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NOBEPXHEBO-AKTUBHUX PEHOBUH METOAOM POCC-MAUJICA
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Oxapaxmepuz08ano HACHIOKU, 00 SKUX MOICE NPU3BECi 00B0OHEHHS 2A308UX | 2A30KOHOEHCAMHUX CBEPOLO-
sun. ObepyHmMoBano HeobXiOHicmb IHmeHcupikayii sunecents piounu 3 8uboie ceeporosun Ha nosepxwio. Hasedeno
KOPOMKY Xapakmepucmuxy mMemooig 3anobicants HA0X00ICeHHIO 800U Ha eubil céeponosunu. Hasedeno ocnosni
Heooniky i30aayii eazoeux ceeponrogun. Hasedeno xapaxmepucmuxy memodié GuUIyYeHHs 800U i3 8Ub0i8 2a308ux
ceeponosun. Ilepepaxosano nepesazu memody inmencughixayii eunecenuss piounu 3 aubois 2az08ux ceepoIO6UH HA
NOBEPXHIO 3a OONOMO20I0 CHIHIOIOUUX NOBEPXHEBO-AKMUBHUX PEYOSUH | 0O2PYHMOBAHO OOYLIbHICMb 1020 3ACMOCY-
6ammsl. Po3ensinymo 0cHO8HI cnocobu 66e0eH sl Y C8EPONOBURY CRIHIOIOUUX NOBEPXHEBO-AKMUBHUX peuosun. Oxapak-
MEPU308aHO OCHOBHI MemOOU GUIHAYEHHSI NIHOYMBOPIOBANIbHUX XAPAKMEPUCTUK (CNIHIOBAHOCME) NOBEPXHEBO-
akmueHux pevogur. [emanvro poszensanymo cyme memoody Pocc-Maiinca i npunyunogy cxemy npuiady Pocc-
Maiinca. Ilepepaxosano ocrosHi nepesazu memoody Pocc-Maiinca. Hageoeno mexuiuni xapakmepucmuky npuiaoy
Pocc-Maiinca. [lemanvro onucano nopsook npogedents 1abopamoprux 00cioxcenv memooom Pocc-Maiinca. Ha-
6e0eHo pesyrbmamu 1a60pamopHux O00CIIONCEHb 3 BUHAUEHHS NIHOYMBOPIOGANbHOL 30amHOCMI (CniH068anocmi)
PO3UUHIE NOBEPXHEBO-AKMUBHUX PeyosuH 3a Memodom Pocc-Maiinca 6 oucmunvoganiii ma minepanizoauii 600i 3a
memnepamyp 20 £ 2 °C i 50 £ 2 °C. 3a pesyromamamu nposedeHux iabopamopHux OO0CHIONCEHb NOBEPXHEEO-
AKMUBHY PEYOBUHY 3 HAUOLILULUM 3HAYEHHIM NIHOYMEOPIOGAIbHOI 30amHOCHi (CHIHIOBAHOCMIE) PEKOMEHOO8AHO
BUKOPUCMOBY6AMU O/ IHmeHcuiKayii suneceHHs: piouru i3 6ub0ie 2a308ux ceeporosun. B pezyrbmami yvbo2o oui-
Kysauutl npupicm 0ebimy 2az060i ceeponosunu cmarnosums 10 — 15 %. Haseoeno pexomendayii 0o eapianmis ege-
OeHHsL CRIHIOIOYUX NOBEPXHEBO-AKMUGHUX PEUOBUH Y 24306 C6EPONIOGUHU.

KitrodoBi croBa: cBepUTOBHHA, BOJA, Ta3, OOBOJHEHHS, ITiHA, NeOIT ra3y, MOBEPXHEBO-aKTUBHI PEYOBUHH, ITi-
HOYTBOPEHHS, iHTeHCH(DIKAIlisA. KPaTHICTH Ta CTIHKICTH MiHU, BUOIH CBEPIOBIHH.

The consequences of water intrusion into gas and gas condensate wells are characterised. The need to
intensify the removal of fluids from the bottom of the well to the surface is justified. Methods of preventing water
ingress to the bottom of the well are briefly described. The main disadvantages of gas well isolation are considered.
The characteristics of the methods of removing water from gas wells are given. The advantages of the method of
intensifying the removal of liquid from the bottom of gas wells to the surface by means of foaming surfactants are
enumerated and the expediency of its use is substantiated. The main methods of pumping foaming surfactants into
the well are considered. The main methods of determining the foaming characteristics of surfactants are
characterised. The essence of the Ross-Miles method and the principle scheme of the Ross-Miles device are
considered in detail, and the main advantages of the Ross-Miles method in comparison with other methods are
enumerated. The technical characteristics of the Ross-Miles apparatus are given. The procedure for carrying out
laboratory tests using the Ross-Miles method is described in detail. The results of laboratory studies on the
determination of the foaming ability of surfactant solutions in distilled and mineralised water at temperatures of
20+ 2 °C and 50+2 °C by the Ross-Miles method are given. Based on the results of laboratory tests, it is
recommended that the surfactant with the highest foaming ability be used to intensify the removal of liquid from gas
wells. As a result, the expected increase in gas well flow rate is 10-15 %. Recommendations for pumping foaming
surfactants into gas wells are given.

Key words: well, water, gas, water encroachment, foam, gas flow rate, surfactants, foaming, intensification,
multiplicity and stability of foam, well bottom.

Beryn

OnHuM 13 HaHOUTBII CEpHO3HUX YCKIIaIHEHb
MiJ] 4ac eKCIuIyaTarlii ra30BUX 1 ra30KOHACHCATHUX
CBEPJUIOBHH € 1X 00BojHeHHS. OOBOJHEHHS CBEp-
JUIOBMH HalO1JbIIe TPOSIBISIETHCS Ha Mi3HIN (3aBe-
plIanbHii) craaii po3poOKH ra3oBHX 1 Ta30KOHIE-
HCAaTHUX poJioBUI YKpaiHu. [[ns 3aBepimaibHOL
cTafii po3poOKu ra3oBux (ra30KOHICHCATHHUX) PO-
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Po3Bigka Ta po3po6ka HadpTOBUX i ra30BMX POAOBULL,

JIOBHII[ € XapakTepHUM Te, 10 Ha BHOOI ra3oBol
CBEP/UTOBHHH TIOCTYIOBO CKYIUY€EThCS PiinHA, SKa
HAJXOIUTh 3 IiacTta. HacimiakoM 1bOro € 3HMKEH-
Hs 1e0ITiB ra3y Ta, 1HOJI, CAMOIJIYIIIHHS T'a30BO1
CBEP/UTOBHHU HAKOITMUYCHOIO BOIOIO.

Metoau 060poTEOM 3 OOBOAHEHHSIM Ta30-
BHX CBEPJIOBUH TMOAUIAIOTh HAa METOIU 3aImo0i-
TaHHS HAJXO/PKCHHIO BOJM HA BHOIi CBEpJIOBUHU
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(MeTonu, 0 OOMEXYIOTh MPHUILINB BOIU y CBEPI-
JIOBMHY) 1 METOAM BWJIYYEHHS BOIU 13 BHOOIO
cBeputoBuHH [1-2].

Jlo MeToiB 3amo0iraHHs HAIXOHKCHHIO BOIU
Ha BHOIH cBepmIoBHHA (OOMEXEHHS NPHUILIHBY
BOIM) HaJC)KaTh 130JIOBaHHS CBEPIJIOBHHHU Bif
HAJIXOJUKCHHSI TUIACTOBHUX BOJ (130111l 00BO/HE-
HUX TPOIUIACTKIB IIEMEHTHUMH PO3YHMHAMH, CMO-
JaMH, TIoJIIMepaMH, IIHOI0 Ta IHITMMH MaTepiajia-
MU, YCTaHOBJICHHS TOPU30OHTAIBHUX EKpaHiB Y
CBEpJVIOBHHI NPH KOHYCOYTBOPEHHI BOJ Ta iHII)
Ta eKCIUTyaTallisl CBepJUIOBUH 13 3aHIKEHUMH JIe-
OiTaMu rasy, 110 BUKJIIOYA€ HAAXOHKEHHS IIACcTO-
BOI BOJM Ha BHOIA.

OCHOBHHMM HEIOJIIKOM 130JIAIIii CBEpUIOBUHHI
€ Te, 10 MPH 130JIF0BAHHI B Ta30BUX CBEPINIOBUHAX
00BOJIHCHUX MPOILIACTKIB BUKIIOYAETHCS MOMKIIH-
BICTh PEryJIOBaHHS MIPOCYBAHHA B TOKJIAJ TIACTO-
BOT1 BOJM i BUAOOYBaHHS 3aIl[eMJIEHOTO ra3y 3 00-
BOJHEHUX 30H. B yMoBax TOHKOMIApOBOi Oya0BH
TUTACTIB 130JISIMIIiHI POOOTH MOXKYTh NMPU3BECTH 10
BiJ’€THAHHSI YaCTHMHW Ta30HACHMYEHOI TOBIIMHU
MPOAYKTUBHOTO Po3pidy. OOBOJHEHI MPOIUIACTKH
JOCUTH YacTO € TAaKOK OCHOBHUMH KaHallaMH Ha/l-
XO/DKEHHS Ta3y B CBEPUIOBHHY. ToMmy iX i30It0-
BaHHS MPU3BOANTE 10 3MEHIIICHHS AeO0ITiB Tazy.

CriocoOu BHITyYeHHS BOJIM i3 ra3oBUX (Ta30-
KOHJICHCATHHX) CBEP/JIOBUH MOJIISIOTH HAa Ta3o-
TiAponWHAMIYHI, MeXaHi30BaHI Ta ()i3MKO-XiMidHI
[3-6].

lazoriapoarHaMiuHi METOU BHITyUEHHS BOJU
i3 CBEpUIOBMH TPYHTYIOTHCA Ha MiATPUMYBaHHI y
cTOBOYpi CBEPIJIOBUHU TaKoOi MIBUAKOCTI PyXy ra-
3y, IpU SKif piJMHA BHHOCHUTBCS HOTO TOTOKOM.
HenepepBHe Buy4YeHHS pilMHU 3 BUOOIO Ma€ Mic-
e MPH MIBUAKOCTSAX PyXy ra3y, IO CTaHOBISTh
OinbIIe 5 M/C B KOJIOHaX HACOCHO-KOMIPECOPHUX
tpy6 (HKT) niamerpom 63-76 MM [4]. Jlo razoria-
POJIMHAMIYHUX METOJIB BHIIyYE€HHS BOIW BiJIHO-
CAThCS BUOIp palioHaIbHOI KOHCTPYKIIT KOJOHH
HKT (miamerpa i rimOWHM CHycKy); TepioJuuHi
NpOJIyBaHHS CBEpAJIOBHH B arMocdepy mo ¢ake-
JbHIN JiHIT Ta 00nagHaHHs KOJIOHH JIiTOBUX TPYO
BUOIHMM 1 JI(TOBUMHU JAMCIIEPraTOPaMH 3 METOHO
CTBOPEHHSI OJHOPIJHOTO BHCOKOIUCIIEPCHOTO Ta-
30PiIMHHOTO MOTOKY 3a PaxyHOK MEXaHiuyHOro i
aKyCTHYHOTO JTMCTIEPTYBaHHS PiIMHU (32 pPaxyHOK
3HIDKEHHSI BTPAT THCKY B CTOBOYpI CBEPAJIOBHHU
IUISXOM CTBOPEHHS B JI(TOBHUX TPyOax OJHOPII-
HOI CTPYKTYpPH Ta30piTMHHOTO MOTOKY). HaiGinbm
MOUIMPEHUM Y MPOMHCIIOBIH TMPaKTHIN 3 X Me-
TOJIiB € NEPiIONYHI IPOIYBAaHHS CBEPJIOBHH.

MexaHi30BaHi METOIH TMOJISTAIOTh Y BiAKayy-
BaHHI PiAVHY 3 Ta30BUX CBEPJIOBUH TITMOMHHUMH
HacocaMu. 3aCTOCYBaHHS TVIMOWHHUX HACOCIB TSI
BUJIyYEHHS BOAM 13 Ta30BUX CBEPJIOBHH € AOLiJIb-
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HUAM Ha M3HIHA cTajii eKcIuTyarTaii ra30Boro mok-
JaTy TIpy 3HAYHAX 00’ €MaX BOJH, IO HAAXOJIUTh, 1
y BUMAJKY, SKIIO 130JI0BaHHS JKEepesl 0OBOJHEH-
HS 3 MEBHHUX NMPHYMH HE Ma€ CEHCY (€KOHOMiI4HO
HEBWTITHA) 9 HeMmoiauBa. [Ipote, mei crmocid
BUJIyYEHHS BOJAU 13 CBEPAJIOBHH 3aCTOCOBYETHCS
PiAKO 3 MPUYHMHU CKJIATHOCTI OOJIaIHAHHS Ta HOTO
HEJOBrOBIYHOCTI B KOPO3iHHO-arpECUBHOMY Cepe-
JTOBHILI.

®Di3UKO-XIMIYHI CIIOCOOM BUIIYYCHHS BOJIH
IPYHTYIOTBCS Ha IITYYHOMY IPOJOBKEHHI Mepioay
IPUPOAHOro (OHTAHYBAHHS CBEPUIOBHHHU 32 pa-
XYHOK [Iii Ha Ta30piANHHUNA MOTIK y Ni(hTOBUX TPY-
0ax (i3UYHUMU OJISIMH, 3aIIOMIIOBYBaHHSI y CBEp-
JUIOBHHY CIIIHIOIOUMX IIOBEpXHEBO-aKTHUBHUX pe-
yoBuH (IIAP) Ta pi3HHX XiMpeareHTiB, SKi B3aEMO-
JIIIOTh MK 00010 ab0 3 IIacToBOIO BOmOI0. [0
JTAHOi TPYIHU HaJNeXaTh Taki CIIOCOOW BUHECEHHS
piawHH 3 BUOOIB ra30BUX CBEPIJIOBUH: JHCIIEPTY-
BaHHS PIJUHM IUIAXOM JIii Ha Ta30PIIMHHUEN MOTIK
¢bi3nuHUME TIONSIMH (HANIPUKJIIal, MarHiTHUM), sIKE
NPU3BOAUTH 0 3MEHILIEHHS IOBEPXHEBOTO HATSTY
piAMHYU Ha MEXi 3 ra30M; €JIEKTPOJIi3 BOIU Ha BU-
001 CBEpAJIOBMHHM 32 JIOTIOMOTOIO CIEliaJbHUX BU-
OiffHIX TPUCTPOIB, IO CYMPOBOKYETHCS BH/Ii-
JIEHHSIM Ta3y; MepiofAndHe 4u Oe3lepepBHE IMmojaa-
BaHHs TBEpAMX abo pigkux cminoounx [IAP y
3arpyOHmii mpoctip cBepaioBunn un B HKT Ta
1HIII.

Hait6inbm po3moBCIOKEHUM Y TIPOMHCIIOBIH
NPaKTUIl 3-TIOMIK (Pi3MKO-XIMIYHUX METOJIB BU-
Jy4eHHS BOIM € TIOJABaHHA B CBEPUIOBHHY
cuinrorounx ITAP y pigkomy Burmsiai. CyTe 1boro
Croco0y MmoyArae B TOMy, 110 MPU 3allOMIIOBYBaH-
Hi BogHOTO po3unHy IIAP y cBepuioBuHY po3un-
HEHHI WOTO B TUIACTOBIH BO/I Ta MPOXOHKEHHI Ye-
pe3 HbOTO Ta3y, YTBOPIOEThCS MmiHA. OCKUIBKU Ty-
CTHHA IiHU 3HAYHO MEHINA BiJ] TYCTUHH BOJH, TO
BOHa BHHOCHTBHCSI MOTOKOM Tra3y NpH HHU3BKUX
mBugkoctax — 0,1-0,2 m/c [4], mo maibkeB 50
pas3iB MEHIIIA, HIXK JJ1s BOJIH.

B razoBumo0yBHIl TIPOMHUCIOBOCTI AJISl BUITY-
YeHHS BOJM 13 CBEpAJIOBHH HaidacTillie BUKOPH-
cToByroThcs Taki [TAP, sk caenon SWP, caBeHo:
NWP, mpeBouen, cynabsdanon, npenapatr OC-20,
CounblieH, AWCOJIBBAaH, HATPi€BI COJNi  Cyibdo-
KHCIIOT, nukmiMig, cuHTanon JC-10, cuHTaHOI
AJIM-2, cuntanon ACSE-12, mniHoyTBOprOBaY
“CO®IP”, ©6apBarekc-5, “TEAC-M”, bnok-84,
niHoytBoproBaui [10-1, T1O-3A; 6apeamin 2K,
neonon A®-09-10, neonon AD-09-12, omeokc-5,
I[IKA-515, “Conbyp-11017, “TEAC-M”, cun-
tamin-5K ta inmi. Ha npaktuni npu o06pobieHHsx
CBEP/UIOBUH, SIK IPAaBUJIO, BUKOPUCTOBYIOTh BOJIHI
po3unHn [IAP i3 MacoBOrO KOHIIEHTpAII€0 Bix 5
10 30 % [4]. 3anomnoBytoTs ITAP y ra3osi cBepa-
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JIOBUHM 3a JONOMOIOI HACOCHUX arperaris,
IHTI0ITOPOTIPOBOMIB (IIEHTPATI30BaHE ITOJaBAHHS
[TAP y cBepIIOBHHH) 1 332 JOTIOMOTOI0 PUTUPIIO-
BUX JI03ylouux mnpuctpoiB tumy ‘“‘Jlotoc” [2.4].
ITreBmaTn4Hi Komruekcn “Jlotoc” 3abe3medyroTh
IAKITIYHE MMOJaBaHHsA (iKCOBAaHMX O0’€MIB pO3UH-
Hy [IAP y 3arpyOHuMii poCTip CBEpAJIOBUHU 32 3a-
JIAHOIO TIPOTPaMoOr0 abo TpH 30UTBIICHHI Pi3HMII
MIX THCKaM{ B 3aTpyOHOMY IMPOCTOpPi i B KOJIEK-
TOpi YW 3MEHIIeHHI Ae0iTy ra3y (mepenany TUCKY
B IITyLEpi Ha BUKUAI (OHTAHHOI apMaTypH) BHa-
CIIIOK HArpOMaIDKEHHS PIIWHHU Ha BUOIIO CBEpII-
JIOBUHM Oinblie 3aaHoi BeNMYWHHU. Po3unHHMKOM
[TAP y mpurupioBux mo3aTopax € TexHiuHa abo
TUTACTOBAa BONA, SKY BUIUIAIOTH 3 Ta30piTUHHOTO
MOTOKY 3a JIOTIOMOTOI0 Cenaparopa, pPO3MilLLEHOro
Oinst cBep/UIOBMHM (HAa YCTAaHOBII ITiITOTOBKH).
ITmeBMaTnuHi  nmo3yroui  komruiekcu — “Jloroc”
3a3BUYall  BHUKOPUCTOBYIOTHCS, SKIIO BiJCYTHI
1HT101TOPOTIPOBOIH.

Mera po6oTu TONSATaE y BU3HAYEHHI MiHO-
YTBOPIOBaIbHUX XapakTepucTuk IIAP wmetomgom
Pocc-Maiinca i y Bubopi Haitedextunimmux [TAP
JUTST BUHECEHHS BOJM i3 BHOOIB Ta30BHX CBEPIIIO-
BUH.

AHajmi3 cy4acHHUX 3aKOPIOHHHX i BiTUM3-
HAAHUX JOCJiI:KeHb i myOJaikanii

®dakTUYHO JI0 OO Yacy BIJCYTHsI yHiBepca-
JbHa YHiiKOBaHa METOJIWKA OI[IHKU IIHOYTBO-
protounx BnactuBocteit [IAP, me He po3pobieHi
CTaH/IapTH30BaHI METOJIWKU OI[IHKH MiHOYTBOPIO-
10401 3marHocti [TAP i Hema yHiBepcalbHOTO Me-
tony ii BU3Ha4YeHHA.Jl0 MEBHOI MipH MMOKa3HUKOM
aktuBHOCTI IIAP € i rigpodinpHO-NMiMOQLTEHAN
6amanc (I'JIB). [4]. MakcuManbHOIO THOYTBOPIO-
I0Y0I0 BIIACTUBICTIO XapakTepu3ytoTecsi [IAP 3
I'JIB 9-15 ymoBHUX oawHMIb. OCHOBHUM 1 IyXe
BaroMuM Hegoiikom cuctemu ['JIB € te, o BoHa €
TPYZIOMICTKOIO 1 HEJIOCTATHLO HAJIIHHOIO y BHU3HA-
YeHHI 1 He Ja€ 3MOry 3/iHCHIOBATH KiJbKICHI PO3-
paxyHKH. I, SIK HacyliJOK HaBEeIEHOTO BHIIE, CHC-
tema I'JIb s oniaky aktuBHOCTI ITAP Maiibxke He
BUKOpPHUCTOBYEThCsA. Tomy Ha mpaktuui tun [TAP i
iX onTHManbHy KOHIEHTpALil0 y CIiHIOBaHIN pi-
nuHi (Ui BuOopy HaiiOinemr edexruBHux [TAP
Jutst iHTeHCcH(Dikallii BHHECEHHS BOAM 13 BUOOIB ra-
30BUX (Ta30KOHACHCATHUX CBEpPAJIOBHH) BH3HAYa-
I0Th 3a JaHUMH J1a0OpaTOPHUX JOCHIKCHb, B
SKHX BH3HAYalOTh IIHOYTBOPIOBAIBHY 3/IaTHICTB,
T00TO KpaTHicTh miHu K (BiIHOIIEHHS 00’ €My MiHA
0 00’eMy piauHM, 3 SKOI BOHa yTBOpHWIIACSA), ii
CTIiKICTh S (BeIMYMHA, 3BOPOTHA 00’ €MHIH IIBUI-
kocTi BugineHHs 50 % pinuHU, OB’ A3aHOT B MiHY)
1 IWBUAKICTH pyHHYyBaHHA miHu [4, 7-9]. ns Bu-
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3HAQUYEHHS HABEICHUX BHIIE I1HOYTBOPIOBAJIBHUX
xapakrepuctuk [IAP y maGopartopisix BUKOpHCTO-
BYIOTh Pi3HI METO/IH, 30KpeMa: METOJI BiIITOBI THUIM
I'OCT 6948-70 (3rifHO 3 MM METOJOM IIiHY TO-
TYIOTh IIISXOM IMPOIYBAaHHS IMOBITPAM 1 BU3HAYA-
IOTh CTIMKICTH Ta KpaTHICTh MiHW), MeTtox Pocc-
Maiinca (ueéi Meron 3aTBeppkeHUE MixHaApOI-
HOIO opramizaiiero i3 cranmaptuzamnii (ICO)) Ta
immmi. Ii meTomm ommcani B [10-13]. B mertomi 3ri-
mHo 3 T'OCT 6948-70 pisHumu nabopaTtopisiMu,
HAYKOBO-IOCHIAHUMH 1HCTUTYTaMH, HayKOBISIMH
BUKOPHCTOBYIOTHCA Pi3HI Ja00OpaTOpPHi YCTaHOBKHU.
CxeMa ofiHi€l 3 BUKOPUCTOBYBaHUX J1a00OpaTOPHUX
yCTaHOBOK HaBejieHa B [10]. 3rimHo 3 MeTonoMm
Pocc-Maitnica miHy TOTYIOTH CIIOCOOOM BWIJIMBAH-
Hs, BuwmBaroun 200 mi po3umny IIAP B muctu-
JIbOBaHIM Ta MiHEpai30BaHiM BOJI Ha TMOBEPXHIO
TOTO X po3unHy (50 M) yepe3 kamiOpoBaHHN Ka-
nistp miamerpom 1,9 + 0,02 mm 3 Bucotu 450 M.
[ToTiM BHMIpIOIOTH B TEPMOCTATOBAaHMX YMOBaX
(pu Temmepatypax 20 = 2 °C i 50 = 2 °C) Bucory
CTOBIIA OTPUMAHOI, TaKMM YHHOM ITiHA (B MM)
3pasy k micis BuiauBaHHs (Ho) 1 wepe3 3, 51 10
xBwimH (Hs, Hs i Hyg). CrilikicTh miHu S BU3HAYa-
10Th sK BigHomreHus: S = Hs /Hy. B [14-16] nase-
neHo cxemy mpuiamy Pocc-Maiinca 1 getamsHO
onucano Meron Pocc-Maitnca(ropsaok mpoBezeH-
Hs1 TaOOPaTOPHUX JOCIIKEHD).

IIpunununosa cxema mnpuiany Pocc-Maitnca
(TY 4321-001-07609129-00) moka3ana Ha puc. 1.
Jlitika 1 3adikcoBaHa TaKUM YMHOM, IO BiJICTaHb
MIDX HWDKHIM 3pi30M TPYOKH 3 1 BUXiTHOIO TIOBEPX-
HEIO PO3YMHY B MIpHOMY IIMITIHIpi 4 JOpiBHIOE
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1 — nitika; 2 — kpan; 3 — mpyoxa (ninemka),
4 — mipHuti yuninop, 5 — emuicmo
Pucynok 1 — IlpuHnunoBa cxema npujiaay
Pocc-Maiiiica
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450 MmM. MipHIA THITIHADP PO3MIIICHUH Y BOMSHIN
Oani (BOmAHIM COpPOYIN) 3 IBOMa BHBOIAMH IS
3’€¢IHAHHA 3 TEPMOCTaTOM. BHyTpimHii miamerp
MWIiHApa cTaHOBHUTH 65 MM. KaniOpoBana TpyOka
ToBXUHOIO 70 MM BHKOHaHA 3 HEPXKABIFOYOI CTaJi,
il BHyTpimHiNA miamerp mopiBHioe 1,9 £ 0,02 Mm.
€MHICTD 5, 1110 BUTOTOBIIEHA 13 MPO30POTr0 MaTepi-
ay, TpU3HAYCHA AJs1 TEPMOCTATyBAaHHS MIpHOTO
OWIHAPY 1 HOr0 BMICTy MPOKadyBaHHIM TepMOC-
taTytouoi piguau. [Ipuman 3akpimiroroTs Ha mTa-
TUBI.

Y wmipHuit mwmiHAp 4, B SAKOMY MICTHUTBCS
cnovatrky 50 mi pozuuny I[IAP, 3 miiiku 1 uepes
TpyOKy 3 BuimBatoTh 200 M Toro x po3uuny. [lo
3aKiHYeHHI BUTIKaHHS OJHOYACHO i3 3aKPHUTTAM
KpaHy 2 BMHUKAalOTb CEKYHAOMIp 1 BUMIpPIOIOTh BH-
COTY CTOBIIA MMiHW B MipHOMY IMJTIHAPI 3pa3y micis
BWJIMBaHHA (ITIHOYTBOPIOIOYA 3MIATHICTH) 1 depe3
3, 5, 10 xB micns 3aKiHYEHHS TMIHOYTBOPEHHS (IS
BU3HAYEHHS CTIMKOCTI MiHU).

BuceitiieHHsi HeBMpilleHUX paHile w4ac-
THH 3arajbHOI NpodJjaeMu

JUiss OLIHKH MiHOYTBOPIOBAJbHOI 3JaTHOCTI
ITAP 3a3Buuaili BHKOPHUCTOBYETHCS METOJ, IO Bij-
noBigae ['OCT 6948-70 npuroTyBaHHS TiHU 371i-
CHIOIOTH IPOAYBAaHHSM TOBITPSAM 1 BHU3HAYAIOThH
CTIHKICTh Ta KpaTHICTh miHM). [[ns 1iporo meromy
HEOOXIi/IHI JIOCHTh CKJIaJHI TaOOpaTOpHi YCTaHOB-
k. MeTo/1 € TOCUTh TPYJIOMICTKHM 1 BUMarae 3Ha-
YyHHX 3aTpaT 4acy. Meron Pocc-Maiinca e Ginbi
NPOCTUM Y BUKOHAHHI 1 MEHIII YaCO3aTPATHHM.

IMocTranoBka 3anayi

OCHOBHOIO METOIO CTaTTi € BU3HAYEHHS MiHO-
yTBOpIOBabHUX Xxapakrepuctuk IIAP metomom
Pocc-Maiinca, To0TO Yy BUMIpIOBaHHI BHCOTH CTO-
BIla MiHU B MIpHOMY IIWJIIHJIPi Ofjpa3y Micisl BUIIU-
BaHHS (IO BiJIMOBi/Ja€ MiHOYTBOPIOIOYiN 3/1aTHO-
cti) 1 uepe3 3, 5, 10 xB micisa 3aKiHYEHHS MIHO-
yTBOpeHHst (cTifikicTs minu S = Hs /Ho).

BucBiT/IeHHs OCHOBHOTO MaTepiany X0Ci-
JKEHHS

Meroa Pocc-Maiinca 3acTOoCOBY€eTbCA AJIs BU-
3HAYEHHS IIHOYTBOPIOBAILHUX XapaKTEPUCTUK
I[TAP Tta muitHux 3aco0iB (3rigao 3 JACTY ISO
696:2005). Jlns peamizani METOLy BUKOPHCTOBY-
10Thb npunag Pocc-Maiinca. Y tabn. 1 HaBeneHo
TEXHIYHI XapaKTepUCTHKH Nprinany Pocc-Maiinca.

Kpim npunagy Pocc-Maiinca B mabGopaTtopisx
1HOJII BHKOPHUCTOBYETHCS aHaior npuiany Pocc-
Maiinca (06’em 200 CMS) — JIiTWIbHA Jtidika [17]. Y
RiTHIBHY Ky 06°eMoM 200 cM® HAIMBAKOTH PO3-
gyuH [IAP Ta 3akpiruTioroTh i Ha JJabOpaTOpHOMY
IITaTUBI TaKUM YUHOM, MO0 i1 BUXiIHUU OTBIp
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Tadoauus 1 — TexHniuHi xapakTepucTHKH
npuiaany Poce-Maiiiica

YucnoBe 3HAUCHHS

Texuiuni . .
(miama3oH BUMipro-
XapaKTePUCTUKU
BaHHSI)
Jliarma3oH BUMipIOBaHHS Big 0 no 920

BHCOTH CTOBIIA IIIHU, MM
Iina moJiIKY IKAIH, MM 2
I'panuus nonyctumoi
MOXUOKH, MM
T"aGapuTHi po3mipu, MM

+2
400 x 310 x 1630

MIIMIBHOL JIHKA 3HaXOomuBCA Ha Bimcraui 900 MM
BiJl piBHS piAvHU y nWmiHApi. 3a0e3nedyroTh moT-
paruisiHHs cTpyMeHs po3unHy IIAP y nentpanbHy
YacTHHY J1TabOpaToOpHOTO HuiIiHApa. BimkpuBaroTh
KpaH JUIMIBHOT JIHKHU, BKIIOYAIOTh CEKYHIOMIp Ta
BUMIPIOIOTh BUCOTY croBmunka minu y MM (Hp).
UYepes 5 XBUIMH 3HOBY BUMIPIOIOTH BUCOTY CTOBII-
yuka miHd y MM (Hs). BigHomieHHS omepikaHHX
pe3yiabTaTiB — 1€ TIOKa3HMK CTIHKOCTI IiHH
S=Hs /Hy. TTo KO)KHOMY JIOCIiKYBAHOMY PO3UHHY
MPOBOJATH HE MEHIIE 5-7 BUMIpPIOBaHb Ta OIIHIO-
I0Th JIOCTOBIPHICTh PE3yJIbTATiB IUIIXOM MaTeMa-
TUYHOI CTATUCTUYHOI 0OPOOKH.

VY mabopatopii ekcruryaTarii ra3oBuX i ra3o-
KOHJICHCATHUX CBEP/JIOBUH Ta IiJBUILIEHHS Ta30-
KOHJIeHcaToBHIy4YeHHs 13 TtuiacTiB (IBano-®pan-
KIBCHKUI HAIliOHAJIhHUIA TEXHIYHUN YHIBEpPCHTET
Ha(TH 1 Ta3y) Oyinu MpoBeJieH] JTabopaTOpHi TOCITi-
JOKEHHSI 3 BU3HAUEHHS IMIHOYTBOPIOBAIBHOI 371aT-
HocTi (cminroBanocti) IIAP wmeromom Pocc-
Maiinca.JlabopaTopHi TOCIiPKEHHSI TIPOBOINIHCH
3 po3unHamu [TAP BrucTuiabOBaHiiTa MiHEpami3o-
BaHiil Boxi (OapBarekc-5, cyiab(aHoN, NUKITIMIL i
cunTaHonAJIM-2)3a  Ttemmeparyp 20+2°C i
50 + 2 °C. MinepanizoBaHy BOLy TOTYBAJNH IILIs-
xoM posuuHeHHs com NaCl y Boxi (Bmict NaCl
100 1/1m) 200 BUKOPHUCTOBYBAIHCH MPOOH (3pa3Ku)
TUIaCTOBOI BOJH, BiIiOpaHoi i3 CBEPJIOBHH.

Pesysbraty 1a00paTOPHUX MOCTIIKEHD 3 BH-
3HAYEHHS MMHOYTBOPIOBAJIBHOI 3J]aTHOCTI (CITiHIO-
BaHocTi) po3unHiB [IAP y nuctmiboBaniii Boxi
(6apBatekc-5, cynbdaHoN, MUKTIMIT 1 CHHTAHOI
AJIM-2) meronom Pocc-Maiinca (mipu KOHIIEHTpa-
misix 0,1 % mac.,0,25 % mac. i 0,5 % mac.) 3a TeM-
nepatypu 20 + 2 °C napezeni B Tabu. 2.

Pesynbrartu nabopaTopHUX JAOCIIKEHb 3 BH-
3HA4YEeHHS! MIHOYTBOPIOBAJIBHOI 3JaTHOCTI (CIiHIO-
BaHocTi) po3unHiB [IAP y nuctmiboBaniii Boxi
(6apBartekc-5, cynbdaHoN, MUKTIMIT 1 CHHTAHOI
AJIM-2) meronom Pocc-Maiinca (mipu KOHIIEHTpa-
migx 0,1 % mac., 0,25 % mac. 1 0,5 % mac.) 3a TeM-
neparypu 50 + 2 °C nasexeHi B Tadu. 3.

—
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Tabumnus 2 — Pe3yabTaTi JIA00PATOPHUX TOCHIIKEHD i3 BU3HAYCHHS IHOYTBOPIOBATbHOI
3aaTHOCTI (cminoBaHocTi) po3uuniB I[IAP y nuctuiboBaHiii Boai
(6apBatekc-5, cyabdanoJ, nukiaimin i cuaranoa AJIM-2) meronom Poce-Maiisica
(npu xonnenTpanisx 0,1 % mac., 0,25 % mac. i 0,5 % mac.) 3a Temnepatypu 20 £ 2 °C

Bucora ITAP, koHmenTpartis, B % Mac.
CTOBIIA OapBaTekc-5 cynbhaHomn LUKITIMIT cunTanon AJIM-2
MiHU, MM 01 [025] 05 01 |025] 05 01 | 025]| 05 0,1 1025| 05
Ho 179 | 181 | 219 | 322 | 357 | 385 | 251 | 270 | 284 | 214 | 233 | 251
Hs 145 | 163 | 184 | 253 | 289 | 314 | 208 | 235 | 254 | 180 | 197 | 210
Hs 152 | 168 | 177 | 227 | 258 | 290 | 193 | 204 | 219 | 162 | 184 | 193
Hio 121 | 136 | 154 | 210 | 242 | 269 | 182 | 196 | 207 | 145 | 157 | 169

Tabunus 3 — Pe3yabTaTi JIa00paTOPHUX TOCTIIKEHD i3 BU3HAYCHHS IHOYTBOPIOBAJIbHOI
3naTHOCTI (cniHwBaHocTi) po3uuHiB [TAP y nucTuiboBaniii Boai
(6apBatekc-5, cyabdanoJ, nukiaimia i cuaranoa AJIM-2) meronom Pocce-Maiijica
(npm xonnentpanisx 0,1 % mac., 0,25 % mac. i 0,5 % mac.) 3a Temnepatypu 50 +2 °C

Bucora ITAP, xouuenrpariist, B % mac.
CTOBIIa OapBarekc-5 cyab(aHon LUKITIMIJ cuaTanon AJIM-2
HiHHA, MM 01 (025 05|01 |025] 05|01 025|05 | 01 ]025]| 05
Ho 215 | 223 | 234 | 356 | 391 | 421 | 284 | 305 | 322 | 247 | 268 | 289
H; 181 | 199 | 220 | 288 | 325 | 348 | 249 | 276 | 287 | 209 | 223 | 231
Hs 173 | 188 | 197 | 262 | 297 | 324 | 238 | 251 | 261 | 194 | 207 | 219
Hio 162 | 170 | 182 | 245 | 276 | 298 | 220 | 232 | 243 | 182 | 198 | 204

Tabanus 4 — Pe3yabTaTh JIa00paTOPHUX A0CHIIKEHb i3 BU3HAYECHHSA MIHOYTBOPIOBAJIbLHOI 31aTHOC-
Ti (cninoBanocTi) po3uuniB IIAP y minepanizoBaniii Boai (0apBaTekc-5, cyab(panos, HUKIiMif i
cunTanon AJIM-2) merogom Poce-Maiisica 3a Temnepatypu 20 + 2 °C

Bucora ITAP, xonmeHTpaitis, B % mac.
CTOBIA OGapBaTekc-5 cyJb(haHo IUKITIMIJT cunTanon AJIM-2
MHU, MM 01 | 025| 05 01 ]025| 05 01 ]1025]| 05 01 |1025| 05
Ho 130 | 152 | 170 | 271 | 298 | 324 | 204 | 219 | 235 | 165 | 184 | 204
H; 97 115 | 134 | 219 | 247 | 286 | 157 | 183 | 201 | 129 | 146 | 160
Hs 84 97 115 | 206 | 236 | 258 | 144 | 156 | 167 | 114 | 133 | 145
Hio 71 83 100 | 189 | 220 | 241 | 132 | 147 | 153 95 105 | 118

Tabauuda 5 — Pe3yabTaTn 1a00paTOPHUX JOCTIKEHD i3 BUSHAYEHHS IHOYTBOPIOBAJIbHOI 31aTHOCTI
(cuninoBanocTi) po3uuniB IIAP y minepaJizoBaniii Boai (0apBaTtekc-5, cyibdano, HuKIiMiza i
cuntanoi AJIM-2) meronom Pocc-Maiiica 3a Temnepatypu 50 £ 2 °C

Bucora ITAP, xonuenTparis, B % Mac.
CTOBIIA OapBarekc-5 cyabdanon LUKITIMIJ cuHTaHoa AJIM-2
MiHU, MM 01 02505 |01 |025| 05|01 02505 ]| 01 ]025] 05
Ho 163 | 182 | 201 | 304 | 330 | 358 | 236 | 249 | 264 | 194 | 216 | 238
H; 125 | 143 | 162 | 252 | 276 | 302 | 185 | 203 | 215 | 156 | 174 | 191
Hs 98 117 | 139 | 245 | 264 | 274 | 172 | 182 | 193 | 144 | 161 | 175
Hio 76 95 114 | 238 | 247 | 251 | 161 | 170 | 181 | 127 | 142 | 154
Pesynpratu mabopaTopHHUX IOCTIIKEHb 3 BU- PesynbpTaTtu 1a00paTOPHUX OCTIKEHb 3 BU-

3HA4YEHHS CIiHIOBAHOCTI po3unHiB [IAP y MiHepa- 3HaueHHs crmiHioBaHocTi po3uuHiB [TAP y minepa-
mi3oBaHiii Boai (OapBaTekc-5, cynb(aHos, OUKIi- Ji30BaHid Boxi (OapBarekc-5, cynbhaHON, LUKITi-
Miz i cuaranon AJIM-2)3a metonom Pocc-Maitnca  min i cuntanon AJIM-2) metomom Pocc-Maiinca
(mpu konnentpamisx 0,1 % wmac., 0,25 % wmac. i (npu xonnentpamisx 0,1 % wmac., 0,25 % wmac. i
0,5 % mac.) 3a Temnepatypu 20 £ 2 °C naBeneno B 0,5 % mac.) 3a Temnepatypu 50 £ 2 °C Haseseno B
Tabm. 4. Tabm. 5.
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Pe3ynpraTti mabopaTopHUX AOCIIIKEHD CBIill-
4yaTth Mpo Te, N0 HaWKpalla MiHOYyTBOPIOBAIbHA
3IaTHICTh (CHIHIOBAaHICTh) BIAMOBiAA€E cynbhaHo-
ny. 30KkpemMa, BUCOTa CTOBIIA IIHU IS CyJib(hazomy
y MiHepai30BaHii BOAI 3pa3y Micist BUiIMBaHHS Hg
3a Temneparypu 50 £ 2 °C 3a konuenrpauiii 0,1 %
Mmac., 0,25 % mac. 1 0,5 % Mac. CTaHOBUTH BIAIIOBI-
nuo 304 My, 330 mm 1 358 mM. BucoTta croBmna muau
UIs cynb(a3olly y MiHepalli30BaHI BOAI Oapasy
micias BunmBanus Ho 3a Temmepatypu 20 + 2 °C
npu koHuentpauisx 0,1 % wmac., 0,25 % wmac. i
0,5 % Mac. craHOBUTH BignmoBigHo 271 MM, 298 MM
i 324 MM,

Omxe, Halikpamja MiHOYTBOpIOBaJbHa 3/aT-
HicTh (CHiHIOBaHICTB) 3 gociimkyBanux [IAP y
cynehanomy. 30KpemMa, BUCOTa CTOBMA IMHHA IS
cynn(hasony y MiHepasli3oBaHil BOJI OJpa3y Micis
sruBanHsa Ho 3a Temmeparypn 50 £ 2 °C i kon-
nentpanii 0,1 % mac., 0,25 % wmac. i 0,5 % mac.
craHoBUTh BimmoBigHo 304 MM, 330 MM 1 358 MM.
Bucora croBna minu A cynsgazony y MiHepaii-
30BaHii BOMI oxpa3y micis BuinuBaHHA Hp 32 Tem-
neparypu 20+ 2°C npu xonmentpamisx 0,1 %
Mmac., 0,25 % mac. 1 0,5 % mac. CTaHOBHTH BiAIOBI-
nHO 271 MM, 298 MM 1 324 MM.

BucHoBku

3 pe3y/bTartiB JT1a00PATOPHUX JOCIIKEHb BU-
IUIMBA€, LI0 HAWKpaIIOl MiHOYTBOPIOBAIBHOIO
3JIATHICTIO (CHIHIOBAHICTIO) 3-TIOMIXK JIOCII/IXKYBa-
Hux [IAP xapakrepusyeTbcsi XiMIYHUI peareHT
cyabdanon. Omxe, i1 O0pOTHOM 31 CKYITUEHHIM
piaHE Ha BHOOSIX Ta30BUX 1 Ta30KOHICHCATHHX
CBEP/UIOBHH PEKOMEHJYEMO BUKOPUCTOBYBATH
came 1ieit xiMiuHMit peareHt. [Ipupict nedity raszo-
BOI CBEp/UIOBHHHU B Pe3yJbTaTi 3aCTOCYBaHHS I10-
BEPXHEBO-aKTUBHOI PEUOBHMHU CyJb(aHOTYy 3 Me-
TOI0 IHTEHCH(]IKaIlii BUHECEHHS BOAM 13 BHOOIB
ra3oBUX CBepUIOBHH cTaHOBUTH 10 — 15 %. Iloga-
BaTu BoaHuiU po3umH [IAP cynedanony y cBepi-
JIOBUHHM MOXKHA, SIK BXKe OyJI0 HaBEJCHO BHIIE, 32
JOMOMOTOI0 1HTi0ITOPOIIPOBOIIB, HACOCHUX arpe-
raTiB i NPUTHPIOBUX JO3YIOUUX IMPHUCTPOIB THITY
“Jloroc”.
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