOOK TOKAa Pa3jnuHbIX 110 MPOU3BOAUTENHHOCTH, HO
OJIMHAKOBBIX 1O 0GHEMY, PACHOJIOKEHHBIX B IpejesaaX OAHOPOAHOTO
CJI0S M CBSI3BIBAIONIMX PACCMATPUBAEMYIO MOOBIBAIOINYIO CKBAYKUHY
¢ temu (C OJHOI MIM HECKOJIBKHMM) HaTHETATEJIbHBIMH, KOTOPBIE
06eCneunBaloT €€ 3aKauyKoil BBITECHSIONIETO areHTa. JTa HepaBHO-
MepHOCTh  (HEOHOPOHOCTH)  PACCUMUTHIBAETCA 110  CJIeAyioned

dopmye:

(M 1)

v2=2
3 M

3
rne M = L,,./L,, — COOTHOILIEHHE JJWH CaMO¥i JJIMHHOI
(meiiTpasbHON) JMHUM TOKa M caMoil KOpoTkoi (ryaBHON) JauHUE
TOKA, COENWHSIONMUX JOOBIBAIONIYI0 CKBAKUHY C HATHETATEJIHHOM.

Jra amnupuveckas dopmysa Oblia mogo6paHa mo pe3yJabTaTaMm
MO/IEJTUPOBAHMS MHOTUX PA3JUYHBIX CXEM PACHOJIOXKeHUs [106bIBa-
IOIUX ¥ HArHEeTATEJbHBIX CKBAKMH Ha 3JEKTPOMHTErpATOpe C
3JIEKTPOIIPOBOAHON Gymaroit. Hajgo ckazaTb, 4TO aTOT IyTh HCCJIe-
JIOBaHUST HEOHOPOJHOCTH COBOKYITHOCTH TPYyOGOK TOKa OKa3ascs
oueHb 3(PPEKTUBHBIM, [IOCTATOYHO OBICTPBIM W JIOBOJBHO TOYHBIM.
Wcmnosnb3oBasicst MeTosn o6paiieHus MOTEHIUAJbHBIX JUHUI B JIH-
nuu Toka. Ha uepnoit 6ymare 6esibiM KapaHAAIIOM OTMEYATIH JUHUH
PaBHBIX MOTEHINAJIOB U ONPENEeJSIN TIOMAIN MEXAY STUMH JIU-
Husmu. [locse obpamieHnst JUHWH MOTEHINATIOB B JWHWH TOKa TIO-
JIy9asuch TPYOKW TOKA PaBHON MPOU3BOAUTEIHHOCTH, HO Pa3JInd-
HOl Tomazan (pasanuHoro 06beMa), U OCTaBAJIOCh TaKyl0 HEOIHO-
POHOCTH TEPEBECTH B HEOMHOPOIHOCTH TPYOOK TOKA Pa3IMIHOM
NPOU3BOJUTENBHOCTH, HO OJAMHAKOBOW 1iomanu  (OAMHAKOBOTO
o6bema).

Uto6b! TPOMJIIIOCTPUPOBATD OIpeJieIeHne TeOMETPHUECKOil He-
PaBHOMEPHOCTH, CIeaeM pacyeTbl 10 MPUBEAEHHOU (dopMmyJie s
PA3JUYHBIX M3BECTHBIX CXEM pa3MelleHnus BEPTUKAIbHBIX I00bI-
BAIOIKUX W HArHETAIOMNUX CKBAYKWH.

Haunem ¢ paBHOMepHOW KBaJpaTHOU CETKU CKBa’KUH.

Bynem paccmaTpuBaTh depeloBaHWE JIMHEHHBIX HATHETATEJb-
HBIX W [AOGBIBAIONINX PSAOB. BbIneamM OTHENbHBIH 3J€MEHT, COo-
JlepsKaIuil TTOJIOBUHY HArHETaTeJbHOM U OOBIBAONIEl CKBAYKWH.
[lnvra caMoil KOPOTKOW JIMHWUU TOKa, WAYyIIed OT HarHeTaTeJbHOU
K J0ObIBaoINell, paBHa 20, a caMOi JIJWHHON paBHa O + 20 + ¢ =
= 2+ 20. CooTHollleHWEe JIJUH CaMO¥ JJIMHHOH W caMOil KOPOTKOW
2-20
20
HOCTb BbITecHeHuss HedTH paBHA

JIUHUH TOKa paBHO M = =2, U TeoMeTpUYecKasd HepaBHOMEp-
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M- 3 @-D° 1
M 3 2 3
V 5eMeHTa M3BECTHOH 5-TOUEUHOI CXeMbl TLIOMAAHOTO 3aBOJI-

HEHUs, COJEPIKAIIETO YeTBEPTh HATHETATEJBbHOW W YeTBEPTH J00bI-
BaloOIEl CKBAXKWH, JJMHA CaMO# KOPOTKOW JUHUU TOKa paBHA 20,

a camoit mmmmHOI pasHa \(20)’ + 20) =220, coorrOmenmE

JUIMH caMOW AJUHHOW M caMOHl KOpPOTKOW JuHuil paBHO M =\/§ .
IIpu aToM reoMeTpmyecKkasg HEPABHOMEPHOCTb BbITECHEHHST HedTH
paBHa

2 _ 2.

(2 -1?
V2

Y asjemeHTa u3BECTHOU OOpalleHHOW 7-TOYeYHO CXEeMbl ILIO-
MIaTHOTO 3aBOJIHEHUS, COJIEPIKAIIET0 MIECTYI0 YacTh HArHETaTeJb-
HO W TpeTh JO0OBIBAIONIEN CKBAXKWH, JJIMHA CaMOWl KOPOTKOI
JUHUM TOKa PpaBHAa 20 W caMOW [JJIWHHOW JIMHWUU  TOKa

VQ0) -0 +0=20" («/1 -0,25 + 0,5) = 201,366, cooTHOIIEHHE AJTUH

caMoll JIIMHHOW W caMoil KopoTkoil paao M = 1,366. Ilpu astom
reoMeTpuYecKasi HEpPaBHOMEPHOCTb BBbITeCHEHUS He(TH paBHA

vro2 M-D' o
33 M 3

=0,081.

_2 (M-D* 2 (1,366-D°

‘/32
3 M 3 1,366

=0,065.

OtMeTuM, 4TO oOpalleHHas 7-ToueuyHas CcXeMa IJIOHIAJHOTO 3a-
BOJHEHMSI CYNIECTBYET TIPU PAaBHOMEPHOW TPEYTOJHbHOW CeTKe
CKB)KMH, YTO COOTHOIIeHUe JOOBIBAIONMINX U HarHeTaTeJ bHbIX
CKBKUH PABHO m = 2, 4TO Bce J0OBbIBAIOINE CKBAXKUHbBI SIBJISIOTCS
CTATUBAIONIMMHU, M K KaXKAOW CTIruBaHue (QPOHTA BbITECHEHUS
MPOMCXOJAUT C TPEX CTOPOH OT TPeX Pa3HbIX HarHETATENbHBIX
CKBaXWH, 1, = 3.

B sasucumoctu or V? — 30HaJbHON HeogHOpOAHOCTH He]TS-

HBIX ILJIACTOB MO IPOAYKTUBHOCTH KOMILIEKC (1+ V;) ‘(1+ V;) npu-

HUMAaeT pasHble 4ncjeHHble 3HaveHus (Tabm. 4.5).

Y wu3BecTHOW OOpalleHHONH 9-TOYEYHOU CXEMBI IJIOMAJIHOTO 3a-
BOJIHEHUSI MMEETCS JIBa COPTAa CKBAaXKMH: IepBble — OoJiee OGJn3KUE
K HArHeTaTeJbHBIM; BTOpPble — 60Jiee [aJjieKue.

Y mepBBIX JOOGLIBAIONINX CKBAXKUH COOTHOIIEHWE [JIUH CaMOM
JUIMHHOW M CaMOW KOPOTKOW JMHUW TOKa PaBHO
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Tabauya 4.5

3HaueHHs KOMILIEKCA (1 + V22 ) : (1 + V32 )

2
XapaKTepuCTHKa CXEeMbl 3aBO/HEHUS Vs
0,5 1,0 1,5 2,0

PaBHoMepHast KBajipaTHas CETKA CKBAYKUH. 1,600 1,777 1,904 2,000
UepemoBanue JUHEHHBIX HAaTHETATEJIbHBIX
n jo6piBalomux psjos; m =1, n, = 2
PaBHoMepHast KBajipaTHas CETKA CKBAKUH. 1,441 1,730 1,965 2,162
S5-TOYeUHasi CXeMa IJIOMIAHOr0 3aBOHEHUS;
m=1,n,=4

PaBHoMepHast KBajipaTHas CETKA CKBAYKUH. 1,369 1,598 1,775 1,917
OGpariennas 7-ToyeyHasi cxeMa ILIONAHOTO
3aBOJHEHUS; m = 2, n, = 3

f 2, 2 f
M=\(20) +0 +c=\r4+1+1=1’618’
20 2

Y BTOPbIX ,ZIOébIBaIOHII/IX CKBa’XMH COOTBETCTBEHHO PaBHO

J@20)? +0% +0o x/m+1
M= = =1,144.
Zx/(20)2 +(20)? Vd+1

lFeomeTrprueckass HepaBHOMEPHOCTb BBITECHEHUsI HePTH Yy Tep-
BBIX JTOOBIBAIOIINX CKBAYKWH

V2=2(M—1)2=2(L618—1)2
73 M 3 1618

=0,157,

COOTBETCTBEHHO Y BTOPbBIX J.IOébIBaIOH.II/IX CKBaKNH

s 2M-D 2 (144-1)°

V2= - =0,012.
3 M 3 1144

vy IIEPBbIX I.[OébIBaIOH.H/IX CKBa’KHMH CTATHBaHHE Cl)pOHTa BbITEC-

HEHHUS C JBYX CTOPOH, MO3TOMY KOMILIEKC (1 + ‘/22)(1 + V;)

2

1,144% ,

\%
1+—2
2

Y BTOPDBIX ,[[OébIBaIOH_[I/IX CKBaXUH CTATHUBaHUE (prHTa BbITECHEHU A

C YeTbIpeX CTOPOH, IO3TOMY KOMILJIEKC (1+V;)(1+ Vf)
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2
10124
2
1+
4

[lepBble w BTOpBIE JOOBIBAIONINE CKBAXUHBI 3HKCIJIYaTUPYIOT
MPUMEPHO OJIMHAKOBBIE 3alachbl, TTO3TOMY MOXKHO OpaTh CPeIHIO
BEJTMYUHY

2

2
' 1 1+V, 14V,
(1+V;)(1+W)=51,144- 1012 |
2 2
1+ 1+
2 4
V2 05 1,0 1,5 20
(1+V22)(1+V32) ................. 1,361 1,572 1,737 1,870

CpaBHuBas 3T 3HAYEHUS KOMILJIEKCA (1+ V;)(1+V;) co 3Have-

HUSMHW OOPAIlEeHHOW 7-TOYEYHOH CXeMBbI TLJIONAJHOTO 3aBOJIHEHUS,
MOKHO 3aKJIOYUTb, YTO MO HEPABHOMEPHOCTH BBITeCHEHUS HedTH
7-ToyeyHas cXxeMa He WMeeT IpPeuMyIlecTBa Iepesl 9-ToueyHoi
CXeMOIi.

IIpu MHOZOPAOHOM PACNONOKEHUU O0OLIBATOUUX CKEBAXKUH T
3HAYNTEJBHON BeJWYNHE M — COOTHOIIEHHSA [AOOBIBAION[NX W Ha-

THETATENbHBIX CKBAKHUH yuem KOMNAeKCd (1+V22)(1+V32), T.€.

yuer V) — HepaBHOMEDHOCTH CTATHBaHWS (POHTA BBHITECHEHHS,

3aBHUCAILIEH OT 30HAJIBHON HEOJHOPOAHOCTH ILIACTOB, U VI — Teo-
MEeTPUYECKOIl HepPaBHOMEPHOCTH BbITECHEHWUS, OIIPeJlesisieMOil B OfI-
HOPOZHOM CJIOE, HYMKHO 0elamv No CMAZUSAIOUUM 00O bIEATOUUM

1+1 2
psadam no ux dose 3anacoeé mnepmu A = = , 4TO COOT-

m+ 1 m+ 1

BETCTBYET cJeaymomeit dopmy.e:

(1 + V2) = (1 + 1/12)(1 - A) + (1 + Vf)(i + ‘/22)(1 + V;)A;

Vi=V2+ [(1 + 142)(1 + V;)(n V;) - 1]A.
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[Ipn npumMeHeHMH TOPU3OHTAJBHBIX CKBAXUH IMPUHIUI OIIpe-
fenenus V, TeoMeTpUYecKoil HepaBHOMEPHOCTH BbITeCHeHUsl Hed-
TH COXPaHSAETCS IIPEsKHUM.

Tak, mpu MOHOJUTHOM He(MTSIHOM IITacTe W YepeJOBAHWH JIH-
HEHHBIX HArHEeTAaTEJbHBIX ¥ JOOBIBAIONINX PSJIOB TOPU30HTAJIbHBIX
CKBKHMH Oy[eT

L+v-20-1 v-20-1,
M = L=1+ L
L L

V2=2(M—1)2=2 (v-20-1)>
373 M 3L(L+v-20-1)"

Mpu [=v-20 ... V=0,

L=400mM,v- 20 =1-400mM, [,=200mM ... V2=0,111;
L=400mM,v-20 =2-400m™, [, =400 ™ ... V2=0,333;
L=400mM,v-20 =3-400mM, [, =400 M ... V2=0,889.

Curyaiusi CylecTBEHHO yXy/IIaeTcsi, ecan HedTSHOW IT11acT He
SIBJISIETCST MOHOJINTHBIM, WMeET /., — OOUIyio Tommuy u i — ad-
(bexTUBHYIO TOJINUHY, COCTOUT U3 R, NPOHHUIIAEMBbIX CJOEB, pPa3-
JIEJIEHHBIX HEIPOHUIAeMBbIMU TpocyosiMu. Torga gopmysia reomer-
PHUYECKON HEPABHOMEPHOCTH BBITECHEHUSI MPUHUMAET BU[L

. Y
o2 _(20-D7 e g bt
3 3LL+v-20-1) hos Ny
I[Ipu L = 400 M

1 10 1 101 10 1
hog n, T 20 2 20 4 20 8
Mpu [, =200 M .......... 50 25 12,5
V20 =400 V2. 0,272 0,302 0,318
Mpu [, =400 M [ ......... 100 50 25
V20 =800m V... 0,742 0,815 0,852
v-20 =1200 M V32 ...... 1,344 1,422 1,461
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Hepenxo yTBepkmaioT, UTO TpPUMEHEHWE TOPU30HTATbHBIX
CKBa)XMH II0 CPAaBHCHUIO C BEPTUKAJbHBIMU CKBAKWHAMU yMCHbB-
1maeT HEePaBHOMEPHOCTL BbiTecHeHus HedTtu. Ho ato Kacaercs
TOJIbKO MOJIEJIM MOHOJIUTHOTO M 30HAJbHO 00HOp00H020 HEPTSIHOTO
maacta. OfHAKO B pPeasbHbIX YCJIOBUSAX IMPUMEHUTETbHO K MOJEJIN
MHOI'OCJIOWHOTO M 30HAJbHO HEOJHOPOJHOIO IJacTa I[PUMEHEHUe
TOPU30HTAJBHBIX CKBAXKUH IIPUBOAUT K 3aMETHOMY M 3HAYMUTEJb-
HOMY YBEJWYECHUIO HEPABHOMEPHOCTH BBITECHEHUS HedTH.

4.2. IIOCJIEAOBATEJIDHOE ITPUMEHEHUNE
BEPTUKAJIbBHBIX 1 TOPU30HTAJIbHbIX
CKBAKUH

Ha paccmarpuBaeMoM HeTSHOM MECTOPOKICHUN Y3Ke 3aIpo-
eKTHpoBaHa paspaborka. [lo MpuHATON aganTHUBHON cucTeMe pas-
PaGoOTKM CKBAKWHBI OYAyT pPa3MeIaTbCs IO PABHOMEPHOH KBaj-
pPaTHOHN ceTKe ¢ TJIOTHOCTBIO 16 Ta,/CKB. M PACCTOSTHUEM MEXKIY
cocequuMu ckBakmHaMu 400 M. 3ampoeKTHPOBAHO 3aBOJHEHWE IO
obpalieHHoil 9-ToueuHoil cxeme, KoTopoe mocjie OypeHus U HccJe-
JIOBAHUS CKBA)KUH, C I1eJibl0 HauboJiee TOJHOTO 0XBara 3alacoB
nedtu Bo3zeiicTBueM, Oyner mpeo6pasoBaHO B u3OUpaTesbHOE U
NPUKOHTYypHOe wu3buparesbHoe. IIpoexTHoe 3a6oitHOE [aBieHUe
HarHeTaTeJbHBIX CKBAKWH paBHo 400 aT um mpoekTHoe 3aboiiHOe
JlaBJieHre JOOBIBAIOMINX CKBAXKWH, COOTBETCTBYIONIEE [ABJEHUIO
Hacbieans HedTH TaszoM, paBHo 100 aT. IKCNIyaTalTMOHHBIN TO-
PU3OHT COCTOUT U3 JBYX He(TAHBIX IJACTOB HU3KOH M yJbTpa-
HU3KO# mpoayKTuBHOCTH. /[e6UT HedTH MO CKBAKUHAM, HECMOTPSI
HAa BCe 3alPOEKTUPOBAHHBIE CPEJCTBA WHTEHCUPUKAIUKU, — Ha
IrpaHu ¥ 3a TPAHBIO YKOHOMUYECKOI pPEeHTAGETHHOCTH.

[ToatoMy HEOOXOUMO MUCKATh HOBBIE BO3MOXKHOCTH JOCTUKEHUS
U OCYIIECTBJEHUS SKOHOMUYECKH PeHTAaOeTbHOW M06bran HedTH.
OHUM M3 TaKUX CPEJCTB MOXKeT ObITh IIPUMEHEHHE TOPU30HTAJIb-
HBIX CKBa’KWH.

O/HAKO MMEIONINIICSA ONbIT OYpEHUsT U OCBOEHMS] TOPU30HTAJb-
HBIX CKBa)XKWH B IpoIiejanine rojpl B Poccum 1mokasas HeraTWBHbBIE
pPe3yJIbTaThl: TTPEBOCXOJCTBO TOPU3OHTAJbHBIX CKBAaKWH HaJ Bep-
TUKAJbHBIMA CKBa)KUHAMU 1O Je6uUTy HedTH 0Ka3aJgoch TOPa3io
nmwxke oxumaemoro (Bcero B 1,5-2,5 pasa, a He B 5 pa3 u 6oyee) u
Besuka jojs Gpaka (40-50 % Bcero ¢onga NPOGYpPEHHBIX TOPH-
30HTAJbHBIX CKBAXUH JU60 HE YIAJOCh BBeCTH B pabory, Ju60
yJaJI0Ch, HO BCKOPE IOCJE BBOJA OHM BBHIOBLIU M3 PaGOTHI).

B kakoii-To Mepe 3TO CBSI3aHO C HECOBEPIIEHCTBOM TEXHOJOTUU
OypeHUs U OCBOEHUS TOPU3OHTAJbHBIX CKBLKWH, HO TJIaBHAs TPH-
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YHA B HeydeTe (PaKTHUECKOTO TeO0JOTHUECKOTO CTPOeHus HedTs-
HBIX TITACTOB: BO-TIEPBBIX, B HeydeTe YK€ H3BECTHOTO II0 pa3Be-
JIOYHBIM CKBaKMHAM T€0JIOTMYECKOr0 CTPOeHUsT 1aacToB (I1acThl
SABJIAIOTCS MHOTOCJIOMHBIMU, COCTOSIIUMYU U3 MHOTHX IPOHUIIAeMbIX
He(PTAHBIX CJI0EB, Pa3JeJeHHbIX HEIPOHUIIAEMBIMU IIPOCJIOSIMU
3aMeTHON ¥ GOJBIION TOJIIMHBI, a B pacueTax OHHU IPeICTaBJIs-
10TCS MOHOJIUTHBIMH OTHOPOAHBIMU N OJTHOPO/THO-
AHU30TPOITHBIMHU ); BO-BTOPBIX, B HEYYETE HEM3BECTHBIX OCOOEHHOC-
Tell TeOJOTHYECKOTO CTPOEHUS HE(MTAHBIX TJIACTOB HA KOHKPETHBIX
y4acTKaX MECTOPOK/EHUS, KOTOPbIe CTAHOBATCS WM3BECTHBIMU YiKe
nocJjie 6ypeHust CKB)KWH: KOHKDETHBbIE TTyOMHDI 3aJeraHus KPOBJIU
U TIOJIONIBBI HEPTSIHBIX TJIACTOB, KOHKPETHOE YHCJO ITPOHUI[AEMBIX
CJI0EB W HENPOHWUIIAEMBIX IIPOCJ0EB W WX TOJIINHBI, KOHKPETHbIE
TOJIMWHBI BEPXHETO M HIDKHETO IIJIACTOB-BOJIOYIOPOB, 3alIHUIIA0-
X HeTIHDbIE TJIACTBI OT BBIMIEJEKANUX W HIDKEJIEKAINUX BO-
JISTHBIX IJIACTOB.

C unesabio wucnosab3oBausg 3(GEGEKTUBHOCTH TOPU3OHTAJIBHBIX
CKB)XWH JJII YBeJMUEHWs] 100blYM HePTH Ha paccMaTpUBAEMOM
MAJIOIPOAYKTUBHOM He(MTSIHOM  MECTOPOXJEHWH  IPeIaraercs
OCYIIECTBUTD CJeAYIMUil crmocob paspabOTKH, MPHU KOTOPOM CHa-
Yaja M0 BJBOE pa3peskeHHOll cerTke (paccTosiHue B PSIaxX MEX/Iy
ckBaskuHaMu yBeaudeHo ¢ 400 go 800 M) OypsAT BepTHKaJAbHbBIE U
HakjoHHbIe (MIPU KyCTOBOM Pa3OypHBaHUM) CKBaXKMHBI, 9TH CKBa-
SKMHBI 9KCIIYATUPYIOT M UCCJAEAYIOT, a 3aTeM M3 ITUX JKe CKBa-
JKHH C YYeTOM YCTaHOBJIEHHOTO TEeOJIOTHYECKOTO CTpOeHus HedTs-
HBIX TIIAcTOB OypsST TOPU30HTAJIbHBIE CTBOJBI BMECTO II€PBOHA-
YaJhHO HEMPOOYPEHHBIX CKBAYKUH.

CxeMaTUYHO 3TO MOKA3aHO Ha PHC. 4.3.

O reoJiornueckoM CTpoeHUN He(TAHBIX IIJIACTOB Ha IEHTPAJb-
HOM y4YacTKe pPacCMaTPUBAEeMOTr0 He(MTSIHOTO MECTOPOXKAEHUS MOXK-
HO CYZUTb 10 ABYM pa3BegounbiM ckBaskuHam 1 u 1T (taba. 4.6).

[To mamnbIM Taba. 4.6 BUAHO, YTO Aa’ke OCPEIHEHHBINH HeDTS-
HOH TITacT pe3KO OTJUYAETCS OT MOHOJUTHOTO He(TIHOTO TLIACTA,
u, 10 KpaiiHeil Mepe, 3TO OOCTOSTENBCTBO HAJ0 YUYUTBIBATH MPH
pacdere 1e6UTOB TOPM3OHTAJBHBIX CKBA)KUH; KPOME TOTO, BUJIHO,
YTO WHIWUBUAYAJbHbIE XapaKTEePUCTUKN HE(PTIHBIX IJIACTOB CYIIle-
CTBEHHO OTJHMYAIOTCS OT OCPEJHEHHOH XapaKTepPUCTHUKH.

Bismskyio k mefiCTBUTEJbHOCTH WHANBHAYAJBHYIO XapaKTepHuc-
TUKY He(MTAHBIX TJTACTOB HA Y4YacCTKe pa3MelleHUs TOPU30HTATHHO-
rO CTBOJIA MOKHO TOJIYYMTb 1O BEPTHKAJBHOMY CTBOJIy paccMart-
pHUBaeMON CKBaKMHBI U cocefiHeil ¢ mell ckBaxkunbl (puc. 4.5, d).
IIpu paccrosiHum Mexay COCEIHMMU BEPTUKAJIbHBIMM CKBa)KMHAMU
20 = 800 M Tpu TOPM3OHTATHHON [JMHE TOPU30HTAJIBHOTO CTBOJIA
[, = 400 M paccrosiHMe OT OXHOTO W IPYTOr0 BEPTHUKAJBHBIX CTBO-
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Puc. 4.5. Cxema nocJieioBareJbHOr0 OypeHusi BEPTHUKAJIbHBIX H TOPH30HTAJIBHBIX
CTBOJIOB CKBA3KHH:
@ — TPOEKTHAsi CETKA Pa3MelleHNs] CKBAXXNH; b — MepBOHAYAIbHAS DPa3pe’KeHHas
ceTka GypeHHs] CKBaXKHH; ¢ — CeTKa pasMelleHHs] BEPTHKAJIbHBIX U TOPU30HTAJb-
HBIX CTBOJIOB CKBaXnH; d — MpO(MUIb BEPTUKAIBHBIX M TOPH30HTAJIBHBIX CTBOJIOB
CKBKHH

JIOB JI0 TOPU3OHTAJBLHOTO cTBONa — Oyaer 200 M m 10 cepeanHbI
TOPU30HTAJBHOTO cTBOJIA 400 M.

HOCKOJII)Ky TOpU30OHTaJIbHbI€ CKBa’XWHDbI Oé]la[[aIOT CUJIbHbIM
9KPAHUPYIONIMM JelcTBUEM, TO OyJIeM paccMaTpUBATh JIUIIb
S-TOUEUHYIO M JINHEHHYI0 CXeMbl 3aBOJHEHHS C YepeJOBAHWEM JIH-
HEeNHbBIX pPAaAa0B J.IOébIBaIOH_II/IX 1 Harb"eTaTeJbHbIX CKBasKHH. IIJIH
OT/ZIETBHOTO 3JIEMEHTAa CHCTEMBI Pa3palOTKU HE(MTSIHOTO MEeCTOPOXK-
JIeHUSI, CXEeMATUYHO MOKA3aHHOTO Ha puc. 4.6, comeprKaimiero moJo-
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Tabruya 4.6

I'ny6una Yucao |Tonmmual Toamuna
sanera- | O6mas | Iddex- | cioeB, HEIPOHU-BEPXHErO
CkBasknHa, | ATbTH- |HUSI KPOB-| TOJIIIMHA| THBHAS N, 1[a€MOTO | HUKHETO
TmaacT TYAQ, M | M — 1O- | i, M | TOJIIIMHA| TOJMIINHA| TPOCJIOS, | TJIacTa-
JIOIIBbI h, m cJ10s M BOJIOYTIO-
maacTa, M h/n., M pa hBy, M
1 27
10, 20212034 13 5,8 7 1,2 Bouee 9
0,83
104 2035-2056 21 15,6 5 1,35 S5
3,12
10,+10, 2021-2056 35 21,4 12 1,24 Bojee 9
1,78 S5
1I 26,7
10, 2034—2038 4 1,6 2 2,4 Bomee 15
0,80
10, 2041,6— 15,4 14,0 7 0,23 2,5
2057 2,0
10, + 10, 2034-2057 23 15,6 9 0,82 |boxee 15
1,73 2,5
B cpeanem
mo JIBYM
CKBa)KMHAM
1o, 8,5 3,7 4.5 1,37
0,82
10, 18,2 14,8 _6_ 0,68
2,47
10,+10, 29,0 18,5 10,5 1,11 |BouJee 12
1,76 3,75

BuHy (uau Be 4yeTBepTH) AOOBIBAIONIENH CKBaKWUHBI U TOJOBUHY
HarHeTaTeJbHOW CKBA)XWUHBI, aMIUIUTYIHbIH ne6ut HedTn Ha 1
MPOEKTHYIO CKBAKMHY OTIPEeNIeTcs MO CJaeAyiomieil popmye:

1 kh PCH - Pca

C/O—I 2~(1)H+§2+2-oo7

€ o3

L=400 m

Puc. 4.6. daeMeHT mnsTHTO-
YeyHOH CXeMbl ILIONAZHOrO e v

3aBO/HEHHS
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1 . kh
rae ¢, — ae6ut HedTH, T,/CyT; — — TUAPOIPOBOJHOCTD IKCILIya-
w

TallMOHHOI'O Oé'beKTa, COCTOoAIIEro M3 MABYX Heq)THHbIX I1J1aCTOB,

paBHas L 0,333 ——; P, — P., — pa3HOCTb 3aGOilHbIX JaBJIe-
u cyT-ar

HUU HAarHEeTATeJIbHBIX U MOOBIBAIOIINX CKBLKWH, paBHas P, — P,
== 400-100 = 300 at, mpu 2TOM TPOU3BE/EHUE TUAPOIPOBOIHOC-

TH u pa3HoCTU 3a60MHBIX JlaBJeHU’ paBHO
kh T
—-(PCH—PCS)=O,333-3OO= =100—; w, — reomerpuueckoe (6e3
w cyT
kh
ydyera — ) BHyTpeHHee (UIbTPAIMOHHOE CONPOTHBJIECHUE HarHe-
w
TaTeJbHONH CKBASKMHDI; 2 - o, — reoMeTpuyeckoe BHYyTpeHHee
(puabTpanMoHHOE  CONMPOTHBJEHUE TIOJOBUHBI HATHETATEJbHOU
CKBaKUHBI; Q — TreoMeTpUYecKoe BHelTHee (DUIbTPAIIMOHHOE CO-

MPOTHUBJIEHUE; @ — TEOMETPpUYECKOe BHYTpeHHee (PUIAbTPAIMOHHOE
COTIPOTHBJICHNE JOOBIBAIOIIEH CKBAXKUHBI, 2 © 0 — TEOMETPUYECKOE
BHyTpeHHee (UIBTPALUOHHOE COIPOTHBJIEHIE IIOJOBUHBI J0GbI-
BaIOIIENl CKBAXKUHBI.

Dopmyspl A OMpeeseHUs TEeOMEeTPUYeCKUX (PUIBTPAIIHOH-
HBIX COINPOTHBJIEHUI WMEIOT CJAEAYIONH BUJI:

0Js1 6Hewnez0 PuILbMpPaAUUOHHO20 CONPOMUBTIEHUS

_L-

B 26’
0. 8HYyMpennezo GUALMPAYUOHHOZO CONPOMUBLEHUS HAZHE-
MamevHotl 6epMUKAIbHOU CKEAKUNDL

1 1 20
W = -—-In ;
vou, 2m 21,

6 caydae HazuemamebHoul ZOpuSOHWl(Z]leOTZ CKE6AXKUHbL U
MOHOJAUMHOZ0 Heqb?’I/lﬂHOZO njiaacma

w =

1 1 [, 26 2 26

~—-|In=—=+—:In ;
Vou, 2w I I 2m -7,

6 Cayude HAZHEMAMEALHOU 2OPUIOHMAALHOU CKEBAXNKUHBL U
MHOZOCAOUH0Z0 HePMAN020 NAACA

11

w= —
veu, 21

CcJr CJI

([ 20 er] o
(nl_-'-T nm),

h h
roe L, =l-—; h,6 =—;
hoG Ry
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6 CAyuae MHOZOCIOUNH0ZO HEePMAN0Z0 NAACA U UePe0OGANUs.
HAZHEMAMENOHBLY  GEPIMUKANOHBLY  CKEAKUN U HAZHENAMELbHbLX
20PUIOHMAILHBLX cKeaXun (cmeo08)

1 1 2

. = L. :
" ven, 2n 1 . 1
20 20 h 20
In In—+——-In
er oy Ly 2w

01 GHYMPEHHE2O0 PUAIBMPAUUOHHOZO CONPOMUBTEHUSL 0ObL-
sarwwell 6epMUKAIbHOU CKEAKUNHDL
1 20

w=—-In ;
2n 27,

6 cayuae 806?7[6‘6170&4612 ZOpu&’OHmd]leOd CKE6AKUHbL U MOHO-
JAUMHO20 Hed)mﬂHOZO njaacma

-(1n2—0+—1n ho)
T e )

1
0=—
21 .

6 cayuae 806bl6d70meﬁ zopu30Hma/le0ﬁ CKB8AKUHbBL U MHOZ0-
CA0UH020 H€¢mﬂHOZO niacma

1( 20 h I,
e

rae lm=l.-'h—, he, = —;

c
h 06 cJ

6 cayuae MHO20CA0UHO20 H6‘¢7’i’lﬂHOZO niaacma u uepe@oecmu;l
GEPMUKAIOHBLY U Z0PUIOHMAIOHBLY 80627[6’0702141/{36 CK8AKUH

1 2
0=—"
27 1 1
+
2 P ]
e P AL ST P 5
2m - 7, lg s 2m - 7,

B atux dopmyrnax: u, — COOTHOIIEHUE IIOABIKHOCTEH BbBITEC-
HAOIEe BOABI W BBITECHSIEMOH He(MTH B MJACTOBLIX YCJOBHIX,
KOTOpOe KO3((UIMEHT IPOJAYKTUBHOCTU IpeBpaimaer B koaddu-
IUEHT TIPUEMUCTOCTH; V — KO03(P(PUINEHT JOMOJTHUTETBHOTO yBe-
JIn-4eHus TpueMuctocTu Gaaromapsi o6paboTKe HarHeTaTeJbHBIX
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CKBa)KMH XMMHUYECKMM peareHToMm; [, — /JiMHa TOPU30HTAJbHOIO

CTBOJIA B mpenesax HeMTIHBIX ILJIACTOB; f,; — 06IIasg TOJIUHA

AKCILIYATAIIMOHHOTO 00beKTa; 2 — 3((dEKTUBHAS TOJIUHA IKCILTY-

aTalmoHHOrO O06GbeKTa; n, — o00Illee 4YNCJI0 HePTIHBIX CJIOEB;
h h.,

Ny =— - sddexTuBHAS TOJMIHA HEMTSIHOTO CJIOS; lm=lr-f

cI 00

[UIMHa TOPU30HTAJbHOTIO CTBOJIa B IIPpE€/€Jjax He(i)THHOI'O CJIOA.

a
20 R
= 7'y
<
<
\\=]
=]
LS
7
b
A
<
7
C
4\ 20 e 20 R
> A
~J <
7
l; |

Puc. 4.7. Cxema MHOroc.10iiHoro He(pTHOrO MJIACTa U JBYX COCEJHHX BEPTHKATIBHBIX
CKBa)KHH IIPH [IEPBOHAYAJIBHOI BBOE Pa3PesKEHHOI ceTKe
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Ha puc. 4.7, a cxeMaTM4HO TIOKa3aHbI MHOTOCJIOWHDBIN He(TIHON
IJIaCT M JIB€ COCe/[HWE BEPTUKAJbHbIe CKBAXKUHBI IIPU II€PBOHA-
YaJbHOM B/JBOE pPa3peKEHHOH CceTKe, IPU 3TOM MHOTOCJOHHOCTD
He(TSIHOTO TJIacTa He BJNMSET HA AeOUTHI BEPTUKAJBHBIX CKBAXKHUH,
n60 3P PeKTUBHAS TOJIUHA HE WU3MEHSETCS W He YMEHbITAeTCs
(cMm. puc. 4.7, a w 4.7, b). Ha puc. 4.7, d cXeMaTHYHO ITOKAa3aHBI
MHOTOCJIONHBIN He(TAHON IJIACT W BEePTUKAJbHAS CKBaKMHA C JIO-
MMOJTHUTETbHBIM TOPU30HTATbHBIM CTBOJIOM. BujHO, 4TO YacTb TO-
PHM30HTAJIbLHON JAJWHBI MPOXOAUT TIO0 Hed(hDEKTUBHOW TOJUHE
pasJeIsIoNUX HEIPOHUIIAEMbIX IIPOCJIOEB.

PaccuntaemM 3HaueHUs aMIIATYAHOTO ae6uTa HeTH HA OIHY
MPOEKTHYIO CKBAKWHY TIPU YCIIENTHOM OCYUIECTBJIECHUU TIPEJIO-
JKEHHOTOo crocoba pa3paboTKH Ha PACCMATPUBAEMOM MAJIONPOIYK-
TUBHOM He(PTSIHOM MECTOPOKICHUMU.

Mpu 2. (P, ~P,) =100 v -y, =2 -2,343=4,686; L =400 r;
u cyT

r.= 0,1 ™M hy=29 M; h=18,5 m; n,, = 10,5.
IIpu nepeonauanvnoli 6060e pPA3PEKEHHOU NPOCKMHOU cemKe
eepmukaivnvlx ckeaxun 20 = 800 m

=%; Q=05 u 0=11378;

)

H

= ~30,66 .
22200 1 0,5+ 211378 ot
4,686
9t1o Ha 1 mpobypennyio ckBaxuny un 61,33 — Ha 1 g0GBIBarONIyIO
cyT
CKBRKUHY.
d
\ 26 0 20 R
lcnk
= F N
<
Qo
N ©
N LS
\ 4
7
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IIpu npoexmnoii cemxe eepmuxarvivlx ckeaxun 20 = 400 M

1,0275
w,=——; Q=11 0=1,0275;
4,686
100 T
=—15375 =28’62c_yT'
27 +1+2-1,0275
4686

D10 Ha 1 MPOOYpeHHYI0 CKBaXUHY U 57,25 —— Ha 1 J106bIBAIONLYIO
cyT

CKBAXKHHY.
IIpu cemxe zopusonmanvnvix ckeaxun 20 = 800 M, [, = 400 M
U MOHOAUMHOM Hedmsanom naacme hy, = h = 18,5 M

0,1352
L= ; Q=0,51 w=0,1352;
4,686
= 100 -120,76-.
222992 L 054 2:01352 oyr
4,686

It0 Ha 1 Mpo6YpEeHHYI0 CKBaXXMHY, a Ha 1 J06bIBAIONIYIO CKBAsKUHY —

T
241,52 —, 4ro GoJiblle, yeM Ha 1 BepTHUKATHHYIO CKBLKHWHY IIPHU
cyT

20=800m B

120"76=3,94 pasa u nipu 20 =400 M B 120’?6 =422 pa-
30,66 28,62

3a. Ho 3mo moHoaumublii He(hmsinoi naacm, He paszoesenHvlii Ha
MHO2Ue CAOU HEeNPOHUUACMBIMU NPOCAOAMU!

IIpu cemxe zopusonmanvuvix ckeaxun 20 = 800 M, ropuson-
TaJbHOU [uinHe cKkBaxkuubl [, = 400 M u mHozoc10liHOM HepmsiOM
naacme h,, = 29 m, h = 18,5 m, n.,, = 10,5, h, = 1,76 m u [, =
= 24,30 M, KaK Ha paccCMaTpPUBAEMOM MAJIOTPOJAYKTUBHOM HedTIHOM
MECTOPOKIAEHNN,

0. = 0,5561+0,0119 _ 0,5680, Q=0,5 i »=0,5680;

" 4,686 4,686’
== 100 -5324 L.
2. 22090 L 0.542-0,5680 T

4,686

Jto Ha | MPOOYPEHHYIO CKBaXXMHY, a HA 1 JOOBIBAIONIYIO CKBAXKU-
Hy — 106,47 t/cyr. dro Gosbine, yeM Ha 1 BEPTUKAJIBHYIO CKBa-
5324

JKUHY B 3066

=1,76 pasa.
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IIpu cemxe zopuzonmanvrvix cxkeaxun 26 = 400 M, [, = 400 M
u MHOzOCAOUHOM Hepmsnom naacme hy, = 29 M, h = 18,5 M, n,, =
=10,5, h,, = 1,76 m u [, = 24,30 M, Kak Ha paccMaTpUBAEMOM Ma-
JIOTIPOJIYKTUBHOM HE(MTSIHOM MECTOPOKIEHUH,

H=0,4458+0,0119=0,4577; Q=1; (D=O,4577;
4,686 4,686
Gh=— 100 -4738 -~
2.2 +142:0,4577 o
4686

Jto Ha 1 TPOOYpPEHHYIO CKBaXKWUHY, a Ha 1 JOOBIBAIONIYIO CKBAKUHY —
T
94,75 —. Oro Gousbie, yeM Ha 1 BEPTUKAJbHYIO CKBAXKHUHY B
cyT
47,38
—=1,66 pasa.
28,62
IIpu cucmeme paspabomru paccmampueaemozo He@hmsanozo
MECMOPoXKIeHuss, KOTOpasi Co3[aeTcst nocie 6ypenus W3 CYIIecT-
BYIOIIUX BEPTHKAJIBHBIX CKBAKUH OONOJHUMENbHOIY 20PU3OHMALD-
HbLX CMB0JI06 W SBJSIeTCS PABHOCHJIBHOH CHCTeMe ¢ depeloBaHHEM
BEPTUKAJBHBIX ¥ TOPMU3OHTANBHBIX CKBaKuH, mpu 20 = 400 M, [, =
=400 M, h,s =29 M, b = 18,5 M, n,, = 10,5, h,, = 1,76 m u [, =
= 24,30 M, nosy4aercd 3KBUBAJEHTHOE BHyTpeHHee (PUIbTPAIMOH-
HOE COIIPOTUBJIEHNE CKBA’KUHbI
2 2

0= = =0,6333
11 1 1

+ +
w, w, 10275 04577

n 21661/IT He(l)TI/I Ha 1 HpoéypeHHon CKBaXNHY C [JAOIIOJIHUTEJbHDBIM
TOPU3OHTAJbHBIM CTBOJIOM

2100
106333
4,686

=7884 —,

cyT

qo=
2

+1+2-0,6333

cooTBeTCTBEHHO Ha 1 pgo6biBamoniylo ckBaxuny 157,67 —, uTO
cyT

78,84
28,62
IIpu stom mebutr HedTH TOPU3OHTAIBHOTO CTBOJIA BbIlle AeOuUTA
1,0275
0,4577
69,2 % ot obmiero ae6ura ckBaxKuHbl. [Je6ur HedTH BEepTUKATBHON
CKBAKUHBI C JIOTIOJIHUTEJbHBIM TOPU30OHTAJBHBIM CTBOJIOM MEHbIIIE

6osipiiie, yeM Ha 1 BEPTUKAJbHYIO CKBAXKUHY, B =275 pasa.

HedTH BEPTUKAJBHOTO CTBOJIA B =2245 pasa W cocTaBJseT
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2-47,38
nebuta JABYX TOPHU3OHTAJBHBIX CKBAXKUH BCETO B W=1,20
pasa.

Ho mpumenenne TakuxX CKBaXKWH MO CPABHEHUIO C TIPUMEHEHU-
eM TOPH30HTAJbHBIX CKBAXXMH PE3KO YMEHbIIAeT PHCK IOTepu
CKBaKWH W 3amacoB HedTH.

TaxkuM o6pa3oM, 3/echb ObLIM BBITIOJHEHBI pacueTbl s (akTu-
YeCKOr0, HO YCPEJHEHHOTO Te0JIOTHYECKOTO CTPOeHUS HeTIHBIX
IJIACTOB PACCMATPUBAEMOTO MECTOPOKIEHUSI.

W rtemepp HaM HaAo TepeiiTh K mpobieMe MOTEPH CKBAKHH U
noTepy 3amacoB HedTH, KoTopas CBg3aHA C TeM, UYTO IPEeICTaB-
JIEHHOE Te0JIOTHYECKOEe CTPOEHUE TIJIACTOB HE MOBTOPUTCS B HOBBIX
Mpo6GYPEHHBIX CKBa)XKWHAX, 6OJiee TOTO, TEOJIOTUYECKOE CTPOEHHeE,
YCTAHOBJIEHHOE B [JIByX COCEJHWX BEPTUKAJIbHBIX CKBaKMHAX
(koTopbie MPOOYPeHbI BO BJBOE Pa3PEKEHHON MPOEKTHON CeTKe, U
paccrosune Meskay Humu 800 M) He MOBTOPUTCA HpuU OypeHuu B
CTBOpE MKy HFMU TOPU30HTAJBHOTO CTBOJIA, yAAJE€HHOTO OT HUX
mo HeTAHBIM TmactaM Ha paccrossane 200—400 M. Ho monsTHO,
qT0 Tpu pacctogHuSIX 200 M OTKJIOHeHHWs OyAyT MEHBINE, YeM HpH
400—800 M u Gosiee 3HAUYUTETBHBIX PACCTOSHUSIX.

[lo npyrum naBHO paspabaTbiBaeMbiM He(QTSIHBIM MECTOPOXK/e-
HUSIM C IOCTATOYHO TYCTBIMU CETKAMM CKBAXKUH OBbIJIO YCTAHOBJIEHO,
uto Ha paccrosHun 400 M (KOTOpOe NMPUMEPHO COOTBETCTBYET Iia-
pamerpy d — MmIary XaoTHYeCKOH W3MEHSeMOCTH KOJIJIEKTOPCKUX
CBOMCTB He(TAHBIX MJIACTOB) HENMPEACKA3yeMble OTKJOHEHUS TJIy-
OWHDBI 3aJleTaHUS IJIACTOB COCTABJAIOT B CPeHEM *=3 M U MaKCH-
MasibHo =10 M.

Ha 6onee 6suskom paccrosuun x < d = 400 M HemnpeJckasye-
MOe cpefiHee OTKJOHEHWe TJIyOUHBI 3aJieTaHnus He(TSAHBIX IJIaCTOB

3 3
6yzner lch =+—-x=x—-x (B M) U COOTBETCTBEHHO HENPEACKA-
d 400

3yemoe MakcuMmajbHoe oTkjaoHeHue (¢ HagexHoctbio 95 %) riayGu-

6 6
Hbl 3ajieranns HeTAHbIX IMIACTOB f, =2-h, =x—-x=x—"x
d 400
(B ™).

ITy 3aKOHOMEPHOCTDb II0 aHAJOTUH IIPUMEHUM HA paccMaTpHUBa-
eMOM He(TAHOM MEeCTOPOXK/EHUM.

IIpu paccroanum 200 M OT [ajbHEro KOHLA TOPH30HTAJILHOTO
CTBOJIA [I0 COCEJHEH BepTHKAJIbHON CKBAaXKUHDI, JaBlieil mHdOpMa-
[HI0 O TEOJIOTHYECKOM CTpoeHnu HedTsaHbIX 1iactoB (o rury6ume
3aJleTaHUs IIOJOLIBBI HIDKHEIO He(TSHOTO ILIacTa U TOJIIHHE ero
HIDKHUX HedTSHBIX CJI0eB M HEIPOHUIAEMbIX IIPOCJOEB, TaKXe O

TOJIIMHE HUXKHErO IJACTa-BOJOYIIOpa, OTAeJsdonero HedTsaHon
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Ij1acT OT BOJAHOIO HJIaCTa) cpegHee OTKJIOHEHHEe FﬂyéI/IHbI 3aJjie-
raHusl HUKHEro HepTAHOrO IJIacTa CocTaBut /i, = = —-200 = 1,5 ™

(tabua. 4.7).

QU |w

Tabruua 4.7

@yHKuEA pacnpeaeaenusi omuook X = h/| h,, — otHOCHTeIBHAS ommoKa;
Y (X) — moast oum6ok ot 0 10 X

x Y(x) x Y(x) x Y (x)
0,1 0,0398 1,1 0,3643 2,1 0,4821
0,2 0,0793 1,2 0,3849 2,2 0,4861
0,3 0,1179 1,3 0,4032 2,3 0,4893
0,4 0,1554 1,4 0,4192 2,4 0,4918
0,5 0,1915 1,5 0,4332 2,5 0,4938
0,6 0,2258 1,6 0,4452 2,6 0,4953
0,7 0,2580 1,7 0,4554 2,7 0,4965
0,8 0,2881 1,8 0,4641 2,8 0,4974
0,9 0,3159 1,9 0,4713 2,9 0,4981
1,0 0,3413 2,0 0,4775 3,0 0,4987

[Ipu 3anmpoekTHpoOBaHHOM OypeHUU TOPU3OHTAJBHOTO CTBOJIA JIO
MOJIONIBBI HUKHETO HedTSIHOTO IJIacTa TaKoe cpejHee MHUHYCOBOE
OTKJIOHEHWe TJyOWMHBbI 3ajeraHuss HedTsgHOro miaacta — 1,5 M 1pu
TOJIIMHE HIDKHETO I1acta-Bojoymnopa 3,75 M, cyas mo Y(x) —

375
$byukmy pacnpeseseHuss omuboK Mpu x=—5=2,5, gt B 50 % —

49,38 % = 0,62 % Bcex cay4aeB, 4To cocrtaBisier Menee 1 %, mpu-
BeJleT K BCKPBITUIO BOASHOIO TJAcCTa M OGBOAHEHWIO CKBAKUHBI; a
TaKoe cpejHee IJICOBOE OTKJIOHEHHE TJIyOWHbI 3ajieraHus HedTsi-
Horo macta +1,5 M OpHM  TONIUHE HUKHETO HEMTAHOTO CJOS
2,47 M, cyna o Y(x) — ¢yHKuumm pacupezpeseHuss OmuOOK NPH

4
x=2;—57=1,647, B50 % —45 % =5 % Bcex CJy4yaeB HUKHUIA Hed-

TAHOI CJIOH, copepKaliuii %-100 % = 13,4 % samacoB HedTH

HePTAHBIX TLIACTOB, He OYJET BCKPBIT, W €r0o 3amacbl HepTH OyayT
MOTEPSHBI, YTO YMEHBITUT W3BJE€KaeMble 3amacbl HedpTH Ha
0,050,134 - 100 % = 0,67 %.

[Ipu pasbypuBanum paccMaTpUBAeMOro He(TSIHOTO MeCTOPOXK-
JIEHUST TOJIbKO TOPU3OHTAJBHBIMU CKBAKMHAMHU OIMMOKA OTpejese-
HUS TJIyOUHDI 3aJieTaHusl HeTSIHBIX IJIACTOB YBEJUYUTCS BTPOE: C
hep=1,5™M 10 hey,=4,5M, ¢ hy =3 ™ 10 h,=9 M.
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Torpa mpu ToMIUHE HUXKHETO IJIAcTa-Bojoynopa 3,70 M, cynd

no Y(x) — ¢pyHKumMu pacnpepenseHust omuGoK P X = 20 0,83,

B 50 % — 29,64 % = 20,36 % Bcex cuy4aeB GyJaeT BCKPBIT HUKHUN
BOJSIHON ILJIACT M CKBa)KMHA OOBOJAHEHA; NPH TOJIIMHE HEePTIHOTO
caog 2,47 M W pasgensmoniero HempoHumaemMoro mpocios 0,2
cyas mo Y(x) — ¢yHKuuu pacupejenernss ommboK mpu

2,47 2,47 +0,2+ 2,47
X = =0,549; x,="———"T22L 1142
45 4,5
247+ 0,2+ 2,47 + 0,2+ 2,47
py = TSI T ST 1736

4,5

B 50 % — 20,83 % = 29,17 % Bcex c/y4aeB TOPU3OHTAJTIBHOI CKBa-
JKUHOW He OyJeT BCKPBIT CaMblil HIDKHWIT HePTSHON cJyoif, B
50 % — 37,30 % = 12,70 % Bcex ciyuaeB He GyJeT BCKPBIT BTOPOM
cHusy HedTsHOU cyoit u B 50 % — 45,85 % = 4,15 % Bcex ciydaeB
He OGyJZieT BCKPBIT TpeTuii cHu3y HedTsHOI cJoii. Bece ciaon oanna-
KOBBI 110 3aracaM HedTH, KakAblil u3 HUX cojepxut 13,4 % 3arma-
coB HedTH paspabarbiBaeMbix HedTaHBIX mactoB. [loaromy more-
pstHO Gyner

(0,2917 - 0,134 + 0,127 - 0,134 + 0,0415 - 0,134) - 100 % = 6,17 %

BCEX M3BJIEKAEMBIX 3aracoB He(TH.

[IpencraBienHass 37ech OIleHKa IIOTEPH 3amacoB HedTH W
CKBOXXKUH fABJAeTca 3aHMKeHHOH. [lelicTBUTesbHbIE IIOTEPU MOLYT
ObITb TOpa3mo GOJbIle, HO yiKe Tpe/CTABJEHHAS OIeHKa MOTepb B
COYeTAHUU C YK€ IPUBEJEHHBIMU PACUYETAMU AMILIUTYIHBIX 1e6u-
TOB He(TH IIOKA3bIBAET IPEUMYIIECTBO MPEIJI0KEHHOIO Ccrocoba
pa3paboTKN paccMaTpUBAEMOTO HE(MDTSIHOTO MECTOPOXKAEHUS.

A Temepb TONMyTHO O6GpaTHMCSI K TeOpeTHYecKoil mpobieme,
uMeloniell 60JbIIIoe MPAKTUYeCKOe 3HaueHWe, MPH PacCMOTPEHUN
KOTOpO# mose3Ho ucnoabdyiorcsa ugen W.A. Haproro n 10.I1. bo-
pucoBa. Jta mpolJeMa B TOCJe[HEE BpeMS 4acTo OOCYXK/AeTcs
BEJYUIUMU CIEIUAJUCTAMU TI0 pa3paboTKe HePTIHBIX MECTOPOXK-
nenuii. CyTb 1po6iembl: o6pasoBatne KoHycoB (rpe6ueii) BOAbI 1
rasa TpHW MPUMEHEHWU TOPU3OHTAJbHBIX CKBAKUH B MOHOJHMTHBIX
MPOHUIIAEMBIX TJIACTAX JOCTATOYHO GOJIBINON TOJIIUHBI, B BepXHEN
YaCTHU KOTOPBIX HAXOJUTCS Tra3, B cpejlHeil npeobJajaionieil 4acTu
HaxoauTcs HedThb W B HIKHeH yactu — Boma. Cpeau crenmaJiuc-
TOB IIUPOKO PACIPOCTPAHEHO MHEHWE, 4YTO B TaKOl CHUTyaluu
HeJb3sl TPUMEHSATh BEPTHKAJbHbIE CKBAKUHBI, HO MOXKHO IIpUMe-
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HATh TOPU30HTAJbHBIE CKBAXKUHBI, KOTOPblE MOKHO 3JKCILIyaTHPO-
BaThb IIPU TaKOW HU3KOM Jenpeccuu, 4To rasoBblii Konyc (rpeGemn)
CBEpPXY M BOAsAHON KoHyc (rpeGeHb) CHU3Y He MPOPHIBAIOTCA B
CKBKMHY U B Te€UYEeHUE IPOJOJIKUTETHbHOTO BPEMEHH MOXKHO OTOH-
parb O6esrazoByo u 6e3BogHyo HedTh. OAHAKO SICHO, YTO TPHU
OIMHAKOBOM /ie6nTe HedTH Y TOPU3OHTAJILHON CKBAKUHBI MO CPaB-
HEHUIO C BEPTUKAJbHOW CKBA)KMHOU MOKHO 3HAYUTEJbHO YMEHb-
IIUTH JIeNPecCuio Ha HeTAHON MJACT, a MPHU OJMHAKOBOHU Jlerpec-
CUH MOKHO 3HAUUTEJIHHO YBEJUYUTDL Ne6UT HedTH, HO HeJIb3s Of-
HOBDEMEHHO 3HAUWTEJbHO VBEJWYUTL JAeOUT W 3HAYUTEJIHHO
YMEHBIINTD JEMPECCUI0, MOKHO TOJBKO HE3HAYUTETHHO YBEJUIUTDH
ne6UT ¥ HEe3HAYUTETHHO YMEHBIIUTD ETPECCHIO.

Wnest BO3MOKHOTO PE3KOTO YMEHDIIEHUsI JENPECCHN CBsS3aHA C
TEM, YTO y TOPU3OHTAJIBHON CKBAJKMHBI [0 CPABHEHWIO C BEPTHU-
KaJbHON CKBAKMHOI Pe3KO yMeHbIaeTcs obuiee (UIbTPAIMOHHOE
conporusienue, cocrosiuee (mo FO.I1. BopucoBy) u3 BHeEIIHEro u
BHYTPeHHEr0 (UIbTPANMOHHBIX COIMPOTHBJIEHWI; MPUYEM YMeEHb-
maeTcss 3a cdeT emge 6ojiee PE3KOr0 yMEHbBINEHUS BHYTPEHHETO
(buabTPAIMOHHOrO CONPOTUBJIEHNS, HO HMEHHO 3TO BHYyTpPEHHEee
(uabTpanmonnoe CONPOTUBJIEHUE OIPEJEISeT [0JI0 JelPeCcCHi,
NPUXOAAIIYIOCS Ha OJMKANIIYI0 OKPECTHOCTb CKBAKUHBI — TIepe-
naj [aBJeHUs MeXIy TOPHU30HTATbHON CKBAa)KWHOHW ¥ Ta3oBOW u
BOJISTHOW YaCTSIMH I1JIACTA.

Kak m3BecTHO, 4TOOBI HE JOMYCTUTH IMPOPHIBA B TOPU30HTAJb-
HYIO CKBa)KMHY ra3oBoro kouyca (rpeGHsi) cBepXy U BOJSIHOTO KO-
nyca (rpe6Hs) cHU3Y, YHOMAHYTBII mepenan Aasienuss AP Hauo
KOMIIeHCHPOBaTh (ypaBHOBECHTb) TMAPOCTATHYECKU: CBEPXY 3a
cuer (y, — y,) — Pa3HOCTU IJIOTHOCTeil HepTH M rasa B MJIACTO-
BBIX YCJOBHUSX B JOJSAX ILJIOTHOCTH BOABI U [, — PACCTOSTHUS OT
TOPU30HTAIbHON CKBAXKMHBI 10 TOPM3OHTAJbHON MOBEPXHOCTH Ta-
30HE(PTAHOTO KOHTAKTA

AP < (YH _Yr)'l(try
10

n cumsy 3a cuer (y, — y,) — pasHOCTH TJIOTHOCTEH BOABI M Hed-
TH B IJIACTOBBIX YCJOBUAX B JOJAX IJIOTHOCTH BOABI W [,
PaCCTOSHMS OT IOPM3OHTAJIbHON MOBEPXHOCTH BOAOHE(PTAHOTO KOH-
TaKTa

AP < (YB_YH)'ICB .
10

[enpeccus na HedrgaHol maact paBHa pasHoctu P, — TjaacTo-
BOroO JaBjeHusa u P, — paBienus Ha 3a6oe ckpaxkunbl (P, — P.).
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Pagu mpocrorsl GyieM paccMarpuBarth HedTSHON ILIACT  €/H-

HUYHOU THAPOIPOBOHOCTH keh 1.
u

Bynem paccmarpuBarh pasmelieHne BePTUKAJbHBIX CKBAXKUH II0
peryJasipHoil ceTke ¢ L — paccTOdHUEM MEXAY PSIJaMU CKBAKUH U
20 — pacCTOsTHWEM MEK/ly COCEJHUMM CKBAXKMHAMM B PsfaxX W JH-
HEWHYIO CXeMy 3aBOJHEHUS C Yepe/lloBaHueM JOObIBAIOIIUX W Ha-
THETATEJbHBIX PS/IOB; 3aTeM BEPTUKAJbHBIE CKBaXXUHBI OyleM 3a-
MEHSITh TOPU3OHTAJBHBIMU CKBAKMHAMU € [, — TOPU3OHTAJbHON
JUIMHOHM, PACIOJIOXKEHHOW B/IOJIb JUHUU pPsla U MEHbIIe paccTosi-
HUST MEXKIY CKBaXuHamu [, < 20.

Bynem mpuMeHSITh U3BeCTHBIE (DOPMYJIBI.

[Ipu aTOM y BepTHUKAJbHON CKBasKWHBI 06IIiee (DUIABTPAIIMOHHOE
compoTuByieHNe OyIeT paBHO

a y TOPU3OHTAJIbHON CKBAKHHBI ofliee (DUIbTPAIIOHHOE COIPO-
TuBJIeHe Oy/IeT PaBHO

1 20 h 1 20
+—InZ=+=-—-In

1L
2 2 20 2n [ I, 2n 27,

T T

B stux dopmysax r, — paauyc CKBaKWHBI W /7 — TOJIIMHA MO-
HOJIUTHOTO TPOHUIIAEMOTO He(DTAHOTO TLIACTA.

Ecan y ropusoHTanmbHON CKBaKMHBI ¢ — ae6ut HedTH TaKoii
e, KaK y BEPTUKAJbHOW CKBAKMHBI, a JEMPECCUSt Y BEPTUKATBHON
pasua (P,, — P.), To pgenpeccusi y TOPU3OHTAJbHON CKBAYKHHBI
6y/ieT paBHa

11 L 1 26 h 1 | 20
o= . - In
22 20 2n I I 2n 2n~rc_(P

-P);

I

2 2 20 2n 27,

YacTh 3TOMU JIeIIpecCcrnun, COCTaBJIAOIIaA /10JI0

ho1 20

LI P

[, 2n 27,
11 Lt 2 h 1 2
———+—In—+——-In
2 2 20 2n [ I, 2=n 217,

MPUXOJAUTCS HA OJIMKANIIYIO MPUCKBAKMHHYIO 30HY TOPU30HTAJIb-
HOU CKBaKUHBI M TIPEJCTABJISIET COOOI Tepenaj [MaBJIEHUS MEKIY
CKBA)KMHOW M Ta30BOU M BOJSIHOM 4YaCTSIMU ILjacTa
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AP=— b 2% 2"'%2 (P,,-P,).

B aroit dopmysie KOMILIEKC, CBS3aHHBIH C BEPTUKAJbHOH CKBaXKu-
HOM, MOKHO 3aMEHHTb Ha [1e6uT HedTH, TOJeJeHHBIH Ha THIPO-
MTPOBO/THOCTD,

(Prm_Pc) =i
11 L 1 2% ki
**'7+*'1H _
222 2t 2 M

BU/:

l/ 1 1 20

2 n .
kh 1. 2=n 27,

[IpencraBuM 37ech TPUMEPHI pacdyeTa IO TMPUBEAEHHBIM (Op-
MyJIaM.

Hcxoonvie oannvie

PaBHoMepHasi KBajipaTHas CeTKa pa3MeNleHUus] BEPTUKAJIbHBIX
ckBaxkuH L = 20 = 400 M, ropusoHTa bHas JJIMHA TOPU3OHTAJIBHOM
ckBakmubl [, = 200 M, pagmyc ckBakuubl 7, = 0,1 M, Hedrsanas
TOJIIUHA MOHOJUTHOTO HedTsHOTO Tiacta 7 = 20 M, Jempeccus Ha
HeTAHON MJIACT IPU BEPTHKAIbHBIX cKkBaskuuax (P, — P.) =100 ar,
Pa3HOCTH IJIOTHOCTedl HedTH W Tasa W BOABI W HedTH B JOJAX
miaotHoctu Boger (y, —v,) = 0,5 u (y, —v,) = 0,3.

IIpu artoMm nepenaj AaBJeHUS MeXJY NOPU30HTAJIbHON CKBaXKU-
HOU ¥ TA30BOW W BOJSHOW YACTSIMU TIJIACTA TIOJTYYAETCS PABHBIM

1n
AP=—200 2n 201  4o0__ 0051 446_00431-100=431 ar,
11,400 1 2 0,25+1,0275
2 2 400 2n 2n-0,1

20.11 20

qTOOBI TaKOH Tlepenaj [JaBJeHUS THUAPOCTATHYECKW KOMIIEHCHPO-
BaTh, PACCTOSIHUE OT TOPW3OHTAJILHOM CKBAKUHBI JO TTOBEPXHOCTU
ra3oHedTSIHOTO KOHTAKTA JOJIKHO OBITH OOJIbIIE

L =aP—"0 43112 862
G-y 0,5
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U PACCTOSHUE [0 MOBEPXHOCTU BOJOHEPTSIHOTO KOHTAKTA [IOJIKHO
ObITH OOJIbIIIE

AP—% 43110 1437 u,

(YB_YH) 0.3

a 4TOGbI ra3oBblil M BOJSIHOI KOHYChl (rpeGHEM) He TPOPBAIKUCH B
TOPU30HTAIbHYIO CKBA)KUHY, HAJ0 JENPECCUI0 Ha IiacT W JAeOuT
CKBa)XWHBI yMeHBIMUTL B 20 pa3, Toraa HedTAHAS TOMIMNUHA TIJIAacCTa
6yzner GoJiblile HEOOXOAUMBIX MUHUMAJIBHBIX PACCTOSHUI [0 Ta30-
BOW M BOJSHON 4YacTey IJjacra

h=20wM>1,+1,=4,31+7,19=11,5 u,

o 4,31
MpW  3TOM JOMYCTUMBIN Tiepenaj JaBJeHuss paBeH AP=—-=
20

=0,2115 ar u gomyctmMas fempeccuss Ha HeTSHOH IJIacT y To-
pHSOHTaJIbHOfI CKBaXUHbI paBHa

+ilng !
2Lyl p (025401103
% | 00551

n
[ 2n  2;er

I C

(1.1.L
22 2
h 1.

(P,,-P.)= +1] 10,2155=

=7,539 - 0,2155 = 1,625 art;

MpU JIOMyCTUMOM Tiepenajie naienuss AP = 0,2155 ar u jpomycTu-
Moii penpeccuu Ha Hedrsanoi maact (P, — P.) = 1,625 at pe6ur
He(TH Yy TOPU3OHTAJBHON CKBAKHHBI Oy/eT

ki ki ki
g=Kh__ AP _KhO2155_Fh g,
Wi 1, 20 H00551

I

2t 2w,

r C

[To aToli bopMyse clieaHbl MOACYETHI:

Koo w 0,05 0,45 050 1,50 50 150 50,0
w’ cyrar
1\/13
G 0,196 0,587 1,956 5,867 19,555 58,667 195,554
cyr-ar

Taxum o6pasoM, 37ech ObLIO MOKA3aHO, YTO B MOHOJHUTHOM IIPO-
mumaeMoM 1racte (6e3 pasfessiomnX HEMPOHHUIAEMBIX ITPOCJIO-
€B), MMEIOIEM BEPXHIOI Ta30BYI0 YaCTh, CPEAHIOI I1peol.Iajaio-
myio HedTIHYIO dYacTb TOJNUMHOM 20 M W HMXXHIOI BOISHYIO
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YacTb, 3aTPYAHUTEJbHO WJIM Jla)ke HEBO3MOXHO IPEJOTBPATUTD
MPOPBIB B TOPU3OHTAIBHYIO CKBAKMHY CBEPXY Ta30BOrO M CHU3Y
BoJSIHOTO KOoHycoB (rpe6meit).

OueBH/HO, YTOOBI OCYIIECTBJSATH MPOMBINLIEHHYIO I06bMMy Hed-
TH U3 Ta30He(TEBOISHBIX IJIACTOB, HAJI0 MPUMEHSTh M30WpPaTEJb-
HOCTb — BBISBJISTh W MCHOJb30BATH PA3ESIONINEe HEMPOHUIIaeMble
MPOCJON, W B CKBAXXKMHAX 1epdOpPUPOBATH TOJbKO Te HedTsHbIE
CJIOM, KOTOpble HENPOHUIAEMBIMU IPOCJIOSIMU 3ANIUIIEHB CBEPXY
OT rasa U CHU3Y OT BOJBI.

4.3. JEBUT IIOJIOTX CKBAKUH

OO6bIYHO HeTAHDbIE MJIACTBI XapaKTepHU3YIOT [BYyMS 3HAYEHUSMU
Tomuubl: obmeil u adpdextuBHoil. O6buno (mourn Beerga) obmias
TOJIIMHA 3aMETHO WJIM 3HaunTesibHO (B HECKOJIbKO pas!) GoJibiie
apPeKTUBHOI. A 9TO 3HAYMT, YTO BHYTPU OOINEH TOJIIUHBI, KpPOME
a(ppexTuBHON TOMITMHBI, HAXOAUTCS Hea(PPeKTUBHAS; UYTO HeTs-
HOH TIJIACT COCTOWUT M3 JIBYX WJU HECKOJbKUX MPOHUIAeMbIX Hed-
TSHBIX CJOEB U PA3AEJAONINX HEIPOHUIAEMBIX ITPOCJOEB; TOJIIIH-
HAa TIPOHWIIAEMBIX HeTIHBIX cJoeB sBjsiercd 3P eKTuBHON, a
TOJIIMHA Pa3/Je/ISIoNnX HEIPOHUIIAEMbIX IIPOCJIOEB SABJSIETCSA He-
apdextuBHOI. [loaTOMY JaBHO CTAJO SICHO W MOHSITHO, YTO HEJb3S
OypuTh TaKWe TOPU30HTATbHBIE CKBAXKUHBI, KOTOPBIE MPOXOISAT I0-
cepefimHe OMHOTO W3 He(TIHBIX CJIOEB, HE 3aTparuBasg [pyTue
HedTSIHDbIE CJIOM, BBIKJIIOUAS U3 pa3pabOTKU uUX 3amacel HedTH, 4TO
OPUBOAUT K 3HAYUTEJbHBIM IIOTEPSIM M3BJEKAEMBIX 3alacoB Hed-
TH; 4TO TOPU3OHTAJIbHbIE CKBAa’KMHbBI JIOJUKHDBI 110 JMAroHa u Iepe-
cexaTb Bce HeMTSIHDBIE CJOW SKCILTyaTal[MOHHOTO OOBeKTa, TO eCcThb
OBITh TMATOHAJBbHO-TOPU30OHTAJBHBIMI; YTO OOBIYHO, KOTJA TOBOPST
O TOPHW3OHTAJbHBIX CKBAKHMHAX, WMEOT B BUJY [UATOHAJILHO-
TOPU30HTAJbHBIE.

[Tonorne CKBa’KMHBI €CTECTBEHHBIM 06Pa3oM IOJIYYalOTCS TIPU
KycTOBOM GypeHnu, Korja OOJbIIMHCTBO CKBAKWH SIBJISIOTCS Ha-
KJIOHHBIMHI 1 HaKJOHHBIE CKBA)KWHBI IIPSIMOJUHEHHO IPO/I0JIKAIOT-
csl JI0 TIepecedeHns co BCeMH He(TSHBIMH CJIOSMH pa3pabaTbiBae-
MOTO 9KCILIyaTannoHHoro oGbekta (puc. 4.8).

UeM OoJibllie O — YToJ BXOXIEHUS HAKJIOHHOW CKBAXXUHDI B
HedTaHOI mmacT (MpU TOPUBOHTAJNBHOM ILJIACTE HTO YTOJ OTHOCHU-
TEJbHO BEPTUKAIN), TeM GoJibliie [, — ee TOPUBOHTAJbHAs JJIMHA,
n3MepeHHasl B eWHUIAX /i, — 0Omell TOMIMUHBI He(TSHOTO IIac-
ta ./ hy:

o, TPAAYC ......... 50 35 60 65 70 75 80
1./ hy 1,9 143 1,73 215 275 373 567
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Puc. 4.8. Kycr ¢ oanoii BepTHKaIbHOI H IBYMS MOJOTHMH CKBa)KHHAMH:
1 — KyCT CKBa)kuH; 2 — BepTHKAJbHAs CKBAKMHA; 3 — HAKJOHHBIE II0JIOTHE CKBa-
SKUHBI, 4 — HedTsHBIE CJ0M; 5 — pasgessiomue npociaou; h,, — o0mas TOJMIMINHA
mracTa; [, — ropu3oHTaJNbHAS JUIMHA CKBAKHUHBI 10 HePTIHOMY ILJIACTY; O — YroJ
BXOJK/I€HHsI HAKJIOHHON CKBaXKMHBI B He(TSIHOI T1act

IMosiorve CKBaXKUHBI — 3TO HAKJOHHBIE CKBAMKUHBI, IPSIMOJIH-
HeitHO mpojo/sKaoiuecs 1o HedTsHoMy 1iacty. HasepHoe, Hamo
Kak-TO Pas3jnyarh IMOJOTHE ¥ TOPU30HTaJ bHble (MAarOHAJIBHO-
rOPH30HTAJIbHbIE) CKBAXKUHBI. By/IeEM CYMTATh, YTO MOJIOTHE HMEKT
60Jiee KOPOTKYIO TOPU3OHTAJBHYIO JJUHY [,; TOJOTHE — Te, Y KOTO-
PBIX YroJl BXOXKJIeHUs 6oJibiiie 55°, HO Menbie 80°

35° < a < 80°,

a TOpW3OHTAJIbHAs [AJAWHA [, B eQWHHIAX OOIEH TOJIUHBL /[i4
6oJiblite 1,5, HO MeHbIle 5,5

15<- <55
I106

TOPU30OHTAJIbHBIMU 6YI[6M CHUTATb T€ CKBaKUHbI, Y KOTOPbIX 60JIb-
e yroJ BXOXKAE€HUSA 1 60.1bIITE FOpU30OHTAaJIbHAsA AJNHA

ll'

a>80° u >3,9.

Nog
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[Hanee nnsa cpaBuenus addextuBHOCTH TO Aebuty HedTH T0-
JIOTUX ¥ TOPU30HTAJIbHBIX CKBAXXUH B YCJIOBUSX MOHOJUTHOTO
He(TIHOTO IJIACTA ¥ MHOTOCJOWHOTO HeTSHOTO mJaacTa ObLin
C/IeJIaHBI pacyueThl; B 9TUX pacyeTaxX ObBLIN HCIIOJb30BAHBI Iapame-
TPBI OJHOTO BIIOJTHE KOHKPETHOTO MAaJIONPOIYKTUBHOTO HE(PTSIHOTO
MecTopokaenns 3amaganoin Cubupu.

Ddopmysa gebura HedTH OAHON CKBAKUHBI MPOEKTHON CETKHU
NIpU JUHEHHOH cxeMe 3aBOJHEHUs, Korja depeayloTcsl JuHelHble
HaTHETATeJbHbIe W JOGBIBAIONINE PSIbI, UMEET BU[

k-h P, -P.

q(1)= . ci ca
u 2w, +Q+2w

_kh __ P,-P.

CI (&)

" Z-L-w+§2+2-w
Y

k-
rae =ro TUAPOIIPOBOJHOCTD He(l)THHbIX IJIaCTOB B KOHKPETHBIX
u

YCJIOBHSAX, paBHast kh_0,333 —*_; (P P_) — pasHoctb

u (cyrar)’
3a00MHBIX JIABJEHWI HATHETATEJbHBIX M JOOBIBAIONIUX CKBAKUH B
KOHKPETHBbIX yCJoBUSX, paBHas P, — P, = 400 — 100 = 300 ar;

CH

k-
COOTBETCTBEHHO  KOMILIEKC —l-(PCH —Pca)=0,333-300=100 -
u cyT
v = 2 — yBeJHWYEHUE MPUEMUCTOCTH HATHETATEJIbHOW CKBAa’KMHDBI

rnocje oO6paGOTKN XUMHUYECKUM peareHTOM ToJucuia; u, = 2,343 —
COOTHOIIIEHNE TOJBUKHOCTE! 3aKaunBaeMoOW BOJbI M HedTH B KOH-
KPETHBIX I1aCTOBBIX yciaoBusx (mepexoa or koadbduimenra mpo-
JAYKTUBHOCTH 10 HePTH K KO3(DOUIMEHTY TPUEMUCTOCTH 110 BOJE);
® — BHyYTpeHHee (DUIbTPAIMOHHOE COMPOTHUBJICHUE JOOBIBAIONIEH
CKBaKUHBI:

NIPU BEPTUKAJbHON CKBaKUHE

1
o=—-In ;
2m 2m -7,

[P TOPU30HTAJbHOU CKBRJKMHE B MOHOJUTHOM He(TSHOM ILIa-
cTe, Kora obIasi TOJIMHA TIIacTa paBHA 3(M(EKTUBHON TOJIINHE

huG = h!

1 / 20 h h
w=—-'Iln—+—-In ;
21 L 1 l 27:-7}

T T C

MPU TOPU3OHTATHHONW CKBAKMHE B MHOTOCJOWHOM He(DTIHOM
mjacre, Korza obmas toJiuHa Gosbiie 3PEGEKTUBHON Ly > h u
adpdeKTUBHAS TOJIIMHA COCTOUT M3 HECKOJDbKUX CJOEB, 7., — YUC-
JI0 HeTAHBIX CJIOEB,
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CcJt CcJt

hoG g, n

L
Q — BHemHee (OUJIBTPAIMOHHOE CONPOTUBJIEHUE Q = —.
20

B stux dopmynax: L — paccTogHue Mexay pspamu; 20 — pac-
CTOSTHUE MEX[IY CKBAXXUHAMM B PSAYy; ¥, — PAAMYC CTBOJA CKBAXKU-
HBI; [, — TOPM3OHTAJbHAs [JUHA CKBKWHBI, [, — TOPU30HTAJIbHAS
JUIMHA CKBA)XWUHBI B TIPEJEJaxX OT/AEJbHOTO He(MTSIHOTO CJOS; 71,
YHCJIO CJI0EB; /1., — TOJIIUHA OTIETHHOTO HE(DTSIHOTO CJIOS.

B KOHKpETHBIX YCJOBUSX PaccMaTpUBAEMOro He(TSIHOTO MeCTO-
POKIEHUS:

L =400 wM; 20=400™M; r,=0,1™M; hs=29 m; h = 185 M; n, =
=10,5.

[Ipy BepTHMKAJbHBIX CKBaKMHAX [eOUT HedTHM Ha OJHY CKBa-
KWHY TTPOEKTHON CETKW paBeH

Gkt Py~ g - 190 -28,62—.
u (1 \ cyT

1 2 L 1
2 - v = o[ 4] 10275+1
(yow ™) 2 "2y, T 20 22,343

C atuM J1e6UTOM MOYKHO CPaBHHUBAThb JeOUTHI IOJOTMX U TOPH-
30HTAJHHLIX CKBAKWH B MOHOJIUTHOM W MHOTOCJONHOM He(TIHBIX
MJaacTax.

[To npencraBiennbix dopMmyaax Js yCJIOBHH paccMaTpUBaEMO-
ro HedTSHOTO MECTOPOK/AEHUsI ObLIM BBITIOJHEHBI pacyeTbl, pe-
3yJIbTaThl KOTOPBIX TIPE/ICTAaBIeHbI B TabJ. 4.8.

ITo pannbiM Ta6sa. 4.8 BUJIHO, YTO TI0 CPaBHEHUIO C JAeOUTOM
BEPTUKAJIBHON CKBasKUHBI (KOTOPBI He 3aBUCUT OT MHOTOCJONHOC-
TH T1acTa), JAeOGUT FOPU3OHTAJIBHOW CKBAJKUHBI B YCJOBUSAX MOHO-
autHOTO Tiacrta Boime B 3,30 pasa, a B yCJIOBHSX MHOTOCJIOWHOTO
mJacTa BbIIe TOJTBKO B 1,66 pasa, mpupocT ne6uta yMEHBINAETCS B
3,50 pasa; ne6UTBI TOJOTHX CKBAXKUH B YCJOBHSAX MOHOJHUTHOTO
mracta Boime B 1,21—1,77 pasa, a B ycJ0BUSAX MHOTOCJOHHOTO TIa-
cTa BbIe ToabKo B 1,09—1,31 pasa, mpupoct ne6uTa yMeHbIIAETCS
B 2,27—2,44 pas3a.

Heo6x01nuM0 OTMETHTb, YTO pacyeTbl 1eOMTOB BEPTHKAJIBHBIX,
TOPU3OHTAJBHBIX W TOJOTUX CKBAKUH OBLIM CAEJaHbl He s 000-
COOJIEHHBIX OJMHOYHBIX CKBAKWH, a IS CKBAaKWUH, IPEJNCTABJSIO-
[UX CHUCTEMBbI Pa3pabOTKU, COCTOSNUX U3 BEPTHKAJbHBIX HJIU TO-
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it-TE°1 48

Cpaenenue 3ppeKTHBHOCTH 110 Ae6UTY HedTH rOPU30HTAIBHOM, MOJIOTHX U BEPTHKAJIBHON CKBasKHH

Xapakrepuctuka | [opmsoHTanbHas cKBa-
HeTAHOTO xxkmHa L = 400 M Hooras cxpasxciiia
miacra 20 =400 m a, ° 56,3 63,4 68,2 71,6 74,1 76,0
MoHnoauTHbII Q=1 IFF 1,5 2 2,5 3 3,5 4
he=h=185m o = 0,0249 I, M 27,8 37 46,3 53,5 64,8 74
qé =94,30 ® 0,7826 0,6480 0,5583 0,4938 0,4434 0,4031
v — yBesanuenue jeGura qé 34,49 38,87 42,47 45,49 48,17 50,55
110 CpaBHEHUIO ¢ /ebu-
TOM BEPTHKAJbHON
CKBasKITHbBI
94,30 . .
v=—"2"2=330 v 1,205 1,358 1,484 1,589 1,683 1,766
2862
MHOTOCJIONHBII Q=1 I, 1,5 2 2,5 3 3,5 4
hys
n, = 10,5 I, = 24,30 I, M 43,5 58 72,5 87 101,5 116
he =29 M w = 0,4577 Il M 2,643 3,524 4,405 5,286 6,167 7,048
h=18,5m Q(1)=47738 00 0,9081 0,8350 0,7831 0,7432 0,7108 0,6837
h,=176 M v — yBesanueHue ge6ura qé 31,21 33,04 34,48 35,67 36,70 37,60
1Mo cpaBHeHHUIo ¢ 1e6u-
TOM BEPTUKAJbHOI
CKBaKITHBI
v= 47,38 =1, v 1,091 1,155 1,205 1,246 1,282 1,314
2862




PU3OHTAJIbHBIX, WM MOJOTUX CKBAXXUH. 3aMeTHOe CHIDKeHHue (-
exTuBHOCTH 1O e6buTy HedTH TOPU3OHTAJNLHBIX ¥  IOJOTUX
CKBJKUH CBSI3aHO C IOCTOSTHHON HEM3MEHHOCTBIO BEJIWYMHBI Q —
BHEITHET0 (OUJIbTPAIMOHHOTO COIPOTUBJICHHUS.

Pacuersl ¢ yMpIcTOM OBLIN CIeJTaHBI ABAKIBI: IS YCJIOBUI we-
AJbHOTO MOHOJINTHOTO HEe(TSHOTO TJIacTa M JJIST PeaJbHOTO MHOTO-
CTOIHOTO; MOTOMY UYTO peKJaMHYI0 3(P(eKTUBHOCTb TOPH30HTAJb-
HBIX M IOJIOTMX CKBRJKUH 110 CPAaBHEHMIO C BEPTUKAJIbHBIMU CKBa-
JKUHAMU OOBIYHO IOKa3bIBAIOT Ha IPUMEpPEe MOHOJMTHOTO IIJIACTa,
XOTSl 3Ta OTHOCHTeNbHas 3(P(EKTHBHOCTb 3HAYNTEJIDHO CHHIKAETCS
IIpH Iepexo/ie K peaJbHOMY MHOTOCJIOHHOMY IJIACTY.

[Ipn BceM TOM TpHUMEHEHHe TOJOruX CKBakuH (IpsaMosiu-
HelfHOe MPOJOJDKEHUEe HAKJIOHHBIX CKBAKHUH B IIpejesax HedTs-
HbIX ILIACTOB) C TOPHM30HTaJAbHON gauuoi [ = 100-120 M gaer
3HAYNTEJbHYI0 3(@PEKTUBHOCTD — II03BOJISAET YBEJMYUTb OOMINI
Jebut ckBaskuH B 1,3 pasa.

4.4. IPOEKTHBIN PACYET
JNEBUTOB CKBAKIH

Ilenvio amozo npoexmmnozo pacuema sensemcs onpedesenue
0e6UMOE BEPMUKANLHOIX U 20PUIOHMALLHBLY CKGAXKUH NPU PA3-
AUUHBLY CXeMAX UX PASMEWEHUS NPUMEHUMENbHO K YCA0B8UAM
00H020 PearvbHozo HepmAH020 MeCMOPOXOeHUs, PACNOLO0KEHHOZ0
6 3anadnoi Cubupu u 6 Hacmosuwee 6pems G6G00UMOZO & NPO-
MOLUAEHHYIO PA3PAOOMKY.

ITo dakTuyeckuM [JaHHBIM TUAPOAMHAMUYECKUX HCCJIETOBAHUN
JNO6BIBATONINX CKBAKWH CpeqHuil K0aUIMeHT MPOTyKTUBHOCTH:
no CesepHoil 3anmeXm 1O 7 CKBaXHH paBeH 1),
0,922 1/ (cyr-ar);
no IOxmoit 3amexxm TOKe WO 7 CKBaO)KWMHAM paBeH 1, =
0,242 v/ (cyT-ar).

B o6iux u3BiekaeMbIx 3amacax HedTH ITPOMBIILIEHHON KaTe-
ropun C,; nons Cesepnoii 3ayexu — 0,3 u gona IOxuoit 3anexn —
0,7. C yuerom 3TOoro cpeauuii Ko3p UIMEHT TPOILYKTUBHOCTH IS
ob6enx 3ajexkeil paBeH

0,922 - 0,3 + 0,242 - 0,7 = 0,446 1/ (cyr-ar).
M3-3a Majioro umcsia uMccjae0BaHHbIX CKBaxkuH Ha CeBepHOi U
[O:xHoOIT 3asexax U dakTHueckn HaOII0AAeMOH TOBOJBHO BBICOKOM
30HAJIBHOI HEOJJHOPO/HOCTHN He(bTHHbIX IIJIaCTOB pa3jauiuue 3TUX

3aJiexkeil 1o cpegHeMy KoadduimeHTy TPOAYKTUBHOCTH CKBAXKHH,
BO3MOJKHO, CJy4aifHO OKa3aJoChb CTOJb  OOJIbIINM, PaBHBIM
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0,922
0242
TeJabHO 6OJiee TYyCTOU MPOEKTHON CETKOI CKBAXKUH 3TO pPasJinyiie
MO’KeT CUJIbHO yMeHbIuTcs. Iloatomy syuiie mosb3oBarbest Koad-
(pureHTOM TPOAYKTHUBHOCTH, CPEJHUM MAJs 06enX 3ajeskeil, pas-
HBIM M, = 0,446 1/ (cyrar).

OT K03(pPuUIMEHTOB TPOAYKTUBHOCTU TIEpelieM K THIPOIPO-
BOJTHOCTU HE(TAHBIX IJIACTOB

=381 pasa; a mocie pa3bypuBaHuUsI ITUX 3aJexeil 3HAUU-

k-1 k-h k-1
p==tf 1 _RR 2 _RR.080306;
w9 R w 250 w
—In—% In——
27 A 0,1
k-h
T =N- 1,24524 =MN- 1,245,
CeBepnasi IOxnass B uesnom
3aJ1€Kb  3aJeXKb
M, 7/(eyrar) ... 0,922 0,242 0,446
k-
Tl, T/ (CYTaT) ooveeeereree . 1,15 0,30 0,555

Ilnsg obecnieuennst 90%-HON HaAEKHOCTH TPOEKTHBIX JAeOUTOB
nedtu mpumensiercss Ko0dGOUINEHT HAMEKHOCTH, YMEHbIIATONII
pacueTHbie JeOUTHI

2 o8
g=1-1,3 |2 =1-1,3 == =0,56052.
\E" V7

WN3-3a BIMAHUSA 30HAIBHOI HEOTHOPOIHOCTH ILJIACTOB IPOUCXO-
JUT yMEHBbIIEHNEe PAacYeTHBIX Ae6UTOB HedTH. ITO YUUTHIBAET CJIe-
JIYIOMUNA MTOHWKAONNN KoM PUIHEHT:

! L _0,73099.

§2=

1+0,46-v,; 1+046-08

O6mwit nonwskawoumii kKoaddunrent pasen & =g, -g,=0,40974 =
= 0,410.

CooTHOLIEHNE TOABIKHOCTEN BBITECHAIONIETO arenTa (3akaunBa-
eMoii BoJbI) U HeTH B IJIACTOBBIX YCJAOBHUIX PABHO

= K;,s=ﬁ.o,545175 =242;
", 03

koa(pdurmenT pasanunsg ¢U3NIECKIX CBOUCTB He(PTH U BBITEC-
HSIIOIIETO areHTa B TJIACTOBBIX YCJIOBUSX pPaBeH
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Mo =—(T+m.)-v. =

—_—
—_
+
=
=
=
w
S~——
|—<
S
I

o | =
—=
= s

1 1
=—~(1+2,42)-—-1,111111=2,23266752,233.
2 0,851

qu/ITbIBaH, qTo y SaKa‘IHBaeMOﬁ BO/IbI TeMHepaTypa 3aMETHO
HUXE HﬂaCTOBOﬁ, a BA3KOCTb 3aMETHO BbIIIIE HJIaCTOBOfI, TO TII0-
CJie/ITHUE BCJIMYMHDbI HpI/IHI/IMaeM paBHbIMI/IZ

w, =2muy, =2
Dopmysa ammutyaHoro nebuta HedpTu Ha 1 CKBaXKUHY IpO-
eKTHOIl ceTKu

k-h P_-P.
1 _ . CcH (1
qO - w Qs Ev

rae P, u P, — 3a0oiiHble [aBJeHWS HATHETATEJbHBIX U JIOOBIBAIO-

IMX CKBaXMH; Qs — ofulee TreoMeTpuyeckoe (GuabTpanuoHHOE

COIIPOTUBJIEHNE PACCMATPUBAEMOTO 3JEMEHTa 3aJieXKu, KOTOpoe:
npu 3-psaHON cxeMme

2
Qg =2- (200 0 b0 |mw :
w, 1 1} T (0 +9Qy+2:0,)

r7ie 1o TOPSAKY IlepBoe 3HayeHHe 2 COOTBETCTBYET YHCJIY I[eJIbIX
CKBAXUH B PAacCMaTPUBAEMOM 3JIEMEHTE 3aJie’Ku, BTOPOE 3HAaveHUe
2 yYWTBIBAaET, YTO HArHeTaTeJbHblE CKBAa)KUHBI pabOTAIOT Ha JIBE
CTOPOHBI, TPETbe 3HAYEHWE 2 YYUTBHIBAET, YTO JOOBIBAIOIINE CKBa-
JKUHBI TEHTPAJBHOTO psAfa 006ECIeYMBAOTCS 3aKAYKOH ¢ JABYX CTO-
pOH; ®,, W U W, — TeOMETpUYeCKoe BHYTpeHHee (PUuIbTPallMOHHOE
CONPOTUBJIEHNE HATHETATEJNbHOW CKBAKUHBI, JJ0OBIBAIOIIEN CKBa-
SKUHBI 1-TO psifia ¥ TOGBIBAIONIEN CKBAKUHBI 2-TO, WJU IEHTPAJbHO-
ro, paga; Q, u Q, — TeoMeTpuUYecKoe BHellHee (UILTPAIMOHHOE
CONPOTUBJIEHNE TIOJOCHI Tepes 1-M [A00BIBAIOIIUM PSIIOM U IEPe]
2-M JOOBIBAIOIIUM PSIIOM;

npu 1-psaaHoil cxeme

Q= 2(2:3 +Ql+2-w1).

PaccmarpuBaemble BapUaHTbl Pa3MeIleHUs] BEPTUKAJbHBIX U TO-
PU3OHTATBHBIX CKBAXKUH MPEACTaBJIEHBI HA puc. 4.9, re MOKa3aHbI
paccrosHus Mexay ckBakuHamu 20 = 500 M u 20 = 1000 M u

253



“©>
s U

D>
>
>
>

1000 m
([

500 M|

(]

250 m
4 4 4 4 4 4
L a— — Ty
C—— [ C—— [
s 4
v v
500 m

o7 ¢2 wmm3 dumin g

Puc. 4.9. Bapl/IaHTbI pa3MenieHus BEPTUKAJbHBIX U TOPU30OHTAJbHBIX CKBAaKHH:
1 - BepTUKaJbHaA ;106b1BaIOLLlaH CKBaXHHa,; 2 - BEpTUKaJbHadA Har"HeraTeJbHasda
CKBa)XHHa, 3 - TOpU30HTaJJIbHAS Z[OébIBa}O]IIaH CKBaKMHa; 4 - TOpU30HTaJbHAasA Har-
HeTaTeJgbHad CKBaXHHa

167 166 167

Y
Puc. 4.10. IIpoduib niacra ¢ ropH3oHTAIBHOI CKBasKHHOI:
1 — cnoif; 2 — HenmpoHHUIAeMbIil TPOCJIOi



Mexay psagamu ckBakumH L = 500 m u L = 1000 M, a Takske ropu-
30HTAJbHAS [IJIMHA TOPU3OHTAJBHBIX CKBaXKWH [, = 250 m u [, =
=500 m.

PaccmarpuBaemblii  hakTHuecKuii TUMOBOW mMpoduiab 3sKcIIya-
TallMOHHOTO OObeKTa MmokazaH Ha puc. 4.10. Hedranoit mmact co-
CTOUT W3 JBYX IPOHUIAEMBIX CJIOEB KaXXIbIil TOJNMHON 4,88 M n
OJTHOTO PAa3/IEJISIONIET0 HEMPOHUIIAEMOTO TIPOCJO0sT TOXKE TOJIUHON
4,88 ™. Ilpm oO6mieit TOPM3OHTAJIBHOW JIJINHE TOPU3OHTAJBHON
ckBakuubl [, = 500 M addexTuBHAS TOPU3OHTAJIbHAS JJUHA [0
0JTHOMY 0060CO6JIeHHOMY HeTSHOMY cJIoI0 paBHa 167 M.

B paccmarpuBaeMoii cutyanuu:

IPH GePMUKATLHLIX CKEAXUHAX TN PACCTOSTHUN MEXAY CKBAXKI-
Hamu B psgax 20 = 500 M reoMeTpuyecKkue BHYTPEHHUE U BHEII-
Hue (QpUIbTPAIMOHHbIE CONPOTUBJIEHUS:

W, =0=0y=—In—1=1.1n 3% _1063;
21 2n-r,  2n 21-01

mpu 20 =500 Mmu L =L, =L, =500 M
L

Q=9,=L-1
1 2=

mpu 20 =500 mu L = L, = 1000 m

IPH 20PU3OHMANLHBLIY CKEAXKUHAX W PACCTOSTHUU MEXIY CKBa-
KuHaMu B psgax 20 = 1000 M reomerpuyeckoe BHYTpeHHee (DUJIb-
TPAIMOHHOE CONPOTHUBJIEHHE:

npu  MOHOJMTHOM HedTaHoM miaacre (Korga ofias ToJuHa
paBHa addekTnBHOI TOMIIMHE TIAcTa Ryg = hyy = 9,76 M)

mﬂ=m1=m2=ﬁ-tln—=—-n J=

11,1000, 976 1 976 }_ 537679
“20 | 250 T 250 oot

upu [, = 250 M;

0=y = (101000 _976 1, 976 }_ 118839
O nL 500 500 2m01)
npu [, = 500 w;
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npu  AByxcuaoiiHoMm HedrTsaHOM miaacre (kKorna n 2, hy =

= 14,64 Mm 1 h,y, = 9,76 M)

ca

1000-14,64-2 14,64 976
‘In

+ =0,414590
250976 250 22701

mpu [, = 250 M;

1000-14,64-2 76
0, ==, = In 100014642 1464 1 976 ) 0,79
2 | 500976 500 22701

npu [, = 500 m;

reoMeTpuvecKoe BHelrHee (DUAbTPAIMOHHOE CONPOTUBJIECHUE!
mpu 20 = 1000 m u L = 500 m

Q=Q, =2 =05,

npu 20 = 1000 m u L = 1000 m

1000 1.

" 1000

[l ycnoBuii paccMaTpuBaeMOro He(MTSIHOTO MECTOPOKIACHUS
( k- h
HBIX B TEXHHKO-9KOHOMHYECKOM 060ocHOBaHUE Koadduimenta ned-
teussieuenus (TIO KHMH) BapuaHToB pasMelleHMs BEPTUKAJlb-
HBIX M TOPH3OHTAJbHLIX CKBAXKUH, MPEACTABJIEHHBIX Ha puc. 4.9,
JUIST MOJIeJI MOHOJIMTHOTO HeTSHOTO IJacTa C TOJIMUHOH /o =
= hys = I,y = 9,76 M u Mosenn AByXcjoiiHoro HedTAHOrO ILIACTa
n., = 2 ¢ obuieir Tommuuo i, = 14,64 M u sddextuBHOM TOIIH-
Hoit /1,4, = 9,76 M, npu npunaroii 8 TOO KWH pasnoctu 3a60ii-
HBIX JIaBJEHUI HarHeTaTeJ bHbIX U J00bIBatONMX CKBaskuH (P, —
- P.) = (400-160) = 240 ar OblLin caesaHbl pacyeTbl: TE€OMETPHU-
YeCKNX BHYTPEHHUX, BHENTHUX W O6mMX (UIBTPAINOHHBIX CO-
nporuiennii (w, Q u Qy), ammauryaHOro gebura Ha 1 IPOEKT-

=0,555 1t/ (cyrar), w, = 2 u & = 0,410), a1a paccMOTpeH-

nyio ckpaxkuny (gy) u ammmuTyaHoro ge6uta Ha 1 A0GBIBAIONIYIO
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L+m. ) — yneno MO6BIBAIOIINX CKBAKUH Ha 1

ckBaskuny (gh, = qi, -

HarHeTareJbHYI0 CKBAXKWHY, TPHU 3-pAaHON cxeme m = 3, mpu 1-
paanoit cxeme m = 1). Jle6but Ha 1 NPOEKTHYIO CKBAKUHY OIIPE/E-
gasiercs mo dhopmyie

) (400—160)§= 54,612

z QE z

T/ CyT.

[Monyuennbie TakuM 06pPa3oM pe3yJabTATbl TIPEACTABJIEHBI B
Tabm. 4.9.

AHanu3 TOJyYeHHbIX Pe3yJIbTATOB IIOKA3bIBAET, UYTO IPHU IIPU-
MEHEHUN BEPTHKAJbHBIX CKBAXKUH IEPEXOJ OT J-pSIHONH CXEMbI
pasMenieHus JOOBIBAIONINX CKBAKWH K 1-pSIfHON cXeMe TIpH Mpo-
YUX PaBHBIX YCJOBUAX NMPUBOIUT K yBeJWYeHHIO jge6uta Ha 1 mpo-

13,04
EKTHYIO CKBaKMHY B —gsg =1,364 pasa m na 1 moGbiBatoniyio ckBa-

SKUHY B %=2,045 pasa.

Caenyromuii mepexon npu 1-psiqHO cxeme pa3MenieHuss OT
BEPTUKAJBHBIX CKBA)KUH K TOPU3OHTAJBHBIM C OJHOBPEMEHHBIM
yBeJMYEHHEeM PACCTOSHUS MeXIYy TOPU3OHTATbHBIMU CKBAKUHAMU
BiBoe, ¢ 20 = 500 M mo 20 = 1000 M, mpu WX TOPU3OHTAJIBHOMN
jumHe [, = 250 M IPUBOAWMT K yBeJWueHUIO ae6uta Ha 1 TTPOEKT-

31,32 o
HYIO CKBaXXHHY B W=2’402 pasa; a mpuW WX TOPU3OHTAJIBHOM

?2’345=3,025 pasa.

OoGiee yBesmvenue ge6uta Ha 1 MPOEKTHYIO CKBAXKUHY IIPU
nepexojie OT 3-PSIIHON CXeMbl pa3MeIeHUs] BEPTUKATbHBIX CKBa-
JKUH K 1-psIHON cXeMe rOPU30HTANBHBIX CKBAKUH C TOPU30HTAJb-
3945
956
HO B HAEAJbHBIX YCJOBUSIX B CJydae MOHOJUTHOTO He(PTSIHOTO
miacta 6e3 pasfesdionero HEeNpPOHWIIAEMOr0 IIPOCJOsl TPU TOpPU-

JuinHe Gogibiie [, = 500 M — B

Hoit mumHON [, = 500 M — B =4,127 pasa. Takoil ke mepexof,

30HTAJbHON JJMHE TOPU3OHTAJIBHBIX CKBaKuMH [ = 500 M maet 006-
mee yBeanmveHume ge6urta Ha 1 TIPOEKTHYIO CKBLKHMHY B
63,76

956 = 6,669 pasa.

Takum o6pasoM, 3/ech ObLI clieJIaH MPOEKTHBIN pacueT 1e6UTOB
BEPTUKAJIbHBIX M TOPU30HTAJbHBIX CKBa)KMH ITPU Pa3JMYHBIX CXe-
MaxX WX pa3MeleHus ¢ y4eToM (DaKTHIecKOol MPOAYKTUBHOCTH W
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Tabauya 4.9

Pacuyer 1e6UTOB BEPTHKAJIBHBIX M TOPH30OHTAJIBHBIX CKBAKHH /LISl CXEM PasMelleHns,
npe/iCTaBJeHHbIX Ha pUc. 4.9

Bua ckBakun , IlJIaCTa

3-paanas cxema

1-psaanas cxema

1-psaamas cxema

L =500 m L =1000 M L =500 M
BepTukaspuple CcKBa-| ®, = 0, = w, = w, =, = 1,063 o, =, = 1,063
SKUHBI, paccrosinue = 1,063
MEKY CKBaKWHAMH Q =Q,=1 Q =2 Q, =1
20 =500 m Qy =5,713 Qy = 5,189 Qy = 4,189
2 ’ P ’ 2 )
qé =9,56 T/cyT qé =10,52 1/cyr qé = 13,04 t/cyr
qéa =12,75 v /cyT %1)3: 21,04 1 /cyt ‘7(1)3 = 26,08 T/cyT
lFopuson- | Monoaur-| o, = o, = w, = w, = o, = 0,238 o, =, = 0,238
TaJbHbIE HBII =0,238
CKBa)XUHBbI, | I1J1aCT Q,=9Q,=0,5 Q =1 Q =05
paccrosinue| h = h = Qg = 1,857 Qs = 1,713 Qg = 1,213
fg:ﬁﬁzn_ _ 9{1% _M q}, = 29,40 T/cyT qé =31,88 t/cyr qé = 45,02 T/cyT
gglinmoo M, (/(1)3: 39,20 T/cyT %1)3: 63,76 T/ cyT %1)3 =90,04 T/cyT
TOPHU30H-
TasJbHasg
JJIMHA
[:=250 M | ngyx- 0,0, =w,= | o, =0 =045 o, = o, = 0,415
CJIOUHBII = 0,415
macT Q=9Q,=0,5 Q =1 Q=05
ne,= 2, Qg = 2,461 Qg = 2,244 Qs = 1,744
1:10614_’64 M, qé =22,19 t/cyt qé = 24,34 t/cyT qé =31,32 1/cyt
—%,=76 M qész 29,59 1/cyT %1)3: 48,68 T,/ cyT %1)3 = 62,64 T/cyT
lFopuson- | Monoaur-| o, =, = w, = w, =o, =0,119 o, =w, =0119
TaJbHbIE HBII =1,119
CKBa)XUHBbI, | I1J1aCT Q,=9Q,=0,5 Q =1 Q=05
paccrosinue| h = h = Qs = 1,442 Q= 1,357 Qs = 0,857
fg:ﬁﬁzn_ — 9{1% _M q}, = 37,86 T/cyT qé = 40,26 T/cyT qé = 63,76 T/cyT
HaMH 1 1 1
20=1000 M, Go,= 94,48 1/cyt| qp,= 80,52 1/cyT| Gp,= 127,52 T/cyT
TOPHU30H-
TaJbHadA JIByx- W, =0 =w,= w, = o, = 0,295 w, = o, = 0,295
AnanHa CJIOUHBII =0,295
L= 500 rniacT Q=Q,=0,5 Q =1 Q=05
ne,= 2, Q5 = 2,053 Q5 = 1,884 Q5 = 1,384
20611;64 M, qé = 26,60 T,/ cyr qg) = 28,98 T/cyr qg) = 39,45 1/ cyT
l:l“‘b;G M q(1)3= 33,46 1/ cyT q(1)3= 57,97 1/cyr q(1)3= 78,90 T/cyT




re0JIOTUYeCKOro cTpoenus HedTsHoro miacra. Ilpu sTom GbLio mMO-
Ka3aHo, YTO HaJW4yWe B IIpejesax HePTSHOTO IJIacTa Pas/essio-
Iero HEeIPOHUIAEMOT0 MPOCJ0s CYIIEeCTBEHHO (na 24-38 %, wau B
1,31-1,62 pasa) cHuKaer Ae6UT rOPU3OHTATIbHBIX CKBAKUH.

4.5. OB 9O®EKTUBHOCTH CKBAKUHDI-EJIKU

B mamreii crpane u3BeCTHBI OTPOMHBIE 3amachl HePTH, UCUHC-
JiseMble MHOTUMH COTHSIMH MHJIJIMOHOB TOHH, HaXOAsdIIuecs B Ma-
JIONTPOHUIIAEMBIX MAJIONPOJAYKTUBHBIX HE(MTSIHBIX TJacTaX W Mec-
TOPOXJCHUSAX. MHOTHE TaKkue MECTOPOXKICHUS ObLIN  OTKPLITHI
JaBHO U o4eHb gaBHO — Gousee 10, 20 u gaxe 30 Jser Hasazm, HO
HUKOT/J]a He BBOJAUJIUCH B MPOMBIILIEHHYIO pa3paboTKy u3-3a CBOeil
abCoOJIIOTHOH 9KOHOMHUYECKOH yObITouHOCTH. VX cpennme kKoaddu-
IIUEHTBl TTPOAYKTUBHOCTU Pa3BeJOYHBIX CKBAKMH TpuMepHO B 10—
20 pa3 HWXKe, YeM CKBa)KUH Ha OCHOBHOM JIEBOHCKOM TOPU30HTE
n3BeCTHOTO PoMamKkuHcKoro MecTopo:kaerusd B Tatapum u B 100—
200 pa3 HIKe, 4eM CKBaXXWH Ha OCHOBHBIX IPOJYKTUBHBIX IIJAaC-
tax u3BectHoro CaMoOTJIOpCKOro MecTopoxkjenus B 3anajanoit Cu-
O6UpH.

[lns BBOma 3TMX MAaJIONIPOAYKTUBHBIX HE(TSHBIX MECTOPOXKIe-
HUW B 9KOHOMHWYECKHM PeHTAGeJbHYI0 TPOMBINIJIEHHYI0 pa3paboTKy,
KOHEYHO, HY;KHBI HAJOTOBBIE JLTOTHI, HO 3TOTO COBEPIIECHHO HEIO0-
CTAaTOYHO, W HYXKHBI KOPEHHbIC W3MEHEHUS B KOHCTPYKIMHU CKBa-
JKUH, B TEXHHUKE M TEXHOJOTMU WX IKCILIYaTAI[HH.

BosmoskubiMu - cpeactBamu (OJIHUM U3  BO3MOYKHBIX  CPE/ICTB)
pemeHust 3TON TPOGJEMBl  SBJIAIOTCS: THIPOPA3PbIB  HEPTIHBIX
IJIACTOB W MPWMEHEHWEe TOPU30HTAJTHHBIX CKBAJKWH, BEpHee, CKBa-
JKUH € TOPU30HTAJBHON dYacTbio. JTHU TEXHWUYECKUE CPEACTBA YyKe
npaktuyecku mnpuMeHsuch 30—40 JsieT Hazad; HO K HACTOAIIEMY
BpEMEHHU, BO-IIEPBBIX, OHU YCOBEPIIEHCTBOBAHbBI, BO-BTOPBIX, IIO-
Tpe6GHOCTh B 9KOHOMHUYECKU pPeHTAGeTbHOW pa3pabGoTKe MaJoIpo-
OYKTUBHBIX TJIACTOB U MECTOPOKJEHWH pe3ko 06OCTPUJIACh, IIO-
CKOJIbKY yBEJMYUJIACH JOJIS TaKUX Pa3BelaHHBIX 3armacoB HePTH H
YMEHBINUIACH 10/ Pa3pabaTbiBAEMBIX BBICOKOMPOAYKTUBHBIX U
CPEHENPOJYKTUBHBIX 3aMacoB HedTH.

Ho mnpum paccMoTpenun MNpPaKTUYECKOrO MPUMEHEHUS TaKUX
CUJTbHOZEUCTBYIONINX TEXHOJOTUYECKUX CPEICTB, KaK TUAPOPA3PHIB
He(TSIHBIX TOPU3OHTAJbHBIX CKBJKWH, HAJ0 YUYUTBHIBATD HE TOJDBKO
BO3MOKHOE Pe3Koe CHIDKeHWe (DUIbTPAIMOHHOTO COTPOTHBJIEHUS
He(TAHDLIX TJIACTOB, HO W BO3MOXKHOE PE3KOE YBeJWYeHUe Hepas-
HOMEPHOCTH BbITecHeHUsI HedTH 3akaumBaeMoil Bojoil. K coxase-
HUIO, K HACTOSIIIEMY BpEMEHM MHOTHE TeOpeTHYeCKHe pelleHust
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BBITIOJTHEHBI JIJIST MOJEJU OJHOPOJHOTO MOHOJUTHOTO He(TIHOTO
IJIACTA U TUPAXKUPYIOT M3HAYATHHO HPUHATHIA ONTHMU3M, MEXIY
TEM He BCE TaK IPOCTO M MOJIOKHUTETbHO. VI3BECTHBI CJIOBA: TJAIKO
6b110 Ha GyMare, fa 3a6bLIM TIPO OBparu, a mo HUM XoauTb. [lo-
9TOMY B TEOPETUUYECKWX PENIEHUSAX 006s3aTeJbHO HAI0 YYUTHIBATDH
CO3/IJaHHYIO TPUPOON YCTOWYMBYIO HEOJAHOPOJHOCTb HEMPTIHBIX
IJIACTOB: WX CJOWCTOCTH, HAJWYHME TPOHUIAEMBIX TMPOAYKTHBHBIX
CJI0EB ¥ PAa3JeJAoNMX WX HEeIPOHUIIAeMbIX HEPOyKTUBHBIX
IPOCJIOEB, YHCJO CJIOEB, TOCJIOIHYI0 HEOJHOPOIHOCTH IO TIPOHU-
[[aeMOCTH, A0JI0 3(PDEKTHBHON TOJIIMHBI CJ0eB B OOIIEH TOJINHE
HedTsIHOTO TLIACTA.

OcHoBHOIl 06pa3 HePTIHOTO TaacTa, Oas3upymomuiics Ha 3Ha-
HUM MHOruX HedTAHbIX MecTopoxkacHWi Tartapuu, MaHTbINIIaKa
u 3amagHoit Cubupu: MJIACT COCTOUT U3 3—4—5 060COOJEHHBIX
HeTSIHBIX CJIOEB, pa3jeJeHHbIX 2—3—4 HempOHUIAEMbIMU IPOCJIO-
SIMHU; TPU 3TOM TOJIIMHA OTAEJbHOTO CJOS 2—3—4 M W TOJIIIHHA
pocJiost Toke 2—3—4 M; pasbpoc 3HayeHU#l IPOHUIIAEMOCTH 110
CJIOSAM XaOTWYECKUH, Ccpe/Hee pasjuyne MMPOHUIAeMOCTel IBYX
cioeB B 3—4 pasa; Ha6Jo/jaeMble 110 CKBOKMHAM 3HaYeHUs apdex-
TUBHOW TOJIIIUHBI U TPOJYKTUBHOCTH MOXKHO PACIIPOCTPAHITH Ha
orpannveHHble 30HBI pagmycoMm Bcero 200—300 M; cOOTBETCTBEHHO
MPU PaCCTOSTHUM MKy cKBaxkmHamu OGosibiiie 400—600 M pas6bpoc
3TUX 3HAYEHUN COBEPIIEHHO XAOTHUYECKHI, TOJHKO COOTBETCTBYIO-
it pyHKImn pacupenesenus. VI ecau Bce 3TO y4ecTb TPHU OTpe-
JleJIEHUU TPOU3BOAUTEIHbHOCTA TOPU3OHTAJbHON CKBaXXWUHBI, TO
ee IPeUMYIIecTBO Iiepe]] BEepPTUKAJbHONH CKBa)KMHOW CYIecTBeH-
HO yMeHnbmnaercs. Kcratm, yske camble HayaJa TMOA3EMHOI THIPO-
JUHAMUKY, a UMEHHO, PAacCMOTpEHNe IJIOCKONapasieJbHON W TLIO-
CKOpauaJbHON (PUIbTPAIMK KUKOCTU TIO3BOJISET OIEHUTH BEPX-
HUW TIpe/ies] yBEJWYEHUS ITPOU3BOUTEIBLHOCTH TOPU3OHTAJBHON
CKBKMHBI B OJHOPOJHOM MOHOJIUTHOM Tiiacte 06e3 pasiesionunx
HENPOHUIAEMBIX IIPOCJIOEB: ITPOU3BOAUTEIBHOCTD TOPU30HTAJIBHOM
CKB)KMHBI HE MOJKET OBbITh BBINIE MPOM3BOAUTENBHOCTH TaJepel.
[ToaToMy, ecqi TOPU3OHTATbHAS CKBAKMHA 3aMEHSET OJHY BEPTH-
KaJbHYIO CKBaXKWHY, TO €€ IPOU3BOJUTEIbHOCTh HE MOKET OBITh
6oJipiiie, 4eM B 5,9 pada. A ¢ ydeToM (PaKTHUECKONH CJIOMCTOCTH
IJIACTOB MPOM3BOJUTEJBHOCTD BbIIIe Bcero B 2—3 pasa. Ho ecuan
TOPU30HTAIbHAS CKBAKMHA 3aMeHseT 3 BEPTHKAJbHbIE CKBAXKUHDI,
TO ee TPOU3BOAUTEIbHOCTb OYZeT BBINIE IPOU3BOAUTENbHOCTH
O/IHOM BePTUKAJbHOW CKBaXXWHLI B 6—8 pa3. OmHako mpu 3TOM
BO3HHKaeT HOBas ocTpasl mpobJeMa: K CyIlecTByIouleil, Tpupoaoi
CO3/IJaHHOW HEOMAHOPOAHOCTH HE(MPTAHBIX TIAACTOB J00ABJISETCS
3HAYUTEJbHAS  MCKYCCTBEHHO  CO3/[aHHAS ~ CaMUM  Y€JIOBEKOM
(anTpomoreHHasi) HepaBHOMEPHOCTb BbITeCHeHUs HepTH 3aKa-
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YyuBaeMON BOJOM — 3HAYUTENbHAd TeoMeTpUYecKas HEeOJHOPO-
HOCTbD.

PaccmorpuM MeXaHM3M BO3HUKHOBEHUS [JOINOJHUTEIbHOH Teo-
MEeTPUYECKON HEOJHOPOJHOCTH Ha IIPUMEPE OHOTO BIIOJIHE peasib-
HOTO MAJIOTIPOJYKTUBHOTO HE(PTSHOTO MeCTOpOXJeHus B Tartapuw,
M0 KOTOPOMY pellieHO OypuTh TOPU30HTATbHLIE CKBAKWUHBI B TYyp-
HEHCKOM TOPU30HTE.

OniHa TOpU3OHTAJbHAS CKBAXXKWHA € TOPU30HTAJbHOH YacTbio
jqunHoi 400 M 3aMeHsIeT JBe BEPTHUKAJbHbBIE CKBAKUHBI, MPOOYpPEH-
Hble II0 PAaBHOMEPHOI KBa/[paTHOH CeTKe, PACCTOSIHUE MEX/y KOTO-
pbiMu paBHO 400 M.

TypHeiickuii TOPU30HT uMeeT OOIIyI0 ToJMUHY 48 M, adpdek-
TUBHYIO ToJmuHy 12 M u 8 cnoeB, Kaxablil ¢ 3¢ dEeKTUBHON TOJI-

. 12
IUHON §=1,5 M.

N3 400 ™M TOpPM3OHTAAbLHOM YacTH  CKBaXXUHBI  TOJBKO

12 o
400 - 7z = 100 M mpoxozar no caosm 10 9bheKTUBHOI TOMIKHE,

n 10 KaKJI0oMy CJIOIO /[J1Ha I‘OpHBOHT&JIbHOfI HYaCcTu  BCeETro

100
— = 12,5 m. Ho nockosbky Bce c/10M paso0IieHbl IIPOCJIOsAME, TO

400 M o6muiell AJMHBI TOPU3OHTAJBHON dYacTh (PakTUYecKu mpeBpa-
meHbl B 12,5 M 3¢ (eKTUBHONH TOPHU30HTATBHON YAaCTH B KaXKIOM
060CO6JIEHHOM CJIOE U B II€JIOM 110 He(PTAHOMY ILIACTY.

[Ipu 3TOM 10 KaXKJIOMY CJIOI0 PACCTOSIHUE MEXIY TaKUMU TOPH-
30HTAJTbHBIMU YAaCTSIMU COCEIHUX CKBAXKUH OKA3DBIBAETCS PABHBIM
800 — 12,5 = 787,5 m.

A eciu nonst 3pHEKTUBHON TOJMMHUHBI B OOIIEN TOJIIHHE BBOE
6oJbIlle, TO TOPMU3OHTANbHASI UYAaCThb IO KAXKAOMY 060COOJEHHOMY
CJI010 TOKe BABOe GoJibiiie 12,5 - 2 = 25 M U paccTosHUE IO CJIOI0
MEXIYy COCeHUMM CKBaskumHamu paBHo 800 — 25 = 775 m.

A eciu YMCJIO CJIOEB BIBOE MEHBINE, TO TOPM30HTAJbHAS YaCTh
Mo KaxJoMy 060co6JeHHOMY cJioto OyJeT B/Boe 6oJibiie 25 -2 =50 M
U PACCTOSTHUE MEXIy COCeIHWMHU CcKBakmHamu Oyzaer 800 — 50 =
=750 m.

Tak BO3HUKAIOT GOJIbIINE PACCTOSHUS MEXJY CKBAKUHAMMU, JI€-
opmupoBanue u pas3peskeHue CeTKH CKBAXKUH CO BCEMU H3BECT-
HBIMU OTPUIIATETHHBIMU MTOCJEACTBUSIMH.

[TockombKy OT TopusoHTaJbHOW YacTu JinHON B 400 M mo Kax-
JloMy 060cO6JIEHHOMY ¢JIoI0 ocTaetcss Bcero 12,5—25-350 M, TO ecTb
CMBICJI BMECTO TOPU3OHTATHHBIX CKBAXWH CO3/1aBaTh CKBASKIHBI-
eJIKU, T.e. BEPTHUKAJbHbIE CKBAXXUHBI C KOPOTKUMU TOPU30HTAJIb-
HBIMU BETBIMU B KaXKJIOM 000COOJICHHOM CJIO€.

[Ton cxBakmHOUi-eNKONl MOHMMAaETCS OOBIYHAS BEPTUKAJbHAS
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CKBa)KMHa ¢ 0OObIYHOII mepdopalmeii, y KOTOPOW OIOJHHUTEIbHO
ObLIM CO3[JaHbI TOPU3OHTAJbHBIE KAHAJIbI. JTU KaHAJIbl J106ABJIEHBI
K CTBOJIy CKBaKMHBI, KaKk BeTBM K CTBOJIy JepeBa. [lo aToro ckBa-
JKUHY y’Ke 9KCIIyaTHPOBAJIM B KadecTBe AOOBIBAIONIEil MM HarHe-
TaTeJbHOH, BBISABUJIM HEY/IOBJETBOPUTEJIHHO pabOTAIONNe YaCTH
TOJIIUHBI HE(PTIHLIX TIJTACTOB W JOMOJHUTETbHBIE TOPU30HTAJb-
Hble KaHAJbl OCYIIECTBUJIN U30HPATENTbHO B HY)KHBIX MECTaX, 4TO-
6bl YBEJUYUTDH TEKYIIYIO U CYMMapHYIO H06bIuy He(TH.

Bynem paccmarpuBath HedTSHOW mJaacT TosmuHoi /2. Ilpume-
HEHa paBHOMepHas KBaJpaTHas CeTKa CKBa)XUH C PpaCCTOSHUEM
MEX/y COCEJHUMHN CKBaXMHaMu 20. DByjgeMm paccmarpuBarh ydac-
TOK, JIPEHUPYEMBIii OfHOI CKBaskMHOMN, ¢ mmomaabio (20)* u mepu-
MeTpoM 4:20. Paanyc cKBaXuHbBI 7,. B mpemenax ToJmuabl HedT-
HOTO IIJIacTa TI0 CTBOJIY CKBAXKUHBI PaBHOMEPHO PAaCHOJIOXKEHDBI 7
TOPU30HTAJbHBIX KAaHAJOB, KaXABIN AMuHOM [ m pamgmycom 7. [lpu
3TOM B IpefesiaX IJacTa BBIAEISETCS 7 THAPOAMHAMUYECKH 0060-
coOJIEHHBIX cJIoeB. DBymemM paccMarpuBaThb OJWH TaKOW CJIOW TOJI-
muHoit h, = % B npegesax atoro cjos B LEHTPE paccMaTpuBae-
MOTO y4aCTKa HaXOAUTCH CKBaskMHa (UacTh BEPTUKAJIBHOW CKBASKHU-
Hbl JIIMHONH /,) W OJWH TOPH3OHTAJBHBIN KaHaa. PaccMmarpusae-
MBIl y4ACTOK Pas3jesiuM Ha JBa yd4acTKa: HEHTpasbHbIi (B OKpect-
HOCTM CKBQKMHBI M TOPU3OHTANBHOTO KaHasa) u mnepudepuii-
HBII — BeCb OCTaJbHOU paccMaTpuBaeMblil Y4YaCTOK 32 BBIYETOM
LIEHTPAJbHOTO ydacTKa. PagMepbl I[EHTPAJbHOTO Y4YacTKa, B COOT-
BETCTBUU ¢ ujessMu U pesyabratamu V.A. HapHoro, npgaMo cBs3a-
HBI C TOJIIUHON cyost /,. Ilnomampb IMeHTpaTbHOTO ydacTka paBHA
(I +2r,+ h)Q2r,+ h,), ero nepumerp pasen (21 + 4-2r, + 4h,).

B mpenesax ImeHTPAJIbHOTO ydacTKa (PUIBTPAIMOHHOE COIPO-
TUBJICHWE BEPTUKAJHHONW CKBAKWUHBI PABHO

A g )
h, 2n 2mr,

)

L
k
(1)I/IJIpra].[I/IOHHO€ COIIPOTUBJIEHNE TOPU30OHTAJIbHOTO KaHaJla PpaBHO

4(lz*+ 2r.*)
E.l.i.ln—";

B IIpeJesiaX IeHTPAJIbHOIO y4YacTKa BePTHUKaJbHasg CKBOKMHA W
TOPU30HTA/IbHBIA KaHal AEeHCTBYIOT IapaJ/ijielbHO, IO3TOMY CyM-
MHUDPOBaThb HAJ0 BeJMYNHBI, OOpaTHble WX (UIBTPAIMOHHBIM CO-
[IPOTUBJIEHUAM, U OT II0JyYEHHOH CyMMbl I1€PEXOAUTb K Pe3yJIbTH-
pyiomuieMy (UIbTPAIUOHHOMY COIPOTHBJIEHUIO:
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1
1 . 1
w11 A 2) A A 2
k h, 2n 2, o 2,

wt
k1

1 1
21 h, . l
In 4(h,+2r) In 4N+ 2r,)
2mr;, 2mr;,

>~|=

C atuM (UIBTPAIMOHHBIM COIIPOTUBJICHUEM HA/I0 CyMMHPOBAThb
(puabTpaIOHHOE COTPOTHBJICHNE TIepu@epuilHOro yuacTka

11 420
‘In .
h, 2n 2A+4-2r, +4h,

Ly
k

B urore TII0JIy4a€eTca

w1 1 L A2
k 2n h, [ 2A+4-2r, +4h,
+ .
4Ch,+21) 4(h,+21,)
In In :
2, 2nr,,

[lng cpaBHenusi mnpuBefeM (QUIbTPANMOHHOE CONPOTHBJIEHUE
paccMaTpUBAEMOTO YYACTKA ¢ BEPTUKATLHOM CKBAXWHON 6€3 TOpH-
30HTAJIBHOTO KaHaJa

4-20
2r, ’

>|=

11 |
— 2 n
h, 2n

C yderoM 3TOTO TOJy4YaeTcss (opMyJsa yMeHbIeHus (GUIbTpa-
IIUOHHOTO CONPOTHUBJIEHUS W yBeJudeHus [JeOuTa CKBAKIHDBI-JIKH
10 CpaBHEHWIO ¢ OOBIYHOW BEPTUKAJIbHON CKBAaKMHOI:

1 4-20
—In
D= h, 2mr;, _
1 1 4-20
+—In——
h, [ R, 2 +4 2n, +4h,
+
4Ch,+21) 4(h,+21,)
In In :
2mr;, 2nr,,
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1n4-20

_ 2mr;,
1 4-20
+In
h, +L. 1 2+ 4- 21, +4h,
In 4(h+2r) b, In 4(h,+2r,)
2nur, 2mr,
Ocy1iectBuM 3aMeHy /= f Tor/1a
yix y =3, pil
4-20
In
0= 2nur,,
1 4-20
1 I I +In I
T 1 +Z~n~ 7 2A+4- 21 +4—
4LZ+2rCJ 4kgl+27c*) !
In——*~ In——~
2nr;, 2nr;,

[To mocaenneit dopmysne mnsg HedTAHON TJIOMAAN C PaBHOMEP-
HOM KBaJIpAaTHOW CEeTKOW pa3MeN[eHMus] CKBaXWH C TJOTHOCTHIO
(20)* = 160 000 mM*>/ckB. = 16 ra,/ckB. ObLAM C/E€JaHbl PACYETHI
yBenueHus: nebuta HepTH NPU NPUMEHEHWH CKBAKUH-eJOK 110
CPaBHEHMIO C BEPTUKAJIBHBIMH CKBa)KMHAMU. Pe3ysbTaTbl pacyeToB
npeactaBiaeHbl B Ta6s. 4.10 [/l pa3jmyHbIX YUCJIEHHBIX 3HaudeHWi
MPUBE/IEHHOTO PaJInyca BEPTUKAJBHON CKBAKUHBI

Mo 0,1 0,04 0,01

paanyca ropu30HTaJbHOIO KaHaJa 7., = 0,04 M, PaCCTOAHUA MEKAY
TOPU30HTAJIbHBIMU KaHaJlaMN

h

1 JJIWHDbI TOPU3OHTAJbHOTO KaHaJjla

LM 0,5 1 2 5 10 20

[IpuBeneHHDbIE pagMyCchl BEPTHKAJBHBIX CKBaXKuH 7, = 0,04 M u
7. = 0,01 M COOTBETCTBYIOT Pa3HON CTENeHW 3aCOPEHus UX IpH-
3a601HbIX 30H. [loHATHO, UTO B TakmxX CKBakmHax 3addexT ot co-
3/IaHUSI TOPU3OHTAIbHBIX KAHAJOB 3aMETHO BBIIIIE.

Paccmotrpentbie yesoBusi 2, = 1 M u b, = 2 M BIIOJIHE peasbHbI,
MOCKOJIBKY HAa MHOTHX HE(MTSIHBIX MECTOPOXKAEHUSIX 060CO6TEeHHDIE
HedTsAHBIE con UMEIOT 3PHEKTUBHYIO TOIUHY 1—2 M.

Ta6muna 4.11 paccumranma ans ciepyomux ycjaosuii: (20)? =

= 16 ra/cxp. 1 20 = 400 3, f =2 = 0,1 M1 7., = 0,005 w.
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Tabauya 4.10
VBesmyenne ne6uta v CKBaXKUHBI-EJIKU

I, m Ty M

0,1 | 0,04 0,01

h,=1mMm
0,5 1,102 1,152 1,243
1 1,180 1,259 1,397
2 1,317 1,411 1,598
) 1,529 1,688 1,938
10 1,776 1,971 1,273
20 2,115 2,353 2,720

h,=2wM
10 ‘ 1,685 ‘ 1,859 ‘ 2,132
20 2,036 2,261 2,607

h,=5M
10 1,562 1,702 1,922
20 1,910 2,107 2,415

Tabauya 4.11

VBesuyenue 1e6UTa vV CKBasKUHBI
npu ray6okoit mepdopamun

I e, M
0,1 0,01
0,5 1,140 1,370
1 1,225 1,513

[IpuBenennbie B Taba. 4.11 pe3yabTaThl TOKA3bIBAOT yBeJUYE-
HUe Je6uTa CKBAKWHBI NIPU JIONMOJHUTEJbHOM MPUMEHEHUH TJy0o-
koii nepdopanuu. Ilpum stom Ha 1 M 3¢ddEeKTUBHON TOMIUHBI
HedTaHbIX TacToB jgesnaercss 10 mepdopanmoHHBIX OTBEpPCTHH,
paauyc nepdopalmoHHbIX KaHATIOB 7., = 0,005 M = 5 MM, UX aua-
merp 1 cM, raybuna [ = 0,5 mu [ =1 M.

Bugno, yto mpu 3acopeHHO#  Tpu3aboOWHON 30HEe HePTIHBIX
mractos (puBejeHHbIN pajgnyc ckBaxkunbl 7, = 0,01 M 3HauUTEb-
HO MeHblIe ee (PUBHYECKOrO0 pajiuyca) CYNIECTBEHHO BO3PaCTaeTr
apdextuBHOCTD TIY6OKOIT TIepdOpaIii.

WHTepecHble pe3yabTaTbl pacyeToB IpeACTaBJEHBl B Taba. 4.12.
Camu aTH pacueTbl HOCHJIN HCCJIEAOBATEJbCKUI XapakTep, IIO-
CKOJIbKY Ha/lo OBLIO ONpEJEeNUThCS C pasMepaMn W HapaMeTpaMu
CO3/1aBaeMBIX YCTPOICTB /Il IPOM3BOJCTBA TOPU30HTATbHBIX Ka-
nayoB. [y 4yero Hazmo 6bLIO YCTAHOBUTH 3AaBUCHUMOCTH CHUXKEHUS
(puabTPAIIMOHHOTO CONPOTUBJEHUS U, COOTBETCTBEHHO, YBeJHue-
HUS [1e6uTa CKBAKUHBI OT YHCJIA TOPU3OHTAJIbHBIX KaHAJIOB Ha
equauily o deKkTuBHON  ToaMMHBL  HedTAHBIX maactoB (ot
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n*=%=%), U OT pajuyca TOpU30HTaIbHOTO Kanaaa (r,) u OT riy-
*

6uHbl TOpHU3OHTaAbHOrO Kanasia (). IIpuBeneHHbIE pe3yabTAThI
SCHO IIOKA3bIBAIOT, 4TO Hambojee CUJIbHOE BJUSHUE OKAa3bIBAeT
ray6una kanama (1). HeoxuaaHHBIM TOJYyYHIOCH OTHOCHTENBHO
craboe BausHue paguyca Kanana (r,) m umcia xamanos (n,). On-
HAKO COBEPIIEHHO $CHO, YTO FOPU30HTAJbHbIE KaHAJbl JOJKHbI
O6bITb BO Bcex O6e3 mporycka 060COOJEHHBIX HePTIHBIX CJOSX,
nuHave GyyT NMOTEPH 3amacoB HeTH.

Tabauuya 4.12

VBesmuenne ne6uta v CKBaKHHbI NPH TTy00Koi nepdopamun

Paccrosue [TpuBegennbrit oy Gz _ | Pagnyc otsep- YBennuenne

MEJK/ly OTBEp- |PaJnyc CKBayKu- JTyOnHa IOT CcTHA 1e6uTa CKBasKH-

crusMu h,, M HBI 7, M Beperii £, M Voo M HBL 0, M
0,1 0,1,/0,01 0,2 0,008 1,072 /1,234
0,2 0,1,/0,01 0,2 0,008 1,062 /1,194
0,2 0,1,/0,01 0,4 0,008 1,110,/1,303
0,2 0,1,/0,01 0,7 0,008 1,168 /1,414
0,2 0,1,/0,01 0,7 0,012 1,174 /1,427
0,2 0,1,/0,01 0,7 0,016 1,718 /1,436
1,0 0,1,/0,01 0,2 0,015 1,291 /1,540
1,0 0,1,/0,01 0,2 0,020 1,299 /1,556
1,0 0,1,/0,01 0,2 0,025 1,306 /1,569
2,0 0,1,/0,01 0,2 0,015 1,209 /1,407
3,0 0,1,/0,01 0,2 0,015 1,173 /1,326

Takum o6pasoMm, 3mech Oblia ganHa oOpMyJa, NO3BOJISIONIAS
paccunTaTh yBeJIW4YeHWe Ae6UTa CKBAKUHBI TIOCTE €€ [[OTOJHU-
TeJbHON Ty6oKOil mepdopannm WJIN CO3/IaHWS y Hee TOPU30H-
TaJbHBIX KaHAJOB. BbImosHeHHDBIE TIO 3TOH (opMyJse pacdeThl TO-
Ka3bIBAIOT BbICOKYI0 3(P(EKTUBHOCTb CKBAKWH-EJOK MO JAeOUTY
nedrtu. bBaaromapst Bo3MOXKHOM u36UPATENBHOCTH CKBAKIHDBI-JIKH
6yayT obecrieynBaTh yBeJnueHne HedTeOTnauyn TJIACTOB.

4.6. OIIPEAEJIEHUE O®OEKTUBHOCTHU
TUAPAB/IMYECKOTO PA3PBIBA HEDTAHOTIO IIJIACTA

Ha negpmsanoix mecmopoxdenusx 3anaduoi Cubupu MH020
MANONPOOYKMUBHVIX CKEAKUMN, IKCNAYAMAUUSL KOMOPHIX IKOHOMU-
yecku nepenmatenvna. C IMumu CKEAKUHAMU CEA3AHBL 0ZPOM-
Hble ewe He 0mobpanuvie u3erexaemvie 3andacvl nepmu. Padu
ombopa amux 3anacos wehmu HeoOXOOUMO 3HAUUMENLHO YBEAU-
YUMoy NPOOYKMUSHOCING MALONPOOYKIMUGHBIX CKeaKuH. H3eecm-
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HOLM  CULDHOOCUCMBYIOWUM CPeOCTNBOM Y8eaudeHUus: NpooyKmue-
Hocmu s8asemcs 2udpasauveckutl paspovie naacmos (IPII).

O0naxo neobxo00uUMo yuumvieams, 4mo Habi00aemds GbiCOKAS
agpexmusnocmy zudpopaspovicos (ysearuuenue debuma nedpmu 6
3-5—10 pa3) obvuno ceszana ¢ npeodoseHuem nPUCKEAKUHHOU
CUNLHOIACOPEHHOU U NOMOMY HUSKONPOHUUACMOU 30HbL Hepmsl-
HbIX NAACMO8, KOMopas Oviid 3acopenda npu Oypenuu u IKCNay-
amavuu ckeaxun. K coxanenuio, uacmo npumensiemas mexmosio-
2Usl IKCNAYAMAUUY MAKOBd, MO NOCAE NPOGEOeHUsT 2UOPOPA3PbL-
8d pe3ko 603pocuids NPOOYKMUEHOCNL NAACMOE CHUXAEMCS 6
MoM xe memne, KAK CHUXAAACH 00 NpogedeHus: zudpopaspoied.
Moxno nposecmu Odemanvhovie pacuemvl u yOoeOUmvcsa, 4mo ma-
Kasi MexXHOI02Usi IKCNAYAMAUUU CKBAKUH 8Mecme ¢ NposedeHuem
2U0pPOPA3PLIBOE C YUETOM HEKOMOPOU ABAPULIHOCTU CKEAKUH NPU
2UOPOPA3PLIBAX MOKEM NPUBECMU K CYUECTNBEHHBIM NOMEPSIM
YMBEPKOCHHBLX U3BLEKACMBIX 3ANACO8 Hepmu.

Iosmomy cmanogumcs NOHAMHO, UMO HEOOXO00UMO KOPEHHOe
Yayuwenue npuMeHseMolu MexHoaozuu Oypenus, O0C60eHUs U
IKCNAYAMAYUYU  CKBAXKUH, uMOObL He ObLI0 Pe3K020 CHUNKEHUS
npuUPoOHOtl NPOOYKMUGHOCMU HEPMAHLIX NAACTNOE; MAKKe He0D-
X00UMO YCOBEPULEHCTNEOBANIE MEXHOL0ZUU 2UOPOPAPBIEA, UMOObL
oH npogoduicsa 6oiee HANPasienno, umobvl UCKIIOUUMb ABAPULL-
Hoe 6blObImuUe CKEANUN.

Bynem paccmarpuBaTh 3 (HEKTUBHOCTD BEPTUKAJIBHBIX TPEIINH,
00pa3yoNuXcs MPU TUIPABIMYECKOM pa3pbiBe HEMTSIHOTO ILJIACTA.

Haunem ¢ m3BectHOTO (pakTa: 10J] BO3/IEHCTBUEM BBICOKOTO BHY-
TPEHHEro JaBJieHHus TPy6a OOGBIYHO DPa3pbIBA€TCS BAOJb, a He IO-
nepek. Ilo 3roit miaee TpemUHBI JOJUKHBI OBITh BEPTHUKAJIHHDLIMH.
Koraa TpenimHbl OKa3bIBAIOTCSI TOPU3OHTAJIbHBIMU, TO B MHOIO-
CJOWHOM HedTSIHOM ILJIacTe, Pa3/IeJeHHOM MHOTUME HEIPOHUIIAEe-
MBIMH TIPOCJIOSIMM, BO3HHMKAET cepbe3Hass mpobJeMa MOTepPH 3HAUM-
TEJBHON YaCTU TOABIDKHBIX 3aIacoB HeDTH B APYTUX COCETHUX
HEeMTAHBIX CJI0SIX, HE3aTPOHYTHIX T'HAPOPA3PBIBOM.

Comnremcst Ha kaury 1O.I1. Kenrosa [3], rne wa puc. 27 mnoka-
3aHa BepTHKaibHad (HaKJIOHHAA) TpeIIUHA.

IbDEKTUBHOCTD THAPOPA3PLIBOB OyZeM ONpeaessaTh He JJs OT-
JIeJBbHBIX 060COOJEHHBIX CKBaKWH, a JIJIsI CHCTEMBI COBMECTHO pa-
6oTalonx A0ObIBAIONINX M HarHeTaTeJbHbIX CKBasKUH, [JIsI TUIINY-
HOTO 3JIeMEHTa 3TOH cucTeMbl. JTa 3D(PEKTUBHOCTD BBIPAXKAETCS B
YMEHbBINEHUN 001er0 (PUIBTPAITMOHHOTO COTIPOTUBJIEHUS WJIU, TIPU
cOGJII0/IEeHUN TIOCTOSIHHON Pa3HOoCTU 3a00HHbBIX JaBJEHUN HarHeTa-
TEJBbHBIX W A06bIBAONNX CKBaKWH P, — P, = const, B yBesnde-
Huu o61ero ae6ura KUAKOCTU u 0o61iero neburta HedTH.

IDDEKTUBHOCTD CO3/IaBa€MbIX BEPTUKAJIbHBIX TPEUMH OyaeM
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ONPENENATh 110 BEPTUKAJBHBIM CKBa)KMHAM. [[05TOMy HayHeM C
onpe/eseHust eGuTa BePTUKAIbHBIX CKBasKUH.

Bepruxasnbhas ckBaskuna (puc. 4.11) — B 1eHTpe KPyroBoro
y4acTka HeQTSHOro IIacta, 06JaJalomero TUAPONPOBOLHOCTHIO

k-h

—— (rne k u h — nponunaemocts u addeKTuBHAsS TOJIUHA
w

HedTsiHOTO MTacTa; w — BA3KocTh Hedprn). Ha 3a6oe CKBaXKMHBI —

3a6oiiHOe maBjeHMe P., Ha KOHType KPYyroBOTO ydYacTKa ILJIacTa —

niacToBoe faBjaenue P . Paanyc camoil ckBakuHbI F,, paauyc Jpe-

HUPYEMOTO €el0 KpyroBoro yvactka iacra R,. ®opmyna mebuta

CKBa)XMHDBI UMeeT CJeAyIoIuil BUj:

A k- h P -D

C

Puc. 4.11. BeprukajbHasi CKBasKMHa B IIEHTPE KPYroBOro y4acTka He(TSIHOrO Iiacra

k-h o

rje KpoMe T'HAPONPOBOAHOCTH —— M PpasHoctu aasaenuii (P, —
n

P.) cofepkutcs reoMerpuueckoe (GUIbTPAIIMOHHOE COTPOTHBJIE-

Hue i-ln&.

2m r.
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~— P 20
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° pC‘»q‘L q=k.h. P-P.
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2n \n-r,
PK
y
20

A
A 4

Puc. 4.12. BeprukajbHasi CKBa’KHHA B IIEHTPE KBAaJPATHOrO YydYacTKa He(TSIHOro Ia-
cra. €  — JaBjeHHe 33/1aHO HA YeTbIPeX CTOPOHAX

BeprukasibHas ckBaskuHa (puc. 4.12) — B IEHTPe KBaJPaTHOrO
yuactka HedrssHOoro miacta. CTopoHa KBajpaTa paBHa 20. Ha Bcex
YeThIPEX CTOPOHAX KBaJpaTa MOAJEPKUBACTCS TIJIACTOBOE JaBJie-
Hue P, ITO 3JeMeHT 5-TOYEUHOU CXeMbl ILJIONIAJHOTO 3aBOJIHE-
Hug. l'eoMerpuyeckoe (QuAbTPAIIMOHHOE COINPOTUBJIEHHE PABHO

1 1 20
n .
-

P

A T A q= kh pK_pc )
L1 o 1 20
P LN N
K © 2 20+27r ln2n-rc
Q| F - ¥
<_
P, ©
y l A 4
20

A

A 4

Puc. 4.13. BeprukanpHasi CKBa’kKMHA B IL[€HTpE KBAaJpPaTHOrO yyacTka HedTsSHOro

mjacra. € . — JaBJIeHue 3a/laHO Ha JByX CTOpPOHaX
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X T 7'} k-h pK pc
q= u . .
P i + L .1 20
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Puc. 4.14. BeprukajpHasi CKBa)KHHA B Il€HTPE KBA/JIPATHOrO yYactka HepTsiHOro Iia-
cra. &  — JaBJieHHe 3aJ]aHO Ha OJHOI CTOpOHe

BeprukasibHas ckBaskuna (puc. 4.13) — B IeHTpe KBajpaTHO-
ro ydacTka HedTSHOro IJacTa, HO ILJIACTOBOE [aBJjeHue P, moj-
JIEPKUBAETCS TOJNBKO Ha JIBYX CTOPOHAX KBajpaTa. IJTO 3Jie-
MeHT JjuHelinol (ogHOpPAAHON) maomanHOl (PAAHON) CHCTEMBI
3aBojHenus. [eomerpudyeckoe (QuUIbTPAIMOHHOE COIPOTUBJIEHHE
paBHO

1. o 1'111 20 i-ln 20

1
2 26 2 2mer, 4 2n 2mer.

Beprukanbnasa ckpaxkuna (puc. 4.14) — B IleHTpe KBaJpaTHOTO
y4acTka HedTSHOTO Macta, HO TJIACTOBOe JaBjeHue P, momaep-
JKMBAETCSA TOJBKO € OJHOH CTOPOHBI. JTO 3JEeMEHT JABYXPSAIHON
MOJIOCKI — C ABYMS PSJaMu JOOBIBAIOIINX CKBAXKUH B TOJIOCE MEKIY
JIByMSI psSiJlaMM HarHeTaTeJbHBIX CKBaXWH. [eomerpuueckoe (uiib-
TPAI[MOHHOE COIPOTHUBJIEHWE PABHO

o 1 20
—+—-In

1.1 20
- -In .
20 2=n 2n-7, 2 2=n 2n -7,

Ha puc. 4.15 usobpasxeH sjeMeHT JUHEWHON CXEMBI ILJIOIIAJHO-
TO 3aBOJHEHUSI WJU OJHOPSIAHON TIOJIOCHI, KOTOPBIN COMEPIKUT IIO-
JIOBUHY HArHeTaTeJbHON CKBAJKWMHBI W IOJIOBUHY JOGBIBAONIEN
CKBaXKMHBI. 3a00liHble [aBJeHNs HarHeTaTeJIbHONH u KoObIBAOIIEH
CKBAXMH COOTBeTCTBeHHO P, n P, W, — COOTHOIIeHne TOABUXKHO-
cTell 3aKaunBaeMoro BbITecHSONIero areuta (06bIYHO 3aKaunBaeMoi
BO/bI) ¥ HedTH B IJIACTOBBIX YCJAOBHAX. [Ipum aTOM Teomerpuyec-
Koe (UIbTPAIIMOHHOE COTPOTUBJIEHWE
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o, 2n 2n-7, 20 2n 2n- 7,
=L lgn 29 g4 lqpn 2
W, W T L 217,
2r, q=k'h . p-P,
Pt | 2 1 1,20 20 1 20
—2.—1In +5—+2 - In
Pey He ™ 2m 2mr, 20 21 2nr,
S
P
/ c3 i
2r,
< 20 N

Puc. 4.15. DieMeHT OHOPSI/IHON 1OIOCHI

Mpu20=400 M 7. =01 M  Q, =--2055+1+2055.
W

BugHo, uto B TeOMeTpUYECKOM (DUIBTPAITMOHHOM CONPOTUBJIE-
HUM JorapudMuYecKas KOMIOHEHTa sBjsercsa riaasHoi (mpum w, = 1
ona coctasyger 6omee 80 %), T.e. OCHOBHOH mIpeoGiagaiomeil sB-
JsgeTcs TJIoCKo-paauanbHasg ¢uuabrtpamus. [loatomy paccmorpum
Y4acTKU He(MTSAHOTO IJIacTta ¢ IJIOCKO-PA/IUaibHON (UJIbTpamuei
(cMm. puc. 4.11 u puc. 4.12).

IIpu 206 = 400 M, R_=

K

20

] =255,7m wu r.=0,1m™ pasue-
VT
JIUM 30HY JIPEHUPOBAHUS CKBAKMHBI HA JIECATH KOJBIEBBIX YyUyacT-
KOB, OJIMHAKOBBIX 10 (PUIHTPAITMOHHOMY COTPOTUBJIEHUIO:

=1np10=10-1np=1ni5i7=7,722; Inp=0,7722 p=21645;

d

R =7-p=02165M=2165cM; R, =7, ‘pz =0,4685 M = 46,85 cM;

Ry =71 -p’ =475 M = 475 cm.

S

[TokaskeM [0JiM y4acTUS COOTBETCTBYIONIMX TPUCKBAKUHHBIX
30H B o0nieM (UIbTPAIIMOHHOM COIPOTUBJIEHUH, B OOIIEH IJI01IAa-
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I U COOTBETCTBEHHO B o0meM oObeMe, B OOIIUX I'e0JIOTMYECKUX
3anacax HedTH:

Ry M ottt 0,22 0,47 1,01 2,19 4,75
S=mR? M. . 0,15 0,69 3,23 15,13 70,91
Jlns obmero (uIbTPAIIMOHHOTO CO-

TPOTUBIEHUS, Yo..uvvennreennsanneenns.. 10 20 30 40 50
Mot miomaan, o6beMa W TEOJIOTH-

YEeCKUX 3aIacoB HEPTU, Yo............ 0,0001 0,0004 0,002 0,01 0,04
R,M ..o 10,28 22,26 48,18 104,3  225,7
S=mR? M. 332,19 1556,3  7291,2 34159 160000
[lns o6mero (uAbTPAIIMOHHOTO CO-

TIPOTHBIECHUS, Yo .venrersaneansaneanns 60 70 80 90 100
Jlong mromanu, o6beMa M T'eOJIOrH-

YEeCKUX 3aacoB HePTU, Yo............ 0,21 0,97 4,56 21,34 100

W3 »TMX maHHBIX BUIHO, YTO B OJHOPOJHOM HE(MTSIHOM IIJIacTe
Ha JIOJII0 MPUCKBAXKUHHOTO ydacTka paauycoMm 0,47 M = 47 cm mnpu-
xomutcss 20 % buabrpanmonnoro conporusienus u 0,0004 %
mIomaau, o6beMa M TeOoJOTHYeCKUMX 3amacoB HedTH Bcell 30HBI
JIDEHUPOBAHUS CKBAKMHBI. 3amacbl HeTU ITOTO y4acTKA MEHbIIE
3amacoB HedTH Bceil 30HBI ApeHUpOBaHUS CKBakuHbl B 250 000
pa3. U ecam moxBuskHble 3amachkl HePTH BCell 30HBI OTOGUPAIOTCS
3a 9,5 JieT, TO BBIIEJIEHHOTO TIPUCKBAXITHHOTO yYacTKa 3a — 3 4.

Ecmm B mporecce OypeHUs W 3KCIIyaTallid CKBAKMHBI MTPOHMU-
1[aeMOCTb BBIJIEJICHHOTO NPUCKBAXKIMHHOTO YYaCTKa YMEHBINAETCS II0
npuvynHe ero 3acopenus B 10 pa3, To KoappuuMeHT TPOMLYKTUBHO-

2010+ (100 - 20)
CTH CKBaKHHbI YMEHbIIACTCS B —— =28 paza, a eciam
IPOHUI[AEMOCTh  PACCMATPUBAEMOTO  yYacTKa yMEHbIIAeTcs B
50 pa3, To K03 UIUEHT MPOAYKTUBHOCTH CKBAKWHBI YMEHBIIAET-
ca B 20~50+(100—20)=10’8 pasa.
100

Torma B mepBoM cJjy4ae Ha JOJI0 PACCMATPUBAEMOrO ydacT-

Ka macrta npuxoautcss He 20 % 00miero (GpuiIbTPAIMOHHOTO COII-
20-10

m-1OOA = 71,4%, a BO BTOPOM CJy4ae —

POTHUBJIEHHS, a

20-50
20-50+(100-20)
KOCTH CO3/IaHHOHN CKBA)KMHOW BOPOHKH [ENPECCUM YMEHBIINTCS B
100-20 -28 100-20
—— =28 paza U B —
100-71,4 100-92,6
CKOJIbKO Pa3 YMEHBIIUJIUCH KO3 UIMEHT NPOAYKTUBHOCTA M BHU-
JMasi TPOHUIIAEMOCTb, BO CTOJIBKO Pa3 yYMEHBINWJICS YIPYTHil 3a-
nac SKUJKOCTH BOPOHKH [J€IPECCUU, KOTOPBIH BBIMOJHSETCS TPHU
OCTaHOBKe J06bIBatoNeil CKBaXWHBI. 1IOHATHO, YTO 3TOT BBIAE/EH-

100%=92,6%. COOTBETCTBEHHO YNPyTUil 3amac Kuji-

=10,8 pasa. Ilosydaercs, 4TO BO
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HBIIl TPUCKBAKUHHBIN YYaCTOK ILIACTa COJEPKUT TMPEeHEeOPEKIMO
MaJiblil yrpyruil 3amac skugkoctu. Ho Takske mnpene6GpexxumMo Ma-
abtii yupyruii 3anac skuakoctu (0,04 % ot o6uiero ynpyroro sara-
ca JKUIKOCTH BCEH 30HBI JAPEHUPOBAHUS CKBa)KUHbI) COAEPKUT
MPUCKBAKUHHBIN yYacTOK IJIACTA PAIUyCcoOM 4,75 M, Ha JOJIO KOTO-
poro B cJydYae OAHOPOAHOTO Tiacta mpuxoxutcs S50 % obrmero
(pUABTPAIIMOHHOTO COTTPOTUBJICHMUS.

Ecau nonBuskuble 3anacel HedTH 30HBI JIPEHUPOBAHUS CKBAYKU-
HbI oTOMpaloTcs 3a 9,5 JeT, TO MPUCKBAKUHHOTO YYacTKa Pajuy-
coM 4,75 m or6bupatorcs 3a 300 u, wam 12,5 cyr.

Ecsan mponuiaeMocth 3Toro yvactka yxyamena B 10 pas, To
Ha ero goJiro Oyzer mpuxoautbest He 50 % 001ero (puabTpaioH-

50-10
HOTO COTIPOTHUBJIEHUS, a -100% =90,9% wu ympy-
50 -10 + (100 - 20)

THil 3amac BOPOHKM [JeIPecCUd  CKBAXKUHBI ~ YMEHBIIUTCS B
100-50
100-90,9

Ente o6patuM BHUMaHWe Ha TPUCKBAKUHHBINA yYacTOK TJacTa
pamuycom 22,26 M, Ha JOJIO KOTOPOTO MPHUXOAUTCS OKoIo 1 %
mromaau (o6beMa, reosornvecKux 3amacoB HedTH) U B caydae
o/HOpOHOTO Miacta 70 % o61iero GUIbTPAIMOHHOTO COMPOTHBJIE-
HUSI 30HBI JPEHUPOBAHUST CKBAKMUHBI, a €CJM MPOM3OIII0 3acope-
HUE TJIacTa W CHUJKEHHWE €ro IMPOHUIAEMOCTH, TO 3HAYMTEJHbHO
6osbie 70 %.

[lanee Oynem paccMaTpuBarth pabOTy CKBAKWUH, TIO KOTOPBIM
YK€ OCYIIECTBJIEH THAPOPA3PbiB HEMTAHOTO IJIacTa M CO3/IaHbI
BepPTUKAJIbHBIE TPENIMHBI IUPUHON [, HANIpaBJEHHbIe JydIiuM 06-
pPa3oM BOJIb JUHUU PSIJOB CKBAKHUH.

Ha puc. 4.16 mokasan saement JmHeiinoin (omHOpsAHOI) cuc-

=5, pa3a.

< 20 » q= k'h. I)cn'Pca .
i W f{ .1 . 2 2., 1 , 2
Py — 2. —1 42— In==
ol Lo X He = 21 n2n-rc+2 T o nlrp
N K
\ o
L
gl
Ip
| e

Puc. 4.16. dnemMeHT oAHOPSHOI cHCTEMBI 3aBOJHEHMSI IIPH TH/POPa3pbIBe IJIACTa MO
BCeM 00BIBAIOIMM CKBAKHHAM
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TEMbI 3aBO/IHEHUA, T'/l€e UMEET MECTO 4YepeaoBaHUe JIMHEWHBIX PAAOB
HaTHETATeJbHBIX ¥ J0OBIBAIONINX CKBAKUH. [MAPOpa3pbiB Hedrsa-
HOTO TIJIacTa OCYIIECTBJEH IO BceM IOObIBAIONINM CcKBakuHam. Ho
KaK B HarHETaTEJbHBIX, TaK M B JOOBIBAIOIINX CKBAXXMHAX [0 OCY-
HIECTBJIEHUA THUAPOpa3pbiBa IIPpUCKBAKMHHBIE Y4YaCTKH IIJIaCTa HE
6bLn 3acopeHbl. 1Ipu aToM TeoMeTpudeckoe (PUIbBTPAIIMOHHOE CO-
IIPOTUBJIEHUE PaBHO

Qrp =i2i1ni+2_0+2L1n2_0=
W, 2 2n-1r, 20 21 Ly
S IS P B ) P
W, T T 7 T rp

Koaddumment ymenbinenus (GpuabTPaMOHHOTO CONPOTUBJIEHUS
6J1arojiapsi POBE/ICHUIO THAPOPa3pbIBa HEPTSAHOTO MJacTta B J100bI-
BAIOINX CKBa)KMHAX DPaBeH

1 1 20 1 20
——-In 1+—-In
V= Q. _u, w 217, 7 217,
Qpp Aty 2% 1%
W, 2n- 7, 7 p

IIpn 20 = 400 m n r, = 0,1 M moJsiy4arOTCs 3HA4YEHWs, ITPUBe-
nenuble B tabu. 4.13.

Tabauua 4.13

3HaueHns1 v — yBeJMYEHHUs! IPOJAYKTHBHOCTH (yMEHbIIEHHS (DHIBTPAIOHHOTO
COMPOTHBJIEHNS) 32 CYET THAPOPa3pbiBa He(pTAHOrO MIACTa
IIPH Pa3JIHYHbIX 3HAYEHUAX |, — JUIMHbI BEPTHKAIBHON TPEHIMHDI
M Pa3/IMYHBIX 3HAYEHUAX U, — COOTHOIIEHNS MOJABUKHOCTEI BBITECHSIIOMIETO areHTa
H He(pTH B IJIACTOBBIX YCJIOBUSX

u, Q. Ly, M

Ges I'PII 5 10 20 40
1 5,112 1,149 1,209 1,275 1,349
4 3,570 1,227 1,328 1,447 1,589
9 3,284 1,252 1,367 1,505 1,674
16 3.185 1,262 1,383 1,529 1,711
25 3,138 1,267 1.391 1,541 1,729

Kak BugHO M3 3TON TaGJWIBI, MPOBEJAEHHBIN Jy4YIIUM 0O6pa3oM
TUAPOPA3PbiB HE(PTSHOTO TIacTa, CO3JABIINI BEPTHKAJBHYIO Tpe-
mmny gianaoit 10—40 M y Bcex AOOBIBAIOIINX CKBAXKUH, YBEJIMYNBA-
eT OOIIYI0 MPOJYKTUBHOCTb CUCTEMBI JOOBIBAOIINX M HATHETATEb-
HbIX ckBaskuH B 1,2—1,7 pa3sa.

Ha puc. 4.17 mokasan sseMent JmHeiinoin (omHoOpsaHO) cuc-
TEMbI 3aBOJIHEHWS, aHAJOTUYHBIH TOMY, KOTOPBIH ObLJI TMOKa3aH Ha
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puc. 4.16, KpoMe OJHOTO: THAPOPA3PbIB IJACTA OCYIIECTBJIEH BO
BCeX [OOBIBAIOIIUX U HATHETATEJbHBIX CKBAKUHAX.

[Ipu stoM reomerpuyeckoe OUIbTPANMOHHOE CONPOTHBJIEHUE
paBHO

Q,.p=i-2~i'ln§+2—°+2-i-ln2—=
W 2n lrp o 2n rp
S Y PG T oy
M* T I'p u I'P
< 20 > a= k-h P, - P
X - ' )
P, Iip K L2i1n2_0+2+2i]n£
ol L_ I’L* 2TC l 20 275 l
Y p rp

»le
P<

20
T
|

~7
Ip

>

\ 4

Puc. 4.17. DieMeHT OTHOPSAIHOI CHCTEMBI 3aBOTHEHUS TIPH THAPOPA3PBIBE ILIACTA O
BCEM HATHETATEJbHBIM W [00BIBAIOIMM CKBAsKHHAM

Koaddumment ymenbiieans GUIbTPAIMOHHOTO COTPOTHBJIECHUS
6arojlapsi MPOBEJCHUIO TUPOPA3PbIBA TJIACTA B JAOOBIBAOIINX U
HArHETATeJbHbIX CKBAXKUHAX

1 1 20 1 20
——-In +1+—-In
V= Q. _uw, x 21 - 7, ELs 21 -7,
Q 1 1 2 1 2
™ L P L P
U, T lrp 7 p

Ilpu 20 = 400 m u r, = 0,1 M moJy4alOTCs 3HAYEHUS, IIPUBe-
fennble B Taba. 4.14.

Kax BupHO U3 3TO# Ta6GIHMIBI, TUAPOPA3PbIB HE(MTIHOTO IJIacTa
(npn pnune BepTHKaibHOIl Tpemmubl [, = 10+40 M), mposejeH-
HBII TT0 BCeM JOOBIBAIONIUM W HATHETATEJHHBIM CKBAKWHAM, YBEJH-
yrBaeT UX OOI[yI0 NPOLYKTUBHOCTD B 1,4—2 pasa.

[Hanee omnpenenum s EKTUBHOCTD THAPOPa3pbiBa HePTAHOTO
mJacta 110 CKBaXXKMHAM, Y KOTOPBIX JI0 TOTO IO TNPHUCKBAKUHHOMY
YUaCTKy paamycoM Rs = 4,75 M NpOHHIIaeMOCTb ObLTa yXy/IleHa B
10 pa3s, BcaencTBue 4ero KoadOUIUEHTbI MPOAYKTUBHOCTH W TPH-
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Tabauya 4.14
3uayenusi v — yBeIMYEHHs] IPOAYKTHBHOCTH 32 CYET THAPOPa3pbiBa HEDTSIHOIO IIacTa

IIpU pa3JIHYHbIX 3HAYECHUAX |, — ;nmHbI BepTl/lKaJll)HOﬁ TPEUIUHbI U U, — COOTHOUIEHUA
MO/IBM;KHOCTE! BBITECHSIONIETO areHTa u Hed)Tl/I B IJIACTOBBIX YCJIOBHAX
W, Qr lrpY M
6e3 I'PII 5 10 20 40

1 5,112 1,349 1,527 1,758 2,073
4 3,570 1,301 1,447 1,629 1,863
9 3,284 1,288 1,425 1,595 1,810
16 3,185 1,283 1,417 1,582 1,791
25 3,138 1,280 1,413 1,576 1,781

eMUCTOCTY CKBa)KWH OBLIN CHUIKEHBI B 5,5 pasa. Ilpum atom BHYT-
peHHUe OUIBTPAIIMOHHBIE COMPOTHUBJEHUS OBLIN yBEJUYEHBI B
6,84 pasa.

lFeomerpuueckoe GUIBTPANIMOHHOE COIPOTHBJIEHIE JO IPOBe-
JleHWs B CKBOKMHAX THAPOPA3PBIBA IJACTa GbITO PABHO

Q,.=5,5-i~2-i-ln 0 20,9 Ly 2 ,
Wy 2n 2n-7, 20 2n 2n- 7,

a TocJie TTPOBe/IeHUs THAPOPa3pbiBa IJacTa B JOOBIBAIONIUX W Ha-
THETATEJIbHBIX CKBAKUHAX CTAJIO0 PABHO

Lo lgp_20 420, 1%

Q _—
W, 21 Lpy-2"Rs 20 21 Lp=2"Rs

p

IIpu stom koapdummeHT yMeHbIIeHUs (UIBTPALUOHHOTO CO-
IPOTUBJIEHUS W yBEJWYEHHS IPOJYKTUBHOCTM CKBAJKUH CTaJl
paBseH

55 L L2 g L2
v Q _ w, m T T 2nr,
Q 11 20 1 20

——In—F—+1+—In—"F—
we ®©  lp,-2-Rs n Ly-2'Rs

IIpu 20 = 400 M, 7. = 0,1 m u 2R; = 9,5 M moJjyvaTca 3HaYe-
HUsl, TIpUBe/leHHbIe B Taba. 4.15.

W3 aToit TabaUIBI BUAHO, YTO, €CJIM NPUCKBAKUHHBIA yYaCTOK
HedTIHOTO TMJacta paamycoM Rs = 4,75 M CHJIbHO 3acopeH u
€T0 TPOHMIIAEMOCTh yMeHbIleHa B 10 pa3, a TWPOAYKTUBHOCTH
CKBa)XWHBI yMEHbBINIEHA B 5,5 pasa, TO TPUMEHEHWE THAPOPa3pbiBa
Ijacta W CO3/[aHue BEPTUKAJbHON Tpemuubl aaunoii 20—40 M Boc-
CTAHABJUBAET U YBEJUYUBAET HPOAYKTHBHOCTb CKBAXKUHBI B 8—
10 pas.

A ecnm 3acopeHa 6mKaiimas MPUCKBKMHHAS 30HA HeTSIHOTO
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Tabauya 4.15

3uavenus v — yBEJHYECHHUSA MMIPOAYKTHUBHOCTH 3a CUYET Ir'H/[popa3pbiBa He(l)Tﬂ'HOl'O maacra
IIpU pa3/JIMYHBbIX 3HAYCHUAX Irp — AJIHHbI BepTHKaJIbHOﬁ TPEeIuHbl U W, — COOTHOLIEHUA
HOLIBH?KHOCTCﬁ BBITCCHAIOIIETO areHra u He(l)Tl/I B IJIACTOBBIX YCJIOBHAX

u, Q ll.p, M

6e3 I'PIT 20 40 80
1 28,116 8,476 10,656 13,356
4 19,635 8,019 9,701 11,614
9 18,062 7,897 9,455 11,191
16 17,518 7,852 9,365 11,038
25 17,259 7,828 9,319 10,960

mracra paauycom R, = 47 cm n amameTtpoM 2R, = 94 cm = 1 M u
MIPOHUIIAEMOCTD 3TOW NMPUCKBAXKWHHON 30HBI yMmeHbineHa B 10 pas,
a TTIPOJyKTUBHOCTh CKBAXKMHBI yMeHbIleHa B 2,8 pasa, To IpuMeHe-
HUE THUAPOpa3pbiBa He(TAHOTO TIJacTa BO BCeX J0OBIBAIONUX U
HArHETATeJbHbIX CKBAKMHAX yMeHbIaeT obinee (UIbTPANMOHHOE
COTIPOTUBJIEHUE ¥ YBEJUYUBAET OOIUIYIO0 MPOAYKTUBHOCTD BO CTOJIb-
KO pa3

2,8~iiln 20 +1+iln 20

v Q U, T 27, w 21,
Qp 1 1, 20 1, 2
e ®  lp=2-Ry o L, -2'Ry

IIpu 20 = 400 M, 7. = 0,1 M u 2R, = 1 M moJry4aioTcsi 3HaUEHUs,
npuBe/ieHHbIe B TabJ. 4.16.

Tabauya 4.16

3uavyenust v — yBeJIMYEHUA NMPOAYKTUBHOCTH 3a CYET rHpopa3pbiBa Hed)TﬂHOI‘O Iia-
CTa NP pa3/IMYHbIX 3HAYECHUAX Irp — AJIMHbBI Beme(aJleoﬁ TPEIUHbI U U, — COOT-
HOIIICHUA HOL{BI/DKHOCTeﬁ BBITECHAIOIIECTO areHra u He(l)’l'l/l B IIJIACTOBBIX YCJIOBUAX

w, Q lrp’ M

6e3 T'PII S5 10 20 40 80
1 14,314 3,640 4,191 4,835 5,768 7,043
4 9,996 3,530 3,984 4,518 5,189 6,075
9 9,195 3,498 3,926 4,426 5,043 5,844
16 8,918 3,487 3,906 4,393 4,989 5,759
25 8,786 3,480 3,895 4,374 4,962 5,716

W3 aToit TabaMIBl BUAHO, YTO TP [JUHE BEPTUKAJbHOI Tpe-
mHbl 20—40 M IPOJYKTUBHOCTH YBeJIUYUBaeTcs B 4,4—5,8 pasa.

[Ipn nmwHe BeptukambHOl TpemuHbl 20—40 M, BO-TIepBBIX, BOC-
CTAHABJWBAETCS TPUPOAHAS TPOJAYKTUBHOCTh He(TAHOTO TIIaacTa
(o Toro ymenbmennas B 2,8-5,5 pasa), BO-BTOPBIX, NPOLYKTHB-
HOCTb JIOTIOJTHUTENbHO yBeauuuBaercsa B 1,5—2 pa3a.

B mnocnexnneMm mpumepe MPUCKBAXKUHHBIA y4acTOK He@TSAHOTO
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IaacTa,

rae ONpouCXO/JUT 3aCOpeHne H 3HAYUTEJbHOE CHUKEHUE

MIPOHUIAEMOCTH, uMeeT pajuyc R, = 47 c¢cM. B Takux ciayvasx BMe-
CTO THUIPOPA3pbIBa TIJACTA BIIOJHE BO3MOKHO MPUMEHUTb WHTEH-
CUBHYIO TJy6oKyio Tiepdopanuio ¢ mnep@opallioHHBIMU KaHaJaMu
ray6usoit 50—100 cMm u pagmycom 7, = 0,5 cM, npu uucye mnepdo-
PaIOHHBIX KaHAToB Ha 1 M 3(p(EeKTHBHON TOJNMHUHBI He(TIHBIX

miactoB, paHoM 10 uanm 20.

Ha puc. 4.18 cxemMaTtu4Ho IMOKa3aHa YacTb CKBAJKMHBI C TIy6o-
koit mepdopanueii. [Ipu atom reomerpmueckoe GUIBTPAIMOHHOE

COIIPOTUBJIEHUE PAaBHO

Qm=i-2- he gt Lgp 200,20
W, [-¢ 2m 217, 21 [-¢| 20
I BTSSR I PP B P
l-¢ 2n 2ny, 2n -
=i. h* .l.ln h* +l.1n£ +1+
w, |l-¢ m 2, T —-€
h, 1 h, 1 20
+ -—-In +—1In—|,
l-e m  2mer, I-¢
rae € = Ry, — 7,
A V, *®
v % __/N
wl / %
E: e
A | //, el
AIQ2k Puc. 4.18. CxemMa vacTH CKBa>KUHBI
«> ¢ rry6okoii nepdopanueit
q=k']l PCH_PCS
Wt b 4 20) 20 b 1 k1 20

1

rae ¢ = R, + 7.

Uy

+—In +—In—|+—+ n +—1In
l-¢ 2n 21, 2n l—e) 20 Ll—eZn 2n-1, 2n l—e)

A ko3¢ duIuerT yMeHbIIeHUs (PUIbTPAIIOHHOTO CONPOTHBJIE-
HUS WJIM yBEJWYEHHs IPOAYKTUBHOCTH CHCTEMbI JOOBIBAIOIUX U
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HArHeTaTeJ bHBIX CKBAKUH C MHTEHCUBHOU Tray6okoil mepdopaiueit
paBeH
11 20 1 20
28— —In +1+—In
Q. w, ™ 2m7 T 2mer

h, 1 20} {11*1 20 1 20]
— +1+ : +—-In

~—-In —:In
l-e ®m 2w, l-e m  2n7, m Il-¢

=01™M R, =05M, ¢ =R, -7, =04 M

h,= L =01wm, r.=0,005u
10 '
DT o 845754
vV=—~L= My
Q,
I L ~0,3686+1-1n 400 +1+ 01 ~0,3686+i~1n 400
w, [[-04 n [-04 [-04 n [-04

MOJIyYaloTCsl 3HAYEHUs, TIpUBeJeHHbIe B Taba. 4.17.

Tabauya 4.17
3uayenusi v — yBeJMyeHHsl NPOAYKTUBHOCTH 32 CYET MHTEHCHBHOMN IyGOKOM

ﬂep(bopau]/ﬂ/l He(bTﬂHle IIACTOB IIPH Pa3/IMYHbIX 3HAYCHUAX | — rJIyﬁl/[H])I
nep¢opanyy u |, — COOTHOMIEHHS TIOBUKHOCTEIT BHITECHSIIONIETO areHTa u Heptn
Q ™M
Ges ry6o-
Yo kol nepdo-| 05 0,6 0,7 1,0 1,5
panuu
1 14,314 2,040 2,306 2,458 2,720 2,969
4 9,996 21100 21349 21489 2,728 2,951
9 9.195 2117 2,362 2,498 2,730 2,945
6 8,918 21125 21368 21502 2,732 2,943
25 8,786 2,128 2,370 2/503 2,732 2,942

W3 aroit TabamIbl BUAHO, YTO WHTEHCHBHAA TJyboKas mepdo-
panus ¢ ray6uHON nepdopanmonHbiX KauaiaoB 5S0—70 cM 1mo3BoJis-
er Ha 70-90 % BOCCTaHOBUTH MEPBOHAYATIBHYIO TPOAYKTUBHOCTD
He(TAHDLIX TJIACTOB; MpHU TayOmHEe Tep@OpaluoOHHBIX KaHaaoB 1—
1,5 M mo3BoJisieT Ha 97 % BOCCTAHOBHUTH MEPBOHAYAIBHYIO TPOIYK-
THBHOCTD TLJIACTOB W JJa’Ke MPEBLICUTL ee Ha 5—6 %.

Iloka 3gech 6plM paccMOTpPEHBI JIydlne IO cBoeil dopme Bep-
THKAJbHBIC TPEIINHDI, PACIOJIOXKEHHbIE BJOJb JOOBIBAIOINX U Ha-
THEeTAaTeJbHBIX PS/I0B, KOTOpBIE JAI0T TOJBKO IOJIOKHTEJIbHBIE (-
(pexTDI: YBEMUMBAIOT MPOAYKTUBHOCTb CKBUKMH M JaKe YMEHb-
1Iaf0T HEepPaBHOMEPHOCTb BBITECHEHMSI He(dTH 3aKaunBaeMOH BOJOH
U 10 2TOM NpPHUYMHE B KAKOW-TO Mepe YBeJMYMBAIOT HedTeoTmady
nractoB. Takyio TpemmHy MOXXHO ce6e TpPEJCTaBUTb B BHU/E KO-
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pPOTKOU rajepeiinoii BbipaGoTKu ujau ragepeu. [losTomy craHOBUT-
Cs MOHATHBIM [POCTOH MPUHIUN 1OCTpoeHus GopMya 1e6uToB
CKBaXKMH IIOCJE€ [PUMEHEHUS THUApOpa3pbiBa IjlacTa M OTHOCHU-
TEJTHHOTO yBEJIWYEHUS WX MPoAyKTUBHOCTH. Ho atm dopmyspr oka-
3BIBAIOTCS JIOCTATOYHO YHUBEPCAJBHBIMU, OHW BIIOJHE TTPUMEHUMBI
NP CO3/IAaHWM BEPTUKAJBHBIX TPENIMH He TMapaJiieJbHBIX, a TMep-
MEeHNKYJSPHBIX JUHUN PSAIOB, €CJHU JJWHA BEPTUKAJbBHBIX Tpe-
muH Menbite 10—-20 % paccTossHUST MeXK/y HATHETATEJTbHBIMU U
JNOOGBIBAIOIMMY CKBaKMHAMU. [Ipo6seMa BO3HHMKaeT He B OIpese-
JIeHUN 71e6UTOB, a B ONpeJeJeHUH HEPAaBHOMEPHOCTH BBITECHEHUS
Hedpru. [lpu cosjanHum TEPHEHAMKYJISPHBIX BEPTUKAJBHBIX Tpe-
ITH y’Ke He YMEHBIMaeTcs, a, Hao60POT, YBEJIWYNBAETCS HEPABHO-
MEpPHOCTb BbITeCHeHUs HedTu. IlpuBeneM YuUCIOBON TMpUMEP:
MyCTb PACCTOSIHUE MeXK/]y HArHeTaTeJabHOW M J06GBbIBAIOIIell CKBa-
skmHaMu paBHo 20 = 400 M, a anWHA KaXKAOW BEPTUKAJBbHOW Tpe-
uHbl pasHa [, = 80 M. Ilpm sToM cooTHOmeHHMEe [JMH CcaMoii
JUIMHHOM W caMOll KOpPOTKOW JIMHWI TOKa, WAYINIMX OT HarHeTa-
TEJbHOW CKBAKWHBI K J0OBIBalolIel, Oyaer:
[0 TIPOBEJIEHUS TUPOPA3PbhIBA

M=0+20+0=2,
20

mocJie TTPOBEJIeHNs THIPOPa3pbhiBa IjIacTa:
IIPU CO3/JaHUM TPO/IOJbHBIX BEPTUKAJIbHBIX TPENH

M=20+20_l=2_i;
20 20

IIpn CO3JaHUM TIONEPEYHDbIX BEPTUKAJBHDIX TPEIINH

_20+20 2
20 -1 )
‘ 1

20

COOTBETCTBEHHO TeOMeTpPUYECKass HEPAaBHOMEPHOCTL BBITECHE-
HUS HeTH, XapaKTepuayeMas KBaapaToM Koadduimenta Bapua-
nuu, 6yner

o2 M-n?
T - ’
3 M

JI0 TIPOBEJIEHUS TUAPOPA3phiBa TIIacTa

v2=§- -0,333;

T

2-1)?
2
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ImocJjie MpoBeAEHUA THUAPOPa3pbiBa IIPU CO3/JaHUU TIPOJOJIbHBIX
BEPTUKAJIbHbIX TpEIIUH

V2=g_(2-0,2-1)2

g -0237;
3 2-0,2

IocJsie 1poBEJACHUA THUAPOpPa3pbiBa IIPU CO3/[aHUMN IIOIE€PEYHBIX
BEPTHKAJIbHBIX TpPEIIUH

(
Vz—%—“‘w ~0,600.

1-0-2

[Ipu neiicTBUTETbHON TOCHONHOW HEOTHOPOMHOCTH He(PTSIHOTO
mjacta 1O TPOHUIIAEMOCTH, XapaKTePU3yeMoll KBaJpaTtoM Koad-
duunenta Bapuamun V? = 0,333, pesy/bTupyomas HepaBHOMED-
HOCTb BBITECHEHUS HedTH

Vie+V)-U+V?) -1,

[Ipn atoM K03(pDUIMEHT NCHOJb30BAHIS MOABIDKHBIX 3aMacoB
HedTU olpejesieTcss TaKUM 06pasoM:

KS = Ksn + (KSK - Kan)A’
1 1
= Kie—e—r————
Mo2442v2 7 095402512
A= b OB _gg64
(- A)-ug+ Ay (1-095)-3+0,95
Tabauua 4.18
CxeMa 3aBOJHEHUsI Vi V2 v?2 K., K, A K,

Jluneiinoe sapoanenne | 0,333 | 0,333 | 0,777 | 0,224 | 0,874 | 0,864 |0,744
6e3 TpPUMEHEHUs] T'H/PO-
paspbiBa

JIuneiinoe 3asoanenne c¢ | 0,333 | 0,237 | 0,649 | 0,255 | 0,899 | 0,864 0,770
MpUMEHEHUEeM THAPOpPa3-
poiBa. IIpoposnbuble Bep-
THKAJbHBIE TPENNHBI
Jluneiinoe sasoanenne ¢ | 0,333 | 0,600 | 1,133 | 0,168 | 0,810| 0,864 0,682
MPUMEHEHUEM THAPOPa3-
poiBa. Ilomepeunnie Bep-
TUKAJbHBIE TPENUHBI
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W3 taba. 4.18 BuAHO, YTO TpUMEHEHWE THUIPOPA3pPbIBA C TPO-
JIOJIbHBIMU BEePTUKAJbHBIMU TpPEL[MHAMU yBEJIUUYUBAET BEJIUUUHY
K; — xkoapduiuenta ucrnonb3oBaHUs MOJBUXKHBIX 3aMacoB HedTH
U COOTBETCTBeHHO Besamunuy K,, — koadduimenta HedTeoTaaun

0,770

0,744

IMWHBI TI0 CPABHEHUIO C TIPOJOJBbHBIMU BEPTHKAJbHBIMU TpEIIMHA-

MH, Hao60pOT, yMEHbINAIOT KO3(PQUIMEHT UCIOJIb30BAHUS IO-

JIBIDKHBIX 3aracoB Hedgtu u Koapduiment HedTeOTAaun IIJIACTOB
0,770

B ——=1129 pa3a.
0,682

MJacTOB B =1,035 pasa, a mornepeuyHble BePTUKAJbHBIE Tpe-

[TockoabKy BO3MOXKHO oONpeAensaTb 3(P(eKTUBHOCTb Kak Ipo-
JIOJIbHBIX, TAaK U TIONMEPEYHDbIX BEPTUKAJbHBIX TPEIIUH, TO, 3HAYMT,
MOKHO omnpeAessaTh 3(P@eKTUBHOCTb BCeX [IPYTUX BEPTUKATIbHBIX
TPEIIUH U IIPOMEXXYTOUHBIX MEXK/Y IIPOJOJbHBIMU U IIONEPEYHDbIMHU.

HecpaBHeHnHO cJio’kHee oTpeaensaTb 3PQPeKTHBHOCTb TOPHU3O0H-
TAJbHBIX TPEUINH, ecAu He@TSHbIEe IIACTBI HE SABJSIIOTCS MOHO-
JIUTHBIMM — €CJIN OHU Pa3/ieIeHbl HEMIPOHUIIAEMBIMH MPOCTOSAMH Ha
oT/iesibHble  060c06JeHHble HeTsAHbIE CJIOM U TOPU3OHTAJIbHBIE
TPEIIUHDBI TMORAYT HEe MO BCEM, a 10 OTAEJbHBIM HEeTSIHBIM CJIOSM.
[Ipu aToM 6yaeT 3HAYNTEJNBHO MEHbINE YBeJUYeHHEe IIPOIYyKTHBHOC-
TH HeMTAHBIX IJIACTOB W 3HAYUTEJBHO OOJIbIIE yBeJUYEHHE He-
paBHOMepHOCTH BbITecHeHUs HedTH. I[loaToMy BcTaeT pe30HHBIN
BOIIPOC: & HAJ0 JIM MPOBOJUTL TAKOW THUAPOPA3PBLIB ILIACTA, KOTO-
pblil CO3/1ae€T TOPU3OHTAJNBHYIO TPENINHY ?

Pacyerpl 1okasbiBaioT, 4TO 3(h(EKTUBHOCTD T'H/PABJINYECKOTO
paspbiBa 30HAJIBHO OAHOPOAHOTO HEe(TSHOTO IJIacTa HE CTOJb Be-
JIMKa — IPOJAYKTUBHOCTb CKBAaXKUH IOBbIIIaeTcs Bcero B 1,3—2 pasa;
uro TaaBHbI 3¢ derT (yBeaudyeHne NPOAYKTUBHOCTH CKBa)KWUHBI B
3-5 u Gomee pa3) CBSI3aH C Pa3pbIBOM HeGOJBIION IPUCKBAKITH-
HOHl CHJIbHO 3aCOPEHHOHN 30HBI He(TIHOTO TIIacTa, T/e MpOHUIlae-
MocTh cHmkeHa B 10 u Gosee pas.

Ho nng npeopoJsieHus TakKuxX IPUCKBAXUHHBIX HU3KOIPOHUIIAE-
MbIX 30H He(TIHOrO IJacTa MOKHO IIPUMEHATb HE TOJBKO T'HIpPaB-
JINYeCKUHl paspblB ILJACTa, HO U JAPyrHe CPeACTBa, HAIIPUMEp WH-
TEHCHUBHYIO TJIy6OKyI0 mepdopaliio ¢ riay6nHoil mepdopannoHHbIX
kaHasoB 50—100 cm m OGosee. Tem Gosee, YTO THAPABINYECKUN
pas3pbIB ILJIacTa MO JAJWHE W OPUEHTAIMU TPEIUH B 3HAYMTEJIbHON
Mepe uMeeT CJydalHbIl XapakTep, CBSI3aHHbI C PUCKOM aBapuii-
HOCTH M TIOTEPH HEKOTOPOTO YMCJa CKBaXWH. Torma kak ruiy6okast
nepdopanus  ABJfeTcSd  KOHTPOJMPYEeMOH M YIpaBJseMOd W
He CBsI3aHA C TaKUM 3aMeTHBIM PHCKOM aBapWHHOCTH M TOTepH
CKBAKIH.
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B 3axJioueHne oTMeTHM WHTEpecHble (aKTHYECKHE J[aHHbIE |
pes3yJbTaThl pacyeToB 110 MHOTMM He(TSHBIM MECTOPOXK/IEHHSIM 3a-
naznoit Cubupn (Barunckoe, Epmakosckoe, Kerosckoe, Meruon-
ckoe, Hosomokyposckoe, IlokamacoBckoe u  HOskHO-AraHckoe),
omy6amnkoBanHble P.M. KypammuaeM [4]:

1 — Kpamnocmo yeeauuenus oebuma nepmu 0006i6a10uux
ckeaxun nocae nposedenus I'PII 6 cpednem pasua 6.

[To mamemy mHeHu1o, Takas Bbicokas addextusnoctb I'PII cBg-
3aHa C TPEOJOJICHUEM IPHUCKBAXKMHHONW HU3KOIPOHMUIIAEMOH 3aco-
PEHHOI 30HBI IJIACTOB, KOTOPAas MO OJHUM CKBAKMHAM ObLTa 3aco-
peHa W He OCBOeHa B Ipoliecce OypeHHs, MO JIPYTUM CKBaXKMHAM
6bl7a 3acopeHa B Tpollecce a3KcIryarannu. Ilo mHameil oreHke,
pazauyc 30HBI 3acopeHust okoJio 0,5 M.

2 — Temn cuuxenus npooyKMUSHOCMU CKBAKUH 60 6peMeHU
do nposedenus T'PIT u nocae nposedenus I'PII npumepno oduna-
KO6blil.

B cpemHeM 3aKOHOMEPHOCTb CHMIKEHUS ITIPOAYKTUBHOCTH IIpeJ-
CTaBJSeTCS caeayiomeit QopMmysoit — ypaBHEHUEM TMPSIMON JIn-
HUU:

y=b-U-a-1)=0,8-01-0,25-1),

riae ¢ — B rojax.
Te sxe camble AaHHble B Halledl MHTePIpETAlMH JAAIOT CJEAYIO-
Y0 CPEIHIOI0 3aKOHOMEPHOCTh CHUIKeHHs Jebuta HedTu:

9 _ et = e-o,s»ty

rae t — ToXKe B rojiax.
B kauectBe WJIIIOCTpalun aTON Cl)OpMyJIbI IIpuBeaeM CJIEAYIO-
e JaHHble:

T Y'0)11:) S 1 2 3 4 B 6
B omi 0,741 0,549 0,407 0,301 0,223 0,165
q

D e 1,35 1,82 2,46 3,32 4,48 6,05
q

[To aTuM paHHBIM BUHO, 4TO 4Yepe3 6 JeT 3KCIJIyaTalluyd Ipo-
JyKTUBHOCTb CKBAXXUH CHU3UTCS B cpefHeM B 6 pa3 M JOCTUTHET
TOTO YPOBHSI, KOTOPBI 6bL1 10 mpoBenenus [PII.

O/HAaKO Takas TeXHOJIOTUSI OYpEeHUsl M IKCIJIyaTallud CKBaKUH
¢ MaccoBbiM mpuMenerueM ['PII u 6-seTHUM meproaoM TageHUS WX
TPOAYKTUBHOCTH MOKET TPUBECTH K CYNIECTBEHHBIM W 3HAUYNTEJb-

283



HBbIM TIOTepsiM 3amacoB Hedtu. [loaTomy HEOOXOIUMO COBEPIIEHCT-
BOBaTb TEXHOJIOrMI0O OypeHHsl U 9KCILIyaTalud, He [OMyCKaTb
CTOJIb 3HAYHUTEIHHOTO MAJeHUs TTPOAYKTUBHOCTU CKBAKHH.

3nech ToKa He ObljIa yuTeHAa aBapHUITHOCTb, HaGJIOAAIONIAsICS TI0
ckBakuHaM 1ipu nposefernu ['PII, koTopas Toxe TPUBOAMUT K IIO-
Tepe CKBOKWH W 3amacoB Hedrtu. [loatoMy HEOOXOAUMO COBEPIIECH-
ctBoBaHue nposejenust I'PII.

Takum o6pasom, 37ech 6bLIa paccMoTpena mnpuunna sddexTus-
HOCTH TUPABJIMYECKOTO PAa3pbiBa IJAcTa W JaH METOJ ydueTa 3TOU
2(pPeKTUBHOCTH TPH TPOEKTUPOBAHUM pa3paboOTKU HePTIHBIX
MEeCTOPOXKJIEHNH.



SAR/ITIOYEHHNE

Kuura 3aBepmieHa. B Heil paccMOTpeHbl BaskHeine mpo6JieMbl
pa3paboTKi MAaJIONPOJAYKTUBHBIX HEe(PTSIHBIX MECTOPOXKIEHU, CO-
CTOSIMIMX U3 HEPTAHBIX [JIACTOB HU3KOW W YJIbTPAHU3KON IPOLYK-
TUBHOCTH.

OJHUM W3 TJaBHBIX CPeACTB B 3(PPEKTUBHOM pENIEHUH 3TUX
npo6JieM SBJISETCS aJaliTUBHAS CHCTeMa pa3pabOTKU MECTOPOK/e-
HUS, TO3BOJISIONIAs HEJ0Pa3BeaHHOE MECTOPOXKIEHWEe HAYMHATD
paspabaTbiBaTh ¥ IPOMBINLIEHHBINA TIpOIlecC pa3paGoOTKU COYeTaTh
C TPOIECCOM J[IOPa3BEeNKN. ITa CHUCTEMA BKJIOYAET B ceOsl TpuUMe-
HEHME KBAJPATHBIX CETOK Ppa3MeIleHWs] CKBaKMH TOJBKO CTaH-
JIAPTHOTO JIMXOTOMUYECKOTO PS/la CETOK, KOTOpble 06pasyioTcs: W3
nepBoi, camMoil Tycroii cetkn (¢ mromaapo Ha ckBaxkuHy 1 ra m
paccrostHueM [0 coceHnX cKBakuH 100 M) myTeM MOCJeI0BaTe b
HBIX V/JBOEHUI IIJIOMA[N HAa CKBAaXXUHY; TaKOEe COYETAHUE CETOK
PA3JMYHBIX JKCILIYATAIMOHHBIX OGBEKTOB, YTOObI BMecTe OHU 06-
Pa30BBIBAJN MAKCUMAJTbHO BO3MOYKHO DPABHOMEDPHYIO OOIIYIO CETKY
CKBAKWH; MPOEKTUPOBAHKE IME€PBOHAYAJBHON PETYJSPHON ILJIOMIA/I-
HOIl CXeMbl 3aBOJHEHUS C TOCJEAYIONUM IEepexXo/loM Tocye Oype-
HUS W WCCJHENOBAHUS CKBAXUH K M3OUPATEJBHOMY W TPUKOHTYP-
HOMY u30MpaTeJbHOMY 3aBOJHEHUIO; TPUMEHEHNE WHAWBUIYATbHON
3aKaYyKN BOJbI B HaTHeTaTeJbHbIE CKBAKUHBI C ITOMOIIBIO CIIEIN-
AJIBHBIX MAaJIOTIPOU3BOIUTENBHBIX HACOCOB, PACIIOJOKEHHBIX BOJN-
3W HarHeTaTeJbHBIX CKBAXKWUH, CHOCOOGHBIX O6ECIevYnTh JIOOYI0 He-
00XOMMYTO 3aKauKy BOJIbI U JI060€ HeoOXOJMMOe JaBJeHne HarHe-
TaHus; TpUMeHeHue TJyOoKoi Ttepdopaiui, TpeogoeBaroren
npu3aboitHyi0 3aCOPEHHYIO 30HY IL1acTOB; pa30ypuBaHue IO Ha-
MPABJIEHUIO OT M3BECTHOIO K HEM3BECTHOMY, OT I[€HTpa K Mepu-
epun, or 60see TPOMYKTUBHOTO K MeHee MPOAYKTUBHOMY C OIle-
PATUBHBIM pPa3pe’KEHHEM W IOCJEAYIONIMM CTyIEHUEM CETOK CKBa-
SKVH.

Takske Ba)XKHBIMH CPEJICTBAMH SBJISIOTCS: PaIlMOHATbHOE O0be-
JInHEeHNEe HeMTAHBIX IJIACTOB B JKCIIyaTallMOHHbIE OOBEKTDHI, MPH-
MeHeHHe MHOTOIJIACTOBBIX CKBAKMH; MPHUMEHEHHE IIacTorepe-
KpbIBaTeseil st 3aKpbITHS OOBOJHEHHBIX 060COOJEHHBIX HePTSI-
HBIX CJIOEB W TIJIACTOB; TIPUMEHEHWE TMOJIOTMX W TOPU30HTATHHBIX
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CKBQJKWH, TUJPABJMYECKOTO Pa3pbiBa IJIACTOB; HUCIIOJb30BaHUE
CIIEIIMATBHBIX XMMUYECKUX CPEACTB [l YBeJUYeHUsI PUEMHUCTOC-
TH HATHETATEJbHBbIX CKBAKWH B CpeIHEM B JBa pa3a M JJs 3aKPbI-
TSI OGBOJHEHHBIX 000COGJIEHHBIX HEMTSHBIX CJIOEB U IJIACTOB.

HecoMHeHHO, BaKHBIMU CPEICTBAMU  SBJISIIOTCSI  TTOCTOSIHHBIM
KOHTPOJb 3a PaboTOi CKBA)XUH W PETYJSIPHAs ONTUMHU3AIUS WX
PEXUMOB PaGOTHI.

[Ipu pemrenuu CJAOXKHBIX IPO6JIEM pPaszpabOTKU MAJOIPOLYKTHB-
HBIX HePTSHBIX MECTOPOXKIEHUN 0053aTeTbHO HAJI0 YUYUTBIBATH BCE
CYIIIECTBEHHBIE TapaMeTpbl He(PTIHBIX ILJIACTOB, B TOM YHCJE 30-
HAJIBHYIO U TIOCJOWHYI0 HEOJHOPOMIHOCTH MO MPOHHUIIAEMOCTH, MHO-
TOCJIOWHOCTh, Pa3Jjinune TOABUIKHOCTEHl BBITECHSIONIETO areHTa
(Bogbl) m HedTH, BKJIWOYAs yMeHbleHHe (HasoBON MPOHUIAEMOCTH
JUIA  BOIbI M3-32 OCTaTOYHON HedTH, pasaumune QU3NYECKUX
cBoiictB HedTH M BbITecHsAIOmEro arenta (BoABI), IIOKa3aTeJb
CHVJKEHUS TPOAYKTUBHOCTH CKBAXKUH TO HedTH TIPU CHUKEHWUHU
X 3200WHOTO JIaBJIEHUS HUXKE JIaBJEHHUS HACBIIIEHUS, BO3MOXKHYIO
JIOJITOBEYHOCTh CKBAKWH W JPYTHE.

Baarogaps npuMeHeHUIO YIOMSHYTBIX W JPYTHX CPEJCTB pas-
pa6oTKa MAaJONPOAYKTUBHBIX HEMTIHBIX MECTOPOXKIEHUN CTaHO-
BUTCSI 9KOHOMHUYECKU PEeHTa0OEeTbHOM.

MasonpolyKTUBHBIE HE(MTSHBIE MECTOPOK/IEHUS, 10 HACTOSIIErO
BpPEMEHU He BBEJIEHHbIE B MPOMBINJIECHHYI0 Pa3paboTKy, comep:Kar
MHOTHE COTHM MWJIJIMOHOB M MUJIJIMAPJbl TOHH TI'eOJIOTMYECKUX 3a-
nacoB HedTH. X BBOI B 9KOHOMMYECKH PEHTAOEJIbHYIO TIPOMDIIII-
JIEHHYIO pa3paboTKy MOKeT ObITb CYIECTBEHHBIM PE3epBOM pPa3BU-
ths HedTeI00bIBAONIEH TTPOMBIIIIEHHOCTH Poccui.



CIINCOK JIUTEPATYPbI

1. T'onos JI.B., Boaxos C.H. CocTosiHuE CTPOMTEJNbCTBA U 3KCILIyaTa-
UM TOPH3OHTAJbHLIX CKBaXkMH B Poccumn,/ /HedraHoe xosgiictBo. —
1995. — Ne 7.

2. I'paiighep B.H., Jlvicenxo B./]. O panmonasbHoM o0bennHeHnu Hed-
TSHBIX TJIACTOB B OOIIUI AKCILIyaTaIMOHHBIN 06bekT/ /Hedrsanoe xo3sii-
crBo. — 2000. — No 2.

3. JKeamoe FO.II. [lepopmanusg ropubix nopox. — M.: Hexpa, 1966.

4. Kypamwun P.M. Mertoauka TEXHHUKO-3KOHOMHYECKOTO IPOTHO3UPO-
Banus adpdextusnoctn nposenenus ['PII/ /HedrenpombicioBoe npeno. —
1999. — Ne 4.

5. Jucenxo B, /1., I'paiichep B.H. Crioco6 pa3paGOTKH MHOTOILJIACTOBBIX
mectopoxkaenuii / /I[larent PD Ne 2142046.

6. Jvicenko B./[. VinHoBaumonHas pa3paGoTKa HeTSHBIX MECTOPOK/e-
uuii. — M.: Henpa, 2000.

7. JTvicenxo B./l. O cxemarusaruu nedTsIHOI 3a1eXKu Opu pacyere ae6u-
ta,/ /Tpynst TarHUN. — 1965. — Boim. VIII.

8. Jwvicenxo B./]. IlpoexTupoBanue pa3paboTKi HeTSIHBIX MECTOPOK/e-
uuii. — M.: Henpa, 1987.

9. Jlvicenko B./l. Teopus pa3pa6oTku HeTSAHBIX MeCTOpPOXAeHuil. — M.:
Henpa, 1993.

10. Mackem M. Tedenue OTHOPOMHBIX KUIKOCTEl B TIOPUCTON cpeje. —
M.: Tocronrexusaar, 1949.

11. Macxem M. Dusuveckre OCHOBbI TEXHOJOTUU N0ObIYM HebTH. —
M.: Tocronrexuszgar, 1953.

12. Mycaumos P.X., A60yamaszumos P.I. CoBeplIeHCTBOBAHUE TEXHO-
Jloruy  pa3paboTku Masnoda(deKTUBHbBIX HedTAHBIX MecTOposkaeHuin Tara-
pun. — Kazanb: Tarkuurousmgar, 1989.

13. Mycaumos P.X. Biusinie 0cOGEHHOCTEH TI'eOJIOTMYECKOTO CTPOEHUS
Ha aGexTUBHOCTD Pa3paboTku PoMalknHcKoro Mectopoxkaenusi. — Kasamb:
n3a. Kaszanckoro ynusepcurera, 1979.

14.  IIpoexmuposanue  pa3paGoOTKu  HePTIHBIX  MECTOPOKIAEHUIT /

287



A.Il. Kpouios, I1.M. benam, FO.I1. BopucoB u ap. — M.: Toctonrexusaar,
1962.

15. Cnoco6 paspaGOTKM 30HAJIBHO HEOLHOPOAHBIX MO KOJJIEKTOPCKUM
cBoiictBam 3anexeil Hedgrtu,/B. M. T'paiipep, A.M. Komapos, B./l. JIbicenko
u ap./ / Nsobperenue, a.c. 356344.

16. Cnpasounoe pyKOBOJCTBO IO IIPOCKTUPOBAHHUIO Pa3pabOTKU M IKC-
mayaranuu  HeTSHbIX — MecropokiaeHuii:  Jlo6piua  Hedru /Tlog  pea.
[I.K. I'mmatynunoBa. — M.: Hexpa, 1983.

17. Cnpasounoe pyKOBOACTBO IO IPOEKTUPOBAHUIO Pa3pabOTKU U 3KC-
nJIyaraiuu HedTSHbIX MecToposkaeHuii: IIpoexTupoBanue paspaborku,/Ilos
pea. LI.K. I'mmatynunosa. — M.: Hegpa, 1983.

18. Cypeyuee M.J/I. Bropuunble I TPETUYHBIE METO/Jbl YBEJIMUEHUS Hed-
Teorgaun miaactoB. — M.: Hexpa, 1985.

19. Illeaxaues B.H. Ws6panubie tpyaer. 1990. — T. 1. — (4. 1, 2). —
T.2 — M.: Henpa.



	Obtitul
	Oglav
	Pred
	1
	2
	3
	4
	Zakluch
	SpisokLit



