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Annotation. In the article one of the power resources most consumed in agriculture — electric energy is
considered. It is shown in natural and money’s worth that on the lead researches heating of water for water-
ing is one of the most power-intensive processes.

For the decision of a problem of energy saving in the article it is offered to modernize system of wa-
ter-preparation by introduction of a new arrangement which is the heat exchanger of the combined type
which would allow lowering expenses for electric energy. Its work consists in that due to thermal energy al-
located animals to heat up water in an arrangement. the heat exchanger is carried out in the form of a steel
corrosion-proof pipe with ribbed which are increased with a surface of heating.

As in article the possibility of introduction of an arrangement is considered. It is shown, that a com-
modity market can be the agricultural enterprises of the Nizhniy Novgorod area which it is totaled more than
three hundred.

It is told, that now, for carrying out of researches, the breadboard model of cattle-breeding facility
with the reduced copy of the heat exchanger is partially collected and the application for useful model is
submitted. It is revealed that it is possible to reach at introduction of an arrangement.

In article risks which can arise if the heat exchanger to introduce on the market of energy saving ar-
rangements and as they can be overcome are considered.

In the presented work the economic assessment of introduction considered energy saving arrange-
ments was spent. Capital expenses for nineteen cattle-breeding facilities for large horned livestock on two
hundred goals everyone have been calculated. For them have calculated annual operational expenses, self-
supporting economic benefit, as well as a time of recovery of outlay which has shown, that introduction of
this arrangement will raise efficiency of process of water-preparation.

Keywords: the agricultural enterprise, energy resource, consumers of electric energy, power consump-
tion, researches, electric water heaters, large horned livestock, energy saving, modernization of system of
water-preparation.
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Annomayus. PaccMOTpeHb! BOIIPOCH! HAIPSDKEHHOI'O COCTOSIHUS, Pa3BUBAIOILEIOCS B IPOLIECCE YCU-
nieHus (CBapKH) pacTAHYTHIX CTEP)KHEH CTanbHBIX (pepMm mokpbiTHs. [IpuBeneHo TeopeTnyeckoe, MOoATBEp-
KJIEHHOE SKCIIEPHUMEHTOM, OOOCHOBAaHHME PAIOHAIBHOW CBApOYHOW TEXHOJOTHH YCHJIEHUS PACTSIHYTBHIX
3JIEMEHTOB: I0O3BOJISIOIIEH CBAapUBATh YCWIMBAEMbBIC U YCWIMBAKOUIME CTEPKHU IPHU IOJHOM pacuyE€THOU
Harpy3ske. JlaHbl KpuTepUr 6E30MIACHOTO MTPOBE/ICHUS CBAPOYHBIX paOOT NMPH YCHICHUW PACTSIHYTBIX CTEPK-
HEW METOJIOM YBEJIMYEHUS CEUCHMM.
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Knioueswle cnosa: cTaabHbIC (beprI HNOKPBLITUSA, PACTAHYTBIC CTCPIKHU, YCHUIICHUC, CBApKa, TCXHOJIO-

T'HH, SKOHOMHYECKUH U SKOJIIOTHUECKUH 3PPEKTHI.

B mporiecce akcrutyatanui MpOMBIIIICHHBIX
30aHUK  HEM30€XKHO TOSBISETCS HEOOXOAUMOCTD
YCUIICHHS CTaJbHBIX (hepM NOoKpbIThil. YacTo u 3¢-
(DEKTUBHO YCHJICHHE MX JOCTUTACTCS YBEIHMYCHUEM
CCUYCHUI OT/ENBHBIX, B TOM YUCIEC U PACTSIHYTHIX,
HauOoJiee HANPSDKCHHBIX CTEPIKHEH MyTEM MpPUCO-
CIMHEHHS K HHMM Ha CBapKe JONOJHHUTEIbHBIX
CTEP)KHEBBIX JJICMEHTOB.

CBapka — 3T0, C O/IHOH CTOPOHBI, Bce €€ TeX-
HOJIOTUYECKME MOMEHTBI, C JIPYyro — Bce €€ IMo-
ciencteus (pasorpes, aedopmanuu), TO €CTh BCE
TO, YTO CEPbE3HBIM, MOPOIl HEraTHBHBIM 00pa3oM
BIMSCT Ha pabOTy KaKk CBapuMBacMbIX, TaK U CBa-
PEHHBIX CTEP>KHEH.

BrnusiHue cBapku Ha HampsDKEHHOE COCTOS-
HHUE YCWIMBAEMBIX PAaCTSHYTBIX CTEPXKHEH KOM-
TUIEKCHO HE UCCIIEI0BAJIOCh HU B OJJHOM W3 M3BECT-
HbIX pador [1, 2]. Orcioma pa3HOPEYMBOCTH pas-
JIMYHBIX peKOMeH}IaHI/Iﬁ M0 TCXHOJIOTHUAM YCUIIC-
HUS, CO3/aloNias CepbE3HbIC MPOOIEMBI ISl 3KC-
TuTyataimoHHUKoB. Oco00 clenyeT OTMETUTh, YTO
0e3 MPUBS3KH K TEXHOJIOTHSM CBapKH Mpejyia-
TarloTCs Pa3Hble BEJIMYHHBI MPEICIBHO JOMycKae-
MBIX TIpH ycuineHnu Harpysok: 0,2-0,8 ot npenens-
HBIX pAcu€THBIX ISl YCHIIUBAEMBIX 3JEMEHTOB
[3, c. 350; 4, c. 459].

AHanmu3 pe3ysibTATOB MHOTOYHCICHHBIX 00-
CJIC/IOBAHUI TIOKAa3bIBACT, YTO TMPH IKCIUTyaTal[uu
MPOMBIIIJICHHBIX 3[aHUH JTIOBOJIBHO YacTO HMEET
MECTO CKOIUJICHHE TBUIM Ha MOKPBITHAX, 00pa3oBa-
HUE TBUICBBIX MEIIKOB, TSDKENBIX KOPOK, YBEIUYH-
BAIONIMX TOCTOSIHHYIO COCTABIISIONIYIO0 HArpPY30K.
IIpu stomM Qepmbl MOryT paboTaTh MMOJa Ha-
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rpy3Kamu, OJIM3KUMH K TpEeAeTbHBIM PacYeTHBIM.
VYuuTeiBas eme U npobieMy KOppO3WH, BBITIOIHE-
HUE CYLIECTBYIOIIUX PEKOMEHJALUN M0 OTrpaHHuYe-
HUIO YPOBHS Harpy30K MpH YCHJICHUU B OOJNBIINH-
CTBe cllyyaeB TpeOyeT pasrpy3ky (epM OT 4YacTd
TIOKPBITHS, YTO BIEYET 3a cOOOM HE TONBKO OTH
pacxospl, HO U MOTEPU OT OCTAHOBKH IPOU3BOJ-
CTBEHHBIX MPOLECCOB BHYTPU PEKOHCTPYHPYEMBIX
3IaHUH.

Takum 00pa3oM, MOXHO cenaTbh BBIBOJ O
HAJIMYUN OOBEKTUBHON HEOOXOIUMOCTU pa3paboT-
KA KpUTEpHEB 0€30IMIaCHOTO MPOBEACHUS yCHUIICHUS
(cBapkm) crepxHeld (epM MOKPHITHH, pa3paboTKu
HaY4YHO O0OCHOBAHHBIX, PAlHOHABHBIX CBAPOYHBIX
TEXHOJIOTHH, O3BOJISAIONINX MPOBEACHNE YCUIICHUS
MIPY JIIOOBIX YPOBHSIX PaCYETHBIX HATPY30K.

B nanHOl cTathe MPUBOASATCS HEKOTOPBIE pe-
3yJIBTaThl HCCIIeIOBaHUI HanpsHKEHHO-
e OpMHUPOBAHHOTO COCTOSIHMSI ~ PAaCTSHYTBIX
CTep)KHEH B mpouecce WX YCHJICHHS METOAOM YBe-
nnueHus cedeHus. Llenbio ux sBnsAnach pa3padoTka
palMOHAIBHOM CBAapOYHOM TEXHOJIOTHMM YCHIICHUSA
BBICOKOHANPSDKCHHBIX ~ PACTAHYTBIX  CTEep)KHEH
CTalbHBIX (epM, a TaKKe BBIABICHUE KPUTEPHUEB
OIpeIeJICHHsI IPENENIbHO IOMYyCTUMBIX NPH yCHIIe-
HHUH Harpy3oxK.

OO0muii MOIX0A K PENICHHI0 TPOUILTIOCTPH-
pyeM Ha KOHKPETHOM IMpHMEpe YCHIEHHS ILCH-
TPaJIbHO-PACTAHYTOrO 37eMeHTa. OCHOBHOM cCTep-
JKeHb IPUMEM B BHJE IOJIOCHI C IUIACTHHAMHM II0
KOHIIaM, UMUTHPYIOIIUMH (pacoHKH depM. DIeMeHT
YCUJICHUSI IPUMEM TaKKe IOJIOCOBOM, C MPUCOCIH-
HEHHMEM K OCHOBHOMY Ha CBapke BTaBp (pUCYHOK 1).
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Pucynok 1 — K Bompocy o nopsiike HarjlaBKy CBapHBIX IIBOB

Hecymasi cmocoOHOCTh pacTSHYTBIX CTEpPXK-
Hell ¢epM ompezpessieTcsl MPOYHOCTHIO B Mpeaeax
ynpyroii pabotel. B mponecce ycuiieHusi BaxHEH-
MM MOMEHTOM SIBIISIIOTCSI X TEIUIOBBIE Ociadiie-
HUS: BBIMAJIeHUue U3 paboThHl YacTell ceueHui, pas3o-
TPETHIX BBIIIE TEMIEpaTypbl, P KOTOPOH CTajb
MEPECcTaeT COMPOTUBIATECS nedopmarusim. s
MaJIOYTJIEPOJUCTHIX U HU3KOJIETHPOBAHHBIX CTaNEH
Takoi Temreparypoii siisiercss T = 600 °C.

Bbun mosryueHbl 3aBHCUMOCTH JIsl ONpejie-
JIEHWs] MaKCHUMAJIbHBIX 30H TaKOr'o pa3orpeBa, 4To
JIa7i0  BO3MOXKHOCTh OOOCHOBATh TEOPETHUYECKH C
MO3HMIIMK HECYIIeH CIIOCOOHOCTH YCHUIIMBAaEMBIX
pacTSHYTBIX CTEp)KHEH JBE OCHOBHBIE TEXHOJO-
THYECKHE CXEMBI:

— TepBasi, C HaIUIaBKOM paboyvrX IIBOB OT Ce-
penuHBI CTEpKHEH K KOHLAM (IIBbI TO3ULIKH 3);

— BTOpasi, C NEPBOHAYAIBHBIM HaJIOXKEHUEM
pabounx mBoB (To3uruu 1, 2) 1Mo KoHIaM, B Ipeie-
nax (hacoHOK, W MOCJEAYIOIEeH HaIIaBKOHW MpoMe-
’KYTOYHBIX IIBOB (TTO3HIHs 3).

daxTryecky, ObUIM TONY4YEHB! JBE KIIACCH-
¢buxanun ypOBHEH HanpsKeHHo-1edop-
MHUPOBAHHOTO COCTOSIHUSI PACTSHYTBIX CTepIKHEH
(depM, METOIMKU pacdyeTa KOTOPBhIX Jar0T BO3MOXK-
HOCTh OLIEHUTH O€30MacCHOCTh BBHINIOJIHEHHS CBa-
POYHBIX palbOT MPH UX YCHJICHUU B 3aBUCHMOCTH OT
FEOMETPUUYECKHX U
MPOYHOCTHBIX XapaKTEPUCTUK CBapHBAaEMBIX dJIe-

YCHIIMH, PEXKUMOB CBapKH,

MCHTOB.
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JJs mepBoil TEXHOJOTHMYECKON CXEMBI YCIIO-
BUE o0ecIieueHus] Hecylield CoCOOHOCTH pacTsHy-
TOTO CTEPXHS MPHU YCHWJICHUH OYICT ONpPEaeisIThCs
Mo ceueHno 2—2 (pUCyHOK 1) 1 MMETh BUA:

[NJ@a-AS®/A))=N, (1)
rie [N] — Hecymas cnoco6HOCTh OCHOBHOTO

CTEePIKHS,
N — ycuiue, IeHCTBYOIIEE B OCHOBHOM

CTEepIKHE;
Ao = bp 8o — mIowAans cEUeHNUsI OCHOB-

HOT'O CTEPIKHS;

AS — IIoIaAb TETUIOBOTO OClabiIeHus

CEUYEHUSI OCHOBHOTO CTEPKHS.
Hecymas cmoco6rocts [N] ompenemnsiercs,
KaK

rie o — npesen TeKy4ecTd MaTepHuala oc-

HOBHOT'O CTEPIKHSI.
Bripaxenne 1-AF /A, <1. Takum obpasom,

paccMatpuBass HepaBeHCTBO (1), MOXXHO cjenaTth
BBIBOJI, YTO YCHJICHHE PACTSIHYTOTO CTEPXKHS C Tep-
BOHAUAJIbHOW HAIUIaBKOM COEIMHUTENBHBIX IIIBOB
MeXy (hacoHKaMH BO3MOXKHO JIUIIH MPH YCHUJIUH B
HéM N, HaxomAmeMmcs B Tpejaesax OIpeaeTeHHON
JIOIM  HEeCymed  CIocoOOHOCTH, TO  €CTh,
N < K[N], rae koabdunuent K =1-A* / A . Jan-
HBIH K03 UIEHT npejenax
0 <K <1 u 3aBUCHT OT IOTOHHOTO TEILIOBJIOXKE-

HaXOOUTCA B



HUA MPU CBapKe, T€OMETPUUYECKHX pPa3MEpoB ce-
YCHHUI DJIEMCHTOB, CXEM UX COCIMHCHUS.

Jns BTOpoil TEXHOIOTHUYECKON CXEeMBl yCIo-
BHUE 00€CIICUCHHS HECYIeH CIIOCOOHOCTH pacTsHY-
TOTO CTEPXHS MPHU YCWICHUU OYICT ONPEeAeisIThCS
no ceyeHussM 1-1 u 2-2 U UMETL BUJ COOTBET-

CTBCHHO.
N <[N]+(A.0f - AFc?); (3)
N<[NJ+ (4,00 - APy -ATG?),  (4)

rae Ar — MUHUMAaNbHAas TUIOMAAb CEYCHUS
taconok (ceuenne 1-1, pucynok 1);
A, =b,6, — Iomangs ceueHus dIEMEH-

Ta YCUJIICHUS,

AS? — miomanap ociabieHus CBapKoii
CEUCHHMS QJIEMEHTA YCHUIICHHS,

of
na (acoHOK M dIIEMEHTa YCHIICHUSI.

MOXXHO 3aMeTUTh, YTO B JaHHOM Clly4ae
BO3MOKHO TIPOBE/ICHHE YCHJICHHUS TPAKTUYCCKH
NPU YCUIIUH B CTEPIKHE, PABHOM €ro HecylIeil cro-
cooHoctu. st 3TOro HEOOXOAMMO BBIMOJIHEHHE
JIBYX yCIIOBUIA:

, 0y — TpeneNbl TeKYy4eCTH MaTepua-

Aoy < Aoy ()

ot < (A, - AP, (6)

TO €CTh OCJIa0JeHHEe CBapKOH OCHOBHOTO

CTEPXHS JTOJDKHO OBITh KOMIEHCHPOBAHO IO TPOY-

HOCTH, BO-TIEPBBIX, CEYEHHSIMH (HACOHOK H, BO-

BTOpEBIX, He pazorpetoit (Beme 600 °C) gacTeio ce-
YEHHS DJIEMEHTA YCHIICHHUSL.

[lpuBeneHHBIE BBIIE TEOPETUYECKHE BHI-

P (xH)

KJaakd ObLIM TPOBEPEHBI AKCIEPHUMEHTAIbHO Ha
HATYpHBIX CTepkHsIX (pucyHok 1). VYcunenue
CTEp)KHEH MPOBOAMIOCH MO 2-H TEXHOJIOTHYECKOU
cXeMe TpH Harpy3Kax, BBI3BIBAIOIINX YCHIIUS, a0-
COJIIOTHO OJIM3KME K HOPMATHBHBIM (ONpenesieH-
HBIM MO TIpelieNly TeKy4eCTH) 3Ha4eHUsIM HecyIlei
cnocooHocTth. CtepykHu (18 mITyK) OBUTH TIOAETICHBI
Ha JIB€ paBHBIC TpyNmbl. [Ipu ucnbITaHNK CTepKHEH
1-ii rpyniel cBapKa BBHIMOJHSUIACH HA PEKUMAX, MPU
KOTOpBIX 1Mo Teopu (popmyssl 3—6) gomkHa Obl1a
oOecrieunBaThCs (Ha Mpezesie) X Hecymas crnocoo-
HOCTh. OOpasupl 2-i TpyNmbl yCUIMBAIHCh TPU
Ooiee BBICOKHMX BETUYMHAX IOTOHHOHM TEIUIOBOM
sHepruu. [lo Teopun OHM JOIKHBI OBIIH «IIOTEYb)
NpY HalJIaBKe MPOMEXKYTOUHBIX IIBOB (MO3MLUS 3,
pUCYHOK 1).

[Ipy ucnBITaHUAX PETHCTPUPOBANIACH OCEBas
Harpy3ka (P) u npogonsabie gedopmarn ( Al).

Ha pucynkax 2 u 3 mpencraBiieHsl TpaduKu
MPOAOIBHBIX nedopmMaruii AByXx oOpasmoB (1-if u
2-11 TpymIr) B TpoOIlecce WX HCIBITAHUN 10 TOTEpH
Hecymiel cnocodHoctr. O0a ob6pasma (pa3mMeps! ce-
yenuii by dp = 100x4 mm, pucyHOK 1) Harpy aarch
mo tekydectu (0-1). Jlamee Harpy3ka HEMHOTO
cOpaceiBayiach 0 cTaOmiIm3anuu crepkaeit (1-2) u
MPOU3BOAWIOCE NPHCOCTUHEHUE 3JIEMEHTOB YCH-
nenust (pasmepsl cedenuii by oy = 30x4 mm, pucy-
HOK 1) HarutaBKO#M COCTMHHUTEILHBIX IIIBOB CHaJalia
[0 KOHLIAM B Tpefesiax (PacoHOK, 3aTeM MPOMEXY-
TOYHBIX.
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Pucynok 2 — PaboTa ogHOTO M3 cTepkHEl 1-i rpymmbl
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Pucynok 3 — PaboTa ogHOTO M3 CTEpKHEH 2-1 TPyTIITHI

Kak BuaHO 13 rpadukoB, Ipu HaIuIaBKe BCEX
IIBOB Ha CTEP>KEHb MEPBOM IpymnIbl (IOTOHHOE TEM-
noenoxenue O, = 10 272 /[uc/cm) yanmuHeHUs He
oTMeqaluch (Touka 2, pucyHok 2). Ilpu HarmmaBke
K€ MPOMEKYTOUHBIX IIBOB HA CTEpP)KEHb 2-U TpyI-
mel  (Qn = 11 528 [o#c/cm) mMeno MecTo yamuHe-
Hue (rromaaka 2—3, pucyHok 3). Takum oOpasom,
MOJTy4YE€HHbIE IKCIEPUMEHTAILHO Pe3yabTaThl MOJ-
TBEPAWIN TEOpeTHYecKHe OOOCHOBAaHUS, YTO AAJI0
BO3MOKHOCTb CZI€JIaTh CJEAYIOIINE BHIBOJIBI:

1. Ycunenue pacTSHYTBIX CTEpXHeH cCTajb-
HBIX CBapHBIX (pepM BO3MOXKHO HpPU TOJHOW AT
HUX pacu€THOW Harpyske. st 3Toro He0oOX0aMMO
clleAyolIee:

— HaIUIaBKa CBS3YIOIIUX IIBOB CHAadaja IO
KoHIIaM (B mpenenax (pacoHOK) U TOJBKO 3aTeM, MO-
CJIe UX OCTBIBAHUS, B IPOMEKYTOUHBIX CEUCHHSX;

— IPUMEHEHUE PEXHUMOB CBApKH, NPH KOTO-
pPBIX BEJIMYHMHA TETUIOBOTO OCIAOJIEHHsI CEeueHHN
YCHJIMBa€MBIX CTEp)KHEH KOMIIEHCHPYETCS IO
MPOYHOCTH CEUEHUSIMH (HAaCOHOK U HE Pa3orpeThIMU
(Beimze 600 °C) gacTaMU CeYeHMH 3JIEMEHTOB yCH-
JIEHUSL.

2. B cnyvyae npuMeHeHUs! HOPsIKa CBapKU C
[IEPBOHAYAJILHON HAIUIaBKON CBS3YIOIIMX IIBOB I10
KOHIIaM CTEpXKHEH M M3BECTHBIX CEYCHUSX IIEMEH-
TOB yCWJIEHUs, 0e30IacHbIe PEXUMBI CBAPKH MpPHU
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YCHUJICHUU PACTSHYTBIX YTOJKOBBIX CTEpIKHEH depm
MOTYT OBITh ONpENeNeHBl M0 MpeasiaracéMoi MeTo-
JIIKE.
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Annotation. The problems of the stress state that develops during the amplification process (welding)
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Annomayus. BelOop cXeMbl U TEXHOJIOTHHU IIPOLIECCa OUMCTKH, a TAKKe COCTaBa BOJOOYHCTHOTO 000-
PYAOBaHHS 3aBUCHT OT COBPEMEHHBIX TPEOOBAaHHUI K CAHUTAPHO-TUTHEHUYECKOMY COCTOSIHUIO BOZBI IIJIaBa-
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TEXHUKO-9KOHOMHUYECKHX N1apaMETPOB.

B cBsi3u ¢ 3TUM cyliecTByeT 0OJIbIIOE KOJINYECTBO PA3IMUHBIX CXEM BOJIOMOATOTOBKHU IUIABATEIEHOTO
OacceifHa, ¢ MHOKECTBOM BapHaHTOB, KaK THUIIOB (MILTPOBAIBHOTO 00OPYAOBaHHMS, TAaK U TUIIOB 000PYI0-
BaHUsI 110 00€33apaKMBAHUIO BOJBI.

B nanHOI1 cTaThe MPOBEAEH aHAIN3 OCHOBHBIX MApaMETPOB, BIMSAIOLINX Ha BHIOOP CXEMBI U 000py10-
BaHUsI BOJIOTIOITOTOBKH TUIABATEIbHBIX 0ACCEHOB Pa3IMYHBIX THUIIOB.

Knioueswie cnosa: BomonoAroToBKa, 1iiaBaTesIbHbINA OacceiiH, cuCTeMa OUYMCTKH BOABI, (GHIIBTPALIOH-
HOE 000pyAOBaHHE.
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«500 6accetinoBy» unensl maptun «EquHas Poccusy». 3¢ (eKTUBHON cUCTeMBI (QUIBTPAINK, KOTOPAst 1103~
[ToMUMO MOBBIIIEHHOTO CHpOca Ha MHOTO(QYHKIIU- BOJISIET 00ECIIEUNTh KaK BBICOKYIO CTEIIEHb, KaK Me-

OHAJIbHBIE CIIOPTUBHBIE KOMIUIEKCHI, IJIABATEIbHbIE XaHUYCCKON OYMCTKH, TaK M CHCTEMbI OUYHCTKH C

OacceiiHpl U (DUBKYIBTYPHO-03/I0POBUTEIHHBIC HCIIOJIb30BAHUEM XMMHUUYECKUX PEAarcHTOB, a TaKXKe

KOMIUIEKCHI, BO3POCIIO M TpeOOBaHHE K KaueCTBY HOBBIE CXEMbI OYHCTKH C HCIOJb30BaHUEM Oe3pea-

BOJIbl B JJAHHBIX COOPY)KEHHMSX, & TAKKE K IHEProO- TEHTHBIX CIIOCOOOB OYUCTKHU BOJBI.

cOeperaronuM MEPOIIPUATHSIM. LJenv craTbu: ONpeeieHUE OCHOBHBIX YCIIO-
KauecTBo BOABI IIaBaTEIbHBIX OacceiHOB BUH, BIIMSIONIMX Ha BHIOOP CHUCTEMBI BOJOMOArO-

JIOJDKHO COOTBETCTBOBATh OIPEJICIEHHBIM Iapa- TOBKH IIJJaBaTEJIbHBIX 0aCCEHHOB.
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