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AnoTtanisi. TpaHcopTyBaHHs BOJM MUTHOI SKOCTI TI0 BOJOMPOBITHIM Mepexi e CKIIaJHa i BayKIIMBa
mpo0JieMa, A7l BUPIIIEHHS K01 HEOOXiHO PO3B’si3aHHS 0araTboX MPaKTUYHHX 3a7ad. Tak, BOJOIPO-
BiJJHa Mepeka po3paxoBYETHCS HA PEKUM MaKCUMaILHOTO BOJIOCTIOKHMBAHHS B HACEJICHOMY IYHKTI, a
MepioJ] eKCILTyaTallii MepexKi XapaKTepU3y€eThCsl HE TUIbKM MaKCHMAaJIbHUM BOJIOCTIOKMBAHHSM, a 1 Mi-
HIMaJbHUM BOJOKOPHUCTYBAHHSM, SIKE€ Ma€ Miclle B HiuHI roguHu. OTXKe MIBUAKOCTI Tedii BOAX IO TPY-
0ax OyayTh 3MIHIOBATUCH HA MTPOTS3i JOOH BiJl MAKCHMABHUX JI0 MiHIMaJIbHUX, a HA ICIKHUX JUITHKAX
MaJaTUMYTh IO HYJIS 1 HABITh 3MiHIOBaTUMYTh HANIPSAMOK Tedii. Taka cuTyallisi Cipusi€ yTBOPEHHIO Ha
BHYTPIIIHIH MOBEPXHI BOJOIPOBITHUX TPyO 010I0TIYHOT TUTIBKH, SIKa PO3BHBAETHCS HA BCiX BUAAX Ma-
Tepianmy TpyO (6eToH, TuractMaca, CTallb, YaBYH, Mifb). |'OMHN MiHIMAJIFHOTO BOJOCIIOXKHBAHHS, 110
XapaKTepU3YIOTHCS MATMMH HIBUIKOCTSIMH TeUil BOJIH, € CIIPUATIMBAMH IS IPOIIECy 3aKpiTuIeHHs 0a-
KTepiil Ha BHYTPIIIHINA MOBEPXHI TPYO 1 YTBOPEHHS JIOKANBHUX KOJIOHIH, 10 pyWHYIOTh MaTepiai Tpy-
OorpoBoy.

Oco0uBa yBara npuijicHa 3aj1i300aKTepisM, SKi OKUCIIIOITh 3aKUCHE 3aJ1i30, IEPETBOPIOIOYHN HOTO B
okwucHe. Lleit mporec cynpoBOMIKYEThCS BUTIAMIIHHIM Ocay — TiApOOKcHIy 3aiiza. OTke, B mporeci
KUTTEISUTBHOCTI 3aI1i300aKTepiil B cepelnHi TpyOOIPOBO/IiB, YTBOPIOETHCS PYXOMHUH 0caJl, SIKUH 3Me-
HILy€ TiamMeTp TpyO, a BOJa OTPUMYE ip)KaBO-4ePBOHY OKPACKY 1 HEPUEMHHH 3arax.

3BepTaEThCs yBara Ha Te, 10 JEsSKi apTe3iaHChKi BOJHU, SIKi BUKOPHUCTOBYIOTHLCS IS BOJOIIOCTAYaHHS
HACEJICHHSI, MICTATh CipKOBOIeHb. [IpH MOTparuisHHiI B Taki BOJM KUCHIO, B HUX TOYHHAETHCS PO3BUTOK
HUTYACTUX CipKoOakTepiil. 3a 30BHILIHIM BUIISIOM HUTUYACTI cipkobakTepil (Beggiatoacea) HaragyoTh
JIOBT'l ITyYKH CHBOTO BOJIOCCS, & 3aTOPH, 1[0 YTBOPIOIOTHCS 3 HUITYACTUX CipKOOAKTEepil, IIBUIKO 30111b-
HIYIOThCS B 00’ €Mi, 3aKyMOPIOIOTh )KUBUH Tiepepi3 TpyO 1 HACHYYIOTh TUTHY BOAY HEPUEMHHM 3aria-
XOM.

KurouoBi cioBa: 3amizo0akrepii, KUTTENISUIBHICTh OaKTepiid, TPAHCTIOPTYBAaHHS MUTHOI BOJH, IIBU/-
KOCTi pyXy BOJIM, pyHHaIlis BHYTPIlTHBOT MMOBEPXHi TPYOOIPOBOY, HUTYACTI CIpKOOAKTEpIii.

BCTYII BOJOTIOCTAYaHHs TPAHCIOPTYETHCS BOJIA,
110 OJTHOYACHO MPU3HAYEHA JJIs TOCTIoap-
CHKO-TIUTHUX Ta TEXHOJOTIYHHUX MOTPEO, TO
BOHA TaKO’K TOBHHHA BIAMOBIIATH BUMOraM
BHILIEBKA3aHOTO CTAH/IAPTY.

Jns TpaHCHOpTyBaHHS BOJU CIOKHBa-

OCHOBHOIO 3aJauer0 CHCTEMH BOJIOIO-
CcTavaHHd € IIoJa4va BOAU CIOKHUBayaM B He-
00XI1HIA KUILKOCTI 1 3 BIAMIOBIIHOIO SIKICTIO.
HacenenHro nogaetbest BoJa AJisi TOCIOAap-
CHKO-TIUTHUX MOTpeO. BoHa moBrHHA BijIO-

. 4aM 3aCTOCOBYIOTHCS CTAJIEB1, YABYHHI, IL1a-
Bimatn JICTY 7525:2014 «Boga muTHa» . Y CB1, FaBYIHHI, .

. CTHKOBI, a30€CTOIIEMEHTHI Ta 3aJ1i300€TOHHI
[1]. Sxmo neHTpandi30BaHO CHUCTEMOIO
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TpyOu. B mporeci excrutyararii BHy TpilIHs
MOBEPXHsI BOJOIPOBIIHUX TPYO 3a3Ha€E piz-
HOTO THITy YIIKOPKEHb. XapakTep YIIKO-
JDKEHB 3aJICKUTh BiJI PSKUMY Teuii BOJIU 1O
TpyOax Ta ii (i3uKO-XiMIUHUX BIIACTHBOC-
Te.

OCHOBHHU MATEPIAJI

MicbKi BOJOIPOBIAHI MEpexi po3paxo-
BYIOTHCSl Ha TOJIMHY MAaKCHUMaJIbHOTO BOJOC-
MO>KMBAHHS, KOJIU 110 TpyOax OyAayTh TpaHC-
MOPTYBATHCST MaKCUMalbHI BHUTpaTH [2],
OT>Ke 1 IIBUAKOCTI TeYil TaKoX OyIyTh MaK-
cumansaumu (v = 1,20 + 1,80 M/.). B ro-
JIMHYA MIHIMaJIbHOTO BOJOCIIOKUBAHHS IIIBU-
JIKOCTI pPyXy BOIM B MEpexi

3HAa4YHO

3MEHIIYIOThCS, @ Ha JSSKUX TUISHKAX Iaja-
IOTh JI0 HYJISI 1 HABITh 3MIHIOIOTh HAINPSMOK
pyxy Taka cutyauis cripusie mosiBi Ha BHYT-
pIlIHIN MOBEPXHI BOJOMPOBITHUX TPYO 610-
JIOT14HOT TUTIBKH, SIKA PO3BMBAETHCS Ha BCIX
TUIAaX MaTepiary Tpyo 0e3 BUKIroUeHHs. L5
IUTIBKa BUIIy4ae i ceOe iCTIBHI peuOBHHHU
3 BOJIM, 110 TPAHCHOPTYEThCs TpyOoro. [lo-
YHHAETHCS TPOIeC MiKpoOiaabHOro 00poc-
TaHHs. Pe3ynbTaTu psiay JOCHTIIKEHD BKa3y-
FOTb Ha T€, 110 010JIOT1YHA IIIiBKa B IIJIACTH-
KOBUX TpyOax Moke OyTH MEHIII 3HAYYIIIOk0,
HIK B Tpy0ax 3 iIHIIMX MaTepiajiB, 3aBIsKH,
HMOBIpHO, I1aJIKii TOBEPXHI IJIACTMACOBHUX
TpyO, siKa 3aTpyAHsE 3aKPIMJICHHS 010J10T14-
HOT TUTIBKM Ha TaKii TTOBEPXHI.

Puc.1. XapakrepHa emopa IBUIKOCTEH B Kpyriiid TpyOi: 1 — 30Ha B’S3KOTO TEpTS;
JaMiHapHUH MPOIapoK; 2 — TypOyJIEHTHE PO MOTOKY

Fig.1. Characteristic plot of velocities in a round tube: 1 — zone of viscous friction;
laminar layer; 2 — turbulent flow core

Entopa mBuakocTe npu pyci piAMHU 110
TpyOax mokaszaHa Ha puc.l. [loTik MoxHa
PO3AUINTH Ha AB1 Pi3KO BIAMIHHI 110 CTPYK-
Typi 30HU. beanocepeHbO 611 CTIHKH TPY-
OONPOBOTy YTBOPIOETHCS Jy)KE€ TOHKA 30HA
B’SI3KOTO pyXy — B’s3Kuil mimgmap. Pyx pi-
JUHU Y B’A3KOMY IMiJIIapl JIaMiHApHUHN 3
Jy’e MaJTUMH IIBUIKOCTAMU. [HIIa yacTuHa
MOTOKY SIBJISIE COOOI0 30HY TypOYJICHTHOTO
pyxy — TypOyJieHTHe sJpo MOToKy. B 1iif
30HI BIIOYBa€TbCS XAaOTHYHE IEpeMIILy-
BaHHS IIAPIB PIIUHH, a MIBUAKOCTI PyXy —
MakcuMaibHI.  OTXe, XapakTepu3yrun

51

XapaxkTep pyxy BOJu B TPyOl, MPUXOIUMO J10
BUCHOBKY, II0 OakTtepii, sKi TpaHCHOPTY-
IOTBCSl  IICHTPAJIBHOIO YAaCTHHOIO IOTOKY,
BHACIIIJIOK TEpeMIllyBaHHs ILIapiB PiJIMHM,
MOTPAIUISIIOTh B 30HY B’SI3KOT'0 pyXY, B JIaMi-
HapHuil miamap. HesHauHi mBHIKOCTI, 110
MpUTAMaHHI Il 30HI, CIPUSIOTH MPOIECY
3aKpiIUIeHHs OaKTepiil Ha BHYTPIIIHIN TOBe-
PXHI TpyOONpPOBO/IIB 1 yTBOPEHHS B MOJAJIb-
IOMY JIOKQJbHHUX KOJIOHIH, SIKI pYyHHYIOTb
Marepian TpyoornpoBoay (puc. 2).
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Puc.2. [Ipuknaay BHYTPIOTHHOTO MiKpOOiaIbHOTO 00pOCTaHHS TPYyOOTIPOBOIIB
Fig.2. Examples of internal microbial fouling of pipelines

OcobnuBy yBary, 3 TOYKH 30py MiKpoOi-
IBHOTO OOpPOCTaHHS TPYOOIPOBOIIB IMHUT-
HO{ BOM, CJiJl IPUIUTUTH 3aJ11300aKTePisiM,
SK1 3aKpIIUTIOIOTHCS HAa BHYTPIIIHINA MOBEp-
XHI CTaJIeBUX 1 YaBYHHUX TPyO IpH KOHIIEH-
tpauii B Bomi 0,8+1,0mr/n. 3amizobakrepii
OKHCIIIOIOTh 3aKHCHE 3alli30, TEepPeBOISYN
HOro B OKHMCHE. 3aKHCHE 3aJ1i30 pO3YMHHE B
BOJIi, OKHCHE, - HEPO3YHHHE, a TMPOLIEC OKH-
CIIEHHSl 3aKHCHOTO  3ajli3a CYNpPOBOIXKY-
€THCSI BUIAIHHSIM OCaJ1y,- TIAPOOKCUIY 3a-
niza (Fe203 X nH20). OTke B mporieci KUT-
TETISITBHOCTI 3aJ11300aKTEPI yTBOPIOETHCS
pyxoMuii ocaj, AKHii 3MEHIIY€E AiaMeTp TpyO
1 CTBOPIOE JOJATKOBUH OIip PyXy BOJAHU TIO
Tpy0Oax, a cama BoJla OTpUMYE I11€ i ipxKaBo-
YEepBOHY OKPACKY 1 HETPHEMHU 3arax.

TakuM 4YMHOM, MiSUIBHICTH 3alli300aKTe-
piii MPU3BOAMTH 10 MOTIPIIEHHS SKOCTI
BOJIM, IO TPAHCIOPTYETHCS CIHOXKHBayaMm,
BHACIIIOK BHUIIQAIHHSA 3 BOJM 3ajli3a, sSKe
MO>Ke TOTPAIUIATH B BOJONPOBIIHY MEPEKY
a0o 13 JpKepeN BoJIONoCTadanHs, abo 6e3mo-
Cepe/IHbO 3 MaTepiany TpyoO.

Cnix 3a3HAYNATH, IO CIIABHUM IS BCIX
MIKpOOpraHi3MiB, $IKi yTBOPIOIOTH 00OpOC-
TaHHS BOJONPOBITHUX TPYO Ta Oynb SKHX
MiABOJHUX CIOPYA, € Te, L0 Maibke Bci
BOHU aepoOM, a 3HAYUTH KUTTEIISUIbHICTD
Takux OakTepii HOCHTh OKHCIIOBAIBHUI
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xapakrtep. B mporeci nuxanHs 3ami300aKTe-
pii BUAUISAIOTH BYTJIEKHCIUH ra3, a 11€ 1 € Of-
HI€I0 3 HAWBAXKITUBIIINX PUYXH, KA BUKITH-
Ka€ Kopo3ito TpyO Ta Oy/Ib SIKUX CIIOPY, IO
3HAXOATHCA il BOJ0K0. OOpocTaHHs poc-
JUHHOTO MOXO/KEHHSI HATOMICTh 3amo0ira-
I0Th KOPO3ii, OCKUTbKM BOAOPOCTI MOTJIMHA-
I0Tb BYIJIEKHCIIOTY 1 YTBOPIOIOTH BiJKIIa-
JTaHHS Y BHIVBIAI  KapOOHATY KaJbIliIO
[3,4,5].

B nmeskux apre3iaHCHKUX BOJax, IO BH-
KOPHUCTOBYIOTHCS ISl BOAOIIOCTaYaHHS Ha-
CEJIEHHS, MICTUTBCS CipKOBOAEHb. [Ipu nmot-
paIUIsiHHI B Taki BOAM KHCHIO, B HUX MOYH-
HAETHCS B HHUX IMOYHHAETHCS IHTCHCUBHUUN
PO3BUTOK HHUTYACTHX Cipkobaktepiit [3,5].
Hutuacti  cipkoOakrepii  (Beggiatoacea)
OKHUCIIIOIOTh CIPKOBOJIEHb J0 3BUYANWHOI Ci-
pku. 1o 30BHIIIHBOMY BUTJISITY CIpKOOaKTe-
pii HaraaAyOTh TOBT1 MyYKHU CUBOT'O BOJIOCCS,
a 3aTopH, 10 YTBOPIOIOTHCS 13 CipkoOaKTe-
piif, BHUIKO 30UTBLIYIOTECS B 00’ €Mi 1 3aKy-
TTOPIOIOTH JKUBHH TIEpepi3 TpyoO.

Omxe TpyOH 1 BOJIOBOJIM Ta iHIIN BOAOI-
POBITHI CTIOPYAH, IO 3HAXOATHCS y BOJI,
4acTo 3apOCTarOTh MikpoopranizmMamu. CTy-
MHb 3apOCTaHHS JKMBOTO Tepepi3zy TpyOomn-
POBOY MOXKE OyTH HACTUIBKU 3HAYHUM, 110
ix poboTa Mailke 3yNUHAETHCS, a 1HO1 CTa€e
30BCIM HEMOKJIBOIO (puc.3).
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Puc.3. 3akynop1<a TpyOOIPOBOLY BHACIIJOK MiKpPOOiOJIOT1YHOTO 00POCTaHHS
Fig.3. Clogging of the pipeline due to microbiological fouling.

3 ycix MIKpOOpPraHi3MiB, fKi HaldacTiie
3a BCIX IHIIMX BUKJIMKAIOTH TaKy 3aKyMOPKY
CIi BUIUTMTH 3aJ1i300aKTEPii, MOJFOCKH, Ta
nesiki Bogopocti [4]. Bakrepii Ta iHmi opra-
HIYHI PEYOBUHH, IO YTBOPIOIOTH 3aTOPU B
NUTHINA BOJI, SIKa TPAHCIIOPTYETHCS IO TPY-
0ax, 3 4acoM IOYMHAIOTh PO3KJIAJATHCh B
aHaepoOHMX YMOBAax, a Ie¢ MPHU3BOIUTH JI0
YTBOPEHHS CIIOJIYK 3 HEIPUEMHUM 3aI1axoM.

BUCHOBOK

OT1xe HeoOXiTHO KOHCTAaTyBaTH, IO MH-
THa BOJIA, TIPH TPAHCIIOPTYBAaHHI CIIOKUBA-
YyaM 1o TpyOax, 3MiHIOE SKICTh Ta (i3UYHI
BJIACTUBOCTI. SIKICTh BOAM MOTIPUIYETHCS
BHACIIZIOK TpuaOaHHs 3a0apBieHHS 1 He-
npuemHoro 3amaxy. Lo crocyerbes TpyoO,
TO BOHH MiJJal0Thcs KOpo3ii Ta Oiosoriy-
HOMY OOpOCTaHHIO, a 1€ YCKJIaIHIOE T1paB-
JIYHUHN pEXUM IX POOOTH.

st TouHMX 1 OOIPYHTOBAHMX TipaBiiy-
HUX PO3PaxyHKiB HEOOX1AHO NMPOrHO3yBaTH
JTUHAMIKy POCTY HIOPCTKOCTI BHYTPIIITHBOT
noBepxHi TpyO. 30UIbIIEHHS! MIOPCTKOCTI B
mporieci ekcruryaTarii (Ha camoMmy ii moya-
TKY) MOXIIMBO BH3HAUUTU 32 (HOPMYIIOIO
Anprinyns [6] :

ki= ko + at
ne:. Ko — abcomoTHa €KBiBaJCHTHA IIOPCT-
KICTh Il HOBHX TPYyO (Ha MOYaTKy eKCILTy-
atarrii), mm; ki — Te  came, depe3 t pokiB
eKCIUTyaTallii; a — KoeQillieHT, 10 XapakTe-
pY3y€ IMBUIKICTH 30IIBIICHHS MIOPCTKO-
cri, MM /piK’ KU 3aJIEKUTh BiJ Marepiany

TpyO Ta (I3UKO-XIMIYHUX BIIACTHBOCTEH
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Bonu. Haenena dopmyna norpebye yTod-
HEHb 1 OUIBII AETAJIBHOrO OOCTEXKEHHS.
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Changing the guality of drinking water and the resistance
of the pipeline when transporting it through water pipes

Yevhen Pavlov, Oleg Lifanov

Abstract. Transportation of drinking water on the water supply network is a complex and
important problem, which requires many practical problems. Thus, the water supply network is
designed for the regime of maximum water consumption in the settlement, and the period of
operation of the network is characterized not only by maximum water consumption, but also
by minimum water use, which takes place at night. Therefore, the velocities of water flow
through the pipes will change during the day from maximum to minimum, and in some areas
will fall to zero and even change the direction of flow. This situation contributes to the
formation on the inner surface of water pipes of biological film, which develops on all types of
pipe material (concrete, plastic, steel, cast iron, copper). Hours of minimal water consumption,
characterized by low water flow rates, are favor able for the process of fixing bacteria on the
inner surface of the pipes and the formation of local colonies that destroy the material of the
pipeline.

Special attention is paid to iron bacteria, which oxidize iron oxide, turning it into oxidative.
This process is accompanied by precipitation,- hydroxide. Therefore, in the process of vital
activity of iron bacteria in the middle of the pipelines formed a mobile sediment, which reduces
the diameter of the pipes, and the water gets a rusty-red color and an unpleasant odor.

Attention is drawn to the fact that some artesian waters used for water supply of the
population contain hydrogen sulfide. When oxygen enters such bodies, they begin to develop
filamentous sulfur bacteria. In appearance filamentous sulfur bacteria (Beggiaroacea) resemble
long tufts of gray hair, and congestion, formed from filamentous sulfur bacteria rapidly increase
in volume and clog the living section of the pipes, saturating the drinking water with an
unpleasant odor.

Therefore, bacteria transported through the pipes together with drinking water degrade its
quality, saturating the water with an unpleasant odor, clog the living section of the pipes and
destroy the inner surface of the pipes and destroy the inner surface of the pipes due to corrosion.

Key words: iron bacteria, bacterial activity, transportation of drinking water, water velocity,
destruction of the inner surface of the pipeline, filamentous sulfur bacteria.
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