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gugiwt wnwwnwn ninnyeintt £ hwiunhuwtnd wpunwnpniejwl wpryniuw-
yhinnipjwt pwpdpwgnuip’ gifuwynpwubiu pninp wbuwyh Ynzhlutiph npwh
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dwiwtwlwlhg dbpnnubp' Ywiudwsd Ynohyh owhwgnpddwu wwjdwuubphg:
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Uwwwnwyht hwutbne hwdwp wewewnnyby b ndyb) Bu hbwlyw) fuunhpubpp’

Wuuwypuiiph hhduwlpwt piinhpubpp:
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wdpnipwl gnigwupubph npnond dhowdwjpwiht wwydwuubph (oGpdwuwnp-
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4. Unwgyt £ Ynphlh pbijwjpt dhwgpubiph wdpnigywup ubplwjwgynn
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thnihnfunipyw wwjdwuubpnud:

5. Uwnwgyt| £ Ynohyh unutibwebjwiht dhwgpubph wdpnygjuwup ubp-
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hwdwwnbn thnihnfunipjwt wwjdwutbpnd:
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Ywpbh b wpwg U oplnphynpbu quwhwnb; dhwgpubph wdpnigyniup® obip-
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Uwmbuwlununiyejwt ubpwénygniuncd swpwnpywsd £ wofuwwnmwuph pun-
hwunip punypwghpp, hhduwynpgwsé b phdwih wpnhwlwungniup, ubplw-
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pugdwt dwdwiwyulyhg dbpnnubpu ni wnwuduwhwwnlnyeniubpp: Nwnwd-
Uwuhpdbp Gu Ynohyh unutibwihu, phwiht b unutdwpbwiht Gnwuwlubpng
wdpwgyws dhwgptbph wnwybngniuubpu nu hpnyeniuutpp: Spyty Bu
nyjw| nwuwlubpny Ynohlyh wnwudhu dhwgpubph wdpwgdwu hwyhpé uljw-
pwagpniginiuubpp: Lwpwagpdb Gu Ynohyh wpunwnpnigniund oquwgnpdynn
unuhudubipu nu npwug pwnwnpwdwubpp: dbpndytp Bu Ynohyh unutdwht,
phwht L unubdwprbijwiht tnwuwlutpng wdpwgywsd dhwgpubiph ypw wgnnn
ghpdnuubipn:

Gqnifu 2-mid nwnwiuwuhpdbp Gu Yn2hlp  Jbpuwdwup ne nwlugnth,
huswybu twb Yybpuwdwuh wnwusht dhwgpubph wdpnyyut npnpdwt inbinw-
Yuwjwupubipu nu uwppwynpnwitbpp: Nwnwiuwuhpdbp Gu YnphYubph W dp-
wgpubinph sbipdwiuntwywgdwtu wnbnwywywupubnn:

Uwinbindyby £ Ynohyh dhwgpubph wdpnypgjui hGunwgnndw tnbnuwjwup
(Wy.1), npinbin hwoyh Gu wnuyb) wiu phpnyenuutpu nu wnwybinyeniuubpp,
npnup wnlw Gu Ynohyh wdpnipjwt hbwnwgnunpuu bk obpdwiht funtw-
Jugdwu vwppwynpnuwiubpnd ni mbnuywywuptubpnud: UnbndJwd nbnuiyw-
jwupp htwpwynpnignitt £ vwhu ppwlwuwgul) hnpdwpynuubpp obipdnie-
jwl, funtwynigywu b hnphgnup tywwndwdp Ynohyh phpdwt wuljwu hwdw-
wnbn wgnbgnpiwt wwpdwuubpnd: Wu wqddws § bGpyne inbnwdwubphg'
thnpdwpwpwlwu b owpdwpbpwhu:
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Uuyniuwyh wdpwluwindp 0...90° pbpdwt nhppbpnd uwnwpynd £ wdpw-
Ywiph ocgunipywdp, npp pwpdwlh dheny wugunw £ nbwh wulyniuwyh wugp:
Pwpdwyp Gnwlygdwdp wdpwgdwsd £ phpwuht: UWdpwlwp Yupbh b wnbnunpt;
wulyniuwlh wwppbp  wynuubph dby' wwwhndbiny Yunwwwph  pbpdwu
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Yuwnwwwnph Jpw quuynn wugph dby L ubppwuwhu Ynndhg wdpwunw
ubindnn gnuyh oqunipjwdp: Rnjwyh wdpwgnwp Ywwwndnd £ pnuwyny
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jntwéle opowwyh dhony, npu k| Jwpnn £ wunnynubp unwpbp woljndwyp
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Jdbpuwdwuh upwiht dhwgptbph wdpnpjut npnadwt hwdwp Junuwwnph
Ypw aqunid £ dhwgpp, nph dwintpp hwdwwwwwufuwuwpwp wdpwgynw Gu
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Funuwyw)jhu nEdhdu wwywhnybint hwdwp thnpdwpwpwlwu nbnuidwunud
nbnwlwyyws £ opwswth wunp, npp gdwd £ ogpny: 2ph - gninpzhwgdw
htwnlwupny npnaynid £ gninpphwgwé oph dSwiuup b thnpdwpwpwlwy nbnw-
dwunud unbindynn funuwynieyniup: funtwynypniut wdpwgpynd £ AR 807
dwluhzh funtwywswihh gnigwwyhu: Npwtugh oph gninpzhwgnuiu. hpww-
uwgyh wybh wpryniiwybn b hnpdwpwpwlwu wnbnudwuntd unbinddh ww-
hwugoynn funuwyniginit, opwswith wunph dbe wnbnwnpynd £ opwwnmwpwghsp,
nph hgnpnipniup swihynwd £ Juwnwswihng b fwpgquynpynw £ nnunwunh
oqUunipjwdp: Uju unyu wnbnwdwund wuhpwdbion obpdwumnhtwuh wwwhn-
Unwit ppwluitwgynd t Swnwquipwynudbynpy nwuwyny' obipdnuygjwt
Swnwqujphgubinny, nph hgnpniginiup Yuipbih £ Yupgqudnpb biynpwlw
onpwjht dhugwd nbnuwnwnh oqunipjudp: QEpdwunhtwup bu wdpwgnpynud
E funuwydwswithh gnigwuwlyh:

Lbpdwuwmnptwuh hwywuwpwswih pwofunuip hnpdwpwpwlwt nbnudw-
und  wwwhnyynud £ EEYupwlwu  owpdhsht Ygnpnhsnd - dhwgwd
yEuwmpnuwfunyu onwihnfuhsh oguniejwdp onwiht hnupny, npp dwwnigynd |
ElGyunpwlwu  owpdhshg:  Onwihu  hnuph  |pwgnighs  nwpwgdwu  hwdwn
ognwgnpdynwd £ wmwpwghsp, nph hgnpnigniup unyuwbu Yupbh £ Jup-
guwynpb EiEYwnpwlywu onpwiht dhwgywsd nnunwmnh ogunipjudp: Ugfuwwnwd
onp Yuwpblh £ hbnwgul] hwlwnwpd thwlhwuh dhony: Pnpéwpupwlyut
wnbnwdwup hbpdGnhynpbu hwyynd £ wwyuljjuw Guthwphsny:

Swndwpbipwiht mbnwdwup pwnugwd b pwpdwlh oquniejudp htinhu
wwwnhtu wdpwgywsd £ TYP PK3K5F dwlupoh EEYunpwlwu swpdhshg, npnuw-
Yuwiht nbnnwyunphg, Gpynt onpwjwlut thnfuwugnuubphg, Gpyne d6d W Gplyn
thnpp  wuwnwuhyubiphg, (hubrh Jpw thwpwpdwsd dbnwnwinuuwuhg: Uu
hwdwlywpqu wdpnnenipjwdp htujwsd £ wnbnudwuph hbinht ywwnht wdpwg-
Ywd pwpdwlyhu:



Mnlydwu 6hgp unbindynuwl t owpdwpbipwhtu wbnwdwund: Npnuwljwht
nbnniynnpht wdpwgywsd 16 wwnwdhlubphg pwnlwgwsd thnpp wuwnnwuhyhg
owpdnuip onpwjwlwu thnjuwigdwdp wugunud £ wwwdhlyubphg punyugwsd
dtd wunnwuhyght: Wunthbnle owpdnudp bu onpwjwlwt thnfuwugdwdp thnpp
wuwnnwuhyhg hwnnpnynud £ d6§ wuwmnwuhyhu, nptu wugund £ inbinwdwup
htwmpht wwwht wdpugywsd hubnny: Lhubnh Jpw thwpwpdws dbnwnw-
dnywup wugund £ gnuyh Ypw wdpwgyws  hnndulyutipny: Swpdnwdip
dhnwnwénwwuh oqunipjwdp thnfuwugynw & thnpdwpwpwlwu nbnudwunwd
wnbnwnpjwd pnunn hwpdwpwupht: Snwwup dh dwypny wugunwd £ hninduiyh
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Pnunn hwpdwpwupp Yugdywd & nipnuuyniuwsl opowtwlhg, npph dbe
wnbnwnpdwd E ubndnn gnwyp, npp pwndynd £ pnuwynd yuinnwnwyh oqunipe-
jwdp: Cwpdwpbipwiht wbnwdwup hwyynid £ dGnmwnw Yuithwnhsny:

Uwnbtwlununipjwt 3-pn qfunud ubplwjwgywsd GU unutudwjhtu b unutbw-
phwht tnwuwlutpny wdpwgywsd nnwdwpnnt dhoubignwih Ynohyh Ybptw-
dwuh nt mwluwgnth, ypuwdwuh unubdwht, phjwht U unutdwpbwiht Gnw-
uwlubpny wdpwgywsd wnwudht dhwgpubph dhwgdwt wdpnyywi hbGnwgn-
wnijwl  wpryniipubpp: Pnpdwpynudubpt ppwlwuwgybp Bu dowjwd
wnbnwlwjwuph oqunijwdp: Ybpuwdwuh nt tnwlwgnth unutdwiht dhwgdwu
wdpnijwt npnodwt hwdwp ppwdwun]d bwjuwwbu Yupdwsd Ynshlp wnb-
nwnpynd £ wbnwywywuph thnpdwpwpwlwt nbnwdwunwd guugnn Yunw-
wwph Ypw UL wdpwunwd wwninwlhh oqunipjudp: Luwfuwwbu Yupdwsd ubp-
pwul wdpwund £ ubndhsht: Pnpdwpynwiubpt ppwljwuwgyt) Gu hbpdbinhy
thwlynn  thnpdwpwpwlwt  nbnwdwunyd'  hwdwwywunwufuwy - gbpdnyejw,
funtwynyewu b hnphgnup  Uywwdwdp  UGppwuh  phpiwl  wuljwu
wuwydwuubpnul: Wdpnuyeyniup npnyby b hbunlyw| puwtwaung'

P

=7 U]
npunbn’ p-u Yupdwu pbnudwdpu k, U,

[p' sbpunwynpynn hwndwsh bpluipnigyniup, J:

Pnpdwnpynwiubp hpwywuwgubint hwdwp nbnwyuwjwuph thnpdwpupu-
Yuwt nbnudwund hwunwwnyb k (¢=55...70%) hwpwpbpwlwu funtwynyeniu,
(t=13...28°C) gobipdwuinhbwu b hnphgnup Uwwndwdp (a=0, 18, 45°) phpdwl
wuyyniwutp: Unutdwjhu b unutdwebjwiht nwuwynd wipugqwd winwdwpnnt
dhoubignuwjhtt Ynmphyph dbpuwdwuph nt wnwlwgnih  Jhwgdwt  wdpnyeu
npnadwt  hwdwp  thnpdwpynwiubpu ppwywuwgyt; Gu, Gpp dhwdwdwuwy



( =0, 18, 45°)
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- 1,2 dd hwunnigjudp ppndwiht nwpwndwy  Gpuswlwoyh (rubU) 2
udnubiph dhwgp,

0,8 dd hwuwnnypywdp ppndwiht nwpwndwt upn uadh (UGU) 2
Udnwubiph dhwgp,

- 1,5 dd hwuwnipjudp ppndwiht nwpwndwu ghyh Ywoyh (ubl) 2
udnubiph dhwgp,

-1 dd hwuwnniejudp ppndwiht nupwndwt fungh Yuwodh 2 udnwubph
dhwgp,

0,8 Ud hwuwnpjwdp ppndwiht pupwndwu hnpeh Juwodh (UtU) 2
udnubiph dhwgp:

Uhwgpubtiph dhwgdwt wdpnygyntup npnayti b pun pwuwéle (1)-h:

Unutidwihu, phuwht b unubdwpebwht  Gnwuwlubpnd  wdpwgywsd
yGpuwdwuh  dhwgpubiph  wdpnygywtu npnadwtu hwdwp  nbnuluwjwuph
thnpdwpwpwlwu  nbnudwund  dh nhwypnd  hwunwnne £ ywhwywuygb
sbipdwuwnptwup® hnthnfudbp b funtwynieniup, dnw nbhypnd' hwunwnn §
wwhwwuyby funuwynyeniup’ hinthinfudl) sbipdwuwnpéwup: $npdwpyniiubphg
wnwg dhwgpubpp U Ynphlubipp 24 dwd wwhyb) Gu hnpdwpwpwlwu nbnw-
dwunut® hwunwnywd wuhpwdbion funtiwynyeywt b sbipdwunhbwiuh wwydwu-
ubpnud:

Pnpdbph wpryniupubph hwdbdwwnwywu yepnsnygniuthg wywpgyb k, np,
YwhuiJwd 2whwgnpdnnuwt  wwydwuubphg, npwbtu  Ynphlyh  yYbpuwdwu
Uwwwnwlwhwnpdwp § oguinwgnpdti| hinlyw) Ywohubpp.

1} unubdwiht  bnwuwynd wdpwgywd dhwgpubph nbwpnwd  gwsdp
stpdwuwnhéwuh U thnthnfuynn  funtwynygywu,  puswbu - twlb gudp
funtwynipjuwu L hwunwwnt ghpdwunpwuh wwjdwuubpnud® Gpugwywoh,
huy pwpap obipdwunhéwuh U thnthntuynn funtwynipywl, huswbu twl pwpdp
funtwynijwu nt hwuwnwwn shpdwumpwuh wwydwuubpnd' gihlh Yuoh,

2) unubdwpbwhtu tnwuwyn wipwgjwd dhwgpubiph nbwpnwd pwpép
obpdwuwmhéwuph U thnihnfuynn funtwynyuu nt gwdép  funtwynypyuu bW
thnihnfudnn - sbpdwunpdwuh  wwydwuubpnd'  Bpugwlwoh, gwdp  obpdwu-
nhtwuh U hnhnfudnn funtwynpywt wwydwoubpnd' gihyh Ywoh, huly pwpép
funtwynipjwu W hnthnfuynn obipdwunphdwuh wwydwutbipnud® slipn Yuioh,

3) pbwhtu Gnwuwyny wdpwgyws JYopuwdwuh dhwgpubph nbwpnud
thniinfudnn obipdwuwnptwuutph b juntwynipjw wwydwutbpnd® Gpugwlwsoh
L oupn Yuwsoh, puy pwpdp puntwynipuu b thnthnfuynn  sbipdwuwnhéwuh
wuwjdwuubpnud' gihyh Ywsoh:
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A=2,92-0,05X1+0,07X2:

( . ) MatLab

. 3. YXiXz=2,92-0,05Xi+0,07X2
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dwl wdpnygwt gwulwgwd wpdbipubp ebpdwumhéwuh ni funuwynyejwu
wwhwusoynn wpdtipubiph nbwpnud:

Unutidwpebjwjht tnwuwynd wdpwgqwsd nnudwpnnt dhoubgnuwiht Ynop-
Up ybptwdwup nt mwlwugnih dhwgdwtu wdpniejwt wpdbpubph W wdpniyejwu
ypw wgnnn gnpdnuubiph Ynpbywghwih nbgpbupnu dnnbiu nwh  hunlyw)

=4,2-0,06X:+0,08X2: buly ytpuwdwuh unutidwpebijwjhu, unutdwihu

L pHwhu bnwuwynd wdpwgyws dhwgpubph wdpnyeuu  Ynptgughwh
nbgpbupnu  dnnbiubpt nbu  hwdwwwwnwuluwuwpwp  hbenlyw)  nbupbpp’

=4,7-0,05X1+0,06X>, 1 7=5,12-0,06X:+0,04X,, 1 7=2,6-0,09X:+0,09X:
Snipwpwtginip dnnbh hwdwp unwgywsd £ gpwdhl, nph guuljuguwsd Yhwnnud
Ywpbh b wbuub] ndjw) bnwuwyng wdpwgywsd dhwgph wdpnipjwu wpdbpp'
stpdwuinhbwuh U funtuwynipjut wiuhpwdtion wpdtiputiph nbiwpnid:

Lbphuwjwgywsd E bu dbly ophtwl ybpuwdwuh unubdwpebjwht dhwgp-
ubiph wdpniugjwu wpryniupwihu wpdtpubph hwdwp, npnbn, h wwppbpnyenu
Uwlunpn ophuwyubph, wgnnn gnpdnuubiph' sbpdwuwnhbwup b funuwynieyw,
dhot Ywwt ninpn hwdbdwnwlwy £ gwdp sbpdwunpbwt' gwdp funtiw-
ynip)niu, b hwwnwyp:

Uoswlyws  Ynpbguwghwih nbgpbupnu  dnnbu niuh hbnlyw)  wbupp'

=9,9-0,04X:-0,037X2: Unnbjh hwdwp unwgwsd gpubhlulywu wywwnybpp
ubpyuywglws L uy. 4-nud:

LY. =9,9-0,04X:-0,037X:2 Ynnbywghwyh nbgpbuhnt hwlwuwndwu
gnudhlwlwl wunybipp
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Uowydwd gpwdhhyubpp huwpwynpniginit 5u wwihu nbin twjuwgédwu
thnynud Ywtfuwgnowlb Ynohhh hwdwp wwhwugynn wdpnygindd’ nipdwd
obipdwuunhbwup U funtwynipjut wwjdwutbpnud:

CLIKULNR® BRrULYUSNMMESNRLLEN

1. Ubwihwinhy ybpndnieiniupg wwinpgyby &, np Ynohyh yeptwdwup ne tnw-
Ywgnth, JbGpuwdwuh dhwgputiph wdpnygywt npnpdwt hwdwp hwoyh sh
wnuyb obipdwuwmhéwuh U funtwynipjut hwdwwnbin wqnbgnyeniup:

2. Uowlyb| nt wwwpwuwnyby £ Ynohyp ybpuwdwup nt tnwlwgnth, ybp-
twdwuh dhwgpubph wdpnyejut npnpdwt wbnwlwjwup, npu wwwhnynd
obipdnipjwl, funtwynywu b hnphgnup Uuwndwdp Ynohyh plipdwiu wuljwu
hwdwwntin wgnbgnyeniu:

3. Uwwgnigyby £, np hnphgnuph tlwwdwdp Ynohlyh phpdwi wulyniup
qquih wanbignipiniu sh gnpdnud Yipuwdwup nt mwljugnih dhwgdwu wdpnipe-
Jwl Ypw:

4. Unnignnwywu thnpdh wpryniupubph htwn hwdbdwnwywu Jepindnipe-
jntuhg wwngqybg, np ebpdwuwnhbwuh, funuwynipjut, hnphgnth Ujwwndwdp
Ynohyh plipdwu wuljwu hwdwwbn hnihnfunyewt wwjdwutbpnwd, unutdwihu
Bnwuwyny wdpwgywsd wmnwdwpnnt dhoutignuwghtu Ynphyh Jbpuwdwup nt
nwlwgnih Jhwgdwu wdpngyniup UWwab) b a=0°-h nbwpnd' (6,41...7,7%)-ny,
a=18" (6,8...7,71%)-nd, a=45"" (4,6...10,3%)-ny L o=(0...45°) nbwpnul
(1,81...2,6 %)-ny:

5. Unubidwjht Gnwuwyny wdpwgywd nnwdwpnne dhoubignwih Ynohlyh
ybptwdwuh nt wwlwgnth  dhwgdwt wdpnipintup  hwuwnwnnia - gbipdwu-
whéwuh, thnihnfuynn funtiwynieywu, hnphgnup Uywwndwdp Ynohyh pbipdwu
wulywt  hwdwwbn  thnthnfunpyut wwjdwutbpnwd, hwdbdwnws  unnign-
nwlwl thnpdh wpryniupubiph htin, t=13°C=const, ¢=(70...55%) wwjdwuubipnui
a=0° nbwpnd uwjwgby t (4..7,7%)-nd, a=18%, (3,7..7,71%)-ny, a=45"
(3,5.7,1%)-ny L «a=(0...45°-h nbwpnut' (0,5...0,6%): t=28°C=const,
@=(70...55%), wdpnyeyniup a=0°-h nbwpmd tjwqby b 2,6...6,41%)-ny, a=18"
(3...6,8%)-nd, a=45"" (2,3...7,4%)-ny L a=(0...45°)-h nhwpnwd’ (0,3...1%)-ny:

6. Unubdwjhu Gnwuwlyny wdpwgywsd nnwdwpnnt dhoubgntwiht Ynzhyh
ybptwdwuhp nt nwlwgnth dhwgdwt wdpnipyntup hwunwwnnit funtwynyejut,
thnihntuynn spdwuwnphtwuh b hnphgnup tjwwndwdp Ynphlh plipdwt wuljwu
hwdwwnbin thnihnfunipywt wwjdwutbpnd, hwdbdwnwd unnignnuiwu thnpdh
wpryniupubiph htinn' =70%=const L t=(13...28°C), a=0°-h nbwpnui ujwqby
(0,64...7,7%)-n, a=18" (2,3...7,71%)-ny, a=45" (6,3...10,3%)-ny L a=(0...45°
(2,6..5,6 %)-nJ: @=55%=const, t=(13...28°C), wdpnyeyniup a=0°h nbwpnui
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udwqby b (4...6,41%)-ny, a=18" (3,7...6,8%)-nY, a=45"(4,6...6,6%)-ny U a=
(0...45°%" (0,19...6%)-ny,

7. Unutdwjhu Gnwuwyny wdpwgywsd ybGpuwdwuh dhwgpubph wdpnipe-
jntup hwunwinniu gbpdwuwmhéwuh, thnthnfuynn funtwynipyut wywydwutubpnd,
hwdbdwuwnwd  unnignnulwu  inpdh wpryniupubph  hbn,  t=23°=const,
@=(50...65%) wwjdwuubpmd hnpph Ywodhg dpwgph hwdwp  uduwgby &
(0,4...12,04%)-ny, 2upn Ywadh hwdwp' (1,7...2,6%)-ny, tpuswlywodh hwdwp'
(0...2,01%)-ny, fungh Yuwaoyh hwdwp' (0,7...3,63%)-nd, gjhlyh Yuoyh hwdwp'
(2...2,92%)-ny:

t=38°C=const, @=(50...65%) wwydwuubpnd hnpph YJwodhg dhwgph
hwdwp  ujwgb) & (29,7...41,6%)-ny, supn Ywodh hwdwnp' (23,9...26,2%)-n4,
tpuswluwodh hwdwp' (19,4...33,02%)-nY, fungh Yuaoyh hwdwp' (40,5...42,7%)-
nd, gthyh Yuiadh hwdwp' (29,7...31%)-ny:

8. Unuudwiht tnwuwyny wdpwgywsd ybpuwdwuh dhwgptbph wdpnipe-
Jntup hwuinwnnit funtwynieju, thnthnfuynn sbpdwunhéwuh wwjdwuubpnud,
hwidbdwwnwsd  unnignnuijwt  thnpdh - wpryniupubph hbn,  =50%=const,
t=(23...38°C) wwjydwuubpnd hnpeh Ywodhg Jhwgph hwdwp  udwgb) &
(0,4...29,7%)-ny, oupn Ywodh hwdwn' (2,6...23,4%)-ny, tpuswlwaoyh hwdwp'
(2,01...19,4%)-nJ, fungh Ywoyh hwdwp' (0,7...40,1%)-nd, gihyh Yuwadh hwdwp'
(1,91...29,7%)-ny:

@=65%=const, t=(23...38°C) wwydwuubpnd hnpph Ywodhg dhwgph
hwdwp  udugby £ (12,04...41,6%)-nd, oupn Ywodh hwdwp' (1,7...26,2%)-nd,
Bpuswluwodh hwdwp' (2,01...33,02%)-ny, fungh Ywaoyh hwdwp' (3,63...42,7%)-
nd, githyh Yudh hwdwp' (2,92...31%)-ny:

9. Unutdwpbjwht nuuwyny wdpwgywd wnudwpnnt dhoubtignuwjhu
Ynohyh ybpuwdwup ni nwlwgnth dhwgdwt wdpnyeniup thnthntuynn obip-
dwuwnhbwuh, hwunwwnt funtwynipywt b hnphgnuh Ujwwndwdwp Ynshyh
ptipdwt  wuljwt hwdwwbn hnthnfunEjwt  Wwidwtubpnud, hwdbdwnws
unnignnuljuu hnpdh wpryniupubiph hin,  @=70%=const, t=(13...28°C), a=0°-
nd  uduwgbp b (21,3...24,8%)-ny, a=18°-nui’ (21,2...24,7%)-nY, a=45°-nuf’
(24,8...27,5%)ny L a=(0...45°-h nbwpnd' (2,7...3,5%)-n: @=55%=const,
t=(13...28°C), a=0°-nui® (22,6...33,1%)-ny, a=18°-nt" (17,04...28,29%)-n,
a=45°-nul" (20,3...31,6%)-ny L a=(0...45%)-h nbwpnut* (0,5...5,56%)-ny:

10. Unubdwpbwhu tnwuwyn wdpugwsd nnudwpnnt dhoubignuwjhu
Ynohyh ybpuwdwuh n nmwlugnth dhwgdwt wdpnyenitip hwuwwinniu obip-
dwuwnhbwuh, thnthnfuynn  funtwynipwt b hnphgnuh  tlwwndwdp  YnohYyh
ptipdwt  wuljwt hwdwwbn hnthnfunEjwt Wwydwuubpnud, hwdbdwnws
unngnnulwi thnpdh wpryniupubiph htw, t=13°C=const, ¢=(70...55°%), a=0°-
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nd uugby £ (24,8..33,1%)-ny, a=18°nu" (17,04...24,7%)-n, a=45°-nuf’
(20,3...27,5%)-n4 U a=(0...45°)-h nbwypnud' (4,5...5,5%)-ny:

bpp t=28°C=const, ¢=(70...55°%), wdpnpniup a=0°-nui UJwqby &
(21,3...28,2%)-ny, a=18°-nul’ (21,2...28,2%)-ny, a=45°-md" (24,8...31,6%)-ny L
a=(0...45%)-h nbwpnwt* (3,4...3,6%)-ny:

1. Unutbwpbjwiht tnwuwyny wdpwgwsd ybptwdwuh dhwgpubiph wd-
pnipjut wpdbtipubpp hwuwnwwnit gbipdwuwinhéwuh, thnihnfuynn funtwyniejuu
wwpdwutbpnw, hwdbdwwnwd  unnignnuywu  thnpdh  wpryniupubph - hb,
t=23°C=const, ¢=(50...65%) wwjdwuubpnu hnpph Jwodhg dhwgph hwdwp
ujuwgby b (4,7...9,5%)-ny, oupn Ywodh hwdwp® (7,7...10,7%)-nd, Gpugwlwayh
hwdwn' 9,5%-ny, jungh Ywoyh hwdwp' (0,7...1,4%)-ny, ghyh Yuodh hwdwp'
(5,7...7,6%)-ny:

t=38°C=const, @=(50...65%) wwydwuubpnd hnpph YJwodhg dhwgph
hwdwp ujwgb) £ (1,09...2,2%)-ny, supn Yuwodh hwdwp' (8,4...14,5%)-ny,
tpuswluwodh hwdwp' (3,9...6,6%)-ny, tungh Ywadh hwdwnp' (4,9...7,4%)-ny,
gihh Ywayh hwdwp' (10,8...18,2%)-ny:

12. Unutidwpbjwiht tnwuwyny wdpwgywsd Ybpuwdwuh dhwgpttiph wd-
pnijwl wndbpubpp hwunwwnnt funtwyniywt, thnthnfuynn stpdwumnphéwuh
wwjdwutbpnd, hwdbdwnwd  unngnnuuu  thnpdh - wpryniupubph  hGa,
@=50%=const, 1=(23...28°C)-nud hnpph Ywodhg dhwgph hwdwp ujwqgby &
(2,2...9,5%)-nd, 2upn Yuodh hwdwp' (7,7...14,5%)-ny, bpugwlwsdh hwdwp'
(4..121%)-nd, fungh Yuwoyh hwdwp' (0,7..5%)-nd, ghlh Yuadh hwdwp'
(5,7...10,8%)-ny:

@=65%=const, t=(23...28°C) wwydwtubpnd hnpph Ywaodhg dhwgph
hwdwp wdwagby £ (1,1..47%)-nd, oupn Ywodh hwdwp' (2,6...8,4%)-nd,
tpuswluwodh hwdwp' (6,6...9,5%)-nY, fungh Yuwayh hwdwp' (1...7,4%)-nd, gihyh
Ywadh hwdwp' (7,6...18,2%)-ny:

13. feGwjhtu Gnwuwyny wdpwgyws Ybiptwdwuh dhwgpubph wdpnigjwu
wpdbpubpp  thnhnfuynn  funtwynipywt,  hwuwmwwns  gipdwunhbwuh
wwpdwutbpnwd, hwdbdwwnws  unngnqulywt  thnpdh wpryniupubiph  htiw,
t=23°C=const, ¢=(50...65)% wwjdwuubpnu hnpph Lwodhg dhwgph hwdwp
ujwgby £ (36,1...54,4%)-nJ, 2upn Juayh hwdwp' (24,8...48,7%)-nY, Gpuow-
Ywodh hwdwp' (3,1...13,2%)-nd, fungh Ywadh hwdwp' (9...24,5%)-nd, gihyp
Ywadh hwdwp' (13,4...26,1%)-ny:

t=38°C=const, ¢=(50...65)%, wuwjdwuubpnud hnpph Ywayhg Jhwgph
hwdwp wjwgby b (67...85,4%)-ny, 2upn Lwoyh hwdwp' (27,4...52,2%)-ny,
Gpuswlwoyh hwdwp' (34,9...50,4%)-nd, fungh Yuadh hwdwp' (44,1...55,2%)-nd,
gthlh Yuayh hwdwp' (33,8...44%)-ny:
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14. (Fhwihu nwuwyny wdpwgywd Yybpuwdwuh dhwgpubph wdpnygjwu
wpdtpubpp hwunwwnnu funtwynygwi, thnthnfuynn sbpdwuwmphbwuh  wwyj-
dwtubpnud, hwdbdwwnwsé  unnignqulywt  thnpdh  wpryniupubph  hb,
@=50%=const, t=(23...38°C) wwjdwuubpnd hnpph Ywoyhg Jdhwgph hwdwp
udwgby & (36...67%)-ny, oupn Ywadh hwdwp' (24,8...52,1%)-nY, Gpugwluwayh
hwdwp' (3,0...19,4%)-ny, fungh Ywodh hwdwp' (9,1...44,1%)-nd, gihlh Ywadh
hwdwp' (13,4...33,8%)-ny:

@=65%=const, t=(23...38°C) wwydwuubpnd hnpph Ywodhg dhwgph
hwdwp ujwaby b (54,4...85,4%)-ny, oupn Ywadh hwdwp' (48,7...72,6%)-nd,
Gpuswlwodh hwdwp' (13,2...50,4%)-ny, jungh Ywadh hwdwp' (24,5...52,2%)-ny,
githyh Ywadh hwdwnp' (26,1...43,9%)-ny:

15. Uwnwgyt| tu Ynpbywghwih nbgpbuhnu dnnGjubp, npnup eny; Gu
wwlhu npnpbp Ynohyh Jbpuwdwup nt mwugnth, ybptwdwuh dhwgpubinh
wdpnpgniup - obpdwuwhéwuh U funtwynygywt wpdbpubiph  wwppbn
hwdwnpnygjniuubph hwdwn:

Uwmbuwlununiyejwt hhduwYwu npnypubpp hpwwnwpuwljws G hGwnb-
jup ghnwlwy wluwwnwupubpnud.
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ArtosiH Apycsik I'puropbeBna
PA3PABOTKA METO/IOB OITEHKH ITPOYHOCTH COEJJAHEHUI OFYBH
PE3IOME

Hayunoe uccieioBaHre OTHOCHUTCS K pa3paCoTKe METOJIOB OIEHKH IIPOYHOCTH
coeuHeHuit 00yBU. 1IpouHocT AeTaneii o0yBH BO MHOTOM 0OYCIIOBJIEHA IIPOYHOCTHIO €€
COe/IMHEHMUI! (KJIeeBble, HUTOYHBIE, KIIGCHUTOYHBIE, CBAPHBIE U T.J1.).

3ajaya TOBBINEHUS IIPOYHOCTH U HAJEKHOCTH OOYBHBIX COEIUHEHWIH OCTaeTcs
aKTyalbHOH, Tak Kak jedeKThl BO BceX BBIIIEYKA3aHHBIX METOJax SBISIOTCS OJJHUM M3
OCHOBHBIX  HejiocTaTkoB. llosToMy mpu BpICOpe HamOollee ParMOHAIBLHOIO METoJa
COE/MHEHNST HEOOXOJUMO YUMTBHIBATH Pa3zINYHbIE (GakTOPHI (TeMIleparypa, BIIAKHOCTS,
CTI0COOBI ITO/ITOTOBKH IIOBEPXHOCTEH U T.J1.).

Taxum o6pa3oM, BaKHOCTh M 3HAYMMOCTH OLCHKM W IIOBBIIEHUS IIPOYHOCTH
coeuHeHniT OOyBM IIO3BOJLIET OIIEHWTH JIgHHYIO IIpo0ieMy Kak akTyalbHyIo |
IIPe/ICTaBIBIIONIYIO OIIPEIENICHHbIN TeOPETHUIECKUI 1 HayIHO-IIPAKTHIECKUI HHTEPEC.

Ienn paGorbi. IloBbIIIeHHME TOYHOCTH TPEOOBAHUI K IPOUYHOCTH COETUHEHHM
0o0yBM B YCIOBHSIX COBMECTHOI'O H3MEHECHWS BIISIIONMX HA HUX TeMIEpaTypsl U
BIaKHOCTH.

Hayunasi HoBu3HA.

1. JlokazaHo, 4YTO Ha IIPOYHOCTH COEMMHEHWH OOYBU CYINECTBEHHOE BIHMSHUE
OKa3bIBAIOT COBMECTHBIE M3MEHEHMS BIMSIIOIIMX Ha HUX TEMIIEPaTyphl ¥ BIAKHOCTH.

2. Co3maHa ycTaHOBKa, B KOTOpoH obecrieunBaercs OIpejIelieHHe IToKazareneit
IIPOYHOCTH COEJMHEHUN OOYBH B YCIOBHSIX COBMECTHOTO W3MEHEHWS OKpY KaloIeh
cpenpl (Temreparypa t>10°C), pnaxHocTs ¢©=(50...75%)) U yrma HakimoHa oOyBH K
TOPHU30HTY.

3. Tlonyuena Ga3a JaHHBIX TPEOOBAHUN K IIPOYHOCTH KIIEEBBIX COEIMHEHUI 00YBU B
VCIIOBUSIX COBMECTHOTO M3MEHEHUS BIMSIONIMX Ha HUX TeMIIEPaTyPhl U BIaKHOCTH.

4. llomydena Gaza JaHHBIX TpeOOBaHUI K IIPOYHOCTA HUTOUHBIX COEMHEHHN
0o0yBU B YCIOBHSIX COBMECTHOI'O H3MEHEHWS BIISIIONMX HA HHUX TeMIlEpaTypsl U
BIaKHOCTH.

5. Tomnyuena Ga3za JaHHBIX TPeOOBAaHUIA K IIPOUHOCTH KIICEHUTOUYHBIX COEIUHEHUMA
o0yBM B YCIOBHSIX COBMECTHOI'O H3MEHEHWS BIISIIONMX HA HUX TeMIEpaTypsl U
BIaKHOCTH.

6. PazpaGoTaHbl KOPPEISIMOHHO-PETPECCUOHHBIE MOJIENH, C ITOMOIIBIO KOTOPBIX
MOHO OBICTPO M OOBEKTUBHO OILIEHWUTH IIPOYHOCTH COEJMHEHMI B YCIOBHSIX BCSKOTO
COBMECTHOT'O M3MEHEHHS BIMSIONMX HA HUX TEMIIEPaTYPHI U BIAXKHOCTH.

7. PazpaGoTaHHBIE pErPecCHOHHBIE MO/IETN KOPPEIISIMH II03BOIISIOT €ITle Ha CTa Ui
IIPOEKTUPOBAHMS IIPOTHO3UPOBaTh HEOOXOJUMYIO IIPOUHOCTh COEMUMHEHUI OoOyBH B
3aBUCUMOCTH OT TeMIIEPATyPhI ¥ BIaKHOCTH.

Bo BBegeHun O0OCHOBaHA AaKTYaIbHOCTh TEMBI JIUCCEPTAI[OHHON paboTHL,
chopMyIMpOBaHBl 1I€h W 3ajaudl HCCIEIOBAHMS, IIPEJCTAaBICHB HaydHas HOBH3HA,
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IIpaKTHdeckas I[EHHOCTE paloThl, oOJNacTh IIPUMEHEHWS W OCHOBHEIE IIOJIOYKEHUS,
BBIHOCHMBIE HA 3allUTYy.

B mnepBoil riaBe IpoaHATW3UPOBAHBI COBPEMEHHBIE METOJBI U OCOOECHHOCTH
KpeIUIEHUSI BepXa M IOJOIIBEL OOYBH, a TakXke COEIMHEHWH Bepxa. I3ydeHEI
TIPEUMYIIECTBA M HEJOCTATKU KJIEEBBIX, HUTOYHBIX, KJICEHUTOUHBIX COEJUHEHUNA O0YBH.
JlaHbl KpaTkyve OIMCaHWSI KpPEIUICHUS OT/AENBbHBIX COEIMHEHWN O0OyBM JaHHBIMA
criocobamu.  [IpoaHanu3upoBaHbl (akTOPhI, BIMSIONIME Ha KIEEBble, HUTOYHBIE U
KIIEEHUTOYHBIE COETUHEHMS OOYBH.

Bo BTOpoil ri1aBe W3ydeHBI YCTAaHOBKM U OOOpYJOBaHUE NS OIIPENEICHUS
IIPOYHOCTH BepXa W HU3a OOYBM, a TaKKe OTACIBHBIX COSIWHEHMI Bepxa. M3ydeHbl
YCTaHOBKH JUI TEPMUYECKOTO YBIAXHEHUS OOYBU U COEIMHEHUH.

Co3/aHa ycTaHOBKa ISl UCCIIEIOBAHNS IIPOYHOCTH COEMUHEHUN 00YBHY, TJe ObLIA
YUTEHBI HEJIOCTATKU U IIPEUMYIIIECTBA, UMEIOIMecs B 000pYIOBAaHUN U YCTAHOBKAX IS
HCCIIEIOBAHMUS TIPOYHOCTH U TEPMUUECKOrO YBIakKHEHUS oOyBHU. Co3JlaHHAsI YCTaHOBKA
TIO3BOISIET IIPOBOJWTH MCIBITAHMS IIPM COBMECTHOM BO3JICHCTBMM TeMIIEpaTypBHL,
BIIQKHOCTH U yITIa HAKJIOHA 0OyBU K TOPU30HTY.

Brperteil riaBe IIpeacTaBIeHbl pe3yIbTaThl UCCIENOBAHNS IIPOYHOCTA HUTOUHBIX,
KIIEEBBIX U KIICEHUTOUHBIX COEMHEHNI BepXa, IIPOYHOCTH KPEIUIEHUS BEpXa U I10JOIIBEL
MY3KCKOH MEXCE30HHOH 00YBH.

B uerBeproil TI1aBe IIPEJCTABICHEI PErPECCHOHHBIE AHAIU3BL KOPPELSIIAA
3HAUEHUM IIPOYHOCTU KIIEEBBIX, HHUTOYHBIX K KICCHUTOUHBIX COEIUHEHUI Bepxa,
KIIEEBOTO U KIIEHUTOUHOT'O KPEIUIEHMSI BEPXa U I10/I0IIBEI OOYBH.

ITo Teme quccepraruu orryOimkoBaHo 10 HayyHBIX paGoT.
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Atoyan Arusyak Grigor
DEVELOPMENT OF METHODS FOR ASSESSING THE STRENGTH OF SHOE
JOINTS
SUMMARY

This scientific research refers to the development of methods for assessing the
strength of shoe joints. The strength of shoe parts is largely due to the strength of its joints
(adhesive, thread, glue, welded, etc.).

The task of increasing the strength and reliability of shoe joints remains relevant
since defects in all of the above methods are one of the main drawbacks. Therefore, when
choosing the most rational method of connection, it is necessary to take into account
various factors (temperature, humidity, methods of surface preparation, etc.).

Thus, the importance and significance of assessing and improving the strength of
shoe joints allows us to assess this problem as a relevantone and in terms of certain
theoretical and scientific and practical interest.

The Purpose of the Work is to increase the accuracy of the requirements for the
strength of shoe joints in case of changing temperature and humidity which affect them.

Scientific novelt:

1. It has been proved that the strength of shoe joints is significantly influenced by
changes in the temperature and humidity which stronglyaffect them.

2. An installation has been created in which the strength of shoe joints is determined
taking into account the conditions of environmental changes (temperature t>10°C),
humidity ¢=(50...75%)) and the angle of inclination of the shoe to the horizon.

3. A database of requirements for the strength of shoe adhesive joints under
conditions of conjoint affecting temperature and humidity changes has been obtained.

4. A database of requirements for the strength of shoe thread joints under conditions
of conjoint changes in the temperature and humidity affecting them has been obtained.

5. A database of requirements for the adhesive strength of shoe thread joints under
conditions of conjoint changes in temperature and humidity affecting them has been
obtained

6. Correlation and regression models have been developed with the help of which it
is possible to quickly and objectively assess the strength of joints under the conditions of
the influence of any temperature and humiditychanges.

7. The developed regression-correlation models allow topredict the necessary
strength of shoe joints depending on the temperature and humidity conditions even at the
design stage.

In the introduction the relevance of the topic of the dissertation is substantiated,
the purpose and the objectives of the research are formulated, the scientific novelty, the
practical value of the work, the scope of application and the main provisions submitted for
the defense are presented.
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The first chapter analyzes some modem methods and features of fastening the
upper and sole of shoes as well as the joints of the upper part. The advantages and
disadvantages of adhesive, thread, glue thread connections of shoes are studied. Brief
descriptions of the fastening of individual shoe joints by these methods are given. The
factors affecting the adhesive, thread and cellular connections of shoes are analyzed.

In the second chapter the installations and equipment for determining the strength
of the top and bottom parts of shoes as well as individual joints of the upper part of the
shoe have been studied. The installations for thermal humidification of shoes and joints
have been provided as well.

A spetial installation was created to study the strength of shoe joints where the
disadvantages and advantages available in the equipment and installations for studying the
strength and thermal wetting of shoes were taken into account. The created installation
allows testing under the combined influence of temperature, humidity and the angle of
inclination of the shoe to the horizon.

The third chapter presents the results of the study of the strength of thread, glue
and glue thread joints of the upper, the strength of the fastening of the upper and sole part
of men's off-season shoes.

The fourth chapter presents regression analyses of the correlation of the strength
values of adhesive, thread and glue joints of the upper, adhesive and glue fastening of the
upper and sole of the shoe

10 scientific papers have been published on the dissertation topic.
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